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Abstract Changes in the East Asian summer circulation have great impacts on summer rainfall in China. It is necessary
to better understand the forecasting capacity of seasonal forecast models. In this study, we evaluated the capacity of
seasonal forecast models for the forecast of the intensity of East Asian Summer Monsoon (EASM) and Western Pacific
Subtropical High (WPSH) in the summer based on the NCEP/NCAR reanalysis and simulations for 1991-2013 from
three seasonal forecast models, i.e. CFS V2, BCC_CSM V2 and MRI-CGCM. These models are from National Centers
for Environmental Prediction (NCEP), National Climate Center (NCC) and Tokyo Climate Center (TCC) respectively. To
illustrate the origin of forecast errors, we analyzed responses of the EASM and WPSH to tropical sea surface temperature
(SST) anomaly in these models and impacts of ENSO events on the forecast of the EASM and WPSH. Analysis results
indicated that the forecast skills for the EASM and WPSH were high in all models, while those of the TCC model are
relatively low. An anomalous cyclone was simulated over western North Pacific, resulting in stronger EASM and weaker
WPSH compared to that of observations in all models. Meanwhile, the annual variability of the EASM and WPSH was
weaker than that of observations. Characteristic responses of the EASM and WPSH to tropical SST anomaly and its
seasonal evolution were close to those of observations in all models. The response of the EASM to the preceding tropical
Pacific Ocean SST anomaly and the preceding and simultaneous tropical Indian Ocean SST anomaly in NCEP model and
TCC model were stronger than those in observations, and the responses of the EASM to the preceding and simultaneous
tropical Pacific Ocean SST anomaly in NCC model were obviously stronger than those in observations. Besides, the
responses of the WPSH to the preceding and simultaneous SST anomalies over tropical Pacific Ocean, tropical Indian
Ocean and tropical Atlantic Ocean were obviously stronger in all the models than those in observations. The mean
absolute errors (MAE) of the EASM and WPSH forecasted by the three models in ENSO events overall were much
smaller than those in normal years. The MAEs of the EASM and WPSH forecast by NCEP model and NCC model in La
Nifia events were close to that in El Niflo events, while The MAEs of EASM and WPSH forecasted by TCC in El Niflo
events were much higher than that in La Nifla events. This result also indicated that ENSO event was an important source
of forecast for the East Asian summer circulation.

Keywords Seasonal forecast model, East Asian summer circulation, East Asian summer monsoon, Western Pacific
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Fig. 1 (a—c) Climate-mean difference fields (units: m s '), (d—f) correlation coefficient fields, and (g—i) ratio of variance fields between the 850-hPa zonal

wind fields forecasted by three models (NECP, NCC, and TCC) and that from observations. (j—1) Climate-mean difference fields between 850-hPa wind
forecasted by models and that from observations. The difference fields are calculated by model data minus observational data; the ratios of variance fields are
results of model data divided by observational data, and the values that exceeding 1 represent the annual variation of the circulation forecasted by models are

larger than that from observations and vice versa; the shaded areas represent values passing significance test at the 0.05 level; the same below
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Fig. 2 (a—c) Climate-mean difference fields (units: gpm), (d—f) correlation coefficient fields, and (g—i) ratio of variance fields between the 500-hPa

geopotential height fields forecasted by three models and that from observations
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Fig. 3 Climate-mean difference fields (units: °C) between the sea surface temperature forecasted by three models and that from observations in the (a, c, €)

spring (March—April-May, MAM) and (b, d, f) summer (June—July—August, JJA)
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Fig. 4 Standardized differences between the (a) EASMI, (b) WPSHI forecasted by models and that from observations. The thin dashed lines represent 1 uni

standardized difference and the values larger than 1 are defined as significant differences
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Table 1 Correlation coefficient (CC), root-mean-square
error (RMSE), ration of standard deviation (STDR), and
linear trend coefficient (LTC) between the circulation index
forecasted by models and that from observations
EASMI WPSHI
CC RMSE STDR LTC CC RMSE STDR LTC
NCEP 056* 1.6 0.83 0022 07° 58 103 051*
NCC 0.62* 149 0.7  0.077* 073" 467 067 0.08
TCC 063* 158 028 0003 048 6 05 0.8
M 1+ 0 1 0.026 1* 0 1 0.08

FE: DIRDFAAT 7 T RoRl 0.05 A ST I

4 EASM F1 WPSH xi#visia8 5 & a1
Nl ¥z BE 73

LSS RO PR W TR AR T b Ik AR 4 1) %
G, JEH IR ARG AP FIAGHY BB (1)L
T, 20110 gl RO R0 2 ZE R ) i
HEAT S AR WP IR T 48 T S A 5 TR G
R RN B AT T ) — AN .
I L VAL A S T EASMRT WPSH X fif
SR ) S A0 i 1R N RE g, e 2 it
AR A o EERER.

41 HKIEEZENX,

A N E 0 A =R =57 N T S ER = A 7]
ENSO 3} 4> 3K A5k 5 45 (1) 4 b A2 22 1) 5% i) d 4y T
B, —RAEIT— I KEEA R K ENSO i
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523 M 2 A YRAE EASM 15 i A5 4, (Webster et
al., 1998; Wangetal., 2000).

A I EE A TR ) EASMI UL H5 % 5 s
DUEREL AR DG A A i B 2 1 1) (181 5D, RINAE
M, EASMI 5§ 4 1) ZR 18 T AR K1 B
5, BIURLT ENSO M2 [ A, 1iifEHZ1%
AR AT, BT HZE, 78 KR /RE
HORTE o Sl HH IR T R SR IX RINE AR G X, (EG b
BRI VSR AN o AR, =AM T
M EASMI 517 4 1A 7RI AR K FEE BIAH DG o0 A1
SRR, HAFHOCR Y B win, H 575K
PIEMIEAH KRR B . AFS, =M
R PR LA G DX R AR DG AR SRAEAE, AHAH G ik
59, BT HEZE, AR TE KB A 55 1) FUAH
IRIX,  TTAE R AT X AR O X BE AT . 1
e, BT EASM 5536 pu kS vE AR iE
AR AT I e 5 TR A DG LU A N 5 o

H T =ANB T Y EASMI RSz il i (1) 41
KRR GWMA K Z, R —2 0
38 R O 2 PR i 2 o R A B 11 i 2ok P
R BT AR ERARRESS, e
AR, I HIRZEZ [AAF A S 2R I AR AR
FAER o AR (R 2 AR R % 2 A
ORI A 29, (H A SR 3 R iR RS,
PIAHOCOC R UM R ABL, )26 B 2 E 25 B Tl
P AN o 0 SRR P 3 1 v — A L
VERAAAE I B 22, B T 5 B b i Aok
b, A PN O AR AR DG ) B R
FEARSR O, BRI B — D M T A
525 e BTN ) EASMI F555 5 15 7 (1 v
MR (B 6) RH], = MR
(1) ARG TP A7AE 5 I AL A DG X, i HL
NCEP #:CH TCC B AE #haly Bl FE v A 47RH OG
X o 7E R ZE T OB VE A DG X 3658, NCC #EX7E
TR AP BB IEAR CIX, 177 NCEP #isUF1 TCC £
AETRTE RV PE A S X B AT K« R A Nifio3.4
FERAE ENSO Sifbas s, i —2 0w |
H EASM X ENSO 4hsiia i e )y (8 2), KN
TCC BLTMITK EASM Fij ] Nifio3.4 FEEL R AH G
RECE MM B A, B TCC BB ok FL sk
BT EASM %} ENSO FHAF MmN . Kitk, NCEP
B AT TCC T EASM -5 Bl REVE T
SURIT i) SO0 0 S5 () e S B4R, TR R R AR ORF

FE R R S R e S R 5 o AERE T 55 A PR AR
2, NCC R TR K EASM W F0as AV 1ir 010 [+
SO I e A S 2 w5 . FR T AN
R T ) EASMI FITH N2 B 2= IR A O 55
A 5 WA B P e 2, DR LA o [ Y o SR B
LR S EASM A X i —AH T4 Bk FE#4S
AFAERCR B, JUH S NCC AR,

FZ 0] PR LR RS S ENSO TRl ) — > 254
M FEE R R SR TR 6 ENSO [Ttk 4%
546 4. 5 APGH R, 80 ENSO TR 45 = A= 4
KA E RIS (Webster and Yang, 1992;
Webster, 1995). =M K] EASMI JGig 5 5k
DU ZR IR A 2 5 TN (1 2 AR DG, 7Rl
HHR TR SR SR, NCC B A7 AH DE X 1)
SRACICHT R, AT ENSO TR 43 25 ] PR Pk
Rt 234 i EASM Tl 25 S AN e vk, 43
EASM ¥ TGl 8 Z= 59K

F2 A FNFOW M A EASMI 43 3 5 Nifio3.4 $5 #8948 5%
Table 2 Correlation coefficients between the EASM index
forecasted by models, the EASM index from observations
and the Nifio3.4 index

N Nifio3 .4 5% REATHI Nifio3.4 F5%

DIF-1) MAM@©) IJA0) MAM©O)  JJA(0)
NCEP Tiill EASMI  —0.74*  —0.688*  0.022 -0612% 0261
NCC il EASMI ~ —0.83* —0.672* 037 -0642*  0.713*
TCC il EASMI ~ —056*  —046% 0402 0376 0264
A EASMI -048* -0229  056* / /

e 1 RET—4E, 0 HAETAE; IRDEE “*” Hrdoriiid 0.05 B3
PRSP IS vk 56

42 BKRKEFRHRTSE

A —E KT AT SR 1) ENSO B (V)
FN A TIEFINAE, A ENSO X WPSH %11
B K, PRI A RCPERE (V) i 5 8 1 2K Walker
IR (JR55) WPSH. FIAHGHFEIREVERE (&)
Il e R R BT N U R AR, Al n] DA A
(9%59) WPSH (Chung et al., 2011). fFHZ, 4
ENSO Bz (%) FFA T3, 75 ENSO K&
W T A ROV AW (BRI kG BN
S7E R R (U9 WPSH (1 3 ZEA 8 R T (Xie
etal., 2009), 7EXE =, W T mM) EFsCes MT—
TERKZR IR 1 S 0 PR AT B BE VRS B I AT 2R
PR RS 2%, PEKBE S48 5 WPSH (1) 32 LI
HRoRIAYE (Suietal., 2007; Chungetal., 2011).
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Fig. 5 Correlation coefficient fields of the EASM index forecasted by models and the EASM index from observations with the observed sea surface

temperature in preceding boreal winter (December—January—February, DJF), spring (MAM), and summer (JJA). Shaded areas indicate the correlations pass

significance test at the 0.05 level. —1 represents the preceding year and 0 represents the current year, the same below
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Fig. 6 Correlation coefficient fields between the EASM index and the sea surface temperature forecasted by models in the spring (MAM) and summer (JJA).

Shaded areas indicate the correlation passes significance test at the 0.05 level
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AF N 1L 23 B RS 2 TR0 ) WPSH R A/ 5 AL PR g [
B, TR T AT (1) 3 22 WPSHI 55 52 Bt ifg il (1)
A A BEZE AT (& 7), g5 ], e,
A 11 7R 38 T AR ORSFF BA R AT B RE v 7 IE A R
X, SEIRLITF ENSO B s m) o0 A, AL T H 2
WPSH *§ ENSO 4y (Chung etal., 2011),
HEBZEIRE ARV LI IEAOGIX S 2K, 1 #viy
B REVE I IEAR DG D U RS0, S Bk T 2= IR B A
R E 2 WPSH B ER3m (Xie et al.,
2009). BT E ZEHRHT EREVE ) IEAH O X 46 /N k59
M0 AE P8 R B2 it 0 — AN IEAH G IX, B T 5%
WPSH (1 FAAH 7 I I IR AR AR P R
EITEE VAR Ay [R) 300 7 P K B8t (Sui et al., 2007; Chung
etal.,, 2011, AL X I AH G X 1) 4 AT S 2= 153
ARG 2, FERIAE AAET NCEP 1
FITCC B AE A ZR 1 7RIE T AR LI IEAHOGIX
W55, 1 NCC B nm Hfp L8452

] 8 2 A I (1) WPSHI RIS 20 A 55 40
iy, I =ABEAE AR ZE I AR T8 AT R s B
FEA RE MR A CX, MAEEZE, FRild 4k
AVEE I IEAH DRIX LAY 2, ARGy B BEVE IR IEAH O
DX AR SR ST i, 17 PG A b ) LA S X U K
5o AERE TR, =AM TN ) WPSH X 4522 1)
TRIE T R B ZE R HRGY BBV A0 KTV 1
VT S N P N DR, A DG A3 S A
B2, XU AN RIS S WPSH A7
SR — A T B R AR A B b

=AMEER TN ) WPSH 5 T A 75 2= iR A o6
TEFRTE RSP ARAE R R I IEAH DG X, PRl
ENSO 0l [ 4 25 ] ¥ 41 P Bt 5% A7 0] Ge 4 n 7
WPSH [\ 2. dhab, it e B 7o i
) WPSH %t ENSO HAFmi N fg fy (K 3), 8k
AL T () WPSH %452 Nifio3.4 i X i Ah ik
A P W 5 2 s, NCC BT WPSH %f
ENSO (1700 B, §E B A4 5 5 A0 B 20T

zi b, =TI EASM Al WPSH X #its
TV UL e T ) 1 il 2 1 R AR KRR L) bl A —
£, {H NCEP #:CF1 TCC BizUHi K EASM % §
WA AP EERRT IS [ S0 B0 B B8 3 1 Rt
Mg 12 LG 558, NCC A5 TR0 (1) EASM ] i H1 A [F)
ST ARG DR P V0L S ) 12 1) A8 B Wt o [
I, = ANBEC TR WPSH S 57 5 A [ s K
S AT B R AT DR VG Y P O S e 8

SR o = ANZE AR K B R
Fi5C Py 65 EASM FIl WPSH 4 < (1 — A B BE
W FEESAEAE BB, Bt — 5 i it

=3 HERFNFAINAY WPSHI 43 3 5 Nifio3.4 $5 # Ay FE %
Table 3 Correlation coefficients between the WPSH index
forecasted by models, the WPSH index from observations
and the Nifi03.4 index
MM Nifio3.4 F5%¢ BT Nifio3.4 5%k
DIF(—1) MAM(0) JJA(0) MAM(0)  JIA(0)

NCEP 7l WPSHI ~ 0.75*  0.681* —0.063  0.737* —0.08
NCC Wil WPSHI ~ 0.77*  0.614* —0.147 0.707* —0.413*
TCC ¥l WPSHI ~ 0.74*  0.752*  0.024 0.857* 0.191
OBS Ml WPSHI ~ 0.66*  0439* —0.322 / /

e —1AH—4F, 0 4R DR “*” Bovdonilid 0.05 W%
AT GEvh Ko 5

5 ENSO 3% iF & ZIR57 5 B 220

ENSO X 43k B4 A 4k 2 M 2
Wiy, Wangetal. (2000) WF57KM, Bi—FEKToL
TR HEMN) ENSO g (V%) 2k (9k55) EASM
SRIE . FEEHTA Nifo3.4 XRS5 6 2R W
WRARGAH L EWSMRIEER, R —F K=
47849 El Nifio F- kA48, W 4 HT4E 4 El Nifio
M, KHhE LT La Nifia 4F, WSRT—FEMKE
BUH AR ENSO kA, 58 SCHRTAE B
(Normal) 4E. Z2% NCEP/NOAA Z=15 V4R FHAF1)
HEVE Nifio3.4 5%, EH 1991~2013 4] El Nifio
(1992, 1995, 1998, 2003, 2005, 2007, 2010
), LaNifia 4£ (1996, 1999, 2000, 2001. 2006,
2008, 2009. 2011, 2012 4F) LA iE%H (Normal)
fE (1993, 1994, 1997, 2002, 2004. 2013 4F).,

X =AM, AR 850 hPa &
lia) JREE = FPEEA 1) EASM. I #Gi X 3, (25°~35°N,
100°~150°E) CTajF ] Ay DX 3580 Ay X 4k (10°~
20°N, 100°~150°E) C(fapRAhay X4 ~F- 35 4ax) i
# (mean absolute error, fajfFk MAE) ARk #f Lt
E—3 (K 9). T NCEP i, 1FIFH I
X 35 ¥ MAE LG 73 2R PR 1) /)3 s 6T NCC A,
7t La Nifia 4 [ 8| #17 X 45 1) MAE Eb 53 48 PRI EE 47y
[F)7: 65T TCC #EaX, 7 La Nifia 4 [ @Il #ify X 5k
FHGHE X L) MAE #EL 55 4 5 Rl AR 5 /N o 7E
WPSH X1 (15°~30°N, 120°~140°E), %} =AM
A, AR 500 hPa A7 348 45 Wil
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El Nifio 4FF La Nifia 4E ] MAE /i fiE #5 b e 2k
8L, HIEH4E) MAE ZELE ENSO 41K, th4h,
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Fig. 9 MAEs (Mean Absolute Errors) fields of 850-hPa zonal winds (units: m s ') forecasted by models in three types (El Nifio, La Nifia, and Normal) of years
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Lb7E La Nifia 4E KIRZ . KIbk, AHLG b EEL,
TCC #i:U%F EASM HI WPSH (1) #iiilll & 1 ¢ El Nifio
R,

AICHTM R O &R, TCC AN HE ==
WPSH [ 750 I 52 T5 41 1= 55 A AN A 8, 7000 1
WPSH $5 805 WIME A D¢ R 5N 0.48. b4k,
TCC #i1K) WPSH ] MAE 7 El Nifio 4F LL7E
LaNifia KIRZ, HLEWEEFFEHIL (B 1D. E
5b R, TCC #EA % WPSH (1)1l 2578 1992 4
F1 1998 4EIX A El Nifio 4E 52, B ANAME %S
WPSH [P i 22 AN &b 25 o 1992 AE i K Bl iy 447
R ALK El Nifio SH4F, (R Y FT4F AR B 42
WA ENSO HE K4, 1 1997/1998 4E 2R TR
¥ ENSO BEEAT, ex ABRAE 4 T HE N5
W) (McPhaden, 1999). TCC #ix %} WPSH 7rix
AN 1 EL Nifio 4 SR04 75 1S 1] fE & TCC A
XF WPSH [ T 4% T8 % 1 55 A A5 ) o 22
Nz —. [FI, X ENSO S5 4R W H
TITRINAE B e, 2 R E  T] TR YA .

6 R4&5i%ie

IR SRR H B B B K AT S )5

DR AS SOR Y foi ) = A 2= A o, k25
W7 PN O R A TN RE S
SEVPAl T = AN P SO A I KA Ak
TR AEERR AR T RE J), AEBLEEA L, s EF
it TN R ZE K (EASMD FIE 2=
VORI FAH 5 . (CWPSHD i B2 1R F0001 g

WL BT T EASM A WPSH S HA Vi S5 1) i 12
fAES1, W 7 IR ZE R AT RESRIN, IR PP T ENSO

A% EASM A WPSH Fill () 52 m , = 22458 W k-

(1) =AM EASM AT WPSH #BH2A 5 &1 1)
TiRE TS, {H TCC #x6 WPSH [Tk £ X5 A%
BIG. NCC Bzt EASM F1 WPSH 88 J3 Yl 5 4
AT AR TE T P R E AT G 2 ERBy
BV v g 2 AR T OUMEL,  HLYmtil ") EASM Al
WPSH )4 B A8 A0 LA AN o = ANBE 2 F 0 1)
EASM I WPSH HUULII #5242 11k 1 st 3, NCEP
FEZ T K] EASM F1 NCC #2200 () WPSH 25 1k
BsRE A S WM A —F, (2 NCC BT
EASM I NCEP A5 TRl 1) WPSH 2 11 388 Jinie 941
b EEE v
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A WPSH A il 5 e . fe 77, 25 SRR,
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V1) T SR ] SO 00 S ) i 3 58, ) AR AR
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T FAG T Ul S R (1 O AR 2, S U0 B 2 P AR X
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o FUIRE, —J7ii2 By H s s ) 2 ad
FEFA 4D 83 57 ) 2R V. 32 ZR A (R A B L o R A TR
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