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Influence of Increasing RIEMS2.0 Model’s Resolution on Mean Air
Temperature over China
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2 Key laboratory of Regional Climate—Environment Research for Temperate East Asia, Institute of Atmospheric Physics, Chinese Academy of
Science, Beijing 100029
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Abstract Climate simulations (1991-2000) at 60-km and 30-km resolutions using the Regional Environmental Integration
Model System (RIEMS2.0) were made to test its ability to simulate the mean temperature and inter-annual variability of
temperature in China and to comprehensively evaluate the influence of horizontal resolution on temperature simulation. The
results showed that, (1) whether at high or low horizontal resolution, RIEMS2.0 can simulate the spatial distribution of mean
temperature to a degree that is similar to observational data results. With an improvement in horizontal resolution, results
show a systematic cold bias which is even closer to observational data results. In the winter and annual system, the cold bias
is reduced in China and in a majority of the regions, and these reductions are significant (P<<0.01). In summer, however, a
warm bias around China and in the majority of its regions increased, but the simulation ability was not improved with an
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increase in resolution. (2) Simulation capabilities for the temperature inter-annual variability were significantly improved

with increased resolution. In particular, the inter-annual variability of the annual temperature and winter temperature

improved the most, and the ability to simulate the inter-annual variability in the winter temperature and the annual

temperature in China, and in most of its regions, were also greatly improved. However, the ability to simulate the inter-annual

variability of the summer temperature in China and in most of its regions worsened.

Keywords RIEMS2.0, Resolution, Chinese air temperature, Numerical simulation

1 5

jillls

A BROR A AR 2 DL 1 e 5 3 X Sl b T
Areb N REV B2 SRR, T DAt B R A
U2 (IPCC, 2007; Xu et al., 2010; HIZFFl
FRIE, 2013), 17 R IRA AR A Bm R
AU SEE B R, (ERILECR RE EFR RIS
REAE R RIS, 3 b6 I P /N ROBE T . 3R
017 055 B A SO, v DA 2 Je b A fk DA RS
AR SE AN TR E  (Giorgi and Mearns, 1999).
DR 358 e A b 0, 5 e A e R o T R A B A
LIPS B0 7 28, % Jai a3 5 R R A
TEBAT BRI GE ) GREEZR P 5, 1998; 7
HEE, 1999; Giorgietal.,, 2001). K, X<
i e AT DI AR AR A E 2 T A

ok 2 HEAT 0 Hb ] DX AR L 5T AR R
B, DX A AR On) o A RS R R ear, H
2 5 D3 A A SR AL A T ] X A7 AE &
Ger s, FRITEA TR ZE TR, 1K DX 3 A A
JLe 3 A7 AE Y 0] B (Fu et al., 2005). X3R4
KRG RIEMS2.0 0 A FE ) 8 CRERESE,
2009; BAAFHIEE, 2009), XA fE SRR K4
HRATE VAL

BRI BB, DRI A KT 43 7% 28
fs TR P R T b S50R T B 220 i (1) K BE R AL,
A A RO A, 10 45 AL BT SE R A
R SR, AR ALK 2 M R 3
AN i RAR AU G5 0 W s e k5%
20115 X4xaE, 2011), FEARANZS Tt 7 HE 31
BURPERCN %, AL 23 28 8 AR A
U, AR AN H 9 DX 3873 SR 2 e
MRS AE I B2 5 (FRIRIESE, 2012). 6T
D3 A e B U B A 7K 20 2R IR 1 e 75 e v A
SAFURE ) — HAFLEA I E L, [ E Py AR
FNIP) 22 B 0 A, DRI AR SR DX s A A i T
JEAE P Tl AN [F] 7K - 53 % 26 2% AR K I T P A UL T

FUTAR, L 5 EZ A v [ DX RO AL e
j:,o

2 BARAREIT

AW FER I B RE 272 e KU BT 5T Bl 4 BR
LAY 2R P X A 5 T 5T T A R DX A B 4 B
R (RIEMS2.0), ‘&2 fE RIEMS1.0 JEfiili |-
TR DA AR L, A2 A T2 ML Y X 2245
SBIFRFURFAL < Al AT B KA AU BE
GEATFWISE, 2009; REEESE, 2009; Zhao, 2013),
It 2 0 D AT B L 11 &Il RMIP (Regional
climate Model Inter-comparison Project) (Fu et al.,
2005), AEXBARAAL T A R R, AR
P AT e ] DX T AR B R A S S AR, 23 B A
JAARARAH R E WA IR IR (Xiong et al.,
2003; Zhao, 2013).

ACH PRI AT L P feile, AT
BEARZHB, H P B IX 0 S AL T (400N,
102°B), $%77 UK 2B IR BGE 7, B
BREAPL G i E 5 8 rh [ X8k,  RIEMIS2.0 SR 4R
% % 4 NCAR CCM3 ( National Center for
Atmospheric Research Community Climate Model 3)
Ji% (Kiehl et al., 1997), Bfilfiid 24 H] BATSIe
( Biosphere-Atmosphere Transfer Scheme le )
(Dickinson et al., 1993), 1725 )ZE )7 EAlH
MRF (Medium Research Forecast) J57%, T4
SR T ZEIEFE Grell TE (Grell, 1993).

W14k 3 RN 537 H 5 T ] A 45 F00 v o
() NCEP 73 Mt b} L4520, M3k 505 SR R4
P il 5477 %8 o AR IS AR AULIN [ AN 1990 4F 1
1 HFI 2000 47 12 A 31 H, 1990 4245
JFURIEIRL, 20T 1991 48 1 7 1 H #2000 4 12 1
31 H—3% 10 SEREHE .

F—MRE AR PR (B G60), #iak
IKF I3 HER 60 k(M mi8 89 (Hila)) X101 (£
M) Jo BB AR PR (FRA G30),



5 31 A RIEMS2.0 B i 70 i 50n) b [ TR SELL RE I 1R 52w

No. 5 DONG Siyan et al. Influence of Increasing RIEMS2.0 Model’s Resolution on Mean Air Temperature over China 629
55°N 55°N
50°N S50°N
45°N 45°N
40°N 40°N
35°N 35°N
30°N 30°N
25°N 25°N
20°N 20°N
70°E  80°E  90°E 100°E 110°E 120°E 130°E 70°E  80°E  90°E 100°E 110°E 120°E 130°E
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 m
1 (a) G60. (b) G30 BLLX st
Fig. 1 Model domain and topography of (a) G60 and (b) G30
KACE PR A 30 km [#5 5% 161 (£h1H)) X191 .
(Z00) 1o 76 RIEMS2.0 H, X560 T H 1 i e %5k SN
1 NCAR30 /eI MLesdmfE ok, M NCAR30'% 45N
R H R AN [FRASG R H JE vT DU e v P P 35 N

FIPY 1 7t Z A X A 3 L, g AT L kA,
£E 30 km 23R X S H A Fh A A S0 %)
], 1 60 km 43 FERREG gL T (B 1D,

3 BEEBIRSTTE

3.1 GEEM

F TR 36 ASLADA 1)l P8 BE A CNOS BER (Xu et
al., 2009). Z¥iEEZ M IL[E East Anglia K
CRU (Climatic Research Unit) %#} (New et al.,
1999, 20000 MM 7V HIMERT, XTS5 14
B, H TS 7%, @il ANUSPLIN #1F
SEEL (Hutchinson, 1999)., CNO5 7E 2> HiAE =0 10
FRRS I, £33 T 2 N GRS, 20100,
CNO5 AR 751 AL & 3l (1) =0l 28R R 34T
B 0.5° (4 X0.5° (&) #swekl, hT
KD HEREAE, A TET SRS AT € =
B K UDTERER F XU A A 1) 7325, Hd (2 A
[F) 43 B A AU i

[FIISS, A T RIS 5 (SR R v [ ) =R ok
HRE S, K E e 7 AN E X (K2, HEAR
Jb (NE) (120°E BLZ<). £k (NC) (35°N~41°N,
105°E PAZR ). PHEBZRTE (NWE) (35°N LAk, 100°E~
120°E). PEALFEHES (NWW) (35°N A4k, 100°E LA
P8, P (SW) (35°N LAFd, 98°E~110°E). #
1 (CC) (25°N~35°N, 110°E LL4) FI4ERS (SC)
(25°N LAFd, 105°E LAZR). [RIFHZIRZEAT 04T, &

| L >

30°N SW_Tcc B
(e} : N

25°N SC a e

20°N e

70°E  80°E  90°E 100°E 110°E 120°E 130°E

K2 A EXES X

Fig.2 Domain and focused regions of China

MO R ZENAZE, 0% e6 H. 7 HFM8 H, &
ZAFE12 A 1 A2 A,
3.2 A%

T 58X 3 AR ) S i) A T AR s 22 13E AT
T XM, ARJGFIF Taylor P4 FELFN A 37
AT HEINE MG 4. A, e 28t
AR, Taylor &) LR A LA B i 45 N 455 K
R BE 7 A I IR T Taylor A n] LA H AR 2k
HE P 3 B BRI RE AR S, [ I D AT AR K
GV 34 T4k H (Taylor, 2001). A SCH|H
Taylor #EATAN[F] 4 e BLfUU Mk BRI bl dse, 22N
PN 7 2R 26 B 3 B I AR DS I IR R B, 40
Sl R AR5 I ) 3 D) A DG R BOR AT 1 2 Tl b
HEZE2 .

2B RZ B (COR) AR N

> (x =)y, - )
COR = —=! (D

Jz(x,. —0’ 20, - »)




S =7 N R i 19 %
630 Climatic and Environmental Research Vol. 19

Hob, xoo oy 40k B L SRR A 4
Y OB ) X R, N R X

WEZE (STD) A Ah

STD = /%Z(x -3), 2)

Forp, x5 A i BRGSO s x & A A
I AU 2B 0 RS RIEH . R
Ja s N TSR AR PR AR, i [ oy XA
FURUI Tt SR ZE AN o

4 FHRO

4.1 XMEHKIERIF D

P 3k 2 A5 34 S D RSO 11 2 ) 4 A 7
e, WK LAE H, RIEMS2.0 fEPIF %
O RS SR o 117 7 T E P L P )
35 L MR AR I o AT T3, B e g
Ab, RECRIH R 1) EZHBEAR E H, m
(V8 H o S r A . DY N R sy, IXaE s
W25 RFEAR B AR 30 LA v LU
H, G0 BRI S (E £ L T (B 3d. 3es 3D).
KV HeRSE R fa, G30 APl A4 A 2,
LRSS U s (R AH OC R A A n, T E A
AR5 i 2 ) 0 A T i) o6 380 T AR A P e A B 4
SEER LI 25 5 (B 3g. 3h. 31D, ZS[HIAHRC R AL
1 0.97 #N%] 0.98. {HZ, WA KE, K
G343 DX PRSP 340 5 U0 %) 7 TR AH O SR A i, 3L
AL PEER, A R R P2 R S A DG R B
Bk, e aERRIR . BB RIRAA SRR
A OC RS, 33N 0.93, 0.88 #10.92, iX
U A& 3 7K 20 0 26 5 T U b sz /N X AL
A iah, WEBTTLURIL: &2 Rl
MRS, 2 T S 2 I A gy, Xt
T A X AR, W PUACSEIA AR
F& IR 78 ML i s R0 RS b X R X . Rl
SN Y 5 AR B A R A AL .
2, R KT o HE AR iR, B BR S T 4
LR B DX AR AE A ) ISR AR R KT R
s fE L (B 3h),

P 4 Sy v 6] [X ek 22 A1 20 AR AR SOURT UL g 22
25 183 A . AN G60 I G30 BELK) 45 e m] LLE HY
RIEMS2.0 A5AULi 7 RS 7 s X5 W00 i 22

KA, 6T HE R B FAERS IR St — 5 4T
LR A AE BRI 22 2~3 °Co MW ZE 25 0] 23 A
KE, XFEAMEREFRN, BRI KHIE & HHTH:
DX, G A HUX v ZE 7 3 °C LA b, ARELLK
T S X A 22 2 o, ARSI ARV
{25 F B [ AR X . EAR T,
KB H X 25 50 7= 25 R A I 22, 358 K R, P A4
i 22 0 LA T Jo LA B R, D DR AT A T
JE5 DX AL 0 st A s R R 0 b T 5 A S ABE AL (1 b T2
AEZERA R, BT IR KT HR
0.5°, TMAL K23 #5204 30 km, RIHAE [ P
S Hh X A7 A R G 2

b A K HE R R =, T LU R
e SHEEE SRS (E 4a. 4d), B ARIR
B 43 DX AU K B AT SR AV w22, (AR
IV Fe B i, T RE VA M 22 A3 BT/ (3R 1)
X [ DXk U, A AR AL g 0 D g 22 sk 2>
0.77 °C, ik W ZE PR (P<0.01), XJH[E R
KR IF X IR A, i 229k > BN BRI, K& 1 °C,
20 50 XA QOB LR e O i 2 047 o/, L
HRIE A BRI (P<0.01). XMTEZEXR (K
4b. 4e), FE AR AR KT AR W0 I 4 ¥4 fig
ZEPHD B —1~1 °C, T 9 5 B0 43 B Auh 55 00 () ¥4
MZEW 9, TN o X T AR AL R A b i X ok
i, SRR 2253 il b 0.34 °C F110.59 °C, i
o BEVERE (P<<0.01), HAh: XKW Z= 100
XA (] de. 46), H EAIRBL S 000 )
2=/ 0.74 °C, @t BEERLK (P<0.01), %
XX R T VUG U R A g A e 2 R, HL
HR A BRI (P<<0.01). B2, BEERAK

F1 HERSXSBEMSUNEEE
Table 1 Temperature bias of simulations and observations

in China and its regions

PRI BTSRRI
55 O TF s 22 FL5 W0 1y i 2 5 OB 1 s 22
G60 G30 G60 G30 G60 G30
HE O —1.08 —031 0.01 1.06  —233 —1.59
NE —2.82 —220 —081 —049 —7.03 —5.83
NC —1.61 —093 —0.30 067 —251 —1.78
NWE —0.92 0.23 0.33 220 —243 —139
NWW 0.15 123 1.84 371 —0.34 0.55
SW —0.82 027 0.02 102 —145 —039
cC —144 —047 —0.71 020 —282 —193
SC 0.60 0.33 0.52 098  —0.16 0.67
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Table 2 Temperature standard deviation of simulations

and observations in China and its regions

AR RS S KIPHS

bz bR 2 bR %

G60 G30 CNO5 G60 G30 CNO5 G60 G30 CNOS

h 0.54 049 041 0.64 0.68 0.49 0.95 0.79 0.70
NE 0.44 0.51 0.49 0.61 0.73 0.57 0.89 0.92 0.90
NC 0.48 0.41 0.52 0.69 0.73 0.67 0.83 0.63 0.63
NWE 057 0.57 050 0.87 1.03 0.69 0.75 0.62 0.77
NWW 059 045 042 0.71 0.80 0.55 1.07 0.85 0.77
SwW 0.54 045 031 0.75 0.53 0.32 0.88 0.69 0.60
CC 048 049 040 047 0.50 0.50 0.68 0.59 0.55
SC 0.44 0.41 0.24 044 0.39 0.27 0.76 0.66 0.56
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Table 3

simulations and observations in China and its regions

Temperature anomaly correlation between

ARS8 A HEFHAR E e S TR
L5 AR e RSP LD UL I )
KEH HRFRE B
G60 G30 G60 G30 G60 G30
I 0.81**  0.89**  0.87*%  0.80%*  0.96**  0.88**
NE 0.43 0.85%%  0.87*%  0.98*%* (.64 0.77*
NC 0.72%  0.87%% 027 0.52 0.85%%  0.77*

NWE 0.89%*  0.92*%*  0.66* 0.72% 0.88%*%  0.8]**
NWW  0.92%%  0.98** 087 **  0.91**  0.92%¥*  0.95%*

NWW  0.85%*  0.80* 0.18 0.16 0.94%*%  0.85%*
cC 0.75% 0.75% 0.20 0.24 0.90*%*  0.74*
SC 0.69* 0.80* 0.53 0.49 0.69 0.62

*FONB BIERE 95%H B E TR . ** ROl B S 99% 1) 3 1k
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