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ABSTRACT. The present investigation represenis the theoretical study of storm surge problem
on a continental shelf. This problem is found to happen on the coastal bed due to a disturbance, such
as storm, generated in the deep sea. In studying the present problem the coastal geometry consists of a
vertical straight wall extending to infinity in horizontal direction with' sloping bottom.. In this
analysis the linear model of the system of equations has been considered; the effects of coriolis para-
meter and bottom friction have also been taken into account. The main result obtained in this theoretical

investigation is the analytical expression for the sea surface elevation on the continental bed.

1. Introduction

Storm surge generation is a complex phenomenon
and it happens due to interaction of air/sea and sea/

"land separations concerning lower atmosphere, It has

devastating effect on the properties and lives of human
beings in the coastal regions.

Many works based on the storm surges have been
done and some of them which are relevant to the present
investigation, have also been reviewed here. Heaps
(1965) considered a problem which incorporated a
continental shelf of uniform depth andfinite width
bounded by a long straight coast and connected with

and infinite deep ocean, Das er al. (1974), using the

concept of Heaps (1969) treated a problem on storm
surge which affected the coast of Bangladesh during
November 1970 and calculated the elevation of sea
surface at the coast.

Ghosh (1977) on the basis of Jelesnianski’s (1967)
works, evolved an objective technique of prediction of
storm on the east coast of India, Storm surge problems
in thc Bay of Bengal have also been studied by Das
(1972), Johns and Ali (1980), Johns e al. (1981,
1982, 1983) and Ghosh (1982).

- The present investigation, using the idea of Heaps
(1965), gives the technique of solution of governing

equations in respect of a sloping bottom with a hypo-
thetical surge input along its oceanic edge. In this
analysis the following assumptions are made :

(1) The coastal bed consists of a vertical straight
wall extending to infinity in horizontal direction with
sloping bottom. It has finite width and is connnected
with an infinitely deep ocean.

(2) The velocity components and the vertical dis-
placcment arc small, therefore, the terms which in-
volve their squares and products are discarded from
the equations of motion.

(3) The vertical acceleration is negligible and the
horizontal motion for all particles on the continental
shelf is the same in the same vertical line,

(4) The motion on the continental bed is the same
for all sections normal to the coast, as a result of
which the dependent variables are all independent of v.

(5) The atmospheric pressure over the entire bed
is uniform.

(6) The effects of coriolis force and bottom fric-
tion are taken into account whsereas the effects of
air/sea interaction on the bed is neglected.

(7) The bottom friction obeys the linear law.
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(8) The input of the surge at the oceanic edge due
to a storm generated in the deep sca is represented by
the form of a half sine wave with time variation.

2. Mathematical formulation

A rectangular cartesian coordinate system is used. in
which the origin is taken on the undisturbed surface of
the sea and located at a point on the coast. In this system
the x-axis is normal to the coast, the y-axis is parallel
to it and the z-axis is directed vertically downwards.
The coastal bed consists of a vertical straight wall
extending to infinity on both sides with a sloping bottom
described by H(x)==H, Ly.x, where y is the slope ol the

bed. If  be the displacement of the disturbed surface of

the sea above the equilibrium level and if w, v be the
horizontal components of the velocity parallel to x and
y, then the linear system of the dynamic equations is
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where /=242 sin ¢ is the coriolis parameter assumed to
be constant and £2 is the angular velocity of the rotating
carth at ‘a latitude o. Here Fp, Gp are the xp-compo-
nents of the frictional stress at the bottom, and U, V
are the depth-mean values of u, v defined by
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Applying the linear law given by :
Fp =2kpU
Gp=2kpV
one obtains the system ol equations as
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where & is some constant.

The initial conditions are

U=V -=75=0 when r=0 (4

3. Determination of the sea-surface elevation on the conti-
nental shelf

In this section the response of sea-surface on the
continental bed will be determined and it is assumed
that the part of the surge is due to disturbances generat-
ed in the deep sea and propagated on to the shelf. For
determining the elevation ol sea-surface on the bed.
the input of surge at the oceanic edge is given by

N = N sin wf/  at x ) (5)

where / is the width of bed. The relatien (5) shows that
the elevation of the sea surface at the oceanic edge varies
with time. /... it rises from zero at ¢ 0 and exccutes
a simple harmonic oscillation ol amplitude =, and
period 2a/w

Taking Laplace transforms in (3) and applying the
initial conditions (4) one obtains
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where the Laplace transform of the function Q (v, 1) is
defined by :

0(x,5) f:-'--w Q (x, 1) df (9)
0
Solving (7) and (8) for U, one gets
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which reduces the Egn. (6) to the following form
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where,
v S QK+ SP+ 2 ;
B 2 (2 - S) (12)
H(x) = Hy - yx (13)

and » is the slope of the bed.
The solution of the Ean. (11} 1s

w = Al (2B
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where /,. K, are modified Bessels’ functions of order
zero and A. B are arbitrary constants to be determined

from the boundaryJconditions, one of which is given by
(5) and the other is -

u=0 at x=0 (15)

The Laplace transforms of these boundary conditions
are

wdy at x =/
U=0 at x=20 (16)
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Applications of the boundary conditions (16) give

el - IR S N A W 15 ol E o S ol . %

B

Y

o &

i IS S - s Ll , -
5%+ w? 2 — 2 ] 28 = B

& (28 Vi) (3 ) cn (32 va) k(3 vET)
and the expression for 5 becomes

2 - 2 ) B 2
i . K, (_YB VH, ) I, (—YE- v Hy + y.t) I (27 \ Hu) K, (——f \V Hy+ yx ) _
’,(x!S) = M 52 ol = .  — - -t s s SR ([8)
¥ 2 ) (28 o E T 2B H 2B :
K; y VH, I ¥ \ Hy+yl)+ 1§ V H, | Ky y vV H, + vl
Hence the inverse theorem of Laplace transformation gives
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where 7 (x, §) is given by (I18), and & is real and positive.
The next task is to evaluate the integral-(19) using Cauchy’s residue theorem. The details of evaluation of

the integral are given in Heaps (1965) and Thomson (1962). The integrand has the singularities at § — | jo
and at roots of
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The Eqn. (23) is a cubic equation is § and when
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Therefore, the resulting expression for the sea surface elevation on the continental shelf is

a
: —unt y— : ’
7 E [ﬁzi" __# Ky (e Ho) 1y (an\/ Ho

7@—%_!1_(9_";\/";1;)&1 (jfg \IHUi_ :J;i.)} (Lu. COs v +— M, sin v, )
EA(LET M2 e

N

n—1

o @8y, (2k— )2 (K (an \/Ho) Io (t / Ho+ yX) + I (o \/Ho) Ky (a, 4

: 2E, (@ + 25) ((k—X) @k — A+ kf%
(G Dy — Gy D)) c0s wt + (G Cy + Dy Dy) sin ot
CE I D?

/Hy + yx)} e ,] :
BEE A =

-
i

(28)




172 K. HALDAR

where L, M,. E,. C, D;, C; and D, being represented
by large expressions, are not given here. These expres-
sions can be obtained by straight forward calculations
and are given in Haldar (1983).

The expression (28) gives the response of sea surface
on the continental shelf due to motion generated at the
oceanic edge by an oscillation (5). Therefore, it follows
that for an oceanic .surge incident on the shelf and
represented by the rise and fall of water at the oceanic
edge given by the half wave

7=y, SN wl (0 1 7lw)

0 (1 - m/w) (29)

the elevation of the sea surface on the continental bed 1s

7 N, 1) (01 7/ w)

7 n (x. 1) n(x, 1 /) (7 wlw) (30
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