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Using the most accurate methods and models to simulate the impact of climate
change on meteorological variables in different regions of the world is of
utmost importance. In this study, the accuracy of 10 AOGCM models related
to the sixth assessment report of the IPCC (CMIP6) was investigated for
simulating temperature and precipitation in the Sefidrood Basin. For this
purpose, observational data of temperature and precipitation from 16 weather
stations located in the basin during the time period from 1980 to 2014 were
compared with the output of AOGCMs. The Kling-Gupta Efficiency (KGE)
index was utilized for this comparison. The comparison was conducted on
both annual and monthly time scales, and the more accurate models were
identified for each time period. The results indicated that the accuracy of
AOGCM models in estimating temperature in the study area was higher than
their accuracy in estimating precipitation. Additionally, different models
exhibited varying capabilities in simulating these variables across different
months. Based on the results obtained, the MIROC6 and MRI-EMS2-0 models
performed better than other models in estimating the temperature of different
months. Furthermore, the HadGEM3-GC31-LL model showed a better
performance than other models in estimating historical precipitation for most
months of the year. Based on the results obtained, it is necessary to select and
use the best AOGCM models for each month before conducting climate
change simulation studies in the study area.
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Figure 1. Location of study area (Sefidrood basin) in the north of Iran
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Table 1. Characteristics of selected synoptic weather stations in the study area

Name Longitude Latitude Elevation from sea level (m)
Taleghan 5046 3610 1857
Khalkhal 4831 3736’ 1797
Mianeh 47°42 37727 1110
Ghare-Aghaj 46°57 37°07 1302
Kiashahr 49'52 37724 -22
Rasht 49°37' 3719’ -8.6
Manjil 4924’ 3643 338
Zarineh 4654’ 3603 2142
Bijar 47°37 35’52’ 1883
Ghorveh 47°46 35'10' 1906
Moalemkolayeh 50728’ 36726’ 1629
Mahmeshan 47°40 3644 1284
Zanjan 48°31 36°39 1659
Kheirabad 48°45' 3631 1767
Khodabandeh 48°34’ 36°08' 1887

Garmab 4812 3550’ 1632
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Table 2. Characteristics of selected AOGCM models

Model Resolution Developer

BCC-CSM2-MR 1.12°x1.12°  Beijing Climate Center, China Meteorological Administration
CAMS-CSM1-0 1.1%x1.1° Chinese Academy of Meteorological Sciences, China

CESM2 1.25°x0.94°  Community Earth System Model Contributors

CMCC-ESM2 1.1%x1.1° Centro Euro-Mediterraneo sui Cambiamenti Climatici

CNRM-CM6-1 1.4°x1.4° Centre National de Recherches Météorologiques Scientifique (CNRM)
GFDL-ESM4 1.3°x1.0° NOAA-Geophysical Fluid Dynamics Laboratory
HadGEM3-GC31-LL 1 8g°x1.25°  Meteorological Office Hadley Centre

IPSL-CM6A-LR 2.5°x1.26° Institute Pierre-Simon Laplace

MIROC6 1.4°x1.4° National Institute for Environmental Studies, The University of Tokyo
MRI-EMS2-0 1.12°x1.12°  Meteorological Research Institute
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Table 3. Monthly KGE index for evaluating the performance of AOGCMs in temperature estimation

Model Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
BCC-CSM2-MR -030 -0.31 -068 -042 -045 -028 -029 -0.84 -036 -0.40 -0.30 -0.31
CAMS-CSM1-0 -056 -038 -049 -062 -042 -0.77 -0.75 -051 -083 -045 -056 -0.38
CESM2 -004 -010 -0.03 008 -03 -011 -0.34 -018 -020 0.09 -0.04 -0.10
CMCC-ESM2 -0.04 012 0.02 008 -0.29 -0.19 0.10 0.07 -010 -0.05 -0.04 0.12
CNRM-CM6-1 0.30 0.05 001 -0.01 0.03 0.16 0.19 0.02 -024 -0.09 0.30 0.05
GFDL-ESM4 0.02 0.03 0.06 0.04 -001 0.05 0.12 013 -0.34 0.3 0.02 0.03
HadGEM3-GC31-LL -0.01 013 0.09 0.18 0.04 0.15 0.07 008 -007 -0.09 -0.01 0.13
IPSL-CM6A-LR 0.02 0.12 0.18 016 -0.01 0.17 0.19 0.15 0.05 0.09 0.03 0.12
MIROC6 0.05 0.08 0.19 0.08 021 0.07 0.24 009 -0.02 0.14 0.05 0.08

MRI-EMS2-0 -0.13  0.04 0.25 023 011 006 -001 023 -025 002 -013 0.04
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Figure 2. Zoning map of KGE index for evaluating the performance of AOGCMs in temperature estimation
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Figure 3. Monthly KGE index for evaluating the performance of AOGCMs in temperature estimation
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Figure 4. Zoning map of KGE index for evaluating the performance of AOGCMs in precipitation estimation
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Figure 5. Monthly KGE index for evaluating the performance of AOGCMs in precipitation estimation

Table 4. Monthly KGE index for evaluating the performance of AOGCMs in precipitation estimation

Model Month

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
BCC-CSM2-MR 001 -0.02 004 -014 -145 -274 -866 -557 -9.06 -6.87 -1.19 0.05
CAMS-CSM1-0 -0.17 -0.11 -015 -019 -015 -055 -161 -0.99 -494 -286 -1.28 -0.02
CESM2 -0.10 -0.01 001 -071 -455 -7.07 -104 -066 -189 -0.66 -1.15 -0.02
CMCC-ESM2 -0.25 -0.07 -011 -0.61 -269 -658 -245 -570 -341 -0.08 -0.06 0.02
CNRM-CM6-1 -0.04 -031 -020 -191 -311 -343 -074 -152 -836 -858 -2.76 0.05
GFDL-ESM4 0.18 -0.02 -0.03 -123 -223 -277 -041 -035 -194 -389 -159 0.16
HadGEM3-GC31-LL -0.15 0.13 -0.17 003 -041 -0.74 -050 -0.31 -0.47 -055 -0.01 0.17
IPSL-CMBA-LR 0.02 003 003 -039 -245 -575 -555 -964 -8.09 -042 -090 -0.03
MIROC6 -0.07 -022 -022 -244 -739 557 -373 -421 -890 -287 -1.15 -0.15
MRI-EMS2-0 -0.07 0.08 013 -095 -444 -637 -213 -052 -342 -586 -263 -0.12
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