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GRI, SPI, A major part of the fresh water demand in the world is provided through groundwater.
Groundwater level, Any abnormality in groundwater directly affects human. Droughts and wet periods are
Atmospheric general among the most important factors that have a significant effect on the fluctuation of the
circulation models, groundwater level. The purpose of this study is to investigate the relationship between
Eslamabad-e Gharb the Standardized Precipitation Index (SPI) as a meteorological drought index and the
plain, West of Iran. Groundwater Resource Index (GRI) as a hydrological drought index in the Eslamabad-

e Gharb plain (Kermanshah Province) in a 20-year period and predict the future state of
the groundwater level. Both indices were calculated in time scales of 1, 3, 6,9, 12, 18,
24 and 48 months. To obtain the relationship between two indices, the correlation
coefficient was used once in different time scales and again with time delays of 1 to 12
months in the GRI index. Then, the future precipitation data of the plain in a 20-year
period were extracted with four CMIP6 models under three scenarios, and then were
downscaled with the SDSM model. Finally, the CanSM5-CanOE model was selected
and its downscaled data were entered into the regression model of the relationship
between precipitation and water level to predict the future state of the groundwater
level. The results showed that the highest significant correlation coefficient between
48-month SPI and 48-month GRI values is observed at a time delay of 12 months, which
indicates the effect of precipitation on changes in the groundwater level in medium and
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Investigating the stability of the groundwater level... Esmaeili and Mojarrad

Introduction

A major part of the fresh water demand in the world is provided through groundwater. Any abnormality in
groundwater directly affects human life and the stability of the environment. Droughts and wet periods are
among the most important factors that have a significant effect on the fluctuation of the groundwater level.
The aim of this study is to investigate the relationship between the Standardized Precipitation Index (SPI)
as a meteorological drought index and the Groundwater Resource Index (GRI) as a hydrological drought
index in the Eslamabad-e Gharb plain (Kermanshah Province) in a 20-year period (1998-2017) and
predicting the future status of the groundwater level. Such a study provides the latest picture of the current
situation of the groundwater in the region in order to reduce the effects of drought and manage and plan the
existing groundwater resources rationally to achieve a sustainable environmental situation and can be
generalized to other regions of the country, especially the areas that have acute groundwater problems.

Methodology

The area studied in this research is Eslamabad-e Gharb plain located in the west of Kermanshah province.
The area of the plain is approximately 460 square kilometers and it is located at an altitude of approximately
1300 meters above sea level. The data used in the research includes two categories: 1- monthly rainfall data
of Eslamabad-e Gharb synoptic station in a 20-year period (1998-2017) and 2- monthly groundwater level
data of 20 piezometric wells of the plain in the same period of 20 years. The values of both Standardized
Precipitation Index (SPI) and Groundwater Resource Index (GRI) were calculated in time scales of 1, 3, 6,
9, 12, 18, 24 and 48 months. To obtain the relationship between two indices, the correlation coefficient was
used once in different time scales and again with time delays of 1 to 12 months in the GRI index. Then, the
future precipitation data of the plain in a 20-year period (2022-2041) were extracted with four CMIP6
models under three scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5, and then were downscaled with the SDSM
model. Finally, according to the validation indices, the CanSM5-CanOE model was selected and its
downscaled data were entered into the regression model of the relationship between precipitation and water
level to predict the future state of the groundwater level.

Results and Discussion

The analysis of SPI values showed that with the passing of years, the temporal irregularity of rainfall
becomes more prominent and the number and fluctuation of meteorological droughts increase in medium
and long-term time scales. The peak of drought in the region happened in 2009. Also, based on the GRI
values, since the beginning of the period, the water level in Eslamabad-e Gharb plain has had a decreasing
but irregular trend in all time series. The year 2008 is almost the year of turning the groundwater level from
wet to drought. The most severe groundwater droughts occurred at the end of the period, between 2013 and
2017. The correlation coefficients between SPI and GRI values in different time scales were generally weak,
which can be due to two reasons; first, the infiltration of water caused by melting snow into the deep ground
and its joining to groundwater is usually accompanied by a delay. Secondly, the amount of monthly rainfall
and the amount of withdrawal from groundwater do not have a regular rhythm. Therefore, again, these
coefficients were calculated with a time delay condition, based on which, the highest significant correlation
coefficient between 48-month SPI and 48-month GRI values was observed in the condition of a time delay
of 12 months, which indicates the effect of precipitation on changes in the groundwater level in medium
and long-term scales. Examining the annual zoning maps of the GRI values clearly shows the change from
wet to drought in the region from the beginning years of the period to the end years. According to the maps
of the water level drop, the groundwater level has decreased over time in all places of the plain in the 20-
year period, and no area has faced an increase in the groundwater level. The highest drop in the groundwater
level was in the middle parts of the plain with a decrease of 1.25 to 1.9 meters per year. The forecast results

116



Hydrogeomorphology Vol. 11, No. 41, 2025

of the groundwater level for the coming period (2022-2041) indicate a water level drop of 5.17, 6.02 and
8.08 meters respectively under the three scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5.

Conclusions

By examining the relationship between meteorological and hydrological drought indices in the region, it is
clear that the medium-term and long-term effect of drought on the groundwater level in the region is much
more significant than the short-term period. Regardless of the amount of groundwater drop, we are facing
a continuous drop throughout the plain, which will continue in the future. The approximate similarity of the
drop of the groundwater level in this plain with the drop calculated in other studies conducted in other plains
of Iran shows the critical situation of the groundwater in the plains of the country. As a result, due to the
decrease in the amount of precipitation in some parts of the future period and also the role of other factors
such as indiscriminate extraction of groundwater, in the case of continuous lack of attention to human
factors, the groundwater level will drop sharply in the future and cause various environmental crises.
Therefore, it is very necessary to pay continuous attention of officials and executive organizations to reduce
the effects of human factors in the drop of groundwater level and to conduct more studies in this field.
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Table (2): Pearson correlation coefficients between SPI and GRI in different time scales
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Figure (5): The value of the Groundwater Resource Index (GRI) of Eslamabad-e Gharb Plain during the years of the statistical period
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Figure (8): Annual and 48-month changes of SPI at Eslamabad-e Gharb station in the future period (2021-22 to 2040-41) with
CanESM5-CanOE model under three scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5
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Figure (9): 48-month changes of the GRI at Eslamabad-e Gharb station in the future period (2021-22 to 2040-41) under three scenarios
SSP1-2.6, SSP2-4.5 and SSP5-8.5
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