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ABSTRACT. Tropical cyclones are deadly natural disastersy Tane large loss of lives and properties. After
the landfall, the main damages from cyclones aeetdistrong winds and storm surges. The forecalstnaffall point is
most important to forecasters as well as the ageneho are engaged to take safety measures oiilitttiain works. In
this paper an attempt has been made to forecast aod time of landfall. Personnel computer baseatk forecast
models are already in use, in India Meteorologidapartment’s (IMD) different forecasting officeshd existing model
requires cyclone track climatology of the basin padt positions of cyclones. Generally pressute &ébng the coast, 24
to 36 hours in advance of cyclone’s landfall. Thésameter, in combination with other two, with equeightagei.e.,

1/3 (Persistence + Climatology + Pressure changep tbeen used for track forecasting in this stiRigsults are
comparatively superior to the results obtained dylyising climatology and persistence.

When the system is within 12 to 24 hour prioraadfall, the 24 hour pressure change becomes muperiant
than Climatology and Persistence and 12 hour paiwdfall the hourly pressure change helps in pinfirag the landfall
point.

Key words — Persistence, Climatology, Weightage, Pressuaags

1. Introduction No-430, Mandal (1991) and Neumann (1985). Sen Sarma
(1983) reviewed the path prediction techniques used
Forecasting future location of a tropical cyclosan India and summarised various past works on theestbj

important components of tropical cyclone warningpeT  Various forecast schemes for the North Indian Ocean
storm surges and gale winds associated with cyslane  (NIO) were designed by Sikka and Suryanarayan (,972
the major causes of damage and destruction. TheDatta and Gupta (1975), Neumanm and Mandal (1978),
prediction of storm surge and strong winds overlitlagan Prasad (1997) and Chan (1997).
coast well in advance, helps disaster managersake t
precautionary measures. Due to its importance large Extended range forecasts (36-72 hours) are used
number of forecast techniques have been developednainly as an alert and preparation guide, anddwige an
globally using wide range of approaches, from emglir  initial envelope for determining the shorter period
through statistical and dynamical. forecasts. Dynamical and Statistical techniquesidata
for the preparation of track forecast in this tissale and

Comprehensive reviews of forecasting techniquesthe use of probabilistic forecasts proved to béulsed to

are available in WMO/TD No. 196 (1997), WMO/TD objective planning (WMO/TD No-560).

(619)
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Figs. 1(a&b). Climatological monthly mean direction (degreeyl aapeed (kts) of (a) Pre-monsoon
cyclone season (April-June) and (b) Post-monsoactong season (October- December)

for the period 1891-2003.

Short range forecast (less than 36 hours) period
used mainly for establishing warning zones andaitiitgy
civil defence procedures, such as evacuation oftaba
zones. Persistence, climatology and statisticdirtigues
become more useful relative to the dynamical tegplnes
(WMO/TD No-560) for track forecasting in shortémé
scale within 24 hours.

is Like elsewhere
Climatological (CLIPER) forecasts technique is Beun
India. In such technique, equal weightage [ (C+dr§]
given to the climatology and persistence track amd
average forecast is worked out. The Persistencevec
obtained by the linear extrapolation of smoothedtpa
12 hours motion. The climatology vector is basedhe

in the globe, Persistence and
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Fig. 2. Tracks of Severe Cyclonic Storms (SCS), Very g@yclonic Storms (VSCS) and Super

Cyclone (SuC) crossed Indian coasts during 1998200
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Fig. 3. Comparative models performance
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the current location ariche and climatology when plotted on a mercator chart.

Track forecast by CLIPER is considered as standard

usually for 12, 24 & 36 hours ahead is the mid-poin for comparing forecasts of different regions andstid

connecting the two positions obtained from peraiste

used in number of forecasting offices, WMO, TD N60,
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Figs. 4(a-d). Different track model forecast along with obsenteack of (a) VSCS 13-16, November 1998 over By o
Bengal, (b) VSCS 23- 28, December 2000 over BaBafgal, (c) VSCS 4-10, June 1998 over Arabian Sea
and (d) SCS 11-16, December 2003 over Bay of Bengal

(1993). In India, the forecast positions based iPER persistence and pressure change has been used for
for tropical cyclones in the north Indian Ocean gieen forecasting the point of tropical cyclone.

in the yearly Regional Specialized Meteorologicah@e

(RSMC) report published by IMD. 2. Data

Past studies and observational facts indicatethat For the present study, nine cases of severe cycloni
tropical cyclones move towards the area of maximum storms, that formed over the Bay of Bengal & thal#an
pressure fall. In this study a combination of cliolagy, Sea and crossed Indian coast (east & wasthgl the
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Fig.5. Track forecast with different techniques along with
observed track of VSCS 16-22, May 1999 over Anabia
sea

period 1990-2003 were considered. Pressure chaatge d
in 36, 24 and 12 hours prior crossing of the caasttaken
from 0000 and 1200 UTC observations from the ptbtte
charts of the Northern Hemisphere Analysis Centre
(NHAC). The climatological monthly and seasonal mea
direction and speed have been prepared for thederi
1891-2003. The track position of the cyclones
(Lat./Long.) and other synoptic information usedtlire
study are based on the Annual Reports of the RSMC-
Tropical Cyclone New Delhi.

3.  Methodology

Methodologies for calculating various forecast
positions by different techniques are given below :

3.1. Persistence method

This method is based on the assumption that during . . .
the preceding 12 hour, tropical cyclone would miowvthe 170’ 175 180 185 190E
same direction and speed as it did during the J&astour.

This can be referred as

_ * Figs. 6(a-c). Pressure change (a) 36, (b) 24 and (c) 12 hrs
A latp = [(@— o) *12.0] / Ot @) prior to landfall of the cyclone
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Fig. 7. Track forecast with different techniques along with
observed track of super cyclone 25-31, Octobe®X8&r
Bay of Bengal

Alon p = [fo—A ) *12.0] / Ot @)

where @,Aq are represent latitude and longitude of
the observed system.

And @y, A ¢ are latitude and longitude of the system
before At hour.

The forecast latitude position at 12, 24 and 36réiou
will therefore be computed as :

G12=@+ O latp (3
P24= @12+ ODlat p (4)
Ppzs= Qooat O lat p 5)

Similarly the forecast longitude position for difémt
time projection can be obtained by usifidon p.

3.2. Climatology

In this method it is assumed that a tropical cyelon
would move in the mean direction (DIR) and spedeld
of all cyclones that had formed the same latitudd a
longitude box during the month of previous years.
Climatological monthly mean direction (degrees) and
speed (kts) of cyclonic disturbances passing tHrai§
Latitude/Longitude square grid for the period 18874
is given by Mandal (1991). On a similar line
climatological monthly mean direction and speed ehav
been computed for the period for 1891-2003 whiatieh
been used in the study. The climatological mgnitikan

Figs. 8(a-c).

Pressure change (a) 36, (b) 24 and (c) 12 hrs
prior to landfall of the cyclone
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TABLE 1

Period of cyclone, intensity of cyclone, basin of occurrence of the cyclone and forecast errorsin kms encountered by different model forecasts

S. System Persistence Climatology AP Average
No. 36 24 12 36 24 12 36 24 12 36 24 12
1. VSCS (ARB) 4-10, Jun 1998 - 158 55 - 483 169 - 721 115 - 239 87
2. VSCS(BOB) 13-16, Nov 1998 28 110 55 248 108 53121 91 45 218 72 36
3. VSCS (BOB) 13-19, Nov 1998 550 275 174 463 18308 1 681 349 198 561 267 159
4. VSCS (ARB) 16-22, May 1999 277 132 110 253 118 4 3 312 248 118 12 46 48
5. VSCS (BOB) 15-19, Oct 1999 662 389 258 304 16843 1 499 275 185 433 236 181
6. SuC (BOB) 25-31, Oct 1999 171 174 174 490 252 85118 101 122 167 108 115
7. VSCS (BOB) 26-30, Nov 2000 233 158 55 273 217 213131 87 33 187 132 71
8. VSCS (BOB) 23-28, Dec 2000 110 55 165 154 112 4 15137 82 157 80 35 152
9. SCS (BOB) 11-16, Dec 2003 311 174 94 327 216 12899 124 116 237 158 107
Total Average error 293 181 127 314 206 165 275 0 17121 237 144 106

direction and speed of pre-monsoon cyclone season 3.4. Climatology and persistence [1/2 (P+C)]

(April-June) and post-monsoon cyclone season (@ctob method
December) for the period 1891-2003 are shown in
Figs. 1(a&b). Computational procedures are desdribe The forecast latitude and longitude for differame
below: projections by this technique are computed asvalo
The projection latitude and longitude after 12 lsour 2= 12@10+ @12 (11)
can be represented as :
Ao=1/2 +A 12
Olat ¢ = SPD*12 x Cos (DIR)/60 (6) 12= 1202+ Ard (12)
Alon ¢ = SPD*12 x Sin (DIR)/60 ) Similarly forecast positions for 244, A, and

36 (36, A36) hours can be obtained.

The forecast latitude position at 12, 24 and 36r&iou o
can be represented as: 3.5. Combination of CLIPER and Pressure change

method [1/3 (P+C+4P)]

= + Qlatc 8
Bz = B ® The forecast latitude and longitude in this methoal
Goa = Qoo+ Olatc (9) computed as follows :
Qeas = Qs + Dlat c (10) @12= 113@12+ Perot Pap12)
Similarly the forecast longitude positioky1s, Ac2s A12= 13Rp12* Aciz+ A ap1d)

andA ca can be obtained by usirgylon c. Similarly forecast positions for 24 and 36 hours a

3.3. Pressure changedp obtained.
In this case the speed of movement of the system is 3.6. Forecast errors
taken as average of climatology and persistencee Th
direction is the angle made by the line joining the
system’s position and the area where the pressure i
minimum over the coast. With such direction andespe
the forecast positions are obtained as in the aHse Error(km) =y (X2 +Y?2)(110) (13)
climatology.

Forecast errors can be computed by using the
following formula
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TABLE 2

Point of maximum pressure fall, 12 and 24 hour prior to landfall and point of landfall

S.No. System and basin  Date of the systen?4 hour location of maximum pressure fall overtbast Landfall point

12 hours prior 24 hours prior
1. VSCS (ARB) 4-10, Jun 1998 21.5/69.5 21.0/70.0 .5/89.0
2. VSCS (BOB) 13-16, Nov 1998 17.5/83.5 17.0/82.5 7.083.5
3. VSCS (BOB) 13-19, Nov 1998 21.5/87.5 20.0/86.0 2.0B9.0
4. VSCS (ARB) 16-22, May 1999 23.7/68.5 23.7/68.5 4.0%68.5
5. VSCS (BOB) 15-19, Oct 1999 18.5/84.0 18.5/84.0 9.2/B5.0
6. SuC (BOB) 25-31, Oct 1999 19.5/85.5 18.5/84.5 .5/8%.5
7. VSCS (BOB) 26-30, Nov 2000 11.5/79.5 11.5/79.5 1.580.5
8. VSCS (BOB) 23-28, Dec 2000 8.5/78.0 9.0/79.0 /78D
9. SCS (BOB) 11-16, Dec 2003 16.0/81.0 15.0/80.0 .0/86.0

TABLE 3

Forecast skill in % for 36, 24 and 12 hoursprior to landfall by different model as Persistence, Climatology, A P and Average

Persistence (P) Climatology ( C) Pressure chand®) ( 13(P+CHAP)
36h 24h 12h 36h 24h 12h 36h 24h 12h 36h 24h 12h
-118 -15  -15 -29 -30 -50 -4 -8 -10 +11 +9 +4

Positive (+) skill indicates other model forecastetter than CLIPER and Negative (-) skill indésathe CLIPER forecast is
better than other model.

WhereX=@,—@ Y = Ag— X 4. Resultsand discussion
Where @, A, are observed latitude and longitude One of the simplest method of track predictiorthis
(position) of the system. persistence method, in which it is assumed theoogcl

will follow the same path as in the past. The ptgisbasis
@, A are forecast latitude and longitude (position) of for this assumption is that the entire tropicalteys has

the system. considerable inertia that can not be turned rapidiyhe
vortex, large-scale flow, and the interaction peses do
3.7. Forecast skill not change, the future motion should resemblepie

motion of the cyclones. Thus, persistence is aorese,
The forecast skill, expressed in %, relative to first-order approximation for predicting short-temotion
CLIPER model has been calculated by the formulamiv of the cyclones. Eventually, the changes in theéexoand

below : in the large-scale flow, plus the inherent non4dirky of
the interaction between them, limit the usefulnekthis
) - approximation.
Forecast Skill Mxloo (14)

CLIPER

Where, CLIPER represents position errors based on  Climatological track prediction assumes that the
CLIPER [(1/2 ( P+C)] and OM represents positiomes present cyclone will move with the average directmd
based on other methods like Persistence ( P),aBilogy speed of all past cyclones near that location. Edkera

(C), Pressure changaP and CLIPER [1/2(P+CAP)]. track prediction, the climatological vectors at the
appropriate locations are multiplied by the timéemnaal

Hence, forecast skill indicates how good or bad aand the displacements are added to the presentatnd
model is respect to CLIPER. longitude. This simple application of climaigy does



BANDYOPBRAIYAY & SINGH : CYCLONE TRACK FORECAST

627

TABLE 4

Hourly observations from 151200 UTC to 152100 UT C suggesting landfall time & point around 151800 UTC closeto south of Machilipatnam

Stations 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
(UTC) (UTC) (UTC) (UTC) (UTC) (UTC) (UTC) (UTC) (UTC) (UTC)
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not take into account the variability in past tra¢krough
each location.

Since the pressure distribution in the field ofpioal
cyclone is well defined and has a large gradiehg t
isobaric configuration, pressure changes and
gradients may constitute an objective aid for fasting
storm movement. When the cyclone comes near th&,coa
pressure changes at coastal stations are very blalua
When a tropical cyclone forms over north Indian &te
and heads towards the Indian coast, in most oté#ses,
36 hours prior to landfall, a pressure fall is alied over
the surface chart giving an idea about likely laticHrea.

over Bay of Bengal is shown in Figs. 4(a-d). Frdrase
figures it can be generally inferred that the CLRPR/3
(P+C+AP)] gives a better estimation.

Track forecast with different techniques along with

theirobserved track of VSCS, 16-22 May, 1999 over the

Arabian sea is given in Fig. 5. As can be seen from
Fig. 6(a-c) pressure fall 36 hours prior to thedfatl was
observed over Saurashtra & Kutch. As the systemehov
near the coast the pressure fall was more marked.

Different model track forecasts along with observed
track of Super Cyclone, 25-31 October, 1999 overBhy
of Bengal is given in Fig. 7. The pressure fall was

In this paper nine cases of severe cyclonic stormobserved approximately 36 hours prior to landfalero

have been studied. Observed tracks of these sysieans
shown in Fig. 2. Utilising the equations given unde
methodology the 12, 24, and 36 hours forecast ipasit
for Persistence, Climatology, Pressure Change, ERIP
[1/2 (P+C)] and CLIPER wittdP [1/3 (P+CAP)] have
been calculated and results presents in Tables 2 &
From the forecast skill presents in Table 3, ibliserved
that for all the forecast projections, forecast the
combination of methods like CLIPER and CLIPER with
AP are better than the forecast by individual tegphes.
However the CLIPER withAP [1/3 (P+CHP)] fairs
better than Cliper [1/2 (P+C)] for 24, and 36 hours
forecast with forecast skill of 9% and 11% respesiyi.
The forecast error with different track forecasthieiques

is given in Fig. 3.

north Orrisa which became well marked and shifted
slightly northeastwards when the system was near th
coast, Figs. 8(a-c).

The locations of pressure falls approximately 18 an
24 hour prior to landfall along with the actual pobf
landfall is given in Table 3. From this table itnche
inferred that 12 to 24 hour prior landfall, the sgere
change parameter becomes more important
climatology or persistence for forecasting landfadiint.
Accuracy of track forecast depends upon the obsierva
taken over the likely cyclone affected coastal arédéhen
the system is within 12 hour range the hourly pressall
can be used for pinpointing the landfall point. ypital
case of SCS 11-16, December 2003 over Bay of Bengal

than

Forecast tracks by different methods of VSCS 13-16,which crossed coast near Machilipatham around mid-

November 1998 over the Bay of Bengal, VSCS 4-16eJu

night, hourly pressure fall from 151200 UTC to 16Q1

1998 over the Arabian Sea, VSCS 23-28, Decembed 200 UTC is given in Table 4, where the hourly pressialé
over the Bay of Bengal and SCS 11-16, December 200%elps in forecasting the landfall point and time.
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However, the technique has its own limitations. In Johnny, C. L. Chan., 1997, “Evaluation of the perfance of tropical
absence of coastal observations in close spaciddheir cyclones track prediction techniquebfausarg 48, 2, 205-212.
non-availability in real time, it may be difficutd judge ' ' '
the point of maximum pressure fall and to draw the Mandal, G. S., 1991, “Tropical Cyclones and theretasting and

T . warning system in north Indian Ocean”, TCP-28 / @MD
isolines of pressure change and that may introduce No. — 430, TCP Rep. TCRS, World Meteorological

subjective errors. Organization, Geneva.
4. Conclusion Neuman, C. J. and Mandal, G. S., 1978, “Statistceadiction of tropical
storm motion over the Bay of Bengal and the ArabGea”,
Generally pressure starts falling along the codsb2 Indian J. Met. Geophys29, 3, 487-500.

36 hour prior to cyclone’s landfall indicating pwadile

area of landfall. This parameter is utilised in ddmation Neumann, C. J., 1985, “Trends in forecasting ttaekis of Atlantic
with CLIPER 1/2(C+P) giving equal weightage tropical cyclones”Bull. Amer. Met. Sag62, 1473-1485.
1/3(P+C+AP) to develop a new technique which seems to

give better results in comparison to the techniqusied Prasad, K., 1997, “Prediction of tropical cycloney numerical
individually or to CLIPER models - A review’Mausam48, 2, 225-238.

. , Sen Sarma, A. K., 1983, “Tropical cyclone movemantl prediction
Prior to 12 to 24 hours of cyclone’s landfall, the problem. Recent Indian work¥ayu Mandal2, 30-34.

24 hour pressure change becomes more important than

climatology and persistence and 12 hour prior latdiie Sikka, D. R. and Suryanarayana, R., 1972, “Forauasiie movement of

hourly pressure change helps in deciding the ldindfa tropical storms/ depressions in the Indian regipratcomputer

point. oriented technique using climatology and persisigriadian J.
Met. Hydrol. & Geophys23, 35-40.
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