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dynamics, pose a challenge to the hydrological equilibrium and the cohesive
efficiency of water resource systems. This study aims to investigate the impacts of
climate change on groundwater resources in the Northern Ahvaz Plain aquifer,
Khuzestan Province, Iran. For this purpose, outputs of coupled atmosphere—ocean
general circulation models under the SSP2.6, SSP4.5, and SSP8.5 scenarios were
downscaled for the Ahvaz synoptic station using the LARS-WG stochastic weather
generator (version 7.0). Changes in minimum temperature, maximum temperature,
and precipitation were then analyzed for the baseline period 2000-2025 and the
future period 2026—-2045.The climate simulation results indicate that the annual mean
minimum and maximum temperatures are projected to increase during the future
period under all scenarios relative to the baseline period. The largest increases in
maximum and minimum temperatures were estimated at 2.29°C and 1.65°C,
respectively, under the SSP8.5 scenario, while the smallest increases—2.05°C for
maximum temperature and 1.56°C for minimum temperature—were projected under
the SSP2.6 and SSP4.5 scenarios. Conversely, the annual mean precipitation is
expected to decrease in the future period compared to the baseline period, with
reductions of 3.91%, 8.6%, and 11% under the SSP4.5, SSP2.6, and SSP8.5
scenarios, respectively. Subsequently, to assess the impacts of these climatic changes
on groundwater resources, a numerical groundwater flow model was developed using
the MODFLOW code within the Groundwater Modeling System (GMS, version
10.8). Simulation results reveal a general decline in groundwater levels during the
future period across all scenarios. The maximum groundwater level decline, reaching
approximately 7.5 m, was observed under the SSP8.5 scenario, indicating a more
critical condition of the aquifer compared to the other scenarios. This research,
beyond extracting regional numerical results, presents a hybrid methodology for the
quantitative assessment of aquifer sensitivity to climate change based on GCMs and
fluid flow simulation, which can be utilized as a model for managerial decision-
making in similar basins.
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1)Introduction

Climate change, through its direct influence on temperature, precipitation, and evapotranspiration patterns,
has significantly altered hydrological processes and intensified pressure on groundwater resources,
particularly in arid and semi-arid regions. Groundwater aquifers in such regions play a critical role in
sustaining agricultural, urban, and industrial activities; however, they are highly vulnerable to climatic
variability and excessive abstraction.

The Northern Ahvaz Plain, located in Khuzestan Province within the Karun River basin, represents one of
the most important groundwater-dependent regions in southwestern Iran. In recent decades, increasing
water demand combined with climatic stresses has led to continuous groundwater level decline in this plain.
Therefore, assessing the potential impacts of future climate change scenarios on groundwater dynamics is
essential for sustainable water resources management.

The main objectives of this study are: (1) to evaluate future changes in temperature and precipitation under
different Shared Socioeconomic Pathway scenarios during the period 2026—2045, and (2) to investigate the
response of groundwater levels in the Northern Ahvaz Plain to these climatic changes by integrating climate
modeling and numerical groundwater flow simulation.

2)Materials and Methods
Study Area

The Northern Ahvaz Plain is located in the central part of Khuzestan Province and is recognized as one of
the most important alluvial aquifers of the province. The plain is situated at approximately 48°02" E
longitude and 30°31' N latitude and, from a hydrological perspective, lies within the Karun River basin.
The aquifer system of this plain mainly consists of Quaternary alluvial deposits, including alternating layers
of gravel, sand, silt, and clay, forming an unconfined to semi-confined aquifer.

Climate Change Modeling

Future climatic variables were generated using the LARS-WG stochastic weather generator (version 7.0).
Initially, the model was calibrated and validated using observed daily data from the Ahvaz synoptic station
for the baseline period of 2000-2025. Model performance was evaluated using statistical indicators such as
the coefficient of determination (R?), root mean square error (RMSE), and Nash—Sutcliffe efficiency (NSE).
Subsequently, future climate variables were produced for the period 20262045 under three Shared
Socioeconomic Pathway (SSP) scenarios representing low, medium, and high emission conditions.

Groundwater Flow Modeling

A numerical groundwater flow model was developed using a finite-difference approach implemented in the
MODFLOW code, and the model setup, pre-processing, and visualization were carried out using the
Groundwater Modeling System (GMS, version 10.8) to simulate groundwater dynamics in the Northern
Ahvaz Plain aquifer. The model domain was discretized into a regular grid and calibrated under both steady-
state and transient conditions using observed groundwater level data. The generated future climate time
series were subsequently incorporated into the MODFLOW-GMS integrated modeling framework to
assess changes in groundwater levels under different climate change scenarios.
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3) Results

The climate projections indicate an overall increase in air temperature and a decrease in annual precipitation
during the future period compared to the baseline. The highest increase in maximum and minimum
temperatures, reaching 2.29 °C and 1.65 °C respectively, was observed under the high-emission scenario.
Annual precipitation is projected to decrease by approximately 3.9%, 8.6%, and 11% under the low-,
medium-, and high-emission scenarios, respectively. Groundwater simulation results reveal a continuous
decline in groundwater levels across all future scenarios. The average groundwater level decline during the
20262045 period was estimated to be approximately 3 m under the low-emission scenario, 6 m under the
medium-emission scenario, and up to 7.5 m under the high-emission scenario. Spatial analysis shows that
groundwater depletion is more severe in the central and northern parts of the plain, where groundwater
abstraction is more intensive.

4)Discussion and Conclusion

The combined effects of increasing temperature and decreasing precipitation are expected to intensify
groundwater stress in the Northern Ahvaz Plain by reducing natural recharge and increasing water demand.
The results clearly demonstrate that groundwater level decline persists even under optimistic climate
scenarios, while more severe emission pathways substantially accelerate aquifer depletion.

These findings highlight the critical role of adaptive groundwater management strategies, including
controlled abstraction, improved irrigation efficiency, and continuous monitoring of groundwater levels.
Without effective management interventions, climate change impacts are likely to exacerbate groundwater
depletion and threaten long-term water security in the study area.
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