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Preface 
Budapest Declaration on Science  (1999) 
In 1999, the world’s two highest international scientific bodies, the United Nations 
Educational, Scientific and Cultural Organisation (UNESCO) and the International 
Council for Science (ICSU), held a world conference in Budapest on science for the 
twenty first century. The conference produced a Declaration on Science and the Use 
of Scientific Knowledge. I have attached an OCR copy of the declaration. 
(Appendix A.) The following are passages from the declaration that are directly 
relevant to this report. The emphases are mine.  

We seek active collaboration across all the fields of scientific endeavour, i.e. 
the natural sciences such as the physical, earth and biological sciences, the 
biomedical and engineering sciences, and the social and human sciences. 

Today, there is need for a vigorous and informed democratic debate on the 
production and use of scientific knowledge…Greater interdisciplinary efforts, 
involving both natural and social sciences, are a prerequisite for dealing with 
ethical, social, cultural, environmental, gender, economic and health issues. 

Scientists have a special responsibility for seeking to avert applications of 
science, which are ethically wrong or have adverse impact.  

The practice of scientific research and the use of knowledge from that research 
should always aim at the welfare of humankind. 

The social  responsibility of scientists requires that they maintain high 
standards of scientific integrity and quality control, share their knowledge, 
communicate with the public and educate the younger generation. 

The Intergovernmental Panel on Climate Change  (1988) 
The IPCC was established in 1988 by two high level international agencies. These are 
the World Meteorological Organisation (WMO), and the United Nations Environment 
Programme (UNEP). One of the major outputs is the Kyoto Protocol whereby most, but 
not all, countries agreed to undertake measures to reduce undesirable greenhouse gas 
emissions (principally carbon dioxide) into the atmosphere. 

Eighteen years after its establishment, the IPCC is about to produce its fourth 
comprehensive report. The end of this massive research effort is not yet in sight. In this 
technical report I demonstrate fundamental shortcomings in current climate change 
research. I find myself in a David vs Goliath position. I have no illusions regarding my 
ability to persuade the IPCC to change its course. I was driven by a professional 
responsibility to undertake and report the results of my studies. What happens from 
here onwards is not in my hands. 

One of the unpleasant outcomes of my studies is that it exposes failures of many 
scientists and scientific bodies in this field to comply with the basic scientific 
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requirements as set out in the Budapest Declaration. Science has entered the political 
arena. Scientific honesty has given way to political opportunism. 

Climate change scientists are making alarmist claims of the consequences of global 
warming. These exhibit a serious lack of knowledge of basic science in many of the 
affected disciplines. This applies particularly to the water-related issues. 

Under normal circumstances these differences could be resolved by inter-disciplinary 
discussions. These could either be directly, or through responses to papers published in 
scientific journals. Unfortunately, the whole issue has become highly politicised at all 
levels from international agreements, to actions by government and provincial 
authorities, through to scientific journals that refuse to publish contrarian views and 
foster healthy debates. 

Positions have been adopted at these levels. This makes it very difficult to acknowledge 
that serious doubts exist. It is also a very dangerous position because there is growing 
scientific evidence that demonstrates the lack of scientific merit in many of the 
principal claimed adverse consequences of global warming. It has become common to 
label those with opposing views as fringe scientists or pseudo-scientists and adopt an 
exclusion policy that prevents them from expressing their views on public occasions. 
The public and the decision makers are being misled by claims of consensus where 
none exists.  

I am in a fortunate position. I believe that I have a longer, wider, and more 
comprehensive practical and theoretical knowledge of the water-related aspects of 
climate change than anybody else in South Africa. I have also personally experienced 
the frustrations and indignities of being an independent thinker and researcher.  

I have neither requested nor received any financial or material support from any source. 
I have no chip on my shoulder and have nothing to prove other than conclusions 
reached based on career-long experiences culminating in a four-year study of what I 
believe to be the most comprehensive water-related database assembled for this 
purpose anywhere in the world. 

If I found any adverse effects I would have had no hesitation in reporting them and 
developing adaptation measures. This would have been an extension of what I have 
been doing for most of my professional career. It would also have saved me from all 
the unpleasantness that I have had to endure. 

However, I found no substantiation for any of the many alarmist claims. It also became 
clear during my studies that science in this important field is being manipulated for 
political and research funding purposes. The reputation of science as an independent, 
honourable profession is at risk.   

This is my report. 
 
W.J.R. Alexander 
Pretoria 
June 2006 
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1. Quick summary 
This technical report details the results of a four-year study of the largest and most 
comprehensive hydrometeorological database assembled for this purpose anywhere in 
the world. The study was based on career-long professional experiences and research in 
these fields. It was driven by a deep concern for the welfare of the poor and 
disadvantaged communities of South Africa and the slowly developing nations of the 
African continent. 

The results of the studies, some of which are new to science, demonstrate beyond 
reasonable doubt, that most of the alarmist claims by scientists in the narrow fields of 
climatology and the environmental sciences, have no substance. It is further 
demonstrated that these claims have their origin in global climate mathematical models 
that produce results that are not only contrary to the wealth of historical data, but are 
also contrary to fundamental scientific principles. 
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The results detailed in this report are good news for the citizens of South Africa in 
particular and Africa in general, in that they allay the fears disseminated by 
climate alarmism.  

2. The concerns 
Climate change science is based on the theory that the discharge of undesirable  
‘greenhouse’ gasses (principally carbon dioxide) into the atmosphere resulting from 
industrial and other activity, interferes with the balance between incoming and outgoing 
solar radiation. This causes global temperatures to increase. This results in global 
warming. It is claimed that this in turn will result in a whole range of primary, 
secondary and tertiary consequences.  

The primary consequences are directly related to temperature increases, such as melting 
of the polar ice sheets. The secondary consequences are the effects on the two principal 
solar energy redistribution processes, the atmospheric and oceanic circulations. These 
in turn may result in a multitude of tertiary consequences. These are principally water-
related and include rainfall, river flow, floods and droughts. Collectively, these may 
then have effects on natural disasters, the natural environment, agriculture, and water 
resources.  

More money (billions of US dollars) and more researchers have been involved in 
climate change research than in any other scientific endeavour. This research gathered 
momentum with the establishment of the International Panel on Climate Change 
(IPCC) in 1988. Despite the magnitude of this international research effort, scientists 
are still not able to produce solid global evidence of the presence and postulated 
magnitude of the undesirable consequences at tertiary level. 

There is one fundamental question. If the causes increased exponentially during the 
past century, and the global temperatures rose in parallel with them, including a major 
decrease in the middle of the last century, and if the polar ice sheets are melting, why is 
there no believable evidence of the claimed disastrous consequences? Rainfall, river 
flow and floods are all measurable, so there should be no difficulty in identifying and 
quantifying any changes should they be present. 

There are many publications in the climate change literature citing global temperature 
changes in numerical format. In South Africa alone, hydrometeorological data are 
collected at a rate of half a million station-days per year. Why then, are there no 
publications that demonstrate synchronous changes between temperature and the 
hydrometeorological processes for which there is a wealth of data?  

Why did climate change scientists in South Africa in particular, and elsewhere in the 
world, not analyse this wealth of data? It must be obvious that if they could produce 
evidence of adverse changes in the hydrometeorological processes that are synchronous 
with global temperature changes, including the mid-century cooling, this would provide 
positive and incontestable proof of the causal linkage between global warming and its 
consequences. 
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The opposite also holds. If analyses of the hydrometeorological data demonstrate with a 
high degree of confidence, that the postulated adverse changes are undetectable in the 
data, this must seriously undermine fundamental climate change theory, at least insofar 
as the magnitude of the postulated adverse consequences is concerned. The failure of 
climate change scientists to carry out these elementary analyses and report their 
findings, reflects badly on the scientific integrity of climate change research. 

Another disturbing aspect is the frequent reference to the people of Africa being the 
most vulnerable to the consequences of climate change. The reason for this is that no 
undesirable changes have been detected in the developing countries. Consequently, the 
emphasis has moved to Africa in the knowledge that the historical data are scarce and 
scientific expertise is not available in most African countries. Therefore, the alarmist 
predictions are unlikely to be challenged.   

This view is confirmed by the fact that nearly all the alarmist theories about the 
vulnerability of people on the African continent come from scientists in the developed 
countries. They have minimal knowledge of the sociological, political, economic, 
scientific, hydrological, climatological, environmental conditions and their interactions 
that exist on this continent. It is naïve to expect African nations to undertake costly and 
disruptive measures based on unproven scientific theory, and not to consider all the 
other non-scientific consequences of these actions. 

Africa has many problems. In many countries the increasing populations exceed the 
capacity of the natural resources to support them. Poverty, malnutrition and disease are 
the result. These are the threats that tens of millions of people on the African continent 
have to face. What Africa can do without is climate alarmists and 
environmentalists preaching their messages of doom-and-gloom instead of 
directing their efforts towards solving Africa’s problems, not worsening them. 

3. False claims of consensus 
A very disturbing aspect of the whole climate change issue is that when challenged, 
climate change scientists repeatedly claim that there is a universal consensus that 
climate change resulting from human activities poses a serious threat to humanity. On 
closer examination, it will be found that this ‘consensus’ refers to the study of 
climatology in its narrowest sense – the atmospheric and oceanic sciences and aspects 
of other natural sciences based on process theory.  

A study of their publications shows that the postulated effects of climatic variations on 
the hydrometeorological processes, (principally, rainfall, river flow, evaporation, floods 
and droughts), rest on a naïve understanding of these processes. The availability of the 
wealth of historical and modern data world-wide, and the volumes of research by 
hydrologists and mathematicians, were ignored by those who erroneously maintain that 
a consensus exists on both the causes and consequences of climate change. 

This consensus certainly does not exist in the publications by those in the applied 
sciences. In this situation, where alarmist statements of national and international 
importance are propagated by a group of scientists in the natural sciences, and shown to 
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be without foundation by those in the relevant applied sciences, one would have 
expected governments and their scientific advisers to insist on either a multi-
disciplinary approach to the studies, or failing that, establish a multi-disciplinary 
commission of enquiry to examine the claims. This has not happened in South Africa or 
elsewhere. 

In fact, the opposite policy has been adopted.  

4. Non-scientific aspects 
Political decision makers have to prioritise national expenditure required to meet the 
needs of their country’s citizens. No matter how confident the scientists may be in the 
results of their studies, the decision makers have other criteria when determining 
whether or not to accept the scientist’s recommendations. 

This is demonstrated by the fact that five of the major present and future greenhouse 
gas emitting countries, the USA, Australia, India, China and South Korea have refused 
to implement the Kyoto Protocol. The decisions are on economic grounds. 

Two major political institutions, the United States Senate and the British House of 
Lords have expressed their opposition to the implementation of the protocol on both 
scientific and economic grounds. The eight leading industrialised nations at the G8 
Gleneagles conference in Scotland last year (2005) expressed similar views. This was 
despite the submission of the academies of science of these nations in a joint statement 
urging their governments otherwise. 

As described in this report, the majority of scientists in the applied sciences affected by 
the postulated adverse consequences of climate change do not agree with the alarmist 
theories. 

There are also conflicts of approach between the developed nations that are historically 
the cause of the high level of greenhouse gasses in the atmosphere, and the developing 
nations that are expected to participate in the imposition of costly greenhouse gas 
control measures for which they are not responsible. 

Under all these opposing views, the claims of scientific consensus have little relevance.     

5. The South African public are being misled 

5.1. Press release of 15 December 2004 
On 15 December 2004 the Department of Environmental Affairs and Tourism (DEAT) 
issued the following press release quoting the Minister who addressed an international 
conference on climate change in Buenos Aires. 

Cape Town - Environmental Affairs and Tourism Minister Marthinus van 
Schalkwyk told delegates to an international conference in Buenos Aires on 
Wednesday that temperatures could rise between one and three percent by 
the middle of this century in South Africa. He was speaking at the 10th 
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conference of the Parties to the United Nations Framework Convention on 
Climate Change in the Argentinean capital.  

Van Schalkwyk said it had also been projected that rainfall would be reduced 
by between five and 10% in this time. "South Africa cannot afford not to act 
because climate change will change the way we live," said Van Schalkwyk.  

"The increased temperatures and reduced rainfall will have a major impact on 
our people with health problems like increased skin cancer rates and 
waterborne diseases."  

He also predicted that there would be a drop in food production including an 
estimated drop of 20% in grain production, the extinction of numerous plant 
and animal species, and the certainty of prolonged and intense water 
restrictions.  

The effects of climate change held challenges for developing nations in terms 
of developing appropriate responses like the loss of markets relating to 
reduced demand for coal exports.  

"This is why the question of adaptation to climate change has been the subject 
of such heated discussion," said Van Schalkwyk.  

"Governments need to adapt to climate change through measures like 
improved health programmes, better water resource management, disaster 
management, and agricultural diversification.  

"At the same time we need also to mitigate (against) climate change itself and 
for this we require much more intensive research and development into 
renewable energy resources to reduce dependence on fossil fuels, more 
energy efficient transport and housing models, less consumptive agriculture, 
and a real transfer of technology and skills from the developed to the 
developing nations." 

These views were repeated five months later: 

5.2. Press release of 5 May 2005 
On 5 May 2005 the Office of the South African Minister of Environmental Affairs and 
Tourism issued a press release titled South Africa braces for impacts of climate 
change: major conference to be held in October. Many local newspapers and 
magazines carried excerpts from the release in articles on climate change. The 
emphases in the following extracts are mine. 

It contained a statement that:  

The simple truth however is that the climate is everyone's concern, as over the 
next 50 years it may well define the worst social, economic and environmental 
challenges ever faced.  

It went on to say that:  

Climate change could lead to provinces such as Mapumalanga, Limpopo, the 
North-West, KwaZulu Natal and even Gauteng becoming malaria zones by 
2050. In less than 100 years, the research indicates that thousands of plant 
species may well be extinct starting with a massive reduction in the distribution 
of fynbos and succulent Karoo biomes. With clean water resources becoming 
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increasingly scarce, small-scale agriculture is likely to be hard hit with less 
rainfall in certain regions and too much in others. In short, climate change will 
intensify the worst effects of poverty through losses in biodiversity, agriculture, 
health and almost every sector of society. The government climate change 
response strategy kicks off with a series of events in October, including a 
conference of African scientists with a national conference on climate change. 

Other postulated threats were rising sea levels and expanding deserts. No solutions 
were offered. If this view is sound, then South Africa is on the brink of an economic 
and social disaster. I can hardly think of a more alarmist statement of national policy. 
Fortunately all these alarmist statements are false. 

I have numbered my responses to the statements in the press releases below. 

1. Temperatures could rise between one and three percent by the middle of this 
century. [Nonsense. Terrestrial temperatures cannot be expressed in percentages 
as they have no lower or upper bounds, or quantifiable average values. In any 
event, there are indications of both increases and decreases in temperature over 
South Africa during the past century, and there is no evidence to support the 
view that similar fluctuations will not occur in future.]  

2. Rainfall will be reduced by between five and ten percent [Incorrect. Rainfall has 
increased by 9% since district rainfall records commenced in 1921. There is no 
believable evidence to support the view that rainfall will decrease in future. 
Rather the opposite. Rainfall will continue to increase as long as the causative 
mechanisms continue to increase.]  

3. This will have a major impact on our people with health problems like 
increased cancer rates. [Incorrect. Skin cancer is caused by direct radiation 
from the sun, not air temperature. There is no connection between cancer and 
climate.] 

4. Waterborne diseases and malaria will increase. [Incorrect. The incidence of 
malaria in Africa has shown a dramatic decrease since the reintroduction of 
pesticides such as DDT. Water borne diseases depend on hygiene, not climate.]  

5. There will be a drop in food production including an estimated drop of 20% in 
grain production. [Incorrect. The 2004/05 maize harvest was the biggest since 
1994 and there was a surplus of 4 million tonnes.]  

6. Numerous plant and animal species face extinction. [Incorrect. There is no 
credible evidence to support this. In the Karoo the differences between cold 
night time temperatures and temperatures at midday are often in the range of 
200C to 300C. Natural vegetation and wild life in the area have adapted to the 
harsh and highly variable climate. They will have no difficulty in adapting to 
small changes in the average conditions of about one tenth of these 
amounts. This is less than the difference in temperature between Johannesburg 
and Pretoria North.]  
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7. The certainty of prolonged and intense water restrictions. [Incorrect. The sub-
continental heavy rainfall in January and February 2006 reinstated soil 
moisture, caused rivers to flow strongly and filled dams. There is no evidence of 
the postulated adverse effects of unnatural climate change on water resources.]  

8. A real transfer of technology and skills from the developed to the developing 
nations. [Incorrect. The assumption that first world technology can be 
successfully used to solve problems of the developing world is a myth. Africa 
will suffer once again from the misguided views of overseas climate change 
scientists who have neither the knowledge nor experience of the conditions in 
this continent.] 

I will justify these comments later in this report. 

5.3. Midrand conference of October 2005 
The press release announcing the conference included the statement that climate is 
everyone’s concern. Those of us who hold views that could have made a positive 
contribution from the perspective of the applied sciences in the fields that it was 
claimed would be adversely affected by unnatural climate change, were deliberately 
excluded from presenting our views at the Midrand Conference. This is from the 
Minister’s opening address. 

We will not be derailed from our responsibility to act by endless engagement 
with fringe scientists... we have reached and passed this in the debate about 
the science of climate change.  

Ministers have their speeches on technical matters written for them. I have written a 
few myself. Why did the Minister’s speechwriters consider it necessary to make this 
statement? The answer is obvious. A few months earlier my two papers on the 
development of a climate prediction model and the role of variations in solar activity 
were published in refereed journals. These are world firsts. South African scientists 
should be proud of them. Unfortunately, my papers completely undermine current 
climate change theory.  

There were other experts who were prevented from expressing their dissenting views at 
the conference. The political decision-makers who attended the conference were 
deliberately misled by this exclusion policy. 

6. Causes, consequences and uncertainties 
Climate varies on all time and space scales; from morning to night; day to day; season 
to season; year to year; century to century; all the way through to geological scale ice 
ages. It also varies in space from the tropics to the polar regions; from deserts to 
forests; and from winter rainfall regions to summer rainfall regions.  

Climate variability has two components, causes and consequences. The principal 
consequences that relate to the welfare of peoples and nations on the African continent 
are changes in rainfall and its effect on river flow, floods and droughts. These in turn 
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can have beneficial or adverse effects on water supplies, agriculture and the natural 
environment. 

Studies of the consequences of climate variability are as old as civilisation itself, while 
studies of the causes of climate variability only commenced about fifty years ago. 

The International Panel on Climate Change (IPCC) was established in 1988. An 
examination of the IPCC publications shows two very serious shortcomings. The first is 
the inability to produce believable evidence that supports the causal basis for climatic 
changes on the concerns relating to human welfare. The second is the dismissal of the 
consequences of variations in solar radiation on the earth’s climate.   

The IPCC is due to distribute its fourth comprehensive assessment report next year 
(2007). There are no signs that the IPCC studies are nearing completion. This on its 
own demonstrates the presence of considerable uncertainties in climate change science.  

7. Proof of the opposite 
The ultimate proof of any scientific method is the fulfilment of predictions based on the 
method. Similarly, if something is predicted to happen, but does not happen, then this 
discredits the method. 

More than 3000 years ago the ancient Egyptians were aware of the predictable, 
alternating sequences of years of plenty and years of famine. Joseph was a senior 
administrator. This was the basis for his successful prophecy recorded in the Old 
Testament and the Koran. 

More than 100 years ago a South African forester examined South African temperature 
and rainfall records dating back to 1842 and reported similar predictable sequences. 
[Appendix F to this report.]  

In 1978 I reported these sequences in river flow. [Appendix C.] 

In August 1995 my refereed paper was published, in which I predicted that the then 
current drought would be broken by floods. My model was based on the predicable, 
observed alternating sequences. Widespread floods commenced four months later. 
[Appendix D.] 

In April 2005, six months before the Midrand conference my refereed paper was 
published on the development of a climate prediction model based on the predictability 
of these multi-year sequences. [Appendix E.] 

In November 2005, one month after the Midrand conference, I distributed a flood alert 
warning that the drought was likely to be broken by widespread floods. [Appendix G.] 
This prediction was also based on the observed alternating sequences. Climatologists 
disagreed on the basis that the sea temperatures in the Pacific Ocean were not 
favourable Two months later, from January to February 2006, virtually the whole of the 
summer rainfall region of the African subcontinent experienced widespread, heavy 
rainfall that saturated the soils, caused rivers to flow strongly and filled dams. 
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The large region of the African subcontinent that climate alarmists predicted would 
become a sandy desert within the next 50 years as a result of the climate becoming 
warmer and drier, is wetter and greener than at any time in human memory.  

My successful prediction model was based on observed regular, and therefore 
predictable sequences that have been observed and reported since biblical times. 

Global climate models based on unproven theory failed to predict this sudden change 
from drought to flood sequences, which is the most important climate-related event 
experienced in Southern Africa for more than the last 10 years. Global climate models 
that do not accommodate this periodic behaviour that has been known for more than 
three thousand years have little practical significance.  

My studies demonstrate an increase in both open water surface evaporation and rainfall. 
These are consistent with increases in global temperature. If temperature increases, 
evaporation increases and the evaporated moisture will return to earth as an increase in 
rainfall. This is the well-known hydrological cycle based on elementary physics. 
However, the global climate models predict a decrease in rainfall over large regions of 
the African continent. This is contrary to historical observations and basic physical 
laws. 

My successful prediction models were based on analyses of a wealth of historical 
observations in a number of climate-related, hydrometeorological processes. The 
unsuccessful global climate models are based on improvable theory without any 
confirmatory observations of real world data. Nor do they have the ability to replicate 
historical rainfall, river flow, or other climate-related processes. This is poor science. 
The South African public are being seriously misled by scientifically unsound 
approaches.  
Furthermore, the deliberate exclusion of those who have opposing views at public 
conferences on a subject of national importance, is unethical and scientifically 
dishonest. Climate change scientists and the institutions that they represent, should be 
aware that it is increasingly being demonstrated both internationally as well as in South 
Africa, that current climate change science has very serious shortcomings. Sooner or 
later, these scientists and their institutions will be called to task.  

If the South African authorities impose costly restrictive measures based on this 
inadequate and faulty science, and the science is subsequently proved to be wrong, the 
public’s trust in climate change scientists in particular, and science in general, will 
receive a very serious setback.  

There will be a public backlash that will have serious, adverse effects on the efforts of 
those who have a genuine interest in the future prosperity of the peoples and the natural 
environment on the African continent. This has already started to happen.  

8. Climate change philosophy 
Continuing on this philosophical note, it is very interesting to observe how climate 
alarmism has increased in recent years. The first predictions related to consequences 
that would occur about 50 years into the future. This was of little importance to the 
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present generation of readers of their reports in the media, so the time lapse was 
reduced and the magnitude of the threats was increased. The latest examples of this 
alarmism are that it is already too late and the world faces a major and immediate crisis. 
This is reflected in the DEAT press releases above and the international media.    

However, this increasing alarmism poses a serious threat to the credibility of the 
scientists who propagate it. It is now much easier to demonstrate the lack of 
substantiation of their claims. 

It is my sincere hope that this report will introduce some realism and sanity into the 
debate. The following section is a summary of my conclusions based on lifetime 
studies and experiences. Details are provided in the remaining chapters of this report.  

9. Conclusions reached in this report 
It is demonstrated in this report with a high degree of confidence that the results of 
global warming from whatever cause, during the past century were: 
 A clearly discernible increase in rainfall over South Africa 
 An increase in the numbers of beneficial, widespread, heavy rainfall events 
 An increase in evaporation. This has both beneficial and adverse effects 
 An increase in river flow, e.g. Zambezi River at Victoria Falls 
 An increase in groundwater levels, e.g. in dolomite compartment near Zeerust  
 An unequivocal, statistically significant (95% level), linkage between the double 

sunspot cycle and climatic responses. 
These are altogether different processes at sites located hundreds of kilometres apart, 
and in different climatic regions. They are also mutually consistent with changes 
(where detectable) that are concurrent in time. The beneficial increases are in 
accordance with the global physical processes and international studies. Details of these 
beneficial changes will not be found in the South African climate change literature. 

It is also demonstrated that continued global warming will NOT: 
 Pose a threat to water supplies 
 Adversely affect agricultural production 
 Increase the risk of floods, droughts and associated natural disasters 
 Increase the spread of malaria 
 Increase the eutrophication of water in dams 
 Increase soil erosion 
 Result in the loss of natural plant and animal species 
 Result in desertification 

There is no believable evidence to support these claims. 

It is concluded that: 

Photographs of starving children in Africa accompanied by the claim that their 
starvation is the consequence of climate change are both opportunistic and false. They 
are starving because of prevalent poverty, malnutrition and disease, which in turn are 
the consequence of rising populations and lack of resources, funds, knowledge and 
skills. 
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Africa has no melting ice sheets other than the waxing and waning snows on Mount 
Kilimanjaro. Nor is it vulnerable to sea level changes. The postulated future 
temperature increases are less than those between sunrise and noon every day of our 
lives. Claims of the extinction of plant and animal species, and the desertification of 
large regions of Africa, as a consequence of these very small global temperature 
increases have no believable foundation.   

Current climate change theory and the conclusions drawn from it, are seriously in 
error. Governments that accept the IPCC’s position should be aware of this. They 
should also carefully consider the sociological, economic and political 
consequences should they undertake costly and economically restrictive measures 
that are subsequently found to be based on erroneous science. Climate change 
scientists should also be aware of the potential harm to tens of millions of the poor 
and disadvantaged people of the world should their recommendations be 
implemented and later found to be in error. They should also consider the risks to 
their reputations and to those of science and scientists in general. 

I am very confident of my conclusions. 

10. Dissemination of knowledge 
There is a strange notion among those in the natural sciences that refereed papers are 
the only reliable source of advances in scientific knowledge. This is nonsense. While 
this may apply to some extent in the development of theories, it plays a minimal role in 
the transfer of knowledge from theory to practice, from causes to consequences, and 
from one discipline to another. 

One of the objectives of this report is to correct the many misconceptions in climate 
change science arising from the lack of knowledge in the fields that it is claimed will be 
adversely affected by unnatural climate change. 

11. My publications 
I am one of the fringe scientists, so it is appropriate that I list my 74 publications 
relating to the linkage between climate and the hydrometeorological processes, out of a 
total of more than 200 publications produced during my professional career to date. 
Note the wide variety of knowledge transfer methods depending on the purposes and 
audiences. 

From 1970 through to 1984, I held the positions of Chief of the Division of Hydrology 
and Manager of Scientific Services in the Department of Water Affairs and Forestry. 
(Items 1 to 16.) At the beginning of 1985 I accepted an appointment as professor in the 
Department of Civil and Biosystems Engineering at the University of Pretoria until 
2000 when I officially retired with the title of Emeritus Professor. (Items 17 to 64.) 
From then through to the present, I worked full time on this contentious issue of 
climate change where I have a wealth of knowledge and experience. (Items 65 to 74.)    



 14  Chapter 1 

 

 

I served on a number of national and international scientific bodies throughout this 
period. 

Categories 
(A) Published books 
(B) Chapters in published books 
(C) Refereed papers in recognised journals 
(D) Non-refereed articles in scientific publications 
(E) Presentations at symposia, conferences and workshops 
(F) Research and technical reports 
(G) General interest articles 
(H) Training course material 
(I) Commissioned research reports 
(J) Commissioned reports used for litigation 
(K) International appointments 
(L) Awards 
 

1. Reservoir operation during drought periods, March 1973, Dept Water 
Affairs, TN35, Technical note, 33 pp, (F)  

2. Vaal River drought analyses, August 1973, Dept Water Affairs, internal 
report. (F) 

3. The elements of hydrological statistics. March 1976, Dept Water Affairs, 
TN60, Technical note. 25 pp, (F). 

4. Long range prediction of river flow - a preliminary assessment. June 1978, 
Dept Water Affairs, Technical Report TR 80, Govt Printer, 47 pp, (F). 

5. Man, water and the soil, November 1978, National symposium on The Future 
of the Karoo, Graaff Reinet, invited presentation, 5 pp, (F).  

6. Notes on some unsolved problems in river flow, February 1979, Dept Water 
Affairs, TR89, Technical report, 86 pp, (F). 

7. Prediction modelling techniques, January 1980, Dept Water Affairs, Course 
notes, (F). 

8. Water restrictions - why are they necessary? 1980, Dept Water Affairs, 
Newsletter article, 4 pp, (G). 

9. Modelling complex environmental processes, February 1981, SA Journal of 
Science, Comment on previously published papers, Article, 4 pp, (D). 

10. Can droughts be predicted? June 1981, SA Inst of Agricultural Engineers 
Seminar, Pretoria, Seminar paper, 4 pp, (E). 
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11. Managers, engineers and the water environment, September 1982, Botany 
Department. University of the Witwatersrand seminar, Article, 10 pp, (F)  

12. The current drought - a challenge to hydrologists, September 1983, SA 
National Hydrological Symposium, Pretoria, Symposium paper, 14 pp, (E). 

13. Possible drought alleviation measures, December 1983, Report to ad hoc 
emergency committee on water and electricity supplies, Report, 18 pp, (F). 

14. Restriction criteria: Mgeni River system, January 1984, Dept Water Affairs, 
Internal report, 36 pp, (F). 

15. Restriction criteria: Vaal River system, January 1984, Dept Water Affairs, 
Internal report, 26 pp, (F). 

16. Anatomy of drought, April 1984, University Women's Assoc, Pretoria, 
Computer-graphic presentation, (G) 

17. The hydrology of low latitude Southern Hemisphere land masses, July 
1985, In: Hydrobiologia, ed Davies & Walmsley, Junk Publishers, Holland, 
Refereed chapter, 10 pp, (B). 

18. Extreme floods: hydraulic design and environmental considerations, 
September 1985, 2nd Int Conf on the Hydraulics of Floods and Flood Control, 
BHRA, Cambridge, UK. (E) 

19. Factors governing the optimal management of water resources in the 
semiarid and arid regions of South Africa, September 1985, Int Assoc Hyd 
Science, conference on the Scientific Basis for Water Resources Management, 
Jerusalem, Israel, Conference paper, 16 pp. (E)  

20. Management of the water resources of the Republic of South Africa 
(contributor), 1986, Department of Water Affairs, book, (B). 

21. Experiences in water resources education and training in sub-equatorial 
Africa, June 1988, Int Water Resources Assoc symposium on water resources, 
Ottowa, Canada, Symposium paper, 8 pp. (E)  

22. Flood perils, October 1988, SA Insurance Assoc, Kempton Park, Conference 
paper, 4 pp, (E). 

23. Dimensionality, uncertainty and scale in water resources research, 
November 1988, National Inst Water Research, CSIR, Stander lecture, Pretoria, 
Guest audio-visual presentation, 4 pp + slides, (F). 

24. Computer aided planning of water resources development in semiarid 
regions of South Africa, 1989, IWRA, Moscow, Conference paper, 14 pp, (E), 
(visa refused - not presented). 

25. Water resource management – a look into the future, March 1989, Water 
Inst of South Africa, Cape Town, Symposium paper, 13 pp, (E). 
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26. Decision making under uncertainty, September 1989, SAICE East London 
Branch, East London, Invited presentation, 14 pp, (E). 

27. Flood hydrology for southern Africa, 1990, SA National Committee for 
Large Dams, 467 pp, book (A). 

28. Computer models for the detection of environmental changes, May 1990, 
SAICE Computer Divn, Article in SAICE magazine, 5 pp, (D)  

29. Conservation of the water environment – is it attainable? May 1991, EPPIC 
’91, Environmental Conference: Water, Randburg, conference paper, 13 pp, (E). 

30. Determination of the risk of widespread interruption of communications 
due to floods, (Alexander and van Heerden), June 1991, Department of 
Transport, research report RDAC 90/16, three volumes, (F).  

31. Hydrological aspects of widespread rainfall events, October 1991, South 
African Association of Atmospheric Sciences Conference, Abstract, 2 pp (oral 
presentation), (E). 

32. Sedimentation of reservoir basins and estuaries, October 1991, Technical 
Report, 19 pp, (F). 

33. Why model? November 1991, SANCIAHS, Stellenbosch, Symposium paper, 8 
pp, (E) 

34. Analytical methods for equitable water resource development including the 
conservation of the water environment, December 1991, Technical report, 23 
pp, (F) 

35. Morphological degradation of the rivers and estuaries of southern Africa, 
February 1992, Int Conf on Protection of the Nile and other major rivers, Cairo, 
Egypt, conference paper, 12 pp. (E).  

36. An assessment of the severity of the current drought - October 1991 to 
March 1992, April 1992, Commissioned report, 20 pp, (F). 

37. Floods and global climate change, July 1992, Dept of Water Affairs 
workshop, Contribution paper, 6 pp, (F), {globchge.doc} 

38. The role of antecedent rainfall in severe flood events, October 1992, South 
African Assoc for Atmospheric Scientists, annual conference. Abstract 1 pp, 
(E). 

39. Flood risks in informal settlements in Soweto and Alexandra, February 
1993, Dept of Civil Eng, University of Pretoria, tech report, 7 pp, (F) 

40. Climate change and its possible effects on floods, droughts and water 
resource management, February 1993, Discussion notes, 14 pp, (F),  
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41. Non-random grouping of annual river flows, August 1993, Research report, 
19 pp, (F) 

42. Multicriteria optimisation in water resource development, September 1993, 
Sixth SANCIAHS symposium, Pietermaritzburg, Symposium paper, 12 pp, (E), 
{multicriteria.sam}. 

43. Properties of widespread, severe floods, March 1994, British Hydraulics 
Research Assoc, 2nd Int Conf on River Flood Hydraulics, York, UK, Chapter in 
book, ed White & Watts, John Wiley & sons, 9pp, (B). 

44. National report for the Republic of South Africa, May 1994, World 
Conference on Natural Disaster Reduction, Yokohama, Japan, Commissioned 
report, 37 pp, (F). 

45. Disaster mitigation proposals for South Africa, June 1994, Department of 
Civil Engineering, University of Pretoria, Reference manual, 24 pp, (F). 

46. Water resource development into the 21st century, July 1994, S A Inst Civil 
Engineers, symposium on 50 years of water engineering in South Africa, 
Johannesburg, Symposium paper, 8 pp, (E). 

47. Report-back on the Yokohama conference, September 1994, 7th Natnl Conf 
of the Civil Protection Assoc of South Africa. Port Elizabeth, conf paper, 22 pp, 
(F).  

48. Applied disaster management research - a critical evaluation, October 1994, 
SA-IDNDR, National Disaster Management Policy Conference, Roodepoort, 
Conference paper, ___ pp, (E). 

49. Possibility of obtaining water from the Zambezi River for the Northern 
Transvaal, October 1994, commissioned feasibility study, (E). 

50. Flood risk reduction measures for informal settlements in urban areas, 
November 1994, Draft book, not published at the request of a government 
department. (A). 

51. Anomalies in the stochastic properties of river flow and their effect on 
reservoir yield, December 1994, South Africa - Taiwan bilateral conference on 
water resources, Taipei, Taiwan, Conference paper, 12 pp, (E). 

52. Seasonal outlook - hydrological aspects (Alexander & van Heerden), 
February 1995, Commissioned study, 36 pp, (F). 

53. Floods, droughts and climate change, August 1995, SA Journal of Science, 
Refereed paper, 6 pp, (C). 

54. Cyclicity in annual river flow and its effect on reservoir yield, January 1996, 
Research report, 7 pp, (F), {cyclept.sam}  



 18  Chapter 1 

 

 

55. Possible ecological consequences of the abstraction of water from the 
Zambezi River upstream of Victoria Falls. July 1996, Conf on Aquatic 
Systems, Victoria Falls, conf paper, 7 pp, (E). 

56. Multicriteria water resource development in semiarid regions, September 
1996, International conference on conflicts in reservoir development and 
management, City University, London, Conference paper, 7 pp, (E), 
{cityuniv.sam}. 

57. Predictability of widespread, severe droughts and their effect on water 
resource development and management, April 1997, Presentation at SASAS 
conference, (E), {dwa97oh1.sam} 

58. Variations in annual river flow as indicators of climate variability, April 
1997, 5th International conference on southern hemisphere meteorology and 
oceanography, Invited guest audio-visual presentation, 15 pp, (E) 

59. The hydrological cycle revisited, November, 1997, SANCIAHS conference, 
Audio-visual presentation 

60. Early warning systems for the detection and response to severe floods, 
September 1998, Int Conf on Early Warning Systems, Potsdam, Germany, 
Invited guest speaker, symposium paper, 8 pp, (E). 

61. Risk and Society - an African perspective, July 1999, United Nations IDNDR 
commissioned study, Geneva, Switzerland, Report published by the United 
Nations, 39  pp, (A). 

62. African Renaissance or descent into anarchy? October 1999, SA Journal of 
Science, Commentary, 5 pp, (D). 

63. Flood risk reduction measures, April 2000, Department of Civil Engineering, 
University of Pretoria, Handbook, 560 pp, (A)  

64. Structural and non-structural aspects of flood risk reduction, October 2000, 
Int Conf on the Mozambique Floods, Maputo, Mozambique, Invited 
presentation, 15 pp, (F).  

65. Climate change and river flow: an agnostic view, 2001, Submitted to SAJS 
but rejected. 

66. Statistical analysis of extreme floods, 2002, SAICE Journal. Volume 44. 
Number 1. 2002, Refereed paper, pp. 20-25 (C) 

67. Will NEPAD succeed? June 2002, Science in Africa, General interest article, 4 
pp, (D). 

68. Climate change – the missing links, September 2002, Science in Africa, 
General interest article. 8 pp. (D),  
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69. Floods, droughts, poverty and science, 2002, IAHR Newsletter, Volume 19 / 
2002 (Supplement to JHR – Vol 40 – No3), (D). 

70. Climate change – there is no need for concern, January/February 2004, Water 
Wheel, Vol 3 No 2, (D). 

71. Climate change – there is no need for concern. Going against the flow, April 
2004, Science in Africa, Opinion article, 3 pp, (D). 

72. Floods, droughts, sunspots and wheat prices. The development of a drought 
prediction model, June 2004, Civil Engineering, 3 pp, (D). 

73. Development of a multi-year climate prediction model, April 2005, Water 
SA, Vol, 31 No 2 April 2005,  209-217, (C). 

74. Linkages between solar activity and climatic responses, May 2005, Energy 
and Environment, Vol 16 No 2 2005, Multi-science Publishing Co. Ltd, UK, 
239-253, (C). 
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I initially proposed including an additional chapter in this report titled Numerical 
characterisation of climate. It would have been a world first. My perception as I 
write this report is that climate change scientists in South Africa as well as 
internationally are far more concerned about defending their positions than 
reassessing them in the light of the views of those like myself. I feel that it is 
pointless carrying out any more pioneering work until there are indications that 
climate change scientists would be amenable to inputs from those of us in the 
applied sciences who have a wealth of knowledge and experience in the climate-
related fields. 
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1. Quick summary 
The measurement of rainfall and river flow in South Africa commenced more than 150 
years ago, and much earlier elsewhere. The drier the climate, the greater the variability 
of the rainfall and the unreliability of river flow. This in turn necessitated the 
construction of large storage dams and extensive water distribution networks. The 
design of these systems required a sound knowledge of the properties of annual river 
flow, and equally important, an analysis of sequences of years with deficient river flow 
(droughts). 

Routine, daily measurements of river flow in South Africa commenced 100 years ago. 
The numbers of hydrological gauging stations increased rapidly in the 1920s. Today, 
hydrological data are collected and processed at a rate of more than half a million 
station-days per annum. Many records now exceed 70 years in length. This is 
sufficiently long to detect the 21-year periodicity in the data with a high degree of 
statistical significance. The critical importance of this property will be detailed in later 
chapters of this report. 

While reading this chapter, note the impossibility of determining the 
characteristics of these hydrometeorological processes theoretically in the absence 
of the measurements.     

2. Introduction 
The climate change literature is replete with phrases such as ‘intensification of the 
hydrological cycle’, ‘ warmer and drier’ and ‘society will have to adapt to the changes 
resulting from global warming’.  Those of us who are able and willing to plan, design 
and implement adaptation measures need numbers not words. Whose responsibility is it 
to bridge the gap? It took me four years to carry out the diligent study of the very large 
and comprehensive hydrometeorological database detailed in this report. The purpose 
was to analyse the data in such a way that it could serve as a basis for detecting any 
abnormalities that could be attributed to unnatural climate change, as well as to serve as 
a basis for accommodating any changes that may occur in future.   



                                                                                  Hydroclimatology 23

 From October 2003 onwards I kept email correspondents on my climate list informed 
of my progress (both successes and failures) through the distribution of detailed 
memoranda as well as through general interest articles in professional journals.  

I was unable to detect any such changes. For more than a year, I pleaded in vain with 
climatologists and environmentalists that we get around a table to overcome these and 
other problems. Not only have they refused, but they continue to denigrate the efforts of 
those of us who are trying to inject some sanity into this whole climate change debate 
on an issue of national importance. 

If civil engineers and others in the applied sciences are nevertheless requested to design 
and implement adaptation measures, they will require the numerical quantification of 
the changes in the hydrological processes, if any, as described in this report. In this 
chapter I lay the foundations for the studies required for the numerical description of 
the hydrological processes. These are in sufficient detail to be able to detect changes 
arising from human activities, as well as to take action to accommodate them in future 
should this be necessary.    
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PART 1: THE BASICS 

3. Advancement of science 
The advancement of science often begins with an observation (an apple falls off a tree). 
This leads to the development of a causal theory (gravity), followed by confirmatory, 
numerical evidence obtained from laboratory experiments or real world observations. 
The development of mathematical prediction models is the last phase of the process. 

In the case of climate change research, the procedure was reversed. The causal 
relationships between climate change and its terrestrial consequences were based on 
theory unsupported by confirmatory, numerical evidence. No attempts appear to have 
been made to calibrate or test the models using real world data relating to rainfall, 
floods and droughts and their consequences.    

There are many situations where observation theory, without the support of process 
theory, is the preferred route in the applied sciences. This is particularly the case in 
civil engineering applications where dams have to be built to sustain water supplies 
during prolonged droughts, or structures have to built to withstand floods or high 
winds. These designs are based entirely on observation theory. Nowhere in the world 
are they based on theoretical knowledge of the atmospheric or oceanic processes that 
generate river flow, droughts or high winds.    

In contrast, process theory in these fields will always remain vulnerable to criticism 
until confirmatory numerical observations of the consequences of climate change have 
been produced, and mathematical simulation models have been calibrated and tested 
against reliable, representative data sets. 

Now the scientific world is in turmoil. A large body of scientific opinion maintains that 
increasing greenhouse gas emissions (GGEs) will result in dramatically increasing 
frequency and severity of floods, droughts and other natural disasters. Their 
conclusions are based solely on process theory. Observation theory does not feature in 
their analyses. This is despite the worldwide wealth of numerical data in these fields. 

While the issue was confined to academic interests, there was every incentive and 
numerous opportunities to undertake research that supported the view that 
exponentially growing GGEs could have very serious consequences on global climate. 
The conclusions are descriptive. There has been no quantitative, numerical support that 
scientists in the affected disciplines can use to evaluate the results or develop 
ameliorative measures. Governments were persuaded to commit themselves to 
undertake drastic measures to reduce GGEs. This will not be possible without adversely 
affecting national economies, particularly those of developing countries such as South 
Africa and other countries in the African continent. Many of these countries are 
dependent on their abundant coal deposits for their national energy requirements and 
export incomes. 
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An elementary question is whether, and to what extent, the predicted consequences of 
GGEs will exceed the safety margins incorporated in all civil engineering designs? 
Climate change scientists are unable to answer this question. How then can civil 
engineers be expected to plan, design and construct dams, bridges and other structures 
in order to accommodate the postulated future changes due to global warming? 

The major issue has now become the separation of changes caused by increased GGEs 
from those caused by natural climate variability. This cannot be resolved without 
recourse to observation theory based on the wealth of available data. However, 
climatologists do not appear to have the necessary knowledge and experience in this 
field. In the absence of hard, observational evidence and numerical analyses, they have 
reached the end of the road in their predictions. This will inevitably result in little 
support from those in the applied sciences, particularly from engineering hydrologists. 

This is the situation in which I find myself as I write this report.   

4. Some issues 

4.1. Where the climate change scientists got it wrong 
It seems that climate change scientists were misled by the use of the phrase ‘global 
warming’ itself. This resulted in an emphasis on temperature as the main climate 
driving mechanism. They should rather have looked at the role of the energy cycle 
where heat energy is only one of the components.  

The role of mathematical simulation models is another bone of contention. There are 
three categories of models of hydrometeorological processes. These vary in complexity 
along the range from simple empirical models that do not attempt to model the 
processes, (the majority of models in hydrology and hydraulics are in this category), 
through conceptual models where the principal components of the model are 
conceptualised but the numerical characteristics are not measured directly, (the unit 
hydrograph method is an example), through to complex process models that are based 
on theory. While the process models are an attractive objective, they cannot 
implemented in practice. This is not only due to the complexity of the processes and 
their interactions in time and space, but also because the principle interactions are not 
measurable. Global climate models fall into this category.  

A fundamental requirement of all prediction models is that they be calibrated and tested 
using real data. Potential users of the model outputs from practitioners through to 
governments cannot be expected to place their faith and the taxpayers money on 
uncalibrated models. No hydrological process models are currently in general use in 
practical applications in South Africa or elsewhere. Consequently, there can be little 
faith in mathematical process models of the infinitely more complex global 
atmospheric and oceanic processes for long-term predictions.     

Another misconception relates to accuracy. Absolute accuracy does not exist when 
numerically quantifying events in the natural processes because of the large random 
and therefore unpredictable components. In all engineering applications the objective is 
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sufficient accuracy, which is a compromise between what is desirable and what is 
attainable. Uncertainties are accommodated in factors of safety. 

4.2. Searching for linkages between observation and process theories 
Climate change scientists made a fundamental mistake when they concentrated on 
process theory based on temperature variations derived from proxy data. They also 
erred when they based their research on temperature changes instead of energy 
transformations. They appear to have completely ignored the more powerful and 
instructive observation theory based on the wealth of observations published by the 
responsible authorities during the past 100 years. This time base is more than sufficient 
for investigating the consequences of global warming. This procedure requires no more 
than simple, graphical time series analysis methods and presentations. Reliable and 
well-calibrated empirical models remain the most used tools for investigation and 
application of the hydrometeorological processes.  

4.3. Scientific consensus 
The repeated reference to ‘consensus’ views is misleading the public and decision 
makers. The overwhelming view of practitioners in the fields of floods, droughts and 
water resources is that these claims are no more than untested hypotheses. This is 
because climatologists have been unable to express their results in numbers and 
probabilities, but have used descriptive terms such as ‘warmer and drier’ that have no 
quantifiable meaning. It is fundamentally impossible for practitioners to accommodate 
these conclusions in practical design and operation procedures. 

Those who follow this route will not be able to proceed beyond alarmist rhetoric if they 
wish knowledgeable scientists in other scientific disciplines to concur with their views.    

There is an urgent need to move towards quantifiable predictions. For example, 
statements that a recent severe event is the consequence of global warming without 
taking to the elementary step to determine its probability of occurrence, may be good 
propaganda but it is juvenile science.     

5. Towards a solution 
Claims that global warming will increase the frequency and magnitude of natural 
disasters (principally floods and droughts) will remain no more than hypotheses, no 
matter how convincing they may be, until such time as quantifiable and verifiable 
numerical linkages have been established between atmospheric processes and 
hydrometeorological responses. For example, a phrase often used in the climatological 
literature is that climate change will result in ‘an intensification of the hydrological 
cycle’. This has no quantitative meaning.  

Are they predicting a change in the mean values or changes in the nature and 
magnitude of variability about the mean values? As I will demonstrate later, they are 
unable to answer this question because the basic analytical procedures that they use for 
time series analyses do not make this distinction. 
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It is most unlikely that there can be a change in the variability about the mean without a 
change in the mean itself, so the first place to look for the effects of climate change are 
changes in the long term mean values. However this poses statistical problems. For 
example in the South African situation of large year-to-year variability it will require at 
least 50 years to obtain reliable estimates of the mean, and another 50 years to 
determine a 10% change in the mean with the usual 95% level of confidence. It will 
take much longer to determine changes in the higher level moments. 

None of this information is available for the atmospheric processes, so the question is: 
how can this linkage be determined? Without this linkage the assessment of the effects 
of climate change on the hydrometeorological processes will be an exercise in futility. 

Another route for detecting changes will have to be sought.     

5.1. Please note 
Please keep two major issues firmly in mind while reading this report. The first is the 
complexity of the climatic processes, particularly their non-uniformity and abruptness 
of changes in space and time. While changes in the mean conditions are important for 
the initial studies, it is the long-term behaviour of the mean itself that is the dominant 
concern in evaluation and adaptation studies. The second is the impossibility of 
describing these processes and their interrelationships in any mathematical process 
model, however complex, bearing in mind that these models have to be continuous in 
space and time.        
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If engineering hydrologists have been unable to develop universal, mathematical 
process models for simple rainfall-runoff processes after more than 50 years of 
concentrated, international efforts, what reliability can be placed on global climate 
models that are purported to be able to predict long term changes in the infinitely more 
complex climatic systems? 

Southern Africa provides an ideal testing ground for these studies as it has a very wide 
range of climatic conditions from winter rainfall in the south to summer rainfall in the 
north. The mean annual rainfall has an average of about 500 mm compared with the 
world average of more than 800 mm. The rainfall varies from more than 3000 mm 
along the eastern escarpment to less than 100 mm in the desert areas in the west. The 
subcontinent is bounded by the warm, southward flowing waters of the Indian Ocean in 
the east, and the cold northward flowing waters of the Atlantic Ocean in the west. The 
ultra-cold Antarctic waters flow to the south.  

Perhaps most important of all, southern Africa lies within the zone of maximum 
poleward transfer of solar energy. It is the redistribution of solar energy that drives the 
climatic processes – not temperature. The receipt of direct solar energy is 50% greater 
in the latitude of South Africa than the latitude of Europe. As will be shown later in this 
report, the presence of these two factors provides unequivocal evidence of the dominant 
role of variations in solar activity on climate variability in southern Africa. 

Consequently, South Africa provides the ideal testing ground for international climate 
change theory and the development of adaptation measures. 

5.2. Water cycle 
The water (hydrological) cycle in Fig. 2 is well known. However, it is seldom 
appreciated that this is not a continuous process in the drier regions of the world. In 
South Africa, only about 8% of the rainfall is returned to the oceans via the river 
systems. The rest is evaporated back into the atmosphere from vegetation, the soil and 
open water surfaces. All processes increase in variability with increase in aridity. 

Conventionally, the hydrological cycle begins with the evaporation of water from the 
oceans and the transport of this moisture through the atmosphere to the adjacent land 
where precipitation occurs. Some of the water falling on the land surface infiltrates into 
the ground while the rest constitutes surface runoff, which is routed through the natural 
drainage systems. Subsequently, a portion of the water, which infiltrated into the soil is 
removed by direct evaporation from the soil surface or by transpiration from 
vegetation. The rest moves on through the groundwater system to reappear on the 
surface as springs or directly into river channels. Eventually, all the water precipitated 
on the land is either returned to the oceans or to the atmosphere, thus completing the 
cycle. 
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Figure 2. The water and energy cycles 

 

 

This over-simplification of the hydrological cycle draws attention away from the all-
important processes that govern the rate of transfer of water from one component of the 
cycle to the next. The time and space distributions of rainfall result from the interaction 
between meteorological systems, the topography of the land, and surface heating of the 
land by solar radiation. 

The statistical properties of river flow are directly related to the depth, area, duration, 
time and space distribution of the rainfall, as well as antecedent conditions and 
frequency of occurrence. The relationship between reservoir capacity, reservoir yield, 
and the assurance of this yield depend on the statistical properties of the river flow at 
the site, as well as gross evaporation losses from the surface area of the stored water, 
less rain falling directly on this area. 

The concept of the hydrological cycle also masks scale effects in time and space. 
Turbulence is present in practically every case where the movement of air or water 
takes place, from molecular scale through to giant gyres in the ocean. This in turn 
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introduces instability and consequently unpredictability in time. Heterogeneity in space 
has frustrated the attempts of researchers to transfer rainfall-runoff model parameters 
from the laboratory to the field, or from experimental catchments to the real world. This 
unpredictability of major components of hydrological processes in both time and space 
has been the rock on which much research based on the deterministic or 'cause-effect' 
approach in hydrology has foundered. In these situations responses have to be 
described in probabilistic terms rather than as a single, most likely result. 

5.3. Energy cycle 
 

 
Figure 3. Redistribution of solar energy 

The corresponding energy cycle is less well known. Water flows downhill under the 
influence of gravity. This is because the potential energy of a unit volume of water at 
the top of a hill is greater than that at the bottom of the hill. Where there is an energy 
gradient, water will move down the gradient. On the way there will be friction between 
the water and the riverbed and banks. This friction will convert potential energy into 
heat energy. This will warm the immediate environment and will eventually be radiated 
back into space. 
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The role of the redistribution of solar energy on global climate does not appear to 
feature in the IPCC studies, yet, as will be shown later in this report, this provides a 
valuable clue relating to the uncertainties in climate change theory. 

This also happens on a global scale as shown in Fig. 3.  The solar energy per square 
kilometre received in the tropics is much larger than that in the polar-regions. This 
creates an energy gradient. Where a gradient exists, energy must move down the 
gradient. This energy is conveyed and distributed via the atmosphere and the oceans. 

Rainfall is a direct consequence of this energy redistribution process. 

6. First round methodology 
It was appreciated from the start that it would be difficult to separate abnormal climate-
related characteristics from the background of high natural variability of the 
hydrometeorological processes in dry climates such as in South Africa. While the data 
from each site were analysed separately, the search was for signals that were 
common to most sites for a particular process, and that were also common to most 
processes. This has to be borne in mind when studying the analyses below.   

6.1. Graphical analyses 
The properties of historical data must be determined before they can be described 
mathematically. Graphical analyses can provide insights that are not detectable by 
mathematical analysis. Failure to appreciate this, has led to the inability of 
climatologists to detect the unambiguous increase in rainfall over South Africa during 
the period of record and other properties described in this report.  

The first round analyses consisted of the determination of the record mean values using 
simple arithmetic; the identification of whether or not trends were present using 
graphical plots of accumulated departures from the record mean values; and the 
determination of whether or not multi-year serial dependence (persistence) was present. 
Standard serial correlation analyses and graphical presentation of the results in the form 
of correlograms were used for this purpose. 

The procedure used was very simple and did not involve any manipulation of the data. 
Nor did it involve any mathematical theory, other than standard serial correlation 
analyses. Three types of graphical plots were used in the analyses. These were 
histograms, accumulated departures from the record means, and conventional 
correlograms.  

The histograms were useful in providing the first indication of the extent of variability 
about the record mean, including its magnitude and asymmetry. Trends were also 
detectable in some records. Trends, if present, were more readily observable in the 
accumulated departure plots. Of particular importance in the accumulated departure 
plots was the identification of sudden reversals from periods of prolonged below 
average conditions to periods of well above average conditions. Correlograms were 
very useful tools for detecting anomalous behaviour of the mean itself. They were also 
useful when searching for linkages between atmospheric mechanisms and 
hydrometeorological responses. If any cyclical or oscillatory behaviour existed in the 
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data, this would be evident in the form of cyclicity in the correlograms. Graphical 
analyses were performed for a total of 163 sites. More details are available in the 
PowerPoint presentations that accompany this report.  

6.2. Terms used 
In this report the term periodicity refers to a phenomenon that occurs at regular 
intervals, while cyclicity refers to continuous cyclical behaviour. Serial correlation 
refers to the relationship that may exist between the value in one year and that in 
previous years. The term statistically significant refers to a 95% level of statistical 
significance, while discernible implies that it is visually evident on the graphs, but has 
not yet reached a 95% level of statistical significance. The term meaningful implies that 
it has a measurable effect that should be accommodated in hydrological analyses. 
Hydrology refers to mainstream hydrology, variously described as operational 
hydrology, applied hydrology and engineering hydrology. Stochastic hydrology is a 
specialized field involving the development and application of time series analyses. The 
marginal distribution is the probability density function that describes the properties of 
the data.  

6.3. Principal variables 
The principal variables used in hydrological analyses are rainfall, river flow and 
evaporation. Their relative values vary greatly from region to region in South Africa. 
This is demonstrated later in this report. The claims that global warming will result in 
the reduction of the yield of water from dams and the consequent increases in water 
restrictions are of no value, until the concurrent effect on the three principal variables 
and the regional differences have been demonstrated. No such attempt appears to have 
been made in the scientific studies reported in the IPCC literature or South African 
researchers. 

While temperature does not feature in hydrological analyses, it is claimed that increase 
in global temperature will have a major, adverse effect on the principal hydrological 
variables. The emphasis in the literature on climate change has been on increases in 
temperature associated with global warming. However, temperature is a measure not 
a process. This distinction seems to be poorly understood. Referring to the 
hydrological cycle in Fig. 2 above, the temperature of a particle of water as it proceeds 
though the water cycle b-c-d-e-f will change along the route. The principal variable 
used by climate change scientists should be energy, not temperature.    

6.4.  Increase in variability 
The increase in variability increases the difficulty in detecting changes in the 
hierarchy of the hydrological processes from evaporation to rainfall to river flow 
to floods. This increase in variability also has advantages. River flow filters out the 
minor rainfall events, while even the moderate rainfall events are filtered out by 
the floods, leaving the severe, widespread rainfall events. As will be seen later, the 
statistically significant periodicity is more evident in the annual floods than the 
annual rainfall. This provides a valuable insight into linkages with the climatic 
processes.   
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PART 2: THE STUDIES 

7. Database 
A database of annual values was assembled. It consisted of eight different data sets. 
These were the South African Weather Service’s (SAWS) district rainfall data from 
October 1921 to September 1999, plus hydrological data provided by the Department 
of Water Affairs and Forestry (DWAF). The DWAF data sets consisted of annual open 
water surface (Symons pan) evaporation and concurrent rainfall, annual flows into 
storage dams, annual river flows, annual flood peak maxima, annual groundwater 
levels, and the southern oscillation index. 

Other than patching minor gaps in the records, the data were used directly in the 
analyses and were not smoothed, filtered, or otherwise manipulated in any way before 
or during the analyses. All sites were chosen on the basis of their geographical 
representativeness and long, uninterrupted records. These records are now long enough 
to provide a basis for the determination of the multi-decadal properties of the processes. 
Details of the database used in the analyses are shown in Table 1. 

 
Table 1.  Database used in the analyses 

Set Process Stations Years 
1 Water surface 

evaporation 
20 1180 

2 Concurrent rainfall 20 1180 
3 District rainfall 93 7141 
4 Dam inflow 14 825 
5 River flow 14 1052 
6 Flood peak maxima 17 1235 
7 Groundwater 4 312 
8 Southern oscillation index 1 114 
 TOTAL 183 11 804 

   

8. Open water surface evaporation 
The first process of interest within the hydrological cycle is that of open water surface 
evaporation. This information is essential for the determination of the yield-capacity 
relationships of storage dams. It is a candidate for the early detection of the effects of 
global warming, because open water surface evaporation is a direct function of 
incoming solar radiation, (as modified by cloud cover), air temperature and wind, all at 
the water surface. This has long been known. In ven te Chow’s Handbook of applied 
hydrology (1964) it is stated that the energy balance method was applied to obtain 
estimates of the annual evaporation from the oceans…(authors referenced).  
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The factors in the energy balance equation are: solar radiation, energy utilised for 
evaporation, reflected solar radiation, net energy lost by the body of water by the 
exchange of long wave radiation, energy conducted from the body of the water to the 
atmosphere as sensible heat, increase in the energy stored in the body of water, and net 
energy advected into the body of water. This confirms that the variable of interest in 
climatic processes is energy, not temperature. 

Evaporation suppression experiments 

In South Africa, about 25% of the water stored in dams is lost by evaporation to the 
atmosphere. During the severe droughts that occurred in the early 1970s, the 
Department of Water Affairs carried out experiments aimed at reducing the evaporation 
losses from Vaal Dam. Cetyl alcohol was sprayed onto the water surface by crop 
spraying aircraft. It formed a monomolecular layer on the water surface that suppressed 
evaporation losses. However, solar radiation passed through the layer and raised the 
temperature of the water beneath the layer. It worked very well except that the layer 
was easily broken up by winds. When this happened the evaporation from the warmer 
water beneath the layer was greater than it would have been without the layer, and the 
experiment had to be abandoned. The ideal suppressant would have been one that not 
only suppressed evaporation, but also reflected the solar radiation. We could not find 
any material that met these requirements.   

 
Table 2. Symons pan gross evaporation 

Nr Station 
number 

Site Period 
available 

Nr of 
years 

Avr 
evap 
(mm) 

Avr rain 
(mm) 

Serial 
depend-

ence 
(years) 

Long term 
change in 
the mean 

1 A2E01 Hartbeespoort Dam 1926-96 70 1745 688 1-10 Increase 
2 A2E02 Rietvlei Dam 1935-99 66 1599 728 1-3 Increase 
3 A2E03 Pretoria University 1935-84 49 1524 709 1-4 Increase 
4 A3E01 Marico Bosveld Dam 1936-00 64 1869 648 1-2 Increase 
5 C1E01 Vaal Dam 1938-99 61 1716 673 1-2 None 
6 C2EO2 Vaal Barrage 1931-80 49 - - 1-3 Decrease 
7 C2E04 Potchefstroom 1935-96 61 1657 642 1-2 Increase 
8 C5E01 Tierpoort Dam 1933-97 64 1760 534 1-6 Increase 
9 D7E01 Boegoeberg Dam 1931-97 66 2270 234 1-13 Decrease 
10 D7E02 Kakamas 1934-96 62 2781 135 1-5 Increase 
11 D8E01 Vioolsdrif 1934-99 65 2484   43 1-4 Increase 
12 H1E01 Brandvlei Dam 1936-79 45 1714 294 - - 
13 J3E01 Kammannassie Dam 1926-93 67 1766 231 1-7 Increase 
14 N1E01 Van Ryneveld’s Pass 1926-83 57 2019 328 1 Increase 
15 N2E01 Lake Mentz 1925-00 75 1749 254 1-4 Increase 
16 Q1E02 Grootfontein 1935-92 57 1931 365 1-4 Decrease 
17 T3E01 Matatiele 1937-01 64 1617 694 1-4 Increase 
18 U6E01 Umbogintwini 1935-77 42 1275 1024 1-4 Increase 
19 V1E01 Colenso 1935-87 52 1551 731 0 Decrease 
20 W5E01 Piet Retief 1935-79 44 1282 909 1 Increase 
 TOTAL   1180     
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Concurrent daily observations of rainfall and open water surface evaporation 
commenced as early as 1925. A summary of the results is presented in Table 2. The 
random components were close to zero. 

The Symons pan gross evaporation losses and concurrent rainfall gains are measured 
daily. Their difference is the net evaporation loss that has to be accommodated in water 
resource analyses. Evaporation losses exceed rainfall over almost the whole of South 
Africa. In this set of examples, gross evaporation losses varied from 1275 mm at 
Umbogintweni south of Durban, to 2781 mm at Kakamas near Upington. The 
concurrent annual rainfalls in the data set varied from 1024 mm at Umbogintwini, to a 
mere 43 mm at Vioolsdrif on the Orange River in the barren Richtersveld. 

Fourteen of the 19 accepted stations showed a clearly discernible increase in the mean 
values with time. A statistically significant, short duration serial dependence within the 
range from one to 13 years was present at all sites. This serial dependence is due to 
storage or inertia within the atmospheric system and is not due to cyclical phenomena. 
No cyclicity was present in any of the records. 

 

 
Figure 4. Symons pan evaporation at the University of Pretoria 

Any change in the hydrological processes resulting from climate change should become 
apparent in the evaporation losses well before they become apparent in rainfall and 
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river flow. This is firstly because of the direct connection between evaporation and the 
climatic driving mechanisms, and secondly because of the low variance in the historical 
data which would make changes readily apparent. The analyses indicate that there has 
been a clearly discernible increase in open water surface evaporation over most of 
South Africa during the period of record. Fig. 4 is an example. The increase with time 
is visible in the histogram panel and the cusp-shaped plot in the accumulated departure 
panel. The serial dependence is evident in the correlogram panel. 

9. Rainfall 

9.1. District rainfall 
While point rainfall measurements are an accurate representation of rainfall at the point 
of measurement, they become increasingly unrepresentative of rainfall at a distance 
from that point. The interest is in changes in rainfall over an area, ultimately over the 
whole of South Africa. Somewhere during the analyses there has to be an integration of 
the rainfall properties. The alternatives are to analyse the data from each station 
separately and then amalgamate the properties, or to amalgamate the data from all the 
stations in the area and then perform a single analysis on the amalgamated data. The 
deciding factor is the large station-to-station variability due to topography, aspect and 
other factors. These anomalies will tend to be smoothed out when rainfall data from all 
stations in the area are averaged before the analyses. Problems associated with the 
different regions can be overcome by dividing South Africa into sensibly homogeneous 
climatic regions, and then averaging the data from all stations within each region. This 
philosophy was followed in the analyses in this report. 

The South African rainfall database operated by the South African Weather Service 
(SAWS) extends back to the middle of the 19th century. A monthly district rainfall 
database was established in 1972 (Weather Bureau 1972) based on records from 1921 
onwards, and is kept up to date. South Africa was divided into 93 sensibly 
homogeneous rainfall districts, and the average rainfalls within each district for each 
month of record were determined. This is the only areal hydrometeorological database 
that covers all of South Africa, and is therefore ideal for the determination of rainfall 
over the country as a whole. This is a particularly useful as it overcomes problems that 
arise when single station, geographically unrepresentative data are used for the 
analyses. This database has been used successfully in practical applications for decades 
without difficulty. Practitioners would not have hesitated to report problems with the 
database had they existed.  

The hydrological year totals were used in the present analyses. Summaries of the 
analyses are provided in Tables 3 and 4. The most important conclusion was that there 
has been a steady, beneficial increase in the mean annual rainfall over South Africa 
during the 78-year period of record. This is reported for the first time in my studies.  

There are well-known and unavoidable shortcomings in this database. It could be 
argued that the district rainfall data are spatially and temporally non-homogeneous to 
the extent that the conclusions based on an analysis of the data are unreliable. The 
possible support for such a claim is that some of the rainfall stations within some of the 
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districts were closed during the period of record while new stations were opened. Some 
of the new stations were not in the same locations as the closed stations. Other records 
had long gaps in them. 

The issue is whether or not these deficiencies could account for the observed steady 
increase in rainfall over South Africa during the 78-year period of record. The analyses 
showed a consistency that would not have been present if these deficiencies had a 
meaningful influence on the results. This is confirmed in Table 3 in which comparisons 
are made between the average of the first half of the record with the second half (39-
year periods); the first 30 years with the last 30 years; and the first third with the last 
third (26-year periods). 

The mean annual precipitation (MAP) for the 26-year interim period was 507 mm. The 
MAP increased by 8 mm from the first to the second 26-year periods and by 42 mm 
from the second to the third 26-year periods. These values are mutually consistent, and 
there is no possibility at all, that these increases could be artefacts of deficiencies in the 
database. 

 
Table 3 Increases in mean annual precipitation over South Africa 
during the 78-year period of record October 1921 to September 

1999. 

39-year 
periods 

MAP 
(mm) 

30-year 
periods 

MAP 
(mm) 

26-year 
periods 

MAP 
(mm) 

1921-60 502 1921-51 497 1921-47 499 
1960-99 535 1969-99 543 1973-99 549 
Increase 6,6 %  9,3 %  10,0 % 

 

The 30-year period differences were used in the following analyses. This is a 
conservative assumption. The steady increase during the period of record was clearly 
visible in the plots of the accumulated departures from the means. This finding is also 
consistent with postulated climatic changes, with natural change taking place, and an 
acceleration in the latter part of the record. 

It is not at all clear why climatologists failed to detect this clearly evident increase in 
rainfall. It does, however, have a vital negative influence on their conclusions that 
South Africa will experience drier conditions in the future. All evidence is to the 
contrary. 
 

Table 4. District rainfall (Periodicity: D=discernible, N=not discernible) 

Dist 
Nr 

Period-
icity 

MAP 
21-51 

MAP 
51-69 

MAP 
69-99 

% 
change 
69-99 vs 
21-51 

Dist. 
Nr. 

Period-
icity 
 

MAP 
21-51 

MAP 
51-69 

MAP 
69-99 

% 
change 
69-99 vs 
21-51 

1 D 156 164 152 -3.1 50 D 436 390 447 2.5 
2 20 260 259 243 -6.6 51 20 - - - - 
3 N 478 551 481 0.6 52 20 135 144 177 30.6 
4 N 746 868 881 18.2 53 D 195 193 229 17.2 
5 20 181 220 253 40.1 54 D 265 279 326 23.1 
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6 D 203 260 326 60.1 55 N 367 372 391 6.6 
7 N 345 388 408 18.2 56 D 436 461 506 15.9 
8 D 360 412 422 17.2 57 N 636 661 697 9.6 
9 20 111 143 158 42.8 58 20 - - - - 
10 20 234 276 292 24.9 59 D - - - - 
11 N 717 794 740 3.2 60 N 647 668 675 4.3 
12 D 453 490 496 9.4 61 N 670 687 670 0.0 
13 D 606 606 660 9.0 62 N 699 732 733 4.8 
14 D - - - - 63 N 626 608 623 -0.5 
15 D 142 164 188 32.0 64 N 457 428 435 -4.9 
16 20 137 154 200 45.8 65 N 405 405 377 -6.9 
17 20 168 196 225 33.9 66 D - - - - 
18 D - - - - 67 N 245 242 281 14.4 
19 D 178 194 217 22.1 68 N 280 272 305 9.2 
20 D 188 195 220 17.1 69 N 287 301 329 14.7 
21 20 277 276 324 17.1 70 N 398 441 480 20.7 
22 D 427 428 489 14.6 71 N 541 572 583 7.9 
23 D 770 790 827 7.4 72 N 635 656 647 1.8 
24 D 1031 1059 1060 2.8 73 N 584 585 626 7.3 
25 D 875 883 984 12.5 74 D 670 662 707 5.5 
26 18 888 919 978 10.1 75 D 662 661 700 5.7 
27 D 565 543 592 4.7 76 21 576 563 557 -3.3 
28 N 761 788 845 11.1 77 D 449 431 453 0.9 
29 D 833 840 885 6.3 78 N - - - - 
30 D 775 834 887 14.4 79 N 318 343 376 18.2 
31 D 811 862 898 10.8 80 N 349 374 417 19.3 
32 N 692 683 795 15.0 81 D 355 387 399 12.4 
33 N 742 744 714 -3.8 82 D 446 468 509 14.1 
34 19 - - - - 83 D 508 508 553 8.9 
35 D - - - - 84 N 563 558 603 7.2 
36 20 - - - - 85 D 614 611 653 6.5 
37 D - - - - 86 19 575 588 629 9.4 
38 D 156 176 214 37.8 87 D 489 481 505 3.3 
39 D 265 290 307 15.6 88 N - - - - 
40 N 327 332 362 10.9 89 N 420 365 425 1.2 
41 N 340 363 384 13.0 90 N 435 439 491 12.8 
42 N 528 528 587 11.2 91 D 495 494 519 5.0 
43 N 794 805 868 9.3 92 N 509 527 555 9.1 
44 N 831 866 990 19.1 93 21 548 559 541 -1.2 
45 P 780 738 785 0.7       
46 N 788 800 878 11.4 Avr - 497 512 543 +12.2 
47 N 906 994 1019 12.4 Chge 

(%) 
- - +3.0 +9.2 - 

48 N 671 667 691 3.0       
49 19 816 851 966 18.4       

 

Of particular importance in this table is the clearly evident increase in the mean annual 
precipitation over virtually the whole of South Africa during the 78-year period of 
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record. Of the 81 districts with complete records, 75 districts showed an increase in the 
mean annual precipitation. Forty-two districts had increases of 10% or more, 12 
districts had increases of more than 20%, and four districts had increases of more than 
40%. 

The rainfall in the subsequent two years was well above normal. The most important 
conclusion is that there has been a steady, beneficial increase in the mean annual 
rainfall over South Africa for at least the past 80 years. The conclusion by the 
authors quoted in Tyson & Gatebe (2001), that rainfall over the summer rainfall region 
of southern Africa has shown no large systematic linear trends since 1900, is strange, as 
there has been an unmistakable and consistent increase in the MAP over virtually the 
whole of South Africa since the commencement of district rainfall records in 1921. The 
conclusions reached by climatologists that are dependent on this assumption are 
therefore in error.  

Another important property is the clearly discernible long-term periodicity in the data. 
Eighteen of the districts have statistically significant periodicity within the range 18 to 
21 years; 38 districts exhibit discernible periodicity within this range; and 37 districts 
have no discernible periodicity within this range. As the degree of statistical 
significance is dependent on both the length of the record and the magnitude and nature 
of the variability about the mean, the periodicity may be present in more of the districts, 
but has not yet reached the level of statistical significance.   

9.2. Widespread rainfall 
In our commissioned study Determination of the risk of widespread interruption of 
communications due to floods (Alexander and van Heerden, 1991), my colleague who 
occupied the Chair of Meteorology, developed a widespread rainfall classification 
scheme. These algorithms originated from a similar scheme developed by van Heerden 
(1988) to classify individual rain days. 

The SAWS rainfall stations for the period 1910 to 1989 of which some 2500 were 
available, were used. A requirement was set that the data for each individual station for 
the specific month had to be reliable. Rainfall totals for four consecutive days were 
calculated using daily rainfall figures. All suspect or unreliable data and accumulated 
rainfall totals on the record led to the rejection of the station's data for that month. Only 
stations reporting 100 mm or more during the month were used in the analysis. 

 



          Chapter 2 40 

 
Figure 6. Fifteen regions used for regional widespread rainfall analyses 

 

A full list of all the classes of rainfall events for all the regions during the period 1910 
to 1989 is available. Table 5 summarises the results of the long classification process. 

 
Table 5.   Number of events by region and Class, during the period 1910 to 1989 

Region Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 
1 485 165 46 21 1 0 
2 250 68 6 3 2 0 
3 423 271 43 13 4 0 
4 271 126 24 15 1 1 
5 336 188 25 17 9 3 
6 272 92 2 2 0 0 
7 206 144 19 8 2 0 
8 206 94 12 7 1 0 
9 167 56 2 0 0 0 

10 183 34 0 0 0 0 
11 140 30 0 1 0 0 
12 397 149 17 8 2 0 
13 349 76 11 3 1 0 
14 337 243 15 2 1 0 
15 103 24 0 0 0 0 

Total 4125 1780 222 100 24 4 
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In total, 960 months of rainfall data were analysed for each station. A total of 6255 
events could be classified. Of these 350 were Class 2 and greater while the 128 events 
greater than Class 3 can be considered as serious events. Significant flooding occurred 
somewhere over the country during some 13% of the months. 

Four Class 5 events occurred. All were along the south-eastern and eastern coastal 
regions (Regions 4 and 5). All were separate events. For the coastal zone stretching 
from Port Elizabeth to the Mozambique border, the frequency of occurrence is 
approximately once in twenty years. 

 
Figure 7. Frequency of Class 3 to 5 rainfall events per year for the entire South Africa 

This information is summarised in Fig. 7 where a gradual increase from 1925 to 1970 is 
apparent, followed by an accelerated increase thereafter. 

The next issue is whether or not the increase in rainfall will result in an increase in 
damaging floods.   

Fig. 7 above shows the numbers of events in the Class 3 to 5 categories during each 
hydrological year for the 80-year period. There is an increase from about 1970 
onwards. A total of 6171 widespread rainfall events were identified. They were 
classified in terms of their flood-producing potential as shown in Table 6. 

 
Table 6.   Widespread severe rainfall 

events 

Class Number 
of events 

Damage 
potential 

0 4061 Negligible 
1 1761 Minor  
2 222 Moderate 
3 99 Serious  
4 24 Extreme 
5 4 Disastrous 
Total 6171  

 
Floods of all magnitudes have the beneficial effect of filling dams, particularly after 
severe droughts, thereby assuring water supplies. The associated heavy rains also raise 
the soil-moisture content, sustain crops and natural vegetation, raise groundwater levels 
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and generate river flow. Without these widespread rainfall events South Africa would 
be a desert. Assume (for the sake of argument) that global warming increased the 
frequency of these events by 10%. This would have resulted in an additional 12 
potentially damaging events in the Class 3 to 5 categories, but an additional 600 
beneficial high rainfall events. 

9.3. Simple analytical procedures 
Note that the values in Table 6 above were obtained by simple counting procedures. 
There were no models, no mathematics and no measurement calibration errors. The 
weather systems that caused these events as well as the resulting damage, if any, were 
identified and tabulated. I would not dare use this data on its own to derive the 
properties of the climate over South Africa, let alone the rest of the globe. So you can 
imagine the cynicism of practitioners and researchers in the hard sciences in response 
to the IPCC claims based on isolated proxy data, hockey stick prediction graphs, and 
mathematical models that are inherently incapable of reproducing the rainfall 
characteristics described in this report. 

9.4. Consequences of global warming? 
The mean annual precipitation over almost the whole of South Africa has 
progressively increased by at least 9% during the 78-year period of record with a high 
degree of assurance. This is similar in magnitude and direction to the increases quoted 
in the Intergovernmental Panel on Climate Change (IPCC) publications.  

This conclusion is reinforced by the concurrent increase in open water surface 
evaporation in South Africa, which is a direct function of incoming solar radiation and 
air temperature. This leads to the conclusion that if the present global trends 
continue, then the mean annual rainfall over South Africa will also continue to 
increase. 

None of the large-scale studies of South African rainfall during the past century 
demonstrated a general decrease in rainfall. On the contrary, there is more than 
sufficient evidence of a sustained increase in rainfall over most of South Africa during 
the period of continuous records. Claims that global warming has in the past, or will 
in the future, result in a general reduction in the rainfall over South Africa are 
without foundation.    

10. River flow 
Routine daily observations of river flow started in the early 1900s. Tables 7, 8 and 9 
show the properties of annual river flow relevant to this report. These are the annual 
inflows into representative dams; annual flows at gauged sites; and annual flood peak 
maxima at representative gauged sites respectively.  

The dam inflow data used in Table 7, included all the information necessary for the 
determination of the yield-capacity relationship, including that used to determine the 
effect of periodicity on the assurance of the yield from the dam. These analyses are not 
included in this report.  
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The river flow data in Table 8 are from representative flow gauging sites. This 
information is used to determine the properties of annual river flows required for the 
parameter estimation of the prediction model. 

The annual flood peak maxima in Table 9 are part of a much larger data set consisting 
of a total of 6 728 years of data from 152 sites that was used for the statistical analysis 
of extreme floods, (Alexander 2002b). The purpose of this table is to examine the 
validity of the observation that there is a systematic, periodic reversal from a sequence 
of years with abnormally low flows (droughts) followed by one or more years of 
abnormally high flows (floods) first reported by Hutchins (1889) more than 100 years 
ago. 

Of particular interest, is the distinct pattern of reversals that occurred within a year or 
two of the reversals that were recorded in 1912, 1933, 1954, 1973 and 1995. These 
values are shown in the second-last columns of the three tables, expressed as the 
number of coincident reversals in the graph for the particular record vs the number of 
‘standard’ reversals during the same period. These patterns confirm the observations of 
Hutchins (1889) and those reported by Alexander on a number of occasions during 
recent years. (Alexander 1978b, 1990, 1994, 1995a, 1995b, 1996, 1997, 2002a, 2002b). 
There is very strong evidence of a periodic pattern of prolonged droughts, suddenly 
being broken by one or more years of abnormally high runoff. An important 
conclusion, is that it is essential that estimates of changes in the mean values take this 
periodicity into account. Five of the 11 accepted stations in Table 7 show a decrease in 
the mean while only two stations show an increase. Concurrent reversals are present at 
nine of the stations.   

 
Table 7. Properties of annual dam inflows. (Periodicity at 95% level) 

Nr Station 
number 

Site Period 
available 

Nr of 
years 

Periodicity 
1 to 10 
years 

Periodicity 
11+ years 

Concurrent 
reversals 

Change in 
the mean 

1 A2R001 Hartbeespoort 
Dam 

1922-01 79 1-3 19-23 4/4 Increase 

2 B8R001 Ebenezer Dam 1959-79 20 - - - - 
3 C1R001 Vaal Dam 1923-96 73 0 21 4/4 None 
4 C5R002 Kalkfontein Dam 1938-83 45 2 - 2/2 None 
5 D3R002 Gariep Dam 1923-96 73 0 0 4/4 Decrease 
6 D5R001 Rooiberg Dam 1933-73 40 - - - - 
7 G4R007 Steenbras Dam 1921-81 60 1 0 0/3 Decrease 
8 J3R001 Kammannassie 

Dam 
1921-76 55 3 0 0/3 Decrease 

9 J2R002 Leeuw Gamka 
Dam 

1919-78 59 0 0 0/3 None 

10 K9R001 Churchill Dam 1948-96 48 3 - 2/3 - 
11 N1R001 Van Rynevelds 

Pass Dam 
1924-80 56 0 13 2/3 Decrease 

12 U2R001 Midmar Dam 1923-96 73 0 0 3/4 Increase 
13 V1R003 Woodstock Dam 1921-93 72 0 0 3/3 None 
14 W4R001 Pongolopoort 

Dam 
1929-01 72 1-4 0 3/4 Decrease 

  TOTAL years  825     
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The decreases in the mean values are the result of water abstractions in the river 
catchments and have nothing to do with global warming. 

10.1. Annual river flow 
The properties of annual river flow are shown in Table 8. Statistically significant, short-
term serial dependence is present in eight of the 14 flow records, and the characteristic 
reversals are present in all but two of the flow records. A large part of the 
Hartbeespoort Dam catchment includes urban areas, and it is tempting to ascribe the 
increased inflow shown in Table 7 to this urbanisation, but there are some reservations, 
(Alexander 1990). 
 
Table 8. Properties of annual river flows, groundwater levels and the southern oscillation index. (Periodicity at 

95% level) 

Nr Station 
number 

Site Period 
available 

Nr of 
yrs 

Periodicity 
1 to 10 
years 

Periodicity 
11+ years 

Con-
current 
reversals 

Change in 
the mean 

1 A2H012 Crocodile @ Kalkheuwel 1921-00 79 1-5 19-23 3/4 Increase 
2 A2H013 Magalies @ Scheerpoort 1922-00 78 1-5 0 4/4 Decrease 
3 C1H002 Klip @ Delangesdrif 1906-99 93 1-2 21-22 2/5 Increase 
4 C2H018 Vaal @ Schoemansdrif 1938-01 63 1 21 3/3 None 
5 C3H003 Harts River @ Taung 1923-80 57 1-2 0 3/4 None 
6 C9H003 Vaal @ Riverton 1909-97 88 0 21 5/5 Decrease 
7 D1H003 Orange @ Aliwal North 1913-98 85 0 0 4/4 Increase 
8 D7H005 Orange @ Upington 1944-01 57 0 0 3/3 Decrease 
9 N2H002 Sundays @ Jansenville 1921-92 71 0 0 2/3 Increase 
10 Q9H002 Koonap @ Adelaide 1927-00 73 0 20 4/4 Decrease 
11 V6H002 Tugela @ Tugela Ferry 1932-01 69 1-7 - (20-23) 0/4 Decrease 
12 X1H001 Komati River @ 

Hoogenoeg 
1908-88 80 0 21 4/5 Decrease 

13 X2H005 Nels @ Boschrand 1929-01 72 1-4 0 4/4 Decrease 
14 ---- Zambezi @ Victoria 

Falls 
1907-94 87 1-11 0 3/5 Decrease 

  Groundwater and SOI       
15 A2H001 Maloney’s eye discharge 1908-02 94 1-5 0 0/5 None 
16 - Wondergat water levels 1923-94 71 1-5 0 2/5 None 
17 C2H001 Mooi @ Witrand 

discharge 
1903-00 97 1-4 21-23 3/4 None 

18 C2H011 Gerhardminnebron eye 1947-97 50 1-8 - - - 
19   - Southern oscillation 

index 
1881-95 114 7 14,21 None Decrease 

  TOTAL years  1478     

10.2. Zambezi River 
The analyses of the flow record of the Zambezi  River at Victoria Falls are interesting 
for a number of reasons. The catchment of the river is in the high rainfall region of 
central Africa and there are extensive swamps in the catchment. Together, these have a 
moderating effect on the year-to-year variability. The river has a strong perennial flow, 
and its characteristics are close to those of rivers in moderate climates that feature in 
much of the hydrological literature. 
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The steady increase in flow from 1907 all the way through to the 1980s is very clear in 
both the histogram and the accumulated departure plots in Fig. 8, with a decrease from 
then onwards. The correlogram is also interesting because it shows statistically 
significant serial dependence all the way through to 11 years, but there is no evidence 
of  21-year periodicity. Nor is there any evidence of cyclicity. 

 

 
Figure 8. Annual flows in the Zambezi River at Victoria Falls, 1907- 1994. 

 

The annual flow record in the Vaal River shows quite different characteristics from 
those in the Zambezi River. The annual flows are far more variable and there is no 
evidence of an increase with time. However, there is very clear, statistically significant 
21-year periodicity with sudden reversals occurring in the years commencing October 
1933, 1954, 1973 and 1995. Again, there is no evidence of continuous cyclicity. Nor is 
there any statistically significant serial correlation for other periods. This is the most 
studied river flow record in South Africa. 
The decreases in the annual river flows are the result of upstream abstractions as 
the level of utilisation increases. There is no linkage with global warming. 
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11. Groundwater 
The groundwater levels in the Wondergat sinkhole in a large dolomitic compartment in 
a semiarid area of South Africa some 800 km to the south of the Zambezi River, and 
discharges from other dolomitic compartments, display characteristics similar to those 
in the Zambezi River. The interpretation of the characteristics of the Zambezi River and 
the dolomitic compartments, is that they all have large storage components. The 
discharge from Maloney’s eye has a remarkably smooth correlogram. The large storage 
capacity completely suppresses the random year-to-year variation in the rainfall. There 
is no evidence of adverse effects that could be ascribed to global warming. 

12. Southern oscillation index 
The Southern Oscillation Index data from 1881 to 1995 were also analysed. This 114-
year long record showed a distinct discontinuity in the mean value from 1974 onwards. 
It also showed statistically significant serial correlations with frequencies of seven and 
14 years, as well as 21 years with a lower level of confidence. This was despite a 
sudden change in the mean value that occurred in 1974. Normally, data displaying this 
sudden change in the mean would be suspect and the possibility of measurement errors 
would have to be investigated, or the cause of the discontinuity sought. This was 
beyond the scope of the analyses but is concurrent with other anomalies reported in the 
literature. 

13. Flood peak maxima 
The properties of the annual flood peak maxima are presented in Table 9.  Of the 16 
accepted records, 12 show a decrease in the mean annual values, and only one record 
shows an increase. This is despite the general increase in rainfall. Upstream utilisation, 
particularly water supply and farm dams play a role as the dams have to fill before 
passing floodwaters downstream. As shown above, mean annual evaporation losses are 
well in excess of the mean annual rainfall. The antecedent soil-moisture deficit caused 
by prolonged antecedent evaporation has to be satisfied before flow takes place, 
particularly before high rates of runoff can occur. Short-term serial dependence is 
present in eight of the accepted records, and concurrent reversals are present in 14 of 
the 16 records. 



                                                                                  Hydroclimatology 47

 
Table 9. Properties of annual flood peak maxima. (Periodicity at 95% level) 

Nr Station 
number 

River Period 
available 

Nr of 
years 

Periodicity 
1 to 10 
years 

Periodicity 
11+ years 

Concurrent 
reversals 

Change in 
the mean 

1 A2H002 Pienaars 1904-98 94 6 22 4/5 Decrease 
2 A2H012 Crocodile 1921-00 79 1 0 3/4 None 
3 A2H013 Magalies 1922-00 78 1 0 3/4 Decrease 
4 C1H001 Vaal 1904-95 91 0 0 5/5 Decrease 
5 C1H012 Klip 1906-99 93 1 19-20 4/5 Decrease 
6 C2H001 Mooi 1903-00 97 0 0 3/5 Decrease 
7 D1H003 Orange 1913-98 85 9 - 10 22 3/4 Increase 
8 J2H005 Huis 1954-00 46 - - - - 
9 J2H004 Olifants 1923-93 70 1 - 2 0 0/3 Decrease 
10 N2H002 Sundays 1921-92 71 3, 6, 10 0 3/3 Decrease 
11 Q1H001 Great Fish 1917-93 76 3 18 1/4 Decrease 
12 Q9H002 Koonap 1927-00 73 0 0 3/4 Decrease 
13 S6H001 Kubusi 1946-00 54 0 - 2/3 Decrease 
14 U1H006 Mkomazi 1951-99 48 - - 2/3 None 
15 U2R001 Mgeni 1963-00 37 0 - 0/2 None 
16 W5H005 Hlelo 1949-00 51 0 - 3/3 Decrease 
17 X1H001 Komati 1908-00 92 0 21 3/’5 Decrease 
  TOTAL years  1235     

 
There is no evidence of a general increase in the frequency of flood peak maxima 
during the period of record.  Nor can future increases be expected. This is 
discussed again below. 
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PART 3: INTERPRETATION 

14. Interpretation of analyses so far 

14.1. Floods and droughts 

Floods 
It is a mistake to assume that all floods are damaging and undesirable events. The 
ancient civilisations of Egypt owe their existence to the annual floods in the Nile River. 
The overbank flows saturated the soils and deposited fertile sediment on the lands 
adjacent to the river. Crops flourished after the floods subsided. In Southern Africa 
damaging floods in a particular river occur about once in fifty years on average. For the 
rest of the time the maximum flows in the river are beneficial in that they maintain 
water supplies.   

Instantaneous flood peak maxima are used in flood-frequency analyses, as flood 
hydrograph volumes are included in the annual river flow volumes. Annual flood peak 
maxima have no theoretical upper limit, despite the usage of the concept of the 
probable maximum flood used design purposes in some countries. In arid areas there 
may be no flows and consequently no floods in a river for periods of more than a year. 
These zero values have to be accommodated in the flood frequency analyses. 

Droughts 
So far in this chapter the emphasis has been on annual values. Droughts have the 
additional property of duration, which makes statistical analysis even more difficult. 
There is also no consensus on the definition of a drought. 

All the hydrometeorological processes in South Africa have a large year-to-year 
variability. Farmers since biblical times have accommodated this variability by storing 
surpluses in times of plenty and utilising the stored food in times of shortages. The 
same principle is used in the design of storage dams, which typically have storage 
capacities sufficient to provided sustained supplies for three to five years in many 
cases. Droughts only occur when these storages are depleted. This means that the 
drought durations of interest are typically longer than two years.  

The critical property of a drought is therefore its duration. Short duration droughts may 
adversely affect subsistence agriculture. Longer duration droughts may affect 
commercial agriculture and the natural vegetation, but the storage capacities of dams in 
South Africa are typically designed to withstand several years of deficient river flow.   

The determination of the length of annual sequences of deficient rainfall and river flow, 
and the effect that climate change may have on these sequences was a major component 
of these studies. 
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15. Hydrological process modelling 

15.1. Dimensionality, uncertainty and scale 
Two fundamentally different routes have traditionally been followed in hydrological 
analyses.  The first and theoretically most attractive route is that of process modelling 
where rainfall input is modelled as it moves through the system until it reaches the 
point of interest. By the middle of the International Hydrological Decade (IHD) in 1970 
some 600 experimental catchments were observed internationally with a view to 
developing general mathematical models of the rainfall-runoff process. The results 
were disappointing and interest in this method declined over the years. This process 
modelling approach is not in general use in South Africa or internationally although 
some academic interest remains among those who are unfamiliar with observation 
theory.  

The steady accumulation of data during the latter half of the last century has facilitated 
direct analyses of the data without having to invoke process models. Advanced 
technologies have been developed for this purpose and are described later in this report. 

The problems of dimensionality (too many variables in the model), uncertainty (the 
curse of small samples), and scale (relationships vary with the time and space scale of 
the processes), appear to be beyond the comprehension of the developers and users of 
global climate models used for predicting the consequences of climate change.  

15.2. Accuracy and representativeness 
Absolute accuracy of description and therefore prediction of processes in the 
atmospheric, oceanic and terrestrial environments is impossible in the presence of 
random, unpredictable components. The engineering approach is that of ‘sufficient 
accuracy’ relative to all the other uncertainties in design and operation. Engineers also 
make the distinction between ‘meaningful’ in the context of its usage, and ‘statistically 
significant’ which is often unattainable in short records with highly variable properties.   

However, this is one of the main stumbling blocks in developing numerical descriptions 
used in the natural sciences, where reliance is placed solely on the concept of statistical 
significance to determine the degree of reliability of the postulated relationship. 

An associated problem is that of representativeness. For example, rain gauge data is an 
accurate measurement of rainfall at a point, but it is increasingly unrepresentative of the 
rainfall with distance from that point. In this report the interest is in areal rainfall, 
which necessarily has to be derived from point rainfall measurements within or close to 
the area of interest.  

If a clear signal is observed despite the uncertainties regarding the accuracy and 
representativeness of the data, then the conclusion must be that the strength of the 
signal is in fact greater than that derived from the analyses. The possibility that the 
signal is an artefact of a particular data set, is negated when the same signal is 
observed in other data sets of the same process, and become undeniable if it is also 
observed concurrently in data sets from other hydrometeorological processes.       
This is the essence of the studies reported here. 
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16. Methodology for concurrent signals 
All these concerns are related to climatic processes in the first instance. From this it 
follows that the solutions are unlikely to be found in the analysis of data from a single 
site, or from a single set of data from a number of sites, or from a single process such as 
rainfall. The characteristics will have to be sought from events that are common to the 
analyses of data from a number of sites and a number of processes and occur 
concurrently. The analyses will be based on single site analyses but the interpretations 
will have to be based on events that occurred concurrently at a number of sites and in a 
number of processes. 

16.1. Pattern recognition 
In Raphael’s famous fresco in the Vatican titled School of Athens, Euclid is shown 
teaching mathematics to a small group of students. He used dividers (measurement) and 
a slate (visual presentation). Since then we have proceeded from slates to blackboards 
to computer screens, but the principle is the same. Visual images that rely on our ability 
to recognise patterns, are the most efficient means of understanding complex processes.   

16.2. The real world 
All atmospheric processes on all time and space scales, have a mixture of deterministic, 
predictable components and random, unpredictable components. In this situation 
mathematical expressions will only be partially successful when used for describing the 
processes. This approximation will be sufficient in many applications but as the need 
for greater accuracy and realism increases, for example in the case of climate change 
where more subtle consequences have to be quantified, the deterministic methods will 
become increasingly unreliable. 

So, if we cannot put our trust in mathematics, where do we go?  The answer is to start 
all over again using the procedures of simple logical deduction. This will require a 
substantial measure of subjectivity, but my response to those who disagree is simple.  

16.3. The baby’s feeding bottle 
At an early SASAS conference I produced a modern baby’s feeding bottle. I asked the 
audience why it was that at the age of about 12 months we were all able to identify the 
feeding bottle without difficulty, but that none of us are as yet able to describe the 
feeding bottle mathematically in such a way that an Internet colleague would be able to 
recognise it as such. 

Pattern recognition is the most powerful analytical tool in our armoury. We use this 
ability almost every moment of our lives. Those of us who spent many years of our 
career using graphs and slide rules for complex analyses, look down our noses at those 
who rely solely on mathematics and computer algorithms that are completely lacking in 
realism. We are shocked when our students proudly produce answers to seven 
significant figures without any feeling at all for the accuracy of the input data or 
realism of the computer model – or when experienced researchers use spectral analysis 
methods and then assume that the oscillatory behaviour is real and present in the data, 
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without taking elementary precautions to confirm their conclusions by carrying out 
serial correlation analyses. 

Perhaps I am being too cynical about the role of mathematics, so let me try applying 
logical deduction and follow another route by way of example. The question is whether 
or not there has been a change in the mean annual rainfall over South Africa during the 
period of continuous records. 

17. Beyond reasonable doubt? 
Earlier in this chapter I demonstrated that there has been a sustained increase in the 
rainfall over South Africa during the period of continuous records based on the district 
rainfall database. How reliable is this conclusion? I used the following approaches. 
 Simple arithmetic. 
 Graphs of the cumulative departure from the record mean value. These are easy to 

construct and interpret.  
 Both these methods demonstrated that the increase was sustained during the period 

analysed and is not due to abnormally high values, i.e. the results are consistent 
with time. 

 Seventy-five of the 81 districts with complete records showed an increase, i.e. the 
results are consistent in space.  

 The increase is consistent with an increase in global warming as reported by other 
observers. 

But is this evidence sufficient to satisfy those who would prefer to see the results of 
conventional statistical analyses?  

17.1. The role of statistical analyses 
There seems to be a lot of misunderstanding regarding the role of statistical analyses in 
situations such as this. A long time ago Moroney (1951) in his primer Facts from 
Figures wrote: ‘Statistics is a method of investigation that is used when other methods 
are of no avail; it is often a last resort and a forlorn hope.’ More recently Milton Harr 
(1977) wrote: ‘Probability theory is primarily concerned when computing the 
likelihood of occurrence of events about which there exists partial information’ (my 
emphasis). It is clear that statistical analyses serve no useful purpose in situations 
where complete information is available.   

Assume for the sake of further discussion that the statistical analyses of the individual 
districts were inconclusive. Which set of analyses should carry more weight, the 
combined arithmetic and graphical analyses with all the supporting information, or the 
statistical analyses? At this point it is necessary to go back to the issue itself. The 
question was whether or not there has been a change of rainfall. The graphical analyses 
demonstrated that there has been an increase, whereas the results of the statistical 
analyses were inconclusive. In this situation the statistical approach is unsatisfactory as 
it fails to answer the question. This raises another very important interpretation of the 
results of statistical analyses. If the result of a statistical analysis is positive it provides 
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evidence of the validity of the hypothesis being tested. However, if the result is not 
significant this is not evidence of the opposite.     

Statistical analyses are an essential and dominant component of flood-frequency 
analyses for example, but as will be shown, their role in time series analyses is 
minimal.  

17.2. Combinatorial statistics 
For those who nevertheless insist on statistical analyses, there are other problems.  
 Statistical analyses require knowledge of whether or not the data are stationary and 

identically distributed, as well as the most appropriate probability distribution 
function. Refer to flood-frequency analyses later in this report for example. 

 The effects of climate change, should they occur, will be statistically undetectable 
against the background of natural variability. They will therefore not be provable 
unless non-statistical detection routes are followed. This is very important. 

Furthermore: 
 It is not the mean rainfall that determines whether or not maize can be grown 

economically, it is the magnitude of the negative departures from the mean. 
 It is not the mean river flow that determines how much water can be abstracted 

economically from a river, but the duration and magnitude of sequences of low 
flows. 

 Flood magnitude-frequency relationships are not the function of the mean 
conditions, they are a function of the depth-area-duration-frequency relationships 
of severe flood-producing rainfall, as well as antecedent catchment evaporation 
losses. Which of these properties do climate change scientists have in mind when 
postulating increases in the frequency and magnitude of severe floods?  

 Droughts have the dimensions of both duration and degree of departure from mean 
conditions. Unlike floods, they are not amenable to statistical analyses, and 
postulated increases in droughts have no verifiable validity. 

17.3. A combinatorial approach 
Recall that if a signal in the data is not statistically significant, that does not mean that 
it is not present in the process. If a weak, statistically insignificant, but consistent signal 
is visually present in the graphical images of the data from a large proportion of the 
rainfall districts, this must surely increase the significance of the change in each district 
independently as well as for the country as a whole. Is there a statistical procedure that 
can be applied to quantify the assurance in this situation?    

The only reference to this procedure that I could find was an article titled Stein’s 
Paradox in Statistics by Bradley Efron and Carl Morris. It was published in the May 
1977 edition of Scientific American. Unfortunately my copy does not have any 
references. In essence, relating to this problem, the article maintained that the Stein-
James estimator provided a better estimate of the countrywide average rainfall than the 
average of the district averages, and that the method could also be used to improve the 
averages for each of the rainfall districts separately. 
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The Scientific American authors used baseball-hit averages as their example of the 
application of the Stein-James estimator. This is how I see the application of the 
estimator to the change in rainfall problem. Assume that there is a single signal 
generator (climate) that generates the same basic signal for each district. A mixture of 
non-random signals and large random noise components is generated in each district. 
The problem is to detect the signal in the individual (rainfall districts) and combined 
(South Africa) receivers in the presence of the noise component in each of the 
individual receivers. Note that if the noise generators are absent, the same pure signal 
will be received in all the receivers as well as the combined receiver (average of the 
average values in the individual receivers). As the random noise increases, it will 
become increasingly difficult to separate the signal from the noise in the individual 
receivers, but will the signal still be detectable in the combined receiver? If so, it should 
be possible to work backwards and so strengthen the signal in the individual receivers.  

The authors of the article explained that in conventional statistical analyses the best 
estimate of the combined signal was the average of the averages, but that this could be 
improved by the application of the estimator. My further enquiries have been 
unsuccessful, and I have not been able to find any references to the application of this 
method or any other combinatorial statistical analysis method that is currently used in 
similar situations in practice. Another important aspect is that the signal in different 
data sets must occur concurrently if any inference is to be drawn from the data.   

18. Serial dependence 
Stochastic hydrologists generally assume a constant mean equal to the record mean and 
then examine the properties of the variability about the mean. Climatologists on the 
other hand prefer to analyse the data as a whole. Having committed themselves to a 
specific route, the analysts in both schools made a fundamental mistake. Before they 
committed themselves to developing their mathematical models that fit the data, they 
should have had a closer look at the role that serial dependence plays in their analyses.  

The serial dependence analyses are very simple and are based on standard statistical 
correlation analyses. If the observations are numbered consecutively, then correlation 
analyses are carried out using the values for the pairs 1&2, 2&3, 3&4, etc. The analyses 
are repeated for the pairs that are two periods apart, i.e. 1&3, 2&4, 3&5, etc. This is 
repeated for other intervals. Stochastic hydrologists found that in general, there was no 
significant serial correlation in annual river flow for any multiyear periods, whereas 
climatologists using spectral analysis methods found statistically significant oscillatory 
dependence in rainfall extending along a whole range of periods from two to forty 
years. They later focussed in on cycles of about 18 years, but did not carry their 
analyses any further. This is discussed in detail by Tyson (1987) in his book Climate 
change and variability in Southern Africa. 
This illustrates two basic problems in modern scientific research - the reluctance to use 
graphical methods, and the almost impossible task of keeping abreast of developments 
and methodology in more than one discipline. If scientists from the two schools had 
taken the trouble of plotting the serial dependence in the form of simple correlograms 
and comparing them with their conclusions, climatologists would have realised that 
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there was no statistically significant serial dependence to support their conclusions of 
continuous cyclicity. This is an artefact of the spectral analysis methods that they used. 
Similarly, stochastic hydrologists would have noticed an unusual feature in their 
correlograms. This was the presence of statistically significant serial dependence within 
the range of 18 to 22 years. This is the same range of periodicity observed by 
climatologists. But nobody linked the two observations – until now! 

The cumulative departure plots of rainfall, river flow and flood peak maxima show 
unmistakable anomalies that not only occurred at approximately 21-year intervals, but 
that the years when these anomalies occurred in the plots were concurrent in the plots 
of the various processes. They occurred within a year or two of 1912, 1933, 1954, 1973 
and 1995. The intervals between them were 21, 21, 19 and 22 years. The irregularity 
component inhibited the use of pure mathematical descriptions and the investigations 
stalled. 

To summarise, graphical presentations of the cumulative departure plots show the 
presence of regular (and therefore predictable) periodic anomalies in the data at about 
21-year intervals. Graphical presentations of the serial dependence show that there is no 
oscillatory serial dependence, but that there is unmistakable, statistically significant, 
non-cyclical, 21-year periodicity. 

19. Results of the search for climate-related signals 
The search was for signals in the hydrometeorological data that could be ascribed to 
climate variability, whatever its cause at this stage. The persuasiveness of the results 
depends on the presence of concurrent signals in most of the data sets, and in all or 
most of the processes. Their presence in some processes and not others could provide 
valuable insights. The strengths of the observed properties had to be preferably, but not 
necessarily at a high level of statistical significance, particularly in the case of short 
records.  

Other than areal averaging of rainfall, the data were not smoothed, filtered or otherwise 
manipulated before or during the analyses. Similarly, spectral analysis and other similar 
techniques were avoided, as these are sensibly curve-fitting techniques that could be 
misinterpreted. 

It was considered essential to begin with the simplest procedures and add additional 
factors one at a time until there was no further improvement in the objective. No a 
priori assumptions were made regarding the relationships, as it was not the purpose of 
the study to prove or disprove anything. 

The interest was in the numerical description of the annual processes. The simplest 
approach is to assume a constant mean equal to the record mean, and thereafter 
describe the properties of the variability about the mean. However, it has long been 
known that there are anomalous properties in the hydrological processes. Other 
anomalous characteristics will be described later. 
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Until recently it was generally assumed that these properties could be safely ignored in 
the light of all the other uncertainties that have to be accommodated in civil engineering 
design. This is no longer the case. 

 The first step was the determination of the long term mean starting with the presence 
and nature of any trends that may have occurred throughout all or most of the period of 
record. 

The next step was the determination of the presence or absence of serial dependence, 
which is the relationship between the value in one year and that in previous years. If 
this is present and sufficiently regular, it can be used as a prediction characteristic. 

It will be shown that the area of influence increases with the severity of the process. 
The search therefore includes the properties of widespread events. 

The next step was the determination and nature of the magnitude of the random 
variability about the changing mean. 

The final step described in this chapter was the search for periodic serial dependence in 
the data. 

The interpretation of the evidence is solid. It confirms conclusions reached more 
than 100 years ago, but could not be confirmed because of the combination of the 
shortness of the records and reliance on faulty mathematical methodology and 
interpretations during all the subsequent years.      
The application of the results of the analyses will be described in later chapters. 
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1. Quick summary 
The numerical properties of the very large and comprehensive hydrometeorological 
database were described in the previous chapter. The records are now long enough to 
determine and characterise the presence of statistically significant 21-year serial 
dependence in all the processes other than open water surface evaporation. The regular 
nature of the serial dependence is such that it has predictive capabilities. This study is a 
world-first. It also completely undermines the basic assumption in climate change 
science that long-term climate is essentially constant and that aberrations are therefore 
the consequence of unnatural global warming from human activities. Consequently, 
global climate models that do not take this statistically significant serial 
dependence into account are fundamentally in error. 

This prediction model is based on numerical analyses of a very large and 
comprehensive database, not on abstract quantification of climate process theory. There 
is an important lesson to be learnt here. It emphasises once again the fundamental 
scientific error of proceeding from causes based on abstract theory, to postulated 
consequences that are unsupported by real world data. Even the postulated causes 
of multi-year climate variability are in error. This will be demonstrated in the following 
chapters.   

2. Purpose 
My climate prediction model is a world first. It took me 35 years to develop the model 
to the point where it can be applied in practice for planning purposes. The details are 
contained in my recently published paper Development of a multi-year climate 
prediction model (Water SA Vol. 31 No. 2. April 2005), a copy of which is attached as 
Appendix E.  
By a strange twist of fate, the publication of this paper by the Water Research 
Commission marks the fulfilment of the two principal research-related 
recommendations in the report of the Commission of Enquiry into Water Matters 
published in 1970. These were the need to establish a coordinating body for water 
research that led to the establishment of the Water Research Commission (WRC), and 
the strong recommendation that a long-range climate prediction model, however coarse, 
be developed. These two recommendations have now been fulfilled by the publication 
of my paper in the first fully online edition of the WRC’s scientific journal. (Appendix 
E.)     
Rather than restricting this chapter to the dry details of the model itself, I decided to 
recount the long and often difficult road that led to this point, including some occasions 
when I nearly threw in the towel. It is with some hesitance that I describe the 
unpleasant experiences, particularly the editorial policy of The South African Journal of 
Science, one of South Africa’s leading multidisciplinary journals, but these have to be 
endured and overcome in the interests of the advancement of science. I hope that they 
may provide some guidance to younger researchers who face similar difficulties in 
future, particularly in the field of multidisciplinary studies. 
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3. Journal policies 
Civil engineering is the oldest of all the professions. From the moment that you step out 
of your door you will see the work of civil engineers. Every structure has its civil 
engineering component. Many of them are invisible such as water supply, stormwater 
drainage and sewage disposal systems. Others are unmistakable such as the 
communication systems including roads, railways and airports. Then there are the large 
dams, canals, tunnels, reservoirs and pipelines than bring potable water into our homes. 
Each and every one of these components is based on the application of observation 
theory in the first instance. Climatological process theory does not feature in the design 
of any of these structures anywhere in the world. 

The advancement of knowledge in the engineering journals was not restricted to the 
publication of refereed papers, but equally important were the supplementary 
comments by others on the papers. Editors encouraged the submission of responses for 
which deadlines were published with the original paper. Occasionally the space 
occupied by the responses in a subsequent issue exceeded that of the original paper.  

Two of my refereed papers in civil engineering journals were awarded prizes for the 
best paper of the year. They were Mortar  intrusion concrete published in the 
Transactions of the SA Institute of Civil Engineers in October 1960, and Lessions 
learnt from the 1981 Laingsburg flood (Roberts and Alexander 1982) published in 
The Civil Engineer in South Africa in January 1982.      
A similar policy was adopted in overseas journals in the related fields. 
 Unfortunately, this policy is not followed in journals such as the South African Journal 
of Science (SAJS), where responses are seldom published, and critical comments are 
rejected. As I will show later in this chapter, this policy has serious adverse effects on 
the advancement of multidisciplinary science.  
The following is a simple example. The major problems facing tens of millions of 
people on the African continent are poverty, malnutrition and disease. They have no 
defence against the occurrence of natural disasters, particularly floods and droughts. 
Also, due to poverty and overpopulation, the natural environment has become seriously 
degraded. There are three major interlinking issues: poverty – natural disasters – 
environmental degradation. 
The March/April 2001 issue of the SAJS was devoted to Regional environmental 
change: multidisciplinary synthesis from southern Africa. Readers were informed that 
studies of global environmental change had become to occupy a central place in 
modern science, and the recognition that humans are to blame for global warming. Who 
are these humans? Are they the millions of people sitting around fires at night from the 
destruction of the natural vegetation for firewood? Next time you take the night flight 
to Europe during the winter months, look out of the window. You will be surprised by 
the extensive twinkling fires, as the local farmers prepare their lands for the spring 
rains. The atmospheric effects of these extensive veld-burning practices have already 
been reported in the scientific literature. Will these activities also be prohibited if some 
uncaring environmentalists and climatologists have their way? I recently read a report 
where environmentalists recommended that this veld burning practice should be banned 
because it killed off the grasshoppers. 
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Note in passing the wording ‘humans are to blame’ that is often repeated by the 
environmental lobbyists. The correct scientific description would have been ‘caused by 
human activity’. This is just one example of the emotive phraseology used by those 
who have more concern for tadpoles and water lilies than the well being of the human 
race. The writer of these words should have known better.   
Alternatively, if industrial activity in developed countries is to blame, why should the 
poor and disadvantaged people of the African continent have to suffer additional 
stresses to cure the ills caused by these prosperous countries? Why should we have to 
accept the obviously prejudiced views of scientists who spend their lives in moderate 
northern climates, and do not have even the most elementary knowledge of the natural 
harsh and highly variable climate of most of the African continent?   
Did the editor and authors expect readers to believe that global environmental change 
and not poverty, malnutrition and disease pose the greatest threat to humanity? Most 
importantly, why do those of us with balanced views have so much difficulty in getting 
our material published so that the readers and the public can be presented with 
opposing views? Is this good science? I will discuss my experiences later in this 
chapter. 
But let me begin at the beginning. 

4. Benchmark publications 
There are four benchmark publications that are directly relevant to the development of 
my climate prediction model.  

The first is the Report of the Commission of Enquiry into Water Matters published by 
the Government Printer in 1970 (Appendix B). The second is my technical report Long 
range prediction of river flow: a preliminary assessment published by the Department 
of Water Affairs in 1978 (Appendix C).  The third is my paper Floods, droughts and 
climate change published by the SAJS in August 1995 (Appendix D). The fourth is my 
recently published paper Development of a multi-year climate prediction model 
published by Water SA in April 2005 (Appendix E).  

I deal extensively with these benchmark publications in this chapter.  

5. 1970:   Commission of Enquiry into Water Matters 
The Commission of Enquiry into Water Matters was appointed by the State President in 
terms of the Government Gazette No. 1480 of 1st July, 1966. Its terms of reference 
included the instruction to inquire into, to report upon and to submit recommendations 
on all aspects of water provision and utilisation within the Republic.  
The following findings are directly relevant to this chapter. Other excerpts will be 
quoted in later chapters. 

(19) Forecasting of climatological conditions 

Very great advantages in the management and practical utilisation of our water 
resources would follow if a measure of reliability could be achieved in the long-
term forecasting of climatological conditions. If rainfall for a year ahead could 
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be predicted with some certainty, advanced decisions could be taken with the 
result that the available water resources could be more efficiently utilised. 

The Commission regards it is essential that research and attempts to acquire 
the necessary data to make long-term weather forecasting possible be actively 
supported. (My emphasis.) 

 (31) Research  

In the light of new developments in water technology, water research will 
undoubtedly play a key role in the optimum utilisation of the Republic's water 
resources. In view of the key importance and interdisciplinary requirements of 
water research, the Commission deems it essential that a specific committee 
for water research be established and that care be taken to ensure that the 
work of this committee be properly integrated with that of the Standing 
Committee for Water Affairs.  

[This recommendation led to the establishment of the Water Research 
Commission.] 
In view of the particular interest to of the Department of Water Affairs in water 
research a branch of the Department should be expanded to undertake, 
besides his own research, liaison with other scientific investigators and 
researchers in all fields affecting water supply.  

[This was my responsibility when I was appointed as Manager: 
Scientific Services in the Department.] 

5.1. Extracts from Chapter 10 of the Commission’s report 
The following terse extracts form Chapter 10 of the Commission’s report (Appendix B) 
are very important as they reflect the position as it was 36 years ago and the foresight 
of the Commission’s members. The emphases are mine. 

 The possible value of long-range weather forecasting to planned water 
utilisation is thus of deep concern. 

 Also to be emphasised is the fact that long-range weather forecasting 
is affected by long-term climatic fluctuations. Although these are 
receiving considerable attention, progress in this direction is hindered 
by lack of reliable data. 

 Assessment of a specific technique must be based on results of 
observations extending over many years. 

 The ability to forecast for one or more seasons in advance is within 
reach of the present generation. 

 Some meteorological conditions exhibit the tendency to persist longer 
than might be expected as a matter of chance and use may be made 
of this tendency to venture a forecast. 

 The drought phenomenon remains one of the country's most vexing 
problems and it is in drought prediction that long-term forecasting can 
probably be of the greatest value. On the other hand, it must be 
admitted that meteorologists have not yet succeeded in discovering 
the fundamental causative factors either of drought or of excessive 
precipitation. The classical attitude, viz. that drought is purely a chance 
occurrence in the climatic history of the country does not appear to be 
correct.  
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 7. Research  

 Whatever the current status and reliability of long-range weather 
forecasting, the Commission is convinced that very serious 
consideration will have to be given to a purposeful attack on the 
problem. The results of long-range forecasts, while in the experimental 
stage, need not necessarily be made known to the public but can well 
serve as a supplementary guide in planning the utilisation of water 
supplies. The Commission is of the opinion that the Department of 
Water Affairs should promote the relevant research in co-operation 
with the Weather Bureau and other interested bodies.  

 Long-range weather forecasts, even though approximate, can be of 
tremendous benefit in the management of water resources. Even were 
it possible to forecast that next year will be wetter or drier than usual, 
with perhaps some indication of the probable degree of departure from 
the mean, this would greatly aid the taking of decisions that might be of 
vital importance to the country's economy. 

 It is with pride and humility that I can announce that after 35 years I achieved 
the objectives so clearly set out in the Commission’s report.  
My participation in searching for a solution to the development of a prediction model 
started in 1970 with my appointment as Chief of the Division of Hydrology of the 
Department of Water Affairs after spending twenty years in the field constructing major 
dams, tunnels and canals for national water supply projects. My knowledge of applied 
hydrology was minimal, so I was sent overseas to have discussions with water supply 
agencies and research institutions in the USA and UK.  

6. 1970s:  Climatological studies 
At the time of my appointment, South Africa was in the grips of a severe drought. I was 
appointed as a member of a committee that organised the first Convention on Water for 
the Future. At this convention Prof. P.D. Tyson and his research team at the University 
of the Witwatersrand presented the first of what was to be a series of papers related to 
long-range weather forecasting in South Africa. These papers were under the individual 
or joint authorship of Tyson, Dyer, Mametse, Abbott and Gillooly.  
Tyson’s 1970 contribution was on rainfall fluctuations over South Africa during the 
period of meteorological records.  
Tyson, Dyer and Mametse (1975) drew attention to the quasi-periodic oscillations in 
precipitation over South Africa. The predominant oscillations are a 20-year fluctuation 
in the summer rainfall region of South Africa, and fluctuations of smaller periodicities 
in the other rainfall regions.  
Abbott and Dyer (1976) used the same analytical procedure on river runoff data from 
ten South African rivers and concluded that runoff and rainfall exhibit the same 
oscillatory character, which has a wavelength of approximately 20 years in the summer 
rainfall region of the country.  
Dyer (1976) showed that there was a periodicity and phase similarity between the 
double sunspot series and regional rainfall series over the north-eastern half of South 
Africa, and from this he proposed a tentative precipitation prediction model for the 
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region. He predicted a continuation of above average precipitation for the late 1970's 
and early 1980's followed by below average rainfall for the rest of the 1980's.  
Dyer and Tyson (1977) fitted a trigonometrical regression model to a regionally 
averaged annual precipitation time series for the period 1910-72 and by extrapolation 
suggested that the summer rainfall region of South Africa will experience above normal 
rainfall during the periods 1972-81 and 1991-2000, while the period 1981-90 will be 
drier than normal.  
A very important question is why were these characteristics that were reported by 
leading South African climatologists some thirty years ago, completely ignored by 
modern climatologists involved in climate change studies? Was it because these 
solid observations contradicted their unsubstantiated views that all aberrations 
are the consequence of human activities? 

7. 1978:  Long range prediction of river flow 
My technical report Long range prediction of river flow – a preliminary assessment 
was published by the Department of Water Affairs in 1978. I have attached it in toto in 
Appendix C. I demonstrated that sudden periodic changes occur in most South African 
rivers. I wrote: 

The purpose of the present assessment is to examine the records of river flow 
in South Africa in an attempt to ascertain whether they show a periodicity or 
correlation with sunspot phenomena that could be used as a predictive tool. 

I concluded: 
While there is some visual evidence of correlation between river flow and 
sunspot numbers, both phase and amplitude differences are too large for this 
relationship to be used for predictive purposes. The phase and amplitude of 
the sunspot cycles themselves are not accurately predictable which 
compounds the difficulty. 

I discuss linkages with solar activity in the next chapter. I continued my studies and 
observed the behaviour of annual flows in the Vaal River in particular. Over the 
following years it was fascinating to see the cumulative departure curve follow the 
pattern of previous sequences. The periodicity had not yet reached the 95% level of 
statistical significance but the signal was very clear. I developed a numerical simulation 
model, which I presented at several South African and overseas conferences. By 1993 I 
had presented another 39 publications. [See list in Chapter 1.] I was very confident that 
the next reversal would occur within the next two years.  

8. 1995:  Floods, droughts and climate change  
I submitted my paper Floods, droughts and climate change to the SA Journal of 
Science in 1993. I predicted that the then current drought would be broken by severe 
floods within the next two years. This was based on the observed 20-year periodicity in 
the data, which later analyses showed it to be 21 years. My manuscript version of the 
paper is reproduced in Appendix D. 
For 18 months my faxes to the editor enquiring about my paper went unanswered. In 
April 1995 the IGBP organised an international conference here in Pretoria. I delivered 
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my Floods, droughts and climate change presentation and informed the audience that 
the editor had not responded to my queries. I suggested that the editor was exercising 
his constitutional right to remain silent. One of the reviewers was in the audience and I 
was informed that the paper had been recommended for publication a year previously. I 
received a response from the editor within a week and the paper was published in the 
August issue of the journal. 
At this stage I must emphasise that my differences with the editor were never a 
personal issue. He stuck to his guns and I stuck to mine. It is my perception that the 
editorial policy of the SA Journal of Science is not to publish controversial matter, 
particularly in the field of climate change. This is a pity, because I believe that the 
whole climate change issue has started to crumble internationally. The international 
studies have produced a massive amount of good research. When the Kyoto Protocol 
fails, as it must, it will result in a huge loss of public confidence in science and 
scientists. Editorial policies that refuse to publish opposing views on climate 
change must bear part of this responsibility.        

At the time when I prepared my paper (1991-92) the worst drought on record in sub-
Saharan Africa was in progress, and 42 million people were affected. In November 
1995, three months after the publication of my paper, the drought was broken by the 
high seasonal rainfall in South Africa, Zimbabwe and Mozambique. There were some 
500 deaths, 50 000 homeless and US$ 200 million damage. Heavy rainfall occurred 
over large parts of South Africa from November 1995 onwards. In December, 157 
people lost their lives in a flood near Pietermaritzburg – the highest loss of life in an 
urban area to date. In January, the Vaal River at Vaal Dam experienced the largest 
flood since the commencement of records more than a hundred years ago. My 
prediction was fulfilled.  

In my guest presentation to the Fifth International Conference on the Southern 
Hemisphere Meteorology and Oceanography held in Pretoria in April 1997 I informed 
the attendees: 

The periodicity of these sudden changes in South African river flow, and the 
consequent frequent imposition of water restrictions, have been known for the 
past 25 years, but the difficulty was the lack of conclusive proof of the 
periodicity due to the shortness of the records of river flow. 

An analysis of the inflow records for Vaal Dam up to September 1996, has at 
last provided conclusive proof of statistically significant 21-year periodicity 
(previously assumed to be 20-years), which is no longer in doubt. 

There is also statistically significant periodicity in the rainfall over the Vaal Dam 
catchment. The inflows into other major South African dams show similar 
characteristics. 

9. 2001:  An unpleasant experience 
I was invited to attend the Tokyo workshop on Water and Climate on 8-9 June 2001. 
The invitation was in recognition of my participation in the development of a flood 
mitigation policy for the Mozambique authorities financed by the Japanese 
government. There were about 200 attendees nearly all of whom were climatologists. I 
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informed the participants that changes of the magnitude contemplated would be 
undetectable against the background of natural variability and could be accommodated 
without difficulty in existing engineering design procedures. It was only several months 
later that I obtained a copy of the draft document issued after the workshop titled 
Dialogue on Climate Prediction and Water Resource Management dated 5 July 2001. 
In their response dated 25 July 2001, the WMO strongly objected to the gist of the 
draft, and made the following comment. 

The proposal in its current form and wording is capable of antagonizing water 
managers who, in fact, are one of the most important target groups for the 
proposed dialogue. The statement made that “the water management 
community’s failure to consider the hydrological consequences of emerging 
climatic trends has lead to serious social, economic and ecological impacts, 
most often at the expense of the poor”, is unsubstantiated and not suitable to 
foster dialogue. Water managers repeatedly pointed out that changes in 
climate of the magnitude currently being simulated by GCMs would easily be 
accommodated by the management decisions required for dealing with 
changes in population, land use and environmental regulation. 

What was very disturbing was the implication that these climatic trends were already 
occurring for which there was no evidence, and then the completely unfounded and 
patently false statement accusing the water management community for not reacting. 
Note again the use of the words ‘has lead to…’ The title of the document was Dialogue 
on Climate Prediction and Water Resource Management. South African climate 
change scientists and the Department of Environmental Affairs and Tourism (DEAT) 
have done their best to ensure that no such dialogue takes place. How can a group of 
responsible scientists descend to these unscientific and unethical tactics on a 
matter of great national importance?   
This was my first experience of the unpleasant and unprofessional tactics employed by 
climate alarmists to gain attention and generate research funding. It was followed by 
further unpleasant incidents that lasted through to the present day. It is my principal 
motivation for writing this technical report despite these setbacks. 

10. 2001:  An agnostic view 

10.1. SAJS papers 
The March/April issue of the SAJS was in the post when I returned to South Africa. 
The issue was dedicated to Regional environmental change: multidisciplinary synthesis 
from southern Africa. There were two papers of interest to me. I deal with them in more 
detail in a later chapter. In the first paper it was written: 

Changes in temperature and precipitation regimes in future, particularly in 
respect of extreme drought and flood conditions, will have profound effects. 

Rainfall over the southern parts of the region as a whole has shown no large 
systematic trends during the twentieth century. 

Evidence exists to suggest that variability and extremes in the southern parts 
of southern Africa may be increasing especially in the drier western parts. 
Between 1931 and 1990, the intensity of extreme events increased significantly 
over South Africa. 
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One of the most pronounced characteristics of rainfall variability in the summer 
rainfall region of South Africa is the strong inter-decadal variability that occurs 
with a quasi-periodicity in the range 16-20 years with a spectral maximum at 
18.6 years. 

Climate models suggest that by 2050 maximum temperatures will have risen 
by more than 20C in many places…The changes in temperature appear to be 
likely to be accompanied by decreases in summer rainfall over most areas of 
the summer rainfall region. 

 The second paper was on hydrology and water resources. It was based entirely on 
GCM outputs with a number of coloured maps depicting the 2050 scenario: 

As a consequence mainly of the UKTR95 scenario for 2050 shows decreases 
in annual runoff of the order of 0-40% over much of South Africa. 

The percentage changes in annual rainfall and runoff were shown on the maps. Both the 
rainfall and the runoff over South Africa were shown to decrease by the year 2050. A 
very disturbing feature of the paper was the complete absence of references to any of 
the dozens of South African publications on hydrology and water resources other than 
to those of the author’s own organisation. It nevertheless passed the review process.  

10.2.  My response 
On 23 June 2001, I submitted a manuscript to the editor of the SAJS with the title 
Climate change and river flow: an agnostic view. This is the abstract: 

Climatologists and others who predict increases in floods and droughts arising 
from climate changes and recommend that politicians should react to their 
warnings, should be aware that the magnitudes of the predicted changes are 
such that the changes will probably be undetectable against the background of 
natural variability.  

Procedures for accommodating variability in river flow in water resource 
development projects have been in place for more than half a century, and 
state assistance policies for farmers and poor rural communities during 
droughts are well established. Postulated changes in the occurrence of 
droughts and floods can be accommodated comfortably within existing 
procedures. 

It is demonstrated that predictions of changes in river flow regimes from 
droughts to floods based on the analyses of river flow records were more 
accurate than those based on climatological forecasts.  

The editor was enthusiastic and referred it to the two authors who did not recommend 
publication. The editor informed me accordingly. I was very upset because this was 
altogether contrary to the basic principles of the advancement of science. If the article 
was otherwise satisfactory it should have been published. Comments should be invited 
and given to the author so that he could respond. The comments and his response 
should be published together in a subsequent issue. This is the way that science 
advances. 
I sent an email to the editorial board via the editor in which I objected to this procedure. 
I never received an acknowledgment or reply from the editor or the board. 
I was very sure of my case. This rejection precipitated the assembly and analysis of 
what I now believe is the most extensive and comprehensive climate-related 
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hydrometeorological database ever assembled anywhere. But my problems were not 
over. 

11. 2002:   Climate and the properties of rainfall and river flow 
Fifteen months later, in September 2002 I sent an email to the editor asking for his 
advice on how I could speed up the publication of my MS titled Climate and the multi-
decadal properties of rainfall and river flow in view of its international importance 
and impending high-level international discussions. I attached a draft of the paper. The 
response was neutral. On 11 October 2002 I emailed my MS. The following is the 
abstract plus part of the introduction. 

Abstract 

Tens of millions of people on the African continent and elsewhere in the world 
are vulnerable to the effects of floods, droughts and other weather-related 
phenomena. These phenomena also have severe economic consequences on 
a national scale. Available surface water resources are approaching the limits 
of exploitation in many regions of the world. It is therefore imperative that 
methods be developed that provide linkages between climate change 
phenomena and hydrological responses. A comprehensive database 
consisting of more than 11 000 years of South African annual data was 
assembled and analysed. The principal conclusions reached are that the mean 
annual precipitation over South Africa has increased by 9% during the 78-year 
period of record. It was also established that there was a corresponding 
increase in open water surface evaporation during this period. It is postulated 
that the concurrent increase in these two processes is due to naturally 
occurring global warming There is also a statistically significant 18 to 22-year 
periodicity in South African rainfall and river flow records that is probably 
related to solar activity. The analyses produced no evidence to support the 
views that climate change will result in a meaningful reduction in rainfall, or an 
increase in the frequency or severity of floods and droughts within the next 50 
years.   

 

Introduction 

The effect of climate change on water resources has been the subject of 
international concern for more than a decade, but remains unresolved. At its 
19th Session in Geneva in April 2002, the Intergovernmental Panel on Climate 
Change (IPCC) adopted a proposal introduced by the Dialogue on Water and 
Climate and the WMO-UNESCO World Climate Programme, to prepare a 
Special Report on Water and Climate. The special report is scheduled for 
completion by 2005, in time for use as a leading document at the 4th World 
Water Forum in 2006. The international steering committee of the Dialogue on 
Water and Climate includes international organisations best known by their 
acronyms. They are the WMO, FAO, IHP-UNESCO, IPCC, IUCN, IWA, World 
Bank and the World Water Council. The international secretariat has its office 
at Delft in the Netherlands.  

This high level international attention, and the deadlines set for the next four 
years, are themselves an indication of the intractable nature of developing 
quantitative linkages between climate change scenarios and pragmatic 
engineering solutions. More money and more effort involving more scientists 
have been spent on climate change research in recent years than any other 
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research activity. The predicted consequences are dire, yet it is still not 
possible to quantify the anticipated changes, to the degree required for the 
design and operation of measures to counter the predicted effects. Nor does it 
appear that this information will become available in the foreseeable future. 

There is therefore an urgent need to develop a sophisticated numerical 
characterisation of the principal hydrological variables and their inter-
dependence. This numerical characterisation should be such that it can 
accommodate possible future changes arising from climate change. 

With this in mind, extensive numerical and graphical analyses were carried out 
on representative, long, reliable South African hydrometeorological records. 
This is the most comprehensive analysis of routinely recorded data yet 
undertaken in South Africa. In all, data from records at 183 sites were 
analysed, with a total record length of 11 804 years.  

 I soon ran into trouble. The first reviewer approved the paper but the other had 
problems with the use of the district rainfall database. I tried to explain but to no avail. 
A third reviewer was appointed. His juvenile comments were a disaster. The editor 
insisted that I meet their requirements. I said that this would be like proving to a blind 
person that the sky is blue. He offered to appoint another two reviewers as a personal 
favour to me. (As though I was some junior scientist asking for favours when my 
objective was to disseminate my unique knowledge.) I had no wish to have four colour-
blind reviewers on my hand, so I was forced to withdraw my MS. 
The facts that I was a subscriber to the SAJS for fifty years; and that I had occupied one 
of the most senior research posts in the civil service for many years; and my paper was 
of obvious national and international urgency and importance, carried no weight. I then 
started distributing my work and the editor’s responses to an email group that I 
established. I copied my emails to the editor. He threatened legal action if I disclosed 
privileged information. He must have forgotten that a few years earlier I had appeared 
as an expert witness in an international boundary dispute before 16 judges of the 
International Court of Justice in The Hague, and I was unlikely to be intimidated by the 
editor of a local scientific journal.  
Once again science was badly served. This strengthens my view that the editorial policy 
of the SAJS is not to publish contentious issues related to climate change. 
I was determined to continue with my work even if the results would never be 
published in refereed journals. I eventually succeeded in an unexpected way. 

12. 2004:  Climate change – there is no need for concern 
I was one of 28 international experts invited to participate in a workshop and 
symposium in Japan in January 2004 regarding the proposed establishment of a 
research institute on water hazard and risk management within the UNESCO 
framework. I asked my colleagues at the workshop for their views on the predictions by 
climatologists that there would be increases in the severity and frequency of floods and 
droughts due to global warming. Not one of them took this seriously. They maintained 
that these were no more than untested hypotheses.  
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After I returned to South Africa I emailed my PWRI hosts in Japan asking if they 
would distribute my memo Climate change – there is no need for concern to all those 
who attended the workshop. I added in a covering note: 

This brings me to my appeal. If, as is maintained, global warming has been 
present for many decades and is increasing, and if global warming has an 
adverse effect on rainfall and river flow, then the signals of this happening 
should be present in long records (more than 70 years), that are now becoming 
available. My analyses of southern African records confirmed that changes 
were present in many hydrometeorological data sets, but they showed 
increases in rainfall and river flow, not decreases.    

Does the PWRI or do any of you perhaps know of similar analyses undertaken 
elsewhere, and whether or not they show increases or decreases? I was 
referred to the letter in Nature showing that there were no increases in floods in 
two rivers in northern Europe. Are there any other examples? 

One last request, where can I get some long rainfall or river flow data series 
that I can analyse and compare with my results using southern African data? I 
am prepared to exchange my 18 400 year set of hydrometeorological data 
detailed in my paper Climate and the multidecadal properties of rainfall 
and river flow for good data from elsewhere. I can include an email copy of 
my paper. 

Please feel free to pass this request on to anybody else who may be 
interested. 

This appeal reached experts and institutions in several far eastern countries, Europe, 
USA, Brazil and Argentina. The response was simple. There are no other examples 
because this is not an issue that needed attention. As in South Africa, if adverse 
changes were present they would have been observed and reported by water 
resource researchers and practitioners long ago. Nobody with whom I have 
corresponded has been able to present any examples. Nor are there any examples in my 
collection of documents. 

Through a chain of circumstances my No need for concern memo was published in the 
January/February 2004 issue of Water Wheel, the Water Research Commission’s 
magazine on water and water research. Some interesting comments on my article were 
published in the May/June issue. None of the 17 scientists agreed with my views. One 
of them stated:  

The material presented by Prof. Alexander has yet to appear in the scientific 
literature, which is the only appropriate place for assessing its true merit. 

As I showed above, publication is a major hurdle in multidisciplinary research, 
particularly where one discipline is in the natural sciences based on process theory and 
the other in the applied sciences based on observation theory.  

We hope that this will contribute to an open and informed debate on the 
subject.  

Alas this was not to be. I have repeatedly recommended that we have round-table 
discussions on this subject but there has been no response. On the contrary, I have been 
deliberately excluded from internal and public discussions. 
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13. July 2004:  The last roundup 
This is the title of an old cowboy song that was popular in the days of my youth. The 
Afrikaans equivalent was Ou Ryperd. I was at my wits end. I informed my email 
correspondents that this would be the last of my memos unless something unusual 
cropped up. This is what I wrote: 
 
[Start of memo] 

13.1. Basic truths 
All processes in the natural atmospheric, oceanic and terrestrial environments have a 
mixture of deterministic and probabilistic components. For example, the number of 
raindrops required to wet a surface is a fully probabilistic process and the answer 
cannot be determined deterministically. However, an I don’t know how many raindrops 
will be required is never an option in practical applications. Nor is dumb silence. 
Estimates have to be made together with an indication of their probable accuracy.  
This applies to multiyear climate forecasts. Climatologists have been aware for more 
than a century that there are regular, alternating sequences of wet and dry years in the 
South African rainfall. It is obvious that these must provide a measure of predictability. 
The basic difficulty has been the lack of success in describing the long-term behaviour 
deterministically in the form of mathematical/statistical relationships.  
I have succeeded in producing a usable climate prediction model without recourse to 
any mathematical descriptions at all. All that is required to evaluate and apply the 
model is common sense and logical deduction. More advanced applications require a 
knowledge of mathematical time series analyses.  
Until now, I have reported the results of my own studies. I will now provide support 
from three different sources using altogether different data sets and approaches. They 
are discussed in reverse order of publication. The common theme is the presence of 
broadly predictable, regular, alternating sequences of wet and dry years in 
hydrometeorological data, and their relationship with my previously reported 
periodicity. As you will see the evidence is solid. The presence of these alternating 
sequences is very important from both climatological and hydrological perspectives, 
especially now that we are entering a period when drought sequences can be expected 
in the years ahead. 

13.2. Cornelius and Nel (2004) 
My article Floods, droughts, sunspots and wheat prices – the development of a 
drought prediction model has just been published in Civil Engineering (June 2004, Vol 
12 No 6). Another article published in the same issue was Comparative drought 
indices derived from storage in major reservoirs by Cornelius and Nel of the 
Directorate of Hydrological Services, DWAF. They defined a hydrological drought as 
the period starting when storage levels in dams begin to decrease until the minimum 
storage level is reached. This is the duration of the drought. The magnitude of the 
drought is the difference between the maximum and minimum combined storage in the 
dams in a province expressed as a percentage of the combined full supply capacities. 
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The areal extent is on a provincial basis, with South Africa divided into eight provinces 
plus a national analysis. For the first time we now have a definition of a drought that 
includes its duration, magnitude and areal extent. 
Their presentation shows that there is a very clear signal of hydrologically meaningful, 
regular grouping of sequences of years where the inflows were less than the demand 
plus evaporation losses. 
It is very interesting to compare the information in our two articles. If the years in their 
article are numbered as recommended in my article (from one to the end of the period 
for each period), the three drought sequences and their magnitudes for South Africa as 
a whole are shown in the following table.    
 

Table 1. Drought sequences for South Africa after Cornelius and Nel (2004) 

 Sequence Magnitude 

(% FSC) 

Duration 

(months) 

Periodic 
sequence 
number 

Reversal 

(Alexander) 

1980s 06/81 to 11/83 36 30 08 to 11  

1990s 03/88 to 11/95 56 93 15 to 22 1995 

2000s 12/01 to 02/04 39 27 06 to 09  
  

The periods in the 1980s and 2000s were both associated with the first half of the 21-
year periodicity, and the 1990s with the more severe second half. Note the long 
duration of nearly eight successive years in the 1990s drought. We are not yet out of the 
first half of the current period, and the second, more severe half is ahead of us.   

13.3. Bredenkamp (2000) 
Dave Bredenkamp is a physicist and is one of South Africa’s leading hydrogeologists. 
He specialises in isotope dating and mathematical modelling of groundwater aquifers. 
We discussed his WRC report (838/1/00) A critical evaluation of groundwater 
monitoring in water resources evaluation and management. This comprehensive 
report has a section on groundwater and climate fluctuations. As in my studies, he used 
the cumulative departure method as his principal tool, for which he developed a 
mathematical relationship. 
He noted that long-term oscillations in rainfall are probably caused by periods of 
accumulation of energy somewhere in the oceans, coinciding with periods of sub-
average rainfall, followed by periods of redistribution of the excess accumulated energy 
by higher rainfall. The triggering of high rainfall after droughts is clearly evident from 
the hydrograph of the Wondergat water levels which always recover once they have 
reached a certain low level.   
Dave postulated that the status of the groundwater could also have an impact on 
climate, especially in the more humid areas, by inducing atmospheric conditions which 
are more conducive to triggering rainfall. This could be the reason why a major 
breakout from a severe drought marks the start of a new wet cycle. 
He also made the point that I have repeatedly emphasised: without reliable numerical 
characterisation of rainfall data it will be impossible to identify and assess the 
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hydrological responses and impacts of man’s intervention, as well as impacts caused by 
climate changes. 
The information in Table 2 below is from his analyses of wet and dry periods from 
1919 to 1992. It is based on water level observations at Lake Mzingazi; discharge from 
the Uitenhage springs corrected for abstractions; water levels at Lake St Lucia; and 
groundwater levels at the Wondergat sinkhole in a large dolomitic formation. These all 
have high storage/input ratios that smooth out the short-term fluctuations.  

13.4. Tyson (1987) 
Peter Tyson devoted a chapter in his book Climatic change and variability in Southern 
Africa (1987) to the period of meteorological record in which he dealt with the 
occurrence of wet and dry sequences in some detail. The information in Table 2 is 
derived from his Figure 4.9. For comparison I have arranged it in the same format as 
that derived from Bredenkamp’s report. 
Tyson noted that notwithstanding possible doubts that may attach to the statistical 
significance of a quasi-18 year oscillation, evidence to support its physical reality is 
considerable, (my emphasis). He provided details. Tyson and those whose work he 
quoted did not mention the sudden, periodic reversals that I reported in 1978. He noted 
that the 11-year solar cycle is mentioned in the literature but he did not discuss it 
further. There is an anomaly between the 11-year solar cycle and his 18,6-year 
oscillations based on spectral analyses. 

13.5. Interpretation of Table 2 
The following conclusions can be drawn from the independent observations by Tyson 
and Bredenkamp, each using different data and different analytical methodologies. 
Begin with the right-hand column of the table. This shows the years in which the 
reversals occurred based on my studies. 
The fourth and fifth columns show the alternating wet and dry sequences. Note how the 
periods between the reversals each consist of a wet sequence followed by a dry 
sequence. This confirms the pattern that I have described in my memos. 
There is also a good correspondence between the dates in the first column, as well as 
between the first and last columns considering the different data sets and methodologies 
used by the two authors. These are well within the range of achievable accuracy in most 
hydrometeorological estimates. 
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Table 2. Wet and dry sequences 

Length of sequence Years Wet/dry Periodic 
sequence 
number Wet Dry 

Reversals 

(Alexander) 

Bredenkamp:   Mzimgazi + St Lucia + Uitenhage + Wondergat  

1919-24 Wet 08 to 13 5   

25-29 Dry 14 to 18  4 1933 

30-39  Wet -03 to 07 9   

41-53 Dry 09 to 21  12 1954 

55-62 Wet 02 to 09 7   

65-71 Dry 12 to 18  6 1973 

72-78 Wet -01 to 06 6   

80-83 Dry 08 to 11  3  

84-90 Wet 12 to 18 6  1995 

Tyson: South African rainfall 

1905-15 Dry 14 to 04  10 1912 

16-24 Wet 05 to 13 8   

25-32 Dry 14 to 21  7 1933 

33-43 Wet 01 to 11 10   

44-52 Dry 12 to 20  8 1954 

53-61 Wet -01 to 08 8   

62-70 Dry 09 to 17  8 1973 

71-80 Wet -02 to 08 9   

 

13.6. Beyond all doubt 
The regular grouping of alternate sequences of wet and dry years and its close linkage 
with the statistically significant 21-year periodicity is beyond all doubt. 
An important characteristic is that the most extreme conditions occur at the beginning 
of the periods (floods) and at the end of the periods (droughts) with sudden reversals 
from droughts to floods at the end of the periods. 
This periodicity is extremely important for all those who maintain that global warming 
will result in increased variability in the hydrological process – specifically floods, 
droughts and water supplies. If they are to provide convincing arguments they will have 
to demonstrate (not postulate) how global warming will change the alternating wet 
and dry sequences; the associated periodic properties; and the drought and flood 
severities. Simple statements that global warming will increase the variability in the 
hydrological processes are unacceptably naïve.  
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The periodicity and the alternating wet and dry sequences are also very important 
characteristics for those responsible for the planning and operation of major water 
supply projects. The current approach of assuming random variability about a near-
constant mean and the omission of regular, non-random, alternating sequences of wet 
and dry years is equally unrealistic. 

13.7. Western Cape 
Attention must now move to the Western Cape. My analyses, confirmed by the graphs 
produced by Cornelius and Nel, show that the 21-year periodicity is not present in the 
winter rainfall region, where sequences of wet and dry years are less pronounced and 
have shorter durations. Cornelius and Nel noted that the seasonal behaviour of the 
reservoirs in the Western Cape suggests less storage resilience against river flow 
variability. (My flood analyses showed that the variability of river flow in the winter 
rainfall region is less than in the summer rainfall regions, so this may reduce the 
impact.) 

13.8. What now? 
I have climbed my mountain and there is little more that I can do. I therefore intend 
closing up shop for a while unless something unusual develops or somebody has 
comments or queries. I have enjoyed my studies and writing these memos. I hope that 
at least some of you have enjoyed reading them. 

13.9. Finally 
I realise that there are climatologists and others who are uncomfortable with my views 
(to put it mildly!). With the spectre of droughts in the years ahead, with all the 
associated economic and social consequences, plus water restrictions and 
environmental damage, surely the most important climate-related issue is the 
development of a drought prediction model with a reliability approaching that of 
current SAWS seasonal forecasts. I believe that my model meets these requirements. 
This is the bottom line of my studies during the past two years, which have occupied 
most of my waking hours for the last nine months. 
If there are those who disagree with me, now is the time to come up with a convincing 
alternative approach or to participate in constructive discussions provided they take 
place before the end of August. I have set this as the deadline for the end of my studies 
on this subject. If there is no interest by then, then so be it.  
In the light of my previous experience, I have little interest in preparing a paper for 
submission to a peer-reviewed journal that is reluctant to publish papers on 
controversial subjects. If my views are controversial, this is all the more reason for 
publication and debate. Suppression of controversial views takes us back to the dark 
ages of science. In contrast, the editors of Science in Africa as well as Civil 
Engineering, both specifically invited comments on my articles. (All comments on 
these articles so far have been positive.) What do you think? 
WJR Alexander 
3 July 2004 
[End of memo] 
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Another question. Why have climate change scientists who maintain that the 
scientific literature the only appropriate place for assessing its true merit of an 
issue, deliberately ignored these publications that so clearly demonstrate the 
presence of alternating wet and dry sequences of years? Not only have they 
ignored them, the IPCC denies the very existence of any regular, multi-year 
phenomena in the climate-related processes. 

14. The tide turned 
Then at last my fortunes turned. 

The editor of Water Wheel who is on my email circulation list, suggested that I submit 
a formal paper to the WRC’s refereed journal Water SA. I discuss this below. Then I 
received an email from a group in Finland who monitor developments in this field. 
They had picked up the Water Wheel responses. Soon afterwards an Australian scientist 
who is on their distribution list suggested that I submit a paper on the solar activity 
linkage to Energy and Environment located at the University of Hull in the UK. The 
two papers were published within weeks of each other during April and May 2005. The 
solar linkage paper will be discussed in a later chapter of this report.  

15. The journey so far 
It is necessary that we take a breather before proceeding further. There are two 
interconnected issues. Climate change scientists have persuaded the South African 
government that there will be catastrophic consequences if action is not taken to limit 
dangerous greenhouse gas emissions. It is equally clear, but not spelled out by the 
alarmists, that this will necessarily require the either the phasing out of coal-fired power 
stations and their replacement by as yet unspecified alternative means for electricity 
production, or the installation of very expensive emissions control measures in the 
existing and new coal-fired stations. Inevitably, this will also have a very serious 
negative effect on our economy due to the high increase in cost of electricity, especially 
if nuclear powered stations are ruled out. Either way, these climate change scientists 
predict very serious consequences for the well-being of the citizens of this country.  
Despite the magnitude and urgency of the problem, the government has not yet publicly 
proposed that an independent high-level commission be appointed to examine this 
issue. These climate change scientists falsely imply that if we adopt these measures in 
South Africa, this will prevent the occurrence of the serious consequences. This is not 
so. It is generally agreed internationally that even the compliance with the Kyoto 
Protocol by all nations will still not solve the problem. More stringent measures will be 
required in future especially if the major polluters are not signatories of the Kyoto 
Protocol.  
Not only will South Africa’s compliance have a minimal effect on the global problem, 
it will not free us from the postulated consequences as the local climate change 
scientists imply. More importantly, the Protocol itself is likely to collapse as 
governments come to appreciate the financial consequences. This is already happening. 
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All of this is in sharp contrast with the appointment of the Commission of Enquiry into 
Water Matters in 1966. The Commission deliberated for four years before publishing 
its recommendations. One of the major recommendations was that a method be 
developed for long-range prediction of rainfall and river flow. The mere fact that it has 
taken 35 years to develop the model described below is an indication of the complexity 
of the problem. 
However, the prediction model will be of little practical use if it does not take the dire 
predictions of the climate change scientists into account. This is also very difficult for 
all the reasons described so far in this report. Fundamentally, this requires that the 
numerical properties of the hydrometeorological variables of concern be established, 
and only then that the consequences of global warming be superimposed on them. The 
IPCC’s philosophy is not helpful. In its authoritative Summary for Policymakers it is 
stated: 

Climate change in IPCC usage refers to any change in climate over time, 
whether due to natural variability or as a result of human activity. This usage 
differs from that in the Framework Convention on Climate Change where 
climate change refers to a change of climate that is attributed directly or 
indirectly to human activity that alters the composition of the global atmosphere 
and that is in addition to natural variability observed over comparable time 
periods. 

The procedure that I have followed in my studies is to examine the time series 
properties of the hydrometeorological variables and search for three signals in the data. 
These are: 

 The identification of properties that can be used in a long-range prediction 
model. 

 The identification of the possible linkage between these properties and 
corresponding changes in solar activity. 

 The identification of possible linkages between these properties and changes in 
the climatic processes. 

In the rest of this chapter I discuss the development of my long-range prediction model. 
The other two issues are discussed in later chapters.  

16. My Eureka experience 
My first breakthrough came on 7 April 2004. The following are extracts from my 
memo circulated to colleagues that I titled Eureka. 

Archimedes received his inspiration while in his bath. I received mine last night 
(7 April) while listening to the performance of Handel’s Messiah by the Pretoria 
Bach Choir… I guess it had something to do with the stern music. 

I have been struggling for two years trying to paint the broad picture 
characterising the properties of climate-related hydrological and meteorological 
processes as a whole. My critics picked holes in the individual components. It 
was like trying to interpret an old tapestry while others criticised the stitching.   
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Two days ago there was a short article in the Pretoria News on the floods in 
the Karoo. Local communities were warned of the possibility of more flooding. 
Roads and bridges were damaged but there were no reported losses of life. 

Two well-documented floods occurred in the Karoo in March 1961 when 
floodwater flowed through the streets of Beaufort West, and in January 1981 
when a flood destroyed Laingsburg and 104 people were drowned. This was 
the highest loss of life in an urban area up to that time…  

Now note that these three flood events occurred respectively 7, 8 and 9 years 
after the statistically significant climate reversals of 1954, 1973 and 1995. 
Bearing in mind that these reversals occur within a band of plus-minus two 
years, is this a coincidence or is it part of a predictable climate pattern? On its 
own, this evidence would be inconclusive. However, similar linkages are 
becoming more and more apparent once you know what you are looking for. 
The pattern of my ‘tapestry’ is becoming increasingly clear. I now know in 
which direction I have to move. 

The study of the statistically significant, 21-year, periodic climate reversals has been 
like opening a door and seeing a landscape that nobody has seen before. Some of the 
issues that I addressed in my memo were: 

• Has the average rainfall over South Africa changed during the period of 
continuous records? 

• It has been known for more than 100 years that severe droughts are often broken 
by sequences of high rainfall and floods. What distinguishes low rainfall 
sequences that result in droughts, from high rainfall sequences that produce 
floods? 

• Abnormally long periods of below average river flow have an adverse effect on 
the availability of water supplies and the planning, design and operation of 
water resource development projects. Can they be quantified? 

• It has long been known that these sequences are regular and are probably related 
to solar activity, but no firm relationships have been established. What are the 
causes of these sequences and why has the linkage with solar activity not been 
established? 

• Are droughts predictable? 
• Can quantifiable linkages be established between climatic processes and 

hydrometeorological responses? 
• The fact that these questions remain unanswered despite their importance, plus 

an abundance of data and many years of research in South Africa and overseas 
in both climatology and engineering hydrology, indicates that there must be 
deficiencies in current analytical methods. What are these deficiencies and how 
can they be overcome?  

This last question is the most important. It has to be addressed before progress can be 
made in achieving a more refined numerical understanding of the properties of 
hydrometeorological data series that is required to answer the previous questions. 
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17. Multi-year climate prediction model 

17.1. Alexander 2001 to 2004 
In 2001 I assembled a data set totalling 11 804 years of data from 183 sites and seven 
different hydrometeorological processes. The dual purpose was to characterise the 
numerical properties of hydrological processes required for more refined water resource 
studies, and to search for possible linkages between climatic processes and 
meteorological and hydrological responses, without which climate change scenarios 
will have no quantitative meaning. This was the largest and most comprehensive data 
set yet assembled and studied in South Africa. Table 3 summarises the results relating 
to the climate reversals. There is very strong evidence of a periodic pattern of 
prolonged droughts suddenly being broken by one or more years of abnormally high 
runoff. The annual runoff then diminishes. 
 

Table 3.  Hydrological and meteorological records that exhibit sudden 
reversals within one or two years of 1912, 1933, 1954, 1973 and 1995 

Process Number 
of 

stations 

Number 
of years 

Number of 
stations 
where 

reversals 
are 

present 

Number of these 
reversals that 

are statistically 
significant at the 

95% level 

Open water surface 
evaporation 

20 1180 0 0 

District rainfall 93 7141 56 18 

Dam inflows 12 825 9 3 

River flow 14 1052 13 7 

Flood peak maxima 16 1235 14 5 

Groundwater levels 3 312 2 1 

 
As the degree of statistical significance is dependent on both the length of the record 
and the magnitude and nature of the variability about the mean, the periodicity is 
probably present in more sites, but has not yet reached the level of statistical 
significance.  

17.2. The prediction model 
The existence of regular, predictable, climate reversals where severe floods break 
sequences of drought years is beyond all doubt. Their occurrence can be predicted with 
a degree of accuracy that is well within the limits required for practical applications, 
but can the behaviour of the intervening years be predicted? 
As a start it is easier to examine a single river flow record – that of the Vaal River at 
Vaal Dam. This is the most studied hydrological record in South Africa. Figures 1 and 
2 were prepared from the record of the annual flows in the Vaal River at Vaal Dam for 
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the hydrological years beginning October 1923 to 1995, corrected for the effect of 
abstractions from the upstream Grootdraai Dam and imports from the Tugela River. As 
the areas affected by widespread floods and droughts increase with their severity, the 
Vaal River example is broadly representative of conditions over large areas of South 
Africa. Similar concurrent characteristics are present in many rainfall, river flow and 
flood maxima series. 
Fig. 1 is the correlogram which shows the strength of the correlation in the data series a 
constant number of years apart. Values outside the dashed lines indicate periodicity 
which exceeds the 95% level. For example if monthly data over a long period of years 
are analysed, there will be a strong, positive, statistically significant serial correlation at 
12-monthly intervals, and a strong negative correlation at six-monthly intervals. A 
cyclical signature will be discernible in the correlogram. This signature is not present in 
Fig.1, nor in any of the annual rainfall or river flow data series analysed. This confirms 
the conclusions of engineering hydrologists that the annual values are sensibly 
independent of the immediately previous values and that there is no meaningful short 
term 'memory' in the system.  

 
Figure 1. Correlogram for the Vaal River at Vaal Dam. 

However, it is directly contrary to the conclusions in much of the climatological 
literature where the presence of a combination of cycles of various frequencies, 
amplitudes and phases are postulated. These are artefacts of the spectral analysis 
methods used for time series analyses. They are curve-fitting procedures and the 
oscillatory behaviour is not real. Spectral analysis methods were abandoned by 
engineering hydrologists many years ago.  
A critically important characteristic, which, as far as I am aware, has not previously 
been reported in the national or international literature is the isolated, statistically 
significant 21-year periodicity that is evident in this correlogram. The interpretation is 
that the characteristics of the flows in multiples of 21 years previously are a better 
predictor for next year's flow than the flow in this year. This may appear to be 
anomalous, but it accords with climate-related properties that have been observed in 
South Africa for the past 150 years or more. The consequence is shown in the diagram 
in Fig. 2, which should be interpreted broadly as follows.  
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Figure 2. Periodic river flow characteristics of the Vaal River at Vaal Dam. 

The vertical bars are the range of historical observations expressed as percentages of 
the record mean values. [The last two columns are not an error as some of the periods 
within the record were 22 years long.] 

17.3. Interpretation 
While sequences of years with low inflows empty dams, it takes one or more years of 
high flows to fill them again. High flows are therefore just as important as low flows. 
Fig. 2 should be interpreted broadly as follows. The period begins with the reversal 
associated with the floods that broke the previous drought.  
The first three years after the reversal are characterised by steadily decreasing maxima. 
Inflows less than the mean annual runoff are unlikely. The period from the fifth to the 
tenth years are roller coaster sequences of predominantly low flows. The hydrological 
year beginning October 2003 was the ninth year of the sequence and third successive 
year of below normal flows. This agrees well with the predictions. The prediction for 
the hydrological year starting October 2004 – the tenth in the sequence – is anywhere 
between 20% and 200% of the mean as we approach the mid-period reversal. However, 
there is a strong likelihood of above average inflows and possibly floods in the 
following year commencing October 2005. [The fulfilment of this prediction is 
described in a later chapter.]  
The subsequent 10-year period starting in October 2006 will be critical for the water 
supply situation in South Africa with frequent years of well below average flows, and 



                                                                                                     Climate prediction model  81 

steadily decreasing high inflows to compensate for them, The next reversal is due in 
2016. 

17.4. Extension to other sites 
Fourteen dams with long records were included in the next round of analyses. Dams 
where these reversals are present include Hartbeespoort, Vaal, Kalkfontein, Gariep, 
Churchill, van Ryneveld’s Pass, Midmar, Woodstock and Pongolapoort. Those where 
the periodic changes were not discernable were Steenbras, Kammannassie and Leeuw 
Gamka. An additional 13 flow gauging records were included in the analyses. All but 
one of them, the Tugela River at Tugela Ferry, showed evidence of the concurrent 
reversals. Some signals were stronger than others. 
Let me repeat the interpretation of the meaning of this periodicity. It means that, 
starting with the years when the reversals occurred, relationships exist between the first 
years after the reversals, the second years, the third years and so on, irrespective of 
whether they are above or below average values. For example, if the nineteenth and 
twentieth years in previous periods were below average, and drought conditions 
prevailed, then the nineteenth and twentieth years in the present period are also likely to 
be below average, and drought conditions are likely. This is my climate prediction 
model. 
The length of the periodicity is generally 21 years with a few records within one or at 
most two years. See the tables above. I still have to determine why there are these 
differences. This was the stumbling block encountered by early researchers, who 
unsuccessfully tried to fit mathematical expressions to the irregular component of the 
periodicity.   
In 1889 - more than 100 years ago – D.E. Hutchins, conservator of forests in Knysna, 
published a compilation of his lectures in a book with the title Cycles of drought and 
good seasons in South Africa in which he demonstrated a remarkable insight into 
global climatic processes. This is a passage from his book. 

The yellow line rising steeply to a maximum and then falling away gradually to a 
minimum is the sunspot curve - a curve which ought to be graven on the mind of 
every man and woman in South Africa. 

Now go back to Fig. 2 and note the uncanny similarity with his description. There are 
two successive curves, both characterised by steadily declining values, but there is no 
hint of cyclical behaviour in the trigonometrical sense. This is the grouping of years 
with high rainfall (1 to 10) and low rainfall (11 to 20) that has been reported in the 
literature. Note also the complete absence of oscillatory behaviour in the figure, as well 
as the difficulty when attempting to describe the characteristics mathematically. This is 
where previous analytical methods foundered. 
The graph is very easy to construct. Given a long record (preferably longer than 70 
years), determine the record mean value and express all the annual values as 
percentages of this mean. The reversals occurred during the hydrological years 
beginning October 1912, 1933, 1954, 1973 and 1995. The lengths of the corresponding 
periods were 21, 21, 19 and 22 years respectively. Number the years starting with the 
reversal year. Plot the maximum and minimum values for each position. Interpret the 
results. 
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I have not yet tested the method sufficiently to recommend its general application. 
Nevertheless I believe that it is more reliable than sequences generated by current water 
resource planning and operation models, and is better than the non-existent multiyear 
climate forecasting models. The application of the model is described in a later chapter 
of this report. 
Note: There is an urgent need for engineering hydrologists and climatologists to get 
their heads together on what must surely be the most important climate-related topic in 
South Africa at this time. I have not seen any reference in the climatological literature 
to the statistically significant, periodic, 21-year climate reversals, nor their dates of 
occurrence. There was not as much as a hint in my studies of the presence of multiyear 
oscillatory behaviour that is frequently mentioned in the climatological literature. 

18. Summary and conclusions 
The atmospheric, oceanic and terrestrial systems are interconnected, highly complex, 
and never constant on any time or space scale. The issue is the alarmist claims that 
human activities, principally the rising volumes of harmful greenhouse gas emissions, 
will result in increases in the frequency and magnitude of floods, droughts and other 
undesirable effects that will have a serious adverse effect on the well-being of the 
people of this country.  
There are two routes that can be followed when evaluating these claims. The first is to 
follow the theoretical path (process theory), and the second is to examine the wealth of 
recorded hydrometeorological data (observation theory). Purely as a hypothetical 
example, let us assume that ten independent, experienced scientists published papers in 
different peer-reviewed journals in which they maintained on theoretical grounds, that 
if substance X is exposed to low temperatures it will turn green. 
There is another group of practitioners who maintain that they have never seen this 
substance turn green in low temperatures. They did not consider it necessary to publish 
this information. Who should we believe? This is precisely the problem that I addressed 
in this chapter.   
Theorists have attempted to model these complex systems numerically using 
sophisticated GCMs. As we all know, the output of a computer model is no more 
reliable than the input, (garbage in, garbage out). 
I have followed an altogether different route – one that has been followed by civil 
engineers since time immemorial. It is to examine the properties of routinely measured 
data. (What are these numbers trying to tell me?) After a patient and thorough study of 
a comprehensive data set, I confirmed observations by others that there is a regular 
rhythm in the data with alternating multi-year wet and dry sequences. These sequences 
are associated with floods and droughts respectively. 
I detected the rhythmic signal with a high degree of statistical assurance. However, 
there is a large random component associated with the signal, so predictions based on 
the rhythmic properties have a fairly large uncertainty band. They are nevertheless 
sufficiently accurate for long-term planning purposes.    
Because of their reliance on mathematical/statistical procedures, the theorists have been 
unable to detect this rhythmic behaviour, and it is not accommodated in their GCMs. 
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As I will show in later chapters, this rhythmic behaviour accounts for most of the year-
to-year variability in the hydrometeorological processes. It far outweighs the possible 
effects of global warming. The lack of solid evidence that the undesirable effects of 
global warming are present in the hydrometeorological data explains the indifference of 
experienced practitioners in the fields of floods, droughts and water resource 
development to the alarmist claims of climate change scientists.  
As far as I am aware these multi-year anomalies have not been described, 
quantified or included in the current global warming literature or the global 
climate models. Until this happens, there must be very serious doubts regarding 
the validity of the alarmist predictions of the climate change scientists. This will be 
discussed further in later chapters of this report. 

19. My successful climate prediction model 
I have successfully developed a climate prediction model for South Africa that fully 
meets the recommendations made by the Commission of Enquiry into Water Matters 
published in 1970. 

1. The model is based on the statistically significant, regular and therefore 
predictable periodicity in the hydrometeorological data. 

2. Despite a diligent, four-year study of a very large and comprehensive 
hydrometeorological database, I was unable to detect any adverse changes that 
posed a threat to South Africa’s present or future water supplies. 

3. Climatologists have been unable to develop a multi-year climate prediction 
model, despite its obvious importance. 

4. The reason for this inability is their reliance on abstract process theory instead 
of solid observation theory based on recorded data. 

5. The process theory does not accommodate the multi-year, regular and therefore 
predictable, variability of the hydrometeorological processes that is well 
recorded in the literature. 

6. Consequently, predictions of future adverse effects on water supplies, based on 
current global climate models are highly suspect. 

The matter is extremely important. Once it is acknowledged that:  

 natural, regular, multi-year anomalies are present in the climatic processes,  

 and that these have their origin in synchronous variations in solar activity,  

 and that these are not accommodated in global climate prediction models,  

 then this undermines the very basis of current climate change theory.     

20. Final proof 
The events leading up to the final proof of the validity of my prediction model are 
described in the following chapter. 
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1. Quick summary 
In this report I raise issues that seriously question the scientific integrity of 
current climate change science. 
It is shown in this chapter that the IPCC statement regarding the minimal role of 
variations in solar activity on climate is seriously in error. The regular variations in 
solar activity are the dominant cause of multi-year climatic variability in the African 
subcontinent. Adverse climatic variations resulting from human activity are 
undetectable against this background. 
This in turn raises the fundamentally important question. Why was the synchronous 
linkage between solar activity and climatic responses that has been observed, 
studied, confirmed and reported for more than a century in South Africa and 
elsewhere, and reported by Tyson and other South African climatologists thirty years 
ago, completely ignored by South African and international climate change scientists? 
It is very difficult to believe that they were unaware of these studies that are well 
reported in the historical climatological and hydrological literature. I expand on this 
below. 
 

 
PART 1: THE THEORY 

2. The IPCC edifice 
The IPCC edifice rests on a single assumption. The compilers of the IPCC 
documentation assumed that the earth’s climate is a closed system with no meaningful 
non-terrestrial influences. From this it follows that reasons for observed historical 
climatic changes have to be sought within the system and extrapolated into the future. 
It is claimed that human activities are the source of the observed changes, principally 
the production of the so-called greenhouse gasses produced by burning fossil fuels. 
Remove this assumption of a closed system, then the whole argument for 
exclusive human causality collapses. 

2.1. Closed system? 
The argument for a closed system may be summarised as follows. It is maintained that 
the rate of incoming solar radiation (energy) is sensibly constant. This energy is 
unevenly distributed over the globe, being greatest in the tropical regions and least in 
the polar regions. This creates an energy gradient. This in turn results in a poleward 
redistribution of the energy through the atmospheric and oceanic processes. It is in the 
mid-latitudes within the region of about 100 to 300 that the rate of poleward 
redistribution of solar energy is greatest. Tropical cyclones are a visible manifestation 
of this process. 
Refer again to the illustrations in Chapter 2 and note the complex path followed by 
parcels of energy as they move through the atmospheric and oceanic systems. 

There is a large measure of instability in these atmospheric and oceanic systems. The 
instability is relatively short-lived in the atmospheric processes but has longer 
durations in the oceanic processes due to their greater mechanical and thermal inertia. 
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This instability has two components. There is a stable, predictable (deterministic) 
component as demonstrated by the direction followed by the major ocean currents. 
Superimposed on the stable components are the unpredictable (probabilistic) 
components as demonstrated by the more volatile atmospheric processes that vary 
from day to day. 

Traditionally for practical applications, two different routes have been followed to 
describe these multi-year properties numerically (as different from mathematically at 
this stage). The following is the route followed by water resource engineers and 
hydrologists. It is assumed that the recorded data series has a sensibly constant 
(deterministic) mean value with unpredictable, random (probabilistic) component 
about this mean value. The statistical properties of the distribution about the mean are 
well described in the hydrological literature. Having determined these values, it is a 
routine matter to generate equally likely synthetic sequences for water resource 
planning and operation procedures. 

Climatologists have traditionally followed a different route. The (generally unstated) 
assumption is that the processes are fully deterministic. Spectral analysis methods are 
used in an attempt to determine the multi-year characteristics of the data series. 
Smoothing techniques such as moving averages and binomial filters are used to 
suppress short-term variability. As will be shown below, this procedure masks the 
critically important, sudden transitions from drought to flood conditions, as well as 
the other consequences of instability phenomena that are present in all atmospheric 
and oceanic processes, on all time and space scales. 

2.2. Oscillation or resonance? 
If the earth’s climate operates within a closed system, i.e. it is not influenced by non-
terrestrial forces, then the above approaches, whether by hydrologists or 
climatologists, leave some important questions unanswered. This can be illustrated by 
asking a single question: what causes El Niño? This is a well-known and well-studied 
phenomenon of quasi-regular, multi-year warming and cooling of the waters of the 
Pacific Ocean, and corresponding apparent linkage with the earth’s climate over large 
areas of the globe. 
The general assumption is that there is a causal linkage between Pacific Ocean 
temperatures and global climate. If this is so, then this leaves the question, what 
causes El Niño unanswered. If something happens regularly, then the cause is either 
regular oscillations in the driving mechanism, or a resonance in the reciving 
mechanism. Which is it? If the earth’s climate operates in a closed system, then the 
only remaining cause is that the earth’s climate system resonates like the movement of 
a pendulum. But there is no evidence to support this theory. 
The only remaining theory is that the regular, multi-year changes in the earth’s 
climate are responding to non-terrestrial influences. The centuries-old view, supported 
by a wealth of observations, is that there is a synchronous linkage between sunspot 
activity and climate-related processes. There can be no doubt whatsoever that such 
a synchronous linkage exists. 
The only remaining issue is whether or not there is a causal linkage between non-
terrestrial activity and the earth’s climate that can account for the regular, predictable, 
statistically significant, periodicity described in the earlier chapters of this report. 
My understanding of the studies reported in the literature is that there is as yet no 
general agreement on a theoretical basis for such a causal linkage. Therefore, 
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observation theory based on the wealth of data from many sources, many aspects, and 
many processes, will have to be invoked. It will be demonstrated below that the 
results of the study are unequivocal. 

3. Time series analyses 
The following passage is from the technical summary of Working Group 1: The 
Scientific Basis: Section D. The Simulation of the Climate System and its Changes 
of the IPCC report of 2001. 

This section bridges to the climate change of the future by describing the only 
tool that provides quantitative estimates of future climate changes, namely, 
numerical models… 

The complexity of the processes in the climate system prevents the use of 
extrapolation of past trends or statistical and other purely empirical 
techniques for projections… 

The degree to which the model can simulate the responses of the climate 
system hinges to a very large degree on the level of understanding of the 
physical, geophysical, chemical and biological processes that govern the 
climate system. 

Unfortunately, this procedure is fundamentally flawed. The interest is in climate 
change. Climate in turn does not refer to an instant in time but to a period of time. For 
example, agricultural and water supply droughts have durations measured in years. 
The interest is therefore in the properties of future multi-year time series not in 
changes in mean conditions. Global climate models (GCMs) are inherently incapable 
of producing information in this format.   
It is clear from the above extracts that the climate change researchers did not 
appreciate the fundamental difference between process theory, which they applied, 
and observation theory, which is the foundation of the applied sciences. A simple 
example is the biblical reference to Joseph’s prediction of seven years of plenty 
followed by seven years of famine. More than three thousand years ago the 
administrators in the ancient Egyptian civilisations were aware of this anomalous 
grouping of sequences of wet and dry years and the ability to predict future 
conditions, whereas the IPCC researchers maintained: 

The complexity of the processes in the climate system prevents the use of 
extrapolation of past trends or statistical and other purely empirical 
techniques for projections… (My emphasis of this fundamental error.) 

I developed my successful prediction model in the 1990s. I demonstrated its success 
in 1995 and again this year (2006). South African climatologists are without doubt 
aware of my successful prediction model and my studies since then, via my frequent 
memoranda.    
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PART 2: THE EVIDENCE 

4. Famines in India; floods and droughts in South Africa 
The yellow line rising steeply to a maximum and then falling away gradually 
to a minimum is the sunspot curve - a curve which ought to be graven on the 
mind of every man and woman in South Africa. Hutchins 1889. 

4.1. 1889: Hutchins 
In 1889 – more than 100 years ago – colleagues of D.E. Hutchins, conservator of 
forests in Knysna, persuaded him to publish a compilation of his lectures in a book 
with the title Cycles of drought and good seasons in South Africa in which he 
demonstrated a remarkable insight into global climatic processes. He used this 
information to develop a multiyear climate prediction model. This ability still eludes 
modern climatologists.     
Hutchins was one of a generation of scientists and civil engineers who served in the 
British Colonial Office in India and then migrated to South Africa. He was stationed 
in Mysore, India when, in 1876, 1,5 million people out of a population of 5 million in 
the state starved to death during a severe drought. It had been noted previously that 
there were linkages between sunspot numbers and famines dating back to 1810. These 
were characterised by droughts being broken by severe floods associated with periods 
of sunspot maxima. Many scientists at that time, including Hutchins, were involved in 
the search for predictable linkages between droughts and sunspot numbers. Hutchins 
details their efforts in his book. 
He came to South Africa in 1883 where he continued his research. He studied 
documents and had discussions with others who had observed that droughts in South 
Africa were often broken at 11-year intervals by floods that occurred in 1822, 1841, 
1863, 1874 and 1885 coincident with sunspot maxima. Hutchins made a number of 
pertinent observations in his book that remain valid today. These include:  

I found that there was a close correspondence between the average price of 
food grain and the average number of sunspots. Many sunspots: good rains 
and cheap grain. Few sunspots: bad rains and dear grain. 

What that correspondence is can be seen at a glance by inspecting the 
sunspot curve and the rainfall curve, shown together in this diagram. The 
yellow line rising steeply to a maximum and then falling away gradually to a 
minimum is the sunspot curve - a curve which ought to be graven on the mind 
of every man and woman in South Africa. If our merchants had had this curve 
in their heads they would have hesitated before shipping mealies from South 
America at the end of 1885, when there was such a strong probability 
amounting almost a certainty, that the breaking up of the drought was 
impending. 

Hutchins also showed that the linkage between floods that broke the drought and 
sunspot numbers was greatest in the temperate climates and did not appear in the 
tropics nor in Europe and North America that were further from the equator. His 
studies were driven by a real need and were not just an academic enquiry.   
He continued: 

This confirmation comes from the Cape Town Observatory. The returns for 
thirty years from the Cape Town Observatory show a close correspondence 
between sun-spots and temperatures the maximum of temperature lagging a 
year behind the minimum of sun-spots. (p17). 
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At Cape Town, the correspondence between the mean rainfall and mean 
sunspot frequency has long been an established fact. (p25). 

For these reasons we ought to consider the Cape Town Observatory rainfall 
figures as of great importance to ourselves, an importance enhanced by the 
fact that they go back to the year 1842. For the three cycles comprised in the 
period 1842 to 1875 the mean annual rainfall at the Royal Observatory, Cape 
Town, was: –  

During Minimum Sunspot years   21.05 inches.  

   “       Intermediate     “   23.59    “ 

   “       Maximum        “   27.95    “ 
 
Then, in 1892 Lord Kelvin in a presidential address to the Royal Society precipitated 
a rift between theoretical scientists who maintained that variations in solar activity 
were too small to be the cause of the climatic variations, and those who produced 
solid evidence to the contrary. This rift between abstract process theory, and 
observation theory solidly based on historical records, continues through to the 
present day.  
Lord Kelvin made a serious error. The issue was of major importance as millions of 
lives had been lost, and a successful forecasting method could have saved thousands 
of lives in future. Even if there was the slightest possibility of a causal linkage, it was 
his duty to recommend further research, not summarily reject decades of observations 
and studies. 
An OCR copy of Hutchins’ report is provided in Appendix F. It makes very 
interesting reading in the light of the IPCC’s denials more than 100 years later. 

4.2. 1966 to 1970: Commission of Enquiry into Water Matters 
In 1966 the South African government appointed a multidisciplinary Commission of 
Enquiry into Water Matters. The Commission published its report in 1970. The 
following extracts from the report are relevant to this chapter. Other excerpts appear 
in later chapters. 

Forecasting of climatological conditions:           

For some time past, attempts have been made to establish a correlation 
between rainfall and sunspot cycles, but in South Africa there seems to be 
little connection between sunspot activity, or changes in the intensity of 
sunspot activity, and rainfall. 

Several pages of the report were devoted to research on this topic. They varied from 
the optimistic to the pessimistic. For example: 

At the beginning of the present century, the famous astronomer, Sir Norman 
Lockyer, wrote that one of the foremost achievements of the new century 
would be to forecast well in advance the incidence of famine in India or 
drought in Australia by means of analyses of sun-spot spectra. Lockyer thus 
implied that a solution to the problem of long-range forecasting was 
practically in sight. He was evidently convinced that sunspots were 
responsible for all large-scale variations in climate…    

There is, at the moment, no satisfactory model to explain the inter-
relationship of the sun and the earth’s atmosphere. It is also highly 
questionable whether sun-spot numbers, data for which are readily available 
and extend over many years, constitute the best parameter for describing the 
sun’s activity. 
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Investigations by Abbot, Claydon and several other researchers nevertheless 
furnish adequate evidence of an orderly relationship between the sun’s 
activity and the frequency of certain types of weather conditions and this 
clearly deserves further examination. There are frequent occurrences of other 
meteorological phenomena that cannot be explained on the presumption that 
the earth and its atmosphere constitute a closed system, so it follows that 
investigations are called for into possible influences beyond the earth’s 
atmosphere. 

 Compare this balanced view presented by the South African Commission of Enquiry 
more than 30 years ago with the entirely dismissive statement in the IPCC’s Summary 
for Policymakers published thirty years later in 2001. 

Natural factors have made small contributions to radiative forcing over the 
past century: 

Since the late 1970s, satellite instruments have observed small oscillations 
due to the 11-year solar cycle. Mechanisms for the amplification of solar 
effects on climate have been proposed, but currently lack a rigorous 
theoretical or observational basis. 

It is very difficult to believe that the writers of this passage were unaware of the 
wealth of literature to the contrary published during the past 150 years. While the 
precise nature of the solar processes has yet to be identified, the consequences are 
undeniable at any reasonable level of scientific enquiry.  
The denial in the IPCC documentation can only be justified on the basis of 
political necessity, not scientific reason.  

4.3. 1978 to 2006: Alexander  
In my technical report Long range prediction of river flow: a preliminary assessment 
(1978a) published by the Department of Water Affairs. (Appendix C to this report.) I 
demonstrated that sudden periodic changes occur in most South African rivers. I 
continued: 

The purpose of the present assessment is to examine the records of river 
flow in South Africa in an attempt to ascertain whether they show a periodicity 
or correlation with sunspot phenomena that could be used as a predictive 
tool. 

I concluded: 
While there is some visual evidence of correlation between river flow and 
sunspot numbers, both phase and amplitude differences are too large for this 
relationship to be used for predictive purposes. The phase and amplitude of 
the sunspot cycles themselves are not accurately predictable which 
compounds the difficulty. 

However, I continued my studies and observed the behaviour of annual flows in the 
Vaal River. Over the following years it was fascinating to see the cumulative 
departure curve follow the pattern of previous sequences. The periodicity had not yet 
reached the 95% level but the signal was very clear. I developed a simulation model 
that I presented at several South African and overseas conferences. By 1993 I was 
very confident that the next reversal would occur within two years. I submitted my 
paper Floods, droughts and climate change (1995) to the SA Journal of Science in 
1993. It was published in August 1995. Floods developed over a wide area of 
Southern Africa within three months of publication. Hundreds of lives were lost, 
communications were disrupted and considerable damage was caused. The solar 
minimum occurred five months after the commencement of the floods. 
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I pursued my studies with renewed vigour. Records were now long enough to detect 
21-year periodicity in the data at the 95% level of statistical significance using 
standard serial correlation analyses. The periods commenced with sudden changes 
from sequences of drought years that were suddenly broken by floods that persisted in 
the following years. The years in which these reversals occurred were closely 
synchronous with the years in which the sunspot minima occurred. The years in which 
the reversals occurred in South Africa’s major river are as follows with the 
corresponding sunspot minima in parentheses. They were 1932/33 (1933), 1941/42 
(1944), 1953/54 (1954), 1965/66 (1964), 1972/73 (1975), 1986/87 (1986), 1995/96 
(1996), and 2005/06 (2006).  
The annual flows during the three years preceding the reversals averaged 60% of the 
record average annual flows and the subsequent three years averaged 156% of the 
average annual flows. The average sunspot numbers in the three years before and after 
the sunspot minima were 17 and 100 respectively. It is very clear that the sudden 
changes in river flow are closely linked with corresponding changes in sunspot 
numbers, and are not random events. This relationship exists despite the long and 
complex energy path starting at the sun and ending with the potential energy of the 
water in the river, which is a function of its elevation above sea level. 
The probability that these observations are chance related is close to zero, but I 
needed proof. I therefore assembled a very large and comprehensive 
hydrometeorological database consisting of more than 11 000 annual observations 
from 198 sites and seven different processes – rainfall, river flow, flood peak maxima, 
open water surface evaporation, groundwater levels, the southern oscillation index, 
plus more than 6 000 regional, widespread rainfall events. The data were entirely from 
the published records of the responsible government authorities, and were not 
manipulated in any way before or during the analyses. I started with simple graphical 
presentations. A clear and unambiguous picture emerged. 
The non-random grouping of sequences of dry years followed by sequences of wet 
years with sudden reversals from drought sequence to flood sequences was clear and 
unambiguous. The 21-year periodicity and its concurrence with the double sunspot 
cycle were present in all processes other that open water surface evaporation. But this 
was still not sufficient proof of a causal linkage.    
It has long been known that there is a concurrent linkage between sea-surface 
temperatures in the Pacific Ocean (the El Niño and La Niña effects) and the climate in 
South Africa and elsewhere. It was tacitly assumed that there was a causal linkage 
between these effects and climate. In November last year (2005) we were approaching 
the end of a periodic sequence. Drought conditions still prevailed over the summer 
rainfall region of southern Africa. I issued a flood alert stating that there was a more 
than 75% probability of widespread, flood-producing rainfall occurring over southern 
Africa during the summer rainfall season. Climatologists disagreed and said that 
floods were unlikely because the La Niña conditions had not yet developed in the 
Pacific Ocean.  
Widespread flooding commenced during the last week in December. By the end of 
February, rivers were in flood over a wide region of southern Africa from Namibia in 
the west through to Mozambique in the east. Most dams were full and the desert flora 
were greener than at any time in memory. 
Even more importantly, La Niña conditions developed from January onwards in the 
Pacific Ocean, and the sunspot minimum occurred during February. My successful 
prediction based on the statistically significant periodicity in the hydrological and 
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rainfall data, and its concurrence with the development of La Niña and the sunspot 
minimum can only lead to one conclusion. There is a strong and unequivocal causal 
relationship between solar activity on the one hand and the occurrence of climate 
reversals in southern Africa and the change in temperature of the Pacific Ocean on the 
other.       
I have achieved something that no South African climatologists have achieved. I 
have solved the problem identified by the Commission of Enquiry into Water 
Matters more than 35 years ago, and fulfilled Lockyer’s century-old prediction. I 
have produced a multi-year climate prediction model that can be applied for the 
development and planning of scarce water resources. It is a world first. In the 
process, I have demonstrated very serious deficiencies in current climate change 
science.  
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PART 3: THE ANALYSES 

5. Sunspot database 
Conventional sunspot cycles were used as indicators of solar activity. The following 
data are from website information distributed by the World Data Centre for the 
Sunspot Index (2005). There were eight complete cycles during the past century. 
These commenced with the sunspot minimum that occurred in June1913, and ended 
with the sunspot minimum that occurred in March 1996. The lengths of the cycles 
were 10, 10, 11, 10, 10, 12, 10 and 10 years, with a mean of 10.4 years. These values 
are within a narrow range of between 10 (minimum) and 12 (maximum) years. A 
corresponding increase in solar activity during the past century is reflected in the 
increase in the numbers of sunspots per cycle, commencing with the cycle that started 
in 1913. Alternating cycles are identified by negative values. The sunspot numbers 
per cycle were +442, -410, +605, -757, +950, -705, +829 and –785. The maximum 
was more than twice that of the minimum that occurred only three cycles earlier.  
The lengths of the corresponding double sunspot cycles were 20, 21, 22 and 20 years 
with a mean of 20.8 years, a minimum of 20 years and a maximum of 22 years. The 
average number of sunspots in the alternate cycles that make up the double cycles 
were +706 and –664, demonstrating a meaningful difference in sunspot activity in the 
alternating cycles. As will be seen, the alternating sunspot cycles have appreciably 
different effects on the hydrometeorological processes.  
It will later be demonstrated that it is not the annual sunspot densities that are 
important in identifying the relationship, but the rate of change in the densities. This is 
not apparent in the conventional graphs of the sunspot cycles where all numbers have 
positive values. The sunspot numbers in the alternating sunspot cycles were therefore 
given negative values, and an arbitrary graph origin of -200 was used for convenience 
in order to present all values as positive numbers. This is a requirement for statistical 
analyses where logarithms are employed. (Alexander 2002b). These are graphical 
datum changes and do not affect the interpretations. 

6. Methodology 
The emphasis was on simple arithmetical and graphical interpretations rather than 
mathematical interpretations. The reasons were that mathematical analyses such as 
harmonic and spectral analysis methods suppress the important, sudden changes that 
are present in hydrometeorological time series, and may also introduce oscillatory 
behaviour that is not present in the data.  
Standard serial correlation analyses were sufficient to identify statistically significant 
serial dependence and/or cyclical behaviour should they be present. This procedure 
followed the standard time series analysis methods that require that the processes be 
identified graphically in the first instance, and only subsequently be described 
mathematically. (Chatfield 1982). Additional information on the methodology 
developed by the author for hydrological time series analyses, is detailed in Alexander 
(1994, 1995a and 1997).    

7. Trend analysis 
Conventional statistical trend analyses could not be performed in the presence of the 
large periodic variations in the data described below. However, simple arithmetical 
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and graphical analyses demonstrated increases in rainfall in 75 of the 81 rainfall 
districts with complete records, totalling 9% for South Africa as a whole for the 78-
year period 1921 to 1999. Forty-two districts had increases of 10% or more, 12 
districts had increases of more than 20%, and four districts had increases of more than 
40%. There was also an increase in the numbers of widespread, heavy rainfall events 
during the latter half of the past century.  
There were also increases in open water surface evaporation observed in 14 of the 19 
accepted data sets studied. No trends were discernible in any of the other processes 
studied. If present, they were overwhelmed by the natural variability of these 
processes.  

7.1. Numerical comparison 
The next aspect studied is illustrated in Table 2, which lists the annual flows in the 
Vaal River at Vaal Dam as percentages of the mean annual runoff at the site. Vaal 
Dam is the major source of water for South Africa’s largest metropolitan, industrial 
and mining region. This is the most analysed hydrological record in South Africa. The 
full period reversals (heavy horizontal lines) refer to the years when the sudden 
reversals from low flow sequences to high flow sequences occurred. These identified 
the commencement of the 21-year periods. [These are not exactly 21-years apart.]  
The light horizontal lines identify the commencement of the mid-period reversals. 
 

 
TABLE 2. VAAL RIVER - ANNUAL FLOW RECORD 1923/24 TO 1995/96  

Expressed as percentages of the mean, showing the mid-period and full period sudden 
reversals from drought sequences to flood sequences. 

 
Year Inflow Year     Inflow    Year Inflow Year Inflow 
23/24 39 43/44 353 63/64 58 83/84 79 
24/25 246 44/45 87 64/65 149 84/85 30 
 25/26 42 45/46 66 65/66 27 85/86 36 
26/27 66 46/47 58 66/67 175 86/87 46 
27/28 44 47/48 57 67/68 31 87/88 208 
28/29 83 48/49 33 68/69 35 88/89 165 
29/30 142 49/50 100 69/70 60 89/90 65 
30/31 40 50/51 33 70/71 52 90/91 59 
31/32 36 51/52 60 71/72 102 91/92 13 
32/33 24 52/53 100 72/73 23 92/93 26 

33/34 170 53/54 45 73/74 112 93/94 92 

34/35 131 54/55 181 74/75 295 94/95 17 

35/36 87 55/56 80 75/76 247 95/96 464 
36/37 225 56/57 277 76/77 123 96/97 N/A 
37/38 59 57/58 188 77/78 122 97/98 N/A 
38/39 202 58/59 69 78/79 31 98/99 N/A 
39/40 112 59/60 75 79/80 63   
40/41 131 60/61 105 80/81 62   
41/42 54 61/62 50 81/82 19   
42/43 185 62/63 68 82/83 12   
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The reversals in the flows in the Vaal River from drought sequences to flood 
sequences evident in Table 2 correspond closely with similar reversals in sunspot 
density. This is evident in Table 3.  In all but one sequence (Vaal River 1965/66, data 
not available), the three-year totals after the minima of both river flow and sunspot 
numbers, are substantially greater than the three-year totals before the minima. This 
information demonstrates the close association between major variations in river flow 
and corresponding variations in sunspot activity, with a high degree of confidence. 
 

Table 3. Comparison of sudden changes in the annual flows in the Vaal 
River with corresponding sudden changes in sunspot numbers 

Three-year totals of flows in Vaal 
River (% of record mean) 

Three-year totals associated with the 
corresponding sunspot minimum 

Minimum 
year 

Three 
previous 
years 

Three 
subsequent 
years 

Sunspot 
minimum 

Three 
lowest 
years 

Three 
subsequent 
years 

1932/33 100 388 1933 25 250 

1941/42 297 625 1944 56 277 

1953/54 205 538 1954 50 370 

1965/66 234 241 1964 53 247 

1972/73 177 654 1975 73 275 

1986/87 112 438 1986 60 400 

1994/95 135 464+ 1996 48 277 

Average 180 478 Average 52 300 

 
There are several interesting features in this table. There is an almost three-fold, 
sudden increase in the annual flows in the Vaal River from the three previous years to 
the three subsequent years. This is directly associated with a six-fold increase in 
sunspot numbers. The second important point is the consistency in the range of 
sunspot numbers before and after the reversal. The totals for the three prior years 
varied between 25 and 60, and the totals of the three immediately subsequent years 
varied between 250 and 400. It is very clear that these are systematic changes 
associated with the sunspot minima, and are not random events.   
This relationship exists despite the long and complex energy path starting at the Sun 
and ending in the river flow that enters Vaal Dam. The only residual energy is the 
potential energy, which is a function of the elevation of the water mass above sea-
level. This residual energy has its origin in solar activity; followed by the arrival on 
the Earth’s atmosphere, continents and oceans; followed by the poleward movement 
of the energy through complex atmospheric and oceanic processes; followed by the 
systems that produce the rainfall; and finally by the complex rainfall-runoff processes. 
The survival of the periodic signals on its own demonstrates a strong and unequivocal 
relationship between variation in solar activity and the corresponding variation in 
climatic responses. 

7.2. Graphical comparison 
The next issue is the nature of the solar-induced periodicity of the 
hydrometeorological processes. 
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Fig. 1 shows graphical comparisons of the properties of the double sunspot cycle with 
those of the Vaal River. This follows the method developed by Alexander (1978) and 
successfully used to predict the climate reversal from drought to flood sequences that 
occurred in 1995. (Alexander 1995). 
 

 
Figure 1. Comparison of the characteristics of annual sunspot densities with corresponding 

characteristics of the annual flows in the Vaal River. 
 
A reference datum value of –200 was used in the sunspot data in order to 
accommodate the negative values. This has no effect on the interpretations. The top 
panels are the conventional dimensionless histograms, where all values are expressed 
as multiples of the record mean values. While the cyclicity is apparent in the sunspot 
panel it is not recognisable in the river flow. The river flow histogram shows the high 
degree of asymmetry about the mean value with many more values less than the mean 
value than above it. This is typical of river flow data in dry climates. 
The most informative graphical presentations are those in the second panels, which 
show the accumulated departures from the record mean values. These are obtained by 
subtracting the mean values (1.0) from each of the values in the histogram. Some of 
the values will be negative. These are accumulated one at a time and the sum plotted.  
An increase in the accumulated departures of the sunspot numbers during the period 
of record is immediately apparent. The maximum negative departures occured at the 
start of the 21-year periods, identified as (A), (C), (E) and (G). 
The comparison with that of the flow in the Vaal River is very instructive. The 
reversals at points (A), (C), (E) and (G) are virtually identical with the corresponding 
reversals in the sunspot data. They occurred during the hydrological years beginning 
October 1933, 1954, 1974, and 1995. The rising limbs A-B, C-D and E-F are 
sequences of years where the inflows were greater than the mean value. The falling 
limbs B-C, D-E, and F-G are sequences where the inflows were less than the mean 
value. These alternating sequences were reported in the early hydrological literature 
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where they were referred to as the Joseph effect, after Joseph’s biblical prophecy. 
(Mandelbrot and Wallis 1968). 
The third panels are the correlograms. This is a standard calculation procedure in time 
series analyses. The statistically significant cyclicity in the sunspot data is clearly 
apparent. The 95% confidence limits are ± 0.22. The minimum and maximum (H) 
autocorrelation coefficients occur respectively at 10 (-0.83) and 21 (+0.70) years, 
which are well in excess of the 95% confidence limits. 
The statistically significant cyclicity in the sunspot cycles is no longer present in the 
correlogram of the annual flows in the Vaal River, where the residual coefficients 
indicate random noise. The only, but very important, residual serial correlation, is the 
statistically significant 21-year periodicity. This is identified at (H) in the bottom 
panel of the figure. 

7.3. 21-year periodicity in hydrometeorological data 
Table 4 shows the presence of 21-year concurrent periodicity in South African 
hydrometeorological data. The degree of statistical significance is dependent on the 
length of the record as well as the magnitude and nature of the variability about the 
mean. The periodicity is almost certainly present in all hydrometeorological data 
series, other than evaporation, but has not yet reached a high level of statistical 
significance at some of the sites. 
 

Table 4. Presence of 21-year concurrent periodicity in 
hydrometeorological data 

Periodicity Process Nr 
of 
sites 

Record 
years 95% Present None Not 

determinable 

Evaporation 20 1 180 0 0 20 0 

Rainfall 93 7 141 18 67 8 0 

River flow 28 1 877 7 12 5 4 

Flood peak 
maxima 

17 1 235 4 7 2 4 

While the reversals are a characteristic of the start of the periods, the periodicity refers 
to the whole spectrum of values. For example, a significant correlation exists between 
all the fifth values after the commencement of the periods, all the ninth values, and so 
on. This relationship is stronger than the relationship between successive values in the 
hydrometeorological data where no statistically significant serial correlation exists. 
(See the plot of the first year in the correlogram for the Vaal River in Fig. 1.) 

7.4. Nature of the periodicity 
Fig. 2 illustrates the nature of the periodicity in river flow at a number of 
representative sites in South Africa. The procedure used for each site was to extract 
the data in 20-year sequences starting in October of the following years: 1912, 1933, 
1954, 1974 and 1995. Then the average values for each year of the sequence divided 
by the record mean annual runoff (MAR), were determined and plotted. The reference 
period used for calculating the MAR was that from 1954 to 1974 as it was the only 
period that was common to all data sets. The selection of a reference period does not 
affect the results. This procedure was repeated for the other sites. The rainfall and 
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flood peaks exhibited similar characteristics, although the rainfall amplitudes were 
less and the flood peak amplitudes were greater than those of river flow. The 
diagrammatic double sunspot cycle is included in the figure for ease of comparison. 

 
Figure 2. Characteristics of the periodic sequences of river flow at representative dam sites. The 

double sunspot cycle is diagrammatically superimposed. 
 
While there is a large scatter in the plotted results, the general trend is clear and 
several conclusions can be drawn from it. Major flood events are associated with the 
first half of the first sunspot cycle, (J-K). This is the sub-period when the rate of 
increase in sunspot density is greatest, (see Table 3 above), and is associated with 
global atmospheric and oceanic turbulence at this time. This in turn generates the 
processes that produce heavy, widespread rainfall events that generate river flow. 
In contrast, sunspot density decreases during the second half of the first cycle (K-L). 
This is a quiescent sub-period with reduced turbulence in the poleward energy 
distribution process, and consequent absence of high rainfall events that generate river 
flow. Droughts occur as a result of the absence of these events. 
The characteristics of the second of the two sunspot cycles (L-M-N) are very different 
from those of the first cycle (J-K-L). Fewer heavy rainfall events occur. Droughts 
become increasingly prevalent during this cycle. It is postulated that this is the 
consequence of the differences in solar activity between the two cycles as well as the 
lesser sunspot density. 
There is also a clear, diminishing, annual oscillatory pattern during the beginning of 
the second sunspot cycle (L-M) that is not present in the greater scatter during the first 
cycle. No possible causes can be offered. 

8. Further confirmation 
Further confirmation of the linkage between the rate of increase in sunspot density 
and rainfall over South Africa as a whole is shown in Table 5, which shows the 
relationship between the months during which the maximum rainfall occurred and the 
corresponding years in which the sunspot minima occurred. The lag is the difference 
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in years when the sunspot minima are used to predict the rainfall maxima. The lower 
panel is a repeat of the upper panel, using the flood peak maxima observed in the 
Mkomazi River, south of Durban.    
 

Table 5. Comparison of ranked maximum values 
with sunspot minima 

 South African 
rainfall 

Sunspot minima 

Rank Month mm Year Lag 
(years) 

1 Mar 1925 211 1923 +2 

2 Jan 1974 149 1976 -2 

3 Feb 1939 148 1933 +6 

4 Feb 1988 145 1986 +2 

5 Jan 1923 138 1923   0 

6 Jan 1976 136 1976   0 

7 Feb 1955 132 1954 +1 

8 Jan 1958 130 1954 +4 

Ranked flood peak maxima in the Mkomazi 
River 

 Flood maxima Sunspot minima 

Rank Year m3/s Year Lag 
(years) 

1 Mar 1856 7 000 1856   0 

2 Mar 1925 6 260 1923 +2 

3 May 1959 6 200 1954 +5 

4 ? 1868 6 130 1867 +1 

5 Mar 1976 2 140 1974 +2 

 
The 1856 peak was concurrent with the flood peak in the Mgeni River, where 
floodwaters flowed across Durban and into Durban harbour. These floods occurred in 
March 1856. The maximum recorded flood engraved on the buttress of the Georges V 
Bridge built in 1760 across the Loire River in Orleans, France occurred in June 1856. 
The sunspot minimum occurred in December 1855. (World Data Centre for the 
Sunspot Index 2005). This correspondence in time (months) and space (hemispheres 
apart) is far too great to be coincidental. 
Six of the eight rainfall events and four of the five flood peak maxima occurred within 
two years of the sunspot minima. This confirms that these extreme events are sensibly 
synchronous with the reversals in sunspot density associated with the sunspot minima 
as shown in Table 2.   
It is also important to note that these maxima were recorded 80 years ago (rainfall) 
and 149 years ago (Mkomazi floods), and that there is no evidence of an increase in 
time that could be associated with global warming. Historical observations in several 
other rivers confirm that the floods in the mid-1800s remain the highest on record. 
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8.1. Alternating wet and dry sub-periods 
Analyses showed that the rainfall and river flow during the first half-period (first 
sunspot cycle) are appreciably higher than the second half-period. For example, for 
the first ten years of the period, the average of the maximum annual river flow values 
for all sites analysed was 675% of the record mean values compared with the average 
of the following ten years of only 380% of the record mean values. This is probably 
associated with the sign of the sun’s magnetic polarity. Other analyses not reported 
here showed that the high values in the first half-period are the result of widespread, 
heavy rainfall events, while the low values in the second half-period are the 
consequence of the absence of these events. 
Tyson (1987) provided evidence supporting the presence of alternating sequences of 
years with high and low rainfall over large regions of South Africa. He noted the 
oscillatory nature of the data and although he was unable to trace its cause. He 
concluded that its physical reality was considerable in South Africa and in other 
countries. He noted that the 11-year solar cycle was mentioned in the literature but he 
did not discuss it further. 
Bredenkamp (2000) studied groundwater resources. He used the cumulative departure 
method as his principal tool, for which he developed a mathematical relationship. He 
demonstrated the presence of wet and dry sequences from 1919 through to 1992 based 
on water level observations at Lake Mzingazi; discharge from the Uitenhage springs 
corrected for abstractions; water levels at Lake St Lucia; and groundwater levels at the 
Wondergat sinkhole in a large dolomitic formation. These all have high storage/input 
ratios that smooth out the short-term fluctuations.  
Table 6 is a combination of the independent observations by Tyson (1987) and 
Bredenkamp (2000), each relating to different climatic processes and different 
analytical methodologies, and a comparison with sunspot cycles. The first and most 
important observation is the presence of alternating sequences of wet and dry years, 
and the corresponding alternating sequences of sunspot cycles. While the 
comparative years are not precise, there can be no doubt at all that a meaningful 
relationship exists with sunspot cyclicity. 
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Table 6. Wet and dry sequences 

Length of sequence Years Wet/dry 

Wet Dry 

Sunspot 
cycles 

Bredenkamp:   Mzimgazi + St Lucia + Uitenhage + 
Wondergat  

1919-24 Wet 5  1913-22 

1925-29 Dry  4 1923-32 

1930-39 Wet 9  1933-43 

1941-53 Dry  12 1944-53 

1955-62 Wet 7  1954-63 

1965-71 Dry  6 1964-75 

1972-78 Wet 6  1976-85 

1980-83 Dry  3 -do- 

1984-90 Wet 6   

Tyson: South African rainfall 

1905-15 Dry  10 1901-12 

1916-24 Wet 8  1913-22 

1925-32 Dry  7 1923-32 

1933-43 Wet 10  1933-43 

1944-52 Dry  8 1944-53 

1953-61 Wet 8  1954-63 

1962-70 Dry  8 1964-75 

1971-80 Wet 9  1976-85 

 
Compare the lengths of the sequences of wet and dry years with the biblical seven 
years of plenty followed by seven years of famine. The ancient Egyptians were well 
aware of these alternating sequences in the annual flows of the life-giving Nile River. 

8.2. Mathematical modelling 
The final stage was the development of a mathematical simulation model for water 
resource development and management applications that accommodates the 
characteristics described in this report. There was no need to invoke linkages with 
solar activity. Nor was it necessary to include the postulated adverse consequences of 
global warming, such as increases in floods and droughts and threats to water 
supplies, for which there was no evidence. The methodology developed by the author 
is described in Alexander. (1994, 1997). 
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PART 4: CONCLUSIONS 

9. Interpretation 
The following view was expressed in the IPCC’s Summary for Policymakers (IPCC 
2001):  

Since the late 1970s, satellite instruments have observed small oscillations 
due to the 11-year solar cycle. Mechanisms for the amplification of solar 
effects on climate have been proposed, but currently lack a rigorous 
theoretical or observational basis. 

A very recent development is the publication Surface Temperature Reconstructions 
for the Last 2,000 Years by the US National Research Council (NRC) of the National 
Academies. It was published in June 2006. The principal issue was the causes of 
global temperature increases within the context of climate change. 
The following sources of proxy evidence were provided under the heading What kinds 
of proxy evidence can be used to estimate surface temperatures for the last 2,000 
years? They were instrumental records, documentary and historical records, tree 
rings, corals, ice cores, marine and lake sediments, boreholes, and glacier length 
records. Details were provided explaining how the proxy data were used to 
reconstruct surface temperatures.   
Chapter 10 of the NRC report was devoted to climate forcings and climate models. 
The following is a summary. 

 The main external climate forcings experienced over the last 2,000 
years are volcanic eruptions, changes in solar radiation reaching the 
Earth, and increases in atmospheric greenhouse gas and aerosols 
due to human activities. 

 Proxy records are available for reconstructing climate forcings over 
the last 2,000 years, but these climate forcing reconstructions are 
associated with as much uncertainty as surface temperature 
reconstructions. 

 Greenhouse gases and tropospheric aerosols varied little from A.D. 1 
to around 1850. Volcanic eruptions and solar fluctuations were likely 
the most strongly varying external forcings during this period, but it is 
currently estimated that the temperature variations caused by these 
forcings were much less pronounced than the warming due to 
greenhouse gas forcing since the mid 19th century. 

 Climate model simulations indicate that solar and volcanic forcings 
together could have produced periods of relative warmth and cold 
during the preindustrial portion of the last 1,000 years. However, 
anthropogenic greenhouse gas increases are needed to simulate late 
20th century warmth. 

Page 97 of the report is devoted to solar variability. These are two short extracts. 
Proxy records of solar irradiance have been used, often in combination with 
recent satellite measurements and solar modelling experiments, to obtain 
reconstructions of solar irradiance over the last two millennia… 

Significant uncertainties exist in all the records because of the shortness of 
the calibration record and our incomplete physical understanding of solar 
activity and its influence on irradiance.    
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As shown in this and the two previous chapters of this report, the presence of regular, 
multiyear, predictable, periodicity in the water-related climatic processes and the 
linkage with solar activity is beyond doubt. Surely it must be obvious that if irradiance 
changes are too small to account for the synchronous linkages with sunspot activity, 
there must be some other solar mechanisms at play. 
The argument that solar activity is too small to account for multi-year variations in 
climate, and that consequently greenhouse gasses must be the cause of the observed 
variations is patently false.     
In 1889 Hutchins published a very perceptive and well-documented linkage between 
solar activity and climate-related responses. (Hutchins 1889). This linkage was 
repudiated by many eminent solar physicists, who for the past hundred years have 
maintained, and still maintain, that these correlations lack causal mechanisms 
supported by high quality data. In this report a causal linkage is demonstrated with a 
high degree of confidence based on a detailed study of a very large climate-related 
database. 
Hopefully, the information provided here will assist solar physicists identify the 
specific characteristics of the solar processes that cause these climatic features that 
were noted and documented in South Africa more than a hundred years ago, and on a 
number of occasions since then.     

10. Conclusions 
The following conclusions are based on the four-year study of a very large and 
comprehensive hydrometeorological database. 

1. There is an unambiguous, regular and therefore predictable, statistically 
significant (95% level), 21-year periodicity in South African annual rainfall, 
river flow, flood peak maxima, groundwater levels and lake levels. 

2. This periodicity is directly related to, and concurrent with, the double sunspot 
cycle.   

3. The single, 11-year sunspot cycle is not statistically evident in the serial 
correlation analyses. The reason is that the alternating cycles have different 
characteristics. This explains why climate change researchers were unable to 
detect climate change characteristics that corresponded with the sunspot cycle. 
They should have searched for linkages with the double sunspot cycle.    

4. The commencement of the responses to the double and single sunspot cycles 
are characterised by sudden reversals from low rainfall and river flow 
(drought) conditions to conditions of high rainfall and floods.  

5. There is a direct correspondence between these reversals and sudden increases 
in annual sunspot numbers and reversals of solar activity that occur at the time 
of the sunspot minima. 

6. The abrupt rate of increase in solar activity also causes abrupt increases in the 
poleward redistribution of solar energy, which in turn results in increased 
frequency and magnitude of the widespread, heavy rainfall-producing systems. 
Quiescent periods have the opposite effect. 

7. The responses to the two sunspot cycles that comprise the double sunspot 
cycle are fundamentally different. The sequences of rainfall, river flow, floods, 
lake and groundwater levels associated with the first cycle are appreciably 
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higher than those of the second cycle. These alternating ‘wet’ and ‘dry’ 
sequences are well reported in the hydrological literature, but their relationship 
with sunspot cycles was not investigated prior to this study. 

8. The general view of many climatologists and solar physicists that variations in 
solar activity are too small to account for observed variations in climate will 
have to be reviewed. Scientists who hold these views should also be aware that 
it is essential that the linkages between solar activity and climatic responses 
described in this report be incorporated in any global climate model used for 
predicting the influence of the accumulation of greenhouse gas emissions, if it 
is to produce verifiable results for practical applications. (Alexander 2002a, 
2004, 2005a, 2005b).   

9. Many other properties can be identified in hydrometeorological time series 
analyses that could provide valuable insights into the nature and quantification 
of the linkages between solar activity and the hydrometeorological responses. 

11. Final confirmation 
At the risk of oversimplification, this is the route that climatologists have followed in 
their long-term climate predictions. They noted the concurrent linkage between sea 
surface temperatures (SSTs) in the Pacific Ocean (El Niño and La Niña) and South 
African climate (dry and wet conditions respectively) and assumed that there was a 
causal linkage between the SSTs and our climate. 
As long ago as in 1995 at the international IGBP conference here in Pretoria after I 
presented my Floods, droughts and climate change study, I asked the question ‘What 
causes El Niño? I received the joking response that if I could answer that question I 
might qualify for the Nobel Prize. Well, I can now answer that question. It is the 
direct consequence of changes in solar activity. The occurrences during the two 
months (January and February 2006), have provided the proof that I needed. 
In a number of my memos and publications I demonstrated an undeniable linkage 
between changes in solar activity and concurrent changes in South African rainfall 
and river flow. The strongest, and scientifically undeniable linkage, is that between 
reversals in solar activity of which sunspot minima are a measurable manifestation, 
and the concurrent, sudden reversals from drought to flood sequences that started in 
December 2005. The sunspot minimum that identifies the end of the 23rd sunspot 
cycle has just occurred. 
But what about La Niña? 
In my Flood Alert distributed on 9 November last year I wrote:  

Exactly ten years ago, in November 1995, South Africa experienced severe, 
widespread floods that broke several years of severe drought. The conditions 
then were very similar to the present situation. We have already entered the 
turbulent period associated with the occurrence of the Sun’s reversal of 
magnetic polarity. The tropical cyclone activity that includes Katrina, is a 
consequence of this activity. 

My prediction (not forecast) is that there is a better than 75% probability of 
widespread, flood-producing rainfall occurring between now and the end of 
April. Please note that there is a 25% probability that this will not happen. 
This order of accuracy is much the same as the daily weather forecasts. 

The prediction is based solely on the assumption that the observed 
periodicity in flood-frequency analyses will continue. 
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I received responses to my flood alert from three experienced climatologists who are 
on my distribution list, to the effect that floods were unlikely. As one of them 
commented ‘By ignoring current conditions, you are wasting your time. Pacific sub-
surface temperatures are only slightly below normal in the 100-200 m layer’. This 
response is very important and I am grateful for it, as it proves the point that I am 
about to make.   
This comment shows that climatologists (in general) assume that there is a causal 
linkage between the Pacific sea surface temperatures and South African climate. 
However the La Niña phenomenon only commenced developing a month after my 
flood alert and concurrent with the commencement of the floods. 
All three conditions developed simultaneously: the commencement of La Niña; the 
commencement of the floods; and the sunspot minimum that is an indicator of a 
sudden increase in solar activity. It now becomes obvious that the floods were not 
caused by Pacific sea surface temperatures (La Niña), but that the floods and La Niña 
were both caused by sudden, regular, and therefore predictable, changes in solar 
activity.  
Furthermore, my successful prediction of imminent floods, demonstrates beyond all 
doubt that my analytical methods, based on observation theory applied to a very large 
and comprehensive hydrometeorological database, are superior to the mathematical 
global climate models based on process theory. There can be no doubt about this.  
Causal linkages update 
The latest news from Namibia is that springs and fountains have started flowing in 
this arid area for the first time in memory.  This indicates that the groundwater storage 
is saturated by the unusually large volume of rainfall that has occurred. 
From a hydrological perspective, these are known as ‘high outlier’ events in that they 
do not form part of the family of normal occurrences. (See Alexander 2002, Statistical 
analysis of extreme floods). This in turn negates the view in the IPCC publications 
that climate consists of random fluctuations about a stable mean condition. This is not 
so. It can be shown without difficulty that the means of the principal climatic 
responses, rainfall and river flow, are not constant but vary systematically with time. 
This fact has been known since biblical times, studied by hydrologists for the past 
fifty years, and quantified numerically in my paper Development of a climate 
prediction model. (Alexander 2005a).     
Floods are beneficial 
Another disturbing feature in the IPCC publications is the view that global warming 
will result in an ‘intensification of the hydrological cycle’, which in turn will result in 
an undesirable increase in damaging floods. Once again, this assertion is incorrect as 
the present extensive floods in sub-equatorial Africa demonstrate. There was minimal 
loss of life as the emergency services were well organised, and no major structures 
failed.  
In dry climates the heavy, widespread, flood-producing rainfall saturates the soils, 
increases crop production, increases groundwater storage, causes rivers to flow 
strongly, which then replenishes water stored in dams. As a rough estimate, more than 
75% of the water supplies from storage dams in dry climates are derived from flood 
inflows, and less than 25% from ‘normal’ river flow. Few of the rivers in these 
regions are perennial, while nearly all the smaller rivers only flow as the result of 
specific, heavy rainfall events.  
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Finally 
The lack of knowledge of basic, climate-related, stochastic processes in the 
‘consensus views’ of climate change scientists in the IPCC publications is very 
disturbing on two grounds. The first is that the naïve assumption of random variability 
about a stable mean condition. The facts are that the mean itself changes 
systematically and predictably. This undermines the faith in the conclusions reached 
in the publications. The second is that it is simply impossible to accommodate the 
results in the format produced by current global climate models, in any amelioration 
or mitigation studies. An example of the required format for climate-related studies is 
given in Alexander 2005a. 
Where does this leave climate change theory? 
Climate change theory rests heavily on mathematical models of global climate, which 
in turn are based on unprovable process theory. These models do not accommodate 
the undeniable effects of solar activity and are therefore untrustworthy. This is 
illustrated by the inability of these models to provide provable evidence of their 
reliability when replicating real world processes. 
My analysis of South African rainfall data shows that rainfall has increased, not 
decreased. It will continue to increase as long as the causative mechanisms remain 
unchanged. The global climate model is clearly unreliable and the outputs no more 
than speculative. 
These aspects of climate change are of fundamental importance to the future 
prosperity of South Africa. In this report it is shown with a high degree of confidence 
that the multi-year variability of South African climate is directly related to solar 
activity. The postulated adverse climatic changes resulting from human activity, if 
present, are undetectable against this background and are therefore no cause for 
concern.  
There is no evidence of changes in climate during the past century that can be 
attributed to unnatural causes. Nor are such changes likely to occur in future. 
The alarmist claims by climate change lobbyists are groundless.  

12. Verification studies 
The full data set in computer-readable format is available on request to those who 
would like to verify the conclusions or to carry out further studies along these lines. 
The information includes station reference data, which allows verification from the 
official authorities that supplied the information. Other than minor patching of 
missing data, the data were not smoothed, filtered or otherwise manipulated in any 
way before or during the analyses. The calculations were simple can be replicated 
without difficulty. No mathematical models were used in the analyses.     
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1. Quick summary 
The principal interest in this chapter is in developing linkages between rainfall 
characteristics and climate change. It is rainfall, not temperature, that determines the 
habitability of our planet. Human beings thrive in the cold conditions of the Arctic and 
in the tropical rain forests, but none can survive in the waterless deserts. Consequently, 
the most important issue related to climate change, is whether or not human-induced 
global warming has an adverse effect on rainfall. This cannot be resolved without first 
determining the natural, undisturbed conditions, bearing in mind the very high, natural, 
day-to-day, season-to-season, year-to-year and region-to-region variability. 

While reading this chapter note the thoroughness of the studies and the numerical 
descriptions for the many characteristics of rainfall producing weather systems. Now 
consider this in the light of the unacceptably simplistic predictions that global warming 
will result in an intensification of the hydrological cycle, a phrase that will not be found 
in any respectable textbook on hydrology.  

Note also that no mathematical global climate models (GCMs) are even remotely 
capable of reproducing the rainfall properties described in this chapter. 

2. Clash of philosophies 
Before proceeding further, there is a philosophical issue that has to be resolved. 
Understandably, the textbooks on climatology (e.g. Tyson 1987, Preston-Whyte and 
Tyson 1988) concentrate on the climatological processes, and give much less attention 
to the terrestrial consequences. Consequently, the linkage between the processes and 
the consequences is poorly established. However, in the context of global warming, it is 
the consequences that are important and not the processes per se.  

Roughly, the procedure adopted in climate change analyses to date has been to start 
with proxy data such as ancient tree rings and ice cores; use this to determine the past 
temperature regime; proceed from past temperature to past climate; then from the past 
to the present climate; accommodate the effects of undesirable greenhouse gas 
emissions in the present climate; and then finally, proceed from the adjusted climate 
changes to predicted changes in rainfall, river flow, droughts and floods. 

The last stage of this procedure requires an advanced knowledge of the linkages 
between climatic processes and the hydrometeorolgical responses. The numerical 
quantification of this linkage will not be found in climate change literature, (e.g. 
Houghton 2004).     

There is a huge volume of recorded rainfall data throughout the world. Why was this 
wealth of data not used by climate change scientists to characterise the properties of the 
rainfall-producing climatic processes, in such a way that changes in these processes due 
to global warming could be readily identified and quantified?  
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PART 1: EXPLORATORY ANALYSES 
Standard exploratory procedures require that the analyses commence with simple 
arithmetical studies to determine gross changes; then graphical analyses to determine 
the nature of the changes; and finally mathematical descriptions that fit the data and 
accommodate the changes. It is a fundamental mistake to proceed directly to complex 
mathematical analyses, such as harmonic or wavelet analyses without understanding 
the basic properties of the data.      

3. Areal rainfall 
While point rainfall measurements are an accurate representation of rainfall at the point 
of measurement, they become increasingly unrepresentative of rainfall at a distance 
from that point. The interest is in changes in rainfall over an area, ultimately over the 
whole of South Africa. Somewhere during the analyses there has to be an integration of 
the rainfall properties. Should the data from each station be analysed separately and the 
properties amalgamated, or should the data from all the stations in the area be 
amalgamated and a single analysis be performed on the amalgamated data? The 
deciding factor is the large station-to-station variability due to topography, aspect and 
other factors. These anomalies will tend to be smoothed out when rainfall data from all 
stations in the area are averaged before the analyses. Problems associated with the 
different regions can be overcome by dividing South Africa into sensibly homogeneous 
climatic regions, and then averaging the data from all stations within each region. This 
philosophy was followed in the analyses in this chapter.   

3.1. Examples of widespread heavy rainfall events 
Severe floods in South Africa are not caused by a single type of atmospheric process 
that differs only in its magnitude. For example during the 34-year period 1955 to 1989, 
there were 22 potentially damaging cold fronts, 29 cut-off low pressure systems, three 
Botswana low pressure systems and eight tropical cyclones. The countrywide 
frequency of these events is about two events per year, but in any one catchment the 
frequency is one event in a number of years. This combination of severity and rarity is 
the principal concern. 
An example of the variety of severe, widespread, rainfall events is shown in Fig. 1, 
which shows the location of three events that caused damaging floods during the 1980s. 
Table 1 shows the properties of these events plus the September 1987 event that 
overlapped the area covered by the January 1981 event and is not shown in Fig. 1. 
Some details of the rain produced by these fundamentally different weather systems are 
given in the table. These systems include tropical cyclones generated in the warm 
Indian Ocean in the north-east, and cut-off low pressure systems produced by westerly 
moving systems to the south of the continent. The Botswana lows are caused by inland 
tropical temperate wave interaction. Note the broad similarity of the rainfall produced 
by these different systems. 
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Figure 1. Location and properties of three typical widespread rainfall events. 
 
 

Table 1. Rainfall produced by four typical widespread rainfall events. 

 Jan 1981 Jan 1984 Sep 1987 Feb 1988 

Weather system  Cut-off low Tropical cyclone Cut-off low Botswana low 

Point rainfall (mm) 

One-day maximum 230 615 577 167 

Storm maximum (days) 288 (3) 906 (3) 902 (3) 425 (5) 

Areal rainfall (km2) 

Area receiving > 200 mm N/A  94 000 69 000 131 500 

Area receiving > 500 mm None 18 500 14 400 310 

Area receiving > 700 mm None 1 750 1 600 None 

Return period (years) 6 2 5 30 
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These events were described by Estie (1981), Kovács (1982), du Plessis (1984), Kovács 
et al (1985), Taljaard (1985), van Bladeren et al (1987), du Plessis et al (1989), 
Triegaardt et al (1991) and Tennant and van Heerden (1993). 

4. Subdivision of this chapter 
With the above example in mind, the rest of this chapter is in four parts. This 
information is primarily from the research report Determination of the risk of 
widespread interruption of communications due to floods by Alexander and Van 
Heerden (1991). It was commissioned by the Department of Transport. (Research 
Project Nr RDAC 90/16.) My colleague occupied the Chair of Meteorology at the 
University of Pretoria at that time, and we worked together on several commissioned 
research projects. 
Table 2 shows the available data sets suitable for these analyses. Sets 1, 2 and 4 are 
directly from the South African Weather Service (SAWS) databank. Each data set has 
its applications. Part 2 of this chapter is by Alexander, based on monthly district 
rainfall from 93 districts, (Set 4). Part 3 of this chapter is by J van Heerden based on 
daily rainfall analyses within 15 identified regions, (Sets 1 to 3). Part 4 is a summary 
showing the linkage with climatic processes. Part 5 lists the principal conclusions.  
 

Table 2 Available regional data sets 

Set nr  Space resolution Time resolution 

1 5 000+ stations Daily 

2 800+ sectors Daily 

3 15 regions  Daily 

4 93 districts  Monthly 
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PART 2: DISTRICT RAINFALL ANALYSIS 

5. District rainfall data 
The South African Weather Service (SAWS) has a very good coverage of daily rainfall 
stations, with records dating back to the mid-1800s. In total there are more than 5 000 
stations with records, but many of them were only open for relatively short periods of 
time. There has been a recent tendency to reduce the number of stations but upgrade the 
reliability of the data. 
The areal rainfall data set used for the analyses detailed in Part 2 of this chapter is the 
SAWS District Rainfall data set. South Africa was divided into 27 districts for the 80-
year period 1878 to 1958, and 93 districts for the period 1921 onwards. The two sets 
overlap, which is useful for extending the interpretation for the whole 115-year period. 
Time did not permit the completion of this extension. The location of the 93 districts is 
shown in Fig. 2. 

 
Figure 2 Location of 93 rainfall districts 

This is the only areal rainfall database available in South Africa, and is therefore ideal 
for the determination of rainfall over the country as a whole. This is a particularly 
useful as it overcomes problems that arise when single station, daily rainfall data are 
used for analyses. 
The average rainfall for each district for each month of the year for the above periods 
was withdrawn from the SAWS data bank. The data for the period October 1921 to 
March, 1992 was the main basis for further analyses below. This was later extended to 
March 2000, but the extended period was not included in the analyses. The SAWS 
recently produced a revised database for the period from 1940 to 2004, but it was not 
possible to completely revise 15 years of calculations to accommodate the revision. 
Preliminary analyses on the revised data indicated that the overall results will not be 
meaningfully different from those recorded below. 
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The original data files were in the form of separate files for each of the 93 districts. 
Each file contained monthly data for the particular district for the whole period of 
record.  

5.1. Arithmetical analyses 
The hydrological year totals were used in the present analyses for the 78-year period of 
record October 1921 to September 1999. Summaries of the analyses are provided in 
Table 3. The most important conclusion is that there has been a steady, beneficial 
increase in the mean annual rainfall over South Africa during the 78-year period of 
record. This is reported for the first time in the papers in the accompanying appendices 
to this report.  
There are well-known and unavoidable shortcomings in this database. It could be 
argued that the district rainfall data are spatially and temporally non-homogeneous to 
the extent that the conclusions based on an analysis of the data are unreliable. The 
possible support for such a claim is that some of the rainfall stations within some of the 
districts were closed during the period of record while new stations were opened. Some 
of the new stations were not in the same locations as the closed stations. Other records 
had long gaps in them. 
 

Table 3   Increases in mean annual precipitation over South Africa 
. 

39-year 
periods 

MAP 
(mm) 

30-year 
periods 

MAP 
(mm) 

26-year 
periods 

MAP (mm) 

1921-60 502 1921-51 497 1921-47 499 

1960-99 535 1969-99 543 1974-99 549 

Increase 6,6 %  9,3 %  10,0 % 

 
The issue is whether or not these deficiencies could account for the observed steady 
increase in rainfall over South Africa during the 78-year period of record. The analyses 
showed a consistency that would not have been present if these deficiencies had a 
meaningful influence on the results. This is confirmed in Table 3 in which comparisons 
are made between the average of the first half of the record with the second half (39-
year periods); the first 30 years with the last 30 years; and the first third with the last 
third (26-year periods). 
The mean annual precipitation (MAP) for the 26-year interim period was 507 mm. The 
MAP increased by 8 mm from the first to the second 26-year periods and by 42 mm 
from the second to the third 26-year periods. These values are mutually consistent, and 
there is no possibility at all, that these increases could be artefacts of deficiencies in the 
database.  
The 30-year period differences were used in the following analyses. This is a 
conservative assumption. The steady increase during the period of record was clearly 



    116  Chapter 5 

visible in the plots of the accumulated departures from the means. An acceleration was 
also evident in the latter part of the record in some districts. Reasons for the 
acceleration in the increase will be discussed later in this chapter. 
It is not at all clear why climatologists (e.g. Tyson 1987) failed to detect this clearly 
evident increase in rainfall over South Africa. It is of major importance and is a 
fundamental rebuttal to claims that global warming will decrease South African 
rainfall in future. 
Details of the changes between the first and last 30 years in the data, plus the 
periodicity (in years derived from standard serial correlation analyses), in the data are 
shown in Table 4. 

  

Table 4   District rainfall (Periodicity: D=discernible, N=not discernible) 

Dist. 
Nr 

Period
-icity 

MAP 
21-51 

MAP 
69-99 

% 
change 
69-99 vs 
21-51 

Dist. Nr. Period
-icity 

 

MAP 
21-51 

MAP 
69-99 

% 
change 
69-99 vs 
21-51 

1 D 156 152 -3.1 50 D 436 447 2.5 

2 20 260 243 -6.6 51 20 - - - 

3 N 478 481 0.6 52 20 135 177 30.6 

4 N 746 881 18.2 53 D 195 229 17.2 

5 20 181 253 40.1 54 D 265 326 23.1 

6 D 203 326 60.1 55 N 367 391 6.6 

7 N 345 408 18.2 56 D 436 506 15.9 

8 D 360 422 17.2 57 N 636 697 9.6 

9 20 111 158 42.8 58 20 - - - 

10 20 234 292 24.9 59 D - - - 

11 N 717 740 3.2 60 N 647 675 4.3 

12 D 453 496 9.4 61 N 670 670 0.0 

13 D 606 660 9.0 62 N 699 733 4.8 

14 D - - - 63 N 626 623 -0.5 

15 D 142 188 32.0 64 N 457 435 -4.9 

16 20 137 200 45.8 65 N 405 377 -6.9 
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17 20 168 225 33.9 66 D - - - 

18 D - - - 67 N 245 281 14.4 

19 D 178 217 22.1 68 N 280 305 9.2 

20 D 188 220 17.1 69 N 287 329 14.7 

21 20 277 324 17.1 70 N 398 480 20.7 

22 D 427 489 14.6 71 N 541 583 7.9 

23 D 770 827 7.4 72 N 635 647 1.8 

24 D 1031 1060 2.8 73 N 584 626 7.3 

25 D 875 984 12.5 74 D 670 707 5.5 

26 18 888 978 10.1 75 D 662 700 5.7 

27 D 565 592 4.7 76 21 576 557 -3.3 

28 N 761 845 11.1 77 D 449 453 0.9 

29 D 833 885 6.3 78 N - - - 

30 D 775 887 14.4 79 N 318 376 18.2 

31 D 811 898 10.8 80 N 349 417 19.3 

32 N 692 795 15.0 81 D 355 399 12.4 

33 N 742 714 -3.8 82 D 446 509 14.1 

34 19 - - - 83 D 508 553 8.9 

35 D - - - 84 N 563 603 7.2 

36 20 - - - 85 D 614 653 6.5 

37 D - - - 86 19 575 629 9.4 

38 D 156 214 37.8 87 D 489 505 3.3 

39 D 265 307 15.6 88 N - - - 

40 N 327 362 10.9 89 N 420 425 1.2 

41 N 340 384 13.0 90 N 435 491 12.8 

42 N 528 587 11.2 91 D 495 519 5.0 

43 N 794 868 9.3 92 N 509 555 9.1 
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44 N 831 990 19.1 93 21 548 541 -1.2 

45 P 780 785 0.7      

46 N 788 878 11.4 Average - 497 543 +12.2 

47 N 906 1019 12.4 Change
% 

- - +9.2 - 

48 N 671 691 3.0      

49 19 816 966 18.4      

 
Of particular importance in this table is the clearly evident increase in the mean annual 
precipitation over virtually the whole of South Africa during the 78-year period of 
record. Of the 81 districts with complete records, 75 districts showed an increase in the 
mean annual precipitation. Forty-two districts had increases of 10% or more, 12 
districts had increases of more than 20%, and four districts had increases of more than 
40%. 
The rainfall in the subsequent two years was well above normal. The most important 
conclusion is that there has been a steady, beneficial increase in the mean annual 
rainfall over South Africa for at least the past 80 years. The conclusion by the authors 
quoted in Tyson & Gatebe (2001), that rainfall over the summer rainfall region of 
southern Africa has shown no large systematic linear trends since 1900, is strange, as 
there has been an unmistakable and consistent increase in the MAP over virtually the 
whole of South Africa since the commencement of district rainfall records in 1921. 
Another important property is the clearly discernible, long-term periodicity in the data. 
Eighteen of the districts have statistically significant periodicity within the range 18 to 
21 years; 38 districts exhibit discernible periodicity within this range; and 37 districts 
have no discernible periodicity within this range. As the degree of statistical 
significance is dependent on both the length of the record and the magnitude and nature 
of the variability about the mean, the periodicity may be present in more of the districts, 
but has not yet reached the level of statistical significance. 
Could this increase be an artefact of shortcomings in the database? 
Possible shortcomings could be the result of random errors or systematic errors.  Of the 
81 districts with complete records, 75 showed an increase while only six showed a 
decrease. The probability that the increase could be the result of random errors in the 
data is the same as that of obtaining 75 heads with 81 tosses of a coin. That leaves the 
possibility that the increases could be due to systematic errors in the database, which is 
equally unlikely. It can therefore be stated with a high degree of confidence that 
there has been a substantial, beneficial increase in the rainfall over South Africa 
as a whole during the period of record, and that there has been an acceleration of 
the increase since the middle of the last century.  
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5.2. Statistical analyses 
The next step was to determine the frequency with which these large flood-producing 
rainfall systems may occur anywhere in South Africa. The SAWS monthly district 
rainfall database (93 districts) was studied and the maximum monthly rainfall over the 
whole of South Africa for each of the 78 years of record was identified. The data were 
ranked and subjected to statistical analysis. The return periods based on average rainfall 
over the whole of South Africa for the months during which the four events in Table 1 
occurred are shown on the bottom line of the table. Only the February 1988 floods had 
a return period greater than 10 years on this basis.  
For comparison, the rainfall associated with the February 2000 floods (Dyson and van 
Heerden 2001) had a return period of 17 years on this basis. This analysis shows that 
countrywide rainfall of this magnitude is appreciably more frequent than once in 50 
years. 
Data on a district basis is useful for determining the characteristics and statistical 
properties of the rainfall for that district. Some of the applications of the rainfall in this 
format are: 
 Rapid comparison of the rainfall in any one month or year with that in previous 

months or years. This is useful for both extremes - floods and droughts.  
 Determining the statistical properties of the data for each month of the year for the 

specific region.  
 Visual presentation of the monthly rainfall/non-exceedance probability relationship 

on maps of South Africa.  
 Time and spatial correlation analyses. 

The original district rainfall data was re-processed into data files on a monthly basis i.e. 
the rainfall for all 93 districts in a specific month. This information was printed out in 
the form of schedules but was far too voluminous for visual inspection. Computer 
programs were written to map this information in black and white or colour. The set of 
colour-coded maps was the main visual product of this analysis. 
The maps are seasonally based, with one sheet for the season October to March and the 
other for April to September. These coincide with the internationally recognised 
hydrological year period. Other periods or individual months can be selected. 
Two presentations were given for each month. The district average rainfall was coded 
in increments of 100 mm. The exceedance probability of the recorded rainfall for the 
month was also coded according to the calculated return period, assuming that the data 
are log-normally distributed. 
A further computer program was written to determine the correlation matrix for the 93 
stations for any user-specified threshold value. 

5.3. Catalogue of severe floods 
Information on flood damage reports of past floods was obtained from a number of 
sources and captured in computer retrievable format. 
A data bank of severe historical rainfall and historical flood events was retrieved by 
running the program. The information was retrievable on the basis of one or more of 
the following: 
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 Date (year, month) 
 Rainfall districts (Districts 1 to 93) 
 Drainage regions (Regions A to X) 
 Places (mostly towns or regions) 

The following information was entered for each event: 
 Rainfall (where, when, amount) 
 Rivers (which rivers were in flood) 
 Loss of life 
 Damage to dams 
 Damage to communications 
 Damage to property (urban, agricultural) 
 Additional comment 

The printouts consist of several hundred pages. 

5.4. Identification of separate flood prone regions 
The district rainfall extremes were compared with observed maximum floods in the 
hydrological records. The hydrological data supported the earlier conclusion that severe 
floods are caused by widespread, long duration rainfall. The next step was to attempt to 
identify separate flood-prone regions from the district rainfall data. 
This proved to be the most difficult and time consuming part of the study. 
From a theoretical point of view the analysis involves the study of multivariate 
exceedance probability surfaces. Hydrologists in South Africa are still debating the far 
simpler bivariate relationship between flood peaks and flood volumes. Multivariate 
probability relationships involving one independent variable and up to 92 dependent 
variables are analytically intractable. 

5.5. Areal correlation of monthly rainfall 
Catalogues of processed information (3x2x68 pages) and coloured maps (3x93x12 
RSA maps) had to be prepared for the study of widespread floods. These are too 
expensive to publish. 
The first correlation study to be undertaken sought an answer to the question If severe 
rain occurs in a specified rainfall district, with what accuracy can the rainfall in the 
other districts in the same month be predicted? This measure of the accuracy of the 
prediction (the coefficient of determination) is a good indicator of the degree of 
correlation between the districts being considered. 
The next decision was which data elements should be compared. In the first round all 
data were used and high correlations were obtained. The analysis was answering the 
question: If it rains in (say) January in one district, what is the probability that it will 
also rain in the same month in the remaining districts? A high but unusable degree of 
correlation between all districts (negative correlation between winter and summer 
regions) was obtained because the winter and summer months, and periods of floods 
and droughts were all mixed in one basket. 
It was then decided to re-frame the question to: If the rainfall of severity equal to the 
1:10 year rainfall is exceeded in the specified district, with what accuracy can heavy 
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rain be predicted in all other districts in South Africa? As there are 68 years of data 
this involves comparing the six to seven most severe months in the record. Significant 
correlations were obtained when using this stratification procedure but some of the 
district groupings were puzzling. 
The most widespread correlations were those between stations in the arid NW Cape and 
the rest of the country! In retrospect the result should not have been surprising. What 
the analysis showed was that exceptional rains in the arid NW Cape only occurred 
during periods of widespread, severe rains in the rest of South Africa. [This has 
just occurred again in the NW Cape following the widespread sub-continental rains of 
January and February 2006.] There was also a scattered correlation between other 
districts due to the widespread nature of the most severe floods. 
A further set of calculations was carried out using the mean of the annual maxima as 
the threshold (± 34 highest floods). The results were more realistic and several regions 
that were prone to wide area floods were identified. These included a wide band 
extending north-westwards from the eastern Cape through southern Lesotho, 
Bloemfontein and Kimberley and into south western Botswana. Other regions were 
located east of the escarpment from southern KwaZulu-Natal through to north-eastern 
highveld, and in the central and south-western Karoo. However, none of these 
groupings was as clear as had been hoped. 
The interpretation of this series of studies is that in most years non-damaging floods 
occur that are the result of small area storm rainfall, with no appreciable correlation 
with rainfall in adjacent districts. However, at the other end of the scale the severe 
rainfall events become more widespread with increase in severity, until they cover most 
of the summer rainfall region of South Africa, as was the case with the 1925 rainfall. 
Another observation was that severe rainfall events were not only widespread, but 
persisted for several months, often in another area of the country. There are several 
examples. The severe September 1987 KwaZulu-Natal floods extended into the Free 
State, but with lesser intensity. Five months later severe floods were experienced in the 
southern Free State and northern Cape. In January 1981 severe floods were experienced 
in the Laingsburg area. A few months later severe floods occurred further to the east 
which resulted in the near failure of the Loerie Dam south of Port Elizabeth. The March 
1925 floods covered most of the eastern half of South Africa. Three months later the 
most severe monthly rainfall on record was experienced in the north-western Cape 
coastal area including the mouth of the Orange River. 
Also, exceptionally high rainfall often lasted for periods of several months in a single 
area, thereby increasing the soil moisture content. This has to be taken into account 
when determining the probability of concurrent, multiple structure failures and when 
assessing the probability of disruption of reconstruction activities by subsequent floods. 

5.6. Example 
The following example illustrates the type of analyses that can be performed by the 
computer programs developed by the author. 
What is the likelihood that the north-south communication routes through the Free 
State and northern Cape will be disrupted again in the future? The district rainfall map 
for February, 1988 shows that more than 400 mm was recorded in the Bloemfontein 
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district (District 70) with heavy rain over a large area of the southern Free State and 
northern Cape. The probability map is even more illuminating. This shows a very 
prominent band of severe rainfall stretching in a south-east to north-west direction 
straddling the main communication routes. 
The rivers crossed by the N1 north and south of Bloemfontein are relatively large and 
they are also aligned in a south-east to north-west direction. A number of bridges on the 
N1 failed at this time. The approximate frequency of rainfall of this magnitude and 
areal cover can be determined by studying the monthly rainfall catalogues in 
conjunction with the rainfall maps.  
This combination of rainfall and river flow directions will worsen the potential for 
severing communications. 
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PART 3: WIDESPREAD RAINFAL ANALYSES 
[ Contribution by J van Heerden ] 

Note: The provincial classification used below is according to the provincial boundaries 
applicable at the time of the completion of the analyses in 1991. The Weather Bureau 
was subsequently reconstituted as the South African Weather Service.  

6. Noteworthy historical flood events 
Noteworthy rainfall events often occur several times each year over parts of South 
Africa. Few of these result in floods. Flood and rainfall data depend on the quality and 
density of the observation network. Rainfall data for the 19th century over most of the 
northern areas is restricted to a few of the larger towns or cities. However nearly all 
major floods are accompanied by national and international news coverage. The 
Weather Bureau Newsletter has been reporting these events for many years enabling 
the Weather Bureau (1991) to compile a comprehensive list of severe weather events. 
The same weather system may be responsible for floods over Natal and a few days later 
over parts of the Transvaal, but may be reported as separate events. Therefore the 
number of 'noteworthy' flood events may be an overestimation of the actual number of 
flood producing weather systems. 
Even in the unlikely event that the reported floods over Natal, Transvaal and the 
interior were caused by the same weather systems, and also that the floods over the 
Cape Province were all caused by the same weather systems, the floods average out at 
more than one per annum for the country as a whole. Furthermore an analysis based on 
reported flood events is unreliable as the magnitude of the event and its geographical 
extent were not adequately dealt with in Caelum (Weather Bureau, 1990). A flood 
producing rainfall event classification scheme incorporating rainfall amounts as well as 
geographical distribution is therefore necessary. 
 

Table 5   Number of noteworthy rainfall events during the 
period January 1911 to December 1988. After Viljoen 

(1990). 

Cape Peninsula and the Boland  22 

Southern and eastern Cape coastal areas 32 

Natal 53 

Transvaal 43 

Central interior 34 
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7. Classification of widespread rainfall events 
The following classification scheme uses rainfall amounts linked to geographical 
distribution within a predefined area, to identify five classes of potential flood 
producing rainfall events. 
In order to differentiate between large-scale events and local events and also to 
determine the frequency of these events, it was necessary to develop a potential flood 
producing rainfall event classification scheme. In this scheme geographical extent and 
depth of rainfall recorded are the only criteria. However, most of the serious events 
defined in this manner did cause widespread floods. 

7.1. The classification scheme 
Monthly total rainfall data as well as four-day rainfall totals were used to develop the 
classification scheme. These algorithms originated from a similar scheme developed by 
van Heerden (1988) to classify individual rain days. 
The classification scheme refers to the four day rainfall totals. Very few weather 
systems affect South Africa for longer than four days. 

7.2.  Rainfall data and region boundaries 
Weather Bureau rainfall stations for the period 1910 to 1989 of which some 2500 were 
available, were used. A requirement was set that the data for each individual station for 
the specific month had to be reliable. Rainfall totals for four consecutive days were 
calculated using daily rainfall figures. All suspect or unreliable data and accumulated 
rainfall totals on the record led to the rejection of the station's data for that month. Only 
stations reporting 100 mm or more during the month were used in the analysis. 
Experience gained during the preliminary study made it obvious that an event analysis 
based on all the rainfall stations for the entire South Africa was undesirable. Flood 
producing weather systems, even extensive floods like the Natal September 1987 
floods and the OFS floods of February 1988, affect only a part of South Africa. ( Van 
Heerden (1988), Triegaardt (1990)). Therefore subdivisions into regions as depicted in 
Fig 3 were necessary. The boundaries define homogeneous regions of flood producing 
rainfall. 
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Figure 3. Geographical position of the fifteen regions used in the event classification 

scheme.  
The north-western Cape province requires some explanation. In Region 15 the area 
north of 27° was excluded from the analysis. This region is large compared with some 
of the others. The probability of severe large scale floods over these regions was 
considered to be small. For the rest, some attempt was made to ensure that the 
boundaries roughly follow the major watersheds or large climatic boundaries such as 
the Cape southern mountains and the Drakensberg. The zig-zag boundaries to some of 
the regions were necessary to stay within areas defined by the Weather Bureau's 1987 
Weather Observational Network. Fig. 3 depicts the fifteen areas where event 
classification for the period 1910 to 1989 was applied. The country was divided into 
areas of more or less homogeneous rainfall distribution by season and type. 
Regions 1 to 5 are all coastal regions and extend toward the interior to include the 
significant watersheds or mountains. In the case of Region 5 (Natal coastal region), the 
region includes the first coastal escarpment and extends westwards covering parts of 
the Natal midlands as well. 
Triegaardt et al (1988), in a comprehensive study on the causes of the September 1987 
Natal floods, concluded that the advection of moist maritime surface air over the 
coastal zone below the area of upper air diffluent wind fields, resulting in large scale 
upward motion, is a fundamental requirement for the development of flood producing 
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rainfall. When the surface air flow is strong and near perpendicular to the coastline the 
steep topography along the east and south-eastern coastal areas provides considerable 
and additional vertical motion, greatly contributing to event rainfall. This is especially 
relevant for Natal where this area may extend up to 150 km inland. These conditions 
also prevailed during other major floods and are illustrated by the maps describing the 
rainfall distribution and weather conditions during the Port Elizabeth disaster of 
1 September 1968 (Hayward and Van den Berg, 1968) as well as the Eastern Cape 
floods of August 1970 also described by Hayward and Van den Berg (1970). 

7.3.  The classification algorithm 
The preliminary study provided evidence that a classification scheme is feasible for 
large area significant flood producing rainfall events, using rainfall data alone. Six 
classes of events are defined in Table 6. The percentage of stations within a region 
satisfying the algorithm criteria determine the event classification. The classification 
for each region, as indicated by Fig. 3, refers to a single event during the specific 
month. The probability of having more than one major widespread flood during one 
month is considered small. The analysis for each month was carried over into the next 
month to ensure that the rainfall events occurring near the end or beginning of a month 
are not missed in the analysis. 
In Table 6 the percentage of the stations within each region refers to the percentage of 
open (accepted) stations during the month. Rainfall amounts required for classification 
refer to four day totals and are in millimetres. 
 

Table 4.  Event classification algorithm 

Rainfall >99mm >199mm >299mm >399mm >499mm 

Class 0 4     

Class 1 16     

Class 2 24 8    

Class 3 32 12 4   

Class 4 44 20 8 4  

Class 5 60 32 16 12 4 

 
Class 0 events define the bottom end of the scale and identify those events which may 
lead to significant river flow but only localised flooding. Class 4 and 5 are truly 
significant flood events. Class 5 events resulted in disastrous floods such as the 
September 1987 Natal floods. 
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8. Flood likelihood analysis 

8.1. The general picture 
A full list of all the classes of rainfall events for all the regions during the period 1910 
to 1989 is available. Table 7 summarises the results of the long classification process. 
 

Table 7   Number of events by region and Class, during the period 1910 
to 1989 

Region Class 0 Class 1 Class 2 Class 3 Class 4 Class5 

1 485 165 46 21 1 0 

2 250 68 6 3 2 0 

3 423 271 43 13 4 0 

4 271 126 24 15 1 1 

5 336 188 25 17 9 3 

6 272 92 2 2 0 0 

7 206 144 19 8 2 0 

8 206 94 12 7 1 0 

9 167 56 2 0 0 0 

10 183 34 0 0 0 0 

11 140 30 0 1 0 0 

12 397 149 17 8 2 0 

13 349 76 11 3 1 0 

14 337 243 15 2 1 0 

15 103 24 0 0 0 0 

Total 4125 1780 222 100 24 4 

  
In total, 960 months of rainfall data were analysed for each station. A total of 6255 
events could be classified. Of these 350 were Class 2 and greater while the 128 events 
greater than Class 3 can be considered as serious events. Significant flooding occurred 
somewhere over the country during some 13% of the months. 
Four Class 5 events occurred. All were along the south-eastern and eastern coastal 
regions (regions 4 and 5). All were separate events. For the coastal zone stretching from 
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Port Elizabeth to the Mozambique border, the frequency of occurrence is approximately 
once in twenty years. 
Even for the Natal coastal zone Class 4 events occurred over all the areas seaward of 
the main escarpment with the notable exception of Natal interior. A Class 4 event also 
occurred over the northern Transvaal as well as in the two Karoo regions (13, 14). 
Class 4 events total 24 resulting in an approximate frequency of once in four years for 
the entire region indicated. 
The only areas without Class 3 events or higher, are the central interior highveld 
regions (Regions 9 and 10) as well as the semi desert region 15. Class 3 events total 
100 so that the frequency is less than one per year for the country as a whole. The 
seriousness of a Class 3 event should not be underestimated. The well known OFS 
flood of February 1988 (Region 11) was classified as a Class 3 event. 
Regions 9, 10 and 11 deserve special mention. It would seem that these areas are not 
especially flood prone. This seems particularly the case of the Transvaal and Free State 
highveld areas. Generally the rainfall over the central interior of South Africa decreases 
from the east to the west (van Heerden and Hurry, 1987). Regions 9, 10 and 11 extend 
approximately 500 km in the east west direction, which means that the classification 
scheme may miss a severe event if it remained centred towards one end of the region. 
An analysis using the same scheme was applied to regions 9 and 10 but in this case 
both were divided in equal eastern and western parts. 
Subdivision of these regions makes no significant change in the frequency of event 
classes 1 to 3. This result indicates that severe rainfall events with limited geographical 
extent may occur over these areas and that, perhaps a Class 3 event should be 
considered possible for regions 9 and 10. The meteorological reasons for the 
anomalously low number of widespread events over regions 9, 10 and 11 will be 
described later.  
The devastating Free State floods of February 1988 only achieved a Class 3 
classification. The nature of the terrain must be borne in mind. The steep slopes along 
the coastal areas serve to remove the flood waters rapidly. Over the southern Free State 
this is not the case and devastating floods can accompany Class 3 rainfall events. For 
this reason severe floods may also have accompanied the several Class 3 rainfall events 
which had occurred over regions 8, 12, 13 and 14. The Orange Free State floods of 
February 1988 missed a Class 4 classification by a small margin. 
Table 8 lists the average frequency for events of Class 3 and larger per region as well as 
the frequency for any event of Class 3 or larger. 
The large number of Class 0 events in Region 1 in Table 3 deserves comment. A few of 
the stations in this region are located in mountainous areas with very high rainfall. The 
recorded rainfall distorts the regional average, which is higher than it should be. 
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Table 8   Frequency once in number of years for events exceeding Class 1 

Region Class 2 Class 3 Class 4 Class 5 Class 3-5 Class 4-5 

1 2 4 80 - 4 80 

2 13 27 40 - 16 40 

3 2 6 20 - 5 20 

4 3 5 80 80 5 40 

5 3 5 9 27 3 7 

6 40 40 - - 40 - 

7 4 10 40 - 8 40 

8 7 11 80 - 10 80 

9 40 - - - - - 

10 - - - - - - 

11 - 80 - - 80 - 

12 5 10 40 - 8 40 

13 7 27 80 - 20 80 

14 6 40 80 - 27 80 

15 - - - - - - 

 
In Table 8 the second last column is of interest. Here the frequency of any event, Class 
3 and larger, is estimated. Only regions 6, 9, 10, 11 and 15 have frequencies 40 years 
and longer. Regions 9, 10 and 15 are the only ones where frequencies of 100 years and 
longer may be applicable. However if we accept the results of the classification 
following the subdivision of regions 9 and 10 and assign a Class 3 event to these 
regions, a frequency of 80 years becomes valid. The entire coastal zone, as well as the 
Transvaal lowveld and northern bushveld, have frequencies of once in 10 years and 
less. The only exception here seems to be the coastal area from Cape Agulhas to 
Knysna. The less frequent number of events here is probably because the drier zone 
west of Mossel Bay was included in region 2. The area to the east of Mossel Bay will 
behave similarly to region 3 where the frequency is about once in 5 years. 
The last column of Table 8 lists the frequency of the really large floods. The coastal 
zone regions all have frequencies 80 years and less coming down to 7 years over the 
Natal coastal areas. For regions 1 to 5, events of Class 4 and larger have average 
frequencies of once in twenty years. Based on these results it can be predicted with 
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confidence that major communication failure will occur along the coastal zone at least 
once every 20 years on average. Over the central interior, especially the highveld 
regions a Class 3 event seems to be the maximum with a frequency of at least once in 
40 years on average. These arguments also apply to region 6 in the interior of Natal. 

8.2. Seasonal distribution of the rainfall event classes 
An analysis of the distribution of the event classes per month per region did not reveal 
any significant or unexpected results. Table 9 provides the monthly distribution of all 
the event classes. 

 

Table 9    Monthly distribution of the event classes, total figures for all 15 regions. 

Month Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 Total 

Jan 426 237 35 8 3 1 710 

Feb 500 210 25 18 4 0 767 

Mar 430 228 23 9 5 0 695 

Apr 357 121 21 3 1 1 504 

May 228 119 18 12 4 0 381 

Jun 208 109 13 10 1 0 341 

Jul 220 89 20 10 0 0 339 

Aug 219 104 17 8 3 0 353 

Sep 292 115 26 10 1 1 445 

Oct 339 152 10 6 1 1 509 

Nov 436 170 24 6 0 0 636 

Dec 469 128 9 3 2 0 613 

 
The three months, January, February and March are the peak flood months, especially 
February. December's values are anomalously low compared with the number of events 
in November and March. Classification of flood producing rainfall systems will shed 
some light on this anomaly. The frequency of Class 0, 1 and 2 events is reduced during 
the months May to August inclusive, because rainfall is only frequent along the western 
and southern coastal regions during these months. 
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9. Forcing weather systems 
Table 10 lists the forcing weather system per month for Class 3 + floods. This table 
depicts the seasonality of these systems. The column GT shows the actual number of 
systems involved. They normally affect more than one region at a time. 
 

Table 10   Forcing weather system for major events – period 1956 – 1989 

Sys Class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 GT 

CF 3 15  3  1  1      1    

CF 4 1                

CF 5                 

Total number of individual CF systems 21 

COL 3 3 1 7 8 5 1 1     5 1 1   

COL 4   1 1 4            

COL 5    1 2            

Total number of individual COL systems 29 

BOT 3     1   2   1 1     

BOT 4     1            

BOT                  

Total number of individual BOT systems 3 

TC 3    1 3 1 1 3         

TC 4       1 3         

TC 5     1            

Total number of individual TC systems 8 

CF=cold front; COL=cutoff low; BOT=Botswana low and TC=tropical cyclone. 
Cold fronts as flood producing systems are a feature of Region 1. In 44 years, 15 events 
were caused by these systems in this region. This is a frequency of one in three years on 
average. The major flood producing system is the cut-off low. They are most frequent 
over the eastern and southern parts of the country. 
The frequencies of the different flood producing weather systems are listed in Table 11 
per region. Only those systems responsible for floods of Class 3 and greater are listed. 
Regions 3, 4, 5 and 12 have short frequencies for cut-off lows. Regions 5, 7 and 8 are 
areas where tropical cyclones cause widespread flooding once every ten years on 
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average. Cold frontal systems or cut-off lows may be responsible for serious flooding 
over Region 1 with a frequency of three to five years. 
 

Table 11    Frequency of weather systems responsible for Class 3 to Class 5 events. Approximate 
return periods per region 

System 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

CF 3  15  44  44      44   

COL 15 44 6 4 4 44 44     6 44 44  

BOT     22   22   22 22    

TC�    4 11 44 22 11        

 
The high frequency of cold frontal systems in Region 1 as well as the clustering of cut-
off low systems in regions 3, 4 and 5 stand out. Region 1 also has a high frequency of 
cut-off low systems as does Region 12. Regions 5, 7 and 8 are areas where tropical 
cyclones occur. 
Table 12 lists the monthly distribution of cut-off lows as well as cold front systems. 
The only other attempt to classify flood producing weather systems in South Africa that 
we are aware of was by Taljaard (1985) in his comprehensive Technical Note: "Cut-off 
Low Pressure Systems in the South African Region". He defined three classes of cut-
off lows. Only his Class 1 cut-off low had flood producing potential. Taljaard defined a 
Class 1 cut-off low by: 
 24 Hour rainfall greater than 40 mm over most stations in an area of 400 km by 

400 km ( 4°x4°), or 
 greater than 60 mm in 48 hours, or 
 greater than 72 mm in 72 hours. 

Unfortunately Taljaard did not specify what he meant by "most stations". In most cases 
Taljaard's Class 1 cut-off lows would probably achieve a Class 2 or 3 of our 
classification. Taljaard investigated a 10-year period very thoroughly. In Table 12 
Taljaard's frequency distribution is also listed for comparison with the data for Class 3 
and greater floods 1956 to 1989. 
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Table 12   Frequency of cut-off low and cold front systems responsible for Class 3 and greater 
rainfall events. The cold fronts listed here exclude those found in Region 1. Class 1 cut-off lows 

(C1 (T)) after Taljaard (1985) are listed. 

Frequency of Class 3+ flood producing cut-off lows and cold fronts 

Month 1 2 3 4 5 6 7 8 9 10 11 12 Total 

COL 0 1 2 2 0 2 1 4 2 1 3 1 20 

CF 0 0 1 0 0 1 0 1 2 0 0 0 5 

COL+CF 1 1 3 2 0 3 1 5 4 1 3 1 25 

C1 (T) 1 0 2 2 4 0 1 5  4 4 1 26 

 
The results from Taljaard's and this classification are supportive. Both indicate that 
August and September are the months to watch for mid-latitude linked baroclinic 
systems with flood potential. However both the heavy snowfalls over the interior 
during June 1964 and the cut-off low responsible for a Class 3 flood over Region 1 
during June 1986 were not analysed by Taljaard. He also identifies four of his Class 1 
cut-off lows during May. None of these achieved a Class 3 classification. The numbers 
of systems identified are low compared to Taljaard's figure, remembering that the 
period is four times longer. Our analysis deals with systems responsible for widespread 
serious floods and not the systems themselves, as did Taljaard. 

9.1. Widespread rainfall events 
Based on the event classification an analysis was carried out to find the few really 
widespread and serious flood events. The following criteria were used to define them. 
All months in which a Class 5 flood occurred, 1925 onwards. At least 7 regions must 
be classified and have one Class 4 flood, or two Class 3 floods, or have more than ten 
regions classified. 
Regions 4, 5 and 12 classify every time. Two main centres are evident. One 
incorporates Regions 4, 5, 6, 7, 9 and 11 (east and south eastern South Africa.) while 
the other group lies over the south-western and southern parts of the country (Regions 
1, 2, 3 and 14). Taljaard (1985) and Triegaardt (1990) both discuss the north-west/ 
south-east tracks of most of the cut-off lows. This may explain the first mentioned 
cluster. The group over the south-west is in all probability due to intense cold front or 
cut-off low systems also moving along a north-western to south-eastern track. Tyson 
(1989) also describes this NE/SE line of synoptic active systems. 
It must also be borne in mind that the weather systems responsible for Class 3 rainfall 
events occur frequently over the interior areas (regions 8, 9, 10, 11 and 13). 
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Table 13   Serious widespread rainfall events in the respective regions - 1910 to 1989. 

Region>
Date 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1925 3 - - - 1 4 1 3 1 0 1 1 1 0 0 1 

1935 6 0 0 0 1 4 - - - - - - 0 0 0 - 

1939 2 0 - 1 1 1 1 4 1 1 0 0 1 0 - 0 

1958 1 - - 1 0 1 0 2 4 0 0 0 0 - 1 - 

1971 5 0 - 1 0 4 0 - - - - - 0 - 0 - 

1973 9 0 0 2 0 4 1 2 1 1 0 - 1 - 0 - 

1974 3 0 1 4 2 1 1 0 0 0 1 1 3 1 0 1 

1976 1 - 0 1 0 2 1 2 3 1 1 1 1 0 1 1 

1976 3 0 0 2 2 4 1 1 1 1 1 1 2 1 1 1 

1977 2 1 0 1 0 3 1 2 3 0 0 0 1 - 1 0 

1978 4 1 0 1 5 1 0 0 - - 1 0 4 0 2 0 

1983 7 2 1 3 3 1 0 - - - - 0 3 1 0 - 

1984 1 0 - 0 0 5 3 4 0 0 0 0 0 0 0 - 

1985 2 1 0 1 3 4 1 3 1 1 - 0 1 - 0 0 

1986 8 4 1 1 1 0 - - - - - 0 1 - 1 - 

1987 9 2 0 1 3 5 3 1 - 0 1 0 2 0 0 0 

1988 2 0 0 0 2 4 1 2 3 0 - 3 3 - - - 

1988 3 1 0 0 3 3 1 1 1 0 - 1 3 1 3 0 

Total   15 13 14 18 18 16 14 12 13 11 15 18 11 16 11 

 
This information is summarised in Fig. 4 where a gradual increase from 1925 to 1970 is 
apparent, followed by an accelerated increase thereafter. 
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Figure 4 Frequency of Class 3 to 5 rainfall events per year for the entire South Africa  

9.2. Severe, widespread rainfall classification 
The regions are shown in Fig. 3 and the event classification algorithm is shown in 
Table 14 where the values are percentages of the open (accepted) stations during the 
month that recorded rainfalls exceeding the specified rainfalls. Rainfall amounts used in 
the classification are the four-day totals. The properties of this algorithm are such that 
they lend themselves to statistical analysis. The results of the statistical analyses for 
each of the 15 regions are shown in Table 15. 

 

Table 14    Widespread rainfall event classification (percentages). 

Rainfall >100 mm > 200 mm > 300 mm > 400 mm > 500 mm > 600 mm Number of 
occurrences 

Class 0 4      4125 

Class 1 16      1780 

Class 2 24 8     222 

Class 3 32 12 4    109 

Class 4 44 20 8 4   24 

Class 5 60 32 16 12 4  4 

Class 6 80 50 30 20 13 4 0 

 

The number of occurrences in South Africa refers to the period from 1910 to 1989. 
Class 0 events may lead to significant river flow but only localised flooding. Class 4 
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and 5 events result in disastrous, widespread, severe flooding. Class 6 events have not 
been recorded in South Africa. 

 

 

Table 15   Probability of occurrence of rainfall classes within each of the 15 regions (number of 
events). 

RP 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

10 3 2 3 3 4 2 2 2 1 1 1 3 2 2 1 

20 3 3 4 4 4 2 3 3 2 1 2 3 3 3 1 

50 4 3 4 4 5 2 3 4 3 2 2 4 3 3 2 

100 4 4 5 5 6 3 4 4 3 2 3 4 4 4 2 

 

For comparison, the event classifications for the four examples in Table 1 are shown in 
Table 16. 

 

Table 13. Event classification of the four systems described in 
Table 1. 

Date Location  Weather system Region Class 

January 1981  Laingsburg-
Port Elizabeth 

Cut-off low 3 4 

January 1984  Eastern lowveld Tropical cyclone 7 4 

September 1987  KwaZulu-Natal Cut-off low 5 5 

February 1988  Bloemfontein-
Kimberly axis 

Botswana low 11 3 

 
This analysis reinforces the conclusion reached in the previous analyses that these 
widespread flood-producing rainfall events have return periods appreciably less than 
the 50-year return period traditionally specified in bridge design. 

9.3. Widespread rainfall conclusions 
The following major conclusions can be made: 
The entire coastal zone from the Cape south-western coast eastwards to northern Natal 
may experience severe, Class 5 events. Over the Natal and eastern Cape coastal regions 
the frequency may be as low as once in 30 years on average. Over the remainder of the 
coastal zone a 80 year frequency is more likely for this class event. 
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Less severe (Class 3 and 4) events are likely with a frequency of once in 5 to 10 years 
over the coastal areas. 
Tropical cyclones affect the lowveld areas as well as northern and central Natal. 
Serious flooding results from tropical cyclones when they move over these areas with a 
frequency of once in more than 30 years. 
The Transvaal lowveld and Cape southern Karoo regions also experience serious events 
(Class 4) but with frequencies of 40 to 80 years. 
Over the central interior Class 3 events can occur but with a frequency of about 80 
years. 
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PART 4: LINKAGE WITH CLIMATE CHANGE 

10. Consequences of climate change? 
The mean annual precipitation over almost the whole of South Africa has 
progressively increased by at least 9% during the 78-year period of record with a high 
degree of assurance. This is similar in magnitude and direction to that quoted in the 
IPCC (2001) publications. This conclusion and its linkage with global warming, is 
reinforced by the concurrent increase in open water surface evaporation in South 
Africa, which is a direct function of incoming solar radiation and air temperature. This 
leads to the conclusion that any additional global warming, whether due to changes in 
solar activity or increases in greenhouse gas emissions, will further increase the annual 
rainfall over South Africa, and that the possibility that the mean annual rainfall will 
decrease in the foreseeable future is remote. 
The next issue is whether or not the increase in rainfall will result in an increase in 
damaging floods.   

10.1. Increase in damaging floods? 
Fig. 4 above shows the numbers of events in the Class 1 to 5 categories during each 
hydrological year for the 80-year period. There is an increase from about 1970 
onwards. Is this reflected in an increase in damaging floods? Applying the data in 
Part 2 of this chapter, 6171 widespread rainfall events were identified which were 
classified in terms of their flood-producing potential as shown in Table 17. 
 

Table 17   Widespread severe rainfall events 

Class Number of 
events 

Damage potential 

0 4061 Negligible 

1 1761 Minor  

2 222 Moderate 

3 99 Serious  

4 24 Extreme 

5 4 Disastrous 

Total 6171  

 
Floods of all magnitudes have the beneficial effect of filling dams, particularly after 
severe droughts, thereby assuring water supplies. The associated heavy rains also raise 
the soil-moisture content, sustain crops and natural vegetation, raise groundwater levels 
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and generate river flow. Without these widespread rainfall events South Africa would 
be a desert. Assume (for the sake of argument) that climate change increased the 
frequency of these events by 10%. This would have resulted in an additional 12 
potentially damaging events in the Class 3 to 5 categories, but an additional 600 
beneficial high rainfall events.  

10.2. Ranked countrywide heavy rainfall events 
The severity of widespread rainfall can be determined either by using the rainfall 
(measured in millimetres) or on a probability basis where the rainfall is expressed in 
terms of the return period which in turn is based on the standard deviations above the 
mean value. The first method is an indicator of the magnitude of the resulting flood but 
gives no information on the severity relative to rainfalls usually experienced in the 
district. The second method is a useful indicator of the relative severity of the rainfall in 
the district. For example 100 mm in the Karoo may have a greater relative severity than 
200 mm falling in KwaZulu-Natal. 
If the probability basis is used, the relative severity is the same for all regions 
irrespective of the mean annual rainfall. 
Using these two criteria, the eight most severe, widespread rainfall events that have 
occurred in South Africa from 1921 to 1999 (i.e. excluding the February 2000 floods), 
are shown in Table 17.   
 

Table 17  Eight most severe widespread 
rainfall events experienced over South Africa 

1921 – 1999 

Rank Rainfall basis Probability basis 

 Date Mm Date Deviations 

1 Mar 25 211 Mar 25 1,94 

2 Jan 74 149 Jan 74 1,28 

3 Feb 39 148 Feb 88 1,20 

4 Feb 88 145 Jan 76 1,00 

5 Jan 23 138 Feb 39 0,91 

6 Jan 76 136 Jan 34 0,84 

7 Feb 55 132 Feb 55 0,79 

8 Jan 58 130 Jan 23 0,77 

 
The rainfall depths in the third column are approximate estimates of the average rainfall 
over the whole of South Africa for the month (actually the average of the district 
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rainfalls for all districts for which data were available). The same applies to the 
standard deviations from the mean given in the last column. A value of 1,94 standard 
deviations from the mean implies that the average severity of the rainfall in all districts 
was 1:50 years with many districts experiencing rainfall with probabilities well in 
excess of this. The district rainfalls and associated probabilities were reproduced in two 
catalogues of maps to facilitate interpretation. 

The March 1925 rainfall was clearly far more severe than the rainfall that has occurred 
in the past. There is no doubt that if the 1925 rainfall is repeated in future the 
countrywide loss of life and damage to property and communications will be 
catastrophic. This will have nothing to do with climate change. 
Another feature illustrated in the table above is the narrow range of countrywide 
average rainfall in the remaining nine largest rainfall events. 
These results of district rainfall analyses confirm that despite the increase in rainfall 
over South Africa, there was no progressive increase in severe flood-producing 
rainfall maxima over South Africa as a whole during the past 80 years at least. 

10.3. Simple analytical procedures 
Note that the values in Tables 17 and 18 above were obtained by simple counting 
procedures. There were no models, no mathematics and no measurement calibration 
errors. We identified the weather systems that caused these events as well as the 
resulting damage, if any. I would not dare use this data on its own to derive the 
properties of the climate over South Africa, let alone the rest of the globe. So you can 
imagine the cynicism of practitioners and researchers in the hard sciences to the IPCC 
claims based on isolated proxy data, hockey stick prediction graphs, and mathematical 
models that are inherently incapable of reproducing the rainfall characteristics 
described in this chapter. 
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PART 5: CONCLUSIONS 

11. Principal conclusions 
The information in this technical report in general, and this chapter in particular, 
summarises the conclusions of my direct professional studies from 1970 to date. These 
are recorded in handbooks, scientific papers, publications, technical reports, 
presentations at conferences and symposia, and short courses presented to practitioners. 
Specifically they refer to my studies of the SAWS district rainfall database including 
many computer programs and nearly two thousand coloured maps of South Africa 
showing monthly rainfall in millimetres and probabilities, that I have produced during 
the past 15 years. In particular, this chapter rests heavily on joint studies by my 
colleague Professor Johan van Heerden, who occupied the chair of meteorology at the 
University, and I on a number of occasions, as well as our enthusiastic research 
assistants. 
The following conclusions are my responsibility alone, based on all the above 
experience, studies and research. 

1. There was a sustained increase of approximately 9% in the rainfall over South 
Africa as a whole during the past century. 

2. The increase was the result of an increase in beneficial, widespread rainfall 
events. 

3. There is an as yet unproven causal linkage between this increase in rainfall and 
a corresponding increase in solar activity. I believe that such a linkage will be 
established within the next decade. 

4. No reliance can be placed on the results of direct statistical analysis methods for 
reasons that will be explained in a later chapter. 

5. There is no evidence of a consistent decrease in rainfall within any identifiable 
climate region in South Africa that can be attributed to global warming from 
any cause. Nor is it likely that such a decrease will occur within the foreseeable 
future.    

6. No reliance can be placed on global climate models that have not been 
developed, calibrated and verified using a database with the same time and 
space scales as those of the intended application. 

7. From the above it follows that conclusions based on studies of any natural 
environmental processes, which lead to the conclusion that there has been a 
sustained decrease in rainfall, or a change in its statistical properties, have 
no foundation unless the complex properties of rainfall itself are 
accommodated in the analyses.  
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1. Quick summary 
The previous chapters of this report were necessarily rather technical. This chapter has 
a somewhat different approach as its purpose is to present the material in a format that 
will facilitate multidisciplinary studies involving the linkage between climatic 
processes and hydrological responses. Linkages with limnological processes are also 
discussed briefly. 

Differences between southern hemisphere, low-latitude South African hydrology and 
northern hemisphere, high latitude hydrology where most climate-related research 
originates, are also emphasised, as is the role of solar radiation. 

Climate change science rests very heavily on global climate models. These may 
be acceptable in the field of climatology but are hopelessly inadequate when used 
to describe the properties of river flow and other hydrological characteristics.    

It must be borne in mind that increasing emphasis in the international climate change 
policies, is that countries will have to institute adaptation procedures to accommodate 
the postulated effects of climate change. Adaptation procedures in turn require an 
advanced knowledge of the numerical properties of annual sequences of the 
hydrometeorological processes. This information will not be found in the official 
publications of international or South African bodies. 

I provide information in this and other chapters of this report that meets these 
requirements.  

2. Purpose 
Once more, please keep two major issues firmly in mind while reading this chapter. 
The first is the complexity of the processes, particularly their non-uniformity and 
abruptness of changes in space and time. The second is the impossibility of describing 
these processes and their interrelationships in any mathematical process model, 
however complex, bearing in mind that these models have to be continuous in space 
and time. If engineering hydrologists have been unable to develop universal, 
mathematical process models for simple rainfall-runoff processes after more than 50 
years of concentrated, international efforts, what reliability can be placed on global 
climate models that are purported to be able to predict long term changes in the 
infinitely more complex climatic systems?        

Note also that it is the redistribution of energy in its various forms that drives the 
hydroclimatic processes – not temperature. 

 



 Climate and river flow   147 

 
 

3. Introduction 
In the high rainfall areas characteristic of most of the northern high latitude land-
masses of North America and Europe, between 25% and 75% of the mean annual 
precipitation enters the river systems, either directly as surface runoff or indirectly 
through sub-surface flows. The greater the contribution of groundwater flow, the 
greater the short-term stability of river flow. While melting snow may cause rapid 
increases in river discharge, in the long term the greater the proportion of precipitation 
that occurs as snow, the less the year-to-year variability of river flow.  
In the semi-arid to arid areas characteristic of low latitude southern hemisphere land 
masses, the proportion of the average annual precipitation that is converted to river 
flow varies from less than 25% in the high rainfall areas to zero in the arid deserts. 
The sub-continental averages are less than 10%. Precipitation events are less frequent, 
and the reduced cloud cover plus higher intensity of solar radiation at the low latitudes 
combine to exhaust the soil moisture between precipitation events. Subsequent 
precipitation has to satisfy the soil moisture deficit before surface runoff takes place. 
For the same reason sub-surface flow is reduced, contributes less to river flow, and 
plays little or no role in providing short-term flow stability other than the small and 
often saline seepage flows. Consequently, storage reservoirs in the drier southern 
continental regions have to be proportionally much larger than those on rivers in the 
high rainfall areas of the northern hemisphere, with their more stable flows.  
In a particular river system, as the demand increases, reservoirs with greater storage 
capacities are required. Water levels in these reservoirs fluctuate within increasingly 
wide ranges. Periods between subsequent fillings increase, with typical periods 
between five and ten years in semi-arid regions. Flow regimes downstream of these 
reservoirs are radically altered and, except for occasional floods, may become entirely 
dependent on the operating criteria of the reservoirs. The changing flow regimes and 
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creation of numerous artificial impoundments in areas generally devoid of natural 
lakes are clearly of great interest to limnologists. However, there is a dearth of papers 
in the scientific journals that cover the broader issues at the interfaces between 
climatology, limnology, hydrology, and water resource development and 
management.  

4. The international scene 
Fig. 2 shows the mean annual precipitation (MAP), mean annual run off (MAR) 
relationship for Australia, South Africa, New Zealand and 11 high latitude northern 
hemisphere countries. Canada, Australia and South Africa all have a mean annual 
precipitation of about 500 mm, but there is a large difference in the percentage of this 
precipitation that is converted to river flow, (Canada 65,7%, Australia 9,8%, South 
Africa 8,6%). The international information was compiled from material published by 
the United Nations.  
 

 
 

Figure 2. Relationship between mean annual runoff and mean annual precipitation for selected 
representative countries in the northern and southern hemispheres (named) as well as for major 

river basins in southern Africa (open circles). 
Fig. 3 shows the distribution of the MAR in mm on a basin scale in South Africa. The 
precipitation-runoff relationship for South African river basins in this figure are also 
shown in Fig. 2 (open circles), illustrating a wide range about the mean for this 
country. The highest river basin precipitation is 979 mm, but the runoff is only 
172 mm, or 17,6% of the precipitation.  
The whole of Italy on the other hand has 61,5% runoff for the same average 
precipitation. The precipitation-runoff relationship is scale dependent, and the 
relationship for secondary and tertiary river catchments covers an even wider range. 
The secondary catchment with the highest average rainfall in South Africa has an area 
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of 745 km2 and MAP of 1470 mm, yet even in this case only 55,3% of the rainfall 
reaches the river channels. There are secondary run off catchments in the sandy, arid 
regions that have zero runoff. 
  

 
 

Figure 3. Geographical distribution of the mean annual runoff for the primary drainage regions 
of South Africa expressed as the average depth in mm over the area of the region. 

5. The hydrological cycle  
Conventionally, the hydrological cycle begins with the evaporation of water from the 
oceans and the transport of this moisture through the atmosphere to the adjacent land 
where precipitation occurs. Some of the water falling on the land surface infiltrates 
into the ground while the rest constitutes surface runoff, which is routed through the 
natural drainage systems. Subsequently, a portion of the water, which infiltrated into 
the soil is removed by direct evaporation from the soil surface or by transpiration 
from vegetation. The rest moves on through the groundwater system to reappear on 
the surface as springs or directly into river channels. Eventually, all the water 
precipitated on the land is either returned to the oceans or to the atmosphere, thus 
completing the cycle.  
This gross over-simplification of the hydrological cycle draws attention away from 
the all-important processes that govern the rate of transfer of water from one 
component of the cycle to the next. The time and space distributions of rainfall result 
from the interaction between meteorological systems, the topography of the land, and 
surface heating of the land by solar radiation. The statistical properties of river flow 
are directly related to intensity and time and space distribution of the rainfall. The 
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relationship between reservoir capacity, reservoir yield, and the assurance of this yield 
depend on the statistical properties of the river flow at the site, and gross evaporation 
losses from the surface area of the stored water, less rain falling directly on this area.   
The concept of the hydrological cycle also masks scale effects in time and space. 
Turbulence is present in practically every case where the movement of air or water 
takes place, from molecular scale through to  giant gyres in the ocean. This in turn 
introduces instability and consequently unpredictability in time. Heterogeneity in 
space has frustrated the attempts of researchers to transfer rainfall-runoff model 
parameters from the laboratory to the field, or from experimental catchments to the 
real world. This unpredictability of major components of hydrological processes in 
both time and space has been the rock on which much research based on the 
deterministic or 'cause-effect'  approach in hydrology has foundered. (Global climate 
modellers beware!). In these situations responses have to be described in probabilistic 
terms rather than as a single, most likely result.  
The emphasis in this chapter is on the hydrological processes rather than on the 
components of the hydrological cycle. These include:  
 Forces that drive hydrological systems.  
 Factors that control the precipitation processes.  
 Latitudinal effects (mainly related to the solar energy input).  
 Longitudinal effects (mainly related to aridity and topography).  
 Potential evaporation.  
 The stochastic nature of meteorological and hydrological processes.  
 Numerical description of the hydrological processes that control tne rainfall-runoff 

relationship.  
 Statistical properties of river flow.  
 Hydro-climatic regions of southern Africa.  
 The physical responses of rivers and reservoirs to utilization.  
 Factors that control the production and transport of fluvial sediment and dissolved 

constituents.  

6. Forces that drive hydrological systems  
The dominant sources of energy that drive the hydrological systems are solar energy 
and gravity. Solar radiation is converted to sensible heat when the temperature of the 
receiving body - land or water - rises. Some of this energy is transferred to the 
adjacent air as sensible heat. Part of the incoming energy is absorbed when liquid 
water is converted to the gaseous phase during evaporation from free water surfaces, 
vegetation, or the soil. This energy is the latent heat of vapourisation. Still more 
energy is absorbed when water passes from the liquid to the solid phase - the latent 
heat of freezing.  
The moisture carrying capacity of air is dependent on its temperature. Warm air has a 
significantly greater moisture carrying capacity than cold air, consequently air masses 
originating over the oceans in the tropics will have much higher moisture contents 
than air from the oceans nearer the poles.  
There are several mechanisms that subsequently cause these air masses to rise and 
therefore to expand, cool, shed part of their moisture, and so give rise to precipitation. 
During this process the latent heat contained in the moisture is released to the local 
atmosphere, but the water that reaches the land surface still has potential energy due 
to its elevation above sea level and the force of gravity. This potential energy is the 
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source of energy that governs the subsequent movement of water in rivers and through 
the soil and rock formations. Capillary forces play a role in the micro scale 
hydrological processes, particularly during evaporation from vegetation and soil.  
While the forces that govern the hydrological cycle are universal, the responses vary 
greatly with time and space scales. On a global scale the long-term balance is 
maintained when the incoming solar radiation is returned to space as long wave 
radiation. Ocean currents moving away from the equator are in balance with currents 
moving towards the equator. Air movements on the surface of the globe are in balance 
with movements in opposing directions in the upper atmosphere. Water removed from 
the oceans by evaporation is returned by precipitation and river flow.  
The whole system is in equilibrium, but at any one point at any one time there will be 
deviations from the global equilibrium condition. It is these deviations that are 
important when comparing the hydrology of the low latitude southern continental 
areas with that of the higher latitude northern areas.  

7. Factors that control the precipitation process  
The factors that determine the uptake of moisture into a moving air mass are 
principally governed by its origin and the path over which it moves; the temperature 
and moisture content of the surface over which it moves; and the solar energy input at 
the interface between the air and this surface. The maximum moisture content is a 
function of the temperature of the air.  
Air temperatures and pressures decrease with altitude although local temperature 
inversions may occur. When a moisture-laden air mass is forced to rise and therefore 
to expand and cool, and the saturation temperature is reached in the presence of 
condensation nuclei, condensation takes place and clouds form. Under favourable 
conditions water droplets will coalesce, and when large enough to overcome the 
natural turbulence in the cloud they will fall to the earth as rain. When condensation 
takes place at sub-zero temperatures hail, sleet or snow may result.  
The principal factors that control the volume of precipitation are the amount of 
precipitable moisture in the air mass at that time, the rate of influx of this air over the 
river basin, the presence of condensation nuclei, and the efficiency of the mechanisms 
that cause this air to cool in the presence of the nuclei.  
Lifting (and therefore cooling) mechanisms include: 
 Topographic features in the path of incoming moist air which cause the air to rise 

and cool (orographic lifting).  
 Solar heating of the ground surface warms the air close to the ground and causes 

pockets of warm air to rise through the overlying cooler air. Vertical, turbulent air 
streams develop in this unstable environment (convectional lifting).  

 A number of different processes can cause air masses to converge, accumulate, 
and then rise when their forward movement is constrained. Because air masses of 
different temperature and moisture content do not mix readily, opposing streams 
of air will cause the warmer air to rise over the colder air (convergence lifting).  

 Cyclones are low pressure areas where divergence is taking place in the upper 
layers drawing air in at lower levels and so causing it to rise and flow outwards at 
higher levels (cyclonic lifting).  

Hydrological processes are particularly sensitive to the relationship between the 
depth, area and duration components of precipitation, which in turn are a function of 
these cooling mechanisms.  
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7.1. Orographic precipitation  
Orographic precipitation occurs when winds force air up a mountain or escarpment 
slope. The rate of precipitation (precipitation intensity) will depend on the vertical 
wind velocity, which in turn is a function of the steepness of the slope relative to the 
wind direction, and the horizontal velocity of the prevailing wind. Precipitation is 
usually heaviest at the level of the cloud base, and where this is below the summit the 
intensity may decrease with increase in elevation above the cloud base. Over the lee 
slopes the air is drier and hotter than the air at the same altitude over the windward 
slopes. This warm, dry rain-shadow area is due both to the loss of precipitable 
moisture and consequent gain in latent heat on the windward slopes, as well as the 
decrease in relative humidity as it warms up on descending the lee slopes.  
Orographic lifting can also take place when the velocity of on-shore winds is 
decreased by frictional drag when they flow over the coast. Often orographic lifting 
may trigger off convective or cyclonic precipitation in unstable air conditions.  
Orographic precipitation is the major source of rainfall along the southern and eastern 
escarpments and mountain ranges in the low latitude southern continental areas, and 
along the western slopes of the southern extremity of South America which projects 
into the path of the prevailing westerlies. Generally, the intensity of orographic 
precipitation is low but it continues for as long as the wind direction is sustained. 
Typically, orographic precipitation will therefore be of low intensity but long duration 
(often several days), and over an area that is controlled by the local topography and 
therefore predictable in its location and extent.  

7.2. Convective precipitation  
The earth's atmosphere is largely unaffected by most solar radiation which passes 
through it and is absorbed by and warms the earth's surface. However, the long wave 
radiation from the heated surface as well as contact with this surface warms up the 
lower air layers. This warm air expands and becomes more buoyant than the overlying 
air. Under these unstable conditions, pockets of warm air break through the cooler air 
blanket above them and create a pathway for more warm air to follow in their wakes. 
As these pockets of warm air rise they expand and cool. The cooling progessively 
reduces the air's capacity to carry moisture until saturation point is reached.  
Further cooling causes condensation to take place and clouds are formed above this 
cloud condensation level. Latent heat is released increasing the buoyancy of the air 
pockets relative to the air environment through which they rise. Total energy 
conversion in a typical storm will be greater than that released by several nuclear 
explosions. Vertical velocities can be as high as 30 metres per second (two kilometres 
per minute!)  
Once started, convective storms are self-sustaining as they sweep up the warm moist 
air in their paths and deposit precipitation behind them. Occasionally two storm 
systems will merge and cause extremely severe rain. Fortunately these violent systems 
soon exhaust the local moisture-laden air and they are therefore only short lived 
phenomena.  
The characteristics of convective precipitation are therefore almost the opposite of 
that of orographic precipitation. It is far more intense but only of short duration 
(measured in minutes whereas orographic precipitation may last for days). In 
convective precipitation there are very abrupt changes in intensity in both time and 
space whereas orographic precipitation is almost uniform over long time spans. Storm 
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movement is characteristic of convective precipitation whereas orographic 
precipitation is fixed in space.  

7.3. Cyclonic precipitation  
Unequal heating of the earth between the equator and the poles, and the rotation of the 
earth are the driving forces of the major air masses of the earth. In the southern 
hemisphere moist air masses generated in the equatorial region rise, move southwards, 
and sink. When a mass of air sinks it slowly develops into an anti-clockwise rotating 
body of outward flowing air (anti-cyclone) on the earth's surface which is termed a 
high pressure cell. These cells may be a thousand kilometres in diameter or more. 
Low pressure cells are similarly areas of clockwise, inwardly flowing, ascending air. 
Other high and low pressure systems are generated in the southern polar regions, and 
are driven from west to east by the dominant westerly winds to the south of the 
African and Australian continents.  
High pressure cells moving round the coast from the west towards the north-east of 
southern Africa gather moisture from the warm Agulhas and Mozambique currents. 
When a low pressure area develops over the interior, the high pressure cells generate 
southerly and south-easterly winds which cause orographic rain along the escarpment 
and may promote convergence and uplifting of south flowing equatorial air over the 
interior. This weather situation lasts a few days as the system proceeds eastwards and 
the low pressure area over the interior dissipates or moves out of the continental area.  
Occasionally a deep, low pressure area may develop over the sub- continent flanked 
by high pressure areas over the oceans to the east and west. Warm, moist, equatorial 
air from the Indian ocean is drawn in from the north and north west, it converges over 
South Africa and gives rise to extensive rains over a wide area. The low pressure area 
oscillates in its position as high pressure systems move from west to east to the south 
of the continent. The system may persist for a fortnight or more. This is the major 
flood-producing situation for large catchments in the interior.  
Tropical cyclones (called hurricanes or typhoons in the northern hemisphere) differ 
from the extra-tropical, low pressure cells in that they are far more intense but much 
smaller in diameter. They move slowly through an air mass of uniform temperature 
rather than between air masses of different temperatures. They are generated in the 
hot air masses over the ocean and their principal driving force is the same as that of 
convective thunderstorms. However the influx of fresh supplies of moist air is not 
limiting as it is in the case of convective storms over the interior, and the system is 
self-sustaining for as long as it moves through an area which has a large mass of 
warm, moist air to feed it. For this reason tropical cyclones quickly subside when 
moving over land. Fortunately, these cyclones only rarely reach South Africa, and 
then only in their dying stages, although even then they are capable of producing large 
volumes of high intensity rainfall.  

7.4. Frontal precipitation  
A front is a zone of discontinuity between converging but dissimilar air masses. 
Pronounced gradients in temperature, pressure, wind and moisture content therefore 
occur across a front. A cold front is the result of cold air displacing warmer air. The 
interface is a steep wedge having a backward slope of between 1:25 to 1:100, and a 
forward movement of about 30 kilometres per hour. Cold fronts move faster in winter 
than in summer. The steepness of the front and speed of its advance together produce 
an abrupt lifting of the warm air, and if this air is unstable with a high moisture 
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content, violent storms with high intensities but short durations can result. A squall 
line consisting of an unbroken line of thunderstorms can occur when winds above a 
cold front moving in the same direction as the front's advance prevent the lifting of the 
warm air mass. In this case the squall line is usually 150 to 250 km ahead of the front 
itself.  
A warm front is formed where a warm air mass displaces colder air. Ground friction 
drags the bottom edge of the retreating cold air into a thin wedge with a slope of 
between 1:100 to 1:400. The forward speed of a warm front is about 20 kilometres per 
hour or less. The flatter slopes of the front and slower movement produce less violent 
changes and consequently less intense but longer duration precipitation than that 
associated with a cold front.  
Whereas cold fronts have a steep backward slope relative to their advance, warm 
fronts have a flat forward slope. Typical cloud sequences may develop 1 000 
kilometres ahead of the front and some 48 hours in advance of its arrival at ground 
level. Precipitation intensity will depend on the moisture content and temperature 
stability of the warm air. Where the warm air is stable, precipitation will be light at 
first, then moderate and fairly prolonged. If the warm air is unstable, more violent 
weather is experienced as ascending currents create thunderstorms ahead of the front. 
Heavy downpours are interspersed with lighter showers.  
Not all fronts produce rain. For example a warm air mass moving over cool ground is 
thermodynamically stable in that the lower layers are cooled by contact with the 
surface and tend to remain there and not generate vertical turbulence as would happen 
if a cold air mass moved over ground warmer than itself.  
When the forward movement of a front is slow, the rain is usually prolonged but less 
intense than would be caused by a rapidly moving front. Generally there is an inverse 
relationship between intensity and duration of precipitation associated with the 
passage of frontal systems over an area. These vary from intense but short duration 
precipitation when a cold front passes through an area of warm, moist, unstable air, to 
long duration but only moderate intensity precipitation associated with a warm front 
moving through local stable air.  

8. Latitudinal effects  
Most hydrological, limnological and climatological research as well as the 
development of analytical methods has been undertaken in Europe and North 
America, between latitudes 400 N and 600 N, whereas in the southern hemisphere the 
major application of these disciplines is between latitudes 150 S to 350 S. (See Fig. 1 
above.)  
There are some major differences in the hydrology of these two zones. These have to 
be appreciated when applying the results of research or analytical procedures 
developed in the high latitude zones of the northern hemisphere, to low latitude 
southern hemisphere areas.  
The solar energy input per unit area of the earth's surface is a function of the latitude 
and season. It is modified by the earth's atmosphere, particularly by clouds which 
reflect much of the incoming radiation back into space. At 300 latitude the average 
elevation of the midday sun above the horizon is 77% of that at the equator, while at 
500 latitude it is only 51% of the equatorial average. This means that the average 
incoming solar radiation at 300 south latitude is 50% greater than that at 500 north 
latitude where most of the research is conducted.  



 Climate and river flow   155 

Average annual temperatures decrease with increase in latitude as well as with 
altitude above sea level. The most pronounced consequence of the combination of 
latitude and altitude arises when temperatures drop below freezing. Precipitation is 
then in the form of snow and is only released to the rivers when the snow melts. 
Those rivers where winter snows provide an appreciable amount of their annual 
runoff are characterised by prolonged early summer base flows. Where year-round 
sub-zero temperatures prevail all flow is in solid form (glaciers).  
The basic consequence of increasing latitude on river flow is the increasing seasonal 
effect from minimal effect at the equator through to zero winter flow at high 
latitude/altitude, and ultimately to zero liquid flow where year-round sub-zero 
temperatures prevail.  
The above general picture is considerably modified by the ratio of land to ocean 
surface area, which is much higher in the northern hemisphere. (See Fig. 1 above.)  
Another modifying influence is the latitudinal redistribution of energy through 
atmospheric processes. While most of the moisture evaporated into the atmosphere in 
the tropics is precipitated near its source, there is a net outward flow to higher 
latitudes where the precipitation processes release the latent heat to the local 
atmosphere.  
Ocean currents are driven by a combination of atmospheric circulation and the 
Coriolus forces produced by differences in the rotational velocity of the surface of the 
earth, which is high at the equator and zero at the poles. In the equatorial regions the 
water is heated by incoming solar radiation and this energy is released to the 
atmosphere as sensible heat as the ocean currents move away from the equator.  
The cycle is maintained by cold currents moving towards the equator. These also 
modify the local weather but the net movement of heat energy is away from the 
equator. In this way the incoming solar energy is redistributed from the tropics to 
lower latitudes via the transport of sensible heat in the ocean and atmospheric 
currents, and latent heat contained in water vapour in the atmosphere.  
The system is in balance at about 350 latitude, but this is modified in a longitudinal 
direction by the effects of the continental land masses.  
In the southern hemisphere, the belt of dominant westerlies in the high latitudes 
migrates northward during the winter months creating winter rainfall conditions in the 
southern areas of the African, Australian and South American continents. There are 
transition areas between the predominantly summer and winter rainfall areas.  
Winter rainfall is characteristically different from summer rainfall in that it is derived 
mainly from the passage of frontal systems. Topography and density differences 
between the air masses are the major lifting mechanisms which cause precipitation to 
occur. The resulting river flow is less variable than that from convectional 
meteorological systems that dominate the summer rainfall areas in low latitudes.  

9. Longitudinal effects  
Because of the high ocean/land mass ratio in the southern hemisphere, ocean currents 
play a much greater role in the hydrology of the three southern continental areas than 
the continental areas of the same latitude to the north of the equator.  
South America, southern Africa and Australia all have southward moving warm 
currents on their east coasts, and northward moving cold currents on their west coasts. 
The major result of the combination of these currents and the inter-acting atmospheric 
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movement is the creation of steep climatic gradients from the high rainfall/low 
potential evaporation conditions along the east-facing escarpments and mountains, to 
the low rainfall/high potential evaporation conditions to the west. This position is 
reversed in the southern extremity of South America, which is in the path of the 
westerlies.  
The highest rainfall areas although relatively small, have annual rainfalls in the range 
2 000 to 3 000 mm and are the principal source areas of the major continental rivers. 
The rainfall is mainly of orographic origin and is consequently fixed in space and less 
variable from year to year.  
The featureless continental interiors are deprived of rainfall from the prevailing 
moisture-laden winds by intervening escarpments or mountains and have to rely on 
the lower precipitation-producing convergence or convective mechanisms for most of 
their runoff-producing rainfall.  
The rainfall, and consequently the river flow, is sporadic and highly variable in both 
space and time. The annual rainfall in areas still further from the eastern and southern 
coasts and outside the influence of southward moving moist air from the tropical areas 
to the north, consists almost entirely of infrequent, local, small area convective 
storms.  
Characteristically therefore, rainfall along the eastern and southern seaboards of the 
southern continents is mainly of maritime origin, with frontal systems being the main 
precipitation controlling mechanisms.  
Further to the north-east the coastal areas become increasingly under the influence of 
tropical cyclones with their sporadic injections of heavy precipitation events. 
Convective rainfall will occur fairly frequently, as well as high intensity rainfall from 
the occasional cut-off low-pressure systems. These coastal areas have the greatest 
variety of rainfall producing meteorological phenomena.  
Except in the winter or year-round rainfall areas, the continental interiors will 
generally receive their rainfall from convergence systems and convective storms only. 
The influence of convergence systems decreases in a westward direction leaving small 
convective storms as the major source of rainfall. Characteristically, the rainfall in the 
southern continental interiors decreases progressively in both depth and reliability in a 
westerly direction.  

10. Potential evaporation  
The combination of low latitude and consequently high solar radiation input, plus low 
cloud cover associated with decrease in rainfall and consequently less reflectance of 
this radiation, jointly produce high temperatures and dry air. These then result in 
rapidly escalating evaporation potential in the interiors of the southern continents.  
Potential evaporation plays a limited role in the hydrological processes of the high 
rainfall areas, but dominates these processes in the semi-arid to arid areas of the 
southern low latitudes. In areas of moderate intensity but high rainfall depths, and low 
potential evaporation, water passes through the soil profile and groundwater system 
and into the local streams and rivers at a relatively steady rate, and is a major 
contributor to river flow.  
In areas of low, sporadic rainfall, an increasingly large proportion of the soil moisture 
is returned to the atmosphere via direct evaporation or transpiration from vegetation in 
the intervals between rainfall events. Subsequent rain falls on dry soil which inhibits 
surface runoff, while little of the water that enters the soil profile ever reaches the 
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groundwater system. Exceptions are the isolated heavy showers where the rainfall 
intensity exceeds the infiltration capacity of the soil, and the excess rainfall becomes 
surface runoff. These events become increasingly sporadic with increase in aridity.  
Increasing evaporation therefore not only reduces the percentage of the already low 
rainfall that reaches the river systems but also amplifies the sporadic nature of the 
rainfall, with fewer and fewer rainfall events contributing to runoff.  
The relationship between precipitation and potential open-water surface (Simons Pan) 
evaporation over southern Africa is illustrated in Fig. 4. Except for a small area on the 
south-east coast, the areas where the precipitation exceeds the potential evaporation 
are confined to the south-west, southern and eastern escarpments. Over the interior, 
potential evaporation exceeds the precipitation by a factor which varies from two in 
the east to twenty-five in the north-west.       

 
Figure 4. Potential open water surface (Symons pan) mean annual evaporation expressed as a 

multiple of the mean annual precipitation. 

11. Stochastic nature of hydrometeorological processes  
Most meteorological processes are initiated by the development of instability in the 
atmosphere. Once initiated the processes are self-sustaining in the growth stage but 
gradually become self-limiting as they mature. Thereafter the systems decay, stable 
conditions develop, followed by a period of growing instability and the processes are 
repeated.  
The initiation of these processes in time and space is unpredictable. Once initiated, the 
subsequent intensity, duration and movement can be determined, although only within 
fairly wide accuracy limits, and only for a period of several days at most.  
For example, clear skies over the ocean will result in a high rate of solar energy 
conversion through heating the surface water and increasing the rate of evaporation. 
Clouds will form within the rising columns of moist air and will reflect much of the 
incoming radiation, thereby suppressing surface heating and evaporation and 
eventually terminating the process.  
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The global transport of atmospheric moisture is therefore not a uniform, constant 
process but semi-randomly located process in space and intermittent in time.  
A similar set of factors is at work in most of the situations that cause the precipitation 
of moisture to take place through a cycle of unstable, self-sustaining mechanisms 
which give way to self-limiting mechanisms and the eventual decay of the system.  
River flow in humid areas is relatively stable due to the more uniform distribution of 
rainfall in time and space and the carry-over effect of the large contributions to the 
flow that move through the groundwater system.  
In the drier areas of the low latitude southern continental regions, rainfall is more 
sporadic in time and space, and the relative contribution of sub-surface flow is much 
smaller. River flow under these conditions is much more variable. The percentage 
area where perennial streams occur in these regions is much smaller than in the higher 
northern latitudes. Vegetation cover in semi-arid areas may vary depending on the 
adequacy of the rainfall in that season, and will also influence subsequent runoff.  
The transport of sediment is not a continuous process. It depends not only on surface 
runoff, but also on which of a number of factors is limiting at a particular time. These 
vary from event to event and from year to year.  
Soluble degradation products in arid areas are not taken into solution and removed 
from the area in a continuous process but may go through several cycles of vertical 
movement following infiltration of rainfall into the soil profile and subsequent 
evaporation.  
While every hydrological effect has a physical cause, these are largely unquantifiable 
in the time and space scales of interest to hydrologists, and are best described 
numerically as stochastic process i.e. time dependent processes which have both 
probabilistic as well as deterministic components.   

12. Numerical description of rainfall-runoff relationship  
There are three routes that can be followed when describing hydrological processes in 
numerical terms. These are the development of deterministic (cause-effect), 
conceptual and stochastic models. 

12.1. Deterministic models  
The obvious and most useful route would be to isolate the various components which 
influence the rainfall-runoff relationship (e.g. soils, vegetation, topography) and the 
processes (e.g. soil moisture movement, groundwater flow, surface flow and ponding, 
evaporation and transpiration); quantify them numerically and incorporate them in a 
single, deterministic (i.e. cause-effect) model that would be unique to the river basin 
being studied. Because of the major influence of antecedent conditions, particularly in 
lower rainfall areas, such a model would have to be continuous in time as opposed to 
an event model. In other words it would have to account for the movement of all 
water in the system during precipitation events as well as during the intervals between 
these events.  
Several decades of intense research on experimental and representative catchments on 
an international scale, have been singularly unsuccessful in producing workable 
deterministic models based on field or laboratory measurements of the components 
and fluxes. The one possible exception is the pioneering work by forestry hydrologists 
in South Africa on the hydrological effects when substituting commercial forests of 
evergreen trees for deciduous grassland, which is an extreme change in vegetal cover.  
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It is particularly important that developers of global climate models should 
appreciate the near impossibility of describing climatic processes numerically 
with any semblance of numerical realism. 

12.2. Conceptual models  
Conceptual models are those where the principal processes are included as conceptual 
components but the numerical values attached to them are derived by calibration and 
not by direct measurement. The major driving variable is monthly precipitation data. 
Gross monthly evaporation is the second most important driving variable and may be 
in the form of monthly data or mean monthly values. The single response variable is 
river flow. Model calibration parameters usually vary from as few as six to as many as 
thirty or more.  
Because these models rely on calibration it is vitally important that the calibration 
values be verified by using data sets not used in the calibration. The usefulness of this 
type of model will depend on the degree to which it can be applied to river basins 
other than those used for calibration and verification.   
The major drawback of this type of model is that its parameter values are obtained by 
fitting procedures. This means that the model will perform best under average 
conditions and will be least representative at the hydrological extremes – droughts and 
floods - which are often the areas of particular interest in applied hydrology.  

12.3. Stochastic models  
Unlike deterministic and conceptual models, the output of stochastic models is not a 
single unique value but a most probable value, together with an expression indicating 
the range within which the output will most likely lie.  
Researchers have been particularly reluctant in describing the results of their research 
in probabilistic terms. To a lesser extent, practising hydrologists have avoided using 
stochastic models to solve hydrological problems. In both cases the reason for the 
reluctance is mostly due to what they perceive to be the vagueness of the output.  
Researchers prefer to have a single value for a response variable against which they 
can test their experiments and support their conclusions. An engineer designing a dam 
spillway requires a single design flood value and not a range of probable values. What 
is not generally appreciated is that hydrological processes can be described with 
greater precision in probabilistic terms than they can by using conventional algebraic 
functions plus the inevitable 'error' or 'goodness of fit' parameters.  
Another distinct advantage of stochastic models is that the parameter values used in 
describing the statistical properties of river flow are directly related to reservoir 
performance criteria used by water resource planners and operators.  
These parameter values are also very useful when comparing the hydrological 
characteristics of river flow in different climatic regions – which is the purpose of this 
chapter.  

12.4. Relevance to climate change modelling 
The ideal, general numerical model for predicting future conditions is one that is 
based on observed historical data and is capable of predicting future conditions in 
areas other than those used for the development of the model. Another observation is 
that it is a simple arithmetic exercise to amalgamate data but it is far more difficult to 
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disaggregate data simultaneously from large to small areas and coarse to fine time 
scales.  

During the 1950s to 1970s there was considerable international debate concerning the 
most appropriate models for hydrological applications. The initial emphasis was on 
the development of process models. By 1970 there were some 600 experimental 
catchments worldwide. These included the well known Ntambamhlope-de Hoek 
catchment in the KwaZulu-Natal midlands operated by the Department of Civil 
Engineering of the then University of Natal, and several catchments operated by the 
Department of Forestry at Jonkershoek and Cathedral Peak. Other than the forestry 
catchments, the results of the catchment research were disappointing. Today, there are 
no catchment process models generally in use in South Africa, or as far as I know 
elsewhere in the world. 

Following on this failure, the next step was to develop conceptual models. South 
African engineering hydrologists under Prof. D.C. Midgley, the doyen of South 
African hydrologists at the University of the Witwatersrand, were world leaders in 
this field. These models were severely criticised by non-engineering scientists as 
being unrealistic models of the processes. What they failed to realise was that the 
processes were conceptualised by amalgamating the various properties. These models 
were in general use for several decades. 

One thing that has become available since the development of these models is the 
wealth of hydrometeorological data. This has led to the development of stochastic 
models that require no knowledge of the processes themselves. This permits a 
complete reversal in the analytical process, by working backwards from the 
consequences to the causes. My work described in my two recently published 
papers and in this report is at the forefront of this approach. Further details are 
described in this report.   
From this information it follows that it will never be possible to develop process 
based, global climate models for multiyear climate-related predictions, at scales 
required for practical applications. As I write these notes global climate modellers 
face the wrath of a growing number of scientists and high-level political organisations 
for their reluctance to provide details of their models and the data used to develop, 
calibrate and verify them. This is in sharp contrast to the scientific philosophy used by 
hydrological modellers during the past 50 years. It has always been standard 
hydrological practice to freely exchange views, data and theory. This is very 
important for those who develop global climate models.    

13. Statistical properties of river flow  
The basic statistical properties of river flow that determine the volume of water that 
can be withdrawn from a given size of dam with an associated degree of assurance, 
are the average annual flow; the variation of this flow from year to year; and the 
monthly distribution of the annual flow.  

13.1. Mean annual runoff   
The mean annual runoff (MAR) is the most useful measure of the potential 
availability of water from a river. It is also the major parameter used in statistical 
analyses. However, the usefulness of this parameter decreases with increase in aridity 
as it is affected by isolated large flows. In this situation the median annual flow, 
which is the flow that is equalled or exceeded for half the number of years is more 
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appropriate, but is less amenable to statistical analysis. This difficulty is largely 
overcome when using the logarithms of the annual flows instead of the untransformed 
data.  

13.2. Variability of the annual runoff  
The greater the variability of annual runoff from year to year, the greater the size of 
the dam required to provide a sustained yield, and the greater the annual fluctuations 
of the water level in the dam.  
The coefficient of variation (CV), which is the standard deviation divided by the 
mean, is a measure of the variability about the mean. The skewness coefficient (CS) is 
a measure of the occurrence of abnormally high annual values.   

13.3. Seasonal fluctuations  
Variability from month to month will be less significant than annual fluctuations from 
a sustained yield point of view, but may be limnologically significant as it will 
determine the within-year water level fluctuations in a dam.  

13.4. Annual serial correlation  
Annual serial correlation is a measure of the relationship between the flow in one year 
and that in the previous year. It is affected by the serial dependence, or memory, of 
the climatic conditions as well as the carry-over effect of catchment processes such as 
groundwater movement and vegetal cover. The tables of those processes that 
experience serial dependence are given in earlier chapters.  

13.5. Longer term periodicity  
Global meteorological and oceanic disturbances such as the El Niño effect and the 
droughts in southern Africa and elsewhere have renewed interest in the possible 
presence of multi-year periodicity in large area rainfall and river flow. The acid test 
for the presence of periodicity is the fulfilment of predictions based on previous 
observations. This is discussed in detail in earlier chapters of this report.   

14. Fluvial sediment and dissolved constituents 

14.1. Soil erosion 
On a geological time scale there is a continuous process of elevation of continental 
land masses, followed by degradation and erosion of the elevated areas and transport 
of the degradation products to the sea. The degradation products consist of insoluble 
material (fluvial sediment) and dissolved salts. There are several factors that control 
the long term rate of degradation. Among them are the steepness of the slopes which 
determines the energy potential of surface runoff and river flow; the properties of the 
parent material; and the nature and depth of overlying degraded material or material 
deposited from elsewhere by the action of wind or water. Chemical weathering is 
predominant in humid areas and results in the production of finer degraded material 
(silts and clays) and a greater proportion of soluble material. In arid areas mechanical 
weathering is predominant, and the principal degradation products are coarse sands 
and fragments of the parent material.  
In high rainfall areas degradation is relatively slow due to the protection of vegetation 
and depth of degradation products. In this situation, the capacity of the rivers to 



 
 
162     Chapter  6  

transport the material far exceeds the rate at which degradation products are exposed 
to the erosion and transport process. Water in the streams is usually crystal clear. 
In arid areas the surface runoff cannot remove the products at the rate at which they 
are initially produced. A mantle of degraded material builds up which suppresses the 
rate of degradation of the underlying formations. Long term equilibrium between 
supply and removal is reached when the residual material builds up a slope that 
provides the hydraulic energy gradient, which the available surface runoff requires to 
transport the material from the area at the reduced rate of production.  

 
Figure 5. Factors that limit the rate of detachment and transport of sediment. 

 
Therefore, the maximum long-term rate of sediment erosion and transport does not 
take place in the high rainfall regions nor in the arid areas, but in the moderate rainfall 
areas between these two extremes. In South Africa, the areas having the highest rate 
of erosion are in the KwaZulu-Natal Midlands, the Eastern Cape Midlands and the 
Caledon River catchment common to the Free State and Lesotho. In the short term, 
the detachment and transport of sediment during a single runoff event will depend on 
which of the factors shown in Fig. 5 is limiting at the particular site and the particular 
time. These include:  
The detachment and transporting processes:  
 Precipitation energy (1), which is a function of the storm precipitation energy-

frequency relationship.  
 The erosive power of sheet flow (2), which depends on the water depth, as well as 

the slope, length and roughness of the land surface.  
 Gully erosivity (3) and sediment transporting capacity (4) which are functions of 

stream power which in turn is related to the velocity and other hydraulic 
characteristics of the channel.   

Factors that control the mass of available transportable material:  
 The availability of transportable material (A), which primarily depends on the 

ratio of the rate of weathering to the rate of removal.  
 The density of vegetal cover (B), which protects the soil from precipitation 

impact, reduces the velocity and therefore erosive power of flowing water, and 
also physically holds the soil in place through its root system.  
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 The detachability of the soil (C), which depends primarily on particle size for the 
large fractions and on cohesion for the finer clay fractions.  

 The transportability of the detached material (D), which depends on particle size 
and to a lesser extent on particle shape.  

It has been claimed that climate change will increase soil erosion. Maps have been 
produced showing that soil erosion is greatest in the high rainfall areas. A walk along 
the hiking trails of the high rainfall areas of the eastern escarpment from the 
Drakensberg in South Africa all the way through to the Rift Valley in Malawi, will 
show crystal clear streams and no evidence of active soil erosion.  
Soil erosion is a natural geomorphological process. It is the result of a sequence of 
processes, each of which has to be satisfied before the next occurs. The sequence 
starts with the degradation or removal of overlying protective vegetal cover. As global 
warming will result in an increase in rainfall this will increase vegetal cover, not 
diminish it. Consequently it will decrease the rate of natural soil erosion where no 
other factors are present. In those cases where the protective material has been 
removed, this will expose the underlying material. The exposed material must be 
erodable. If it is solid rock it will not erode. At the other extreme dispersive soils are 
highly erodable. Thereafter there must be a detaching and transporting medium, either 
flowing water or less frequently, wind.  
The velocity of the water must be capable of detaching and transporting the 
unprotected and erodable material. This is a complex process. Steep slopes result in 
high water velocities and therefore high erosion potential. However, steep slopes have 
to consist of non-erodable material otherwise they would have been flattened by 
natural erosion long ago. Only when all four conditions have been met can soil 
erosion occur. 
There is no linkage between soil erosion and climate change.    

14.2. Transport of soluble constituents  
In areas of high rainfall and consequently high runoff and high rate of movement of 
water through the soil and groundwater system, the rate of transport of soluble and 
insoluble degradation products exceeds the rate at which they are produced. The flow 
in the rivers is generally silt-free and has very low concentrations of soluble 
constituents.  
In arid areas, although the rate of production of soluble material is low, the flow of 
water is proportionally much lower than in humid areas and consequently the 
concentrations of soluble material are much higher. 

15. Physical responses of rivers and dams to utilisation  
The major limnological effect of utilization of river systems in the southern 
hemisphere landmasses is the creation of large open water bodies in dry areas 
previously devoid of natural permanent lakes.  
Due to the large yearly and monthly fluctuations in inflow, storage dams will be much 
larger for a given sustained yield than dams in the higher rainfall areas of the high 
northern latitudes, and will have a much wider range of water level fluctuations.  
Evaporation losses from the stored water will be high due to low rainfall, less cloud 
cover and consequently higher direct solar radiation input, and the higher solar 
radiation potential of the low latitudes. This will result in still larger dams per unit of 
required yield. As the size of the storage dam is increased to keep pace with 
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increasing demand, and the maximum potential yield of the system is approached, 
there will be increasingly longer periods between successive fillings of the dam.  
Storage losses will occur due to the high sediment loads generated in the semi-arid 
areas of the southern continental areas. Salinity will also be higher.  
The flow regimes of rivers downstream of large storage dams will be changed 
dramatically. If the downstream channel is used as a conduit for releases from the 
dam, sustained low flows may take place where only ephemeral flows previously 
occurred. Conversely, all low and moderate flows may be cut off by the dam, leaving 
only the passage of the occasional high floods.  
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16. Hydroclimatic regions of southern Africa  
 

 
 Figure 6. Hydroclimatic regions of southern Africa  

Dams: Steenbras (1), Krom River (2), Midmar (3), Woodstock (4), Pongolapoort (5), 
Vaal (6), Gariep (7), van Ryneveld's Pass (8), Kamanassie (9), Rooiberg (10). 

These regions are shown on Fig. 6 and can be summarised as follows  
MED  Mediterranean climate with winter rainfall, high runoff and stable river flows.  
SC  Southern coastal region with a mild climate, moderate year-round rainfall, and 

stable river flows.  
ES  Eastern escarpment. Warm variable climate, moderate to high summer rainfall, 

high, but variable runoff.  
LO  Sub-tropical lowveld. Hot and humid climate, moderate rainfall, moderate but 

variable runoff.  
HI  Highveld. Moderate and drier climate, moderate rainfall, variable runoff.  
CM  Cape Midlands. Semi-arid climate, low rainfall, runoff poor and highly 

variable.  
KAR Karoo. Arid climate, year-round but low rainfall, runoff sporadic and highly  

variable.  
NW  North-west Cape. Desert climate, very low, sporadic rainfall  and ephemeral 

river flow.  
KAL  Kalahari. Desert climate with deep sand. Zero surface runoff.  
NAM Namib desert 
NHI Namibian highlands 
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ZHI Zimbabwe highlands 
TR Tropical lowlands 
The above classification is principally from the publications of the South African 
Weather Bureau (1965, 1972). (Now South African Weather Service.)  
 
The realisation that the conventional water resources of South Africa will reach the 
maximum economic exploitation level within the next two to three decades generated 
two active weather modification research programmes. The Nelspruit programme was 
a commercial venture but has since closed down. The Bethlehem programme is 
operated by the South African Weather Service. Results to date have been 
inconclusive from a large-scale rainfall enhancement point of view but they produced 
a greater awareness of the need to address the interactions between meteorological 
and hydrological processes, instead of studying them independently of one another. A 
similar relationship exists between the hydrological and limnological processes in 
flowing and standing waters. This necessity has now expanded to include 
hydroclimatic studies.  
The effect of all of the processes described so far in this chapter on a particular river 
system and consequently on the limnological responses of a storage dam in that 
system, is illustrated using southern Africa as an example. Separate hydro-climatic 
regions south of the 200 latitude and an additional three regions to the north have been 
identified in Fig. 6 based on a combination of hydrological and climatic criteria, 
which makes it possible to transfer the behavioural properties of rivers and storage 
dams in these regions to regions experiencing similar climatic conditions in the other 
southern continents. This also allows comparisons to be made with the hydrological 
and limnological responses of rivers and storage dams in the northern higher latitudes.  
In some cases the boundary lines are clearly defined by strong topographical features 
such as the high eastern escarpment. In most of the other cases there is a gradual 
transition from one region to the next.  

16.1. Examples 
In the following examples the river flow, reservoir inflow, evaporation and rainfall are 
from the publications and information from the Department of Water Affairs and 
Forestry. River basin rainfall information is from Midgley et al (1983). Interpretations 
of the above publications; hydrological comments; calculations; and illustrations are 
those of the author of this report. The examples are for illustration purposes only and 
should not be used for practical applications. Gariep Dam was subsequently 
substituted for Kalkfontein Dam (7) in Fig. 7. 
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Figure 7. Location of ten selected representative dam catchment areas in South Africa, the 

hydrological properties of which are described in Tables 1 and 2. 

 
Table 1. Runoff basin precipitation and potential gross evaporation at ten selected dams in South Africa 

Dam Catchment 
area (km2) 

Mean 
annual 
potential 
evaporation 
(mm) 

Mean 
annual 
basin 
precipitation 
(mm) 

Mean 
annual 
runoff 
(106m3) 

Mean 
annual 
runoff (mm) 

Percentage 
runoff (%) 

1 Steenbras 67 1 413 1 231 45 619 60,3 

2 Krom River 357 1 390 1 152 48 422 36,6 

3 Woodstock 1 152 1 301 1 490 548 635 42,6 

4 Midmar 928 1 386 975 135 198 20,3 

5 Pongolapoort 7 831 1 514 871 1 001 140 16,1 

6 Vaal 38 505 1 703 750 1 975 59 7,9 

7 Gariep 70 749 2 231 705 8 204 92 13,0 

8 Kamanassie 1 505 1 697 463 37 24 5,2 

9 Van Rynevelds 3681 1 996 365 33 10 2,7 

10 Rooiberg 72 335 2 740 149 75 4 2,7 
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Figure 8. The relationship between monthly precipitation, potential open water surface 

evaporation and river flow at four selected dams. Key: Vertical sale is in mm. Evaporation 
unshaded; precipitation vertical shading; runoff solid shading. The data are given in Table 1.  

 
 

Table 2. Statistical properties of annual flow series and reservoir capacity/yield relationships for ten 
representative dams 

Statistical properties Capacity  for specified yield  
Both % MAR 

Dam 

Mean 
106m3 

Median 
106m3 

CV CS 20% 50% 80% 

1 Steenbras 43 45 0,32 0,69 7 24 123 

2 Krom River 72 48 1,04 2,73 13 62 222 

3 Woodstock 548 499 0,44 0,75 6 72 230 

4 Midmar 164 135 0,56 1,80 7 42 179 

5 Pongolapoort 1 019 864 0,60 1,45 21 120 356 

6 Vaa 1 933 1 315 0,76 1,41 19 167 500+ 

7 Kalkfontein 155 71 1,48 3,55 117 427 500+ 

8 Kamanassie 37 22 1,10 2,81 16 72 500+ 

9 Van Rynevelds 33 14 1,54 4,00 58 226 446 

10 Rooiberg 75 20 2,55 4,07 500+ 500+ 500+ 
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NB. Please note the impossibility of determining this essential information for 
adaptation studies and water resources analyses from global climate models. 
The traditional Rippl method was used to derive the yield-capacity relationship in 
Table 2. For a given required yield, the storage capacity is the minimum that would 
have sustained the yield throughout the period of record without shortages 
developing. Evaporation losses from the stored water were included in the analyses. 
Statistical characteristics for the 10 representative reservoirs (Fig. 7; Table 1) are 
listed in Table 2. The first three sites have mean annual catchment precipitation in 
excess of 1000 mm; the second three, between 500 mm and a 1000 mm; and the 
remaining four less than 500 mm. Although only the last four catchments lie within 
arid areas, all but two reservoirs, Steenbras and Woodstock, have high CV and CS 
values and consequently require proportionately very large storage capacities per unit 
yield. The higher proportion of orographic precipitation, which is very stable in time 
and space, accounts for the low variability of the annual flows in Steenbras and 
Woodstock. All the other catchments receive rainfall from several of the principal 
rainfall mechanisms (orographic, convergence, convectional, tropical cyclones, etc.), 
and it is the mixed rainfall mechanism populations that give rise to the high variability 
of the annual flows.  
 
Steenbras Dam is located in the winter rainfall region and is one of Cape Town's main 
water supply dams. Potential evaporation and the rainfall are out of phase. This is a 
particular hydrological advantage in that catchment losses due to direct evaporation 
from the soil and vegetation are low, and the percentage of the rainfall that is 
converted to river flow is high (50,3%).  
Woodstook Dam is located at the foot of the 3 800 m high Drakensberg escarpment 
with a relief of 1 500 m in its river basin. The catchment rainfall is much higher than 
that at Steenbras but is synchronous with high potential evaporation. A very important 
hydro-climatic feature in this case is the suppression of the potential evaporation by 
the cloud cover associated with the high rainfall. This reflects much of the incoming 
solar radiation and is an important feed-back effect which enhances the runoff 
production from the river basin.  
Krom River Dam is in an area with year-round rainfall. No corrections were made for 
the number of days in the month in the monthly data shown in Fig. 8. This explains 
some of the rainfall differences evident in the Krom River Dam rainfall, particularly 
for the period February to June. However, the river flow is not uniformly distributed 
due to the summer evaporation losses.  
These three dams clearly illustrate the interactions between evaporation, precipitation 
and their relative seasonal distributions on river flow in areas where the annual 
rainfall exceeds 1 000 mm per annum.  
Histograms for the other dams illustrate the inverse relationship between potential 
evaporation and rainfall due to diminishing cloud cover with decrease in rainfall. This 
has a compounding effect on river flow, Rooiberg Dam being an extreme example. 
This dam has a catchment area slightly larger than that of the Gariep Dam but less 
than l% of the runoff at the Gariep Dam. Only 2,7% of the already low precipitation 
in the Rooiberg Dam catchment reaches the dam, the rest being evaporated back into 
the atmosphere.  
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Fig. 8 and Table 1 relate to average annual conditions. Almost of equal importance 
from a hydrological point of view is the variability of river flow from year to year. 
Variability increases with increase in aridity. This compounds the already difficult 
problem of attempting to achieve efficient water utilization in the semi-arid and arid 
regions of the southern continental areas.   

17. Water storage volume fluctuations  
The southern low latitude continental areas do not have permanent, large lakes in their 
predominantly low rainfall interior regions. Lake Eyre in Australia, like the Okavango 
swamps, Lake Ngami and the Makgadigadi salt pan of Botswana, and the Etosha salt 
pan of Namibia are all the result of internal drainage systems in desert areas where the 
natural inflows are sporadic and the ‘lakes’ are more in the nature of ephemeral fresh 
water marshes, or in the extremely arid environment, salt water pans that are dry for 
most of the year.  
There are a number of factors that contribute to the large seasonal as well as year-to-
year fluctuations in storage levels. The most significant of these are the seasonal 
variability in the short term as was discussed above, and the year-to-year variability 
which plays an even larger role. Both of these factors are modified by the demand 
from the dams, the seasonal distribution of this demand, and the operating criteria for 
the dam or system of dams.  
Steenbras Dam is one of the dams that supply water to the Cape Town metropolitan 
area. The annual inflow is very stable. During the 60 years of record the maximum 
recorded inflow was only 170% of the MAR and the minimum was not less than 49% 
of the MAR. This observation is confirmed by the inflow frequency diagram which is 
almost a textbook distribution.  
Mdmar Dam is one of the dams supplying the Durban-Pietermaritzburg area and is in 
the summer rainfall, eastern escarpment area. It has a much greater range of flows 
than Steenbras Dam. Annual inflows exceeded three times the MAR on one occasion 
and twice the MAR on four occasions during the 63 years of record with a maximum 
of 318% MAR. These appear as clear outliers on the frequency diagram. The 
minimum annual inflow was only 21% of the MAR.  
Vaal Dam is the key dam in the system supplying the urban, industrial and mining 
heartland of South Africa. It has a much greater year-to-year variability. The 
maximum and minimum recorded annual inflows during the 6l years of record were 
347% and 10% of the MAR respectively. The users require a very high degree of 
assurance, and the costs of providing it, increase rapidly with increase in annual 
variability of river flow. The response of Vaal Dam is typical of that of most dams in 
the interior of South Africa.  
Rooiberg Dam is an extreme example and is close to the limit of economical 
exploitation of a surface water resource. The maximum recorded annual inflow was 
1 200% of the MAR and the minimum an insignificant 0,4%. Under these conditions 
a dam, however large, cannot economically provide a sustained yield because the 
evaporation losses alone would empty the dam during the long intervening periods of 
successive low flows. The net evaporation loss from the open water surface in the 
dam averages 2,6 metres in depth per annum.  
Like many other dams in the semi-arid regions, this dam is used for irrigating lucerne 
(alfalfa) for feeding livestock. In this situation it is more economical to store the crops 
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than attempt to maintain a sustained supply of water. There will therefore be frequent 
periods when the dam is completely empty.  
Another point to note is that the mean annual runoff is not a reasonable basis for 
comparison due to the highly skewed annual flow data. The median annual inflow is a 
better basis for comparing the performance of dams in semi-arid and arid areas. 
The one remaining factor to be considered when determining likely responses of 
storage volumes in dams and flows in rivers controlled by storage darns, is that of the 
relationship between the variability of river inflow, the capacity of the dam(s) in 
relation to the inflow, the state of withdrawal in relation to the inflow, and the 
operating criteria for the dam or system of darns.  

18. Conclusions  
The major difference between the hydrology of the predominantly low rainfall and 
high potential evaporation conditions in the low latitude southern continental areas, 
and those in the higher and more reliable rainfall areas in the higher latitudes of the 
northern continental areas, can be summed up in one word – variability.  
In order to understand and quantify this variability one has to have a broad 
understanding not only of the hydrological processes themselves, but also those of 
meteorological processes that control the time and space distribution of the rainfall 
that drives the hydrology. The behaviour of storage reservoirs and downstream rivers 
will also be determined to a large extent by the operating criteria for the storage 
systems.  
Many countries of the world have already reached, or rapidly approaching the position 
of maximum economic exploitation of conventional water resources. Ambitious and 
complex programmes are being carried out to prevent water resources (quantity as 
well as quality) from becoming a constraint upon economic and social development.  
Many national as well as international research programmes have been launched to 
develop methods that will lead to a more efficient utilisation of available conventional 
resources, as well as the possible exploitation of unconventional resources, such as 
rainfall augmentation, iceberg utilisation, desalination of saline waters including the 
ultimate inexhaustible source - sea water. It is clear that the hydrological regimes and 
consequently the limnological responses of many of the rivers of the world, will be 
radically altered within the next few decades. This will be particularly so in the 
southern mid-latitude continental areas. However, the consequential beneficial effects 
will be the establishment of numerous freshwater impoundments in these semi-arid 
and arid areas, which should provide interesting challenges for both research and 
applied limnologists, and will to some extent offset the inevitable loss or degradation 
of the biotic communities in the rivers themselves.  
It is hoped that this chapter on climate and river flow plus the previous chapter 
on climate and rainfall will provide a sound basis for future research on linkages 
between climate change, whether natural or related to anthropogenic causes, and 
the hydrometeorological responses, as well as the development and operation of 
water resources as we approach the limits of exploitation. 
This is discussed again in the next chapter on droughts and water resources. 
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19. Sources 
The information in this chapter is based on a lifetime study. In addition to my own 
publications, (see references in Chapter 1), it includes information from a number of 
official publications of the responsible authorities including the Department of Water 
Affairs and Forestry, and the South African Weather Service. It also includes the 
invaluable publications of the Hydrological Research Unit of the University of the 
Witwatersrand under the leadership of the late Prof. D.C. Midgley, including A guide 
to Surface Water Resources of South Africa, published by the Water Research 
Commission, Pretoria. Little, if any, of this material will be found in the 
publications relating to global warming and climate change.  
Alarmist claims that global warming will result in an intensification of the 
hydrological cycle, and that the consequences will result in more frequent water 
restrictions, have no foundation. This will be demonstrated in the following chapter 
on droughts and water resources.  
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Figure 1.  Broad regions of sub-equatorial Africa that have similar river flow characteristics 

 

1. Quick summary 
Droughts have been the subject of the most extensive investigations in the history of 
mankind, dating back to biblical times. In South Africa droughts have been a matter 
of national concern for more than a century.  
Analytical procedures for water resource development have been in use for more than 
30 years. Advanced procedures required to meet future use as our water resources 
approach the limits of exploitation, as well as to accommodate the effects of future 
climate change, whether natural or due to human activities, are new to science and are 
presented in this chapter for the first time. 
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2. Note 
There are several important points to note when reading this chapter. 
The first is that concerns relating to droughts are as old as civilisation itself, and have 
been the subject of scientific studies for the past 200 years. These are well 
documented in the early scientific literature. Understandably, the purpose of the early 
studies was to describe the anomalous characteristics of droughts numerically in the 
first instance, then, given this information, determine their causes. These issues are 
dealt with in Part 1 of this chapter. 
The second important point is the international realisation soon after WWII that many 
regions of the world faced serious water shortages resulting from increased water 
demands arising from growing populations, industrial activity and living standards, 
viewed against the background of recurrent droughts. There was a huge hydrological 
interest. There were hundreds of papers in refereed journals and many discussions at 
South African and international conferences on issues relating to the numerical 
characterisation of river flow. This was essential for the optimum development of the 
diminishing availability of unexploited resources.  
International research was principally in two directions. The first was via a 
quantitative understanding of the hydrological processes. This was attempted during 
the International Hydrological Decade (1965-1975) by establishing some 600 
experimental, instrumented catchments worldwide. This route failed. For the same 
reason, global climate process models will also fail, as they are unable to model the 
hydroclimatic processes on the catchment scales required for water resource analyses.       
The second route was the application of observation theory. It was assumed that it 
should be possible to develop a methodology for describing the multi-year properties 
of river flow based on observation theory applied to the wealth of data that was 
generated world-wide. This route is still followed in South Africa and elsewhere but 
with mixed success.  
The key words in water resource development are equitable, adequate, acceptable, 
intangible and optimal.  It is immediately clear that optimality does not necessarily or 
even primarily, refer to the readily quantifiable economic optimum, but rather to 
subjective assessments of what is equitable, adequate and acceptable. These are dealt 
with in Part 2 of this chapter.     
The third and most important issue is the total disregard by climate change scientists 
of this incredible wealth of hydrological information and corresponding understanding 
of basic climate-related processes. Instead of using this information in their studies, 
they go to the opposite extreme. By implication, they deny its existence. They then 
go one step further by classifying all those with expertise in these fields as ‘fringe 
scientists’ when they point out the errors in climate change science. This is hardly 
the way to convince hard-nosed civil engineers who will have to be persuaded to 
implement the adaptation measures.  
It is incredibly naïve to assume that a combination of rainfall-runoff process 
models and global climate models can be used to predict the consequences of 
global warming on South Africa’s water resources. 
Please note also that for a number of reasons my very recent research in this field is 
not described in this report.  
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PART 1: DROUGHTS 
 

3. Historical background 

3.1. Ancient and modern prophesies  
... were all the fountains of the deep broken up, and the windows of heaven 
were opened. And the rain was upon the earth 40 days and 40 nights. Genesis, 
6, 11-12  
Behold, there came seven years of great plenty throughout the land of Egypt - 
and there shall arise after them seven years of famine. Genesis, 41, 29-30  
Changes in temperature and precipitation regimes in future, particularly in 
respect of extreme drought and flood conditions, will have profound effects. 
Tyson 2001 

3.2. What is a drought? 
Just as a tunnel is not a structure (it is an empty hole) a drought is a non-event (it is 
the absence of something). There are other difficulties when trying to formulate the 
definition of a drought. 
How can we measure degrees of absence of something? Only by introducing the 
dimension of time. 
If it has been absent for a long time it is more severe than if it has been absent for a 
short time. 
But then it may not have been altogether absent. Is being altogether absent for a short 
time more severe than been partially absent for a long time? The answer to this 
question depends on the application, which in turn depends on the storage in the 
system. Users of water from a storage dam may not to notice a short, severe drought, 
but a subsistence farmer in the catchment may go bankrupt. A commercial farmer in 
the catchment may survive because he has stored money in the bank to accommodate 
such an eventuality.  
Therefore the key to surviving a variable process is storage - either storage of water in 
a dam, or storage of lucerne in a barn, or storage of money in a bank. But how much 
storage is required to accommodate variable conditions? This depends on the severity-
duration relationship of the process. 
The analytical methodology required for determining the severity-duration 
relationship, is three-dimensional time series analysis. 
With the above in mind, what do climate change scientists mean when they predict 
that global-warming will increase the severity of droughts? Most importantly, do 
they understand how these issues are addressed and solved in South Africa and 
elsewhere in the world? 
How then can climate change scientists, who generally have minimal experience in 
numerical and statistical methods, proclaim that global-warming will result in an 
increase in the frequency of damaging droughts? The detection of changes, should 
they occur, will involve the application of complex analytical procedures and 
additional decades of observations. 
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The alternative is to examine the consequences of sequences of years of deficient river 
flow on agriculture and water resources for which there is abundant evidence. 

3.3. Hydrologists of ancient Egypt 
The ancient civilisations did not develop in the mild climates of Europe with their 
plentiful water supplies but along the major rivers in the arid climates of the Middle 
East. The annual flooding of the fertile floodplains of the Nile River was the 
foundation on which the ancient civilisations of Egypt were built. They must have 
appreciated the need for developing a predictive ability based on regular observations 
of river levels. The earliest evidence of routine hydrological observations is the 
regular horizontal engravings on a stone wall on an island at Aswan in the Nile River. 
These were used for measuring the water levels in the river some three thousand years 
ago. 
There can be little doubt that the Joseph’s biblical predictions (circa 1400 BC) of 
seven years of plenty followed by seven years of drought were based on these 
observations. 
The Temple of Edfu dates back to 240 BC. A series of underground corridors leads to 
a chamber connected to the river. The temple priests kept records of annual flood 
levels and probably developed a model relating the rate of rise of the river level early 
in the season to the maximum level reached later. Flood warning systems were 
obviously important. The flood levels in the Nile River rose slowly enough for 
upstream observers to row down the river to warn those further downstream.  
Kom Umbu was built in Roman times. There is a large well in the courtyard with a 
spiral staircase winding down its sides. The bottom of the well is connected to the 
river. An annual tax was levied on farmers whose land benefited from inundation by 
the fertile floodwater. The tax collectors developed a simple model relating the 
number of steps under water in the well, to the farms that were inundated. By 
counting the number of steps under water each year, the tax collectors could 
determine which lands were inundated and therefore taxable.  
In 641 AD - more than a thousand years ago - an architecturally beautiful water level 
gauging structure was built on Rodda Island in the Nile River at Cairo. The record 
from the Rodda Nilometer is the longest available hydrological record in the world.  

3.4. The hydrological explorers 1950 - 1970 
In 1950 the civil engineer R.E. Hurst analysed 1080 years of data from the Rodda 
Nilometer recorded during the period 641 to 1946, which he used to determine the 
required storage capacity of the proposed new Aswan High Dam. He found an 
unexplained anomaly in the data. He then analysed other long geophysical records, 
where he found the same anomaly. These were sediment deposits in lakes (2000 
years), river flow (1080 years), tree rings (900 years), temperature (175 years), 
rainfall (121 years), sunspots and wheat prices. This anomaly became known as the 
Hurst Phenomenon, or Hurst’s Ghost.  
It is of particular relevance to this report, to note that this anomalous behaviour based 
on over a thousand years of continuous records, is obviously related to climatic 
perturbations. It is present in sediment deposits in lakes, river flow, tree rings, 
temperature, rainfall, sunspots and wheat prices. This raises the immediate question – 
why was this readily available information completely ignored by climate change 
scientists?    
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Other important developments followed in rapid succession. The Harvard World 
Water Programme (1950-1956) was the first large-scale hydrological research effort. 
The electronic computer was developed during World War II to break the secret 
Enigma code used by the German forces. Soon afterwards IBM developed 
commercial mainframe computers. They appreciated that one of the principal future 
applications of electronic computers would be in data storage and processing. They 
also identified collectors of hydrological data as potential clients. The Department of 
Water Affairs and Forestry was one of the earliest users of IBM equipment in South 
Africa. Their IBM computer occupied three air-conditioned rooms and was far less 
powerful than today’s laptops.  
IBM employed three mathematicians to promote the use of mathematics for the 
analysis of hydrological data. From then onwards, through to the present time, 
professional mathematicians and statisticians have been closely involved in water 
resource studies.  
Research was directed towards developing mathematical descriptions of the properties 
of river flow that could be used directly for determining the storage capacities of dams 
required to sustain given demands. The first assumption was that the annual river 
flows were independent of one another. This is similar to successive numbers 
generated by a roulette wheel. It was also assumed that the data would be normally 
distributed. However, they soon ran into trouble when they attempted to replicate the 
Hurst phenomenon. The next step was to assume that a relationship existed between 
the flow in one year and that in previous years, which is described as persistence. One 
of the problems was that the records available at that time were too short to determine 
this relationship with confidence.  
A sense of frustration is evident in the many research papers published at that time. 
Here is a selection of some of the more pertinent observations. Wallis, Mandelbrot 
and O'Connell were IBM mathematicians.  
Lloyd (1967) referred to the Hurst phenomenon and commented that either the 
theorists’ interpretation of their own work was inadequate or their theories were 
falsely based. Mandelbrot and Wallis (1968) introduced the terms ‘Noah Effect’ to 
describe the fact that extreme precipitation can be very extreme indeed, and ‘Joseph 
Effect’ to describe the fact that a long period of high or low precipitation can be 
extremely long.  
Yevjevich (1968) stated that attempts at long-range forecasts of water supply based 
entirely on meteorological processes had misdirected research and raised false 
expectations. Wallis and Matalas (1971) noted that there was a tendency for high 
flows to follow high flows and for low flows to follow low flows. This was referred to 
as hydrologic persistence and was attributed to storage processes in the atmosphere or 
in the drainage basin, either surface or subsurface. 
Yevjevich (1972) commented that one of the earliest deterministic methods used in 
hydrology was the application of the concept of almost-periodic series to various 
hydrological sequences in search for their hidden periodicities. However, their 
extrapolation as the prediction of future events represented one of the most 
spectacular failures of past hydrologic investigations. 
Wallis and O’Connell (1973) maintained that the presence or absence of long-term 
persistence could radically alter the expected value of reservoir design storage and 
hence the estimate of the firm yield. Finally, Klemes (1974) commented that ever 
since Hurst published his famous plots for some geophysical time series, the classical 
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Hurst phenomenon continued to haunt statisticians and hydrologists, and that 
attempts to derive theoretical explanations from the classical theory of stationary 
stochastic processes have failed. (Emphasis added.) Now, more than 30 years later, 
this observation remains valid. As shown in earlier chapters of this report, the 
hydrological processes are not stationary. This non-stationarity has to be 
accommodated in advanced water resource analyses, and equally importantly, in 
global climate models. 
In retrospect, one can only admire the insight of these early hydrologists. From here 
onwards hydrologists lost their way. The problem arose from the assumption that 
persistence was present and was cyclical in nature. This being so, it should have been 
relatively easy to determine the relationship between one observation and 
immediately previous observations. When they failed to detect appreciable 
dependence, they assumed that multiyear persistence was not hydrologically 
meaningful, and could be safely ignored. They should have taken more notice of the 
1973 comment by Wallis and O'Connel above. Perhaps they misinterpreted 
Yevjevich’s 1972 comment, and confused the undeniable presence of persistence, 
with the erroneous assumption of continuous cyclicity. 

3.5. The growth of applied hydrology in South Africa 
Professor Desmond Midgley, the doyen of applied hydrology in South Africa, 
followed a different route. He established the Hydrological Research Unit at the 
University of the Witwatersrand in the 1960’s. He and his team used deterministic 
methods based on conceptual models, rather than the statistical-mathematical models 
that overseas hydrologists were attempting to develop. 
In the mid-1970s, hydrologists in the Department of Water Affairs encountered the 
same problem that Hurst had observed 25 years earlier. There were far too many 
periods when restrictions had to be imposed on the water supply from the Vaal and 
other major rivers.  
It became clear that the reservoir capacity-yield model then in use in South Africa was 
deficient, and that this was probably due to assumptions regarding the river flow 
characteristics. I assembled a team of hydrologists to examine the assumptions 
relating to the properties of the river flow sequences used in storage capacity-yield 
analyses. Each analyst used a different mathematical model, while I used simple 
graphical methods. The mathematical models did not provide any insight, but 
graphical analyses showed that there was a very clear 20-year periodicity in the data 
and that this was the cause of the difficulty. I published my findings in 1978 in a 
Department of Water Affairs’ technical report TR80 titled Long range prediction of 
river flow – a preliminary assessment. The graphs showed that there was a clear 
pattern in the accumulated departures from the record mean values. These were quite 
different from random deviations.  
I continued my studies along these lines. As the years passed, the periodicity in the 
Vaal River data approached the 95 per cent level of statistical significance required in 
many engineering applications. My paper Floods, droughts and climate change was 
published in the South African Journal of Science in August 1995. I detailed my 
analytical methods and also referred to the Hurst phenomenon. I concluded: The acid 
test that will demonstrate whether or not the 20-year periodicity continues is at hand. 
If the drought is broken by widespread rainfall during the next two years it will surely 
be conclusive.  
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Four months after the publication and 22 months after its submission, severe floods 
occurred over a wide area of southern Africa. Lives were lost and the drought was 
broken. The periodicity in the Vaal River reached the 95% confidence level 
confirming my predictions and my model. 
During the 1980s another school of thought developed in South Africa. Water 
resource analyses were based on the direct statistical analysis of river flow data. 
Versions of the auto-regressive, moving average (ARMA) statistical model were used 
to describe the process. Multiyear periodicity was ignored on the basis that it did not 
have a meaningful effect on the reservoir storage yield-capacity relationship. This was 
contrary to the Department of Water Affairs’ research findings. 

3.6. The present position 
Despite all these studies by many researchers and research institutions based on huge 
volumes of reliable hydrological data, a small group of climate change scientists have 
succeeded in convincing the South African government authorities that global 
warming will pose a severe threat to South Africa’s future water resources. 
On closer examination it will be found that these alarmist predictions are based on 
uncalibrated and unverified global climate models. These models are not based on the 
wealth of real world hydrological data but on cold climate, proxy data derived from 
tree rings and ice cores. They do not accommodate the all-important anomalous 
behaviour first reported in the biblical quotations, and confirmed by Hurst and many 
hydrologists since then. 
No engineering hydrologist in water resource modelling or analyses would dream 
of developing a computer model that was inherently incapable of being 
calibrated or verified, and was based on proxy data in any form. 
As will be described below, there were several investigations during the past century 
with the specific objective of determining whether or not there have been notable 
changes in the South African climate. No such changes were found. 
During the past four years I have undertaken a thorough analysis of a large and 
comprehensive hydrometeorological data set. The results are reported in earlier 
chapters. I was unable to detect any anomalies in the data that could be attributable to 
unnatural climate change. 
During 2004, I mentioned my difficulty in extensive enquiries addressed to 
international experts in water resource analyses. Their responses were unanimous. 
The postulated effects of climate change on water resources were no more than 
untested hypotheses and could be safely ignored. 
While climate change scientists claim consensus in their findings, there is another 
consensus among an equally important group of applied scientists who maintain 
that climate change theory is little more than an untested (and unverifiable) 
hypothesis. This is a gap that will have to be addressed by climate change 
scientists.          

4. Early studies of climate change in South Africa 
There were a number of climate-change related studies in South Africa during the past 
century. The following is a summary of the studies most relevant to this chapter. 
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4.1. Department of Agriculture (1925) 
In 1925 the Department of Agriculture published a detailed report The great drought 
problem of South Africa. The report was presented by a five-person commission of 
enquiry appointed by the government in 1920. The introductory chapter commenced: 

An Accumulative Evil 

In September, 1920, the Government appointed a Commission to inquire into 
the best means of avoiding losses by drought, and, based on considerable 
investigations which necessitated travelling over a large part of the country, 
the Commission presented its report in October 1922.    

The present chapter goes directly to the root of the trouble, and at the outset 
must in its appeal arrest the attention of every South African. 

…the Commission states that two points seem firmly established: firstly that a 
large portion of South Africa was dry long before (settlers from Europe) 
arrived, as evidenced by the name “Karroo” and by the highly specialised 
drought-resisting flora of that region; and secondly, that since then enormous 
tracts of the country have been entirely or partly denuded of their original 
vegetation… 

The simple unadorned truth is sufficiently terrifying without the assistance of 
rhetoric. The logical outcome of all is ‘The Great South African Desert’ 
uninhabitable by man. 

The emphases are mine. This is the first reference to the desertification of the sub-
continent – a recurring theme that continues to the present day. This will be dealt with 
in a subsequent chapter of this report on climate and environmental issues. 
The Commission’s report continued. 

Rainfall 

When seeking the cause of the ever-recurring droughts …the question of 
rainfall is of first consideration. And no evidence has been brought forward to 
prove that the average rainfall in South Africa has changed during recent 
historic times. Variations occur and there are good and bad years, but there 
is no definite tendency traceable of either an upward or downward direction. 

Having given a great deal of time to investigating whatever records were 
available, even to studying the record of nature shown in the width between 
the marks or rings made every year of growth on our old indigenous trees – 
evidence of periods when the rate of growth was greater than at other times 
due to variations of rainfall and temperature – the Commission could find 
nothing to indicate that there has been any appreciable alteration in the 
rainfall of South Africa, and is satisfied that the average now is no different to 
what it was a generation ago.  

The deterioration of the veld and consequent soil erosion received prominence in the 
report. The conclusion was unequivocal. The deterioration was due to overstocking 
and inappropriate farming practices. This is also a recurring theme in subsequent 
studies. 
Another interesting aspect of the report relates to climate forecasting. 

Forecasting in South Africa 

Is it possible to make these seasonal forecasts for South Africa? This was an 
important point to decide upon, and the Commission accordingly investigated 
the methods employed in the other countries giving weather forecasts… 
Having ascertained what has already been achieved successfully in this 
direction in other parts of the world, and being assured of the hopeful 
possibility, of introducing a system similarly successful in South Africa, the 
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Commission has suggested certain lines on which to proceed, which have the 
backing of eminent scientists versed in the subject. 

It is very important to note that on a number of occasions the government of the day 
appointed commissions of enquiry to examine and report on major issues. Compare 
this with the present position relating to the postulated effects of climate change 
where very serious policy issues are publicised by a government department based on 
the findings of a small group of academics. These in turn are not based on the 
wealth of available data, but on computer models developed from northern 
hemisphere, cold climate, proxy data consisting of tree rings and ice cores. 

4.2. Kokot (1948) 
In the late 1940s D.F. Kokot, a civil engineer in the Department of Irrigation (now 
Water Affairs and Forestry) undertook a comprehensive study to determine whether 
or not there had been recent climatic changes that could have had an effect on rainfall 
and river flow. The results of his study were published in a 160-page Irrigation 
Department memoir titled An investigation into evidence bearing on recent climatic 
changes over southern Africa. It contained 418 references, including many reports by 
early travellers and missionaries. 
He defined climate as: 

When we speak of “climate” we should really include all the important 
elements that go to make up climate. The two most important are 
temperature and rainfall: the former interests us only when the change is of 
very considerable magnitude such as to compel the migration of peoples; the 
latter is of far greater significance and in the following chapters although we 
are dealing with climate in a general sense we are particularly concerned with 
rainfall.  

He discounted many of the theories that had been advanced for climate changes. He 
noted for example, that an elaborate theory had been built up to connect known 
climatic changes with assumed changes in the percentage of carbon dioxide present in 
the atmosphere, but he remained sceptical. 

Carbon Dioxide Theory 

An elaborate theory has been built up to connect known climatic changes 
with assumed changes with the percentage of carbon dioxide in the 
atmosphere.  

He discussed the issue in some depth then continued: 
Their conclusions, seem, however, to have been very largely invalidated by 
later determinations of the absorptive power of carbon dioxide which go to 
show that only about 2 to 3 percent of the carbon dioxide now present in the 
atmosphere would produce the maximum absorption. Relatively small 
changes in the carbon dioxide content, such as trebling it, could therefore not 
have had such a big influence as claimed by the authors of the theory. 

He maintained that all statements by early travellers and others about drought and 
rainfall were necessarily of doubtful value unless supported by other evidence, 
because drought cannot be quantitatively measured, [my emphasis] and rainfall was 
not recorded. However, the flow in rivers at river crossings frequently used by 
travellers was well documented and reliable. These records provided no evidence of 
changes in historical times. 
He also quoted evidence before a Parliamentary Select Committee in 1862 where it 
was stated ‘In our part of the world very few rivers are constantly running. I scarcely 
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know one: and where people lead water out of a river it is mostly done from springs 
rising from the river.’   
Kokot pointed out that climate in any region was by no means stable and that there 
was no reason to believe that such changes could no longer take place. It was fairly 
certain however, that at no stage was rainfall much more than it was at the time of his 
studies for any great length of time. His final conclusion was:  

The rainfall record is too short to be of much value in disclosing rainfall 
trends. It shows, however, that if we take South Africa as a whole there is 
little evidence of any change. Whilst rainfall in some areas seems to have 
diminished, in others it appears to have increased.  

Kokot’s memoir contains a lot of valuable information relating to natural climate 
change and should be the starting point of any further studies in this field. As in the 
case of Hurst’s observations that were first published two years later, it was practicing 
civil engineers and not academic researchers who made these discoveries. 

4.3. Tyson (1987) 
Tyson discussed the occurrence of droughts in his book Climatic change and 
variability in southern Africa and concluded (p61): 

From all accounts it would appear that the climate of the Cape during the 
nineteenth century was much like that of the twentieth. Not only was there 
considerable inter-annual rainfall variability, but also a tendency for the 
occurrence of extended spells of wet and dry years. 

He subsequently discussed the occurrence of droughts within the context of periodic 
oscillatory behaviour. He also provided many references on the subject of 
desertification and discussed this in some detail. There was no solid evidence on 
which it could be concluded that the desertification was the consequence of climate 
change. On p88 he concluded. 

The variation of rainfall over southern Africa during the period of 
meteorological record has been distinctive. No evidence exists to support the 
notion of steady, progressive changes. 

Strangely, he did not discuss the role of greenhouse gasses, specifically carbon 
dioxide, within the context of climate change although this had already been given 
prominence by Kokot some 40 years earlier.  

4.4. 1988 to 2001 
Concerns relating to the effects of unnatural climate change on water resources slowly 
mounted during this period. In 2001 two important papers were published in the SA 
Journal of Science, which I found very disturbing.  
Tyson and Gatebe in their paper The atmosphere, aerosols, trace gasses and 
biogeochemical change in southern Africa: a regional integration wrote: 

Changes in temperature and precipitation regimes in future, particularly in 
respect of extreme drought and flood conditions will have profound effects, 
(my emphasis.) 

Evidence exists to suggest that variability and extremes in the southern part 
of southern Africa may be increasing, especially in the drier western parts. 
Between 1931 and 1990, the intensity of extreme events increased 
significantly over South Africa. 

Three references were quoted. However, once the periodic grouping that Tyson 
himself discussed in detail in his 1987 publication, is accommodated, changes are 
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undetectable, particularly droughts which are indefinable, (see above). I was unable 
to find any unexplained extremes in my detailed analyses of a very large 
hydrometeorological database. Such changes as may have been present were 
swamped by the natural variability. 
Schulze et al in their paper in the same issue Present and potential future 
vulnerability of eastern and southern Africa’s hydrology and water resources wrote: 

We then evaluate potential effects of climate change on the natural 
hydrological system, using a general circulation model (GCM) scenario. 
Thereafter, the human dimension is introduced in a review of water demand 
in relation to water availability under both current and future (2050) 
conditions… 

The estimates of runoff over the ESA region are based on modifications to a 
conceptual, probability-distributed hydrological model… 

There are several fundamental problems to this approach.  
The baseline condition has to be established before any changes can be postulated. 
This baseline has been well established by half a century of research in South 
Africa yet there is not a single reference in this paper to the numerous studies 
and reports. The uninformed reader will assume that these issues are presented for 
the first time in this paper.  
The second and equally important objection is the use of deterministic rainfall-runoff 
modelling to determine the baseline conditions. These process models use indices of 
daily rainfall, evaporation and soil-moisture to generate river flow. These models are 
not in general use in South Africa, primarily because they are inherently incapable of 
replicating the high variability of the rainfall-runoff process in time and space. 
Again, this approach was investigated and rejected for practical applications some 
thirty years ago. At one stage in the late 1960s there were some 600 experimental 
catchments internationally with the specific objective of developing these models. 
This line of study was abandoned in most countries and does not feature 
internationally or nationally as an option in applied hydrology. This approach is 
fundamentally incapable of replicating the anomalous behaviour reported by many 
South African and international observers. 
In this case there is considerable doubt regarding the ability of rainfall-runoff models 
to replicate the flows in major rivers such as the Zambezi, Limpopo and Vaal-Orange 
systems that drain a very large are of southern Africa, or the ephemeral rivers of 
Botswana, Namibia and north-western regions that also drain a very large area of 
southern Africa. (See Fig. 1 above.) 
The third objection is the use uncalibrated general circulation models (GCMs), which, 
among other objections, do not accommodate the all-important periodicity in the data.  
There are other problems such as the reference to the coefficient of variation (CV) to 
derived from GCM analyses to describe the variability in annual river flow:  

These increases (in CV) could add to the cost and complexity of managing 
water resources by requiring increased reservoir storage capacities as well 
as more stringent reservoir operating rules in regard to releases in dry years.  

This statement represents a fundamental misunderstanding of South African water 
resource development and operation procedures. A summary is presented in Part 2 of 
this chapter. 
The following conclusion is of interest. 
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Sixth, too little emphasis to date has been placed on in-depth research into 
secondary, but often more significant, hydrological impacts of possible 
climate change such as the magnitude and frequency of extreme events… 

This is precisely what I have been doing for the past four years. Despite a thorough 
and diligent study I have been unable to detect any changes in the magnitude and 
frequency of extreme events that could not be explained by natural variability. This is 
discussed in detail in this report. 

5. Anomalies in climate change scenarios 
There have been many international studies by academic climatologists whose 
concern is related to changes that can be attributed to human activities. More 
scientists have spent more money and produced more research publications on global 
warming and climate change than in any other research field. Their predictions of an 
increase in the occurrence and severity of extreme droughts and floods should be 
taken seriously, but there is a problem.  
While international climatologists reported that global warming has been in progress 
for several decades, their South African counterparts claimed that there had been no 
change in the rainfall over South Africa during this period. (Tyson 1987.) 
Nevertheless, they issued dire warnings that continued global warming will result in 
future increases in the severity of floods and droughts. This is an anomalous 
situation. 
The South African Weather Service maintains a district rainfall database consisting of 
monthly rainfall recorded in each of the 93 districts, which cover the whole of South 
Africa. Data are available from 1921 onwards. Simple arithmetic calculations show 
that there has indeed been a previously unreported beneficial increase in the annual 
rainfall over South Africa of about 9% during the period of record. This is consistent 
with the natural increase in global warming. Why was this obvious increase not 
reported in the South African climate change literature? 

6. Characteristic reversals 
Another previously unreported property of hydrometeorological data in South Africa 
and as far as is known elsewhere in the world, is the predictable, statistically 
significant, sudden, periodic reversals from sequences of years with low rainfall and 
river flow, to sequences of high rainfall and floods. The hydrological explorers quoted 
above almost but not quite discovered this process. In 1971 Wallis and Matalas 
reported that there was a tendency for high flows to follow high flows, and low flows 
to follow low flows. If they had reversed the statement and referred to low flows first, 
they may well have noted the sudden reversals from sequences of low flows to 
sequences of high flows. However, they did note that this persistence had an adverse 
effect on the reservoir storage-yield relationship. These characteristic reversals are 
clearly evident in accumulated departure graphs of rainfall, river flow and flood peak 
maxima. They are described in detail in an earlier chapter of this report. 
Analyses also revealed deficiencies in mathematical models used by climatologists 
(spectral analysis models) as well as hydrologists (autoregressive-moving average 
models) to characterise the multi-year properties of hydrometeorological processes. 
These models were unable to detect the clearly evident increase in rainfall based on 
generally available rainfall data, nor the undeniable, statistically significant, presence 
of periodic reversals in rainfall and river flow. These findings are contrary to widely 
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held beliefs, and will lead to interesting debates, as did Hurst’s findings more than 50 
years ago.  

7.  Credibility gap 
While more funds and effort have been devoted to climate change research, there 
remains a large credibility gap between the climate change scientists on the one hand, 
and professionals in the applied sciences who would be involved in planning and 
implementing countermeasures on the other. 
The lack of credibility is basic. We are told: 
 That climate change is the result of human activities, whereas there is no evidence 

to support this in the hydrometeorological data. 
 That climate change will result in a decrease in rainfall, whereas there has been an 

undeniable increase in rainfall over most of South Africa. 
Furthermore: 
 Even school atlases have rainfall and temperature maps of Africa that show that 

both temperature and rainfall increase towards the equator. Decision makers need 
more than references to peer-reviewed journals to convince them that an increase 
in temperature will result in a decrease in rainfall and therefore river flow, when 
all the evidence is to the contrary.   

 Fundamental to all this, is the use of northern hemisphere, cold climate proxy data 
for the development of climate prediction models instead of the abundant, readily 
available, real world South African data with many records already exceeding 100 
years in length.  

 Finally, those who make alarmist predictions relating to floods, droughts and 
water resources appear to have little knowledge in these fields. One of the 
purposes of this report is to make that knowledge generally available. 

8. Conclusions to Part 1 
Despite the natural increase in global warming during the past century and 
corresponding increase in rainfall, there is as yet no hydrological or meteorological 
evidence of unnatural increases in floods or droughts in the past fifty years. This leads 
to uncertainty about the reliability of warnings by climate change scientists of major 
increases of the severity of floods and droughts within the next fifty years.  
The anomalies between statistical theory on the one hand and elementary arithmetic 
and graphical analyses of recorded data on the other, will have to be resolved before 
attempts can be made to accommodate the postulated effects of climate change in civil 
engineering design. Those who become involved in this problem in future would do 
well to study the very perceptive observations of the civil engineers Kokot in 1948, 
Hurst in 1950 and the stochastic hydrologists in the 1970s quoted above. It would be 
a fundamental mistake to assume that climate change research is capable of 
quantifying these processes. 
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PART 2: WATER RESOURCES 
 

9. Introduction to Part 2 
The water resources of southern Africa are approaching the level of maximum 
exploitation in many regions.  The objectives of water resources management are 
changing from simple cost minimisation to optimisation in the presence of multiple, 
non-commensurate objectives.  The traditional analytical methods are no longer 
appropriate and alternative methods will have to be used in future.  
The purpose of the comment below is to summarise the analytical procedures 
currently available for achieving these objectives and to suggest new approaches 
where current procedures are shown to be inadequate. 
The term "water resource management" is used in its broadest sense to include all the 
related aspects from data collection, hydrological analyses, and planning procedures 
through to the development of operating rules. 
The central theme of this summary is that efficient water resource management 
procedures require that the hydrological, planning and operational criteria have to be 
considered as a whole and not as separate components of an overall strategy.  

10. Water requirements vs available resources 
Rivers or reaches of rivers can be broadly classified into three descriptive categories.  
Perennial rivers flow throughout the year in most years.  Seasonal rivers flow for 
several months of the year during the rainy season but are often dry for the rest of the 
year.  Episodic rivers only flow in response to discrete rainfall events.  A rough 
regional distribution is shown in Fig 1 above. 
Problems related to water resource development are a function of the relationship 
between the water requirements on the one hand and the available resources on the 
other.  A convenient classification for the purposes of further discussion is shown in 
Table 1.  Water utilization will vary between the two extremes of rural requirements 
(domestic and stock watering) through to the high demands of secure water supplies 
for urban and industrial use. 
Using these limits leads to the six broad categories of water resource development 
problems shown in Table 1. 
 

Table 1. Broad classification of water resource 
development problems 

Water utilisation Mean annual rainfall 

Domestic and 
stock watering 

Urban and industrial 

> 800 mm 

200 - 800 mm 

< 200 mm 

A 

C 

E 

B 

D 

F 
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The availability of supplies is related to the mean annual rainfall, although this is not 
the only factor.  For example large parts of the Kalahari Desert within Botswana 
have a moderate rainfall but there are no appreciable surface water supplies due 
to the deep cover of highly pervious sand. [This fact alone completely discounts the 
alarmist prediction that global warming will turn the Kalahari into a sandy desert.]  
The 800 mm isohyet is the approximate lower limit of areas with perennial streams.  
Between 800 and 200 mm river flow is predominantly seasonal, while in areas with 
less than 200 mm river flow becomes episodic.  A mean annual rainfall of 800 mm is 
also the approximate lower limit of natural afforestation, and 200 mm is the 
approximate lower limit for dry-land agriculture. 
In categories A and B water availability is seldom a problem. The technological 
requirements are mainly directed towards the development of efficient water 
distribution systems.  The sociological considerations should not be overlooked. 
In the remaining four categories the availability of water becomes increasingly 
limiting with decrease in mean annual rainfall.  Insofar as rural use is concerned 
(categories C and E) a distinction must be made between a limiting factor and a 
constraint on development.  The ultimate constraint on rural development in semiarid 
and arid regions is the stocking density that the natural vegetation will support.  This 
in turn limits the population density.  It is only in those situations where the stock 
carrying capacity has not yet been reached, that the availability of water may be a 
constraint on development.  Where the land is already overstocked, the provision of 
additional water supplies may indirectly lead to further degradation of the vegetation 
and thereby a decrease in the stock carrying capacity and ultimately the general 
impoverishment of the populace.  There is ample evidence of this in many regions of 
Africa. 
The solution to this problem is the provision of education and training in non-
agricultural skills so that other avenues of employment can be sought. 

11. Environmental concerns 

11.1. Equilibrium state 
The atmospheric, aquatic and terrestrial environments are never in a static, 
unchanging condition even in pristine situations.  Physical changes take place on all 
time and space scales from molecular changes through to global changes and from 
fractions of hours through to the age of the earth.  The systems are continually 
perturbed and as a result tend towards but can never maintain a state of constant 
equilibrium. 
Human activity is yet another disturbing factor.  If this disturbance is temporary and 
on the same scale as natural disturbances, the system will return to its previous 
condition.  If the change is small but permanent, the equilibrium condition may shift 
but the physical and biological processes may not be seriously impaired.  If the 
disturbance is large, the physical changes may be such that the previous biological 
processes cannot be sustained and a new set of processes will take their place. 
In many parts of southern Africa the degradation of the environment is taking place at 
an alarming rate.  Elsewhere in Africa the position has already been reached where the 
environment can no longer sustain the population that depends on it. 
The key to the control of environmental degradation is the determination of the 
natural equilibrium condition; the natural perturbations about this condition; 
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the effect of human-induced changes on this equilibrium; and the action 
necessary to maintain the system in a viable condition. 

11.2. Water allocation for environmental conservation 
Most aquatic scientists appreciate that the maintenance of river systems in their 
pristine conditions is an unattainable objective in all but a few cases.  The goal then 
becomes the maintenance of the river systems in as healthy a condition as is feasible.  
There is no consensus on how this is to be achieved in the presence of diminishing, 
unexploited river flow. Priorities have been established but it remains to be seen if 
these can be maintained indefinitely. 
The major difficulty that will inhibit the successful implementation of a national 
strategy for fresh water systems is the quantification of the environmental fresh water 
requirements and not the willingness to implement the policies.  The obvious 
analytical procedure for quantifying ecological requirements is through the 
construction of numerical prediction models. 
However, there are severe theoretical limitations to modelling ecological processes.  
These barriers will not be overcome by collecting more data or achieving a greater 
"understanding" of the physical-chemical-biological processes and interactions in the 
water environment.  When modelling any given situation there is an optimum time 
and space resolution and number of variables that can be used in a prediction model.  
Furthermore, the greater the complexity of the system, and the greater the variability 
of the driving variable (river flow), the coarser the time and space resolution and the 
fewer the number of response variables that can successfully included in the optimum 
prediction model. The reason for this conclusion is that each additional variable in the 
model carries a degree of uncertainty with it. The total uncertainty increases 
accordingly and the reliability of the results is reduced. 
The acid test of any prediction model is whether or not the results are meaningfully 
different from those that would have been obtained by applying experience-based 
judgment.  For specific projects and time horizons, we are probably as near as we can 
get to being able to quantify the maximum attainable conservation of the aquatic 
environment within the constraints of human welfare.  Until such time as reliable 
ecological prediction models that are applicable to the rivers of southern Africa have 
been developed, we will have to rely on the experience-based judgment of aquatic 
scientists to estimate the minimum requirements of the aquatic environment; include 
these in the water resource numerical simulation models; and so derive reasonable 
compromise solutions for the pressing water supply and environmental problems.  

12. The hydrological database 
The first and vitally important step in all water resource analyses is the establishment 
of a sound hydrological database.  Most of this information is readily available.  The 
application of geographical information systems will facilitate the computer retrieval 
of other relevant information (Conley, 1985). 
The principal source of flow data is the data recorded at flow gauging stations 
operated by the Department of Water Affairs and Forestry (DWAF). This source has 
its limitations.  The recorded flow records may contain calibration errors and often 
have gaps in them that have to be patched.  Reconstructed records depend on 
regionally derived model parameters and are of necessity approximations of the true 
flow records.  These limitations are appreciated by experienced users, who 
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accommodate them in the analyses.  Further information on the conjunctive use of 
deterministic and statistical methods can be found in Pitman and McKenzie (1987), 
and on the regionalisation of statistical parameters in van Biljon et al (1987). 

13. Long term persistence 
Another important property of annual river flow sequences is that of the dependence 
of the flow in one year on that in previous years.  If this relationship exists, then it will 
have the effect of prolonging periods of deficient rainfall and river flow. 
Prior to the investigations detailed in earlier chapters of this report, it was generally 
accepted that the annual serial dependence (the lag-1 serial correlation coefficient) is 
insignificant in semiarid regions.  This was confirmed for South African rivers by van 
Biljon et al (1987). 
However, there is mounting evidence that multi-year periodicity is present and 
detectable in South African hydrological records.  Sceptics base their disbelief on 
statistical analyses which fail to detect the presence of periodicity at an acceptable 
degree of confidence.  Two points need to be made regarding statistical analysis. 
 While statistical analysis methods can be used successfully to determine the 

probable presence of periodicity or serial correlation, they can not be used to 
prove that it does not exist. 

 Periodicity is only one of several possible causes of persistence, and the absence 
of detectable periodicity does not exclude the presence of persistence.  Other 
possible mechanisms vary from periodicity with random periods and amplitudes; 
long term resonance in the oceanic-atmosphere processes; through to unstable 
flip-flop mechanisms (catastrophe theory).  These are far more difficult to assess 
statistically as they require much longer periods than are available in hydrological 
records. 

The severest test of the presence of multiyear persistence is its predictability. 
The real issue, however, is whether or not the grouping of abnormally wet and 
abnormally dry years is meaningful within the context of water resource development.  
The consequences of the successive abnormally dry years associated with the recent 
drought are still fresh in our memories, and there is no doubt that this was meaningful. 

14. Generation of synthetic sequences 
The measured and reconstructed flow records are derived from a data series that will 
not be repeated during the design life of the project.  When these are used directly in 
an analysis, the assumption is that the properties of the future inflow sequences will 
not be meaningfully different from those of the historical record.  This assumption can 
be tested by generating sets of synthetic flow sequences.  Basson et al (1988) describe 
the generation of 3600 years of synthetic streamflow at each of approximately 40 
nodal points in the Vaal River system.  The historical cross-correlation relationships 
of streamflow, net evaporation, return flows, irrigation demands and influences of 
afforestation were preserved.  This is the conventional approach in the generation of 
synthetic flow sequences. It is assumed that the properties of the parent populations of 
streamflows at the various sites and the cross-correlation relationships are the same as 
those of the historical record.   
However, the historical record is only one sample drawn from the unknown parent 
population.  The validity of the approach used above can be assessed by carrying out a 
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mental Monte Carlo experiment where the first generation data sets are generated as 
before, but the statistical properties of each of these data sets are assumed to be 
equally likely candidates for those of the parent population.  The statistical properties 
of each of the first generation data sets are then used to generate a second generation 
data set.  A little thought will show that the mean values of the statistical properties of 
both the first and second generation data sets will be the same as those of the 
historical record, but that the variability about the mean will increase.  Consequently 
the variability of the firm yield-storage capacity relationship will be greater, and the 
risks associated with the firm yield will also be greater and more realistic than those 
derived from the assumption that the statistical properties of the historical record are 
the same as those of the parent population. 
This confirms that neither the firm yield-capacity relationship nor the probabilistic 
firm yield-capacity relationship, are suitable candidates for future water resource 
management assessments as the water resources approach depletion. 
Both the measured and the reconstructed flow records relate to relatively large 
catchments.  None of the methods currently available in South Africa for 
extrapolating this information to smaller catchments make adequate provision for the 
increase in flow variability with decrease in catchment size.  This may have an 
appreciable effect on the yield-capacity-risk relationship and should be addressed by 
the analyst even if it cannot be quantified accurately. 

15. Analytical procedures 

15.1. The yield-capacity-risk relationship 
The critical drought sequence method operated in reverse chronology which produces 
the so-called "firm yield" is still the backbone of water resource analyses.  
Appreciating that the historical sequence is only one of a wide range of possible 
sequences and is unlikely to be repeated in future, overseas research has progressed 
through to the development of probability matrix methods for the determination of the 
yield-capacity-risk relationship. 
However, this relationship provides neither help nor comfort to the operator of the 
system once the dam has been built.  The carry-over period (reservoir full to reservoir 
full) is a function of the variability of flow and consequently duration of the drought 
as well as the degree of exploitation of the river.  The length of this period is 
typically five years for many storage dams and has already exceeded ten years in 
some of the largest dams in the region. 
With increase in aridity a stage is reached where no continuous firm yield of any 
magnitude is possible due to the very high evaporation losses.  Potential mean annual 
open water surface evaporation approaches 3000 mm; exceeds mean annual rainfall 
by a factor of 20; less than 3% of the already meagre rainfall reaches the river systems 
and then only in the form of episodic floods.  Nevertheless, this water can be 
beneficially used by irrigating pasture crops such as lucerne, which can tolerate long 
periods of deficient water.  The philosophy adopted by irrigators is to store the crops 
rather than the water. 

15.2. Evaporation suppression 
Research on the use of chemical evaporation suppressants on large water surfaces was 
unsuccessful. Measures for minimising evaporation losses on a smaller scale include 
the excavation of small but deep pits within the basins of farm dams for emergency 



 
 
194     Chapter 7  

stock drinking water supplies when the reservoir dries up; building weirs which are 
deliberately allowed to fill with coarse sediment which creates a porous evaporation-
free storage medium; and in the case of domestic water supplies, the use of floating, 
low density concrete slabs on storage reservoirs.   

15.3. Supply development vs demand management 
The conventional approach to water resource development is to estimate the future 
demand and then to determine the storage capacity required to supply this demand 
with a high degree of assurance.  Sophisticated procedures for optimizing water 
resource development under conditions of uncertainty and conflicting objectives have 
been proposed (e.g. Haimes 1977, 1981) but are difficult to implement even in 
developed countries (e.g. Lord,1982). 
Most developing countries have severe budgetary constraints.  The basic issue to be 
resolved is not the determination of the economic optimum solution for the provision 
of a secure supply of water, but to determine both the minimum as well as the 
desirable supply levels; determine tolerable restriction criteria for each group of 
consumers (domestic, irrigation and industrial); develop the system operating rules 
that will accommodate these criteria; and finally determine the minimum cost dam to 
meet the limited demand pattern. 
It must be appreciated that the cost of supplying water in a semiarid region rises very 
rapidly with increase in the required degree of assurance. This assurance can only be 
achieved by building larger storage dams and consequently higher costs to the 
consumer which the poorer communities can seldom afford.  Another consequence is 
the increase in evaporation losses which adversely affect the supply-risk relationship 
for downstream users. 
In the more arid regions, resource-constrained optimisation procedures have to be 
applied.  Simple numerical simulation models in which the decision maker is 
encouraged to participate in the formulation as well as the evaluation of alternative 
solutions should be developed.  Other steps need to be taken to minimise water 
demands. 

15.4. Appropriate analytical techniques 
The advent of inexpensive personal computers has made numerical simulation models 
readily available to professional users.  Simple, robust models provide an ideal 
medium for exploring the effects of alternative strategies for the solution of complex 
water resource development and management problems, and conveying the results to 
lay decision makers. 
Computer-based numerical models have already been developed for the following 
applications appropriate to semiarid regions. 
 Yield-capacity relationships for simple as well as complex water resource 

systems. 
 Expansion of the yield-capacity model to include economic and risk criteria. 
 The development of system operating rules to ensure continuity of supplies during 

the worst conceivable drought conditions.  
 Generation of synthetic records for use in the above models and thereby the 

assessment of the degree of assurance associated with alternative options. 
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16. Firm yield – an analytical cul-de-sac 
In a particular river, if the water demand is small relative to the mean annual flow, it 
may be possible to meet this demand by abstracting water directly from the river with 
a very low risk of not being able to meet the demand.  However, as the demand 
increases, so the risk of failure to meet the demand also increases, and storage works 
have to be built to provide water during those periods when the demand exceeds the 
river flow.  The required capacity of the storage works is a function of the variability 
of the river flow and the magnitude of the demand relative to the mean river flow.  
The method most commonly used in South Africa as well as overseas for determining 
the relationship between the required yield from a dam, and the minimum capacity of 
the dam to meet the yield is the critical period method which in turn is based on the 
well known Rippl diagram method which was developed more than 100 years ago. 
For a given yield, the storage capacity is the minimum capacity that would have 
sustained the yield without interruption throughout the period of record on which the 
analysis was based.  This relationship is a function of a critical segment of the record 
during which the storage volume in the dam drops from full to just empty, after which 
it immediately recovers.  This yield has been variously described as the firm, assured, 
safe, or sustainable yield, and is referred to as the firm yield in this presentation. 
As the determination of the firm yield is based on historical flow records it should be 
possible to determine the firm yield- capacity relationship directly from the statistical 
properties of the flow record.  This approach was unsuccessfully attempted by Hurst 
(1951) for the determination of the required capacity for the Aswan Dam on the Nile 
River where a long record was available.  The problems experienced by Hurst and the 
statistical properties of river flow were hotly debated by hydrologists in the 1960s and 
1970s when "Hurst's Ghost" was a frequent topic of discussion because of its key role 
in the determination of the firm yield-capacity relationship.  According to McMahon 
and Mein (1978) the consensus of opinion is that the Hurst phenomenon can be 
ignored in most cases but should be preserved for high drafts and high reliabilities.  
This is the position in most of the major water supply projects in South Africa.  
A recent South African development is the introduction of probabilistic firm yield 
analysis (Basson et al 1988) which is based on the generation of a number of synthetic 
flow sequences, and the determination of the firm yield-capacity relationship for each 
sequence and thereby the probability associated with firm yields.  However, this does 
not overcome the fundamental objections to the firm yield approach.  As firm yield 
analysis is based on a single critical period within the historical record (or synthetic 
sequence) and consequently the rest of the record is ignored. This method is non-
optimal for maximum water yield, non-optimal for maximum economic benefit, and 
even more importantly, it cannot be used as a basis for developing operating rules for 
the system for which it was derived and consequently it is unachievable in practice 
(Alexander, 1987a). 
There are several major dams in the drier regions of South Africa where conventional 
firm yield analysis indicates that no firm yield is attainable regardless of the storage 
capacity.  Similarly, in other dams there is no increase in firm yield with increase in 
storage capacity beyond a certain level of demand.  In both of these cases the 
resources can nevertheless be profitably exploited.  For all of these reasons firm yield 
analysis is not a suitable method for water management or water resource allocation in 
South Africa. 
There are several other hydrologically based yield-capacity relationships available.  
Most of these are described in detail by McMahon and Mein (1978).  One of the more 
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attractive methods is Gould's probability matrix technique which was evaluated for 
South African conditions by Moore (1987). 
The problem with all of the pure hydrologically based methods is that they travel too 
far down the road before linking up with the planning and operational criteria, and 
consequently they lead into an analytical cul-de-sac. 
A different approach will be needed for water resources management in future as the 
objectives will be fundamentally different from those of the past. 

17. Defining the objective  
The essence of the water resources management objective is given in the following 
extract from the Department of Water Affairs’ publication Management of the water 
resources of South Africa (DWAF 1986).  

The national water management strategy is aimed at the indefinite equitable 
provision of adequate quantities and qualities of water for all groups of users 
at an acceptable cost and assurance of supply, subject to continuously 
changing conditions.  Within the limits imposed by non-economic and 
intangible considerations, the aim is to maintain an optimal dynamic balance 
between demand, supply and quality management.  

The key words are equitable, adequate, acceptable, intangible and optimal.  It is 
immediately clear that optimality does not necessarily or even primarily refer to 
the readily quantifiable economic optimum, but rather to subjective assessments 
of what is equitable, adequate and acceptable.   
Furthermore, it is unlikely that an optimal solution for one group of users will also be 
optimal for other user groups with different needs and objectives.  The prime 
requirement of any analytical method is therefore that it be capable of being used to 
explore a wide range of feasible solutions in order to arrive at a best compromise 
solution in consultation with the principal parties involved in the decision making 
process.  To achieve this, the method must be understandable by the participants who 
must be able to interpret and have trust in the results. 
Another major requirement is that the hydrological, planning and operational data, 
criteria and requirements must be included in the analytical method.  For example, the 
omission of the development of operating rules during the planning process will 
almost certainly result in the planning objective not being achieved in practice. 
The purpose of the analytical method is therefore to provide planners, water users and 
decision makers with a tool for exploring the yield-capacity-risk-cost-benefit 
relationship of water resource systems of differing complexity; serving a hierarchy of 
users (from international down to local authority or irrigation board level); each with 
different water requirements and with different water quality and assurance 
tolerances.  The method must be able to accommodate environmental consequences 
and recreational benefits.  It should also be capable of being used as a basis for 
resolving international or inter-regional water allocation disputes or negotiations. 
Is this goal attainable? 

18. Risk assessment 
As statistical analysis is a bread-and-butter issue for hydrologists, it is understandable 
that risks have been coupled to the hydrological analyses rather than the planning 
analyses.  The probability that a future sequence of river flows may have a volume 
less than a specified threshold can be determined without much difficulty.  Similarly, 
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synthetic flow sequences can be generated; the firm yield-capacity relationship for 
each sequence calculated; and from this the probability that the firm yield will not be 
achieved in a future sequence can be determined. 
However, the relationship between the probability of occurrence of deficient flow 
sequences and the economic consequences of these sequences is non-linear while the 
relationship with water quality, environmental and recreational consequences is 
largely conjectural.  Therefore, hydrological probabilities cannot be equated to the 
consequential risks. 
As the exploitation of a water resource increases, so will the risk of not being able to 
sustain the demand without interruption increase as will the time taken for the system 
to recover.  Consequently, the frequency, severity, and duration of restrictions will 
also increase.  The risk of having to impose restrictions in future can be decreased, but 
not eliminated, by increasing the storage capacity or importing water from other 
sources.  This is an optimisation problem.  However, the minimisation of the 
hydrological risk is a poor optimisation objective as it cannot be related directly to the 
overall objectives of the project.  
What is important is the degree of attainment of the project objectives.  If these 
objectives can be quantified, for example the economic objectives, then an analysis of 
the economic benefits derived from a set of synthetic flow sequences could be 
analysed statistically.  This would be more informative than a statistical analysis of 
the firm yield-capacity relationship. 

19. Optimisation procedures 
Water resource management problems where optimum solutions have to be sought 
can be categorized according to the following criteria:- 
 Number of independent variables. 
 Number of non-commensurate objectives. 
 Relationships between variables, e.g. linear or nonlinear, deterministic or 

probabilistic, static or dynamic, lumped parameters or distributed parameters.  
 Constraints e.g. availability of capital, manpower, plant or materials. 
 Optimisation criteria, e.g. minimize cost, maximize economic benefit, minimize 

risk, maximize social welfare, minimize environmental damage, maximize 
recreational potential. 

The first step in the optimisation process is to eliminate superfluous, directly related 
variables, only one of which needs to be included in the model.  Similarly, 
commensurate objectives should be amalgamated until the remaining objectives are 
non-commensurate i.e. further aggregation of objectives cannot be made without 
obscuring important elements of concern to the decision maker (Hall, 1982). 
There are four basic methods for deriving the optimal solution to a water resource 
management problem.  These are graphical, mathematical, numerical and judgmental.  
In mathematical methods the relationships are described by sets of mathematical 
equations and the single optimal solution is determined mathematically. In numerical 
methods no mathematical equations are required, and the optimum is determined by 
the interpretation of repeated simulations.  
The development of mathematical optimisation methods in water resource 
management has received a lot of attention during the past three decades.  Some 
useful publications on the subject are included in the references below.  Unfortunately 
mathematical optimisation techniques have not gained general acceptance in water 
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resource management in South Africa or elsewhere.  The main reason for this is the 
need to express relationships in the form of mathematical expressions that are 
compatible with one or more known efficient solution procedures.  These 
mathematical approximations are often poor descriptions of the system being 
modelled (Loucks et al, 1981, James, 1982).  
Even single objective, readily quantifiable cost minimisation procedures can be 
difficult to solve, particularly when the minimum cost, phased implementation has to 
be determined (Windsor and Kuo, 1987). 
Very few decision makers are conversant with the mathematics involved in the 
analyses. Consequently they find it difficult to have faith in the method.  Antle (1982) 
summed up the position as follows:  I am one of the people of this world who would 
rather encourage the application of experienced judgement than all of the new 
mathematical models without judgement.  The underlining is his. 
This leaves numerical simulation modelling and experience-based judgment as the 
only remaining optimisation methods for complex water resource management 
problems.  A combination of these two methods is the recommended procedure for 
optimisation procedures in South Africa.  Details of the procedures and their 
successful application in South Africa are given in Alexander (1985 and 1987). 

20. Development of operating rules 
Ultimately, the yield of a water resource development system will depend on the way 
in which it is operated.  Experience has amply demonstrated the gulf that exists 
between the firm yield analyses used in the planning of major water resource systems 
and the actual yield delivered by these systems.  It is therefore essential that the 
development of operating rules should be an integral part of the optimisation process. 
As the water demands rise and the river systems approach full utilization, the 
operators of these systems will be faced with increasing risks of not being able to 
meet the full demand from the systems that they operate. 
Faced with the necessity for ensuring that the reservoir does not empty during the next 
five to ten years, the obvious course of action is to restrict the supply of water as the 
storage level drops.  The operator does not require an estimate of the probability that 
the dam will empty, but a set of operating rules that will effectively prevent it from 
emptying whatever the future inflows may be. 
While the risks can be quantified to some extent by statistical analyses, these are of 
little help to the operators.  An operator does not require an assessment of the risk of 
failure, what he requires is a fail safe set of rules that will allow him to match the 
severity of restrictions with the state of storage in the system in such a way that the 
system will not empty regardless of the severity of any future drought.  Details of 
operating rules which meet these requirements were developed for the Vaal and 
Mgeni River systems (Alexander, 1984a and 1984b). 

21. Decision support systems 
The remaining step after the identification of a number of alternative feasible 
solutions to the problem at hand is the identification of the best compromise solution 
by the decision maker.  Can analysts assist the decision maker any further in reaching 
the preferred solution? 
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Haimes et al (1975) detailed the surrogate worth trade-off method for multiobjective 
optimisation in water resource systems.  Hall (1982) described the difficulties 
encountered in the application of the method. 
North et al (1982) described several goal programming applications in water 
resources project analysis.  The following is an adaptation of their approach which, 
when combined with numerical simulation modelling, could provide a useful tool in 
assisting the decision maker to reach the optimal solution. 
The method involves defining the most desirable level of attainment (e.g. capital cost 
level, economic benefit level, water quality level, environmental quality level, 
recreational benefit level, etc.) as well as the penalty weights for over-attainment and 
under-attainment of these goals in numerical terms; simulating the behaviour of the 
system for one of the solution scenarios and thereby determining the actual levels of 
attainment for these objectives.  The success of the scenario is measured by the sum 
of the products of the deviations from the desirable levels and the penalty weights 
given to deviations from the desirable level.  The best compromise solution is the 
scenario, which results in the minimum sum of the weighted deviations. 

22. Technology transfer 
Practitioners in the field of water resources management are not in a position to read, 
let alone understand and digest, the mass of research publications that come off the 
printing presses in their own discipline, let alone in the natural sciences.  The most 
efficient means of conveying research results to the practitioners is through 
presentations at dedicated conferences and specialist short courses where the 
presenters are obliged to sift through the research publications and convey the results 
to users. Financing technology transfer is no less important than financing the 
research itself.  

23. A look into the future 
The following scenarios show the traditional calculation sequence used in the past and 
the sequence required to meet future objectives. 
The past. 

1 Acquire, evaluate and adjust all relevant historical data. 
2 Determine the firm yield-capacity relationship using the critical period 

method.  This provides the storage capacity needed to meet the anticipated 
demand. 

3 Determine the minimum cost of structures that have to be built to provide the 
required storage capacity. 

4 As this is an exercise in engineering economics, the decision maker's role in 
the analytical process is minimal.  

5 Operate the system.  The operating rules are based on experience-based 
judgment. 

The future. 
1 Acquire, evaluate and adjust all relevant historical data. 
2 Generate synthetic multi-site annual hydrological data sets.  Disaggregate into 

monthly sequences. Do not carry out a yield-capacity analysis at this stage. 
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3 Develop a numerical simulation model for the system.  The model must 
include all the input data and the constraints.  The model output must account 
for all the elements of concern to the water users and decision makers, and 
must also include algorithms for system operating rules.  If necessary complex 
systems can be decomposed into linked modules. 

4 Derive feasible alternative solutions by running the model with a range of 
inputs and derive the corresponding solutions. The solutions should include 
the system storage and operating rules required to achieve the objective.  Base 
the analyses on the historical data during the exploratory stage.  When feasible 
alternative solutions have been identified, use a range of selected synthetic 
data sets to test the behaviour of the system under conditions which differ 
significantly from the historical sequence. 

5 In consultation with the decision makers determine the weights to be placed on 
over- and under-estimation of the various objectives and incorporate these in a 
goal programming model. 

6 Run the goal programming model to identify the optimal solution. 

24. Conclusions to Part 2 
The water resource development and management problems of the countries in 
southern Africa are complex and varied, as are their stages of economic and 
technological development.  Many of the sophisticated analytical techniques 
developed in the more humid regions of the northern hemisphere are inappropriate for 
the semiarid conditions which prevail over most of southern Africa.  There is a 
danger that technological assistance could cause long-term distress to the 
recipient community if due consideration is not given to the possible sociological 
impacts. Computer-based numerical simulation models provide a powerful analytical 
tool for determining optimum water resources development and management 
strategies. Educational and training programs in water resources development and 
management technology are urgently needed and should be directed towards their use 
by the professional advisers of the decision makers. 

25. Finally 
It is incredibly naïve to assume that a combination of rainfall-runoff process 
models and global climate models, can be used to predict the consequences of 
global warming on South Africa’s water resources. It is even more disturbing 
when climate change scientists make alarmist predictions on subjects where they 
do not have even the most elementary knowledge. 

26. References and further reading 
Many of the overseas references are from the 1970s and 1980s. This is the period of 
hydrological exploration when basic issues and policies were addressed. As the 
number of researchers increased, the research niches became more restricted and the 
broader picture was lost. 

Note in particular the subjects addressed in the titles of the papers and compare them 
with the inane conclusion by climate alarmists that climate change will result in the 
certainty of increased water restrictions.  
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Important note 
I am an expert in this field. My sole motivation was to determine the validity of the 
alarmist claims that global warming will result in an increase in the magnitude and 
frequency of damaging floods. If, as a result of my studies, I found substantiation of 
these claims then I had a professional duty to report my findings. 
As repeatedly confirmed in this technical report, there is neither observational nor 
theoretical support based on the wealth of readily available data, of the postulated 
consequences of global warming on the hydrometeorological processes, including 
floods, droughts and threats to water supplies. 
It is therefore my recommendation based on extensive knowledge, experience 
and studies, that alarmist claims by climate change scientists have no substance. 
Consequently, no action needs to be taken until such time as observational 
evidence, authenticated by experts in the field of flood analyses, becomes 
available.   
Nebulous claims that these adverse effects will only become apparent at some time in 
the distant future are not a sufficient or believable basis for undertaking costly and 
probably unnecessary mitigation measures. 
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1. Quick summary 
The purpose of this chapter is to assist in the determination of the possible effects of 
climate change, whether natural or as a result of human activity, on the frequency 
of occurrence of damaging floods in South Africa in particular, and the rest of the 
world in general. A disturbing feature of predictions of increases in the frequency and 
magnitude of damaging floods in the climate change literature, is the complete 
absence of references to the wealth of South African and international literature, 
publications, handbooks and codes of practice on this subject. Equally, there is no 
reference in South African or international codes of practice on steps that should be 
taken to accommodate the possible impacts of climate change on the flood magnitude-
frequency relationship. The absence of concrete recommendations in international 
codes of practice to accommodate the effects of global warming is in itself evidence 
of scepticism of all those involved in the development of civil engineering design and 
operation procedures.   
There is no evidence in any South African records of a progressive increase or 
decrease in the occurrence of damaging floods. It is also shown in this chapter that 
should there be an increase in flood magnitudes of the order postulated by 
climatologists and others, they will be statistically undetectable and therefore of no 
practical significance. There is therefore no justification for making any 
allowances for future climate change in design flood estimation procedures. 
It is equally important that those who undertake research on the effects of climate 
change on hydrological extremes, which is intended to influence national policy, have 
an ethical obligation to familiarise themselves with the subject along the lines 
presented in this chapter. They have shown no inclination to do so. 
  
 

 
 

Figure 1. In 1856 the Mgeni River overflowed its banks and floodwaters flowed into Durban 
harbour. 
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2. Floods and climate change science 
Nowhere is there a greater disparity between climate change science and civil 
engineering practice, than in the claim that global warming will result in ‘an 
intensification of the hydrological cycle’ and the postulated consequent increases in 
the frequency and magnitude of damaging floods. As will be shown, civil engineering 
practice is based on centuries of observation and experience, whereas climatology is 
based on a few decades of development of abstract theory. No attempts were made by 
climate change scientists to verify the theory by analysing the wealth of available 
data. 
The purpose of this chapter is to introduce the basic concepts of flood hydrology to 
scientists in other fields, as well as to inform practitioners in this field of the latest 
technology required for adapting to climate changes, should they occur. 

2.1. History of hydrology 
Hydrology is broadly the study of the movement of water through the terrestrial 
systems from its arrival on the surface of the earth in the form of rainfall or snow, 
through to its eventual discharge back to the atmosphere or the oceans. 

The history of the study of hydrology is as old as civilisation itself. Biswas (1970) in 
his book History of Hydrology traces its history in thirteen periods. They are prior to 
600 BC; the Hellenic civilisation; the age of Plato and Aristotle; the post-Aristotalian 
period; the River Nile; from 200 to 1500 AD; the sixteenth century; the seventeenth 
century; the beginning of quantitative theory; rain gauges in the seventeenth and 
eighteenth centuries; the eighteenth century; and the nineteenth century.    

The major historical benchmark was the beginning of quantitative hydrology towards 
the end of the 1600s. At that time nearly all investigators of distinction belonged to 
one scientific society or another. The most notable societies were the Royal Society of 
London and its French counterpart. 

Biswas’ book makes fascinating reading. It highlights once more the total ignorance 
and opportunism of South African and international climate change alarmists who 
claim that those of us in these fields are ‘fringe scientists’. Regrettably, the opposite is 
the case. 

Throughout history it has not been possible to determine the characteristics of the 
flood magnitude-frequency relationship from studies of the climatic processes that 
give rise to them. The complexity of the atmospheric and oceanic processes and their 
interactions, are far too great for any usable relationships to be developed. This is 
despite the obvious advantages that such a relationship would provide for 
hydrological studies. 

Given this very long background, extending over a period of some 3000 years; and the 
involvement of hundreds of modern researchers; and many thousand practitioners; 
how can climate change scientists claim that changes in climate will result in an 
intensification of the hydrological cycle with consequent increase in the frequency 
and magnitude of damaging floods? Where is the evidence of this quantitative 
linkage between climate and floods that has eluded the search by thousands of 
hydrologists over this very long period? 
How dare these climate alarmists claim that there is an international ‘consensus’ on 
their findings when no such consensus exists among the thousands of researchers and 
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practitioners in the field of applied hydrology in general, and flood studies in 
particular? 

If, as is claimed, global temperatures have risen dramatically in the last few decades, 
and that there is an unambiguous link between global temperatures and increases in 
damaging floods, then these effects should be discernable by now. If present, they 
would provide solid and virtually irrefutable evidence of the linkage. 

Why then have climate change scientists avoided searching for these linkages? As I 
show in this and earlier chapters of this technical report, they are well aware that no 
such quantitative linkage exists. 

In this chapter the various aspects of the occurrence of floods that are of concern to 
society will be described, as well as how they are accommodated in design and 
mitigation procedures. 

In the last section of this chapter, information is provided on advanced analytical 
procedures used in flood magnitude-frequency analyses. 

Readers should be able to put all this together and form their own opinions on the 
claims expressed in the climate change literature that climate change will result in an 
‘intensification of the hydrological cycle’ and consequent increase in damaging 
floods. 

2.2. My experience 
I am more knowledgeable on all aspects of floods than anybody else in South Africa. I 
have written two books, numerous publications, undertaken more commissioned 
studies, written more computer programs and presented short courses to more 
practitioners than anybody else. 
When the possible effects of global warming became a concern, I re-examined all my 
material. I undertook unprejudiced studies, searching for evidence of any 
progressive changes in the magnitude and frequency of damaging floods. I found 
none. On the contrary, the floods of the mid-1800s remain the highest on record in 
rivers where this information is available. Studies of individual long records show no 
progressive changes. 
Studies by other researchers described in this chapter confirm my findings. I am 
unaware of studies of historical records by other South African or international 
scientists that demonstrate unequivocal, progressive increases over periods exceeding 
fifty years that match increases in global temperatures. 
These findings are fundamentally important, because claims that global warming will 
increase climatic extremes, specifically floods and droughts, are the cornerstone of 
climate change theory. If these increases are undetectable despite the claims of 
dramatic increases in temperature during the past century, then this must 
completely undermine the very basis of climate change theory. 
I am fully prepared to make all my data and analyses available for study by any 
recognised independent scientific body. I will require that arrangements be made via 
the University of Pretoria and that the results of the study be publicised. 
This information will be available in view of the current international concern 
regarding transparency and reproducibility of scientific information relating to climate 
change research.  
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2.3. Barriers to cross-disciplinary technology transfer 
While there are many recent refereed publications on floods, these are mainly of 
academic interest. Most of the information will be found in voluminous national 
policy documents, technical reports, conference publications and course notes for 
practitioners. An even more important knowledge barrier is the disdain that academics 
in the natural sciences have for what they term the grey literature. When I took over 
the division of hydrology of the Department of Water Affairs in 1970 I re-instituted 
the production of technical reports. These were on the important topics that we were 
addressing at that time and were recorded for subsequent reference purposes. They 
were scrutinised by seniors before publication. The topics included detailed records of 
severe floods, including data on rainfall and river flow. This material will not be 
found in the peer-reviewed literature. Consequently, the assumption is often made that 
there is no knowledge on the subjects that are in fact covered in detail in the technical 
reports, or that somehow the material is less reliable than peer-reviewed literature 
whereas the opposite is the case.     

2.4. Opportunism 
Climate alarmists are increasingly proclaiming that almost every severe flood in 
Africa is the consequence of climate change, particularly when it is maintained that it 
is the worst on record. In most cases there are no authentic records. In other cases 
where there are records for the past twenty years for example, then there is a 5% 
probability that the next flood will be higher than any previous floods. This has 
nothing to do with climate change. 

In another example, if records are available for a thousand rivers, then, on average, 
every year one of these rivers will experience a thousand-year flood. This exceptional 
flood also has nothing to do with climate change. 

Claims based on increases in loss of lives and damages to property based on insurance 
records are equally opportunistic. As will be shown in the next chapter it is the 
vulnerability to floods that is increasing, not increases in flood magnitude due to 
climate change.   

2.5. Increasing concern 
Quite apart from the climate change aspect, there is nevertheless increasing 
international concern regarding the effects of severe floods on vulnerable 
communities in Africa and elsewhere. 
Much of the material is this chapter is based on my 560-page course handbook Flood 
risk reduction measures (Alexander 2000). The analytical methodologies and 
mathematical equations are detailed in the handbook. The computer programs that 
incorporate the algorithms can be visited at the University of Pretoria website 
UPFLOOD. The algorithms themselves and test data are available from the author’s 
archives. The first versions of the computer programs were written twenty years ago 
in the pre-IBM PC era. To date more than 500 copies of the programs have been 
distributed.  
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PART 1: CONSEQUENCES OF FLOODS 

3. Overview 
Rivers play an indispensable role in the provision of water, without which life would 
be impossible. Alluvial floodplains are flat, fertile, and close to water. This makes 
them ideal for residential, agricultural, and industrial development. 

For most of the time the flow in a river is contained within its banks. However, after 
unusually heavy rain, the level of the water in the river may rise above the banks and 
flow onto adjacent land. In the case of a severe flood, people living close to the river 
may lose their lives; houses, structures and crops may be destroyed; while 
communications and services may be seriously disrupted. The costs to the community 
in terms of lives lost, economic damage and human suffering, eventually necessitate 
the introduction of measures to reduce the flood-related risks to an acceptable level. 

These measures can be legislative such as controlling occupation of flood-prone areas, 
or structural such as the construction of flood protection levees. 

In those situations where neither legislative nor structural measures are feasible, local 
authorities should consider implementing flood-warning systems that will give 
residents sufficient notice to move to higher ground. 

While local authorities have a responsibility to protect and inform their citizens, the 
ultimate responsibility rests with the individuals at risk provided that they have been 
fully informed of the nature of the risk. 

Effective flood risk reduction measures require an understanding of the 
processes that cause floods, a knowledge of the magnitude of the flood-related 
risks, a knowledge of appropriate analytical methods, and a knowledge of 
procedures that can be implemented to reduce the risks. None of this information 
will be found in the climate change literature where it is nevertheless claimed that 
global warming will result in an increase in the frequency and magnitude of floods, 
and that this is already happening.  

Hopefully, this chapter will remedy the situation. 

3.1. Definition 
It is very important to note that all analytical methods refer to the flood magnitude 
that will be exceeded, not the magnitude that will be equalled. For example, roadside 
drains may be designed to accommodate the 1:10-year flood. This is the flood 
magnitude that will be exceeded once every ten years on average, not the magnitude 
that will be equalled once in ten years on average.  

4. Flood risks 

4.1. Loss of life 
Of all the natural phenomena capable of producing disasters, flooding is by far the 
most significant in causing loss of life. The severity of such disasters is often 
increased several fold by the after effects – disease and starvation.  
It is estimated that at least 50 000 people, and possibly more than 100 000 people are 
living along rivers and streams in South Africa below levels reached by previous 
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floods. Most of these people live in unplanned settlements within the jurisdiction of 
local or regional authorities. 
As is the case in many developing countries, there has also been a general migration 
of the rural poor to urban areas and the surroundings. It is often the case that the only 
vacant land is in flood-prone areas where planned development was prohibited in the 
past. In South Africa this migration has been accelerated by growing rural populations 
and consequent increasing vulnerability to naturally occurring droughts. This is in 
addition to the many thousands of people living in planned development that is 
subject to flooding. The low-lying area of Ladysmith in KwaZulu-Natal is one of 
many similar situations. 
In a recent report, it was estimated that there would be an influx of an additional 
20 million people into the urban areas by the year 2020. This will result in a 
proportionate increase in the occupation of flood-prone areas. 

4.2. Damage to structures 
While dams have a much higher potential for causing loss of life and damage if they 
fail, more lives have been lost in South Africa due to the structural and functional 
failure of bridges than due to the failure of dams. This is largely because of the more 
stringent safety requirements for dam construction. 
The location of bridge sites is determined more by optimum route location than by 
optimum foundation conditions. Their higher elevations make them more vulnerable 
to flood damage when unusually severe floods occur. 
There have been an unacceptably high number of failures of bridges due to floods in 
recent years, particularly in KwaZulu-Natal, but also in the southern Free 
State/Northern Cape region, and in the southern Karoo. In addition to the direct repair 
costs, the indirect costs have also been severe.  
An even more tragic occurrence was the effect of the bridge over the Buffels River at 
Laingsburg during the January 1981 floods when 104 lives were lost in the town. The 
combination of topography, and the location and design of the bridge resulted in an 
appreciably higher loss of life and damage to buildings in the town than would 
otherwise have been the case. Sixteen onlookers were trapped on the bridge itself and 
lost their lives. 

4.3. Interruption of communications 
Trunk roads are designed for high speed, all-weather transportation. This includes 
heavy haulage vehicles, frequent passenger busses, and high densities of private 
vehicles. The direct and indirect costs of interruption of communication routes due to 
floods, has increased in proportion to the increased usage. 

4.4. Interruption of services 
Another recent development is the isolation of communities during floods. Large 
communities were cut off from hospitals, health centres and places of work. The 
present establishment of informal settlement areas in and near cities, and on the flood 
plains themselves in some instances, is a matter of considerable concern. The socio-
political consequences of being unable to reach and assist these communities during 
severe floods due to the inundation and destruction of roads and bridges are grave. 
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4.5. Flood warning systems 
In most situations where lives are at risk, the only viable means for reducing the risk 
is through the operation of efficient flood warning systems. A computer-based 
National Flood Advisory Service was developed. Additional methods were developed 
for application by local authorities and small communities. These were not put into 
operation. 

4.6. Operation of dams with gated spillways 
Owners of dams with gated spillways have to develop operating procedures based on 
a combination of knowledge of rainfall that has occurred, flows that have been 
measured in upstream rivers, and estimates based on forecasts of rainfall and resulting 
additional high flows that may occur in the immediate future. Consequently, it is not 
possible to ensure that floods will be discharged optimally. Operating procedures have 
to take this into account. 

5. Earlier studies 

5.1. 1990: Flood hydrology for southern Africa 
My handbook Flood Hydrology for Southern Africa was commissioned by the South 
African National Committee on Large Dams (SANCOLD) in 1988. It was published 
in 1990. (Alexander, 1990).  
The essence of the handbook was the collation of existing knowledge in South Africa 
and elsewhere in the world, and the production of computer programs to implement 
the methods. No new research was undertaken. 
During the production of the handbook it became clear that there were serious 
deficiencies in some of the calculation methods, and that these were primarily related 
to a lack of understanding of the properties of the flood-producing rainfall events. 
The September 1987 floods in KwaZulu-Natal, and the floods in the Free State and 
northern Cape during February and March the following year raised several questions 
that could not be answered. For example: 
 Why were bridges still failing in Natal despite frequent failures during the past 

120 years? Engineers in KwaZulu-Natal were rightfully sceptical of hydrological 
analyses that indicated that these were 1:200-year floods whereas a number of 
floods of this magnitude had been experienced this century. 

 How frequently can floods of this magnitude be expected within a larger region, 
or South Africa as a whole? 

 How accurate are our flood frequency analysis methods at a single site and 
multiple sites? 

 Is it just a coincidence that severe floods are often followed by more floods in the 
same season and so disrupting repairs? 

 Is it just a coincidence that severe floods in one region in South Africa are often 
followed by equally severe floods elsewhere in South Africa? 

 Floods of the relative frequency and magnitude of those in KwaZulu-Natal do not 
seem to have occurred on the interior highveld. Is there a reason for this? 

 Are there some regions in South Africa that are more prone to exceptionally 
severe floods than others? 
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 All north-south road communications through the southern Free State-northern 
Cape were cut off during the 1988 floods. What is the likelihood that this may 
occur again in the future? 

 To what extent can hydrological expertise be expected to assist in the analysis of 
the risk of structural failure of bridges due to floods? 

 Can hydrological experience be applied in the determination of optimum road 
route location? 

5.2. 1991: Department of Transport research project 
In 1990 the Department of Transport awarded a research contract on the 
Determination of the risk of widespread interruption of communications due to 
floods (Alexander and van Heerden, 1991b). Answers were sought for many of the 
problems posed above. Details are provided in the earlier chapter on climate and 
rainfall. 
The research contract was undertaken jointly with my colleague Professor Johan van 
Heerden, who occupied the Chair of Meteorology in the Department of Civil 
Engineering. His contribution to the quantitative understanding of flood-producing 
weather systems was a major contribution to South African flood hydrology. Material 
in the earlier chapter on climate and rainfall summarises the results of his research. 
The first component of the study was the determination of the accuracy of existing 
methods of flood frequency analysis. Some of the principal conclusions were 
published in a paper The determination of the design flood for dams (Alexander, 
1990) which was presented at the Symposium on Dam Safety organised by the South 
African National Committee on Large Dams. The analysis showed that there were 
unacceptably large discrepancies in the results of the different methods. 

 
Figure 2. Flood peak-frequency relationship for the Mkomazi River. Note the absence of 

historical increases or decreases. 
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The next step was to apply the methods to a specific site where analytical problems 
could be expected. The site chosen was at the mouth of the Mkomazi River in 
KwaZulu-Natal. This site has a good hydrological record plus extreme flood data 
going back to 1856. It is also within the coastal zone of Natal where there is a long 
history of bridge failures. The study confirmed that there were deficiencies in existing 
calculation methods. Suggestions for overcoming these deficiencies were presented. 
The following stage was an attempt to determine the probability of failure of one or 
more structures along a route based on theoretical considerations alone. This was a 
desk study that was necessary to crystallise the line that the rest of the research should 
take. As expected, this was an intractable analytical problem that would have to be 
solved indirectly. 
The SAWS district rainfall data were amalgamated and re-processed into 
chronological order for the production of district rainfall maps based on millimetres 
and probabilities. This information proved to be invaluable in identifying the location, 
magnitude and areal distribution of severe flood-producing rainfall. It also 
demonstrated conclusively that extreme floods were the result of wide-area rainfall 
events and not confined to single catchments. 
The district rainfall data were also used to determine whether there were significant 
correlations between severe rainfall in one district and that in adjacent districts. While 
the results were less conclusive than those described in the paragraph above, they 
nevertheless provided some new insights into the location of regions that are more 
prone to severe floods than others. 
At this stage there was very clear evidence that large area, severe flood-producing 
rainfall was far more frequent than had been previously realised, and that there 
appeared to be some regional grouping. 
The next step was to analyse the rainfall on a daily basis rather than a monthly basis to 
see if more insight could be gained on the relative severity of the rainfall in each of 
the larger regions. This analysis provided a greater quantitative assessment than was 
possible using district rainfall. It confirmed the presence of regions that were more 
flood-prone than others, and that the central Highveld region is less prone to floods 
than other regions in the interior of South Africa. 
The final aspect was the identification of the meteorological conditions that give rise 
to flood-producing rainfall and the preferred location of these systems. 
The results of the research were published in the paper The destruction of bridges by 
floods during the past 120 years- what went wrong? (Alexander and van Heerden, 
1991a) and in the report to the Department of Transport Determination of the risk of 
widespread interruption of communications due to floods (Alexander and van 
Heerden, 1991b), and the handbook Flood risk reduction measures (Alexander 
2000). 

5.3. 1992: Development of a National Flood Management Policy 
In 1989 the Department of Water Affairs appointed a consortium of consulting 
engineers to prepare a draft revised National Flood Management Policy.  
Extensive discussions were held with many local authorities and other organisations. 
From information gained during the discussions, as well as from literature studies, it 
soon became clear that the establishment of flood warning systems was the most 
viable means of reducing the risk of loss of life during floods. 
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On the recommendation of the Department of Water Affairs, the Water Research 
Commission awarded a research contract on the Proposed National Flood Advisory 
Service the purpose of which was: ‘to collect, process and transfer weather 
forecasts, warnings of the possibility of heavy rain, details of rainfall during the 
previous 24-hours, and flood-related warnings and information to any registered 
user anywhere in South Africa who has access to a telephone and a desktop 
computer.’  
The project was completed in May 1992 and was installed by the Department of 
Water Affairs on a trial basis in January, 1993, but was later discontinued. 

5.4. 1993: Computer programs for flood warning systems 
A further research contract was awarded by the Water Research Commission in 1993 
for the development of computer programs for local flood warning systems. This was 
implemented on the Jukskei River in Alexandra. 

5.5. 1994: Scientific and technical committee on natural disasters 
My voluntary work in the informal settlements along the Jukskei River in Alexandra, 
where more than 6000 people lived in appalling conditions below the 1:50-year 
floodline, eventually led to my appointment by the Secretary General of the United 
Nations to the UN Scientific and Technical Committee on Natural Disasters in 1994. 
This appointment provided me with an international perspective on disaster 
mitigation. In 1999 I was commissioned by the UN Secretariat to undertake a study on 
Risk and Society – an African Perspective (Alexander 1999). This study highlighted 
the plight of millions of people on the African continent who are vulnerable to the 
effects of natural disasters, principally droughts and floods. The report is reproduced 
in Appendix A of this report. 

5.6. 2000: Handbook on flood risk reduction measures 
This first edition of my handbook Flood risk reduction measures was prepared in 
May 1993, primarily for presentation at our annual short courses, but it was written 
with a wider readership of practising planners, engineers, civil protection personnel 
and decision-makers in mind. The second, revised edition was compiled specifically 
for the conference on the severe, widespread floods of February-March 2000, which 
were described as the worst humanitarian disaster to affect the subcontinent. The 
damage to the road and rail communication systems was particularly severe. I discuss 
these floods later in this chapter as well as in the chapter on climate and natural 
disasters. The revised edition included material from my 1990 handbook Flood 
hydrology for southern Africa, (Alexander 1990).       
The purpose of the handbook on flood risk reduction measures was to provide 
information that would assist local authorities, other organisations, and practitioners 
to undertake investigations and to plan, design and implement risk reduction 
measures. 
Ultimately, the solution for any particular situation will rest on the resolution of 
often-conflicting humanitarian, social, legal, economic and political issues. The 
emphasis in the handbook was therefore to list and describe the principal aspects that 
will have to be considered, together with some of the advantages and disadvantages of 
the different options, rather than attempt to supply stereotyped solutions.  
Some difficult decisions will have to be made. An understandable reaction by decision 
makers in the face of uncertainty is to decide to do nothing and let nature take its 
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course. However, even a decision to do nothing, or to delay taking a decision, is in 
itself a decision that could have serious, undesirable consequences. 
Flood risk evaluations and the implementation of flood risk reduction measures take 
time. It was therefore recommended that a systematic, step-by-step approach be used, 
starting with the identification of the most critical flood-prone areas and the 
implementation of flood risk reduction measures for these areas before proceeding 
with studies for less critical situations. 
This is a vastly different approach from that propagated by climate change 
scientists. 

5.7. 2002: Standardised methods and computer programs 
I arranged a long series of short courses on floods starting in 1976 through to 2001. 
This was the longest series of short courses in the civil engineering profession. My 
final contribution was the development of the standard design flood (SDF) and 
associated computer programs in 2002. (Alexander 2002a and 2002b). The SDF 
method is now in general use in South Africa. There was little more that I could do. 

5.8. 2006: Successful flood prediction 
In November 2005 I issued the first of four flood alerts warning that widespread 
floods were likely to occur during the following months. Heavy, widespread, flood-
producing rains occurred over large regions of the African subcontinent during 
January and February 2006. As I write these notes, further flooding occurred in 
various degrees along the coastal regions from the far north-western Cape through to 
the Port Elizabeth area. These mark the commencement of the winter rains. 

I like to believe that my warnings as well as my efforts over the years, 
contributed to the minimal loss of life and damage to structures during these 
floods.  
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PART 2: WIDESPREAD FLOODS 

6. Severe widespread floods:  1981, 1984, 1987 and 1988 
These floods were well described in a number of publications and reports by the 
Department of Water Affairs, the Weather Bureau and several other organisations and 
authors. The characteristics of the rainfall and meteorological aspects were described 
in the earlier chapter on climate and rainfall. The following is a concise summary. 
 Worst on record in some rivers. 
 They typically resulted in high loss of life (10 to 200 people); livelihoods (several 

thousand people); displaced people (tens of thousands); and damage to the 
overland communication routes and water supply projects (costs now more than 
R1000 million per event).  

 These floods are typically generated by more than 200 mm of rain falling over 
areas in the range 10 000 to 100 000 km2. 

 They typically occur with frequencies of about once in ten years on average 
somewhere in South Africa. At a particular site these floods may have return 
periods within the range of 30 to 100 years. 

6.1. Consequences 
 High loss of life, livelihoods and possessions. 
 Increasing impoverishment of vulnerable communities. 
 Severe damage to structures. 
 Widespread interruption of communications with consequent cost and loss of 

utility values. 
 Strain on local, provincial and national budgets. 

6.2. Constraints in the application of risk reduction measures 
 Severe financial limitations. 
 Lack of experienced professional staff to apply the methods. 
 Flood control dams a prohibitive luxury (only one has been built and operated in 

South Africa solely for this purpose.). 
 Flood control levees not economically justifiable. They also have high 

maintenance costs and provide a false sense of security. 
 Legislative control of floodplain development in urban and rural areas is often 

unenforceable. 
 Flood damage insurance is often unaffordable. 
 Time and credibility gaps between issuing flood warnings and steps taken to avoid 

the consequences. 
 Ecological and environmental concerns are often seen as being more important 

than human livelihood concerns. 

7. ‘Mozambique’ floods: December 1999 to March 2000  
These severe floods received widespread publicity, principally because of the 
dramatic photographic coverage of rescues by the South African Air Force 
helicopters. Attracted by the publicity like moths to a candle flame, were the belated 
rescue and rehabilitation attempts launched by other nations. Once the public interest 
diminished they left the scene as rapidly as they arrived.      
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I started arranging a conference as soon as it became clear that this was a major flood 
event. The conference was held at the University of Pretoria on 11-12 May 2000. 
Delegates from neighbouring countries that were affected by the floods were invited 
as guests. There were 24 presentations on various aspects of the floods. One of the 
presentations was by van Bladeren and van der Spuy titled The February 2000 floods 
– the worst in living memory? The authors concluded: 

The flooding in February 2000 was similar in geographical extent and in 
terms of flood peak to the floods of 1893 and 1939. From the descriptions of 
the 1893 floods in the various sources it would seem that it was larger than 
the recent floods. In general, flooding similar to that of February 2000 in the 
individual rivers have occurred between four and five times since 1893. 

It is therefore very disturbing when climate alarmists quote the consequences of the 
Mozambique floods as examples of the effects of global warming, and then proceed 
from there to propagate their unfounded views that climate change will increase the 
frequency of these events for which there is no believable evidence.  

I was directly involved in a whole range of aspects and investigations related to the 
floods both in South Africa and in Mozambique. These will be discussed in more 
detail in the next chapter on climate and natural disasters. More information will be 
included in the accompanying PowerPoint presentations. 

8. Possible effects of climate change 
The following are my views on the possible effects of climate change on the 
frequency and magnitude of widespread floods, based on five decades of field 
observations, practical experience, research, application and teaching. 
 The magnitudes of the postulated consequences of climate changes will be 

undetectable against background of natural variability. 
 Therefore they are unlikely to have a meaningful effect on those vulnerable to 

them. 
 Should they occur, the postulated changes in frequency and magnitude of floods 

and droughts can be accommodated comfortably within existing procedures. 
 Forecasts based on historical observations have proved to be more accurate than 

forecasts based on El Niño/La Niña phenomena. 
 Predictions based on global climate models are unsatisfactory because the 

quantification of the characteristics (frequency, magnitude and duration) of 
river flow in general and floods in particular, cannot be derived from the 
model outputs. 

 There are no indications that climatologists have an interest in following this route 
for the development of long-range climate prediction that this country urgently 
needs.  

8.1. Example 
The location of 18 widely spaced representative sites is shown in Fig. 3. Fig. 4 shows 
the dimensionless growth curves for these sites using the GL/LM distribution. Their 
total record length is 906 years, which includes 17 historic floods prior to the 
establishment of the gauging stations. These include the floods of the mid-1800s that 
remain the highest on record in some rivers.  
This set of analyses illustrates the consequences of severe, widespread, flood-
producing rainfall on the frequency-magnitude relationship at sites that are vulnerable 
to severe floods. These are the floods that cause the loss of life, livelihoods and 
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possessions, as well as the destruction of water supply installations and 
communication routes.  

 
Figure 3. Location of sites used for extreme flood analyses 

 

 
Figure 4. GL/LM distribution applied to the 18 stations used for extreme flood analyses 
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The selection criteria were geographical dispersion and the presence of anomalous 
high outliers in the plotted data. All the outliers were well documented and estimated 
using slope-area methods. They are distributed along the whole eastern half of South 
Africa from a 24 km2 catchment in the winter rainfall region in the south to a 7703 
km2 catchment in the summer rainfall region in the north. This is only a sample of the 
many South African data sets that have these characteristically high outliers. 
Note the many outliers that have values more than three times the mean and are not 
satisfactorily accommodated by the GL/LM or any other distribution. The bulk of 
them have return periods between 10 and 50 years based on the plotting positions 
(confirmed by other observations), but the calculated values are within the range of 50 
to 100 years, which is contrary to our observations. The extreme high outliers with 
values exceeding eight times the mean have plotted return periods within the range 50 
to 200 years but calculated return periods between 200 and 1000 years. 
There is ample evidence in South Africa that demonstrates that in most regions there 
is a range of flood-causative mechanisms, not all of which are annual occurrences. It 
is also very clear that the consequences of climate change, if any, would be 
undetectable in South African data, and consequently would have no meaningful 
influence on the flood magnitude-frequency relationship. 

8.2. Historical flood peak maxima 
The length of a number of South African data sets is now approaching 100 years of 
gauged data. There are several sites where historic floodwater levels were recorded 
and the corresponding peaks calculated. Seventeen of the 906 values at the 18 sites 
used in the regional analyses above are historical maxima, the earliest being in 1847 
in the Upper Buffalo River near King William's Town. There are other sites where 
high flood levels have been recorded such as at Upington on the Orange River since 
1874, and at Hankey mission in the Gamtoos River since 1847. The water levels at 
Hankey ranked in order of magnitude occurred in 1867 (largest), 1932, 1971, 1847, 
1916, 1905 and 1961. 
There is no evidence in any of these records of a progressive increase or decrease in 
the magnitude of the flood peak maxima. It is also obvious that should there be an 
increase in flood magnitudes of the order postulated by climatologists and others, the 
annual maxima would be lost in the Milky Way of values plotted in Fig. 4 above and 
will be statistically undetectable. There is no justification for making any 
allowances for future climate change in design flood estimation procedures. 

8.3. Changes attributable to catchment utilisation 
Paired catchment experiments in South Africa successfully demonstrated that 
afforestation reduces stream flow. The construction of numerous farm dams in most 
South African catchments and large storage dams on most rivers have had a 
measurable effect of reducing short return period flood maxima. (They are also 
efficient sediment traps, so postulated increases in sediment production resulting from 
climate change are questionable.) 
No hard evidence has been located in South Africa or elsewhere, to support the view 
that urbanisation increases the annual flood peak maxima (as different from afternoon 
thunderstorms). This increase may be intuitively correct, but analyses should be based 
on surveys of the proportion of the catchments such as city centres and large parking 
lots that increase runoff from minor storms, and residential erven that produce no 
runoff at all for many years in succession.  
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Two well-recorded exceptionally heavy rainfall events occurred in Port Elizabeth and 
Pretoria. There was no evidence to support the view that urbanisation increased run-
off during these events. 
Most of the damaging floods in South Africa are the result of prolonged, widespread, 
severe rainfall events. The rainfall duration associated with long return period floods 
is often well in excess of the catchment response times. In this situation the 
catchments approach saturation before the end of the storm. Catchment utilisation, 
whether urban or agricultural, has little effect on the resultant long return period 
flood peaks. 
Catchment utilisation has a decreasing influence on flood magnitude as catchments, 
including arid areas, approach saturation during prolonged heavy rainfall. Practices 
that decrease annual river flow are well documented. However, these practices have a 
proportionally smaller influence on flood magnitude with increase in return period 
The general picture is that agricultural practices in the catchment will probably 
reduce short return period annual flood maxima. The effect of urbanisation is 
ambiguous, and claims that some practices, including urbanisation, may increase long 
return period floods, are of dubious validity when applied to South African 
conditions. 

8.4. Periodicity 
Tables of flood analyses in an earlier chapter of this report showed that of the 17 
stations analysed with a total length of record of 1235 years, 21-year periodicity was 
present at the 95% level of statistical significance in four of the records. It was present 
at a lower level of significance in another seven records, and not detectable in two 
records. It was not determinable in the four remaining records.    

The periodicity could be detected despite the high variability of the flood peak 
maxima data.   

8.5. Detection of climate change 
South Africa has one of the longest ongoing, extensive and expensive research 
projects in the world on the possibility of artificially increasing rainfall and 
consequently river flow, by cloud seeding. Theory, radar and airborne observations, 
and experiments are not sufficient, as the results have to meet stringent statistical 
requirements. Options are paired catchments, split before-and-after observations and 
wide area (several thousand km2) experiments on randomly selected days. To date, 
after some two decades of research, these statistical requirements have still not been 
met. 
The postulated effects of catchment utilisation (urban and agricultural) on flood 
magnitudes are of the same order as postulated increases in rainfall from cloud 
seeding, and have to meet the same statistical criteria. Theory, small-scale 
experiments, and uncontrolled observations are not sufficient.  
The effects of postulated climate change are also in this category. There has been a lot 
of theory (often conflicting), but no quantitative estimates of the linkages between 
climate change, and flood frequency and magnitude have been made in South Africa 
or elsewhere in the world. 

If the statistical requirements are considered to be too rigid, there are other criteria 
that can be applied, including sound, experience-based judgment and graphical 
interpretation. This approach has been increasingly sidelined by those who feel more 
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comfortable in front of a computer screen, or sheets of mathematical equations. They 
should consider the simple observation that a one-year old baby has no difficulty in 
distinguishing between a feeding bottle and a can of beer, whereas no mathematician 
is capable of producing a set of mathematical expressions that an Internet colleague 
will immediately recognise as being a description of a baby's feeding bottle. 
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PART 3: STATISTICAL ANALYSES 

9. Basics 
The rest of this chapter deals with more technical aspects and is primarily intended for 
reference purposes. It discounts the unacceptably simplistic views of climate change 
alarmism.  
Firstly, it must be appreciated that the flood magnitude-frequency relationship refers 
to the magnitudes that will be exceeded in any one year for the given frequency. 
Claims in the climate change literature that global warming will increase both the 
frequency and the magnitude of damaging floods make no sense. Either the 
magnitudes will increase for a given frequency (exceedence probability), or the 
frequency will increase for a given magnitude. Not both. The following points must 
be stressed before discussing candidate distributions for flood magnitude-frequency 
analyses.  
The magnitude-frequency relationship is a function of the joint probability of the 
following: 

  The depth, area, duration, and movement of the storm rainfall, which in turn are 
functions of the types of meteorological conditions that gave rise to them 
(orographic, convective, convergence, frontal, tropical cyclones, etc.)  

 The conditions in the catchment immediately prior to the storm. These antecedent 
conditions include the soil moisture status, river flow, vegetal cover, and the 
content of storage dams in the catchment. 

The mathematical solution of a problem involving a number of independent variables, 
requires the estimate of at least three parameter values for each additional variable 
(the mean, standard deviation and relative weight in the case of the normal 
distribution). However, the reliability of the estimates of the parameter values derived 
from a data set, decreases rapidly with increase in the number of parameters. [This 
observation appears to have been largely ignored in global climate models.] 
In flood frequency analyses the interest is in the maximum annual value or, in the case 
of partial duration series, the peak values over a selected threshold. The annual 
maximum is therefore one of several peaks that occurred during the year. If the 
number of occurrences during the year is large, and the distribution of these events is 
such that the tail of the distribution decays exponentially, then the family of extreme 
value distributions can be applied to the annual maxima series. Both of these 
conditions are only approximately valid in southern Africa. The first condition of a 
large number of within-year maxima is not valid in semiarid or arid regions, where 
long periods of zero flow are experienced, and where these periods may be longer 
than a year in some cases. 
Parameter values have to be estimated before a distribution can be applied. These are 
the location, dispersion (scale), and shape parameters. In the case of the lognormal 
and EV1 distributions only the first two are used, while three parameters are required 
for the LP3 and GEV distributions. Five parameters are used in the Wakeby 
distribution. Various methods are available for estimating these parameter values. The 
three methods most used in flood hydrology are the method of moments (MM) which 
is widely used, the maximum likelihood (ML) method which was recommended in the 
Flood Studies Report for the GEV distribution (the MM and ML methods give the 
same results for the lognormal distribution), and the subsequently introduced 
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probability weighted moments (PWM) method which has been recommended for use 
in the GEV and Wakeby (WAK) distributions. Because of the different possible 
combinations of distributions and parameter estimation methods, both the distribution 
and the moment estimators should be used when describing the flood peak-frequency 
estimation model, egg LN/MM, LP3/MM, LP3/PWM, GEV/ML, GEV/PWM, 
WAK/PWM, etc. 
The accuracy with which these parameters can be estimated decreases with increase in 
the number of the parameters being estimated, but increases with the length of the 
record. In general, the lengths of data sets available for flood hydrology are too short 
for reliable estimates of the skewness coefficients and higher moments. However, if a 
number of stations in a region are used, the weighted mean of the station and regional 
skewness coefficients should provide a more reliable estimate than that from the 
single station alone. This is the basis for the regional estimation procedures adopted in 
the USA and UK guidelines, but the basic assumptions in this procedure must be 
considered. These are: 
 That there is no spatial correlation between the stations used in the analysis. For 

example the flows recorded at two stations close together on a river will be highly 
correlated and it would be incorrect to include both in a regional analysis where 
all stations are given equal weight. 

 That the region within which the stations are located is hydrologically 
homogeneous. This implies that it is subject to the same range of meteorological 
conditions. The studies of widespread flood-producing rainfall described an earlier 
chapter, demonstrated that meteorological characteristics are of greater importance 
than climatic or topographic characteristics. 

 Therefore, the larger the number of uncorrelated data sets from a hydrologically 
homogeneous region, the more reliable the estimates of the parameter values, and 
consequently the more reliable the estimate of the flood magnitude-frequency 
relationship for return periods beyond the lengths of the records. It should be 
noted however, that most of the severe floods in southern Africa are caused by 
widespread rainfall events that are likely to cover very large areas, and 
consequently there will nearly always be some degree of correlation between the 
records from the stations within the selected region. 

10. Selection of appropriate risk reduction method  
The following is a very terse summary of the material in the 560-page handbook.  
The factors that influence the choice of flood risk reduction methods are many and 
varied. This is particularly the case in southern Africa. 

10.1. Topography 
High and dry interior plateau 900 - 1500 metres above mean sea level, and surrounded 
by a high escarpment to the east, south and west, with the rest of Africa to the north. 

10.2. Climate 
Tropical cyclones in the east, desert in the west, winter rainfall in the south, summer 
rainfall in the north. 
Mean annual precipitation ranges from 3000 mm in small areas along the eastern and 
southern escarpments, to less than 100 mm in the west. 
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Mean annual open water surface evaporation (roughly equivalent to total potential 
evaporation from the soil and vegetation), exceeds the mean annual precipitation over 
the whole of South Africa except small areas along the escarpment. In the arid areas it 
exceeds the rainfall by factor of 25. 
Antecedent evaporation losses from vegetation and the soil play an important role in 
flood generation processes, but research has been badly neglected. 
The meteorological phenomena that give rise to widespread, severe rainfall events 
have been identified and quantified. They are fundamentally different from the 
mechanisms that cause most of the floods in the annual maximum series. 

10.3. Hydrology 
Few rivers are perennial, other than the larger rivers and rivers draining the 
escarpment. The flow in most rivers is seasonal, and many of them in the drier parts 
are ephemeral. Some of the rivers in the arid areas are dry for several years in 
succession. Years with zero flow have to be accommodated in the analyses. 
Wide area (multiple catchment), severe floods are the major concern in South Africa. 
They can be readily identified as high outliers when plotted on appropriate graphs. 
As a result of the presence of these high outliers, the currently available flood 
frequency estimation methods cannot produce reliable estimates for return periods 
exceeding 50 years, and should not be used at all for return periods exceeding 200 
years in South African applications. 
The empirical regional maximum flood method has been shown in practice to be a 
reliable method for applications requiring estimates of the maximum flood in southern 
Africa. 
The probable maximum flood method has not been used in South Africa. There is 
growing worldwide concern regarding this method for estimating the maximum flood. 

10.4. Analyses of widespread, severe floods 
Structures, particularly bridges, do not fail in isolation. If bridges within a region are 
designed to accommodate the 50-year flood, there will be a 50-year risk of 
simultaneous failure of a large number of bridges within the region. This is because 
the 50-year flood will be exceeded once in 50 years on average.  
The reason why our bridges are more susceptible to failure than those in regions with 
more moderate climates, is because of our much steeper magnitude-frequency growth 
curves. Note that the affected rivers do not concurrently generate floods that 
have the same return periods, but that the floods concurrently exceed a threshold 
return period. We have a lot of information on this. 
There has been a move away from single structure, flood frequency estimation 
procedures. The question is no longer what is the risk that this bridge will fail? but 
what is the risk that this communication route will fail?  This has a much higher 
probability of occurrence, and cannot be determined satisfactorily by using 
conventional methods. 
In 1990 a substantial, landmark research project was undertaken for the Department of 
Transport titled Determination of the risk of widespread interruption of 
communications due to floods. No previous publications on this subject could be 
located at that time.  
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The meteorological phenomena that cause widespread, severe floods were identified 
and quantified. As a result of this study it is now possible to answer the following 
questions relating to these floods. 
What is the likelihood that these floods will occur somewhere within one of the 
fifteen meteorologically similar regions into which the country has been divided? This 
information is required for a number of applications, including prioritizing and 
budgeting flood mitigation measures at provincial and national levels. Political 
decision-makers are faced with the problem of the allocation of limited funds for 
the whole spectrum of social demands, only one of which is related to flood 
damage mitigation. This in turn can be divided into two categories - mitigation 
measures before floods occur (not politically popular), and rescue and rehabilitation 
measures after the floods. These receive wide publicity, but the consequences could 
have been reduced if mitigation measures were previously introduced. This will be 
dealt with in the next chapter. 
Another question is: what is the likelihood of floods occurring currently in a large 
region? We produced a method that can be used to trace the development of 
widespread floods in place and time during a season. This was very useful when 
studying the development of the 1991-92 drought, which was the most severe 
country-wide drought on record, as well as the severe floods during the 1999-2000 
summer season described above. 
A third question is: if severe rainfall occurs in one of the rainfall districts, what is the 
likelihood of severe floods occurring in each of the other districts in a wider area? We 
developed correlation algorithms for these analyses. This is very useful for 
determining the likelihood of key communication routes being disrupted.  
The study also provided greater insight on the nature and frequency of occurrence of 
high outlier floods. 

10.5. Basic philosophy  
South African hydrologists have long objected to the use of return period floods as 
design criteria. There are several reasons for this. Firstly, the wide bounds of 
uncertainty associated with all flood frequency estimation methods; secondly the 
magnitude of the floods that exceed the design flood (steeper growth curves); and 
thirdly because the slopes of the growth curves vary widely from region to region. 
Consequently, the risks of failure of structures with identical structural designs and 
specified return period floods, will have different risks of failure from region to 
region. 
If available, reliable historical maximum flood levels could be a better criterion for 
the specification of the design flood. 
The two recommended deterministic methods are the rational method and the unit 
hydrograph method. The specification of the rational method will raise some 
eyebrows, but the detractors have to answer the question: Why is the 150-year old 
rational method still the most widely used method in practice in South Africa and 
overseas? The answer is because it is simple; understandable; produces consistent 
results; robust in that it can be applied to a wide range of conditions; the 
determination of the run-off coefficient is intuitively correct in that it must lie between 
zero and one; and it is theoretically accurate when applied to impervious or saturated 
catchments. This method was subsequently developed to produce the standard design 
flood (SDF). 
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The same criteria are applied when selecting from alternative versions of the 
components of the deterministic methods, namely simplicity, consistency, robustness. 
Users are cautioned against making changes to the components of the method, as 
these will require re-calibration of the method itself. 
The methods must be sufficiently accurate, bearing in mind the shortcomings in the 
reliability and representativeness of the data on which they depend, and the 
uncertainties of the methods where the results will be applied. For example in the 
conversion of flood flows to water velocities; water velocities to water levels; 
water levels to depths of overtopping of road embankments; overtopping depths 
to erosion potential; and erosion potential to the embankment's resistance to 
erosion. In each step the uncertainties are compounded. [Note the futility of 
proclaiming that climate change will increase the frequency and magnitude of floods 
in the presence of all these uncertainties.] 
The depth-duration-frequency (DDF) relationship is the simple but well-tried 
modified Hershfield equation, calibrated using South African data. There are distinct 
discontinuities in the relationship that are associated with the different heavy rainfall 
producing mechanisms. Convectional rainfall covers a small area and seldom lasts 
longer than two to four hours at a point on the ground. This is the prime cause of short 
duration floods. Longer duration heavy rainfall is produced by quite different weather 
systems, with different DDF relationships.  
The recommended DDF algorithm uses the modified Hershfield equation for 
durations up to four hours, and linear interpolation for periods between four hours and 
one day. The well-tried relationships based on TR102 are used for periods of one day 
and longer.  
The area reduction factor (ARF) is similar to that derived from the UK Flood Studies 
Report (FSR), which in turn was found to agree well with USA experience. 
The 1085 method is recommended for determining the average slope of the main 
stream. Again this was based on the FSR and USA recommendations. 
The ancient Bransby-Williams formula is recommended for determining the time of 
concentration. This has theoretical weaknesses, but meets the criteria of simplicity, 
consistency, robustness and sufficient accuracy.  
Calibration factors for the deterministic methods are included in the computer 
algorithms. 
Several direct statistical analysis methods are included in the suite of computer 
programs. They are the EV1/MM, LN/MM, LP3/MM, GEV/PWM and WAK/PWM. 
Where there are no abnormalities in the data, there will not be a meaningful difference 
in the results produced by the last three methods. Where the different methods 
produce different answers at a specific site, this will signal the need for caution in 
interpreting the results. 
The LP3/MM and the GEV/PWM are the recommended methods for regional 
analyses. 
L-moment estimators have not been implemented, mainly because we burnt our 
fingers with the Wakeby distribution. This distribution is anything but robust, as was 
claimed by the same authors who developed the L-moment procedures. The Wakeby 
distribution has been retained in the suite of programs, with the advice that if it cannot 
be fitted, this indicates anomalies in the data that should be investigated! [It has since 
been omitted from the suite of computer programs.] 
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Emphasis is placed on graphical comparisons and interpretation, using both linear vs. 
extreme value and log vs. normal probability scales. The log vs. normal probability 
graphs are particularly useful for identifying high and low outliers. Low outliers are 
very important because of their influence on the curvature of the magnitude-frequency 
relationship and consequently long return period estimates. The annual flood maxima 
are becoming increasingly influenced by upstream storage dams and abstractions. 
Methods are included in the programs to subjectively adjust these low outliers. No 
adjustments for high outliers are recommended, other than checking the validity of the 
measurements. 
New methods should be treated with caution until such time that they meet the 
requirements of independent, exhaustive, comparative testing in practice. Claims by 
developers that their methods are superior because of postulated increased realism or 
accuracy, should not be accepted without question. [Note that this also applies to the 
global climate models.] 

10.6. Non-random grouping of above and below average occurrences 
Statistically significant 21-year periodicity in annual rainfall, river flow and flood 
peak maxima has been demonstrated. These are global phenomena that have a 
measure of predictability. 
 

10.7. Effect of catchment practices 
Practice Minor floods Major floods 

Upstream storage dams Severely reduced Decreasing influence 

Upstream water abstraction Moderately reduced No effect 

Agricultural practices Moderately reduced No effect 

Urbanisation Undetectable No effect 

10.8. Catchment process models 
Continuous simulation rainfall-runoff models are unlikely to be successful under 
South African conditions. 

11. Selection of analytical methods 
Desirable properties of analytical methods are simplicity, consistency, robustness, 
sufficient accuracy and wide usage in practice. 
Users should be able to understand the computer outputs, preferably by visual 
inspection (graphs and tables), and not have to rely on assurances by the developers of 
new methods. 
Much is at stake. 

11.1. Design flood applications 
 

Application Engineering 
priority 

Socio-economic 
priority 

State of the art 
(engineering and 
hydrology) 

RURAL AREAS    

Dams High Low Good 
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Bridges High  Medium Poor 

Roads Medium High Moderate 

Flood routing Medium Low Moderate 

Flood warning High High Poor 

Flood plain usage    

Commercial farms Low Medium Moderate 

Subsistence agriculture Low High Poor 

URBAN AREAS    

Flood protection works Low Medium Good 

Flood lines    

Developed areas Medium Low Good 

Informal settlements Medium High Good 

 
Not included: 
 urban hydrology 
 agricultural hydrology 

11.2. Catchment rainfall 
 

Duration Method Database Comment 

Point rainfall 

Less than 24 hours Modified Hershfield 
equation 

Severe errors in 
database 

Usable with 
reservations 

Daily TR 102 Good Satisfactory 

Multiple days TR 102 Good Satisfactory 

Multiple catchments This handbook Fair Usable 

 

11.3. Catchment properties 
 

Characteristic Method Source Calibration Accuracy 

Area reduction 
factor 

This handbook Based on 
international usage 

Well tested in 
practice 

Sufficient 

Slope 1085 slope International usage Well tested in 
practice 

Sufficient 

Catchment 
response time 

Bransby- Williams Widely used Well tested in 
practice 

Sufficient 

Runoff 
coefficient 

Catchment 
characteristics 

This handbook Well tested in 
practice 

Sufficient 

12. Deterministic methods 
 

Method Experience Simplicity Consistency Robustness Accuracy Widespread 
floods 

Rational Well tested in 
practice 

Good Good Good Sufficient Being 
developed 
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Unit 
hydrograph 

Well tested in 
practice 

Moderate Good Good Sufficient Poor 

 
 Both methods include calibration algorithms. 
 The standard design flood method was subsequently developed. 

13. Maximum flood estimation methods 
 Probable maximum flood OUT! 
 Regional maximum flood IN 

14. Direct statistical analysis methods 
Method Reliability Add historical 

data? 
Accommodate 
zero flows? 

Accommodate 
high outliers? 

Applications 

LP3/MM Well tested Yes Yes Limited All situations 

GEV/PWM Well tested Yes No Limited Close runner up 

LN/MM Well tested Yes Yes Limited Useful  

WAK/PWM Poor No No Limited Limited 

GL/LM Poor No No Suppressed Not included 

 

15. Regional maximum flood 
Resulting from dam failures in the USA in the 1950s US hydrologists were under 
pressure to produce a design method that ensured that no failures would occur in 
future. The concept of the probable maximum flood was born. The buck was passed 
to meteorologists to determine the probable maximum rainfall derived from 
meteorological data. There were strong objections to the concept of an upper limit to 
rainfall as well as to river flow. While the method is still in use in some countries, 
there are rising concerns regarding the magnitudes and the theoretical basis. The 
method never took hold in South Africa.   
In 1980, Zoltan Kovács then in the Department of Water Affairs undertook pioneering 
research in the field of maximum flood estimation methods. He received wide acclaim 
overseas and his method remains the standard method for maximum flood design in 
South Africa. His method, the Regional Maximum Flood (RMF) is an empirical 
envelope method based on maximum floods observed at more than 500 South African 
sites since 1856. 
The method is described in some detail below because of its importance within the 
objectives of this chapter. It is very simple to apply. 

15.1. Francou - Rodier method 
Francou and Rodier (1967) of the Hydrological Services of the Electricit de France 
examined some 1200 maximum recorded floods representing most regions of the 
world. They noted that when these values were plotted against the catchment areas on 
a log-log scale, the envelope curves for floods recorded within homogeneous regions 
could be approximated by straight lines which converged towards a single point at A = 
108 km2, Q = 10

6
 m

3
/s where A is the size of the catchment in km

2
 and Q is the peak 

flow in m
3
/s. 
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This family of curves is described by the formula: 
K

A
A

QQ
1,01

0
0/

−









=  (29.2) 

where: 

Q is the required peak value in m
3
/s 

Q0 has a value of 10
6
 m

3
/s which is the approximate total mean annual runoff of 

all the rivers of the world expressed in m
3
/s 

A is the area of the catchment in km
2
 

A0 has a value of 108 km
2
which is roughly the total drainage area of our globe 

(excluding deserts and polar regions!) 

K is a regional characteristic. 

Sokolov, Rantz and Roche (1976) quoted the following values for K: 

6,0 Typhoon areas of the Pacific (Korea, Japan,Philippines, Taiwan and southern 
Texas). 

5,6 to 5,5 India, Australia, Central America and Mexico. 

5,5 to 5,4 New Zealand, VietNam, Mediterranean basin. 

5,2 to 5,0 China, India and Madagascar. 

5,0 to 4,8 North Africa and Andes. 

4,8 to 4,5 Brazil and Uruguay. 

3,5 to 2,0 Europe, with the higher values associated with Alpine streams. 

3,0 to 1,0 Tropical Africa. 

15.2. World catalogue of maximum observed floods 
The International Association of Hydrological Sciences published a world catalogue 
of maximum observed floods including South Africa (Rodier and Roche, 1984) where 
the authors confirmed the applicability of the Francou-Rodier equation. The catalogue 
lists 1400 floods recorded in 102 countries. Only six of the countries contacted failed 
to submit data. These were Burma, Angola, Chile, Afghanistan, Zambia and Tanzania.  

The catalogue provides additional information including the location of the site, 
period of record, catchment slope, soil permeability, vegetal cover, climatic regime, 
mean annual rainfall, mean annual discharge, precision of the measurement and the 
depth and duration of the antecedent rainfall.  

Table RMF.1 gives details of 41 of the floods listed in the catalogue, including the 36, 
which have the highest K-values. 

 
Table RMF.1 World maximum floods ranked in order of decreasing K-values from Rodier and Roche, 

1984. 

Rank K-
value 

Country River Area km
2
 Discharge 

m
3
/s 

Year 
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1 6,76 Brazil Amazon 4 640 000 370 000 1 953 

2 6,39 N.Caledonia Qual me 330 10 400 1 981 

X X X X X X X 

3 6,29 Japan Shingu Oga 2 350 19 025 1 959 

4 6,22 Taiwan Cho Sui 259 7 780 1 979 

5 6,21 India Narmada 88 000 69 400 1 970 

6 6,20 Taiwan Tam Shui 2 110 16 700 1 963 

7 6,16 Mexico Cithuatlan 1 370 13 500 1 959 

8 6,16 Texas W. Nueces 1 800 15 600 1 959 

9 6,11 Japan Nyodo Ino 1 560 13 510 1 963 

10 6,11 Texas Pecos 9 100 26 800 1 954 

11 6,06 India Macchu 1 900 14 000 1 979 

12 6,06 N. Korea Toedong Gang 12 175 29 000 1 967 

13 6,05 S. Korea Han Koan 23 880 37 000 1 925 

14 6,01 Taiwan Hualien 1 500 11 900 1 973 

15 5,98 Philippines Cagayan Echague 4 244 17 550 1 959 

16 5,92 California Eel Scotia 8 060 21 300 1 964 

17 5,91 Japan Kiso 1 680 11 150 1 961 

18 5,87 Texas Pedernales 2 450 12 500 1 952 

19 5,87 Japan Tone 5 110 16 900 1 947 

20 5,87 Texas Nueces Uvalde 5 504 17 400 1 935 

21 5,87 China Hanjiang 41 400 40 000 1 583 

22 5,86 Mexico San Bartolo 81 3 000 1 976 

23 5,84 N.Caledonia Quinne 143 4 000 1 975 

24 5,84 Japan Yoshino Iwazu 3 750 14 470 1 974 

25 5,84 Australia Pioneer 1 490 9 840 1 918 

26 5,83 N. Korea Daeryong Gang 3 020 13 500 1 975 

27 5,83 USA Little Nemaha 549 6 370 1 950 

28 5,82 Hawaii Wailua 58 2 470 1 963 

29 5,81 N.Caledonia Yat  435 5 700 1 981 

30 5,78 Madagascar Betsiboka 11 800 22 000 1 927 

31 5,77 California M.F. American 1 360 8 780 1 964 

32 5,76 New Zealand Haast 1 020 7 690 1 979 

33 5,74 Pakistan Jhelum 29 000 31 100 1 929 

34 5,70 Madagascar Mangoky 50 000 38 000 1 933 

35 5,65 Tahiti Papenoo 78 2 200 1 983 

36 5,62 Cuba Buey 73 2 060 1 963 

X X X X X X X 

37 5,52 USSR Lena 2 430 000 189 000 1 967 

38 5,49 Hawaii Halawa 12 762 1 965 

39 5,23 California San Gorgonio 4,5 311 1 969 

40 5,20 China Chang Jiang 1 010 000 110 000 1 870 

41 5,20 California San Rafael 3,2 250 1 973 
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The first two values are not considered to be representative; the Amazon because of 
its unique features, and the Qual me because of doubts related to the method of 
estimation. 

The last five peaks have been included in this table because of their special interest at 
the two extreme catchment sizes, which confirms the consistency of the method when 
applied to all likely sizes of catchments and all likely regions of the world. 

15.3. Comments on catalogue 
The authors of the catalogue made the following comments: 
 The precision of flood measurements varied, with about half of the 41 highest 

floods listed having accuracies of within 15%. 
 It would be incorrect to assume that the high K-values were the result of 

overestimates of the river flow. The realism of the estimates of the highest floods 
was confirmed by the calculated associated velocities which were in the range of 8 
to 9 m/s. Accurate velocities in excess of 7 m/s and up to 8 m/s have been 
measured in the past. Some of the 41 values were checked against well-established 
procedures such as precipitation records and change in reservoir storage. 

 The estimated return periods associated with the flood peaks in the catalogue 
range from about 10 years to more than 2000 years based on record lengths and 
isotope dating procedures. 

 An upper envelope K-value of 6,0 encompasses all but 14 of the 1 400 worldwide 
maxima, with an absolute upper value of 6,3 if the two anomalous values are 
excluded. 

 For catchment areas less than 100 km
2
 the envelope of K-values decreases.  

 The additional information received over the last 20 years has not necessitated a 
change in the location of the enveloping lines, despite the larger number of 
countries that participated in the latest survey, and the normal enlargement of the 
networks in all countries,  

15.4. Regional maximum flood method 
In 1980 Kovács (Department of Water Affairs TR 105, 1980) undertook a similar 
analysis based on the earlier work of Francou and Rodier for 237 South African 
maximum recorded flood peaks. He recommended Francou-Rodier K-values for 
South Africa as follows: 

5,25 Coastal areas from Mossel Bay through to the Mozambique border, 
(Max 10 000 km

2
) 

5,0 Inland sections of coastal rivers, northern and eastern Transvaal 
interior, southwestern Cape coastal areas. (Max 10 000 km

2
). 

4,6 Inland areas other than the Karoo region. (Max 40 000 km
2
). 

Several conclusions were drawn from the RMF analysis. 

The Francou - Rodier equation satisfactorily describes the upper boundary of 
maximum floods in South Africa. The fact that it has been found to be reliable in 
most other parts of the globe strengthens confidence in the method. 

For K = 5 the Francou-Rodier equation reduces to: 

Qmax = 100 A0,5  (RMF.3) 
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This confirms the earlier equations by Roberts (1963, 1965) and by Pitman and 
Midgley (1967). These authors found that in South Africa the flood peaks are 
approximately proportional to the areas of their catchments raised to the power 0,5.  

This confirmation adds confidence to the use of the areas of catchments for 
extrapolation from gauged to ungauged catchments for flood peak estimation. 

 

 
Figure 5. Location of RMF regions. 

 

15.5. Stability of the relationship 
Table RMF.2 details the twenty sites in South Africa that experienced floods with the 
highest K-values up to 1979. Five of the six sites are dam spillways and are therefore 
accurate measurements. The instantaneous peaks may have been slightly higher due to 
the peak attenuation effect of the dams. 

Note the narrow range of K-values within which these peaks lie despite the wide 
range of catchment sizes; the varied geographical locations; and the 70-year time 
span. 

Table RMF.3 details the top twenty sites up to 1985, and Table RMF.4 gives details 
of flood peaks exceeding the twentieth ranked flood in Table RMF.3 during the 
subsequent period ending 1989. 
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Table RMF.2: Twenty sites in South Africa experiencing flood peaks with the highest K-values up to 
1979. (Data from Kovács 1980) 

Rank K-value River Site Area 
km

2
 

Year Method of 
measurement 

1 5,10 Hluhluwe Hluhluwe Dam 734 1 963 Spillway 

2 5,03 Nahoon Nahoon Dam 473 1 970 Spillway 

3 5,02 Loerie Loerie Dam 147 1 977 Spillway 

4 5,02 Blyde Pearston 130 1 922 Unknown 

5 4,95 Buffalo Bridle Drift Dam 1 176 1 970 Spillway 

6 4,94 Buffalo Laing Dam 913 1 970 Spillway 

7 4,94 Mkomanzi Mkomazi Drift 4 375 1 959 Gauging site 

8 4,92 Pauls Coutzenberg 873 1 974 Gauging site 

9 4,90 Baakens Frame's Drift 67 1 908 Unknown 

10 4,87 Mkuze Rietboklaagte 1 467 1 963 Gauging site 

11 4,86 Tugela Bond's Drift 28 490 1 925 Unknown 

12 4,86 Mtamvuma Mtamvuma 715 1 959 Gauging site 

13 4,84 Kougha - 2 538 1 932 Unknown 

14 4,83 Pienaars Pretoria 243 1 978 Road bridge 

15 4,83 Heuningklip Campherspoort 2 957 1 950 Gauging site 

16 4,81 Bloemspruit Bloemfontein 36 ? Unknown 

17 4,81 Berg Wellington 2 126 1 954 Gauging site 

18 4,80 Mtamvuma Port Edward 1 557 1 959 Unknown 

19 4,80 Shark Port Elizabeth 9 1 968 Unknown 

20 4,80 Cougha Paul Sauer site 5 099 1 932 Unknown 

 
 

    
 

  

Table RMF.3: Twenty sites in South Africa experiencing flood peaks with the highest K-values up to 
1984. (Data from Kovács 1985) 

Rank  K-value River Site Area km
2
 Year Method of 

measurement 

1 5,56  Black Mfolozi Res 12 Zululand  1 635  1984 Slope-area 

2 5,52  Mfolozi  Mtubatuba  9 218  1984 Slope-area 

3 5,41  Pongolo  Pongolapoort 
Dam 

 7 831  1984 Slope-area 

4 5,31  Mozane  Tobolsk  426  1984 Spillway 

5 5,27  Loerie  Loerie Dam  147  1981 Slope-area 

6 5,18  Van Stadens  Van Stadens 
Dam 

 74  1981 Slope-area 

7 5,10 Hluhluwe  Hluhluwe Dam  734  1963 Slope-area 

8 5,06  Mkuze  Morgenstond  2 647  1984 Slope-area 

9 5,04 Mgwavuma  Mbuzini  1 660  1984 Spillway 

10 5,03  Nahoon  Nahoon Dam  473  1970 Slope-area 

11 5,03  Vink  Noree  194  1981 Slope-area 

12 5,03 Willem Nels  Robertson  32  1981 Unknown  

13 5,02  Blyde  Pearston  130  1922 Bridge  

14 5,02  Buffels  Laingsburg  3 070  1981 Slope-area 
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15 4,98  Groot  Conradie 12 466  1981 Spillway 

16 4,96  Bulk  Port Elizabeth  34  1981 Spillway 

17 4,95  Buffels  Bridle Drift Dam  1 176  1970 Slope-area 

18 4,94 Mkomanzi  Mkomanzi Drift  4 373  1959 Slope-area 

19 4,92  Pauls  Coertzenburg  873  1974 Slope-area 

20 4,92 Papenkuils  Port Elizabeth  39  1981 Slope-area 

21 4,92  Elands  Longhill  400  1981  

 
 

The 1984 tropical cyclone Domoina was the cause of the extreme floods experienced 
at five of the sites (nrs. 1, 2, 3, 8 and 9), while nine of the floods were caused by the 
floods in the southern and southwestern Cape in 1981. 

Three of the maxima occurred during the 1959 floods in southern Natal (nrs. 7,12 and 
18), while another three were experienced at dams in the East London vicinity in 1978 
(nrs. 2, 5 and 6).  

       

Table RMF.4: Sites experiencing peaks with K-values higher than 4,92 during the period 1985 to 1988 
from Kovács, 1988a 

Rank K-value River Site Area 
km

2
 

Year Method of 
measurement 

1 5,21 Matigulu Dunn's Res. 583 1 987  

2 5,13 Mkomazi Delos Estate 4 349 1 987  

3 5,08 Mhlatuze Goedertrouw Dam 1 270 1 987 spillway 

4 5,00 Mvoti Well Vale 2 473 1 987  

5 4,95 Mdloti Hazelmere Dam 380 1 987 spillway 

With the single exception of the Mkomazi River all the flood peaks were less than 
previously recommended K-values for the regions in which they are located. 

The information in Table VB8.5 is from van Biljon (2000) and shows the sites with 
the highest K-values recorded during the January - February 2000 floods. The flood in 
the Komati River was the highest on record for that site, while the flood peaks at the 
other sites were less than previously recorded maxima. None of the flood peaks 
during the season exceeded the recommended K-values. 

 
Table VB8.5 Sites experiencing peaks with high K-values during January - February 2000. (Source van 

Biljon 2000) 

River Site Area km
2
 Peak discharge 

m
3
/s 

K-value Recommended K-
value 

Komati Komatipoort 21 481 11 200 4,68 5,2 

Sand Waterpoort 7 703 5 100 4,43 5,0 

Limpopo Beit Bridge 201 000 9 730 2,74 4,0 

Crocodile Hartbeespoort 
Dam 

4 112 1 600 3,63 5,0 

Crocodile Roodekoppies 6 129 1 700 3,43 5,0 

Elands Vaalkop Dam 6 110 1 980 3,59 4,6 - 5,0 
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The 1988 study by Kovács (1988b) was based on 519 peak discharges recorded in 
southern Africa since 1856. This included information from Botswana, Lesotho, 
Swaziland, Namibia, Zimbabwe and Mozambique. Of the 374 peaks selected for 
analysis the approximate mean representative period was 50 years and the probable 
error in peak discharge in 53 cases was less than 10%, in another 173 cases it was less 
than 30%, and it was unknown in the remaining 148 cases. 

Regional boundaries of K-values were drawn for southern Africa and are reproduced 
in Fig. 5 above. In defining the boundaries consideration was given to the individual 
K-values, the number and accuracy of data in a particular area, the maximum recorded 
3-day rainfall depths, topography, catchment orientation with respect to the dominant 
storm producing weather systems and general soil permeability.  

The envelope values were established by plotting the peaks against the effective 
catchment area in each region and tracing the K = constant straight line close to the 
highest observed flood but not exceeding the maximum observed K-value by more 
than K = 0,1 to 0,3. 

The RMF is expected to be most reliable in medium sized catchments having areas in 
the range of about 300 km

2
 to 10 000 km

2
. There are inherent shortcomings in all 

regionally based methods when applied to small and large catchments. The smaller 
the catchment the greater the possibility that its characteristics will differ from the 
typical regional value, while large catchments may lie within more than one 
homogeneous region. 
The recommended equations for estimating the RMF values in the eight defined 
regions were provided and are reproduced in Table RMF.6. 

       

      

Table RMF.6 RMF equations for the eight maximum flood peak regions in southern Africa from 
Kovács (1988b) 

Region Number of 
floods 

Transition zone Flood zone 

  Area range km
2
 RMF m

3
/s Area range 

km
2
 

RMF m
3
/s 

5,6 25 1-100 100 A 0,68 100-10 000 302 A 0,44 

5,4 34 1-100 100 A0,62 100-20 000 209 A 0,46 

5,2 61 1-100 100 A 0,56 100-30 000 145 A 0,48 

5,0 155 1-100 100 A 0,50 100-100 000 100 A 0,50 

4,6 55 1-100 100 A 0,38 100-100 000 47,9 A 0,54 

4,0 26 1-300 70 A 0,34 300-300 000 15,9 A 0,60 

3,4 12 1-300 50 A 0,265 300-500 000 5,25 A 0,66 

2,8 6 1-500 30 A 0,262 500-100 000 1,74 A 0,72 
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Kovács made the following points: 
 He confirmed the observation by Rodier and Roche (1984) that the RMF K-values 

are only valid for catchment areas greater than 100 km
2
 and have to be changed 

for smaller catchments. 
 The envelope of southern African floods moved up from 5,2 to 5,6 during the 

period 1960 to 1988, but the recommended K-values have not been exceeded 
since then. 

 During the eight years that have elapsed since the publication of TR 105 six 
severe widespread floods were experienced over southern Africa. The flood peaks 
were the highest in memory in many places. The regional K-values given in TR 
105 were exceeded at 18 sites. The excess was less than 0,2 in most of these cases 
with a maximum of 0,31, which was one of the floods caused by the tropical 
cyclone Domoina.  

 TR105 was revised in 1988 when TR 137 was produced. The RMF values were 
not exceeded by subsequent floods, although some floods were the worst on 
record. 

15.6. Lessons learnt 
Several valuable lessons can be learnt from the use of the RMF K-values to rank 
floods: 

1. Most of the extreme floods recorded in southern Africa were the result of storms 
that covered a wide area and caused severe floods of approximately the same 
severity (K-value) at a number of different sites. This raises serious doubts 
relating to the validity of the basic assumption used in the deterministic methods 
that the properties of the design storm are a function of the size of the catchment 
and the catchment response time. It would seem that the critical storm rainfall for 
a required annual exceedence probability (AEP) is unrelated to catchment 
characteristics, and is a function of the statistical properties of storm rainfall alone. 
It is therefore necessary to examine the joint probabilities of the depth-area-
duration characteristics of storm rainfall in order to determine which combination 
produces the maximum flood hydrograph for the required AEP. 

2. The regional maximum flood must not be confused with the probable maximum 
flood. The RMF is an upper envelope value of flood peaks that have been 
observed in a region, whereas the PMF is an estimate of the maximum floods that 
could be experienced in the region. 

3. The validity of Creager's comment quoted earlier that ' it must be remembered that 
what has occurred in the past must surely be exceeded in the future' has been 
demonstrated. The question is whether or not the upper limit is being approached. 

16. Palaeofloods 

16.1. Introduction 
A new development in flood hydrology is research on the occurrence of past or 
ancient floods (e.g. Baker, 1987). Flood plains of rivers with flat gradients typically 
slope away from the riverbanks towards the flanks of the flood plain. The reason for 
this is that the vegetation along the riverbanks reduces the velocity of sediment-laden 
water as it leaves the channel during floods. As the sediment carrying capacity of 
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flowing water decreases rapidly with decrease in velocity, the coarser sediment is 
deposited on the river banks, while only the finer material is deposited in the low 
lying slackwater areas away from the river channel. This sediment contains organic 
matter, which can be dated using radiocarbon dating techniques. During exceptionally 
large floods the deposition will occur on the flanks of the valley and may remain 
undisturbed by subsequent lesser floods. If the river channel and flood plain geometry 
has not changed significantly since the extreme flood and the elevation of the deposit 
can be traced along the valley sides for a long enough distance, it will be possible to 
estimate the magnitude of the flood and the date of occurrence. 

If gauged data are available at or near the site, the paleodata can be included in the 
data set in the same way as historical data. Where a succession of extreme floods can 
be identified from palaeodeposits and their magnitudes and dates of occurrence 
determined, a statistical analysis of the series could be carried out. 

16.2. Alternative application in southern Africa 
An alternative method is the determination of the magnitude of the single highest 
palaeoflood discharges at a number of sites within a region, and then to use the RMF 
method to determine the K-values associated with these floods. This would provide a 
valuable indication of the asymptotic value of the RMF K-value for the region. Dating 
the deposit is not necessary for the application of the method. 

S.R. Southwood, (personal communication) noted that the sedimentary sequence 
evident in many of the rivers of southern Africa, but especially in Natal, Swaziland 
and the eastern lowveld follows an altitudinally distinct pattern, indicated by four 
distinct levels at increasing elevations.  

1. Riverbed being either the parent rock or coarse alluvium, except near the coast 
where river sand may be encountered to depths of 20 metres or more. 

2. Stratified alluvium (Dundee soil form terrace) of recent origin, comprising sands 
and silts with very little evidence of mature soil formation. 

3. Consolidated alluvium (Oakleaf soil form terrace), which, although of 
sedimentary nature, comprises developed soils indicative of medium age. 

4. Weathered alluvium (Hutton soil form terrace) of considerable age and soil 
development, but originally of alluvial origin. 

The structure of the higher horizons depends on climate, parent rock, aspect, slope 
and other factors but is generally independent of recent alluvial activity, although 
ancient alluvial terraces associated with higher valley floor and river channel 
elevations may be evident. 

Southwood noted that during the floods caused by the tropical cyclone Domoina in 
1984 the Dundee form terraces were either submerged or else radically altered, while 
flood levels were still below the Oakleaf form terrace level. 

16.3. Contribution on Palaeofloods by Z Kovács 
Since 1990 much has been done in this most important field. It was probably Paper 
7.3 The role of geologist in flood contingency planning, presented by Dr Alan Smith 
and PK Zawada during the Floods in perspective conference in 1988 at the University 
of Pretoria which discussed for the first time, in some detail, the potentially most 
valuable role of palaeoflood peaks in flood related projects. Particularly so because 
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South Africa is largely a semi-arid country where there is a great chance for the 
preservation of palaeoflood signs (e.g. slack water deposits). 
In May 1990 I came across a most interesting article in the 'African Wildlife' (Vol. 44, 
No. 1, 1990) by Dr Graham Williamson, Chief Geologist with CDM at Oranjemund. 
He described the silt deposits left at various points between Vioolsdrift and the 
Orange Mouth by a flood 'of biblical proportions'. He estimated that the flood 
occurred some 600-700 years ago.     
I contacted Zawada at the Geological Survey (GS) in Pretoria. We both were very 
thrilled by this event and decided that this is the time to launch a serious investigation 
in this fascinating field. Since DWA was the potentially greatest beneficiary of 
knowing more about extreme flood peaks, it initiated the process by officially 
requesting GS to carry out a pilot study in the matter covering the whole country.  
In 1993 a WRC funded pilot study was initiated, with GS as the main party and DWA 
being responsible for the hydraulic surveys, and hydrological assessment of results. 
The study was carried out in eight rivers at 67 potential sites.  
In spite of disqualification of most of the sites (chiefly because of poor slack water 
deposit lines), the study was successful and resulted in the publication of WRC Report 
No. 509/1/96. I was a Steering Committee member. The main conclusion was that the 
surveys have to be extended to many large rivers because many reliable extreme flood 
peak estimates can be obtained in this way.   
I did not wait for the start of the research study but, in accordance with GS, I sent a 3-
member Flood Studies team to the Lower Orange. Dr Williamson personally showed 
them the slack water deposit sites. Peter Zawada identified three different palaeoflood 
levels at each site and our team carried out the slope-area surveys. The findings were 
published in SAICE Journal, Vol.35, No.1, 1st Quarter 1993.  
The most spectacular result was the highest palaeoflood peak. It was between 
32 000 m3/s and 34 800 m3/s, its level was at least 11 m above the 1988 flood level. In 
this preliminary survey there was no opportunity for dating. 
In the WRC report the final peak was calculated as 28 000 m3/s, and the event was 
dated at around AD 1450 i.e., 550 years ago. The corresponding K value is 3,19, 
which is greater than 2,8 recommended for that river reach in TR137. The effective 
catchment area at the sites is about 524 000 km² (in other words RMF = 22 800 m3/s).                               
In addition to the Lower-Orange valley, usable palaeoflood peak estimates were also 
obtained in a few other rivers. However, far more remains to be done. In my view 
systematic palaeoflood surveys, covering the whole country (maybe with the 
exception of the really humid areas) and carried out in stable (rocky) river reaches, are 
the only way to extend the range of statistical analyses, with some kind of confidence, 
to the  200 < T < 1000 return period domain. I would hesitate to try to force the issue 
much beyond one thousand years because of the increasing chance for drastically 
different climatic changes. 

17. Computer programs 

17.1. VBDetflood  
(Well established methods with calibration algorithms) 
 Standard design flood. 
 Rational method (two versions, additional version being developed). 
 Unit hydrograph method (two versions). 
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 Regional Maximum Flood. 

17.2. VBRegflood  
(Well established methods with regional adjustment procedures) 
 LN/MM, LP3/MM, GEV/PWM, WAK/PWM and other distributions with 

emphasis on tables and graphical interpretation for the identification of the most 
reliable result. 

 Subjective adjustment procedures for low outliers. 
 Algorithms for historical maxima, missing data and zero flows. 
 Regional analysis algorithms.   

18. Duty of care 
It is very important that all users of the handbook and the accompanying computer 
programs should appreciate that the use of this material does not absolve them from 
the duty of care, particularly where public safety is at risk. The computer programs 
are intended to facilitate the calculations and users should not be misled by their ease 
of use. Appreciable experience-based judgment is required for the application and 
interpretation of the methods detailed in the handbook.  
It is equally important that researchers who undertake research on the effects of 
climate change on hydrological extremes, which is intended to influence national 
policy, have an ethical obligation to familiarise themselves with the subject along 
the lines presented in this chapter. 

19. Reviewers have the last word 
The draft chapters in the handbook on the analytical methods were critically reviewed 
and the passages were corrected. The following are comments by the reviewers on the 
general policy aspects. These are the views of engineers and hydrologists experienced 
in both theory and practice. The original text is italicised when referred to. 

I cannot stress your remarks on inherent weaknesses in analytical methods 
enough. In programs I have written and distributed to a select few I have 
stressed just what you have said. The results obtained from a program are 
not the end of the story and one still has to apply sound judgment based on 
experience. Under-25 'know it all's' beware. In a simple backwater program I 
wrote, I stressed that the resulting water levels obtained must be viewed with 
caution and sound engineering judgment applied before being used. An 
example would be to include hidden sections not necessarily reported on, 
such as between the first section where an assumed water level is used and 
the next upstream section in which two hidden sections are placed, to 
facilitate the program to converge properly. This comes from experience but 
is never mentioned in any literature. 

My feeling is that an entire page in a prominent place should be devoted to 
this aspect of analysis and stressing that if in doubt consult with others who 
have had more experience in the subject and application of the programs. 
After all lives could be at stake if the results are judged incorrectly. 

------- 

Most of our problems have been medium-sized catchments with return 
periods of 20 to 100 years, for instance for a regional sewage works next to a 
river where the water level was a problem. We used the HRU Unitgraph 
method but with a revised rainfall equation based on van Heerden's 1978 
curves and a revised runoff equation which I had devised to match historical 
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floods and our more recent experiences, much more realistically. The 
resultant flood values were much higher than if the HRU was used directly. 

------ 

The dam safety office (DSO) encourages the responsible use of both the 
PMF (HRU) and the RMF because there are far too many practitioners i.e. 
flood hydrologists, dam engineers and professional/technical persons in 
related disciplines who use the RMF as a "cookbook'. The PMF (HRU) is 
deeply entrenched in the currently accepted dam engineering practice in 
South Africa. Even if one does not use the PMF (HRU) the DSO will still 
request that designers have a look at both methods and motivate what they 
are doing. As a concluding note, I personally prefer it if practitioners lay all 
their cards on the table and use several methods. If the PMF (HRU) falls into 
disfavour then at the very low annual exceedence probability approach is an 
excellent way of looking at the case study whilst comparing it with the RMF. 

------- 

When I lecture on dam design, dam safety, spillway design, principles of dam 
engineering etc., at universities and technikon's there tend to be "blank looks" 
when the SCS is mentioned. 

---- 

This is an excellent paragraph and is what it's all about. Recommend that you 
frame the paragraph! 

The paragraph referred to reads as follows. For structures with design return 
periods of 50 years up to 200 years no two methods will give the same 
results, and large differences in the results can be expected. Users will have 
to apply their own experience and judgment to obtain a satisfactory solution. 
The computer programs were developed with this in mind. They relieve the 
designer of the tedium of calculations so that a wide range of alternatives can 
be explored. 

----- 

(Re small catchments.) The DSO has experienced more headaches than you 
would imagine when small recreational or urban flood detention/attenuation 
dams are involved. These are not spectacular structures but often form part 
of a very exclusive and expensive residential development projects and the 
developers use "anyone" for the design of these dams. This is normally the 
tail end of a stormwater drainage project. In many cases things go wrong and 
the DSO is called in to pick up the pieces - to the extent that major changes 
(including excavation and/or reconstruction) are required to bring some form 
of functional integrity to these structures. The DSO has had to deal with many 
flops in a most informative growth curve of 15 years since the promulgation of 
the dam safety regulations in South Africa. The "inconvenience" that you 
referred to has proved to be very expensive. 

----- 

(Re farm dam spillways). The DSO advertises/emphasises the effect of this 
type of chain reaction as widely as possible within the profession because it 
can destroy a dam that has properly size/designed (i.e. more than adequate) 
spillway. Here you could remind the reader of the devastation of historically 
widespread storm rainfall events similar to Eline in 2000. 

----- 

The designer has a fine balancing act to maintain.  

First is the need to achieve a safe design. The design flood to be adopted will 
vary with the type of structure being designed. The consequences of a dam 
failure will be much more severe than those of a bridge failure in terms of loss 



 

 
244  Chapter 8  

of human life. As you point out however, the economic consequences can be 
large.  

Secondly the design must be economic. Unfortunately we have to work within 
budgets and unless we can make a strong case to the contrary, it is very 
difficult to change budgets 

Thirdly we need to know the causes of failure due to floods as you have so 
clearly indicated above. For me one of the most difficult problems in dam 
safety is the assessment of whether or not overtopping of an earth dam will 
result in failure. There are so many factors that really lie outside the actual 
flood determination. I'm not even sure if the new discipline of risk analysis has 
all the answers. 

Fourthly there are legal ramifications of the design standards that are 
adopted. What does the reasonable designer do to avoid being guilty of faulty 
design? 

----- 

This paragraph in fact says it all. I agree with your philosophy even with some  
"cookbook" recipes if you will excuse the pun 

----- 

The last two paragraphs should be in thick black type please. I have seen too 
many youngsters use computers not knowing what basis behind the program 
is. Maybe it is my BC (before computers) age and mindset. 

----- 

Researchers should also be aware of the need of simplicitly, consistency and 
robustness, which are far more important to practitioners than postulated 
incremental accuracy. It has also been shown that model accuracy decreases 
with increase in model complexity. This is because each additional variable 
introduced into the model carries with it a degree of uncertainty, and the 
greater number variables, the greater the uncertainty of the product." [GCM 
modellers take note.] 

----- 

The solution requires the integration of policies relating to design and utility 
criteria as well as legal considerations and the extent to which these criteria 
should be related to specify return periods floods. 

I fully agree with this and maybe it should go in bold letters. 

---- 

Robustness and consistency are much more important to practitioners than 
postulated incremental accuracy based on theoretical considerations. While 
researchers proclaim the accuracy of their methods in the literature, 
practitioners have to explain their failures in the courts.  

This cannot be repeated often enough. I am seeing (a commercial product) 
applied in circumstances for which it is totally unsuited on the grounds that it 
takes so many factors into account. Used appropriately it is fine. 

------ 

My concern is a recent case where I was called in to find a huge (same 
product) analysis of a rural catchment because a local authority had said it 
was the most appropriate method - which it was not. The program is being 
sold because it has a lot of bells and whistles but I have many reservations. 
Not that I am against new concepts. 

----- 
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Congratulations for the excellent summary! It is not only clear and to the point 
but also touches on a number of very important practical problems, which are 
- according to my best knowledge - not mentioned in similar publications. I 
am very pleased that you so openly and forcefully stood up for the application 
of simple, robust and consistent methods and practical experienced-based, 
sound individual decisions versus the proliferating use of theoretical sorcery. I 
totally agree with your real-life based practical approach! 
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PowerPoint presentations 
I have a lot of visual material on this subject. This will be available in PowerPoint 
format together with the final version of this report. 

 

Poem 
The poem on the next page was written by my UN STC colleague Rungano 
Karimanzira. She presented it at the International Conference on El Niño in 
Guayaquil, Ecuador in 1998. It was well received. It goes to the very heart of the 
climate-related problems of Africa. 
I was the only South African at the conference on this important topic.  
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DESPAIR OF TH
 

I am a little person from a little country with
The messages of serious weather and climat
Is this a change in the winds? 
Is this a change in temperature or rainfall? 
Is this yet another catastrophic event? 
Or is this a myth? 
I am not so sure. 
 
I am not scientifically sound, and yet, 
I must figure out, for myself, how to cope. 
Do you know where I live? 
If so, can you make a change? 
Am I safe and shielded from the inevitable?
Where do I go? I cannot afford an insurance
How about my goats, sheep, cattle and fish.
Should they just perish? 
Remember, this is my bank account and my
Have you thought of this? 
 
I am told that my little country has a heavy 
I am told that I am the one to toil to service 
I am also told that viral diseases, with yet no
 
Furthermore, I have no land, capital or indee
I am in a cul-de-sac. 
Give me an outlet. 
 
With the experience of yesterday, 
I stand ready to change my ways. 
But teach me how to do this. 
Give me the necessary tools to act before it 
I am ready to act now. 
Assist me, then, to consolidate the little gain
Make a difference in my life. 
I am a little person from a country within a 
 
Rungano Karimanzira 
Harare, Zimbabwe 
Member of the United Nations Scientific an

 

 
 

E LITTLE PEOPLE 

in a country. 
e variations have been heard loud and clear. 

 
 policy. 
 

 village stock exchange, however small. 

debt burden. 
the debts of yesteryear. 
 cure, are wiping out my kith and kin. 

d sufficient knowledge to eke out a decent living.

is too late. 

s achieved thus far. 

country. 

d Technical Committee on Natural Disasters 
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1. Personal involvement 
This is a subject of deep personal concern. For the past fifteen years I have been 
closely involved in all aspects of natural disasters, from direct discussions with the 
affected communities, discussions and cooperation with the local authorities, 
discussions with national agencies, presentations at national and international 
conferences, presentation of training courses, and membership of the highest 
international authority – the United Nations Scientific and Technical Committee on 
Natural Disasters. 

In the early 1990s I volunteered to assist with developing measures to reduce the 
plight of thousands of people in Alexandra Township in Johannesburg. These people 
were living in primitive shacks along and within the channel of the Jukskei River. My 
first visit was in an armoured vehicle escorted by a platoon of troops. I reported that 
these people were living in conditions that no citizens of this country should have to 
endure.    

I refused to travel with armed escorts on subsequent visits. At no time were we in any 
way intimidated by the residents. On one occasion two mothers approached me with 
the emotional request ‘Please help us’.  I will not let them down. 

It immediately became apparent that the problems were more sociological than 
technical. A major difficulty was communicating with the community at risk. 
Language was not the only communication barrier. The community had no 
representatives and did not acknowledge the authority of government. Lawlessness 
prevailed. 

Conditions gradually improved during the months that followed. I had many 
discussions with community groups and the disaster management authorities. We 
jointly developed the optimum solution to this very difficult and complex problem. I 
produced reports, and presented training courses for local authority personnel. 

An example of the guidelines is included in Part 1 of this chapter. 

In 1994 I was requested to prepare the South African national report for presentation 
at the United Nations mid-decade conference on natural disasters held in Yokohama. 
Japan. I was a member of the South African delegation. 

With the approval of the present South African government, I was appointed by the 
Secretary General of the United Nations as a member of the UN Scientific and 
Technical Committee on Natural Disasters from 1994 to the end of the Decade on 
Natural Disasters in 2000. In this capacity I participated in many international 
meetings and conferences held in Moscow, Paris, Washington, Geneva, Potsdam, 
Ecuador, Chile, Nairobi and Gaborone. 

In 1999 at the request of the UN Secretariat I undertook a 3-month study financed by 
the South African Department of Foreign Affairs. An extended summary of my report 
Risk and Society – an African perspective is reproduced in Part 2 of this chapter. 

In October 2000 I was a member of a team of international experts appointed to 
advise the government of Mozambique on flood disaster mitigation measures. A copy 
of my submission Structural and non-structural aspects of flood risk reduction is 
reproduced in Part 3 of this chapter. 



 Climate and natural disasters  251

I have included these three documents as examples of my activities during the past 15 
years. At no time during the whole of this period were the possible effects of global 
warming on natural disasters ever seriously discussed. Even today, the United Nations 
successor organisation does not give prominence to this issue. It was clear to 
everybody that in the developing countries it was the vulnerability to natural disasters 
that was increasing, not the hazards themselves. The emphasis was therefore on 
vulnerability reduction. 

Last November (2005) I included a copy of my UN report Risk and Society – an 
African perspective in my submission to the UK Stern Review. It was completely 
ignored by Sir Nicholas Stern in his presentation to the South African Treasury in 
April this year (2006). 

2. IPCC vs IDNDR 
The underlined emphases in the quotations in this section are mine. 

2.1. IDNDR 
The following is an extract from my UN report summarised in Part 2 of this chapter. 

Arising from the alarming world-wide increase in loss of life and physical 
damage due to natural disasters with resultant secondary effects of lost 
income, unemployment, reduced productive capacity and economic growth, 
the United Nations General Assembly Resolution 44/236 adopted in 1989 
declared the period 1990-2000 to be the International Decade of Natural 
Disaster Reduction (IDNDR).  

The preamble to the resolution stressed that natural disasters have adversely 
affected the lives of a great number of people and caused considerable 
damage to infrastructure and property world-wide, especially in developing 
countries. It recognized the necessity for the international community to 
demonstrate the strong political determination required to mobilise and use 
existing scientific and technical knowledge to mitigate natural disasters, 
particularly the needs of developing countries. 

The principal institutions involved in the IDNDR deliberations were the official 
national departments and agencies involved in disaster mitigation. At the mid-decade 
conference in Yokohama that I attended in 1994, for example, the delegations 
consisted of national representatives, and several countries had national exhibits at the 
conference. 
The first and most important task of the IDNDR was to determine whether or not the 
increase in losses during natural disasters was a consequence of increases in the 
hazards themselves, especially floods and droughts. The Scientific and Technical 
Committee (STC) of the IDNDR could draw on the experiences of the national 
agencies. These agencies in turn had direct contact with the affected communities and 
local experts. 
Their conclusion was unequivocal. There were no reports of increases in the 
frequency of the hazards in any countries. On the contrary, damage had steadily 
decreased over the years in the developed countries such as the USA and Japan, but 
had steadily increased in the developing countries, for example in sub-Saharan 
Africa. 
It was obvious that the increases in the developing countries were due to increasing 
vulnerability to the hazards, and not increases in the magnitudes of the hazards 
themselves. I describe this in my UN report summarised in Part 2 below. 
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It is important to note that the national agencies had every incentive to identify the 
causes of the increase in damage, and would not have hesitated to report increases in 
the magnitude of the hazards had this been the case. It is also important to note that all 
nations were directly represented at all stages of the analyses. 

2.2. IPCC 
The following is an extract from the foreword of the report of the IPCC’s Working 
Group 1: The scientific basis issued in 2001. 

The Intergovernmental Panel on Climate Change (IPCC) was jointly 
established by the World Meteorological Organisation (WMO) and the United 
Nations Environmental Programme (UNEP) in 1988. Its terms of reference 
include (i) to assess available scientific and socio-economic information on 
climate change and its impacts and on the options for mitigating climate 
change and adapting to it and (ii) to provide, on request, 
scientific/technical/socio-economic advice to the Conference of the Parties 
(COP) to the United Nations Framework Convention on Climate Change 
(UNFCC). From 1990, the IPCC has produced a series of Assessment 
Reports, Special Reports, Technical Papers, methodologies and other 
products that have become standard works of reference, widely used by 
policymakers, scientists and other experts. 

On the title page of the working group’s report it is stated: 
Simply put, this latest assessment of the IPCC will again form the standard 
scientific reference for all those concerned with climate change and its 
consequences, including students and researchers in environmental science, 
meteorology, climatology, biology, ecology and atmospheric chemistry, and 
policymakers in governments and industry worldwide.  

Note the emphasis on environmental concerns and complete absence of 
humanitarian concerns such as agriculture, water supplies, floods, droughts and 
tropical diseases? Why are the applied sciences such as civil engineering not included 
in this list? Research on the postulated consequences of unnatural climate change is 
badly neglected in the IPCC publications. There are also far too many ‘possible’ and 
‘may’ phrases in these publications. 
Unlike the IDNDR, the IPCC publications have very few, if any, examples of 
successful adaptation measures although these are one of its principal objectives. Bear 
in mind that the issue is the postulated increase in these undesirable effects, which in 
turn implies an increase in adaptation measures that are already in place. These 
are well described in the IDNDR publications but neglected in the IPCC publications. 
The reason is that adaptation measures require numerical descriptions of the 
postulated undesirable changes. Climate change scientists do not have this knowledge. 
Nor are there indications that they intend moving in this direction.  
The IPCC was in operation for the whole period of the IDNDR. 
Claims relating to floods and droughts in the IPCC’s Summary for Policymakers and 
the report on the scientific basis on which it was based, are nebulous regarding 
linkages between global warming and natural disasters. 
The following phrases are particularly fascinating: 

 Over the 20th century (1900 to 1995), there were relatively small increases in 
global land areas experiencing severe drought or severe wetness. In many 
regions, these changes are dominated by inter-decadal and multi-decadal 
climate variability, such as the shift in the ENSO towards more warm 
events… 
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Changes globally in tropical and extra-tropical storm intensity and frequency 
are dominated by inter-decadal to multi-decadal variations, with no significant 
trends evident over the 20th century... 

This is precisely what I reported in previous chapters of this report based on my own 
studies i.e. such changes that may be present are undetectable against the background 
of natural multi-year variability. 
Nevertheless, the following paragraph later in the document is difficult to interpret. 

Even with little or no change in El Niño amplitude, global warming is likely to 
lead to greater extremes of drying and heavy rainfall and increase the risk of 
droughts and floods that occur with El Niño events in many different regions.   

Obviously, the extremes have not been observed. This requires the words ‘is likely 
to’. How should we interpret the meaning of the words that occur with in the context 
of the earlier quotes above? 
I repeat my question in an earlier chapter – what causes El Niño? 
A partial answer is to be found in the report on the scientific basis. 

The El Niño-Southern Ocean (ENSO) phenomenon is an example of such 
natural “internal” variability on inter-annual time scales. To distinguish 
anthropogenic climate changes from natural variations, it is necessary to 
identify the anthropogenic “signal” against the background “noise” of natural 
climate variability. 

This is scientific hocus-pocus. Describing El Niño as the background “noise” of 
natural variability i.e. an unexplainable, random component, is simply untrue. The 
assumption that it is an internal phenomenon, i.e. unconnected to solar influences is 
equally false. 
To return to the problem at hand: 

2.3. Differences in approach 
It is necessary to emphasise a fundamental difference in the approaches adopted by 
the IDNDR and IPCC. The principal source of information in the IDNDR reports was 
the national agencies directly concerned with natural disasters. Developing nations 
were equally represented in the presentations and discussions. See for example the 
reference to the Nairobi discussions in Part 2 of this chapter. 
This contrasts with the principal source of IPCC information. This source is the 
publications by academic scientists. There are vast differences between 5000-word 
papers in scientific literature and multi-page, detailed reports submitted by national 
agencies. 
Again, there is this basic difference of approach between academic theories (IPCC) 
and pragmatic observations (IDNDR). 
The wealth of international data on floods submitted by the national agencies would 
have afforded the IPCC scientists an excellent opportunity to analyse the data in 
search for sustained changes over the years.  
Why were no such comprehensive analyses undertaken? Again, this omission leads to 
the unpleasant conclusion that at least some analyses must have been undertaken. No 
increases were found but there was no incentive to publish negative findings. 
Reporting the absence of something is less likely to generate publicity or be accepted 
for publication in scientific journals. But the absence of increases in the magnitudes of 
floods and droughts was a key issue in the IDNDR studies. This solid evidence based 
on the reports of national agencies should obviously carry more weight than the 
nebulous findings in the IPCC publications based on academic research.  
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However, the final paragraph of the IPPC’s Summary for Policymakers is nearer the 
mark, within the context of further action that needs to be taken. 

Cutting across these foci are crucial needs associated with strengthening 
international co-operation and co-ordination in order to better utilise scientific, 
computational and observational resources. This should also promote the 
free exchange of data among scientists. A special need is to increase the 
observational and research capacities in many regions, particularly in 
developing countries. Finally, as is the goal of this assessment, there is a 
continuing imperative to communicate research advances in terms that are 
relevant to decision making. 

3. Lack of believable evidence 
There is no believable evidence to support the view that global warming has increased 
the occurrence of natural disasters on the African continent. The ever-increasing loss 
of life and possessions is solely the result of increased vulnerability to disasters. These 
in turn are the consequence of poverty, as the natural environment can no longer 
support the rising populations.  

Disaster amelioration measures are well established but the impoverished nations do 
not have the means to implement them. Altruistic claims of ‘adaptation’ to climate 
change have no practical meaning in these countries. 

It is highly irresponsible for climate change scientists and organisations, to claim that 
these unfortunate circumstances are the consequence of global warming. 

I have a lot of material to support these views. 

4. Looking ahead 
I will not comment any further at this stage, but I will certainly not remain silent if in 
my opinion, reports by the Stern Review or any other source in any way jeopardise 
the present very difficult and complex situation relating to natural disasters in the 
African countries. In particular, I will strongly object if it is claimed that global 
warming has already resulted in an increase in the natural disasters on the African 
continent, and if this is used as an excuse for recommending measures that will 
inevitably result in further impoverishment of the nations of Africa and their people.  

The following three documents together summarise my many contributions on this 
subject. 
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PART 1: RISK REDUCTION OPTIONS 
 

I distributed the following document in April 2005 in anticipation of the imminent 
floods. I first distributed it in the early 1990s when I became involved in the 
development of flood risk reduction measures in the informal settlements in South 
Africa. 
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Options for reducing the risk of loss of life during 
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Alternative flood risk reduction measures 
Before embarking on any flood risk reduction measures, all authorities and affected 
communities should be aware that complete success is unlikely to be achieved. This is 
because of the large measure of unpredictability of rainfall and floods, as well as 
limitations on manpower and other resources available to deal with the emergencies. 
An unpalatable fact in these situations is that failures such as loss of life can easily be 
measured, but successes can not. The media should be informed of the impossibility 
of ensuring that no lives will be lost during severe floods. 
The ideal solution in an urban area would be to design and build all drainage systems 
to provide a high degree of safety, and to prohibit residential occupation or other 
activity in areas where risks cannot be avoided. 
This solution is not economically feasible as far as the structures are concerned and 
socio-politically intractable as far as the occupation of flood plains is concerned. 
Two options remain.  Do nothing and let nature take its course, or develop warning 
and evacuation systems that will reduce the risks. 
It is very important to note that risks can be reduced but not eliminated. From a legal 
point of view the 'do-nothing' option may reduce the risk of an authority being sued 
for its actions, but increasingly this will not be a viable socio-political option. 
The most important consideration in all poor communities in South Africa and 
elsewhere in the world, is that all that these people possess is in the shacks in which 
they live. They will therefore stay as close as possible to their possessions until the 
very last moment. This applies to urban as well as rural areas. For this reason 
developing evacuation plans will seldom be a practical solution. 

Available options 
There are five basic options available for reducing the risk of loss of life of people 
living in flood prone areas. 

1. Do nothing. 
2. Move residents to higher ground 
3. Build flood damage mitigation works. 
4. Operate active flood warning systems. 
5. Develop community river watch systems. 
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The following notes summarise the advantages and disadvantages of each option, the 
information required for decision making, and the technology required for its 
implementation. 

Option 1 - Do nothing 
Advantages:  Minimal cost. Avoids the legal consequences of direct action on the 
basis that residents in flood prone areas are there at their own risk. 
Disadvantages:  Possible loss of life and possessions with resultant humanitarian, 
social and political consequences. 
Information required for decision making:  What is the degree of the risk of loss of life 
and possessions?  What are the likely consequences of loss of life and possessions?  
Are these acceptable? 
Technology required for implementation:  None 

Option 2 - Move residents to higher ground 
Advantages:  This is the most effective option. 
Disadvantages:  Danger areas may be re-occupied by others. 
Information required for decision making:  Is alternative ground available?  Will the 
people go there?  Can re-occupation by others be prevented?  What are the costs of 
preparing the new area?  What are the relocation costs? 
Technology required for implementation:  None 

Option 3 - Structural measures 
The purpose of structural measures is to reduce flood peaks (flood control dams), or 
protect areas from inundation (flood levees), or reduce flood levels (canalisation). 
Advantages:  Structural measures can provide effective protection against minor 
floods. 
Disadvantages:  High cost and false sense of security - it is always possible that a 
flood exceeding the design flood may occur.  In general, the larger the flood, the less 
effective the flood protection measures. 
Information required for decision making:  Availability of suitable sites and finance. 
Technology required for implementation:  Advanced knowledge of flood hydrology, 
river hydraulics and structural design. 

Option 4 - Active flood warning systems 
There are four important pre-conditions for any active flood warning system. 
 All people within the flood prone areas must routinely be made aware of the 

danger so that they will react immediately when warnings are issued.  
 It must be physically possible to relay warnings timeously to all people at risk.  
 A continuously manned operations centre must be available so that trained staff 

can receive and interpret weather and flood related information and take 
appropriate action should flood situations develop. 

 The equipment used must be reliable. This applies particularly to radar equipment.  

Advantages:  This is the most effective means of reducing the risks of loss of life in 
those situations where there is unavoidable occupation of flood prone areas.  It can 
readily be incorporated in a general civil protection service. 
Disadvantages:  Even where efficient flood warning systems are in operation, there 
will be occasions when flood warnings are issued and no damaging floods occur, or 
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conversely damaging floods may occur without warnings being issued.  These could 
result in claims for compensation. An ineffective flood warning system is worse than 
no system at all. These systems require a fully equipped and manned flood operations 
centre (but this can be part of the civil protection service). 
Information required for decision making:  Availability of facilities, technical 
expertise and financing. Can residents be warned in time? Will residents have 
confidence in the warnings and in the authority that issues them? 
Technology required for implementation:  A high degree of computer-based 
communications technology is required together with a sound knowledge of flood 
hydrology, river hydraulics and computer programming. 

Option 5 - River watch systems 
There are many situations within and outside the jurisdiction of local authorities 
where active flood warning systems are impractical.  In these situations the only 
feasible solution is to provide facilities and knowledge to local communities so that 
they can operate their own river watch systems. 
The purpose of a river watch system is to make residents within flood prone areas 
aware of the danger so that they can take appropriate action should floods occur.  
They will have to familiarise themselves with the location of safe escape routes, and 
gathering places where they can temporarily keep their possessions until the river 
subsides. The flood awareness programme could include the dissemination of regular 
newsletters, marking flood levels on beacons, posts, telephone poles, bridges, etc., or 
including flood lines on title deed plans. 
Advantages:  This is an efficient system in small communities. Minimum installation 
and operation costs. 
Disadvantages:  Only effective where residents are literate and have an appreciation 
of flood risks.  Residents have no means of obtaining prior warnings of heavy rainfall 
within the catchment or upstream river flow. Communities usually have no experience 
of floods and consequently the need for a river watch system. Communities may lose 
interest. Residents may suspect the motives of the local authority. 
Technology required for implementation:  Procedures for estimating the rainfall 
required to produce severe floods in small catchments. A sufficient knowledge of flood 
hydrology and river hydraulics to determine the location of floodlines. 
Information required for decision making:  Location of flood prone areas. 
Approximate location of floodlines within these areas. 

Assessments required prior to decision making 
The following assessments are required before decisions on the most appropriate 
system can be made. 

Determination of vulnerability to floods 
Carry out a preliminary reconnaissance to identify high risk areas, then for each area 
determine the approximate location of the regional maximum floodline, including the 
possible effect of structures such as bridges, embankments and other developments on 
the floodplains. Determine the vulnerability of residences and structures to flood 
damage. Determine the presence of escape routes. 
 Note: Only approximate information for evaluating each option is required at this 
stage. 
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Availability of equipment and appropriate technology 
Determine the availability of the following expertise and equipment 
 Ability to carry out detailed mapping of flood prone areas and floodline 

determination within these areas  
 Ability to operate a flood warning system.  
 Availability of computer-based communication equipment.  
 Availability of recording rain gauges and stream flow gauges within the catchment 

that can be interrogated manually or electronically.  
 Availability of reliable methods for relaying flood warnings to communities at 

risk. 

Reducing risks from runaway fires 
Runaway fires in unplanned settlements are common during winter months when they 
are started by overturned heating apparatus. There is little that can be done to reduce 
the risk other than to ensure that firefighting equipment has access to the site. These 
fires are not likely to occur in well-planned residential areas. 

Tornadoes 
Tornadoes are the most devastating events that are likely to occur in unplanned 
settlements. Fortunately they are rare, but a few years ago a tornado passed close to 
Midrand which is only about 10 kilometres north of Alexandra. The flying debris 
generated as the tornado passes through a densely populated settlement will cause 
massive deaths and injuries. 
 
Pretoria 
15 April 2005 
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PART 2: RISK AND SOCIETY 
 

The following document is an extended summary of my United Nations report. I sent 
a copy to the Stern Review in November last year (2005). It was completely ignored 
in Nicholas Stern’s presentation to the South African Treasury last month, (April 
2006). 

This report covers a wide range of topics that have a direct effect on the well-being of 
the people on this continent. 
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5. Introduction 
The production of food and the provision of water are the foundations on which 
society is built. These in turn are dependent on the productive capacity of the soils and 
the annual rainfall. In moderate climates the rainfall is generally dependable, and for 
most of the time it exceeds the needs of the soil on which it falls. The surplus flows 
into the perennially flowing rivers. The risks of below average rainfall can be 
quantified and accommodated in financially secure societies where alternative sources 
of food can be imported into the areas where shortfalls are experienced. 

The situation is very different in the semi-arid regions of the world where soils are 
less productive and the rainfall is much more variable. River channels are dry for most 
of the year and water supplies cannot be assured without the construction of water 
storage works. The risks of crop failures and stock losses due to prolonged rainfall 
shortages (droughts) are consequently much greater.  

The position is worsened by the high level of population growth in poor communities. 
This in turn has led to over-utilization of the natural environment which has become 
severely degraded and its productive capacity is severely diminished. Neither the 
agricultural communities themselves nor their governments have the financial 
resources to import food in times of severe shortages and they have to rely on 
emergency relief from other countries to avert widespread famine.  

Because the climate in these semiarid regions is more variable, abnormally high 
rainfall is also more frequent and gives rise to severe floods with consequent high loss 
of life and loss of possessions and livelihoods. 

These two forms of natural disasters – floods and droughts – are not only more severe 
in semiarid regions due to their more variable climates, but they also cause 
significantly more damage to the social and economic infrastructures that are affected 
by them. The rural populations are malnourished and more prone to disabling and life-
threatening diseases which are on the increase in many African countries. 

The situation in most countries on the African continent continues to deteriorate at an 
alarming rate, and the objectives of the United Nations General Assembly Resolution 
establishing the International Decade for Natural Disaster Reduction (IDNDR) are not 
being met. Disasters are not increasing because of the increase in the frequency of 
hazards, but because of the increasing vulnerability to hazards. The ability of many 
countries to finance vulnerability reduction measures is hampered by financial 
austerity programmes associated with economic reform and the heavy tax burdens 
required to service the national debt. 

This presentation reflects the African perspective on natural disaster reduction. It is 
based on information gathered from many sources, including IDNDR publications, 
publications of United Nations agencies, African country reports, presentations at 
conferences, discussions with professional colleagues, and personal observations and 
experiences in Southern African countries stretching over a period of more than forty 
years. 

The conclusion reached is that if the principles of natural disaster reduction – 
particularly vulnerability reduction methods – are not included in national policies, 
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the slide from democracy to civil unrest and eventually to anarchy will affect an 
increasing number of countries on the African continent. 

This is a complex problem with no easy solutions. 

6. United Nations Resolutions 

6.1. United Nations General Assembly Resolution: 1989 
Arising from the alarming world-wide increase in loss of life and physical damage 
due to natural disasters with resultant secondary effects of lost income, 
unemployment, reduced productive capacity and economic growth, the United 
Nations General Assembly Resolution 44/236 adopted in 1989 declared the period 
1990-2000 to be the International Decade of Natural Disaster Reduction (IDNDR).  

The preamble to the resolution stressed that natural disasters have adversely affected 
the lives of a great number of people and caused considerable damage to 
infrastructure and property world-wide, especially in developing countries. It 
recognized the necessity for the international community to demonstrate the strong 
political determination required to mobilise and use existing scientific and technical 
knowledge to mitigate natural disasters, particularly the needs of developing 
countries. There was no reference to vulnerability reduction through socio-economic 
measures. 

Attention was drawn to the impact of natural disasters on health care, particularly to 
the vulnerability of hospitals and health sectors, but there was no mention of health 
risks associated with natural disasters. Nor was the disastrous effect of HIV/AIDS 
contemplated. 

6.2. The Yokohama Strategy and Plan of Action: 1994 
A very successful mid-decade conference held in Yokohama, Japan in May 1994 
started with some reservations.The impact of natural disasters was on the rise. The 
member states expressed their deep concern for the continuing human suffering and 
disruption of development caused by natural disasters. They affirmed that the impact 
of natural disasters in terms of human and economic losses had risen in recent years, 
and society in general had become more vulnerable to natural disasters.  The people 
usually most affected by natural disasters were the poor and socially disadvantaged 
groups in developing countries as they were least equipped to cope with the disasters. 

The objectives of the Decade were confirmed: 
By the year 2000, all countries, as part of their plan to achieve sustainable 
development should have in place comprehensive national assessments of 
risks from natural hazards integrated into development plans; mitigation plans 
at national and/or local levels that address long-term prevention, 
preparedness, and community awareness; and ready access to global, 
regional, national and local warning systems. 

 

Countries were advised to stimulate genuine community involvement and 
empowerment of women and other socially disadvantaged groups at all stages of 
disaster management programmes in order to facilitate capacity building, which is an 
essential precondition for reducing the vulnerability of communities to natural 
disasters. The application of traditional knowledge, practices and values of local 
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communities for disaster reduction, should be recognized. Traditional coping 
mechanisms are a valuable contribution to the empowerment of local communities, 
enabling their spontaneous co-operation in all disaster reduction programmes. 

7. African experiences 

7.1. Regional IDNDR meeting for Africa: May 1999 
The purpose of the meeting was to look beyond the end of the Decade. The first item 
on the agenda was socio-economic concerns, followed by development and 
environment concerns, scientific and technological concerns, and actions towards the 
21st century. During the discussions it became clear that the principal objective of the 
1989 United Nations Resolution establishing the IDNDR was not being met on the 
African continent. Natural disasters continued to cause loss of life and the livelihoods 
of tens of thousands of people as well as causing considerable damage to 
infrastructure and property. 

No African countries have been successful in reducing vulnerability to droughts and 
floods through environmental conservation measures. The most disappointing report 
submitted to the meeting was that by the United Nations Environment Programme 
(UNEP) where it was reported: 

1.  The environment and related problems in Africa have been articulated at 
various levels and by several intergovernmental and non-governmental fora. 

2.  These problems can be coarsely classified into the following categories: 
land degradation, pollution and depletion of water resources, loss of forests 
and other organic species, impacts of the environment on human health and 
welfare, and inadequate policy and institutional response measures; 
inadequate capacity to keep abreast of changes in the environment; 
increasing pressure of human population and activities on the environment; 
economic sector and industrial activities not operating in tandem with 
environmental management; and lack of awareness on the side of policy 
makers and political conflicts. 

3.  UNEP has not been able to live up to expectation in responding to various 
concerns because of poor coordination; lack of adequate financial resources; 
underestimation by the UNEP of the enormity of problems spanning 53 
African countries in the vast continent; inadequate cooperation between 
UNEP and other regional and sub-regional players; and lack of mobilization 
of the private sectors. 

 

In my opinion the lack of success is due to more fundamental reasons than those listed 
above. These are discussed later in this presentation. The following are some other 
comments made at the African Regional Meeting in Nairobi. 
 People have been living in these areas for centuries and have developed survival 

techniques. Care must be exercised when proposing alleviation measures 
developed in other regions of the world. 

 For the poor, natural disasters are not the only threats to lives and livelihoods. 
 Droughts scatter people.  
 Africa is being left out in the cold. 
 The sustainable land use approach is not happening. 
 Drought resistant crops are not succeeding. 
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 There is a dramatic unplanned and unmanaged urbanization due to a lack of policy 
by governments. 

 There is a lack of capacity to apply technologies. 
 Confusing messages are coming from the scientific community which is 

undermining the credibility of local agencies which are being overwhelmed with 
confusing and inappropriate technology. 

 There is no way to reverse the trend. After 20 years Africa is on the verge of total 
collapse. 

 

These examples from Africa must lead to the question – why are the lessons and 
experience of thousands of years, of no avail? And even more importantly, why is 
modern scientific and technological knowledge of so little assistance in preventing the 
continuing large loss of life and livelihoods on the African continent? 

7.2. Egypt 
The natural environment is never in a state of equilibrium. Seasonal and multi-year 
fluctuations have to be countered to ensure a sustainable utilisation of the resource. In 
the 1970s the Aswan High Dam was built to stabilise the flow in the Nile River. A 
system of canals was built to convey water to the irrigated lands. The dam also 
provides hydro-electric power. In the event of a major flood the excess water will be 
diverted into low-lying areas of the desert adjacent to the dam. There is therefore 
complete control of floods in the Nile River, and maximum potential utilisation of the 
water in the river. However, the flow in the river is a finite resource and can therefore 
only support a finite population. 

Up to the 1940s the irrigated lands along the Nile River were sufficient to feed the 
population and provide surplus food for export. Within the next thirty years the size of 
the population exceeded the production capacity of agricultural resources available to 
feed it. Increasing population pressure resulted in urban development spreading onto 
the highly productive agricultural land which was no longer subject to flood risks. 
This reduced the national food production. Simultaneously, the population in the rural 
communities continued to rise. This placed stress on the rural communities, and 
conflicts of interest developed between the individuals and the State.  

The financial incentives for farmers to sell their land to developers were greater than 
potential incomes from agricultural production. It was also more profitable to sell 
topsoil for brick-making than to maintain agricultural production. Where government 
assistance was provided to poor farmers in the form of fertiliser quotas, some small 
farmers sold their quotas on the black market in exchange for quick cash. The 
government attempted to control the activities but intervention by the State was 
politically unpopular as it restricted the right of its citizens to prosper and determine 
their own futures. (Kishk 1996) 

7.3. Horn of Africa floods: 1997/98 
Climatologists predicted that 1997 would see the beginning of ‘The mother of all El 
Niños’. One of the areas identified as being at risk was flooding in the Horn of Africa 
(principally Kenya and Somalia). Like the biblical prophecies this one also came to 
pass, but unlike the biblical prophesies the message did not get through to those at 
risk. 
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The rains came, and severe flooding occurred over a wide area. Hundreds of people 
died and 80% of the livestock (mainly sheep and goats) were lost. The loss of income 
resulted in malnutrition and outbreaks of life-threatening, water-related diseases. 
There was an exodus of 200 000 people to the already over-populated surrounding 
areas. 

7.4. El Niño was a non-event in Southern Africa: 1997/98 
Another area identified as being at risk due to the El Niño phenomenon was Southern 
Africa where severe droughts were predicted. This prediction received widespread 
press publicity, and several southern African countries mobilized resources to deal 
with the forecast drought conditions in Southern Africa.  

In the event most of Southern Africa received normal to above normal rains, but 
agricultural performance declined due to the cautious attitude adopted by many 
farmers. In Zimbabwe farmers, fearing the worst decided to minimize their losses by 
reducing the areas under staple food; diversifying to more drought resilient but less 
profitable crops; and resorting to wildlife farming. The maize production was reduced 
by 35% of the potential yield, and the nation was forced to import food for human and 
animal consumption. The Zimbabwe Stock Exchange reacted negatively to the news 
from the external press which resulted in fall of the value of stocks during the second 
half of 1997. 

This false alarm serves as a lesson to those who relied on exaggerated overseas press 
reports, and to scientists to perfect their skills at producing forecasts which include 
estimates of their reliability, using a terminology that the general public will 
understand.  

8. Pattern of impoverishment of the rural poor 
Disasters are not increasing because of the increase in the frequency of hazards, but 
due to the increasing vulnerability to hazards. The increase in vulnerability to 
disasters in many developing countries of Africa arises from the following repetitive 
sequence. 

1. Growing population. 

2. Increasing utilisation of natural resources. 

3. Land clearing. 

4. Felling of trees for firewood. 

5. Overgrazing of fragile ecosystems especially in semi-arid areas. 

6. Soil erosion. 

7. Desertification. 

8. Collapse of natural ecosystems. 

9. Hunger and malnutrition. 

10. Partial recovery after the drought has passed, and the cycle is repeated 

The downward trend of impoverishment will continue unless this cycle is broken. If 
conditions continue to deteriorate, the rural population will be attracted to urban areas 
on the assumption that their living conditions will improve. 



 Climate and natural disasters  267

11. Migration to the cities by rural poor and refugees. 

12. Unplanned occupation of high risk peri-urban areas. 

13. Few job opportunities, and rising crime rate as a means of survival. 

14. Breakdown of civil administration. 

15. Political instability. 

16. Civil war. 

17. Cross-border conflict. 

18. Anarchy. 

 

These symptoms are present in many African countries. 

9. Sustainable development 

9.1. Limitations 
All land used for pastoral agriculture has a finite livestock carrying capacity. This 
equals the rate of growth of palatable vegetation. The rate of growth varies not only 
with seasonal changes in rainfall, but also multi-year changes such as during droughts. 
Over-grazing can have serious consequences when the vegetation changes from 
palatable species to less palatable species. Land cover can be reduced, encouraging 
the erosion of productive topsoil. Gully erosion follows, and eventually large tracts of 
land become unproductive. 

A great deal of research has been conducted in South Africa and elsewhere during the 
past 50 years to determine the optimum stock carrying capacities in semiarid regions, 
and the means to ensure long term sustainability. State aid was made available for 
controlling soil and gully erosion, and penalties imposed where land was allowed to 
deteriorate. During droughts, State-subsidised stock reduction schemes were 
introduced that enabled farmers to maintain nucleus herds during droughts until 
conditions improved. 

However, it is far more difficult to introduce these measures in communal farming 
areas where there is no individual land ownership. This is the situation in most 
African countries. In these areas intervention by the State is often seen as a threat 
rather than providing assistance. 

For example, in a report on the position in Senegal it was stated that the pattern of  
disaster vulnerability had been deepened by territorial reforms that led to the creation 
of a highly bureaucratic system. People were subordinate to central government in all 
sectors of resource management including forest protection and agricultural 
development. The administrative reorganization resulted in the abolishment of 
indigenous land use and responsibilities. 

This view was repeated in the case of Sudan where it was reported that excessive 
human pressure on fragile natural resources and harsh climatic conditions had resulted 
in severe land degradation. Socio-economic investigations showed that traditional 
land-use systems had undergone a dramatic change. In the early 1970s the policy was 
that the natural resources of State-owned lands should be accessible to all. This led to 
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the abolition of communal grazing areas, thus eliminating the rights of the local 
communities to manage and nurture their own resources. 

A more recent example is the 1998 drought in the Limpopo valley of Southern Africa. 
Previously, State-owned land was unexploited during normal years but made available 
for grazing in times of drought. However, increasing development increased the 
stocking rate within the adjoining areas, making these areas more vulnerable to drier 
conditions. The use of State owned land for emergency use became more frequent, 
until it was also degraded and unable to function as a buffer during severe droughts.  

9.2. Misguided notions of sustainable development 
The origins of the concept of sustainable development go back to the 1980s. In 1987 
the Brundtland Report of the World Commission for Environment and Development 
defined sustainable development as meeting the needs of the present generation 
without compromising the ability of future generations to meet their own needs. Since 
then the concept has been promoted world wide. It was included in the 1989 General 
Assembly Resolution establishing the IDNDR as well as in the 1994 Yokohama 
Declaration. In 1992, The Earth Summit in Rio de Janeiro presented Agenda 21 as a 
master plan to achieve sustainable development. It is a broad concept that goes 
beyond the tradition of wise use of resources and introduces ecological, economic, 
equity, and social considerations. 

Several African countries have adopted this concept in their constitutions or in 
legislation. A good example is to be found in the constitution of the Republic of 
Namibia. 

The State shall actively promote and maintain the welfare of the people by 
adopting, inter alia, policies aimed at the maintenance of ecosystems, 
essential ecological processes and biological diversity of Namibia and 
utilization of living natural resources on a sustainable basis for the benefit of 
all Namibians, both present and future. 

 

The emphasis is on the welfare of the people, and the utilization of the natural 
resources on a sustainable basis for the benefit of the people. It is the socio-economic 
aspects that have to be addressed and understood if the goals of sustainable 
development and natural disaster reduction are to be achieved.  The issue is how can 
the welfare of the people be assured within the constraints of environmental 
conservation?  

Few would disagree that environmental degradation due to over-utilization of the 
natural resources has made large areas of Africa increasingly susceptible to natural 
disasters. Nor can it be disputed that if environmental degradation is reduced, the 
vulnerability to natural disasters will also be reduced. 

However, there appears to be a lack of appreciation of the fact that this is a complex 
socio-economic problem. All the well-meaning resolutions of international bodies 
including the United Nations agencies, and the adoption of these policies by national 
states will come to nothing if the root causes of the increase in vulnerability to natural 
disasters over large areas of Africa, are not addressed. 

African experience has shown that edicts issued by the State that attempt to enforce 
environmental conservation in an attempt to achieve sustainable development will be 
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ignored if they do not lead to an early and recognisable improvement in present living 
conditions. 

One fundamental fact has to be appreciated by those who propagate this approach. 
The concept of sustainable development is based on the assumption that the targeted 
resources are not yet fully utilised. There are very few, if any, poor communities 
anywhere in the world who are already over-exploiting the long term productivity of 
the natural environment who will be prepared to make personal sacrifices in their 
present low standard of living in order to ensure the maintenance of a higher standard 
by future generations. It is unlikely that local political decision makers would attempt 
to enforce conservation practices in this situation. Overseas pressure groups could 
more profitably target their financial resources and advice on alleviating poverty as 
the route to follow to achieve environmental conservation. 

Here is a selection of relevant comments. 
 It has been claimed that democracy is fundamentally incapable of properly 

protecting the environment. 
 It was the obviously non-sustainable lifestyles and economic systems of the 

industrialised countries that created a need for a new, ecologically enshrined 
development paradigm.   

 The fundamental interdependence of ecological, economic and social objectives is 
the heart of the sustainability concept. 

 From a political science perspective, the concept of ‘sustainable development’ is 
included with concepts such as ‘freedom’ and ‘justice’, among society’s primary 
objectives. However, like ‘freedom’ and ‘justice’ it is incapable of precise 
definition, and protagonists use the concept to promote their own objectives and 
ideas. 

 Distributing the costs of environmental management is complicated because of the 
scientific and economic uncertainty. 

 The cost of unchecked environmental degradation will not fall evenly.  
 A difficulty in developing sustainability is devising policies that are able to 

survive political and ideological challenges. 
 Neither sanctions nor incentives are particularly strong in these circumstances. 
 Disaster reduction and sustainable development are mutually supportive goals. 

10. Natural disaster mitigation in rural areas 
In general, the objectives of any State are to provide a long-term shelter within which 
its citizens can prosper. Where this shelter is endangered, the State is obliged to take 
action to preserve it. The objectives of the individuals within the State are firstly to 
survive and secondly to prosper within the national shelter. The objectives of the State 
as well as its citizens are accommodated in most developed countries, but not in many 
developing countries where the long-term objectives of the State conflict with the 
short-term objectives of large sectors of the population. 

It is clearly impossible for the State to accept responsibility for every disaster that 
may befall its individual citizens. It is equally clear that the State has responsibilities 
for implementing disaster mitigation measures for larger, highly vulnerable 
communities. The difficult issue of drawing the line between helping the people to 
help themselves and making the people dependent on the State for the rest of their 
lives is well documented. The objective of State assistance should be such that it 
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increases the resilience of vulnerable communities without encouraging long-term 
dependence on the State.  

10.1. Rescue and rehabilitation 
Rescue and rehabilitation have been called the ‘biscuits and blankets’ approach to 
disaster mitigation.  

Within the African context it is imperative that authorities make every effort to restore 
the affected communities to at least their pre-disaster status as soon as possible. This 
includes activities to combat malnutrition, disease, loss of livelihoods, and migration 
to areas that are perceived to be less vulnerable to disasters. Failure to do so will 
increase their vulnerability to future climatic extremes. 

Although rehabilitation in the form of financial assistance has been the traditional 
response to disasters, the provision of State aid after the event as an alternative to pre-
emptive action is becoming less socially and politically acceptable. Emergency 
assistance will continue to have an important role to play but it is too frequently 
spurred by the appearance of hunger. Subsistence farmers and their families do not go 
hungry until after they have sold their assets. By the time the danger signals of hunger 
are heard, farmers have already reached a level of impoverishment that severely 
reduces their ability to recover after the drought is over, sometimes permanently 
losing income-generating potential. There is still a large group of survivors of the 
Sahelian droughts of the 1980s who remain refugees, without the basic means of re-
establishing their independent existence as producers. 

It is becoming increasingly difficult for international organizations to provide aid 
efficiently and effectively. The following comments were made during the IDNDR 
African regional conference in Nairobi in May 1999. 
 Inappropriate relief – overwhelming needs – highly stressed officers – competing 

priorities – influx of international assistance – outburst of mutual assistance – lack 
of coordination. 

 Information is not shared due to rivalry between agencies. 
 Donor fatigue sets in – its purpose must be identified and the results must be 

tangible. 
 How much donor money is needed and where will it come from? 
 There are doubts about the UN agencies’ capacity to assist. 
 Politicians are misusing aid to get votes. Even reporting a disease can become a 

political issue. 
 Funding is readily available after disasters but little for preventing disasters. 
 Unsolicited and inappropriate relief. 
 Recent research findings demonstrate the marginal role played by relief food 

distribution. 
 Relief in the form of food-for-work (preferably cash-for-work) that can be geared 

up or scaled down is preferable to piecemeal relief actions. It is difficult and takes 
time but there is no alternative. 

 The last people to get information are the people themselves. 

10.2. Inappropriate technology and assistance  
The following are some examples of inappropriate technology and assistance in 
Africa. 
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 Africa needs technical assistance but not the sort that tries to make it leap forward 
to practices its farmers can neither sustain nor afford. It needs assistance to make 
the best of its own material and intellectual resources. 

 During a disaster some families need aid, but others need credit. 
 Inappropriate assistance can cause more harm than good. 
 Drought resistant crops were introduced. However, the income from these crops 

was less than that of commercial varieties. The introduction was not successful. 
 An exotic breed of cattle was introduced in a semiarid area as a substitute for the 

indigenous cattle. Controlled experiments had shown that they are more efficient 
in converting fodder into meat. The substitution of these cattle was unsuccessful 
as they were susceptible to African cattle diseases to which the indigenous cattle 
were immune. 

 Groundwater abstraction costs in the sandy interior of Southern Africa are very 
high. A plant was installed to generate methane gas from cattle manure to be used 
as a fuel for pumping water. The collection of this manure deprived the natural 
grazing of a source of nutrients. Now donkeys are used to operate pumps using the 
two thousand year old Archimedes screw principle. 

10.3. Food security 
Food insecurity lies at the very heart of vulnerability to the effects of severe droughts. 
It is also the most difficult aspect of vulnerability reduction to implement. 
 In Africa, women are responsible for tilling the fields, drawing water, and caring 

for the sick.  During a drought there is more disease and sickness, reduced 
availability of water and fuel. Pregnant and lactating women need more nutrients, 
and are more vulnerable.  More than 50% of the children are ordinarily 
malnourished. This is worse during a drought. 

 There are fewer meals and people start eating seeds for the next season’s crops. 
Distress sales cause a lowering of prices, while restocking has to take place at 
higher prices. 

 The underlying reasons for food insecurity in non-acute periods are responsible 
for increased household vulnerability in times of emergency. 

 Despite the drought resilience of small grains, increases in areas planted with 
drought-resilient crops are less than expected. There has been little shift to more 
drought resilient crops. 

 There is growing pressure to identify and encourage livelihood practices that are 
more likely to sustain food security in high risk areas and discourage practices that 
enhance the risk. This places reduction of risk at the centre of development 
planning. 

 Innovative ways of combining attitude change and capacity-building in vulnerable 
areas should be identified and encouraged.  

 Innovative strategies to protect food insecurities in times of stress that augment 
and reinforce risk-averse agriculture should be explored. 

 Subsidise access to drought-tolerant seed and encourage greater crop 
diversification. 

 Reduce the need for large-scale food relief.  
 Initiate ongoing employment projects that can be readily scaled up in times of 

stress, particularly those that have lasting effects on the environment and 
sustainable agriculture. 
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Development gains in at-risk communities could be quickly undermined by poorly 
managed responses to climate and rainfall variability. 

10.4. Water security 
The demand for water in many countries of the world will soon exceed available 
water resources. The frequency and magnitude of the shortages will increase as the 
demand increases, particularly in semiarid regions where river flow is ephemeral and 
highly variable. 

The target in South Africa is to bring at least 25 litres of clean water per person per 
day to the majority of the people at a walking distance of not more than 200 metres 
from their homes. There has been very good progress towards achieving this 
objective. 

As the demand for water increases with increasing population, the position is reached 
where even in good years there will be insufficient water to meet the demands. The 
modern tendency is to institute demand management to restrict wasteful usage rather 
than construct more storage dams to meet the rising demand. 

10.5. Employment security 
Recurrent droughts lead to loss of employment and increased dependence on the 
State. Public works programmes are a more effective means for maintaining 
community welfare than food or financial handouts. 

10.6. Health security 
Every disaster has serious implications on public health. Disasters such as drought, 
famine, floods, refugees, displaced persons and epidemics which affect the health and 
quality of life of large and poor communities, are more closely associated with 
African countries than with any other regions. 
 More people are killed by disease after floods than directly by floods 
 In the countries of Africa, various communicable diseases such as cholera, 

meningitis, haemorrhagic fever, and water-related diseases follow droughts and 
floods. 

 Since 1982 Africa has reported the highest incidence rate of cholera in the world. 
In 1994 cholera was present in more countries in Africa than ever before, with 28 
countries reporting 162 000 cases. 

 There has also been an increase in emerging and re-emerging infectious diseases 
due to an increase in population movement after disasters. 

 Cross-border surveillance and epidemic disease prevention and control remain 
weak. 

 In Africa AIDS has become the major natural disaster of modern times. In large 
parts of Southern Africa the death rate has exceeded the birth rate for the first time 
in history. It is anticipated that the average life expectancy will decrease instead of 
increasing in the coming decades. 

10.7. Accommodating climate variability 
The basic objective at all levels from the individual citizen through to the nation as a 
whole is an increasing, or at least a constant level of prosperity in the face of climatic 
variability. This is achieved by the provision of storage of essential commodities in 
times of plenty for use in times of scarcity. 
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 Storage of crops is the traditional method adopted by crop farmers since the 
beginning of civilisation, an example being the biblical seven-year drought in 
Egypt. Storage of crops was traditionally at family or small community level, but 
has now spread to national and international level. If the storage is provided at 
higher than small community level, payments have to be made to the supplier. 
This involves the capability to pay, which in turn involves the storage of wealth. 

 Storage of water is achieved by building storage dams or utilising natural storage 
in groundwater. Many countries have sophisticated and effective programmes for 
the provision of water to all those who need it. Storage dams are generally 
designed to provide a constant supply during prolonged droughts – usually three 
to five years of deficient flow. They are therefore not sensitive to droughts of a 
shorter duration. 

 Storage of wealth is a more sophisticated form of storage, but requires the 
generation of wealth during times of plenty for use in times of scarcity. The 
capacity to store wealth is directly related to the ability to generate wealth. It 
involves various degrees of wealth management which is very difficult for 
individuals in lower income groups to achieve. 

 Risk assessment. All methods of storage, be they of water, crops or wealth, 
require an assessment of the risks of the undesirable events occurring. This in turn 
requires an assessment of the probable magnitude and duration of the worst case 
that can reasonably be expected to occur within a specified period of time. For 
example once in fifty years on average in the case of national water supplies. 

 Insurance. Risks can be reduced by the purchase of insurance cover, which is 
another form of wealth management. This is only available to the more affluent 
members of society unless State aided insurance is available. 

 Forecasting. Risks can also be reduced if the possibility of the adverse event 
occurring in the immediate future can be predicted with a reasonable degree of 
accuracy. 

10.8. Managing drought risks 
There are at least two strategies for managing drought risks in Africa. The first is to 
maximise the gains, while the second is to minimize the losses. 

The first is the preferred option for less vulnerable areas with higher production 
potentials. The strategy is to maximise the value of production in normal and good 
rainfall years, while minimising the set-backs in bad years. The idea is that gains from 
a higher value strategy will outweigh the losses, which themselves will be reduced by 
on- and off-farm development. It is an outward-oriented drought management strategy 
and it is essential if small farmers are to escape from the rural poverty trap. 

The second strategy is more defensive and conservative. It is the preferred option for 
the very marginal and vulnerable areas. It involves an emphasis on survival 
mechanisms such as the use of drought tolerant crops for domestic and local 
consumption. The emphasis is on survival in a hostile environment rather than for 
income generation. This should not be seen as a permanent solution. 

Risks must be managed in such a way by the State and the subsistence farmers that a 
route is opened that leads not only away from vulnerability to drought, but away from 
poverty as well. 
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10.9. Social impact studies and public participation 
Social impact studies are gaining increasing importance in project planning and 
execution. The issues are social impact studies versus environmental impact studies, 
and a sustainable society versus a sustainable environment. Note that these are not 
commensurate objectives in that the full achievement of one objective can only be 
achieved at the expense of the other. Decisions will have to be made on the extent to 
which one objective will have to be sacrificed to achieve the other. The role of the 
analyst is to present a range of scenarios and their benefits and consequences from 
which the decision-maker can select the most appropriate compromise solution. 

11. Flood risk reduction in unplanned urban settlements 
The migration of the rural poor to the cities and resultant development of informal 
settlements in flood prone areas have caused an exponential increase in the risk of loss 
of life and possessions during floods. In South Africa alone there are tens of 
thousands of people living in unplanned, flood prone settlements in urban areas. Most 
local authorities around the world prohibit residential occupation below a designated 
floodline, yet in many urban areas in developing countries there are thousands of 
people living along the banks of rivers below this floodline. Shacks are often built on 
all available space right up to the edge of the almost vertical river banks.  In some 
cases shacks are built on refuse dumps within the channel itself. Even minor floods 
that do not overtop the river banks could engulf the shacks within the river channel, 
and undermine the river banks causing the shacks on the banks to collapse into the 
river.  

Once the flood water level rises above the river banks the flimsy, densely packed 
shacks further from the river will start collapsing.  The debris from the shacks, 
particularly floating timber and submerged corrugated iron sheets caught in the fast 
flowing water will seriously injure escapees attempting to wade through the water 
even if this is less than knee-deep.  

This debris will also hinder rescue attempts and increase the probability that people 
washed into the river will drown.  Debris may also block bridge openings and deflect 
the flood to another area that would otherwise have been out of danger. Lives may be 
lost when spectators gather on bridges or on the river banks and their escape routes 
are cut off as the river rises, or the river banks collapse. It will be impossible to use 
rubber boats on the river to rescue people trapped in the debris. A major flood will 
rise rapidly, destroy all shacks in its path and result in a large loss of life. 

The development and dissemination of awareness programmes is an essential 
prerequisite for successful flood risk reduction measures in this situation. This is 
particularly important for newly established communities who have not been exposed 
to flood risks. 

Impediments to efficient awareness programmes in Africa include low literacy levels. 
(Only 60% of the population of Burundi are literate, and low literacy levels exist in 
many other African countries.) Other impediments to communications with those at 
risk are the variety of vernacular languages, dialects and customs.  

Complete success of flood risk reduction measures in informal settlements within 
urban areas is unlikely to be achieved because of the very high exposure to flood 
risks, as well as limitations of manpower and other resources available to deal with 
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the resulting emergencies. An unpalatable fact is that after a flood the failures such as 
loss of life can easily be measured, but successes can not. 

12. Education and training 
Education and training are often seen in the context of schools, universities and 
specialised training institutions. While these undoubtedly play a very important role, 
the type of knowledge that these bodies provide does not meet the immediate needs of 
the rural communities at risk from natural disasters. Nor is there time to wait until 
children have completed their schooling, or the universities have trained local 
specialists in sufficient numbers to reverse the downward trend of impoverishment 
that these communities have to endure.  

In many developing countries the limited financial resources and technological 
expertise prevent the development of disaster mitigation measures. The importation of 
expertise developed elsewhere is inhibited by language differences and lack of expert 
knowledge of local socio-economic conditions of the recipients and their ability to 
understand and implement the proposals.  

Knowledge is more successfully transferred by example than by theory. The most 
likely scenario for success would be to select several communities that have expressed 
their willingness to participate, and then to develop mitigation measures in a tripartite 
alliance consisting of the communities, outside expert organisations working in 
conjunction with their national counterparts, and local agricultural extension officers. 
All three parties will benefit from the exercise. Once a successful procedure has been 
developed, this will greatly facilitate the transfer of knowledge to other communities. 

The three ingredients of this success are willing communities, pragmatic and 
knowledgeable experts, and enthusiastic local extension officers. Conversely, success 
is unlikely to be achieved if one or more of these ingredients are absent. 

The most unlikely route to successful technology transfer is when the State attempts 
to impose broad recommendations by well-meaning outside scientists against the will 
of local communities. There is no learning experience by either the communities or 
the State. A good example is the imposition of environmental conservation measures. 
The benefits of these measures have to be demonstrated in actual examples and not 
imposed, particularly if the benefits are not apparent within a year or two at most. 
Alternatively, the State will have to provide financial incentives instead of punitive 
disincentives if the programmes are to succeed. The danger of this approach is that it 
increases the community’s dependence on the State. There is also little learning 
experience. 

13. Into the 21st century 
The attention paid to natural disasters and vulnerability reduction by the international 
community has grown steadily during the Decade. Many developed countries have 
reported significant reduction in loss of life, principally due to more efficient warning 
systems coupled with awareness programmes. However, developing countries 
continue to report increasing levels of loss of life and impoverishment caused 
principally by the exponential increase in the vulnerability of their populations to 
natural disasters. Economic losses continue to rise in all countries due to economic 
pressures that encourage development within higher risk areas. 
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The following are some condensed comments from IDNDR and other reports. 
 Significant progress and decrease in loss of life have been achieved in developed 

countries but the loss of life and impoverishment still continue to increase in 
developing countries. 

 Socio-economic consequences of disasters including the rising death toll from 
malnutrition and disease are still not sufficiently appreciated and addressed. 

 It is also not fully appreciated that socio-economic vulnerability reduction 
measures and not physical vulnerability reduction measures are the most effective 
for risk reduction in African developing countries. 

 The effects of drought continue to deepen social polarization and poverty. The 
poorest families find it increasingly difficult to recover from one drought before 
entering another. There is progressive income and asset depletion among the 
poorest households who sacrifice long-term economic growth by holding their 
assets in liquid or near liquid forms. 

 The ability of many countries to finance disaster mitigation activities is hampered 
by financial austerity programmes associated with economic reform and the heavy 
tax burdens required to service the national debt. 

 Over a period of time, recurrent small-scale hazards tend to cause more damage 
than infrequent large-scale hazards. 

 Limited financial resources and trained personnel have become critical problems 
in rural areas. 

 In many countries there are disaster plans on paper but not much planning on the 
ground. 

 Disasters are relatively more costly in developing than in developed countries.  
 The poor suffer in a personal sense while the rich suffer in an economic sense. 

This has an effect on their perceptions when adopting procedures to combat 
disasters. 

 People who have to live in vulnerable areas seldom do so by choice. 
 Social impact studies should include environmental impact studies and not vice-

versa. 
 Special attention needs to be focused on pre-famine indicators that give the 

earliest possible warning that a food supply problem may be imminent. 
 Studies on the impact of drought show very clearly that a critical variable 

affecting the maintenance of productive assets is the availability of off-farm 
income flows. 

 Successful cash-for-work projects such as public works and clearing exotic 
vegetation should be encouraged as a means of maintaining income during 
droughts.  

 Early warning systems should be based on both physical and social vulnerability, 
for example nutritional indicators and measures of vegetation change. 

 Disaster mitigation plans in the rural areas of Africa should move away from 
environmental concerns to human livelihood concerns. These measures must be 
considered in conjunction with the social, economic and political limitations of the 
communities at risk.  

14. General conclusions 
In many developing countries in Africa the rural areas are no longer able to support 
the rising populations that depend on them. The ability of these countries to finance 
disaster mitigation activities is hampered by financial austerity programmes 
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associated with economic reform and the heavy tax burdens required to service the 
national debt. 

Drought mitigation strategy. Disaster mitigation plans in the rural areas of Africa 
should move away from environmental concerns to human livelihood concerns. 
Because of the frequent occurrence of drought and its spatial extent, the costliest 
option is to ignore drought and simply react to each incident. Countries should include 
natural disaster reduction as part of their development plans, otherwise progress in 
social and economic development will continue to be eroded by recurring disasters. 
Disaster prevention, mitigation and preparedness is better than disaster response in 
achieving the goals and objectives of the Decade. These measures must be considered 
in conjunction with the social, economic and political limitations of the communities 
at risk.  

Flood risk reduction in unplanned urban settlements. The best solution is to 
provide incentives that will encourage the threatened communities to move to less 
vulnerable areas. In many cases this will be a long process as job opportunities and 
housing will have to be provided at a faster rate than the influx of socially and 
economically disadvantaged people into the high risk areas. This leaves the 
implementation of flood awareness programmes and flood warning systems as the 
only viable short term solution. 

Technology transfer. In many developing countries the limited financial resources 
and technological expertise prevent the development of disaster mitigation measures. 
The importation of expertise developed elsewhere is inhibited by language differences 
and lack of expert knowledge of local socio-economic conditions of the recipients and 
their ability to understand and implement the proposals. The best solution method of 
technology transfer is by planning and operating demonstration projects. 

Research. There are many scientists undertaking research on climate change and on 
ecological and environmental problems, but not many researchers are undertaking 
research on disaster risk reduction. This imbalance will have to be rectified if the slide 
into further impoverishment has to be turned. 

15. Postscript 
There have been three major developments subsequent to the completion of this study. 
These are the escalation of interest in the African Renaissance, the Budapest 
Declaration on Science, and the Fancourt Declaration of the Commonwealth Heads of 
Government. 

15.1. The African Renaissance 
The African Renaissance is a political initiative that has wide popular and scientific 
support. The concept is simple – Africa must rise Phoenix-like from the ashes of 
poverty and join the other continents as an equal partner. This goal will be difficult to 
achieve in practice, and care will have to taken not to compartmentalise research. The 
emphasis will have to be on inter-disciplinary and inter-institutional studies involving 
a wide range of disciplines. Many of the issues that will have to be addressed are 
detailed in this presentation. 
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15.2. Budapest Declaration on Science and the Use of Scientific 
Knowledge 
A combined UNESCO/ICSU World Conference on Science was held in Budapest, 
Hungary from 26 June to 1 July 1999. The following are some extracts from the 
preamble to the 23-page Declaration on Science and the Use of Scientific Knowledgei 
produced by the Conference. 

We seek active collaboration across all fields of scientific endeavour, i.e. the 
natural sciences such as the physical, earth and biological sciences, the 
biomedical and engineering sciences, and the social and human 
sciences…Greater interdisciplinary efforts…are a prerequisite for dealing with 
ethical, social, cultural, environmental, gender, economic, and health 
issues…What distinguishes the poor (be they people or countries) from the 
rich is not only that they have fewer assets, but also that they are largely 
excluded from the creation and benefits of scientific knowledge… 

The Declaration considered that: 
…scientific research and its application may yield significant returns towards 
economic growth, sustainable human development, including poverty 
alleviation, and that the future of humankind will become more dependent on 
the equitable production, distribution and use of knowledge than ever 
before… 

The Declaration is fully compatible with the objectives of the African Renaissance. 

15.3. Fancourt Declaration on Globalisation and People-Centred 
Development 
The most recent development is the Fancourt Declaration on Globalisation and 
People-Centred Development issued by the Commonwealth Heads of Government on 
14 November 1999. Details are given in the attached report published in the Pretoria 
News. Another report in the same newspaper is the unresolved conflict between South 
Africa and the European Union over wine labelling, and the effect that this may have 
on financial support from the European Union. 

Other major international role players whose policies will have a direct effect on the 
achievement of the African Renaissance are the World Trade Organisation, the World 
Bank, and the International Monetary Fund.  
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PART 3: Mozambique floods 
 

17. Structural and non-structural aspects 
The following document on Structural and non-structural aspects of flood risk 
reduction, was my contribution to the international conference on the Mozambique 
floods. I was a member of an international team of experts appointed to advise the 
Mozambique government on flood disaster mitigation measures. 

The conference was chaired by Prince William of Orange of the Netherlands, and 
attended by the responsible ministers of southern African governments.  
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International conference on the Mozambique floods 
Maputo October 2000 

Structural and non-structural aspects of 
flood risk reduction 

W. J. R. Alexander, Department of Civil Engineering, University of Pretoria, 
South Africa, and previously member of the United Nations Scientific and 

Technical Committee on Natural Disasters. 
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18. Introduction 
In 1989 the United Nations General Assembly declared the period 1990-2000 to be 
the International Decade of Natural Disaster Reduction (IDNDR). This arose from the 
alarming world-wide increase in loss of life and physical damage due to natural 
disasters with resultant secondary effects of lost income, unemployment, reduced 
productive capacity and economic growth,  

The preamble to the resolution stressed that natural disasters have adversely affected 
the lives of a great number of people and caused considerable damage to 
infrastructure and property world-wide, especially in developing countries. It 
recognized the necessity for the international community to demonstrate the strong 
political determination required to mobilize and use existing scientific and technical 
knowledge to mitigate natural disasters, particularly the needs of developing 
countries.  

The people usually most affected by natural disasters were the poor and socially 
disadvantaged groups in developing countries, as they were least equipped to cope 
with the disasters. 

The objectives of the Decade were: 
By the year 2000, all countries, as part of their plan to achieve sustainable 
development should have in place comprehensive national assessments of 
risks from natural hazards integrated into development plans; mitigation plans 
at national and/or local levels that address long-term prevention, 
preparedness, and community awareness; and ready access to global, 
regional, national and local warning systems. 

 

Countries were advised to stimulate genuine community involvement and 
empowerment of women and other socially disadvantaged groups at all stages of 
disaster management programmes in order to facilitate capacity building, which is an 
essential precondition for reducing the vulnerability of communities to natural 
disasters. The application of traditional knowledge, practices and values of local 
communities for disaster reduction should be recognized. Traditional coping 
mechanisms are a valuable contribution to the empowerment of local communities, 
enabling their spontaneous co-operation in all disaster reduction programmes. 

A United Nations Scientific and Technical Committee on Natural Disasters was 
established and a very successful mid-decade conference was held in Yokohama, 
Japan in 1994. There were also many regional, national and local conferences, and a 
wealth of documentation was produced.  

19. African experiences 
Towards the end of the decade it became obvious that the loss of life, livelihood and 
possessions during natural disasters continued to increase in developing countries on 
the African continent in particular, when compared with the progress made in the 
developed countries in the Northern Hemisphere. There were several reasons for this 
discrepancy.  
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 The ability of these countries to finance disaster mitigation activities is hampered 
by financial austerity programmes associated with economic reform and the heavy 
tax burdens required to service the national debt. 

 The number of people living in flood-prone areas has increased due to the increase 
in population, and flood damage continues to show an increasing trend.  

 Another reason for the increase is the unregulated development and occupation of 
floodplains of the rivers arising from population pressure.  

 People have been living in these areas for centuries and have developed survival 
techniques. Care must be exercised when proposing alleviation measures 
developed in other regions of the world. 

 For the poor, natural disasters are not the only threats to lives and livelihoods. 
 There is a lack of capacity to apply technologies. 
 Confusing messages are coming from the scientific community which is 

undermining the credibility of local agencies which are being overwhelmed with 
confusing and inappropriate technology. 

 

These examples from Africa must lead to the question – why are the lessons and 
experience of thousands of years, of no avail? And even more importantly, why is 
modern scientific and technological knowledge of so little assistance in preventing the 
continuing large loss of life and livelihoods on the African continent? 

20. Alternative flood risk reduction measures 
There are a number of options available for reducing the risk of loss of life and 
damage to property of people living in flood-prone areas. The following notes 
summarize the advantages and disadvantages of each option; the information required 
for decision making; and the technology required for its implementation. 

20.1. Structural measures 
The purpose of structural measures is to reduce flood peaks (flood control dams), or 
protect areas from inundation (flood levees), or reduce flood levels (canalization). 

Advantages: Structural measures can provide effective protection against minor 
floods. 
Disadvantages: High cost and false sense of security - it is always possible that a 
flood exceeding the design flood may occur. In general, the larger the flood, the less 
effective the flood protection measures. 
Information required for decision making: Availability of suitable sites and finance. 
Technology required for implementation: Advanced knowledge of flood hydrology, 
river hydraulics and structural design. 

Flood control dams 
(See Appendix to this presentation.) 
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Flood levees 
The following comments are from the publication Non-structural aspects of flood 
management in India by the Indian National Committee on Irrigation and Drainage. 
They are particularly relevant to the situation in Mozambique. 

The major thrust so far in the flood management in India has mostly been in 
the shape of construction of embankments. However, this has created its own 
problems. It has been found that in many states, embankments were often 
aligned very close to the river edge so as to protect as much of an area, or as 
many villages as possible. Even though these might have appeared 
reasonably safe at the time of construction, they invariably come under attack 
subsequently on account of ever-changing nature of the river course. Now, a 
substantial portion of the annual outlay is spent on protecting these 
embankments from the river attack, and other anti-erosion and river training 
works, particularly when these are constructed along aggrading and 
meandering rivers. Sometimes, spurs constructed to protect a particular 
reach of embankment on one bank of the river caused adverse effects on the 
opposite bank. The construction of a series of spurs on both banks of a 
closely embanked river resulted in decrease of the flow area of the river 
section, thereby raising the flood levels. Construction of embankments also 
caused problems of drainage congestion behind embankments particularly in 
higher rainfall areas. For want of proper drainage relief measures in many 
places, the problem of drainage congestion itself became so acute as to 
cause more distress to the population in the protected area than otherwise. 
Construction of embankments also caused the flood wave to travel faster, 
thus reducing the warning time available to areas downstream. 

 

Natural floodplains within Mozambique have a significant flood peak absorption 
potential, and the construction of protection embankments on floodplains could 
increase the peaks, volumes and times of travel of floods as they progress 
downstream. 

20.2. Non-structural measures 
The absolute and permanent protection of all flood-prone areas and for all magnitudes 
of floods by structural measures alone is impossible. It is also not economically viable 
due to financial constraints and it is often neither feasible nor even desirable to protect 
all flood-prone areas in the country. The emphasis has therefore shifted to non-
structural measures to effectively supplement the structural measures for providing 
sustainable protection to flood affected areas. 

Whereas the objective of structural measures is to mitigate the flood damage by trying 
to keep the floodwaters away from vulnerable areas, the objective of non-structural 
measures is to permit full use of the rivers and their floodplains, while at the same 
time safeguarding the people by implementing flood warning and evacuation systems, 
as well as providing assistance to those who suffer damage by floods.  

Non-structural measures are less costly than structural measures and include: 

Modifying the susceptibility to damage, including floodplain management, flood 
proofing, disaster preparedness and response planning, flood forecasting and warning. 

Modifying the loss burden is principally the provision of disaster relief. 

The basic concept of floodplain management is to regulate the land use in the 
floodplains in order to restrict the damage due to the floods, while deriving maximum 
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benefits from the floodplain. This is done by determining the locations and extent of 
areas likely to be affected by floods of different magnitudes and frequencies, and to 
develop those areas in such a fashion that the resulting damage is kept to a minimum 
when floods occur. Floodplain management therefore aims at regulating 
indiscriminate and unplanned development of floodplains and is relevant to both 
unprotected and protected areas. 

Flood proofing is essentially a combination of structural change and emergency 
action, not involving any evacuation. An example is the construction of flood shelters 
on high ground. 

Disaster preparedness and response planning includes plans that are prepared in 
advance for disaster mitigation, warning, emergency operations, rehabilitation and 
recovery. These plans will involve activities such as training, post disaster evaluation, 
review and coordination. 

Flood forecasting and warning gives the recipients time to evacuate threatened 
areas. (This is dealt with in more detail below.) 

Flood insurance has several advantages as a means of modifying the loss burden, but 
few national insurance projects have been successfully operated.  

Integrated approach to flood management. Floodplain zoning and flood forecasting 
and warning constitute the main non-structural measures. The implementation of 
floodplain zoning requires political will. The judicious mixture of structural and non-
structural aspects will optimize benefits that would come from structural measures. 

The principal non-structural measures that could be considered in Mozambique are: 

 

19. Do nothing 

20. Move residents to higher ground 

21. Operate active flood warning systems 

22. Develop community river watch systems. 

Option 1 - Do nothing 
In this option, nothing is done to reduce the potential loss burden of those at risk. 
Advantages: Minimal cost. Avoids the legal consequences of direct action on the basis 
that residents in flood-prone areas are there at their own risk. 
Disadvantages: Possible loss of life and possessions with resultant humanitarian, 
social and political consequences. 
Information required for decision making: What is the degree of the risk of loss of life 
and possessions? What are the likely consequences of loss of life and possessions? 
Are these acceptable? 
Technology required for implementation: None 

Option 2 - Move residents to higher ground 
In many rural areas in sub-continental Africa the occupants of floodplains have no 
property rights. 
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Advantages: This is the most effective option. 
Disadvantages: Danger areas may be re-occupied by others. 
Information required for decision making:  Is alternative ground available? Will the 
people go there? Can re-occupation by others be prevented? What are the costs of 
preparing the new area? What are the relocation costs? Does the political will exist? 
Technology required for implementation: None 

Option 3 - Active flood warning systems 
There are four important pre-conditions for any active flood warning system. 
 All people within the flood-prone areas must routinely be made aware of the 

danger so that they will react immediately when warnings are issued.  
 It must be physically possible to relay warnings timeously to all people at risk.  
 A continuously manned operations centre must be available so that trained staff 

can receive and interpret weather and flood related information and take 
appropriate action should flood situations develop. 

 And most importantly, those at risk may be prepared and willing to evacuate their 
homes and abandon their possessions. Experience in southern Africa including 
Mozambique, has shown that this is seldom the case. 
  

Advantages: This is the most effective means of reducing the risks of loss of life in 
those situations where there is unavoidable occupation of flood-prone areas.  
Disadvantages: Even where efficient flood warning systems are in operation, there 
will be occasions when flood warnings are issued and no damaging floods occur, or 
conversely damaging floods may occur without warnings being issued. An ineffective 
flood warning system is worse than no system at all. These systems require a fully 
equipped and manned flood operations centre. 
 Information required for decision making: Availability of facilities, technical 
expertise and financing. Can residents be warned in time? Will residents have 
confidence in the warnings and in the authority that issues them? 
Technology required for implementation: A high degree of computer-based 
communications technology is required together with a sound knowledge of flood 
hydrology, river hydraulics and computer programming. 

A primary requirement for flood warning systems is that they should not fail during 
extreme conditions. There are many examples of unavoidable equipment and 
communication equipment failures during severe floods in Southern Africa. These 
risks must be accommodated in the development of flood warning systems.  

While flood-warning systems may appear to be an effective means of reducing the 
potential loss of life, southern African experience has shown that despite warnings, 
floodplain occupants seldom evacuate their homes before the floodwaters are literally 
at their doorstep. This is because they are uninsured, and all their possessions are in 
their flimsy shacks. If they evacuate their homes they face the prospect of having their 
possessions looted before they return. 

There are other impediments to flood warning systems, including language 
difficulties. 
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Option 4 - River watch systems 
There are many situations where active flood warning systems are impractical. In 
these situations the only feasible solution is to provide facilities and knowledge to 
local communities so that they can operate their own river watch systems. 

The purpose of a river watch system is to make residents within flood-prone areas 
aware of the danger so that they can take appropriate action should floods occur. They 
will have to familiarize themselves with the location of safe escape routes, and 
gathering places where they can temporarily keep their possessions until the river 
subsides. The flood awareness programme should include the dissemination of regular 
newsletters, marking flood levels on beacons, posts, telephone poles, bridges, etc., or 
including floodlines on title deed plans. 

Advantages: This is an efficient system in small communities. Minimum installation 
and operation costs. 
Disadvantages: Only effective where residents are literate and have an appreciation 
of flood risks. Residents have no means of obtaining prior warnings of heavy rainfall 
within the catchment or upstream river flow. Communities in urban areas often have 
no experience of floods and consequently they do not appreciate the need for a river 
watch system. Communities may lose interest. Residents may suspect the motives of 
the local authority. 
Technology required for implementation: Procedures for estimating the rainfall 
required to produce severe floods in small catchments. A sufficient knowledge of 
flood hydrology and river hydraulics to determine the location of floodlines. 
Information required for decision making: Location of flood-prone areas. 
Approximate location of floodlines within these areas. 

Assessments required prior to decision making 
The following assessments are required before decisions can be made. 

Determination of vulnerability to floods 
Carry out a preliminary reconnaissance to identify high-risk areas, then for each area 
determine the approximate location of the designated floodline, including the possible 
effect of structures such as bridges, embankments and other development on the 
floodplains. Determine the vulnerability of residences and structures to flood damage. 
Determine the presence of escape routes. 
 Note: Only approximate information for evaluating each option is required at this 
stage. 

Availability of equipment and appropriate technology 
Determine the availability of the following expertise and equipment. 
 Ability to carry out detailed mapping of flood-prone areas and floodline 

determination within these areas  
 Ability to operate a flood warning system.  
 Availability of computer-based communication equipment.  
 Availability of recording rain gauges and stream flow gauges that can be 

interrogated manually or electronically.  
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  Availability of reliable methods for relaying flood warnings to communities at 
risk.  

20.3. Rescue and rehabilitation 
Rescue and rehabilitation have been called the ‘biscuits and blankets’ approach to 
disaster mitigation.  

Within the African context it is imperative that authorities make every effort to restore 
the affected communities to at least their pre-disaster status as soon as possible after a 
flood. Affected rural communities need replenishment livestock, seeds and farming 
equipment, not biscuits, blankets and incarceration in refugee camps. Failure to do 
this often results in either permanent reliance on the State, or migration to areas that 
are perceived to be less vulnerable to disasters, but may in fact increase their 
vulnerability to future climatic extremes. 

Although rehabilitation in the form of financial assistance has been the traditional 
response to disasters, the provision of State aid after the event as an alternative to pre-
emptive action is becoming less socially and politically acceptable. Emergency 
assistance will continue to have an important role to play, but it is too frequently 
spurred by news media and television reports after the event. By the time that 
assistance is provided, inhabitants have already reached a level of impoverishment 
that severely reduces their ability to recover after the disaster is over, sometimes 
permanently losing income-generating potential. 

It is becoming increasingly difficult for international organizations to provide aid 
efficiently and effectively. The following comments were made during the IDNDR 
African regional conference in Nairobi in May 1999. 
 Inappropriate relief – overwhelming needs – highly stressed officers – competing 

priorities – influx of international assistance – outburst of mutual assistance – lack 
of co-ordination. 

 Information is not shared due to rivalry between agencies. 
 Donor fatigue sets in – its purpose must be identified and the results must be 

tangible. 
 How much donor money is needed and where will it come from? 
 There are doubts about the UN agencies’ capacity to assist. 
 Politicians are misusing aid to get votes. 
 Funding is readily available after disasters but little for preventing disasters. 
 Unsolicited and inappropriate relief. 
 Recent research findings demonstrate the marginal role played by relief food 

distribution. 
 Relief in the form of food-for-work (preferably cash-for-work) that can be geared 

up or scaled down is preferable to piecemeal relief actions. It is difficult and takes 
time but there is no viable alternative. 

 The last people to get information are the people themselves. 

20.4. Inappropriate technology and assistance  
The following are some examples of inappropriate technology and assistance in 
Africa. 
 Africa needs technical assistance, but not the sort that tries to make it leap forward 

to practices its people can neither sustain nor afford. Africa needs assistance to 
make the best of its own material and intellectual resources. 
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 After a disaster some families need aid, but others need credit. 
 Inappropriate assistance can cause more harm than good. 

21. General conclusions 
Flood risk reduction within flood-prone areas. There have been many instances 
where people living on flood plains are aware of the danger that they face, and despite 
warnings they remain where they are up to the last minute. Developers of flood 
warning systems should be aware that flood-warning systems only have a limited 
value in many situations encountered in southern Africa.   

Flood risk reduction in unplanned urban settlements. The best solution is to 
provide incentives that will encourage the threatened communities to move to less 
vulnerable areas. In many cases this will be a long process as job opportunities and 
housing will have to be provided at a faster rate than the influx of socially and 
economically disadvantaged people into the high-risk areas. This leaves the 
implementation of flood awareness programmes and flood warning systems as the 
only viable short-term solution. 

Technology transfer. In many developing countries the limited financial resources 
and technological expertise prevent the development of disaster mitigation measures. 
The importation of expertise developed elsewhere is inhibited by language 
differences, and lack of expert knowledge of local socio-economic conditions of the 
recipients and their ability to understand and implement the proposals. The best 
solution method of technology transfer is by planning and operating demonstration 
projects. 

Research. There are many scientists undertaking research on climate change and on 
ecological and environmental problems, but not many researchers are undertaking 
research on disaster risk reduction. This imbalance will have to be rectified if the slide 
into further impoverishment has to be turned. 
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23. Appendix to Mozambique presentation 
The following is a summary of aspects of an excellent presentation by S. van Biljon at 
the conference on the February 2000 floods held at the University of Pretoria, that are 
particularly relevant to the current problems faced in Mozambique. I have shown the 
relevance to the situation in Mozambique within brackets. 

The monitoring network of the Directorate of Hydrology of the South African 
Department of Water Affairs and Forestry suffered heavy losses in terms of 
damage to gauging structures, access roads and instrumentation. Damage to 
real time information systems (both satellite and cellular modem based) was 
excessive, rendering it useless for flood warning and studying flood 
progression along most of the affected rivers. Private observers assisted 
tremendously by taking readings at Beit Bridge on the Limpopo enabling the 
Directorate of Hydrology to feed information through to Mozambique at least 
once a day.  

[Typically, extreme floods in many regions of Southern Africa have peaks that exceed 
ten times the mean annual peaks. The destruction of gauging equipment used for flood 
warnings is a factor that has to be taken into account in the development of flood 
warning systems.] 

In many cases the flood hydrographs could not be determined. Flood volume 
frequency analyses might have illustrated the severity of the flooding to a 
much better extent than only the flood peaks.  

[The flood peak/volume relationship varies over a wide range. In the absence of flood 
volume/frequency information, it would be reasonable to make a conservative 
assumption that the flood peak will be sustained at its peak level.] 

Flood in the Limpopo River 
The Limpopo River is measured on the old bridge across the river (currently 
used as a walkway) and a few hundred metres downstream at a weir 
constructed for water supply to Messina. This site is a very important site for 
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flood warnings. The Mozambican authorities requested the Department of 
Water Affairs and Forestry to warn them of flood flows greater than 700 
cumecs. For years the Directorate of Hydrology struggled with the siltation of 
the inlet pipe to a mechanical recorder mounted on the old bridge. 
Subsequently, with the building of the weir, the Directorate of Hydrology 
seized the opportunity to also utilise the weir as a gauging structure. 
Unfortunately the rock bed is very deep on the right bank and an inlet was 
constructed on the Zimbabwean side of the river causing all sorts of 
operational problems. The weir was instrumented with a Thalimedes 
electronic data logger as well as a satellite DCP. Frequent vandalism 
occurred at the site with the result that the quality of the record suffered. Prior 
to the February flood the housing of the instrumentation was moved further 
from the river for security purposes and power was obtained from the national 
grid. Some technical problems prevented the satellite DCP from being 
operational in February at the onset of the flood. Manual observations were 
then taken at the bridge and the Thalimedes functioned until being washed 
away. Although not operational at the time, no damage was incurred to the 
satellite DCP. 

[Note the difficulties encountered in the operation of flood warning systems even (or 
especially) where sophisticated equipment is installed, and the need for manual back-
up systems.] 

It is clear that greater flood peaks were observed previously at the site during 
the past century. It is however very important to note that major accretions 
downstream of Beit Bridge from the Sand, Levuvhu and Mutale rivers 
contributed to what must have been one of the major flood events at Pafuri. It 
is also important to note that flood volumes must count amongst the highest 
recorded at Pafuri. Unfortunately no data are available at Pafuri, apart from 
accessibility, Pafuri does not lend itself to accurate gauging due to the 
flatness of the terrain.  

General discussion on the effect of dams on flood 
flows downstream 

The operation of reservoirs with gated spillways poses a greater challenge to 
operation than those with fixed spillways. Ideally, operation of the former is 
done by means of human intervention and the efficiency of operation can be 
optimised with information from the flood behaviour of the upstream 
catchment. Dams with fixed spillways always attenuate the flood peak of an 
incoming flood. The extent of attenuation is a function of the full supply 
capacity of the dam, the area-capacity relationship, the spillway capacity and 
the size of the flood, to name a few.  

[The author provided details which demonstrated that reservoir operation had a 
minimal effect on the magnitude of downstream flooding.] 

Conclusion 
The author’s final conclusions were: 
 Resources should be made available for the repair of flood damage to the network of 

gauging sites. If funds are restrictive, priorities should be formulated to get the most 
important gauging sites operational as soon as possible. 

 Currently about 73% of the gauging network has been upgraded to electronic data 
loggers with the old mechanical equipment being utilised as backup. The new electronic 
loggers can be taken further away from the river since no water inlet system is necessary. 
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This should be the way to go to protect the electronic instrumentation from inundation 
whilst remaining functional as a near real-time flood warning system. 

 A relocation of some very important gauging sites may be necessary where the river 
channel has been widened appreciably and the repair costs are excessive. 

 The vulnerability of river flood warning systems has once again been experienced during 
the February 2000 floods. It is recommended that, along with a re-designed outlay of 
equipment at river gauging sites, a modern radar system be implemented for spatial 
rainfall determination. Funds and human resources should be made available to the 
Weather Bureau for this purpose. The flood-ravaged area does not have any radar 
coverage which affords a near real time warning of rainfall. 

 Resources should be made available should the Directorate of Hydrology assume a more 
prominent role in terms of countrywide flood warning and forecasting. A period of 
evaluation and development of models should precede the implementing phase.  

 The hydrological community should be encouraged to develop modelling systems based 
on satellite and radar systems since it gives much better information on the spatial extent 
and storm movement than point rainfall observations. 

 The analysis of reservoir operation has shown that allegations to the effect that reservoir 
operation caused a major contribution to flooding in Mozambique has been clearly 
dispelled. It was shown by a number of examples that reservoirs not only retarded the 
flood propagation but also attenuated the inflow hydrographs appreciably, despite flood 
volumes being many times the storage capacity of reservoirs. Furthermore, the natural 
runoff generated in Mozambique is twice that of South Africa. Like South Africa and 
neighbouring countries, Mozambique also experienced extremely high rainfall and runoff 
events locally, which was compounded by runoff from international rivers. 

 Reservoirs are designed in South Africa with carry-over storage of seven years and more. 
Hundreds of complex stochastic scenarios are studied to ensure a specific design and 
operating strategy. The annual hydrographs of the Sand and the Limpopo Rivers display 
the extremely high variability of runoff in South Africa. The 1986 report on the 
Management of water resources of the Republic of South Africa displays the occurrence 
of droughts in South Africa. It is clear that even during wet spells it is still possible to have 
droughts in parts of the country. The science of forecasting wet and dry years in South 
Africa is still too immature and inaccurate to have a major influence on long term reservoir 
operating strategies. A lowering of the reservoir levels at the beginning of the rainy 
season would have made little difference, if any, in Mozambique. This is clearly illustrated 
by the cited examples. 
 

[The author’s original presentation should be studied in detail before developing flood 
peak reduction measures in Mozambique.] 
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Figure 1. Sesriem area of the Namib Desert after the rains. This photograph 
illustrates the remarkable resilience of desert vegetation to wide variations in 

climate. Photo by Lutz Ebrecht,  24 February 2006. 
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1. Quick summary 
The policy followed by the Department of Environmental Affairs and Tourism and 
the climate change alarmists, of excluding all those who hold different views on the 
subject, is not the way to go. South Africa will suffer very serious consequences if a 
large sector of the scientific community is deliberately barred from participation in 
this issue, and not given the opportunity to express their views. Whether these views 
are correct or not should be the subject of a healthy scientific debate, or better still, the 
whole issue should be the subject of an independent, multidisciplinary commission of 
enquiry. There are no indications that this is likely to happen.  
This is my contribution on the environmental and agricultural aspects. My studies 
demonstrate with a high degree of confidence that there is no foundation for most of 
the alarmist claims. Much is at stake both financially, as well as the scientific integrity 
of the scientists and their institutions.  

2. Introduction  
Alarmist claims are being made regarding the consequences of global warming on the 
natural environment. If these alarmist views are correct, then South Africa will be in a 
very serious position in the years ahead, and we will almost certainly be heading into 
a recession with all that this implies for the prosperity of our nation. Why has no 
South African authority deemed it necessary to carry out independent studies, or 
appoint an independent commission of enquiry on such a grave issue? 

The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 and 
issued assessment reports in 1990, 1995 and 2001, with the fourth assessment report 
due next year, (2007). More money and more scientific effort have been spent on 
climate change research than in any other scientific field. Yet today, 18 years after the 
establishment of the IPCC, the only meaningful effects of global warming have been 
the melting of polar ice sheets (contested); the retreat of glaciers (some have 
advanced); and the melting of the snows on Mt Kilimanjaro. 

Hardly a day passes without ‘evidence’ that the global temperatures continue to 
increase. The evidence includes dramatic photographs of melting polar glaciers as 
they enter the sea as they have done for the past millions of years. But here the 
evidence stops. Despite repeated statements that global temperatures are higher now 
than ever before in human history and longer, why is there no evidence of the 
postulated dire consequences at tertiary level? [The primary level is temperature 
changes, the secondary level is changes in the oceanic and atmospheric energy 
redistribution systems, and the tertiary level is all the consequences of activity in the 
primary and secondary processes.] 

There have been no scientifically proven, meaningful, adverse changes in any 
environmental processes or agricultural responses that can be attributed to unnatural 
climate change.   

Why is there no evidence to support the dramatic warnings issued by the IPCC over 
the past 18 years and the Department of Environmental Affairs and Tourism (DEAT) 
during the past two years? The answer is the complete inability of the climate 
alarmists to demonstrate (as different from postulate), the existence of the 
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mechanisms that drive the linkages between global warming and the postulated 
consequences at tertiary levels. 

As demonstrated in previous chapters of this report, the basic assumption of climate 
change theory that global climate operates within a closed system unaffected by 
variations in solar activity, is fundamentally in error. Conclusions based on global 
climate model (GCM) outputs that do not accommodate the well-documented, 
regular, multi-year behaviour in the hydroclimatic processes, are fundamentally in 
error. 

This is an extremely serious situation. In my opinion the South African 
authorities and the people of this country are being seriously misled by the lack 
of knowledge of the fundamental requirements of scientific research and the 
application of scientific knowledge. [See Appendix A.] Refusal to consider, let alone 
discuss these differences, can only result in tarnished images and fruitless 
expenditures. 

3. Purpose 
The following extract is from the joint statement issued in June 2005 by eleven 
national academies of science of the USA, United Kingdom, France, Russia, 
Germany, Canada, China, India, Italy, Brazil and Japan titled: Global response to 
climate change. 

The projected changes in climate will have both beneficial and adverse 
effects at the regional level, for example on water resources, agriculture, 
natural ecosystems and human health. 

South Africans will search in vain for details of the beneficial effects of changes in 
climate in the public pronouncements of the DEAT and its scientific advisers. 
The purpose of this chapter is to inform readers that, based on my detailed studies 
during the past four years, my long experience and the wealth of data available in 
South Africa, there is no evidence to support the theory that climate change resulting 
from human activities will have a measurable, undesirable effect on the natural 
environment or agricultural practices. 
My criticisms are not directed at the authors and writers, but at their assumptions and 
conclusions on an issue that everybody agrees, is of great national and international 
importance.        
Please realise that these alarmist pronouncements are having the very opposite effect 
to that intended. The recent widespread rains have completely undermined their basic 
theory that global warming will result in a ‘warmer and drier’ climate over most of the 
African subcontinent, especially now when the countryside over most of southern 
Africa is ‘wetter and greener’ than at any time in human memory. No thinking person 
can possibly agree with the unfounded statements and predictions by the climate 
alarmists described below. The most important question that readers should ask 
themselves when reading this chapter is ‘where is the evidence?’ 

4. Background 
The following are extracts from the editorial of the SA Journal of Science 
March/April 2001.  

The evidence for global environmental change, which grows weightier and 
more convincing with each new generation of experimental results, has been 
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apparent for nearly two centuries. Even the concept of the atmospheric 
greenhouse effect is not new…and the Swedish scientist Arrhenius 
concluded that the amount of carbon dioxide in the atmosphere had a direct 
effect on global temperature as long ago as the 1890s. What is new however, 
is that studies of global environmental change have come to occupy a central 
place in modern science, and the recognition that humans are to blame for 
global warming. 

Why the expression ‘humans are to blame’? This demonstrates the totally biased 
views of the environmentalists. What do they suggest? Should we all revert to the 
situation that existed before the industrial revolution improved the quality of human 
life? There are no religious faiths that proclaim that human beings do not have the 
right to exist and multiply. We as human beings are fully entitled to exploit the natural 
resources of this earth. Most governments have legislation in place to prevent over-
exploitation. 

In the case of southern Africa, it is argued that regional change is mainly the 
consequence of natural driving forces of global change, modulated 
substantially by anthropogenic influences. 

If science is to make its unique contribution to policy decisions concerning 
economic and social development, it must be reliable, well argued and 
understandable. This is especially the case with global environmental 
change. The stakes are high. In January this year, the UN’s 
Intergovernmental Panel on Climate change declared human activities to be 
responsible for most of the global warming of the past few decades. That 
should be enough for the politicians to heed what the scientists say, and for 
the scientists to ensure that they are heard. 

My problems with the editor when I attempted to ensure that my views were heard are 
described in an earlier chapter. So much for the editor’s lofty words. There are many 
‘scientific’ journals that share this philosophy. As I demonstrate in this report, there is 
a very real possibility that science and scientists will be discredited when their 
alarmist predictions are demonstrated to be grossly exaggerated and have little 
scientific merit.  
Now we can return to reality.  

4.1. Press release 
On 5 May 2005 the Office of the South African Minister of Environmental Affairs 
and Tourism (DEAT) issued a press release titled South Africa braces for impacts of 
climate change: major conference to be held in October. Many local newspapers and 
magazines carried excerpts from the release in articles on climate change. The 
emphases are mine. 
It contained a statement that:  

The simple truth however is that the climate is everyone's concern, as over 
the next 50 years it may well define the worst social, economic and 
environmental challenges ever faced.  

It went on to say that:  
Climate change could lead to provinces such Mapumalanga, Limpopo, the 
North-West,  KwaZulu Natal and even Gauteng becoming malaria zones by 
2050. In less than 100 years, the research indicates that thousands of plant 
species may well be extinct starting with a massive reduction in the 
distribution of fynbos and succulent Karoo biomes. With clean water 
resources becoming increasingly scarce, small-scale agriculture as likely to 
be hard hit with less rainfall in certain regions and too much in others. In 
short, climate change will intensify the worst effects of poverty through losses 
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in biodiversity, agriculture, health and almost every sector of society. The 
government climate change response strategy kicks off with a series of 
events in October, including a conference of African scientists with a national 
conference on climate change. 

Other postulated threats were rising sea levels and expanding deserts. No solutions 
were offered. If this view is sound, then South Africa is on the brink of an 
environmental and economic disaster. I can hardly think of a more alarmist 
statement of national policy. 

4.2. What is climate? 
Strangely, there is no clarity on the definition of ‘climate’ itself. Nor does the 
principal climate change literature attempt to distinguish between causes and 
consequences. For example, the authoritative IPCC’s Summary for Policymakers 
(2001) makes no attempt to define climate. 
Similarly, the authoritative book by Houghton, who was closely involved with the 
IPCC, Global warming. The complete briefing (2004, p2) defines climate as ‘The 
climate of a region is its average weather over a period that may be a few months, a 
season or a few years. Variations in climate are very familiar to us.’ This is not very 
helpful. 
Why do climate change scientists find it so difficult to introduce their readers to the 
simple cause-effect relationship that should be the core of their studies, and more 
importantly in their public pronouncements? The sequence is as follows. Increasing 
industrialisation and the use of fossil fuel driven transport, results in increasing 
discharges of undesirable gasses (principally carbon dioxide) into the atmosphere. 
This creates a greenhouse effect. The suppression of outgoing radiation results in a 
warming of the global atmosphere. This warming is evident in the observed melting 
of polar ice sheets and continental glaciers. It is this warming not the greenhouse gas 
emissions (GGEs) themselves that is the cause of other consequences. This is the 
primary process. So far so good.  
All too often, climate change scientists then continue by maintaining that the 
observable increase in temperature is ‘proof’ of the undesirable consequences. This is 
not so. These linkages at tertiary level have to be established. I have found no 
observational support for these linkages in South Africa.  
Another concern is the gap between conclusions reached in peer-reviewed papers in 
narrow fields of interest, and the selective and exaggerated general conclusions that 
are quoted in media releases. It is the public via the political decision makers who 
have the final say. But the public do not read the professional journals and have to 
rely on the media for this information. This situation is wide open for manipulation by 
uncaring scientists and politicians alike.     

5. Climate change – the evidence 

5.1. Global warming has increased temperature 
In their paper Temperature trends in South Africa: 1960-2003 Kruger and Shongwe 
(2004) reported that 23 of the 26 climate stations analysed showed positive 
temperature trends. Two warm phases were identified: the first was from the mid-
1930s to the late 1940s, and the second was from the early 1980s to the end of the 
period of study. The trends in the annual mean temperature were at the lower end of 
the range 0,1 to 0,3 0C per decade. This is hardly more than the difference between the 
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temperature at the top of the hill behind me and the bottom of the valley in front of 
me.    
They also found that the trends had not themselves increased during the past decade. 
This is notwithstanding the IPCC (2001) statement that the 1990s was the warmest 
decade and 1998 the warmest year in the instrumental record. Nevertheless, the 
increase in South African temperatures correlates well with the global trend.   

5.2. Global warming has increased evaporation 
Solar radiation is converted to heat energy when it strikes a heat-absorbent surface 
such as water, soil and vegetation. If water is present, its temperature will increase and 
some of the additional heat energy will be converted to latent heat of evaporation as 
water is lost to the immediate atmosphere. [See the energy cycle diagram in a 
previous chapter.]  
Incoming solar radiation drives the system. Its effects can be reduced by cloud cover, 
but never increased. Evaporative loss is also dependent on the movement of warm, 
dry air across the water surface. This also has an upper limit. Taken together, there is 
a maximum, upper limit to evaporation losses from open water, soil and vegetation. 
This maximum is approached in hot, dry, cloudless conditions. 
My studies of 1176 years of data from 20 representative observation stations showed 
that there was an increase at 14 stations, no change at two stations, and a decrease at 
four stations.  
In a paper discussed later in this chapter, it is stated that GCM outputs predict a 
quadrupling of the evaporation over a large, semiarid region of the African 
subcontinent. Quadrupling of evaporation losses in a semiarid region is physically 
impossible and casts serious doubts on the reliability of the GCMs and the knowledge 
of those who accepted the results. 

5.3. Global warming has increased rainfall 
Rainfall over the southern parts of the region (southern Africa), as a whole 
has shown no large systematic linear trends during the twentieth century. 
(Tyson and Gatebe 2001.) 

We note that the assertions made (by Prof. Alexander) are, perhaps, not 
surprising given the approach used to analyse the data. For example, to 
analyse mean annual rainfall (MAP) over South Africa is to ignore the fact 
that the region is subject to strong climatic gradients, responding to widely 
differing atmospheric processes on different sub-annual time scales and 
compounded by highly variable landscape.  

(From a letter with ten signatories to the editor of Water Wheel of May/June 
2004 in response to my earlier viewpoint article Climate change: there is no 
need for concern.)  

I was the first person to report a sustained increase in the rainfall over South Africa 
based on a study of 7141 years of district rainfall data. This contradicts the statement 
by Tyson and Gatebe that there has been no change. Why was my observation of an 
increase challenged by the spurious arguments in the letter to the editor of Water 
Wheel? Surely this is good news. This denial of the beneficial consequences of global 
warming has become a trademark of climate change protagonists. 
In 1948, forty years before the establishment of the IPCC, the Department of 
Irrigation published a 160-page memoir by the civil engineer D.F. Kokot titled An 
investigation into evidence bearing on recent climatic changes over southern 
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Africa. It contained 418 references, including reports by early travellers and 
missionaries. He found no evidence of a general decrease in rainfall or river flow 
despite increases in CO2 emissions. He concluded that there was no evidence of a 
linkage between CO2 emissions and rainfall over South Africa.    

The report of the Desert Encroachment Committee appointed by the Minister of 
Agriculture was published in 1951. [Note that this investigation was undertaken in a 
drought period preceding the 1954 reversal.] This was a thorough multidisciplinary 
report by a team of South Africa’s leading scientists. They concluded that there was 
no evidence of a general decrease in the rainfall in South Africa that could be 
attributed to climate change.  
In 1993 the University of Pretoria hosted a discussion group organised by the 
Department of Water Affairs and Forestry (DWAF) on the possible effect of climate 
change on water resources. Differences of opinion were expressed, but one of the 
conclusions was that climate change was likely to increase rainfall, not decrease 
it. This conclusion was eight years before the IPCC (2001) policy statement.  
The results of my recent investigations show that there has been a sustained increase 
in the mean annual rainfall over South Africa from 497 mm to 543 mm during the 78-
year period of continuous district rainfall records. This agrees very well with the 
IPCC figure of a worldwide increase of between 0,5 to 1% per decade during the 20th 
century. My observation is reinforced by the concurrent increase in open water 
surface evaporation, which increases atmospheric water content. This leads to the 
conclusion that any additional global warming will further increase the annual rainfall 
over South Africa, not decrease it. This is in accordance with current international 
observations and opinions. This fact negates climate change scenarios that postulate a 
general decrease in rainfall over most of southern Africa and the countries to the 
north. 
Over almost the whole of South Africa the annual rainfall consists of a mixture of 
discrete high and low rainfall events. But it is the high rainfall events that saturate the 
soils, sustain natural vegetation, provide moisture for agricultural crops and generate 
river flow. The low rainfall events make a minimal contribution to these processes. 
An increase in rainfall variability will result in an increase in rainfall from high 
rainfall events and will therefore be beneficial. 
The claims that the seasonal and daily properties of rainfall may have been adversely 
affected by climate change despite the general increase in rainfall are illogical. This is 
firstly because the increase is the consequence of the increase in the frequency of 
beneficial, widespread, heavy rainfall events, and secondly because the ability to 
detect change decreases rapidly with decrease in time and space scales. 
Elementary physics 
Then there is the matter of elementary physics and logical deduction. Surely, 
everybody knows that an increase in global temperature must result in an increase in 
evaporation from the oceans, lakes, dams, rivers, vegetation and the soil. It is equally 
obvious that all this excess moisture must return to earth in the form of increased 
rainfall. There is no theoretical or observational justification for the assumption 
that global warming will decrease South African rainfall. The global climate 
models are fundamentally in error. 
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6. The environmental consequences 
The extracts quoted in the beginning of the sections below are mostly from the DEAT 
press release quoted above. This is necessary to avoid the response that I have 
misquoted or misunderstood them. 

I start this section with the much-publicised claims of dramatic consequences of 
global warming on the natural environment in the south-western Cape and all human 
activities that could possibly be affected by it. The imaginations of the writers have no 
bounds. 

Thereafter I continue with responses to the various components of the DEAT’s 
alarmist press release.    

6.1.  Changes in rainfall in the southern and western Cape 
How important is the omission of references to increases in rainfall in the South 
African climate change literature? Fig. 2 is an analysis of the annual rainfall for 
District 5 in the centre of the south-western Cape region. (See Fig. 3 below.) 
A very clear increase in rainfall is evident in both the histogram and the cusp shape of 
the accumulated departure plot. There is also a statistically significant 20-year 
periodicity. There is an indication of an accelerated increase after 1972. None of this 
very important climatological information was provided in the studies discussed 
below.  
 

 
Figure 2. Annual rainfall for District 5 in the Western Cape from 1923 to 2000. 
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During January 2005 the SAWS kindly provided me with the recently revised district 
rainfall data for the period 1940 to 2004. This is shorter than the previous record from 
1923 to 2000. Other than Districts 14 (no data for the 1950s) and 58 (Lesotho) the 
analyses are complete.  
I carried out a few calculations using the data supplied by the SAWS. It only took 
about four hours. I analysed the data for districts 1 to 20 in the western and southern 
Cape, which include the fynbos and the succulent Karoo regions. (See Fig. 3 below.) I 
divided the data for each district into three equal 21-year periods. These were from 
1940 to 1960, 1961 to 1981, and 1982 to 2002 (inclusive). The use of 21-year periods 
neutralises the effect of the statistically significant 21-year periodicity in the data, 
which in turn is directly related to corresponding changes in solar activity.   
Two years 2003 and 2004 were omitted in the first round of analyses. I then selected 
the lowest of these two remaining years and compared them with the ranked data. For 
example, the rainfall in District 1 for 2003 was the 5th lowest during the 65 years of 
record. The results are shown in Table 13. The rainfalls are in millimetres. 
Fig. 3 below shows the location of the South African rainfall districts. Fig. 4 shows 
the percentage increases in rainfall in the 20 districts within the south-western Cape. 
Table 1 shows the progressive increase in rainfall during the period of record. This 
information completely negates the view that future conditions in the southern 
and western Cape will be drier than at present. 

 
Figure 3. Rainfall districts in the western and southern Cape.  
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Figure 4.  Percentage increase in district rainfall in the SW Cape, 1950-1992. (Negative values 

indicate decreases.) 
The letters ‘s’ an ‘f ’ indicate districts where succulent Karoo and fynbos biomes 
occur in Fig. 4 and Table 1. Note the substantial percentage increases in the annual 
rainfall in all but four districts in Fig. 4 and Table 1.  
Note the wide range of rainfall conditions where these species thrive. Authors of the 
alarmist reports failed to provide this information or the equivalent annual 
temperatures. 
    
 

Table 1. Mean annual district rainfalls (mm) in the western and 
southern Cape 

District 1940-1960 1961-
1981 

1982-
2002 

% change 
1950-1992 

Rank of 
2003/04  

1     S 157 143 154 - 2 5 

2     S 268 224 256 - 4 8 

3     F 546 468 497 - 9 5 

4     F 909 922 1038 14 4 

5     S 208 219 241 16 5 

6     S 248 262 312 26 10 

7     F 396 381 402 2 17 

8     F 398 451 495 24 56 

9     S 164 244 275 68 28 

10   F 254 293 293 15 33 

11   F 748 723 761 2 44 

12   F 536 606 478 - 11 10 

13 592 671 640 8 12 

14 X 726 794 X X 

15 143 187 186 30 9 

16   S 143 178 205 43 37 
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17 180 210 230 28 7 

18 96 130 132 38 3 

19 175 228 203 16 6 

20 185 213 227 23 18 

Avr 334 374 391 17.1% 16 

 
Interpretation of the facts 
The midpoints of the 21-year sequences are 1950, 1971 and 1992. The details in the 
table demonstrate the following: 
 There was a 17% (57 mm) increase in regional rainfall during the 42-year 

period 1950 to 1992, and a greater increase during the whole period of record. 
 Only four districts showed a decrease in rainfall during the period of record. 
 The other 15 districts with complete records all showed increases within the 

range of  +2% to +68%. 
 The regional rainfall showed a consistent increase from the first to the second 

to the third periods. 
 In not a single district was either the 2003 or 2004 rainfall the driest on record. 

For the region as a whole, the average of the worst of these two years was only 
the 16th lowest on record. 

This very simple analysis showed that except for the three districts (1, 2 and 3) along 
the west coast, and the single district (12) on the south coast, all other districts in the 
western and southern Cape, including those in which the fynbos and large areas of the 
succulent Karoo are located, exhibited consistent increases in rainfall during the 
period of record.  
The SAWS weather station at Cape Agulhas at the southernmost tip of the African 
continent also recorded an increase in temperature during this period. Furthermore, it 
is reasonable to assume that CO2 has also increased. If all three of these principal 
elements that affect plant growth have increased for the past 65 years, what is the 
basis for the NBI authors’ alarmist predictions? Furthermore, if the rainfall analysis 
shows that there has been a sustained increase in rainfall during the past 65 years, and 
that this increase will continue as long as global warming continues, what weight 
should be placed on the allegation that: 

In less than 100 years, the research indicates that thousands of plant species 
may well be extinct starting with a massive reduction in the distribution of 
fynbos and succulent Karoo biomes. (DEAT 5 May 2005.)  

The information above clearly illustrates that these alarmist predictions have no 
substance. 
Finally, why did these scientists not carry out the simple analyses described here 
using the district rainfall data that has been available since the 1970s? The analyses 
would have taken less than a day to perform, and do not require any mathematical 
expertise other than simple arithmetic. This would have demonstrated the 
unreliability of global climate models and consequent invalid conclusions in their 
papers. 

6.2. Climate change in the Western Cape 
With the above in mind, consider the detailed, 155-page report A status quo, 
vulnerability and adaptation assessment of the physical and socio-economic effects 
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of climate change in the Western Cape prepared by 15 authors from seven 
institutions in June 2005, (Midgley et al 2005). Under normal circumstances this 
report should carry heavy weight. Unfortunately a single fundamental issue on which 
the report is based is demonstrably false and completely undermines the scientific 
integrity of the report and all the conclusions drawn from it.  

The very foundation of the report is that global warming will result in a reduction in 
rainfall over the entire region. This assumption is based entirely on global climate 
model outputs, whereas a simple analysis of the long rainfall records of the many 
rainfall stations in the region shows that there was a general increase in rainfall during 
the past century. It follows that rainfall will continue to increase as long as global 
temperatures continue to rise. 

The following are brief extracts from the introductory section of the report. The 
emphases are mine. References to a drier future climate are patently false, as 
future climate in this region will be wetter, not drier. 

In this study we have carried out a broad reassessment of the vulnerability of 
the Western Cape to climate change impacts using a wider range of climate 
scenarios from more sophisticated climate models … 

The future climate of the Western Cape is likely to be one that is warmer and 
drier than at present according to a number of current model predictions.  

A future that is warmer and possibly drier, will encompass a range of 
consequences that will affect the economy, the livelihoods of the people and 
the ecological integrity of the Western Cape region. 

Projections for the Western Cape are for a drying trend from west to 
east…[My analyses demonstrate the opposite. See Fig. 4 above.] 
In a warmer and drier future, the competition for fresh water will increase 
steeply.  

The vulnerability of estuaries to warming and drying is particularly acute … 

The impact of climate change manifested by a warmer and drier climate is 
likely to be a progressive impoverishment in species richness … 

A drier environment would restrict the spread of alien invasive species … 

The combination of increasing water scarcity, and rising temperatures will 
also regularly affect sectors of the economy that are particularly dependent 
on ecosystem goods and services, for example agriculture, forestry and 
fishing.  

All that the authors should have done was to spend an afternoon plotting the rainfall 
data on graph paper and they would have noticed the very clear increase in rainfall in 
the region. Claims of future water scarcity as a result of global warming have no 
foundation. 

Economic sectors such as insurance, banks (through the underlying secured 
assets), transport and communication infrastructure and construction may all 
be affected to some degree by climate change. 

Regrettably, this all-inclusive statement illustrates a complete ignorance of how 
modern society functions. 

Climate variability has been linked to variation in solar activity, i.e. the 
sunspot cycle, (Houghton et al (2001). However, recent analyses by Foukal 
et al (2005) have called this hypothesis into question, citing the small 
variation of solar output (0.8%) that can be attributed to the sunspot cycle and 
the relatively poor ability of instruments to measure accurately these 
variations. 
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In 1889, more than 100 years ago, the Knysna forester D.E. Hutchins reported as 
follows in his book Cycles of drought and good seasons in South Africa.  

This confirmation comes from the Cape Town Observatory. The returns for 
thirty years from the Cape Town Observatory show a close correspondence 
between sun-spots and temperatures the maximum of temperature lagging a 
year behind the minimum of sun-spots. (p17). 

At Cape Town, the correspondence between the mean rainfall and mean 
sunspot frequency has long been an established fact. (p25). 

For these reasons we ought to consider the Cape Town Observatory rainfall 
figures as of great importance to ourselves, an importance enhanced by the 
fact that they go back to the year 1842. For the three cycles comprised in the 
period 1842 to 1875 the mean annual rainfall at the Royal Observatory, Cape 
Town, was: –  

During Minimum Sunspot years   21.05 inches.  

   “       Intermediate     “   23.59    “ 

   “       Maximum        “   27.95    “ 
 
Given all this information, based on records extending back as far as 1842, why did 
these fifteen scientists choose to quote an overseas author’s claim that no linkage 
existed when the linkage was demonstrated by a Knysna forester more than 100 years 
ago? All that was needed was for one of these authors to study the rainfall and 
temperature records and possible linkages with sunspot activity. Instead they chose to 
rely on an overseas author who was obviously ignorant of the well-documented, 
synchronous linkages that have been reported in South Africa and internationally for 
more than a century. 
Refer also to my earlier chapter on climate and solar activity. 
It would be a tragedy if the 149-page report: A status quo, vulnerability and 
adaptation assessment of the physical and socio-economic effects of climate change 
in the Western Cape is accepted without question by the national and provincial 
authorities. There is a very real possibility of a backlash once it becomes obvious that 
the basis of the report and the proposed costly and intrusive recommendations have no 
foundation in science or reality, and are unsupported by large sections of the scientific 
community. 
The organisations listed in the above publication should also take note of the damage 
that this publication and exclusion policy will do to their scientific integrity. They are: 
South African National Biodiversity Institute; CSIR Environmentek, Stellenbosch and 
Pretoria; Climate Systems Analysis Group, Department of Environment and 
Geographical Sciences, University of Cape Town; de Wit Sustainable Options CC 
(Pty) (Ltd); and Energy Research Centre, University of Cape Town.     

The following sections continue with the broader South African situation. 

6.3. Global warming will not result in desertification 
The drier parts could even resemble the Sahara, and South Africa could end 
up looking like Mauretania, Mali and Chad, where desertification is so 
serious, the camel is the most reliable form of transport. (Introduction to 
Futures of the Karoo conference 1978.) 

In 1925 the Department of Agriculture published a detailed report The great drought 
problem of South Africa. The report was presented by a five-person commission of 
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enquiry appointed by the government in 1920. Details are provided in a previous 
chapter. 
The following quote from the study is repeated here. 

…the Commission states that two points seem firmly established: firstly that a 
large portion of South Africa was dry long before (settlers from Europe) 
arrived, as evidenced by the name “Karroo” and by the highly specialised 
drought-resisting flora of that region; and secondly, that since then enormous 
tracts of the country have been entirely or partly denuded of their original 
vegetation…(as a result of poor farming practices.) 

The simple unadorned truth is sufficiently terrifying without the assistance of 
rhetoric. The logical outcome of all is ‘The Great South African Desert’ 
uninhabitable by man. 

This is the first reference to the desertification of the sub-continent – a recurring 
theme that continues to the present day. 
In 1953 J. Acocks produced his Veld Types map of South Africa and the phrase of the 
‘marching desert’ became popular. The government introduced several measures such 
as stock reduction schemes, while farmers introduced rotational grazing procedures. 
The situation is now under control.   
In the 1970s, despite all the scientific evidence to the contrary, the World 
Meteorological Organisation predicted that the rainfall over large areas of South 
Africa would decrease as a result of global cooling, and desert conditions would 
prevail.  
A conference on The future of the Karoo was held in Graaff-Reinet in November 
1978. I was one of seven invited speakers. The title of my presentation was Man, 
water and the soil, (Alexander 1978a). The reason for the conference was the alarm 
caused by the report by the World Meteorological Organisation. 

According to the World Meteorological Organisation, our beautiful land is 
turning into a desert. They say the Karoo is expanding at such an alarming 
rate that by 2050, it could reach Mafeking and Vereeniging in the north, East 
London in the east and Barkly West in the west. 

The drier parts could even resemble the Sahara, and South Africa could end 
up like Mauretania, Mali and Chad, where desertification is so serious, the 
camel is the most reliable form of transport, and the remaining arable lands 
cannot support the population, so hundreds of thousands die of starvation 
and disease.   

I informed the conference that the fears were groundless. The only camels in South 
Africa are in the zoos. 

6.4. Global warming will not remobilise the Kalahari sands 
The following is an example where the lack of elementary knowledge and unjustified 
reliance on global climate models, led to a completely false alarmist view. The claim 
was that there would be a progressive desertification of a huge area of southern 
Africa, including the whole of Botswana and large areas of South Africa, Namibia, 
Zimbabwe, Angola and Zambia, during the present century as a result of uncontained 
climate change. This claim was made by Thomas, Knight and Wiggs (2005) in  their 
article in Nature Remobilization of southern African desert dune systems by twenty-
first century global warming. It is very impressive on the surface with 17 figures and 
29 references.  
The Kalahari sands are the most extensive body of sand in the world. They stretch 
from Upington in the south, beyond the Caprivi and into Angola and Zaire in the 
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north. They include eastern Namibia, virtually the whole of Botswana and western 
Zimbabwe. The climate ranges from near desert conditions in the south, grasslands in 
the middle and dense woodlands in the high rainfall regions in the north.  
My favourite travelling companion for many years was Lester King's South African 
scenery. Textbook of geomorphology (1963), and more recently A.B.A. Brink's 
Engineering geology of southern Africa (1985). Both of them deal with the Kalahari 
dunefields in some detail. I have travelled extensively through this area, and have 
many photographs showing the vegetal cover. I have also conducted an extensive 
study of the geomorphology and vegetal cover of the Caprivi by helicopter and by 
boat. This is within the region covered by the authors. 
This is a quote from Brink (p175). 

Of great interest because of their extremely widespread occurrence are the 
superficial cover sands and fossil dunes, which attest to the presence of an 
enormous sand sea at a late stage of the history of the Kalahari basin. Today 
these sands are mobile only where there are regular sources of fresh 
sediment, such as in proximity to the channels of major exotic rivers where 
disturbance has taken place. Elsewhere they are stabilised by vegetation, 
which in north-eastern Botswana, Angola, western Zambia and Zaire is often 
thick bush or even tropical forest. 

The annual rainfall over north-eastern Namibia is between 500 mm and 1000 mm and 
increases northwards into Angola. The authors' Fig. 1 shows the rainfall to be in the 
range 400 to 800 mm. This can by no means be considered to be a desert! In other 
words, rainfall is not the limiting factor for vegetation. It is the porous soil that is 
unable to retain moisture. From this it follows that a reduction in rainfall will not 
result in a corresponding reduction in vegetation.  
My major problem with the reasoning of the writers of the article, and others, is the 
over simplistic views that they express. Rainfall will decrease, therefore the 
vegetation will die, therefore the sand will be exposed, therefore the winds will blow 
the sand over wide areas of southern Africa. It is all the unaddressed ‘therefores’ that 
are the problem. 
Here are some of the views expressed  in the paper. 
 
Empirical data and model simulations established that the interplay between dune 
surface erodibility (determined by vegetation cover and moisture availability) and 
atmospheric erosivity (determined by wind energy) is critical for dunefield dynamics. 
This relationship between erodibility and erosivity is susceptible to climate change 
impacts. They used simulations with three global climate models and a range of 
emission scenarios to assess the potential future activity of three Kalahari dunefields. 
They found that, regardless of the emission scenario used, significantly enhanced 
dune activity is simulated in the southern dunefield by 2039, and in the eastern and 
northern dunefields by 2069. By 2099 all dunefields are highly dynamic, from 
northern South Africa to Angola and Zambia with very serious consequences to the 
peoples of this vast region. 
All these conclusions rested on the basic assumption that the existing vegetation 
would be destroyed by climate change. Without the removal of the vegetation the 
sand in the fossil dunes cannot be eroded and transported by wind activity. The 
destruction of the protective vegetation is the central issue, but was completely 
ignored in the paper. 
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To assess twenty-first century dunefield dynamics they developed a methodology for 
using General Climate Model (GCM) data and an indexed measure of surface 
erodibility and erosivity. Monthly GCM outputs were used to assess future changes in 
intra-annual dune activity. 
 
Their findings showed that dunefields are likely to experience significant reactivations 
as a consequence of twenty-first century climate change. There were uncertainties 
within the modelled Kalahari scenarios but the general trend and the magnitude of the 
possible changes in the erodibility and erosivity of dune systems suggested that the 
environmental and social consequences of these changes will be drastic. 
In northern and eastern areas dunes are heavily vegetated, including mixed deciduous 
woodland in places, owing to higher precipitation levels. How can climate change 
possibly reduce this to a desert? Precisely what changes in rainfall and evaporation 
did the authors postulate will lead to eradication of all the natural vegetation over this 
huge area of southern Africa and lead to the claimed ‘catastrophic’ results? 
In is only in a single paragraph that rainfall and evaporation changes are mentioned 
for the first and only time in the paper although these are the key factors in the whole 
process. This is what it said. Note the very large differences in the outputs from the 
different GCMs. 
The first GCM predicted the doubling of potential evaporation over southern 
Africa, [this is physically impossible] by 2100 but no mention is made of rainfall. 
An older model predicted a 50% decline in summer rainfall in the northern areas 
accompanied by a quadrupling of potential evaporation. [Both impossible.] 
A newer model predicts a 50% increase in rainfall and a smaller increase in 
potential evaporation but the potential evaporation still exceeds the rainfall. 
Now at last the penny dropped. Because their assumption is so fundamentally absurd 
and incomprehensible I missed it all along.  The writers maintained that because all 
models predicted an increase in potential evapotranspiration that exceeded any change 
in rainfall in all scenarios, this would result in the destruction of all the protective 
vegetation even if the rainfall increases by 50%, i.e. to more than 1000 mm per annum 
in the northern areas. They clearly did not understand the meaning of the word 
‘potential’. 
If reference is made to the annual evaporation map of South Africa in a previous 
chapter of this report where evaporation is expressed as a multiple of the annual 
rainfall, it will be seen that open water surface (i.e. potential) evaporation exceeds 
rainfall over virtually the whole of South Africa. The authors were apparently 
blissfully unaware of this fact, and assumed that if potential evaporation exceeds the 
rainfall, no vegetation can survive. This is the foundation on which their paper is 
based.  
I do not for one moment believe that in an area that presently receives an annual 
rainfall between 500 and 1000 mm; and is well vegetated; will lose all its vegetal 
cover; exposing the underlying readily erodable sand; which will cause the dunes to 
be reactivated and invade large areas of southern Africa – all because the GCMs 
predict an increase in potential evapotranspiration.    
An alternative explanation is that the relationship between erodibility and erosivity is 
susceptible to climate change impacts, and that these changes will result in the 
remobilisation of the fossil dunefields. This cannot be so, as the dense vegetal cover 
will prevent any wind erosion on the required scale. 



 312 Chapter 10 

There is no believable foundation for the claim that: 
…changes in the erodibility and erosivity of the dune system (arising from 
climate change) suggests that the environmental and social consequences of 
these changes will be drastic.  

I have travelled extensively through this area and will include photographs of the 
vegetation in my accompanying PowerPoint presentations. No reasonable observer 
would agree that these extensive, well covered, Kalahari sands could by any means be 
converted into a treeless, sandy desert within a matter of decades. 
I have dealt with this paper in some detail as it is an example of unfounded 
conclusions based on a lack of knowledge of the critical processes published in a 
widely respected jpurnal. In the light of the seriousness of the claims, one would have 
expected a much more robust and watertight presentation. Claims such as these are 
then quoted as being reliable because they have passed through the peer-review 
process. They are subsequently used by organisations such as GreenPeace and the 
WWF to further their own agendas. 

6.5. Global warming will not result in a loss of habitat and species 
In less than 100 years, the research indicates that thousands of plant species 
may well be extinct starting with a massive reduction in the distribution of 
fynbos and succulent Karoo biomes. (DEAT 5 May 2005.) 

As the issue relates to global warming, it is natural to consider temperature as the 
dominant variable of interest. This in itself is a problem because temperature is a 
measure, not a process. Temperature has to be associated with something. In this 
report it is assumed that temperature refers to air temperature close to ground level 
unless defined otherwise. It should also be noted that: 
 The changes in temperature postulated in the IPCC documentation are very small 

when considered against the high, natural, hour-to-hour, day-to-day, year-to-year 
and multiyear variability over most of South Africa. How can changes in the 
average temperature of the order of 0,10C to 0,30C per decade possibly result in 
the wholesale loss of habitat and species?  

 It is rainfall, not temperature that determines the habitability of our planet, 
including animal and plant species. Those species that thrive in hot, dry regions 
have adapted to the harsh and highly variable temperature and rainfall conditions. 

 In the arid regions, local heat energy is primarily derived directly from solar 
radiation, not ambient air temperature. Ambient air temperature acts as a 
coolant, not a heating mechanism. 

 The role of increase in CO2 concentrations in the atmosphere is also of interest as 
CO2 is beneficial to plant growth.  

Therefore, it is essential that concurrent changes in all four driving processes, 
temperature, rainfall, direct solar radiation and CO2 be included in the prediction 
models. This is by no means a simple exercise or experiment. The complex 
interrelationships between the driving variables and the responses are themselves 
highly variable. The authors below made no attempt to develop prediction models that 
incorporated these variables and processes. Their sole criterion was a postulated 
increase in average annual air temperature. 
The second aspect that is not sufficiently accommodated in these studies is the highly 
variable nature of temperature on all time scales from minutes through to decades. 
Indigenous species have adapted to this variability, so temperature changes of the 
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order postulated in climate change scenarios are very small in relation to the daily 
ranges of temperature in vulnerable regions. 
The third aspect is the stated or implied ‘delicate balance of nature’ when the very 
opposite is true. Nature is inherently robust, not delicate, and is never in a state of 
equilibrium. The harsher the climate, the more robust the species that inhabit it. 
The fourth aspect relates to shortcomings in analytical methodology based on abstract 
process theory. 
It needs no more than a glance at the daily weather forecast on TV to note that the 
predicted (IPCC 2001) increase in global temperature of between 1.4 and 5.8 0C 
during the next 100 years is only a fraction of the difference between the daily 
maximum and minimum temperatures at any specific place in South Africa. The 
postulated temperature increase is also of the same order as the difference in climate 
between Johannesburg and Pretoria North. It is very difficult to accept that this small 
increase in the average annual temperature could result in the wholesale destruction 
of habitat and species. 
The following are comments on two papers by National Botanical Institute scientists 
and co-authors, in which it is concluded that global warming could endanger the 
survival of the Cape fynbos and succulent Karoo species. These two consequences of 
global warming have been used to justify the view that global warming could cause 
irreparable damage to these biomes and habitats, and that large public expenditures to 
counter global warming are thereby justified. These issues must therefore be 
considered very seriously. 

6.6. Global warming will not result in a threat to fynbos biomes 
There are several disturbing features in the Hannah et al (2005) paper The view from 
the Cape: extinction risk, protected areas, and climate change in which the threats to 
the fynbos species are described. The first is that the phrase ‘climate change’ is 
repeated many times and is the main theme of the paper, but nowhere is ‘climate’ 
defined. The only climatic property referred to is air temperature but nowhere are the 
changes in temperature quantified. There is no reference at all to sustained increases 
in rainfall described in this technical report, although its role must surely be at least 
equal to, if not greater than changes in air temperature. There are no maps to identify 
the location of the threatened areas, or maps of mean annual temperatures or rainfall. 
These omissions can only create doubts in the minds of concerned readers.     
The second is that the projected changes are derived from down-scaled global climate 
model (GCM) outputs. The GCMs are not even capable of producing reliable results 
of the rainfall for the southern and western Cape as a whole let alone for small areas. 
It has been predicted that rainfall in this region will decrease whereas there were 
substantial increases in the past and these increases will continue as long as global 
temperatures keep increasing.   
These omissions must raise doubts in the minds of impartial observers.  
The title of the paper and references to climate change should have referred to 
temperature changes, not climate changes. The two are not synonymous.  

6.7. Global warming will not result in a threat to Karoo biomes 
Similarly, Musil et al (2005) in their paper: Lethal effects of experimental warming 
approximating a future climate scenario on southern African quartz-field 
succulents: a pilot study, describe a limited experiment where the air temperature in 
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the immediate vicinity of the plants was forced to rise by enclosing them in 18 
transparent hexagonal open-top chamber arrays.  
There is no reference to the effect of rainfall other than a single sentence: 

Change predicted future warming and aridity trends sufficient to cause large 
reductions in species richness in Mediterranean climate Fynbos and 
Succulent Karoo biomes…(My emphasis.) 

But rainfall has increased over most of the area and will continue to increase in future, 
so the reference to aridity trends is incorrect and unsubstantiated. This obviously casts 
doubts on the validity of the conclusions. 
Nor is there any mention of the fact that these chambers prevented the movement of 
air in the immediate vicinity of the plants. This is essential for the transpiration and 
consequently the movement of fluid through the plants. The enclosure of the plants 
must inevitably have an adverse effect by suppressing this essential process. This was 
not mentioned in the paper.   
The next unreported issue is that the ambient temperature in the Karoo is directly 
related to solar energy input and not the influx of air from elsewhere. Visualise an 
experiment where two spanners (say) are placed next to one another. One in the shade 
of a shrub and the other in the sun next to it. If the temperatures of the two spanners 
are measured, they will be very different from one another. This is because the 
temperature of the one in the shade is controlled by the ambient air temperature and 
the one in the sun by solar radiation.  
Another personal experience is that all our houses on construction projects in the 
Karoo had corrugated iron roofs. The sheets would expand when the sun shone and 
contract when a cloud passed in front of the sun. It was quite noisy, and we used to 
say that the roofs were 'talking' to us. Clearly the heat from solar radiation was 
considerably more than the ambient air temperature. All proof that was needed was to 
move in and out of the shade on a sunny day.  
In hot, dry, arid regions movement of the ambient air acts as a coolant and is 
unrelated to the effects of global warming. The plants in the enclosures died because 
they were cut off from the cooling effect of surrounding air movement, not because of 
the increase in temperature. What then is the effect of the postulated increase in 
temperature arising from global warming when most of the heat energy in arid regions 
is directly from solar radiation and the ambient air acts as a coolant and not a heating 
mechanism? 
In addition to the above, it must surely be obvious to anybody who has lived in the 
Karoo or observed the environmental processes, that it is the temperature extremes 
that determine the survival of plant life, not the annual averages. 
The authors stress that this was a pilot project. It was based on 18 small chambers that 
excluded all movement of cooling air, at a particular site, and specific plant species. 
But that is not how it was interpreted by the South African authorities. This is 
very important as the public and the decision-making authorities, in my opinion, 
are being seriously misled by these grossly unscientific experiments. 

6.8. Global warming will not spread malaria 
Climate change could lead to provinces such Mapumalanga, Limpopo, the 
North-West, KwaZulu Natal and even Gauteng becoming malaria zones by 
2050. (DEAT press release 5 May 2005.) 
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It has been claimed that global warming will result in the spread of malaria to areas 
where it is not present in South Africa. When I was a child living outside Durban I 
slept under a mosquito net. I slept under a mosquito net again during WW II at Tripoli 
on the edge of the Sahara desert. A year later I contracted malaria south of Florence in 
Italy. A few months later I slept under mosquito nets again on the Adriatic coast of 
Italy, which experienced winter snows. There could hardly be a greater climatic 
contrast between the heat of the Sahara Desert and the snows of Italy.  
Climate change scientists must surely be aware of the thorough study by Paul Reiter 
Climate change and mosquito-borne disease published in 2001. The twenty-page 
report has 189 references. He provides interesting historical information on the 
prevalence in northern hemisphere cold climates as well as the DDT fiasco. Malaria 
occurred throughout Europe during the Ice Age of the 16th and 17th centuries. I 
contracted it in Italy in 1944. Since then it has been eradicated from Europe.  
Reiter’s concluding comment was: 

The natural history of mosquito-borne diseases is complex, and the interplay 
of climate, ecology, vector biology, and many other factors defies simplistic 
analysis. The recent resurgence of many of these diseases is a major cause 
for concern, but it is facile to attribute this resurgence to climate change. The 
principal determinants are politics, economics, and human activities. A 
creative and organised application of resources is urgently required to control 
these diseases regardless of future climate change. 

I have also received a lot of information from professional colleagues. Returning 
closer to home, only 16 deaths were reported in South Africa in 1974. Thereafter 
DDT was banned, and twenty years later the death toll rose to thirteen thousand as a 
result of the banning. Another personally interesting statistic is that in KwaZulu-Natal 
in 1932 when I spent my nights under a mosquito net, the annual death toll was 
between 10 000 and 22 000. Malaria was later eradicated by the reintroduction of 
DDT.  
I have been informed that most countries in southern Africa either already have DDT 
spraying programmes or are about to introduce them. Where DDT has been 
introduced there has been a dramatic decrease in the incidence of malaria. There is 
also no evidence that DDT is harmful to human beings. The Department of Health has 
produced figures showing the numbers of cases and deaths per annum for the 
Northern Province, Mpumalanga, KwaZulu-Natal and the rest of South Africa for the 
years 1999 to 2004. For South Africa as a whole, the total deaths were 406, 458, 119, 
96, 142, 89, and 36.  
In a recent press release (5 May 2005) the public were informed that global warming 
could lead to provinces such as Mpumalanga, Limpopo, the North West KwaZulu-
Natal and even Gauteng becoming malaria zones by 2050. What then is the basis for 
this claim that climate change could result in a reintroduction into areas in South 
Africa where it was once prevalent but has since been eradicated by chemical and 
other control measures? 
The question then arises. Did those who made this alarmist statement make any effort 
to study the wealth of literature on this subject, or even more importantly, discuss the 
issue with South African experts in this field? If not, then why not?  
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6.9. Global warming will not increase eutrophication 
The following extracts are from a viewpoint article by Hart, Ashton and Allanson: Is 
climate change really no concern. A call for a more holistic vision. (Water Wheel 
May/June 2004.) I was not given the opportunity to respond at the time. 

Will Alexander’s viewpoint article suggests that climate change is of no 
environmental concern. Flying in the face of contemporary opinion is a brave 
call. But we believe it is erroneous. It simplifies, even trivializes, an issue that 
affects humanity at large, and demands debate.   

As a prominent water resources engineer, Will Alexander cannot be unaware 
of thermal stratification events in standing waters, and the eutrophication 
threats to our national water resource base. Yet his conclusion disregards 
any consideration of the impacts of warming on these crucial issues.  

Temperature plays a ubiquitous role in ecology. It is a prime determinant of 
habitat suitability for living organisms, and serves as the singularly most 
important abiotic dimension of ecological niche for virtually all living 
organisms.   

I am familiar with the eutrophication problem in many of South Africa’s dams. I was 
directly involved with the implementation of control measures for a number of years, 
including the control of aquatic weeds. I have examined more dams, lakes and rivers 
in southern Africa than most aquatic scientists.  
As shown earlier in this chapter, the rate of increase in air temperature in South Africa 
was within the range of 0,1 to 0,3 0C per decade. This is equivalent to the increase 
in the temperature from 9 am and 10 am on a sunny day! Did these writers really 
expect Water Wheel readers to believe that this very small increase in average 
temperature of a water body will have the postulated serious consequences?  
Did they expect readers to believe that there would be progressive increase in the 
eutrophication or other undesirable biological activity of a series of dams on a river 
with their different temperature regimes, for example from Grootdraai Dam to Vaal 
Dam to Bloemhof Dam on the Vaal River? Or from Midmar Dam to Albert Falls Dam 
to Nagle Dam to Inanda Dam on the Mgeni River? Pongolapoort Dam located in 
northern KwaZulu Natal lowveld is probably the warmest, large, freshwater body in 
South Africa. Are eutrophication and other undesirable biological processes greater in 
this dam than in any other dam in South Africa?  
If these progressive deteriorations are indeed present, why were these not quoted as 
examples instead of referring readers to ‘the veritable arsenal of information 
documenting these effects’ ?  
The same applies to biological activities in a river system. The water temperature will 
change progressively from the upper to the lower reaches of a river. Are we expected 
to believe that the natural biological activities change from acceptable to unacceptable 
along the length of the river as the temperature increases?  
The implication that increases in average water temperature are undesirable, is 
unacceptable within the context of the very wide range of temperatures experienced in 
South African rivers from east to west, and from north to south, and from day to day. 
The growth of undesirable aquatic weeds such as water hyacinth is largely 
independent of temperature. I have observed this problem in the dams and lakes from 
Lake Malawi in the north, Kariba Dam on the Zambezi River, through to 
Hartbeespoort Dam near Pretoria and the Nahoon River near East London, all of 
which have different temperature regimes.  
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I was accused of trivialising an issue that affects humanity at large, so let me provide 
an interesting observation. The growth of floating water hyacinths in the nutrient rich 
Hartbeespoort Dam had become a serious problem for recreational activities, although 
these plants had a beneficial effect of suppressing dangerous algal growth. 
Responding to public pressure, the Department of Water Affairs agreed to kill the 
plants by aerial spraying. Academic limnologists warned that the dead plants would 
sink and decay thus deoxygenate the water in the dam. They predicted that this would 
result in massive fish deaths. In the event, the dead plants remained floating until they 
were completely decayed and not a single dead fish was found.    

6.10. Global warming will not increase soil erosion 
It has been claimed that climate change will increase soil erosion, and maps have been 
produced showing that soil erosion is greatest in the high rainfall areas. My earlier 
studies showed that there has been a decrease of sediment transport in rivers as well as 
sediment deposition in dams due to active anti-soil erosion measures. A walk along 
the hiking trails of the high rainfall areas of the eastern escarpment from the 
Drakensberg in South Africa all the way through to the Rift Valley in Malawi will 
show crystal clear streams and no evidence of active soil erosion.  
Soil erosion is a natural geomorphological process. It is the result of a sequence of 
processes, each of which has to be satisfied before the next occurs. The sequence 
starts with the degradation or removal of overlying protective vegetal cover. As global 
warming will result in an increase in rainfall this will increase vegetal cover, not 
diminish it, and consequently decrease the rate of natural soil erosion where no other 
factors are present. In those cases where the protective material has been removed, 
this will expose the underlying material. The exposed material must be erodable. If it 
is solid rock it will not erode. At the other extreme dispersive soils are highly 
erodable. Thereafter there must be a detaching and transporting medium, either 
flowing water or less frequently, wind.  
The velocity of the water must be capable of detaching and transporting the 
unprotected and erodable material. This is a complex process. Steep slopes result in 
high water velocities and therefore high erosion potential. However, steep slopes have 
to consist of non-erodable material otherwise they would have been flattened by 
natural erosion long ago. Only when all four conditions have been met can soil 
erosion occur. 
There is no linkage between soil erosion and climate change.    

6.11. Global warming will not increase health problems 
Climate change will have a major impact on our people with health problems 
like increased cancer rates. Waterborne diseases will increase. (DEAT 15 
December 2004.) 

The postulated changes in climate will be no more serious than moving from 
Johannesburg to Pretoria, or from Pietermaritzburg to Durban, or vice versa. The 
principal risk of incurring skin cancer is exposure to solar radiation, not an increase in 
temperature. The risk of contracting waterborne diseases such as cholera is associated 
with poor hygiene, not climate. 
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6.12. Global warming will not increase droughts 
Changes in temperature and precipitation regimes in future, particularly in 
respect of extreme drought and flood conditions, will have profound effects. 
(Tyson and Gatebe, 2001.) 

It has been postulated that global warming will result in an increase in the frequency 
and magnitude of droughts. The study of the concurrent properties of the annual 
hydrometeorological data series was the main thrust of my recent studies. Sequences 
of wet and dry years in both rainfall and river flow are natural phenomena that have 
been observed and reported since biblical times. I found no support for the view that 
global warming will increase the likelihood of droughts in southern Africa. Such 
increases that may have been observed are the result of variations in solar activity. 

6.13. Global warming will not increase floods 
Any temperature or rainfall record shows a large variability. The inevitable 
result of variability added to higher average temperatures (meaning higher 
evaporation) and higher average rainfall will be a greater number and greater 
intensity of both droughts and floods. (Houghton 2004.) 

First of all, notice the concurrent increases in all three processes – temperature, 
evaporation and rainfall. This is in accordance with South African observations. It is 
in contrast with GCM predictions of a decrease in rainfall notwithstanding an increase 
in the other two processes. 
Droughts and floods are fundamentally different hydrological phenomena and are not 
processes at two ends of a continuous scale. The principal concern regarding droughts 
is the long sequences of years of deficient rainfall whereas for floods is their short 
duration (measured in hours), magnitude.  
Major floods in southern Africa are highly destructive, largely due to the steep slopes 
of the rivers and exposure to widespread, severe flood-producing rainfall events, 
including tropical cyclones and equally destructive cut-off low-pressure systems. 
Consequently research on floods has received more attention than in most other 
countries of the world. The floods recorded in the 1850s remain the highest on record 
in several rivers. In 1856 the Mgeni River overflowed its banks and flowed across the 
centre of Durban and into Durban harbour.  
Climate change does not feature in research on floods as any change, should it be 
present, would be overwhelmed by the natural variability. (See Alexander 2002b 
Statistical analysis of extreme floods.) Claims have been made that the world-wide 
increase in the loss of life and damage by floods is the result of global warming. This 
is not so. They are the result of increases in the vulnerability, as population growth 
forces disadvantaged communities to occupy flood-prone areas. This has been my 
personal experience and is well supported in the literature on natural disasters. Details 
are provided in earlier chapters of this report.      

6.14. Global warming will not threaten water resource management 
As a consequence mainly of anticipated changes in precipitation, the 
UKTR95 scenario for 2050 shows decreases in annual runoff of the order 0-
40% over much of South Africa. From a perspective of water resources 
management however, equally significant changes to those of mean annual 
runoff are increases of 10-20% in the interannual CV of runoff. These 
increases could add to the cost and complexity of managing water resources 
by requiring increased storage capacities as well as more stringent reservoir 
operating rules in regard to releases in dry years. (Schulze, Meigh and Horan 
2001.)  
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The certainty of prolonged and intense water restrictions. (DEAT 
15 December 2004.) 

The paper by Schulze, Meigh and Horan: Present and potential future vulnerability 
of eastern and southern Africa’s hydrology and water resources (2001), is an 
excellent example to illustrate the unanimous views of the world’s leading scientists 
in water resource analyses with whom I have discussed the issue, that climate change 
scenarios are no more than untested hypotheses that have no place in water resources 
development and management. 

In southern Africa in general, and South Africa in particular, we have a wealth of 
routinely observed hydrometeorological data. Many rainfall records exceed 100 years 
in length and many river flow records exceed 80 years in length. Yet this wealth of 
data is totally ignored by these authors who rely solely on the outputs of global 
climate models and simplistic rainfall and runoff model assumptions for their 
analyses. 

In the abstract of their paper it is stated that: 
This paper presents a synthesis of water as a vulnerable resource in space 
and time under present climatic conditions by assessing various rainfall, 
evaporation and runoff indices in the region. Further, uncertainties regarding 
this already high-risk natural environment are compounded by superimposing 
elements of potential climate change for a year 2050 scenario over the 
region. 

The following are some of the views that are discussed in the paper that are far 
removed from reality. 
Figure 3d in the paper shows an increase in annual potential evaporation for the 2050 
scenario of between 4% and 8% for the whole of Botwana, Namibia and eastern 
Zimbabwe i.e. the area covered by the Kalahari sands.  The GCMs used by Thomas et 
al (2005) discussed earlier in this chapter, predicted increases of between 200% and 
400% for the same region. These order of magnitude differences in GCM outputs 
illustrate the fundamental shortcomings of global climate models. In both cases, it 
would have been a simple arithmetic exercise to determine historical trends based on 
real world data, and extrapolate them into the future. 
The coefficient of variation (CV) is quoted several times in the paper to descibe 
variability in the context of water resources. ‘The inter-annual variability of 
precipitation, as measured by the coefficient of variation (CV,%) is an important 
consideration in water resource planning.’ This is an unacceptably simplistic 
characterisation of the statistical properties of rainfall and river flow. These properties 
are addressed in several chapters of this report and in the wealth of South African and 
international publications on water resource development. 
In Fig. 4 (c) of their paper, they map the drought risk index as the ratio of the tenth 
percent to the fiftieth percent of the annual runoff. However, no relationship exists 
between drought risk and annual runoff, as the most important property of a drought is 
its duration.  
In their Fig. 4 (d) they map a flood severity index as the ratio of the 50-year: 2-year, 
1-day runoff. It is well known that the flood-producing runoff per unit area of a 
catchment decreases with increase in catchment area. The ratio between the 50-year 
and 2-year, 1-day unit runoff will vary along the length of a river and is not a regional 
characteristic. (See Alexander 2002b, Statistical analysis of extreme floods.)      
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A reduction in rainfall is predicted for the whole of South Africa by 2050. This is 
contrary to the IPCC (2001) scenarios as well as my observation of an increase in 
rainfall during at least the past 78 years. Rainfall will continue to increase as long as 
global warming increases, whatever the cause. This is another example of 
questionable GCM outputs that were not verified by comparison with real world 
observed data. 
The resulting decrease in river flow by 2050 is equally questionable. 

As a consequence mainly of anticipated changes in precipitation, the 
UKTR95 scenario for 2050 shows decreases in annual runoff of the order 0-
40% over much of South Africa. 

This is a dramatic prediction with far reaching consequences. It was followed by an 
equally alarming prediction. 

From a perspective of water resources management however, equally 
significant changes to those of mean annual runoff are increases of 10-20% 
in the interannual CV of runoff. These increases could add to the cost and 
complexity of managing water resources by requiring increased storage 
capacities as well as more stringent reservoir operating rules in regard to 
releases in dry years. 

Fortunately, there are no observational grounds to support these alarmist claims that 
are based solely on GCM predictions and questionable rainfall-runoff models. 
The authors’ conclusions are not surprising as they do not reference a single 
publication on hydrology or water resource development in South Africa, other than 
to publications from their own organisation. This is despite the numerous publications 
on this subject during the past 50 years right up to the present day. (For example 
Alexander 1985 Hydrology of low latitude southern hemisphere land masses and 
Management of the water resources of the Republic of South Africa issued by 
DWAF in 1986.) 
No water resource practitioner would even remotely consider designing or operating 
water resource development projects based on GCM scenarios applied to simplistic 
rainfall-runoff model assumptions. This is particularly in the light of the availability 
of a wealth of routinely recorded data, and sound analytical methods based on 
advanced time series analyses, and not on primitive coefficients of variation.   

6.15. Global warming will not increase poverty 
In short, climate change will intensify the worst effects of poverty through 
losses in biodiversity, agriculture, health and almost every sector of society. 
(DEAT 5 May 2005.) 

The inclusion of ‘poverty’ is a typical alarmist tactic. Poverty is unrelated to these 
factors. The action required to counter the unavoidable and continued increases in 
greenhouse gas emissions will increase poverty, not reduce it. This is dealt with in 
detail in the previous chapter on climate and natural disasters.   

6.16. There is no evidence of adverse changes due to global warming 
Evidence exists to suggest that variability and extremes in the southern parts 
of southern Africa may be increasing especially in the drier, western parts. 
Between 1931 and 1990, the intensity of extreme events has increased 
significantly over South Africa. (Tyson and Gatebe 2001.)    

It has been stated that signs of adverse climate changes have already been observed in 
South Africa. I have not found any in the hydrometeorological processes other than 
those described in this report. Climate, as well as the natural environment that 
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responds to it, are in a continuous state of flux on all time and space scales. As I have 
described in this report, it is a major and time-consuming exercise to distinguish 
between natural variability and variability that is the consequence of human activities. 
If undesirable changes are assumed to be present, then the question remains whether 
or not they are of sufficient magnitude to require incorporation in practical 
applications where most other components have uncertainties of the same order.   

7. The agricultural consequences 

7.1. Global warming will not adversely affect agriculture 
Maize, wheat, sugar and cotton lands will shift and change, our famous 
southern Cape vineyards are likely to shrink, fungal rusts, weevils and 
worms, along with parasite-vectoring mosquitoes are likely to change or 
otherwise change their distribution ranges – either in space and/or in time. 
(Hart, Ashton and Allanson 2004) 

Regrettably, the Minister was poorly advised by the climate alarmists, as each and 
every one of the above predictions is false. For example, the claim that the Cape 
vineyards will shrink in size has very serious economic and social implications. The 
public and scientists in other disciplines have every right to request details of the basis 
for these serious claims as well as both the climate and the environmental models 
used to determine these changes, so that they can be independently evaluated. I have 
tried to obtain this information but have not been successful.  
An essential requirement of all scientific research is that the methodology must be 
transparent and reproducible by others. A second, and equally essential requirement is 
that the computer programs must be calibrated using real world data and must be 
capable of replicating historical sequences. This information has also been withheld 
from the public.   
The reasons are obvious. The allegations are false. 

7.2. Global warming will not result in a drop in food production 
There will be a drop in food production including an estimated drop of 20% in 
grain production. (DEAT 15 December 2004.) 

The 2004/05 maize harvest was the biggest since 1994 and there was a surplus of 4 
million tonnes. Maize farmers are now seriously considering using maize surpluses 
for the production of ethanol for use as a fuel.  
The two most important climate-related factors that influence agricultural productivity 
are temperature and rainfall. The predicted temperature increases arising from global 
warming are of the order of 10C per decade. This is of the same order of magnitude as 
the natural increases between 9 am and 10 am on a sunny day. Their influence on 
agriculture, if any, will be undetectable against the natural daily changes. 

7.3. Global warming and the lack of evidence 
My fundamental objection is that the climate alarmists have not yet produced an 
ounce of verifiable, statistically significant evidence that proves that the adverse 
effects of climate change i.e. reduction in rainfall or river flow or increase in floods 
and droughts, are already taking place. This is despite the steady increase of 
greenhouse gas emissions during the past 100 years. 
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7.4. Global warming and failed prediction models 
The predictions that rainfall will decrease in future are based on unreliable global 
climate models that failed to predict the droughts from 2002 to 2005, or the floods of 
early 2006. How then can any reliance be placed on their predictions of ‘a warmer and 
drier’ future when almost the whole of southern Africa is wetter and greener than at 
any time in memory? 
Climate change alarmists do not even acknowledge the existence of the alternating 
sequences of wet and dry years that have been known since biblical times, and are 
well-reported in the hydrological literature. What reliance can be placed on their dire 
predictions of future decreases in rainfall? 

7.5. Global warming alarmism is irresponsible 
Climate alarmism will result in an increase in despondency among South Africa’s 
farming community. Land values will drop in areas where the alarmists have 
predicted adverse climate changes. Farmers may unnecessarily change their farming 
practices to less lucrative crops. This alarmism is highly irresponsible. 
South African farmers are well aware of the increasing agricultural competition 
internationally, and the extent that some countries will go to in order to protect their 
own agricultural industries. Environmental organisations such as Greenpeace and the 
WWF are already exerting pressure on South African government agencies to take 
action to limit the use of coal for power generation. This will result in consequent 
ripple effect on South African agriculture, industry and the national economy.  
Should the South African government refuse to comply with the demands by these 
crackpot organisations, we can be very sure that they will quote the doom-and-gloom 
prophecies of South African climate alarmists, in order to persuade other countries to 
ban agricultural imports on the grounds that South Africa is polluting the global 
atmosphere.  
These alarmists and their followers are more interested in research money in their 
pockets than any loyalty to South Africa. It is time that they are called to account 
by an independent commission of enquiry before they cause any more damage by 
their false, unscientific and unprofessional alarmism. 
Scientists and scientific institutions that spread these alarmist views that have no 
foundation in fact, bear a heavy responsibility to the South African public who put 
their trust in them and finance their research. Conscientious scientists have an equal 
responsibility to expose these machinations for what they are. 
I can assure readers of this technical report that the vast majority of engineers and 
scientists in all disciplines, including agriculture, totally disagree with the views and 
tactics of these extremists.  
Finally, farmers would be ill advised to take any of the dire predictions made by 
climate change scientists into account when planning or operating their farming 
activities. 

8. The remedies? 
Major parts of the climate system respond slowly to changes in greenhouse 
gas concentrations. Even if greenhouse gas emissions were stabilised 
instantly at today’s levels, the climate would still continue to change as it 
adapts to the increased emission of recent decades. Further changes in 
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climate are therefore unavoidable. Nations must prepare for them. (My 
emphasis.) 

(From the joint statement issued by eleven national academies of science: 
Global response to climate change. June 2005.) 

South Africa’s report A national climate change response strategy for South Africa 
was submitted to the UN Conference of the Parties who signed the Kyoto protocol at 
Buenos Aires in December 2004. The following comments are on postulated actions 
required to reduce the impact of global warming that were proposed in the report. 
Regrettably they also reflect a lack of knowledge on these issues. 

8.1. Replacement of coal-fired power stations 
The writers of the report were critical of the use of lower grade coal for power 
generation in South Africa. 
The use of lower grade coal was criticised because of postulated greater emissions of 
dangerous greenhouse gasses. Visualise the following laboratory experiment. Burn a 
measured amount of pure carbon in a flask. The two products will be heat energy and 
CO2. Now add some sand to the same amount of carbon and repeat the experiment. 
Exactly the same amount of CO2 and heat energy will be produced. The inert sand will 
be a by-product. There will not be any increase at all in CO2. Technology exists to 
trap any other noxious gasses that may be produced.  
To suggest that South Africa should cease using lower grade coal because this 
contributes to global warming, demonstrates the researchers’ lack of understanding, 
irresponsibility, and careless disregard of the consequences to South Africa’s 
economy. The costs involved in converting to other sources of energy, which will also 
be more expensive to electricity consumers, can be far better used to fight poverty, 
malnutrition and disease.  

8.2. Better water resource management 
This statement is offensive coming from those who have little experience in this 
subject. Refer to the comprehensive and well-illustrated book Management of the 
water resources of the Republic of South Africa, published by the Department of 
Water Affairs in 1986 and previous chapters of this report. 

8.3. Disaster management 
There is no evidence to support the view that climate change will increase the 
frequency and magnitude of natural disasters. It is the vulnerability to these disasters 
that is increasing, not the magnitudes of the events themselves. I discuss this in detail 
in my report commissioned by the United Nations IDNDR secretariat titled Risk and 
society - an African perspective, (Alexander 1999), and in the previous chapter of this 
report. 

8.4. Agricultural diversification 
It is stated that South Africa is particularly vulnerable to climate change because a 
large portion of the country’s agricultural production consists of maize farming. The 
document proposes that South African maize farmers should consider changing to 
other crops as long duration droughts will occur during the next three decades which 
will make maize farming unprofitable.     
Let us have a closer look at this comedy of errors. 
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The statement that South African maize farmers should consider changing to other 
crops, as long duration droughts will occur during the next three decades, which will 
make maize farming unprofitable, is both false and irresponsible. Imagine the 
following scenario. As a result of the report farmers switch to sunflower seed 
production, which is more drought resistant. Maize, which is the staple food for tens 
of millions of people, has to be imported from overseas at a higher cost. Current 
sunflower seed producers face financial ruin as a result of the over-production of this 
commodity.   

All of this is a consequence of the unfounded imagination of a few irresponsible 
scientists who flatly refuse to provide the basis for these alarmist views, so that they 
can be tested by others and exposed for what they are. 

8.5. More energy efficient transport 
Reduction in fuel consumption has long been a target of vehicle manufacturers. This 
will increase the cost of transport, particularly to the poorer communities who live far 
from their places of employment.  

8.6. More energy efficient housing models 
This is an absurd suggestion for South African conditions. 

8.7. Technology transfer 
The transfer of technology and skills from the developed to the developing nations 
was recommended. I have been closely involved in technology transfer for most of 
my career. There have been many well-meaning but misguided recommendations 
based on the transfer of mild climate technology to arid climate conditions. This 
technical report is a good example of material that is new to science that comes from a 
developing nation. South African scientists in this field have made the mistake of 
blindly following northern hemisphere science and assuming that it is relevant to 
South African conditions without carrying out their own evaluations. 

9. Proof of the pudding 
As I write these notes the rivers are running, dams are filling and the countryside is 
wetter and greener than it has been for decades. (See Fig.1 on p2 above.) These 
widespread sub-continental rains, that are the third highest on record in some regions, 
were not predicted by the South African Weather Service or other climatologists. This 
extraordinary event completely negates the unfounded and pessimistic views of the 
climate change lobbyists who predicted that future climate would be ‘warmer and 
drier’ than at present.  
Nevertheless, droughts follow floods as night follows day – a fact that has been 
known since biblical times. South Africa will indeed face a crisis in the years ahead as 
we exhaust our water resources. Conflicts between the need for water to sustain the 
quality of human life and to sustain the environment will pose serious challenges. 
Solutions will have to be sought.  
The policy followed by the Department of Environment Affairs and Tourism and 
the climate change alarmists, of excluding all those who hold different views on 
the subject, is not the way to go. South Africa will suffer very serious 
consequences if a large sector of the scientific community is deliberately barred 
from participation in this issue, and not given the opportunity to express their 
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views. Whether these views are correct or not should be the subject of a healthy 
scientific debate, or better still, the whole issue should be the subject of an 
independent, multidisciplinary commission of enquiry.     
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1. Principal conclusions 

1.1. Multi-year periodicity 
The most important result of my studies detailed in this technical report is the 
incontestable presence of statistically significant, 21-year periodicity in the rainfall, 
river flow, floods and droughts. (Chapters 2, 5, 6 and 7.) I first reported this 
periodicity in 1978. 

Proof of this periodicity is its predictability. In August 1995 and again in November 
2005 I successfully predicted the imminent onset of the drought-breaking, 
widespread, flood-producing rainfall over the African subcontinent. Details of my 
prediction model are described in Chapter 3. This is a world first but has yet to be 
acknowledged by the scientific community.     

1.2. Linkage with solar activity 
The second most important conclusion follows the first. This periodicity is closely 
synchronous with the double sunspot cycle. This indicates a close causal linkage 
between variations in solar activity and corresponding variations in the 
hydrometeorological responses. The linkage was first investigated and reported in 
South Africa more than 100 years ago but continues to be denied in the South African 
and international climate change publications.  

This linkage indicates that global climate does not operate within a closed system, but 
is influenced by extraterrestrial activity. This is denied in the IPCC publications.  

Reasons for the denial are the absence of knowledge of the nature of the causal 
linkages. This is a fundamental weakness of climate change science. It is not 
scientifically acceptable to deny that something exists for which there is abundant 
evidence, on the basis that the causes have yet to be established. 

This goes to the very heart of the IPCC claims that the earth’s climate varies within a 
closed system, i.e. that all multi-year changes are the consequence of human 
activities, and that variations in solar activity do not play a role.  

Solar physicists have yet to determine the nature of the mechanisms that result in the 
linkages between variations in solar activity and synchronous variations in climatic 
responses, principally, rainfall, river flow, floods and droughts. The existence of this 
linkage is undeniable. The properties detailed in this report should assist solar 
physicists in their search for the causes. 

1.3.  Increase in rainfall 
The third most important result is the previously unreported consistent increase in 
rainfall over most of South Africa during the past 80 years at least. A major 
contributor to the increase, is an increase in the frequency of widespread, heavy 
rainfall events. There are indications that the general increase, as well as the 
frequency of the widespread rainfall events, accelerated subsequent to the mid-1970s. 
While this corresponds with increases in global temperatures during the same period, 
there is a lack of correspondence with the earlier, mid-century global cooling. 
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Because of the importance of possible changes in rainfall on agriculture in particular, 
as well as on water supplies from rivers, the possibility of decreases in rainfall were 
thoroughly investigated by commissions of enquiry appointed by the government 
since the 1920s as well as by civil engineers and climatologists. None of them 
reported that rainfall was decreasing. My analyses of a very much larger database than 
that which was available to the previous investigators showed that the rainfall indeed 
consistently increased by about 9% during the past 80 years at least. Whatever the 
causes of the moderate increase, it is logical to assume that rainfall will continue to 
increase as long as the causes continue to increase. 

1.4. Future rainfall changes 
My studies showed an increase in both evaporation and rainfall over South Africa. 
Others have found an increase in surface temperatures. These are mutually consistent.  

There is no substance in the claims that global warming will result in a future decrease 
in rainfall over the African subcontinent. It needs no more than a glance at any map of 
the globe to note that sub-equatorial Africa is surrounded to the east, south and west 
by large expanses of oceans. If the global temperatures rise this will increase the 
evaporation not only from the surrounding oceans but also from the land surfaces 
themselves. In South Africa about 92% of the rainfall is evaporated back into 
atmosphere from vegetation, exposed soils, dams, rivers and lakes. The water 
evaporated from all these sources must return to earth as increased rainfall.  

Climate change scientists have not offered any explanation that could support their 
predictions that global warming will result in a reversal of this process and consequent 
decrease in rainfall in future. If global warming is the consequence of undesirable 
greenhouse gas emissions, and if these emissions increased exponentially during the 
past century, and if temperatures, evaporation and rainfall also increased during the 
past century, then there can be no justification for the alarmist predictions of 
decreases in future rainfall and river flow with all the undesirable consequences.    

What is the basis for this fundamental error in climate change science? 

1.5. Mathematical models  
An examination of the IPCC publications and those of South African climate change 
scientists, shows that they rely heavily on the global climate models, (GCMs). I have 
developed more than a hundred computer models since the arrival of the first personal 
computers in the early 1980s. Many of them are still in use by practitioners. 

It was not necessary to discuss the GCMs in this report other than to point out that the 
predictions based on them are fundamentally in error. The most important error being 
the clearly erroneous prediction of a substantial decrease in future rainfall over the 
African subcontinent. The second is the failure to include the all-important effects of 
the undeniable periodic behaviour in the prediction models.   

What are the consequences of these errors? 

1.6. Erroneous predictions 
In this report I demonstrate with a high degree of confidence that global warming will 
not result in desertification, or remobilise the Kalahari Sands, or result in a loss of 
habitat and species. Nor will it pose a threat to the fynbos and succulent Karoo 
biomes. Nor will it result in the spread of malaria and other climate-related diseases, 
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or increase eutrophication of dams and rivers, or increase soil erosion, or increase 
floods, droughts and related natural disasters. Nor will it pose an additional threat to 
water resources and agriculture. 

All these erroneous predictions were based on inadequate global climate mathematical 
models. These in turn are not only based on erroneous assumptions, but the 
fundamental inability to adequately model complex atmospheric and oceanic 
processes mathematically. This inability is amply demonstrated in the early 
hydrological literature.   

1.7. There is no need for concern 
In summary, South Africa, like many other countries on the African continent, faces 
very serious climate-related challenges in the future, but the postulated adverse effects 
of global warming arising from human activities are not among them. There is little 
substantiation for the alarmist claims publicised by the South African Department of 
Environmental Affairs and Tourism to this effect. The Department and its minister 
were poorly advised.  

1.8. Production of biofuel 
The recent (June 2006) decision by the government to encourage the production of 
fuel from agricultural products (biofuel), has a number of advantages although its 
contribution to the reduction of global warming will be close to zero. 

It will reduce local atmospheric pollution, increase agricultural incomes and reduce 
reliance on foreign fuel. The production of biofuels was considered on a number of 
occasions in the past but was rejected on the grounds that it would reduce the 
production of maize for human consumption. Maize is the staple food of millions of 
people on the African continent.  

2. Passing the buck 
The IPCC’s fourth assessment report is due for release next year (2007). As a result of 
its past excesses, the IPCC is now in an untenable position. It dare not acknowledge 
the existence of the influence of variations in solar activity on the Earth’s climate. 
This would considerably weaken its case that observed undesirable climatic changes 
are solely the result of human activities. 

My studies demonstrate an unequivocal, concurrent relationship between variations in 
solar activity and corresponding variations in the hydrometeorological responses. All 
that now remains is for solar physicists to determine the nature of the causal linkage.  

How soon is this likely to happen? CO2 Science magazine of 14 June 2006 published 
a paper by Scafetta and West titled Solar-induced warming over the 20th century in 
which they determined that the sun contributed some 46-49% of the 1900-2000 global 
warming of the earth. They referenced other papers in similar vein. More research 
results on the same subject are likely to follow. 

As soon as this and other research on similar lines is produced and accepted by the 
informed scientific community, the whole IPCC sepulchre will collapse. 

Should this happen, the citizens of those countries where costly restrictive measures 
have been imposed will start crying for blood. Astute political decision-makers will 
pass the buck onto their scientific advisers. 
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3. The future 
Africa is beset with many problems. Most of them have their origin in the needs of the 
growing populations that exceed the availability of the natural resources that support 
them. Africa also has a uniquely rich variety of plant and animal life. Understandably, 
there are strong movements that maintain that this environmental uniqueness should 
be preserved for posterity. 

The concept of sustainable development was conceived. This is a contradiction in 
terms. It is impossible to sustain a finite resource to meet the rising demand from it. 
For example, there is a limit to the amount of water that can be withdrawn from a dam 
on a river, however large, to meeting continuingly increasing water demands. There is 
also a limit to the amount of food that can be produced on a hectare of land. 

Solutions require the application of concepts such as optimisation in the presence of 
uncertainty and conflicting objectives. Civil engineers face this decision-making 
process on many occasions during their careers. 

Those climate change scientists and environmental conservationists, who insist on 
species conservation regardless of the effect on basic human needs, should take care 
that their extremism does not have the opposite effect. The public are more amenable 
to the views of scientists who are searching for solutions, than scientists who attempt 
to impose unpalatable solutions upon them.  

Similarly, conscientious climatologists should take a step backwards and appreciate 
where their unjustified faith in global climate mathematical models is leading them. 
They should realise that it is fundamentally impossible to describe the global climate 
mathematically with the degree of realism implied in current climate change research.  

It is an elementary observation that accurate weather forecasting is not possible for 
more than a few days ahead. Climatologists failed to predict the widespread, heavy, 
drought-breaking rainfalls that occurred over virtually the whole of the African 
subcontinent earlier this year (2006). If this event of unusual magnitude and 
importance could not be predicted several months in advance, as I achieved, what 
confidence can be placed on predictions produced by global climate models? 

It is simply impossible for climate change science to proceed beyond its present level 
of knowledge, until such time that it is acknowledged that the Earth’s climate does not 
operate within a closed system, and that climatic variations are causally related to the 
as yet unidentified solar driving mechanisms. 

Finally, the solutions to all these problems require a serious, concentrated, 
multidisciplinary effort. Deliberate exclusion of those in the applied sciences and 
labelling them as sceptics or fringe scientists, can only worsen the situation in Africa 
from both environmental and human perspectives.       

4. My open letter to the Water Research Commission 
I end this report with a copy of the following open letter to I faxed to the Water 
Research Commission on 21 June 2006. It reflects my very deep concern regarding 
the whole climate change issue as detailed in this technical report. It is my firm hope 
that I have made a positive and constructive contribution to this difficult but 
nationally and internationally important subject. 
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                                                      --- Quote ----- 
Two years ago, in the May/June 2004 issue of Water Wheel, 17 scientists contested 
my view that climate change was no cause for concern that was published in an earlier 
edition. Their views were expressed in two viewpoint articles with four signatories, 
and two letters to the editor with 13 signatories. I was denied the opportunity to 
respond to their comments. The writers expressed the need for further discussions but 
these have not taken place despite my repeated suggestions. 
I continued my studies. I have now completed my 400-page technical report titled 
Climate change and its consequences – an African perspective in which I 
demonstrate that most of the claims of severe consequences of climate change are 
unfounded. These include claims that climate change will pose a serious threat to 
South Africa’s future water supplies. I propose submitting my report for printing and 
distribution within the next four weeks. 
I wish to bring it to the attention of the Water Research Commission that there is a 
substantial body of scientific opinion in South Africa that disagrees with the alarmist 
views expressed by climate change scientists, and that the basis for this disagreement 
has not been adequately researched. This disagreement goes to the very foundation of 
climate change theory.  
The South African authorities have already started implementing measures to control 
greenhouse gas emissions on the basis that these emissions are the cause of global 
warming and a host of undesirable consequences. It will be of considerable 
embarrassment to these authorities when they later realise that the science on which 
these predictions are based is seriously flawed. I believe this to be the case, as I will 
now summarise. Details are provided in my technical report. 
As I am sure you are aware, the Commission of Enquiry into Water Matters was 
appointed in 1966 and produced its report in 1970. The commission’s 
recommendations led to the establishment of the Water Research Commission, as well 
as the branch of Scientific Services in the Department of Water Affairs: 

In view of the particular interest of the Department of Water Affairs in water 
research it could be beneficial if … a branch of the Department were to be 
expanded to undertake, besides its own research, liaison with other scientific 
investigators and researchers in all fields affecting water supply. 

The branch of Scientific Services was established and I occupied the post of Manager: 
Scientific Services in the Department of Water Affairs for a number of years. 
Another important recommendation that is directly relevant to the climate change 
issue was the following: 

(19) Forecasting of climatological conditions 

Very great advantages in the management and practical utilisation of our 
water resources would follow if a measure of reliability could be achieved in 
the long-term forecasting of climatological conditions.    

My successful climate prediction model 
In 1978 I produced my technical report Long range prediction of river flow – a 
preliminary assessment in which I demonstrated the presence of regular, multi-year 
periodicity in river flow data. In August 1995 my paper Floods, droughts and climate 
change was published in the South African Journal of Science, in which I 
successfully predicted the imminent drought-breaking floods that commenced three 
months after publication. In April 2005 my paper Development of a multi-year 
climate prediction model was published in Water SA. 
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In November last year I issued a flood alert in which I successfully predicted 
imminent, widespread, heavy, flood-producing rainfall. Widespread rainfalls and 
floods occurred over the African subcontinent in January and February this year. They 
were the third highest on record in some regions. Fortunately, the authorities were 
forewarned by my flood alert and the loss of life during the floods was minimal. My 
successful prediction was based on the application of observation theory applied to 
the analysis of historical data. 
In another paper published in May last year in Energy and Environment, Linkages 
between solar activity and climatic responses, I described the synchronous linkages 
between variations in solar activity and hydrometeorological responses.  

Shortcomings of global climate models 
Chapter 10 of the report of the Commission of Enquiry into Water Matters (pp 90-93), 
was titled Long-range weather forecasts. The chapter was based on a memorandum 
furnished by Prof. G.D.B. de Villiers of the Department of Agricultural Meteorology 
of the University of the Orange Free State.  
The fundamental issue relating to climate prediction was the following: 

In thermodynamic and fluid dynamic analyses of air mass circulations, it is 
rather futile today to regard the atmosphere as a closed system. Influences 
on the atmosphere of the sun … cannot be ignored in long-range weather 
forecasting. (My emphasis.) 

This observation was made 36 years ago! The chapter concluded with the statement: 
Whatever the current status and reliability of long-range weather forecasting, 
the Commission is convinced that very serious considerations will have to be 
given to a purposeful attack on the problem… Long-range weather forecasts, 
even though approximate, can be of tremendous benefit in the management 
of water resources. 

Notwithstanding this emphasis on the need for a multi-year climate prediction method 
in the report that led to the establishment of the Water Research Commission, 
climatologists have still not been able to develop a satisfactory climate prediction 
model. I am not aware of any research projects initiated by the Water Research 
Commission in this field over the years. 

Summary 
I therefore bring this fundamentally important issue of national importance to the 
urgent attention of the Water Research Commission. 

1. I have successfully produced a climate prediction model that fully meets the 
recommendations made by the Commission of Enquiry into Water Matters 
published in 1970. 

2. The model is based on the statistically significant, regular and therefore 
predictable periodicity in the hydrometeorological data. 

3. Despite a diligent, four-year study of a very large and comprehensive 
hydrometeorological database, I was unable to detect any adverse changes that 
posed a threat to South Africa’s present or future water supplies. 

4. Climatologists have been unable to develop a multi-year climate prediction 
model, despite its obvious importance. 

5. The reason for this inability is their reliance on abstract process theory instead 
of solid observation theory based on recorded data. 
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6. The process theory does not accommodate the multi-year, regular and 
therefore predictable, variability of the hydrometeorological processes that is 
well recorded in the literature. 

7. Consequently, predictions of future adverse effects on water supplies, based 
on current global climate models are highly suspect. 

The matter is extremely important. Once it is acknowledged that:  
 natural, regular, multi-year anomalies are present in the climatic processes,  
 and that these have their origin in synchronous variations in solar activity,  
 and that these are not accommodated in global climate prediction models,  
 then this undermines the very basis of current climate change theory.     

The issue is also very urgent. The South African authorities have already started 
implementing measures to counter the postulated adverse effects of climate change. 
(See the January/February edition of Water Wheel.) It will be particularly 
embarrassing when it is realised that the alarmist predictions are not being fulfilled. 

Recommendation 
The validity of my prediction model was demonstrated on two occasions, in 1995/96 
and again in 2005/06. The output of the model is in a format that can be used directly 
in future water resource analyses. I was unable to detect any adverse consequences 
that could be attributed to unnatural climate change. 
It will remain impossible for climate change scientists to develop successful climate 
prediction models based solely on process theory, without incorporating the proven 
existence of statistically significant periodicity in the hydrometeorological processes 
derived from observation theory. Furthermore, the output of these models is not in the 
form that can be used for water resource analyses. 
Failure to appreciate this must inevitably cause embarrassment to the climate change 
scientists and the South African authorities that support them, when it is finally 
realised that the alarmist predictions are not likely to be fulfilled. It is therefore in 
everybody’s interest that the matter be resolved as a matter of urgency. 
I urge the Water Research Commission to appreciate that the IPCC’s claims of 
‘consensus’ on this subject are demonstrably false. In January 2004 I was appointed 
by UNESCO to participate in a workshop in Japan in connection with the 
establishment of a water research centre in that country. I took the opportunity to ask 
the 30 international water resource experts for their views. Their unanimous reply was 
that the postulated effect of global warming on water resources was no more than an 
untested hypothesis. I also have many references that show that a consensus does not 
exist. 
The IPCC is due to publish its fourth assessment report later this year – 18 years after 
its establishment. Despite the worldwide expenditure of billions of US dollars on this 
research, the IPCC is still not in a position to produce a final report. This must surely 
indicate that there remain many outstanding issues. There is absolutely no need for 
South Africa to undertake costly and probably unproductive measures until these 
outstanding issues have been resolved. These measures will only have a miniscule 
effect on global warming, and the science on which they are based remains suspect. 
I urge the Water Research Commission to undertake its own, independent 
investigations into the basic assumptions in current global climate prediction models, 
and not rely on overseas research conducted in the northern hemisphere, high latitude 
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climates. This research is based on proxy tree ring and ice core data instead of the 
wealth of real world hydrometeorological data available in South Africa. 
The longer that it takes to bring these shortcomings to the attention of the government 
and provincial authorities, the greater their embarrassment when these shortcomings 
become public knowledge. There will also be accusations levelled at the Water 
Research Commission for not investigating an issue of national concern that was 
identified as requiring a high priority at the time of the establishment of the WRC 
some 36 years ago. 
I therefore suggest that the WRC should appoint experienced, impartial scientists with 
a sound knowledge of solar physics, to undertake a literature study of recent 
publications on linkages between solar activity and the earth’s climate, as well as 
publications that maintain that it is the rising temperatures that are responsible for the 
increases in carbon dioxide levels in the atmosphere and not vice versa. There is 
active international research in both these fields. These issues are by no means settled, 
but taken together they could explain why I was unable to detect any abnormal 
changes in my extensive studies of the very large and comprehensive 
hydrometeorological database. 
The terms of reference should be to determine the reliability of the global climate 
models on which recent research, including that undertaken for the WRC, is based, 
and the validity of the conclusions reached in this research.  
I recommend as a point of departure that the developers of the global climate models 
be requested to provide a projection of the annual flows in the Vaal River at Vaal 
Dam from 2004 (before the recent rains) through to 2016. You can then compare 
these with the projections in my article Floods, droughts, sunspots and wheat prices. 
The development of a drought prediction model published in Civil Engineering, June 
2004.  The SAWS could also be asked if they are in a position to provide a climate 
projection for the next ten years. The responses to these requests will be informative 
in the light of the alarmist predictions that global warming will pose a threat to South 
Africa’s future water supplies. 
I am as sure of my conclusions as I am of any studies that I have undertaken during 
my long professional career. I will gladly provide all my analyses and material to any 
person(s) you may appoint to carry out the study. There is sufficient material to fill 
two filing cabinets. Much of it is of archival value. It may be wise to have all the 
material digitised and made available for future studies. All my studies were 
undertaken at my own expense and I have no wish to receive any remuneration for my 
participation and cooperation in any studies on the above lines that you may wish to 
undertake. I value my scientific independence. 
On the other hand, if the Water Research Commission has no interest in the matter, I 
will donate everything to PaperPickup for conversion into egg boxes. The South 
African authorities, including the Water Research Commission, will have to bear the 
consequences of my third prediction, i.e. that there is no substance in the alarmist 
scenarios postulated by climate change scientists. History will be my judge. 
In view of my past experiences, I have made this an open letter and circulated it to my 
email distribution list of some 100 scientists in a number of disciplines. Most of them 
share my concerns. 
WJR Alexander   

                                            ---- End of open letter ---- 
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Declaration on science and the use of scientific 
knowledge 

 

UNESCO / ICSU 

1999 

 

 

A combined UNESCO / ICSU World Conference on Science was held in Budapest, 

Hungary from 26 June to 1 July 1999. This is an OCR copy of the original draft 

declaration in my possession. I also have the draft science agenda-framework of 

action. 

Note the emphasis on the need for vigorous scientific debate. The IPCC (2001) 

publications do not meet this and many of the other the scientific requirements 

detailed in this document.   
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Preamble 

 

 1. We all live on the same planet and are part of the biosphere. We have come to  

 recognize that we are in a situation of increasing interdependence, and that our  

 future is intrinsically linked to the preservation of the global life-support  

 systems and to the survival of all forms of life. The nations and the scientists of  

 the world are called upon to acknowledge the urgency of using knowledge from  

 all fields of science in a responsible manner to address human needs and  

 aspirations without misusing this knowledge. We seek active collaboration  

 across all the fields of scientific endeavour, i.e. the natural sciences such as the  

 physical, earth and biological sciences, the biomedical and engineering sciences,  

 and the social and human sciences. While the Framework for Action emphasizes  

 the promises, the dynamism but also the potential adverse effects that came with  

 the natural sciences, and the need to understand their impact on and relations  

 with society, the commitment to science, as well as the challenges and the  

 responsibilities set out in this Declaration, pertain to all fields of the sciences.  

 All cultures can contribute scientific knowledge of universal value. The sciences  

 should be at the service of humanity as a whole, and should contribute to  

 providing everyone with a deeper understanding of nature and society, a better  

 quality of life and a sustainable and healthy environment for present and future  

 generations.  

 

 2. Scientific knowledge has led to remarkable innovations that have been of great  

 benefit to humankind. Life expectancy has increased strikingly, and cures have  

 been discovered for many diseases. Agricultural output has risen significantly in  

 many parts of the world to meet growing population needs. Technological  

 developments and the use of new energy sources have created the opportunity  

 for freeing humankind from arduous labour. They have also enabled the  

 generation of an expanding and complex range of industrial products and  

 processes. Technologies based on new methods of communication, information  

 handling and computation have brought unprecedented opportunities and  

 challenges for the scientific endeavour as well as for society at large. Steadily  

 improving scientific knowledge on the origin, functions and evolution of the  

 universe and of life provides humankind with conceptual and practical  

 approaches that profoundly influence its conduct and prospects.  

 

 3. In addition to their demonstrable benefits, the applications of scientific advances  

 and the development and expansion of human activity have also led to  

 environmental degradation and technological disasters, and have contributed to  

 social imbalance or exclusion. As one example, scientific progress has made it  
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 possible to manufacture sophisticated weapons, including conventional weapons  

 and weapons of mass destruction. There is now an opportunity to call for a  

 reduction in the resources allocated to the development and manufacture of new  

 weapons and to encourage the conversion, at least partially, of military  

 production and research facilities to civilian use. The United Nations has  

 proclaimed the year 2000 as the International Year for the Culture of Peace and  

 the year 2001 as the United Nations Year of Dialogue among Civilizations as  

 steps towards a lasting peace; the scientific community, together with other  

 sectors of society, can and should play an essential role in this process.  

 

 4. Today, whilst unprecedented advances in the sciences are foreseen, there is need  

 for a vigorous and informed democratic debate on the production and use of  

 scientific knowledge. The scientific community and decision-makers should  

 seek the strengthening of public trust and support for science through such a  

 debate. Greater interdisciplinary efforts, involving both natural and social  

 sciences, are a prerequisite for dealing with ethical, social, cultural,  

 environmental, gender, economic and health issues. Enhancing the role of  

 science for a more equitable, prosperous and sustainable world requires a long-  

 term commitment of all stakeholders, public and private, through greater  

 investment, review of investment priorities accordingly, and the sharing of  

 scientific knowledge.  

 

 5. Most of the benefits of science are unevenly distributed, as a result of structural  

 asymmetries among countries, regions and social groups, and between the  

 sexes. As scientific knowledge has become a crucial factor in the production of  

 wealth, so its distribution has become more inequitable. What distinguishes the  

 poor (be it people or countries) from the rich is not only that they have fewer  

 assets, but also that they are largely excluded from the creation and the benefits  

 of scientific knowledge.  

 

 6. We, participants in the World Conference on "Science for the Twenty-first  

 Century: a New Commitment", assembled in Budapest, Hungary, from 26 June  

 to 1 July 1999 under the aegis of the United Nations Educational, Scientific and  

 Cultural Organization (UNESCO) and the International Council for Science  

 (ICSU):  

 

 Considering:  

 

 7. where the natural sciences stand today and where they are heading, what their  

 social impact has been and what society expects from them,  
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 8. that in the twenty-first century science must become a shared asset benefiting all  

 peoples on a basis of solidarity, that science is a powerful resource for  

 understanding natural and social phenomena, and that its role promises to be  

 even greater in the future as the growing complexity of the relationship between  

 society and the environment is better understood,  

 

 9. the ever-increasing need for scientific knowledge in public and private decision-  

 making, including notably the influential role to be played by science in the  

 formulation of policy and regulatory decisions,  

 

 10. that access to scientific knowledge for peaceful purposes from a very early age  

 is part of the right to education belonging to all men and women, and that  

 science education is essential for human development, for creating endogenous  

 scientific capacity and for having active and informed citizens,  

 

 11.  that scientific research and its applications may yield significant returns           

towards economic growth, sustainable human development, including poverty  

 alleviation, and that the future of humankind will become more dependent on  

 the equitable production, distribution and use of knowledge than ever before,  

  

 12.  that scientific research is a major driving force in the field of health and social  

 care and that making further use of scientific knowledge has great potential for  

 improving the quality of health for humankind,  

 

 13.  the current process of globalization and the strategic role of scientific and  

 technological knowledge within it,  

 

 14.  the urgent need to reduce the gap between the developing and developed  

 countries by improving the scientific capacity and infrastructure in developing  

 countries,  

 

 15.  that the information and communication revolution offers new and more  

 effective means of exchanging scientific knowledge and advancing education  

 and research,  

 

 16.  the importance for scientific research and education of full and open access to  

 information and data belonging to the public domain,  

 

 17. the role played by the social sciences in the analysis of social transformations  

 related to scientific and technological developments and the search for solutions  

 to the problems generated in the process,  
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 18. the recommendations of major conferences convened by the organizations of the  

 United Nations system and others, and of the meetings associated with the  

 World Conference on Science,  

 

 19. that scientific research and the use of scientific knowledge should respect  

 human rights and the dignity of human beings, in accordance with the Universal  

 Declaration of Human Rights and in the light of the Universal Declaration on  

 the Human Genome and Human Rights,  

 

 20. that some applications of science can be detrimental to individuals and society,  

 the environment and human health, possibly even threatening the continuing  

 existence of the human species, and that the contribution of science is  

 indispensable to the cause of peace and development, global safety and security,  

 

 21. that scientists with other major actors have a special responsibility for seeking to  

 avert applications of science which are ethically wrong or have adverse impact,  

  

 22. the need to practice and apply the sciences in line with appropriate ethical  

 requirements developed on the basis of an enhanced public debate,  

 

 23. that the pursuit of science and use of scientific knowledge should respect and  

 maintain life in all its diversity, as well as the life-support systems of our planet,  

  

 24. that there is a historical imbalance in the participation of men and women in all  

 science-related activities,  

 

 25. that there are barriers which have precluded the full participation of other  

 groups, of both sexes, including disabled people, indigenous peoples and ethnic  

 minorities hereafter referred to as disadvantaged groups,  

 

 26.  that traditional and local knowledge systems as dynamic expressions of  

 perceiving and understanding the world, can make and historically have made, a  

 valuable contribution to science and technology, and that there is a need to  

 preserve, protect, research and promote this cultural heritage and empirical  

 knowledge, 

  

 27. that a new relationship between science and society is necessary to cope with  

 such pressing global problems as poverty, environmental degradation,  

 inadequate public health, and food and water security, in particular associated  

 with population growth,  
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   28.  the need for a strong commitment to science on the part of governments, civil  

 society and the productive sector, as well as an equally strong commitment of  

 scientists to the well-being of society,  

  

 Proclaim the following:  

 

l. Science for knowledge; knowledge for progress 

 

 29. The inherent function of the scientific endeavour is to carry out a  

 comprehensive and thorough enquiry into nature and society leading to new  

 knowledge. This new knowledge provides educational, cultural and intellectual  

 enrichment and leads to technological advances and economic benefits.  

 Promoting fundamental and problem-oriented research is essential for achieving  

 endogenous development and progress.  

 

 30.  Governments, through national science policies and in acting as catalysts to  

 facilitate interaction and communication between stakeholders, should give  

 recognition to the key role of scientific research in the acquisition of knowledge,  

 in the training of scientists and in the education of the public. Scientific research  

 funded by the private sector has become a crucial factor for socio-economic  

 development, but this cannot exclude the need for publicly funded research.  

 Both sectors should work in close collaboration and in a complementary manner  

 in the financing of scientific research for long-term goals.  

 

2. Science for peace  

 

 31. The essence of scientific thinking is the ability to examine problems from  

 different perspectives and seek explanations of natural and social phenomena,  

 constantly submitted to critical analysis. Science thus relies on critical and free  

 thinking, which is essential in a democratic world. The scientific community,  

 sharing a long-standing tradition that transcends nations, religions or ethnicity,  

 should promote, as stated in the Constitution of UNESCO, the "intellectual and  

 moral solidarity of mankind", which is the basis of a culture of peace.  

 Worldwide cooperation among scientists is a valuable and constructive  

 contribution to global security and to the development of peaceful interactions  

 between difT'erent nations, societies and cultures, and could give encouragement  

 to further steps in disarmament, including nuclear disarmament.  

 

 32. Governments and society at large should be aware of the need to use natural and  

 social sciences and technology as tools to address the root causes and impacts of  
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 conflict. Investment in scientific research which addresses them should be  

 increased.  

 

 3.  Science for development  

  

 33.  Today, more than ever, science and its applications are indispensable for  

 development. Governments at all levels and the private sector should provide  

 enhanced support for building up an adequate and well-shared scientific and  

 technological capacity through appropriate education and research programmes  

 as an indispensable foundation for economic, social, cultural and  

 environmentally sound development. This is particularly urgent for developing  

 countries. Technological development requires a solid scientific basis and needs  

 to be resolutely directed towards safe and clean production, greater eRiciency in  

 resource use and more environmentally friendly products. Science and  

 technology should also be resolutely directed towards prospects for better  

 employment, improving competitiveness and social justice. Investment in  

 science and technology aimed both at these objectives and at a better  

 understanding and safeguarding of the planet's natural resources base,  

 biodiversity and life-support systems must be increased. The objective should  

 be a move towards sustainable development strategies through the integration of  

 economic, social, cultural and environmental dimensions.  

  

 34. Science education, in the broad sense, without discrimination and encompassing  

 all levels and modalities is a fundamental prerequisite for democracy and for  

 ensuring sustainable development. In recent years, worldwide measures have  

 been undertaken to promote basic education for all. It is essential that the  

 fundamental role played by women in the application of scientific development  

 to food production and health care be fully recognized, and efforts made to  

 strengthen their understanding of scientific advances in these areas. It is on this  

 platform that science education, communication and popularization need to be  

 built Special attention is still required tor marginalized groups. It is more than  

 ever necessary to develop and expand science literacy in all cultures and sectors  

 ot society as well as reasoning ability and skills and an appreciation of ethical  

 values, so as to improve public participation in decision-making related to the  

 application of new knowledge. Progress in science makes the role of universities  

 particularly important in the promotion and modernization of science teaching  

 and its coordination at all levels of education. In all countries, and in particular  

 the developing countries, there is a need to strengthen scientific research in  

 higher education and postgraduate programmes, taking into account national  

 priorities.  
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 35.  The building of scientific capacity should be supported by regional and  

 international cooperation, to ensure both equitable development and the spread  

 and utilization of human creativity without discrimination of any kind against  

 countries, groups or individuals. Cooperation between developed and  

 developing countries should be carried out in conformity with the principles of  

 full and open access to information, equity and mutual benefit. In all eR'orts of  

 cooperation, diversity of traditions and cultures should be given due  

 consideration. There is a responsibility of the developed world to enhance  

 partnership activities in science with developing countries and countries in  

 transition. Helping to create a critical mass of national research in the sciences  

 through regional and international cooperation is especially important for small  

 states and least developed countries. The presence of scientific structures, such  

 as universities, is an essential element for the training of personnel in their own  

 country with a view to a subsequent career in that country. Through these and  

 other efforts favourable conditions should be created that will tend to reduce or  

 reverse the brain drain. However, any measures should not restrict the free  

 circulation of scientists.  

 

 36. Progress in science requires various types of cooperation at and between the  

 intergovernmental, governmental and non-governmental levels, such as:  

 multilateral projects; research networks, including South-South networking;  

 partnerships involving scientific communities of developed and developing  

 countries to meet the needs of all countries and facilitate their progress;  

 fellowships and grants and promotion of joint research; programmes to facilitate  

 the exchange of knowledge; the development of internationally recognized  

 scientific research centres, particularly in developing countries; international  

 agreements for the joint promotion, evaluation and funding of megaprojects and  

 broad access to them; international panels for the scientific assessment of  

 complex issues; and international arrangements for the promotion of  

 postgraduate training. New initiatives are required for interdisciplinary  

 collaboration. The international character of fundamental research should be  

 strengthened by significantly increasing support for long-term research projects  

 and for international collaborative projects, especially those of global interest. In  

 this respect particular attention should be given to the need for continuity ot  

 support for research. Access to these facilities for scientists from developing  

 countries should be actively supported and open to all on the basis of scientific  

 merit. The use of information and communication technology, particularly  

 through networking, is to be expanded as a means to promote the free flow of  

 knowledge At the same time, care must be taken to ensure that the use of these  

 technologies does not lead to a denial or restriction of the richness of the various  

 cultures and means of expression.  
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 37. For all countries to respond to the objectives set out in this Declaration, in  

 parallel with international approaches, in the first place national strategies and  

 institutional arrangements and financing systems should be set up or revised to  

 enhance the role of sciences in sustainable development within the new context.  

 In particular they should include: a long-term national policy on science to be  

 developed together with the major public and private actors; support to science  

 education and scientific research; the development of cooperation between  

 R&D institutions, universities and industry as part of national innovation  

 systems; the creation and maintenance of national institutions for risk  

 assessment and management, vulnerability reduction, safety and health; and  

 incentives for investment, research and innovation. Parliaments and  

 governments should be invited to provide a legal, institutional and economic  

 basis for enhancing scientific and technological capacity in the public and  

 private sectors and facilitate their interaction. Science decision-making and  

 priority-setting should be made an integral part of the overall development  

 planning and formulation of sustainable development strategies. In this context,  

 the recent initiative by the major G8 creditor countries to embark on the process  

 of reducing the debt of certain developing countries will be conducive to a joint  

 effort by the developing and developed countries towards establishing  

 appropriate mechanisms for the funding of science in order to strengthen  

 national and regional scientific and technological research systems.  

  

 38. Intellectual property rights need to be appropriately protected on a global basis,  

 and access to data and information is essential for undertaking scientific work  

 and for translating the results of scientific research into tangible benefits for  

 society. Measures should be taken to enhance those relationships between the  

 protection of intellectual property rights and the dissemination of scientific  

 knowledge that are mutually supportive. There is a need to consider the scope,  

 extent and application of intellectual property rights in relation to the equitable  

 production, distribution and use of knowledge. There is also a need to further  

 develop appropriate national legal frameworks to accommodate the specific  

 requirements of developing countries and traditional knowledge, sources and  

 products, to ensure their recognition and adequate protection on the basis of the  

 informed consent of the customary or traditional owners of this knowledge.  

 

 4.  Science in society and science for society  

  

 39. The practice of scientific research and the use of knowledge from that research  

 should always aim at the welfare of humankind, including the reduction of  

 poverty, be respectful of the dignity and rights of human beings, and of the  
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 global environment, and take fully into account our responsibility towards  

 present and future generations. There should be a new commitment to these  

 important principles by all parties concerned.  

 

 40. A free flow of information on all possible uses and consequences of new  

 discoveries and newly developed technologies should be secured so that ethical  

 issues can be debated in an appropriate way. Each country should establish  

 suitable measures to address the ethics of the practice of science and of the use  

 of scientific knowledge and its applications. These should include due process  

 procedures for dealing with dissent and dissenters in a fair and responsive  

 manner. The World Commission on the Ethics of Scientific Knowledge and  

 Technology of UNESCO can provide a means of interaction in this respect.  

 

 41. All scientists should commit themselves to high ethical standards, and a code of  

 ethics based on relevant norms enshrined in international human rights  

 instruments should be established for scientific professions. The social  

 responsibility of scientists requires that they maintain high standards of  

 scientific integrity and quality control, share their knowledge, communicate  

 with the public and educate the younger generation. Political authorities should  

 respect such action by scientists. Science curricula should include science  

 ethics, as well as training in history, philosophy and the cultural impact of  

 science.  

 

 42. Equality in access to science is not only a social and ethical requirement for  

 human development, but also a necessity for realizing the full potential of  

 scientific communities worldwide and for orienting scientific progress towards  

 meeting the needs of humankind. The difficulties encountered by women,  

 constituting over half of the population in the world, in entering, pursuing and  

 advancing in a career in the sciences and in participating in decision-making in  

 science and technology should be addressed urgently. There is an equally urgent  

 need to address the difficulties faced by disadvantaged groups which preclude  

 their full and effective participation.  

 

 43. Governments and scientists of the world should address the complex problems  

 of poor health and the increasing inequalities in health across different countries  

 and between communities within the same country with the objective of  

 achieving an enhanced, equitable standard of health and an improved provision  

 of quality health care for all. This should be undertaken through education, by  

 using scientific and technological advances, by developing robust long-term  

 partnerships between all stakeholders and by harnessing programmes to the  

 task.  
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 44.  We, participants in the World Conference on "Science for the Twenty-first  

 Century: a New Commitment", commit ourselves to making every effort to  

 realize the possibility of promoting dialogue between the scientific community  

 and society to remove all discrimination with respect to education for and the  

 benefits of science, to act ethically and cooperatively within our own spheres of  

 responsibility, to strengthen scientific culture and its peaceful application  

 throughout the world, and to promote the use of scientific knowiedge for the  

 well-being of populations and for sustainable peace and development, taking  

 into account the social and ethical principles illustrated above.  

 

 45. We consider that the Conference document Science Agenda - Framework for  

 Action gives practical expression to a new commitment to science, and can  

 serve as a strategic guide for partnership within the United Nations system and  

 between all stakeholders in the scientific endeavour in the years to come.  

 

 46. We adopt therefore this Declaration on Science and the Use of Scientific  

 Knowledge and agree upon the Science Agenda - Framework for Action as a  

 means of achieving the goals set forth in the Declaration, and call upon  

UNESCO and ICSU to submit both documents to the General Conference and the 

General Assembly respectively for adoption. The purpose is to enable both 

organizations to identify and implement follow-up action in their respective 

programmes, and to mobilize the support of all partners, particularly those in the 

United Nations system, in order to reinforce international coordination and 

cooperation in science.  

 

____ 

 

 

 

[A draft Agenda-Framework for Action is attached to the original in my possession.] 
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Note: These are OCR copies of extracts from the report. It is frequently referred to in 

my technical report. The emphases are mine.  
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Terms of reference 
The Commission of Enquiry into Water Matters was appointed by the State President 

in terms of the Government Gazette No. 1480 of 1st July, 1966. Its terms of reference 

included the instruction to inquire into, to report upon and to submit recommendations 

on all aspects of water provision and utilisation within the Republic., as well as the 

broad planning of policy in this connection with due regard to the arrangements with 

neighbouring states relating to common water resources, and with special reference to 

the following points of view: 

1. The available and potential water supplies and sources.  

2. The systematic development, safeguarding, stabilising and conservation of the 

available and potential water supplies and water sources.  

3. The future water requirements of the whole country in order to ensure a balanced 

development and growth of the national economy.  

4. The location of industries in relation to the available and potentially available water 

sources from the point of view of assured and economic water provision.  

5. The determination of the areas which must be utilised for irrigation farming and 

stock breeding, as well as the determination of areas which must be allocated for 

afforestation and timber production, and preparation of the necessary master plans 

in this regard. 

6. The present utilisation of water for cooling purposes by means of cooling towers, 

connected with existing power-generation stations, and the possibilities of 

alternative cooling processes with a view to saving water.  

7. The utilisation of atomic power stations at the coast were the generation of 

electricity, using sea-water for cooling purposes, as well as power generation 

elsewhere in order to save South African water resources.  

8. The desalination of sea water in general and the possibilities of using atomic energy 

for desalination processes.  

9. The availability and application of techniques to combat evaporation losses in 

storage dams. [This was one of my later responsibilities.] 

10. Planning for the protection of catchment areas with a view to the prevention of 

excessive and evaporation losses and soil erosion.  

11. The need of hydro-climatological, hydrological and irrigation farming research 

and facilities. [Hydroclimatological and hydrological research were later to be my 

direct responsibilities.]  

12. The compilation of a broad long-term national master plan for the coordinated 

development and conservation of and control over water resources, with which 

may be included a rational allocation of river water among the various uses 

according to the estimated requirements of the country.  

13. Programming of construction phases with a view to the realisation of the master 

plan.  

14. Capital requirements for the development or water resources, and the likely rate of 

capital expenditure required to keep pace with the country's development.  
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15. The methods which can be applied immediately to reflect the increased saving and 

re-use of water.  

16. Any other matters which the Commission may regard as relevant. 

Selected findings 
The following findings are directly relevant to this technical report. 

(19) Forecasting of a climatological conditions 

Very great advantages in the management and practical utilisation of our water 

resources would follow if a measure of reliability could be achieved in the long-term 

forecasting of climatological conditions. If rainfall for a year ahead could be predicted 

with some certainty, advanced decisions could be taken with the result that the 

available water resources could be more efficiently utilised. 

For some time past, attempts have been made to establish a correlation between 

rainfall and sunspot cycles, but in South Africa there seems to be little connection 

between sunspot activity, or changes in the intensity of sunspot activity, and rainfall.  

Bearing in mind the enormous capacity for heat storage and the oceans compared with 

that of the atmosphere, there can be no doubt that the long-term insolation changes are 

reflected in the sea and thus affect atmospheric turbulence. Consequently it is possible 

that major ling term cycle fluctuations in weather are brought about by measurable 

changes in the oceans. Attempts are currently being made on an international scale to 

acquire the necessary oceanographic data with the aid of sophisticated electronic 

devices.  

The Commission regards it is essential that research and attempts to acquire the 

necessary data to make long-term weather forecasting possible be actively supported. 

 (31) Research  

In the light of new developments in water technology, water research will 

undoubtedly play a key role in the optimum utilisation of the Republic's water 

resources. In view of the key importance and interdisciplinary requirements of water 

research, the Commission deems it essential that a specific committee for water 

research be established and that care be taken to ensure that the work of this 

committee be properly integrated with that of the Standing Committee for Water 

Affairs. [This recommendation led to the establishment of the Water Research 

Commission.] 

In view of the particular interest to of the Department of Water Affairs in water 

research a branch of the Department should be expanded to undertake, besides his 

own research, liaison with other scientific investigators and researchers in all fields 

affecting water supply. [This was my responsibility when I was appointed as 

Manager: Scientific Services in the Department.] 

The following is one of the recommendations made in the report. 

15. Long range weather forecasting 

Long-range weather forecasts, if reliable, can provide valuable information for the 

operation of storage works and for the planning of irrigation programmes and can aid 

in improving the efficiency of water utilisation. The Commission recommends, 

therefore, that thorough investigations and research be promoted by the Weather 

Bureau and other interested organisations into the possibilities of making a reliable 

long-range weather forecasts up to a year or more ahead. 
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[Now, 35 years later I have achieved this objective.] 
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[Chapter 10 of the report was devoted to long-range weather forecasts. I have quoted 

it in its entirety. The emphases are mine.] 

 

CHAPTER 10  

 

LONG-RANGE WEATHER FORECASTS
1
 

Efficient economic utilisation of available water supplies, and therefore decisions as 

to whether to impose or relax restrictions on water consumption, depend on whether 

rainfall during the ensuing month or season is likely to be normal, or above or below 

average. The possible value of long-range weather forecasting to planned water 

utilisation is thus of deep concern.  

1. The present status of long-range weather forecasting 
2,3

  

At the beginning of the present century the famous astronomer, Sir Norman Lockyer, 

wrote that one of the foremost achievements of the new century would be to 

forecast well in advance the incidence of famine in India or drought in Australia 

by means of analyses of sun-spot spectra. Lockyer thus implied that a solution to 

the problem of long-range forecasting was practically in sight. He was evidently 

convinced that sun-spots were responsible for all large-scale variations in climate.  

During the first half of the present century a diligent search has been made for the 

presumably infallible relationship between sun-spots and the weather but without 

much success, especially from the point of view of forecasting. Investigations have 

nevertheless revealed that, through fluctuations of quantity or quality of radiation, the 

sun without doubt influences the weather. Although both positive and negative 

correlations between sun-spots and rainfall and temperature have been established for 

several places, these have in many cases been found to disappear or even change sign 

with the passage of time.  

There is, at the moment, no satisfactory model to explain the inter-relationship of the 

sun and the earth's atmosphere. It is also highly questionable whether sun- spot 

numbers, data for which are readily available and extend over many years, constitute 

the best parameter for describing the sun's activity.  

Investigations by Abbot, Clayton and several other researchers nevertheless furnish 

adequate evidence of an orderly relationship between the sun's activity and the 

frequency of certain types of weather conditions and this clearly deserves further 

examination. There are frequent occurrences of other meteorological phenomena that 

cannot be explained on the presumption that the earth and its atmosphere constitute a 

closed system, so it follows that investigations are called for into possible influences 

beyond the earth's atmosphere. 
4
  

In thermodynamic and fluid dynamic analyses of air mass circulations it is rather 

futile today to regard the atmosphere as a closed system. Influences on the atmosphere 

of the sun and the nature of the earth's crust and its oceans simply cannot be ignored 

in long-range weather forecasting. Bauer (1951), for instance, is of the opinion that a 

prerequisite to progress in long-range weather forecasting is an intensive study of the 

physics of the sun. The same could be said of investigations into the influence of sea 

temperatures, sea currents and snow cover on air temperatures and air mass 

circulations. Over long periods of time, changes in one often lead to changes in the 

other, sometimes in widely separated parts of the earth. Improved knowledge of the 
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behaviour of currents and temperatures in the sea, their seasonal and annual 

fluctuations, coupled with a deeper knowledge of atmospheric changes over the vast 

oceans may eventually help to explain inconsistencies in behaviour of the atmosphere. 

Also to be emphasised is the fact that long-range weather forecasting is affected 

by long-term climatic fluctuations. Although these are receiving considerable 

attention, progress in this direction is hindered by lack of reliable data.  

Whereas long-range weather forecasting is concerned with periods of a week or two, a 

month or even a season (six to nine months) in advance, short-range forecasting has to 

do with predicting the weather likely to be experienced within the next 24 hours, with 

possible extension to 48 or 72 hours.  

For short-range forecasts, dynamic methods are at present being employed with 

increasing success. Reference may also be made to developments in numerical 

weather forecasting. Although still in initial stages, with many difficulties still to be 

overcome, the methods hold promise for the future.  

The more thoroughly tested short-range methods cannot be employed for long-range 

forecasting which, perhaps for many years to come, will have to be restricted 

primarily to loose general predictions of weather conditions over fairly extensive 

areas.  

Apart from the complexities of the problem, progress in long-range forecasting is 

inevitably slow because assessment of a specific technique must be based on 

results of observations extending over many years.  

Although the current status of long-range weather forecasting may not seem 

particularly gratifying, real progress has nevertheless been made over the past couple 

of decades towards deeper understanding and improved predictions of the behaviour 

of circulation patterns. Successes achieved in long-range forecasting will be a 

measure of the progress being made towards ultimate solution of the problem of 

the general atmospheric circulation.  

Dynamic meteorologists, practising forecasters and empirical researchers are all 

working towards clarification of the basic concepts that lead to successful forecasting 

and progress is bound to be promoted by close co-operation among these groups.  

According to Namias (1951) prospects are good for long-range weather forecasting – 

as regards both reliability and lengthening forecasting period. According to him the 

ability to forecast for one or more seasons in advance is within reach of the 

present generation. It is doubtful, however, whether at the present stage long-range 

weather forecasts should be released to the general public; Bauer (1951) was of the 

opinion that the damage resulting from an incorrect forecast would increase with the 

length of advance period for which it was issued. Sutton (1964), on the other hand, 

contends that although long-term weather forecasts are not infallible they at least offer 

better guidance than those based on statistical probabilities.  

2. Long-range forecasting services  

Efforts are being made in several countries to extend daily weather forecasts from 24 

hours to periods of three to five days in advance. The South African Weather Bureau, 

too, hopes shortly to offer weather predictions three days in advance.  

Some services are endeavouring to bridge the gap between medium-term and monthly 

forecasts by providing predictions for weekly or two-weekly periods. These forecasts, 

however, are mainly of a qualitative nature.  

In the northern hemisphere eight weather services issue forecasts for 30-day periods 

on the 1st and 16th of each month, i.e. the forecast periods overlap. Other services 
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issue forecasts just for the ensuing calendar month, i.e. for non-overlapping periods. 

Some forecasts are not merely qualitative, but indicate, for rainfall and temperature, 

probable departures from normal.  

Too much must not at this stage be expected of seasonal forecasts. A classic type of 

forecast is, for example, the starting time of the monsoon rains in India.  

In the United States, West Germany and a few other European countries, forecasts of 

this type are limited to probable ranges of temperature and rainfall over large areas for 

periods of two or three months ahead.  

3. Long-range weather forecasting methods  

Methods employed in long-range weather forecasting may be briefly summarised as 

follows:  

(i) Numerical methods  

Increasing use is being made of dynamic methods in long-range forecasting. Results 

over the past few years indicate that applications of pure hydrodynamic principles in 

long-range forecasting are promising.  

Although the models in use at present are rather incomplete, upper air forecasts by 

numerical methods are significantly better than those based on conventional 

forecasting methods.
5
 For ground level forecasts, however, the two methods are at the 

moment comparable.  

(ii) Extrapolation methods  

(a) Movement of anomalies  

In this method one proceeds from the assumption that predominant centres of positive 

and negative departure from convenient averages of pressure and circulation will 

move in an apparently regular manner with respect to time.  

(b) Extrapolation in time of predominant waves and periodicities  

Predominant waves and periodicities in weather conditions are identified and 

extrapolated with reference to time for half to as much as the whole of the relevant 

period. This method is usually used in conjunction with other techniques.  

(iii) Pure analogy  

Typical weather sequences can be identified in past records and forecasts are based on 

the presumption that the most likely sequence associated with current weather 

conditions will take its course. Long-range forecasts on this basis have in the past 

usually proved disappointing.   

(iv) Probability forecasts  

 Probability forecasts are based on statistical correlations between values, at the place 

of interest, of one weather element and earlier values of the same or another weather 

element at a different place, often some distance away. For example, it has been found 

that there is a positive correlation of 0.77 between rainfall at Luanda (Angola) and 

rainfall three to four months later at Fernando de Noronha (north-eastern Brazil). 

Telerelationships of this kind should however have a logical physical basis. In the 

case in point the time lag can be explained by the positive correlation that exists 

between rainfall and sea temperature.  

The existence of correlations between weather conditions at widely separated places 

emphasises the unitary nature of the atmosphere and implies that changes in the 

general distribution of pressure and circulation at one centre of activity can influence 

weather on a world-wide scale. It must be remembered that the value of a weather 
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forecasting technique is judged rather on the accuracy of the forecast for a specific 

occasion than on average success over a long period. Thus, even though correlations 

may be relatively high, occasional forecasts may be way out – much to the 

embarrassment of the forecaster.  

(v) Forecasts based on climatological probabilities, singularities and 

persistence tendencies  

A singularity is a meteorological condition that tends, more often than might be 

expected by chance, to recur on or about a specific day of the year. It is a peculiarity 

of the weather and a special type of climatological probability.  

Some meteorological conditions, on the other hand, exhibit the tendency to persist 

longer than might be expected as a matter of chance and use may be made of this 

tendency to venture a forecast. The chances of success with forecasts based on 

singularities are not much better than those based on probability studies but are a 

good deal better when based on persistence.  

4. Long-term weather forecasts for South Africa  

Reliable long-term weather forecasts will be of inestimable value not only for 

agriculture but also for planned water utilisation in South Africa. In view of the 

demanding nature and scope of meteorological observations and investigational 

methods needed for long- range forecasting, it may be convenient at this juncture to 

express a few general thoughts on the subject.    

Just as did the discovery of the thermometer and the barometer three-and-a-half 

centuries ago, so the advent of the electronic computer (the South African Weather 

Bureau possesses one), laser radar and weather satellites has undoubtedly heralded a 

new era in meteorological research and weather forecasting.    

5. Droughts in South Africa  

South Africa does not lie within one of the world's acknowledged rainy belts, 

with the result that it is subject to periodic droughts – often of long duration and 

extreme severity.  

The drought phenomenon remains one of the country's most vexing problems 

and it is in drought prediction that long-term forecasting can probably be of the 

greatest value. On the other hand, it must be admitted that meteorologists have 

not yet succeeded in discovering the fundamental causative factors either of 

drought or of excessive precipitation. The classical attitude, viz. that drought is 

purely a chance occurrence in the climatic history of the country does not appear 

to be correct. In an objective approach the possible influence exerted by 

fluctuations in the sun's radiant energy on the incidence of drought is stressed. 

Some of South Africa's most severe and prolonged droughts of the nineteenth 

and twentieth centuries have without doubt coincided with troughs of minimum 

sun-spot activity. The sun thus appears to be either directly or indirectly 

responsible for abnormal weather. As the exact mechanism is not yet clear, 

research in this field should evidently receive earnest attention.  

Reference has already been made to the use of tele-relationships in long-range 

weather forecasting and to the fact that the atmosphere tends to react as a unit. In the 

Darling River region of Australia droughts tend to coincide with minimum sun-spot 

activity but in the dry parts and along the coast of New South Wales, on the other 

hand, precipitation tends to be above average during low levels of sun-spot activity. 

Evidently the two areas have individual primary and secondary drought controlling 

factors, requiring separate investigation.  
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It seems frequently to happen that drought in the southern parts of Australia is 

followed a year later by drought in the interior of the Republic. This tele-relationship 

clearly demands careful investigation to determine its value as a basis for forecasting.  

Observations confirm the contention that the incidence of drought in South Africa is 

related to the position of the sub-tropical high pressure belt. The weather pattern 

experienced during the first half of the 1968/69 season, for instance, could be 

explained by the possibility that the high pressure belt had remained too far north and 

created, over the interior, air pressure conditions (almost like those of winter) that 

prevented inflow of moisture-bearing winds. It was only when the high pressure belt 

began to shift southward at the end of February beginning of March that rainfall 

started to improve and relieve widespread drought conditions, particularly in north-

east Cape Province, the Karoo and southern Free State.  

The relationship between oscillations of the high pressure belts and incidence of 

drought in South Africa demands urgent attention. Abnormal location of the pressure 

belts (and this includes the doldrum belt and the sub-polar low pressure zones) gives 

rise to all sorts of weather abnormalities throughout the world. The atmosphere seems 

to react to external influences in three ways: (a) a shifting of the pressure belts, (b) an 

elastic, wave-like movement that can often be discerned from a study of maps 

showing monthly and quarterly pressure variations, and (c) a tendency to persistence 

of conditions once they have been established. Perhaps, with the help of weather 

buoys and satellite photographs, it may be possible to throw more light on the 

properties and behaviour of the high pressure belts.  

6. Winter rains  

Whereas it is accepted that, during the summer, rainfall over the greater part of the 

interior is influenced by movements of the anti-cyclones, the rainfall throughout the 

southern part of the country depends mainly upon movements of the low pressure 

systems, or depressions.  

With an eye to planned water use one would like to know in advance whether winter 

rains are likely to be above or below average. It is possible, for instance, by 

examining air pressure data over New Zealand for June and July of the previous year, 

to indicate whether winter rainfall (April to September) for Cape Town and its 

immediate environs will be above or below normal. If mean pressures over New 

Zealand are above normal, rainfall over the Cape tends also to be above normal. 

Forecasts on this basis over a period of 44 years would have been correct about eight 

times out of ten. This tele-relationship has distinct possibilities but in formulating the 

forecasts Australian and South American data, among other, should also be analysed.  

Mean winter temperatures for Cape Town can also be forecast nearly a year in 

advance on the basis of the antecedent year's June, July and August mean 

temperatures on the island of Ano Nuevo, which lies to the south-east of the South 

American continent. The correlation co-efficient is high, namely 0 84. The physical 

explanation for this tele-relationship is that surface oceanic currents caused by the 

westerly wind flow slowly past the island in the direction of Cape Town to reach 

Table Bay nearly a year later. The temperature of an ocean current influences that of 

adjacent land.  

This example both illustrates and emphasises the importance of ocean currents and 

temperatures to studies of the atmosphere. Clearly, if long-range weather forecasting 

is to be successful, more data on the temperatures of the oceans that encircle our 

country will have to be gathered.  
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7. Research  

Whatever the current status and reliability of long-range weather forecasting, 

the Commission is convinced that very serious consideration will have to be given 

to a purposeful attack on the problem. The results of long-range forecasts, while 

in the experimental stage, need not necessarily be made known to the public but 

can well serve as a supplementary guide in planning the utilisation of water 

supplies. The Commission is of the opinion that the Department of Water Affairs 

should promote the relevant research in co-operation with the Weather Bureau 

and other interested bodies.  

Long-range weather forecasts, even though approximate, can be of tremendous 

benefit in the management of water resources. Even were it possible to forecast 

that next year will be wetter or drier than usual, with perhaps some indication of 

the probable degree of departure from the mean, this would greatly aid the 

taking of decisions that might be of vital importance to the country's economy.  

 

_______________________________________ 

1. This chapter is based on a memorandum furnished by Professor G. D. B. de 

Villiers, Department of Agricultural Meteorology, University of the Orange Free 

State, Bloemfontein.  

2  W.M.O. (1962). The present status of long-range forecasting in the world. W.M.O. 

Tech. Note 48 – No. 126. TP. 56, Geneva, Switzerland.  

3 W.M.O. (1965). W.M.O.-I.U.G.G. Symposium on research and development 

aspects of long-range forecasting. W.M.O. Tech. Note 66 – No. 162 TP. 79, Geneva, 

Switzerland.  

4 Elliott, 1951.  

5 W.M.O. 1965. The present situation with regard to the application of numerical 

methods for routine weather prediction and prospects for the future. W.M.O. Tech. 

Note 67 – No. 165 TP. 80, Geneva, Switzerland.  

___________________________________________ 
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INTRODUCTION  

 

The ability to predict changes in annual river flow within the next decade would be of 

considerable value to those responsible for the planning construction and operation of 

water supply projects.  

 

During periods of high runoff larger water allocations could be made from the country's 

water conservation dams, while stricter control and possible restrictions on consumption 

could be imposed when periods of lower runoff were imminent. Dams upstream of areas 

prone to flood damage could be kept at lower capacities during high runoff periods to 

aIlow some measure of flood absorption and thereby reduce the risk of flood damage to 

downstream areas.  

 

For many decades hydrologists and water resources engineers have studied the structure of 

hydrological time series in an attempt to develop some predictive capability. So far their 

efforts have not been successful.  

 

Since 1970 Tyson, Dyer and others have shown that annual precipitation over large areas 

of South Africa exhibits a quasi 20-year periodicity which is in phase with the double 

sunspot cycle. Tyson (1977) has found that these properties have no parallel in the 

literature. No physical explanation for this phenomenon has yet been found.  

 

South Africa is currently in the fifth year of abnormally high runoff. This country-wide 

phenomenon has had no precedent in the past fifty years. It is of course possible that this is 

purely the result of a random process, but it fits in very well with the precipitation cyclicity 

which Tyson found in the early 1970's.  

 

The purpose of the present assessment is to examine the records of river flow in South 

Africa in an attempt to ascertain whether they show a periodicity or correlation with 

sunspot phenomena that could be used as a predictive tool.  

 

 

 

 

1 
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1. RESULTS OF STUDIES IN SOUTH AFRICA AND OVERSEAS  

 

One of the comments in the Report of the Commission of Enquiry into Water Matters 

(1970) was:-  

 

"Efficient economic utilisation of available water supplies,  

and therefore decisions as to whether to impose or relax  

restrictions on water consumption, depend on whether rainfall  

during the ensuing month or season is likely to be normal,  

or above or below averaae. The possible value of long-rang  

weather forecasting to planned water utilisation is thus of  

deep concern."  

 

Several possible methods for long-range weather forecasting were considered in the 

report:-  

Numerical methods  

These involve the application of pure hydrodynamic principles to the modelling of weather 

systems.  

Extrapolation methods  

(a) Movement of anomalies. This assumes that positive and negative departures from the 

mean condition will occur in an apparently regular manner with respect to time.  

(b) Extrapolation in time of predominant waves and periodicities.  

Predominant waves and periodicities in the historical record are identified and extrapolated 

into the future.  

Pure analogy  

Current weather conditions are correlated with typical patterns in the past, and it is 

assumed that current weather conditions will follow a similar sequence.  

 

 

 

 

 

2 
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Probability forecasts  

These are based on statistical correlations between different climatic regions (eg. summer 

and winter rainfall areas in South Africa) or between different continents on the 

assumption that general atmospheric anomalies exist on a world-wide scale.  

Forecasts based on climatological probabilities, singularities and persistence tendencies are 

related to meteorological conditions which exhibit the tendency to persist longer than 

might be expected as a matter of chance.  

In the report it is stated that some of South Africa's most severe and prolonged droughts of 

the nineteenth and twentieth centuries have coincided with troughs of minimum sunspot 

activity, and that the sun therefore appears to be either directly or indirectly responsible for 

abnormal weather.  

The Commission of Enquiry strongly recommended that a purposeful attack on the 

problems associated with long-range weather forecasting be made:- 

"Long-range weather forecasts, even though approximate, can be of tremendous 
benefit in the management of water resources. Even were it possible to forecast 
that next year will be wetter or drier than usual, with perhaps some indication of the 
probable degree of departure from the mean, this would greatly aid the  taking of 
decisions that might be of vital importance to the country's economy."  
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2. SUBSEQUENT RESEARCH IN SOUTH AFRICA  

 

At the Convention on Water for the Future held in Pretoria in 1970, Tyson (1970) 

presented the first of what was to be a series of papers related to long-range weather 

forecasting in South Africa. These papers were under the individual or joint authorship of 

Tyson, Dyer, Mametse, Abbott and Gillooly.  

 

Tyson, Dyer and Mametse (1975) drew attention to the quasi-periodic oscillations in 

precipitation over South Africa. The predominant oscillations are a 20-year fluctuation in 

the summer rainfall region of South Africa, and fluctuations of smaller periodicities in the 

other rainfall regions.  

 

Abbott and Dyer (1976) used the same analytical procedure on river runoff data from ten 

South African rivers and concluded that runoff  and rainfall exhibit the same oscillatory 

character which has a wavelength of approximately 20 years in the summer rainfall region 

of the country.  

 

Dyer (1976) showed that there was a periodicity and phase similarity between the double 

sunspot series and regional rainfall series over the north-eastern half of South Africa, and 

from this he proposed a tentative precipitation prediction model for the region. He 

predicted a continuation of above average precipitation for the late 1970's and early 1980's 

followed by below average rainfall for the rest of the 1980's.  

 

Dyer and Tyson (1977) fitted a trigonometrical regression model to a regionally averaged 

annual precipitation time series for the period 1910-72 and by extrapolation suggested that 

the summer rainfall region of South Africa will experience above normal rainfall during 

the periods 1972-81 and 1991-2000, while the period 1981-90 will be drier than normal.  
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Tyson (1977) reviewed the enigma of climatic change and stated that recent changes in 

South African rainfall exhibit a degree of organisation in both time and space that to date 

finds no parallel in the literature. He recommended that efforts should be made to find 

explanations for the observations and to place predictions of future changes in South 

African climate on a stronger basis than the mere extrapolation of past events into the 

future.  
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3. OVERSEAS EXPERIENCE  

 

For nearly a century water resources engineers and hydrologists have studied the structure 

of time series of river flows, as well as their possible correlation with sunspot activity. One 

of the more recent investigations is that by Rodrigues-Iturbe and Yevjevich (1968).  

 

These authors examined the runoff from 16 major rivers of the world with average length 

of record of 94 years. In addition, 174 precipitation records with an average length of 79 

years from the continental region of western North America were examined. The authors 

concluded that there was no statistical evidence of significant correlation between 

precipitation or runoff series and sunspot numbers.  

 

Yevjevich (1972) was even more emphatic when it came to other periodicities  

 

"One of the earliest deterministic methods used in hydrology  

was the application of the concept of almost-periodic series  

to various hydrologic sequences in search for their hidden  

periodicities. The hydrologic literature is full of these  

attempts to find cycles beyond the presence of the known  

astronomical cycles. Often, series that were statistically  

undistinguishable from stationary stochastic processes were  

decomposed into a limited number of hidden non-commensurate  

periodicities. However, their extrapolation as the prediction  

of future events represented one of the most spectacular  

failures of past hydrologic investigations."  
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4. SUMMARY OF PRESENT STATE OF KNOWLEDGE  

 

Overseas investfgators have been unable to develop long-range prediction methods for 

river flow nor find significant correlations between river flow and sunspot cycles 

(Yevjevich 1972). Despite a fairly extensive literature survey I have not found any 

reference to the use of long-range forecasting methods in water resource management.  

 

Based on trigonometrical regression studies, the South African authors (Dyer and Tyson 

1972) have predicted that the present above normal  rainfall conditions will change to drier 

than normal conditions early in the 1980s.  

 

Dyer (1977) showed that there was a periodicity and phase similarity between the double 

sunspot series and regional rainfall over most of the summer rainfall region in South 

Africa.  

 

No physical explanations have yet been found In South Africa or elsewhere either for 

regular periodic changes in rainfall or for the relationship between rainfall and sunspot 

activity that can provide a basis for long-range predictions.  

 

All the authors quoted above used cross-spectral analysis as the main analytical tool 

(Rodriguez-Iturbe 1976 and Dyer 1976). This is a mathematical curve-fitting procedure 

which assumes that the phenomenon has the following characteristics:-  

1. Positive and negative departures from a stable, mean condition.  

2. The departures have fixed periodicity and amplitude.  

3. The departures are symmetrical about the mean.  

4. The departures are sinusoidal tn shape and can therefore be  

described mathematically by trigonometrical functions.  
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It is important to note that none of the authors have stated or implied that the physical 

processes are such that the phenomena should meet all or any of these assumptions. The 

authors were looking for a mathematical expression that fitted the data – not a 

mathematical expression which described the phenomenon.  

Abbott and Dyer (1976) made no adjustments to their flow data to account for its non-

symmetrical properties whereas Rodriguez-Iturbe and Yevjevich (1968) followed the 

conventional hydrological practice of using the logarithms of the data rather than the 

untransformed data in their analyses to overcome this difficulty.  
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5. VISUAL EXAMINATION OF SOUTH AFRICAN RUNOFF DATA  

 

In the present exercise it was decided to rely on visual examination of the data rather than 

mathematical treatment. This avoids having to make a priori assumptions about the nature 

of the time series. The subjectivity associated with visual examination is no greater than 

that associated with the subjective choice of mathematical curve fitting functions.  

 

A visual examination of the annual flow series of South African rivers shows no obvious 

quasi-regular fluctuations. This is because of the large variance of the flow of rivers – 

particularly those in semi-arid regions.  

 

There are two methods that could be used to enhance any periodicity that may be present. 

One is the use of moving averages which has the effect of suppressing the variation and so 

smoothing the data. The second is the use of mass flow techniques.  

 

5.1 Moving averages  

 

Instead of using individual annual values, the mean of a selected number of values is 

determined and plotted at the central point. For example, if a 5-term moving average is 

used, then the value obtained for the tenth year of a sequence would be the average of the 

five years 8, 9, 10, 11, 12. All five years are given equal weight.  

 

This method can be improved by giving more weight to the central year and progressively 

less weight to the other years being averaged. This can be achieved by using a binomial 

smoothing function. The relative weights given to a sequence using a 5-term binomial 

smoothing function would be 1 - 4 -  6 - 4 - 1 respectively. The value of the tenth year of a 

sequence would be six-sixteenths of the value for year ten, plus  
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four-sixteenths of the values for years 9 and 11, plus one-sixteenth  of the values for years 

8 and 12.  

 

Abbott and Dyer (1976) used a 5-term binomial smoothing function in their analyses. 

While the use of 5-term moving averages or smoothing functions should not produce 

longer period spurious periodicity, they nevertheless introduce linear or curvilinear 

relationships between  successive values which may not be present in the data. An equally 

serious objection is that they mask any abrupt changes in mean conditions. 

  

5.2 Mass flow presentation  

Mass flow analysis has been the traditional method of' determining the yield of dams on 

rivers with variable flows since it was first introduced by Rippl nearly a century ago. 

Briefly, the method consists of plotting the cumulative flows, joining the first and last 

points of the curve by a straight line, and measuring the maximum positive and negative 

departures from this line. This total departure is the size of the reservoir that would have 

yielded the mean flow of the river (ignoring evaporation) over the period of record.  

 

The same result can be achieved by subtracting the mean value from the flow in each year, 

and plotting the cumulative sum of the residual values.  
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6. AN EXAMINATION OF THE VAAL DAM RECORD  

 

The Vaal Dam is the most important dam in the country and its catchment lies within the 

centre of the region that Tyson et al found to have a strong quasi-20 year periodicity in 

annual precipitation. It has a good flow record from 1923 to date, and there have not been 

any major developments within its catchment that could significantly change the 

precipitation-runoff relationship.  

 

Table 1 shows the annual flows at the site for the hydrological years starting October, 

1923. The deviations and cumulative deviations from the mean flow, as well as those of 

the logarithms of the annual flow are also shown on the table.  

 

The data in Table 1 are plotted in Figure l.  

 

Figure 1A shows the annual flows plotted on a linear scale, while  Figure 1B shows the 

same information to the same scale but presented in the form of departures from the mean 

value.  

 

Figure 1C shows the annual flows plotted on a logarithmic scale, and Figure 1D shows the 

logarithms of the departures from the mean of the logarithms  

 

Figure 1E shows the cumulative departure from the mean of the logarithms.  

 

Several deductions can be made from this information  

1. The mean flow for the 54-year period was 2 054 million cubic  metres per annum. The 

annual flows show large departures from this mean condition. The maximum observed 

annual flow was 6 864 10
6
m

3
 (334% of the mean) and the minimum annual flow was 440 

10
6
m

3
 (only 21% of the mean).  
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 2. The flows are not symmetrically distributed about the mean. The maximum 

annual flow. exceeds the mean by 234% while the minimum flow is 79% less than 

the mean. During the 54 years of observation 19 years had above-average flows while 35 

years had below-average flows. The maximum period of consecutive years with below-

average flow was 10 years, and of above-average flow only 4 years. (Prior to 1973-74 

there was only one occasion when three consecutive years experienced above-average 

flow).  

 

3. The high flows in the last 4 complete years of the record are exceptional. Not only did 

the four year period ending in September 1977 have the highest runoff for any four years 

during the 54 years of record, but it was the only time that runoff exceeded the mean value 

for four years in succession. The runoff in the subsequent summer season was also above 

average with the result that we have now had five successive years of above- average 

runoff.  

 

4. The logarithms of the annual flows are approximately symmetrically distributed about 

the mean of the logarithms 3,20 equals 1 585 10
6
m

3
. Twenty four years lie above the mean 

and 28 years below the mean. (It can be shown that the logarithms of the annual flows of 

most South African rivers are Normally distributed). 

  

5. Figure 1E shows the cumulative departure of the logarithms of the annual flows from the 

mean of the logarithms for the Vaal River at Vaal Dam. The periodicity of the maxima of 

the departures is now apparent, with maximum negative cumulative departures occurring 

in 1932-33, 1953-54 and 1972-73; and maximum positive cumulative departures in 1944-

45 and 1960-61.  

 

This diagram must not be confused with the original histogram. Peaks on this diagram are 

turning points not actual flows. Upward sloping lines correspond to periods of above 

average flows, and  
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downward sloping lines below average flows. The steeper the lines, the greater the 

departure from mean conditions for that period.  

 

There is some evidence of abrupt changes from one condition to another rather than a 

curvilinear relationship.  
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7. PRESENTATION OF SUNSPOT DATA  

 

Sunspot numbers were published by Waldmeier (1961, 1975 and 1976). These are in the 

form of mean values for individual calendar years. The sunspot numbers for the period 

1900 to 1976 are plotted in Figure 2A in the form of a double sunspot cycle (alternative 

cycles are given negative values).  

 

Cumulative departures of the untransformed data from the 1907 to 1970 long term mean 

value are plotted in Figure 28. There is a good correspondence between maximum positive 

and negative sunspot numbers in Figure 2A and the dates of zero cumulative departure in 

Figure 2B. The straight lines drawn through these points in Figure 2A represent the 

average rate of change of sunspot numbers. These could be related to the sunspot causative 

mechanism plus system inertia should this exist in the solar atmosphere (a subject on 

which this author is completely ignorant!). The straight lines fit the data fairly well, and the 

sudden change in slope is conspicuous.  

 

The periodicity of the sunspot numbers is immediately apparent. However, neither the 

periodicity nor the amplitude are constant, and the cycles are not perfectly symmetrical. It 

is interesting to note that the amplitude of the sunspot numbers showed a steady increase in 

both positive and negative directions during the course of this century, but the most recent 

negative cycle which peaked at the end of 1968 showed a slight decrease.  

 

These irregularities in the cyclic nature of the data make prediction of future changes 

difficult. Granger (1957) examined these irregularities and came to the conclusion that it is 

doubtful that long-term prediction of sunspot activity will be possible until a better 

understanding of the various solar variables is gained.  

 

Nevertheless, it can reasonably be assumed that the next sunspot maximum will be reached 

somewhere between 1982 and 1988.  
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 8. EXAMINATION OF OTHER FLOW RECORDS  

 

Figure 3 shows the location of the 31 flow gauging stations (17 of them dams) that were 

chosen for further analysis. These were the only stations of the more than 700 examined 

that met the following requirements:-  

* Record more than 35 years long.  

* No significant gaps in the record.  

* No known significant changes in the hydrological regime in the  

 catchment – for example the construction of large dams or increase  

 in afforestation.  

 

The records were not tested for statistical homogeneity nor stability of the cumulative 

rainfall-runoff relationship although it would have been preferable to do so. In all cases the 

logarithms of the annual flows were used for further analysis.  

 

Because the records were of different length with different starting and ending dates, a 

common reference period was necessary to facilitate visual comparisons. The 1940-41 to 

1975-76 period gave a reasonable baseline, with the cumulative deviations evenly 

distributed about it for most stations. This period was assumed to provide the best estimate 

of the stable mean flow. The assumption is not critical as it's main use is as a common 

reference datum for subsequent comparisons.  

 

Having determined the average annual flow for this 35-year period, the cumulative 

departures from the mean for the whole period of record were calculated and plotted. In 

this way the plots were forced to pass through zero departure in 1940-41 and 1975-76.  

 

The predominant oscillations in annual precipitation that were detected by Tyson et al 

(1975) are also shown on Figure 3.  
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Ref  Station  River   Place    Catchment  Start of  

No.  number       area km
2
 record  

________________________________________________________________________ 

1  A2R01  Crocodile  Hartebeestpoort Dam  4112   1923  

2  A2R03  Hex   Olifantsnek Dam  492   1929  

3  A2M12  Crocodile  Kalkheuwe1  2551   1922  

4  A2M13  Magalies  Scheerpoort   1171   1922  

5  C1R01  Vaal   Vaal Dam   38 505  1923  

6  C1M01  Vaal   Standerton   8 193   1905  

7  C2M01  Mooi   Witrand   3 595   1904  

8  C2M13  Turffontein eye Turffontein   -  1912  

9  C3M03  Harts   Taung    10 990  1923  

10  C5R01  Tierpoort Tierpoort Dam  992   1923  

11  C7R01  Renoster  Koppies Dam   2 147   1920  

12  CSR01  Matjesvlei  Menin Dam   80   1922  

13  C8H01  Wilge   Frankfort   15 673  1923  

14  D1M01  Stormbergspruit Diepkloof   2 397   1912  

15  D2M01  Caledon  Jammersdrif   13 421  1919  

16  D1M03  Orange  Aliwal North   37 075  1914  

17  D3R02  Orange  Gariep Dam   70 749  1922  

18  G4R01  Steenbras  Steenbras Dam  67   1921  

19  J2R01   Nels   Calitzdorp Dam  170   1919  

20  J1R01   Prins   Prins River Dam  757   1916  

21  J2R02   Leeu   Leeugamka Dam  2 088   1920  

22  J3R01   Kammanassie  Kammanassie Dam  1 505   1922  

23  N2R01  Sundays  Lake Mentz Dam  16 826  1923  

24  N1R01  Sundays  van Ryneveld's Pass Dam 3 681  1925  

25  Q1R01  Groot Brak  Grassridge Dam  4 325   1924  

26  Q4R01  Tarka   Lake Arthur Dam  4 497   1925  

27  Q9M02  Koonap  Adelaide   1 245   1926  

28  R2M01  Buffalo  Pirie    29   1919  

29  U2M02  Mgeni   Inanda    3 949   1936  

30  W4R01  Pongo1o  Pongolopoort Dam  7 831   1929  

31  X1M01  Komati  Hooggenoeg   5 499   1909  

_________________________________________________________________ 

 

Table  2  Details of flow gauging stations used .in the analysis.  
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9. CORRELATION BETWEEN RIVER FLOW AND SUNSPOT NUMBERS  

 

Details of the gauging stations used in the analysis are scheduled in Table 2.  

 

Plots of the cumulative departures of the logarithms of the annual flows for each station, 

and the cumulative departures of the sunspot numbers are shown in Annexure l. The 

numbers in the brackets which follow are those of the station reference numbers which 

correspond to the numbers shown in Figure 3 and the diagrams in Annexure l.  

 

The gauging station on the Vaal River at Standerton (6) has been in operation since 1905 

and is one of the best, long flow record available. There is a clear correlation between river 

flow and sunspot activity, although there is an unexplained phase shift during the period 

centred around 1960.  

 

Vaal Dam (5) which is downstream of Standerton and has a much larger catchment shows 

the same correspondence with sunspot activity. The  years of the maxima of the cumulative 

departures of the two series are shown in Table 3.  
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 Maximum  Sunspots    Vaal River  

   Year Interval  Year  Interval  

            _________________________________________________ 

 Positive  1922    1922-23  

     11     10  

 Negative  1933    1932-33  

     9     12  

 Positive  1942    1944-45  

     11     9  

 Negative  1953    1953-54  

     11    7  

 Posi ti ve  1964    1960-61  

     12     12  

 Negative  1976    1972-73  

            ___________________________________________________ 

Table 3 Comparison of maxima of cumulative departures from mean values for the 

logarithm of the annual runoff of the Vaal River, and that of sunspot numbers.  

 

Both the regularity of the changes from above average to below average annual flow 

conditions in the Vaa1 River, and the correspondence that these changes show to changes 

in sunspot activity are too great to be the result of chance alone. The suddenness in the 

change from above average to below average flows is also stri king in both the raw data in 

Table 1, as well as in the graphs of the cumulative departures of the logarithms of the 

flows.  

 

One could postulate the following properties of the annual flows in the Vaal River at Vaal 

Dam, based on the above analysis.  

* Quasi-regular periods of above average and below average flows  

 having durations of between 7 and 12 years.  

* A fairly strong in-phase association between these periods and  

 sunspot numbers of the double sunspot cycle.  
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* Periodic mean flows associated with above and below average  

 flows as follows :(figures in millions of cubic metres per  

 annum)  

 

      Basis  

    Untransformed  Logarithms  

    data    of data  

                                                ____________________________ 

 Above average  2 820    2 510  

 Mean    2 050    1 580  

 Below average  1 340    1 070  

 

* The present period of above average flows will change suddenly  

 to below average flows starting somewhere between 1982 and 1988.  

 

While many of the rivers exhibit regular changes from above average to below average 

flow conditions which are roughly in phase with the double sunspot cycle, none of rivers 

examined has a stronger visual correlation than that of the Vaal River at Vaal Dam, and it 

is unlikely that analysis of their records could strengthen an analysis of the Vaal Dam 

record on its own.  

 

Hartebeestpoort Dam (1) and Olifants Nek Dam (2) have similar flow record 

characteristics to that at Vaal Dam (5). The two rivers feeding Hartebeestpoort Dam (3) 

and (4) show strong, opposing trends which may be due to urbanisation within their 

catchments.  

 

Stations (7) Mooi River and (8) Turffontein eye lie within the Far West Rand dolomitic 

area and have been influenced by the dewatering of the dolomitic compartments during 

mining activities. The periods prior to 1950 show almost straight line relationships which 

indicates that the underground storage volume is large enough to absorb the differences in 

annual flows.  
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The Harts River (9) shows minor oscillations prior to 1955 with a strong negative cycle 

thereafter which is the opposite of the strong positive cycle shown by the Orange River 

(17) during this period.  

 

Stations (10) and (11) are small dams which no evidence of strong  periodicity.  

 

The Menin Dam (12) has a very small catchment but nevertheless displays an in-phase 20-

year periodicity. It lies within the Vaal Dam catchment.  

 

The Wilge River at Frankfort (13) comprises nearly half the Vaal Dam catchment. It differs 

somewhat from its twin river the Vaal at Standerton (6) prior to 1940. The reasons for this 

are not clear.  

 

The Stormberg Spruit (14) in the North-Western Cape shows a significant  decrease in 

mean runoff since the 1950's which may be due to soil conservation measures (See 

comment on dams (24) to (26) below).  

 

The Caledon River at Jammersdrif (15) and the Orange River at Aliwal North (16) are the 

main feeders of the Hendrik Verwoerd Dam (17). These all display similar characteristics, 

having only small amplitude  changes prior to 1945 but a large amplitude in-phase cycle 

starting in 1950.  

 

The record of Steenbras Dam (18) is interesting in that it dates back to 1921 and it lies 

within the more than 20-year periodicity zone reported by Tyson et al. This is not evident 

in the diagrams which show a remarkably stable runoff despite the very small catchment. 

There is a vague similarity between this record and that of Verwoerd Dam (17).  

 

There is some slight visual evidence of 10 to 12 year periodicity in  stations (20) to (22) but 

it is doubtful whether this can be used for predictive purposes.  
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The next group of stations (23) to (27) lie within the Fish-Sundays  system of the Eastern 

Cape. They also lie within or close to Tyson  et al's 10 to 12 year periodicity zone. Again 

there is a slight visual confirmation of this. All these stations show a significant downward 

trend in runoff starting soon after 1950. There is little doubt that this is due to soil 

conservation activities in their catchments (see Whitmore and Reid 1975).  

 

The Koonap River (28) shows no evidence of significant periodicity. Nor does that of the 

Mgeni River (29).  

 

The Pongolo River (30) is strikingly similar to that of the Vaal River (5) and (6), and also 

shows an in-phase relationship with the double sunspot cycle.  

 

The recent construction of large dams within the Komati River catchment  (31) have 

influenced the annual flows, but the correspondence between this record and those of the 

Vaal (5) and Pongolo (30) Rivers is still discernable.  
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10. RESULTS OF VISUAL EXAMINATIONS  

 

For quantitative predictions to be possible, one or more of the following conditions would 

have to be met:–  

 

 1. A strong correlation between runoff and sunspot numbers, together  

 with the ability to predict future sunspot activity. While there  

 is some visual evidence of correlation between river flow and  

 sunspot numbers, both phase and amplitude differences are too  

 large for this relationship to be used for predictive purposes.  

 The phase and amplitude of the sunspot cycles themselves are not  

 accurately predicable which compounds the difficulty.  

 

 2. If the runoff records showed strong periodicity, then this could  

 be used on its own as a predictive tool. None of the stations  

 examined show clearly defined periodic changes that could be used  

 for extrapolation into the future. Hydrologists are generally  

 sceptical of the possibility of this method being used successfully.  

 

 3. Another route that could be followed would be to correlate runoff  

 (or precipitation) with other phenomena such as ocean temperature,  

 global atmospheric circulation etc (see Tyson 1977). However,  

 these large-scale phenomena should have widespread effects, which  

 in turn should be evident from close similarities of flow in  

 rivers covering a wide area. While there is some evidence of this,  

 the dissimilarities are probably too great to provide much prospect  

 of success.  
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11. CONCLUSIONS  

 

Hydrologists have been sceptical about the presence of real or quasi-periodic changes in 

river flow within the economic life of water resources projects. The effects of periodicity 

do not feature  in hydrological calculations undertaken by most water supply authorities in 

the world.  

 

This analysis shows that quasi-periodic changes in river flow do occur in most South 

African rivers, and that in the case of Vaal Dam the averages of periodic flows show 60% 

variations about the long term mean. While this periodicity is not strong enough to permit 

useful long term predictions of river flow, it is nevertheless important that  its presence 

should not be ignored.  

 

The estimate of the mean annual runoff is basic to most hydrological calculations. If 

periodicity is present, then the best estimate of the mean annual runoff of a river can not be 

assumed to be the average annual flow for the whole historical record. In this analysis a 

visual best estimate of the long term mean for most of the records analysed is that for the 

35 year period October 1941 to September 1975.  

 

Extra care must be taken when determining yields of dams based on the historical record, 

parti cularly the yields of dams which are likely to be brought into service near the 

beginning of a below average runoff  period.  

 

While it may be unwise to count on continued above average flows for the remaining 

portion of the present cycle, it would certainly be prudent to assume a swing to below 

average flows within the next four to eight years.  

 

 

 

---oOo--- 

 

 

 

27 



32   Appendix C    

  

REFERENCES  

 

ABBOTT, M.A. and DYER, T.G.J.: The temporal variation of rainfall  

 and runoff over the summer rainfall region of South Africa.  

 S.A. O'. Science, 72, 276-278.  

 

DYER, T.G.J. 1976 : Expected future rainfall over selected parts  

 of South Africa. S.A. J. Science, 72, 237-239.  

 

DYER, T.G.J. 1976 : On the components of time series; the removal  

 of spatial dependence. Quart J. Rop. Met. Soc., 102, 157-165.  

 

DYER, T.G.J. and TYSON, P.D. 1977 : Estimating above- and below-normal  

 rainfall periods over South Africa, 1972-2000. J. Appl. Met.,  

 16, 145-147.  

 

GRANGER, C.W.J. 1957: A statistical model for sunspot activity.  

 Astzophysical Jnl. Uol 126, 152-157.  

 

Report of the Commission of Enquiry into Water Natters. 1970. RP 34/1970  

 Govermnent Printer.  

 

RODRIGUEZ-ITURBE, I. 1967 : The application of cross-spectral analysis  

 to hydrologic time series. Colorado State University Hydrology  

 Paper No 24. Fort Collins, Colorado. U.S.A.  

 

RODRIGUEZ-ITURBE, I. and YEVJEVICH, V. 1968 : The investigation of  

 relationship between hydrologic time series and sunspot numbers.  

 Colorado State Universitp Hydrolopp Paper No 28. Fort Collins,  

 Colorado. U.S.A.  

 

 

 

 

28 



 Long range prediction model   33 

 

 

TYSON, P.D. 1970: Rainfall fluctuations over South Africa during  

 the period of meteorological records. Convention :Water for  

 the future, Pretoria.  

 

TYSON, P.D. 1977: The enigma of changing world climates. S.A.  

 Geog. J., 59, 77-116.  

 

TYSON, P.D., DYER, T.G.J. and MAMETSE, M.N. 1975 : Secular changes  

 in South African rainfall : 1880-1972. Quart. J. Roy. Met. Soc.,  

 101, 817-833.  

 

YEVJEVICH, V. 1972 : Stochastic processes in hydrology. Water  

 Resources Publications. Fort Collins, Colorado, U.S.A.  

 

WHITM0RE, J.S. and REID, P.C. : The influence of changing land use on  

 inflow into reservoirs. Proc. 12th Int. Conference on Large Dams.  

 Mexico. 1976.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29 



34   Appendix C    

  

 

 

 

 

 

 

ANNEXURE 1  

 

 Cumulative deviations of the logarithms annual flows from  

 mean values of selected South African rivers compared with  

 cumulative deviations of corresponding average annual sunspot  

 numbers. See Figure 3 and Table 2 for details.  
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An assessment of the likely consequences of global warming on 
the climate of South Africa 
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Floods, droughts and climate change 
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Reference: South African Journal of Science Vol. 91 August 1995, pp 403-408 

 

Note: Widespread, severe floods occurred three months after publication. There was 

extensive loss of life and damage to property. 
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Abstract 

The available water resources in South Africa are rapidly approaching the limits of 

economic exploitation. This is also the situation in many other countries in Africa and 

elsewhere. Climatologists have issued warnings that global warming will result in an 

increase in the frequency and severity of floods and droughts, and will pose threats to 

water supplies. They have not supplied any supporting information that could be used 

to quantify these threats. There is therefore an urgent need to develop quantifiable 

linkages between atmospheric processes and hydrometeorological responses. A large 

and comprehensive hydrometeorological database was assembled and studied. The 

results showed that there has been an increase in the rainfall over South Africa during 

the period of continuous records. This is in accordance with global warming 

scenarios. However, despite a diligent search, there was no evidence of changes in 

river flow, floods or threats to water supplies that could be attributable to global 

warming. A general climate prediction model was developed for South Africa based 

on statistically significant 21-year periodicity in hydrometeorological data, plus the 

presence of alternating sequences of above and below average conditions that have 

been recorded since biblical times. The model demonstrates that many of the 

anomalies in the hydrometeorological processes that were attributed to climate change 

are the consequence of regular, predictable, natural climate related fluctuations in 

these processes.  

Keywords: climate change, climate prediction, water resources. 

 

Introduction 

There is an urgent need in South Africa and elsewhere in the world to develop 

reliable, quantifiable linkages between atmospheric processes and 

hydrometeorological responses, especially rainfall, river flow, and floods. The reasons 

are two-fold. The situation has been reached in South Africa and in many other 

countries in Africa and the world where the limit of economic utilisation of available 

water resources has already been reached, or will be reached within the next decade.  

The second reason is the claim by climatologists and other scientists that human 

activity has accelerated global warming which, they claim, will result in increased 

variability in the hydrometeorological processes, specifically rainfall and river flow, 

which together pose a threat to water supplies (Intergovernmental Panel on Climate 

Change, 2001). While there have been a number of publications addressing the 

hydrological aspects of climate change (Paoli, 1994, Abu-Zeid et al, 1992, Fantechi et 

al, 1991 and Duplessy et al, 1990 for example), most if not all of them, start with the 
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assumption that climate change will have an adverse effect on the hydrological 

processes, without assessing the validity of the claims or quantifying the hydrological 

responses to the degree required by water resource planners. These claims will remain 

suspect until quantifiable linkages can be found between atmospheric processes and 

hydrometeorological responses. This is the purpose of the study reported in this 

presentation. The study took more than two years to complete. An ultra cautious 

approach was adopted in view of the high level international controversy that exists.  

The largest and most comprehensive hydrometeorological database yet assembled in 

South Africa was studied. It consists of 11 804 years of data from 183 sites and seven 

different hydrometeorological processes. Details are given in Table 1. 

 

Table 1.  Database used in the analyses 

Set Process Stations Years 

1 Water surface evaporation 20 1180 

2 Concurrent rainfall 20 1180 

3 District rainfall 93 7141 

4 River flow 28 1877 

5 Flood peak maxima 17 1235 

6 Groundwater 4 312 

7 Southern oscillation index 1 114 

 TOTAL 183 11 804 

 

The sites were selected on the basis of their geographical representativeness and long, 

reliable records. All except two of the records (southern oscillation index and 

Zambezi River flow) were extracted from official databases operated by the South 

African Weather Service (SAWS) and the Department of Water Affairs and Forestry 

(DWAF). Other than minor patching of missing data, the data were not smoothed, 

filtered or in any way manipulated before or during the analyses. 

Analytical procedure 

The international opinion as expressed in the Intergovernmental Panel on Climate 

Change (IPCC) documents is that global warming has been present for many decades 

and even centuries in some cases, and is increasing. This being so, the consequences 

should already be detectable in long hydrometeorological records, many of which 

exceed 70 years in length, and some observations extend back to the mid 1850’s. 

Standard statistical methodology is inherently incapable of detecting these trends as 

the forcing mechanisms are themselves variable. This gives rise to the situation where 

variable climate forcing mechanisms are operating on an already highly variable 

hydrometeorological response system.   

The first step was an analysis of the district rainfall records. The South African 

Weather Bureau, now SAWS divided South Africa into 93 rainfall districts, and 

published data for each district, (Weather Bureau, 1972). The analyses showed a 

sustained increase in the rainfall over South Africa during the 78-year period of record 

from October 1922 to September 2000. The mean annual rainfall over South Africa 
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increased from 497 mm to 543 mm during this period. The following is a summary of 

the changes. 

Decrease     8 districts 

Increase 1 to 19mm   6 districts 

Increase 20 to 70 mm  52 districts 

Increase greater than 70 mm 15 districts 

TOTAL   81 districts with complete records 

This increase was well substantiated by other analyses and is in accordance with IPCC 

projections. This is also similar in magnitude and direction to that observed by Gleick 

(2000), who reported that the average precipitation over the contiguous USA has 

increased by about 10% since 1910, and that the United States has, on average, 

warmed by two-thirds of a degree Celsius since 1900. This not only confirms the 

credibility of the methodology used here, but also demonstrates that a quantifiable 

linkage exists between global warming and the increase in rainfall over South Africa. 

The next issue was whether a similar linkage could be found between global warming, 

river flow, and flood peak maxima. This is inherently more difficult because of the 

large natural variability of the data. It is also complicated because river flow is 

increasingly being influenced by upstream withdrawals and catchment utilisation, 

particularly in the presence of high exploitation of the water resources. In an earlier 

presentation (Alexander 2002b) it was shown that the natural variability and 

complexity in the flood magnitude-frequency relationship was so high that the effects 

of climate change, if any, would be undetectable against the background of natural 

variability. Unlike rainfall where an increase was found, there was no detectable 

evidence of any changes in river flow and floods that could be ascribed to global 

warming.  

This conclusion was confirmed by analyses of historical data prior to the 

commencement of routine observations, which showed that a number of floods of the 

mid-1880’s exceeded any subsequent floods recorded at the same sites. Reports of 

historical floods at other sites show no progressive pattern that could be attributed to 

climate change. The observations and calculation methods were checked and found to 

be reliable. 

Alternating wet and dry sequences in rainfall and river flow 

The claim by climatologists and others that global warming will result in increasing 

threats to water supplies (IPCC, 2001) was investigated. This claim is based on the 

assumption that global warming will result in an increase in the variability of river 

flow. Both climatologists and hydrologists have difficulties in testing the validity of 

this conclusion. Climatologists have not been able to provide any numerical 

quantification to support their views, and without this quantification hydrologists are 

unable to evaluate its validity or importance. 

Once again, there is an urgent need to provide a numerical linkage between multiyear 

atmospheric processes and hydrometeorological responses. The magnitude-frequency 

relationship of annual rainfall, river flow and flood peaks is two dimensional, but 

droughts that pose a threat to water supplies have another two dimensions – area and 

duration. The rainfall depth-area-duration-frequency relationship cannot be 

determined theoretically. (Alexander 2001). In this presentation the dimension of area 
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is omitted from further consideration as the emphasis is on South Africa as a whole. 

Another reason is that current global climate models (GCMs) do not have a sufficient 

spatial resolution to allow comparative areal analyses. 

The most important characteristic of a drought is its duration. This involves a study of 

annual sequences of below average rainfall in the case of agricultural droughts or 

below average river flow in the case of water supply droughts. The principles are the 

same. Use is made of the terms wet and dry sequences to cover both rainfall and river 

flow. 

There are many examples in the literature of the presence of unnatural (in the 

statistical sense) groupings of annual wet and dry sequences. The earliest is the 

biblical reference to Joseph’s interpretation of the Pharaoh’s dream. Behold, there 

came seven years of great plenty throughout the land of Egypt – and there shall arise 

after them seven years of famine. (Genesis, 41, 29-30.) The most likely date for 

Joseph’s presence in Egypt was between 1720 and 1570 BC. (Douglas et al 1977). 

Biswas (1970) reported that nilometers were used to record the fluctuation of the 

flows in the Nile River from about 3000 BC, so Joseph was almost certainly aware of 

the alternating sequences of wet and dry years when he interpreted the Pharaoh’s 

dream. 

In 641 AD - more than a 1000 years ago – a permanent water level gauging structure 

was built on Rodda Island in the Nile River at Cairo. The record from the Rodda 

Nilometer is the longest available hydrological record. In 1950 the civil engineer RE 

Hurst analysed 1080 years of data recorded during the period 641 AD to 1946 AD, in 

order to determine the required storage capacity of the proposed new Aswan High 

Dam. (Hurst, 1950). He found an unexplained anomaly in the data. He then analysed 

other long geophysical records, where he found the same anomaly. These were 

sediment deposits in lakes (2000 years), river flow (1080 years), tree rings (900 

years), temperature (175 years), rainfall (121 years), sunspots and wheat prices. His 

analyses created a great deal of interest, as this anomaly has an appreciable adverse 

effect on the availability of water supplies from storage dams. Although the cause of 

the anomalies was obviously related to climatic fluctuations the linkage was not 

explored. 

Other examples are quoted in a separate paper that deals with the hydrological aspects 

of these wet and dry sequences and their effect on water resource development and 

management. 

Periodicity 

Another and possibly even more important climate-related property of the 

hydrometeorological processes is the presence of statistically significant 21-year 

periodicity in rainfall, river flow and flood peak maxima. The periodicity is non-

cyclical in the trigonometrical sense, and the usage here follows the dictionary 

definition of observations that occur at regular intervals.  

A serious drought was experienced over a large area of South Africa during the early 

1970s. This resulted in the unexpected imposition of water restrictions. The problem 

was identified as a deficiency in the methodology used to characterise the sequential 

properties of annual river flow. The drought was broken by a series of severe floods 

later in the decade. Subsequent analyses by Alexander (1978) identified the presence 

of 20-year (later 21-year) periodicity in the data which was characterised by 

sequences of well below river flow that were followed by sequences of high river 
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flow and floods. Analyses in subsequent years confirmed the periodicity which 

reached the 95% level of statistical significance in a number of rivers. 

This knowledge was used to develop the first version of the prediction model 

described in this paper. There was another bout of severe droughts during the early 

1990s, 20 years after the droughts of the 1970s. My paper titled Floods, droughts and 

climate change was submitted in 1993 and published in August 1995 (Alexander, 

1995b) in which it was predicted that the drought would be broken by severe, 

widespread floods within two years of 1993. Some of the worst floods on record in 

Southern Africa were experienced from November 1995 onwards. In December 157 

lives were lost in an informal settlement outside Pietermaritzburg. This is the highest 

loss of life in an urban area in South Africa. Other related studies are reported in 

Alexander 1990,1994, 1995a, 1997, 1999, 2002a, 2002b and 2004). 

The studies reported in this paper showed that this periodicity is also present in annual 

rainfall and flood peak maxima. The presence of the periodicity is summarised in 

Table 2. The records were too short at some sites for any conclusions to be drawn. 

    

Table 2. Presence of 21-year periodicity in hydrometeorological data 

Process Nr 

of 

sites 

Record 

years 

Periodicity 

95% Present None Not 

determinable 

Evaporation 20 1180 0 0 20 0 

Rainfall 93 7 141 18 67 8 0 

River flow 28 1 877 7 12 5 4 

Flood peak 

maxima 

17 1 235 4 7 2 4 

 

There is also very strong evidence of a periodic pattern of prolonged droughts 

suddenly being broken by one or more years of abnormally high runoff. The years 

when these sudden reversals occurred were readily identified in the cumulative 

departure plots of all the data sets, other than open water surface evaporation where 

no periodicity was apparent. 

 

Table 3.  Hydrological and meteorological records that exhibit sudden reversals 

within one or two years of 1912, 1933, 1954, 1974 and 1995 

Process Number 

of 

stations 

Number of 

years 

Number of 

stations 

where 

reversals are 

present 

Number of these 

reversals that are 

statistically 

significant at the 

95% level 

Open water 

surface 

evaporation 

20 1 180 0 0 

District rainfall 93 7 141 56 18 

River flow 28 1 877 22 7 

Flood peak 17 1 235 14 4 
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maxima 

Groundwater 

levels 

4 312 2 1 

 

As the degree of statistical significance is dependent on both the length of the record 

and the magnitude and nature of the variability about the mean, the periodicity is 

probably present in more sites, but has not yet reached the level of statistical 

significance. 

 Findings of other researchers 

South African climatologists were active during the period from 1970 through to 1987 

when Tyson devoted a chapter in his book Climatic change and variability in 

southern Africa (Tyson 1987) to the period of meteorological record, in which he 

dealt with the occurrence of wet and dry sequences in some detail.  

Tyson noted that notwithstanding possible doubts that may attach to the statistical 

significance of a quasi-18 year oscillation, evidence to support its physical reality was 

considerable in South Africa and in other countries. He provided details. He noted that 

the 11-year solar cycle was mentioned in the literature but he did not discuss it 

further. 

In 2000 Bredenkamp published  A critical evaluation of groundwater monitoring in 

water resources evaluation and management. (Bredenkamp 2000). This 

comprehensive report has a section on groundwater and climate fluctuations. He used 

the cumulative departure method as his principal tool, for which he developed a 

mathematical relationship. 

He demonstrated the presence of wet and dry sequences from 1919 through to 1992 

based on water level observations at Lake Mzingazi; discharge from the Uitenhage 

springs corrected for abstractions; water levels at Lake St Lucia; and groundwater 

levels at the Wondergat sinkhole in a large dolomitic formation. These all had high 

storage/input ratios that smooth out the short-term fluctuations.  

Amalgamation of conclusions by Alexander, Bredenkamp and 
Tyson 

it was now possible to combine the observations by Tyson, Bredenkamp and 

Alexander in one table and relate the results to the grouping of wet and dry sequences 

and the observed periodicity. 

The existence of regular, predictable climate reversals, where severe floods break 

sequences of drought years is beyond doubt. Their occurrence can be predicted with a 

high degree of accuracy. (Alexander 1995b). Similar concurrent characteristics are 

present in many rainfall, river flow and flood maxima series. 

The periodic sequences were amalgamated and then analysed. For each process, data 

for each station were sequentially numbered from 1 to 21 starting with the year in 

which the reversals occurred, i.e. starting in 1912, 1933, 1954, 1974 and 1995. These 

sequence numbers are shown in the third column of Table 4.  

Table 4 is a combination of the independent observations by Tyson, Bredenkamp and 

Alexander, each using different processes and different analytical methodologies. 
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Begin with the right-hand column of the table. This shows the years in which the 

reversals occurred based on these studies. 

 

Table 4. Wet and dry sequences 

Years Wet/dry Periodic 

sequence 

number 

Length of sequence Reversals 

(Alexander) Wet Dry 

Bredenkamp:   Mzimgazi + St Lucia + Uitenhage + Wondergat  

1919-24 Wet 08 to 13 5   

25-29 Dry 14 to 18  4 1933 

30-39  Wet 19 to 07 9   

41-53 Dry 09 to 21  12 1954 

55-62 Wet 02 to 09 7   

65-71 Dry 12 to 18  6 1974 

72-78 Wet 19 to 05 6   

80-83 Dry 07 to 10  3  

84-90 Wet 11 to 19 6  1995 

Tyson: South African rainfall 

1905-15 Dry 15 to 04  10 1912 

16-24 Wet 05 to 13 8   

25-32 Dry 14 to 21  7 1933 

33-43 Wet 01 to 11 10   

44-52 Dry 12 to 20  8 1954 

53-61 Wet 21 to 08 8   

62-70 Dry 09 to 17  8 1974 

71-80 Wet 18 to 07 9   

 

The fourth and fifth columns show the alternating wet and dry sequences. Note how 

the periods between the reversals each consist of a wet sequence followed by a dry 

sequence. There is also a good correspondence between the dates of the sequences 

reported by Bredenkamp and Tyson in the first column, as well as between the first 

and last columns considering the different data sets and methodologies used by the 

two authors. These are well within the range of achievable accuracy in most 

hydrometeorological estimates. 

Compare the lengths of the sequences in the fourth and fifth columns with the biblical 

seven years of plenty followed by seven years of famine. 

Many of the anomalies in the hydrometeorological processes that have been attributed 

to climate change are the consequence of regular, predictable, climate related changes 

in these processes identified in Table 4.  
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The development of the climate prediction model 

All processes in the natural atmospheric, oceanic and terrestrial environments have a 

mixture of deterministic and probabilistic components, and as a result all predictions 

have a margin of uncertainty about them. In the absence of any other information, the 

best estimate of future annual values is the record mean, or the median where the data 

are asymmetrically distributed about the mean. A basic issue in water resource 

planning is whether the mean is sufficiently stable for this assumption to hold during 

the lifetime of the project.  

The regular grouping of alternate sequences of wet and dry years and its linkage with 

the 21-year periodicity is beyond doubt. The next issue was the determination of the 

shape of these deviations from the record mean values. More than 100 years ago 

Hutchins (1889) wrote: ‘The yellow line rising steeply to a maximum and then falling 

away gradually to a minimum is the sunspot curve - a curve which ought to be graven 

on the mind of every man and woman in South Africa.’  

An important characteristic of the periodicity is that the most extreme conditions 

occur at the beginning of the periods (floods) and at the end of the periods (droughts) 

with sudden reversals from droughts to floods at the end of the periods. 

At this stage it must be emphasised that statistical significance tests are very poor 

exploratory tools in this situation and that the results of their application can be 

misleading. The emphasis had to continue to be on simple arithmetic and graphical 

analyses of the raw data. A new data set was compiled from geographically 

representative sites that were selected for each of the four principal 

hydrometeorological processes based on visual analyses of the original graphical 

presentations. The resultant data set consisted of open water surface evaporation (20 

stations, 1176 years); district rainfall (13 districts, 1014 years); river flow (14 stations, 

1035 years); and annual flood peak maxima (11 stations, 881 years). In all, time series 

data for 58 stations were analysed totalling 3106 years of data.  

The analyses for each process were carried out separately. For a particular process, the 

mean values for each station were determined and all the annual values were 

expressed as percentages of the record mean for the station. This was repeated for the 

other stations.   

Thereafter, the percentage values for each station were sequentially numbered starting 

with the climate reversals that occurred in 1912, 1933, 1954, 1974 and 1995. For 

example, all observations that were made in 1950 were associated with the eighteenth 

sequence that started in 1933, and were grouped together with the eighteenth 

sequences in the other periods and stations. This provided 21 combined data 

sequences. These were the prediction model parameters. 

Additional statistical analyses were carried out to determine the distribution 

parameters for three different statistical distribution functions. These were the 

conventional moments for the normal and log-Pearson type 3 distributions, and the 

probability weighted moments for the generalized extreme value distribution. They 

can be used to develop synthetic sequences using Monte Carlo procedures. Details are 

provided in a separate paper.   

Conventional box plots can be constructed from the information in Tables 5, 6 and 7. 

They will provide a visual interpretation that is more illustrative than the numerical 

information in the tables. 
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These models were one of the end results of two years of intensive study of the largest 

and most comprehensive hydrometeorological data set yet assembled in South Africa.   

 

Table 5.  Regional prediction model parameters for South African rainfall in 

the summer rainfall region expressed as percentages of the mean annual 

rainfall 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 71 97 117 140 189 118 

2 1996 66 111 128 146 277 131 

3 1997 49 82 100 132 173 103 

4 1998 48 73 90 108 149 91 

5 1999 61 80 92 104 146 92 

6 2000 37 66 99 127 150 96 

7 2001 70 102 128 154 268 130 

8 2002 47 70 81 110 179 89 

9 2003 34 76 84 102 150 88 

10 2004 41 74 91 107 150 91 

11 2005 46 82 99 116 150 98 

12 2006 31 66 78 97 173 85 

13 2007 41 92 103 127 191 109 

14 2008 25 59 73 87 143 75 

15 2009 25 74 89 104 140 87 

16 2010 27 66 84 101 137 82 

17 2011 51 86 101 114 165 102 

18 2012 46 70 88 105 151 90 

19 2013 60 77 87 96 130 87 

20 2014 51 86 113 127 295 114 

21 2015 29 72 92 123 194 99 

1 2016 (Next reversal) 

 

 

  

Table 6.  Regional prediction model parameters for South African rivers in 

the summer rainfall region expressed as percentages of the mean annual river 

flow 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 19 83 135 282 1351 218 
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2 1996 3 81 127 225 423 147 

3 1997 2 70 136 221 490 150 

4 1998 6 61 81 117 593 120 

5 1999 3 63 99 204 1181 157 

6 2000 14 72 100 160 668 124 

7 2001 11 40 75 91 224 77 

8 2002 6 42 65 104 421 75 

9 2003 5 44 82 163 756 111 

10 2004 12 52 90 193 645 138 

11 2005 13 37 54 82 239 65 

12 2006 18  70 124 196 565 138 

13 2007 9 41 61 88 470 87 

14 2008 3 54 74 131 501 98 

15 2009 9 28 57 81 170 63 

16 2010 3 61 86 129 353 102 

17 2011 11 51 96 123 279 95 

18 2012 2 27 52 83 217 59 

19 2013 6 57 92 161 445 115 

20 2014 9 30 62 140 562 118 

21 2015 20 99 155 229 892 201 

1 2016 (Next reversal) 

 

 

 

 

Table 7.  Regional prediction model parameters for South African flood peak 

maxima expressed as percentages of the mean annual values 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 5 64 96 280 1148 266 

2 1996 9 59 103 210 1463 182 

3 1997 1 54 86 272 945 176 

4 1998 1 54 84 150 1027 183 

5 1999 3 48 68 222 621 130 

6 2000 6 42 100 135 499 110 

7 2001 4 31 61 97 241 75 

8 2002 3 30 63 117 551 99 

9 2003 2 30 61 148 780 139 
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10 2004 1 52 99 231 905 178 

11 2005 1 35 61 102 335 77 

12 2006 1 41 106 254 731 146 

13 2007 6 28 52 132 337 85 

14 2008 2 31 56 126 269 78 

15 2009 1 38 63 125 539 103 

16 2010 1 34 82 130 432 101 

17 2011 1 28 60 157 890 124 

18 2012 2 25 45 97 602 83 

19 2013 1 37 101 167 465 130 

20 2014 1 31 56 132 928 121 

21 2015 17 79 148 244 499 171 

1 2016 (Next reversal) 

 

Interpretation 

If the concern is agricultural droughts, then running means with durations of two to 

four years are more instructive than the annual values in isolation. Durations in the 

range from three to seven years will be more instructive in the case of hydrological 

droughts. The individual years should therefore be considered in relation to previous 

and successive years and not in isolation.  

Table 6 is used as an example for the interpretation of the models. It is a regional 

general river flow prediction model based on the analyses of a number of 

geographically representative gauging sites within the summer rainfall region of 

South Africa. It can be applied with caution at specific sites or river catchments for 

planning purposes, but not for specific predictions. It is a considerable improvement 

on current water resource planning models and the non-existent long range climate 

prediction models.  

The median values are the most likely values for each sequence. The predicted values 

have a fairly wide range of variability about the median values. Roughly 50% of the 

expected values for a particular year will lie within the upper and lower quartile 

values (q3 - q1) in the table, and there is a 50% likelihood of the values being outside 

this range (25% above and 25% below). The minimum values are also of interest as 

they show that exceptionally low values have been observed during all sequences. 

The severity of a drought increases rapidly with its duration. Soil moisture varies with 

rainfall. At the commencement of a drought the soil moisture becomes progressively 

depleted and vegetation and crops come under increasing stress. Eventually, rivers 

stop flowing. It requires above average rainfall to restore the soil moisture levels 

before surface runoff and river flow can recommence. 

It is also important to appreciate that over most of South Africa the dam capacities are 

well in excess of the mean annual river flow. Consequently, as the volumes in storage 

are depleted, it will require inflows of well in excess of the mean annual river flow to 

replenish the storage while at the same time continuing to meet the demand from 
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them. However, the average of the maximum observed values for the first ten years of 

the model is 675% of the record mean values, while the corresponding average for the 

following ten years is only 380% of the record mean values. This results in the 

observed wet and dry sequences and has serious consequences. Not only are the river 

flows appreciably less during the latter half of the period, but the higher flows 

required to reduce the effect of the drought and to fill the dams are also less than 

during the earlier half of the period.  

Table 6 should be interpreted with these factors in mind. 

The period begins with the reversal associated with the floods that broke the previous 

drought. This occurred during the hydrological year beginning October 1995. During 

the first six years of the sequence (1995 to 2000) the median values exceed or are 

close to the record mean values shown in the right-hand column of the table. 

Countywide floods can be expected during this period and dam storages will be in a 

healthy state.  

The possibility of droughts increases dramatically during the following five years 

(2001 to 2005). River flows are likely to be well below the record mean values and 

droughts are increasingly likely. Dam storages will decrease and the threat of water 

restrictions will increase.  

However, there is an increasing probability of higher river flows that mark the end of 

the first half-period and its probable relationship with increased solar activity. It lasts 

through to the twelfth year (2007) when some relief can be expected. This is the first 

half of the double sunspot cycle that has long been observed. It confirms Hutchins’ 

100-year old predictions.  

The next half-period is that associated with the famines observed in ancient Egypt and 

reported in India during the 1800s. The subsequent seven-year period (note the 

similarity with the biblical seven years) starting with the thirteenth year (2008) 

through to the twentieth year (2015) will be critical for the water supply situation in 

South Africa with frequent years of well below average flows, and steadily decreasing 

high inflows to compensate for them. The imposition of water restrictions over large 

parts of South Africa will be almost inevitable. The next reversal is due within a year 

or two of 2016. 

Confirmation 

During 1993 I submitted my paper Floods, droughts and climate change to the SA 

Journal of Science. In it I stated that ‘The acid test that will demonstrate whether or 

not the 20-year periodicity continues is at hand. If the drought is broken by 

widespread rainfall during the next two years it will surely be conclusive’. The paper 

was published in August 1995. (Alexander 1995b). Four months after publication, 

severe floods occurred over a wide area of southern Africa. Hundreds of lives were 

lost and the drought was broken.  

The high rainfalls continued and the widespread 1999-2000 regional floods caused 

considerable damage and loss of life including the severe floods in Mozambique. 

Although these floods were at their maximum during January and February 2000, the 

maximum countrywide monthly rainfall occurred during the previous month. It was 

the widespread earlier rains that saturated the soils and filled the rivers. 

Serious droughts over southern Africa commenced during the summer of 2001-2002, 

the seventh year of the sequence. In the present hydrological year beginning October 
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2003 we are in the ninth year of the sequence and third successive year of below 

normal flows. The position in the central interior of South Africa has improved 

somewhat, but drought relief measures are still in place in Botswana and will continue 

until June 2005 at least. Water restrictions have been imposed in the Knysna-

Plettenberg Bay area and there is the threat of a serious situation developing 

elsewhere in the southern and western Cape.  

Reliability of the predictions 

The situation in South Africa for the first nine years after the 1995 reversal was in 

accordance with the climate prediction model, which lends strong support to the 

validity of the model.  

This periodicity and its association with wet and dry sequences is extremely important 

for all those who maintain that global warming will result in increased variability in 

the hydrological process – specifically floods, droughts and water supplies. If they are 

to provide convincing arguments they will first of all have to produce an accurate, 

numerical description of the present position. Once they have done this, they will have 

to demonstrate (not postulate) how global warming will change the alternating wet 

and dry sequences; the associated periodic properties; and the drought and flood 

severities. Simple statements that global warming will increase the variability in the 

hydrological processes, and consequently the magnitude and frequency of floods and 

droughts, are unacceptably naïve.  

The periodicity and the alternating wet and dry sequences are also very important 

characteristics for those responsible for the planning and operation of major water 

supply projects. The current approach of assuming random variations about a near-

constant mean and the omission of regular, non-random, alternating sequences of wet 

and dry years is equally unrealistic. 

Conclusions 

This study demonstrates the increase in rainfall over South Africa during the past 78 

years at least, and its probable relationship with global warming. Despite a diligent 

examination of a very large and comprehensive hydrometeorological database, no 

evidence could be found to support the claims that climate change will result in an 

increase in the frequency and magnitude of floods and droughts, or pose a threat to 

water supplies. 

The study shows the presence of a statistically significant 21-year periodicity in 

rainfall, river flow and flood peak maxima. The periodicity is predictable and is 

characterised by severe droughts being broken by sudden widespread floods. The 

periodicity is associated with alternating sequences of wet and dry periods that have 

been reported since biblical times. These soundly based observations are the basis of a 

general climate prediction model. The model demonstrates that previously assumed 

climate change-related groupings of years with unusually high or low characteristics 

are not the result of climate change but are natural sequences.    

Perhaps most importantly, the general climate prediction model for South Africa can 

be built on by others to produce a more refined model in future, as well as a better 

numerical understanding of the linkage between atmospheric processes and 

hydrometeorological responses.   
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Suggested further studies 

The periodic perturbations in the rainfall and river flow are related to solar activity – a 

fact that was demonstrated by Hutchins and many others more than 100 years ago. 

There is a lot of evidence that can be extracted from the vast amount of 

hydrometeorological data that can be used to provide linkages between solar activity, 

climatic and oceanic processes, and hydrological and meteorological responses. The 

following are some suggestions for further studies. 

What is the cause of the 21-year periodicity? Is it related directly to perturbations in 

solar activity, or is it a result of processes involved in the poleward transfer of solar 

energy, which is greatest in the low latitudes in which South Africa is located? 

What is the process that results in observation that the annual rainfall and river flow 

magnitudes rise steeply to a maximum and then fall away gradually to a minimum as 

noted by Hutchins more than a century ago (Hutchins 1889), and confirmed by these 

analyses? 

What is the process that results in the sudden reversals from droughts to floods? It is 

obviously an instability phenomenon but what are the causes and triggering 

mechanisms? 

What is the linkage between the findings reported here and the El Niño phenomenon? 

This is very important as it will then enable forecasters to extend the range of their 

forecasts from the present to well into the future. 

There are many questions that remain unanswered. 
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Abstract 

The available water resources in South Africa are rapidly approaching the limits of 

economic exploitation. This is also the situation in many other countries in Africa and 

elsewhere. Climatologists have issued warnings that global warming will result in an 

increase in the frequency and severity of floods and droughts, and will pose threats to 

water supplies. They have not supplied any supporting information that could be used 

to quantify these threats. There is therefore an urgent need to develop quantifiable 

linkages between atmospheric processes and hydrometeorological responses. A large 

and comprehensive hydrometeorological database was assembled and studied. The 

results showed that there has been an increase in the rainfall over South Africa during 

the period of continuous records. This is in accordance with global warming 

scenarios. However, despite a diligent search, there was no evidence of changes in 

river flow, floods or threats to water supplies that could be attributable to global 

warming. A general climate prediction model was developed for South Africa based 

on statistically significant 21-year periodicity in hydrometeorological data, plus the 

presence of alternating sequences of above and below average conditions that have 

been recorded since biblical times. The model demonstrates that many of the 

anomalies in the hydrometeorological processes that were attributed to climate change 

are the consequence of regular, predictable, natural climate related fluctuations in 

these processes.  

Keywords: climate change, climate prediction, water resources. 

 

Introduction 

There is an urgent need in South Africa and elsewhere in the world to develop 

reliable, quantifiable linkages between atmospheric processes and 

hydrometeorological responses, especially rainfall, river flow, and floods. The reasons 

are two-fold. The situation has been reached in South Africa and in many other 

countries in Africa and the world where the limit of economic utilisation of available 

water resources has already been reached, or will be reached within the next decade.  

The second reason is the claim by climatologists and other scientists that human 

activity has accelerated global warming which, they claim, will result in increased 

variability in the hydrometeorological processes, specifically rainfall and river flow, 

which together pose a threat to water supplies (Intergovernmental Panel on Climate 

Change, 2001). While there have been a number of publications addressing the 

hydrological aspects of climate change (Paoli, 1994, Abu-Zeid et al, 1992, Fantechi et 

al, 1991 and Duplessy et al, 1990 for example), most if not all of them, start with the 
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assumption that climate change will have an adverse effect on the hydrological 

processes, without assessing the validity of the claims or quantifying the hydrological 

responses to the degree required by water resource planners. These claims will remain 

suspect until quantifiable linkages can be found between atmospheric processes and 

hydrometeorological responses. This is the purpose of the study reported in this 

presentation. The study took more than two years to complete. An ultra cautious 

approach was adopted in view of the high level international controversy that exists.  

The largest and most comprehensive hydrometeorological database yet assembled in 

South Africa was studied. It consists of 11 804 years of data from 183 sites and seven 

different hydrometeorological processes. Details are given in Table 1. 

 

Table 1.  Database used in the analyses 

Set Process Stations Years 

1 Water surface evaporation 20 1180 

2 Concurrent rainfall 20 1180 

3 District rainfall 93 7141 

4 River flow 28 1877 

5 Flood peak maxima 17 1235 

6 Groundwater 4 312 

7 Southern oscillation index 1 114 

 TOTAL 183 11 804 

 

The sites were selected on the basis of their geographical representativeness and long, 

reliable records. All except two of the records (southern oscillation index and 

Zambezi River flow) were extracted from official databases operated by the South 

African Weather Service (SAWS) and the Department of Water Affairs and Forestry 

(DWAF). Other than minor patching of missing data, the data were not smoothed, 

filtered or in any way manipulated before or during the analyses. 

Analytical procedure 

The international opinion as expressed in the Intergovernmental Panel on Climate 

Change (IPCC) documents is that global warming has been present for many decades 

and even centuries in some cases, and is increasing. This being so, the consequences 

should already be detectable in long hydrometeorological records, many of which 

exceed 70 years in length, and some observations extend back to the mid 1850’s. 

Standard statistical methodology is inherently incapable of detecting these trends as 

the forcing mechanisms are themselves variable. This gives rise to the situation where 

variable climate forcing mechanisms are operating on an already highly variable 

hydrometeorological response system.   

The first step was an analysis of the district rainfall records. The South African 

Weather Bureau, now SAWS divided South Africa into 93 rainfall districts, and 

published data for each district, (Weather Bureau, 1972). The analyses showed a 

sustained increase in the rainfall over South Africa during the 78-year period of 

record from October 1922 to September 2000. The mean annual rainfall over South 
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Africa increased from 497 mm to 543 mm during this period. The following is a 

summary of the changes. 

Decrease     8 districts 

Increase 1 to 19mm   6 districts 

Increase 20 to 70 mm  52 districts 

Increase greater than 70 mm 15 districts 

TOTAL   81 districts with complete records 

This increase was well substantiated by other analyses and is in accordance with 

IPCC projections. This is also similar in magnitude and direction to that observed by 

Gleick (2000), who reported that the average precipitation over the contiguous USA 

has increased by about 10% since 1910, and that the United States has, on average, 

warmed by two-thirds of a degree Celsius since 1900. This not only confirms the 

credibility of the methodology used here, but also demonstrates that a quantifiable 

linkage exists between global warming and the increase in rainfall over South Africa. 

The next issue was whether a similar linkage could be found between global warming, 

river flow, and flood peak maxima. This is inherently more difficult because of the 

large natural variability of the data. It is also complicated because river flow is 

increasingly being influenced by upstream withdrawals and catchment utilisation, 

particularly in the presence of high exploitation of the water resources. In an earlier 

presentation (Alexander 2002b) it was shown that the natural variability and 

complexity in the flood magnitude-frequency relationship was so high that the effects 

of climate change, if any, would be undetectable against the background of natural 

variability. Unlike rainfall where an increase was found, there was no detectable 

evidence of any changes in river flow and floods that could be ascribed to global 

warming.  

This conclusion was confirmed by analyses of historical data prior to the 

commencement of routine observations, which showed that a number of floods of the 

mid-1880’s exceeded any subsequent floods recorded at the same sites. Reports of 

historical floods at other sites show no progressive pattern that could be attributed to 

climate change. The observations and calculation methods were checked and found to 

be reliable. 

Alternating wet and dry sequences in rainfall and river flow 

The claim by climatologists and others that global warming will result in increasing 

threats to water supplies (IPCC, 2001) was investigated. This claim is based on the 

assumption that global warming will result in an increase in the variability of river 

flow. Both climatologists and hydrologists have difficulties in testing the validity of 

this conclusion. Climatologists have not been able to provide any numerical 

quantification to support their views, and without this quantification hydrologists are 

unable to evaluate its validity or importance. 

Once again, there is an urgent need to provide a numerical linkage between multiyear 

atmospheric processes and hydrometeorological responses. The magnitude-frequency 

relationship of annual rainfall, river flow and flood peaks is two dimensional, but 

droughts that pose a threat to water supplies have another two dimensions – area and 

duration. The rainfall depth-area-duration-frequency relationship cannot be 

determined theoretically. (Alexander 2001). In this presentation the dimension of area 
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is omitted from further consideration as the emphasis is on South Africa as a whole. 

Another reason is that current global climate models (GCMs) do not have a sufficient 

spatial resolution to allow comparative areal analyses. 

The most important characteristic of a drought is its duration. This involves a study of 

annual sequences of below average rainfall in the case of agricultural droughts or 

below average river flow in the case of water supply droughts. The principles are the 

same. Use is made of the terms wet and dry sequences to cover both rainfall and river 

flow. 

There are many examples in the literature of the presence of unnatural (in the 

statistical sense) groupings of annual wet and dry sequences. The earliest is the 

biblical reference to Joseph’s interpretation of the Pharaoh’s dream. Behold, there 

came seven years of great plenty throughout the land of Egypt – and there shall arise 

after them seven years of famine. (Genesis, 41, 29-30.) The most likely date for 

Joseph’s presence in Egypt was between 1720 and 1570 BC. (Douglas et al 1977). 

Biswas (1970) reported that nilometers were used to record the fluctuation of the 

flows in the Nile River from about 3000 BC, so Joseph was almost certainly aware of 

the alternating sequences of wet and dry years when he interpreted the Pharaoh’s 

dream. 

In 641 AD - more than a 1000 years ago – a permanent water level gauging structure 

was built on Rodda Island in the Nile River at Cairo. The record from the Rodda 

Nilometer is the longest available hydrological record. In 1950 the civil engineer RE 

Hurst analysed 1080 years of data recorded during the period 641 AD to 1946 AD, in 

order to determine the required storage capacity of the proposed new Aswan High 

Dam. (Hurst, 1950). He found an unexplained anomaly in the data. He then analysed 

other long geophysical records, where he found the same anomaly. These were 

sediment deposits in lakes (2000 years), river flow (1080 years), tree rings (900 

years), temperature (175 years), rainfall (121 years), sunspots and wheat prices. His 

analyses created a great deal of interest, as this anomaly has an appreciable adverse 

effect on the availability of water supplies from storage dams. Although the cause of 

the anomalies was obviously related to climatic fluctuations the linkage was not 

explored. 

Other examples are quoted in a separate paper that deals with the hydrological aspects 

of these wet and dry sequences and their effect on water resource development and 

management. 

Periodicity 

Another and possibly even more important climate-related property of the 

hydrometeorological processes is the presence of statistically significant 21-year 

periodicity in rainfall, river flow and flood peak maxima. The periodicity is non-

cyclical in the trigonometrical sense, and the usage here follows the dictionary 

definition of observations that occur at regular intervals.  

A serious drought was experienced over a large area of South Africa during the early 

1970s. This resulted in the unexpected imposition of water restrictions. The problem 

was identified as a deficiency in the methodology used to characterise the sequential 

properties of annual river flow. The drought was broken by a series of severe floods 

later in the decade. Subsequent analyses by Alexander (1978) identified the presence 

of 20-year (later 21-year) periodicity in the data which was characterised by 

sequences of well below river flow that were followed by sequences of high river 
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flow and floods. Analyses in subsequent years confirmed the periodicity which 

reached the 95% level of statistical significance in a number of rivers. 

This knowledge was used to develop the first version of the prediction model 

described in this paper. There was another bout of severe droughts during the early 

1990s, 20 years after the droughts of the 1970s. My paper titled Floods, droughts and 

climate change was submitted in 1993 and published in August 1995 (Alexander, 

1995b) in which it was predicted that the drought would be broken by severe, 

widespread floods within two years of 1993. Some of the worst floods on record in 

Southern Africa were experienced from November 1995 onwards. In December 157 

lives were lost in an informal settlement outside Pietermaritzburg. This is the highest 

loss of life in an urban area in South Africa. Other related studies are reported in 

Alexander 1990,1994, 1995a, 1997, 1999, 2002a, 2002b and 2004). 

The studies reported in this paper showed that this periodicity is also present in annual 

rainfall and flood peak maxima. The presence of the periodicity is summarised in 

Table 2. The records were too short at some sites for any conclusions to be drawn. 

    

Table 2. Presence of 21-year periodicity in hydrometeorological data 

Process Nr 

of 

sites 

Record 

years 

Periodicity 

95% Present None Not 

determinable 

Evaporation 20 1180 0 0 20 0 

Rainfall 93 7 141 18 67 8 0 

River flow 28 1 877 7 12 5 4 

Flood peak 

maxima 

17 1 235 4 7 2 4 

 

There is also very strong evidence of a periodic pattern of prolonged droughts 

suddenly being broken by one or more years of abnormally high runoff. The years 

when these sudden reversals occurred were readily identified in the cumulative 

departure plots of all the data sets, other than open water surface evaporation where 

no periodicity was apparent. 

 

Table 3.  Hydrological and meteorological records that exhibit sudden reversals 

within one or two years of 1912, 1933, 1954, 1974 and 1995 

Process Number 

of 

stations 

Number of 

years 

Number of 

stations 

where 

reversals are 

present 

Number of these 

reversals that are 

statistically 

significant at the 

95% level 

Open water 

surface 

evaporation 

20 1 180 0 0 

District rainfall 93 7 141 56 18 

River flow 28 1 877 22 7 

Flood peak 17 1 235 14 4 
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maxima 

Groundwater 

levels 

4 312 2 1 

 

As the degree of statistical significance is dependent on both the length of the record 

and the magnitude and nature of the variability about the mean, the periodicity is 

probably present in more sites, but has not yet reached the level of statistical 

significance. 

 Findings of other researchers 

South African climatologists were active during the period from 1970 through to 1987 

when Tyson devoted a chapter in his book Climatic change and variability in 

southern Africa (Tyson 1987) to the period of meteorological record, in which he 

dealt with the occurrence of wet and dry sequences in some detail.  

Tyson noted that notwithstanding possible doubts that may attach to the statistical 

significance of a quasi-18 year oscillation, evidence to support its physical reality was 

considerable in South Africa and in other countries. He provided details. He noted 

that the 11-year solar cycle was mentioned in the literature but he did not discuss it 

further. 

In 2000 Bredenkamp published  A critical evaluation of groundwater monitoring in 

water resources evaluation and management. (Bredenkamp 2000). This 

comprehensive report has a section on groundwater and climate fluctuations. He used 

the cumulative departure method as his principal tool, for which he developed a 

mathematical relationship. 

He demonstrated the presence of wet and dry sequences from 1919 through to 1992 

based on water level observations at Lake Mzingazi; discharge from the Uitenhage 

springs corrected for abstractions; water levels at Lake St Lucia; and groundwater 

levels at the Wondergat sinkhole in a large dolomitic formation. These all had high 

storage/input ratios that smooth out the short-term fluctuations.  

Amalgamation of conclusions by Alexander, Bredenkamp and 
Tyson 

it was now possible to combine the observations by Tyson, Bredenkamp and 

Alexander in one table and relate the results to the grouping of wet and dry sequences 

and the observed periodicity. 

The existence of regular, predictable climate reversals, where severe floods break 

sequences of drought years is beyond doubt. Their occurrence can be predicted with a 

high degree of accuracy. (Alexander 1995b). Similar concurrent characteristics are 

present in many rainfall, river flow and flood maxima series. 

The periodic sequences were amalgamated and then analysed. For each process, data 

for each station were sequentially numbered from 1 to 21 starting with the year in 

which the reversals occurred, i.e. starting in 1912, 1933, 1954, 1974 and 1995. These 

sequence numbers are shown in the third column of Table 4.  

Table 4 is a combination of the independent observations by Tyson, Bredenkamp and 

Alexander, each using different processes and different analytical methodologies. 
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Begin with the right-hand column of the table. This shows the years in which the 

reversals occurred based on these studies. 

 

Table 4. Wet and dry sequences 

Years Wet/dry Periodic 

sequence 

number 

Length of sequence Reversals 

(Alexander) Wet Dry 

Bredenkamp:   Mzimgazi + St Lucia + Uitenhage + Wondergat  

1919-24 Wet 08 to 13 5   

25-29 Dry 14 to 18  4 1933 

30-39  Wet 19 to 07 9   

41-53 Dry 09 to 21  12 1954 

55-62 Wet 02 to 09 7   

65-71 Dry 12 to 18  6 1974 

72-78 Wet 19 to 05 6   

80-83 Dry 07 to 10  3  

84-90 Wet 11 to 19 6  1995 

Tyson: South African rainfall 

1905-15 Dry 15 to 04  10 1912 

16-24 Wet 05 to 13 8   

25-32 Dry 14 to 21  7 1933 

33-43 Wet 01 to 11 10   

44-52 Dry 12 to 20  8 1954 

53-61 Wet 21 to 08 8   

62-70 Dry 09 to 17  8 1974 

71-80 Wet 18 to 07 9   

 

The fourth and fifth columns show the alternating wet and dry sequences. Note how 

the periods between the reversals each consist of a wet sequence followed by a dry 

sequence. There is also a good correspondence between the dates of the sequences 

reported by Bredenkamp and Tyson in the first column, as well as between the first 

and last columns considering the different data sets and methodologies used by the 

two authors. These are well within the range of achievable accuracy in most 

hydrometeorological estimates. 

Compare the lengths of the sequences in the fourth and fifth columns with the biblical 

seven years of plenty followed by seven years of famine. 

Many of the anomalies in the hydrometeorological processes that have been attributed 

to climate change are the consequence of regular, predictable, climate related changes 

in these processes identified in Table 4.  
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The development of the climate prediction model 

All processes in the natural atmospheric, oceanic and terrestrial environments have a 

mixture of deterministic and probabilistic components, and as a result all predictions 

have a margin of uncertainty about them. In the absence of any other information, the 

best estimate of future annual values is the record mean, or the median where the data 

are asymmetrically distributed about the mean. A basic issue in water resource 

planning is whether the mean is sufficiently stable for this assumption to hold during 

the lifetime of the project.  

The regular grouping of alternate sequences of wet and dry years and its linkage with 

the 21-year periodicity is beyond doubt. The next issue was the determination of the 

shape of these deviations from the record mean values. More than 100 years ago 

Hutchins (1889) wrote: ‘The yellow line rising steeply to a maximum and then falling 

away gradually to a minimum is the sunspot curve - a curve which ought to be graven 

on the mind of every man and woman in South Africa.’  

An important characteristic of the periodicity is that the most extreme conditions 

occur at the beginning of the periods (floods) and at the end of the periods (droughts) 

with sudden reversals from droughts to floods at the end of the periods. 

At this stage it must be emphasised that statistical significance tests are very poor 

exploratory tools in this situation and that the results of their application can be 

misleading. The emphasis had to continue to be on simple arithmetic and graphical 

analyses of the raw data. A new data set was compiled from geographically 

representative sites that were selected for each of the four principal 

hydrometeorological processes based on visual analyses of the original graphical 

presentations. The resultant data set consisted of open water surface evaporation (20 

stations, 1176 years); district rainfall (13 districts, 1014 years); river flow (14 stations, 

1035 years); and annual flood peak maxima (11 stations, 881 years). In all, time series 

data for 58 stations were analysed totalling 3106 years of data.  

The analyses for each process were carried out separately. For a particular process, 

the mean values for each station were determined and all the annual values were 

expressed as percentages of the record mean for the station. This was repeated for the 

other stations.   

Thereafter, the percentage values for each station were sequentially numbered starting 

with the climate reversals that occurred in 1912, 1933, 1954, 1974 and 1995. For 

example, all observations that were made in 1950 were associated with the eighteenth 

sequence that started in 1933, and were grouped together with the eighteenth 

sequences in the other periods and stations. This provided 21 combined data 

sequences. These were the prediction model parameters. 

Additional statistical analyses were carried out to determine the distribution 

parameters for three different statistical distribution functions. These were the 

conventional moments for the normal and log-Pearson type 3 distributions, and the 

probability weighted moments for the generalized extreme value distribution. They 

can be used to develop synthetic sequences using Monte Carlo procedures. Details are 

provided in a separate paper.   

Conventional box plots can be constructed from the information in Tables 5, 6 and 7. 

They will provide a visual interpretation that is more illustrative than the numerical 

information in the tables. 
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These models were one of the end results of two years of intensive study of the largest 

and most comprehensive hydrometeorological data set yet assembled in South Africa.   

 

Table 5.  Regional prediction model parameters for South African rainfall in 

the summer rainfall region expressed as percentages of the mean annual 

rainfall 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 71 97 117 140 189 118 

2 1996 66 111 128 146 277 131 

3 1997 49 82 100 132 173 103 

4 1998 48 73 90 108 149 91 

5 1999 61 80 92 104 146 92 

6 2000 37 66 99 127 150 96 

7 2001 70 102 128 154 268 130 

8 2002 47 70 81 110 179 89 

9 2003 34 76 84 102 150 88 

10 2004 41 74 91 107 150 91 

11 2005 46 82 99 116 150 98 

12 2006 31 66 78 97 173 85 

13 2007 41 92 103 127 191 109 

14 2008 25 59 73 87 143 75 

15 2009 25 74 89 104 140 87 

16 2010 27 66 84 101 137 82 

17 2011 51 86 101 114 165 102 

18 2012 46 70 88 105 151 90 

19 2013 60 77 87 96 130 87 

20 2014 51 86 113 127 295 114 

21 2015 29 72 92 123 194 99 

1 2016 (Next reversal) 

 

 

  

Table 6.  Regional prediction model parameters for South African rivers in 

the summer rainfall region expressed as percentages of the mean annual river 

flow 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 19 83 135 282 1351 218 
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2 1996 3 81 127 225 423 147 

3 1997 2 70 136 221 490 150 

4 1998 6 61 81 117 593 120 

5 1999 3 63 99 204 1181 157 

6 2000 14 72 100 160 668 124 

7 2001 11 40 75 91 224 77 

8 2002 6 42 65 104 421 75 

9 2003 5 44 82 163 756 111 

10 2004 12 52 90 193 645 138 

11 2005 13 37 54 82 239 65 

12 2006 18  70 124 196 565 138 

13 2007 9 41 61 88 470 87 

14 2008 3 54 74 131 501 98 

15 2009 9 28 57 81 170 63 

16 2010 3 61 86 129 353 102 

17 2011 11 51 96 123 279 95 

18 2012 2 27 52 83 217 59 

19 2013 6 57 92 161 445 115 

20 2014 9 30 62 140 562 118 

21 2015 20 99 155 229 892 201 

1 2016 (Next reversal) 

 

 

 

 

Table 7.  Regional prediction model parameters for South African flood peak 

maxima expressed as percentages of the mean annual values 

Seq 

nr 

Year 

starting 

October 

Quartiles 

min q1 median q3 max mean 

1 1995 5 64 96 280 1148 266 

2 1996 9 59 103 210 1463 182 

3 1997 1 54 86 272 945 176 

4 1998 1 54 84 150 1027 183 

5 1999 3 48 68 222 621 130 

6 2000 6 42 100 135 499 110 

7 2001 4 31 61 97 241 75 

8 2002 3 30 63 117 551 99 

9 2003 2 30 61 148 780 139 
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10 2004 1 52 99 231 905 178 

11 2005 1 35 61 102 335 77 

12 2006 1 41 106 254 731 146 

13 2007 6 28 52 132 337 85 

14 2008 2 31 56 126 269 78 

15 2009 1 38 63 125 539 103 

16 2010 1 34 82 130 432 101 

17 2011 1 28 60 157 890 124 

18 2012 2 25 45 97 602 83 

19 2013 1 37 101 167 465 130 

20 2014 1 31 56 132 928 121 

21 2015 17 79 148 244 499 171 

1 2016 (Next reversal) 

 

Interpretation 

If the concern is agricultural droughts, then running means with durations of two to 

four years are more instructive than the annual values in isolation. Durations in the 

range from three to seven years will be more instructive in the case of hydrological 

droughts. The individual years should therefore be considered in relation to previous 

and successive years and not in isolation.  

Table 6 is used as an example for the interpretation of the models. It is a regional 

general river flow prediction model based on the analyses of a number of 

geographically representative gauging sites within the summer rainfall region of 

South Africa. It can be applied with caution at specific sites or river catchments for 

planning purposes, but not for specific predictions. It is a considerable improvement 

on current water resource planning models and the non-existent long range climate 

prediction models.  

The median values are the most likely values for each sequence. The predicted values 

have a fairly wide range of variability about the median values. Roughly 50% of the 

expected values for a particular year will lie within the upper and lower quartile 

values (q3 - q1) in the table, and there is a 50% likelihood of the values being outside 

this range (25% above and 25% below). The minimum values are also of interest as 

they show that exceptionally low values have been observed during all sequences. 

The severity of a drought increases rapidly with its duration. Soil moisture varies with 

rainfall. At the commencement of a drought the soil moisture becomes progressively 

depleted and vegetation and crops come under increasing stress. Eventually, rivers 

stop flowing. It requires above average rainfall to restore the soil moisture levels 

before surface runoff and river flow can recommence. 

It is also important to appreciate that over most of South Africa the dam capacities are 

well in excess of the mean annual river flow. Consequently, as the volumes in storage 

are depleted, it will require inflows of well in excess of the mean annual river flow to 

replenish the storage while at the same time continuing to meet the demand from 
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them. However, the average of the maximum observed values for the first ten years of 

the model is 675% of the record mean values, while the corresponding average for the 

following ten years is only 380% of the record mean values. This results in the 

observed wet and dry sequences and has serious consequences. Not only are the river 

flows appreciably less during the latter half of the period, but the higher flows 

required to reduce the effect of the drought and to fill the dams are also less than 

during the earlier half of the period.  

Table 6 should be interpreted with these factors in mind. 

The period begins with the reversal associated with the floods that broke the previous 

drought. This occurred during the hydrological year beginning October 1995. During 

the first six years of the sequence (1995 to 2000) the median values exceed or are 

close to the record mean values shown in the right-hand column of the table. 

Countywide floods can be expected during this period and dam storages will be in a 

healthy state.  

The possibility of droughts increases dramatically during the following five years 

(2001 to 2005). River flows are likely to be well below the record mean values and 

droughts are increasingly likely. Dam storages will decrease and the threat of water 

restrictions will increase.  

However, there is an increasing probability of higher river flows that mark the end of 

the first half-period and its probable relationship with increased solar activity. It lasts 

through to the twelfth year (2007) when some relief can be expected. This is the first 

half of the double sunspot cycle that has long been observed. It confirms Hutchins’ 

100-year old predictions.  

The next half-period is that associated with the famines observed in ancient Egypt and 

reported in India during the 1800s. The subsequent seven-year period (note the 

similarity with the biblical seven years) starting with the thirteenth year (2008) 

through to the twentieth year (2015) will be critical for the water supply situation in 

South Africa with frequent years of well below average flows, and steadily decreasing 

high inflows to compensate for them. The imposition of water restrictions over large 

parts of South Africa will be almost inevitable. The next reversal is due within a year 

or two of 2016. 

Confirmation 

During 1993 I submitted my paper Floods, droughts and climate change to the SA 

Journal of Science. In it I stated that ‘The acid test that will demonstrate whether or 

not the 20-year periodicity continues is at hand. If the drought is broken by 

widespread rainfall during the next two years it will surely be conclusive’. The paper 

was published in August 1995. (Alexander 1995b). Four months after publication, 

severe floods occurred over a wide area of southern Africa. Hundreds of lives were 

lost and the drought was broken.  

The high rainfalls continued and the widespread 1999-2000 regional floods caused 

considerable damage and loss of life including the severe floods in Mozambique. 

Although these floods were at their maximum during January and February 2000, the 

maximum countrywide monthly rainfall occurred during the previous month. It was 

the widespread earlier rains that saturated the soils and filled the rivers. 

Serious droughts over southern Africa commenced during the summer of 2001-2002, 

the seventh year of the sequence. In the present hydrological year beginning October 
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2003 we are in the ninth year of the sequence and third successive year of below 

normal flows. The position in the central interior of South Africa has improved 

somewhat, but drought relief measures are still in place in Botswana and will continue 

until June 2005 at least. Water restrictions have been imposed in the Knysna-

Plettenberg Bay area and there is the threat of a serious situation developing 

elsewhere in the southern and western Cape.  

Reliability of the predictions 

The situation in South Africa for the first nine years after the 1995 reversal was in 

accordance with the climate prediction model, which lends strong support to the 

validity of the model.  

This periodicity and its association with wet and dry sequences is extremely important 

for all those who maintain that global warming will result in increased variability in 

the hydrological process – specifically floods, droughts and water supplies. If they are 

to provide convincing arguments they will first of all have to produce an accurate, 

numerical description of the present position. Once they have done this, they will 

have to demonstrate (not postulate) how global warming will change the alternating 

wet and dry sequences; the associated periodic properties; and the drought and flood 

severities. Simple statements that global warming will increase the variability in the 

hydrological processes, and consequently the magnitude and frequency of floods and 

droughts, are unacceptably naïve.  

The periodicity and the alternating wet and dry sequences are also very important 

characteristics for those responsible for the planning and operation of major water 

supply projects. The current approach of assuming random variations about a near-

constant mean and the omission of regular, non-random, alternating sequences of wet 

and dry years is equally unrealistic. 

Conclusions 

This study demonstrates the increase in rainfall over South Africa during the past 78 

years at least, and its probable relationship with global warming. Despite a diligent 

examination of a very large and comprehensive hydrometeorological database, no 

evidence could be found to support the claims that climate change will result in an 

increase in the frequency and magnitude of floods and droughts, or pose a threat to 

water supplies. 

The study shows the presence of a statistically significant 21-year periodicity in 

rainfall, river flow and flood peak maxima. The periodicity is predictable and is 

characterised by severe droughts being broken by sudden widespread floods. The 

periodicity is associated with alternating sequences of wet and dry periods that have 

been reported since biblical times. These soundly based observations are the basis of a 

general climate prediction model. The model demonstrates that previously assumed 

climate change-related groupings of years with unusually high or low characteristics 

are not the result of climate change but are natural sequences.    

Perhaps most importantly, the general climate prediction model for South Africa can 

be built on by others to produce a more refined model in future, as well as a better 

numerical understanding of the linkage between atmospheric processes and 

hydrometeorological responses.   
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Suggested further studies 

The periodic perturbations in the rainfall and river flow are related to solar activity – a 

fact that was demonstrated by Hutchins and many others more than 100 years ago. 

There is a lot of evidence that can be extracted from the vast amount of 

hydrometeorological data that can be used to provide linkages between solar activity, 

climatic and oceanic processes, and hydrological and meteorological responses. The 

following are some suggestions for further studies. 

What is the cause of the 21-year periodicity? Is it related directly to perturbations in 

solar activity, or is it a result of processes involved in the poleward transfer of solar 

energy, which is greatest in the low latitudes in which South Africa is located? 

What is the process that results in observation that the annual rainfall and river flow 

magnitudes rise steeply to a maximum and then fall away gradually to a minimum as 

noted by Hutchins more than a century ago (Hutchins 1889), and confirmed by these 

analyses? 

What is the process that results in the sudden reversals from droughts to floods? It is 

obviously an instability phenomenon but what are the causes and triggering 

mechanisms? 

What is the linkage between the findings reported here and the El Niño phenomenon? 

This is very important as it will then enable forecasters to extend the range of their 

forecasts from the present to well into the future. 

There are many questions that remain unanswered. 
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APPENDIX F 

 

Cycles of Drought and Good Seasons 

In South Africa  
 

D. E. Hutchins 

1889 

 

Note: The text in this report is an OCR copy of the sections of Hutchin’s report that deal with 

linkages between solar activity, droughts, floods and good seasons. There may be a few 

undetected OCR errors. I have a photocopy of the original, less figures, in my possession. 

This is the first South African publication on the linkage between sunspot activity and 

climatic responses. Climate change scientists continue to deny the existence of this linkage. 
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 PREFACE.  

 

This reprint has been prepared at the request of friends who were unwilling that the interest aroused in 

a subject of national importance, so  far brought together in these two lectures, should perish in the 

oblivion of newspaper reports. The first lecture was printed in extenso in the "Kaffrarian Watchman" 

and subsequently in the "Grahamstown Journal." The second lecture has not hitherto been published. It 

has been added to, and in great part re-written, at leisure moments, during the past year, and has thus 

taken the form of a paper rather than a lecture. The key to the Cape Western climate furnished by the 

sunspot cycle and the secondary Storm cycle of rainfall, has been a matter of genuine and pleasurable 

surprise to me. It is more than a surprise, that the key should have turned out so complete, as to enable 

one to forecast the character of the seasons, for the next 50 years, sufficiently closely for practical 

purposes.  

For the Eastern rainfall we have neither the long Meteorological records, nor the striking 

cyclical regularity, that is observable in the Western rainfall. But enough regularity remains to render 

its cyclical variation of practical importance to almost every one in the Colony. For this reason, I have 

chosen a popular form of publication and expressed my conclusions in popular language. At the same 

time, the figures on which these conclusions are based are added, so as to admit of easy verification. 

The figures are presented to the reader exactly as they come from the raingauge, avoiding all 

manipulation or smoothing of irregularities, such as is sometimes necessary in investigations of this 

nature. Where the authority is not otherwise stated it will be understood that the figures are extracted 

from the reports of the Meteorological Commission of the Colony published yearly at Cape Town. To 

the courtesy of its overworked Secretary Mr. W. Ellerton Fry, I must add my grateful 

acknowledgements. To the authorities at the Royal Observatory, I am indebted for permission to 

consult its library.  

 In conclusion, I should like to add a word for the Meteorological Commission. Is there any 

branch of the Public Service engaged in a ask of such usefulness that is so meagrely supported? I have 

a purely scientific interest in its labours and can therefore speak disinterestedly. Last year the total sum 

at the diposal of the Meteorological Commission was £500 0s 0d. When one asks a farmer. "Will it pay 

to plough here?" For the great bulk of the land one gets this  
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answer. " It pays in good seasons." It is the work of the Meteorological Commission that now enables 

us to tell the farmer, with a yearly increasing exactness, when to plough and when to give the land rest. 

A drought such as that which closed in 1885 brings home the fact that, not only farmers, but tradesmen, 

merchants, capitalists, and every class of the community, in South Africa, are interested in a 

foreknowledge of the character of the seasons. 

I regret that expense has prevented the reproduction of more of the cyclical diagrams. The 

Sunspot cycle referred to in these lectures is the 11.11 year cycle of Dr. Rudolf Wolf. In the last lecture 

will be found developed the precision now attaching to cyclical methods of study, consequent on the 

discovery of the secondary cycles in the meteorology of the Southern hemisphere.  
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 INFLUENCE OF SUN-SPOTS ON OUR EARTH.  

 

We come now to the practical part of this paper, that is to say, the influence exerted by sun-

spots on the affairs of our earth. These I shall consider under three heads: –  

l. The influence of sun-spots in countries such as South India, which receive the largest share 

of the sun's light and heat.  

2. The influence of sun-spots in countries like England and Northem Europe and America, 

where the sun is powerful only for a portion of the year.  

3. Sun-spot influence in South Africa, which may be considered to occupy an intermediate 

position between England and South India.  

 To begin with sun-spot influence on magnetism, we find here a strong and direct 

influence exerted in all the three classes of countries. The influence of sun-spots on 

magnetism has been long and closely studied by scientific men, in India, in Europe, in 

England, and in America, with a happy unanimity of results which it is pleasing to dwell 

upon. Right in the south of the peninsula of South India there was a celebrated observatory at 

Trevandrun. This has supplied figures of magnetic observations extending back a quarter of a 

century which show an indubitable correspondence with sunspot figures. The beautiful aurora 

displays of the North and of the South Poles are a magnetic phenomenon, and have been 

found to be most frequent and vivid during years of maximum sun-spots. A magnetic needle 

freely suspended points, as everyone knows, north and south. A simple bar of steel suspended 

in the same way becomes a magnet by induction from the earth's magnetism. But a freely 

suspended magnet not only points north and south, but, influenced by the earth's magnetism, 

shows small independent motions. There is a regular magnetic variation depending on the 

time of day, and there are irregular spasmodic movements, giving ob- servers an index of the 

magnetic forces acting in the earth. The records of these magnetic movements and of auroras 

have been examined by Professor Balfour Stewart from I776 to l872, and his verdict is that 

the magnetic move-  
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ments, both spasmodic and diumal, and the auroras, show a close correspondence with sun-

spots, taking of course average figures over a term of years. There is more than this. 

Individual outbreaks of sun-spots are followed by individual manifestations of magnetism on 

the earth. You will doubtless recall accounts published from time to time of magnetic 

disturbances which affect the telegraphs and the compass used by mariners and surveyors. Of 

greater practical interest to us are those thunderstorms which burst over us every summer, 

ruining crops and occasionally killing men and animals. Now, all scientific observation goes 

to show that electric and magnetic disturbances such as these follow all over the earth directly 

on sun-spots. The maximum rainfall in this part of South Africa seems to follow two or three 

years after maximum spots, so that happily our worst thunderstorms and our best crops should 

not come together.  

 

     SUN-SPOTS INFLUENCE ON WINDS.  

 

There are probably few windier countries in the world than South Africa. Nowhere is the 

action of sun-spots on the meteorology of our earth clearer than in the close connection 

between sun-spots and tropical winds. I can remember when a student at St. Andrew's 

University in Scotland hearing of the discovery made by Dr. Meldrum, of Mauritius, that 

there was a close connection between sun-spots and the hurricanes of the Indian Ocean. I have 

been in the Cape Colony for three years. I have not been silent en the subject of sun-spots and 

rainfall, yet I cannot recall having conversed with anyone who allowed it to be perceived that 

he was conversant with Dr. Meldrum's great discovery. It is not a very far call from here to 

Mauritius. Most of our rainfall comes (with wind disturbances travel- ling in an opposite 

direction) more or less directly from the Indian Ocean, so that the fact is of importance to a 

country whose welfare hangs on its rainfall. The colony spends over £80,000 a year on 

education! How many children could give an intelligible account of the relation between sun-

spots snd cyclones in the Indian Ocean! Dr. Meldrum's discovery was this. 
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He showed with a conclusiveness that has never been called in question, the intimate 

connection between sun-spots and hurricanes. Norman Lockyer, the astronomer, writing in 

l872, thus describes Dr. Meldrum's discovery: "Dr. Mcldrum tells us that the whole question 

of cyclones is a question of solar activity, and that if we write down in one column the 

number of cyclones in any given year there will be a strict relation between them – many sun-

spots, many hurricanes; few sun-spots, few hurricanes. Dr. Meldrum points out that in those 

years in which we have been quietly mapping out the sun-spot maxima the harbours were 

filled with wrecks and vessels coming in disabled from every part of the great Indian Qcean."  

 Similar but not equally strong figures show the connection between sun-spots and 

wind disturbances in the West Indies. Pursuing the same enquiry, Sir J. J. Hunter, an eminent 

member of the Indian Civil Service, elicited the curious fact that throughout the world there 

was a larger percentage of shipwrecks during years of maximum sun-spots. This conclusion 

was arrived at after tabulating and comparing the Loss-book kept at Lloyd's, in London, for 

two sun-spot cycles. The connection is probably caused by wrecks within the tropics.  

 It is unlikely that there is any close connection between sun-spots and wind 

disturbances in high latitudes. But it is highly probable that there is some connection in extra-

tropical latitudes, such as the Cape Colony. I have, however, seen no figures bearing on this 

subject.  

 

   INFLUENCE ON TEMPERATURES.  

 

We come now to the effect of sun-spots on mean temperatures. This, which at first sight 

would appear so easy is quite the most unsatisfactory aspect of sun-spot literature. When one 

thinks of the sun pouring its heat so steadily into the black bulb of the thermometer shielded 

as this is from disturbing atmospheric influences by the vacuum bulb in which it is immersed 

– to use a familiar expression, it all seems as plain as a pikestaff.  
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The sun is hotter at the maximum spot period, and that black bulb thermometer must show it. 

But the black bulb thermometer does not show it, and from observatories all over the World 

come conflicting reports. Happily this is easy to account for without impugning the veracity 

of sun-spots. Three-fourths of the earth's surface is occupied by water. The remaining fourth 

part is always more or less moist, and carries rivers, lakes, forests and vegetation of all kinds. 

An average tree, especially if it stands alone, evaporates very much more watery vapour than 

an equal horizontal expanse of water: thus on the earth's surface there is evaporation of watery 

vapour going on almost everywhere. An increase in the sun's power means increased 

evaporation, more cloud, and consequently a. lessened apparent heat reaching the black bulb 

of the thermometer, or similar instruments employed to measure the sun's radiant energy. In 

the tropics where the sun is always practically vertical, the only variation in its power is when 

it is screened by clouds. There the coolest time of the year is the rainy season and the years of 

least solar radiation should be the year of maximum spots and maximum evaporation. And, 

continuing the cycle, minimum spots should correspond with maximum sun power. This is in 

fact what, without going closely into the subject, the figures show. From the far greater 

abundance of water in the southern hemisphere, it might be supposed that this rule of inversed 

temperature corresponding with sun-spots would find some confirmation from even extra-

tropical observatories in the southern hemisphere. This confirmation comes from the Cape 

Town Observatory. The returns for thirty years from the Cape Town Observatory show a 

close correspondence between sun-spots and temperatures the maximum of temperature 

lagging a year behind the minimum of sun-spots. The curves have been plotted and published 

by Mr. Stone. In England again, where the sun is nearly always shining through clouds, the 

mass of which cloud in so high a latitude is very indirectly (if at all) affected by sun-spot 

variation, we find as would be expected, a slightly increased solar radiation corresponding 

directly with sun-spots – maximum  
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sun-spots with maximum sun-power. This comes out on various lines of enquiry: – The Solar 

Radiation Registers kept at the Radcliffe Observatory, Oxford, from 1856 to 1864. Winter 

temperature range at Kew is greatest with maximum sun-spots. There is more sunshine at 

London at maximum than at minimum spot periods. So much for England's sun, but England's 

Gulf Stream comes from sunny latitudes where sun-spots may considered to act inversely on 

temperatures. Thus Edinburgh observations on thermometers sunk in the rock show that a 

great heat wave occurs every eleven years, its maximum slightly lagging behind the minimum 

of the sun-spot cycle. Except perhaps from an observatory on one of the tropical summits of 

the Andes, there seems little hope of obtaining any direct measure of the periodical variation 

of solar radiation. The earth is wrapped in its atmosphere as in a blanket. This atmosphere is 

ever varying. On one day it shuts off part of the heat rays; on another part, of the light rays; on 

another, part of the chemical rays. Of the presence of these invisible chemical rays we have 

evidence in some cases of sunstroke. These have been known to occur, rarely in this country, 

more commonly in India, when there was no visible sun out. On such days as these a great 

part of the light rays and some of the heat rays are absorbed, but the dark chemical rays 

remain. On the other hand I have known not more than ordinary dull days, when for several 

days together, sensitive silver paper acquired but very faint lines, showing that on these days 

the atmosphere had absorbed nearly all the chemical rays. The atmosphere absorbs now one 

part of the spectrum, now another. And if our solar thermometers show no increased heat 

received from the sun during years of maximum. sun-spots and solar activity, it is easy to see 

why the thermometers are silent.  

 

   INFLUENCE OF SUN-SPOTS ON RAINFALL.  

 

 It is in the influence of sun-spots on rainfall that centres the practical interest of 

people in South Africa. The earth yields her increase and the people of this country are  
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prosperous just in proportion to the rain that falls. We will now examine the influence of sun-

spots on rainfall, first in a tropical country India, then in the cold temperate climate of Europe, 

and finally in the warm temperate climate of South Africa, The part of India of which I shall 

now speak is the south, occupied by the Presidencies of Madras and Bombay. Compared to 

Cape Colony, it is densely populated, and richly cultivated. But the bulk of the population are 

miserably poor, and when the regular monsoon rains fail, as they do fail, from time to time, 

there occur those terribly widespread miseries which you hear of as famines. Of the horrors 

known to our civilization it is tolerably certain that there is nothing more terrible than an 

Indian famine. In the province of Mysore where I was serving during the famine of 1876, 

there perished one and a half million people out of a population of a little over five millions. 

Disease and death stalked over the land, and m a few months a prosperous province became a 

vast charnel house. After the famine the connection between sun-spots and famine which had 

for some time been known was closely and earnestly studied. A remarkable paper written 

jointly by an astronomer and a statistician – Messrs. Norman Lockyer and Hunter – appeared 

in the " XIX Century." From the figures supplied by this article most of the sun-spot influence 

curves, shown in the lecture diagrams have been constructed. Going back as far as 1810 these 

gentlemen present us with a strong series of figures showing clearly and unmistakeable the 

intimate connection between sun-spots and famines in Madras.  

 The diagram before you shows the sun-spot curve compared with the rainfall curve 

plotted from the Madras Observatory figures. These curves speak for themselves. They show 

graphically and accurately how the rain- fall in Madras is influenced by that solar activity of 

which sun-spots are the most convenient index. Taking average figures over a long term of 

years so as to avoid all possibility of chance coincidences, you see the exact extent to which 

the sun-spot curve follows the rainfall curve, the one rising and falling with the other. Messrs. 

Norman  
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Lockyer and Hunter also obtained a list of all the notorious famines in Madras during this 

century. They compared this list with the sun-spot cycles and found that the two ran parallel 

in a very remarkable manner. Thus the last great famine, which I have referred to already as 

happening when I was in India, was in 1876 a period of minimum sun-spots. The famine 

previous to that was in 1865, or exactly 11 years before. The famine previous to that was in 

1865 – an interval of 12 years – bringing the famine still well within the minimum period. In 

1843 the next dangerous period, Madras escaped an actual famine. But in going back another 

eleven years, there was again famine in 1832. At the next eleven year period there was a late 

sun-spot minimum and with it came a late famine in 1823 again at the exact point in the cycle 

Madras had another famine. These figures appear to me very strong. They extend back over 

half a century, and thus, the most sceptically'-disposed person cannot say that it is by chance 

that every eleven years at the minimum sun-spot period, Southern India has either had famine 

or has barely escaped it. Perhaps it will make it clearer to put these figures side by side, thus: 

–  

 

Observed years 

of minimum 

sun-spots 

Theoretical years 

of minimum sun-

spots 

Years of famine 

1810 1811 A Famine at the extreme min. period 

1823 1822                            -do-    

1833 1833 A Famine at the exact minimum period 

1844 1844 No notorious famine 

1856 1855 A Famine in 1853, the drought lasting 

until 1885 

1866 1866 A Famine in 1865 

1876-78 1877 A Famine in 1876-77 

  

 Scrutinizing these figures it will be seen that on an average Madras famines tend to 

recur about one year before the extreme minimum theoretical period. This is natural enough in 

a country so situated that it would feel at once the downward tendency of the sun-spot curve. 
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" There have been " say Messrs. Hunter and Norman Lockyer, " other years of scarcity at 

Madras. But the above six years were selected by Sir William Robinson, some time Acting 

Governor, as the years of true famine, without any acquaintance with the writers' speculations 

on the rainfall, or of any cycle being supported or disproved by them."  

 This much is absolutely certain, that taking figures over a term of years as the spots 

wax and wane on the sun's surface so does the rain on the Madras coast. At other stations in 

southern India the sun-spot cycle influence can be traced in the rainfall returns notably in 

those from Mysore. Probably this influence will come out more clearly as the rainfall registers 

are extended and strengthened. On the upland plateau of Mysore which lies inland from 

Madras, and gets a nearly equal allowance of rain from both the east and the west coasts, I 

found that there was a close correspondence between the average price of food grain and the 

average number of sun-spots. Many sun-spots: good rains and cheap grain. Few sun- spots; 

bad rains and dear grain.  

 Going a little further from the equator, we get a strong series of Figures from the 

Bombay Observatory extending back to the year 18I7. Here the correspondence between sun-

spots and rainfall is as close as at Madras but, as we shall see presently is the case with the 

Cape Town figures, the rainfall lags a year behind the sunspots. In northern India, at a 

distance from the evaporating surface of the great ocean, and where the stupendous chain of 

the Himalayas introduces a disturbing element, there appears to be only a slight and that a 

reversed connection between sunspots and rainfall. There is certainly not the close 

correspondence that exists in southern India, a correspondence to which I wish to call your 

especial attention to-night, on account of the connection between the physical features and, in 

many respects, the meteorology of South Africa and of southern India. The mean rainfall in 

Madras is: –  

 

In years of Maximum Sunspots  53.50 inches  

      “         Minimum Sunspots 40.39    “  
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Or, on an average, the rainfall in maximum sunspot years is greater by 13 inches than in 

minimum sunspot years. Next year, 1888.8, will be the year of minimum sunspots, when 

famine is most to be feared. We cannot say that there will then be a famine in southern India, 

but we know that there is a strong chance of it. A prudent man of business buying rice in 

India, would anticipate a notable rise in prices and buy accordingly. Let me illustrate my 

meaning. I referred recently to the fearful famine which happened in 1876-77 in southern 

India. In 1882 there were some signs of the rains again failing. With the horrors of the '76 

famine still fresh in men's mind, the dread of another such calamity began to make itself felt, 

and famine measures to be discussed in the public prints. On that occasion I wrote an article 

in the Madras Mail, the leading organ of southern India, pointing out two reasons why there 

was little fear of a famine happening then. (1) 1882 was a year of abundant sunspots, it was 

close on the maximum spot year of 1883; (2) For several years previously the rainfall had 

been below the average. I gave a series of figures showing how closely the average prices of 

food grains in Mysore corresponded with the sunspot cycle. This prediction was happily 

verified. Good rains fell two months afterwards and all fear of famine passed away. 

 Again when I came to South Africa in 1883 it was to repeat this experience. There 

had been drought for so many years, that it was almost a certainty that the drought could not 

last for many years longer. Believing in sunspot influence in these latitudes I was at first 

surprised that we were already so far past the maximum without having had good rain. 

Looking, however, into the meteorological records, this very soon became clear. The Cape 

Town rainfall lags slightly behind the sunspots. Our Eastern rainfall lags about two years 

behind the western seasons. The last heavy rainfall and floods here in the east had been at the 

end of 1874. A similar season we shall see presently had been experienced in 1863. It was 

natural therefore to suppose that we might look for good rain again towards the end of 1885. 

How  
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surprisingly punctually it came everyone here to-night remembers!  

 Now in both of these instances there was nothing more than the strong chance that the 

rain would come when it did. And similarly there is a strong chance of famine happening next 

year or within a year or two in Madras. No one can speak positively or precisely with regard 

to such an event, but the chances nf its happening are sufficiently strong to make it a factor 

which no wise man would neglect in entering into the forecasts and calculations of ordinary 

life.  

 

SUNSPOTS AND RAINFALL IN EUROPE AND COLD COUNTRI ES.  

 

Near the Equator the weather depends directly on the all-powerful sun; but at a distance from 

the sun, as we noticed when speaking of temperatures, the action of the sun on rainfall is 

indirect and so masked that we know not exactly how it influences rainfall Ten or twelve 

years ago the meteorological records of Europe and North America were ransacked, sifted, 

and grouped in a variety of ways, with a view of examining the supposed influence of 

sunspots on rainfall. A German enquirer, Gustave Wex, traced a resemblance between, the 

average height of the water in the Danube, the Rhine and the larger German rivers, and 

sunspot variation. He found maximum spots corresponded with maximum water in the rivers. 

He took his figures back to the early part of this century and I cannot recall that they have 

been upset. A similar correspondence was traced between sunspots and the average maximum 

and minimum water in the great lakes of North America. Correspondences have also been 

traced between sunspots and the rain-gauge returns of many stations. But in almost an equal 

number of cases, these attempted correspondences have failed, and the net result of extended 

enquiry and much writing on this subject is to my mind the Scotch verdict of " not proven." 

Schwabe the discoverer of sunspots could trace no connection between sunspots and the 

meteorological data  

 



 16  Appendix F   

24  

 

and we may take it, I think as definitely established that in countries at a distance from the 

equator, the correspondence between sunspots and rainfall ceases to have any practical value.  

 

     SUNSPOTS AND RAINFALL IN EXTRA-TROPICAL LATITUDES. 

  

 We have seen how strong is the influence of sunspots on rainfall in southern India, 

how weak and conflicting in Northern Europe. In extra-tropical latitudes like that of Cape 

Colony, it would be natural to expect an influence midway between the two. And this appears 

to be the case, bearing in mind the fact that when the rain is brought by winds blowing from 

the equator it would be more likely to have a cyclical character than when it is mainly brought 

by winds blowing from high latitudes. From this we should expect a stronger sunspot 

influence in the east then in the west of Cape Colony or than in the southern settled portions 

of Australia. The Australian climate is favourably tempered, by winter rains, by prevailing 

southerly winds, and by ocean currents from higher latitudes, but these would not be 

favourable to sun-spot influence. It does not appear that the Australian droughts correspond as 

closely as do those in South Africa with the sunspot cycle. The 19th Century article referred 

to above says: –" Dr. Meldrum, from a comparison of the rain return at Mauritius, Adelaide 

and Brisbane, came to the conclusion that the evidence of a connection between its maximum 

and minimum periods, and the corresponding sunspot period, although not absolute, was very 

striking and demanded further enquiry."  

 In the west of Cape Colony the bulk of the rain as in South Australia falls during 

winter. At Cape Town there is a cold southern sea current in place of the warm tropical 

current of this coast, but almost the whole of the rain comes with the great atmospheric 

movement from the N.W., which prevails in South Africa during the winter months. Thus it 

would be natural to suppose that at Cape Town sunspot influence would be apparent but less 

so than in the east of Cape Colony where the rain comes  
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during summer and more or less directly from the Indian Ocean where, as we have seen 

sunspot influence is so powerful. At Cape Town, the correspondence between the mean 

rainfall and mean sunspot frequency has long been an established fact.  

 *What that correspondence is can be seen at a glance by inspecting The sunspot curve 

and the rainfall curve, shown together on this diagram. The yellow line rising steeply to a 

maximum and falling away gradually- to a minimum is the sunspot curve – a curve which 

ought to be graven on the mind of every man and woman in South Africa. If our merchants 

had had this curve in their heads they would have hesitated before shipping mealies from 

South America at the end of 1885, when there was such a strong probability, amounting to 

almost a certainty, that the breaking up of the drought was impending. The blue curve shows 

the average rainfall at the Cape Town Observatory. To us, in the different climate in this 

eastern side of the colony, these figures are important from the fact of the well established 

relation that exists between our climate and that of the west of the colony. Their seasons 

usually precede our seasons. When we hear of a drought breaking up in the west, men look for 

rain here in the east. And, taking the year through, their weather is the complement of our 

weather. When we have a dry month they have a wet month and vice versa. This comes out 

remarkably in Mr. Gamble's rainfall curves, and very curiously in one instance. I allude to the 

July rain which has fallen so abundantly this year. Looking at the three western stations, Cape 

Town, Wynberg, and Bishop's Court, shown on this diagram you will notice a depression in 

the curve of average rainfall for the month of July. Looking at the three eastern stations placed 

opposite the western stations on this diagram you see that at Grahamstown, at King William's 

Town, at Oueenstown, and at Somerset East, we have a little rise in our rainfall curve 

corresponding with the depression in the western rainfall curve.  

 

*  The later views of the writer will be found developed in the second lecture.  
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For these reasons we ought to consider the Cape Town Observatory rainfall figures as of great 

importance to ourselves, an importance enhanced by the fact that they go back to the year 

1842. For the three cycles comprised in the period 1842 to 1875 the mean annual rainfall at 

the Royal Observatory, Cape Town, was: –  

During Minimum Sunspot years   21.05 inches.  

   “       Intermediate     “   23.59    “ 

   “       Maximum        “   27.95    “ 

 

 Coming eastward we find that the rain-gauge returns are too recent to afford reliable 

averages. From Grahamstown where observations have been taken the longest, the returns 

extend over only two complete sunspot cycles for King William's Town we have only one 

complete sunspot cycle. I have therefore continued the investigation in a different channel.  

 We have seen that in the case of the Madras famines, remarkable figures were 

disclosed by Messrs. Norman Lockyer & Hunter, when they came to compare years of 

notorious famine with the sunspot cycles. All the bad famines in Madras during the past half 

century have been at minimum sunspot periods. I have endeavoured to follow out something 

of the same line of enquiry here, and for this purpose have consulted the following gentlemen: 

– The Hon. C Brownlee, the eminent Transkeian Magistrate; Dr. Stewart, of Lovedale; Rev. 

W. R. Thomson, of Balfour; Rev. R. Birt, of Peelton. Comparing together the dates of 

remarkable seasons which they have courteously furnished, I have compiled the following 

list. I should perhaps state that these dates were furnished by Messrs. Brownlee,  

Thomson and Birt without any previous knowledge of my speculations on the sunspot 

periods: –  

 1821-22. – Messrs. Brownlee and Thomson describe great floods ending a period of 

drought. The sufferings occasioned by these floods are mentioned also in the accounts of the 

Albany settlers. This rain happened at the minimum of sunspots. Its occurrence at this period 

will be found explained in the second lecture.   

 1828.– In this year there were floods according to Mr..  
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Thomson; great floods according to Mr. Brownlee who says: –" The Buffalo rose very 

suddenly to a great height and when the waters receded great quantities of fish were left in the 

grass above the banks." This was at the exact maximum sunspot period or three years before 

the greatest expectation of sunspot rain. Though less so than in the preceding cycle the 

sunspot maximum was still a weak one.  

 1839.– There was a great drought in 1839 followed by rain in 1841 or '42. These were 

the years of greatest expectation of sunspot rain. The maximum was a strong one – the 

strongest during the present century up to that date. It came in 1837 one year before its time.  

 1847-48. – There were floods in 1847 according to Mr. Brownlee; in 1848 according 

to Messrs Thomson and Birt. The recollections of the two latter gentlemen coincide in placing 

these floods in March 1848. Great damage was done to crops. All our eastern rivers were in 

tearing flood. Amidst the disasters of this time, a ludicrous incident is mentioned, of a four 

poster bed, complete with blankets and pillows, being seen floating over the tops of the 

Beaufort bridge. The theoretical maximum was in 1849, the observed maximum in 1848; so 

that the floods coincided with the year of actual maximum sun-pots. This was a strong 

maximum though not so strong as in the preceding cycle. There was then a period of good 

seasons extending, according to Mr. Birt, with one slight interruption from 1846 to 1856. The 

greatest expectation of sun- spot rain was in the middle of this period in 1852. Mr. Brownlee 

speaks of very wet seasons and floods in the Buffalo in l854 and 1855.  

 1862-63. – An exceedingly wet season, following a drought which was most severe 

about 1861, according to Mr. Brownlee. Some brick-makers at work on an island on the 

Buffalo River were rescued by a boat. This season is only two sunspot cycles back and I have 

similar recollections as to its character from other people. In 1863 Mr. Brown, the well-known 

author of works on Forestry, paid a visit to the Eastern Province. He gives a graphic 

description, in his Hydrology of South Africa, of the flooded state of the rivers in that year 

and of the quantity  
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of water he saw pouring away unutilized to the sea. 1862-63 were the exact years of the 

greatest expectation of sunspot rains. The actual maximum occurred punctually in 1860 and 

was as strong as in the preceding cycle.  

 1874.– Mr. Brownlee speaks of good seasons in 1873, ‘74, and '75. Mr. Birt of the 

heavy steady drenching rain coming straight off the ocean from the S.E, during the early part 

of 1875. The floods at the end of 1874 are too recent to have been forgotten by the majority of 

those here to-night. The rain-gauge records give the following figures: –  

 Rainfall (floods)  December, 1874.  

 King William's Town  13.01  inches.  

 Grahamstown   11.74   “ 

 Oueenstown   11.06  “ 

 Somerset East     7.25  “  

 Graaff- Reinet    6.55  “  

 On this occasion there fell in King William’s Town more than half the average 

rainfall for the whole year. And other towns similarly situated received rain in nearly the same 

proportion. At all of them except Somerset Fast the rainfall for the year was far above the 

average. Somerset East is quite on the border of our eastern climate.  

 Rainfall for the whole year, 1874.  Average rainfall 

                                                                           

 King William's Town 37.12  25.72 

 Graham's Town  40.82  28.76 

 Queen's Town  28.34  20.74  

 Somerset East  21.04  21.45  

 Graaff-Reinet  21.70  14.54 

 There was a strong maximum of 139 sunspots in 1870 (Wolfe). It came a year before 

the regular period, and, allowing three years retardation, the rains came punctually.  

 After this, set in that drought, which, with many promises of breaking, has held the 

country in its withering grasp for the last nine years. Dr. Stewart speaks of deficient rain-  
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fall at Lake Nyassa in 1877-78. We know too from other sources that the drought was not 

confined to our portion of South Africa. Sunspot influence became adverse shortly after the 

drought set in. There has been no extra sun-spot rainfall and the farmers have struggled on 

fighting a losing battle with a pitiless nature, till the sunspot cycle has within a few weeks of 

the exact date, brought that rain which has filled the granaries and turned the land into the 

smiling garden we had almost ceased to believe in. There is ground to hope that we shall now 

have a run of good years. Sunspots will be favourable for three or four years more. It is so 

long since there has been any remarkable sporadic or other extra sunspot rainfall that we are 

entitled to hope for this when sunspots become adverse. And lastly, if least, we have turned 

the comer with our forests. The forest area is now slowly increasing. Last year the operations 

of the Forest Department showed (in round numbers) over 1,000 trees reared in the nurseries 

for each tree cut in the forest; and only decaying trees were removed from the forest. In all the 

large forests in charge of European foresters the protection has been real, and the trees raised 

in the forest nurseries, though amounting to 140,000, are insignificant compared to the natural 

re-growth observable.  

 To recapitulate we have the following remarkable rains during the last 6o years: –  

    EASTERN RAINFALL.  

 

Remarkable 

rains.  

 

 Period in the Sunspot Cycle. 

1821-22. Great floods occurring three years after the greatest 

expectation of sunspot rain. 

1828  Great floods at the actual maximum of a weak sunspot 

period. 

1841-42. Good rains occurring four years after an early strong 

maximum of sunspots in 1837, or at the year of greatest 

expectation on the 11.11 period. 
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1848 Tremendous floods coinciding exactly with the early strong 

maximum of 1848. From 1846 to 1856 a period of almost 

uninterrupted good seasons.  

1862-63 Great Floods two years after the actual maximum of spots in 

1860. 

1874 Floods and heavy rain; eleven years since last floods. There 

was an early strong maximum of spots in 1870, a year before 

the normal period. Allowing for this and three years 

retardation, the rains came punctually. 

1885 After severe drought heavy rains set in within a  month of the 

exact 11 year period. The actual sunspot maximum in 1883-84 

was weak and late; rains punctual allowing for the three years 

retardation. 

 

The above tables may be tabulated thus:- 

 

Remarkable 

rains 

Years of greatest 

expectation of 

rain calculated 

on the 11.11 

spot period and 

3 years 

retardation 

Years of greatest 

expectation of 

rain from actual 

maximum of 

spots and 3 

years retardation 

Actual observed 

maximum of 

sunspots 

1821-22 1818 1819-20 1816-17 

1828 1829-30 1831 1828 

1841-42 1841 1840 1837 

18498 1852 1851 1848 

1862-63 1863 1863 1860 

1874 1874 1873 1870 

1885 1885 1886-87 1883-84 

 

 A scrutiny of this table shows that in the above six cycles the mean discrepancy 

between the actual and expected years of remarkable rainfall is: –  

 For observed max. of spots with a 3 years retardation  ...  l.46 years.  

 For the 11.11 maximum                “                             … 1.14  “ 

 Or, in other words, of the two methods of calculating the greatest expectation of 

sunspot rain the strict 11.11 year period gives rather closer results than when the actual 

number of sunspots observed is taken. It must be remembered that the observed number of 

black spots on the sun is only one index of the solar activity. Dr. Chambers, of Bombay, 

declares that the curves of magnetic  
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perturbations are more regular than the sunspot curves. Looking at the third column of the 

above table we see that taking the 11.11 spot period with a three years retardation, since 1818, 

the only instance when there was any notable discrepancy between the actual and the 

calculated rainfall was in 1848. This discrepancy amounted to 4 years, and may be accounted 

for thus. In 1848 tremendous floods coincided exactly with an actual premature and strong 

maximum of 124 spots (Wolfe); and good rains held right on through the period of greatest 

expectation of sunspot rain in 1852. Thus, in this particular instance, the discrepancy may be 

considered to be accounted for, thereby reducing the mean discrepancy for the remaining 

years to only 0.66 of a year, or to a total discrepancy of 4 years in seven maximum periods 

compared.  

 The accompanying table (page 32) shews the effect of adopting different periods of 

retardation. It will be seen that with the 11.11 spot period, the mean discrepancy is least – 

1.14 years with a retardation of three years. With the actual maximum of sunspots, the mean 

least discrepancy, - 1.57 years, is somewhat greater; and is the same, whether a two-year or a 

three-year retardation be adopted. If account be taken of the time of year when the 1885 rain 

fell, the mean discrepancy falls slightly in favour of the three-year retardation.  

 The clockwork regularity of the rainfall during the last three cycles, 1863, 1874 and 

1885, is very remarkable. We cannot of course look for the continuance of such a regularity, 

but to the average mind I think these figures will carry the conviction that sunspots have a 

potent influence on our climate.  

 The sunspot cycle being 11.11 years if you will reckon back for 21 cycles you will 

find that we come to the year 1652, the year in which the Dutch landed in the Colony. On the 

sunspot theory we should expect to find the weather of that year similar to that of 1885. The 

following extract is taken from the hand-book of the Colony prepared for the present Colonial 

and Indian Exhibition.  

 "The winter of 1652, from July to August was an exceptionally severe one; part of 

Table Mountain was white 
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EASTERN RAINFALL – CAPE COLONY. 

TABLE SHOWING THE DISCREPANCY BETWEEN THE CALCULATED AND 

ACTUAL YEARS 

REMARKABLE RAINFALL. 

 
Remarkable 

Rains 

CALCULATED FOR THE 11.11 YEARS 

SUNSPOT PERIOD  

CALCULATED ON OBSERVED 

MAXIMUM OF SUNSPOTS 

2 years 

retardation 

3 years 

retardation 

4 years 

retardation 

2 yrs 

retardation 

3 yrs 

retardation 

4 yrs. 

retardation 

 Discrepancy 

of [years] 

Discrepancy 

of [years] 

Discrepancy 

of [years] 

Discrepancy 

of [years] 

Discrepancy 

of [years] 

Discrepancy 

of [years] 

1821-22 4 3 2 3 2 1 

1828 0 1 2 2 3 4 

1841-42 1 0 0 2 1 0 

1848 3 4 5 2 3 4 

1862-63 0 0 1 0 0 1 

1874 1 0 1 2 1 0 

1885 1 0 1 0 1 2 

 Sum=10 Sum=8 Sum=12 Sum=11 Sum=11 Sum=12 

 Mean=1.43 Mean=1.14  Mean=1.71 Mean=1.57 Mean=1.57 Mean=1.71 

 



 Cycles of drought and good seasons  25 

                          33  

with snow, and so much rain fell that the land resembled a sea. There was much sickness, and 

several deaths among the garrison. But all the privations and discomfort of these months were 

forgotten, with the advent of the Cape spring in September, when the verdure of the hills and 

the valleys afforded pleasure to the eye."  

 Thus one might be tempted to remark that sunspots came to this country with the 

Dutch! Since the discovery of sunspots and of the connection between their periodicity and 

earthly magnetism, astronomy has entered on a new path. It is no longer the abstruse study of 

star movements. With the recent discoveries of physical astronomy the dry bones of the old 

science have become clothed with new life. Man has never armed himself with a more 

wondrous instrument than the spectroscope. With it our feeble senses are able to grope their 

way to a knowledge of what is going on at an eternity of distance in the great Sun, from 

whose stupendous energy we draw all our force and all the life that throbs on this earth. Not 

only can we watch sunspots, prominences, and other changes in the sun, but we know when to 

expect them. Any variation in the sun's power influences the climate of our earth; it influences 

it directly in those parts of our globe – equatorial regions tumed towards the sun; indirectly in 

those turned away from the sun. It behoves us therefore, in this sunny land, removed but 33
0
 

from the equator, to neglect no opportunity of studying how far our periodical changes of 

climate are effected by the Mighty Power enthroned in the skies. 
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Schwabe's letter giving his sunspot work to the Royal  

Astronomical Society of England. 

 

GENTLEMEN, - the request contained in your letter, although in the highest degree honourable and 

complimentary to me, and although it gave me an opportunity to show the Royal Astronomical Society 

my gratitude for the Royal Medal granted to me, has still cost me some struggle before complying with 

it; for it is not easy to part with what has given me very often much pleasure and enjoyment, as a 

compensation for the labour devoted to the work. But in complying with your desire, I do so on one 

condition, viz, that you would grant me permission to obtain the observations back again, at any time, 

that I should be desirous of looking into them, during the short term of life still left to me. I do not think 

that I should have an occasion to avail myself of the permission asked for, but permit me kindly to 

believe that it is in my power to do so. After my death you may consider the whole of the observations 

as the property of the Royal Astronomical Society.  

 

Please to write to me if you are willing to agree to the above desire, and I shall then immediately send 

you my astronomical diaries, &c., from 1825 to the end of 1864.  

 

I remain, Gentlemen,                ,                      

Yours very faithfully,        ,  

S. H. SCHWABE    

 

__________ 

 

On receipt of this letter, Mr. Loewy was dispatched to Dessau by the director of the Kew 

Observatory, and Hofrath Schwabe delivered into his hands 39 volumes, which have 

remained at Kew to the present time, but which are held by the Observatory as the property of 

the Royal Astronomical Society. 
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Flood alerts 

 

W.J.R Alexander 

2005/06 

 

Note: I distributed these flood alerts prior to the onset of widespread sub-continental 

rainfalls and floods. These occurred in January and February 2006 and were the third 

highest on record in some regions.  

My predictions were fulfilled. Details are provided in the report above. The loss of 

life was minimal as a result of my early warnings. 

No climate change scientists have had the courage to acknowledge the validity of my 

prediction model, nor the minimal loss of life as a result of my flood alerts.  
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Flood alert 

WJR Alexander, alexwjr@iafrica.com 

9 November 2005 

1. Likelihood of widespread floods 

Exactly ten years ago, in November 1995, South Africa experienced severe, 

widespread floods that broke several years of severe drought. The conditions then 

were very similar to the present situation. We have already entered the turbulent 

period associated with the occurrence of the Sun’s reversal of magnetic polarity. The 

tropical cyclone activity that includes Katrina, is a consequence of this activity. 

My prediction (not forecast) is that there is a better than 75% probability of 

widespread, flood-producing rainfall occurring between now and the end of April. 

Please note that there is a 25% probability that this will not happen. This order of 

accuracy is much the same as the daily weather forecasts. 

The prediction is based solely on the assumption that the observed periodicity in 

flood-frequency analyses will continue. Please note also that the information below 

should NOT, repeat NOT, replace any SAWS forecasts or existing flood management 

procedures. They are solely intended to provide background information on some 

historical floods and suggest some simple and readily understandable flood 

preparedness procedures for urban areas. 

The material is from Chapter 15 of my 560-page handbook Flood Risk Reduction 

Measures distributed in August 2001. 

2. A nightmare scenario 

One day late in January 

More than 100 mm of rain fell over the city during the first two weeks of the month. 

During the following week another 200 mm was recorded. 

10:00 on the first day of the fourth week. The SAWS issued the daily synoptic 

weather map that showed the location of the low pressure trough 200 km west of the 

city. The forecast for the day was that the sharp trough of low pressure over the 

interior was being pinched between the high pressure systems over the eastern and 

western interior and would cause scattered thundershowers with heavy falls in the 

vicinity of the trough. 

12:00 Midday soundings by the SAWS showed very moist air in the lower levels and 

unstable conditions above 640 mb. 

13:00 The development of an array of storm cells along a 100 km long front was 

observed on radar. The centre of the axis was located some 50 km to the south-west of 

the city. 

15:00 The radar showed that the length of the array of storms was contracting into a 

single large complex with high intensity echoes. This complex was moving towards 

the centre of the city. (Overseas studies indicate that large cities generate a ‘heat 

island’ effect and also inject microscopic nuclei into the atmosphere. These conditions 

mailto:alexwjr@iafrica.com
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have been shown to increase rainfall intensities as the storms move across large urban 

areas.) 

16:00 Heavy rain started when the storm reached the south-western outskirts of the 

city. The movement of the storm slowed down and the rainfall intensity increased. 

This was caused by the combined effect of the higher ground and stronger influx of 

moist air from the north. 

More than 200 mm of rain fell over a wide area of the city during the subsequent four-

hour period. This included bursts of 40 mm in 15 minutes, 70 mm in 30 minutes, and 

100 mm in 60 minutes, but this was not known at the time. 

17:00 The radar broke down. Chaotic conditions developed. The storm coincided with 

the peak traffic exodus from the city centre. All arterial roads were blocked by 

vehicles due to the combination of poor driving conditions; streams of water across 

the roads; and consequent multiple pile-ups. Reports of serious injuries in these 

accidents started coming in but the emergency services could not move along the 

roads. Helicopter flights were impossible in the weather conditions. 

The emergency telephone numbers were swamped by telephone calls. Anxious 

mothers reported that their children had not arrived home. Calls for help were 

received from house owners whose houses were flooded by stormwater from their 

neighbours' properties or from streets where the stormwater systems were overloaded. 

18:00 All streams were in full flood. Some low-lying houses in the upper catchment 

were already isolated. Owners of properties further downstream wanted to know if 

they should start removing their valuable possessions and their pets. The press and 

television reporters were clamouring for information. 

20:00 It was now dark and the rain eased off, but the streams were still in full spate. 

Most vehicle drivers were unaware that water reflects light from headlights away 

from the driver and a dark patch ahead spells danger. Dangerous low level crossings 

were not closed to traffic as nobody was around to close them. Many cars stalled in 

deeper water while others were washed off the road together with their occupants. 

Light rain continued hindering the rescue operations that were getting under way. Was 

the storm over or could more heavy rain be expected? The radar was still out of 

action. 

21:00 From sporadic reports already received it was clear that severe floods would 

develop along the streams flowing away from the city, as the storm moved slowly in 

the same direction as the flood that it generated. Over the previous years unplanned 

occupation of the land adjacent to the streams had taken place. Many lives were lost 

during the night because these people could not be warned and evacuated in time. 

2.1. Is this a realistic scenario? 

On 1 September 1962, 417 mm of rain was recorded at the Port Elizabeth airport in a 

four-hour period 08:00 to 12:00, and 552 mm was reported within the city boundary. 

On 28 August 1970, 447 mm of rain was recorded in East London, most of it falling 

over a period of six hours. A total of 255 mm was recorded during the previous three 

days. 

During the night of 27 to 28 January 1978, 245 mm was recorded in the centre of 

Pretoria in a four-hour period from midnight to 04:00. This followed rainfalls 

exceeding 150 mm during the previous week. The radar broke down during the height 

of the storm. 

Now consider the position in Laingsburg on 25 January 1981. 
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2.2. Laingsburg 

On Sunday, 25 January 1981, 104 people lost their lives in Laingsburg. The high loss 

of life was due to the combination of two major factors - a lack of awareness of the 

vulnerability to floods, and the total absence of a flood warning system. The following 

were some of the contributory causes. 

Topography. The town of Laingsburg was located on a floodplain at the confluence of 

the Buffels River and two of its tributaries. The national road from Cape Town to the 

north passed through the town. 

Unusually heavy rainfall occurred over a wide region on the previous two days. 

Onlookers on the road bridge. Most of the residential area and the town centre was 

located on the floodplain of the Buffels River. The national road bridge was directly 

opposite the centre of the town, and due to the local topography the bridge deck was 

higher than the low-lying areas of the town itself. When the river overflowed its banks 

and spread into the town, vehicles approaching from the direction of Cape Town 

could not proceed further and traffic built up on the bridge. Unaware of the danger 

that they were in, drivers, passengers and other onlookers remained on the bridge. The 

river continued to rise and crossed the road behind them cutting off their escape route. 

Sixteen onlookers on the bridge were drowned when the bridge was subsequently 

inundated by the flood. 

Bridge openings blocked by debris. The flood stripped the vegetation from the 

upstream floodplain. The bridge openings were blocked by this debris with the result 

that the portion of the flood that would normally have passed through the bridge 

openings was deflected into the town and worsened the situation there. 

Escape routes cut off. The highest loss of life was due to residents staying in their 

houses until it was no longer safe to cross the streets. The streets that they had to cross 

were parallel to the river and the water velocities were consequently too high to wade 

through. 

Rescue system. There was no co-ordinated rescue plan or organisation that could carry 

out the rescues. A number of would-be rescuers lost their lives in rescue attempts. 

Flood awareness. The magnitude of the flood was far greater than any previously 

experienced flood. Residents were unaware that their properties could be inundated by 

exceptional floods. 

Flood warning. There was no flood warning system, and residents had to rely on their 

judgement of the danger that existed. They did not appreciate that the water would 

rise to the level that it did, nor that they would not be able to escape in time. 

The ultimate reason for the loss of life in Laingsburg was the absence of a warning 

system, civil defence organisation and evacuation plan. It should also be noted in 

passing, that the annual exceedance probability of the flood was well in excess of a 

1:100 year flood. Consequently, emergency measures and evacuation plans should be 

based on an extreme flood (preferably the regional maximum flood), and not on the 

flood used for determining the designated flood line. 

The solution 

The river overtopped its banks at 10:00 and reached its maximum eight hours later. It 

took eight hours to move across five street blocks. This would have been more than 

enough time to warn and evacuate most of the people in this small community IF : 

 A civil protection service had been established. (Most towns now have them). 
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 There was a map on the wall of the operations room of the civil protection service 

showing the location of the floodline that would be reached by the regional 

maximum flood. (Very few towns have this information, and some of those that 

do have it are reluctant to disclose it because of objections by owners or 

developers below the floodline that this disclosure would result in the reduction in 

the resale value of their properties). 

 The map showed all danger points such as bridges that could be isolated by 

floodwater and streets where high velocities could be expected. 

 Property owners below the regional maximum floodline had previously been 

made aware that they were located in a flood prone area, and provided with 

information on escape routes and under what conditions they should evacuate their 

residences. (This information is seldom available but is essential for a successful 

evacuation programme). 

 Telephone (or preferably radio) links were established with reliable observers in 

the catchment. Because of the widespread nature of severe flood producing 

rainfall only three or four observers would be necessary. 

 There was another map in the operations room showing the rainfall in the 

catchment during the past 24 hours. 

 A simple, easy-to-read brochure was available in the operations room, which 

would provide advice on the meteorological and hydrological conditions that 

could give rise to severe floods. This would include the observation that these 

floods are usually preceded by two or three days of heavy rain over a wide region. 

 A 'browse file' containing details of previous heavy rainfalls and resulting floods 

was available for quick reference. Reference to this file would provide a good 

estimate of the magnitude of the pending flood compared with previously 

experienced floods. 

This simple system that is cheap, easy to understand and implement, has a large 

potential for saving lives. This is confirmed by comparing the situation in Laingsburg 

where no flood warning system existed at that time, and the situation in Ladysmith 

where frequent flooding occurs (inhabitants are aware of the danger) and a flood 

warning system is in operation. The number of families at risk in Ladysmith is about 

700 compared with about half of this number at Laingsburg. One hundred and four 

people lost their lives at Laingsburg while only one life was lost in the September 

1987 flood in Ladysmith which was the third highest since 1884. 

Another example is the September 1987 floods elsewhere in Natal where there was a 

high loss of life. The SAWS issued a warning of the possibility of severe rain five 

days before the floods occurred. There was also a build-up of preceding rainfall. None 

of the authorities reacted to this information because they could not relate it to the 

possible severity of floods that could result from it. Consequently no action was taken 

prior to the arrival of the floods, and lives were lost. 

2.3. How frequently can events of this magnitude occur? 

Severe floods with the potential of causing large loss of life (more than 100 flood-

associated deaths) occur about once in seven years on average somewhere in South 

Africa. 

Obviously the probability that associated rainfalls of this magnitude will occur at a 

specific site in any one year is much less, but the probability that this rainfall may 

occur within a period of several years is by no means insignificant. For example, the 
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Pretoria rainfall given above has a 0,5% probability of being exceeded in any one 

year, but a 10% probability of being exceeded at least once in the next 20 years. 

Another alarming property of these rainfall events is that they are often much more 

severe than previously recorded maxima. For example the rainfall station in Pretoria 

where 245 mm was recorded has been in operation since 1906. The previous highest 

daily rainfall was 169 mm. 

On 30 November 1975, 101 mm of rain fell in 16 minutes near Nelspruit. The 

previous highest 15 minute rainfall recorded anywhere in South Africa was 56 mm. 

The estimated flood peak in Laingsburg was 5700 m
3
/s compared with the previous 

highest since 1920 of 740 m
3
/s.  

There are many more examples. 

2.4. Unplanned occupation of flood-prone areas 

Occupation of flood prone areas including areas above the proclaimed floodlines but 

below the maximum floodlines, and unplanned residential occupation of floodplains 

have escalated during the past few years. The risk of drowning during floods has 

increased significantly as a consequence. Most of these people have not experienced 

floods and are generally unaware of the risks that they face. Due to their social 

conditions their safe evacuation will be a difficult operation. Every additional hour of 

prior warning can potentially save tens to hundreds of lives. 

2.5. Flood warning systems for urban areas 

Severe, flood-producing rainfall does not appear out of the blue. Most of the major 

floods that we have investigated have been preceded by above average rainfall in the 

previous days, weeks or months. 

Weather forecasting models are becoming more sophisticated, and the accuracy and 

lengths of advance warnings are increasing. The heavy rains that caused severe 

flooding in Natal in September 1987 were predicted five days before the floods 

occurred. 

Where radar coverage is available, good, real time estimates of the rainfall over a 

catchment is possible. However, it would be a mistake to rely solely on radar systems 

as they have a habit of breaking down when most needed. There are still large areas 

that do not have radar coverage. 

2.6. Reliability of a flood warning system 

The success of a flood warning and evacuation system will depend on the following. 

 The degree of awareness of the public exposed to flood hazards. 

 The length of advance warning of imminent damaging floods. 

 The availability of plans that demarcate areas susceptible to flooding using the 

regional maximum floodline. 

 The availability of information on the maximum safe flow for all bridges and road 

culverts. 

 The availability of trained staff in the right position at the right time to provide 

information and assistance. 

 An efficient communication system between the control centre and staff in the 

field. 

 An efficient means of warning people of pending dangerous situations. 
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All the above requirements are feasible in well-planned municipal areas. The risk is 

also lower in these areas because of engineered drainage systems, and restrictions on 

development and housing in flood prone areas along watercourses. 

In adjacent townships, standards are generally lower and risks of damage and loss of 

life are consequently higher. It is also more difficult to establish an efficient flood 

warning and evacuation system in these townships. 

The position is even worse within unplanned settlement areas, particularly those 

located on floodplains. 

 The occupants are seldom aware of the risks that they face. 

 Plans showing the maximum floodlines are seldom available. 

 Information on the safe flow at all stream crossings is seldom available. 

 It would be difficult to ensure that trained staff were in position at the 

commencement of the flood to provide information and assistance. 

In these areas there is an even more urgent need to achieve the longest possible period 

of advance warning of severe rainfall and floods, and to issue warnings as early as 

possible and as efficiently as possible.  

It is far easier to state this objective than it will be to implement it, but is the 'do-

nothing' option a viable alternative? 

2.7. Alternative methods for real-time flood estimation 

There are several methods that can be used to predict the possibility of damaging 

floods occurring at a specific site. The most accurate method is a flood warning 

system based on gauged upstream river flow and conventional hydrological flood 

routing procedures. This requires knowledge of upstream hydrographs or inflows into 

upstream dams, and is only practical in large catchments where advance warnings can 

be issued days in advance. 

Longer warning periods can be achieved if near-real time measured rainfall data are 

available. This information can be used in rainfall-runoff computer models where 

flood magnitude forecasts are based on the recorded rainfall. This method can only be 

used if the models have been calibrated using recorded rainfall and runoff from a 

number of previous events. This method will provide a longer warning but will be less 

reliable than flood routing procedures. 

Predictions based on meteorological forecasts of the possibility of heavy flood-

producing rainfall within the forecast period (often several days in advance) will 

provide the longest warning but the accuracy of estimated flood magnitudes will be 

poor. 

A potential flood warning system can therefore be considered as consisting of three 

phases: 

Phase 1. Flood forecast based on meteorological forecast. Long warning but poor 

accuracy. 

Phase 2. Flood forecast based on recorded rainfall. Moderate warning and increased 

accuracy. 

Phase 3. Flood forecast based on gauged upstream river flow. High accuracy but short 

warning time. 
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2.8. Flood watch system for local authorities 

A separate suite of computer programs was developed for use by local authorities and 

other organisations that have a direct responsibility for issuing warnings to their 

residents. These are general programs with site-specific components. 

Our recommendation is that people in the danger area be warned to watch the river. 

Instructions to evacuate premises should not be issued unless the organisation that 

issues the instructions has the legal authority to do so. 

3. Flood risks in unplanned settlements 

3.1. Background for non-technical readers 

The following are some rough rules of thumb: 

 Where a river has flowed in the past it will surely flow again in the future. 

 Floods are highly destructive. Any obstacles in the path of a flood such as 

unprotected landfills will be eroded away, as the river attempts to reinstate the 

previously unobstructed river channel. 

 The larger the flood the straighter the path that it will attempt to follow. Low-lying 

areas on the inside of bends in a river are particularly vulnerable. 

 Floods do not move down the river in the form of a wall of water. A person 

standing on the bank of a river will be able to walk away from danger at a slow 

walking pace. 

 Adults will not be able to wade through fast flowing water that is more than knee-

deep. For children and invalids the depth will be less. 

 The high loss of life during floods is almost always due to people staying in their 

houses until it is too late to escape, or bystanders watching events from dangerous 

positions such as bridges across the river. 

 Lives are also lost when people attempt to drive their vehicles along roads that are 

under water. This is particularly dangerous at night because water reflects the light 

from the headlamps away from the driver, and the water is therefore not visible. 

All that the driver sees is a black patch in front of him. 

 A lot of floating debris is carried by floods. This includes uprooted trees and 

material from destroyed houses and their contents. This debris hinders rescue 

attempts and increases the probability that people washed into the river will 

drown. Debris may also block bridge openings and deflect the force of the flood to 

another area that would otherwise have been out of danger. 

3.2. Assessment of flood risks 

For a number of reasons it is not feasible to prohibit residential development within 

all areas that could be flooded however infrequently. Most municipalities in South 

Africa prohibit residential development below the 1:50-year (subsequently increased 

to 1:100-year) flood line, which is considered to be a reasonable risk. There is a 2% 

probability that floods of this size will be exceeded in any one year, but an 18% 

probability that it will be exceeded in any ten year period. Although the probability of 

floods of this size occurring is fairly small, there are a number of other factors that 

could lead to loss of life during smaller floods. 

The first point to note is the gradient of the river. If the river has a flat gradient and is 

generally wide, shallow and covered with reed beds, the water velocities will be 

relatively low. At the other end of the scale, if the river channel is narrower and much 

steeper, the water velocities will be higher and will cause more damage.  
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If the shacks are far apart most residents will be able to retreat from the rising water 

level without much difficulty. However, most of the shacks will be destroyed by water 

depths of more than about half a metre. 

Where the shacks are densely packed together, this will make it difficult for occupants 

to escape to safety once the water level has risen above the floor level of the shacks. 

This is because shacks along the escape routes will start collapsing and the debris will 

block the narrow passages between the buildings. There will inevitably be a large loss 

of life if the river overtops its banks in this situation. 

3.3. Recommended action 

The following action is recommended in order to minimise the risk of loss of life, 

bearing in mind that no measures other than a relocation of the people at risk will 

succeed in completely removing the risk. The actions are listed in order of priority. 

1. A plan of action should be drawn up that will be implemented should a severe 

flood occur. For planning purposes it can be assumed that half of the shacks below 

the 1:50-year flood line will be destroyed and that one life will be lost per shack 

that is destroyed. This plan of action should identify the organisations that will be 

involved before, during and after the floods, what the responsibilities of each 

organisation will be, and which organisation will be responsible for overall 

coordination. 

2. All people living below the 1:50-year floodline should be made aware of the flood 

danger, and what is being done to remedy the situation. 

3. A simple flood warning system should be established as soon as possible. This 

should consist of painting water levels at half-metre height intervals on the piers 

or abutments of upstream bridges. In addition, rain gauges should be supplied to 

three or four observers evenly spread inside or near to the catchment area. The 

following action should be taken if heavy rain occurs: 

 Code Blue: All observers with rain gauges report more than 50 mm rain, 

and it is still raining.  Place emergency teams on alert. 

 Code Yellow: All observers with rain gauges report more than 75 mm rain, 

and it is still raining.  Rivers will start flowing strongly in this situation.  

Send observers to observe the river flow at key upstream bridges. 

 Code orange: All observers with rain gauges report more than 100 mm 

rain and it is still raining. Severe, life-threatening floods can be expected. 

Emergency teams should be despatched to a central point in the area. 

From now onwards a close watch should be kept on the flow in the river at the 

upstream bridges. 

 Code Red: Observers at the upstream bridges report that the water level 

has nearly reached the road level at the bridges, and the water level is still 

rising.  Life threatening flooding is almost certain. The pre-arranged 

method for warning inhabitants (e.g. sirens) should be activated, and the 

emergency teams should move into the threatened area. 

 From here onwards take such action as may be required. 

Note the most important requirement in each of the above stages is that the rainfall is 

continuing or the water level is still rising. If the rain has stopped or the river levels 

are falling the code status should be reduced to the next lower code. 
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Note also that the residents should only be warned once it is clear that a life-

threatening situation has developed (Code Red). This warning should be adequate, 

and will avoid creating false alarms, provided the residents have been informed of the 

danger and have been told (repeatedly) that when they hear the sirens they can expect 

floods and that they must closely watch the river. 

It must also be appreciated that steep rivers with small catchments will respond very 

rapidly to intense rainfall and that the flood could reach the danger area within a few 

hours of the commencement of the storm. 

4. Post-flood recovery programs 

Floods are highly destructive and will destroy all structures in their path that are not 

specifically designed to withstand flooding. Water and waterborne sewage pipelines 

are particularly vulnerable. The approaches to bridges will almost certainly be 

destroyed if the flood rises above the road level. 

In addition to the provision of shelter and food for those made homeless by floods, 

provision should be made for the supply of potable water to all residents whose 

supplies may be cut off by floods. 

5. Recommendations 

5.1. Implementation of a flood warning system 

The implementation of a flood warning system is the only feasible means for reducing 

the potential loss of life due to floods in many areas of South Africa. 

The decision to implement the system should not be taken lightly as some irreversible 

commitments will have to be made. On the other hand the consequences of deciding 

not to implement the system will have to be considered. 

5.2. Check list 

A checklist that could be used for developing a local flood warning system is printed 

below. It could also be used for inclusion in the agenda when the possibility of 

developing a flood warning system is discussed. 

6. Commitment 

All local authorities and other organisations that propose operating a flood warning 

system should appreciate that half-hearted commitments, untrained staff and 

neglected equipment are worse than having no system at all. It is the equivalent of 

having a fire station with untrained staff and fire fighting vehicles with flat tyres and 

empty fuel tanks. It is an all or nothing commitment. 
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Flood Preparedness Programme 

 

Action required until residents in flood-prone areas 

are resettled elsewhere 

 

Priority Action Cost items Responsibility 

1 Issue warning pamphlets to all people 
living in flood prone areas advising 
them: 

What to expect if floods occur 

What to do if floods occur 

How warnings will be issued 

Who will issue warnings 

Action to take if warnings not received 

Design, printing and 
distribution of pamphlets 

 

2 Produce maps showing: 

Floodlines 

Critical areas 

Escape routes 

Gathering places during floods 

  

3 Develop a flood warning system 

Develop methods 

Organise observers 

  

4 Operate a flood warning system 

Establish a permanent operation centre 

Locate temporary field centres 

Equip operation centres (maps, etc) 

Identify participating organisations 

Identify rescue squads 

  

5 Prepare for post-flood action 

Provision of food, shelter and medical 
assistance 

Reinstatement of services (water, sewerage, 
electricity, roads) 

  

6 Operate training programmes for all 
personnel involved in above 
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Flood alert 2  
WJR Alexander, alexwjr@iafrica.com 

8 November 2005  

[My previous memo was incorrectly dated 9 November instead of 6 November.]   

 

Thanks for the e-mails. There is obviously a lot of interest so I have produced a 

consolidated reply as your e-mails provide information that I am sure will be of 

interest to others on this list. The issue is very important because if the floods do 

occur, this will open the door to a completely new and valuable tool for climatological 

research that some of you could follow up.  

Short historical background  

I first used my accumulated departure plot as a predictive tool in my 1978 technical 

report Long range prediction of river flow - a preliminary assessment. As the years 

passed, every now and again I updated the Vaal River plot and watched the pattern 

repeat itself. By 1993 I was very sure of my interpretation and submitted my paper 

Floods, droughts and climate change to the South African Journal of Science in July 

1993. My conclusion was:  

The end of the previous 20-year cycle was at the end of the 1972-73 summer 
season. This was succeeded by severe floods in the Vaal-Orange River 
system and in rivers of the Eastern Cape in the period from 1974 to 1976. It is 
interesting to note that severe floods also occurred in Australia and India in 
this period. In both countries the floods precipitated studies on the 
development of national flood warning systems.  

The best forecast based on this study is that the turning point in the current 
sequence of well below-average river flow in the rivers in the summer rainfall 
region of South Africa, will occur within the next 12 to 24 months at the latest. 
The probability that widespread rainfall will cause floods within the next two 
years appears higher than it has been at any time during the past 20 years. 
As with all long-range forecasts, there is an appreciable bound of uncertainty 
about the prediction.  

For 18 months I received no responses to my faxes to the editor. In April (?) 1995 I 

presented my material to the IGBP conference here in Pretoria and commented that 

the editor was no doubt exercising his constitutional right to remain silent. I recall 

somebody mentioning El Nino. In response I asked What causes El Nino? I was told 

that the answer to the question would qualify for the Nobel Prize.  

Fortunately, one of the referees of my paper was in the audience and within a week I 

was approached by the editor. He pointed out that the two-year period was almost 

over and that I would be embarrassed if the floods did not occur. I responded that I 

was very sure of my position and wished to go ahead with the publication. I added the 

following postscript to the paper.  

The analyses detailed above were completed during July 1993, but the 
anticipated widespread rainfall has not eventuated...The following 
conclusions can be made with confidence.  

 There is clear evidence of cyclicity in the river flow data for most of the large 

river catchments in South Africa.  

 The cyclicity is closely associated with sunspot activity.  

mailto:alexwjr@iafrica.com
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 The cyclicity is much more apparent in annual river flow than in annual rainfall, 

or the annual Southern Oscillation Index.  

 Time series analyses cannot be used with confidence where the data are lower 

bounded, highly skewed, not identically distributed, and with appreciable cyclicity 

or non-random grouping as is the case with the annual river flows in most such 

African rivers. 

The paper was published in the August 1995 edition of the Journal. At the October (?) 

meeting of SASAS I repeated my prediction. I had a cheap commercial rain gauge at 

my home in Lynnwood Glen, Pretoria. The October rainfall was 70 mm. I recorded 

the following rainfalls in November: 8th (3mm), 9 (20), 15 (27), 17 (3), 18 (75), 19 

(31), 20 (21).  

This was the start of the countrywide heavy rainfall and floods. On Christmas Eve 

more than 150 people lost their lives in an informal settlement in Edenvale outside 

Pietermaritzburg. This is the highest loss of life in an urban area to date. Previously, 

my colleagues and I had identified this settlement as one of the most vulnerable to 

floods in South Africa. The floods covered a wide area of southern Africa. Extensive 

damage was caused and many more lives were lost.  

My subsequent analyses showed that the periodicity is 21-years and not 20-years. If I 

had taken this into account in my prediction, I would have been a year closer to the 

target. My prediction was soundly based and well documented before the event. I 

found it strange that there was no acknowledgement of this prediction capability by 

climatologists, particularly SASAS colleagues who were present at both the IGBP and 

the SASAS conferences.  

The present  

Now we are in the same position as in 1995 and I am equally confident. I obviously 

cannot claim any certainty although my gut feeling is more than 75%. From an 

engineering point of view there are two conflicting physical processes at work - 

persistence and instability. Droughts tend to be persistent but the causative 

mechanisms become increasingly unstable - like stretching a piece of elastic. 

Eventually there is a triggering mechanism and the system rebounds. Floods are the 

result.  

I have not seen any mention of this physical process in the IPCC or other literature 

that I have studied, although the sudden reversals have been known for more than 100 

years. I have reported them on a number of occasions since the 1970s.  

Some doubts  

Two of my e-mail correspondents expressed doubts regarding my prediction on the 

basis that this is a very weak La Nina year. Their views are important and you should 

be aware of them. It is my view, which remains to be demonstrated, that these 

reversals are unpredictable in the causal sense. It will be very interesting to see what 

happens.  

Definitions  

I was asked what the difference is between a forecast and a prediction. The word 

forecast is usually associated with estimates of future conditions based on the present 

conditions, such as the daily weather forecast. Forecasts are based on deterministic 

(cause-effect) analyses.  
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Predictions are probabilistic estimates unrelated to the present conditions, such as the 

flow in a river six months from now. Predictions are based on statistical analyses.  

Laingsburg  

I received this comment.  

I passed through Laingsburg in September and, from the car window, I got 
the impression that rebuilding is taking place on the areas inundated by the 
previous flood. 

I was a member of a Cabinet Advisory Committee on the reconstruction of 

Laingsburg. Our recommendation was accepted that none of the buildings within the 

floodplain destroyed by the floods, including domestic houses, should be rebuilt. The 

area was rezoned as a recreational area. The flood was exceptional but no alterations 

were made to the bridge, so blockages of the bridge openings by floating debris will 

still divert floodwater into the town.  

Basis for my rainfall analyses  

I received this comment.  

Saturday before last I attended an environmental meeting at the enviro centre 
at Valkenberg to hear a talk on global warming by Dr Mark Todross. In the 
course of challenging some of his presentation, particularly predictions of a 
reduction in rainfall, I quoted from the information you have been putting out. 
The response was that your work was based on stream flow not rainfall 
records. I would be interested to have your comments. 

Dr Tadross was badly informed. My rainfall studies were based on an analysis of 

district rainfall data undertaken and widely disseminated some three years ago. I never 

claimed that it was derived from a study of river flow. It is sad to see how climate 

alarmists continue misleading the public and denigrating those who hold opposing 

views.  

Their reason for doing this, is that they are in a Catch 22 situation. They proclaim that 

the melting of the polar ice sheets and terrestrial glaciers is evidence of the extent of 

global warming. From this it must follow that global warming has also resulted in an 

increase in evaporation from the oceans, lakes, vegetation and soils. The additional 

evaporation must have already returned to the earth in the form of increased rainfall. 

[I have not seen any reference to a build-up of moisture in the atmosphere.]   

This beneficial consequence has been measured and confirmed theoretically in 

recognised international publications. The statement issued by the joint academies of 

science specifically mentions that some of the consequences of global warming are 

beneficial. However, this beneficial increase in rainfall completely negates the 

alarmist claims of threats to agriculture and water supplies, without which their whole 

climate change scenario collapses. It has been very interesting to observe how they 

are attempting to wriggle out of this situation. One of their tactics is to attempt to 

denigrate me personally, which is water off a duck's back.  

They dare not press too hard with claims that global warming has decreased South 

African rainfall, because this is contrary to the physical processes and well-

established scientific opinion. If they insist that their GCMs predict a general decrease 

in rainfall, this will generate even more scepticism as there is no evidence to support 

it, including thorough studies by commissions of enquiry during the past century. 

They obviously cannot take that risk.  
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Bear in mind that the polar ice sheets have been melting for some time, and it is 

claimed that sea levels are already rising. Therefore rainfall changes must already 

have taken place. But no studies have found a general decrease in rainfall over South 

Africa. I am the only person in South Africa who has reported a general increase in 

rainfall. This is in close accordance with international theory and observations. 

Nor can they support Tyson’s view that there has been no change. This is even worse 

as it acknowledges that global warming does not pose any threat at all.  

The best they could do was to claim that global warming will increase in the north-

eastern parts of South Africa and decrease in the south-western parts. There no 

evidence to support the view that this is already happening. It is also directly contrary 

to my own observations. It also still avoids answering the question. Has there been a 

general increase or decrease in rainfall over South Africa as a whole?  If so, by how 

much? 

I suggest that you ask this question next time you attend one of their public 

gatherings. Watch them wriggle out of this by inverting your question. They will 

substitute the whole of South Africa for your phrase South Africa as a whole. They 

will reply there has that there has not been an increase over the whole of South Africa 

and move on to the next question.  

The mere fact that there is uncertainty demonstrates that the degree of change is not 

even remotely sufficient to support their alarmist predictions. Now you will 

understand why I was not invited to present my views at the Midrand conference. So 

much for honest science. I deal with this in my forthcoming summary. It will be very 

interesting to observe their reactions.  

Chaos theory  

Another question:  

a) a major contributor to the development of chaos theory was the early 
attempts at climate modelling. 

 b) if these models are real, why, in the best scientific tradition, are we not 
seeing the "battle of the models" - rather like that TV program, "Robo Wars" 
that pits radio controlled models against each other. 

Sometimes I am genuinely heart sore when I see the alarmists floundering in deep 

water of their own making. I offered to participate in round-table discussions on many 

occasions, as there is a lot that I can contribute to the issue. My offer was ignored. 

Now they are making statements and following procedures that are in direct conflict 

with scientific knowledge. Nowhere is this more evident than in the basis for the 

development of mathematical global climate prediction models (GCMs).  

Another of my lifelong interests has been in river mechanics. In essence this is the 

study of the course followed by a river flowing in erodable material. Water is an 

incompressible medium that can only flow in one general direction - downhill. The 

riverbed is never flat as it consists of ripples and dunes in the sediment that it 

transports. It also never flows in a straight line in erodable material but follows a 

sinuous path. All of this means that the flow in a river is three-dimensional on all 

space scales. Three-dimensional flow can never be constant in time, so river flow is 

always turbulent. This will be obvious if you look down on the flow in a river from a 

bridge when you will see the smooth surface of the upward moving boils of water and 

their erratic appearance and disappearance. This turbulence has a large, unpredictable, 

random (chaotic) component. It is impossible to describe this mathematically without 

including the random and therefore unpredictable component.  
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I have three interesting books on my bookshelf relating to randomness and 

uncertainty. They are David Ruell's Chance and chaos, John Casti's 

Complexification, and Peter Bernstein’s Against the Gods. The remarkable story of 

risk. All three are targeted at lay readers.  

In the second paragraph of his book Ruell states: As we shall see there are severe 

limitations on the predictions of the future. On p22 he states: Certain physical 

phenomena, those of meteorology for instance, exhibit a great sensitivity to 

perturbations so that a tiny cause can have important effects after a while. On p63 he 

states: 

As a meteorologist, Lorenz could thus present a valid excuse for the inability 
of his profession to produce reliable, long-term weather predictions (my 
emphasis). The approach of Lorenz has the great virtue of being specific, and 
extendable to realistic studies of the motion of the atmosphere. Before 
leaving Lorenz, let me note that while his work was known to meteorologists, 
physicists became aware of it only rather late.  

Now compare the difficulty in modelling the flow in a river, with modelling the 

infinitely more complex atmospheric and oceanic processes and their interactions. Yet 

here we see developers of GCMs claiming a long-term predictive capability. They 

have obviously never heard of, or are completely ignorant of terms such as:  

Turbulent, random, predictable, dependence on initial conditions, self-sustaining, self-

limiting, equilibrium, persistence, the effects of solar activity, instability, triggering 

mechanisms, causes and consequences, mathematical equations versus numerical 

simulations, the effects of dimensionality, uncertainty and scale, and a whole string of 

available prediction models, from black box, to deterministic, to probabilistic.  

I have been involved in modelling environmental and hydrological processes for the 

past 30 years. In 1988 I was invited to present the annual Stander Memorial Lecture at 

the CSIR. The title of my presentation was Dimensionality, uncertainty and scale in 

water resources research. I still have a PowerPoint version. I will include it in my 

final CD so that GCM modellers can have a clearer appreciation of the fundamental 

weaknesses and unreliability of all mathematical models of environmental processes.  

Even a junior programmer can write a program such that when you enter 2+2 it 

produces an answer of 5. Producers of GCMs similarly have no difficulty in tweaking 

their models to produce any desired output. Their colleagues will not challenge them 

because this would destroy the claims of "consensus" that is the cornerstone of 

climate alarmism. When outsiders pose awkward questions the alarmists close ranks 

and draw their wagons into a circle to defend themselves from “the enemy".  

Dragonflies  

I received a lot of other interesting information including Michael Samway's paper 

Impacts of extreme weather and climate change on South African dragonflies in 

which he concludes that there is no evidence to date that anthropogenic climate 

change has affected odonate populations in the region.  

Letter to Cape Times  

Finally, Philip Lloyd sent me a copy of the following letter he wrote to the Cape 

Times. 

 

Subject: Top scientists and climate change conference 
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You report today on a meeting at Midrand to seek answers to climate 

change, which has been organised by the Department of Environment 

Affairs and Tourism. 

I received an invitation.  I responded, offering a paper.  I have 

just helped the Intergovernmental Panel on Climate Change complete a 

technical report on carbon capture and storage. I was one of twelve 

co-ordinating authors.  On 26 September, in Montreal, the world's 

governments approved the report's summary for policy makers, which 

concludes that carbon capture and storage will play a significant 

role in helping to control carbon dioxide concentrations in the 

atmosphere during this century.  I did not identify any SA government 

input at that meeting, and felt the meeting in Midrand might be an 

excellent opportunity to bring our government up to speed. Since 

making my offer I have heard nothing from the Department. 

Prof Will Alexander, recently retired professor of hydrology from the 

University of Pretoria, likewise offered his report on rainfall 

trends in SA over the past 150 years.  Surprisingly he shows that we 

have significantly more rain, even though it has clearly become 

warmer.  I say surprisingly because the climate change models tell us 

that we should be getting drier, not wetter.  However, North America 

has also become significantly wetter over the past century, so we are 

not entirely alone.  He too was ignored by the Department. 

There is something seriously wrong with the Midrand meeting.  It does 

not represent the climate change debate in South Africa.  Your 

readers need to bear this in mind as the Minister finds yet another 

trumpet to blow. 

Yours, etc 

(Dr)Philip Lloyd 

Hon Research Fellow 

Energy Research Centre 

University of Cape Town 

The future  

I firmly believe that history will pass a harsh judgment on climate alarmism and all 

those who actively or passively support and propagate it.  

____ 
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Flood alert 3 
Will Alexander, alexwjr@iafrica.com 

14 November 2005 

Likelihood of widespread floods 

Exactly ten years ago, in November 1995, South Africa experienced severe, 

widespread floods that broke several years of severe drought. The conditions then 

were very similar to the present situation. We have already entered the turbulent 

period associated with the occurrence of the Sun’s reversal of magnetic polarity. The 

tropical cyclone activity that includes Katrina, is a consequence of this activity. 

I believe that there is a better than 75% probability of widespread, flood-producing 

rainfall occurring between now and the end of April. Please note that there is a 25% 

probability that this will not happen. This order of accuracy is much the same as the 

daily weather forecasts. My prediction based on the statistically significant periodicity 

in hydrometeorological processes. It is not a forecast based on theory and current 

observations,   

I distributed the above alert on 6 November together with a lot of other information in 

a 10-page memo to my email climate list of some 60 interested professionals in a 

number of disciplines. It created a lot of interest including comments from two 

academic climatologists. They expressed doubts regarding my prediction of 

widespread floods on the basis that this is a very weak La Nina year. Since then the 

South African Weather Service has issued its seasonal forecast for the period ending 

March next year in which it predicts near normal conditions. 

However, there must be some doubts regarding the basis for these views of a near-

normal year. Northern hemisphere scientists are currently involved in a vigorous 

debate on whether or not the devastating hurricane Katrina, and other recent disasters 

in the northern hemisphere are the result of global warming. During October, a 

national conference was held in Midrand to discuss the global warming issue. 

Experienced scientists with opposing views were not invited to present the results of 

their studies at the conference. Climate alarmists made dire predictions. The public 

were told: Climate is everyone's concern, as over the next 50 years it may well define 

the worst social, economic and environmental challenges ever faced. The South 

African authorities were persuaded that costly action should be taken to control 

dangerous greenhouse gas emissions produced by Eskom’s power stations and a 

whole range of industrial activities. 

How then is it possible for South African climatologists to predict normal conditions 

for the rest of the summer season in the light of Katrina and the severe floods in the 

northern hemisphere, and the dire predictions expressed at the Midrand conference 

last month? Surely, if global warming theory is correct, it is illogical to claim that it 

was the cause of the extreme events in the northern hemisphere during the past six 

months but normal conditions will prevail in the southern hemisphere during the next 

six months. Something is amiss. 

Only time will tell, but in the meantime I strongly recommend that all those involved 

in natural disaster mitigation and recovery measures to prepare themselves for the 

worst in the hope that it will not occur.  

mailto:alexwjr@iafrica.com
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Administrative impediments 

One of the many lessons learned from Katrina was the confusion caused by the lack of 

a clear hierarchy of authority in time of emergency. Dealing with floods requires 

immediate action by a single person or authority with wide powers of enforcement. 

Floods may occur on a wide range of scales. The consequences of a single storm can 

be handled by the staff of a local authority but floods over a large region require 

action by national authorities. It is at this scale that there has to be a clear line of 

authority and responsibility both during and after the disaster. This is hard to achieve 

in practice but is one aspect that must be clarified well before any disasters occur. 

Flood warning systems 

Flood warning systems for urban areas can vary along the whole range from a night 

watchman on the banks of a river who can operate a portable siren when the water 

rises to a premarked level, through to sophisticated radar-based observation systems, 

radio-telemetry rainfall stations and remotely operated sirens. Unfortunately, the more 

sophisticated the system, the more likely it is to fail during an emergency. There must 

always be a fall-back system for the occasions when things go wrong. 

All local authorities and other organisations that propose operating a flood warning 

system should appreciate that half-hearted commitments, untrained staff and 

neglected equipment are worse than having no system at all. It is the equivalent of 

having a fire station with untrained staff and fire fighting vehicles with flat tyres and 

empty fuel tanks. It is an all or nothing commitment. 

We all hope that there will be no flood emergencies during the coming season. It 

would nevertheless be irresponsible to take no action at this stage based on the current 

climate forecasts of a near normal season.      
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Flood alert 4 

Will Alexander, alexwjr@iafrica.com 

7 December 2005 

On 14 November I issued my third flood alert in which I confirmed my prediction that 

there was a better than 75% probability of widespread, flood-producing rainfall 

occurring between now and the end of April. Please note that there is a 25% 

probability that this will not happen. This order of accuracy is much the same as the 

daily weather forecasts. This remains my prediction. It is based on the statistically 

significant periodicity in hydrometeorological processes. It is not a forecast based on 

theory and current observations.  

Two recipients of my earlier email replied that widespread, heavy rains were unlikely. 

They may well be right but it would be grossly irresponsible of me not to issue the 

warning based on my knowledge, experience and recent studies. There are no 

certainties in climate predictions and it remains my strong view that the authorities 

would be well advised to start taking precautions, particularly with the holiday season 

ahead. Similarly, they should NOT assume that the drought will definitely be broken 

so that there is no need to worry about the present lack of storage in the dams.  

Let me repeat the situation. A study of past severe water resource droughts shows that 

they do not end by a gradual return to normal conditions. They invariably end by the 

onset of widespread, heavy rainfall conditions that carry with them the possibility of 

loss of life and damage to property. 

Whatever happens, a critical situation is likely to develop in the summer rainfall area. 

If the dams do not fill, a crisis will develop over large areas of South Africa that will 

continue for the next 12 months at least. 

The report of the Commission of Enquiry into Water Matters was published in 1970. 

It resulted in the establishment of the Water Research Commission. Another 

recommendation was that a multi-year climate prediction model be developed. Instead 

of devoting their efforts to the development of this model, a group of climatologists 

has spent a great deal of time, effort and the public’s money on futile global warming 

studies. They have made alarmist claims about what can be expected in the next 10 to 

100 years but are unable to predict what will happen in the next five months. If they 

cannot predict five months ahead, how can they expect us to believe their predictions 

for the next 50 years? However, we can be sure that whatever happens, floods or a 

continuation of the drought, they will blame it on global warming. 

My prediction model 

The essence of my prediction model is shown in the following illustration based on 

the historical flows in the Vaal River at Vaal Dam. Note the decreasing river flows in 

years five to nine that correspond with the current drought. We are now in the 

eleventh year of the statistically significant 21-year sequence when high inflows can 

be expected. 

 

 

 

 

mailto:alexwjr@iafrica.com
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Vaal Dam floods of February 1975 

The severe floods in the Vaal River during the 1974/75 hydrological year occurred in 

year 1 of the periodic sequence. I have attached a separate file that includes my report 

on the floods written at the time. Please note the following. 

1. There were three closely successive floods. The occurrence of additional 

floods is always a real possibility in large catchments. 

2. Since then the Vaal Dam has been raised and additional flood absorption 

capacity installed. 

3. Note in particular, that during the floods I assumed full personal responsibility, 

reporting directly to the head of the Department. I had experienced and 

enthusiastic staff at my disposal and the authority to despatch them wherever 

the need was greatest. 

4. Note also the high degree of experience-based judgment involved in the 

decision-making, where conditions changed from day to day, and in some 

cases from hour to hour. 

5. I communicated directly with the municipality, police and personally issued 

warnings directly to the SABC. 

I urge everybody concerned to compare this with the present situation. Today’s 

operators have more sophisticated communication and computer equipment at their 

disposal. However, reliance on technology instead of experience-based judgment can 

be more of a hindrance than a help. Remember Katrina. 
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Also consider the effect of the present devolution of authority on the decision-making 

process. Another factor is the problem of communicating decisions to the large 

numbers of people in the informal settlements within flood-prone areas. Those in 

responsible positions will have very difficult decisions to make should a similar 

situation develop downstream of our major dams equipped with gate-controlled 

spillways. 

Postscript 

One aspect not mentioned in my report was that as soon as the danger had passed, I 

ordered the immediate closure of 22 of the gates in order to reduce prolonged 

downstream inundation. 

In retrospect, this was a bad decision on two grounds. The first was that the water on 

the flood plains caused a fair amount of erosion as it flowed back to the river channel. 

The second was a phone call from an irate resident on the banks of the river upstream 

of the Vaal Barrage. As the water level rose during the flood, he pulled his heavy, 

luxurious boat away from the riverbank. When we closed the gates the water level 

subsided rapidly during the night leaving his boat stranded in the mud. I apologised 

profusely. After I put the phone down, my colleague who followed the conversation 

told me that I should have told him that Noah had the same problem. 

On that happy note I wish you all my sincere compliments of the season. I suggest 

that we all pray for mild floods that fill the dams and relieve the drought without 

causing loss of life and damage. 

Kind regards 

Will 

    

 

[Our prayers were answered.] 

 



 

An assessment of the likely consequences of global warming on 
the climate of South Africa 

 

 

 

 

 

APPENDIX H 

 

Data files  
 

W.J.R. Alexander 

 

 

Note: The data files are in the attached computer readable file HYDROMET.TXT. 

Details are as follows. 

 

Database used in the analyses 

Set Process Stations Years 

1 Water surface evaporation 20 1180 

2 Concurrent rainfall 20 1180 

3 District rainfall 93 7141 

4 Dam inflow 14 825 

5 River flow 14 1052 

6 Flood peak maxima 17 1235 

7 Groundwater 4 312 

8 Southern oscillation index 1 114 

 TOTAL 183 11 804 
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