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Application of GIS based analytical hierarchy process and multicriteria
decision analysis methods to identify groundwater potential zones in Jedeb
Watershed, Ethiopia

Temesgen Mekuriaw Manderso'”, Yitbarek Andualem Mekonnen', Tadege Aragaw Worku'

' Department of Hydraulic and Water Resources Engineering, Debre Tabor University, Debre Tabor Ethiopia.

Abstract: The hydrogeological situation of the study area requires the identification of groundwater
potential. Remote sensing and satellite data have proven to be reliable tools for understanding various
factors that affect groundwater occurrence and movement. This study employed weighted overlay analysis
based on satellite imagery and secondary data to create a thematic map for characterizing groundwater
potentials in the study area located within Abbay Basin, Ethiopia. Remote sensing (RS) and GIS-based
Fuzzy-Analytical Hierarchy Process methods were utilized to classify groundwater potential (GWP) zones
into five categories: Very good, good, moderate, poor, and very poor. The central and eastern parts of the
study area were identified as having high (33.186%) and very high (2.351%) groundwater potentials, while
the western part exhibited poor and very poor potential areas. The groundwater potential map delineated
higher and moderate potentials, suitable for installing shallow and production bores. This research
demonstrates the effectiveness of RS and GIS techniques for delineating groundwater potential zones,
which can aid in the planning and management of groundwater resources. The research findings have the
potential to contribute to the formulation of improved groundwater management programs in the study area.

Keywords: Analytical Hierarchy Process; Delineation; Groundwater potential zones; Jedeb Watershed,
Remote sensing
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industrial development, influencing agricultural
activities, and maintaining a healthy ecological
balance (Ajay Kumar et al. 2020; Berhanu and
Hatiye, 2020; Fildes et al. 2020; Haque et al.
2020). Effective groundwater management and
sustainability primarily revolve around the respon-
sible extraction of groundwater resources (Abudeif
et al. 2015; Adeyeye et al. 2019; Atmaja et al.
2019; Haque et al. 2020; Rajasekhar et al. 2019;
Yeh et al. 2016).

The delineation of groundwater potential (GWP)
zones can be achieved through various methods,
including statistical approaches, expert evaluation,

Introduction

Groundwater, contained in subsurface geological
formations, is among the most vital natural re-
sources on Earth. It plays a crucial role in the hy-
drological cycle and influence essential geoche-
mical processes beneath the soil surface (Ettazarini
and El Jakani, 2020). Groundwater serves as a
lifeline for numerous communities, supporting
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geophysical techniques, deterministic and hydro-
geological methods, as well as drilling, GIS and
remote sensing techniques (Arya et al. 2020;
Atmaja et al. 2019; Rajasekhar et al. 2019; Biswas
et al. 2020). However, many groundwater potential
investigation approaches, such as geophysical
methods, ground-based surveys, and exploratory
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drilling, are both expensive and time-consuming,
often requiring extensive data sets (Saranya and
Saravanan, 2020; Biswas et al. 2020). The
identification of groundwater potential zones holds
particular importance in the groundwater conserva-
tion and efficient implementation of groundwater
management strategies, such as determining op-
timal locations for drilling wells to meet various
requirements for the resources such as household
and irrigation needs (Ajay Kumar et al. 2020).

In recent years, several methods have been
developed to delineate groundwater potential zones
in various river basins. These methods involve
the application of multi-criteria decision analysis
(MCDA), remote sensing, GIS, and analytical
hierarchical process (AHP) approaches (Das et al.
2019; Kassahun and Mohamed, 2018; Teja and
Singh, 2019; Das and Pardeshi, 2018). Geospatial
and remote sensing techniques play an important
role in groundwater exploration, conservation,
evaluation, and regional assessment, which enables
the identification of diverse ground surface pro-
perties (Kavidha and Elangovan, 2012; Suryab-
hagavan, 2017). The integration of satellite ima-
gery and remotely sensed data allow for a compre-
hensive assessment of groundwater occurrence and
movement in relation to geology, geomorphology,
soils, land use and land cover, drainage, and lin-
eaments (Thapa et al. 2018). These variables are
extremely important in groundwater potential
modeling.

Jedeb watershed is one of the tributaries of the
Abay River and serves as vital water sources for
several urban areas, including Debre Markos,
Erebu Gebiya, Amanual and Debre Elias towns.

Several groundwater investigations have been
conducted by various investigators/geologists in
the Sentra well field area of the Jeded watershed,
utilizing electrical resistivity survey techniques to
explore groundwater resources. However, these
methods are known to be time-consuming, costly,
and often require specialized expertise. To over-
come these limitations and facilitate groundwater
exploration in this study area, this research adopts
an integrated approach using GIS and remote
sensing techniques. The approach provides a ro-
bust platform for the analysis of extensive data sets
and supports effective decision-making processes
(Ajay Kumar et al. 2020; Biswas et al. 2020;
Ettazarini and El Jakani, 2020).

The primary objective of this study is to employ
GIS-based Fuzzy-Analytical Hierarchy Process
and Multicriteria Decision Analysis Methods to
identify groundwater potential zones in the Jedeb
watershed.

1 Study area

The Jedeb watershed is situated in the Abbay
basin, with latitude and longitude ranging from
10°19' to 10°40" N and 37°20' to 37°50" E,
respectively (Fig. 1). It is a significant tributary of
the Abbay River, originating from the high
mountain (Choke) in the northeast and flowing
towards the southwest, ultimately joining the Blue
Nile River at an elevation of 3 996 m.a.s.l. The
watershed encompasses an area of 866.2 km” and
is located northwest of Debre Markos Town,
approximately 302 km from Addis Ababa. The
rainy season in the Jedeb watershed typically
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Fig. 1 Location of study area
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occurs from June to September, while the driest
period usually spans from January and March, with
the remaining months experiencing light rainfall.
On average, the annual minimum and maximum
temperatures in the area are 10.44°C and 24.27°C,
respectively.

2 Materials and methods

2.1 Data collection

As stated in the objectives, this study utilize
various datasets to create a comprehensive data-
base for delineating groundwater potential. These
datasets include remote sensing-based products,
meteorological, hydrological data, geological data,
topographical data, and soil data. Satellite remote
sensing provides a reliable and valuable tool to
generate accurate data for groundwater explora-
tion. It helps reduce the time and cost associated
with traditional geological and geophysical field-
work prospecting in groundwater exploration.

To create a slope and drainage density maps, a
digital elevation model (DEM) with a resolution of
12.5 m was obtained from the Shuttle Radar
Topography Mission (SRTM). ArcGIS tools were
used for the processes such as sink filling, flow
direction, flow accumulation, and stream network
extraction. The drainage density map was gene-
rated using the line density method. The lineament
density and land use/land cover (LULC) maps
were created using a Landsat 8 Operational Land
Imager (OLI) satellite image obtained from the
USGS website. The line module of PCI Geomatica
2018 was employed for automatic lineament extr-
action.

For rainfall mapping the Kriging method was
applied, while the Harmonized World Soil
Database (HWSD) was utilized to generate a soil
map of the research area.

2.1.1 Data preparation and identification of factors

influencing groundwater occurrence

The occurrence and flow of groundwater are
influenced by various factors that include geology,
geomorphology, soil, drainage density, lineament
density, surface water body, land cover, slope,
rainfall, and others. The selection of these factors
as indicators primarily depends on the specific
goals of the study. For instance, in their research,
Teja and Singh (2019) utilized eight parameters to
assess groundwater potential zones; these factors
included rainfall, soil pattern, slope, land use and
land cover, drainage density, lineaments, geology,

http://gwse.iheg.org.cn

and geomorphology. It is worth noting that the
relative importance and influence of these factors
mayvary depending on the specific context and
location under consideration. In the field of spatial
science, data are collected from different sources
which are often in varying formats and resolutions,
necessitating the harmonization of data into a
uniform format and resolution (Savita et al. 2018).
Consequently, the data processing task involves in
pre-processing and post-processing activities.

2.1.2 Rainfall

In the water cycle, rainfall is one of the most
important sources of groundwater recharge. How-
ever, rainfall distribution varies across different
locations due to variations in environmental con-
ditions. High levels of rainfall indicate a greater
potential for groundwater recharge, while lower
levels suggest lower recharge potential. Conse-
quently, areas experiencing abundant rainfall are
associated with high groundwater potential zones.
To assess the average yearly rainfall, data from
each monitoring station spanning a period of 30
years were considered. Since mean annual rainfall
is typically point data specific to each station, it
can be transformed into continuous spatial data
using ordinary kriging interpolation method on the
GIS environment.

2.1.3 Soil media

Soil plays a crucial role in determining the avai-
lability of groundwater. The study of soil helps to
identify its types and properties, which are
essential in understanding groundwater dynamics.
The porosity and permeability of soil significantly
impact the movement of groundwater and the
infiltration of surface water into aquifer system.
Therefore, conducting soill investigation is nece-
ssary to assess the groundwater potential in
specific locations. The soil properties have a direct
influence on the relationship between runoff and
infiltration rates, which in turn control the degree
of permeability. Permeability is a fundamental
factor in hydrogeology, as it governs both quantity
and quality of groundwater (Sivakumar, 2019).

2.1.4 Slope

Slope is an important factor to consider when
assessing groundwater potential zones and risk
areas. The slope (in degrees) of the study area will
be calculated using a digital elevation model
(DEM) obtain from the SRTM. In general, flat
regions tend to retain water for longer periods,
allowing for increased water penetration or rech-
arge and potentially higher risk of pollutant tran-
sport. Steep slopes, on the other hand, tend to have
higher runoff and lower infiltration. Consequently,
steep slopes are assigned lower ratings, while flat
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areas receive higher ratings (Hammouri et al. 2012;
Gelagay and Minale, 2016; Teja and Singh, 2019).
Among the variables, topography has the least
impact. However, the degree of slope, which varies
across different areas, controls the likelihood of
rainfall runoff or retention long enough for
infiltration (Abdalla et al. 2020; Janarthanan and
Thirukumaran, 2020). Therefore, the slope of
Jedeb watershed that represents topography will be
reclassified and analyzed in this study.

2.1.5 Land use and Land cover (LU/LC)

The Landsat 8 sensors were utilized to acquire the
necessary imagery for this study. A total of seven
bands with a spatial resolution of 10 meters were
extracted from the images. The research area was
then subset from the acquired data after loading the
images into ERDAS IMAGINE 2014 software.
The primary goal of this stage was to perform
satellite data analysis and interpretation in order to
create a thematic map of land use/land cover. The
digital images underwent various processing pro-
cedures, including pre-processing, categorization,
and accuracy evaluation, following established
protocols (Deepa et al. 2016).

2.1.6 Drainage density
Drainage density refers to the spacing of stream
channels, indicating the permeability of the rock,
the rate of infiltration, and recharge processess
(Allafta and Opp, 2021; Jabbar et al. 2019). It
provides insights into the relative balance between
precipitation infiltration and surface runoff. In
areas where rocks are highly permeable, infiltra-
tion into groundwater is more significant, resulting
in reduced surface water runoff. In contrast, in
regions with low permeability rocks, there is less
infiltration and greater. Therefore, lower drainage
density is typically associated with increased
recharge potential and higher groundwater poten-
tial (Takorabt et al. 2018).

pp= b (1)

A

2.1.7 Lineament density
Lineaments are linear geomorphologic structures
present in the Earth's crust that indicate zones of
weakness or structural displacement at the surface.
These lineaments, such as faults, often correspond
to areas of fracturing and enhanced secondary
porosity and permeability, which can contribute to
increased groundwater occurrence and movement
(Abdalla et al. 2020; Kindie et al. 2019). In hard
rock terrain, the presence of lineaments and
fissures that create secondary porosity, play a
crucial role in regulating the flow and storage of
groundwater. The lineament characteristics of the

224

study area were derived from a lithology map
using digitization technique in GIS, and the
lineament map was prepared. Using kernel density
analysis tool in the GIS software, the lineament
density of the study region was estimated and
classified.

Lp= 2k )

A

2.1.8 Geology
The significance of geologic units in relation to
groundwater occurrence was assessed by consi-
dering various characteristics, including rock type
and thickness, fracture density, compactness, and
the type and degree of cementation. The impor-
tance of each factor was determined on the basis of
its impact on groundwater dynamics and behavior
(Saha et al. 2018).

2.1.9 Geomorphology

Geomorphology involves the study of landforms
and structural elements, such as hills, plateaus,
pediments, alluvial, and rift floors, to have a better
understanding of hydrological characteristics wi-
thin a particular region (Shadeed et al. 2019; Ikeg-
wuonu et al. 2021; Province et al. 2021). Geo-
morphological investigations play a vital role in
assessing water resources, including both surface
water and groundwater, within the study area.
Geomorphological mapping entails the identifica-
tion and classification of diverse landforms and
structural elements that influence the occurrence
groundwater (Gelagay and Minale, 2016).

2.2 Identification of groundwater poten-
tial using a GIS-based fuzzy-AHP

The potential zones and appropriate groundwater
recharge sites were identified by employing a
combined approach using remote sensing (RS) and
geographic information system (GIS) techniques
based on multi-criteria decision analysis (MCDA)
approaches and fuzzy Analytical Hierarchy Pro-
cess (AHP) (Duan et al. 2016). The fuzzy AHP is
particularly valuable for addressing complex
decision-making in the field of groundwater (Arul-
balaji et al. 2019). This approach simplifies
complex judgments by transforming them into a
series of pair-wise comparisons and synthesizing
the results. Additionally, the fuzzy AHP tool
effectively assess the consistency of a result,
thereby reducing bias in the decision-making
process (Pande et al. 2021; Sivakumar, 2019). To
facilitate analysis, the maps are converted to raster
format and appropriate weights are assigned to
them based on their rank in groundwater poten-
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tiality (Shao et al. 2020).

To compare all of the theme levels, a pair-wise
comparison matrix was constructed. The assigned
weights' consistency index (CI) was determined
using the approach recommended by Saaty. Addi-
tionally, the consistency ratio (CR), which indi-
cates the likelihood that the matrix ratings were
generated randomly, was calculated using the
values of the random consistency index (R/). The
RI is the average value of CI for random matrices
based on the Saaty scale.

Cl=A,,,—n/n-1 3)

Where: 7 is the number of criteria or elements
being considered.

The formula for calculating the consistency ratio
is as follows:

cr=< @)
RI

It is important to note that consistent weights
should have a CR value of less than 0.10; other-
wise, associated weights must be re-evaluated to
minimize inconsistencies (Saaty, 1992).

After the categorization process, a GIS model
will be used to derive groundwater potential zones
suitable for exploration using a weighted overlay
technique. This involves multiplying the scale
value of each reclassified layer (parameter) by its
assigned weight, resulting in the calculation of
groundwater potential values for each cell in the
study area. The final output raster will consist of
these cell values, providing an indication of
potential groundwater areas. The relative impor-
tance of each groundwater governing parameter
and the respective classes that each feature belongs
are examined using the following Equation (5):

GWPZ:ZW,-*G+W,-*Ge+W,-*Dd+W,*Ld+
W;xSo+ W, *Sl+ W, *LULC+ W, %R (5)

Where: GWPZ represents groundwater potential
zonation, G denotes geology, Ge refers to geo-
morphology, R represents rainfall, Ld indicates
lineament density, So is the soil type, Dd stands for
drainage density and LULC for land use/ land
cover, and Sl represents slope.

By applying this equation, the method evaluates
the relative importance of each groundwater
governing parameter and the respective classes
associated with them.

3 Result and discussions

Each class within the eight thematic layers, inclu-
ding slope, lineament density, rainfall, geomorpho-
logy, geology, soil, land use/cover, and drainage
density, is qualitatively categorized into five poten-
tial zones: Very good, good, moderate, moderate to
poor, and very poor. These categories are deter-
mined based on the contribution of each class to
groundwater potential in the study area. The re-
classified thematic layer assigns a lower value to
the class with a lesser contribution to groundwater
potential, and a higher value to the class with a
greater contribution. The distinct eight classes have
been assigned appropriate values based on their
behavior in terms of controlling groundwater poten-
tialand their relative importance to other classes.

3.1 Interpretation of thematic maps

3.1.1 Drainage density

Drainage density is a measure of the total length of
all stream segments per unit area, which represents
the proximity of stream channels in a given area
(Teja and Singh, 2019). In areas where the litho-
logy is primarily massive, the ability of ground to
absorb and percolate rainfall decreases. Conse-
quently, a significant portion of precipitation forms
runoff on the surface. In the studied catchment, the
drainage density is calculated to be 1.59531
km/km’. Locations with extremely high drainage
density (3.35579-6.8458) typically exhibit weak
groundwater potential. Conversely, areas with very
low drainage density (0.0-0.698) allow for greater
infiltration and recharge of groundwater, thereby
demonstrating higher potential for groundwater
occurrence, particularly in downstream areas of the
study region. In the reclassified map shown in Fig.
3 and Table 2, higher values indicate greater
drainage density, which favors runoff. The higher
rate values in the reclassified map (Fig. 3b) in-
dicate the greater potential for groundwater infil-
tration.

3.1.2 Slope

The gradient of slope has a direct impact on the
infiltration of rainfall by affecting runoff speed,
runoff retention in the subsurface, and the
infiltration capacity. On steep slopes, water flows

Table 1 Different values of N, Saaty's ratio index (Abdalla et al. 2020; Allafta and Opp, 2021; Jabbar et al. 2019;

Savita et al. 2018; Teja and Singh, 2019)

N 1 2 3 4 5 6

7 8 9 10 11 12

RI 0.00 0.00 0.58 0.90 1.12 1.24

1.32 1.41 1.45 1.49 1.51 1.48

http://gwse.iheg.org.cn
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rapidly during rainfall events, leaving insufficient
time to rainwater infiltration and groundwater
recharge. As a result, larger slopes usually yield
lower recharge potential. In contrast, gentle slope
areas allow for slower surface runoff, providing
rainwater with longer period for percolation and

infiltration. As shown in Table 3, the slope per-
centage in the study region varies from 0 to
69.885% and has been categorized into five gro-
ups. Slopes ranging from 0 to 4.272% approxi-
mately covered 19.23% of the research area (166.5
km’), indicating excellent groundwater potential
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Fig. 3 Drainage density a) before reclassification b) after reclassification
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Table 2 Rate and ranks of drainage density

Drainage density / km/km’ Rank Area / km’ Percent / %
0-0.698 Very low 23.103 26.659
0.698-1.56 Low 22.500 25.963
1.56-2.39 Moderate 19.591 22.606
2.39-3.36 High 151.453 17.476
3.36-6.858 Very high 63.240 7.297

due to reduced runoff and longer residence time for
infiltration. In the mild slope category of 4.272%—
8.312 24%, the areas of approximately 266.69 km’
(30.77% of the study area) are considered to have
good groundwater occurrence. The area (284.40
km®) with slopes of 8.312%—15.672% is assumed
to have moderate potential for groundwater. The
areas with steep slopes in a range of 15.6717%—
30.5708% are classified as having poor ground-
water potential, while the areas (133.67 km®) with
very steep slopes ranging from 30.5709% to

Table 3 Rank and rate of slope layer

69.865% are categorized as very poor groundwater
potential zone. In summary, smaller slope values
correspond to flatter terrain with a gentle slope,
indicating more favorable conditions for ground-
water potential; whereas larger slope values corre-
spond to steeper terrain with sharp slopes, indi-
cating reduced groundwater potential.

3.1.3 Geomorphology
The research region comprises various geomorphic
units, including residual deposit, alluvial deposit,

Slope in degrees Condition Rank Area / km’ Percent / %
0-4.272 Flat Very Good 166.65 19.23
4.272-8.3122 Gentle Good 266.69 30.77
8.312-15.672 Medium Moderate 284.40 32.82
15.672-30.571 Steep Poor 133.67 15.42
30.571-69.865 Highly steep Very poor 15.23 1.76
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Fig. 4 Slope a) before reclassification b) after reclassification
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and volcanic landforms, as shown in Table 4 and
Fig. 5. Among them, the residual deposits cover an
area of approximately 3 053.38 km’ (79.73%) and
are deemed to be extremely favorable for ground-
water potential, as indicated in Table 4. Alluvial
deposits occupy an area of 253 km’ (6.61%) and
are considered as having groundwater potential.
Volcanic landforms cover 522.41 km’ (13.64%)
and are classified as the poor for groundwater
potential zone. As illustrated in Fig. 5, higher
reclassified values and rates indicate a relatively
good contribution of the respective geomorphic
units to groundwater potential.

3.1.4 Geology

The types of geology present at the surface have a
significant influence on the percolation and flow of
water through the soil, thereby influencing ground-
water recharge. Geology also plays a key role in
determining the abundance and distribution of
groundwater availability. Table 5 provide a com-

prehensive rankings of geological units in the
study area, based on the understanding of their
hydrostratigraphic features.

3.1.5 Lineament density

The lineaments, as illustrated in Fig. 7, are surficial
manifestation of geological structures, including
faults, cleavages, fractures, and other geological
discontinuities, that exhibit in straight or slightly
curved lines and can be identified through remote
sensing techniques. Table 6 shows that areas
characterized by high lineament density ( ranging
from 1.77 km/km” to 2.74 km/km®) are regarded to
have good groundwater potential. The largest lin-
eament density is observed in the central, north-
western escarpments, and central part of the
watershed, as revealed by the findings. Fig. 7 and
Table 6 depict the lineament density classes ranked
on the basis of their rate/rank values. The class
with highest rate/rank (ranging from 1.769 km/km”
to 2.7352 km/km’) receives the highest ranking,

Table 4 Geomorphologic description and rate of the layer (FAO)

Geomorphology

Landforms Area/km® Percent/ %

High to mountainous relief hills

Moderately dissected plateaux, plateaux with hills abd rolling to hilly plateau

Plains and low plateaux with hills, moderately dissected sideslopes and

dissected plains

Moderately dissected plateaux, plateaux with hills and rolling to hilly plateau

Moderate to high relief hills and severely dissected side slopes and plateaux

Seasonal wetland and seasonally waterlogged land

Volcanic land form 203.229 6 3.66
324.154 0.99
8.1512 95.35

Residual land form 298.872 8
0.464 8
Alluvial land form 31.703 2
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- Seasonal wetland and seasonally waterlogged land
Fig. S Geomorphology
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Table 5 Rank and rate of geology layer

Geology Rank Area / km’ Percent / %
PreCambrian Low 1.048 0.12
Cretaceous-Jurassic Moderate 126.86 14.64
Tertiary extrusive and intrusive High 738.671 85.24
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Fig. 6 Geology of the study area

while the class with the lowest rate/rank (ranging
from 0 km/km® to 0.3218 km/km®) received the
lowest ranking.

3.1.6 Rainfall
Rainfall is plays a significant role in influencing

groundwater recharge. In the Jedeb watershed,
rainfall is categorized into five groups using equal
interval classification method based on the annual
rainfall data from 2020. Fig. 8 and Table 7
illustrate the classified rainfall map and the

37°20'0"E 37°30'0"E 37°40'0"E 37°50'0"E
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Fig. 7 Lineament density a) before reclassification b) after reclassification
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Table 6 Rate and rank of lineament density theme

Lineament density / km/km’ Rank Area / km’ Percent / %
0-0.322 Very low 439.341 50.695
0.32185-0.88 Low 146.745 16.933
0.88-1.32 Moderate 235.726 27.200
1.32-1.77 High 29.220 3.372
1.77-2.74 Very high 15.603 1.800

corresponding rates. The study area's rainfall map
was generated by interpolating the mean annual
rainfall data obtained from the CHRS portal using
kriging interpolation. Table 7 shows the average
annual rainfall in the area, ranging from 1 190 mm to
1 640 mm. In general, a higher yearly rainfall
indicates the presence of considerable groundwater
potential, which can vary based on factors such as
the rock type and slope.

3.1.7 Land use and land cover

Land use/land cover has an significant impact on
runoff, as it can either promote the movement of
water or retain it on the surface. The type of
vegetation or cover on the land surface influences
the roughness, which in turn affects percolation of
water. Fig. 9 and Table 8 depict the land use/land

cover distribution in the research area, including
categories such as barren ground, settlement,
cultivated land, shrubland and grassland, forest,
and water bodies. In the Jedeb watershed, agricu-
Itural land covers the largest extent, encompassing
approximately 642.777 km’. Settlement areas
occupy 122.838 km’, while grassland, shrubland,
forest, water bodies, and barren land cover an area
of 29.571 km’, 26.674 km’, 43.785 km’, 0.797 km’
and 0.181km’, respectively. Among them, barren
land and settlement tend to have very poor
groundwater potential due to their low infiltration
capacity. Conversely, water body, shrubland,
grasslands, agricultural land, and forested areas are
considered to have varying degrees of very good,
moderate, and high groundwater potential.

37°20'0"E 37°30'0"E 37°40'0"E 37°50'0"E
N
&
o
S)'_ F 4
S
Iz
<)
% - -
?2 Legend
I 1190-1290
1290—-1390
z I 13901480
£l | I 14801560
N B 1560-1640
0 5 10 20 km
]
Fig. 8 Annual mean rainfall distribution
Table 7 Rate and ranks of RF layer
Rainfall / mm Rank Area / km’ Percent / %
1 190-1 280 Very Poor 75.575 8.721
1280-1370 Poor 151.312 17.460
1 380-1 460 Moderate 403.333 46.540
1460-1 550 Good 178.135 20.555
1550-1 640 Very good 58.275 6.724
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Table 8 Area coverage and rate of LU/LC
Land use type Rank Area/ km’ Percent / %
Water body Very high 0.797 0.092
Forest High 43.785 5.052
Grassland Moderate 29.571 3.412
Agricultural land Moderate 642.777 74.170
Shurbland Moderate 26.674 3.078
Builtup Area Very poor 122.838 14.174
Bareland Very Poor 0.181 0.021

3.1.8 Soil types

Soil characteristics play a crucial role in contro-
lling the penetration of surface water into the
groundwater system. These characteristics directly
influence the rates of infiltration, percolation, and
permeability, and water retention and infiltration
capacity of the soil. In the study area, the pre-
dominant soil categories include luvisols, Nitosols,
and Vertisols, as shown in Table 9 and Fig. 10.

Table 9 Soil type rank and rate

3.2 Thematic layer integration and gro-
undwater potential zone mapping

As discussed later in this section, all thematic
layers have a consistency ratio (CR) of less than
0.1, indicating reasonable pair-wise comparison
judgments within each thematic layer (Table 10).
For the delineation of groundwater potential zones,
a weighted index overlay analysis approach was

Soil type Soil group Area / km’ Percent / % Ranks
Chromic Cambisols Cambisols 29.9648 3.46

Chromic Luvisols Luvisols 112.8032 13.02 Moderate
Chromic Vertisols Vertisols 92.0356 10.62 Poor
Dystric Nitosols Nitosols 3.6436 0.42 Very high
Eutric Fluvisols Fluvisols 0.5336 0.06 Very high
Eutric Nitosols Nitosols 138.4196 15.97 Very high
Lithosols Lithosols 19.082 2.20 High
Orthic Acrisols Acrisols 4.4128 0.51 Poor
Pellic Vertisols Vertisols 465.6804 53.74 Poor
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Fig. 10 Soil type distribution map
used, successfully delineating the potential zones, ver, rainfall, lineament density, and drainage den-
as illustrated in Fig. 11. Thematic maps of geo- sity were integrated to identify and delineate ground-
logy, geomorphology, soil, slope, land use/land co- water potential zones in the Jedeb watershed.
Table 10 The relative weight of each thematic layers
Matrix R Ge Sl Geom Dd LULC Ld S Weight / %
R 1 3 3 3 5 5 5 7 33.09
Ge 0.33 1 3 1 3 5 5 5 20.39
S1 0.33 0.33 1 3 1 3 3 5 13.97
Geom 0.33 1 0.33 1 1 2 5 3 11.35
Dd 0.2 0.33 1 1 1 1 2 3 8.24
LULC 0.2 0.2 0.33 0.5 1 1 1 3 5.69
Ld 0.2 0.2 0.33 0.2 0.5 1 1 1 4.06
S 0.143 0.2 0.2 0.33 0.33 0.33 1 1 3.20
37°20'0"E 37°30'0"E 37°40'0"E 37°50'0"E
z Groundwater potential zone map .
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Fig. 11 Groundwater potential zone map in Jedeb watershed
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The relative impact of each factor was evaluated
using the principal Eigenvector computation, from
which the factor weights that reflect their influence
on groundwater potential were obtained. Furth-
ermore, the factor layers were combined using
ArcGIS map algebra (raster calculator) by applying
the formula (Equation 5) that is described in
Equation 6. Fig. 11 and Table 11 present the
classification of five groundwater potential zones:
Very good, good, moderate, poor, and very poor.
The high potential zones occupy the largest aerial
extent of 687.027 km’, followed by very good,
good, and moderate zones covering 20.303 km’,
286.637 km’, and 380.087 km’, respectively. The
remaining areas, with an aerial extent of appro-
ximately 141.197 km® and 35.516 km’, respec-
tively, are classified as poor and very poor poten-
tial zones.

GWP =0.33%R+0.204%Ge+0.139 7+ S+
0.113 5% Geom +0.0824 % Dd+0.032 S+
0.056 9 LULC +0.040 6 * Ld (6)
Where: GWP stands for groundwater potential,
S! stands for slope, LD stands for lineament
density, R stands for rainfall, Geom stands for
geomorphology, Ge stands for geology, S stands
for soil type, LULC stands for land use/cover, Dd
stands for drainage density. In addition, the con-

sistency ratio (CR) is calculated as follows:

(Apax — 1) (8.54-8)
l=——=Cl=————=00771 (7
¢ n-1) @8-1) ™
Ccl 00771
R=—= =0.05471
¢ RI 1.41 0.05 ®

Where: RI=1.41 forn= 8, A, = 8.540.

So, the judgment is exactly consistent since

CR = 5.5% is much less than 10%.

Where: W, is the relative weight of each
thematic layers in the i" row.

The very good and good GWP zones are
predominantly characterized by flat to moderate
slope classes, high lineament density, and residual
and alluvial geomorphological classes. These po-
tential zones align with Luvisols, Nitosols and
Fluvisols, Lithosols soil types and are associated

with basalt formations related to the volcanic
centers and alluvial plains. Areas with moderate
GWP exhibit features such as gentle slope, alluvial
landform, moderate rainfall, and shrubland as
dominant land use/cover. The poor and very poor
potential zones are located along hilly, rocky, and
steep mountain terrains, all of which contribute to
excessive runoff and low infiltration capacity.
Areas near Choke Mountain show good GWP,
while the southwestern, northern, and northeastern
areas exhibit high and very high GWP. Vertisols,
characterized by clay texture and massive volcanic
basalts, are identified to be very poor GWP zones.
Overall, the groundwater potential of the is
predominantly influenced by the lithology of the
terrain. Watershed areas near choke and Sentara
well field exhibit higher GWP, smaller areas in the
northwestern, southern, and central southern parts
contribute to moderate GWP.

4 Conclusion

The integration of remote sensing (RS) and geo-
graphic information system (GIS) technologies
have proven to be an efficient approach for ground-
water potential assessment studies. By utilizing RS
and GIS-based multi-criteria decision analysis
(MCDA) in conjunction with available geological
and borehole information, valuable insights can be
gained regarding the hydrogeological conditions of
an area. In the Jedeb watershed, the application of
RS and GIS techniques for delineating ground-
water potential zones has demonstrated its
effectiveness in terms of time and cost savings, as
well as enabling informed decision-making for
sustainable water resource management.

Through the utilization of satellite imagery and
conventional data, thematic layers representing
lithology, soil type, geomorphology, lineament
density, drainage density, slope, land use/cover,
and rainfall were generated to create a compre-
hensive groundwater potential zoning map of the
Jedeb watershed. On the map, groundwater po-
tential has been classified into five categories

Table 11 Rank and area coverage of groundwater potential zones

Classes Rank Area / km’ GWP weighted area / %
1 Very poor potential 35.516 4.112

2 Poor potential 141.197 16.347

3 Moderate potential 380.087 44.005

4 High potential 286.637 33.186

5 Very high potential 20.303 2.351

Total 866.63 100
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based on natural break classification algorithm in
GIS: Very low, low, moderate, good, and very
good.

Findings of the study reveal that 4.112% of the
area is classified as "very poor", 16.347% as
"poor", 44.005% as "moderate", 33.186% as
"high", and 2.351% as "very high" groundwater
potential zones. The areas with the highest ground-
water potential are primarily located in severely
weathered alluvial deposits with excellent permea-
bility. Conversely, poor and extremely poor groun-
dwater potential areas are typically found in topo-
graphical mountainous regions characterized by
heavy runoff and, resulting in lower ground-
water potential.

In conclusion, the integration of RS and GIS
techniques has proven to be a valuable approach
for assessing groundwater potential in the Jedeb
watershed. The generated groundwater potential
map provides essential information for sustainable
water resource management and can aid in deci-
sion-making processes related to groundwater exp-
loration and utilization.
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