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ABSTRACT 

Most changes in forest cover affect the amount of carbon held in vegetation and soil, 

thereby, either releasing carbon dioxide (a greenhouse gas) to, or removing it from the 

atmosphere. A study on effects of forest cover change on carbon stock in miombo 

woodlands was carried out in Mbeya region at Mbiwe Forest Reserve. Landsat MSS, TM 

and ETM+ image data acquired on June 1984, June 1990 and June 2013 were obtained 

and used for forest cover change analysis. Inventory data on systematically laid plots were 

used to compute the biomass. The forest cover change from the satellite imagery of 1984, 

1990 and 2013 (the dependent variables) and road network, villages and cultivated areas 

(the independent variables) were used for determining factors of forest cover change and a 

logistic linear model was used. Sample plots were established and biomass per hectare of 

each measured plots were used as dependent variables and vegetation indices from the 

satellite imageries were used as independent variables to formulate models that were used 

to estimate biomass of the whole area of Mbiwe Forest Reserve. Finally, the difference of 

biomass between 1984 and 1990 and between 1990 and 2013 were computed to obtain the 

gain or loss in biomass. The coefficient of 0.50 was used for conversions of biomass to 

carbon stock. The results show that there is a change of forest cover and hence carbon 

stock between periods under consideration. During the period 1984-1990, closed 

woodland decreased by 2 306.2 ha (−4.7%) and 12 748.2 ha (−26%) for the period 1990-

2013. Similarly, in the period 1984-1990, open woodland increased by 2 420.7 ha (5%) 

and decreased by 723.3 ha (-1.5%) between 1990 and 2013. Meanwhile, in the period 

1984 – 1990, the bushland increased by 436.5 ha (0.9%) and 12 476 (25%) for the period 

1990 – 2013. The results revealed that the year 1984 had the highest average carbon stock 

58.5 tC/ha followed by year 1990, with 55.7 tC/ha and 2013 had the lowest carbon stock 

of 54.8 tC/ha, varying from 0.5 to 199.9 tC/ha. It was revealed that presences of roads and 

village centres in and around forest reserves also presences of cultivated areas in the forest 
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reserves have high effects on forest cover change. This study recommends that forest 

reserves need to be protected as for 19 years (1984 – 2013) a total of 15 779.4 ha out of 49 

147.7 ha were changed from closed and open woodland to bushland, cultivated land or 

bare soil and at the same period a total of 1 796.80 tC were lost as a results of forest cover 

change. On the other hand from 1990 – 2013 closed woodland decreased at a rate of 554.3 

ha/year, assuming a linear decline. If this continues unabated, it is likely that in the next 10 

years the closed woodland will be completely converted to other covers. Therefore more 

effort is needed to protect the forest. 
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CHAPTER ONE 

 

1.0 INTRODUCTION 

1.1 Background 

The Miombo ecosystem is one of the tropical wildernesses in the world covering about 

3.6 million km
2
 and spanning ten countries in East and Central Africa (Munishi et al., 

2010). In Africa, miombo woodlands cover an area of 3.6 million km
2
 extending from 

Angola, Kongo, Zambia, Malawi, Mozambique, Tanzania and Zimbabwe (Campbell et 

al., 2007; VPO, 2009; Munishi et al., 2010). It is estimated that in 2013, Tanzania 

mainland had 48 million ha of forests and miombo woodland, representing 55% of total 

land area. Miombo woodland is 44 million ha representing 51% of Tanzania mainland 

land area (NAFORMA, 2013) which is 92% of the forest ecosystem in Tanzania. 

 

The forest vegetation in Tanzania is primarily woodland, dominated by trees in the 

legume sub-family Ceasalpinoideae with the genera Brachystegia, Julbernardia and 

Isoberlinia dominating and a well-developed underlying layer of grass. The dominance of 

one family of trees provides the unifying feature for this ecosystem (WWF, 2003; 

Munishi et al., 2010). Although the Miombo woodlands ecosystems of Tanzania are 

likely to have high potential for carbon storage and mitigating CO2 emissions, reliable 

estimates for their potential are few and inadequate (Munishi et al., 2010). 

 

Worldwide reduction of forest cover was partially offset by gains in forest area through 

afforestation and natural forest expansion of 6.8 million ha per year between 1990 and 

2000 and 7.3 million ha per year between 2000 and 2005. Thus, the rate of annual net 

forest loss increased significantly from 2.7 million ha between 1990 and 2000 to 6.2 

million ha between 2000and 2005 (FAO, 2012). Most changes in forest cover affect the 
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amount of carbon held in vegetation and soil, thereby, either releasing carbon dioxide “a 

greenhouse gas” to, or removing it from the atmosphere. Hence, forest cover changes can 

increase C loss rates which are extremely difficult to reverse, in the short term, opposite 

to organic carbon (OC) which accumulates in soil in the long-term. In other hand, forest 

cover changes can increase C sequestration rates and hence mitigate the problem of 

global warming (Muñoz et al., 2011). This study aimed at finding out the effects of forest 

cover change on carbon stock in miombo woodlands.  

 

1.2 Problem Statement 

Quantifying the vegetation carbon stocks of forest ecosystems and how they change over 

time is extremely important for understanding current trends in the global, regional, 

country and local carbon cycle (McNicol et al., 2013). In the 2010 Global Forest 

Resources Assessment, many countries were unable to report on a wide range of forest-

related parameters. In some cases data have not been collected and in others they have 

not been processed (FAO, 2010). Data on deforestation are likely to be even more 

difficult to obtain (FAO, 2011). Mbiwe Forest Reserve is one of the forests in Tanzania 

which its data on forest cover change over a period of time is not known.  The forest is 

under the influence of mining, cultivation and settlement, but it is not known to what 

extent these activities have contributed to the change in forest cover. Therefore these and 

other socioeconomic activities may become factors of forest cover change. This is 

because forest cover change result from a complex socioeconomic process and in many 

cases it is impossible to isolate single causes (Geist and Lambin, 2001). It is also being 

postulated that the existence of the forest in the proximity of the three town centers 

namely Chunya, Makongorosi and Mkwajuni have accelerated high demand for timber, 

poles and charcoal. It is estimated that the annual district wood demand is 2 620 580/ m
3 

as compared to the available supply of 1 609 266 m
3
. This high demand of forest 
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products depicts the widespread felling of trees which lead into loss of forest cover (PC, 

1997). While that has been said, no quantification has been carried out. Therefore, this 

study investigated the forest cover change of Mbiwe Forest Reserve. The study revealed 

the forest cover changes that occurred overtime and how changes influenced carbon stock 

changes. The study also explored the factors for the changes.  

 

1.3 Justification of the Study 

Information on forest condition and the extent of forest degradation will enable the 

prioritization of human and financial resources to prevent further degradation and to 

restore and rehabilitate degraded forests (FAO, 2011). The findings from this study will 

serve as baseline for other forthcoming studies dealing with carbon credits. The findings 

will inform the government to take appropriate and effective management measures for 

sustainable management of the Mbiwe Forest Reserve and other forest reserves in 

Tanzania. The findings also will assist to know the trend of carbon stock in Mbiwe Forest 

Reserve which when aggregated with other forests will help to inform the available 

carbon nationally, and hence regional and global levels.  

 

1.4 Objective 

1.4.1 Main Objective 

To assess the effects of forest cover change on carbon stock from 1984 to 2013 in 

miombo woodlands of Mbiwe Forest Reserve. 

 

1.4.2 Specific Objective 

i. To assess forest cover change in miombo woodlands of Mbiwe Forest Reserve 

from 1984 to 1990 and from 1990 to 2013; 
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ii. To assess changes in carbon stock following change in forest cover of Mbiwe 

Forest Reserve from 1984 to 1990 and from 1990 to 2013; 

iii. To assess the factors influencing forest cover change. 

 

1.5 Research Questions 

i. How many hectares of forest cover have changed from 1984 to 2013? 

ii. How many tons of carbon stock have changed due to forest cover change from 

1984 to 2013? 

iii. What are the factors influencing forest cover changes? 

 

1.6 Conceptual Framework of Research 

Forest cover change may either causes loss in biomass and eventually leads into loss in 

carbon or increases in biomass and eventually into carbon stock gain. The forest cover 

changes are caused by factors of forest cover change. Therefore if there is an increase of 

biomass in the forest due to forest cover gain there will be a carbon stock gain but if there 

is a decreases of biomass in the forest due to forest cover loss there are will be carbon 

loss. 
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Figure 1: Conceptual framework of research. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 Definition of Key Terms 

Forest reserve 

Forest reserve is a forest area, either for production of timber and other produce or 

protective for the protection of forests and important water catchments, controlled under 

the Forest Ordinance and declared by the Minister for Ministry of Natural Resources and 

Tourism (URT, 1998). Forest reserves provide numerous services to the populations and 

animals. For example, in sub-sahrian regions of Africa, numerous temporary ponds 

observed within the nature including reserves (Zongo et al., 2001). 

 

Forest cover 

Forest cover is defined as an area more than 1 ha in extent and having tree canopy density 

of 10 percent and above (Miranda et al., 2014).  

 

Forest cover change 

Forest cover change is on the negative side, when it leads into deforestation and 

degradation of natural forests and on the positive side, when it leads into afforestation 

and reforestation, either naturally or by planting (FAO, 2000). These forests are, 

however, faced with deforestation at a rate of between 130 000 and 500 000 hectares per 

year, which results from heavy pressure from agricultural expansion, livestock grazing, 

wild fires, overexploitation, and unsustainable utilization of wood resources and other 

human activities, mainly in the general lands. Two of the eight biodiversity hotspots in 

Africa are in Tanzania (Dallu, 2002). There is a widespread assumption that forests 

provide useful ecosystem functions in maintaining constant supplies of good quality 
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water. Loss of forests has been blamed for everything from flooding to aridity and for 

catastrophic losses to water quality (Dudley and Stolton, 2003). 

 

Woodlands 

Woodland is a land with an open cover of trees, with the crown not forming a thickly 

interlaced canopy. Scattered evergreen shrubs may often be present, but are not 

conspicuous. Grasses and herb form the dominant ground cover, the grasses consisting of 

perennial species, usually with a tufted form and growth up to a height of 2 meters, rarely 

more. Epiphytes, especially ferns, are rare, but lichens may be present. Two types of 

woodland follow, the second type being the most extensive is divided floristically into 

various subtypes (Holmes, 1995). Woodlands can be divided into two main types, 

coniferous and broadleaf. Within these two general categories are many other different 

types. These are usually classified according to the dominant tree species making up the 

woodland (http://www.countrysideinfo.co.uk/woodland_manage). In Tanzania these 

forests have very rich biodiversity with stocking of 200-to 400 m³/ha. Woodland is the 

dominant forest type covering large areas in the western and southern parts of the 

country. Its stocking is estimated to be between 20 to 100 m³/ha. The estimated annual 

increment of harvestable volume in the woodlands is about 70 million m³ while the 

annual extraction of wood is approximately 30 million m³. Wood growth is unevenly 

distributed, particularly in central Tanzania with its low rainfall and sparse vegetation 

(Dallu, 2002).  

 

Carbon stock 

Carbon stock is the quantity of carbon in a “pool”, meaning a reservoir or system which 

has the capacity to accumulate or release carbon (FAO, 2005). Tropical forests play an 

important role in the global carbon cycle. They contain about 40% of global terrestrial 

http://www.countrysideinfo.co.uk/woodland_manage
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carbon, account for more than half of global gross primary productivity, and sequester 

large amounts of CO2 from the atmosphere (Ngo, 2013). 

 

2.2 Remote Sensing for above Ground Biomass Estimation 

Different approaches have been applied to forest biomass estimation. Traditionally, field 

measurements are the most accurate methods for estimation. However, these approaches 

are usually time consuming and labor intensive, and also cannot provide the continuous 

spatial distribution of biomass at large scales. Remote sensing enables the estimation of 

forest biomass at multiple scales with large spatial and temporal coverage (Du et al., 

2014). 

 

Remotely sensed data are data generated by sensors from a platform not directly touching 

or in close proximity to the forest biomass (Hernandez et al., 2004). The remote sensing-

based biomass estimation methods assume that forest stand information captured by 

sensors is highly correlated with aboveground biomass (Dengsheng et al., 2012). Remote 

sensing imagery can be extremely useful, particularly where validated or verified with 

ground measurements and observations (i.e. “ground truth”) (Hernandez et al., 2004). 

 

There are different approaches, tools and techniques for biomass estimation (Baral, 

2011). Estimation of forest biomass can be measured by using; field measurement, 

Remote Sensing (RS) and Geographic Information System (GIS). 

 

Remote-sensing images can be used in the estimation of aboveground biomass in at least 

three ways: 

(i) Classification of vegetation cover and generation of a vegetation type map. This 

partitions the spatial variability of vegetation into relatively uniform zones or 
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vegetation classes. These can be very useful in the identification of groups of 

species and in the spatial interpolation and extrapolation of biomass estimates. 

(ii) Indirect estimation of biomass through some form of quantitative relationship 

(e.g. regression equations) between band ratio indices such as normalized 

difference vegetation index, green vegetation index (NDVI, GVI, etc.) or other 

measures such as direct radiance values per pixel or digital numbers per pixel, 

with direct measures of biomass or with parameters related directly to biomass, 

e.g. leaf area index (LAI). 

(iii) Partitioning the spatial variability of vegetation cover into relatively uniform 

zones or classes, which can be used as a sampling framework for the location of 

ground observations and measurements (Hernandez et al., 2004). 

 

The remote sensing-based biomass estimation methods assume that forest stand 

information captured by sensors is highly correlated with aboveground biomass 

(Dengsheng et al., 2012; Lu et al., 2012; Baral, 2011). According to this assumption, the 

key principles for biomass estimation are to use appropriate variables and to develop 

suitable estimation models if sufficient sample plots are available. Many new variables 

such as vegetation indices and textures can be calculated from the multispectral bands 

(Dengsheng et al., 2012). Several studies have been done using this technique such as 

Yukon in Alaska (Lei et al., 2012) and Northern Wisconsin in USA (Zheng et al., 2004). 

 

2.3 Carbon Stock Estimation 

To monitor aboveground carbon stocks, including carbon losses and gains caused by 

deforestation, forest degradation and forest recovery, a combination of data is required: 

(i) the rate of change in forest cover and disturbance; and (ii) the amount of carbon stored 
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in the forest („carbon density‟ in units such as tons of carbon per hectare: tons C ha−1) 

(Asner, 2009). 

 

The rates of carbon emission are considered as the largest source of uncertainty in climate 

change scenarios due to the difficulty in spatial explicitly estimating the carbon stocks 

and dynamic changes. One solution is to develop robust approaches for estimating 

biomass/carbon changes in forest cover using remotely sensed data (Dengsheng et al., 

2005). The past three decades have produced significant advances in estimating forest 

biomass including the application of different sensor data (e.g., Landsat, radar, and 

LiDAR) and the development of advanced techniques such as regression analysis, neural 

network, and process-based ecosystem models (Dengsheng et al., 2012). 

 

Various satellites measure forest cover, canopy loss and disturbance, and metrics of forest 

structure (Chambers et al., 2007), but no satellite technology can directly measure carbon 

density (Baral, 2011). Satellites thus provide an opportunity to monitor changes in forest 

carbon caused by deforestation and degradation but only if carbon densities have been 

assessed. Traditionally, carbon densities have been assessed using field-based inventory 

plots, which are valuable but also expensive, time consuming and inherently limited in 

geographic representativeness (Baral, 2011). 

 

Forest inventory and Remote Sensing (RS) are two principal data sources used to 

estimate AGB and hence ultimately carbon stocks (Krankina et al., 2004). A common 

practice is to develop a statistical relationship between grounds based measurements and 

satellite imageries to estimate biomass and then carbon stock. Various types of satellite 

images are used to map carbon (Baral, 2011). 
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The carbon stocks for various years e.g, 1984, 1990 and 2013 are obtained by assuming 

that carbon stock of the forest area does not change very much within such short time 

period (Kashaigili et al., 2013; Gibson et al., 2005). This is because growth rates for 

miombo are low and this is due to the facts that they are located on some of the poorest 

soils in Africa (Campbell, 1996 and Campbell et al., 2007). Dry miombo coppice plots in 

Zambia had yields of about 2 m³ per ha per year. Expressed in biomass terms, yields 

varied between 1.4-2.0 Mg per ha per year in dry miombo woodland, and between 2.1-

3.4 Mg per ha per year in wet miombo (Campbell et al., 2007). In Tanzania, Misana et al. 

(2005) estimated 2.3 m
3
per ha per year from regrowth of miombo woodland. 

 

2.4 Causes of forest cover change 

Forest cover change may lead into negative side as deforestation and degradation of 

natural forests and on positive side as afforestation (Lambin et al., 2003). Identifying the 

causes of forest cover change requires an understanding of how people make use of forest 

and how various factors interact in specific contexts to influence decision making on 

forest uses (Nagendra, 2007). There is high variability in time and space in biophysical 

environments, socioeconomic activities, and cultural contexts that are associated with 

forest cover change. Forest cover change results from complex socio-economic processes 

and in many situations it is impossible to isolate a single cause (Geist and Lambin, 2001). 

These among others include demographic factors, government policies, institutional 

factors, economic factors, socio-cultural factors, technological factors as well as 

infrastructure development (Misana et al., 2012). Forest cover change has multiple causes 

with the particular mix of causes varying from place to place (Rudel and Roper, 1996). 

There is no consensus on the underlying causes of forest cover change (Angelsen, 1995). 

So, despite the existence of knowledge about drivers of deforestation, the question “what 

causes deforestation in a particular geographic location still remains unanswered. 
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Addressing this question begs the acquisition of location specific information for fine-

tuning existing knowledge (Odada et al., 2009) necessary for developing useful policy 

interventions to reverse location-specific deforestation (Nagendra, 2007).  

 

Since the 1990s, a number of studies have attempted to explicate the dynamics of forest 

cover change in local and regional-scale analyses by combining remote sensing data with 

spatially referenced biophysical, social and economic information. Many of these 

spatially explicit studies have the ultimate goal of understanding not merely the location 

and nature (proximate cause) of forest change, but also identifying the fundamental 

driving forces of that change (Chowdhury, 2006). 

 

Regression technique examines the relationship between each forest cover type changes 

and its underlying causes (Phong, 2004). In regression models of deforestation processes, 

for instance, the products of satellite image classification yield the dependent variable, 

such as locations and/or area of deforestation. Image classification may also yield rich 

ancillary datasets (independent variables) that can be used to test specific hypotheses 

about deforestation dynamics (Chowdhury, 2006). Classified land cover maps from 

satellite imagery can be used in GIS to produce additional data, such as indices of 

landscape structure and distances to particular cover classes (e.g. roads, water or nearest 

cleared land) (Chowdhury, 2006). As indicated by Geoghegan et al. (1997; 2001) one of 

the advantages of modeling with satellite imagery and Geographic Information Systems 

(GIS) data lies in the possibility of generating relevant, spatially explicit variables for 

analysis. Approach of using spatial modeling allows preliminary assessments of exactly 

which factors matter for what kinds of forest cover changes and at what scales 

(Chowdhury, 2006). 
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Geist and Lambin (2001) recognize and divide the causes of forest cover change on three 

groups, proximate cause, underlying causes and other causes (like biophysical). 

 

The prominent proximate factors found in the literature included agricultural expansion, 

wood extraction and infrastructure extension while the underlying factors include 

economic factors, demographic factors, institutions, national policies, socio-cultural 

factors and remote influences (Basu, 2011). 

 

The factors influencing forest cover change are different in different places. It may be 

difficult to generalise that one or several factors are the most important (Geist and 

Lambin, 2001). This is revealed by the following findings of Bawa and Dayanandan 

(1997) examined the correlations between tropical deforestation and socioeconomic 

variables across sites in Latin America, Africa and Asia. They found deforestation to be 

positively correlated with population density, per capita external debt, cattle density, 

cropland area/total land area, land in other use/total land area, forest products (fuelwood, 

charcoal, round wood and panel products) extracted per unit forest area, and per capita 

energy consumption. Another study about drivers of deforestation is reported in 

Nagendra (2007). This study was aimed at evaluating hypothesized drivers of forest 

cover change and identifying significant variables that appeared to impact forest clearing 

or regeneration in Nepal. Results showed tenure regimes, monitoring and user group size 

per unit of forest area were significantly associated with forest cover change while 

leadership was not. 

 

Place and Otsuka (2000) determined factors driving tree cover change around Lake 

Kyoga in Uganda in which they found the important factors to be population pressure, 
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market access and land tenure. Vogt et al (2006) also found land tenure to have 

significant influence on land-cover changes in Uganda 

 

2.4.1 Proximate causes 

Proximate (or direct) causes of forest cover change constitute human activities or 

immediate actions that originate from intended forest use and directly affect forest cover 

(Geist and Lambin, 2001). They involve a physical action on forest cover. Proximate 

causes are the one of the group of factors that causes forest cover change. Proximate 

causes generally operate at the local level (individual farms, households or communities). 

Some of these are such as agriculture, infrastructure and wood extraction.  

 

Over the years, researchers have identified agricultural expansion as a major proximate 

cause in almost all studies on deforestation. In the 1990s, according to the United Nations 

Environment Programme (UNEP), 70% of total deforested areas were converted to 

permanent agriculture systems (Cleveland, 2008). 

 

Infrastructure development (road construction, dams, mining, power stations, etc.) is an 

important proximate cause of forest-related land cover change. Road construction 

particularly, is a key factor in triggering deforestation as it tends to open up areas of 

undisturbed, mature forests to pioneer settlements, logging, and occasionally unsuitable 

forms of agriculture (Cleveland, 2008).  

 

Wood extraction from natural forests is another proximate cause of forest cover change. 

Despite the growing importance of plantations as a source of wood supply, wood 

extraction in the form of commercial timber, poles, fuel-wood, and charcoal continues to 

degrade mature natural forests in many parts of the world (Cleveland, 2008). 
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2.4.2 Underlying Causes 

Underlying (or indirect or root) causes are fundamental forces that underpin the more 

proximate causes of land-cover change. They operate more diffusely (i.e., from a 

distance), often by altering one or more proximate causes. Underlying causes are formed 

by a complex of social, political, economic demographic, technological, cultural, and 

biophysical variables that constitute initial conditions in the human-environment relations 

and are structural (or systemic) in nature (Geist and Lambin, 2001). Underlying causes 

are often exogenous to the local communities managing forest and are thus uncontrollable 

by these communities. 

 

Some of the underlying causes are direct regulation of access to land resources, market 

adjustments, or informal social regulations (e.g. shared norms and values that give rise to 

shared land management practices). Some of these factors are population, poverty and 

distance to the market, town, road, river and center (Waiswa, 2009). 

 

Market, town, road, river and center distance have shown to have positive effects on 

forest cover change (Phong, 2004). This is because the presence of all those factors 

increases accessibility of a particular forest hence degradation of which at the end of the 

day will lead into forest cover change. 

 

Population is important underlying cause that exerts significant impact on the total forest 

cover. Increase in population density leads to depletion of forest cover (Basu, 2011). At 

longer timescales, both increases and decreases of a given population also have a large 

impact on land use. Demographic change does not only imply the shift from high to low 

rates of fertility and mortality (as suggested by the demographic transition), but it is also 
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associated with the development of households and features of their life cycle (Geist and 

Lambin, 2001). 

 

The higher the level of rural poverty, the lower the total forest cover is likely to be (Basu, 

2011). Poverty is popularly cited as a principal underlying cause of forest loss and 

degradation (Cleveland, 2008). Increase in poverty causes a decrease in open forest cover 

since the forest-dependent communities stay near or inside open forests and their 

livelihood is dependent on these forests. Be it the extraction of firewood or forest clearing 

for agriculture, the poor relies on the open forests, which are easily accessible (Basu, 

2011). 

 

2.4.3 Other Causes 

The group of other factors associated with deforestation is composed of pre-disposing 

environmental factors (land characteristics, features of the biophysical environment), 

biophysical drivers and social trigger events. Land characteristics such as soil quality, 

topography, and forest fragmentation are increasingly recognized not to drive, but rather 

to shape deforestation (Rudel and Roper, 1997). Biophysical drivers (triggers) and social 

trigger events have been introduced to identify such forces or events that often work as 

catalytic factors leading to sudden shifts in the human-environment condition. These 

shifts could be of social nature (such as wars, abrupt economic changes or policy 

interventions), or operate in the form of biophysical drivers (such as droughts or forest 

fires), while the difference between the social and natural sphere cannot always be clearly 

drawn (Geist and Lambin, 2001). 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Materials 

During this study I used GPS, caliper, compass and tape measure for data collection. 

  

3.1.1 Description of the Study Area 

3.1.2 Location 

Mbiwe Forest Reserve is one of the forest reserves in Chunya District in Mbeya Region. 

The forest lies between 8
o
24‟36.84” and 8

o
39‟44.27” Latitudes South of the Equator, and 

between 33
o
02‟57.72” and 33

o
20‟14.96” Longitudes East of Greenwich (Fig. 2). The area 

of the forest reserve is 49 147.7 ha with 475 – 2 981 m asl. The forest is under the 

influence of mining, cultivation and settlement, but it is not known to what extent these 

activities have contributed to the change in forest cover. It is also being postulated that 

the existence of the forest in the proximity of the three town centers namely Chunya, 

Makongorosi and Mkwajuni have accelerated high demand for timber, poles and 

charcoal. It is estimated that the annual district wood demand is 2 620 580/ m
3 

as 

compared to the available supply of 1 609 266 m
3
. This high demand of forest products 

depicts the widespread felling of trees which lead into loss of forest cover (PC, 1997). 

 

3.1.3 Climate 

The average temperature ranges between 21
o
 centigrade and 23

o
 centigrade annually and 

this is very much influenced by physiography and altitude. Mean annual rainfall ranges 

from 600 mm to1 000 mm, and normally the peak period of heavy rains are recorded 

during the months of December and March almost every year (PC, 1997). 
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3.1.4 Vegetation 

Mbiwe Forest Reserve is composed of miombo woodland, mixed dry forest, legume-

dominated dry forest and mixed scrub. The most predominant natural vegetation is 

miombo woodlands. Common vegetative species include those of Brachystegia 

spiciformis, Brachystegia boehmii, Pterocarpus angolensis.  

 

 

Figure 2: A Map showing location of Mbiwe Forest Reserve in Chunya District. 
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3.1.5 Social-economic activities 

The major threats to the forest reserve are settlement, charcoal, overgrazing, gold mining 

and agriculture. Settled areas are now coming up with siamea (mijohoro) trees which are 

planted by the community. There are two big licensed gold mining companies in the 

forest which are Gold trees mining company and Matunda ASM and a number of small 

scale miners (PC, 1997). The closest settlements to Mbiwe Forest Reserve are Matundasi, 

Makongorosi, Mkwajuni and Infwenkenya wards. 

 

3.2 Methods 

3.2.1Data collection 

3.2.1.1 Remote sensing data 

Landsat MSS and TM data acquired on June 1984, June 1990 and June 2013 was used. In 

consideration of cloud cover, the seasonality and phenological effects (Kashaigili, 2006), 

image listed in Table 1 were selected for image processing and change analysis. 

 

Table 1: The Landsat MSS and ETM Image Scenes used in this study 

Satellite Sensor Path/Row Date of acquisition Season Cloud 

cover 

Landsat MSS 169066 20/06/1984 Dry 10 

Landsat MSS 170066 31/08/1984 Dry 10 

Landsat TM 169066 22/08/1990 Dry 10 

Landsat TM 170066 09/07/1990 Dry 10 

Landsat ETM+ 169066 18/08/2013 Dry 10 

Landsat ETM+ 170066 22/06/2013 Dry 10 

TM = Thematic Mapper; ETM+ = Enhanced Thematic Mapper Plus; MSS = Multi Spectral Scanner. 
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Inventory data 

Reconnaissance survey was conducted to get the data for determining number of sample 

plots. During reconnaissance survey the number of sample plots must be predetermined 

according to the required measurement accuracy and confidence interval (Schindele, 

1995; Järvis, 2013). In most cases confidence interval of 68% and accuracy of ±10% are 

used (Järvis, 2013). In order to increase accuracy and confidence interval, the number of 

measurement points must be added. In case of significantly irregular allocation of trees in 

the forest stand it is recommended to use more measurement points than prescribed 

above. If higher measurement accuracy is expected, the confidence interval of 95% 

should be used. When confidence interval is increased from 68% to 95% or permitted 

error is reduced twice, the minimum number of measurement points grows four times 

(Järvis, 2013). Confidence interval of 95% was used which lead to 60 sample plots where 

data was collected.  

 

After reconnaissance survey determination of number of sample plots was done whereby 

the consideration was done on the facts that a larger number of plots allow the estimate of 

spatial variability of carbon stocks, which increases the confidence in carbon estimates. 

Thus, to ensure enough number of sample plots the formula (1) was used to get the 

number of sample plots in the entire area of the forest reserve and their data recorded in 

different concentric plots as shown in (Fig. 3). The plots were allocated systematically all 

over the area of the forest reserve (Fig. 4) hence enabling to cover all vegetation cover 

types in that particular forest. This distribution of plots systematically enabled to get 

biomass data from all vegetation covers.  

 

n= t
2
CV

2
 (Baral, 2011) …………………………………………………(1)  

      AE
2
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 Where: 

n = Minimum number of samples plots required 

t = t value associated with specific probability 

CV= Coefficient of Variation 

AE= Allowable error    

 

The first plot was established randomly and then systematic sampling was used to 

establish other sample plots. The concentric plot of 2m, 5m, 10m and 15m radius was 

established. In the radius of 2m regeneration of tree species were recorded and the rest 

radii the data were recorded as shown in Fig. 3. According to the IPCC (2003) a sampling 

error (E) of 5% is recommended for Land Use, Land Use Change and Forestry 

(LULUCF) projects. However according to Zahabu (2008) under certain circumstances a 

10% sampling error can be used to reduce cost while maintaining estimates within the 

precision of ±10 of the mean with a 95% confidence interval. Therefore regarding to the 

10% sampling error was used and a total of 64 plots were established. Distance between 

plots were 2 km and between transects were 4 km. Every plot was registered with a 

global positioning system to allow further integration with spatial data in geographic 

information systems and image processing systems. 

 

The use of concentric plots in forest inventory aims at increasing the accuracy of the 

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

Tropical natural forests are characterized with having negative exponential diameter 

distribution such that there are several small size trees and the number of trees decreases 

with increasing tree size. The concentric plot design ensures that small trees are measured 

in small plots and large trees (which constitute most of the biomass per unit area) are 
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measured in large plots. This arrangement results in measuring approximately the same 

number of trees for the different size classes (NAFORMA, 2010). 

 

 

 

 

 

 

 

 

 

 

Radius = 15m: Trees DBH ≥ 20cm 

Radius = 10m: Trees DBH ≥ 10cm 

Radius = 5m: Trees DBH ≥ 5cm 

Radius = 2m: Trees DBH ≥ 1cm     (MNRT, 2010).  (2) 

Figure 3: Concentric Circular Plots. 

 

3.2.1.1 Factors causing forest cover change 

To determine factors of forest cover change logistic regression was used as it allows 

examining the relationship between two variables which are binary. In this study, data on 

independent and dependent variables were collected and used to develop logistic model. 

The dependent variables were forest cover change, as detected from the satellite imagery 

of 1984 and 1990 and 2013. Independent variables were road network, villages around 

Mbiwe Forest Reserve and cultivated areas within the forest reserve. Those independent 

variables were used due to its availability with regards to the time and availability of the 
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data but if were easily available more independent variables could be added as much as 

possible. 

Figure 4: Sample plots distribution. 
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 Therefore roads network, villages that are around Mbiwe Forest Reserve were manually 

digitized from the satellite image of 2013.  In order to get cultivated areas a variable 

cultivated area was used. All data were brought together in a raster GIS and resampled to 

a common spatial resolution. The approach of Phong (2004) was adopted whereby the 

buffer zone of 100 m was created along the road networks and around villages which are 

around Mbiwe Forest Reserve. 

 

In order to get dependent variables, the forest cover change, as detected from the satellite 

imagery of 1984, 1990 and 2013 was used. The Landsat images of 1984, 1990 and 2013 

were classified and then change detection was done in order to get forest cover change.  

Forest cover change obtained from change detection was taken as dependent variables to 

logistic regression model. According to Chowdhury (2006) statistical method has been 

employed in a spatially explicit manner in which the driving factors of forest cover 

change are correlated with major classes of forest cover.  

 

3.2.2Data analysis 

3.2.2.1 Image Processing 

Image preprocessing 

To ensure accurate identification of temporal changes and geometric compatibility with 

other sources of information, image to image geo-correction was conducted to rectify the 

1984 and 1990 images based on 2013 image. The first order polynomial transformation 

and nearest neighborhood interpolation was applied to geometrically rectify the 1984 

and1990 imagery and registered to the UTM map coordinate system, Zone 36 South, 

Datum Arc 1960. 
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Image enhancement 

Images enhancement was performed using a 4, 5, 3 color composite band combination 

and its contrast was stretched using the Gaussian distribution function followed by high 

pass filter 3 × 3 to increase the visibility of the ground control points in both images.  

 

3.2.2.2 Preliminary image classification and ground truthing 

Image classification analyzes the numerical properties of various image features and 

organizes data into categories (Fisher et al., 2003). Supervised Image classification, using 

Maximum Likelihood Classifier (MLC) was performed in ILWIS software. Training 

fields were identified by inspecting an enhanced color composite imagery. Areas with 

similar spectral characteristics were trained and classified.  

 

Ground truthing was done in order to verify and modify land covers obtained during 

preliminary image interpretation. Before going to the field, to implement ground truthing, 

preliminary image classification was performed to roughly identify vegetation types and 

other land cover classes. Sets of hardcopy of colour composite images with overlays of 

roads and UTM coordinates were produced using image acquired on 08
th

August 2013 

and used as a base-map during the ground truthing. A hand-held GPS was used to locate 

sampled land cover observations. During the ground truthing, the following major land 

cover classes were identified: closed woodland, open woodland, cultivated land, 

Bushland and Bareland and mining. 

 

3.2.2.3 Final image classification 

The approach used by Kashaigili (2006) was adopted whereby supervised image 

classification using maximum likelihood classifier was used in order to provide efficient, 

consistent and repeatable routines for mapping large areas. Training sites were generated 
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by on-screen digitizing of selected areas for each land cover class identified on the colour 

composite. Training was iterative process, whereby the selected pixels were evaluated by 

performing an estimated classification. Based on the inspection, training samples were 

refined until a satisfactory result was obtained. The objective was to produce thematic 

classes that resemble or can be related to the actual land cover types on the earth‟s 

surface. 

 

3.2.2.4 Classification accuracy assessment 

Land cover maps derived from classification of images usually contain some sort of 

errors due to several factors that range from classification techniques to methods of 

satellite data capture. Hence, evaluation of classification results is an important process in 

the classification procedure (Yesserie, 2009). During data collection forest cover of each 

plot centers were recorded. Then those points were visually classified in respect to forest 

cover classes. Therefore error/confusion matrix was used as it is among the common 

measures used for measuring the accuracy of thematic maps derived from multispectral 

imagery. An error matrix is a square assortment of numbers defined in rows and columns 

that represent the number of sample units assigned to a particular category relative to the 

actual category as confirmed on the ground. In conformance with standard accuracy 

assessment techniques, error matrices were produced and used to compute user`s 

accuracy, producer`s accuracy and overall accuracy for each classification. kappa (k ) 

was computed using equation (3) (Waisa, 2009) to determine how much better the 

classification was than chance alone 

1

Observed Expected
k

Expected





                                (2) 
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Whereby: Observed = Overall value for percent correct and 

       Expected = Estimate of the contribution of chance agreement to the 

             observed percent correct    (3) 

 

3.2.2.5 Forest cover change 

To analyze the changes between different time epochs, change detection analysis was 

performed. Many change detection methods have been developed and used for various 

applications. However, they can broadly be divided into: post classification approaches 

and spectral change detection approaches (Kashaigili et al., 2013). The post classification 

change detection method was applied followed by spatial overlay analysis in QGIS 

resulting into attribute table. The table was exported to R software to compile area 

change detection matrix for 1984-1990 and 1990- 2013 period. 

 

3.2.2.6 Rates of forest cover change 

The forest cover change rates that were computed covered the periods 1984 to 1990 and 

1990 to 2013. Estimation for the rate of change for different forest covers was computed 

based on the following formulae (Kashaigili and Majaliwa, 2010). 

100%

1

1
x

Area

AreaArea
Change

n

i xyeari

xyearixyeari

xyear

 




 ................................................................ (4) 

 

years

xyearixyeari

t

AreaArea
changeofrateAnnual

1


 .................................................................(5) 

100%

1

1
x

txArea

AreaArea
changeofrateAnnual

years

n

i xyeari

xyearixyeari

 




 .....................................................(6) 

 

 

 

 



28 

 

Where;  

Area i year x = area of cover i at the first date,  

Area i year x+1 = area of cover i at the second,  

 

n

i xyeariArea
1 = the total cover area at the first date and  

tyears = period in years between the first and second scene acquisition dates. 

 

3.2.2.7 Above Ground Biomass estimation 

The aboveground biomass was estimated by using formula (7) (Mugasha et al., 2004).  

 

Biomass = exp 
[-1.83322+2.40156 In (dbh)] ………………………………………………………………

(7) 

 

Whereby: 

B= Biomass (kg) 

D= DBH (cm)    

 

This model (equation 7) was developed for Mpanda District which has the same climatic 

condition and vegetation types of miombo woodland as Mbiwe Forest Reserve in Chunya 

District. The carbon stocks for 1984, 1990 and 2013 were obtained by assuming that 

carbon stock of the forest area didn‟t change (Kashaigili et al., 2013; Gibson et al., 2005). 

This is because growth rates for miombo are low due to the facts that they are located on 

some of the poorest soils in Africa (Campbell, 1996 and Campbell et al., 2007).  

 

Biomass was aggregated at the plot level then estimated per hectare. The techniques of Ji 

et al., (2012) of estimating biomass for formulating the model was adopted where the 

biomass per hectare of each measured plot was used later as dependent variables to 

formulate models that were used to estimate biomass of the whole area of Mbiwe Forest 
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Reserve. The data of biomass per hectare of each measured plots was used because 

during biomass data collection all forest cover were covered, therefore all forest cover 

types in Mbiwe Forest Reserve were represented. 

 

There are basically three different approaches used in forest inventory with remote 

sensing to assess biophysical variables from spectral signals provided by optical satellite 

images (1) statistical (empirical) (2) physically based, and (3) various combinations of 

them (e.g., neural networks). In this study biophysical model was used. This model uses 

spectral bands which were formulated mathematically into vegetation indices models. 

The techniques of Lu et al. (2012); Zheng et al. (2004) of estimating vegetation indices 

was adopted whereby four individual bands [blue, green, red and near-infrared (NIR)] 

were used to calculate three vegetation indices. 

 

ReDVI NIR d  …………….…………………………………………….(8) 

 

 
 =

NIR red

NIR
N VI

e
D

r d




 …………………………………….………………….(9) 

 =
NIR

RSR
red

;  ………………………………………………………………..(10) 

These vegetation indices were obtained by using ILWIS MAP CALCULATOR. After 

running collinearity Normalized Difference Vegetation Index (NDVI) was left out and 

only two indices i.e Difference Vegetation Index (DVI) and Reduced Simple Ratio (RSR) 

were used. According to Zakaria (2010) since there is a relationship between vegetation 

indices and biophysical variables (e.g. stand parameters) the models were established 

using vegetation indices as independent variables and biomass per hectare of each 

measured plots as dependent variables.  Statistically, the model is generally expressed as 

shown in model (Equation 11).  

Y=b0+b1X1………………………………………………………………. (11) 
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Whereby  

Y= the dependent variable (Biomass of each plot); 

Xi= the independent variable (Vegetation indices i.e DVI and RSR);  

b0, b1,i=constant parameters that need to be determined (Zheng et al., 2004) 

 

According to Zheng et al. (2004) the models were used to estimate the biomass of the 

whole Mbiwe Forest Reserve for the image of year 1984, 1990 and then for the image of 

the year 2013. Finally the difference of biomass between 1984 and 1990 and between 

1990 and 2013 were computed to obtain the gain or loss of biomass.  

After using DVI and RSR as independent variables the following equations were 

obtained. 

Biomass1984 = 212.533(RSR_1984)-15(DVI_1984)- 41.851…………………(12) 

 

Biomass1990 = 260.503(RSR_1990) - 8.624(DVI_1990)-178.037 …………..(13) 

 

Biomass2013 = 377.35436(RSR_2013)- 0.12495(DVI_2013)-261.95712…….(14) 
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Figure 5: DVI 1984.  
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Figure 6: DVI 1990. 
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Figure 7: DVI 2013. 
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Figure 8: RSR 1984. 
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Figure 9: RSR 1990.  
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Figure 10: RSR 2013. 

 

3.2.2.8 Carbon stock estimation 

The coefficient of 0.50 as suggested by Munishi et al., (2010); Gibson et al., (2005), was 

used for conversions of biomass to carbon stock:  

C = 0.50 x biomass …………………………………………………………………(15)  

 

3.2.2.9 Carbon mapping 

Using ILWIS calculator mapping of tree above ground carbon was done by multiplying 

biomass of each year by coefficient of conversion which was 0.50. 
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3.2.2.10 Factors causing forest cover change 

(i) Dependent variables 

The forest change cover map obtained after change detection was used as dependent 

variable and was overlaid on the independent variable maps (distance from the forest 

cover changes as detected on the forest cover change map to roads, village center and 

cultivated areas in the forest reserve, these were calculated as maps using GIS tools) and 

the type of changes that occurred on each location was recorded. This information was 

consolidated into a common table containing dependent and independent variables. For 

logistic regression analysis dependent variables were then transformed to binary variables 

i.e. 1, 0 representing “change”, “no changes” respectively. 

 

(ii) Independent variables 

In order to determine which factors contribute most to forest cover change the variables, 

distance from roads, villages and cultivated areas in the forest reserve to the areas where 

the cover changes occurred in the forest reserve was used.. Therefore distance from the 

areas where the cover changes occurred in the forest reserve to roads was calculated as a 

series expanding from each arc of the road network, villages the nearest settlement was 

calculated as a series expanding from each center and cultivated areas in the forest was 

calculated as a series expanding from each cultivated areas. The above dependent and 

independent variables were used in the logistic linear model (16). According to 

Wickramaarachchi et al. (2013) logistic regressions was successfully applied to analyze 

the causes of forest cover change. 

 

According to Phong (2004) before variables being used collinearity between the 

independent variables and the coefficients of determination (R
2
) of the multivariate 
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relationships between one of the independent variables against all the others were 

calculated in order to find if they are below the critical value of 0.8.  

 

The logistic regression was used because it measures the relationship between a 

categorical dependent variable and one or more independent variables, which are usually 

(but not necessarily) continuous, by using probability scores as the predicted values of the 

dependent variable. 

 

The output from a logistic is the relationship of the occurrence of an event, using the 

independent variables as predictor values (Garson, 2000). In this study the occurrence of 

the changes of the forest cover (dependent variable) was predicted with the independent 

variables (driving factors) to see which among independent variables predict more the 

occurrence of change of the forest cover. Using the logistic regression analysis, 

relationship between the spatial distribution of the change of forest cover and its driving 

factors was determined. 

log
log ( )

1

p
it p

p

 
  

   (Serneels and Lambin, 2001) 

 =α+β1X1+β2X2+···+βnXn  

Whereby  

α = intercept   

β1-n = Parameter values. 

X1-n = Predictor variables  

p = Probability of success ....................................................…………...…..(16) 
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CHAPTER FOUR 

 

4.0 RESULTS AND DISCUSSION 

4.1 Forest cover of Mbiwe Forest Reserve for 1984, 1990 and 2013 

The forest cover maps for the period 1984, 1990 and 2013 are shown in Fig. 11, Fig.12 

and Fig. 13 respectively and their cover areas are shown in Table 3. The maps show that 

there is a significant change between periods under consideration. Results indicate that in 

1984, Open Woodland occupied 28 221.3ha (57.4%) which was the largest cover in that 

year, Closed Woodland 16 501.7 ha (33.6%) was the second largest forest cover, 

Bushland 3 206.2ha (6.5%) was the third largest cover, while Bareland and mining was 1 

218.5 ha (2.5%) (Table 3). In 1990, Open Woodland occupied 30 642 ha (62.4%) the 

largest forest cover as it was 1984, Closed Woodland 14 195.5 ha (28.9%) continued to 

be the second largest forest cover compared to 1984, Bushland 3 642.7ha (7.4%) 

continued to be the third largest forest cover compared to 1984, Bareland and mining 

552.6 ha(1.1%) continued to persist although at low rate compared to forest cover of 

1984, and Cultivated land occupied 114.9ha (0.2%). This shows that encroachment in the 

forest reserve started around 1990. Finally in 2013 Open Woodland (29 918.7 ha which is 

60.9%) continued to dominate the forest cover, Closed Woodland which was 1 447.3 ha 

(2.9%), decreased dramatically compared to that of 1984 and 1990, Bushland (16 118.7ha 

which is 32.8%) increased dramatically compared to 1984 and 1990. This indicates that 

there was a change of Closed and Open Woodland into bushland. Bareland and mining 

(882.7 ha which is 1.8%) increased compared to 1984 and 1990, this indicates that there 

was a change from Closed and Open Woodland into Bareland and mining. Cultivated 

land (780.3ha which is 1.6%) increased compared to 1984 and 1990, this indicates that 

there was a change from Closed and Open Woodland into Cultivated land. 
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Figure 11: Forest Cover for Mbiwe Forest Reserve in year 1984. 
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Figure 12: Forest Cover for Mbiwe Forest Reserve in year 1990. 
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Fi

gure 13: Forest Cover for Mbiwe Forest Reserve in year 2013. 

 

4.2 Accuracy Assessment for Images Classification 

The user`s accuracy (average accuracy), producer‟s accuracy (reliability) and overall 

accuracy assessment for Mbiwe Forest Reserve after classification revealed to be 

74.86%, 71.92% and 81.81% respectively. According to Kashaigili et al., (2013), the 

overall accuracy assessment is accepted if it is greater than 80%. The figures in column 

Unclassified represent the ground truth pixels that were found not classified in the 

classified image. 
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Table 2: Classification results 

 

Bul = Bushland; CW = Closed Woodland; CuW = Cultivated land; OW = Open Woodland; Bal = Bareland 

and mining; REL= Reliablity; Uc= Unclassified; ACC= Accuracy 

 

4.3 Changes in forest cover for Mbiwe Forest Reserve from 1984, 1990 and 2013 

The forest cover change maps between 1984 and 1990 and between 1990 and 2013 are 

shown in (Fig. 14: and Fig. 15): respectively and their cover area changes in the same 

period are shown in (Table 3). 

 BuL  CW  CuW  OW Bal Uc ACC 

Bul 165453 8980 0 11420 1651 3810 0.87 

CW 3491 16071 0 2923 0 708 0.69 

CuW 633 0 6794 571 2321 662 0.62 

OW 30194 10710 831 222377 628 11081 0.81 

Bal 201 0 1185 710 7305 210 0.76 

REL 0.83 0.45 0.77 0.93 0.61   
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Figure 14: Forest cover change for Mbiwe Forest Reserve for the period 1984 – 

1990. 

 

The result in Table 3 revealed that closed woodland decreased by 2 306.2 ha (−4.7%) 

and 12 748.2 ha (−26%) for the period between 1984-1990 and 1990–2013 respectively. 

This shows that there was a sharp decrease of closed woodland probably due to timber 

harvesting or mining activities. Similarly, in the period 1984-1990, open woodland 

increased by 2 420.7 ha (5%) and decreased by 723.3 ha (-1.5%) between 1990-2013. 

During the period of 1984-1990 there was increase of open woodland cover due to the 

facts that there was a decrease of closed woodland in the same period hence conversion 

of closed woodland into open woodland. Meanwhile, in the period 1984 – 1990, the 

bushland increased by 436.5 ha (0.9%) and 12 476 (25%) for the period 1990 – 2013. 
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There was an increase of bushland in both periods because 1984-1990 and 1990-2013 

there was a change of closed and open woodland into other classes and one of them 

being bushland. However, for the year 1984 there was no cultivated land but by 1990 

there was cultivated land therefore for the period of 1984 – 1990 the cultivated land was 

114.9 ha (0.2) and for the period 1990 – 2013 cultivated land area increased by 665.4 ha 

(1.4%). Absence of cultivated land during 1984 was probably due to low population 

around the Mbiwe Forest Reserve and serious law enforcement on the management of 

that particular forest and vice versa for the period of 1990-2013. The Bareland and 

mining area decreased by 665.9 ha (-1.4%) for the period 1984 – 1990 and increased by 

330.1 ha (0.7%) for the period 1990 - 2013. Decrease of Bareland and mining during 

1984-1990 may be was due to serious law enforcement on the management of that 

particular forest and vice versa for the period of 1990-2013. 

 

Figure 15: Forest cover change for Mbiwe Forest Reserve for the period 1990 – 

2013. 
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Table 3: Cover area, change area and annual rate of change between 1984 - 1990 and 1990 - 2013 

BL= Bushland CW= Closed Woodland CuW= Cultivated land OW= Open Woodland Bal= Bareland and mining   

Forest 

Cover 

Type 

Forest cover Change area Annual rate of change  

1984 1990 2013 1984 - 1990 1990 - 2013 1984 - 1990 1990 - 2013 

Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) % (ha/year) (ha/year) 

BL        3206.2 6.5 3642.7 7.4 16118.7 32.8 436.5 0.9 12476 25.4 72.8 542.4 

CW 16501.7 33.6 14195.5 28.9 1447.3 2.9 -2306.2 -4.7 -12748.2 -26 -384.4 -554.3 

CuW 0 0 114.9 0.2 780.3 1.6 114.9 0.2 665.4 1.4 19.2 28.9 

OW   28221.3 57.4 30642 62.4 29918.7 60.9 2420.7 5 -723.3 -1.5 403.5 31.4 

Bal 1218.5 2.5 552.6 1.1 882.7 1.8 -665.9 -1.4 330.1 0.7 -111 14.4 

Total 49147.7 100 49147.7 100 49147.7 100             
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4.4 Carbon stock change for Mbiwe Forest Reserve from 1984, 1990 and 2013 

4.4.1 Above ground biomass 

The results revealed that by 2013 the average above ground biomass was 66.6 t/ha this 

result is within the range of 59 Mg ha
-1

 ± 26.15 (ranging from 15 to 165 Mg ha
-1

) by the 

study conducted in 2009 in Niassa National Reserve (NNR) in northern Mozambique 

(Ribeiro et al., 2013). However according to Ryan (2013), in dry miombo aboveground 

woody biomass averages around 55 t dry matter ha
-1

, whilst in wet miombo 90 t ha
-1

 (dry 

matter)is typical. 

 

4.4.2 Above ground carbon stock 

Carbon maps for the year 1984, 1990 and 2013 are shown in Fig. 16, 17 and 18. It was 

revealed that 1984 had the highest average carbon stock 58.5 tC/ha followed by 1990, 55.7 

tC/ha and 2013 had the lowest 54.8 tC/ha, varying from the lowest 0.5 to 199.9 tC/ha the 

highest (Table 4). This is slightly lower compared to the total of Carbon Stock Density 67 

Mg C h a
-1

 (Stdev ± 24.85) in miombo woodland of Niassa National Reserve in northern 

Mozambique (Ribeiro et al., 2013) which is the same wet miombo woodland as Mbiwe 

forest reserve. This is probably due to the difference of forest cover between the two forest 

reserves. 

 

Tanzania has reported an average forest biomass value of 60 tC ha
−1

 to the Food and 

Agriculture Organization (FAO, 2010; Godoy et al., 2011). The national Forest and 

Beekeeping Division (FBD) reported an average biomass value of 157 tC ha
−1

 for eastern 

lowland forest with low to medium levels of degradation, and 33 tC ha
−1

 for highly-

degraded lowland forest (FBD, 2007). Another studies conducted by Shrima et al. (2011) 

on carbon stock on Eastern Arc Mountain, a dry miombo woodland, reveled a weighted 

mean of 23.3 Mg ha
−1 

and this was slightly higher compared with results from Zahabu 
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(2008), Chamshama Mugasha & Zahabu (2002) and Munishi et al. (2010), which were 

22.5, 19.04 and 19.12 Mg ha
−1

, respectively, from the same miombo vegetation type.  

 

Table 4: Carbon stock for the year 1984, 1990 and 2013 

Year  Total Carbon (tC) (Mbiwe Forest, 49,147.7ha) Average (Carbon tC/ ha 

1984 14 516.60 58.5 

1990 12 910.80 55.7 

2013 12 719.80 54.8 

 

Figure 16: Carbon Stock in 1984. 
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Figure 17: Carbon Stock in 1990. 
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Figure 18: Carbon Stock in 2013. 

 

4.5 Factors of Forest Cover Change 

Spatial distribution of forest cover loss due to factors of forest cover change is shown in 

Fig. 20 – 23 and it is revealed in Table 5 that distance from degraded areas to village 

centers and to the cultivation areas have high effects on forest cover change followed by 

distance to the road.  This result on cultivation to be one of the leading factors of forest 

change is the same as of Mwavu and Witkowski (2008) analyzed land-use and cover 

changes within and around Budongo Forest Reserve in Uganda. Deforestation was found 

to be driven by a number of socioeconomic factors including agricultural expansion, 
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increasing human population, unclear land tenure, conflicts of interest and political 

interference in addition to local people‟s perception that the forest was an obstacle to 

agriculture. 

 

However, on road and village distance results are the same as Phong, (2004) when 

analyzing deforestation for the period 1989 – 1996 in Bach Ma National Park and its 

buffer zones; it was found that Management effects (zone), distance to village and road are 

positively related with deforestation while slope and population density are negatively 

related with deforestation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Spatial distribution of forest covers loss due to distance from the village 

centres to the degraded areas. 



52 

 

 

Figure 20: Spatial distribution of forest covers loss due to distance from the roads to 

the degraded areas. 
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Figure 21: Spatial distribution of forest covers loss due to distance from the 

cultivated areas to the degraded areas. 
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Figure 22: Spatial distribution of forest covers changes due to the distance from the 

village centers, roads and cultivation areas to the degraded areas 

 

Table 5: Factors significantly associated with forest cover change during the period 

1990 to 2013 

Coefficients Estimate Std. Error Z value Pr(>|z|) 

(Intercept) 2.657e-01 9.215e-04 26.299 3e-12 *** 

Distance to village center 4.200e-10 2.314e-01 7.210 1.10e-03 *** 

Distande to road 1.124e-10 1.605e-01 1.004 1.10e-13*** 

Distance to cultivation area 2.310e-10 1.201e-01 3.191 1.10e-07 

This distance is from degraded areas to the village center, roads and cultivation areas. 
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CHAPTER FIVE 

 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The following conclusion can be drawn from the assessment of the effects of forest cover 

change on carbon stock between 1984, 1990 and 2013 in miombo woodlands of Mbiwe 

Forest Reserve. 

 

5.1.1 Change in forest cover for Mbiwe Forest Reserve from 1984, 1990 and 2013 

Closed woodland has been changing to other forest cover as 1984 – 1990 changing was by 

4.7% (2 306.2 ha) and 1990 – 2013 changing was by 26% (12 748.2 ha) while bushland 

and cultivated woodland have been expanding as 1984 – 1990 closed woodland expanded 

by 0.9% (436.5 ha) and 1990 – 2913 closed woodland expanded by 25.4% (1 247.6 ha) 

meanwhile 1984 – 1990 cultivated woodland expanded by 0.2% (114.9 ha) and 1990 – 

2013 cultivated woodland expanded by 1.4% (665.4 ha). Open woodland and bareland and 

mining were not constantly increasing or decreasing as 1984 – 1990 open woodland 

expanded by 5% (2 420.7 ha) and 1990 – 2013 open woodland shrinking was by 1.5% 

(723.3 ha) meanwhile 1984 – 1990 bareland and mining changing was by 1.4% (665.9 ha) 

and 1990 – 2013 bareland and mining expanded by 0.7% (330.1 ha).   

 

On the other hand from 1990 – 2013 closed woodland decreased at a rate of 554.3 ha/year 

assuming a linear decline. If this continues unabated, it is likely that in the next 10 years 

from now the closed woodland will be completely converted to other covers. Therefore 

more effort is needed to protect the forest. 
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5.1.2 Changes in carbon stock for Mbiwe Forest Reserve from 1984, 1990 and 2013 

It is revealed from this study that by 2013 the average above ground biomass was 66.6 t/ha 

and 1984 had the highest average carbon stock 58.5 tC/ha followed by 1990 55.7 tC/ha 

and 2013 had the lowest 54.8 tC/ha. This change of carbon from the highest 58.5 tC/ha to 

54.8 tC/ha for 1984 to 2013 respectively was due to the decreases of closed woodland and 

open woodland, which contribute highly on biomass of a tree. 

 

5.1.3 Factors of influencing Forest Cover Change 

Cultivation in the forest reserves and establishment of villages and roads in and around 

forest reserves have been found to be the main causes for the change in forest cover.  

 

5.2 Recommendations 

Based on the findings from this study it is recommended that:  

 

More efforts on protection of forest reserves is needed especially to the forest reserves 

which are close to the good infrastructures such as main roads, railways and town centers 

as those infrastructures accelerate forest cover changes. Also law enforcement should be 

enforced to to protect forests; this will lead villagers who are living around forest reserves 

to refrain from getting into forest reserves for cultivation and clearfelling trees for their 

various uses.  
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