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Abstract: Problem statement: In this study, the changing of wave height at Bémuptien during a
passage of typhoon LINDA was simulated by usingShreulating WAves Nearshore Model (SWAN)
version 40.41. The study domain covered from 99*EOngitude and 12-14°N in latitude with
resolution of 2.42.4 km. The simulation covered 10 days during tywhaINDA entering into the
Upper Gulf of Thailand. The wave height and itsrafiag through the Bangkhuntien shoreline were
simulated. The simulated significant wave heighttiiyy SWAN model at Petchburi and Ko Srichang
buoy stations were compared with the observed fatggnt wave height at these stations for the model
verification. Approach: The significant wave height at Bangkhuntien shoeeturing a passage of
typhoon LINDA was simulatedResults: The results indicated that the significant waveghie
simulated by SWAN model were in good agreement With observed data. The average simulated
significant wave height at Bangkhuntien shoreliresW.36 m and the significant wave height was in a
range of 0.1-0.5 m. before typhoon LINDA enteringpithe Upper Gulf of Thailand. The significant
wave height increased to 2.16, 2.22 and 1.66 n6at& and 5.7 m sea water depth respectively at the
Bangkhuntien shoreline during typhoon LINDA passednclusion: The findings of this study could
be useful for the rising wave height, erosive clalton, shoreline protection and coastal zone
management when typhoons passed through the Uppkof@ hailand.

Key words: Significant wave height, LINDA, SWAN, the Upper Guf Thailand, Bangkhuntien
shoreline
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Bangkhuntien is a district of the Bangkok
Municipality under the authority of the Governor of !
Bangkok Thailand. Bangkhuntien shoreline is theyonl b
muddy shoreline in the Bangkhuntien district . R
(Ekphisutsuntornet al., 2010). This shoreline is |
located in the Upper Gulf of Thailand
(Ekphisutsuntorret al., 2010) which consists of four
river mouths: the Mae Klong, the Tha Chin, the Chao
Phraya and the Bang Pakong (Fig. 1). This shorédine
a part of a muddy coastline with mangrove forests.
The length of this shoreline is about 5 km =%
(Ekphisutsuntorret al., 2010; Kamphuis, 2000). In the
past, this coastline was a real inter-tidal areth pienty
of mangrove bushes being subject to flooding andrig. 1: Map of Thailand and the location of
allowing the delta to maintain a dynamic éhtum. Bangkhuntien shoreline
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o Etepa{hwa_\' of the severalTj\'ph'ooniu the three-layer ?Es[ing window Model des:ription: The SWAN model was deve|oped
' ' by Delft University of Technology (Boo#t al., 2004;
Ekphisutsuntorret al., 2010; Hargreaves and Annan,
2001; Hasselmanret al., 1973; Wannawongt al.,
2010a; 2010b) and is free for the public domains It
used by many government authorities, research
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= . & | ! institutes and consultant worldwide. The feedbaak h
3 e ) | Vi g, | widely indicated the reliability of the SWAN in senal
ERRU A ‘e S . By { . . . .
I i N i s . { experiments and field cases. It is widely used for
IS\ RSP oy ! nearshore wave forecasts around the world.
; ?,:.';\."Eg?,..‘.-t-:\.)q.—--’",f_':-'i Pigan .. | Based on the wave action balance equation with
. Mgk Lk, TR sources and sinks, the shallow water wave model
0 Bl -y it 4“-‘;" N acronym for Simulating WAves Nearshore (SWAN) is
‘,.Hf’-—‘;"\:\ * i an extension of the deep water third-generationewav
" -m_________________,:_‘u_u___"i“\_\_____j models. It incorporates the state-of-the-art foatiahs
95 105 115 125 135 145 155 for the deep water processes of wave generation,
Longitude (E) dissipation and quadruplet wave-wave interactioomf
) the WAve Model (WAM) model (Hargreaves and
Fig. 2: Based  track  of typhoon LINDA  annan, 2001; Komeret al., 1996). In shallow water,
(Wannawonget al., 2010b) these processes have been supplemented with the

_ _ ) formulations for dissipation due to bottom frictjariad
Its coastline could, at times, be eroded but wal bp  ave-wave interactions and depth-induced breaking.
again, depending on the sediment load and thghe SWAN is fully spectral (in all directions and
governing hydraulic conditions (Horikawa and Haftor frequencies) and computes the evolution of windesav
1987; Kamphuis, 2000). The Bangkhuntien coastaln coastal regions with shallow water and ambient
zone was degraded and loss of the land occurredodue ¢yrrent.
the erosive forces of the sea. The sediment supply wind-generated waves have irregular wave heights
decreased from the river and the attaCkIng of vwanak and periods' caused by the irregu'ar nature of wiing

current seem to be the major factors causing thgea surface elevation, in one point as a functidine,
shoreline erosion in this area (Kamphuis, 2000;:an be described as:

Jackson, 1999).
_ Therefore, the characteristics of wave in thisaare N =">a cos6, tra, | (1)
will be studied when typhoon LINDA passed into the i
Gulf of Thailand from October 31st to November 5th,
1997. The track of typhoon LINDA is shown in Fig. 2 When:

(Aschariyaphothaet al., 2006; Wannawonget al., n = The sea surface elevation
2010b). The SWAN cycle Il model version 40.51 o; = The amplitude of thé"iwave component
(Booij et al., 2004) was used for this study. 0, = The relative radian or circular frequency of the
wave component in the presence of the ambient
METERIALSAND METHODS current (equal to the absolute radian frequency

o ) w, when no ambient current is presented)
The significant wave height at the Upper Gulf of o, = The random phase of tHewave component
Thailand and Bangkhuntien shoreline must be prgperl
understood by investigating the wave forces on the This is called the random-phase model.
shoreline. Knowledge of the waves generated by wind The total energy density at a frequency f is
and the sediment transported by wave height is vergistributed over the directior® in E (f, 8), it follows
useful in shoreline erosion study in this area. Theahat:

significant wave height during typhoon LINDA passed

into in this area were simulated by the SWAN cydle o

model version 40.51 (Booij et al., 2004; E(f) = { E(f,0)dd @)
Ekphisutsuntornet al., 2010; Hargreaves and Annan,

2001; Hasselmanmt al., 1973; Wannawongt al., Based on the energy density spectrum, the integral
2010a; 2010b; Salett al., 2010). wave parameters can be obtained. These paramaters c
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be expressed in terms of” moment of the energy
density spectrum:

m, :Tf”E(f)df (3)

(4): 308-315, 2010

Data collection: The bathymetry data (1: 240,000) at
the Upper Gulf of Thailand were taken from the
Hydrological Department of the Royal Thai Navy, din

data (10 m height) obtained from the Thai
Meteorological Department (TMD) was collected in
every 3 h at Pilot station in 1981-2004 and thesoled

The total energy of a wave system is the sumsof |t5|gn|f|cant wave height at Petchburi and Ko Srighan

kinetic energy and its potential energy. The kimeti
energy is the part of total energy. The kineticrggpe
per unit length of wave crest for a linear wave ban
found from:

=_1 2
Ex =—pgH’L 4
«=T5P9 (4)

The potential energy per unit length of wave crest

for a linear wave is given by:

1 >
E, =— pgHL 5
»=15PY (%)

According to the Airy theory, the total wave engerg
in one wave length per unit crest width is given by

PgHL

E=E.,+E,= (6)

Total average wave energy per unit surface ared

termed the specific energy or energy density, V&mi
by:

pgH’
8

E=

E
== 7
5 )
Where:

H = The significant wave height

p = The specific gravity of sea water

g = Gravity acceleration

In this study, the SWAN cycle Il model version

40.51 supported by Rijkswaterstaat (as part of the

Ministry of Transport, Public Works and Water

Management, The Netherlands) was used. The SWAN ,

model (Hasselmanret al., 1973; 1985; 1988) was
applied to solve the wave variance spectrum orggner
density, wave energy over frequencies and propawati
directions.

Study domain: The study domain covered the Upper
Gulf of Thailand and the Bangkhuntien shorelinarfro
99-101°E in longitude and 12-14°N in latitude with
resolution of 2.42.4 km as shown in Fig. 3.

buoys in 1996 and 1998 (Fig. 3) were taken from the
Geo-Informatics and Space Technology Development
Agency (Public Organization) (GISTDA).

Model performance: The simulated performance is
evaluated using a goodness of fit measures, natinely
Correlation Coefficient (CC):

>0~ () () - (i)

e e ©
NS ORGSR
Where:
H = The significant wave height, the
subscripts
‘0’and ‘m’ = Represent the observed and model

simulated values respectively

The SWAN model has been
the buoy observational data (the
ignificant wave heights) in 1996 and 1998 at Hatch
dnd Ko Srichang stations respectively. Figure 4ansh
the correlation between the observed significanteva
heights and the simulated significant wave heifjtuis

the model at Petchburi station in 1996. Figure s

the correlation between the observed significanteva
heights at Ko Srichang station and the simulated
significant wave heights from the model 1996.

Model verification:
verified with

Bangkhuntien shoreline
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Fig. 3: The bathymetry map of the Upper Gulf of
Thailand
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Fig. 4: Correlation between the observed significan
wave heights and the simulated significant waverjg. 5. Correlation between the observed significan

height in 1996 (a) Petchburi station and (b) Ko wave heights and the simulated significant
Srichang station wave height in 1998 (a) Petchburi station and
The Correlation Coefficient (CC) at Petchburi and K (b) Ko Srichang station
Srichang stations were 0.72 and 0.82 respectively. RESULTS

Figure 5a shows the correlation between the obderve

significant wave heights at Petchburi station ahé t Significant wave height at Bangkhuntien shoreline
simulated significant wave heights from the model i when typhoon LINDA passed: The application of a
1996. Figure 5b shows the correlation between thewo-dimensional model based on the SWAN model to
observed significant wave heights and the simulateghregict the significant wave height at the Uppetf®i

significant wave heights at Ko Srichang stationfro Thgajland and Bangkhuntien shoreline before andnguri
the model in 1998. The Correlation Coefficient (GI) typhoon LINDA passed has been described.

Petchburi and Ko Srichang stations in 1998 showed t Figure 6 presents the significant wave height (m)

same value of 0.72. The comparison of_the observegt the Upper Gulf of Thailand on October 25th 1997
s!gn|f|cant wave height at the_ buoy stations and th before typhoon LINDA passed. Figure 6a presents the
s!mulat_ed significant wave heights prese_nted that t significant wave height at 09:00 on October 25th
simulation corresponded with the observation. 1997. The significant wave height at the Upper Gulf
Model simulation: The SWAN model simulated the of Thailand and Bangkhutien shoreline were about
significant wave height from 1981-2004 (the dataeve 0.12-0.26 and 0.12-0.14 m respectively. Figure 6b
not collected in 1982 and 1983) at the Upper Giilf o presents the significant wave height at 12:00 on
Thailand and the significant wave height from Oetob October 25th 1997. The significant wave heighthat t

31st to November 5th, 1997 (during typhoon LINDA Upper Gulf of Thailand and Bangkhuntien shoreline
passed) were simulated. were about 0.06-0.20 and 0.06-0.10 m respelgtiv
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ongitude . . pe
© passage of typhoon LINDA (a) Significant wave
height (m) at 09:00 UTC (b) Significant wave
Fig. 6: Significant wave height (m) at the UpperfGui height (m) at 12:00 UTC and (c) Significant
Thailand on October 25th 1997 before typhoon wave height (m) at 18:00 UTC

LINDA passed (a) Significant wave height (m)
at 09:00 UTC (b) Significant wave height (m) at Figure 7 shows the significant wave height at tippér
12:00 UTC and (c) Significant wave height (m) Gulf of Thailand on November 4th 1997 during a
at 18:00 UTC passage of typhoon LINDA. Figure 7a presents the
significant wave height at 09: 00 on November 4th
Figure 6¢ presents the significant wave height8a®@  1997. The significant wave height at the Upper @ifilf
on October 25th 1997. The significant wave height aThailand and Bangkhuntien shoreline were about-0.15
the Upper Gulf of Thailand and Bangkhuntien shoeeli 0.45 and 0.15-0.45 m respectively. Figure 7b shibes
were about 0.10-0.20 and 0.10-0.12 m resmdgt  significant wave height at 12:00 on November 4tB719
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The significant wave height at the Upper Gulf of Figure 8 shows the significant wave height at tippér

Thailand and Bangkhuntien shoreline were abouGulf of Thailand on November 7th 1997 after typhoon
0.20-0.70 and 0.20-0.70 m respectively. Figure 7d-INDA passed. Figure 8a presents the significanteva
presents the significant wave height at 18: 00 orheight at 09:00 on November 7th 1997. The significa
November 4th 1997. The significant wave height atvave height at the Upper Gulf of Thailand and
the Upper Gulf of Thailand and Bangkhuntien Bangkhuntien shoreline were about 0.20-0.60 an@-0.2

shorelinewereabout1.20-1.80 and 1.40-1.60 nectisply.

Fig. 8:
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0.40 m respectively. Figure 8b presents the sicpmifi
wave height at 12:00 on November 7th 1997. The
significant wave height at the Upper Gulf of Thada
and Bangkhuntien shoreline were about 0.40-0.65 and
0.40-0.55 m respectively. Figure 8c presents the
significant wave height at 18:00 on November 7th
1997. The significant wave height at the Upper @filf
Thailand and Bangkhuntien shoreline were about-0.15
0.35 and 0.15-0.30 m respectively.

DISCUSSION

The wave height at the Upper Gulf of Thailand was
increased due to the accumulated wind energy fiam t
deep sea far away from the shoreline when typhoon
LINDA passed over the Gulf of Thailand. Additionall
the wave height was also increased on the seaahdre
Bangkhuntien shoreline.

CONCLUSION

Bangkhuntien shoreline was degraded and loss of
the land occurred. The attacking wave is one oftagor
factors of the shoreline erosion, especially at
Bangkhuntien shoreline. The SWAN model can be used
to simulate the hourly significant wave height hé t
Upper Gulf of Thailand and Bangkhuntien sfioe.

Table 1: The summary of wave characteristics at gRlanntien
shoreline (P.lIl) from 1981-2004

Significant wave height on 7 Nov. 1997 18: 00 UTC (m)

Longituds (N)

100 100.2 100.4 100.6 100.8 101
Longitude (E)

(©

Significant wave height at the Upper Guff o
Thailand on November 7th 1997 after typhoon
LINDA passed (a) Significant wave height (m)

at 09:00 UTC (b) Significant wave height (m) at 003

12:00 UTC and (c) Significant wave height (m)
at 18:00 UTC

Maximum significant Average significant wave
Year wave height (g (m) height (H) (m)
1981 2.03 0.47
1984 1.04 0.29
1985 1.96 0.35
1986 1.65 0.34
1987 1.96 0.36
1988 1.49 0.32
1989 1.29 0.32
1990 1.51 0.39
1991 1.67 0.43
1992 1.91 0.42
1993 1.35 0.38
1994 1.60 0.40
1995 1.40 0.42
1996 1.40 0.37
1997 1.57 0.37
1998 1.40 0.37
1999 1.46 0.34
2000 1.54 0.31
2001 1.49 0.32
2002 1.51 0.34
2 1.38 0.33
2004 1.40 0.35
Average 1.55 0.36
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Significant wave height from SWAN model
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