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.dzaAK SYONRI OKYSYy(d A& aGKS Ay@laazy FyRk2N GKAO
resulting in an imbalance of the grass:bush ratio, a decrease in biodiversity, and a decrease in

OF NNEAY 3 OF LI ORA [ affects aréuld 4% fmifiadJhectares /o 10 YOA dland afea

(SAIEA 2016)n Otjozondjupap I YA 0 A | Qigges¥FragiaNat Kore than 10.5 million hectares,

bush encroachment reportedly affects the majority of the land aftdangari 2016)Overgrazing is

thoughtto 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 C@concentrations are alscontributors(Joubertand Zimmerman 2002)

Bush encroachment has negative impacts on somke &f2 2 | 2 s/kRyeedplsyistén services, such
as livestock production, groundwater recharge, and tourism, as well as biodiversithabhigven
rise to calls for a comprehensipeogramme of debushing, to reduce bush encroachment and try to
reverse some of these negative effects.-eshing also offers economic opportunities for the
utilisation of woaly biomass via charcodirewood, and animal feeghroduction,thermal power and
eledricity generation,and other products

This report builds on the &mework developed byhe Namibia Nature Foundation (NNF)n the
national assessment of the economics of land degradation related to bush encroactBmnett et.

al. 2016) Furthermore, itestimates the financial costs involved in unlocking the ecosystem service
benefitsand some of the wider economic impadttsbuild a business case for-t@shing.

This report delineate and assesss the state of bush encroachment i®tjozondjupa identifies
ecosystem services impacted by bush encroachment, and evalbate flows and stocks of these
services would likely change under a programme ofdsghing. The benefits and costs for key
sectorss and servicg, namely cattle production, groundwea recharge and supply, wildlife viewing,
hunting and game products, carbon sequestration, and value addition industreesstimated.
Furthermore, the wider economic benefits generated by additional jobs and income in these sectors
are estimated.Costbenefit analysiss then used to estimate the net benefit de-bushingby sector

and the overall net benefitwhen compared with a businessusual (BAU) scenario of no -de
bushing. This study follows the methodology of the Economics of Land Degradationi{iEiative

(ELD Initiative 2015)

The delineation of bush encroamentis based omew data collected by the LDN pilot project in
2016 and processed by ClAAccording to this data, bush encroachment is presatioss the
majority of Otjozondjupa affecting multiple ecosystems and land uses, but particularly commercial
and communal agriculture and touristboth consumptive and neononsumptive) This makes it a
complex problem, as impacts can vary depending on the immediate environment (e.g. typdls of so
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-bfisteng activities

are also dependent on the local context.

To identify the ecosystem services affected by bush encroachment (adousleing), 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 (20tb)he UN System of
EnvironmentalEconomic Accounting (SEEA)he CICES classification recognises three broad
categories of services: provisioning, regulation and maintenance, and cultural. Given data and
research constraints, we are unable to quantife tikely impacts of déushing on the majority of
services. However, there is reason to belighat many of these services would be positively
affected by debushing, which suggests that there is upside risk to our estimates of net benefits
(actual net enefit could be higher)

Some key assumptions underpin tastimation of benefits and costs for each sector and ecosystem
serviceunder a scenario of déushing. Itis assumed that 60% of the bushcroached arean
Otjozondjupa couldbe targeted for debushing, and that 5% of the targeted area could be de
bushed per annumWe also assumthat the density of the identified dominant encroacher species
would be reduced by 90%, leaving rRencroacher species untouched. This would result in an overall
reduction in bush density across the region of 38.5%nother assumption madesithat bush
encroachment would remain constant without a widespread programme abwdhing. In reality
though, bush encroachment is thougto be increasing by around 3.#8per annumwhich means
that the negative impacts on ecosystem services are also likely to be increasing over time.

The impacts of déushing orkey sectors and ecosystem services then estimated, along with the
direct costs of déushing operationsind the wider eonomic impactsusing real prices (base year
2015). It is estimated that déoushing couldresult in a net benefit for livestock production,
groundwater rechargewildlife viewing, and hunting and game producias well as charcaal
firewood, and animalfeed production and power andelectricity generationFurthermore, wider
economic (and social) benefits would arise from the additional jobs and household income.
However, it wouldresult in netcostsfor de-bushing operations, additional emissions framestock,

and loss of soil organic carbon.

Costbenefit analysis is themsed to estimate the potential net benefit of a programme of-de
bushing, compared with the BAU scenario ofdwbushing, over a 2gear horizon. Annual costs
and benefits are discaued by a real rate of 6% per annum. In the central case, the hatiabenefit
is estimated at N$4.9 billiof2015 pices, discounted) over 25 yearftal cost is estimated at
N$20.3 billion Total benefit is estimated at N$25.1 billiand includes berfés for the wider
economy of N$5.3 billion.

Scenario analysisidicates that the net benefitould range fromN$29 billion under a worst case
scenarioto N$10.6 billion under a best case scenaridhe worst case scenario is significantly
impacted by theuse of the social cost of carbon to value the net change in carbon
emissions/sequestration. It also assumes that meat prices would decline further, although it is
thought that prices are currently bottomed out, and that-ashing costs would be 20% high&/e
believe that this worst case scenariohighly unlikely. The net benefitin the central cases also
observed at varying discount rates. At a discount rate of 1Beonet benefitis estimated at N$.B
billion, but this is an extremely high discount rate in the Namibian con#tx.more realisticate of

4%, the net benefiis estimated at N$.3 billion.
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Debushing $ treated as an isolated cost in the CIl8A we lookat a number of business cases to
evaluatetheir industry net benefit and social net benefit when the seelpecific cost of déushing
and economic multipliers aréncluded. Of the value addition industriesanimal feed, charcoal
production, and electricity generation all have estimated positiadustry and social net benefits.
Although the social net benefit for charcoal production was estimated to be positieeintlustry
net benefitwas estimated to be negative. dve efficient technology, and therefore lower demand
for biomass, would close i gap somewhatln terms of farminggame farms were estimated to
generate the largest net benefit under three different payment options fotbdshingthe land,
followed by mixed use farms, and cattle farms.

Overall, hese results suggest that the net benefit fcomprehensivale-bushingprogramme in
Otjozondjupawould be significantly positivand make a considerable contribution ©tjozondjupa
andb | Y A edohofdyi and sociakelfare. This model for Otjzondjupa caliblso be expanded to
the other bushencroached areas of Namibid&urthermore, as we believe that many of the
unquantified ecosystem services would be positively affected bypudhing, it is reasonable to
expect that there is upside risk to our estimates.

A comprehensive dbushing programme deserves support from the private sector, which stands to
reap returns in the long run, and the public segtgiven the social, environmental, and wider
economic benefitsIn 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 andother unquantified ecosystem service®¥Ve also recommendufther research
focussing on the effects of daeushing on ecosystem services that are currently unquantifiable or
uncertain,the environmental impacts of dbushing, and potential mitigation measures
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1 Introduction

1.1 Background
Bush encroachment in Namibia is a significant problem, affecting arétndgllion hectares of land
¢morethanhal2 ¥ (1 KS 02 dzy (SANEBAQRADGIH OtjgzBndjlipaldt Y A dolrth Qiggest
region at more thart0.5 million hectaresyush encroachment reportedlgffects the majority of the
land area idengari 2015

Bush encroachment has significant impacts 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 impoftais importance is highlighted in
theb I YA O Al Yy D ¥igidh ROBEefe(iChapter 5 states:

G¢KS AyGaSaNrGe 2F GAlGFE SO2t23A0Ff LINRPOSaas:
Namibia is maintained whilst significantly supporting natiormaliGdeconomic development
through sustainable lovimpact, consumptive and neconsumptive uses, as well as
LINE ARAY3I RAGSNEAGE TFT2NJ NU2NF £ |yR dz2NBFy A GSH

¢KS I FNY0oSS tNRALISNrdGe tfly |faz2z adliSandiKF i &
in order to improve productivity and create employment, will continue to be encouraged and
a4 dzLJLI2 NI SR ¢

Thisreport builds on the famework developed by NNF in thssessment of the economics of land
degradation related to bush encroachmeémtNamibia(2016). Furthermore, it estimates the financial
costs involved in unlocking the ecosystem service benafitssome of the wider economic impacts
to build a business case for-theishing.

1.2 Objectives
The key objectives of this study are:

1 To establish a gional assessment of the economics of land degradatiated to bush
encroachment in Otjozondjupa with a specific focus on additional benefits fromogpin
effects; and

I To contribute to the regional LDpilot project and complemerihe IRLUP

1.3 Structure
The report proceeds as follows:

Section2 provides a background to bush encroachment in Otjozondjupa and its effects;
Section 3 presents the methodology used;

Secton 4 discusses the delineation and assessment of bush encroachment in Otjozondjupa;
Section5 identifies the ecosystem services impacted by bush encroachment;

Sections to 11 estimate the benefits and costs for various sectors impacted Byu$hing;
Sectionl2 estimatesthe wider economic impacts of deushing;

=A =4 =4 4 -8 4
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Sectionl3 details the cosbenefit analysis and its outcomes;
Sectionl4 outlines some business cases;

Sectionl5 provides policy recommendations; and

Secton 16 concludes.
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2 Bush encroachment in Otjozondjupa

Bush encroachmenk & RSFAYSR | a adKS Ay@raizy | yRk2NJ (KA
species resulting in an imbalance of the grass:bush ratio, a decrease in biodiversity, and a decrease
Ay OF NNE A yeXleR004): tGiedtah estintatedt5 million hectares of landn Namibia

and is thought to affect the majority of Otjozondjupak0.5 million hectare¢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 tAaacia melliferaand Terminalia cericeare

the dominant encroacherspecies in Otjozondjupavhile Dichrostachys cinereaTerminalia
prunioides and Acacia reficiens are more localised problefne highest recorded density was over
25,000 bushes per hectare in the nowthst of the region.

Hergari (2016) notes that livestock and game farming amejor economicand jobcreating
industries in Otjozondjupaand that they aredconstantly under threat from land degradation,
especially by encroacher plant speéies

Figure2.1 shows a heat map of density in Otjozondjupa uslata collected by the Land
Degradation Neutrality study in 20hd processed by CIAHigure2.2 shows how this data was
grouped into 2 bushencroached zones defined by location and average density.

13
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Figure 2.1: Bush density in Otjozondjupa
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Figure 2.2: Bush encroached zones delineated by average bush density in

Otjozondjupa
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Error! Not a valid bookmark selfeference.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

Average density (bushes/ha)
Bush height
>1.5m, no >1.5m, Total
main stem main stem

Bush

encroachec Dominant species Area (ha)
zone

(=Y
(o]

. cinerea, A. mellifera 600 779 1234 489 121 1844
. mellifera 424 024 1513 355 313 2180
. cericea 171 348 7740 3195 635 | 11570
. mellifera, T. cericea 799 614 1890 542 154 2 585
A. mellifera 276172 6 325 3186 1004 | 10514
Source: LDN, Cls

N =
o ©

1 A. mellifera 1856 773 888 586 107 1580
2 A. mellifera 109 282 5925 7 858 567 | 14350
3 A. mellifera 620 177 3711 3817 175 7 703
4 A. mellifera 474 894 8710 5302 275 | 14288
5 T. cericea 228 993 1757 543 196 2 496
6 A. mellifera, D. cinerea 176 140 1310 730 215 2255
7 A. mellifera 680 335 1916 491 116 2522
8 T. prunioides 312 849 6 040 5820 650 | 12510
9 A. mellifera, T. cericea 548 916 1002 476 286 1765
10 A. mellifera, T. cericea 432 499 5831 2 847 779 9 457
11 A. mellifera, T. prunioides| 509 133 5277 3705 575 9557
12 A. mellifera, T. cericea 110477 4 200 1583 175 5958
13 T. cericea 1258 116 1223 456 108 1786
14 T. cericea, A. mellifera 298 047 8908 2735 415 | 12058
15 T. cericea, A. mellifera 271 529 5 306 1244 300 6 850
16 T. cericea 185472 | 12917 5654 467 | 19038
17 T. cericea 175 155 875 546 64 1486

D

A

T

A

N
iy

N
N

There areamany interlinked factors contributing to bush encroachment, but overgrazing is thought to
be one of the key driverfloubert andZimmermann 2002)Overgrazingauses alecreasein the

root base of grasses, reducing their competitiveness watpard to waterand nutrient uptake and
weakeningtheir 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 &b happen when periods of drought, which reduce the grassy layer, arevéolldy
periods of high rainfall This createsvery favourable conditions for woody plants to establish
themselves in large numbers.

However, the relationship is complex and, depewdion the area and nature of encroachment,
other factors include:

16
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1 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

1 Increased COconcentrations in the atmosphere may also be encouraging the growth of
woody species over grasses

1 Rainfallg greater rainfall is associated wittigher densities of bush

1 The suppression of hightensity fires, due to cattle farming, which widl otherwise kill the
seedlings and saplings of woody spe¢iEsibert andZimmermann 2002)

Whatever the underlying causes, the phenomenon of bush encroachment certainly impacts on
ecosystem services and biodiversity, as discussed in Sectidmrebational assessmerfound that
de-bushing could benefit services such lasestock productiontourism, charcoal and firewood
production, electricity generation, andpost particularly,groundwater. Thisupportsthe argument

for an extensive programe of de-bushing, to reduce bush encroachment and try to reverse some of
its negative impacts.

2§ RSdebysl8ng a I athindig 8f encroacher bushedy mechanicalmanual,or chemical

means to reduce bush density and return the landscape towards thé BIiSNJA OF £ £ & &y | { dzNJ |
between bushes, trees, and grassbs-bushing is not intended to mean the removal of all bushes or

clearing of landsee3.3.1).

Thedirect, environmental, and social costs are discussed and, wiessible, quantified in Section
Error! Reference source not foundHowever, débushing is also likely to have semegative effects
and resulant environmental costsMechanical means of deushing such as bulldozingan disrupt
the soil and norencroacher vegetation while chemical meagsich as aerial arboricidesave the
potential to poison norarget vegetation and water sources. As buslae a carbon sink, de
bushing willdecrease the amounbf carbon sequesteredn the soil as well as in the woody
component. Furthermore, if cattle stocks are increased in easp to debushing, thistoo would
increase greenhouse gas emissions.
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3 Methodology

The methodologyusedin this reportbroadly follows the 6+1 step approachf the Economics of
Land DegradationELD) Initiative, which establishes a common methodologicalpach for
conductinga robust costbensdit analysis to inform decisiemaking processes. Some changese
been adoptedn responseo known data availability and other environmental economic approaches
being promoted in Namibiésee
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Figure3.1). These variations from thgeneralE.D approach should not impatte validity of the
final product and if anything should further enhandeetoutcomes as being consistent with and
relevant to the other environmental economics processes underway in Namibia.

Limitations on theavailabledata have prevented the analysis and valuation of several ecosystem
services affected by bush encroachmentdage-bushing This report builds on the framework
developed for the national assessmamtich highlightgaps and limitationshat could be addressed
through further work. This includes further natural resource economics work undertaken by the
Ministry of Environment and TourisMET), with the Resource dilisation(ResMob)project, the
ongoing work by the Ministry of Land RefoLR)in developing Integraté Regional Landse
Plans (IRLUR) the Land Degradation eMtrality (LDN) championed by the Sustaibke Land
Management Committegand, of course this project.

3.1 Delineation and assessment of bush encroachment in
Otjozondjupa
This step effectively combines g1 and 2 of the ELD approacbg$Sectior).

As bush encroachment only affects certain areas of Namibia,-bnstoachedzoneswere 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 the&ey parameters.
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Figure 3.1: Methodology for the ELD Initiative and this study
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Step 1: Delineation and assessment

ot bush encroachment in Otjozondjupa
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Source: NNFELD Initiative 2015
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3.2 Identification of ecosystem services impacted by bush

encroachment and de-bushing
Thisstep dfectively combines stepsand 5 of the ELBpproach(see Sectiorb).

A literature review was conducted and expert knowledge usedinderstand the key typesf
ecosystem services affected by bush encroachmentamsess the positive and negative impacts of
bush encroachment and daeushing across a range thfese ecosystem servicedhis report adopts
the Common International Classification of Ecosystem Sss\(iCICE$8)assification (see Appendix 1)
in order to remain consistent with the draft Inventory of Ecosystem Services in Naj2idi&)and
also the UN System of EnvironmenrEadonomic Accounting: Experimental Ecosystem Accounting
(SEEAEA, 2014), whicis being promoted by the MEGIZ ResMob project in Namibihe CICES
classification recognisdhree categories okervicesprovisioning regulation and maintenangend
cultural. This differs fronthe ELD Initiative which uses the Millennium Assesan{®A) and e
Economics oEcosystems and Biodiversity (TEEB) apyrad recognising fourategoriesof servies:
provisioning, regulating, culturand supporting.

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

Common International Classification of Ecosystem Services
(CICES)

Regulation and
maintenance
Provisioning Cultural

Regulating Supporting

Millennium Assessment (MA) and
The Economics of Ecosystems and Biodiversity (TEEB)

Source: Pauline Lindeque

3.3 Valuation of ecosystem services impacted by bush encroachment

and de-bushing
This steps effectively step 4 of the EL&pproach(see Sectios6to 11).

Where possible, the key ecosystem services affected by bush encroachment dmdtdeg wee
guantified and valued. Monetaryalues were generated forlivestock production, groundwater
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recharge,carbon sequestrationwildlife viewing, trophy hunting and game products, as welhas
number of uses of the biomass for enerdgyowever, many impacte@cosystem services were
unable to be valued due to a lack of data and research.

Table5.1, Table5.2, and Table5.3 present our assessments of the likely direction of change in
ecosystem service values due to-lbleshing. We believe that a large number of ecosystem services
would benefit from debushing, wich suggests that there is upside riskour 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 rechadgéor
biomasspower for industry Changes in carbon sequestered were valued usingstimate for the
offset value in Namibia (in the absence of a markaet)vell asthe Social Cost of Carbon (SCC).
Option values were used to estimate the value of the increase in tiekstof game and cattle.

3.3.1 Key assumptions
Below are listedsomekey assumptions for thistudy, whichare consistently held throughout the
analysis.

1 60% (more than 6.3 million hectareg of the identified bush-encroached land to be de
bushed

1 90% of encroachebushesto be debushed, lexing 10% of the current density. Nen
encroacher species to be left untouched.

Arule of thumb for estimating optimal bush density

GCKS ydzYoSNI 2F GNBS SljdAgltSyida #a8NI KSOG L

average rainfall (mm). A tree equivalent (TE) is defined as a tree (shrub) of 1.5 m in
height. Thus, a -81 shrub would represent 2 TE, a 4xbshrub 3 TE, etc. Land
dK2dzZ R GKSNBT2NB:Z vy 8OKK€eNI2@S Smit2004)pf SG St @

As the dta on bush encroachment used in this study reports density in bushes per hectare
as eitherless than 1.5m or more than 1.5m with or without main stene were unable to
apply this relationship and instead relied on other relevant literature and anecdotal

evidence.lnstead we took N A DQ& NBO2YYSYyRIGAZ2Y 2F NBRdAzOA Y3

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%tredus in

line with Smit et. alQ @015) suggesin that only 3035% of total available biomass should

be harvested.

1 5%of the targeted bushencroached land to be déushed per annum
This would be equivalent taround 316,000habeing debushed per anam. The initial
round of debushing (i.edisregardingany follow up or aftercare) would therefore be carried
out over a period of 20 yearsvith the effects being captured over 02& year period
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3.4 Estimation of financial costs and socioeconomic impacts of de-

bushing, SLM options, and value addition industries
This step is effectively stepdd the ELD approacisdée Sectiog6to 12).

3.4.1 Direct costs of de-bushing

N-BiG provided their expertise with regard to-tashing operations. They used the data from the
LDN project to determine the appropriate type of-deshing for each buskncroached zone (large

scale mechanical, smati-mediumscale mechanical, semiechanical and manual, and arboricides)

and estimate the capacity, capex, and opex for each operation. They also provided estimates of the
harvested biomas 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, amathlpfoducers,
NamWater, NBiG, and from material produced for the GIZ/MAWF Support tbihing project.

3.4.3 Socioeconomic impacts

Labour costs form part of the operating costs for each sector. The additions to household income
(and jols) were calculateédndthen an economic formula used to estimate the wider impacts on the
Namibian economy (see SectihB).

3.5 Cost Benefit Analysis
This step is effectively step 6 of th¢Dapproach(see Sectiorl3).

This is where the costs and benefits for each sector were weighed against each other to determine
the overall net benefit of a comprehensive-tiashing programme. The benefits of increastalcks

of cattle and game and the wider economic benefits of additional employment and household
income were also included here.

Further assumptionand decisionfiad to bemade for the cosbenefit analysis.

3.5.1 Time horizon

A time horizon of 25 years was chosdihis captures the 20 years spent on the initiatbdeshing

(i.e. without follow ups or aftercare) and allows time for ecosystem services, such as livestock
production and groundwater recharge, to reach their new pdaitn

3.5.2 Prices

Real pricesn Namibian dollargbase year 2015were usedPrices were generally held constant (in
real terms) across the entire time horizofhe exception was the Social Cost of Carbon (SCC), which
escalated each year, as it has been fasted by the US government.

3.5.3 Discount rate

The costs and benefits calculated must be discounted because it isafjgreccepted that their

valuesin the future are worth less than the same amount today. This reflects the opportunity cost of
resources (leY2y Se O2dZ R 0S Ay@SaiSR (G42RFe& G2 NBIFL I
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preference (the general preference is to consume resources sooner rather than(Bdardman 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 thecentralcase areal discount rate 06%per annumwas usedThis wa based on
the real discount rate used in the Wildlife Resource Aot®of Namibia, 2004 (2009).

Chart3.1 (same asChart11.4) illustrates the effect of discountingilthough 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 benefitsuace val
less the further into the future they are.

Chart 3.1: Benefit of increased firewood production

40

Benefit = +N$634m

w
N

N
N

Discounted cost/benefit
(N$m per annum)
|_\
(o]

(o]

Year

Example
LT @2dz 6SNB 2FFSNBR bmnann (G2RF& 2NJ bman AY

lfyoutooktt5 Pmnn G2RI& | yR Ay@SaGaSR Ad Ay GKS
time you would have $110. So tpeesentvalue2 ¥ bmvmmn Ay 2y S &SI NRA&

This is why we need to discount future valueso that we can compare intertemporal cosiisd
benefits.

3.5.4 Sensitivity analysis

Sensitivity analysigwolveschangingkey assumptions and variablés ascertain how theywould

affect the final outcomédsee Sectiorl3). 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 trmase as the discount rate rises
because the benefits of deushing tend to be weighted towards the middle and end of the time
horizon and are consequently more heavily discounted.
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3.6 Key limitations

We @sumethat bush encroachment would remain constant @1BAU case, but it is actually
projected to be increasing by aroundl8% per annurh This means there is upside tloe 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 oflleshing operations.

One of the key limitations of this study is the deficiency of data kmalvledge on how ecosystem
services are affected by bush encroachment anddghing. For exampleh¢ uncertainty regarding

the impact on groundwater recharge rates is of particular concern as an increase in the sustainable
supply of groundwater would beery 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,
preventingmany impacted servas 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.

Specificdata constraintsassumptionsand limitations and risks for eadector/ecosystem service
are detailed in Sectiorto 12.

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

Bush encroachment affects the majority of Otjozondjupa, impaatmndtiple ecosystems and land

usesacross the regionThis ma&s it a complex problem, ampacts can vary depending dhe

surroundingenvironment (e.g. types of soil, other vegetation, W), how the land isnd could be

used(e.g. cattle farming, tourism), and how many peogépend onthe land.

Figure 4.1: Bush encroachment in Otjozondjupa
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Source: Katharina DierkeGIAT 2016
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Figure 4.2: Bush density in Otjozondjupa

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

Average density (bushes/ha)

Bush height

>1.5m, no >1.5m, Total

main stem main stem
. mellifera 1856 773 888 586 107 1580
. mellifera 109 282 5925 7 858 567 | 14350
. mellifera 620 177 3711 3817 175 7 703
. mellifera 474 894 8710 5302 275 | 14288

cericea 228 993 1757 543 196 2 496
. mellifera, D. cinerea 176 140 1310 730 215 2255
. mellifera 680 335 1916 491 116 2522
. prunioides 312 849 6 040 5820 650 | 12510
. mellifera, T. cericea 548 916 1002 476 286 1765
. mellifera, T. cericea 432 499 5831 2 847 779 9 457
. mellifera, T. prunioides| 509 133 5277 3705 575 9557
. mellifera, T. cericea 110477 4 200 1583 175 5958
. cericea 1258 116 1223 456 108 1786
. cericea, A. mellifera 298 047 8908 2735 415 | 12058
. cericea, A. mellifera 271 529 5 306 1244 300 6 850
. cericea 185472 | 12917 5654 467 | 19038
. cericea 175 155 875 546 64 1486
. cinerea, A. mellifera 600 779 1234 489 121 1844
. mellifera 424 024 1513 355 313 2180
. cericea 171 348 7740 3195 635 | 11570
. mellifera, T. cericea 799 614 1890 542 154 2585
A. mellifera 276172 6 325 3186 1004 | 10514
Source: LDN, Cl/
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Furthermore, the appropriate method, range, and scope&l@bushing activities are also dependent
on the local contgt. For example:

1 largescale mechanical harvesting methods would likely degrade more arid, fragile soils
where smaliscale methods would be more suitable

9 arboricides may have detrimental effectvhen usedn sandier soils, where thehemicals
can be more mobileand be transmitted to nofencroacher bushes and trees pollute
water bodies

1 harvesting may nobe economically vidb in the more remote areas 3®t, due to current
harvestingnefficiencies
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4.1 Ecosystems

Bush encroachment affects multiple ecosystenithin Otjozondjupa, including the Highland Acacia
Savanna, Northern Kalahari Savanna, KarstMelg Kalahari Woodlands, and small parts of the
Western Highlands, as shownHfigure4.3 (HarperSimmonds et. al2016) There are also a number
of urban ecosystem zones within the region, including Okahandja, Otjiwarongo, Olakatawi,
and Grootfontein.

The Development of an Inventory of Ecosystem Services in Nawdisiaeferred to inestablishing

the presence and influence of bush encroachment in each of the identified ecosystems in Namibia
(HarperSimmonds et. al., 2016l 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 isonsiderablauncertainty around this.

4.1.1 Highland Acacia Savanna

Overgraing 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 moderagelot fires killing off

small bushes, further reducing available pasture. The conversion of farms into resettlement farms
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 ruwbith after heavy rains can be
particularly rapid and result in soil erosion. Conversely, slower flows that had been sustained by
seepage have declined becauseeduced rainfall infiltration.

4.1.2 Northern Kalahari Woodlands
This zone experiences the same drivefsand results from bush encroachment as the Highland
Acacia Savanna, Karstehnd 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 encroachmentig, 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 encroachirresyt

are generdy smaller in size, so lack econom@sscale that larger farms havéhere isalso still

some uncertainty surrounding ownershiphich acts to disincentivise investment and maintenance,
negatively affecting productivity.

‘wSasSudt SYSyid Aa | agAfftAy3d o0dz@SNE gAffAy3d aSfft SNE
smaller plots, and then allocated to previously disadvantagathibians.
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Figure 4.3: Bush encroachment and ecosystems in Otjozondjupa
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4.1.4 Dry Kalahari Woodlands

As in the Highland Acacia Savanna, Karstveld, and Northern Kalahari Woodlands, habitat change has
occurredprimarily as a result of overgrazing, driving bush encroachment and impacting sewites

as groundwater recharge.

4.1.5 Western Highlands
As in many of the ecosystems described in Heistion,overgrazings 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 smaliscale(seeFigue 4.6). It alsoimpacis tourism, such as game viewing ahdnting,
andaffects some stat@rotected areas, most notably/aterberg Plateau Natiai Park

Figure 4.4: Land use in Otjozondjupa
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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 affelivestock farmindcultivation generally
requires that the land is cleared, whether bush encroached ol).mss discussed in Sectidh
overgrazing particularly by cattlejs a key contributor to bush encroachment, sacomes as no
surprisethat bush encroachment is concentratédareas of livestock farming

Bush encroachment reduces aahle pasture land for livestock, particularly cattle, but also sheep
and other livestock. It does this by restimg access for livestock and by rethg grass cover used
for feed. There is a vicious cycle of reduced grass cover resulting in g@&®sure 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 sedyriand 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 hasultural, heritage, and symbolic value. These values have all been unéermin

by bush encroachment.

However, it must be noted that overgrazing, particularly by cattle, is a key contributor to bush
encroachment. Therefore, if a dmishing programme is implemented, good rangeland management
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