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India— aland with aunique climatic
regime

Two monsoon seasons (southwest & northeast

MOoNSso0oNS)

Two cyclone seasons (pre & post monsoon
cyclone seasons)

Hot weather season characterised by violent
convective precipitation

Cold weather season characterised by violent
snow storms in the mountainous regions

Vulnerability due to natural hazards

Indiais vulnerable to natural hazards on
account of its unigque geo-climatic conditions

— 60% of the landmass prone to earthquakes of
various intensities

— 40 million hectares prone to floods
— 8% of the total areais prone to cyclones
— 68% of the areais susceptible to drought




Tropical Cyclone Hazards in India

* One of the most devastating natural hazards

» The whole of east coast and the Gujarat coast in the
west are highly vulnerable.

» The recent experience

— The Orissa Super Cyclone of October 1999 affected
around 13 million people.

— 10,000 people lost their lives and about one-third of the
total population of the state was affected

— Storm surge of about 7 meters inundated an area of 35 km
inland.

’ Orissa Super Cyclone ( October, 1999) ‘
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Classification of low pressure

systems over the Indian Seas
M aximum sustained winds
L ow < 17 knots < 31 kmph
Depression 17 — 27 kts 31-51 kmph
Deep Depression 28 — 33 kts 52 — 62 kmph
Cyclone 34 — 47 kts 63 — 87 kmph
Severe Cyclone 48 — 63 kts 88 — 117 kmph
L 64—119kts | 118—221kmph
Cyclone
Super Cyclone | 120 kts & above 22210 ¢
above

Tropical Cyclones-Structure

Structure—Eye, Wall cloud, Rain/ spiral
band and outer storm region

Horizontal : 100-1000Km

Vertical :10-15Km

Wind speed : 150- 250 Km / hr

DP : 30to 100 hPa

Aver age storm speed : 300 to 500 Km / day
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SCHEMATIC STRUCTURE OF A CYCLONIC STORM
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MONTHLY OCCURENCE OF CYCLONES IN THE NORTH INDIAN OCEAN DURING 1891 TO 2000
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No. of Cyclones
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Number of Cyclonic Storms which crossed the Maritimes States of India dduring 1891-2000

@ Sewere Cyclonic Storm
@ Cyclonic Storm

West Bengal ~ Orissa Andhra  Tamil Nadu Kerala Karnataka Goa Maharashtra  Gujarat
Pradesh

Maritime States

Potential Damage Elements

1. Strong Winds (150-250 Km/Hr) — Damage

installations, dwellings, communication

systems; trees, roofs may be blown off, Roads/
Railway tracks affected. Stronger windson the
right semi-circle with referenceto storm

motion

2. Heavy Rains- Prolonged heavy rains(20-30
cm/day) and over large area may lead to
floods, soil erosion, water polluted. Outbreak
of epidemics. Problem during post-cyclone

relief works




3. Storm surge

Most destructive element
Abnormal rise of sealevel (2to 5 meters)

| nundation of coastal belt at the time of
land fall

M agnitude depends on wind strength,
pressur e drop, off-shore bathymetry,
vector storm motion + Astronomical tide
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cal cyclone-Monitoring

servational network both surface and
upper-air

e Ships

* Buoys

 Radars

o Satellites

e Aircrafts

« *** No cyclone escape detecti

Cyclone Detection Radars
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Tropical Cyclone-Forecasting

Synoptic methods

Climatological storm atlas

Persistence

Analogue Technique

Steering concept

Numerical models- Dynamical method
1. LAM+bogussing ‘Holland Vortex’ (75 Km resolution)
2. QLM —Cyclonetrack prediction model (40K m res.)

+NCMRWF, ECMWF, GAUM etc.

Storm surge prediction -Nomograms, || TD model, NIOT
model

10



25N

24N

23N

22N

21N

20N

19N

18N

17N

16N

15N

14N

13N

12N

1IN

1006— ‘

1008

76E  78E  80E  B2E  BAE  B6E  BBE  O0E  92E  O4E  96E  9BE  100E

MSL pressure (hPa) analysis and predicted cyclone track (Initial date: 28—10-99/00Z7)
(open circle:observed location; filled circle:predicted location)
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QLM Model - Error Statistics (km)

24 Hour Forecast

* No. of Cases
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Tropical Cyclone Warning System

A full-fledged national cyclone warning system
» CycloneWarning Division, New Delhi
» Weather Forecasting Division, Pune

* 3 Area Cyclone Warning Centres (ACWC)
Kolkata, Chennai and Mumbai

» 3 Cyclonewarning Centres (CWC)
Bhubaneshwar,Visakhapatnam and Ahemadabad

» Cyclone warning messages indicating storm location,
intensity and movement
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T.C.Warning system (contd.)

» Warnings disseminated through el ectronic media,
Radio, TV etc.

 Satellite based Cyclone Warning Dissemination
System (CWDS)

» Local Languages, Hindi and English

 Sent to senior functionaries of Centre and State
Govt. , Control room, Crisis management group

» Cyclone advisories sent to WMO/ECAP Pandl
member countries- Thailand, Myanmar, Bangla
Desh, Pakistan, Sri Lanka, Maldives and Oman

* GTS, IMD Website (http://www.imd.ernet.in;
www.imd.gov.in)

Four Stage Warning

1. Pre-cyclone watch — Issued to Cabinet Secretary and
Senior Officials indicating formation of a cyclonic disturbance —
potential to intensify into a Tropical Cyclone and the coastal belt
likely to be affected.

2. Cyclone Alert- Issued at least 48 hrs in advance indicating
expected adverse weather conditions.

3. Cyclone warning - Issued at least 24 hrs in advance
indicating latest position of T.C., intensity, time and point of
landfall, storm surge height, type of damages expected.

4. Post-Landfall Scenario- Issued about 12 hrs before

landfall & till cyclone force winds prevail; District Collectors of
interior districts besides the coastal areas are aso informed.

** Finally a‘'De-Warning message is issued when the Tropical
Cyclone weakens into Depression stage.
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PRODUCTSAT WEBSITE (www.imd.ernet.in or www.imd.gov.in)
* ALL INDIA WEATHER REPORT

* LOCAL WEATHER OF IMPORTANT STATIONS

* SPECIAL MONSOON REPORT

* WEATHER CHARTS

*SATELLITE IMAGERIES

*DWR PRODUCTS

*SEVERE WEATHER WARNINGS

*** CYCLONE PAGE (Cyclonewarning bulletin and Cyclone model track)***
NUMERICAL WEATHER PREDICTION PRODUCTS
* ANALYSIS
+ MSLP, 850, 700, 600, 500, 300 and 200 hPa (WIND ANALYSIS)
+ 925 & 850 hPa (STRAMLINE)
* FORECAST (LAM and MM5)
* 850,500 & 300 hPa (WIND FORECAST)
+ 925 & 850 hPa (STREAMLINE)
* RAINFALL
* ECMWF FORECAST
+ 850 and 200 hPa (24, 48, 72 hrs WIND FORECAST)
* 500 hPa (24, 48, 72, 96, 120, 144 hrs Contour Height)

IMD-FUTURE PLANS

Upgradation of Observational
and Forecasting System
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Observational Networ k

IMD hasdrawn plansto upgrade and strengthen its
observational network in the coming years.

 Nation-wide network of Automatic weather Stations
(AWYS) with spatial resolution of 50km

» High density satellite raingauge stations
* Nation-wide Doppler Weather Radar network

* Deployment of wind profilers

PROPOSED DOPPLER WEATHER RADARS
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W eather Forecasting

Real time data collection, assimilation, meso-scale
analysis and display system

Implementation of High resolution forecast
models (Global,Regional and Mesoscale models)
Extended Range Forecast System (ERFS) for
Climate Risk Management in Agriculture

500 District M eteorological I nformation
Centres(DMIC)

Acquisition of Powerful computer -afew Teraflop

Concluding Remarks

* Very important to develop tool s/techniques for
monitoring and forecasting Cyclones

» Helpsin disaster management and preparedness
strategies

 Efforts needed to utilise non-conventional data-
satellite products, radar inputs etc.

» Development of very high resolution numerical
models to predict storm development, intensity,
movement and storm surge
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