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Abstract: Land cover (LC) change has been identified as one of the leading drivers of change
in the ecosystem and its services. However, information on the impact of temporal land cover
change on the ecosystem and ecosystem services in Ethiopia is largely unknown. Thus, this
study examined the impacts of temporal LC changes on the ecosystem and ecosystem services
(ESs) provision in Babile Elephant Sanctuary (BES) during the period of 1977 to 2017 using a
landsat image analysis and questionnaire survey. In BES, woodland covered the largest area in
the year 1977, 1997 and 2017, followed by bushland and agricultural land. However, there was
a consistent decline in woodland and bushland from 56.5% and 31.1% coverage in the year
1977 to 45.3 and 27.2% in the year 2017, respectively. Agricultural land and settlements
increased from the year 1977, when they covered about 3.5 and 0.1%, respectively to 2017,
when they covered 17.3 and 3.4%, respectively. We found significant (p<0.05) differences in
the social perception of the positive and negative impacts of land cover change on ecosystem
services. The respondents recognized the negative impact of agricultural land expansion and
settlement on the ecosystem such as the provision of wild food, livestock feed, medicinal
plants, fresh water, fuel-wood, raw materials and climate regulation leading to an increase in
food shortage and vulnerability to frequent drought and flood. Therefore, it is necessary to
take urgent measures to prevent the losses in ecosystem and ecosystem services as a result of
land cover change that occurs because of human activities.
Keywords: Agricultural land expansion; Biodiversity; Human well-being; Human settlement;
Landstat image analysis; Questionnaire survey

1. Introduction
Protected areas play a major role in the conservation of
biodiversity (Rands et al., 2010; Palomo et al., 2014).
Traditionally, protected areas have been established to
safeguard important landscapes and seascapes, major
species, and their habitats (Haslett et al., 2010; Watson et
al., 2014). In the last few decades, there has been a major
increase in conservation areas to reduce biodiversity loss
and enhance ecosystem integrity, function, and services
(Lopoukhine et al., 2012). Moreover, there is the
Convention on Biological Diversity (CBD) of Aichi
Biodiversity Target 11 to make 17% of the terrestrial
surface and 10% of the marine realm ecosystem into the
protected area by 2020 (CBD, 2010). Currently, the
amount of area assigned as protected area globally is 17
million km2 (12.7% of the land surface) and 6 million km2
(1.6% of the marine surface) (CBD, 2010). However,
extra land to set aside for conservation of biodiversity are
challenged by the globally rising demand for food and
other purposes, creating trade-offs between areas
dedicated to biodiversity conservation versus agriculture
(Smith et al., 2010). Therefore, there is a need to find an
optimal balance between conservation and development
especially in developing countries, where addressing

widespread food insecurity and poverty is a regional
priority.
Over the past few centuries, significant changes in
Africa’s ecosystems and their biodiversity have been
observed (Kareiva and Marvier, 2012). These changes
have resulted in shifts in biodiversity and ecosystem
conservation approach, moving from the wildernesscenter towards human wellbeing and nature thinking, in
which the relationship among nature and humans are well
considered (Kareiva and Marvier, 2012). Thus, protected
areas should provide habitats for many species, but they
also provide essential goods and ecosystem services
(ES) for human well-being (Palomo et al., 2014; Watson et
al., 2014). In Africa, although ecosystems and ES have
been documented to support the livelihoods of many
poor people (Davies, 2002), there is scarcity of scientific
knowledge to identify important areas for conservation
action where biodiversity conservation will produce the
greatest benefits for ES for many poor people who
depend on natural resources (MA, 2005; Reyers et al.,
2009; Egoh et al., 2011).
The majority of peoples in Africa depend on a
continuous supply of ES from nature to society such as
provisioning of wild plant and animals for protein, wood
for cooking, water for drinking or poles for fencing
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(Guzha et al., 2018). Even if Africa’s ecosystems provide
bundles of ES, the services they deliver are seriously
threatened. For instance, Millennium Ecosystem
Assessment (MA, 2005) showed that more than 60% of
ES are seriously threaten or transformed, and affecting
our commitments to enhance the production of food,
fuel, and fiber; regulation of water supplies; and reduce
our exposure to natural hazards like drought and floods
(Kareiva et al., 2007; Swinton et al., 2007). Therefore, it is
important to safeguard ecosystems and their services.
Land cover (LC), change in the surface cover on the
land, has been highlighted as one of the leading direct
drivers of terrestrial ecosystem change (MA, 2005; Reyers
et al., 2009; Guzha et al., 2018). Land cover change is the
changes in the natural habitats into human mediated
ecosystems such as crop cultivation, settlement, and
grazing that changes the biogeochemical cycles,
hydrology, and climate of an ecosystem (Reyers et al.,
2009). For instance, studies showed that conversion of
the natural ecosystem into agricultural land can have
direct consequences on agricultural productivity through
loss of pollination and disease regulation services which
may be considered as an ecosystem disservice (Rientjes et
al., 2011; Abram et al., 2014; Sérgio et al., 2017). It also
drives biodiversity loss through habitat loss and
fragmentation (Reyers et al., 2009). Therefore, there is a
critical need to protect areas that are important to support
the provisioning of ES (Chan et al., 2006) in Africa where
the conversion of the natural ecosystem to agricultural
land is expanding at an alarming rate (Barbier, 2004;
Gibbs et al., 2010). Although a few studies have examined
and mapped ES as a function of LC change, such studies
are inadequate in East Africa. For instance, out of 153 ES
case studies reviewed at global scale by Seppelt et al.
(2011), over 50% of the studies were located in only six
countries outside Africa (US, China, Sweden, UK, Mexico
and Canada) and no such studies have been conducted in
East Africa. Further, very few of the studies analyzed
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multiple ES (Seppelt et al., 2011). Moreover, case studies
of land cover change in Africa have also been conducted
to examine the effects on single ES (Chan et al., 2006;
Reyers et al., 2009; Winowiecki et al., 2015; Sérgio et al.,
2017; Guzha et al., 2018). Thus, assessment of the impact
of temporal LC change on multiple ES is necessary in
order to implement appropriate land use management.
The aim of this study was to examine the impact of
temporal land cover (LC) change on Elephant Sanctuary
(ES) in Babile Elephant Sanctuary (BES), Eastern
Ethiopia.

2. Material and Methods
1.2. Study Site
Babile Elephant Sanctuary (BES) was established in 1970
to protect the only viable elephant population in the Horn
of Africa. The sanctuary is situated in the trans-boundary
area between Oromia and Somali National Regional
States, and covers an area of 6892 km2. It is located 560
km east of Addis Ababa (capital city of Ethiopia) and 45
km east of the City of Harar (capital of Harari National
Regional State). Its geographical position is within
latitudes of 08o22'30"- 09o00'30"N and longitudes of
42o01'10"- 43o05'50"E (Figure 1) and has an elevational
range of 850m to 1785m above sea level. Topographically,
it is predominantly characterized by flat to gentle slopes
which comprise 84% of the total BES area while the
remaining 16% consists of complex valleys and deep
gorges. Four main drainage river valleys (Fafem, Daketa,
Erer and Gobele) rise from Garamuleta-Gursum
highlands, and these extend southwards through the
sanctuary to join Wabi Shebelle River Basin. A wide range
of wildlife species inhabit BES including the African
elephant (Loxodonta africana), Lion (Pantehera leo), Leopard
(P. pardus) and Hamadryas baboon (Papio hamadryads).
BES is also shelter for a range of antelope species and
birds.

Figure 1. Location of Babile Elephant Sanctuary and surrounding districts, Eastern Ethiopia.
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2.2.
Image
Acquisition,
Processing,
and
Classification
Landsat images were used to analyze land-cover change
between the years 1977, 1997 and 2017. Dry season and
cloud-free landsat images (two images per assessment
year path-165 raw-054 and path-166 raw-054) with the
spatial resolution of 30m were accessed from the United
States Geological Survey (USGS) Earth Explorer
(http://earthexplorer.usgs.gov). The acquisition of data
was carried out during the months of December, January,
and February. Satellite images of the year 1977, 1997 and
2017 were imported in ArcGIS 10.2 for processing and
analysis. World Geographical System (WGS) 1984
geographic coordinate system were used and projected to
Universal Transverse Mercator (UTM 37N) Zone for
further analysis. All images were geo-referenced and
checked for sensor imperfections to assure consistency
across three study years. To minimize scene-to-scene
variability caused by the effects of solar zenith angles,

earth-sun distance, atmospheric influence, and sensor
differences (Thomas et al., 1987; Cogliati et al., 2015)
images were pre-processed using geometric and
radiometric corrections. After all the images were
corrected in the same way, all scenes from the same year
were mosaicked together to cover the study area.
Satellite images were classified into six land cover
classes (Table 1) according to the USGS standard
classification scheme (Mohan et al., 2011) using maximum
likelihood supervised classification. Training sites (n=48)
were developed and signature file was created to be used
in the supervised land cover change classification by using
ArcGIS 10.2. The classified images were verified using
ground control points (n=48) across the study area.
ENVI 5.0 was used for accuracy assessments. ENVI was
used to evaluate change detection between the years using
a change detection matrix (see Figure 2 for a schematic
flow chart of the methodology).

Table 1. The description of the land cover classes used in BES, Ethiopia.
LC classes
General description
Agricultural land
Areas of land ploughed or prepared for crop growing (i.e., both areas identifiably under crop
agriculture and land under preparation).
Bushland
Areas with shrubs, bush and small trees in which multiple stems and branches are produced
from the base of the main stem.
Woodland
Areas dominated by Acacia species with mean height of above 5 m and the canopy cover
ranges from 10% to 40% for open woodland and above 40.
Bare land
Areas with essentially no vegetative cover
Riparian forest
A type of forest found along the major perennial rivers. The vegetation is usually evergreen
(due to continuous water supply from the rivers).
Settlement
Land, which is mainly covered by rural villages

1977, 1997 and 2017
Landsat image

Image processing
1. Re sampling
2. Enhancement
3. Layer stacking
4. Subsetting

Literature review

Image mosaic for
each year

Run classification

Field visit for Ground
truthing

Prepare training
points (samples)

Supervised
classification

Final LC map

Accuracy assessment

Maximum Likelihood
classifiers

Figure 2. Flowchart showing the procedures employed to arrive at the ﬁnal LC map.
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2.3. Focus Group Discussion and Household
Interview
Identification of the different ES and associated functions
were done on the basis of an integrated ES assessment
framework developed by De Groot et al. (2002).
Ecosystem services in this paper are to refer “both
tangible goods and intangible services provided by the
park ecosystem” as used by the Millennium Ecosystem
Assessment (MA, 2005). These services include
regulating, provisioning and cultural services that directly
influence human wellbeing and supporting services
needed to sustain the provision of other services (MA,
2005). Since almost all population in and around BES
depends on agriculture production, it is reasonable to
assume that ES indicators related to the sustainability of
agricultural (livestock and crop) production are in high
demand. The majority of the human population does not
have access to treated water for domestic use. Finally,
climate regulation is an important global ES. Therefore,
considering the above background, baseline ES indicators
were developed as guiding indicators for the focus group
discussion.
We conducted the Focus Group Discussions (FGDs)
from December 2016 to May 2017 in a total of eight
districts with people from 16 villages, who live inside
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(n=8 villages) and adjacent (n=8 villages) to the BES.
FGDs were done with at least 10 people (Nyumba et al.
(2018) in each village and were mainly elders and
ecosystem users that were able to recollect events in the
land cover and ecosystem service changes in BES. Thus,
the FGD participants were selected purposively who had
been living in the respective location for at least 40 years
and willing to fully engage in a group discussion. The
average age of the participants involved in FGDs was 55.
The FGD was meant to validate checklists of ES drawn
from the above background and investigate additional
services provided by the study area (Table 2). The FGD
allowed exchange of information and interactive
discussion of community members (interviewees),
guiding each other in conceptualizing questions while
giving researchers with important insights into views and
perceptions. The discussions were guided using a
checklist of questions related to land cover change and its
drivers as well as their effect on ecosystem and ecosystem
service change in the area. Participants of the FGD were
inquired to reach an agreement concerning all questions.
This supported researchers to obtain better estimates for
each community (e.g. regarding ES, land cover etc.). A
questionnaire was developed on the basis of the results of
the FGDs for the household survey.

Table 2. Demographic characteristics of communities participating in Focus Group Discussions.
District
Number of
Female
Avg.
Avg. education
participants
participants [%]
Age
[years]
Midhega Tola
11
54.5
56
5
Fedis
10
40.0
47
3
Babille Oromiya
13
53.8
62
8
Gursum
10
60.0
51
4
Babille Somali
10
50.0
63
5
Giraw
11
36.4
48
6
Meyu
12
33.3
55
3
Haromaya
12
41.7
59
8
Total
89
46.1
55
Questionnaire interviews were conducted with samples of
respondents from 16 villages in 8 districts to gather
information on the history of land cover and associated
ecosystems and ES change (Table 3). A total of 100 key
informants who were mainly ecosystem users were
interviewed (inside BES, and outside BES located at least
0.1-5 km apart from BES). The average age of the
respondents was 47. Perceptions and awareness of
respondents on current land cover types of BES in
relation to ES as well as the trend of different land cover
types and ES over the last four decades and reasons why
land cover types and ES have changed were captured.
Moreover, the questionnaire addressed issues regarding
land cover trend and livelihood changes in the
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Avg. education of
females [years]
3
2
5
5
4
7
2
7

communities as well as individuals’ perceptions on the
trends of ES provision change over time as a result of the
land cover change. The interviewees ranked the areas as
‘‘low important”, ‘‘medium” or ‘‘highly important” to
provide ES to people’s livelihoods following the methods
of Marianne and Patrick (2013) and Bengtsson et al.
(2019) in the year 1977 and 2017. We also examined how
respondents explained the effect of LC change (either
positive or negative) on the ES. Finally, the respondents
were requested to identify ES that were impacted by each
LC change type. Furthermore, the respondents scored
that the intensity of each LC change impact varied from
1 (low intensity) to 24 (maximum intensity). Unselected
ES were rated as neutral.
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Table 3. Demographics characteristics of communities participating in questionnaire interviews.
District
Number of
Female
Avg. Avg. education Avg. education of females
participants
participants
Age
[years]
[years]
[%]
Midhega Tola
12
66.7
54
6
6
Fedis
12
41.7
38
4
3
Babille Oromiya
12
50.0
57
7
4
Gursum
12
58.3
48
6
5
Babille-Somali
13
46.2
51
4
6
Giraw
13
38.5
56
3
6
Meyu
13
30.8
32
5
3
Haromaya
13
46.2
43
6
5
Total
100
47
47
2.4. Data Analysis
Descriptive Statistics was used to present land use land
cover change within and between years (1977, 1997 and
2017). Differences between the perceived impacts of the
LC change on ecosystem services were explored using a
non-parametric Kruskal–Wallis statistical test. All
analyses and graphical presentations were performed
using R statistical program (version 3.2.2, R Core Team,
2015).

3. Results

3.1. Land Cover (LC) Classes and Changes in BES
The study had an overall classification accuracy of 93.6%.
In Babile Elephant Sanctuary, woodland covered the

largest area in the years 1977, 1997 and 2017, followed by
bushland and agricultural land (Table 4). However, there
was a consistent decrease in woodland and bushland from
56.5 and 31.1% coverage in the year 1977 to 45.3 and
27.2% in the year 2017, respectively. The share of riparian
forest cover during the study period (1977-2017) also
showed a downward trend from 8.6 to 6.3 and 6.3 to 3.1%
in the years 1977 to 1997 and 1997 to 2017, respectively
(Table 4). Agricultural land, bare land and settlements
increased from the year 1977, when they covered about
3.5, 0.3 and 0.1%, respectively to 2017, when they covered
17.3, 3.7 and 3.4%, respectively (Table 4; Figures 3).

Table 4. Area and proportion of land cover in Babile Elephant Sanctuary in 1977, 1997 and 2017.
Land cover type
1977
1997
2017
Area
Proportion
Area
Proportion
Area
Proportion
(ha)
(%)
(ha)
(%)
(ha)
(%)
Riparian forest
74918.97
8.8
54793.17
6.3
27145.17
3.1
Agricultural land
30428.64
3.5
91725.93
10.5
151408.62
17.3
Bare land
2462.94
0.3
11688.39
1.3
32246.91
3.7
Bushland
271496.88
31.1
245813.04
28.1
237617.73
27.2
Settlement
1202.59
0.1
9632.07
1.1
29446.56
3.4
Woodland
493548.57
56.5
460405.44
52.7
396193.88
45.3
Total
874058.6
100
874058.6
100
874058.6
100
Table 5. Area and rate of land cover change in Babile Elephant sanctuary between 1977 to 1997 and 1997 to 2017.
Land cover type
1977 to 1997
1997 to 2017
Area
Rate
Change
Area
Rate
Change
(ha)
(ha yr-1)
(%)
(ha)
(ha yr-1)
(%)
-2.3
-3.2
Riparian forest
-20125.8
-1006.3
-27648
-1382.4
7.0
6.8
Agricultural land
61297.3
3064.9
59682.7
2984.1
1.0
2.4
Bare land
9225.5
461.3
20558.5
1027.9
-2.9
-0.9
Bushland
-25683.8
-1284.2
-8195.3
-409.8
1.0
2.3
Settlement
8429.5
421.5
19814.5
990.7
-3.8
-7.3
Woodland
-33143.1
-1657.2
-64211.6
-3210.6
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Figure 3. A comparative map showing the actual land use land cover change in Babile Elephant Sanctuary in 1977 (a),
1997 (b) and 2017 (c).
3.2. Potential Ecosystem Services Provided by BES
Focus group discussion identified 24 (7 provisioning, 7
regulating, 5 supporting and 5 cultural) ES provided by
BES (Table 6 and Figure 4). Table 6 shows the description
of the potential supply of four ES (provision, supporting,
regulation and cultural ES). Provision of food, water and

raw materials, water-flow regulation, erosion control,
climate regulation and soil formation and nutrient cycling
were the most important ES provided by BES. The area
was also serving as an important site of eco-tourism as
well as research and education due to a combination of
topography and ecosystem networks (Table 6).

Table 6. Ecosystem services (ES) provided by Babile Elephant Sanctuary, eastern Ethiopia.
ES category
Sub-ES type
Services provided by the sanctuary’s ecosystem
Provisioning services
Wild Food
Wild foods and fruits
Water provision
Provision of water for multiple purpose
Raw materials
Use of wood and sand for different purpose
Livestock feed
Animal fodder
Fuelwood
Fuel wood and charcoal wood
Medicinal plants
Medicinal plants for human and livestock disease
Cultivation
Production of crop, grazing land and bee hive
Regulating services
Climate regulation
Regulate microclimate
Water regulation
Regulates different water sources
Desertification regulation
Reduce expansion or invasion of desert
Air purification
Regulation of air quality
Waste Regulation
Waste treatment, recycling and reduction
Noise regulation
Reduce disturbance and sound noise
Erosion regulation
Holding soils, prevent wind, sheet and gully erosion
Disease regulation
Pest and disease control
Supporting services
Nursery
Growth place for plant species and habitat for wildlife
Refugium
Place for living organisms
Soil formation
Soil development and formation
Nutrient cycling
Nutrient cycling and retention
Cultural services
Recreation
Opportunities for recreational activities
Ecotourism
Opportunities for tourism activities
Spiritual
Traditional beliefs, religious significance
Research and education
Provide services for formal and informal education
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Note: Higher numbers display a higher provision. 1 = Low important; 2 = Medium importance; 3 = Very important to provide ecosystem
services (N=120).
Figure 4. Average ratings of the trends of ecosystem services delivery change from Babile Elephant Sanctuary between
1977 and 2017.
things were negatively impacted as a result of the
3.3. Perceived Impacts of Land Cover (LC) Change
expansion of agricultural land and settlements (Table 7).
on Ecosystem Services
Conversely, natural ecosystem i.e., riparian forest,
We found significant differences among the perceived
bushland and woodland were perceived as providers of
impacts of LC change on nineteen ecosystem services.
wild foods, medicinal plants, raw materials, livestock
Respondents perceived that services such as the provision
fodder, fuel wood, noise regulation, climate regulation,
of wild food, medicinal plants, raw materials, livestock
hazard regulation, biomass production, habitat for wild
fodder, fuelwood, climate regulation, water cycling,
animals, water cycling, ecotourism and education services
biomass production and provision of habitat for living
(Table 7).
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Table 7. Kruskal–Wallis test and Dunn groups to compare the impact of land cover change on ecosystem services.
Ecosystem service Riparian
Agricultural
Bare
Bush
Settlement
Woodland
Kruskalforest
land
land
land
Wallis test
Wild foods
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
25.2*
Medicinal plants
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
17.4*
Raw materials
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
23.8*
Livestock fodder
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
74.3*
Fuel wood
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
44.2*
Water supply
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
52.1*
Fresh air
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
19.4
Disease control
-(b)
+(b)
+(b)
-(b)
-(a)
-(b)
28.7
Noise regulation
+(a)
+(b)
+(b)
+(a)
-(a)
+(a)
34.1*
Waste Regulation
+(a)
+(b)
-(a)
+(a)
-(a)
+(a)
25.3*
Climate regulation
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
20.7*
Erosion control
+(a)
-(a)
-(a)
+(a)
-(a)
-(a)
9.25*
Gas regulation
+(a)
+(b)
-(a)
-(b)
-(a)
+(a)
16.2
Pollination
+(a)
-(a)
-(a)
+(a)
+(b)
+(a)
29.7
Hazard regulation
+(a)
-(a)
-(a)
+(a)
+(b)
+(a)
35.4*
Nutrient cycling
-(b)
-(a)
-(a)
+(a)
-(a)
-(a)
18.4*
Soil formation
-(b)
-(a)
-(a)
-(b)
-(a)
+(a)
26.3*
Water cycling
+(a)
-(a)
-(a)
+(a)
+(b)
+(a)
33.8*
Biomass
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
19.2*
Habitat
+(a)
-(a)
-(a)
+(a)
-(a)
+(a)
14.7*
Ecotourism
+(a)
+(b)
-(a)
+(a)
+(b)
+(a)
22.1*
Spiritual values
+(a)
-(a)
-(a)
+(a)
+(b)
+(a)
30.6
Recreational value
+(a)
-(a)
-(a)
-(a)
-(a)
-(a)
26.2*
Cultural heritage
+(a)
-(a)
-(a)
-(a)
+(b)
+(a)
22.7
Education
+(a)
+(b)
+(b)
+(a)
+(b)
+(a)
31.5*
Note: * = Statistically significant at 5% probability level. Letters in parentheses represent statistically different groups as identified by the
Dunn test. Bold ones represent the most remarkable results.

4. Discussion

In general, out of the six land cover (LC) types identified
in Babile Elephant Sanctuary (BES), three of them,
namely, agricultural land, settlements and bare land,
increased in size and proportion over 40-year period
while riparian forests, woodland and bushland declined in
cover, suggesting that natural ecosystem was converted
into agricultural land, settlements and bare land. Our
study demonstrated that land cover change in semi-arid
ecosystem of eastern Ethiopia was perceived and
identified as one of the factors that caused change in
ecosystems and their services, particularly in and around
protected areas. A total of 55 plant species composed of
24 families were recorded in Babile Elephant Sanctuary
(BES) (Abdala and Fenetahun, 2017).
We found that agricultural land has been increasing at
the highest rate for the last four decades compared to
other land cover (LC) types during the study period
(1977–2017). In contrast, natural habitats (riparian forest,
bushland and woodland) were lost substantially during
the study period with an annual average loss rate of 4475
ha. Consistent with the results of this study, Yirmed et al.
(2008) revealed that since in 1970, the natural area of BES
has shrunk by an estimated value of 82% as a result of
anthropogenic factors. Current Ethiopian policy that is
increasingly discouraging pastoralism in favor of
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permanent settlement and population growth is the major
factor for the observed land cover change in Babile
Elephant Sanctuary (BES) (Gebeye, 2016). Similar to the
results of other studies (Mc Granahan and Satterthwaite,
2003; Bailey et al., 2015), we found that land cover change
was correlated with change in the overall provision of ES.
When the natural ecosystems are lost, ES such as the
provision of wild foods, livestock fodder, raw materials
and medicinal plants, and recreational value are also lost
(Figure 5), all of which are fundamental to human wellbeing.
This study indicated that provisioning services
including harvesting and collection of food, raw materials,
medicinal plants, and fuel-wood, fodder provision for
livestock and water supply were the most important
ecosystem provided by the area. Communities around the
study area have a long tradition of using plants for
curative purposes against human and livestock diseases
because of lack of access to hospitals, and medical and
veterinary facilities. Moreover, the sale of medicinal plants
has become a significant source of income within the
communities around Babile Elephant Sanctuary (BES).
Many plants have been also collected for housing and
fencing materials. In-line with other study conducted in
other part of Africa (Shackleton et al., 2007), wild foods
and fruit collection for household consumption or for
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sales are common in the study area especially for herders
and school children. The fuel-wood collected from BES
was accounted for the major energy source. Similarly,
Shackleton et al. (2007) also reported that raw material
from forest potentially contributed approximately 28% to
the gross income of rural livelihoods in South Africa.
Fuel-wood accounts for about 35% of energy
consumption in African countries and represent a
valuable commercial commodity in peri-urban areas
(EFTEC, 2005). A study conducted in Madagascar
showed that estimated value of fuel-wood for
communities per household/ year was $39 (Shyamsundar
and Kramer, 1996). The fuelwood gathered from the
natural forest amounts to about 15% of the average
household annual income, valued at $279. Sale of
medicinal plants is a common source of income, with
yearly earnings of $2.9 million (FAO, 2002). Similarly,
collection and sale of medicinal plants is very common
and has become an important source of income in BES.
Like other African countries (Bowen-Jones et al., 2003),
fodder provision for livestock was the other most
important provision services provided by the study area.
The ecosystem of BES plays interlinked roles in the
service of water provision: water-flow regulation and
water-quality.
However, many of the ecosystem services (ES)
provided by the study area decreased and rated to be of
medium importance in 2017. The reason might be that
conversion of natural ecosystems or forest area to
agriculture reduced the provision of important ES such as
wild food and raw materials. Consistent with the results
of this study, the decline in ecosystem provisioning
services due to land cover change as a result of increased
crop cultivation activities have been documented in West
Africa (Leh et al., 2013). Our results have demonstrated
that LC change has large impacts on the provision of ES.
The results of this study have showed that regulating
services that are of high value to the area were mainly
linked to climate regulation, agricultural production,
including water regulation, desertification regulation,
disease and pest control, and erosion control. Similar to
other semi-arid ecosystem, the area is highly susceptible
to climate change and desertification. The weather
patterns in this area (most notably the cutoff lows) result
in frequent floods, which have an enormous impact on
the region’s economy (Billi et al., 2015). In line with other
previous studies (Lamarque et al., 2011; Brancalion et al.,
2014; Smith and Sullivan, 2014), BES plays a vital
regulating ecosystem role by regulating the local climate
variation, retaining soils, and preventing soil erosion.
However, most regulating and supporting ES were
reported to have a higher delivery from the study
ecosystem in past than in 2017. Better ES such as climate
regulation, desertification regulation, nutrient cycling, soil
formation, and erosion control were recognized to have
delivered in the year 1977 than in 2017. Desertification
(Hulme et al., 2001), emergence of pests and disease
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(Tanser et al., 2003) and soil erosion (Beniston, 2003) are
being accelerated by local and regional land cover changes
in Africa due to ecosystem change. Floods have often
devastated semi-arid east African ecosystem, for instance,
the 1998 El Niño floods killing more than 4000 people
(Galvin et al., 2001).
Rural people around the study area depend on
subsistence farming and livestock production for their
survival and cultivate crops such as groundnut, maize, and
sorghum, and rear cattle, camel, sheep and goat using
minimal inputs. Using such practices, farmers and
pastoralist rely heavily on ES relating to soil fertility, water
supply, rangeland productivity enhancement and
regulation, erosion prevention, and pest control. Soil
fertility through the accumulation of soils and organic
matter is arguably one of the valuable supporting ES in
BES. Studies showed that expansion of agricultural land
in the expense of natural ecosystem can have impact on
ES provision (Dale and Polasky, 2007), thus resulting in
reduction of productivity which might be considered as
an ecosystem disservice (Beniston, 2003; Zhang et al.,
2007). Other similar studies showed that ecosystem
enhances nutrients availability to crop and fodder
production by reducing the need for synthetic fertilizers
and fallow phases (Campbell et al., 2008). In Ethiopia,
approximately 85% of the population’s livelihood is
derived from agricultural activities; the role of supporting
services in protecting livelihoods is extremely important
(Gebreselassie et al., 2016).
Cultural ES provision includes eco-tourism and leisure,
heritage sites, the use of natural ecosystem as rituals,
spiritual worship, education and recreation is important
ES supplied by BES. Eco-tourism is increasingly
important source of income in East Africa. Thus, cultural
ES are vital to attract more tourists. Of the cultural ES,
education and ecotourism services provided by BES was
increased and was also rated most important for securing
people’s livelihood in 2017 (Figure 5). The area is one of
the eco-tourism and recreational destinations in eastern
Ethiopia. Similarly, in 2000, tourism contributed an
income of $10.7 billion in Africa (Gauci et al., 2001; Neto,
2003; Fayissa et al., 2008). The global contribution of
Africa in tourism sector increased from 3.3% in 1990 to
3.9% in 2000 (Neto, 2003).
This study has demonstrated that for many years, BES
has served scientists as an important study area to address
many ecological and conservation research questions.
This might be attributed to Africa’s rich wildlife fauna and
flora with large number of endemism (Maswera et al.,
2009) and culture. To safeguard tourism and recreation
ES and enhance people’s livelihood, biodiversity and
cultural ES must be protected. On the other hand,
spiritual values in BES were rated least important and
their importance decreased sharply in 2017 in comparison
with 1977. This could be caused by societal
modernization and changing religious beliefs. Similarly,
the recreational value of BES has been declined, which
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might be due to shortage of time as subsistence farming
practices being time-consuming.

5. Conclusions
The results of our study have demonstrated that land
cover change has been identified as one of the leading
drivers negatively influencing natural ecosystem and their
ecosystem services in Babile Elephant Sanctuary (BES).
Consistently, increasing expansion of agricultural land
and the drastic decline in ecosystem services have been
observed in the BES ecosystem over time. Therefore,
trans-sectoral policy development is needed to harmonize
natural resource policies with other sectors, such as
investment, agriculture, energy, and land administration.
In addition, a plausible regulating ES based program
would be crucial for socioeconomic development and
ecological stability in the regions. These results are a ﬁrststep towards understanding the impact of land cover
change on ecosystem and ES and identifying the
underlying mechanisms in the study area. Further studies
with experimental manipulation, are required to
thoroughly test the effect of land cover change on ES.

6. Acknowledgements
We sincerely thank Haramaya University, Ethiopia, for
funding this research.

7. References

Abram, N.K., Meijaard, E., Ancrenaz, M., Runting, R.K.,
Wells, J.A., Gaveau, D., Belier, A.S. and Mengersen,
K. 2014. Spatially explicit perceptions of ecosystem
services and land cover change in forested regions of
Borneo. Ecosystem Services, 7: 116-127.
Abdala, T. and Fenetahun, F. 2017. Review on Floristic
Diversity and Threated Plant Species in Babile
Elephant
Sanctuary
in
East
Hararge,
Ethiopia. American Journal of Environmental Science and
Engineering, 1: 1-6.
Adams, W.M. 2004. Against extinction: the story of
conservation, Earthscan Publications, London UK.
Bailey, K.M., McCleery, R.A., Binford, M.W. and Zweig,
C. 2015. Land-cover change within and around
protected areas in a biodiversity hotspot. Journal of
Land Use Science, 11: 154-176.
Bakker, W.H., Gorte, B.G.H., Janssen, L.L.E., Poh, C.,
Prakash, A., Reeves, C.V., Weir, M.J.C. and Woldai,
T. 2001. Principles of Remote Sensing, ITC,
Enschede, The Netherlands.
Barbier, E.B. 2004. Explaining agricultural land expansion
and deforestation in developing countries. American
Journal of Agricultural Economics, 86: 1347-1353.
Bengtsson, J., Bullock, J.M., Egoh, B., Everson, C.,
Everson, T., O’Connor, T., O’Farrell, P.J., Smith,
H.G. and Lindborg, R. 2019. Grasslands - more
important for ecosystem services than you might
think. Ecosphere, 10(2):e02582. 10.1002/ecs2.2582.

48

East African Journal of Sciences Volume 14 (1) 39-50
Beniston, M. 2003. Climatic change in mountain regions:
a review of possible impacts. Climate Change, 59: 5-31.
Billi, P, Yonas, A. and Rossano, C. (2015). Increased
frequency of flash floods in Dire Dawa, Ethiopia:
Change in rainfall intensity or human impact? Natural
Hazards, 76: 1373-1394
Bowen-Jones, E., Brown, D. and Robinson, E.J. 2003.
Economic commodity or environmental crisis? An
interdisciplinary approach to analyzing the bushmeat trade in central and West Africa. Area, 35: 390402.
Brancalion, P.H.S., Cardozo, I.V., Camatta, A., Aronson,
J. and Rodrigues, R.R. 2014. Cultural ecosystem
services and popular perceptions of the benefits of
an ecological restoration project in the Brazilian
Atlantic forest. Restoration Ecology, 22: 65-71.
Brooks, T.M., Mitttermeier, R.A., Fonseca, C.G., Rylands,
A.B., Konstant, R.W., Flick, P., Pilgrim, J., Oldfield,
J., Martin, G. and Hilton-Taylor, C. 2002. Habitat
loss and extinction in the hotspots of biodiversity.
Conservation Biology, 16: 909-923.
Campbell, B., Frost, P., Kirchmann, H. and Swift, M.
2008. A survey of soil fertility management in
small-scale farming systems in North Eastern
Zimbabwe. Journal of Sustainable Agriculture, 11:
19-39.
CBD (Convention on Biological Diversity). 2010. The
10th Meeting of the Conference of Parties (COP 10):
Decision X/2 on Strategic Plan for Biodiversity,
Geneva,
Switzerland
(https://www.cbd.int/decision/cop/?id=12268)
(Accessed on October 28, 2019).
Chan, K.M.A., Shaw, M.R., Cameron, D.R., Underwood,
E.C. and Daily, G.C. 2006. Conservation planning
for ecosystem services. PLoS Biology, 4: 2138-2152.
Dale, V.H. and Polasky, S. 2007. Measures of the effects
of agricultural practices on ecosystem services.
Ecological Economics, 64:286-296.
Davies, G. 2002. Bushmeat and international
development. Conservation Biology, 16: 587-589.
De Fries, R., Foley, J. and Asner, G. 2004. Land-use
choices: balancing human needs and ecosystem
function. Frontiers in Ecology and the Environment, 2:
249-257.
EFTEC (Economics for the Environment Consultancy).
2005. The Economic, Social and Ecological Value of
Ecosystem Services: A Literature Review. Final
report for the Department for Environment, Food
and Rural Affairs. EFTEC, London, UK
(http://www.cbd.int) (Accessed on April, 2019).
Egoh, B., Reyers, B., Rouget, M. and Richardson, D.M.
2011. Identifying priority areas for ecosystem service
management in South African grasslands. Journal of
Environmental Management, 92: 1642-1650.
FAO. 2002. Global forest resources assessment 2000Main Report. FAO Forestry Paper No.140. Food

Dejene and Awol
and Agriculture Organization of the United Nations,
Rome, Italy.
Fayissa, B., Nsiah, C. and Tadasse, B. 2008. Impact of
tourism on economic growth and development in
Africa. Tourism Economy, 14: 807-818.
Galvin, K., Boone, R., Smith, N. and Lynn, S. 2001.
Impacts of climate variability on East African
pastoralists: linking social science and remote
sensing. Climate Research, 19: 61-172.
Gauci, A., Gerosa, V. and Mwalwanda, C. 2001. Tourism
in Africa and the Multilateral Trading System:
Challenges and Opportunities. A background paper
for the Economic Commission for Africa 1:1-28.
Gebeye, B.A. 2016. Unsustain the sustainable: An
evaluation of the legal and policy interventions for
pastoral development in Ethiopia. Pastoralism, 6:1-14.
Gebrehiwot, K. 2003. Ecology and Management of
Boswellia papyrifera (Del.) Hochst. Dry forests in
Tigray, northern Ethiopia. Doctoral Dissertation,
University of Göttingen, Göttingen, The
Netherlands.
Gebreselassie. S., Kirui, O.K. and Mirzabaev, A. (2016)
Economics of Land Degradation and Improvement
in Ethiopia. In: Nkonya, E., Mirzabaev, A. and von
Braun, J. (eds) Economics of Land Degradation and
Improvement – A Global Assessment for
Sustainable Development. Springer, Cham.
Gibbs, H.K., Ruesch, A.S., Achard, F., Clayton, M.K.,
Holmgren, P., Ramankutty, N. and Foley, J.A. 2010.
Tropical forests were the primary sources of new
agricultural land in the 1980 and 1990. Proceedings
of the National Academy of Sciences of the United
States of America 107: 16732-16737.
Guzha, A.C., Rufino,, M.C., Okoth, S., Jacobs, S. and
Nóbreg, R.L.B. 2018. Impacts of land use and land
cover change on surface runoff, discharge and low
flows: Evidence from East Africa. Journal of Hydrology
Regional Studies, 15: 49-67.
Haslett, J., Berry, P., Bela, G., Jongman, R.G., Pataki, G.,
Samways, M. and Martin, Z. 2010. Changing
conservation strategies in Europe: a framework
integrating ecosystem services and dynamics.
Biodiversity and Conservation, 19: 2963-2977.
Hulme, M., Doherty, R., Ngara, T., New, M. and Lister,
D. 2001. African climate change: 1900–2100. Climate
Research, 17: 145-168.
Kareiva, P., Watts, S., McDonald, R. and Boucher, T.
2007. Domesticated nature: shaping landscapes and
ecosystems for human welfare. Science, 316: 18661869.
Kareiva, P. and Marvier, M. 2012. What is conservation
science? Bioscience, 62: 962-969.
Lamarque, P., Tappeiner, U., Turner, C., Steinbacher, M.,
Bardget, R.D., Szukics, U., Schermer, M. and
Lavorel, S. 2011. Stakeholder perceptions of
grassland ecosystem services in relation to

Ecosystem services
knowledge on soil fertility and biodiversity. Regional
Environmental Change, 11: 791-804.
Leh, Q.B., Nkonya, E. and Mirzabaev, A. 2014. Biomass
productivity-based mapping of global land
degradation hotspots. Center for Development
Research (ZEF), Bonn, Germany.
Lopoukhine, M., Crawhall, N., Dudley, N., Figgis, P.,
Karibuhoye, C., Laffoley, D., Miranda, Londoño, J.,
MacKinnon, K. and Sandwith, T. 2012. Protected
areas: providing natural solutions to 21st Century
challenges. Surveys and Perspectives Integrating
Environment and Society, 5: 1-10.
Marianne, K. and Patrick, ten B. 2013. Social and
Economic Benefits of Protected Areas: An
Assessment Guide. Routledge, Abingdon, UK.
Maswera, T., Edwards, J. and Dawson, R. 2009.
Recommendations for ecommerce systems in the
tourism industry of sub-Saharan Africa. Telematics
Informatics, 26: 12-19.
McGranahan, G. and Satterthwaite, D. 2003. Urban
centers: An assessment of sustainability. Annual
Review of Environment and Resources, 28: 243-274.
Millennium Ecosystem Assessment (MA). 2005.
Millennium ecosystem assessment synthesis report.
Island Press, Washington, D.C., USA.
Mohan, M., Pathan, S.K., Narendrareddy, K., Kandya, A.
and Pandey, S. 2011. Dynamics of urbanization and
its impact on land use/land cover: A case study of
Megacity Delhi. Journal of Environmental Protection, 2:
1274-1283.
Neto, F. 2003. A new approach to sustainable tourism
development: moving beyond environmental
protection. Natural Resource Forum, 27: 212-222.
Palomo, I., Martín-Lopez, B., Alcorlo, P. and Montes, C.
2014. Limitations of protected areas zoning in
Mediterranean cultural landscapes under the
ecosystem services approach. Ecosystems, 17: 12021215.
R Core Team. 2015. R: a language and environment for
statistical computing (Vienna, Austria: R Foundation
for Statistical Computing) (http://R-project.org/)
(Accessed May 2017).
Rands, M.R.W., Adams, W.M., Bennun, L., Butchart, S.,
Clements, A., Coomes, D., Entwistle, A., Hodge, I.,
Kapos, V., Scharlemann, J.P.W., Sutherland, W.J.
and Vira, B. 2010. Biodiversity conservation:
challenges beyond 2010. Science, 239: 1298-1303.
Reyers, B., O’Farrell, P., Cowling, R.M., Egoh, B.N., Le
Maitre, D. and Vlok, J.H. 2009. Ecosystem services,
land cover change, and stakeholders: finding a
sustainable foothold for a semiarid biodiversity
hotspot. Ecology and Society, 14: 38-45.
Rientjes, T.H., Haile, A.T., Kebede, E., Mannaerts,
C.M., Habib, E. and Steenhuis, T.S. 2011. Changes
in land cover, rainfall and stream flow in Upper
Gilgel Abbay catchment, Blue Nile basin – Ethiopia.
Hydrology and Earth System Sciences, 15: 979-1989.

49

Dejene and Awol
Seppelt, R., Dormann, C.F., Eppink, F.V., Lautenbach, S.
and Schmidt, S. 2011. A quantitative review of
ecosystem service studies: approaches, shortcomings
and the road ahead. Journal of Applied Ecology, 48: 630636.
Sérgio, N., Pedro, C., Ângela, R. and Gabriela, A. 2017.
Ecosystem services and biodiversity trends in
Mozambique as a consequence of land cover change.
International Journal of Biodiversity Science, Ecosystem
Services and Management, 13: 297-311.
Shackleton, C.M., Shackleton, S.E., Buiten, E. and Bird,
N. 2007. The importance of dry forests and
woodlands in rural livelihoods and poverty
alleviation in South Africa. Forest Policy and Economics,
95: 58-577.
Shyamsundar, P. and Krame, R.A. 1996. Tropical forest
protection: an empirical analysis of the costs borne
by local people. Journal of Environmental Economics and
Management, 31: 129-144.
Smith, H.F. and Sullivan, CA. 2014. Ecosystem services
within agricultural landscapes-Farmers’ perceptions.
Ecological Economics, 98: 72-80.
Smith, P., Gregory, P.J., van Vuuren, D., Obersteiner, M.,
Havlik, P., Rounsevell, M., Woods, J., Stehfest, E.
and Bellarby, J. 2010. Competition for land.

50

East African Journal of Sciences Volume 14 (1) 39-50
Philosophical Transactions of the Royal Society of Biological
Sciences B, 365: 2941-2957.
Swinton, S.M., Lupi, F., Robertson, G.P. and Hamilton,
S.K. 2007. Ecosystem services and agriculture:
cultivating agricultural ecosystems for diverse
benefits. Ecological Economics, 64: 245-252.
Tanser, F.C, Sharp, B. and Sueur, D. 2003. Potential effect
of climate change on malaria transmission in Africa.
Lancet, 362: 1792-1798.
Thomas, I.L., Benning, V.M. and Ching, N.P. 1987.
Classiﬁcation of Remotely Sensed Images. IOP
Publishing Limited: Bristol, UK.
Watson, J.E.M., Dudley, N., Segan, D.B. and Hockings,
M. 2014. The performance and potential of
protected areas. Nature, 254: 17-25.
Yirmed, D., Renfree, M.B., Short, R. and Barnes, R.F.W.
2006. The undisclosed facts about the relic elephant
population in the horn of Africa. Proceeding:
Biological Society of Ethiopia, 16th annual
conference and workshop, 12-16 October 2001,
Addis Ababa, Ethiopia.
Zhang, W., Ricketts, T.H., Kremen, C., Carney, K. and
Swinton, S.M. 2007. Ecosystem services and disservices to agriculture. Ecological Economics, 64: 253260.

