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Abstract 

We used spatial analysis to assess the Land Use Land Cover (LULC) changes, 
and studied the impacts of LC changes on conservation of buffer zone of the 
Selous Game Reserve (SGR) and their implication on community’s livelihood 
in Vikumbulu Ward of Kisarawe District, Tanzania. Socio-economic data 
from Kisarawe District and TNBS were linked to spatial data to offer an inte-
grated perspetive of LULC change in the Ward. Three cloud free image dates 
of 1998, 2011 and 2015 were analysed using System for Automated Geoscien-
tific Analyses (SAGA) GIS for three categories of land cover, i.e. forest, 
wooded grassland and bare land/settlements/cultivation. Vikumbulu demo-
graphic and socio-economic data were linked to spatial data applying distance 
as a function of LULC change. Spatial analysis has shown a decreasing trend 
of forest and woodland cover in Vikumbulu Ward between 1998 and 2015. 
The sharp decline indicates increasing social economic activities such as 
shifting agriculture and charcoal burning as an outcome of population growth 
and poverty. Rapid conversion of forest cover to wooded grassland occurred 
between 1998 and 2015 in Vikumbulu Ward. However, loss of forest cover 
was associated with a decreasing trend in wooded land in the ward between 
2011 and 2015. As there was only 0.15% area under crop cultivation in Vi-
kumbulu until 2015, it is highly likely that LC change is caused by charcoal 
burning and shifting cultivation. This study suggests developing integrated 
strategies that target LULC change, conservation and people’s livelihoods to 
effectively improve the current situation in rural areas of Tanzania. 
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1. Introduction 

Impact of Land Use and Land Cover (LULC) changes is of great concern for 
community livelihood and conservation globally. About 40% of a global land 
once covered by natural vegetation has been transformed into agricultural crop-
land (Meiyappan & Jain, 2012). The rising demand for materials to support hu-
man living has facilitated competing land use and land cover changes (Harte-
mink et al. 2008; Meiyappan, 2017).  

The drivers of land cover change vary across the local, regional and global 
scales (Lambin et al., 2001; Long et al., 2007), but they ultimately impact across 
all the three scales (Foley et al., 2005; Cotillon, 2013). The LULC changes cause 
loss of 13 million ha of world’s tropical forest each year including 14,000 and 
40,000 species (Kremen et al., 2000; Millennium Ecosystem Assessment, 2005). 
Unfortunately, most forest loss occurs in the developing world (Sunderlin et al., 
2005) where expansion and development of urban and peri-urban areas and as-
sociated socio-economic activities have resulted in significant vegetation changes 
(Asselen & Verburg, 2013). Population growth coupled with high demand for 
food, charcoal, timber and poles in urban areas are the key drivers contributing 
to natural resources degradation in rural areas (Kangalawe & Lyimo, 2010; 
MacKenzie & Hartter, 2013). 

In Tanzania, forest and woodland areas cover over 48 million hectares of land 
(Tremblay & Lowry, 2016). Apart from being a source of income and employ-
ment for many residents, forests provide a wide range of environmental services 
such as bush food, clean air, and ecotourism and water regulation in the catch-
ment areas. Despite their benefits, Tanzanian forests are under great pressure. A 
forest inventory by the Tanzania Forest Services Agency (TFS) in 2015 revealed 
that more than 90% of mainland is dependent on energy derived from 
wood/charcoal, causing fast depletion of forest resources (The National Forest 
Resources Monitoring and Assessment (NAFORMA, 2015). Similar findings by 
Global Forest Resources Assessment (GFRA, 2015) revealed that more than 5.86 
million hectares (~10%) of Tanzania’s forest cover was lost between 2000 to 
2015 due to deforestation and degradation. The rate of forest cover loss in Tanza-
nia is approximately 373,000 hectares per year, the highest in East Africa, which is 
estimated to cost $3.5 billion by 2033 (Tremblay & Lowry, 2016). 

It should be noted that more than 57% of forest cover in Tanzania is under 
village management or general land management with limited protection (Luoga 
et al. 2005; Bongers & Tennigkeit, 2010). And, the rates of forest cover loss are 
approximately eight times higher in these unprotected areas than protected areas 
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such as forest reserves and national parks (Tabor et al., 2010). Lack of effective 
and sustainable measures on how to utilize forest resources in villages has re-
sulted in deforestation and degradation (Bongers & Tennigkeit, 2010). Several 
forest products such as timber, poles and charcoal, harvested from these unpro-
tected areas, are sold in the urban centres. For example, the source of charcoal 
for Tanzania’s main commercial centre—Dar es Salaam was the villages in 
proximity of 60 kilometres radius in 1990s, which increased to 300 kilometers in 
2000s (Tremblay & Lowry, 2016).  

The key factors for land cover changes include wood extraction and expansion 
of agriculture and settlement coupled with poverty, population growth, lack of 
employment and corruption (Makunga & Misana, 2017). LC change is a major 
challenge in Tanzania despite the great efforts for establishing Community 
Based Conservation areas and Participatory Forest Management (PFM) (Sunseri, 
2005; Treue et al., 2014).  

Therefore, assessment of LC changes over time is crucial for monitoring con-
servation management, land use and LC changes including the drivers that cause 
those changes (Turner et al. 1994; Fisher, 2011). Many studies have provided 
descriptive statistics on LC changes on a global scale (Goldewijk & Ramankutty, 
2004; Ramankutty et al., 2008; Hansen et al., 2013) but few try to understand 
these changes at local level (Lambin et al., 2003; Hartemink et al., 2008), espe-
cially in Tanzania. 

This study presents a spatial analysis of land cover change over time (1998 to 
2015) of a rural area in Tanzania, abutting an internationally famous Selous 
Game Reserve (SGR). The main goal was to find out why and how land cover is 
changing. For this, the study included a focus on socio-economic activities that 
occur in the neighbouring urban centre of Dar es Salaam, and posits an inte-
grated analysis to inform conservation and local land management as well as fu-
ture policy of land use for regional and rural areas of Tanzania.  

Study area description 
This study was conducted at Vikumbulu Ward in Kisarawe District, Pwani 

Region of Tanzania. Kisarawe districts lies between 38.26E and 39.13E to 6.78S 
and 7.58S while Vikumbulu Ward is located between 38.30E and 38.67E to 7.31S 
and 7.56S. The ward occupies an area of 1003 km2 with a population density of 
3.2 inhabitants per km2 (Tanzania National Bureau of Standards—TNBS, 2012). 
This particular ward was selected because it abuts world famous, Selous Game 
Reserve (50,000 km2 area), which is located in southeast Tanzania, representing 
5% of Tanzania’s total land mass (Caro et al., 2009). Additionally, this ward is 
close (98 km) to the main business centre, Dar-es-Salaam (Figure 1). The ward 
consists of very few ridges and hills in the northeastern corner with elevation 
ranging between 285 m to 436 m above the sea level (Figure 1(d)).  

Vikumbulu Ward have bimodal rainfall pattern with the annual mean of 1236 
mm (Mdemu et al., 2010; Lupala et al., 2014). The long rainy season spans from 
March to June, short rainy season from November to January, and the dry sea-
son from June to October. Temperature ranges from 24˚C - 31˚C with low  
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Figure 1. Study location (a) Map of Tanzania showing location of Selous Game Reserve (in green), Dar es Salaam city (red) and 
Kisarawe district (blue) (b) Kisarawe District and Vikumbulu Ward (c) Vikumbulu Ward topography (d) Vikumbulu Ward eleva-
tion. 

 
temperatures from June to November and high from December to April (Mde-
mu et al., 2010; Lupala et al., 2014). However, the rainfall has shown a general 
trend of decline since 1981 (Kashaigili et al., 2014). 

The natural vegetation at Vikumbulu Ward constitutes an extension of pro-
tected areas buffer zones surrounding SGR predominated by wet miombo 
woodlands that extend from the sea level to a height of 1600 m above the sea lev-
el (Bongers & Tennigkeit, 2010). It also contains some of the valuable timber 
wood species such as Afzelia quanzensis (Pod mahogany), Pterocarpus angolen-
sis and Dalbergia melanoxylon (African Blackwood) (Bongers & Tennigkeit, 
2010).  
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The main economic activities in Vikumbulu Ward include subsistence 
small-scale agriculture, fishing and charcoal production (TNBS, 2012). The 
ward’s cropland area varies from 0.5 - 1 ha per household (Mandari, 2010), 
supporting an average family of 4.6 members (Habib-Mintz, 2010). Both forestry 
and agriculture products are used for domestic consumption and income 
(TNBS, 2012). 

2. Materials and Methods  

Spatial data for 1998, 2011 and 2015 images were obtained from landsat satellite 
in glovis (http://glovis.usgs.gov/), earth explorer website  
(http://earthexplorer.usgs.gov/) and libra (https://libra.developmentseed.org/) 
from path 166 and row 65. Landsat satellite has a multispectral sensor acquiring 
images in several spectral bands at spatial resolution of 28 metres and temporal 
resolution of 16 days (Khorram et al., 2016). The image offers details vegetation 
cover, extent of the cover and changes over time for mapping and classifying 
large habitats (Ned, 2010). Three image sets of 1998, 2011 and 2015 (Table 1) 
from May to December, were chosen to distinguish different land use patterns 
and vegetation types such as forests, wooded grasslands, cultivated land or ripa-
rian area. The study was therefore undertaken during dry season which is mostly 
characterised low humid, temperature wind and drought. 

Similarly, Shuttle Radar Topographic Mission (SRTM) Tile Grabber  
(http://dwtkns.com/srtm/) was used for Digital Elevation Modal (DEM) of the 
study region. DEM data was used to characterise the terrain, describing how it 
may have influenced LC changes. The study also analysed demographic data 
such as population growth, agriculture yields and area under cultivation in Vi-
kumbulu over 20 years, from 1995 to 2015. These data were obtained from Kisa-
rawe District Council. The percentage land cover changes of the spatial data 
were then compared to assess changes overtime, and then linked to demograph-
ic, socio-economic data of the study area for analysis 

Classification and images analysis was conducted using System for Automated 
Geoscientific Analyses (SAGA) GIS version 2.1.4 and projected to UTM zones 
37S. Visible, NIR and thermal bands were used in the analysis, detection and 
mapping of land cover types as shown in Table 2 based on Koharram et al. 
(2016). Object Based Image Analysis (OBIA) classification was performed to 
obtain land cover maps of the study area for each image date. 
 
Table 1. Landsat satellite image selection criteria of Kisarawe district for land cover clas-
sification and analysis 

Image Acquisition date Cloud cover 

Landsat8 3-Aug-15 9% 

Landsat5 7-Jul-11 4% 

Landsat5 16-May-98 <10% 
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Table 2. Land cover classes in Vikumbulu Ward. 

Class name Description 

Forest cover (FC) 

A landscape characterised by high tree density. The forest  
cover in current study refers to both closed and open forest.  
The open forest is distinguished from wooded grassland  
by lack of grasses and proximity of trees. 

Wooded grassland (WG) 

A landscape with sparsely distributed trees dominated by  
grasses or thickets of shrubs together with landscape  
characterised by vegetation growing along the river or  
valley were treated as one class. Because the images were  
taken in the dry season there were no clear water bodies,  
but swampy vegetation such as marshes and other  
swampy thickets were identified 

Settlements/cultivation,  
grassland and bare  

ground (BL) 

Human settlements, cultivation and bare land were treated as  
one class due to their similar spectral properties, because of  
difficulties in distinguishing them. Grassland in this  
category includes cropped, cleared or harvested land and  
cannot always be distinguished from bare land. 

 
The accuracy assessment was conducted using an error matrix method to de-

termine the correlation between classified images of 2015 and the ground truth, 
as described by Khorram et al. (2016). An overall accuracy of 74% was obtained 
(Table 3), satisfactory to proceed with analyses. SAGA was used for all the spa-
tial and statistical analyses of all images date were calculated in and then ex-
ported to Microsoft Excel 2010 for calculations and results.  

Limitations of the spatial analysis 
Images with higher percentage of cloud cover might obscure land cover. Spec-

tral mixing between bare land, grassland, settlements and cultivation for the 
study areas made it difficult to distinguish different features or LULC cover un-
derneath so these are categorised as bare land. Quantifying charcoal and timber 
as the drivers of LC change was difficult due to lack of charcoal harvest data for 
the ward despite the fact that charcoal business is prevalent there.  

3. Results 
3.1. Land Cover Changes in Vikumbulu Ward from 1998 to 2015 

The total ward area of 99,660 ha underwent significant LULC changes in the re-
cent past 17 years. In 1998, 54% of the land was dominated by forest cover whe-
reas only 14% that cover remained by 2015 (Figure 2(a)). A rapid increase in 
wooded grassland and thicket corresponded directly with a decrease in forest 
cover between 1998 and 2011. However, a decrease in wooded grassland and 
thicket from 2011 to 2015 was linked with a sharp increase in bare land, settle-
ments and cultivation (Figure 2(b)). 

3.2. Changes in Land Cover to Other LULCs in Vikumbulu Ward 

Between 1998 and 2011, about 8% of the forest cover was converted into barel-
and, settlements and cultivation, and ~43% of this forest converted into  
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(a) 

 
(b) 

Figure 2. (a) Vikumbulu LULC classification maps showing distribution of land cover 
and (b) the percentage land cover of dominant vegetation classes in 1998, 2011 and 2015. 
 
Table 3. Accuracy assessment of Vikumbulu image 2015: number of points correctly 
matched between classified map and ground truth (BL is “settlements/cultivation, grass-
land and bare ground”, FC is “forest cover” and WG is “wooded grassland” and thicket). 

LULC classes BL FC WG Grand Total (no of points) Accuracy (%) 

BL 26 
 

7 33 79 

FC 4 19 3 26 73 

WG 24 1 65 90 72 

Grand Total 54 20 75 149 Overall 74.6 
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wooded grassland and thicket (Figure 3(a)). Furthermore, of total 30% of forest 
cover that remained in 2011(Figure 2(b)) ~25% of it was converted into barel-
and, settlements and cultivation while ~40% of this forest cover was transformed 
into wooded grassland and thicket between 2011 and 2015 (Figure 3(b)). On top 
of that, of the remained 62% of wooded grassland and thicket in 2011 (Figure 
2(b)) ~44% was transformed into bareland, settlements and cultivation between 
2011 and 2015 (Figure 3 (b)). 

3.3. Percentage Changes of Forest Cover in Relation to Distance  
from the Road in Vikumbulu Ward  

The percentage change in forest cover from the road was ~65% - 85% between 0 
and 2500 m in Vikumbulu Ward in 1998 (Figure 4). However, the forest cover 
 

 
(a) 

 
(b) 

Figure 3. Percentage LULC change (a) between 1998 and 2011 and (b) between 2011 and 
2015 in Vikumbulu Ward. 
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Figure 4. Percentage forests cover change with distance from the road (1998, 2011 and 
2015) 
 
declined to ~40% - 60% between the same distance of 0 and 2500 m by 2011. In 
2015, there was a further decrease in forest cover to ~5% - 10%, as one moves 
away from Vikumbulu main road.  

3.4. Trends in Demography and Cropping Activities at Vikumbulu  
Ward 

Human population in Vikumbulu increased from 2675 to 3257 between1995 and 
2015 while the area under crops has almost trippled by 2015 (Figure 5). 

Results shows that in 1998 more than 92% of Vikumbulu Ward was covered 
by forest and wooded grassland (Figure 2) while other LULC changes occupied 
less than 8% of the ward. By 2015, approximately 39% of the forested area was 
lost suggesting increasing socio-economic activities that involves tree clearing 
for agriculture and charcoal burning. One of the significant, but invisible, factors 
contributing towards this rapid change in LULC is the energy needs of the urban 
centre, Dar es Salam. Villagers clears the forest to produce charcoal which is sold 
to people in Dar es Salam as a main source of domestic energy supply. Increas-
ing population in the city and demand for energy exerts pressure on rural areas 
where people tradeoff their natural assets to obtain financial benefits for sup-
porting livelihoods. However, there is a complete lack of planning at the local 
and regional scales to manage forest harvest in a sustainable manner so as to 
ensure continuity of income and energy supply to both rural and urban popula-
tion. To achieve sustainable system of production it need an integration of so-
cio-economic activities and natural resources management. 

4. Discussion 

Increased area of wooded grassland and thickets together with bareland, settle-
ments and cultivation in Vikumbulu Ward, Tanzania (Figure 2) indicates  
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Figure 5. Population growth and area under cultivation (ha) in Vikumbulu Ward. Area 
under cultivation is the combination of the cassava, maizes and legumes (Source: Kisa-
rawe District Council 2015). 
 
deforestation around the SGR buffer zones. The LULC changes in the study 
ward can have serious implications for the SGR—a world’s largest fauna reserve 
with >350 species of birds and reptiles.  

The decrease of forest cover from 1998 (54%) to 2015 (15%) (Figure 2) sug-
gests lack of government intervention in the area, thus highly risking the loss of 
remaining forest and woodland cover. Among the possible reasons causing such 
changes in the study area includes charcoal production and timber harvest, crop 
production. Other factors includes population growth and poverty. The first 
three are known to be the main sources of income for people in Kisarawe Dis-
trict (Mandari, 2010, Chaisamba & Levira 2013, Makunga & Misana, 2017). Ac-
cording to TNBS (2012), more than 89% of the households in Kisarawe district 
engage in such activities as their main source of income.  

Subsistence farming is widely practiced in many rural areas rich in forestry. In 
most cases fertile areas which are cleared for charcoal production are used for 
crop production for 3 - 6 years and then left fallow for about 4 years (Luoga et al. 
2000). Studies have shown this to be too short a time for tree recovery. Clearing 
of trees and then moving to other areas to farm, requires big areas of land, hence 
making subsistence farming another driver of LULC in rural communities (Lu-
oga et al., 2000). According to Kisarawe district natural resources officer, shifting 
agricultural practices for maize and cassava has increased in recent years in the 
ward (A. Kavishe 2015, pers. comm., 13 November). This has contributed to ve-
getation clearing and prevents regeneration of woodland and forest. The residents 
in Vikumbulu ward have been selling their farms to people from Dar-es-salaam 
for cultivation and settlements (A Kavishe 2015, pers. comm., 13 November).  

Tanzanian national and regional agriculture census of 2007/2008 (TNBS, 
2012), has shown the estimated utilizable cropland nationwide to have remained 
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constant at about 2 ha per household and Kisarawe household cropland cultiva-
tion to range from 0.5 ha to 1 ha per household. Therefore the total number of 
agricultural households in Kisarawe is estimated to be 23,356 which is 13.4% of 
the Pwani region in Tanzania.  

The total area under cultivation by 2015 in Vikumbulu ward was 150 ha 
(Figure 5), which is about 0.15% of the total ward area. The population at Vi-
kumbulu ward is estimated to be 3, 248 according to 2012 census results (TNBS, 
2012). From the overall district household size of 3.8 (TNBS, 2012), the esti-
mated number of household in Vikumbulu ward is 854. To obtain an estimate of 
land under crop cultivation, the number of households can be multiplied by the 
district household’s cropland (0.5 ha - 1 ha) (TNBS 2012). The estimated area 
under cultivation would range between 427 ha - 855 ha in Vikumbulu. This is 
about ~4% - 9% of the total land (99,660 ha) in the ward, which is more than the 
current cropland from the data provided in Figure 5. Therefore the increase in 
agricultural area from 1995 to 2015 is very small in Vikumbulu ward when 
compared to the estimated area under cultivation from TNBS of 2012.  

From spatial analysis (Figure 3(a)), slow transformation of forest cover and 
wooded grassland into bareland, settlements and cultivation between 1998 and 
2011 in the Vikumbulu ward (Figure 3(a)), indicates low associated levels of 
natural-resource based socio-economic activites like charcoal burning and shift-
ing cultivation at that time. However, spatial analysis (Figure 3(b)) of 2011-2015 
showed an increase in bareland, settlements and cultivation with decreasing 
wooded grassland and forest cover in Vikumbulu ward. This means that under 
the given current population, the area under crop cultivation (0.15%) is very 
small when compared to forest and woodland loses as shown in satellite data 
(Figure 2(a) & Figure 2(b)). Thus, in this scenerio if agriculture is the driver of 
LULC changes, then it implies shifting cultivation will be responsible for land 
cover changes in Vikumbulu ward.  

The changes in African ecosytems are the outcomes of land-use practices that 
have been caused by increasing human sprawl in rural Africa (Vanderpost, 2006), 
again an example of how these multiple drivers are interrelated. CHAPOSA 
(2002) found that charcoal demand is directly linked to urban population 
growth in developing countries. More than 80% of Sub-Saharan populations, 
with the exception of Southern Africa, depend on wood biomass as a sources of 
energy for cooking. It is predicted that, as the population of African urban 
grows, more supply of charcoal will be required to meet the growing demands 
(CHAPOSA, 2002). CHAPOSA (2002) found that for each 1% increases in urba-
nization, a 14% increase in charcoal consumption results. A study by Kalaba 
(2014) noted that the conversion of miombo woodedland to agriculture land is 
the outcome of increasing human population in miombo woodlands.  

According to TNBS (2012) census, Kisarawe population was 78,290 in 1988 and 
95,323 in 2002. Among them about 80,817 lived in the rural region while 14,506 
lived in Kisarawe urban area in 2002. The national population census of 2012 
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shows that, Kisarawe district population was at 99,635, of which 82,848 lived in 
rural areas and 16,787 lived in Kisarawe urban area (TNBS 2012). This large 
proportion of rural population in Kisarawe has implications for LULC changes 
and natural resources use. A Kavishe (2015, pers. comm., 13 November) said, 
there are increasing immigrants from Dar-es-salaam city. Increasing human pop-
ulation in miombo woodlands leads to shifting cultivation and increasing energy 
needs and hence more pressure on woodlands (Chirwa et al. 2008b as cited in 
Kalaba 2014). Despite significant loss of forest and wooded grassland cover in 
Vikumbulu ward between 2011 and 2015 (Figure 1 & Figure 2) shown by spa-
tial data, it does not reflect its population growth. Land cover changes which are 
happening in the ward are not because of increasing settlements or agriculture 
growth due to population, but is rather the outcome of other drivers of LULC 
like firewood collection, logging and charcoal burning. In connection to this, 
Mwampamba (2007) and Hojas-Gascón et al. (2016) have found that increasing 
population and fuel demand in Dar-es-salaam city coupled with increasing rural 
poverty are factors causing resources depletion in coastal areas. Thus as a strug-
gle to escape from poverty, population growth in Dar-es-salaam city might have 
indirectly influenced forest and woodland degradation in Vikumbulu ward.  

Charcoal production in Tanzania is primarily conducted in state forests and 
public or village owned forest (Sander et al., 2013). The impacts of charcoal 
production is widely documented (Mwampamba, 2007). Studies suggest that in 
Africa almost 90% of wood removal is used for fuel (Kees & Feldmann, 2011). In 
spite of agriculture being the main economic activity in rural Africa, trade in 
charcoal is widely practiced by rural farmers (CHAPOSA, 2002). These trends 
provide evidence on how charcoal business has escalated in African rural and 
city centres. 

In Tanzania, Dar es salaam is considered to be the main consumer (about 
70%) of the charcoal produced in Tanzania, leaving areas nearby widely affected 
due to resources degradation (Ahrends et al., 2010). Among major reasons for 
growth of charcoal consumption in this city is the availability of cheap and af-
fordable charcoal stoves in the market compared to electric and gas stoves (Luo-
ga et al., 2000). Demand for charcoal is predicted to increase in major cities of 
developing countries as a result of increasing population and unaffordable 
sources of energy (Mwampamba, 2007).  

This study shows a decrease in forest cover and an increase in wooded grass-
land between 1998-2011, which then followed by decreasing trend of the latter 
between 2011 and 2015 (Figure 1 & Figure 2). Given small area under crop cul-
tivation in the ward (Figure 5), this indicates that clearing for charcoal burning 
(Figure 6 & Figure 7) is widespread in the ward. The estimated households 
charcoal consumption in Dar-es-salaam is 1000 tons of charcoal per day which is 
equivalent to 18,800 bags each at 53 kg. By considering all consumers, the total 
charcoal consumption in Dar-es-salaam is estimated to about 24,000 bags of 
charcoal per day (CHAPOSA, 2002; Mwampamba, 2007). 
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Figure 6. Woodland cleared for charcoal burning in Vikumbulu ward (Source: Nyanda 
2013). 
 

 
Figure 7. Charcoal burning in Vikumbulu ward (Source: Nyanda 2013). 
 

Kavishe 2015, suggested that, the use of motorcycles has facilitated transporta-
tion and hence depletion of natural resources in the ward. It is cheap, easy and it 
takes only a few hours to carry a large quantity of charcoal from a charcoal kiln 
to the road for the wholesaler to load (A Kavishe 2015, pers. comm., 13 Novem-
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ber). Charcoal production and timber trade have been a dominant activity with-
in Dar-es-salaam proximity (Ahrends et al., 2010). With exhaustation of biodi-
versity in the nearby areas, there is increased price of charcoal and timber which 
makes biodiversity and forest at longer distance attractive to businessmen 
(Ahrends et al., 2010). 

Our study also testifies the same as shown in Figure 4. As one moves from 0 
m to 2500 m away from the main road heading to Dar es Salaam from Vikum-
bulu Ward (Figure 4), there was less loss of forest cover in 1998. A rapid con-
version of Vikumbulu LC between 2011 and 2015 (Figure 3) was attributed by 
easy access road to Dar es Salaam City. Although charcoal in Dar-es-salaam City 
is supplied from different nearby regions like Morogoro, Tanga, Lindi and other 
coastal districts, but Kisarawe District is known for charcoal exploitation by the 
wholesalers. This is because of short transportation distance from Vikumbulu 
Ward to Dar-es-Salam City, and therefore less cost. 

Land cover changes, its implication on protected area buffer zones and 
rural livelihoods 

Vegetation cover in the buffer areas, as in Vikumbulu Ward, provides impor-
tant ecological habitats for wildlife animals and plant species which might not be 
available in the core protected area (Diego, 2001). Buffer zones also reduce en-
croachment in protected areas. Generally, buffer zones are critically important 
for conservation of highly mobile species by minimizing the edge effects and for 
supporting sustainable rural people’s livelihoods. The impact of tree clearance 
for charcoal burning and timber logging will not only deplete the tree resources 
upon which the locals rely on, but also the future harvest of forest products 
(Shanley, 2002). Using different scenarios, Mwampamba (2007) predicted a 
complete loss of public forest cover in Tanzania by 2028. Additionally, degrada-
tion of natural resources raises the prices of firewood, an additional burden to 
household budgets and particularly for women and children as they have to 
spend more time on searching and collecting firewood (Kees & Feldmann, 
2011).  

Therefore, rapid LULC changes in Vikumbulu Ward and Kisarawe rural area 
deplete forest resources in the buffer zone that ultimately impacts on conserva-
tion reserves, particularly the SGR, and on community livelihoods. To promote 
sustainable community livelihood strategies, there is a need for serious attempts 
from the concerned government and local agencies to collaboratively work out a 
plan for sustianable use of forest resources so as to meet both, the community 
demands as well as conservation outcomes, to help minimize resources degrada-
tion in the ward. 

5. Conclusion and Recommendation 

Analyses have shown significant land cover degradation at Vikumbulu ward 
bordering SGR in Kisarawe district of which, without appropriate regulations 
and action, the woodland and forest cover will be depleted in the future. 
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There is a need to strengthen participatory community based conservation 
halt the ongoing land cover changes in the ward. To boost household income, 
establishment of village forests and wildlife management areas (WMA) should 
be associated with developing and promoting alternative sources of income gen-
eration to rural communities. Taking advantages of the organic and green agri-
cultural markets in cities and tourism industry around protected area, capacity 
building in land use planning, intensive agriculture practices and agribusiness 
skills such as horticulture will increase yields per hectare and hence increase in-
come to rural poor. Emphasis in education and training should be given to qual-
ified rural community to create conducive environment for them to be absorbed 
in employment opportunities. Prioritizing rural community members to work in 
protected areas particularly those bordering protected areas create a sense of re-
sponsibility in taking care of forest resources and provide livelihood opportuni-
ties. Because biomass energy is the main cause of forest and woodland degrada-
tion, the government should invest in solar or gas cooker both in rural regions 
and urban to utilize the available sunlight and hence reduce forest use. 

Without much legal restraint and public awareness, increasing LC changes 
will have huge implications for the SGR as well as for the future livelihood op-
portunities available to the local people. 
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