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Abstract Based on the 32 global climate models that participated in the phase 6 of the Coupled Model Intercomparison Project
(CMIP6), 27 global climate models that participated in CMIP5 and the observational dataset CNOS5.1, this study evaluates the
performances of these CMIP6 and CMIP5 models on the simulation of extreme precipitation index over China for 1961—2005. Eight
extreme precipitation indices defined by the Expert Team on Climate Change Detection and Indices (ETCCDI) are used to represent
extreme precipitation events. Results indicate that the multi-model ensemble (MME) median of CMIP6 overall has lower relative
errors of both climatological mean (with an average of 29.94%, reduced by 2.95%) and relative variability (with an average of
10.10%, reduced by 5.45%) than that of CMIPS. Generally, CMIP6 performs better than CMIP5 in simulating climatological
condition of China, especially over the arid region (the error was reduced by 12.15% compared to CMIP5). Further analyses suggest
that the MME median of CMIP6 has large spatial correlation coefficients and small root-mean-square errors. Based on the Taylor
skill (TS) score, both CMIP6 and CMIP5 models are ranked to evaluate relative model performance. CMIP6 models have higher
ranks than CMIP5 models, with an average TS score of 0.78 (0.75) for CMIP6 (CMIP5), and four out of the five highest-scored
models are CMIP6 models. Regarding the homologous models, the TS scores of CMIP6 models (an average of 0.91) are larger than
their earlier versions in CMIPS (an average of 0.68), indicating a prominent improvement in CMIP6. Further analyses reveal that the
performances of CMIP6 models differ in the simulation of extreme precipitation over different regions of China. Generally, compared
to CMIPS5, CMIP6 models perform better in simulating extreme precipitation events over China.
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Table 1 CMIP6 global climate models
IR (L5 10] ] IR (L5 A] ]
Bt wseutg it e Bt amseuty, iyl

ACCESS-CM2* ACCESS, WK FI . 192x144 GFDL-CM4* GFDL, [ 288x180
ACCESS-ESM1-5 ACCESS, K. 192x145 GFDL-ESM4* GFDL, £[H 288x180
AWI-ESM-1-1-LR AWI, {8 192x96 INM-CM4-8 INM, &% 180x120
BCC-CSM2-MR* BBC, CMA, it 320x160 INM-CM5-0* INM, #Z Ht 180x120
BCC-ESM1 BBC, CMA, H[# 128x64 IPSL-CM6A-LR* IPSL, & H 144x143
CanESM5* CCCMA, &k 128%64 KACE-1-0-G NIMS, %[z 192x144
CESM2-FV2 NCAR, 3 [H 144x96 MIROCG6* MIROC, A7 256x128
CESM2-WACCM-FV2 NCAR, %[H 288%192 MPI-ESM-1-2-HAM MPI, 7= 192x96

CESM2-WACCM NCAR, %[ 144x96 MPI-ESM1-2-HR MPI, % 384x192
CESM2* NCAR, % 288x192 MPI-ESM1-2-LR* MPI, 7= 192x96

CMCC-CM2-SR5* CMCC, EARF 288%192 MRI-ESM2-0* MRI, H742 320x160
EC-Earth3-Veg-LR EC-Earth, BX#H 10/ 320x160 NESM3 NUIST, [ 192x96

EC-Earth3-Veg EC-Earth, BRil 10/ 512x256 NorESM2-LM* NCC, 144x96

EC-Earth3* EC-Earth, Bk 10 512x256 NorESM2-MM NCC, ), 288%192
FGOALS-f3-L IAP, CAS, H1[H 288x180 SAMO-UNICON SNU, = 288%192
FGOALS-g3 IAP, CAS, HH 180%80 TaiESM1 RCEC, [ 288x192
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Table 2 Basic information of 27 CMIPS5 global climate models
Hist 4 CETN T S A Hist 4 awseuty, i
ACCESSI1-0* ACCESS, #AHT 192x145 INM-CM-4* INM, %% i 180x120
BBC-CSMI-1*  BBC,CMA, H[H 128%64 IPSL-CM5A-LR* IPSL, i 96x96
BNU-ESM GCESS, 1 128x64 IPSL-CM5A-MR IPSL, ¥ [H 144x143
CanESM2* CCCMA, Jin&k 128x64 IPSL-CM5B-LR IPSL, ¥ H 96x96
CCSM4 NCAR, 3[H 288x192 MIROC-ESM MIROC, H A 128x64
CESMI1-BGC* NCAR, £H 288x192 MIROC-ESM-CHEM MIROC, H 4 128x64
CMCC-CM* CMCC, KA 480%240 MIROC4h MIROC, H A 640320
CNRM-CM5 CNRM-CERFACS, #:[H 256x128 MIROC5* MIROC, H A 256x128
CSIRO-Mk3-6-0  CSIRO-QCCCE, I AH 19296 MPI-ESM-LR* MPI, {85 192x96
EC-EARTH* EC-Earth, B 10 320%160 MPI-ESM-MR MPI, 7= 192x96
GFDL-CM3* GFDL, %H 144x90 MPI-ESM-P MPI, {E&[= 192x96
GFDL-ESM2G*  GFDL, %£[H 144x90 MRI-CGCM3* MRI, A4 320%160
GFDL-ESM2M  GFDL, £[E 144x90 NorESM1-M* NCC, sk 144x96
GISS-E2-R GISS, 3 144x90
T * R GRUFTER PR
£ 3 8RR BN E L
Table 3 Definitions of eight extreme precipitation indices
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Fig. 1 Spatial distribution of climatological annual mean
precipitation (unit: mm) in China during 1981—2010 (arid
region: ginger, <200 mm; semi-arid region: yellow, 200—
400 mm; semi-humid region: light blue, 400—800 mm;

humid region: navy blue, >800 mm)
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Fig. 2 Relative errors of climatological means of CMIP5 multi-model ensemble (MME) medians for eight extreme
precipitation indices compared with CN05.1 during 1961—2005 in China (Blanks are missing values of
extreme precipition indices, the same below; a. RX1day, b. RX5day, c. SDII, d. CDD(CDDx(-1)),
e. CWD, f. PRCPTOT, g. Rlmm, h. R10mm; unit: %)
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Fig. 3 Same as in Fig. 2 but for CMIP6 (The dotted regions represent areas where the relative errors between CMIP6

and observations are less than those between CMIP5 and observations)
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represent that the CMIP6 MME performs better(worse)
than CMIP5 MME; * indicates CMIP6 MME results
and those without * indicate the CMIP5 MME
results; From left to right are RX1day,

RX5day, SDII, CDD, CWD, PRCPTOT,

R1mm, R10mm and average means)
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