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Key messages
Climate change in southern Africa will bring changes to the flow regimes of important 
transboundary rivers and impact on water reliant national and regional development priorities.

Southern Africa has a high proportion of shared river basins, where the river is shared by two or more 
(and as many as eight) states. Changes in flow regimes of shared rivers driven by climate change will 
affect regional cooperation, the policies and protocols emanating from it, and national development 
planning based on a shared water supply. A sound evidence base of the water-related impacts, risks and 
vulnerabilities associated with climate change in such basins is essential, as well as the abilities of riparian 
states and the region to adapt to those emerging impacts and achieve a measure of climate resilience. 
Climate change projection models consistently indicate a warming climate and increased variability and 
intensity of rainfall; however, projections for the direction and magnitude of rainfall change remain highly 
uncertain. 

the impacts of climate change on transboundary water resources must be assessed in the context 
of development futures of areas supplying and using the water.

A scenario planning approach is a useful means of coping with predictive uncertainty of both climate 
and socioeconomic development, particularly for policy-making. The approach allows for incorporation 
of supporting quantitive evidence if needed for adaptation funding purposes. Two rainfall scenarios were 
used in this study for the timeframe 2050, adjusted to the prevailing climate of each basin studied and 
combined with a median projection of warming: a) moderate wetting, b) significant drying. Two development 
futures scenarios were considered: 1) a continuation of the current uneven economic growth, or 2) a 
scenario of a highly integrated economic system which encourages higher rates of economic growth and 
greater use of resources. The four climate-development scenarios representing the key ‘plausible futures’ 
affecting the water sector were examined in the context of three major transboundary river basins in 
southern Africa – Okavango, Limpopo and Zambezi. The ‘worst case scenario’ refers to the combination 
of high growth and drying.

socioeconomic development futures must be included in the analysis.
Projections of socioeconomic development vary significantly between individual countries. Major drivers 
or constraints to development relate to international investment, regional integration and political 
stability. Development Future 1 characterises uneven development with moderate regional economic 
growth (3–5% p.a.), driven primarily by international investment, sporadic agricultural development, 
and isolated industrial and hydropower growth, with continued peri-urbanisation. Development Future 
2 projects a high level of regional economic growth (6–8% p.a.) and integration between member states. 
Higher levels of agricultural and industrial growth and urbanisation are realised. Regionally integrated 
resource allocation and infrastructure is more efficient. Higher levels of consumption of water, energy 
and minerals support the development.

water resource planning needs to optimise multisectoral economic benefits whilst protecting 
livelihoods and ecosystem services in the okavango, Zambezi and limpopo River Basins. 

The Okavango River Basin’s three major riparian states, Angola, Namibia and Botswana, all plan 
increased development in their portions of the basin. Botswana  is already highly dependent on the river 
to maintain the socio-ecological system and the tourism sector. Under the different climate development 
scenarios, the strong groundwater component of the Cuito River becomes very important for maintaining 
baseflows to the Okavango Delta and providing resilience. Under a drying climate and high water use, the 
peripheral areas of the delta are likely to come under threat ecologically and socio-economically.

The Zambezi River Basin provides a huge resource for development. However differences in 
regional climate and atmospheric circulation systems in different parts of the basin give rise to considerable 
variability of rainfall and river flow. Plans exist for significant development of hydropower and irrigated 
agriculture in the upper and central parts of the basin. Full irrigation development would significantly 
affect the development of hydropower, particularly under the drying scenario. A future wetting would not 
add enough water to the system to resolve the demand for water. Extreme, high rainfall is likely to produce 
flooding at specific locations throughout the basin, and to become particularly dangerous in the lower 
river basin.
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Development will increase water demand in the Limpopo River Basin and exacerbate water stress, with 
significant impacts under the worst case scenario, particularly in Mozambique. Water is already scarce 
in this highly developed and populated catchment, containing South Africa’s industrial heartland, urban 
settlements, coal-fired power generators and core mining regions. Water demand and abstraction is high, 
as is pollutant loading. Further economic and population growth will increase the pressure, especially in 
the tributaries of the Limpopo River. Climate change will add a further layer of complexity to a stressed 
system, particularly in the lower basin. 

Climate change demands greater attention to the management of shared water resources.
National sovereignty is a key issue for all three river basins. This fact is reflected in the management of 
the basins and in the nature of the multinational institutions set up to manage the harmonious sharing of 
resources. Increased dialogue at bilateral and multilateral levels is required to drive successful outcomes 
in transboundary water management. Climate changes that bring increased levels of stress into river 
systems and their dependent economies will require higher levels of political engagement in ways that are 
not present in the region currently. Managing the freshwater impacts of climate change is fundamentally 
a development challenge within a changing climate. Climate change will accelerate the rates of change 
that are already present in the river basins. In all scenarios, it is highly likely that attempts will be made 
to extract greater amounts of water for irrigation. Such challenges provide a larger impetus for the 
implementation of good water resource management approaches – that are widely accepted and reflected 
in the policies and strategies across the region.

Adaptation for climate-development water related vulnerabilities.
Current resilience to climate change in the region is low because of limited infrastructural and 
institutional capacity. Adaptations need to focus less on climate outcomes and more on leadership 
engagement with existing developmental and water management challenges. Additionally, flexibility is 
required in the systems governing allocation and licensing of water at local levels. Water resource systems 
infrastructure is an important social and economic development that buffers the challenges posed by 
climate change. However, such infrastructure must be designed to accommodate the problem of the 
increasing intensity of extreme weather. Finance to support implementation remains a problem and 
is most efficiently utilised when aimed at integrated adaptation projects which see development as an 
effective adaptation mechanism. Groundwater is an important adaptation resource that needs research 
and specific protection. Finally, because of the directional uncertainty of the changes, appropriate levels 
of climate monitoring need to be put in place at regional, national and catchment scales.

Regional frameworks and policy development should aim for climate compatible development.
There are three key transboundary responses which should be the focus of greater attention: 1) the 
establishment of agreements in transboundary basins which also specifically address climate change 
impacts such as extreme weather; 2) the design of agreements or treaties for flexibility, in ways that 
can accommodate changing conditions, which may include flexible water allocation strategies, provision 
for extreme events, developing treaty review and amendment procedures, and installing operating joint 
management institutions; and 3) the development of frameworks for climate-and-water adaptation. 
Appropriate policy and legislative frameworks enable strategic planning for flexible water allocation 
systems and development priorities. Active engagement will be required at basin level through the SADC-
context of the Protocol on Shared Water Resources. 

Consideration of the impacts of climate change on transboundary water resources is both necessary 
and useful in promoting regional integration.

Climate changes do not necessarily occur along national boundary lines and many of the region’s river 
basins are shared, requiring transboundary cooperation in managing these resources. Climate change 
presents additional impetus for strengthening regional cooperation and thus integration and as such, 
can be considered as an important regional adaptation to climate change. Other adaptation measures can 
be developed using the scenario planning approach (based on expert opinion and scientific information 
about climate, water and development) through established policy dialogue mechanisms.
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the centrality of water in people’s lives is undisputed.  

women at a well in southern tanzania.
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1.1 Background
The availability of water affects most aspects of a 
country’s economic functioning and human wellbeing. 
This includes food production, health, energy services, 
domestic water supply and sanitation, industrial, 
environmental and aesthetic uses. Its centrality in 
people’s lives is undisputed. Most of southern Africa is 
relatively undeveloped. The exception is South Africa, 
which is highly developed by comparison. The region 
contains seven least-developed countries as defined 
by the United Nations. Additional common features 
include widespread poverty and a general low level of 
socioeconomic development. About 45% of the region’s 
people survive on less than US$ 1 a day. The incidence 
of malnutrition averages 36%. The incidence of disease 
is high, with HIV/AIDS reducing life expectancy from 
about 50 years (already a low figure) to less than 40 
years in a matter of about two decades. Infant mortality 
is high at above 50 per 1 000 births. Most countries 
score poorly on their progress towards many of the 
Millennium Development Goals (MDGs), with the result 
that the Human Development Index (HDI) and the 
general standard of living is low, reducing resilience to 
the challenges posed by extreme weather.

Seasonal hunger has been a dominant feature of rural life 
in most of southern Africa, especially in the less developed 
countries. Increasing agricultural output invariably means 
increased irrigation use and this will require development 
of storage infrastructure and increased consumption 
of water. FAO projections indicate that developing 
countries will expand their irrigated farming activities 
and particularly in countries in southern Africa where, 
apart from in South Africa, irrigation is relatively poorly 
developed and there is significant scope for expansion. 
Beneficial use of water is, therefore, one route to human 
and economic development. Constraints on water 
development can lead to conflict or political tensions. 

Thus, water resource impacts are a function of 
availability and demand. Future demands are a function 
of the socioeconomic development trajectories that may 
occur within each river basin. Future availability of water 
will be determined by a combination of upstream demand 
or use, and future climate. One of the objectives of this 
assessment is to inform stakeholders and policymakers 
of the possible implications of climate change on 
transboundary water resources in southern Africa – a 
region where the consequences of climate change are 
poorly understood. These developing countries also 
require increasing electrical generating capacity. southern 
Africa is short of electricity and the development of 

hydropower is an attractive option, given that significant 
hydropower potential exists and is cheaper than coal-fired 
thermal generation. The operation of hydropower systems 
brings water management requirements that are possibly 
in conflict with those of the irrigation sector.

Overlaid on the water related issues of irrigation, 
hydropower generation and the place of water security 
in socioeconomic development is the question of climate 
change and what the future holds for the sustainability 
of southern African water resources. Despite the obvious 
connection between climate and water, their relationship 
with the resulting implications of climate change appear 
to have been addressed inadequately in assessments for 
global policy formulations (Bates et al., 2008).

The Regional Climate Change Programme (RCCP) is a 
five-year programme (2009–2014) of work with Southern 
African (SADC) partners on the impacts of climate 
change, with the broad objectives of increasing regional 
participation in globally funded adaptation projects and 
improving resilience. The RCCP has four outputs, of which 
the first focuses on the scientific basis for understanding 
climate change impacts in southern Africa. Output 1 
supports the RCCP through its development of the 
scientific understanding of how climate change affects 
human wellbeing. Output 2 focuses on indigenous and 
local knowledge and practice and the management of 
adaptation, Output 3 on the development of proposals 
for finance, and Output 4 on regional stakeholder 
engagement. Water is one of four themes in Output 1 
addressed by the RCCP, the others being agriculture and 
food security, energy and health. The aim of the water 
component is to give the necessary and scientifically valid 
direction to climate change and water initiatives. 

Based on the above considerations, a Strategic 
Transboundary Water Resources Assessment of climate 
change impacts on transboundary basins in southern 
Africa was commissioned and completed in 2009 (Pegasys, 
2009). This publication is a technical synthesis of that 
study, of which the objectives were: 

• to better understand climate and water-related 
impacts and risks associated with change in 
transboundary basins throughout the region

• to highlight regional vulnerabilities in the ability of 
countries, river basins and the region to adapt to 
these emerging risks and potential climate change 

• to explore approaches to evaluating these impacts, 
based on the characteristics of these basins, typical 
availability of information and inherent uncertainty 
around change.

1. Introduction
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The approach that was developed for this assessment 
was built around three fundamental elements: qualitative 
assessment, scenario analysis and representative basin case 
studies. Three river basins, the Okavango, Zambezi and 
Limpopo (Figure 1), were selected, using the following key 
criteria: geographic spread (reflecting different climatic, 
hydrological and institutional conditions), inclusion of a 
diversity of climate-and-water stories, strategic relevance 
and climate vulnerability from a regional perspective, and 
information availability.

1.2 Why transboundary?
The major drainage basins of southern Africa have more 
than one riparian state. The shared water resources 
support a significant proportion of each state’s economic 
production and social development. Because water is such 
an essential resource, the management and consumption 
of water within these basins becomes an issue of 
multinational interest, and this interest can potentially 
develop into various levels of conflict or tension between 
states. This is particularly the case when one or more 
downstream states perceive those upstream as consuming 
more than their fair share. Thus, the water use and 
management plans and policies of different states are of 
interest to each other.

River basins represent situations where the impacts 
of a water resource activity upstream are transmitted 
downstream, across borders and over long ranges 
(hundreds to thousands of kilometres). The management 
of – and political perspectives within and around – a 
river basin can depend on where one is in relation to the 
water use activity; upstream, where the water is being 
beneficially used, or downstream, where the beneficial 
impacts of that use may or may not accrue.

This study models the impacts of the macro-influences 
of socioeconomic growth and development in the three 
chosen transboundary river basins, which, interacting 
with the way in which climate change influences the water 
resource, alters the perceived view of how climate change 
may affect the relationships between riparian states in a 
common river basin.

the impacts of river basin resource activity are often transmitted downstream, across political borders. 

power lines cross the limpopo in Mozambique.

figure 1: transboundary basins in southern Africa showing 
the three river basins used as case studies (okavango, 
Zambezi and limpopo) in relation to other regional 
transboundary basins (source: Ashton and turton, 2008)
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2.1 Current and future climate
Our region of interest is subtropical, with a 
characteristically dry subtropical climate. A rainfall 
season of about 4–5 months contrasts with a longer dry 
season. The Intertropical Convergence zone (ITCZ) is the 
climate system that generates most of the rainfall over the 
river basins concerned (Figure 2). The ITCZ moves into 
the area during the southern hemisphere summer but 
its position fluctuates according to other atmospheric 
circulation patterns. Its position is influenced by sea-
surface temperature (SST), atmosphere anomalies such 
as the El Niño Southern Oscillation (ENSO) and the 
Indian Ocean Dipole (IOD). Other regional influences 
include high-pressure anticyclonic airflows which 
suppress the ITCZ and are often situated over Botswana 
to the south – which also contributes to the general 
aridity of Botswana and Namibia. Tropical cyclones 
occasionally make landfall on the Mozambican and 
South African coastlines, bringing significant flooding 
to the northern parts of South Africa, Zimbabwe and 
particularly Mozambique.
The position of the ITCZ during the summer rainfall 
season is fundamental to the water situation in each of the 
river basins (Okavango, Zambezi and Limpopo). When it 
moves north and east, out of the region, droughts occur. 
When it moves further south than its normal location, 
the region is in a wet phase, often experiencing localised 
and regional flooding. 

How the dynamics of the ITCZ will be affected by 
future climate change is poorly understood, especially 
as it appears to be controlled by ENSO teleconnections 
and other seasurface temperature anomalies.

Annual rainfalls range from 1 800mm.yr -1 in the 
north, closest to the central activity of the ITCZ and 
on higher ground, to as low as 200mm.yr -1 in the arid 
parts of Namibia and Botswana (Figure 3).

Varying changes in rainfall over the region are 
predicted for the period 2080–2099 relative to 
1980–1999 (Christensen et al., 2007). The GCM 
based projections show reduced rainfall for much of 
the region in winter (May–July), but increased annual 
rainfall in the north-eastern tropical regions linked to 
increasing summer rainfall. Small shifts in the tropical 
rain belts (the ITCZ in particular) will result in large 
changes in local rainfall. The IPCC (Christensen et 
al., 2007) states that annual rainfall derived from the 
ITCZ will increase as the atmosphere warms and the 
amount of water vapour that is transported laterally 
increases, giving rise to general wetting. Seasonal 
shifts in rainfall can be expected: in regions receiving 

2. Climate change

figure 2: the average position of the itCZ over Africa during 
the austral summer (top) and winter (bottom), with the major 
moisture transport paths. the red line is the average centre of 
the itCZ, in reality a broad band of convergence. the dotted 
line and acronym ioC refers to the inter-ocean boundary or 
Congo Air Boundary – a local branch of the itCZ. 
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summer rains is likely to become more unpredictable and 
occur later than at present, but the amount and intensity 
of rainfall could be higher in late summer.

Regional temperature projections for the region for 
the same period (Christensen et al., 2007), indicate that 
during summer, warming will be in the range 1.8°–4.7°C, 
depending on the emissions scenario (SRES) used, with a 
median projection of 3.1°C.

For winter, warming will be 1.9°–4.8°C, with a median 
of 3.4°C. The inland countries (e.g. Botswana, Zambia, 
Zimbabwe and Malawi) show the strongest predicted 
warming, whereas the coastal regions show slightly 
less warming.

2.2  Uncertainty around climate projections
Projections of future rainfall, soil moisture conditions and 
runoff are subject to considerable uncertainty. In some 
parts of the world, the global circulation models (GCMs) 
used to develop projections of regional climate, do not 
agree on the sign (direction) of change when compared 
for the same location (Christensen et al., 2007; Bates et 
al., 2008). Most confidence in GCM projections is found 
for the latitudes of the wet tropics (about 5°–10° north/
south) and the high latitudes (about ~50°–80° north/
south), where a wetting trend is projected for both 
regions (Christensen et al., 2007). Less certainty is given 
for the mid-latitudes and dry tropics, where multimodels 
generally indicate a drying trend (Christensen et al., 
2007). A multimodel simulation takes the results of several 
models and comparisons are made on their predictions as 
a means of gauging confidence in model outcomes.

Southern Africa is particularly problematic, with little 
agreement between GCMs. GCM-based projections of 
future rainfall vary quite broadly (-25% to +15% of the 
current mean), with only the south-western (drying) 
and the north-eastern portions (wetting) showing any 
agreement on the direction (not the magnitude) of 
change. There is also little agreement between GCMs 
and statistically downscaled (SD) models in the middle 
parts of the region, in which the river basins and many 
of the most vulnerable communities and areas are 
located. Global circulation models are particularly poor 
at simulating the different ENSO phases, and simulations 
of future ENSO conditions are fraught with uncertainty. 
These uncertainties need to be resolved before credible 
model-based vulnerability assessments can be developed 
to guide adaptation decision making.

There is also a general lack of understanding about 
the climate implications for groundwater and aquifers 
(including transboundary aquifers) across southern Africa, 
which is critical given the groundwater dependence and 
vulnerability of users in the region. This is particularly 
relevant for areas receiving between about 400mm and 
700mm of rainfall per year.

Planning decisions or adaptations should take 
projection uncertainties into consideration, given the 
lack of consistency in the GCM projections. For example, 
Harrison and Whittington (2002) had to use projections 
of future rainfall that ranged from -20% to +20% of mean 
precipitation for a sensitivity study of the Batoka Gorge 
hydropower proposal. As the IPCC Technical Paper 6 
notes (Bates et al., 2008), the appropriate tools are not 
yet available for evaluating climate change adaptation 
options across multiple water-dependent sectors. One 
of the most important implications for southern Africa 
is that water demand for irrigation increases with rising 
temperatures. Irrigation is one of the key routes of planned 
development. How, then, is a climate change future of the 
region to be assessed? This study uses a scenario method 
(based on data applied to regional downscale climate 
models) that incorporates this uncertainty for assessing 
possible climate changes and its impacts. 

figure 3: Mean annual rainfall across southern Africa. 
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3. Assessing the future – using scenarios

The impacts of climate change on water resource systems 
depend to some extent on the status of local conditions. 
This means that the level of socioeconomic development 
determines sensitivity to climate impacts. 

For example, subsistence rainfed agriculture is far more 
sensitive to climate variability than irrigated agriculture 
which is supported by substantial water storage systems 
and management of available water resources.

These differences translate into different impacts on 
food security, economic benefit and human health. The 
future status of socioeconomic development in southern 
Africa will be different to the current status. We already 
know that parts of the region are growing rapidly, due in 
part to developing mining industries and agriculture. The 
global food crisis of 2008 has meant that opportunities 
for increased food production are being researched and 
identified. Predictions of the trajectory of socioeconomic 
development tend to be based on political conditions 
and outcomes, financial flows, the capacity for managing 
change, commerce and trade systems and barriers, and 
the quality of service provision (energy, water and health), 
all of which are relative unknowns.

Thus, two components of futures projections are required; 
one on climate futures and another on socioeconomic 
futures. This can be approached through scenario planning 
methodologies, wherein different climate outcomes are 
combined with different development outcomes. These 
combinations should capture the major ‘plausible futures’ 
that affect the water sector. Such futures assessments do 

not follow analytical or mathematically modeled climate 
or water resource assessment approaches. As an alternate 
approach considered particularly useful for policy-
making, scenarios are primarily qualitative and focus 
on descriptive outcomes whilst using data (envelopes of 
probability) applied in regional downscale modelling. 
Further, quantitative analysis can usefully be incorporated 
as supporting evidence, potentially necessary in 
developing robust funding proposals for adaptation.

3.1  Climate futures and develop ment 
futures as scenarios

The scenario approach used for this study, to examine 
the interactions of climate and development on the 
transboundary water resources, is based on four different 
plausible scenarios (Figure 4).

Temperature is expected to increase irrespective of 
the climate future adopted; there is little uncertainty 
about this, except perhaps the quantum of increase. The 
precipitation-based climate futures are:

CLIMATE FUTURE I – Moderate wetting: This is 
characterised by up to 10% increase in mean annual 
precipitation by 2050. While the magnitude of this 
wetting is not uniform over the entire region, a ‘wetter’ 
scenario exists within the climate models throughout the 
region, with the greatest wetting areas being in the north 
and the eastern escarpment.

figure 4: A climate-precipitation scenario matrix of integrated or uneven development drivers matched against wetter or 
dryer regional climate drivers to produce climate-development scenarios.
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Adaptive capacity is about developing flexibility or providing alternatives for water resource management. 

Children draw water from a well in Chololo Village, Dodoma region, central tanzania 
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characterised by up to 15% decrease in mean annual 
precipitation by 2050. This general drying trend is also not 
uniform but is most accentuated in the central subtropical 
portions of the region between the Zambezi and Limpopo 
basins through to the desert regions in the west.

Considering the economic development outlook of 
southern Africa, predictions vary significantly per country 
based on national development plans, infrastructure 
development plans, institutional capacity and agricultural 
planning, among other factors. Nonetheless, there is a 
variety of factors that are generally accepted as critical 
as major drivers or constraints to development within the 
region, particularly related to international investment, 
regional integration and political stability. Considering 
these factors in the context of climate change and 
water, there are two scenarios that suggest the future 
development paths at a regional level.

DEVELOPMENT FUTURE I – Uneven development: 
This is characterised by continued disparate and uneven 
development throughout the region, with a sustained 
growth rate of 3% to 5% driven primarily by international 
investment. Other dimensions of the uneven scenario 
include sporadic agricultural development, isolated 
industrial growth, selected hydropower development and 
continued peri-urbanisation. There is a lack of economic 
integration across the region.

DEVELOPMENT FUTURE II – Integrated regional 
development: This is characterised by a high level of 
regional and economic integration between the member 
states. Concerted regional efforts are augmented and 
supported by international investment, contributing to 
sustained growth rates of 6% to 8%. This growth will be 
characterised by high levels of agricultural and industrial 
development, urbanisation, efficient regional resource 
allocation, and interconnected regional infrastructure. 
This growth path leads to increasing consumption of 
resources (water, power, minerals) to support development.

For each basin, a specific set of climate and development 
scenarios was developed. Climate and development 
related stories within the basin were analysed in order to 
understand the risks and vulnerability that attend changing 
climate futures. The conclusions from this analysis form the 
basis of the broader conclusions about the ways in which 
climate, development and water interact in the region.

In summary, the entire transboundary strategic water 
resource assessment was designed towards identifying 
and describing vulnerabilities to climate and water 
in different parts of a basin, while considering the 
broader institutional, social and economic context and 
implications at a national, basin and regional scale. 
This required a shift away from typical analytical water 
resources planning approaches, to one that is firmly 
rooted in heuristic qualitative assessment (based on 
expert opinions).

Themes of climate change impact
Themes of climate change impact on water resources 
were developed through the use of regional workshops 
to develop: i) baseline assessment of current conditions; 
followed by ii) syntheses of basin development plans; 
finally allowing iii) identification of significant climate-
water stories or scenarios (Figure 5).

There are three sources of adaptive capacity concerning 
water resources:
• natural environment, through its buffers and inherent 

storages
• modification of the physical world through the 

development of infrastructure
• institutions – their effectiveness and arrangements

Adaptive capacity is about developing flexibility or 
providing alternatives for water resource management. 
Thus, adaptive capacity can and should respond not only 
to climate-induced challenges, but also to those arising 
from other causes, such as conflicting demands. When 
adaptive capacity is low and climate impact is high, then a 
system has high vulnerability. Conversely, low vulnerability 
is a function of high adaptive capacity.

figure 5: Conceptual framework for assessing water resources impacts of climate change (source: pegasys, 2009)
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4. River basin assessments

4.1 Okavango River Basin 
The Okavango River basin, the first of the three basins 
to be assessed, is an endorheic drainage system (an 
internal drainage system with no outlet to the sea). Its 
headwaters are in Angola, in the upper reaches of the 
Cuito and Cubango rivers, which receive rainfall of about 
1 300mm.yr-1. The flow characteristics of these rivers 
differ – the Cuito River has a high baseflow component 
to its flow, indicating large groundwater influences, while 
the Cubango River shows a quicker response to rainfall. 
The long narrow basins of these two rivers are adjacent, 
draining south and slightly east. The Cubango becomes 
the Kavango on the Namibian border and this river joins 
with the Cuito to form the Okavango River. Crossing 
the narrow ‘panhandle’ of Namibia, the Okavango River 
then flows into the upper reaches of the delta. The delta 
terminus fluctuates according to the balance of river flow 
versus evaporation, which is high given that this part of the 
basin has a rainfall of 400mm.yr-1 or less. At high water 
levels, during a wet phase and southern movement of the 
ITCZ the delta has outlets into the Selinda spillway, which 
flows into the Chobe River and then into the Zambezi, as 
well as into the Boteti River and also south towards the 
Makgadikgadi pans. The area is very flat. A key feature of 

the water flowing into the delta is its very low nutrient 
status and low salinity. These water qualities influence the 
high ecological diversity of the Okavango Delta. 

The whole system is driven by annual flooding which 
arrives a month after the main rainfall in the upper 
catchment area, travelling down the Cubango and Cuito 
floodplains, and takes four months to dissipate through 
the wetlands. The value of the Okavango River and its 
delta to Botswana, the receiving country, stems from its 
status as a Ramsar wetland of great ecological importance 
and as a source of tourist revenue. It is also viewed as a 
potential basis for future economic growth in Botswana. 
Population density in this region is low, at about 1 person.
km2 although this is increasing by about 2% per year.

Institutional arrangements for the management of the 
Okavango River system include the permanent Okavango 
River Basin Commission (OKACOM) established in 
1994 for the three member states. OKACOM consists of 
three organs: the Commission itself, the Okavango Basin 
Steering Committee (OBSC) and the Secretariat. The 
Commission guides policy while the OBSC is a technical 
advisory committee with permanent and non-permanent 
members. The Secretariat is the internal organ with 
the legal capacity and mandate to assist OKACOM in 

figure 6: okavango River Basin

National boundaries

legend

Major Rivers
Okavango Catchment
Hydrological Basins
Irrigated Croplands
Cropland

Shrubland
Grassland
Low sparse vegetation
Regularly flooded
Built areas
Bare areas
Water bodies and salt pans

Cropland-natural vegetation mosaic
Broadleaved evergreen forest
Broadleaved deciduous woodland
Woodland-shrubland-grassland mosaic
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implementing its decisions. Community involvement in 
OKACOM is undertaken through the Basin Wide Forum. 
OKACOM has structured itself to bring it in line with the 
Revised SADC Protocol on Shared Watercourses.

Climate change scenarios 
Average annual temperatures in the Okavango River 
basin are projected to increase substantially relative to 
southern Africa as a whole. The most important issue 
when considering possible rainfall changes is where the 
average centre of the Congo Air Boundary (CAB) – a zone 
of convection and hence rainfall – will be located in the 
future. Will it move north, leading to a drying scenario, 
or south, creating a wetter climate? A general wetting will 
result in more variable flow in the Cuito River. A northerly 
movement of the CAB will result in a general drying of 
both the Cuito and Cubango tributaries, with significant 
implications for the Okavango River delta as well as for all 
planned developments in Angola, Namibia and Botswana.

Socioeconomic development scenarios
Since the cessation of hostilities in Namibia and Angola 
in the 1990s there has been a drive for development. 
This involves increased water use, particularly irrigation 
schemes and hydropower production, as well as water 
abstraction, for transfer to urban centres in drier areas, 
by both countries (Table 1). For example, there may be 
significant growth potential for irrigation in eastern 
Angola, especially under an integrated growth scenario. 
The area west of the Cubango River has fertile, irrigable 
soils, underlain in parts by rock of volcanic origin. There 

are substantial opportunities for establishing large 
irrigation schemes here. Hydropower development may 
take place on the Cubango tributary, most probably 
through run-of-river schemes, which will have small 
impacts on downstream hydrology.

The overall picture of the basin is that of possible 
increased developments, based on water extraction in 
the Angolan portion of the basin where higher rainfalls 
currently exist and most of the river flow is generated. 
Namibia is looking for extractive opportunities and 

table 1: Development scenarios: okavango River Basin

the value of the okavango River and its delta to Botswana, the receiving country,  
stems from its status as a Ramsar wetland of great ecological importance.
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Development scenario Description

Uneven growth 3 000ha irrigation Namibia
18 000ha irrigation Angola

1 dam

3 run-of-river hydropower 
stations

Development of Eastern National 
Carrier for supply to Windhoek 
— 7 million m3.yr –1

integrated growth 8 000ha irrigation Namibia

200 000ha irrigation Angola

1 dam

4 run-of-river hydropower 
stations

Development of 2nd phase of the 
Eastern National Carrier for supply 
to Windhoek – 100 million m3.yr –1
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‘pandhandle’ to possible irrigation schemes and for 
urban water supplies to Grootfontein and even as far as 
Windhoek. 

The probabilities of climate change having an impact 
on all three countries by influencing the water flowing 
in the system are significant. All three countries have 
strategic visions of the importance of this water to 
their economies. Being the downstream riparian state, 
Botswana has a particular interest in what happens to the 
rivers upstream of its section of the total river system. The 
delta contributes about 5–9% of the Botswana GDP.

The differential hydrological response of the tributaries 
creates a threatening upstream scenario, depending on 
which of the Cuito or Cubango systems is developed for 
irrigated agriculture. Rural communities are increasingly 
vulnerable to declines in groundwater. The possibilities 
for threats to the Okavango system require an early start 
to transboundary planning cooperation and groundwater 
management.

Scenario integration and interpretation
A: Moderate wetting, uneven socioeconomic growth 
trajectory: Higher flood flows will occur in the Cubango 
and Cuito rivers, but lower dry season flows are expected 
as higher temperatures increase evapotranspirative losses. 
Riparian livelihoods are well adapted to flood regimes 
during peak flows. Flows into the Boteti River channel are 
maintained. There is little risk to agriculture, as well as 
to stock and domestic water use, from climate change as 
sufficient water exists to supply needs. No risks to run-of-
river hydropower production on the Cubango River are 
foreseen. Few risks can be ascribed to the functioning of 
the Okavango Delta. 

B: Moderate wetting, integrated economies – high levels 
of growth: Higher flood flows will occur in the Cubango 
and Cuito rivers, but lower dry season flows are expected 
as higher temperatures increase evapotranspirative losses. 
Flows into the Boteti River channel are maintained. Higher 
nutrient inflows to the delta resulting from agricultural 
runoff increase threats to water quality in the delta. 
Reduced sediment loading in the river has an impact on 
the upper Okavango Delta. Strong baseflow components 
in the Cuito hold possible risks to agriculture in the 
lower basin. Similarly, there are few risks to hydropower 
production in the Cubango River system. Sediment 
supplies to the delta may become restricted. 

C: Moderate drying, uneven socioeconomic growth 
trajectory: The strong baseflow provided by the Cuito 
tributary reduces risks to the functioning of the delta, as 
well as to nearby human settlements. However, domestic 
water supplies face increasing stress in the Cubango 
system wherever they are not located near the main 
river channel, or do not have access to relatively deep 
boreholes. 

D: Moderate drying, integrated economies – high levels 
of economic growth: Water stress becomes evident in 
the Cubango and Kavango river systems, with reduced 
catchment yields. Local communities in the Boteti River 
area, beyond the delta, face increased stress from lack of 
water. Sediment supplies to the delta may become further 
restricted. Water quality is reduced through upstream 
usage and possible return flows from agriculture. 
Recharge of aquifers is significantly retarded in the 
delta area. Run-of-river hydropower schemes face failing 
production through climate risks. Risk to domestic water 
supplies increase. 

Summary assessment
The focus on development in the western portion of the 
Cubango River basin appears robust. The possibility of 
Namibian extraction of water from the Kavango is also 
high. This points to a stronger reliance on the groundwater 
component of the Cuito basin for maintaining flows 
to the Okavango Delta. Preserving this situation will be 
important for maintaining resilience in a drying future. 

The impacts of a drying trend and some extractive 
activities upstream of the delta are still poorly understood, 
as the delta has different ecozones based on duration 
and frequency of water saturation and seasonal flooding. 
The differential hydrological responses of the Cubango 
and Cuito drainage systems is key to understanding 
vulnerability and resilience to future climate changes 
within a scenario of higher water use activities in the 
Cubango and Kavango portions of the basin.

Planning possibilities and descriptions are contained in 
the Transboundary Diagnostic Analysis (TDA) document, 
researched for OKACOM but not yet released. TDAs 
are a part of the Global Environment Facility (GEF) 
International Waters project and are scientific and 
technical assessments of water-related problems, focusing 
on causes or problems and their impacts. The outcome 
of a TDA is a Strategic Action Plan (SAP), which guides 
possible development projects. 
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4.2 Zambezi River Basin 
The Zambezi is one of the major rivers of Africa, draining 
an area of about 1 390km2 and having a river length more 
than 3 500km2. It has several important tributaries – the 
Kafue draining out of northern Zambia, the Luangwa 
draining out of eastern Zambia, and the Shire which is an 
outflow of Lake Malawi. At the Zambezi delta and estuary, 
river outflow averages about 106 km3.yr-1 or ~3361 m3.s-1 
(Table 2). Rainfall averages about 1 800mm.yr-1 on the 
watershed with the Democratic Republic of the Congo 
(DRC) and in the Angolan portion of the basin. In the 
Zimbabwean portion, the average is about 550mm.yr-1 
and less in the small Botswanan and Namibian portions. 
The ITCZ is the main driver of rainfall and the movement 
of this system responds quite strongly to ENSO effects. 
Severe droughts occur, and wet phases bring regional 
flooding. Interannual variation of rainfall and therefore 
variation of river flows is quite high (Table 2). 

The first basin management institution, Zambezi River 
Authority (ZRA), was established in 1987. It is an agreement 
between Zambia and Zimbabwe to manage the Zambezi 
River from Victoria Falls to the Kariba Dam. Simultaneously, 
the Zambezi River Action Plan (ZACPLAN) was established 
under the auspices of the United Nations Environment 
Programme (UNEP). From the inception of ZACPLAN, 
the riparian countries planned the establishment of the 
Zambezi Watercourse Commission (ZAMCOM). Member 
countries also embarked on the SADC Protocol on Shared 
Watercourses and the formulation of SADC Regional 
Strategy Action Plan for Integrated Water Resources 
Management (IWRM) as a precursor to the development 
of ZAMCOM. The SADC Protocol came into effect in 2003. 
ZAMCOM became effective in July 2004, with seven of the 

eight riparian states signing the establishment agreement. 
As of yet, Zambia has not executed the agreement on the 
basis that it has not completed the consultation process 
with stakeholders. ZAMCOM is based on the principles of 
sustainable development, sustainable use, prevention of 
harm, precaution, intergenerational equality, assessment of 
transfrontier impacts and cooperation. The purpose of the 

figure 7: Zambezi River Basin

table 2: Mean annual river flows in the Zambezi River and 
its tributaries

location
tributary inflows 
(km3 per year)

flows in Zambezi 
(km3 per year)

Northern Zambia 18

@ Chobe tributary 33.5

Kafue 10

Luangwa 22

@ Cahora Bassa 77.5

Shire 16

Zambezi delta 
estuary 106

total 106

National boundaries

legend

Zambezi Catchment
Hydrological Basins
Major Rivers
Irrigated Croplands
Cropland

Shrubland
Grassland
Low sparse vegetation
Regularly flooded
Built areas
Bare areas
Water bodies

Cropland-natural vegetation mosaic
Broadleaved evergreen forest
Broadleaved deciduous woodland
Woodland-shrubland-grassland mosaic
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commission is to promote the equitable and reasonable use 
of the water resources of the Zambezi watercourse, as well as 
its efficient management and sustained development. Key 
towns within the basin are Lusaka, Harare and Blantyre. For 
the most part the population is rural and poor, living off 
subsistence agriculture. There are pockets of commercial 
activity in mining, farming (which includes irrigation) and 
hydropower. The major hydropower dams on the Zambezi 
River (e.g. Kariba and Cahora Bassa) significantly alter the 
lower river’s hydrological behaviour; the changes are causing 
siltation in the Zambezi delta. Modification of the annual 
flood characteristics have changed human behaviour and 
encouraged greater occupancy of flood-prone land in the 
area between Cahora Bassa Dam and the delta.

Climate change scenarios
Temperatures are projected to increase substantially by 
2100. An increasing number of hot days and hot nights 
has already been detected. There is little spatial variation 
in these temperature projections, but there are seasonal 
differences, with summer temperatures projected to 
increase less than winter temperatures. Projections of 
rainfall have a broad range of outcomes but indicate a 
possible slight drying trend. Climate scenarios used in 
this study include a moderate wetting (5–10% increase) 
and a significant drying (5–15% decrease) in mean 
annual rainfall.

Different climate systems affect different parts of 
the basin. In the north and west, the ITCZ remains the 
main driver of rainfall. In the south and west, the region 
is increasingly influenced by the Botswana Upper High 
(BUH), causing drying as it blocks regional convection.

The north east is influenced by the west Indian Ocean 
monsoon, which some projections show as increasing in 
strength and possibly bringing more rainfall to that part 
of the basin, thus influencing the upper Luangwa River 
and possibly Lake Malawi. In the southwest Indian Ocean, 
there may be fewer tropical cyclones, but those that do 
occur are increasing in power, bringing increased severe 
flooding and damage to the lower Zambezi River basin as 
they make landfall there.

Socioeconomic development scenarios
The southern African region is short of electricity, 
especially Zambia, Mozambique and South Africa, 
driving plans for substantial investments in hydropower 
infrastructure. Both Zambia and Mozambique have visions 
of selling power into the South African market. In Zambia, 
additional infrastructure would mainly include upgrades 
to the Zambian north bank of Lake Kariba, possibly at 
Batoka Gorge between the lake and Victoria Falls, as well 
as on tributaries such as the Kafue and Luangwa rivers. 
A significant investment in infrastructure is possible at 
Mphanda Nkuwa (with the Boroma extension) between 
Cahora Bassa Dam and the town of Tete in Mozambique. 
Run-of-river hydropower stations exist in the Shire River 
draining Lake Malawi, at Kapichira, Nkhula and Tedzani, 
and there may be options for further developments on 
these systems.

table 3: irrigation development potential in the Zambezi 
River basin (based on fAo data)

location irrigation potential 
(ha)

Area under 
irrigation (ha)

Angola 700 000 2 000

Namibia 11 000 6 142

Botswana 1 080 0

Zimbabwe 165 400 49 327

Zambia 422 000 41 400

Malawi 160 900 28 000

Mozambique 1 700 000 20 000

total 3 160 380 146 869
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temperatures are projected to increase substantially by 2100.  

An increasing number of hot days and hot nights has already been detected.



13

4
. 

R
iV

eR
 B

A
si

n
 A

ss
es

sM
en

t
s

There appears to be large scope for further mining 
and mine development in Zambia which is relatively 
underexplored. Large investments are being made into 
the Moatze coalfields in Tete province, Mozambique. The 
potential exists for oil exploitation in western Zambia and 
exploration licenses have been issued.

There is scope for very substantial increases in irrigated 
agriculture in the Zambezi River basin (Table 3). The first 
key impact is the possible expansion of the irrigated area 
21-fold. Given the global food shortages strong growth in 
irrigation in the basin is highly likely. FAO has calculated 
irrigation requirements at 1 000mm.yr-1, but with an 
option of 1 800mm.yr-1 as an alternative higher value. It 
is likely that the latter is a more accurate value, given that 
this figure is the field edge delivery of water. Conveyance 
losses to field edges are likely to be high, so it is possible 
that even the latter value is an under-estimate.

Scenario integration and interpretation
The key climate-development stories in the Zambezi basin 
are the nexus of hydropower production and the potential 
for huge expansions in irrigated agriculture. Irrigation 
can produce yield increases of three to six times that 
produced by rainfed agriculture.

Assuming that conveyance losses equal the water 
available at field edge, a full irrigation development would 
consume 54km3 per year if only half the potential area 
was under active irrigation agriculture. This is more than 
half the current capacity of the Zambezi River system and 
clearly unsustainable, especially given the high likelihood 
of rising air temperatures, increased evaporative demand 
and hence increased irrigation requirements.

A: Moderate wetting, uneven socioeconomic growth 
trajectory: Increased flooding is a concern in western 
Zambia, especially near the Chobe tributary inflow, the 
southern reaches of the Kafue and Luangwa rivers, and 
also in the lower Zambezi River flood plain and delta. 

B: Moderate wetting, integrated economies – high levels 
of growth: Increased flooding is a concern in western 
Zambia, especially near the Chobe tributary inflow, the 
southern reaches of the Kafue and Luangwa rivers and 
especially in the lower Zambezi River flood plain and in 
the Zambezi delta. The lower Zambezi flood plain in this 
scenario has higher investment in irrigated agriculture 
and crop losses could be large. 

C: Significant drying, uneven socioeconomic growth 
trajectory: Impacts of reduced flows are felt in all the 
artisanal fisheries, since fewer annual flood cycles occur 
in the flood plains. In the Shire system, water levels in 
Lake Malawi drop and lake surface temperatures increase, 
negatively affecting artisanal fisheries there. 

D: Significant drying, integrated economies – high 
levels of growth: As for scenario C. In addition, the 
reduced water level in Lake Malawi affects hydropower 
production on the Shire River and river flow is affected by 
dropping lake levels.

Summary assessment
It appears that developing irrigation to the total maximum 
possible in terms of area will not be possible from a 
water resource point of view, because that leaves too 
little water in the river for consistent, safe and reliable 
hydropower production.

In all future climates, temperatures increase with 
concomitant increases in evaporation and irrigation 
demand. Temperature increases, along with a significant 
drying trend, has particularly important implications for 
water quantities in the main stem of the Zambezi River.

A wetting future will not add enough water to the 
system to resolve the increased demand. Maximum 
irrigation potential will remain constrained unless high-
end technologies are used – such as drip and micro-jet 
– which are not possible on a large scale.

While Mozambique could add significantly to its 
irrigation activities, Zambia, in particular, will be 
somewhat constrained because of downstream hydropower 
(particularly Itezhi-tezhi in the lower Kafue, Cahora Bassa 
and the planned Mphanda Nkuwa plants in Mozambique) 
and any other possible developments on the river.

A drying will significantly worsen the situation and 
it is likely that, given widespread drought coupled with 
significant irrigation demand, allocation to irrigation in 
Zambia might be curtailed because of regional pressures 
to maintain power production from the major dams.
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The Limpopo River basin area is 412 938km2, draining 
northern South Africa, eastern Botswana, southern 
Zimbabwe and bisecting southern Mozambique. Major 
tributaries include the Crocodile and Marico rivers in 
South Africa (draining northwards), the Notwane River 
from Botswana and the Shashe River between Botswana 
and Zimbabwe. Several interbasin transfer schemes 
transport water from outside the basin inwards.

Tellingly, water is already scarce and most of it is needed 
for the industrial heartland in Gauteng province, South 
Africa – as well as for supply to the coal-fired thermal power 
stations, which supply 80% of the country’s electricity. 
Rainfall over the basin is very variable and evapotranspiration 
is high, given its position on the Tropic of Capricorn. With 
the high levels of industrialisation population density is 
high – between 25 and 30 people.km-2. Major urban centres 
surround the basin or are located within it – Johannesburg, 
Pretoria, Gaborone, Francistown, Polokwane, Witbank and 
Maputo. Elsewhere, about 50–60% of inhabitants are rural 
and poor and depend on communal subsistence farming. 
An unproductive environment, exposure to extreme weather 
and the relative wealth of the urban centres creates the 
push for demographic shifts and urbanisation. Rural people 
in southern Zimbabwe and Mozambique are particularly 
poor. The Limpopo River Basin Commission (LIMCOM) 
acts as a coordinating body for water management in 
the basin. However, at present there are more effective 
bilateral agreements and working partnerships, particularly 
between Botswana and South Africa. Those between South 
Africa and Mozambique have not been developed, in part 
because of Mozambique’s position at the bottom end of the 
basin. This country is unable to influence water extractions 
upriver, to its detriment.

Climate change scenarios 
Temperature increases are expected along with a 
generally drying trend, but the region is subject to 
occasional extremes generated by tropical cyclones in the 
Mozambique Channel. Evapotranspiration will increase 
under all scenarios and drying of smaller tributaries 
is a possibility under the hotter and dryer conditions, 
affecting the small irrigation schemes. Increasing rainfall 
maxima and duration of dry spells are being observed 
already. These effects extend into the future and the 
apparent variability of rainfall increases. 

Socioeconomic development scenarios 
This is one of the most populated river basins in Africa, 
and includes numerous densely populated urban centres, 
including greater Johannesburg. The availability of water, 
natural resources and energy in the basin has provided 
for a wide range of economic activity including mining, 
manufacturing, tourism and commercial and subsistence 
agriculture. More than 75 per cent of water demand in the 
basin can be attributed to industry, mining and irrigated 
agriculture. Agriculture in the basin is divided between large 
scale, irrigated, high intensity commercial farming and small-
scale subsistence farming in the tribal or communal areas.

Gauteng province and the Waterberg and Rustenberg 
areas of the basin form the economic heartland of South 
Africa, and these regions are characterised by a high level 
of industrial development that is largely dependent on the 
basin’s tributaries to supply its water needs. The basin’s 
energy needs are fuelled largely by coal-fired thermal power 
stations and a few hydro-electrical facilities. It is clear that 
if the growth path of these areas is to be sustained, more 
industrial extractive industries and power generation 
capacity will be needed. Mining expansion of coal, 

figure 8: limpopo River Basin

National boundaries

legend

Limpopo Catchment
Major Rivers
Hydrological Basins
Irrigated Croplands
Cropland

Shrubland
Grassland
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Regularly flooded
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Water bodies
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Broadleaved evergreen forest
Broadleaved deciduous woodland
Woodland-shrubland-grassland mosaic
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splatinum-group metals and other minerals is contributing to 

increasing investment which will be followed by population 
increases. Much of this development is dependent on a 
reliable water supply. As such, further industrial expansion 
is planned for the upper catchments of the basin reaching 
as far north as Botswana. 

Scenario integration and interpretation
Whether a low (uneven) or high growth scenario takes 
place, there will be very significant development in the 
South African portion of the Limpopo River basin. The 
coalfield in the Waterberg is in its initial development 
phase of exploitation. With time, exploitation of these 
coal resources will progress into the Botswana portion of 
the basin. Two or more very large coal-fired thermal power 
plants are being constructed in South Africa (Medupi 
and Kusile). A coal-to-liquids fuel plant producing 80 
000 barrels per day is under study by the petrochemical 
company Sasol. Both the eastern and western limbs of the 
Bushveld Igneous Complex (BIC) are under increasing 
mining development for platinum-group metals and 
other minerals. The global demand for mineral resources, 
especially from China, is playing out in the Limpopo 
basin. This activity means the subregion is considered to 
be of strategic importance to South Africa. Water supplies 
to these high value uses will be secured over and above 
the values attributed to any other uses.

Basin summary discussion
As the whole South African portion of the basin has 
already been overallocated, especially to irrigation uses, 
there is generally insufficient water to meet even current 
demands and the region is in water deficit. Water deficit 
in this context means that some sectors get less than their 
fair share and the environmental allocations are never 
met. Groundwater will continue to play an important role 
in the region, with signs that groundwater resources are 
already in decline throughout the basin.

The major climate change impacts from higher 
temperatures are twofold. Irrigation activities will come 
under increasing stress in all riparian countries. Competition 
for water from the industrialisation in South Africa is likely to 
result in a shift of water allocation from the agricultural sector 
to the industrial and mining sectors. Higher temperatures 
exacerbate the stressed condition. The second and most 
important climate change consequence is the probable 
challenge of increasing water quality problems and the loss 
of aquatic ecosystem function and biodiversity. There will 
also not be enough water to maintain healthy ecosystems. 
Extreme weather also plays a larger part in the changed 
conditions, as occasional cyclones have a significant and 
damaging effect on the lower Limpopo River basin.

National sovereignty is the key issue in all three river 
basins examined and is reflected in their management 
and in the multinational institutions set up to establish 
harmonious sharing of resources. Turton (2008) outlines 
the need for ‘benefit sharing’ and the treatment of water 
as a public good if cooperative outcomes are to achieve 
greater chances of success and lower levels of political 

tension. These require investigation and the application 
of different models of cooperation. They may not be the 
same across the different river basins, given the different 
sovereignty issues and the physical characteristics of 
the riparian countries. Climate change adds a layer of 
complexity to an already complex situation.

Increased dialogue around sharing the river basins for 
mutual benefit is required at bilateral, multilateral and at 
the SADC level, with a greater effort and more drive for 
success than is currently being achieved by the river basin 
commissions. Our analysis shows that the future impacts 
of climate change must be an additional and important 
consideration. Those changes that result in increased 
water stress in the river system will require new and higher 
levels of political cooperation and negotiation around the 
sharing of water resources. Upstream countries will have 
to make increased allowances for downstream fair share 
requirements of water between countries. Multilateral 
river basin commissions then need to take the possible 
impacts of climate change into account in their planning 
and involve stakeholder countries, with due concern for 
sovereignty issues.

A general conclusion is that marginal areas are likely to 
become warmer and dryer, exacerbating their water stress. 
This is particularly so in the semi-arid Limpopo River 
basin, with its high inter-annual variability of rainfall and 
the high demand for water by South African mining and 
manufacturing sectors.

4.4  Transboundary institutional 
arrangements

The SADC Water Division is the key transboundary 
institution that works to harmonize national and regional 
water-related policies. Their rationale is that 70% of 
the region’s water resources are shared across national 
boundaries and that water development and management 
are national and regional tasks. The Water Division is 
responsible to the SADC Directorate for Infrastructure 
and Services, indicating the service orientation of water 
in regional approaches to cooperation. The Water Division 
works to enhance stakeholder participation in regional 
matters related to water using the IWRM principles, but 
through several ‘Instruments of Cooperation’ frameworks:

Frameworks for cooperation
• The Southern African Vision for Water, Life and the 

Environment (SADC, 1999)
• The Revised Protocol on Shared Watercourses in SADC 

(SADC, 2003)
• The SADC Regional Water Strategy (SADC, 2006)
• The SADC Regional Water Policy (SADC, 2005)
Included in the SADC cooperative approach is a focus 
on enhancing the effectiveness of the river basin 
organisations or commissions (ZAMCOM, OKACOM and 
LIMCOM). The SADC has therefore produced Guidelines 
for Strengthening River Basin Organisations (RBOs), 
which include “Establishing and Development” (of RBOs), 
“Stakeholder Participation”, “Environmental Management” 
and “Funding and Finance”. 
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the capacity to adapt to the freshwater impacts of climate change is limited in many of the most vulnerable areas. 

A Malawian villager repairs a hand-operated water pump.
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5.1  The context of climate-water adaptation 
in southern Africa

In considering climate-water adaptation in the region, it is 
critical to recognise the context within which this adaptation 
must take place. The following aspects are relevant.

Managing the freshwater impacts of climate change is 
fundamentally a development challenge within a changing 
climate. Even without climate change much of the region’s 
water resources are facing threats from overuse, pollution 
and/or degradation. 

The region’s water resources are inherently variable 
between and within years, and geographically uneven. 
The quantity and quality of surface and groundwater 
resources have been changing for many decades, whether 
due to shifts in land use patterns or changing rainfall 
regimes. Climate change will profoundly accelerate this, 
affecting the ability of people and societies to respond 
timeously, which is compounded by uncertainty of 
these impacts. 

The existing capacity to adapt at different scales is 
uneven across the region and is limited in many of the 
most vulnerable areas. Building resilience at all levels 
must, therefore, be the priority for adaptation to water-
climate changes. This provides greater impetus for the 
implementation of good water resource management 
approaches that are widely accepted and reflected in 
policy and strategies across the region. 

While climate change poses significant challenges to 
water resources and transboundary water management 
across the region, it also provides opportunities and a 
strong imperative to address many of the developmental 
challenges facing the region, as articulated in the SADC 
Treaty and regional strategies. 

Resilience to climate change in southern Africa is 
low due to inadequate infrastructural and institutional 
capacity in the face of existing hydrological variability. 
The greatest threat to development and adaptation is 
that the dialogue focuses on climate at the expense of 
leadership engagement on existing developmental and 
water management challenges.

5.2  Climate risks as an imperative for 
regional integration

The narrative around climate and water is integrally related 
to the narratives around energy, food, health and ecosystems. 
Under changing global biophysical and socioeconomic 
conditions, historical patterns of energy and food 
production may not be appropriate. Regional integration 
and leveraging of comparative advantage in production 
of energy, food, resources and commodities provides an 

important macro-adaptive response for countries in a 
region that is resource-rich, variable and diverse.

This concept of integration goes beyond water, is 
consistent with current initiatives within the region 
and is given impetus by the significant climate-water 
risks. In the specific case of water, improved cooperation 
between riparian states in a basin provides a critical 
adaptive response.

5.3  Mechanisms for climate-water adaptation

Adaptation at different scales
Vulnerability to climate and development changes needs 
to be viewed through three dramatically different but 
inter-related scale dependent lenses. These scales provide 
an important way of engaging adaptation.

At the micro scale, individuals, communities and 
enterprises are affected by and adapt to changes in climate 
and development. Their vulnerability reflects i) the nature 
of the local impacts of climate change on water; ii) the 
availability of local knowledge and resources; and iii) the 
relevance of external support and intervention. This is the 
adaptation that really matters in the long run, because 
this is the level at which climate affects people directly in 
their daily lives. The options that individuals, communities 
and enterprises have at a local level will determine their 
resilience to climate change, based on local environmental 
resources, infrastructure and social cohesion. 

At the meso scale, local, catchment and provincial 
institutions manage natural, infrastructural and 
institutional resources. In particular, this is the level of 
various water management associations, authorities, 
utilities and/or agencies, and is therefore the locus of 
water resources management and mitigation of climate 
impacts in local communities. Adaptation at this scale 
will be affected by managerial capacity to respond to 
changing circumstances, and be related to the natural, 
infrastructural and institutional capacity at their disposal. 

At the macro scale, national and regional government 
create the policy, legal and strategic framework and 
typically allocate resources in terms of this. Adaptation at 
this scale is affected by social and economic resources and 
infrastructure, supported by institutional arrangements 
at the national and regional level.

The transboundary basin scale manifests very particular 
institutional vulnerabilities related to the ability of 
riparian states to cooperate effectively at this scale. The 
main focus of this cooperation in the Southern African 
context is around water allocation, development planning 
and infrastructure operation.

5.  Adaptation for climate  
and water vulnerabilities
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Adapting under uncertainty
The future for climate-rainfall and development-growth in 
southern Africa is quite uncertain, which shifts the focus 
from adaptive interventions at local level to fostering 
adaptation at higher (regional and national) levels. 
Fortunately, this reflects the level required for effective 
management of current and emerging water resources 
challenges, of which climate change is only one dimension, 
albeit an exogenous change that is additional to other 
pressures. This has significant implications for the way in 
which institutional and financial support should be used 
to create an adaptive water resources environment.

Adaptive water institutions
Creating adaptive (learning) water sector institutions 
provides flexibility in the response to emerging challenges 
and can be interpreted as having: i) a clear strategic 
direction and objectives to guide decision-making 
as information becomes available; ii) decentralised 
institutional responsibilities that allow local considerations 
to inform decision making; iii) organisational 
flexibility and multiskilling to allow quick refocusing of 
operational attention as required by strategic decisions;  
(iv) organisational learning and institutionalisation of 
knowledge that emerges through operational experience.

The most important message is that this does not 
usually require the establishment of new institutions, 
rather the strengthening of existing catchment and local 
institutions to give effect to the practice of good water 
management and to be flexible under change. The greatest 
challenge is to strengthen water institutions in southern 
Africa to perform their existing functions better and by so 
doing to ensure the longer term sustainability of resource 
utilisation and development. 

Flexible water allocation regimes
Flexibility is also required in the systems governing 
allocation and licensing of water at a local, catchment 
and transboundary scale. Again, this is driven both by 
the need to adapt to changing water demand patterns 
associated with development and the potential uncertainty 
about future water resources availability under climate 
change. Allocation systems between countries, areas, 
sectors and individuals need to be based on economic 
(efficiency), social (equity) and ecological (sustainability) 
imperatives. This requires appropriate, enabling, policy-
legislative frameworks, strategic planning of water 
allocation according to development priorities, and 
operationalisation of these through effective licensing and 
enforcement. The policy environment is in place in most 
countries across the region, whereas greater attention 
is required to ensure basin-level strategic planning and 
institutional capacity for implementation.

Water resource system infrastructure
It is widely accepted that further water resources 
infrastructure will be required to support economic and 
social development in the hydrologically uneven and 
variable conditions within southern Africa. It is important 
to recognise that in most of the region, the uncertainty 

around climate change impacts on water futures is too 
great (both in magnitude and direction) to currently 
draw any conclusions about the need for infrastructural 
responses to climate change. Furthermore, to make climate-
based economic or social arguments about the benefits of 
an otherwise marginal scheme is disingenuous and would 
contradict the concept of keeping alternatives open.

However, where infrastructure is economically, socially 
and ecologically viable and needed for other purposes, it 
would be wise to ensure that potential climate futures are 
considered, both in the yield assessments and in the dam 
safety-flooding analysis. To do this effectively though, it 
is necessary to quantitatively engage the uncertainty 
around extreme events (floods) as well as the inter-year 
variability (drought).

A further message for infrastructure planning is that 
the assessment of climate impacts must be considered 
at a basin scale (in southern Africa these are typically 
transboundary), due to the spatially uneven impacts of 
climate change and the interconnected resilience of 
the systems. Finally, in a situation of changing demands 
and hydrology, the management and operation of 
existing infrastructure needs to be more flexible and 
better optimised against observed and monitored 
emerging trends.

Appropriate finance
Finance for infrastructure remains a challenge to southern 
Africa and the conditions for lending and bankability of 
projects need to be engaged. While this should be cast 
under a broad adaptation umbrella for development and 
climate, care should be taken against focusing exclusively on 
the latter, because the challenges of the next 40 years in the 
region will primarily be developmental. The region should, 
therefore, be arguing for integrated adaptation funding 
mechanisms at a regional, continental and global level, 
while acknowledging that adaptation to climate change 
places additional financial burdens on African states.

Coherent groundwater management
The non-visible nature of groundwater makes it particularly 
difficult to assess and manage, and the resources are easily 
over-exploited. The regional understanding of climate 
impacts on groundwater is poor. Aquifers provide natural 
resilience to rivers (through baseflow) and to communities 
(through wells), but they are highly sensitive to changing 
development-related utilisation and climate-related recharge. 
Because some of the most vulnerable rural communities 
are totally dependent upon groundwater for their survival 
and livelihoods, the protection and management of these 
resources must be a priority for the region. 

As with surface water, this can only be done through 
a combination of adaptive local institutions, flexible 
allocation and licensing systems, and systemic 
development and operation of infrastructure.

Climate and development monitoring systems
The uncertainty in future climate and development 
scenarios requires greater monitoring and assessment of 
key indicators that would describe possible pathways to 
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different climate-development scenarios and therefore 
water futures. This is an important platform for the 
creation of adaptive institutions, with systems that allow 
shift in policy, strategy and/or practice as futures become 
more certain. The types of indicators should be related to 
the key climate drivers, the hydrological responses and the 
developmental aspects related to the vulnerable climate-
and-water themes/stories. Monitoring systems should be 
adapted to consider the key stories in different parts of the 
basin, with relevant climate, hydrological and development 
indicators. These monitoring systems need to be at both 
meta (regional/national) and meso (catchment) scales to 
effectively inform adaptive management responses.

5.4 Recommendations
Water related adaptation issues have not been dealt with 
in detail and require considerably more attention. The 
implications for water-related adaptation at the regional-
national (macro), catchment-institutional (meso) and 
local-community (micro) scales need to be explored, 
through the vulnerability-risk lens presented in this 
strategic assessment. 

Focus: Three transboundary responses
Establish agreements in transboundary river basin 
commissions exist for each basin (OKACOM, ZAMCOM 
and LIMCOM). It is not certain to what extent these 
commissions have addressed climate change impacts in 
their respective basins. Whether they have or have not, 
the possible impacts of climate outcomes (e.g. extreme 
events such as severe droughts) need to have basin-wide 
response procedures laid down in formal agreements. The 
Commissions themselves are not agreements, but form 
only the first step towards an agreement or treaty.

The following is required:
• Adopt the UN Convention on the Law of the Non-

navigational Uses of International Watercourses 
(UN General Assembly, 1997). Adopting this or a 
similar legal framework is a necessary component of 
addressing future challenges (Cooley et al., 2009)

• Agreements or treaties should address all components 
of the hydrological cycle, including the many elements 
that affect water quality, timing and duration of flows. 
Resolutions or agreed actions should seek to balance 
social, economic and environmental objectives in the 
management of water resources, specifically during 
times of climate-induced stress (Cooley et al., 2009).

Design agreements or treaties for flexibility
The river basin commissions should design agreements 
that have been structured for flexibility in ways that can 
accommodate changing conditions (Cooley et al., 2009). 
These include:
• designing flexible water allocation strategies and water 

quality objectives for changing conditions;
• making provisions for extreme events; 
• developing treaty review and amendment procedures; 

• installing and operating joint management 
institutions (River Basin Commissions or their 
successors)

• developing a framework for climate-and-water adaptation.

Flexible water allocation systems have the attributes of 
appropriate policy and legislative frameworks, strategic 
planning of water allocation according to development 
priorities and operationalising through effective licensing 
and enforcement. Flexibility is ultimately best served by 
not fully allocating all water resources, giving space for 
manoeuvre. 

Active engagement is required at basin level through the 
SADC context of the Protocol on Shared Water Resources. 
Such engagement can involve:
• improved socioeconomic integration
• increasing institutional capacity for water 

management
• investment in water infrastructure
• improved information systems
• improved land use management.

The careful management of groundwater resources 
is particularly necessary because aquifers are easily 
overexploited and the most vulnerable people in southern 
Africa are dependent on them. However, there is also a 
general lack of understanding regarding the climate 
implications for groundwater and transboundary aquifers 
in particular. This shortcoming is critical considering 
that the majority of people in the region are dependent 
on this resource. 

For southern Africa, the following drivers of water 
resource availability are climate-sensitive and require 
adaptive responses: quantity, quality and timing of water 
resources; the problem of extreme events; the impacts of 
changes in rainfall seasonality; rising temperatures; and 
the effects of climate on total system yield where they 
concern particular economic issues, especially hydropower 
production, infrastructure and institutional arrangements. 
Improved water resource infrastructure is also required for 
creating resilience to variable supply losses, thus improving 
adaptive capacity. The requirement for shifts to greater 
economic efficiency in the use of water is already evident. 
Early adoption of water-efficient irrigation technologies 
provides the greatest advantage in the long term.

In all scenarios, it is highly likely that there will be 
attempts to extract greater amounts of water from the 
river basins for irrigation. All development scenarios 
point to this possibility. The outcome is different in each 
of the basins, however. In the Limpopo basin, little further 
irrigation development can take place in South Africa 
and it appears that large-scale expansion of irrigation 
in Mozambique using Limpopo River water is curtailed 
because of systemic shortages. Macroeconomic shifts 
to greater efficiency in the use of water are emerging 
(including agriculture, energy production, industry and 
urban development) linked to improved technical water 
use efficiency.
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