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Abstract

This study, prepared for the Desert Research Foundation of Namibia, investigated
water management practiced by the commercial farmers in the upper Kuiseb River
Basin. These stakeholders have faced complaints that their farm dams negatively
impact downstream users. Our goal was to assess water management tactics on these
farms to develop recommendations for all stakeholders to improve water management
and conduct further research. Our data indicate that farm dams contribute to local
groundwater recharge and provide an important surface water source and that the
water they retain does not significantly impact downstream users.
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Executive Summary

The Kuiseb River Basin (KRB) is located among the 12 major ephemeral river
basins in the mid-western region of Namibia. This ephemeral river serves as the main
source of water for a variety of stakeholders, including commercial farmers,
indigenous peoples, and the second largest municipality in Namibia, Walvis Bay.
Unfortunately, the current water use and management practices of some users do not
support equitable and sustainable resource use, causing many disagreements among
the stakeholders. One notable debate occurs between the upper and lower catchment
residents.

Currently, many of the stakeholders located in the lower catchment feel that
the commercial farmers located in the upper catchment region withhold excessive
amounts of water in their farm dams. These farmers, who are largely engaged in
livestock farming and/or tourist activities, use their farm dams to retain water on their
farms as a surface water source and/or as a groundwater recharge method. Many of
the lower catchment users believe that these dams and the water management
practices on these farms are decreasing the surface water supply to the lower
catchment as well as recharge to their aquifer.

Water use and management on the commercial farms in the upper catchment
of the KRB have received little study in the past. The most recent information on
these stakeholders is over a decade old, making it difficult to understand this user
group. It is essential that additional studies be conducted to further the development
of water management and disagreement resclution in the KRB. The Environmental
Leamning and Action in the Kuiseb (ELAK) Project, under the direction of the Desert

Research Foundation of Namibia (DRFN), has been established in part to address
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stakeholder debates in the KRB. ELAK’s primary goal is “to achieve equitable access
to and the sustainable development of fresh water resources...by all sectors dependent
on the basin in order to promote long term social and economic development.” They
place particular focus on developing water management plans that equally include
each stakeholder and provide a common platform for decision making. To date,
ELAK has yet to completely discover all the sources of stakeholder dissatisfaction
concerning water management practices in the KRB. Obtaining this information
would help further develop an understanding of these users and their priorities
regarding water use and management. ELAK can utilize this information, in
conjunction with their present knowledge of the KRB users, to further the process of
capacity building and debate resolution amongst the Kuiseb stakeholders.

The goal of our project was to develop recommendations for ELAK, the
commercial farmers in the upper KRB and other stakeholders. ELAK can use these
recommendations to resolve disagreements among the stakeholders concerning
integrated water management in the KRB. Our primary research objective aimed to
expand ELAK’s current database of information on the commercial farms.
Specifically, we focused on determining the water use, supply, needs, and
management practices on the commercial farms in the upper catchment. The second
objective was to investigate the possible effects of commercial farm dams on
downstream users. We applied a variety of methods to achieve the objectives and
goal that, in combination, helped us accumulate the information that we needed.

Before we could begin gathering information from the commercial farmers we
researched the available archival data on commercial farms. Through archival
research we were able to determine exactly what type(s) of questions to ask in order

to develop an effective interview protocol. The primary method for our field research
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entailed personal interviews and communication with farmers in the upper catchment.
In total, we interviewed 13 farmers in the upper catchment and visited nine cof these
farms. By visiting these farms, we were able to use direct observation to further
assess how water was used and managed and to see and understand why farmers use
certain strategies for water management.

We identified three factors that impact water infrastructure on commercial
farms. First, farm location is highly significant in determining the water infrastructure
on a given farm. For example, the upper subcatchment farms have a greater number
of active boreholes than the lower subcatchment farms. Two reasons may justify this.
First, data recorded by the farmers indicate that the eastern region or upper
subcatchment of the upper KCA receives an average of 60 millimeters more rain per
year than the western region or lower sub-catchment, making their groundwater
source more reliable. In the context of this arid region, this is a significant difference.
Because of this difference, lower subcatchment farmers appear to rely more heavily
on groundwater sources and have more inactive boreholes than upper catchment
farms. Furthermore, the geology and hydrogeology of a farm affects where water
collects both above and below ground. These characteristics determine where
boreholes can be drilled, where dams are the most effective, and the availability of
groundwater in an area. Topography was also found to control the course of surface
waters, water pumping operations, and even climate of the farms.

In addition, we discovered that the water conservation, recharge and
maintenance efforts are not sufficient for sustainable farming operations. Many
farmers said that they practice water conservation as a ‘lifestyle’ by avoiding water
wastage. Only one used technologies to reduce domestic water consumption. Almost

all the farmers surveyed responded that they used automatic ball valves in livestock
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troughs to prevent water overflow, but very few took measures to reduce physical or
evaporative losses from other water reservoirs. Nearly all of the farmers we
interviewed said that they use dams on their farms, but only 75% have made
measurements or observations proving the effectiveness of these dams on
groundwater recharge. Moreover, two thirds of farms with active dams have
performed maintenance on their dams; only a few routinely repair their dams even
though they are aware that dam maintenance increases groundwater recharge
efficiency and reduces evaporative losses.

We found that farm dams, despite complaints from lower catchment
stakeholders, do not affect the water supply of downstream users. These statements
were further supported by the head of hydrology at the Namibian Department of
Water Affairs and the president of the Hydrogeological Association of Namibia. We
have discovered three reasons for reduced water supplies in the lower catchment.
First, annual rainfall throughout the upper catchment has decreased over the last 30 to
40 years. Consequently, commercial farmers have had to improve land management
through the use of rotational grazing, which reduces surface water runoff. The largest
problem may be the increase in water consumption by the municipality of Walvis
Bay, whose population grows at over 11% per year. Their consumption of water from
the lower catchment’s aquifer exceeds the amount that is naturally replaced and
cannot sustain use at this level for much longer.

After we completed our analyses conclusions, we were able to make
recommendations to ELAK, the commercial farmers of the upper KCA and the other
stakeholders of the river basin. Our major recommendation to ELAK is further study.
Commercial farms and their water management operations need additional research to

continue capacity building and debate resolution. Also, ELAK should continue to
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focus on awareness education, which may rectify some of the existing assumptions

r 1 1 IS + AT A + + ¢l e Lol AS
that stakeholders make about each other. We recomimend that the comi

grcial
farmers look into technologies that could possibly reduce water consumption and/or
evaporative losses such as low-flush toilets in the home and mesh shade covers for
water reservoirs. More routine maintenance of water infrastructure may also reduce
physical and evaporative water losses. Additionally, communication among farmers
concerning specific water management techniques may further improve operations.
The other stakeholders, particularly the municipality of Walvis Bay, need to continue
researching alternative water sources. In combination, studies need to be conducted
regarding the effects of growth and expansion on the water supply. Overall, all
stakeholders need to continue and/or increase communication among themselves,
ELAK, and other parties to further debate resolution and possibly augment capacity
building throughout the KRB.

These recommendations, along with our main findings, were incorporated into
a brochure as our final deliverable. ELAK will make it available to the farmer unions,
other stakeholders, and other parties involved in future development and capacity
building in the KRB. From the information resources we developed, ELAK may

advance the diagnostic phase of capacity building and continue forming a common

vision for stakeholder collaboration in the Kuiseb River Basin.
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1.0 Introduction

Namibia, the only country in the world named after a desert, contains no
perennial rivers within its borders (Namibia Resource Consultants, 2002, p. 13).
Limited annual rainfall, intense heat and minimal ground water retention further
contribute to the natural water scarcity in this country (Lange, 1997, p. 299). In
addition, growing populations, both urban and rural, as well as industrial growth
further encroach upon the limited water availability (Le Houerou, 1996, p. 160). Asa
result, Namibians must rely on effective water management in order to sustain a
source of water year-round (Lange, 1997, p. 300). Some of their methods include
wastewater recycling, fog catchment, inter-basin water transfers, and borehole drilling
to provide water to the people (Forrest, 2002, p. 393; de Villiers, 2002, p. 51).
Unfortunately, the water management schemes in most areas of the country do not
properly or adequately solve the reoccurring problems of water shortage. The Kuiseb
River Basin (KRB), which begins outside of the capital of Windhoek and flows
toward the Atlantic Ocean (see Figures E.1 and E.2), is a prime example of an area
that struggles with this exact dilemma.

The Kuiseb River is one of the most heavily used rivers in the country
(Dausab, et. al., 1994, p. iii). It provides all the water used in the coastal town of
Walvis Bay and the Hansa™ Brewery in Swakopmund. The municipality of Walvis
Bay currently has a population growth rate over 11% (Seely, M, personal
communication, 28 April 2003). At this rate, it has been estimated that the aquifer
will be incapable of supporting the municipality past 2020 (Manning, N., personal
communication, 28 April 2003). Furthermore, the Kuiseb River supports the farming

activities of the indigenous Topnaar people along the lower watercourse, and the

operation of 109 commercial farms in the upper reaches of its catchment area. A



temporary escalation in commercial farming in the 1960s forced farmers to implement
farm dams in order to supplement surface water and groundwater recharge (Dausab,
et. al., 1994, p. 4). There are now hundreds of these dams scattered throughout the
upper catchment. Many employees of NamWater, politicians and urban dwellers
believe that these farm dams withhold too much surface water runoff, which
consequently hinders the recharge of the aquifers in the lower KRB (p. 8).

The Kuiseb catchment area provides a perfect example of problems
regarding water management and sustainable development in Namibia (Dausab, et.
al., 1994, p. 1; Magalhaes, 1994, p. 275; Abu-Zeid, 1998, p. 12). The interactive
Environmental Learning and Action in the Kuiseb (ELAK) project, sponsored by the
Desert Research Foundation of Namibia (DRFN), was established to address water
sharing conflicts throughout the KRB. ELAK’s primary goal is “to achieve equitable
access to and the sustainable development of fresh water and other natural resources
by all sectors dependent on the basin in order to promote long term social and
economic development” (DRFN & ELAK, p. 1). The organization particularly
focuses on developing water management plans that equally include each stakeholder
and provide a common platform for decision making. ELAK has conducted extensive
studies of the catchment area regarding the water management practices of the
stakeholders. To date, however, ELAK does not completely understand the sources
of dissatisfaction felt by the stakeholders concerning water management practices in
the KRB. In addition, accurate documentation of the total volume of water used, the
proportions used by different consumers and the purpose for which it is used have not
been made within the upper KCA (Dausab, et. al., 1994, p. 1).

The goal of this project was to develop recommendations for the commercial

farms in the upper catchment that ELAK can use to resolve debates among the

12



stakeholders concerning integrated water management in the KRB. Two
comprehensive research cbjcctives aided in accomplishing our goal of developing
water management recommendations for ELAK and the KCA stakeholders. Our first
objective was to characterize the existing water use, supply, and management
practices on the commercial farms in the upper KCA. The second objective was to
assess the upper farm dams in the upper catchment and their possible impact on
downstream users. We hope that our recommendations will contribute to a better
understanding of the water management practices on the commercial farms in the

upper catchment for the benefit of all KRB stakeholders. This may in turn facilitate

sustainable development in the river basin.






2.0 Background

Water rescurce management must integrate environmental, social, poiitical,
and technological concerns in order to adequately meet the needs of all stakeholders.
Due to delicate ecosystems, arid regions must take these factors into heavy
consideration to maintain sustainability. The Kuiseb River Basin in Namibia
exemplifies this need (Southgate, Masters, and Seely, 1996, p. 267). This river basin
is one of the 12 major ephemeral catchment areas in western Namibia (see Figure
E.12) that constantly face harsh climatic conditions, particularly limited rainfall.

Stakeholders in this catchment must practice efficient water management and

conservation as well as cooperation with each other to sustain their water resources.

2.1.0 Characteristics of Arid Regions

In order to address water management issues effectively, it is essential to
understand the characteristics of an arid region. There are three main factors that are
responsible for the existence of arid regions and conditions. The most important
factor is climate. Climatic conditions in any region, arid, tropical or otherwise,
largely determine the abundance of vegetation and the capacity to support the lives of
all beings. Next, the geologic and surface conditions are also important in
determining arability of a region. This includes geography, geology, soil mechanics,
and available vegetation. Finally, available sources of water are important in
determining where and how often animals can obtain water, where and which crops
can be grown and even where humans are able to reside. These topics and their
relevance or effects in an arid region, such as the KRB, must be researched before

assessing water management practices.



2.1.1 Climate

Climatic conditions are the leading factor in determining environmerntal
characteristics in an area. The weather not only determines vegetation growth, but
can also determine geographical features through erosion via water, wind and heat.
Arid regions constantly face limited seasonal change which results in highly limited
precipitation and continual exposure to harsh and/or direct sunlight — which may or
may not include high temperatures. When the extremities of these two conditions
combine with wind, more severe problems arise. Problems such as evaporation and
evapotranspiration are products of this adverse climatic combination. Exceptionally
high rates of evaporative water loss contribute to the general climatic conditions and
cause a reoccurring problem in arid regions: drought. This event frequently occurs
when precipitation is particularly limited and evaporation is more severe. The
combination of these harsh climatic conditions greatly affects and defines the

existence of arid environments.

2.1.1a Seasonal Change, Rainfail and Drought

Precipitation is an invaluable commodity in an arid region. According to Qi
and Guodong (1998, p. 374), “precipitation is the basic origin of water resources,
which not only decides the water conditions, but also affects the amount of recharge
water in the rivers.” This vital resource 1s largely dependent upon geographical
location and seasonal weather patterns. It is also unpredictable. Currently, in
Namibia, there are observations of changing weather patterns. Large irregularity in
rainfall can lead to flooding or drought in arid regions, which poses a serious threat to
the environment and its residents. Furthermore, rain in these areas can be highly

variable and/or localized, adding to the complexity of the water system. The
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combination of factors that affect seasonal and/or annual precipitation limitations are
a crucial feature in an arid ecosystem (Abahussain, et al., 2002, p. 522).

Most arid climates typically have indistinctive seasonal change, outside of the
rainy season. For example, Qi and Guodong (1998, p. 377) described the arid regions
in north-western China as being “arid in spring, flooding in summer, water shortages
in autumn, and waterless in winter.” This example not only supports the concept of
limited seasonal variation, but also the fact that precipitation is very limited (see
Figure E.3 for rainfall distribution throughout the KRB) In Namibia, for the most
part, the rainy season occurs between October and May, with the mé}brity of rain
falling between December and March (Ward, et al., 1998, p. 360). Even with this
large span of “rainy season,” there is still infrequency in occurrence. On average,
there is a mere 20 to 40 days of substantial rainfall during the season (Heyns, et al.,
1998, p. 53). The winter months of June, July and August generally have the driest
weather, which is attributed to the weather systems that build over southern Africa (p.
48).

Rain falls sporadically during the rainy season. However, it is often the case
that when rain does fall, it falls in large volumes. During a good rainy season, rivers
flood; this is generally the only time that ephemeral rivers in arid regions flow. When
heavy rains fall in short time periods, runoff increases because the ground is often not
capable of absorbing large amounts of water in a short time. However, if flooding
becomes too heavy, problems arise. It is common to see roads and bridges washed
out, fences damaged, and farm dams burst due to the high water pressure. These
consequences apply to most regions during flooding, but are more susceptible in arid
regions. Despite the disadvantages of heavy flooding, the opposite weather

conditions are worse and more frequent. It is only these heavy or ‘hard’ rains which



have a significant effect on the ground water supply. When rain falls lightly, it
evaporates quickly, leaving a negligible effect on soil moisture and ground water
supplies. (This problem is discussed further in section 2.1.1b) Light or ‘soft’ rains
are useful for vegetation growth though. A rainfall of 10 mm will cause effective
growth in grasses and will maintain growth for 30 to 40 days too (Olszewski, J.,
personal communication, 16 April 2003). Both hard and soft rains have their
advantages and disadvantages, but either type 1s desired and vital.

Heavy rains and flooding can cause destruction, but drought can seriously
affect entire ecosystems. Drought, which should not be confused with aridity or even
desertification, is defined by Le Houérou (1996, p. 137) to be “a deficit of rainfall in
respect to the long term mean, affecting a large area for one or several seasons or
years, that drastically reduces primary production in natural ecosystems and rainfed
agriculture.” This event is a constant issue of concem for arid regions. In many
areas of Namibia, drought occurs regularly and is a normal event (Diener & Graefe,
2001, p. 39). These droughts are one of the leading factors attributed to the annual
water shortages that Namibia and other arid regions face.

In arid regions, not only is precipitation irregular during the rainy season, but
it also has extreme variation from year to year, which complicates weather
predictions. In Namibia, rainfall is highly variable from year to year and from one
region to another but does average 250 millimeters (mm) per year (Diener & Graefe,
2001, p. 35; Heyns, et al., 1998, p. 53). Variability in rain patterns makes future
weather prediction difficuit. Precipitation studies in Argeniina showed a steady
decrease in annual rainfall during the first half of the twentieth century, leading
scientists to believe that they would be able to predict long term weather patterns (Le

Houérou, 1996, p. 139). Unfortunately, this pattern was reversed after mid-century,



which voided the previous scientific theories. Extensive research is being conducted
concerning the effects of El Nifio and La Nifia on weather patierns in Namibia. No
definite patterns have been found to date (Olszewski, J., personal communication, 16
April 2003).

Recent observations in Namibia indicate that seasons are both migrating and
changing (Botes, A., personal communication, 14 April 2003). Rain data collected by
the Namibian Weather Bureau on several farms in the KCA partially supports this
theory (see figures F.1-F.5 for trends). Migrating weather patterns are beginning to
cause problems regarding the normal growing season. Ideally, rain should fall during
the warms summer months. Ample rainfall received during this time optimizes
growth in grazing areas. Now, as rains occur later, grazing areas are becoming less
adequate. Additional observations have been made concerning climatic change in
central Namibia. It was common, until many years ago, to receive a heavy shower or
two in October, natively known as Kleine Regenzeit; these showers occurred outside
of the normal rainy season (Botes, A., personal communication, 14 April 2003).
Recent observations show that these October showers are no longer occurring as
frequently or at all (see Figure F.6).

Variable rainfall in arid regions forces people to prepare for the worst
conditions in a variety of ways. Since rainfall in arid regions is highly variable, in
every degree, it is not possible to accurately predict annual weather patterns.
Therefore, when problems such as drought occur, people must react accordingly. The
commercial farmers in the KRB, for instance, vary their livestock numbers in order to
combat water shortages. Some years may be so dry that they are forced to sell all of
their livestock. Unfortunately, a majority of Namibians do not give drought

significant forethought. As a consequence, they are often forced to turn to the



government for assistance (Diener & Graefe, 2001, p. 40). Lack of preparation,
expectation, and even acceptance are views that wiil continue to contribute to water

problems in Namibia.

2.1.1b Evaporation and Evapotranspiration

Coupled with precipitation limitations, evaporation is the second most
significant reason for limited water supplies. In many regions precipitation volumes
would be sufficient, but the effects of evaporation and evapotranspiration greatly
reduce the amount of water available for use (Jacobson, et al., 1995, p. 16). In
Namibia, evaporation and evapotranspiration are the leading causes for water
problems. Approximately 83% of precipitation in Namibia is lost through
evaporation and evapotranspiration (Heyns, et al., 1998, p. 47). Evapotranspiration,
according to Webster’s Collegiate Dictionary, 1s the “loss of water from the soil both
by evaporation and by transpiration from the plants growing thereon” (Mish, 1988, p.
429). Many complications and difficulties arise due to this form of water loss. On the
commercial farms, for instance, it is hard to estimate how much will be available after
a good rain since so much water is lost from their surface waters.

Commonly, the evaporation of precipitation in arid lands far exceeds the
amount of water that is actually available for use (Ward, 2002, p. 119). (See Figure
E.4 for a map of evaporation rates in the KRB. This can all be compared to Figure
E.3 to show the significance of evaporation versus annual rainfall.) Evaporation
combined with evapotranspiration is the leading cause of water shortages outside of
limited precipitation (Beaumont, 1989, p. 17). A number of factors contribute to
high rates of evaporative losses. Climatic conditions such as temperature and wind

are the most significant factors (Ceballos, et al., 2002, p. 502; Le Houérou, 1996, p.
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143). Physical conditions, like soil quality and ground cover also contribute to these
losses particularly evapotranspirative losses. Exposed surface area of surface waters

also yields high losses via evaporation.

2.1.1¢ Temperature and Wind

Two additional climatic factors play a large role in arid environments:
temperature and wind. Both of these significantly affect rates of evaporation and
evapotranspiration (see section 2.1.1b). Moreover, temperature and wind can
determine vegetation growth and geographic/geologic conditions. Consequently,
changes in either vegetation and/or geology can seriously affect the agricultural
sector. Wind also influences climatic conditions.

Arid regions are commonly characterized as hot and dry, but this is not always
the case. Temperature is a component of location, more specifically altitude
(Beaumont, 1989, pp. 13-14). Many arid regions in the Middle East and Northern
Africa, which do not lie too far above sea level, suffer from high temperatures.
Conversely, the arid mountain steppes of north-western China, experience much
cooler conditions (Qi & Guodong, 1998, p. 373). The KCA, on the other hand, does
suffer from high temperatures for most of the year. High temperatures in this region,
as in most, are the principle component in rates of evaporation/evapotranspiration.
Short winters leave this area exposed to high temperatures for most of the year,
compounding the problem (Botes, A., personal communication, 25 April 2003).
Furthermore, high temperatures limit grazing vegetation and restrict which breeds of
livestock can be raised. For example, it has been found that, in arid regions, many
breeds of European cattle do not fare nearly as well as the native breeds that have

evolved there.
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Wind 1s often the least significant climatic condition that contributes to aridity,

ersonal communication, 25 April

st

but in Namiibia it is very substantial (Botes, A.,
2003). First, wind has a considerable effect on evaporation and evapotranspiration
rates — particularly when ground cover vegetation is sparse (Beaumont, 1989, p. 17).
More importantly, wind controls many weather patterns. Wind speeds and direction
are responsible for moving weather patterns. If these conditions are not correct, then
a major thunder system may bypass Namibia. Localized rain may also be attributed

to wind patterns.

2.1.2 Physical Conditions

In addition to climate, the land’s physical conditions are an integral part in the
definition and formation of arid regions. The geography and geology of an area are
important in determining where water will collect and contribute to the arability of an
area. Moreover, the soil mechanics of an arid region, which are partially influenced
by geology and geography, significantly affect the possible domestic and economic
possibilities. Jacobson, et al. (1995, p. 30) described much of the land in Namibia as
“bare, because the harsh climate limits soil development and vegetation growth.”
Limited vegetation and its restricted growth are very serious issues. Many aspects of
poor soil quality are attributed to limited vegetation growth (Le Houérou, 1996, p.
147). Furthermore, there are theories that propose that vegetation — trees specifically —

may have an affect on the climate (Olszewski, J., personal communication, 16 April

2003).

2.1.2a Geography and Geology
Geographic and geologic characteristics not only determine the physical

appearances — both above and below ground - of any given region, but also water



movement (e.g., runoff, groundwater flow). In fact, the geology of an area actually
determines the geography, for the most part. Supplementary to geology is
hydrogeology, which is the study of subterraneous water supplies. Hydrogeology is
an important topic of study in Namibia, particularly in western catchments.
Depending on climate, these physical characteristics can determine the success of
certain flora and fauna through runoff and subterranean water flow. Geography,
geology, and hydrogeology are often very specific in a region. The KRB is excellent
example of this diversity, even within itself.

Starting from the upper catchment of the KRB, outside of Windhoek, and
progressing down to the coastal waters, the KRB varies from sea level to more than
2000 meters (m) in elevation (Dausab, et al., 1994, p. 2). (See Figure E.5 for a
topographical map of the KRB) The upper catchment, which is part of the Khomas-
Hochland region, is said to have a similar topography to the Badlands in the north-
central region of the US; an endless sea of rolling hills (Griinert, 2000, p. 120).
Traveling west, towards the coast, one will see the Gamsberg Plateau and the Great
Escarpment. These two formations are considered some of the most “‘striking
landforms in Namibia” (Griinert, 2000, p. 124). These formations act as a
mountainous barrier between the Khomas-Hochland and the Namib Desert. In the
lower half of the KRB, past the Great Escarpment, lay two distinctive regions. To the
north of the Kuiseb River lie the extremely arid and flat gravel plains and to the south
of the river lies the beginning of the Great Sand Sea (Griinert, 2000, p. 121). (See
Figure E.6 for a general landscape map of the KRB) Due to the highly diverse
geography, the productive area of the KRB is quite limited. For the most part, only
the upper catchment can be used for agricultural purposes, and this is limited to

livestock farming. Differences in rainfall between the upper (350 mm) and lower (0
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mm) catchments exemplify this condition (See Figure E.3 for rainfall map of the
KRB). Since water supplies are so iimited in most areas and the geography is not
favorable in many areas, crop farming becomes nearly impossible.

Geologically, the KRB i1s also quite heterogeneous (see Figure E.7 for a basic
geologic map of the KRB). Beneath the rugged mountains, rolling hills and desert
landscape lay intricate geological layers. A majority of the KRB is composed of
schist, more specifically, Damara mica-schist (Kirchner, J., personal communication,
2 April 2003; SDP 8, 2000, Appendix 3). The southern region of the upper
catchment, known as the Gamsberg region, is primarily sandstone and other
complexes. On the other hand, the lower catchment has large pockets of granite.
These are the main geological formations. Geology in the KCA has the most
significant affect on the water table and groundwater flow.

Understanding geohydrology is essential in an arid region. The geohydrology
of a region determines where groundwater can be found, and where groundwater will
transfer to. In the KRB the geohydrological conditions are localized. For example,
the upper catchment 1s composed of secondary, or fractured, aquifers which restrict
groundwater movement (Kirchner, J., personal communication, 2 April 2003). These
pockets of water are known as alluvium aquifers. Since the geology in this region is
primarily schist, the ground is highly impermeable to water absorption.
Consequently, the waters in these aquifers are unable to transfer west, towards the
lower catchment, at a significant rate. The lower catchment aquifers are therefore not
recharged by the groundwater from the upper catchment. Rain that is received in the
upper catchment would only reach the lower catchment via runoff in rivers. Asa
result, the upper catchment benefits more from rains than the lower catchment — with

one stipulation. Residents in the upper catchment must find these alluvium aquifers in



order to utilize them, which can be a difficult task. Furthermore, if these pockets are

found, they may only hold a small volumie of water, limiting their efficacy.

2.1.2b Soil Quality

According to Beaumont (1989, p. 36), arid soils, which are often poor, are
largely characterized by climatic congx?lons, and therefore these soils are casily
distinguishable. Since precipitation is limited in arid regions, there is a limited
abundance of water in the soil. Rainfail restrictions combined with frequent high
temperatures, wind and erosion are the leading natural causes of aridity in soils.
Additional problems arise when vegetation is sparse.

The physical characteristics of soil, particularly soil texture, control
evapotranspirative rates (Ceballos, et al., 2002, p. 502). Observations made by
Ceballos, et al. (2002, p. 510) in the Duero River Basin of Spain showed that,
depending on the climatic circumstances, water loss in sandy and rocky soils is equal
to water absorption — in other words evapotranspiration occurs almost
instantaneously. In the KRB, it has been observed that a single hard rain storm would
have to deliver at least 25mm of water in order for the ground to absorb a significant
amount of water (Olszewski, J., personal communication, 16 April 2003). If the
rainfall is less than this, then it is likely that there would be large evaporative losses.

Vegetation limitations also cause a number of problems that supplement poor
soil quality in arid regions. According to Le Houérou (1996, p. 147) the
desertification and degradation of land in arid regions is largely due to the minimal
ground cover. When ground cover is limited, the soil is highly susceptible to erosion

from water and wind. Consequently, the development and frequency of poor soil

quality has led to the derivation of scientific labels, Aridosol and Entisol, which are



used to describe the characteristics of arid soils (Beaumont, 1989, pp. 37-38).
Aridosol conditions are often extremely dry with a high salt content, resultingin a
limited arability for a large portion of the year. Entisols, on the other hand, are prone
to high erosion rates and limited water holding capacity. Combined, these two soil
types are present in more than 85% of Africa’s arid regions. These soil conditions are
unable to support successful crops as a result. (See Figure E.8 for a more complex

map of the soil diversity in the KRB)

2.1.2¢ Ground Cover

Vegetation plays a vital role in controlling erosion and water runoff and recent
observations predict that vegetation may also affect climate. Nonetheless, humans
rely on vegetation for their own survival, like most animals, but also for many
economic reasons (e.g., livestock farming, crop farming, etc.). When vegetation is
sparse, wildlife and people rely on plants that manage to survive the cruel conditions
and that store water (Jacobson, et al., 1995, p. 78; Revilio & Revilio, 2000, p. 26).
Many scientists believe that water is the principle determinant in vegetation growth
and abundance (Agnew, 1997, p. 609). However, in many cases, the need for water
1s coupled with soil arability — nutrient availability and soil characteristics.

A cornucopia of ground cover is desired in an arid region,\ but is unlikely.
Unfortunately, arid regions are considered to have less than 50% ground cover, on
average (Ceballos, et al., 2002, p. 501). Furthermore, it is difficult to estimate the
quantity of ground cover due to the highly variable rains in these regions. Section
2.1.1a mentions that 10 mm of rain are needed to espouse noticeable growth in
grazing areas. Unfortunately, it is difficult to make long-term predictions towards the

frequency of even this small amount of rain. Ward, et al. (1998, p. 361) conducted
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experiments in the Otjimbingwe region in north-central Namibia which showed that
over a short time period few predictions could be made concerning the growth of
vegetation. For the most part, when growth predictions are attempted, rainfall can no
longer be used as a determinant due to its extreme variability; rather, soil quality is
often a more accurate indicator of growth capability.

Recent studies are beginning to reveal a correlation in climatic conditions with
vegetation abundance (Olszewski, J., personal communication, 16 April 2003).
Observations made in Israel and Venezuela indicates that there is certainly a
correlation between the quantity of trees and the climate in an area. Both sites
observed an increase in annual rainfall when the numbers of trees was increased.
Research is still being conducted to determine whether or not trees are the cause for
the augmentation in rainfall. The leading theory behind this observation relates to the
evapotranspiration of water and other organic molecules from trees (Occidental Oil
and Gas Corp., Trees, 1997). It is predicted that this causes the development of a
“micro” atmosphere above an area with a higher concentration of trees. Theories
behind this event are still being researched and debated. However, there is doubt that,
if trees could improve rainfall, in Namibia it would be applicable due to the extreme
aridity and current physical conditions (Seely, M., personal communication, 16 April
2003).

The combination of moisture content in the soil and precipitation are the
primary restrictions that limit vegetation growth in arid regions. Only one event
would improve conditions dramatically: more rain. In the meantime, improved
grazing practices and research into different types of vegetation are providing the best

results.
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