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1. Introduction

This document presents the salient features of the Olifants river basin, which makes up most of the
South African portion of the Limpopo river basin. It is meant as a ‘baseline’ contribution to the CPWF
PN17 project “Integrated water resource management for improved rural livelihoods: Managing risk,
mitigating drought and improving water productivity in the water-scarce Limpopo basin”. The report
covers aspects related to climate, land-use and land-cover, and demographics. A bibliography of
relevant reference material is also presented.

The information presented here is derived from a variety of sources. The Department of Water Affairs
and Forestry (DWAF), the agency responsible for water management in South Africa, has established
an extensive data collection network throughout the country; systems for data storage and retrieval as
well as sophisticated software have also been developed. In addition, the International Water
Management Institute (IWMI), as part of its own research in the basin as well as its global benchmark
basin study (Molle, 2002), collected comprehensive data sets, comprising both biophysical and socio-
economic information, from DWAF and a range of other sources.

The atlas of agro-hydrology and climatology that has been developed for South Africa and the
kingdoms of Lesotho and Swaziland (Schulze et al., 1997) was another key source of information.
This atlas comprises thematic agro-hydrological and agro-climatic maps developed from specialized
methods of spatial analysis. The basis for the climatic parameter mapping is a 1 minute of a degree
latitude by longitude grid (raster) covering the region. Made up of 437,000 grid points, this 1 minute x
1 minute digital database serves as a basis for mapping physiographic and climatic (e.g., rainfall and
potential evaporation) attributes. For climate variables, statistical goodness of fit was determined
between observed and estimated values at points of measurement in order to obtain the level of
confidence to which equations could be use to interpolate and extrapolate at grid points where no
observations had been made. Once acceptable equations had been developed these were used to
extrapolate to grid points where no observations had been made (Schulze et al., 1997). An electronic
version of the atlas provides coverages for use in the ArcView GIS package (http://www.esri.com/ ).
These coverages were interrogated to provide data specific to the Olifants catchment.

Data have also been obtained from two important water resource studies that have been conducted for
the whole of South Africa. The first was the 5-year comprehensive national water resource assessment
WRI0 study undertaken “to provide a basis for preliminary planning of water resources development”
and to make available “valuable data and information for water resources planning and development”
(Midgley et al., 1994). The second is the project to develop a Water Situation Assessment Model
(WSAM) for rapid evaluation of the status of water resources anywhere in South Africa (Schultz and
Watson, 2002). The latter has built on the work undertaken in the WR90 study. Data specific to the
Olifants catchment have been obtained from databases developed for both studies and provided to
IWMI by DWAF.

In addition, partly as a consequence of its important role in the economy of South Africa, numerous
water resources studies have been undertaken in the Olifants catchment. These reports have provided
additional information. Of particular value is the Olifants River Basin Study, which collected and
evaluated a lot of information necessary for addressing problems associated with human water
utilization. The project comprised a comprehensive evaluation of the development potential and
management of the water resources in the catchment and culminated in a main report, eight volumes
of situation assessments and 28 supporting technical annexes (DWAF, 1991).

With the exception of the DWAF dam safety register, all the data used in this report are in the public
domain.



2. Catchment Description

The Olifants River is one of the main tributaries of the Limpopo River. Its catchment area
accommodates approximately 3,400,000 people, approximately 7% of South Africa’s total population
(DWAF, 2002). The population is predominantly rural with 67% of the population classified as living
in rural areas (Chimpelo et al., 2003). However, the distribution of wealth is highly skewed between
the urban and rural areas and large differences prevail in the standard of living. Similar to the national
demographic trends, and mainly attributable to HIV/AIDS and increasing urbanization, little if any
increase is expected in the rural population after 2005 (Chimpelo et al., 2003).

In addition to a considerable proportion of South Africa’s mining (notably coal, copper, chrome, iron,
vanadium and platinum), power production and agricultural activities (including intensive irrigation
schemes), the Olifants river catchment also encompasses important tourist destinations (e.g., the
Kruger National Park). Furthermore, the river is one of the principal rivers flowing through, and
maintaining the ecology of, the Kruger National Park, which receives more than one million visitors a
year. It is estimated that activities within the catchment generate about 6% of the GDP of South
Africa. Consequently, the Olifants is one of South Africa’s most significant waterways, in terms of its
importance to the national economy.

In keeping with the National Water Act (1998) and the National Water Resources Strategy (NWRS), it
is planned to establish a Catchment Management Agency (CMA) to manage the water resources of the
Olifants river basin, which is a major sub-catchment of the Limpopo River Basin and lies within the
Northern Region strategic planning area of DWAF (DWAF, 2002). The CMA will be responsible for
managing water resources to the point where the Olifants River flows into Mozambique. At present,
international cooperation with respect to the use and management of rivers in the Limpopo River basin
is overseen by the Limpopo Basin Permanent Technical Committee (LBTC), which comprises
members from South Africa, Botswana, Zimbabwe and Mozambique. However, for the Olifants River
there is no accepted international agreement specifying trans-boundary flow requirements. It is
anticipated that a Limpopo River Basin Commission will be established in the near future and it is
probable that a formal agreement specifying flow requirements will be negotiated.

The Olifants river originates at Trichardt, to the east of Johannesburg, in the province of Gauteng, and
flows north-east, through the provinces of Mpumalanga and Limpopo, into Mozambique. Major
tributaries of the Olifants river are the Wilge, Moses, Elands and Ga-Selati on the left bank and the
Klein Olifants, Steelport and Blyde on the right bank (Figure 1). The Letaba River is a major tributary
(catchment area 3,264 km®) that originates in South Africa and joins the Olifants River in the Kruger
National Park, just before the river flows into Mozambique. However, at this time, the Letaba River
catchment is not included in the Olifants River Water Management Area. For this reason, and because
most previous studies have not included the Letaba River, the information presented in this technical
note focuses only on the region (54,308 km®) that will be incorporated in the Olifants Water
Management Area, hereafter simply referred to as the “Olifants catchment” (Table 1).

Table 1: Summary statistics for the major tributaries of the Olifants River

Tributary Catchment Area Mean annual flow
(km?®) (Mm®)

Wilge 4,356 167

Moses 1,662 39

Elands 6,148 33

Ga-Selati 2,340 80

Klein Olifants 2,391 81

Steelport 7,136 396

Blyde 2,842 436

Other 27,433 758

Total 54,308 2,040

(source: derived from data in WSAM database - Schultz and Watson, 2002)
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Figure 1: Location of the Olifants River Water Management Area and the boundaries of the five water
management regions (source: DWAF, 2002)

For the purposes of managing water, the Olifants catchment has been divided into five regions (Figure
1 and Table 2). Each of these regions consists of a number of “quaternary catchments”. Quaternary
catchments are the principal water management unit in South Africa and were demarcated for the
whole country as part of a comprehensive national water resource assessment, known as the Surface
Water Resources of South Africa 1990 (WR90) study (Midgley et al., 1994). In the WR90 study,
quaternary catchments were delineated to have similar runoff volumes (i.e., the greater the runoff the
smaller the catchment area and vice-versa). Quaternary catchments are nested within tertiary,
secondary and primary drainage areas. There are 22 Primary Drainage Regions in South Africa, of
which the Olifants River Basin is one. Within the Olifants, there are 7 secondary, 13 tertiary and 114
quaternary catchments (Table 2).

Table 2: Secondary, Tertiary and Quaternary Catchments in the Olifants River Basin
(excluding the Letaba River)
Water Management | Secondary | Tertiary Quaternary Description of Tertiary Catchment
Region Catchment | Catchment | Catchments
identifier identifier identifier '
Upper Olifants River B1 1 AtoL (11) Olifants upstream of Loskop Dam
2 AtoE (5 Klein Olifants
B2 0 Atol (9) Wilge River
Upper Middle B3 1 Atol] (9) Elands River
Olifants River 2 Ato] (9 Olifants from Loskop Dam to confluence with Elands
Mountain Region B4 1 AtoK (10) Steelport River
2 AtoH (8) Spekboom River to confluence with Steelport
Lower Middle B5 1 AtoH (8) Olifants from confluence with Elands to gauging station
Olifants Region B5H002
2 AtoJ (9) Olifants & tributaries from confluence of Elands to
gauging station BSH002
Lower B6 0 Ato] (9) Blyde River
OlifantsRegion B7 1 Ato] (9) Olifants and tributaries from gauging station BSH002 to
confluence with Blyde River
2 AtoK (10) Olifants to confluence with Selati River
3 AtoH (8) Olifants from confluence with Selati River to
Mozambique border

"the letter I, is not used as a quaternary catchment identifier. (Source: WSAM database)



3. Climate

3.1 Precipitation
In the Olifants catchment, precipitation data are available for 523 rainfall stations located within or
very close to the catchment boundary. Of these, 47 have more than 50 years of data and 73 have more
than 40 years of data. The South African Weather Bureau (SAWB) and other organizations (e.g.,
Department of Agriculture, South Africa Sugar Association and forestry companies) are responsible
for these stations.

The climate of the Olifants catchment is largely controlled by the movement of air-masses associated
with the Inter-Tropical Convergence Zone (ITCZ). During the summer, high land temperatures
produce low pressures and moisture is brought to the catchment through the inflow of maritime air
masses from the Indian Ocean. During the winter, the sun moves north and the land cools, causing the
development of a continental high pressure system. The descending and outflowing air produces the
regional dry season. For this reason, rainfall is seasonal and largely occurs during the summer months,
October to April. Mean annual precipitation' for the whole catchment is 630 mm, but the rainfall
pattern is irregular with coefficients of variation greater than 0.25 across most of the catchment (Table
3; Figure 2).

Table 3: Mean annual precipitation and coefficient of variation for each of the secondary
catchments
Secondary catchment Mean altitude Mean annual CvV
(masl) precipitation (mm)

Bl 1,588 689 0.29

B2 1,501 670 0.29

B3 1,174 617 0.24

B4 1,430 681 0.26

BS 1,097 551 0.28

B6 1,207 823 0.27

B7 603 586 0.26

Total catchment 1,149 630 0.27

(Source: computed from data in Schulze et al., 1997)

The catchment is divided into two by an escarpment, orientated approximately north-south. To the
west of the escarpment the landscape is known as the highveld (i.e., altitude > 1,200 m) and to the
east, it is known as the lowveld (i.e., altitude < 800 m). The highest precipitation is in the region of the
escarpment. Orographic rainfall in the vicinity of the escarpment (caused when air is forced to rise
over the escarpment) results in mean annual precipitation that exceeds 1,000 mm in some places.
However, to both the east and the west of the escarpment, mean annual precipitation is generally 600
mm and less (Figure 2). Secondary catchment B6 lies on the escarpment and thus experiences
considerably higher rainfall than the other secondary catchments in the Olifants River Basin. The
lowest mean annual precipitation occurs in catchments BS and B7 (Table 3).

' As a result of the seasonality of rainfall and hence flow across much of South Africa, DWAF uses a
hydrological year that extends from 1 October to 30 September. For the purposes of consistency, throughout this
report (unless stated otherwise) the hydrological year has been used when computing annual statistics. The
standard convention of naming hydrological years after the year in which the month of October occurs has been
adopted. Thus hydrological year 1956 (i.e., HY1956) extends from 1* October 1956 to 30" September 1957.
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Figure 2: Mean annual precipitation across the Olifants catchment (Source: developed from data in

Schulze et al., 1997)

Time series of annual precipitation and departure from the mean annual precipitation at three
representative stations, located on the highveld, lowveld and the escarpment (Figure 3) illustrates:

i higher rainfall on the escarpment than either to east or west.
ii. considerable inter-annual variability at all locations.
iii. often several consecutive years with below average rainfall.
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Figure 3: Rainfall at three rain stations in the Olifants catchment for the period HY1920-

HY1989. Located: i) on the highveld (i.e. to the west of the escarpment), ii) on the
escarpment, iii) on the lowveld (i.e. to the east of the escarpment)
(Source: derived from data provided by DWAF)

A plot of mean annual precipitation and altitude indicates that a different relationship exists between
rainfall and altitude for sites in the vicinity of the escarpment than exists for locations elsewhere in the
catchment, clearly illustrating the orographic influence of the escarpment (Figure 4).
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Figure 4: Relationship between mean annual precipitation (for gauges with >30 years of data)
in the vicinity of the escarpment and elsewhere in the Olifants catchment
(source: derived from data provided by DWAF)




The intra-annual distribution of median monthly precipitation for each of the secondary catchments is
presented in Table 4. A graph of mean monthly precipitation for the three representative stations used
previously demonstrates the strong seasonal nature of the rainfall (Figure 5).

Table 4: Median monthly precipitation (mm) for each of the secondary catchments in the
Olifants catchment

Secondary Oct | Nov [ Dec | Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep

Catchment
Bl 63.1 | 1112 | 1063 | 1146 | 83.0 | 702 | 35.1 98 | 0.1 0.0 05 149
B2 572 | 1029 | 1036 | 1129 | 83.0 | 724 | 327 92 |01 0.0 0.1 12.7
B3 473 989 | 976 | 101.8 | 79.1 [ 63.7 | 31.0 6.8 | 0.0 0.0 0.0 10.2
B4 528 | 107.1 | 110.6 | 1109 | 859 | 70.1 | 373 86 | 03 0.1 03 13.4
B5 37.1 82.1 | 887 | 899 | 714 | 530 | 275 51 |01 0.1 0.1 8.5
B6 504 | 1057 | 122.0 | 1273 | 1148 | 89.1 | 445 124 |18 24 25 148
B7 30.7 683 | 924 | 91.8 | 760 | 56.1 | 302 6.2 | 04 1.0 0.6 72

Total Catchment | 45.5 924 | 994 | 1024 | 805 | 63.8 | 324 75 |02 0.4 0.4 10.7

(source: computed from data in Schulze et al., 1997)
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Figure 5: Mean monthly precipitation for the same three rain stations as Figure 3.

3.2 Temperature

The Limpopo basin is characterized by warm summers and mild winters, but temperatures vary in
relation to altitude and proximity to the ocean. The South African portion of the basin has maximum
temperatures of 30-34°C in summer and 22-26°C in winter, and minimum temperatures of 18-22°C in
summer and 5-10°C in winter; the southern and western portions of the basin experience winter frost
in contrast to the eastern and northern portions with their lower altitude and proximity to the ocean
(ARC and IWMI 2003:3-4; FAO 2004:14-15).

3.3 Evaporation

Potential evaporation, i.e., evaporation that is not constrained by moisture deficit and so fully meets
atmospheric demand, can be estimated in a number of different ways. One approach is direct
measurement of evaporation from the surface of an evaporation pan. In southern Africa, there is a
network of over 750 US Weather Bureau Class A pans. The A-pan provides an index of open water
evaporation and many crop coefficients, which relate the consumptive water use of plants at different
growth stages to a reference evaporation (Doorenbos and Pruitt, 1977), have been tried and tested
against the A-pan (Schulze, 1995). Data are available for 56 evaporation pans located in or very close
to the boundary of the Olifants catchment. Of these, 19 have 40 or more years of data.

There are a number of problems with extrapolating A-pan data from its measurement at a site to other
locations (Smith, 1975). Consequently, for the South African Atlas of Agrohydrology and
Climatology, simple climatic and physiographic variables, i.e., maximum daily temperature, extra-
terrestrial radiation, altitude and median monthly rainfall, were used as surrogates to develop the grids



of “A-pan equivalent” potential evaporation (Schulze et al., 1997). The results for the Olifants
catchment are shown in Figure 6 and summarized for each of the secondary catchments in Table 5.

Table 5: Mean monthly and annual A-pan equivalent potential evaporation for each of the
secondary catchments in the Olifants catchment (units: mm)

Secondary Oct Nov Dec Jan Feb Mar Apr May | Jun Jul Aug Sep Annual
Catchment Mean
Bl 210.8 205.6 215.1 | 204.8 170.5 173.0 141.0 125.0 102.8 | 115.0 156.1 188.5 | 2,013.7
B2 226.6 220.8 2284 | 217.5 179.8 180.2 145.5 129.4 106.1 | 118.1 160.8 198.5 | 2,117.0
B3 230.8 226.1 233.3 | 228.6 189.7 187.3 149.0 133.2 110.2 | 122.0 163.6 200.1 | 2,1794
B4 199.9 195.0 1999 | 1974 162.9 169.1 143.6 130.6 1074 | 117.5 152.8 180.8 | 1,962.2
B5 221.2 220.7 221.6 | 222.5 181.4 181.9 148.7 133.0 110.8 | 121.2 159.2 1934 | 2,121.0
B6 194.1 192.3 1959 | 1944 165.0 167.8 144.3 130.4 107.5 | 117.1 149.7 1749 | 1,939.5
B7 201.3 209.4 214.6 | 217.3 183.1 178.6 143.2 125.7 105.8 | 117.5 150.0 179.2 | 2,031.2
Total 213.7 212.6 218.1 | 215.2 178.7 178.6 1454 129.6 107.5 | 118.8 156.5 188.8 | 2,068.9
Catchment

(source: computed from data in Schulze et al., 1997)

An alternative recommended reference for estimating irrigation water requirements of crops is the
Penman-Montieth equation (FAO, 1992). This provides an estimate of potential evapotranspiration
from a well-watered vegetation surface rather than an open water body (Penman 1948, Monteith,
1981). Water movement in plants is passive i.e., requires no input of biological energy, but even when
the stomata of plants are fully open there is some resistance to the interchange of water between the
plant and the atmosphere. Consequently, except in exceptional circumstances, evapotranspiration from
a vegetated surface will always be less than that from open water. The FAO (1992) definition of
potential evapotranspiration is:

The rate of evapotranspiration from a hypothetical crop with assumed crop height of
0.12 m, a fixed canopy resistance of 70 ms” and albedo of 0.23, which could closely
resemble evapotranspiration from an extensive surface of green grass cover of
uniform height, actively growing, completely shading the ground and not short of
water.

For the South African Atlas of Agrohydrology and Climatology, because the gridded A-pan equivalent
potential evaporation estimates had been based on readily mappable and physiographically related
variables and because extensive verification tests had been performed on the equations used to
extrapolate the data, it was decided to relate month-by-month ratios of Penman-Montieth to A-pan
values (Schulze et al., 1997). The resultant estimates of Penman-Monteith potential evapotranspiration
for each of the sub-catchments of the Olifants are presented in Table 6.
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Figure 6: Mean annual A-pan equivalent evaporation for the Olifants catchment

(source: derived from data in Schulze et al., 1997)

Table 6: Mean monthly and annual potential evapotranspiration (Penman-Montieth) for each
of the secondary catchments in the Olifants catchment (units:mm)

Secondary Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Annual
Catchment
Bl 149.5 | 150.0 | 1569 | 1494 | 1244 | 122.8 95.8 | 774 60.5 67.7 96.6 | 126.2 | 13772
B2 160.8 | 161.5 | 167.6 | 160.1 | 1323 | 1294 99.8 | 81.2 634 | 705 100.5 | 133.3 | 14604
B3 163.8 | 1659 | 172.1 | 169.6 | 140.7 | 135.8 | 102.9 | 84.6 66.6 | 73.8 103.2 | 134.7 | 1513.7
B4 141.8 | 1425 | 146.2 | 1445 | 1193 | 120.6 979 | 81.3 63.6 69.6 95.0 | 121.2 | 13435
BS5 156.9 | 163.0 | 165.8 | 168.5 | 137.3 | 135.7 | 105.1 | 87.2 69.3 75.9 103.0 | 1189 | 1486.6
B6 1394 | 141.7 | 1447 | 1437 | 1223 | 121.2 99.7 | 829 65.3 71.2 95.0 | 131.2 | 13583
B7 1494 | 158.8 | 1649 | 167.5 | 1424 | 137.0 | 105.1 | 874 71.0 78.9 102.9 | 127.5 | 14928
Total Catchment 153.2 | 157.1 | 162.3 | 1609 | 1339 | 131.1 | 101.8 | 83.9 66.5 73.5 100.5 | 128.7 | 14534

(source: computed from data in Schulze et al., 1997)
A comparison of the median monthly rainfall and the mean monthly Penman-Monteith potential

evapotranspiration for the whole of the Olifants catchment shows that there are no months when
rainfall exceeds potential evapotranspiration and typically it only exceeds 50% of potential

11




evapotranspiration in the months November to February (Figure 7a). Consequently, rainfall conditions
are not ideal for the growth of crops and irrigation is necessary to reduce the risk of water shortages. In
relation to rainfall and potential evapotranspiration, the secondary catchment most suited for rain-fed
agriculture is B6 (the Blyde River) in which rainfall typically exceeds the 50% potential
evapotranspiration from November to March and is close to full potential evapotranspiration from
December to February (Figure 7b).

a) b)

Total (mm

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

‘ mm Rainfall Penman-Monteith Potential Evapotransiration - - - -50% PE ‘ ‘— Rainfall Penman-Monteith Potential Evapotransiration - - - -50% PE
Figure 7: Median monthly rainfall and mean monthly potential evapotranspiration for a) the

whole of the Olifants catchment b) the Blyde River catchment
(source: computed from data in Schulze et al., 1997)
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4. Demography and economic activities in the Olifants Catchment

This section gives a brief overview of the situation in regard to demography, levels of poverty, access
to services, and economic activities.

4.1 Population profile

The total population of the catchment is approximately 3.4 million. A striking characteristic of the
catchment is the stark differentiation between the poor and the well-off, the blacks and whites, and the
rural and urban people—they are even more extreme than is the case nationally in South Africa. Sixty
percent of the population resides in the former homeland areas (former Lebowa, KwaNdbele, and parts
of Bophuthatswana and Gazankulu), which constitute 26 percent of the area in the basin (Figures 8
and 9). Two thirds of the population resides in rural areas, mostly in scattered informal villages with
limited commerce and services; the only major urban areas are the towns of Witbank and Middelburg,
though there are important interactions with cities close to the basin. Black Africans constitute 94
percent of the basin population. The main languages spoken are Sesotho, Ndbele, Xitsonga, and
Afrikaans (see Earle et al. 2006:8, Figure 4). Most future population growth in the catchment will be
in the urban areas based on expanding mining and industrial development; the rural population is not
expected to grow further, largely a function of the impact of HIV/AIDS (van Vuuren et al. 2003).
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Figure 8: Olifants_ Water Management Regions and Former Homelands
(Source: Magagula et al. 2006:5, Figure 3)
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Figure 9: Populat?on Densities in Olifants Catchment (2001 Census)
(Source: Magagula et al. 2006:14, Figure 6)
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Measuring actual unemployment is difficult in South Africa, but according to the Census of 2001, 47
percent of the labor force in the Olifants catchment is not employed, and about two thirds of those who
are employed work outside the former homeland areas (Magagula et al. 2006). The government
accounts for nearly half of those employed, with an additional 21 percent in the mining sector and 19
percent in agriculture. Those categorized as “‘economically inactive” constitute a large proportion of
the population.

Distribution of wealth is highly skewed between the urban and rural areas, and there are large
differences in the standards of living (van Vuuren et al. 2003). A major part of the household economy
in the rural areas is on a subsistence level, with some 70 percent of the population living in poverty.
Table 7 gives a breakdown of household income for the former homeland and non-homeland areas.
The high degree of dependency on a few income earners is indicated by the fact that 75 percent of the
population has no monthly income, based on 2001 census data (Magagula et al. 2006).

Table 7: Annual household income categories in Olifants River Basin (Census 2001); Source: IWMI

Former Homelands Non-Former
Homelands
Income Category Number % Number % B?;m

High Income Earners (R307 201 & above) 920 0.2 3,272 0.6 0.7
Upper Middle Income Earners (R38 401 - R307 200) 23,801 4.2 43,481 7.7 11.9
Lower Middle Income Earners (R4 801 - R38 400) 151,833 26.8 110,999 19.6 46.5
Low Income Earners (None - R4 800) 151,279 26.7 79,012 14.0 40.7
57.9 41.9 99.8

4.2 Water access

An estimated 45 percent of the population in the Olifants catchment does not have access to water that
meets government standards. Health services are also poor, and the literacy rate is only about 54
percent. There has been a movement of people to areas having better services; however, no statistics
are available on this. Table 8 presents the annual urban-domestic water demand, estimated for the year
1995 and the total population for each of the water management regions in the catchment.

Table 8: Population and urban/domestic water supply in each of the water management
regions of the Olifants catchment
Water Management Region Annual Urban/Domestic Water Demand — 1995*
Population
Nos. % total Mm? % total
Upper Olifants 592, 500 174 52.4 44.5
Upper Middle Olifants 923,120 27.1 18.7 15.9
Mountain 298,900 8.8 4.6 3.9
Lower Middle Olifants 979,594 28.8 14.1 12.0
Lower Olifants 608,328 17.9 28.0 23.8
Total 3,402,500 117.8

* The demand includes smaller industrial demands, supplied by municipalities, but major industries are excluded
(source: DWAF 2002)

Table 8 illustrates clear inequities in domestic water use. Although nearly 56% of the population lives
in the Upper and Lower Middle Olifants regions, their domestic water demand comprises just 28% of
the total. This equates to an annual per capita demand of 17,200 litres. At the present time, many
thousands of people living in the Middle Olifants region do not have access to piped water. In contrast,
the 35 % of the population in the Upper and Lower Olifants regions utilise 68% of the total demand,
which equates to an annual per capita demand of 66,950 litres.
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The domestic water demand is expected to almost double to approximately 222 Mm® by 2010, in part
because of the South African government’s commitment to supply potable water to the entire
population of South Africa (National Water Act, 1998). However, the greatest increase is anticipated
in the Upper Olifants River where demand is expected to increase to 125 Mm® by 2010 (DWAF,
2002).

Magagula et al. (2006) have attempted to assess the impact of water scarcity and lack of water access
using the “water poverty index” (WPI). WPI is compromised of five component indices and additional
sub-indices, resulting in a value ranging from 0 to 100 (bad to good). The Olifants catchment WPI is
27.1 for 2001, slightly more than half the national estimated WPI (52.2), again indicating that the
Olifants is more extreme in terms of poverty and inequity than the country as a whole. Other studies
(Prasad et al. 2006; Cullis and Van Koppen 2007) using different measures, also confirm the extreme
inequity characterizing the Olifants basin. Not surprisingly, areas near the former homeland areas have
significantly lower WPI scores than other areas, but a comparison of the WPI distribution in 2005 with
that of 1994 (figure 10) also shows significant improvements (Magagula et al. 2006).
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Figure 10: Changes in Water Poverty Index, 1994-2005, in the Olifants Catchment
(Source: Magagula et al. 2006:19, Figure 9)

4.3 Economic activity

DWAF has estimated the Gross Geographic Product (GGP)® of the Olifants catchment at R28.7 billion
in 1997 (approximately US$ 4.1 billion), about five percent of GDP (DWAF 2004:7). Magagula and
Sally (2005) report annual per capita GGP in the basin as US$1,200 in 2002, compared to US$2,200
per capita for South Africa as a whole.

Over two thirds of this was concentrated in the Upper Olifants Region where there is extensive
mining, power generation and industry (see below). Overall, mining contributes 22.1 percent of GGP,
manufacturing 18.2 percent, electricity 15.9 percent, government 15.6 percent, agriculture just seven
percent, and ‘other’ 21.2 percent (van Vuuren et al. 2003).

4.4 Mining and manufacturing

Mining, a significant user (and polluter) of water’, is the largest economic sector in the catchment
(22.1 percent versus 7 percent nationally). With several very large new investments in mining being
made or planned, it is considered an important source of future economic growth. However,
employment in the sector is stagnant, with decline in gold mining balancing growth in platinum

% GGP is defined as the total income or payment received by the production factors (land, labor, capital
and entrepreneurship) for their participation in the production within a specific area, i.e., the Olifants River
catchment. In other words it is GDP for a specific region.

3 In the early decades of the 20th century, mining used more water than did agriculture (Lévite et al. 2003)
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mining. Manufacturing is to a large degree a function of the relatively cheap supply of coal and
electricity and much of it is based on processing of minerals (18.2 percent versus 25 percent
nationally). There are six active major coal-fired electricity power stations in the Olifants, and two
moth-balled stations are expected to be re-activated by 2008 (van Vuuren et al. 2003).

4.5 Agriculture, livestock and forestry

At seven percent of GGP, agriculture makes a relatively small contribution to the Olifants basin
economy compared to other sectors; but this is still nearly twice the level of agricultural contribution
to national GGP*. However, when one takes into consideration agriculture’s contribution to the
livelihoods of the rural population, where it is often the only source of income, this sector plays a very
important role in human survival and potentially poverty alleviation in this catchment. Child
malnutrition leading to stunting of children’s growth is widespread. The production of food, especially
vegetables, for home use is critically important to many poor rural families and a potential entry point
for poverty reduction’.

Large parts of the Olifants catchment are used for livestock and game farming, though we were unable
to find good data on numbers of livestock. Van Vuuren et al. (2003:3-33, Table 3.5.4.1) give a figure
of 337,006 “ELU” (livestock units), but note there are no data on livestock (including domestic game)
in the former homeland areas—a major gap.

Cattle are the most popular form of livestock and are mainly reared for meat. Sheep are also kept in
considerable numbers, especially in the Upper Olifants and Steelpoort subareas. Goats are kept in
relatively small numbers, with the largest number being kept in the Elands River catchment. Game is
farmed for hunting and meat production, and has gained popularity in recent years. Nationally, the
“hunting industry” has created some 70,000 jobs and generated nearly $ 100 million in income
(http://www.phasa.co.za/index.php?pid=3); we have no figures for the Olifants but the numbers are
significant. The main game types are impala, kudu, water buck, gemsbok and rhino. The eastern sub-
catchments are more popular for game farming as they are drier and less suitable for cattle.

Livestock and game-farming are not officially considered to be significant users of water. Therefore,
they do not carry much weight in these discussions of economic activities. However, this is
undoubtedly a blind spot in the research done on water use and productivity; the cattle industry in
particular is likely an important user of water (Peden et al. 2005; 2007). On the other hand, grazing
game and livestock on rangeland as well as use of crop residues are likely to enhance net water
productivity. We have no data on this dimension of water use.

Commercial forestry is also an important water consumer; it is estimated to cover 400 km? (Le Roy
20052:10)°. Planting of large tracts of non-indigenous trees originated because mines needed large
amounts of wood, but today commercial forestry is linked to paper production and other uses (Lévite
et al. 2003a), and dominated by large national and international corporations. Although not irrigated,
commercial forests growing non-indigenous tree species are seen as depleting far more water through
evapotranspiration than indigenous forests. The assumption is that if the indigenous forests were in
place there would be more stream flow’. Therefore, DWAF has proposed to charge commercial
forestry companies for the additional ‘stream flow reduction’ caused by the higher rate of depletion.

* We do not have exact figures on the value of agricultural processing, but it is undoubtedly very important in
both financial and employment terms

> After more than a year of pilot testing, DWAF is nearly ready to scale up a program to provide household
rainwater harvesting and storage to poor households precisely to enable them to grow more nutritious food; see
DWAF 2007.

% van Vuuren et al. (2003:3-34, Table 3.5.5.1) give a figure of 139.0 km2, but this seems to be an underestimate
7 No data on estimated consumption are given in the DWAF reports, but van Vuuren et al. (2003:3-35) suggest
that it is on the order of 1,700 Mm®
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The largest commercial forestry plantations in the Olifants catchment can be found in the Blyde River
sub-catchment, covering an area of about 220 km2. Other sub-catchments with significant forested
areas include the Steelpoort (74.5 km?), Lower Olifants (40.9 km?) and Upper Olifants Regions (39.2
km?). These plantation areas account for 28 percent of commercial forestry in South Africa. The main
types of trees in these commercial plantations are pine and eucalyptus, with eucalyptus being the
dominant species in the Upper Olifants sub-area, and pine covering the rest of the catchment. In
addition to these commercial plantations, there is a total area of about 1,399 km? of indigenous forests
in the Blyde River sub-catchment and the rest of the Lower Olifants Region. No significant indigenous
forest occurs in the rest of the Olifants catchment.

Assessment of actual evapotranspiration (ETa) in part of the Middle Olifants during one day in
January 2002 using a remote sensing technique (SEBAL) found that even though more than half of
diverted water is used in agriculture, agriculture accounts for only 24 percent of actual basin ETa,
while 75 percent of ETa is largely through commercial forests (Ahmed et al. 2005). This suggests that
DWAF is justified in charging for depletion of water by forests.

4.6 Tourism

Finally, there are many important tourist attractions in the Olifants catchment. The Lower Olifants
sub-area contains a section of the Kruger National Park and the Klaserie, Umbabat, Timbavati (which
is famous for its lion breeding program) and Thorny Bush privately owned game reserves that are
located adjacent to the Kruger National Park. Other attractions in this sub-area are the Blyde River
Canyon Nature Reserve, famous for its scenery and hiking trails, and several habitat and wildlife
management areas. There are important fish hatcheries at Lydenburg in the Steelpoort sub-area. The
area also has a number of trout farms that attract tourists. Some reservoirs are used for recreation in
addition to other intended uses (for example Loskopdam). All of these are dependent on a good supply
of water.

17



5. Geology and land use

5.1 Overview

Geologically, the catchment largely consists of igneous and metamorphosed rocks associated with the
African and Post-African planation surfaces, which formed through uplift, approximately 100 million
and 20 million years ago, respectively. These two surfaces comprise relatively low relief gently
undulating plateau separated by a steep escarpment. Granite is the dominant rock type, but the area is
geologically complex with the common occurrence of dolerite intrusions, in the form of dykes and

sills, and silicified sedimentary formations (Figure 11). A detailed description is given in DWAF
(1991).

\%

AR

African Planation Surface
(lowveld)

N

African Post Planation Surface
(highveld)

40 0 40 80 Kilometers
e el

Geology of the Olifants catchment
Basalt; north-south trending dolerite dykes along Lebombo range
Biotite-muscovite granite, gneiss, leucogranite, migmatite, potassic granite, quartz monzonite, tonalite, quartz porphyry
Bronzitite, harzburgite, norite, pyroxenite, anorthosite, gabbro, diorite
Diorite, gabbro
Dolomite, chert, subordinate quartzite, conglomerate, shale; diabase and syenite dykes and sills
Granite, biotite-muscovite granite; diabase / dolerite dykes
Granite, granodiorite, tonalite, gneiss, migmatite
[_] Granophyre, hornblende and biotite granites
[_] Lava, tuff, quartzite, shale, conglomerate
[ Lava, tuff, schist, gneiss, slate, shale, quartzite
[_] Potassic biotite and leucocratic granites with northeasterly trending diabase / dolerite dykes
[ Pyroclastics, lava, quartzite, conglomerate, sandstone, siltstone; grit, shale, diabase sills
Quartzite, shale, conglomerate, iron formation, breccia, diamictite, limestone, dolomite
Quartzite, shale, dolomite
Rhyolite, granophyre, syenite, tuff, breccia, minor sedimentary rocks
Rhyolite, pyroclastics
Sandstone, conglomerate, rhyolite
Sandstone, siltstone, mudstone, shale; intruded by dolerite and includes patches of Letaba basalt
Shale, sandstone; intruded by dolerite dykes and sheets
Shale; intruded by dolerite dykes and sheets
Tillite with subordinate sandstone, mudstone, shale; intruded by dolerite dykes and sheets
Ultramafic and mafic lavas, quartzite, conglomerate, chlorite schist
[ Ultramafic, mafic and acid lava, tuff, schist, conglomerate, quartzite

Figure 11: Geology of the Olifants catchment (source: data in Council of Geoscience, 2001)
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Land use in the Olifants catchment consists primarily of irrigated and dryland cultivation, improved
and unimproved grazing, mining, industry, forestry and urban and rural settlements. Figure 12 is a
map of land-use within the catchment based on land cover estimates derived from high-resolution
satellite imagery published by the South African National Land Cover Project (CSIR, 2003). From this
map an estimate of the total cultivated area within the catchment is 1,172,389 ha (i.e. 11,724 kmz).
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Figure 12: Land use map of the Olifants catchment (all land classes) cultivated areas only (source:
data in the South African National Land-Cover database, CSIR, 2003)

Provisional analysis of the above databases by IWMI (Magagula, 2005) led to the quantitave
estimation of land-use and land-cover shown in Table 9. The areas under different land cover are as
accurate as satellite image analysis could be. The actual areas under cultivation can be determined for
dry land (rain fed) areas and for irrigation areas and with a further distinction between permanent and
temporary crops. Although table 9 does not explicitly include subsistence level irrigation, some data
about this is provided in section 5.2.

A large-scale commercial agricultural sector, comprising mainly of large farms, coexists with a semi-
commercial/subsistence sector made up of small farms in areas that, before the end of apartheid in
1994, were located within the so-called “homelands”. Most of the homelands were located in marginal
areas with lower rainfall and less fertile soils than is found in the commercial farming areas. Within
the Olifants catchment, it is estimated that there are 945,948 ha of commercial and 226,441 ha of

semi-commercial/subsistence cultivation. Of this, some 128,000 ha (i.e. 11% of the total cultivated

area) is currently irrigated. Irrigation is almost exclusively within the commercial farming sector
(Figure 13).
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Table 9. Land use and land cover in the Olifants water management area

Land use / Land cover

Area (Km®) 9% Area

Cultivated: permanent - commercial dryland 33.46 0.1
Cultivated: permanent - commercial irrigated 245.24 0.4
Cultivated: temporary - commercial dryland 8,145.79 14.9
Cultivated: temporary - commercial irrigated 1,035.11 1.9
Cultivated: temporary - semi-commercial/subsistence dryland 2,264.47 4.1
Degraded: forest and woodland 3,917.05 7.2
Degraded: shrubland and low Fynbos 0.21 0.0
Degraded: thicket & bushland (etc) 729.82 1.3
Degraded: unimproved grassland 158.21 0.3
Dongas & sheet erosion scars 43.11 0.1
Forest 156.36 0.3
Forest and Woodland 14,202.09 26.0
Forest plantations 823.55 1.5
Herbland 0.07 0.0
Improved grassland 23.87 0.0
Mines & quarries 478.71 0.9
Thicket & bushland (etc) 9,016.95 16.5
Unimproved grassland 12,132.02 22.2
Urban / built-up land: commercial 4.02 0.0
Urban / built-up land: industrial / transport 43.93 0.1
Urban / built-up land: residential 989.53 1.8
Waterbodies 157.55 0.3
Wetlands 31.69 0.1
Urban / built-up land: residential (small holdings: grassland) 42.26 0.1
Unclassified 4.27 0.0
Total Area 54,679.34
N
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Figure 13: Land use map of the Olifants catchment (cultivated areas only) (source: data in the South
African National Land-Cover database, CSIR, 2003)
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5.2 Agriculture

South African agriculture can be broadly divided into three farming types: subsistence/semi-
commercial farming (typically dry land), commercial dry land (typically large-scale and highly
mechanized), and commercial irrigated farming (often export-oriented, highly mechanized) (Magagula
and Sally 2005). All three occur in the Olifants catchment, with commercial dry land occupying over
70 percent of the cultivated area of 1.17 million ha; commercial irrigated land covers 11 percent of the
area (128,000 ha, but see next paragraph) compared to 5 percent nationally (these figures seem to
exclude small-scale irrigation, discussed below)®. Of the estimated R 5.3 billion (approximately US$
828 million®) gross value of agricultural production, 60 percent is generated by commercial dry land
farming and 37 percent by commercial irrigated farming

Figure 14 shows the distribution of different crops cultivated in the Olifants basin under dryland
conditions; the total area under dryland cultivation is 945,948 ha. Maize is the dominant crop, grown
in the summer.
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Figure 14. Percentage of dryland area in the Olifants catchment in 2003 under different crops
(source: CSIR, 2003)

Commercial irrigated farming is highly diversified, as shown by Figure 15 (derived from the CSIR
land-cover classification, 2003). Wheat, maize and cotton comprise approximately 50% of irrigated
crops. But it must also be noted that a larger portion of high-value crops for export such as citrus are
grown in this catchment than in most other South African irrigated areas.

8 McCartney and Arranz (2007:5, 13) claim there is an estimated 946,000 ha of rainfed agriculture
? At a mid-2004 exchange rate of R 6.4 = US$ 1.00
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% Area Irrigated Crops
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Figure 15: Crop area distribution under irrigation in the Olifants River Basin (Source: CSIR 2003)

While almost all irrigated agriculture is in the large-scale commercial farming sector, there is also a
small-scale irrigation sector, mostly schemes constructed in the former homeland areas, which adds to
the uncertainty about irrigated area (see below). A WRC report (Denison and Manona, 2006) estimates
there are 317 such small schemes in the country, irrigating 49,504 ha and cultivated by 33,117 farmers
on plots averaging 1.49 ha in size; but the average plot size figure fails to reflect the distribution from
small food plots (0.05 ha) to ‘subsistence’ holdings (1 ha) to ‘commercial’ farms (Denison and
Manona 2006:11, Table 2.1)". Stimie et al. (2001:32) however cast doubt on official figures,
suggesting there are “numerous” unidentified small-scale projects in the basin, especially in
Mpumalanga Province. In the Olifants basin, there are an (officially) estimated 72 small-scale
irrigation schemes with a command area of 9,534 ha, 5,564 farmers, and an average plot size of just
1.6 ha. However, many of these are either defunct or operating at a low level of productivity; around
half or more of the farmers are women and often elderly (Mphahlele et al. 2000; Kamara et al. 2002).
Figure 16 shows the location of these recognized schemes in the Olifants catchment—nearly all are in
the former Lebowa homeland area.

' These figures seem to be based on official data; and the authors note data for Free State are incomplete
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Figure 16. Small-scale irrigation schemes in the Olifants Catchment (source: IWMI)

As shown in Table 10 and Figure 17, the area of the catchment under irrigation increased steadily from
approximately 34,000 ha in the 1950s to approximately 128,021 ha in 1995 (McCartney et al. 2004).
Nearly half the irrigated area is in one secondary catchment, B3, below the Loskop Dam. However, in
recent years there has been a significant increase in the area irrigated in the Lower Olifants,
downstream of the Blyde Rivierspoort Dam.

Table 10: Estimated area under irrigation in the subcatchments of the Olifants catchment

Secondary Area Area irrigated (ha)
Catchment (km?) 1950- 1965- 1988' 1990- 1995°
1960" 1973! 1995°
Bl 7,105 625 920 4,760 6,560 2,110
B2 4356 1,280 2,040 5,580 5,589 2,435
B3 11,242 13,170 38,975 49,295 51,621 57,618
B4 7,136 4,203 7,654 12,118 13,104 15,258
B5 9,728 7,700 9,338 6,455 15,850 6,043
B6 2,842 3,875 9,400 11,297 8,291 23,521
B7 11,899 2,933 5,311 9,410 9,230 21,035
Total catchment | 54,308 33,786 73,638 98,915 110,245 128,021

(source: 'DWAF, 1991, *WSAM, 1995 and *CSIR, 2003)

There is some uncertainty about the extent of irrigated area. The official DWAF estimate based on its
WARMS database is 110,245 ha, also attributed to 1995 but may actually reflect an average over
several years. In contrast, the estimate of 128,021 ha as of 1995 is based on a study combining remote
georeferenced LANDSAT Thematic Mapper images captured in 1994 and 1995 and field observations
by the South African Council for Scientific and Industrial Research (CSIR). The CSIR land-cover
classification (CSIR, 2003) is assumed to be the best estimate currently available. However, despite
the high resolution of the remote sensed images, it will almost certainly have underestimated the
extent of small-scale irrigation in the catchment (CSIR, 1999). At present, there are no data available
for the extent of irrigation in more recent years. But casual observation as one travels through the
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basin suggests that there is a great deal of expansion of irrigated citrus orchards in previously un-
irrigated land, which is probably not captured in official figures either (personal observation)'" .

140,000

100,000 —

80,000

60’000 | =

40,000 -

20,000 ,i
0 — [

1950-1960 1965-1973 1988 1990-1995 1995

Area irrigated (ha)

@ B1 IBZD83DB4IBSDBGIB7‘

Figure 17: Estimated area under irrigation in each of the sub-catchments of the Olifants River Basin
(source: DWAF, 1991, WSAM, 1995 and CSIR, 2003)

Irrigation is the main water-use sector in the Olifants catchment. An estimated seventy percent of all
the water diverted and used by humans goes to irrigation; thirty percent of this is estimated to be from
boreholes, the rest from surface sources (Magagula and Sally 2005)12. Table 11 provides estimated
water use by economic sector in the basin based on data from the water use registration data base
(WARMY) but these are considered preliminary estimates at best. Other estimates of water required by
irrigation range from 436.8 Mm’ (DWAF data) to 569.5 Mm’ based on estimates using SAPWAT, a
model developed in South Africa to estimate crop water requirements (Van Heerden 2004). The
different figures probably reflect lack of clarity about exactly what is being measured, whether it is the
water diverted or consumed.

Table 11: Water use by sector in the Olifants river basin as derived (Source: WARMS database, 2004)
Water Use by Sector in the Olifants River Basin (Mm®)
Aquaculture Industry Irrigation Livestock Mining Schedule 1 Recreation Water Supply Total

Borehole 0.015 3.775 96.533 2.201 30.867 0.008 0.001 14.066  147.47
Dam 0.060 91.458 0.162  5.602 1.744 99.03
Estuary 0.015 0.01
Lake 0.719 0.001 0.72
River/Stream 29.542 3.195 118.327 0.377  3.678 0.025 0.011 0.679  155.83
Scheme 14.096 1.587 0.500 1.296 27.547 45.03
Spring/Eye 0.043 5.998 0.115  0.305 0.032 6.49
Wetland 3.557 0.012  0.269 3.84
Total (Mm?) 29.557 21.168 318.179 3.382 42.018 0.032 0.012 44.067 458.42

% 6.448 4.618 69.408 0.738 9.166 0.007 0.003 9.613 100

Source: Magagula and Sally 2005:10, Table 8.

" This is mostly from groundwater and it is not clear whether it is fully captured in DWAF’s records

12 R, C e .
Aston (2000) says there is little commercial irrigation based on groundwater, so these figures are open to
question.
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6. Conclusion

This document has provided a broad overview of the salient features of the Olifants river basin with
special focus on climate, land-use and land-cover and some key socio-economic features.

The Olifants basin is home to 3,400,000 people and is economically very important for the economy
of South Africa, supporting significant mining, agricultural and industrial activities. All these sectors
require large amounts of water. Rainfall in the basin is influenced significantly by the escarpment,
which separates the highveld from the lowveld. Mean annual rainfall in the vicinity of the escarpment
is relatively high, in excess of 800 mm, but to the east and west it is much less, dropping to below 600
mm in some places. In addition to the high spatial variability, rainfall also varies considerably between
years. Averaged across the whole catchment, mean rainfall only exceeds 50% of mean potential
evapotranspiration in 4 months of the year. Consequently, irrigation is required to reduce the risks of
water shortage and support crop growth in many areas of the catchment.

Irrigation is the largest water-use sector in the basin. The irrigated area is estimated to be around
128,021 ha (i.e. 11% of the total cultivated area in the catchment) using approximately 540 million
m’/yr. Almost all the irrigation water is used in the commercial sector.

There has been extensive water resource development in the Olifants basin. There are nearly 40 major
dams (with a storage capacity greater than 2 Mm®) and several times more small and minor dams in
the catchment. But this development has not yielded equitable benefits for all the people living in the
basin: there is a significant discrepancy between development in what were the former homelands and
the former Republic of South Africa. In fact, prior to the 1980s, there was considerable development
in the Republic but very little development in the homelands. While it is not possible to give the
reason for this discrepancy, it is possible that it reflects the different development priorities given to
the “white” and “black” areas during the former apartheid regime. This is exemplified in the huge
difference in the urban and domestic water consumed in different areas of the catchment. In the
regions that incorporate the former homeland areas and where many people still lack basic water
supply, per capita consumption equates to just 17.20 m*/yr (i.e. 47 litres per capita per day). In contrast
in the upper and lower catchment, where the majority of the white population lives, the average per
capita consumption is 66.95 m*/yr (i.e. 183 litres per capita per day).

One key factor that emerges is the high degree of complexity, and the contrasts among the rich and
poor, in a context of increasing competition for scarce water resources. Redressing this imbalance,
together with a major concern to safeguard the environment are some of the main considerations that
underpin current and future land and water development plans in the basin. Some of the factors that
merit further investigation and research are: (a) the implications of re-allocating water between
sectors; (b) the implications of water conservation and demand management strategies; (c) the
potential for increased utilisation of groundwater including inter-linkages between groundwater and
surface water; (d) better understanding of irrigation abstraction, return flows and impacts on water
quality; and (e) the potential for water reuse and recycling, including using mine water for irrigation.
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