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Abstract-This study aims to locate new groundwater recharge sites in the arid region of northern Badia, Jordan,
based on specific criteria including lithology, drainage and lineament density, soil texture, slope, and rainfall. With
groundwater serving as the key source of Jordanian drinking water, the use of surface water for groundwater recharge
is essential in maximizing the groundwater available. Groundwater recharge sites were selected using the weighted
linear combination (WLC) method with the aforementioned criteria. According to the findings, 5.064% of the region
is very highly suited to groundwater recharge, 33.599% of the region is highly suited, and 3.789% of the region is
moderately suited. However, 26.634% of the region is poorly suited to groundwater recharge, with a further 30.943%
being very poorly suited. The significance of each criterion for groundwater recharge was identified using removal
analysis, with the most significant factor being efficient groundwater management. Given this finding, big data are
required in order to determine the optimal locations for groundwater recharge as part of future groundwater planning

and management.
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INTRODUCTION

As Sargaonkar et al. (2011) explains, the
contamination of groundwater is extremely
rare, making it a key source of potable water at
present. One of the most commonly adopted ap-
proaches for consolidating groundwater resources
is groundwater recharge, where underground
water is refilled by other water, either in the
form of natural or artificial recharge. Simmers
(1997) adds that natural recharge can be localized
(from surface water pond where well-defined
flow channels are unavailable), indirect (surface

watercourse percolation to the water table), or
direct (from rain following the subtraction of
interception, runoff and transpiration). As Lloyd
(1986) notes, climate has a significant impact
on which form of recharge primarily occurs in
different regions.

Artificial recharge is widely recognized as
an effective approach for the management of
water resources, having been adopted in regions
around the globe for a number of years. Here,
surface runoff and river waters are conserved in
aquifers, which are used as reservoirs. Spandre
(20006) states that the utilization of artificial re-
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charge is largely determined by the groundwater
engineering and hydrogeology in question. The
researcher also suggests that it is beneficial to
supplement groundwater resources and reser-
voirs with surface waters since these waters
are often naturally purified through subsurface
filtration, because groundwater reservoirs do not
take up land surface space, and because plant
transpiration and evaporation are non-issues
in this context, which is greatly beneficial in
semi-arid and arid regions such as the Badia
region of Jordan.

GIS (WLC and Boolean) and MCDA have
been widely used for site selections in several
applications such as water harvesting schemes,
landfill sites, and infrastructures. Examples of
these applications are found in the literature
such as Janssen and Rietveld (1990), Srivastava
(1996), Eastman (1997), Gupta et al., (1997),
El-Awar et al. (2000), Zehtabian et al., (2000),
Heywood et al. (2002), Baban and Wan-Yusof
(2003), Fortes et al., (2005), Shatnawi (2006),
Delgado et al. (2008), Al-Adamat (2008), Al-
Adamat et al. (2010), Shirahatti, et al., (2010),
Hammouri et al. (2014), Al-Amoush et al. (2016),
Al-Shabeeb (2016), Al-Shabeeb et al. (2016), and
Al-Adamat and Al-Shabeeb (2017).

The utilisation of GIS and MCDA for ground-
water recharge have been explored by numer-
ous researchers, including Krishnamurthy and
Srinivas (1995), Krishnamurthy et al. (1996),
Saraf and Choudhury (1998), Ghayoumian et al.
(2002), Han (2003), Nouri (2003), Ghayoumian et
al. (2007), and Al-Adamat (2012). In the current
study, Jordan Northern Badia region is selected
as the target region in which to identify potential
groundwater recharge sites using the GIS-MCDA
model.

Investigated Area

The semi-arid and arid region of northern Ba-
dia experiences an average of 50-150 mm of rain-
fall each year, with an average daily temperature
of 25°C and 533mm daily average evaporation.
Northern Badia lowest altitude is 650 m above
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sea level, in the southeast, with its highest altitude
being 900 m above sea level, in the northwest.
Badia is characterized by numerous northwest-
bound valleys (wadis), which flow down the low
slope (ca. 2%) between the north and south. The
location of northern Badia, relative to the rest of
Jordan, is illustrated in Figure 1 below.

35°33'0"E 36°31'30"E 37°30'0"E 38°28'30"E 39°27'0"E

30°45'0"N 31°34'30"N 32°24'0"N 33°9'0"N 33°58'30"N
31°7'30"N 31°57'0"N 32°46'30"N 33°36'0"N

30°18'0"N

30°0'0"N

29°28'30"N

29°15'0"N
7

Legend

[ ordan 0 50 100
LB
[ Study Area

35°42'0"E 36°36'0"E 37°30'0"E 38°24'0"E 39°18'0"E

Figure 1. Location of the investigated area.

Methods

Six criteria (slope, soil texture, rainfall, drain-
age density, lineament density, and lithology)
were selected in order to determine the most
suitable groundwater recharge sites in northern
Badia. As illustrated in Table 1, various data
sources were used to generate the six thematic
layers for this research. A digital elevation model
(DEM) of the Shuttle Radar Topographic Mission
(SRTM) was used to obtain the slope map, with
the SRTM DEM also used to obtain the drainage
density. The Royal Jordanian Geographical Cen-
tre (RJGC) provided a 1:250,000 scale lineament
map used to obtain the lineament density. The
Natural Resources Authority of Jordan provided a
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Table 1. Datasets Used to generate Thematic Layers

Used Data Scale/Resolution Format Generated Layer
Geology 1:250,000 Vector Lithologic map
Soil 1:750,000 Vector Soil Texture
Rainfall 1: 250,000 Vector Rainfall map
ASTER DEM 30m Raster Slope map
ASTER DEM 1:250,000 Raster Drainage density
Lineament 1:250,000 Vector Lineament density

1:250,000 scale lithologic map, whilst Al-Adamat
et al. (2007) data were used to obtain rainfall and
soil data.

Carver’s (1991) multicriteria evaluation is
assessed in this paper in order to address the
research aim. The WLC approach is considered
to offer benefits in terms of being more realistic,
easier to use, offering greater flexibility, and
having the ability to indicate the most significant
spatial units of factor maps. Therefore, the WLC
method is adopted in this paper for the purpose
of identifying potential sites for groundwater
recharge in northern Badia. Here, as Eastman
(2001) explains, each of the six criterion is as-
signed a weight before being combined, with
a suitability map obtained based on the sum of
results. This can be expressed as follows:

SI= T WHR oo (1)

Where:

W is the weight of the criteria
R is the rating of the criteria
Si is the suitability index

The final suitability map for groundwater
recharge sites was obtained by integrating all of
the thematic layers into the GIS environment.
The equation representing the calculation of the
suitability index for groundwater recharge is
expressed as:

GSI=(SwxSr)+ (SLwxSLr) + (LIwxLIr) +
(DDwxDDr) + (RwxRr)+(LTwxLTr) ....... 2)

Where:

w is the weight of each criterion

r is the rating of each individual criterion class
GSlis the groundwater recharge suitability index
S is soil texture

SL is slope

LI is lineament density

DD is drainage density

R is rainfall

LT is lithology

Figure 2 below, illustrates the methodology
adopted in this study:
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Figure 2. Methodology flowchart.
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The weights and ratings of the criteria used for
groundwater recharge site selection are presented
in the Table 3, based on the work of Al-Shabeeb
(2015).

RESULTS AND DISCUSSION

The weights and ratings illustrated in Table 2
above are used to transform the thematic layers into
araster format, with Equation 2, and then they are
used for calculation purposes. Each of the thematic
layers is illustrated in Figures 3 - 8. The selection of
potential groundwater recharge sites was achieved
using ArcGIS WLC, with Figure 9 demonstrating
the map of possible groundwater recharge sites
based on the analysis, rated from very low to very
high in terms of suitability.

Table 2. Weights and Ratings for Site Selection

Vol. 5 No. 3 December 2018: 199-209

The chosen criteria are outlined in Table 3,
along with their relation to the suitability map for
groundwater recharge. As illustrated in the table,
annual rainfall above 300 mm would significantly
improve the suitability of the chosen area as a
groundwater recharge site. Furthermore, a high
potential for groundwater recharge is seen in ar-
eas where alluvium and basalt are present in the
lithology. Additionally, there is a high potential
for groundwater recharge in areas with shallower
(<5%) slopes, sandy loam, and sandy clay loam
soil texture, and areas with less than 2.5 km /
sq.km of both drainage and lineament densities.

As shown in Table 4, 5.064% of the sclected
region appears to be very highly suitable as a po-
tential groundwater recharge site, with 33.599%
of the area highly suitable and 3.789% of the
region moderately suitable. However, the table

Importance

Criteria Weight Classes Rating
>=500 4
) 500>R>=300 3
Rainfall (mm) 6
300>R>=100 2
<100 1
Alluvium 4
. Basalt 3
Lithology 5 Volcano >
Mud flat 1
<3 4
3-5 3
0,
Slope (%) 4 5-10 5
>10 1
<=1.5 4
Lineament density 3 1.5-2.5 3
(km/sq.km) 2.5-3.5 2
>3.5 1
Silty clay 1
. Sandy clay 2
Soil texture 2 Sandy clay loam 3
Sandy loam 4
Drainage density =075 !
(km/sq.km) | 0.75-1.5 2
4 1.5-2.55 3
<2.55 4

Rainfall determines the amount of water that falls, and thus,
areas that receive more precipitation have more opportunity of
infiltration than those with low rainfall. Hence, this criterion is
the most important one that impacts the selection of suitable
sites for groundwater recharge.

Lithology determines the types of materials of the zone above
the water table that the infiltrated water has to pass through it
from surface. Thus, it is an important criterion for identifying
sites for groundwater recharge.

The slope of the land surface determines the areas that have
good suitability for a groundwater recharge. Flat or semiflat
(low slope) areas are more suitable for groundwater recharge
than high slope areas.

Lineament density criterion indicates fractures and joints that
serve as channels for movement of water to the groundwater.
Hence, this criterion is an important character that impacts
groundwater recharge.

Soil texture criterion plays an important role in the infiltration
of surface water to groundwater aquifers. It represents the
uppermost portion of the vadose zone and controls the amount
of recharge.

Drainage density impacts the suitability for groundwater
recharge of an area, because it represents reverse function of
permeability and the relationship with surface runoff.

202



The Selection of Groundwater Recharge Sites in the Arid Region of Northern Badia,
Jordan, using GIS-Based Multicriteria Decision Analysis (A.R. Al-Shabeeb)

CSEIOE  3EIS0E 3650 36°110°E 36°180°E 36°250°E
z 2 z |
£ r z z
- L2 2 B
< b a Ha
- M= = &
- F B / r B /
' [ e
1 s
] ¢ noe F B L
1 1
Z’ h 1
; ‘ g4 |E £
1 ’ A E [ %
@ " . p = -] =
“
z | z z)
= s s £
g [ 5 5 Fs
| - :: =
7| Legend " 1 =
7 Lineament Density 1 N
/-5 : Legend W+E
Lithology
Zz |
£ 1525 HE 21 § t
3 b £ -Volcam) L Z
¢ [ 2535 0 4 8 o = 0 4 8 s
« N K M= o ; —— =S
[P Z | I i kn i
T T T T T A —T— — T ——
36°11'0"E 36°18'0"E 36°25'0"E 36°11'0"E 36°18'0"E 36°25'0"E
Figure 3. Lineament density. Figure 5. Lithology.
36°110°E 36°180"E 362250 36°11'0"E 36°180"E 36°25'0"E
JsereE ) 3CIRUE N 36°250E Pt SR SRRt e e R SRttt
21 L
| 'z
n | =3 A L e
2 I 8 2
s i = | 8
- | / [ o
. L
g Lz £ Lz
% | | & EX L &
= | -
z z ] L
B re 1 re
F1 e 1 F=
b E < =
e« > 1 F=
@ i -
7 Legend r 7 r
Drainage Density 1 N r
[ -y w<€}>E | Legend w<%>|«; [
Z | Rainfall
z] orsis s [ 2 LS ——— M .
S| s 0 4 8 e =] 0 4 8 g
g" [a] “ [ e
=1 < ss — B 100300 mm E— ¢
» o [ e
36°11'0'E 36°180"E 36°25'0"E 36°110°E 36°180"E 36°250"E
Figure 4. Drainage density. Figure 6. Rainfall (mm).

also indicates that 26.634% of the region is poorly ~ 30.943% very poorly suited as a groundwater
suited to groundwater recharge, with an additional ~ recharge site.
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In order to exclude unsuitable groundwater
recharge sites from the results, the previous
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Figure 9. Groundwater recharge (without land use).

groundwater recharge suitability map (Figure
9) was incorporated with the land use map for
the investigated area (Figure 10). This map was
then used to analyze suitability with the inclu-
sion of land use, as shown in Table 5. Based on
the results, approximately 6.6% of the chosen
region appears to be unsuitable for groundwater
recharge, whilst approximately 6.5% appears to
be highly to very highly suitable as a groundwater
recharge site.

Sensitivity Analysis

The purpose of sensitivity analysis is to un-
derstand the degree to which the results of the
groundwater recharge site analysis are impacted
by the rating values and weights assigned to each
of the six criteria. Therefore, sensitivity analysis
helps to determine which of the criteria has the
greatest impact on the results (Gogu and Dassar-
gues, 2000). As per the work of Al-Adamat (2017)
and Al-Adamat and Al-Shabbeb (2017), common
approaches to sensitivity analysis at present include
statistical analysis, map removal analysis, and map
removal sensitivity analysis, amongst others.
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Table 3. Potential Groundwater Recharge Sites based on the Six Criteria

Groundwater Potential Zones

Criteria Very high High Moderate Low

Potential Potential Potential Potential

Rainfall (mm) >=500 500>R>=300 300>R>=100 <100

Lithology Alluvium Basalt Volcano Mud flat

Slope (%) <3 3-5 5-10 >10

Lineament density(km/sq.km) <=1.5 1.5-2.5 2.5-3.5 >3.5

Soil texture Sandy loam Sandy clay loam Sandyclay Silty clay

Drainage density(km/sq.km) <2.55 1.5-2.55 0.75-1.5 >=0.75

Table 4. Suitability for Groundwater Recharge (without
land use)

Table 5. Final Suitability for Groundwater Recharge (with
land use)

Suitability Area (km?) Area (%) Suitability Area (km?) Area (%)
Very low 8,511,300 30.94 Unsuitable 4,349 6.61
Low 7,362,000 26.63 Very low 20,904 31.79
Moderate 1,042,200 3.79 Low 2,144 32.60
High 9.242.100 33.60 Moderate 14,758 22.44
Very High 1,385,100 5.06 High - 2, 4.40
Very high 1,423 2.16
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and Dassargues, 2000; Hammouri et al., 2013;
Al-Adamat, 2017; Al-Adamat and Al-Shabeeb,
2017) with researchers explaining that one crite-
rion is removed during each computation of the
model index. In the current study, the impact of
each of the six criteria on the results is determined
using map removal analysis.

The significance of each criterion is illustrated
in Table 6. Based on the results of the analysis,
the most to the least influential criteria were soil
texture, drainage density, and rainfall, at a mean
value of 36.80, 36.48, and 34.03, respectively;
followed by lineament density, slope, and lithol-
ogy, with respective mean scores of 33.82, 30.10,
and 29.72. The results of the map removal analy-
sis are illustrated in Figure 11.

Table 6. Map Removal Sensitivity Analysis

Figure 10. Final groundwater recharge map of the studied
area (including land use).

Sensitivity analysis has been explored in stud-
ies published all over the globe (e.g., Lodwick
et al., 1990; Napolitano and Fabbri, 1996; Gogu

Criteria MIN MAX MEAN SD
Slope 24 46 30.1 2.47
Soil texture 26 58 36.8 5.27
Lithology 18 43 29.72  4.61
Rainfall 22 54 34.03  5.11
Lineament density 25 56 33.82  5.12
Drainage density 25 58 36.48 5.106
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CONCLUSION AND RECOMMENDATIONS

This study demonstrates the value of GIS in
the management of groundwater resources and
selection of potential groundwater recharge sites.
Some of the benefits of GIS include its ability
to analyze and to store large quantities of data
in various formats. The chosen studied area of
northern Badia was examined using GIS-based
multicriteria analysis using the WLC method in
order to identify potential sites for groundwater
recharge in this semi-arid and arid area of Jordan.
GIS was used to prepare, classify, weight, and
integrate the six thematic layers (soil texture,
slope, rainfall, lithology, lineament density, and
drainage density) used in this study.

The findings of this research support future
planning in the field of groundwater recharge
and groundwater resource management, with
the map demonstrating the most suitable sites for
groundwater recharge. According to the results,
over 33% of the selected region is highly suited
to groundwater recharge, with over 5% highly
suited and over 3% moderately well suited. The
analysis also illustrates the areas in which there
is low and very low suitability for groundwater
recharge, representing just over 26% and 30% of
the selected region, respectively.

Sensitivity analysis is used to test the validity
of the measures, with soil texture, drainage den-
sity and rainfall found to be the most influential
factors in selecting a suitable groundwater re-
charge site, followed by lineament density, slope,
and lithology. It is recommended that the results
of'this research, along with the methods adopted,
are utilized for the purpose of future groundwater
resource management and for the selection of
suitable sites for groundwater recharge projects
in Jordan northern Badia region.

ACKNOWLEDGEMENT
The author is grateful to Dr. Rida Al-Adamat and

department of GIS and Remote Sensing/Al al
-Bayt University of Jordan.

REFERENCES

Al-Adamat, R., 2012. The Use of GIS and
Google Earth for Preliminary Site Selection
of Groundwater Recharge in the Azraq Oasis
Area-Jordan. Journal of Water Resource and
Protection, 4 (6), p.395-399. DOI: 10.4236/
jwarp.2012.46045

Al-Adamat, R., 2017. Modelling Surface Water
Susceptibility to Pollution Using GIS. Journal
of Geographic Information System, 9 (03),
p-293-308. DOI: 10.4236/jgis.2017.93018

Al-Adamat, R. and Al-Shabeeb, A.A.R., 2017.
A Simplified Method for the Assessment of
Groundwater Vulnerability to Contamina-
tion. Journal of Water Resource and Pro-
tection, 9(03), p.305-321. DOI: 10.4236/
jwarp.2017.93020

Al-Adamat, R., Rawajfih, Z., Easter, M., Paus-
tian, K., Coleman, K., Milne, E., and Batjes,
N.H., 2007. Predicted soil organic carbon
stocks and changes in Jordan between 2000
and 2030 made using the GEFSOC Modelling
System. Agriculture, ecosystems and envi-
ronment, 122 (1), p.35-45. DOI: 10.1016/j.
agee.2007.01.006

Al-Adamat, R., 2008. GIS as a decision support
system for siting water harvesting ponds in
Jordan. Journal of Environmental Assessment
Policy and Management, 10 (2), p.189-206.

Al-Adamat, R., Abdullah Diabat, and Ghada
Shatnawi, 2010. Combining GIS with mul-
ticriteria decision making for siting water
harvesting ponds in northern Jordan, Jour-
nal of Arid Environments. 74, p.1471-1477.
DOI:10.1016/j.jaridenv.2010.07.001.

Al-Amoush, H., Al-Shabeeb, A.R., Al-Ayyash,
S., Al-Adamat, R., Ibrahim, M., and Rajab,
J.A.,2016. Geophysical and Hydrological
Investigations of the Northern Wadis Area
of Azraq Basin for Groundwater Artificial
Recharge Purposes. International Journal of
Geosciences, T (05), p.744. DOI: 10.4236/
1j2.2016.75057

Al-Shabeeb, A.A.R., 2015. A modified analytical
hierarchy process method to select sites for

207



Indonesian Journal on Geoscience, Vol. 5 No. 3 December 2018: 199-209

groundwater recharge in Jordan. Unpublished
Ph.D. thesis, Department of Geography,
Leicester University, UK.

Al-Shabeeb, A.A.R., 2016. The Use of AHP
within GIS in Selecting Potential Sites for
Water Harvesting Sites in the Azraq Basin-
Jordan. Journal of Geographic Informa-
tion System, 8 (01), p.73. DOI: 10.4236/
jgis.2016.81008

Al-Shabeeb, A. A. R., Al-Adamat, R., and
Mashagbah, A., 2016. AHP with GIS for a
Preliminary Site Selection of Wind Turbines
in the northwest of Jordan. International
Journal of Geosciences, 7 (10), p.1208. DOLI:
10.4236/ijg.2016.710090

Baban, S. and Wan-Yusof, K., 2003. Modelling
optimum sites for locating reservoirs in tropi-
cal environments. Water Resources Manage-
ment, 17 (1), p.1-17.

Carver, S.J., 1991. Integrating multi-criteria
evaluation with geographical information sys-
tems. International Journal of Geographical
Information System, 5 (3), p.321-339.

Delgado, O. B., Mendoza, M., Granados, E. L.,
and Geneletti, D., 2008. Analysis of land suit-
ability for the siting of inter-municipal land-
fills in the Cuitzeo Lake Basin, Mexico. Waste
Management (New York, N.Y.), 28, p.1137-
1146. DOI: 10.1016/j.wasman.2007.07.002

Eastman, J., 2001. IDRISI 32-Release 2 Guide to
GIS and Image Processing, Vol. 2. Clark Labs.
Clark University, United States of America.

Eastman, J.R., 1997. Idrisi for Windows, User's
Guide, Version 2.0, Clark Labs for Carto-
graphic Technology and Geographic Analysis.
Clark University.

El-Awar, F.A., Makke, M.K., Zurayk, R.A., and
Mohtar, R.H., 2000. A spatial hierarchical
methodology for water harvesting in dry lands.
Applied Engineering in Agriculture, ASAE
16 (4), p.395-404. DOI: 10.13031/2013.5223

Fortes, P.S, Platonov A.E, and Pereira L.S., 2005.
GISAREG-a GIS based irrigation scheduling
simulation model to support improved water
use. Agriculture Water Management, 77, p.159-
179. DOI: 10.1016/j.agwat.2004.09.042

208

Ghayoumian, J, Shoaei, Z, Karimnejad, H.R, Gh-
ermezcheshmeh, B, and Abdi, P., 2002. Some
examples of artificial recharge of aquifers by
flood spreading in Iran. /n: Van Rooy, J.L.,
Jermy, C.A. (Eds.), Proceedings of the 9th
Congress of the International Association for
the Engineering Geology and the Environ-
ment. Balkema, Rotterdam, p.1529-1537.

Ghayoumian, J., Saravi, M.M., Feiznia, S., Nouri,
B., and Malekian, A. 2007. Application of
GIS techniques to determine areas most suit-
able for artificial groundwater recharge in a
coastal aquifer in southern Iran. Journal of
Asian Earth Sciences, 30 (2), p.364-374. DOI:
10.1016/j.jseaes.2006.11.002

Gogu, R. and Dassargues, A., 2000. Sensiv-
ity analysis for the EPIK method of vulner-
ability assessment in a small karstic aquifer,
southern Belgium. Hydrogeology Journal, 8,
(3), p.337-45.

Gupta, K.K., Deelstra, J., and Sharma, K.D.,
1997. Estimation of water harvesting potential
for a semi-arid area using GIS and remote
sensing. /n: Baumgartner, M.F., Schultz,
G.A., Johnson, A L. (eds), Remote Sensing and
Geographic Information Systems for Design
and Operation of Water Resource Systems.
International Association of Hydrological
Sciences, London, UK.

Hammouri, N., Al-Amoush, H., Al-Raggad,
M., and Harahsheh, S., 2014. Groundwater
recharge zones mapping using GIS: a case
study in Southern part of Jordan Valley, Jor-
dan. Arabian Journal of Geosciences, 7 (7),
p-2815-2829.

Han, Z., 2003. Groundwater resources protection
and aquifer recovery in China. Environmental
Geology, 44 (1), p.106-11.

Heywood, I., Cornelius, S., and Carver, S., 2002.
An Introduction to Geographical Information
Systems. Prentice Hall, Harlow, England.

Janssen, R. and Rietveld, P., 1990. Multicrite-
ria analysis and geographical information
systems: an application to agricultural land
use in the Netherlands. In 190 Geographical
information systems for urban and regional



The Selection of Groundwater Recharge Sites in the Arid Region of Northern Badia,
Jordan, using GIS-Based Multicriteria Decision Analysis (A.R. Al-Shabeeb)

planning.The GeoJournal Library (Springer
Netherlands), 17, p.129-139.

Krishnamurthy, J. and Srinivas, G., 1995. Role
of geological and geomorphological factors
in groundwater exploration: a study using
IRS LISS data. International Journal of Re-
mote Sensing, 16 (14), p.2595-2618. DOI:
10.1080/01431169508954579

Krishnamurthy, J., Venkatesa Kumar, N., Jayara-
man, V., and Manivel, M., 1996. An approach
to demarcate groundwater potential zones
through remote sensing and geographical
information system. International Journal of
Remote Sensing, 17 (10), p.1867-1884. DOL:
10.1080/01431169608948744

Lloyd, J.W., 1986. A review of aridity and ground-
water. Hydrological processes, 1 (1), p.63-78.

Lodwick, W.A., Monson, W., and Svoboda,
L. 1990. Attribute Error and Sensitivity
Analysis of Map Operations in Geographi-
cal Information Systems: Suitability Analy-
sis. International Journal of Geographical
Information Systems, 4, p.413-428. DOI:
10.1080/02693799008941556

Napolitano, P. and Fabbri, A., 1996. Single
parameter sensivity analysis for aquifer vul-
nerability assessment using DRASTIC and
SINTACS. In: Kovar K, Nachtenebel H (eds)
PrcHydroGIS: application of geographic
information systems in hydrology and water
resources management, 234. IAHS Publica-
tion, p.559-566.

Nouri, B., 2003. Identification of suitable sites for
groundwater artificial recharge using remote
sensing and GIS in Gavbandi Watershed.
M.Sc. thesis, Faculty of Natural Resources,
Tehran University, Iran, 106 pp.

Saraf, A K. and Choudhury, P.R., 1998. Integrated
remote sensing and GIS for groundwater
exploration and identification of artificial

recharge sites. International Journal of Re-
mote Sensing 9 (10), p.2595-2616. DOI:
10.1080/014311698215018

Sargaonkar, Aabha, P., Barkha, Rathi, and Archa-
na, Baile., 2011. Identifying potential sites for
artificial groundwater recharge in sub-water-
shed of River Kanhan, India. Environmental
Earth Sciences, 62 (5), p.1099-1108.

Shatnawi, G., 2006. Determine the Best Sites for
Water Harvesting Projects (Dams & Hafirs)
in Northeastern Badia Using GIS Applica-
tions, Unpublished M.Sc. Thesis, Al Al-Bayt
University, Jordan.

Shirahatti, M. S., Ranghswami, M. V., Sivasamy,
R., Bosu, S. S., Manjunath, M. V., and Guled,
M. B., 2010. Application of Remote Sens-
ing and GIS Techniques for Groundwater
Recharge Site Selection in Hard Rock Areas-
A Case Study from South India, found at:
http://www.crida.in/TOT-Winter%20Scholl/
MSS%?20etal.pdf [28 Nov. 2017].

Simmers, I.E,d., 1997. Recharge of phreatic aqui-
fers in (semi-) arid areas. International Asso-
ciation of Hydrogeologists (IAHS) Publication
no. 19. A.A. Belkema, Rotterdam, 277 pp.

Spandre, R., 2006. Groundwater Vol. III - Arti-
ficial Groundwater Recharge, Encyclopedia
of Life Support Systems (EOLSS), found at:
http://www.eolss.net/sample-chapters/c07/
€2-09-06-06.pdf [26 Nov 2017].

Srivastava, R.C., 1996. Methodology for opti-
mizing of integrated tank irrigation system.
Journal of Water Resource Planning and
Management, 122 (6), p.394-402.

Zehtabian, G.R., Alavipanah, S.K., and Hamedpa-
nah, R., 2000. Determination of an appropriate
area for flood water spreading by remote
sensing data and GIS. In: Proceedings of the
International Conference on New Technology

for a New Century, Seoul, Korea, p.1-6.

209



