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EXECUTIVE SUMMARY 

Land degradation by bush encroachment  

Invasion and encroachment of woody plants into grassland is a global driver of land degradation 

and a widespread phenomenon in African savannas with significant negative economic and en-

vironmental impacts. It decreases landscape heterogeneity, alters vulnerable habitats and re-

duces biodiversity (de Klerk, 2004; Sirami et al. 2009; Smit and Prins 2015), and it impacts carbon 

sequestration and water budgets (Woodward & Lomas 2004; Mitchard & Flintrop 2013). Chang-

ing the habitats towards more xerophytic, less productive, palatable, nutritious and resilient 

grass species, encroachment can reduce the άƎǊŀȊƛƴƎ ŎŀǇŀŎƛǘȅέ to less than 10%. 

In Namibia, bush encroachment is a major problem: the bush vegetation covers already an esti-

mated 45 milliƻƴ Ƙŀ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎŀǾŀƴƴŀǎ and reduces livestock productivity significantly 

(SAIEA 2016). The National Rangeland Management Policy and Strategy estimates the resulting 

direct economic losses at N$1.4 bn1 each year. Thus, bush control presents economic opportu-

nities: Restoring encroached areas by sustainably removing and utilizing woody plants will result 

in improved grass production and enhance the grazing capacity. Targeted management and pre-

venting bush encroachment would provide benefits outweighing by far the costs of manage-

ment and control: Stafford et al. (2017) estimate the annual value of ecosystem services and 

tangible benefits from 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 objectives. Due to the dimension, the management of bush land use will 

ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ DID ŜƳƛǎǎƛƻƴ ǇǊƻŦƛƭŜΦ !ŎǘƛǾŜ ǊŜŘǳŎǘƛƻƴ ƻŦ bush en-

croachment and restoration can provide meaningfully ǘƻ bŀƳƛōƛŀΩǎ bŀǘƛƻƴŀƭƭȅ 5etermined Con-

tributions under the Paris Agreement and enhance the resilience to climate change impacts. 

 

Study objective and design 

The objective of this study is to analyze and quantify the mitigation impacts of  

Á large-scale bush thinning on Namibian farmland, 

Á land use or productivity changes after bush thinning, and  

Á the utilization of the resulting bush biomass.  

The Namibian region of Otjozondjupa was selected as a suitable and representative study area: 

it has 8.6 Mio ha of encroached areas and represents about 19% of the total encroached area in 

Namibia. The study examines ecosystem impacts of bush control and likely future impacts after 

harvesting, e.g. due to increased livestock stocking, and carbon stock changes in the bush bio-

mass pool (considering aftercare) and in soil organic carbon. An Excel-based bush control ac-

counting model allows to flexibly define utilization options and bush system strata, and to com-

pare carbon stocks, carbon stock changes and GHG impacts. Study and model follow the 2006 

IPCC Guidelines for the AFOLU sector in National GHG Inventories.  

The study consists of three assessments: 

                                                           

 
1 97.1 Mio USD 



 

UNIQUE | GIZ Namibia Bush control ς Final report DRAFT 2 

 

1.  A land use impact analysis with an assessment of bush carbon stocks and expected carbon 

stock changes in the different carbon pools after thinning/ harvesting 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 assessments to develop pre-defined 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). Additionally, 146.4 Mio 

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 strata allowing to assess other encroached areas in Namibia 

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

 

Bush control and utilization scenarios 

The study defined five harvesting and utilization scenarios that reflect existing and future bush 

value chains. The scenarios calculate all emissions in the value chain as footprint (at the time of 

bush extraction and utilization) and as a long-term impact over a default IPCC period of 20 years:  

Á GHG scenario 0: Bush chemically controlled, with livestock and increased stocking rate 

Á GHG scenario 1: Rangeland restoration & bushblok, bush-to-feed or pellet production 

Á GHG scenario 2: Bush farming & bushblok production 

Á GHG Scenario 3: Medium-scale charcoal production 

Á GHG Scenario 4: Use of fire wood 

Á GHG Scenario 5: Large-scale 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 

 

Scenario 0: Bush chemically controlled with subsequent livestock & increased stocking rate 

This scenario represents the 

baseline conditions of chemically 

controlled bush systems in Na-

mibia. The removal of bush bio-

mass and loss of carbon takes 

place over time as the standing 

dead wood is slowly decompos-

ing. Significant carbon sequestra-

tion occurs in grass biomass and 

soil organic carbon. 
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Scenario 1: Rangeland restoration & bushblok, bush-to-feed or pellet production 

In the savanna restoration sce-

nario bush biomass is used for 

bushblok, bush-to-feed or pel-

let production as well as left on-

site as additional organic inputs 

to the soil. Aftercare takes 

place, but no aerial application 

of chemicals. This is a plausible 

restoration scenario for farmers and would have an estimated impact of -7.1 tCO2e per ha over 

20 years. The thinning opens up enough area for grasses to re-establish; the organic inputs from 

various sources, including trash lines of some of the harvested bush biomass, will increase site 

fertility over time.  

 

Scenario 2: Bush farming and bushblok production 

This scenario offers farmers to 

ǎƘƛŦǘ ǘƻǿŀǊŘǎ ōŜŎƻƳƛƴƎ άōƛƻπ

mass-ŜƴŜǊƎȅ ŦŀǊƳŜǊǎέΦ Lƴ Ŏƻƴπ

trast to the previous two scenar-

ios, the main objective of this 

scenario is sustainable produc-

tion (2 harvesting events) and 

use of bush biomass. Given the 

environmental impacts of bush 

encroachment in view of climate 

change this option should only be considered in combination with other restoration-focused 

scenarios.  

 

Scenario 3: Medium-scale charcoal production 

Namibia could export charcoal 

on a larger scale if advanced kiln 

technologies replace the tradi-

tional steel drum kilns currently 

used. The charcoal industry is al-

ready well established and the 

sector is growing. This scenario 

assumes a shift to stationary in-

dustrial retort kilns. This could 

cut the GHG balance over 20 years by more than half: traditional kiln results in 2.83 tCO2e per 

ton charcoal over the 20-year period, while retort kilns reduce the emission intensity in the 

range of 1.87 to 0.85 tCO2e per ton (emissions from burning charcoal are not considered). 
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Scenario 4: Use of fire wood 

In this scenario, the bush is harvested for fire wood use, especially on community lands subject 

to smallholder based utilization. This scenario represents a 

near neutral GHG balance over 20 years. Firewood might be 

one of the biggest uses for bush biomass. Aftercare is unre-

alistic because smallholders would most likely use bush bio-

mass as a cheap resource and not want to invest into such 

measures. However, firewood harvesting is not a strategic 

control measure against large-scale bush encroachment. 

 

Scenario 5: Electricity generation 

A promising project in 

Namibia is utilization of 

bush biomass as substi-

tution for imported elec-

tricity from the Southern 

African Power Pool. This 

ǿƻǳƭŘ ǊŜŘǳŎŜ bŀƳƛōƛŀΩǎ 

energy import depend-

ency and enable invest-

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 exports electricity to the South-

ern African Power Pool (SAPP). According to the UNFCCC (2018) this would result in an emission 

reduction of ca -12 tCO2e/ha over 20 years as compared to -5.6 tCO2e. A 20 MW biomass power 

plant would require 106,500 t dry biomass per 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 of ha-based GHG bush control scenarios 

 Scenario 0: 
Bush chemi-
cally con-
trolled  

Scenario 1: 
restoration, 
bushblok, 
bush-to-
feed /  pellet  

Scenario 2: 
Bush farm-
ing & bush-
blok pro-
duction 

Scenario 3: 
Medium-
scale char-
coal produc-
tion  

Scenario 4:  
Use of fire-
wood 

Scenario 5: 
Bush har-
vesting for 
electricity 
generation 

Total emissions over 
20 yrs. 
(tCO2e/ha/20 years) 

6.24 -7.10 8.26 
20.28 / 

12.24 
1.56 18.49 

 

The GHG balances in this study end at the factory gate. Some scenarios would change if the 

analysis was extended to the post-gate life cycle. However, the export of bush biomass products 

and the resulting substitution effects in other countries ǿƛƭƭ ƴƻǘ ōŜ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƛƴ bŀƳƛōƛŀΩǎ 

carbon balance according to the IPCC 2006 logic on national GHG inventories. 
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National baseline and 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 scenarios over the 

20-year period. Carbon sequestration due to new encroachment is accounted for, based on an 

annual encroachment rate of 0.43 Mio ha until 2035 and an assumed growth rate of 0.61 

tCO2e/ha/year. As no further growth of already encroached bush areas is assumed, this is a con-

servative estimate of the sequestration capacity. The baseline scenario assumes an annual im-

plementation of bush control on 198,510 ha. 

As shown in the baseline figure below the chemically controlled bush and charcoal production 

using traditional kiln technology represent significant sources of emissions in a 20-year baseline 

scenario, with annual emissions of 0.42 Mio tCO2e and 2.47 Mio tCO2e respectively. Ongoing 

bush encroachment currently results in an annual net sink of -1.39 Mio tCO2e, respectively and 

-27.79 Mio tCO2e of net removals after 20 years. 

 

Figure: Baseline of emissions and removals after 20 years (in Mio tCO2e) 

 

To compare the baseline emission of bush control, we calculated the average annual emissions 

of the different baseline activities (i.e. removal of biomass and biomass utilization processes). 

For this, we used the activity data of the latest NIR 3 report and combined it with the accounting 

tool developed for this study. In total, the average annual emissions of the different baseline 

activities amount to 7.4 Mio t CO2e ς significantly above the annualized emissions in the baseline 

scenario that also considers biomass regrowth and sequestration in soils over this timeframe.  

A significant mitigation potential exists if chemical bush control is replaced by rangeland resto-

ration: Implemented on 68,000 ha annually provides a mitigation potential of 9.7 Mio tCO2e over 

20 years. Increased soil organic carbon contributes also to climate change adaptation as the soils 

will be more resilient and productive. In addition, the establishment of a 20 MW power plant is 

also considered under this future scenario, which requires annually 6,932 ha for biomass supply. 
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Figure: Future scenario I emissions and removals in a range restoration scenario after 20 yrs. 

 

Finally, an alternative future scenario is presented for up-scaled large-scale 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 ha is implemented 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, such as production 

of bushbloks, bush-to-feed applications and, if realistic, pellet production. In 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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Figure: Future scenario II emissions and removals of bush control activities after 20 yrs. 

 

In total, all utilizations and harvest options in the future scenario would require the biomass of 

around 0.5 Mio ha per year. The largest emission source would still be the traditional charcoal 

sector followed by electricity generation and charcoal produced with advanced kiln technology.  

Factoring in the 3% bush growth and encroachment, the net GHG result of this scenario would 

mitigate the emissions from all emissive sectors substantially. However, in total this scenario 

would emit 2 Mio tCO2e annually. Electricity generation, even though it represents an emission 

scenario in total, would also include a substitution (mitigation) effect of -6.6 Mio tCO2e over 20 

years or -0.3 Mio tCO2e 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 highest emissions are 

caused in charcoal production when using 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 

results in GHG emissions over 20 years. 

One of the most important factors considering bush encroachment and bush control 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) to bind water and nutrients. Increased bush biomass creates sufficient or-

ganic inputs, but alters soil microbial communities and therefore reduces decomposition ratios. 

With reduced decomposition rates SOC and ultimately soil fertility in bush encroached areas 

consequently drop as well (Buyer 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 prone to wind erosion (Manjoro et al., 

2012). 

Bush control can have various impacts on soil fertility. Harvesting intensity and aftercare are key 

management tools. They determine restoration success or failure, due to the amount of bare 

areas or the successful re-introduction of a grass layer. If no sustainable management is imple-

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

of perennial and palatable grasses (Zimmermann et al., 2017). The soil modelling confirms that 

only under the assumption of aftercare and savanna restoration success SOC is increasing (se-

questration), and the highest SOC increase is under a moderate harvesting of 50% bush biomass 

leading to 0.44 tCO2e sequestered per year and ha.  

Water provision is a vital ecosystem service, in particular for very arid conditions as those in 

Namibia. Bush encroachment impacts all water related ecosystem services due to interception: 

interception is increasing; climate change and changing rainfall patterns with high interception 

rates will reduce groundwater recharge as well as overall soil moisture. Less bush reduces inter-

ception, and more water can percolate and contribute to groundwater recharge. As under cli-

mate change precipitation is expected to decrease, groundwater may not necessarily benefit ς 

even if rangelands are restored ς but impacts will be less negative compared to bush farming or 

even encroachment. The water use efficiency under a rangeland restoration scenario is in-

creased while under encroachment water gets scarce. Rangeland restoration has also positive 

impacts on biodiversity. 

In general, all bush control scenarios which actively increase soil fertility through soil carbon 

sequestration should be promoted on a national level. This should be combined with wetland 

restoration to establish more diverse conditions in favor of grasses. It can be concluded that 

despite uncertainties rangeland restoration at landscape scale will increase the adaptive capac-

ity of the ecosystem as well as benefit biodiversity, groundwater, and soil fertility. Bush-to-feed 

systems should be assessed more in terms of potential emission reductions of the livestock sec-

tor.   

Given the importance of the topic the authors see a strong need for a national paradigm shift in 

the bush management sector and propose the following measures as next steps:  

Á 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 combine spatial information on bush encroachment on a national level with activity 

data on bush control activities and emission factors along their different value chains. 

Á The mitigation potential of shifting from chemical bush control to rangeland restoration 

should be further assessed regarding a carbon crediting scheme for the voluntary carbon 

market. The VCS (Verra) Standard for example allows accounting for emission reductions in 

agricultural landscapes (bush systems in Namibia are not defined as forests).  

Á With a view to the high vulnerability of Namibia and the importance of the bush sector, a 

detailed climate change adaptation study should assess the vulnerability and impacts, in line 

with the IPCC Climate Risk and Vulnerability Assessment Framework. 

Á The study findings should be further scrutinized in a thorough economic assessment.  
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The closing of these knowledge gaps and the monitoring data allow for developing tailored 
measures at ŘƛŦŦŜǊŜƴǘ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ƭŜǾŜƭǎΦ Lǘ ŜƴŀōƭŜǎ ǘƘŜ ǎŜŎǘƻǊ ǘƻ ōŜ ΨǊŜŀŘȅΩ ǘƻ integrate the 
accounting in the wider national GHG inventory (as well as other national reporting require-
ments) and the future enhanced transparency framework under the UNFCCC. Beyond mitiga-
tion, this system could also be used for monitoring other ecosystem and biodiversity. 
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1 INTRODUCTION 

Invasion or the expansion of woody plants into grassland and savannas is a global problem and 

has received growing attention during past decades (Eldridge et al. 2011). The changing balances 

in the proportion of trees and 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 evidence suggests that savannas throughout the world are being 

altered by this phenomenon, also ƪƴƻǿƴ ŀǎ ΨǿƻƻŘȅ ŜƴŎǊƻŀŎƘƳŜƴǘΩ ό!ŘŀƳƻƭƛ Ŝǘ ŀƭΦ мффлΤ !ǊŎƘŜǊ 

et al. 1995; Moleele et al. 2002). African savannas which cover approximately 13.5 Mio km² (Rig-

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

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

ǘƘŜ ƭŀǎǘ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎ ό!ǊŎƘŜǊ Ŝǘ ŀƭΦΣ нлллΤ ²ƛƎƭŜȅ Ŝǘ ŀƭΦΣ нлмлΤ hΩ/ƻƴƴƻǊ Ŝǘ ŀƭΦΣ нлмп). The shift 

from grasslands to shrub-encroached grasslands is often irreversible. It decreases landscape het-

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

2009; Smit and Prins 2015). Large-scale vegetation change 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 al. 2016). 

Bush encroachment can reduce the grass-ōŀǎŜŘ ŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅ όάƎǊŀȊƛƴƎ ŎŀǇŀŎƛǘȅέύ ǘƻ ƭŜǎǎ 

than 10%, consequently resulting in severe losses to individual ranchers and the nation as a 

whole. ²ƛǘƘ ƴŜŀǊƭȅ нл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ ƭƛǾƛƴƎ ƛƴ ǎŀǾŀnna regions woody encroach-

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 

ǘƘŜ ǿƻǊƭŘΩǎ ƘǳƳŀƴ ǇƻǇǳƭŀǘƛƻƴΣ Ƴŀƴȅ ƻŦ ǿƘƻƳ are pastoralists (Scholes and Archer 1997). The 

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, palatable, nutritious, and resilient grass species. 

Bush encroachment in Namibia 

Bush encroachment already occurred in Namibia during pre-colonial times. SƛƴŎŜ ǘƘŜ мфплΩǎ ƛǘ 

accelerated quickly to the landscape level, as a result of technological advances in land use prac-

tices, and it was recognized as a problem of national dimension in the мфслΩǎ όDL½ нлмпύΦ ¦ƴǘƛƭ 

today, it constitutes a major problem for agriculture in Namibia: the bush vegetation covers 

approximately пр Ƴƛƭƭƛƻƴ ƘŜŎǘŀǊŜǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎŀǾannas, and reduces livestock productivity 

significantly (SAIEA 2016). Without harvesting and other interventions, and a bush encroach-

ment rate of 3.18% all livestock production areas in the country (app. 51.5 Mio ha) could be 

covered with bush by 2035 (Honsbein 2016). 

Drivers of woody encroachment in African savannas are widely discussed in academic literature 

(Archer et al. 1995; Wigley et al. 2010). Most studies focus on areas that are being encroached 

and ignore areas that are not. However, a study by Mitchard and Flintrop (2013) examined both, 

woody encroachment and woodland degradation in sub- Saharan Africa. They demonstrated 

that woody encroachment was as prevalent as woodland degradation, thus showing that a bias 



 

UNIQUE | GIZ Namibia Bush control ς Final report DRAFT 11 

 

in the literature towards woody encroachment is unlikely. Drivers for woody encroachment are 

local and global. A number of studies have elucidated the drivers of woody encroachment at 

specific locations (e.g., Bond et al. 2003; Goheen et al. 2004; Higgins et al. 2007; Wigley et al. 

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

Africa (e.g. Sankaran et al. 2005, 2008).  

The environmental and indirect economic impacts of bush encroachment in Namibia are well-

documented descriptively (e.g. De Klerk 2004), however the quantification of these impacts is 

still debated in research. For example, bush encroachment reduces groundwater reserves and 

limits groundwater recharge and extraction rates ς a critical consequence for a very arid country 

like Namibia. Bush encroachment and the associated pioneer-stage herbaceous layer are a reli-

able indicator ǘƘŀǘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ Ƙŀǎ ōŜŎƻƳŜ ŘǊƛŜǊΦ ¢ƘŜǊŜŦƻǊŜΣ ŀǊǘƛŦƛŎƛŀƭ ŘǊƻǳƎƘǘ ŜǾŜƴǘǎ όάƳŀƴ-

ƳŀŘŜ ŘǊƻǳƎƘǘǎέύ ǿƛƭƭ ōŜŎƻƳŜ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ǿƛǘƘǎǘŀƴŘ ƘŀǊǎƘ ƴŀǘǳǊŀƭ events 

(e.g. drought, out-of-season wildfires, termites, locusts and climate change events) decreases 

(GIZ 2014). Less measurable is the impact of bush encroachment on the tourism industry. Bush 

invasion reduces biodiversity and visibility of, for example, game animals in protected areas and 

thus changes the wide, open landscape which attracts tourists (GIZ 2014). 

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

tiful feed to browsers and protect themselves from fierce fires. 5ǳŜ ǘƻ ōǳǎƘ ŜƴŎǊƻŀŎƘƳŜƴǘΩǎ 

detrimental effect on the grazing capacity of agriculturally productive land, productivity has de-

clined in Namibia, often to such an extent that many previously productive livestock farms are 

now no longer economically viable.  

The newly-formulated National Rangeland Management Policy and Strategy puts the direct 

losses due to the bush encroachment/weakened grass sward complex at N$1.4 billion each year 

(updated to N$1.6 billion in the STEAG study of 2013). In a country where more than 70% of the 

population depends on agricultural (mainly livestock) production, this is a significant cause of 

rural poverty (GIZ 2014). With this, bush encroachment is considered the single most important 

obstacle for the development of tƘŜ ŎƻǳƴǘǊȅΩǎ ƳŜŀǘ ƛƴŘǳǎǘǊȅΦ ¢ƘŜ ŦƻǊƳŜǊ IƻƴƻǊŀōƭŜ aƛƴƛǎǘŜǊ ƻŦ 

Agriculture John Mutorwa even described bush encroachment as a national disaster (National 

Rangeland Policy 2012). 

 

Bush control and its impacts 

Approaches for addressing the problem exist: bush control presents economic opportunities 

through sustainable harvest and utilization of the bush biomass. Restoring bush encroached ar-

eas through the sustainable removal of some of the woody plants to yield a more balanced 

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

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

ǾŀǊƛƻǳǎ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎΦ .ǳǎƘ ǘƘƛƴƴƛƴƎ ƻŦ bŀƳƛōƛŀΩǎ ŀŦŦŜŎǘŜŘ ǊŀƴƎŜƭŀƴŘǎ ǿƛƭƭ ƭŜŀŘ ǘƻ a more 

productive, ecologically diverse, and balanced state. The abundance of undesirable woody bio-

mass, coupled with the need for local value addition and for electricity generation creates a 

socio-economic development opportunity. The management of invasive alien plants and bush 

ŜƴŎǊƻŀŎƘƳŜƴǘ Ŏŀƴ ŘŜƭƛǾŜǊ ǎƛƎƴƛŬŎŀƴǘ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ōŜƴŜŬǘǎΣ ǿƘƻǎŜ ǾŀƭǳŜ ƻǳǘǿŜƛƎƘǎ ǘƘŜ 
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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 restoration was US$5.8 billion. 

Academic studies furthermore allude to the positive mitigation impacts of bush control. Stafford 

et al. (2017) show that the use of biomass for electricity can deliver notable carbon emission 

reductions through the replacement of coal, and biomass co-Ŭring is noted as an important 

greenhouse gas abatement opportunity (McKinsey and Co. 2010). In addition, various wood 

products (fence posts, poles) could also reduce net carbon emissions by increasing carbon stocks 

in harvested wood product pools (Stafford et al. 2017).  

However, these positive impacts are contrasted by negative carbon flows: a change 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 addition, there may also be carbon emissions from 

the land-use practice that follows the clearing of plant invasions and control of bush encroach-

ment such as increased emissions from livestock. Last but not least, there is still uncertainty 

about the impact of bush 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 that Namibia is highly exposed to 

climate variability and the effects of climate change, which are expected to worsen in coming 

decades clearly indicates that bush control might have significant impacts on climate change 

adaptation. This knowledge is relevant for various efforts, which the Namibian government is 

committed to ς such as the United Nations Framework Convention on Climate Change and the 

corresponding Nationally Determined Contributions (NDC 2015), Convention on Biological Di-

versity, and the United Nations Convention to Combat Desertification, and the National Devel-

opment Plan 5 (NDP 5). 

 

Objective and overview of the study 

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

lem as part of its climate change mitigation actions. The German 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) project. The 

project aims to counter bush encroachment, to promote restoration of degraded lands, and 

economically utilize the bush-based biomass resource. It explores and encourages the utilization 

of and value addition to encroacher bush wood in various value chains, and bush harvest on 

farms (commercial and communal) in an ecologically sensible manner that leads to improved 

rangeland condition, increased animal productivity and enhances eco-tourism. Against this 

background, GIZ commissioned this study, which analyzes and substantiates the climate change 

mitigation and related impacts of bush control and resulting biomass utilization.  

 

The objective of this greenhouse gas assessment of Bush Control and Biomass Utilization is to 

analyze and quantify the mitigation impact of large-scale bush thinning in Namibia.  

More specifically, this study assesses in detail the GHG impacts of 

Á large-scale bush thinning on Namibian farmland, 

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

 

Consequences of bush control in terms of ecosystems impacts are also examined 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 (considering aftercare) 

as well as soil organic carbon.  

For the removed bush woody biomass, GHG emissions are analyzed for different utilization sce-

narios, including different charcoal production systems (from traditional to improved kiln tech-

nologies) and biomass (wood chips) electricity generation. The focus of the analysis is mainly on 

energetic uses of bush biomass, excluding handicraft or other wood products. 

This report starts with a short policy analysis, which summarizes the climate change mitigation 

and to some extend adaptation frameworks with relevance to bush control and biomass use in 

a national as well as broader African context (Chapter 2). Chapter 3 outlines the methodological 

approach used in this study to a analyze and quantify the climate change mitigation impact of 

large-scale bush thinning in Namibia using datasets of one particular representative region 

(Otjozondjupa). Being merely a desk-based study combined with field consultations in Namibia, 

the analysis is based on available datasets, bush control studies and peer-reviewed literature. 

Chapter 4 presents the results of this study, starting with setting the frame in terms of current 

bush control activities in Namibia. This is followed by the presentation of the carbon stock anal-

ysis of the bush systems in the study region. Then, pre-defined bush management and utilization 

scenarios are presented on one-ha-level, which are subsequently applied to assess the national 

baseline GHG balances of different bush control activities, as well as for a potential future 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. Chapter 5 summarizes 

the key findings and conclusions.  
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2 POLICY FRAMEWORK REVIEW 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 

biomass utilization in Namibia. In addition to this desk-based review, a 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 input 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 Agreement. As a non-Annex 

1-country, Namibia is required to submit a National Communication (NC) report to the UNFCCC 

every four years, a Biennial Update Report every two years, and a revised version of its Nation-

ally Determined Contribution (NDC) report every five years. The latest available versions of these 

reports have been reviewed 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 biomass utilization is carried out in Namibia. Therefore they have rele-

vance in the context of climate change mitigation and adaptation in Namibia. Since many ana-

lyzed policy documents are not explicit parts ƻŦ bŀƳƛōƛŀΩǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪΣ 

their review has been included at the end of this report in the annex section. 

¢ƘŜ ŎǳǊǊŜƴǘ ŀƴŘ ƪŜȅ ŜƭŜƳŜƴǘǎ ƻŦ bŀƳƛōƛŀΩǎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ 

adaptation include:  

Á the National Policy on Climate Change for Namibia (MET, 2011) 

Á the National Climate Change Strategy & Action Plan: 2013 ς 2020 (MET, 2013) 

Á the 3rd National Communication to the UNFCCC (MET, 2015a) 

Á Intended Nationally Determined Contributions (INDC) of the Republic of Namibia to the 

United Nations Framework Convention on Climate Change (MET, 2015b) 

Á the 2nd Biennial Update Report (BUR2) of the Republic of Namibia (2016) 

!ŎŎƻǊŘƛƴƎ ǘƻ aǊΦ wŜŀƎŀƴ /ƘǳƴƎŀ ƻŦ a9¢Σ bŀƳƛōƛŀΩǎ 4th National Communication will be submit-

ted to the UNFCCC in 2019, and the 2nd NDC report will be submitted in 2020. 

 

2.1 National Policy Frameworks  

National Policy on Climate Change for Namibia (2011) 
 

Bush control and biomass use are mentioned in the National Policy on Climate Change for Na-

mibia (2011), but do not feature prominently. Bush encroachment is referred to in a sentence 

of the Forward ǎŜŎǘƛƻƴ ŀǎ ǇŀǊǘ ƻŦ bŀƳƛōƛŀΩǎ ǿŜŀƭǘƘ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΤ ŀƴŘ ƛǎ ŀƎŀƛƴ 

referred to in the Introduction as having a suffocating impact on livestock production. It is also 

referred to indirectly in Objective 2, where the enhancement of GHG sinks is identified as one of 

bŀƳƛōƛŀΩǎ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎΤ ǘƘŜ ōǳǎƘ ŜƴŎǊƻŀŎƘƳŜƴǘ ŀǊŜŀ ƛǎ bŀƳƛōƛŀΩǎ ƭŀǊƎŜǎǘ DID ǎƛƴƪΦ Ob-

jective 3 of the Policy is also relevant to bush control and biomass use. It points out that the 
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cross-cutting nature of climate change and calls for other ministries, divisions and subdivision, 

ƴƻǘ Ƨǳǎǘ a9¢Ωǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ {ǳōŘƛǾƛǎƛƻƴΣ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ƛǘ ƛƴǘƻ ǘƘŜƛǊ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇƭŀƴǎΦ ¢Ƙƛǎ ƛǎ 

particularly relevant to the Ministry of Agriculture, Water & Forestry (MAWF), which has a strong 

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

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

MET, since bush encroachment is a form of land degradation that 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 change mitigation and adaptation. 

 

National Climate Change Strategy & Action Plan: 2013 ς 2020 (2013) 
 

Bush control and biomass use are also touched on in the National Climate Change Strategy & 

Action Plan: 2013 ς 2020, but again do not play a dominant role. In Chapter 2, bush encroach-

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

DID ǎƛƴƪΦ IƻǿŜǾŜǊΣ ƛƴ /ƘŀǇǘŜǊ сΣ bŀƳƛōƛŀΩǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ !Ŏǘƛƻƴ tƭŀƴ CǊŀƳŜǿƻǊƪ ŦƻǊ ŀŘŀǇπ

tion, mitigation and cross-cutting issues, bush control and biomass use are not mentioned at all. 

This is an important shortcoming of the National Climate Strategy & Action Plan, given the large 

GHG sink capacity of the bush encroachment area that has been reported on in bŀƳƛōƛŀΩǎ Na-

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

tion plans of bŀƳƛōƛŀΩǎ Intended Nationally Determined Contributions (see below). This short-

coming would be a key topic to address in any future update/revision of the Strategy & Action 

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

trol and biomass utilization ŀƴŘ Ƙƻǿ ǘƘŜȅ ƎŜƴŜǊŀƭƭȅ Ŧƛǘ ƛƴ ǿƛǘƘ bŀƳƛōƛŀΩǎ Ǝƻŀƭǎ ŦƻǊ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 

mitigation and adaptation. Such important statements would then support coordination of bush 

control and biomass utilization policies and plans between MAWF and MET. 

 

Third National Communication to the UNFCCC (2015) 
 

The Third National Communication (TNC) to the United Nations Framework Convention on Cli-

mate Change (UNFCCC) ƛǎ ŀ ǎǘŀǘǳǎ ǊŜǇƻǊǘ ŎƻǾŜǊƛƴƎ bŀƳƛōƛŀΩǎ DID ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎΣ ŀŘπ

aptation activities, and a vulnerability & adaptation study. National Communication reports are 

to be prepared and submitted to the UNFCCC every four years. The TNC ǎŜǘǎ ƻǳǘ bŀƳƛōƛŀΩǎ Ǉƭŀns 

for future adaptation and mitigation. Although the bush encroachment area has been widely 

recognized as a GHG sink for Namibia, it does not explicitly discuss it as such.  

Furthermore, it ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ bŀƳƛōƛŀΩǎ ǎƛƴƪ ŎŀǇŀŎƛǘȅ ƛǎ ǎǘŜŀŘƛƭȅ ǊŜŘǳŎƛƴƎ ŘǳŜ ǘo the loss of for-

est biomass, so that Namibia is predicted to no longer be a net GHG sink by year 2022. However, 

during the meeting with Mr. Chunga of MET on 12 March 2019, it was understood that the map-

ping used to support the calculations and the above conclusion may not have provided an accu-

rate picture. It is therefore anticipated that a significantly revised ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ bŀƳƛōƛŀΩǎ DID 

sink status will be presented in the upcoming Fourth National Communication.  
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Given the massive scale of bush encroachment in Namibia, the TNC also fails to provide a clear 

and straight-forward discussion in its GHG inventory section regarding the impact of bush en-

croachment on GHG emissions and removals. The TNC also omits a discussion of how the huge 

bush encroachment ŀǊŜŀ ŎƻǳƭŘ Ŧƛǘ ƛƴǘƻ bŀƳƛōƛŀΩǎ DID ƳƛǘƛƎŀǘƛƻƴ ǇƭŀƴǎΦ Regarding adaptation, 

the TNC does identify bush thinning as an important climate change adaptation strategy as a 

means to improve livestock production. In future NCs, it should be expected that bush thinning 

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

ies recently implemented by the GIZ Bush Control and Biomass Utilization Project have con-

cluded that bush encroachment significantly reduces groundwater recharge. 

 

bŀƳƛōƛŀΩǎ Intended Nationally Determined Contributions (2015) 
 

¢ƘŜ Lb5/ ǿŀǎ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ¦bC/// ŀǎ ǇŀǊǘ ƻŦ bŀƳƛōƛŀΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǘƘŜ UNFCCC Paris 

!ƎǊŜŜƳŜƴǘ ƻŦ нлмрΦ Lǘ ǎŜǘǎ ƻǳǘ bŀƳƛōƛŀΩǎ Ǝƻŀƭǎ ŀƴŘ Ǉƭŀƴǎ ŦƻǊ DID ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴ ǘƻ 

be achieved by year 2030. Bush control and biomass use feature importantly in the INDC. Na-

ƳƛōƛŀΩǎ Ǝƻŀƭ ŦƻǊ DID ƳƛǘƛƎŀǘƛƻƴ ƛǎ ǘƻ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ōȅ уф҈ ōȅ ȅŜŀǊ нлол ŎƻƳǇŀǊŜŘ ǘƻ ǿƘŀǘ 

the GHG emissions would be with the business-as-usual scenario for year 2030. The INDC sets 

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

Á The replacement of fossil fuel-based electricity generation, with a significant increase in re-

newable electricity generation, including a bush biomass combustion power plant. 

Á The creation of 15 million hectares of grassland through bush thinning, where the grassland 

has been assumed to be more effective at GHG removals through carbon sequestration. 

bŀƳtƻǿŜǊΩǎ Ǉƭŀƴ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ōǳǎƘ ōƛƻƳŀǎǎ ŎƻƳōǳǎǘƛƻƴ ǇƻǿŜǊ Ǉƭŀƴǘ ƛǎ ǿŜƭƭ ƪnown and likely 

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

ning by year 2030 appears to be unrealistic. Future revised NDCs should provide more details 

supported by calculations to explain how this target can be achieved, as it is an important com-

ǇƻƴŜƴǘ ƻŦ bŀƳƛōƛŀΩǎ ƳƛǘƛƎŀǘƛƻƴ strategy and contributed 6% to the planned mitigation target. 

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

means to increase livestock production and economic growth. The INDC could have mentioned 

improved recharge of groundwater resources as an additional adaptation-related benefit of 

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

and Biomass Utilization Project. 

 

bŀƳƛōƛŀΩǎ Second Biennial Update Report (2016) 
 

.¦wн ǿŀǎ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ¦bC/// ƛƴ нлмс ŀǎ ǇŀǊǘ ƻŦ bŀƳƛōƛŀΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǘƻ ǊŜǇƻǊǘ ǘƻ ǘƘŜ 

UNFCCC about GHG emissions and removals and its capacity to perform such monitoring and 

reporting. With respect to bush encroachment, BUR2 states that data regarding the rate of in-

vasion by bush species was not available and bush density had to be estimated. Efforts are cur-

rently made to address this deficiency in future GHG inventories. There is no further discussion 

regarding the details of calculations for GHG removals due to bush encroachment. This is a seri-

ous shortcoming of the report, given the massive bush encroachment area has in rendering Na-

mibia a net GHG sink. 
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2.2 International Policy Frameworks 

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

Africa, Zimbabwe and Botswana. The review has generated important insights from other coun-

tries with similar issues: 

Á ¢ƘŜ !ǳǎǘǊŀƭƛŀƴ ƎƻǾŜǊƴƳŜƴǘΩǎ ǇƻƭƛŎȅ framework supports controlled fires in bushy 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 of using 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.  

Á The Australian policy framework also supports the production of biochar for 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 biochar example 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 both, GHG mitigation strategy and a 

beneficial end-product for harvested encroacher bush. 

Á {ƻǳǘƘ !ŦǊƛŎŀΩǎ Third Annual National Communication to the UNFCCC (TNC) identifies biomass 

energy and biochar as two options for GHG mitigation to be further developed in South Africa 

(RSA, 2018). The restoration of thickets, woodlands and forests 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 end-product for encroacher bush should be 

studied in Namibia and supported in the national policy framework if the studies support 

that.   

Á ½ƛƳōŀōǿŜΩǎ bŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ /ƘŀƴƎŜ wŜǎǇƻƴǎŜ {ǘǊŀǘŜƎȅ identifies the use of biomass for 

ƘƻǳǎŜƘƻƭŘ ŎƻƻƪƛƴƎ ŀƴŘ ƘŜŀǘƛƴƎ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ Ƴƻǎǘ ǎŜǊƛƻǳǎ ǎƻǳǊŎŜǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ 

and a significant source of GHG emissions (Zimbabwe govt., 2018). Fuelwood accounts for 

сл҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ǎǳǇǇƭȅΦ ¢ƘŜ Response Strategy calls for the promotion and use 

of cleaner cooking technologies. .ƻǘǎǿŀƴŀΩǎ Biomass Energy Strategy states 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). The Strategy recommends the promotion of 

fuel-ŜŦŦƛŎƛŜƴǘ ōƛƻƳŀǎǎ ŎƻƻƪǎǘƻǾŜǎΦ bŀƳƛōƛŀΩǎ TNC indicates that 54% of Namibian households 

rely on biomass for cooking fuel, yet it does not identify the dissemination of fuel-efficient 

biomass cookers as a mitigation and adaption strategy. The potential GHG mitigation poten-

tial and cross-cutting benefits of using fuel-efficient biomass cookstoves instead of traditional 

ŦƛǊŜǎ ŦƻǊ ŎƻƻƪƛƴƎ Ƴŀȅ ǿŀǊǊŀƴǘ ǘƘŀǘ ǘƘŜȅ ǊŜŎŜƛǾŜ ƳƻǊŜ ŀǘǘŜƴǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘ ƛƴ bŀƳƛōƛŀΩǎ Ŏƭƛπ

mate change policy framework. A new biomass cookstove strategy could also explore how 

bush encroachment-based biomass fuel could be incorporated into the strategy and action 

plans. 
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2.3 Conclusion and policy recommendations  

! ƪŜȅ ŜƭŜƳŜƴǘ ƻŦ bŀƳƛōƛŀΩǎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ for addressing climate change, the National Cli-

mate Change Strategy & Action Plan: 2013ς2020, so far contains only very little discussion of 

bush encroachment and does not yet incorporate it into concrete action plans. Given the na-

tional importance of the bush encroachment area as a GHG sink, it appears that the Strategy & 

Action Plan should be updated sometime in the future. It should be noted, that Mr. Reagan 

/ƘǳƴƎŀ ƻŦ a9¢ ōŜƭƛŜǾŜǎ ǘƘŜ ƴŜŜŘ ǘƻ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇ bŀƳƛōƛŀΩǎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŎƭƛƳŀǘŜ 

change is less of a priority than improving coordination amongst government ministries to work 

better together in implementing climate change mitigation and adaptation plans and actions.  

Due to its relevance for mitigation, the topic should receive more attention in future NCs, BURs 

and NDCs. Furthermore, the climate change mitigation ǘŀǊƎŜǘǎ ƛƴ bŀƳƛōƛŀΩǎ b5/ should include 

more details on their feasibility and how they could be achieved, because the goal to create 15 

million ha of new grassland through bush thinning is a very ambitious goal. MET should also 

consider how the carbon model application that has been developed for this consultancy 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 policies indicates ǘƘŀǘ bŀƳƛōƛŀΩǎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ could be enriched 

by new aspects and related topics that could be further explored by academics and stakeholders. 

Examples include  

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

bush growth;  

Á the study and potential future roll-out of biochar programmes in Australia and South Africa 

as a means of GHG mitigation and soil improvement;  

Á programmes to promote fuel-efficient biomass cookstoves in off-grid areas as a means to 

reduce GHG emissions and improve health through 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 change, but to also ensure effective 

coordination and cooperation amongst government 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 MAWF to ensure that climate change mitigation and adaptation plans are in-

ŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ a!²CΩǎ Ǉƭŀƴǎ ŦƻǊ ǊŀƴƎŜƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ǘƘǊƻǳƎƘ ōǳǎƘ ǘƘƛƴƴƛƴƎ ŀƴŘ ŀŦπ

tercare 

2) MET, MET, NamPower & MAWF to ensure that climate change mitigation and adapta-

tion plans and sustŀƛƴŀōƭŜ ǊŀƴƎŜƭŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ Ǉƭŀƴǎ ŀǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ aa9Ωǎ ŀƴŘ 

bŀƳtƻǿŜǊΩǎ Ǉƭŀƴǎ ǘƻ ƘŀǊǾŜǎǘ ǳǎŜ ōǳǎƘ ōƛƻƳŀǎǎ ŦǳŜƭ ƻƴ ŀ ƭŀǊƎŜ-scale basis for electricity 

generation. 
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3 METHODOLGICAL APPROACH OF THE CARBON STUDY  

This GHG study is assessing the impacts of bush control on the GHG emission balance of bush 

encroached land and its utilization impacts on GHGs as well as substitution effects with electric-

ity generation. Methodologically, the study has carried out three major assessments: 

1. A land use impact analysis: this is related to the assessment of bush carbon stocks within 

the landscape under assessment and the expected carbon stock changes of the different 

carbon pools after thinning/ harvesting of bush biomass. 

2. A value chain GHG assessment of bush utilization from harvesting, processing to the final 

product of bush biomass for specific value chains related to thermal or energy use (e.g. char-

coal, electricity, etc.) in Namibia. 

3. A synthesis of the two assessments to develop pre-defined bush management scenarios that 

allow analyzing the overall GHG balance both from a foot printing perspective:  

a. A GHG balance of removed biomass and utilization at one point in time;  

b. a long-term perspective: a GHG balance over a default time period (20 years) factoring 

in also carbon stock changes and land use GHG impacts after the bush removal.  

 

Figure 1 illustrates the main approach taken in this study by analyzing first the land use compo-

nent ς estimation of carbon stocks in existing bush encroached systems in Namibia (GHG sinks) 

and potential carbon losses from these systems as a results of different bush management and 

harvesting scenarios.  

 

Figure 1 Schematic outline of the carbon and GHG study in view of bush control and utiliza-

tion  

 

The normative underlying accounting approach applied in this study follows the 2006 IPCC 

Guidelines for National Greenhouse Gas Inventories, in particular the guidance provided for the 
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AFOLU sector in Volume 4. This approach quantifies carbon stock changes of different carbon 

pools in land use systems by combining information on the territorial area where activities such 

as bush control are conducted (activity data) and coefficients (emission factors) that quantify 

the emissions or removals per unit of activity (IPCC 2006). These factors are expressed as άt CO2 

per ha and yearέ. In this study, hectare-based emission factors have been derived for the differ-

ent scenarios and components of the assessment.  

The IPCC protocols follow a sector and component-ōŀǎŜŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ŀǇǇǊƻŀŎƘ όΨǎƛƭƻΩ ap-

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 forestry, and waste. The revised 2006 guidelines merged the whole land-based 

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 into 

the following components:  

Á Non-CO2 emissions: Enteric fermentation (CH4), manure management (CH4 and N2O), rice 

cultivation (CH4 and N2O), agricultural soils (N2O), burning of biomass (N2O);  

Á CO2 emissions or removals: Carbon stock changes in biomass (above- and belowground bio-

mass, litter, deadwood, harvested wood products) and in soil 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. The three 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 greatest level of certainty (IPCC 2006). Mov-

ing from lower to higher tiers will usually require increasing investments in terms of baseline 

establishment and monitoring costs as well as institutional and technical capacities.  

Higher tier methodologies can be applied at fine spatial scales for land-based GHG accounting 

to facilitate decision-making in this sector. The latest National Inventory Report (NIR 3, 2018) of 

Namibia has compiled the AFOLU accounting with a mix of Tier 1 and Tier 2 levels. The latter has 

been applied for the categories falling under land as some of these were key sources in the last 

inventory. Most of the stock factors have been derived using data from past forest inventories 

and other available in-country information and resources.  

This study follows a mix of Tier 2/3 level since it used spatially explicit information for the activity 

data (extent of areas under different bush systems in the study region - Tier 3) and compiled 

emission factors from mainly national and few international studies (Tier 2). This level allows to 

quantify the GHG balance of different bush control and utilization scenarios, and by changing 

different components along the bush value chain, to identify the main sensitivities of compo-

nents in terms of the GHG impact. Following the life-cycle logic (Figure 1), GHG and utilization 

scenarios can be derived, allowing to compare the impacts on mitigation, and to estimate fossil 

fuel substitution effects.  

Figure 2 below summarizes the overall step-wise approach of 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 extensive national and regional literature review, this database allows as-

sessing different ha-based bush systems concerning their carbon stocks and impacts related to 

different pre-defined bush management scenarios. Next, the GHG impacts of different options 
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for bush biomass utilization are assessed, using available default emission factors. Most of these 

factors are national or regional (Tier 2 approach according to the IPCC accounting logic).  

In addition to this study, the team developed an Excel-based bush control accounting model. It 

allows to flexibly 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 impacts. In the 

model, all the default emission factors and values used are listed together with calculations on 

how they were derived.  
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Figure 2: Methodological approach followed in this study 

3.1 Land use impact analysis 

The land use impact analysis defines the amount of biomass and thus the amount of carbon 

stored on a hectare basis, which can be later up scaled to a larger area of interest. The carbon 
































































































































































