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Figure 1. (a) Spatial distribution of the climatological spring (March—May)
precipitation (mm) over Southern China for the period 1980-2008. (b) Spatial
pattern of the first EOF mode (EOF 1) for daily spring precipitation anomalles

over Southern China.
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FIG. 2. Time series.of daily rainfall (histogram; mm day21) averaged over southern China (18-32N, 105°—120°E), the
corresponding unfiltered PC1 (blue solid curve), and the 10-20-day filtered PC1 for the typical years of
(a) 1984, (b) 1989, (c) 1993, and (d) 2006. (¢)—(h) The corresponding power spectrum of the unfiltered PC1 (black curve),
together with the Markov red noise spectrum (red dot-dashed curve) and a posterior 95% confidence level (blue dotted curve)
for the selected years and (i) the 29-yr average from 1980 to 2008. The numbers 1, 3, 5, and 7 in (a) indicate the phase of the

10-20-dav oscillation



Phase definition for the ISO/SCSR
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Figure 3. Composite evolution of the 10—20-day filtered 850 hPa streamline (dark streamline indicates where at least one wind component is
statistically significant at the 95% confidence level) and divergence (shading, unit is 106 s~!; only shown if statistically significant at the 95%
confidence level) during an ISO cycle. Phases 1-8 are shown from (a) to (h). The Tibetan Plateau with terrain above 1500 m is shaded grey.
Western rectangle area (60°—67.5°E, 27.5°=37.5°N) to the west of the TP and eastern rectangle area (105°—115°E, 22.5°-32.5°N) to the east of the
TP indicate the locations of the two divergence poles of the Spring Dipole Mode Index (SDMI). “A” and “C” denote, respectively, the anticyclone
and cyclone centers, and arrows denote the propagation routes of the anticyclone and cyclone.




10-m streamfield and surface sensible heat flux
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Figure 4. Same as Fig. 3, but for the 10-20-day filtered 10 m wind (vectors, m s™') and surface
sensible heating flux (W m2, with shading denoting statistical significance at the 95% conﬁ(élence
level). The Tibetan Plateau with terrain above 1500 m is outlined by a solid curve



ISV: TP heating and the three —- stage ASM onset
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FiG. 6. Two major patterns of the Tibetan high at (a) 200 mb; and (b) 100 mb.
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ISV: TP summer heating and SAH oscillation
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W-E seesaw

Fig. 10 Decadal changes in JJA mean
climate between the periods (1991-2000)
and (1981-1990) of (a) precipitation
based on the PREC/L dataset (unit:
mmd-), (b) 200-hPa geopotential height
(unit: gpm) and (c¢) the 200—400hPa
mass-w‘ “;ed temperature (unit: K)
based om ERA40 reanalysis. The solid
and dashed curves in (b) and (c¢) denote,
respectively, the 1981-1990 and 1991-
2000 means.
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temperaturc; mum (UTTM): Strong monsoon convective latent heating along the subtropics (blue upward arrow)
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L LTl LT LT 0. . ....ace sensible
heating and longwave radiation coohng (red downward arrow) in the upper troposphere contributes to the occurrence of

the UTTM and SAH on the eastern end of the cooling. The induced Coriolis force (fv, orange arrow) is in geostrophic
balance with the pressure gradient force. Refer to text for details.
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The UTTM location is determined by large-

scale dynamics rather than local convection!
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Fig. 6 Distributions of the JJA mean of (a) differences betw@en the®forcing €xperitiént SEN and control experiment CON of
rainfall (shading, unit: mm day') and winds at 200 hPa (arrow); (b) 200—400 hPa mass-weighted temperature in the SEN run
(dashed) and CON run (solid); and the differences between SEN and CON of (c) 28°-32°N zonal mean circulation
(streamlines, vertical motion has been amplified by a factor of 500) and temperature (shading, unit: K); The box in (a)@nd (b)
indicates where the extra convective heating with a maximum of 3 K day-!' at 500 hPa is imposed in the SEN experiment.
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Fig. 8 Evolutions in the PER
experiment of the normalized
200-500hPa mass-weighted
mean heating in the forcing
source region S (black solid),
and the geopotential height at
200 hPa (green dashed-dotted),
the 200—400 hPa mass-weighted
temperature (red dashed), and
pressure vertical motion at 300
hPa (blue dotted) in the
response region R (a); and the
corresponding time-lag
correlations between the forcing
in region S and those in the
response region R (b). A 20-day
running mean has been used on
the original data to filter out
high-frequency noise.
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Fig. 10 Decadal changes in JJA mean
climate between the periods (1991-2000)
and (1981-1990) of (a) precipitation
based on the PREC/L dataset (unit:
mmd-'), (b) 200-hPa geopotential height
(unit: gpm) and (¢) the 200—400hPa
mass-weighted temperature (unit: K)
based on ERA40 reanalysis. The solid
and dashed curves in (b) and (c¢) denote,
respectively, the 1981-1990 and 1991-
2000 means.
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' Fig. 11 Evolution from 1984 to
2000 of the JJA mean based on the
ERA40 reanalysis of (a) surface
sensible heat flux on the Tibetan
Plateau region (80°-100°E, 26°-
36°N unit: Wm-2), (b) precipitation
in the forcing source region S*
(Pr_east: 90°-120°E, 24°-28°N,
unit: mmd-!'), (¢) 200 hPa
geopotential height in the response
region R, (hgt 200: 70°-90°E, 24°—
28°N unit: dgpm), (d) 200—400 hPa
mass-weighted temperature in R,
(Up_T, unit: K), 200 hPa
meridional wind (e) in the response
region R, (v_200 West: S0°-80°E,
24°-28°N) and (f) in S* (v_200
East, unit: ms'), and 700 hPa
meridional wind (g) in R, (v_700
West) and (h) in S* (v_700 East,
unit: ms7).
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(1) A weakening trend in the TP forcing in spring and summer
from station data
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N-S seesaw

o0LE
Correlation: weaker TP heating corresponds to more rain
(green) in Southern China and less rain (brown) in
Northern China

Fig. /
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Inter-decadal variation of summertime rainfall anomaly over E China
From Dong et al. 2009
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Summary- lil

Weakening of sensible heating over the TP results
in weakening of near-surface cyclonic circulation.
Consequently, the convergence of water vapor
transport is confined to South China, contributes
to “wet in south and dry in north.”

Liu et al., Cli Dyn 2012
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Fig. 4 Climate-mean Pentad-isochrones indicating the evolution of the Asian summer
monsoon onset, Unit: pentad

Wu and Zhang, MWR, 1998
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Fig. 8 Streamline and divergent field (shaded, units: 10 s') at 150hPa, and the diabatic heating averaged from 500hPa to 200hPa (red stipple
denotes greater than 1.5K day!) during the BOB summer monsoon onset period on (a): D-19, (b): D-12, c¢: (D0); the Pressure—latitude cross
section (averaged over 120°-130°E) of Q, (shading, units: K day-') and meridional circulation on (d) D-19 and (e) D-13; and (f)
vorticity source S on D-13 (interval is 0.5 x 10~ s=2, values greater than —0.5 are stippled). “A” and the red dash line in (a) to (c)
denote, respectively the anticyclone center and the ridgeline. The orange boxes in (f) denotes the area of maximum S over Philippines.
(reproduced from Liu et al., 2012)
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Schematic diagram presenting the mechanism responsible for the SAH (marked by “A”)
formation: persistent convective diabatic heating in spring over the south Philippines produces a
sustained negative vorticity source over the Philippines, and the South Asian High is generated as
a Gill-type atmospheric response to the negative forcing source. The marked area over the
equatorial west Pacific denotes the diabatic heating which is isolated from the one over the south

Philippines.




Fig. 1 Daily evolution of 150hPa streamline and divergent field (shaded, units: 10-% s!) , and the diabatic
heating averaged from 500hPa to 200hPa (red stipple denotes greater than 1.5K day!) during the BOB
summer monsoon onset period (a: D-15, b: D-12, ¢: D-9, d: D-6, e: D-3, f: DO, g: D+3, h: D+6). “A” denotes
the anticyclone center, the ridgeline is plotted by the red dash line.
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> BOB monsoon onset
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Barotropic
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Fig. 7 Schematic diagram showing the formation of the BOB monsoon onset vortex as a consequence of in sifu 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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Evolution of geopotential height at 925hPa during the ISM onset (interval is 10 gpm)
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Previous review ll: Onset process of Indian summer monsoon

Upper-level: westward
extension of SAH and its
pattern variation
(background)

Indian summer BOB monsoon
monsoon onset COnVGCtiOn

oL %]

.9
YN ox )|\ 0y

Lower-level: Inertial instability
and forced convection (trigger)

-Wu and Liu, 2014, Sci China Earth Sci
-Zhang et al., 2014, Sci China Earth Sci
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ENSO: one of the major factors influencing the interannual variability of
SASM onset date

Possible impact processes of ENSO on ASM:
1.  Anomalous Walker circulation and
Atmospheric bridge;

e . Philippian sea anticyclone anomaly;
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 SAH forma’uon and Var|at|on’

10 Land surface situation in previous winter

and spring.

I T T I T T I T T I T T I T T I T T
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009

P Scientific questions

® How does ENSO influence the interannual
variability of ASM onset dates via the
vertical coupling between upper- and
lower-level circulation?

® |s the ENSO-impact process distinct
among the different phase of ASM onset?

€ Red bars: warm ENSO occurred previously
€ Blue bars: cold ENSO occurred previously




Composite analysis: Anomalous large-scale atmospher
circulation in different phases of ENSO
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April: Zonal SSTA gradient
in tropical Indo-Pacific Ocean

May: Meridional SSTA gradient
in Arabian Sea




Reason for the Indian Ocean SSTA in May: local meridional asymmetric
distribution of thermocline

50°-70°E averaged depth-latitudinal crossing section of subsurface temperature anomalies (K); Purple
lines: climate-mean position of thermocline (D20)
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April: ENSO influences on the upper- and lower-level circulation during the BOB

summer monsoon onset
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April: ENSO influences on the upper- and lower-level circulation during the BOB
summer monsoon onset

Lower-level: Barotropical instability Upper-level: SAH is to the north of its
is strengthened over southern BOB climate-mean position, enhancing the
following cold ENSO divergence-pumping over northern BOB
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May: ENSO influences on the upper- and lower- level circulation during the Indian
summer monsoon onset
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100 = Upper: SAH is located to
the northwest of its
a climate-mean position,
150 — leading to the stronger
divergence-pumping over
Arabian Sea.
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in the lower troposphere \ instability and forced
convection development
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Summary and discussion

1. ENSO can alter the onset dates of SASM via changing the vertical
coupling between upper- and lower-level circulation over SASM region.

2. In the interannual timescale, the SAH response to ENSO in the upper
troposphere is important for the anomalous SASM onset.

3. The change in the near equatorial E-W SSTA gradient in the Indo-
Pacific Ocean is responsible for the anomalous BOB summer monsoon
onset.

4. The change in the cross- equatorial (N-S) SSTA gradient in the western
Arabian Sea can result in the changes of inertial instability and forced
convection development in the lower troposphere , causing anomalous
Indian summer monsoon onset.
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