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Groundwater plays a vital role in meeting the drinking and agricultural water
needs of Kermanshah Plain. In order to protect the aquifer, it is important to
evaluate its sustainability in the face of current and future demands and stresses.
Groundwater sustainability indicators help ensure the sustainable management of
these resources. This research aims to evaluate the sustainability of groundwater
resources in the Kermanshah Plain using various indicators. To this end, AHP
analysis was used to evaluate the sustainability indicator of this aquifer based on
nine indicators in five quantitative, qualitative, environmental, social, and
political sectors. First, the value of each indicator was calculated, and then its
sustainability was evaluated using data transferred to GIS software and
interpolation. Next, the weight and rank of each indicator and category were
calculated to prepare an index-equivalent map. Then, using weighted overlap, the
final sustainability map was obtained. Finally, the Receiver Operating
Characteristic (ROC) curve was used to measure the accuracy of the results. The
prepared sustainability map shows that indicators of groundwater storage changes
and quality conditions are among the most important factors affecting the
sustainability of the plain's groundwater resources. The results also show that the
sustainability situation is weaker in the central areas and more favorable in the
border areas (river headwaters) and southeast of the aquifer. To improve the
sustainability of the region's groundwater resources, it is recommended that new
water management policies be adopted with the participation of the people and
based on scientific, principled solutions.

Introduction

groundwater  distribution  planning.  In

Groundwater plays a vital role in meeting
drinking and agricultural water needs, especially
in arid and semi-arid regions of Iran. Indicators
of groundwater sustainability help ensure the
sustainable management of these resources. In
order to protect aquifers, it is crucial to evaluate
their sustainability in relation to current and
future demands and pressures. Most research in
Iran has focused on the sustainability of aquifers,
considering economic, environmental, and
social factors, to achieve sustainable

Kermanshah Plain, groundwater is increasingly
considered a source of irrigation water, but
population growth and agricultural development
pose potential challenges to the current
sustainable supply. This research aims to
evaluate the sustainability of groundwater
resources in the Kermanshah Plain by using
various indicators to provide a comprehensive
overview of groundwater conditions. The results
of this research could inform water resource
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management planning at the regional and
national levels.

Materials and Methods

To assess sustainability, nine indicators were
examined across five sectors: quantitative,
qualitative, environmental, social, and political.
The Analytic Hierarchy Process (AHP) was used
to examine these indicators. First, criterion maps
were collected and raster maps of each were
prepared. Next, the AHP was used to weight the
classes in each criterion. Then, the final weights
of the criteria were determined using the AHP,
considering the paired matrix and expert
judgment. Finally, a groundwater sustainability
map was created for the Kermanshah Plain.

Results and Discussion

The stability map of the Kermanshah aquifer
shows that much of the plain has moderate
stability, a condition that is more evident in the
central areas. The worst stability conditions are
found around Mahmoud Abad village in the
northern part of the aquifer. The stability
diagram of this aquifer indicates good conditions
in the upstream areas of the alluvial fan and the
headwaters of the rivers and decreased stability
towards the main river and in the central areas.
However, the central areas have moderate
instability, indicating poor water quality in the
wells of this section. The western part and the
area around Niloufar Sarab have the best aquifer
stability conditions. To verify the final results of
the AHP, the receiver operating characteristic
(ROC) was wused. To validate the final
groundwater sustainability map, changes in
groundwater levels over a ten-year period
(2017-2027) were used as an objective indicator
of improvement versus degradation of
groundwater conditions. This figure was applied
as a positive true rate on the map and ROC curve.
The area under the ROC curve indicates the final
map's accuracy and the model's ability to make
correct predictions. The results of the ROC curve
show that the area under the curve for the AHP
is 0.54%, indicating that the AHP is reliable.

Conclusions

Based on the sustainability map of the nine
indicators in this study, it can be concluded that
changes in groundwater storage and quality are
among the most important factors affecting
sustainability. The ROC validation method is
commonly used in medical and engineering
studies but rarely in groundwater studies. This
study's results showed that the ROC validation
method is a powerful tool for comparing the
accuracy and precision of different multi-criteria
decision-making methods. Due to the
importance of range and accuracy of data in
evaluating the sustainability index, increasing
the number of measurement and data collection
periods is suggested. Additionally, new studies
and data collections, especially regarding
hydrochemistry and the region's environmental
and social issues, should be carried out alongside
conventional measurements to increase the
accuracy of the sustainability assessment results.
To increase the stability of the aquifer, the
following are recommended:
- Conduct geophysical and geological studies to
prepare a map of the aquifer bedrock and clearly
identify the extent of penetration into the
bedrock.
- Prohibit the drilling of unauthorized wells, and
avoid issuing new permits for drilling wells.
- Prevent the entry of anthropogenic and
terrestrial pollutants, especially in sensitive and
vulnerable areas.
- Adopt new water management policies to
improve the stability of the region. These
policies should be developed with the
participation of the people and based on
scientific and principled solutions.
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Fig. 1. Geological map of study area
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Fig. 2. Map of study area
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Fig. 3. Final sustainability map of Kermanshah Aquifer based on the AHP
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