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Introduction 

 

Most conventional economists and financial analysts are unaware of the fact that the national 

economy is based on a national hydrology. The reason is simple – it is taken for granted and 

is never an issue until such time as limits are reached. The best way to understand this is to 

think of the notion of “peak water”. This is based on work currently underway in the energy 

sector where the concept of “peak oil” is starting to surface (Turton & Patrick, 2005). Global 

peak oil is said to refer to that moment in historic time when the global economy transitions 

from a demand-driven condition to a supply-constrained condition (Aleklett et al., 2010; De 

Almeida & Silva, 2009; Nashawi et al., 2010; Owen et al., 2010; Sorrell et al., 2009; Roberts, 

2010). The significance of this condition is that before the transition the economy is demand-

driven, so any increase in demand for a good or service results automatically in an economic 

stimulus for growth. Not so after the transition however, because from that moment onwards, 

any demand for goods and services can no longer be translated into economic growth for the 

simple reason that the availability of oil becomes a critical constraint. This is a very important 

concept in the context of this paper, because just as energy is a potential constraint to 

economic growth and development, so too is water. Hence the emerging concept of “peak 

water” that will be developed further in this paper, specifically as it pertains to national food 

security in the context of global climate change in a region where other countries are also 

experiencing similar drivers. 

 

Understanding the Hydraulic Foundation to our National Economy 
 

Water is an enabling factor in economic development by virtue of it being both a source and a 

sink. It is a source of a vital raw material that is fundamental to almost all economic 

processes; and it is a sink because many of our effluent streams resulting from economic 

development find their way into rivers and aquifers.  

 

If this is understood by the reader, then it is easy to explain that prior to the condition of 

“peak water” being attained, no thought is given to water as a possibly constraining factor. As 

such it provides no threat to any referent object like the national economy, so it is seldom 

found on the radar screens of national strategic decision-makers. Once that transition is made 

to a supply-constrained condition, then, and only then, does water start to become a strategic 

issue, for the simple reason that it poses an existential threat to the national interest by 

limiting economic growth potential, thereby raising the issue of diplomatic relations driven 

by a new hydropolitical agenda. 

 

The key question then arises – is South Africa at that transition point of “peak water”? This 

question will be answered in more detail in this paper. In the interim it is necessary for the 

reader, who is probably not familiar with the nuances and complexities of water resource 

management, to grasp some hydrological fundamentals, so it is to this task that we now turn 
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our attention. Water moves in time and space, driven by the laws of physics, in what is 

known as the hydrological cycle, shown schematically in Figure 1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic Representation of the Hydrological Cycle showing the evaporation, 

transpiration and precipitation phases applicable to this paper (Source: Hattingh et al., 

2006).  
 

Water is a flux moving in time and space. In fact we have the same volume on our planet 

today as we had when the dinosaurs roamed free 65 million years ago. So let us home in on 

this hydrological cycle in more detail in order to start understanding how it becomes a driver 

of risk. In order to do this we need to think of water as a flow and not as a stock. A stock is 

something that is finite and fixed in time and space. A dam full of water is a stock of water, 

relevant only to that specific moment in time and space. We can thus think of the total 

national stock of water, consisting of the combined storage capacity of all the dams in a given 

country. Yet this provides only a snapshot of information, frozen in time and space, when we 

need an ongoing movie that shows how water flows into and out of those storage reservoirs. 

This is complex to grasp and in most cases is also too complicated to measure, which is why 

nobody really cares about the issue before the transition to “peak water”, at which time our 

collective attention is grabbed as we realize that things are somehow changing.   

 

In the case of South Africa, our total national stock of water in all the dams is 31.7 billion 

cubic metres (10
9
m

3
yr

1
) (BCM). This is around 65% of our total surface water resource, 

consisting of all the water in all the rivers flowing across the entire country in an average 

year, which is 49.2 BCM (Middleton & Bailey, 2008). This is known technically as the 

naturalized Mean Annual Runoff (MAR), and it represents what is shown as “surface runoff” 

in Figure 1.  

 

This flow can best be represented by the mathematical symbol for infinity shown in Figure 2, 

onto which has been superimposed four of the major systems that underpin our economy and 

thus become sub-sets of any risk assessment.  
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Figure 2. Schematic representation of water as a flux showing how it flows naturally 

through four major systems that underpin the national economy. 
 

Water starts as rainfall, shown in 

upper left-hand quadrant representing the environment. This has two distinct sub

each with their own peculiarity in terms of risk. The first subset is natural precipitation 

(rainfall) that falls to earth. As already show

(Middleton & Bailey, 2008). The second sub

the context of “peak water”, because it consists of return flows. Because water flows in time 

and space, all water eventually returns as effluent, where it enters the national resource. 

Where “peak water” is being encountered, these return flows become a vital part of the total 

national resource, consisting mostly of sewage and industrial effluents, which return after 

being used. In the context of “peak water” the natural flow is no longer capable of diluting 

these return flows, so the resource becomes polluted and no longer fit for purpose. This 

emerges as a risk when it becomes evident that the national resource is no l

purpose and future economic development becomes constrained by the deteriorating water 

quality.  

 

This water then flows into the second major system (bottom left quadrant on 

which is the national strategic storage capacity. Consist

transfers, this provides what is known technically as assurance of supply to the national 

economy. Assurance of supply can be thought of as the guarantee that water of a given 

quality will flow from a given system to a giv

case of the energy sector (ESKOM and SASOL) this assurance of supply is as close to 100% 

as is mathematically possible, whereas in the case of agriculture this is as low as 30%. This 

means that the energy sector will experience less than one disruption in supply

cycle, whereas in the agricultural sector it is accepted that the risk of disruption is 

per ten years. These risks are factored into the business models that sustain each of t

sectors.  The strategic storage system thus provides assurance of supply, which is a range of 

probabilities on which end users make their financial decisions to invest (or not). Assurance 

of supply drives the economy, so it is assurance of supply that

“peak water” condition.  In the case of South Africa our national storage capacity is 31.7 
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entually returns as effluent, where it enters the national resource. 

Where “peak water” is being encountered, these return flows become a vital part of the total 

national resource, consisting mostly of sewage and industrial effluents, which return after 

ing used. In the context of “peak water” the natural flow is no longer capable of diluting 

these return flows, so the resource becomes polluted and no longer fit for purpose. This 

emerges as a risk when it becomes evident that the national resource is no longer fit for 

purpose and future economic development becomes constrained by the deteriorating water 

This water then flows into the second major system (bottom left quadrant on Figure 2), 

ing of large dams and inter-basin 

transfers, this provides what is known technically as assurance of supply to the national 

economy. Assurance of supply can be thought of as the guarantee that water of a given 

user at a given pressure and cost. In the 

case of the energy sector (ESKOM and SASOL) this assurance of supply is as close to 100% 

as is mathematically possible, whereas in the case of agriculture this is as low as 30%. This 

ctor will experience less than one disruption in supply per 100 year 

, whereas in the agricultural sector it is accepted that the risk of disruption is seven times 

per ten years. These risks are factored into the business models that sustain each of these 

The strategic storage system thus provides assurance of supply, which is a range of 

probabilities on which end users make their financial decisions to invest (or not). Assurance 

becomes a risk in the post-

“peak water” condition.  In the case of South Africa our national storage capacity is 31.7 
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BCM, but this number does not include storage capacity that has been lost due to siltation. It 

is known, for example, that the large dam feeding Bloemfontein is almost 90% full of silt, 

leaving only 10% left for what is known as live storage, so this number is an over-

representation of the national resource, becoming highly relevant from a risk perspective 

during a major drought when storage capacity is under threat.  

 

Water then flows into the top right-hand quadrant in Figure 2, representing the municipal 

reticulation system for potable water. This consists of millions of kilometres of pipelines 

taking water to every consumer in the country, raising the issue of unaccounted for water, 

associated with leaking pipes from aging infrastructure and translating into a reduced revenue 

stream for local authorities. This in turn translates into a threat to the viability of local 

authorities, so under conditions of extreme water scarcity, this can become a risk in its own 

right. The water thus supplied to the end user is then returned to the overall system via the 

lower right-hand quadrant, representing the municipal waste water system. It is known that in 

South Africa this specific system is under extreme pressure, with as many as 90% of the 

waste water treatment works dysfunctional in some form or another.  

 

Significantly the two major systems shown on the left of Figure 2 are national government 

departments, whereas the two major systems shown on the right are provincial and local 

government department’s responsibility. This means that water straddles all three tiers of 

government, flowing through four major systems, each with their own levels of complexity, 

interconnected in such a way that if one portion of the system breaks down then the rest is 

placed at risk in a post-“peak water” scenario. Water Boards, which are responsible for bulk 

water provision, straddle all four quadrants and can be thought of as the “X” in the middle of 

the infinity sign. This gives an indication of just how complex the core task is of these Water 

Boards.  

 

When seen from a risk perspective then, water can become a constraint at any one of these 

levels of scale, making it a highly complex issue. If security is thought of as an action needed 

to prevent or neutralize an existential threat to a referent object (Buzan et al., 1998), and that 

referent object is defined as the capacity of the state to protect the national interest by 

providing jobs and sustainable livelihoods for all South African citizens, then this model is 

helpful in designing a possible response to water in a post-“peak water” scenario.  

 

Precipitation – the Foundation of our National Economy 
 

Returning now to the precipitation portion of the hydrological cycle shown in Figure 1, we 

can begin to understand the nature of the risk that water poses by homing into the drivers of 

that rainfall. The weather in the southern African region is characterized by an active 

interplay between two major climatic systems shown in Figure 3. Located over the equator 

we find what is known as the Inter-Tropical Convergence Zone (ITCZ), characterized by very 

high levels of rainfall with a small Coefficient of Variability (CoV). These two characteristics 

are manifest in the rivers draining the equatorial areas. These rivers are very big indeed, and 

more significantly, their flow regime is reasonably predictable and constant with small 

variations between high and low flow regimes (i.e. a low CoV). Located over the Southern 

Ocean we find a frontal system, responsible for winter rainfall and characterized by large 

seasonal variations. South Africa is sandwiched between these two major weather systems, 

which can be thought of like two boxers in a ring, each dominating the fight at a specific 

moment in time, but neither gaining an absolute advantage for more than two bouts. South 

Africa’s main summer rainfall is driven by a trough of low pressure air found at great altitude 
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that feeds in warm moist air from the ITCZ, over the Kalahari Desert, into the economic 

hinterland of the country. This process is delicately balanced, with even small perturbations 

to the physics driving the process, becoming manifest as changes to the rainfall. This is why 

South Africa in general, and the southern African region in particular, is characterized by 

large fluctuations in precipitation (Rabie & Day, 1992).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Schematic representation of the two major environmental systems that drive 

weather in the southern African Region (Pallett et al., 1997:13).  
 

This is somewhat of a simplification of a more complex reality however, because there is a 

third major driver that is also relevant to the hydrological cycle in southern Africa – the 

upwelling of warm water off the Pacific and Atlantic Oceans known as the El Nino Southern 

Oscillation (ENSO). Given that the vast majority of water falling as precipitation globally 

comes from evaporation occurring over the oceans, being the largest surface area on the 

planet, then it comes as no surprise that changes to the surface temperature of that ocean 

becomes relevant to the amount of water that can be evaporated. The ENSO phenomenon is a 

global driver, impacting areas as far removed geographically as South America, Southern 

Africa and the Indian sub-continent. Temperatures have been measured since 1950, yielding 

an impressive dataset that now carries 60 years of recorded events across these oceans. This 

is shown schematically in Figure 4 in which the horizontal line represents the observed mean 

sea surface temperature, with the areas above that line representing above average events and 

the areas below that line representing below average events. From this it is immediately 

evident that there are major fluctuations between periods of above average sea surface 

temperatures, which are known as El Nino events often associated with droughts in Southern 

Africa. It is also evident that these events follow a degree of cyclicity, with peaks of the 

major events (extreme droughts felt across the entire sub-continent) on an upward trend. This 

is associated with global warming, and it suggests that the next major extreme event will be 

the largest single drought ever experienced in southern Africa in living memory. This is 
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significant in the context of “peak water” because that extreme drought will suddenly mean 

that the effluent return flows shown in the upper left quadrant of Figure 2 will become 

concentrated (see Table 5), simply by virtue of the fact that there will be less water in the 

rivers to dilute these effluent streams.  This event, likely to occur in 2012/13 (but impossible 

to define with any real clarity given the stochastic nature of the system itself), is likely to 

become a major driver of hydropolitical risk, when a rapid and unplanned migration of 

environmental refugees into South Africa could overwhelm the humanitarian capacity of the 

state, placing additional pressure on already stressed resources. The lower than average 

events are known as La Nina and these are often associated with large floods such as that 

which devastated Mozambique in 2000 (Christie & Hanlon, 2001).  

 

 
 

Figure 4. Graphic representation of the El Nino Southern Oscillation (ENSO) as it has 

been recorded as variations of the mean surface temperature of the Pacific and Atlantic 

Oceans since 1950 (data courtesy of Dr. Richard Meissner at the CSIR).  
 

So much for the precipitation portion of the hydrological cycle. What of the evaporation 

aspects? More precisely, what role does evaporation play in any understanding of water as a 

risk? To understand this we need to turn our attention to Figure 5, which shows three parallel 

examples – southern Scandinavia, southern Europe and Zambia. The significance of these 

three examples is that each receives the same Mean Annual Precipitation (MAP) of 1,000 

mm. More significantly each of these regions are located in a geographic space that has very 

different evaporative demands to the environment. Southern Scandinavia has a mere 500 mm 

evaporative loss to the atmosphere per annum, whereas southern Europe has twice that (1,000 

mm/yr) and Zambia has three times that (1,500 mm/yr).  If we store that water in a theoretical 

container of two metres high, then at the beginning of our experiment all three countries will 

have 1,000 mm of water in that tank. But then the evaporative demand to the environment 

kicks in: at the end of Year 1, southern Scandinavia will have 1,500 mm of water in the tank 

(1,000 mm that we started with plus 1,000 mm that fell as precipitation minus 500 mm lost to 

the environment via evaporation); southern Europe will have the same amount in the tank 

(1,000 mm at the start plus 1,000 mm precipitation minus 1,000 mm of evaporative loss); but 

Zambia will now be down to 500 mm in the tank (1,000 mm at the start plus 1,000 mm of 

precipitation minus 1,500 mm of evaporative loss). After two years the position is now 
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drastically changed, with the tank in southern Scandinavia overflowing, whereas the tank in 

Zambia is now empty, even though we have experienced 1,000 mm of rainfall over that 

second year.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Schematic representation of the relevance of evaporation in the context of the 

hydrological cycle in arid areas (Pallett et al., 1997:21).  
 

Hydropolitical Risk Model 
 

In any understanding of water as a risk one needs to understand the role of evaporation. In 

order to understand why this is so, we need to first understand some theory as presented by 

the following Risk Model. If one accepts that risk is relative, then it is not a constant over 

time. It is then easy to accept that all risks are not equal. More importantly, all risks do not 

require the same response. In order to understand how these risks change over time, a 

conceptual model can be used as shown in Figure 6. On the vertical axis we have volume of 

water and on the horizontal axis we have time. When an economy starts to develop one 

normally finds a natural water endowment, usually with a surplus availability. In the case of 

South Africa we can think of that moment in time immediately after the Second Anglo Boer 

War when the decision was made to rapidly develop the goldfields of the Witwatersrand. 

This needed water, and given that Johannesburg was located on a continental watershed 

divide, there was no reliable water close by, necessitating the transition to an engineered 

solution. This is represented on the Risk Model as the 1
st
 Transition. The risk at that stage 

was economic stagnation if insufficient water could be provided, so the most appropriate 

strategy was to capture the available water by means of dams and related hydraulic 

infrastructure – i.e. it was an economic risk that required an engineering solution. In the case 

of South Africa this led to the creation of what was then known as Rand Water Board 

(Tempelhoff, 2003). The 1
st
 Transition is thus about mobilizing water as a foundation for 

economic development and this leads to the 2
nd

 Phase of development, known as the 

Hydraulic Mission. The hydraulic mission is a concept associated with massive hydraulic 

engineering needed to trigger substantial economic growth. Invented initially by Hoover 
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during the New Deal period of American economic history, this saw the first major dam 

being built (Hoover Dam) that went on to supply cheap energy and thus help in bringing the 

nation back from the brink of the disaster we now call the Great Depression (Turton, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Graphic representation of the Turton Hydropolitical Risk Model (Ashton & 

Haasbroek, 2002; Blanchon, 2009; Maupin, 2010; Turton, 2003). 
 

The success of the New Deal and its associated Hydraulic Mission spawned the dam 

development era, with major structures like the Aswan High Dam, Kariba Dam, Cahora 

Bassa Dam and the H.F., Verwoerd Dam all being examples of this (Reisner, 1993; 

Swyngedouw, 1999; Turton et al., 2004; Waterbury, 1979). This brings with it a new 

optimism often associated by economic growth that is rapid and apparently stable, at least for 

the time being. In South Africa the Hydraulic Mission was closely associated with what has 

also been called the Midas Touch, referring to the long period of high gold prices that 

enabled the country to sustain itself during the early years of the Armed Struggle 

(Geldenhuys, 1984; Turton et al., 2006a; Turton, 2008a; 2009a).  

 

This belief in the reliability of the hydrological foundation to a national economy becomes so 

deeply entrenched that it resembles a dogma, resulting in a powerfully articulated paradigm, 

which starts to be challenged when the 2
nd

 Transition occurs. That transition is associated 

with the concept of “peak water” noted earlier in this discussion. A subtle but very powerful 

shift now takes place and this is not noticed at first because of the power of the dogma that 

has grown up during the Hydraulic Mission era. This shift is from a demand-driven economy 

to a supply-constrained economy and this has major ramifications from a risk perspective, 

because for the first time in the history of economic development, job creation is no longer 

automatic. It is thus job creation, which is a by-product of economic growth that becomes the 

trigger event for the social instability that is associated with structural deficit. Social 

instability, in turn, has many drivers, one of which is rising food prices caused by crop 

failures or the depletion of soils due to poor farming practices or excessive pressure on the 

land. Stated simplistically, structural deficit means that all of the water that is available has 

been allocated to economic activities, and for the first time reallocation has to take place. It is 
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this re-allocation that starts to change the economic structure of society, because typically it 

is about shifting water away from the agricultural sector to the industrial sector, simply by 

virtue of the logic that the former is less efficient at converting a unit of water to a unit of 

economic activity. In South Africa this shift occurred after the promulgation of the National 

Water Act (1998), but more specifically after the National Water Resource Strategy found 

that around 98% of the total water resource available at a high assurance of supply had been 

allocated to economic activities, and that many Water Management Areas (WMA’s) were 

over-allocated by as much as 120% (Dollar et al., 2010; NWRS, 2004). This triggered an 

official response from the Department of Water Affairs and Forestry (DWAF) that was 

known as the Water Allocation Reform (WAR), which sought to balance the national water 

budget by taking water from the agricultural sector (Movik, 2008).  

 

The 3
rd

 Phase in the Risk Model is thus about adaptation to a condition of structural deficit in 

which water availability becomes a constraint to economic growth, and by implication, an 

impediment to the delivery of services and other election promises made by the ruling party. 

The 2
nd

 Transition is thus also associated with the emergence of water as a strategic issue, 

because non-availability poses an existential threat to a clearly defined referent object – the 

capacity of the state to protect the national interest by providing jobs and sustainable 

livelihoods for all South African citizens. This raises the issue of international relations with 

neighbouring states in the context of shared transboundary river basins.  

 

The 2
nd

 Transition in the Risk Model is thus closely associated with the following critical 

changes that are relevant to our discussion: 

 

• “Peak water” implies a supply-constrained economy with a limited capacity to create 

new jobs. This becomes relevant as social instability arises from the labour 

movement agitating for more jobs in the face of diminishing opportunities and 

increases in efficiency replace human labour with mechanization. This is further 

exacerbated by the uncontrolled inflow of foreign refugees, driven by a similar 

transition in neighbouring states.   

• Water allocation reform implies a diminishing capacity to be nationally self sufficient 

in food, so for the first time food security starts to emerge as a threat. This becomes 

coupled to other land reform issues, which have a national security dynamic of their 

own.  

• Energy security becomes relevant for the first time, because of the intimate linkage 

between water and energy (beyond the context of this paper). In particular the 

efficiency of converting a given unit of water into a given unit of electricity becomes 

relevant, as does Acid Mine Drainage (AMD) arising from abandoned gold and coal 

mines that reduces the available stock of water at national level by driving up the cost 

of water treatment elsewhere in the economy (Coetzee, 1995; Coetzee et al., 2006; 

Hobbs & Cobbing, 2007; Hobbs et al., 2008; Hobbs & Mills, 2011; Wade et al., 

2002; Winde, 2005; 2009; Winde & van der Walt, 2004).  

• Access to future water thus becomes relevant in the context of transboundary river 

basins shared by riparian states and governed by a regime called the SADC Water 

Protocol (SADC, 1995).  This can be thought of as one aspect of “New Water” – 

getting access to alternative sources.  

• Alternative strategic storage becomes relevant because the Hydraulic Mission was 

about building dams to capture MAR, but that is no longer feasible. This can be 

thought of as another aspect of “New Water” – reducing evaporative losses 

associated with large dams by means of managed aquifer recharge (Moore et al., 
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2011; Murray et al., 2000; Tredoux et al., 2002; Tuinhof & Heederik, 2002) or 

deliberately engineering aquifers in conjunction with the mining sector as part of a 

mine closure strategy (Turton & Botha, 2012).   

 

South Africa’s Historic Response to Risk Mitigation 

  

After South Africa became a republic in 1961, the Nationalist Party government launched a 

Commission of Enquiry into Water Matters (RSA, 1970), which achieved the following that 

is relevant to our understanding of risk today: 

 

• It recognized water scarcity as a substantial constraint to the economic growth 

potential of the country. 

• It elevated the management of water to the highest level of strategic concern.  

• It established the principle of negotiation with co-riparian’s in shared international 

river basins. This led to a plethora of agreements with most neighbouring states 

(Ashton et al., 2005: Turton, 2003) and gave rise to what is now called the Southern 

African Hydropolitical Complex (Ashton & Turton, 2008; Maupin, 2010; Turton, 

2003; 2008a).  

• It established the notion of gaining access to future water from rivers to which South 

Africa is not a legal riparian, which it foresaw to be of strategic significance in the 

21
st
 Century when endemic water scarcity would constrain economic growth. In this 

regard inter-basin transfers (IBT’s) were planned for the Okavango (Scudder et al., 

1993; Scudder, 2008) and the Zambezi (Borchert, 1987; Borchert & Kemp, 1985).  

 

When South Africa became a democracy in 1994, it was necessary to realign the management 

of water with the new realities as enshrined in the Constitution (1996). This meant that all of 

the Apartheid-era legislation and planning was abandoned. The National Water Act (1998) 

nationalized the resource, stripping it from the previous Roman Dutch principle of Dominus 

Fluminus that had been enshrined in subsequent British law as the riparian principle (DWAF, 

1996; 1997; Funke et al., 2007; Movik, 2008). Central to the National Water Act was the 

subdivision of all rivers into what became known as Water Management Areas (WMA’s) of 

which there were 19 defined. A key element of the management of water is the National 

Water Resource Strategy in terms of which accounting would be done in order to balance the 

national water budget (NWRS, 2004). Each WMA was to be managed by a Catchment 

Management Agency (CMA), responsible for developing a Catchment Management Strategy 

designed to embed the National Water Resource Strategy at local levels. Central to this 

thinking was the classification of all rivers into three different classes (Class 1 being 

minimally used and a Class 3 being heavily used), each of these in turn being managed in 

terms of four categories (A being pristine and D being largely modified) (Dollar et al., 2010). 

The National Water Act prohibits any river from staying in a Category E river, mandating the 

Catchment Management Strategy to upgrade such a river to a minimum of a Category D.  

 

Therefore, in order to do an assessment of the current and future water situation in South 

Africa as it applies to risk, we start by taking the data from the National Water Resource 

Strategy, which summarized the situation as shown in Table 1.  
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From Table 1 it is evident that in 2000 we had a very small national surplus of 186 MCM, 

but we already had significant deficits in major WMA’s including: 

 

• Olifants (deficit of 194 MCM) – this system drains the coal mining areas of 

Mpumalanga through a major food producing region now at risk from AMD. 

• Incomati (deficit of 258 MCM) – this is an international river feeding into Swaziland 

and Mozambique, sustaining much of our current electricity generation in 

Mpumalanga as a source of IBT flow into the Olifants. 

• Thukela (deficit of 103 MCM) – this system is a significant source of water into 

Gauteng via the Thukela-Vaal IBT, but it is also a source of water for KZN, opening 

the prospect of competition for water between Gauteng and KZN as both become 

economically constrained.   

Table 1 

Reconciliation of the Requirements for and Availability of Water as it Existed in 2000. 
(All volumes given in millions of cubic metres per year (10

6
m

3
yr

1
). (Source: adapted from 

the National Water Resource Strategy, 2004:38). 

WMA Reliable 

Yield 

Transfers 

In 

Local 

Requirements 

Transfers 

Out 

(Shortfall) 

Surplus (+) 

Limpopo 281 18 322 0 (23) 

Levuvhu/Letaba 310 0 333 13 (36) 

Crocodile West 

& Marico 

716 519 1,184 10 41 

Olifants 609 172 967 8 (194) 

Incomati 897 0 844 311 (258) 

Usutu to 

Mhlatuze 

1,110 40 717 114 319 

Thukela 737 0 334 506 (103) 

Upper Vaal 1,130 1,311 1,045 1,379 17 

Middle Vaal 50 829 369 502 8 

Lower Vaal 126 548 643 0 31 

Mvoti to 

Umzimkulu 

523 34 798 0 (241) 

Mzimvubu to 

Keiskamma 

854 0 374 0 480 

Upper Orange 4,447 2 968 3,149 332 

Lower Orange (962) 2,035 1,028 54 (9) 

Fish to 

Tsitsikamma 

418 575 898 0 95 

Gouritz 275 0 337 1 (63) 

Olifants / 

Doring 

335 3 373 0 (35) 

Breede 866 1 633 196 38 

Berg  505 194 704 0 (5) 

Total for 

Country 

13,227 0 12,871 170 186 
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• Mvoti to Umzimkulu (deficit of 241 MCM) – this drains the coastal regions of KZN 

through high value agricultural land, limiting the future development potential of this 

resource as a food producing area. This WMA also has significant Endocrine 

Disrupting Chemical (EDC) challenges associated with intensive animal husbandry in 

which growth hormones are used. These EDC’s have the potential to alter the gender 

of the human foetus, making it a sensitive issue of great emotive energy.   

 

This data is presented graphically in Map 1 and Map 2 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 1 (left) shows the water balance for each of the 19 Water Management Areas in 

terms of use as it was in 2000. Map 2 (right) shows each WMA in terms of useable 

return flows at the same time. (Source: National Water Resource Strategy, 2004).    
 

This data was then translated into two future scenarios, each projecting the national situation 

as it was expected to be in 2025. The Base Scenario assumes limited economic growth and it 

is represented in Table 2, which shows a national deficit of 234 MCM in 2025. It must be 

noted that this projection was based on the assumption that sewage treatment plants would be 

functioning properly, which we now know to be false. In reality then, while the Base 

Scenario shows a small deficit of 234 MCM by 2025, this ignores the fact that as much as 1/3 

of the existing water stored in dams may no longer be fit for purpose as a result of pollution 

from dysfunctional sewage works and AMD flows out of derelict and ownerless mines (both 

coal and gold).  

 

Table 2 

Reconciliation of the Requirements for and Availability of Water for the Year 2025 in 

terms of the Base Scenario. (All volumes given in millions of cubic metres per year 

(10
6
m

3
yr

1
). (Source: adapted from the National Water Resource Strategy, 2004:41). 

WMA Reliable 

Yield 

Transfers 

In 

Local 

Req’ts 

Transfers 

Out 

(Shortfall) 

Surplus (+) 

Potential 

for Dev’t 

Limpopo 281 18 347 0 (48) 8 

Levuvhu/Leta

ba 

404 0 349 13 42 102 

Crocodile 

West & 

Marico 

846 727 1,438 10 125 0 
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The High Scenario predicted in the National Water Resource Strategy assumes higher levels 

of economic growth and employment, translating into greater demand for water. This is 

shown in Table 3, which presents a national deficit of 2,044 MCM in 2025. It must be noted 

that this scenario assumes that sewage treatment plants would be operating optimally and it 

does not take AMD flows into consideration, simply because these issues were not relevant 

when the work was being done on the National Water Resource Strategy. In reality then, the 

High Scenario would give a worse situation than projected in Table 3, with as much as 50% 

of the water stored in an annual cycle in large dams no longer fit for purpose.  

 

Olifants 630 210 1,075 7 (242) 239 

Incomati 1,028 0 914 311 (197) 104 

Usutu to 

Mhlatuze 

1,113 40 728 114 311 110 

Thukela 742 0 347 506 (111) 598 

Upper Vaal 1,229 1,630 1,269 1,632 (42) 50 

Middle Vaal 55 838 381 503 9 0 

Lower Vaal 127 571 641 0 57 0 

Mvoti to 

Umzimkulu 

555 34 1,012 0 (423) 1,018 

Mzimvubu to 

Keiskamma 

872 0 413 0 459 1,500 

Upper 

Orange 

4,734 2 1,059 3,589 88 900 

Lower 

Orange 

(956) 2,082 1,079 54 (7) 150 

Fish to 

Tsitsikamma 

456 603 988 0 71 85 

Gouritz 278 0 353 1 (76) 110 

Olifants / 

Doring 

335 3 370 0 (32) 185 

Breede 869 1 638 196 36 124 

Berg  568 194 829 0 (67) 127 

Total for 

Country 

14,166 0 14,230 170 (234) 5,410 

Table 3 

Reconciliation of the Requirements for and Availability of Water for the Year 2025 in 

terms of the High Scenario. (All volumes given in millions of cubic metres per year 

(10
6
m

3
yr

1
). (Source: adapted from the National Water Resource Strategy, 2004:42). 

WMA Reliable 

Yield 

Transfers 

In 

Local 

Req’ts 

Transfers 

Out 

(Shortfall) 

Surplus (+) 

Potential 

for Dev’t 

Limpopo 295 23 379 0 (61) 8 

Levuvhu/Leta

ba 

405 0 351 13 41 102 

Crocodile 

West & 

Marico 

1,084 1,159 1,898 10 335 0 

Olifants 665 210 1,143 13 (281) 239 
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When viewed alongside one another, the Base Scenario (Table 2) shows a national deficit of 

234 MCM, whereas the High Scenario (Table 3) shows a national deficit of 2,044 MCM by 

2025. Specific localized deficits are projected to exist in three critical areas in terms of 

economic growth – Kwa Zulu Natal, Upper Vaal and Western Cape – which are likely to 

become key focal areas of strategic interest as economic growth is curtailed in future. It must 

be noted that in both Tables 2 & 3, the data in Column 7 is identical because it reflects the 

surplus that existed when the National Water Resource Strategy was being drafted (2000) as 

shown in Table 1. This situation will have changed drastically and the next iteration of this 

strategy (due shortly) will reflect those changes. A recent assessment of the national water 

resource (other than the NWRS) shows that we over-estimated that number by 4% 

(Middleton & Bailey, 2008), which means that our original assumption that we had allocated 

98% of the total national resource in 2004 is wrong. The reality is that we have allocated 

around 102% and are surviving, only because we have had a wetter than average period since 

becoming a democracy in 1994, and because of sewage return flows into the supply dams of 

our potable water systems that are currently unaccounted for (Figure 2 & Table 5).  

 

This analysis becomes more streamlined when one factors in localized contribution to Gross 

Domestic Product (GDP). Figure 7 shows population growth in terms of a high and low 

scenario for each WMA. From this it is evident that heavy population pressure is found in 

four geographic areas – the Crocodile West & Marico area that is located in the sewage return 

flow stream from Johannesburg and Pretoria (centred on Hartebeespoort Dam), the Upper 

Vaal that contains the industrial heartland of the country, the eastern coastal area from 

northern KZN to the Eastern Cape, and the Berg River area that sustains Cape Town and 

Incomati 1,036 0 957 311 (232) 104 

Usutu to 

Mhlatuze 

1,124 40 812 114 238 110 

Thukela 776 0 420 506 (150) 598 

Upper Vaal 1,486 1,630 1,742 2,138 (764) 50 

Middle Vaal 67 911 415 557 6 0 

Lower Vaal 127 646 703 0 70 0 

Mvoti to 

Umzimkulu 

614 34 1,436 0 (788) 1,018 

Mzimvubu to 

Keiskamma 

886 0 449 0 437 1,500 

Upper 

Orange 

4,755 2 1,122 3,678 (43) 900 

Lower 

Orange 

(956) 2,100 1,102 54 (12) 150 

Fish to 

Tsitsikamma 

452 653 1,053 0 52 85 

Gouritz 288 0 444 1 (157) 110 

Olifants / 

Doring 

337 3 380 0 (40) 185 

Breede 897 1 704 196 (2) 124 

Berg  602 194 1,304 0 (508) 127 

Total for 

Country 

14,940 0 16,814 170 (2,044) 5,410 



Paper presented at the 4
th

 BRICS Academic Forum, New Delhi, March 2012. 

 

Stellenbosch. When this is mediated by filtering out the contribution to GDP by each of the 

WMA’s as shown in Figure 8, then it becomes apparent that there are four areas of 

substantial economic activity – the Crocodile West & Marico, the Upper Vaal, the Mvoti to 

Umzimkulu (coastal KZN), and the Berg system. This helps to focus on where strategic 

issues are likely to arise in the post-“peak water” situation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 (left) shows population growth per WMA under different scenarios, which will 

impact on the Water Crowding Index (WCI). Figure 8 (right) shows the contribution of 

each WMA to the national GDP. (National Water Resource Strategy, 2004).   
 

Water Crowding as a Key Strategic Risk 
 

This introduces the concept of water crowding, which now needs to be elucidated in more 

detail.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Schematic representation of Falkenmark’s Water Crowding Index (WCI) now 

used as a global benchmark of sustainability (Pallett et al., 1997).  
 

In the 1980’s a prominent Swedish hydrologist named Malin Falkenmark asked an important 

question: is there an upper limit to socioeconomic development that a given flow of water can 

sustain? In order to answer this fundamental question, Falkenmark looked at every country in 

the world. She divided the total national water resource into what she called a standard “flow 
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unit” consisting of one million cubic metres of water per year (1 x 10
6
m

3
yr

1
). This enabled 

her to compare like with like across all countries. She then took the population for each 

country and determined statistically how many people there were per “flow unit” of water. 

This became known as the Water Crowding Index (WCI), now widely used as an indicator of 

sustainability. Technically it is known as the “hydraulic density of population”, which is 

illustrated conceptually in Figure 9. Water stress occurs in the band 1,000 – 1,500 people per 

flow unit, with anything above 1,500 being regarded as absolute water scarcity (Falkenmark, 

1989; 1990; 1991; 1994; Falkenmark & Lindh, 1993).  

 

Falkenmark’s classic study found no evidence of any country maintaining social cohesion 

and economic development above the value of 2,000 people per flow unit per year, with the 

only exception of Israel. In that case she noted that Israel is a technologically advanced 

society, so she recognized the role that technological investment can play in alleviating the 

debilitating effects of endemic water scarcity. Falkenmark (1989; 1990) therefore called this 

the “Water Barrier”, beyond which no known stability occurred within the constraints of 

technology as it existed during her global study (1980’s)(see Map 5).  

 

Prof. Peter Ashton applied this concept to South Africa, asking whether Falkenmark’s WCI 

was applicable at a scale below that of the sovereign state. This led to a classic study in which 

Ashton and his team (Ashton et al., 2008) developed a WCI for South Africa’s four major 

international river basins, which is presented as Table 4. 

 

Table 4 

Current (2000) and projected (2025) populations and water resources available 

(including water transfers) in the South African segments of the transboundary river 

basins with values for the Water Crowding Index (WCI) for each basin (Ashton et al., 

2008).  

Basin 2000 2025 

 Population 

(‘000s) 

Available 

Water 
(10

6
m

3
yr

1
) 

WCI Population 

[High] 

(‘000s) 

Available 

Water 
(10

6
m

3
yr

1
) 

WCI 

Orange-

Senqu 

11,319.0 9,568 1,183 19,502.0 10,816 1,803 

Limpopo 10,905.9 2,585 4,219 18,790.4 3,778 4,974 

Incomati 1,122.4 723 1,552 1,933.8 837 2,310 

Maputo 1,165.7 847 1,376 2,008.5 849 2,366 

 

This table shows an extremely worrying trend in terms of hydropolitical risk, because in 2000 

the Incomati River Basin was transitioning to Absolute Water Scarcity (> 1,500 people per 

flow unit per year), but the Limpopo was already more than double the accepted norm for 

social cohesion and economic viability (> 2,000 people per flow unit per year). This situation 

is exacerbated in 2025 when all four international river basins transition into Absolute Water 

Scarcity, with the Limpopo being a staggering 2.5 times above the global norm for social 

cohesion. This suggests that all of our transboundary river basins will become the focal point 

of future hydropolitical risk and vulnerability, with particular reference to the Limpopo, 

which is likely to be the epicentre of sub-national economic stagnation and thus potential 

social decay. These data ignore the impact of global climate change, with scientific consensus 

that southern Africa will become mostly hotter and drier (Scholes & Biggs, 2004).  
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With this in mind it becomes instructive to determine what the state of municipal 

management is in these highly stressed areas. Map 3 shows the number of engineers per 

municipality.  If we then superimpose this data onto the national eutrophication status of our 

major dams as shown on Map 4, start to get a more nuanced picture.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 3 (left) shows the municipal areas of South Africa in terms of the number of 

qualified engineering staff they have (SAICE, 2008). Map 4 (right) shows the trophic 

status of the larger dams in South Africa  from the National Eutrophication Monitoring 

Program (see DWAF, 2002).  
 

Eutrophication is a technical condition that occurs when water becomes enriched by 

nutrients, most notably phosphate and nitrate, usually associated with sewage treatment 

works. These elevated levels of nutrients cause a proliferation of blue-green algae, some of 

which produce a highly toxic range of chemicals known as microcystin (Oberholster et al., 

2004; 2005; 2008; Oberholster & Botha, 2007). The presence of microcystins has been linked 

to cancer (Humpage et al., 2000; Ito et al., 1997; Nishiwaki et al., 1991; Ueno et al., 1996) 

and other medical ailments (Bradshaw et al., 2003: Falconer, 1998; 2005; Fatoki et al., 2001). 

Indications are that this toxin can enter the human food chain via irrigation (Abe et al., 1996; 

Codd et al., 1999; Doyle, 1991). The international implications of this process arise when 

contaminated water flows across international borders and starts to trigger a hostile response 

from downstream riparian states, which is possible in the case of the Limpopo River (where 

Mozambique is already receiving significant doses of eutrophic water); the Incomati River 

(where Swaziland and Mozambique have major agricultural interests); and the Orange River 

(where salinity is the main concern at present, but where eutrophication can exacerbate 

existing tensions over the definition of the border with South Africa)(Meissner, 2001). 

 

In South Africa, eutrophication is a growing concern. In a recent television program, 

scientists from the University of Pretoria noted for the first time that toxins associated with 

eutrophic waters are being found inside produce irrigated with such water. It is currently 

known by the scientific community that around 1/3 of the total national water resource stored 

in an annual cycle is eutrophic. One specific scientist, Dr. Bill Harding, has written a non-

peer reviewed report in which he claims that as much as 65% of the water is eutrophic, 

indicating a trend that our national water resources are becoming unfit for purpose. This has 

the capacity to drive mass panic as demonstrated in October 2011 when a supplier of fruit and 

vegetables into the Woolworths supply chain announced that contaminated foodstuff was 

starting to be seen, triggering a hasty refutation by Woolworths, leaving a bewildered public.  
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It thus becomes instructive to zoom into specific areas that might be of strategic concern, 

with a view to understanding mitigation strategies that might need to be developed. Table 5 

shows the four most impacted water manage areas in South Africa. Column 1 is the WMA 

name. Column 2 shows the number of engineers per municipality extrapolated from Map 3. 

Column 3 shows the level of eutrophication in the main storage dams extrapolated from Map 

4. The water balance is shown in Column 4 extrapolated from Table 3, enabling a risk 

assessment to be made (Column 5).   

 

Table 5 

Summary of the four most critical Water Management Areas 

WMA # of Engineers 

(Map 3) 

Trophic Status 

(Map 4) 

Water Balance 

2025 (Table 3) 

Risk 

Assessment 

Upper Vaal ≥ 5 High potential (764) Highly stressed 

– international 

river (Orange) 

Mvoti to 

Umzimkulu 

≥ 5 – 0 (varied) High potential (788) Highly stressed 

Crocodile West 

& Marico 

3 – 0 (varied) High potential + 355 (sewage 

return flows 

from Gauteng) 

Surviving on 

sewage return 

flows – 

international 

river (Limpopo) 

Berg ≥ 5 High potential (508) Very stressed 

 

Proposed Hydropolitical Risk Model  
 

We can now construct a risk model. Work done in the 1990’s by Malin Falkenmark started to 

map out the cause-effect linkages as they pertain to water flows and environmental 

vulnerability. This has been adapted by the author as shown in Figure 10. It must be noted 

that Falkenmark’s work is based on what is known as King’s Demographic Trap.  

In terms of King’s Demographic Trap, the survival of a population depends ultimately on a 

sustainable supply of essential resources, particularly fresh water and food. If these are not 

available in sufficient quantities to sustain the people living in a nation or region, the 

population has exceeded the carrying capacity of that nation or region. Both populations and 

supplies of fresh water and food are dynamic, not static. Usually, in most nations, there is a 

positive balance - the nation or region either has, or can afford to import, a sufficient supply 

of fresh water and food to enable all currently living to survive, with enough left over to 

allow for natural population increase. However, sometimes the rate of increase of a nation's 

or region's population is greater than the capacity of the local or regional ecosystems to 

produce the food that is necessary for all to survive, and there are no financial resources to 

import these necessities for survival. Moreover, natural or manmade disasters – such as the 

AMD return flows from abandoned mines that are now becoming increasingly manifest – can 

tip the balance by disrupting food supplies. A population that has exceeded the national or 

regional carrying capacity is said to be caught in a demographic trap (King & Elliott, 1993). 

Such a population must migrate out of the region, or it will starve unless it receives food aid. 

Another possible consequence may be violent armed conflict if the demographically trapped 

population encroaches on the territory of neighbouring nations who regard them as 

unwelcome intruders. The xenophobic violence being experienced in South Africa might be a 

foretaste of this trend, but it is too early to make a positive correlation with available data 
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(Turton, 2009). The concept of the demographic trap first appeared in the annual report of the 

Worldwatch Institute in 1987. It was discussed at a major World Health Organization (WHO) 

conference in 1988, and has been much discussed since then (Encyclopaedia of Public 

Health).  

While King’s Demographic Trap is contested by some (Sen, 1989; 2000), it remains a useful 

tool in understanding how water might become a strategic risk, and in the professional 

opinion of the author, should not be dismissed without a thorough interrogation. It must be 

noted that the pathway to King’s Demographic Trap is not a linear one as shown in Figure 

10, being driven by a combination of growing population pressure, increased generation of 

waste and manifesting as accelerated water pollution – the exact type that is becoming 

evident in South Africa as eutrophic ecosystems on the one hand, and AMD-impacted aquatic 

systems on the other hand where no biotic life is able to survive.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Schematic representation of the main strategic threats (shown in boxed 

areas) along with different pathways to environmental vulnerability (adapted from 

Falkenmark, 1994:20). This is the proposed Hydropolitical Risk Model.   
 

In order to understand the different pathways that strategic risks might arise from water, 

Figure 10 makes use of four distinct modes of water scarcity as defined by Falkenmark 

(1993; 1994). The ramifications are as follows: 

 

• Mode “A” – a lack of “green water” (water used in the production of biomass arising 

from natural precipitation). This can be thought of in its most simple form as a short 

Loss of national 

food security 

Loss of national 

energy security 

Environmental 

Vulnerability 

Soil 

Vulnerability 

Endogenous 

Water Supply 

Vulnerability  

Crop Failures 

Population Growth 

Waste Production 

Accelerated Water Pollution 

Increased morbidity 

& mortality = King’s 

Demographic Trap 

A 

B 

C 

D 

Reduced possibility 

of drought-proofing 

agriculture 



Paper presented at the 4
th

 BRICS Academic Forum, New Delhi, March 2012. 

 

growing season arising from rainfall that is late or erratic. Technically this is what 

happened in the Southern Cape in 2011 where rain fell but a major drought prevailed 

(one engineer from DWAE told the author this was a 1:200 year event, which is very 

extreme).   

• Mode “B” – intermittent drought such as that occurring over much of South Africa 

and the adjacent region. This is the type of drought that would arise from an el Nino 

event as shown in Figure 4. 

• Mode “C” – manmade desiccation of the landscape arising from poor agricultural and 

mining practices. In South Africa this occurs in areas with a high WCI as shown in 

Figure 9 and Table 4.  

• Mode “D” – a lack of “blue water” (water that has been trapped in dams and 

engineered systems) both endogenous (rainfall falling inside a country) and 

exogenous (rainfall occurring outside a country and flowing into that country as a 

river). This is where eutrophication would feature, because it impacts water in dams, 

rendering it unfit for purpose even if it is available in a volumetric sense of that word.  

 

From the strategic threat model shown in Figure 10, four significant and distinct risks arise 

from water. The ramifications of these are analysed later, but for now each is shown in a 

rounded box and can described as follows: 

 

• Reduced possibility of drought-proofing agriculture. This is driven mostly by Mode 

“D” and is most likely to manifest in areas with a high WCI (Figure 9 and Table 4). 

A sub-set of this is human health impacts, such as those now manifesting as 

intersexed babies in areas with a high WCI superimposed onto areas with endemic 

malaria (typically Limpopo). (Note: A recent study by Bornman et al., (2009) has 

shown that in a test sample of 3,310 newborn male babies in the Limpopo area, 357 

(10.8% of the total sample) had various forms of urogenital birth defects. A statistical 

analysis of this sample revealed that a mother living in an area that was sprayed with 

DDT from 1995 – 2003 had a 33% increased chance of giving birth to a male child 

with a urogenital birth defect.  By being a homemaker and thus unemployed further 

increased the risks by 41%. This has significant strategic implications if these findings 

are accurate, because they become yet another driver of what is already manifesting as 

increased vulnerability of subsistence agriculture to Mode “D” risk).   

• Loss of national energy security. This is also associated with Mode “D” risk and is 

driven by vulnerability to our national water resources as a result of demand for water 

exceeding supply (see Table 2, Table 3 and Table 5).  

• Loss of national food security. This is driven by Mode “C” risk, arising from a high 

WCI (see Table 4) in combination with increased soil vulnerability.  

• Increased morbidity and mortality arising from King’s Demographic Trap.  This is 

driven by population growth in water-stressed areas (manifesting first as a high WCI 

in Table 4) combining later with Mode “D” risk as systems start to exceed design 

parameters and fail.  

 

The South African Challenge 
 

The reader should now have a highly nuanced picture of the national water resource-base of 

South Africa at present, at least in terms of volumes and volumetric limitations to future 

economic growth potential. This can also be better appreciated in the context of the 

Hydropolitical Risk Model shown in Figure 10. It is a complex picture that is difficult to 

grasp, which is why we need eloquent problem statements or images. Figure 11 summarises 
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Figure 11. A graphic representation of the overall South African water resource 

availability and future need in terms of economic activity (Peter Ashton as 

Rooyen, 2008).  
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• How do we grow 38 x 10
9
m

3
yr

1
 to 65 x 10

9
m

3
yr

1
? The answer to this is dependent on 

two sub-sets: 

o A new policy of recycling. This will need a bold initiative, most probably 

driven by the Presidency, beyond the current water policy.   

o A new policy designed to gain access to water in other countries of the 

southern African region, to which South Africa currently has no legal right. 

This will have to be the product of a sophisticated strategy of negotiation that 

pushes the norms of international water law.  

• How do we develop access to the new technologies we will need to survive as a 

water-constrained national economy in the future? The answer to this depends on two 

sub-sets: 

o A policy of national science, engineering and technology that has water 

quality as a foundation. 

o A policy of acquiring technology partners from outside the borders of South 

Africa. This is where the BRICS Forum becomes relevant.  

 

An Assessment of Strategic Risk and Implications for South Africa 
 

The study presented above enables a preliminary assessment of the strategic-level 

hydropolitical risk facing South Africa. If one accepts the model presented in Figure 10, then 

in essence the risks can be categorized in terms of King’s Demographic Trap. This comes 

down to an understanding of the trends and implications from population growth (national 

and regional), specifically as these impact on food production and energy resources. This is 

shown schematically in Figure 12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Schematic representation of the changing strategic-level hydropolitical risk 

profile of a country over time (T1-3), with specific focus on the relationship between the 

state of the environment (E1-3), the level of development (D1-3) and population 

pressure (P1-3). This must be interpreted against Figure 6.  
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On the vertical axis we plot two variables – population (left) and the productive capacity of 

the environment (right). These give us two curves labelled “Pop” and “Env”. The population 

curve grows exponentially while the environmental capacity curve declines exponentially 

over time (T1-3). This is a graphic illustration of King’s Demographic Trap, specifically if it 

is interpreted concurrently with Figure 6 showing three phases of water resource 

management – Phase 1 (Early Supply), Phase 2 (Hydraulic Mission) and Phase 3 

(Adaptation). More importantly however, is the changing relationship between three other 

critical variables – the environment (E1-3), population (P1-3) and development (D1-3), 

within each of these three phases of development. In the early phases of development 

(T1)(Early Supply Phase in Figure 6), (D1) is low, (P1) is low and (E1) is high. This changes 

over time, when at (T2)(Hydraulic Mission Phase in Figure 6), the environment (E2) is under 

pressure from a growing population (P2) as an aggressive developmental program (D2) is 

launched. In the South African context, this can be thought of as the period of rapid 

development that occurred between 1961 and 1985, mostly as a result of the Commission of 

Enquiry into Water Matters (RSA, 1970). In the later phases of development (T3)(Adaptation 

Phase in Figure 6), a different developmental strategy is now needed to deliver the benefits 

of liberation in the context of a democracy (D3). This is contextualized within a changing 

relationship between population pressure (endogenous growth and the inward migration of 

refugees from elsewhere in Africa)(P3), and the deteriorating state of the environment (E3). 

In classic cases, this is King’s Demographic Trap in action when population demands for 

food and living space (P3) exceed the capacity of the environment to sustain that population 

(E3) and a slow descent into growing poverty and the loss of social cohesion ensues. This is 

the failed state scenario driven by environmental scarcity as postulated by Barbier & Homer-

Dixon (1996), Homer-Dixon (1991; 1994; 1995; 1996; 1999), and Percival & Homer-Dixon 

(1998; 2001).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 5. Based purely on the concept of Water Crowding Index (see Figure 9 and Table 

4) the United Nations has predicted that South Africa will join the likes of Somalia, 

Kenya, Ethiopia, Malawi, Rwanda, Burundi, Egypt, Libya, Tunisia, Algeria and 

Morocco by 2025. Political instability is a common theme in many of these states.   
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This is shown differently in Figure 13, which maps out the different countries in the southern 

African region as they were in 2000, expressed as a function of water availability and 

capacity to adapt to change (shown as a proxy indicator in the form of GNP per capita on the 

horizontal axis).   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. An application of the Turton/Ohlsson Grid showing the relative position of 

selected African countries in 2000 expressed as a function of water security and 

adaptive security (Turton & Warner, 2002).     
 

From a hydropolitical risk and vulnerability perspective it must be noted that the list of water-

stressed states shown on Map 5 lie mostly in the lower left quadrant of Figure 13, suggesting 

that the natural trajectory for South Africa would be as shown by the arrow, if our national 

capacity to adapt to growing levels of water scarcity continues to limit our future economic 

development potential. This helps us to isolate our emerging strategic risk arising from water 

scarcity, which will increasingly manifest as two distinct elements: 

 

• The capacity of the state to protect the national interest by providing jobs and 

sustainable livelihoods for all South African citizens will be under increased pressure, 

often manifesting as growing public anger. 

• The growing loss of social cohesion driven by poverty rooted in environmental 

scarcity will manifest as political instability driving a loss in investor confidence.   
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From this it is evident that the major manifestation of water constraints will be felt within 

South Africa (making it a domestic issue), but some of the drivers and possible remedies lie 

outside of South Africa (making it a foreign relations issue). It is this nexus between local 

and international impacts, or the domestic and the foreign spheres, which makes the 

challenge somewhat complex.  

 

Emerging Hydropolitical Threats and Challenges to South Africa 
 

The existence of infrastructure is a major element in the decoupling of the national economy 

from the environment. Work done by the World Bank has shown that in countries where 

there is limited hydraulic infrastructure, such as in Kenya and Tanzania, the performance of 

the national economy is directly correlated to the rainfall patterns (World Bank, 2006). This 

means that in years of good rainfall, these economies perform quite well, but as soon as 

drought returns, this performance is reversed. These national economies are thus unable to 

develop in a sustainable trajectory, with this oscillation between good and bad years 

culminating in under-development. The was dubbed being “hostage to hydrology”, which is 

the predicament for many of the sub-Saharan states (Grey & Sadoff, 2007). Emerging from 

the same analysis, the South African and Zimbabwean economies were shown to have been 

“de-coupled” from their hydrological foundation, by virtue of the high level of infrastructural 

development in those two countries. Alarmingly, however, recent studies conducted by 

Sadoff (personal communication with the author) show that Zimbabwe is re-coupling, which 

means that the performance of the national economy is starting to become directly correlated 

with rainfall once more. It must be noted that Zimbabwe is a special case in this regard, 

because its economic woes are not only the result of failing infrastructure, but the key lesson 

from a hydropolitical risk and vulnerability perspective is that infrastructure matters. More 

importantly, that infrastructure needs to be maintained and it has finite limitations, which is 

something that is not considered by many decision-makers in government, leading to a 

phenomenon that has been dubbed by one commentator as the “Uhuru Decade” (Turton, 

2008b). This refers to the period of time after liberation when the Liberation Movement, now 

the government of the day, inherits infrastructure that works for a while, before it starts to 

fail. Reasons for that failure are many, mostly associated with the retention of technical skills, 

but the result is the same – deterioration in the levels of service delivery in the newly 

liberated state – which starts to drive discontent at grass-roots levels, later alienating the 

government from its traditional constituency; while also undermining investor confidence in 

the country as a whole.  

 

It therefore becomes instructive to see what the state of infrastructure development is in the 

water sector across the southern African region. From Map 6, which shows the large dams 

(but one component of the hydraulic infrastructure), it is evident that there has been 

significant development in South Africa and Zimbabwe, with very little infrastructural 

development elsewhere in the region.  
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Map 6. Existing hydraulic infrastructure in the southern African region is highly 

skewed in favour of South Africa, the most economically developed state (Ashton in 

Turton et al., 2008).  
 

The most important strategic risk is derived from the fact that the most developed economy in 

the entire southern African region – South Africa – has reached the limit of its readily 

available water and the dam-building era is over. This has major ramifications, because in 

essence the deficits noted in Table 2 & 3, cannot be met by means of traditional water 

resource management. Stated simplistically, if South Africa is to have full employment and 

economic growth that sustains this initiative over time, we can no longer base that thinking 

on dam-building as we have done in the past. This opens the debate about emerging 

hydropolitical risk arising from the transition to the Adaptive Phase shown in Figure 6, of 

which there are two distinct components: 

 

• Actual water. This is the finite volume of water available to South Africa, and upon 

approaching the limit (as shown in Figure 6), there are three choices available: 

o Improve internal efficiencies, which has unintended consequences because 

this can inhibit economic development as a result of the fact that the largest 

benefits are derived from allocating water away from the agricultural sector to 

the industrial sector. This has obvious implications for land reform and land 

restitution processes, both politically sensitive.  
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o Shift the strategic storage paradigm, away from the sole reliance on dams, to 

managed aquifer recharge and the deliberate engineering of Anthropocenic 

aquifers, in partnership with the mining sector, as part of a coherent mine 

closure strategy (Turton & Botha, 2012).   

o Acquire access to water that is exogenous to South Africa. This is constrained 

by the fact that no legal right exists to that water, so in effect a new regional 

framework of water-sharing would need to be negotiated, and this will take 

time (Turton, 2008c).   

• Virtual water. This is the water embedded in food and energy, so in essence this 

amounts to two distinct strategic issues: 

o Gaining access to new trading partners that can become our future food 

suppliers. This is significant within the BRICS Forum.  

o Gaining access to new energy sources within the southern African region that 

can alleviate the current pressure on the combustion of coal in South Africa.  

 

Conclusion 
 

South Africa is transitioning into an extremely vulnerable state as water resources become a 

constraint to job creation and future economic growth. In this context one can think of a 

transition in a peak water context from a demand-driven to a supply-constrained national 

economy, resulting in a wide range of ramifications that are as yet mostly unexplored. One 

possibility is that Kings Demographic Trap comes into play, driven by a complex array of 

forces including climate change, population growth and the unintended consequences of land 

reform that has seen much of the land being removed from commercial production. A 

probable outcome will be a slow erosion of social cohesion as the unemployed become 

discontented, further exacerbated by the gradual loss of national food security. A likely 

remedy will be the re-negotiation of water, energy and food security at the regional level 

rather than the national level. This will create major challenges for the international relations 

component of the government, as well as the policy and technology research components of 

the various national science councils and universities. The transition can be managed, but it 

will require a carefully formulated strategy, driven by a policy that is based on the best 

available science, held together by sound political leadership embedded in robust institutions.      
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