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Abstract

Climate change is inevitable and has different effects on water resources
in each region. Due to the large population and high exploitation
potentials in terms of agriculture, drinking, industry, etc., the study of the
effects of climate change on the groundwater level of the Sari-Neka
coastal aquifer is of great importance. In this regard, initially using the
MODFLOW model, the quantitative model of groundwater in the region
for the base period (from October 2010 to September 2014) was
calibrated. The correlation coefficient of 0.98 in the unsteady state showed
the high accuracy of quantitative modeling of the aquifer. Then, the
LARS-WG model was calibrated for the base period (2000-2019). The
correlation coefficient for precipitation, minimum temperature, and
maximum temperature was 0.97, 0.99, and 0.99, respectively. Indicates
the high accuracy of the calibrated model. To simulate the above climate
parameters using CMIP5 models including HadGEM2-ES, MIROCS,
MPI-ESM-MR, EC-EARTH, and GFDL-CM3 under two emission
scenarios RCP4.5 and RCP8.5 for the next period (2040-2021) was paid.
In general, the results showed an increase in rainfall in most months of the
year and relative changes in temperature in the future. Finally, the impact
of climate change on the groundwater level of the region under different
models and scenarios of CMIP5 for the future (2021-2040) was
investigated. The results showed that in 8 of 10 cases, the groundwater
level in the future period will be higher than the base period, which can
be used for the development of agriculture and industry in the region.
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1.  Introduction

Developments have led to an increase in greenhouse gases and climate change. Climate change has
caused a change in the spatial and temporal distribution of precipitation and some changes in this
hydrological cycle (Hamze et al, 2018). Water resources are one of the most important sectors that have
been affected by the phenomenon of climate change and have created direct and indirect effects
(Ahmed, 2020). Therefore, it is very important to study and evaluate this situation to make decisions in
the future of groundwater resource management. This issue becomes important when the average
rainfall of the country in the global average is less and more the volume of exploitation of groundwater
resources. Groundwater resources are less affected by climate change in the short term due to their
discharge and feeding conditions (Amanambu et al, 2020).

The purpose of this study is to evaluate the effects of climate change on the status of groundwater
resources using CMIP5 models for the Sari-Neka coastal aquifer. Although this aquifer is located in the
northern part of Iran, the high volume of water resources exploitation in this region has caused a
decreasing trend in groundwater level. On the other hand, studies conducted in this region have shown
that there is a trend of increasing rainfall in future periods. Therefore, the condition of the aquifer should
be examined to make a decision based on changes in the groundwater level, which has been studied in
this regard.

2.  Materials and Methods

In this study, LARS-WG v 6 was initially used by entering daily data on precipitation, minimum
temperature, maximum temperature, and solar radiation for 20 years of the base period (2000-2019),
and the model was calibrated. Then using HadGEM2-ES, MIROC5, MPI-ESM-MR, EC-EARTH, and
GFDL-CM3 models under 2 emission scenarios RCP4.5 and RCP8.5 were used to simulate climate
variables for the future period (2021-2040). Then the results were analyzed. After climate simulation,
groundwater flow simulation in the aquifer was performed using the MODFLOW model in GMS v 10
software. In this regard, model calibration for groundwater level was performed from October 2010 to
September 2014 in 48 monthly time steps. The calibrated model was validated using available
information from October 2014 to September 2015 for groundwater level. Then we evaluated the effects
of climate change in this aquifer for the future period based on CMIP5 models.

3. Results

The results indicate an increase in rainfall in most months of the year and relative changes in minimum
and maximum temperature in the coming period. Using the results obtained from the climate change
conditions of the region, the simulation of the groundwater level under different models and scenarios
of the fifth climate change report for the future period (2021-2040) was done. The results showed that
in 8 of 10 investigated cases, the groundwater level will increase in the future period compared to the
base period, and only according to the prediction of the MPI-ESM-MR model under the RCP8.5
scenario, its trend will decrease. While the MIROC5 model under the RCP8.5 scenario simulated the
groundwater level for the future period with almost no change compared to the base period.

In general, due to the uncertainty of climate models and scenarios, the level of groundwater in the Sari-
Neka coastal aquifer may increase for the coming period (2021-2040), which can be used for the
development of agriculture and industry in the region.

4. Discussion and Conclusion
1- Calibration of LARS-WG model:

Using the LARS-WG model, precipitation, minimum temperature, and maximum temperature were
simulated for the base period (2000-2019). The results were analyzed. There was little difference
between the observed and simulated data.

2- Simulation of climate parameters for the next period (2021-2040):

Simulations for the next period (2021-2040) were performed using CMIP5 models including
HadGEMZ2-ES, MIROC5, MPI-ESM-MR, EC-EARTH, and GFDL-CMS3 under two emission scenarios
RCP4.5 and RCP8.5. The results of precipitation simulations for the next period show that the average
monthly precipitation for March, May, June, July, October, November, and December is significantly
higher than the base period. in other months of the year, according to most models and scenarios, an
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increase in rainfall is forecast in the future. Also, according to most of the models and scenarios used,
in the next period, there will be a relative increase in the average monthly minimum temperature and
maximum temperature. After examining the changes in climate parameters under different models and
scenarios, it is concluded that the average monthly rainfall will increase in the next period (2021-2040).

3- The impact of climate change on the groundwater level of the Sari-Neka aquifer for the future period
(2021-2040):

At this stage, using climatic data for the next period, the status of groundwater resources in the Sari-
Neka region was analyzed. The aquifer hydrograph was studied to evaluate the effect of climate change
on its quantitative status. Despite the downward trend of groundwater level in the base period, according
to EC-EARTH, GFDL-CM3 and HadGEM2-ES models under both RCP4.5 and RCP8.5 scenarios and
MIROCS and MPI-ESM-MR models under the RCP4.5 scenario, in the next period (2021-2040) the
groundwater level in the aquifer will increase. The MIROC5 model under the RCP8.5 scenario predicts
a similar trend to the base period and the MPI-ESM-MR model under the RCP8.5 scenario predicts a
downward trend compared to the base period. In general, it can be concluded that the groundwater level
of the Sari-Neka coastal aquifer will increase in the coming period (2021-2040). These findings can be
used for the development of agriculture and industry in the region.
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Evaluating the Effect of Climate Change on Groundwater Level Changes
in the Sari-Neka Coastal Aquifer

Sajad Najafi', Ahmad Sharafati™, Hamid Kardan Moghaddam"

Abstract

Climate change is inevitable and has different effects on water resources in each region. Due to the
large population and high exploitation potentials in terms of agriculture, drinking, industry, etc., the
study of the effects of climate change on the groundwater level of the Sari-Neka coastal aquifer is of
great importance. In this regard, initially using the MODFLOW model, the quantitative model of
groundwater in the region for the base period (from October 2010 to September 2014) was calibrated.
The correlation coefficient of 0.98 in the unsteady state showed the high accuracy of quantitative
modeling of the aquifer. Then, the LARS-WG model was calibrated for the base period (2000-2019).
The correlation coefficient for precipitation, minimum temperature, and maximum temperature was
0.97, 0.99, and 0.99, respectively. Indicates the high accuracy of the calibrated model. To simulate the
above climate parameters using CMIP5 models including HadGEM2-ES, MIROC5, MPI-ESM-MR,
EC-EARTH, and GFDL-CM3 under two emission scenarios RCP4.5 and RCP8.5 for the next period
(2040-2021) was paid. In general, the results showed an increase in rainfall in most months of the year
and relative changes in temperature in the future. Finally, the impact of climate change on the
groundwater level of the region under different models and scenarios of CMIP5 for the future (2021-
2040) was investigated. The results showed that in 8 of 10 cases, the groundwater level in the future
period will be higher than the base period, which can be used for the development of agriculture and
industry in the region.
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