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Abstract Based on the observational data of CNO05. 1, this article evaluated and compared the
performance of 39 CMIP5 (Coupled Model Intercomparison Project phase 5) models and 34
CMIP6 (CMIP phase 6) models in simulating surface air temperature of the three provinces in
Northeast China (the Heilongjiang, Jilin and Liaoning Province) by Taylor diagram, skill scores
(S value) and the composite rating indicators (M,). Results showed that: 1) The CMIP6 models
possess a relatively higher capability in simulating the temperature from the interannual variations
of regionally averaged surface air temperature, spatial distributions of annual mean surface air
temperature and its trend than CMIP5 models but shows a negative bias; 2) CMIP5 and CMIP6
preferred ensemble mean (MMES5 and MME6) generally performs better than the individual
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models. Compared with the MME5, MME6 shows a significant improvement in simulating the

climatological spatial distribution of temperature and its trend, whilst is slightly inferior in simulating the

interannual variations of regionally averaged temperature. Generally speaking, CMIP6 models

exhibit a significant improvement compared to the CMIP5 models and MME6 has been proven

effective at simulating the temperature in Northeast China.
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Table 1 Brief introduction of the models

5-1 ACCESSI-0 NI N2 192145 6-1 ACCESS-EMSI-5 TR FI I 192X 145
5-2 BCC-CSM1-1 s 128X 64 6-2 BCC-CSM2-MR o[ 320 X160
5-3 CanESM2 JIE-DN 128X 64 6-3 CanESMS5 JIEDN 128X 64
5-4 CESM1-CAM5 B 288%192 6-4 CESM2 EqE| 288 X192
5-5 CESM1-WACCM eS| 144X 96 6-5 CESM2-WACCM 2[5 288 X192
5-6 CMCC-CMS BRI 192X 96 6-6 CMCC-CM2-HR4 BHRA 288X 192
5-7 FGOALS-g2 o 128X 60 6-7 FGOALS-g3 | 180X 80
5-8 GFDL-CM3 * 14490 6-8 GFDL-CM4 EE| 288 X180
5-9 GFDL-ESM2M ES 144 X90 6-9 GFDL-ESM4 E3| 288X 180
5-10 GISS-E2-H EqE 14490 6-10 GISS-E2-1-H EdE| 144 X90
5-11 INMCM4 % % e 180X 120 6-11 INM-CM5-0 % 180120
5-12 IPSL-CM5A-LR B 96X 96 6-12 IPSL-CM6A-LR [ 144X 143
5-13 MIROCS H 4 256X 128 6-13 MIROC6 H 7 256128
5-14 MPI-ESM-LR 1 [ 192X 96 6-14 MPI-ESM1-2-LR 1 1] 192X 96
5-15 MRI-CGCM3 H 7 320160 6-15 MRI-ESM2-0 H 7 320 X160
5-16 NorESM1-M £ 144X 96 6-16 NorESM2-1LM £ 97 144 X 96
5-17 ACCESS1-3 KA 192X 145 6-17 BCC-ESM1 | 128X 64
5-18 BCC-CSM1-1-M o [ 320160 6-18 CAMS-CSM1-0 o [ 320X 160
5-19 BNU-ESM LRl 128X 64 6-19 CESM2-FV2 E35| 144 X 96
5-20 CCSM4 * 288192 6-20  CESM2-WACCM-FV2 *H 144X 96
5-21 CESM1-BGC % 288192 6-21 CMCC-CM2-SR5 BRA 288192
5-22 CESM1-FASTCHEM Eg| 288X 192 6-22 E3SM-1-0 B 360X 180
5-23 CMCC-CESM HRA 96< 48 6-23 E3SM-1-1 *H 360X 180
5-24 CMCC-CM KA 480X 240 6-24 E3SM-1-1-ECA EE| 360 X180
5-25 CNRM-CM5 B 256128 6-25 FGOALS-3-L o [ 288 X180
5-26 CSIRO-Mk3-6-0 TR F I 192X 96 6-26 GISS-E2-1-G ES 144 X90
5-27 FGOALS2-s i 128108 6-27 INM-CM4-8 % i 180X 120
5-28 GFDL-CM2pl EqE 14490 6-28 MCM-UA-1-0 2[5 96X 80
5-29 GFDL-ESM2G E3| 14490 6-29 MPI-ESM-1-2-HAM 7 5] 192X 96
5-30 GISS-E2-R B 14490 6-30 NESM3 o [ 192X 96
5-31 HadCM3 B[ 96X 73 6-31 NorCPM1 7,1 144 X96
5-32 IPSL-CM5A-MR e 144X 143 6-32 NorESM2-MM 8 288192
5-33 IPSL-CM5B-LR S 96X 96 6-33 SAMO-UNICON i 288 X192
5-34 MIROC4h H A 640X 320 6-34 TaiESM1 thE , & 288 X192
5-35 MIROC-ESM H A 128X 64

5-36 MIROC-ESM-CHEM H A 128X 64

5-37 MPI-ESM-MR 7 1] 192X 96

5-38 MPI-ESM-P 7 ] 19296

5-39 NorESM1-ME E9:9 144 <96
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Fig. 1 Time series of regionally averaged surface temperature over the three provinces in Northeast China
for the CMIP5 (a) and CMIP6 (b) models during 1961—2005

Black solid lines indicate the observation. The box indicates the 25th and 75th percentiles, a bar indicates the 50th percentile,

and whiskers indicate the max and min datum.
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&2 1961—2005 £ CMIP5 CMIP6 BRI FEFR LR FFHKBELEED
Table 2 Linear trends of annual mean surface air temperature over the three provinces

in Northeast China for the CMIPS and CMIP6 models during 1961—2005

pams  CEER g BRER D pags KEER D pags BRER
5-1 0.23" 5-22 0.20* 6-1 0.36% %~ 6-22 0,247~
5-2 0,28* "~ 5-23 0.02 6-2 0.14 6-23 0.49* *
5-3 0,42 %~ 5-24 0.36*** 6-3 0.44%*~ 6-24 0.31**~
5-4 0.09 5-25 0.22* 6-4 0,31~ 6-25 0,.37**~*
5-5 0.11 5-26 0.19*~ 6-5 0.33 6-26 0.23
5-6 0,28 %~ 5-27 0.65**~ 6-6 0.38* "~ 6-27 —0.04
5-7 0,247~ 5-28 0.25* " 6-7 0.15 6-28 0.38*~
5-8 0.11 5-29 0,33* "~ 6-8 0.30* "~ 6-29 0.15
5-9 0,27~ 5-30 0.14* 6-9 —0.01 6-30 0.30**
5-10 0.05 5-31 0.18* 6-10 0.31*~ 6-31 0.17
5-11 0.08 5-32 0.23*** 6-11 —0.05%** 6-32 0,427 %~
5-12 0,38* "~ 5-33 0.08 6-12 0.14 6-33 0,34~
5-13 0.14~ 5-34 0.21**~* 6-13 0.22 6-34 0.36% %~
5-14 0.22** 5-35 0. 06 6-14 0.32* MMES6 0.31
5-15 0.14~ 5-36 0.26** 6-15 0.19* "~
5-16 0.30* %~ 5-37 0.20** 6-16 0.25*
5-17 0.19*~ 5-38 0.27**~* 6-17 0.32*~
5-18 0.26* 5-39 0.07 6-18 0.09* "~
5-19 0.60* *~* MMES5 0.34% %~ 6-19 0. 35
5-20 0.26** CNO5. 1 0.42* %~ 6-20 0,27~
5-21 0.33**%* 6-21 0.38"*
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Fig. 2 Taylor diagrams for time series of regionally averaged surface air temperature of the three provinces

in Northeast China between CMIP5 (a), CMIP6 (b) models and observations for the period 1961-—2005

Black hollow dots indicate observation.
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its trends (c.d)
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Table 3 The interannual variations of regionally averaged surface air temperature, the spatial distributions
of annual mean air surface temperature and the trends for the CMIP5 and CMIP6 models

by a comprehensive metric proposed by Taylor and composite rating indicator

CMIP5 Fil CMIP6 4 #55 CMIP5 8{ CMIP6 £,
oL ETEAE ETHSR L ETEAE ETRAE
Bk T s R s #X AT g A i
WS s 0 EEAH s | R swas 20 SR
(SHH/HE%)  (SHE/HE4 (SHE/HE%)  (SHE/HESD
6-1 0.868/3 0.951/12 0.167/27 0.588/13 6-17 0.500/22 0.680/33 0.793/9 0.373/24
5-1 0.604/13 0.912/13 0.285/18 0.624/8 6-18 0.352/27 0.929/20 0.269/24 0.304/28
6-2 0.302/30 0.921/22 0.444/21 0.284/31 6-19 0.779/5 0.876/26 0.746/20 0.598/10
5-2 0.723/10 0.718/33 0.712/5 0.590/11 6-20 0.470/23 0.875/27 0.530/19 0.324/27
6-3 0.818/4 0.838/30 0.109/29 0.382/23 6-21 0.556/17 0.968/6 0.334/22 0.559/15
5-3 0.877/2 0.873/20 0.811/3 0.786/2 6-22 0.600/13 0.947/14 0.836/6 0.676/5
6-4 0.308/29 0.991/2 0.652/13 0.569/14 6-23 0.516/21 0.957/11 0.941/1 0.676/5
5-4 0.450/24 0.937/8 0.000/38 0.402/28 6-24 0.551/18 0.950/13 0.444/20 0.500/19
6-5 0.635/10 0.970/4 0.333/23 0.637/9 6-25 0.958/2 0.969/5 0.000/34 0.598/10
5-5 0.340/30 0.788/29 0.030/28 0.256/33 6-26 0.598/14 0.974/3 0.563/18 0.657/8
6-6 0.995/1 0.957/10 0.586/16 0.735/3 6-27 0.065/34 0.858/28 0.002/32 0.078/33
5-6 0.495/21 0.886/17 0.000/39 0.342/31 6-28 0.341/28 0.820/31 0.686/12 0.304/28
6-7 0.547/19 0.930/19 0.062/30 0.333/26 6-29 0.227/31 0.937/18 0.718/11 0.412/22
5-7 0.470/22 0.705/34 0.589/7 0.462/23 6-30 0.618/11 0.941/15 0.628/15 0.598/10
6-8 0.612/12 0.958/8 0.645/14 0.667/7 6-31 0.402/25 0.675/34 0.803/8 0.343/25
5-8 0.337/31 0.889/16 0.143/22 0.410/27 6-32 0.535/20 0.996/1 0.176/26 0.539/16
6-9 0.191/32 0.957/9 0.573/17 0.431/21 6-33 0.443/24 0.920/23 0.850/4 0.500/19
5-9 0.862/4 0.877/18 0.713/4 0.778/3 6-34 0.694/8 0.968/7 0.848/5 0.804/1
6-10 0.677/9 0.928/21 0.862/2 0.686/4 5-17 0.394/25 0.947/5 0.947/2 0.726/5
5-10 0.227/36 0.867/21 0.700/6 0.462/23 5-18 0.537/17 0.930/11 0.948/1 0.752/4
6-11 0.123/33 0.858/29 0.002/33 0.069/34 5-19 0.651/11 0.748/31 0.358/11 0.547/16
5-11 0.297/34 0.832/27 0.023/29 0.231/36 5-20 0.514/20 0.968/1 0.085/24 0.615/9
6-12 0.396/26 0.730/32 0.128/28 0.157/32 5-21 0.756/8 0.968/2 0.385/10 0.829/1
5-12 0.747/9 0.697/35 0.275/19 0.462/23 5-22 0.391/26 0.967/3 0.248/20 0.581/12
6-13 0.768/7 0.937/17 0.238/25 0.520/18 5-23 0.374/28 0.763/30 0.000/37 0.188/38
5-13 0.593/14 0.940/6 0.014/30 0.231/13 5-24 0.919/1 0.917/12 0.001/34 0.598/10
6-14 0.776/6 0.940/16 0.856/3 0.755/2 5-25 0.389/27 0.902/15 0.287/17 0.496/21
5-14 0.242/35 0.931/10 0.012/31 0.462/29 5-26 0.607/12 0.418/39 0.080/25 0.350/29
6-15 0.565/16 0.906/24 0.813/7 0.539/16 5-27 0.788/5 0.747/32 0.352/13 0.573/13
5-15 0.464/23 0.905/14 0.181/21 0.573/20 5-28 0.297/33 0.827/28 0.044/27 0.248/35
6-16 0.569/15 0.885/25 0.043/31 0.304/28 5-29 0.521/19 0.860/22 0.317/15 0.521/18
5-16 0.780/6 0.841/24 0.141/23 0.350/16 5-30 0.366/29 0.959/4 0.002/33 0.436/26
5-31 0.529/18 0.839/25 0.557/8 0.564/15
5-32 0.772/7 0.876/19 0.000/36 0.470/22
5-33 0.130/39 0.666/38 0.002/32 0.068/39
5-34 0.862/3 0.845/23 0.305/16 0.641/7
5-35 0.190/37 0.686/36 0.326/14 0.256/33
5-36 0.319/32 0.684/37 0.433/9 0.333/32
5-37 0.560/15 0.937/7 0.000/35 0.513/19
5-38 0.538/16 0.934/9 0.356/12 0.684/6
5-39 0.170/38 0.835/26 0.080/26 0.231/36
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Fig.4 The influence of the number of ensemble members on the models’ capability for spatial distributions of annual mean

surface air temperature (a), interannual variations of regionally averaged surface air temperature (b) and spatial distributions

of annual mean surface air temperature trends (c¢) based on the S value (a—c¢) and M, (d)
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Fig. 5 Taylor diagrams for the three provinces in Northeast China between the preferred models ensemble mean for CMIP5
(a, MME5)/ CMIP6 (b, MME6) and observations under 3 dimensions for the period 1961—2005 (a) and interannual
variations of regionally averaged surface air temperature over the three provinces in Northeast China for MMES5 and MMEG6
during 1961—2005 (b)
The circle, square and triangle characters respectively indicate spatial distributions of annual mean surface air temperature, interannual

variations of regionally averaged surface air temperature and spatial distributions of annual mean surface air temperature trends in (a).
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Fig. 6 Spatial distributions of annual mean surface air temperature (a—c,units= C) and trends (d—f, units="C/10a) of
the three provinces in Northeast China over the period of 1961—2005 for the CN05. 1 (a,d), CMIP5 (b,e) and CMIP6 (c,f)
preferred models ensemble mean (MMES, MMES6)
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