New INCOMPASS
observations of the monsoon
over southern India



The spatial distribution of monsoon rainfall is
strongly associated with orography

* Rainiest areas are where moist

flow over oceans encounters
mountains: the Meghalaya

27°N

Ralnfall [mm/h], MSLP [hPa] and 950 hPa winds

10 m/s

Plateau and upstream of

Western Ghats and mountain
ranges on Myanmar coast.

* In South India, the east coast is
In the rain shadow and has a
different peak rainfall season.
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Research Questions

+ What processes are associated | '//(/é\\ |
with rainfall offshore? : 02 .
Arablanﬁw

- What is the boundary layer 2
structure of the onshore flow? e Sea
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- What produces rainfall over the
tops of the Western Ghats and
the rain shadow?
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INCOMPASS South India IOP, June 2016

e Six flights over Western Ghats and eastern Arabian Sea
e Surveyed diurnal cycle and synoptic evolution over ten day period

e |n situ aircraft data supplemented with radiosondes, satellite and
reanalysis for context



The IOP was characterised by the passage of an

active phase of the MJO/BSISO
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Two distinctive rainfall
regimes associated with
large scale mode

« Offshore phase
* First half of IOP

« Heavy rainfall over eastern
Arabian Sea

» Suppressed rainfall over coast
and mountains

« Coastal phase
 Second half of IOP

e |ntermittent rainfall over Arabian
Sea

* Heavy rainfall over coast and
mountains
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Combined aircraft and radiosonde observations
averaged over offshore and coastal phases
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Combined aircraft and radiosonde observations
averaged over offshore and coastal phases

« Offshore phase

» Cooler, dryer boundary layer over
Arabian Sea

« Coastal phase

« Warmer, moister boundary layer
over Arabian Sea
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Combined aircraft and radiosonde observations
averaged over offshore and coastal phases

« Offshore phase

 Weak onshore flow, low critical
layer

« Coastal phase

 Stronger onshore flow, westerlies
up to about 400 hPa
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Combined aircraft and radiosonde observations

averaged over offshore and coastal
« Offshore phase
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number

=Ll B Offshore Day
I Offshore Day

Controls on offshore rainfall

SIS Coastal Day

. . Mean . . :
amber  PPe%e Ugoy" el SSTCO)  F Cppe  Gape alghka)
2.3 28.58 0.6 889.0 156.7 6.5
1.1 28.78 1.3 510.9 65.5 6.7
Offshore Evening 1.3 28.78 0.9 NA 340.6 6.3
Coastal Night 0.2 28.62 0.9 NA 175.8 5.1
0.0 28.55 1.1 1370.0 715.0 3.3
Coastal Evening 0.8 28.55 1.0 NA  2158.6 4.5
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coastal phase

Mean
rainfall

SST (°C)

Slightly cooler SST during

Fr

Amini
CAPE

Mangl.
CAPE

Mid-trop
q (9/kg)

(mm/h)
Offshore Day 2.3 28.58 0.6 889.0 156.7 6.5
Offshore Day 1.1 28.78 1.3 510.9 65.5 6.7
Offshore Evening 1.3 28.78 0.9 NA 340.6 6.3
Coastal Night 0.2 28.62 0.9 NA 175.8 5.1
Coastal Day 0.0 28.55 1.1 1370.0 715.0 3.3
Coastal Evening 0.8 28.55 1.0 NA  2158.6 4.5
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Flow is mostly unblocked in
both phases

Mean
rainfall SST (°C) Fr
(mm/h)

Pl Offshore  Day 2.3 28.58 0.6 889.0 156.7 6.5

1y B Offshore  Day 1.1 28.78 1.3 510.9 65.5 6.7

Amini Mangl. Mid-trop
CAPE CAPE q(g/kg)

=17 Offshore Evening 1.3 28.78 0.9 NA 340.6 6.3

X Coastal  Night 0.2 28.62 0.9 NA 175.8 5.1
2B Coastal Day 0.0 28.55 1.1 1370.0 715.0 3.3

S [SCM Coastal Evening 0.8 28.55 1.0 NA  2158.6 4.5
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CAPE is anti correlated with offshore
rainfall due to buildup of BL humidity

Mean

Amini Mangl. Mid-trop

rainfall - SST(C)  Fr  cApg  CAPE q(g/kg)

(mm/h)

Pl Offshore  Day 2.3 28.58 0.6 889.0 156.7 6.5

13 Offshore  Day 1.1 28.78 1.3 510.9 65.5 6.7

=17 Offshore Evening 1.3 28.78 0.9 NA 340.6 6.3

X Coastal  Night 0.2 28.62 0.9 NA 175.8 5.1
2B Coastal Day 0.0 28.55 1.1 1370.0 715.0 3.3

S [SCM Coastal Evening 0.8 28.55 1.0 NA  2158.6 4.5
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Mid-tropospheric drying associated
with reduced rainfall offshore

Mean

Amini Mangl. Mid-trop

rainfall - SST(C)  Fr  cApg  CAPE q(g/kg)

(mm/h)

Pl Offshore  Day 2.3 28.58 0.6 889.0 156.7 6.5

13 Offshore  Day 1.1 28.78 1.3 510.9 65.5 6.7

=17 Offshore Evening 1.3 28.78 0.9 NA 340.6 6.3

X Coastal  Night 0.2 28.62 0.9 NA 175.8 5.1
2B Coastal Day 0.0 28.55 1.1 1370.0 715.0 3.3

S [SCM Coastal Evening 0.8 28.55 1.0 NA  2158.6 4.5
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Arabian Sea boundary
layer: during the coastal
phase, when convection
was suppressed offshore,
boundary layer humidity
built up to the highest
levels observed in the
campaign.

Fletcher et al, 2018: The dynamic and thermodyn
southern India: New observations from the INCOI

Data from low level runs (below 500 m)
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Observations in the Western Ghats
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Afternoon rainfall during coastal phase

downwelling shortwave [W m~2] zonal wind speed [m s71]

meridional wind speed [m s™1]
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Upslope easterlies stronger, earlier in coastal phase

downwelling shortwave [W m~2]

precipitation [mm h~1]

29 — 20-
—— 25-30 June
400 -
1 .
200 -
O L T T T 0 L T T T
0 10 20 0 10 20
Local time Local time

sensible heat flux [W m~2]

latent heat flux [W m~2]

200 e)| 2007 f)
100 - 100 1
0 0
0 10 20 0 10 20
Local time Local time

C

s _|h)

8 51

=

g JJ

504 \ : : : A—‘. . ' : .
20 21 22 23 24 25 26 27 28 29

day in June 2016

zonal wind speed [m s7!]

16.2°N

15.9°N

15.6°N |

15.3°N

15°N

14.7°N

meridional wind speed [m s™1]

01 d)

C)

10 20

Local time

10 20 0
Local time

m

Dharwad flux tower site location

900

750

600

450

300

150

73.8°E 74.1°E 74.4°E 74.7°E 75°E 75.3°E 75.6°E 75.9°E

Fletcher et al, 2018: The dynamic and thermodynamic structure of the monsoon over
southern India: New observations from the INCOMPASS IOP. QJRMS, in review.



400— Rainfall during IOP, 13° N
n —— Climatology
31 ;" { ---- 20-24 June
500— u=0 'Ez. . A,". —— 25-29 June
________ £
S
14
S | ~-Amm/hr
700—
i 28 Jun 00Z - 22.0
Relatively weak
onshore flow 27 Jun 00Z
> o ] 15.0
900— cooler, drier coastal
950— boundary layer phase 26 Jun 00Z -
10.0
25 Jun 00Z A
.................................................................. 5o
(b) Coastal phase 24 Jun 00Z 1
D —
400 " 23 Jun 00Z 1 2.0
— an .
u=0 omaly offshore A2
con_ i phase 22junooz - . . L 0.5
_/% :
T~ L 21 Jun 00Z - ; .!iagsg .
_ - : T T E— 0.0
700— ‘ 70 75 80 85
—_— longitude

Relatively strong
onshore flow

 ——

900— warmer, moister
950 — boundary layer

Art by Beth Tully



Hypotheses to investigate further

* Local thermodynamic properties play
a more important role in offshore

rainfall than orographic blocking
does.

* Mid-tropospheric dry intrusions are a
major determinant of offshore rainfall
and in the thermodynamics of the

onshore flow.

* Upslope flow on the lee side of the
estern Ghats occurs in the
afternoon and can contribute to _
convective triggering on the mountain
tops and rain shadow if other
conditions permit.

T ———
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Are these precipitation responses over ocean and
land generally seen with the passage of the BSISO?

Eastern Arabian Sea rainfall during & after BSISO Eastern Arabian Sea midtropospheric RH after BSISO
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20 Jun 2016 06:07Z

Met7/GPM IR and
reflectivity

* Precipitation shifts from stratiform to
convective over the course of the IOP
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 Offshore rainfall in the evening is
congestus-like.
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- Arabian Sea boundary
layer: low level drying
observed in all flights as

Data from low level runs (below 500 m)

the onshore flow
approached the coast.

* Boundary layer m0|sture £ o]

budget analysis
suggests this is due to
entrainment of free
tropospheric air/
downdrafts

Fletcher et al, 2018: The dynamic and thermodyn
southern India: New observations from the INCOI
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Data from low level runs (below 500 m)
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