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Abstract The surface wind can be a better indicator of the onset of the Asian Summer Monsoon (ASM) system than the
850-hPa wind. The use of the new ASM onset index and analysis of pentad-isochrones, based on both the seasonal
reversal of surface wind and the evident enhancement of rainfall, demonstrated that the onset of the Tropical Asian
Summer Monsoon (TASM) first occurs over the southeastern Bay of Bengal (BOB) in May. It then propagates eastward
to the Indochina Peninsula and reaches the South China Sea (SCS) in mid-May and the tropical North West Pacific (NWP)
in early June. The surface depression of the Indian summer monsoon originates near the equatorial Arabian Sea, and then
propagates northward to South Kerala in southwestern India in early June, indicating the onset of the Indian Summer
Monsoon (ISM). In addition, the Subtropical Asian Summer Monsoon (STASM) is first formed over the NWP southeast
of Honshu, Japan, and then it expands westward and merges into the precipitation zone of the SCS monsoon in early June,
forming a northeast—southwest rainy belt. Almost at the same time, the summer monsoon reaches southeastern China and
the Baiu in Japan also starts. In mid-June, the rainfall belt shifts northward to the Yangtze River and the Korean peninsula
corresponding to the start of the Meiyu and Changma.

This paper also reviews some recent progress in dynamics studies on the ASM onset. In spring, an evanescent but
strong warm pool is formed in the central-eastern BOB due to the combined forcing of the Tibetan Plateau and the
large-scale land—sea distribution in South Asia. Due to the coupling between this warm pool at the surface and the
pumping effect of the South Asia High (SAH) in the upper troposphere, a Monsoon Onset Vortex (MOV) usually develops
over the eastern BOB, breaking the ridgeline of the subtropical high that is continuous in winter, resulting in the first onset
of TASM over the BOB. Furthermore, the vertical easterly/westerly shear over the eastern/western BOB prompts/inhibits
the convection and increases/decreases the surface sensible heat transfer from ocean to atmosphere, resulting in a
monsoon onset barrier over the west coast of the BOB that prevents the westward propagation of the monsoon onset.
Hence, the monsoon onset can expand only eastward followed by the successive onset of the SCS and the tropical West
Pacific summer monsoon. The strong latent heat released by the monsoon rainfall induces the westward development of
the SAH and the conspicuous strengthening of zonal asymmetric potential vorticity (PV) forcing. Accompanied by the
mid-troposphere anticyclone over the Arabian Peninsula stimulated by strong local surface sensible heating, the
depression near the equatorial Arabian Sea moves northward and grows to a monsoon onset vortex, causing the ISM onset.
Overall, the three phases (i.e., the BOB, the SCS, and the Indian summer monsoon onset) of the TASM onset that persist
for about one month can be considered as a consequential process driven by certain dynamic—thermodynamic rules
covering a specific geographic environment, including the Tibetan Plateau and the land—sea distribution in South Asia.
Keywords Tibetan Plateau, South Asia high, Zonal asymmetric PV forcing, BOB warm pool in spring, Monsoon onset
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Fig. 4 Climate-mean pentad-isochrones indicating the evolution of the Asian summer monsoon onset. Unit: pentads

8 12 16 mmd’!

K5 Endrs AR R K (IR, 62 mmd™D 700 hPa i34 HEAS, () I (O 435104 D-3 I D+2. T JERIE U H R
BB OXEMI AW LR, 518 Liuetal. (2012)

Fig. 5 Daily evolution of 700-hPa streamline and ERA40 rainfall (shaded, mm d™') from D=3 to D+2 (a to f, respectively). Topography and ridge line are
marked by orange area and red dash line, respectively. Adopted from Liu et al. (2012)
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Fig 6 (a) Time series of area-averaged weekly SST (°C) from OISST over the BOB area (0°-20°N, 80°E-97°E, the rectangle in b—d); (b) SST increase from
the Week 6 April to the Week 27 April; (c) weekly SST distribution for Week 6 April; (d) as in (c), except for Week 27 April. Data from NCDC OISST (Wu et

al., 2012a)
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Fig. 7 Schematic diagram showing the formation of the BOB monsoon onset vortex as a consequence of regional air—sea interaction modulated by the

land—sea thermal contrast in South Asia and Tibetan Plateau forcing in spring. (Adopted from Wu et al., 2012a)
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Fig. 8 Streamline and divergent field (shaded, units: 10 s') at 150 hPa, and the diabatic heating averaged from 500 hPa to 200 hPa (red stipple denotes

greater than 1.5 K d™') during the BOB summer monsoon onset period on (a): D—19, (b): D—12, (c): DO; the pressure—latitude cross section (averaged over
120°E-130°E) of Q) (shading, units: K d™') and meridional circulation on (d) D—19 and (¢) D— 13; and (f) vorticity source S on D—13 (interval is 0.5X 10"

s, values greater than —0.5 are stippled). The red dash line in (a) to (c) denote, the ridgeline, while “A” in (b) and (c) denote the anticyclone center. The

orange rectangle in (f) denotes the area of maximum S over Philippines. (Reproduced from Liu et al., 2012)
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Fig. 11 Evolution from June 4 to June 9, 1998 of daily precipitation (shading, unit: mm d™'), and geopotential height (thin solid curve, unit: gpm), wind, and
the ridge-line of the South Asia high (heavy solid curve) at 200 hPa. (Adopted from Zhang et al., 2012)
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Fig. 12 Evolutions from June 5 to June 8, 1998 (from the first line to the fourth line, respectively) of potential vorticity (shading, unit: PVU), wind (m s ™), and

the geopotential height at 200 hPa (solid curve, unit: gpm) at the potential temperature 360 K (a—d), 355 K (e-h), and 330 K (i-1) . Vertical dashed arrows
indicate the horizontal movements of the vortex P1 and P2 in the upper troposphere and the low pressure system L in the middle troposphere; while the

horizontal pink and long-dashed arrows indicate the vertical phase-lock and baroclinic development of the vortex system. (Adopted from Zhang et al., 2012)
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