Original Article, Vol. 12, No. 4, Winter, 2025, pp 1-20

Desert Management

: . - \\/\N
www.isadmec.ir

Iranian Scientific Association of Desert
Management and Control

Projection of The Relationship Between Climate Change Groundwater
Resources Based on The MODFLOW Model

F. Boomeh?, M.H. Mokhtari®*, A. Talebi®, M. Goodarzi*

1. Ph.D. Candidate, Combating Desertification, Faculty of Natural Resources and Eremology, Yazd
University, Yazd, Iran.

2. Associate Professor of Department of Arid Lands and Desert Management, Faculty of Natural Resources
and Eremology, Yazd University, Yazd, Iran.

3. Professor of Department of Rangeland and Watershed, Faculty of Natural Resources and Eremology,
Yazd University, Yazd, Iran.

4. Associate Professor, Department of drought and climate change, SCWMRI, AREEO, Tehran, Iran.

* Corresponding Author: mh.mokhtari@yazd.ac.ir

Received date: 07/09/2024 Accepted date: 09/12/2024
10.22034/JDMAL.2024.2040564.1480

Abstract

Climate change, a phenomenon that has been occurring since ancient times, has accelerated in
recent years. This study investigates the impact of climate change on groundwater resources using
the MODFLOW model. To achieve this, the water balance was first calculated, and then
temperature and precipitation data for the near future (2031-2050), mid-term (2051-2070), and
long-term (2071-2090) periods were estimated using global climate data. These estimated
temperature and precipitation values were input into the MODFLOW 2005 model. The results
showed that, under two climate change scenarios—shared socioeconomic pathways (SSPs) SSP2-
4.5 and SSP5-8.5—the monthly averages of both minimum and maximum temperatures are
expected to increase across all months of the year. In the optimistic scenario (SSP2-4.5),
precipitation and aquifer recharge are projected to remain at current levels on average; however,
groundwater levels are anticipated to decline by approximately 22 meters by 2089, with annual
and seasonal fluctuations persisting in the long term. In contrast, the pessimistic scenario (SSP5-
8.5) predicts a significant reduction in both precipitation and aquifer recharge, leading to a more
pronounced decrease in groundwater levels. In this scenario, groundwater levels are expected to
drop by about 30 cm per year in the long term, largely due to changes in precipitation patterns
and aquifer recharge rates.
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Extended Abstract

Introduction

Climate change, a phenomenon that has been occurring since ancient times, has notably accelerated in recent
years. In the current context, both the rate and intensity of this acceleration have significantly increased.
Groundwater resources, which are essential for human life and the environment, are under threat, with factors
such as weather playing a critical role in their availability and stability in terms of both quantity and quality.
Studies on the impacts of climate change on groundwater resources in the Mekong Delta, Vietnam, have shown
a projected decrease in groundwater levels over the short, medium, and long term. Similarly, research on the
fluctuations of groundwater levels in Hashtgerd has revealed an annual decline of 73 cm at present, with an
anticipated increase in the rate of decline in the future, leading to a shift of the aquifer from a critical state to
a super-critical state. Furthermore, an examination of the relationship between meteorological drought and
groundwater levels in Dasht Al-Shatar demonstrated a strong correlation between drought conditions and the
drop in groundwater levels. These findings highlight the need for an early warning system to mitigate the
effects of groundwater drought in the future. Groundwater also serves as an archive of past climate variability
and provides insights into changes in water quality, including nutrient levels, chemical composition, and
isotopic evolution within an aquifer. Given the expansion of human communities over groundwater aquifers
and the substantial alterations humans have made to natural hydrological systems, it is anticipated that the
response of groundwater to future climate changes will intensify. In this study, the impact of climate change
on water balance components in the Kor River catchment area has been analyzed using remote sensing data.
It is assumed that the effects of climate change, in the near, medium, and long term, will lead to a reduction in
groundwater reserves. The objective of this research is to estimate the volume of groundwater using the current
MODFLOW model and to project its future trends in light of anticipated climate changes.

Material and Methods

This research was conducted in the watershed of the Kor River, one of the main rivers in Iran, covering an area
of 16,500 square kilometers. To investigate the impact of climate change on precipitation and temperature,
data for three future periods were considered: near future (2031-2050), medium future (2051-2070), and far
future (2071-2090). The data were obtained from three climate models—GFDL-ESM4, HadGEM3-GC31-
LL, and ACCESS-CM2—under two climate scenarios, SSP2-4.5 and SSP5-8.5. The analysis was carried out
for seven climate stations: Ahmadabad, Chahardange, Chamriz, Chobkhole, Jamal Beg Shirin, Khosro Shirin,
Sedeh, and Dorudzan Dam. In this study, the long-term optimistic and pessimistic scenarios regarding
groundwater recharge were examined for the Aspas, Bekan, and Khosroshirin plains, which are located in
close proximity to one another. These plains, which serve as important groundwater sources, were analyzed
using the MODFLOW model.

Results

Changes in monthly precipitation, based on TRMM satellite data for the period from 2000 to 2019, indicate a
decreasing trend in precipitation during the studied period. The monthly discharge variations at the Dehkadeh
Sefid and Chamriz hydrometric stations, under two scenarios—SSP2-4.5 and SSP5-8.5—reveal that the largest
increase in discharge compared to the base period occurs in October across all future periods. This is consistent
with the observation that the highest increase in precipitation compared to the base period at the adjacent
climate stations also occurs in October, making this result fully justified. These findings align with the results
of other studies (1, 7). The highest increase in discharge at both the Dehkadeh Sefid and Chamriz hydrometric
stations occurs in October under the SSP2-4.5 scenario during the period from 2051 to 2070, where the average
flow rate at both stations increases by 2.39 and 2.34 times, respectively, compared to the base period. Under
the SSP5-8.5 scenario, this increase will occur in the period from 2031 to 2050, with the average flow rate at
Dehkadeh Sefid and Chamriz hydrometric stations rising by 2.34 and 2.61 times, respectively, in October
compared to the base period. Changes in near-surface air temperature, based on NOAA gauges, show an
upward trend in temperature. Additionally, the average minimum and maximum monthly temperatures under
both SSP2-4.5 and SSP5-8.5 scenarios in the studied area are projected to increase in all months in the future.
Under the optimistic scenario (SSP2-4.5), precipitation and aquifer recharge are expected to remain at current
levels on average; however, the groundwater level is anticipated to continue decreasing over the long term,
with annual and seasonal fluctuations. Proper resource management could mitigate the effects of reduced water
resources and prevent land subsidence. In contrast, under the pessimistic scenario (SSP5-8.5), precipitation
and aquifer recharge are projected to decrease significantly, leading to a decline in groundwater levels. This
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reduction will vary among aquifers, with the Aspas aquifer experiencing the greatest decrease, followed by the
Bakan and Khosro Shirin aquifers. Factors influencing groundwater levels include precipitation, aquifer
recharge, water extraction, and evaporation/transpiration. These changes could result in reduced water
resources, land subsidence, and other environmental challenges.

Discussion and Conclusion

The groundwater levels in the three studied aquifers over the long term were significantly influenced by
precipitation and aquifer recharge scenarios. In the optimistic scenario, the groundwater level is expected to
follow a decreasing trend, although it will remain relatively stable on average. In the pessimistic scenario,
however, the groundwater level is projected to decline significantly. Sustainable water resource management,
reduced water extraction, and enhanced aquifer recharge are key solutions to mitigate the impacts of these
changes and ensure the preservation of these valuable resources for future generations. Thus, it can be
concluded that the primary factor influencing groundwater level changes in these aquifers is water extraction
from wells.

Keywords: Climate change; MODFLOW; Groundwater; Kor River
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Fig 1. Location of the study are in a) Iran, B) Fars Province and C) the Kor River catchment area
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Table 1. Timing of the maximum decrease and increase in rainfall compared to the base period at different

stations
Dorudzan dam Sedeh Khosro Shirin Jamal Beg Shirin Chobkhole Chamriz Ahmadabad Chahardange changes
Sep Oct Dec Oct Nov Oct Oct Maximum
decrease
Mar May Mar Mar Feb Apr Apr Manmum
increase

Table 2. The maximum decrease and increase in rainfall compared to the base period at different stations

Dorudzan Khosro Jamal Beg Ahmadabad

dam Sedeh Shirin Shirin Chobkhole Chamriz Chahardange Time duration
%168 %130 %108 %149 2031-2050 Maximum
%261 %172 %119 %105 %114 %151 %189 2051-2070  decrease
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Fig 6. Long-term average of maximum and minimum temperatures at synoptic stations for the future period
(2030-2090) under two scenarios: SSP2-4.5 and SSP5-8.5
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