Water resources in the Klein Karoo: the challenge
of sustainable development in a water-scarce area
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The Klein Karoo is situated in the Western Cape, South Africa, and
is characterised by low rainfall (100-450 mm yr™'). The Klein Karoo
is situated in the primary catchment of the Gouritz River. The mean
annual runoff (MAR) for the three major tributaries of the Gouritz
River arising in or feeding the Klein Karoo (Touws, Gamka, Olifants)
is 540 Mm® yr'. Groundwater recharge in the three Klein Karoo
catchments is =257 Mm? yr™', but only a portion of this reaches the
rivers. The very variable flows result in low 1:50 year yield of 161
Mm?® (30% of MAR). The current demand for water in these catch-
ments is 182 Mm® yr', which exceeds the yield, and demand is
projected to increase between 23% and 150% by 2025. Changes
in the approach to water management are required, including
improving the efficiency of irrigation and land restoration to improve
water infiltration and reduce soil erosion. We believe that it is time
to change to a water management approach that is designed to
anticipate and manage the inherent variability in water resources in
the Klein Karoo, thereby placing the region on a path to sustainable
development.
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Introduction

The Klein Karoo is an ecologically and economically diverse
region of South Africa situated in a broad east-west oriented
valley between the relatively well-watered Langeberg-Outeniqua
Mountains in the south and the Witteberg-Swartberg Moun-
tains in the north (Fig. 1). It lies within the Gouritz River system
whose tributaries extend through the Swartberg Mountains into
the Great Karoo. Three biomes meet in the Klein Karoo:"?
Fynbos, Succulent Karoo and Thicket. Both Fynbos and Succu-
lent Karoo are recognised as global biodiversity hotspots® with a
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variety of plant species. The perennial reaches of the Gouritz
River system are also important for the conservation of aquatic
biodiversity, including a number of threatened fish species.’* A
history of poor management has left much of the Klein Karoo de-
graded by over-grazing and poor cultivation practices.” The
riverine areas are the worst affected, with only 11% in a near
natural state, almost all of which is in source areas which are too
steep to cultivate and provide poor forage.” Extensive land
degradation has already altered the hydrology and geohydrology
of the Klein Karoo and its aquatic and groundwater-dependent
ecosystems.*” Vegetation loss and trampling by livestock have
altered key processes such as water infiltration, increasing soil
erosion and changing river flow regimes.

The Klein Karoo is a semi-arid to arid area and fresh water is a
critical constraint to future economic development. Although
water is widely recognised as a critical constraint, there is a
dearth of information on the state of the water resources in
the Klein Karoo. This paper reviews information on the water
resources of the Klein Karoo, covering both groundwater and
surface water, and highlights some of the key issues, knowledge
gaps and future options. Recent overviews include the Water
Situation Assessment® and internal strategic perspective prepared
for the Gouritz Water Management Area (WMA),” which
includes the catchments of some of the adjacent coastal river
systems.

Study area

There are different definitions of the extent of the Klein Karoo,
depending largely on whether the boundaries are defined
geographically, biogeographically or hydrologically. This study
uses hydrological boundaries based on the boundary of the
catchment of the Gouritz River system," which falls within or
overlaps the geographical boundaries of the Klein Karoo used by
Vlok et al." Much of the water used in the Klein Karoo is sourced
from catchments which are situated to the north of the Witte-
berg-Swartberg Mountain Ranges, including their northern
slopes, so these catchments are included as well (Fig. 1). The
exceptions are the catchments of the Kingna River (Montagu
area) and the Tradouw River (Barrydale area), which are tribu-
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Fig. 1. The study area (thick black line) with the main towns, road (dashed lines) and mountain ranges. The main sub-catchments of the Gouritz River system are indicated

by the thin black line.

taries of the Breede River system. Detailed data on water use and
demand for these specific systems are lacking so they are not
dealt with in this paper. The focus of this study is on the major
sub-catchments of the Gouritz River system within or supplying
the Klein Karoo (Fig. 2): the Touws, Buffels and Groot Rivers
(secondary J1); Dwyka and Gamka (J2) and the Olifants and
Kammanassie Rivers (J3). The final sub-catchment is the Gouritz
River itself, which is the secondary catchment J4, called the
lower Gouritz in this analysis to distinguish it from the whole
Gouritz River system (J). The WMA also includes the catchments
of the Duiwenhoks River (H8), Goukou (H9) and the coastal
catchments from the Klein and Groot Brak Rivers (K1) to the
Keurbooms River (K6).

Data sources and methods

The primary sources of climatic data were the climate atlas"
and mean annual rainfall from Lynch."” Additional climatic data
for specific localities were obtained from the South African
Weather Bureau” and Wentzel." Hydrological data for surface
water per quaternary (4th order) catchment and naturalised
flows at dams and weirs were taken from Midgley et al."’ Data
onriver baseflows were taken from statistics calculated using the
SPATSIM modelling framework software.”

Information on water use and demand was obtained from the
South African Department of Water Affairs and Forestry over-
views,* supplemented with information from the Water
Authorisation Registration and Management System (WARMS)
database. A total of 8325 registered water use points were
obtained®’ for the Klein Karoo, of which 93% fell within the
study area and were used. The data have been provisionally

reviewed, but because the information must still be verified,
only comparative analyses are presented.

Data on groundwater recharge and contribution to baseflows
were obtained from the Groundwater Resource Assessment
(GRA)." Groundwater quality data for boreholes in the study
area were extracted from the WARMS database. The database
contains a number of zero values in the case where only minor
ions were analysed. In order to compensate for this, the zero
values were deleted prior to calculating any statistics. This
resulted in a total of 3 141 data entries. Where there was a
time-series for the borehole, the values were treated as individual
data entries. The WARMS database provides latitude and longi-
tude data for borehole localities, which were used to allocate
them to quaternary catchments and to principal aquifer types
based on a 1:1 million scale geological map.”"

Groundwater recharge was calculated using the GRA'® values
of recharge per quaternary catchment and was spatially joined
with the aquifer types to calculate the volume per polygon. The
layer was then cropped to the Klein Karoo study area boundary,
and the area values recalculated. A Microsoft® Excel 2003 pivot
table was used to summarise the data. Average recharge (mm)
per aquifer type was calculated by dividing the volume by the
area of the aquifer.

Biophysical environment: climate and water resources

Climate

Rainfall
The Klein Karoo is characterised by marked orographic rainfall
gradients and rain shadow effects. The upper slopes of the
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Fig. 2. Mean annual rainfall (mm) in the Gouritz River catchment and adjacent areas (data from Lynch'). The Klein Karoo study area is outlined in the thick black line and
the sub-catchments in the thin black line. The names of the major dams are shown in white-outlined text. The main tributaries have been labelled and the width of the river

reach corresponds to the Strahler order (1 = headwater).

Langeberg-Outeniqua Mountain Ranges receive up to 1650 mm
and the Witteberg-Swartberg more than 1 000 mm but most of
the low-lying central valley receives 100-300 mm per year
(Fig. 2). The driest areas are in the west where some parts get
only 50-100 mm. The seasonal distribution of the rainfall varies
from winter-dominant in the far west (Montagu, Fig. 3), to
bimodal (Ladismith), to summer in the east (Willowmore). The
winter rains are brought by cold fronts associated with
low-pressure systems and westerly winds."””’ Summer rainfall is
dominated by moisture from the east and convective systems
which are less affected by orographic gradients. The rainfall
regime is also characterised by extremely high rainfall events,
associated with cut-off low pressure systems,” which can result
in major floods: e.g. Laingsburg to Montagu in January 1981,
Montagu in March 2003 and Zoar in 2004.

The variability in the rainfall increases as the rainfall decreases.
In areas with <300 mm per year, the coefficient of variation is
36-40% compared with 15-20% in the high rainfall areas.” Areas
receiving winter rainfall have more reliable rainfall than those
receiving summer rainfall, and the difference increases as the
mean annual rainfall increases.”* The Klein Karoo has a quasi
10-12 year cycle: roughly five years with more and five years
with less rainfall and a range of 10-30% either side of the
long-term mean."*

Temperature and evaporation
The mean daily temperature in February is >30°C in the low-
lands and in the upper 20s in the mountain areas and the coastal

side of the Klein Karoo". In August the corresponding tempera-
tures are 20-22°C and 12-14°C. The corresponding mean daily
minima for January are 14-16°C and 10-12°C and for August
4-8°C and —2-2°C.

The area receives more than 80% of the potential solar radia-
tion throughout the year,” resulting in high evaporation rates.
The potential evaporation (PEt, A-pan equivalents") is more
than 2 000 mm per year and exceeds 2 250 mm per year (>10
times the rainfall) in the dry central region. There is an east-west
gradient in the seasonal distribution where the ratio of the
January to June PEt ranges from more than five in the west to
threein the east, emphasising the greater seasonality in the west.

Surface water resources

Mean annual runoff

The Gouritz River system (catchment J) was estimated to have
amean annual runoff (MAR) of about 674 Mm?* ™ ' although the
most recent study’ gives 562 Mm?®. Most of the surface runoff
statistics were obtained from Midgley et al."’ so we have used the
data from their study unless otherwise indicated. The MAR is
equivalent to 12.5 mm or about 5.7% of the mean annual rainfall,
substantially lower than the mean for South Africa of about
9.0%," but similar to arid parts of Australia.***

Spatial variation in surface runoff
The Gouritz River system has been divided into four main
sub-catchments (Table 1). More than 90% of the Olifants and
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Fig. 3. Climate diagrams for selected stations ranging from the western to the eastern part of the study area. Data obtained from the Weather Bureau™ and from the
Department of Agriculture.” The upper lines show mean daily temperature maxima and lower lines minima for each month. Willowmore is about 50 km northwest of

Uniondale (see Fig. 1).

Kammanassie sub-catchment (J3, Fig. 2) lies to the north of the
Swartberg, within the Great Karoo, but the flows supply the
Gamkapoort Dam which supports irrigation in the Klein Karoo.
The sub-catchments of the Dwyka and Gamka (J2) and the
Olifants (J3) fall mainly within the Karoo, but sub-catchment J4
(lower Gouritz) is situated mainly south of the Outeniqua
Mountains (Fig. 2). Although catchments in the Klein Karoo
comprise only 43% of the Gouritz River system, they produce
most (56%) of the runoff (Fig. 4) and capture more than 70% of
the estimated recharge (Table 1) because they include a large
proportion of the TMG aquifer.

Surface water flow variability

The volumes of runoff are not only low, they are also very
variable, with the coefficient of variation (CV) for streamflow
being 2-5 times the CV of rainfall, as found in other arid areas.**
Analyses of the naturalised runoff records in Midgley et al."

show that the quaternary MAR varies between 1.1 and 2.8 times
the median annual runoff” The CV ranges from 0.7-1.7 times
the MAR and decreases as the amount of runoff increases. The
drier catchments have a high percentage of zero flow months,
some more than 25%. The high runoff in wet years or during
floods is reflected in the maximum annual runoff being
2-12 times the MAR and the minimum 0-0.3 times.”

Multi-year trends in mean annual runoff

Analysis of the naturalised runoff and cumulative deviations
from the mean volumes of naturalised runoff, measured at dams
and weirs, highlight the spatial variability of the flows.” Each of
the records that was analysed had unique features (Fig. 5). Most
of the flows have extended periods of below-average runoff, e.g.
the Prins River from 1922-1936 and Calitzdorp Dam from
1940-1974. The high runoff measured in the Prins River in 1920
plays a dominant role in the pattern of deviations, as does the

Table 1. The size, mean annual runoff (MAR) and estimated groundwater recharge for the whole Gouritz River catchment and the sub-catchments
which comprise the Klein Karoo.

Secondary River systems Area Klein Karoo MAR Klein Karoo Recharge Klein Karoo
catchment (km?) (%) (Mm?®) (%) (Mm?® yr™) (%)

J1 Buffels, Touws, Groot 13312 69.7 105 71.5 90 87.5
J2 Gamka, Dwyka 18 484 7.7 206 16.5 48 24.6
J3 Traka, Olifants, 11017 722 229 96.5 118 97.9

Kammanassie

J4 Gouritz 2321 29.1 134 36.5 48 345
All All 45134 42.8 674 56.2 305 73.2
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Fig. 4. The relative importance of each quaternary catchment’s runoff in the Gouritz River catchment, where the importance is the percentage of the median total annual

runoff based on data from the SPATSIM model.”

massive volume of runoff at Paardekloof (Olifants River) in 1980.
If these exceptional values are replaced with the mean for those
series, the cumulative deviations are negative for the Prins River
until 1956; Paardekloof has a negative cumulative deviation until
1938 and then is positive until 1978, reasonably similar to the
Kammanassie Dam.” The high variability of the flows and the
long-term deviations result in low reservoir yields (based on a
1 in 50-year failure probability), even from a reservoir with a
capacity equal to the MAR (Table 2).*

Surface water quality
Much of the groundwater in the Klein Karoo is saline because
the geological formations which form most of the aquifers give

rise to naturally saline groundwater (e.g. the Enon conglomerate
near Oudtshoorn)® combined with high evaporation rates. This
makes the water naturally poor quality for agricultural purposes.
Natural salinity also affects the river systems draining the
Great Karoo and has been increased by the return flows from the
irrigated lands in the Touws, Buffels and Groot River catch-
ments. The water quality is generally acceptable in the upper
catchments, except for the Buffels River upstream of the Floris-
kraal Dam, and declines downstream-becoming unacceptable
in the Groot River (J13).* The water quality is unacceptable in the
lower reaches of the Olifants River, largely due to the return
flows from irrigated areas. No data are available for the main
stem of the lower Gouritz River (J4) but the quality reaching the

Table 2. Information on rainfall, runoff and reservoir yields in selected catchments in the Karoo.” The Leeu and Cordiers Rivers are situated in the Great
Karoo on tributaries of the Gouritz River. MAP = mean annual rainfall, CVP = coefficient of variation of rainfall, MAR = mean annual runoff; CVR = coeffi-
cient of variation of runoff; Mm® = millions of cubic metres. The percentage yield is calculated for a hypothetical reservoir with a volume equal to the MAR
and for a 1 in 50 year failure to sustain that level of supply.

River system Location Area MAP CVP MAR CVR Reservoir yield
(km®) (mm) (Mm°) (%)

Huis Barrydale 28 599 0.25 3.9 0.72 46.8

Prins Prinsrivier Dam 757 421 0.36 3.5 1.44 36.4

Brak Bellair Dam 558 288 0.23 23 1.07 35.3

Nels Calitzdorp Dam 170 383 0.31 6.7 0.67 67.4

Leeu Leeugamka Dam 2028 198 0.35 30.3 1.29 30.9

Cordiers Oukloofdam 141 393 0.30 3.6 1.07 49.2

Kammanassie Kammanassie Dam 1505 837 0.23 38.7 1.10 46.0

Olifants Kromlaagte 4 305 382 0.23 17.7 0.92 33.3
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Fig. 5. Mean annual runoff (solid line) and cumulative deviations (dotted line) for different catchments in the study area. Data taken from the naturalised flow records for the

catchments given in Midgley et al.”

estuary is likely to be poor despite dilution by the better-quality
water from the sub-catchments on the southern slopes of the
Outeniqua Mountains.

Groundwater resources

Aquifer types

Groundwater in the Klein Karoo is stored in three types of
aquifers. Primary aquifers are formed from unconsolidated sedi-
ments which have been deposited primarily as alluvium in the
floodplains of the major river systems; these aquifers typically
occur in low-rainfall areas and are mainly recharged during high
flows and floods during the wet season. Secondary karstic
aquifers are very limited in extent as they are only found in the
carbonates of the Kango formation; dissolution fissures can store
large volumes of water which flows relatively rapidly through
them and results in springs and boreholes with high yields.
Secondary fractured aquifers are the most widespread and
extensive type in the Klein Karoo, including the Table Mountain
Group (TMG) quartzites, Witteberg sandstones and the
Bokkeveld shales. The water is stored in and flows through the
fractures and fault systems; open fractures can store relatively
large volumes of water but they represent only a small fraction of
the total rock volume.

Recharge

The quartzitic sandstones of the TMG and, to a lesser extent,
Witteberg, form the bulk of the mountains and the relatively
high rainfall they receive results in high recharge: about 10% or
>50 mm per year. The estimated recharge derived for the GRA
study is 305 Mm’ yr' for the whole Gouritz River system and

257 Mm’ yr for the three main tributaries. This is equivalent to
about48% of the MAR for the latter catchments and is highest for
the Groot River system (J1). A large but unknown proportion of
the recharge is lost through transpiration by vegetation in the
discharge areas, particularly riparian zones and floodplains
which may explain why the base-flow in these catchments is
only 95 Mm® yr.

The TMG receives more than 70% of the total groundwater
recharge for the entire Klein Karoo. The extensive faulting and
fracturing of the TMG results in relatively high deep-ground-
water storage in discrete fault zones, and discharge from the
TMG aquifers maintains the perennial flows in the main river
systems. The groundwater flowpaths may extend for tens of
kilometers and reach up to 3 km in depth as shown by the
temperatures of the hot springs in the area, for example 50°C at
the Calitzdorp hot spring.”

Groundwater yields

The Bokkeveld shales comprise much of the central area of the
Klein Karoo and have low recharge (<6 mm per year). Boreholes
typically have low yields (<11s™) although the Ceres sub-group
has three formations with greater permeability and higher
yields (>515™).” Yields from boreholes sited on water-bearing
structures in the TMG may be higher. The TMG formations con-
tinue beneath the Bokkeveld in the synclinal structure known as
the Outeniqua basin in the Oudtshoorn area. Estimates of the
volumes of groundwater that could be abstracted from this
basin, which is at least 1 000 mm thick, range from 58 to
320 Mm>."*" ® Ongoing exploration drilling should provide a
better estimate of the sustainable yield of the deep aquifer.
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Table 3. Asummary of the estimated yield of the surface and groundwater resources of the Gouritz WMA based on a 1:50 year sustainable yield and the impacts of different

factors on those yields.*’

Catchment unit Area (km®) Estimated 1:50 year yields (Mm® yr™)
Natural resource Usable return flows Impact on yield Total Grand
local yiel total
Surface Ground Irrigation Urban Industry Desktop Invasive ocal yield o
reserve alien plants
for rivers

J1 13313 21 23 0 0 0 2 0 42 42
J2 19 051 26 24 0 0 0 2 0 48 48
J3 11017 53 15 3 5 0 1 4 71 71
J4, H8, H9 5299 66 1 2 2 0 2 10 59 59
K1-Ké 4459 97 1 2 4 6 33 22 55 55
WMA (total) 53139 263 64 7 1 6 40 36 275 275

Table 4. A summary of the water requirements for the year 2000 level of development and based on 1:50 year yield (Mm®a™), i.e.a 98% assurance of supply.®

Catchment unit Irrigation Urban Rural Industry Afforestation Total Transfers out Grand total

(yield impact)

J1 49 2 2 0 0 53 0 53

J2 49 5 1 0 0 55 0 55

J3 62 10 2 0 0 74 0 74

J4, H8, H9 51 3 3 0 1 58 1 59

K1-K6 43 32 3 6 14 98 0 98

WMA 254 52 11 6 15 338 1 339
Groundwater quality The impact of the environmental allocation (Ecological Reserve,

Only the TMG yields high-quality groundwater for human
consumption, with its median total dissolved solids of <260 mg
1.0 The groundwater from the Witteberg, Bokkeveld, and the
Uitenhage Group, which includes the Kango formation and is
found in the Oudtshoorn area, range from 261-600 mg 1™ (good)
to 601-1 800 (marginal) to >1800 (poor to unacceptable)
depending on the inherent salinity of the rock formations. In the
case of the Kango formation the poor quality is due to high con-
centrations of carbonates rather than sodium. The groundwater
quality is marginal over at least 60% of the study area. The
limited data that are available indicate that most of the alluvial
aquifers also contain marginal quality groundwater.

Water availability and requirements

Availability

The most comprehensive summary of the current availability
and use of water resources is the data compiled for the Water
Resource Overview® and Internal Strategic Perspective.” Unfor-
tunately these sources use a grouping of sub-catchments where
the lower Gouritz sub-catchment (J4) is combined with the
coastal catchments.

The 2000 assessment of water availability highlights the limited
amounts of water available. The low volumes, combined with
the highly variable flows, account for the 1:50 year yields of only
161 Mm?’ for the three main tributaries (Groot, Gamka, Olifants)
(Table 3), which is only about 29.8% of the mean annual runoff.

National Water Act No. 36, 1998) on the availability of water is
not seen as being a majorissue except for the coastal catchments,
where river and estuary requirements have been setat very high
levels (Table 3). However, it is important to emphasise that full
determinations of the ecological reserve are needed so that the
required amounts can be determined with a reasonable degree
of confidence.

Current water requirements

The best available information on the current demand is the
recent overview® (Table 4). The current total requirement for the
WMA is 339 Mm’ yr, about 30% of which is in the coastal catch-
ments where there is high usage by the irrigation, urban and
forestry sectors. The demand in the sub-catchments of the three
main tributaries (Groot, Gamka, Olifants) was 182 Mm?®in 2000 at
a 98% assurance, with 160 Mm? for irrigation.® The majority
(73%) of registered water use is for river abstractions, 15% from
schemes (including groundwater schemes such as the Klein
Karoo Rural Water Supply Scheme), 8% from boreholes, 3%
from springs and only 0.6% from dams. The currently available
water resources, based on the estimates for 1:50 year yields
(Table 3), are not sufficient to meet the requirements (Table 4).
The resultis that there is a net deficit of 64 Mm’® yr~' for the WMA,
two-thirds of which is in the coastal catchments and the balance
in the three main tributaries (Table 5). This means there is already
a water deficit, at least in terms of the estimated demand and

Table 5. Summary of the annual water balance for the Gouritz WMA (Mm® yr™') showing the estimated status in the year 2000 and the scenarios for

2050.%°
Sub-catchment Net outcome for 2000 Scenario 2025
Availability Local requirements Transfers out Total Deficit Base High

J1 42 53 0 53 -1 -9 -10
J2 48 55 0 55 -7 -7 -12
J3 71 74 0 74 -3 —4 —-12
J4, H8, H9 59 58 1 59 0 1 -1
K1-K6 55 98 0 98 —43 —60 -123
WMA 275 338 1 339 —64 -79 -158
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Fig. 6. Registered groundwater use as a percentage of the recharge in each sub-catchment based on data from the Groundwater Resource Assessment'® and data

collated from the Water Allocation and Resource Management System database.

desired assurance of supply. This is particularly acute in the
Touws-Buffels-Groot catchment and can be expected to result
in a decrease in the sustainable yield, or a reduction in the
assurance of supply that needs to be addressed.

Irrigation

Irrigation currently accounts for 75% of all the water used in
the Gouritz WMA and 84-92% of the water used in the three
main tributaries. Although these figures must be interpreted
with caution because the farmers generally operate with a low
assurance of supply (because of the long periods in which there
is below-average inflow into the dams), the pressure to retain all
flood water in the dams does place a severe stress on the river
systems and results in heavily modified flow regimes. In many
cases the allocations exceed the available yields. For example,
over-allocation within the Olifants River Government Water
Scheme has resulted in the combined allocation from the
Stompdrift and Kammanassie Dams being 87.7 Mm? yr™, which
is 266% of their combined 1:50 year yield.® The high levels of
existing demand and use are important because of the drive to
establish new irrigation schemes for formerly disadvantaged
farmers and develop the resource base of rural communities.
Irrigated farming is seen as the only form of agriculture that is
currently economically viable and could be used for this purpose.’

Urban

Urban water use for municipalities and industries is generally
low in the Klein Karoo catchments, except where there are
reasonably large towns such as Calitzdorp (Gamka) and
Ladismith (Touws-Groot).* Oudtshoorn accounts for almost all
the 10 Mm’ yr™' taken from the Olifants River sub-catchment (J3)

for urban use. Very limited population growth, or even a
decline, is predicted for the Gamka and Touws-Groot catch-
ments, but the population is expected to grow in the Olifants
catchment.® The available data show somewhat different trends;
the population of Kannaland (Ladismith) in the Touws catch-
ment increased from 21 105 in 1996 to 23 971 in 2001 (14%) while
Oudtshoorn grew from 78 846 to 84 692 (7%).* Migration of the
rural populations to the local urban centres is expected to
continue. Population densities are low, with 80% or more of the
population residing in the towns.

Groundwater

The DWAF studies® used crude estimates of the amount of
groundwater available. Since then, the GRA" study has provided
estimates of the available resource based on recharge storage,
but more detailed studies are required to determine sustainable
yields. Data used in this study indicate that many of the Great
Karoo sub-catchments and some of the sub-catchments close to
Oudtshoorn are stressed, with more than 50% of recharge being
registered for abstraction by users (Fig. 6). There is likely to be an
overlap in total available water resources, where groundwater
recharge contributes to surface water baseflow. This issue needs
to be understood better to avoid over-allocation of groundwater
resources in the future, and minimise the potential for signifi-
cant adverse environmental impacts and clashes of interest
between surface and groundwater users.

Impacts of invasive alien plants

The total flow reduction due to invasive alien plants is
estimated at 121 Mm’ yr'®® based on the data used for the
Water Situation Assessment Model (which originally came from



Review Articles

the study by Versfeld et al.*"). The impacts on the 1:50 yields from
the different sub-catchments are substantial (Table 3), especially
in catchments which include the coastal mountain ranges where
there are extensive invasions by Hakea species and by various
Acacia species along the river systems.” Clearing of the invaders
in the different catchments could help by substantially reducing
the existing deficits in the Olifants River system and in the
coastal catchments. The impact of alien invasive plants on the
1:50 year yield in the three main tributaries is estimated at
15 Mm’.®'? Large areas of the river bed and floodplain of the
Olifants River, and to some extent the other rivers, have also
been invaded by Arundo donax (Spaansriet), a species which
probably has very high levels of water-use, but its impacts have
not been quantified yet.

Impacts of climate change

The lack of information on the implications of climate change
for the water resource situation in the Gouritz WMA was identi-
fied as an important issue.*” Assessments of the implications of
climate change for South Africa have been done at a national
scale”*but none have focused specifically on the Klein Karoo. A
recent assessment for the Western Cape Province predicts the
following general trends:® a reduction in winter rainfall; an
increase in summer rainfall and rainfall intensity in the east; a
monthly rainfall change of 10 mm or more; and an increase in air
temperature, particularly the minimum temperature, by up to
2-3°C.

The decrease in winter rainfall will affect the western regions,
the southern mountains and the Swartberg. The projected
weakening of the cold fronts could be significant if this decreases
the probability of them bringing substantial amounts of rain to
the inland mountain ranges, which are important for surface
water resources in the Klein Karoo (Fig. 2). The increase in air
temperatures will substantially increase the evaporative demand,
partially or potentially completely offsetting increases in summer
rainfall and aggravating decreases in winter rainfall. The volumes
of recharge to groundwater and runoff in catchments of the
Klein Karoo are likely to decrease substantially, but montane
areas may be less affected. The variability of river flows might
increase with a tendency to more erratic flows and more frequent
floods.

Water requirements in 2025

The projected water balance in 2025 was estimated using two
different scenarios, one with limited increase in use and one
with a high level of increase’ (Table 5). Both show clearly that the
projected trends will lead to increasing deficits. The baseline
scenario results in a 23% increase and the high-level scenario
nearly 150%. Protection of the ecological integrity of the system
(termed the ecological reserve), could be met by the approxi-
mately 120 Mm® yr™' that would be released by complete clearing
of invasive alien plants (see below), but the increases in yields
will not be sufficient in most of the catchments and will not be
of any use where their impacts are minimal (e.g. the Gamka
catchment). About 22 Mm’ yr' of the total increase could be
made available, at a 1:50 year assurance of supply. The greatest
benefits will be in the Olifants River system, where the increase
in the 1:50 year yield of 4 Mm’ yr' could help alleviate the
problems caused by historical over-allocations, especially in the
lower parts of the catchment.

Balancing supply and demand
As irrigation is the major water use, particularly in the inland
catchments, it is clear that there will have to be a strategy aimed
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atimproving water-use efficiency, which includes reducing the
return flows of saline water that are affecting the river systems
and downstream users.” Urban water requirements are not
expected to increase substantially and most of the projected
increase is expected to be in the coastal catchments rather than in
the Klein Karoo. Overall, the increases in efficiency are unlikely
to have a significant impact relative to those in the agricultural
sector. Rural water requirements are not expected to increase
substantially and may even decrease slightly with the trend of
increasing movement of people to the urban areas.

The overview report® recommends that controlled burning of
fynbos catchments to reduce the mean age of the fynbos and
increase water yields could be investigated further. This inter-
vention is unlikely to result in a substantial increase in water
yields, as fynbos typically has a low biomass and relatively low
water-use,®” and frequent fires could have adverse impacts on
the biodiversity functioning of these ecosystems.

Recommendations

The water resource situation in the Klein Karoo is approaching
a crisis. The current levels of demand have passed the stage of
sustainable use and balancing of human and ecological require-
ments envisaged by the National Water Act. Water demand is
projected to increase significantly by between 23% and 150% by
2025, although there is no way of meeting this demand without
even more severely compromising the functioning of the river
systems. The impacts of climate change are uncertain, but are
likely to result both in a reduction in the available water resources
and even greater variability in flow regimes and recharge.

There are various options for mitigating this situation. First,
the efficiency of irrigation could be improved by ensuring that
the most efficient technologies are used in both water delivery
and application to maximise crop yields while minimising the
volume of return flows and, thus, the salinisation caused by
irrigation. The possibility of changing to crops with a higher
water-use efficiency and value should be assessed. Second,
although water consumption by urban areas is a small propor-
tion of the overall use, upgrading of urban water service infra-
structure to minimise water losses (e.g. leaking water mains)
could be beneficial at the local scale as well as reduce the volume
of water that needs treatment. Third, making use of managed
aquifer storage, including artificial recharge, could reduce water
loss through evaporation compared with storage dams.

Even aquifers which have naturally high salinities may be used
for the artificial storage of good quality water because mixing
rates are quite low.” The Klein Karoo, with its very high rates of
evapotranspiration, is well suited to subsurface storage of water
in aquifers, particularly in alluvial aquifers, the TMG and the
Kango carbonates.

Research is needed to get a better understanding of the
dynamics of the groundwater resource, particularly recharge,
and its sustainable yield in different parts of the Gouritz WMA.*
This includes research into the potential use of groundwater
from the TMG aquifer, particularly the deep groundwater.
Research into the potential environmental consequences of
large-scale abstraction needs to be given a high priority. Imple-
menting alien vegetation control, particularly in the rivers on the
northern slopes of the Outeniqua Mountains and foothills of the
Swartberg, could further alleviate the situation. Lastly, effective
land-care programmes could explore the synergies between
improving water infiltration; reducing soil erosion and vegetation
or crop productivity at small scales; and decreasing sediment
loads and increasing sustainable yields at the scale of water
supply schemes.
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The mitigation measures outlined above are necessary and
beneficial, but they are not sufficient. The current approach to
water resource management has been designed to maximise
human exploitation of the water resources of the Klein Karoo.
Floods, droughts and water shortages have been seen as abnor-
mal events rather than as normal and inherent in the system.
The same inflexible approach to natural resource management
has been applied to other land resources (e.g. natural grazing)
and the net result has been severe land degradation. We believe
that only a fundamental re-appraisal of land-use patterns could
place the Klein Karoo on a path to sustainable development.**
A partial solution could be the ‘soft path” approach to water
management,” which emphasises the need to move away from
hard engineering technology to community-scale resource
management wherever feasible; decentralised and open
decision-making; equitable pricing; increasing efficiency of
water-use (both in volumetric and economic terms); and
implementing strong environmental protection measures.
These changes may entail shifts in both social and economic
systems which will affect everyone involved in the Klein Karoo
in some way or other.
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