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Sustainable water resource management in arid regions such as lIran is
Accepted: heavily reliant on groundwater. Declining precipitation, recurring droughts,
09 February 2025

and inadequate water management have placed significant pressure on these
resources. The rapid urbanization and population growth in Alborz Province
have exacerbated challenges related to drinking water supply.

Given the extensive exploitation of surface and alluvial water sources,
identifying new resources in hard rock formations is essential. The
integration of remote sensing and field data using Geographic Information
Systems (GIS) and multi-criteria decision-making (MCDM) methods, such
APLERW model as Fuzzy-AHP, provides a powerfu_l tool f_or groundwater potential
Hardrock Formétion, assessment (Khedri et al., 2014; Dashti-Barmaki et al., 2015). Both global
Fuzzy. and local studies have demonstrated that these methods, especially in hard
rock areas, offer high accuracy in locating 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 aims to determine groundwater potential zones in Alborz Province
through fuzzy and hierarchical analysis methods. The findings could aid in water
resource management and reduce the costs associated with exploration and
exploitation.

Materials and Methods

Alborz Province is geologically located within the Central Iran and Alborz
structural zones, encompassing a variety of formations ranging from Precambrian
to Quaternary. Elevations in the region vary from 1,079 to 4,190 meters, with
precipitation levels ranging from 221 mm in the southern areas to 1,542 mm in the
northern regions.

In this study, geological and topographic maps, precipitation data, synoptic station
records, and Landsat ETM* satellite images (year 2000) were used to analyze
groundwater resources in Alborz Province. Data processing was performed using
ERDAS 9.1, ArcGIS 9.3, 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, slope, fault density, drainage density, precipitation, and
elevation, 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.

» Slope was calculated from the DEM through spatial analysis.

» Drainage density was obtained through density analysis.

 Fault density was derived from geological maps and satellite images.

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 APLRFW model was introduced and validated with
geophysical data and spring information from the region.

Results and Discussion

This study, aimed at evaluating groundwater potential in the hard formations of
Alborz Province, collected a range of environmental data and processed them
within a GIS environment. Key factors, including lithology, fault density,
precipitation, elevation, slope, and drainage density, were identified, 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 groundwater
potential. Carbonate units, such as the Mobarak and Lar 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. Elevation and
precipitation maps were standardized using linear functions, demonstrating a direct
relationship between these two factors.

The slope in the region varies from 0 to 57 degrees and was standardized using
decreasing linear functions. Fault and drainage density analyses indicated that
major faults have an east-west trend, aligning with the general structure of the
Alborz mountain range. Finally, vector-to-raster conversion and fuzzy GIS
functions were used to create the final maps.

The final groundwater potential map revealed that only 21% of the area has good
or very good potential for groundwater extraction. Additionally, 29%, 20%, and
30% 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 groundwater exploitation. Therefore, further studies, such as



borehole drilling and geophysical investigations, are necessary to verify the areas
with the highest groundwater potential. The results provide an effective model for
groundwater potential mapping in this region, which can be utilized for water
resource management and planning in Alborz Province.

Conclusion

By integrating remote sensing, GIS, and the Fuzzy AHP method, this study
identified areas with high groundwater potential in the hard formations of Alborz
Province. The results indicated that lithology (0.26) and precipitation (0.20) are the
most influential factors, while drainage density (0.10) and elevation (0.13) are of
lesser importance. The northern Tehran-Karaj area, the Talegan-Alamut border
with Hashtgerd, and northern Qazvin were identified as areas with the highest
groundwater potential. 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 2. Flow Chart of The Stages For Evaluating Groundwater Potential in The Study Area.
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Fig. 3. A) Lithological Map and B) Fuzzification Map of Lithology of The Study Area.

3 Je ol S lyear gli)] ax 51 el
o yisd sloly a5 STl Lol aiS o Joe O Jusily
shls ST s 1 oy Healloas @ik Slelss )l 4
ol gl il pesiny ol WYL ey
T JSs o dilais DEM aids ogs anlgs 48 pody yg ie
Oon gyl Sless eoguse el oul eole las
b &b sheolatnl b as wib oo ;e YA B VIYYS

20,8 gilws laibl ¢ aals

Feeeen

YA

LT

AT

9 500 ;) (SEESS 2lse «Sigletd 4 azg b
()5 2)lae (S99 JuS g (SSl (SL
SIS 5 g myp Oy90 (2l Jemsly Sl 5l og0oe
o molgs 5l eolaial b 3T 50 wloass 5 (goiaig ¥
GIS ajlop wlys 51 g5 Ko b g iy & lop
289 5B e Y Sy @ had Sieletd ands
3 JeSs o Jomaily oaimsplas JuSly o 33,0 o

Axdlaos ygo ddlaio ool (6318 Al (w9 Gclﬁ.':)‘ Sy Al (1LY Sl
Fig. 3. A) Elevation Map and B) Fuzzification Map of Elevation for The Study Area.
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Table 3. Pairwise Comparison Matrix of The Effective Parameters in The Model.

A P L R F W
A 1 1 0.33 0.5 0.5 3
P - 1 0.5 0.5 1 3
L - - 1 1 2 3
R - - 1 1 3
F - - - - 1 3
W - - - - - 1

Maximum Eigen Value =6.3; C.1.=0.06
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Fig. 11. Weights Assigned to The Effective Factors For Assessing of Groundwater Potential
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Fig. 13. A) The Map of High Potential Zones of Spring Yields and B) The Location of Three Points

Introduced By Zemin-Ab-Pey Consulting Engineers Company as High Groundwater Potential Points for
Exploratory Drilling.
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