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Disclaimer 
 
 
 
This Study was conducted for the Namibia Agricultural Union (NAU) to investigate the effects 
of bush encroachment on groundwater resources and related matters. It was compiled by Colin 
Christian & Associates cc for the NAU. Neither Colin Christian & Associates cc nor the 
Namibia Agricultural Union takes any responsibility for the information contained herein if 
used for any other purpose or by any third party. 
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EXECUTIVE SUMMARY 
 
1 INTRODUCTION 

Namibia is the most arid country south of the Sahara, with scarce and unpredictable rainfall, 
and perennial rivers only on its borders. Over 80% of Namibia’s land area relies solely on 
groundwater for any economic productivity. Extensive bush encroachment, together with the 
effects of climate change, are putting further pressure on water resources.   
 
The agricultural sector has the potential to increase economic production provided that 
extensive thinning of encroacher bush is implemented – in order to restore the former carrying 
capacity and restore the natural recharge potential of groundwater. However, the potential 
benefits of bush thinning extend into other economic sectors as well. 
 
The Namibian Agricultural Union commissioned Colin Christian & Associates to undertake a 
desktop study on the effects of encroacher bush on groundwater resources. The terms of 
reference required that bush encroachment be considered within a holistic context - which 
included economic losses to Namibia, job creation, environmental sustainability issues, climate 
change, and the provision of water supply beyond the farm boundary to support a range of 
economic activities, including mining, industry and urban supply.  
 
The study brings together the needs of Rangeland Management and Integrated Water 
Resource Management (IWRM) and envisages a synergy between these two important areas 
of concern for Namibia’s economy. At the same time, water resources cannot be managed 
without managing the environments that supply these resources.  
 
When encroacher bush has become so dense that grazing resources are seriously reduced, 
then the bush problem cannot be reversed without some intervention. This problem has, for 
many years, been regarded as a problem to be solved by farmers themselves. However, it is 
becoming increasingly apparent that excessive bush densities have adverse economic impacts 
way beyond the farm boundary. These include the downstream impacts on the whole meat 
industry and exports, and water resources, which are becoming a limiting factor for economic 
development in some areas. Thus bush encroachment is being understood as a problem of 
national concern, which deserves intervention at a national level.  
 
The impact of encroacher bush on water resources is mainly due to the large volumes of water 
that are intercepted by bush, above- and below- ground, which is then lost to the atmosphere 
through evaporation and transpiration. An estimate of these losses is made in this report. The 
socio-economic value of water lost in this way is also considered. Furthermore, the economic 
value of water to the mining and industrial sectors is much higher than, for example, to 
agriculture. Mining and industry could afford to pay more to contribute towards the real costs of 
water provision, which include catchment management.  
 
Not only is encroacher bush an economic problem but it is also an environmental problem. 
Dominance of a few aggressive woody species reduces biodiversity (flora, fauna & soil 
organisms) and exposes soil to erosion by limiting grass growth beneath the bush canopy. 
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Limiting the ground cover of (especially perennial) grasses reduces the infiltration of rainfall to 
the soil and groundwater.  
 
Restoration and maintenance of balanced and resilient savannah ecosystems is seen as a 
means to support and expand all economic sectors, as well as providing substantial 
opportunities for employment creation. 
 
 
2 BACKGROUND 

Several species of indigenous  bush have been identified as encroacher species that require 
thinning. There are also some alien invasive  species of which one (Prosopis spp.) is 
extremely invasive along some ephemeral rivers, and is a significant threat to water resources. 
 
A series of maps in the main report provide important background information. Bush 
encroachment tends to be most severe in areas of hi gh rainfall, many of which are 
important for water resources. Of the areas mapped as having low, moderate and high 
groundwater potential, approximately 33% of the low groundwater potential areas are bush 
encroached, 52% of the moderate groundwater potential areas, and 89% of the high 
groundwater potential areas in Namibia are bush enc roached !  
 
 
3 IMPACTS OF BUSH ENCROACHMENT ON RANGELANDS AND AG RICULTURAL 

ECONOMICS 

Bush encroachment has severely impacted Namibia’s beef production, which is now only 
between 30% and 50% of what it was in the 1950’s. The loss to the economy is estimated at 
N$1.6 billion / year. Through their extensive root systems, encroacher bushes compete with 
grasses for available soil moisture. Once densely established, bush inhibits grass growth and 
prevents animals getting in to graze what little grass is available.  
 
Encroacher bush species use far more water than grasses or browser bushes. The estimated 
water loss by encroacher bush through transpiration is in the order of 12 million m3 on a 
5,000ha farm. A farm, where bush is thinned to optimum densities, would save approximately 
6 million m 3 on 5,000ha . If this figure is extended to the 26 million ha that is bush encroached, 
Namibia could theoretically save the equivalent of 100 Hardap dams  (x capacity of 290 Mm3) 
 
In savannas, while bush and trees compete with grasses for soil moisture, trees also help to 
maintain soil fertility in several ways, which benefits grasses. It is essential to maintain an 
optimum balance between trees/bush and grasses , as recommended in the Draft Bush 
Encroachment Policy, to maintain soil fertility, prevent erosion, and optimize grazing resources. 
 
 
4 BUSH ENCROACHMENT AND GROUNDWATER RECHARGE 

Studies in southern Africa and around the world show that trees and bush use large volumes 
of water and therefore reduce both streamflow and groundwater recharge.  
 
The Platveld Aquifer Study, north of Otjiwarongo, investigated the impacts of bush 
encroachment on groundwater recharge. The study showed a long term decline in 
groundwater levels, despite reduced abstraction for human and livestock use. 
 
The response of groundwater levels to a large rainfall event (more than 100mm in a day) was  
measured and compared between bush encroached areas, and areas where bush had been 
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treated with arboricide a few years previously. The geology was the same for all sites – only 
the vegetation was different. In the treated areas (with good veld condition), the water level 
rose immediately by more than 2m. In the areas that were still bush encroached, the water 
level rose by a maximum of only 0.2m. It was calculated that the volume of recharge in those 
specific conditions from that one rainfall event was 8% of the rainfall volume, which is high 
relative to the average recharge rate for Namibia.  
 
It is clear from this study and other studies elsewhere, that dense woody vegetation does 
reduce groundwater recharge significantly .  Pilot studies are needed in Namibia to further 
quantify groundwater recharge, in a variety of geological conditions, in response to bush 
thinning. 
 
 
5 ECONOMIC AND FINANCIAL CONSIDERATIONS  

No economic activity can operate without water, and security of water supply is essential to 
economic growth. For example, if manufacturing in Windhoek and Okahandja had to stop as a 
result of non-availability of water, the estimated financial losses to the economy would amount 
to N$ 22.5 million/day (calculated over 6 workdays per week in 2010). Water provision is 
expected to become a limiting factor to Namibia’s economic growth. 
 
It is  important to include the costs of catchment managem ent1 and resource protection 
as part of the water tariff  as contemplated in the Revised Water Resource Management Act 
of 2004. A large percentage of water users in the urban, ind ustrial, and mining sectors 
can afford to pay more for water . It can be argued that these sectors must make a 
contribution through the tariffs towards the costs of future supply. This would help to 
prevent over-consumption and to prevent major sudden increases in water tariffs that could 
result from future groundwater supply shortages. 
 
 
6 WATER RESOURCES AND WATER USE   

Over 80% of Namibia’s land area relies solely on groundwater. The country’s annual water 
demand (from all sources) is projected to increase from approximately 355 Mm3 in 2009 to 771 
Mm3 in 2030. Irrigation alone will account for a doubling of Namibia’s water demand, with the 
second largest increase coming from urban development. 
 
The pie graph below illustrates the water demand in 2009 for each economic sector. 
 

86.8 Mm3

10.3 Mm3

67.8 Mm320.6 Mm3

16.3 Mm3

143.5 Mm3

Urban

Rural Domestic

Livestock

Irrigation

Mining
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1 Typical costs would include soil erosion protection, eradication of alien invasive plants, partial costs of 
managing bush encroachment, hydrological measurement, control of algae, water plants and pollution, 
regulation and law enforcement. In the case of groundwater it would include monitoring of the 
groundwater tables, groundwater quality, abstraction volumes and aquifer modelling.  
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7 URBAN WATER NEEDS 

A total of 66 urban areas (settlements, villages, towns) rely on groundwater as their only 
source of supply. Many of these areas are bush encroached. Windhoek and Gobabis also rely 
mainly on groundwater during periods of drought. Thirteen of the urban centres which rely on 
groundwater are expected to experience shortfalls in supply by 2015. Groundwater resources 
for all or most of these areas could be enhanced by bush thinning.  
 
A brief analysis for Otjiwarongo compared the cost of extending the wellfield with the cost of 
bush thinning to meet the expected demand shortfall of 347,200m3/annum in 2015. This 
analysis concluded that the costs of bush thinning to improve groundwater recharge, were 
significantly lower than the costs of extending the abstraction and supply infrastructure. 
 
 
8 WATER QUALITY 

The value of water to Namibia’s economy can be degraded if water becomes contaminated. 
NamWater has found cases of contamination on many groundwater schemes. The same 
pathways that enable water to seep in and recharge groundwater may admit pollutants – from 
a variety of sources. Therefore, measures to enhance groundwater recharge should go hand-
in-hand with measures to safeguard groundwater from contamination. 
 
 
9 RELATIONSHIP OF BUSH ENCROACHMENT TO SURFACE WATE R 

The effects of bush encroachment on surface runoff in Namibia is very complex and have not 
been studied directly. Based on literature it is very likely that encroacher bush would reduce 
the total volumes of surface runoff. The typically bare soil beneath dense bush probably 
aggravates soil erosion, which would hasten the siltation of dams, reducing their capacity. 
 
Storage dams in Namibia lose 20% to 65% of the stored water through evaporation within one 
season. Dams are therefore inefficient, but groundwater is largely protected from evaporation.  
 
 
10 CLIMATE CHANGE 

Projections of climate change have been made, with greater certainty about the direction than 
the magnitude of change. Despite the warming and drying trend, climate change will also result 
in greater extremes – including more frequent floods and droughts. Greater fluctuations are 
expected to favour bush encroachment, provided that rainfall remains above about 300mm2.  
 
The above changes in climate are expected to reduce soil moisture, soil carbon, nutrients, and 
micro-organisms that fix nitrogen. These changes tend to aggravate soil erosion by water and 
wind. It is therefore important to manage bush to improve the cover of (especially perennial) 
grasses – to protect the soil and encourage infiltration of rain. This will also improve 
groundwater recharge and reduce the vulnerability of users to this highly variable resource. 
 
 

                                                
2 Bush encroachment tends to advance when a few drought years are followed by a few wet years.  
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11 SOME ECOLOGICAL CONSIDERATIONS FOR BUSH MANAGEME NT 

Ecosystems function as a unit whereby the whole ecosystem is more than the sum of its 
components - therefore a holistic approach to land management is required. For example, it is 
impossible to manage water resources without managing soil and grasses.  
 
Some key ecological concerns are: - 
 

• Preventing soil erosion - considering slopes, soil types, and methods of bush control,  
• Maintaining soil fertility - by achieving the right tree to grass ratio, 
• Restoring biodiversity - including perennial grasses and soil organisms, 
• Conserving some of the browser bushes that are eaten by wildlife and cattle, 
• Conserving Protected tree species for their particular contribution to ecosystem 

functioning. All bush control methods, whether by machine, by hand, or arboricides, 
need close supervision to avoid the unnecessary impact of removing Protected trees, 

• Large trees are needed for a variety of birds, small animals, and for soil conditions, 
• Proper planning of “aftercare” activities - with understanding of the responses of 

different bush species to different control methods, 
• Charcoaling operations, which are not a solution to the bush problem because they 

target the larger trees, while most of the real problem bush is of small diameter,  
• The management of bush that is likely to benefit riverine trees / ecosystems along 

ephemeral rivers, 
• Several endemic and unique creatures occur only in karst cave lakes. Bush thinning 

could help Namibia to meet its obligations under the Convention on Biodiversity.  
 
 
12 CONCLUSIONS  

Encroacher bush has a definite negative effect on the recharge of groundwater and has also 
resulted in severe losses in the productivity of Namibia’s rangelands. The vast extent and 
economic implications of the bush problem are such that it should be regarded as deserving of 
urgent national intervention. The State should seriously consider getting involved in extensive 
programmes to implement and support bush thinning. Priority for such programmes should be 
given to areas that are important for groundwater resources as highlighted in the main report.  
 
The following is a summary of various important conclusions in the main report: - 
 
1. Encroacher bush has affected approximately 89% of Namibia’s high groundwater potential 

areas, and 52% of the moderate groundwater potential areas. The bush problem also 
affects catchments in which several major storage dams are located. 

 
2. There is substantial evidence in Namibia that encroacher bush has a negative impact on 

groundwater resources. This conclusion is supported by research in other countries.  
 
3. Bush encroachment is resulting in substantial losses to Namibia’s economy – not only in 

the agricultural sector, but potentially by limiting water supply for high value activities such 
as industry, mining, and urban development.  

 
4. Shortfalls in supply to numerous urban areas in Namibia are imminent, and significant 

adverse economic consequences can be expected to follow. In many cases, the costs of 
bush thinning to improve groundwater recharge are expected to be significantly lower than 
the costs of extending abstraction and supply infrastructure. 
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5. Innovative ways have been suggested in this report to include the real costs of water 
provision when setting water tariffs, which should include an element for catchment 
management, including bush thinning. Because mining and industry add substantial value 
per m3 of water used, they can afford to pay more for water.  

 
6. To the extent that bush can be cost-efficiently thinned out to optimum levels (also taking 

into account the economic value of water), it could help to solve several problems 
simultaneously, including: - 

 
• Supporting economic development in both rural and urban areas,  
• Providing employment opportunities in bush control and “aftercare”, 
• Improving the provision of water (especially groundwater) to off-farm economic 

activities such as mining, industry, urban areas, and rural settlements, 
• Helping to respond constructively to the impacts of climate change, including 

enhancing soil moisture, 
• Possibly contributing to the provision of energy supply in Namibia, and 
• Helping to restore biodiversity (flora, fauna, soil organisms) – if managed correctly. 

 
7. Groundwater recharge can be sustainably enhanced only if ecosystems are well managed 

– including achieving a balance between trees and grasses. The “ecosystem services” 
provided by soil, grass, trees and bush need to be recognised in order to optimise 
productive and resilient ecosystems.  

 
8. The above implies that a “bush farming” approach is not recommended. Bush farming is 

unlikely to lead to resilient ecosystems with a good cover of perennial grasses. This 
approach would not deliver sustainable grazing and sustainable groundwater recharge, 
which would result from good rangeland management. “Aftercare” programmes are 
recommended to manage the regrowth of bush and restore sustainable rangelands.  

 
 
13 RECOMMENDATIONS 

13.1 Research Priorities  

• The overall research priority should be to further quantify groundwater recharge that 
can be achieved by bush thinning in different conditions, and then evaluate the 
economic value of the water resources gained. This will inform government regarding 
financial decisions in relation to bush control.  

 
• There is a need for rigorous testing of arboricides, including their breakdown products, 

and including their impacts on Protected species of trees – leading to the 
implementation of greater controls. 

 
13.2 Key Recommendations & Policy Considerations 

It is recommended that pilot projects be established, in various priority groundwater areas, to 
obtain further direct measurements of enhanced groundwater recharge in response to bush 
thinning. From there it will be possible to determine, more accurately, the economics of 
enhancing groundwater recharge in this way – in order to plan more extensive implementation. 
Some of the priority areas for pilot studies were identified in the report. 
 
From a policy perspective, the following should be considered: -  
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• Define financial cost recovery to include resource protection and catchment 
management costs, including an element of future supply costs for mines, industry and 
other users that can afford to pay a higher tariff, 

• Devise a system to pre-finance bush thinning with repayment by beneficiaries over 
time, 

• Integrate land management practices such as rangeland management with water 
supply considerations based on integrated water resource management and ecological 
principles, and 

• Approve and implement the Integrated Water Resource Management Plan.   
 
Promulgate the revised Water Resource Management Act of 2004 with regulations to achieve:  
 

• Linking the issue of groundwater abstraction licences - for irrigation, NamWater, local 
authorities, industry and mining - to rangeland restoration schemes (including bush 
thinning) in order to restore natural groundwater recharge,  

• Improving basin and aquifer management systems,  
• Prevention of groundwater pollution / contamination, and 
• Intensify water quality monitoring of all important aquifers, and extend this practice to 

areas with intensive farming practises, cities and towns.  
 
A suggestion has been made for the establishment of Groundwater Conservancies. Perhaps 
the functions of existing Conservancies could be extended to include groundwater.  
 
Policy formulation should be guided by the principle of achieving well managed, healthy 
ecosystems - because healthy, resilient ecosystems provide numerous “services” on a 
sustainable basis - including groundwater recharge. 
 
 

******* 
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1 INTRODUCTION 

 
 
1.1 Project Proponent , Objectives & Terms of Refer ence 

The Namibia Agricultural Union (NAU) initiated this study on the effect of bush encroachment on 
groundwater resources in Namibia. The study is being funded by the GTZ. 
 
For many years, bush encroachment has been understood as a problem for rangeland 
productivity, which was of great concern to farmers. From a Government perspective, the “bush 
problem” was regarded as an agricultural problem, to be solved by the farmers themselves. 
However, gradually the wider implications of bush encroachment for Namibia have become 
apparent and the problem has begun to be understood as a national problem that requires 
Government intervention on an extensive scale. This emerging understanding includes the 
following aspects: - 
 

• Economic losses for farmers, farm labourers and their families due to lost livestock 
production, 

• The economic losses for downstream industries, commerce and exports that rely on 
livestock production, 

• The implications for water resources. Most of Namibia relies on groundwater not only for 
farming but also for urban areas, industries, and mining. Research has begun to quantify 
the groundwater potential lost due to dense bush. These losses extend way beyond the 
farm boundary, probably affecting whole aquifers that supply water for important 
economic activities, 

• Given the international concern about global climate change and the need for renewable 
resources, excess bush is starting to be viewed as a potential resource to be exploited – 
especially in the energy sector, 

• The management of bush can provide many employment opportunities. 
 
The Terms of Reference stated the following objectives of the study: - 
 

• Conduct a desktop study to summarise and explain the effects of bush encroachment on 
groundwater resources in Namibia, 

• Collate information from a variety of existing sources and present this information in a 
report that would provide a coherent basis for decision-making concerning the 
management of the bush problem. A holistic perspective is needed that addresses water 
resources, economic and ecological issues in an integrated way, 

• The effects of global climate change on water resources were also to be considered,  
• Consider issues of water quality, 
• Suggest further research to remedy important deficiencies in available knowledge, 
• Make recommendations for policy development and programmes on bush management, 
• Conduct a stakeholder workshop, and consult with relevant Ministries. 

 
In the time available (only 9 weeks were allowed for the study and final report) an exhaustive 
study on the subject of encroacher bush and its effects on groundwater was not possible. 
Instead, this study has sought to summarise the most relevant information and case studies, in 
order to highlight the need for a co-ordinated programme of intervention by Government, private 
enterprise and farmers to tackle the problems of bush encroachment. This objective needs to be 
addressed within a holistic framework of sound rangeland management. Groundwater cannot be 
managed separately from rangeland management, which should be aimed at optimising healthy 
grass cover, resilient ecosystems, and restoring biodiversity (including soil organisms). 
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1.2 Study Team 

The team members on this study, and their core areas of expertise, were: - 
 
Mr. Colin Christian (Pr Sci Nat)  Environmental Scientist & Project Leader 
Mr. J. Nico de Klerk    Rangeland Expert & Agricultural Economist 
Mr. Frank Bockmühl    Geo-hydrologist & Water Balance Expert 
Mr. Ben van der Merwe (Pr Eng) Civil Engineer, Water Supply and Economics 
Mr. André Mostert (Pr Sci Nat) Hydrologist 
 
All the above are based in Windhoek and have extensive experience in Namibia. 
 
 
1.3 Definitions & Species  

This section explains some key terminology used in this report.  
 
1.3.1 Encroacher Bush Species 

De Klerk (2004, p.2) defines Bush Encroachment as, “the invasion and /or thickening of 
aggressive undesired woody species resulting in an imbalance of the grass: bush ratio, a 
decrease in biodiversity, and a decrease in carrying capacity and concomitant economic losses”. 
 
In this report we will use the following terms: - 
 
Encroacher species refers to those problematic woody species that are indigenous to Namibia 
(refer Table 1 ). Most of the problem species belong in this category. Alien invasive species 
refers to plant species that are alien (introduced from overseas). 
 
Table 1: Encroacher Species (indigenous) listed by de Klerk (2004), Strohbach & Lubbe 
 

Encroacher Species English Name Afrikaans Name Comment 

Acacia mellifera  Black thorn Swarthaak the most widely distributed 
encroacher species 

Dichrostachys cinerea  Sickel bush Sekelbos Widely distributed. Difficult to kill. 
Terminalia prunioides  Purple-pod 

terminalia 
Deurmekaarbos Often with D.cinerea in karstveld 

Terminalia sericea  Silver terminalia Sandgeelhout Where it is dominant it always 
indicates very sandy soils 

Acacia reficiens &  
A. luederitzii  

False umbrella 
thorn 

Rooihaak or Baster 
haak-en-steek 

These two species are very similar - 
difficult to separate 

Acacia erubescens  Blue thorn Blouhaak Often with A. mellifera 
Acacia fleckii Plate thorn Sandveld akasia or 

Bladdoring 
 

Colophospermum 
mopane  

Mopane Mopanie  

Catophractes 
alexandri 

Trumpet thorn Gabbabos or 
Trompetdoring 

 

Rhigozum 
trichotomum 

Three thorn Driedoring In the southern parts of Namibia 

Encroacher species added by Strohbach (2009) 
Acacia nilotica Scented-pod 

acacia 
Lekkerruikpeul Encroaching in a limited area mainly 

north of the Tsumeb area 
Encroacher species added by Lubbe (pers comm 2010) 
Acacia nebrownii   In the southern parts of Namibia 
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1.3.2 Alien Invasive Species 

Many species that were introduced from overseas have become invasive, partly due to the 
absence of the natural pests that control them in their countries of origin. Thus these aliens have 
a competitive advantage. Many are non-woody (e.g. 2 or 3 Datura species, several Opuntia spp. 
(cactus) and many more. Non-woody species are not considered in this study. 
 
There are also several invasive alien trees and bushes (woody species) including Leucaena 
leucocephala (Wonderboom), Lantana camara (Lantana) and Melia azedarach (Syringa) which 
may become a substantial problem in time, but are not having a major impact on water issues at 
this stage. 
 
Some alien invasive trees use large volumes of water. The most serious and extensive in 
Namibia are the Prosopis species, which are a proven threat to water resources in South Africa 
(Fourie et al, 2007 in Northern Cape), as well as in Namibia (Christelis, pers com).  
 
Table 2: Alien Invasive Species of major concern, e specially for water resources 
 

Encroacher Species English Name Afrikaans Name Comment 

Prosopis spp. (2 or 3 species 
from central and south 
America – all invasive) 

Prosopis or 
Mesquite 

Prosopis or 
Musqiet 

Mainly Nossob, Olifants and Auob 
Rivers, and spreading beyond the 
rivers into the Kalahari. 

 
 
1.3.3 Protected tree & shrub species 

A number of species of trees and shrubs are Protected under the Forest Act or the Nature 
Conservation Ordinance – for different reasons. Some are rare, or threatened, or they provide 
important ecological functions. A list of Protected woody species is provided in Appendix A. 
 
Some Protected species also provide browsing for livestock, especially in times of drought.  
 
1.3.4 Fodder / Browser species 

Many species of trees and woody shrubs are eaten by game and even by cattle. Those that are 
known to be important in this regard are listed in Appendix B . Many browse species are 
nutritious even when they are dry in winter and spring.  
 
Browse species are often mixed with encroacher species. They may also be thicket forming, but 
they are important for wildlife, such as kudu and many others. Therefore their ecological role 
needs to be borne in mind and clumps of these bush species should be left during all bush 
management operations. 
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2 IMPORTANT BACKGROUND INFORMATION 

 
 
2.1 Study Area, Biomes Affected & Climatic Factors 

The invasion or thickening of aggressive undesired woody species prevails over an area of 
approximately 26 million hectares in Namibia (de Klerk, 2004). Of this, 15.7 million ha is on 
freehold farms and 10.3 million ha in areas with communal land tenure. 
 
The extent of bush encroached areas is shown in Figure 1 , which also shows the dominant 
encroacher species and the densities at which they typically occur. These bush encroached 
areas comprise the Study Area. It must be noted that the “bush map” was never very accurate, 
and it is also not up to date.  
 
While we have referred to areas according to the most dominant problem species, there is very 
often a mixture of several problem species.  

 
   Figure 1 : Bush Encroachment (dominant species) and Rainfall Isohyets. Rainfall by Mendelsohn et al                   

(2002). Bush encroachment map by Bester (1996). Additions by Lubbe (pers comm, 2010) are 
shown in pale blue without densities indicated. 
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Average annual rainfall is one of the limiting factors for bush encroachment. Based on the 
rainfall isohyets (Figure 1) it is evident that the lower limit of rainfall is about 200 - 250 mm. The 
vast majority of the problem bush lies within the 300 – 450 mm rainfall zone, with a small area 
around Tsumeb, Grootfontein and Otavi enjoying 450 – over 550 mm per annum. It is these 
wetter areas that represent the highest bush densities in Namibia’s savannas. Regarding 
densities: - 
 

• Less than 1,000 bushes/ha is regarded as “low-density” - only in the Okombahe area, 
• More than 3,000 bushes/ha is regarded as ““very high density” – and includes the areas 

around Epikuro, Grootfontein, Okahandja, Okakarara, Okonjatu, Otavi, Otjinene, Otjituo, 
Otjiwarongo, Outjo, and Tsumeb, 

• Densities in the remaining districts vary from 1,000 – 3,000 i.e. “medium to high”. 
Omaruru, Gobabis and Windhoek fall within the areas. 

 
The problem areas occur mainly within the Tree and Shrub Savannah Biome  as shown in 
Figure 2 .  This biome has two components, Broad-leafed savannas and Acacia savannas – 
which are also differentiated by the blue line on the map. It is generally the Acacia savannas that 
suffer the greatest densities of encroacher bush. 

 
   Figure 2 : Bush Encroachment and Major Biomes. Biomes by Mendelsohn et al (2002). Bush 

encroachment map by Bester (1996) with additions by Lubbe (pers comm, 2010). The blue line 
differentiates between the Broad-leaved savannas & Acacia savannas. 
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The maps showing the extent of bush encroachment, which were used in this report, need to be 
updated to reflect new bush encroached areas. Species such as Acacia nebrownii and Acacia 
mellifera already show alarming increases in numbers is the south eastern parts, while the alien 
Prosopis species are spreading along the Nossob, Olifants and Auob Rivers in the south. They 
have reached high densities covering approximately 100,000 hectares in these catchments, and 
are also spreading outside the river lines into the Kalahari.  
 
Figure 3  shows the “Average water deficit”– being “the difference between average annual 
rainfall and average rate of evaporation”. The bush encroached areas lie within areas of lower 
water deficit. This is one of the factors that makes these areas important for groundwater 
resources. 

 
    Figure 3 : Bush Encroachment & Water Deficit. Water Deficit by Mendelsohn et al (2002). Bush 

encroachment map by Bester (1996) with additions by Lubbe (pers comm, 2010). Water deficit is 
the difference between mean annual rainfall and mean annual potential evaporation. 

 
The adverse impacts of bush encroachment need to be understood in the context of particular 
environmental conditions: - 
 

• Highly seasonal rainfall and temperature regimes, 
• Extreme fluctuations in rainfall from year to year, with frequent droughts, 
• A high water deficit caused by evapotranspiration, 
• Limited water resources, 
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• Scarcity of productive land and fragile soils with low nutrient status. 
 
These are the features of Namibia’s agricultural context, which are aggravated by bush 
encroachment and climate change. These factors necessitate more efficient utilization and 
management of scarce resources. 
 
 
2.2 Encroacher Bush and Farming Systems 

Figure 4  shows the extent of bush encroachment in relation to Farming Systems in Namibia. It is 
highly significant that the bush problem mostly affects prime cattle ranching  areas in the north, 
while in the drier south small stock farming is affected. 

 
    Figure 4 : Bush Encroachment and Farming Systems. Farming Systems by Mendelsohn (2006). Bush 

encroachment map by Bester (1996) with additions by Lubbe (pers comm., 2010).  
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2.3 Encroacher Bush and Hydrogeological Zones 

 
Figure 5  shows the bush encroached areas superimposed on the Hydrogeological map . The 
hydrogeological map (DWA & GSN, 2001) divides the country into six zones according to their 
geology and groundwater potential.  
 

 
    Figure 5 : Bush Encroachment and Zones of Groundwater Potential. Hydrogeological Map by DWA & 

GSN (2001). Bush encroachment map by Bester (1996) with additions by Lubbe (pers comm, 
2010). Dark green and dark blue shading show the areas of highest groundwater potential (good 
aquifers), while the lighter green and blue areas indicate extensive potential as well.  

 
 

In a GIS programme, a total area was obtained for each of the six hydrogeological zones. Then 
the percentage that is bush encroached was calculated for each zone. This information is 
presented in the first part Table 3  – the colours representing the colours of the six zones in 
Figure 5. In the second part of Table 3, the six zones were reduced to three groundwater 
potential zones – low, moderate and high potential.  
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Table 3:  Approximate Areas of Namibia that are bus h encroached, in relation to Groundwater 
                Zones 
 

 
Total Area 
km2 

Area Bush 
encroached km 2 

% Bush 
encroached  

Rock bodies with little groundwater potential:       
1 Very low and limited potential 225,479 33,529 15 
2 Generally low potential, locally moderate potential 251,069 122,933 49 
Fractured aquifers:       
3 Moderate potential 114,376 70,638 62 
4 High potential 15,028 14,060 94 
Porous aquifers:       
5 Moderate potential 208,957 96,508 46 
6 High potential 9,220 7,443 81 

 824,128 345,111  

    

Zones grouped by low, moderate, high 
potential : 

Total area 
km2 

Area bush 
encroached km 2 

% bush 
encroached  

1 + 2 Low groundwater potential 476,548 156,462 33 

3 + 5 Moderate groundwater potential 323,333 167,146 52 

4 + 6 High groundwater potential 24,247 21,503 89 
 824,128 345,111  

 
 
The results are: - 
 

• 33% of the low groundwater potential areas are bush encroached,  
• 52% of the moderate groundwater potential areas are bush encroached,  
• 89% of the high groundwater potential areas in Namibia are bush encroached! 

 
However, please note that these results should be regarded as approximate only. Since no 
detailed mapping of bush encroachment has ever been done in Namibia, this information is the 
best available. 
 
Furthermore, these results need to be qualified as follows: - 
 

• The mapped extent of bush encroachment includes mountainous / steep areas that are 
not significantly bush encroached. As a rough estimate 5% should be deducted from the 
second column in the table to allow for this. To improve this percentage a digital terrain 
model for the whole bush encroached area would be needed,  

• Within areas that are shown as bush encroached in Figure 5, the degree of 
encroachment varies considerably, 

• The areas identified by Lubbe in the south, which are shown in pale blue in Figure 1, 
were not necessarily comparable with those mapped by Bester (1996). Bush densities 
and bush sizes are much lower in the south and the impacts on groundwater are surely 
much lower as well.  
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2.4 Encroacher Bush, Major Catchments & Dams 

 
Figure 6  shows the major catchments  of Namibia and the locations of storage dams . Bush 
encroached areas affect many important catchments and dams for water supply in Namibia.  
 

 
    Figure 6 : Bush Encroachment, Major Catchments and Dams. Catchments by Mendelsohn (2006). Dam 

sites provided by NamWater. Bush encroachment map by Bester (1996) with additions by Lubbe 
(pers comm, 2010).  
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2.5 The Hydrological Cycle 

The hydrological cycle provides a conceptual framework in order to understand the processes 
described and the terminology used later in this report. All of these processes are subject to 
natural fluctuations. Most of these processes can also be affected by human activities to some 
degree. It is therefore important for planners and decision-makers to understand these 
hydrological processes and the ways in which they may be influenced by decisions that affect 
land management. 
 
For those readers who are not familiar with the hydrological cycle, its key components are 
represented schematically in Figure 7  and explained below. 
 

 
 

     Figure 7 : A Generalised Schematic Diagram of the Hydrological Cycle 
 
We begin our description of the hydrological cycle with evaporation . Evaporation of liquid water 
occurs from the surface of the oceans, rivers, lakes, soil, and vegetation – becoming water 
vapour that may be transported by winds for vast distances.  
 
Under suitable conditions which force air to rise and cool, water vapour may condense  into tiny 
water droplets forming cloud. As Namibians know, not all clouds produce rain. For rain to fall, 
strong uplift of the air mass is needed and tiny droplets must coalesce to form raindrops that are 
large enough to overcome the updraughts of air and fall as rain – precipitation .  
 
Some rainfall is intercepted  by leaves and stems of plants above ground and evaporates  back 
into the air. For dense vegetation this component can be significant. The rest falls to the ground, 
where a portion may evaporate from the soil surface or from little puddles soon after the rainfall 
event. 
 

abstraction 

transpiration 

& evaporation  

 

precipitation 

evaporation 

surface runoff 

saturated zone 

infiltration 

water table 

percolation interception by roots 

interception by 

leaves & stems 

condensation 
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Upon reaching the ground surface, a portion of the rainfall is absorbed by the soil, while some 
remains on the surface, fills small depressions, and eventually runs down slopes as surface 
runoff . Surface runoff mostly happens after the shallow soils have been saturated. Much of the 
runoff will enter streams or rivers, or temporary storages such as pans, lakes or dams, but some 
will sink into the riverbed. Thus rain water can reach areas where there was no rainfall, e.g. via 
flash floods.   
 
A percentage of the rainwater immediately starts to seep into the soil via small pores between 
the soil particles. This process is known as infiltration . This makes water available to plant 
roots, which take up water and nutrients. Thus plant roots intercept soil water  – preventing it 
from reaching deeper levels. Uptake by plant roots results in a relative drying of the shallow soils 
between rainfall events. This “dry” layer has to be saturated by rainfall again before surface 
runoff can begin. 
 
A significant portion of the water that is taken up by roots is released to the air as vapour via the 
stomata (pores) in the leaves. This release is known as transpiration . In the case of forests and 
other woody vegetation, including dense stands of encroacher bush, transpiration accounts for a 
considerable amount of soil water lost to the atmosphere.  
 
While the difference between evaporation and transpiration is easy to conceptualise, these two 
parameters are very difficult to measure. Therefore they are usually grouped together as 
evapotranspiration . 
 
Some of the water remains in the soil where it is held by capillary forces, or attached to clay 
colloids, or continues to move downwards due to gravity. Of the water that is not intercepted by 
plant roots, a portion will percolate  to deeper levels of the soil or rock. In larger rainfall events 
(or where shallow soils are already saturated by previous rain), and where suitable geological 
conditions prevail, some water percolates down to levels where the pore spaces in the rock are 
full of water so that air is essentially excluded. This is called the saturated zone or 
groundwater zone . Roots of dense bush, by taking up large volumes of water from the soil, 
reduce the amount of water that reaches the water table  (i.e. the upper surface of the saturated 
zone). In order for anyone to abstract groundwater it is necessary to dig or drill into the rock to a 
depth below the water table. The process of raising the water table in response to rainfall is 
referred to as groundwater recharge .  
 
Note that most bush/tree roots will occupy the zone above the water table, but some may 
actually reach groundwater. 
 
The rock (or unconsolidated sand / alluvium) that is able to store groundwater is known as an 
aquifer . The water may be stored either in pore spaces between the grains of the rock (e.g. 
sandstone) or in cracks or faults, or both.  
 
Groundwater may move laterally over considerable distances, depending on the permeability3 of 
the rock type. In some geological conditions groundwater may seep out to streams or rivers, or 
reach the ground surface via springs/fountains – even during the dry season. 
 
Only a very small portion of the rainfall received becomes available for human use – either via 
rivers or boreholes.  
 
It will become clear, in later sections of this report, that human activities and land management 
can have a significant effect on some of the components of the hydrological cycle. For example, 
dense bush versus grassland will affect interception of rainfall both above and below ground - 
and subsequently the amount of water lost to the atmosphere by evapotranspiration. It will be 
shown that both groundwater recharge and surface runoff are affected by human land 
management. Hence the water resources available for human use are significantly affected. 

                                                
3 Permeability or “transmissivity”, is a function of the connectivity between open spaces 
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3 OVERVIEW OF THE BUSH ENCROACHMENT PROBLEM AND EFF ECTS ON 

 RANGELAND AND AGRICULTURAL ECONOMICS 

 
 
3.1 The Dynamics of Bush Encroachment 

The overwhelming factor determining the spatial distribution and productivity of forests, 
savannas and grassland is soil moisture balance (Tinley, 1982 and Walker, 1985). This balance 
has largely been disturbed by encroacher bush, resulting in very low efficiency of water use in 
natural rangelands.  
 
The roots of trees are near the surface as well as deeper layers of the soil, while the roots of 
grasses occur only in the top layer. Thus the roots of trees have preferential access to soil water 
in the topsoil and subsoil. They are therefore in direct competition with grasses for available 
water (Walter, 1971). Grasses are not able to compete effectively with bushes and trees when 
the woody component is too dense. Therefore perennial grasses are gradually replaced by 
annual grasses, and eventually they too die out leaving large bare areas with no ground cover 
beneath the bush canopy.  
 
If the grass layer is detrimentally affected by poor management or environmental factors, it loses 
its competitive advantage and can no longer utilize water and nutrients effectively. Denudation of 
land during prolonged drought, followed by a few wet years provides very favourable conditions 
for bushes to establish themselves (Donaldson 1969; Teague & Smit 1992). Once encroacher 
bush has become dominant, it cannot be reversed without some external intervention. 
 
The extensive root system of woody plants enables them to compete effectively with other plants 
(Wu et al. 1985) (see Figure 8 ). Rutherford (1980) found that the roots of some species in 
Burkea savannas extended up to seven times wider than their canopies. Smit (1994b) showed 
that roots of Colophospermum mopane extended horizontally to a distance of 12.5 times the 
extent of their canopies. The larger the tree the greater the competitive effect on neighbouring 
plants (Smit 2002b). A large proportion of the roots are concentrated at a shallow depth 
(Rutherford 1983; Castellanos et al, 1991; Smit & Rethman 1998b) where they actively compete 
with shallow-rooted herbaceous plants by intercepting most of the available soil water. The 
dense mosaic of roots also reduces infiltration to groundwater levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 : An example of the extensive root system of Acacia mellifera in the upper layers of the soil. 

Source: Nico Smit, University of the Free State, South Africa. 
 
Heavily encroached areas are characterized by denuded soils with a sparse annual grass cover 
and few or no perennial grasses. As bush density increases, the percentage of perennial 



 14 

grasses decreases significantly, as does the total grass cover (perennials plus annuals). With 
the soil surface unprotected by grass and herbs, rainfall runoff is rapid and infiltration is low 
(although the total volume of runoff may be lower). Together with the high evapotranspiration 
rate associated with dense bush, land productivity is adversely and severely affected (de Klerk, 
2004). 
 
Rhigozum trichotomum (Three thorn) bushes also have well developed root systems – up to 
three times wider than the height of the plant. They also compete effectively for soil moisture 
(Moore 1989). Grass production is severely suppressed by densities of 1,000 bushes per 
hectare or more (Moore 1989; Moore et al. 1985; Donaldson and Kelk 1970; Barnes 1982). 
About 2,000 plants/ha can nullify the effect of 20 mm rain within one week after rain has fallen.  
 
 
3.2 Savannah Ecosystems: Balance between Woody Plan ts and Grasses 

The previous sub-section emphasised the competition for water between grasses and woody 
species. While that is true, it is also true that grasses and trees are mutually beneficial in 
savannah ecosystems. De Klerk (2004) reviewed and summarised the most relevant research in 
this regard, which is also reflected in CCA (2010).  
 
Grasses protect the soil from erosion, help to maintain organic matter in the soil and encourage 
infiltration of rainfall. Trees provide the following ecosystem services: - 
 

• Trees improve the soil nutrient status beneath them, including minerals and carbon, 
compared with open areas, 

• Trees attract birds, animals and insects, which enrich the soil with their droppings, 
• They bring up nutrients and moisture from depths that grass roots cannot reach, 
• Under canopy situations tend to enjoy higher rates of infiltration, 
• The most nutritious species of grass are often found under or close to trees or bush, 
• Even grass plants of the same species have higher nutritional status close to bush or 

trees than those in open veld (Förtsch, pers comm), 
• Shade reduces soil and air temperatures, and slightly increases humidity. By improving 

microclimates, soil organisms such as nitrogen fixing bacteria (including cyano-bacteria) 
are enabled to fix nitrogen more effectively, 

• The optimum situation for grass production is in association with open tree canopies 
rather than the closed canopies associated with dense bush, 

• Trees and bushes reduce wind speed and wind erosion, 
• Thorny bushes protect highly palatable species from excessive browsing (e.g. Boscia 

albitrunca, Maerua spp., and Tarchonanthus camphorates).  
 
The most important practical implication of these factors, for the management of bush to 
optimise grazing capacity, is that an optimum level of woody trees that must be maintained. If all 
the trees are removed, soil fertility generally declines over a number of years. The rate of decline 
is affected by soil type – being greater in sandy soils and less in clayey soils.  
 
When thinning encroacher bushes it is important to take into account the contribution made by 
trees to soil fertility, in particular. Maintaining a certain optimum level of indigenous trees and 
shrubs (covering the whole spectrum) is essential for sustainable use of land and total clearing is 
therefore unacceptable. 
 
Following de Klerk (2004), the Draft Policy on Encroacher Bush (p.17-18) makes the following 
recommendations: - 
 

• the approach should be “bush thinning rather than bush clearing” (p.17).  
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• “As a rule of thumb, the number of tree equivalents per hectare after thinning should be 
in the order of 1.5 to 2.0 times the long term average rainfall (mm)” (p.18). A tree 
equivalent (TE) is defined as an Acacia karroo tree of 1.5m height (Teague et al. 
1981). Thus a 3m tree/bush represents 2 TE, a 4.5m tree/bush 3 TE. Encroacher 
species as well as desired species should be taken into consideration. Not all of the 
encroacher plants should be removed because they also have benefits for soil fertility.  

 
Thus in an area with 400mm of rain (average), 600 to 800 tree equivalents (TE) per hectare 
should be left. For rainfall of 500mm, this figure should be 750 to 1,000 TE per ha.  
 
Given the tendency for sandy soils to lose fertility rapidly following clearing, it is recommended 
that double the number of trees per hectare should be left (Strohbach, pers comm.) An example 
of a habitat where this applies is those sandy areas that are dominated by Terminalia sericea, 
which becomes dominant on deep sands.  
 
Tree equivalents are a somewhat difficult measure to use. Therefore CCA (2010) recommended 
– on a project using machines to harvest bush in a specific study area near Otavi, that all large 
trees as well as all Protected trees should be left, plus bush clumps (10% by area of the original 
bush). A spectrum of tree sizes should be left, bearing in mind that old trees die and must be 
replaced. The bush clumps that are left should represent both encroacher and browser species. 
 
 
3.3  The Consequences of Bush Encroachment for Land  Productivity 

The severe impact of bush encroachment on land productivity and biodiversity poses a major 
socio-economic threat, not only to the welfare of livestock farmers, but also to all the 
downstream industries (abattoirs, meat wholesalers, exporters) and their employees.  
 
Namibian farmers have suffered a serious decline in carrying capacity, which is only 50% to 30% 
of the original production potential for cattle4. The carrying capacity has declined from 1 large 
stock unit per 10 ha to 1 large stock unit per 20 or 30 ha.  
 
A natural rangeland that is in a poor condition needs at least 3 times more water to produce the 
same amount of grass compared with veld in good condition. In South Africa, Snyman and Van 
Rensburg (1990) found that grass production on good, average and poor veld was 2.4, 1.67 and 
0.23 kg/ha per millimetre of rain, respectively. Snyman (1988) also documented grass 
production figures of 2.68, 1.58 and 0.93 kg/ha per millimetre of rain for climax, sub-climax and 
pioneer veld, respectively. 
 
At Neudamm Agricultural College the average stocking rate since 1991 was 8.3 kg/ha live body 
mass for encroached rangelands (3,500 - 4,000 bushes/ha) as compared with 38 kg/ha live body 
mass for camps where bush had been thinned to less than 500 bushes /ha (de Klerk 2004).  
 
At Eastbourne near Otjiwarongo the grass production in camps where bushes were treated with 
arboricides (67% control) was 2.17 kg/ha/mm as compared with 1.20 kg/ha/mm in the camps 
where no control took place. It is important to mention that the bush density in the 67% control 
camps was still 1,500/ha and therefore a substantial suppression of grass production was still 
possible. With 400 to 500 bushes/ha the production could have been much higher. The average 
rainfall during this period was 380.5 mm per year. Another interesting finding was that the 
carrying capacity in the treated camps was 9.80 kg live body mass/ha per 100 mm of rain, while 
the corresponding figure for the untreated camps was 5.13 (Raw data: Van Eck, interpretation 
(International Development Consultancy, 2006). 
 

                                                
4 In commercial areas cattle numbers declined from 2.6 million in 1958, to 1.2 million in 1995, and to 0.75 
million in 2006 (State Veterinary Services). In communal areas there were approximately 1.5 million, 2006. 
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The fact that cattle numbers in the freehold farming areas currently represent only 36% of their 
numbers in 1959 can be attributed mainly to the bush encroachment problem. The concomitant 
economic loss (using 2009 beef prices) is more than N$1.6 billion per annum. This has a direct 
impact on the livelihoods of 65,000 households in non-freehold areas and over 6,000 title deed 
farmers and their employees. Losses related to increased artificial drought events caused by 
bush encroachment are not included in the figures above, but they have serious economic 
implications for Government and for the Namibian economy.  
 
 
3.4 Water-use /Consumption of Key Plant Species 

 
Appendix C provides a more detailed explanation of the analysis and calculations here, 
below. 
 
The term evapotranspiration is used to describe the sum of evaporation and transpiration losses 
from the earth and vegetation to the atmosphere. This is illustrated in Figure 9 .  
 

 
 

        Figure 9 : An illustration of the term Evapotranspiration. 
  
 
Table 4  illustrates the huge difference in water-use between benign fodder/browser bushes - 
such as Boscia albitrunca and Grewia flava - and an encroacher bush like Acacia mellifera. The 
mean daily transpiration of Acacia mellifera (2.5m high) is 6 to 8 times more compared with the 
desired bushes and shrubs (Donaldson, 1969). 
 
Because of the high transpiration rates associated with problem bush, their adverse impact on 
water-use efficiency of the grass component is extremely severe. In practice, 500 Acacias/ha 
(2.5m high) extract as much water as two windmills on one hectare, each pumping at a rate of 
2,000 litres for 8 hours a day. 
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Table 4: The size, leaf area and relative transpirat ion of some woody plants and grasses 
 

Approximate size and foliage 
spread of plants 

Woody plant species 
 
EB = encroacher bush 
T = benign tree 
BB = browser bush 
G = grass 

Height 
(m) 

Crown 
diameter 

(m) 

Canopy 
area 
(m2) 

Total 
leaf 
area 
(m2) 

Mean relative 
transpiration 

per 8-hour day 
per plant  
(Litres) 

Mean daily 
relative 

transpiration per 
500 woody 

plants or per 
100,000 grass 
plants (Litres) 

T. sericea  (EB) 2.8 2.8 6.0 28.55 16.64 8,320 
A. mellifera (EB) 2.5 2.8 6.0 55.68 64.8 32,400 
B. albitrunca (T) 1.2 1.5 2.0 13.58 13.84 6,920 
Grewia flava (BB) 1.2 1.9 2.0 8.82 7.68 3,840 
Antephora pubescens 
(G) 

0.28 0.15 0.018 0.141 0.344 34,400 

Eragrostis 
lehmanniana (G) 

0.21 0.15 0.018 0.038 0.075 7,500 

Schmidtia 
pappophoroides (G) 

0.19 0.15 0.018 0.074 0.116 11,600 

Source: Donaldson (1969). 
 
Fodder (or browser species) are woody plants that are browsed by wildlife and small livestock, 
and even by cattle when grass is scarce. These non-problematic species comprise about 30% to 
40% of the total bush population, but they occur in the same areas as the encroacher species. 
Fodder bushes also suppress perennial grasses and total grass cover significantly (de Klerk, 
2004). 
 
The mean cumulative seasonal biomass production was monitored over the period 1985/6 to 
2001/2 and was calculated from NOAA-AVHRR and SPOT-VEGETATION NDVI satellite 
images. The biomass includes trees, shrubs, grasses and herbs. (The estimation of biomass 
production is based on the spectral behaviour of a living leaf.) The average biomass yield varies 
between 1,200 in the west and 3,600 kg/ha in the north eastern part of the affected area with an 
estimated average yield of 2,200 kg biomass over the entire area (de Klerk, 2004 based on 
unpublished data from M. Coetzee, MAWF).  
 
In a 450 mm zone with poor rangeland condition the grass production at a rate of 1.2 kg/ha/mm 
rain (de Klerk unpublished) was estimated at 540 kg /ha. The difference between total biomass 
and grass production gives an estimate of woody biomass, which is in the order of 1,660 kg/ha 
(See Figure 10 , below).  
 
Felker et al (1980) found that Prosopis trees use 1,700 litres of water to produce 1 kg of dry 
biomass. No information pertaining to the encroacher species could be found but it can be 
assumed that the encroacher species use a less water and therefore a figure of 1,500 ℓ/kg 
woody biomass was assumed. It was estimated that 0.49 to 0.72 m3 water was needed to 
produce 1 kg of dry grass - on average 0.57 m3 (Herrero et al, 2007). 
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          Figure 10 : Mean Total Biomass Production (kg/ha)  
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Based on the findings above, the total amount of water used by bushes can be estimated in 
various ways, as follows (it is important to note that the models used only reflect an approximate 
figure).   
 

3.4.1 Using average annual yield of woody biomass  

First the total average yield of biomass/ha was multiplied by the amount of water needed to 
produce 1 kg dry biomass/ha: 1,660 kg woody biomass / ha  x 1,500 litres/kg biomass = 2,490 
m3 of water. On a 5,000 ha farm this amounts to 12.45 million m3 of water. 
 
If the average biomass production (± 2,460 kg/ha) in the main problem area is taken into 
consideration the total water use would be 18.45 million m3 on a 5,000 ha farm.  
 
With 400 mm rain on 5,000 ha the total amount of water received is 20 million m3. Therefore the 
amount of water used by bush is a very substantial proportion!  
 
 
3.4.2 Using total transpiration rates, Tree Equivalents (TE) and Growing Period to determine 

water losses 

The transpiration rates shown in Table 4, above, served as the basis for determining the total 
amount of water lost by this process. The average bush population for the encroached areas is 
2,400/ha. These bushes have been analyzed in terms of problem and fodder species and height 
classes and converted to Tree Equivalents. Per definition, one TE is equal to an Acacia karroo 
tree of 1.5 m high (refer Section 3.2  above). Transpiration rates can be determined in 
accordance with the size of the bushes. The number of days in the Growing Period is then used 
to convert average daily transpiration into seasonal amounts of water intercepted by the woody 
component.   
 
According to this method the total loss is 11.98 million m 3 water/season on a 5,000 ha farm. 
This represents about 60% of the total annual rainfall. 
 
In the problem area the Growing Period varies from 60 to 120 days. For the purpose of this 
study a Growing Period of 90 days was used – based on the map of Growing Period Zones, 
Figure 11 , below. 
 
A Growing Period is defined as the period in the year when precipitation is higher than half the 
potential evapotranspiration - this being an expression of the water consumptive use of an 
average grass cover – extended by the time that the soil moisture storage is depleted and at 
times when the mean air temperature is above 6.5 °C ( FAO, 1978).  
 
The nature of the Growing Period reflects the availability of moisture to plants Verheye and 
Coetzee (2003). 
 
In addition, some losses will also occur as a result of surface water run-off, but the vast majority 
of it will still be available for groundwater recharge e.g. via river beds.   
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    Figure 11 : Growing Period Zones of Namibia (MAWF, 2005) 
 
 
3.4.3 Using total canopy area to calculate transpiration 

The best alternative method, to calculate how much water is lost by transpiration, is to use total 
canopy area. Unfortunately no data is available to indicate the actual canopy area per hectare 
and the contribution of various trees/bush species to this total. If, however, the same ratios of 
problem and non-problem species are used as above, and using the same transpiration rate 
from Table 4, the amount of water used by the problem bush component would be 11.72 million 
m3 water/season on a 5,000 ha farm.  
 
An ideal veld composition  of desired trees, bushes, shrubs, climax grasses, and herbaceous 
plants will differ for each separate Agro-Ecological Zone. Using a hypothetical example on a 
restored farm with 560 bushes/ha (357 Tree Equivalents/ha) the water use of the woody 
component and the grass would be 6.35 million m 3 on a 5,000 ha farm. This in stark contrast 
with the water losses from bush encroached areas calculated in Sections 3.4.1, 3.4.2 and 3.4.3 
above. 
 
The difference in the total amount of water transpi red between an encroached area (2,400 
bushes/ha) and an area with a favourable ratio of t rees, bush and grass is in the order of 
5 to 6 million m 3 on a 5,000 ha farm. 
 
The present capacity of the Hardap dam is 290 million m3 (Heyns, pers comm). This means that 
the annual loss of water as a result of transpiration on ± 50 farms of 5000 ha each (i.e. 250,000 
ha) is equal to the amount of water in the Hardap dam. By combating encroacher bushes 
effectively on 26 million hectares Namibia could save water in the order of the content of 100 
Hardap dams. 
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It is well known that the encroacher species start flowering ± in October of each year -assuming 
good rains in the previous season. Thereafter they produce pods/seeds and leaves. This is 
achieved using carry over moisture from the previous season and energy stored in the plants. 
How much water is used in this process is not known and is therefore not included in the 
calculations above. 
 
One should note also the large percentage of bushes smaller than two meters which use less 
water than the bigger ones. As they grow larger, the loss of precious rain water could even 
increase.  
 
 
3.5 The Effect of Excessive Bush Densities on Surfa ce Water Run-off 

As pointed out in Section 3.1 , the high densities of encroacher bush result in rangelands that 
are in a poor condition with soils exposed beneath the bush canopy. Table 5  shows surface 
water runoff related to soil types and veld condition. For each soil type, the runoff from bare soil 
is compared with ungrazed veld with good grass cover. Although the bare soils represented in 
the table are not related to bush cover, they show an alarming loss of water and soil where a 
good grass cover is lacking.  
 
Table 5: Mean surface run-off and soil losses on ve ld in poor and good condition with varying 
               slopes  
 

Veld condition Slope (%) Soil type Surface run-
off (%) 

Sediment loss 
(tons/ha/year) 

Reference 

Bare soil 
versus 
Ungrazed soil 

3.75 Red sandy 
loam 

49.1 
 

1.5 

27.7 
 

0.25 

Haylet (1960) 

Bare soil 
versus 
Ungrazed soil 

5.0 Red sandy 
to clay loam 

31.9 
 

2.7 

26.30 
 

0.15 

Du Plessis & 
Mostert (1965) 

Bare soil 
versus 
Ungrazed soil 

4.0 Sandy 30.3 
 

3.8 

10.05 
 

0.51 

Barnes & 
Franklin (1970) 

 
Snyman and Fouché (1991) and Snyman (1993a), (1993b) and (1997), working in South Africa, 
established that run-off from veld in good condition in the semi-arid grasslands is only about half 
that of veld in poor condition. The high run-off from poor veld resulted in very low effectivity of 
rainfall, leading to apparent droughts, even during periods of reasonable rainfall.  
 
The soil types in the above trials are representative of large areas in the bush encroached areas 
and similar results can be expected under Namibian conditions with the same slopes. The 
specific slope gradient in the various agro-ecological units, as well as the intensity of the rainfall, 
plays a big role in the amount of surface run-off and soil losses. Some areas like the Khomas 
Hochland have even steeper gradients than those in the table above while the Kalahari, with its 
sandy soils, is often fairly flat. 
 
It has, however, been reported that water inflow to dams decreased as bush densities increased. 
Since bush encroached areas are characterized by bare soils with poor grass cover, the lower 
inflow to dams seems to be a contradiction with the findings in Table 5, above.  
 
The large quantities of water used by encroacher species warrant a different understanding of 
water run-off on bush encroached bare soils. After each rainfall event water is actively absorbed 
by the roots of bushes and trees to the extent that the soils do not become saturated very easily. 
Subsequent rainfalls therefore have to “top up” soil water before generating surface runoff. 
 
Further discussion on surface runoff will be provided in Section 9 .  
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3.6 Present Practices to Combat Bush Encroachment 

A large variety of methods to combat bush encroachment have been tested and the following 
are presently in use. 
 
3.6.1 Chemical treatment 

Root absorbent (Soil applied) methods 
 
Arboricides with Tebuthiuron and Bromacil as the active ingredient are generally available in 
Namibia and they are applied on the soil surface and taken up by the roots of bushes and trees. 
Products containing these ingredients are available as granules or pellets, wettable powders or 
in liquid form. The arboricides that are suitable for manual application are applied under the 
canopy next to the stem and can therefore be applied selectively. Protected and benign plants 
can be avoided, but the wide lateral reach of the roots of some desirable tree species has to be 
taken into account. Ethidimuron, which is the active ingredient in the arboricide Ustilan, was also 
used in the past but is not in use in Namibia anymore. 
 
Foliar and stem-absorbent arboricides 
 
Products in this group contain Picloram and Triclopyr as the active ingredients and are available 
in either oil-based or water-based form. These arboricides are sprayed directly on the plant’s 
above-ground growth, where they are absorbed by the leaves and stems. Foliar and stem-
absorbent arboricides can also be applied where the stems have been cut off close to the soil 
surface.  
 
According to an EIA carried out by Joubert (2003), the arboricides themselves do not seem to 
pose any risk to human or animal health. However, this claim should be subjected to further 
research. The detail findings are recorded in de Klerk (2004, Ch.5). 
 
It can be concluded that the movement of Picloram and Triclopyr in water is very limited because 
they are not water-soluble formulations. Smit (1993) concludes that most of the arboricides 
available on the market are safe, provided they are applied in accordance with the 
manufacturers’ prescriptions. 
 
It is important to keep in mind that chemicals used for bush clearing inhibit respiration and 
photosynthesis as well as the formation of nucleic acids (Trollope et al. 1989), and that the 
chemicals have a residual effect of up to four years. 
 
All remedies used for bush control must be registered at the Registrar of Act 36 of 1947. 
 
3.6.2 Biological control 

The use of browsers and specifically goats has been tested. To be successful a very high 
stocking rate must be applied. The practical viability of keeping goats at the required stocking 
rate on a commercial farm of several thousand hectares is doubtful. This method is however 
suitable as part of aftercare programmes to control re-growth. 
 
3.6.3 Fire 

Fire is best used as a preventative than a curative measure against bush thickening. A minimum 
of 1,500 to 2,000 kg grass per hectare is needed to ensure an effective burn. Where high bush 
densities occur, there will not be enough grass to ensure a high-intensity burn. Controlled fires 
can be applied successfully in aftercare programmes. Re-growth and re-infestation can be 
controlled by using intense fires and browsers in tandem. 
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Fire-girdling, or stem-burning  as it is also known, is an effective bush control method but the 
process is very labour-intensive and relatively slow. 
 
3.6.4 Mechanical methods 

Bush-clearing by means of bulldozers for rangeland reclamation purposes is not recommended. 
 
Stumping, also known as felling, entails removing bush above-ground by using axes, mattocks, 
handsaws, or chainsaws, or below-ground by using mattocks and axes. However, the height at 
which a tree or bush is cut is crucial. Most species will show re-growth when they are cut above 
ground level (Dahl & Nepembe 2001). 
 
The manual removal of bush is a more labour-intensive method and therefore has the potential 
to create many employment opportunities. 
 
Energy for Future has introduced large harvesting machines that cut and shred the bush in one 
action, but these machines are very expensive. Semi-mechanised methods with tractor-mounted 
saws represent a cheaper alternative with a blend of machine and hand labour.  
 
 
3.7 Policies and Legislation 

Namibia has a policy and legislative environment within which it is possible to address the 
threats of degradation and desertification (which includes bush encroachment). The laws and 
policies that are most relevant to the agricultural sector and the bush problem are summarised in 
Appendix D .  
 
 
3.8 Recommendations for Further Research 

Priority areas 
• Areas in the immediate vicinity of towns that are solely dependent on groundwater should 

be addressed first, 
• Because of the enormous socio-economic impact of encroacher bushes the encroached 

area as a whole should be addressed. The achievement of the agricultural objectives in 
terms of Vision 2030 will be severely hampered if this problem does not receive attention. 

 
Accuracy of information 

• It would be scientifically desirable to achieve better estimates of transpiration rates for all 
problem species, including A. mellifera. It would also be useful to improve available 
estimates of the amount of water used to produce one kilogram of woody biomass – for 
encroacher as well as fodder bushes. However, such research is time consuming and 
expensive. We already know that thinning bush to the recommended levels (de Klerk, 
2004, and the Draft Policy on Bush Encroachment) will improve the grazing capacity and 
the recharge of groundwater. Therefore expensive research to improve the estimates 
mentioned above may be unnecessary. 

• Perhaps a more useful and direct approach would be to measure actual groundwater 
recharge in relation to bush densities, as Bockmühl (2006) has done. This can be done in 
two ways: (a) monitoring boreholes at adjacent sites that are similar but one encroached 
and one non-encroached. (b) monitoring boreholes before and after bush thinning has 
been implemented, where similar geological and soil conditions occur.  

• The use of satellite imagery needs to be further developed to monitor and map bush 
encroachment. Methods need to be developed to: - 

o distinguish between stands of encroacher species and other woodland patches 
within savannah biomes, 
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o determine bush densities per species, 
o determine canopy coverage by encroacher species, 
o determine total biomass production of woody plants. 

  
Policies and Legislation 
 

• Finalize the draft Bush Encroachment Management Policy and Strategy to steer future 
management. This document was submitted four years ago but has been shelved 
somewhere, 

• Although the existing Legislative and Policy framework is favourable, there is a need for 
implementation, 

• The introduction of financial incentives for implementing bush control programmes needs 
serious attention, 

• The Permitting requirements for bush thinning under the Forest Act could be 
cumbersome and could inhibit progress towards bush management. In this context, the 
administration may need to be streamlined without compromising on sound 
environmental management, 

• Proper control by the Registrar of Act 36 of 1947 is indispensable to ensure that any 
chemicals posing an environmental or health risk will not be used in Namibia. 

 
Bush encroachment is the single most important factor that is limiting sustainable livestock 
production, and socio-economic wellbeing in rural areas. However, bush is increasingly being 
viewed as a potential resource in the energy sector. This could be part of a solution to the bush 
problem. Addressing the bush problem also presents vast opportunities for employment and 
settlement and should be taken up as an integrated part of NDP2 and Vision 2030.  
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4 RELATIONSHIP OF BUSH ENCROACHMENT TO GROUNDWATER  

 
 
4.1 The Link between Bush Encroachment and Groundwa ter Recharge: Theoretical 

Basis 

As a background to understanding the process of groundwater recharge, and the implications of 
changing vegetation type, the Hydrological Cycle was explained in Section 2.5 , above. Figure 7 
(p.11) showed that, to reach the groundwater table, water needs to pass through a zone where 
most plant roots are found. If these roots occupy most of this zone, due to high density of shrubs 
and trees, the potential for interception of percolating water increases. Figure 12 shows an 
extreme example of dense root mats that form potential “interceptors”. 
 

        

Figure 12 : Root mat exposed along Opuwo tar road in new “donga” which has developed due to road 
construction. Mopane shrubveld. 

 
Along rivers, perennial and ephemeral, woody vegetation establishes in response to water 
availability. The effectiveness of roots in taking up water is partly a function of the density of their 
root system. Figure 13  illustrates extreme root development in arid western Kaokoland. 
 

 
 

Figure 13 : Subsurface root development along a dry riverbed in western Kaokoland. Mopane Savannah. 
Right picture indicates close-up of portion of picture on the left. 

 
Conditions in Namibia are characterized by a very high evaporation rate. When water is stored in 
open impoundments much of it is lost through evaporation (Refer Section 9 & Appendix F, 
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p.110). The average water deficit can be more than 1,300 mm/year, with an extreme of more 
than 2,500 mm/year around Keetmanshoop (refer to Figure 3, p.6). Water stored underground in 
aquifers is not exposed to such high evaporation and can be stored more efficiently until needed 
– e.g. in times of drought or when rainfall events are not intense enough to produce runoff to 
dams. 
 
 
4.2 International Studies 

Various international studies document the interactions between vegetation and groundwater.  
Le Maitre, Scott and Colvin (1999), provide a useful review on this subject. Direct quotes from 
this article illustrate the inverse relationship found to exist between densities of woody plants 
(trees and shrubs) and the volumes of groundwater recharge. From the Abstract of this 
publication (p.137): 
 

• “Vegetation plays key roles in the interactions between groundwater and surface water 
systems, because of its direct and indirect influence on recharge and because of the 
dependence of vegetation communities on groundwater.” 

• “Changes in vegetation cover and structure, particularly from low vegetation such as 
grassland to tall vegetation such as forest can have a significant impact on groundwater 
recharge by altering components of the hydrological cycle such as interception and 
transpiration.” 

• “In South Africa the impacts of vegetation changes on base flow or groundwater have 
been documented in both humid and sub-humid catchments but the greatest changes in 
groundwater levels have followed type conversions in semi-arid savannah and coastal 
plains of Zululand.”  

• “Transpiration of water by plants accounts for about half of the largest changes in the 
water balance associated with vegetation type conversions.” 

• “Interactions between groundwater and vegetation appear to be generally more 
pervasive and important than was believed in the past.” 

 
It should be noted that the components of interception (both above surface by plant canopies, 
and subsurface by plant roots) and transpiration have been shown to significantly influence 
available groundwater reserves, especially in arid and semi-arid regions. Vegetation affects 
aquifers by directly extracting groundwater from saturated strata (see remarks on Otjiwarongo 
marble aquifer) and by reducing the proportion of rainfall that is percolating down to reach the 
groundwater table (or saturated zone). A review of techniques for modelling recharge in South 
Africa (Bredenkamp et al, 1995) points to the importance of incorporating transpiration losses in 
modelling recharge. Plants significantly reduce recharge by extracting water from the soil profile 
to transpire through their leaves.  
 
Transpiration ranges from as low as 5% of annual rainfall to 100% (or more in situations where 
plants are tapping stored groundwater, but it generally ranges between 45% and 80% (Larcher, 
1983). Transpiration is therefore the primary process of w ater loss  where there is 
vegetation cover. Therefore, changes in vegetation cover result in changes in recharge. When 
an increase in transpiration occurs as a result of bush encroachment, it will have negative 
consequences on groundwater recharge, and groundwater levels will decline. 
 
Root depths have been shown to be of significance in this process, but this aspect is generally 
not appreciated. Although 60% to 90% of the roots of woody shrubs or trees are located in the 
upper 0.5m (Dobson and Moffat, 1995, Jackson et al, 1996) the remaining portion of deeper 
roots might be critical for plant survival. Figure 14  illustrates the relatively shallow, but extensive 
root system of Acacia mellifera as observed in the Platveld area in north central Namibia. Many 
species in arid and semi-arid environments have shallow, spreading root systems which are 
used to scavenge water (Breman and Kessler, 1995: Caplan 1995). Such trees can have a large 
effect on water balance by decreasing recharge through extracting water from the unsaturated 
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zone and creating additional storage capacity in the unsaturated zone, without there being any 
direct abstraction from groundwater.  
 

 
 

Figure 14 : Root system of Acacia mellifera. Farm Aiams. According to Mr Thomas, owner of the Farm 
Aiams in the Otavi district, this tree was pushed over by a bulldozer during road construction and 
some of the major roots had a length of more than 30 m, just below surface. 

 

Studies in South Africa  

Clearing of bush (trees and shrubs) in the Thabazimbi district resulted in water table (40 - 80m 
below surface) rising by about 20 m over a 30 year period (Vegter, 1993). 
 
In KwaZulu Natal, clearing of low savannah and thickets to permit pineapple production in the 
False Bay area (relic sand dunes west of St Lucia) caused water tables to rise by 11m (from 
12m to 1m below surface) (Van Wyk, 1963). 
 
Studies in Australia and other countries 

Some of the most direct evidence linking vegetation change and recharge rates comes from 
numerous studies in Western Australia and south-eastern Australia where clearing of natural 
woodland or forest has resulted in rising groundwater tables, and as a consequence, the 
extensive salination of soils (Williamson, 1990). 
 
In the Amazon basin a change of cover from evergreen tropical forest to degraded pasture 
resulted in an increase of 370mm in plant available soil water (in the unsaturated zone) in the 
upper 8m of the soil profile. This would then seep into subsurface flow or could recharge 
groundwater (Nepstad et al, 1994). 
 
In the Negev Desert, Israel, recharge on sand dunes with no perennial vegetation was about 
70% of annual rainfall of 100 to 210mm. In similar areas with deep rooted vegetation (1.5m) 
there may be no recharge (Issar et al, 1984).  
 
 
4.3 Overview of Studies in Namibia 

In Namibia, only limited research has been done on the interaction between vegetation, 
recharge and groundwater. However the following studies and data sets are available: - 
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• Ward and Breen (1983) published preliminary findings on the drought stress and demise 
of Faidherbia albida (Ana tree) along the lower Kuiseb River, central Namib Desert.  

• The Ministry of Agriculture Water and Forestry has developed and maintains a data base 
(GROWAS) which contains historic groundwater levels and geo-chemical data. Some 
very detailed sets of water level data exist, which have yet to be processed and analysed 
together with maps and data contained in this report. 

• A data set of fountains was compiled for the Hydrogeological Map of Namibia (DWA & 
GSN (2001). This data mostly contains location of fountains, but extremely sparse data 
exists regarding their fluctuations in flow rate. 

• An unpublished DWA report on the findings of the Platveld Aquifer Study (Bockmühl, 
2006) contains data on groundwater reactions – both historic and short term - in relation 
to abstraction and bush encroachment. 

• The Tsumeb Aquifer Study (GKW & Bicon, 2003) has valuable water level and 
abstraction data, as well as rainfall data. This data can be correlated with historic water 
levels, historic abstraction as well as vegetation changes recorded during history. 

 
 
4.4 The Platveld Aquifer Study 

4.4.1 Water Level Data 

For the Platveld Kalahari Aquifer Area (PKAA) as a whole, very few reliable data sources could 
be located. Apart from the few instances discussed below, in general it was necessary to rely on 
circumstantial evidence. Since the 1930’s, a continuous drop in rest water level has been 
recorded.  
 
In most of the PKAA, before 1940, farmers mostly pumped water from hand-dug wells of up to 
7m in depth. During the 1996 hydrocensus conducted by Carr, Barbour Associates (1996), only 
39 boreholes were located that were in use before 1940 and for which depths were recorded. 
During the early 1940’s the number of boreholes increased. Up to 1969, the final construction 
depth of these boreholes was, on average, 50 to 60 meters. However, gradually these boreholes 
were deepened or replaced by boreholes with depths up to 150 m. By the 1990’s these 
averaged depths of 85m. Figure 15  illustrates how the number of boreholes drilled and their 
depths changed. 
 

 

 
 

Figure 15:  Diagram illustrating both increased drilling activity, as well as an increase in drilled depth of 
boreholes in the PKAA. 

 
 

 
 

The deeper drilling indicated in Figure 15, over th e 20th Century, is a clear indication of 
lowering of the water table: Farm owners opted to drill additional boreholes, when budget allowed, 
rather than to spend the same amount of money in drilling deeper than necessary.   
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Although a significant increase in drilling activity was evident during the period 1970 to 1979, this 
is not only a reaction to the drop in water levels but also to the introduction of air percussion 
rotary drilling rigs. The increase in depth of these boreholes, however, reflects the drop in water 
table regionally. Table 6  below reflects the data presented in Figure 15.   
 
Table 6: Number of boreholes drilled and average de pths of boreholes 
 

 
 
 
 
 
 
 
 
 
 
 
 
Note: The number of boreholes drilled is not totally reflected in this table. Only boreholes for 
which a drilling date and reliable depth data were available, were used here. Nevertheless, the 
trends shown by this data are considered to be representative. 
 
The following examples provide evidence of declining groundwater levels from a number of 
individual farms: - 
 

• On the farm Goabpforte north of Otavi, water levels were recorded meticulously over the 
years. The farmer had kept records of water levels in seven boreholes. Water levels had 
declined continuously over the recorded period, except for small recharge periods during 
the 1970’s and early 1990’s. The farmer’s records were not made at regular intervals 
chronologically. Nevertheless, a drop of up to 16m was recorded over a 16 year period. 

 
• On the farm Luggenhof, the first borehole drilled according to records on the DWA’s 

database, was constructed in 1946. Up to that date, water used on the farm was pumped 
from hand-dug and manually constructed wells. Borehole WW 77216  originally had a 
water level of 4m below surface, but on 9/12/2003, this depth was measured at 25.27m. 
The farm Luggenhof is situated within the identified recharge area of the PKAA, close to 
the headwaters of the Ugab River. 

 
• Farm Uib is situated in a relatively densely vegetated portion of the PKAA. Thin soil 

cover, as well as the absence of any regional drainage features, should be an ideal area 
for water levels to be maintained through regular recharge. However, the fountain at “Ou 
Uib” dried up during May 1973, and the water level in the replacement borehole that was 
drilled next to the old fountain, gradually declined. The water level measured in 2003 was 
at 24.3m, indicating a drop throughout the recharge years of 1974 and 1978! 

 
• The only water level recorder, which was installed in the investigation area prior to the 

Platveld Aquifer Survey, was recorder B 08 on borehole WW 2961 within the town of 
Outjo (installation date 1970). Ignoring periods of drought, which are clearly represented 
by abnormally deep water levels (i.e. 1969, 1988 and the period 1994 to 2000), rest 
water level seems to be constant around 20m below ground level. When a straight line 
connects these “high water level” periods, actually a declining trend is evident over the 
last 30 years. 

 

Period Number of Boreholes 
drilled 

Average depth (m) 

Pre-1920 6 18 
1920-1929 12 38 
1930-1939 21 57 
1940-1949 34 57 
1950-1959 66 55 
1960-1969 82 63 
1970-1979 173 75 
1980-1989 64 81 
1990-1996 41 85 
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• Depletion of aquifer reserves, as indicated by the drastic decline of the water levels during 
the drought periods, followed by almost immediate recovery in years of abundant rainfall, 
indicates several aquifer characteristics: - 

 
o Firstly, the aquifer being tapped and monitored is clearly of limited extent. (See 

elaboration regarding aquifer compartmentalization) 
o Recharge to the groundwater occurs immediately after major rainfall events. The de-

watered cone of depression seems to be completely recharged. 
o A recorder installed outside the immediate influence of the well field would actually 

indicate the gradual depletion of the groundwater reserves (as indicated by the 
dashed line in Figure 16 .) 

 

 
 

Figure 16 : Water Level Recorder B08, Outjo, indicating gradual decline of groundwater Reserves. 
 
 
Presently, reports from farmers indicate that boreholes are often drilled deeper than 120m. The 
combined picture which is presenting itself in the Platveld area is one of constantly declining 
water levels, with periodic short term recovery during exceptional rainfall events. The long term 
decline in water levels occurred even during the period after 1980 when abstraction actually 
decreased! 
 
 
4.4.2 Abstraction Data 

Results from the Platveld Aquifer study indicate that there was a drastic decrease in abstraction, 
mainly as a result of decreased stocking rates, which was necessitated by bush encroachment. 
 
In total, 4.6 million m³/annum is abstracted for various purposes from groundwater resources in 
the project area - which covers 976,000 hectares (Figure 17 ). 
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Figure 17 : Pie diagram illustrating total water abstracted from Groundwater Resources in 2004 
 
 
According to Lange et al (1998) cattle numbers in the commercial farming areas in Namibia 
peaked during the late 1950’s at 2.6 million head of cattle. Since then cattle numbers have 
declined. In 2001 less than 700,000 cattle were recorded in Namibia (Rawlinson 1994; raw data 
Meat Board of Namibia, cited in de Klerk, 2004)5. Assuming that this national decline can also be 
applied to the PKAA, stock watering in the 1950’s would have consumed 4,293,426 m³/annum, 
compared with only 1,447,535 m³ in 2005. Furthermore, the groundwater abstracted in the 
1950’s for stock watering, was achieved from a smaller number of boreholes (and wells) than 
are used today.  
 
Very little water, if any, was abstracted for irrigation from the early 1950’s up to the 1970’s. 
Water for industrial use (Okorusu mine) was assumed to be less than the present abstraction 
(based on the fact that production has increased significantly), but the water use for the town of 
Outjo has not changed significantly. Therefore, based primarily on the high numbers of livestock 
on farms in the project area during the 1950’s, a realistic figure for the amount of groundwater 
abstracted was probably around 6,500,000 m³/a. Figure 18  (compared with Figure 17) illustrates 
the proportional shift in usage from the 1950’s to the present. 
 

                                                
5 In 2006 the number of cattle on commercial farms was approximately 748,000 (State Veterinary Services) 
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Figure 18:  Pie diagram illustrating historical water abstraction figures for the PKAA in 1960 
 
 
4.4.3 Comparison between potential annual rainfall volumes, annual abstraction and 

evapotranspiration 

The conceptual geohydrological model that was developed during the Platveld Aquifer Study, 
indicates that recharge occurs all over the study area, with certain areas having a higher 
potential than others. Recharge happens laterally and directly. This section will try to put 
magnitudes of evapotranspiration within the whole study area into perspective. Not all 
parameters in the Hydrological cycle and in the conceptual model have been considered. 
Additional losses include aquifer through-flow to adjacent regions, direct evaporation and run-off. 
 
The Platveld Aquifer Area covers 993,833 hectares. Regional calculations regarding abstraction, 
precipitation and evapotranspiration have been attempted, for the area as a whole.  
 
In trying to arrive at a representative evapotranspiration figure, the approach using 
evapotranspiration per canopy area has been adopted. Zimmermann suggested the following:  
 
“In order to get more realistic estimates of potential transpiration from Acacia mellifera, I suggest 
relating Donaldson's figure of 64.8 litres daily to 6 square metres of canopy and then 
extrapolating to overall canopy cover rather than relating the figure to one ETTE and then 
extrapolating that to the density of bushes. In a very dense area near Otavi I have measured a 
canopy cover of 90%, which must be near to the maximum possible.  When canopy cover 
reaches 50% some farmers already call it impenetrable. ” (quoted email from I. Zimmermann, 
pers comm). 
 
The following very optimistic presentation is included to illustrate the effect of bush 
encroachment on available water resources. In this comparison, only straight precipitation 
figures, current abstraction figures and calculated evapotranspiration figures are considered. 
The following parameters are omitted: - 
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• Direct evaporation from leaf surfaces and from soil surface before infiltration has taken place, 
• Interception of moisture by the surface of the plant, which delays direct evaporation, 
• Surface drainage, which in good rainfall seasons in the Platveld area occurs via the Ugab 

River, 
• Lateral recharge from the Otavi Mountain Lands, and 
• Lateral discharge to the west and to the north. 
 
Should the above parameters be included in the equation, even less water would be available 
for groundwater recharge. 
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Figure 19 : Water balance with 90% canopy cover, evapotranspiration for 40 days per 4 month season 

and minimal rainfall of only 300 mm/a. 
 
 

Figure 19 , being optimistic, indicates that only potential evapotranspiration from trees in the 
Platveld Area by far surpasses the available water from precipitation. Assuming that a “dry” 
year is normally associated with higher average temperatures and increased direct 
evaporation, the potential deficit would be even greater. 
 
When surface conditions are hot and dry, a larger percentage of the initial rainfall will 
evaporate immediately after the event. Vegetation, which might be under stress due to the 
lack of available soil water, will also consume a more significant portion of the water 
infiltrating into the unsaturated zone, and thereby the lost portion illustrated in Figure 19 will 
actually be increased during dry years.  
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Figure 20 : Water balance with 90% canopy cover, evapotranspiration for 40 days per 4 month season 

and rainfall of only 450 mm/a. 
 
 
During normal years, the deficit seemingly is turned into a positive figure. However, in this 
equation, direct evaporation and surface run-off has not been included. Figure 20  therefore also 
sketches a very optimistic picture for recharge. 
 
This simplistic presentation of a water balance is further complicated by the fact that 
groundwater is naturally lost at the boundaries of the investigation area by lateral groundwater 
flow, which would significantly alter the ‘abstraction’ figure used in the compilation of these 
graphs. 
 
It is clear that vegetation densities severely influence the water balance of an aquifer, in that 
vegetation intercepts (scavenges) infiltrating and percolating groundwater, which would 
otherwise be available for groundwater recharge. 
 
4.4.4 Measured recharge: comparison between bush encroached and bush-managed areas 

Direct evidence of the effect of encroacher bush on groundwater recharge is drawn from direct 
measurement of levels in boreholes during and after heavy rainfall events. 
 
During the week of the 22 March 2005, Otjiwarongo and an area stretching to the north and 
north east - up to Goedbegin and Rushof in the PKAA - experienced some cloudbursts. More 
than 100mm of rain was recorded in one day. In the area affected by this abnormal rainfall, 7 
water level recorders had been installed in boreholes during January and February 2005. Digital 
data was recorded by these pressure probes at hourly intervals. At three sites, in four boreholes, 
only minimal reaction of the water level was recorded. Reaction at Grosvernor (WW 40851), 
Goedbegin (WW 40807 & WW 40852) and Marburg, close to Okorusu mine (WW 40819) was at 
a maximum 0.2m.  
 
Figures 21, 22, 23 and 24  in varying water level situations, all show minimal to no response to 
the rainfall event. In all the cases very flat topography resulted in no surface drainage, and the 
thin soil cover barely blanketed the underlying calcrete. The base rock in all cases is biotite 
schist, and all the boreholes, except for WW 40851 on Goedbegin had a pumpable yield, 
indicating that some transmissive features underground are suitable for movement of 
groundwater. 
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The borehole on farm Grosvernor (Figure 21 ) indicated some slight recharge although it was 
definitely delayed. 
 
At Marburg (Figure 24 ) two recharge events were recorded, of which one clearly was associated 
with the cloudburst recorded on 22 March 2005. In the case of Marburg, very shallow 
groundwater conditions exist, which probably makes it easier for percolating water to reach the 
groundwater table. 
 

       

     Figure 21: Water Level Reactions at Grosvernor WW 40818 
 

    

  Figure 22: Water Level Reactions at Goedbegin WW 40807 
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 Figure 23: Water Level Reactions at Goedbegin WW 40851 
 

            

          Figure 24: Water Level Reactions at Marburg WW 40819 
 
Only at one site, Rushof (Figure 25 ), water levels reacted significantly to the rainfall event. 
Recovery in boreholes WW 40826, WW 40827 and WW 40828 was immediate, in the order of 
2m. These three boreholes, all being representative of different aquifer horizons at varying 
depth, reacted differently.  

 
 

          Figure 25: Water Level Reactions at Rushof WW 40826; WW 40827 & WW 40828 
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On the farm Rushof, arboricides had been applied to bush about ten years previously. This not 
only resulted in better grazing conditions, but it also created conditions favourable to 
groundwater recharge. Rushof is situated on the western edge of the Platveld Kalahari Basin. 
Water infiltrating at Rushof slowly spread to the rest of aquifer, mostly extending to the east. 
Thus the marked effect of local recharge was gradually spread over a larger area.  
 
All four localities above have the same surface- and aquifer- geology, with the only significant 
difference observed at Rushof, being the marked low density of trees and bush cover. All four 
areas received rainfall varying between 60 mm (Rushof) and over 120 mm (Grosvernor). Only 
Rushof recorded a significant recharge event, due to the low impact of the evapotranspiration 
factor in the local water balance. 
 
 
 
 
 
 
 
 
 
 
 

 
4.5 The Value of Potentially Increased Groundwater Recharge 

From the hydrological data acquired during the Platveld Aquifer Study (Figure 15), and from 
correlating groundwater level reactions in three boreholes with abstraction during controlled 
pumping tests, a storage coefficient could be assigned to the calcrete aquifer host rock. 
Recharge calculations by Dr. Ingo Bardenhagen indicated that in the order of 8% of precipitation 
reached the groundwater table. 
 
This compares favourably with historic calculations and assumptions, that in the Otavi Mountain 
Lands, estimates of recharge were in the order of 6% during the late 1970’s. Subsequent re-
evaluation of recharge by the BGR indicated that recharge at that time was in the order of only 
1% (Schmidt and Plöthner, 1999). 
 
For the Platveld Area, covering 993,832 hectares, during a poor rainy season with only 300mm, 
2,980 Mm³ of precipitation can be expected. Given that all parameters stay constant, except that 
high bush densities are brought back to original (lower) densities (as recorded anecdotally some 
50 to 80 years ago) it would be realistic to expect that recharge figures could be increased to an 
average of 4% of the rainfall volume. For the Platveld Aquifer Area, this would result in an 
additional amount of 120 Mm³ of water becoming available - which could, at least partially, be 
used for economic development.  
 
 
4.6 Socio-economic Impacts of a Lack of Aquifer Rec harge 

The Otjiwarongo Marble Aquifer has been the subject of several investigations by both the DWA 
and Namwater. These investigations were necessitated by increasing demand and declining 
water levels in the existing well fields. The production well field towards the north east was 
extended in several phases, at considerable costs.  
 
During the investigation phase around Omarassa, evidence was observed of abrupt water level 
declines during the flowering period of Acacia mellifera (W Seimons, pers comm). A. mellifera 
typically flowers before the first rains begin, and the water table dropped during the flowering 

 

According to Bardenhagen (pers comm) a rise in water level as experienced at Rushof represents a 
recharge - as a percentage of the recorded rainfall for this event - in the order of 8%. 
 

• Considering a storage coefficient of 0.0019, 2.5m water level increase represents 4.7 litres of 
water reaching the groundwater level per square meter. 

• 60mm of rain represent  60 litres of water per square meter. 
• 4.7 / 60 * 100 = 7.8% 
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period. This is one of the indicators that this aquifer is affected by increased bush encroachment, 
in that vegetation clearly abstracts groundwater where the water table is shallow enough. 
 
Increasing the recharge rates and amounts, by thinning excess bush, would help to reduce the 
costs of further exploration, drilling and pipeline extensions. Maintaining an increased recharge 
rate in prime aquifer areas would support not only the production of food for the nation, but also 
water supply to other economic activities such as industries and municipalities. 
 
 
4.7 Recommendations for Further and Continued Study  

Quantification of recharge has been a field of interest world wide. Case studies in Namibia are to 
a large extent based on circumstantial evidence, plus the direct measurements from Platveld 
Aquifer Study. Given the clear indications that vegetation densities have a marked influence on 
the recharge of groundwater reserves, further research should focus on several smaller areas to 
achieve more accurate quantification of this portion of the Hydrological cycle. Suggested 
projects include the following: - 
 

• The Platveld Aquifer Study: 38 wells suitable for monitoring purposes have been 
constructed in this area. These are suitable for isotope studies, which are an accepted 
tool in the quantification process. Such a project should be initiated without delay. 

• Aquifers like the Otjiwarongo Marble Aquifer, the Hochveld-Imkerhof (Osire) Aquifer, 
Windhoek Townlands, Gobabis Quartzite Aquifer all qualify for detailed recharge 
investigations. For most of these aquifers a considerable amount of data is available. 

• Alluvial Aquifers which should be included in recharge investigations are the Omaruru 
Alluvial aquifer, and the Omdel and Kuiseb Aquifers. 

• Water level recorders need to be distributed not only along presently strategic aquifers, 
but also more widespread across the country, 

• Water quality monitoring along all aquifers needs to be intensified, and extended to areas 
with intensive farming practises and cities and towns. Areas where artificial fertilizers, 
arboricides and other chemicals are used, and where other potential pollution may occur, 
also need to be monitored for water quality.  

 
 
4.8 Recommendations for Policy and Implementation 

The following should be included in relevant policies: 
 

• Permits for large scale abstraction should be (proportionally) linked to bush thinning 
projects. 

• A suggestion has been made for the establishment of Groundwater Conservancies. 
Perhaps the functions of existing Conservancies could be extended to include 
groundwater management. In the case of Groundwater Controlled Areas (under the 
Water Act, 1956) groundwater management bodies already exist, e.g. the Karst 
Groundwater Management Body. 
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5 ECONOMIC AND FINANCIAL CONSIDERATIONS  

 
5.1 Fresh Water Contribution to National Income by Economic Sector 

This section considers the economic value of fresh water, which extends way beyond the farm 
boundary where groundwater is recharged, to sectors that add even greater value to water 
consumption. 
 
DWAF (2006) published Water Accounts for Namibia for the period 2001/02. The objective was 
to provide a measure of the value added by different economic sectors per cubic meter of water 
used. They referred to the value added per cubic meter as “water productivity”.   
 
In marked contrast to its demand for water, water productivity in the agricultural sector is far 
below average (Table 7 ). The fishing industry and diamond mining have amongst the highest 
water productivity in the country, partly because they use sea water for some processes. Water 
productivity by government, the service sector, trade, hotels and restaurants (tourism) is also 
above average.  
 
Table 7: Freshwater Contribution to National Income  per Sector in 2001/02 
 

Economic Sector % of  Water Used GDP  
(N$ million) 

Value Added 
 (N$/m3) 

Agriculture 
Commercial 
Communal 

73.6 
49.1 
24.4 

918 
623 
296 

4.5 
4.6 
4.4 

Fishing 0.3 649 939.0 

Mining 
Other mining 
Diamond mining 

3.3 1,162 
324 
838 

127.2 
39.6 

891.1 

Manufacturing 2.4 1,697 260.6 

Utilities 0.1 229 998.4 

Construction 0.1 510 1850.7 

Services 
Trade 
Hotel and restaurant 

2.9 4,373 
1,513 

298 

551.9 
775.5 
164.8 

Government 5.2 3,313 234.2 

Value Added 

Average for all sectors   57.2 

Average, excluding 
agriculture 

  203.8 

       Base year calculation for 2001/02 based on 1995 constant prices.  
 
The national resource accounts further documented that water productivity declined slightly from 
N$ 58.4/m3 in 1997/98, to N$ 57.2/m3 in 2001/02 - based on 1995 constant prices. The decline is 
attributed to the rapid expansion of irrigation farming and to the decline of water productivity in 
communal production, as a result of which overall agricultural water productivity declined from 
N$ 5.4/m3 to N$ 4.5/m3 during this period. In non-agricultural sectors water productivity 
increased from N$ 193.3/m3 to N$ 203.8/m3 over the same period, which equals an increase of 
5.4% in water productivity (DWAF, 2006).  
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The above figures should not be misconstrued to suggest that agriculture is less important than 
the other economic sectors. Over vast areas of Namibia, agriculture is able to add substantial 
value to the economy, including job opportunities and food security, where there are no 
competing water users (such as mining, manufacturing or even significant tourism). 
 
The Water Supply and Sanitation Policy (MAWF, 2008) states that: “Priorities for the allocation 
of water for economic activities will, in each individual case, have to be determined by their 
respective value including economic multiplier effects by local value addition and social benefits 
in relation to the overall development objectives and plans of the country. In determining 
priorities, the cost to provide water, as well as the economic value added from the water used, 
should be carefully calculated and considered.”  
 
Based on estimated figures in the “Economic Outlook February 2010” published by the Central 
Bank of Namibia the following figures give an indication of the performances in the agriculture 
and mining sectors6 during 2009, based on current prices. Segregated water use figures are 
available only for the two sectors as summarised in Table 8 .  
 
Table 8: Freshwater Contribution to National Income  for Agriculture and Mining in 2009 
 

Economic Sector Water Use 
(Mm3/a 

GDP Estimate 
(N$ million) 

Value Added (N$/m 3) 

Agriculture 
Livestock farming  
Irrigation  

222.1 
86.8 

135.3 

4,473 
2,870 
1,602 

19.42 
33.06 
11.16 

Mining 16.3 9,043 554.79 

Average for all sectors  355.4 78,627 220.09 

Average, excluding 
agriculture 

125.1 74,154 592.76 

 
The information in Table 8  gives an indication of value added per cubic metre but does not 
reflect other social and economic benefits such as job opportunities and food security derived 
from agriculture.  
 
The location of irrigation farms using groundwater (Stampriet, Hochveld, Tsumeb and 
Grootfontein) creates an opportunity for intensive farming methods such as tunnels or 
hydroponics to substitute the import of vegetables from Cape Town. This would increase the 
value added/m3 of water used and increase the number of job opportunities per ha. (Maize 
creates only 0.03 jobs/ha, while more intensive farming creates 2.1 jobs/ha). The success of 
enterprises such as Greencrisp (vegetables and piggery) near Okahandja and Mannheim (fruit 
and vegetables) near Tsumeb, needs to be duplicated. The Agronomic Board can play an 
important role in the gathering and distribution of information to farmers.  
 
In October 2004, there were 82 licences to abstract groundwater water for irrigation purposes 
from the Tsumeb-Otavi-Grootfontein Subterranean Water Control Area. These licences, 
together, permitted abstraction of 9.3 Mm3/a from the Tsumeb Aquifers and 2.0 Mm3/a from the 
Otavi-Grootfontein Aquifers. The total permitted abstraction for irrigation is close to the 
recommended maximum abstraction of 11.3 Mm3/a, (ENVES, 2006). It is theoretically possible 
to reward farmers with irrigation quotas only if they do bush thinning to increase natural recharge 
of the Karst aquifers. Another possible approach is to reimburse farmers who control or thin 
bush in areas where water is abstracted for urban or other commercial uses such as mines (e.g. 
Otjiwarongo, Karst Area, and others). This could be controlled through the abstraction licensing 
system to ensure that farmers are reimbursed. 
 

                                                
6 Only sectors where water use for 2009 were available  
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The statistics in Table 9  are summarised from the Central Bank of Namibia (2010). They 
illustrate the estimated contribution to the GDP by each sector. (The daily contribution is 
calculated at 6 days per week.) 

 

Table 9: Contribution to the GDP by each Sector 
 

GDP Contribution Based on 2010 Projection 

 

GDP 
(N$ Billion) 

Daily 
(N$ Million/day) 
(6 days/week) 

Percentage 
of Total 

 
Agriculture and Forestry  5.03 16.12 6.00% 
Fishing and processing on board  2.94 9.42 3.51% 
Mining and quarrying  10.88 34.87 12.98% 
Primary industry total 18.85 60.42 22.49% 
Meat processing 0.18 0.58 0.21% 
Manufacturing  11.13 35.67 13.28% 
Electricity & Water 2.03 6.51 2.42% 
Construction 4.71 15.10 5.62% 
Secondary industry total 18.05 57.85 21.53% 
Wholesale, retail and repairs  9.68 31.03 11.55% 
Hotels and Restaurants 1.32 4.23 1.57% 
Transport and communication  4.36 13.97 5.20% 
Financial intermediation 3.85 12.34 4.59% 
Real estate and business services 6.97 22.34 8.32% 
Community and social services  2.66 8.53 3.17% 
Public Administration & Defence 8.22 26.35 9.81% 
Education 6.38 20.45 7.61% 
Health  2.87 9.20 3.42% 
Private households 0.61 1.96 0.73% 
Tertiary industry total 46.92 150.38 55.98% 
All industry at basic prices  83.82 264.71 100.00% 
Total Gross Domestic Product at market prices 89.10  285.58   

 

The contribution to GDP of Electricity and Water is N$ 2.0 billion, of which the water sector is 
estimated to contribute N$ 0.8 billion. This contribution is approximately 0.9% of the GDP. An 
interesting statistic is that the budget of a cell phone service provider in Namibia is greater than 
the entire water sector! The ability of the water sector to protect water resources, and to mitigate 
the effects of bush encroachment on groundwater resources, is limited - based on the current 
water tariff systems, which are based on historic costs.  
 
 
5.2 Security of Supply  

The following brief look at a few case studies is intended to illustrate the value of water supply to 
economic activities, and the economic consequences when supply cannot be sustained due to a 
shortage of water or inadequacies in the supply infrastructure.  
 
Security of water supply sources, as well as reliable infrastructure, is very important to stimulate 
economic growth in Namibia. The Central Area of Namibia (CAN) is economically the most 
active part of the country. Windhoek is the commercial, industrial and governmental heartland 
and the availability of water is a serious constraint to its development. According to the NEPRU 
(1996), when compared to the total economic activity of the country, Windhoek has 51% of 
manufacturing, 96% of utilities, 56% of construction and trade, 94% of transport and 
communications, 82% of finance and business services and 68% of community and social 
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services in the country. The city produces 47% of value added, and private consumptive 
expenditure in Windhoek comprises 35% of the national total. It was not possible to get updated, 
segregated figures from the Bank of Namibia. However, if it is accepted that Windhoek and 
Okahandja together are responsible for 50% of the manufacturing, then the estimated figure for 
2010 amounts to N$ 22.5 million/day calculated over 6 workdays per week. During 2003/2004 
the private consumptive expenditure amounted to 36% of the total in the country (NHIES, 2006). 
This illustrates the importance of security of water supply to the CAN. 
 
If Rössing Mine is not in operation for one day their loss amounts to N$ 12.33 million, based on 
the annual turn-over of N$ 4,500 million. During the past 6 months this mine has been out of 
operation for 3 days as result of water supply interruptions - related to unreliable infrastructure. 
The bulk supply price of water to Rössing Mine is N$ 7.10/m3 for water supply from the Omaruru 
River (over abstracted from Omdel scheme above the safe yield). The tariff charged to Rössing 
Mine does not make any contribution to the potential future economic losses as a result of the 
over abstraction from the Omaruru Aquifer since source control and catchment management7 
does not form part of the water tariff - although the Revised Water Resource Management Act 
refers to such costs.  The new AREVA Mine is prepared to construct their own desalination plant 
with a total production cost of over N$ 20.00/m3. This clearly demonstrates the willingness of a 
mine to spend more money on this essential commodity.   
 
The economic losses in Walvis Bay, during the breakdown in bulk supply resulting from the 
recent floods, were never quantified. Considering only one industry, if it is accepted that 60% of 
the fish processing on land is handled in Walvis Bay, then the estimated loss would amount to 
N$ 118 million. 
 
Security of supply is a very important priority for these sectors if the potential daily economic 
losses (Table 9, above) are considered. To address these concerns, it may be necessary to 
apply tariffs based on rising block tariffs - which also take into account the cost of future supply 
sources. This represents a good approximation of long run marginal costs. This approach will 
ensure some funding to improve infrastructure and to protect catchments, address bush 
encroachment, and thus increase natural aquifer recharge. Implementing natural recharge 
enhancement (such as low weirs in rivers below fault zones) could also be considered, in areas 
with little or no bush encroachment, to improve the long term security of supply. 
 
 
5.3 Tariff Setting  

In Namibia, water has a scarcity value in areas with a supply shortfall such as the Central Area 
and the West Coast. During periods of shortage, business, industry and mining are prepared to 
pay a premium just to have access to sufficient quantities of water in order to maintain their 
production. The scarcity value is also demonstrated in rural areas where potable water is not 
easily available and water vendors sell water in containers at prices ranging from N$ 50 to 
N$ 100/m3, compared to bulk water tariffs which vary from N$ 4.50/m3 to N$ 6.97/m3. (LCE, 
2008) 
 
The Water and Sanitation Policy (DWAF, 2008) establishes the following principles: “The basic 
premise of cost recovery is that water is an economic good with a social responsibility to make 
water available to the poor. It is accepted that the overall sustainability of the water and 
sanitation sector will depend on its ability to become self sufficient. Without the necessary 
revenue, the service providers will be unable to continue providing the expected water supply 
and sanitation services. In all instances it will be essential to recover the full financial cost or, in 
low income rural and urban areas, at least the operational and maintenance costs with support 

                                                
7 Typical costs will include soil erosion protection, eradication of alien invasive plants, partial costs of 
managing bush encroachment, hydrological measurement, control of algae, water plants and pollution 
control, regulation and law enforcement. In the case of groundwater it will include monitoring of the 
groundwater tables, groundwater quality, abstraction volumes and aquifer modelling.  
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from government subsidies or cross-subsidies amongst consumers. As stated in the National 
Water Policy, the Minister of Agriculture, Water and Forestry will determine tariff policies in 
consultation with the service providers and the public, taking the tariff policy principles indicated 
below into consideration.”  
 
“The following general principles should be applied with the development of such a policy within 
all the sectors: - 
 

1. Money generated through domestic water use or sanitation should not be used to 
subsidise water to any other economic activity;  

2. Any industrial, commercial or mining activity should pay the full cost recovery tariff 
taking the scarcity of water and the cost of future water supply augmentation 
(marginal costs) into account. “ 

 
Prices based on historic costs create the illusion that future water resources will cost the same 
as resources that were developed in the past. This is definitely not the case in Namibia. This 
illusion sends the wrong price signal to consumers and leads to over-consumption. In the past, 
water agencies have largely ignored the three possibilities necessary to influence demand: - 
 

• Demand can be lowered, 
• Prices do alter demand, and 
• Prices can be used intentionally to alter the water demand. 

 
A large percentage of water users in the urban, industrial, government and mining sectors can 
afford to pay more for water. The cost of water for most of the industries (including wet industries 
- except for meat processing) and mining, is less than 1% of the total operational costs. Similarly 
construction, wholesale, retail, repairs, hotels and restaurants, transport and communication, 
real estate and services provided by government (community, social services, administration, 
education and health) normally spend even less (between 0.1 to 0.5%) of their budgets on water 
supply. It can be argued that these sectors must make a contribution through the tariffs towards 
the costs of future supply to help prevent over–consumption and to prevent major sudden 
increases in water tariffs.  
 
The water tariff system for industries in Windhoek is based on cost recovery price plus 40% - 
which emulates the expected cost for future supply sources (marginal costs) to Windhoek. 
Households using more than 45 m3/month pay a punitive tariff which is double the cost recovery 
tariff. It is important to finalise the study on subsidies (both for rural and urban areas) and retail 
end use tariffs for implementation in Namibia. Allocation of some money is necessary for proper 
basin management and control, as well as contributing to bush management in places relying on 
groundwater supply to the various economic sectors.  
 
Mines that need to use groundwater could be asked to sponsor bush management operations in 
order to provide, or at least contribute to, the water resources they need by improving 
groundwater recharge elsewhere.  Since mines often need to dewater the mine, consideration 
would need to be given to the impact of increased water table levels – due to bush thinning – on 
the costs of dewatering. Perhaps bush management could be conducted away from the mine but 
in the same aquifer, especially where other mines, municipalities such as Otjiwarongo or 
industries compete for water from that aquifer.  
 
This approach is in line with internationally accepted principles of Environmental Economics, 
which state that all environmental costs should be properly internalised in the financial costs of 
production. In this way, environmental costs are passed on to the consumer. (Fuggle & Rabie, 
1983 provides a useful and concise explanation of Environmental Economics.) Applying this 
principle in the context of water provision - if managing bush encroachment is necessary to 
enhance groundwater availability, then it is reasonable that consumers should, indirectly, 
contribute to the costs of managing bush.  
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The text box below illustrates an approach to achieve full financial cost recovery. Full financial 
costs include source control and catchment management, capital redemption, and operational 
and maintenance costs. These examples are based on two applications that NamWater received 
from mining companies - for a copper and gold mine respectively.  
 
 
 
 
 
 
 
 
 
 

 
Craton Mining and Exploration (Pty) Ltd (Omitiomire Copper Mine) completed exploration of a copper ore body 
located on the farm Groot Omitiomire approximately 35 km south of Hochfeld and 105 km east northeast from 
Okahandja. NamWater was requested by that company to investigate options for providing bulk water to the 
mine for process purposes. The expected bulk water demand is approximately 2.2 Mm3/a, plus system losses 
(canal and pipelines) of approximately 8% (SCE & Aurecon JV, 2010). 
 
The Aurix Gold Mine is planned on the Farm Otjikoto 65 km northeast of Otjiwarongo close to the main road to 
Otavi. The expected water demand is 2.5 Mm3/a (6,700 m3/day) of which approximately 0.5 Mm3/a is expected 
to come initially from local sources. The balance has to be brought in, possibly from the Karst Areas or other 
aquifers yet to be explored.  Since this will be an open pit mine with an eventual depth of 250 m, the company 
currently expects that the demand from other sources will gradually decrease as the mine deepens and more 
water will become available from dewatering (SCE & Aurecon JV, 2010). The mine is in the vicinity of the 
Otjiwarongo Marble Aquifer which is one of the main supply sources for Otjiwarongo Town. The depth of 250 
m of the open pit is approximately 200 meters below the rest water level in the Otjiwarongo Marble Aquifer. 
Therefore partial drainage of water from the Marble Aquifer is likely to occur. This is a typical financial cost 
which needs to be recovered from the mine in some way. Alternative supply from the Karst area, linked with 
bush thinning there is likely to be one of the more sustainable solutions to supply water to both the mine and 
Otjiwarongo.  Prevention of damage to the marble aquifer, by sealing inflow to the pit during operations, is 
important for the long-term sustainable supply to Otjiwarongo. Bush thinning on the aquifer, after closure of the 
mine, is also recommended to enhance recharge of the marble aquifer.  
 
It is contemplated that the water to supply the demand to both the above-mentioned mines will come from 
boreholes in the Karst IV area between the Abenab Mine and Grootfontein. Based on groundwater modelling 
completed by DWA there is no surplus water for further allocation to consumers. Bush thinning is one option to 
increase natural aquifer recharge. To be able to abstract 5.1 Mm3/a (demand, including 8% losses) bush 
thinning of Dichrostachys cinerea will be necessary. It is accepted for calculation purposes that the bush 
density is only 5,000 plants /ha. The average annual rainfall in the area is 475 mm. Through bush thinning 
natural recharge can be increased from 1% to 3% - according to Seeger, (pers comm. during Karst 
Investigation and Pump testing, 1982) the recharge before bush encroachment was 4%. The estimated cost to 
do bush thinning amounts to N$ 1,200/ha (arboricides plus cost of application). An area of 53,700 ha requires 
bush thinning to generate 5.1 Mm3/a additional recharge, based on a 2% increase in current recharge. The 
capital investment amounts to N$ 64.4 million. If discounted in the water tariff over a period of 10 years @ 12% 
interest, this requires an additional tariff of N$ 2.24/m3. It is accepted that the capital investment for 
infrastructure and operational cost in the Karst IV area would be the same as without bush thinning. 
Alternatively the cost can be included in the development cost of the mine which is estimated at more than N$ 
1.0 billion per mine. The cost to secure the water resource (excluding capital investment in infrastructure) 
requires an increase in the initial capital investment of 3.2% per mine.  The farmers will also benefit through 
increase in carrying capacity and they must in turn maintain the system by controlling the re-growth of bush.   
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5.4 “Green Water” 

Pittock (2010) reports from South Africa that water managers have traditionally focussed on 
surface and groundwater (or “blue water”) resources. However, the impacts of water lost through 
evapotranspiration by bush and trees is being increasingly understood and addressed. These 
evapotranspiration losses are being referred to as “green water”. The costs of managing this 
component of the hydrological cycle are being addressed in very innovative ways. Two 
examples are given below. 
 
South Africa began to regulate the establishment of plantations of exotic trees as early as 1972, 
because it was observed that plantations reduced runoff, which affected water resources for 
other uses. In 1998, South Africa enacted legislation that recognised plantations as a specific 
form of water use and a stream flow reduction activity. The legislation introduced charges for 
water use by plantations, which signalled a new understanding about the value of water and the 
opportunity costs related to different types of use (Pittock, 2010). 
 
WWF has established a Water Neutral Scheme, with a pilot project by South African Breweries.  
SAB is removing alien invasive plants from two small catchments because of their high 
evapotranspiration losses and reduced stream flow. In this way SAB seeks to protect their water 
supply. One area on Table Mountain, which supplies the brewery at Newlands, is being cleared 
of long-leaved wattle (Acacia longifolia). Another area in the Kouga catchment of the Eastern 
Cape is being cleared of black wattle (Acacia mearnsii) (Pittock, 2010). 
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6 WATER RESOURCES AND WATER USE 

 
6.1 Water Resources  

With Namibia’s low and varied rainfall, illustrative figures are:  surface run-off only 2% of rainfall, 
and a mere 1% recharges groundwater. Most of the rainwater received is lost through 
evaporation and transpiration, which is aggravated by bush encroachment (Section 4 , above). 
 
Over approximately 80% of Namibia’s land area, people rely solely on groundwater. Figure 26  
presents the water potential of each Water Basin, split into surface water (white) and 
groundwater (black) potential, (IWRM Plan Joint Venture Namibia, 2010).  
 

 
 

 Figure 26 : Water Potential of Catchment Basins in Namibia  
 
 
6.2 Water Demand  

 

Table 10  provides a summary of the country’s projected water demand to the year 2030 - per 
water sector (adapted from IWRM Plan Joint Venture Namibia, 2010). 
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Table 10: Projected Water Demand for Namibia  
 

Demand - in million m 3/annum (Mm 3/a) Consumer 
Group 

2009 2015 2020 2025 2030 

Urban 67.8 80.0 91.1 103.5 117.2 

Rural Domestic 10.3 10.6 10.9 11.1 11.4 

Livestock 86.8 86.8 86.8 86.8 86.8 

Irrigation 143.5 204.6 344.6 379.8 497.2 

Mining 16.3 17.2 18.1 19.1 20.3 

Tourism 20.6 27.5 31.9 35.2 38.9 

TOTAL 355.4 426.7 583.4 635.6 771.7 
 

(IWRM Plan Joint Venture Namibia, 2010). 
 
The exponential growth in water demand for irrigation is projected from 143.5 Mm3 (40.4% of 
total) in 2009 to 497.2 Mm3 (64.4% of total) in 2030. This warrants the urgent establishment of 
the Irrigation Water Efficiency Group, to provide advice and training to farmers to increase water 
and crop productivity as proposed by IWRM Plan Joint Venture Namibia (2010). 
 
Figure 27  illustrates the water demand in 2009 for each sector in Namibia. 
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Figure 27: Water Demand for Each Sector in 2009 

 
 
The reliance on groundwater for each sector is summarised in Table 11  (IWRM Plan Joint 
Venture Namibia, 2010). 
 
 
Table 11 : Water Supply from Groundwater Sources   
 

Consumer Group Demand 2009 
(Mm3/a) 

Supplied by 
Groundwater 2009 

(Mm3/a) 

Percentage: 
Groundwater of Total 

Use in 2009 

Urban 67.8 24.7 36.4% 

Rural Domestic 10.3 7.8 76.2% 

Livestock 86.8 61.3 70.6% 

Irrigation 143.5 38.8 27.0% 

Mining 16.3 9.0 55.4% 

Tourism 20.6 14.4 70.0%* 

TOTAL 355.4 156.0 43.9% 
 * Estimate of total use
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7 URBAN WATER NEEDS 

 
 
7.1 Overview of Urban Areas that rely on Groundwate r, Growth in Demand, Present 

and Potential Water Availability 

If Vision 2030 is realised, the urban population will increase dramatically from 610,000 (33%) in 
2001 to 2,240,000 (75% of all Namibians) in 2030. This rapid urbanization, together with rising 
incomes and industrial development, will increase urban water demand significantly. A large 
percentage of the growth is expected to occur in the Central Area of Namibia which requires 
major investment for water supply augmentation. Other growth points along the coast will require 
desalination to meet the growing demand.   
 
Appendix E  provides a summary of towns and settlements that rely on groundwater as their 
main source - including the water demand projected to 2030. In the case of Windhoek and 
Gobabis, which use surface and groundwater, the latter plays a very important role during 
droughts, when dams run low.  
 
A water banking scheme is currently being implemented in Windhoek to store water from dams 
during periods of plenty so that it can be used during periods of drought. The dams that supply 
the Central Areas of Namibia lose over 50% of their water through evaporation, while the 
Windhoek aquifer loses only an estimated 3% due to seepage out of the aquifer. If fully 
implemented the artificial recharge scheme will be able to supply approximately 19 Mm3 to the 
City during periods of shortfall in surface water sources. This is 82% of the 2009 demand! This 
innovative project illustrates the value and potential of groundwater to supply human needs and 
urban economic development. 
 
Most of the towns, villages and settlements - in the Omaheke, Otjozondjupa, Khomas, the 
eastern part of the Erongo Region, the southern part of the Kunene and to a lesser extend even 
parts of the Hardap and Karas regions - lie within the areas where bush encroachment is 
recognised as a problem. Figure 28  is a map showing the towns, villages and proclaimed 
settlements which rely on surface water (blue dots) or groundwater (brown dots) as their main 
source of supply. As discussed both Windhoek and Gobabis rely heavily on groundwater supply 
during periods of drought (blue with brown dot inside) 
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   Figure 28 : Location of Urban Areas (towns, municipalities, villages and proclaimed settlements) and 

Water Supply Sources. 
 
 
7.2 Bulk Water Master Plans Compiled by NamWater  

NamWater is in the process of compiling master plans for their different water supply areas. 
Some of the plans are completed while others are still in progress. The expected figures for 
growth in water demand are available for the following NamWater planning areas: - 
 

• Far South completed, 
• Central Namib completed, 
• Central North completed, 
• North West completed, 
• North East completed, 
• Central East and West almost completed, and  
• Central Area of Namibia in progress. 
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Table 12  is a summary of urban areas that rely on groundwater and are expected to experience 
shortfalls in supply by 2015. Cost estimates for supply augmentation are included - mostly 
extension of borehole schemes or alternative supplies. This information is in accordance with the 
completed bulk water master plans and the NamWater development programme (NamWater, 
2010).  
 

 
Table 12: Summary of Urban Areas and Cost Estimates  for Supply Augmentation  
 

Urban Area Estimated Cost  
2010-2015 

(N$) 

Beyond 2015 
(NS)  

REMEDIAL MEASURES  

Aminuis  2,184,000 60,000 Bush thinning is an option  
Buitepos  486,000  Bush thinning is an option 
Dordabis  1,822,000  Bush thinning is an option 
Gochas  1,270,020  Bush thinning is an option 
Kalkfeld  19,835,790  Bush thinning is an option with 

recharge enhancement 
Kamanjab  15,090,500  Bush thinning is an option with 

recharge enhancement 
Okombahe  739,000  Bush thinning is an option 
Opuwo  3,261,000  Bush thinning is an option with 

recharge enhancement 
Otjimbingwe  2,350,249  Bush thinning is an option 
Otjinene  924,000 30,000,000 Bush thinning is an option 
Otjiwarongo  12,700,000  Bush thinning is an option 
Sesfontein  1,479,000 1,680,000 Bush thinning is an option 
Tsumkwe  3,409,000  Bush thinning is an option 
Ariamsvlei  3,922,000  Investigate recharge enhancement  
Aroab 3,912,000  Investigate recharge enhancement 
Aus  25,008,000  Investigate recharge enhancement 
Berseba  2,200,000  Investigate recharge enhancement 
Bethanie  638,000  Investigate recharge enhancement 
Grunau  5,423,945 2,272,270 Investigate recharge enhancement 
Karasburg  188,760 31,258,801 Investigate recharge enhancement 
Koes  1,740,000  Investigate recharge enhancement 
Walvis Bay 
(Swartbank) 

8,646,000  Investigate recharge enhancement 

 
Funding is required for Otjiwarongo to provide sufficient standby especially during peak supply 
periods. Otjiwarongo is supplied with water from two schemes: - 
 

• Omarassa-Otjiwarongo Groundwater Scheme providing water from the Otjiwarongo 
Marble Aquifer with 13 production boreholes, and 

• Omatjenne-Otjiwarongo scheme with 10 boreholes.  
 
The expected water demand for 2015 of 233,668 m3/month (based on peak demand of 1.87 
Mm3/annum) exceeds the capacity of the boreholes – being only 190,350 m3/month (SCE et al 
2009). The expected shortfall amounts to 347,200 m3/annum for 2015. As a result of lower water 
levels, the recommended production on some boreholes older than 10 years has been adjusted 
downwards over time to less than (approximately) 10% of the original recommended production.  
 
The aquifers that provide water to Otjiwarongo are dominated by Acacia mellifera at densities of 
8,000/ha (Figure 1 p.4). If a conservative canopy coverage of 50% is accepted then the 
estimated evapotranspiration from the bush amounts to 2,166 m3/ha calculated over 40 days 
during the three month growing season based on the evapotranspiration of Acacia mellifera. If 
the natural recharge for the area is accepted as only 3%8 (Seimons, 2010) of the average rainfall 

                                                
8 Omatjenne-Otjiwarongo and Omarassa-Okaputa Compartments estimated recharge figure 
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then the area required for bush thinning amounts to 5,350 ha to provide an additional borehole 
yield of 347,200 m3/annum. This is sufficient for the expected increase in water demand of 
Otjiwarongo until 2015. The capital cost to implement bush thinning over 5,350 ha amounts to 
N$ 4.28 million (N$ 800/ha for arboricides plus cost of application). This is approximately 34% of 
the capital investment required to extend the well field until 2015. The operational costs may 
also be lower due to pumping at lower pump head. Farmers and the beef industry will also 
benefit from bush thinning - including downstream industries, exports, and rural employment.  
 
The Otjiwarongo marble aquifer in areas around Omarassa, Okaputa and up to the planned new 
gold mine has very karsted marble at the surface, and in geohydrological terms is a prime 
recharge area. This is probably a contributing reason for the shallow water tables and periodic 
fountains in the area. The water gradient is away from Omarassa towards Otjiwarongo, with 
natural groundwater flow in that direction. Enhancing recharge through bush in such an area 
might benefit several aquifer sections down gradient, progressively. This would be a prime 
location for a pilot project, with sufficient monitoring along the marble and the surrounding 
schists to determine more detailed figures.  
 
The expected demand of the Okandjandje Graphite Mine of 0.62 Mm3/a - to be fully developed 
from 2015/17 onwards - is not included in the demand for Otjiwarongo. The uncertainties for the 
longer term water supply to Otjiwarongo warrant a more detailed assessment and pilot project to 
verify the expected results of bush thinning, especially with the potential risk if the Aurix Gold 
Mine (Farm Otjikoto) jeopardises supply from the Otjiwarongo Marble Aquifer.  
 
Analysis of other situations within the bush encroached areas that require supply augmentation 
may show similar results to the Otjiwarongo example - Aminuis, Buitepos, Dordabis, Gochas, 
Kalkfeld, Kamanjab, Okombahe, Opuwo,  Otjimbingwe, Otjinene, Sesfontein, Tsumkwe and 
other self suppliers such as Omaruru. 
 
  
7.3 Areas with Looming Water Shortages  

The Central Area of Namibia (CAN) has a very high probability of shortfalls – i.e. a 20% (1 in 5 
years) probability that shortfalls in the annual supply of up to 50% may occur if urgent extensions 
to the Windhoek Artificial Recharge Scheme are not completed. Normal practice in areas with 
high economic activity such as the CAN, allows only 1% of supply to be curtailed. The CAN 
relies mainly on surface water from the Omatako, Von Bach and Swakoppoort Dams. During 
periods of ample surface resources, groundwater contributes only 6.5 Mm3/a representing 23.0% 
of the total supply in 2009. However during periods of drought an additional 14.8 Mm3/a is 
abstracted from groundwater sources (Berg Aukas Mine and the Windhoek Aquifer), which 
represented a groundwater contribution of 75.2% of the total supply to the CAN in 2009. The 
emergency groundwater supply (Berg Aukas and Windhoek Aquifer) is under normal conditions 
sufficient for 2 to 3 years of supply augmentation. With the completion of the Windhoek Artificial 
Recharge Scheme (19 Mm3/a supply) the contribution from groundwater sources during periods 
of drought up to 2020 will be 29.1 Mm3/a. This is an extra 22.6 Mm3/a above the normal 
6.5 Mm3/a, of the expected demand of 42.8 Mm3/a.  
 
Water banking (artificial recharge) of the Windhoek Aquifer was identified in the “Feasibility 
Study on Water Augmentation to the Central Area of Namibia”, as the best scheme for supply 
augmentation to CAN (Central Area JV Consultants 2004). All the studies done to date 
confirmed the high potential of the Windhoek Aquifer Recharge Scheme if it is linked to a sizable 
“water bank” of approximately 66 Mm3.  
 



 52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 29: Higher density bush in Alluvial Soils and near Fault Zones of the Windhoek Aquifer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30: Fault Zones defined by bush growth in foot hills - Auas Mountains 
 
 
The Windhoek Aquifer is naturally recharged mainly via fractures in the quartzites in the Auas 
Mountains to the south of the City. Some of the recharge area is densely bush encroached 
(Figures 29 & 30 , above). The information summarised in the text box below gives an indication 
of the benefits that could be derived from bush thinning in that area.  
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Gobabis is in a similar situation to Windhoek. Sufficient groundwater resources are available to 
supply the entire town for periods up to three years until 2015 (based on expected shortfalls 
during periods of peak demand during summer months).  
 
 
7.4 Recommendations for Further Study 

It is recommended that the relationship between bush encroachment and groundwater 
resources be investigated in more detail for places such as Otjiwarongo, Windhoek and other 
places such as Kalkveld and Kamanjab were water supplies do not meet the water demand. The 
aim of such research should be to implement pilot projects to test the effects of bush control on 
groundwater resources.  
 
 
7.5 Recommendations for Policy and Implementation 

From a policy perspective, the following should be considered: - 
 

• Define financial cost recovery to include resource protection and catchment management 
costs in addition to capital redemption (or depreciation) and operation and maintenance 
costs, 

• Implementation of a cost recovery tariff that includes an element of future supply costs 
(marginal costs) from mines, industry and other users, which can afford to pay a higher 

 
A comparison of aerial photos from 1979 to 2008 indicates that a major increase in bush 
densities has occurred in the main recharge area of the Auas Mountain Quartzites. Over the past 
30 years the safe yield of the Windhoek Aquifer was adjusted downwards from 3 Mm3/a (1980) to 
2.3 Mm3/a in 1995 and to 1.73 Mm3/a in 2002. That downward adjustment since the 1980’s may 
be attributed partly to bush encroachment. The most important problem species there is Acacia 
mellifera with an estimated density of 1,500 to 2,500 trees/ha, and an average of 2,000 trees/ha. 
Most of the bushes/trees are more than 2 meters high with crown diameters of 2 to 3 meters. The 
main recharge area covering the Auas Mountain Quartzites is 6,800 ha. Of these areas at least 
40% (2,720 ha) is encroached by Acacia mellifera. The bush encroached area, occurs mostly in 
the parts where the Auas Mountain Quartzites are covered with alluvium and along the foothills. 
The fact that these valley areas have relatively low gradients would limit potential soil erosion 
resulting from bush thinning. With crown diameters of only 2 meters and a density of 1,500 
trees/ha the total canopy cover is approximately 47%/ha. The estimated evapotranspiration 
calculated on 40% canopy coverage is 4.7 Mm3/a calculated over 40 days during the 3 month 
growing season from the 2,720ha. The accepted recharge according to the Mod-flow 
groundwater model is 5% (CSIR, 2003). The annual additional recharge volume after bush 
thinning is estimated at 0.24 Mm3/annum which represent an increase of 13.9% on the safe yield 
(1.73 Mm3/a) as determined in 2004.  
 
The capital investment in bush thinning would amount to N$ 1.63 million at a cost of N$ 600/ha 
(arboricides plus cost of application). Recovery of the capital investment within 1 year, based on 
the total water production of 24.01 Mm3 for Windhoek in 2009, would increase bulk supply costs 
by N$ 0.08/m3 based on total production. This represents an increase of 1.3% over NamWater’s 
bulk supply tariff of N$ 6.25/m3. If calculated on the estimated improved yield the capital cost for 
recovery amounts to N$ 6.80 which is approximately 9% higher than the NamWater tariff. If the 
capital investment is repaid over 10 years at an interest of 12% the cost amounts to N$ 1.20/m3. 
The expected operational costs amount to N$ 1.15/m3 (no increase in maintenance cost on the 
existing boreholes is expected) with a total cost of N$ 2.35/m3. This compares very well with the 
cost of N$ 37.32/m3 calculated on the unit reference cost (prime dynamic cost) for supply 
augmentation from the Abenab area of the Karst IV aquifer. The benefits of bush thinning could 
be much higher if it is linked to recharge enhancement by installing filter trenches for better 
infiltration on major fault zones in the water protection area.  
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tariff to conserve water. The additional revenue should be used to do proper resource 
protection and catchment management as contemplated in the Revised Water Resource 
Management Act, 

• Devise a system to pre-finance bush thinning with repayment by the beneficiaries over 
time, 

• Integrate land management practices such as rangeland management with water supply 
considerations based on integrated water resource management principles, 

• Establish the Water Efficiency Group to give guidance to irrigation farmers to improve 
water and crop productivity, and  

• Approve and implement the Integrated Water Resource Management Plan.   
 
 
Promulgate the revised Water Resource Management Act with regulations to achieve: - 
 

• Prevention of groundwater pollution, 
• Linking of groundwater abstraction licences - for irrigation farmers, NamWater, Local 

Authorities, Industry and mining - with rehabilitation schemes (including bush thinning) to 
restore natural groundwater recharge, and 

• Improve basin and aquifer management systems. 
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8 WATER QUALITY CONCERNS 

 
This section includes input from the work done by IWRM Plan Joint Venture Namibia (2010) and 
experience of the study team for this report. 
 
 
8.1 Threats to Water Quality, especially Groundwate r Quality 

Considering the importance of groundwater in Namibia - including economic importance - it is 
essential to ensure that the quality of this resource is fit for human use. The quality of any 
aquifer might be endangered by inappropriate or inadequate management and land use. 
Numerous examples worldwide show groundwater resources that have been damaged or made 
useless by contamination resulting from a wide range of sources – often unexpectedly. The 
same pathways that enable groundwater recharge can also admit pollutants to an aquifer. 
Protection of groundwater quality can be planned there is sufficient data is available, and a 
commitment to managing activities that could lead to groundwater contamination.   
 
The threats to groundwater quality in Namibia are summarised briefly below. 
 
Firstly, it is important to understand that groundwater and surface water are hydrologically 
inseparable, so that any contamination on the surface can also be a threat to groundwater 
quality. 
 
In Namibia there are many threats to groundwater quality, including the following.  
 
Agricultural Sector : 
 

• The large scale use of fertilizers, herbicides and pesticides can contaminate surface and 
groundwater resources. Many pesticides are persistent (i.e. they do not break down 
quickly) and are accumulated up the food chain. Fertilisers add excessive nutrients to 
fresh water, 

• Large scale irrigation is practiced downstream of the Hardap Dam, as well at Naute, and 
in the northern Karst Area, with some irrigation schemes developing in the Hochfeld-
Imkerhof area. In all cases (especially) shallow groundwater tables are prone to be 
recharged with percolating water that contains increased concentrations of salts and 
chemicals (fertilisers, insecticides and herbicides used for weed control), 

• Concentrations of livestock in kraals and feedlots are a cause for major concern. Huge 
quantities of dung and urine are a source of high nutrient levels, as well as anti-biotics 
and insecticides that are sometimes used on livestock, 

• Kraals and feedlots must be located well away from boreholes and wells, and well away 
from drainage lines and from areas where groundwater is shallow or the underlying 
geology favours rapid recharge, 

• In addition to such ‘external’ sources of contamination, inappropriate irrigation can also 
result in the salinisation of soils, making them useless for cultivation.  

 
Mining & Industrial Sector : 
 

• Obnoxious industry such as abattoirs and tanneries can be threats to water quality. Offal 
from abattoirs is sometimes just buried near the site, 

• The impact of the former “Ramatex” factory in Windhoek is now an infamous example of 
an industry producing saline effluent, 

• Mines may produce acid or alkaline drainage from tailings dams,  
• Underground fuel storage tanks can leak highly toxic hydrocarbons into groundwater 

systems, 
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• Every mine and industry will have its own distinct environmental challenges, but these 
need to be addressed through appropriate location, engineering and competent 
management during operations. 

 
Urban / Municipal Areas (including Residential Subu rbs) : 
 

• The Swakoppoort Dam, constructed to supply the Central Areas, receives pollution from 
a number of sources such as effluent from wastewater treatment plants in Windhoek and 
Okahandja, a feedlot and a tannery. Due to high nutrient levels resulting in excessive 
algal growth, the water can no longer be purified for human use using the existing 
system.  

• Waste dumps that are not properly managed (e.g. collecting rainwater, which gets 
contaminated before soaking into the ground), 

• Polluted runoff from informal settlements, where there is a lack of sanitation, 
• Potential seepage from septic tanks, 
• Suburban runoff, even from upmarket suburbs, can be contaminated – a threat that is 

often not recognised. Contaminants include detergents, oils from cars, broken sewer 
pipes, dog excrement, garden fertilisers and insecticides, solvents used in painting, etc. It 
is extremely difficult to prevent these diffuse sources of contamination – therefore the 
only sure prevention measure is to avoid extending towns over important aquifers, 

• Underground fuel storage tanks. 
• Wastewater treatment plants are often overloaded. There are major backlogs in the 

provision of sanitation, both in urban and rural areas.  
 

Communal Areas & Rural Villages & Private Farmstead s: 
 

• Refuse dumps in small towns, villages, and private farms are often poorly managed, 
• Disused wells have sometimes been used for waste disposal, instead of being closed, 
• Pit latrines in close proximity to their boreholes often causes severe nitrate (and nitrite) 

pollution of the groundwater, some years after their construction, 
• Larger settlements often have no proper sewage treatment plants, only oxidation ponds, 

where seepage to groundwater could occur, 
• Siting of any septic tanks must always seek to avoid the risk of seepage to groundwater. 

 
Evaluation of water quality data from NamWater schemes revealed that pollution occurred in 
some of the boreholes supplying water to 16 towns in Namibia, while groundwater pollution was 
also recorded on 17 other schemes that provide water to government institutions (e.g. schools 
and police stations). The evaluation of water quality gives an indication of potential problems 
such as: - 
 

• The presence of unacceptably high concentrations of sodium, chloride, sulphate, 
magnesium fluoride and nitrate in some groundwater sources - mostly as result of human 
activities, 

• Naturally occurring toxic substances such as arsenic, cyanide, and radioactivity may 
occur in groundwater as a result of rock or soil type, but are not measured, 

• Possible negative health impacts on consumers, especially with respect to 
microbiological hazards, which are not monitored in most water distribution systems.  

 
All the above risks, and more, need to be considered and addressed at the appropriate stages 
(from planning through operations) of all activities that present potential risks. The pollution 
control regulations must include specific precautions for the protection of both surface and 
groundwater resources in Namibia. Environmental Impact Assessments and Management Plans 
can contribute towards avoiding potential impacts on water resources, but enforcement  by the 
authorities is often lacking. 
 
Aquifers with shallow water tables, once polluted, will remain unfit for use for generations! 
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Achievement of Vision 2030 will stretch the existing water resources and their protection is 
essential.  
 
Specific mention of arboricides, for the control of encroacher bush, is given special consideration 
in the following sub-section. 
 
 
8.2 Water Quality and Bush Encroachment / Chemical Controls 

There is currently no evidence in Namibia to suggest that bush encroachment itself has any 
impact on the quality of groundwater. The only conceivable long-term negative effect may be 
increased salinity in certain conditions as result of declining water table due to reduction of 
natural recharge, where bush is dense.  
 
However, many farmers are using arboricides to combat bush encroachment and these need to 
be considered carefully. There are a number of risks associated with the use of chemicals, and 
assessment of these risks is often very difficult, for the following reasons: - 
 
• Namibia’s regulatory framework is under-developed and does not entail rigorous testing of 

health impacts of such chemicals. Not all of the products used in Namibia are imported from 
countries that have strict testing and regulation of exports, 

• In order to be effective, arboricides do not break down immediately. Some remain 
unchanged for a few years in the soil, 

• Testing for the original form of the chemical may be carried out, in soil, groundwater, meat 
etc. However, chemicals may have breakdown chains that are unexpected and breakdown 
products are not necessarily tested for. The breakdown products could be potentially harmful 
but are not detected in tests that only look for the original compound. 

• There are many examples from around the world of environmentally harmful chemicals that 
did not cause fatalities directly, but had less obvious but no less serious impacts on 
populations (wildlife and/or humans). Chemicals may act via various pathways. For example, 
a chemical that affects hormones in a population of birds, mammals or reptiles may affect 
breeding success. Such risks are often difficult to identify in advance. It may be decades 
before anybody notices that a species has declined or disappeared – and even then the 
cause may be difficult or impossible to detect.  

• Using only chemicals that have been tested (and tests documented) will help to ensure that 
relatively safe products are being used.  

 
So far no negative impacts on meat or human health have come to light in relation to the 
arboricides that are being used to control encroacher bush in Namibia. Concern has, however 
been expressed about non-target species of trees being killed by arboricides (refer to Section 
11.6 for details).   
 
 
8.3 Water Quality & Quantity Data, Availability & R ecording 

Data on groundwater quality is available for most of the country. Sufficient data exists for the 
compilation of various water quality maps, of which the most significant is the 1:1,000,000 map 
series compiled by the CSIR. This series maps sulphate, nitrate, fluoride and total dissolved 
solids (TDS). The information was also used in the Hydrogeological Map of Namibia, DWA & 
GSN (2001). 
 
Data on groundwater quality is often questionable because of inadequate sampling methods. 
Furthermore, water is often drawn from different layers in a single borehole. A separate sample 
should be taken from each layer/aquifer, but instead the sample is often mixed – giving 
unreliable results.  
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Namibia can protect surface and groundwater resources. In order to do so the following data is 
needed and should form part of any management system.  
 

• Rainfall records, 
• Water level records, 
• Water Quality records, 
• Abstraction records. 

 
The Growas Information System developed and managed by the Ministry of Agriculture, Water 
and Forestry, Section Geohydrology, partially succeeds in collecting and processing this data. 
 
In addition to these hydrological parameters, records of vegetation type and cover are also 
important, since vegetation has a major influence on the water balance.  
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9 RELATIONSHIP OF BUSH ENCROACHMENT TO SURFACE WATE R 

 
 
A considerable amount of information was reviewed in order to try to explain the relationship 
between bush encroachment and surface runoff in Namibia, but no research has directly related 
these two variables. Some of the information that is presented in this section is of less direct 
relevance but it is presented here in order to: -  
 

• Emphasise the interconnectedness of land management and water resources, and  
• Indicate research priorities – relative to other aspects covered in this report, 

 
 
9.1 General Hydrological Conditions of Namibia 

 
9.1.1 Rainfall 

Figure 1 (p. 4) showed the distribution of rainfall over this arid country - in relation to the bush 
encroached areas. A distinctive feature of Namibia’s rainfall is its strong seasonality, with most 
rainfalls occurring as convective storms between October and April – with peak months between 
December and April, as shown in Figure 31 , below.   
 
 

 
 

       Figure 31 : Seasonal Rainfall Distribution at S.von Bach Dam 
 
 
While mean annual rainfall is low, it often occurs in intense storms. Daily rainfall figures have 
often exceeded 100 mm. Rainfall intensity is relevant to the potential for groundwater recharge, 
since light showers do not produce recharge. The intensity of rainfall also has implications for 
potential soil erosion when bush is removed and before a good grass cover is established. 
 
The very high variability and apparently random nature of rainfall over time makes it difficult to 
relate bush encroachment to rainfall and runoff – even if detailed vegetation mapping was 
available, which it is not.  
 
9.1.2 Evaporation and Dams  

The implication of high evaporation rates is that dams lose a high percentage of their water – a 
fact which indirectly emphasizes the importance of groundwater.  Figure 3 (p.6) showed that 
throughout Namibia there is a high water deficit  – i.e. potential evaporation exceeds average 
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annual rainfall by a large margin. High evaporation from dams results in 20% to 65% of the 
stored water being lost to the atmosphere within one season. For further details of evaporative 
losses from dams, refer to Appendix F.  
 
The extreme variability of river flow results in dams having poor performances. In most years a 
dam will be far too big (having a large surface area) but in a few years with very high rainfall the 
dams will still be too small to store all the runoff. For these reasons, storing water on the surface 
is very inefficient.  
 
Groundwater, by contrast, is protected from evaporation. It is for this reason that the Windhoek 
Aquifer artificial recharge project is being implemented. The Omdel Dam project also involves 
enhanced aquifer recharge - from surface flow. 
 
9.1.3 Runoff  

It has been estimated that only 2% of rainfall in Namibia becomes available as surface runoff, 
but this estimate is very theoretical and does not take into consideration the extreme variability 
over time and geographical areas. A central strip of Namibia (running north-south) has a well 
developed drainage system that could result in a rainfall/runoff relation of between 1% and 10%. 
For the rest of Namibia, runoff is either too low or too sporadic to utilise - e.g. deep Kalahari 
sands encourage infiltration, while in the Namib Desert runoff is too infrequent.  
 
 
9.2 Major Dams and River Catchments in Namibia 

Figure 6 (p. 10) showed the major catchments, rivers and dams in Namibia – in relation to the 
bush encroached areas. It is notable that several of the major dams lie within catchments that 
are affected by bush encroachment. These include Omatjenne Dam near Otjiwarongo, Omatako 
Dam north east of Okahandja, von Bach Dam near Okahandja, Swakoppoort Dam south west of 
Okahandja, Otjivero Silt and Main dams east of Windhoek, Daan Viljoen Dam at Gobabis, 
Friedenau Dam west of Windhoek, and Omdel Dam, near Henties Bay (the inland and higher 
rainfall part of it’s catchment is bush encroached). 
 
To the extent that bush encroachment adversely impacts on river flow and silt load to storage 
dams – excess bush would have a negative impact on surface water resources and the storage 
capacity of dams. 
 
 
9.3 Previous Studies on Bush Encroachment / Vegetat ion Cover and Surface Flow 

Interception by vegetation has been shown to have an impact on the runoff potential of Namibian 
catchments (Mostert, McKenzie and Crerar, 1993). Due to the absence of quantifiable data 
concerning soil cover, vegetation, grazing conditions and land use a rainfall runoff model, 
NAMROM, was developed. This model takes into account antecedent weighting factors for 
vegetation due to the previous 3 years of rainfall and an initial loss due to infiltration, 
interception, storage, evaporation etc. Further losses during river flow are also taken into 
account. The model, however, does not distinguish between encroacher bush and other types of 
vegetation.  
 
However, around the world, numerous studies have documented situations where, either: - 
 

• streams or rivers have dried up as a result of plantations of trees being established (or 
alien woody plants have invaded), or conversely,  

• trees or woody bushes have been cut down resulting in dry watercourses beginning to 
flow again. 
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Examples have been documented by Le Maitre, Scott & Colvin (1999) and Pittock (2010). It is 
therefore widely accepted that dense woody vegetation has a negative impact on stream/river 
flow, and spring flow. 
 
 
9.4 Spring Flow & Encroacher Bush 

The Deputy Direct: Geohydrology from MAWF indicated that at the time of making the Hydro-
geological Map of Namibia (DWA & GSN, 2001) about 500 springs/fountains were located in 
Namibia.  However, no time series data is available for springs. A few springs were monitored 
for a while in the Karst Areas but there are no long or short term records available.  
 
Apart from a few anecdotal reports, no reliable data has been found on the connection between 
encroacher bush and spring flow in Namibia. However it can be inferred that, to the extent that 
bush reduces groundwater recharge, it will also adversely affect spring flow.  
 
 
9.5 Stream/ River Flow Characteristics in Namibia 

All the rivers in the interior of Namibia are ephemeral – i.e. they are dry for most of the year and 
flow only after heavy storms. Often the flow fails to reach the lower end of the river basin as all 
the water is lost due to infiltration and evaporation. Only with widespread rain, when the flood 
volume is large enough, will these rivers reach the end of the stream.  Flash floods can rise two 
or three meters in less than thirty minutes, then recede to zero within a few hours.  There is little 
or no delayed surface or subsurface runoff (Van Langenhove, Amakali & De Bruine, 1998), and 
no base flow in most of these ephemeral rivers.  
 
In areas that are densely encroached by bush, there is usually very little grass cover to create 
the spongy conditions necessary to encourage infiltration.  
 
The widespread concept throughout the world - of a positive serial correlation for seasonal flows 
- is not applicable in Namibia.  Namibian flow records give evidence of a short-term negative 
serial correlation between successive years. This is due to the fact of some vegetation persisting 
for 2 to 4 seasons after good rainfalls in these otherwise arid landscapes. Good rain results in 
better vegetation cover, which reduces surface runoff potential during the next rainy season(s). 
Conversely, a poor rainy season leaves little vegetation, which results in increased runoff from 
exposed surfaces in the following year(s). Vegetation persistence between years can influence 
river flow by more than 50%. This peculiarity has become an important feature for rainfall-runoff 
modeling.  Generalized conceptual models, such as the Pitman Model, which is widely applied in 
the southern African region, need special adaptation before being applied in Namibia (De 
Bruine, Grobler & Crerar, 1993;  Mostert, McKenzie and Crerar,1993). 
 
In summary: - 
 

• Rainfall in a previous year affects vegetation cover in the following year(s), which has a 
marked effect on runoff in the following year(s), 

• Therefore it is very difficult to establish any correlation between rainfall and river flow, 
without taking into account the condition of the vegetation in modeling as well. 

 
 
9.6 Effect of Vegetation on Runoff Hydrographs 

This section provides a discussion on the effects of vegetation cover on runoff from a catchment 
in Namibia. Since there has been no research in Namibia that directly relates bush cover to river 
flow, this discussion is based on the literature and discussions between the members of the 
study team. 
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To illustrate the discussion, Figure 32  shows an example of an actual flood hydrograph for S 
von Bach Dam (in blue). The area under the graph represents the total volume of runoff. In 
Namibia, the rising limb of the hydrograph in ephemeral rivers is steep, while the falling limb 
tapers off more slowly. There is no base flow resulting from gradual seepage through the soil, 
therefore the whole flow event may be over in a matter of hours or days.  
 
Two hypothetical curves are added to Figure 32, explained theoretically as follows. 
 
If the catchment is barren or denuded  so that the ground is bare and hard, then any runoff is 
often almost immediate (brown line). The rising limb of the hydrograph is steeper than normal. 
However since there is little vegetation to retard the flow, the flow does not last long – so the 
falling limb of the hydrograph is also steep. The combination of bare soil and rapid runoff results 
in more soil erosion and silt being transported to dams. Such catchment conditions result in high 
volumes of runoff (all other factors being equal). 
 
On the other hand, consider a catchment that is well vegetated with a good ground cover of 
perennial grasses , creating a spongy covering to the soil. Runoff is slower (delayed) as the 
spongy turf releases water more slowly (green line). Therefore the falling limb of the hydrograph 
is also more gradual. There is less soil erosion and lower silt load to dams. Typically, a 
catchment with a good ground cover results in lower runoff volumes than bare soil. Also, more 
water infiltrates the soil providing greater potential for percolation down to groundwater level.  
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            Figure 32: Actual (von Bach Dam) and hypothetical inflow curves.  
 
Now, consider a bush encroached catchment.  In Namibia, the effect of bush encroachment on 
surface runoff is not fully understood and it is therefore not represented in the figure, above. 
 
On one hand there is ample evidence, based on literature from around the world (Le Maitre, 
Scott & Colvin, 1999 and Pittock, 2010) and evidence from groundwater recharge (refer to 
Section 4, above), that dense stands of large woody plants reduce the total runoff to streams 
and rivers. This is firstly because much of the rainfall is intercepted by plants above ground and 
evaporates again. Secondly, of that which does reach the ground and infiltrate the soil, far more 
is taken up by roots and lost through transpiration (compared with grasses).  
 
Therefore it is reasonable to assume that encroacher bush will reduce total surface runoff (e.g. 
to dams) although this reduction has not been measured in Namibia.  
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On the other hand, dense encroacher bush in Namibia is known to suppress grass growth so 
that the soil beneath it is laid bare (de Klerk, 2004) and Cover Photo. The absence of a spongy 
grass cover (especially perennial grasses) allows water to run off rapidly. Could it be, 
paradoxically, that the intensity  of runoff under dense bush may actually be higher than for a 
grass covered surface – even though the total volume  of runoff may be less? Whether this is the 
case or not, it is expected that more soil erosion would occur from the bare soil surfaces 
(beneath dense bush) than from surfaces with good perennial grass cover. To test this 
hypothesis, an experiment is suggested in 9.10, below. 
 
Complicating any research on the effects of vegetation on runoff is the fact that the hydrograph 
is also affected by several other factors, including basin size and shape, gradients, geology, and 
human influences (e.g. farm dams, diversions for roads, and land use). In any experimental work 
it will be necessary to minimize these variables, otherwise the results may be too complex to 
interpret.  
 
 
9.7 Rainfall/Runoff Maps in Namibia 

During 1992 a Unit Runoff Map was developed for the areas where significant runoff potential 
may exist and where significant hydrological information had been collected. This Unit Runoff 
Map enables initial assessments of runoff to be made (Chivell and Crerar, 1992). This map 
shows isolines of Unit Runoff (a ratio of Mean Annual Runoff and Surface Area) - which may be 
useful in the context of bush management.  
 
The maps, with fairly detailed description of the catchments, were compiled catchment by 
catchment for Ugab River, Omaruru River, Khan River, Swakop River, Kuiseb River, Oanob 
River, Fish River, Ham River, Auob River, White Nossob River, Seeis River Omatako River and 
catchments in the Kunene Region. The maps can be updated if and when new hydrological 
studies are carried out for these catchments.  
 
A suggestion has been made that updating these Unit Runoff Maps would give an indication of 
whether the unit runoff has changed. If so, is the change related to bush encroachment? 
 
 
9.8 Silt Loads of Floods into Major Dams Over Time 

Silt that is eroded from catchments has adverse impacts on water resources in two ways. It 
reduces storage capacity in dams, and it also reduces infiltration to alluvial aquifers by “sealing” 
the surface of coarser sediments that are more permeable. Since the soil surface is exposed 
beneath dense stands of encroacher bush, there is reason to suspect that soil erosion will be 
greater from bush encroached catchments than from areas with good perennial grass cover.  
 
Silt is known to affect the recharge that results from flooding over the alluvial aquifers that occur 
along some ephemeral rivers (Crerar et al, 1988). In the absence of silt, infiltration rates into the 
alluvium can reach more than 1 cm/hour. However, silt deposits may reduce infiltration to zero 
cm/hour (Kuells and Heidbüchel, 2006). 
 
Silt surveys have been done on many dam basins. These need to be updated periodically, and 
may help to indicate the erosion characteristics in catchments.  
 
 
9.9 Remote Sensing  

Conventional hydrological investigations sought to relate long-term rainfall records to river flow 
records. However, in semiarid to arid conditions, the natural variability is very high and in 
Namibia records are relatively short. In Namibia, it has been observed that direct surface runoff 
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is greatly affected by vegetation conditions (which may markedly change due to natural 
conditions), rainfall patterns, and land use activities. Therefore, the use of Remote Sensing has 
potential for mapping and monitoring vegetation, including bush encroachment.  
 
Hydrological Services (MAWF) is undertaking areal remote sensing of land use and vegetation 
as an integral part of hydrological monitoring of catchments. It is recognized that better 
understanding of river flow regime changes is necessary to achieve optimal basin management 
(Van Langenhove, Amakali & De Bruine, 1998). 
 
At present, there is a detailed land cover map of the eastern part of Namibia (between Windhoek 
and Gobabis), which was compiled during a pilot project called "Quantification of Land 
Production Potential" and carried out by the Ministry of Agriculture, Water & Forestry.   
 
Remote sensing can enable the gathering of vegetation data over large areas in a short time, 
even in remote areas (Espach, pers comm). However, a considerable amount of fieldwork is 
required to verify the interpretation of remote images. 
 
In Namibia, remote sensing has been used to map vegetation cover and distinguish between 
woody vegetation and grass / herbaceous vegetation (for example - Vogel, 2005). However, so 
far it has not  been able to distinguish between stands of encroach er species and stands 
of other woody vegetation  (e.g. tamboti woodlands). This was confirmed by Strohbach (pers 
comm). 
 
Once this hurdle can be overcome, then it may become possible to relate bush encroachment to 
rainfall records, runoff, and soil erosion – for example. However this will require decades of data 
gathering on all these parameters before encroacher bush can be meaningfully related to 
hydrological parameters.  
 
 
9.10 Experimental work   

A simple experiment could be conducted in Namibia to compare surface runoff, and erosion, 
between a bush encroached area and one with veld in good (grass covered) condition. This 
experiment should be conducted over small areas – each about 9 to 12 m² with the use of a 
sprinkler system that simulates rainfall. The volumes of water sprinkled need to be regulated and 
metered to determine rainfall intensity. The site would need to be carefully selected to ensure 
that water flows to outlet points where the volumes over time can be measured.  The runoff 
responses can then be compared between these two nearby sites. This experiment should be 
repeated during different seasonal stages of growth because this will affect rainfall interception.   
 
 
9.11 Summary  

The general concept throughout the world of a positive serial correlation for seasonal flows, 
attributed to “bank storage”, have been found to be not applicable in Namibia. Namibian flow 
records show evidence of a short-term negative serial correlation between successive years, 
which would be the result of vegetation persisting over 2 to 4 seasonal cycles, irrespective of 
whether changes in vegetation are induced by natural or artificial causes, such as a different 
land use. Good rainy seasons result in a better vegetation cover, which increases the 
interception and thereby reduces the surface runoff potential during the next rainy season(s). 
Conversely, poor rainy seasons leave little vegetation, which results in higher surface runoff.  
Vegetation persistence can influence river flow by more than 50%, and this peculiarity has 
become an important feature for rainfall-runoff modeling. 
 
Data from the major dams in Namibia was inspected for this report, but no clear relationship was 
evident of the effect of bush encroachment on rainfall runoff. It is not foreseen that large scale 
hydrological catchment modelling will be able to determine the effect of bush encroachment 
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because there are multiple of variables that can affect runoff. However, attention could be given 
to obtaining experimental information. Remote Sensing is seen as a useful tool in the long term. 
 
 
9.12 Recommendations for Further Study 

In the foregoing subsections we have made several recommendations for research. These are: 
 
• Experimental catchment work with artificial rainfall through a sprinkler system, 
• Major dams in Namibia should be surveyed every five years to determine silt accumulations, 
• That the Unit Runoff Map of Namibia be updated every five years, 
• Extend this land cover mapping to the rest of Namibia.  
 
However, efforts to study relationships between encroacher bush and surface runoff are likely to 
face many difficulties: - 
 
• There are so many variables affecting surface runoff, and the natural variability of climatic 

parameters makes it very difficult to relate these variables to one another, 
• Research on rainfall and hydrological parameters requires very long term records, 
• The difficulties of mapping and monitoring encroacher bush using remote sensing techniques 

have been mentioned earlier.  
 
While some of the recommended research would be useful for other purposes, perhaps only the 
sprinkler experiment would yield quick and reliable results on the effects of bush on surface 
runoff. Therefore, the purpose of any research programmes needs to be carefully considered 
before investing resources on this question. Research on bush and groundwater recharge 
should provide far more direct and useful results relating encroacher bush to water resources – 
as explained in Section 4 . 
 
For both surface and groundwater resources, it is necessary to manage encroacher bush in 
order to enhance grass coverage (especially perennial grasses). Therefore research directed at 
optimising rangeland management and related groundwater recharge is likely to yield benefits 
also for the management of water resources.  
 
In the hydrological context, possibly more could be done in terms of enhancing recharge of 
alluvial aquifers from river flow in certain catchments, to reduce evaporation losses. The Kuiseb 
and Omdel alluvial aquifers are two possible examples. For large demand areas (e.g. Windhoek) 
supply can not be met by aquifers alone – so dams will remain important, in combination with the 
artificial recharge of the Windhoek aquifer. 
 
 
9.13 Recommendations for Policy and Implementation 

To obtain a better understanding of what is happening in river catchments, and to assist in 
managing all issues relevant to surface and groundwater resources Basin Management 
Committees should be established. The purpose of these committees would include keeping an 
eye on bush encroachment and land management practices. Substantial capacity building will 
be needed to achieve the effective functioning of such Basin Management Committees. 
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10 CLIMATE CHANGE & RELATIONSHIP OF BUSH ENCROACHME NT TO CLIMATE 

 
 
10.1 Climate Change Predictions 

SAIEA (2010b) has produced the most up to date summary of research on climate change for 
Namibia. Their team included Prof. G. Midgley from the University of Cape Town, who is an 
authority on this subject for the southern African region. The following subsections deal firstly 
with historical records showing temperature change over time, and secondly with a review of 
numerous predictive models by the SAIEA/Midgley team. 
 
In this section we will focus on those parts of Namibia that are bush encroached – ignoring the 
southern winter rainfall areas and the coastal Namib desert. 
 
 
10.1.1 Recorded changes 

Between 1961 and 2000 records for southern Africa show an increase in the number of warm 
spells, and a decrease in the number of extremely cold days (IPCC, 2007).  
 
Midgley et al (2005) analysed temperature records from all long-term weather stations in 
Namibia and Northern Cape. Only 15 stations had records of between 25 and 60 years. About 
half the stations showed significant increases in temperature over the period on record. None 
showed a significant decline in temperature. The mean increase across all stations during the 
period was 0.2ºC /decade, an increase that is roughly three times the global mean temperature 
increase reported for the 20th century.  
 
Midgley et al (2005) also found that the water balance (a composite measure of temperature and 
rainfall that determines the water available to plants) showed a significant decline at five of the 
fifteen weather stations in their study area. None of the stations showed a significant increase in 
water balance over the recorded period.  
 
 
10.1.2 Projected changes 

Projections of climate change, based on modelling, are continually being refined but there is still 
some uncertainty about global and regional climate change scenarios (SAIEA, 2010b). The 
uncertainties arise in relation to future levels of greenhouse gas emissions, limited 
understanding of the dynamics of global climatic systems, natural variability in baseline data, 
and the effects of increased CO2 levels on the rates of plant growth. Furthermore, modelling of 
climate change is done at the level of global circulations (General Circulation Models) and has to 
be downscaled to regional levels (Regional Circulation Models). At the local level, the accuracy 
of projections decreases.  
 
Midgley et al (2005) reviewed over twenty models of climate change and made projections for 
Namibia based on the median (the most frequently projected scenarios) of all these models. This 
approach allows projections to be made with a greater level of confidence. Namibia, and the rest 
of southern Africa, can expect an increase in temperature and evapotranspiration at all localities, 
with the maximum increase in the interior.  
 
Various studies have projected average temperature  increases as follows: - 
 

• Three General Circulation Models for southern Africa indicated average warming of 1ºC 
to 3ºC by the year 2050, with a maximum of 4ºC in inland regions (Kiker, 1999), 
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• The models considered by GRN (2002) predict that by 2100 the mean annual 

temperature increase for Namibia’s central plateau will be 2ºC - 6ºC above the 1961-
1990 mean temperature for that area, 

 
• Dirkx et al (2008) predicted increases in Namibia of 1ºC to 3,5ºC in summer and 1ºC to 

4ºC in winter by the year 2065.  
 
Evaporation  will also increase due to rising temperatures but it is difficult to predict the 
magnitude of that increase. Studies for Namibia have predicted increases in evapotranspiration 
of between 4 - 5% (Hulme et al, 1996) and 15 – 16% (Dirkx et al, 2008) – both by the 2060s.  
 
Changes in rainfall  are also difficult to predict. However, most General Circulation Models 
project that southern Africa and Namibia will become drier. Rainfall is also likely to become more 
variable - with extreme events like droughts and floods being likely to increase.  
 
Midgley et al (2005) predicts that by the years 2050 and 2080, Namibia can expect to receive 
less rainfall over the entire country. The reductions will be more severe in the northwest and 
central regions than in the southwest and northeast. Reductions in rainfall of between 10% and 
30% may occur, relative to the present annual averages. It is expected that a decrease of 20% 
will occur in the central areas of Namibia by 2050, and that this will worsen to 30% by the year 
2080 (SAIEA, 2010b). However quantification of rainfall change varies considerably between 
models, especially in the summer rainfall areas. Predictions of temperature change, on the other 
hand, are more consistent between models. 
 
The reader should bear in mind that the direction  of change in evapotranspiration and rainfall is 
probably reliably predicted, but the magnitude  of that change is more uncertain.  
 
 
10.2 Possible Impacts of Climate Change on Soils, V egetation, and Water Resources 

As discussed above, while climate change modelling is still a young science, the consensus of 
various models indicates that Namibia can expect the following changes that will affect soils and 
vegetation: - 
 

• Increased average temperatures,  
• Increased evaporation as a result of higher temperatures,  
• Probably reduced rainfall (annual average),  
• Increased variability in rainfall – more frequent droughts and floods, 

 
The implications of these changes are the following: - 
 

• Soil moisture  can be expected to decline due to the combination of climate change 
aspects mentioned above. This is also confirmed in the conclusions reached by SAIEA, 
(2010b, p.xii) – “Soil moisture levels are projected to decline, with cumulative impacts of 
higher temperature, lower rainfall, higher runoff, lower humidity, higher evaporation and 
lower plant cover probably creating a compounding impact on soil moisture and on 
primary (plant) productivity that is greater than the sum of their individual contributions”.  

 
• Total vegetation cover  can be expected to decline (SAIEA, 2010b). This includes large 

trees in riverbeds – in semi arid and desert areas - that benefit from the linear aquifer 
effect as river flow penetrates the alluvial sediments. These large trees provide essential 
fodder for many species of wild animals, large birds, and also for domestic livestock – 
especially in times of drought. 
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• At the same time increased variability in rainfall will probably favour woody species  over 
grasses (assuming that rainfall is still sufficient to support woody plants). This is 
explained by de Klerk (2004) and summarised by CCA (2010). Bush and grass compete 
for soil moisture. In a healthy savannah, grass can out-compete bush to a large extent. 
However, during prolonged drought, the grassy component is depleted by grazing. If 
prolonged drought is followed by a few years of above average rainfall, then in the initial 
absence of good grass cover, bush has the opportunity to become dominant. Once 
dense stands of bush are established, grass can no longer compete and thus the trend 
cannot be reversed without external intervention. 

 
• Beneath dense stands of bush, grass cover is very limited and the soil surface is 

exposed to rainfall runoff. The spongy turf and high levels of organic matter in the soil, 
which are associated with perennial grass cover, decrease and the soil gets compacted. 
Therefore infiltration decreases and rainfall runoff increases (Strohbach, 2009).  

 
• Increased runoff would result in increased soil erosion, greater silt load in ephemeral 

rivers, and increased siltation of dams. To date no quantitative studies on the relationship 
between bush and soil erosion, with consequent siltation of dams, has been found. This 
is an area that needs further research.  

 
• Increased temperatures, reduced soil moisture, and reduced total vegetation cover that 

shades the soil, would combine to put more pressure on soil organisms such as nitrogen 
fixing bacteria. Strohbach (2009) cites studies on nitrogen fixing bacteria in the soil. 
Acacia species are known to bind atmospheric (free) nitrogen in root nodules (Schulze et 
al, 1991). However much of the nitrate needed by plants is bound by cyano-bacteria from 
atmospheric nitrogen. These bacteria are very sensitive to high soil temperature, low soil 
moisture and lack of ammonium. Ammonium is highly volatile and evaporates into the air. 
Nitrogen can only be bound by cyano-bacteria if sufficient soil moisture is present 
(Peterjohn & Schlesinger, 1991 and Schlesinger & Peterjohn, 1991). Schlesinger et al 
(1990) suggests a possible biological feedback aggravating desertification, whereby 
decreased ground cover may lead to further decrease in vegetation cover, which in turn 
leads to further reduction in soil nutrients.  

 
• The link between humus (organic matter) in soil on one hand, and on the other hand - 

moisture retention, nutrient availability, soil cohesion reducing erosion - has been known 
for generations. However, the chemistry of carbon in soil and plants is gradually being 
better understood. Jones (www.amazingcarbon.com) provides a brief overview of some 
recent research findings in relation to the value of carbon in soils. Of relevance to our 
present study, as carbon content in the soil declines due to reduced ground cover 
(especially grasses and herbs), so it can be expected that soil fertility will decline – 
leading to further reductions in primary production.  

 
• Finally, if soils become drier and humus and vegetation cover decrease, then the soil 

becomes more susceptible to wind erosion. This is particularly true for the fine sands of 
aeolian origin (Kalahari sands) that cover much of the eastern and north-eastern parts of 
Namibia (Strohbach, 2009).  

 
 
10.3 Could Bush Encroachment / Bush Management Impa ct on Local Rainfall? 

Numerous case studies from equatorial forests  around the world have revealed a connection 
between the transpiration of trees and its effect on rainfall. For example, the following articles 
reported significantly reduced rainfall following extensive clearing of equatorial rain forests: - 
 
www.naxatranews.com/naxatra.php?key=9  
www.webindia123.com/orissa/land/environment.htm  
www.iahr.org/.../CASE%20STUDIES%20ON%20WATER%20RESOURCE%20RED  
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Such studies have given rise to the question of whether extensive clearing of encroacher bush in 
Namibia might affect rainfall. For that reason we will consider the issue briefly as follows. 
 
It is well known that bush ‘pumps’ out large volumes of water by the process of transpiration. 
Over extensive forested areas, transpiration increases the relative humidity in the air, which 
would in turn lower the dew point temperature (the temperature at which, condensation begins to 
occur in an air mass and clouds begin to form).  
 
What is not often understood by the layman, is the role of latent heat energy in producing 
rainfall. Water has a high specific heat – i.e. the energy required to increase the temperate of 1 
cm3 of the water by 1ºC. The absorbed energy that brings about a change in state from water to 
water vapour is stored in that vapour as latent heat energy . When air rises it cools (due to a 
drop in pressure). If dew point temperature is reached and condensation occurs, then the latent 
heat of evaporation is released as sensible heat. This heat release powers further convectional 
rising of the moist air, which results in more condensation. If this process continues long enough, 
then rainfall occurs. Thus the transpiration from plants contributes not only to the humidity in the 
air but also to the atmospheric instability  that is necessary for rain to occur. 
 
No research on the effects of dense bush on rainfall has been found for Namibia. There are 
some important differences between the climates of equatorial forests and that of Namibia - 
which are discussed as follows.  
 
Our Study Area in Namibia  gets its rainfall from the Inter Tropical Convergence Zone (ITCZ). 
This low pressure system moves southwards over northern Namibia in summer bringing most of 
the rainfall as convection storms. The Otavi Mountains also contribute by forcing air to rise, 
making that area one of the highest rainfall areas in Namibia (Mendelsohn et al, 2002).  
 
While equatorial rain forests receive their rain from local sources and oceans, and recycle much 
of their water as described above, most of Namibia has to rely on moisture “imported” from the 
equatorial regions by the ITCZ. This is the first important difference between Namibian rainfall 
and those equatorial areas that are occupied by forests. 
 
The second important difference is the nature of the vegetation. Equatorial forests are 
evergreen, transpiring all year round in a climate that is essentially non-seasonal. Namibia, even 
in bush encroached areas, has relatively low biomass that is deciduous. Bushes and trees drop 
their leaves to conserve moisture when necessary to minimise their transpiration losses. Most 
bush and tree species in our study area only begin to produce leaves after the first substantial 
rains. This is a further indication that Namibian bush does not “make rain”.  
 
So, while it is known that one Acacia mellifera of 2.5m high can consume 65 litres of water per 
day (Donaldson, 1969), it does so mainly after the rains begin.   
 
At this stage there is no definitive answer to the question of whether bush clearing could have 
any measurable influence on the amount of rainfall received. Although it appears to be unlikely, 
two recommendations are made on this topic: - 
 
• In line with the recommendations by de Klerk (2004) and the Draft Policy on Bush 

Encroachment (2005) the approach should be one of bush thinning rather than complete 
clearing. This recommendation was also made for many other reasons as well – 
maintenance of soil fertility, conservation of soil organisms that fix nitrogen, birds, shade, 
refuge for wildlife and many more (CCA, 2010).  

 
• An approach to trying to answer the question on hand would be to analyse historical rainfall 

records in relation to the advance of bush encroachment since the 1950’s. If there was any 
statistically significant trend towards increasing rainfall as bush encroachment increased, 
then there may be a cause for further detailed investigations. The difficulties with such 
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analysis would be, firstly, that long term rainfall records are few in Namibia – probably not 
enough to offer statistically reliable results. Secondly, bush coverage has not been mapped 
in any detail or over time. So the information needed to correlate bush encroachment with 
rainfall does not exist. Furthermore, the natural variability of rainfall is so large that it may 
mask any small impact that bush encroachment may have had on rainfall. Recorded periods 
are often only two or three decades.  

 
Given these difficulties, it is likely that the question of whether rainfall could be significantly 
affected by extensive bush thinning, will not be answered in the near future. However, no 
evidence has come to light that would give any caus e for alarm on this question . In the 
author’s opinion, it remains a theoretical possibility but not one of great concern. 
 
Schneider (pers comm) expressed the view, from a rangeland perspective, that bush is reducing 
grazing capacity so much that bush encroachment is of greater concern than a “hypothetical” 
impact on rainfall. 
 
De Klerk (2004) has pointed out that the effects of bush on soil moisture are to create an 
‘artificial drought’ because so much soil moisture is lost by transpiration. Therefore on balance, 
in the author’s opinion, it is likely that a small change in rainfall (if any) may be outweighed by 
the benefits of bush thinning – in terms of soil moisture and grass production.  
 
 
10.4 Recommendations for Further Study 

Climate change modeling will presumably be refined and become more accurate over time. Over 
the next four decades and longer, it should become possible to compare recorded data from 
Namibian weather stations with predicted changes that are based on modeling.  
 
In the meantime the emphasis should be on the collection of accurate, reliable and continuous 
data, for all climatic parameters, from a wide range of weather stations in Namibia.  
 
Monitoring of bush encroachment by remote sensing techniques has not yet been carried out 
successfully in Namibia. If suitable techniques could be developed and implemented, it may later 
become possible to correlate changes in bush cover with changing climatic parameters. No short 
term studies are envisaged that could contribute much to our understanding in this context.  
 
 
10.5 Recommendations for Policy and Implementation 

Policy formulation should be guided by the principle of achieving well managed, healthy 
ecosystems - because healthy ecosystems are more resilient (Joubert, pers comm, Rangeland 
Forum 2010). 
 
One of the aspects contributing to healthy, resilient ecosystems is biodiversity. An ecosystem 
that has a high diversity of species is generally more resilient. In the context of rangelands, it is 
important to ensure a high diversity of grass species, especially perennial grasses, by achieving 
the optimum balance between grasses and woody bush/trees.  
 
Towards these objectives, it is also important to preserve large trees and Protected species – for 
their important ecosystem functions.  
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11 SOME ECOLOGICAL CONSIDERATIONS FOR BUSH MANAGEME NT 

 
 
11.1 Ecological systems 

Ecosystems are made up of the totality of their components – air, soil, water, microorganisms, 
plants, fauna, insects, domestic stock, etc. An ecosystem is a living system that needs all 
components to be in balance and the whole functioning system is more than the sum of the 
parts! 
 
Groundwater recharge cannot be considered in isolation from ecosystem and rangeland 
management. The natural systems that support groundwater recharge are delicately balanced. 
That balance needs to be thoroughly understood, otherwise attempts to manage only one 
component of an ecosystem may lead to actions that upset the balance - ultimately leading to a 
chain of events that adversely affect groundwater recharge – the very thing that needs to be 
enhanced. To illustrate this point, here are a few examples that will be further elaborated below:  
 
• Certain inappropriate practices aimed at bush management could potentially “backfire” by 

leading to soil erosion. If soil erosion occurs, it will impact negatively on infiltration of 
rainwater and groundwater recharge. 

 
• Removing too much bush and trees may result in a gradual decline in soil fertility, as well as 

a decline in certain important grass species, over a few years. This is particularly true for 
sandy soils. A decline in soil fertility would, in turn, reduce the grass cover and thus 
encourage soil erosion. 

 
• Despite the fact that trees and bush use more water than grass, savannah ecosystems need 

both these components – in the correct balance.    
 
This report has provided strong evidence of the need for programmes to manage bush. 
However, the manner in which that is done is equally important. Management decisions must 
take into account all ecosystem components, including those that are not yet fully understood. In 
line with the Principles of Environmental Management set out in the Environmental Management 
Act - section 3(2) - precautions should be taken where there is a threat of serious or irreversible 
damage to the environment  
 
 
11.2 Soil Erosion & Slope Gradients 

CCA (2010) in consultation with Strohbach (pers comm) pointed out the risk of soil erosion when 
slopes are cleared. The risk of soil erosion depends on many factors - slope gradient, soil type, 
and the permeability characteristics of the soil and rock – which affect the amount of surface 
runoff. The method of bush management is another factor, so it is necessary to consider each 
situation on its merits. 
 
Most of the dense bush encroachment occurs on the plains (slopes less than 5% gradient) and 
these are the areas that should normally be targeted most for bush management. Steep slopes 
and mountainsides are more susceptible to erosion. In addition, they frequently contain many 
more Protected species of trees. Therefore steep slopes and upland areas must be regarded as 
environmentally more sensitive.  
 
Since steep slopes and highlands generally have more Protected species of trees than the 
plains (e.g. in the Otavi Mountain Lands) the use of arboricides poses a threat to Protected tees, 
and consequently may also pose a threat of soil erosion.  
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Some may argue that certain upland areas are important for groundwater recharge, often 
enjoying higher rainfall, and therefore bush should be managed there. However, if bush 
management leads to soil erosion, then runoff will increase which would be detrimental to 
infiltration and recharge. Therefore whatever approach one takes, and whatever the gradient, 
soil erosion must be prevented! This means that disturbance and risks in upland/steep areas 
must be minimised. 
 
On projects using harvesting machines, which take grass and herbs as well as woody material, 
extra restrictions are recommended. On a specific project of that nature, CCA (2010) 
recommended that only slopes with gradients less than 5% should be targeted for harvesting. 
On any slightly steeper slopes extra measures were recommended – e.g. leaving contour strips 
of bush, and doubling the number of trees and bush to be left. 
 
For other methods, such as cutting by hand, the risk of erosion is slightly less, but a greater 
percentage of bush and trees should be left on steep slopes. 
 
Strohbach (2009) pointed out that sandy soils are more prone to lose fertility following clearing, 
and sandy soils are therefore more likely to be eroded. He recommended that harvesting 
machines that also take grass and herbs should not be used on sandy soils. For other methods, 
a higher percentage of bush and trees should be left than is necessary on soils with a higher 
percentage of clay.  
 
 
11.3 Soil Fertility 

Numerous studies on savannah ecosystems have been reviewed and summarised by de Klerk 
(2004), and some of the key issues have been summarised by CCA (2010) in regard to soil 
fertility. Strohbach (2009) has also provided a valuable summary on this topic, especially 
regarding nitrogen fixing bacteria. 
 
In savannah ecosystems, there is a critical balance between grass and trees/bush. If large areas 
are cleared of all trees and bush, grass growth may be very good in the first rainy season, but 
soil fertility is likely to decline over several years thereafter. This is particularly true in sandy 
soils, because these quartzitic sands have no intrinsic fertility.  
 
Soils in Namibia are intrinsically poor in certain nutrients. Therefore soil fertility relies on 
recycling nutrients to some degree. Bush and trees provide leaf litter, which helps to maintain 
carbon and organic nutrients in the soil. They also attract birds, insects and animals and which 
contribute their droppings and urine to the soil. In addition, trees bring up water and dissolved 
nutrients from deeper levels of the soil profile, while grass roots do not penetrate as deep. 
 
If all trees and bush are cleared, soil temperatures rise, soil moisture declines, and nitrogen 
fixing bacteria in the soil can’t operate. Perennial grasses tend to be replaced by annual grasses 
over time – most of which are less nutritious for wild grazers and livestock. 
 
It has been found that some of the most nutritious grasses are found growing under or close to 
large trees or around the edges of bush clumps. This further indicates the need to preserve large 
trees and bush clumps.  
 
De Klerk (2004, p.17) and the Draft Policy on Bush Encroachment (2005) recommend the 
approach of bush thinning rather than bush clearing. They provide a formula for the optimum 
number of trees/bushes that should be left. The formula is based on Tree Equivalents (TE). A 
Tree Equivalent (TE) is defined as an Acacia karroo tree of 1.5m height. Thus a 3m tree/bush 
represents 2TE, a 4.5m tree/bush 3TE. De Klerk (2004, p.18) recommends that: - 
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“As a rule of thumb, the number of tree equivalents per hectare after thinning should be in 
the order of 1.5 to 2.0 times the long term average rainfall (mm)”. Encroacher species as well 
as desired species should be taken into consideration. Not all of the encroacher plants 
should be removed because they also have benefits for soil fertility. Thus an area with an 
average rainfall of 400mm should have 600 to 800 tree equivalents. An area with 500mm 
should have 750 to 1,000 TE. The trees that are left should be made up of a diversity of size 
classes. 

 
Tree equivalents are a bit difficult to use as a measure, so CCA (2010) – for a project using 
harvesting machines – recommended that all trees taller than 4m should be left, as well as 10% 
of the bush (by area) to be left as bush clumps. On steeper slopes it was recommended that 
more bush should be left - at least 20%.Note that these recommendations applied to the use of 
harvesting machines, which cannot be completely selective – so this recommendation cannot be 
applied, without due consideration, to all situations and methods of bush management.  
 
 
11.4 Biodiversity: Species and Habitats  

Densely bush encroached areas are regarded as a degraded state of savannah ecosystems, in 
which the diversity of species is reduced (Maggs et al, 1998). The more natural condition is one 
of higher numbers of species – a fact that usually makes ecosystems more resilient. If one 
species becomes stressed, another takes it place for a time. It is particularly important in 
rangelands to maintain a diversity of grass species. In order to achieve that, it is necessary to 
maintain a diversity of habitat. 
 
Most important is the diversity of soil organisms  – bacteria, worms, insects etc. – that are 
adversely affected when the soil surface beneath becomes bare and hard and these organisms 
cannot function. These organisms are important for maintaining soil structure and permeability.  
 
Rangeland managers should seek to maintain a wide diversity of habitat, including trees of all 
sizes (bearing in mind that large trees will eventually die and need to be replaced), clumps of 
browser species, open grasslands, park-like habitats with large trees and grass, and even 
clumps of encroacher bush.  
 
 
11.5 Importance of Browser Bushes 

Wildlife such as kudu and other browsers help to keep bush under control to some extent and 
should be encouraged by also leaving clumps of browser species such a Grewia’s. Cattle also 
eat some browser bushes, seasonally, so it is undesirable to remove all such bushes.  
 
 
11.6 Protected Trees  

Many of the Protected species are frequently found amongst dense encroacher bush so they are 
at risk of being destroyed by bush management practices if not adequately managed – e.g. 
harvesting machines, arboricides, and even hand labour if not adequately supervised. 
 
Many species of Protected trees occur that have important ecological functions. Some provide 
valuable pods for wildlife and cattle at times of the year when there is not much else to eat. 
Many large tree species provide nesting sites for big raptors, that take hares, mice, and small 
birds, which between them eat grass, small herbs and grass seeds. Other Protected trees 
provide fruit for wildlife, birds, and people (e.g. Marula). Evergreen species such as Boscia 
albitrunca provide valuable browse at all times.  
 
In rare cases where a few Protected species may form small thickets, their removal is not 
justified because the ecosystem functions they provide outweigh any perceived disadvantages. 
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Many reports have been received of Protected species being killed by arboricides  (K. Coetzee, 
public meeting (CCA, 2010)), reported that a large Marula tree (Sclerocarya birrea) was killed by 
arboricides although it was 40m away from the nearest application of the chemical (by hand). 
Lateral root systems are known to be very extensive in many Namibian tree species. On a farm 
west of Outjo, Bockmühl (pers comm) reported that large mopane trees were killed by 
arboricides, which were applied at least 30m away. Boscia foetida trees/shrubs were also killed. 
Hoffmann (pers comm) recalls tests of the chemical Ustilan in the 1980’s applied as a liquid 
spray to sites near Otavi, Grootfontein, Otjiwarongo and Gobabis. He recalled that Acacia 
erioloba was badly affected but recovered after a few years. Albizia anthelmintica trees were 
killed. Boscia albitrunca was not affected by that particular chemical at the concentrations 
applied. A farmer (who requested to remain anonymous) reported from a farm in the Dordabis 
area. He used Limpopo or Molopo, applied selectively to bush by hand, and some Acacia 
erioloba trees were killed while others were badly affected but may still recover. The few Albizia 
anthelmintica and Ziziphus mucronata, which were nearby, also died. These are just a few first 
hand reports from reliable sources. Other reports have not been confirmed. Some farmers are 
reluctant to speak out against arboricides because they are being widely used by farmers in their 
communities. 
 
The foregoing does not necessarily imply that arboricides should be banned. However, it is clear 
that there is a need for thorough research on all the arboricides that are on the market in 
Namibia, to determine: - 
 

• which chemicals may kill Protected trees? 
• in what concentrations and by what method of application? 
• which species are adversely affected? 
• What are the safe distances from desirable trees? 
• What precautions need to be exercised in different soil types, etc? 

 
It is also clear that the manner of application should be far more strictly controlled, and 
supervised. In the author’s experience of environmental management on a wide variety of 
project types, poor training and poor supervision is the most common causes of unnecessary 
(avoidable) environmental damage .  
 
Other methods of management also pose risks to Protected species. Harvesting machines that 
are track-mounted are highly manoeuvrable and able to avoid most of the Protected trees. 
However, there is a need for comprehensive training of operators and supervision to ensure that 
this is achieved.  
 
Hand labour has sometimes been assumed to be the method that is most able to select target 
species. However, labourers have often been responsible for cutting down Protected trees. This 
is particularly evident in charcoaling operations, where even large trees like Leadwood 
(Combretum imberbe) are taken (Mannheimer, Strohbach, and Bockmühl – independently, pers 
comm). When one speaks to the farmers, they say the labourers are under instructions on which 
trees to leave. However, supervision is frequently inadequate to enforce the farmer’s 
requirements.  
 
Therefore it is clear that supervision (and training) is a critical issue – for all types of bush 
thinning operation - to ensure that only the target encroacher species are removed or killed.  
 
A list of Protected woody species in Namibia is provided in Appendix A.  
 
A few farmers have reported that a Protected species has formed thickets (e.g. Acacia erioloba) 
and they have wanted to remove them. However, in our experience and others consulted (e.g. 
Strohbach, pers comm) the extent of thicket formation by Protected species is small and does 
not  justify their removal. 
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11.7 Birds & Wild Fauna 

Simmons (2009) compiled a specialist report for CCA (2010) on the impacts of bush clearing on 
birds. Very briefly - he found that few species would be adversely affected by bush thinning and 
those few are not of conservation concern. The raptors, which are mostly of conservation 
concern, would benefit from opening up dense bush as it would enable them to see and hunt 
their prey. However, he recommended that all large trees (over 4m high) should be left. This 
includes dead trees, which offer nesting in holes for a variety of birds and small mammals. 
Raptors need large trees for nesting, and for perching while they hunt. Once again, such 
recommendations were project-specific.  
 
Joubert (2003) reviewed literature on the impacts of bush harvesting on fauna. In general the 
impacts on fauna (mammals, reptiles and amphibians) are more often expected to be beneficial 
rather than detrimental to faunal species. Cheetah, in particular, will benefit from large open 
areas where they can hunt down their prey. However, large and small animals need some trees 
and bush – for browse, shade, refuge, or stealth while hunting (e.g. leopards). Many small 
mammals and reptiles nest in cavities in trees, (e.g. bushbabies, bats, and genets). Therefore 
large trees should be left, and many bush clumps of varying areas up to 1ha or more should be 
left as well.  
 
 
11.8 “Bush Farming” Versus Management for Sustainable  Grazing  

Honsbein et al (2009) did a cost benefit analysis on various methods for bush thinning. The 
study found that, for a farmer to thin bush, the costs were not fully compensated by the 
increased grazing and cattle production. Therefore the farmer needs to get some cost recovery 
from the sale of bush. Farmers have debated Honsbein’s conclusion and also argued that bush 
utilisation will not be able to address the bush problem on a large scale (Schneider, pers comm).  
 
The value of bush as a potential resource is becoming recognised, particularly in the energy 
sector. Projects such as CBEND (SAIEA, 2010a) and bush-to-fuel for the Ohorongo Cement 
Plant (CCA 2010) are evidence of this. However, such projects alone will not be sufficient to 
solve the bush problem country-wide. 
 
The potential for bush harvesting for energy is considerable, and more initiatives are needed. 
However, some proposals have taken a “bush farming”  approach . Bush farming involves just 
cutting the bush and letting it regrow, then cutting it again after about ten years or more. 
However, a bush farming approach carries many risks, which were discussed by CCA (2010) 
and confirmed by farmers (Rangeland Forum Meeting, 10 September 2010) and a stakeholder 
meeting for this study (15 November 2010). These risks are summarised as follows: - 
 

• Some species are known to come up thicker than before after cutting. K. Coetzee (pers 
comm) stated that 4 years after cutting Dichrostachys cinerea (Sekelbos) densities 
became so high that cattle could not get access to grass. D. cinerea grows from stumps 
and from seeds that are stored in the soil and germinate in response to light when the 
bush is cleared. It can reach densities of 10,000 bushes/ha or more but long before that it 
will be too dense for cattle to enter. If the density increases from a few thousand to 
10,000 bushes/ha this will further reduce the grass that can grow beneath the bush 
resulting in bare soil with no surface cover. This increases the risk of soil erosion for a 
time after cutting, and during heavy rains.  

 
• In the example mentioned above, the grazing yield over a ten year period is expected to 

be very low because animals can’t get in after the first four or five years, but it takes 
about 10 years or more before the bush is grown enough to be worth harvesting again. 
Therefore the benefits of bush management for the farmer are very limited. For other 
species such as Acacia mellifera, this may be less of an issue. The seeds of A. mellifera 
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do not remain viable after the first season and there is a higher mortality resulting from 
cutting, especially if cut at certain times of the year. Therefore, this species may need 
less aftercare treatment in some cases.  

 
• Plant diversity will be reduced as bush densities increase. Many species of trees are able 

to survive amongst bush if they were there before the bush. However, for seedlings of 
Protected trees to establish in an area already infested with encroacher bush would be 
far more difficult. Therefore a bush farming approach will surely, over time, lead to 
reduced diversity in terms of the desirable tree species.  

 
• A bush farming approach is very unlikely to favour the establishment of a permanent 

cover of perennial grasses. This is explained very simply as follows. Following a 
disturbance of the natural balance (in this case bush encroachment and bush harvesting) 
a process of plant succession occurs in savannas. This is a gradual process, which 
typically begins with opportunistic pioneer species and progresses towards the 
establishment of perennial grasses, which are more durable, and often more nutritious. 
However, repeated harvesting represents a regular disturbance, which is more likely to 
favour the opportunistic annual grasses, which come up from seed every year and die in 
the dry season.  

 
• Perennial grasses, because their roots remain alive even when their leaves are grazed or 

burned, produce a spongy turf that slows surface flow and encourages infiltration. The 
permanent roots also minimise soil erosion. Since bush farming will not favour perennial 
grasses, it is logical to infer that it will also not optimise infiltration and hence the 
recharge of groundwater.  

 
For the above reasons, it is recommended that, following all forms of treatment, a programme 
of “aftercare”  should be implemented to manage the regrowth of encroacher species. This is 
the approach that is most likely to restore the ecosystem to sustainable rangelands  with 
optimum grazing capacity. 
 
Furthermore, there is so much bush available, that a “bush farming” approach is 
unnecessary . The bush resource will not be depleted in the foreseeable future, even if good 
aftercare programmes are implemented. To illustrate this point, here is an example. Energy for 
Future will substitute 73 – 79% of their coal requirement for the cement kiln with bush chips. 
They will use 85,000 tonnes of bush per year, harvested from an estimated 4,250ha. Their target 
area has a radius of 75km. CCA (2010) estimated that at that rate of consumption, it would take 
about 78 years to cover the bush encroached areas without returning to the same site!  
 
For all the above reasons, it is clear that the approach that will optimise resources overall (i.e. 
nutritious grazing, productive and resilient ecosystems, soil conservation, and groundwater 
recharge) is that of managing for sustainable rangelands.  
 
 
11.9 Charcoaling Operations 

Many farmers produce charcoal as one of their sources of income. Some say that this enables 
them to subsidise the costs of bush thinning. However, charcoaling does not solve the bush 
problem. This is because only the thicker stems (greater than 3cm) can be used for charcoal - 
whereas most of the bush stems in densely encroached areas are thinner than this. Moreover, 
there are many reports of large trees being taken for charcoal, including Protected species - 
refer to Section 11.6  above. The practice of paying labourers on the basis of the weight of wood 
they harvest, rather than hours worked, encourages them to take large trees. 
 
Projects that use for bush for fuel without making charcoal (e.g. CBEND and Energy for Future) 
can use small bush sizes and can therefore make a far greater contribution to the bush problem 
than charcoaling. 



 77 

 
In any event, the reported environmental problems associated with charcoaling operations, 
again highlight the need for improved supervision!  
 
 
11.10 Wetland Systems and Wildlife 

Particularly over the interior of Namibia, total vegetation cover can be expected to decline as a 
result of climate change (SAIEA, 2010b). This includes large trees in riverbeds – in semi arid 
and desert areas - that benefit from the linear aquifers as river flow penetrates the alluvial 
sediments. These large trees provide essential fodder for many species of wild animals, large 
birds, and also for domestic livestock – especially in times of drought. 
 
Therefore, to the extent that bush management activities can increase the flow of streams and 
rivers, recharging their alluvial aquifers, such activities would provide environmental benefits. 
Since many rivers flow from bush encroached areas through the Namib Desert, the 
environmental benefits of improved flow would be felt way beyond the bush encroached areas. 
 
 
11.11 Endemic Aquatic Fauna in Karst Caves 

An Environmental Impact Assessment was carried out for Water Abstraction from the Karst 3 
and Tsumeb (Karst 4) Aquifers (AfriDev, 2004). It considered the environmental impacts of large 
scale water abstraction from these limestone and dolomite aquifers for water supply to the 
Central Areas of Namibia.  
 
The study found cause for concern about the potential impacts of lowering the water table. Some 
unique aquatic fauna occur in karst caves, sinkhole lakes (e.g. Otjikoto Lake) and springs. A 
drop in water table could pose a threat to certain species of aquatic fauna that are found 
nowhere else in the world. Namibia, as a signatory to the Convention on Biodiversity, has an 
international obligation to protect its endemic species. AfriDev (2004)  - summarised by Eco.plan 
(2004) - provided many examples of aquatic species that are endemic to Namibia’s karst caves, 
sinkhole lakes and springs: - 
 
Karst wet caves: 

• In Aigamas cave water level dropped at one stage by 40m in 10 years. This cave is the 
only known habitat for the threatened blind Cave Catfish (Clarias cavernicola).  

• Three species of scuds (Amphipoda), which are endemic blind amphipoda, are known 
only from the karst area – Dragon’s Breath Cave and one from the farm Mannheim. 

• Three species of endemic Isopoda (Pill Bugs) that have limited ranges, have been 
recorded in the area – one from each of 3 caves, namely; Dragon’s Breath Cave, Aikab 
Cave and Aigamas Cave. 

 
Karst lakes: 

• Lake Guinas is home to the Otjikoto Tilapia (Tilapia guinasana) which originally occurred 
only in this lake and is critically endangered. 

• Lake Otjikoto is the home of the Southern mouthbrooder (Pseudocrenilabrus philander) a 
widespread and common fish, although the population in this lake differs from those 
found elsewhere.  

 
Spring Ecosystems are ecologically important for a variety of aquatic invertebrates, amphibians, 
birds and mammals. AfriDev (2004) documented a number of species that are associated with 
springs fed by groundwater in the karst areas and which are at risk from water abstraction (or 
climate change) if water tables are lowered excessively.  
 
The concern even extends as far as the Etosha. While the links to the karst systems of the Otavi 
Mountain Lands are not clear, AfriDev (2004) concluded that the possibility of adverse effects on 
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Etosha Pans from a regional groundwater lowering cannot be ruled out when time spans of 
decades are considered. SAIEA (2010b) pointed out that, in the context of climate change, any 
reduced inflows into the Etosha Pans may impact on natural springs around the southern parts 
of the pan. This would have a secondary negative impact on conservation and the benefits of 
conservation for tourism in Namibia. 
 
There are likely to be increased demands on water from the karst areas for human use in future, 
and the likelihood of reduced rainfall due to climate change will put further pressure on those 
karst systems. Therefore, if groundwater recharge can be increased by thinning encroacher 
bush, this will help to protect the organisms found only in the Karst, and enhance the levels of 
abstraction that can be achieved without further endangering those unique organisms. 
 
 
11.12 Increased salinity 

Le Maitre, Scott & Colvin (1999) reviewed numerous studies on the effects of large woody plants 
on water quality. One of the issues that emerged from studies in western and south-eastern 
Australia was that of increased salinity in soils following clearing of woodlands and forests for 
agriculture. Clearing of natural woodland or forest resulted in rising groundwater tables and as a 
consequence, salinisation of soils. This was in winter rainfall areas with 500-1,200mm rain/year, 
pan evaporation rates of 1,200 to 1,800mm/year, and highly permeable soils.  
 
No evidence of such an issue has come to light in Namibia, where the conditions are different. 
Bockmühl (pers comm) has pointed out that there were no known salinity problems before bush 
encroachment really became obvious in the 1950s. Therefore there is no known cause for 
concern about this issue here, but water quality should be monitored.  
 
 
11.13 Recommendations for Further Study 

There is a need for comprehensive and ongoing research programmes to measure the impacts 
of bush harvesting and arboricides. The research should include the various methods of bush 
harvesting/killing that are commonly used, and it should be done in different bush encroached 
parts of the country. The research should study issues in two ways: - 
 

• On selected sites, study certain aspects before harvesting, and then annually for at least 
10 years after harvesting,  

• Compare sites that are nearby to one another, which have similar geology, soils, species 
etc., but one with a healthy grass and tree savannah and the other densely bush 
encroached.  

 
The following aspects need to be researched: - 
 

• Impacts on soil erosion – to determine more comprehensive guidelines on the limitations 
that should be imposed regarding slopes, and soil types, 

• Impacts on soil fertility – in different types of soils,  
• Impacts on Protected species as a result of arboricides, machine harvesting and even 

hand cutting (e.g. for charcoal), 
• Groundwater recharge, 
• Groundwater quality (including salinity as a precaution). 

 
 
11.14 Recommendations for Policy and Implementation  

• There needs to be a review of policy on the use of fire as a means to prevent re-
encroachment that have been treated for bush.  
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• The use of chemicals / arboricides may need to be better regulated. 
• Programmes to encourage or support bush management should require that appropriate 

aftercare measures are undertaken by farmers. 
• Opportunities for more use of bush in the energy sector (e.g. power generation) need to 

be investigated. 
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12 SYNOPSIS  

 
 
12.1 Problem and Resources 

Encroacher bush has been recognised for many years as a problem for farmers, having a major 
economic impact on grazing capacity and livestock production in commercial and communal 
areas of Namibia. In some areas falling groundwater levels have considerably increased the 
costs of water provision on farms, and in some cases even threatened to become a limiting 
factor for livestock production. It has also been understood for some time that the adverse 
economic implications extend to downstream industries, services, and limit the exports of beef. 
The problem has tended to be viewed by the Namibian Government as a problem for the 
farmers themselves to solve.  
 
In reality, while some farmers have found ways to achieve some cost recovery from bush 
management, or to diversify their activities (e.g. tourism and hunting/game farming) others have 
been constrained by the burden of debt and low livestock productivity. Lower farm productivity 
has meant that farmers have also been inclined to employ less people on commercial farms. In 
communal areas, the problem of bush management is complicated by questions of who will take 
responsibility for bush thinning and who will benefit from it.  
 
What has also been clear for some years is that bush encroachment cannot be reversed without 
some external intervention. 
 
In recent years, it has become increasingly apparent that the bush problem has consequences 
that extend far beyond the farm boundary. By reducing groundwater recharge, encroacher bush 
is threatening water resources that are needed for industries, mines, urban areas and rural 
villages. This report has shown how water is a limiting factor for economic development. It has 
also shown how bush thinning can help significantly towards restoring groundwater resources.  
 
The use of bush as a fuel resource is becoming recognised. Far more could be done to promote 
its use, especially in the energy sector, for power generation9. However, while bush utilisation 
could (and should) make a contribution, it is not forseen that bush utilisation (alone) would be 
able to solve Namibia’s bush problem over the next few decades. Other forms of intervention will 
be needed as well for the problem to be addressed on a large scale. 
 
 
12.2 “Green Water” and Groundwater Resources 

The review of literature for this report, has found clear evidence that the water lost through 
evaporation and transpiration by large woody plants (evapotranspiration) has a direct negative 
impact on groundwater resources. Encroacher bush, like plantations of trees, intercept water 
both above and below ground, which is then lost to the atmosphere. This loss has been referred 
to in some papers as “green water”. This report has provided rough estimates of transpiration 
losses. More research is desirable to improve our quantification of these losses. However, it is 
already clear that losses by evapotranspiration comprise by far the largest single “use” of rainfall 
in Namibia. This also has been shown by other studies around the world.  
 
A more direct approach to understanding the impacts of encroacher bush on water resources is 
to measure the effects on groundwater recharge. This is what Bockmühl has done in his study 
on the Platveld aquifer in Namibia. Comparing the groundwater recharge in bush encroached 

                                                
9  All of southern Africa is facing a shortage of electrical power and the need for alternative and renewable sources is 
clear (CCA, 2009). For example, could encroacher bush be blended with coal in power stations like Van Eck?  
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areas versus veld in good condition, proved to be a direct way to determine the impacts of dense 
bush on groundwater recharge. Such studies need to be replicated through pilot studies in other 
parts of Namibia so that better estimates can be obtained regarding the volumes of groundwater 
recharge that can be achieved by thinning bush. 
 
In this report, the economic value of different water uses has been demonstrated, and the 
economic consequences (e.g. for mining and industry) of interrupted water supply have also 
been highlighted. Once realistic estimates can be made of the potential for enhanced recharge 
volumes that can be achieved through bush thinning - in different environmental conditions – 
then it will be possible to evaluate, in monetary terms, how much money should be spent on 
programmes to implement bush thinning, or at least to promote such activities. The initial 
estimates in this report strongly suggest that a financial commitment by Government to support 
bush management programmes would be economically justified - in terms of the value added to 
the Namibian economy via improved groundwater recharge. The cost of extending abstraction 
and supply infrastructure is another factor that is expected to justify the alternative of enhancing 
recharge where there is existing infrastructure (e.g. in the case of Otjiwarongo).  
 
Groundwater resources will very soon become a limiting factor for many towns and rural villages 
that rely entirely on groundwater. That would have a direct impact on economic growth in those 
towns. A secondary impact of limiting economic growth would be to aggravate the existing trend 
of migration towards the larger urban centres. This trend carries with it various social problems 
and places further stress on supply of services in those larger urban centres. 
 
This report has presented ideas for requiring mines and industries with high water demands to 
contribute towards bush management in some way, in order to enhance the water resources that 
they need. Precedents have been set in South Africa – e.g. the SA Breweries clearing alien 
invasive plants to improve water supply, and companies owning plantations of trees being 
charged for the water they use.  
 
 
12.3 Bush and Surface Runoff to Dams 

The relationship between encroacher bush and surface runoff is not entirely clear. It is known 
that good rainfalls in one year will reduce runoff in the following year if the same amount of rain 
falls. This is due to the effects of ground cover such as grasses, which reduce surface runoff and 
increase infiltration.  
 
In the case of encroacher bush, grass cover beneath dense bush is suppressed so that the soil 
is bare. This means that the rainfall that is not intercepted above ground runs over the bare soil 
quickly and causes erosion – increasing silt load that will reduce the lifespan of the storage 
dams.  
 
In some catchments, such as rivers that flow to the coast, recharge of alluvial aquifers occurs 
from surface flow, and can be utilised by towns and mines at the coast – e.g. Kuiseb and Omdel 
Rivers.  
 
The enormous evaporative losses from dams makes them fairly inefficient for storing water. To 
reduce such losses, the artificial recharge of the Windhoek Aquifer is being implemented. This 
scheme underlines the importance and potential of aquifers in the ‘big picture’ of water 
resources. Here too, bush management could add value by enhancing natural recharge to the 
south of the Windhoek basin.  
 
 
12.4 Employment Creation 

Unemployment in Namibia is currently running at approximately 50% so there is a critical need 
for job creation. The need to manage bush, provides considerable opportunities to employ 
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people – whether through bush harvesting, selective application of arboricides by hand, and 
aftercare to control the regrowth.  
 
SAIEA (2010a) interviewed many farmers regarding the CBEND bush-to-electricity concept and 
pilot project. Some said they had experienced difficulty in getting sufficient labour to do the 
physically demanding work of cutting bush or wood for charcoal production. They reported a 
high staff turnover as labourers find the work physically too demanding. This suggests that a 
semi-mechanised approach to bush harvesting may be more appropriate, or applying 
arboricides by hand. 
 
Whatever means of bush killing or removal is used, many labour opportunities are created. Even 
following the highly mechanised approach of Energy for Future, which employs only a small 
number of people who must be skilled, a secondary opportunity will be created as farmers need 
to employ people to do aftercare. 
 
 
12.5 Climate Change 

The impacts of climate change to 2050 or 2080 are projected to be a warming and drying trend 
in the interior of Namibia. Plant productivity is expected to decrease as rainfall decreases, while 
soils deteriorate further in terms of carbon content, less soil micro-organisms such as those that 
fix nitrogen, and lower soil moisture content.  
 
Thus the impacts of climate change on agriculture will act in the same direction as the impacts of 
bush encroachment. As de Klerk (2004) pointed out, bush uses soil water less efficiently than 
grass. While bush encroachment increases the frequency and severity of ‘artificial droughts’, 
climate change will have the same effect.  
 
The impacts of climate change on water resources will aggravate the current growing stresses 
upon increasingly scarce water resources. 
 
It is clear therefore that all three sets of circumstances are working together in the same 
direction to place further stresses on water resources: - 
 

• Human needs for water resources and related economic development, 
• Bush encroachment, 
• Climate change.  

 
This report has set out evidence from a number of sources to support the recommendation that 
co-ordinated programmes to remove excess bush could make a substantial contribution to 
adapting to: - 
 

• Enhancing aquifer recharge to improve water resources, 
• Restoring productive grazing lands, especially by increasing the prevalence of perennial 

grasses, and 
• Adapting to climate change.  

 
 
12.6 Biodiversity Issues 

We have referred to a number of aquatic organisms in karst caves (e.g. the blind catfish) and 
springs, that will be under threat if groundwater levels fall significantly. Namibia has an 
obligation, under international law, to conserve its endemic and rare organisms. Bush 
management resulting in enhanced groundwater recharge will enable more water to be 
abstracted safely from the karst aquifers before posing a threat to these unique species. 
 
Etosha pans may also be affected by groundwater levels in the karst – over long time spans.  
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Bush encroachment has been identified as a threat to terrestrial plant biodiversity as well, as it 
tends to create a ‘near-monoculture’ – with just a few dominant species.  
 
Many species of fauna will benefit from bush thinning while few will be disadvantaged. In the 
case of birds, bush thinning will produce a net benefit to several species of conservation 
concern, while no species will be seriously disadvantaged – providing all large trees, and 
Protected trees are left, and some bush clumps as well.  
 
 
12.7 A Balanced Ecological Approach 

It is clear that, from all points of view that bush thinning is needed on a large scale – water 
resources to supply economic development (industries, mines, services and agriculture), socio-
economic concerns, potentially energy supply, and even ecological perspectives. 
 
The need for large scale co-ordinated programmes by Government and the private sector to 
support bush thinning is clearly indicated because the benefits will extend way beyond the farm 
boundaries. 
 
However, any such programmes must be carefully structured to ensure a balanced and holistic 
approach. The concern here is not just for conservation, but for an understanding that natural 
systems provide “ecosystem services” that protect soil and water resources. It is essential to 
achieve the right ecological balances and minimise negative environmental impacts – as 
explained briefly in Section 11 , above. Failure to do so will result in a decline in the ability of 
natural environments to support human needs. 
 
Ultimately, the needs of water resources and agriculture will best be served by achieving and the 
restoration of the resilient ecosystems resembling those that prevailed before bush 
encroachment began to dominant (believed to be in the 1950s).  
 
Section 11 drew attention to a number of environmental risks that need to be kept in mind if 
rangelands and water resources are to be optimised and sustained in the long term. We have 
emphasised that a “bush farming” approach is unlikely to optimise rangelands in the long term. 
The objective should rather be to achieve sustainable rangelands. We have also emphasised 
the need to preserve Protected trees and large trees for a variety of reasons.   
 
In our view, it is possible to achieve bush thinning by a variety of methods without causing 
significant environmental harm – but this requires a high level of training and supervision, 
whatever the methods used. Provided there is adequate commitment in that regard, it is possible 
to achieve a win-win-win-win situation. A win for the farmers, a win for the environment, a win for 
water resources and a win for Namibia’s economy.  
 
 
12.8 Research: New and Ongoing 

Recommendations have been made throughout this report for further research. In the context of 
imminent shortages of water in many areas, and an urgent need for job creation, time is short. 
Therefore Namibia cannot afford to allow a desire for perfect scientific information to be an 
excuse for not taking action to manage bush encroachment effectively. There is a need to 
distinguish between research that would be of scientific value and “nice to have” on one hand, 
and research that is necessary to justify Government action on the bush problem. 
 
In the view of the study team, there is already sufficient scientific evidence available (at home 
and abroad) to indicate that bush thinning is necessary for all the reasons we have discussed. 
Research needs are urgent and ongoing, but this should not be an excuse for inaction. 
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We recommend that the way forward should be to implement several pilot projects to manage 
bush – giving priority to areas of high groundwater potential, and areas that are facing imminent 
groundwater shortages. These pilot projects should be aimed at further quantifying the volumes 
of enhanced recharge, then determining the monetary value of the water resources gained. This 
will in turn allow informed decisions to be made concerning the wider replication of such bush 
management projects.  
 
At the same time the pilot projects will provide an opportunity for research into environmentally 
friendly methods to manage bush while protecting biodiversity and desirable tree species. In 
particular research is needed in regards to the following in the short, medium and long term: - 
 
a) The environmental impacts  of projects that harvest or kill encroacher bush by various 

means, 
b) Impacts on vegetation  (e.g. grass species, bush species, plant biodiversity and Protected 

species issues – including the impacts of arboricides), 
c) Impacts on soil (e.g. soil fertility, soil organisms, soil types and erodibility), 
d) Impacts on groundwater  (e.g. recharge in relation to rainfall) 
e) Impacts on groundwater quality . 
 
A Discussion Document No.1 was presented to the Director of Forestry (25 August 2010) by 
Colin Christian & Associates – to kick off discussion relating to these research needs - but it has 
yet to be taken further, partly due to lack of funding.  
 
In conclusion, bush thinning programmes should be designed to simultaneously address the 
following key issues in the short, medium and long term: - 
 

• Restoration of productive rangelands - having a good balance between grasses and 
woody components,  

• Restoring resilient ecosystems with high biodiversity,  
• Enhancing groundwater recharge, and 
• Encouraging employment creation (not merely bush cutting but also aftercare). 

 
All of the above, acting together, should benefit present and future generations of Namibians.  
 
Government needs to explore creative ways to fund such efforts, also in collaboration with the 
private sector – whether mining, industry or bush utilisation projects. A few suggestions have 
been made in this report. In particular, the energy sector offers possibilities that have yet to be 
explored.  
 
 

*******
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APPENDIX A: Legal and Conservation Status of Large Woody Species in Namibia 

Only those species that are protected under Nambian law or are in the ‘high risk’ red-data categories or 
listed in the CITES appendices are listed below.  There are numerous other species that have been 
assessed for red data status and have been found to be under a low risk of extinction and of least concern 
(LR-lc).  Some species assessed as ‘high risk’ in 2002, but more recently reassessed as data deficient 
(DD), rare or low and of least concern (LR-lc) in 2005, have also been included. 
 

SPECIES PROTECTED RED DATA CITES ENDEMISM 

Acacia erioloba F    
Acacia haematoxylon F    
Acacia montis-usti F LR-lc  E 
Acacia robynsiana F LR-lc  nE 
Acacia sieberiana F    
Acanthosicyos horridus F LR-lc  nE 
Adansonia digitata F    
Adenia pechuelii  LR-nt  E 
Albizia anthelmintica F    
Aloe dichotoma NC LR-lc C2  
Aloe littoralis NC LR-lc C2  
Aloe pearsonii NC LR-nt C2  
Aloe pillansii NC EN C1 nE 
Aloe ramosissima NC LR-lc C2  
Baikiaea plurijuga F LR-nt   
Berchemia discolor F    
Boscia albitrunca F    
Boscia angustifolia var. corymbosa  LR-nt   
Boscia tomentosa  LR-nt   
Burkea africana F    
Caesalpinia merxmuellerana  LR-lc  E 
Colophospermum mopane F    
Combretum Imberbe F    
Commiphora cervifolia  LR-nt  nE 
Commiphora gracilifrondosa  LR-nt  nE 
Commiphora oblanceolata  LR-nt  nE 
Cyphostemma bainesii NC LR-lc  E 
Cyphostemma currorii NC    
Cyphostemma juttae NC LR-lc  E 
Cyphostemma uter NC LR-lc  nE 
Domebya rotundifolia var. velutina  LR-lc  E 
Elaeodendron transvaalense F    
Elephantorrhiza rangei  DD  E 
Entandrophragma spicatum F    
Erythrina decora F LR-lc  E 
Euclea asperrima  LR-nt  E 
Euclea pseudebenus F    
Euphorbia avasmontana   C2  
Euphorbia damarana   C2 E 
Euphorbia eduardoi  LR-lc C2  
Euphorbia espinosa   C2  
Euphorbia gregaria   C2  
Euphorbia guerichiana   C2  
Euphorbia gummifera  LR-nt C2  
Euphorbia ingens  DD C2  
Euphorbia matabelensis   C2  
Euphorbia venenata  DD C2 E 
Euphorbia virosa     
Faidherbia albida F    
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SPECIES PROTECTED RED DATA CITES ENDEMISM 

Ficus burkei F    
Ficus cordata F    
Ficus sycomorus F    
Guibourtia coleosperma F    
Kirkia acuminata F    
Kirkia dewinteri  R  E 
Lannea discolor F    
Maerua schinzii F    
Moringa ovalifolia NC    
Ochna pulchra F    
Olea europaea subsp. cuspidata F    
Ozoroa crassinervia F    
Ozoroa namaquensis  R   
Pachypodium lealii NC  C2 nE 
Pachypodium namaquanum NC LR-nt C1  
Pappea capensis F    
Parkinsonia africana F    
Peltophorum africanum F    
Philenoptera nelsii F    
Philenoptera violacea F    
Pterocarpus angolensis F    
Rhus lancea F    
Salix mucronata F    
Schinziophyton rautanenii F    
Schotia afra var. angustifolia F    
Sclerocarya birrea subs. Caffra F    
Securidaca longepedunculata F    
Spirostachys africana F    
Sterculia africana F    
Sterculia quinqueloba F    
Strychnos cocculoides F    
Strychnos pungens F    
Strychnos spinosa F    
Tamarix usneoides F    
Tylecodon paniculatus  LR-nt   
Welwitschia mirabilis NC  C2  
Ziziphus mucronata F    

 
Source: Curtis, BA & Mannheimer CA, 2005. Trees Atlas of Namibia. Windhoek: National Botanical Research 
Institute.  
 

Abbreviations: - 
 

Protected under Namibian legislation: 
F = Forestry Ordinance No. 37 of 1952 and/or Forest Act no. 72 of 1968 
NC = Nature Conservation Ordinance No. 4 of 1975 

 

Red data status (as assessed by Craven & Loots (200 2) and Loots (2005): 
EN = endangered 
DD = data deficient 
LR-lc = lower-risk, least concern 
LR-nt = lower-risk, near-threatened 
R = rare 

 

CITES protection: 
C1 = CITES, Appendix 1 
C2 = CITES, Appendix 2 

 

Endemism: 
E = endemic 
nE = near-endemic 
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APPENDIX B: List of Some Important Browser Bush Spe cies 

 
 

Scientific Name English Name Afrikaans Name Oshwambo 
Otjiherero 

Bauhinia petersiana Coffee neat’s foot Koffiebos Omutwanghuta / 
Omukatjipera  

Combretum apiculatum Kudu bush, red bushwillow Koedoebos Omumbuti / 
Omunaluko 

Combretum hereroense Mouse-eared combretum Kierieklapper  
Croton gratissimus Lavender croton Laventelbos Mbango / 

Omumbango 
Dombeya rotundifolia Wild pear Drolpeer Omuryahere 
Ehretria alba 
(= Ehretria rigida) 

White puzzle-bush Deurmekaarbos Omusepa 

Euclea undulata Common guarri Gewone ghwarrie / 
besembos 

Omukarambandje 

Grewia bicolor Two-coloured raisin bush basterrosyntjie Omuhonga / 
Omundjembere 

Grewia flava Velvet Raisin  Rosyntjiebos Omuvapu 
Grewia flavescens Sandpaper raisin Skurweblaar rosyntjie Omuhe 
Tarchonanthus camphorates Wild camphor Vaalbos Omuteatupa 
Terminalia sericea* Silver cluster-leaf Geelhout Omuseasetu 
Ziziphus mucronata Buffalo thorn Blinkblaar wag-‘n-bietjie Omukaru 

/Omukekete 

Strohbach (2009) 
 
Note: This list is not comprehensive.  



 98 

APPENDIX C:   Explanation of Water Use/Consumption of Key Plant Species 

 
This section provides a fuller explanation of Secti on 3.4 in the main report. 
 
The term evapotranspiration is used to describe the sum of evaporation and transpiration losses 
from the earth and vegetation to the atmosphere. This is illustrated in Figure 9 .  
 

 
 

Figure 9 : An illustration of the term evapotranspiration. 
  
 
Table 4  illustrates the huge difference in water-use between benign fodder/browser bushes - 
such as Boscia albitrunca and Grewia flava - and an encroacher plant like Acacia mellifera. The 
mean daily transpiration of Acacia mellifera (2.5m high) is 4 to 8 times more compared with the 
desired bushes and shrubs (Donaldson,1969). 
 
Because of the high transpiration rates associated with problem bush, their adverse impact on 
water-use efficiency of the grass component is extremely severe. In practice, 500 Acacias/ha 
(2.5m high) extract as much water as two windmills on one hectare, pumping at a rate of 2,000 
litres for 8 hours a day each. 
 
 
Table 4: The size, leaf area and relative transpirat ion of some woody plants and grasses 
 

Approximate size and foliage 
spread of plants 

Woody plant species 
EB = encroacher   
         bush 
T   = benign tree 
BB = browser bush 
G = grass 

Height 
(m) 

Crown 
diameter 

(m) 

Canopy 
area 
(m2) 

Total 
leaf 
area 
(m2) 

Mean relative 
transpiration 

per 8-hour day 
per plant  
(Litres) 

Mean daily 
relative 

transpiration per 
500 woody 

plants or per 
100,000 grass 
plants (Litres) 

T. sericea  (EB) 2.8 2.8 6.0 28.55 16.64 8,320 
A. mellifera (EB) 2.5 2.8 6.0 55.68 64.8 32,400 
B. albitrunca (T) 1.2 1.5 2.0 13.58 13.84 6,920 
Grewia flava (BB) 1.2 1.9 2.0 8.82 7.68 3,840 
Antephora pubescens 
(G) 

0.28 0.15 0.018 0.141 0.344 34,400 

Eragrostis 
lehmanniana (G) 

0.21 0.15 0.018 0.038 0.075 7,500 

Schmidtia 
pappophoroides (G) 

0.19 0.15 0.018 0.074 0.116 11,600 

Source: Donaldson (1969). 
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Fodder (or browser species) are woody plants that are browsed by wildlife and small livestock, 
and even by cattle when grass is scarce. These non-problematic species comprise about 30% to 
40% (±1,100 bushes + trees/ha) of the total bush population, but they occur in the same areas 
as the encroacher species. Fodder bushes also suppress perennial grasses and total grass 
cover significantly (De Klerk, 2004).  
 
The mean cumulative seasonal biomass production was monitored over the period 1985/6 to 
2001/2 and has been calculated from NOAA-AVHRR and SPOT-VEGETATION NDVI satellite 
images. The biomass includes trees, shrubs, grasses and herbs. (The estimation of biomass 
production is based on the spectral behaviour of a living leaf.) The average biomass yield varies 
between 1,200 in the west and 3,600 kg/ha in the north eastern part of the affected area with an 
estimated average yield of 2,200 kg biomass over the entire area (De Klerk, 2004 based on 
unpublished data of M. Coetzee, MAWF).  
 
In a 450 mm zone with poor rangeland condition the grass production at a rate of 1.2 kg/ha/mm 
rain (De Klerk unpublished) can be estimated at 540 kg /ha. Therefore the difference between 
total biomass and grass production gives woody biomass, which is in the order of 1,660 kg/ha 
(See Figure 10 , below).  
 
Felker et al (1980) found that Prosopis trees use 1,700 litres of water to produce 1 kg of dry 
biomass. No information pertaining to the encroacher species could be found but it can be 
assumed that the encroacher species use a little bit less water and therefore a figure of 1,500 
ℓ/kg woody biomass can be assumed. It was also found that between 0.49 and 0.72 m3 water 
was needed to produce 1 kg of dry grass - on average 0.57 m3 (Herrero et al, 2007). 
 
Based on these findings the total amount of water intercepted by bushes can be estimated in 
various ways, as follows (it is important to note that the models used only reflect an approximate 
figure). 
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                                Figure 10 : Mean total Biomass Production (kg/ha) 
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13.1.1 Using average annual yield of woody biomass  

The total average yield of biomass/ha times by the amount of water needed to produce 1 kg dry 
biomass/ha = 1,660 kg woody biomass x 1,500 litres/kg biomass = 2,490 m3 of water = 12.45 
million m3 on a 5,000 ha farm. 
 
If the average biomass production (± 2,460 kg/ha) in the main problem area is taken into 
consideration the total water use will be 18.45 million m3 on a 5,000 ha farm. 
 
 With 400 mm rain on 5,000 ha the total amount of water received is 20 million m3. Therefore the 
amount of water used by bush is a very substantial proportion!  
  
 
13.1.2 Using total transpiration rates, Tree Equivalents (TE) and Growing Period to determine 

water losses 

The total average number of problem species in the entire problem area is 2400/ha. Although 
the percentage of Acacia mellifera varies substantially between Agro-Ecological Zones, the 
average contribution of this species to the total number of problem bushes is 36% representing 
860/ha. Furthermore, 42% of these bushes were smaller than 0.5 meters, 50% were between 
0.6 and 1.9 meters while 8% were taller than 2 meters. According to the definition that one Tree 
Equivalent is an Acacia karroo tree of 1.5 m high (Teague et al. 1981), the 860 Acacia mellifera 
bushes represent 427 TE/ha while the 500 A. mellifera trees/ha, (with a height of 2.5 m) – 
mentioned in Table 4 - represent 830 TE. 
 
The other problem bushes total 1,540 /ha and represent 830 TE. Their transpiration rate is 
based on a figure of 6,000 litres/ha/day.  
 
The optimal Growing Period suitable for cattle ranching according to Verheye and Coetzee 
(2003) is 120 days. If less it shows limitations for production. In the problem area the Growing 
Period varies from 60 to 120 days. For the purpose of this study a Growing Period of 90 days is 
used – Based on the map of Growing Period Zones, Figure 11 . 
 
A Growing Period is defined as the period in the year when precipitation is higher than half the 
potential evapotranspiration - this being an expression of the water consumptive use of an 
average grass cover – extended by the time that the soil moisture storage is depleted and at 
times when the mean air temperature is above 6.5 °C ( FAO, 1978).  
 
The nature of a Growing Period reflects the (continual) availability of moisture to plants Verheye 
and Coetzee (2003). 
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    Figure 11 : Growing Period Zones of Namibia (MAWF, 2005) 
 
 
Based on the abovementioned information the following water use is projected on a 5,000 ha 
farm situated in a 90 days Growing Period: 
 
(a) 427 Acacia mellifera Tree Equivalents use:  
 

32,400 liter/ha/day x 90 days (Growing Period) x 427 A. mellifera TE per   
 ha/830 TE/ha x 5000 ha = 7.50 million m 3. 
  
(b) 839 TE (Other bushes) use: 
 

6,000 liter/ha/day for other trees x 90 days (Growing Period) x 830 other problem TE per 
ha/ (500 x 1.5 meter bushes = 500 TE) x 5,000 ha = 4.48 million  m3.  

 
Total (a) + (b) = 11.98 million m 3 water.  
 
The total water run-off will vary substantially pending the slope in the various Agro-Ecological 
regions. (With 400 mm rain on 5,000 ha the total amount of water received is 20 million  m3). 
 
It must be noted that the impact of these bushes will even be greater during years with below 
average rainfall. What is alarming is the large percentage of bushes smaller than two meters 
which use less water than the bigger ones. If they reach extend in size the loss of precious and 
scarce rain water could even be higher.  
 
An ideal veld composition of desired trees, bushes, shrubs, climax grasses, and herbaceous 
plants will differ for each separate Agro-Ecological Zone. The following could serve as a 
hypothetical example on a restored farm with 400mm annual rainfall: - 
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   30 trees/ha   Average 3 meter high       60 TE /ha 
 130 bushes/ha   Average 2 meter high   170 TE /ha 
 100 bushes/ha   Average 1 meter high     67 TE /ha 
 300 herbaceous plants/ha Average 0.3 meter high      60 TE /ha 
 560/ha  Total          357 TE/ha 
 
The water use on a 5,000 ha farm (400 mm annual rainfall) can be calculated as follows: - 
 

6,000 litres X 90 days (Growing Period) x 357 TE/ (500 x 1.5 meter bushes = 500 TE)  
 = 1.93 million m 3  
 

5 % water run-off = 1 million m 3 (of which most will be captured in pans, dams and 
rivers). 

 Total water use = 2.93 million m 3 
  
The grass yield under such circumstances will be in the order of 1,200 kg/ha. At an average 
water use rate of 0.57 m3/kg dry grass the total amount needed on this farm will be 3.42 m3. 
 
 Total water use =  
 Woody component:  2.93 million m3  
 Grass component:  3.42 million m3  
 Total:   6.35 million m 3 
 
13.1.3 Using total canopy area to calculate transpiration 

The best alternative method, to calculate how much water is lost by transpiration, is to use total 
canopy area. Unfortunately no data is available to indicate the total canopy area per hectare and 
the contribution of various trees/bushes to this total. If however the same ratios of problem and 
non-problem species are used as above and using the same amount of water transpired by 
them, the amount of water used by the problem bush component will be 11.72 million m3 

water/season on a 5,000 ha farm.  
 
An ideal veld composition of desired trees, bushes, shrubs, climax grasses, and herbaceous 
plants will differ for each separate Agro-Ecological Zone. Using a hypothetical example on a 
restored farm with 560 bushes/ha (357 Tree Equivalents/ha) the comparative water use of the 
woody component and the grass will be 6.35 million m 3 on a 5,000 ha farm. This in stark 
contrast with the water losses from bush encroached areas calculated in sub-sections above. 
 
The difference in the total amount of water transpi red between an encroached area (2,400 
bushes/ha) and an area with a favourable ratio of t rees, bush and grass is in the order of 
6 million m 3 on a 5,000 ha farm. 
 
The present capacity of the Hardap dam is 290 million m3 (Heyns, personal communication). 
This means that the annual loss of water as a result of transpiration on ± 50 farms of 5,000 ha 
each or 250,000 ha is equal to the amount of water in the Hardap dam. By combating 
encroacher bushes effectively on 26 million hectare s Namibia could save water in the 
order of the content of 100 Hardap dams.  
 
It is well known that the encroacher species start flowering ± in October of each year. Thereafter 
they produce pods/seeds and leaves. This happens with carry over moisture from the previous 
season as well as stored energy in the plants. How much water is used in this process is not 
known and this water use is not included in the calculations above. 
 
It must be noted that the adverse impact of these bushes will even be greater during years with 
below average rainfall. What is alarming is the large percentage of bushes smaller than two 
meters which use less water than the bigger ones. If they reach extend in size the loss of 
precious and scarce rain water could even be higher.  
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APPENDIX D: POLICIES AND LEGISLATION  

 
As far as land degradation (which includes bush encroachment) is concerned, Government has 
committed itself in terms of direct involvement and support to the agricultural sector through the 
introduction of several new policies and laws, directly relevant to a bush control strategy.  These 
include the: - 
 
• The Constitution of the Republic of Namibia 
• National Agricultural Policy, 1995 
• National Drought Policy and Strategy, 1997 
• Soil Conservation Act, 1969 (No.76 of 1969) 
• Water Resources Management Act, 2004 
• Forest Act, 2001 (No 12 0f 2001) 
• Forest Development Policy of Namibia, 2001 
• Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies Act, 1947 (Act 36 of 

1947) 
• Labour Act, 2007 (No. 11 of 2007)  
• Weeds Ordinance, 1957 (No.19 of 1957) 
 
Policies and Acts that are more indirectly involved in the control of encroacher bushes: - 
 
• Subdivision of Agricultural Land Act, 1970 (No. 70 of 1970)  
• Forestry Strategic Plan, 1996  
• Guidelines on National Forest Fire Management 
• Regional Councils Act, 1992 
• National land policy 
• National Resettlement Policy 
• Agricultural (Commercial) Land Reform Act, 1995 (No.6 of 1995)    
• Communal Land Reform Act, 2002  (No. 5 of 2002) 
• Poverty Reduction Strategy of Namibia, 1998  
• Import and Export Control Act, 1994 (No 30 of 1994) 
 
Article 95(l) of The Constitution of the Republic of Namibia stipulates that the State is obliged to 
actively promote and maintain the welfare of the people by, amongst other things, adopting 
policies which regulate the maintenance of ecosystems, essential ecological processes and the 
biological diversity of Namibia, and the utilization of living natural resources on a sustainable 
basis for the benefit of all Namibians. 
 
The maintenance of ecosystems and the implementation of supportive policies are therefore a 
constitutional obligation, and not simply a matter of choice. 

The National Agricultural Policy states clearly that Government will address the serious 
problems of desertification and environmental degradation caused by the destruction of forest 
cover, soil erosion, overgrazing and bush encroachment. Bush encroachment, in particular, is a 
matter of great concern to the Ministry of Agriculture, Water and Forestry. The NAP regards the 
control of encroacher bush as an important part of its strategy to exploit the full potential of 
freehold and non-freehold farming areas. 
 
The National Drought Policy and Strategy regards the implementation of sustainable rangeland 
management practices is as an important element of reducing vulnerability to drought. In this 
regard, “support for tackling bush encroachment also needs to be considered”. 
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The Soil Conservation Act gives the Minister of Agriculture wide-ranging powers with regard to 
the utilization of land. These include the power to introduce measures to protect and improve the 
soil, vegetation and water resources. 
 
Section 24 of the Forest Act, 2001 provides for the control of aforestation and deforestation.  
Among other provisions, this Section lays down that it is prohibited to clear more than 15 
hectares of land which has predominantly woody vegetation or cut more than 500 cubic meters 
of forest produce from any area (author’s emphasis) of land within one year, without a permit. An 
environmental impact assessment (EIA) or management plan (EMP) may be required. 
 
All remedies/chemical products used in Namibia are obliged to be registered with the Registrar 
of the Fertilizers, Farm feeds, Agricultural Remedies and Stock Remedies Act, 1947 (Act 36 of 
1947). This Act makes it possible to prohibit the use/import of any remedy that could be an 
environmental risk. All arboricides that are used to combat bush encroachment in Namibia must 
therefore be registered. 
 
In terms of the Weeds Ordinance, 1957 the Minister has the power to declare by way of 
Proclamation any plant to be a weed.  It is however very unlikely that encroacher bush species 
will be declared as such. 
 
The abovementioned policies provide a very favourable environment in which the threats of 
degradation and desertification can be addressed. The National Agricultural Policy in particular, 
regards land degradation as a serious problem. 
 
The most obvious gap in policy and legislation is that no incentives  are provided to manage 
land degradation in all its facets – both in terms of preventing it and in reversing its negative 
impact.  
 
 
 
 
 
 



APPENDIX E: Summary of Towns and Settlements that R ely on Groundwater as their Main Source 

 
Water Basin Region Type LA Name Population 

2009 
Demand 

2009 (m3/a)* 
Demand 

2015 (m3/a) 
Demand 

2020 (m3/a) 
Demand 

2025 (m3/a) 
Demand 

2030 (m3/a) 

Cuvelai-Etosha Oshikoto Settlement Oshivelo 1,307 110,324 127,585 143,949 160,715 176,838 

Cuvelai-Etosha Oshikoto Municipality Tsumeb 18,905 2,791,839 3,350,791 3,873,727 4,431,700 4,997,062 

Eiseb-Epukiro Omaheke Settlement Buitepos 896 18,853 21,099 23,009 24,826 26,395 

Eiseb-Epukiro Omaheke Settlement Eiseb 689 25,110 28,101 30,645 33,065 35,155 

Eiseb-Epukiro Omaheke Settlement Epukiro Post 3 781 37,752 42,250 46,073 49,712 52,855 

Eiseb-Epukiro Otjozondjupa Settlement Gam 448 16,329 18,606 20,597 22,559 24,348 

Eiseb-Epukiro Omaheke Municipality Gobabis** 20,161 778,418 1,036,822 1,434,558 1,956,428 2,615,268 

Eiseb-Epukiro Omaheke Settlement Otjinene 1,885 98,746 117,178 141,662 168,760 196,981 

Eiseb-Epukiro Omaheke Settlement Summerdown 510 18,591 20,805 22,688 24,480 26,028 

Eiseb-Epukiro Omaheke Settlement Talismanus 525 32,268 36,112 39,380 42,490 45,176 

Kuiseb Erongo Municipality Walvis Bay 51,069 4,962,753 5,363,726 5,864,815 6,185,664 6,529,569 

Kunene Kunene Settlement Okangwati 456 16,614 17,934 18,978 19,872 20,504 

Kunene Kunene Town Opuwo 6,564 368,561 447,365 522,123 603,075 686,593 

Kunene Kunene Settlement Sesfontein 709 26,238 28,323 29,972 31,384 32,382 

Nossob-Auob Omaheke Settlement Aminuis 729 31,523 36,330 42,447 48,865 55,112 

Nossob-Auob Hardap Settlement Amper-Bo 182 6,649 6,924 7,111 7,226 7,320 

Nossob-Auob Hardap Village Aranos 3,119 186,179 202,213 215,532 227,326 236,284 

Nossob-Auob Karas Village Aroab 1,672 57,585 59,378 60,981 61,957 62,763 

Nossob-Auob Omaheke Settlement Ben-Hur 927 33,817 37,846 41,271 44,530 47,345 

Nossob-Auob Omaheke Settlement Corridor 459 16,740 18,734 20,430 22,043 23,437 

Nossob-Auob Khomas Settlement Dordabis 434 39,623 42,061 44,206 46,461 48,831 

Nossob-Auob Hardap Settlement Duineveld 822 29,960 31,201 32,043 32,559 32,983 

* Note:  Based on actual 2008 demand with estimated growth. 
**Note: Gobabis relies for almost 100% on groundwater during periods of drought. 
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Water Basin Region Type LA Name Population 
2009 

Demand 
2009 (m3/a)* 

Demand 
2015 (m3/a) 

Demand 
2020 (m3/a) 

Demand 
2025 (m3/a) 

Demand 
2030 (m3/a) 

Nossob-Auob Hardap Village Gochas 1,065 51,165 53,020 54,452 55,329 56,048 

Nossob-Auob Khomas Settlement Groot Aub 1,615 88,396 93,834 98,621 103,652 108,939 

Nossob-Auob Hardap Settlement Hoachanas 1,177 43,140 44,704 45,911 46,650 47,257 

Nossob-Auob Hardap Village Kalkrand 1,126 34,147 35,385 36,341 36,926 37,406 

Nossob-Auob Karas Village Koes 960 48,019 50,007 51,357 52,179 52,857 

Nossob-Auob Hardap Settlement Kries 366 10,083 10,449 10,731 10,904 11,045 

Nossob-Auob Omaheke Village Leonardville 1,018 63,535 75,394 91,148 108,583 126,741 

Nossob-Auob Omaheke Settlement Onderombapa 595 29,859 33,416 36,440 39,318 41,803 

Nossob-Auob Hardap Village Stampriet 1,214 51,984 55,494 58,423 60,861 62,479 

Nossob-Auob Omaheke Village Witvlei 1,235 164,619 184,230 200,902 216,770 230,474 

Okavango-Omatako Otjozondjupa Settlement Coblenz 1,511 48,659 55,445 61,376 67,225 72,555 

Okavango-Omatako Otjozondjupa Municipality Grootfontein 18,917 2,141,209 2,662,704 3,399,957 4,278,258 5,275,256 

Okavango-Omatako Kavango Settlement Kayengona 1,122 100,625 119,858 138,784 159,005 179,516 

Okavango-Omatako Kavango Settlement Mabushe 1,752 64,529 76,863 88,999 101,966 115,120 

Okavango-Omatako Kavango Settlement Mukwe 893 141,952 169,085 195,784 224,309 253,245 

Okavango-Omatako Kavango Settlement Mururani-Gate 527 27,128 32,313 37,415 42,867 48,397 

Okavango-Omatako Kavango Settlement Nkamagoro 1,788 65,829 78,411 90,793 104,021 117,440 

Okavango-Omatako Kavango Settlement Nkurenkuru  2,213 81,486 97,061 112,387 128,761 145,372 

Okavango-Omatako Otjozondjupa Town Okakarara 4,376 215,354 267,804 341,954 430,291 530,565 

Okavango-Omatako Otjozondjupa Settlement Okamatapati 548 123,233 140,419 155,440 170,252 183,751 

Okavango-Omatako Otjozondjupa Settlement Okatjoruu 770 28,090 32,008 35,432 38,808 41,885 

Okavango-Omatako Otjozondjupa Settlement Okondjatu 1,017 37,095 42,268 46,790 51,248 55,312 

Okavango-Omatako Kavango Settlement Omega 1,138 41,918 49,930 57,814 66,238 74,783 

Okavango-Omatako Otjozondjupa Settlement Tsumkwe 1,029 37,526 42,759 47,333 51,844 55,954 



 108 

Water Basin Region Type LA Name Population 
2009 

Demand 
2009 (m3/a)* 

Demand 
2015 (m3/a) 

Demand 
2020 (m3/a) 

Demand 
2025 (m3/a) 

Demand 
2030 (m3/a) 

Omaruru-Swakop Erongo Town Arandis 4,492 349,016 379,072 404,043 426,147 442,939 

Omaruru-Swakop Khomas Settlement Aris 353 32,212 34,194 35,938 37,771 39,698 

Omaruru-Swakop Erongo Municipality Hentiesbaai 3,717 405,231 440,128 469,121 494,785 514,282 

Omaruru-Swakop Erongo Settlement Okombahe 1,641 95,510 99,464 102,150 103,805 103,940 

Omaruru-Swakop Erongo Municipality Omaruru 5,374 1,399,126 1,493,584 1,572,421 1,638,034 1,681,566 

Omaruru-Swakop Erongo Settlement Otjimbingwe 1,069 76,828 80,009 82,169 83,500 83,609 

Omaruru-Swakop Otjozondjupa Settlement Ovitoto 735 43,285 49,321 54,597 59,800 64,542 

Omaruru-Swakop Erongo Municipality Swakopmund 29,628 3,820,425 3,882,101 4,189,147 4,473,240 4,804,549 

Omaruru-Swakop Erongo Village Uis 1,189 141,352 147,205 151,179 153,628 153,828 

Omaruru-Swakop Erongo Municipality Usakos 3,066 170,365 177,419 182,209 185,161 185,402 

Omaruru-Swakop Khomas Municipality Windhoek 318,986 23,267,242 29,046,449 34,498,069 40,382,507 46,587,580 

Omaruru-Swakop Erongo Settlement Wlotzkasbaken 126 7,079 7,372 7,571 7,693 7,703 

Orange-Fish Karas Settlement Ariamsvlei 449 58,172 60,581 62,216 63,212 64,033 

Orange-Fish Karas Village Berseba 559 41,851 43,583 44,760 45,476 46,067 

Orange-Fish Karas Village Bethanie 1,066 127,035 132,295 135,867 138,041 139,835 

Orange-Fish Hardap Village Gibeon 2,752 134,693 139,577 143,345 145,653 147,546 

Orange-Fish Karas Settlement Grünau 397 10,261 10,686 10,974 11,150 11,295 

Orange-Fish Karas Municipality Karasburg 4,443 264,471 283,718 298,694 311,154 319,426 

Orange-Fish Hardap Settlement Klein Aub 325 11,928 12,360 12,694 12,898 13,066 

Orange-Fish Hardap Village Maltahöhe 1,804 103,365 107,112 110,004 111,775 113,229 

Orange-Fish Hardap Settlement Rietoog 320 11,730 12,155 12,483 12,684 12,849 

 
Note: Windhoek relies on groundwater for more than 70% of its water demand during periods of drought. Security of supply can be augmented through 
          water banking. 
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Water Basin Region Type LA Name Population 
2009 

Demand 
2009 

(m3/a)* 

Demand 
2015 (m3/a) 

Demand 
2020 (m3/a) 

Demand 
2025 (m3/a) 

Demand 
2030 (m3/a) 

Orange-Fish Hardap Settlement Schlip 842 51,664 53,537 54,982 55,868 56,594 

Orange-Fish Karas Village Tses 947 94,648 98,567 101,228 102,848 104,185 

Orange-Fish Hardap Settlement Uibis 404 14,791 15,328 15,741 15,995 16,203 

Orange-Fish Karas Settlement Warmbad 170 22,487 23,418 24,050 24,435 24,753 

Tsondab-Koichab Karas Settlement Aus 707 24,854 25,883 26,582 27,008 27,359 

Tsondab-Koichab Karas Town Lüderitz 16,111 1,173,188 1,261,779 1,344,896 1,418,458 1,474,363 

Ugab-Huab Kunene Settlement Fransfontein 582 133,400 143,997 152,385 159,563 164,636 

Ugab-Huab Otjozondjupa Settlement Kalkfeld 1,238 46,782 53,306 59,008 64,631 69,756 

Ugab-Huab Kunene Village Kamanjab 1,248 69,259 78,914 87,722 96,496 104,610 

Ugab-Huab Kunene Town Khorixas 7,579 610,809 741,408 865,303 999,463 1,137,876 

Ugab-Huab Erongo Settlement Omatjette 630 22,967 23,918 24,564 24,962 24,995 

Ugab-Huab Otjozondjupa Municipality Otavi 6,603 333,626 506,315 711,907 990,908 1,360,042 

Ugab-Huab Otjozondjupa Municipality Otjiwarongo 26,224 1,429,752 1,830,030 2,232,233 2,694,649 3,206,248 

Ugab-Huab Kunene Municipality Outjo 7,737 705,519 856,369 999,474 1,154,437 1,314,312 

Zambesi-Kwando-
Linyanti Caprivi Settlement Bukalo 322 11,455 12,232 12,880 13,420 13,778 

Zambesi-Kwando-
Linyanti Caprivi Settlement Chinchimani 526 3,035 3,241 3,413 3,556 3,651 

Zambesi-Kwando-
Linyanti Caprivi Settlement Lusese 181 6,620 7,069 7,444 7,756 7,963 

Zambesi-Kwando-
Linyanti Caprivi Settlement Ngoma 409 14,977 15,993 16,840 17,546 18,015 

Zambesi-Kwando-
Linyanti Caprivi Settlement Sangwali 479 17,819 18,751 19,745 20,572 21,122 

Zambesi-Kwando-
Linyanti Caprivi Settlement Sibinda 523 19,156 20,455 21,539 22,442 23,041 
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APPENDIX F: Evaporation Characteristics of Major Da ms in Namibia 

 
 
 
Characteristics 
 

 
S von 

Bach Dam 
 

 
Swakoppoort 

Dam 

 
Omatako 

Dam 

 
Dreihuk 

Dam 

 
Naute 
Dam 

 
Oanob 
Dam 

 
Hardap 

Dam 

Annual evaporation depth (meters) 2.0 2.1 1.9 2.4 2.5 2.3 2.4 
Evaporation from 100% full (Mm³/a) 
(Percentage of initial storage) 

9.380 
(20.8%) 

15.838 
(22.9%) 

20.499 
(45.4%) 

6.901 
(44.5%) 

24.357 
(29.1%) 

7.370 
(21.4%) 

64.569 
(21.9%) 

Evaporation from 50% full (Mm³/a) 
(Percentage of initial storage) 

5.614 
(23.1%) 

9.499 
(27.5%) 

12.192 
(54.0%) 

4.115 
(53.3%) 

14.925 
(35.7%) 

4.146 
(24.0%) 

43.141 
(29.3%) 

Evaporation from 25% full (Mm³/a) 
(Percentage of initial storage) 

3.349 
(27.6%) 

5.672 
(32.8%) 

7.165 
(63.5%) 

2.448 
(64.6%) 

8.955 
(42.9%) 

2.288 
(26.6%) 

27.278 
(37.0%) 

Normal annual evaporation 
(Percentage of initial storage) 

 
23.8% 

 
27.7% 

 
54.3% 

 
54.1% 

 
35.9% 

 
24.0% 

 
29.4% 



  
 

 

 


