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OUTLINE

1.Asian summer monsoon (ASM) onset
Process

2.Effect of Tibetan Plateau (TP) on the ASM
circulation

3.Influences of TP on the ASM onset
Process:

4.Discussion: TP snow and ASM onset




Major Circulations of AASM % :

propagating MJO ° cgnvectlve ClOUdS
Southeast trade wmd W

Institute of Climate System (Polar meteorology), Chinese Academy of Meteorological Sciences



MTG

Definition of ASM onset dates

Asian summer monsoon onset criteria (ASMOC)

The upper tropospheric (500-200 hPa) MTG changes
from negative to positive and remains positive for more
than 10 days;
The wind direction change at 10-m height 1s greater
than 100°;
The rainfall is steadily greater than 5 mm day ™' over
the ocean and 3 mm day™" over the land.
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Table 1 Linear correlation coefficients of onset dates defined by the

ASMOC in this study with others over the BOB, SCS, and India

BOB

U850 (Mao and Wu 2007) 0.892
OLR (Mao and Wu 2007) 0.635
MTG (Mao and Wu 2007) 0.804
SCS

Wang et al. (2004) 0.504
Wang and Wu (1997) 0.699
Tian and Wang (2010) 0.557
India

Ananthakkrishnan and Soman (1988) 0.665
Wang and Wu (1997) 0.699
Taniguchi and Koike (2006) 0.739
Xavier et al. (2007) 0.678
Wang et al. (2009b) 0.734
Prasad and Hayashi (2005) 0.739

All values have passed the 99 % confidence level
[Liu et al., 2015, CD]

Institute of Climate System (Polar meteorology), Chinese Academy of Meteorological Sciences




60N - rm-
|
|
|
45N - 80°E 90°E
30N 4%
\1 7 J pentad
: d 25—
(2) 28 !‘\ 28 e—
/ \ 3] ——
\ \ 33
A "t ——
\‘ o
EQ - = T ] T {M C? T T T
B0OF &0F 100F 120F 140F 160F 180

» Step 1: Bay of Bengal (BOB) summer monsoon onset
» Step 2: South China Sea (SCS) summer monsoon onset
» Step 3: Indian summer monsoon onset
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2.Effect of Tibetan Plateau (TP) on the ASM
circulation

3.Influences of TP on the ASM onset
process

4.Discussion: TP snow and ASM onset




Mechanical effect of TP on the ASM circulatio 1
Boreal winter: TP-Dipole circulation
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Spring ermanent rainfall (SPR) only
exists over East Asia, why?

P_(A"-AQ

~ [Wan and Wu, 2005; Wu et al., 2007]
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SASM North Branch

s o SASM South Branch

&
(Wu et al., 2012 Scientific Reports)
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o o e " e [Wu et al., 2007, 2014]
Figure 2. Distributions of difference in wind (vectors, m s~') and vertical velocity (—w, shading, 10~% Pa s~') at the & = 0.991 surface between the two
perpetual July experiments: (a) ALLSH-NOSH, (b) SLPSH-NOSH, and (c) TOPSH-NOSH, with the dashed rectangle indicating the prescribed mountain
base. Left panels indicate the experiment designs and right panels are interpretations of the relevant mechanisms, with orange shading representing
mountain and heavy red bar denoting the imposed surface sensible heating. See the text for details [56].
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3.Influences of TP on the ASM onset
Process
4.Discussion: TP snow and ASM onset
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Why the ASM starts over the BOB in early May?

Lower troposphere
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I Em»] Lower troposphere flow :} Surface wind _’ Water vapor flux —— Surface ocean current
_ Surface sensible heat flux -. Sea surface temperature @-Onset vertex c - cyclone ‘ - anticyclone

TP effect on the low-level circulation and the formation of BOB
warm pool before ASM onset [Wu et al., 2012]
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Upper: westward
extending of
SAH causes the
divergence-
pumping.
(trigger)
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[Liu et al., 2013]
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TP-Dipole circulation

[Liu et al., 2015]

Institute of Climate System (Polar meteorology), Chinese Academy of Meteorological Sciences




Impacts of TP and tropical ocean on the ASM onset proce :

Convection over Local convection over north Monsoon
South Philippines Indochina Peninsula . onset Barrier
I _____________________
1 ; +
SAH forms SAH develops SAH extends SAH arrives at
westward onto eastward on the :
_Over the S_CS the BOB in early the SCS in mid- f[he Al e
in late April May may in early June
Upper-layer : -
B High PV forcing
[ Il \
i BOBSM SCSSM | i1 | ®ISM onset | !
ASM onset process @ —>) & - ® !
: onset onset ¥ !
1 II )

__________________________

Forced convection
Development

Tropical Ocean

Cross-equatorial

- SST gradient in .
Forcing i SIESE

1 ieteorologjical Sciences




April

Cold (warm) ENSO in previous winter

Stronger (weaker) zonal
SSTA gradient in tropical
Indo-Western Pacific Ocean
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Stronger (weaker) cross-
equatorial SSTA gradient
in Indian Ocean

Colder (warmer) SSTA
in BOB

Anomalous westerly
(easterly) over the

Anomalous lower-level
convergence (divergence)
near the Philippian with

Stronger (weaker)
meridional SLP over

Stronger (weaker) land-
sea thermal contrast
over BOB to enhance

southern BOB stronger [‘-:[EE' ker) Arabian Sea (weaken) monsoon
convection conmvection
EtrEng;tr {w?al-lcer'j Gill-type Stronger (weaker) IFStanger {weall;er} Gill-type
arotropica response H o i arced convection
instabiity P ! inertial instability development response

Lower-level: encourage
(prevent) the formation
and development of
BOB MOV

Upper-level: SAH is to
the northwest (southeast)
to enhance (weaken) the

divergence-pumping

over BOB

Lower-level: stronger
(weaker) westerly and
convergence off the
southwestern Indian
Peninsula

Vertical coupling between upper-
and lower- level circulation

BOB summer monsoon onset is advanced (delayed)

Upper-level: SAH is to the
northwest (southeast) to
enhance (weaken) the
divergence-pumping over
Arabian Sea

Vertical coupling between upper-
and lower- level circulation

Indian summer monsoon onset is advanced
(postponed)

For the BOB and Indian summer monsoon onset
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For the SCS summer monsoon onset
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Possible reason: Interdecadal variation of ENSO events

(a) Nino3.4 Index Wavelet Power Spectrum

(b) Annual running mean AMO index

1 — 5 : f [Liu et al., 2016]
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4.Discussion: TP snow and ASM onset

Institute of Climate System (Polar meteorology), Chinese Academy of Meteorological Sciences



Uncertainty in the TP snow datasets

TP region: 70-105E, 25-40N, above 3000m

Spatial Temporal Data Source
Resolution Resolution
Station Snow depth 92 stations 1951-2013 Daily/monthly CMA
Station Max Snow depth 92 stations 1951-2013 monthly CMA
Station Snow cover days 92 stations 1951-2013 monthly CMA
Snow water equivalent 25km 197811-200705 monthly NSIDC
(SMMR SSM/I)
Snow Cover 25km 196611-201112 weekly NSIDC
(weekly NOAA Charts)
Snow Cover 89*89 196611-201405 monthly Rutgers University
Global Snow
Lab(NOAA)
Snow depth 0.25*0.25 1979-2011 daily CAREERI,CAS

(SMMR SSM/I AMSR-E)

Large discrepancy among the existed datasets.
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Station observation (92 stations)
(a) JAN(0.880677) A cm (b) APR(0.415358) cm
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Seasonal cycle of snow depth over the TP

Total TP: 70-105E, 25-40N, above 3000m, 92 stations
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daily result, climatology

(a) Snow Depth cm
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Definition of snow cover for the station observation:
Snow (including graupel, granular snow and ice particles) covers more than 50% of

the ground seen from the weather station
In Chinese:
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Dataset
Snow depth

Above normal

1981/82 1982/83 1988/89
1995/96 1997/98 2007/08

Below norm:

1978/79 1980/81 1984/85
1996/97 1998/99 1999/00
2005/06 2009/10

Snow days

1982/83 1988/89 1989/90
1992/93 1994/95 1995/96
1997/98 2004/05 2007/08

1978/79 1980/81 1984/85

1986/87 1993/94 1996/97

1998/99 2002/03 2005/06
2009/10

CAREERI SD

NSIDC SWE

NSIDC SC

Rutgers SC

1985/86 1989/90 1997/98
1999/00 2008/09

1985/86 1997/98 1999/00
2004/05

1980/81 1982/83 1985/86
1988/89 1997/98 1999/00
2006/07 2007/08

1980/81 1982/83 1985/86
1997/98 1999/00 2004/05
2006/07 2007/08

1981/82 1984/85 1987/88

1988/89 1993/94 1994/95

2000/01 2001/02 2003/04
2010/11

1981/82 1984/85 1987/88
1992/93 1993/94 1994/95
2000/01 2001/02

1979/80 1981/82 1983/84

1984/85 1986/87 1991/92

1993/94 2000/01 2002/03
2005/06

1979/80 1981/82 1983/84

1984/85 1986/87 1991/992

1993/94 2000/01 2005/06
2008/09

N=3

1982/83 1988/89 1997/98
2004/05 2007/08

1981/82 1984/85 1986/87
1993/94 2000/01 2005/06

High or low snow year appears at least in 3 datasets.
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Possible approaches of TP snow in the previous winter on the ASM onset:

the snow-albedo and snow-hydrology feedbacks

snow-albedo
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Cited from Xiao and Duan, 2016, JC
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Unsolved issues

1. Seasonal evolution of TP snow from boreal winter to summer and its relationship with
the formation of TP heating source.

2. Modulation of TP snow on the ASM onset time on the interannual timescale, as well
as its collaboration with the tropical oceanic influences.

ASM onset dates Multi factors influencing the ASM onset
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Thanks for your time,
and welcome comments.
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