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Abstract In the present study, an effort has been made to

investigate the analytical hierarchy process has been

applied to delineate groundwater potential based on inte-

grated geographic information system (GIS) and remote

sensing (RS) techniques in Ponnaiyar River basin, Tamil

Nadu, India. At first, the climatic factor, topographic fac-

tors, water related factors, geological factors, hydrogeo-

logical factors and other ecological factors such as land

use/land cover and soil depth were derived from the spatial

geo-database. Secondly, the 74 groundwater data with high

potential yield values of C40 m3/h were collected and

mapped in GIS. Out these, 44 (60 %) cases were randomly

selected for models training, and the remaining 31 (40 %)

cases were used for the validation purposes. Then, the

assigned weights of thematic layers based on expert

knowledge were normalized by eigenvector technique of

AHP. To prepare the groundwater potential index, the

weighted linear combination (WLC) method was applied in

GIS. Finally, the receiver operating characteristic (ROC)

curve was drawn for groundwater potential map, and the

area under curve (AUC) was computed. Results indicated

that the rainfall and slope percent factors have taken the

highest and lowest weights, respectively. Validation of

results showed that the AHP method (AUC = 76.90 %)

performed fairly good predication accuracy. Results of this

study could be helpful for better management of

groundwater resources in the study area and give planners

and decision makers an opportunity to prepare appropriate

groundwater investment plans for sustainable environment.
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Introduction

In recent decades it has become evident in many countries of

the world that groundwater is one of the most important nat-

ural resources (Zektser and Everett 2004). The quality of

groundwater over surface water is that it is less affected by

catastrophic events, and it can be tapped when required,

exploitation of groundwater as alternative to inadequacy of

surface water is ever increasing (Manap et al. 2013). Hence, it

is necessary to recognize the methods to approach towards

groundwater management and to predict the groundwater

potential at the national, regional, and local scales (An-

bazhagan et al. 2000;Vaux2011; Page et al. 2012). Therefore,

groundwater potential mapping (GPM) is essential, and it can

be one of the preliminary steps toward managing the

groundwater resources. As a result, researchers have demon-

strated that constructing aGPMconstitutes an effectiveway to

explore these invaluable natural resources (Anbazhagan et al.

2001; Madan et al. 2010; Oh et al. 2011; Adiat et al. 2012;

Manap et al. 2013). There are several methods for assessing

the groundwater status (Anbazhagan 2004; Pradhan 2009;

Nampak et al. 2014). Recently, GIS has also provided another

cost and time effective approaches of spatial prediction of

groundwater productivity (Jha Arkoprovo et al. 2012; Manap

et al. 2014; Anbazhagan and Jothibasu 2016a, b). GIS tech-

nique is a popular tool to handle huge amount of spatial data
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and canbeutilized in several fields in environmental andwater

resources management (Anbazhagan and Ramasamy 1997;

Chowdhury et al. 2009; Dar et al. 2010; Gaur et al. 2011;

Magesh et al. 2012; Rahmati et al. 2014b). Several studies

have been applied using index basedmodels for producing the

GPM(SolomonandQuiel 2006; Prasad et al. 2008; Elewa and

Qaddah 2011; Manap et al. 2014). In some studies, analytical

hierarchy process (AHP) (Jha et al. 2010; Machiwal et al.

2011; Adiat et al. 2012; Kaliraj et al. 2014; Rahmati et al.

2014a; Shekhar and Pandey 2014; Naghibi et al. 2014; Nazari

et al. 2012; Neshat et al. 2013; Nosrati and Eeckhaut 2012;

Ozdemir 2011a, b; Pourghasemi and Beheshtirad 2014;

Pourghasemi et al. 2013a, b; Pradhan and Lee 2010; Shahid

et al. 2002; Singh and Prakash 2003), have been used for

groundwater potential mapping.

Adiat et al. (2012) used the analytic hierarchy process

(AHP) for groundwater potentiality mapping in Kedah,

Peninsula Malaysia. Machiwal et al. (2011) utilized the AHP

method for spatial prediction of groundwater potentiality in

Udaipur, India. Their results indicated that AHP requires

questionnaires of comparison ratings to define the weights for

the thematic layers in groundwater potentiality analysis.

Remote sensing and geographic information system (GIS)

technologies have great potential for use in groundwater

hydrology. GIS is a powerful tool for handling spatial data and

decision making in several areas, including geological and

environmental fields (Stafford 1991; Goodchild 1993).

Remote sensing is one of the main sources of information

about surface features related to groundwater such as linea-

ment, land use, and landforms. Such information can be easily

input to a GIS environment for integration with other types of

data, followed by analysis (Faust et al. 1991; Hinton 1996; Jha

et al. 2007). The main objective of this study is to assess the

competence of the AHP model for groundwater probability

index at Ponnaiyar River basin, Tamil Nadu, India. The GPI

will be helpful to the decisionmakers in groundwater resource

managementand identifyingproneareas for future plans.Also,

this research is essential for rapid identifying of groundwater

resource potential in the study area. Population growth and

inadequate public water supply have led to increased demand

for groundwater in Tamil Nadu during the past decade.

Meanwhile, these models are almost new in groundwater

probability mapping, and the efficiency and capability of them

can be examined. Therefore, to assess the groundwater prob-

ability, an effective and low expense approach is needed for

preventing the undesirable effects of future plans.

Study area

Ponnaiyar River basin an interstate river is one of the largest

rivers of the state of Tamil Nadu, often reverently called

‘Little Ganga of the South’. The river has supported may a

civilizations of peninsular India across the history and con-

tinues to play a vital role in supplying precious water for

drinking, irrigation and industry to the people of the states of

Karnataka, Tamil Nadu and Pondicherry. The study area

extends over approximately of 11,595 sq. km, and lies

between 11�350 and 12�350N latitudes and 77�450 and 79�550E
longitudes (Fig. 1). Ponnaiyar River originates on the south

eastern slopes ofChennakesavaHills, northwest ofNandidurg

of Kolar district in Karnataka State at an altitude of 1000 m

above mean sea level (amsl). The total length of Ponnaiyar

River is 432 km of which 85 km lies in Karnataka state,

187 km in Dharmapuri, Krishnagiri and Salem districts,

54 km in Thiruvannamalai and Vellore districts and 106 km

in Cuddalore and Villupuram districts of Tamil Nadu. The

Ponnaiyar basin is predominantly built up with granite and

gneisses rocks of archean period. The granite is of very good

quality and extensive outcrops andmasses of it are commonly

found. The chief components of rocks are hornblende and

feldspar. Foliation is seldom seen. In the plains of reserve

forest, quartz is found commonly. The diamond granite is also

found in scattered pockets in the area of Chitteri hills in

Dharmapuri andKrishnagiri sub-divisions. Charnockite rocks

of archean period are also seen in some areas. Alluvium and

sand-dunes of quaternary period are also seen at a few places.

The 15 years (2000–2014) average annual rainfall in the basin

is 969 mm. The catchment falls under the tropical belt. The

climate in general is hot; April and May being the hottest

months of the year when the temperature rises to 34 �C.

Methodology

The methodology can be attained from different groundwater

conditioning factors. The climatic factor (rainfall), topo-

graphic factors (such as altitude, slope angle (degree), slope

aspect, topographic curvature), water related factors (topo-

graphic wetness index, stream power index, distance to main

river and drainage density), geological factors (lithology, fault

density), hydrogeological factors (depth to water level) and

other ecological factors such as land use/land cover and soil

depth were prepared using remote sensing and GIS. The

second step the well training and validation dataset have been

prepared. Finally, using these factors, the groundwater prob-

ability index of AHP, map was generated with validation and

interpretation of the results. Themethodologies adopted in the

present study are shown in Fig. 2.

Climatic factors

The main climatic factor of rainfall (Rf) is one of the most

important hydrologic parameters and it was considered as a

major source of recharge (Musa et al. 2000; Magesh et al.
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Fig. 1 Study area and groundwater well locations of Ponnaiyar river basin

Fig. 2 Flowchart showing the methodology adopted in this study
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2012; Shekhar and Pandey 2014). It is an important ele-

ment to assess the water input to the basin and to under-

stand the flourish or deficit condition of water resource

Anbazhagan and Jothibasu 2016a, b). Adiat et al. (2012)

proved that the rainfall has a significant effect on perco-

lation and groundwater potential mapping accuracy. The

monthly records of rainfall amount for thirty rain-gauge

stations within the study area for a period of 15 years

(2000–2014) were obtained from the Tamil Nadu State

Surface and Groundwater Division database. The resulting

map was classified into five major classes: 688–850,

850–923, 923–987, 987–1046, and 1046–1195 mm/year

(Fig. 3a). Average annual rainfall in the study area varies

in the range of 688 to 1195 mm. North eastern and south

western part receive high rainfall ([987 mm) whereas

southeastern and northwestern part receive low rainfall

(\923 mm). High rainfall reported during the period from

2005 to 2010 indicates that the ground water regime got

highly recharge, whereas low rainfall reported during the

year 2000 to 2004, contribute less to ground water aquifer

and that period faced severe drought condition.

Topographic factors

The altitude (At), slope angle (degree) (Sad), and slope

aspect (Sa) topographic curvature (Tc) can be considered

as surface indicators for assessing the groundwater poten-

tial (Ettazarini 2007; Al Saud 2010). SRTM satellite data

were applied to create a digital elevation model (DEM) of

the study area with spatial resolution of 90 m. Different

altitudes have altered climate conditions, and this caused

differences in soil condition and vegetation type (Aniya

1985). Altitude (At) map of the study area was created

from the DEM. The altitude map was grouped into six

classes: -4 to 205, 205–386, 386–556, 556–750,

750–1009, and 1009–1635 m based on the quantile clas-

sification method (Fig. 3b) (Tehrany et al. 2013). Slope

angle (degree) (Sad) largely controls the groundwater

recharge processes, infiltration and runoff (Sarkar et al.

2001; Ettazarizini and El Mahmouhi 2004; Prasad et al.

2008), therefore, it is an effective factor for the spatial

prediction of groundwater potential. The slope map of the

study area was generated based on DEM using the Spatial

Analysis tools in ArcGIS 9.3. Based on the quantile clas-

sification scheme (Tehrany et al. 2014), the slope angle

map was grouped into six classes such as\7�, 7�–15�, 15�–
20�, 20�–25�, 25�–30�, and [30� (Fig. 3c). Slope aspect

(Sa) aspect is related to the main precipitation direction and

the physiographic trends (Ercanoglu and Gokceoglu 2002).

Slope aspect layer was extracted from DEM and divided

into nine classes including ten directions and flat based on

normal or common standard classification (Fig. 3d).

Topographic curvature (Tc) was calculated from the DEM

(Fig. 3e). The map comprises five classes ranging from

very high class to very low class. Negative values for

curvature (\-2) correspond concave and accumulation

zones, zero values for curvature represent the flat and

transitional zones and the positive values for curvature

represent the convex and dissipation zones (Florinsky

2000). The very high classes are reflecting high value

(4.97) for the frequency ratio, suggesting high infiltration

and for potential groundwater.

Water related factors

There is a vital role for topography in the spatial variation

of hydrological conditions such as soil moisture and

groundwater flow. Therefore, the secondary topographic

indices have been used for describing spatial soil moisture

patterns (Moore et al. 1991). Various factors such as

topographic wetness index (TWI), stream power index

(SPI), drainage density (Dd) and distance from main rivers

(Dmr) play significant roles in hydro-geological systems.

Topographic Witness Index (TWI) has been widely used to

explain the impact of topography conditions on the location

and size of saturated source zones of surface runoff gen-

eration. Recently, TWI has been used for groundwater

potential mapping (Davoodi Moghaddam et al. 2013;

Nampak et al. 2014) and describing spatial wetness pat-

terns (Pourghasemi et al. 2012a; Pourtaghi and Pour-

ghasemi 2014). It is defined as (Moore et al. 1991):

TWI ¼ In
As

tanb

� �
ð1Þ

where, AS is the cumulative upslope area draining through

a point (per unit contour length) and

b is the slope gradient (in degree).

In this study, TWI map is grouped into four classes

using quantile classification scheme (Tehrany et al. 2014)

(Fig. 3f). The tendency of water to accumulate at any point

in the catchment (in terms of a) and the tendency of

gravitational forces to move that water down slope (indi-

cated in terms of tan b as an approximate hydraulic gra-

dient) are considered by the ln b tana index. Primarily, the

water infiltration depends upon material properties such as

permeability and pours water pressure on the soil strength.

Stream Power Index (SPI) is a measure of the erosive

power of water flow based on the assumption that dis-

charge (q) is proportional to specific catchment area (As)

(Eq. 2) (Moore et al. 1991)

SPI ¼ Bs x tana ð2Þ

where, Bs is the specific catchment area (m2) tana the local

slope gradient measured in degrees
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As the specific catchment’s area and gradient increase,

the amount of water contributed by upslope areas and the

velocity of water flow increase; hence, the SPI and slope-

erosion risk increase (Moore et al. 1991). Moore et al.

(1993) stated that the SPI controls the potential erosive

power of overland flow. Therefore, these processes can be

considered as one of the components of groundwater

potential occurrence (Nefeslioglu et al. 2008; Yilmaz 2009;

Akgun and Turk 2010). The SPI demarcated into five

classes based on Jenk natural break (Fig. 3g).

Drainage density (Dd): The drainage system of an area is

determined by the nature and structure of the geological

Fig. 3 Climatic and groundwater conditioning factors of Ponnaiyar

river basin; a Rainfall, b altitude, c slope angle (degree), d slope

aspect, e topographic curvature, f TWI, g SPI, h drainage density,

i distance from main river, j depth to water level, k lithology, l fault
density, m land use/land cover, and n Soil depth
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formation (bedrock), rainfall absorption capacity of soils,

vegetation type, infiltration rate and slope angle (Manap et al.

2014). Drainage density is considered as the closeness of

spacing of stream channels (Magesh et al. 2012) and a high

drainage density causes lower infiltration and increased sur-

face runoff. It means that drainage density is an inverse

function of permeability hence; areas having high drainage

density are not suitable for groundwater development (Dinesh

Kumar et al. 2007). In order to determine drainage density of

study area, Line Density tool in ArcGIS 9.3 was used. The

drainage density quantity of study areawas computed through

sum of lengths of streams in the mesh (km), and area of the

grid (km2). The drainage density map of the study area was

divided to five classes such as very low (\0.72 km/km2), low

(0.72–1.45), moderate (1.45–2.17), high (2.17–2.90) and very

high ([2.90) (Fig. 3h), and it reveals that high drainage den-

sity is observed in the center of the study area. Distance from

main river (Dmr) is one of themain conditioning factors due to

its significant impact on the groundwater potential spread and

magnitude (Fernández and Lutz 2010; Glenn et al. 2012). It is

an important parameter that controls the stability of a slope is

the saturation degree of the material on the slope. The close-

ness of the slope to drainage structures is another important

factor in terms of stability. Streams may adversely affect

stability byeroding the slopesorby saturating the lower part of

material until resulting in water level increases (Gokceoglu

and Aksoy 1996). The distance from river map was produced

using the buffer tool in ArcGIS 9.3 andwas classified into five

classes (Fig. 3i).

Hydrogeological factors

Rao and Briz-Kishore (1991) indicated that water level is

one of the most important hydro-geological factors and can

be applied to evaluate groundwater potential. The water

table level (Wt) dataset of the study area was acquired from

the State Surface and Groundwater Division. According to

Bevan et al. (2005) water table level is defined as the

surface at which pore pressure is equal to atmospheric

pressure. Water table level indicates hydraulic gradients of

any point, hence, it can be useful to identify the area with

high groundwater potential (Madrucci et al. 2008). In the

present study, the depth to dater level (Dwl) varies from\5

to[40 m (Fig. 3j).

Geological factors

The lithology is considered as one of the most important

indicators of hydro-geological features which play a

fundamental role in both the porosity and permeability of

aquifer materials (Ayazi et al. 2010; Charon 1974). The

analog lithology map (1:100,000) was obtained from the

Geological Survey of India (GSI 1997) and the digital

lithology map was generated using ArcGIS 9.3 (Fig. 3k).

According to Geological Survey of India the lithology of

the study area is varied and covered by 22 rock types.

Fault density (Fd) generally control relief, spatial distri-

bution of drainage networks and groundwater accumula-

tion under the influence of slope (Samy et al. 2011;

Gerrard 1981). In an image, a fault is defined as a straight

or slightly curved surface feature of natural origin,

interpreted directly from the imagery (O’Leary et al.

1976; Koike et al. 1998). Fault and intersections of lin-

eaments reflect rock structures through which water can

percolate and travel up to several kilometers within (Kane

et al. 1996). In this study, fault zones were detected

through interpretation of IRS P6 LISS III imagery and

hill-shade maps from a DEM and mapping methodology

adopted as drainage density (Fig. 3l).

Ecological factors

Land use and soil is important ecological factors for life.

Land use types play a significant role, which directly or

indirectly influence on some of hydrological processes

components such as infiltration, evapotranspiration and

run-off generation. Land use types within the study area are

agriculture land, built-up land, forest cover, river, water

body, barren land, and grass land (Fig. 3m). Built-up areas,

which are mostly made by impervious surfaces, increase

the storm run-off and inundation (Tehrany et al. 2013). On

the other hand, agricultural areas are less prone to flooding

due to the positive relationship between infiltration capa-

bility and vegetation density. The land use/land cover map

was prepared from IRS P6 LISS III image through super-

vised classification using maximum likelihood algorithm,

and false color composite (FCC) techniques in ENVI 4.3

software. Soil is defined in different ways for different

processes. Generally, it is a complex biogeochemical

material on which plants may grow. Information on the

type of soil is often needed as a basic input in hydrologic

evaluation. Mapping soil usually involves delineating soil

types that have identifiable characteristics. The delineation

is based on many factors garment to soil science such as

geomorphologic origin and conditions under which the soil

formed (Vieux 2004). Soil depth is one of the most

important factors in the surface and subsurface runoff

generation and infiltration process (Mogaji et al. 2014).

The soil depth map was obtained from the Central

Groundwater Board (CGWB, 2012). There are four classes

of soil depth in the study area (Fig. 3n).
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Well yield data set

In order to prepare groundwater database, well yield data

of study area were collected from the State Surface and

Groundwater Division, and extensive field surveys. Due to

limited availability of the groundwater data, indirect indi-

cator of yield measurement was applied in these models

instead of hydraulic constants of specific capacity as con-

sidered by Oh et al. (2011). Groundwater yield is deter-

mined based on actual pumping test analysis of

groundwater well e.g., m3/h. About 74 groundwater pro-

ductivity data with high potential yield values of C40 m3/h

were collected from well locations. Out these, 44 (60 %)

groundwater data were randomly selected for training of

the models and the remaining 30 (40 %) were used for the

validation purposes. Figure 1 shows the groundwater well

locations (training and validation data set) in the study

area.

Results and discussion

Analytical hierarchy process (AHP) model

The analytical hierarchy process (AHP) is firstly introduced

by Saaty (1980). This approach allows group decision-

making, where planners can use their scientific experience

and knowledge to break down a problem into a hierarchy

structure and solve it by the AHP process. AHP also pro-

vides facilitates decomposition and pairwise comparison,

reduces inconsistency, and calculates priority vectors. The

AHP model generally involves six steps (Hosseinali and

Alesheikh 2008): (1) define the unstructured problem and

objectives; (2) determine the detailed criteria and alterna-

tives; (3) apply pair-wise comparisons to prepare compar-

ison matrices; (4) use the eigenvalue technique to

determine the relative weights of the decision factors; (5)

compute the consistency index of the matrices; and (6)

obtain an overall rating for the alternatives (by aggregating

the weighted decision factors). In order to determine the

weight of each conditioning factor, questionnaires of

comparisons ratings based on Saaty’s 1–9 scale (Saaty

1980) were prepared and filled by several experts (hy-

drologist, hydrogeologists, etc.) within study area

(Table 1). Consequently, all the groundwater conditioning

factors are compared against each other in a pair wise

comparison matrix. The Expert Choice software package

(E.C. Inc. 1995) has been used to determine the normalized

weights of conditioning factors (priorities of alternatives)

and to test for consistency ratio (CR). The following

equation is used to compute the CR:

CR ¼ CI

RI
ð3Þ

where, RI is the random index whose value depending on

the order of the matrix; and CI is the consistency index

which can be obtained as:

CI ¼ kmax � n

n� 1
ð4Þ

When, k is the largest eigenvalue of the matrix and can

be easily determined from the mentioned matrix, and n is

number of groundwater conditioning factors.

According to Saaty (1980) and Malczewski (1999), the

consistency ratio (CR) must be determined less than 0.1.

Consequently, all the conditioning factors are compared

against each other in a pairwise comparison matrix

Table 1 Scale of relative importance suggested by Saaty (1997)

Intensity of 
importance Definition Explanation

1 Equal importance Two activities contribute equally to objective
3 Weak importance of one 

over another Experience and judgment slightly favor one activity over another

5 Essential or strong 
importance Experience and judgment strongly favor one activity over another

7 Demonstrated importance An activity is strongly favored and its dominance demonstrated in 
practice

9 Absolute importance The evidence favoring one activity over another is the highest 
possible order of affirmation 

2, 4, 6, 8 Intermediate values between 
the two adjacent judgments When compromise is needed 

1/9  1/8  1/7  1/6  1/5  1/4  1/3  1/2   1  2  3  4  5  6  7  8  9
Less important                         More important

Model. Earth Syst. Environ. (2016) 2:109 Page 7 of 14 109

123



(Table 2). Furthermore, Table 2 presented the final

weightings of conditioning factors. Ten groundwater con-

ditioning factors were classified based on expert knowledge

and literature review. Then, the rank of each condition

factor class was determined according to expert knowledge

and, subsequently, feature normalized ranks were extrac-

ted. Ranks assigned to different features of the individual

factors and their normalized weights were shown in

Table 3 (Rahmati et al. 2014a). The groundwater proba-

bility index (GWPI) is a dimensionless quantity that

applies to perform the groundwater probability mapping in

an area. The weighted linear combination (WLC) tech-

nique was used to determine the groundwater potential

index (GWPI) as follows (Adiat et al. 2012; Shekhar and

Pandey 2014):

GWPI ¼ RfwtRfNr þ AtWtAtNrSadwtSadNr þ SawtSaNr
þ TcwtTcNr þ TWIwtTWINr
þ SPIwtSPINrDdwtDdNr þ DmrwtDmrNr
þ DwlwtDwlNr þ LiwtLiNr þ FdwtFdNr
þ LULCwtLULCNr þ SdwtSdNr ð5Þ

The GWPI values were grouped into four classes of low,

moderate, high, and very high using the ArcGIS quantile

classification method. In this classification method, each

class contains the same number of features. Also, quantile

method was applied by several researchers due to its effi-

ciency (Nampak et al. 2014; Tehrany et al. 2014).

Validation of the groundwater probability index

From scientific significance viewpoint, validation is con-

sidered to be the most important process of modeling

(Chung and Fabbri 2003; Therefore, it is very important to

evaluate the resultant GPI. The receiver operatingcharac-

teristics (ROC) curve was applied to determine the accu-

racy of the GPI (Davoodi Moghaddam et al. 2013; Pradhan

2013; Pourtaghi and Pourghasemi 2014). The GPI delin-

eated in the current study was verified using the ground-

water well locations in the validation datasets. Based on the

groundwater yield data (with high potential yield values of

C30 m3/h) acquired from the State Surface and Ground-

water Division, the accuracy assessment of the GPMs was

made. The ROC curves were then obtained by considering

cumulative percentage of probability index maps (on the x

axis) and the cumulative percentage of groundwater

occurrence (on the y axis) (Negnevitsky 2002; Pour-

ghasemi et al. 2012b, c, d). The area under the curve

(AUC) was calculated based on ROC curve analysis and it

demonstrates the accuracy of a prediction system by

describing the system’s ability to expect the correct

occurrence or non-occurrence of pre-defined ‘‘events’’ (Bui

et al. 2012; Jaafari et al. 2014). According to Yesilnacar

(2005) the quantitative–qualitative relationship between

the AUC value and prediction accuracy can be grouped as

follows: 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). Finally, all

three classified models are verified through frequency

percentage.

AHP is a model that has been widely used by different

researchers in the field of natural resources and environ-

mental management. The final weight of each conditioning

factor was shown in Table 3. The result of pair-wise

comparison indicated that the soil depth, lithology, depth to

Table 2 Pair-wise comparison matrix for the AHP process in Ponnaiyar river basin

Factor Li Ld LULC Sd Dwl Dfr Dd Rf Tc SPI Sad TWI Sa Normalized

weight

Lithology (Li) 1 1 2 3 4 5 6 6 7 7 8 8 9 0.178

Lineament density (Ld) 1 1 2 3 4 5 6 6 7 7 8 8 9 0.178

Land use land cover (LULC) 2 2 1 2 3 4 5 6 6 7 7 8 8 0.133

Soil depth (Sd) 3 3 2 1 2 3 4 5 6 6 7 7 8 0.100

Depth to water level (Dwl) 4 4 3 2 1 2 3 4 5 6 6 7 7 0.078

Distance from river (Dfr) 5 5 4 3 2 1 2 3 4 5 6 6 7 0.061

Drainage density (Dd) 6 6 5 4 3 2 1 2 3 4 5 6 6 0.049

Raifall (Rf) 6 6 6 5 4 3 2 1 2 3 4 5 6 0.039

Altitude (At) 7 7 6 6 5 4 3 2 1 2 3 4 5 0.032

Total curvature (Tc) 7 7 7 6 6 5 4 3 2 1 2 3 4 0.025

Stream power index (SPI) 8 8 7 7 6 6 5 4 3 2 1 2 3 0.019

Slope angle (Degree) (Sad) 8 8 8 7 7 6 6 5 4 3 2 1 2 0.015

Tophographic wetness index (TWI) 9 9 8 8 7 7 6 6 5 4 3 2 1 0.011

Slope aspect (Sa) 9 9 9 8 8 7 7 6 6 5 4 3 2 0.010

Consistency ratio (CR = 0.03\ 0.1)
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Table 3 Assigned and normalized ranks of different features often

conditioning factor for groundwater potential mapping in Ponnaiyar

river basin

Factor Class Assigned rank Feature normalized

ranks (Nr)

Lithology

Gneiss 5 0.045

Charnockite 3 0.027

Granitic gneiss 6 0.054

Mettagabbro 5 0.045

Basic rocks 6 0.054

Amphibolite/ 7 0.063

Migmatitic complex 8 0.071

Granitic/acidic rocks 4 0.036

Champion gneiss 3 0.027

Alkaline rocks 8 0.071

Ultramafic 8 0.071

Ultrabasic syenite 6 0.054

Quartzite 10 0.089

Anorthosite 6 0.054

Sand and silt 5 0.045

Pondicherry 7 0.063

Sands (coastal/alluvial)/ 8 0.071

Alter seq of sand 2 0.018

Shaly sand stone 1 0.009

Lime stone, marl 1 0.009

Conglomerate 2 0.018

Clay with limestone 1 0.009

Lineament density (Ld)

0–0.10 km/km2 5 0.333

0.10–0.28 km/km2 4 0.267

0.28–0.44 km/km2 3 0.200

0.44–0.61 km/km2 2 0.133

0.61–1.08 km/km2 1 0.067

Land use land cover (LULC)

Agricultural land 3 0.107

Built-up land 7 0.250

Forest cover 5 0.179

River 2 0.071

Water bodies 1 0.036

Barren land 4 0.143

Grass land 6 0.214

Soil depth (Sd)

Shallow (25–50 cm) 1 0.036

Moderately shallow

(50–75 cm)

2 0.071

Moderately deep

(75–100 cm)

3 0.107

Deep (100–150 cm) 4 0.143

Very deep ([150 cm) 5 0.179

Rocky land 6 0.214

Table 3 continued

Factor Class Assigned rank Feature normalized

ranks (Nr)

Misselaneous land 7 0.250

Depth to water level (Dwl)

\5 m bgl 1 0.067

5–10 2 0.133

10–15 3 0.200

20–40 4 0.267

[40 5 0.333

Distance from river (Dfr) m

\2000 5 0.333

2000–4000 4 0.267

4000–6000 3 0.200

6000–8000 2 0.133

[8000 1 0.067

Drainage density (Dd)

Very low 1 0.067

Low 2 0.133

Moderate 3 0.200

High 4 0.267

Very high 5 0.333

Raifall (Rf)

688–850 1 0.067

850–923 2 0.133

923–987 3 0.200

987–1046 4 0.267

1046–115 5 0.333

Altitute (At)

-4–205 1 0.059

205–386 2 0.118

386–556 3 0.176

556–750 3 0.176

750–1009 4 0.235

1009–1635 4 0.235

Total curvature (Tc)

-5.01–0.25 5 0.333

-0.25–0.05 4 0.267

-0.05–0.09 3 0.200

0.09–0.41 2 0.133

0.41–4.97 1 0.067

Stream power index (SPI)

-6.90–6.48 5 0.313

-6.48–0.72 5 0.313

0.72–2.36 3 0.188

2.36–4.07 2 0.125

4.07–8.71 1 0.063

Slope angle (degree) (sad)

\7� 6 0.286

7�–15� 5 0.238

15�–20� 4 0.190
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water level and distance from river factors have taken the

highest weights. In this study, the CR is 0.03; the ratio

reflects a reasonable level of consistency in the pair-wise

comparisons phase. Using the Eq. 5 the AHP model clas-

sified into four groups such as low, moderate, high very

high probability. The final groundwater probability index

map obtained by AHP model is shown in Fig. 4. Based on

this map, high to very high groundwater probability zones

are located at the eastern and northwestern region. More-

over, the middle parts of the study area because of low

water level depth fall under very low groundwater proba-

bility. For quantitative validation, used of ROC curve

analysis by comparing the existing groundwater well

locations in the validation datasets with the groundwater

probability map obtained by AHP model (Pradhan

2009, 2013; Mohammady et al. 2012; Davoodi Moghad-

dam et al. 2013; Regmi et al. 2013; Pourtaghi and Pour-

ghasemi 2014). Figures 5 shows the ROC curve of the

GPMs obtained using AHP model. Therefore, it can be

seen that the AHP models applied in this study showed

reasonably good accuracy in spatial predicting of ground-

water probability. In AHP model frequency ration of well

dataset indicates that the most of the wells fall under the

moderate to low groundwater probability. It means that the

well water level undergoes falling down in future. The

effective watershed management will enhance the sus-

tainable water environment which will be useful for the

further planning and development of the area.

Conclusion

Groundwater probability analysis is one of the most pop-

ular areas of research, especially in arid and semi-arid

regions. Various methods have been applied for regional

groundwater potential assessment globally. Government

and research institutions worldwide have tried for years to

assess groundwater potential and predict its spatial distri-

bution. In the present study, groundwater probability index

maps have been prepared using AHP method with the

Table 3 continued

Factor Class Assigned rank Feature normalized

ranks (Nr)

20�–25� 3 0.143

25�–30� 2 0.095

[30� 1 0.048

Tophographic wetness index (TWI)

-3.78–5.39 5 0.313

5.39–7.37 4 0.250

7.37–9.08 4 0.250

9.08–11.06 2 0.125

11.06–19.25 1 0.063

Slope aspect (Sa)

Flat (-1) 4 0.125

North (0–22.5) 4 0.125

Northeast (22.5–67.5) 2 0.063

East (67.5–112.5) 3 0.094

Southeast (112.5–157.5) 3 0.094

South (157.5–202.5) 2 0.063

Southwest (202.5–247.5) 3 0.094

West (247.5–292.5) 3 0.094

Northwest (292.5–337.5) 4 0.125

North (337.5–360) 4 0.125

Fig. 4 Groundwater potential

map of AHP
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integration of remote sensing and GIS. The application of

the AHP model is divided into three steps: the construction

of database, the calculation of weights and the data inte-

gration and verification procedure, in which the obtained

GPI was verified with ROC and groundwater well loca-

tions. In general, all used factors have relatively higher

values of variation index implying the importance of all

factors for accurate demarcation of groundwater probabil-

ity. AHP approach is in agreement with the result obtained

by other researchers used in groundwater probability

assessment and various environmental studies. The vali-

dation of results demonstrated that the AHP has fairly good

predication accuracy of 76.90 %. Hence, based on the

results of this research and the accuracy of the derived

groundwater potential prediction map, it can be concluded

that the applied methodology, together with the used

indices, is a useful framework for the rapid assessment of

groundwater potential. The produced groundwater poten-

tial maps can assist planners and engineers in groundwater

development plans and land use planning in the study area.
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