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. Sustainable water resource management in arid regions such as Iran is
Revise Date heavily reliant on groundwater. Declining precipitation, recurring droughts,

15 June 2025 and inadequate water management have placed significant pressure on these

resources. The rapid urbanization and population growth have exacerbated
challenges related to the drinking water supply. Given the extensive
exploitation of surface and alluvial water sources, identifying new resources
in karst formations is essential. The integration of remote sensing and field
data using Geographic Information Systems (GIS) and multi-criteria
decision-making (MCDM) methods, such as Fuzzy-AHP, provides a
powerful tool for groundwater potential assessment (Pourakbar et al., 2020;
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gﬁl uveh and Bover-Ahmad Saberinasr et al., 2025; Sarmah and Sarma, 2025). Both global and local
pmv‘g;ncé} 4 studies have demonstrated that these methods offer high accuracy in locating

FAHP. groundwater resources. The combination of GIS and remote sensing (RS)
with decision-making models can help identify suitable areas for
groundwater exploitation.
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This study presents the karstification potential of a large area of the northwestern
Kohgiluyeh and Boyer-Ahmad provinces with the help of remote sensing and
geographic information systems, and using hydrogeological and geomorphological
data, the validity of the karst potential map is controlled. The results of this study
facilitate the sustainable management and planning of groundwater resources and
can ensure their availability and sustainability for future generations.

Materials and Methods

The study area is located in the northwest of Kohgiluyeh and Boyer-Ahmad
provinces. In terms of climate, this area is often influenced by Mediterranean
currents and the subtropical high-pressure center. Based on the Dumartin
climatology, the study area is a semi-humid to humid region, and the average
rainfall of the karst basins of the study area, including the Siah, Lar, and Nil karst
basins, is estimated to be 836, 1086, and 2025 mm, respectively. Geologically, the
Siah, Lar, and Nil anticlines are located in the Zagros fold-thrust belt and south of
the Izeh structural zone. The formations in this area include a variety of structures
from the Lower Jurassic to the Early Miocene.

In this study, geological and topographic maps, precipitation data, synoptic station
records, and Landsat ETM+ satellite images (year 2000) were used to analyze the
groundwater resources karst of Kohgiluyeh and Boyer-Ahmad Province. Data
processing was performed using ERDAS 9.1, ArcGIS 10.2, ArcView 3.3, and
ILWIS 3.4 software. The research process was carried out in four stages: data
collection, image processing, digitization, and spatial analysis. After performing
geometric and radiometric corrections to the images, geological, drainage, and fault
data were extracted. Key layers, including lithology, lineament density, elevation,
slope, rainfall, temperature, drainage density, and vegetation cover, were extracted
and stored in a GIS database. These information layers were prepared as follows:

* Lithology was derived from 1:100,000-scale maps and satellite images.

* Elevation was extracted from the Digital Elevation Model (DEM).

* Precipitation was based on the precipitation-elevation relationship.

» Temperature was based on the temperature-elevation relationship.

* Slope was calculated from the DEM through spatial analysis.

* Drainage density was obtained through Watercourse density analysis.

* Fault density was derived from geological maps and satellite images.

* Vegetation cover from land use Kohgiluyeh and Boyer-Ahmad Province maps.

In the ranking phase, the Rank Sum, Rank Reciprocal, and Rank Exponent
methods were applied for weighting (Malczewski, 1999). Spatial analyses were
conducted on these layers, and the final groundwater potential map was generated
by integrating data using fuzzy operators, fuzzy inverse operator (AND), and the
weighted AHP method. The karst water resource potential model was introduced
and validated with well data, spring, and sinkhole information from the region.

Results and Discussion

This study, aimed at evaluating Karst groundwater potential in the hard formations
of Kohgiluyeh and Boyer-Ahmad provinces, collected a range of environmental
data and processed them within a GIS environment. Key factors, including
lithology, lineament density, elevation, slope, rainfall, temperature, drainage
density, vegetation cover, and the relevant criterion maps, were prepared. All data
were transferred to the UTM coordinate system and referenced to WGS 84,
standardizing them in a digital model. For lithology assessment, rock units were
classified based on their Karst groundwater potential. Carbonate units, such as the
Asmari and Sarvak formations, which possess high water-bearing capacity, were
identified as areas with high potential. In contrast, non-carbonate formations, such
as gypsum and marl, were classified as low-potential areas due to their negative
impact on water quality. The Elevation, Precipitation and Elevation, and
Temperature maps were standardized using linear functions, which indicate a direct
relationship between the two factors, elevation, precipitation, and an inverse
relationship between elevation, temperature. The slope in the region varies from 0
to 65 degrees and was standardized using decreasing linear functions. Fault and
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drainage density analyses indicated that major faults have a northwest-southeast
trend, which is consistent with the overall structure of the Zagros Mountain Range.
The higher the density of vegetation, the more runoff from heavy rainfall is
prevented, the more time is provided for atmospheric precipitation to penetrate, and
the more karst groundwater resources are developed.. Finally, vector-to-raster
conversion and fuzzy GIS functions were used to create the final maps. The final
Karst groundwater potential map revealed that only 27.5% of the area has good or
very good potential for groundwater extraction. Additionally, 31.7%, 24.5%,
and16.4% of the hard formations were classified as having very weak, weak, and
moderate groundwater potential, respectively. This study focused only on areas
with high potential for karst groundwater exploitation. Therefore, further studies,
such as borehole drilling and geophysical investigations, are necessary to verify the
areas with the highest karst groundwater potential. The results provide an effective
model for karst groundwater potential mapping in this region, which can be utilized
for water resource management and planning in the northwest of Kohgiluyeh and
Boyer-Ahmad Province.

Conclusion

By integrating remote sensing, GIS, and the Fuzzy AHP method, this study
identified areas with high Karst groundwater potential in the hard formations of the
northwest of Kohgiluyeh and Boyer-Ahmad Province. The results indicated that
lithology (0.39) and precipitation (0.21) are the most influential factors, while
drainage density (0.03) and slope (0.02) are of lesser importance. According to this
research, the highest potential of karst water resources is related to the central parts
of the Nile and the Siah anticlines and the places where springs appear. Also, the
lower potential is mostly related to the northwest of the study area, where the
Pabdeh and Gurpi formations are exposed.. Limitations of the study included
incomplete access to hydrogeological data and the scale of available maps. Future
research should include the use of spring hydrographs and climate change

assessments for further validation.
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Fig 1. Location of The Study Area
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Tablel. Preference values for pairwise comparisons (Ghodsipour, 2011)

e ke ) N
(ol )5 Sglad) Slows 5
Numerical Preferences (expert judgment
value bertjuce
Feostha S b g Sl L g o SLelS
9 (Extremely preferred) Completely preferable or completely more important or
completely more desirable
7 (Very strongly $88 kP Cavglhs b ol b e
preferred) Very strong preference or importance or desirabilit
5 S L Coenl b 5
5 (Strongly preferred) o SUM PR ey o
Strong preference or importance or desirability
Fogthe oS L Sate o5 bz e (o5
3 (Moderately preferred) Slightly preferable or slightl more important or slightly more
desirable
LSS S L Iy 5
1 (Equally preferred) o DMM PR EEs o
Same preference or importance or desirability
535 Jolsd o ez 5
24,68 398 Jeolsd o Sl
Preferences between the above intervals
(el )5 Ol a5 wlwl ) Hais y90 by 4 ouliesls by o5,l.Y Jgu
Table 2. Values given to the desired layers (Based on expert opinions)
G, Falb (G, el
Ranking Parameter Ranking Parameter
(ae)9) “").’T oSy (oske) o)k
Watercourse density (percentage) Precipitation (mm)
2 0-25 1 <1200
4 25-50 3 1200-1450
7 50-75 5 1450-1700
9 75-100 7 1700-2000
5 g5lo 4> ,0) L 9 >2000
Temperature (C)
9
7 10-5 (32,9) o lghas ST)5
Line density (percentage)
5 15-10 2 0-25
3 20-15 4 25-50
1 20<
sl 7 50-75
Land use
9 Dense forest 9 75-100
7 Semi-dense forest (o) glis |

Altitude (m)




e g 6 pSlyg [entenl g g 419bSaS il je Jlod (slo a8l ) )l drwgs Jomily (5

5 Sprawling forest 9 1000>

4 Rainy grassland 7 1500-1000

6 Semi-dense grassland 4 2000-1500

8 Dense grassland 2 2000-2500

2 Irrigated agriculture and orchards 1 >2500

SIS (4 )9) s

Lithology Slope (degrees)

9 Sarvak/Asmari 9 <5

9 Gachsaran 7 5-10

| Pabdeh/Gurpi/Kzhdemi/Gedun 5 10-15

| Alluvial 3 15-35

5 Khami Group 1 >35

6 Darian

3 Neyriz

Caw 35 druwgi Joho dngd 50 o0laiwld g0 b )lre (i (339 o yile Y Jau

Table 3. Final weight matrix of criteria used in preparing the karst development model
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M) el Sz 1 2 3 4 5 6 7 0/209
Fracture density (2)
) b
M Ak 1 2 3 4 5 6  0/144
Precipitation (3)
) sl
™ &) 1 2 3 4 5 0/098
altitude (4)
0 AN Ly
@ 22 1 2 3 4 0/066
Land use (5)
) Lo
1 2 3 0/044
Temperature (6)
V) Sg5  J&>
) 958 S 12 0031
Infiltration Density (7)
M) o
1 0/022
Slope (8)
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