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Executive summary 
.ǳǎƘ ŜƴŎǊƻŀŎƘƳŜƴǘ ƛǎ άǘƘŜ ƛƴǾŀǎƛƻƴ ŀƴŘκƻǊ ǘƘƛŎƪŜƴƛƴƎ ƻŦ ŀƎƎǊŜǎǎƛǾŜ ǳƴŘŜǎƛǊŜŘ ǿƻƻŘȅ ǎǇŜŎƛŜǎ 

resulting in an imbalance of the grass:bush ratio, a decrease in biodiversity, and a decrease in 

ŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅέ ό5Ŝ YƭŜǊƪ нллпύΦ It affects around 45 million hectares of bŀƳƛōƛŀΩǎ land area 

(SAIEA 2016). In Otjozondjupa, bŀƳƛōƛŀΩǎ ŦƻǳǊǘƘ biggest region at more than 10.5 million hectares, 

bush encroachment reportedly affects the majority of the land area (Hengari 2016). Overgrazing is 

thought to be a key driver of bush encroachment, but the displacement of browsers by livestock, the 

suppression of high intensity fires due to cattle farming, rainfall and its variability, and increased 

atmospheric CO2 concentrations are also contributors (Joubert and Zimmerman 2002).  

Bush encroachment has negative impacts on some of hǘƧƻȊƻƴŘƧǳǇŀΩs key ecosystem services, such 

as livestock production, groundwater recharge, and tourism, as well as biodiversity. This has given 

rise to calls for a comprehensive programme of de-bushing, to reduce bush encroachment and try to 

reverse some of these negative effects. De-bushing also offers economic opportunities for the 

utilisation of woody biomass via charcoal, firewood, and animal feed production, thermal power and 

electricity generation, and other products. 

This report builds on the framework developed by the Namibia Nature Foundation (NNF) in the 

national assessment of the economics of land degradation related to bush encroachment (Birch et. 

al. 2016). Furthermore, it estimates the financial costs involved in unlocking the ecosystem service 

benefits and some of the wider economic impacts to build a business case for de-bushing.  

This report delineates and assesses the state of bush encroachment in Otjozondjupa, identifies 

ecosystem services impacted by bush encroachment, and evaluates how flows and stocks of these 

services would likely change under a programme of de-bushing. The benefits and costs for key 

sectors and services, namely cattle production, groundwater recharge and supply, wildlife viewing, 

hunting and game products, carbon sequestration, and value addition industries are estimated. 

Furthermore, the wider economic benefits generated by additional jobs and income in these sectors 

are estimated. Cost-benefit analysis is then used to estimate the net benefit of de-bushing by sector 

and the overall net benefit, when compared with a business-as-usual (BAU) scenario of no de-

bushing. This study follows the methodology of the Economics of Land Degradation (ELD) Initiative 

(ELD Initiative 2015).  

The delineation of bush encroachment is based on new data collected by the LDN pilot project in 

2016 and processed by CIAT. According to this data, bush encroachment is present across the 

majority of Otjozondjupa, affecting multiple ecosystems and land uses, but particularly commercial 

and communal agriculture and tourism (both consumptive and non-consumptive). This makes it a 

complex problem, as impacts can vary depending on the immediate environment (e.g. types of soil, 

other vegetation, wildlife), how the land is used (e.g. cattle farming, tourism), and how many people 

depend on the land. Furthermore, the appropriate method, range, and scope of de-bushing activities 

are also dependent on the local context. 

To identify the ecosystem services affected by bush encroachment (and de-bushing), this report 

adopts the Common International Classification of Ecosystem Services (CICES) in order to remain 
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consistent with the draft Inventory of Ecosystem Services in Namibia (2015) and the UN System of 

Environmental-Economic Accounting (SEEA). The CICES classification recognises three broad 

categories of services: provisioning, regulation and maintenance, and cultural. Given data and 

research constraints, we are unable to quantify the likely impacts of de-bushing on the majority of 

services. However, there is reason to believe that many of these services would be positively 

affected by de-bushing, which suggests that there is upside risk to our estimates of net benefits 

(actual net benefit could be higher). 

Some key assumptions underpin the estimation of benefits and costs for each sector and ecosystem 

service under a scenario of de-bushing. It is assumed that 60% of the bush-encroached area in 

Otjozondjupa could be targeted for de-bushing, and that 5% of the targeted area could be de-

bushed per annum. We also assume that the density of the identified dominant encroacher species 

would be reduced by 90%, leaving non-encroacher species untouched. This would result in an overall 

reduction in bush density across the region of 38.5%. Another assumption made is that bush 

encroachment would remain constant without a widespread programme of de-bushing. In reality 

though, bush encroachment is thought to be increasing by around 3.18% per annum, which means 

that the negative impacts on ecosystem services are also likely to be increasing over time.  

The impacts of de-bushing on key sectors and ecosystem services are then estimated, along with the 

direct costs of de-bushing operations and the wider economic impacts, using real prices (base year 

2015). It is estimated that de-bushing could result in a net benefit for livestock production, 

groundwater recharge, wildlife viewing, and hunting and game products, as well as charcoal, 

firewood, and animal feed production, and power and electricity generation. Furthermore, wider 

economic (and social) benefits would arise from the additional jobs and household income. 

However, it would result in net costs for de-bushing operations, additional emissions from livestock, 

and loss of soil organic carbon.  

Cost-benefit analysis is then used to estimate the potential net benefit of a programme of de-

bushing, compared with the BAU scenario of no de-bushing, over a 25-year horizon. Annual costs 

and benefits are discounted by a real rate of 6% per annum. In the central case, the total net benefit 

is estimated at N$4.9 billion (2015 prices, discounted) over 25 years. Total cost is estimated at 

N$20.3 billion. Total benefit is estimated at N$25.1 billion and includes benefits for the wider 

economy of N$5.3 billion. 

Scenario analysis indicates that the net benefit could range from -N$2.9 billion under a worst case 

scenario to N$10.6 billion under a best case scenario. The worst case scenario is significantly 

impacted by the use of the social cost of carbon to value the net change in carbon 

emissions/sequestration. It also assumes that meat prices would decline further, although it is 

thought that prices are currently bottomed out, and that de-bushing costs would be 20% higher. We 

believe that this worst case scenario is highly unlikely. The net benefit in the central case is also 

observed at varying discount rates. At a discount rate of 12%, the net benefit is estimated at N$1.3 

billion, but this is an extremely high discount rate in the Namibian context. At a more realistic rate of 

4%, the net benefit is estimated at N$7.3 billion. 
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De-bushing is treated as an isolated cost in the CBA but we look at a number of business cases to 

evaluate their industry net benefit and social net benefit when the sector-specific cost of de-bushing 

and economic multipliers are included. Of the value addition industries, animal feed, charcoal 

production, and electricity generation all have estimated positive industry and social net benefits. 

Although the social net benefit for charcoal production was estimated to be positive, the industry 

net benefit was estimated to be negative. More efficient technology, and therefore lower demand 

for biomass, would close this gap somewhat. In terms of farming, game farms were estimated to 

generate the largest net benefit under three different payment options for de-bushing the land, 

followed by mixed use farms, and cattle farms. 

Overall, these results suggest that the net benefit of a comprehensive de-bushing programme in 

Otjozondjupa would be significantly positive and make a considerable contribution to Otjozondjupa 

and bŀƳƛōƛŀΩǎ economy and social welfare. This model for Otjzondjupa could also be expanded to 

the other bush-encroached areas of Namibia. Furthermore, as we believe that many of the 

unquantified ecosystem services would be positively affected by de-bushing, it is reasonable to 

expect that there is upside risk to our estimates.  

A comprehensive de-bushing programme deserves support from the private sector, which stands to 

reap returns in the long run, and the public sector, given the social, environmental, and wider 

economic benefits. In addition, it is in the interest of Namibians in Otjozondjupa and across the 

country, as well as the global community, to support an initiative that would also improve 

biodiversity and other unquantified ecosystem services. We also recommend further research 

focussing on the effects of de-bushing on ecosystem services that are currently unquantifiable or 

uncertain, the environmental impacts of de-bushing, and potential mitigation measures. 
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1 Introduction 

1.1 Background  
Bush encroachment in Namibia is a significant problem, affecting around 45 million hectares of land 

ς more than half ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ ŀǊŜŀ (SAIEA 2016). In Otjozondjupa, bŀƳƛōƛŀΩǎ fourth biggest 

region at more than 10.5 million hectares, bush encroachment reportedly affects the majority of the 

land area (Hengari 2016).  

Bush encroachment has significant impacts on agricultural productivity, ecosystems, and their 

services. While the concerns over agricultural productivity are well recognised, the impacts on other 

ecosystem services are less well recognised but no less important. This importance is highlighted in 

the bŀƳƛōƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ Vision 2030, where Chapter 5 states: 

 ά¢ƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ Ǿƛǘŀƭ ŜŎƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΣ ƴŀǘǳǊŀƭ Ƙŀōƛǘŀǘǎ ŀƴŘ ǿƛƭŘ ǎǇŜŎƛŜǎ ǘƘǊƻǳƎƘƻǳǘ 

Namibia is maintained whilst significantly supporting national socio-economic development 

through sustainable low-impact, consumptive and non-consumptive uses, as well as 

ǇǊƻǾƛŘƛƴƎ ŘƛǾŜǊǎƛǘȅ ŦƻǊ ǊǳǊŀƭ ŀƴŘ ǳǊōŀƴ ƭƛǾŜƭƛƘƻƻŘǎΦέ  

¢ƘŜ IŀǊŀƳōŜŜ tǊƻǎǇŜǊƛǘȅ tƭŀƴ ŀƭǎƻ ǎǘŀǘŜǎ ǘƘŀǘ ά5ŜōǳǎƘƛƴƎΣ ŀǎ ŀ ǎǘǊŀǘŜƎȅ ŦƻǊ ƛƴŎǊŜŀǎƛƴƎ ƎǊŀȊƛƴƎ land 

in order to improve productivity and create employment, will continue to be encouraged and 

ǎǳǇǇƻǊǘŜŘΦέ 

This report builds on the framework developed by NNF in the Assessment of the economics of land 

degradation related to bush encroachment in Namibia (2016). Furthermore, it estimates the financial 

costs involved in unlocking the ecosystem service benefits and some of the wider economic impacts 

to build a business case for de-bushing.  

1.2 Objectives  
The key objectives of this study are: 

¶ To establish a regional assessment of the economics of land degradation related to bush 

encroachment in Otjozondjupa with a specific focus on additional benefits from spin-off 

effects; and 

¶ To contribute to the regional LDN pilot project and complement the IRLUP. 

1.3 Structure  
The report proceeds as follows: 

¶ Section 2 provides a background to bush encroachment in Otjozondjupa and its effects; 

¶ Section 3 presents the methodology used; 

¶ Section 4 discusses the delineation and assessment of bush encroachment in Otjozondjupa; 

¶ Section 5 identifies the ecosystem services impacted by bush encroachment; 

¶ Sections 6 to 11 estimate the benefits and costs for various sectors impacted by de-bushing;  

¶ Section 12 estimates the wider economic impacts of de-bushing; 
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¶ Section 13 details the cost-benefit analysis and its outcomes; 

¶ Section 14 outlines some business cases; 

¶ Section 15 provides policy recommendations; and 

¶ Section 16 concludes.  
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2 Bush encroachment in Otjozondjupa 
Bush encroachment ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ƛƴǾŀǎƛƻƴ ŀƴŘκƻǊ ǘƘƛŎƪŜƴƛƴƎ ƻŦ ŀƎƎǊŜǎǎƛǾŜ ǳƴŘŜǎƛǊŜŘ ǿƻƻŘȅ 

species resulting in an imbalance of the grass:bush ratio, a decrease in biodiversity, and a decrease 

ƛƴ ŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅέ ό5e Klerk 2004). It affects an estimated 45 million hectares of land in Namibia 

and is thought to affect the majority of OtjozondjupaΩǎ 10.5 million hectares (SAIEA 2016, Hengari 

2016). 

The Land Degradation Neutrality (LDN) pilot project sampled almost 230 sites across Otjzondjupa in 

mid-2016, collecting data on soil and bush. It found that Acacia mellifera and Terminalia cericea are 

the dominant encroacher species in Otjozondjupa while Dichrostachys cinerea, Terminalia 

prunioides, and Acacia reficiens are more localised problems. The highest recorded density was over 

25,000 bushes per hectare in the north-east of the region.  

Hengari (2016) notes that livestock and game farming are major economic and job-creating 

industries in Otjozondjupa and that they are άconstantly under threat from land degradation, 

especially by encroacher plant speciesέ. 

Figure 2.1 shows a heat map of density in Otjozondjupa using data collected by the Land 

Degradation Neutrality study in 2016 and processed by CIAT. Figure 2.2 shows how this data was 

grouped into 22 bush-encroached zones defined by location and average density.  
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Figure 2.1: Bush density in Otjozondjupa 

Source: Katharina Dierkes, CIAT 2016 
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Figure 2.2: Bush encroached zones delineated by average bush density in 
Otjozondjupa 

 Source: Katharina Dierkes, CIAT 2016 

 

Error! Not a valid bookmark self-reference. summarises the average bush density by height, the 

area, and the dominant species in each zone. 
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Table 2.1: Bush encroached zones in Otjozondjupa 

 

There are many interlinked factors contributing to bush encroachment, but overgrazing is thought to 

be one of the key drivers (Joubert and Zimmermann 2002). Overgrazing causes a decrease in the 

root base of grasses, reducing their competitiveness with regard to water and nutrient uptake and 

weakening their suppressive effect over emerging bushes. The additional water and nutrients left in 

the soil are then taken up by bushes, fuelling their growth at the expense of grass growth and 

recovery.  

This can also happen when periods of drought, which reduce the grassy layer, are followed by 

periods of high rainfall. This creates very favourable conditions for woody plants to establish 

themselves in large numbers. 

However, the relationship is complex and, depending on the area and nature of encroachment, 

other factors include: 

<1.5m 
>1.5m, no 

main stem

>1.5m, 

main stem

Total

1 A. mellifera 1 856 773   888   586   107  1 580

2 A. mellifera  109 282  5 925  7 858   567  14 350

3 A. mellifera  620 177  3 711  3 817   175  7 703

4 A. mellifera  474 894  8 710  5 302   275  14 288

5 T. cericea  228 993  1 757   543   196  2 496

6 A. mellifera, D. cinerea  176 140  1 310   730   215  2 255

7 A. mellifera  680 335  1 916   491   116  2 522

8 T. prunioides  312 849  6 040  5 820   650  12 510

9 A. mellifera, T. cericea  548 916  1 002   476   286  1 765

10 A. mellifera, T. cericea  432 499  5 831  2 847   779  9 457

11 A. mellifera, T. prunioides  509 133  5 277  3 705   575  9 557

12 A. mellifera, T. cericea  110 477  4 200  1 583   175  5 958

13 T. cericea 1 258 116  1 223   456   108  1 786

14 T. cericea, A. mellifera  298 047  8 908  2 735   415  12 058

15 T. cericea, A. mellifera  271 529  5 306  1 244   300  6 850

16 T. cericea  185 472  12 917  5 654   467  19 038

17 T. cericea  175 155   875   546   64  1 486

18 D. cinerea, A. mellifera  600 779  1 234   489   121  1 844

19 A. mellifera  424 024  1 513   355   313  2 180

20 T. cericea  171 348  7 740  3 195   635  11 570

21 A. mellifera, T. cericea  799 614  1 890   542   154  2 585

22 A. mellifera  276 172  6 325  3 186  1 004  10 514

Source: LDN, CIAT

Bush height

Average density (bushes/ha)

Area (ha)

Bush 

encroached 

zone

Dominant species
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¶ The displacement of browsers, such as kudu, by cattle or other grazing livestock, which puts 

extra pressure on the grassy component and relieves pressure on the woody plants which 

flourish 

¶ Increased CO2 concentrations in the atmosphere may also be encouraging the growth of 

woody species over grasses  

¶ Rainfall ς greater rainfall is associated with higher densities of bush 

¶ The suppression of high-intensity fires, due to cattle farming, which would otherwise kill the 

seedlings and saplings of woody species (Joubert and Zimmermann 2002). 

Whatever the underlying causes, the phenomenon of bush encroachment certainly impacts on 

ecosystem services and biodiversity, as discussed in Section 5. The national assessment found that 

de-bushing could benefit services such as livestock production, tourism, charcoal and firewood 

production, electricity generation, and, most particularly, groundwater. This supports the argument 

for an extensive programme of de-bushing, to reduce bush encroachment and try to reverse some of 

its negative impacts.  

²Ŝ ŘŜŦƛƴŜ άde-bushingέ ŀǎ ǘƘŜ thinning of encroacher bushes, by mechanical, manual, or chemical 

means, to reduce bush density and return the landscape towards the hisǘƻǊƛŎŀƭƭȅ άƴŀǘǳǊŀƭέ ōŀƭŀƴŎŜ 

between bushes, trees, and grasses. De-bushing is not intended to mean the removal of all bushes or 

clearing of land (see 3.3.1).  

The direct, environmental, and social costs are discussed and, where possible, quantified in Section 

Error! Reference source not found.. However, de-bushing is also likely to have some negative effects 

and resultant environmental costs. Mechanical means of de-bushing, such as bulldozing, can disrupt 

the soil and non-encroacher vegetation while chemical means, such as aerial arboricides, have the 

potential to poison non-target vegetation and water sources. As bushes are a carbon sink, de-

bushing will decrease the amount of carbon sequestered in the soil as well as in the woody 

component. Furthermore, if cattle stocks are increased in response to de-bushing, this too would 

increase greenhouse gas emissions. 
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3 Methodology 
The methodology used in this report broadly follows the 6+1 step approach of the Economics of 

Land Degradation (ELD) Initiative, which establishes a common methodological approach for 

conducting a robust cost-benefit analysis to inform decision-making processes. Some changes have 

been adopted in response to known data availability and other environmental economic approaches 

being promoted in Namibia (see   
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Figure 3.1). These variations from the general ELD approach should not impact the validity of the 

final product and if anything should further enhance the outcomes as being consistent with and 

relevant to the other environmental economics processes underway in Namibia. 

Limitations on the available data have prevented the analysis and valuation of several ecosystem 

services affected by bush encroachment and de-bushing. This report builds on the framework 

developed for the national assessment which highlights gaps and limitations that could be addressed 

through further work. This includes further natural resource economics work undertaken by the 

Ministry of Environment and Tourism (MET), with the Resource Mobilisation (ResMob) project, the 

ongoing work by the Ministry of Land Reform (MLR) in developing Integrated Regional Land-use 

Plans (IRLUP), the Land Degradation Neutrality (LDN) championed by the Sustainable Land 

Management Committee, and, of course, this project. 

3.1 Delineation and assessment of bush encroachment in 

Otjozondjupa 
This step effectively combines steps 1 and 2 of the ELD approach (see Section 4). 

As bush encroachment only affects certain areas of Namibia, bush-encroached zones were mapped 

out in relation to ecological, social, utilisation, and political parameters, using GIS software. This 

spatial visualisation allowed for an analysis of existing data to determine the extent and symptoms 

of bush encroachment in relation to these key parameters.  
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Figure 3.1: Methodology for the ELD Initiative and this study  

 

Source: NNF, ELD Initiative 2015 
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3.2 Identification of ecosystem services impacted by bush 

encroachment and de-bushing 
This step effectively combines steps 3 and 5 of the ELD approach (see Section 5). 

A literature review was conducted and expert knowledge used to understand the key types of 

ecosystem services affected by bush encroachment and assess the positive and negative impacts of 

bush encroachment and de-bushing across a range of these ecosystem services. This report adopts 

the Common International Classification of Ecosystem Services (CICES) classification (see Appendix I) 

in order to remain consistent with the draft Inventory of Ecosystem Services in Namibia (2015) and 

also the UN System of Environmental-Economic Accounting: Experimental Ecosystem Accounting 

(SEEA-EEA, 2014), which is being promoted by the MET-GIZ ResMob project in Namibia. The CICES 

classification recognises three categories of services: provisioning, regulation and maintenance, and 

cultural. This differs from the ELD Initiative which uses the Millennium Assessment (MA) and The 

Economics of Ecosystems and Biodiversity (TEEB) approach of recognising four categories of services: 

provisioning, regulating, cultural, and supporting.  

Figure 3.2: Classification of ecosystem services ï CICES, MA, and TEEB 

 

Source: Pauline Lindeque   

3.3 Valuation of ecosystem services impacted by bush encroachment 

and de-bushing 
This step is effectively step 4 of the ELD approach (see Sections 6 to 11). 

Where possible, the key ecosystem services affected by bush encroachment and de-bushing were 

quantified and valued. Monetary values were generated for livestock production, groundwater 
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recharge, carbon sequestration, wildlife viewing, trophy hunting and game products, as well as a 

number of uses of the biomass for energy. However, many impacted ecosystem services were 

unable to be valued due to a lack of data and research.  

Table 5.1, Table 5.2, and Table 5.3 present our assessments of the likely direction of change in 

ecosystem service values due to de-bushing. We believe that a large number of ecosystem services 

would benefit from de-bushing, which suggests that there is upside risk to our estimated net benefit.  

The valuation framework focussed on market values, as most of the valued services were 

provisioning services. An avoided cost approach was taken for groundwater recharge and for 

biomass power for industry. Changes in carbon sequestered were valued using an estimate for the 

offset value in Namibia (in the absence of a market) as well as the Social Cost of Carbon (SCC). 

Option values were used to estimate the value of the increase in the stocks of game and cattle.  

3.3.1 Key assumptions 

Below are listed some key assumptions for this study, which are consistently held throughout the 

analysis.  

¶ 60% (more than 6.3 million hectares) of the identified bush-encroached land to be de-

bushed. 

 

¶ 90% of encroacher bushes to be de-bushed, leaving 10% of the current density. Non-

encroacher species to be left untouched. 

 

A rule of thumb for estimating optimal bush density is: 

ά¢ƘŜ ƴǳƳōŜǊ ƻŦ ǘǊŜŜ ŜǉǳƛǾŀƭŜƴǘǎ ǇŜǊ ƘŜŎǘŀǊŜ ǎƘƻǳƭŘ ƴƻǘ ŜȄŎŜŜŘ ǘǿƛŎŜ ǘƘŜ ƭƻƴƎ-term 

average rainfall (mm). A tree equivalent (TE) is defined as a tree (shrub) of 1.5 m in 

height. Thus, a 3-m shrub would represent 2 TE, a 4.5-m shrub 3 TE, etc. Land 

ǎƘƻǳƭŘΣ ǘƘŜǊŜŦƻǊŜΣ ƴŜǾŜǊ ōŜ ŎƻƳǇƭŜǘŜƭȅ ŎƭŜŀǊŜŘΦέ (de Klerk 2004, Smit 2004) 

 

As the data on bush encroachment used in this study reports density in bushes per hectare 

as either less than 1.5m or more than 1.5m with or without main stem, we were unable to 

apply this relationship and instead relied on other relevant literature and anecdotal 

evidence. Instead we took N-.ƛDΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƻŦ ǊŜŘǳŎƛƴƎ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ŜƴŎǊƻŀŎƘŜǊ 

species by 90%, leaving 10% according to environmental management practices. This would 

result in an overall reduction of 38.5% of the current bush density. A 38.5% reduction is in 

line with Smit et. al.Ωǎ (2015) suggestion that only 30-35% of total available biomass should 

be harvested.  

 

¶ 5% of the targeted bush-encroached land to be de-bushed per annum 

This would be equivalent to around 316,000ha being de-bushed per annum. The initial 

round of de-bushing (i.e. disregarding any follow up or aftercare) would therefore be carried 

out over a period of 20 years, with the effects being captured over one 25 year period.  



Regional assessment of the economics of land degradation related to bush encroachment in 
Otjozondjupa, Namibia  

METHODOLOGY 

 

 
 

23 

3.4 Estimation of financial costs and socioeconomic impacts of de-

bushing, SLM options, and value addition industries  
This step is effectively step 5 of the ELD approach (see Sections 6 to 12). 

3.4.1 Direct costs of de-bushing 

N-BiG provided their expertise with regard to de-bushing operations. They used the data from the 

LDN project to determine the appropriate type of de-bushing for each bush-encroached zone (large-

scale mechanical, small-to-medium-scale mechanical, semi-mechanical and manual, and arboricides) 

and estimate the capacity, capex, and opex for each operation. They also provided estimates of the 

harvested biomass based on species, size, and density. 

3.4.2 Investment, operating, and maintenance costs 

These costs were largely obtained from reports (published and unpublished) from the NAU, NCA, 

WSP (2012), from personal communication with cattle and game farmers, animal feed producers, 

NamWater, N-BiG, and from material produced for the GIZ/MAWF Support to De-bushing project. 

3.4.3 Socioeconomic impacts 

Labour costs form part of the operating costs for each sector. The additions to household income 

(and jobs) were calculated and then an economic formula used to estimate the wider impacts on the 

Namibian economy (see Section 12). 

3.5 Cost Benefit Analysis  
This step is effectively step 6 of the ELD approach (see Section 13). 

This is where the costs and benefits for each sector were weighed against each other to determine 

the overall net benefit of a comprehensive de-bushing programme. The benefits of increased stocks 

of cattle and game and the wider economic benefits of additional employment and household 

income were also included here. 

Further assumptions and decisions had to be made for the cost-benefit analysis. 

3.5.1 Time horizon 

A time horizon of 25 years was chosen. This captures the 20 years spent on the initial de-bushing 

(i.e. without follow ups or aftercare) and allows time for ecosystem services, such as livestock 

production and groundwater recharge, to reach their new potential.  

3.5.2 Prices 

Real prices in Namibian dollars (base year 2015) were used. Prices were generally held constant (in 

real terms) across the entire time horizon. The exception was the Social Cost of Carbon (SCC), which 

escalated each year, as it has been forecasted by the US government. 

3.5.3 Discount rate 

The costs and benefits calculated must be discounted because it is generally accepted that their 

values in the future are worth less than the same amount today. This reflects the opportunity cost of 

resources (i.e. ƳƻƴŜȅ ŎƻǳƭŘ ōŜ ƛƴǾŜǎǘŜŘ ǘƻŘŀȅ ǘƻ ǊŜŀǇ ŀ ǊŜǘǳǊƴ ƛƴ ǘƘŜ ŦǳǘǳǊŜύ ŀƴŘ ǇŜƻǇƭŜΩǎ ǘƛƳŜ 
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preference (the general preference is to consume resources sooner rather than later) (Boardman et. 

al., 2014). 

As real prices were used in the calculations, a real discount rate had to be used (rather than a 

nominal rate). In the central case, a real discount rate of 6% per annum was used. This was based on 

the real discount rate used in the Wildlife Resource Accounts of Namibia, 2004 (2009). 

Chart 3.1 (same as Chart 11.4) illustrates the effect of discounting. Although additional firewood 

production plateaus at around 53,500 tonnes per annum from Year 16 until Year 25, the annual 

benefits decline over the same period. This is because the same real monetary benefits are valued 

less the further into the future they are. 

Chart 3.1: Benefit of increased firewood production 

 

 

3.5.4 Sensitivity analysis 

Sensitivity analysis involves changing key assumptions and variables to ascertain how they would 

affect the final outcome (see Section 13). One of the most important variables to undergo sensitivity 

analysis is the discount rate, as the choice of rate can be quite subjective and it can significantly 

impact the final outcome. In this case, net benefits tend to decrease as the discount rate rises 

because the benefits of de-bushing tend to be weighted towards the middle and end of the time 

horizon and are consequently more heavily discounted. 
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Example 

LŦ ȅƻǳ ǿŜǊŜ ƻŦŦŜǊŜŘ Ϸмлл ǘƻŘŀȅ ƻǊ Ϸмлл ƛƴ ƻƴŜ ȅŜŀǊΩǎ ǘƛƳŜΣ ǿƘƛŎƘ ǿƻǳƭŘ ȅƻǳ ǘŀƪŜΚ  

If you took thŜ Ϸмлл ǘƻŘŀȅ ŀƴŘ ƛƴǾŜǎǘŜŘ ƛǘ ƛƴ ǘƘŜ ōŀƴƪ ŀǘ ŀƴ ƛƴǘŜǊŜǎǘ ǊŀǘŜ ƻŦ мл҈Σ ƛƴ ƻƴŜ ȅŜŀǊΩǎ 

time you would have $110. So the present value ƻŦ Ϸммл ƛƴ ƻƴŜ ȅŜŀǊΩǎ ǘƛƳŜ ƛǎ ϷмллΦ 

This is why we need to discount future values ς so that we can compare intertemporal costs and 

benefits.  
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3.6 Key limitations 
We assume that bush encroachment would remain constant in a BAU case, but it is actually 

projected to be increasing by around 3.18% per annum1. This means there is upside to the positive 

impacts on ecosystem services and value addition industries, which rely on supply of biomass, but it 

also means that there is upside to the cost of de-bushing operations. 

One of the key limitations of this study is the deficiency of data and knowledge on how ecosystem 

services are affected by bush encroachment and de-bushing. For example, the uncertainty regarding 

the impact on groundwater recharge rates is of particular concern as an increase in the sustainable 

supply of groundwater would be very beneficial for Namibia. As such, further research in this area 

would undoubtedly improve the accuracy of these estimates.  

Furthermore, data on ecosystem service values, particularly in the Namibian context, is lacking, 

preventing many impacted services from being valued. Even a benefit transfer approach, drawing 

estimates from other studies, was constrained as there is very little research in the public domain on 

this subject. 

Specific data constraints, assumptions, and limitations and risks for each sector/ecosystem service 

are detailed in Sections 6 to 12. 

 

 

                                                           
1
 N-BiG, pers. comm. 
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4 Delineation and assessment of bush encroachment in 

Otjozondjupa 
Bush encroachment affects the majority of Otjozondjupa, impacting multiple ecosystems and land 

uses across the region. This makes it a complex problem, as impacts can vary depending on the 

surrounding environment (e.g. types of soil, other vegetation, wildlife), how the land is and could be 

used (e.g. cattle farming, tourism), and how many people depend on the land.  

Figure 4.1: Bush encroachment in Otjozondjupa 

 Source: Katharina Dierkes, CIAT 2016 
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Figure 4.2: Bush density in Otjozondjupa 

 

Source: CIAT 2016 
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Table 4.1: Bush encroached zones in Otjozondjupa 

 

Furthermore, the appropriate method, range, and scope of de-bushing activities are also dependent 

on the local context. For example:  

¶ large-scale mechanical harvesting methods would likely degrade more arid, fragile soils, 

where small-scale methods would be more suitable  

¶ arboricides may have detrimental effects when used on sandier soils, where the chemicals 

can be more mobile and be transmitted to non-encroacher bushes and trees or pollute 

water bodies 

¶ harvesting may not be economically viable in the more remote areas as yet, due to current 

harvesting inefficiencies.  

  

<1.5m 
>1.5m, no 

main stem

>1.5m, 

main stem

Total

1 A. mellifera 1 856 773   888   586   107  1 580

2 A. mellifera  109 282  5 925  7 858   567  14 350

3 A. mellifera  620 177  3 711  3 817   175  7 703

4 A. mellifera  474 894  8 710  5 302   275  14 288

5 T. cericea  228 993  1 757   543   196  2 496

6 A. mellifera, D. cinerea  176 140  1 310   730   215  2 255

7 A. mellifera  680 335  1 916   491   116  2 522

8 T. prunioides  312 849  6 040  5 820   650  12 510

9 A. mellifera, T. cericea  548 916  1 002   476   286  1 765

10 A. mellifera, T. cericea  432 499  5 831  2 847   779  9 457

11 A. mellifera, T. prunioides  509 133  5 277  3 705   575  9 557

12 A. mellifera, T. cericea  110 477  4 200  1 583   175  5 958

13 T. cericea 1 258 116  1 223   456   108  1 786

14 T. cericea, A. mellifera  298 047  8 908  2 735   415  12 058

15 T. cericea, A. mellifera  271 529  5 306  1 244   300  6 850

16 T. cericea  185 472  12 917  5 654   467  19 038

17 T. cericea  175 155   875   546   64  1 486

18 D. cinerea, A. mellifera  600 779  1 234   489   121  1 844

19 A. mellifera  424 024  1 513   355   313  2 180

20 T. cericea  171 348  7 740  3 195   635  11 570

21 A. mellifera, T. cericea  799 614  1 890   542   154  2 585

22 A. mellifera  276 172  6 325  3 186  1 004  10 514

Source: LDN, CIAT

Bush height

Average density (bushes/ha)

Area (ha)

Bush 

encroached 

zone

Dominant species



Regional assessment of the economics of land degradation related to bush encroachment in 
Otjozondjupa, Namibia  

DELINEATION AND ASSESSMENT OF BUSH ENCROACHMENT IN OTJOZONDJUPA 

 

 
 

29 

4.1 Ecosystems 
Bush encroachment affects multiple ecosystems within Otjozondjupa, including the Highland Acacia 

Savanna, Northern Kalahari Savanna, Karstveld, Dry Kalahari Woodlands, and small parts of the 

Western Highlands, as shown in Figure 4.3 (Harper-Simmonds et. al., 2016). There are also a number 

of urban ecosystem zones within the region, including Okahandja, Otjiwarongo, Okakarara, Otavi, 

and Grootfontein. 

The Development of an Inventory of Ecosystem Services in Namibia was referred to in establishing 

the presence and influence of bush encroachment in each of the identified ecosystems in Namibia 

(Harper-Simmonds et. al., 2016). In all of these ecosystems, the effects of climate change may be 

realised through increased rates of bush encroachment as a result of increased carbon dioxide 

concentrations, but there is considerable uncertainty around this. 

4.1.1 Highland Acacia Savanna 

Overgrazing has reduced grass cover and available pasture, and fire control and prevention 

measures have reduced the frequency and intensity of bush fires in this ecosystem. This, in turn, has 

led to increased bush encroachment, which would otherwise be moderated by hot fires killing off 

small bushes, further reducing available pasture. The conversion of farms into resettlement farms2 

has also affected the use of the land, the availability of pasture and the incidence of overgrazing, and 

may limit incentives and capacity to invest in measures to combat bush encroachment. 

The reduced grass cover has led to increased surface runoff, which after heavy rains can be 

particularly rapid and result in soil erosion. Conversely, slower flows that had been sustained by 

seepage have declined because of reduced rainfall infiltration. 

4.1.2 Northern Kalahari Woodlands 

This zone experiences the same drivers of and results from bush encroachment as the Highland 

Acacia Savanna, Karstveld, and Dry Kalahari Woodlands.  

4.1.3 Karstveld 

As in the Highland Acacia Savanna zone, overgrazing and fire control and prevention measures have 

led to increased bush encroachment. This, is turn, has resulted in increased surface runoff and soil 

erosion in some areas, and reduced groundwater recharge. The conversion of farms into 

resettlement farms may limit incentives to invest in measures to combat bush encroachment. They 

are generally smaller in size, so lack economies of scale that larger farms have. There is also still 

some uncertainty surrounding ownership, which acts to disincentivise investment and maintenance, 

negatively affecting productivity. 

 

                                                           
2
 wŜǎŜǘǘƭŜƳŜƴǘ ƛǎ ŀ άǿƛƭƭƛƴƎ ōǳȅŜǊΣ ǿƛƭƭƛƴƎ ǎŜƭƭŜǊέ ǎŎƘŜƳŜ ǿƘŜǊŜōȅ ŦŀǊƳǎ ŀǊŜ ŀŎǉǳƛǊŜŘΣ ǳǎǳŀƭƭȅ ǎǇƭƛǘ ǳǇ ƛƴǘƻ 

smaller plots, and then allocated to previously disadvantaged Namibians. 
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Figure 4.3: Bush encroachment and ecosystems in Otjozondjupa 

 Source: Harper-Simmonds et. al. 2016, ELD 
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4.1.4 Dry Kalahari Woodlands 

As in the Highland Acacia Savanna, Karstveld, and Northern Kalahari Woodlands, habitat change has 

occurred primarily as a result of overgrazing, driving bush encroachment and impacting services such 

as groundwater recharge.  

4.1.5 Western Highlands 

As in many of the ecosystems described in this section, overgrazing is a significant issue, which has 

led to bush encroachment, land degradation, and a reduction in the productivity of pastures. 

4.2 Land use 
Bush encroachment is overwhelmingly a problem for commercial and communal agriculture, both 

large- and small-scale (see Figure 4.6). It also impacts tourism, such as game viewing and hunting, 

and affects some state-protected areas, most notably, Waterberg Plateau National Park. 

Figure 4.4: Land use in Otjozondjupa 

 

Source: Urban Dynamic 
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Figure 4.5: Land use classes in Otjozondjupa 

Source: LDN, CIAT, ELD, Katharina Dierkes 

 

4.2.1 Livestock farming 

In terms of agriculture, bush encroachment mainly affects livestock farming (cultivation generally 

requires that the land is cleared, whether bush encroached or not). As discussed in Section 2, 

overgrazing, particularly by cattle, is a key contributor to bush encroachment, so it comes as no 

surprise that bush encroachment is concentrated in areas of livestock farming.  

Bush encroachment reduces available pasture land for livestock, particularly cattle, but also sheep 

and other livestock. It does this by restricting access for livestock and by reducing grass cover used 

for feed. There is a vicious cycle of reduced grass cover resulting in greater pressure on remaining 

grass cover, contributing to higher encroachment rates and further reducing grass cover. 

Livestock carrying capacities have been drastically reduced to the detriment of farmer incomes and 

profits. This has also compromised food security and nutrition, particularly in communal areas. 

Cattle farming, in particular, is a traditional way of life for many peoples in Namibia. In addition to its 

economic value, it has cultural, heritage, and symbolic value. These values have all been undermined 

by bush encroachment.  

However, it must be noted that overgrazing, particularly by cattle, is a key contributor to bush 

encroachment. Therefore, if a de-bushing programme is implemented, good rangeland management 
























































































































































































































































































