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ABSTRACT. An attempt has been made in this paper to staeyature of decay of maximum wind speed of
Orissa Super Cyclone (October 1999) after landfaim the scanty observations that became availab&spect of this
cyclone, it is found that the maximum wind speedreased exponentially after landfall. The decayetndicates that
the maximum wind speed got reduced to a small butzero value. An empirical equation relating wspked with
time after landfall has been developed. The vafugeoay constant (per hour) is found to be 0.099 technique is
also tested to predict the wind speed after lahdfalthe very severe cyclonic storm of October 498hich made
landfall near Gopalpur in Orissa in the mid nighfid October 1999. The wind speed estimated apglhis technique
is found to be consistent with the observations.
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1. Introduction elevation of about 6-7 metres and storm tide pated

inland upto 15 km. Development process of thisayelis
Orissa was battered by a super cyclone on 29described by Kalsgt al., 2002.

October 1999 that made landfall near Paradip. & ome

of the most intense tropical cyclones in the histof Many studies are available (Basu and Ghosh, 1987;

Orissa over last 100 years. The system attainegeitk Mishra and Gupta, 1976; Holland, 1980 etc.) on the

intensity (T No.7.0, estimated maximum wind sped@ 1 estimation of wind speed around a cyclonic storereea

knots) just before landfall. Fig. 1 shows the tradkhis area . But no such study for estimating wind spextbr

cyclone. After crossing the coast it moved inlanéarly landfall is presently available over Indian regiof.

at right angles to the coast line, very slowlytielifurther method of predicting decaying rate after landfaliero

to the northwest and lay near Lat.20MN6/ Long. 86.0 E United States of America has been developed byatap

close to Bhubaneswar. It was stuck up near Bhudveare  and Demaria (1995). The inland wind speed decredises

in absence of any steering current as it was samdai  to loss of oceanic heat source, absence of moistpply

between two upper air anticyclones (Ka¢sial. 2002). and increased surface roughness over land which the

The system remained practically stationary till 000TC cyclone encounters immediately after landfall. Téugper

of 31 October and weakened gradually. It causedcyclone of Orissa is a unique system which maietiithe

exceptionally heavy rains on 29 October ( amountsintensity of cyclonic storm for about 36 hours e\adter

exceeding 20 cm in 24 hours period) over mostasiatin landfall. Using wind data associated with thistegs and

Orissa. Heavy to very heavy falls continued ongbeond  following Kaplan and Demaria (1995), in this papar,

day also ite.on 30 October). Inland effects of the storm simple empirical technique has been developedtimat®

were due to wind and storm surge and loss of lifs w the decay constant of the maximum wind of thenstor

around 10,000. Storm surge of about 5 to 6 metresea  after landfall. In order to assess the predictapability

astronomical tide of about 1 metre forced the seart of this technique in case of other severe tropigalones,
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Fig . 1. Track of super cyclone of Orissa during 25-31 ®eto1999
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Fig . 2. Decay curves of the super cyclone based on Table 1
(dotted line) and estimated wind speed from thpigoal
equation (continuous line)

the method is applied for the very severe cycletoem of
October 1999 which made landfall near Gopalpur in
Orissa in the midnight of 17 October .

2. Data and methodology

Data used to derive the empirical equation consists
wind data obtained from RSMC (Regional Spemd

- TABLE 1
25N TRACK OF THE 4
SUPER CYCLONIC STORM IN THE BAY OF BENGAL Super cyclonic storm- October 1999
25-31 OCTOBER 1999
Estimated Estimated
Time central  maximum Intensity
(hour) pressure sustained
(hPa) wind (kt)
] Landfall time 912 140 Super cyclone
6 968 90 Very severe cyclonic storm
12 993 55 Severe cyclonic storm
18 996 50 Severe cyclonic storm
7 24 1002 35 Cyclonic storm
ém 30 1002 35 Cyclonic storm
LEGEND g )
O Position at 0300 UTC i’ . 36 1004 30 Deep depression
@ Position at 1200 UTC ® PBL . .
) © Position at 0300 &1200 UTC 42 1004 30 Deep depression
10" ---- Depression Cyclonic Storm i 45 1006 25 Depression
Severe Cyclonic Storm Vi
~———Super Cyclonic Storm X i .
~-->Point ot Dissipation Meteorological Centre) of India Meteorological
9 Department (IMD). These are estimated from poststo
synoptic analysis based on all available obsermatio
185 190 I — (incorporating data received late). Intensity ondfall,

central pressure of the system and other synoptic
information is also taken from the records of Cpelo
Warning Division of the India Meteorological Depagnt

as shown in Table 1.

The decaying curve prepared based on this data is
shown in Fig. 2. The dotted line in this figurehg plot of
data in Table 1 and the continuous curve is ameaptial
fit using the time constant of decay as deriveddntion
2.1. The wind speed data recorded at Bhubanesuer af
landfall have been used for the comparison with tleicay
curve. Fig. 3 presents the inter-comparison afagle
curves based on these two data sets. The seledytitnis
station (Bhubaneswar) is due to consideration ithags
closed to storm centre. More over it being a major
Meteorological Centre observations are consideoelet
more reliable.

2.1. Derivation of decay equation

From the decay curve (dotted line in Fig. 2), iséen
that the maximum wind speed decreases exponentigty
if v(t) is the wind speed after tintesince the landfall then
we can write

V(t) = Voexp(-a) where a is the decay constant
andV, is the maximum wind speed at the time of landfall

Differentiating above equation,

dv_

m 1)



KALSHt al. : DECAYING OF SUPER CYCLONE OVER ORISSA

Wind (kt)

2% 30
Time (hour)

36
Fig . 3. Comparison of decay curves of the super cyclone
based on Table 1 (continuous line) with respect to
recorded wind speed of Bhubaneswar (dotted
line)
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Fig . 4. Comparison of decay curves of the very severe
cyclonic storm of 17 October 1999 based on
Table 3 (dotted line) and wind data estimated
(continuous line) from the empirical equation

Fig. 2 suggests that the intensity of the cyclone
reduces to a constant value (25 knots) after ab@uours
of landfall when decay rate became nearly zerqléta
and Demaria (1995) in his study termed this constalue
as background wind speed)( If we include the effect of
background wind speedv,j then equation (1) can be
written as

dv
—= —a(-v
m (v-Vi)

or, In(v~v,) =—at + ¢ where c is integration constant.

At t=0,v=vy i.e c=In{p—w)
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TABLE 2

Vo(kt)
140

V(Kt)
60

Vi(kt)
25

t(hr)
12

a(hr)
0.0991

so Infr—v,) =—at + In(vy —vp)

or, V=V, + (Vo —Vb) Xp (—&) (2)
From the decay curve it is seen thgt= 25 kt.
Maximum wind speedv() at the time of landfall was 140
knots (Kalsiet al., 2001). Taking = 12 hours whenR(t) is
60 knots, decay constant calculated is shown & th
Table 2.
3. Results and discussion
It is clear from the decay curve (dotted line ig.R)
that the wind speed of the storm decays expongntigth
time after landfall, that is rate of decay at anyet is
directly proportional to its wind speed at thatdinso the
decay rate is maximum just after landfall and tézay
rate gradually decreases with time. Finally, theage
curve reaches to 25 knots (background wind speed) a
becomes constant (decay rate becomes zero).

It also appears from the Fig. 3 that for nearlgtfir
four hours wind speed of Bhubaneswar graduallyeiases
towards the maximum wind speed of the storm and
thereafter both curves follow very closely for the
remaining hours. The increase of wind speed at
Bhubaneswar during this period of four hours intlisahe
local response to the cyclone as it is approaching
Bhubaneswar. The wind speed started increasingbilio
when the storm moved towards the station. In Fjgh@
wind speed estimated applying equation (2) hasbee
plotted at six hours interval (continuous line) and
compared with the decay curve obtained using iz
of Table 1 (dotted line). It is apparent from this
comparison that the prediction skill of the techmigis
reasonably good. Maximum error of magnitude 6 knots
(under estimated) occurs at 18 hours of landfall

In order to apply this empirical technique for dret
cyclone we consider the case of very severe cycloni
storm of October 1999 which made landfall in thed mi
night of 17 October near Gopalpur in Orissa. As th
decay rate is dependent on surface roughness and
availability of moisture over the area, the setattof this
particular system is due to the consideration &f it
occurrence in same coastal segment (Orissa) aridgdur
the same season (post monsoon). Intensity of Idndfa
estimated central pressure and maximum sustavirel
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TABLE 3 landfall and value of time constant of decay 99D per
Very severe cyclonic storm — October 1999 hour.
Estimated Estimated The wind speed after landfall estimated for theyver
Time central  maximum Intensity severe cyclonic storm (Gopalpur) of October 1999
(hour) pressure sustained

applying this empirical technique is found to begistent

(hPa) _wind (kt) with the observed field.

Landfall 968 90 Very severe cyclonic storm

time _ For the operational practices there has been a

6 993 55 Severe cyclonic storm growing demand to derive an empirical method for

12 998 45 Cyclonic storm predicting wind field associated with tropical ayaks

18 1002 30 Deep depression aftgr landfall. The empirical method callbrate.d_elm;m .
_ Orissa super cyclone appears to be promising ia thi

24 1002 30 Deep depression regard. However, further work is needed to calidrtie

30 1004 25 Depression

technique in a more general manner incorporating
reasonably good number of cyclone cases for varying
coastal segments and seasons. Our future attenoid Wwe

. . , in that direction.
for this cyclone as obtained from RSMC report ofONG

shown in Table 3.
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