Mausam, (1982), 33, 4, 445 - 450

551.552.2

The effect of coastal geometry on the location of peak surge
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ABSTRACT. An attempt has been made to study the dynamic effect of a curving coast and the angle of
incidence of the tropical cyclone track relative to shore-line on the location of the peak surge. The experiments
have been performed by a numerical storm surge prediction model for the east coast of India.

Using a forcing wind-stress distribution representative of a severe cyclonic storm, with a core of hurricane
winds, a comparison of the results is made for different tracks of a cyclone striking at three different places along
the east coast of India which have different type of coastal configurations, viz., (i) almost straight line coast, running
approximately from Nagapatinam in the south to Ongole in the north, which is parallel to meridian, (ii) Cres-
cent coast running from Nellore in the south to Masulipatnam in the north, which resembles the crescent of the
moon and (iii) a slant coast, running approximately from Visakhapatnam in the south to Paradeep in the north,
which is an almost straight line coast inclined to meridians.

The results of the experiment show that the location of the highest surge is sensitive to the coastal geometry

and the direction of motion of the storm relative to the coast.

1. Introduction

The prediction of peak surge, its location and
an idea of its quantitative dispersion along the
coast is very important in order to fix up the
coastal stretch upto which significant surge is
expected. The location of the highest surge
depends predominantly on the coastal geometry
of the basin. For a basin with a straight coast-
line, if the storm track is nearly normal to the
coast, the maximum surge usually appears to
the right of the landfall point in the northern
hemisphere (as viewed from the sea). In an
embayment, the location and intensity of peak
surge is affected by the shape of the coast which
is curved and/or broken by bays or estuaries.
The curving coasts not only shift the peak surge
position but also affect its height. Hence, the
coastal geometry of a shelf needs special consi-
deration when forecasting surges.

(445)

Another dynamic effect which has considerable
bearing on surge generation and the position
of highest surge occurs with the vector storm
motion, for with different tracks it is possible
to have maximum surge at different locations
with the same cyclone and the same point of
landfall. Therefore, in order to forecast accurate
position of peak surge in a local area, the speed
and direction of motion of the storm relative
to the coast must also be precisely described.

The purpose of the present work is to study the
dynamic effect of curving coast and the angle of
incidence of the tropical cyclone track relative
to the shore-line, on the location of the peak
surge. We use the model developed by Johns
et al. (1981) for our experiments. For this pur-
pose the east coast of India extending from Naga-
patinam in the south to Balasore in the north
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has been divided into three parts such that the
geometry of each part is different from the other.
First part consisting of Nagapatinam in the
south to Ongole in the north represents an almost
straight line coast which is parallel to meridian,
second part of the coast extends from Nellore
in the south to Masulipatnam in the north, which
resembles the crescent of moon and the third
portion is again a straight line coast which is
inclined to meridians and extends from Visa-
khapatnam in the south to Balasore in the north.

Numerical experiments are performed for each
of the three portions of the coast when a severe
cyclonic storm of hurricane intensity strikes
them from different directions. The results of
our numerical experiment suggest that the loca-
tion of the peak surge on the coast relative to the
landfall point is significantly affected by the
coastal configuration about the point of landfall
and the direction from which the cyclone ap-
proaches the coast.

2. Basic equations

The basic hydrodynamic equations of conti-
nuity and momentum for the dynamical processes
in a bay are given by :
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nates with x taken positive castward,
y northward and z vertically upward.

t time

e elevation of the sea surface from its
undisturbed state

h depth of the sea bed

u, v depth averaged zonal and meridional
components of velocity

P Coriolis parameter

g acceleration due to gravity

density of the sea water

F,, G, x and ycomponents of wind stress

Fy, Gy X and y components of bottom stress.

Following Johns et al. (1981), Equs. (1)-(3) are
transformed in the curvilinear coordinate system
and are written in the flux form as :
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where primes denote differentiation with respect

of y, and

b(y) = ba (3) — by (y) is the breadth of the Bay
x = b, (y) and x = bs () being the western
and eastern coastal boundaries.

+ (6)
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In the above equations, the bottomn stress
components are parameterised by a conven-
tional quadratic law :

Fy = peyu (ut -+ v2 )
G, = pey v (w2 v2)'2
Eqns. (4)-(6) are solved subject to the following
initial and boundary conditions (Johns et al.
1981) :
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S+ (gheb(L+h)L=0aty=0 (9)
v

—0 at y = L (northern boundary
of the Bay) (10)

For the solution of Eqns. (4)—(6) subject to
conditions (7)-(10), a conditionally stable expli-
cit finite difference scheme with a staggered grid
is used. The details of the numerical scheme

are given in Johns et al. (1981).
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Fig. 1. Coastal regions C1, C2 and C3 along the east
coast of India together with different tracks of

cyclone Tl, T2 and T3. The symbol § on the
coast indicates the landfall point and () on
ttlle track indicates 10 hourly position of cy-
clone
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Fig. 2. Surge profile at the time of highest surge on
the coast Cl for different storm tracks (The

symbol § on the coast indicates the landfal
point)
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3. Numerical experiments

Using the model developed by Johns et al.
(1981) numerical experiments are performed to
compute the peak surge and its location along
the east coast of India, which has been divided
into three parts each having different coastal
geometry. Surge is generated by tracking a
severe cyclonic storm across the Bay of Bengal
with a speed of about 11 km per hour, which
strikes either of the three coastal regions from
different directions, The analysis area is the whole
Bay of Bengal.

Three different cyclone tracks TI1, T2 and T3
used for surge computation along each of the
three coastal regions Cl, C2 and C3 and the
places of landfall (§) are shown in Fig. 1. The
angle of the storm tracks T1, T2 and T3 relative
to the coast, @ is measured clockwise from the
tangent drawn at the point of landfall on the
curving shore-line and is shown in the top right
of Fig. 1. Thus the track Tl makes an angle
of approximately 110°, 60° and 60° with the
coasts Cl, C2 and C3 respectively, the track
T2 makes an approximate angle of 140°, 90° and
90° with the coasts Cl, C2 and C3 respectively
and the track T3 makes an angle of 160°, 110°
and 110° with the coast Cl, C2and C3 respecti-
vely. Cyclone tracks are so constructed that the
places of landfall (§) are about 10 km to the
north of Madras, at Chirala in Andhra Pradesh
and about 45 km to the south of Puri on the
coasts Cl, C2and C3 respectively (Fig. 1).

In the numerical experiments, we prescribed
aninitial state of rest and integrated the governing
equations ahead in time as the cyclone approaches
the coast. The wind distribution at any radial
distance r from the centre of the core of the
cyclone is computed by using the following
empirically based formula :

V=Vn (r/RPF2,0<r <R)
+(Jelesnianski 1965)
V = Vm (R/r)l”_. r 2 RJ

where, V,, — maximum wind speed
R — radius of the maximum wind,

For our experiments, we use V,=70 m/sec
and R —80 km, which give gale force winds
(exceeding 25 m/sec) extended over a distance of
500 km from the centre of the cyclone. The asso-
ciated surface wind stress is calculated by the
conventional quadratic law with a uniform friction
coefficient of 2.8 % 10—3,

4. Results and discussions

Figs. 2, 3 and 4 give the coastal surge profiles
at the time of highest surge on the coasts Cl, C2
and C3 respectively for three types of storm
tracks.
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Fig. 3. As Fig. 2 except on the coast C2

Considering first the Madras region, i.e., al-
most straight line coast CI, we find from Fig. 2
that whatever be the direction of motion of the
storm relative to the coast, the maximum surge
always occurs to the right of the landfall point
(the observer faces the land from the sea). However,
it may be seen that as the storm track becomes
more southerly, ie. as it is turned clockwise,
the peak surge location on the coast becomes
nearer to the point of landfall without any sig-
nificant change in the clevations, This shift of
the peak surge lowards the point of landfall may
solely be attributed to the clockwise change in the
direction of motion of the storm since there is
no effect of curving coast lines in this case.

The middle portion C2 of the east coast of
India consisting of mainly Andhra region is of the
shape of the crescent of moon and, therefore,
its curvature is expected to play an important
role in the location of peak surge. Experiments
performed with cyclone striking the crescent
coast, from different directions, at Chirala indi-
cate that the position of the maximum surge
on the coast shifts from extreme right to the
point of landfall (as viewed from the sea) with
the increase of the angle, @ of the storm track
relative to the coast and as @ exceeds a critical
value the peak surge location shifts to the left

of the landfall point. Fig. 3 depicts the coastal
surges generated by the tracks TI1, T2 and T3
having the values of @ as 60°, 90° and 110°. In
this case §=90° is found to be the critical angle
at which the location of the peak surge shifls
from the right of the landfall to its left.

This shifting of the peak surge position to the
left of the point of landfall is clearly the result
of the crescent coast in this locality. It must be
noted that our numerical model has vertical
side-walls, therefore, the coastal stretch extending
from Ongole in the south to Masulipatnam in the
north forms a coastal corner of the shape of
moon where the piling up of water may take
place which eventually will be reflected south-
wards along the shore, thus increasing the sea-
surface elevation at a place to the south of Chirala
(the position of landfall). This phenomeron of
southward wave response reflection becomes
more prominent when the storm approaches the
local coast making an acute angle relative to the
coast. We suggest the reason for this is that
when the surge waves approach the crescent
coast they cannot be dispersed to the north which
actually happens in the case of straight line
coast. It is interesting to nofc here that even
when the peak surge is located at a placeto the
right of the landfall (for ¢ <<90°) we get a
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Fig. 4. As Fig. 2 except on the coast C3

secondary peak of less magnitude to the left of the
landfall which again confirms the southward
reflection of some of the wave response irres-
pective of the vector motion of the storm relative
to the coast.

In order to confirm our findings that the south-
ward (or to the left of the landfall) occurrence
of the peak surge is due to the curvature of the
coastal region, we finally consider the 3rd and
the northern portion of the eastern coast of
India, C3 (Orissa coast) which is again a straight
line coast and the only difference from Cl1 is
that it is inclined to the meridians instead of
being parallel to them and, therefore, we refer to
it as slant coast. It may be seen from Fig. 4
that the qualitative nature of the peak surge
location along C3 is the same as along the coa:t
Cl. The maximum surge occurs always to the
right of the landfail and its location shifts towards
the point of landfall with clockwise turning of the
track of the cyclone.

5. Concluding remarks

The surges have been generated along three
coasts with different configuration when a severe
cyclonic storm approaches them from different
directions. On the basis of the above results the
following general points may be made about
the variation of the peak surge position along the
coast.

(i) The distance to peak surge from landfall
is a function of the vector motion of the storm
relative to the coast. The more southerly direc-
tion of the storm track means the position of the
peak surge will be more close to the point of
landfall.

(ii) If the local coastal configuration varies
considerably about the landfall point, the loca-
tion of the peak surge also varies.

Hence in order to achieve greater accuracy in
forecasting the coastal surges in a local area
along the east coast of India, the path of the tro-
pical cyclone and the coastal geometry of the shelf
needs special consideration and, therefore, to be
prescribed more precisely in a numerical storm
surge prediction model.
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