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study aimed to evaluate the performance of an Artificial Neural Network (ANN)
for downscaling temperature and precipitation outputs from CMIP6 climate
models in the Dorudzan Watershed, Fars Province, Iran. Observed temperature
and precipitation data, NCEP/NCAR reanalysis data, and outputs from eight
CMIP6 climate models were used. The performance of climate models was
Keywords: ] evaluated using the coefficient of determination (R?), root mean square error
Statistical Downscaling, (RMSE), and mean absolute error (MAE), and the HadGEM3-GC31-LL model
Climate Change, Artificial .
Neural Network (ANN). was selec'ted as the most appr'oprlate model for the study area. Subgequently,
Temperature, Precipitation. downscaling was performeFl using selected large-scale atmospheric variables and
an ANN model developed in MATLAB. The results showed that the ANN model
provided high accuracy in simulating monthly temperature, with an R? value of
0.99 in both training and testing stages. The RMSE values were 0.0191 and
0.0194°C for training and testing stages, respectively. For precipitation, R? values
of 0.84 and 0.83 were obtained for the training and testing stages, respectively.
Climate projections for 2025-2050 indicated an increasing trend in temperature
and a decreasing trend in annual precipitation under all emission scenarios, with
the greatest changes observed under the SSP5-8.5 scenario. Overall, the results
demonstrated that ANN is an effective approach for downscaling CMIP6 climate
model outputs and assessing future climate changes at the watershed scale.

1. Introduction

Climate change has become one of the most significant environmental challenges affecting water resources
worldwide. Reliable assessment of future climate conditions requires the use of General Circulation Models
(GCMs). However, the coarse spatial resolution of GCM outputs limits their direct application at watershed
and local scales. Therefore, downscaling techniques are required to convert large-scale climate information
into local climate variables suitable for hydrological and water resources studies. Artificial Neural Networks
(ANNSs) have attracted considerable attention as an efficient statistical downscaling technique because of
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their ability to model complex nonlinear relationships between large-scale atmospheric variables and local
climatic observations. Meanwhile, the Coupled Model Intercomparison Project Phase 6 (CMIP6) provides
the latest generation of climate projections with improved representations of climate system processes.
Evaluating the applicability of CMIP6 models and developing reliable downscaling approaches are essential
for improving climate change impact assessments. The Dorudzan watershed, located in Fars Province, Iran,
is one of the important water resources systems in southern Iran. Agriculture, reservoir operation, and
groundwater resources in this basin are highly dependent on climatic conditions. Therefore, accurate
projection of future temperature and precipitation is essential for sustainable water resources management.
This study aimed to evaluate the performance of an Artificial Neural Network for downscaling CMIP6
climate model outputs and predicting future climatic conditions in the Dorudzan watershed.

2. Materials and Methods

Monthly observed precipitation and temperature data were collected from the Dorudzan synoptic station.
Large-scale atmospheric predictors were obtained from the NCEP/NCAR reanalysis dataset, while future
climate data were extracted from eight CMIP6 General Circulation Models, including ACCESS-CM2, BCC-
CSM2-MR, CanESMS5, CESM2, GFDL-ESM4, HadGEM3-GC31-LL, INM-CM4-8, and MRI-ESM2-0.
The performance of the climate models during the historical period (1994-2014) was evaluated using the
coefficient of determination (R?), root mean square error (RMSE), and mean absolute error (MAE). Based
on these statistical criteria, the HadGEM3-GC31-LL model demonstrated the best agreement with observed
climatic data and was selected for future climate projection. Sensitivity analysis was then performed using
26 large-scale atmospheric variables obtained from the NCEP/NCAR reanalysis dataset to identify the most
influential predictors for precipitation and temperature downscaling. Selected predictors were used as inputs
to a multilayer feed-forward Artificial Neural Network developed in MATLAB. The network was trained
using the Levenberg—Marquardt learning algorithm with the tansig transfer function. Separate ANN models
were developed for temperature and precipitation. The calibrated models were subsequently applied to
downscale future climate projections under SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios for the period
2025-2050.

3. Results

The results demonstrate that Artificial Neural Networks provide an effective statistical downscaling
framework for converting large-scale atmospheric information into reliable local climate variables. The
higher accuracy achieved for temperature compared with precipitation is consistent with the greater
complexity and uncertainty associated with precipitation processes. Selection of appropriate large-scale
predictors through sensitivity analysis significantly improved ANN performance and reduced model
complexity. Moreover, evaluating the performance of CMIP6 models before downscaling proved essential
for improving the reliability of future climate projections. The projected increase in temperature together
with decreasing precipitation indicates an intensification of climatic stress in the Dorudzan watershed. Such
changes may reduce surface water availability, increase evapotranspiration, decrease groundwater recharge,
and intensify water scarcity in the region. Therefore, the proposed ANN-based downscaling framework can
serve as a reliable decision-support tool for climate change adaptation and sustainable water resources
management in semi-arid watersheds.

4. Discussion and Conclusion

The evaluation of CMIP6 climate models indicated that HadGEM3-GC31-LL provided the highest
simulation accuracy among the eight models considered, with an R? of 0.83 for precipitation and 0.99 for
temperature during the historical period. The ANN exhibited excellent performance in reproducing monthly
temperature, achieving an R? of 0.99 in both training and testing stages, with RMSE values of 0.0191 and
0.0194 °C, respectively. For precipitation, the ANN also produced satisfactory results, with R? values of 0.84
and 0.83 during training and testing, respectively. Future climate projections indicated a consistent warming
trend under all emission scenarios. The mean annual temperature is projected to increase by approximately
0.9-1.0 °C during 20252050 relative to the baseline period, while annual precipitation is expected to
decrease by approximately 12.9, 28.3, and 48.4 mm under SSP1-2.6, SSP2-4.5, and SSP5-8.5, respectively.
The largest climatic changes were projected under the SSP5-8.5 scenario.
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