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SUMBIARY

The coastal belt of Bangladesh is freguently Tashed by tropical storms along with surges cavsing heavy loss of life and property.
Specially, the Meghna esmary is a highly affected region in the coastal belt. In this paper a vertically integrated tide and surge
interaction model, using shallow water equations, is applied to imvestigate some aspects of sensitivity of water lovel assaciated
with tropical storms along the Meghna river estuary in Bangiadesh. In order to incorporate the maior islands and bending of the
coast line praperly in the madel, a fine mesh numerical scheme {inner scheme) for the estuary is nested into a coarse mesh
scheme (outer scheme) which extends from the coast of Bangladesh up to 157 N lat. of the Bay of Rengal. The ouier scheme is
completely independent whereas, aiong the open boundaries of the inner scheme the parameters like velocity and clevation are
prescribed [rom those obtained in the owuter scheme in each thme step of the solution process. Appropriate tidal condition is
generated in the eswary by applving tidal forcing through the southern boundary of the outer scheme. For tide and surge
intcraction purpose a circulatory system, representative of a tropical storm, is introduced in the previously generated tidal
oscillation. Using this model sensitivity of water level wort. intensity and route of some hypothetical storms are tested. Sensitivity
w.rl curving coast has also been tested. [t is found that the water level is highly sensitive to these factors. Moreover
morphological changes are going on due to huge discharge of sediments through the Meghna river and due to complex tidal
pheromenon within the estuary. Model shows that the morphological changes also influence the surge intensity.

LINTRODUCTION

off-shere islands in the estmary. In this paper the modcl of
Roy(1593) is used to investigale the sensilivity of water level
along the Meghna estoary due (o some factors whick influence the
surge respanse, In this paper water levels are shown above PWD
{(Public Works Datum) which is approximately 0.6 m below the
MSL (Mean Sea Level) in the estuary.

Among all the patural calamities, a tropical storm along with
surge is the most devastating one along the coast of Bangladesh,
Meghna estuarine arca is the most affecied region in the coastal
belt. Extreme bending of the coast line, shallovwness of water, ofl-
shorg islands, huge discharge through the Meghna river, low
Tying islands and coastal regions make the estuary favorable for
high surge. Besides these, the head Bay of Bengal is a large tidal
range (difference between high and low tide) area. Among (he
tidal constituents, M2 and 82 due to attractions of the moon and
the sun respectively are predominant in the estuary. Since the
astronomical tidal oscillation is a contimuous process in the sca, it
becomes the initial dynamical condition in tide-surge interaction
phenomena. The water level duc 1o tide~surge interaction becomes

2. BASIC EQUATIONS

Considering the displaced position of the fre¢ surface as Z={{xy.0)
and the position of the sea floor as Z=-h{xy), the verlcally
imegrated equations are

sigmificantly higher if the storm approaches the coast during high ¢, + U, + V, =0 (H
spring tide. )

U+ oD + 1, -V = 9y
A considerable number of works on modelling of swrge generation - g+, + T, /p- QU@ /(C+Hh)
have so far been done for the coast of Bangladesh. Mention may
be made of Das et al(1974), Johns & Al(I980), Dube ef al ¥+ @mV),+ (V) + 10 = (3

(1985,1986) Sinha et al(1986), Roy(1985,1993). Out of them Das
et al(1974), Johns & AN{1980) and Rov(1993) considered tide and
surge interaction phenomena but none of them, except Roy(19933,
incorporated the off-shore islands in the modelling process. The
model of Roy(1993) consists of two numerical schemes viz, the
oater and inner schemes. The outer coarse mesh scheme extends
from the Bangladesh coast up to 15 degree N lat. (Fig.1}. On the
other hand, the inner fine mesh scheme covers the estuary only
{(Fig.2). The fine mesh is considered in order to ncorperate the

- 2(GHRG, + Tfp - GV ()

where (u,v) are vertically integrated components of Reynold's
averaged velocity, (U VI={C+H(u,v), =Corioli's parameter
(T t2)=components of surface stress, C=friction coeffacient
Wind field s derived from the empirical formula given by

Jelesnianski(1965)
V, =V, (/B* forr <R
=%, CR/i')m forr >R
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Fig. 1. Boundates of the outer scheme and rontes of three chesen storms.
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Fig. 2. Boundaries of the inner scheme and three routes of the hypothetical storms
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where ¥y 15 the maximum sustained wind at radial distance R
from the cve.

Radial and tangential components of wind stress are dertved by
(1. )= Cppe Yz (- 58, Cosd)y where Gy |, p, and O are
respectively drag coefficient. air density and inflov angle. The
inflow angle as a function of ris taken according to Johns et al
{1983) and Overland (19733, Then v and T are derived from 1,

and T

3. 8ET-UP OF NESTED SCHEMES

In order to inchude the muajor tslands of the estuary in the
numerical scheme, the mesh size should be small whereas this is
unnecessary away from the estuary, Considering the above fact, a
high resolution numerical scheme (innmer scheme) with mesh sizes
Hx =1388.73 m and v =I1288.76 m is uested into a coarse
resolution bigger schome (outer scheme) with mesh sizes 6x =222
kom and &y =21.0 k. The outer scheme covers the arca between
13° N to 227 48 N and 857 £ to 947 36° B (Fig 1), The inner
scheme covers the arca between 217 497 30- M 1o 22° 517 45 N and
90° 387 15- E to 91° 347 43- E (Fig.2). The inner scheme includes
only the estuary where the river discharge and off-shore slands
are incorporated. The cuter scheme also includes the estuary bual
without incorporating then

Both the schemes have the same dynamical cquations with
different boundary conditions. The outer ong is completely
independent. On the other hand, along the open boundaries of the
inner scheme the parameters ¢ u, v are preseribed from those
obtained in the ouler scheme in each time step of the solution
process. Along the north-west comer of the mner scheme the
cffect of river discharge is incorporated through

u, = u+ Q{CHBY €y
where @ and B arc river discharge and breadth of the river.
According 1o Johns et al (1983), the boundary conditions at west

(85° B}, cast (947 36" E) and south (13° N) boundaries of the outer
madel are respectively

v (g P = 0 &)

ve (gm0 ®)

u- (/)" 0= 2y g Sin {2V D] ()
where @ and @ denote respectively the prescribed amplitude and
phase of the tidal forcing and T is the period. At the closed

boundarics the normal components of the depth-mesn current are
taken as zerc.

The governing equations along with boundary conditions are
solved by conditionally stable explicit finite difference scheme
using staggered grid. The closed boundaries have been
approximated by lines following the grid lines. The time siep is
chosen in such a way that the CFL criterion of stability is sadsfied
in the numerical scheme,

4. SENSITIVITY TEST

The details of model calibration and verification are given in
Roy(1993). The initial values of a and ¢ in (7} are prescribed
following McCamimon and Wansch (1977}, Through calibration
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a and I of (7). friction coefficient € ete. are adjusted. The model
is then verified with time series of observed waler level data of
three chosen storms, the paths of which are showan in Fig 1, For
tide and surge Interaction purpose a representative Hdal response
in the basin is generated by prescribing appropriate valugs of a D
and T in (7} along the southern open sca boundary of the outer
scheme. Though e period of oscillation in the cstuary is not
exactly constant, the mean period 15 alwavs found to be
approximately 12.4 hrs, which is of M2 constituent. Accordingly
T is chosen to be 12,4 hrs, For sensitivity test three hypothetical
sorms with maximom wind speed 223 kw/hr, (62 wmfs) (235
kmr (63 wdsy and 252 kewhr (70 nvs) respectively are
considered along tracks T1, T2 and T3 for cach of them {Fig.2) [t
should be mentioned that outside the estuary the track of each of
them fic along that of Nov. 1970 storm as shown in Fig 1. Each of
the above storms is introduced in such a stage of the mitially
generated tidat oscillation that, it {Slorm) reaches the coast during
high tide along the estuary,

Fig.3 depicts the water levels, corresponding to the hypothetical
siorms mentioned above at Chillagong, North Sandwip and
Ramgaz. I is evident from the Ogure that, for cach route the
intensity of surge al cach location increases with the intensity of
stornt. Again, it may be observed that, Chittagong Hes at the
right of each track, North Sandwip lies between T1 & T2 and
Ramgati les between T3 & T1 {(Fig.2). Tt is seen from the Fig,
3(b)y that at North Sandwip the surge levels from highest to lowest
are oblained according to the routes T1, T3 and T2 respectvely
for each storm miensity, Sandwip isto the right of T1 & T3 and to
the left of T2, Computational tesults indicate that the surge
response is higher to the right of the route. It is natural 1 oblain
Tighest surge for T as it is nearer to Sandwip. But the response to
T2 is lower than that of T3 though T2 is nearer o Sandwip tun
T3, because Sandwip is to right of T3, Similar analysis may be
made for the responses of other two locations. Thus the estuary
will be more affected if a storm crosses the coast o the Ieft of the
csluary,

Fig 2 prves the contours of peak water levels along the coastal belt
of the estuary from west to east. It is evident from the figure that
intensity of waler level increases with the increasing intensity of
the storm for each route. On the other hand, for the route T the
highest peak is near Feni river and then sharply decreases towards
the cast. In fact, near Fend over the bending of the coast ling is
maximnm and towards the right {east) the coast is almost straight
(Fig.2). Similar picture is seen for the route T3, But for T2 the
surge response is comparatively less through our the estuary,
hecause most of the region is w the feft of T2, Ti

explains the sensitivity of water level due to route also.

Finally, test is done for morphoelogical changes on the estuary. In
fact, morphological changes are going on due to huge transport of
sediments through the Meghna river and due to complex tidal
phenomena within the estwary. It is expected that in course of time
Sandwip, Urir Char and Char Jabbar will be linked up through
accretion of land (Fig2). Computation is done wih thds
medification of territory. 1t is found that except near Feni river,
there is over all increase of imensity of water level within the
estuary. Hence any morphological changes in the estuary will also
influence the surge intensity.
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Fig. 3. Water levels w. 1. 1. routes and intensities at (2) Chittagong, (b) North Sandwip and {c) Ramgati
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Fig. 4. Peak water levels at the ¢oastal boundary of the Meghna estuary w.r. t. intensity and route.

S.CONCLUSION

This paper gives a clear understanding regarding the
sensivity of water level associated with tropical storm in
the Meghna estuary. The cutcome of this study can be
utilized in practical forecasting purpose.

References
Das, P, K., Sinha, M. C. and Balasubrahmanyam, V, , Storm

surges in the Bay of Bengal, Quari. /. Ray. Mel Soc. 100, 437~
449; 1974,

Dube, 8. K., Sinha, P. C. and Roy, G. D., The numerical
simulation of storm surges along the Bangladesh coast, Dhn

Atms. and Oceans 9, 121- 133; 19835,

Dube, S. K., Sinha, P. C. and Roy, G. D Numerical simulation of
storm surges in Bangladesh using a bay-river coupled medel,
Costal Engineering 10, 85-101; 1986,

Jelesnianski, CP, A mumerical calculation on of storm  tides
induced by a tropical storm impinging on a continental self, Mon.
Hea. Rev. 93,343-358, 1965,

Johns, B and Ali, A, The numerical modefling of storm surges in
the Bay of Bengal, Quart. J. Roy. Met. Soc, 106, 1-18; 1980,
Johns, B., Rao, AD., Dube, SK. and Sinha, P.C. Numgrical
modelling of tide-surge infcraction in the Bay of Bengal. Phil
Trans. R. Soc of London  A313, 307-335. 1985,

McCammon, Catherin and Wunsch, Carl, Tidal Charts of the
Indian Ocean North of 15° 8, J. Geoplivsical  Research, 82(37),
5993-5998, 1977,

Overland, J. H, ,Bstimation of burricanc storm surge in
Apalachicola Bay, Florida, NOAA Tech Rep, NIFS 17, US.
Dept. of Com, 1975

Roy, G. D.Some aspects of storm surges aleng the coast of
Bangladesh, Ganit(]l. Bangladesh Math. Soc.) 6(1), 1-§; 1985.

Roy, G. D., Bstimation of Expected maxinmm possible water
tevel using tide and surge interaction model, Proc. fnt. Cong. on
Mod & Simu., Perth, Australia, 6- 10Dec Voll , 389-394, 1993,

Sinha, P. C., Dube, 8. K. and Roy, G. D. Numericat simuiation of
storm surges in Bangladesh using 8 malti-level model, Ini. J. for
N, Methods in Fluids 6, 305-311; 19806,

e |95 —



