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Objective The purpose of this study is to analyze the spatiotemporal pattern of
groundwater levels using geostatistical methods, investigate the impact of land-use
changes on groundwater level fluctuations, and examine hydrological factors (including
meteorological drought and groundwater drought)
variations.

influencing groundwater level

Method: In this study, land use changes and climatic variations were evaluated as the most
important human and environmental factors in groundwater level decline, and their
relationship with groundwater levels in Chamchamal Plain was examined over a 25-year
period. For this purpose, land use maps for three time periods (1990, 2003, and 2015) were
obtained from Landsat TM, ETM+, and OLI satellite imagery using the Maximum
Likelihood Classification method. Water level data from 21 piezometric wells were
interpolated using Ordinary Kriging (OK) with minimum RMSE and MBE. The SPI and
GRI indices were used to determine drought and wet periods.

Results: According to the results, agricultural, residential, and industrial areas increased by
2 times, more than 2 times, and more than 8 times, respectively. The maximum
groundwater level decline was estimated at 22 meters in the southwestern part of the plain.
The water table showed a decreasing trend, with an average decline of about 7 meters
across the region. Pearson correlation coefficient between average groundwater level
changes and average rainfall indicated that rainfall and groundwater level fluctuations

occurred simultaneously with a 2-month lag.

Conclusions: Excessive groundwater extraction during droughts has intensified the decline
and prevented recovery during wet periods, resulting in a persistent decreasing trend.
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Introduction

Groundwater resources are known as valuable environmental sources in arid and semi-arid
regions. Today, due to the water shortage crisis, the causes of groundwater depletion and its
relationship with environmental changes have been studied. Quantitative assessment of
groundwater resources and proper understanding of their relationship with land use changes is
essential for planning, managing, and sustainable development of water resources in arid and
semi-arid regions. Considering the expansion of urban areas, agriculture, and water-intensive
industries and their effects on groundwater levels, this research was conducted to analyze the
spatial and temporal patterns of groundwater levels using geostatistical methods, investigate
temporal and spatial changes in land use through satellite image processing and their impact
on groundwater level fluctuations, and examine hydrological factors including meteorological
drought (SPI) and groundwater drought (GRI) and their effects on groundwater levels.

Method

In this study, the impact of land use on the quantity of surface and groundwater resources
in the Chamchamal plain of Kermanshah province was examined over a 25-year statistical
period. To prepare the land use map of the Chamchamal plain, two methods were used: pixel-
based classification and object-based classification. The trend of fluctuations in surface and
groundwater resources was analyzed on a monthly, seasonal, and annual scale using the non-
parametric Mann-Kendall test and the sen's slope estimator. Consequently, the hydrograph
representative of the Chamchamal plain aquifer was drawn up. Different interpolation
methods were used for estimating the groundwater level, including ordinary kriging (OK),
inverse distance weighting (IDW) with powers ranging from one to five, and co-kriging (CK).
The variogram with a Gaussian model was chosen as the best-fit model for the spatial
structure of the data, and the kriging method was selected as the most suitable method for
estimating groundwater level. Groundwater level mapping was performed annually using the
kriging method for the study period. The trend of fluctuations in hydrological factors such as
precipitation was examined annually using the non-parametric Mann-Kendall test and the
sen's slope estimator. The periods of drought and wetness in the region were determined using
the SPI and GRI indices. To investigate the effect of land use on surface and groundwater
resources in the study area, a combination of the land use change map and the map of the
quantitative changes in groundwater level was utilized.

Results

Based on the results of this study, the area of agricultural, residential, and industrial land
has increased, respectively, twofold, more than twofold, and more than eightfold. The decline
in groundwater levels in most areas of the plain was estimated to be a maximum of 22 meters
in the southwestern part of the plain. The water table level in the region is on a downward
trend, with an average drop in groundwater levels of about seven meters. Considering the
Pearson correlation coefficient between the average changes in water table levels and average
rainfall, the overall trend of the fluctuations in the two curves of rainfall and the groundwater
level of the plain has occurred simultaneously but with a two-month delay.

Conclusions
Excessive exploitation of groundwater resources during droughts has intensified the

decline and has resulted in a lasting downward trend that cannot be compensated for even
during wet periods. If the current trend continues, it could lead the plain to face challenges
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such as land subsidence, increased depletion of groundwater, and consequently a further
decline in the water table level along with a reduction in the quality of groundwater resources.
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