20 % 4 R H B OB W R Vol. 20, No. 4
20157 H Climatic and Environmental Research Jul. 2015

ZAEVE, ARENE, 5REY. 2015 KT TAP AGCM4.0 X 2R M v 25 Bl Bty 1 A GO FRASEAU B Al Z2 JEL R 2387 (9], U S 3R BERIE ST, 20 (4): 393-410.
Yan Zhengbin, Lin Zhaohui, Zhang He. 2015. Evaluation and bias analysis for the performance of IAP AGCM4.0 in simulating the East Asian subtropical
westerly jet [J]. Climatic and Environmental Research (in Chinese), 20 (4): 393-410, doi:10.3878/j.issn.1006-9585.2015.14095.

KEIREER IAPAGCMA4.0 3R T 5 2= 5l 38
AXEREN R EERE 2

w 1,2 1,3 o1

2 1F AR B 7K 4

1 e E R RSP 5T B e S S RS RO, dEaT 100029

2 W ERREREREE, JERT 100049

3 MRUE B TR R G R F IR U S5 PPl U R A0 o0y, MAT 210044

W FE ETPERBEERC TR TR AP AGCMA4.0 2% 30 45 (1979~2008 4F) 1) AMIP CK/TIR
VAT KD SRS 45 R, VP Al T AR O 4R 30 v 2 R s S XU BB RE S, AT T A OBl i 22
MR RESR IR, DA RIS 240 )7 S5t Bl 4t I m . 45 7KW, TAP AGCM4.0 n] AR IF s S0l H 2R 30 v %
RIS TG A SR A 2R ZE I A A 50 S ILZE T A AE s 5 JRA-25 T ek AH b, BSR4
Aethiss: BB S, BB SR A B A ZE g i rg, B 2N At AT DU U RS 5 R P X
UL ZET AR, S B VG KRR B A AR, FURBGUBL I A v R e B A B
2% 200 hPa 4i[n] )\, EOF Z3fift 45 AL W, LA ALLAITE 387 9RHY) EOF 27— A5 [ BB Hal, 3 I T 7 X
SRR AR, AH P IS TR] R B DA/, R BB AGS 7 X 2  BE AU A B AR e B R ZE K .
ol A AU 1 1t 22 ST 1R R SR E P B2 IR 2 (MTD) [0 M & SR ], AR s Bl A1 2 5 2 g 38 . Bl
P AT PG b8 B B RE AL 0 Py b 2 Sl S A TR R 72, sE M B2 s 2R 8w BE S ALl {8545 TAP
AGCM4.0 B MTD 555 5 P20 B BORAH X 55, MTD A8 4k 55 K K da i B AR b,  FLBSSCRERLR) MTD 4
BrAR AN 5 T 20 A R LU AR AR ORI 22, M A O P RS AR I i 22 . Ik 4h, AR X S8k 77 %
AT R IR I 2 b R )L ZE AR, T R P R X AR I v 2 ARG T XS R AL

KR KA RUETEPGETTARW fnlEzE B Matns Bt r £

XEHS 1006-9585 (2015) 04-0393-18 HESES P46l XEAARIRES A
doi:10.3878/1.issn.1006-9585.2015.14095

Evaluation and Bias Analysis for the Performance of IAP AGCM4.0 in
Simulating the East Asian Subtropical Westerly Jet

YAN Zhengbin"?, LIN Zhaohui" >, and ZHANG He'

1 International Center for Climate and Environment Sciences (ICCES), Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences,
Beijing 100029

2 University of Chinese Academy of Sciences, Beijing 100049

3 Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disaster, Nanjing University of Information Science &

Technology, Nanjing 210044

s BE 2014-05-12; MM AE 2014-09-25

ZENME P EEEAR S TS R LI XDA05110202, BHIAREFRRHE A 1E SACH LI 2011DFG23450, MK AREI ARG ZEEGTH 41175073,
U1133603

fEZEIN  ZIEEE, 5, 1986 AR, WL, BRI URBAL L TG, E-mail: yanzhb@mail.iap.ac.cn

BIAEE M, E-mail: Izh@mail.iap.ac.cn



e

R
394

H

Climatic and Environmental Research

Bowt gt 20 %

Vol. 20

Abstract The performance of IAP Atmospheric General Circulation Model Version 4 (IAP AGCM4.0) in reproducing
the observed features of the East Asian Subtropical Westerly Jet (EASWIJ) is examined by analyzing the differences
between model simulations and JRA-25 reanalysis data during 1979-2008, the possible reasons for the bias in model
performance are analyzed, and the impact of convective parameterization schemes in the model simulations has been
further investigated. The results show that the model can reproduce the climatological characteristics of the EASWJ
reasonably well, including the spatial structure and the seasonal meridional displacement. However, the model also shows
deficiencies in simulating the intensity and location of the EASWIJ, with weaker magnitude in both wintertime and
summertime, and the model simulated position of the EASWIJ is located southward during wintertime and northward
during summertime when compared with observations. Analysis of the results demonstrates that AP AGCM4.0 can
capture the seasonal evolution of the EASWI well, including the northward jump during summer months. Based on
Empirical Orthogonal Function (EOF) decomposition of the zonal wind at 200 hPa, both for the observation and model
simulation, it is found that IAP AGCM4.0 can reproduce well the spatial structure of the first leading mode from the
observation; however, the model fails to capture the interannual variation of the meridional displacement of the EASWJ.
Based on the analysis of surface sensible heat fluxes and mid-upper troposphere Meridional Temperature Difference (MTD),
it is found that the model’s biases in terms of the simulated surface sensible heat fluxes in the southeastern Arabian Peninsula,
northwestern Arabian Sea and northern India cause a weaker intensity and northward shift of MTD. The deficiency of IAP
AGCM4.0 in reproducing the interannual variation of MTD leads to the biases in the simulation of the EASWIJ. Furthermore,
different convective parameterization schemes can influence the simulation of MTD, which will in turn directly affect
simulation of the EASWI.

Keywords Atmospheric general circulation model, East Asian subtropical westerly jet, Meridional temperature
difference, Sensible heat flux, Convective parameterization scheme
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Fig. 1 Climatological mean of zonal wind (units: m s ') at 200 hPa in (a) winter and (b) summer from JRA-25 (Japanese 25-year Reanalysis) data. Panels (c,
d) are the same as (a, b), but for IAP AGCM4.0 (the fourth generation AGCM developed at the Institute of Atmospheric Physics (IAP)) simulation. Values

larger than 30 m s ' are shaded
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Fig. 2 Latitude—time cross sections of climatological mean of zonal wind (units: m s ") at 200 hPa from (a) JRA-25 data and (b) AP AGCM4.0 simulation.

Values larger than 25 m s are shaded
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Fig. 5 The first EOF mode of zonal wind at 200 hPa in (a) JJA, (b) Jun, (c) Jul, and (d) Aug from JRA-25 data. Panels (e-h) are the same as (a—d), but for IAP

AGCM4.0 simulation



R /=T N S 7 20 %
400 Climatic and Environmental Research Vol. 20

— RS T ZEDTHRIE TN T T 5 . S Bl 6 4 T F T A UL 1979~2008
/\%ﬁﬁﬁtmi LA, BRIl it FEZFK 6~8 HEH 200 hPa £i[m )X, EOF 7%
# kL 200 hPa 4 [i) )X, EOF % %ﬁ%&ﬁ@/‘l%\%ﬁ% (R — RS = I ) R 5L (PCL), BLAHN
fiE, RUSm JE P e e R, R B RIaEad A B2 (EAISD brUEALIN a7 41 .
PRLFOL ) IR 25 2 5 O DN A A jl:/\méé%’ﬂ& 8  XHIEALRHAESW (2011) & X EAJSI, RIE

HIa R, YR 6. Ty 8 B AR avilim 6% 5 4
» @) JRA-25 JJA 4.0 () 1AP4 MZM JUA
—e—EAJSI ge—EAJSI
%) --6--PC1 %) ‘-@ PC1
helk ! .-h@‘ ,\ A’ e :’\@‘M%.Q 2 .-ng‘y' 2R ‘ QA R‘ m
QO 00 L] ! (A._v,..@ w T e 9 OO 00+ ’“6’- ‘\-"
NN VAL A s/ Q W Y] NN [ u [ WY Y
© ®© iy ! { $f v % © ®© H i)
£ E &g ® N o] EE ". é
S G 204 ® 66 -204 \f
zz zz
_40 T T T T T T _40 T T T Ll T T
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
b) JRA-25 f) IAP4 MZM
G Jun a0 Jun
—e—EAJSI _ —e—EAJSI
=8 20 "I 9‘? =98 20] PO
O < . -' O < o) hi
a w ¢ a wi P WA
88 0.0 \@' ' 88 oo'( ‘.\",—M AJ\
NN 007 V‘ Y w NN 001 Vi
T ® ¥ b 9 &, T ® @‘GQ "Q’W i ¥
£ E \[ .' "’V EE v 1% \
S S -204 S5 -2.04
zZ2 zz
_4-0 T T 1 T T T _40 T T T Ll 1 T
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
c) JRA-25 IAP4 MZM
100 Jul 109 Jul
—e—EAJSI —e—EAJSI
=98 20] ¢ =8B 0], P
22 T4\ | 25 " s
2% ooV M teeeA /) MM 55 of YV
Qe 0.0+ Fa Y o o a 3 © QO 0.0 \
NN ; ' %V" - \ V‘b’" i) i < @v,&."’@. AL S
T © ViV AN, / T T 4
E E b 5 g g Vj ,-
S S 201 55 20
zZ2 zz
-4.0 -+ T T T T T -4.0 - T T T T T
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
40 (D) JRA-25 Aug 4.0 (1) 1AP4 MZM Aug
' —e—EAJSI ' —e—EAJSI
& --8--PC1 B --6--PC1
™ Q]\f\ 21 L A A of he
Q AVAR .@’ N A war g
58 oodl bat™ Y eVl [ %% oo lY I\’@b VY PR N ¢
3 PN B o A A
EE Yy EE ¥ \/ )
o6 -20 S S -2.01 ®
zZ2 ZZ
-4'0 ML T T T T T _4~0 T T T T T T
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Year Year

Kl 6 3 Z% 200 hPa £ Ji) A\ EOF 2B 58 — ML 1/ B I LR A (PCD) FUARWE s S AL B TR 2L (EAISD ArUEALIIT R F 1. JRA-25 (/A2
IAP AGCMA4.0 i3l (8. (ay e) HZEFH (JJA); (b, £) 6 H; (cv g) 7H: (d. h) 8 H

Fig. 6 Normalized time series of the corresponding principal component of the first EOF mode (PC1) of zonal wind at 200 hPa and the EASWJ (East Asian
subtropical westerly jet) position index (EAJSI) for (a) JJA, (b) Jun, (c) Jul, and (d) Aug from JRA-25 data. Panels (e-h) are the same as (a—d), but for IAP
AGCM4.0 simulation



4 1 ZIEESE . KA TAP AGCMA4.0 X 2% V. i 2 B FAH 1 SO AR B i 22 Ji X1 7
No. 4 YAN Zhengbin et al. Evaluation and bias analysis for the performance of IAP AGCM4.0 in simulating the East... 401

HiFE 1) 80°~140°E £ Y[ V-3 1) 200 hPa £ ] X,
27 (R4, EAJSIACE T 2 Bt & i
Ak, IEAEFROR SR B, SE R R SR AL B
Jb. BFETEdE T LG, BV K 6~8 HiE
H, PCl 5 EAIJSI AHI5 0k £)-0.75. —0.93,
—0.93. —0.88, i T 99%HIfE FERLL, K1 PCI
HIEAEIS, ZArE ML, PC1gFUEn;, AEZ
I E e, AR BOF J3fift 1) 55— R0 IV A S
PEE AL B . B 6e-h 45 H T R AL &5

X LAY EATST A T A BRI ) St Al A v
BRI, B2 K 6~8 F % A1) EOF
WA PCL 5 EAJSI AR5 —0.6.-0.8,
—-0.97. —0.97, MWFE Z AHBAEEIRGFIN SR Ik,
BATETHET T #r BRI UL 200 hPa JX
(1) EOF 7 fift 5 — ISR I (0] R A [RIAR DG, &5 1
KW, NTEFFHME, MERXKRNN 0.08,
1M 6+ 7+ 8 & T MIAHICREI 4314 : —0.02, 0.04,
0.03, [FIFFR A 2R, BRI AR
AR R I (1 S e A A A B AR A R AIE

5 FIGZEIATARNIIRRIE
ZIRE S

50 MREBEHPLEZRREZEZ (MTD)

CA W LR B 2 B2 & il B
(MTD) 2B it — AN B R P (LS YAk
HE A7, 2007; Zhang et al., 2008; %%, 2008), 4~
S8 L2 TRk JEE 2 DA 28 1) PR A A A1 et T )30 2
R 26 1) i BB 1.25°0 i 22 A iR 2 22 . I
7 g5 TN 5 200 hPa -4 ) KU K2 200~
500 hPa T B3 R 28 r) it & 22 (1) 2 1) oA o E
FAHTRORL (K 7a-d) WTRLEH, FHRERT S
Ir il B 22 KA X A AR LF R DG 2R, Ho s i e sxy
VA 28 )il S e v, SRR A T B 2 i
JEZERT SRE A AR .

M 7e-h ATLLE H, TAP AGCMA4.0 AEHRLLT
B Sl 5 bR 28 e B 2 TR Y
XN KRR, HEARURB ARSI E K 6~8 H
B H W2 IR 22 A L T A B 45 SRR 95, s e
PN B 2~ 1) 8 el R 22 v O BL P 20 AT 5 Rl
INIK 0.4 K, 35X B AL ASEALL I I 08 5l 55 A DRE I
Ty T, BRI 28 i 5 7 v VLA
b, JEHIE 7. 8 A BN, bt 2 feik F) 5°

(& 7e-h), X0 B A R 1) 27 B L .

Pl 8 45 H T i 1) X5 44 1) L 2 o o R 1) AR Ak
TEOL, PR M ORI AR, VG XAE 200 hPa )%
Bim s, fE 200 hPa mfE LA N, 28 il 8 25 00 1
B, BISRLRE R K P28 Il o B pH AR AR ) 3, P X
B v FE R N i 5 AEIX AN 200 hPa =LA |, &
I 2P 7 D AL, RISRLEE PRI K28 o B ph 7R T 4
Bk, P R e B3 s . R MK &
) s S8 S I P o B2 L, i 1) UIA B4R, R 200 hPa
PR EPRAT,  FLZR ) R AR AR P8 5 3 TR 8 1) 6
5P R L

M 8e-h FTLLE H, AR AT DUR Gf HASE 0
28 [ il P8 22 Bl v BE 1A A S O, B 200 hPa DL &
JEAIEAE, 200 hPa LA by fnfl, (2R
2o LR ZE S, AT AT AT AR RRALL P 17 X 5
550 RN AT DU Y, AR CARAEL R 4 ) U O A
B AL, X AL £ 1) Y 2 AR A B K XA
EARACAHXT N . B8 HA A, I £ 1) K
B R 28 )il P55 2 AR A B KA AT 41°N B, T
UL HIZE 45°N PR . 38 WA BBl 22 1)
T P8 2 A7 A A 22 2 0 R VG XU S A A O 22 1Y)
JEUIAL o

J37% 5% TAP AGCM4.0 % 2= V. il #s i XU S0t
A G B A B AR AR AE AL (1) g 22, A5 5 AR k)
XYL 2 HP R 2 4 T e 22 A o AR AU 1) e 25 A7
FEEBCR, Bl1E X T & 24550 (MTDD,
IR ZE P 6. 7. 8 HIBE H N AR W sy 2= S i Al e
M & 5 ANERE LR (80°~140°E) [ 200~500
hPa | V¥ 28 il 8 2 2 22 (IREB IR 461D . 1
9 25 T AT ORI UBLALY) 200 hPa &ifa] X
3 EOF 5 —#i& 1 PC1 5 MTDI brifEAb (11 ) /3
o M ArEelel LU, PC1 5 MTDI fEE
=] 6~8 H& H ARG R 5053 i 4—0.82. —0.88,
—0.94. —0.96, #EIL T 99%MI1E R, FKHE
a6 B AR 4k 5 MTDI [R5 40 A 1R 5 (i 0] B 5
FRo MR OB SRR B, BRA T A
MBI 28 i 22 Fe 2, R T SR
200 hPa #i[1] 3% EOF 25— PC1 G HR, X
THEZEK 6~8 HiZH, MHKXRZESHHN-0.79,
—0.79+ —0.87 —0.87, W Z [ A 1R If BRI G
A, XRWIB MTD B 25 2538 1 S0
A BRI UER o BIAA BEAR G H A0 S
P UL B AR RR ARk, 1 AR R AR L AU



402

<o 5O

Wb %

Climatic and Environmental Research

20 %
Vol. 20

\ (8)JRA25

JJA

7 = > 37

T
80E

T
60E

—
100E

—
140E 16l
Jun

—
120E

(b) JRA-25
~

6(;E 8(;E
(c) JRA-25

e
100E

—
140E 160E
Jul

R
120E

===y

=N,

&

AVAN
:

et T

10N T — T |
60E 80E 100E 120E 140E 160E
- Au
70N ~DLJRA 35 J

T T
60E 80E

T
100E

| L
120E  140E  160E

(e) IAP4 MZM

JJA

| MN)\_}

\\\\\\\

10N T ey
60E  80E  100E 120E 140E  160E
f) IAP4 MZM
7on -1LARS > Jun

T T r
80E 100E  120E

1
60E
(9) 1AP4 MZM

~

—
140E

16
Jul

"

160E

50N

40N H

30N — 00—

20N 44~

10N s,
80E 100E  120E  140E

(h) 1AP4 MZM Aug
70N S <

T T
60E 80E

[ [ I I [
04 05 06 07 08 09 1 11 K

160E

K7 E7%200 hPa 25 i USRS (SE{HLZE, 5A7: ms ') LUK 200~500 hPa T B 348 i B 75 (5%, iy KD: JRA-25 (/i4%); IAP AGCM4.0
B (FF2). (as ) EZFH (JJA); (by ) 6 5 (ev g) 7 ;5 (d. h) 8 A

Fig. 7 Climatological mean of zonal wind (isolines, units: m s™') at 200 hPa and MTD (meridional temperature difference) (shaded, units: K) averaged from

200 to 500 hPa for (a) JJA, (b) Jun, (c) Jul, and (d) Aug from JRA-25 data. Panels (e-h) are the same as (a—d), but for AP AGCM4.0 simulation

XL L SR 2 i R 2 R B AR R B AT R

5.2 HhERMMIARIF

Wb 3R A7 (KA A 25 5 DR R v e R L

Yoo mEEGAERmN, Wi S EGR AAe,  RITG
Ui v L S 228 )i PR 2 o b A SR 7 e b B
SRR AL A . B 10 g3 T LI AR



4 1
No. 4

ZIEESE . KA TAP AGCMA4.0 X 2% V. i 2 B FAH 1 SO AR B i 22 Ji X1 7
YAN Zhengbin et al. Evaluation and bias analysis for the performance of IAP AGCM4.0 in simulating the East...

403

(a) JRA-25

Pressure/hPa

[N

20N

Pressure/hPa

B

Pressure/hPa

i
. JME

Pressure/hPa

(€) IAP4 MZM

Pressure/hPa

20N

Pressure/hPa

20N

Pressure/hPa

10N 20N

Pressure/hPa

—08 —06 —04 —02

K8 200 hPa 50°~160°E “FHILE M (A5(HLE, ms D UIKRCFHZMEEZ (P, 060 KD IEE—FEEd: TRA-25 (ZF): IAPAGCMA4.0
B CHED. (ay e P (JJA): (b D 6 : (e @) 7H]: (d. h) 8]

Fig. 8 Height-latitude cross sections of zonal wind (isolines, units: m's ') and MTD (shaded, units: K) averaged between 50°E and 160°E for (a) JJA, (b) Jun,
(c) Jul, and (d) Aug from JRA-25 data. Panels (e-h) are the same as (a—d), but for IAP AGCM4.0 simulation

AU 5 S 6~8 HIE H Hb 3R A & 1 4% |) 4
At Ole BT LAE tH,  BTRA e 5 4 v S ER
Bt 181 S e S T - 1] G E A & MR | R
B, ER AR AR UL 114 30K 218 X3 14 A o L ) 222
Ao Rk 2043 M I e A R S 4 i
FREIR R, T e ST Al SR (shtfl), BIX
I, (15°~25°N, 50°~80°E) sl w144, K 11
25 T AT TR BB 1979~2008 4 4]
)5 25 % BRI shtfl DU i 2 s A4

) S ZE FE 40 (MTDI) (AR AEALIN (] P4 EH 55
Wras R LURIL, bR 6 4, R 7 H X
8 H, i%IXIf shtfl 5 MTDI ffAH 54 5 7] DLk 5|
0.31. 0.40. 0.45, i T 95%MI5 EEA K, BiHILE
7 A 8 AREZVYY, FIRAE R AR Fldz
P17 b5 S B RS A S8 i SR ARG B ) AR A 2 R
e 1) 2R NI 1] Bty b X 28 ) it 5 22 () AR A . T AR X
FEFAI B 2 P35 ) 45 F (¥ shtfl 5 MTDI [FAH 543
B2k 0.200 0.66. 027, 0.15, XBEEFK 7. 8



S

5O 5 20 ¥
404 Climatic and Environmental Research Vol. 20
Py Hb R A R 05 MTDI A G AR IL 95%  fWZe, JUH 0 A W0 i 2 Bl v R 2 T 5

(Frfe A, ifE 6 43, BB AR DG ZEK
THHTER . XU PR A R RS
e oz A ¥ 1Y b P8 A B A 10 A S 2K I
sl D28 () 2R AR 2 T SR AR AL
TR BT E 2. LA EMTR I,

T IAP AGCMA4.0 X 2 J& A7) B AE — 2 1)
0 (a) JRA-25 JUA
—e—MTDI
_ é --6--PC1
£s
T T
[ONN O]
NN
T ®©
EE
O O
zZzZ
-40 T T T T T T
1980 1985 1990 1995 2000 2005
b) JRA-25
40 (b) Jun
—e—MTDI
-8 204 KX 2
OkE HiY
o = @ . .'Q\ " "'
T T i P ﬁgp-‘" Y
.g .qu) 0.0 K _@'U'
i \[-. WV V v
€ E 3
S 6 -2.0
zZZ
-4.0 1 T T T T T
1980 1985 1990 1995 2000 2005
c) JRA-25
40 (c) Jul
—e—MTDI
= §"~PC
= 5 20- ©--PC1
as= i /
S '/\I‘\J\MM AY
N8 001 'U@l'
=48 1 t Q \ l‘ W@\b
EE % b
S 6 -2.04
zZZ
40+ T T
1980 1985 1990 1995 2000 2005
d) JRA-25 Au
40 (d) g
—e—MTDI
— --e--PC1
=0 204
e 2
3= ﬁ\ f\‘xAjQﬁW\
T T D
BE ooy R e 1 ¥ "“'
55 oo RAA S TRV AV
EE 1 ¥ ¥ i
S o 2044
zZZ
_40 T T T T T T
1980 1985 1990 1995 2000 2005
Year

9 200 hPa & i) X, EOF 43 fiff 1) 8 —#s &
Bl (AE . (a,e) HET (JJA);
Fig. 9

(b, 6 H; (c,g) 7 H;

EHBTENR(EE SN Bﬂ?jfﬁ&@%it%ﬁiﬁ&iﬁ%@@
PRGN, I i 2 2 X AL TP e R L
Yyv R SES WAL, AEAF 2 T i SR AR
Fiﬁ% N\ﬂﬁ‘%ﬁ%?%@ﬂﬁﬂﬂ‘ﬁ%ﬁ, JeI

S E R B R 22 . XL 5L
%ﬁ%ﬂﬁﬁﬁ&ﬁ (2007) (P53 Hr &l P pd—2
5 (€) 1AP4 MZM JJA
g~ —MTDI
-0 20 --8--PC1
= 207 i}
8 = A .JA A M
§§ 0-0_.1 5)\ x o B a Woeoe N
23 Y| AN PV
S5 g '.‘
$g 20 ¥
—4.0 T T T T T T
1980 1985 1990 1995 2000 2005
f) IAP4 MZM
4.0 0 Jun
—e—MTDI
‘_é 20 --e3--PC1Q
O ¥o) A
a= d.'@ WA o P @(J\"c
88 oot WA} % F oy X g
s's ] foa VALY
EE v ioo® YA AR q
S 6 -2.0- S ) .
zZz2Z
-4.0 T T T — T L T
1980 1985 1990 1995 2000 2005
IAP4 MZM
4.0 © Jul
—e—MTDI
= --6--PC1
S E 2.0 Q
CEE TN ’\A
EE 0_01‘ ..)\ ’\o 3 y
s WYY -....~ * hY
S G -2.01 &
Zz2Z
-4.0 T T T T
1980 1985 1990 1995 2000 2005
40 (h) IAP4 MZM Aug
. —e—MTDI
- --G--PC1
6'9 2.0
as it
N O e e V V"W \
© @© H
EE '
G 6 -2.04 ‘85
zZz2Z
-4.0 ™ T T T T
1980 1985 1990 1995 2000 2005
Year

ORI TR R B (PCT) FNZR R 228550 (MTDD) [ bRHEAL (K I )R 31): JRA-25 (ZEA%); TAP AGCMA4.0
(d,h) 8 J

Normalized time series of the corresponding principal component of the first EOF mode of zonal wind at 200 hPa and MTDI (meridional temperature

difference index) for (a) JJA, (b) Jun, (c) Jul, and (d) Aug form JRA-25 data. Panels (e-h) are the same as (a—d), but for IAP AGCM4.0 simulation



4 1 VA KA TAP AGCMA4.0 6] A<V e 2% sl Rty 78 XS I AR S0 i 22 Ji A1 93 #

No. 4

YAN Zhengbin et al. Evaluation and bias analysis for the performance of IAP AGCM4.0 in simulating the East... 405

60N
50N
40N
30N
20N
10N

10S

60E 80E 100E 120E 140E 160E 180

60N

(b) Obs Jun
2 .‘ 7 -l A

50N
40N
30N
20N
10N

10S

60N

I
60E 80E 100E 120E 140E 160E 180

(c) Obs i Jul

50N
40N
30N
20N
10N

10S -+

60N
50N
40N
30N
20N
10N

60E 80E 100E 120E 140E 160E 180

10S =

60E 80E 100E 120E 140E 160E 180

(e) IAP4 MZM

60N
50N
40N
30N
20N
10N

10S

60E 80E 100E 120E 140E 160E 180

son (TLIAP4 MZM

50N
40N
30N
20N
10N

10S -+

60E 80E 100E 120E 140E 160E 180

(g) IAP4 MZM
50N

40N
30N
20N
10N

10S -+ r
60E 80E 100E 120E 140E 160E 180

son () IAP4 MZM _Aug

50N
40N
30N
20N

60E 80E 100E 120E 140E 160E 180

[ [ T [

60 -40 -20 0 20

40 60 80

100 120 140 wm?

K10 @A s (Wm™: W (ZEA%): TAPAGCMA4.0 Bl (Fi%). (a,e) HZFFH UJIA): (0,0 6 A: (c,g) 7 H: (d,h) 8 A
Fig. 10 Distribution of surface sensible heat fluxes (W m™?) for (a) JIA, (b) Jun, (c) Jul, and (d) Aug from observation. Panels (e—h) are the same as (a—d), but

for IAP AGCM4.0 simulation

53 MERSBLARHMIE
FERAIAFREA A, NP R 2 2 5
BIRAESEEGH,  T 5i B AT 7 KA )
Bgllo AR EA 24T 72T MZM B 5 2
B 5 AR, AR BA TR A R 206 i

SR T3 A B AR 0 e 2 I A P LS
(R AT BESE I o

P12 25 H & 43 )R T Zhang-McFarlane J7
2 (ZM 7%, Emanuel % (KE H%E) sk
(1] Zhang-McFarlane J5 % (MZM J57 %) 1] 1AP



U 5 O0F 5 20 3%
406 Climatic and Environmental Research Vol. 20
, (a) JRA-25 JJA » () 1AP4 MZM JJA
—e—MTDI —&—MTDI ®
~ --8--shtfl ~ --6--shtfl X
Bg 20 ! O 20 A
=2 M A mpas -+ |
3% oo\ R\ 2%, R i STACN -5
g8 oo L o £, g8 oo
2oV T WY e
$3 201y g2 20
_40 L) T 1 1 1 1 _40 T T T 1 1 1
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
. (b) JRA-25 Jun o () 1AP4 MZM Jun
—e—MTDI —&—MTDI 9
A --8--shtfl A --&--shtfl 5
Bg 20- s Qg 20 A
=3 AR = i
o] AN 8 m‘g < P AW holhe] @-/D\ :'M ﬁ-\ 4 \
S8 o ¥ AR ASXH v ww] S8 oo 4 e A ®) Y
T N YWYV \A T e WY VWV
55 -204% S G -20- ¢
zz \ zz
&
-40 T T 1 T T Ll _40 T T T 1 1 1
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
0 (c) JRA-25 Jul 0 (9) IAP4 MZM Jul
—e—MTDI —e—MTDI
A -=8--shtfl A ~~&3-=shtfl
EE 201 ® Q EE 201 ? s
i3 O RALAAM WAl 3] a0 a AR A
[ \ 1 FAYAVAY HR FAN A \YA 3
E8 004 2 *A‘ A :A j % E8 ooq “N)&"' S NG \ W
55 ¥ ¥\, ¥ GW 35 | @‘\7 VV@ VAR
EE éfv A S EE W © LAV
S O -2.04 S S -2.0 ¥
zZ 2z Z 2z
-40 1 1 1 I I 1 _40 1 1 1 1 1 I
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
o () JRA-25 Aug o () IAP4 MZM Aug
—e—MTDI —&—MTDI
= --6--shtfl = --6--shtfl
Bz 20 e )
35 A\ M 3 ;
£% o0 A AR WA B B3
N A 4 ¥ S\ e yYey gl =on
2 e Y W TV e
55 201 i 55
zZ2Z ZZZ
-40 T T T T T 1
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Year Year

B 11 i 2 e (MTDD b R 8 H0E s 3R % (shtfD) FRuEAb (I [A]77 21 JRA-25 (Z242); TAP AGCM4.0 B4 (A58, (as o) HA Y (JJA);

(b. ©) 6 H; (cv g) 7H; (dv h) 8 H
Fig. 11
same as (a—d), but for IAP AGCM4.0 simulation

AGCMA.0 Fribstlr) 7 F 4 4 0 i 2% il #4i vE RU s
TS T 2 R ) L 25 (MTD) [l 45 3L,
FIRIEZEH T JRA-25 FAHT R4 . I
ATLVEH, AT =MARRBR RS %, B
L 200 hPa 45 i) K5 IAH LT — 58 22 5. =
T SRR 2 LR D, X SR MTD 44

Normalized time series of MTDI and shtfl (Sensible Heat Flux index) for (a) JJA, (b) Jun, (c) Jul, and (d) Aug for JRA-25 data. Panels (e-h) are the

LRI /NG . T KE 7 SERHUL IR 20t A O A AT
PRI EE Ry AL, XA IR d T MTD e b H
P . gk X MTD (4 )5 —m A4 K

(& 13), SEREMBIL AN R i 2404 7 S0 2R
2 R P SR RS o B 26 2 AT it
SR INAGERE, AT M) MTD ()% 6] 7343



4 1 ZIEESE . KA TAP AGCMA4.0 X 2% V. i 2 B FAH 1 SO AR B i 22 Ji X1 7
No. 4 YAN Zhengbin et al. Evaluation and bias analysis for the performance of IAP AGCM4.0 in simulating the East... 407

(a) JRA-25 Ju () IAP4ZM Jul

N _MNJ _M B /

T T T T
60E 80E 100E 120E 140E 160E 60E 80E 100E 120E 140E 160E
(c) IAP4 KE

(d) IAP4 MZM Jul
B

T T T T
60E 80E 100E 120E 140E 160E 60E 80E 100E 120E 140E 160E

\ I I I I [ T
0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 K

B 12 1979~2008 4 7 FIFI41) 200 hPa £h A (R, HRi: ms™) LUK 200~500 hPa ML MkIE % (WI5%, #fi: K): (a) JRA-25; (b)
ZM; (¢) KE; (d) MZM

Fig. 12 Climatological mean of zonal wind (isolines, units: m s ') at 200 hPa and MTD (shaded, units: K) averaged from 200 to 500 hPa in Jul from (a)
JRA-25 data, (b—d) simulation with ZM (Zhang-McFarlane) scheme, (¢) KE (Emanuel) scheme, and (d) MZM (modified Zhang-McFarlane) scheme

(b) IAP4 ZM

Pressure/hPa
Pressure/hPa

Pressure/hPa
Pressure/hPa

10N 20N 30N 40N 50N 60N 70N 10N 20N 30N 40N 50N 60N 70N

B — I I \ \ I — ]
-08 -06 -04 -02 0 02 04 06 08 1 K

K13 200 hPa Zh[f A (AEAELE, PP ms™) LIRG M2 (W15, A6 KD ME—mEE: (a) JRA25: (b) ZM; (c) KE; (d) MZM
Fig. 13 Height-latitude cross section of zonal wind (units: m s_l) (isolines, units: m s_l) and MTD (shaded, units: K) in Jul from (a) JRA-25 data, (b) ZM, (c)
KE, and (d) MZM



U 5 O0F 5 20 %
408 Climatic and Environmental Research Vol. 20

TS0 VY XA A B MR o DAL B ey 5t
e LA B B RS H e T 5, Tk
P RO KR ST S R, B4 A
I

6 it

AL HE T [ R B KA A B T R AR A
L IAP AGCM4.0 2t 30 4 (1979~2008 2£) 1
AMIP FEBEPIRE 4R, a6 HAIRITH
JRA-25 T RRE, RGPS T8 2% 25 W0 i 5
F G D e N N = e & B o s A O e N
77, BT R 22 B AT BRI, LA AN [RIRR
20U S U T7 Z AR AL AR IV 8 2 il ARty 7Y
LIS

MAKSK, TAP AGCM4.0 ] LU I iR 4L i 42
P vy 2 ) AT VG AL S AR A A DL R 2 P
ARREAE, ALHEE G R E B LB RRE .
XTI XS 7 T 200 hPa i fE, AR
e B ATV IR AR A TR i . IR, LK
NSRS ViR e vbeia W E NN = B B S
SRAE TP RARHE, B AR T DLFR B, X
THZEG6. 7. 8 =A A4 & 2 Bl A VG 2L
HErwdt, 8 Hp s b, BiH iR i i
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S AF B AR AR AE PO 22, 30 5 A B () % 3
R4 R 2 (MTD) R 22 B3 AH .
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PSR SR EARDNS TR A i 99« 0 B T AR AL )
28 )il B 2 AL B AL, BRI v XS
(R B A AR AL o

i i 724 v a2 N T A | SIS S B N e NI T DA 51
T PGS B B R b 2 B AR A 22, T
DLIE 35 0 L2 v v 2 i R 8, g E] MTD (1)
FERL, 15 R ISR 2, T3 ECE
Lo ACAT BB AR A B 22 o TR = X i S 4L
77 ZE AT U L S ek in ARG A, 1 i i £

MTD FJ25 [a] 53 AT, e 26 e MOt P8 U7
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