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Abstract The present study analyzes the monsoon trough and tropical cyclone (TC) genesis over the western North
Pacific to preliminarily investigate the anomalous monsoon trough and its possible effect on TCs during different types of
El Nifio events for the period of 1948—2015. It is shown that, compared with that in the eastern Pacific warming (EPW)

years, the monsoon trough is weaker and its position leans toward the west and north during the central Pacific warming
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(CPW) years. In these years, the warmer (cooler) sea surface temperature (SST) over the central (western and eastern)
Pacific induces anomalous westerly winds from the central to western Pacific in the tropical region and stronger than
normal ascending motions and convective activities over the central Pacific, which can induce a strengthened and
eastward extending monsoon trough. Meanwhile, the western Pacific subtropical high is weaker than normal and shifted
northward, which leads to the northward displacement of monsoon trough. During EPW years, however, warmer (cooler)
SSTs occur over the eastern (western) equatorial Pacific; anomalous westerly winds significantly extend eastward in the
tropics; the ascending branch of the anomalous Walker circulation shifts eastward to the eastern Pacific; the monsoon
activity becomes stronger; the subtropical high intensifies and leans toward the south. All the above changes are favorable
for a stronger monsoon trough that extends more eastward compared to that in CPW years. Further study reveals that
large-scale environmental factors that are related to TCs genesis will change with variations in the intensity and position
of the monsoon trough. During CPW years, the cyclonic vorticity in the lower troposphere, the divergence in the
upper-level, the higher relative humidity in the middle troposphere and the lower vertical wind shear all move toward the
north with the monsoon trough. In EPW years, the above factors follow the monsoon trough to move southward and

westward. These changes prompt the location of TC genesis over the western North Pacific to lean northward and

eastward compared to that in EPW years.
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Fig. 1 (a) Time series of EMI index and Nifio3 index during Jul-Nov of 1948—2015 and composite SST anomaly (SSTA) during Jul-Nov of (b) central

Pacific warming (CPW) episodes and (c) eastern Pacific warming (EPW) episodes
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Fig. 2 Composite 850-hPa streamlines and outgoing longwave radiation (OLR) during Jul-Nov of CPW episodes and EPW episodes [monsoon trough line
over the Western North Pacific (WNP) is denoted by the red dashed line]
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Fig. 3 Composite anomalies of 850-hPa winds, OLR (shadings) and sea level pressure (contours, units: hPa) during Jul-Nov of (a) CPW episodes and (b)
EPW episodes; (c) the difference between CPW years and EPW years. Wind vectors in red indicate significance above the 90% confidence level
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Fig. 6 (a) Composite 500-hPa geopotential height field (m) averaged over Jul-Nov of CPW episodes and EPW episodes (red lines, blue lines, and dotted lines

denote the geopotential height fields (5870 gpm, 5875 gpm, and 5880 gpm) during CPW episodes, EPW episodes, and the climatological state, respectively); (b)

the difference of 500-hPa geopotential height field between CPW episodes and EPW episodes (significant values above the 90% confidence level are shaded)
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Fig. 7 Composite surface winds (streamlines, units: m/s) and 850-hPa relative vorticity anomalies (shadings) during Jul-Nov of CPW episodes and EPW

episodes (black dots represent locations of TC genesis during Jul-Nov and red dot represents mean location of TC genesis)
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Fig. 8 Composite mean (a) SST (shading) and (b) SSTA (contours) during Jul-Nov of CPW episodes and EPW episodes (units: °C); (c) the difference in SST
between CPW episodes and EPW episodes. The mean 500—700 hPa relative humidity and its anomalies (%) during Jul-Nov of (d) CPW episodes and (e) EPW
episodes. (f) The difference in the relative humidity between CPW episodes and EPW episodes. The mean OLR and  its anomalies (units: W/m?) during (g) CPW
episodes and (h) EPW episodes; (i) the difference in OLR between CPW episodes and EPW episodes. Significant values above the 90% confidence level are shaded
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Fig. 9 Composite mean 850-hPa vorticity (shading) and its anomalies (contours) during Jul-Nov of (a) CPW episodes and (b) EPW episodes; (c) the
difference in vorticity between CPW episodes and EPW episodes (units: 10 °s™"). The mean 200-hPa divergence and its anomalies (units: 10°®s™") during
Jul-Nov of (d) CPW episodes and (e¢) EPW episodes; (f) the difference in the divergence. The mean 200—850 hPa vertical wind shear and its anomalies (units:
m/s) during (g) CPW episodes and (h) EPW episodes; (i) the difference in the vertical wind shear. Significant values above the 90% confidence level are shaded



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

A7 EAR Y, S KA R Ik 56% LA L, T7E
EPW A= FH O 1) 5 KA DX A B A 2R 5 S5 KAH
KRR RTIE 52% A o sbAh, =R bR
1£ 160°E VAR W A X, 1 AR X m) AR 467
) SEAH o XU B T AR 2 2 R R R A G B2 43
fiEH AT CPW 4 TC A & mdt. i vh,
IMAE EPW 4 TC A= o BAHXS B « i 45 - 3) OLR
(/¥ 8g+ 8h & OLR (14341 ) #R/NR IR A I 3
BRGE, RRAE BE A B T TC T R &
J&& . 7 CPW 4= OLR [1)/IME DX A7 B AR Ik i 78,
1M EPW H/ME X U536 28 WAl ) AR GBI ZE 5735
A BRI OLR I /3 Ak PRIk OLR 3472
HART TC HEfr B AE CPW EA L. Wy,
M7E EPW SEAHXMhird i 2R o

ARSI BT T 0 JE AR 2 B B 3 RO i 2
mE B A, AR 1) Kl 9a,
9b FJ LA, IEWRFE DX A AR PG 1) (P SR AT
5B XFEREN—2. £ CPW 4F, 1EREIIK(E
X3 AfE 175°E CAPE, T7E EPW 4F, KAEXALE
AT LA AR SE A S 180°FHHT, ot RAE ATk 4X10°s™
PL b, 173X 5 AN () 4 28 URE 1 47 b 22 0 —
Ho. NZFHMWERY FRE, 78 200N izl &L
ORI 2 2 W IE R FEAEL, 1M AE 140°E DU B 3
MR BEAE, XU 778 CPW 4, K2 AR XS I
FERI AT 2 T TC A i B AT b s,
1M 7E EPW SE A4S TC Az A7 B AR 7] 2%« ) 7 i A 5
2) & AR BON R A R LTS SR S 3
Hnas, MmERT TC WAk, F&)Z, 8%
(E9d. 9e) IEAH X I A A A5 2= KU 2 AR 7 )
MI53 A, BLHHLE & 2 W R IR L S VARE RS
TR INIEANLEAF] TC K JERFIRR RS
MZEFdgy bk FE, HAE oA SARE IR B 22 7
WA N—3, ULIHAE CPW 4R, 72 XU 2R ity
DLARAIE, TC &3l 230, 1702 KA L 5
HHFF TC M4

AR, ARSCIE BT T R E s R 2 i A
Y. 200~850 hPa [ X I H Y)4% (vertical wind shear,
1 Svw) R E LR

Svw=l(Ua00—Uss0)"+(Va00—Vss0)’]"%,  (2)

Horpr ULV 42502 850 hPa Fil 200 hPa K37 (it 4 i il
S oriE. B/NFEFRIIARG R T TC B0 45
IR, MWIMERT TC MR 76790 v
7 R S [ P A AR 30 X3 A 4 /0 1) 1 B XL D) AR 1)

3. MK 9g. 9h KIL, £ CPW 4F-Z= XUAEAT & AH
SR PG Pt TR AR (G AE Xt B 2 PE A% A
FACHESE, e EPW 4E, 9 X IAS (R AR X A7
BNRA . W25 e i ke &
TR P, XA S 2 T R D) R
F| TC 76 CPW SFEA e B A W vh . Mdbivy, i
75 BEPW SEAE R EANKH R 45« Wi o

IR M A IR TR TV ILRFE TC 2R
(1) KRS IR BE PR 1 5 78 b K1 2 XA (1) 437 1 O
2], Wi#EAE El Nifio 4575 KA B (148 fb 1T
Ak, 5 EPW SEHILL, 75 CPW 4FZ% KR B AH X
v fwdb, AHROACZE EREEX . IER &2 HE
DX\ K1 H AR DX DA B A /N f A T D) AR
DAV B RS A P b, IS TC Az i)
REBEARIE . dt. P, PHAb T2 25 XU )
ARSI SR F TC AR R KRS 31355 R AR A A
P92 E1 Niio 5000 PG LR T3 TC Az ey & 1) i fid v
AR T OCEAE

5 R&Z&5i%ie

KL EFHTT 1948~20154F 7~11 JIA[HHE
2 El Nifio S F, KRAHGMZE T 5 I
Z5: AR P S BOX AR AR TC AR R 5 . AF5T
ST RBL: 5 EPW SEAHLL, £ CPW 4 7~11 A%
AR BEA WP b TXFALE LER S
ANFZEAL EL Nifio S N KA S8 A % V)1
PR 76 CPW 4, Rl CPERE gz . oA
F N O Y ISP s i iy N S et L N
AR KR, PO BT SO S 3
I, B ACTEZE KRE ) AR, 1T o
55057 75 Tk DA R S5 G DR TR I A 1 B o i
AATZ R — 0 dbHERE ;s e EPW 4F, I
AR . U IR EC, JRiEH
DX PG RS ISR AR e B AR B AR AP
A, ZERUNSERARY T, 1R S A AR P,
NI 3 B0 A6 AP 70 KA 7 B 5 CPW A B i 4%

PG A6 KT 2 XU i 55 07 B A8 A AR AT 1 B
HRRERE LA, £ CPW EIEIR)ZS
FEMEIR LI L IEM 2RO AR ) R AR
LA R 5 /I8 4l L AEI) A XA o 2 XA — (] 1) 7
ML ah; MifE EPW ARS8 K ROEEREE N1 B 2=
WA AL E R R RS . X RS A 15



2 1] FREANEE: PSR ELNifio B0 PG AL A 3% XU Sz vty U 2B 1 i v RE S
No.2  ZHANG Hongjie et al. Possible Impacts of Two Types of El Nifio Events on the Western North Pacific Monsoon ... 159

£ CPW SF1- 1 TC /E A B 2 LE EPW 4R 504 fi
Ab PP o T DR o S AT P A A RE A AR e it
FEWSE EL Nifio S & TC A5 Rl i) B A EL (1) 22

=N
Jto
St (References)

Ashok K, Behera S K, Rao S A, et al. 2007. El Nifio Modoki and its possible
teleconnection [J]. J. Geophys. Res.: Oceans, 112 (C11): C11007, doi:
10.1029/2006JC003798.

Ashok K, Yamagata T. 2009. Climate change: The El Nifio with a difference
[J]. Nature, 461 (7263): 481-484, doi: 10.1038/461481a.

Bjerknes J. 1969. Atmospheric teleconnections from the Equatorial Pacific
[J]. Mon. Wea. Rev., 97 (3): 163-172, doi: 10.1175/1520-0493(1969)
097<0163:ATFTEP>2.3.CO;2.

Camargo S J, Sobel A H. 2005. Western North Pacific tropical cyclone
intensity and ENSO [J]. J. Climate, 18 (15): 2996-3006, doi: 10.1175/
JCLI3457.1.

Chan J C L. 2000. Tropical cyclone activity over the western North Pacific
associated with El Nifio and La Nifa events [J]. J. Climate, 13 (16): 2960—
2972, doi: 10.1175/1520-0442(2000)013<2960: TCAOTW>2.0.CO:;2.

Chan J C L, Liu K S. 2004. Global warming and western North Pacific

typhoon activity from an observational perspective [J]. J. Climate, 17 (23):

4590-4602, doi: 10.1175/3240.1.
Chen G H, Tam C Y. 2010. Different impacts of two kinds of Pacific Ocean

warming on tropical cyclone frequency over the western North Pacific [J].

Geophys. Res. Lett., 37 (1): L01803, doi:10.1029/2009GL041708.

Chen T C, Weng S P, Yamazaki N, et al. 1998. Interannual variation in the
tropical cyclone formation over the western North Pacific [J]. Mon. Wea.
Rev., 126 (4): 1080-1090, doi: 10.1175/1520-0493(1998)126<1080:
IVITTC>2.0.CO;2.

Chen T C, Wang S Y, Yen M C. 2006. Interannual variation of the tropical
cyclone activity over the western North Pacific [J]. J. Climate, 19 (21):
5709-5720, doi: 10.1175/JCLI3934.1.

Cheung K K W. 2004. Large-scale environmental parameters associated
with tropical cyclone formations in the western North Pacific [J]. J.
Climate, 17 (3): 466-484, doi: 10.1175/1520-0442(2004)017<0466:
LEPAWT>2.0.CO;2.

Chia H H, Ropelewski C F. 2002. The interannual variability in the genesis
location of tropical cyclones in the northwest Pacific [J]. J. Climate, 15
(20): 2934-2944, doi: 10.1175/1520-0442(2002)015<2934:TIVITG>2.0.
CO;2.

Feng J, Wang L, Chen W, et al. 2010. Different impacts of two types of
Pacific Ocean warming on Southeast Asian rainfall during boreal winter
[J]. J. Geophys. Res.: Atmos., 115 (D24): D24122, doi:10.1029/
2010JD014761.

i, TURRE, MOt SF 2013, JEAERCTIEALAC IRl R &
WEES B RZET SR [J]. KR, 37 (2): 364-382. Feng Tao,
Huang Ronghui, Chen Guanghua, et al. 2013. Progress in recent
climatological research on tropical cyclone activity over the western

North Pacific [J]. Chinese Journal of Atomspheric Sciences (in Chinese),

37 (2): 364-382, doi:10.3878/j.issn.1006-9895.2012.12307.

Feng T, Chen G H, Huang R H, et al. 2014. Large-scale circulation patterns
favourable to tropical cyclogenesis over the western North Pacific and
associated barotropic energy conversions [J]. International Journal of
Climatology, 34 (1): 216227, doi: 10.1002/joc.3680.

195, TEOERE, MEEE, 5. 2016. 2004 4E 5 2006 4F 7~9 H LA

BRI 5 TR P Bl ) 7 ) B HEon] Pty U 2L e 3%
my [J]. KAFF, 40 (1): 157-175. Feng Tao, Huang Ronghui, Yang
Xiuqun, et al. 2016. Differences between the large-scale circulations and
synoptic-scale waves in July—September 2004 and those in 2006 and their
impacts on tropical cyclogenesis over the western North Pacific [J].
Chinese Journal of Atomspheric Sciences (in Chinese), 40 (1): 157-175,
doi:10.3878/j.issn.1006-9895.1505.14162.

Frank W M. 1987. Tropical cyclone formation. A global view of tropical
cyclones [M]. Elberry R L, Ed., Office of Naval Research, 53-90.

R, KRIFZ, TLRRAL, 4. 2008, PHAL KRR KSR 5 Rl Ul
B (7). HEPESAIR, 30 (3): 35-47. Gao Jianyun, Zhang Xiuzhi, Jiang
Zhihong, et al. 2008. Anomalous western North Pacific monsoon trough
and tropical cyclone activities [J]. Acta Oceanologica Sinica (in Chinese),
30 (3): 35-47.

Gray W M. 1979. Hurricanes: Their formation, structure and likely role in
the tropical circulation [C]/ Meteorology over the Tropical Oceans.
Bracknell, UK: Royal Meteorological Society, 155-218.

Hong C C, Li Y H, Li T, et al. 2011. Impacts of central Pacific and eastern
Pacific El Niflos on tropical cyclone tracks over the western North Pacific
[J]. Geophys. Res. Lett., 38 (16): L16712, doi:10.1029/2011GL048821.

FRHE, (R K, IR, 1996, WK 5 ENSO JE5 A A EAEAH [J].
S Ak 5 IREEWESE, 1 (1): 38-54. Huang Ronghui, Fu Yunfei, Zhan
Xiaoyun. 1996. Asian monsoon and ENSO cycle interaction [J]. Climatic
and Environmental Research (in Chinese), 1 (1): 38-54, doi: 10.3878/
j.issn.1006-9585.1996.01.05.

VOO, PRIC. 2002, KT ENSO A AR HARE IS HRIT K
BERE 7). A SIS, 7 (2): 146-159. Huang Ronghui, Chen Wen.
2002. Recent progresses in the research on the interaction between Asian
monsoon and ENSO cycle [J]. Climatic and Environmental Research (in
Chinese), 7 (2): 146-159, doi: 10.3878/j.issn.1006-9585.2002.02.03.

RN, FROGHE. 2007, PHIEARSFVE A URER 3l AR A AR Bn AR Al S O
PLEEBESY [J). A% %3k, 65 (5): 683-694. Huang Ronghui, Chen
Guanghua. 2007. Research on interannual variations of tracks of tropical
cyclones over Northwest Pacific and their physical mechanism [J]. Acta
Meteorologica Sinica (in Chinese), 65 (5): 683-694, doi: 10.11676/
qxxb2007.064.

Huang R H, Chen J L, Wang L, et al. 2012. Characteristics, processes, and
causes of the spatio-temporal variabilities of the East Asian monsoon
system [J]. Advances in Atmospheric Sciences, 29 (5): 910-942, doi:
10.1007/500376-012-2015-x.

TR, RHTEE, B, 85 2016, ST VG TR TR KB AR R AAEAR,
o AR S J FL o s A AR S i AL I 5T (7], il R 2R,
32 (6): 767-785. Huang Ronghui, Huangfu Jingliang, Wu Liang, et al.
2016. Research on the interannual and interdecadal variabilities of the
monsoon trough and their impacts on tropical cyclone genesis over the

western North Pacific [J]. Journal of Tropical Meteorology (in Chinese),



qofE 5w 5 23 %
160 Climatic and Environmental Research Vol. 23

32 (6): 767-785.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project [J]. Bull. Amer. Meteor. Soc., 77 (3): 437-471, doi:
10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2.

Kim H M, Webster P J, Curry J A. 2009. Impact of shifting patterns of
Pacific Ocean warming on North Atlantic tropical cyclones [J]. Science,
325 (5936): 77-80, doi: 10.1126/science.1174062.

Knapp K R, Kruk M C, Levinson D H, et al. 2010. The international best
track archive for climate stewardship (IBTrACS) unifying tropical
cyclone data [J]. Bull. Amer. Meteor. Soc., 91 (3): 363-376, doi:
10.1175/2009BAMS2755.1.

Lee T, McPhaden M J. 2010. Increasing intensity of El Nifio in the
central-equatorial Pacific [J]. Geophys. Res. Lett., 37 (14): L14603,
doi:10.1029/2010GL044007.

Liebmann B, Smith C A. 1996. Description of a complete (interpolated)
outgoing longwave radiation dataset [J]. Bull. Amer. Meteor. Soc., 77:
1275-1277.

McBride J L. 1995. Tropical cyclone formation [C]// Global Perspectives on
Tropical Cyclones. World Meteorological Organization, 63—105.

Molinari J, Vollaro D. 2013. What percentage of western North Pacific
tropical cyclones form within the monsoon trough? [J]. Mon. Wea. Rev.,
141 (2): 499-505, doi: 10.1175/MWR-D-12-00165.1.

Rayner N A, Parker D E, Horton E B, et al. 2003. Global analyses of sea
surface temperature, sea ice, and night marine air temperature since the
late nineteenth century [J]. J. Geophys. Res.: Atmos., 108 (D14): 4407,
doi:10.1029/2002JD002670.

Wang C Z, Li C X, Mu M, et al. 2013. Seasonal modulations of different

impacts of two types of ENSO events on tropical cyclone activity in the

western North Pacific [J]. Climate Dyn., 40 (11-12): 2887-2902, doi:
10.1007/s00382-012-1434-9.

EE, T, T4 2006, 7L KT R AAL 0 G KE R
g [J]. %54, 64 (3): 345-356. Wang Hui, Ding Yihui, He Jinhai.
2006. Influence of western North Pacific summer monsoon changes on
typhoon genesis [J]. Acta Meteorologica Sinica (in Chinese), 64 (3):
345-356, doi: 10.11676/qxxb2006.033.

Wu L, Wen Z P, Huang R H. 2011. A primary study of the correlation
between the net air—sea heat flux and the interannual variation of western
North Pacific tropical cyclone track and intensity [J]. Acta Oceanologica
Sinica, 30 (6): 27-35, doi: 10.1007/s13131-011-0158-8.

Wu L, Wen Z P, Huang R H, et al. 2012. Possible linkage between the
monsoon trough variability and the tropical cyclone activity over the
western North Pacific [J]. Mon. Wea. Rev., 140 (1): 140-150, doi:
10.1175/MWR-D-11-00078.1.

Wu L, Chou C, Chen C T, et al. 2014. Simulations of the present and late-
twenty-first-century western North Pacific tropical cyclone activity using
a regional model [J]. J. Climate, 27 (9): 3405-3424, doi: 10.1175/
JCLI-D-12-00830.1.

Yeh S W, Kug J S, Dewitte B, et al. 2009. El Niflo in a changing climate [J].
Nature, 461 (7263): 511-514, doi: 10.1038/nature08316.

JKH, BT, REERE 4 2017, PHALIPEZR KUY 215 AR R AR AL
FAE R 5 Bl AU AR O UM R T IR [0, Uk B3R AT
7%, 22 (4): 418-434. Zhang Xiang, Wu Liang, Huangfu Jingliang, et al.
2017. Seasonal and interannual variability of the western North Pacific
monsoon trough and its relationship to lage-scale environmental factors
[J]. Climatic and Environmental Research (in Chinese), 22 (4): 418—434,
doi: 10.3878/j.issn.1006-9585.2016.16065.



