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Important Note on Source Referencing in the Text:
Owing to the fact that this document is largely a compilation of existing literature, to avoid cluttering the
main body of the text with citations, the references used in each section of the report have been cited at
the beginning of that section in a footnote. The full reference of those papers cited in this way can be
found in the bibliography. The sources of individual tables and figures extracted directly from the
literature have been cited in the table / figure headings.
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STRATEGIC BASELINE SUMMARY
The Orange River Basin extends across south-central Southern Africa. It is an international river basin,
encompassing the whole of Lesotho, the urban-industrial complex of Gauteng Province in South Africa, the cereal
production areas of the central South African plateau, the arid western regions of South Africa, and the southern
portions of Namibia and Botswana (falling mainly within the Kalahari Desert). It also contains two international
biodiversity hotspots.
At almost one million square kilometres, the basin is the largest south of the Zambezi. It is also the most
developed transboundary river basin in the region, with a variety of water transfer schemes to supply water to
municipalities, industries and farms inside and outside the basin.
The basin plays host to one of the most industrially developed parts of Africa (the region around Johannesburg,
South Africa) and supports a range of commercial and subsistence farmers. There are thus several issues posing
a challenge for water managers responsible for the basin as well as communities relying on the resources of the
basin.
Orange River Basin – Key Features
Total Basin Area
896,368 km2
Total River Length
2,300 km
Average Annual Discharge
11,500 Mm3
Annual Rainfall (mm per annum)
Average: 330 - 400
Range: <50 to >2000
Average Daily Temperature
East: 12OC
West: 22 OC
Average Annual Evaporation Rate
East: 1,100 mm/a
West: 3,500 mm/a
Major Dams
Gariep
5,675 Mm3
3
Vanderkloof
3,237 Mm
Sterkfontein
2,617 Mm3
Vaal
2,122 Mm3
Katse
1,950 Mm3
3

Major Aquifers
Annual Water Demand / Use

Agriculture
Domestic
Industry
Mining
Hydroelectric

Increasing

Total Dam Storage
20,412 Mm
Sedimentary
Total: 6,500 Mm3
Mining & other
7%
Rural Supply
6%

Urban Supply
23%

Agriculture
64%

2,000 Mm3 / a
19 Million
<1000 m3
Increasing aridity to the west

Water Availability (resource potential)
Population
Water Availability (per capita per annum)
Vulnerability

Table XX: Summary of Key Features of the Orange River Basin
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Key Issues and Trends in the Orange River Basin:


The Orange is an international river basin with an advanced hydropolitics regime, different legal and
management capacities and frameworks for water resource management in each of the basin states.



The basin is water-scarce, with run-off disproportionately distributed. It is the region’s most regulated
basin, with large dams and extensive transfer schemes, including the Lesotho Highlands Water Project, which
transfers water from Lesotho to the growing urban-industrial complex in Gauteng Province, South Africa.
Transformation of freshwater and groundwater systems has resulted in biodiversity loss and water quality
problems, resulting in a range of ecological, economic and human health impacts. Infrastructure to deliver
water is lacking in some rural areas, and many households cannot afford to pay for water. Floods and
droughts are common, particularly in the middle and lower Orange basin.



Water availability is limited. The water resources in the basin are considered to be close to maximally
utilised / developed. Future water demands are likely to be met through transfers from other river basins into
the Orange.



Gauteng Province, the economic hub of Southern Africa, is highly dependant on water resources from
outside the province. Gauteng’s water supply is largely delivered by inter-basin transfers from other areas.



Water resources from the Orange River underpin the regions cereal production and industrial sectors.
Within the boundaries of the basin, 70% of South Africa’s cereal crop is produced, and 80% of the region’s
industrial activities are contained.



Food production in the basin contributes to livelihoods, markets, raw materials and foreign exchange.
Agriculture is a cause of water and air pollution, and mismanagement has resulted in significant land
degradation.



Mineral extraction contributes to economies and creates employment, but impacts negatively particularly on
groundwater resources. Owing to the region’s geology, the basin contains fuel deposits (coal) and mineral
resources of regional and global importance.



Human well-being the in the basin is highly variable. The population comprises a diverse mix of cultural
and ethnic backgrounds, a multitude of languages, and wide-ranging socio-economic status. The majority of
people live in the higher-rainfall areas in the east, with significantly fewer people living in the more arid west.
High rates of unemployment, low rural literacy, and high HIV-AIDS occurrences have significant
consequences for livelihoods options on the basin.



The basin contains all seven of South Africa’s biomes, including two international biodiversity hotspots:
the Drakensberg Grasslands and the Succulent Karroo, east of the river’s terminus.



Declining water quality and river health in the lower basin has recently resulted in the RAMSAR status of
the Orange River mouth being rescinded.



The major indirect drivers of change in ecosystems and natural resources are (1) governance change, (2)
demographic change, (3) economic change, (4) climate change, (5) social / cultural change, and (6) largescale interventions by government, the private sector or other institutions.
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SECTION A: BIOPHYSICAL CHARACTERISTICS
1.

Geographical & Topographical Description

References used to compile this section1.
The Orange River Basin is located across a number of countries in the southern part of Africa, the region
commonly known as Southern Africa. In the SADC (Southern African Development Community)2 region, there are
15 international river basins, occupying 70% of the region's total land area. The Orange River Basin is one of the
5 largest of these, stretching across four countries, including portions of South Africa, Namibia, Botswana, and the
whole of Lesotho. It is also considered to be the most developed river basin in the Southern African region.
Orange River Basin – Geographical Coverage
% of
2
Lesotho
26,891 km
South Africa
528,857 km2
Namibia
242,019 km2
Botswana
98,600 km2
Total Basin Area
896,368 km2
Total River Length
2,300 km

Basin Area
3%
59%
27%
11%
100%

Table XX: Geographical Coverage of the Orange River Basin per Country

Figure XX: Coverage of the Orange River Basin (WRP)
1

2

(De Villiers, 2005); (Earle et al, 2005); (Turton, 2005); (Bohensky et al, 2004); (DWAF, 2004); (Heyns, 2004); (de Jonge
Schuermans et al, 2004): (UNEP, 2004); (Mukheibir and Sparks, 2003); (Nakayama, 2003); (Nathan & Associates, 2003 );
(Mohamed, 2002); (Turton, 2002); (Conley & Van Niekerk, 2000); (Le Maitre, 2000); (WCD, 2000); (Van Niekerk et al,
1995); (Emmett & Hagg, unknown); (Mohamed, unknown).
SADC Member States are Angola, Botswana, Democratic Republic of Congo, Lesotho, Madagascar, Malawi, Mauritius,
Mozambique, Namibia, South Africa, Swaziland, Tanzania, Zambia and Zimbabwe.
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The Orange River rises in the mountainous Lesotho Highlands at 3,300 m above mean sea level. The Orange is
known as the Senqu River in Lesotho. The Senqu River and associated tributaries drain most of Lesotho. After
flowing across the western border of Lesotho into South Africa, the Senqu River becomes known as the Gariep
River (also known as the Orange River at this point).
The Orange River flows in a westerly direction from its source in Lesotho towards the western seaboard of South
Africa. It forms the border between Namibia and South Africa (450km) before emptying via an estuarine delta into
the Atlantic Ocean at Alexander Bay. The Vaal, Fish, Caledon, Molopo and Nossob Rivers are the main
tributaries of the Orange River. The Vaal River in South Africa is considered to be the principal of these, and the
most important river system in South Africa. It rises on the eastern highveld escarpment in north-east South
Africa. Converging with the Orange River about 13km west of Douglas, the Vaal drains South Africa’s Gauteng
province, large parts of the Free State and southern Mpumalanga provinces. The key tributary of the Orange /
Senqu River in Lesotho is the Caledon River, which currently forms the western and northern border of Lesotho
with South Africa over much of its length.
The Fish River drains large parts of southern Namibia. The Fish originates in the Zaris Mountains near Matlahöhe
in Namibia and flows into the Orange some 112 km from its discharge point into the Atlantic Ocean. The Oanob
River, which rises to the south of Namibia’s capital city, Windhoek, is an ephemeral endoreic river within the
Nossob River catchment. The Nossob River originates in the central highlands of Namibia, but the ephemeral
summer runoff rarely reaches its confluence with the Molopo River in Botswana. The Molopo River forms the main
length of the border between Botswana and South Africa. This fossil river once flowed into the Orange River, but
is now blocked by Kalahari Desert dunes downstream of its confluence with the Nossob River, and never reaches
the Orange as surface flow. Ephemeral in nature, it now receives most of its very occasional surface flows from
its tributaries in the Northern Cape Province of South Africa. Other sizable tributaries that feed the Orange are the
Ongers Hartebeest, Riet and Kraai Rivers. The Riet River first flows in to the Vaal which then joins the Orange a
short distance downstream. Under natural conditions, all these rivers are dry for several months of the year.
The Orange River Basin varies dramatically in both climate and topography from the upper to lower catchment
areas. From the river’s source in the high-rainfall, steep Maloti mountains and pastures of eastern Lesotho, the
basin flattens on entering South Africa, transverses an increasingly arid landscape, through the savannah
grasslands of the central plateau and gradually transforms into harsh but impressive desert areas near the
Atlantic Ocean. The Orange does not have extensive floodplains or an extensive delta, and it is deeply incised in
the area between the South Africa - Lesotho border and Petrusville. Further downstream, particularly in the
Prieska - Upington area, the land is low lying with large tracts that are fertile and flat. This lower part of the
Orange River Basin contains a complex geology, with a variety of mixed mineral deposits and shallow rocky soils.

2.

Natural Environment

References used to compile this section3.
Large parts of the Orange River Basin remain under natural vegetation. Given its size and wide range of altitude
and climatic zones, the basin contains a diverse set of ecological systems, and is regarded as a linear oasis. The
basin includes sections of several biomes (representing all seven of South Africa’s biomes) but is predominantly
made up of Grasssland, Nama Karoo and the arid Savannah biomes. At its mouth, the river feeds the richest
coastal wetland in the region, which supports a diversity of rare and endangered migratory and resident birds.
This wetland was declared an international RAMSAR site 1991, and is considered the 6th most important wetland
in Southern Africa in terms of the overall numbers of wetland birds it supports.

3

(Earle et al, 2005); (Biggs, 2004); (Bohensky et al, 2004); (DWAF, 2004); (Heyns, 2004); (Nel, 2004); (Nel et al, 2004);
(Scholes, 2004); (UNEP, 2004); (Mohamed, 2002); (WCD, 2000); (Cowan, 1996); (Van Niekerk et al, 1995); (Musvoto,
unknown).
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The Orange River Mouth Wetland can be described as a delta type river mouth with a braided channel system
during low flow months. The site comprises sand banks or channel bars covered with pioneer vegetation, a tidal
basin, a narrow floodplain, pans, the river mouth and a salt marsh on the south bank of the river mouth. The river
usually flows directly into the Atlantic Ocean, however, during low flow periods, a sand bar can form across the
mouth to block the river which then rises in level and spills over into the salt marsh area. The water requirements
for the environment at the river mouth have been estimated to be between approximately 85 million m3/a and 270
million m3/a. The basin also encompasses two international biodiversity hotspots: the Drakensburg Grasslands at
the source of the Senqu River, and the Succluent Karoo just east of the river’s terminus. Other important natural
areas include:





Transboundary Ramsar protected wetland at the mouth of the Orange River;
Kgalagadi Transfrontier Park;
Ai-Ais-Richtersveld Transfrontier Park;
Augrabies Falls Nature Reserve.

Orange River
Basin

Figure XX: Biomes in South Africa and Lesotho (DEAT)

Orange River
Basin

Figure XX: Vegetation Cover in Southern Africa (Reliefweb)
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Ais Ais
Richtersveld
Transfronteir
Park

Kgalagadi
Transfronteir
Park
Augrabies Falls
Nature Reserve

Ramsar
Wetland

Drakensberg
Grasslands

Succulent
Karoo

Figure XX: Important Natural Areas and Habitats (base image: Google Earth)
The Augrabies Falls are impressive waterfalls along the Orange River and are located approximately 130 km
downstream of Upington, South Africa. The falls occur at a point where the Orange River alters from a wide,
slowly flowing river traversing sandy soils to a fast flowing narrow river cutting its way through ancient granites.
Augrabies gorge is a nine kilometre granite cleft through which the river plunges 146 m in one short stretch
through a series of spectacular cataracts into a deep pool. The main fall and the adjoining Bridal Veil fall which
carries some of the river's flow are both approximately 93 m high. During peak floods which occur approximately
every ten years, the flow over the falls exceeds 9,000 m3/s. The area surrounding the falls has been designated a
National Park and is now called the Augrabies Falls National Park with an area of over 15,400 ha of unique
riverine landscape, characteristic of this arid region. The area is popular with both nature enthusiasts and
photographers. Springbok, Klipspringers, Eland, Giraffe and Black Rhino are some of the mammals which can be
seen in the park together with a wide range of interesting bird life. A few kilometres downstream from
Onseepkaans are the Orange River Falls, which although lower than the Augrabies Falls, are equally impressive
from other considerations. Access to the falls can only be made on foot from the South African bank of the river
or by four-wheeled drive vehicle from the Namibian bank.
The Richtersveld is a mountainous area between Vioolsdrift and the Orange River mouth. It is generally regarded
as one of the most impressive mountain deserts in the world, due mainly to the stunning mountain scenery which
is cleaved by the passage of the Orange River. The Richtersveld is rapidly growing in popularity for visitors.
Numerous river rafting companies organise trips through the area which provides an opportunity for the visitors to
see areas which cannot be accessed by road. The Fish River Canyon is regarded as the second deepest canyon
in the world after the Grand Canyon in the USA. The canyon is located in Namibia near to the Orange River
mouth and is one of the most popular hiking trails for both local and overseas hikers in Southern Africa. A total of
24 fish species are found in the basin, of which 7 are endemic, 2 of which are threatened by extinction. Two
endemic bird species occur in the basin. The total number of sensitive species peaks in the basin around the
Drakensberg Grasslands in the upper Senqu catchment, and near the river mount at Alexander Bay.
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Figure XX: Total Number of Sensitive Species (DEAT)
Desertification has been recognised as a significant issue in parts of the Orange River Basin. In particular,
vegetative cover in portions of the upper catchment in Lesotho is being reduced as a result of high grazing
pressure, heavy burning regimes, and high natural resource harvesting pressure. The following figure shows the
estimated change in vegetative cover in the basin in 2004 compared with the short-term average between 1995
and 1999.

Figure XX: Change in Vegetative Cover (cover in 2004 compared with 1995-1999 average cover)
(ReliefWeb)
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Change in vegetative cover (desertification) combined with soil erodibility (susceptibility to erosion) can present a
picture of the areas which may pose a threat to water resources through high siltation rates and sediment loading.

Figure XX: Soil Erodibility Index, and Areas of Key Erosion Risk (DEAT)
The above figure highlights the portions of the basin where significant reductions in vegetative cover overlap with
areas having a high soil erodibility index. Without consideration of other factors, these areas potentially pose the
highest risk of soil erosion through land degradation if management is inadequate. A river integrity analysis
conducted in South Africa generated information on the ecological status of the South African and Lesotho portion
of the Orange River Basin. The results showed that from an ecological perspective, the upper Senqu and Vaal
River catchments are critically endangered, while sections of the middle Orange are endangered. The lower
Orange is again critically endangered. The methods used in this assessment are presented in section 8.

Figure XX: River Integrity Status in South Africa and Lesotho (Nel et al, 2004)
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3.

Climate & Hydrology

References used to compile this section4.
The following sections present a synopsis of the current climatic and hydrological conditions in the Orange River
Basin. In general, both the climate and hydrology are highly variable within the basin. Not only are conditions
very different spatially, but seasonality and extreme events such as droughts and floods are significant. Climate
change and climate variability for the coming years are expected to cause decreased rainfall, runoff and recharge
in large parts of the basin. The possible implications of this are dealt with in Section D of the report.

3.1

Rainfall, Temperature & Evaporation Rates

The climate within the Orange River Basin varies widely from the source of the river in the east of the basin to the
mouth in the west. The average daily temperature ranges from approximately 12°C in the Lesotho Highlands to
more than 22°C in the Richtersveld region near the river mouth. Extreme temperatures in excess of 50°C are
often experienced along the banks of the lower Orange River, while in the Lesotho Highlands temperatures below
-10°C are common with some areas experiencing more than 200 days of frost per year.

Figure XX: Mean Annual Temperature of South Africa (DEAT)
At the source of the Orange, in the mountains of the Lesotho Highlands, the average annual rainfall is between
1,800 mm and 2,000 mm. This figure decreases westward in the basin, causing increasing aridity, and reaching
in the order of 25 - 50 mm per annum in the desert regions of the lower basin. The overall mean annual
precipitation over the entire basin is estimated to be between 330 and 400 mm. Rainfall usually occurs from
summer to late autumn. Interestingly, Lesotho as a whole has an average rainfall of about 760 mm per year,
4

(Alexander, 2005); (De Villiers, 2005); (Earle et al, 2005); (Turton, 2005); (Bohensky et al, 2004); (DWAF, 2004); (Heyns,
2004); (de Jonge Schuermans et al, 2004); (UNEP, 2004); (Fair, 2003); (Meissner, 2003); (Mukheibir and Sparks, 2003);
(Nakayama, 2003); (Nathan & Associates, 2003); (Wolf, 2003); (Mohamed, 2002); (Turton, 2002); (Conley & Van Niekerk,
2000); (Le Maitre, 2000); (WCD, 2000); (Van Niekerk et al, 1995); (Emmett & Hagg, unknown); (Mohamed, unknown);
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below the world average of 860 mm per year. Rainfall varies from less than 300 mm per year in the western
lowlands to more than 1,800 mm per year in the north-eastern highlands. About 85% of the rainfall is received in
the period October to April. Very intense storms occur, especially in the lowlands, and as much as 15% of annual
rainfall may occur in a 24-hour period in some areas. The average annual potential evaporation increases
through the basin from east to west, and is estimated to rise from 1,100 mm per annum in the Lesotho Highlands
to over 3,500 mm per annum in lower reaches of the basin.
Over 50% of the area of the Orange River Basin is classified as hyper-arid to semi-arid, and the basin as a whole
is classified as arid. In the eastern parts of the basin, rainfall is high and exceeds the annual evaporation rate,
resulting in significant runoff. At its western extreme, the Orange River flows through hyper-arid areas where the
annual evaporation rates greatly exceed the annual rainfall. The mean annual precipitation to mean annual runoff
conversion rate is less than 10% for the basin as a whole, and approaches 1% in some of the drier lower reaches.
This, coupled with the spatial and temporal variability of water in the basin, means that much of the basin
experiences some degree of water stress.

Figure XX: Average Rainfall across the Orange River Basin (DWAF)

3.2

Surface Flows & Periodicity

Although the Orange is viewed as a perennial river, the runoff is seasonal in nature and extremely variable from
one year to the next. Under normal conditions all the rivers are dry for several months of the year. Even the
lower Orange dried up periodically before dams were built. The marked seasonal and annual variations in runoff
can be attributed to climatic conditions. The main reasons for this are that the run-off is generated by spatially
unevenly distributed and unreliable summer rainfall over Southern Africa, particularly in the western reaches of
the basin. The main body of the basin lies in a summer rainfall region, so about 75% of the annual run-off occurs
in the summer months, and about 25% in winter, with the minimum during August. The erratic peaks of maximum
flows, which transport high silt loads, usually occur during February.
The virgin mean runoff at the mouth of the Orange River is between 11,500 and 11,750 million Mm³/a, but can
vary between 40,000 Mm³/a and nearly zero. For example:
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The average annual flows reaching the river mouth between 1976 and 1987 were estimated to be
approximately 5,700 Mm3.
The flow reaching the river mouth during the wettest year, which included the major flood of February
3
1988, was estimated to be about 26,000 Mm .
The average annual flow for the two driest years on record were estimated to be only 1,100 Mm3 (it is
interesting to note that during this period there was no inflow from the Vaal River and very little flow from
the Fish River).

The water resources of the Orange River Basin are unevenly distributed among basin States. While Lesotho
covers only 3% of the total basin area, it contributes about 40% of the total basin run-off. Owing to the arid
climate in the lower reaches, the Namibian portion of the basin (27%) only contributes 5% of the run-off.
Theoretically, Botswana is a part of the drainage basin (11%), but due to its physical characteristics and climatic
conditions, the Molopo tributary in Botswana has not contributed any surface runoff to the main river in living
memory. South Africa dominates the basin in terms of land area (59%), run-off contribution (55%) and dam
developments. The Orange River carries about 22% of South Africa’s surface water.
Average annual discharge rates from the major portions of the catchment compared with the percentage cover of
the basin are as follows:
Run-off per Area / Tributary (Mm³/a)
Vaal River basin
Senqu River to Lesotho/SA border
Caledon River to Welbedacht Dam
Orange upstream confluence w Vaal
Lower Orange excl Fish River basin
Fish River basin
Total Basin

% of Total Run-off

4,300
4,010
1,240
1,300
420
480
11,750

36%
34%
11%
11%
4%
4%
100%

% of Orange Basin
Area
19%
2%
2%
6%
64%
7%
100%

Table XX: Run-off Contribution Per Sub-catchment Area
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Figure XX: Distribution of Annual Run-off in South Africa (DEAT)
The principal tributary of the Orange River is the Vaal and its associated basin, which is not only the largest and
most important tributary of the Orange, but ‘fuels’ South Africa’s industrial heartland in the greater JohannesbergPretoria region. Approximately 50% of South Africa’s GDP is generated in this area, and more than 80% of South
Africa’s electricity requirements - approximately 50% of all the electricity generated in Africa - is met through the
resources of the Vaal. Water is also supplied from the Vaal to some of the largest gold and platinum mines in the
world, as well as to production activities in some of the World’s largest coal reserves. As a result of these and
other various catchment developments, flows from the Vaal River rarely make a significant contribution in reality
to the flow in the Orange River except during flood events.
The Fish River has a total catchment area of approximately 76,000 km2 and an annual runoff in the order of 400
Mm3. More than 90% of the runoff occurs during the three months of January, February and March. The river is
ephemeral in that is dry for most of the time and the annual flow is often zero. It is, however, the largest
contributor to the Orange River downstream of the Orange / Vaal confluence and flash floods with flows
exceeding 2,000 m3/s do occur. Since there are no storage reservoirs downstream of the Orange / Fish
confluence, any inflows from the Fish River cannot be utilised efficiently although they can help to supply the
downstream irrigation and also the environmental demands.
Of particular note is the portion of the basin downstream of the Orange / Vaal confluence, which covers a
significant area (64% of the basin) but contributes only 4% to the total basin run-off (420 Mm3/a). In fact, in reality
the area often makes no contribution to flow in the Orange River. In normal years there is a net loss of water
between the Van der Kloof Dam and the river mouth. This is due mainly to high evaporation from the river
surface. It is only during infrequent and extreme rainfall events that the lower Orange Basin (excluding the Fish
River Basin) makes a noticeable contribution to the Orange River. Such events may occur at intervals of many
years, and during such periods it is likely that the river will already have above average or flood flows. The
3
average natural inflow of around 420 Mm /a is therefore of limited use since it occurs sporadically in large
volumes when it is least required, and cannot be stored since there are no storage reservoirs downstream of the
Orange/Vaal confluence. The losses, on the other hand, occur each year (assuming that there is flow in the river,
which is generally the case) and therefore have a very significant and detrimental influence on the water
resources in this portion of the basin.
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This aridity in the western parts of the basin is the reason why Namibia and South Africa are so dependent on
regulated runoff in the lower reaches of the Orange River. Due to the seasonal nature of the runoff and periodic
droughts, it has been necessary to construct large dams to impound the runoff, whenever it is available, in order
to store it for later use or release downstream during the dry season. The major developments that have taken
place in the Orange River Basin for exploitation of water resources have reduced flows in the river to such an
extent that the flow reaching the mouth is now estimated to be less than 50% of the natural flow. In addition to the
large number of dams, transfer schemes and hydropower stations in the Orange River Basin also control flows
and mitigate the occurrence of flood and drought events. The Gariep and Van der Kloof Dams are major flow
regulators, capturing floods generated in the upstream catchment areas. They reduce the frequency of small to
medium floods (3,000m3/s) and cut the maximum flood (31,000 m3/s) by 65% at the river mouth.
The construction of the hydropower stations at the Gariep and Vanderkloof Dams has considerably changed the
flow characteristics in the lower Orange River. These two hydropower stations operate as peaking plants.
Demands for power generated by these stations can be sudden and often increase during winter months
(naturally low river flow months). Water releases from the dams for hydropower generation create rapid increases
in river flow rates and has lead to pulsing of flows over periods shorter than the natural regime, as well as
increased flows during winter when flows were usually lowest. The consequences for the Orange River below the
Van der Kloof Dam have included: stabilisation of the flows within and between years (reduced variability),
increased flows during natural low-flow periods, fewer major flood events, stabilisation in river water temperature
for between 130 and 180 km downstream of the dam, and reduced turbidity levels in the river (as a result of
sediment capture in the dam). The degree of flow regulation in the river is expected to increase in the years to
come, as the total demands approach the water available. Climate change may, however, result in increased
precipitation variability and a resultant increase in flood and drought events.

3.3

Ground Water & Aquifers

Groundwater is an extremely valuable resource in the Orange River Basin, particularly in the lower basin where
approximately 60% to 70% of the water used in the tributary catchments is from groundwater sources. Although
the total volume of groundwater used is insignificant in comparison with the surface water resources, groundwater
is the only water resource in many of the significantly large arid regions of the middle and lower catchment.
Groundwater use in the basin largely serves agricultural demand (livestock watering) and constitutes an important
source for rural water supplies, frequently being the only available source of water.
The Geology of the Orange River Basin is dominated by the consolidated sedimentary rocks of the Karoo
succession, the volcanic extrusives of the Lesotho Highlands, dolomite successions and Kalahari sand cover. Of
these, only the Kalahari sands contain water in primary openings. Groundwater is contained mainly in fractures
and larger dissolution openings.
The quality of groundwater is largely good, and unpolluted in the eastern, high rainfall, portions of the basin, but
becomes mineralised and brackish in the drier western areas and in the vicinity of salt pans. Elevated nitrate
levels can also occur (mainly attributed to agricultural practices). Groundwater recharge is one of the critical
parameters in determining groundwater availability and scarcity. Precipitation is the most important source of
groundwater recharge. Mean annual groundwater recharge in the Orange Basin increases from <5 mm in the
western regions near the river mouth to 25 - 50 mm in the upper reaches.
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Figure XX: Mean Annual Groundwater Recharge in the Orange River Basin (UNEP, 2004)
Groundwater resource exploration in the Orange River Basin is presently focused on the location and
development of:


Zones of dolerite intrusions and their hardened contact zones in the Karoo sediments. Yields vary but are
generally less than 4m3/hr. The value of this type of aquifer is that it occurs in the semi-arid interior of the
region where little other of sources of water are available.



Cavities in Karstic dolomite and limestone deposits. In places these caverns are transversed by veins of
dolorites and syenites, which divide them into independent water-bearing compartments with considerable
stocks of water. Examples of the storage in these compartments are the 730 Mm3 in the Oberholzer
compartment and 450 Mm3 in the Veterpost compartment.



Beds of higher permeability in the Kalahari sand succession. In parts of the Kalahari, groundwater quality
is poor, and in places it may be too saline for use.

Aquifers in the Orange River Basin area are defined as double porosity fractured hard-rock systems. Radial flow
in this system cannot be attributed to flow from the porous matrix, but rather a network of fractures that function as
a matrix. Fracture depth is in the range of 20 - 30m below ground level. Borehole yields depend on the
availability of fractures. As soon as the main fractures in the borehole are dewatered, the confined nature of the
aquifer is changed to semi-confined or leaky aquifer.

3.4

Drought & Flooding Regimes

This harsh environment experiences minimal rainfall and prolonged droughts which can sometimes be terminated
by severe flooding. (TO BE COMPLETED)
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SECTION B: HUMAN DEMANDS ON WATER RESOURCES
4.

Socio-Economic Status

References used to compile this section5.

4.1

Economic Status

Minerals and water from the Orange River have been the key elements for economic development in the Orange
River Basin region, and remain so. Since the early explorations, large mining operations have been established,
related to the diamonds and other minerals found in the area. Economic activity in the basin is now dominated by
industrial and mining activity in the Gauteng Province of South Africa. The highly developed economy of this
province contributes close to 40% of the GDP of South Africa. Important economic sectors in this area include
mining, manufacturing and services. Much of the dam construction in the basin is geared towards meeting the
water demands of Gauteng Province. The substantial transfers into the Vaal Basin from Lesotho are critical for
the stability and continued development of South Africa’s economy, both for the supply of water and hydropower.
In general, agricultural activities in the South African portion of the basin are important in terms of the local and
national economy. Government irrigation schemes tapping off the Orange River have made this sector more
efficient, diverse and productive. In the area from the Orange / Vaal confluence to the river mouth at Alexander
Bay (lower Orange) the significance of commercial agriculture (crops such as grains and fodders) as an economic
sector becomes greatest. There are no large urban areas and mining is also an important economic activity in
this region. Lower parts of the basin concentrate on high value crops such as citrus, table grapes, pistachios and
pecan nuts, with livestock being kept in the drier areas.
About half of Lesotho's gross national product accrues from remittances sent by its citizens working abroad,
mainly in South African mines. Therefore, Lesotho is concerned about achieving self-sufficiency and economic
independence through the development of agriculture, power generation and industry, and about preserving its
ecological integrity, an aspect of which is severe soil erosion. A recent concern has been the impact on its people
and their buildings of seismic activity caused by the filling of the lake behind Katse dam. At present, damaged
traditional houses are being replaced with more resistant structures.
In Lesotho, almost 50% of the population sustains their livelihoods from crop cultivation and agriculture accounts
for around half the country’s income. The main commercial agricultural zone is the western lowlands but smallscale agriculture is also practiced wherever the terrain of the Maloti Mountains allows it. There is a high reliance
on rainfed agriculture, with only around 3% of the total irrigable area under water management. In addition to
agriculture and animal husbandry, ecotourism provides an additional, though modest, income-earning opportunity.
The scenic beauty of Lesotho’s mountain ranges has led to the development of ecotourism ventures (such as
pony-trekking) that, to some extent, involve the surrounding communities and contribute to their incomes.
The most significant benefit Lesotho derives from the basin’s water resources is from the transfer of water into
South Africa through the Lesotho Highlands Water Project (LHWP), earning the country sufficient income to
completely pay off its foreign debt, making it one of the few countries in Africa with no foreign debt to service.
With the realisation of further phases of the project the amounts of water delivered to South Africa will increase as
will the sale of electricity generated in Lesotho through the LHWP infrastructure, Lesotho’s royalty income from
water delivery and electricity sales will make the water resources of the Orange River Basin an even more
important factor for the national economy, even though the country does not use most of the water for itself. In
5

(Alexander, 2005); (Earle et al, 2005); (Turton, 2005); (Bohensky, et al, 2004); (DWAF, 2004); (Heyns, 2004); (de Jonge
Schuermans et al, 2004); (UNEP, 2004); (Fair, 2003); (Meissner, 2003); (Nathan & Associates, 2003); (Wolf, 2003);
(Turton, 2002); (Conley & Van Niekerk, 2000); (Le Maitre, 2000); (WCD, 2000); (Van Niekerk et al, 1995); (Emmett &
Hagg, unknown).
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recent years the mining industry in the country has been developed. The Letseng diamond mine, the world’s
highest at 3,200 metres above sea level, has started producing some of the largest diamonds in the world. These
mining activities have started providing jobs to people in the Highlands area, although there are possible
environmental impacts associated with the mining operations.
Extensive livestock farming, primarily of sheep and goats, is the predominant economic activity in the Namibian
basin area, although there are some irrigation schemes along the banks of the Orange River, such as the large
Aussenkehr table-grape farm, as well as some mining developments. Domestic use of water in the Namibian
parts of basin is relatively small and there is currently no significant industrial development. Diamond mining
takes place in the restricted area at the Atlantic Coast and two zinc mines are in operation.
The Botswana part of the basin is entirely covered by the Kalahari Desert and much of the area forms part of the
Botswana part of the Kaglagadi Transfrontier Park. Outside the Park, the there is extensive livestock farming.

4.2

Population Status

The population of the Orange River Basin has been estimated to be around 19 million people (estimates from
2002). This is some 6.25% of the estimated SADC population of 208 million.

Figure XX: Population Change in South Africa from 1970 – 1991 (DEAT)

Figure XX: Population Growth Rates in South Africa from 1980 - 1991 (DEAT)
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The large industrial conurbation in the Gauteng Province of South Africa dominates the population distribution in
the basin. The lure of apparent opportunity and wealth has resulted in an urban growth rate of 4.6% in this area.
The Vaal River catchment is home to 12 million people, some 48% of South Africa’s population. The northern and
western parts of the basin are more sparsely populated and population growth rates are correspondingly lower. In
the lower basin, growth rates are estimated to be zero or negative. Throughout the basin there is a trend towards
increased levels of urbanisation. In SADC, the annual rate of urbanisation is 6.5%. This shift in demographics
has had an impact on water resources, with a greater volume of water now being needed industrial and municipal
uses. The high prevalence of HIV/AIDS amongst both rural and urban communities raises the possibility that
population numbers may decline in the future.
Unemployment is very high in many parts of the basin, with much of Lesotho having a 40 to 50% unemployment
rate. Even in the highly industrialised areas, such as Gauteng, the average rate of unemployment is 30%. The
areas with the highest unemployment rate are the sparsely populated areas (Lesotho and the arid western
regions). These areas correspond with areas in which literacy levels are low (between 40 and 100% illiteracy).
The average rate of HIV/AIDS infection in South Africa is 26.5%. Levels of household servicing are moderate to
good in developed areas, and almost completely lacking in rural areas. As a consequence, most rural
communities in the basin are still highly dependant on ecosystem goods and services for basic survival.

4.2.1

South Africa

South Africa has the largest total population and the largest urbanised population in the basin, as well as highest
levels of industrial and agricultural land use. The South African part of the basin reflects the diversity of the
country’s population and language groups. All of the country’s 11 official language groups are represented, with
Zulu, Sotho, Tswana, English and Afrikaans predominating. Afrikaans is spoken mainly by the White farmers and
the Coloured population, which are the biggest population groups in the western parts of the basin in the Northern
Cape Province. Although knowledge of the San languages is rapidly declining, they are still spoken by some
members of the San communities in the South African and the Botswana part of the basin.

4.2.2

Lesotho

The population is fairly homogeneous in Lesotho, with 99.7% of the population (of 2 million) being Basotho, and
the remainder a small number of Asians and Whites. The capital city, Maseru, is the only large urban area in the
country (with a population of about 170,000), and, owing to the mountainous terrain, there are only a few other
towns. As a consequence, the majority of the Lesotho population is rural, living in small mountain villages where
subsistence farming is the main livelihood activity.

4.2.3

Namibia

With the exception of the capital city Windhoek, which lies on the northern watershed divide of the basin, the
population density in the Namibian portion of the basin is low. The largest town in the area is Keetmanshoop, with
a population of 20,000. The predominant population group in this part of the basin is the Nama, with a number of
Whites (mainly farmers) and Coloureds accounting for the remainder.

4.2.4

Botswana

The Botswana portion of the basin is very sparsely populated. This is because the south of the country (which is
within the basin area) forms part of the Kalahari Desert. With the exception of some San communities living in
this area, the majority of the population are seTswana. The main urban area in Botswana’s south, the capital
Gaborone, lies outside the basin. Due to the low population density, Botswana’s use of the basin’s water
resources is very limited. The only surface water resources in the Botswana part of the basin, the Nossop and the
Molopo River, are ephemeral and endoreic downstream of the confluence, and dissipate before reaching the
Orange River. The country’s main use of water resources is therefore groundwater abstraction.
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5.

Water Resource Status

References used in this section6.
Water availability in the Orange River Basin is already at a critical stage. When combined with the relatively high
water demands and withdrawals for agricultural use, this river basin is among the most severe water scarce
regions in Africa. Future projections of the various physiographic, socio-economic and management data suggest
a further aggravation of the situation. Being the most developed river of Africa, the Orange River is at present
nearly fully exploited for a variety of purposes, and South Africa is the most dependent country on its water.
The key threats to water resources in the Orange River Basin include the following:
Over Extraction / Water Scarcity
Over extraction and water scarcity are threats to the future sustainability of basin resources. In the Lesotho
lowlands, for example, it is not possible to provide sufficient water to meet current demand, and the situation is
worsening rapidly in many other areas. In South Africa, 14 million people in rural areas had no access to clean
water in 1994. Meeting the needs of rapidly growing cities and towns is also a challenge for municipal authorities.
In Botswana the situation is difficult along the Molopo River, where access to clean water is not possible due to
serious groundwater quantity and quality problems. Desalination plants have been put in place in some areas at
high cost. As currently projected supplies will soon be overtaken by projected increased uses, demand side
management will likely have to be increasingly considered by countries.
Climate Change
There is some evidence of gradual changes in climate throughout Africa. Declining aggregate rainfall could have
a significant impact on agricultural practices, trade and on the average quality of life in the basin7. In a basin
where water supplies are decreasing and where uses will likely soon outstrip supplies, the effects of global
warming could have profound and potentially devastating effects across a range of uses, particularly in the
agricultural sector. In summary, observed changes in temperature and precipitation are very likely to change land
cover and affect land use patterns in the basin, resulting in shifts in supply and quality of ecosystem services due
to altered flow regimes and crop production, biodiversity loss, and increased alien species introductions.
Pollution
Pollution is a major threat to the overall health of the ecosystem. The waters of the basin are polluted by many
activities and uses - human, agricultural, industrial and mining. Water treatment facilities are often limited or nonexistent. In Lesotho, the sanitation system in Maseru is completely insufficient, and effluent from mushrooming
industrial activities is currently not treated. Agricultural pollution is also a serious threat. For example, returns
flows from irrigation, highly developed in the lower Orange River, may threaten the fragile ecosystems at the river
mouth, and quite possibly the receiving waters of the Benguela Current LME (Large Marine Ecosystem). Industrial
and mining activities are particularly developed in the Vaal sub-basin, and the water quality of the river has greatly
deteriorated in the Vaal tributaries.
Land Degradation
Land degradation poses a threat to many areas within the basin. The problem is manifest in soil erosion and
associated landscape degradation, caused by over grazing and poorly suited cultivation practices. Although

6
7

(CSIR, 2005); (Earle et al, 2005); (Bohensky et al, 2004); (DWAF, 2004); (Heyns, 2004); (de Jonge Schuermans, 2004);
(Meissner, 2003); (DEA, 2002); (WCD, 2000); (Van Niekerk et al, 1995); (Emmett and Hagg, unknown).
Recent data shows that the hot season in Namibia has become longer (and the cold season shorter). However, hot
months have not necessarily been getting any warmer. If such trends were to continue, risk of frost damage to crops and
grass would be diminished and the growing season increased. However, unless rainfall totals increased proportionately, it
would mean that increased evapotranspiration would result in greater stress to plants and increased likelihood of drought.
Soil salinisation and alkalisation could also become an additional challenge. These changes would need to be closely
monitored and analysed.
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recent rates of soil erosion are well documented, a longer term study is needed to in order to understand whether
this is caused by natural climatic change or direct human impacts.

5.1

Development of Water Resources

During the late 1950s, the development of the Orange River became a priority for South Africa. Increasing
population and economic growth created a demand for rapid development of the water resources. Consequently,
some of the largest and most ambitious water projects to be undertaken in Africa are situated on the Orange
River, making it the most highly developed river in Africa. More than thirty dams with a capacity of more than 12
Mm³ each have been constructed in the river, and most of them are in South Africa (22 in South Africa, 5 in
Namibia and 2 in Lesotho). A large number of interbasin water transfer schemes have been established, some of
which move water between the Orange River Basin and other catchments, and others transfer water between
sub-catchments of the basin.
The three main projects undertaken in South Africa for development of the Orange River Basin water resources
include:


The Orange River Project (ORP), launched in 1962, mainly to irrigate thousands of hectares in the
Eastern Cape, Northern Cape, and Free State provinces of South Africa. The ORP key structures include
the Vanderkloof and Gariep Dams.



The Vaal River Development, such as the Vaal Dam and others.



The Lesotho Highlands Water Project (LHWP), undertaken as a transboundary initiative with Lesotho.
This scheme transfers water from Lesotho to South Africa. The LHWP is the largest transfer scheme in
the region.

A summary of the transfers into and out of the Orange River Basin is presented below:

Transfer Scheme
From the Orange Basin:
To the Fish River
To the Olifants River
To the Crocodile River
To the Orange Basin:
From the Tugela River
From the Buffels River
From the Assegaai River
Within the Basin:
Caledon to Modder
Orange to Riet
Orange to Vaal
Senqu to Vaal

Capacity (m3/s)
67.7
48.0
7.7
12.0
29.4
20.0
3.0
6.4
56.6
4.0
16.0
7.0
29.6

Table XX: Summary of Water Volumes Transferred In, Out and Around the Orange Basin
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Figure XX: Major Transfer Schemes in South Africa

5.1.1

Impoundments

The total storage capacity of the dams on the Orange River is approximately 20,412 Mm3. The major storage
impoundments of the Orange River Basin are summarised in terms of size, context and impact as follows:
Country
South Africa

Lesotho

Dam
Gariep

Storage Capacity
5,675 Mm3

% of Total
28%

Vanderkloof

3,237 Mm3

16%

Sterkfontein

2,617 Mm3

13%

Vaal

2,122 Mm3

10%

Katse

1,950 Mm3

10%

Key Functions
Hydropower
Transfer to Fish River (E Cape)
Flow regulation for irrigation
Hydropower
Supplies Riet Irrigation Area
Flow regulation for irrigation
Hydropower
Receives transfer from Tugela
Supplies Gauteng industrial
complex
Main collector for transfer to Vaal

5%

Transfer to Katse & then Vaal

Mohale
TOTAL

3

938 Mm
*20,412 Mm3

Table XX: Summary of the Capacity and Function of Major Storage Impoundments
* This total includes storage volumes of other smaller dams in the basin not specifically mentioned in this table.
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Figure XX: Map of Dams in the Orange River Basin (source: UNEP, 2004)
The largest of the dams in the basin are the Gariep and Vanderkloof (the two largest reservoirs in South Africa).
Hydropower stations have been constructed at each of these dams. The Gariep (88m high) and Vanderkloof
(107m) dams generate hydropower for peaking purposes. Water is transferred from the Gariep Dam to the
Eastern Cape through the 80km long Orange-Fish tunnel. The Riet River irrigation region is supplied with water
from Vanderkloof Dam via the Orange-Riet Canal.
The Vanderkloof Dam is the most significant storage structure on the downstream portion of the Orange River and
effectively controls the flow of water along the 1,400 km stretch of river between the dam and Alexander Bay on
the Atlantic Ocean. The banks of the river downstream of Vanderkloof Dam are heavily developed in many areas,
with irrigation being the principal use. Both the Gariep and Vanderkloof dams are used to regulate river flows for
irrigation as well as to produce hydro-electricity during peak demand periods. Very little Orange River water is
used for domestic or industrial purposes with the exception of that used in the Vaal River basin. Also situated in
South Africa is Sterkfontein Dam, the largest of its kind in the world without a spillway, augmenting the waters of
the Vaal Dam. The Vaal Dam and the Vaal River supply water to the Gauteng industrial complex. The huge
Bloemhof Dam downstream of the Vaal Dam supplies water for irrigation.
Other, smaller dams in the South African portion of the basin include:






Armenia and Egmont Dams on tributaries in the Caledon area.
Welbedacht Dam on the main stem of the Caledon River.
Knellpoort Dam, an off-channel storage dam that supplements the water supply to Bloemfontein.
Rustfontein, Mockes and Krugersdrift Dams, situated on the Modder River.
Tierpoort and Kalkfontein Dams on the Riet River.

A number of smaller weirs and associated abstraction points have been created along the river to facilitate
irrigation schemes and domestic supplies, particularly in the lower basin.
The Katse and Mohale dams in Lesotho form part of the Lesotho Highlands Water Project. They have a significant
impact on the available water in the Orange River, as the bulk of the water flowing in the Orange River is
generated in Lesotho. Katse Dam (the highest dam in Africa at 180m high) is located in the Senqu sub-area in
Lesotho and is used for the transfer of water to the upper Vaal River. Mohale Dam (146m meters high), which was
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completed and started to impound water in 2003, is also used to support the transfer to the upper Vaal catchment.
A 30 km transfer tunnel from the Mohale Dam transfers water to the Katse Dam.
Namibia has five dams, the largest of which is the Hardap Dam on the Fish River (completed 1963) with a storage
capacity of 300 Mm3. Also on the Fish River is the Naute Dam (completed 1970). Both dams were built for
domestic and irrigation water supply. Other dams include the Otjivero Dam situated on tributary of the Nossob
River, the Oanob Dam on the Oanob River, and the Dreihuk Dam on the Hom River. Namibian dams cannot be
used to release water into the Orange River due to the ephemeral nature of their tributaries.

5.1.2

Water Transfer Schemes

The industrial heartland of South Africa straddles the watershed between four internationally shared river
systems, namely the Limpopo, the Incomati, the Maputo and the Orange. It has, therefore, been in the interest of
South Africa to utilise these resources to support its economic development, and a number of water transfer
schemes have been developed to meet the water demand. Some of these projects have an influence on the
availability of water on the lower Orange River.
International
Source
Basin
Maputo
Orange
Orange
Orange
TOTAL

National
Source
Basin

International
Recipient Basin

Tugela

Orange
Limpopo
Orange

National
Recipient
Basin
Buffels
Fish
-

Transfer Capacity
(Mm3/a)
IN
81
680
761

OUT
10
765
643
1,418

Table XX: Transfer Capacity Associated with the Orange River Basin
From the above it can be seen that about 1,400 Mm³/a can be exported and 760 Mm³/a imported into the Orange
River Basin when it is required to do so. Note that many of the water transfer schemes that have been set up
which involve the Orange River (and tributaries thereof) involve transfer of water between rivers in the same
catchment. Even the LHWP, which is a transboundary international transfer scheme, involves moving water from
the top of the basin in Lesotho to the top of the Vaal River catchment.
5.1.2.1 Orange River Project (ORP)
As a result of population growth and the accompanying development in South Africa, the country's needs,
including the demand for water, are continually increasing. A project initially referred to as the Orange River
Project was developed to utilise the water of the Orange River for extensive irrigation schemes, for the generation
of hydroelectric power, and for urban supply, thus providing for the increasing demand for water and food.
The original main aims of the ORP were:






to make provision for new irrigation development along the Orange River and various other areas within
reach of the river;
to stabilise the water supply to existing irrigation schemes;
to afford new life to the fertile but water-deficient Great Fish River and Sundays River valleys;
to supply water to various urban centres; and
generate hydroelectric power.
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The project would thus:








increase the value of the South African agricultural production;
make provision for the establishment of a large number of irrigation farms;
stimulate the production of meat, wool, milk, lucerne, cotton, wheat, raisins, dried beans and peas, both in
the Orange River Basin and elsewhere;
promote economic activity and development in the areas directly involved;
counteract the migration of the rural population to the cities by creating stable farming communities;
create recreation facilities in the centre of the interior and promote tourism;
level-off moderate flood peaks in the course of the river and in the process safeguard riparian
communities and irrigation schemes downstream.

A summary of the main features of the ORP are given below.

















Gariep Dam
Vanderkloof Dam
Welbedacht Dam
Knellpoort Dam
Novo Transfer
Orange/Vaal Scheme
Vanderkloof Canal System including:
o Ramah Branch Canal
o Orange-Riet Canal
Kakamas Betterment Works and Extensions
Caledon-Bloemfontein Pipeline
Orange-Fish Tunnel
Cookhouse Tunnel
De Mistkraal Weir
Darlington Dam
Lower Sundays River Scheme
Lower Fish River Scheme

Figure XX: Points of Interest Along the Lower Orange River
The Gariep Dam (formerly known as the Hendrik Verwoerd Dam) forms the largest storage reservoir on South
3
2
Africa with a total storage of approximately 5,500 Mm and a surface area of more than 370 km when full. The
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dam is the central structure of the original ORP which involves the supply of water to parts of the Vaal, Fish and
Sundays catchments, as well as to irrigation along the Orange River itself.
Water from the Gariep Dam is released into the downstream Vanderkloof Dam through four generators which are
each capable of producing 90 MW of electricity at a flow rate of approximately 200 m3/s. The hydro-power plant
can therefore provide up to 360 MW of electricity at a flow rate of 800 m3/s. Water is transferred to the Fish and
Sundays basins via the Orange-Fish Tunnel, which was - until recently - the longest continuous water transfer
tunnel in the world, with a length of more than 82km.
Vanderkloof Dam (previously the PK le Roux Dam) is situated 130km downstream of Gariep Dam on the Orange
River. It forms the second largest storage reservoir in South Africa with a capacity of over 3,200 Mm3. The dam
forms an integral component of the ORP (together with Gariep Dam) and supplies water to the Riet River
catchment as well as to the various users along the remaining 1,400 km of the river.
Water released from the Vanderkloof Dam is either transferred through the Orange-Riet Canal to the Riet River
basin or is released downstream through two hydropower generators. The generators can each produce 120 MW
of electricity at a discharge of approximately 200 m3/s. The hydropower plant can therefore provide up to 240 MW
of electricity at a flow rate of 400 m3/s. An area of approximately 21,750 ha is now irrigated directly from the
Orange-Riet Canal and includes the Riet River settlement, development along the Orange-Riet Canal,
Scholtzburg and Ritchie Irrigation Boards and the lower Riet River Irrigation Board. The first 74 km of the canal
has a capacity of 16 m3/s while the last 38 km has a capacity of 13 m3/s. Provision has been made for the
increasing capacity of the canal to 24 m3/s.
Bloemfontein is the sixth largest city in South Africa with a population of approximately 300,000. It is situated in
the Modder River catchment which has insufficient water resources to meet the growing water requirements. The
water supply to Bloemfontein is therefore augmented from the adjacent Caledon River by means of the Caledon Modder River Government Water Scheme (CMRGWS). The Welbedacht Dam on the Caledon River was
constructed as the main storage element of the CMRGWS and water is abstracted from this dam for transfer to
Bloemfontein and various smaller users along the way. Its purpose was to supply water to the city of
Bloemfontein via the 115 km long Caledon-Bloemfontein pipeline which has a capacity of about 1,157 m3/s.
Due to the high sediment concentration in the water, the transfer from Welbedacht Dam is first purified at the
Welbedacht Purification Plant which is located just downstream of the Dam.
Due to siltation, the storage capacity of the Welbedacht Dam reduced rapidly from the original 115 Mm3 to
approximately 16 Mm3 during the twenty years since completion. This reduction in storage created problems in
meeting the Bloemfontein demand at an acceptable level of reliability and as a result, the Knellpoort Dam was
3
built with a gross storage capacity of 137 Mm . In order to prevent similar siltation problems to those experienced
at the Welbedacht Dam, the Knellpoort Dam functions as an off-channel storage dam. Water from the Caledon
River is pumped to Knellpoort Dam from the Tienfontein Pumping Station via a 2 km long canal which is equipped
with a silt trap to reduce siltation in the main reservoir. The Knellpoort Dam is currently used to supplement the
water in the Welbedacht Dam for abstraction to Bloemfontein via the Caledon-Bloemfontein pipeline. As the
Bloemfontein demands increase, however, the capacity of the pipeline will become the limiting factor. Water will
then be transferred directly from the Knellpoort Dam into the Rustfontein Dam catchment via the Novo Transfer
Scheme. The scheme will transfer water from the Knellpoort Dam to the Modder River, will be developed in
stages in accordance with the needs of Bloemfontein and is expected to reach a maximum transfer capacity of
150 Mm3/a by the year 2030.
The Fish-Sundays River Canal Scheme comprises a canal and tunnel system which supplies Orange River
water from the Great Fish River valley to the Sundays River valley to supplement existing water supply in the
Eastern Cape. Since 1992 water from the Sundays River valley has been supplied to Port Elizabeth. It is
estimated that up to 200 Mm3 of Orange River water could eventually be transferred to the Port Elizabeth
metropolitan area annually. Orange River water is diverted from the Great Fish River by a weir at Elandsdrift into
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an aqueduct which winds approximately 65 km along steep slopes and cuts through the Bosberg chain between
Cookhouse and Somerset East. The main feature of this aqueduct is the 13 km Cookhouse Tunnel through the
Bosberg, which was completed in 1978. The canal discharges into the Little Fish River near Somerset East via a
multi-stepped chute, from where the water flows down the Little Fish River for some 40 km to the De Mistkraal
Weir.
The droughts of the past created a critical situation in the Darlington Dam (formerly Lake Mentz) region which,
despite being a fertile area, requires an assured water supply. The Skoenmakers Canal was thus built to link the
Great Fish River to Darlington Dam. In view of an expected increase in irrigation below Darlington Dam and the
demand for water in the Port Elizabeth metropolitan area, it was decided to replace the Wellington Grove pumping
station with De Mistkraal Weir upstream of Wellington Grove and a short section of connecting canal to the
beginning of the Skoenmakers Canal. With the completion of the De Mistkraal Weir in 1987 the possibility of
transferring water to Darlington Dam at the full design capacity of the Skoenmakers Canal was created. This
water dilutes the salinated water of Darlington Dam and therefore presents an immediate benefit by improving the
water quality for citrus farming in the lower Sundays River valley. A long-term economic benefit of the weir is the
development of irrigation potential in the lower Sundays River valley. As a result of the developments, a further
16,500 ha can be utilised for citrus farming.
A further extension of the scheme was launched in 1989 in order to provide water to Port Elizabeth where
supplies were limited due to a severe drought. Water from Darlington Dam and the Sundays River irrigation
canals flows to the Scheepersvlakte Dam, the main balancing dam for the irrigation scheme. From there water is
conveyed by means of a gravity pipeline to a point on the right bank of the Sundays River where a purification
works has been constructed. From the purification works, the water is pumped to a balancing dam on the plateau
which separates the Port Elizabeth metropolitan area from the Sundays River, from where it flows to the
municipality's existing reservoir at Motherwell. Apart from the increase in available water to the Port ElizabethUitenhage metropolitan area, the municipality is less dependent on the Kouga Dam (formerly Paul Sauer Dam).
This is to the advantage of the irrigators in the Gamtoos Government Water Scheme as it will increase the
assurance of supply for irrigation.
The lower Fish River Scheme was initiated in 1985 and completed in 1992. The purpose of this scheme is to
provide sufficient water of a suitable quality to irrigation developments along the Great Fish River in the vicinity of
Committees Drift. The scheme consists of the Hermanuskraal Weir in the Great Fish River with a tunnel to
discharge flood water and water released from the Orange River into an off-channel storage dam, the Glen
Melville Dam in the Ecca River. The distribution system consists of a canal and pipelines to the irrigation areas
on both sides of the river. The scheme will enable further irrigation expansion and will ensure that water of an
acceptable quality is supplied. The scheme also makes provision for Grahamstown's increasing requirements.
When the scheme was started, Grahamstown was already experiencing problems in meeting its growing demand
for water and the Fish River was the obvious source to serve as a supplement. The scheme ensures that a stable
supply of good quality water is available, which can be linked to the municipal water supply network. The scheme
also benefits rural communities in the Great Fish River catchment (including portions of the former Ciskei) by
improving the quality and availability of water.
For many years, large areas in the Eastern Cape Province of South Africa experienced severe water shortages
with the result that thousands of hectares of irrigable soil which previously obtained water from one or other of the
dams in the region could not be irrigated. The situation was aggravated by the reduction in capacity of many of
the existing dams due to heavy silt deposits. The Orange-Fish Tunnel, together with its network of canals, weirs
and balancing dams, has enabled these areas to be restored and has made the irrigation of thousands of
hectares of additional land possible. The tunnel was completed in 1975 and is the key structure by which water is
delivered from the Gariep Dam to the Teebus Spruit and the Great Brak River, and from there to the valley of the
Great Fish River and the Sundays River valley. With a length of 82,8 km, the 5,35 m diameter tunnel is the
longest continuous enclosed aqueduct in the southern hemisphere and the second-longest water supply tunnel in
the world. The main purpose of the tunnel is to divert water to the Eastern Cape for irrigation, urban and industrial
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use. The intake tower is situated on the south bank of the Gariep Reservoir at Oviston, approximately 19 km
upstream of the dam wall. Seen from above, the intake tower is shaped like a four-leaf clover with each leaf
containing an inlet gate - all at different levels. In this manner, water can be drawn from different levels to help
control the water quality.
As a result of the 1984 drought, the farmers at Douglas, with the financial support of the local farmers' cooperative, initiated an emergency scheme on the bank of the Vaal River near its confluence with the Orange
River, to transfer Orange River water to the existing Douglas Weir on the Vaal River. In addition to problems
of chronic water shortage, the water quality in the lower Vaal River also deteriorated greatly resulting in an
unacceptably high level of salinity for irrigation water. The emergency scheme involved the construction of a
pumping station at Marksdrift on the Orange River. With the completion of the scheme approximately 8,100 ha of
drought stricken irrigation land is now assured of an adequate supply of high quality water.
In 1986 the emergency scheme was incorporated into the Orange-Douglas Government Water Scheme, with the
potential of expanding the existing irrigation development in the Douglas area by a further 4,000 ha. This scheme
involved lining the canal to transform the emergency canal into a permanent structure and increasing the capacity
along the first portion to 12 m3/s, as well as the upgrading of the extensive water distribution network. The
scheme was started in 1987 and completed in 1994.
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5.1.2.2 The Lesotho Highlands Water Project (LHWP)
The LHWP is the largest international interbasin transfer (IBT) in the world. The project was initiated to provide
water from the high rainfall Lesotho Highlands area to the Vaal River catchment in South Africa to supply the
rapidly developing industrial heartland of Gauteng Province, including the city of Johannesburg, and which
contains about 40% of South Africa’s population. Johannesburg is unique in that it is not situated on a large water
source, and is on the watershed dividing two river basins. Water is thus pumped to the city from the Vaal River,
situated about 50 km away.
In 1986, the LHWP Treaty was signed between South Africa and Lesotho. The Treaty covers detailed aspects of
design, construction, operation and maintenance, and the institutional arrangements needed to manage such a
complex project. Both countries stood to benefit from the scheme, South Africa by receiving much needed water
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for its increasing population, and Lesotho by receiving royalty payments from South Africa. Royalty payments to
Lesotho were determined as half of the difference in cost between supplying 70m3/sec from the LHWP, and the
least cost of the alternative Orange Vaal Transfer Scheme. The minimum quantities of water to be delivered by
3
the LHWP over a set time period were agreed, starting with 57 Mm per annum in 1995, and ending with 2,208
3
Mm per annum after 2020.
The LHWP is a key element of Lesotho’s transboundary water resource management programme. The LWHP is
a four-phase water transfer project which involves diverting about half the water flowing down the Senqu River in
Lesotho into the Vaal River in South Africa. Even though the scheme involves transboundary water transfers, it
effectively transfers water between sub-catchments within the Orange River Basin.

Figure XX: The Lesotho Highlands Water Project (DWAF)
The above map shows details of the original proposed LHWP which was designed to transfer 70 m3/s from
Lesotho to South Africa. Construction was to proceed in 5 phases, although only the first phase has been
undertaken to date. It remains uncertain whether the LHWP will continue along the lines planned in 1986. This is
because South Africa is currently in the process of re-assessing alternative national sources, or the application of
demand management to an extent which the demand could be hampered. However, the most generally accepted
components of the programme (subject to change and further decisions) are as follows:
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Phase 1a
 the 185 m high Katse Dam
 the intake structure capable of handling 70 m3/s
 the 45 km long transfer tunnel from Katse reservoir to the Muela reservoir
 the Muela Dam and hydropower station
 the 37 km long delivery tunnel from the Muela reservoir to the Vaal River basin
Phase 1b
 the 145 m high Mohale Dam
 the 32 km long transfer tunnel
from the Mohale reservoir to
upstream of Katse Dam
 the 15 m high Matsoku Diversion
Weir
 the 5.7 km long transfer tunnel
from the Matsoku Weir to Katse
Dam
Phase 2
 the 155 m high Mashai Dam
 the 19 km tunnel/pumping main
from the Mashai reservoir to
upstream of Katse Dam
 the second 45 km long transfer
tunnel from Katse reservoir to the
Muela reservoir
 the upgrading of the Muela hydropower plant
 the second 37 km long delivery
tunnel from the Muela reservoir to
the Vaal River basin
Phase 3
 the 158 m high Tsoelike Dam
 the 4.3 km long 3 m diameter
transfer tunnel / pumping main
from Tsoelike reservoir to
upstream of the Mashai reservoir
Phase 4
 the 120 m high Ntoahae Dam
 the 4 km long 3 m diameter
tunnel/pumping main from the
Ntoahae reservoir to upstream of
Tsoelike Dam
Phase 5
 the 120 m high Malatsi Dam
 the 4 km long tunnel/pumping main from the Malatsi reservoir to upstream of the Ntoahae Dam
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Following completion of Phase 1 of the
scheme in 2003 / 4, the supply of water to the
Vaal Dam from the project is now
3
approximately 780 Mm per annum (about
3
25m /s). In return, Lesotho receives R200
million per annum from South Africa in
royalties. Water is Lesotho’s greatest source
of foreign exchange. By the end of the fourth
phase of the LHWP in 2015, six dams will
have been constructed, including a 200 km
network of transfer tunnels, delivering 82 m3of
water per second.
The reservoir formed by the Katse Dam is very
narrow, winding and deep with a surface area
at full supply level of only 35.8 km2. The
relatively small surface area together with the
low evaporation rate at the dam result in very
low evaporation losses from the reservoir
water surface - approximately 10% of the
evaporation experienced at Vaal Dam for the
same storage.
The intake tower is located approximately
18km north of Katse Dam and has been
designed to accommodate 70 m3/s which was
the maximum transfer originally envisaged for
full implementation of the LHWP. The intake
tower is 23m in diameter and 98m high to
accommodate the large range in reservoir
storage elevation as well as to facilitate the
draw-off at four distinct lake levels. This will
enable the quality of the transferred water to
be controlled at all times. Due to the position
and design of the intake tower, there is a
certain volume of water in the reservoir that
cannot be accessed via the transfer tunnels.
This dead storage is approximately 430 Mm3
with the result that the effective live storage
behind Katse Dam is reduced from the total
storage capacity of 1,950 Mm3 to 1,520 Mm3.
Mohale Dam forms the main storage element in Phase 1B of the LHWP and will be located on the Senqunyane
River immediately downstream of the confluence with the Jorodane River. The dam will be approximately 144 m
high with a total capacity of 938 Mm3.

5.2

Water Demand & Availability

Scarcity of water is considered to be one of the most significant limiting natural resources to social, economic,
industrial and agricultural development in Southern Africa. The situation is particularly acute in the Orange River
Basin, as it supplies water to the industrial heartland of Gauteng in South Africa, while having to provide
livelihoods for people downstream in the arid western part of the basin. The water resources of the basin are
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used for various purposes, with agricultural irrigation8, mining, industries, power generation and domestic
consumption being the main user groups. The type of use differs from region to region, with agriculture being a
major user of water on the mid to lower reaches while industrial and municipal uses predominate on the upper
reaches of the Vaal River. The natural flow of the Orange River constitutes more than 22% of South Africa’s
surface water resources.
It has been estimated that of the 11,500 Mm3 of water available in the Orange River per annum, about 8,500 Mm3
can be utilised through the infrastructure developed to capture, store and distribute these resources. The balance
3
of 3,000 Mm per annum is lost through evaporation. The average water availability per capita in the basin in less
than 1000 m3 per annum. The actual availability per capital obviously varies spatially across the basin depending
on levels of development and servicing.
Of the 8,500 Mm3 of water available annually from the basin, South Africa uses about 5,400 Mm3 (63.5%), while
Namibia and Lesotho use about 130 Mm3 (1.5%). Taking into account an environmental reserve of approximately
1,000 Mm3 per annum, there is about 2,000 Mm3 per annum of water in the basin that could potentially be used in
the future (23.5% of the total available). This future use would require additional infrastructure to be constructed
for capture, storage, abstraction and distribution / transfer.
Orange River Basin
Mean annual run-off
System losses (evaporation)
Resource potential
Less present utilisation:
 Botswana
 Lesotho
 Namibia
 South Africa
 Environment
Total utilisation:
Remaining potential

Quantity of Water
(Mm3 per annum)
11,500
- 3,000
8,500

% Resource Used /
Available

0
- 20
- 110
- 5,370
- 1,000
- 6,500
2,000

0%
0.2%
1.3%
63%
12%
76.5%
23.5%

100%

Table X: Water Availability in the Orange River Basin
Rainfall patterns in the region are such that flows are significantly higher in the summer months. As such,
measures to store water for year-round use are required in order to maximise usability of the available resource
Mining & other
potential.
7%

Rural Supply
6%

The use of water resources in the Orange River basin
per demand sector is as follows:

Urban Supply
23%

Agriculture
64%

Figure XX: Percentage Use of Water in the Orange Basin per Sector
8

Main crops include Lucerne, vegetables, grapes, maize, wheat, lemons, pistachio nuts, pecan nuts, olives and figs.
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The above chart shows that agriculture (irrigation) is by far the biggest single sectoral user of water resources in
the basin (64%). The second biggest user sector is urban or domestic water supply (23%), following by mining
and industry (7%) and rural supply (6%).

5.2.1

South Africa

South Africa is by far the biggest user of the water resources of the Orange River Basin. Overall, most of the
water is used for irrigation purposes (88%), with mining, industry and domestic consumption being the other main
users. Whilst irrigation is the main utilisation along the main stem of the Orange River, mining, industry and
domestic consumption are the main factors in the Vaal River Basin.
South Africa’s rivers are small by comparison to those of many other countries. Further, many of South Africa’s
larger rivers are international resources. Eleven of the 19 water management areas in South Africa are facing a
water deficit, a ‘deficit’ being defined as water requirements being in excess of water availability. South Africa is
dependent on surface water resources for most of its urban, industrial and irrigation needs. Groundwater
resources, while also extensively used, particularly in rural areas, are limited by South Africa’s geology (aquifers
occur in a limited number of areas). In the northern parts of the country, both surface and groundwater resources
are nearly fully developed and utilized. In order to meet future water requirements, water resources must be
utilised to maximum effect. Growing industrialisation and urbanisation will place further demands on water
resources unless corrective measures are taken. The Department of Water Affairs and Forestry (DWAF) is
consequently developing an extensive water conservation and water demand management program to ensure the
most beneficial uses of water in the country, both from a social and economic perspective, including the reallocation of water from low benefit to higher benefit uses over time.
3

3

The total surface water available in South Africa averages 49,200 Mm per annum, including about 4,800 Mm of
water originating from Lesotho, and approximately 700 Mm3 originating from Swaziland. The total currently
available yield is 13,911 Mm3, which could be increased by 5,600 Mm3 through development of additional surface
water schemes. Substantial increases could also be realised through increased re-use of return flows, and
potential also exists for additional development of groundwater resources, although at smaller scale. Over the
next twenty-five years water use is expected to rise 9%. HIV/AIDS is expected to have a significant affect on
population growth and future water demand, which is also the case for the other countries sharing the basin.
5.2.1.1 The Vaal River
The Vaal River supplies water to the Johannesburg-Pretoria complex, the industrial heartland of Africa, as well as
substantial quantities of water for crop irrigation in this area. More than 25% of South Africa’s GDP is produced in
this area and the basin supports a population of about 12 million people. Water transfers into and out of the Vaal
River Basin are part of the highly developed infrastructure of the basin. The substantial transfers into the Vaal
Basin from Lesotho show the great significance of the LHWP for South Africa’s economy. The Vaal River also
benefits from additional water flows transferred from the Tugela River (not part of the Orange River catchment) via
the Tugela-Vaal Water Scheme.
Large urban and industrial areas, including parts of Johannesburg, Vereeniging, Vanderbijlpark and
Potchefstroom, account for the greatest amount of water use in the eastern parts of the Vaal Basin. Although
some mines have become inactive there are still some large mining operations in the area which constitute a
further large water user group. Further westwards, important water users are the urban areas of Klerksdorp,
Welkom and Kroonstad and mining is the dominant economic activity. Agriculture becomes more prevalent
compared to the eastern parts of the Vaal Basin and is characterised by extensive dry-land agriculture. Irrigated
agriculture is practiced downstream of dams along the main tributaries and the main stem of the Vaal River.
Further west, towards the confluence with the Orange River, agriculture becomes the most important economic
activity and intensive irrigation scheme such as the Vaalhartz Government Irrigation Scheme account for much of
the water used. The diamond mining operations around Kimberly account for most of the non-agricultural
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economic use in the area. Kimberly is also the largest urban area in this region and accounts for most of the
household water use.

Figure XX: Water Use by Sector in the Vaal, Mid and Lower Orange Basin (South Africa)
5.2.1.2 The Orange River
The distribution of water use between different sectors differs substantially between the Vaal River area and the
Orange River. In general, mining, other industries and urban water use is less significant and commercial
agriculture is by far the biggest user of water in these parts of the basin. Along the middle Orange, (defined as
the area from the South Africa/Lesotho border to the Vaal/Orange confluence), mining activities have declined
and the only considerable urban and industrial developments are Bloemfontein and Thaba ‘Nchu. The production
of grains and commercial livestock farming are the main agricultural activities. Along the main river, large areas
under irrigation have been developed, mostly for the growing of grain, fodder crops and grapes.
This stretch of the Orange River includes the two largest dams in South Africa, the Gariep dam and the
Vanderkloof dam. These dams form the major storage reservoirs along the Orange River and are essential for
the regulation of stream flow in the lower Orange River. A significant amount of water is transferred from the
Gariep dam into the Fish River catchment in the Eastern Cape to supply irrigation requirements for about 51 500
ha in this province as well a part of the requirements of the city of Port Elizabeth. When released from the Gariep
and Vanderkloof dams the water is used for hydropower generation and forms part of Eskom’s (the national
electricity supplier) capacity to meet peak electricity demands.
In the lower Orange River area, (the area from the Orange/Vaal confluence to the river mouth at Alexander Bay),
the significance of commercial agriculture as a user sector becomes even greater. There are no large urban
areas in this region and the water requirements for Upington and Kakamas, as well as the inland towns served by
supply schemes from the river, such as Sprinkbok and Port Nolloth, are comparatively small. Although mining is
an important economic factor in this region, the amount of water used by mining operations is negligible compared
to the amounts required for the various irrigation schemes along the river. Irrigated agriculture accounts for 94%
of the current total requirement for water of 1,130 Mm3/a.
Unlike the middle Orange, where most irrigation is used for the production of lower value crops such as grains
and fodder, irrigated agricultural production in the lower parts of the basin concentrates on high value crops such
as citrus, table grapes as well as pistachios and pecan nuts. As far as commercial agriculture is concerned, the
value created per unit of water is thus much higher here than in other parts of the basin. An important feature of
the lower Orange River is the importance of groundwater. In the areas away from the main stem of the river,
about 60% to 70% of the available water is supplied from groundwater. Groundwater also constitutes an
important source for rural water supplies and is frequently the only available source of water. Whilst some of
these areas are conservation zones (Kgalagadi Transfrontier Park, Augrabies National Park and Richtersveld
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National Park), extensive farming of sheep and goats, both commercial and subsistence, is the main economic
activity in these regions.

Figure XX: Areas under Irrigation and Water Supply Schemes in the South African part of the Lower
Orange River Basin (DWAF)

Figure XX: Demands Downstream of Vanderkloof Dam (DWAF)

5.2.2

Lesotho
3

3

Lesotho’s surface water resources are estimated at between 4,730 Mm and 5,300 Mm per year. The major river
systems are:




The Senqu (Orange) River with a catchment area of 24,485 km2 (66% of Lesotho’s land area)
The Makhaleng River with a catchment area of 2,911 km2
The Mohokare River (Caledon) with a catchment area of 6,890 km2 (within Lesotho)
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Lesotho’s groundwater resources are conservatively estimated at 500 Mm3 per year. Aquifer yields are generally
low. The rural population in the lowlands is dependent on wells (typical depth 65 m) fitted with hand pumps. Total
water requirements in 2025 are predicted to be in the order of 130 to 160 Mm3/a.
The current cultivated area is approximately 210,000 ha (7% of total land area). However, there is limited
irrigation potential and the current irrigated area is in the region of 2,500 to 3,500 ha. The major crops are maize,
potatoes and other vegetables.
3

Water availability per capita (based on internally renewable fresh water resources) is estimated at about 2,400 m
per capita and hence Lesotho is not, by this definition, water stressed. However, water resources are unevenly
distributed both geographically and temporally. The concentration of population and industry is not co-incident
with the availability of large quantities of water. Transfer schemes to provide water from water abundant areas to
the lowlands are expensive. Nevertheless, the feasibility of a transfer scheme linked to the Phase 1 LHWP is
being investigated together with other options. In the short term, the water supply to Maseru is vulnerable to
drought, and the possibility of releases from the LHWP at Muela as a contingency plan (for emergencies and on a
time-limited basis) to augment flow in the Mohokare River has been raised.
Lesotho’s consumptive use of its available water resources is low – around 0.05 cubic kilometres per year, out of
a total of just over five cubic kilometres available. There are, however, plans to meet the growing water needs of
the capital Maseru through the development of the proposed Metolong Dam. As part of the LHWP, Lesotho uses
some water (non-consumptively) for hydropower generation, which is expected to increase with the completion of
further phases of the project. The most significant benefits Lesotho derives from the Orange River is from the
transfer of water into South Africa through the LHWP, as described in chapter 4.1 in this report.

5.2.3

Namibia

As is the case with Botswana, an extremely arid hydroclimate results in an immediate loss of approximately 83%
of precipitation to evaporation. Only 2% of rainfall supplies end up as surface run-off and a mere 1% becomes
available in the groundwater table. The balance, 14%, is utilised for biomass generation and is productively lost
through evapotranspiration. The water resources of Namibia can be divided into two categories – internationally
shared resources and internal water resources. The international water resources are situated along the northern
and southern perennial border rivers. In the north are the perennial Curene, Okavango, and Zambesi Rivers, as
well as the ephemeral Cuvelai System that drains from the south of Angola into the Etosha Basin. In the south is
the Orange River. The internal water resources of Namibia are also ephemeral in nature and comprise the
impoundment of summer rainfall surface runoff in normally dry rivers, in groundwater, and the utilisation of
unconventional water resources. It is estimated that 95% of the assured safe yield of the dams that can be
developed on these ephemeral systems is about 200 Mm3/a, and of this approximately 90 Mm3/a have been
developed. It is also estimated that the long-term sustainable yield of groundwater resources is 300 Mm3/a, and
of this yield about 150 Mm3/a have so far been developed.
Groundwater sources account for 51% of Namibia’s current water consumption. The majority of this water is
stored in some eight major aquifers but large numbers of farmers and rural communities in the central and
southern areas rely on abstraction of groundwater from more isolated sources such as voids in rocks and
sediments.
The water requirements in the Namibian part of the basin are similar to the ones of South Africa in the lower
Orange River Basin. The domestic use of water is relatively small and there is currently no significant industrial
development. Diamond mining takes place in the restricted area at the Atlantic coast and two zinc mines are in
operation. Additional water will be required in the future for the development of the proposed Kudu gas field
power station at Oranjemund. The main user of the Orange River water allocated to Namibia (currently 110 M
m3/a until 2007 after which the amount will be renegotiated) is irrigated agriculture, most notably the table grape
farm at Aussenkehr.
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In order to increase available water resources, Namibia maximizes the extent to which wastewater is recycled, or
reclaimed, and has developed desalinisation technology for brackish and seawater. These processes yield
approximately 10 Mm3/a, and while this is a relatively small amount of water, it yields a significant impact at the
household level. In Windhoek, for example, where a sewage reclamation plant that has been in operation since
1969, the present capacity is 7.5 Mm3/a. Nonetheless, Namibia has a high level of water stress and absolute
water scarcity, and in future it is likely that Namibia will look to international water resources to meet water
demands.

5.2.4

Botswana

Water availability in Botswana is mostly a function of erratic rainfall patterns. Due to prevailing, extremely arid
conditions, it is estimated that up to 80% of precipitation is lost to evaporation. Only 2% constitutes surface
runoff, and a meagre 1% reaches the groundwater table. The balance, 17%, is utilised for biomass generation
and is productively lost through evapotranspiration. Thus the internal water resources of Botswana are
ephemeral in nature, and comprise the impoundment of summer rainfall surface rainfall runoff in the normally dry
rivers, groundwater and the utilisation of unconventional water resources. Although the limited surface water
resources may seem attractive for reservoir development, the efficiency of dams would be very low because the
largely ephemeral river flows are too variable, the topography too flat for good dam sites, and evaporation is so
high. Groundwater is the source of freshwater for approximately 80% of the population and for livestock. The
long-term sustainable yield for groundwater resources is estimated to be 200 Mm3/a, of which 130 Mm3/a have
been developed. Wastewater re-use is a potential source of supplies as demand increases, as is a focus on
demand side regulation.
The domestic livestock, mining and power, and agricultural sectors constitute the main users of water in
Botswana. With continued population growth and related development activities, the demand for water will
continue to rise. Indeed, the Water Utilities Corporation has recorded an annual average increase of 6% in urban
water demand. It is expected that water demand will more than double over the next 15-20 years, and that this
increase in demand will eventually outstrip currently available water resources. In summary, Botswana’s water
resources are under a high level of stress, and water scarcity will be an increasing, limiting factor in its ability to
meet future demand. Given this increased stress on Botswana’s already limited supplies of water, issues related
to the area of Botswana that is within the Orange River Basin are of great national concern.

5.3

Water Quality and Environmental Issues

Surface water quality in the upper Orange River is generally good except for the high sediment load in the
Caledon River and salinity problems in the lower Riet (relating to high irrigation return flows). The water quality in
the lower Orange River has, however, been severely impacted upon by extensive upstream developments, and
salinity is a growing problem. It is possible that these water quality problems originate in the Vaal River tributary,
which is known to suffer poor water quality as a result of urban and industrial outflows, and irrigation return flows.
However, under normal conditions, very little water from the Vaal ever reaches the Orange River, and it is only
under flood conditions that large volumes will enter the river.
Potentially toxic cyanobacterial bloom events are also occurring in the middle reaches of the Orange. The water
quality issues in the catchment relate at a broad level to the catchment management. Aquatic weed infestations
occur along the Vaal, indicating high nutrient loadings and reduced water quality and ecological status of the river.
Organic matter content in the Orange is at present very high, as is indicated by the overwhelming abundance of
filter-feeding invertebrates downstream of the Orange-Vaal confluence. It is not known whether this was so before
impoundment, but major factors that would contribute organic matter to the system are likely to be decay of reeds,
coupled to phyto- and zooplankton injection from the reservoirs.
The economic utilisation of the Orange River’s water as well as the land use patterns in the basin strongly
influences the environmental state of the river basin. In this context four issues are of particular significance,
namely the problems of:

Orange River Baseline Assessment Report

44

November 2005

NeWater_Orange River Basin_BAR_Draft-November2005. Incomplete, please do not quote





soil erosion and wetland losses in Lesotho,
the impact of industrial and municipal effluent in the Vaal River system,
agricultural pollution in the Vaal and Orange River and
the environmental threats to the Orange River Estuary Ramsar site at the mouth.

Figure XX: Key Pressures on Water Quality and the Environment in the Orange River Basin (DWAF)

5.3.1

Soil Erosion and Wetland Degradation

The most severe ecological problem in the upper reaches of the Orange River is the high degree of soil erosion
experienced in Lesotho. Approximately 2% of top-soil is lost in the country each year, with adverse effects on
habitats as well as agricultural productivity, and negative impacts on water resources.
In its natural state, the high altitude, mostly treeless landscape in Lesotho is vulnerable to soil erosion, particularly
during summer rain storms. The natural vulnerability is intensified by the impact of unsuitable agricultural
practices and overgrazing. As a result of the cultivation of areas not suitable for agriculture, wind erosion, mostly
during winter when fields lie bare, adds to the soil losses caused by the summer rains. Population growth, the
return of migrant workers from South Africa gold mines (as old mines retrench workers and new ones become
more capital, rather than labour intensive) and movements due to the flooding of land by the Lesotho Highlands
Water Project dams has placed more pressure on agricultural land. As a consequence of the increased need for
farm and grazing land the recovery cycle of the natural grassland vegetation is shortened, leading to a
degradation of the vegetation cover and subsequent soil erosion. The building of the Katse dam has also
exacerbated the situation since the filling of the dam flooded large areas of farm and grazing land and required
the relocation of 24,000 people. The loss of these agricultural areas, together with the above-mentioned increased
land needed for the returning miners has forced the people to move onto the higher reaches of the mountains and
farm the steeper slopes. The topography of these areas is even less suitable for agriculture and livestock farming
and soil erosion has subsequently worsened.
The wetlands in the Lesotho Highlands are of great importance for the environmental integrity of the Orange’s
upper reaches. They accumulate run-off from the surrounding mountain slopes and regulate the release of water
into the river systems. Through their filtering system they contribute to the maintenance of the required water
quality and quantity in streams and springs. In addition to their important role for the river systems they are unique
habitats, which represent a large part of the country’s biodiversity.
In recent decades the wetlands in Lesotho have seriously degraded and more wetlands are under threat. The
most common causes for wetland destruction are overgrazing, the building of roads and the encroachment of
settlements. Where wetlands disappear, rivers and streams are subject to flash floods and consequent soil
erosion. Together with rapid increase in soil loss, the loss of diversity of flora and the extinction of species (that
are restricted to this habitat) can be observed. Efforts to curb erosion thus far have had limited success.
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The lack of alternative energy sources (only around 3% of the population has access to electricity) makes
firewood the only option for most rural people, a situation which has severely undermined tree planting projects.
The main key to curb erosion, the reduction of cattle herds to reduce overgrazing, is difficult to implement due to
the economic importance and cultural significance of large herds of cattle for the Basotho.

5.3.2

Industrial and Municipal Pollution

Whilst the water quality of the Orange River upstream of Gariep dam is good, it deteriorates downstream of
Gariep dam and particularly after the confluence of the Vaal River with the Orange River. Water quality is in many
instances coupled with water quantity as the ability of the river to absorb wastes decreases with a drop in the flow
volume. Large amounts of municipal and industrial effluent are released into the Vaal River in Gauteng. This
includes phosphates from sewage treatment plants, as well as nitrates from industrial processes, with a specific
hot-spot around the East Rand area.

5.3.3

Water Quality Problems Associated with Agricultural Activities

There are two main water quality related issues that can be identified in connection with agricultural activities in
the basin. The first one is the increasing siltation as a result of the soil erosion in the upper regions, mainly in
Lesotho. The increase in soil erosion has started causing downstream dams to accumulate silt at a higher rate
than before. These dams supply commercial farmers and municipal areas in South Africa with water and would
impact on a planned dam on the portion of the river shared with Namibia. The higher silt loads cause problems for
the operation of the dams as well as contributing to the formation of sandbars in the river mouth, disrupting the
interchange of ocean water with the river water. This has a negative impact on the marine ecosystem of the
Benguela current.
The second is the problem of increased loads of salts and nutrients such as nitrates and phosphates released by
farming operations. When used for irrigation, a substantial amount of water is lost through evapotranspiration,
leaving the salts that naturally occur in water (even freshwater) in the soil. Once it rains these concentrated salts
are washed out and reach the river as return flows. As the losses through evapotranspiration are higher than the
replenishment through naturally occurring rainfall, the overall salt concentration in the river is increased, with
negative consequences for the river’s ecosystem as well as for crop production further downstream.
The large-scale use of fertilizers by commercial agriculture leads to substantially increased levels of phosphates
and nitrates in the river. These degrade the quality of the water for downstream users, such as municipalities,
communities and farmers and affect river ecosystems through the build-up of nutrients.
Parts of the basin, specifically associated with the Vaal sub-catchment, are closely associated with mining. Many
of these mines are now reaching the end of their operational life, resulting in a range of highly complex water
quality related problems starting to emerge. One of these problems is associated with acid mine drainage (AMD)
and acid rock drainage (ARD). Working faces of the mines come into contact with water and oxygen. This
stimulates the growth of certain bacteria, which combined with specific chemical processes, result in the
development of low pH and high sulphate leachate. Similar things happen when water drains off (or leaches
through) mine tailings dams, or dumps of waste rock. This situation is becoming increasingly problematic as more
mines are closing down. As these workings get flooded, they start to decant into streams. By virtue of their linkage
underground – a safety feature needed when the mines were still operational – these workings result in a major
disturbance to the ‘normal’ subterranean flows of water.
Another problem is related to the presence of radioactive nuclides associated with uranium. In the geology of the
highveld, gold bearing reef is closely associated with the presence of uranium. When the gold is extracted, the
uranium is disturbed, with pathways back into the environment occurring via slimes dams and through decanting
operations. This radioactivity has been found in the sediment of some of the river systems. What is not yet known
is how this will be introduced into the water column (say as the result of extreme events), or how this will enter the
human food chain (say as the result of the ingestion of fish that have been contaminated by eating insects etc).
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5.3.4

The State of the Orange River Estuary

The estuary of the Orange is proclaimed a Ramsar site by both South Africa and Namibia and is regarded as the
sixth most important coastal wetland in Southern Africa in terms of the number of birds supported, at times as
high as 26,000 individuals from up to 57 species.
Although nutrients are essential to the health of aquatic ecosystems, excessive nutrient loadings negatively affect
water quality and habitats by encouraging the growth of aquatic weeds and algae. Algae are normally an essential
component of life in water bodies, however, they respond rapidly to nutrient enrichment. When large numbers of
these plants die and decay, they dissolve oxygen in the water leading to an increase in fish kills as the oxygen
content of the water drops. The so-called “blue-green algae” (Cyanobacteria – they are not algae but bacteria and
are only conveniently referred to as “blue green algae” because they are photosynthetic and aquatic) are a
particular problem for water quality because they cause taste and odour problems and produce toxins that kill
livestock and fish and can even severely affect human health. Algae blooms have become a visible water quality
problem in South African rivers, including the Orange River.
To date the environmental impact caused locally at the river mouth is very low, consisting merely of some
recreational use by personnel of the mining organisations. Proposed new economic developments close to the
river mouth, such as the Kudu gas field power station, are likely to increase the demand for water from the lower
Orange River and could potentially have further adverse effects on the river mouth wetland. The environmental
threats to the river mouth currently result primarily from economic activities upstream and the change of the river
flow regime through damming of the river.
Like the rest of the lower Orange River the river mouth is to some extent affected by the pollution caused by
industrial and municipal effluents as well as agricultural pollution. However, the most significant threat to the
Orange River mouth wetland is the loss of inflow of water and sediment due to the upstream damming of the river.
The two major dams on the middle reaches of the Orange River, the Gariep and the Vanderkloof dam already
limit floods in the lower Orange River to events of very large magnitude and also act as traps restricting the
quantity of sediment moved downstream of the middle reaches. The potential building of further dams as part of
the LHWP and the subsequent increase in water transfers out of the Orange River system would result in a further
inflow reduction.
The lack of flow variability and the overall reduction in water volume poses a serious threat to the integrity of the
river mouth wetland. As the area is declared a Ramsar site by South Africa and Namibia the two countries are
under an obligation to undertake the necessary measures for the protection of the river mouth. In this regard it is
claimed that the building of a dam in the lower Orange River could improve the flow management of the lower part
of the river and ensure that sufficient amounts of water are released into the system at all times, which would
maintain the integrity of the river mouth ecosystem.
In September 1995, Orange River mouth wetland was placed on the Montreux Record (a record of Ramsar sites
where changes in ecological character have occurred, are occurring or are likely to occur) following the collapse
of the salt marsh component of the estuary. The rapid degradation of the salt marsh was the result of a
combination of impacts, both at and upstream of the wetland. These included adjacent diamond mining activities,
flow regulation of the Orange River as a result of dam construction, mosquito control measures and poor
management of the mouth. The result of the collapse of the salt marsh, and the general decline of the mouth in
general, has been a significant decrease in the number of waterfowl using the wetland.
The impact of the decline in ecological functioning on fish species using the estuary and salt marsh is unknown. It
is however suspected that the loss of such an integral component of the wetland system cannot fail to impact on
these species. A concerted effort will need to be made in the coming years to ensure that the estuary retains its
ecological integrity.
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The impacts of reduced flow on the ocean ecosystem is probably negligible because of the nutrient rich offshore
sea at the Orange River mouth, which is fed by upswelling cold ocean currents. The importance of river flow is
probably far less for the maintenance of oceanic productivity than on the east coast.

5.3.5

Blackfly

The large increase in biting blackflies due to stabilisation of the flow regime has caused substantial livestock, and
thus economic, losses along the valley. Blackflies are small biting flies belonging to the dipteran family Simuliidae.
The female adults (only) feed on mammals or birds along river valleys and, in large swarms, they can inflict
suffering and loss of condition on livestock and humans. Thirty-three species of blackfly occur in Southern Africa,
of which four are serious avian or mammal pests; Simulium chutteri, S. damnosum, S. nigritarse, and S. adersi,
and one is an endangered, endemic species S. gariepense. Non-nuisance species of blackfly (e.g. S. gariepense)
appear to rely mainly on birds for their blood meals and so are less economically important.
There have been outbreaks of the pest Simuliidae (mainly S. chutteri) throughout South Africa, particularly since
the construction of large impoundments. Before regulation of the river, their populations were low and outbreaks
were infrequent. However, changes to flow patterns appear to have led to a persistent pest blackfly problem,
which causes an estimated R88 million annual loss in livestock productivity and a control operation costing of R2
million per year (1996 Rand values). When they are extremely abundant they cause sheep to stop feeding,
resulting in loss of condition and the abortion of up to 25% of embryos. The flies can feed up to 50km from the
river and around one million sheep are estimated to occur within their range. In addition, the flies harass farmers
and tourists visiting the Augrabies Falls National Park (90,000 visitors per year) and can cause visitors to curtail
their stay, and even to request refunds.

5.4

Projected Future Water Requirements

A comparison between the water demands at 1994 levels and 2005 levels indicates that the requirements that
need to be supported from the Orange River Basin are increasing.
Various studies have been undertaken to assess the likely future water requirements from the basin, including the
Orange River Replanning Study (ORRS) being undertaken by South African national government. The results of
these scenario planning exercises vary, but most predict a water deficit of up to 50 Mm³/a by the year 2025. Most
of the scenarios include a growth in population and economic development, increased levels of formal water
servicing, stable or increased irrigation requirements, increased hydropower requirements, and some included
resource re-allocations to the rural poor. Future growth in water requirements will mainly result from planned
developments in the Lesotho lowlands and the extension of irrigation in Namibia and South Africa. In South Africa
the development of 12,000 ha of irrigation (4,000 ha each in the middle Orange, the lower Orange and the Fish
River areas), has been approved for poverty relief and the settlement of emerging farmers. Based on the
assumption of more equitable distribution of wealth in South Africa in the future, which in turn leads to higher
average levels of water services, it is expected that the existing system will be fully utilised by 2020.
The current surplus of water in the Orange River is used for hydropower generation. However, recent analysis
indicates that the projected risk of curtailments in the water supply to the consumptive users is such that relatively
small allocations can be made for power generation purposes. Based on the given water balance information,
which indicated that intervention measures may be required in the next 15 to 20 years, the following options have
been proposed as a means to reconciliation:


Reduction in operational losses in the Orange River system, which are currently estimated at 270 Mm³/a.
The operating losses can be reduced through improved release management and/or by constructing an
operating dam in the lower basin.



Water conservation and demand management measures. This would focus on irrigation as the largest
water user sector in the system. It is however perceived that most savings will be taken up by the users
themselves to expand their irrigated areas.
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Utilise the storage volume below the current minimum operating level in Vanderkloof Dam. The effect on
hydropower as result of this possible option can be significant and is currently being determined and
discussed.



Construction of Boskraai Dam in the Orange River between Gariep Dam and the Lesotho border or
Mashai Dam in the Senqu. The main emphasis on these dams is to transfer water to the Vaal System but
they can also be used to improve the water supply situation on the Orange River.



Additional options from the Lower Orange Management Study (LORMS) also include the utilising of spills
from the Vaal by means of real time modelling and a storage dam at Vioolsdrift or Boegoeberg (see
further details below).

The ORRS has evaluated a number of options for intervention, and have identified the following as the most
promising:









A new dam at Vioolsdrift
A new dam at Boegoeberg
A small regulating structure at Havenga Bridge
A small dam at Torquay
A large dam at Bosberg
Phase 2 of the LHWP (Mashai Dam).
Possible raising of Gariep dam
Use of dead storage at Vanderkloof Dam

The Lower Orange Management Study (LORMS) conducted jointly by South Africa and Namibia concluded that
the present surplus yield of 105 million m³/a in 2005 available in the Vaal River System would be reduced to 30
million m³/a by 2010. This surplus yield should be considered as a strategic reserve to be used to increase the
assurance of supply to users in the Orange River until 2010 if required. The yield of the system can be increased
by a further 143 million m3 per annum if the water stored in Vanderkloof Dam, below the canal inlets to the
irrigation system, is accessed via pumping. A parallel study is being undertaken by DWAF and Eskom to
determine the amount of energy that Eskom would forfeit as a result of such a change.
The agricultural water use from the lower Orange, downstream of Vanderkloof Dam, (excluding the Vaal), is 1 375
million m³/a and it is estimated that up to 20%, i.e., 277 million m³/a could be saved and used for irrigating new
areas. It has been recommended that a pilot project be implemented to establish the costs and benefits, which
could be achieved by initiatives to improve water use efficiency.
The success of water conservation and demand management measures is largely dependent on adequate
incentives to farmers, the legislative and administrative regime in South Africa, as well as on significant attention
to education and training activities for, and acceptance among, numerous private sector irrigators. The estimated
time to realize WDM savings, including the time required for the pilot study is approximately 15 years. It has been
recommended that no reliance be placed on this water for making new allocations available for development,
although some transfers of water rights between different areas may take place within the Orange River Basin.
The provision of a dam on or near the Namibia/South Africa border to re-regulate the releases from Vanderkloof
Dam, and the currently uncontrolled run-off from the incremental catchment, can yield about 170 million m3/a. The
proposed dam would be near Vioolsdrift, and would be a minimum height of 35 meters with a gross storage
capacity of 260 million m³. Considering the projected increase in water requirements and the fact that the currently
estimated surpluses are within the accuracies of hydrological assessments, it is has been recommended that a
detailed Feasibility Study be undertaken as soon as possible. If additional allocatable yield is required after these
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measures have been implemented, a large storage dam would be required in the basin. Current estimates are
that this additional yield will be required after 2025.
In the study area of this project, the Vioolsdrift site was evaluated as being clearly more advantageous for a large
dam than the alternative site at Boegeberg. The possibility of raising the proposed Vioolsdrift re-regulating dam to
provide a large storage dam, or the construction of a dam in the upper Orange River, such as at Bosberg or
Mashai, is still to be evaluated. More detailed analysis of the allocatable yield, outlining different assurances of
supply to various water use sectors, is in progress. Indications are that the existing system may be able to meet
projected water requirements until about 2010 or 2015, and the detailed analysis will confirm this date. However,
the projections of surplus allocatable water, which vary between 60 and 350 million m³/a, represent less than 10%
of the total allocatable yield of the system, and there are a number of uncertainties when making these yield
assessments.
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SECTION C: GOVERNANCE & WATER RESOURCE MANAGEMENT
6.

Governance & Management of Water Resources

References used in this section9.

6.1

Legal & Policy Frameworks for Water Resource Management

6.1.1

South Africa

South Africa completely reformed its water law after the democratic elections held in 1994. This resulted in the
enactment of the Water Services Act (Act 108 of 1997) and the National Water Act (Act 36 of 1998). The
legislation is "framework legislation" with most of the detail being incorporated in subsequent regulations. Since
legislative enactment, DWAF has focused its efforts on implementation. In particular, Catchment Management
Agencies (CMAs) are being established for each of the 19 Water Management Areas (WMAs) defined in the
country (Chapter 7 of the Water Act).
The importance of access to water on an equitable basis is now part of the country’s Constitution. The Bill of
Rights, Constitution of South Africa, in Section 27 (1) (b) states that “Everyone has the right to have access to
sufficient water”. Prosperity for South Africa depends upon sound management and utilisation of its natural and
other resources, with water playing a pivotal role. Current government objectives for managing water resources in
South Africa are set out in the National Water Resource Strategy (NWRS) as follows:


To achieve equitable access to water. That is, equity of access to water services, to the use of water
resources, and to the benefits from the use of water resources.



To achieve sustainable use of water, by making progressive adjustments to water use to achieve a
balance between water availability and legitimate water requirements, and by implementing measures to
protect water resources and the natural environment.



To achieve efficient and effective water use for optimum social and economic benefit.

Importantly, the new water laws that have been promulgated in South Africa within the past 10 years have shifted
the ownership of water resource from the private domain into the public domain. The new laws have moved away
from a riparian rights system, to water being a public good managed by government for the equitable benefit of
the country’s people. The laws also direct a decentralisation of water resources management from the national to
the local level. This means that while national government will perform the role of law and policy maker, local
authorities will be required to implement water management with the assistance of regional catchment
management agencies.
Consistent with the legislatively mandated requirement “for achieving fair arrangements with neighbours who
share our rivers”, South Africa has created an International Liaison Directorate within the Department of Water
Affairs and Forestry. As is the case with the other countries participating in this Project, South Africa is a full
partner in ORASECOM (see below).

9

(de Coning and Sherwill, 2004); (DWAF, 2004); (Mukheibir and Sparks, 2003); (Seethal and Quibell, 2003); (DEA, 2002);
(Arntzen et al, 2000); (Conley and Van Niekerk, 2000).

Orange River Baseline Assessment Report

51

November 2005

NeWater_Orange River Basin_BAR_Draft-November2005. Incomplete, please do not quote
6.1.1.1 The National Water Act (NWA)
The NWA of 1998 is the principal legal instrument relating to water resource management in South Africa. The Act
is now being implemented incrementally. Other recent legislation, which supports the NWA, includes the Water
Services Act (Act 108 of 1997) and the National Environmental Management Act (Act 107 of 1998).
6.1.1.2 The National Water Resource Strategy (NWRS)
The NWRS is the implementation strategy for the NWA and provides the framework within which the water
resources of South Africa will be managed in the future. All authorities and institutions exercising powers or
performing duties under the NWA must give effect to the NWRS. This strategy sets out policies, strategies,
objectives, plans, guidelines, procedures and institutional arrangements for the protection, use, development,
conservation, management and control of the country’s water resources. The purpose of the NWRS is to provide
the following:





The National Framework for managing water resources.
The framework for preparation of catchment management strategies (CMS) in a nationally consistent way.
Information, in line with current legislation, regarding transparent and accountable public administration.
The identification of development opportunities and constraints with respect to water availability (quantity
and quality).

The Department of Water Affairs and Forestry in South Africa (DWAF) has developed a Water Conservation and
Water Demand Management (WCDM) strategy for each water use sector, namely, Agriculture, Municipal,
Industries, Forestry and Environment. The National Water Conservation and Demand Strategy (NWCDMS) will be
incorporated into the National Water Resources Strategy (NWRS), which is a legal requirement of the new
National Water Act (Act 36 of 1998). The Catchment Management Strategies of each of the 19 Water
Management Areas, the National Pricing Strategy and other strategies currently being developed by DWAF will
also contribute to the NWRS.

6.1.2

Lesotho

Lesotho has recently developed an Environment Act (2001). The Act makes provision for the establishment of the
Lesotho Environment Authority, and provision is made for the systematisation of EIA procedures, development of
Standards (in particular Water Quality), and new procedures for Effluent Discharge Licensing and Polluting
Licensing. The Act is also an “umbrella” for many issues related to water and is pertinent to the Outcomes and
Activities of this proposal.
A new water resources policy was approved by Cabinet in 1999. The objectives of the Policy are to ensure
sustainable development of water resources, adequate supplies of potable water, even in drought conditions, and
the proper assessment and protection of water resources. The Policy is comprised of six key provisions:







Government will ensure rational exploitation and management of Lesotho’s water resources.
Government will ensure access to potable water by all people of Lesotho.
Every citizen is entitled to potable water for basic human needs and any requirement beyond this will be
paid for by the user.
All environmental aspects of water will be protected.
Water will be managed in a way that ensures maximum benefits to Lesotho while taking cognisance of
her obligations to her neighbours and downstream users.
Stakeholders will be involved in every stage of design and implementation of water resources
development projects. The expansion of water supply systems will also be demand driven.

Lesotho is actively involved in regional level efforts in the Orange River Basin by virtue of its membership in the
Lesotho Highlands Water Commission, supported by a joint permanent technical committee, and the Lesotho
Highlands Development Authority. It is a member of ORASECOM and, with South Africa, has established a
working committee for the Lesotho lowlands.
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6.1.3

Namibia

The main body of law directly concerned with water resources in Namibia comprises four acts, some of which
have been subsequently modified by short amending acts. These include the:







Water Act, 1968;
Borehole Act, 1956;
Waterworks Act, 1962;
Waterworks Amendment Act, 1983;
Water Utilities Corporation (WUC) Act, 1970; and the
WUC Amendment Act, 1978.

Aside from the acts listed above, there are other measures that have a bearing on water. The Public Health Act,
for instance, gives environmental health officers power to ensure the purity of public water supplies. The Local
Government District Councils Act enables District Councils to provide water supplies outside any areas for which
a water authority has been appointed under the Waterworks Act. The Aquatic Weeds Control Act of 1971 prohibits
the importation or transportation of undesirable aquatic weeds into the country or from one body of water to
another without permit.
Broad sectoral objectives, as stipulated in the Water and Sanitation Policy of 1993, include:


that essential water supply and sanitation services should become available to all Namibians, and should be
accessible at a cost that is affordable to the country as a whole;



that equitable improvement of services should be achieved by the combined efforts of the government and
the beneficiaries, based on community involvement, community participation and the acceptance of mutual
responsibility; and



that communities should have the right, with due regard for environmental needs and the resources
available, to determine which solutions and service levels are acceptable to them. Beneficiaries should
contribute toward the cost of services at increasing rates for standards of living exceeding the levels
required for providing basic needs.

6.1.3.1 Water Act, 1968
This Act is the base statute and contains what might be termed the “common law” aspects of water: the status of
public water; the inherent rights of individuals to the use of water; the recording, granting, variation, and
termination of formal rights to use or impound water or to discharge effluents into it; the obligations of those taking
water to use it properly; conditions controlling pollution of public water, and so on. This act established the Water
Apportionment Board (WAB) as the licensing authority and prescribed its constitution, powers, and duties. The
Secretariat for the WAB is provided by the DWA.
6.1.3.2 Borehole Act, 1956
This Act is a short statute which stipulates the records and samples which have to be kept and furnished to the
Director of the Department of Geological Survey (DGS) by anyone sinking a borehole more than 15 m below the
surface or deepening an existing borehole. Contractors engaged in drilling operations on behalf of clients are
required to comply with the provisions of the act.
6.1.3.3 Waterworks Act (Act), 1962
This Act and its short amendment provide for the constitution of water authorities in townships and other areas
designated by the “Minister” and confer powers and duties upon them. Included among these is the right to
acquire existing waterworks; construct new works; and curtail supplies in time of drought and other emergencies.
The Act and amendment also deal with charges for water supplied, water supplied to non-statutory areas, and the
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misuse or pollution of water. Further, they authorize the “Minister” to make regulations on such matters as the
prevention of waste, suspension of supplies, and the inspection and testing of meters and other appurtenances.
6.1.3.4 Water Utilities Corporation Act, 1970
This Act established the Water Utilities Corporation for the supply and distribution of water within the Shashe
Development Area and elsewhere. The Act also conferred necessary powers to the WUC to develop water
resources. The Act specifically addresses the constitution of the corporation, the appointment of members,
procedures, powers, the acquisition of capital works, and other matters. The financial principles and methods of
charging for water that must be observed are also specified. The Act further provides that the Corporation shall be
the “Water Authority” for the purpose of the Waterworks Act so that all the provisions of the latter act apply to the
WUC.
6.1.3.5 Namibian Water Resources Management Review (NWRMR)
This was an institutional reform process initiated in 1997, within the Ministry of Agriculture, Water and Rural
Development (MAWRD), and supported by the World Bank, BMZ/GTZ and UNDP. An objective of NWRMR was
to create a more effective and appropriate institutional structure for the Water Sector. It reflects the
decentralization policy of the Government. Many issues such as strategic water resources assessment, human
resources development, regulation, and conflict regulation were considered.

6.1.4

Botswana

Botswana has addressed, in part, its growing water scarcity concerns through adoption of the Botswana National
Water Master Plan Study. Although the Plan is now over a decade old, it has been revised and adjusted over
time. The Plan places an emphasis on the following activities:







close monitoring of groundwater wellfields to avoid excessive depletion. In cases where the rate of
extraction is greater than the rate of replenishment, alternative water resources must be found;
ensuring greater use of alternative technologies, such as desalination, to develop and conserve water
resources;
management and the development of water supplies by local communities;
ensuring greater coordination between Government institutions in the planning and development of water
resources;
requiring environmental impact statements (EIS) as an integral part of all project feasibility and
subsequent studies for water development projects; and
building interconnecting water supply schemes as a measure to respond to drought.

Botswana realises that augmentation of its internal water resources through the utilisation of internationally shared
supplies (border-rivers and perhaps transboundary aquifers) will become extremely important over the next
decade. An International Water Unit has been established within the Ministry of Natural Resources to provide
technical support for the management of shared river basins. The Unit represents Botswana at meetings pertinent
to the Orange River Basin – ORASECOM, the JPTC, and the JPWC (see below) - as participants in water related
fora created by SADC.

6.2

Water Resource Management Agencies

6.2.1

South Africa

The country has been divided into 19 Water Management Areas (WMAs). The delegation of water resource
management from central government to catchment level will be achieved by establishing Catchment
Management Agencies (CMAs) at WMA level. Each CMA will progressively develop a Catchment Management
Strategy (CMS) for the protection, use, development, conservation, management and control of water resources
within its WMA.
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The Department's eventual aim is to hand over certain water resource management functions to CMAs. Until such
time as the CMAs are established and are fully operational, the Regional Offices (ROs) of DWAF will have to
continue managing the water resources in their areas of jurisdiction. Furthermore, the way in which the resources
are protected, used, developed, conserved, managed and controlled needs to form an integral part of other
planning initiatives at a provincial, district and local authority level. These relationships are shown below.

Figure XX: Integrated Planning Approach at Various Levels of Government in South Africa (DWAF)
Given the size of the river basins in RSA, WMAs are identified at sub-basin level. In the Orange River Basin
alone, 5 regional catchment management agencies (CMAs) should be created: upper Vaal, middle Vaal, lower
Vaal, upper Orange, and lower Orange. Full implementation of the CMAs will likely take many years as the
National Water Resources Strategy will determine a framework for the delegation of water resources
management responsibility to the CMAs, and CMAs will then, as is suggested above, have to develop water
resource management approaches as deemed necessary. Thus activities related to the institution of CMAs are
likely to occur in parallel with this project.
The Agricultural WCDM Strategy will be implemented through the development of Water Management Plans by
Water User Associations (WUAs) and other irrigation water suppliers. These Water Management Plans will be
similar to the Water Services Development Plans currently being developed by Municipalities. Irrigation water
suppliers, such as WUAs or former Irrigation Boards, are now required in terms of the law to submit Water
Management Plans to their CMA and/or DWAF.
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Figure XX: South Africa’s Water Management Areas (DWAF)
A DWAF-driven Orange River Replanning Study (ORRS) is addressing a wide spectrum of social and
environmental uncertainties. They include: the social impacts on, and requirements of, communities from source
to mouth; the needs of the estuary; management and re-regulation options relating to acceptable flow regimes in
the various river reaches; the determination of in-stream flow requirements to cater for riparian vegetation,
species diversity, pools, refuge areas and the Augrabies falls; the maintenance of water quality; appropriate
seasonal flow patterns; and the management of black fly infestations caused by the artificially constant flow
conditions arising from power generation for the RSA's national grid. Although the dams are capable of substantial
releases, their ability to replicate floods for ecological purposes is still being studied. Provision is also being made
for effectively monitoring all of these aspects.

6.2.2

Lesotho

(TO BE COMPLETED)

6.2.3

Namibia

In Namibia, a number of institutions, ranging from dedicated Government departments and parastatal institutions
through municipalities and community-based Water Point Committees to private organisations and individuals, are
responsible for different aspects of water supply, management and use. Finding and exploiting sufficient water to
supply an increasing demand has been the main focus of water management until the present decade. Only
recently have concepts such as Integrated Water Resource Management, Water Demand Management and
Adaptive Management been recognised and the ecological requirements, goods, services and processes of
natural water ecosystems been acknowledged.
The Constitution of the Republic of Namibia claims State ownership and responsibilities of the State extend from
identification of water sources, development of water sources, purification of water and bulk distribution to
distribution reticulation, quality control and assessment, conservation and protection of the resource, and research
and monitoring. Responsibility for bulk water supply rests with the parastatal institution, NamWater, while
responsibility for managing the water resource and for rural water supply rests with the Department of Water
Affairs, Ministry of Agriculture, Water and Rural Development.
In the urban areas the local authorities, municipalities, village and town councils are responsible for the
reticulation of water to the residents and industries. The Directorate of Rural Water Supply (DRWS) currently has
the responsibility for supplying water to the communal areas of Namibia and this responsibility is being shifted
from the DWRS to the communities themselves as a policy of Community Based Management comes into force.
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The current DRWS budget is in the region of N$80 million. NamWater is implicitly subsidizing water consumption
in the interim before full financial cost recovery is achieved. The extent of the subsidy varies by region with the
ratio of the current tariff to the cost recovery tariff in Omaheke standing at 12% compared to 73% for Khomas.
The total subsidy implied by the 1998 tariffs was approximately N$60 million, a significant improvement on
N$102.8 million in 1996. The extent to which water is being subsidised in the urban areas is difficult to ascertain.
The DRWS does not operate on a cost recovery basis and as such the budget of the DRWS could be considered
to be the extent of subsidisation. Cost recovery is planned for the future but not on the basis of tariffs for water.
The movement towards Community Based Management (CBM) of water points will reduce the extent to which the
government funds rural water supply, and hence the subsidy. However, in the interim period the DRWS will need
to increase the number of water points through creation and rehabilitation, train water point committees and
extension officers and generally do the groundwork for the future success of CBM.
Traditionally, increasing the availability of water has involved augmenting supply through capital expenditure on
dams, pipelines and tapping of further boreholes. Water demand management (WDM) uses a combination of
economic, technological, legislative and informational policies in order to affect the demand for water by
consumers and the associated pressures on primary water resources. The combination of these policies and
other related policies for Windhoek has meant that water consumption from primary water resources (e.g. the
three dam system and groundwater) has stayed at 1987 levels despite a 43% increase in population. The
potential for WDM in Namibia is great, but problems include high levels of unaccounted for water, low levels of
maintenance, ineffectual tariff setting, and non-payment of water bills.
In the mining and commercial sector there are good case examples of efficient water management. Recycling of
water is common in the mining sector given the often small percentage of costs that water makes up. Outside of
Windhoek, industries and commerce have showed very little knowledge of WDM. Similarly the towns associated
with mines (Oranjemund and Rosh Pinah) often supply water for free to residents, contrary to the principles of
WDM. In agriculture, the use of efficient irrigation technologies by farmers is commonplace. However, the
historically free water for irrigation has lead to a high prevalence of flood irrigation and low value crops. The
current lack of knowledge within the local authorities on the subject of WDM, and the subsequent lack of
incentives given to water consumers to conserve water, leaves Namibia with a great opportunity for improving the
efficiency of water use. A National WDM policy is probably the pivotal factor required to realize this potential.

6.2.4

Botswana

The Water Utilities Corporation (WUC) holds the monopoly of urban water supply. The WUC uses step tariffs with
increasing unit water prices. The overall water price is based on the long run marginal costs. In this way, large
consumers subsidise small consumers, who do not spend more than 5% of their income on water, and the WUC
recovers its costs. Urban water prices differ from area to area. The highest prices are charged in Gaborone.
Selebi-Phikwe, which is located close to major dams, has much lower prices. Botswana has among the highest
water prices in Southern Africa and prices are perceived to increase rapidly.
The responsibility for rural water supply is shared by the Department of Water Affairs (DWA) and the District
Councils. DWA plans and installs the village water systems, but only runs the water supply of the large villages,
mostly district capitals. In the other villages, the District Councils run the water supply systems. Rural water prices
are primarily based on equity considerations. The price of water only reflects the operational costs, and is
restricted to individual connections. Water from standpipes is free for social reasons. Rural prices are determined
by the DWA and Central Government.
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7.

Transboundary Water Resource Management

Key references used in this section10.
The Orange River Basin is of great importance to all four riparian states. Three of the basin states: Botswana,
Namibia and South Africa, are the most economically powerful in the Southern Africa region and the future
economic development in both Namibia and South Africa is, to some extent, dependent on the utilisation of the
resources of the Orange River. Lesotho receives a significant amount of its foreign exchange through royalty
payments for water exported to South Africa under the LHWP. Lastly, Botswana’s interest in the basin is largely of
a strategic nature as leverage for concessions in other basins in which it has a more direct interest. It must be
noted however that Botswana could be supplied by means of water transfer from the Lesotho Highlands Water
Project at some time in the future, so it is strategically important that Botswana keep this option open.

7.1

Transboundary Policies, Agreements & Institutions

7.1.1

The SADC Treaty

The Lusaka Declaration gave rise to the establishment of the Southern African Development Conference
(SADCC). The members States of the SADCC committed themselves to pursue policies aimed at economic
liberation and the integrated development of the economies of the Region. Water is of course a major resource to
achieve these objectives. Further institutional developments took place and today the Southern African
Development Community (SADC), established by Treaty on the 17 August 1992 in Windhoek, Namibia, is a
regional grouping of fourteen sovereign member States. Botswana, Lesotho, and Namibia, were among the ten
founder member States. South Africa joined the SADC on 29 August 1994 through accession to the Treaty.
The goal of SADC is “the attainment of an integrated regional economy on the basis of balance, equity and mutual
benefit of all States.” Within this goal, the key objectives are identified as poverty alleviation, food security and
industrial development. The SADC Treaty therefore provides a clear foundation for transboundary collaboration
and cooperation around any and all issues of governance and development.

7.1.2

The Revised SADC Protocol on Shared Watercourses

The SADC Protocol on Shared Watercourse Systems (The Protocol) was developed over a long period of
discussions between SADC member States since 1991. The Protocol was adopted by the Heads of State on 28
August 1995 in Johannesburg, South Africa and became an instrument of international water law for the SADC in
September 1998 after it had been ratified in terms of the provisions of the SADC Treaty.
However, the Protocol was subsequently revised to bring it more in line with the Convention on the Nonnavigational Uses of International Watercourses adopted by the United Nations General Assembly in 1997. The
Revised Protocol on Shared Watercourses was signed by the Heads of State of the SADC member States on 7
August 2000 in Windhoek, Namibia, and entered into force on 22 September 2003. The overall objective of the
Revised Protocol is to foster closer cooperation for judicious, sustainable and coordinated management,
protection and utilization of shared watercourses and to advance the SADC agenda of regional integration and
poverty alleviation.
All four of the Orange River basin states voted in the General Assembly for the United Nations Convention on the
Non-navigational Uses of International Watercourses and the ratification process is at various stages within the
basin States (Namibia and South Africa ratified the Convention).

10

(CSIR, 2005); (Turton, 2005, 2004, 2003,); (Heyns, 2004); (de Jonge Shuermans, 2004); (Meissner, 2003); (Conley and
Van Niekerk, 2000); (Nakanyama, 1999); (Mohamed, unknown).
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7.1.3

Bilateral and Multilateral Institutional Arrangements

7.1.3.1 Lesotho Highlands Water Commission (LHWC)
The first (bilateral) agreement in the Orange River Basin was signed in 1978 when a Joint Technical Committee
(JTC) was established between South Africa and Lesotho to investigate the feasibility of the proposed LHWP. In
1986 the Lesotho Highlands Water Project Treaty was signed – establishing two autonomous statutory parastatal
bodies. The Lesotho Highlands Development Authority (LHDA) is responsible for the management of the dam
construction and related issues within Lesotho itself while the Trans-Caledon Tunnel Authority (TCTA) is
responsible for the management of the complex set of delivery tunnels into South Africa. In addition to these, a
Joint Permanent Technical Commission (JPTC) was established, consisting of delegates from both riparian
states, with the responsibility of coordinating the two parastatals, as well as to report back to their respective
governments. This regime was further strengthened in 1999 with the agreement of what became known as
Protocol VI of the Lesotho Highlands Water Project Treaty, which upgraded the JPTC into the Lesotho Highlands
Water Commission (LHWC).
7.1.3.2 Bilateral Cooperation between Namibia and South Africa (PWC) and the Ramsar Convention
In 1992, the Namibian and South African governments signed an agreement to establish a Permanent Water
Commission (PWC) at Noordoewer. The PWC actually replaced a Joint Technical Committee (JTC) that was
established in 1987 and functioned in the transitional period before Namibia became independent in 1990. The
main objective of the PWC is to act as a technical advisor to the Parties on matters relating to the development
and utilisation of water resources of common interest to the Parties. In the same year, both countries signed
another agreement establishing a Joint Irrigation Authority. The Joint Irrigation scheme, known as Vioolsdrift and
Noordoewer Joint Irrigation Scheme, is located along both banks of the Orange River along the joint border
between Namibia and South Africa, and irrigates 800-1000 ha.
Apart from the joint irrigation scheme, the PWC has largely driven the negotiations between South Africa and
Namibia around the exact location of the border between the two countries along the lower Orange River. During
the period (1919-1990) when Namibia was still a province of South Africa (South West Province), the border was
somewhere on the northern bank of the lower Orange River. After obtaining independence in 1990, Namibia
became concerned about the location of the border in relation to its rights of access to the Orange River. The
PWC has led negotiations.
The Lower Orange River Management Study (LORMS) is a joint initiative by the republics of Namibia and South
Africa aimed at developing joint strategies for the management of the river. The strategic objectives of the LORMS
were:







Regional economic development;
Poverty reduction;
Job creation;
Protection of the environment;
Water resource management aligned with government policies; and
Assuring water supply to downstream users.

The LORMS study concluded that the ongoing initiatives in the urban, industrial, mining, and agricultural sectors
should continue and be encouraged. The opportunities are greatest for more efficient water use in the agricultural
sector, and this sector also has the largest water use. The most important measures that have been identified
include:
 The establishment of a water efficiency unit;
 Proper scheduling of irrigation on farms;
 Metering and application of tariffs to promote conservation; and
 The upgrading of irrigation systems.
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As part of its obligations in terms of the Convention on Wetlands of International Importance especially as
Waterfowl Habitat (signed at Ramsar in Iran in 1971), to which South Africa became the fifth contracting party in
1975, the Orange River mouth has been placed on the Montreux Record of Wetlands Under Threat. The extent of
each country's zone will be determined by the finalisation of the position of the border between South Africa and
Namibia. An Orange River Mouth Interim Management Committee has been established on which government, as
well as private sector mining interests on both South Africa as well as the Namibian sides, are represented to
monitor and improve the wetland, which needs reinstatement of its degraded salt-marsh.
7.1.3.3 Bilateral Cooperation between South Africa and Botswana
In 1983 South Africa and Botswana established a Joint Permanent Technical Commission. Its regular
deliberations have covered groundwater, trans-boundary transfers, structures on the Limpopo River, the
hydrology of the Molopo River and its structures, the hydrology of the Nossob system, and technical assistance.
7.1.3.4 Multi-lateral Cooperation through the Orange-Senqu River Commission (ORASECOM)
In November 1995, South Africa hosted a conference of SADC Ministers responsible for water resources
management. The theme related to the future vision for water resources management in Southern Africa. Part of
the vision to facilitate future activities in joint cooperation on dealing with infrastructure development and the
management of water issues on the internationally shared rivers in the SADC Region, led to the identification of a
need to establish of a Water Sector in the SADC. The proposal to create the Water Sector was individually
supported by all the Orange-Senqu River basin States and today there is a dedicated Water Division at the SADC
Headquarters in Gaborone, Botswana.
All the above-mentioned positive developments in water sector issues prompted the Orange-Senqu Basin States
to meet to discuss the possibility to create a multilateral Basin Commission. A long process of discussions and
negotiations followed, mostly influenced by the evolving political transformation in South Africa since 1994 and the
progressive developments in the water sector in Southern Africa. On 3 November 2000 the Orange- Senqu River
Commission was eventually established between Botswana, Lesotho, Namibia and South Africa.
The ORASECOM agreement reached in 2000 is the first multilateral basin-wide agreement between all riparian
states and the ORASECOM that is established by the agreement is seen as a major step towards international
cooperation on matters relating to the utilisation and management of the Orange River Basin. Prior to the
establishment of ORASECOM, international cooperation between the riparian states on matters concerning the
basin was usually bilateral (e.g. PWC, LHWC). There was no bilateral regime creation with respect to the basin
that involved Botswana. This is because bilateral cooperation always involved South Africa and one other,
hydropolitically weaker riparian state. Although technically a riparian state, Botswana has contributed no stream
flow in living memory and was therefore not included in bilateral cooperation efforts, which effectively were
dependent on South Africa’s approval. This changed after the conclusion of the multilateral ORASECOM
agreement and Botswana is now represented along the other three riparian states. This opens the possibility for
Botswana to possibly obtain water from Lesotho - or at least to keep that alternative open to future exploration.
The Orange-Senqu River Commission (ORASECOM) is the fourth basin-wide regime to be established in
Southern Africa and the first under the SADC Protocol on Shared Watercourse Systems. The ORASECOM
Agreement recognises the Helsinki Rules, the United Nations Convention on the Non-Navigational Uses of
International Watercourses and the SADC Protocol on Shared Watercourse Systems. It also refers to the Revised
Protocol on Shared Watercourses with respect to definitions of the key concepts “equitable and reasonable” and
“significant harm”. A dispute resolution mechanism is formally vested in the SADC Tribunal, which is a first for
regime creation in the regional water sector. It is within this legal and institutional framework that ORASECOM
has to balance the interests of the different riparian states in a cooperative manner.
The Parties to the ORASECOM view the Commission as an important forum to discuss water matters of mutual
interest at a technical level. The Commission may also execute the necessary feasibility studies to enable the
Commission to recommend the most feasible technical solutions, based on the hard facts. The Commission has a
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duty to advise the respective Governments accordingly about the perceived best technical solution and to what
extent the Commission is in agreement about the way forward. If there is no agreement about a proposed project,
or if there would be a conflict of national interests, then the matter would revert back to the political level for further
negotiations or final approval as the case may be. In this way the proposed technical solution will be based on the
facts and not on any prior political perception or influence. Any subsequent decision can then clearly be seen as
the best solution in terms of technical viability while accommodating national interests in a balanced way through
acceptable compromise. The allocation of water from the Orange to the Parties is also subject to negotiations
between the riparian States according to the rules of mutually accepted instruments of international water law.
The Commission is therefore in a position to stimulate and coordinate development on the Orange by advising the
Parties about the availability of water, the results of feasibility studies and the most viable options for infrastructure
development.

7.2

Transboundary Water Interests & Conflicts

The development of national and shared water resources can never be without strategic considerations. Any
State has the responsibility to provide security of access to water sources. The basis for the allocation of water for
certain uses has three major components. One is the allocation of water as a social good for domestic use and
food production. Second is the allocation of water as an economic good for industry, mining, manufacturing,
irrigated agriculture, hydropower generation and recreation. Last, but not least, is the reservation of water for the
environment.
There is considerable potential for conflict among these consumer groups and it does not matter whether it is at
local, national or international level. These issues must be resolved to the satisfaction of all parties concerned, but
must also maximise the benefits for all in the best, joint interest. It is important that the interests of the different
parties are understood if a joint transboundary water resource management agency such as ORASECOM is to
function effectively.

7.2.1

The Interests of South Africa

Apart from the domestic, mining and industrial water requirements in the Vaal Catchment, an area of about
800,000 ha is at present under irrigation in South Africa. The South African interests in the lower Orange are
basically similar to the Namibian interests, namely water for socio-economic development, domestic use, stock
farming, mining, irrigation and tourism. Most of the water demand on the lower Orange is generated by irrigation,
but water is used for domestic purposes at towns near the river and pumped to the towns of Pofadder, Aggeneis
and Springbok, much further south of the river. Water is also supplied to a major rural water supply project in the
Kalahari to the north of the river, as well as various mining developments within reasonable reach of the river.
An encouraging aspect of the new South African National Water Act (Act 36 of 1998) are the provisions made that
South Africa will take into account its “international obligations” as far as the use, development, conservation,
management and control of the water resources of international watercourses are concerned. The same applies
to the protection and maintenance of water quality. The new water legislation is a clear demonstration that South
Africa is committed to its international obligations with regards to the access to water by downstream riparians.
This is further strengthened by the proposed optimisation of water use from the Orange River in South Africa. The
inefficient use of water for irrigation, in comparison to industrial or other use, will be addressed and the provision
of water for socio-economic, rural community development is also receiving attention and water for the irrigation of
4,000 ha has been earmarked for that. According to estimates by South Africa, it will need further augmentation of
its water resources by 2020, but the source of the water and the quantity that would be imported to or exported
from the basin has not yet been finalized.
One possibility, after all the internal water sources such as the Tugela or the remaining Phases of the LHWP have
been developed optimally, would be to utilize surplus water from the Zambezi River. In this regard, Namibia and
Botswana are Zambezi Basin States that might be able to support South Africa. South Africa is anxious to
improve the management of the water resources of the Orange. This can be achieved by the construction of a reOrange River Baseline Assessment Report
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regulating or storage dam and is at present under investigation. These activities / investigations are reported at
ORASECOM meetings to keep the other basin States informed about the work that is being done.

7.2.2

The Interests of Lesotho

Due to its topography, the Kingdom of Lesotho is in a position to dispose of its surplus water in a more beneficial
way than to just allow it to flow downstream across its border into South Africa in an unregulated fashion. The
LHWP is a good example of how Lesotho and South Africa are sharing in the benefits of using Orange River. The
water is supplied under gravity from Lesotho into the Vaal Dam near Johannesburg. Lesotho receives royalties for
the water conveyed to South Africa while South Africa is saving the costs of pumping the water from the Orange
after it flowed across the border from Lesotho into South Africa.
Lesotho is interested in utilising the financial benefits of the LHWP to supply more water and electricity to its
people and to raise the standard of living for all by improving infrastructure, education, health, housing and the
creation of jobs, but to name a few. The capital city of Lesotho, Maseru, is also in need of additional water
supplies and the development of the proposed Metolong Dam in Lesotho will make an important contribution to
reach this objective. Thus, Lesotho has a strong interest in continuous international cooperation regarding the
utilisation and management of the Orange River Basin, provided that the LHWP continues to yield returns that are
considered adequate (i.e. the need for water in Lesotho is not constrained by the scheme, and the financial
returns continue to be considered adequate).
A similar situation might arise between Botswana and Lesotho with water supply to Botswana’s capital Gaborone
from Lesotho (via South Africa) being a possibility. Whether and how this would impact the available supply for
South Africa and thus on the hydropolitical situation, essentially depends on the actual amounts conveyed and is
not possible to predict with certainty at this stage.

7.2.3

The Interests of Namibia

Namibia is heavily dependent on the availability of water along the lower Orange River Basin. The possibilities for
socio-economic development in the arid southern parts of the country are limited to extensive small stock farming,
mining, irrigation and tourism. The water requirements for domestic use, a number of diamond mines, two zinc
mines and the future development of the proposed Kudu gasfield power station at Oranjemund will require an
assured source of water. The main potential for development lies in irrigation and this will most probably create
the highest demand for water. There is about 2,200 ha under irrigation along the Orange in Namibia and the
present irrigation water demand is about 35 Mm³/a in comparison to the less than 10 Mm³/a for all the other uses
mentioned above.
One of the most significant and exciting developments along the lower basin in recent years is the production of
export table grapes for the European and American market. About 1,000 ha have been developed at Aussenkehr
and 50 Mm³/a have been allocated to new developers. The success of the industry has been firmly established
and will provide seasonal job opportunities for as many as 10 000 people. It is clear that the future development of
the labour intensive export grape industry is economically viable, but is heavily dependent on the availability of
water.
The Namibian Government made an assessment of the reasonably expected development possibilities in
Namibia along the lower Orange River and it is estimated that the long-term water requirements will be in the
order of 200 Mm³/a. However, there is no dam on the river along the common border between South Africa and
Namibia, running from 20° longitude to the Atlantic Ocean. Namibia is therefore at present dependent on South
Africa for river regulation and the release of water from the South African dams until such time as a storage dam
has been built to provide for the Namibian needs in particular. This dam should preferably be located on the
common border section of the river and the achievement of this objective will only be possible through joint
cooperation between Namibia and South Africa.
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Currently Namibia has a bilateral accord with South Africa to receive 50 Mm³/annum from the South African
regulation dams on the Orange. This accord was subsequently renegotiated to obtain access to an additional 60
Mm³/a until the end of the year 2007, by which time South Africa would need the water for itself. Both Namibia
and South Africa have at least time until 2007 to find other alternatives to meet the needs of Namibia. Namibia is
therefore extremely concerned about its lack of access to a major dam that can store the seasonal runoff in the
river to meet the estimated future Namibian water demand. Namibia and South Africa have struggled for a
number of years to come to an agreement about the location of the boundary between the two countries along the
Orange River. This is effectively a dispute over access to water resources in the basin. South Africa is also
interested in improving the efficiency and management of the existing river regulating infrastructure. The
advantage of a re-regulating or storage dam on the lower Orange is that it will facilitate the overall management of
water resources. It is also envisaged that the environmental integrity of the lower Orange could be improved.
In view of these issues, the bilateral Permanent Water Commission (PWC) commenced in October 2001 with a
study into measures to improve the management of the lower Orange River and to provide for future development
along the border between South Africa and Namibia. This will include the possible development of a re-regulating
or storage dam. The exact site of the dam will be determined during this study and a more detailed feasibility
study will then follow.

7.2.4

The Interests of Botswana

Although there is a limited contribution to the surface runoff in the Orange from Botswana territory, Botswana was
included as Party to the Commission because Botswana is a strategically important and economically significant
SADC State in the basin.
Botswana is faced with extremely arid conditions in the southern parts of its territory because it forms part of the
Kalahari Desert. Access to water is critical and the only surface water resources of significance are the Nossob
River coming from Namibia and the Molopo River originating in Botswana and South Africa. Both of these rivers
are ephemeral and although the floods in the upper reaches drain southwards towards the Orange, the rivers are
endoreic downstream of their confluence and dissipate in the desert before reaching the Orange River. The
proposed joint study by the ORASECOM on the Molopo-Nossob River System in the basin, will determine the
potential of this river system and enhance joint cooperation between Botswana, Namibia and South Africa. At the
same time Lesotho will be able to share in the exchange of information and the building of capacity as far as
resource potential investigations are concerned.
Botswana is contemplating to draw water from the Zambezi River in the distant future to augment the existing
North-South Carrier supplying the capital city, Gaborone. The city is located in the Limpopo Basin and can already
receive water from the Molatedi Dam in the Limpopo Basin in South Africa. However, when a future link to the
Zambezi is built through Botswana, there may be merit in increasing the capacity of such a water carrier from the
river to transfer water to the highly industrialised Highveld of South Africa as well. Both Botswana and Namibia
are riparian States of the Zambezi and the future transfer of water to South Africa may require the blessing of
Namibia and Botswana who both have interests on the Orange and Botswana on the Limpopo.
Botswana would therefore remain and important role player as far as the future augmentation of the water
resources in Southern Africa from the Okavango River to the central parts of Namibia, or from the Zambezi River
to Botswana itself or to South Africa is concerned. The importance of good neighbourliness between Botswana,
Namibia and South Africa is clear. Furthermore, it is technically possible to transfer water from the Lesotho
Highlands to Gaborone instead of augmenting the North South Carrier from the Zambezi. In order to optimise
these alternative solutions to meet future water demands, it will require joint planning on a regional scale between
the Orange River Basin states, the Limpopo Basin states and the Zambezi River Basin states in particular.
The importance of ORASECOM and the participation of Botswana as a “limited water contributing” basin state in
the Commission should therefore not be under-estimated as far as hydropolitical considerations with regard to
regional and local water security in Botswana, Namibia and South Africa is concerned.
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8.

Tools Used for Water Resource Management

References used in this section11.
Owing to the fact that the Orange River Basin is an international river basin with 4 water stakeholders at state
level, it is critical that all decisions made around water resource allocation, use and management are made on the
basis of sound data and other tools. Disputes and conflict around the accuracy of data can (and has) caused
significant obstacles to development, positive engagement and cooperation in the basin.

8.1

Modelling

Modelling is often used the basis of assessment of change or risk, or even the status quo where limited data is
available. In the basin, there has been a wide range of modelling techniques employed to provide information and
scenarios to guide water resource management. Climate modelling, surface and ground water flow modelling,
flood and drought modelling to name but a few. The following section details some of the techniques / projects
documented that have used modelling specifically for water resource management in the basin.

8.1.1

Flood Modelling

The impacts of flooding on the lower Orange River have been modelled using GIS techniques. Direct flood
damage refers to damage to items which have been in direct contact with flood-waters. The method of
determining direct damage will differ, depending on the items which have been damaged. In the current research
area, damage on irrigation land has been classified as either harvest, crop or soil damage. Damage to buildings is
also calculated. Loss functions have been developed for different land uses which are susceptible to damage.
Enterprise budgets for different crops have been compiled. The gross income and allocated pre-harvest and
harvesting cost, obtained from the enterprise budgets, are important economic data required for loss functions.
Besides an economic database, topographic, hydrological and hydraulic databases have been developed. The
topographic database consists of one meter contours, spot heights, land-use patterns, location and height of
levees and buildings, each of which is stored in a separate coverage. The hydraulic database comprises
information such as cross-sections through the river and flood stages for different probabilities of occurrence and
frequencies, which are also stored in separate coverages.
After verifying the model, i.e. checking the model for programming errors and determining that the model had
indeed estimated flood damage correctly, several iterations were done with the flood damage simulation model.
Amongst others, the following iterations were carried out:



The determination of total and mean annual direct flood damage for the research area for floods occurring
at different times of the year, for two situations, namely with and without levees.
The determination of the composition of mean annual direct flood damage for the research area for floods
occurring at different times of the year.

In addition, the input-output technique is used for estimating the secondary effects of floods, information which is
important to public authorities. The input-output model is a mathematical representation of an economic system
that provides a review of the transactions (sales and purchases) between the different sectors or industries within
an economic system.

8.1.2

Water Resource Yield Modelling (WRYM)

In 1983 a major water resources evaluation of the Vaal River System was undertaken by the DWAF. In view of
the numerous demand centres and complexity of the inter-basin transfers, DWAF identified the need for a
systematic and pragmatic approach to the management of the water resources which was not available within
11

(Bohensky et al, 2004); (Nel et al, 2004); (WRC, 2003, 2002); (Armitage et al, unknown); (International Atomic Energy
Agency, unknown); (McKenzie and Van Rooyen, unknown) (du Plessis and Viljoen, unknown).
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South Africa. After considering many water resource models from various parts of the world it was concluded that
the most appropriate route to follow was the adoption of the Canadian Acres Reservoir Simulation Program
(ARSP) which was the property of ACRES International, a Canadian company. The ARSP was considered to be
the best model of its type available and a suitable starting point for the development of a new South African
model. The solver used in the ARSP Model was a hybrid version of the “Out-of-Kilter” solver and remains
proprietary software owned by ACRES.
The original ARSP model was not completely suitable for use in South Africa due to the complexity of the water
resource networks in the country and the extreme climatic conditions which necessitated the use of stochastically
generated streamflow sequences to derive realistic system yields and their associated reliabilities. It was selected
by the DWAF, however, due to the fact that it had a very flexible structure which lent itself to further upgrading and
modification. The most important aspect of the model was the ability to define a water resource network and the
associated operating rules through a set of basic data files. A simplified version of the WRYM is now available as
a Windows package (SAWRAM) in which the user is unaware of any Fortran based code since all interaction
between the user and the model takes place through a Delphi interface.

8.1.3

Water Resource Planning Model (WRPM)

Having developed the WRYM, it became clear that there was a need for a model that can be used to assist with
decisions concerning future development options. The WRYM had limited capabilities with regards to future
development options and was used to analyse a static system configuration with static system demands and
operating rules. To overcome these limitations, a more sophisticated version of the WRYM was developed which
could handle changing system configuration with time, changing water demands, changing operating rules as well
as modelling certain water quality variables (TDS, Sulphate etc). This new model is currently used together with
the yield model on which it is based since both models have their place in the overall water resource management
of the country’s water resources.
The water resources planning model (WRPM) is used extensively to analyse and schedule new augmentation
schemes as well as to carry out short-term operating analyses which are undertaken annually for most major
systems in the country. Through the use of the short-term operating analyses, the water resource managers can
detect potential water supply problems at an early stage and appropriate action can be taken to ensure that the
water consumers do not experience severe restrictions. In effect, the water resource managers use the models to
detect the presence of a drought event and take action in the form of limited water restrictions early on in the
drought cycle as opposed to running the system at or near full capacity until the situation becomes so grave that
major water restrictions are implemented which in turn damage the economy. Since the models were first
introduced in 1985, there have been very few cases where serious water restrictions have been implemented in
South Africa which bears testament to the success and value of the models and associated analysis techniques.

8.1.4

Isotope Data for Groundwater Management

Isotope data provide a unique tool for water managers to determine the availability and vulnerability of
groundwater systems over the long-term, so that reliable supplies can be developed not just for next year, but for
the next generation, which will be called on to pay for today’s investments.
In March 1998, Government representatives and scientists from seven African countries met with International
Atomic Energy Agency staff in Johannesburg, South Africa to explore how isotope hydrology could help them
improve their groundwater resources managing practise. Over the next three years, a wide range of techniques
were used to define the potential of regionally important aquifers, assess the vulnerability of their groundwater
resources to pollution, and address other issues facing their national water authorities. Isotope data complement
standard chemical and physical data on groundwater systems, tracing the origin and movement of water and
solutes. Isotopes help build a deeper understanding of how groundwater has behaved in the past and help predict
what may happen in years to come; a clear benefit to water resource managers and planners.
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8.1.5

Irrigation Water Modelling

Water management, mainly in respect of irrigation practice, is one of the most critical determinants of
economically efficient crop production, particularly in a seasonally dry country like South Africa. It is for this reason
that the development of an integrated computerised information system for the management of irrigation water –
at field, farm and irrigation scheme level – has been undertaken under the leadership of South Africa’s Water
Research Commission (WRC). The three computer models which were integrated into a workable irrigationorientated Geographic Information System (GIS) are the SWB, RiskMan and WAS models. The purpose and
functions of each model are briefly as follows:
Soil Water Balance is a real-time irrigation scheduling computer model and was developed as an irrigation
scheduling tool to help crop producers to save water, energy and fertiliser. It simulates the crop growth and soil
water balance on field scale for the purpose of providing recommendations on irrigation timing and amounts. For
research purposes at this stage, it can also calculate the salt balance. When used as an irrigation scheduling tool,
weather and irrigation data need to be entered into the model on a daily basis. SWB can also be used for scenario
modelling and as a planning tool. SWB can be run in three modes:




Irrigation mode – the basic mode – for real-time use by farmers whose field and soil input data have
previously been set up by irrigation consultants;
Consultant mode, for use by consultants and by farmers able to run SWB independently;
Research mode – the most complex mode – which is not recommended for consultants and farmers.

The extent of SWB’s applications is illustrated by the fact that, among other capabilities, it takes into account no
fewer than 11 layers in its soil profiling function, and that when applied to hedgerow-type crops it calculates
canopy radiation interception, potential evaporation and transpiration and the limitation on supply of water to the
soil surface or plant root system. Mechanistic models such as SWB have to date been largely out of reach of
irrigators in the past due to the specialist knowledge required to run them. The high management cost has been
drastically reduced by packaging SWB in an extremely user-friendly format which eliminates the need for detailed
understanding of the intricacies of the soil-plant-atmosphere continuum. The main benefit of the SWB model lies
in the accuracy that it makes possible in estimating crop water requirements.
The function of the RiskMan computer model is to enable or to assist farmers on irrigation schemes in their farm
planning at enterprise or whole-farm level – assessing the various factors present in order make decisions with
the best economic effect. It weighs up alternative actions in order to reduce exposure to unfavourable financial
outcomes, and it provides reliable and relevant information on which decisions can be based. It supports, but
does not replace, the decision maker in risk management. Amongst the factors that it takes into account are
production, price, irrigation quantities, interest rate variability and hail damage – and even the user’s attitude
toward risk, namely risk-seeking, risk-neutral or risk-averse.

8.2

Vulnerability Assessment

A number of studies involving vulnerability assessment have been undertaken in the Orange River Basin states.
Many of these have been focused around climate change with associated vulnerabilities in the water sector.
Similar to the vulnerability assessments have been a number of risk assessments undertaken for the water sector
in Southern Africa. GIS tools, social surveys, mapping and modelling, as well as statistical analysis of baseline
data have most commonly been used to assess vulnerability and risk.

8.3

Other Tools

The following tools were identified as playing an existing or future role in water resources management in South
Africa:

8.3.1

Water Trading

A market for unused “outer land” water rights has emerged along the lower Orange River. A discriminant analysis
showed that water rights were transferred to farmers with the highest return per unit of water applied - producing
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table grapes - and with high-potential arable “outer land” without water rights. The institutional arrangements
facilitating market development were well defined, reliable, enforceable water rights, that were transferable
between irrigable properties, a large number of willing sellers, and an administrative function performed by DWAF
defining a transparent transfer process, supervising and recording transactions. Farmers generally use all their
water rights in their farm operations, and may be unwilling to sell water rights for land they have developed as this
involves sacrificing capital investment in this land. Farmers pay only for the portion of water they extract in terms
of their water rights, but lose income from potential water rentals or sales to industry.
“Outer land” is land adjacent to but inland from the canal, coupled to a river water right. Water transactions were
driven by the desire of large-scale table grape producers, with large holdings of arable “outer land” without water
rights, to expand their operations. The sale price (1996 value) for “outer land” water rights ranged from R800 to
R5 000/15 000 m3·ha, with an average price of R3 378.89/15 000 m3·ha. The overwhelming majority of water
rights sold for R3 000/15 000 m3 or R3 500/15 000 m3. The variation in price may be the result of market
information imperfection for the R5 000 transfer, while the R800 transfer may have been the result of a family
transfer. An examination of land prices has revealed that undeveloped arable land coupled to a water right within
the study area generally sells for R6 000 to R10 000/ha, while dry land suitable for irrigation and for which a
farmer could obtain a water right generally sells for R1 000 to R2 000/ha. This information confirms that the
trading value of “outer land” water rights is approximately R4 000/ha (R6 000 - R2 000). If the mid-value of
undeveloped arable land with a water right is considered to be R8 000, and the mid-value of irrigable dryland is
considered to be R1 500, then it can be seen that the sum of the value of irrigable dryland and the value of a
water right (R1 500 + R3 400 = R4 900) is considerably lower than the value of the undeveloped arable land with
a water right. From this, it can be deduced that higher security and value is attached to land with a water right.

8.3.2

Water Pricing

South Africa has developed a water pricing strategy to ensure at least partial recovery of costs associated with
water resource management and infrastructure development. It also encourages water conservation by levying
charges for different types of water use.

8.3.3

River Integrity Assessment

Rivers that are largely natural are the first choice for meeting biodiversity targets. If the targets cannot be met in
rivers with a high ecological integrity, then rivers with a moderate integrity (i.e. those with relatively inexpensive
rehabilitation costs) would be the next best option. This requires a spatial depiction of the integrity of riverine
ecosystems.
The national Water Situation Assessment Model is used to determine ecological status categories (PESC) to
depict river integrity in South Africa. This is the best estimate of river integrity available for the entire country.
Attributes are evaluated for mainstem rivers in quaternary catchments to obtain an estimate of instream and
riparian habitat integrity.
The PESC categories are such that A is considered natural and F critically modified.

Table XX: PESC Categories of River Integrity (Nel et al 2004)
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Table XX: Attributes that can be used to Assess River Integrity (Nel et al 2004)

8.3.4

Resource Directed Measures (RDM)

The South African National Water Act of 1998 places an emphasis on the protection of water resources for their
sustainable utilisation. This is reflected in the subsequent development of Resource Directed Measures (RDM),
which consists of three important aspects, namely: classification; the reserve; and resource quality objectives.
As a core concept of the RDM, the Reserve covers both Basic Human Needs (BHN) and Ecological Reserve
(ER). Determination of the Reserve for aquatic ecosystems entails investigation of the relationship of major
interactive components of the hydrologic cycle, namely groundwater and surface water bodies including rivers,
lakes and estuaries. Depending upon the current stress on the resource in question, the Reserve determination
required may be a rapid or intermediate estimate, or a comprehensive evaluation.

Orange River Baseline Assessment Report

68

November 2005

NeWater_Orange River Basin_BAR_Draft-November2005. Incomplete, please do not quote
SECTION D: VULNERABILITY TO CHANGE
9.

Changes, Impacts & Vulnerabilities

References used to compile this section12.

9.1

Background

In many parts of the world rural populations are heavily dependent on their local natural resources. Traditionally
people have the need and the knowledge to conserve natural capital and ecosystem services, but poverty and
population growth can lead to increased pressures on resources and often leads to environmental degradation.
This can be exacerbated by global, regional and local 'change'. This change occurs in social, economic,
institutional, bio-physical and climatic conditions, and also in through conflict or extreme events (e.g. natural
disasters). Often these changes are interconnected.
There have, in recent years, been considerable research efforts related to understanding global environmental
change and the consequences for natural and human systems. A wealth of literature has been produced, much of
which has been considered and summarised in recent major assessments by the Millennium Ecosystem
Assessment (2005), the United Nations Environment Programme (UNEP, 2002), the World Bank (2002), and the
Intergovernmental Panel on Climate Change (IPCC, 2001). Significant changes are taking place in space and
time in the areas of population, economic development and globalisation, environmental institutions, and, of
particular focus, climate. The reports’ key areas for concern are the perceived negative impacts on natural and
human systems of the effects of climate change, especially on developing countries, in particular water resources,
agriculture and food security, natural resource management and biodiversity, and human health and livelihoods.
Central is the fact that vulnerability will vary with geographic location and social, economic and environmental
conditions.
Over the last 25 years, the population of Africa has doubled and the number of people living in poverty has
increased. Climate exerts a profound influence on the lives of poor populations across Africa who depend on
agriculture for livelihood and sustenance, who are unprotected against climate-related diseases, who lack secure
access to water and food, and who are vulnerable to hydro-meteorological hazards. Africa is considered the most
vulnerable part of the world to climate change as a result of the low adaptive capacity of the population due to
these human and environmental conditions.
Evidence suggests that the people, environment and economies of Southern Africa and the Orange Basin are
extremely sensitive to the effects of climate variability and, due to a number of factors such as institutional and
financial constraints, are considered highly vulnerable to these effects. This situation results in reducing
productivity, influencing sustainable development options, and affecting social stability. If, as some models
suggest, the climate becomes drier over most of the region it can be expected that poor and marginalized rural
and urban people will be the most seriously affected.

9.1.1

What is ‘vulnerability’?

There are many meanings of the term ‘vulnerability’. Existing definitions and concepts of vulnerability are diverse
in the literature and dependent on thematic focus, and associated scientific discipline and perspective. The same
applies to the measurement of vulnerability. In general, approaches to defining and assessing vulnerability focus
either on an associated risk or on the state of existing social, economic and environmental conditions.
12
(CSIR, 2005); (DWAF, 2005); (Earle et al., 2005); (IRI, 2005); (Kranz et al., 2005); (University of Pretoria, 2005); (WHO,
2005); (World Water Council, 2005); (Biggs et al., 2004); (Allan et al., 2003); (Downing and Patwardhan, 2003); (EDRC, 2003);
(Huq et al, 2003); (Nathan Associates, 2003); (Hirji et al., 2002); (Klasen, 2002); (UNEP, 2002a); (UNEP, 2002b); (IPCC,
2001); (Namibia Ministry of Environment & Tourism, 2001); (Meigh et al 1999); (NES 1999); (Falkenmark, 1989); (Joubert &
Hewitson, 1997); (Pollard and Simanowitz, 1997); (Sen, 1999); (Sen, 1985).
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Traditional approaches to vulnerability come from studies related to risks from natural hazards and disease,
where a common definition is:
•

‘The degree to which an exposure unit is susceptible to harm due to exposure to a perturbation or stress, and
the ability (or lack thereof) of the exposure unit to cope, recover, or fundamentally adapt (become a new
system or become extinct)’.

The IPCC (2001) frame the concept of vulnerability in the context of climate change:
•

‘The degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change,
including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of
climate variation to which a system is exposed, its sensitivity, and its adaptive capacity.’

The focus emerging from the research approaches to the links between poverty, development and global
environmental change is on underlying causes. A definition from UNEP (2002a):
•

‘Vulnerability represents the interface between exposure to the physical threats to human well-being and the
capacity of people and communities to cope with those threats. Threats may arise from a combination of
social and physical processes. Human vulnerability thus integrates many environmental concerns.’

In general, the term vulnerability is easily understood in the English language, but when used in scientific research
must be defined and explained in context. For the purposes of this study, the approach as described by the UNEP
definition above is appropriate. It is worth noting, however, that how this word, and its subsequent definition,
translates into languages used by decision-makers and other stakeholders at a particular location needs careful
attention.
Further extensive discussion on the different (sometimes ‘competing’) definitions and approaches to vulnerability,
and the related ideas of ‘resilience’ and ‘adaptation’, are discussed extensively in many texts including Adger et
al., 2004; O’Brien et al., 2004; Downing and Patwardhan, 2003; and Alwang et al., 2001.

9.2

Global & Regional Climate Change

Changes in Earth’s climate have been observed in a general warming of the planet over the last century relative
to historical records and accelerating in recent decades. It is widely acknowledged that increases in greenhouse
gases, due to human activity, are mainly responsible for this change. Whilst most of the strongest evidence has
been observed in areas with little human interference, there are strong trends indicative of changing climate within
southern Africa. A rate of warming of about 0.05ºC has been observed within the past century, similar to the
general global temperature increase. The six warmest years in southern Africa in the last century all occurred
after 1980, and the decade 1986 -1995 was both the warmest and the driest. Whilst rainfall in the region is
variable and drought has always been a problem, there were several years of drought within the 1990s.
Global warming is expected to continue throughout the 21st Century. Further climate change effects, including
changes in rainfall, evaporation and sea level rises are inevitable. In turn, there will be widespread changes to the
environment, which could affect water resources availability and reliability, natural vegetation cover, and
agricultural potential. Eventually entire ecosystems and human social systems will be affected.

9.2.1

Temperature

Global temperature is one of the most consistent indicators of climate change over the past century. Temperature
increases, due to increased emissions, are explicitly included within the boundary conditions of most global
climate models (GCMs, also known as general circulation models). Many of GCMs provide broadly consistent
scenarios with regards to global temperature rise. Strong evidence of recent global temperature rises, coupled
with these consistent model results, suggests that an increase in global temperatures in the future is very likely.
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On a regional scale the picture is different and there are many places where temperatures are not predicted to
rise. Africa has warmed by about 0.5 ºC over the last century. Broadly speaking, it is predicted to see a rise in
temperature of between 0.2 ºC per decade under a low emissions scenario, to 0.5 ºC per decade under a high
emissions scenario, with some of the greatest rates of warming, but the least certain, expected over central
southern Africa.

9.2.2

Rainfall

Rainfall is more difficult to predict accurately using climate models than temperature. Globally there are no
consistent patterns of change in rainfall. Across much of Africa, in general, precipitation is predicted to increase by
2050. Within southern Africa, rainfall has varied considerably during the past century, between both years and
decades. Inter-annual variability of rainfall is a signature of the climate of southern Africa, but there has been a
definite signal above this variability indicating a decrease in rainfall.
Hulme (2001) compares rainfall scenarios from a number of GCMs and, found that relatively few regions in Africa
experience a change in summer or winter rainfall that the study considers significant. However, the models do
show a significant decrease in wet season rainfall across the Orange River Basin. The general trend suggests
that rainfall would decrease between a few percent and 11 percent by 2050 dependent on scenario of emissions
by 2050. The inter-model range is, however, quite high, suggesting low confidence in these results.
These scenarios say little about the inter-annual variability but they help to start to create a picture of a potentially
slightly dryer, as well as warmer, future climate within the Orange basin.

9.2.3

Vegetation Cover

Climate change scenario impacts on vegetation cover are derived either through direct application of climate
changes to plant species growth conditions and responses, or through more complex modelling. Atmospheric
carbon dioxide concentrations are certain to increase in the future, producing a beneficial effect on plants through
increased rates of photosynthesis and water use efficiency. These effects are greatest for crops such as wheat,
rice and soya beans, less for maize sorghum and millet, and less again for grasses and many weed species. In
addition, warmer climates, a highly likely scenario under climate change, will alter the distribution of agricultural
areas, benefiting crop production in some areas and affecting it adversely in others. Hulme (1996) summarises
that ‘highlands, such as Lesotho and the southern, mid-latitude areas of South Africa, may become more suitable
for annual cropping due to increased temperatures and reduced frost hazards. Conversely in some lowland areas,
high temperature events may affect some crops’. The overall effect of higher temperatures is a reduction in the
length of growing season required. Finally, water availability is important to crop growth, and may well be the
dominant cause of changes in agriculture due to climate change in southern Africa, since temperature is not a
major issue outside of the extreme highlands and lowlands. Climate change scenarios currently predict increased
evaporation over much of the Orange basin, particularly the middle and lower basin, of up to 10 % which, coupled
with reduced rainfall, could seriously affect the potential for crop production.
Vegetation cover modelling studies by Hulme et al (1996) consider the affects of on different biomes (broad types
of vegetative ecosystem such as grasslands, deserts, forests, etc.) of changes in temperature, water availability
and CO2 concentrations over time. The most seriously affected biome under drier conditions was grasslands,
which shifted to tree and scrub savannah under ‘dry’ scenarios and to forest under the ‘wet’ scenario. The effect
on the grassland biome was much less when increased atmospheric CO2 was taken into account While the study
concluded that ‘unambiguous conclusions about the effects of climate change on Southern African vegetation
cannot be made’, the scenarios must be considered significant to the Orange basin, where the majority of the
western catchment, including much of the headwaters, is classed as grassland.
The Succulent Karoo and Nama Karoo biomes of South Africa and Namibia are highly vulnerable to
desertification and are expected to suffer from increased rainfall variability and changes expected as a result of
climate change. The Succulent Karoo, which lies within a winter rainfall area, presently has more predictable
rainfall than the other areas. The biodiversity of this area is expected to be severely affected under worst case
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climate change modeling predictions. However, the exact impacts of climate change on biodiversity and
ecological services in the basin remains poorly understood, and a determination of climate related effects is seen
as a priority for this project.

9.2.4

Hydrology

The hydrological system is likely to see some of the most significant impacts of global climate change. Southern
Africa, including much of the Orange basin, is prone to drought and flooding and its water resources are highly
sensitive to changes in rainfall and other climate variables. The majority of crops within the basin are rainfed, but
soil moisture is as important a factor as the rainfall itself in considering if changes to the hydrological cycle will
affect agriculture. Irrigation is widespread, particularly within commercial farming, and the water available for
abstraction is highly dependent upon river flows and groundwater recharge. In addition to changes in the average
annual conditions, water resources and agricultural production are extremely sensitive to changes in the seasonal
pattern of rainfall, temperature and evaporation. Crop harvests have been substantially affected by the variation in
rainfall between dry and wet years over the recent past. Hydropower production could be affected by substantial
decreases in runoff and huge infrastructure expenditure could be required to combat increased flooding.
There continues to exist a need for accurate information about the potential changes to the hydrological cycle,
and the likelihood of those changes. Climate change scenarios will inevitably evolve in time, becoming more
accurate with increasing data, more complex models and more understanding of global and regional climate
processes. Currently it is very difficult to predict the effects of climate change on water resources. One method is
simply to extrapolate the coarse-scale estimates and apply these at the local level; however, the complexity of the
hydrological cycle means such results do not reflect known conditions and processes within basins. Other
methods use the GCM outputs to drive more regional models.

9.3

Impacts & Vulnerability

9.3.1

Water Resources

Lack of availability and access to water is often a major constraint of both economic development of a country or
region and for the development of sustainable livelihoods among poor people, both of which are needed to reduce
vulnerability. Across Africa water resources are increasingly under pressure. The IPCC estimate that by 2050 the
number of African countries facing ‘water stress’13 will rise to 18, affecting 600 million people with serious impacts
on economic development and food security. This growing water scarcity is combined with increasing population,
degradation of shared freshwater ecosystems; competing demands for use and the perceived ‘inadequate or
inappropriate governance and institutional arrangements in managing national and transnational water basins’.
The Orange River Basin is among the most water scarce regions in Africa and the arid countries of the basin
(South Africa, Namibia and Botswana) are facing increasing water resources problems and water scarcity. The
main drivers of change, which are covered in different sections in this Section, are considered to be:
•

increasing water demand led by population growth and the need for economic development;

•

the effects of climate change and increased degradation on the availability of water resources; and

•

the transboundary nature of water resources and approaches to integrated water resources management at
different levels of government.

It is estimated that water demand will outstrip supply in 2020 by 93 percent in the region, and that by 2025 South
Africa will face ‘water scarcity’ (availability of 1,000 cubic meters of freshwater/person/year, or less), Lesotho will
13

The Falkenmark water stress index considers that a per capita annual water availability of between 1000 and 1600 m3
indicates water stress, 500–1000 m3 indicates chronic water scarcity, while a per capita water availability below 500 m3
indicates a country or region beyond the ‘water barrier’ of manageable capability (Falkenmark, 1989).
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be ‘water stressed’ (availability of 1,000-1,700 cubic meters of freshwater/person/year or less), while Botswana is
likely to experience water quality and availability problems in the dry season. Although Namibia, the most arid
country in the basin, is considered to have adequate supplies, due to its small population, significant variations
exist in supply to populations. These estimates are based on regional population growth, a strong increase in the
economic requirements for water and the assumption of more equitable distribution of wealth in South Africa in
the future. These estimates, however, do not take account of the declining water availability as a result of climate
change and variability over the coming years as described previously. Such changes as decreasing rainfall, runoff
and recharge exacerbate the situation in large parts of the basin. Increasing urbanisation and the negative
impacts of HIV/AIDS are also key considerations when making future projections on water requirements.
Freshwater ecosystems are becoming degraded through a number of economic activities including: excessive
water extraction; the impacts of agricultural, industrial and municipal pollution; and the effects of soil erosion in
catchments. The result is increased flood risk, reduced water storage capacity, the loss of aquatic biodiversity and
recreational amenity, and a decline in freshwater, and coastal, fish stocks, which in turn affects food security. It is
expected that the future growth in water requirements will be met with infrastructural developments in the Lesotho
lowlands and the extension of irrigation in Namibia and South Africa. In South Africa, for example, the
development of 12,000 ha of irrigation has been approved for poverty relief and the settlement of emerging
farmers.
There continues to be a need for reliable data on water resources water demand by sector and region and with
the unequal distribution of water resources and varied water demand growth there is a clear need for the
development and application of integrated water resources management

9.3.2

Agriculture & Afforestation

Agriculture is the most important sector for most of Southern Africa and across the basin many people base their
livelihoods on subsistence agriculture. Very often, farming takes place on marginal land with poor soils and an
unfavourable climate. Communities who depend on rain-fed farming for sustenance and livelihood in high-risk
environments are among those most affected by climate variability. The trends in this situation are of reduced
fallow periods, smaller farm size, declining soil fertility, lower yields, increasing indebtedness and isolation from
markets. Livelihood choices of farmers are further reduced by rainfall variability, crop pests and diseases, malaria,
AIDS and the migration to other areas of younger generations. It is expected that climate change will continue
negatively affect the production of important crops such as rice, wheat, maize, beans, and potatoes. Other crops,
such as millet, are resistant to high temperatures and low levels of water, and so are less affected. A reduction in
rainfall will also affect the success of range-fed livestock, important to many communities.
Climatic variability studies have shown that inter-annual variability of rainfall in southern Africa has had the largest
effect on the size of national harvests of rainfed crops such as maize. In the future, increased rainfall within
growing seasons could cause increased soil erosion. Less predictable rainfall would increase the difficulty of
planning crop planting and harvests, inevitably creating the largest burden for poor small-scale farmers. However
current climate models cannot accurately predict these changes and adaptive strategies must be aware of the
potential for significant effects of changes in climatic variability, which could far exceed those of long-term
changes.
Further, factors such as agricultural subsidies and import barriers that benefit and protect farmers in the
developed world influence trends in agricultural water use in the basin. In recent years there has been, especially
in South Africa, a switch towards increased production of higher value crops for export, such as table grapes,
olives and nuts, and imports of cereal crops. This change is affecting both water use and increasing the
importance of employment in the sector. However, if climate change adversely affects food production countries in
the region could become increasingly dependent on external aid leading to increased food insecurity.
Commercial timber production is a major activity in South Africa, with a total area of 1,351,402 hectares recorded
in 2002. Commercial plantations of fast-growing softwoods include the alien Eucalyptus grandis. The majority of
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these are privately owned, often having their own dams and water supplies. Recently, however, DWAF has
implemented a policy of assessing impacts of such activities on water resources and, in some areas, commercial
forestry is treated as a ‘stream flow reduction activity’. The real values of roundwood timber for pulp, mining
timber and saw logs have been fluctuating over the last 20 years, but such fluctuations have been mainly around
the mean. However, in the last few years the gap between the value of sawn timber and pulp has increased.
Vulnerability associated with this sector revolves around rainfall regimes, droughts, new national policies and land
tenure.

9.3.3

Ecological Systems

The different economic uses of water resources in the basin combine with land use patterns, and climate change,
to strongly influence the environmental state of the basin. According to a recent Orange River Basin report (Earle
et al., 2005), the main issues in this context are the impacts of industrial and municipal effluent and agricultural
pollution in the catchments of the Vaal and Orange Rivers, severe soil erosion and wetland losses in Lesotho, and
the environmental threats to the Orange River Estuary Ramsar site at the mouth.
9.3.3.1 Soil Erosion & Desertification
In the upper reaches of the basin in Lesotho, approximately 2% of topsoil is lost in the country each year, affecting
habitats as well as agricultural productivity. A natural vulnerability, in this mostly treeless landscape, is
exacerbated by unsuitable agricultural practices and overgrazing, particularly during the summer rains. Pressures
on agricultural land here come not only from population growth but also from the decline in labour opportunities in
South Africa’s gold mines together with movements of people from lands flooded by the Lesotho Highlands Water
Project and the Katse Dam. Agriculture and livestock farming is expanding into marginal higher areas where soil
erosion is increased. Efforts to reduce erosion through tree planting and the reduction of grazing stock have
largely failed as there is no alternative to firewood for fuel for most people and large herds of cattle are of
economic and cultural importance for the Basotho people. Further, deforestation remains a significant issue in
Lesotho where lack of alternative resources in rural areas results in the continued exploitation of trees for fuel
production and household construction.
In Namibia, government reports note the symptoms of desertification in the country in: soil erosion levels;
increased soil-salt content and decreased soil fertility; and declining groundwater levels. According to the State of
the Environment reports, desertification here is a direct result of: the growth in population and livestock numbers
in certain areas; the inappropriate use of irrigation, crop cultivation techniques and fencing in dry areas; and the
inadequate provision of artificial water points. The underlying causes are described as population growth in
general, ‘lack of consideration for low and variable rainfall, national and international policies and economics, and
socio-economic factors, especially poverty’.
9.3.3.2 Ecosystems & Biodiversity
The wetlands in the Lesotho highlands provide important ecological services in the areas of water quality and
quantity, and contain much of the country’s biodiversity. Over the last few decades the Lesotho wetlands have
suffered degradation, mostly through soil erosion, infrastructure development and urban encroachment.
The pressures and impacts on land and water resources, ecosystem services and biodiversity are further
exacerbated by current and predicted changes in climatic conditions and increasing aridity. It has been estimated
that across the region and within the next 50 to 100 years that, biomal shift and biological diversity loss could
occur and with a change between 17 and 38 %. Coastal ecosystems at risk include the Walvis Bay Lagoon in
Namibia where coastal erosion and increased sedimentation combine with the perceived effects of rising sea
levels, such as increased number of storm and inundation events. These changes are expected to disrupt
ecosystem functioning and impact on important bird and other species in the area, particularly affecting important
cold-adapted fish species. Across the region, any significant reduction in biodiversity, and in particular important
species, is expected to impact negatively on local and national economies, particularly in the fisheries and tourism
sectors.
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As part of the Millennium Ecosystem Assessment (MA) and its research to provide decision-makers with
information on the consequences of ecosystem change for human ‘well-being’, the Southern African Millennium
Ecosystem Assessment (SafMA) outlines the dependence of populations in the region on ecosystem services.
The report suggests that access to ecosystem services, determined by factors such as poverty and land
entitlements, is often more limiting than physical shortages in the supply of services. In Southern Africa, the
‘cultural, spiritual, aesthetic and recreational use of ecosystems are highly valued by all communities’ but in
different ways. While traditional local communities recognise and protect sacred sites, more affluent urban
communities campaign for national parks. On a positive note, both approaches could lead to the protection and
better management of key resource areas and species, where ‘collectively, these ultimately reduce the
vulnerability of ecosystems and people in the region’. The authors conclude that call on decision-makers to
intervene in various ways to avert environmental degradation that both limits development potential and reduces
well-being.
9.3.3.3 Instream Flow Requirements
An added dimension to water resources management and ecosystem protection is the realisation that natural
systems require certain water flow levels for their structure and function. Instream flow requirements (IFR) is a
widely used term that refers to the water required for ecosystems at some agreed level. Other terms that are
sometimes used include ‘environmental water allocations’ or ‘environmental flow requirements’. As both the
volume and pattern of water flow play a role in maintaining the long-term ecological health of a river the
determination of the IFR for any river system has proved a challenge to water authorities, especially where
infrastructure development (e.g. dams) have altered flow patterns. The IFR specifies different flow conditions that
are needed during different times of the year, and recognises that these flows may differ for wet, normal, and dry
years. For example, changes in the flow regime by impoundments on the Orange River have created ideal
conditions for the proliferation of a livestock blackfly pest and carried with it severe economic implications for the
agricultural sector in that region. In South Africa IFR is a requirement of the new Water Act (Nathan Associates
2003) but it is reported that in Namibia ‘none of the (relevant) legislation or policies in place acknowledges that
there is an amount of water which is necessary to maintain the health of the natural aquatic ecosystem’. The costs
and benefits of changing IFR below the structures of the Lesotho Highlands Water Project are discussed in
Klasen, 2002.
It has been noted by research for the NeWater project that the downstream effects of the LHWP have only been
studied after construction of the first dams had been completed and that although studies of IFR may have been
completed, the entire impact of further dams on the environment and the livelihoods downstream is still not clear
(Kranz et al., 2005)
9.3.3.4 Invasive Alien Plants
Alien invasive species of plants and animals are causing massive disturbance in natural ecosystems across
Africa. In Southern Africa, the introduction of alien trees and other plant species has become a serious problem
threatening ecosystem functioning and water supplies. Invasive trees are mainly pines and acacias originally for
plantation. Invading aquatic weeds, mostly originating in South America, include Kariba weed Salvinia molesta,
Water hyacinth Eichornia crassipes, Parrot's feather Myriophyllum aquaticum and Red water fern Azolla
filiculoides. Many of these species are characterised by prolific growth rates and use greater amounts of water
than the natural vegetation, reducing the amount of run-off reaching streams and rivers. Water hyacinth can
increase evaporative water losses from dams and water bodies by as much as 3.5 times, representing an
enormous economic loss, in terms of the water available for economic production. South Africa loses seven per
cent of runoff annually to alien vegetation, with losses of up to 30 percent in heavily invaded catchments. Other
species form dense stands that reduce the amount of light reaching the understorey, physically strangle native
species and inhibit regeneration of native seeds.
Large efforts have been made to combat the threats from invasive alien plants, especially in South Africa where
DWAF’s Working for Water Programme has, since 1995, provided jobs through clearing projects. There are
currently over 350 projects and in 2004 the project had cleared over 600 000 hectares of land of invasive species,
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and created employment opportunities to over 30 000 people in that year, 52% of them women. However, these
plants continue to proliferate, covering vast areas of rivers, wetlands and lakes, and may profit from climate
change. The Working for Water Annual Report of 2001/2 noted that ‘If we do not clear invading alien plants in 10
to 20 years we will lose 30% of our run-off to rivers. In 20 to 40 years 74% will be lost’.

9.3.4

Social & Economic Systems

9.3.4.1 Water Access
Vulnerability is influenced by what has been described as ‘capacity deprivation’ (Sen, 1985; 1999). The negative
impacts of inadequate water availability include both the loss of human capital (through morbidity) and natural
capital (through pollution). Both provide a constraint to welfare growth and, as a result, good water management
has an important role to play in poverty alleviation in developing countries. In addition, subsistence incomes can
be increased through better water provision, including those from brick making, beer brewing and textile work
such as batik and dyeing. In these cases, water is used as a factor of production just like any other natural
resource, so lack of it will increase vulnerability through losses of production.
Water supply infrastructure in the region is largely planned to supply the populations of urban areas and
established industrial and agricultural locations, whereas the majority rural populations are not always included in
water planning and implementation. In South Africa, according to the 2001 census, 84% of the population have
access to piped water, 32% directly into their homes, but a large percentage of those without access to clean
water live in the historically disadvantaged rural areas, specifically in the previously demarcated homelands. Lack
of access to safe water is seen to be a leading cause of infant mortality in the region and adequate access to a
secure water source water also means that women and children can spend less time collecting water and focus
on other, productive, activities.
9.3.4.2 Health
The links between health and water supply and sanitation are well documented and the World Health
Organisation (WHO) has taken this further by stressing the importance of water resources management, stating
that ‘an important fraction of the burden of water-related diseases is attributable to the way water resources are
developed and managed. In many parts of the world the adverse health impacts of dam construction, irrigation
development and flood control come to expression in an increased incidence of malaria, Japanese encephalitis,
schistosomiasis, lymphatic filariasis and others. Other health issues indirectly associated with water resources
development include nutritional status, exposure to agricultural pesticides and their residues and
accidents/injuries’.
It is expected that climate change, in particular, will have a significant impact on health and the most climatesensitive diseases include influenza, diarrhoeal disease, cholera, meningitis, dengue and malaria. Malaria is
widely appreciated as the most important of the climate sensitive diseases and it is in Africa that 90% of the 1-3
million deaths occur from the disease. Only small changes in temperature and precipitation are able to support
malaria epidemics in the current transmission zones and flooding would also facilitate the breeding of malaria
vectors and so increase transmission in the arid zones of the region.
With reference to the HIV/AIDS issue in the region, the SafMA report noted that ‘in the greater context of
livelihood strategies and vulnerability, HIV/AIDS is accelerating the breakdown of social structures and farming
systems in rural areas in southern Africa into forms characterised by higher levels of poverty, vulnerability and
food insecurity. Food insecurity exacerbates the spread and impact of HIV/AIDS by: increasing migration and
therefore increasing the risk of exposure to HIV/AIDS; alternative livelihood strategies being sought (e.g.
prostitution) which increase the risk of exposure to AIDS; and through leading to malnutrition which weakens
immune systems and makes those infected with HIV/AIDS more vulnerable to opportunistic diseases’.
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9.3.4.3 Gender
Gender issues cut across many of the environmental issues discussed here. Women, in particular, play a central
role in water provision and management and so bear the burden of poor water supply in rural areas. Seventy per
cent of human beings worldwide living below the poverty line are women. Because of gender differences in
property rights, economic roles, access to information and in cultural and social norms, the effects of climate
change are likely to affect men and women differently. The effects of climate change on gender inequality are not
limited to immediate impacts and changing behaviours but also lead to subsequent changes in gender relations.
Spending more time on traditional reproductive tasks reinforces traditional work roles and works against a change
in which women might begin to play other roles. Also, since climate change is expected to exacerbate pressure on
water resources and fuel wood, the time taken to fetch water or wood will certainly increase women's workloads,
thus, limiting their opportunities to branch out into other, non-traditional activities’. Women are both physically and
socio-economically at greater risk of infection with HIV/AIDS. Furthermore, the impacts of HIV/AIDS will increase
gender inequalities in food security, increasing the burden on women who are traditionally the purveyors of child
care and food provision in sub-Saharan Africa. As a result, it seems likely that climate change, increases in
disease and other global changes will have a more than proportionate effect on women than on men.
9.3.4.4 Urbanisation
More than 65 percent of the people in Southern Africa still live in the rural areas but rates of urbanisation are
growing across the region. South Africa has the highest percentage of the population living in urban areas (50%)
and also the most numerous and largest urban areas in the basin, including the Johannesburg-Pretoria
metropolitan areas. High rates of urbanisation are resulting from rural-urban migration and high population growth
rates. Migrants are attracted to the city by the perceived employment opportunities and improved living conditions,
and often driven to move by land shortage and declining returns from agriculture. It is considered that most
municipalities cannot meet the needs of the rapidly growing urban population for basic facilities and services such
as adequate housing, water supply and sanitation, and waste disposal. Unplanned urbanisation and the growth of
informal settlement is causing localised depletion of natural resources and the discharge of untreated sewage into
nearby water sources contributing to water quality degredation and reducing the amuont of available water for
consumptive use. Urban health hazards, such as outbreaks of cholera and malaria, resulting from these
conditions impact mostly on poorer households. In addition innapropriate siting of informal housing increases
vulnerability to flooding and landslides.
Urban growth also significantly influences the amounts of sediment, nutrients and organic materials flowing to
rivers and dams, a major factor in their degredation. Dams within heavily urbanised catchments are experienceing
eutrophication and a massive increase in aquatic plants and blue-green algae. (Hirji et al. 2002; UNEP, 2002b)
9.3.4.5 Water Pricing
The idea of "water as an economic good" is simple. Like any other good, water has a value to users, who are
willing to pay for it. Like any other good, consumers will use water so long as the benefits from the use of an
additional cubic meter exceed the costs so incurred. Water pricing is an important way of improving water
allocation and encouraging users to conserve scarce water resources. Prices which accurately reflects water's
economic, or scarcity value give information to users, which they use to make choices regarding water
consumption and use. Thus, water pricing can affect water use efficiency, at both the individual and social levels.
In practice, water pricing schemes may be designed to meet many objectives: policymakers may wish to
discriminate among different categories of users or use water charges to raise revenues for general purposes.
Because different levels of decision makers may interpret such pricing policies differently, this can lead to
undesirable outcomes and, sometimes, to disputes.
The use of economic instruments is of growing importance for environmental policy, to counteract the long
prevailing approach of water management to be based on supply side solutions (usually associated with large
infrastructure projects). With rising water scarcity and pollution problems, pricing is seen as a useful mechanism
to achieve Full Cost Recovery. Pricing schemes often comprise both fixed and variable components. Fixed prices
vary greatly across countries, reflecting countries' various objectives in charging for water. However, volumetric
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charges for urban and agricultural water are relatively similar across countries. But per meter charges for
industrial water vary more widely across countries, reflecting the different use of subsidies and the inclusion of
pollution taxes that vary by industry. In many countries, charges for urban and agricultural water are set on the
basis of average rather than marginal cost of supply. Countries do not generally adjust charges by region even
though the costs of supplying water may vary greatly across regions. Agricultural water users generally pay
something for the operations and maintenance costs of irrigation systems, ranging between 20-75 percent of total
costs. Few countries attempt to recover capital costs from users.
In South Africa, approaches to water management from the Apartheid period resulted in considerable advantage
to large, mainly white, commercial farmers at the expense of emerging black farmers and smallholders. Policy in
the form of the Raw Water Pricing Strategy of 1999 set out to address the inequalities of former policies and to
achieve social equity in both access to water supply services and direct access to raw water, with equal
importance being given to social equity; ecological sustainability; financial sustainability; and economic efficiency.
In Namibia, government has attempted to balance the need for an economic approach to water management,
where water pricing is introduced to reflect the costs of water use, with requirements for both environmental
sustainability and social equity. In rural areas, where water has been historically subsidised by the government,
access to water is seen as a social goal, so the question of affordability is critical to the success of the Community
Based Management approach to water supply. However, it is noted that in terms of private water supply
companies, such as NamWater, ‘there may be little incentive to consider the external (environmental) costs and
benefits of water supply in the price. Furthermore, private companies may not have an incentive to supply to
areas which cannot afford the cost of water’.
In terms of vulnerability, the problems associated with water pricing revolve around the ‘ability to pay’. In poor
communities, in particular, this is a problem and even when water is supplied at very low prices, there are many
instances where this is not used. Implementation of pricing systems is also often associated with conflicts
between different groups and sectors within the economy.
9.3.4.6 Water Trade
Tradable water rights allow the formal transfer of water entitlements among users and, as such, are more likely to
involve inter-sectoral transfers than the local water markets. While water markets can function in the absence of
formal water rights, tradable water rights require a much more specific definition of the entitlement. As in the case
of water markets, while tradable water rights are likely to result in (inter-sectoral) reallocation of water from low- to
high-value uses, there is no guarantee, in the absence of other charging mechanisms, that the costs of providing
the service will be recovered (indeed, the failure to recover costs simply increases the potential price and
incentive to trade).
A number of issues arise over water rights and water pricing. The small size of most farms in most irrigation
command areas virtually rules out volumetric metering at the farm level. In most instances, the incremental costs
of the infrastructure, management, and administration required for volumetric metering at the farm level will
exceed marginal benefits—especially where systems have not been designed and constructed to meet these
objectives. Quasi-pricing schemes (such as a crop charge linked to evapotranspiration) can, to some degree,
overcome these problems. An additional problem in existing irrigation systems is that the value of water rights is
capitalized in the value of agricultural land. When water is volumetrically priced by metering or quasi-priced, full
marginal pricing amounts to the expropriation of those rights (with consequent capital losses in irrigated land).
Farmers who have purchased land on the basis of the accepted, if not legally specified, water entitlement will
strongly oppose this. In principle, turnover is a desirable option. It can reduce the financial burden of financially
strapped public irrigation agencies. It can provide a locally negotiated basis to link services to user charges,
contributing to an improvement in the quality of services. And it can simplify irrigation users' involvement in
investment decisions: Two drawbacks characterize turnover. First, there is little evidence that turnover increases
productivity. Second, there are serious questions regarding the long-term sustainability of turned-over systems,
because farmers may not pay their dues and the dues do not include adequate provision for replacement of major
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facilities. And often the withdrawal of the government agency leaves important gaps in oversight areas:
overexploitation of groundwater; pollution of canals, drains, and aquifers; dam safety; competition among urban
and agricultural demands; and drought planning. Once these issues are appropriately addressed, it is not at all
clear whether the benefits of turnover exceed its organizational and transaction costs. This leaves water markets.
At the local level of farmers trading small amounts of water on the watercourse and buying and selling water from
wells etc., water markets are already thriving in a number of irrigation systems and should be encouraged. Water
prices and markets can also serve a valuable function in larger transfers, whether within or among sectors under
the appropriate conditions, and with suitable regulation.
The issue of water trading is a very topical issue in Southern Africa. At the national level, the purchase of water by
South Africa from Lesotho has already been institutionalized under the Lesotho Highlands Water Project (see
Section B). This is a system of multiple dams on the Senqu river, which regulate the flow and deliver water
primarily to Rand Water, who then in turn deliver most of it to Johannesburg and the Gauteng province of South
Africa. The revenue from this makes a considerable contribution to the economy of Lesotho, and provides a
certain degree of water security to South Africa. The vulnerability associated with this process however is that it
depends on cooperation between the two countries, and assumption that climate conditions will remain consistent
for the foreseeable future.
Within South Africa, there is some caution about the introduction of water trade. This is illustrated in the Box
below.
Some thoughts on water trading in South Africa
In South Africa the allocator and licensor of water resources is the Department of Water
Affairs and Forestry, and this has long had a very wary eye on the concept of trading. In
practice, the Department has permitted certain significant trades of water within sectors. A
farmer has always had the choice of how he uses his allocation (he/she can grow
pineapples without question even if the allocation was based on sugarcane). Farmers
have also been relatively free to trade their water within a scheme and perhaps even
within the sector. DWAF has not had a serious problem with some internal shuffling, but
has not wanted to see water resources, created for the purpose of agriculture within a
particular area, being traded out of that use and that area, the key reasons being concern
for job losses, but also control over the long-term deployment of the resource. Trades are
now being viewed more freely – and it is argued that once licences have all been issued
and compulsory licensing effected, users will have allocated rights to water which they
may more freely trade. Indeed, this is seen as one of the potentially most effective
mechanisms to start the movement of water out of irrigated agriculture to more highly
paying uses. However, “is it that more highly paying use a ‘better’ use for the people of
South Africa, and will these trades not subvert the equity goals of the Department?”.
Certainly trades are likely to be vetted in many areas in terms of cost and benefit, not only
to the licensee, but also to the many other people affected by such trades’ (Versfeld
2003).

‘Virtual water’ is another issue which is increasingly discussed by water professionals in Southern Africa, and
there are many who think this is a good solution to deal with water stress. This refers to the purchase of grain
from other countries so that the water to produce that grain will not have to be provided locally. While there is
some logic in this, it does create an additional degree of vulnerability as it would be very much impacted by events
such as global trade, prices, and extreme events or wars which may disrupt shipping. An example of virtual water
in Namibia is provided in the box below.
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Virtual water trade in Namibia.
Namibia imports on average 100 thousand tons of grain every year in order to satisfy demands.
Were this grain to be grown in Namibia 300Mm3/a of water would be required for irrigation.
Therefore, grain imports can be considered as imports of 300Mm3/a of water to Namibia, which
is now free for use in other sectors. These figures are of course estimates and as such this
notion of virtual water is more ambiguous. However, it is estimated that the cost of supplying this
water for irrigation in Namibia would be in the region of N$0.55/m3. Imports of virtual water are
worth N$170 million to Namibia in this sense. The issues of food security and food selfsufficiency are highly related to the issue of virtual water. Given that in the long term water will
be a binding constraint to pursuing self-sufficiency, policy may look towards virtual water to
ensure food security for the nation whilst promoting other economic uses for Namibia’s own
water resources.

9.3.5

Institutional Capacity

There is at present no integrated data and information system necessary to inform future uses of the basin’s
water. The French GEF, the European Union, and the German GTZ have been active in this area but their
collective interventions, important though they may be, will not provide an integrated perspective on the combined
resources of the basin (particularly surface and groundwater resources, and their interactions) necessary for
effective, future joint basin management efforts.
The development and implementation of the Orange River Development Plan (ORDP), undertaken by South
Africa and driving many of the current uses of the waters of the system, took place at a time when public
participation and involvement were not seen as the imperatives that they are today. As supplies in relation to
current and projected uses continue to narrow, and as the need to adjust to predictable and non-predictable use
questions arise and need to be addressed at all levels, the provision of effective and ongoing public information
systems, and comprehensive public involvement vehicles for all affected stakeholders will become management
imperatives. These threats will be evaluated during development of the TDA, when causal chain analyses will be
undertaken to better understand root causes. Key determinants of these threats include can be assessed at the
regional and national levels.
9.3.5.1 Regional Level
The various regional Commissions established in the basin have, as yet, generally been sufficient to address
threats. However, these Commissions lack permanent Secretariats and also lack the consistent availability of
personnel and financial resources to function effectively. The capacity to address the conjunction of emerging and
accelerating threats is limited. There is little, if any, regional capacity to undertake anticipatory actions related to
the basin to adapt to environmental variability.
There has been little attention given to stakeholder views, knowledge and concerns over the history of basin
management. Without such involvement, the kinds of interventions that are likely to become necessary in the
future are likely to fail. There has been little attention given to a likely important educational function within the
basin. It is clear that within Government there is a growing awareness of, and need to act on, the serious issues
that confront the basin, but there is little evidence that these pressing issues are well understood by stakeholders.
Data and information on water quality/quantity and on transboundary groundwater resources is limited.
Cooperative endeavors have focused on the water sector specifically, rather than the production sectors that use
water; an integrated cross sectoral focus will be needed to balance water demand and supplies, and address land
degradation and other key threats.
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9.3.5.2 National Level
Agencies responsible for water management have many of the legal tools with which to address issues
confronting the basin, but lack the human and financial capabilities to do so. While each country has legislation
that can at least, in part, address some of the threats to the basin, improvements and/or modifications in existing
legislation, regulations and standards will have to be undertaken and, to the extent necessary, harmonized to
enable common approaches to management of the shared basin. In addition, countries need to improve
measurement of uses and thus exert greater control of water abstraction. Further, cooperation and the sharing of
information between and among Ministries are not targeted to the needs of the larger basin, which cut across
ministerial lines of responsibility. And last, environmental legislation is often new and difficult to enforce. An
example of this is the new Water Act (1998) of the Republic of South Africa, which has just recently defined the
importance of the “ecological reserve”. This refers to the water required to protect the aquatic ecosystems of the
water resource. However, implementation of the legislation remains problematic. The same holds true for the
Environment Act (2001) of Lesotho. Enforcement of Effluent Discharge Licensing, for example, is likely to be
difficult to achieve.

9.4

Perceived Vulnerability to Change

As pointed out earlier, vulnerability is very variable, and in many ways it can be a matter of people’s perception.
There is evidence from the region that there is much variability in how vulnerability is perceived by different social
groups. This is illustrated by Table XX which shows how stakeholders in Lesotho view the threats and
uncertainties associated with water vulnerability in the Orange River Basin, compared with the views from
stakeholders in South Africa.
LESOTHO
Threats
Soil erosion
Inequitable access to water
Poor Land management
Conflicting resource use
Pollution
Siltation
Ignorance of water mgt and poor communication
industrialisation

SOUTH AFRICA
Threats
Resource over use
Disproportionate power relations
Droughts
Unrealistic expectations of stakeholders
Conflict between institutions
Migration
HIV/AIDS
Lack of skills

Uncertainty
Variable Rainfall
Lack of modelling
Political regimes internal and transboundary
Monitoring and data availability
Understanding land and water relationships
Climate change

Uncertainty
Future demand patterns
Changes in world trade conditions
Climate change
Politics
Lack of effective international law
Cultural legacy

Priorities
Efficiency of water use
Water Governance
Inequitable access to water
Variable rainfall
Variable stakeholder perceptions
Conflicting resource uses

Priorities
Poverty reduction
Implementation of Legislation
Increasing water use efficiency
Control of land use
Land tenure
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SECTION E: SUMMARY OF EXISTING PROJECTS IN THE BASIN
10.

Summary Orange River Basin Projects

Main Projects
Title
The Case of the Orange-Senqu River Basin: EU-Africa
Partnership for Water Affairs
Integrated Water Resources Management Plan for the
Orange River
Development and Implementation of the Strategic Action
Programme for the Orange-Senqu River Basin
Support To ORASECOM
IRD Contribution to “Support to ORASECOM”

Status
Pre-implementation

Funder
EU

In progress to be completed in 2007.

GTZ

Pre-implementation

UNDP/GEF

Start imminent
In progress, 12 months

FGEF
FGEF

Other Projects
Project Identified by FGEF
The projects and information in the table below was extracted from the Brlingénierie report (2002) entitled
“Support To The Orange - Senqu River Commission: Draft Presentation Report”
Title
Regional Project to Control Infestation
and Translocation of Aquatic weeds
Maloti/Drakensberg Transfrontier
Conservation and Development Project
Conserving Mountain Biodiversity in
Southern Lesotho

Water Sector Reform Project in Lesotho
Maseru Water Supply
Lesotho
Lowlands
Water
Supply
Scheme (LLWSS)
Interest for project of regional interest –
including support to ORASECOM (PCN
8)
Feasibility study for constructing an
effluent treatment plant for the wet
textile industries (Thetsane Industrial
Estate)
Natural Resources Accounting

Orange River Baseline Assessment Report

Status
GEF preparation phase – Being piloted on the
Upper reaches of Orange-Senqu River Project
Appraisal Document issued in 08/2001 – Expand
protected areas and establishment of
Sehlabathebe National Park in Lesotho
On-going (2001-2004) – Network of Protected
Areas and improve resources Management System
– Focus on Quthing District
Linkages with Protection of the Sources / Sponges
should be researched for these 2 GEF Biodiversity
projects
Identification mission in 2000 – Project starting –
Focussing in water services
Investment - Support to short-term augmentation of
water supply – Study also sanitation aspects
Feasibility study start in 2002

Funder
World Bank / GEF
World Bank / GEF

UNDP / GEF

World Bank
World Bank
EU
EU

No treatment of the textile effluents is still taking
place and the effluent is discharged into the
Mokohare/Caledon river

EU/EIB

Project at SADC level, but Orange – Senqu River
Basin should be a pilot case – A preliminary study

USAID
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Support to the implementation of the
SADC Protocol on Shared Watercourse
Systems

has already been done on the Orange river. USAID
is mainly involved in the Limpopo river basin
See details above

GTZ

Planned and Current GEF Projects
The projects and information in the table below was extracted from the GEF report for Project Development
Facility Request For Pipeline Entry: Development and Implementation of the Strategic Action Programme for the
Orange-Senqu River Basin.

Project Title

Description

Linkages

Benguela Current LME
(UNDP-GEF): Namibia,
South Africa, Angola

The Benguela Current runs
parallel to the coastline of
South West Africa, from the
Cape of Good Hope in the
South to Northern Angola, and
comprises one of four major
coastal upwelling systems
globally.

Groundwater & Drought
Management in SADC (WBGEF): Botswana,
Mozambique, South Africa,
Zimbabwe

The project is providing
support for the development of
a groundwater drought
management plan for the
Limpopo River Basin; and to
strengthen technical capacities
for regional groundwater
drought management support
(e.g through establishment of a
regional Groundwater
Management Institute).
These initiatives are
supporting the development of
national IWRM plans for IWRM
plans for water resources
management, water sector
reforms and investments in
Botswana and Namibia.
GEF is funding efforts to
strengthen management
effectiveness in three
terrestrial PAs in the ORB,
including the Richertersveld
PA in SA (WB-GEF), and Ais
Ais and Spergebiet PAs in
Namibia (UNDP- GEF).
The project is strengthening
capacities for Integrated
Coastal Zone Management
within Namibia. This will
include interventions to
address direct threats to the
Orange River Mouth.

As meteorological processes in
the Orange River Basin are
influenced by Oceanographic
influences in the Benguela
current and cool Southwestern
Atlantic airmass there are close
ties to the adaptation/
vulnerability work planned for
the Orange River Basin.
Close links will be maintained
with the SADC regional waters
programme. [ORASECOM is
established under provisions of
the SADC Water Protocol.] Site
based work in the Limpopo
basin may yield lessons for
potential application in the
Orange River Basin.

IWRM Planning (UNDPGEF): 2 Projects 1] IWRM
component of Namibia
Country Partnership on SLM;
2] MSP: IWRM Planning for
Southern Africa: Botswana,
Namibia, Tanzania
Protected Areas Projects
(WB/ UNDP-GEF): Namibia,
South Africa

Namib Coast Biodiversity
Conservation and
Management Project (WBGEF): Namibia

Orange River Baseline Assessment Report

84

The GEF Orange River Basin
project will be linked to national
IWRM planning work in the
riparian countries.
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Project Title

Description

Linkages

Namibia Country Partnership
on SLM (UNDP-GEF led):
Namibia

The CPP aims at building
capacity and know how to
mainstream Integrated
Sustainable Land
Management activities in
development, in support of
Namibia’s Vision 2030 and the
National Development Plan.
The objectives of the project
are to develop a national land
care policy that will inform and
guide sustainable land
management activities.
The project aims at containing
land degradation and
desertification marginal
dryland areas in the Molopo –
Nossob River Basin.

The CPP will install core
capacities and know how to
address land degradation in
Namibia, including within the
Orange River Basin.

Botswana Sustainable Land
Management Project - Land
Care Policy (UNDP-GEF):
Botswana
Kalahari-Namib Project:
enhancing decision-making
through Interactive
Environmental Learning and
Action in Molopo-Nossob
River Basin (UNEP-GEF):
Botswana, Namibia and
South Africa

The project will provide
information on land degradation
processes for the GEF Orange
River Basin Project.
The ephemeral Nossob/ Molopo
rivers, though part of the larger
Orange River Basin are
endoreic downstream of the
confluence on the South Africa,
Botswana border with no outflow
into the Orange River.

Further Details Orange River Basin Projects
The Case of the Orange-Senqu River Basin: EU-Africa Partnership for Water Affairs
Sources of Information
Information in this section has been extracted from:
•
Pierre F. Tenière-Buchot, 2004. EU-Africa Strategic Partnership For Water Affairs: Final Report.
International Office for Water.
Description
The purpose of this project is to support improved trans-boundary basin management in Africa. The project is still
in a conceptualisation phase so an accurate description is not possible. However the main activities that are
recommended for the project are:
•
An inception report
•
Support to an ORASECOM Secretariat in the fields of management, communication, participation in
international conferences, etc., with the aim of stepping up lobbying activities and improving ORASECOM’s
staff capacities.
•
Data collection, information access and project management (preparation, committee steering, follow-up to
financing decisions, etc.)
•
Creation of two partial River Basin Organisations (Lesotho and Namibia borders)
•
Recruitment of new experts, who are not hydrologists or water specialists but could provide all the currently
lacking skills.
•
Pilot projects to investigate investments needs - These projects will be limited to the two selected areas of
Lesotho and Namibia borders. The main objective is to adapt ORASECOM and related River Basin
Organisations to finance water infrastructures and various water-related operations addressed to them.
Implementing Organisations
It does not appear that implementing organisations have been selected.
Duration
Five years.
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Funding
2.5 million euros from the EU. A local funding component may also be necessary.
Contact Details
European Commission, Office for Water
Alexandre Serres
alexandre.serres@cec.eu.int

Integrated Water Resources Management Plan for the Orange River
Sources of Information
Information in this section has been extracted from:
•
Jeffares & Green, undated. Integrated Water Resources Management Plan for the Orange River –
Summary of Tasks.
Description
A full description of this project is not available. However the activities identified in the implementation plan are:
•
Development of information database
•
Review of existing infrastructure
•
Review of surface hydrology
•
Flood management evaluation
•
Review of groundwater resources
•
Environmental considerations
•
Summary of water requirements
•
Water quality issues
•
Demographics and economic activity
•
Current analytical methods and technical capacity
•
Institutional structures
•
Legislation and legal issues
•
Preparation of scope of work for Phase 2
•
Preparation of preliminary Water Resources Management Plan and Status Quo Assessment
•
Organisation and presentation of workshops
Implementing Organisations
Jeffares & Green
Duration
In progress to be complete in 2007.
Funding
R2,497,200 funded by GTZ.
Contact Details
Robyn Tompkins
Jeffares & Green (Pty) Ltd, Consulting Engineers
P.O. Box 13009, Cascades 3202
Phone: +27 (33) 347 1841, Fax: +27 (33) 347 1845, Cell: +27 (82) 828 0526
Website: www.jgi.co.za, e mail: tompkinsr@jgi.co.za
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Development and Implementation of the Strategic Action Programme for the
Orange-Senqu River Basin
Information Sources
Information in this section has been extracted from:
•
United National Development Programme, undated. Development and Implementation of the Strategic
Action Programme for the Orange-Senqu River Basin.
•
GEF, undated. Project Development Facility Request For Pipeline Entry: Development and Implementation
of the Strategic Action Programme for the Orange-Senqu River Basin.
Description
The overall goal of the Project is to improve the management of the Orange Basin’s trans-boundary water
resources through Integrated Water Resource Management (IWRM) approaches that remediate threats and root
causes. In the pre-implementation phase the project will:
•
Consolidated Mechanisms for consultation and co-ordination among the participating countries through
creation of a Project Management Unit (PMU), a Project Steering Committee (PSC) and Country Interministerial Committees (IMCs).
•
A Transboundary Diagnostic Analysis containing sufficient details to form the basis for the completion of a
Strategic Action Program which would start implementation during Full Project Phase, and retention of the
necessary regional and international expertise for completion of the TDA.
•
Initial Stakeholder Consultations and a detailed Stakeholder Involvement Plan
•
A fully-costed GEF Executive Summary and UNDP Project Document and donor consultations.
Following the pre-implementation phase a comprehensive programme will be implemented with the following
activities:
•
Increased institutional capacity for ORASECOM
•
Preparation of a Strategic Action Program.
•
Successful Undertaking of Pre-SAP Demonstration Projects and Pre-SAP Studies of a Transboundary
Nature
•
A Basin wide, effective program of Stakeholder Involvement for the full range of Outcomes and Activities
envisaged in this Project
•
Facilitate long-term program and ecosystem monitoring, evaluation and reporting based upon, among other
things, initial GEF International Waters indicators.
Implementing Organisations
The UNDP will be the Implementing Agency for this Project, and UNOPS will be the Executing Agency. The
ORASECOM is expected to play an increasingly important role in Project execution as it moves to create a
permanent secretariat function.
Duration
5.5 years.
Funding
The pre-implementation phase is costed at US$ 3.57 million. A funding request of US$ 700,000 is sought from the
GEF. The implemented phase is estimated to be US$ 39 million: GEF funding will be in the amount of US$ 6
million and co-finance is expected to be US$ 33 million.
Contact Details
Unknown

Support To ORASECOM
Information Sources
Information in this section has been extracted from:
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•
•

Brlingénierie, 2002. Support To The Orange - Senqu River Commission: Draft Presentation Report.
Troy B, 2005. Email Communication.

Description
The overall aim of the programme is to provide support to ORASECOM. The project intends to provide support in
ten action areas:
•
Study of a mechanism for mobilising funds for protection of the river basin
•
Training / Development of capacities of members of the Commission, experts and technical teams
•
Definition and establishment of indicators for management of the basin
•
Analysis and quality control of the existing data bases in each country, with the view to exchanging data
and possible future integration
•
Protection of the sources of the Orange-Senqu
•
Review of the situation of underground waters in the Molopo sub-basin (South Africa and Botswana) with
regard to the needs of the rural communities
•
Feasibility study of the potential for sustainable development of water resources in the Molopo-Nossob subbasin ;
•
Improvement of irrigation and drainage in the lower Orange Valley (South Africa and Namibia) and
evaluation of the impact on water quality;
•
Evaluation of the development potential of utilizing “marginal” water
•
Definition of a management programme and environmental issues.
Implementing Organisations
Unkown
Duration
3 years. Still to be initiated.
Funding
Preliminary budget of 1 911 950 Euros for funding by the French Global Environment Facility (FGEF). It should be
noted that this project is designed to be complemented by funding from other Donor Agencies and the Relevant
Countries.
Contact Details
Unknown

IRD Contribution to “Support to ORASECOM”
Sources of Information
Information in this section has been extracted from:
•
IRD, 2005. Powerpoint Presentation of Proposal of IRD contribution to the project “Support to
ORASECOM”.
Description
There is a broader FGEF project to provide support to ORASECOM through 10 action areas. The IRD will
contribute to this broader initiative by:
•
Supporting the constitution of the Project Implementing Unit :
•
Drafting of the invitation document for consultants,
•
Evaluation of the received proposals,
•
Drafting of the report of the tender assessment committee,
•
Drafting of the contract and of the other documents of the procedure.
•
Input in the technical study: Sustainable development of water resources in the Molopo Nossob Basin
•
Practicalities to be discussed:
•
Assessment study on the basis of the ToR already written and transfer of the results to ORASECOM
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Take part of a joint venture with local institutions/ consultants in charge of the whole study

Implementing Organisations
IRD: French Research Institute for Development
Duration
12 Months
Funding
15,000 Euros from FGEF
Contact Details
Billy Troy
Institut de Recherche pour le Développement/
French Research Institute for Development
French Institute of South Africa (IFAS)
66 Wolhuter Street P.O. Box 542 Newtown 2113
Johannesburg, South Africa
Tel: (+27) 11 836 0561/4
Cell: (+27) 82 294 9430
Fax: (+27) 11 838 6220
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