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Abstract:  

The scarcity of surface water resources in the dry season in the Kilinochchi district increases the 

demand for freshwater. Therefore, the existing groundwater resources should be managed to over-

come the situation. Several authors worldwide have published studies on the delineation of poten-

tial groundwater zone. However, only a few studies addressed the delineation of potential ground-

water zones in the Kilinochchi district. This study aims to delineate potential groundwater zones in 

Kilinochchi, Sri Lanka using integrated Remote Sensing, Geographic Information Systems, and An-

alytic Hierarchy Process techniques. Groundwater potential zones are demarcated for the Kilinoch-

chi district by overlaying thematic layers: geology, geomorphology, land use/land cover, soil types, 

drainage density, slope, lineament, and rainfall. Saaty's scale was applied to the assigned weights 

of the chosen thematic layers and their features. The thematic layers were integrated into a Geo-

graphic Information System, and a weighted overlay analysis is carried out to delineate groundwa-

ter zones. Thus the resultant map is categorized into five different potential zones: very low, low, 

moderate, high, and very high. It was found that the very high groundwater potential zone is mainly 

found in the north-eastern part of the study area covering 111.26 km2. The upper north-western, 

middle, and eastern parts of the study area fall within the high groundwater potential zone covering 

about 507.74 km2. The moderate groundwater potential zones (309.89 km2) mainly occurred in the 

western part, and the extreme west part of the study area falls under low (207.78 km2) and very low 

(59.12 km2) zones. The groundwater potential map was validated with the existing seventy-nine 

wells, which indicated a good prediction accuracy of 81.8%. This research will help policymakers 

better manage the Kilinochchi district's groundwater resources and gives scope for further research 

into groundwater exploration in the area. 

Keywords: Remote sensing, GIS, AHP, Groundwater potential zone, Weighted overlay analysis, 

Kilinochchi 

 

1. Introduction 

Water is one of the fundamental means of elements to sustain life on Earth. It has 

become a necessary resource in the development of society from the beginning of human 

civilization [1]. Water plays a significant part in our everyday lives. Water covers around 

70% of the Earth's surface, in which 97% is saline by nature, and the rest of the 3% remains 

as freshwater. Polar ice sheets and ice in glaciers cover a major part of the freshwater. 

Lakes and rivers contain less than 1% freshwater, whereas 30% of the freshwater is saved 

as groundwater [2]. Groundwater or subsurface water is "a term used to denote all the 
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waters found beneath the ground surface" [3]. Groundwater is defined as "water in a sat-

urated zone, filling the pore spaces among mineral grains or cracks and fractured rocks in 

a rock mass" [4]. Naturally, the water from rain and snow infiltrates through soil or the 

pore spaces of underlying rocks to replenish the groundwater [3,4]. Therefore, climate, 

characteristics of surface and subsurface, and their relationship with hydrology decide the 

occurrence and distribution of groundwater [3]. About one-third of the world's popula-

tion utilizes groundwater for drinking purposes [5], and demand for groundwater in-

creases worldwide due to many factors such as population growth, advanced irrigation 

practice, industrial usages, etc. [6–8]. Notably, there is tremendous pressure on ground-

water in developing countries [2].  

 

Integrated Geographic Information System (GIS) and Remote Sensing (RS) with An-

alytical Hierarchy Process (AHP) prove that it is a handy tool for delineation of ground-

water potential zones by reducing time and cost [1,5,9–13]. Also, several variables are of-

ten considered in the integrated approach to reduce inaccuracy and human error, such as 

lithology, linearity, drainage density, slope, geomorphology, erosion, patterns of land use, 

and soils [5,9,10,12,14]. Researchers adopt various techniques for delineation potential 

groundwater zones such as statistical method, influence factor (IMF), groundwater mod-

elling, and the combination of GIS, RS with AHP [5,6,9,12,14]. Recently, remote sensing 

and GIS coupled with AHP techniques have been adopted as a standard methodology for 

delineating potential groundwater zones in semi-arid areas [1,2,5,6,9,15,16].  

 

Agriculture is vital to the Sri Lankan economy. In Sri Lanka, water availability and 

demand for it vary spatially and temporally. Water shortage is the foremost issue in the 

country's dry zone, where there is a significant demand for water to irrigate 85% of the 

land to boost agricultural productivity [17,18]. Groundwater is the primary source of fresh 

water for rural communities in the dry zone of Sri Lanka. The Kilinochchi district falls 

within the dry zone of Sri Lanka and receives rainfall from North-East Monsoon and inter-

monsoon, which replenishes the groundwater resources [18]. Population in Kilinochchi 

district has increased from 23,625 in 2009 to 146,199 in 2020 [19]. With decreasing rainfall 

and an increasing population in the dry zone, there is a significant demand for water for 

irrigation and other livelihood needs, which mandates sustainable groundwater use in the 

dry zone [18]. The seasonal water resource availability per unit area in the study area is 

less than 0.1 m. With present irrigation efficiency, more portions of the dry zone of Sri 

Lanka may experience water scarcity by 2025 [18,20]. Sustainable development of ground-

water resources is one of the best options for supporting dry-zone populations to improve 

their livelihoods by increasing agricultural productivity without depleting groundwater 

reserves. Groundwater is the primary source of drinking and agricultural practice in the 

Kilinochchi district. It is indiscriminately extracted in many parts of the district as surface 

water is insufficient to satisfy the demand. Therefore, the delineation of potential ground-

water zones by an appropriate modelling approach is necessary to address the water scar-

city problem of the drought-prone district. Very few studies have been conducted on wa-

ter issues in the Kilinochchi district [18]. In light of this aspect, the present study aims to 

delineate potential groundwater zones in Kilinochchi, Sri Lanka using integrated RS, GIS, 

and AHP techniques. 

2. Materials and Methods 

 2.1 Study area 

Kilinochchi district is situated in the Northern Province of Sri Lanka and bounded in 

North and East by Jaffna district, and on the South by Mullaitivu district and on the East 

by the Indian Ocean. It lies between the North latitudes 9˚12' 30" and 9˚41' 00" and East 

longitude 79˚58' 30" and 80˚37' 30" and spread over 1237.11 Km2 (Figure. 1). The study area 

falls within the dry zone (annual average rainfall of < 1750 mm ) that extends over two-

thirds of Sri Lanka, covering the north-western, north-central, northern, north-eastern, 
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eastern, and south-eastern regions of the country [21]. The average annual rainfall of the 

district is 1520.57mm. The monthly mean temperature is between 250C and 300C [22]. Ge-

ologically, the major part of the Kilinochchi district constitutes alluvial and lagoonal clay, 

silt sand, whereas the western parts represent Red earth and red and brown sand. Jaffna 

limestone (Minihagalkanda Beds), Undifferentiated Vijayan gneiss with trend lines, 

Beach, and dune sand are also seen. The elevation of the district ranges from 49.63m in 

the southern part to less than 6.6m in the northern region. The topography of the area 

exhibits relatively flat terrain covering a larger part of the coastal zone. The Kilinochchi 

district is occupied with seasonal rivers and streams, which flow Northwards to the In-

dian Ocean. The soil type of the district is dominated by Red-Yellow Latosols and fol-

lowed by Alluvial soils of variable texture, Alkali, and saline soils of varying texture (So-

lodized Solonetz and Solonchaks), Sand Regosols on the recent beach and dune sands and 

Red-Yellow Podzolic soils.  

 

 
Figureure 1: Location map of the study area (Kilinochchi district) 

 

2.2 Methods 

The overall concept of the study included integrating eight thematic layers of geol-

ogy, geomorphology, soil, drainage, slope, land use & land cover, rainfall, lineament 

[13,14,23] processed by weighted overlay analysis using ArcGIS 10.4.1 to generate poten-

tial groundwater zone. The potential groundwater zones have been delineated using in-

tegrated RS, GIS, and AHP techniques. Required data were gathered from various gov-

ernment agencies, field surveys, and publicly available satellite imagery on the United 

States Geological Survey (USGS) Earth Explorer website. Thematic layers preparation 

consists of digital image processing, digitizing existing maps, and field data. All data are 

geo-rectified and projected to GCS WGS 84 UTM zone 44 North for easy handling in 

ArcGIS 10.4.1. The present analysis has been based on several types of data from different 

sources. Table 1 provides a detailed summary of the data sources. Drainage density map 

and lineament density map were produced using a line density analysis tool in ArcGIS 

10.4.1.  

 

Advanced Spaceborne Thermal Emission and Reflection Radiometer - Global Digital 

Elevation Model (ASTER- GDEM) with 30m resolution was used to generate a slope map, 
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drainage density map and lineament map. Those maps were then reclassified to generate 

the map. The rainfall data were spatially interpolated with Inverse Distance Weighted 

(IDW) to obtain the rainfall distribution map. IDW interpolation uses a weighted collec-

tion of sample points to calculate cell values. Its general concept is that the attribute value 

of an unsampled location is the weighted average of known values in the surrounding 

area [24]. The idea is that sampled points closer to the unsampled point are more compa-

rable in their value than those further away. In this study, the deterministic model of the 

IDW method is used to interpolate spatial data based on the concept of distance 

weighting. Long-term observed rainfall data were required for analysis in utilizing IDW 

to interpolate spatial rainfall [25]. As a result, this study used average rainfall data from 

1990 to 2020 over 30 years. It can predict unknown spatial rainfall data using available 

data from nearby places [25]. An accuracy assessment of Land Use and Land Cover 

(LULC) was conducted to assess the accuracy level of the resulting classes. A stratified 

random sampling method was applied to generate 250 random points, and Google Earth 

imagery was used as the ground truth reference to examine the random points. The date 

of the Google Earth imagery was concurrent with the LULC map. A confusion matrix was 

applied to compute the user's accuracy, producer's accuracy, and overall accuracy for the 

LULC map with the data obtained from comparisons between the reference and actual 

points. The accuracy was found to be 88% overall classification accuracy and 0.84 overall 

kappa coefficient. The primary advantages of using remote sensing and GIS techniques 

for delineating potential groundwater zones are cost-effective and time savings, fast re-

trieval of information on groundwater occurrence, and identification of potential areas for 

further groundwater exploration. 

 
Table 1: List of data layers and their sources 

Elements Data 
Spatial 

Resolution 
Source 

Base Map 
Topographic sheet 

No. 04,05,07,08,09 
1:50,000 

Survey Department of 

Sri Lanka 

Geology Map 
Geological Map of 

Sri Lanka 
1:100,000 

Geological Survey and 

Mines Bureau of Sri 

Lanka 

Geomorphology 

Map 

Geomorphological 

Map of Sri Lanka 
1:100,000 

Geological Survey and 

Mines Bureau of Sri 

Lanka 

Soil Map 
Soil Map of Sri 

Lanka 
1:100,000 

Geological Survey and 

Mines Bureau of Sri 

Lanka 

Slope Map ASTER GDEM 30 m USGS 

Map of drainage 

density 
ASTER GDEM 30 m USGS 

Lineament Map ASTER GDEM 30 m USGS 

Land Use &  

Land Cover 
Sentinel-2 10 m USGS 

Map of Rainfall Rainfall data  

The Statistical 

Handbook 2019 of 

District Secretariat,  

Kilinochchi, Sri Lanka 

 

The key factors influencing the groundwater potential are geology, geomorphology, 

soil, drainage density, slope, land use & land cover, rainfall, and lineament density 

[1,9,10,13,15,16,21,26]. Therefore, eight thematic layers (parameters) such as geology (Ge), 

geomorphology (Gm) land use/land cover (LuLc), soil types (St), drainage density (Dd), 
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Slope (Sp), lineament (Lt), and rainfall (Rf) are considered to delineate the potential 

groundwater zones in the Kilinochchi district. Based on previous literature studies and 

expert opinion, Saaty's scale was applied to the assigned weights of the chosen eight the-

matic layers and their features with respect to their influence on groundwater storage (Ta-

ble 1). The highest and lowest weights were allocated to the themes of the strong ground-

water potential and weakest groundwater potential, respectively [3,6,12,13,26,27]. 

The methodology adopted for the present study is shown in Figure. 2. These layers 

are geo-referenced and vectorized from various spatial data sources such as the topo-

graphic sheet scaled 1:50,000 of Survey Department of Sri Lanka, Geological Map of Sri 

Lanka, Geomorphological Map of Sri Lanka, Soil Map of Sri Lanka of Geological Survey 

and Mines Bureau of Sri Lanka, Satellite images (ASTER GDEM and Sentinel-2) of USGS. 

These thematic layers were converted into a raster format of 30m resolution and subjected 

to weighted overlay analysis in Arc GIS 10.4 environment. Field data have been used to 

verify the accuracy of the groundwater potential map to ensure that the specified areas 

meet the conditions on the field. 

 

2.2.1 Assignment of weight and Weights Normalization  

The multi-criteria decision analysis (MCDA) is a generally recognized and highly ap-

propriate technique for complex decision-making problems. Standardized weights were 

allocated by using Saaty's (1980). The AHP helps to find out the weight of criterion by 

pair-wise comparison [28]. The AHP is a concept of measurement by pair-wise compari-

son matrix (PCM) and is based on the judgment of experts to derive priority weights [26]. 

The worldwide academic network progressed the integrated GIS and AHP technique to 

investigate complex spatial issues [1,9,11,12,15,26,29]. PCM for thematic layer viz. geol-

ogy, geomorphology, soil, drainage density, slope, land use & land cover, rainfall, and 

lineament density is calculated based on Saaty's 1–9 scale weights. Field experience and 

expertise are used to assess the value of the Saaty's scale of each thematic layer. The 

weights were given according to their potential for groundwater recharge. The high 

weight is assigned to the themes of good groundwater potential, and the least weight is 

assigned to poor groundwater potential. 

 
Table 2: Pair-wise comparison matrix for the AHP process 

Theme 
Theme 

Rf Ge Gm St Lu Sp Ld Dd 

Rainfall (Rf) 1.00 2.00 3.00 4.00 3.00 5.00 6.00 8.00 

Geology (Ge) 0.50 1.00 2.00 3.00 2.00 5.00 6.00 7.00 

Geomorphology (Gm) 0.33 0.50 1.00 2.00 2.00 5.00 6.00 7.00 

Soil type (St) 0.25 0.33 0.50 1.00 2.00 3.00 7.00 8.00 

LULC (Lu) 0.33 0.50 0.50 0.50 1.00 7.00 5.00 8.00 

Slope (Sp) 0.20 0.20 0.20 0.33 0.14 1.00 0.33 4.00 

Lineament Density (Ld) 0.17 0.17 0.17 0.14 0.20 3.00 1.00 2.00 

Drainage Density (Dd) 0.13 0.14 0.14 0.13 0.13 0.25 0.50 1.00 

 

The relative weight matrix and normalized weights were determined based on the 

PCM to determine the percentage of impact on groundwater recharging of the thematic 

layers (Table 3).  
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Table 3: Determining the normalized weights for thematic layers 

Theme 

Theme 

N
o

rm
al

iz
ed

 W
ei

g
h

t 

(W
) 

P
er

ce
n

ta
g

e 
In

fl
u

en
ce

d
 

Rf Ge Gm St Lu Sp Ld Dd 

Rainfall (Rf) 0.34 0.41 0.40 0.36 0.29 0.17 0.19 0.18 0.29 29 

Geology (Ge) 0.17 0.21 0.27 0.27 0.19 0.17 0.19 0.16 0.20 20 

Geomorphology 

(Gm) 
0.11 0.10 0.13 0.18 0.19 0.17 0.19 0.16 0.15 15 

Soil type (St) 0.09 0.07 0.07 0.09 0.19 0.10 0.22 0.18 0.13 13 

LULC (Lu) 0.11 0.10 0.07 0.05 0.10 0.24 0.16 0.18 0.12 12 

Slope (Sp) 0.07 0.04 0.03 0.03 0.01 0.03 0.01 0.09 0.04 4 

Lineament 

Density (Ld) 
0.06 0.03 0.02 0.01 0.02 0.10 0.03 0.04 0.04 4 

Drainage 

Density (Dd) 
0.04 0.03 0.02 0.01 0.01 0.01 0.02 0.02 0.02 2 

CI = 0.123, n = 8, RI = 1.4, λmax = 8.86 

Consistency Ratio (CR) = 0.088 < 0.1 

 

The key principle for checking the comparison order is that the consistency ratio(CR) 

not equal to 0.1 indicates a satisfactory reciprocal matrix. The ratio above 0.1 indicates the 

change of the PCM [26]. The CR is determined using the following equation: 

CR =
CI

RI
, (1) 

where RI is the random index, the value of RI for different n values depends on the 

order of the matrix, and CI is the consistency index which can be expressed as follows: 

CI =
λmax−n

n−1
, (2) 

Here, (λmax) is a principal eigenvalue, n is the number of factors, and CI is the con-

sistency index. The CR value for consistent weights should be below 0.10; in the absence 

of this, corresponding weights should be re-examined to prevent inconsistency [28]. In 

this study, the CR is found 0.088 (λmax = 8.86, n = 8, RI = 1.41, CI = 0.123); which indicates 

a good consistency in the pairwise matrix comparison (Table 3). Hence, the AHP tech-

nique exhibits reasonable precise spatial prediction of groundwater probability. 

 

2.2.2 Normalized weights of different features of thematic layers 

The attributes of each of the thematic maps were assigned a weightage of 1–5 (1 de-

notes very low, 2 implies low, 3 indicate moderate, 4 represents high, and 5 denotes very 

high), considering its influence on the occurrence of groundwater [9,12,27,30–32]. Table 4 

displays the ranks of different features of the individual themes and their normalized 

weights regarding groundwater potentiality. Every thematic layer has five classes, and 

their interdependence is too complicated. Therefore, the relationship between different 

features of the individual themes is achieved using other ranks and distinguished by us-

ing AHP. 
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Table 4: Assigned and normalized weights of different features of thematic layers for potential 

groundwater zoning 

T
h

em
at

ic
 L

ay
er

s 

Feature/ classes 

A
ss

ig
n

ed
 R

an
k

 

G
ro

u
n

d
w

at
er

 

P
ro

sp
ec

ts
 

F
ea

tu
re

 N
o

r-

m
al

iz
ed

 

W
ei

g
h

t 
(w

i)
 

R
ai

n
fa

ll
 (

m
m

) 
<97 1  Very Low 0.067 

97-100 2 Low  0.133 

100-103 3 Moderate  0.2 

103-106 4 High  0.267 

>106 5 Very High  0.333 

Total 15     

L
it

h
o

lo
g

y
 

        

Alluvial and lagoonal clay, silt 

sand 
3 Moderate  0.2 

Beach and dune sand 4 High  0.267 

Jaffna limestone, Minihagal-

kanda Beds 
5 Very High   0.333 

Red earth, red and brown sand 2 Low   0.133 

Undifferentiated Vijayan gneiss 

with trend lines 
1  Very Low  0.067 

Total 15     

     

G
eo

m
o

rp
h

o
lo

g
y

 

Beach ridges, bars and spits 3 Moderate  0.200 

Low plantation surface with in-

selbergs & thin soil (dry zone) 
4 High  0.267 

River plains and adjacent coastal 

lowlands 
2 Low    0.133 

Upwarped pleistocence coastal 

plain 
1 Very Low   0.067 

Plateau of Miocene limestones 5 Very High    0.333 

Total 15     

     

S
lo

p
e 

(D
eg

re
e)

 < 0.5 5 Very High 0.333 

0.5 - 1 4 High   0.267 

1- 1.5 3 Moderate  0.2 

1.5 - 2 2 Low    0.133 

> 2 1 Very Low    0.067 

Total 15     

     

L
in

ea
m

en
t 

(k
m

/k
m

2 )
 

< 0.08 1  Very Low 0.067 

0.08- 0.23 2 Low  0.133 

0.23 - 0.41 3 Moderate  0.2 

0.41 - 0.62 4 High  0.267 

> 0.62 5 Very High  0.333 
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2.2.3 Groundwater Potential Index  

The groundwater potential index (GWPI) is a dimensionless quantity that helps pre-

dict the potential groundwater zones in an area [6,9,12,15,26]. The weighted linear combi-

nation method was used to estimate the GWPI. The following equation was applied to 

integrate all the themes for obtaining the potential groundwater zone as stated bellow 

GWPI=(GmwGmwi) + (GewGewi) + (LuLcwLuLcwi) + (DdwDdwi) + (SpwSpwi) + 

(LdwLdwi) + (StwStwi) + (RfwRfwi), 
(3) 

Where Ge stands for geology, Gm stands for geomorphology, LuLc stands for land 

use/land cover, Dd stands for drainage density, Sp stands for the slope, Ld stands for lin-

eament density, St stands for soil type, Rf stands for rainfall, w stands for the normalized 

weight of a theme, and wi stands for the normalized weight of each class. 

Total 15     

     

D
ra

in
ag

e 
(k

m
/k

m
2 )

 

< 28.47 5 Very High 0.333 

28.47 - 56.94 4 High   0.267 

56.94 - 85.42 3 Moderate  0.200 

85.42 - 113.89 2 Low    0.133 

> 113.89 1 Very Low    0.067 

Total 15     

     

L
C

/L
U

 

Forest 4 High   0.267 

Agriculture& Fallow Land 3 Moderate  0.200 

Bare Land 2 Low    0.133 

Settlements 1 Very Low    0.067 

Water bodies 5 Very High  0.333 

Total 15     

     

S
o

il
 

Alkali and saline soils of variable 

texture (Solodized solonets and 

solonchaks) 

4 High   0.308 

Alluvial soils of variable texture 3 Moderate  0.231 

Red-Yellow Podzolic soils 2 Low    0.154 

Red-Yellow latosols 1 Very Low    0.077 

Sand regosols on recent beach 

and dune sands 
5 Very High  0.231 

Total 15     
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Figure 2: Flowchart of the methodology used for delineating potential groundwater zones 

3. Results 

3.1. Factors affecting the groundwater potentiality in the study area 

3.1.1 Geology 

Geology determines the aquifers which store groundwater. The porosity and perme-

ability of a formation assess its quality as an aquifer [16,33]. The spatial distribution of 

groundwater is primarily influenced by the geological characteristics of an area [1,26,33–

35]. The geology map of the Kilinochchi district was prepared by digitizing the geology 

map of Sri Lanka, published by the Geological Survey and Mines Bureau of Sri Lanka. 

Five types of geology, namely Alluvial and lagoonal clay silt sand and Red earth,  red & 

brown sand, Beach & dune sand, Miocene limestone (Jaffna limestone), and Undifferenti-

ated Vijayan gneiss with trend lines, are found in the study area. The detailed geological 

map of the study area is presented in Fig.3. In general, this area belongs to Phanerozoic 
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rock and Precambrian rock. The Phanerozoic rock comprises Alluvial & lagoonal clay silt 

sand, Red earth red & brown sand, Beach & dune sand, Miocene limestone (Jaffna lime-

stone). Precambrian rock consists of Undifferentiated Vijayan gneiss with trend lines. Al-

luvial and lagoonal clay silt sand distributed most of the study area predominantly.  

 

The western part mainly comprises Red earth, red & brown sand. Alluvial and la-

goonal clay silt sand mostly is found in the eastern part of the district. Beach & dune sand 

was found in the study area as patches. Miocene limestone (Jaffna limestone) found in the 

northern part has high groundwater potential. The zones having less compaction, a high 

degree of weathering, and a high degree of infiltration of runoff are more suitable for 

groundwater recharging [21]. Sedimentary rocks have higher primary porosity and per-

meability than other types of rocks [16]. Hence, the various rock units in the study area 

are assigned appropriate weights based on their textural properties and the potential for 

fractured zone formation. Based on the nature of increasing groundwater potentiality, the 

high weight was assigned to Miocene limestone (Jaffna limestone), whereas low weight 

was assigned to Undifferentiated Vijayan gneiss (Table 4). The groundwater potential 

map validated with field observation reveals that Miocene limestone (Jaffna limestone) 

has the highest groundwater potential. 

Figure 3: Geology map of Kilinochchi District 

3.1.1. Geomorphology 

Geomorphology is a study of landforms that includes their description, species, and 

physical processes that have helped evaluate possible groundwater areas [26,33]. Geomor-

phological components are significant in hydro-geological investigations and the identi-

fication of groundwater resources [9,33,34]. Morphology has a positive influence on the 

percolation of water into the subsurface of the Earth [12,13,36]. Geomorphology is consid-

ered an essential component for groundwater recharge as the evolution of landforms ex-

plains porous and permeable zones [21]. The geomorphology map of the Kilinochchi dis-

trict was prepared by digitizing the geomorphology map of Sri Lanka, published by the 

Geological Survey and Mines Bureau of Sri Lanka. The lithology and geological formation 

of the study area are highly influenced by geomorphology. The primary geomorphologi-

cal units of the study area are divided into five types: Beach ridges, bars & spits, Low 

plantation surface with inselbergs & thin soil, River plains & adjacent coastal lowlands, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 August 2021                   doi:10.20944/preprints202108.0206.v1

https://doi.org/10.20944/preprints202108.0206.v1


 

 

Upwarped Pleistocene coastal plain, and plateau of Miocene limestones. The major por-

tion is occupied by River plains & adjacent coastal lowlands in the district, while the west-

ern part is predominantly formed Upwarped Pleistocene coastal plain (Fig. 4). Geomor-

phological features are weighted in terms of their importance over groundwater occur-

rence (Table 4). Among these morphological features, the plateau of Miocene limestones 

has been assigned high weight as it has good potential for groundwater. Still, Upwarped 

Pleistocene coastal plain landforms are assigned low weight as they are unsuitable for 

potential groundwater zones. 

 

Figure 4: Geomorphology map of Kilinochchi District 

3.1.3. Slope 

The slope (the rate of elevation change) is also a key factor in identifying potential 

groundwater zones [3]. It can be used as an indicator for demarcating potential ground-

water zones as it directly controls the groundwater recharge rate [9]. Generally, an inverse 

relationship can be seen between the slope and the infiltration rate. Surface water pene-

tration is regulated directly by the slope gradient [1,3,9,13,23]. Steep slope experiences a 

low penetration level due to the rapid flow of water downwards and insufficient time for 

infiltration, whereas the flat surface facilitates groundwater recharge by retaining rainwa-

ter [1,9,37]. The slope map of the Kilinochchi district was derived from the ASTER- GDEM. 

The slope gradient of the district ranges from < 0.50 to > 2.00. The slope of the entire district 

has been categorized into five classes, viz, < 0.50, 0.50 – 10, 10- 1.50, 1.50 – 20, and > 20. 

Weights were assigned based on the slope categories given in Fig. 5. High weight was 

allocated for lower slopes due to the higher groundwater recharge rate and vice versa 

(Table 4).  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 August 2021                   doi:10.20944/preprints202108.0206.v1

https://doi.org/10.20944/preprints202108.0206.v1


 

 

 

Figure 5: Slope map of Kilinochchi District 

 

3.1.4. Soil 

Surface water penetration into the aquifers is controlled by the soil [13]. In the un-

saturated zone, moisture content, infiltration rate, grain size, and soil composition influ-

ence the groundwater movement [9,33,38]. Soil texture affects infiltration rate since the 

texture varies with porosity and permeability [1,33]. The soil map of the Kilinochchi dis-

trict was prepared by digitizing the soil map of Sri Lanka, published by the Geological 

Survey and Mines Bureau of Sri Lanka. Five soil types are described in the study area: 

Alkali & saline soils of variable texture (Solodized solonets and solonchaks), Alluvial soils 

of variable texture, and Red-Yellow Podzolic soils, Red-Yellow Latosols, and Sand Reg-

osols on the recent beach and dune sands (Figure. 6). The soil type analysis shows that the 

study area primarily covered by Red-Yellow Latosols followed by Alkali & saline soils of 

variable texture (Solodized solonetz and solonchaks) was observed along the northern 

and western margin of the coast. Alluvial soils of variable texture mainly cover the middle 

and eastern parts. Sand Regosols on the recent beach and dune sands also occur in the 

northern boundary of the area. Red-Yellow Podzolic soil covers the smaller portion in the 

southern part of the study area (Figure. 6). The weights of soils are assigned according to 

their degree of infiltration [26,39]. Sand Regosols on the recent beach and dune sands soil 

have a high infiltration rate and, therefore, higher priority. In contrast, the Red-Yellow 

Latosols soil has the lowest infiltration rate and, therefore, is given as low priority (Table 

4). 
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Figure 6: Soil map of Kilinochchi District 

 

3.1.5. Drainage density  

Drainage density is one of the influential factors in groundwater potential that con-

trol surface runoff and permeability [26,33]. Drainage density and the drainage structure 

are generally controlled by geology, slopes, and structures [26,33]. Drainage density is the 

proximity of the distance between stream channels, and it indicates the ratio between the 

total stream length and total area [3,15,35,40]. The drainage density of the Kilinochchi dis-

trict was prepared from the ASTER GDEM in ArcGIS 10.4. platform. Figure.7 shows the 

drainage density of the study area. The less permeable layer below the high drainage den-

sity area increases surface runoff, indicating less groundwater potential. Therefore, the 

region with a high drainage density is unlikely to suit groundwater [12]. The drainage 

density varies between <28.48 and 113.89 km/km2 in the study area and are categorized 

into five categories namely < 28.47 km/ km2, 28.47 - 56.94 km/ km2, 56.94 - 85.42 km/ km2, 

85.42 - 113.89 km/ km2, > 113.89 km/ km2. High weights have been allocated to the low-

drainage area for potential groundwater delineation, while high drainage area has been 

assigned low weights. 
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Figure 7: Drainage density map of Kilinochchi District 

 

3.1.6. Lineament density 

Linear and curvilinear structural features of an area support groundwater movement 

and infiltration [2,9,12,23,41]. Higher lineament densities are considered ideal for the de-

velopment of groundwater [31]. The lineament map of the study area was generated from 

ASTER GDEM. The lineament density of the study area varies from < 0.08 to > 0.62 km/km2 

(Figure 08). The lineament density, shown in Figure. 8, is natural, linear or curvilinear 

features, and was classified into five classes namely, < 0.08 km/km2, 0.08- 0.23 km/km2, 

0.23 - 0.41 km/km2, 0.41 - 0.62 km/km2, > 0.62 km/km2. The weights were assigned based 

on density. Low lineament density was assigned low weight, whereas high weight was 

assigned to high lineament density (Table 4). 
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Figure 8: Lineament density map of Kilinochchi District 

 

3.1.7. Rainfall 

Rainfall impacts significantly the hydrological cycle, which has a dominant effect on 

the area's groundwater capacity [3,30,40]. The amount of infiltration heavily depends on 

the intensity and duration of rainfall [3,35]. About 75% of the district's total rainfall is from 

North-East Monsoon from September to December [22]. There are only a few rain gauge 

stations in the Kilinochchi district. Annual rainfall data was obtained from three stations: 

Iranamadu, Akkarayan, and Kariyalainagapaduvan. The rainfall data were spatially in-

terpolated with IDW to obtain the rainfall distribution map. The yearly precipitation of 

the study area varies between 94 and 107 mm [22] and is classified into five categories as 

< 97 mm, 97-100 mm, 100-103 mm, 103-106 mm, >106 mm (Figure.9). The weights were 

assigned based on the intensity and its potential to groundwater. The high intensity of 

rainfall was assigned high weight, whereas low weight was allocated to the low intensity 

(Table 4). The thematic rainfall map of the Kilinochchi district indicates that although 

there is high rainfall in the eastern region, the western part of the district has relatively 

low rainfall (Figure.9).   
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Figure 9: Rainfall distribution map of Kilinochchi District 

 

3.1.8. Land use/Landcover 

Groundwater recharge depends on the area's LULC [2,9]. It provides essential infor-

mation on infiltration, soil moisture, groundwater, surface water, etc. [33,42]. The land use 

and change map was generated from the Sentinel-2 imagery of may 2020, acquired from 

USGS Earth Explorer and classified using supervised classification ArcGIS 10.4. Forests, 

agriculture & fallow lands, barren land, settlements, and water bodies are the main cate-

gories of land used found in the area (Figure.10). The land used for water bodies and veg-

etation is highly suitable for groundwater recharge [33]. Water bodies retain surface water 

during the monsoon period, and forest cover increases infiltration by minimizing runoff. 

The land used for agricultural purposes can be categorized as moderately suitable land 

for groundwater recharge. The built-up area is categorized as the least suitable area for 

groundwater recharge [1]. The weights were given according to their potential for 

groundwater recharge. The water bodies are allocated the high weight, and the settle-

ments are allocated the least weight (Table 4).   
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Figure 10: Land use /Land cover map of Kilinochchi District 

4. Results 

4.1. Delineation of potential groundwater zone 

Geomorphology, geology, soil, and rainfall play an essential role in the study area's 

groundwater potential. The integrated RS, GIS, and AHP technical methods have been 

applied to delineate potential groundwater zones. In PCM, the expert's opinions and field 

knowledge were used to assign importance to each theme on Saaty's scale. Geology ob-

tained the highest normalized weight, followed by rainfall, geomorphology, land use land 

cover, lineament density, soil, slope, and drainage density. 

 
Figure 11: Groundwater Potential Zone map of Kilinochchi District 
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The groundwater potential map are classified into five classes namely very high 

(111.26 km2), high (507.74 km2), moderate (309.89 km2), low (207.78 km2) and very low 

(59.12 km2) covering about 9%, 42%, 26%, 17% and 5% respectively (Table 5). The normal-

ized weights of the eight thematic layers indicate that geology and rainfall influence more 

than other factors in the occurrence of the potential groundwater zones (Table 3).  
Table 5: Groundwater potential region 

Categories Area Km2 Area (%) 

Very Low 59.12 5 

Low 207.78 17 

Moderate 309.89 26 

High 507.74 42 

Very High 111.26 9 

 

The map shown in Figure. 11 gives an overview of groundwater potential in the 

study area. Groundwater potentiality map of Kilinochchi district shows that the very high 

groundwater potential zone is predominantly found in the north-eastern part, which in-

cludes several Grama Niladhari (GN) divisions under Pachchilaipalli Divisional Secretar-

iat (DS) (e.g., Masar, Soranpattu, Mullaiyadi, Pulopalai, Palai town, Tharmakerny, Ka-

chcharvely, Vembatukerny, Kilali) due to high rainfall (103mm-106mm), Jaffna limestone, 

Sand Regosols on the recent beach & dune sands, flat terrine, and Plateau of Miocene 

limestones. It indicates that rainfall, geology, geomorphology, and soil significantly con-

tribute to groundwater augmentation in the Kilinochchi district. The upper north-west-

ern, middle & eastern parts of the study area (Karachchi DS division, Kandawalai DS di-

vision and Northern part of Poonakary DS division) generally have high groundwater 

potential due to high annual average rainfall (>106mm), flat terrain with less than 0.5-

degree slope, Alluvial & lagoonal clay, silt sand, and agricultural land. Moderate ground-

water potentials zones exist mainly in the west part and small patches in the central and 

eastern parts of the study area (Poonakary DS division). As a result of less annual average 

rainfall (< 94 mm), Red-Yellow Latosols soil, Upwarped Pleistocene coastal plain, Red 

earth, red and brown sand, lithology with less permeability, the western part of the study 

area (Poonakary DS division) is dominated by low and shallow groundwater potential 

areas. Furthermore, the groundwater potential map shows that, in addition to the signifi-

cant control of geology and rainfall, the distribution of groundwater is influenced by land 

use/land cover, geomorphology, and soil. In addition, the area is underlain by Red earth, 

red and brown sand in the west part of the study area is characterized by relatively lower 

groundwater potential zones. However, this area comes under a moderate groundwater 

potential zone because of forests with a high infiltration rate. 

4.2.Validation of the groundwater potentiality 

Validation of the result is more important to have scientific significance [30,43]. Thus, 

during the pre-monsoon season between March 2020 and August 2020, 79 wells were se-

lected using the stratified random sample to validate the findings in the study region (Fig-

ure. 12). The water depths of the wells observed ranged from 5.3 m to 19.2 m. The observed 

wells were classified into five groups based on well water depth, including very high 

groundwater potential (<7 m), high groundwater potential (7-10 m), moderate groundwa-

ter potential (10-13 m), low groundwater potential (13-17 m) and very low groundwater 

potential (17 m). To check the map's accuracy, the wells' water level was cross-checked 

against the prepared groundwater potential maps [1]. 
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Figure 12: Validation Well map of Kilinochchi District 

 

The Receiver Operating Characteristics (ROC) curve, which is a widely accepted 

technique for validating accuracy, was used to assess the accuracy of the model used 

[1,14,26,30,44]. The relation between Area Under Curve (AUC) and prediction accuracy 

can be summarized as Poor (0.5–0.6); average (0.6–0.7); good (0.7–0.8); very good (0.8–0.9); 

and excellent (0.9–1) [6,30]. The Kilinochchi district's groundwater potential map has been 

validated with 79 wells existing (Figure. 12). For varying cut-off points of a parameter, the 

true positive rate (sensitivity) is plotted to function the false-positive rate in a ROC curve. 

Each ROC curve point represents a pair of sensitivities, which corresponds to a certain 

decision threshold. According to the ROC graph, the area under the curve is measured 

and indicates an AUC value of 0.818, referring to 81.8% of the prediction accuracy (Fig.13). 

Therefore, it can be implied that the methods used in this study exhibit an acceptable level 

of accuracy (AUC=81.8% ) in delineating potential groundwater zones.  
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Figure 13: Receiver Operating Characteristics (ROC) curve 

5. Conclusion 

The integrated RS, GIS, and AHP techniques help identify the potential groundwater 

zone in a given area and provide reliable and cost-effective preliminary information about 

groundwater resources. An integrated platform of RS, GIS and AHP techniques was used 

to prepare the groundwater potential map of the Kilinochchi district. The AHP technique 

allocated thematic layers weights for the following categories: rainfall, geology, geomor-

phology, soil, drainage density, linear density, slope and land use cover. All thematic lay-

ers were integrated into ArcGIS 10.4.1 platform and generated a groundwater potential 

map. The resultant map has five categories, namely very high (111.26 km2), high (507.74 

km2), moderate (309.89 km2), low (207.78 km2), and very low (59.12 km2). The very high 

potential zone is located in the north-eastern part of the study area (Pachchilaipalli DS 

division), which is highly favourable for groundwater prospecting. Very low potential 

zones are mainly found in the extreme western part of the Poonakary DS division, which 

is the least favourable for groundwater prospecting. About 48% of the Kilinochchi district 

falls into moderate to very low groundwater potential zones that should require special 

actions to increase groundwater conditions. The overall result indicates that the ground-

water of the Kilinochchi district is influenced mainly by rainfall, geology, and soil factors. 

The ROC curve was eventually prepared to check the appropriateness of the approach 

used to delineate the potential groundwater zone. The validation result of GIS-based AHP 

indicates a reasonably good prediction accuracy of 81.8%. It can be implied that the meth-

ods used to delineate potential groundwater zones in the Kilinochchi district are reliable. 

The methodology used in this study can be concluded as a useful framework for deline-

ating the potential groundwater zones and can be recommended for use in others, partic-
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ularly in data scare areas. This research will help policymakers better manage the Kilino-

chchi district's groundwater resources and gives scope for further research into ground-

water exploration in the area. 
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