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‘Computation of sutfice winds in tropical cyclones

 tropical cy¢lones. But no formula i$ now available for estimating the wind speeds in different
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ABSTRACT. At present, the formula Vigs—Ky/(pr—pg)developed by Fletcher (1955) is |
with some modification for the values of the constant K, for ating maximum wind s

“in the storm field. A formula for computing windspeeds at any point on the radius of the storm and
for computing miximum windspeed is presentcd here. This formula will also enable checking doubtful
wind and pressure observations, either due to wrong coding or due to mutilations during transmissions,
received: at the cyclone watning centres during critical moments and will help in correct assessment

© nfronh‘gvg

 the constant K and p,. Based on data of 42 hur-
ricanes and typhoons in the east Pacific and
Atlantic Oceans during 1970—73; Natarajan and .. ~on the radius of a storm, provided the pressure

of the intensity of the cyclones

jind

L Introducﬁoﬁ "

Computation of surface winds in tropical

cyclones is one of the most important problems

) ting the weather Ffprccaste;fs‘, working. in
i ST e e R e it .]h

(1
where Vmax is the maximum sustained wind-
- speed in knots in the storm, p, is the sea level
pressure in mb at the centre of the storm, p, is
the pressure in mb at the outer edge of the storm
and K is a constant (taken as 16 by Fletcher).

Vﬁlaﬁ = K\/Pr““l’o

Various formulae for deriving Vinge had further
been developed by different authors which are
basically same as that derived by Fletcher. These

formulae differ only in respect of the values of

Bgamamurthy (1975) had given the relationship

Vmax=k13.6\/MM 5 (2§)

&

_compute the maximum w
(357 B

speeds compute& wilh this formula, have been verified with the actual observed winds
s in the Indian seéas. It is seen that the computed values fit in exceedingly well

Whereas Mishra a
the best fit relati
sea level pressure

windspeed (

med that

i m% '

S occurr
seas is found tomge ing in Indian
Vox=14.2/5—py ) &

All the above formulae give the valu
windspeed in tropical cyclones e
central pressure is known. But, at nt,

is no formula which gives windspeed at various
points on the radius of the storm as one proceeds
from the periphery of the storm £6 its centre.
Computation of gradient or cyclostrophic winds
on the basis of surface synoptic charts is usually
subject to considerable error because, with cuf-
rent techniques and data, the analyst is unable to
draw isobars with sufficiently accurate spacing

especially in the areas around the centre of cyclone.

s a
any point

The author derived a formula which give
method of computing windspeed at

at that point is known, say, from any ship’

at tha i ; y ship’s ob-

servation. This formula %lsq can be util?sed to
d in a cyclonic storm,
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Forecasters working in cyclone warning centres
receive some ship’s observation occasionally from
depression field reporting abnormally high wind-
speed due to either coding mistakes or errors
creeping in during transmission. Such windspeeds
appear incompatible with surface pressure obser-
vations. But, as there is no method at present
to check the veracity of such wind observations,
forecasters are tempted to upgrade the system in
the absence of any other observation. This is
because the storm warning procedures in many
countries stress maximum weightage to wind-
speed reports from ships for classification of
systems. The formula derived by the author
can be used to check the veracity of such abnormal
windspeed reports.

2. Derivation of wind field in a tropical storm

Although tropical storms never remain in a
precisely steady state, the essential features of
the wind and temperature fields are always
maintained. Therefore, the question of evaluation
of the wind field on the basis of stecady state
maintenance is quite legitimate.

The equations of motion in a steady state in
polar co-ordinates can be written as :

o, 0 Y . 13p
rar Tlgg =S — 0 (4)
and

g , , 0% v . 1 3P
br 737_*_?)0 99 + ro I p 7130 (5)

When the windspeed along the radius is o,
(radial velocity) and the windspeed perpendicular
to the radius is vy (tangential velocity). The total
velocity V is given by : :

Vi=u’4v* =0, + vp? (6)

If we now consider circular concentric isobars
with their centres at r=0, Jp/30=0. If we also as-
sume thatthe velocity distributions have circular
symmetry then :

BB,
20 20
Eqn. (4) may then be written as :
v e dur 1 9p
T e — e S —— 5 =0 )
Similarly Eqn. (5) may be written as :
vg , O
N —_Y —_ 8
e ®)

or —?—Z.—H——l—vo%g +fog=10 )

Now subtracting Eqn. (7) from Eqn. (9) we get :
Y vy __l__ ar

005; -+ v, En ; _D;'z 0 (10)
or

3 92y 12 0P_

37‘(%2) + 5, ) T =0 (11)

Now integrating Eqn. (11) with respect to r
from r=r to r=r, [r,<r,), we get

9 )
[ 7)29 sl 'v“r:u] -"[ 029,72 + Vg ] »

= % [Pm«l’n] (12)

where vy, -, and v, ro are the tangential velocities,
v, » and o, o are the radial velocities and p,,
and p,, are the pressures at radii 71 and r; respect-
ively.

In the above integration p had been considered
as constant. In terms of total velocity V7, the
above equation can be written as :

2 B
Vq?‘—Vr22 = ";‘ (_p'fz _ prl) (13)

where V; and V., are the total velocities at radii
r and r, . If the windspeed and pressure at any
point (say the periphery) of the storm is known,
the wind speed at any point on the radius of the
storm can be calculated provided the pressure
at that point is known or is estimated.

3. Actual computation of wind field at surface level

In a mature storm, maximum windspeed
occurs very close to the centre of the cyclone.
If we denote the maximum near-centre windspeed
by ¥V, with corresponding central pressure of the
storm as p, and ¥,, and p,, represent the peripheral
windspeed and pressure respectively, Eqn. (13)
becomes :

2
Vo2: Vn2 = "‘;‘ (.pn“‘po) (14)

The above equation reduces to the form of the
semi-empirical relation put forward by Fletcher
if the peripheral windspeed is equated to zero.
If near the surface p=1.13X10—3gm cm—3 and
pn and p, are expressed in millibars and wind-
speed is expressed in knots and peripheral wind-
speed is assumed as zero, Eqn. (14) reduces to

V¢'=69T (p,— Do) (16)

whereas Fletcher’s formula on taking square
becomes :

Vmax =256 (p,—p,) (16)



. Thos it.is ‘seen that ¥y}
 groater than Ping, ie, Vo

is about 2.72 times.

is about 1.65. times

"inaxs dvley

jve higher values than

- will give higher values
 cher’s formula for windspeeds. .

" Tt may be mentioned that Eqn. (8) is a -

~ component equation on which the derivation of
Eqn. (13) isbased. Now Eqn. (8) implies that the
absolute vorticity about the - vertical is zero.

~ Actual computations, on the basis of average

wind field in the lower tfoposphere, indicate

that the relative vorticity and certainly the absolute

vorticity remain positive everywhere in the cyclonic

~ storm field. The second term in Eqn. (8) which

represents anticyclonic shear in case of tropical
cyclones, is the only negative contributory factor

towards  absolute  vorticity. This  implies
that the anticyclonic shear (increase in windspeed
with decrease in radius) in cyclonic storms does.
not attain so high a value as will be required strictly
by Eqn. (13). Eqn. (13), perhaps, gives the maximum
possible limit to which windspeed can reach in

 a tropical cyclone corresponding to a particular - ’

pressure depth (p,—p,) provided all the retarding
forces like frictional force, viscous drag of air
' gtc are absent. It is, therefore, necessary to reduce
the value of the constant 2/p by a suitable factor
so that the computed values of windspeed as per

ds actually observed in storm fields.
t had. already been mentioned that V? in
s about 2.72 times greater than VZmyx
. If the r.h.s. of Eqn. (13) is reduced

by a factor of 2.72, the modified equation becomes,

V=V = 074p) ()
or . : G :

. ~,‘Vr:12f?raz~ _P"‘ (_’p;z '—'Prl) o (17)

: - Itwﬂl b‘e::éefe'néfrom Table?,;tliaf corﬁeéponding:

to a particular pressure depth A p, there are reports

of windspeeds varying over a large scale. As

. for instance the table shows that corresponding -

to a pressure depth of 10 mb, there are reports

of winds varying from 35 kt to 55 kt. = Thus it
‘w ilibe quite justifying to round off the fraction

0.74 into 1.

I density, of air is taken as 1.13 103 gm cm—
windspeed is expressed in metres per second,

~ Prs and py are expressed in millibars, Eqn. (17)

- reducesto:
VTVt = 88‘(15"2‘»*:‘19"1)"

. recorded” windspeeds in tropical cyclones -
* ‘Windspeeds at land stations are mostly

: 4 Cbmpﬁﬂson;ibetiwéénf éOmputed windspeeds ‘and

se anemometers decrease rapidly
ind velocity. Thus it becomes

~ COMPUTATION OF SURFACE WINDS-IN TROPICAL CYCLONES

er than ¥ 15 about 1,00 . LMES
er than Vm,,. - This implies that Eqa. (13) -
‘ hose given by Flet-

 the modified equation are in agreement with wind-

~ Jamnagar city which is much inland an

‘maximum pressure depth at Jamnag as

(18)

three cup anemometers.. The . andla h is d abou
~ Jamnagar confirms the . veraci
wind observation. .

necessary to apply large corrections to the indi-
cated readings in order to obtain true wind velo-
city.. Moreover, these anemometers are slow:.to
respond to rapid fluctuations in windspeed and

as a result they cannot record the peak guests in

tropical cyclones. But it is these powerful gusts
in tropical cyclones that make their winds so
destructive. Dines’ P.T. anemographs installed at

‘coastal stations are capable of recording the peak

gusts. But the number of such ‘gust recorders’ are.
so few and they are so widely spaced along the
coasts that only, rarely such records are available.

~An occasion to observe the wide disparity
between the readings of three-cup anemomet
and Dines’ P.T. anemographs arose durin,
Porbandar cyclone of 22 October 1975. Accord-,
ing to newspaper reports the area worst hit by
the cyclone were Porbandar and its neighbouring,
places in Gujarat State. Eighteen people lost
their lives in Porbandar and its surroundings.
The loss of property and crops due to the
cyclone and rain in Junagadh district (compris-
ing of Porbandar) had been put at 20 crores by
official agencies. More than 1500 houses had
collapsed and 35,000 houses were damaged in
Junagadh district. There was not a singl
in Porbandar town:which had not suf - any
damage in the cyclone. The newspapers had pub-
lished a number of photographs of toppled and
severely damaged pucca buildings, factorie
mosques at Porbandar. But the maximum
speed recorded by the three-cup anemome
Porbandar was only 58 kt. -~

located about 100 km r
bandar was hit by the cyclone ,
hours. The devastation caused at Jam
was much less compared to that of Po
Though a number of houses had collapse
Jamnagar also, there are very few repor
damage to pucca buildings. The only, photograph
published in the newspapers sho th
tructive features of the cyclone at

that of a damaged mental hospital, the

of which was blown off by the fury of

rthnortheast of

The maximum pressure depth Ap . (diff
between the pressure at the periphery of t
storm and the minimum pressure recorded at
station) at Porbandar was 36 mb where

28 mb. Thus it can be easily concluded that the

" severity of the cyclone over Porbandar was much

more compared to- its severity over Jamnagar.
The Dines’ P.T. anemograph at Jamnagar record-
ed maximum windspeed at 98 kt, whereas the
maximum ~windspeed . recorded. - by three-cug
anemometer at Porbandar - was “only 58
Maximum windspeed :of 70 kt recorded su
quently by Dines’ P.T. anemograph

Kandla which is located about 65 km .
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TABLE 1

Windspeed ‘recorded by three-cup anemometer and Dines
) ‘P.T. anemograph

Observed common pressure depth—26 mb

Wind speed as
recorded by
Station Remarks
Three-cup Dines
anemo- P.T.
meter anemo-
(kt) graph (kt)
Porbandar 44 —_ Correction to be
Do. 53 — applied to thr:c-
Rajkot 48 — cup anemometer
ke records=729,
Jamnagar — 80 —
Do. — 86 —
Mean 48 83

On 22 October 1975, the peak storm intensity
derived from satellite picture at 0405 GMT was
T-6 which ‘corresponds to a maximum wind-
speed of 115 kt (Mishra and Gupta 1976). The
lowest pressure of 972.2 mb was recorded at
Porbandar at 1000 GMT about six hours after
the satellite observation. According to Eqn. (18),
the computed maximum windspeed at Porban-
dar was 109 kt corresponding to the observed
pressure depth of 36 mb. This value compares
very well with the satellite derived windspeed
of 115 kt. The computed maximum windspeed
at Jamnagar corresponding to the observed pres-
sure depth of 28 mb is 96 kt, which compares
excellently with the observed windspeed of
98 kt by Dines’ P.T. anemograph.

The satellite derived windspeed of 115 kt
will correspond according to Mishra and Gupta
(1976) to a sea level pressure of 944 mb where-
as the minimum pressure recorded at Porbaqdar
was 972 mb. Eqn. (18) on the other hand gives
a sea-level pressure of 968 mb, a difference of
only 4 mb which may be accounted for due'to
a certain amount of filling up of the storm during
the interval of 6 hours between satellite and
actual pressure observations.

Similarly the Dines’ P.T. observation of 98
kt at Jamnagar will correspond according to
Mishra and Gupta (1976) to a sea-level pres-
sure of 960 mb whereas the minimum sea-level
pressure recorded at Jamnagar was 979 mb, a
difference of 19 mb. Eqn. (18) on the other
hand gives the identical pressure value of
979 mb. It will be evident from the wind records
at Porbandar and Jamnagar that large corrections
are to be applied to the three-cup anemometer
wind records to get the true windspeed. Table 1

indicates the amount of correction to be applied
to the three-cup anemometer records to bring
them at par with Dines’ P.T. anemograph wind
records during the Porbandar cyclone of
22 October 1975.

Ships are generally the only source of wind
observation from high seas as reconnaissance
flights are confined to limited sea areas. But many
ships are not equipped with anemometers and
they estimate windspeed from sea surface condi-
tions based on the criteria of Beaufort scale,
Beaufort scale on the other hand cannot
differentiate  sea-conditions beyond hurricane
stage (64 to 71 kt corresponding to B.F.
No. 12). Consequently the ships when they
encounter even mountainous waves report wind-
speed of the order of 100 kt only. On 19 Nov-
ember 1977 an Indian ship Jagatswamini which
was caught in the eye of a hurricane around
1130 GMT reported a central pressure of
941 mb (uncorrected). But the ship reported
maximum windspeed of B.F. No. 15 equivalent
to 90-99 kt only. The peak storm intensity
derived from NOAA-5 cloud pictures -at
1430 GMT of 17 November and 0305 GMT of
18 November was T-6.5 and T-7 respectively
which correspond to maximum windspeed of
127 kt and 140 kt respectively. Corresponding
to the observed pressure - depth of 69 mb
Ppo=941 mb and p, = 1010 mb) Eqn. (18)
gives the maximum value of windspeed as
148 kt. According to Mishra and Gupta (1976),
the sea level pressure corresponding to T-6.5 is
930 mb, 11 mb lower than the observed pres-
sure of 941 mb. According to NOAA-5 cloud
pictures, peak intensity of the hurricane there-
after remained practically constant at T-7 tilf it
crossed Andhra coast towards the afternoon of
19 November. This hurricane claimed a heavy
toll of lives and caused unprecedented devasta-
tion. It will be most reasonable to assume that
the maximum windspeed in this hurricane might
had crossed 150 kt.

Thus it is clear that certain amount of correc-
tions are to be applied to the wind observations
reported by ships on the basis of Beaufort scale
especially. beyond the hurricane stage. ‘Wind
observations made by three-cup anemometers on
board the ships will also require correction. But
the extent of correction to be applied over high
seas is smaller compared to land stations because
of smaller ground friction over sea surface.

Thus the value of K as computed by most
authors on the basis of reported windspeeds from
land and sea stations, without giving due weight-
age to the type of instrument used for such
measurements, is smaller than its actual -magni-
tude. Windspeed computed on the basis of these
best fit formulae will give lower values than are
actually encountered in cyclones corresponding
to certain pressure depth. ‘



' Date 6f obsh. Type of obsn.

v

7 Datoofobsn. Type of obsn,

38

%0
35
45

48

50

40

;‘45

48

11 Nov *78 Land station in
: . Coastal Tamil

S nadu
3%un *76
18 Jun *79  Ship in A, Sea

2 Jun 76 "*ﬁig S‘agg: Samrat

22 Sep 79 Slﬁ in
'Sep 79 .

2 Jun 76, Hakpn Ma,
fr ﬁju.gv in A, Saagh

'ii¥78 ‘Ship GKFE in
-A. ‘Sea :

22 Oct *75 Land stn, Okha

22 00t 75
18 Jun 79 ‘Ship JISU in A,
Sea

22 Oct '75 Land sta. Vera-

S 22'0ct Y75 Doy

46

S 2 Jan: '76

48

22 Oct 75

2 Jun '76 Rig Saggr Samrat

2 Jun 6 R.ig Hakon s]&:agl-

zlun *76 Rig Shenau Doha
S i A Sem e

13 May *79
18 Nov *77

Land stn.: Ongole
Ship ATIZ in the

,Lq.nd stn, Okha

2% Oct '75 Land stn. Vera-
val

11 Nov *77

22 Oct '75
8 Nov '78

Rig Sagar Samrat
!n‘ A.gSen

5 11 Nov ™18 Ship HOYL'mA.

22 Oct '75

‘Rig Sagar Samrat k

ingA. gea

A Sea

78 Ship GZID in
A. Sea . :

Land stn.  Veras
‘val

‘Ship ASLX inBay =
-kmsﬂkeuauﬂoah b
“fand stn. Veraval
Ship GZID inAs o

Seu B .

47Nov 1T ‘Ship Sikallosh
. in Bay j

11
2

13

14

18

16

2 ;\47
: ;319

51

53 k.

35

s

50

45

85

50

50

: 1‘75

45

.50
55

88
70

e

65

67

a0

50

59

22 Oct'75 Land stn.
“‘bandar

.. 56

11 Oct*73 Semd Heads
‘2 Jun *76  Rig Sag;: Samrat
: - in A, Sea:

13 May 79 Land stn, Nellors
2 Jun *76 Rig S%Samm' i

2 Jun ‘76 R:lz Sa%Sammt‘

13 May 79 La.nd stn. Nellore
8 Nov *78 :sh‘ip‘ GZID in Ai

Pm'-

. 24002 Ship inA:Sea
21’76 Rig Hakon Mag-
R Tente Bls Hebon s

29 Nov ’62 ‘Ship in the Bay

13 May *79 Land sta; Opgole

13 May '79 Land sin. Nellore

23 Oct *70 -Ship in the Bay.
29 May "61 Ship in the Bay

Jun *76 Rig Shenon Doah
Jin Al Sew -

SJun 'l Sand Heads

22 Dec *64 ‘Bhip in the Bay

2:Jun *36 - Rig Shenon Doah
adut6 Bs shgor posk

27un %6 Rig Shenon Doak

13 May *79 ‘Land stn, Nelloro
Rig Halmn Mag-

7Nov 178 sidp @qo &:m—y

o5 Jun ML

2 Jun 19

Sand- Headt

13 May '719.

13 May 9 I.andﬁtn.NaHore '
Do. ‘

23u 76 Rig Hakon Mag
"Se
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TABLE 2 (contd)

Ar Vg Y Ve '170 . Date of obsn.  Type of obsa.

22 67 50 84 75 5625 13 Dec 65 Ship in the Bay

50 2 Jun °76  Rig Shenon Doah
in A. Sea
75 5 Dec *72 Landstn. Cuddalore
95 . 2 Jun *76  Rig. Hakon Mag-
nus in A, Sea
97 2 Jun *76 Do.
© 23 69 50 8 ' 67 4489 28 Nov *66 Ship in the Bay
. 60 22 May ’63 Reconn. aircraft
(RFF)
70 19 Nov *77 Land stn. Masuli-
patnam
24 70 60 88 63 3969 21 Dec ’64 Ship in the Bay
65 21 Sep *72 Ship in the Bay
. .
25 Vs 80 89 80 6400 9 Apr °72 l%%ch%) aircraft.
80 21 Nov *72 Ship in the Bay
26 72 75 90 84 7056 5 Nov°73 Do.
80 12 Nov *70 Do.
80 22 Oct *75 Land stn, Jamna-
gar
86 22 Oct *75 Do.
100 7 Nov *78 Ship ESO Cam-

biria in A, Sea
27 73 80 93 80 6400 21 Nov ’64 Ship in the Bay
28 75 98 95 98 22 Oct ’75 Land stn, Jamna-

gar
29 76 70 9 17 Nov *77 Ship in the Bay
1 21 Sep *72 Reconn, aircraft
0 P (USAP)

17 Nov *77 Ship in A. Sea
12 Jun ’64 Land stn. Naliya

3 79 - 9% 101
32 8 80 102

Ap VF VO Ve . V0 Date of obsn. Type of obsn.
34 82 125 104 1951 Reconn. aircraft,
Obsn. at Puerto
Rico
35 84 60 105 11 Nov ’66 Ship in the Bay
110 10 Sep *72 Land stn. Gopal-
pur

40 9 100 113 29 Oct *71 Land stn. Para-

deep Port

11 Nov *78 Ship ESO Cambi-

42 92 %100 115
ria in A. Sea

43 93 70 117 10 Nov ’66 Shipin A. Sea
49 . 99 115 125 3 Nov ’66 Ship in the Bay
>150 8 Nov °78 Shipin A. Sea

59 109 104 137 104 24 May ’63 Reconn. aircraft
(RFF) in A. Sea

64 113 126 143 1975 Land stn. supplied
. 151 1975 f by Mauritius
(in one isolated gust) Met. Service
67 116 143 146 1960 Land stn. Carol
Island near Mau-
ritius. Max. wind
speed in gust
69 117 135 148 1892 Land stn. supplied
by Mauritius
Met. Service
71 124 156 157 1972 Do.

Max. windspeed in
gust. Rodrigues
Island
18 Sep *26 Land station Mia.
mi Beach, Florida
3-4 Sep*53 Reconn. aircraft,
Wind speed re-
corded in hurri-
cane Carol
27-28 Sep 55 Land stn, Chetu-
mal, Mexico.

78 125 120 161
83 129 130 167

99 141 152 183

Ap=(pn—p0) where p,, is peripheral pressure and Py is the pressure corresponding to observed windspeed Yo

Vp= Windspeed calculated on the basis of Eqn. (3)

Vp=Observed windspeed.

"I;BsMeanof all observed windspeeds corresponding to pressure depth Ap N
Ve==Windspeed calculated on the basis of Eqn. (18) deduced by the author. Peripheral windspeed is assumed as § mps (10 kt).

5, Scatter diagram of square of observed maximum
wind versus pressure depth

. In Fig. 1 square of observed maximum wind
speed ¥,?had been plotted against pressure depth
Ap=(pa—p,) Where p, was the peripheral pres-
sure and p, was the observed pressure corres-
ponding to the observed wind speed V. All the
observations compiled by Mishra and Gupta
(1976) from ships, coastal stations and reconnai-
sance aircraft for the cyclonic storms whlcl} occur-
ed in the Bay of Bengal and the Arabian Sea
during the period 1961—73 had been utilised in
this study. Apart from these data the unique
observations recorded by stationary oﬂ-drllhpg
rigs belonging to Oil and Natural Gas Commis-
sion of India during the passage of June 1976
hurricane across Bombay High area had also been
used. Also the observations recorded by ships
and coastal observatories during the Andhra
Pradesh hurricanes of November 1977 and May
1979 bhad been utilised in this study. A few

observations with instrumental records of ~wind-
speed exceeding 100 kt supplied by Mauritius Met.
Service and as compiled by Dunn and Miller
(1960) had been plotted in the scatter diagram to
supplement data coverage in higher ranges.

Table 2 gives all the observations utilised in the
preparation of the scatter diagram. The data are
arranged in such a way that for a particular
pressure depth Ap, all the available windspeeds
are grouped in increasing order of magnitude.
Column 2 represents computed windspeed
(V) as deduced from Eqn. (3) postulated by
Mishra and Gupta (1976). In column 3, Ve repre-
sents all observed windspeeds. Column 4
represents computed windspeed ¥, calculated on
the basis of Eqn. (18) deduced by the author now.
Column 5 represents mean observed wind velocity,
based on all the observations. Mean velocity had
been calculated only when four or more obser-
vations were available for a particular pressure



‘o Mean observation

3 L B - 5 i G Sl

_ (Observed windspeed in knots)?

Pressure depth aP in Millibars —»

o Fig. 1. Scatter d'as:rampf squareofobservcd Windspeed‘
o (kt) versus pressure depth Ap (mb) e

~ tions had been plotted against Ap.

kS
.

 depth. Otherwise square of individual observa-

In Fig. 1, OA rqﬁresents relationship between '

square of windspeed computed as per - Eqn.
_ (3) and pressure depth, Similarly OB represents
~ the relationship between square of windspeed
. computed as per Ecgl. (18) postulated by the author
~and pressure depth. OC represents the relation-
~ ship between square of maximum possible wind-

~ pressure depth.

o This;iscatt'erdia'gram .in' F1g 1, as well as the
jata given in Table 2 will show that the line OA

dar cyclone of 1975, this line gives: a wind-

4 Dines' PT ariAircraft reconnaissance observation

0 20 % @ % .60 M 80 9°"°° 2

enerally represents the lower limit of windspeed
hat are observed in cyclonic storms. Especially |
his line greatly underestimates windspeed in case
hurricanes of severe intensity. In case of Por-

ed of 72 kt corresponding to the recorded L

'6. Discussion’ ~

- wind
“and hurricanes. -

The formula postulated. by Fletchef and modi-

" charts. This equation can also be

surface pressure. When the pressure

mograph . correspo
demd. fe i e
The liné-OB on the other hand generally.
the upper limit of windspeed that is
“in a cyclonic storm. Especially
n f hurricanes of severe intenisity
gives a better

nding

estimate of windspeed for a parti-
cular pressute depth. The computed windspeed
for a pressure depth of 26 mb as observed over
¢ during Porbandar cyclone of 1975 is
is tgggaﬁtgrgzs‘ very ‘well with the recorded’
of Han AR R P

3 L

In computing windspeeds which had been
plotted in the scatter diagram the value of Voo
in Eqn. (18) had been given a constant value of
5 m.p.s. (i.e.,, 10 kt). The value of Ve, depends - .

~upon V. Vy will assume a larger magnitude

if the value of Vi is more than 5m,p.s. It isa
well known fact that in depressions, cyclones
and hurricanes windspeeds are different in
different sectors. Especially in case of monsoon
depressions over the Bay of Berigal and the Arabian
Sea, windspeed in the southern sector ismuch
higher than the windspeed in the northern sector.

It is believed by Indian meteorologists that the
“sttong

west to southwesterly winds prevailing
over Indian seas during the monsoon months'
somehow enter into the depression circulation.
Hence windspeed in the southern sector becomes.
‘stronger compared to the northern sector. Eqn.
(18) explains the mechanism as to how the strong =
field in the southern sector representing
Vs influences the depression circulation to give
a higher value of V,; in the southern sector.
Since the value of ¥y, in the northern sector is
much smaller, the value of ¥y in that sector is

 alsojsmaller. Thus Eqn. (18) explains how different

values of Vi, in different quadrants contribute to
the existence of assymetric wind field in cyclones =

fied subsequently by others gives only an estima-

- tion of maximum windspeed that can occur in

cyclones and hurricanes, But it does not provide

_any method to calculate windspeed at different .
b Afpoint‘s tgn the radius o{ the s%onlll: as one proccegs
. ship ‘ : m the outer peripher; ‘the storm. toward:
peed computed on the basis of Eqn. (13) and ot e OUteL DELRAEH S it ot :
: - .. known with fair degree of accuracy. But
# (18) can be employed to calculate the “windSpeQ ,
. at any point on he st
© the surface pressure (po) at that point is known
~ because all other parameters like pa, Viy can
' always be: observed or estimated fron

its centre even if the pressure cenfiguration is

Eqng :
the radius of the storm provided

from weather

the accuracy of any doubtful
from ships which had ' repor
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in a storm is known with fair degree of accuracy
it may be argued that the gradient wind equation
can be used to estimate the windspeed at various
points on the radius of the storm. But the gradient

- wind equation involves parameters like geos-
trophic wind ¥ and coriolis parameter f,

Over the tropical region where cyclonic storms
~develop the applicability of geostrophic wind
itself is not considered reliable. Also the coriolis
parameter is likely to introduce considerable
error  in the estimation of gradient wind
because of its small magnitude over the tropics. On
the other hand Eqn. (18) is independent of
geostrophic wind factor as well as coriolis para-
meter. Hence the equation canfbe used without any
limitation over any part of theJglobe.
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