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ABSTRACI‘ Tbe papev descnbes a - linear model for computing sto rm surges in the Gulf of ' .
Thaﬂhnd ‘The coastal conﬁguratxon of this Gulf is similar to the Bay of Bengal, but ‘the seabed
contours are different. There is no ‘extensive shallow region in the Gulf of Thailand as in the Bay of
Bengal. In this paper we compare the response of these wo. basms to. forcing by an 1deallzed storm..

1¢.:¢ Introﬂuction e

the ith
~ Some of these cyclones generate storm surges in
the coastal reglons surroundmg the Gulf of

&

As we have developed a model for storm surges
~ on the northern sector of the Bay of Bengal
i (Das et al. 1974, Das 1980 a; b, c), we felt it

would be interesting to use the model for the
that both the

Gulf of Thaﬂand :

o of Thaﬂand'hav
. metry, bec they 'repr
ded by a narrow concave coastline with

e noted
y of Bengal and the Gulf
ame kmd of coastal geo-

 basins have d ent  bottom topography
surge prediction able 1
pare the response of these two bas
pose of this paper is to make ‘such a compar1~

81011

2. Symbols N RET e

“in the text, have been used:

¢ Drag coefficients for surface and\
sea-bed friction ~ ;

S d : Unit grid length
A Conohs parameter (253 sin di)

F, Fb : Components of surface and sea-bed
~friction towards the east

ropical cyclones move westwards from
China sea across the Gulf of Thailand.

oresent basins that are

‘ oul
an open sea bchlgdary to the south. But, the two.

The followmg synbols, whlch are not deﬁned

G, G, : Components of surfaee and sea—bed»
friction to the morth

h : depth of basin
¢ : surge amplitude

u, v : depth averaged currents of water
" towards the east and north respectively

CUgs Ve b Components  of the wind towards
77 the east and north respectlvely Z

p:sea level atmosphenc pressure
Ap : pressure deficit at storm centre o
- r: radial distance from the stor entre.
1y : radius of maximum wmds
p @ density of water
Pa’ deﬂéity O‘ffaii?,
ot time :
OX, OY : dlstances to: the east and" nm:thz respm

pectively in a cartesian coerdmate
(OXYZ) system L

3. Basie equaﬁons

- We used the shallow water equatlons
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Fig. 1. Location of u, v, [ points in staggered grid

§§+[5%{<Z+h>u}+%{(z+k)v}]

=0 ; (3.3)

A quadratic law was used to represent the
wind stress at the surface, and for the retarding

effect of sea-bed friction. We put
Fs = Coug (42 + 0,2t (3.9
Gy = Co v (42 -+ 0,9 3.5
and o
- Fy = Cpu (u? + o®)'12 (3.6)
Gb’ = Cp v’(u2 ~+-v2)1/2 3.7

We Wish‘ to émphasize that in (3.1), (3.2) and

(3.3) we neglect non-linear terms, and the hydro- -

static assumption is used for the vertical variation
of pressure.” As the equations use depth averaged
velocity profiles, they also imply  th neglect

of certain small terms, such as 2. u%  These

assumptions are justified for storm surge com-
putation, unless we have a very shallow sea,
as' demonstrated by Johns (1979).

The governing equa_tions were solved, numeri-
ally, by using finite differences to replace partial
lerivatives.

A horizontal 'staggered grid was used, and the
ocation of the dependent variables is shown in
g, 1.

Let us use the symbols m, n, and k for number-
1g the grid points in Space and time We have

X=m.d, y=n.d and t=f, At
here, d = Ax = Ay is the unit grigi interval,

The numerical algorithm.ﬁrst\ defined average
lues of » and v for each time step %),
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Fig. 2. Stagge red variables in space and time

us(m, n, k) = } ‘[u (m+-1, n4-1) 4 u (m4-1, n—1)
+u(m—1, n41) 4y (m—1,n—1)]  (3.8)

oM 1, k) =} o (41, n41) 4 0 (m+1, n—1)
+o (=1 nt1) 4o m—1, n—1)] (3.9

The total depth of water A0 was similarly
evaluated by using average values of 7. We
have for every value of k, B

Hy (m, 1) =h (m, )+ } [Lm+1, m) +
+ L (n—1, )] 3-10)

Hy (m, n) = h (m, n) + § [ (m, n‘+1‘)“ +
- +€(m,¢_1)] (3.11)

The components . of - the quadratic sea-bed

friction were thereafter computed by using the

values of u,, v, at k but H,, H, at k-+1. We

have : ‘ : -

Qx(m, 1, k)=2Cp At [u? (m, n, k) + vy 2(m, n, E)]1i2
THu k) 0 (3l

- Qy (m,n, k)=2C,, At[u2(m, n, k)+z;2 (m, n, k]2

~ H, (m, n, k41) (3.1



This averaging procedure was necessary because
~we had to compute O, Qy at every grid point
(m,n), but u,v were not available at each m,n
‘because of the staggered grid. A staggered

grid enabled us to, save computer memory and
Details of the mode of computation are

time.

shown in Fig. 2. :
New valies of u,v were computed by using

~a mix between centred and forward time differen-
.. ces. ~;’I‘hqs,;;;we:§h@ve : o s

w(m n, k42) = [15Qa (m, n k) Ju (m, 1 k)
2t o mnk)—

2 [ 1, kD) — L, )|

BN

+2AtFy(m,m K+ Hy (myn kD)

Co(mmkt2) =[1— Oy (mmk) 1o @mm B

2 Af(B) ua(mym B) — | |
- 29| L1, D) — Lmn LD |
N

4 2A1G (mm k) Hymm kD) (.19
L (k1) = L(mmk—1) =

il At[H“ (»m+1" nk—1)u (m+l9n’k) 1
—H, (Z',";—;—‘lv,, nk—1) u(m—1l,mk)—
—2 At[H, (mynt1k—1) v (mi
—H, (m,n—1,k—1) v (myn—1, k

‘Dubeiet al. (1981) have studied the effect of
defferent-pressure and wind ‘profiles on storm
surges.  In the present study the pressure distri-
bution for an idealized circular symmetric cyclone
was . e {

p=100—Ap(L1+CrH G

 where, Ap is the pressure anomaly at the ceritre ‘

" of the vortex, and ro is the radius of the eye.
ution of winds corresponding - to
svuf~"\- r" i ‘ u”: . . ‘r P Bk

U, = 215 AP - I+ P
where, U, =|#, -+ v,j| and i, jare unit vectors

~ along OX and OY.

L *Dub,e}etalv. (1981) find this gives a little dvemsti«- ‘
~ mate of the wind very near the storm centre (r<80

). We have not investigated this aspect in the
resent paper. e gl

 STORM SURGES IN ‘THE GULF OF THAILAND

4 [‘?(”‘“??‘fk-i*l)%1?(%1,%‘“1),“] +
‘ (3.19

_conditions were to some . extent unrealistic but,

. . 05 I T
Fig. 3. Sea-bed contours (m) of the Guifof
‘ Thailand : ;

4. Boundary conditions eihE o
We prescribed no normal flow across the land
boundaries but, on the open boundary facing
the ! sea, we put » ‘ s
g ‘er (m, la k) =2 {m!xsz)
at the southern boundary.

Onthe feastelj:‘ii‘ boundary, We' biit‘ :

It was realised that thesé open-sea_boune

in the absence of data, we adopted these boundary
conditions as being the simplest possible; =

5. Remlu b
The grid adopted ferf*thi;si }smdy;“i's shown yin

~Fig. 3 which also shows the sea-bed contours of

the Gulf of Thailand. We note that, uanlike the

_northern sector of the Bay of Bengal, there i
no extensive shallow region to the north of the

Gulf. Moreover, an additional difficulty with the

_ Gulf of Thailand is the fact that we have tc

contend with two open-sea boundaries, while the

" Bay of Bengal had only one open boundary.
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Fig. 4. Storm surges in the Gulf of Thailand Fig. 5. Surges for a similar tfack as in Fig. 4 but for
for ah idealized track (A) in cm. the Bay of Bengal (cm)

Fig. 6, Storm surges for track (B) in cm Fig: 7. Growth of the total kinetic energy in the
Gulf of Thailand with the movement of"
storm along track (C) .
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Fig. 8. Growth of total kinetic ene

'We computed surge amplitudes for the Gulf
of Thailand by considering three idealized storm
tracks for a storm with central pressure deficit
of 50 mb and moving with a constant speed of
20 km per hour. :

The distribution of storm surges in the Gulf
of Thailand for a storm moving along a track
(A) towards Bangkok is shown in Fig. 4. For a
_ similar situation in the head Bay of Bengal,
surges were computed for a northerly track to-
‘wards the Sunderbans. Fig. 5 provides a picture
of the areal distribution of surges for storm. On
comparing the two basins, we see that the Gulf
of Thailand has a negative surge of about 50 cm
to the left of the storm, and a positive surge of
more than a metre to the right of the track. But,
for the Bay of Bengal over most of the shallow
~ gegion a positive surge of more than 50 cm on
generated by the model for the Bay of Bengal
are very small. £

- Similarly, the storm surge for another idealized

track (B) in the Guif of Thailand is shown in
~ Fig. 6. Surges for another idealized track (C) is
shown in Fig. 7. - B AR R

; ,6;: General remarks about the programme L

Fortyeight hour simulation of the surge took
- ‘about 80 minutes of computer time on an IBM .

360/44 computer for a grid of 26 by 50 points.
The programme could be made to simulate the
surge for any track, and for any speed or inten-
sity of the storm. It could be . also used for esti-

- mating the surge on real time. The storm inten- -

sity, speed and track are read as input data and
they could be used for any location in the Gulf

7. Energy mnsldmlﬂons -

‘The finite difference schemes and approxima-
~ tions are consistent and conserve energy. Modi-
- fied versions of this scheme have been used by
- Hansen (1962 a, b) and Grijalva (1962, 71).

it 16 +
TIME, Chrs)

12y in the Gulf of Thailand with the
movement of storm along track (A) ~

_ coast, the kinetic energy increased and remained

both sides of the track develops. Negative surges -

Das, P. K., Sinha, M. C. and Balasubramapiam, V., 197

Das, P.K., 1980 (2), ‘fStorg:,Sur@s.in‘,ihc Bay of Bengal’

The scheme was found to be very stable. The
kinetic energy

K=

was computed for the duration of the surge
growth. Its variation with time is shown in
Fig. 8. The figure shows that when the storm
was moving close to the Cambodia-Vietnam

steady up to the time of landfall.
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