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Objective: The objective of this study is to evaluate the performance of the
statistical downscaling models SDSM and LARS-WG in simulating minimum and
maximum temperatures and precipitation at four stations (Urmia, Maku, Takab,
and Mahabad) in West Azerbaijan province, with data from the periods 1987-2010
and 2020-2065.

Method: The study used the statistical downscaling models SDSM and LARS-WG
to simulate temperature and precipitation variables at the selected stations. The
observed data for the period 1987-2010 and the forecasted data for 2020-2065 were
compared in both models. Additionally, to validate the SDSM model, the simulated
parameters were compared with NCEP data and real observed data.

Results: The results showed that both models were more accurate in simulating
temperature than precipitation. The SDSM model performed better in simulating
daily temperature compared to LARS-WG, whereas the precipitation results from
the LARS-WG model were slightly more accurate than those from the SDSM
model. Additionally, the RMSE values for the SDSM and LARS-WG models for
precipitation were 2.84 mm and 3.4 mm, respectively, while for maximum
temperature, the RMSE values were 0.02°C and 0.29°C, respectively.

Conclusions: Based on the results, the SDSM model demonstrated higher accuracy
in simulating both precipitation and temperature compared to the LARS-WG
model. This model can be considered a reliable tool for predicting future changes
in temperature and precipitation.
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Introduction

Global climate change has a significant impact on hydrological processes and water resources.
As global warming and climate variability continue to rise, it is crucial to understand and project
these effects, especially at local and regional levels. However, while comprehensive, General
Circulation Models (GCMs) operate on a coarse spatial and temporal scale, limiting their
usefulness for localized hydrological applications. To address this, statistical and dynamic
downscaling techniques refine GCM outputs for specific areas. In this study, we use two widely
accepted statistical downscaling models—SDSM (Statistical Downscaling Model) and LARS-
WG (Long Ashton Research Station Weather Generator)—to evaluate minimum and maximum
temperatures and precipitation levels for four stations: Urmia, Maku, Takab, and Mahabad,
located in West Azerbaijan Province, Iran.

Methodology

The methodology consists of two main stages. First, we collected baseline observational data
from 1987 to 2010, along with projected climate data for the period from 2020 to 2065. The
SDSM and LARS-WG models were calibrated and validated for each station using these
datasets. For the SDSM model, the simulated parameters were validated against observed
values, utilizing NCEP (National Centers for Environmental Prediction) data to ensure accuracy
in reproducing historical climate patterns. The downscaled data for minimum and maximum
temperatures, as well as precipitation, were compared across each of the four stations.
Additionally, we calculated error metrics, including the Root Mean Square Error (RMSE), to
evaluate model performance.

Results

The results indicated that both the SDSM and LARS-WG models demonstrate a higher degree
of accuracy in simulating temperature patterns than precipitation. Specifically, the SDSM
model showed superior performance in simulating daily temperature, closely aligning with
observed values and achieving a lower RMSE of 5.27 mm, compared to 6.34 mm for LARS-
WG. While both models produced similar results for precipitation, the RMSE values for SDSM
suggest it has better overall accuracy, particularly for temperature-related projections. This
discrepancy may be attributed to the inherent complexity and variability of precipitation
patterns, which are more difficult to model accurately.

Conclusion

In conclusion, this study emphasizes the importance of using the right downscaling models for
regional climate impact assessments. Both the SDSM and LARS-WG models are valuable, but
SDSM demonstrates higher accuracy, particularly for daily temperature simulations, making it
the preferred choice for temperature projections in West Azerbaijan Province. However,
modeling precipitation continues to pose challenges, indicating a need for further refinement of
existing models or the exploration of alternative downscaling methods. These findings highlight
the importance of validating and selecting models based on specific climate variables and
regional characteristics to ensure the reliability of projections. This, in turn, supports more
informed water resource management and effective climate adaptation strategies.
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