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ABSTRACT. Using a certain pressure profile based on actual observations, horizontal distribution of surface winds
are derived which are used for numerical simulation of waves in deep sea. A quasi-equilibrium of four major forces :
pressure gradient, centrifugal, surface friction and coriolis force have been assumed. Wave charts prepared in the form of
polar diagrams can be utilised for operational wave forecasting. Though the solution of the non-linear equations used
in the model needs the aid of a computer the operational forecaster need to use only simple parameters like pressure drop
at the centre, radius of maximum wind and the speed of movement of the storm. Hindcast of some reliable data indicate

high skill score for the model.

1. Introduction

Shipping is the cheapsst means of transportation of
bulk and heavy cargo. The needs of the madern ship-
ping industry are :

(i) Safety of navigation and weather routing,
(i) Estimation of extrems values of waves and

(iii) Spectral distribution of waves.

Due to the importance of the global shipping in recent
years, numerous empirical and numerical wave models
have been developed in various parts of the globe. To
prevent a ship from observing slamming cr rolling in
adverse wave conditions its speed or course need be
changed. Different types of ships, viz., a heavy deeck
cargo vessel, a tanker or a passenger liner deserve to
be handled separately. Weather routing of ships, thus,
bscoms important economic and safety considerations.
Meteorological or oceanographic information in the
form of forecast for most favowmable route saves time
and reduces risk to an ocean liner.

Generation of ocean waves in a storm field is mainly
due to high wind speed and consequent energy transfer.
Prominent investigators, like Sverdrup and Munk
(1947), Phillips (1957), Bretchneider (1972), Mukherjee
and Sivaramakrishnan (1977, 1981, 1983) have attemp-
ted to predict waves based on semi-empirical methods.

W. M. O. manual (1976) on handbook of wave ana-
lysis and forecasting details some simple giaphical
methods of prediction of ocean waves. Dexter (1983)
summarises some more recent methods of wave pre-
diction. Recent trends are for predicting ocean waves
based on energy balance equation containing five
ensigy transfer processes. According to these methods,
in order to maintain computational stability the rela-
tion between the time step and the grid interval need to be
adhered to. This puts a serious constraint on the currently
available computer memory in smaller centres. Moreover,
the results of semi-empirical models are quite comparable
with the numerical models in use now. Some amount of
dependence on empirical relations is inevitable since our
llgnthe:!edge of the growth mechanism of wind waves in
imited.

In the present paper an attempt has been made to first
generate an wind field based on semi-empirical relations.
A stationary cyclone will subject an air parcel in its field
to four forces : (i) the pressure gradient force, (ii) the
coriolis force, (iii) the centrifugal force and (iv) the fric-
tion force., In case of a moving cyclone a fifth force, the
translatory force comes into existence. Out of these for-
ces coriolis and storm motion forces depend linearly on
the wind motion while the centtifugal and friction forces
are proportional to the square of the wind speed. The
pressure gradient force is, however, independent of wind

speed.
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2. Data and methodology

Oaz of the serious coastraints of wave prediction
models is lack of reliable data over the Indian seas in
order to have the mode! output verified. However, during
May-June 1976 cyclore, some very valuable wave data
were available from nearby siationary oil rigs in the
Bombay High arca. Duving Monex, USSR ships also
recorded some valvable wave data which have been
utilized. Some commezicial ccean liners” data also have
been utilized for wave height verification purposes. Wave
data from a north Atlantic storm al:o have been used for
model verification.

Assuming an exponential type of variation of surface
pressuie profile withdistance from the centre, symmetric
around the centra! pressure. we may wiite the mathemati-
cal expression as

P, _& =
P—P,

P ¢

—K’ U‘riR)K (l)

where, P,=surface pressure at radial distance ¢ from the
centre,

P, and P, being the peripheral and central press-
ure, K is the empirical power of exponent (1.5)and
Risthe1adius of maximum pressure gradient taken
as .75 times the radius of maximum wind (R").

Also, K' = (K—1)/K (la)

Adopting the concept of equilibrium wind from Myers
and Ma'kin (1961) which is d=fin=d as that valus of wind
(direction and spzed) at a point in the storm fizld such
that —dV—=0 and L4 =0. This simply implies that

dt dt
momentarily there would bz no change inspzed (v)orin
thedeflzction angle (B) if the wind vectcr equals the
equilibrium value.

Following Myers and Ma:kin (1961) the equilibrium
wind equations are :
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where, p is the density of air near surface, Pis the sur-
face pressure, 8 is the azimuth angle (posm\je clockwise)
from the direction of motion of the storm, 3 is the deflec-
tion angle, r is the radius vector of a point in the sterm
field, positive outward, Vj, is the storm speed ; K, and
K, are empirical constants relatirg tangential and normal
components of friction to the square of the wind speed.

Simultaneous solution of Eqns. (2) and (3) using Eqn.
(1) for the pressure distribution (pP/3r), we get the
wind field (v;) at every grid point in a model cr observed
storm field for assumed values of K,, K, and V. The

maximum sustained wind (v,) is thus computed from
the storm field. The values of the empirical constants
arc taken as

K, =4.4 X 103 km—1
K, =4.0 x 103 km—1
and K = 1.5

The valuz of Vj; is generally taken as 15 km/hr. Decrea-
sing or increasing the valus of Vy affects the output of
the model wave heights directly,

The value of the maximum sustained wind speed (v,)
i¢ used in the following equation (wave and water level
prediction, 1981) to compute the maximum significant
wave height (H,) :

H, =5.03 (R AP/4T00) [ i 25

where, U, = 0.865 v+ 0.5Vy (5)

Eqn. (5) is an expression generally used for calculating
the maximum sustained wind speed (m/s) at 10 metres
above the mean sea suiface at 1adius r for a cyclone
moving at slow speed (V). Here R and A P are respecti-
vely the radius of maximum wird and the pressure drop
at the centre. a is an empirical coefficient depending on
the forward speed of the storm. The value of a is taken
as 1.5 i1 this study.

The final wave field is obtained by the relation :

Vi
Hy == H, (6)

v"!

3. Result of wave hindcast

The model output of wave predictions were compared
with reliable data of waves in (a) the Arabian Sea and
(b) the north Atlantic Ocean. A severe cyclonic storm
passed thiough the Bombay High area in May/June
1976. Three jack-up rigs, Sagar Samrat, Hakon Magnus
and Shenon Deah maintained continuous record of
waves (during the passage cf the storm) alongwith other
meteorological patameters. A part of the storm track with
respect to the positions of the rigs are shown in Fig. 1.
In Fig. 1(a) the position of the storm at 0300 GMT of 2nd
is shown. The rig, “Hakon Magnus” (H.M.) was at a
distarce of about 20 km from the centre of the storm.
The recorded wave height is 8 m from the rig and the
predicted height is alsc 8m as seen in Fig. 2(2). Fig.
1(b) shows the centre of the storm at 0900 GMT of 2nd.

The rig, “Sagar Samrat” (S.S, 70 km away) recorded
height of waves us 28-30 ft, i.e., about 9.5 m whereas
Fig. 2(b) shows a predicted wave height as 10 m at 75
km away from centie. The third rig, “Shenon Doah”
(S8.D.) which was about 25 km northeast frcm centre
at 0900 GMT of 2nd recorded waves of height 17-20 ft
which is roughly 7 m. From Fig. 2 (b) we see a predicted
wave height of 7 m at 25 km away. Thus. the predicted
wave heights agree very well with the wave heights
recorded at the ries. The wave observations recorded
atthcrigs ate highly relizble as they werc observed
against fixed marks of the lees of the rigs.

Mukherjee and Sivaramakrishnan (1980) wused this
highly reliable data obtained through courtesy {of
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Fig. 1. Track of storm on 1-2 June 1976 with reference to the
position of Bombay High area at (a) 03C0 GMT and
(b) 0900 GMT on 2nd. S.S.=Sagar Samrat, 8.D.=Shenon
Doah, H.M,=Hakon Magnus

0il and Naturz! Gas Gommistion, Bombay, to verify
their wave prediction technique. (b) the wave ficld used
by Isozaki and Uji (1973) to verify theii numerical
wave prediction model has also becn used ir. the present
study for verification. The O.W.S. ‘Weather Reporter’
expetienced very high waves off the coest of Great Britain
fiom 16 to 18 December 1959. The detail meteorclogical
conditions associated with the storm have been descri-
bed by various authors in the past while using the data
for verification of their models. The storm was associated
with strong winds (60 k) and high waves of 12 m.
lsozaki and Uji (1973) depicted the predicted wave field
(Fig. 3) for the storm. This shows highest wave of 10 m
in the aiea. Using the same pressure fall and radius of
maximum winds a: reported by them a maximum wave
of height 10 m is obtaincd as output of the present model
as seen in Fig. 2(c). The predicted wave field (Fig. 2c) agree
well with that of Isczaki and Uji(1973). Itisknown that
the highest wave occur to the right of a storm *rack. From
the present model we note that the highest waves are
found in the right front quadrant (Fig. 4). Fig. 4 shows
the wave prcfile in the four quadrints with distance fiom

centre as abscissa and wave heights as ordinate. The e
variations of wave heights with distznce can bz seen in 3 :
different ‘quadrants, For rear quadrants the reader is 8- 2(2)(c). Predicted ocean waves at (a) 0300 GMT,

(b) 0900 GMT on 2nd and (c) model output of pre-

advised to read the dagram upside down. Hited occats wanes field coriamonding 15 Fia:'3
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Fig. 3. Distribution of predicted significant wave
height at 1200 GMT of 17 December 1959
(Adapted from Isozaki and Uji 1973)

4. Discussions

Though the equations used in the model are mainly
non-linear, the model outputs for various pressure
drops and radius of maximum winds can be used as
nomograms for predicting ocean waves generated by
cyclonic storms. Latest techniques based on radar
observations and satellite imagery can be used opera-
tionally for estimating the central pressure drep and
the radius of maximum winds. The third important
factor needed as the input of the model is speed of move-
ment of the storm. This can be estimated reaconably
accurate'y from synoptic charis knowing the positions
of the storm from radar and satcllite observations.

One of the most difficult problems in the field of wave
forecasting is the non-availability of i1eliable wave data
from a storm field. [ oiated wave observations from
voluntary ships are not enough to verify a two dimen-
sional wave model This difficulty is faced by most
countries of the wotld. An awareness need to be
created amongst shipping crew tu record and report
wave observations more fiequently. This will enable
us to serve the industry better.

5. Conclusions

From the foregoing discussicns one may arrive at
the following conclusions :

(i) If the vressure fall and the radius of maximum
wind can be estimated reasorably accutately the pre-
dicted wave field i= within 90 per cent accuracy.

(ii) With increasc in the speed of movement of the
storm the predicted wave height increases.

(iii) The model is simple to use as the input data
required are not difficult to estimate from the available
informations operationally.

coninlion
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Fig. 4. Distance-height profile in the four quadrants

of a cyclonic storm

(iv) The right front quandrant has highest wave and
sharpest gradient of wave heights with distance frem the
centre.
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