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Abstract

Avrticle history

The African Civet (Civettictis Civetta Shreber, 1778) is one of the important natural
animal resources of Ethiopia. Ethiopia is the major producer of the Civet perineal
gland secretion (known as “civet”) used extensively as a base in perfume industry.
However, there is no improvement in civet farming processes in rural Ethiopia, and
the farmers still live in a poor state. Majority of rural population in Ethiopia is
depending on agriculture, and hence land-use changes during the past couple of
decades are mostly linked to agricultural development. Present study was undertaken
to predict the spatial distribution of land-use and land-cover and habitats of the
African Civet here in after referred as civet(s) in lllu-Abbabora Zone, Southwest
Ethiopia. Landsat images of three years: 1985, 2000 and 2018 were classified to
generate land-use/land-cover maps, locate forests and other land classes. Results of
the study revealed that forest and wetland habitats decreased by an estimated 11.12
km?/yr and 2.39 km?/yr™, respectively during the period of 1985-2018. In contrast,
the extent of agricultural land, urban area and Gumro tea plantation increased by an
estimated 13.36 km?yr?, 0.59 km%yr? and 0.43 km?/yr, respectively. Habitat
suitability approach was found to have great potential in predicting potential habitats
of the civets through complex non-linear models.
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1 INTRODUCTION

Of late, the potential of satellite data in generating
valuable information for land-use and land-cover is well
recognized (Mundia and Murayama, 2009; Melese et al.,
2014; Mukete et al., 2018; Mekasha et al., 2020). Last
few decades marked massive changes in land-use and

changes

production.

in the environment and degradation of
resources with serious consequences such as reduction
of natural resources ecosystem services, and food

land-cover in forest ecosystems all over the world
including Ethiopia (Melakneh et al., 2010; Misrak et al.,
2012; Othow et al., 2017; Dinku and Suryabhagavan,
2019). Such changes are attributed to increase in human
population, agricultural expansion, and socioeconomic
well-being that triggered unsustainable exploitation of
natural resources. The level and intensity of use and
exploitation ~ of  natural  resources, especially
forests/vegetation and spatial distribution of wildlife
animal diversity, in the world have led to significant

Ethiopia is well known for civiculture with a very
long history of production of the civet perineal gland
secretion (Civet) which is extensively used in perfume
industry besides in traditional practices of the locals.
Initially, Civet farming tradition had originated in the
northern part of Ethiopia. Later it was introduced in the
southwest (Jimma area), and from there the practice
spread to other parts of the country. At present,
southwestern regions of Oromia, namely, Jimma, Illu-
Abbabora and Wollega are the strongholds of Civet
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farming (Mesfin Admasu, 1995; Pugh, 1998; Abebe
Yilma, 2003). Ethiopia is world’s main supplier of Civet
with an export share of 90%. Civet cats are naturally
wild in Ethiopia (Dannenfeldt, 1985). However, there
are over 600 civet farmers in the country with around
6000 captive civets (Bekele et al., 2008). Most of these
farms are located in the low-lying areas of West
Ethiopia while a few are in south Ethiopia (FAO, 2000;
Kumera, 2005).

The habitat of an organism incorporates
biophysical characteristics in the surroundings (Smith,
1974). Understanding the causes of spatial distribution
of wildlife and information on their habitat would
enhance the effectiveness of scientific plans for wildlife
management and conservation (Kafley, 2008; Mannan et
al., 2018). Remote sensing data from several satellite
sensors (ASTER, Landsat, MODIS, Sentinel-2A), now
available free, provide temporal datasets of a few
decades and are increasingly used to identify the habitat
cover types and their relative changes (Lambin et al.,
2003; Roder et al., 2008; Shimabukuro et al., 2009; Lu
et al., 2018; Novo-Fernandez et al., 2018). Essentially,
change detection involves the ability to quantify
temporal effects and encompasses application of multi-
date or multi-temporal data sets to differentiate areas of
LULC between the imaging dates (Singh, 1989; Erener
et al.,, 2012). Change detection analysis is useful in
diverse applications as analysis of land-use, monitoring
of shifting cultivation, assessment of deforestation,
study of vegetation phenology, monitoring the disasters,
mapping the ecology, analysis of area suitability and
other environmental findings (Singh, 1989). Information
collected through a GPS receiver could be combined
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with other geographic data using GIS technology for
habitat mapping of key species (Lenton et al., 2000;
Anwar and Stein, 2012; Belete and Suryabhagavan,
2019) as each species requires a particular habitat to
meet the requirement of space, food, cover and other
needs of life. The ability to model spatial distribution
and changes in the distribution of wildlife is of utmost
importance in wildlife management (Qamar et al., 2011;
Melese et al., 2014). Different environmental factors
such as slope, elevation, precipitation, soil and
proximity to rivers, roads and settlements are used as
important components in the analysis of habitat
suitability, presence and abundance mapping and
modeling purposes (Roy et al., 1995; Pleguezuelos and
Caro, 1996).

Civet dwells in natural forests, riverine habitats,
human landscapes, and has adapted to degraded forests.
The present study area in Ethiopia supports a good
population of Civets though pressures do exist due to
increased human population and enhanced urbanization.
In the present context, geospatial techniques are used as
a tool to analyze and compare habitats suitable for
Civets.

2 MATERIAL AND METHODS
2.1  Study Area

Ilu-Abbabora is one of the administrative zones of the
Oromia Regional State in Ethiopia. Geographically, the
study area is bounded by latitudes 7°13'57"-7°59'64"N
and longitudes 35°13'25"-35°49" 27" E covering an area
of 7125. 35km® (Figure 1). Elevation of the region
ranged from 545 to 2660 MSL. Mean temperature in the
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Figure 1. Study area: Illu-Abbabora, Ethiopia
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study area ranged from 14° to 18°C. Rainfall is of
unimodal in nature with slight fluctuations. Natural
habitat in the area is mainly of tropical montane
evergreen type. Soil texture in general is calcic xerosols,
followed by leptosols, orthic solonchaks, and pellic
vertisols.

2.2 Data Sources

The present study was conducted using remote sensing
data, topographic maps (Ethiopian Mapping Agency,
scale 1:50,000), secondary data obtained from various
Government organizations and primary data collected
from field observations. Multi-temporal Landsat-5
Thematic Mapper (TM), and the Operational Land
Imager (OLI) imageries of 1985, 2000, and 2018
(path/row 170-054/171-055) were used for mapping
LULC classes in Illu-Abbabora zone. All the imageries
were retrieved from the United State Geological Survey
(USGS)  database  (http://glovis.usgs.gov/).  The
imageries selected for the analysis were cloud free and
of 30m spatial resolution, captured during the dry season
to avoid over estimation of the vegetation cover. Shuttle
Radar Topography Mission (SRTM) of the area was
used with a spatial resolution of 90m to assess the
topography of the study area.
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Field surveys were conducted during July, 2018-
February, 2019 to identify the distribution and habitats
of African Civets, by locating naturally scent-marked
areas and defecation sites. Close and intensive direct
observations were made in the habitats for the presence
of Civets through environmental sign-posts on which
civets scent-marked with their perineal glands. Civets
have the habit of defecating in the same location known
as “civetry”, where droppings get accumulated. Ground
truth information on scent-marked signposts and
civetries were collected from 250 GPS points employing
a Garmin GPS, and were used as input for satellite data
and to understand the characteristics of the animals in
the area. Information on the presence of civets was also
gathered from literature and locals. All GPS points of
presence data were converted to UTM WGS 84 Zone 36
N projections similar to that of the satellite imagery, and
superimposed on the study area map to portray the
distribution map of Africa Civets in the place. The
flowchart of methodology and using hierarchical
structure is depicted in Figure 2.

2.3 Suitability Model

Factors that influence the presence of Civets in the area
were analyzed in the order of their importance as land-
use/land-cover (LULC) > river > slope > road >
settlement. Analytical hierarchical technique was
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followed to evaluate each criterion (Saaty and Vargas,
2001). Determination of the general weight of each of
the sub-criteria is carried out by multiplying the two
preceding matrixes (lack of relation) and (relation) in
each other (Saaty and Vargas, 2001; Mussa and
Suryabhagavan, 2019). Among the sub-criteria, impact
on the ecological environment is important and spatial
models are generally validated in the neighborhood
context because maps may not always match pixel by
pixel, but they may present similar spatial patterns and
spatial agreement within certain cell vicinity (Thapa et
al., 2013). Weightages for specific criteria were
established by ranking their importance and suitability,
adopting a nine point scale, 9, 8, 7, . . ., 1/7, 1/8, 1/9,
where 9 means extreme preference, 7 means very strong
preference, 5 means strong preference, and so on down
to 1, meaning no preference (Table 1). This pair-wise
comparison allowed for independent evaluation of each
factors contribution thereby simplifying the decision
making process (Rezaei-Moghaddam and Karami,
2008).

Pair-wise comparisons of different criteria were
organized into a square matrix. The diagonal elements
of the matrix were 1. Principal eigenvalue and the
corresponding normalized right eigenvector the matrix
denote relative importance of the criteria under
comparison. The elements of normalized eigenvector
were weighted with respect to the criteria or sub-criteria
and rated as alternatives (Melese et al., 2014).
Consistency of the matrix of the order n was then
evaluated. In instances where consistency index does not
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reach a threshold level, then of the results comparisons
were re-examined. The consistency index, CI, was
calculated as:

_ A max— N
n-1

where, Cl is the consistency index (1), Amax IS the largest
or principal eigenvalue of the matrix, and n is the order
of the matrix. The Cl was compared to that of a random
matrix (RI) such that the ratio of CI/ RI gives a
consistency ratio (CR). As a general rule, CR <0.1
should be maintained for the matrix to be consistent.
Homogeneity of the factors within each group combined
with their limit along with a better understanding of the
decision issue improves the consistency ratio (Saaty,
1993). In this study, the CR is 0.04 indicating the
formation of a consistent matrix. The local ratings were
then multiplied by the weights of the criteria and
aggregated to determine the global ratings (Melese et
al., 2014). In this study, each criterion was assigned a
different rating on a scale of 1 (suitable) to 4 (less
suitable). Subsequently, overall score of alternatives in
GIS environment and of the African civet presence
suitability in the study area were determined by
calculating the suitability factor index. Each criterion
was weighted by AHP and mapped using GIS
techniques. All criteria considered and sub-criteria used
are summarized in Tables 2 and 3. Final presence
suitability map of the African Civet was prepared using
the five criterion layers through overlay analyses in GIS
environment.

CR 1)

Table 1. AHP: Comparison scale

!Z)egree of Definition Explanation

importance

1 Equal importance Two activities contribute equally to the
objective

3 Weak importance of one over another Experience and judgment slightly favor one
activity over another

5 Essential or strong importance Experience and judgment strongly favor one
activity over another

7 Demonstrated importance An activity is strongly favored and its
dominance demonstrated in practice

9 Absolute importance The evidence favoring one activity over
another is of the highest possible order of
affirmation

2,4,6and 8 Intermediate values between two adjacent When compromise is needed

judgments
Reciprocals of

If activity i has one of the above nonzero

above nonzero

numbers assigned to it compared to the activity j,
then j will have the reciprocal value.

After Saaty (1993).
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Table 2. Significance weights of main factors and ranking of habitat suitability classes

Factors Weight Classes Rank Suitability Class
LULC 0.5181 Forest 1 Very suitable
Shrub land 2 Suitable
Wetland 3 Moderately suitable
Agricultural land 4 Less suitable
Settlements Restricted -
River 0.1266 <6 km 1 Suitable
6—12 km 2 Moderately suitable
>12 km 3 Less suitable
Slope 0.2411 0-10° 1 Suitable
10-20° 2 Moderately suitable
>20° 3 Less suitable
Road 0.0540 <6 km 1 Suitable
6—12 km 2 Moderately suitable
>12 km 3 Less suitable
Settlement 0.0602 <6 km 1 Suitable
6—12 km 2 Moderately suitable
>12 km 3 Less suitable

Consistency ratio (CR) is 0.04.

Table 3. Pair-wise comparison of habitat suitability factors

Factors Land-use River Road Slope Settlement
LULC 1

River 1/5

Road 17 1/3 1

Slope 1/3 5 1

Settlement 17 1/3 1 1/3 1

2.4 Change Detection Matrix original scenes. A maximum-likelihood classifier

In order to make a detailed analysis of the dynamics of
LULC change, transition matrices were developed as
tables with symmetric arrays composed of LULC
classes from the initial date in one axis and the same
classes from the subsequent date in the other (date 1 and
date 2). Each cell of the main diagonal of the matrix
contained surface area (ha) of each class of habitat cover
that remained unchanged during the period under
consideration, while the remaining cells contained the
estimated forest area of a given cover class that
transformed into a different class within the same period
(Singh, 1989). Parameters such as food sources,
breeding sites, and movement of the animals were used
to model suitable habitats of the species. These
parameters were grouped as proximity factors, which
have an influence on the access of food, reproduction,
water, and effect of human activities on the habitat.
Natural factors (physiographic datasets) influencing
access of the human hunters and predators of the civets
were proximity to roads, settlements and water sources
(proximity datasets). Among natural factors, slope was
used as a major input in deciding the mobility of the
civets. In order to examine the properties and
differences in the training samples, the digital spectral
signature of TM of 1985-2000 and OLI of 2018 were
evaluated and examined using training areas of the

algorithm of supervised classification was applied using
ERDAS Imagine. The rate of change in each LULC
category from 1985 to 2018 based on Landsat temporal
data was calculated as a measure of the habitat change
of the civets in terms of human impact affecting the
habitat range annual deforestation rates were computed
as follows:

p =100/ _ ]inA1- 42 (2)

where, P is the percentage of forest lost per year. A; and
A, are the extent of forest cover in time t; and t,,
respectively.

In addition change in LULC was deducted
detection was computed using the following equation
(Ayele et al., 2014) as:

LULC change = Area final year — Area initial year  (3)

LULC change (%) = ((Area final year-Area initial
year)/(Area initial year)) x 100 4)

i.e, change in extent of each LULC classes in
hectares/percentage, positive values suggest an increase
and negative values a decrease.
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2.5 Accuracy of Classification Assessment

Accuracy assessment of the land-cover maps produced
through the Landsat imagery should be based on field
data or higher resolution imageries (Liu et al., 2007;
Strahler et al., 2006). However, these reference datasets
are very difficult to obtain, especially in the case of
historical information. Therefore, for assessing the
accuracy of our results, we opted to build a reference
dataset through visual interpretation by an independent
expert, based on the same imagery used for the
production of maps. Classification accuracy assessment
was conducted by collecting 250 in-situ ground control
points (GCP) systematically distributed throughout the
accessible locations of the study area. Accuracy of
results was assessed through error matrices. Further,
Kappa test was also performed to measure the extent of
accuracy of the classified images from the following
formula.
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where, P(A) is the frequency of positive responses of K
raters and, P(E) is the frequency of expected positive
responses of K raters (Gwet, 2002; Viera and Garrett,
2005).

3 RESULTS
3.1 Land-Use/ Land-Cover

Five LULC were derived from the classified imagery
(Table 4). LULC 1985 to 2018 within the forest reserve
was very dynamic, characterized by land-cover
conversion sequences. Throughout the evaluation period
(1985-2018), forest and agricultural areas were
dominant LULC types. Common observable sequences
of land-cover changes were spatiotemporal changes
wetland, agricultural land and forest (Figure 3).
According to the classified maps of 1985, percent extent
of forest, agricultural land, shrub land, wet land, and
settlement area were 53.33, 26.05, 16.70, 3.20, and 0.69,
respectively.

K=P(A)-P(E)/1-P(E) (5)
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Figure 4. Extent of LULC categories during 1985, 2000 and 2018

Table 4. Land-use and land-cover areas for the years of 1985, 2000 and 2018

K. V. Suryabhagavan et al.

1985 2000 2018
Land use / land cover classes
Area (km? Area (%) Area(km?) Area (%) Area(km®) Area (%)

Forest 5564.4 53.33 4801.43 45.95 4465.36 42.91
Wetland 334.78 3.20 249.89 2.39 102.1 0.98
Shrub land 1743.29 16.70 1552.38 14.85 1321.04 12.70
Settlement 72.28 0.69 143.67 1.37 297.52 2.86
Agricultural land 2718.22 26.05 3701.73 35.42 4207.97 40.48
Total 10433 100 10449.1 100 10394 100

3.2 Land Use/ Land Cover Changes

On the other hand, in 2000 about 45.95% (-7.38%),
35.42% (+9.37%) were covered by forest, and
agricultural land, respectively. Shrub land and wetland
areas covered 14.85% (-1.85%) and 2.39% (-0.81%),
respectively. The area covered by settlement was less
than 2% (143.67 km? (+1.31%) of the total
geographical area for the years 1985-2000 (Table 4). By
2018, the extent of forest got reduced still to 42.91%,
whereas agricultural land occupied 40.48%, shrub land
12.70%, while wet land and settlements collectively
covered 3.84% area (Figure 4).

Table 5 indicates overall changes from 1985 to
2018. One of the major land-cover classes, dense forest
which is showing a significant increase in the last three
decades and is a welcome development. Forest area has
increased by 21.1 km? from1985 to 2018. Overall loss of
agricultural land in the three decades was found to be
-22.13 km® Major reason for this change is identified as

of growth of open forest into a dense forest. Major
changes in agricultural land to wetland and forest to
wetland were observed during all the periods due to
conversion of irrigated agricultural lands in widely
practiced traditional agroforestry system and vice versa.
Overall change in agricultural area was -2718.22 km?
from 26.05% (1985) to 40.48% (2018). Quantitative
analysis of LULC change rate clearly shows that forest,
agricultural land and wetland classes have recorded
highest change compared to change in other LULC
classes between 1985 and 2018. The magnitude of forest
and wetland classes has showed in highest negative
values as a result of deforestation and wetland
degradation in the study area. Proportionally,
agricultural land, urban area, and Gumro tea plantations
have shown a positive change.

On the contrary, forest, wetland and scrub/bush
land categories have shown a decreasing trend between
1985-2018 (Figure 5). Forest and wetland areas declined
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by an estimated 11.12 km?yr ' and 2.39 km?yr?,
respectively, during the period from 1985 to 2018. In
contrast, agricultural land, urban area and Gumro tea
plantation have shown highest increase inclining by an
estimated 13.36 km%yr*, 0.59 kmZ%yr! and 0.43
km?/yr *, respectively, during the study period. Finally,
as land-cover analysis indicate that continuous
expansion of agricultural land took place at a rate of
13.36 km%yr ' between 1985 and 2018. Further, there
has been a continuous decrease of wetland, forest land
and shrub land between the two periods (1985 and 2018)
at a rate of 2.39 km%yr?, -11.12 km’/yr?, and -0.68
km?/yr™, respectively.

3.3 Accuracy Assessment

Overall accuracies of the LULC maps for the years
1985, 2000 and 2018 are 84.2%, 83.06% and 86%,
respectively. Calculated overall Kappa statistics of the
years 1985, 2000 and 2018 were 0.77, 0.77 and 0.79,
respectively.

Presence of the Civet depends on several
topographic and allied factors of an area. Combined
assessment of all known factors of using geospatial
techniques provides a detailed picture of the African
civet suitability locations. The study area was classified
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into five habitat types, viz., forest, shrub land, wetland,
agricultural land and settlement. Values were assigned
to each land-use based on its suitability level. Areas
such as sensitive ecosystems, protected forest, and shrub
land were assigned with score 1 while areas like
agricultural lands and settlement were given a score of
4. Local people have revealed that the civet is the most
frequently sighted animal around their locality, and they
consider it a pest as Civets encroach the farmlands and
damage crops. From the drainage network map it can be
seen (Figure 6), that the study area has a fifth order
drainage network, with good drainage network in the
western part. On the basis of drainage density, the study
area was grouped in three classes, ‘suitable’ (<6 km),
‘moderately suitable’ (6-12 km), and ‘less suitable’ (>12
km) depending upon its (length/width). Slope is another
important criterion in sighting the civet. The slope of the
area was divided into three classes 0-10° suitable, 10-20°
moderately suitable and >20° suitable. Proximity to
roads was considered for the presence of Civets. Road
data includes information on highways, major and minor
roads, and their connections. Accessibility of the site
was considered, especially for wvehicles used for
collection and transport to collection points. Due to this

Table 5. LULC class change rate between 1985 and 2018

Area (km? .
Land use / land cover classes 1985 5018 Overall change (%)
Forest 5564.4 4465.36 21.1
Wetland 334.78 102.10 16.51
Shrubs 1743.29 1321.04 18.31
Settlements 72.28 297.52 -16.41
Agriculture 2718.22 4207.97 -22.13
30 1
20 -
10 1
S
§0 0
g Forest Wetland Shrubs Settlements Agriculture
)
O 10 1
20 1
30 -

Figure 5. LULC change rate (1985-2018)
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reason, high scores were given to areas near the roads
(Figure 6). This criterion does not permit civet site
presence in the area. Presence of any civet site near or
within urban and rural residential areas is likely to cause
health and environmental problems. Therefore, a
distance of <6 km above was taken as suitable.

3.4 Habitat suitability

The civet habitat suitability map of the study area
(Figure 7) was generated by integrating the thematic
layers of slope, drainage, road, settlement, LULC and
then computing suitability model using equation (1) and
Table 2 mentioned above. The LULC types, within a
distance of 6 km from human habitation with road
access have emerged as suitable, while regions within 3
to 6 km with less vegetation cover and away from water
bodies have formed moderately suitable and areas >6
km from human habituation with roads and dense
vegetation cover have proved less suitable for the civets.
Dense vegetation cover was found in areas >3 km from
human settlements. Eigen vector ratio matrix of the pair-
wise comparison has confirmed that the consistency
ratio was 0.04. Suitability model map gave the highest
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weight for the LULC factor and denoted water resources
as second important factor. Some parts of the sampled
sites were under highly preferred class for civets,
whereas others fell under moderately to less preferred
classes. Most of the presence data recorded was around
settlements, farms and degraded forests (Figure 7). As a
whole, present findings have revealed that the African
Civets mostly prefer areas around human habitation,
followed by dense forests as their habitat. The Civets
were only sparsely distributed in shrub land located
away from human settlements in the western part of the
study area.

Table 6 shows habitat suitability areas of the
civets. Out of a total area of 6, 80,592km?, 36.45% falls
under category ‘suitable’ followed by 31.03%
moderately suitable and 32.52% less suitable categories.
Validation of the output map (tested by overlaying all
GPS points of presence data spot points) revealed that
the civet areas were located in very high most of
susceptibility areas (Figure 7).Validation of a suitability
model is usually carried out to determine the prediction
ability of the model by comparing the predicted result
with the reference map.

Table 6. Area cover by African Civet habitat suitability

Level of suitability

Suitable
Moderately suitable
Less suitable

Total

Area
km?* %
3803 36
3237 31
3391 33
10431 100
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4  DISCUSSION efficient, low cost method for determining habitat

Land-use and land-cover is considered as an upper most
layer of the Earth that changes both by natural and
anthropogenic factors (Misrak et al., 2012; Datiko and
Bekele, 2014; Mekasha et al., 2020). Such changes are
effectively captured by remote sensing satellite sensors
with different spectral, spatial, and temporal resolutions.
The present study proves the relation of dense forest
habitats and the civet population density via habitat
suitability modeling and mapping. The attempt also
correlates suitable habitats with the abundance of the
species. Establishment of civetries and scent-marked
sites in the habitats are special behavioral features of the
African civets. These features were gathered from field
observations to confirm the presence of African civets in
the lllu-Abbabora Zone. The presence of the civets is
seen more in disturbed areas around human habitats and
only sparsely seen in remote areas of dense forests in the
study area. The results of this study indicate that the
ability of the model and the methodology are an
effective and simple for the prediction of potential
habitats of African civets in the area.

Remote sensing and GIS amalgamated with
Habitat Suitability Index (HSI) model provide an
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quality and requirement of wild animals in the forest as
opined by Schamberger and Krohn (1982). Even though
the technique is less used due to limited knowledge of
the biologists it did already prove as to be a powerful
tool in the acquisition of accurate and up-to-date
information effectively applicable to the civet habitat
findings and ecosystem monitoring, particularly in
inaccessible large areas (De Wulf et al., 1988; Roy et
al., 1995; Porwal et al., 1996; Kushwaha et al., 2000,
2001; Kushwaha and Roy, 2002). It is possible to
quantify and analyze wildlife attributes, and wildlife
status, identification of new sites for protected areas,
impacts on wildlife habitat in the context of logging,
agricultural expansion and road development through
habitat suitability modeling and LULC changes patterns.
A variety of information on wildlife habitats obtained
from RS and GIS are found to be useful guides in
wildlife management. The primary value of RS is that it
can substantially reduce the need for laborious
conventional ground survey, as ground surveys in
wildlife habitat evaluation are time consuming, costly
and inadequate in the case of inaccessible areas
(Berwick and Saharia, 1995; Rawat and Kumar, 2015).
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By developing a model civet farm in the study area
in consultation with the concerned Government Agency,
breeding colonies could be maintained so as to have
sufficient number of civets for carrying out the farming
practices. Such a practice would support the farms with
number of Civets from time to time, and no fresh
trapping from the natural habitats required for to
particularly continuing the Civet farming practices in the
country. Ethiopian civet farmers may be trained to
maintain such farms where they can have individuals
born to their own captive Civets, and thus reduce the
pressure on natural populations. The present results
indicate that over 36.45% of the Illu-Abbabora Zone
area is an inappropriate habitat region for African civets.
The present investigation, thus, infers that incorporated
GIS with AHP technique is an effective device for
determining the African Civets suitability sites. Earlier,
similar conclusions were made by Zarri et al. (2008).
Melese et al. (2014) utilized RS and GIS strategies in
combination with AHP to conduct habitat suitable
analysis for African civet habitat mapping in Andracha
area in Ethiopia. The area is a main source locality of
good-quality of civets in Ethiopia. The criteria
considered included land-use, river, slope, road,
settlement etc. It was beyond the scope of the present
study to conduct in-depth methodological changes on
suitability parameters, assuming that the pros and cons
of this model are well known and widely described in
literature. However, it is recommended that future
researchers may make any modifications in the
suitability model based on the points mentioned above
in developing of a suitability model.

5 CONCLUSION

This study assessed and monitored the changes in land-
use and land-cover pattern and analysis of African Civet
habitats through the integration of geospatial approach
with field ecological information has revealed in the
present study area for the suitability of this
economically important animal of Ethiopia. The result
of this study reveals that the major land-use in the Illu-
Abbabora Zone is forest and agricultural land. Present
study utilizes the AHP and geospatial approach which is
one of the most prominent technologies at present for
spatiotemporal analysis which is not possible through
other conventional mapping techniques. The analysis
and findings of the present study have importance in
policy implications for the sustainable land-use and
land-cover practices in the Illu-Abbabora Zone. African
Civets presence was seen more in disturbed areas
around human habituates and was only sparsely seen in
remote areas of dense forests in the study area. The
results of this study indicated that the ability of the used
model and methodology applied is an effective and
simple approach for the prediction of potential habitats
of African civets in the present study area. In addition,
the proposed workflow allows an easy generalization to
different scenarios and regions and can easily be
enriched with additional information layers.

11

K. V. Suryabhagavan et al.
ACKNOWLEDGEMENTS

We are thankful to the School of Earth Sciences, and
Department of Zoological Sciences, College of Natural
and Computational Sciences, Addis Ababa University
for providing all kinds of necessary facilities and
support during the present study. This study was
financially supported by the Thematic Research Fund
(TR-010CNS) granted by the Directorate of Research,
Addis Ababa University.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
ABBREVIATIONS

AHP: Analytical Hierarchy Process; GCP: Ground
Control Points; OLI: Operational Land Imager; LULC:
Land-use / land-cover; TM: Thematic Mapper.

REFERENCES

Abebe, Y., 2003. Sustainable utilization of the African civet
(Civettictis civetta) in Ethiopia. In: The Second Pan-
African Symposium on the Sustainable Use of Natural
Resources in Africa, IUCN, Gland, 197-208.

Anwar, S. and Stein, A. 2012. Detection and spatial analysis of
selective logging with geometrically corrected Landsat
images. Int. J. Remote Sens. 33, 7820-7843. DOI:
https://doi.org/10.1080/01431161.2012.701378

Ayele, K. F., Suryabhagavan, K. V. and Sathishkumar, B.,
2014. Assessment of habitat changes in Holeta
Watershed, Central Oromiya, Ethiopia. International
Journal of Earth Sciences and Engineering. 7, 1370-
1375.

Bekele, T., Afework, B. and Balakrishnan, M., 2008. Scent-
marking by the African civet Civettictis civetta in the
Menagesha-Suba  State  Forest, Ethiopia, Small
Carniv.Conserv. 38, 29-33.

Belete, T. and Suryabhagavan, K.V., 2019. Systematic
modeling of impacts of land-use and land-cover changes
on land surface temperature in Adama Zuria District,
Ethiopia. Modeling Earth Systems and Environment, 5,
805-817. DOI: https://doi.org/10.1007/s40808-018-
0567-1

Berwick, H. S. and Saharia, B.V., 1995. The Development of
International Principles and Practice of Wildlife
Research Management; Asian and American Approach.
Oxford University Press, Delhi.

Dannenfeldt, K. H., 1985. Europe Discovers Civet Cats and
Civet. Journal of the History of Biology, 18 (3), 403-431.

Datiko, D. and Bekele, A., 2014. Habitat association and
distribution of rodents and insectivores in Chebera
Churchura National Park, Ethiopia. Tropical Ecology,
55, 221-229.

De Wulf, R. R., MacKinnon, J. R. and Cai, W. S., 1988.
Remote sensing for wildlife management: Giant Panda
habitat mapping from Landsat MSS images. Geocartogr.

Intern. 1, 41-50. DOI:
https://doi.org/10.1080/10106048809354132
Dinku, S. and Suryabhagavan, K. V., 2019.  Forest

degradation monitoring and assessment of biomass in
Harenna Buluk District, Bale Zone, Ethiopia: A
Geospatial Perspective. Tropical ecology, 60, 94-104.
DOI: https://doi.org/10.1007/s42965-019-00012-5

Erener, A., Diizgln, S. and Yalciner, A. C., 2012. Evaluating
land use/cover change with temporal satellite data and
information systems. Procedia Technology, 1, 385-389.
DOI: https://doi.org/10.1016/j.protcy.2012.02.079


https://www.tandfonline.com/doi/abs/10.1080/01431161.2012.701378
https://www.tandfonline.com/doi/abs/10.1080/01431161.2012.701378
https://www.tandfonline.com/doi/abs/10.1080/01431161.2012.701378
https://nebula.wsimg.com/91ae9a7cd1f2fd63d925e2e0111d585b?AccessKeyId=35E369A09ED705622D78&disposition=0&alloworigin=1
https://nebula.wsimg.com/91ae9a7cd1f2fd63d925e2e0111d585b?AccessKeyId=35E369A09ED705622D78&disposition=0&alloworigin=1
https://nebula.wsimg.com/91ae9a7cd1f2fd63d925e2e0111d585b?AccessKeyId=35E369A09ED705622D78&disposition=0&alloworigin=1
https://nebula.wsimg.com/91ae9a7cd1f2fd63d925e2e0111d585b?AccessKeyId=35E369A09ED705622D78&disposition=0&alloworigin=1
https://link.springer.com/article/10.1007/s40808-018-0567-1
https://link.springer.com/article/10.1007/s40808-018-0567-1
https://link.springer.com/article/10.1007/s40808-018-0567-1
https://link.springer.com/article/10.1007/s40808-018-0567-1
https://link.springer.com/article/10.1007/s40808-018-0567-1
https://www.jstor.org/stable/4330947?seq=1
https://www.jstor.org/stable/4330947?seq=1
http://tropecol.com/pdf/open/PDF_55_2/07-Datiko%20&%20Bekele.pdf
http://tropecol.com/pdf/open/PDF_55_2/07-Datiko%20&%20Bekele.pdf
http://tropecol.com/pdf/open/PDF_55_2/07-Datiko%20&%20Bekele.pdf
http://tropecol.com/pdf/open/PDF_55_2/07-Datiko%20&%20Bekele.pdf
https://www.tandfonline.com/doi/abs/10.1080/10106048809354132
https://www.tandfonline.com/doi/abs/10.1080/10106048809354132
https://www.tandfonline.com/doi/abs/10.1080/10106048809354132
https://www.tandfonline.com/doi/abs/10.1080/10106048809354132
https://link.springer.com/article/10.1007/s42965-019-00012-5
https://link.springer.com/article/10.1007/s42965-019-00012-5
https://link.springer.com/article/10.1007/s42965-019-00012-5
https://link.springer.com/article/10.1007/s42965-019-00012-5
https://www.sciencedirect.com/science/article/pii/S2212017312000801
https://www.sciencedirect.com/science/article/pii/S2212017312000801
https://www.sciencedirect.com/science/article/pii/S2212017312000801

Remote Sensing of Land, 5(1), 1-13, 2021.

FAO [Food and Agriculture Organization], 2000. World Watch
List for Domestic Animal Diversity. D. S. Beate 3 Ed.
FAO, Rome, Italy. 702-703.

Gwet, K., 2002. Kappa statistic is not satisfactory for assessing
the extent of agreement between raters. Stat. Methods
Inter-Rater Reliab. Assess. 76, 378-382.

Kafley, H., 2008. Habitat evaluation and suitability modeling
of rhinoceros unicornis in Chitwan National Park, Nepal:
A Geospatial Approach, Institute of International
Education, World Wildlife Fund, Buenos Aires.

Kumera, W., 2005. Improving civet cat farming for quality
musk production (Amharic version). Agriculture and
Rural Development Bulletin, 6, 31-34.

Kushwaha, S. P. and Roy, S. P., 2002. Geographical
information for wildlife habitat evaluation. Tropical
ecology, 43,137-150.

Kushwaha, S. P. S., Munkhtuya, S. and Roy, P. S., 2001.
Mountain goat habitat evaluation in Rajaji National Park
using remote sensing and GIS. J. Ind. Soc. RS. 28, 293-
303.

Kushwaha, S. P., Roy, P. S., Azeem, A., Boruah, P. and
Lahan, P., 2000. Land area change and habitat suitability
analysis in Kaziranga. Tiger. Pap. 27, 9-17.

Lambin, E. F., Geist, H.J. and Lepers, E., 2003. Dynamics of
land-use and land-cover change in tropical regions.
Annu. Rev. Environ. Resour. 28,205-241.

Lenton, S. M., Fa, J. E. and Del Val, J. P., 2000. A simple non-

parametric GIS model for predicting species distribution:

Endemic birds in Bioko Island, West Africa. Biodiversity

and Conservation, 9(7), 869-885. DOI:

https://doi.org/10.1023/A:1008980910283

C., Frazier, P. and Kumar, L., 2007. Comparative

assessment of the measures of thematic classification

accuracy. Remote Sens. Environ. 107, 606-616. DOI:
https://doi.org/10.1016/j.rse.2006.10.010

Lu, X., Zhou, Y., Liu,Y. and Le Page, Y., 2018. The role of
protected areas in land use/land cover change and the
carbon cycle in the conterminous united states. Glob.
Chang. Biol. 24 2), 617-630. DOI:
https://doi.org/10.1111/gcb.13816

Mannan, A., Zhongke, F., Ahmad, A., Liu, J., Saeed, S. and
Mukete, B., 2018. Carbon dynamic shifts with land use
change in Margallah hills national park, Islamabad
(Pakistan) from 1990 to 2017. Appl. Ecol. Environ. Res.
16 (3), 3197-3214.

Mekasha, S.M., Suryabhagavan, K.V. and Gebrehiwot, M.,
2020. Geo-spatial approach for land-use and land-cover
changes and deforestation mapping: A case study of
Ankasha Guagusa, Northwestern, Ethiopia. Tropical
Ecology, 61, 550-569. DOI:
https://doi.org/10.1007/s42965-020-00113-6

Melakneh, G., Suryabhagavan, K.V. and Balakrishnan, M.,
2010. Land-use and landscape pattern changes in Holeta-
Berga Watershed, Ethiopia. Int J Ecol Environ Sci.
36,117-132.

Melese, D., Suryabhagavan, K. V., Melakneh, G. and
Balakrishnan, M., 2014. Remote sensing and geographic
information system-based African civet habitat mapping
in Andracha, Ethiopia. Journal of Applied Remote
Sensing, 8. DOI: https://doi.org/10.1117/1.JRS.8.083502

Mesfin Admasu., 1995. History of civet farming and trade in
Ethiopia. In: Civet Farming, Musk Production and
Trade Workshop, Ethiopian Wildlife Conservation
Organization, Addis Ababa. 72-78.

Misrak, A., Suryabhagavan, K. V. and Balakrishnan, M., 2012.
Assessment of cover change in the Harenna Habitats in
Bale Mountains, Ethiopia, using GIS and remote
sensing. Int J Ecol Environ Sci. 38, 39-45.

Liu,

12

K. V. Suryabhagavan et al.

Mukete, B., Sun, Y., Daniel, E., Sajjad, S. and Mannan, A,
2018. Assessing the drivers of land use change in the
rumpi hills forest protected area, Cameroon. J. Sustain.
For. 37 (6), 592-618.
https://doi.org/10.1080/10549811.2018.1449121

Mundia, C. N. and Murayama, Y., 2009. Analysis of land
use/cover changes and animal population dynamics in
wildlife sanctuary east Africa. Remote Sens. 1, 952-970.
DOI: https://doi.org/10.3390/rs1040952

Mussa, A. and Suryabhagavan, K. V., 2019. Solid waste
dumping site selection using GIS-based multi-criteria
spatial modeling: A case study in Logia town, Afar

region, Ethiopia. Geol Ecol Landsc. DOI:
https://doi.org/10.1080/24749508.2019.1703311
Novo-Fernandez, A., Franks, S., Wehenkel, C., Lopez-

Serrano, P. M., Molinier, M. and Lopez-Sanchez, C. A.,
2018. Landsat time series analysis for temperate forest
cover change detection in the sierra madre occidental,
Durango, Mexico. Int. J. Appl. Earth Obs. Geoinf. 73,
230-244. DOi: https://doi.org/10.1016/j.jag.2018.06.015

Othow, O.0., Gebre, S.L. and Gemeda, D.O., 2017. Analyzing
the rate of land-use and land-cover change and
determining the causes of forest cover change in Gog
District, Gambella Regional State, Ethiopia. Journal of
Remote Sensing and GIS, 6,219.

Pleguezuelos, J.M. and Caro, J., 2005. Prey density, prey
detectability and food habits: The case of Bonelli’s eagle
and the conservation measures, Biol. Conserv. 123, 19-
25.

Porwal, M. C., Roy, P. S. and Chellamuthu, V., 1996. Wildlife
habitat analysis for Sambar (Cervus unicolor) in Kanha
National Park using remote sensing. Inter. J. RS. 17,
2683-2697. DOI:
https://doi.org/10.1080/01431169608949100

Pugh, M., 1998. Civet Farming: An Ethiopian Investigation.
World Society for the Protection of Animals, London.

Qamar, F. M., Ali, H., Ashraf, S., Daud, A., Gillani, H., Mirza
H. and Rehman, H.U., 2011. Distribution and habitat
mapping of key fauna species in selected areas of
western himalaya, Pakistan. The Journal of Animal and
Plant Sciences, 21(2 Suppl.) 396-399.

Rawat, J. S .E. and Kumar, M., 2015. Monitoring land
use/cover change using remote sensing and GIS
techniques: A case study of Hawalbagh block, district
Almora, Uttarakhand, India. Egypt. J. Remote Sens. Sp.
Sci. 2015, 18, 77-84. DOI:
https://doi.org/10.1016/j.ejrs.2015.02.002

Rezaei-Moghaddam, K. and Karami, E., 2008. A multiple
criteria  evaluation of  sustainable  agricultural
development models using AHP. Environment,
Development and Sustainability, 10,407-426. DOI:
https://doi.org/10.1007/s10668-006-9072-1

Roder, A., Udelhoven, T., Hill, J., del Barrio, G. and Tsiourlis,
G., 2008. Trend analysis of Landsat-TM and-ETM+
imagery to monitor grazing impact in a rangeland
ecosystem in Northern Greece. Remote Sensing of
Environment, 112, 2863-2875. DOI:
https://doi.org/10.1016/j.rse.2008.01.018

Roy, P. S., Ravan, S. A., Rajadnya, N., Das, K. K., Jain, A.
and Singh, S., 1995. Habitat suitability analysis of
Nemorhaedus Gora: A remote sensing and geographic
information system approach. Curr. Sci., 69,685-691.

Saaty, T. and Vargas, L., 2001. Methods, Concepts and
Applications of the Analytic Hierarchy Process. Kluwer
Academic Publishers, Boston.

Saaty, T. L., 1993. The analytic hierarchy process: A
overview. Central European Journal of Operation
Research and Economics, 2 (2), 119-137.


https://tropecol.com/pdf/open/PDF_43_1/43111.pdf
https://tropecol.com/pdf/open/PDF_43_1/43111.pdf
https://tropecol.com/pdf/open/PDF_43_1/43111.pdf
https://www.annualreviews.org/doi/full/10.1146/annurev.energy.28.050302.105459
https://www.annualreviews.org/doi/full/10.1146/annurev.energy.28.050302.105459
https://www.annualreviews.org/doi/full/10.1146/annurev.energy.28.050302.105459
https://link.springer.com/article/10.1023/A:1008980910283
https://link.springer.com/article/10.1023/A:1008980910283
https://link.springer.com/article/10.1023/A:1008980910283
https://link.springer.com/article/10.1023/A:1008980910283
https://www.sciencedirect.com/science/article/abs/pii/S0034425706004068
https://www.sciencedirect.com/science/article/abs/pii/S0034425706004068
https://www.sciencedirect.com/science/article/abs/pii/S0034425706004068
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.13816
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.13816
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.13816
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.13816
http://www.aloki.hu/pdf/1603_31973214.pdf
http://www.aloki.hu/pdf/1603_31973214.pdf
http://www.aloki.hu/pdf/1603_31973214.pdf
http://www.aloki.hu/pdf/1603_31973214.pdf
http://www.aloki.hu/pdf/1603_31973214.pdf
https://link.springer.com/article/10.1007%2Fs42965-020-00113-6
https://link.springer.com/article/10.1007%2Fs42965-020-00113-6
https://link.springer.com/article/10.1007%2Fs42965-020-00113-6
https://link.springer.com/article/10.1007%2Fs42965-020-00113-6
https://link.springer.com/article/10.1007%2Fs42965-020-00113-6
Melese,%20D.,%20Suryabhagavan,%20K.%20V.,%20Melakneh,%20G.%20and%20Balakrishnan,%20M.,%202014.%20Remote%20sensing%20and%20geographic%20information%20system-based%20African%20civet%20habitat%20mapping%20in%20Andracha,%20Ethiopia.%20Journal%20of%20Applied%20Remote%20Sensing,%208.
Melese,%20D.,%20Suryabhagavan,%20K.%20V.,%20Melakneh,%20G.%20and%20Balakrishnan,%20M.,%202014.%20Remote%20sensing%20and%20geographic%20information%20system-based%20African%20civet%20habitat%20mapping%20in%20Andracha,%20Ethiopia.%20Journal%20of%20Applied%20Remote%20Sensing,%208.
Melese,%20D.,%20Suryabhagavan,%20K.%20V.,%20Melakneh,%20G.%20and%20Balakrishnan,%20M.,%202014.%20Remote%20sensing%20and%20geographic%20information%20system-based%20African%20civet%20habitat%20mapping%20in%20Andracha,%20Ethiopia.%20Journal%20of%20Applied%20Remote%20Sensing,%208.
Melese,%20D.,%20Suryabhagavan,%20K.%20V.,%20Melakneh,%20G.%20and%20Balakrishnan,%20M.,%202014.%20Remote%20sensing%20and%20geographic%20information%20system-based%20African%20civet%20habitat%20mapping%20in%20Andracha,%20Ethiopia.%20Journal%20of%20Applied%20Remote%20Sensing,%208.
Melese,%20D.,%20Suryabhagavan,%20K.%20V.,%20Melakneh,%20G.%20and%20Balakrishnan,%20M.,%202014.%20Remote%20sensing%20and%20geographic%20information%20system-based%20African%20civet%20habitat%20mapping%20in%20Andracha,%20Ethiopia.%20Journal%20of%20Applied%20Remote%20Sensing,%208.
https://www.tandfonline.com/doi/full/10.1080/10549811.2018.1449121
https://www.tandfonline.com/doi/full/10.1080/10549811.2018.1449121
https://www.tandfonline.com/doi/full/10.1080/10549811.2018.1449121
https://www.tandfonline.com/doi/full/10.1080/10549811.2018.1449121
https://www.mdpi.com/2072-4292/1/4/952
https://www.mdpi.com/2072-4292/1/4/952
https://www.mdpi.com/2072-4292/1/4/952
https://www.tandfonline.com/doi/full/10.1080/24749508.2019.1703311
https://www.tandfonline.com/doi/full/10.1080/24749508.2019.1703311
https://www.tandfonline.com/doi/full/10.1080/24749508.2019.1703311
https://www.tandfonline.com/doi/full/10.1080/24749508.2019.1703311
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
Novo-Fernandez,%20A.,%20Franks,%20S.,%20Wehenkel,%20C.,%20Lopez-Serrano,%20P.%20M.,%20Molinier,%20M.%20and%20Lopez-Sanchez,%20C.%20A.,%202018.%20Landsat%20time%20series%20analysis%20for%20temperate%20forest%20cover%20change%20detection%20in%20the%20sierra%20madre%20occidental,%20Durango,%20Mexico.%20Int.%20J.%20Appl.%20Earth%20Obs.%20Geoinf.%2073,%20230-244.
https://www.longdom.org/open-access/analyzing-the-rate-of-land-use-and-land-cover-change-and-determiningthe-causes-of-forest-cover-change-in-gog-district-gambella-reg-2469-4134-1000219.pdf
https://www.longdom.org/open-access/analyzing-the-rate-of-land-use-and-land-cover-change-and-determiningthe-causes-of-forest-cover-change-in-gog-district-gambella-reg-2469-4134-1000219.pdf
https://www.longdom.org/open-access/analyzing-the-rate-of-land-use-and-land-cover-change-and-determiningthe-causes-of-forest-cover-change-in-gog-district-gambella-reg-2469-4134-1000219.pdf
https://www.longdom.org/open-access/analyzing-the-rate-of-land-use-and-land-cover-change-and-determiningthe-causes-of-forest-cover-change-in-gog-district-gambella-reg-2469-4134-1000219.pdf
https://www.longdom.org/open-access/analyzing-the-rate-of-land-use-and-land-cover-change-and-determiningthe-causes-of-forest-cover-change-in-gog-district-gambella-reg-2469-4134-1000219.pdf
http://hera.ugr.es/doi/15772664.pdf
http://hera.ugr.es/doi/15772664.pdf
http://hera.ugr.es/doi/15772664.pdf
http://hera.ugr.es/doi/15772664.pdf
https://www.tandfonline.com/doi/abs/10.1080/01431169608949100
https://www.tandfonline.com/doi/abs/10.1080/01431169608949100
https://www.tandfonline.com/doi/abs/10.1080/01431169608949100
https://www.tandfonline.com/doi/abs/10.1080/01431169608949100
http://www.thejaps.org.pk/docs/21-2-suppl/JAPS-13(Final).pdf
http://www.thejaps.org.pk/docs/21-2-suppl/JAPS-13(Final).pdf
http://www.thejaps.org.pk/docs/21-2-suppl/JAPS-13(Final).pdf
http://www.thejaps.org.pk/docs/21-2-suppl/JAPS-13(Final).pdf
http://www.thejaps.org.pk/docs/21-2-suppl/JAPS-13(Final).pdf
https://www.sciencedirect.com/science/article/pii/S1110982315000034
https://www.sciencedirect.com/science/article/pii/S1110982315000034
https://www.sciencedirect.com/science/article/pii/S1110982315000034
https://www.sciencedirect.com/science/article/pii/S1110982315000034
https://www.sciencedirect.com/science/article/pii/S1110982315000034
https://link.springer.com/article/10.1007/s10668-006-9072-1
https://link.springer.com/article/10.1007/s10668-006-9072-1
https://link.springer.com/article/10.1007/s10668-006-9072-1
https://link.springer.com/article/10.1007/s10668-006-9072-1
https://www.sciencedirect.com/science/article/abs/pii/S003442570800059X
https://www.sciencedirect.com/science/article/abs/pii/S003442570800059X
https://www.sciencedirect.com/science/article/abs/pii/S003442570800059X
https://www.sciencedirect.com/science/article/abs/pii/S003442570800059X
https://www.sciencedirect.com/science/article/abs/pii/S003442570800059X
https://www.jstor.org/stable/24097262
https://www.jstor.org/stable/24097262
https://www.jstor.org/stable/24097262
https://www.jstor.org/stable/24097262
https://www.springer.com/gp/book/9781461435969
https://www.springer.com/gp/book/9781461435969
https://www.springer.com/gp/book/9781461435969

Remote Sensing of Land, 5(1), 1-13, 2021.

Shimabukuro, Y. E., Duarte, V., Arai, E., Freitas, R. M., Lima,
A., Valeriano, D.M., Brown, |. F. and Maldonado,
M.L.R., 2009. Fraction Images Derived from Terra
MODIS Data for Mapping Burnt Areas in Brazilian
Amazonia. International Journal of Remote Sensing, 30,
1537-1546. DOI:
https://doi.org/10.1080/01431160802509058

Singh, A., 1989. Review article digital change detection
techniques using remotely-sensed data. International
Journal of Remote Sensing, 10(6), 989-1003. DOI:
https://doi.org/10.1080/01431168908903939

Smith, R. L., 1974. Ecology and Field Biology, Harper and
Row, New York.

Strahler, A. H., Boschetti, L., Foody, G. M., Friedl, M. A,
Hansen, M. C., Herold, M., Mayaux, P., Morisette, J. T.,
Stehman, S. V. and Woodcock, C. E., 2006. Global Land

K. V. Suryabhagavan et al.

Cover Validation: Recommendations for Evaluation and
Accuracy Assessment of Global Land Cover Maps 48
Technical Report, Joint Research Centre, Ispra, EUR
22156 EN.

Thapa, R. B., Shimada, M., Watanabe, M. and Motohka, T.,
2013. The tropical forest in south east Asia: Monitoring
and scenario modeling using synthetic aperture radar
data.  Applied  Geography, 41,168-178. DOI:
https://doi.org/10.1016/j.apge0g.2013.04.009

Viera, A. J. and Garrett, J. M. 2005. Understanding inter-
observer agreement: The kappa statistic. Family Med.
37, 360-3.

Zarri, A. A., Rahmani, A. R., Singh, A. and Khushwaha, S. P.
S., 2008. Habitat suitability assessment for the
endangered Nilgiri Laughing Thrush: A multiple logistic
regression approach. Current Science, 94, 1487-1494.

*hkkkk

13


https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431160802509058
https://www.tandfonline.com/doi/abs/10.1080/01431168908903939
https://www.tandfonline.com/doi/abs/10.1080/01431168908903939
https://www.tandfonline.com/doi/abs/10.1080/01431168908903939
https://www.sciencedirect.com/science/article/abs/pii/S0143622813001057
https://www.sciencedirect.com/science/article/abs/pii/S0143622813001057
https://www.sciencedirect.com/science/article/abs/pii/S0143622813001057
https://www.sciencedirect.com/science/article/abs/pii/S0143622813001057
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf
https://fammedarchives.blob.core.windows.net/imagesandpdfs/fmhub/fm2005/May/Anthony360.pdf

	1 INTRODUCTION
	2 MATERIAL AND METHODS
	2.1 Study Area
	2.2 Data Sources
	2.3 Suitability Model
	2.4 Change Detection Matrix
	2.5 Accuracy of Classification Assessment

	3 RESULTS
	3.1 Land-Use / Land-Cover
	3.2 Land Use / Land Cover Changes
	3.3 Accuracy Assessment
	3.4 Habitat suitability

	4 DISCUSSION
	5 CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	ABBREVIATIONS
	REFERENCES

