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Tab. 1 Basic information of CMIP6 global climate models
2 RSN s HE 2 [ B0 I A SRR
1 ACCESS-CM2 ACCESS WAFNE 192x144 1.875°%1.250°
2 ACCESS-ESM1-5 ACCESS RAFNE 192x145 1.875°x1.241°
3 BCC-CSM2-MR BCC, CMA L 320%160 1.125°x1.125°
4 BCC-ESM1 BCC, CMA E 128%64 2.813°x2.813°
5 CanESM5 CCCMA N 128x64 2.813°x2.813°
6 CESM2-WACCM NCAR g 288x192 1.250°%0.938°
7 CMCC-CM2-SR5 CMCC BRA 288x192 1.250°%0.938°
8 EC-Earth3-Veg EC-Earth iy i 512x256 0.703°x0.703°
9 EC-Earth3-Veg-LR EC-Earth iy it 320%160 1.125°x1.125°
10 GFDL-ESM4 GFDL XKH 288x180 1.250°%1.000°
11 INM-CM4-8 INM P i 180x120 2.000°x1.500°
12 INM-CM5-0 INM % Wi 180x120 2.000°x1.500°
13 IPSL-CM6A-LR IPSL %E 144x143 2.500°%1.259°
14 MIROC6 MIROC N 256x128 1.406°x1.406°
15 MPI-ESM1-2-HR MPI (=1 384x192 0.938°x0.938°
16 MPI-ESM1-2-LR MPI (=1 192x96 1.875°x1.875°
17 MRI-ESM2-0 MRI H A 320%160 1.125°x1.125°
18 NorESM2-LM NCC Mk 144%96 2.500°x1.875°
19 NorESM2-MM NCC 71917 288x192 1.250°%0.938°
20 TaiESM1 RCEC i 288x192 1.250°%0.938°
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ARG AT DX ) SR AT RE ) R IR B 47, A OC RECK T 0.95, Hrhr ACCESS-ESM1-5 il TaiESM1 {45
HAH KR EL 5 0.978, EC-Earth3-Veg-LR B A C R EUR/NCH 0.952), B RECEARTE 0.8 LU L., 4
R 22 B 2 A 7K A AR DL 388 SR AR X A 22, M D& R BCR 0.5~0.9, EC-Earth3-Veg 520 41 ¢ R Bl K (R
0.892), {¢f5 EC-Earth3-Veg-LR il IPSL-CM6A-LR P~ @ X e Pk R A8 L 0.5, H Rl 2 AT, AR
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Tab.2 Comparative analysis of precipitation and temperature patterns in Global Climate Model (GCM) simulations and
observational data (the Yellow River source area)

Bt 4T BEHUE Rt K AH RS TR XY S HIENERE
FE7K/(mm-d™) R/ C R/ % 1R2E/°C Rk i [ES S
ACCESS-CM2 3.1 -1.9 109.9 0.5 0.721 0.976 —-1.183 0.927
ACCESS-ESM1-5 32 —0.4 114.0 2.0 0.571 0.978 —1.478 0.892
BCC-CSM2-MR 2.3 -3.4 53.6 -1.0 0.840 0.968 0.294 0.898
BCC-ESM1 3.6 -0.6 142.8 1.8 0.839 0.971 —2.454 0.886
CanESMS5 3.8 -0.7 154.9 1.7 0.863 0.977 —4.339 0.896
CESM2-WACCM 3.7 -2.1 144.4 0.3 0.873 0.976 —3.040 0.909
CMCC-CM2-SR5 2.1 -3.6 40.6 -1.2 0.844 0.971 —-0.175 0.834
EC-Earth3-Veg 22 -3.8 46.8 -1.4 0.892 0.955 0.379 0.875
EC-Earth3-Veg-LR 2.0 -39 34.5 -1.5 0.878 0.952 0.520 0.858
GFDL-ESM4 2.4 -39 59.1 -1.5 0.825 0.970 0.069 0.897
INM-CM4-8 4.6 -1.7 206.7 0.7 0.791 0.974 —6.828 0.826
INM-CM5-0 4.7 -2.1 212.6 0.3 0.820 0.972 —7.465 0.839
IPSL-CM6A-LR 2.0 =79 30.9 -5.5 0.814 0.972 0.511 0.414
MIROC6 2.7 0.1 79.4 2.5 0.891 0.969 —0.419 0.827
MPI-ESM1-2-HR 2.7 -2.3 78.1 0.1 0.834 0.971 —0.347 0.937
MPI-ESM1-2-LR 3.1 -0.5 103.3 1.9 0.749 0.977 —1.284 0.899
MRI-ESM2-0 2.6 -3.6 75.1 -1.2 0.850 0.962 —-0.213 0.878
NorESM2-LM 3.5 0.6 131.3 3.0 0.870 0.974 —2.637 0.800
NorESM2-MM 32 -2.1 112.6 0.3 0.875 0.973 —1.787 0.922

TaiESM1 33 =37 121.2 -1.3 0.890 0.978 —1.865 0.853
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Fig. 2 Taylor plots of precipitation and temperature for 20 CMIP6 climate models (the Yellow River source area)
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Fig. 3 Simulation and observation comparison of annual average precipitation and temperature changes in the reference period (the
Yellow River source area)
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ESM1-5 150 (0h 0.588) o i M R B I F 8, B K& IPSL-CM6OA-LR £:X (Ol 0.378) 5 AN 22 5 K1
& INM-CM5-0 #E=(53k 244.3%), 5t/ E MRI-ESM2-0 #6558 (R 39.5%) . Hi &L 4 Al %0, SR IR 32
TEZ I L 0 0 A B AR B I AE X A8 B B 2T CanESMS 1 NorESM2-MM, 25 R 15 £ 328 119 /2
CMCC-CM2-SR5 #5257k A A5 400 285 S A 2 W80 181 b 20 A 3¢ hy 8 I, 25 O ) e A X 583 i B =05 EC-
Earth3-Veg F1 IPSL-CM6A-LR, i 1)/ INM-CM5-0 £,

#3 GCMs BEKRMSBENER SWIEZ EFHEMER (BETZ-ZM LR
Tab.3 Comparative analysis of precipitation and temperature patterns in Global Climate Model (GCM) simulations and
observational data (the Tangnaihai-Lanzhou basin)

" BHU(E - S (B3 TETEREL
WX AR K mmed ) T R K AHRXT 1222/ % TR EEHE R IRIE/C ok e K P
ACCESS-CM2 22 13 87.2 0 0.709 0.978 —-0.419 0.944
ACCESS-ESM1-5 22 1.9 86.1 0.6 0.588 0.980 —0.534 0.951
BCC-CSM2-MR 2.4 0.2 98.6 -1.1 0.791 0.973 —-0.732 0.919
BCC-ESM1 33 2.4 177.3 1.1 0.817 0.980 —3.546 0.936
CanESMS5 33 33 178.3 2.0 0.847 0.987 —5.476 0.916
CESM2-WACCM 34 2.5 179.8 1.2 0.858 0.983 —4.487 0.945
CMCC-CM2-SR5 2.4 -1.1 99.6 —2.4 0.833 0.970 —2.206 0.792
EC-Earth3-Veg 1.8 0.8 50.9 —-0.5 0.844 0.970 0.308 0.938
EC-Earth3-Veg-LR 1.8 13 50.0 0 0.843 0.974 0.323 0.946
GFDL-ESM4 1.9 0.4 58.7 -0.9 0.788 0.979 0.038 0.944
INM-CM4-8 4.1 1.9 240.7 0.6 0.631 0.984 —9.698 0.924
INM-CMS5-0 4.1 1.6 2443 0.3 0.712 0.981 —9.066 0.934
IPSL-CM6A-LR 1.7 -29 453 —4.2 0.819 0.976 0.378 0.641
MIROC6 2.8 4.5 136.6 32 0.865 0.979 -2.210 0.811
MPI-ESM1-2-HR 2.1 2.6 73.4 1.3 0.702 0.979 —0.280 0.928
MPI-ESM1-2-LR 3.0 22 151.3 0.9 0.654 0.980 —2.744 0.950
MRI-ESM2-0 1.7 12 39.5 0.1 0.735 0.970 0.326 0.926
NorESM2-LM 2.9 3.8 145.2 2.5 0.867 0.981 —3.086 0.872
NorESM2-MM 2.6 2.7 1155 1.4 0.845 0.985 -1.910 0.941
TaiESM1 3.0 0.7 147.7 -0.6 0.874 0.983 —2.743 0.951
@ Observed WV ACCESS-CM2 B ACCESS-ESM1-5 BCC-CSM2-MR
* BCC-ESM1 CanESM5 V¥ CESM2-WACCM m CMCC-CM2-SR5
A EC-Earth3-Veg EC-Earth3-Veg-LR ©® GFDL-ESM4 INM-CM4-8
B INM-CMS5-0 A TPSL-CM6A-LR % MIROC6 MPI-ESM1-2-HR
WV MPI-ESM1-2-LR MRI-ESM2-0 A NorESM2-LM * NorESM2-MM

@ TaiESM1

=

F

bRz FfEZE
(a) Bk (b) S

K4 20 FF CMIP6 UMLK 5 TR 2 B O 5 22 - 22 L L3
Fig. 4 Taylor plots of precipitation and temperature for 20 CMIP6 climate models (the Tangnaihai-Lanzhou basin)
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Fig. 5 Simulation and observation comparison of annual average precipitation and temperature changes in the reference period (the
Tangnaihai-Lanzhou basin)
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Tab. 4 Comparative analysis of precipitation and temperature patterns in Global Climate Model (GCM) simulations and
observational data (the Weihe-Yiluo River basin)
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Fig. 6 Taylor plots of precipitation and temperature for 20 CMIP6 climate models (the Weihe-Yiluo River basin)
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Fig. 7 Simulation and observation comparison of annual average precipitation and temperature changes in the reference period (the
Weihe-Yiluo River basin)
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Fig. 8 Spatial distribution of multi-year average precipitation in the reference period of the Yellow River Basin
water conservation region
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Assessment of precipitation and temperature in the water conservation region of
the Yellow River Basin using CMIP6 models

WU Jinyu"?, JU Qin"?, LIU Xiaoni"? LIAN Zixu"? ZHANG Yiyin"? DUAN Yuanqiang"?

(1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. Yangtze Institute for
Conservation and Development, Nanjing 210098, China)

Abstract: It is essential to evaluate the performance of global climate models in simulating precipitation and
temperature in the water conservation region of the Yellow River Basin, which serves as a vital ecological barrier. This
study employs 20 global climate models from the sixth phase of the International Coupled Model Comparison Program
(CMIP6) to comprehensively assess the simulation accuracy of precipitation and temperature in the Yellow River Basin
water conservation region from 1985 to 2014. Evaluation metrics such as relative error, correlation coefficient,
deterministic coefficient, and Taylor diagram are utilized, and spatial analysis is conducted on the selected models. The
findings reveal that the majority of climate models perform better in simulating temperature than precipitation, with
temperature exhibiting a correlation coefficient above 0.95. On the other hand, precipitation tends to be overestimated,
and the deterministic coefficient is low. Within the Yellow River Basin water conservation region, the accuracy of most
models in all three subareas—the Yellow River source area, the Tangnaihai-Lanzhou basin, and the Weihe-Yiluo River
basin—requires further improvement. Additionally, different climate models exhibit varying simulation abilities across
different subareas. Generally, the 20 models exhibit the most accurate simulation of precipitation and temperature in the
Yellow River source area, followed by the Tangnaihai-Lanzhou basin, and the least accurate in the Weihe-Yiluo River
basin. Notably, the EC-Earth3-Veg model demonstrates relatively superior simulation capabilities in all three regions
and can effectively reproduce the annual variation characteristics of precipitation and temperature. Spatial distribution
of the simulated values and multi-year average observed values exhibit some variability. Precipitation deviates most
significantly in the Yellow River source area, followed by the Tangnaihai-Lanzhou basin, while the Weihe-Yiluo River
basin shows the best agreement. Regarding temperature deviation, the Tangnaihai-Lanzhou basin exhibits the highest
deviation, followed by the Weihe-Yiluo River basin, while the Yellow River source area shows the best agreement. The
outcomes of this study can provide valuable insights for water resources management and climate change research in
the Yellow River Basin.

Key words: the Yellow River Basin; water conservation region; CMIP6 climate models; precipitation; temperature;

spatial distribution
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