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Droplet

- Multi-scale problem
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1. Condensation : sub-micron sized
CCN ~10"m

2. Moisture supply: ~1000 km, 10°m u

. . ~0.1
Range ratio ~ 102, Astronomical! g

3. In between : Cloud scale (~ 1 km)
Mesoscale (~ 100 km) &8 Hl
4. Form, grow, decay, reborn -
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Data Source:
Observations made during ICRP field phase

Satellite data (TRMM PR)

CAIPEEX Aircraft Observations




CAIPEEX, IITIM
:

IMD DWR


http://www.airport-data.com/aircraft/photo/005880L.html

Indian Climate Research Programme
1996: Sci. Plan; 1998: Impl. Plan

Main Focus: Understanding monsoon
variability on timescales ranging from
sub-seasonal to inter annual and
decadal, and its impact on critical
national resources

CAOS > Major role in conceiving & implementing

Wonderful cooperation from many, Govt, Defense,
CSIR, UN1V, ...



e DST +
DOD (MoES)+
DOS +
MoD +
CSIR +
IMD +
ITSc,IITs +
Universities

November 1996

Department of Science & Technology
Government of India New Delhi




ICRP Field Experiments: 3 so far

Bay of Bengal Monsoon Experiment (BOBMEX): 1998-1999

Arabian Sea Monsoon Experiment (ARMEX): Jun-Aug 2002,
Mar - June 2003, April-May 2005

understand the

mechanisms leading to the /
space-time variation of rainfall caitel,

and the embedded monsoon
disturbances during the summer
monsoon with focus on intra-
seasonal variations

atitude (N)

Large-scale, Land surface processes T
and hydrology, clouds & onguse (5
aerosols, ocean

ARMEX —2002-2003, 2005

1. Intense Rainfall Events on WC
2.  Warm pool build up & Collapse

3. Monsoon Onset over Kerala
Mausam Jan. 2005 (Special Issue)

S0

BOBMEX — 1998-99
Air-sea Coupling
Rapid SST Recovery

Northward Propagation
North-South gradients
(Bhat et al, BAMS, 2001)




I\/Ieteorology Oceanography

Land-hydrosphere-atmosphere-vegetation interact
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Deep cloud formation B= 9——
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Manifestation of moist instability

CAPE — Convective Available Potential Energy
CINE - Convection inhibition energy

What happens to CAPE & CINE as clouds develop?



34 - Variation of air temperature, Bangalore
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(CTCz Praject.,ﬁ ‘DST, Govt India)

Microwave Radiometer
Measures T & humidity profiles up to 10 km height
Data ~ continuous, every minute



Temperature, up to 10 km height Temperature, lowest 2 km

March 2011
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Level0 Temp. (K)

How reliable is the data?

Level0 Temperature Comparison : Jun 13-16, 2011
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~0.5 to 1 K temperature bias, corrected
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MAR 00z, 2011
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Validation of the Microwave Radiometer Temperature profiles against the
Bangalore IMD radiosondes. The MWR profiles are indicated by Red and the
radiosonde profiles by blue.



APR 00z, 2011
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MWR - captures the structure of water vapor profile well



Surface Absolute Humiduty Comparison:MAY,2012
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MWR - Mean ~ reasonable but misses diurnal amplitude



CAPE (J/kg)

CINE (J/kg)
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Computation of CAPE & CINE
Parcel: T, 2 To from MWR, RH - from AWS

Te - MWR temperature (corrected)& humidity profile

Calculate CAPE up to 10 km height

CAPE and CINE Variations : Nov 13-15, 2010
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Rainfall (mm)
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Daily Precipitation (Nov 2010 - Jul 2011) Total Precip. = 546.2 mm
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Daily rainfall measured in 1I1Sc, Bangalore




Rain(mm)

CAPE(J/kg)

CINE{J/Kg)

CAPE(J/kg) Rain(mm)

CINE(J/kg)

Total Precipitation = 65. 1mm

Total 65 mm (April 11)

10 =
S+ _
0 | | '
3000 \//J .
CAPE
2000 .
1000:]\,\ =
-mok/.\/w \r \_
-1000 i
-1500 |- CIN E| 1 1 .
111.1 111.2 111.3 1114 e 111.6 117 111.8 114
noon 5pm
Total . . «vipreceenes — J1.8mm
6L T T T T T ]
., Junell |

4008
3000
2000
1000

<100
-200
-300
-400
500

L 1 | |

|

1

|

|

1751 175.2 175.3 175.4 175.5
Julian Day

175.6

175.7

174.8

175.9




CAPE(J/kg) Rain(mm) Rain(mm)

CINE(J/kg)

Aggregated Rainfall

I I

Time (Hrs)

Major Precipitation Events.



CAPE(J/kg) Rain{mm)

CINE(J/kg)

Aggregated Rainfall
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CAPE — starts building up ~ 8 hours before
remains nearly steady ~5 hrs prior to rain
decreases below 1000 J/kg after rain

CINE — becomes negligible few hours earlier to rain



Normalised count

Integrated Water Vapor . Mean = 30.133 Var = 158.466
0.07 . . .

IWV, Rainy Days . Mean = 41.035 Var = 39.636
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Liquid Water Path (> 0.2 kgfmz). Mean = 3.895 Var =4.24
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The distribution of LWP during rainy days



CTCZ Field Phase: 2011, 2012—> shifted to Bhubaneswar
2011: Sep — Nov; 2012: July - Nov

June — September Average Rainfall (cm)
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Variation of IWV from July — Nov 2012
Line — MWR, symbol: radiosonde
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1. CAPE & CINE change significantly during day time
2. CAPE builds up ~ hours prior to onset of rain
3. Bimodal distribution in CLW path

4. WV > 60 kg/m”72 during monsoon over Bhubaneswar



CAIPEEX, II} |

IMD DWR


http://www.airport-data.com/aircraft/photo/005880L.html

CTCZ-Pilot:2009, 2011; Main:2012

Sagar Nidhi (Nn1OT, MOES)
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20 July 2012, BoB
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How is life inside a monsoon cloud?

IITM Pune
Cloud Aerosol Interactions and Precipitation Enhancement Expt.
(CAIPEEX)



.| King hotwire LWC

VIMS winds
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Rosemount
temp

(0.5 tc 50m)
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PIP (100 to 6200pum)



Rain Type

1 — Isolated drops 2 — Drizzle 3 —Rain

(J R Kulkarni, ITM)



H= 2.5 km
T=11.0°C
Re=11.0 um

Hydrometeor Phase

Mixed Phase

Ice Hydrometeors

H=6.3 km
T=-10 l,C

Re=11um(j R Kulkarni, ITM)



20090705-Flight Track
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Amount of condensed water inside clouds over Karnataka
(based on one day sampling, 13 July)
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Entrainment

1. Construct conserved variable plots using e and gt

Oe — obtained by (reversible) moist adiabatic process
qt = qv + LWC - total amount of water

2. At a given instant, when air craft passes through a cloud, it may
encounter rising or falling drops. So, colour code is used to distinguish
vertical velocity in plots.




Paluch Diagram — Conserved variables

Environment P8
Data -
I \. +"’1— mixing line. no precipitation

Environment P8

Data \
|

no mixing

but raining




5JULY OVER ARABIAN SEA (LON=74.6)
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Clouds were precipitating type
Air entrained from above, but within 100 m
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3D structure of monsoon clouds
1.TRMM Precipitation Radar

2.IMD’s S-band radar

(Shailendra Kumar, Kapil Dev Sindhu)



(US-Japan) TRMM Satellite Instrumentation ;9952012

Flight Speed: 7.3 km/sec

PR: Precipitation Radar

TMI: TRMM MicrowaveMmagen (chec
VIRS: Visible/IR Scanner

PR

Kummerow et al, 1998
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TRMM PR coverage on July 7, 2009

trmm pr reflectivity 7jul2008
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Study of Clouds system ?

Convective core

258N 258N 26N 26N ZRON 263N 264N 265N 266N 287N 268N 269N

mean height of the clouds  Hight of convective core

Itlng Band

8 I I I I I
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Effect of Melting Band(bright band) on the Height of clouds
structure.
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Mizoram
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(Kapil Dev Sindhu)



Regions chosen for the study of convective core
GPCP data

Total ave for JJAS

16

12

10

mm/day

Latitude

ROE
- Longitude

Surface & environmental conditions differ



lattitude
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Height(Km)
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GraDS: COLA/IGES 0 5 10 15 20 25 30 35 40 45 50 2011-02-20-15:37

Actively growing clouds <0.1% area
Matured clouds ~1-2 %
When averaged — decaying & weak precipitating clouds dominate

Pick the strongest from each frame, subject to at least
One profile with Z > 40 dBZ
Send the best athlete to the Olympics!
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variation of the maximum reflectivity
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(Shailendra Kumar)

1. Max Z < the freezing level (~ 5 km)

2. Z decreases rapidly with height in 5 to 10 km range

3. Indo Gangetic plane & North East — CLW

4. Regional differences — surface forcing or microphysics?
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1.Condensed water lies below melting level in all the chosen regions.
2. Regional differences are indicated here.

(Shailendra Kumar)



Large scale
Fractional area covered by deep clouds
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TMI Cloud Liquid Water, 3-days ending: January 23, 2013



100 B ¢ ";'h ﬂﬂﬂﬂﬂﬂﬂ _ mc -
() mme e — — — e — <
() S p | Q
300 { | - j p‘l rmc R
p SN I Anteiaiaielits 7/
b CA D -7
(mb) 500 -ap E 'r.'r e —— —— | — d — = —— e e ﬁp
®fli? mesoscale ________';_ _______ _
700 ' circulation
. L | p2 ’mr
) _—— el e ] L — |
850 - { 2 = _IL ,
1‘---"-'J ———————— -{::: —_— — i ——
: _
’_ convective area j‘ ‘ subsidence area

(Bhat, JAS 1998)

Ascent = Deep convective clouds, time scale ~ 1 hr
Subsidence = clear regions = radiative cooling



c

Rad. cooling

mean divergence

AJAy = [Cp (dTx/dD)]/[Ap,(ds/dp)(1 — apB)]

stratification Mesoscale
circulation

a = (p, — p)(py — P1):

Pl 7
Pa = f (V-V)p dp/J (V-V) dp,
F2 P2
F1l 2
B = mim, = J (V-V) dp J (V-V) dp,
n Fr

where V 1is the horizontal wind.

p,being the mean detrainment
level, related to thermal structure
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F1G. 6. Vanation of af8 with p, for Sfme tropical convective sys-
tems. The divergence profiles are CY 24, tropical cyclone 2°—4° radius
(Frank 1977); MGAM, McBride and Gray (1980b) daytime; MHSA,
Mapes and Houze (1995) active area; MHSE. Mapes and Houze
(1995) extended area; and GERAY. Gray (1973).
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Nature of organized convection-> div profile
& downdraft structure = influence fractional
area cover of convective clouds.

(Bhat, JAS 1998)
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MCS (West Pacific) — largest of3
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Thank you



