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Abstract This study evaluates the performance of two global models, i.e., the NCAR CESM (Community Earth System
Model, NCAR) and the CAS ESM (Earth System Model, Chinese Academy of Sciences), for the simulation of boreal
summer climate over eastern Asia. Four 19-year (1998—2016) AMIP (Atmospheric Model Intercomparison Project)-type
experiments have been conducted using both the NCAR CESM and the CAS ESM with two different horizontal
resolutions, and climatological means of 2-m air temperature, precipitation intensity and its diurnal cycle in the boreal
summer over eastern Asia are analyzed. The results show that both models can reproduce large-scale features of boreal
summer 2-m air temperature and precipitation intensity, although warm biases are found in the simulation of 2-m air
temperature and precipitation rate is underestimated. For the diurnal cycle of precipitation, the observed peaks of
precipitation occur during the afternoon to early evening over the land and during midnight to early morning over the
ocean. Precipitation peaks earlier than observations over the land in the two coarse-resolution experiments, while the
nocturnal peak in Sichuan Basin and the morning or early morning peak over some ocean areas cannot be reproduced.
Increasing the horizontal resolution can significantly improve the model performance. The two high-resolution
experiments distinctly improve the simulation of precipitation peaks over the land and ocean, and can well reproduce
the afternoon peak over some islands. Quantitative comparisons between simulations of the two models indicate that
the high-resolution CAS ESM experiment can yield the best simulation of precipitation peaks in the entire study
region. The simulation of land and sea breezes still needs to be improved. Improvement of physical parameterizations

related to precipitation and thermodynamic processes is very important for further improvement of the model

performance.
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CAS ESM (Earth System Model, Chinese Academy of Sciences), NCAR CESM (Community Earth System

Model, NCAR), Eastern Asia, Diurnal cycle of precipitation
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Lagrangian) F1EK$7 EUL (Eulerian) 4 5} JjHESE

(Neale etal., 20100, CAMS ' [{J4EFh5h Iy HESLHE
[ LR HE T e e, AR R FV 8 IHE
AR 1.9° (ZhJE) X2.5° (L) 1 0.47° (4
fE) X0.63° (&R Kok, WEZHCH 30

J=. CAS ESM K50l AP AGCMA4.1
(Institute of Atmospheric Physics, Atmospheric
General Circulation Model) (Zhang etal., 2013) j&
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Table 1 Models used in four experiments for the present

study and their horizontal resolutions
W44 B [LEN
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HRycar  NCAR CESM
LRcas CAS ESM
HRcas  CAS ESM

1.9° (4ifE) X2.5° (&) ; L30
0.47° (4iJ) X 0.63° (£ ; L30
14° (&) X1.4° (%) ; L30
0.5° (4iJF) X0.5° (£F5) ; 130

W TIX 4 AR A E 2= 2
m . FEZKBREEFIRE K HASEAE T RE, R B
MFEEL A : (1) CRU (Climatic Research Unit) HiZE5E
PSR, M HEER 0.5° (L) X0.5° (&
FE), IR0 1A H, 8 dedu 2 b LAS M)
A kX (Harris et al., 2014). (2) CMORPH
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Fig. 1 Model domain used in this study and topography (shading: altitude). The seven subregions are also shown. Region 1: Northeast China (43°N—46°N,
125°E—129°E), Region 2: North China (35°N—38°N, 110°E—114°E), Region 3: Sichuan basin (28°N—31°N, 104°E—108°E), Region 4: the windward side of the
Himalaya (27°N—30°N, 82—-86°E), Region 5: China coastal area (24°N—27°N, 82°E—86°E), Region 6: Taiwan Island (22°N—25°N, 119°E—123°E), Region 7:
offshore of the western Indian peninsula (11°N—14°N, 73°E-77°E)
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AT T B AR AR R s Bk H ARk, Bk
PEARFR )R — R e KRR R AR B 21 fEvH 3R
IKAL AR B, A SR 2 H K BH B[] (local solar
time) KRB/ FEARAAH . T mHh i 4 A
RIS AR A A PR RE, AT T AR
(4] B2 A A (D B TR h 22 o R i B3 787 A 110 B[] A
Zey A WA T LABE i 13 28, RN R 1)
R AT v s R A T A ) b AEL I s A A S5

P =A s 100%, (D
A

12

>R =1, (2

i=0

P=R+R+P, (3

Forp, i RBRRALAHZE ARG, ARG A, BT
AL B AR AR ZEAE A i /NI ACRORSE S | AT
A PRSI s AR B BEKTITAR,, s NI YH AR
HA T BRI EE R T 0.5 mm/d PRSI THIAR . P
BORAEG T P TAT RS R TR o B KT AR 1 B
{Eo FERT 3 NEEZ TS IR B AL AR I 8] 2250 531



6 10 AL A BRI NCAR CESM F1 CAS ESM ST AR H S SR B PE BTG S0 TR oo
No. 6 LI Xingyu et al. Evaluation of NCAR CESM and CAS ESM Models for the Simulation of Boreal Summer Climate ... 49

M 0. £1. £2 h, X 3 EMIKHEEK H AR
A LI B BE, 6 Y (R TR o7 G233k Py s
Py Ml Pyo Py RT3 ANEEYL N TR 5 L2 o 71
HATHEPERELLIR I, FRATTE B 18 Py IR/, 4R
Jakk > g Pos Pi~ P RN

3 HERED

3.1 2 KSESEEMERES T

K] 2 R0 T WEDUFIALL ) P A< 56 52 2% 2 m i
FES MR A o Hoh B 2a SE I AR 2 2 m
SR, B 2by 2¢. 2d Bl 2e 43 4 ZHAR I A
P 2 m SR mZE 004 . A 2a o CRU (R 45
FRFE, WINARH 2 m AR G A0 tH IRAE 75 7
L, R PO AR B S TR R [ A<, Xl
LR S A REAE S B F AR PR B o T AR
KX A4 21.63 °C.

MK 2b. 2c. 2d Al 2e IRHLLE RORE, 4 4
TR B0 AU 1) A ROV I Al 2 T 225 T A 56 2R
HIEH] T 0.9 LA L, 4 A0 7 2= 50 o Al
[P REARREAUPE RERT LU RC AT o o, LReas WIS 25
[ AH G R AR5, LReas A T 758K i Jt i Hi i
AU, Al T ORTEEALER. PN SRR LA R A B v
AR R M TR Ak s SRR Fry b T <L
MZE(EILE] T 8 °Co mi/r ¥t FI¥ CAS ESM #:{AE
BEHGEIEMZ, B 2e TN 2R A HR N
T8 °C; CAS ESM LI RIS 2 m Tl 7% 1)
AR R T 0.04 247 $EE/KP A PR REdE
NCAR CESM 1 CAS ESM FA0L 17 P 4% #4 [X 45134
SIRIPERE . HRnear BT X I 2 m AN
22.66 °C, HRcas FEFLIX YY) 2 m AN
22.04 °C, HRcas MRS SR BE R Hailt o 2545
EH, ®PIET CAS ESM Bifth 2 m U1k B
T NCAR CESM.
3.2 FEKSRERYAERIMERE 24T

B 3 o WL RIS ) B 2= K B o AT, B
KR H B K E R m . A 3a f1 3b 4
CMORPH 1 GPCC ML (14 57 4% 3508 B 7K 53 B 53 A
Kl 3c. 3d. 3e M1 3f 43l 4 ZH IO B0l ) 5 7K it
&34 . CMORPH Al GPCC ULl 45 & m, 7
KR FFITZER LSBT R, oK
I BB AR AR g s i DA [ R Ui
by ) PG g A HLAE B R R

o ] g g I b DXOR 5 S R A L 30 R AE 3 A
Bk o EAR, OB 45 AL 7 T 4l 1Y) b mg
X, XA DRI R ERE I LU AU A 1R A XA,
K. AXT GPCC /KB, CMORPH LA
UL D ST 2 308 DR 351 12 B 7 i P s, P 1 PR
IKHRSE S A R BE AR —2, CMORPH I A& 54 fg 44
TR P AR B 0 R R B B AR A AR e . T HA
7K B, CMORPH 2 B di ik e AR T 1
BIFSC DX 3 P 1R B 22 (R 40 T AR AIE, B3 B 1 S 0 S
AR B AR ABEAEL PR 0T LU 7 4

FEAR I3 HERRE T, LRncar M1 LReas BEATA X
V38 B K 5 B R ARG » LRycar BRI 25 3 2.
() (R 20 TRLAH DG SRR T vy, i S e b AT B /K 5 1)
A (B 3¢ Al 3e)o LRycar AEREFULH [P 7K it 5
A FE K I3 2R P [ PR G s IR G 35, e A
UL HH B RE > B 1 A 1 0 R 3 FE K
oty AHE AN BRI TR B R [ R U v
DX IR R 7K o LReas ASEALLR M 9 2R S50 ok 7K B8R EE 43 A
ARG ORI ZE, LReas MBI T35
o7 P 1L 300 PRI ) 5 S A R, ELASEARL ) 57 LA T
AL .

FXT AR R, = #FRIR% HRyear
FH HR s ARAUL R DR 380134 B 7K a5 S e i, H
PR AT SRARAL T Bk RS 4 (8] 3d F1 30, AH
X T LRncars HRwcar FEAPL B RE ZR B350 (1) 4 7K o
B B G, B T 4 48 XUX s [F]I HRyear
ABEHOL ) - G o P 1L XU 5 K DX IR B 2, A8 Ay
TEARFIMLIN 45 S 55 A 4230 s HRwear B ED BZ AR L
ISP A 7 i 0 B A, AR AT SR TEV Bl vh
F F B A e 7 v R R K L . AR T
LRcas» HRcas BEHL A B 7K 5 52 UL 45 SR 1) 2 ) AH
KEHIRTT 013, #EEHHRRNAREES T CAS
ESM X B 7K 5 B2 73 A A 34 FH 5 B 7K o0 IR ABE A
HRcas MK 88 25 (0] AH OC R 5005 T HRwears XK
V15 7K B 2D T HRear o HReas ToT2A6U H 4 fr) 4%
KX, HX 5 B 7K X AEAUAN I HRycars  WIENJE
e By VO R IR R A K

AT T 4 ALIRISASTALLRUULI 1y 5 7K Bt 5
A ZE 5348 CERS ) o LRycar TRIOAFAL I B 7K 538
J55 TR) I i 22 S A 7 e e P Il
X\ BB R v IE AR I e A s R KR E AR 67 A
Ze R IR B B AR AT T I R 5 Ui X
HUBTSE T HIX o LReas TR0 ALATAR B A0 L O 22



S =7 N R i 23 %
650 Climatic and Environmental Research Vol. 23

S35 LRycar BEWHIL, LReas i #5451 WAEE S bif
SR A S T R — K S 4
i HRwear SRR T Y £ 25 L MR R [
R AKHRE  EE A B PSR 1 WA 3

JERAUAT T 2E o 50 HE % HReas BT B /K 5 BE 1
BERLRE I 2 5 T LRcass HReas A8 S L7 HuABULED
JEP By W s T AR L A AT 0 B A
V| AR R PR B K B P

mean=21.63

40N

30N

20N

10N

EQ > 5
60E

-, 2 = R
I I I I I I I I
70E 80E 90E 100E 110E 120E 130E 140E 150E

[ T

0 10 15
mean=23.35

LRncar - CRU

EQ T B E— f T T
60E 70E B80E 90E 100E 110E 120E 130E 140E 150E
-8 —6 —4 -2 0 2 4 6 8 °C
r=0.91 LRcas - CRU

mean=23.64

20N

10N —

EQ | T T T S T
60E 70E 80E 100E 110E 120E 130E 140E 150E

90E

-8 -6 -4 -2 0 2 4 6 8 °C

K 2

1998~2016 4EZR W HIIX H 2= (a) CRU MM 2 m i SIS (AT

20 25 30 35 °C
r=0.96 HRncar - CRU mean=22.66
50N
-
40N
30N
20N
10N
N )
EQ T T T T T f T T
60E 70E B80E 90E 100E 110E 120E 130E 140E 150E
-8 —6 —4 —2 0 2 4 6 8 °C
r=0.95 HRcas - CRU

mean=22.04

20N —

10N —

EQ I T T Ji‘l : S T

60E 70E 80E 90E 100E 110E 120E 130E 140E 150E
-8 —6 —4 =2 0 2 4 6 8 °C

°C) PR BRI L5 0 (b) NCAR CESM L4 # % % (LRnar). (c)

NCAR CESM g3 #2856 (HRncar). (d) CAS ESM {K/ ¥ iR%: (LRcas). (e) CAS ESM mi2r#ii1; (HRcas) Al CRU MM 8] )/ fi
720 PRSI T LI AT B X T 3 (mean,  BAA: °C) LA MARE 5 G5 W W) ) 28 T A S R 8 ()

Fig. 2 Distributions of (a) summer 2-m-height air temperature (units: °C) derived from (a) the CRU (Climatic Research Unit) observational dataset and (b—e)

the biases in experiments of (b) the coarse-resolution NCAR CESM (Community Earth System Model, NCAR) simulation (LRnar), (c) the fine-resolution
NCAR CESM simulation (HRncar), (d) the coarse-resolution CAS ESM (Earth System Model, Chinese Academy of Sciences) simulation (LRcas), and (e) the

fine-resolution CAS ESM simulation (HRcas) in eastem Asia during 1998—2016. Observed and simulated area-mean temperature (mean, units: °C) and spatial

correlation coefficients (r) between simulations and observations are also shown
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Fig. 3 Distributions of summer precipitation intensity (daily precipitation amount, units: mm d') derived from (a) precipitation analysis produced by the
Climate Prediction Center (CPC) morphing method (CMORPH), (b) data from the Global Precipitation Climatology Centre (GPCC), (c) the coarse-resolution
NCAR CESM simulation, (d) the fine-resolution NCAR CESM simulation, (e) the coarse-resolution CAS ESM simulation, and (f) the fine-resolution CAS

ESM simulation in eastern Asia during 1998—2016. Observed and simulated area-mean precipitation intensity (mean) and spatial correlation coefficients (I)

between simulations and observations are also shown
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Fig. 4 Distributions of summer precipitation phase (hue) and precipitation intensity (saturation) derived from (a) precipitation analysis produced by the

CMORPH, (b) the coarse-resolution CESM simulation, (c) the fine-resolution CESM simulation, (d) the coarse-resolution CAS ESM simulation, and (e) the

fine-resolution CAS ESM simulation in eastern Asia during 1998—2016. The seven regions shown here are the same as those in Fig. 1
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Table 3 Areas of grids with summer precipitation phase
differences of 0, 1, 2 h between observations and
simulations and their percentages in the total area of grids
with precipitation rate greater than 0.5 mm/d in eastern
Asia during 1998-2016
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HRcas 175134 174.62 10% 409.83 23% 376.54 22% 55%
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Table 4 Differences of 2-m-height air temperature and precipitation intensity in summer between observations and

simulations in seven subregions in eastern Asia during 1998—-2016
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