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1-Introduction

Improper distribution of surface water resources in Iran has increased the extraction of groundwater
resources. In addition to population growth, industrial development, and agricultural decline, groundwater
resources have become a global concern (Ouyang et al. 2021; Farrokhi et al. 2021; Ghanbari-Adivi et al.
2022). The evidence shows that we are in a period of climate change that has caused an increase in the
concentration of greenhouse gases in the atmosphere. Continuing this phenomenon may significantly
change global and local climate characteristics, including temperature and precipitation (Kumar 2012).
Observed data and climate projections provide abundant evidence that freshwater sources, both surface and
groundwater resources, are vulnerable and have the potential to be severely affected by climate change with
wide-ranging consequences for society and the ecosystem (Bates et al. 2008). These predictions show that
water resources will be affected by climate change, and due to the increase in the lack of surface water
affected by climate change, underground water will probably become more critical, especially in arid and
semi-arid environments. Therefore, predicting the changes in the underground water level due to the impact
of climate change can become an essential issue for the sustainable management of water resources
(Ghazavi and Ebrahimi, 2018) The investigation of groundwater resources in Iran shows that the increase
in demand and climate change has affected the groundwater level, especially in Khuzestan province's
aquifers. Based on this, it is necessary to quantitatively examine the effects of climate change and predict
the future conditions it affects by integrating climate forecasting models and water resources management
models. In this study, the Golgir Plain aquifer was selected with the aim of quantitative modeling of changes
in underground water resources affected by climate change in the base period (2003-2021) and the
mentioned period, the effects of climate change in different scenarios on the underground water resources
of this aquifer were investigated using the GMS model (Fig 1).

2-Material and methods

In this study, using the output data of the HadGEM2-ES general circulation model under three climate
change scenarios RCP4.5, RCP2.6, and RCP8.5, the LARS_WG statistical model was scaled at the synoptic
station of Masjid Sulaiman and the resulting results It was evaluated in the base period of 2003-2021 and
the future period of 2022-2040 for temperature and rainfall parameters. After climate simulation, the
MODFLOW model was used in GMS10.6 software to simulate the groundwater flow in the Golgir Plain
aquifer, and the prediction of the future conditions of the aquifer was evaluated considering the current
development conditions of the region under three climate scenarios (Fig 2).

3- Results and discussions
General circulation models (AOGCM) are the most reliable models and one of the best available tools for
evaluating the effects of climate change (Graham et al. 2007). In this research, we study climate change

from the general circulation model of the fifth report known as HadGEM2-ES, which has a spatial
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resolution of 1.85x88. RCP2.6, RCP4.5, and RCP8.5 release scenarios have been used. Since the output of

general circulation models for checking climate parameters at the scale of a region or local station has low
resolution, it is necessary to scale the output of general circulation models. The LARS-WG statistical model
is one of the most reliable tools for investigating the exponential downscaled simulation climate variables
that can predict climate parameters at the local scale (Semenov and Stratonovitch, 2010). The results

obtained from the evaluation of the data produced using the LARS-WG exponential downscaled model and
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Fig. 1. Location of Golgir Plain in Iran.
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Fig. 2. Methodology framework of the research.

the observed data of the base period (2003-2021) for the climatic parameters of maximum temperature,
minimum temperature, and precipitation using statistical indicators indicate It was that R2 values for all
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parameters are significant and high, as well as RMSE values are low. MAE is close to zero for all
parameters. As a result, it can be said that the performance capability of the LARS-WG model in simulating
climate parameters is proven. The model forecast results in the future period indicate an increase in the
maximum and minimum temperature for all months and scenarios in the studied area compared to the base
period. Suppose the monthly average rainfall in the future period was associated with fluctuation. In the

modeling of the Golgir Plain aquifer, to create a uniform network, the dimensions of the networks (cells)
were used according to the size of the area and the amount of statistics and information available in cells
with dimensions of 500 x 500 meters. The hydraulic conductivity layer of Golgir Plain was obtained by
dividing the interpolation layer of the specific transferability obtained from the pumping test on the
saturation thickness layer in GIS software. Also, the initial values of the specific drainage were obtained
from the well logs and geophysical studies. Model calibration was done in two steady-state and unsteady-

state modes. The model calibration for the steady state was done in October 2017, which had good stability
in the underground water level. Furthermore, for the unsteady state, it was recalibrated for ten years. The
amount of RMSE and MAE error in the steady state is in the acceptable range in the next step for the
unsteady state in different time steps after model recalibration; in all months, it is in the acceptable range,
which indicates the proper performance of the modeling (Fig 3).
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Fig 3. Simulation of Golgir Plain Aquifer's groundwater level in the unsteady state's last step.

In order to validate the Golgir Plain model, the groundwater level was predicted for three years. The
RMSE and MAE values obtained indicate the accuracy of the simulation model acceptance. After
simulating rainfall and temperature parameters under RCP8.5, RCP4.5, and RCP2.6 scenarios, the effects
of these parameters were applied to the groundwater simulation model of Galgir Plain. The groundwater
level map was prepared in the last step under all three climate scenarios in the coming period from 2022 to
2040. Under the three scenarios RCP8.5, RCP4.5, and RCP2.6, the groundwater level of Galgir Plain will
decrease from 2022 to 2040 in the entire aquifer area.

4-Conclusion

The run of the LARS-WG model for the daily data of minimum temperature, maximum temperature, and
precipitation at the synoptic station of Masjid Sulaiman indicates the high capability of the meteorological
model to generate daily data of the mentioned parameters. The maximum annual average increase of
maximum temperature and minimum temperature is 2.49 and 1.87 under the RCP8.5 scenario, and the
minimum annual increase of maximum and minimum temperature is 2.16 degrees Celsius and 1.35 degrees,
respectively, under the RCP8.5 scenario. RCP4.5 was observed. Suppose the annual average precipitation
in the future will decrease compared to the base period under the RCP2.6, RCP4.5, and RCP8.5 scenarios,
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respectively, 5.2, 9.6, and 12.6 percent. After climate simulation, the MODFLOW model was used in
GMS10.6 software to simulate the groundwater flow in the Golgir Plain aquifer. The results of rainfall and
temperature changes under three RCP scenarios were applied to the groundwater model. The results
indicated that the underground water level of the Golgir Plain aquifer would decrease in the future period
under the climate change phenomenon so that in the RCP8.5 scenario, the Golgir Plain aquifer will have a
more critical situation than the RCP2.6 and RCP4.5 scenarios. The results show the necessity of preventing
excessive exploitation of the underground water level of Golgir Plain to prevent water shortage in the future.
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Table 2. The results of Statistical indicators to evaluate the simulated parameters in the LARS_ WG model

Parameter R2 RMSE MAE
Temperature Mix 0.99 0.23 0.99
Temperature Min 0.99 0.23 0.04

Rainfall 0.99 0.95 0.10
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Fig 4. Prediction of maximum temperature (a), minimum temperature (b) and precipitation (c) in the Future period (2022-
2040) under RCP scenarios.
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Table 3. The amount of ME, MAE and RMSE indicators in the calibration and verification stage

Step ME RMSE MAE
Calibration steady -0.05 0.34 0.29
Calibration unsteady -0.09 0.39 0.33
Verification 0.15 0.99 0.75
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Fig 6. Comparison chart between observed and calculated heads in steady state model calibration process.
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Fig 7. Simulation of the groundwater level of Golgir plain aquifer the last step of unsteady state.
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Fig 10. Groundwater level in the future period of 2022-2040 under RCP scenarios.
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