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ABSTRACT 

 

Among the major issues in the implementation of REDD+ activities is leakage or 

displacement‟ resulting from activity shifting associated with the process. This study 

aimed at assessing potential leakage in terms of carbon stock and emission difference by 

degradation in REDD+ pilot site and areas around REDD+ pilot project in Kilosa. Data 

were collected from 84 rectangular plots measuring 20×10m established within the 

REDD+ pilot site and around REDD+ pilot sites. The numbers of stumps, stump diameter, 

diameter at breast height (DBH) for trees ≥5cm diameter and species local and botanical 

names were recorded. The above ground carbon stocks were estimated to be 31.5 tCha
-1

 in 

the REDD+ pilot site and 3 tCha
-1

 around REDD+ pilot sites. The genera Brachystegia 

contributed the highest amount in both sites with 70% of total above ground carbon in 

REDD+ pilot site and 55% around REDD+ pilot site. Areas around the REDD+ pilot site 

had higher stump density of 70 stumps ha
-1

 than those in the REDD+ pilot site with 12 

stumps ha
-1

 of which majority were Brachystegia microphylla and Brachystegia boehmii. 

The estimated carbon loss was 1.17 tCha
-1

 (4.29 tCO2e ha
-1

) in REDD+ pilot site and 1.92 

tCha
-1

 (7.05 tCO2e ha
-1

) around the REDD+ pilot sites. This is an indication of shifts in 

utilization resulting from the implementation of REDD+ activity in Kilosa. Such 

anomalies should be addressed before one can judge the success of the REDD+ project in 

the area. 

 Key words: Carbon emission, degradation, leakage, REDD+ pilot site 
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CHAPTER ONE 

 

1.1 Background Information 

In the tropics dry woodland including miombo provides 40% of the forest cover (Abbot 

and Homewood, 1999). According to MNRT (1998), 66% (≈ 226 666 km
2
) of the forest 

cover in Tanzania is woodland (Fyhrquist et. al., 2002; Shirima et al., 2011), whereas the 

miombo woodland makes 23% (≈ 1 228 km
2
) of all the standing vegetation in the Eastern 

Arc Mountain (Shirima et al., 2011).  

 

Rough estimates a decade ago suggested that  40  million  people  inhabited  areas  

covered,  or  formerly  covered,  by  miombo woodland,  with  an  additional  15  million  

urban  dwellers  relying  on  miombo  wood  or charcoal as a source of energy (Campbell, 

1996; Campbell et al., 2007). The miombo is characterized by the genera Julbernadia, 

Brachystegia, and Isoberlinia (Byers et. al., 2001), a mature single storey comprising 10-

20 m high, partly closed canopy of pinnate single-leafed trees; a discontinuous 

understorey of broad leafed shrubs; and often sparse and continuous herbaceous layer of 

forbs small sedges, and caespitose, heliophytic C4 grasses (Campbell, 1996; Shirima et al., 

2011). Elephants, lions, buffalos, antelopes and high bird diversity are the likely fauna 

present in the area (Byers et. al., 2001).  

 

The mean annual temperature and precipitation of the area is (18.0–23.1)
 O

C and 710–

1365 mm (Frost, 1996) making the area conducive for the mentioned vegetation. But 

again maintenance of the grasses is through early season burning in most part of the 

ecosystem, whereas some places receives very little rain to an extent that supports only 

woody savannah (Shirima et al., 2011). 



2 
 

Miombo woodlands are the primary source of energy, in the form of firewood and 

charcoal, and a crucial source of essential subsistence goods (Gauslaa, 1988; Dewees, 

1994). Important products include poles and construction products, timber, materials for 

tool handles and household utensils, foods, medicines, leaf litter, grazing and browse. In 

addition woodlands have a service role in controlling soil erosion, providing shade, 

modifying hydrological cycles and maintaining soil fertility. Religious and cultural 

customs which relate to designated woodland areas and certain tree species are vital to the 

spiritual well-being and effective functioning of rural communities. 

 

The majority of the residents of the miombo region are poor and about 75% of them live 

in rural areas. Typically they are small-scale farmers who use goods and services produced 

by miombo woodlands (Campbell et al., 2002; Bond et al., 2010). The resources of 

miombo are the central of livelihood systems for millions of rural and urban dwellers 

(Campbell, 1996). There  have  been  marked  changes  in  land  cover  in  miombo 

woodland  in  recent  years, mostly involving the conversion of woodland and wooded 

grassland to cultivated land, reflecting the need for more land by a continually growing 

population (Campbell et al., 2002). The increasing human population adjacent to the 

miombo have directly led to the increasing rates of deforestation and forest degradation 

that exacerbates climate change, but again deforestation and forest degradation are 

estimated to account for about 20% of global anthropogenic CO2 emissions through 

combustion of forest biomass and decomposition of remaining plant material and soil 

carbon (Van der Werf et al., 2009) of which REDD+ Policy is the only current exciting 

option available.  
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The reasoning behind REDD+ is that forests are converted to other uses, primarily 

agriculture, because it makes economic sense to the land managers and users, i.e. the 

returns from converted landscape exceed the returns from the natural forest or woodland

The solution that is encompassed in REDD+ is that individuals, communities, and local 

and national governments must be rewarded for conserving forests (Angelsen and 

Atmadja, 2008; Bond et al., 2010).   

 

REDD+, as an idea, is a success story. It has generated excitement about possibilities for 

getting underway on climate change mitigation quickly and cheaply. REDD+ has also 

been broad enough to serve as a canopy under which a wide range of actors can grow their 

own trees. It has been through an intensive process of conceptualization, design and 

implementation even if it is still far from realizing its fundamental goal, namely large 

scale emission reductions. No idea for saving the world‟s tropical forests has generated 

anywhere near the same excitement and commitment of funds as has REDD+ (Angelsen et 

al., 2009).  

 

However, to scientists and professionals with experience in tropical woodlands, it is not 

surprising that REDD+ has turned out to be much harder to implement than expected. 

Deforestation and forest degradation have a long history and powerful interests are much 

at stake in their continuation (Angelsen et al., 2009). Policy arenas in many countries are 

battlefields between interests of „business as usual‟ and interests of transformational 

change. But this is also a good sign: those who benefit from business as usual take 

REDD+ seriously enough to react: this indicates that REDD+, if implemented, can have 

an impact (Angelsen et al., 2009). 
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REDD+ interventions can cause local/cross-province/cross-national leakage, which occurs 

when an emission reduction activity limits the supply of goods and services that people 

depend upon and in order to meet the continued demand the activities shift elsewhere. 

Typical examples are forest conservation activities that reduce deforestation from 

subsistence production, e.g., shifting cultivation or fuel wood gathering. In order to 

produce the agricultural crops or obtain the fuel wood needed, local deforestation agents 

are likely to move to surrounding areas to continue activities (Schwarze et al., 2002). 

 

Different ways exist to detect and measure leakage effects, from activity shifting can best 

be detected with the help of direct measurements, often in an area around a project where 

activities are likely to be displaced to in case leakage occurs. Measurement tools to 

quantify leakage effects in the area around the project site include for example ground 

measurements of forest area, biomass and carbon stocks where by any carbon stock and 

emission difference through degradation can unveil the presence or absence of leakage in 

areas around the project (Henders and Ostwald, 2012). Therefore for successful 

implementation of REDD+ strategy, assessment of carbon stock and emission difference 

through degradation in and around REDD+ pilot site is important. 

 

1.2 Problem Statement and Justification  

Woodlands provide a variety of goods and services including building materials, fuelwood 

and food (Campbell et al., 2002). Before the initiation of REDD+ project local 

communities used to directly derive goods and services from the miombo woodlands of 

the Kilosa.  With much of their income used to be derived from forest resources, we do 

not know yet if REDD+ interventions have changed this dependency on the forests for 

income, goods and services.  
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At Kilosa REDD+ pilot site much effort has been on initial phases of REDD+ 

implementation were the challenge is largely technical to measure greenhouse gas (GHG) 

emissions and removals through degradation. But the more immediate challenge, which 

has received little or no attention so far, is to assess whether communities have shifted 

their dependency to other nearby forest resources around REDD+ pilot site, resulting into 

leakage.  

 

1.3 Objectives 

1.3.1 Overall objective 

This study aimed at assessing potential leakage in terms of carbon stock and emission 

difference by degradation in REDD+ pilot site and areas around REDD+ pilot project in 

Kilosa. 

 

1.3.2 Specific objectives 

The specific objectives were to: 

 Determine carbon stock difference between the REDD+ pilot site and around 

REDD+ pilot site  

 Determine degradation difference between REDD+ pilot site and around REDD+ 

pilot site  

 Assess emission differences by degradation between the REDD+ pilot and around 

REDD+ pilot site 
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CHAPTER TWO 

 

2.1 LITERATURE REVIEW 

2.1.1 The evolution of REDD+  

Man as the main agent of global warming was concern about the current acceleration of 

global carbon dioxide emission, followed by proposition of one of the mechanism for 

reducing emission from deforestation and forest degradation (REDD) in developing 

country as a mitigation measure (Burgess et al., 2010). Later after a second thought about 

addition of sustainable management of forests and enhancement of carbon stock the 

concept was then transformed into REDD+, an international move that lights up carbon 

loss due to change of carbon rich ecosystem such a forests.  

 

Some decision during initiation phases was that for this mechanism to be successful i.e. 

with minimum displacement greenhouse gases between countries i.e. International 

leakage, it was suggested that the countries having large proportion of world forests 

should be ready to participate shortly after the launch. To test effectiveness the countries 

were supposed to get prepared for REDD+ by building capacity, design and planning 

REDD+ programs and pilot activities (Burgess et al., 2010). In Tanzania several pilot sites 

were initiated, Kilosa REDD+ pilot site being among them. 

 

2.1.2 The ecology of miombo woodland  

The ecology of miombo is determined by the old geological soil crust in the semiarid zone 

of seasonal rainfall that has given rise to flat topography of poor drainage. The aged 

ancient erosion surfaces (pediplains) have resulted into river valleys of many of the major 

southern African rivers, with remnant plateaus of varying elevation, this creates a 

landscape heterogeneity of large scale across the region (Byers et. al., 2001).  
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The emergent feature of this geology (old, flat) with a climate of single long dry season 

(semiarid) brought up surface and subsurface hydrological processes (i.e. dambos and 

seasonally flooded grasslands) that are unique in Africa. The geomorphology and the 

hydrology have led to leaching of nutrients from the plateau to the valleys forming a 

gradient of both soil nutrients and moisture resulted from erosion and other processes. 

These repeated patterns of soil nutrients and moisture are a characteristic feature in 

miombo landscape (Byers et. al., 2001). 

 

Despite of having a relative geological stability, climate change and other anthropogenic 

activities has led to fragmentation of miombo ecosystem and habitat reconnection that has 

led to speciation and adaptive radiation that has made a miombo being a centre of 

endemism and diversity of some taxonomic groups, e.g. a group of plant family 

Caesalpinioideae (Byers et. al., 2001). Soils of miombo woodland are typically nutrient-

poor (Campbell, 1996), with slow nutrient circling due to lack of soil moisture for a long 

dry season leads to low level of herbivory, but favours bulk feeding mega herbivores such 

as Elephants and Buffalos, such big mammals have low population increase rate adapting 

to low population densities.  These factors, in turn, make the Caesalpinoid woodlands a 

“high-carbon” landscape, with an abundance of woody biomass (Byers et. al., 2001). 

 

With few herbivores and limited decomposition, fire becomes a major component of 

nutrients redistributor and consumer of carbon. But it is climate and human activities leads 

to frequent fires in the miombo woodlands (Byers et. al., 2001). 

 

2.1.3 Deforestation and forest degradation  

Deforestation in UNFCCC terms involves a permanent change to another land use 

(Burgess et al., 2010), and the reasons for declining forest area in Tanzania are due to 
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expansion of agriculture fields, uncontrolled wildfire, intense livestock grazing and 

charcoal making. The deforestation rate for miombo woodland is 13% over 10 years, for 

coastal forests is 7% and that of the closed canopy of the Eastern Arc Mountains is 1% 

over the same period of time (Burgess et al., 2010).    

 

Degradation according to UNFCCC is a long term loss of a certain per cent of forest 

carbon stock and forest values since a certain time and not qualified as deforestation 

induced by human (Burgess et al., 2010). Forest degradation is due to pole cutting, 

logging, fire wood collection, overgrazing and wildfires. An area is still qualified as a 

degraded forest even if it is devoid of tress, but they are likely to grow back. 

 

2.1.4 Agents of deforestation and woodland degradation  

The population of southern Africa has been growing at a rapid rate, one of the causes of 

such rapid population growth rates is the high fertility levels and the reduced mortality 

rates experienced throughout the region. Coupled with high intrinsic growth rates is the 

movement of refugees (MNRT, 1994). In Tanzania, the rate of population increase per 

year is 2.7% with the majority of people living in rural areas where forests are located. 

The annual loss of forest cover in the country has increased by 37% from the period of 

1990-1995 (322 000 ha/year) to 2000-2010 (403 000 ha/year). The loss is mainly due to 

agriculture clearings, charcoaling, firewood, and timber harvesting (FAO, 2010; 

Newmark, 2002). 

 

However, one of the most striking changes in the miombo region is the rapidly-increasing 

urban population, a result of the very high rate of urban growth. With increased urban 

population comes increased woodfuel demand, usually in the form of charcoal, and 

increased deforestation and forest degradation in the vicinity of the urban areas (Misana et 

al., 1996). 
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Elephants are notably for changing woody vegetation by breaking, pushing over and 

uprooting trees and shrubs (Frost, 1996); it is suggested to be a display of social behaviour 

by male elephants. Therefore whatever it causes, damage to trees has resulted into 

dramatic change of woodland cover. According to Thomson (1975) in one year in 

Chizarira National Park, Zimbabwe, elephants killed 18% of the dominant tree species of 

Brachystegia boehmii. The overall effect in these cases has been to transform relatively 

dense woodlands into more open wooded grasslands with scattered tall trees, resprouting 

tree stumps, and a dense layer of low growing shrubs (Frost, 1996). 

 

In the predominantly miombo woodland areas of central and western Tanzania, where 

more than 60% of the country‟s tobacco is produced, areas for cultivation have shown a 

staggering increase, rising from 228 000 ha in 1985-86 to 1 374 000 ha in 1991-92. 

Increased tobacco production has had far reaching consequences on miombo woodlands. It 

has led to large losses of woodlands, for land and wood fuel. While tobacco production 

has nearly doubled in the last ten years, wood consumption for curing and storing has 

increased by only 29% (Misana et al., 1996). 

 

The miombo region supports considerable livestock populations. High livestock numbers 

are reported in Tanzania, where large tracts of land are said to be overstocked and 

overgrazed (Moyo et al., 1993). The livestock population in Tanzania far exceeds the local 

carrying capacity 

 

2.1.5 Drivers of deforestation and degradation in miombo woodlands 

The drivers of land-use change vary markedly between the countries in the region 

depending largely on location, physical access, topography rates of economic growth, and 

land tenure.  
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There are three core or common reasons for land-use change (Campbell et al., 2007), 

which are: the conversion of woodland for agriculture and settlement; the extraction of 

fuel wood to meet household (Kacholi, 2013), urban and sometimes industrial purposes; 

hardwood timber extraction (Bond et al., 2010). These processes can often reinforce each 

other and are often aided by the development of mines, urban settlements or the upgrading 

or the development of new roads. New settlements, such as mines or government-

designated growth points that attract significant numbers of people become centres of 

demand for firewood and charcoal (Bond et al., 2010). 

 

The problem is further exacerbated by the way in which people use the woodlands. 

Significant modification or deforestation of the standing vegetation normally occurs for 

settlement and cultivation (FAO, 2010). At low rates of extraction, the collection and 

harvest of timber, fuel wood and building materials can be sustainable, albeit leading to 

the loss of stem carbon, i.e. degradation. However, continuous extraction of timber can 

easily lead from degradation into a state of deforestation (Bond et al., 2010). 

 

2.1.6 Leakage and its potential impacts on REDD+ initiatives 

Leakage which is referred to as displacement of greenhouse gas (GHG) emissions from 

one place to another due to emission reduction activities which is caused by a direct or 

indirect shift of activities that create those emissions from within an emissions accounting 

system to out of that system (Henders and Ostwald, 2012). Leakage undermine the overall 

efficiency of emission reduction activities; thus increasing the cost of REDD+ 

implementation, since it leads to more emissions (Fisher et al., 2011). 
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CHAPTER THREE 

 

3.1 MATERIALS AND METHODS 

3.1.1 Study site 

The study forest in Kilosa district of Morogoro region is part of the Eastern Arc 

Mountains forests, an important biodiversity hotspot on the East Africa belt as well as the 

miombo woodland in the lowland areas, having 22 villages participating in the REDD+ 

pilot project (TFCG, 2011). The study focused on 3 villages namely Chabima, Dodoma 

Isanga and Nyali. The 3 villages in Kilosa site have been selected for this study primarily 

because the pilot projects being implemented include community managed forest which 

initially provided goods and services before establishment of the REDD+ pilot projects 

(TFCG, 2011). 

 

Tanzania Forest Conservation Group (TFCG) and MJUMITA are implementing a five 

year REDD+ pilot project in making REDD+ work for communities and forest 

conservation in Tanzania.  

 

3.1.2 Geographic location 

The study was conducted in and around REDD+ pilot site, Kilosa District of Morogoro 

Region in Tanzania. The study areas were three bordering villages i.e. Chabima (20
o
I45‟S, 

30
o
I46‟E), Dodoma Isanga (20

o
 15‟S, 30

o
 30‟E) and Nyali (20

o
 15‟S, 30

o
 30‟E) (Figure 1). 

All the villages portioned part of their forest reserves for piloting REDD+ project.  
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Figure 1: Location of study area showing the carbon plots in and around REDD+ 

pilot site in Kilosa, Morogoro Tanzania. 

 

3.2 Data Collection 

3.2.1 Sampling design 

Systematic sampling was used to delineate sample plots for assessing carbon stock and 

emission difference by degradation in and around the REDD+ pilot site.  
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A total of  84 plots measuring 20m x 10m were established (Figure 1), in such a way that 

half of the plots were inside the REDD+ pilot site and the other half around the REDD+ 

pilot site in the three villages. 

 

The use of rectangular plots in forest inventory aimed at increasing the accuracy of the 

measurement and sampling intensity of large trees, and simultaneously saving time. Also 

the rectangular plot design ensures that small trees and large trees (which constitute most 

of the biomass per unit area) were measured in plots (Lackmann, 2011). Whereas with 

circular plots it is easier to leave some trees outside the plot or measuring trees that are 

outside of the plot.  

 

3.2.2 Data collection 

In each plot the following information was assessed: diameter for all trees ≥5 cm DBH, 

degradation by counting the number of stumps (an indicator of cut trees) and use the cut 

trees to get stump diameter. Other data collected included species name for all trees 

measured using both the scientific and local names. Botanical  identification  was  made 

by  matching  local  names  with  botanical  names  available  in literature (Sawe et al., 

2014).  

 

3.2.3 Estimation of carbon storage and emission through degradation 

Tree biomass was computed by use of the formula, B = 0.0625 × D
2.553 

(Chamshama et al., 

2004) where, B=biomass (t), D=dbh ≥5cm. The conversion of biomass to carbon stock 

was by the factor of 0.49 (Munishi and Shear, 2004; Munishi et. al., 2010).  

 

3.2.4 Emissions from degradation  

Degradation was assessed by the number of stumps enumerated in each plot and the 

density of the stumps computed as the number of stumps counted divided by the plot size.  
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Diameter at breast height (dbh) for removed trees was obtained by regressing dbh and 

stump diameter (bd) of sample trees, from the equation, dbh = -1.77+0.924(bd), R
2
 = 

0.9628, p<0.0001(Sawe et al., 2014), and biomass computed based on allometric model 

by Chamshama et al. (2004). A factor  of  3.67  tCO2  per  unit  of  C  was  used  to  

convert  carbon to emissions i.e. carbon dioxide equivalent (Zahabu, 2008; Munishi et. al., 

2010; Sawe et al., 2014).  
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CHAPTER FOUR 

 

4.1 RESULTS  

4.1.1 Carbon Storage and Emission Through Degradation  

The above ground carbon was estimated to be 31.5 tCha
-1

 in the REDD+ pilot site, and 3 

tCha
-1

 around the REDD+ pilot site. The genera Brachystegia contributed the highest 

amount in both sites with 70% of total above ground carbon in REDD+ pilot site and 

55.1% around the REDD+ pilot site (Table 1). High degradation was found around the 

REDD+ pilot site with 70 stumps ha
-1

, while inside the REDD+ pilot site the stump 

density was 12 stumps ha
-1

 (Figure 4). 

 

Table 1: Carbon contribution by major tree species in and around REDD+ pilot site 

in Kilosa, Morogoro 

Botanical name 

REDD+ pilot 

site (t/ha) 

Percentag

e (%) 

Around REDD+ pilot 

site (t/ha) 

Percentag

e (%) 

Brachystegia 

spiciformis 3.8 10.44 1.06 23.64 

Brachystegia 

microphylla 7.73 21.21 0.2 4.34 

Brachystegia 

boehmii 6.36 17.45 0.67 14.83 

Brachystegia bussei 3.6 9.88 0.56 12.48 

Brachystegia 

longifolia 4.02 11.03 0 0 

Pseudolachnostylis 

glauca 2.8 7.68 0.11 2.45 

Hymenodictyon 

floribundum 0.98 2.69 0 0 

Combretum collinum 0.54 1.49 0.11 2.5 

Acacia polyacantha 0.89 2.44 0 0 

Diplorhinchus 

condylocarpon 0.811 2.23 0.15 3.33 

Pseudolachnostylis 

maprouneifolia 0 0 0.17 3.85 

Total 31.531   3.03   

Only species contributed more than 2% carbon are shown from either in or around 

REDD+ pilot site in Kilosa, Morogoro 
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It is estimated that the carbon loss in the REDD+ pilot site was 1.17 tCha
-1

 (4.29 tCO2e ha
-

1
), while the loss around the REDD+ pilot site was 1.92 tCha

-1
 (7.05 tCO2e ha

-1
). The tree 

species that accounts for high carbon loss were Brachystegia microphylla and 

Brachystegia boehmii.  The activities contributing to wood removal were charcoal 

making, timber harvesting, and poles extraction (Tables 2 and 3).  

 

4.1.2 Carbon stock difference 

The computed carbon stock shows that between the two sites, plots around the REDD+ 

pilot site have less carbon stock compared to those inside REDD+ pilot site (Figure 1). 

Shifting cultivation, timber harvest and fuel wood collection in village forests are the 

major cause of the degradation (Newmark, 2002).  

 

 
Figure 2: Carbon stock difference between REDD+ pilot site and around REDD+ 

pilot site in Kilosa, Morogoro 
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4.1.3 Degradation difference 

The number of cut trees around the REDD+ pilot site was higher compared to those in the 

REDD+ pilot site (Figure 2). Due to high presence of charcoal spots around the REDD+ 

pilot site, with its production involving tree felling and leaving behind stumps (Misana et 

al., 1996), most of them from Brachystegia microphylla (Table 2). This justifies the 

preference of this species due to its high calorific value. 

 

 
Figure 3: Degradation difference between REDD+ pilot site and around REDD+ 

pilot site in Kilosa, Morogoro 

 

 
Figure 4: Difference in stump density between REDD+ pilot site and around REDD+ 

pilot site in Kilosa, Morogoro 
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Table 2: Tree species degradation frequency in and around REDD+ pilot site in 

Kilosa, Morogoro 

Botanical name Scientific name Number of plants Percentage (%) 

Msani Brachystegia microphylla 19 38 

Myombo Brachystegia boehmii 13 26 

Mlama mwekundu Combretum collinum 4 8 

Msolo Pseudolachnostylis glauca 4 8 

Mlama mweusi Combretum molle 2 4 

Mtogo Diplorhinchus condylocarpon 2 4 

Ngurukanziwa Julbernardia globiflora 2 4 

Muhugwe Brachylaena huillensis 2 4 

Mng'ongo Sclerocarya birrea 2 4 

Only species with more than 1 degradation frequency are shown from both sites 

 

4.1.4 Emission difference 

Carbon emission in around REDD+ pilot sites was higher compared to emissions from 

REDD+ pilot sites (Figure 3). Degradation resulted into carbon loss of 1.17 tCha
-1

 (4.29 

tCO2e ha
-1

) inside the REDD+ pilot site and 1.92 tCha
-1

 (7.05 tCO2e ha
-1

) around the 

REDD+ pilot site.  

 

 
Figure 5: Emission difference between REDD+ pilot and around REDD+ site in 

Kilosa, Morogoro 
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Table 3: Species contribution to carbon loss in and around REDD+ pilot site in 

Kilosa, Morogoro 

Botanical name 

REDD+ pilot site 

(t/ha) 

Percentage 

(%) 

Around REDD+ pilot 

site (t/ha) 

Percentage 

(%) 

Brachystegia boehmii  0.61  34.06  1  50.6 

Pterocarpus 

angolensis  0  0  0.31  15.76 

Brachystegia bussei  0  0  0.31  15.76 

Brachystegia 

longifolia  0.41  23.17  0  0 

Brachystegia 

spiciformis  0.14  8.02  0  0 

Brachystegia 

microphylla  0  0  0.13  6.24 

Combretum collinum  0.01  0.33  0.07  3.41 

Lonchocarpus  bussei    0  0  0.03  1.57 

Crossopteryx febrifuga  0  0  0.05  2.78 

Diplorhinchus 

condylocarpon  0  0  0.02  1.21 

Total   1.17    1.92   

Only species contributed more than 1% carbon loss are shown from either in or around REDD+ 

pilot site  

 

4.2 Discussion 

The study estimated average carbon density of 31.5 tCha
-1

 inside the REDD+ pilot site 

(Table 1) which is relatively higher than carbon reported in similar studies by Munishi et 

al. (2010) and Zahabu (2008) who reported carbon density of 19.12 tCha
-1

 for un degraded 

miombo of southern Tanzania, 21.1 and 19.89 tCha
-1

 for miombo of Kitulangalo and 

Kimunyu Reserves in Eastern Tanzania, respectively. The carbon density around the 

REDD+ pilot site of 3.03 tCha
-1 

was lower than any other reported figures for such 

ecosystem. These differences in carbon densities might mainly be due to varying degrees 

of exposure to human induced degradation, stage of regeneration but also the type of 

species as well as tree sizes (Burgess et al., 2010; Munishi et al., 2010; Shirima et al., 

2011; Sawe et al., 2014).  

 

The carbon loss of 1.17 tCha
-1

 (4.29 tCO2e ha
-1

) inside the REDD+ pilot site and 1.92 

tCha
-1

 (7.05 tCO2e ha
-1

) around  the REDD+ pilot site, whereas values of inside the 
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REDD+ pilot site are higher compared to finding from Zahabu (2008) who observed a 

carbon loss of 0.5 tCha
-1

 and 1.75 tCha
-1

 for Kitulangalo woodland forests and the lowland 

montane forests of Handeni. But all are lower than those of Sawe et al. (2014) reported a 

loss of 4.1 ± 0.9 t Cha
-1

 in Manga reserve, Chunya District Mbeya, Tanzania. The 

comparisons between different studies may be an inadequate strategy since different 

methodologies may have been used in different cases. For example, the sizes of the plots 

vary greatly among studies and this has a strong effect on the results obtained (Kacholi, 

2014). The macro indicators of poverty such as per capita income show high levels of 

poverty in communities within the miombo woodlands (Campbell et al., 2007) adding on 

the fact that woodland degradation in search for livelihoods is likely high. Miombo 

woodlands, like many other ecosystems, are converted to other uses such as agriculture 

because they provide higher short-term benefits than conservation (Bond et al., 2010). 

 

Wood fuel is the most important source of energy in the region, with over 80% of the 

population depending on woodfuel for cooking, heating and lighting requirements (Shaba, 

1993).  The demand for wood fuel has steadily increased over the years and the situation is 

not likely to change in the near future, given the poverty situation and the low levels of 

income that prevail in most rural and urban areas (Misana et al., 1996). Fuelwood is an 

important woodland resource in developing countries, and has been suggested that through 

its collection it has led to rapid woodland disappearance (Abbott and Homewood 1999), 

and Campbell (1996) mentioned that 15 million urban dwellers rely on miombo wood or 

charcoal as energy source. Anglesen et al. (2012) also observed that with absence of 

alternative supplies of woodland resources, villagers will continue to exploit the 

surrounding woodland. Based on these findings it would be possible to tie the degradation 

with human induced activities on the woodlands thus justifying the observed degradation 

and resultant emissions.  
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The observation that emissions are high in around REDD+ pilot sites is an indication that 

REDD+ activities may cause a shifting pressure from the REDD+ pilot sites to around 

REDD+ pilot site making it important to consider leakage at both local and national scale 

when planning for REDD+ activities (Anglesen et al., 2012). 

 

Because of increasing population in the communal areas in Kilosa village forests, land 

clearance for cultivation and wood extraction has increased over time, resulting in 

widespread deforestation and forest degradation (FAO, 2010). Woodlands in the 

government reserves and commercial areas such as REDD+ pilot site, at least in the case 

of Kilosa, however, have remained almost intact (Misana et al., 1996).  Thus the majority 

of people have been left to rely on woodland resources on land that is currently not under 

piloting REDD+ or strict protection. This has imposed enormous pressure on resource use 

in the communal lands (Vermeulen, 1993). 

 

The rapid growth in urban demand  for  charcoal  has  enabled  very  large  numbers  of  

people  to  engage  in  its  trade (Arnold et al., 2006; Campbell et al., 2007). This has 

resulted in high rates of deforestation and forest degradation around major cities and 

towns. Therefore as with many other ecosystems, miombo woodlands are settled and 

converted to other uses because these uses provide the land manager with a higher rate of 

return than is earned from the maintenance of the indigenous vegetation (Bond et al., 

2009). In the miombo region, land is generally cleared for settlement; agriculture and fuel 

wood (Campbell et al., 2007). The construction or improvement of roads, and the 

development of settlements and agricultural policies, are all indirect drivers of 

deforestation. Any new initiative such as REDD+ that is dependent on the forest will 

compete with these uses. For areas that are likely to be converted to non-forest uses, the 

benefits from REDD+ need to be equal or exceed those from these alternative uses i.e. the 

opportunity costs (Bond et al., 2010). 
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CHAPTER FIVE 

 

5.1 Conclusion 

The carbon emissions and the contribution to climate change mitigation will only be real if 

the changes are additional, permanent and there is no leakage. The REDD+ pilot program 

seem to have good potential towards reducing emissions though leakage may undermine 

this potential. Measures to contain leakage are important before REDD+ activities and 

programs can fully realize their potential to reduce emissions. 

 

5.2 Recommendation  

Leakages should thoroughly be analysed and addressed when planning for REDD+ 

activities in order to enhance the potential of REDD+ contribution to emission reduction. 

Accounting for leakages especially at local scale, for example by providing alternatives to 

the residents of Kilosa to ensure that they don‟t rely on wood products, will likely improve 

the performance of REDD+ activities by reducing emission and the cost of implementing 

REDD+.  
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