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1. INTRODUCTION

Groundwater is a substantial source of  freshwater; however, 
it does not always available sufficiently where it is needed. 
Population growth, industry development and climate change 
increased demand of  fresh water, which causes the decline 
of  groundwater table [1]. Therefore, the lower availability of  

groundwater by side of  increase in its development, require 
sustainable groundwater management [2] and [3].

Geographic information system (GIS) and remote sensing 
are the two mechanisms that have been used remarkably in 
groundwater management researches. GIS is widely used 
for modeling process by preparing the input parameter 
for the model through generation of  digital geographic 
database [4]. Assessment of  groundwater resources of  an 
area requires preparation and integration of  many factors 
such as: slope, drainage, land use (LU), rainfall, elevation, soil 
texture, geological structures and geomorphic features [4]. 
Integration of  various geospatial information is carried out 
by taking values of  each data raster and multiplying them 
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with the specific weight. Weights determination is intuitive 
and is obtained from the values used in the literatures or 
from the experience. 

Many researches were studied this issue utilizing both GIS and 
remote sensing techniques [5]-[17]. In 2012 Jani published a 
research used GIS to model groundwater flow for the aquifer 
called Lincolnshire Limestone in the Slea catchment, United 
Kingdom. The resulted model has confirmed the advantage 
of  using GIS tool in modeling groundwater [2].

Rawal and Vyas (2016) presented a research to delimit the 
water logging in Mehsana district, India using GIS application 
in groundwater modeling and identify the perched aquifers in 
their selected area. Their study used factors such as soil layer, 
LU layer, and the temporal distribution of  water logging. The 
resulted model suggests convenient method to control water 
logging and identifies the groundwater regime to estimates 
the total recharge [18].

In a study conducted by Singh, GIS techniques were used to 
identify the recharge zones of  groundwater in New Zealand. 
Many data sets were prepared such as soil layer, LU layer, 
aspect, slope, lithology, and drainage density with 500 m × 
500 m spatial resolution. The data set overlies to develop 
potential zones of  the groundwater. The output results 
explain; the groundwater has low potential in both residential 
and high elevation areas, while areas of  water body and low 
elevations fall in the high potential zones [19].

Western Ghats river basin/India was selected to demonstrate 
the groundwater model. To delineate groundwater zones, 12 
layers were utilized such as geology, drainage density layer, 
rainfall, soil, slope, geomorphology, lineament density, LU/
land cover [LC], roughness, topographic position index, 
topographic wetness index, and curvature. The relative 
weights to each class in all maps were allocated using 
Analytical Hierarchy Process [20]. 

Karim and Al-Manmi selected Halabja Said Sadiq sub-basin 
as a study area to model the groundwater recharge zones 
using GIS and geophysical mechanisms. Eight thematic 
maps were used such as hydrogeology, LU/LC, topography, 
drainage density, lineaments, soil type, slope, and rainfall 
with four geoelectrical resistivity profiles. Three zones of  
groundwater potential delineated which are low, moderate 
and high and cover 33%, 24%, and 42% of  the total area, 
respectively. Spatially, the highest zone is located along 
with the Quaternary deposits which characterized by high 
lineament density, low slop, and pediment deposition [13].

Groundwater recharge zones in a tropical river basin of  
Kerala, India were identified using integration of  different 
layers. Ten thematic layers were prepared for mapping 
groundwater recharge. Four classes have been identified and 
approximately half  of  the basin area is located in two recharge 
zones; very high and high zones which are appropriate for 
groundwater recharge [3].

2. STUDY AREA

The proposed study area is located in Sulaimani Governorate, 
north of  Iraq – Kurdistan Region, as shown in Fig. 1. 
According to the topographic map, the elevation is ranged 
from 182 to 3430 m. The latitudes are between (34° 32’ 
15” N and 36° 34’ 15” N), and the longitudes are between 
(44° 30’ 30 E and 46° 20’ 30 E). The total area calculated as 
18,525 km2 and the average annual rainfall of  the study area 
is (618 mm) for 15 years from 2000 to 2014 taken from 14 
metrological stations distributed within the proposed area. 
The study area has hot and cold weather in summer and 
winter, respectively, with long summer and winter season in 
compare to spring and autumn season [21], [22].

Fig. 1. Study area location and digital elevation model.
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3. MATERIALS AND METHODS

Different factors (layers) were used for the modeling process. 
Selection of  factors was based on data availability across 
Sulaimani Governorate. The data were collected from various 
sources and include: Digital Elevation Model (DEM), soil 
texture, LU/LC, rainfall, slope, and drainage density. All 
the raster layers were projected using Universal Transverse 
Mercator UTM Projection Zone 38, Datum WGS84 with 
30 × 30 m resolution. 

The method used in this study consists two main steps: 
(a) Geospatial database generation, (b) generation of  weight 
for groundwater prospecting factors and associated features. 
The complete process of  the groundwater potential zone 
delineation is shown as flowchart in Fig. 2. All the factors 
prepared for the current study and their impact on the 
occurrence of  groundwater in Sulaimani are illustrated below:

3.1. DEM 
The DEM data for Sulaimani as shown in Fig. 1 with 
elevations ranged from (182 to 3430 m) classified into five 
classes spatially distributed in the area as (35%, 31%, 19%, 
12%, and 4%) from low to high elevations. The data were 
downloaded from USGS earth explorer website using Shuttle 
Radar Topography Mission1 Arc Second-Global [23].

3.2. LU/LC
LC marks the physical land type such as water or 
forest; however, the LU provides information how 

people are using the land [24]. LULC gives the primary 
information on infiltration, soil moisture, surface water, and 
groundwater, additionally to give a signal on groundwater 
demand [25]-[29]. 

The LU map was created through image processing of  
remote sensing data using Arc GIS software (Iso Cluster 
Unsupervised Classification), by downloading 3 Landsat8 
images (acquired on October 2019) with 7 bands for each 
image [23]. The study area was classified to 5 classes of  LU/
LC: Water, Forest, Crop, Urban area, and Bare Soil which is 
shown in Fig. 3. 

3.3. Soil Map
Soil properties influence groundwater recharge. The soils 
with coarse texture has high permeability which increase’s 
groundwater recharge, while fine texture soils with low 
permeability decrease the groundwater recharge [30]. 
Therefore, soil properties such as permeability, porosity, 
texture, and structure have considerable effect on groundwater 
recharge [3] and [31].

The soil map of  Sulaimani area was designed and 
classified to 5 classes based on percent of  fine and course 
aggregates (soil texture) as shown in Fig. 4. This map 
shows the distribution of  the soil texture in the study area 
as: (Sandy Loam 1%, Clay 17%, Loam 36%, Sandy clay 
9%, and Sandy Clay Loam 37%). The major soil types in 
the study area were grouped as: (Leptosol LP, Vertisol 
VR, Calcisol CL, and Gypsisol GY) [32]. The data were 

Fig. 2. Flowchart for delineating groundwater potential.
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downloaded from the FAO-UNESCO Soil Map of  the 
World and the present version is (3.6) of  the digitized 
Soil Map of  the World [33].

3.4. Rainfall Map
The groundwater recharge is remarkably affected by patterns 
of  rainfall during recharge seasons [34], [35]. The average 
annual rainfall for the 14 stations from 2000 to 2014 in 
Sulaimani is represented in Fig. 5a. Rainfall map was created 
by Arc GIS utilizing Inverse Distance Weighted interpolation 
method with 5 classes in which each class represent different 
ranges of  rainfall distributed as (22%, 21%, 27%, 23%, and 
7%) from low to high ranges shown in Fig. 5b.

3.5. Slope Map
The slope map was prepared from the DEM using 5 classes 
in degree and the spatial distribution in the study area are 
(very low slope 42%, low slope 26%, moderate slope 17%, 
high slope 11%, and very high slope 3%) as shown in Fig. 6. 
Slope plays a notable effect on groundwater flow. The slope 
is considered as an essential factor for runoff  generation due 
to its control of  the division of  precipitation into runoff  
and infiltration. A higher slope results in low recharge and 

fast runoff. Hence, the slope is inversely correlated with 
groundwater potential [8], [36]-[39].

3.6. Drainage Density
Drainage density can be calculated by taking the ratio of  total 
length of  all the streams in a drainage basin to the total area 
of  the basin [40]. The drainage density has a reciprocal relation 
with the permeability. Drainage density with high values 
produces less permeability whereas low drainage density shows 
the areas of  high permeability. Accordingly, it is a significant 
factor for modeling the groundwater potential zone [20]. 
Drainage density is calculating using the equation below [27]:

 Drainage density
total length channels km
basin area km

�
� �

� �
=

( )
( )2  (1)

Map of  the drainage density (Fig. 7) was generated using 
ArcGIS tool called line density analysis and 5 classes have 
been identified ranged between (0.21 and 2.9 km/km2).

3.7. Multi-influencing Factors (MIF)
Six factors, namely, DEM, LU/LC, soil texture, rainfall, 
slope, and drainage density have been specified to model the 

Fig. 3. Land use/land cover of the study area. Fig. 4. Soil texture map of the study area.
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groundwater recharge potential zones. The mutual relations 
between these factors and their effect are shown in Fig. 8. 
These factors are interdependent and their influence on the 
recharge potential of  groundwater has been estimated using 

MIF technique. The major (Mj) and minor (Mn) effects of  
the factors are designated as a numerical value of  1.0 and 0.5, 
respectively (Table 1). The selected weight for all factors has 
been calculated using the following equation:

Fig. 7. Drainage density of the study area.Fig. 6. Slope of the study area.

Fig. 5. (a). Average annual rainfall histogram of the stations. (b) Rainfall map of the study area.

a b
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Fig. 8. Mutual relations between all the factors influencing the 
groundwater potential zone.

TABLE 1: Effect of the impacting factor, relative rates, and proposed weight using MIF technique (modified 
after [3], [39], [41])
Factor Major 

effect (Mj)
Minor 

effect (Mn)
Proposed relative 
rates (Mj+Mn)

Proposed weight for each impacting 
factor

DEM 1+1 0.5 2.5 21
LULC 1+1 0.5 2.5 21
Soil Texture 1 0 1 8
Rainfall 1 0.5+0.5 2 17
Slope 1+1 0.5 2.5 21
Drainage Density 1 0.5 1.5 12
Total (∑) 12 100

Fig. 9. Groundwater potential zones.

 Proposed weight
Mj Mn
Mj Mn

X�
( )

=
+( )
+∑

100 (2)

3.8. Layers Overlay
The Weighted Overlay tool in Arc GIS was used for 
creating the potential groundwater zones in Sulaimani from 
the generated raster maps. The characteristics of  each of  
the raster maps used in this study were gave weight age 
of  1–5, depending on the layers effect on the occurrence 
of  groundwater. The weight age factor 1 indicates low 
groundwater potentiality and 5 indicates high groundwater 
potentiality. The classifications of  weighted factors impacting 
the potential zones are shown in Table 2.

4. RESULTS AND DISCUSSION

Based on the assignment of  all layers influence and weight 
of  the individual features of  the thematic layers, a potential 
groundwater zone map was produced as shown in Fig. 9. 
According to the results, about 79% (14423.45 km2) of  the 
study area can be classified as moderate groundwater recharge 

zone. About 1% (112.3746 km2) has very high groundwater 
potential zone and about 14% (2576.78 km2) has high 
groundwater potential zone, while only 6% (1168.015 km2) of  
the total study area is of  low groundwater potentials. Based 
on Fig. 8, the high groundwater potential zones were covers 
about 50% of  Halabja, Rania, Pshdar districts. 

The results showed that the higher the elevations the less 
the groundwater potential, and in lower elevations the 
groundwater is more as the water accumulates in low lands. 
For slope arrangement, it shows that areas with steep slopes 
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TABLE 2: Classification of weight age influencing 
the potential zones
Factor Influence% 

(proposed weight)
Factotr of 
effect

Weight 
age

DEM (m) 21 182–657 5
658–959 4
960–1300 3
1310–1770 2
1780–3430 1

Land use 21 Water 5
Forest 2
Crop 4
Urban area 3
Bare soil 1

Soil texture 8 Sandy clay loam 1
Clay 2
Loam 4
Sandy Loam 5
Sandy clay 3

Rainfall  
(in mm)

17 260–430 1
440–550 2
560–660 3
670–810 4
820–1000 5

Slope  
(in degree)

21 0–6.4 5
6.5–14 4
15–24 3
25–35 2
36–78 1

Drainage 
density (in 
km/km2)

12 0.21–0.94 5
0.95–1.3 4
1.4–1.5 3
1.6–1.8 2
1.9–2.9 1

have less groundwater than with mild slope. Rainfall is also 
affects the potential groundwater zones; the areas that have 
more rainfall have more groundwater than those with less 
rainfall. Different LU/LC leave distinctive signatures on 
groundwater recharge, the areas of  water body in the study 
area produced high groundwater recharge zone.

5. CONCLUSIONS

In this study, GIS and MIF techniques have been used 
for modeling groundwater potential zones by integrating 
various factors that have been chosen based on the 
availability of  data for Sulaimani Governorate. Traditional 
data, topographic maps, and satellite imageries were used 
to prepare the thematic layers of  (DEM), soil texture, LU/
LC, slope, rainfall, and drainage density. The resulted map 
of  groundwater recharge zones for Sulaimani Governorate 
was classified into four zones that had very high potential 
zone, high potential zone, moderate zone potential, and low 
potential zone and cover (1%), (14%), (79%), and (6%) of  the 

total area, respectively. About 50% of  the high groundwater 
potential zone were located in Halabja, Rania, and Pshdar 
districts. The groundwater potential zonation presented here 
can be applied only for regional studies for the purpose of  
groundwater development, providing quick prospective 
guides for groundwater exploration and exploitation, while 
individual site selection for groundwater development should 
take into consideration other site-specific conventional 
ground-truthing methods.
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