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Determination of groundwater potential distribution in Kulfo-Hare
watershed through integration of GIS, remote sensing, and AHP in
Southern Ethiopia

Edmealem Temesgen'’, Demelash Wendmagegnehu Goshime', Destaw Akili'

' Water Resources and Irrigation Engineering, Arba Minch Water Technology Institute, Arba Minch University, Arba Minch, Ethiopia.

Abstract: Identification of groundwater potential areas (GPA) is important in regions facing surface water
scarcity, as it assists in effective planning and utilization of groundwater for various purposes. This study
employs the methods of remote sensing (RS), geographic information system (GIS) model, and analytical
hierarchy process (AHP), multi-criteria decision analysis (MCDA) to locate and map the prospective
groundwater areas in the Kulfo-Hare watershed. Seven significant groundwater influencing factors were
selected for the determination of groundwater potential in the area: Geology, land use/land cover (LULC),
soil, rainfall, slope, drainage density, and lineament density. By applying a five-class classification scheme
(very low, low, moderate, high, and very high), the GIS models were used to define the distribution of
groundwater potential areas in terms of area coverage (km’), percentage and mapping. The results show that
the groundwater potential (GWP) distribution in the research region is as follows: 9.7% (6 035.9 ha)
classified as very high GWP, 29.6% (18 606 ha) classified as high, 24.5% (15 245 ha) classified as
moderate, 18.1% (11 431 ha) as low and 18.1% (11 492 ha) very low GWP, on the basis of the weighted
overlay evaluation. Although a few regions are identifies as extremely low GWP, most of the study area is
characterized by very high to moderate GWP. These findings provide valuable insight for sustainable
groundwater planning by the government bodies, decision-makers, and private sectors.

Keywords: Groundwater potential zone; Multi-criteria decision; Pairwise; Normalization; Weighed overlay
analysis
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Introduction the availability of groundwater often falls short of
societal needs (Mukherjee et al. 2012). Poor water
resource management and unscientific utilization
exacerbate this issue, particularly in developing
countries where the demand for water resources is
rapidly increasing (Thapa et al. 2017; Holden,
2014). Therefore, it is necessary to develop a
sustainable groundwater management plan to
; accurately utilize the important resources, which
quesponding athor: Edmealem Temesgen, E-mail address: requires the delineation of groundwater potential
danicho1255@gmail.com . . .
areas using geospatial technologies.

DOI: 10.26599/JGSE.2023.9280021 > :
Temesgen E, Goshime DW, Akili D. 2023. Determination of Geospatlal teChHOIOgles such as GIS and remote

Groundwater is recognized as primary freshwater
source that meets the demands for water in various
sectors such as agricultural, residential, industrial,
and others (Agarwal et al. 2013; Biswas et al.
2013; Das and Mukhopadhyay, 2018). However,

groundwater potential distribution in Kulfo-Hare watershed sensing have become essential tools in water
through integration of GIS, remote sensing, and AHP in Southern studies due to their capability to generate spatio-
Ethiopia. Journal of Groundwater Science and Engineering, 11(3):

temporal information and perform spatial data

analysis and prediction (Magesh et al. 2012).
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zones using multi-criteria decision-making analysis
(MCDA) (Ramamoorthy and Rammohan, 2015).
The MCDA combines qualitative and quantitative
approaches (Saaty and Vargas, 2012). Remote
sensing not only provides a wide- scale distribution
of observations in both time and space, saving time
and resources.

In Ethiopia, several scholars have used GIS
software and remote sensing methods to inves-
tigate groundwater potential and analyze the
groundwater within the potential zones. Studies
conducted in the Middle Awash River basins
(Bashe, 2017) and the Bilate River Catchment in
Ethiopia's Southern Rift Valley (Gintamo, 2014)
are a few examples addressing the country's water
resource capacity. However, the groundwater
potential of the Kulfo-Hare watershe, despite its
geological, geophysical, and hydrogeological signi-
ficance, has not been adequately explored. Thus,
using GIS software and remote sensing methods,
and AHP approaches can help bridge the infor-
mation and knowledge gap by assessing the
groundwater potential of research area.

The Kulfo-Hare watershed is one of the sources
of water for the Abaya-Chamo basin, located on
the northern escarpment of the Rift Valley in
Ethiopia. Despite significant potential for agricul-
tural land and groundwater resources, the basin is
predominantly inhabited by an agrarian community
heavily reliant on rain-fed agriculture. However,
the region faces critical water scarcity for domestic
consumption. Therefore, exploring the ground-
water potential areas is essential for discovering
and developing water resources in the research
region for home usage, irrigation, drinking, and
industrial purposes.

The aim of this study is to assess the ground-
water potential zones in the Kulfo-Hare watershed
using GIS and remote sensing, and AHP methods.
The study incorporates various factors that influ-
ence groundwater potential. These factors include
lineament density, geology formation, drainage
density, rainfall, slope, soil, and land use/land
cover (LULC).

In this study, AHP algorithm and weight overlay
analysis are employed to construct the groundwater
potential zones (Bashe, 2017). Weighted overlay
analysis is a model system that combines the
geometry and attributes of all thematic layers in a
GIS environment to create a composite map
(Mussa et al. 2020). It is a multi-parametric
technique that allows users to integrate multiple
raster layers to obtain the final result. The objec-
tive of the weighted overlay analysis is to generate
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to generate a comprehensive model that reflects the
potential of groundwater resources in a given
location based on the analysis of selected factors
and their associated weights.

These approaches offer quick, accurate, and cost-
effective approaches for generating valuable data
on geological and geomorphological factors that
facilitate the demarcation of groundwater potential
areas (Elewa and Qaddah, 2010; Samy et al. 2012;
Samy and Mohamed, 2013). Therefore, the
primary objective of this study is to determine
groundwater potential areas as percentage and map
using topography, hydrological and geological
factors, along with a multi-criteria approach.

1 Study area

1.1 Location

The study area, the Kulfo-Hare catchment, is a sub-
catchment of the Abaya-Chamo sub-Basin in the
Rift Valley. It is located between the longitude of
37°19'00"-37°36'00"E, latitude 5°54'30"—6°11'30"
N, at an altitude of 1 203 m above main sea level
and 454 km south of Addis Ababa. The total area
of Kulfo-Hare River basin is 622.69 km’ (Fig. 1).

1.2 Climate

The analysis of thirty-two year data spanning from
1987 to 2022 reveals that the average minimum
and maximum temperature of Arba Minch are
17.40°C (December) and 30.63°C (March), respec-
tively. The rainfall pattern at Arba Minch station
follows a bi-modal distribution, with one peak
season from April to June and another from
September to October. The average annual preci-
pitation in the area is 885.22 mm as shown in Fig.
2. The source of irrigation water used in the study
area is from Kulfo and Hare Rivers which ultima-
tely discharge into Lake Abaya and Lake Chamo.

1.3 Geological formation, soil type and
land use /cover

The Kulfo-Hare catchment is characterized by
Tertiary and Quaternary volcanism, with the vol-
canic rocks of Oligocene to Middle Miocene ages
located in the research area. The volcanic rocks are
primarily found in the highlands and a lesser extent
on the rift floor (Corti et al. 2013). They consist of
interstratified ignimbrite beds and basaltic lava
flows, overlain by extensive rhyolites, tuffs, and

http://gwse.iheg.org.cn
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Fig. 1 Location map of the study area
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Fig. 2 The rainfall and temperature pattern of the
study area

basalts. The dominant rock type is basalt, which is
highly jointed and weathered, mainly exposed in
the Chencha highlands (Ebinger et al. 1993).

In respect of soil type, The Kulfo-Hare catch-
ment can be classified by four main categories: Cam-
bisols, ferralsols, regosols, and fluvisols (FAO,
1998). The catchment is predominantly used for
agriculture, with the flat alluvial land surrounding
the river being extensively utilized for this
purpose. The land cover in the catchment consists
of thick bushlands, open woodlands, forests, and
grasslands, cultivated areas (Ashebir et al. 2018).

2 Materials and methods

2.1 Data source and preparation of th-
ematic layers

To assess the potential groundwater regions in the

http://gwse.iheg.org.cn

Kulfo-Hare watershed, seven factors were selected:
Geology, LULC, soil, rainfall, slope, drainage den-
sity, and lineament density. These layers were pro-
cessed and generated using GIS, incorporating the
data derived from field work and remote sensing
satellite imagery. Prior to analysis, all selected
thematic layers were rasterized and projected into
UTM Zone 37 WGS 84, with a spatial resolution
of 30 m. Table 1 provides a summary of the data
sources and their respective details.

2.2 Method

Data on groundwater potential variables were
obtained from remote sensing satellites, as detailed
in Table 1. GIS pre-processing techniques were
employed to convert the data from vector to raster
formats. Following the conversion, reclassification
of the rasterized thematic layers was conducted
using a constant cell size. The values of weight
factors were then applied to the MCDA-AHP
model, thereby the final groundwater potential map
for the Kulfo-Hare catchment was generated by
calculating all of the raster layers in the GIS
environment. The flow diagram illustrating the
conceptual framework and methodology of the
study is presented in Fig. 3.

2.3 Weight factor and groundwater po-
tential zoning

The Analytical Hierarchy Process (AHP), estab-
251
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Table 1 Groundwater potential estimation factors and their sources

Factors Data source Data details Source reference
Slope ASTER GDEM Version 3, (30 x 30) m https://search.earthdata.nasa.gov
Drainage density ASTER GDEM Version 3, (30 x 30) m https://search.carthdata.nasa.gov

Geology Geological survey ASTER

Lineament density ~ Geological survey ASTER

Land use/land cover USGS
Soil FAO
Rainfall CRUTS v. 4.04

Data vector layer: 11 091 958
Data vector layer: 11 091 958
Landsat 8 (30 x 30) m

Digital soil map of the World

https://search.earthdata.nasa.gov
https://search.earthdata.nasa.gov
https://earthexplorer.usgs.gov
http://www.fao.org

High-resolution gridded data, 0.5°x0.5° https://sites.uea.ac.uk/cru/da

Satellite data

Lineament
density

Drainage
density

Rainfall
distribution

/ Soil / / Slope / /LULC // Geological / /
formation
|

Reclassify

Pairwise,
Normalization,
and consistency
checking

!

Groundwater potential
distribution
identification

Fig. 3 Flowchart presenting methodology of the study

lished by Saaty (1999), was employed as an app-
ropriate decision-making approach based on mul-
tiple criteria. AHP enables the hierarchical stru-
cturing of a set of parameters by assigning weights
to each criterion, thereby reducing decision-ma-
king complexity (Pramanik, 2016). According to
Sener et al. (2011), AHP is a systematic and
reliable technique for decision-making that utilizes
expert views and GIS analysis to assess multiple
variables.

The weights assigned of each parameter and
their normalization are critical as they significantly
influence the final outcomes (Muralitharan and
Palanivel, 2015). Although various methods exist
for weight estimation, AHP is considered a favo-
rable technique in groundwater modeling due to its
ability to provide rapid, reliable, and cost-effective
results (Murmu et al. 2019). The AHP process
consists of four steps: Weighting, pairwise com-
parison matrix, weight normalization, and consi-
stency check (Benjmel et al. 2020; Ghosh et al.
2020).

In the study, a total of seven parameters were

252

selected to assess the flow factor and storage
capacity of groundwater in the region. The weights
for each parameter were assigned based on expert
judgment, field expertise, and extensive literature
survey (Agarwal and Garg, 2016; Yeh et al. 2010;
Saha, 2017; Singh et al. 2018; Andualem and
Demeke, 2019; Abijith et al. 2020; Arefin, 2020;
Ghosh et al. 2020; Tolche, 2020). Higher weights
indicate greater impact, while lower weights co-
rrespond to a minimal influence on groundwater
potential. The weights of each criterion were assi-
gned using Saaty's scale of relative importance,
ranging from 1 to 9, to compare all characteristics
of the thematic layers in a matrix format. This
comparison is essential for calculating measure-
ments. Saaty's scale assigns a value of '9' to
indicate "great importance" and a value of 'l' to
indicate "equal importance" (Table 2).

The weights derived from the pairwise com-
parison matrix were then used for the normalizing
process using the principal vector technique
described by Saaty (Agarwal and Garg, 2016;
Ghosh et al. 2020). After normalization, the

http://gwse.iheg.org.cn
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Table 2 Importance scale (1-9) and random consistency index (RI) (Saaty, 1999)

Intensity 1 2 3 4 5

6 7 8 9

Definition Equal Weak Moderate Moderate plus Strong Strong plus Very strong Very very strong Extreme

RlIvalue 0 0 0.58 0.9 1.12

1.24 1.32 1.41 1.45

consistency index (CI), and consistency ratio (CR)
were calculated to assess the consistency of the
pairwise matrix. The four phases of AHP were
computed using the following procedures (Arefin,
2020).

Step 1: Pairwise comparison matrix (PCM) was
determined using Equation (1):

X11X12"'X1n
X21X22"'X2n
XHIan .”Xnn

Where: X is the Pairwise comparison matrix,
and X,, is the indicator of the pairwise matrix
element.

Step 2: Normalizing of weights using Equation

):
GM

A
ZGMn

n=1

NW

2)

Where: NW is normalized weights, GM, is the
geometric mean of n" row of the pairwise matrix

X).

Further, GM, can be expressed using Equation

3):

GMn = \VXIH >k)(271 """"" Xn *N (3)

Step 3: The consistency ratio (CR) was used to
validate the pairwise judgment matrix which was
calculated by using Equation (4)

CI
= (4)

Where: CI is the Consistency index, R/ is the
random index.

According to Saaty (1999), a CR value of 0.10 is
sufficient to proceed with the assessment. If the CR
value is greater than 0.10, the analysis needs to be
revised from the beginning to identify the source
of inconsistency in the matrix. A CR value of 0
indicate perfect consistency in the PCM.

Step 4: The consistency index (CI) was
calculated using Equation (5):

CR

Cl = Jmax_n

)

Where: 1, is the principal eigenvalue, and n

n—1

http://gwse.iheg.org.cn

represents the number of parameters selected for
the study.

2.4 Weighed overlay analysis

Weigh overlay analysis (WOA) is a simulation
method used to generate a composite map by
combining the geometry and attributes of various
thematic layers within a GIS environment (Mussa
et al. 2020). Based on the MCDA concept, WOA
enables the blending of multiple raster layers to
produce a final result. The goal of WOA is to
create a cumulative possibility model that reflects
the potential groundwater regions in a given
location based on the selected parameters and their
respective weights. In this study, WOA is emp-
loyed to construct the final groundwater distribu-
tion potential map.

All specified attributes are converted into raster
format and standardized to a uniform cell size
within GIS software to identify potential ground-
water zones. WOA is regarded as an effective
technique for delineating probable groundwater
areas, as several recent studies has employed the
WOA in GIS platform to assess groundwater
potential (e.g. Andualem and Demeke, 2019;
Arulbalaji et al. 2019; Abijith et al. 2020; Mussa et
al. 2020). The WOA can be expressed using the
following Equation (6) (Saranya et al. 2020):

WOA =) W,*R, (6)
i=1
Where: W, is a specific decision criterion, R; is
the raster layer corresponding to that particular
criteria, and » is the number of the decision
matrices.

2.5 Modeling groundwater potential zo-
ne

The potential groundwater zones in the Kulfo-Hare
catchment were determined by overlaying various
thematic layers that contribute to groundwater
potential using GIS and AHP methodologies. The
groundwater potential index (GWPI) is a dimen-
sionless metric used to model the prospective groun-
dwater within a region. The weighted integration
technique is employed to designate possible groun-
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dwater areas using Equation (7) (Hadi et al. 2020;
Bhattacharya et al. 2020).

GWPI = Z Z NW %X, 7)
w=1 j=1
Where: W, is the normalized weight of J"
thematic layer, X; is the rank associated with the
classes of i" thematic layer, m is the number of
total thematic layers used, and n is the total classes
of thematic layers.

3 Results and discussion

3.1 Lineament density

Areas in lineament convergence zones are reco-
gnized as suitable locations for groundwater
storage due to their high infiltration rates and
relatively high permeability (Pinto et al. 2017,
Murmu et al. 2019; Saranya and Saravanan, 2020).
The presence of lineaments promotes increased
porosity and permeability, thus a higher lineament
density in a region directly corresponds to greater
groundwater potential (Ghosh et al. 2020). The
lineament density within the Kulfo-Hare catchment
can be categorized into five distinct classes. As
listed in Table 3, approximately 73.37% of cov-
erage falls with the moderate to very high appropria-
teness range. This suggests that a significant
portion of the research region exhibits a substantial
lineament density, which correlates with increased
groundwater recharge and high porosity in the
areas designated as superior groundwater zones

(Fig. 4).
3.2 Land use/land cover

Based on the developed LULC map, the predo-
minant land uses in the Kulfo-Hare watershed
encompass cultivated agricultural land, shrubland,
natural forest, urban, and water bodies. The study
catchment area is characterized by 78.29%, cove-

Table 3 Distribution of Lineament density suitability
in the area and percent

No. Area/km’ Area/km’  Suitability class
1 55.10 8.85 Very low

2 110.72 17.78 Low

3 190.6 30.61 Moderate

4 160.1 25.71 High

5 106.17 17.05 Very high
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rage of agriculture-cultivated land, 3.32%, water
bodies, 16.93% shrubland, 2.71% natural forest,
and 0.25% urban areas (Fig. 5 and Table 4). In
agricultural terrains, runoff is often lower and
infiltration is higher, while infiltration is typically
low in urbanized areas. Consequently, water bo-
dies, shrubland, and agricultural land are assigned
high rankings due to their continuous recharge po-
tential, whereas urban areas receive low rankings
(Fig. 5) due to their diminishing impact on ground-
water capacity (Kaliraj et al. 2013). Therefore, the
extensive coverage of agriculture cultivation land
in the study area indicates a high suitability for
groundwater availability.

3.3 Geological formations

The geological formations of a specific location
play a crucial role in determining groundwater av-
ailability, as the porosity of different rocks largely
influences infiltration and runoff rates (Yeh et al.
2010; Abijith et al. 2020). With the study region,
two major geological classes can be identified:
Quaternary extrusive and intrusive rocks, and

N

6°15'00"N

6°09'30"N |

6°04'00"N I Legend
Kulfo Hare LULC

LULC l

osgm 7N | = Cultivation
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Fig. 5 LULC suitability classification map
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Table 4 Distribution of LULC suitability in area and percentage

No. LULC class Suitability classification Area / km’ Area /%
1 Agriculture cultivation land Very high 487.51 78.29

2 Water bodies High 20.68 3.32

3 Shrub land High 105.45 16.93

4 Natural forest Moderate 16.86 2.71

5 urban Very low 1.55 0.25

Tertiary extrusive and intrusive rocks. The geo-
logical availability for groundwater potential app-
ears to be relatively uniform across the entire study
area (Fig. 6). Both the Quaternary and Tertiary
extrusive and intrusive rocks are considered highly
favorable areas for groundwater potential. As a
result, they are assigned a very high rank as shown
in Fig. 6.

N

6°15'00"N A
6°09'30"N
6°04'00"N
5°58'30"N

Legend .

Value 1 1km

wem Very high 0153 6 9 12

37°20'30"E  37°26'00"E  37°31'30"E  37°37'00"E

Fig. 6 Study area Geological suitability map

3.4 Slope

The gradient of slope has a direct impact on the
rate of rainwater infiltration and is thus used to
assess groundwater potential. The steeper the slope
tend to result in higher surface runoff and lower
groundwater recharge due to limited time for
rainwater to percolate the surface. Thus there is an
inverse relationship between water infiltration and
the degree of slope (Ghosh et al. 2020; Rajasekhar

et al. 2019; Murmu et al. 2019). On the other hand,
gradual and level slopes provide favorable con-
ditions for groundwater recharge and have promi-
sing opportunities for groundwater development.
The slopes in the area can be classified into five
categories (Fig. 7 and Table 5), with over 50% of
total area falling under gentle to moderate slope
category. The ranking of these slopes is determined
using the groundwater availability data from
Table 5.

6°15'00"N

6°09'30"N |

6°04'00"N |

Legend
Slop suitability

| e Very high
== High

Moderate

| OW nnr— 1 1km
me Very low 0153 6 9 12

37°20'30"E  37°26'00"E  37°31'30"E  37°37'00"E

5°58'30"N

Fig. 7 Slope suitability classification map

3.5 Rainfall

The intensity and duration of rainfall directly
influence the rate of groundwater recharge, and in
general higher rainfall corresponds to increased
infiltration rate and even high groundwater rech-
arge.groundwater capacity renewal, and it aids in

Table S Slope suitability distribution in area and percentage

No. Slope classification Slope classification Suitability class Area / km’ Area/ %
1 <7° Gentle slope Very high 151.11 24.4

2 7-15° Moderate slope High 191.71 30.8

3 15-24° Strong slope Moderate 140.45 232

4 24-34° Steep slope Low 98.66 16.1

5 >34° Very steep slope Very Low 40.76 6.5

http://gwse.iheg.org.cn
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the assessment of a balance between subsurface
groundwater recharge and discharge (Moges et al.
2019; Datta et al. 2020). Although the Kulfo-Hare
area has a high annual rainfall, the annual mean
rainfall in current study area is approximately
135.74 mm (Fig. 8). The northern part of the
research area experiences the highest annual rain-
fall compared to the other parts, so that the region
receives a very high ranking (Fig. 8). To assess the
appropriateness of rainfall for groundwater poten-
tial, the study area is classified into five distinct
rainfall classes (Table 6).
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Fig. 8 Rainfall suitability classification map

Table 6 Distribution of rainfall suitability in area and

percentage
No. Rainfall classification Suitability Area2 Area
/ mm class /km" /%

1 114.60-118.88 Very Low 150.33 24.14
2 118.88-123.10 Low 142.31 22.85
3 123.10-127.31 Moderate 130.2 2091
4 127.31-131.53 High 116.35 18.69
5 131.53-135.74 Very high 83.5 1341

3.6 Soil

The main soil type in the study area is loam, with
sandy loam occurring more commonly towards the
south. The loam soil is a very significant soil type
that controls groundwater recharge and covers a
substantial portion of the research area, particularly
in the northern section. According to the generated
soil map show in Fig. 9, the loam soil occupies an
area of 547.3 km’ (86.89%), while sandy loam
covers an area of 88.41 km’ (13.11%). The sandy
loam and loam soils are considered to have very
high and high groundwater potential, respectively

(Fig. 9).
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Fig. 9 Soil property suitability classification map

3.7 Drainage density

Drainage density which measures the proximity of
channel spacing serves as a permeability indicator
(Agarwal and Garg, 2016; Murmu et al. 2019). In
terms of groundwater potential, infiltration and
permeability are inversely related to drainage den-
sity. Higher drainage density indicates limited in-
filtration, while lower drainage density corresp-
onds to strong infiltration. Therefore, it is regarded
as a relatively dominating component in ground-
water potential (Patra et al. 2018; Muniraj et al.
2019). As illustrated in Fig. 10 and Table 7, the

N
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Fig. 10 Drainage density suitability classification
map

Table 7 Distribution of drainage density suitability in
area and percent

No. Area/km’ Area/%  Suitability class
1 127.87 20.54 Very Low

2 120.41 19.34 Low

3 156.38 25.11 Moderate

4 144.95 23.28 High

5 73.08 11.73 Very high
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drainage density in the Kulfo-Hare catchment area
is classified into five categories based on the
suitability of groundwater potential.

The drainage density in the Kulfo-Hare catch-
ment area primarily falls in the moderate to ext-
remely low classes (Table 7), indicating that a
significant portion of the study area is favorable for
groundwater availability. For the modeling the
groundwater potential zones, a low rank is assig-
ned to high density and a high rank to the low
density areas (Table 7).

3.8 Weight assigning and normaliza-
tion of factors using the application of
AHP

In this study, the AHP model was applied to derive
a pairwise comparison matrix for seven contri-
buting layers (Table 8). The normalized weights
for each input factor were determined by calcu-
lating the priority vector as shown in Table 9, from
which it is evident that geological formation holds
the highest weightage of 34%, indicating a input

Table 8 Pairwise comparison matrix of 7 groundwater factors from the AHP model

Factors LULC Soil Geology RF Drainage density Lineament density Slope
LULC 1 1 3 3 9 9 9
Soil 1 1 3 3 9 7 9
Geology 1/3 173 1 1 1 3 3
RF 1/3 173 1 1 3 3 3
Drainage density 1/9 1/9 1 173 1 1 3
lineament Density 1/9 1/7 1/3 173 1 1 3
Slope 1/9 1/9 1/3 1/3 1/3 1/3 1
Table 9 Groundwater potential factors normalized weight using AHP and their sub-classes rank
Groundwater =~ AHP Influence The rank of sub-
Factors Groundwater potential factors classes potential factors normalized /o classes based on
suitability weights ’ Saaty's scale

Lineament density ~ 0-0.2 Very low 0.03 3 1

0.2-0.4 Low 3

0.4-0.6 Moderate 5

0.6-0.8 High 7

0.8-1.08 Very high 9
LULC Cultivation land Very high 0.05 5 9

Water bodies High 9

Shrub land High 8

Natural forest Moderate 5

Urban Very low 1
Geology formation  Quaternary extrusive and intrusive rocks Very high 0.34 34 9

Tertiary extrusive and intrusive rock Very high 9
Slope <7° (Gentle) Very high 0.1 10 9

7-15° (Moderate) High 7

15-24° (Strong) Moderate 5

24-34° (Steep) Low 3

>34° (Very steep) Very Low 1
Annual Rainfall (mm) 114.60-118.88 Very Low 0.32 32 2

118.88-123.10 Low 4

123.10-127.31 Moderate 6

127.31-131.53 High 8

131.53-135.74 Very high 9
Soil property Loam High 0.11 11 9

Sandy loam Very high 8
Drainage Density <1.8 Very low 0.05 5 9

1.8-2.6 Low 8

2.6-3.4 Moderate 6

3.4-42 High 4

>4.2 Very high 2
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parameter that influence groundwater recharge.
Following closely behind is annual rainfall with a
weightage of 32%, and soil property jointly ranks
as the third most influencing factor that account for
11% of the overall weightage. Similarly, slope
(10%), drainage density (5%), LULC (5%), and
lineament density (3%) contribute their respective
weightages and positions in determining ground-
water potential in the Kulfo-Hare watershed.

To ensure the reliability of determining the
weight factors, the consistency ratio (CR) was
calculated, which was compared to random index
values to determine if the matrix weighting was
generated randomly. If inconsistencies are found,
revisions to the matrix would be necessary to
address inconsistent decisions regarding the impor-
tance of criteria. However, in this study, the con-
sistency ratio (CR) is 0.034, which is lower than
the random index values of 1.32 for seven samples.
This indicates that the selection of the indicators
and their associations is highly relevant in
identifying the potential region of groundwater
resources in the study area as shown in Table 9.

3.9 Estimation of groundwater potential
area

The resulting map (Fig. 10) illustrates the distri-
bution of areas with varying groundwater potential
within the Kulfo-Hare region. The high to very
high groundwater potential zone covers an area of
244.41 km’ (39.32%). The moderate groundwater
potential zone covers an area of around 152.45 km’
(24.48%). The low to very low groundwater poten-
tial zone comprises around 225.43 km’ (36.2%) of
the study area. According to Fig. 11 and Table 10,
a significant portion of the Kulfo-Hare region is
covered by high groundwater potential zone. In
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Very high
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5953/00"N L ™ Low L 1km
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Fig. 11 Groundwater potential distribution map
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Table 10 Distribution of groundwater potential area

Suitability area Suitability Groun.dwater
No. coverage /km’ in/ % pf)ter.)tlal'
distribution class

1 112.92 18.13 Very low
2 112.51 18.07 Low

3 152.45 24.48 Moderate
4 184.12 29.56 High

5 60.36 9.76 Very high

contrast, the groundwater levels in the remaining
parts of the research area are low and constantly
inadequate. It is noteworthy that the total area with
very high to moderate groundwater potential
reaches 396.93 km® (63.8%). Thus, it clearly
indicates that high groundwater potentiality area
dominates the study area.

4 Conclusion and recommendation

In this study, seven factors that include LULC,
lineament density, slope, geology, rainfall, drain-
age density, and soil were selected to assess the
groundwater potential distribution of the study area
located within the Kulfo-Hare catchment. Through
the integration of an analytical hierarchy approach,
GIS, and remote sensing, the groundwater poten-
tial was classified into five categories: Very low
(18.13%), low (18.07%), mid (24.48%), high
(29.56%), and very high (9.7%). The findings
indicate that the majority of the study area (396.93
km’ or 63.48%) falls within the zone of extremely
high to moderate groundwater potential. The
remaining area of 225.76 km’ (36.52%) falls into
the low to very-low groundwater potential cate-
gory, necessitating an urgent groundwater manage-
ment policy.

The current study, using AHP and GIS tech-
niques, has produced a credible result by utilizing
remote sensing satellite data. However, for future
research, it is recommended to explore the use of
other models such as FR, WOE, MIF, CF, and etc.
for delineating the distribution of groundwater
potential areas. In addition, encouraging the com-
parison among various models to assess the
accuracy level of with major geographical and
hydrological parameters would be beneficial.
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