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Presentation layout
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Evolution of Cyclonic disturbances Over the Indian Seas

Low pressure system Maximum sustained winds
Low <17 knots < 31 kmph
Depression 1771 27 kts 317 51 kmph
Deep Depression 281 33 kts 5271 62 kmph
Cyclone 34171 47 kts 637 87 kmph
Severe Cyclone 481 63 kts 881 117 kmph
Very Severe Cyclone 64 17 119 kts 1181 221 kmph
Super Cyclone 120 kts & above 222 kmph & above
System Pressure deficit (hPa) at the centre
Low 1.0
Depression 1.01 3.0
Deep Depression 3.0 19415
Cyclone 4.5-8.5
Severe Cyclone 8.5-15.5
Very Severe Cyclone 15.5-65.6
P Super Cyclone e 2056 &
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I\/Iovement of TCs
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5T S ] | ~ Cyclone eAtlas - IMD |Tracks of Cyclones and Depressions
sFv| Month : Jan - Dac Pariod : 1981 - 2008
;Basin(F) : BOB+AS :Noof C& Ds: 107

| Tvpe of Intensity : Maxinmm
|Laval of Intansity : CS+SCS
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Tracks of cyclones over the north Indian Ocean during 1981-2008
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At times cyclones display odd behaviour

A  Display changing trends in motion

A Rapid intensification close to a populated
CoaStline. e e 7[»\ Vngrmr Tl\flaharl;:allil‘a:.lramSé;::;: Cyciol;j :

November ~ December 1996.

A Remaining quasi-stationary for long LT
duration
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A  Displaying erratic tracks such as looping,
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sudden acceleration or deceleration HERNEERMEEEEEEAS

A Interaction with other weather systems HL o
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Cyclone track forecasting methods
1)  Statistical Techniques

1) Analogue

) Persistence

i) Climatology

Iv) CLIPER,

v) Chaos theory and Generic Algorithm method)
1)) Synoptic Techniques i Empirical Techniques
i) Satellite Techniques Techniques
Iv) Radar Techniques
v) NWP Models
Individual models (Global and regional)

IMDGFS (382, 574), NCMRWF (254), ARP (MeteoFrance, ECMWF,
JMA, UKMO, NCEP, WRF (IMD, IITD, IAF), HWRF (IMD), QLM

MME (IMD) and MME based on Tropical Cyclone Module (TCM)
EPS (Strike probability, Location specific probability
vi) Operational (Consensus) forecast
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PREDICTION OF MOVEMENT

CLIMATOLOGY INDICATES PREDOMINANTLY 3 TYPES OF MOVEMENT

WESTERLY
NORTHWESTERLY
RECURVING FROM INITIALLY NORTHERLY TO NORTHEASTERLY DIRECTION

DUE TO NORMAL UPPER AIR FLOW PATTERN OVER SYSYTEM AREA

THERE IS TENDENCY OF STORM TO MOVE POLE WARD DUE TO
DIFFERENCE IN CORIOLIS PARAMETER IN NORTHERN AND SOUTHERN
SECTOR OF THE STORM

GREATER THE DIFFERENCE, FASTER WILL BE THE MOVEMENT
MANY FORCES ACT ON THE STORM, HENCE TRACK NEVER SMOOTH

THERE IS ALSO INTERACTION BETWEEN STORM AND EMBEDDED BASIC
CURRENT. THIS MANIFESTS AS A TROCHOIDAL MOTION, CLEARLY SEEN
IN RADAR FIXES
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Analog method

1.

Six hourly best track data of cyclones
over north Indian Ocean sincel990in
digital form

12 hourly data in cyclone Atlas during
1891-2009

Data from 18771890are also available
In hard copies in1979edition of
cyclone Atlas

Adverse weather and damage reports
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Month : May Period : 1891 - 2007
Basin (F) : BOB ;Noof C& Ds: 23
Type of Intensity : Maxoum

Level of Intensity : D+CS+5CS
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Tracks of Cyclones and Depressions in
the Bay of Bengal and the Arabian Sea
1891-2007

Electronic version
June - 2008
Cyclone eAtlas - IMD

India Meteorological Department
Regional Meteorological Centre
Chennai, India
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Climatology of Speed of cyclonic
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Climatology
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Climatology of Speed VS Intensity

Average Speed of Movement of the System
16
15
Max. Speed of i 8 ]
Movement of (2) T T | : —l ,5 |
SCS (24-12)hrs & | | |
: 48-36 36-24 24-12 12-0
N Case VSCS ( ) ( Timz Interval ((Hrs) ) ( )
(36-24)Hrs
@ Very Severe Cyclonic Storm [ Severe Cyclonic Storm & Cyclonic Storm
Average Rate of Intensification (Maximum Sustained Surface
Wind Speed) Max. Rfdte _Of
Intensification
1 CS & SCS (24-
2 10 12)hrs and
X L 3
= 2 In Case VSCS Is
g, also
2 -
2 . . r—i (24-12)Hrs
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CLIPER Model

Its working principle is very simple, it takes monthly climatology of
movement and speed of cyclonic disturbances from input files.

It calculates the persistency of direction of movement and speed of
the cyclonic disturbances for 09,12 and 24 hours as per our choose
and forecast for the persistency for next 108 hours.

It calculates the weighted mean of monthly climatology of direction
of movement & direction of speed and persistency of movement &
direction of speed which is the resultant direction of motion and
speed of the cyclonic disturbance.
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Example

PRESENT LAT/PRESENT LONG=  14.500000 90.5
PAST LAT/PAST LONG= 13.5 88.0

**+% CLIMATOLOGY OF STORMS *#wi
kkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkhkhkkkkkkkkkkkkkk
FORECAST POSITIONS BASED ON PERSISTENCE:
OHOUR 14.5N 90.5E
12HOUR 15.5N 93.0E
24HOUR 16.5N 95.5E
36HOUR 17.5N 98.0E
48HOUR 18.5N 100.5E
60HOUR 19.5N 103.0E
72HOUR 20.5N 105.5E
84HOUR 21.5N 108.0E
96HOUR 22.5N 110.5E
108HOUR 23.5N 113.0E
FORECAST BASED ON SEASONAL CLIMATOLOGY
OHOUR : 14.5N 90.5E
12HOUR : 15.9N 90.3E
24HOUR : 17.1N 90.4E
36HOUR : 18.3N 90.6E
48HOUR : 19.6N 90.8E
60HOUR : 21.0N 91.1E
72HOUR : 22.1N 91.5E
84HOUR : 23.3N 91.9E
**+% CLIMATOLOGY NOT AVAILABLE ***
AVERAGE OF PERSISTENCE AND CLIMATOLOGY:
OHOUR LAT 14.5N 90.5E
12HOUR LAT 15.7N 91.7E
24HOUR LAT 16.8N 93.0E
36HOUR LAT 17.9N 94.3E
48HOUR LAT 19.1N 95.7E
60HOUR LAT 20.3N 97.1E
72HOUR LAT 21.3N 98.5E
84HOUR LAT 22.4N 100.0E

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

*kkkkkkkkkkkkkkkkkhhhhhhkkkkhhhhhhhhhkkkkhhrkx
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Performance of CLIPER Model: GONU

Based Time

021200
021800
030000
030600
031200
031800
040000
040600
041200
041800
05000
050600
051200
Total
No. of observation

Average Error

12 Hours Error

operational Cliper
53 77
77 113
229 175
167 111
105 193
119 153
56 76
111° 76
00 111
165 i/
117 17
00 117
55 51
1254 1545
13 13
96 118

24 hours error
Operational
231

246

222

228

76

152

00

123

00

154

76

1508
11
137

Cliper
320
336
228
153
309
228
104
55
196
196
190

2315
11
210
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Translation speed and sudden change in direction of TCs
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Translation speed and sudden change In direction of TCs
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_and sudden change in direction of TCs
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Translation speed and sudden change In direction of TCs

OBSER

+ED TRACK Q# “CYCLONIC STORM NILAM EASE SED
ON 0300 UTC OF 1ST nlaivemsea 2012 /

e ‘]_,_-//

DATE/TIME: IN UTC
IST=UTC +0530- HRS
= OBSERVED TRACK

o103
D : Depression
DD : Dee| p D epre
CS : Cyclo St orm

A To summarise the translation speed
gradually decreasesfor about 24 hrs
period pror to change in direction of
movement

A Minimum translation speed becomes
about 10 kmph in mostof the cases

A This is true for both casef increasein
northerly and southerly components
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Track forecasting by synoptic method
C Motion: The Beta Effect

AThe hbeta eff ead@20% accounts f

or
(up to 2 m/s) of TC motion 5 ~
E = %E +V£§ - vb
AResults from quasi-symmetric cyclonic flow e _ ol
superimposed on the north-south gradient  yoriaiy oo Bes
of the Coriolis force (b = df / dy) Change

AiSi mpl edo expl anati on

f I vddidily GerIeratﬂ)rﬁ/ia Be@ IR
non-divergent barotropic vorticity equation

Beta Contribution: An air parcel displaced E
southward (northward) will acquire positive fa
(negative) relative vorticity

AResults in an east-west dipole of maximum
negative- positive vorticity generation
) acrossthe (,yuune

@ Source:Dr Matthew D. Easfin STI=<t s fasr=r f[asnr %
g{v / INDIA METEOROLOGICAL DEPARTMENT o

Initially Symmetric Cyclonic Vortex




TC Motion: The Beta Effect

Advection Contribution: The resulting
cyclonic advection of the Beta-generated

vorticity prc_)duces a north-south dipole of | %Ewgg s
local vorticity change Mt c X W=
Loc_:a_l Advect_io_n Beta
ATheir combination locally produces two el off CLEE

] ] [ . Change
vorticity mbetaigymeso, cal | ed

that induce a northwesterly component to o By
) ) : orticity Generation via Beta
TC motion (in the northern hemisphere)

and Vorticity Advection
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TC Motion (Synoptic) : Importance of Pa &a c

X The Iimportance of Pa @a c observation is amply illustrated In
determining the track and land fall point.

X The importance of Isallobars

A Lines passing through areas of equal pressure changes are
known as Isallobars.

A An Isallobaric low is as good as a pressure low.

A The area of highest pressure fall (Isallobaric low) indicates the
direction in which the system is heading.

A So Isallobars play a major role in prognosis of cyclonic storms
movement.

HIea FHiEaa fQsr=r Qe %
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TC Motion : Utilityof AWS

MSLP and wind speed
measured by AWS from 2300
UTC of 04 November to 1200
UTC of 08 November 2010
during severe cyclonic storm,
JAL
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Date/Time of observation (UTC)
— Mean Sea Level Pressure (Chennai)
—— Mean Sea Level Pressure (Sri Harikota)
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Date/Time of observation (UTC)

— Wind speed (Chennai) — wind speed (Sri Harikota)

A The AWS data including
wind and pressure could
very well help in monitoring
the genesis, Intensity,
structure and movement of
the landfalling cyclonic
disturbances.
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TC Motion (Synoptic): Steering Flow
Motion of Individual TCs:

AThe deep layer
environmental

flow accounts for a large
fraction (up to 80%) of TC
motion

AAssumes the TC acts as a

passive vortex moving
with the speed and
direction of the

mass-weighted deep layer
flow

AWhen a deep layer

estimate is unavailable

use the foIIowmg: From Velden and Leslie (1991)
TD and TS: 700 mb flow

Hurricane: 500 mb flow
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Impact of Convectlonmsudden change.In track
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Impact of Convection sudden change in track
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