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Introduction 

The share of freshwater circulating in water cycle is 
around 2% only. This freshwater is mainly 
dominated by groundwater having a total budget 
of more than 98% making the most valuable and 
precious source of water available. It is not only 
about having large share but also it is one of the 
best quality water exists  (Fetter, 2001).  

The existence of groundwater mainly depends on 
the geological nature, hydrological characteristics, 
climatic conditions, ecological setup and 
topographical nature of the area (Nag SK, Kundu 
A, 2016) (Murungesan B, 2012).  

Unscientific exploitation of groundwater increased 
in the last years with understanding of the use and 
need of water. The use and need of water in other 
way increased with a tremendous increase in 
domestic, agricultural and Industrial activities. 
Additionally, the exploitation is worsening with 
increasing drought problems, urban and rural 
water supply projects, dependency on irrigation, 
and its low cost of development. This exploitation 
is now leading to water scarcity, therefore proper 
utilization of groundwater resources is an 
inevitable fact. Proper utilization of this resource 
can be achieved priorly through properly planning 
groundwater resources (Waikar and Nilawar, 2014) 
(Sreedhar et al, 2008).   

Abstract 

The increasing trend of unscientific utilization of water throughout the world is leading to water scarcity. 
Groundwater is one of the resources which has been utilized widely in the enormously growing 
agricultural, domestic and industrial sectors. Because of these mass utilization the resource is getting 
depleted. Looking for proper utilization of groundwater is an inevitable fact. Proper planning of the 
resource is necessary. For planning of groundwater resources, it is required first to identify groundwater 
potential zones. Geospatial techniques together with Multi Criteria analysis has been used recently in 
different areas for delineating potential zones. The method is cost effective and considers different 
factors that affect groundwater existence, movement and spatial distribution unlike the conventional 
methods like geophysical tests and terresterial survey. It only needs cross validation with site exploration 
once the final output map is produced. This method is applied to delineate groundwater potential zones 
of Abaya Chamo basin. The basin is characterized with its variable elevations, temperature and rainfall 
pattern.  Lithology, lineament density, slope, soil, drainage density and Landuse/landcover of Abaya 
Chamo basin are selected as factors which affect groundwater existence. All the selected factors are 
ranked and weight value is estimated using AHP technique. The result shows that around 75% of the 
delineation of groundwater in the basin is influenced by Lithology, Lineament density and slope of the 
basin as shown in the decision matrix. The final groundwater potential zone map produced shows that 
low, moderate and high groundwater potential zones cover 13.79, 72.65 and 13.56% from the total 
18,900 Km2 area of the basin, respectively.  
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For proper planning of groundwater resources, it is 
necessary to identify where it exists in significant 
amount. There are conventional methods, like 
geophysical tests terresterial survey, but they lack  
to integrate factors that affect groundwater 
replenishment (Ardakani & Ekhtesasi, 2016).  A 
good approach for groundwater potential 
assessment is the one which integrates 
topographic, geomorphology, climatic situation, 
drainage manner and pattern, existing surface 
water bodies, land use/land cover and geological 
nature and distribution.   

Remote sensing and GIS techniques together with 
Multi Criteria Analysis gained wider application in 
assessment of groundwater potential zones. These 
tools will help from data handling and preparation 
to output generation. Analytical Hierarchy Process 
(AHP) developed by (Saaty, 1980) helps to rank 
and estimate weight value for the parameters 
selected as factors which affect groundwater 
existence. Weighted overlay function in GIS is the 
final tool which sum up all the parameters with 
respect to their weight value and produce the 
composite groundwater potential zones map 
(Biswas Arkoprovo, 2012) (Ardakani & Ekhtesasi, 
2016) .  

The aim of this study is to identify the potential 
areas of groundwater in Abaya Chamo basin so 
that pave a way to policy makers, planners and 
decision makers to manage the resources with a 
simple additional exploration for checking the 
accuracy.  

Study Area 

Abaya Chamo basin is located in Southern part of 
the great rift valley of Ethiopia. Geographically, it is 
located between Longitude of 370 to 380 and 50 to 
80 Latitude. The total area covered by the basin is 
18,900 Km2. The basin contains the second and 
third largest lakes in Ethiopia called Abaya and 
Chamo lakes, respectively. The elevation of the 
terrain in the basin ranges from 1090 to 3492 masl 
showing high variability. The basin is characterized 
by high variability in rainfall pattern ranging from 
669 mm in the lower parts of the basin to 1592 
mm in high elevation areas. The mean annual 
temperature of the basin ranges from 100c to 270c.  

 

Figure 1: Study Area Map 

Methodology 

The first step followed in this study is collecting 
necessary data like 30m*30m resolution DEM from 
ASTER site, Landsat ETM+ Satellite image with 8 
bands, 30 years rainfall data from 45 
meteorological stations which are found in and 
nearby the basin boundary, FAO 97 Soil shape file 
and USGS geological map developed for Africa.  

Using remote sensing and GIS techniques, from 
the data collected thematic maps are prepared and 
reclassified.  

IDRISI 17.02 software is applied for preparing 
landuse /landcover map from the satellite image 
file downloaded. Here supervised classification is 
used.  

The rainfall data from the 45 meteorological data 
are loaded to ArcGIS and using Inverse Square 
Distance method in Geostastical tool mean area 
rainfall map is generated.  

The DEM is used to generate lineamnet density, 
drainage density and slope maps in ArcGIS spatial 
analyst tool.  

All the seven parameters selected are reclassified 
using ArcGIS software and saved as raster file.  

AHP method is then used to rank and give weight 
value for each parameter. In this method initially 
the seven parameters are ranked in their level of 
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importance and then a pair wise comparison 
matrix is developed (7*7 matrix). Using IDRISI 
17.02 software the pairwise matrix is analyzed and 
weight value for each parameter is assigned. The 
result from the software is crosschecked by as per 
the requirement set by (Saaty, 1980).  

In ArcGIS software, by using Spatial analyst tool 
Weighted Overlay function all the prepared 
thematic maps are loaded with their respective 
weight value and finally the required groundwater 
potential zones map is prepared. The final map 
prepared using weighted overlay function is 
reclassified in to three classes as low, moderate 
and high groundwater potential zones.  

Result and Discussion 

Lithology 

The occurrence of groundwater from Lithology 
perspective is related to the hydraulic conductivity 
and porosity of the materials (Tesfaye, 2010). These 
two parameters highly contribute to the yield and 
storage of groundwater, respectively.  

For this particular study, the Lithological map is 
prepared using USGS geological map downloaded 
for Africa. As shown in Figure 2 , the Lithology of 
the study is comprised of materials of different 
ages and hydro-geological characteristics.  

The Northern part of Abaya Lake is dominated by 
Basalts of different types. According to (Tesfaye, 
2010), the area is full of hot springs indicating that 
there is recent volcanic activity in the vicinity. The 
yield is high with the existence of the groundwater 
as hot springs on the surface, it can be taken as 
one of the groundwater potential areas.  

Areas which are dominated by Alluvium sediments, 
since they have very good infiltration capacity, 
expected to contribute to high accumulation of 
groundwater.  

With their low infiltration capacities, classes of 
Pumice and Obsidians (Acidic Volcanic Rocks), and 
Volcanic Sedimentary rocks are identified as areas 
of low groundwater storage.  

Lineament Density 

Lineaments composed of faults, fractures and 
cleavages in simple or composite  manner. They 
are most of the time straight and of different 
length and generated from satellite images using 

remote sensing techniques (Hachem et al, 2015). 
These lineament density indicates secondary 
porosity because of fractures and faults (Nag SK, 
Kundu A, 2016).  

Different studies previously done in the area of 
groundwater potential assessment shown 
lineament density as one of the critical parameters 
to investigate occurrence of groundwater. High 
lineament density indicates high infiltration and 
storage of groundwater (Hachem et al, 2015) (Nag 
SK, Kundu A, 2016) (Waikar and Nilawar, 2014) 
(Tesfaye, 2010).  

Five classes of lineament density are identified in 
this study as shown in Figure 3 extracted from 
DEM.  The classes identified with their 
groundwater potentiality are shown in the Table 1.  

Table 1: Classification of Abaya Chamo Basin 
Lineament Density 

Lineament 
Density 
(Km/Km2) 

Lineament 
Density 
Category 

Groundwater 
Potentiality 

% Area 
Coverage

0 - 0.35 Very low  Very low 15.89 

0.36 - 0.86 Low Low 8.39 

0.87 - 1.47 Moderate Moderate 16.91 

1.48 - 2.43 High High 26.40 

2.44 - 4.09 Very high Very high 32.42 
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Figure 2: Lithological Map of Abaya Chamo Basin 

 

Figure  3:  Lineament  Density  Map  of  Abaya  Chamo 

Basin 

Slope 

Slope is a measure of how flat and steep a given 
surface is area (Nag SK, Kundu A, 2016). It affects 
the storage of groundwater by facilitating runoff 
and affecting the infiltration rate. When the slope 
is steep, rate of runoff will be high and the water 
will not get enough time to infiltrate through the 
soil particles affecting the storage of groundwater 
(Ardakani & Ekhtesasi, 2016).  

For this particular study, the slope map of the 
study area is created from 30m*30m DEM 
downloaded from ASTER site using spatial analyst 
tool in ArcGIS environment and it is shown in 
Figure 4.  

Referring different literatures done in similar 
issues, the slope map of the area is classified in to 
five categories as shown in Table 2.  

 

 

Table 2: Classification of Slope in Abaya Chamo 
Basin and Groundwater Potentiality 

Slope 
class 

Slope 
Category 

Groundwater 
Potentiality 

% Area 
Coverage 

0 - 2 Flat Very High 21.16 

3 - 8 Moderately 
Flat 

High 38.04 

9 - 15 Undulating Moderate 16.64 

16 - 30 Steep Low 10.64 

31 - 74 Very Steep Very Low 13,89 

 

 

Figure 4: Slope Map of Abaya Chamo Basin 

Drainage Density 

Drainage density is defined as the total length of 
streams divided by the total area of the basin 
(Nilawar, 2014). The higher the drainage density, 
the lower will be the infiltration rate in that area. 
This indicates that in areas where the drainage 
density is low it is expected that there will be high 
(Choudari, 2014) (Hussein et al, 2016) (Ardakani & 
Ekhtesasi, 2016).   
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For this study, the drainage density map is 
generated from DEM using spatial analyst tool in 
ArcGIS tool and shown in Figure 5.  The density 
map is classified in to five categories as shown in 
the Table 3.   

Table  3:  Classification  of  Drainage  Density  in  Abaya 

Chamo Basin and Its Groundwater Potentiality 

Drainage 
Density 
(Km/Km2) 

Drainage 
Density 
Category 

Groundwater 
Potentiality 

% Area 
Coverage 

0 - 0.90 Very low  Very high 17.11 

0.91 - 
1.80 

Low High 66.69 

1.81 - 
2.71 

Moderate Moderate 11.42 

2.71 - 
3.61 

High Low 3.30 

3.62 - 
4.55 

Very high Very low 1.47 

 

Land Use/Land Cover 

Land use/land cover pattern of an area will affect 
indirectly the groundwater storage by increasing 
or decreasing the drainage manner and infiltration 
rate (Savita et al, 2018).  

Using supervised image classification of Landsat 
ETM+ 30m resolution image, the 
Landuse/landcover of the study area is categorized 
in to five classes as shown in Figure 6.  

According to (Hussein, 2016), the different Land 
use/land cover based on their groundwater 
controlling effect are ranked as Plantation, 
Shrubland/Grassland, Cultivation land and Bare 
land. Having this in mind, the different 
landuse/landcover classes identified are arranged 
in their order of groundwater potentiality as shown 
in Table 4.   

Table 4: Classification of Landuse/Landcover in Abaya 
Chamo basin and its Groundwater Potentiality 

Landuse/Landcover Groundwater 
Potentiality 

% Area 
Coverage 

Water Bodies Very high 11.23 

Forest & Plantation High 14.37 

Shrubland & 
Grassland 

Moderate 25.09 

Cultivation Land Low 38.33 

Bushland Very low 10.98 

 

 
Figure 5: Drainage Density Map od Abaya Chamo Basin 

 

Figure  6:  Landuse/Landcover  Map  of  Abaya  Chamo 

Basin 
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Soil 

The infiltration capacity and hydraulic permeability 
of groundwater highly depends on the type and 
distribution of soil (Kundu, 2016). So soil has a 
significant role in groundwater occurrence and 
distribution in a given basin.  

For this particular study soil map developed for 
Ethiopia by Food and Agricultural Organization of 
the World (FAO 97) data is used as Figure 7.  

Referring (Tesfaye, 2010) and (Savita et al, 2018), 
the soil texture classes identified from FAO 97 with 
their respective groundwater potentiality is shown 
in Table 5.  

Table 5: Classification of Soil of Abaya Chamo Basin and 

its Groundwater Potentiality 

Soil Classes Groundwater 
Potentiality 

% Area 
Coverage 

Water Bodies Very high 12.77 

Fine Sandy Loam High 12.65 

Silt Loam Moderate 13.60 

Clayey Low 60.97 

 

 
Figure 7: Soil Texture Map of Abaya Chamo Basin 

 

Figure 8: Mean Areal Rainfall Map of Abaya Chamo Basin 

Rainfall Pattern 

In connection with the slope of the ground, rainfall 
magnitude and distribution plays an inevitable role 
in infiltration contributing to storage of 
groundwater (Ardakani & Ekhtesasi, 2016).  

The availability of data in meteorological stations is 
limited to point data so interpolating to obtain 
areal average rainfall is necessary. In this study 30 
years rainfall data is used from 45 meteorological 
stations in and nearby to Abaya Chamo basin. The 
rainfall data from these stations is converted to 
mean areal rainfall using Inverse Square Distance 
Method in Geostastical tool of ArcGIS 
environment. The mean annual areal rainfall of the 
basin is shown in Figure 8.  

After reviewing the rainfall classification used in 
(Hussein et al, 2016) and (Ardakani & Ekhtesasi, 
2016), the rainfall classes of the study area is 
categorized in to five classes with its groundwater 
potentiality as shown in Table 6.  
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Table 6: Classification of Rainfall in Abaya Chamo Basin 

and its Groundwater Potentiality 

Rainfall 
Value (mm) 

Rainfall 
Category 

Groundwater 
Potentiality 

% Area 
Coverage 

669-922 Very low Very Low 33.07 

923-1045 Low Low 15.01 

1046-1143 Moderate Moderate 30.25 

1144-1204 High High 16.15 

1205-1592 Very High Very High 5.52 

 

Groundwater Potential Zones 

To determine the groundwater potential zones, 
using all the parameters a pair wise comparison 
matrix is developed for the purpose of assigning 
weight value. It is necessary to rank the parameters 
based on their significance as shown in Table 9. 
The ranking will allow to determine the parameter 
which gets the highest and lowest weight. 
Additionally, this approach has the power to 
change quantitative values for comparison 
purpose.  

Analytical Hierarchical Process (AHP) approach 
works with a scale value of 1 to 9 to rate the 
relative preferences of two parameters. The 
meanings of the scales used in AHP are shown in 
Table 8  (Saaty, 1980).  

Analytical Hierarchical Process (AHP) matrix has 
been developed using our set criterions and then 
the weight value of each parameter is estimated 
using IDRISI 17.02 software as shown in the Table 
9.  

According to (Saaty, 1980), the allowable CR value 
should be less than 0.1. The Comparison result 
indicates that the consistency ratio (CR) of 0.024 is 
by far less than 0.1 and it is acceptable.  

All he parameters discussed above are Reclassified 
using ArcGIS software in range of 1 to 5since the 
Weighted overlay function works with quantitative 
values. The scales assigned are defined as shown in 
Table 8.  

 

Table 7: Scale Values used in AHP 

Importance 
Intensity 

Definition 

1 Equal Importance 

3 Somewhat more important 

5 Much more important 

7 Very much more important 

9 Absolutely more important 

2,4,6,8 Intermediate value 

 

Table  8:  Values  assigned  for  each  groundwater 

potential level 

Value Level of Potentiality 

1 Very high potential 

2 High potential 

3 Moderate potential 

4 Low potential 

5 Very low potential 

 

Table  9:  Pairwise  comparison  matrix  of  selected 

parameters with their weight value 

 
Finally, the seven selected parameters with their 
respective weight value estimated are inserted in 
Weighted overlay function created in ArcGIS 
spatial analyst tool. Then the final composite map 
showing the groundwater potential zones is 
produced and reclassified in to three potential 
zones as low potential, moderate potential and 
high groundwater potential zones shown in Figure 
9.  
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From the groundwater potential zones map 
generated the area available for each groundwater 
potential zones is estimated and shown in Table 
10. 

Table  10:  Area  Occupied  by  Each  Groundwater 

potential zones 

S.No Potential Zone Area 
(SqKm) 

Area 
(%) 

1 High Groundwater 
Potential 

2562.84 13.56 

2 Moderate 
Groundwater 
Potential 

13730.85 72.65 

3 Low Groundwater 
Potential 

2606.31 13.79 

Total Area of the Basin 18900 100 

 

 

Figure 9: Groundwater Potential Zones Map 

Conclusion 

Groundwater potential zones delineation for Abaya 
Chamo basin using AHP and Geospatial techniques 
is found to be powerful methodology. it is also 

cost effective and time saving method. Its cost 
effectiveness is in terms of less amount of data 
requirement and easiness of accessibility of the 
data used in this method.  

From the result, it can be concluded that most of 
the area under Abaya Chamo basin has moderate 
groundwater potential. From the total area, 13.56% 
has high groundwater potential so any activity that 
need to be done in this area need to assure that it 
will not pollute and exploit the resource.  

The output obtained from this study can be used 
by policy makers, planners and decision makers in 
areas of sustainable water resource management 
with a minimal validation using site exploration.  
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