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Abstract The seasonal and interannual variability of boreal summer and autumn monsoon trough in the western North
Pacific (WNP) and their influence on the large-scale environmental factors of tropical cyclone (TC) formation are
examined using the ERA-Interim reanalysis data during 1979-2012. The results suggest that a pronounced seasonal
variability of monsoon trough over the WNP is shown. During June—July, the monsoon trough and deep convection over
the South China Sea (SCS) and the western WNP in the 5°N—15°N latitudinal band, and are extended eastward. In August
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and September, the monsoon trough and deep convection shift toward the north and extend eastward and are located over
the SCS and the western and central Pacific in the 10°N —20°N latitudinal band. In October and November, the weakened

monsoon trough retreats westward and southward. There is an interannual variability in the monsoon trough over the

WNP, During the strong (weak) monsoon trough years, the monsoon trough extends eastward (retreats westward).

Seasonal monsoon trough activity is influenced by interannual monsoon trough variability. The change of large-scale

environmental factors coincides with seasonal and interannual variability of the monsoon trough.
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jillls

1 3

VO AC P e A BR me i e —, H B
R AR PG A G X (TCs) FEAERIX Iz
—, WYY 13 TCs A8 i bos A2 pl
(Elsberry, 2004), {EPAbAF AR TCs 1 —
KESS> ) PUMIPR AL T A5, JFAEhE . JEEE
R AR R, R 1K S ] 5 R T )
SRR FIE RN AT, FRIE 2R F# 52 TCs
KERMENE KL —. g, FRRFEAE 78
A TCs X FRE R B g X, AN A4 nl ik 2] 12
N2 %, HIRIEE R 200 2400 N IR T &5k
FEET NN AT RO, 2007),

PHAL A B4 2 TCs & TAR X
W EAGE TP AR R JE AR JZER AR
i, W2 TCs A 44, T HAE = AKZ=00L
KAVPE A TR XA R Z Ak o PEIE R
FEAY AT BL A TCs A= e SR 2 R 4 & A1 Ui
PEAORE 2B, B B B D) AR
DA 78 2 IR K VA5 R R 5% 4 #F (Briegel and
Frank, 1997; Ritchie and Holland, 1999; #f 74,
2013; {4355, 2013; Cao etal., 2014), i HATLLA
TCs LSRRI B M B J) 4 FH(Wu et al., 2012,
2014a, 2014b, 2015a, 2015b).

(| NG B = =3 MW i B3 Tii o o NG B 2 1 o (A9
BKFE—ANEEPIARARS . M TE R
PUE, AFE BRIk B g S 2 T A6 ek, BT
R B IAE s 0] 2, I 5 I 7Y B 2 XS
hns ANTAE PG AR 28 T s i e e <, A
I, FERGHT PR B 2R E s P
R IFH, e g = XU A re Y A P L
KA B DGR R AR R E ek
() A5 A RAHAE I, K5 5 R WA TR PE R
) AR e s TR A S ) P b e, I AT A U R T
JEATVE B0 LR 2T = A o i iR 4 52

R (2006) LAEZEEARFNEER (2007) X BN
R N7 28 XK PRI T s 48 ) B Lo R AR 1
U T R ATFST. Feng et al. (2014) Iyt yk4%
(2014) 43H7 T PHIE A2 WA AR FRAZ A %) TCs
A R RS EE R AR 52 m . JE H, B R
MRt (2007) DL Wu et al. (2012) F1 Chen and
Huang (2008) 7347 T 78 30 K SF1 28 KU 1) 4F b A2
b B FEXE TCs TG 8 52 o it , AR (2016)
WEFLT PHAB AT 28 XU A 20 tH 20 90 AR AR AR i A=
(RAEAR R ER AR S o) TCs Akt sgmn . JEH,
TRMESE (2016) 7T PG KA Bt 6 1 A6 RS2
KAEFT TCs Az A B AAEAR B AR 10 1 5% i S 2L
,

DA _E 26 TG b P b 2 XA AR Ak IR F 5T
F EAE R T KA A B R AR B A4, HET
IR TR D o FERRARAL T T AT TR
2 3 BT R L AR — 2 R A 3 1 2 XU 7 AN
7] Je FCXE TCs W& B2, 1M T2 15 5 R A B
AT D o ik, ARSCHRIH ERA-Interim 7
I3 BT BORE A3 BT P8 A6 K S 2 AR (1) A A% 27 Rk A
T8 Y5 2 T FAE s AR AL ARFAE

2 AR PEFERER SIREFAE

2.1 FXRERYSUIRYFE

5155 TR, PH ALK P 2 XA & i g
FAZE M 5 IR TE A P RT3 A e T R 1)
i AR AT FAHT PH B SIS B O — S KR
et R RS B 1 2K H ERA-Interim 74}
IR A3 BORLRI 26 R E RV LR (NOAA) 1)
KM R4S Coutgoing longwave radiation, OLR)
PORLIT AT 1979~2012 4F 6~11 H5FIH6L
AR B4 850 hPa Yk 40 Al OLR 4341 M 1
ATCAE B, VLR WU R j il s 24
R ) 45 B AE AR ) 145°F BT VG b AP B2,
FERE R R 1B AT VU R 2 VS, e i AT



S =7 N R i 22 %
420 Climatic and Environmental Research Vol. 22

IRR U, AT R XA B KR G 2l R

= AR PR R e A7 WA (R ST Bl

22 ZFRIES TCs EMAREIMNEREFRIKA
RN I TR [ N o ol P I W

30°N

20°N

10°N

EQ

T 1 T T T
100°E 120°E 140°E 160°E 180°

200 210 220 230 240 250 260 270 280 W/m?

Bl 1 1979~2012 4 6~11 H P MVEALA T4 L% 850 hPa WLk Al
OLR CEf) . W3%%R EH ERA-Interim FE4MHT4 Kl (Dee et al.,
2011), OLR %I NOAA [ OLR % #l4E (Liebmann and Smith, 1996)
Fig. 1 1979-2012 climatological means of 850-hPa stream field and
outgoing longwave radiation (OLR, shaded) over the western North Pacific
during the period of Jun—Nov. Wind fields are extracted from the
ERA-Interim reanalysis data (Dee et al., 2011), and OLR data are from
NOAA (Liebmann and Smith, 1996)

30°N
20°N

10°N -0

EQ -
100°E
30°N

20°N

10°N

EQ

100°E 120°E 140°E 160°E 180°

FIZRY LA S T R DA = A ARk, Rk, 204
5 WA 5 X e K REE IR IR 1 () R R IR L B
(17, 8] 2a—d 43542 1979~2012 4F 6~11 HFH41
PHAL ATV 25 850 hPa it (IAH X . 200 hPa
SPIIEE . 700~500 hPa P25 A 61 5 DA
200~850 hPa T F{ A PJAF . IXLEK R EIRBER T2
e Feng et al. (2014) T HTHH A X MARH] . K
2a T LIS E ). 75 6~11 AIRE R 252
MCZA — AR AR oy, e Pa LR
¥ (5°N~20°N, 120°E~145°E) XI55 202
ARG PR AR R A, XS LT
INZENFEALEAIY) A JEH, B 2b—d LAy
AER: AR R AP LR (5°N~20°N,
120°E~145°E) |-4% 200 hPa 45 4 3 (1) 1F 85 43 A,
TEXRZET S FEAERIAE A, B2 mK
Vo STIRZEE 502 2 2 TG 555 1 2 X
)6 e E it o N O S R AT | N e S
R0 S T (39 P Wi i ] O B W =10 = W 1)1
Jnags MR R EAKARR AL §91E E DA,
X LG R REEIREE R T P ALK F TCs 1A .

kT b b B DY b K ST 2 AR T A X3

/Z/T//‘

T
160°E 180°

EQ T T
100°E 120°E 140°E
30°N

20°N

10°N

EQ <Ll
100°E 120°E 140°E 160°E 180°

2 1979~2012 4F 6~11 HFIMPEALATEE B2 () SR 850 hPa [AHXHIREE (Ffr: 107%s™). (b) W F L2 200 hPa U8 (HAf:
107857, (¢) 700~500 hPa FRIHIXHESE (%) LLE (d) 200~850 hPa 2 i) Kk (6 B HIAF CBfz: ms™) 4304. MIZRREE %R ERA-Interim

BT (Dee etal., 2011)

Fig. 2 1979-2012 climatological means of (a) 850-hPa relative vorticity (10 °s™"), (b) 200-hPa divergence (10 °s™), (¢) 500-700-hPa relative humidity (%),

and (d) vertical wind shear (m sﬁl) between 200 and 850 hPa over the western North Pacific during the period of Jun—Nov. Wind and humidity data are

extracted from the ERA-Interim reanalysis data (Dee et al., 2011)
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Fig. 3 Longitude—height cross sections of (a) 850-hPa relative vorticity, (b) 200-hPa divergence, and (c) the vertical velocity averaged along 5°N-20°N

during Jun—Nov of 1979-2012. Wind fields are extracted from the ERA-Interim reanalysis (Dee et al., 2011).
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Fig. 4 Schematic diagram showing the monsoon trough in the western North Pacific and its relationship to the background circulation
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Oct—Nov. Wind fields are extracted from the ERA-Interim reanalysis data (Dee et al., 2011), and the OLR data are from NOAA (Liebmann and Smith, 1996)
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vertical wind shear (m s~ ) between 200 and 850 hPa averaged over Jun—Jul. Wind and humidity fields are extracted from the ERA-Interim reanalysis data (Dee et al., 2011)
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Fig. 10  850-hPa stream field and OLR (shaded) averaged over (a) strong monsoon trough years, (b) weak monsoon trough years, and (c) their differences

during Jun—Nov. Colored areas in (c) indicate the difference exceeds the 90% confidence level. Wind fields are extracted from the ERA-Interim reanalysis data

(Dee et al., 2011), and the OLR data are from NOAA (Liebmann and Smith, 1996)
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Fig. 11 850-hPa stream field superimposed on OLR (shaded) for averages of (a) the year 1990 and (b) the year 1998 during Jun—Nov. Wind fields are
extracted from the ERA-Interim reanalysis data (Dee et al., 2011), and the OLR data are from NOAA (Liebmann and Smith, 1996)
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Fig. 16 850-hPa stream field and OLR (shaded) over the western North Pacific averaged over strong monsoon trough years for (a) Jun—Jul, (b) Aug—Sep, and

(c) Oct—Nov. (d) — (f) are the same as (a) — (c) but for averages over weak monsoon trough years. Wind fields are extracted from the ERA-Interim reanalysis

data (Dee et al., 2011), and the OLR data are from NOAA (Liebmann and Smith, 1996)

FE M X kA B s iiE 2l - H, A 16b R LA
FR: BT 8~9 H, FEXMAHY L WA
10°N~20°N [ g g AP ALK B, 1 H g 2R
2] 160°E BT (AL RSP Al B2, 5 00 A
XFR, i (R0 9 5 Bl X 3t bl 2 AE RS #] (10°N~
20°N, 110°E~160°E) (1 rg g AIPG LA P 2%
Ak, ME 16c nTLUER]: BT 10~11 H, T
FRIE I ) R ORI i A= S0 ) PE T, 2R XU Rk
9%, AR RIE, o T (89N,
160°E) PTG AL B, Ak By

G RIS 3l 40 A
52 SBENIERIER

FRE AT 4 770 2= XU i 2 1) 5 S, 1981 4F
1983 4F, 1984 4F, 1985 4F, 1988 4., 1995 4F, 1996
. 1998 4E. 1999 4E. 2000 4. 2005 4. 2007 4F.
2008 4F. 2010 4F. 2011 4F, 2012 4EPG ALK P2
AR S5 o 1120 AT 702 RUAE Al 55 48 0 % XU 110 2
AR AL

Bl 16d—f 73 7l 5 T2 Ul i 559 4 4 6~7 H <
8~9 HH 10~11 HFBi bR -F 4% 850 hPa



S =7 N R i 22 %
432 Climatic and Environmental Research Vol. 22

WML OLR HIA M. M 16d nfLLEH]: 7E
Z A5 I EAY 6~T7 AZ XS R EAL T SON~
15°N [ Rg g AN PE AL a M B2, FEAE X S
EORPNIE S HFH, ME 16e LIRS 2T
8~9 H, XA ILFE 53] 10°N~22°N [/
RIS B, T EL) 2R i 31 145°F BT
SOy N e St b O R P T E 0D PR 20 | P RN i el
Jb#F] (10°N~22°N, 110°E~150°E) [{15gH5F174
JERPE Bt tkah, MK 16f iE R 2T 10~
11 H, W FE7RES 0 o, RS iR
P AR i s ) R R AT, 2R R ek 59 e
¥, IR RGRE, AT (8°N, 130°E)
TP AC RPN 172, FFAE b DX sl 4 i 1) 6
WGB3 AT .
53 BEBFFENBEEHTUMES

MR TT LB A # iR KR 5 552X
FEAEDY, ZENEMZET RS2 . IEZE XS R
A, 6~7 HF 8~9 HIZEXAEARMHE, X}
LIS B DX 3T DLARAR 2P AL 4 160° E B
s MAES9 2= XRG4, 2= XA e, A

30°N

EQ
100°E 120°E 140°E 160°E

R Eeb e IR | o N e B AT I SR 1V B TR [ R
RN ERES Vas = i LT ey e o i [ S S TR =
T 10~11 H, B IRE S AR A<
TR VY T R vy s R O r A A, 22 XURE W9
Ky AR TIANE, o & om WA AR B2 55 7%
RAEAEAY, SRS 2128 55 I 18] PG L RSP EPE ) b2
W4 o

N T G B B0 KA 5 59 2R A A
P A 220, AR AT T W
Mo & 17a—c 43 5ext T 6~7 H. 8~9 HAl 10~
11 7P 05 5 992 KA AR P J0 T 248 850
hPa JRU ZE{E AT OLR ZEAH & i/ Aii . MK 17a—¢
ATUAEE]: N 6~11 Hilb 552 MR PU AL T
AR IR ZE I N TR 4 6~9 H
1T P & B AT oy N O S T = W o 10 S PR N i
17a F1 17b JroR v R ZE {8 s e T 75 58 28 XS A1)
6~9 HAVGIE AV VE L2622 1 3790 74 5 2
Ko SR, 2T 10~11 H, BETFRZEXMNE
JEARFE B ROR, IX I I PG R (i S e T (E 5
Z AR RS SS s JFH, AE 17a—c i& 0] LA

Q
100°E 120°E 140°E 160°E

30°N

20°N

100°E 120°E

i

140°E 160°E 180°

—8—6—4—-20 2 4 6

8 W/m?

K17 ST 552 RAEER (a) 6~7 A (b) 8~9 H. () 10~11 AFEIpgIb AT B2 850 hPa FAJiAll OLR CAth) ZAHMIA i A
SERES 90% WSV T, K% ORI [ ERA-Interim PR3 BT %88} (Dee et al., 2011), OLR % EHR [ NOAA [#) OLR % #H4E (Liebmann and Smith, 1996)

Fig. 17 Composite differences in 850 hPa stream field and OLR (shaded) over the western North Pacific between the strong and weak monsoon trough years

for (a) Jun—Jul, (b) Aug—Sep, and (c) Oct—Nov. Differences that exceed the 90% confidence level are shown in (c). Wind fields are extracted from the
ERA-Interim reanalysis data (Dee et al., 2011), and the OLR data are from NOAA (Liebmann and Smith, 1996)
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