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Objective: Investigating the exploitation of groundwater resources as a sustainable
resource in climate change conditions.

Method: Among 14 climate models, the most suitable models for simulating
precipitation and temperature were selected based on statistical indicators.
Considering the importance of precipitation in groundwater recharge, surface
water behavior was estimated through regression relationships.

Results: Climate simulation results identified the AWI-CM-1-1-MR model as the
best for future precipitation projections and HadGEM3-GC31-MM for
temperature projections. In contrast, temperature is expected to increase across all
three scenarios. Based on regression relationships between precipitation and
streamflow at three hydrometric stations, two components—recharge from
surface runoff and aquifer drainage—were calculated for the groundwater
balance. Groundwater inflow and outflow were estimated numerically in relation
to aquifer water level changes.

Conclusions: Climate change significantly affects the quantitative dynamics of the
aquifer, particularly due to the high sensitivity of groundwater outflow and water
table levels. Moreover, the findings reveal that groundwater abstraction has a
relatively smaller impact compared to climate change effects, suggesting that
well-planned abstraction policies could lead to effective adaptation strategies
under future climate scenarios.
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Introduction

Groundwater plays a vital role in sustaining ecosystems and supporting human adaptation to extreme
environmental changes. Climate change, driven by global warming and greenhouse gas emissions,
significantly affects hydrological systems, especially groundwater. These systems are complex and
sensitive, requiring a systemic approach to assess their responses. Rising temperatures, altered
precipitation patterns, and increased evaporation intensify pressure on limited water resources, leading
to overexploitation and groundwater depletion.

Method

Based on the objective of this study, the methodology is defined around the evaluation of 14 climate
models to select the most appropriate climate model. Additionally, groundwater simulation and
quantitative behavior assessment are conducted using the MODFLOW model. Finally, the impact of
climate change on the quantitative behavior of the Dehloran aquifer is evaluated. This study is carried
out in six steps according to the flowchart in Figure 1.
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Case study

The Dehloran study area is located in western Iran within the second-order border watershed, covering
2,729 km?. It features alluvial aquifers primarily fed by surface and groundwater flows draining
westward into the Tigris basin in Iraq. The region has significant agricultural potential due to ample
water resources and fertile soils. Geologically, it lies on folded Zagros zone units, with carbonate and
non-carbonate formations influencing its hydrogeology and groundwater quality.

Simulation

a) MODFLOW

Groundwater quantitative assessment was conducted using MODFLOW, a widely accepted
groundwater modeling tool. The conceptual model incorporated topography, initial water table, and
bedrock over a 5-year simulation period (2015-2020) with 60 time steps. A grid resolution of 250
meters and General Head Boundary (GHB) conditions were applied. Model calibration used the first 3
years, with the last 2 years reserved for validation, based on observations from 15 monitoring wells.

b) Climate change

This study utilizes climate models and scenarios from the [IPCC Sixth Assessment Report, combining
RCP and SSP frameworks to assess future climate impacts on groundwater. Fourteen climate models
were evaluated against historical data using RMSE, MAE, and correlation coefficients to select the
best-performing models. Three scenarios (SSP1-2.6, SSP2-4.5, SSP5-8.5) were applied to project
temperature and precipitation changes for 2020-2040. A delta method was used to downscale climate
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variables for the Dehloran synoptic station. Future temperature and precipitation were calculated by
adjusting observed data with model-derived changes to analyze climate impacts on groundwater
resources.

Results

Based on the groundwater balance of the Dehloran aquifer, the effects of climate change on key water
balance parameters were analyzed under the assumption of no regional development. Surface and
subsurface inflows, particularly from runoff and upstream drainage, were modeled using regression
methods and MODFLOW under three climate scenarios. The selected AWI-CM-1-1-MR model
simulated changes in surface infiltration and discharge. Total recharge to the aquifer was estimated at
approximately 123.35 MCM, while external discharge was around 64.4 MCM. A net inflow of 31.17
MCM and an estimated upstream drainage outflow of 25.22 MCM were identified. Model results
show that increased precipitation under SSP1-2.6 could improve aquifer conditions, while reduced
rainfall in SSP2-4.5 and SSP5-8.5 worsens groundwater decline. Among balance components, the
greatest variability was observed in groundwater outflow, sensitive to minor changes in water table
levels. The hydrograph indicates that SSP1-2.6 leads to the least drawdown, whereas other scenarios
accelerate groundwater depletion.

Based on the integrated approach using groundwater balance and the MODFLOW model, the
results indicate that aquifer behavior under climate change is influenced not only by rainfall variations
but also by the complex interactions among water balance components. While increased precipitation
can enhance aquifer recharge and improve groundwater conditions, decreased rainfall leads to the
opposite effect. The most climate-sensitive parameter is groundwater outflow, which shows significant
variability. Although rainfall changes affect storage deficit and hydrograph behavior, high extraction
rates are the main driver of depletion. Therefore, effective groundwater management—such as
adopting suitable cropping patterns and modern irrigation technologies—can help adapt to climate
change impacts by reducing groundwater withdrawals.

Conclusions

One key approach to sustainable groundwater management is evaluating various climate and usage
scenarios. In the Dehloran aquifer, quantitative behavior was assessed using 14 climate models from
the IPCC Sixth Assessment Report. A combined application of water balance analysis and the
MODFLOW model was used to evaluate climate change impacts on aquifer components. The AWI-
CM-1-1-MR model was selected for rainfall, and HadGEM3-GC31-MM for temperature based on
statistical indicators. Among three climate scenarios, SSP1-2.6 (optimistic) projects increased rainfall
and temperature, while SSP5-8.5 (pessimistic) indicates decreased rainfall and rising temperatures.
Under SSP1-2.6, aquifer deficit improves to —1.01 MCM, whereas under SSP5-8.5, it worsens to —
4.52 MCM. Results show that the most climate-sensitive component is the groundwater outflow front,
influenced by fine-grained layering and bedrock structure. Overall, climate change significantly affects
groundwater balance, while management practices have a limited impact unless stakeholder behavior
and coordinated planning are addressed.
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Parameters: Temperature Parameters: Rain

CcC LALIS RMSE (mm) Models CC LTS LR Models

(mm) (mm) (mm)
0.99 4.82 5.19 ACCESS-CM2 0.91 16.55 24.59 ACCESS-CM2
0.99 8.16 8.48 AWI-CM-1-1-MR 0.94 11.58 15.53 AWI-CM-1-1-MR
0.99 5.67 5.95 BCC-CSM2-MR 0.91 15.01 18.27 BCC-CSM2-MR
0.99 424 4.44 CNRM-CM6-1-HR 0.91 28.36 39.05 CNRM-CM6-1-HR
0.99 2.97 3.34 EC-Earth3-AerChem 0.74 17.36 25.79 EC-Earth3-AerChem
0.99 348 3.81 FGOALS-g3 0.91 31.10 43.29 FGOALS-g3
0.99 9.74 10.04 FIO-ESM-2-0 0.89 16.42 21.99 FIO-ESM-2-0
0.99 6.11 6.22 GISS-E2-1-H 0.78 17.29 26.42 GISS-E2-1-H
0.99 4.48 4.74 HadGEM3-GC31-LL 0.90 20.52 24.61 HadGEM3-GC31-LL
0.99 1.90 2.14 HadGEM3-GC31-MM 0.84 23.41 35.31 HadGEM3-GC31-MM
0.99 5.71 5.94 IPSL-CM6A-LR 0.86 14.82 20.85 IPSL-CM6A-LR
0.99 14.48 14.93 MIROC6 0.83 21.53 30.33 MIROC6
0.99 7.16 7.37 MRI-ESM2-0 0.87 26.88 35.24 MRI-ESM2-0
0.99 6.37 6.72 NorCPM1 0.84 23.41 35.31 NorCPM1
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