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Abstract This paper synthesizes and reviews progress in recent research on the processes and physical mechanisms
involved in the influence of the western Pacific warm pool on the monsoon trough and tropical cyclone and typhoon (TCs)
activity over the western North Pacific. Specifically, recent studies on the characteristics of the variation in the western
Pacific warm pool thermal state and convective activity around the Philippines, along with the processes and physical
mechanisms influencing the effect of this variation on the South China Sea summer monsoon onset and intraseasonal and
interanual variabilities of the western Pacific subtropical high, are summarized. Then, recent studies on the processes and
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physical mechanisms by which the western Pacific warm pool thermal state influences the interannual and interdecadal

variabilities of TCs activity over the western North Pacific via the monsoon trough are also systematically reviewed.

Finally, a number of scientific problems requiring further study are highlighted, related to the thermal and dynamical

effects of the western Pacific warm pool on the monsoon trough and TC activity over the western North Pacific.
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Fig. 1

(a) Time—depth cross section of the summertime sea temperature anomalies and (b) their values at a depth of 125 m averaged from 5°N to 10°N along

137°E of the western Pacific warm pool, and (c) their wavelet analysis. Solid and dashed lines in Fig. la indicate positive and negative anomalies, respectively;

areas above 90% confidence level are shaded in Fig. lc. Sea temperature data are from the Observational Research Vessel “Ryofu-Maru” of JMA (Japan

Meteorological Agency)
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Fig. 2 Distributions of the (a) 28.5°C and (b) 29.5°C isothermal lines of the western Pacific warm pool SST averaged for the summers of 1979-1998 (dashed
line), and 1999-2013 (solid line), respectively. Sea surface temperature data are from the HadISST1 dataset
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Fig. 3 (a) Time—longitude cross section of the summertime (June—August) OLR anomaly (units: W m %) averaged for 10°S—10°N over the tropical Pacific,
and (b) the difference between the summertime OLR averaged for 1999-2013 and that averaged for 1979-1998. Areas greater than the 90% confidence level
are shaded in Fig. 3b. OLR data are from the OLR dataset of NOAA
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Fig. 4 Schematic maps of the relationships among the thermal states of the western Pacific warm pool (0°-14°N, 130°-150°E) in spring, the convective

activity around the Philippines, the western Pacific subtropical high, the onset of the South China Sea summer monsoon, and the summer monsoon rainfall

anomaly in the Yangtze River and Haihe River valley in the (a) warming and (b) cooling states of the western Pacific warm pool
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Fig. 5 Conceptual diagram of the quasi-biennial oscillation of the East Asian summer monsoon system related to the atmosphere—ocean coupling system over

the western Pacific warm pool. TWP represents the tropical western Pacific
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Fig. 6 Schematic diagram of the main circulation system in the lower troposphere over the western North Pacific

JAARIE e L G i ARG AR TR R
NFIEARZEWORAE K CZRXD B PE AT
ARG 1 TR R ) G A6 R, XA P IR R
LR RETE SN B 6 Frs 1) 5 2
AT A, BIZ= X (Elsberry, 2004) . XFF
PR R R TE B 45 1) B R S R A (1 5%
Wi, RIS (2006). 2L RIREE (2007)
O T IR AL

[ | N e e = X |- B R NS TG X s
FERIEHE (2007), Chen and Huang (2008a, 2008b)
IR T PE Tt 3R 2 O R R B
A MAERN TCs AL RIS 3 5 420 11 4 B A2 Ak 1) 5%
Mo AT 23 AT 4 R W PHILACP I B K
RSN TCs A AR S % 2 W B AR 5, IF
P8 ST 7 2 1t GRS 1R 4 o A2 A A AR 2% D) 1) oK
Fo UPCFHEBRAL T IR, WK 7a ik,
PEAER P B ZE RS AL B W P . ek, VEAEK
P 7S TCs AR X SRR s A2 v . fwdk, M
M0 38 % i B JE 1) & AN B 22 A, 417K

SPEERR AL FAIRES, W 7o BoR, PEALRPE
AR AR RS, PR KT TCs 2R %
DI fm A< mrg, BSR4, HY T
130°E #f[r), M I B sg ) H AR5 ] 11 £ AN 5L
W%, s B E & AN EOT BE 2D

UBAk, WS FR Y PRSI A= XAl
ke T e N i e N e o 2 A T T TR =
2 ARG VTP R E S (9655, 2014) 1
P ENEER I I 5m (Wang et al, 2013)
52 XFHEXFFEHR DMK FESTXE

TCs £ FERRT RIS M0

VG RSP 92 9 PR A ) A8 A AN ASONS 1 RSP 1 2=
DAKE PR A7 b AR Ak A7 45 TR B2, g FLX P b K
HEZE XA AR PR AR AT I 25 m . 1& 8a FIl 8b
A3 1979~1999 4F 55 1999~2013 4 6~8 H
VG AL RSP B X G)E 850 hPa (W4 7y
fio MK 8a i LIEE]: #£ 1979~1998 4] /H] i) =
Z=, AR ZE RAE AL TVE AR A<
M 7%, TCs At A FIGAb A R A 1



5 1 TR VU ACFPEIE O PG AL Y- 2R KRB AT 5 GG 2l 5 i i R A HE B LB ) B i 50
No.5 HUANG Ronghui et al. Progress in Recent Research on the Processes and Physical Mechanisms Involved in the ... 887

MRG
Mixed Rossby gravity

~EDE, @ MT Z= X fiE

Tropical depressmn

- s’
A et {- S & MRG ¥
3 l p(‘“—: .)‘ ke 1 i
» BN | J’” e S . Mixed Rossby gravity

F7 IR HCIRES . FRXURY B e 5 PR PRl UM &5 WS B AR MR AR () BRAE THORES: (b)) EIAL TV
Fig. 7 Schematic diagrams of the relationship among the western Pacific warm pool thermal state, the monsoon trough (MT), the western Pacific subtropical high

(WPSH), and moving tracks of tropical cyclones (TCs) over the western North Pacific for the (a) warming state and (b) cooling state of the western Pacific warm pool
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Fig. 8 Distributions of the streamline and OLR (units: W m?) at 850 hPa in the lower troposphere over the western North Pacific averaged for the summers
(June—August) of (a) 1979-1998 and (b) 1999-2013. The boxs in Fig. a and Fig. b denote the key area of the monsoon trough. Cyclogenesis locations of TCs
are marked by the symbol “ ® ”, wind field data are from ERA-Interim reanalysis (Simmons et al., 2007), TCs data are from the IBTrACS (International Best

Track Archive for Climate Stewardship) dataset
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Fig. 9 Interannual variation in summertime (June—August) East Asia/Pacific (EAP) index (dashed line) and the numbers of landfalling TCs (solid line) to the
north of Xiamen during 1979-2007. Height field data used in the calculation of the EAP index are from JRA-25 reanalysis, landfalling TCs data are from the
JTWC (Joint Typhoon Warning Center)
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Fig. 10 Streamlines at 850 hPa averaged for July—September in (a) 2004 and (b) 2006, with locations of TCs (marked by the symbol é ) over the western
North Pacific. Wind field data are from the NCEP/NCAR reanalysis (Kalnay et al., 1996), TCs data are from the JTWC
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Fig. 11 Composite distributions of the (a) relative vorticity (units: 10 s™') at 850 hPa in the lower troposphere, (b) divergence (units: 10 s™') at 200 hPa in the

upper troposphere, (c) vertical shear of wind fields (units: m s') between 200 hPa and 850 hPa, and (d) relative humidity (%) averaged from 700 hPa to 500 hPa for

July—September in the warming state of the western Pacific warm pool. Wind and humidity data are from the NCEP/NCAR reanalysis (Kalnay et al., 1996)
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Fig. 12 Asin Fig. 11, but for July—September in the cooling state of the western Pacific warm pool
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