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Evaluation for CMIP6 global climate models in simulating precipitation and temperature
over the Huaihe River Basin based on rank score method

JU Qin', MA Xiaozan', LIU Yanli’, YAN Feng’, LIU Cuishan’, WANG Shiyang', LYU Zhuoxi', ZHANG Naifeng"
(1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China;
2. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
3. Nanjing Branch of Jiangsu Province Bureau of Hydrology and Water Resources Survey, Nanjing 210008, China;
4. Wudaogou Hydrology and Water Resources Experimental Station, Water Resources Research Institute of Anhui Province,
Bengbu 233000, China)

Abstract: By using simulation data of precipitation and temperature in the Huaihe River Basin from 1985 to 2014 from 22 global
climate models (GCMs) of the coupled model intercomparison project in phase 6 (CMIP6) , the simulation performance of GCMs was
comprehensively assessed by means of a rank score method with seven indexes selected, and the sensitivity of the scores to each index
was analyzed. The spatial simulation performance of the selected optimal GCMs was evaluated. The results reveal significant differences
in the simulation performance of monthly average precipitation and temperature in the Huaihe River Basin among the models. Overall,
the GCMs perform better in simulating temperatures, but there is a general overestimation of monthly average precipitation. The top five
models with the best comprehensive rank score are EC-Earth3 (7. 83), EC-Earth3-Veg (7. 66), ACCESS-CM2 (7.62), TaiESM1
(7.27), and FGOALS-f3-L (7.20). The rank score results for precipitation are most sensitive to the standard deviation, the statistics
of Mann-Kendall trend analysis (z), and the slope of Mann-Kendall (8) , while those for temperature show high sensitivity to z and B.
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Different combinations of rank score indexes moderately influence the scores. The EC-Earth3 model, identified as the most optimal,
accurately reproduces the spatial distribution of precipitation but performs slightly less effectively for the spatial distribution of
temperature.
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Table 1 Basic information of CMIP6 climate models

S THFEHLI EZR/ HX s s B (20 xHila)) AR/ (°)
ACCESS-CM2 ACCESS A F) 192x 144 1.875
ACCESS-ESM1-5 ACCESS A F W 192x145 1.875
BCC-CSM2-MR BCC i 320160 1.125
CanESM5 CCCMA JllEwN 128%64 2.813
CESM2-WACCM NCAR EH 288x192 1.250
CMCC-CM2-SR5 CMCC BRI 288x192 1.250
CNRM-CM6-1 CNRM e eS| 252x128 1.428
EC-Earth3 EC-Earth Bt 504x256 0.714
EC-Earth3-Veg EC-Earth Ty L 512%256 0.703
FGOALS-f3-L CAS I 360x 144 1. 000
GFDL-ESM4 GFDL EH 288x 180 1.250
INM-CM4-8 INN RE 180x120 2. 000
INM-CM5-0 INN % 180x120 2.000
IPSL-CM6A-LR IPSL e eS| 144x143 2.500
MIROC6 MIROC H A 256x128 1. 406
MPI-ESM1-2-HR MPI 1l 1] 384x192 0.938
MPI-ESM1-2-LR MPI (=3Es| 192x96 1.875
MPI-ESM2-0 MRI EEN 320%160 1.125
NESM3 NUIST I 193x96 1. 865
NorESM2LM NCC £33 144x96 2.500
SAMO-UNICON SNU i [E 306x193 1.176
TaiESM1 RCEC FE G 288%192 1.250
2 5‘?.777% Fx2 BIESEIRRNE
Table 2 Rank score indexes and weights
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Table 3 Rank score indexes and rank scores of monthly average precipitation for different GCMs

ey W/ (mm/d)  o/(mm/d)  NRMSE r T, z B BRIE5 He#
CMFD 2.46 2.17 0.18 0.0049

ACCESS-CM2 2.49 1.79 1.00 0.86 0. 86 -0.11 0.0010  7.47 4
ACCESS-ESM1-5 2.73 2.75 1.02 0.97 0. 80 -1.46  -0.0189  5.49 16
BCC-CSM2-MR 2.50 1.96 0.97 0.78 0.85 -1.71  -0.0112  6.51 8
CanESM5 3.04 2.31 1.22 0.54 0.54 0.50 -0.0001  3.84 22
CESM2-WACCM 3.52 2.72 1.25 0.85 0.91 1.00 0.0104  4.56 18
CMCC-CM2-SR5 3.66 2.70 1.21 0.85 0.72 0.57 0.0055  4.14 21
CNRM-CM6-1 2.05 1.78 0.97 0.82 0.89 -0.57 -0.0039  6.63 7
EC-Earth3 2.28 1.82 0.82 0.94 0.93 1.11 0.0078  8.36 1
EC-Earth3-Veg 2.33 1.78 0.82 0.95 0.94 1.21 0.0085  8.31 2
FGOALS-f3-L 2.48 1.95 1.03 0.85 0.89 2.03 0.0188  6.77 6
GFDL-ESM4 2.15 1.64 1.04 0.67 0.92 -0.46  -0.0081  5.62 13
INM-CM4-8 3.34 2.49 0.94 0.99 0.70 -1.32  -0.0102  5.54 15
INM-CM5-0 2.84 2.30 0.94 0.94 0.76 -0.18  -0.0059  7.41 5
IPSL-CM6A-LR 2.38 1.92 0.86 0.85 0.79 0.71 0.0056  7.95 3
MIROC6 3.18 2.29 1.14 0.75 0.77 -0.21 0.0028  5.81 12
MPI-ESM1-2-HR 2.79 2.13 1.17 0.56 0. 86 -0.18 0.0004  6.02 10
MPI-ESM1-2-LR 2.88 2.04 1.07 0. 66 0. 66 0.79 0.0066  5.59 14
MRI-ESM2-0 1.80 1. 44 0.98 0. 80 0.91 2.32 0.0177  4.68 17
NESM3 3.62 2.18 1.20 0.71 0. 64 0.96 0.0091  4.30 20
NorESM2-LM 3.30 2.47 1.13 0.82 0.56 -0.14  -0.0036  4.45 19
SAMO-UNICON 3.16 2.32 1.09 0.90 0.77 1.28 0.0050  6.27 9
TaiESM1 3.39 2.61 1.10 0.96 0. 86 0.79 0.0091  5.87 11

25 SN2 S AL o R RE T AN ], BRIkl i 6 2R PE A F8 BR B PPAR , TT LASE B IS A =X
MIBHARE ST . SR IX 22 AN SARBE R IT 43 25 7 W3, B 43R 8. 36, eIk oh 3. 84, AN [Rl A A =0k T
TS H K LR B A B R 25 5, 28 b, D0k B9 X H S S5 B K B 1E 40 1 T 1 S AR X EC-
Earth3(8.36) .EC-Earth3-Veg(8.31) . IPSL-CM6A-LR(7.95) .ACCESS-CM2(7.47) INM-CM5-0(7.41),

3.2 AEHRER

12 4 TN 26 R A3 A O AR ) B AR B SO B AT ANAE 25 0] A B A, v g el S
ZART R 14. 84 °C, KA ARBEARAS T P00, (H BRI 03 BN K5 & S — Ak 34 5 iR
WRZEVNT 0.4, BLHEFHOC REFRAE 0. 99 DAL, AL, R B n & S AR b 52 B T STRAR N A8 1L
HE s AT 3O Y IR I S A 2 ] A R AU AR R A 2 | s ) A G R S 0. 75, Je ikl 0. 42, A
6 MBS A R EGAH] 0.7 DAk ; [FIBF 4 AR BL HH T 1985—2014 4F (3 R 3 (AN [R) < fe
B ZE S R SO i ] P38 SR A RTUACR BT, DL T X A 3R K el

WFFEIX 2 S AR R/ e i 8. 67, 5l 3. 20 BEIIBIUR 22 55 18 35, Horb 22 N AR PEA> K
F 6 WA 13 A, 11 H FBIBEK BT KT 6 IBXAT 10 A4S, i — 25 B T A ORI i dak I 1)
AL TR K . A 2 SR B 20 1 T A A 2. TaiESMI (8. 67) . ACCESS-ESM1-5(8. 11) , ACCESS-CM2
(7.77) .CMCC-CM2-SR5(7.72) .FGOALS-f3-L(7.63) .

3.3 BN SRR

SRR B AR AR B (1) A T S R AR A AE 25 57, QR R X REAS MRS, 2 AF S (E SR R b, (H e AR
£y 1517 w7 P V€ SN E S T e B A D T B A B Y B =R I V= W e D O R =R K
P AT DL S5z B 45 AR A0 B — TP A PR B HUCR | 7 L BB B 3 8 AN [R) TP o0 Fa A B W A A
BB S 52 00, it — L R it 5% |



16 W R e AR (H SRR ) %53 %
£4 FRSEHKAFHSRHTHEHFSHTS
Table 4 Rank score indexes and rank scores of monthly average temperature for different GCMs
(553N ¥ifii/C a/C NRMSE r r z B BRIT5> HE#4
CMFD 14. 84 9.17 3.60 0.0423

ACCESS-CM2 13. 65 9.30 0.23 0.998 0.64 3.25 0.0404 7.77 3
ACCESS-ESM1-5 14.40 9.59 0.20 0.996 0.68 3.57 0.0500 8. 11 2
BCC-CSM2-MR 12. 66 10. 65 0.37 0.997 0.67 1.21 0.0203 3.82 20
CanESM5 12. 80 10. 82 0.37 0.997 0.42 3.18 0.0442 3.29 22
CESM2-WACCM 16. 24 9.77 0.26 0.995 0.75 2.43 0.0295 6.28 12

CMCC-CM2-SR5 14.26 9.80 0.21 0.997 0. 66 3.89 0.0373 7.72
CNRM-CM6-1 13.32 10.70 0.32 0.998 0.72 1.32 0.0215 5.09 18
EC-Earth3 13.52 9.36 0.25 0.997 0.75 2.25 0.0341 7.30 6

EC-Earth3-Veg 13.82 9.32 0.24 0.997 0.73 1.39 0.0181 7.00
FGOALS-f3-L 14.02 9.94 0.23 1. 000 0.75 1.46 0.0193 7.63 5
GFDL-ESM4 12.79 9.44 0.29 0.996 0.75 3.00 0.0267 6.21 13
INM-CM4-8 13. 88 9.00 0.21 0.998 0.50 1.86 0.0124 6.40 11
INM-CM5-0 13.43 9.34 0.23 0.998 0.49 1.28 0.008 8 5.70 15
IPSL-CM6A-LR 12. 81 11.29 0.39 0.996 0.67 2.78 0.0388 3.58 21
MIROC6 16.19 9.75 0.26 0.999 0.64 3.46 0.0343 7.06 7
MPI-ESM1-2-HR 14.49 9.61 0.24 0.993 0.69 0.29 0.0036 5.61 16
MPI-ESM1-2-LR 14.12 9.42 0.23 0.995 0.60 0.00 -0.0029 5.38 17
MRI-ESM2-0 14. 84 10. 38 0.24 0.998 0. 66 0.18 0.0014 6.45 10
NESM3 12.99 9.92 0.31 0.994 0.54 2.57 0.0369 4.44 19
NorESM2-LM 15.97 9.47 0.25 0.994 0.59 2.68 0.0306 5.89 14
SAMO-UNICON 13.13 9.25 0.27 0.998 0. 65 3.39 0.0298 6.94 9
TaiESM1 14.42 9.37 0.19 0.999 0.68 2.85 0.0288 8.67 1
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Fig.2 Sensitivity analysis of rank score indexes of monthly average precipitation and temperature for different GCMs
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Fig.3 Comparison of spatial distribution of multi-year average precipitation between actual observation and

model simulation in the Huaihe River Basin
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Fig. 4 Spatial distribution of absolute error between simulated multi-year average precipitation by
EC-Earth3 and CanESMS models in the Huaihe River Basin
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Table 5 Statistics of absolute error between simulated multi-year average precipitation and temperature by
EC-Earth3 and CanESMS models and observed values
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22/ (mm/d) A B it/ % A% A5k it/ % R2E/C MR A%k L% e /%
-0.6~-0.4 264 10. 85 0 0 -5~-4 0 0 5 0.21
>-0.4~-0.2 913 37.51 79 3.25 >-4~-3 0 0 256 10. 52
>-0.2~0 929 38.17 247 10. 15 >-3~-2 202 8.30 1341 55.09
>0~0.2 307 12.61 268 11.01 >-2~-1 1638 67.30 492 20.21
>0.2~0.4 21 0. 86 277 11.38 >-1~0 550 22. 60 274 11.26
>0.4~0.6 0 0 238 9.78 >0~1 21 0. 86 42 1.73
>0.6~0.8 0 0 578 23.75 >1~2 13 0.53 8 0.33
>0.8~1.0 0 0 323 13.27 >2~3 5 0.21 9 0.37
>1.0~1.2 0 0 212 8.71 >3~4 1 0.04 3 0.12
>1.2~1.4 0 0 129 5.30 >4~5 3 0.12 1 0.04
>1.4~1.6 0 0 83 3.41 >5~6 1 0.04 2 0.08
>6~7 0 0 1
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Fig.5 Comparison of spatial distribution of multi-year average temperature between actual observation and

model simulation in the Huaihe River Basin
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Fig. 6 Spatial distribution of absolute error between simulated multi-year average temperature by EC-Earth3 and
CanESMS5 models in the Huaihe River Basin
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