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Evaluation of CMIPS Models Performance on Climate Simulation in
Northeast China

TAO Chunwei, JIANG Chao, and SUN Jianxin

College of Forestry, Beijing Forestry University, Beijing 100083

Abstract Based on observational data of CNOS (daily observations on a 0.5° latitude—longitude grid over China) and
outputs of 45 CMIP5 (Coupled Model Inter-comparison Project Phase 5) models adopted in the Fifth Assessment of the
Intergovernmental Panel on Climate Change (IPCC ARS5), the capability of new generation climate models on simulating
air temperature and precipitation over the three provinces in Northeast China during 1961-2005 are evaluated. Results
show that: 1) Most of the models are capable of reproducing the significant warming trend during 1961-2005 in the three
provinces in Northeast China; however, they have limited ability to realistically simulate the interannual variation of mean
surface air temperature. 2) All models can well capture the spatial distribution of surface air temperature, with the MME
(the multi-model ensemble mean) more consistent with observations than results of most individual models (the spatial
correlation coefficient between MME and observations is up to 0.96). 3) There are large differences in precipitation
simulations between various climate models. Although the multi-model ensemble approach has limited ability in
simulating the interannual variation and linear trend of regional mean precipitation, it can better capture the spatial pattern
of precipitation than any individual models (the spatial correlation coefficient is up to 0.86). Generally speaking, the
multi-model ensemble approach has proven effective at simulating the spatial-temporal variations of surface climate in
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Northeast China. Specifically, it performs better in the simulation of surface air temperature than the simulation of

precipitation. The spatial patterns of surface air temperature and precipitation are also better represented than their

temporal variations in the model results.

Keywords CMIP5 models, Air temperature, Precipitation, Evaluation, Northeast China
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Table 1 Linear trends of simulations and time correlation coefficients of regionally averaged surface air temperature and

precipitation in Northeast China between simulations and observations for the period of 1961-2005

AR SRR K A KR
SN LRPERAY A Rt A | RS erbaty WAL kR mHRA
I B 4 °C(10a)" %Z%H mm@10a)' KZRE |5 B 4 °C(10a)" :&H mm(10a)' FKFEH
01  ACCESSI-0 023" 037" 11.87 -0.15 |25  GISS-E2-H-CC 0.17" 0.29° 0.08 0.09
02  ACCESSI-3 0.19"" 0.23 -8.72 -0.08 |26  GISS-E2-R 0.16™" 0317 -1.69 —0.417"
03  BCC-CSMI.1 0.28"" 0.44" -0.58 -0.04 |27  GISS-E2-R-CC 0.06 0.23 2.57 0.02
04 BCC_CSMI.1-M 0.25" 036" 11.44 -0.02 |28 HadCM3 0.19™ 0.32" 8.65 -0.26"
05 BNU-ESM 0.60"" 0.39™" 15.78 -0.09 [29 HadGEM2-AO 027" 0.47"" 22.18" 0.14
06  CanESM2 0.42"" 0.52"" 6.92 0.13 |30  HadGEM2-CC 0.09 0.19 -19.22" —0.14
07 CCSM4 025" 033" 10.43 -0.23 |31  HadGEM2-ES 0.23™" 0.34" 9.07 —0.24
08  CESMI-BGC 033" 0.46™" 0.83 0.00 32  inmem4 0.08 0.15 -6.55 0.03
09 CESMI-CAMS5 0.09 027" 10.67 0.02 |33  IPSL-CMS5A-LR 0.36™" 0.43"" 12.42 0.03
10  CESMI-FASTCHEM 0.20" 0.23 13.96 0.13 (34 IPSL-CM5A-MR 0227 044" 17.54° -0.22
11 CESMI-WACCM 0.11 0.18 9.22 -0.21 |35 IPSL-CM5B-LR 0.10" 0.01 2.07 -0.06
12 CMCC-CESM 0.07 0.21 9.47 0.10 (36  MIROC4h 020" 0.54"" 3.31 —0.14
13 CMCC-CM 035" 0.517" 5.98 0.11 |37 MIROC5 0.137 0.34" —6.60 -0.17
14 CMCC-CMS 0.26™" 0.27" 20.84"  -0.19 |38 MIROC-ESM 0.07 0.07 17.67" 0.21
15  CNRM-CM5 0.22" 0.21 1923 -0.12 39  MIROC-ESM-CHEM 0.27"" 0.16 481 0.11
16  CSIRO-Mk3-6-0 0.19™" 0.40™" 12.28 -0.23 |40  MPI-ESM-LR 0.22"" 0.05 -7.55 0.24
17 EC-EARTH 037" 0.51"" 21557 0.15 [41  MPI-ESM-MR 0.20"" 0.34" 6.80 0.16
18  FGOALS-g2 0.25™" 0.53™" 9.18 0.01 |42  MPI-ESM-P 0.29™ 031" -0.80 0.18
19  FIO-ESM 0.23™" 0.17 11.97 023 |43  MRI-CGCM3 0.15" 0.29" —24.84" 0.15
20  GFDL-CM2pl 0.25™ 0.13 1.64 -0.01 |44 NorESMI-M 0.29™ 0.41™ -1.72 0.12
21  GFDL-CM3 0.12 0.18 -22.49 0.25 |45 NorESMI-ME 0.07 0.02 -2.72 -0.01
22 GFDL-ESM2G 0.34™ 030"  -13.64" 036" MME 0.29™ 071" 7.53" 0.11
23 GFDL-ESM2M 027" 0.48™ 0.72 0.05 CNO5 038" -2.99
24 GISS-E2-H 0.05 0.18 1.05 0.16

s B S e  FREUTHES ;s MME h 9 AN W] S 2 853
TR 99.9% S EER S RS 99% I S EEREY s TR 95% IS EER TR .

HL 1961~2005 4FIX 45 EVFIE S5 2s, VF
il CMIP5 200 - b =48 Mg 2% 1) 43 A (R4
XA AR A B 8] A, A MR R R AR 47
MR FCH B AR IR, 75— @R LB A4
AU T ) A28 B A R 26 1) o A e . TS D
AR R 37 5 LI 7 1 5 T) AH G 28 £ 38 8 1o
T 0.9(#ix FIO-ESM.BNU-ESM #1 HadGEM2-AO
B4k, 4375 4 0.85.0.88 A1 0.89), HI4JiEIT T 99.9%
BAE BE RS o o, 2 R AH OQ R B0 dm R ) A A 2
EC-EARTH, ix#|7T 0.97.

3.2 BB HRIE=EMEKRIERL

4 1961~2005 AR Jb =4 X WP K =S
ik 2532 H A4k AL 5 W 34T 6 L, i 2a By
TNo RIMBLANE H B /K B AR AU 5
AEBL, - &K 22 HUORE X BRASEAOL th B /K = 1R 8 ) AR A
Ao MEE S, B MRI-CGCM3 X} 4 b Bk &

B H A BRSO B, ARk 3 S W AR —
B, AHAEAEEUE 2, 7~8 HABE KBS T 0
B, A T 0 W e AR . 2% A8 ) P8 B
IS Z AR 7 22 R, AR 0 A ZR B K BBERL A
fff e PG, 0 B ZE R ) AN s M

Kl 2b 2h 1961~2005 4F 4 Jb =48 X33 Bk
HINERRRIE . 57 HBAHL, BB K
R A BAAT N R 22, B ) 22 SR . XA
FEZRACHL X AT BT AR T, 4 5 FE Py 2 Gk (et
2014). A7 23 M AR AL B 7K i 4 B AR AL I A
SR PE ARG RECHIE (R 1), (HIE A
3 (GFDL-ESM2G) it T B AT, 5
A A] S RBGER T 0.36 Gl 99% 115 K
K)o AR T HARE R, %A 6] B I 4E B
ARSI b, AHAERUE FAFAE R G =

X Ak A =48 DX 3T 34 [ K ) 2 M i A3 #r T



3 P2l 2555 CMIPS A b B AR A AU SR R 0 (1 VR Ak
No. 3 TAO Chunwei et al. Evaluation of CMIP5 Models Performance on Climate Simulation in Northeast ... 361

B (1), KRIEFE 1961~2005 45 1) X P44 . — st
—t:f§§.4§~ < 7?: — A= 4
ARG E L S [299mm 0], 4 BEARSIIRE=ETRME

(IR R, AT A EAEI 45 4R 7K EGARA
MoK R, I I . 45 41 AERADIIE
~ CMIPS Bttt 47 10 AMBE B AR LK 9] Sy T AR 45 4 CMIPS HuEk 5 Zehi ot
R, B 10 MU AL L ORI MK R RE Sy 4 BT
K2 M R — 2 M 2. 19612005 4 45 It =40 bRV 14 T4 (45

Y K 2 BB A B K () A3 [ o AU, A2 ~PIYRRKED BRI 5 3% 2 1] 1 25 (R AH O 22 4
— R P T ARACREK ARG AL FIRRIAROC R AL, LSS B ARHE 2 2 LRI 37
WD B R AR AR (BB o BB S0 AR o bR e R 22, JER T (E B
MR R AAE 0.15~090 28] (il WL HIERSE T (Jiang and Tian, 2013; Zhao et
99.9% 15 FER I, ZHAE 0.75 247, A 1LAEL al, 2014) (& 3). 2L Fla] LUK pIAN I a5
ARG R T 0.8, Hr, XFEARBMSAME  dUPHI AR brifkzE DA ER 221X 3 A
Pl 1 S EC-EARTH, A CRBUAEI T FebsiftE Al — ik B LA bRl o RX =35 A7 A
0.90, H:7k /& MPI-ESM-LR., MIROC5 Fl MPI-ESM-  H5E LI = MEHOC R, Kbnr DOAZR#E L4
P, 435k 0.86. 0.85 Fl1 0.85. TG A2 b LU & A OB 5 R I IR . ST P A

30 (a) (b)

A
4 A i A A

a a A Aaa A

a aadt aaat g A\ a

aata 7 A p

i

/.AAA‘A
A
64 0,
® O o ®

® :
e u © PARAWAY

" B OpegBy ndoReked

by
By

W

<o
O 04,000 o e
w P06@, g°
egnoyel 1058 Ho
83829, i‘j’s ’gg"‘ g@-

Temperature/°C
Temperature/°C

Uk

. I&o%o »5¥x>‘)$®\ B
84 g'\é{‘gggqm+ ’g ’/ks e Pe Ny
gggm/\x/ [ .o'(ﬁ\:j BSB'%E/ \Sm/oo
© o

prodadgaodnigoid

PO PIBI DD it ittt it s = AOG0 ~J AN U S LD B —

W= OV N WI—O

[}

Phphseadd xidd
8

g0

2 4 6 8 10 12 1960 1970 1980 1990 2000
Month Year

t
a
Z
S

1 19612005 (AL =4 B IBCHTS TR AU (2) 1B A (o) BRI, BRI ESAly ONOS JER, BI85 BIRT 1
PR

Fig. 1 (a) Monthly mean and (b) interannual variability of the regionally averaged surface air temperature over the three provinces in Northeast China from
simulations of the 45 CMIP5 models and observations for the period of 1961-2005. Black line denotes the observational data of CNO5 (daily observations on a
0.5° latitude—longitude grid over China); numbers in legend refer to model IDs listed in Table 1
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Fig. 2 (a) Monthly mean precipitation averaged over the three provinces in Northeast China and (b) interannual variability of the regionally averaged
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Fig. 4 (a) Monthly mean and (b) interannual variability of the regionally averaged surface air temperature over the three provinces in Northeast China from

multi-model ensemble (MME) simulation and from observations for the period of 1961-2005. MME—CNOS5 in Fig. b represents the differences between the

simulation and observations
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