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Maps of species distributions or habitat suitability are required for many aspects of 
environmental research, resource management, and conservation planning. Currently 
natural and anthropogenic effects are causing changes in wildlife suitable habitat status and 
distribution. Meanwhile, limited range of methods for studying suitable habitat analysis 
leads to have limited information and knowledge. Therefore, application of Geographic 
Information System GIS, remote sensing and analytical hierarchy process (AHP) for wildlife 
suitable habitat analysis increases monitoring of suitable habitat distribution and assists in 
assessing suitable habitat variables and their respective influences. GIS based multi-criteria 
evaluation for suitable habitat analysis presented in this study were used to analyze an 
endangered Grevy’s zebra suitable habitat distribution in Allidegi wildlife reserve (AWR), 
Ethiopia through integrating habitat factors with expertise opinion. AWR lies approximately 
8030' to 9030' N latitude and 39030' to 40030' E longitude. Vegetation cover, slope, proximity 
to water point, settlement and road were identified as the major Grevy’s zebra habitat 
defining factors. Hence, their influences were analyzing and reclassified for evaluating the 
suitable habitat. The relative importance of the factors was determined through key 
informant interview and their weights were determined through AHP. The final suitable 
habitat map showed that 19% (272 km2) area of the reserve found to be highly suitable 
habitat for Grevy’s zebra and 25% (368 km2) moderately suitable habitat and the rest 56% 
(820km2) of area found to be unsuitable. Integrating this study results into conservation 
planning and management practices of the reserve would enhance decision making utility. 

© 2014  GSS Journals. All rights reserved. 
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���� �*�O�U�S�P�E�V�D�U�J�P�O��
Different environmental predictors influence 
wild animal’s habitat preference (Barnard 
and Thuiller, 2008) such as vegetation type, 
slope,  water  source,   anthropogenic  factors  

and these factors are essential in wildlife 
suitable habitat analysis. Predicting the 
available suitable habitat distribution and 
status using habitat parameters is frequently 
perceived  to  be  useful  in  conservation;  for  
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this matter GIS and remote sensing have an 
application packages and the result helps to 
gain deeper understanding of the problems 
and bring more precise information’s (G. 
Yohannes and Ekwa, 2012; Jacek, 2006; João 
et al., 2012; Sumanet al, 2011).��Remote 
sensing and GIS technologies have been 
used for gathering and analyzing of 
information regarding physical parameters 
for wildlife habitat evaluation and the results 
indicate definite advantage over 
conventional ground survey methods 
(Kushwahaet al., 2012; Kushwaha and Roy, 
2002; Ron and Jukka, 2003). Moreover, GIS 
provide means and aid to produce the data 
needed for the model and as platform to 
execute the models as well as to present the 
results of the analysis user friendly such as 
map (Daniel, 2014; Ron and Jukka, 2003; 
Sundaresan et al., 2007a).��The wide range of 
climates conditions resulted from its 
topography and latitudinal position results 
the variety of biological life in Ethiopia and 
makes the country rich in biodiversity 
abundance and endemism. However, due to 
natural and anthropogenic causes the 
original habitat matrix of the species had 
been changing, which lessens the 
distribution of suitable habitat (Ethiopian 
Institution of Biodiversity Conservation 
(EIBC), 2009) and this significantly affects 
species far reaching survival and it is now the 
core of any conservation attempts.��Human 
activities such as agricultural development, 
deforestation, ground water exploration and 
urbanization have led to loss of the original 
wildlife habitat, reduction in suitable habitat 
patch size and increasing isolation of 
suitable habitat patches (Andrén, 1994). 
Consequentially, this results in 
heterogeneous landscapes with different 
suitability matrix which affects far reaching 
consequences of wildlife species survival.��
Grevy’s zebra is highly threatened species 

mainly from habitat loss (International Union 
for conservation of Nature and Natural 
Resources (IUCN), 2014). Historically, Grevy’s 
zebra distribution range covers almost all of 
East African countries (Moehlman, 2002). 
However, the current distribution restricted 
to Ethiopia and Kenya, and Allidegi Wildlife 
Reserve (AWR) is their strong hold in 
Ethiopia. Grevy’s zebra habitat distribution in 
Allidegi wildlife reserve is affected from 
human and natural cause (Almaz, 2009; 
Fanuel et al., 2012). This distresses the 
suitable habitat distribution of Grevy’s zebra. 
In the meantime, limited study approach 
leads to have information gap on the 
functional suitable habitat landscape matrix 
of Grevy’s zebra in the reserve. Thus, 
addressing this problem is crucial for any 
conservation and management 
interventions. Further, characterizing habitat 
choice and identifying Grevy’s zebra suitable 
habitat distribution in the reserve using GIS, 
remote sensing and AHP application grants 
an insight for decision support systems and 
assist for better conservation and ecology 
management. ��
The objective of this study is to analyzing 
Grevy’s zebra suitable in Allidegi wildlife 
reserve using GIS based multi-criteria 
evaluation approach through identifying key 
Grevy’s zebra habitat defining parameters 
and their influence, and to relate the 
information for improved conservation of 
Grevy’s zebra in the study area. 
�������.�B�U�F�S�J�B�M�T���B�O�E���.�F�U�I�P�E�T��
���������4�U�V�E�Z���B�S�F�B���E�F�T�D�S�J�Q�U�J�P�O��
Allidegi wildlife reserve covers an area of 
1,832 km2 which lies in the Great East Africa 
Rift Valley (approximately 8030' to 9030' N 
latitude and 39030' to 40030' E longitude) of 
Amibara and Mieso woreda of Afar and 
Oromia regional state, Ethiopia, 280 km east 
from capital Addis Ababa. The elevation 
ranges 800 meter to 2400 meter above sea 
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level. The climate of the area exhibits short 
wet season in February and March and short 
dry season in December. The long dry and 

wet seasons are in June and, July and 
August, respectively (Fanuel et al., 2012).  

 
Figure 1 Location map of the study area 

��

 
Figure 2: Methodology flow chart 
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�����������.�F�U�I�P�E�P�M�P�H�Z��
���������������'�B�D�U�P�S�T���J�O�G�M�V�F�O�D�J�O�H���(�S�F�W�Z���T���[�F�C�S�B��
�I�B�C�J�U�B�U���T�V�J�U�B�C�J�M�J�U�Z��
This study is aimed to identify functional 
suitable habitat of Grevy’s zebra in Allidegi 
wildlife reserve using GIS and remote 
sensing. To model Grevy’s zebra suitable 
habitat distribution five Grevy’s zebra 
suitable habitat determining factors namely 
settlements, slope, vegetation cover, water 
point and road were identified. Almaz (2009); 
Daniel (2014); Fanuel et al. (2012); Sanderson 
and Pascual-Hortal (2007), Sundaresan et al., 
(2007a and 2007b) mentioned that 
vegetation cover, water, slope and 
disturbance such as settlement and road 
affects Grevy’s zebra habitat use. Therefore, 
in this study these factors were analyzed and 
reclasified for modeling Grevy’s zebra 
suitable habitat in the study. 
�����������������%�B�U�B���D�P�M�M�F�D�U�J�P�O���B�O�E���P�S�H�B�O�J�[�B�U�J�P�O��
For analyzing habitat factors remote sensed 
of Landsat image for vegetation cover 
classification and DEM for slop analysis used. 
Vegetation cover of the study area was 
derived by employing supervised method of 
image classification using the maximum 
likelihood algorithm using ERDAS imagine 
13 software. Image classification was applied 
with ground truthing on preprocessed 
Landsat 8 ETM+ image which was obtained 
from United State Geological Survey (USGS) 
Earth Resources Observation Systems (EROS). 
Slope for this study were generated from 30 
meter DEM. Other factors namely settlement, 
water point and road datasets were obtained 
from existing datasets and field survey.  
Factors classification related to distribution 
of Grevy’s zebra were derived from related 
literatures, statistical data from field surveys 
and suggestions of conservation experts 
(Table 1). These classified map layers 
describe the spatial variation of each habitat 
factor in a certain area. The overly analysis to 

combine reclassified habitat factors layer 
map with their respective weight were 
conducted using multi-criteria evaluation 
(MCE) in GIS environment using ArcGIS 10.1 
software spatial analyst extension.  
�5�B�C�M�F��������Classification of factors in relation to 
Grevy’s zebra habitat suitability. 

Varia-
bles 

Classi-
fica-
tion 
base 

Range of suitability 
Highly 
suitabl
e 

Moderat-
ely 

suitable 

Not 
suitable 

Vegetati
on cover 

Type 
Grassla
nd 

Wooded 
Grassland 

Bush/shr
ub 
land 

Slope Degree 0o-5o 5o-10o >10o 
Settleme
nt 

Proximi
ty 

>16Km 
8.5 – 
16Km <8.5Km 

Road 
Proximi
ty 

>17Km 11 – 17Km <11Km 

Water 
point 

Proximi
ty 

<10Km 10 – 20Km >20Km 

 
���������������8�F�J�H�I�U�T���P�G���I�B�C�J�U�B�U���G�B�D�U�P�S�T��
The technique described here and 
implemented in GIS environment using 
IDRISI software is Pair-wise comparisons 
developed by Saaty (1977) in the context of a 
Analytical Hierarchy Process (AHP). By using 
this comparison matrix inconsistence in 
decision making is minimized (Jacek, 2006).  
AHP were used to derive the weight of the 
factors in calculating Grevy’s zebra suitability 
analysis (Xiong et al., 2007). Which was done 
by applying a scale developed by Saaty 
(1977) using 9-point rating scale ranging 
from 1 (equal importance) to 9 (strongly 
more important) (Table 2). 
Table 2:�� Pairwise comparison 9 point 
continuous rating���	�4�B�B�U�Z�����������
��

Relative 
Importance 

Definition 

1 Equal importance 
3 Week importance 
5 Essential or strong 
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importance 

7 
Demonstrated 
importance 

9 Absolute importance 

2,4,6,8 
Intermediate values 
between two adjacent 

judgments 
1/2,1/3,1/4,1/5,
1/6,1/7,1/8,1/9 

Reciprocal values of the 
previous appreciation 

In Saaty's (1977) technique, weights of this 
nature derived by taking the principal 
eigenvector of a square reciprocal matrix of 
pairwise comparisons between the criteria’s. 
The purpose of weighting was to express the 
importance or preference of each factor 
relative to other affecting factors. Then, the 
factors weight in the index was calculated 
and it used to derive consistency ratio (CR) of 
the Pair-wise comparisons which determines 
the inconsistency in defining of the 
comparison among the factors (Eq. 1). If the 
CR > 0.10, then some Pair-wise values needs 
to be reconsidered and the process is 
repeated till the desired value of CR reached 

< 0.10. The more CR is approaching to zero 
the comparison is more consistence. 

  …………………………….Equation 1 

Where: RI is the average of the resulting 
consistency index depending on the order of 
the matrix given by Saaty (Saaty, 1977), and 
consistency index (CI) is defined as: 

.……......…………… Equation 2 

Where  is the principal eigen value of 
the matrix, n is the order of the matrix 

���������������4�V�J�U�B�C�M�F���I�B�C�J�U�B�U���B�O�B�M�Z�T�J�T��
GIS based multi criteria evaluation (MCE) 
facilitates identification of functional suitable 
habitat and improves delineation and 
characterization of suitable habitat extent (G. 
Yohannes and Imam, 2012; Ron and Jukka, 
2003; Suman et al., 2011, Eastman et al., 
1995). In multi-criteria evaluation factors 
weight is developed via AHP which explains 
the relative importance of habitat factors 
(Table 3) and multiplied corresponding 
reclassified habitat factors to calculate HIS 
(Eq. 3) (G.Yohannes and Imam, 2012).  

�5�B�C�M�F��������Pair-wise comparison matrix and factors weight 
�7�B�S�J�B�C�M�F�T���	�J�
�� �7�F�H�F�U�B�U�J�P�O��

�D�P�W�F�S��
�1�S�P�Y�J�N�J�U�Z���U�P
�X�B�U�F�S���Q�P�J�O�U��

�4�M�P�Q�F�� �1�S�P�Y�J�N�J�U�Z��
�U�P���T�F�U�U�M�F�N�F�O�U��

�1�S�P�Y�J�N�J�U�Z��
�U�P��

�S�P�B�E��

�'�B�D�U�P�S�T��
�X�F�J�H�I�U��
�	�8�J�
��

�7�F�H�F�U�B�U�J�P�O��
�D�P�W�F�S��

0.47 0.50 0.46 0.45 0.35 0.4501 

�1�S�P�Y�J�N�J�U�Z���U�P��
�X�B�U�F�S���Q�P�J�O�U��

0.24 0.25 0.30 0.26 0.25 0.2622 

�4�M�P�Q�F�� 0.16 0.13 0.15 0.19 0.25 0.1742 
�1�S�P�Y�J�N�J�U�Z��

�U�P���T�F�U�U�M�F�N�F�O�U��
0.07 0.06 0.05 0.06 0.10 0.0681 

�1�S�P�Y�J�N�J�U�Z���U�P��
�S�P�B�E��

0.07 0.05 0.03 0.03 0.05 0.0454 

�4�V�N������

The HSI values in the grid cells are a series of 
continuous values. HIS resulted by 
multiplying reclassified habitat factors layer 
map with corresponding weight (Eq. 3). This 
was combined by Raster Calculator function 
in ArcGIS 10.1 spatial analyst tool.  

 …………………Equation 3 
Where HIS is the habitat suitability index, Wi 
the weight of factor i and  is the rating 
factor of i. 
�3�F�T�V�M�U�T��
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Grevy’s zebra suitable habitat calculated as 
the sum of habitat suitability factors 
multiplied by corresponding weights. 
�)�B�C�J�U�B�U�� �4�V�J�U�B�C�J�M�J�U�Z�� �*�O�E�F�Y��= 0.4501 
*(Reclassified Vegetation cover map) + 
0.2622*(Reclassified water proximity map) + 
0.1742 *(Reclassified Slope map) + 
0.0681*(Reclassified settlement proximity map) 
+ 0.0454 *(Reclassified road proximity map) 
The habitat suitability index map (Fig. 3) of 
Allidegi wildlife reserve shows that 272 km2 
(19 %) area of land are highly suitable habitat 
for Grevy’s zebra; and 368 km2 and 820 km2 

area of land found to be moderately suitable 
and unsuitable habitat, respectively. This 
implies that much of the reserve areas are 
not suitable for Grevy’s zebra. The suitable 
habitats are located in the west side of the 
reserve where the grassland founds in 
abundant and closure to water and far-flung 
area from settlement/agriculture and road. 
And also from the analysis of individual 
suitable habitat controlling parameters the 
west side of the reserve is also classified as 
suitable habitat.  

 
�'�J�H�V�S�F����: Grevy’s zebra habitat suitability map 

���� �%�J�T�D�V�T�T�J�P�O��
Grevy’s zebra highly prefer open grassland 
areas (Almaz, 2009; Fanuel et al., 2012; 
Daniel,1989; Daniel, 2014; Low et al., 2008). 
Bauer et al., (1994), Daniel (2014), Grooves 
(1974), Guy et al., (2010), Low et al., (2009) 
claims being in open grassland helps Grevy’s 
zebra to detect predators. However, 
grassland areas in Allidegi wildlife reserve are 
diminishing from an intensively expansion of 
invaded tree species ProsopisJuliflor,(Almaz, 

2009) and no longer provide high-value 
herbaceous forages in the understory and 
this is reducing the suitable habitat of 
Grevy’s zebra by changing grassland areas to 
shrub/bush lands. Andrén (1994) claims that 
human activities such as agricultural 
development, ground water exploration, 
grazing and urbanization have led to habitat 
fragmentation, namely loss of the original 
habitat, reduction in habitat patch size and 
increasing isolation of habitat patches. 
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Habitat losses of Grevy’s zebra are mainly 
from human-induced factors such as grazing, 
expansion of settlements, encroachment by 
invasive species, and poaching (Moehlman 
2002). According to Almaz (2009) the grazing 
potential of grassland areas were decreased 
by 16% over the past 10 years as more and 
more livestock are using it extensively. 
Increasing of settlement and other 
developmental activities such as ground 
water exploration had also staggering effect 
on suitable habitat use of Grevy’s zebra in 
Allidegi wildlife reserve (Almaz, 2009, Fanuel 
et al., 2012, EWCA, 2014). In less than four 
decades more than 30 permanent 
settlements had been established in the 
reserve mainly to the eastern side of the 
reserve (Almaz, 2009).  
In the mean time frequently erupting conflict 
between Afar and Somalia pastoralists for 
grazing area had been also avoid the species 
from using of the available suitable habitat; 
especially in northwestern part of the reserve 
(Almaz, 2009; Fanuel et al., 2012).  

Generally this study able to illustrates the 
potential extent of Grevy’s zebra suitable 
habitat distribution in Allidegi wildlife 
reserve regardless of seasonal changes on 
the habitat factors. However, despite the fact 
that the selected factors explain Grevy’s 
zebra suitable habitat distributions they are 
not the only one. Therefore, further research 
by involving the impact of livestock and 
ground water exploration would improve 
our understanding of Grevy’s zebra suitable 
habitat use.  
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