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Abstract In this paper, the progress of recent climatological research on tropical cyclone (TC) activity over the western
North Pacific conducted by the Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese
Academy of Sciences (IAP/CAS), and associated domestic and international studies are synthesized and reviewed. In
addition to recent climatological studies on the large-scale circulation patterns favorable to TC genesis and their
barotropic energy conversions to eddies in summer and autumn, interannual, interdecadal, and intraseasonal variabilities
of TC activity over the western North Pacific and their future changing trends attributed to global warming are reviewed.
Moreover, recent research on the dynamical effects of the monsoon trough and convectively coupled tropical waves on
tropical cyclogenesis over the western North Pacific are discussed. In addition, many important domestic and
international studies associated with the abovementioned investigations are also systematically reviewed. Climatological

problems of TC activity over the western North Pacific, which are urgently needed to be studied further in the future, are
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also pointed out in this paper.

Keywords Western North Pacific, Tropical cyclone, Typhoon, Interannual and interdecadal variabilities, Monsoon trough
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Fig. 1 Five types of the composite large-scale circulation patterns at 850 hPa in the lower troposphere favorable to tropical cyclone (TC) genesis over the

western North Pacific: (a) The monsoon shear pattern (MC), (b) the monsoon confluence pattern (MS), (c) the reverse-oriented monsoon trough (RMT), (d) the

monsoon gyre pattern (MG), and (e) the trade wind easterlies pattern (TE). The data of wind fields are from the National Centers for Environmental

Prediction-Department of Energy (NCEP-DOE) AMIP-II reanalysis (e.g., Kanamitsu et al., 2002) and the data of TC are from TC best track dataset of the Joint

Typhoon Warning Center (JTWC), U.S.A.
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Fig. 5 Composite distributions of 500-hPa geopotential height anomalies (solid and dashed contours, units: gpm) and moving tracks of typhoons over East

Asia and the western North Pacific during Jul-Sep for (a) the years with high summertime (Jun—Aug) EAP (East Asia—Pacific teleconnection) index and (b) the

years with low summertime EAP index. The climatological mean monthly 500-hPa geopotential height fields for 1979-2007 are taken as the regular fields, and

the data of geopotential height fields are from the JRA-25 reanalysis
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Fig. 7 The variation of the frequency of TC genesis over the South China Sea (SCS) and SST anomalies in the tropical Indian Ocean (10°S-25°S, 60°E—
90°E) (bar chart) during May—Nov from 1948 to 2009. The data of TC are from the dataset of IBTrACS
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Fig. 8 Wavenumber—frequency spectrums of OLR from 1984 to 2004 between 20°S and 20°N. The red solid polygons indicate the domains for filtering the
Kevin wave, the n=1 westward-propagating equatorial Rossby (ER) wave, the mixed Rossby-gravity (MRG) wave, and the TD-type wave, respectively; the
black solid lines denote the dispersion curves for the equivalent heights of 8, 25, and 90 m. The data are from NOAA
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Fig. 9 Distributions of linear regression of 850-hPa winds (vectors) and OLR anomaly (shading) with respect to 850-hPa meridional wind at the base point
(0°, 160°E) derived from 3-6-day filtered data for successive three lag, simultaneous, and lead days for (al, a2, a3) the warm years and (b1, b2, b3) the cold
years of the western Pacific warm pool. The data of wind fields are from the NCEP/NCAR reanalysis (e.g., Kalnay et al., 1996)
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Fig. 10 Composite distributions of the tendency of eddy kinetic energy OK'/o¢ at 850 hPa over the western North Pacific during the period Jun—Oct for (a)
the years with the warming warm pool (the westward shift of the monsoon trough) and (b) the years with the cooling warm pool (the eastward shift of monsoon

trough) over the western North Pacific. Units: 10° m? s
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Fig. 12 The 10th day simulation results of the evolution process from the MRG wave to the TD-type disturbance by using the shallow water wave model.
The vectors represent horizontal eddy wind; light solid and dashed lines represent the areas of positive and negative relative vorticity (units: 107 s7),

respectively; the heavy black line represents the monsoon trough; the shading represents the areas of positive barotropic energy conversion



xR ¥ 7%

376 Chinese Journal of Atmospheric Sciences

Vol. 37

4.4 ENSO IR AT KT F MRG KA &RE
¥R TD B 389 %20
ENSO fEFRA R G BOS PG 6PV TCs i34
HEZM, R T# TD-MRG 3 3)H 4 2
54 (Wu et al., 2012e). Chen (2012) FJf—
MRIRKAREREEA, B TS 5
H1, MRG WHAZ % TD B9 25 5, FFRIA R
TIX MR AR BN IR AR RS TC A IR e o BIFIT 4
RBIR, AR FINAF AR AR AR B — 0 A
TR FAT T, f 2= XU ZR ¥ El Nifio 4F,
MRG AT TD Bl 2R TRl 1A AR
EmAR, HIEEAACRE W2 Moo B 2= KURE VE T La
Nifia 4, S (0 AR A7 B A v, B8 AVEAE S 3.
JFH, Chen and Tam (2012) FJWF5EIH T 5
TE PR FRIEA RPN ) Rossby e
TR 0 Y A2 R A2 MRG B — Rl L] .
AbAT TR LWL 5 B AT 45 SR ], 71 ENSO HFA 1)
AR B 1S 5 R A 7R IE MRG BIBOR AT
ANFEHIREI, 4FR El Nifo 4F, PHAE R PR )2 2
ATVER,  H I AR 1R 43 ) VR & R 2R XUEE D) A8 A
T2 B ) (R BE RO /70 MRG i ;A EE
S, 7 La Nifia 45, JRiE MRG 3 #5510
Boss, HAH T RERE P
4.5 PILRTFELE TD B ENE TC £ HEIER
B S & A TR 2 2 F AR 5000 LR
b TCs Ak, T TD B TC A4 s
JE (precursor) (Takayabu and Nitta, 1993; Dickinson
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Fig. 13 The changing trend of the summertime (Jun—Aug) East Asia/Pacific (EAP) index during the 21th century calculated by using (a) IPCC-AR4 and (b)

IPCC-ARS modeling data of air—sea coupled models under the scenario of A1B
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Fig. 6 Composite distributions of SST anomalies (shading), 850-hPa wind anomalies (arrows) and OLR anomalies (dashed/solid contours indicate
negative/positive values, units: W/m?) in the tropical Pacific in summer (JJA) for two kinds of ENSO events: (a) The El Nifio years with the topical eastern

Pacific warming pattern; (b) the El Nifio years with the tropical central Pacific warming pattern (El Nifilo Modoki)
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