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EXECUTIVE SUMMARY

Land degradation by bush encroachment

Invasion and encroachmenf woody plants into grassland is a global driver of land degradation
anda widespread phenomenoin African savannawith significant negative economic and en-
vironmental impactsit decreases landscape heterogeneity, alters vulnerable habitats and re-
ducesbiodiversity(de Klerk, 2004Sirami et al. 2009; Smit and Prins 2)Hnd itimpacts carbon
sequestration and water budgets (Woodwakd.omas 2004; Mitchar& Flintrop 2013)Chang-

ing the habitatstowards more xerophytic, less productive, palatable,ritisius and resilient
grass speciegncroachmentan reduce thér 3 NJ T A y Jto |€s$ than Dol & ¢

In Namibia, bush encroachment is a major problem: the bush vegetation caveasly an esti-
mated45 mile y KI 2F (KS GadedutdsEiv@ack piotiugtivity significantly
(SAIEA 2016). The National Rangeland Management Policy and Strategy estimates the resulting
direct economidosses at N$1.4 Breach yearThus, lish control presents economic opportu-

nities. Restoring encroached arebg sistainablyremovingand utilizingvoody plants will result

in improved grass production and enhance the grazing capdeitgeted management and pre-
venting bush encroachment would provitienefits outweigling by far the costs of manage-

ment and control:Steford et al. (2017) estimate the annual value of ecosystem sendnds
tangible benefitdrom the restoration of bush encroachment in Namibia to USD 5.8 billion.

The Government of Namibia has recognized the importance of the topic for different economic

and environmental objectivedDue to the dimensionthe management obushland use will

KFI2S aA3ayAFAOFLYG AYLI Ola 2y GKS O2dayshbi® Qa DI D
croachment and restoration can provide meanintyfil 2 b | YA 0 A I @@rmipdd Gdn2 y' I £ f & &
tributions under the Paris Agreement and enhance the resilience to climate change impacts.

Study objective and design

The objective of thistudyis to analyze and quantify the mitigation impsof

A large-scale bush thinning on Namibian fdend,

A land use or productivity changes after bush thinning, and

A the utilization of the resulting bush biomass.

The Namibian region of Otjozondjupeas selected as a suitable and representative study:area
it has 8.6 Mio ha of encroached areas and repnes@about 19% of the total encroached area in
Namibia.The study examinescosysternimpactsof bush controbndlikelyfuture impacts after
harvesting,e.g. dueto increased livestock stockingnd carbon stock changes in the bush bio-
mass pool (consideringftercare)and insoil organic carbonAn Excelbased bush control ac-
counting modehllows to flexiblydefine utilization options and bush system stratmdto com-

pare carbon stocks, carbon stock changes and GHG im&atly and model followhe 2006
IPCC Guidelindsr the AFOLU sector MationalGHGnventories.

The studyconsists of three assessments:

197.1 Mio USD
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1. A land use impact analysis with an assessment of bush carbon stocks and expected carbon
stock changes in the different carbon pools after thimiiharvesting of bush biomass.

2. A value chain GHG assessment of bush utilization from harvesting, processing to the final
product for specific value chains related to thermal or energy use (e.g. charcoal, electricity, etc.).
3. A synthesis of the two asssments to develop prdefined bush management scenarios

Results

In total, bushland in the study area results in 123.9 Mio t of carbon (tC) sequestered correspond-
ing to an average of 14.5 t C/ha (30.81 t dm/ha expressed in biomass). AdditionallyMid6.4

tC are stored as soil organic carbon, resulting in an average 17.1 t C/ha. These figures are average
values for encroached bushland. The results of the study and the accounting model also quanti-
fies carbon stocks for all defined straallowingto as®ss other encroached areas in Namibia

with known conditions of lower bush biomass compared to the study region

Bush control and utilization scenarios

The studydefinedfive harvesting and utilization scenarithet reflect existing and future bush
valuechains. The scenarios calculate all emissions in the value chain as footprint (at the time of
bush extraction and utilization) and as a lelegm impact over a default IPCC period of 20 years

GHG scenario 0: Bush chemically contrgheith livestockandincreased stocking rate
GHG scenario 1: Rangeland restoratiobu&hblok bushto-feed or pellet production
GHG scenario 2: Bush farmindpdshblokproduction

GHG Scenario 3: Mediugtale charcoal production

GHG Scenario 4: Use of fire wood

> > > > B> D

GHG Scenaria hargescale bush harvesting for electricity generation

All removals, i.e. sequestration of carbon as well as emission reductions are indicated with a
negative value throughout this report

Senario 0: Bush chemically controlled with subsequent livestdécikncreased stocking rate

This scenario represents the
baseline conditions of chemically
controlled bush systems in Na- 2%

mibia. The removal of bush bio- . 2o
\‘_7/‘ missions / . \\‘

mass and loss of carbon take A AR A A AR A L7 N o

. . [ 239)(-105|(-10.3 | (-2.0 (0212 |[501 | | 624 | | PeNA
place over time as the standing  “_  \_ N N N N\ ) end20

. ) 7/53‘ 7;;_@ © % 7%'% e \ "/ years
dead wood is slowly decompos- 2% 5% %% 3% 2% 3%
. . v > 3 T L% GG )
ing. Significantarbon sequestra- Ty Ym o %y %F OB

% w

tion occurs in grass biomass and
soil organic carbon.
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Senario 1: Rangeland restoration Bushblok bushto-feed or pellet production

In the savanna restoration sce
nario bush biomass is used fc
bushblok bushto-feed or pel-

.
.

to the soil. Aftercare takes
place, but no aerial applicatior
of chemicalsThisis a plausible
restoration scenario for farmers and would have an estimated impa€t.aftCQe per ha over
20 years. Téthinning opens up enough area for grasses testablish the organic inputs from
various sourcedncluding trash lines of some of the harvested bush bioma#kincrease site
fertility over time.

Senario 2: Bush farming anblushblokproduction
This scenario offers farmers tc

AaKATG G261 NRa 9%
A A « ~ =)
massSy S NH e FlNYS 2%
. = [
trast to the previous two scenar- () crssions P
. . L . PN — ST i02e
10S, the_ main Ob_JeCtlve ofthis (527 )(-527){ 05 || 33 |(08 | per e
scenariois sust.alnable produc- . e i A years
tion (2 harvesting events) and 3 %%' 2% 2%
: : c% T3 Y bk
use of bush biomasssiven the > 2 23 9%
. . - un £
environmental impacts of bush % ¥

encroachment in view of climate
change this option should only be considd in combination with other restoraticfocused
scenarios.

Senario 3: Mediumscale charcoal production
Namibia could export charcoal -,

} Removals

on a larger scale if advantdiln \ﬁmf - ./ 169 AR o
technologies replace the tradi{ 22.6\;; (—22.:’?‘: .“’_:3.52\;; .;_\/0.03\'\ (-7.7\‘3 (10.5\1 ;:,_\\%&{ igi 22;’;)
tional steel drum kilns currently 4% \*%/%*a; b '—%%\“:%/% \f%/«% (85 ’%%\f’/ years
used.The charcoal industry is al- %% %% 5 %3 8% L% R
ready well established and the > % * %° % F % %
sector is growingThis scenario ’5@

%

assumesa shift to stationary in- %
dustrial retort kilns This could

cut the GHG balance er20 years by more than hatfaditional kiln results in 2.83 tG®per
ton charcoal over the 2@ear period, while retort kilns reduce the emission intensity in the
range of 1.87 to 0.85 tG@® per ton (enissions from burning charcoal are restnsidered)
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Scenario 4: Use of fire wood

In this scenaripthe bushis harvestedor fire wood use, especially on community lands subject
to smallholder based utilizatiorThis scenario represents
near neutral GHG balance over 20 years. Firewood migh
one ofthe biggest uses for bush biomagtercare isunre-

alistichecausesmallholdersvould most Ilkely use bush b|o

measuresHowever, firewood harvesting nota strategic
control measure against laggscale bush encroachment.

Scenario 5: Electricity generation
A promising project in
Namibia is utilization of

A
. . Q,
bush biomass as substi- %ﬁ%
tution for imported elec-  ( remova: %%%\
(: Emissions /'/- :ﬁ"
tricity from the Southern VY VUV VU £\ oz
Afrlcan Power PooI Thls 29.4 | 105 (003 (66 (106 (03 0. 56 | per ha

and 20

' 185 \ |
7\ /
\-2 \ / / years
oA

Rags 2 s
% .*62 <, 2.% 2.9 22 % = 7
energy import depend- %%Q,/ ‘%&% %3 4% 4% 29, ?% “f’;‘%
. 73] e % Gl > o2
engy and enable invest- LA T A 5,
-3

ment into renewable en-
ergies as part of the national climate action agenda.

Based on the Namibian power mix in 2010, the strong substitution effect could even be further
enhanced if Namibia expands its biomass power production and exelectricity to the South-

ern African Power Pool (SAPP). According to the UNFCCCt{20d@Lld result in an emission
reductionof ca-12 tCQe/ha over 20 yearss compared t65.6 tCQe. A 20 MW biomass power

plant would require 106,500 t dry biomapser year (Cirrus Capital 2018). According to the bio-
mass densities in this study, an area of 6,932 ha would need to be harvested every year. For the
20-year period this would amount to 138,645 ha of bush encroached land.

Table Summary otha-basedGHGbush control scenarios

Senario 0: | Senario 1: | Senario 2: | Scenario 3: | Scenario 4: | Scenario 5:
Bush chemi-| restoration, | Bush farm- | Medium- Use of fire- | Bush har-
cally con- bushblok ing &bush- | scale char- | wood vesting for
trolled bushto- blok pro- coal produc- electricity
feed/ pellet | duction tion generation
Total anissions over 20.28/
20 yrs 6.24 -7.10 8.26 1294 1.56 18.49
(tCO2e/h#20 years '

The GHG balances in this study eatlthe factory gate. Somscenarioswould changeif the

analysis was extended to the gegate life cycle. Howevethe export of bush biomass products
and the resultingsubstitution effecsin other countriess At t y 20 06S | 002dzyi SR T
carbon balance according tbe IPCC 2006 logic on national GHG inventories.
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National baselinend bush utilization scenarios

The results were used to estimate GHG emissions and removals at the national level under cur-
rent (baseline) conditions of bush control and for selected future utilization scenavirsthe
20-year period. Carbon sequestratio due to newencroachment isiccouned for, based on an
annual encroachment rate of 0.43 Mio hentil 2035and an assumed growth rate @61
tCQe/halyear. Asno further growth of already encroached bush areas is assumed, this is a con-
servativeestimate d the sequestration capacity. The baseline scenario assumes an annual im-
plementation of bush control on 198,510 ha.

As shown in the baseline figure beloletchemically controlled busind darcoal production
using traditional kiln technology representsiicant source of emissions in a 20ear baseline
scenario, with annuaeémissions 00.42 Mio tC@e and 2.47 Mio tCQe respectively Ongoing
bush encroachment currently results in an annoed sinkof -1.39 Mio tCQe, respectivelyand

-27.79 Mio tCQe dof net removals after 20 years

Baseline total emissions/ removals after 20 years

(Mio tCO,e)

60.00 49.4
40.00
20.00 8.5

0.2

-1.1
-20.00
-40.00
-60.00
-80.00
-100.00 -84.8
Bush chemically Rangeland Bush used for Bush used for 3% bush growth
controlled restoration biomass biomass and encroachment
processing: wood processing:
chips charcoal

Figure:Baseline of enissions and removalafter 20 years (in Mio tCg)

Tocomparethe baseline emission of bush contrele calculatedhe average annual emissions
of the different baseline activitie§.e. removal of bbmassand biomass utilization processes
For this we usedhe activity data othe latest NIR 3 repodnd combined it wh the accounting
tool developed for this studyin total, the average annual emissions of the different baseline
activities amountd 7.4 Mio t C@e ¢ significantlyabovethe annualized emissions in the baseline
scenariathat also considerbiomassregrowth and sequestration in soils over this timeframe.

A significant mitigation potential exists if chemical bush controljiéaeed byrangeland resto-
ration: Implementdon 68,000 ha annuallyrovides amitigation potential of 9.7 Mio tCg over

20 yearsincreasea soil organic carbonontributes also t@limate change adaptation as the soils
will be more resilient and productive. In atldn, the establishment of a 20 MW power plant is
also considered undehis futurescenarigwhich requires annually 6,932 ha for biomass supply.

UNIQUE | GIZ Namibia Bush cont#linal reportDRAFT 5



Future scenario | - total emissions/ removals after 20 years (Mio tCO2)
60.00 49.4

40.00

Mio tCO2

20.00
2.6

-20.00 -9.7
-40.00
-60.00

-80.00
-100.00 84.8

Rangeland restoration Charcoal production - Bush harvesting for 3% bush growth and
traditional kiln electricity generation - encroachment
aftercare

Figure:Future scenario €missions and removalis a rangerestoration scenario after 20 yrs.

Finally,an alternativefuture scenario is presented for tgraled largescale bush control expect-

ing an increase in charcoal production to 320,000 ha per annum of which 270,000 ha of bush
are utilized with the traditional kiln technology while another 50,000 himmjgemented with an
advanced stationary retort kiln technology. 130,000 ha annually are successfully restored by
consequently implementing aftercare. The biomass is used for different uses, quduastion

of bushblols, bushto-feed applications andf realistic, pellet productionin order to show op-

tions for future developments the requirements and impacts of 170 MW extra biomass power
(based on Stafford et al. 2016) are modelled here, using the assumption to use 58,924 ha annu-
ally.
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Future scenario Il - total emissions/ removals after 20 years (Mio

tCO2)
~ 150.00
o
=] 109.5
B
= 100.00
50.00
21.8
12.2
-18.5
-50.00
-100.00 -84.8
Rangeland Charcoal Charcoal Bush harvesting 3% bush growth
restoration production - production - for electricity and
traditional kiln retort kiln generation-  encroachment
aftercare

Figure:Future scenario Iemissions and removalsf bush control activities after 20 yrs.

In total, all utilizations and harvest options in the future scenario would require the biomass of
around0.5 Mio haper year. The largest emission source would still be thditicmal charcoal
sectorfollowed by dectricity generatiorand charcoal producedith advanced kilnechnology

Factoring in the 3% bush growth and encroachment, the net GHG result of this scenario would
mitigate the emissions from all emissive sectanbstantially. However, in total this scenario
would emit 2Mio tCQe annually.Electricity generationeven though it represents an emission
scenario in totalyould also includea substitution(mitigation)effect of-6.6 Mio tCQe over 20
yearsor -0.3 M tCQe annually

Conclusions

The GHG balances show potential mitigation options. When directly comparing the bush control
scenarios over a default period of 20 years, it can be concluded that the highesi@miare
caused in chaoal production whemsing a traditional Namibian steel drum kiln. If charcoal is
produced in industrial retort kilns, emissions drop to levels below the ones of bush farming.
Despite the substitution effect of electricity generation from bush biomass, this scenario also
resuts in GHG emissions over 20 years.

One of the most important factors considering busitroachment and bustontrol is the effect

on soil organic carbon, which is closely linked to soil fertility, due to the ability of SOC and SOM
(soil organic matter) tdind water and nutrients. Increased bush biomass creates sufficient or-
ganic inputs, but alters soil microbial communities and therefe@duces decomposition ratios.

With reduced decomposition rateSOC and ultimately soil fertility in bush encroached sirea
consequently drop as wdlBuyer et al., 2016). Due to the expected reduced rainfall and strong
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bush growth, SOC and fertility are expected to decrease in the future; soil erosion is expected
to increase due to bare areas between bushes, which are ponénd erosion (Manjoro et al.,
2012).

Bush control can have various impacts on soil fertility. Harvesting intensity and afterckeyare
management tools. fley determine restoration success or failure, due to the amount of bare
areas or the successfud-mtroduction of a grass layer. b sustainablenanagemenisimple-

mented the areawill further degrade, with lower biomass growth (wood) and no establishment

of perennial and palatable grasses (Zimmermann et al., 2017). The soil modelling confirms tha
only under the assumption of aftercare and savanna restoration success SOC is increasing (se-
guestration), and the highest SOC increase is under a moderate harvesting of 50% bush biomass
leading to 0.44 tCg@ sequestered per year and ha.

Water provisionis a vital ecosystem service, in particular very arid conditionsas those in
Namibia. Bush encroachment impacts all water related ecosystem services due to intarcept
interception is increasing;limate change and changing rainfall patterns witthhigterception

rates will reduce groundwater recharge as well as overall soil moidtessbushreduces inter-
ception, andmore water can percolate and contribute to groundwater rechavye.under cli-

mate change pecipitation is expected to decreasgroundwater may not necessarily benejt
evenif rangeland arerestored ¢ but impacts will be less negative compareddtash farming or

even encroachment. The water use efficiency under a rangeland restoration scenario is in-
creased while under encroachmentter gets scarceRangeland restoratiorhas also positive
impactson biodiversity.

In general, all bush control scenarios which actively increase soil fertility through soil carbon
sequestration should be promoted on a national level. Bhxild be combied with wetland
restoration to establish more diverse conditions in favor of grasses. It can be concluded that
despite uncertaintiesangeland restaation at landscape scale will increake adaptive capac-

ity of the ecosystem as well dgenefit biodiverdly, groundwater,andsoil fertility. Busko-feed
systems should be assessed more in terms of potential emission reductions of the livestock sec-
tor.

Given the importance dhe topicthe authors see a strongeed for a national paradigm shih
the bushmanagement sector and propose the following measures as next steps:

A The accounting logic of this study should be combined with the bush information system
study to develop a National Bush Management and Information System. This system should
allow to conbine spatial information on bush encroachment on a national level with activity
data on bush control activities and emission factors along their different value chains.

A The mitigation potentiabf shifting from chemical bush control to rangeland restoratio
should be further assesseeégardinga carbon crediting schemfer the voluntary carbon
market. The VCS (Verra) Standiordexampleallows accourihg for emission reductions in
agricultural landscapes (bush systems in Namibia are not defined as forests)

A With aviewto the high vulnerability of Namibia and thmportanceof the bush sector, a
detailedclimate change adaptation studjhouldassesshe vulnerability andmpacts in line
with the IPCC Climate Risk and Vulnerability Assessment Framework.

A The studyfindingsshould be furthescrutinizedn a thorougheconomic assessment.

UNIQUE | GIZ Namibia Bush cont#linal reportDRAFT 8



The closing of these knowledge gaps and tinenitoring dataallow for developing tailored

measures aRA FFSNBY i 2dzNAARAOGA2Yy It f SQifdg@ethd G Sy of
accounting in the wider national GHG inventory (as well as other national reporting require-

ments) and the future enhanced transparency framework under the UNHREXyGnd mitiga-

tion, this systentould alsde used formonitoringother ecosystm andbiodiversity.
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1 INTRODUCTION

Invasion or the expansion of woody plants into grassland and savaaagobal problem and

has received growing attentiaiuring past decades (Eldridge et al. 20Thechanging balance

in the proportion of trees ath shrubs relative to grasses and herbs is considered as a form of

land degradation (Oldeland et al. 2010) and has been described as one of the dominant ecolog-

ical changes in the last two centuries (Polley et al. 1997).

Over the past 60 years, growing esticte suggests that savannas throughout the world are being

altered by this phenomenqralso]l y2 6y & Wg22Reé SYyONRI OKYSYyiQ 6! R
et al. 1995; Moleele et al. 200African savannas which cover approximately 13.5 Mio km? (Rig-

gio et al, 2013) and woody encroachment is a widespread phenomenon. It has been docu-

mented since the early 20century (Bews, 1917) but has become increasingly prevalent over

GKS frad aS@SNIt RSOIFIRS& oO0! NOKSNJ S).Thefsldit HnnnT
from grasslands to shrubncroached grasslands is often irreversiltidecreases landscape het-

erogeneity and reduces the diversity of invertebrates, hiadsd large mammals (Sirami et al.

2009; Smit and Prins 2015). Laigmale vegetationlange also has consequences for energy,

carbon and water budgets (Woodward and Lomas 2004; Mitchard and Flintrop 2013). Impacts

on carbon sequestration are significant, in particular for soil organic carbon (SOC) and the re-

gional carbon balance (Li et 2D16).

Bush encroachment can reduce the grass 8 SR O NNEAyYy 3 OF LI OAGeé o6& 3INF
than 10%, consequently resulting in severe losses to individual ranchers and the nation as a
whole.2 AGK ySEFENIe wm: 2F (KS @ng NioRwoody dhdrddathd G A 2y f
ment has important ecological and economic implications. Changes in the composition of savan-

nas are particularly important in Africa, which hosts a large and rapidly growing proportion of

0KS 62NI RQa KdzYl y LiareldastoralistsSeolesyahdyAiche? INE K 2 Y

loss of grazing capacity is due to overwhelming bush competition that reduces grass yield per se

as well as changing the botanical composition of the grass sward towards more xerophytic, less
productive, pahtable, nutritious and resilient grass species.

Bush encroachment in Namibia

Bush encroachment already occurred in Namihi@ng pre-colonial timesS\ y OS (G KS wmdnn Qa
accelerated quickly to the landscape lewsd aresult oftechnological advances iand useprac-

tices andit was recognized as a problem of natiodahensioninthem dpc n Qa o6 DL%¥% HAMNDU ¢
today, it constitutesa major problemfor agriculturein Namibia the bush vegetatiorcovers

approximatelyn p YA f £ A2y KS O &hBag, atidlucédivé&stodR prodyciiviti® Qa at @
significantly (SAIEA 2016)ithout harvestingand otherinterventions and a bushencroach-

ment rate of 3.18%all livestock production areas the country (app51.5 Mio ha) could be

coveredwith bushby 2035 (Hosbein 2016).

Drivers of woody encroachment in African savannas are wiistyissed in academic literature

(Archer et al. 1995; Wigley et al. 201®)ost studies focus on areas that are being encroached

and ignore areas that are not. Howeyarstudy by Michard and Flintrop (2013) examined both

woody encroachment and woodland degradation in s8aharan AfricaTheydemonstrated

that woody encroachment was as prevalent as woodland degradation, thus showing that a bias
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in the literature towards woody encexhment is unlikelyDrivers for woody encroachmeratre

local and global. A number of studies have elucidates driversof woody encroachment at
specificlocations(e.g., Bond et al. 2003; Goheen et al. 2004; Higgins et al. 2007; Wigley et al.

2010); otrer studies have examined the determinants of woody cover from savanna sites across

Africa (e.g. Sankaran et aD05, 2008).

Theenvironmental and indirect economic impacts of bush encroachrmehtamibiaare welt
documenteddescriptively(e.g. De Klerk 204), howeverthe quantification of these impacts is

still debated in researchH-or example, bush encroachment reduces groundwater reserves and

limits groundwater recharge and extraction ratea critical consequence foreeryarid country

like NamibiaBush encroachment and the associated piorsi@ige herbaceous layer areeli-

able indicatori KI & GKS I yRaAaOFILIS KFa 0S5S02YS RNAESNXP ¢KSI
YIRS RNRddzZAKGaéU0 gAff 06S02YS Y2NBE FNBdyaSy d I yR
(e.g. drought, oubf-season wildfires, termites, locusts and climate change events) decreases

(GIZ 2014). Less measurable is the impact of bush encroachment on the tourism irBluskry.
invasionreduces biodiversitgndvisibility of, for example game animals in protected areaad

thus changes the wide, open landscaphichattracts tourists(GIZ 2014)

Most bushencroached areas are highly productive and fairly stable ecosystems that offer plen-

tiful feed to browsers and protect themselves frdiarce fires.5 dzS (12 06dzaK Sy ONRI OF
detrimental effect on the grazing capacity of agriculturally productive land, productivity has de-

clinedin Namibia often to such an extent that many previously productive livestock farms are

now no longer economidly viable.

The newlyformulated National Rangeland Management Policy and Strapedy the direct

losses due to the bush encroachment/weakened grass sward complex at N$1.4 billion each year
(updated to N$1.tillion in the STEAG study of 2013)alcouriry where more than 70% of the

population depends on agricultural (mainly livestock) production, thissigj@ificantcause of

rural poverty (G122014).With this,bush encroachment is considered the single most important

obstacle for the development oktS 02 dzy i NB Qa YSIF G AYyRdzAGNB® ¢KS ¥
Agriculture John Mutorwaven describedush encroachmenasa national disaster (National

Rangeland Policy 2012).

Bush control and its impacts

Approaches for addressing the problem exkatish control presents economic opportunities

through sustainable harvest and utilization of the bush biomBsstoring bush encroached ar-
easthrough the sustainable removal of some of the woody plants to yield a more balanced

rangeland ecosystem will result &m improvement in grass production and therefore also the

grazing capacity. The resulting biomass provides ample economic opportunities, in support of

G NR2dza yF A2yl LREAOASEAD . dzaK GKAWpidg/3d 2F DI
productive ecologically diverse, and balanced state. The abundance of undesirable woody bio-

mass, coupled with the need for local value addition and for electrggtyeration creates a
sociaeconomic development opportunitythe management of invasive alien plaatsd bush

SYONRI OKYSyd OFy RStAGSNI aA3ayAUOlyd SOzagadsSy
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cost of management and control (Stafford et al. 2017). The same study concluded that in Na-
mibia, the estimated value of ecosystem services from the restamatias US$5.8 billion.
Academicstudiesfurthermoreallude to thepositivemitigation impacs of bush control Stafford

et al. (2017)show thatthe use of biomass for electricity can deliver notable carborission
reductions through thereplacement of cola and biomass ctking is noted as an important
greenhouse gas abatement opportunifiicKinsey and Co. 2010 addition, various wood
products (fence posts, poles) could ateduce net carbon emissions by inasing carbon stocks

in harvested wood product poo($taffod et al. 2017).

However these positive impacts are contrasted by negative carbon flanchange from bush
encroachment to the natural vegetation result in a net loss in terrestrial carbon stocks, due to
the loss of rapidly growing woody biomass. In &ddi there may also be carbon emissions from

the landuse practice that follows the clearing of plant invasians control of bush encroach-
ment such as increasesmissionsfrom livestock.Lastbut not least there is still uncertainty
about the impact obush control on changes and notably losses of soil organic carbon.

Almost 70% of the estimated value of ecosystem services from bush control (Stafford et al. 2017)
are water benefits (mainly water recharge). Bearing in mind Niatibia is highly exposedd
climate variability and the effects of climate change, which are expected to worsen in coming
decadesclearl indicatesthat bush controlmight havesignificant impacts on climate change
adaptation.This knowledge is relevant for various efforts, whish Namibian government is
committed to¢ such as the United Nations Framework ConventioiCbmate Change and the
corresponding Nationally Determined Contributions (NDC 2015), Convention on Biological Di-
versity, and the United Nations Convention to GmnDesertification, and the National Devel-
opment Plan 5 (NDP 5).

Objectiveand overviewof the study

The Government of Namibia seeks to mobiliterinational climate finance address the prob-

lem as part of its climate change mitigation actionse Geman Development Cooperation im-
plemented by GIZ is supporting the Namibian government through the Ministry of Agriculture,
Water and Forestry (MAWF) in the Bush Control and Biomass Utilization (BCBU). pitugect
project aims to counter bush encroachmeriy promote restoration of degraded largl and
economically utilize the bushased biomass resourdé explores and encourages the utilization

of and value addition to encroacher bush wood in various value chains, and bush harvest on
farms (commercial andocnmunal) in an ecologically sensible manner that leads to improved
rangeland condition, increased animal productivity and enhancestaaism. Against this
backgroundGlZcommissimedthis study, whichanalyze and substantiatethe climatechange
mitigation and related impacts of bush control and resulting biomass utilization

The objective of thigreenhousegasassessment of Bush Control and Biomass Utilization is to
analyze and quantify the mitigation impact of larggcale bush thinning in Namibia.

More specifically, thistudyassessasin detail the GHG impacts of

A largescale bush thinning on Namibian farmland,

A the dhanges in land use or its productivity after bush thinning, and
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A the utilization of the resulting bush biomass.

Consequencesf bushcontrol in terms of ecosystems impacts asoexamined as well as the
potential future impacts after the harvesting related to GHGs emissions (e.g. due to increased
livestock stocking) and carbon stock changes in the bush biomass pool (consideriogrefter

as well as soil organic carbon.

For the removed bush woody bioma&G emissions are analyzed for different utilization sce-
narios, including different charcoal production systems (from traditional to improved kiln tech-
nologies) and biomaggvood chips)electricity generationThe focus of the analysis is mainly on
energetic uses of bush biomass, excluding handicraft or other wood products.

This reportstarts witha short policy analysisvhichsummarizes the climate changeitigation
andto some exénd adaptationframeworks with relevance to bush control and biomassiase

a national as well as broader Africepntext(Chapter2). Chaptei8 outlines the methodological
approach used in this study to a analyze and quantify the climate change mitigapait of
large-scale bush thinning in Namibia using datasets of one particular representative region
(Otjozondjupa). Being merely a delksed study combined with field consultations in Namibia,
the analysis is based on available datasets, bush corntrdies and peereviewed literature.
Chapter4 presents the results of this study, starting with setting the frame in terms of current
bush control activities in Namihi@his is followed by the presentation of the carbon stock anal-
ysis of the bush systenisthe study regionThen pre-defined bushmanagement and utilization
scenarios are presented ame-halevel, which aresubsequentlhapplied to assess the national
baseline GHG balances of different bush control activiiesvell ador a potential fuure up-
scaling bush control scenario. In addition, a qualitative assessment of bush control on different
ecosystem services is presented based on an extensive literature review. Chaptemarizes

the key findings and conclusions.
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2 POLICY FRAMEWORNKIR® AND ANALYSIS

The scope of work for this consultancy includes an analysis of international and national policy
frameworks on climate change mitigation and adaptation with relevance to bush control and
biomasautilizationin Namibialn addition to thisdeskbased reviewa meeting was held on 12

March 2019 at the office of Mr. Reagan Chunga of the Namibian Ministry of Environment and
Tourism (MET), Division of Environmental Affairs (DEA), Subdivision of Climate Change to get his
views and additional ingt on the policy framework.

In 1994, Namibia became a party to the United Nations Framework Convention on Climate
Change (UNFCCC). In 2015, Namibia became a signatory to the Paris Agreenrent:Axsax
1-country, Namibia is required to submit a Nat&r€Communication (NC) report to the UNFCCC
every four years, a BiennidpdateReport every two years, andravised version of itblation-

ally Determined Contributio(NDCYeport every five years. The latest available versions of these
reports have beenaviewed and are discussed below.

Several of the policy documents reviewed do not have bush encroachment or climate change
as their central focus, but do include important statements that directly or indirectly influence
how bush control and biomaastilization is carried out in Namibialhereforethey have rele-
vancein the context ofclimate change mitigatioand adaptation in Namibia. Sinageany ana-

lyzedpolicy documents are nagxplicitparts2 ¥ bl YAO Al Qa Of AYIFGS OKIy3S
their review hadeen included at the end of this report in the annex section.
¢ KS OdzNNByidG FyR 1Sé& StSySyida 2F bl YAOALI QA LRt A
adaptation include:
A the National Policy on Climate Change for NamiM&T,2011)
A the National Climte Change Strategy & Action Plan: 2@1220 MET,2013)
A the 39 National Communication to the NFCCMET,2015a)
A Intended Nationally Determined Contributions (INDC) of the Republic of Namibia to the
United Nations Framework Convention on Climate Chgh€T,2015%0)
A the 2 Biennial Update Report (BUR2) of the Republic of Namibia (2016)
I O0O2NRAY3A (2 aNX® wSI 3IKUhWatioréldzgnirunication wall ®etstbmit-1 YA 6 A |
ted to the UNFCCC in 2019, and #i&NDCreport will be submitted in 2020.

2.1 National Policy Frameworks

National Policy on Climat€hange for Namibia (2011)

Bush control and biomass use anentioned inthe National Policy on Climate Change for Na-

mibia (2011), but do not feature prominently. Bush encroachment is referred to in tesea
oftheForwardda SOGA2Y & LI NI 2F bl YAoAlQa ¢SIFHtGK 2F N
referred to in thelntroductionas having a suffocating impact on livestock production. It is also

referred to indirectly irObjective 2where the enhancenm of GHG sinks is identified as one of

bl YAOAlI Qa YAGAIIGAZ2Y aGNIGS3IASAT (GKS ®HzaK Sy ONZ
jective 3of the Policyis also relevant to bush control and biomass use. It points out that the
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crosscutting nature of dmate change and calls for other ministries, divisions and subdivision,

y2i 2dzad a9¢Qa /fAYIGS /KIFIy3dS {dzoRAGAAAZYI G2 )
particularly relevant to the Ministry of Agriculture, Water & Forestry (MAWF), wiaslestrong

focus on bush control due to the devastating impact of bush encroachment on livestmtikc-

tivity. It is also relevant to the Biodiversity and Sustainable Land Management Subdivision of

MET, since bush encroachment is a form of land degiradlghat adversely affects biodiversity.

It should be noted that Mr. Chunga of MET also places great importance on the need for other
government ministries, divisions and subdivisions to coordinate and participate in planning and

actions for climate changaitigation and adaptation.

National Climate Change Strategy & Action Plan: 2@12020 (2013)

Bush control and biomass use are also touched on ilNtiional Climate Change Strategy &

Action Plan: 2018 2020 but againdo notplay a dominant roleln Chapter 2, bush encroach-

ment is mentioned as contributing to a large uptake of carbon dioxide making Namiiea

DID AAY1® | 26SOSNE AY [ KFELIWGSNI ¢ bl YAOALFQa [ A
tion, mitigation and crossutting issues, bush comtrand biomass use are not mentioned at all.

Thisis animportant shortcoming of théational ClimateStrategy & Action Plagiven the large

GHG sink capacity tie bush encroachmenarea that has been reported dnb | YA NA-I Qa

tional Communicatiopandthe importance of bush control and biomass use have in the mitiga-

tion plans ofb | YA dntehd@diNationally Determined Contributiofsee below)This short-

coming would bea key topido address in any future update/revision of tisrategy & Action

Plan The update/revision would ideally include statements about the importance of bush con-

trol and biomassitilizationt YR K2 ¢ (GKSe& 3ISYySNIftfe FAG Ay S6AGK b
mitigation and adaptation. Such important statements would then suppoordination of bush

control and biomasstilization policies and plans between MAWF and MET.

Third National Communication to th&JNFCC015)

TheThird National Communication (TNC) to the United Natlmasnework Convention on Cli-

mate Change (UNFCGC3 | &0l Gidza NBLIRZ2 NI O2FSNAY3I bl YAOALl Q2
aptation activities, and a vulnerability & adaptation study. National Communication reports are

to be prepared and submitted to the UNFCCC every four yEaedNCy S a 2 dzi hsl YAO Al Q3
for future adaptation and mitigation. Although the bush encroachment area has been widely
recognized as a GHG sink for Namilbidpes not explicitly discuss it as such.

Furthermorejt A Y RA Ol 1Sa GKFG bl YAOAL Q& Zokhg loss Offfot-Jr OA (& A
est biomass, so that Namibia is predictedtmlonger be a net GHG sink by year 2022. However,

during the meeting with Mr. Chunga of MBit 12 March 2019t was understood that the map-

ping used to suppotthe calculationsandthe above onclusionmay not have provided an accu-

rate picture. It is therefore anticipated thatsignificantly revise® | t Odzf A2y 2F bl YAG
sink statuswill be presented in theipcomingFourth National Communication
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Given themassivescale of bush encroament in Namibia, th& NCalsofails to providea clear

and straightforward discussiolin its GHG inventory sectimegarding the impact of bush en-

croachment on GHG emissioasdremovals. Th@NCalsoomits a discussionf how the huge

bush encroachment NS O2dz R FAG Ay d2 b Regardng adepfatiol! D YA (A
the TNCdoesidentify bush thinning as an important climate change adaptation strategy as a

means to improve livestock productiolm future NCs, it should be expected that bush tiiirg

will also be identified as an adaptation strategy to conserve groundwater resources, since stud-

ies recently implemented by the GIZ Bush Control and Biotd&kzation Project have con-

cluded that bush encroachment significantly reduces groundwatdranee.

b I YA dmehd@dNationally DeterminedContributions (2015)

¢KS Lb5/ ¢l a adzoYAGGSR (2 GKS | b CUMFCCBars LJ- NI 2°
' ANBSYSyYyld 2F Hnmpd® LG asSdéa 2dzi bl YAOAlIQa 321 fa
be achieved by year 2030. Bush control and biomass use feature importantly in theNIDC

YAOAlI Q& 3I21f FT2NIDID YAGAILIGAZ2Y Aa (2 NBRdAzOS S
the GHG emissions would be with the businassisual scenario for year 203ThelNDCsets

out a number of planned mitigation actions, including the following:

A The replacement of fossil fublsed electricity generatigmvith a significant increase in re-
newableelectricity generationincluding ebushbiomasscombustion power plat.

A The creation ofl5 million hectaresf grassland through bush thinning, where the grassland
has been assumed to be more effective at GHG removals through carbon sequestration

bl Yt26SNDa LXFy (2 SadlofAakK | o0dowKandlkeyyl 3a 02"

to be implemented. However, the plan to establish 15 million ha of grassland through bush thin-

ning by year 2030 appears to be unrealiskature revised BG should provide more details

supported by calculations to explain how tkesgetcan be achievedsit is an important com-

LR2YySyd 27F bl Ystratégya@idontiblitéds%td theplanyied mitigation target.

In the adaptation section of thENDC bush thinning is presented as an adaptation strategy as a

means to increase livestk production and economic growth. THéDCcould have mentioned

improved recharge of groundwater resources as an additional adaptatiated benefit of

bush thinning, as that was recently concluded in a study implemented by the GIZ Bush Control

and BianassUtilizationProject.

b | YA oSkcord 8iennial UpdatReport (2016)

' wH ¢l & adzoYAOGGSR G2 GKS ! bC/// AY wWwnmc & LI N

UNFCCC about GHG emissions and removals and its capgumtyoion such monitoring rad

reporting. With respect to bush encroachmeiJRZXtatesthat data regarding the rate of in-

vasion by bush species was not availaid bush density had to be estimatesforts arecur-

rently madeto addresshis deficiency in future GHG inventori€Bere is no further discussion

regarding the details of calculations for GHG removals due to bush encroachinisig.a seri-

ousshortcoming of the reportgiven themassivebush encroachmenrdreahas inrenderingNa-

mibia a netGHG sink.
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2.2 International Poltly Frameworks

The international policy framework review included documents prepared for Australia, South

Africa, Zimbabwe and Botswana. Tiegiewhas generated important insights from other coun-

tries with similar issues

A¢KS ' dzaiNF Al Y frARESKEYprddts cormdrdledIfiiastimbQsly areas dur-
ing the early dry season as a strategy to mitigate GHG emissions, preserve biodiversity, and
contribute to agricultural productivity and food security (Australia govt., 2017). The Austral-
ian example ofising controlled fires could serve as useful example for those academics and
stakeholders in Namibia who see reduced veld fires as an important contributing factor to
bush encroachment.

A The Australian policy framework also supports the production ofHgindor use as a soil
amendment that also serves as a carbon mitigation strategy. It does state that the effective-
ness of biochar to improve soil quality in dryland areas is less certain than in wetter areas
(Australia govt., 2013). The Australian biockeample may serve as a good example for Na-
mibian academics and stakeholders who believe more study is needed regarding the poten-
tial benefits and applications of biochar in Namibia as b&HG mitigation strategy and a
beneficial endproduct for harvesteancroacher bush.

A { 2 dzii K ThifdMAnGdl National Communication to the UNF@BIQ identifies biomass
energy and biochar as two options for GHG mitigation to be further developed in South Africa
(RSA, 2018). The restoration of thickets, woodlandsfaresbts is also mentioned as a strat-
egy to increase carbon sequestration. This further supports the idea that the potential ben-
efits of biochar as a GHG mitigation strategy and-pratiuct for encroacher bush should be
studied in Namibia and supported the national policy framework if the studies support
that.

ABAYOolLosSQa Dbl GAz2ylt [/ f A Yideitifes thekuseyoHBomassSfarLJ2 y a
K2dzaSK2fR O0221Ay3 YR KSFdGAy3 Fta 2yS 2F (K
and a significansource of GHG emissiofBimbabwe govt.2018). Fuelwood accounts for
cmk: 2F (GKS 02 dzy i NEespanseSifafepis for tezirdinibtidrdandtugeS
of cleaner cooking technologies.2 (i & & Bigfrlas3 &nergy Strategyates that approxi-
mately 53% of its rural households and 13% of its urban households rely on wood for daily
cooking energy needs (Botswana govt., 2009). Stinategyrecommends the promotion of
fuekSTFAOASY (i 0A2Yl aaNdhgdicatesihatBBSoiNamibian Molisitie - Q a
rely on biomass for cooking fuel, yet it does not identify the dissemination offtielent
biomass cookers as a mitigation and adaption strategy. The potential GHG mitigation poten-
tial and crossutting benefits of using fuedfficient biomass coddtoves instead of traditional
FANBA F2NJ O221Ay3 YI@& 4FNNIyid GKIFIG GKS&@ NBOSAK
mate change policy framework. A new biomass cookstove strategy could also explore how
bush encroachmenbased biomass fuel could be arporated into the strategy and action
plans.

S {
S O
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2.3 Conclusiorand policy recommendatian

I 1Se StSYSyid 27F bl foraddiessiOgiclimal2 thangee Natidkal \CIs 6 2 NJ

mate Change Strategy & Action Plan: 2€A@0 so farcontainsonly very little discussion of

bush encroachment and does ngét incorporate it intoconcreteaction plans. Given the na-

tional importance of the bush encroachment area as a GHG sink, it appears tl&trabegy &

Action Planshould be updated sometime in the future.dhould be noted, that Mr. Reagan

/| Kdzy 3l 2F a9¢ o0StAS@PSa (GKS ySSR (2 Fdz2NIKSNJ RS(¢
change is less of a priority than improving coordination amongst government ministries to work

better together in implementing climatchange mitigation and adaptation plans and actions.

Due to its relevance for mitigation, the topic should recaivare attentionin future NCs, BURs

and NDCsurthermorg the climate change mitigatiom I NB S G & A y shouldvidclade | Qa b 5/
more detaib on their feasibility and how they could be achieved, because the goal to create 15

million ha of new grassland throudiush thinning is a vergmbitiousgoal. MET should also

consider how the carbon model application that has been developed for thisittansy could

be further developed so that it could be used for future GHG inventories and national reporting

on the GHG removals and emissions of the bush encroachment area.

The review of international poliesindicatesi K & bl YA 6 A | Q &ouldBeferkri€héd F NI Y S 4 ;
by newaspects and relatetbpics that could be further explored by academics and stakeholders.
Examples include

A the use of controlled bush fires in Australia as a means to reduce GHG emissions and control
bush growth;

A the study and potatial future rolkout of biochar programmes in Australia and South Africa
as a means of GHG mitigation and soil improvement;

A programmes to promote fuekfficient biomass cookstoves in ajfid areas as a means to
reduce GHG emissions and improve healtiotigh reduced household pollution.

Finally, the meeting with Mr. Chunga of MET on 12 March 2019, put important emphasis on the
need to not only develop the policy framework for climate charme to alsoensure effective
coordination and cooperation amosgigovernment ministries and other institutions in integrat-

ing and implementing climate change mitigation & adaptation plans and actions. With respect
to bush control and biomass use, this would for example entail greater coordination between

1) MET and MAWBb ensure that climate change mitigation and adaptation plans are in-
O2N1LIR2 NI G0SR Ayid2 al!2cCcQa LIXlya FT2NI Ny3aStlyR
tercare

2) MET, MET, NamPower & MAWF to ensure that climate change mitigation and adapta-
tionplansandsustA Yy 6f S NI y3IStlyR NBad2NI A2y LI I ya
bl Yt 26SNRa LI Fya (2 KI NS astalethasiSfor@leatidty 0 A 2 YI &
generation.
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3 METHODOLGICAL APPERAF THEARBOISTUDY

ThisGHG studys assessing the impaat$é bush control on the GHG emission balance of bush
encroached land and itgtilization impacts on GHGs as welka$stitution effects withelectric-
ity generation Methodologicallythe study has carried ouhree major assessments

1. A land use impact angis this is related to the assessment of bush carbon stocks within
the landscape under assessment and the expected carbon stock chahtesdifferent
carbon pools after thinning/ harvesting of bush biomass

2. A value chain GHG assessment of bush uiizdrom harvesting, processing to the final
product of bush biomader specific value chains related to thermal or energy(esg. char-
coal, electricity, etc.) in Namihia

3. Asynthesis ahe two assessments developpre-defined bush management scemasthat
allow analyingthe overall GHG balance both from a foot printing perspective
a. AGHG balance of removed biomass and utilization at one point in time;

b. alongterm perspectiveaGHG balance over a default time period (20 years) factoring
in alsocarbon stock changes and land use GHG impacts after the bush removal.

Figurel illustrates the main approach taken in this study by analyzing first the land use compo-
nent ¢ estimation of carbon stocks in existing bush encroachstesys in Namibia (GHG sinks)

and potential carbon losses from these systems as a results of different bush management and
harvesting scenarios.
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Figurel Schematic outline of the carbon and GHG study in view of bush control aricar
tion

The normative underlying accounting approach applied in this study follows the 2006 IPCC
Guidelines for National Greenhouse Gagentories in particular the guidancprovidedfor the

UNIQUE | GIZ Namibia Bush contd#linal reportDRAFT 19



AFOLU sector in Volume Bhis approach quantifiesarbonstock changesf different carbon
pools in land use systems by combining information on the territorial area where activities such
as bush control are conducted (activity data)d coefficients (emission factors) that quantify
the emissions or removals panit of activity (IPCC 200@hese factorsareexpressed a& CO2

per haandyeak. In this studyhectarebased emission factotsave been deriveébr the differ-

ent scenarios iad components of the assessment.

The IPCC protocols follow a sector and pomentdo  a SR ljdzt YGAFAOlapg-A2y | LILJ
proach. The 1996 IPCC guidelines divided national GHG reporting into six different sectors,

namely energy, industrial process, solvent and other product use, agriculture, land use and land

use change and fostry, and waste. The revised 2006 guidelines merged the wholeldased

accounting and reporting into one sector, the agriculture, forestry and other land use sector

(AFOLU). Within this AFOLU sector, the GHG emissions sources and sinks are disaggregated

the following components:

A NonCQ emissions: Enteric fenentation (Ch), manure manageent (CH and NO), rice
cultivation (CkHland NO), agricultual soils (NO), burning of bimass (MO);

A CQ emissionsor removals: Carbon stock changes in bion{ab®sve and belowground bio-
mass, litter, deadwood, harvested wood products) amdoil organic carbon (SOC).

Further, fundamental to the IPCC guidelines is the concept of hierarchical tiers (Tiers 1, 2, 3) for
estimating GHG emissions and removals. Tied tiers are a function of methodological com-
plexity, regional specificity of the emission factors, and the extent and spatial resolution of the
activity data. The three tiers progress from least to gregl@gel of certainty (IPCC 20061ov-

ing from laver to higher tiers will usually require increasing investments in terms of baseline
establishment and monitoring costs as well agiinsonal and technical capaies.

Higher tier methodologies can be applied at fine spatial sclletandbased GHGaouning

to facilitate decisiommaking in this sectoiThe latest National Inventory Report (NIR 3, 2018) of
Namibia has compiled the AFOLU accountiitg wmix of Tier 1 and Tier 2 levels. The latter has
been applied for the categoridalling undedand as some of these were key sources in the last
inventory. Most of the stock factofsave been derived using data from past forest inventories
and other available itountryinformation and resources.

This study follows a mix of Tier 2/3 level since éduspatially explicit information for the activity
data (exten of areas under different bush systems in the study regidier 3) and compiled
emission factors from mainly national and few international studies (Tidr3levelallows to
guantify the GHG balance of differefitush control and utilizatioscenariosand by changing
different components along the bush value chamidentify the main sensitivities of compo-
nents in terms of the GHG impaéiollowing thdife-cycle logiqFigurel), GHGand utilization
scenarig can be derived, allowing to compare the impagitsmitigation andto estimate fossil
fuel substitution effects

Figure2 below summarizes the overaitep-wiseapproachof this study First, available spatially
explicit bush datasets from one particular representative region (Otjozondjupa) is analyzed with
other existing spatial layers to derive a stratified bush system database. Using default values and
assumptions from an extensivational and regiondlterature review, this database alloves-
sessinglifferent habased bush systemoncerningheir carbon stocks and impacts related to
different pre-defined bush management scenarios. Next, the GHG impacts of diffepéinns
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for bush biomass utilization are assessesing available default emission factors. Most of these
factors are national or regiondlier 2 approach accordirig the IPCC accounting logic

In addition tothis studythe team developedn Excebasedbush contiol accounting modellit
allows toflexibly set the different utilization options and bush system strata in order to compare
the different results in terms of carbon stocks, carbon stock changes and GHG inpaices.

model, all the default emission fac®and values used are listeaether with calculations on
how they were derived.
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Figure2: Methodological approach followed in this study

3.1 Land use impact analysis

The land use impact analysigfinesthe amount of biomassnd thus the amount of carbon
stored on a hectare basighich can be lateup scaledo a larger area of interesfThe carbon
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