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Abstract

Global warming changes precipitation and temperature
patterns. In this study, the linear scaling post-processing
method was used to correct the biases of seven climate models
(GCMs) under the Coupled Model Intercomparison Project
Phase 6 (CMIP6). Also, the performance of these models was
evaluated for simulating temperature and precipitation in the
Hamedan-Bahar plain in the baseline period of 1990 to 2014.
Three performance indicators (mean square root error, Nash-
Sutcliffe, coefficient of correlation) were used to quantify the
models’ reproducibility to climatic parameters for the
historical period (1990-2014). Based on the results, CMCC-
ESM2, MIROC 6, and NorESM2-MM models were selected
and their ensemble were used to project temperature and
precipitation in near (2026—2050), mid (2051-2075) and far
futures (2076-2100) under three socioeconomic shared
pathway (SSP) 1-2.6, 2-4.5 and 5-8.5. Based on the obtained
results, in all three periods, the average precipitation decrease
in summer is higher than the other seasons, and the highest
amount of decrease will occur in the mid future period under
the SSP5-8.5 scenario (67%). Moreover, the minimum and
maximum temperatures increased in all three future periods
and under all three scenarios. The highest increase of
temperature occurred in January and February. Predicting
climate parameters using selected models in this study can be
a basis for planning and managing water resources and
developing the necessary measures to climate change
adaptation in Hamadan-Bahar region.
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Fig. 1- Hamedan-Bahar plain and meteorological stations
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Table 1- Details of stations used in the study
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Stations Type of Station Elevation (m) Longitude Latitude
Koshkabad” Rain Station 1684 48.55 35.01
Airport” Synoptic 1740 48.53 34.86
Bahar Rain Station 1770 48.43 34.88
Sheverin® Rain Station 1830 48.56 34.8
Maryanaj Rain Station 1841 48.45 34.82
Aghkahriz” Rain Station 1844 48.33 34.99
Ekbatan Dam” Rain Station 1940 48.6 34.75
Gonbad” Rain Station 2050 48.75 34.68

*Stations used to validate climatic model simulations
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Table 2- Detailed description of GCMs used in this study
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Model Institution/Country Resolution
CMCC-ESM2 Euro-Mediterranean Centre on Climate Change coupled climate model, Italy 0.94 x 1.25°
MRI-ESM2-0 Meteorological Research Institute, Ibaraki, Japan 112 x1.12°
NOR-ESM2-MM  Norwegian Climate Center, Norway 0.94 x 1.25°
GFDL-ESM4 Geophysical Fluid Dynamics Laboratory, NJ, USA 1.00 x 1.25°
MPI-ESM1-2-LR  Max Planck Institute for Meteorology (MPI-M), Germany 1.87 x 1.86°
IPSL-CM6A-LR Institute Pierre Simon Laplace (IPSL), Paris, France 2.50 x 1.27°
ACCESS-CM2 Australian Research Council Centre of Excellence for Climate System 1.87 x 1.25°
Science, Australia
MIROC6 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), 1.40x 1.40°

Kanagawa, Japan
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Table 3- Performance of metric CMIP6 models in simulating precipitation (PCP) and temperature during
historical period in Hamadan Airport station

Olson 0183958 ol 13 (S50 2,93 Jsb 45 bd 9 (PCP) (40, (gilwamd (o1li5)! (slao ol Y Jga

MODEL RMSE NSE r P-value
PCP Tmax Tmin PCP T max T min PCP T max T min PCP T max T min

ACCESS-CM2 14.71 10.46 9.42 0.45 0.48 0.53 0.46 0.64 0.66 0.046 0.021 0.015
CMCC-ESM2 3.74 5.96 6.24 0.61 0.73 0.65 0.81 0.91 093 0239 0.61 0.71
GFDL-ESM4 10.99 8.35 9.83 0.43 0.54 0.52 0.52 0.61 0.6 0.037 0.025 0.031
IPSL-CM6A-LR 12.48 8.55 9.93 0.53 0.46 0.48 0.45 0.52 0.55 0.014 0.018 0.012
MIROC 6 3.71 6.71 5.56 0.63 0.66 T 0.83 0.94 0.89 0.45 0.33 0.66
MPI-ESM1-2-LR 11.99 9.46 8.33 0.43 0.46 0.52 0.41 0.52 043 0.038 0.006 0.032
MRI-ESM2-0 9.95 10.45 9.29 0.52 0.46 0.41 0.51 0.61 0.63 0.042 0.04 0.029
NorESM2-MM 4,12 6.87 6.24 0.58 0.64 0.57 0.80 0.83 0.88 0.51 0.15 0.21
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Fig. 2- Taylor's diagram to compare the simulation of climate models for (a) maximum temperature, (b)
minimum temperature and (c) precipitation.
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Fig. 3- Projected precipitation using selected models ensemble under SSP1.2.6, SSP2-4.5 and SSP5-8.5
scenarios for (a) near future (2026-2050), (b) mid future (2051-2075), and (c) far future (2076-2100) in
Hamedan-Bahar plain. OBS is observed data.
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Fig. 4- Projected maximum temperature using selected models ensemble under SSP1.2.6, SSP2-4.5 and
SSP5-8.5 scenarios for (a) near future (2026-2050), (b) mid future (2051-2075), and (c) far future (2076-2100)
in Hamedan-Bahar plain. OBS is observed data
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Fig. 5- Projected minimum temperature using selected models ensemble under SSP1.2.6, SSP2-4.5 and SSP5-
8.5 scenarios for (a) near future (2026-2050), (b) mid future (2051-2075), and (c) far future (2076-2100) in
Hamedan-Bahar plain. OBS is observed data.
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1- General Circulation Models

2- Coupled Model Intercomparison Project
3- Shared Socioeconomic Pathways (SSPs)
4- Delta Change

5- Linear Scaling

6- Distribution Mapping

7- Empirical Quantile Mapping

8- T- Student Test
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