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Primary synoptic and smaller-scale circulation features that affect cloudiness and precipitation in
summer monsoon region Locations of June to September rainfall exceeding 100 cm over the
land west of 100°E associated with the southwest monsoon are indicated (from Rao, 1981).
Those over water areas and east of 100°E are omitted.
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Climatology
of TRMM PR
Rainfall

Convective and
stratiform
contributions
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Monsoon core zone considered Active and Break Monsoon Variability

to identify active events Daily rainfall (75°E - 85°, 15°N - 25'N)
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Monsoon core zone considered to

identify active events
MEAN SEASONAL RAINFALL FOR JUL+AUG (mm/day)

Active Monsoon Variability

Daily standardised rainfall time series averaged over the monsoon zone
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Year Active monsoon spells

1998 3 -6 July

2000 12 - 15 July; 17 - 20 July

2001 9 -12 July

2003 26 - 28 July

2004 30 July - 1 August

2005 1-4 July; 27 July - 1 August

2006 3 -6 July; 28 July - 2 August; 5 -7 August; 13 - 22 August
2007 1-4 July; 6-9July; 6 -9 August

Rajeevan, Gadgil and Bhate (2008): NCC Res Report No.3. India Met. Dept. Pune
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Dynamical response of monsoon trough during active monsoons

Vertical development of cyclonic circulation well above the mid-troposphere !

Relative vorticity (x10% s-1)
averaged over monsoon trough Wind anomaly at 500 hPa
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Frequency distribution of stratiform/convective precipitation during active monsoon
from TRMM PR
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Eg. Large population of Nimbostratus clouds associated with monsoon depressions
(Ref: Stano et al. 2002)

Role of latent heating from convective/stratiform cloud populations on
the large-scale dynamical response of the Monsoon Trough ?




Radar reflectivity Echo type
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Calculation of vertical profiles of heating
(based on Schumacher et al. 2004)
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Nondimensional heating rate

Strong vertical gradient of heating
in stratiform clouds

Assumed latent heating profiles associated with stratiform and convective precipitation are
linearly combined based on the rain fraction for each precipitation type, normalized such that

the area under the curve equals one, and then multiplied by the precipitation at each location

N




Response of the tropical Walker circulation to varying stratiform rain fractions

Upper tropospheric circulation response

C. Schumacher, R.A. Houze and I. Kraucunas (2004) — J. Atmos. Sci, 61, 1341-1358

250 hPa streamfunction anomaly and 400 hPa annual latent heating
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How does the South Asian monsoon trough respond to varying
populations of convective and stratiform latent heating ?

GCM experiments

LdGlobal atmospheric model with specified heating (adiabatic model)
Horizontal resolution - R40 , vertical resolution - 25 o-levels

Q3D latent heating profiles are constructed based on observed TRMM rainfall and
rain fractions (PR)

USteady state response: 100 days of model run with prescribed heating and
damping (Rayleigh friction and Newtonian cooling with 5 days e-folding decay
time-scale)

Ayantika Dey Choudhury and R. Krishnan (2011): Dynamical response of the South Asian monsoon trough to latent heating from
stratiform and convective precipitation, J. Atmos. Sci, 68, 1347-1363.



Climatological JJAS latent heating derived from TRMM 3A25 rainfall

Vertically averaged heating
40N

30N A

20N A

1on /D)

EQ 1

105

30E 45 60E 75E 90E 105E 120E 135E 150E 165E 180

1 | ]
0.5 1 1.5 2 2.5 3 3.5 4

Height-longitude section (10N-20N)

:@ l @

40E 60E 80E 100E 120E 140E 160E 180
1 |

1 2 3 4 5 6 7

M (Algorithm from Schumacher 2004)




Model response: Control (CTL) experiment

Winds and streamfunction
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Sensitivity of circulation response to varying population of convective and stratiform rain
anomalies over the monsoon trough zone during active monsoon spells
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Shaded area: Monsoon trough (MT) zone

Total Rain = Clim Rain + Anom Rain

SF and CF of rainfall anomaly is assumed to be
fixed at all grid points over the MT zone for any
particular experiment

Spatial variation of CF and SF for the total
rainfall over the MT zone is allowed

Model sensitivity experiments

Stratiform and convective

Exp fractions of rain anomaly Active period rain anomaly
during active monsoon
period
Stratiform Convective Stratiform Convective
Fraction (SF) |Fraction (CF) anomaly anomaly
Exp 2 30% 70% 30 % of Rain |70 % of Rain
anomaly anomaly
Exp 3 50% 50% 50 % of Rain (50 % of Rain
anomaly anomaly
Exp 4 70% 30% 70 % of Rain |30 % of Rain
anomaly anomaly
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Heating profiles for
sensitivity experiments
computed based on
Schumacher et al. 2004
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Winds and stream function

Mid-level anomalous circulation response
EXP1: 0% Stratiform clouds

# » a\e v 435 49 s acra>>qa > 000444 N TEE S

vVveraraver YV
) v < ¢ bV A

o
LRI

4 8 a NavVvirany A A bV

CICIE IR *VAAq Vv <cr Ay b v
w“v «4a>Aacryyv b >>¢»‘ .
5 LY avaeara . f )
e v oay - "\ *yaav A Ay
o - - v “
- o ﬁ.Mrvo.K\l tavaarsvverey e 4
v cva.-l-.nli ® e vVaar> vy sevoe v
u.@;.vi'\-. a9 v e oov)..dlfﬂ
22 &.ﬁ/'
ceevrrwnitt R

?.« PR

v ey

// ® vy g\« s>
*aveyvwa 4 v v
\ fas>aaaviv 4
Y 7 taysaael s
” NEEEEREER
v by

&

a9 S0y a '

4 9/4 @9 v oay ‘\

a a4 sa> x

8 ....\v\_lu...J:
,\A-v« -uvtﬂaan -ﬂ»

a a vlota.u&cvo“o LY ]

1-A-«~140s LY 'ovvv.‘..

a " AP a4 sit b

4 44V v »a v > aACy ~ \) a e sy

> a o

110E
110E

v eV WY qaa

P R I R

s ae-w

100E

R R B A R

Pe vy T wa g

P yvagad vyverr cy

90E

uwa>edqw

80E

S~ vy

v a0

70E

60E

EXP4: 70% Stratiform clouds

50E

EXP2: 30% Stratiform clouds
40E

30E

»

rvv < gy L

L A Ay g ajt s, l

20E

s av®res> 440 v v

«av v A 3 a4 aan

-5

» > b raaan 44> 449494 < 4 >
» b TATCTE A \) > 4 4 A 2 >

pvVachtarry 170 v e >
PV beascrreaancy N
> a !§ '.p »\\

Y.

-4 CPACapwa ™

110E

110E
-15

1
=25

100E

60E
EXP3: 50% Stratiform clouds

=35

4 rrrrecrT <

“ANrAA LT o

90E

® > AAd QA VvV Eacdeen

-55 -45

80E

70E

S0E

CREIE AL A N

3 %
*va

R~

a1 v vy

a9

40E

30E

Q
Large scale structure of mid-level cyclonic response extending into African ITCZ region

20E

FPrr<r ey ba\-vvq..-

P LB A 2 A 2 \)))711

— v Al Al v

= = = = (=

m (=] o o w
Lr] ~N -—

Ayantika Dey Choudhury and R. Krishnan (2011): Dynamical response of the South Asian monsoon trough to latent heating from stratiform and convective

precipitation, J. Atmos. Sci, 68, 1347-1363.




iform clouds

Strat

30%

EXP2

Mid-level anomalous circulation response
Divergent winds and velocity potential

0% Stratiform clouds

EXP1

110E

100E

90E

N RS ——]

NN e

iform clouds

w I:-AQQ\\E
3 L9 9
L3 [+] AviesesdO
anre 1 P RIPERE AR LR
= T relRe- e v 8RR
il Ly s g vrrarcq -
2 2 7 .y “ v 3 -.qvaav.-_.n-v._ m . ’II»»JJI!I-—A-U._ —5
st ttt IR I IR L & AR teann N
bsttttt P ttanesrtt LT J//lo,—onn-.
borrtrrtt it teas oadd Thxaere,,

w
SRR SN Y ) vVt P ra.,, >>.-w Porerans

70%

>> 4 wd
JRILEE YA * ¢ ¢ 4 Vv aeeeIra T n
> e 8
p > 'Phb K.h“”l”“““bhﬂ E Py ]
» T RN *o1 4 ~
sSoond . IXERRY L2 o -
P rerrary LR X o
rrraary w E M“m
rrraaay €LV eaqev> -w
r v, aaq daaddadrerarry Al w
Ly NS -..ooo.-.-...ﬂ-;v‘ =
> » 97-...‘00.000.0-9o000- -.‘I.um “ o
z o =
z z z z o o™ -3 g
w o o o w o 4 puet
Lo N - -
w w w2
o o oN
- - !
ra4aa - - w
k ¢« ¢ v a4 a -ﬁ-
k s st carTvvvyyr>aa x ..aau;.a..oceea
b v s p v vV YTTEYTYTY aOl .....u»n..ovr M
Frvespevarant? b cavvaasany -
hoooonsoo08 P ARSI cecrarrs w TR ERR L AL R R R w
b > 333 caess N0 7222300400 04q717140 ¢-vrv———vl,. LT T T O N a—”.
b s aasr R R >v e 5889 0aanaq @ R v LS L T I I
b aas R R R 2, vaa ‘444#-.-, m
.nrv-ﬂtdco. . > > > tr e v v v )

80E

50% Stratiform clouds

P RN E R LY
s 2227200400 8\\\\1

vy

LR Y

ha v b,
h 729 v vy

h 7791 rcvrr >

70E

h e aasr et

PP2222000 000,

-novln‘ﬁas‘-»v‘-AsuA

NSRRI

axntttt e,

LIS I I A IV I P

SN

60E

b rrrr v

pttttttt
AERREEE
tttt

e

v v
k e &

O

b v vy

vvvoe

40E
EXP3

R
Ayantika Dey Choudhury and R. Krishnan (2011): Dynamical response of the South Asian monsoon trough to latent heating from stratiform and convective

precipitation, J. Atmos. Sci, 68, 1347-1363.

v vor v 4 2 TI>d g eV rrrraan

U 4 YT 44499 Ceqadr 4 |

x T <<-‘Aa»..‘..oo-vﬁa. “ |
T T T T S-O > |

z z z z o |

m o o o w o o |
(2] N - - <+




Vorticity equation in d(c+ f) _ (g' N f)V - ou ow 0v dw

pressure coordinates =

dt op dy Op 9Ox
Stretching Term Twisting / Tilting Term

Vorticity stretching at low and mid levels over the MT

1.6
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o 1-4- Low-level
= 1.2
S
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>
S 0.8 Histogram showing low level (o =
§ 0.6 0.86, gray).and miq Igvel (0= 05
v black) relative vorticity stretching
Z 0.4- (x 101 s2) averaged over the
< monsoon trough (18°N - 28°N,
< 0.2- 70°E-90°E) for the four sensitivity
experiments
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Dynamically forced uplift of layer of cyclonic vorticity over Monsoon Trough

*"Imposed heating is positive

=Negative temperature anomaly is a clean indicator of dynamically forced uplift !

0.4

0.51

0.6 1

0.7 1

0.8 1
0.91

Longitude — height section of temperature anomalies averaged over 12N - 28N

EXP4: 70% STFM; 30% CONV

EXP1: 0% STFM; 100% CONV

NS

N

}9 .25
%‘g\ﬁ 52075 0.4
i 75 \/9 1255 N
\/‘/o \.255—0‘ 7!
\0.25/'//_:——\';/ .
e, 26 - 0.5 -
N Y
0.6 - . 0.25
/ 0.7 - 0.25 1.75
92" 10.8- J 125
28 09 /0.25 .75 0.25
0.5 0% ' )
30E 40E 50E /oOE 70E B80E 90E 100E 110E 30E 40E 50E 60E 70E 80E 90E 100E 110E

|
-275 -2.25 -1.75 -125 -0.75 -0.25
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Large-scale Rossby waves in mid-troposphere forced by monsoon heating

®\ertical gradient of heating over the precipitating regions of the tropics is a source of PV generation
# The circulation response is strongest at the level of maximum heating gradient

#The forced Rossby waves disperse PV westward

Anomaly composite of potential vorticity
(PV x 10 " kg m?2 s' K1) and winds (m
s1) at the 330 K isentropic surface
based on the active monsoon days. The
data are based on ERA interim
reanalysis

| ] | |
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Ayantika Dey Choudhury and R. Krishnan (2011): Dynamical response of the South Asian monsoon trough to latent heating from
stratiform and convective precipitation, J. Atmos. Sci, 68, 1347-1363.



Summary

Vertical development of Monsoon Trough (MT) during active monsoons:

%+ Is not a localized phenomenon. It represents a large-scale dynamical response to organized MCS

4+ As the monsoon MCS evolves, the older portions of the MCS primarily composed of stratiform

precipitation exert profound dynamical influence on the MT

+ Latent heating from large population of stratiform clouds causes gradual build up of mid-level

convergence and promotes vorticity stretching above the mid troposphere

+ \ertical gradient of heating (PV source) is maximum near mid-troposphere for stratiform-type rain.

This allows generation of strong PV in mid-levels

+ Rossby waves disperse PV westward with long components of the forced response extending

westward up to the African ITCZ

+ MT is basically subjected to a forced dynamical uplift. Temperature response shows negative

anomalies below 600 hPa

+ There is need to improve moist convection parameterizations in GCMs, by taking into account

realistic description of interactions between the MT dynamics and the MCS latent heating.0
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Fig.5 Wind anomaly (m s™') composites and statistical levels of significance of zonal wind

anomaly based on active monsoon days (a) 925 hPa (b) 850 hPa (c¢) 700 hPa (d) 600 hPa (e) 500

hPa (f) 350 hPa. The shading denotes regions over which the zonal wind anomaly is statistically

significant at 1% and 5% levels. The data is based on ERA-interim reanalysis.
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