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Abstract The possible reasons for anomalous tropical cyclone (TC) activity over the western North Pacific (WNP) and
South China Sea (SCS) were studied, and the possible effects of dynamic conditions and the thermal state on the
frequency of TC genesis and landfall, derived from circulation patterns and boundary forcing, were analyzed using TC
data from the China Meteorological Administration, NCEP/NACR reanalysis data, and the outgoing long-wave radiation
data from the US NOAA. The results showed that TC genesis was much less frequent than normal but that TC landfall
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was near normal in 2010. The TC genesis locations were west of the usual genesis longitudes. The circulation patterns
leading to fewer TCs were characterized as strong western North Pacific subtropical highs and South Asia highs,
westward monsoon troughs, and vertical wind shear, anticyclone anomalies at low and high levels of the troposphere over
Lake Baikal. Each of these features does not favor the genesis of TC in the eastern part of the WNP. Boundary forcing
showed that the tropical Pacific experienced an El Nifio event that ended in the late spring and early summer 2010 while a
new La Nifia event formed that July. From July to October, there was a positive sea surface temperature (SST) anomaly
over the WNP west of 140°E while convection was suppressed east of 140°E. The subsurface temperature over the warm
pool was much higher than normal, corresponding to an 850 hPa easterly wind anomaly. This thermal state led to the
monsoon trough moving west of its average position and TC genesis in the eastern WNP. The SST and subsurface
temperature features in the warm pool were the key thermal factors in the lower frequency of TCs in the western WNP in
2010. Further analysis showed that there was an anticyclone 500 hPa wind anomaly over the middle latitudes of the North
Pacific from July to October 2010. The easterly anomaly to the south of the anticyclone was accompanied by another in
the west of the WNP and SCS. The easterly anomaly extended southward to 25°N and westward to mainland China and
the western anomaly extended northward to 15°N. Such a wind anomaly pattern favors the westward movement of TCs
and then making landfall in mainland China. These are, therefore, the circulation conditions required for much less
frequent TC genesis and almost normal TC landfall.

Keywords Tropical cyclone, Western Pacific subtropical high, Monsoon trough, Vertical wind shear, Subsurface sea

temperature
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average from 1971 to 2000)



3 1 FEPRURSE: 2010 SEPYALACVE L B e UGS 3l 7 1A B IR 0 A

No. 3

GONG Zhensong et al. Analysis of Anomalous Tropical Cyclone Activities over the Western North Pacific and ... 345

ZTHIN 8H2M 9 H1A (£2), 11 2010
A T ARG, 3L 9 H 3410 H 14
Hl 2010 4F 9~10 H ¥l 5 ML 1998 4% 34>, &
SIS E € =2 A PN IE NSO s v S = o i T
TEMTER A : 1998 AR 1K 6 fili st 76T AR BRVL I LR
HIX, 1M 2010 4FAT 2 A TC RBRIL I AVEHE X 6
i, Bl 2010 4F puAT Hvits Ui W AW 2

1 AFE TC iR SAE

Table 1 The frequency of TC genesis in different positions

120°E LA 120°E~145°E 145°E DA%
1971~2000 4E-F-3) 4 12 12
1998 4E 6 8 0
2010 4F 3 11 0

&2 7~10 AR TC IRH
Table 2 The frequency of TC landfall from July to October
71 8 9A 10 /]

SEAT 2SRRI 23 2010 A Ry e AR BGUR M
HW P IR S R S 2D (H R e R A
7 TN THTBRATTRE KR IR R AL AN A1 5538 15 5
(£ BEREAT AR B0 A

4 ENIATHESNEE H R K SINFTHEHE

41 BAEFRHATEE

CVE AU B, s e TR AR Tl o %
M) 25 JXUAR (19 6 26 1) A0 6 3 T 52 ) ARty e PR T i
f7E (Wang and Wu, 1997). 45 i M R i 4 53
R R AT, = KR R O PG X AR e, AT
PSR PG G T R 00 A= o

2010 4F 7~10 H, 500 hPa =& 17 (& 2)
BoR, PEARCPIE R I i ook, TRz iz K

e Pz w0 TR, PR AU SESH G, 7~9 AT
o055 , 1 s % 110° LAY, AFLRSHH il ARIRSRIE, P

60N 60N

55N/ )| 55N

5ONY// /- 50N+

45N 4N

4N ; AONN Y -

Ll N 3N /o

NP5« 30N\

25N 1 25N

20N 20N I :

10N]+- 10N+

SN+

s . ®

£Q

60N
55N
50N+
45N. Y YRR >
40N :
30N
25N :
15N_ . B . PR T

60E 70E 8O0E O9OF 100E 110E 120E 130E 140F 150F 160E 170E 180

"N WA, g

EQ t T T T T f T T T T T
60E 70E B80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 180

B0E 70E B80E O0E 100E 110E 120E 130E 140F 150E 160E 170E 180

60N
55N 1
50N 1
45N+
40N+
35N
30N
25N
20N+
15N+
10N+
5N+

" S A TN L@
60E 70 B0E 9OE 100E 110E 120E 130E 140E 150E 160E 170E 180

2 20104 () 7 A+ (b) 8 A+ (¢> 9 A, (d) 10 H 500 hPa i £ #E T3 (Ffii: dagpm) CHHZZZk: 2010 4 588 dagpm 45{HEk, FHMELE: 1971~

2000 4f:~F-¥J 588 dagpm 2541 £k )

Fig. 2 The 500-hPa geopotential height anomalies (dagpm) in (a) Jul, (b) Aug, (c) Sep, and (d) Oct in 2010 (the thick solid line represent 588-dagpm isoline

in 2010 and thick dashed line represent that averaged from 1971 to 2000)



= ks

e 5

346

Climatic and Environmental Research

Bowt gt 18 %

\Vol. 18

B RUE S DE B YR E (1999) 113 H 15
BRI 2010 4F 1~9 H VG AP BT iy He i
RO e, JUIE 7 AA 8 HEREN 1951 4
DLk, 10 HEIS A Brkss: 6~8 H
PO S AP RERE R 1951 AELURIGDI 56 1
£, ~P¥ITE 90°E Fftif, 9 H P sifi & 1E 100°E
BT, 10 HAZR#EE 135°E 244 Bl EB LA
B 6 HAWr, 7 HE6L%E, 8~10 H 5 H
k.

T 2010 4E (1) 6~8 H il kR oo, il s
I VG v 22 90°E P, H EWIH| s 2 B o
FEIX A R () B AR P R, 2 XURS AR HE I i 2R
i, 2= XN A0 ) 8 AR TG ) R e . A Ui
AR X I (5°N~25°N, 120°E~170°E) 3t
Al s G, LU oURoh (B3, il T
IZH DO R RS, AR TRty U I AR . BRIt
7t 2010 4F 6 H&AHEEs), 7 HBRA 2
AMERS. BEE 8 HPE R REI G R Ak, #iy
A TR TS A K
42 FEXEMEEXTIT

7 AR I b 2 BRI 2RV B 2= R R ARty e Hs
BRI AF KGR AT, ARt e 2E il it
ARIIF) 1554, T —J 8 Wright (1983) f& i
Ay e I 22 AE M /DA, AR JE 2= KU ) 90 A 2%
ANI], PG AGORAP-E 2 AR 3 i 0 1m) R 9 R A 2= X
Iy, AT AT ER AR, i B AR

B B 2] s 120 AR 59 I AN Ty e A=
S H A A BT . — BB DL, 7~10 HZERUAE
Z P NPT ACHERE, AR5 XROR B RE . AR A
()25 78 ) SRR AR, LA B AR 45 Bt 2 4 ) 2R i
J&, AR AT 150°E PR,

R FAGHT T ) 53 A — A R A B A 3=
S ) AR . HE AT AR R o R )
J&&, AT Co R g 1R JE 1% ( Demaria, 1996)
e 5 KD AR A /N o] DU AT A5 H1 3 1) 6] it sk 46 i
IR RS ThAE— M BRI ) VE ), e
AIERE T BESe, TE RO E5 R, ARG
BN TEABT N, AR THe e TE . 1E
TS IR EREIAE (26 R AR /N T 10 mis)
REFPERPAE AR, s H ARG . 2=
IRBUR RS T 505 Wl IR RSP VE VTR, R BT
W& R N F S R G 8, HL )2 R B D)
BN, IR B ESA B RN, A AT
o ER A RBMEME.

2010 FHZEXMEE S LR (B 4), F=K
FELT B S WPY . 7~10 HZR XS 4R AR 7E 120°E
BT, SIEWAEME, 2010 4FEZ XA 4 i A7 B R
WAEMPY 30 MR, BbAk, WA R S A
(1) 55 2 T XD AR AL B AR AR Y, LY L R
AN, XSG 2010 ARG R A AT B S i T
(M EEB) 5. T2 XU i g 3] 120°E
BT, A4S R AUE AR i R L 2 — ) 145°E

100
q—g—-k'\fbv)—P_)\‘—b/’/'%‘dgrq—%«d-ﬂdiv"(‘-vl N
200« == NA A A>T ._.\'\.x‘ B B R Y e TN
(.«'\\\" f}'/////’/v_._.a‘\ill‘lr**‘ (PA% 4444444
E 300_‘*‘.\'\5\\,\1A41.f’)‘.q.,,,.&vll“.".‘*‘.,‘ P N
. : v : v :
400.‘..\,'\;’\\\'\K,RRT114,44<,‘,“‘Jl,.r»4 ﬂ)‘f
500+ < ¢.‘!\§\\\\'\.R \.‘.1.1.1.1‘ Ao, ‘ R R S ARt 7 )‘ Ay by
6004 < ‘.‘v.vgf\v'\\\v'\.v'( t T?rfff L T S R A R 1.7
7004+ ,....v%\\\’\\.\ 1 T’f VoV Vi ;.,., P BB T R
S EE RS R A I DU IS SO
9004 5 s wh w kv \\'\\v\‘,// PRI IR B AL I R P e
1000 = T

40S 30S 20S 10S EQ 10N 20N 30N 40N 50N 60N

3 2010 4F 7~10 H 120°E~170°E “F-3 4 P PRI AU —25 BRI TH Pl (28 1) AURIEE I8 RE SR mifs)
Fig. 3 The pressure-latitude section of average meridional circulation (units: m/s for the meridional wind and vertical velocity) over 120°E-170°E from Jul to

Oct in 2010



3 1y
No. 3

FEYRMNAE: 2010 £REPH ALKV S g Rl RS sl 5 B B ER 20 W
GONG Zhensong et al. Analysis of Anomalous Tropical Cyclone Activities over the Western North Pacific and ...

347

DAZR KT 1 DX 5l = 40 46 10 20 A s R B4 e
JEHIZ) Sy 4k, B 2010 4EFEZXIRBA Ft S
JiE A 1o
43 BISERPSHEIRR
VENARWZER R G LI, R A
e FE R IR 23 R ARG U is 8 (B RS
45, 1962; [REXAE, 1965; T —JLMI Wright, 1983).
T V. 75 2 b~ Bk 2 A I A 5 v i S AR T
X 22 B ke IR AUEI &
Gto PV A B R 5RSG AR A6 B AT AR VK

TWQW*’A“ T
7 N—

=i}
=

S
=

>
=

\f
J ' /
20N i.\ :y % ¥

SN

—
‘~
S

S

—————2\

Bl 1t DX AR RS AT E R, 0] FAy UE
(R BN AR o FE O A B 22 (A4, X B
=)= 100 hPa =i & b NP vh s i fhom, 7E
f Ji BT B R, 99 T R R R
B s ARG SO A L A AR, iR B DR
B o 1/ B S € I = A 4530 [ i O s 27 0
7~10 H A hEw >4 50 2 (1) 100 hPa & J&
W2e(alE (B 5a), Hikm il B B IEE, X
57— Wright (1983) %} 500 hPa 1 £ 37 1173 7
— 3, U e R R SRR ORI, B e B R

NN s
- ({{{'J\?“\l\“b\‘—!%/’?‘==l‘\' |;WI/I/';Z \\\\»( &(((
15N %%%4.—:?’) 'lg”») \

40N

A

7
\\

NOEAZ IR 2
2l ==

Y/ /jjf((’i

2
= ‘;‘@‘ \v———-—
I —
e S S i

NS
60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 180

180

B4 20104F () 7 H. (b) 8 A, () 9 H. (d) 10 A7 850 hPa FiIHFIZ XA CHHLk). BIRIX R k)2 Ml I 5 )45 <10 mis
Fig. 4 850-hPa stream line and monsoon trough (broad-brush line) in (a) Jul, (b) Aug, (c) Sep, and (d) Oct in 2010 (the shaded regions stand for vertical wind

shear <10 m/s)

60°N

40°N {3

20°N e / .‘ i

10°N

EQ (a) :
20°E

40°E 60°E 80°E 100°E 120°E

140°E

60°N 172
soon\ VA i S A TN AT
40°N {0

30°N

20°N TR A

10°N 1

£ L®)
20°E

40°E 60°E 80°E 100°E 120°E 140°E

5 7~10 1 (&) TC {45 £ 4F 100 hPa i B3 2 {HAT (b) 2010 4 100 hPa i fEA R (BRf7: dagpm)
Fig. 5 The 100-hPa geopotential height from Jul to Oct: (a) Difference (dagpm) between more and less frequency TC genesis years; (b) anomaly (dagpm)

in 2010



o HF R O OB R 18 %
348 Climatic and Environmental Research \Vol. 18

55. 2010 4 7~10 H 100 hPa = /&7 (& 5b)
BN T v B LR 0 M DX v 3 S R v
Wt B A IV s A

850 hPa W7 I, winPmids Ay 2 Wb, KR
Par XSS (B 6ad, DRI ANF T2 XU 1 - 1)
RAPE, 1 AT A U B ) A 2

2010 4F 7~10 H, Pudb R (20°N~40°N,
120°E~180°E) XIS MIXI = FIE R 2R AR, 3R
BPE XSS« H TP Xkgs, 7812 DX ek e
JSC AU, FLARIE S S U i (]
6b). A S ABEA RO RS (B 6)
B IR AR RS () e PR PR PR A, 1%
RN R e = N iR AR Nyl IE DA IS ey =St R /L (1972
i 1) XU 5 G A 7 e R 2 20 1 e T D) AR i 2 I
FHOR, WIMAR TR GRS, AR T2
FETE ORI AR A, RG34 AN A2 o
X5 E4ZE (2007) HIRFFRE e —5. Ah, 1
UK R, i fE )2 (200 hPa) it /&
{EAIRZ (850 hPa) H#AF-AE— A RUiE. 7 R
AREARIN PR AL I o, 850 hPa F b KUtk
P L) B REP 3] 20°N P, 44745 52 2= KR AE R b
ek, 1R 2010 FE R EMTS (BN RS,
2011), DRI XA AR 55, AN T A SO0 (14 26 1

BrAGFERIA R R Go0 iy eS80 1 ELRE
A, B Rk A R PR I SR ) 2B Rt 25t
WM (%%, 2006). HGSEiERZET R
W) (AAO) P AL R s e A i iR
HBERRMFFKFK. 2010 4F 6~10 H AAO &b T
S IEAAH , VAR TR DX 26 i) XU T L D) A
IR, AR XERE R 8 AR (K 6a),
2N AR (8 6b), IR SBERAE AR -4
WER A N 2 o 2010 4E (1) AAO SR iE
KRR E TRES (2006) LR

50N

5 EMRAKSINSTE RSN RIBHHE

51 BRRE

2010 4E£: )i T M EI Nifio =FfF 1) La Nifia =4
(R, — R 255 1K) El Nifio FH1E4E 2009 4
EFNEAE G, T 2010 FEHEREYIRENHT:, IHT
2010 4F 7 A% La Nifa HfF. 2010 4F )5 2E4E,
TR AR AT N S A K, PRI Dy S
R 7K o DRI IHG 120 A At e A4 st i 78 PR AR AU A 3=
FAILT La Nifla SR 7 A1 D0 s Ui is 2))
52 (Chan, 2000).

MPGIE AP iR, 2010 4F F4FE
4T El Nifo FRZEskdl], Sy PU AR b f
-, HB IR 21 52 B, AR TS 4 . 2010
£ 6~10 H, Bt LaNifa LR E, FETHRT
PERHRYERR IE R, 107 140°E LLZR (K H K P REHE )
MR HTREE R A EAER, {673 140°E
DUAXTIRTG S Az 246 (&l 7D, 17 140°E LAPY
2 100°E FRORT I B S hnai,  DRDEAT R 1Ay Ui
TEZIMHRAE . 2010 ARG UNErE KRS B4
D3 T IANTE BRZBARXHE B AR I F . ) bl 1998 4F
6~10 H AR I~ o0 A, PEORSPAE R A IE R
e, PR R SO, T AR TR 1R
o HHPCEE A 500 5 2010 AEAHL (AROKF
PRSP ANR], AR By SO E 20 (1 B R 1R
N XL 1998 4EK 140°E BLZR 4T A
R S AR R AR AR TR RS sl .
5.2 REEEBE

AT — 2822 WE 5T T P4 A6 KT IR ) ey
ATETE BRI EIR, 25 S I it b X IR 3 2
A B R RN R A B A O (RGN B
FEHE, 2006). fEX ENSO HHAFHTHI(E 5 [BE s

45N 7
4Ny
35N
3N
ol
25N v
208
15N

1N H

SN
EQ

50N

45N

40N
v

35N

30N

25N

...... :
.« < g R4 W
Pt

Thoa)e o ek oy

20N
15N

...........

7 m/s
K6 2010 4F 7~10 5 (a) 850 hPa Fil (b) 200 hPa M (Hisk) MAANG  WEEY (SRR, $Ai: mis) 4pAi
Fig. 6 The (a) 850-hPa and (b) 200-hPa wind anomalies (vector) and zonal wind anomalies (isoline, units: m/s) from Jul to Oct in 2010
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