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In arid and semi-arid regions, water resources are scarce due to low rainfall
g\fgiﬂteegbzs and consequently the seasonality of river streams. On the other hand, due to

urbanization, industrialization, rapid population growth, and climate change,
surface water and groundwater shortages have become a common problem
in these regions. The reduction of surface water resources leads to increased
exploitation of groundwater resources and consequently decreased aquifer
Keywords: storage (Hssaisoune et al., 2020; Hardi et al., 2022). Therefore, planning,

analyzing, and optimally managing water resources at the basin, regional, or
SSP scenarios national level is logical and necessary to balance water supply and demand
Integrated mahagemem (Haddad ejt al., 2013). Acqurate assessr_nent_ pf water resource performance
ANFIS, ’ plays an important role in the sustainability and exploitation of water
MODFLOW model. resources. In this context, the development of hydrological modeling in
recent years has improved the accuracy and usefulness of these techniques in
integrated water resources management (Chuma et al., 2024).
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The main objective of this study is to conduct an integrated assessment of the
effects of climate change on surface and groundwater resources in the central plain
of Khorramabad, and then to investigate the impact of implementing management
plans on the status of groundwater resources in the agricultural sector under
climate change scenarios using a combination of ANFIS and MODFLOW models.

Materials and Methods

The MODFLOW code in the GMS software was used to assess the effects of
climate change on groundwater resources in the central plain of Khorramabad. The
modeling steps using MODFLOW include preparing a conceptual model, selecting
a numerical model, designing a model, calibrating in two stable and unstable states,
sensitivity analysis, and validating. The ANVIS model was used to simulate
precipitation-runoff. ANFIS modeling includes training and testing steps. To
simulate climate change, first, historical data from 6 GCM models based on the
Sixth Intergovernmental Panel on Climate Change (CMIP6) were downloaded and
compared with observational data. After selecting the best GCM model, the LARS-
WG model was used to downscale the data. In the next stage, the effects of climate
change on water resources were examined under different management scenarios.
Then, the performance of all models was evaluated by the ME, MAE, and RMSE
criteria for the MODFLOW model and NSE, RMSE, and R2 for the other models.
Finally, the implementation scenario of the new irrigation plan was defined, and
the effects of its implementation on groundwater resources were examined under
SSP scenarios (SSP1-2.6 «<SSP2-4.5, and SSP5-8.5).

Results and Discussion

After proving the efficiency of the models used in this study (Table 1), the effects
of climate change on surface and groundwater resources were examined. Based on
the results of the climate change simulation, in the SSP scenarios, in the future,
rainfall will decrease, and minimum and maximum temperatures will increase.
Also, according to the results obtained from the ANFIS model, the average river
discharge under the SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios will decrease by
1.89, 1.9, and 4.88 million cubic meters per second, respectively, compared to the
base period average (63.9 mcm/s). According to the results obtained from the
MODFLOW model, the groundwater level and aquifer storage in all three SSP
scenarios decrease compared to the modeling period. Accordingly, the average
water level in all three scenarios, SSP1-2.6, SSP2-4.5, and SSP5-8.5, decreases by
13.65, 25.54, and 28.24 meters compared to the average water level of the base
period (1187 m), respectively. Also, the average annual aquifer storage decreases
in all three climate scenarios. The average aquifer storage in all three scenarios,
SSP1-2.6, SSP2-4.5, and SSP5-8.5, decreases by 82.88, 143.11, and 171.58 million
cubic meters compared to the average aquifer storage in the base period (480
mcm), respectively.

Table 1. Performance Evaluation Criteria of MRI-ESM2, LARS-WGY7,
and ANFIS Models

Model R? RMSE  NSE
Precipitation 0.32 0.505 0.26

MRI-ESM2 Minimum Temperature 0.54 3.94 0.49
Maximum Temperature 0.501 6.43 0.44

Average Monthly

Precipitation
Average Monthly Minimum

LARS-WG7 Temperature
Average Monthly Maximum 0.999 0070 0999

Temperature

Average Monthly Sunshine 0.998 0.089  0.999
Train Period 0.96 1.07 0.98
Test Period 0.94 3.26 0.86

0.983 1.13 0.986

0.999 0.064  0.999

ANFIS




Implementation of the irrigation plan: In this scenario, irrigation efficiency
increases by 30 percent. According to the results of this study, if the irrigation plan
is implemented, the average groundwater level in SSP1-2.6, SSP 2-4.5, and SSP 5-
8.5 scenarios will decrease by about 3.8, 14.7, and 18.0.5 meters compared to the
average of the base period in the mentioned scenarios, respectively. The average
groundwater storage in SSP1-2.6, SSP 2-4.5, and SSP 5-8.5 scenarios is about
478.4, 427, and 389.5 mcm, respectively, which is a decrease of about 1.6, 53, and
90.4 mcm compared to the average of the base period groundwater storage in the
above scenarios, respectively.

Conclusion

The findings of this study show that climate change, with increasing temperature
and decreasing rainfall, will significantly affect the Khorramabad watershed. Based
on the results, the effects of climate change will reduce surface and groundwater
resources in the future. Implementing the new irrigation plan scenario in the
agricultural sector will reduce groundwater level decline and increase aquifer

storage in the future under the SSP scenarios.
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Table 1. Names of The Evaluated Models and Their Characteristics.
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Table 2. Performance Evaluation Criteria of The MODFLOW Model.
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Table 3. Performance Evaluation Criteria of MRI-ESM2, LARS-WG?7, and ANFIS Models.
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