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Zonal Wind £
Winter Summer

U at 90E in DJF U at 90E in JJA

TP locates in the boundary of

westerly and easterly mm——)>
horizontal advection is strong horizontal advection is small




Linearized QG thermodynamic equation:

(Held, 1., 1983)

2. If Convection dominates

Schematic
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Winter: impinging westerly
generates negative mountain
torque and an asymmetric
stationary wave circulation
patter, influencing temperature
and moisture advection

thermal pumping of the
TP generates convergence spiral
stationary wave pattern,
influencing moisture advection
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Thermal Adaptation- heating
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Thermal Adaptation-cooling
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TP- anchoring of the ASM onset

GCM Experiment of the ASM onset
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Upper-lower troposphere coupling @

Upper
troposphere
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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)



Original Gill model:
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10°S

90°E 120°E 150°E

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.



Upper-lower troposphere coupling @

Lower troposphere

> BOB monsoon onset
> Indian monsoon onset




Climatology: BOB vortex and

seasonal transition
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4. Influence of the atmosphere and @

ocean mixing on SST eveolution

OISST weekly(80-97°E,0-20°N) OISST weekly 00Z06APR200
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Fig. 9 (a) Time series of area-averaged weekly SST (°C) from OISST over the BOB area (80°—
97°E, 0°-20°N). (b) SST increase from the Week 6 April to the Week 27 April. (c) Weekly SST
distribution for Week 6 April. (d) As in (¢), except for Week 27 April.



Influence of the atmosphere and

ocean mixing on SST evolution
Mixed Layer energy budget in

northern BOB

Before BOB MOV was formed
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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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Upper-lower troposphere coupling leads to %

: earliest ASM onset over BOB

TP forcing intensifies SAH so that the upper tropospheric
divergence-pumping is located over the SE BOB
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Fig. 4 Climate-mean Pentad-isochrones indicating the evolution of
the Asian summer monsoon onset, Unit: pentad
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SH (Wm™) Premonsoon, 1989
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MO Sequence: Three Stage Structure
Stage 1: BOB Monsoon Onset
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MO Sequence: Three Stage Structure
Stage 2: SCS Monsoon Onset
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ASM onset Barrier (MOB)



Change in atmospheric circulation
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Onset changes of the difference between environmental and air parcel
virtual temperature (T .—T,,, interval is 0.2 K) averaged from 1000 hPa to
900 hPa.
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Fig. 4 Climate-mean Pentad-isochrones indicating the evolution of
the Asian summer monsoon onset, Unit: pentad



SCS monsoon onset and the unstable development of the SAH
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Evolution of geopotential height at 925hPa during the ISM onset (interval is 10 gpm)
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Tibetan Plateau-

Sensible Heat driven Air-Pump
(TP-SHAP)

Heating on the mountain slope
surface is crucial for uplifting water
vapor from the surface to free
atmosphere to form monsoon cloud
and precipitation!



Aqua-Planet Experiment (APE):

iff of V and w at s=0.991

Wu et al., JHM, 2007



Pumping

No
Pumping

U, wand @ vertical cross- section



Mechanical forcing hypothesis: blocking impact of the TP :

1. Shield the India from cold and dry advection

2. High surface energy and UTTM are coupled by monsoon convection

Coder, Maxkrum upper

crier alr tropaspherk temperature /,.——b -

(‘“’? 3

Mmalayas /

e G _A. Mansoon
entropics draukation
- Thetan platesu e
oW z subcioud
entropies antroples

North South

Boos and Kuang, 2010, Nature 51
Cane, 2010, Nature



Does there exist the TP Shielding of India from cold

and dry advection?

. A:30°N 476 W-m™2
———— . < Tropic of Cancer
' °S B:17°N 449 W-m?2

.
N~
TS

??\'ighl iTifne | Dayilimme

Fig. 1 (a) At the summer solstice, the solar zenith angle at noon is zero at the Tropic of Cancer (¢= 23.5°N). At the top of
the atmosphere (TOA), the intensity of solar radiation (SR) at latitude A (30°N) in the subtropics is the same as that at
latitude B (17°N) in the tropics. However, the length of day (LOD) at A (AA,/AA,) is about one hour longer than the
LOD at B (BB,/BB,). Thus the daily solar radiation (DSR) at 30°N is more than that at 17°N



Summer months Daily solar radiation (DSR) in Wm™2
CERES climate JJA mean insolation
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Fig. 1 (b) The climate mean latitude distributions of DSR in summer months are calculated from the CERES reanalysis
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the daily evolutions in 2001 across the

longitude domain 75-100°E of

(c) DSR (W m-), with the white dashed
curve denoting the 480 W m-2
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(d) the cold temperature advection (v<0)

at the surface (sigma=0.99) from J\
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ERA-interim and
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Summer: Shielding not need!

Winter: TP cannot block cold advection!




Jan mean streamline at 850 hPa




c¢)Jul, cloud fraction
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Fig. 2 Climatological mean January streamfield at 850 hPa produced from (a) ERA40 and (b)
CON Experiment; and the monthly mean of July, 2001 of (c¢) cloud fraction in persentage
and (d) downward shortwave radiation at the surface (Wm2)produced from CERES.



a) Osur: ERA40 e) Bsur: CON i) Osur: NoTIP
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Fig. 3 JJA-means of 6, (K) and streamfield (top row), ¢,,,. (g kg'') and 850-hPa water-vapor-fluxes (vector,
kg mls!) (second row), and (K) and precipitation (mm d-!, contours) (third row); and of profiles of
environmental temperature (K, red) and rising air-parcel temperature (K, blue) averaged over the four

pale-blue-grid-points over North India shown in the third row (bottom row), calculated from ERA-40 (a-

d), CON (e-h) and NoTIP (i-1).



Conclusion

In Summer: Shielding/blocking of the TIP is not need
since there is no cold advection from higher
latitudes!

In Winter: TIP cannot block cold advection because
the cold northwesterly or northeasterly can move
around the TIP and intrude India!




Mechanical forcing hypothesis: blocking impact of the TP :

1. Shield the India from cold and dry advection

2. High surface energy and UTTM are coupled by monsoon convection
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Fig. 1 The JJA mean distributions of
(a) geopotential height (unit: dgpm) at
200 hPa (blue solid) and 400 hPa (green
dashed), 200400 hPa mass-weighted
mean temperature (red solid, unit: K),
and zero zonal and meridional wind
contours at 200 hPa (black dashed); (b)
500-hPa vertical velocity (shading, unit:
hPa s1), 200-400 hPa mass-weighted
mean temperature (red contour, unit: K),
surface entropy > 356 K (purple
stippled; unit: K), and contour of u=0 at
300 hPa (black dashed); and (c) 60°-
100°E mean diabatic heating Q,/C,
(shading, unit: K d') and adiabatic
heating (blue dotted contour, unit: K
d!), ridgeline (black dashed line), and
temperature deviation from the (40°—
160°E, 0°—50°N) area mean (red contour,
interval: 5°C) .
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In response to an axisymmetric diabatic
heating, the meridional circulation
adopts two distinct regimes:

» the thermal equilibrium (TE) regime
in extra- tropics
» the angular momentum conservation
(AMCO) regime in the tropics.
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Longitude location of the SAH and UTTM
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Wu et al, Climate Dynamics, 2015



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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Mechanical forcing hypothesis: blocking impact of the TP :

1. Shield the India from cold and dry advection

2. High surface energy and UTTM are coupled by monsoon convection
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Table. The AGCM SAMIL is used here for all the experiments. Its climate mean
is termed CON. The topography is modified in NoTIP by removing the
Tibetan and Iranian Plateau (TIP) if the local altitude is above 500m. The no-
sensible-heating runs are performed by preventing the atmosphere from
surface heating over the TIP if the local altitude is above 500m. In the dry
experiments, CON_dry and TIP_NS dry, moist atmospheric processes are
excluded by setting the atmospheric water vapor to zero globally.

Experiments TIP Topography Tlll:esaililsigble Moist process
CON Yes Yes Yes
NoTIP No Yes Yes
...... TIP_NS YeSNOYeS
CON _dry Yes Yes No
TIP_NS_dry .................. Y es .................................. N ONO ...............
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Fig. 3 JJA-means of 6, (K)

and streamfield (top row),
q,, (g kg!) and 850-hPa
water-vapor-fluxes (vector,
kg m!s 1) (second row), and
(K) and precipitation (mm
d-!, contours) (third row);
and of profiles of
environmental temperature
(K, red) and rising air-
parcel temperature (K, blue)
averaged over the four pale-
blue-grid-points over North
India shown in the third

row (bottom row),

calculated from ERA-40 (a-
d), CON (e-h) and NoTIP

(i-1).
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Fig. 4 (a-c) and (d-f) are the same as Fig. 3 (a-c) but, respectively, for TIP_ NS and (CON-TIP_NS); and (g-1) the JJA-mean

distributions of the T, M and E terms in Formular (3).
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experiments CON, NoTIP, and TIP_NS. DIFF denotes the difference (CON-TIP_NS).



Conclusion

Water vapor content is more important than

temperature for maintaining high surface energy!



Mechanical forcing hypothesis: blocking impact of the TP :

1. Shield the India from cold and dry advection

2. High surface energy and UTTM are coupled by monsoon convection
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How can the high Water vapor content over land be

maintained for the continental monsoon?




Circulation symmetric flows induced by boundary temperature anomalies
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Experiments by SAMIL/LASG
Pre. V850
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TP heating produce pumping
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No TP heating, no pumping

% Boos and Kuang (2010)-

Insulation of the Himalaya?
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With TP surface
sensible heating
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surface sensible
heating

Structure of the South Asian
summer monsoon, showing
30°E-90°E
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PV-Q perspective of the TIP impact on
the Asian summer monsoon
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Highlight 7: Tibetan Plateau thermal forcing and Asian summer monsoon
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The Asian summer monsoon is mainly
controlled by thermal processes:

> Land_Sea thermal contrast,
> TP thermal forcing and S
> Iran Plateau thermal forcing Wu et al., 2012, NPG Sci. Rep.
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Q Introduction- general circulation

@ Dynamics of ASM onset

@ Evolution of the ASM onset

Q Maintenance of the ASM

_Variability of the ASM




110°-130°E averaged precipitation
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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 (EOF1) for daily spring precipitation anomalies

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
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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 antigyclone
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% conf:l)(g,ence
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.

b mr 5 FIARAE R, 1964

mAssEa T SERE; mAE: ARE

Due to PV asymmetric instability Liu%, 2007



ISV: TP summer heating and SAH oscillation
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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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Correlation: weaker TP heating corresponds to more rain
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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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Conclusion

» The thermal forcing of the Tibetan-lranian Plateau
has strong impacts on the onset, evolution and
maintenance of the ASM, and world climate.

» Protecting the ecosystem over the TIP and its
thermal status not only can improve the local
environment, but also can significantly influence
the global climate, particularly the Asian monsoon!









