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“» Background of the Conference :
IITM s Golden Jubile

s*Conference Statistics
s Highlights of the Conference

“*Summary of the Panel Discussion




Background

s As a part of celebration of Golden Jubilee Year
(1962-2012) of IITM a conference on
Opportunities and Challenges of Monsoon
Prediction in a Changing Climate
(OCHAMP-2012) was proposed by IITM
during 21-25 February, 2012.

¢ Strong support from WCRP/WWRP made the
Conference truly International !

¢ With support from Ministry of Earth Sciences
(MoES), Govt. India and ICTP, Trieste, we
added a Training component by inviting a large
number Ph.D students and early career
scientists to interact with the Experts.
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At the Third Session of WMO Congress in May 1959
following Resolution was adopted:

“Resolution 22 (CG-II)
Research Institute for Tropical Meteorology

The Congress, considering,

(1)The urgent need for research work in tropical
Meteorology especially as regards developing
forecasting techniques,

(2) The limited facilities and resources available in
tropical countries for carrying out search,

(3) The great economic value of improved Met.
Services in the tropics for public transport, agriculture,
public health, water resource development and many
other branches of the national economy,

DECIDES that the World Met. Organization should do
everything possible to initiate, sponsor and encourage
the establishment and operation of one or more
research institute for tropical meteorology &

DECIDES the Executive Committee to take
all possible steps to implement the above
decision”

Proposal for the Institute
of Tropical Meteorology

Resolution 22 (CG-II) adopted at the
Third Session of the WMO Congress

No.B86400
India Meteorological Department
From

The Director General of Observatories
Lodi Road, New Delhi.

To

The Secretary to the Government of India,
Ministry of Transport and Communications
Department of Communications & Civil Aviation)
New Delhi.

Dated New Delhi, the 9*" June 1961

Subject:- Third Five Year Plan — Development of Research
Organization: INSTITUTE OF TROPICAL METEOROLOGY,
SMALL RESEARCH UNITS AT REGIONAL CENTRES.

1 have the honour to forward herewith proposals concerning scheme
No.12 “Development of Research Organization: Institute of Tropical Meteo-
rology, Small Research Units at Regional Centres” included in the third
Five Year Plan of the department, for administrative approval of Govern-
ment. The justifications for the scheme together with details of the
phased programme are given below:-

A. INSTITUTE OF TROPICAL METEOROLOGY

1. Need for a meteorological research Institute. Ever since its
inception in 1875, the India Meteorological Department has been engaged
in the study of meteorology as a science in addition to rendering service
to various interests who require meteorological information and advice and
warnings. In the years upto 1940, departmental officers, though few in
number, could spend a fair part of their time in research work connected
with the synoptic, climatological and physical aspects of the atmosphere
and make significant contributions to the science of meteorology. The
increase in knowledge of the characteristics and behaviour of the atmos-
phere over India derived from such research work was applied to improve
the technical service to various interests including shipping, aviation
and the public.

With the rapid development of transport and communications over

land, sea and air, and more particularly in the air, demands for met.
service have increased considerably during the last 20 years and more
specially in the last 5 to 10 years. Though a large addition to the
strength of the department has taken place in the last 20 years, most of
the time officers and staff is spent in rendering service to various

.2




Birth of the Institute

* IMD received the formal approval of the Govt.
of India in February 1962 as one of the schemes
under the Third Five Year Plan.

* The Institute was formally established.on 17t
November 1962 with the posting of Prof;,P.R.
Pisharoty as its Director.

** The ITM was established as a distinct unit of
the India Meteorological Department for
research in Meteorology and Atmospheric
Science.

¢ ITM started functioning in Ramdurg House, a

7Z@@ailding of IMD adjacent to its main OW




II'TM in Ramdurg House
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HPC Building

‘SHISHIR’ : CCCR
Housing Complex




- Seminar Halls and Training Facility




Mobile Doppler
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HPC with peak performance 70TF LIDAR Profiler
Mobile X-Band Doppler “Microwave

Dual Polarized Radar Radiometer Profiler
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New Initiatives

Centre for Advanced Training in Earth System

Science and Climate (CAT-ESSC)
“+To attract good students for doing Ph.D in
Climate Science, a
% 20-30 Trainees every year will be inducted to
jobs in different MoOES organizations after going

through a 3 Semester Training. Continue to do
Ph.D while on job.

++2nd Batch has just been selected

“+*We are happy to see that some very good
students are attracted



New Initiatives

The Monsoon Mission
“*Mission mode project to deliver quantifiable
improvement in skill of prediction of monsoon on
short, medium and seasonal time scale.
“+Build partnership with academicand R & D
organizations to work on improving skill of

A five year project. Govt. has allocated about $80
million to the project, about 50% of which will be
available for funding projects

<Open to International Partners as well!



Conference Statistics

*s* Total number of Plenary Sessions:7

ssExclusive time for Posters in each Session
s Total no. of Participants: 340
*¢*Oral Presentations: 57
s Poster Presentations: 235
*¢* No. of Graduate Students/ Early Career

s Participants from outside India: 58

Scientists attended: 150




Major Opportunities: Prediction and
Predictability of Monsoon

¢ Prediction and Predictability of Monsoon:

¢ The skill of coupled O-A modelsfor predicting
ISMR has become equal to or better than
statistical models in recent years (Shukla/
Goswami)

¢ Predictions of high-frequency extreme events
show skill and sufficient lead to for utility
(Webster)

*» Reliable skill of Monsoon ISOs from coupled \O-
== A models is achieved up to 2/3 weeks (Goswam})
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Major Opportunities: Prediction and
Predictability of Monsoon (Seasonal)

S e a S O n al m e an Correlation between Observed and Predicted ISMR

1960-2005

predictions skill of
coupled O-A models for
predicting ISMR for
1960-2005 is significant
at 95% and they are
consistently improving.
On the otherhand
statistical models are
not showing any

1mun rovement, CC (April Nino3, ISMR): -0.18
mniww.

S CC (May Nino3, ISMR): -0.21 V\'\
Delsol and Shukld .} 2011 GRL




Forecast skill of AIR in CFSv.2 with Feb 1.C. ;
Corr=0.59
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I\/Iajor Opportunities: Prediction and

of Monsoon (Intraseasonal)

Precip anom Phase: 12S-30N: 2002
Phasle 3 (Southerrll tip & 10) Phlase 2

SKkill of Asian Summer monsoon
rainfall on ISO scale showed
improvement in CFS V2.0 Model

r. Ind & Peninsular ) Phase 4

g aseyd ( |IIH1004 B OIS) | 8seyd

Phase 5 (Centi

Phase 6 (Centr. Ind & North Ind.) Phase 7

MISO! Index MISO2 Index
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Major Opportunities: Prediction and
Predictability of Monsoon (Medium Range)

a) CMORPH rainfall 28-29 July b) 4-day ECMWF FCST for 28-29 July

Predictions of high-
frequency extreme
events show skill at

sufficient lead to be
useful (Webster)

Precipitation forecasts (made 6
and 4 days in advance) of the
major northern July
precipitation event compare
well with satellite observations
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Emerging Understanding: Role of
Aerosols on Monsoon Depressions

Role of aerosols and cloud microphysics on decreasing
trend of Monsoon Depressions (TNK)




Emerging Understanding: Role of Aerosols on
Monsoon Depressions

Rainfall {mm/day) June 7 2010 Rainfall {mm/day) June & 2010 Rainfall {mm/day} June 9 2010
1B B

% L7 KA 3 % w X The organization
W L | of convection

around a monsoon

depression starts to

collapse as

; ; i | widespread

e convection (not on

the scale of the

depression) as a

Rainfall {mm/day} June 13 2010

Y result of an

’ “ enhanced
population of CCN
in the form of fine
drops.
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Aerosol-Dynamics Interaction affects MISO Predictability

2007 2008

Standardized OLR Anomaly

Day Number (16 May-15 October of each Year)

Fig. 2 Standardized OLR anomalies for the period 2000-2009. Long break cyeles (thick black solid circles)
followed by active spells (thin black circles) together with those breaks immediately not followed by active
episodes (thick red circles).
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Fig. 5 Composite Acrosol Index during BFA cases: (a) breaks (b) actives (c) break minus active and (d) breaks
composite of seven-day back-trajectories ending at 0000 UTC at the receptor point (S0°E: 28°N) over the Indo-
Gangetic Plain for the altitudes 500, 1500 and 3000 m.

Temperature Difference
Moisture Convergence

Rainfall

Moisture Convergence X 10 (9 kg'1 s'1)

T T T

5 10 15 20 25 30
Days relative to Mid-Break

Fig. 6 (b) Composites of time evolution of temperature difference at 925 hPa between Land and Ocean.
moisture convergence at the same level and rainfall w.r.t. the mid-day of BFA breaks composite.

Manoj et al. 2011, Climate Dynamics



Emerging Understanding: Aerosols masking the GHG
warming?

GRDL CM3 Simulation: Linear trends of average JJAS
. ) rainfall over central-northern
S. ASIA Rainfall

Indian (mm day?!)
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Some questions remain: CEINEQYEINY

Decreasing trend is primarily in the eastern part of India
How dependent is the result on this model?




Improved Understanding: Asian Monsoon in a Changing
Climate

— R>=100 mm
— 5<=R<100 mm
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Improved Understanding: Laboratory Simulation of
Cumulus Congestus Clouds

The Apparatus gg REAL CLOUDS, LAB CLOUDS

Constant-head
Active-fluid Tank

EVOLUTION OF CLOUD CAPTURED IN LAB FLOW : FROM A CUMULUS CONGESTUS (CAULIFLOWER THROUGH
AN ALTOCUMULUS CUMULOGENITUS
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The present technlque has the capablllty to
provide precise entrainment data on cumulus
cloud flows, and hence to help in devising better

16-kHz Sq-wave

1000 mm Sq Power Supply




Challenges: Multiscale Organization of Tropical
Convection and the Intersection of Weather & Climate

PPT Day 3 CAM - CMAP DJF

Tropical precipitation errors -- : - -
similar in weather & climate g “ Boo o cdos o M N\ Forecast Bias
models -- appear within a few " N
days (Monciref)

Challenges in this area are
formidable, convective | —}
organization being a relatively e 20w oW
new one, e.g.,

a) Mesoscale parameterizations
for traditional climate models,
superparameterizations and
global CSRMs being experimental
testbeds

b) ‘High-resolution’ issues
where cumulus parameterization
and explicit mesoscale circulations
sit (uncomfortably) side-by-side 0 , »
are new parameterization S eoE 0 10E  120W 60w

~ Climate Bias

PPT Day 3AM 2 - CMAP DJF

Climate Bias

6.0 10.0




Challenges: Biases in AR4 models due to smooth

orography
IPCC AR4 mOdeIS (Contours: upper-level temperature Colors: surface air moist static energy
eXh i bit Strong bias in thick black contour denotes 242 K)
- I - July, ERA-40 (observations)
simulating i —y

thermodynamic
maximum and is due
to insufficient
blocking by Hindu
Kush range (too
weak, too oceanic
and persists in AR5
also; Bill Boos)

Asian thermal maximum too oceanic and too weak . Asian
upper level temperature maximum doesn’ t penetrate far

enough into Africa. North American “ridge” too weak. Model
upper---level Temperature too cool




Try to recreate bias in a “good” model

* NCAR model has thermal maxima near observed location over N. India

* We rerun this model with slight reduction in height of Hindu Kush range
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Challenges:
Monsoon
Projections

CMIP3 models

Future Scenarios for
Summer Monsoon
Rainfall and Annual

Temperature over

Standardized Rainfall Anomaly
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HadGEM2—CC (192x145)

MRI-CGCM3 (320x160) MIROCS5 (256x128 CNRM—CMS (256x128

Model scatter in
 reproducing the present
‘ climate is still large in

CMIP5 models

24

2 CMIP5/historical (1986—2005)
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10 Mean Precip. [JJA]
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MRI-CGCM3 (320x160) MIROC5 (256x128) CNRM—CM5 (256x128) HadGEM2—CC (192x145)
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AIR index

n
()

—_
o

1.5
1.0
0.5
0.0
-0.5
-1.0

1.5
1.0
0.5
0.0
-0.5

L
o

IIIIlIIIIlIIIIlIIIIlIIII

IIIIIIIIIIIIIIIIIIIIIIII

T I T T I T T I T T I T T I
1890 1920 1950 1980 2010

2.80
2.60
2.40
2.20
2.00
1.80

1950 1960 1970 1980 1990 2000 2010

AIR recon.Index
————— NA SST recon.

NA SST anom

AIR recon.Index
————— 10 recon. Index

10 SST anom

Recent decrearing trend of

ISMR seems to be driven by
warming

TISM index

0.60
0.30
0.00
-0.30
-0.60

0.6
0.3
0.0
-0.3
-0.6
-0.9

NA SST anomaly

IO SST anomaly

of the 10!

MON bl b e

%Né
mNé
wNé
o

108

208+ 1T

70E  80E Q0E 1
PN U WU

40E  50E
vl

60E

Lol

R

00E 110E
Lo

1Apr

252.0

1May 1Jun

1Jul 1Aug 1Sep

251.7 o

----10 SST anom frend [
——IO SST anom

1970

PN BRI

T T
1980 1990

| I B

T
2000

i ----TT south trend

TT north trend

1970

1980 1990

Goswami et al. 2012



- Panel Discussion
\

s A —‘l]' _ ”*/\rr_ \\"\\
&% ' e,




Recommendations of the Conference

¢ Coupled Models for Monsoon Prediction: Has shown
some measurable progress. Must focus on further
improvement to realize the potential predictability.

** How to Improve the Parameterization schemes:
Formulation of clouds is largest source of biases in
models. New observations required to better
understanding to lead to new ideas on parameterization.

» Uncertainty in Aerosol’ s Role: Considerable uncertainty
on how it influences monsoon. A model inter-comparison
project suggested

** New observations: What is one single observation
missing currently to give a quantum jump 1n tropical
weather prediction?



ome Feedbacks

T.Yasunari,

“I really enjoyed this meeting which was one of the
most exciting monsoon meeting I have ever joined.”

J. Shukla

“the most stimulating monsoon conference that I have
attended.”







Figure 3.

— Southern hemisphere
98

D43l 95
~-90
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D+7

Operations

1992 1995 1998 2001 2004 2007

Improvements in medium-range NWP forecast skill; 12-month running mean of anomaly
correlation (%) of 500hPa height forecasts. (left) Forecasts based on the ERA-40 system (i.e.
Initial conditions and associated model) - illustrates impact of additional data sources. (right)
Forecasts based on the operational system at the given time - illustrates combined impacts of
additional data sources, advances in data assimilation and model improvements. Courtesy of
Adrian Simmons by way of Martin Miller.




Improved Understanding: Role of local
alr-sea interactions on monsoons

Observed gridded SST correlated with Australian averaged
rainfall (north of 25S) 1980-2008. Strong ENSO-like

L()cal air_sea correlation in pre-monsoon transition season

i . Much weaker correlation, especially locally, during
Interaction acts to monsoon

promote rainfall/SST

variability and

predictability in

Australian pre-
monsoon, but acts to
damp SST/rainfall
post onset (Hendon)




Improved Understanding: Variability and predictability of
West North Pacific High

mean circulation

West North Pacific
High variability/
Predictability:
WNPAC induces SST
cooling via
evaporation/
entrainment. Cold

SST and Southward

cold dry advection 1) WNPAC induces SST cooling Vi@
suppress convection, evaporation/entrainment
enhancing WNPAC 2) Cold SST and Southward cold diy
advection suppress convection,
enhancing WNPAC ‘

ik



Major Challenges: Climate Change Projections

N/

** South Asian Monsoon _rainfall simulation
improves with resolution of the coupled models
(Vechhi)

CM2.1(lo-res) CM2.5(hi-res) TRMM(1998-2010)
RO . e e o
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Major Challenges: Climate Change Projections

> Response of increased CO2 in coupled models at
different resolution is different (Vechhi)

> Response model dependent, hi-res model shows
orographically-tied features

Why is this difference?
CM2.1(lo-res CM2.5(hi-res

June-September Precipitation - 60 year averaged response to 2xCO2
CM2.1 (Lo-Res) CM2.5 (Hi-Res)
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Precipitation Anomaly (mm/day) Adapted from Delworth et al (2011)



Improved Understanding: Indian Summer Monsoon
Active/Break spells influenced by Equatorial Rossbhy waves

Neena
et al.
2011,
JGR
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