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Population growth and water shortage in Iran have highlighted the importance of studies on karst.
However, in developing countries such as Iran, studies on the karst region including the construction
of piezometric wells, exploratory boreholes, qualitative sampling and tracing tests are performed
infrequently due to the huge costs. Hence, it is necessary to conduct karst studies in regions with a
high potential of recharge using the map of groundwater recharge potential. In addition, determining
and estimating the potential of these resources for management planning is vital in water shortage
conditions. In this study, the potential detection of water resources in karst formations using ranking
methods is investigated. First, APLIS weighting model was used in Javanroud, Kermanshah region,
as the main method of and the basis of this research. Then, analytic hierarchy process (AHP) and
TOPSIS techniques were used to modify the weight of the APLIS model and lastly, the three final maps
of APLIS, AHP and TOPSIS were matched and compared with maps of spring and fault. Thus, the
TOPSIS method, despite five springs with discharge of 38 m?3 /s and four faults with length of 8869 m
in a region with very high recharge, was selected as the best method. The results obtained enable us to
select the best region for geophysical operation that requires the least amount of time along with the
lowest cost.

Keywords. Karst; potential detection; weighting method; Javanroud Kermanshah; decision-making
model.

1. Introduction

Almost one-fifth of the Earth’s surface is covered by
different carbonate formations (Lamoreaux 1991).
On the other hand, more than 25% of the world’s
population lives in karst areas or get their needed
water from karst resources (Ford and Williams
2013). In Iran, approximately 11% of the whole

country and about 90% of the Zagros highlands
are composed of karst formations (Mohammadi
and Field 2009). Water quality has been empha-
sised in groundwater management (Neshat et al.
2014a,b; Kardan Moghaddam et al. 2017; Neshat
and Pradhan 2017). Due to Iran’s unique climate
conditions, rainfall shortage and inadequate spa-
tial distribution and timing as well as limited
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water resources in terms of quality and quan-
tity, and widespread expansion of karst formations
throughout the country, studies on karst water
resources have become crucial (Yeh et al. 2009;
Gerner et al. 2012). The term karst defines a unique
morphological and hydrological feature in solu-
ble rocks, such as carbonate and evaporite rocks,
which can lead to the formation of an aquifer.
Such a phenomenon is related to the existence
of fractures and solubility of the rock where a
groundwater system can be formed. Thus, the
formation of a karst feature depends on two fac-
tors: first, the solubility of rock mass; and second,
the possibility of forming a groundwater system.
Downward flow of water to the water table and
groundwater reservoir is referred to as recharge.
Over a fairly long period and in aquifers not
constrained to pumped reactions, the rate of dis-
charge is the same as the mean annual value
of the recharge. For this reason, the ground-
water recharge covering an area is the same as
the infiltration excess. Three mechanisms of dis-
charge are as follows (Lerner et al. 1990): direct
discharge by means of percolation through the
zone i.e., unsaturated, indirect recharge within
beds of surface-water courses and localised or
concentrated recharge at points. We can declare
the aquifer to be an annual mean volume, which
is usually called mean annual resource or entry,
or as a percentage of precipitation. This can be
referred to as the rate of recharge or effective
infiltration.

Numerous studies have been conducted in this
regard, including the research conducted by Andreo
et al. (2008) who estimated the surface recharge
using the APLIS method for the first time, due to
lack of access to sufficient data. The results of this
study led to the spatial distribution of recharge in
the region of Javanroud, Kermanshah. In terms of
international and regional water governance poli-
cies, the evaluation of groundwater recharge plays
a vital role (Gleeson et al. 2012). The consequences
of various emission scenarios on recyclable ground-
water resources were examined by Portmann et al.
(2013). A decline of more than 30% in groundwater
recharge was observed specifically in the semi-arid
regions and from every climate model (Portmann
et al. 2013). The probability of the Mediterranean
area and its groundwater resources being affected
by climate change is high (Giorgi and Lionello
2008). In comparison with other regions of the
world, karst regions are proved to be a significant
source of drinking water (Ford and Williams 2013),
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and doubts occur with regard to the estimation of
their hydrological behaviour within the changing
climate (Hartmann et al. 2014).

In another study, Andreo et al. (2008) stud-
ied the assessment of karst groundwater supply
by APLIS and potential detection at a Furopean
scale. They concluded that the APLIS method is
a potentially useful tool for groundwater recharge
and water resource assessment and spatial distri-
bution in carbonate aquifers. Field studies indicate
that the region has weak degree of karstification
processes and springs emerge in the points with
maximum potential in the southern part of the
region (Andreo et al. 2008).

To access the exact location of water resources,
geophysical methods are used which are consid-
ered as the most accurate methods. However, due
to high cost of geophysical operations in a wide
area, potential detection of water resources should
be evaluated at first. Hence, in this study, the
potential detection of water resources in Kkarst
formations was studied using various ranking meth-
ods. According to the possibility of mapping, the
spatial distribution of recharge rate inside aquifers
is consistent with their individual features, and
especially when focusing on carbonate aquifers,
the APLIS method was preferred. The applica-
tion of this technique has been successful in a vast
number of Spanish karst aquifers (Andreo et al.
2007; Martos-Rosillo et al. 2009; Andreu et al.
2011; Guardiola-Albert et al. 2015). Furthermore,
the application of APLIS method in karst aquifers
has been made possible in a number of countries
(Farfan et al. 2010; Gerner et al. 2012).

With this contribution, through application of
the APLIS method, the autogenic groundwater
recharge in Javanroud, Kermanshah region, was
measured and modified using analytic hierarchy
process (AHP) and TOPSIS, and the outputs of
which were chosen by means of data gathered from
the faults and springs.

2. Materials and methods

2.1 Geographical location and geology

The study area, Javanroud, Kermanshah region, is
located at 29.8°N and 48.5°S. It covers an area of
1251 km? of the catchment basin of Ab Leyleh-Ab
Sefid Barg River. This area is located in a moun-
tainous place, and the average annual rainfall in
this region is 600 mm and the evaporation rate is
1850-1912 mm. Moreover, the average height of the
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Figure 1. Map of geographical location and geology of study area in Javanroud, Kermanshah Province.

basin is 1905 m above sea level. Figure 1 shows the
study area of Javanroud, Kermanshah region, in
terms of geographical location.

Geology of the study area is shown in figure 1.
As it is seen, most of the areas except the southern
parts are composed of a thin layer of calcareous
formation and the southern parts of the region
include the destructive and turbidite layers, unclas-
sified alluviums, dark coal dolomite, dark dolomite
limestone and coal conglomerates. Moreover, a lim-
ited area in the northern part consists of coal
dolomite formation, dark dolomite limestone, coal
conglomerate, sandy conglomerate and a mixture
of limestone and clay (Bakhtiari formation). In
addition, it has carbonate rock formation, pile and
layered limestone as well as layers of silica and radi-
olarites, characterised by a remarkable capability
to store water (figure 1).

Many factors affect the collection of water reser-
voirs in karst regions, including sufficient rainfall,
tectonic factors, lithology compound, existence of
limiting formations, and expansion and thickness

of karst topography. Concerning the rainfall, it is
evident from the data that precipitation in the
region is significant such that the average annual
rainfall in most of the regions is more than 500
mm. On the other hand, the primary condition to
penetrate precipitation into any rock formations is
the existence of crack system, the movements and
pressures resulted from tectonic activities and oro-
genies prepare the ground for it. As such, numerous
joint systems have been created in the carbonate
rock formations in this region as a result of intense
tectonic and orogenesis movements, and these sys-
tems are effective in penetration of a significant
amount of precipitation into the deeper layers. The
mild folds of these formations are also effective in
penetration of precipitation. On the other hand,
as the purity grade of carbonate rocks is increased
and free from impurity, the solubility of their kars-
tification process will also be increased. This fact
holds true in carbonate formations especially in
Bistoon formation where both the surface and deep
karstic phenomena are abundantly observed. One
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reason for accumulation of penetrated water in
hard formations is due to the existence of limiting
impermeable formations below and in vicinity of
them. In the study area, the Gachsaran imper-
meable formation below and in the vicinity of
carbonate formation inhibit the flow of water to
distant areas, and thus, a good condition is cre-
ated for water storage. In general, the accumulated
waters in carbonate formations in contact point
with limiting formations overflow in the form of
springs. Finally, the expansion and thickness of
karstic formations are the other factors that affect
the creation of water reservoirs in hard formations.

In the Javanroud study area, carbonate destruc-
tive colloidal formations and carbonate colloidal
formations are widely expanded and carbonate for-
mations expand less, such that it is estimated that
a total number of 60 springs with annual discharge
of 7.5million m® emerge from carbonate forma-
tions, whereas the number of springs emerging from
other hard formations is 493 with annual discharge

of 161.2 million m?>.

2.2 APLIS method

The evaluation of the rate of autogenic recharge
into carbonate aquifers, on the basis of a mixture
of geological, geographic, morphologic and edapho-
logic variables, is conducted by APLIS (Marin
2009; Andreu et al. 2011). Effective factors such
as height above sea level (A), slope (P), lithology
(L), penetration (I) and soil cover (P) were consid-
ered, and GIS software was used in the overlay and
analysis of information layers. The mean recharge
is proportional to precipitation because the con-
stant of proportionality in terms of each aquifer is
a must, as a function of its intrinsic variables. A
score from 1 to 10 was allotted to each variable
succeeding an arithmetic progression (in terms of
minimal incidence on aquifer recharge: 1; and in
terms of maximum influences on recharge: 10). A
map was created to analyse and construct layers
using the received data, and then by using rank-
ing related to the APLIS method, the ranked and
classified layers were prepared. Finally, using the
data integration formula, the final map related to
APLIS was prepared and the spatial distribution
of groundwater recharge of these layers was mod-
elled. The ranking of effective layers in penetration
rate is shown in table 1 and

R=[(A+P+3L+2I+5)/09]. (1)
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2.3 AHP technique

AHP technique, introduced by Saati in 1980, is a
method used for karst potential detection. In this
study, the weight of the APLIS method changes
and the final potential map is checked and pre-
pared in GIS using the AHP technique. First,
a map to analyse and construct the layers is
produced using the received data, and then, for the
purpose of AHP-related weighting, the weighted
and classified layers are prepared by questionnaire
method.

One basic measurement method to apply AHP
process is pair comparisons. This method consider-
ably reduces the conceptual complexity of decision
making because only two decision-making elements
are checked at a time. This method is conducted in
the following three stages:

(i) to prepare pair comparison at each level of
the hierarchy, which starts from the top and
continues to the bottom;

(ii) to calculate weights of each elements in hier-
archy;

(iii) to estimate a compatibility rate.

Thus, if we assume that the hierarchy is composed
of the main goal, objectives, characteristics and
options, then this method is performed for three
levels of objectives, characteristics and options.
Each pair comparison is created to estimate the
weight of relative importance of each element at
a particular level by observing the elements of a
higher level. One of the basic assumptions of AHP
is the compatibility in the values of the judgements
made for levels of options and characteristics in the
decision-making process. Note that the paired com-
parisons are only used in a relatively small number
of elements at every level of the decision-making
hierarchy. Thus, it can only be used for issues con-
taining a relatively low number of options. When a
large number of options are examined, then AHP
ends in the characteristic level because all options
in the cell should be examined. All weights of
characteristics are allocated to the layer of char-
acteristic map and processed in GIS.

2.4 TOPSIS technique

Another method to modify the weighting model
of potential detection of karst water resources is
TOPSIS technique, which was introduced by Yong
Huang in 1981. The TOPSIS technique for order of
preference by similarity to ideal solution is a multi-
criteria decision-making method like AHP. This
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technique can be used to rate and compare various
options, to choose the best one and to determine
the intervals between the options and classifying
them. Among the advantages of this method is
that the criteria or indicators used for comparison
can have different measurement units as well as
both positive and negative natures. The steps to
implement this method are as follows:

Step 1: The numeric value of classified layers in
selected points should be extracted from the map
and a matrix is developed with criteria in column
and options in a row. (We suppose that ¢ and j
are row and column of a given matrix, respec-
tively, with n options and m variables.)

Step 2: A non-dimensional matrix is created. To
non-dimensionalise the matrix, at first place, it
should be calculated by a formula. The non-
dimensional data means converting them to the
numbers between zero and one. The score of each
value should be obtained by (a;; are the num-
bers in the decision-making matrix and n;; are
the numbers in the non-dimensional matrix.)

dimg aizj

Step 3: This step involves the extraction of posi-
tive and negative ideals for each index. Values of
these positive and negative ideals in this study
are presented for decision making in equations
(3) and (4). The best values for positive index
are the largest values, and for negative index, it
is the smallest ones. Similarly, the worst values
for positive index are the smallest values, and for
negative index, the worst values are the greatest
ones. (V is equal to the number of weighted non-
dimensional matrices; and a, p, [, ¢ and s are the
five variables used in the present study.)

JT = [max Vj,, min Vj,, max Vj;, max Vj;,

max Vs, (3)
J~ = [min Vj,, max Vj,, min Vj;, min Vj;,
min V. (4)

Step 4: This step involves estimating the distance
of each option from positive and negative ideals
(equations 5 and 6).

(v;-r is the positive ideal of each criterion, v; is
the negative ideal of each criterion, v;; are the
number of weighted non-dimensional matrices,

clj+ is the distance of each option from positive
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ideal and d; is the distance of each option from
negative ideal.)

Step 5: At this stage, in equation (7), the rel-
ative proximity of each option to ideal solution
is calculated. The estimated value is a number
between 1 and 0 (clf” ranking options).

clf = 4 ;o 0<clf <1;
di +d;
i=1,2,...,m. (7)

Step 6: According to equation (8) and CL val-
ues, ranking the options is performed (the closer
value to 1 is appropriate and closer to zero is
inappropriate):

CL; > CL5 > CL; > CL3 > CL4. (8)

Finally, selected weights in this study are obtained
by the TOPSIS technique and the final map of
water potential is prepared and checked in GIS
(figure 2).

3. Results and discussion

3.1 Map of APLIS potential detection

On the basis of the data collected from different
references in map format, raster is prepared, and
each map is produced for different classes based
on ranking APLIS method. Ranking related to dif-
ferent parameters is presented in table 1. All the
output maps of the parameters of the APLIS model
are presented in figure 3. According to the map of
height above sea level, the more height above sea
level, the penetration will be more and so it is of
great importance. It should be noted that the study
area has a minimum height of 464 m and maximum
height of 3346 m. On the other hand, less pene-
tration occurs in the steeper regions. Therefore,
according to the map, the slope is of great impor-
tance in the regions with less steep. The study area
has a minimum slope of 0% and a maximum slope



J. Earth Syst. Sci. (2019) 128:76

Page 7of 12 76

Data
collection
[ Processing and spatial analysis |
}ie‘:glr:'f:)(o/\\: slope (P) lithology (L) penetration (1) soil cover (S)
| Aquifer Recharge analysis |

APLIS

Method
S =
= NG / :
(el ¥
g < TOPSIS > < AHP >
= N NS )
= N ~
A Correlation to
S / select the best
a resvtm
) N
S / \\\
= <_TOPSIS >

\\//

Figure 2. Overall methodology of this study.

of 80%. In addition, with respect to lithology map,
the greater amount of limestone indicates higher
ranking. As shown in the map, the northern and
southern parts have more lime and thus have a
higher ranking. Moreover, regarding the penetra-
tion map, the more penetration, the ranking will
be higher. As shown, most regions except areas
in the northeast and southeast are characterised
by more penetration and therefore have a higher
ranking. According to the agrology map, a smaller
amount of soft immature soils indicates a higher
ranking. As shown, most regions except the eastern
parts have more penetration and therefore have a
higher ranking. After creating five layers in GIS,
the final step includes the integration of APLIS
layers, incorporating effective layers using equation
(1). It suggests that the largest area belongs to a
region with a very low recharge (<20%).

3.2 APLIS modification with AHP technique

At first, the AHP technique is used to modify
AHP. As such, the weights of APLIS method are
changed and the final potential map is prepared
and checked in GIS. Firstly, using the received
data, the required map for the analysis and con-
struction of layers is produced. Secondly, for AHP-
related weighting, the weighted and classified layers
are prepared by questionnaire method. The weights
obtained by the AHP technique are presented in
table 2. Then, to create the final map using the

AHP technique, five layers (variables) are inte-
grated. Figure 4 shows that in this area, the region
with the average recharge of 40-60% covers the
largest area.

3.3 APLIS modification with TOPSIS technique

After using the AHP technique, the TOPSIS tech-
nique was applied to modify the weights. Similar
to AHP technique, TOPSIS changes the APLIS
weights as well. In the TOPSIS method, five areas
were selected as samples and numeric values of
layers were extracted. Finally, using the TOPSIS
technique, five sample areas were ranked and the
final map of figure 5 was obtained. With respect to
the final map, the greatest area belongs to a region
with an average recharge of 40-60%.

3.4 Comparison of final maps

Despite the widespread use of ranking methods
such as APLIS and KARSTLOP in determining
the degree of recharge in a karstian region, these
methods have some shortcomings and limitations.
The most important weakness of these models
is using the fixed weights for their parameters,
such that similar weights and ranks are designated
to different studied regions, irrespective of their
hydrogeological characteristics. For example, in a
region with appropriate soil coverage, this param-
eter has the least weight in the APLIS method.
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Figure 3. Produced layers using ranking APLIS method.

Table 2. Weight of each variable using the AHP technique.

Height above

Layers sea level Slope

Lithology Penetration Soil cover

AHP 0/33 0/2

0/15 0/14 0/17

Therefore, to gain more accurate estimations of the
results, it is necessary to modify the APLIS method
using multi-criteria decision-making models such as
AHP and TOPSIS due to their widespread use,
ease of analysis and high accuracy. In spite of
the advantages of AHP method in modification
of APLIS, it can be referred to expert opinions
who are familiar to the region. In other words, the
experts who complete the pair comparison ques-
tionnaire have a good grasp of all criteria and

parameters of APLIS method as well as the study
area. Furthermore, the TOPSIS method, in addi-
tion to advantages of AHP model in using expert
opinions, enjoys other strengths including weigh-
ing and making preference by logic of similarity to
ideal solution.

As APLIS is a ranking method, it is required
to be modified for the study area, and thus, in
this study, the AHP and TOPSIS techniques have
been used to modify the APLIS method. For this
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Figure 4. APLIS modification using AHP method.
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Figure 5. APLIS modification using TOPSIS method.

purpose, three maps of groundwater recharge
potential zone were produced to select the best
method finally. In the next step, authenticity of
the prepared maps should be determined in terms
of number and discharge of springs as well as the
fault lines. In other words, the more number and
discharge of springs in an area, the higher will be
recharge in that area. On the other hand, most of
faults are organised in a way such that in a region

with higher number of faults, the penetration of
groundwater is increased.

To compare three weighting methods, two char-
acteristics, i.e., the positions of the fault and spring
were checked and the map of each was prepared.
Then, each final map of the APLIS, AHP and
TOPSIS methods was matched using ARCGIS
software on two characteristics and the position of
each was checked, as shown in figure 6. To compare
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Table 3. Comparison of results of APLIS, AHP and TOPSIS methods by matching

fault and spring map.

Method APLIS AHP TOPSIS
Recharge Spring Fault Spring Fault Spring Fault
In terms of number

Very low 59 7 44 9 0 2
Low 57 9 109 13 55 8
Medium 98 9 45 14 140 21
High 7 2 46 12 5 4
In terms of unit

Very low 698 36,488 485 39,391 0 1995
Low 1171 48,390 1884 28,995 1118 22,012
Medium 1751 49,720 650 40,540 3413 101,423
High 217 2493 1565 27,203 38 8869

Fault unit is metre and spring unit is cubic metre per second.

the weighting APLIS, AHP and TOPSIS methods,
all the results obtained by the three methods are
presented in table 3. The results obtained from
three techniques to determine the recharge extent
of Javanroud area are presented in table 4 and
show that in general, the region has high potential
of groundwater recharge. According to this table,
in all the three methods, the high and medium
recharges are more than 40%. This high value rep-
resents the importance of groundwater in karst
regions.

The results calculated by matching the TOP-
SIS weighting model with the fault and spring map

Table 4. Comparison of area percentage in APLIS,
AHP and TOPSIS methods.

Recharge ranges TOPSIS APLIS AHP
Very low 2 32 22
Low 10 25 30
Medium 84 25 32
High 4 18 16

in Javanroud, Kermanshah region, showed that in
the area with high recharge (4%), there were five
springs with a discharge of 38 m?/s and four fault
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lines with a length of 8869 m. Moreover, the results
obtained by matching the AHP map with the fault
and spring map in Javanroud, Kermanshah region,
showed that in the region with high recharge (16%),
46 springs had a discharge of 1565m?/s and 12
fault lines had a length of 27,203 m. Given that it
covers a small area, aggregation of spring and fault
is observed in this region. According to the results
obtained by matching the APLIS map with the
fault and spring map of Javanroud, in the region
with high recharge (18%), seven springs had a dis-
charge of 217m3 /s and two fault lines had a length
of 2493 m.

Therefore, in this study, having classified the
output maps resulted from three techniques includ-
ing APLIS, AHP and TOPSIS and compared them
with fault and spring, the TOPSIS was selected as
the best method. As such, with the least level of
high recharge (i.e., 4%), the maximum discharge of
spring and fault line is aligned to.

In addition, in order to determine the best
proposed method, the rainfall variations in dif-
ferent points of the region were matched with
recharge maps and the results suggest that the
TOPSIS method was highly correlated with rainfall
level, such that in groundwater recharge map pre-
pared by TOPSIS method, the maximum rainfall
(700 mm) coincided with the regions with high
recharge.

4. Conclusion

In this study, application of a new approach to
measure the quantity of groundwater recharge in
the Javanroud, Kermanshah karst region, was sug-
gested. Given that the APLIS method was applied
for the first time in Javanroud, Kermanshah region,
it needs to be calibrated with AHP and TOP-
SIS methods. Finally, the results obtained from
comparing the different weighting methods (i.e.,
APLIS, AHP and TOPSIS) with the matching
map of fault and spring showed that the TOP-
SIS method was better matched with the fault
and spring maps. Moreover, the collected data
regarding water resources in this region show that
the most important resource in this region is
spring that has relatively high discharge. On the
other hand, the average precipitation in this region
(approximately 700 mm) is 2 or 3 times more than
the average precipitation in Iran, which is around
250 mm. This conclusion in turn emphasises the
high potential of recharge in this area.
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