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CHAPTER |

INTRODUCTION

1.1 Background Information

Naturally, Shoreline experiences the dynamic processes of erosion and

deposition. Marine processes ar f ortant process affecting erosion and

deposition in all coastal zone ohuab Khiri Khan Province is in the

western region of Thail@

Thailand, bounded by lati

east. Along this coastli ( istori ces, temples, communities,
aquaculture and agricu : nown tourist attractions with

economic S|gn|f|oanoe, W e years, sources of incomes to

ula that lies in the west Gulf of

nd Iongltude 99° 45’ to 100° 00’

A ' .
actions are the iImporiant-causes-of-coastal-eiosion-in-this drea. The top layer of sand
has been washed away by w ac aEhe sand berm and hard clay
layer underneath becomes exposed

AULINININGINT

Remote fsensing is an eff|C|ent technology for management of coastal zone
becau tWeﬂﬁﬁ ﬂtﬁm ﬁrErlar the remote
sensmaas shown it ugulnegsuzr providing novel information on physical and
biological processes of the coastal area. Remote sensing of the coastal zone finds
application in studies of land cover, sediment transport, coastal runoff and circulation,

and dynamic processes.



Therefore, this study was conducted to determine the coastline change due to

storm surge during 1989-2006 at Ban Hua Hin Amphoe Hua Hin, Prachuap Khiri Knan

province.

1.2

Objective of Study

To determine the coastline change due to storm surge during 1989-2006 at Ban

Hua Hin Amphoe Hua Hin, Prachuap Khiri Knan province.

7,
/.
1.3 Scope of Study o
1. The study area C‘dif__er the coastline of Amphoe Hua Hin, Prachuab Khiri Khan

4 |
Province as shown in Figure« . \1
122000 H -1=3E000
12234000 1234000
1332000 12200
1330000 1220000
132000 -1z2e0
13238000 H1=2En0
1324000 1224000
1222000 122000

G94000 ﬂ‘EB:IlJEI ﬂEBIIIlJEI EIIIJIEIJEI EIIQIEIJEI EiD4IE_lZIEI EIIBIEIZID
6 Kilometers

e —

Figure 1.1 Topographic map showing the study area (Royal Thai Survey, 2000)




2. Study of coastline area before and after storm surge from Typhoon Gay on 4
November 1989, Typhoon Linda on 4 November 1997 and strong seasonal monsoon on

20-24 December 2006 by analyzed Landsat-5 Thematic Mapper images.

3. Study of coastal conditions together with their physical components, e.g.,
onshore and offshore geomorphology, direction and magnitude of wind, waves and

currents, tidal water levels, and their associated seasonal changes.

4. Using geographical information system«(GIS) and field survey, to identify

coastline shape of Ban HuaHin'beach. =

1.4 Method of study \

This study usedknowledge of geol@gy_, hydroloegy, oceanology, GIS, and remote
sensing technique. The' study was divid)e‘_d- into three steps. Firstly, the data and
information of previous warks and Ifteraturé-:';étadies were collected. Secondly, studied
coastal conditions together with_the}j} physi%]@@mponents, e.g., onshore and offshore
geomorphology; then the fiejqi_investigatiqﬁﬂ@s_ carried out during September to
October 2007 to caonstruct the contour line ét Ao Hua Hin to identify coastline shape.
After that data of diréotion and magnitude of wind, waves and currents, tidal water
levels, and their assoctated seasonal changes were analyzed. Then data were prepared
and analyzed by, GIS, technigue. This, step used . three satellite image sets of Landsat-5
TM images for detéction of shoreline fchange. The first ‘period was classification of
shoreline changes before and after Typhoon Gay attacked the eastern coast of Thailand
in November1989.iThesecond aneiwas/ classificationfof shoreling changes before and
after Typhoon Linda attacked the eastern coast of Thailand in November 1997. The last
period was classification of shoreline changes before and after strong seasonal
monsoon in December 2006. The prioritization of changed areas were done and
preventive measures in the changed areas were proposed and the illustrated in the form

of maps. Finally, includes integration of all results to recommend for solving the changed

area of the study. The methods of study are shown on the schematic chart in Figure 1.2



Outputs

Il

® Hydro-Meteorology Data Analysis

® (Coastal Geomorphology Analysis

Data Integration —

® (Oceanographic Data Analysis

Shoreline change Appraisal

Methodology Prioritize of the changed area for

Preventive Measure

Recommendation for solving the eroded

\“

area

Intery -l ' I

J‘d. - ," d

L]
%

ey ¥ \
Figure 1.2 Work flow ¢ graqﬁj et dolq sed and outputs in this study.

i ; !a-‘-‘ ".l‘ T

1.5 Outcomes and Approachesp _l;";n

\ "5 A
1. From literature_stu evious study that relate with this

research, can

s e AUHANENINEIDG. o s e
TR ena Y

3. Locatlng present shoreline from survey: mapping contour line and beach

U pply for another useful research:

profile.



1.6 Anticipated Benefits

Finding of the impacts of storm surge during 1989-2006 and physical
components which effect to the coastline changes at Amphoe Hua Hin, Prachuap Khiri
Knan province and this information can be used to support coastal planning and

management in the future.

1.7 Study area

1.7.1 General topograph '

The study area/ .

Province . It is on the er.pen //5- ' :

a Hin, Prachuab Khiri Khan
ulf of Thailand, bounded by
latitude 12° 30’ to 12° (0. 100° 00’ east. The elevation
ranges are from 0-10 S ab : 7 nean sea level. Beaches along the
coastline in the eastern pz 7 straight and long the coastline is

28.7 kilometers long.

9
U
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Figure 1.3 Topographic @@w i ~\o / area (Map sheet ND - 15 Royal

1973,

1.7.2 Regional geology

Vi ' o
The geological'map © ownin Figure 2.6 which is redrawn
from the Map Sheet ND47 15 at a scale of 1: 250 000 ( DMR, 1987). Main rock units of

this region arﬂowq ﬂﬂ ﬁﬁ%waﬁl F’?ﬂﬁock periods which are

included of sedifmentary rocks, |gneous rocks and metamorphlc rocks

PDIUNMINNY. ...

grade metamorphic rocks; for example, paragneiss, orthogneiss, mica schist, silimanite
schist, quartz schist, quartzite and marble, which are in the coastline area. They start
from the lower part of Amphoe Hua Hin to the northern part of Samroyyod mountain that

is in the area of Amphoe Pranburi.



Permain rock period is lime stone that located in both east side and west side of
Amphoe Hua Hin. It is the massive and bedded Limestone which contains fossils such

as fusulinids and brachiopods. Their ages are in the Lower to Mid Permain period.

In the plain and ravine there are the sediments in form of alluvium deposits.
Besides, the southward of area there is a arrange of terrace. Their ages are in the

Quaternary period. In addition, the Igneous rock in the study area can be divided in two

types. One is foliated biotite musc e other is porphyritic biotite-muscovite

granite. Furthermore, in thi of Regional Metamorphism and

Contact Metamorphism arﬂund—' "-' —

o

e

———""-r——-":- B A

¥

e

Geological Time

Alluvium wgﬂl‘l pluin sand, silt, clay, tidal flat, swamps --- HOLOCENE
an: clay. ﬂll peat [mtnd' in Irm-:r Ccnln@hm} Bnnpmx l:‘ug, Houxmu
STOCENE-HOLOCENE
fi shn L I

chmnc nndskm-: shale Rathur| Groug

Vidcanic conglomerale, Il Ie, Phrac Formation

Pebbly mudstone, shale, un:klum: Kacng Krachan Formalion }l‘. AHBONIFHRDUS PERMIAN
I Sandstonc, shale, quartzite, phyllite Tarutsn Ciroup CAMBRIAN

G-u*iu schist, cale-silicate, marble Lan Sang Gncis Comples PRECAMBRIAN
i " Granite, granodiorite diorite CARBONIFEROUS-CRETACEOUS

Figure 1.4 Part of geological map of Amphoe Hua HIn Sheet ND47-15 showing
geology of Hua Hin area (DMR, 1987).




1.7.3 Climate

Prachuab Khiri Khan Province is located above the equator. Therefore, it has a
tropical climate and is dominated by the northeast and southwest monsoons. The
climate is generally divided into three seasons. Firstly, the rainy season with tropical
storms normally coming from mid-May to October. Secondly, the dry winter season
starts annually from November until February. Finally, the summer period occurs from
the beginning of March to mid-May. During May to September, Southwest wind from
Indian Ocean carries moisture causing freguenirains along the coastline of Andaman
Sea with the strong wind and wave on the eastern coast of upper part of gulf. During
November though February wind direction changes o northeast causing cold weather in
the northern part of ThailangWwiih high wave and strong wind on the western coast and

frequent rainfall (Harbour depagtment, 1996).

_—

The southwest monsaon blows frorf;,about mid-May to November. Rainfall peaks

in September with up to 2,200 m-.mZ-year. Thg Jé-average rainfall is about 1,400 mm/year
add v ol
and about 90% of the precipitatign fall in the r-_,a_-_iéyﬂseason.

tif

A J-ay
gl

The mean ar_wh_ual temperatures range from 27° — 30 C. There are variations in

the annual humidity from the study area. The relative humidity is greater in rainy season

than the summer season.

The transpoftation ©f sediment lint'the "area depends on wind and wave
conditions. The rainy season from mid — May to November is charaéterized by moderate
to heavy/rain as [aresult of lairmasses traversing.The southwestiwinds also generate
moderate waves along the east coast. Moreover, tropical cyclones are generated as a
result of retreat of southwestern monsoon during September to October, which bring
strong winds and intense waves, and during November to mid - February, the northeast
monsoon generates the strong wind during the season’s end ( Vongvisessomijai et al.,

1992).



1.7.4 The current circulation in Gulf of Thailand

As the influence of Northeast monsoon season and Southwest monsoon season
force the circulation of wave-current from South China Sea to the Gulf of Thailand. The
Gulf of Thailand is located in Southeast Asia immediately to the west of the South China

Sea (SCS). The gulf is a semi-enclosed sea covering an area of about 320,000 km®. Its

location in the global map is between 6°N to 14°N latitudes and 99°E to 105°E. The
system of the Western North Pacific Ocean

Gulf of Thailand is subjected tow
or the South China Sea. M;g ( ‘)surface currents, being clockwise

during the southwesterl a@ c@wise during the northeasterly

monsoon. Since the Guro(' isi shal med in inland, it takes the effect
of tropical storms.
In November e r:ggrt e

N
South China Sea to thesGulf of .hallémd vl igh tide current in the Gulf of

-‘\,
iy

n forces wave-current from

son in May to October forces
wave-current from the Gulf hﬁﬂ%@_{o. ith €hina Sea. Figure 1.5 and figure 1.6 are

Nertheast monsoon season. Figure 1.7

shown the wind direction and_@y?

and 1.8 are shown the wind directi nd wav: irrent in. Southwest monsoon season

respectively. The effe urrent and strong wind in

ason, can generate high wave~that is the main caused of

UL ININTNYINT
AMIAN TN INYAE

Northeast monsoon
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Figure 1.5*Wingd'diséction i theast monseon season (TMD, 2005)
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Figure 1.6 The circulation of current mass in Northeast monsoon season (TMD, 2005)

(Modified picture from www.gisthai.org)
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Figure 1.8 The circulation of current mass Southwest monsoon season (TMD, 2005)

(Modified picture from www.gisthai.org)
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1.8 Coastal processes

The coastal process in this section is explained in term of the process of wind,

wave and tide, which influence in the area.

1.8.1 Monsoonal wind

The monsoonal winds on geographical feature are northeast and southwest
monsoons. The northeast monsoon occurs/during November to February due to the
migration of cold weather from-Asian caentinentto" equator around Indian Ocean. The
northeast monsoonal wind"is_significant to wave oceurrence in western area. The
southwest monsoon o€curs«during l\/Iay| to September because temperature in the
continent is higher than'temperature of vv;;te.r in the ocean. This monsoonal wind effects
coastal area in western@and gastemn parts of the area (Snidwongs, 1998).

/

1.8.2 Tropical cyclone 7
a g
v ol

Official records of the Metéo'rologicallf_'[-)-;e?f;‘artment also showed traveling paths of
the tropical cyclones which pass-in this area:é'r-'é;“génerated from South China Sea, which
maybe divided into thiee-types-namely:———

- Tropical dép'ression: its central velocity is lower tthan 63 km/hr.

- Tropical sto;m: its central velocity is between E{S to 118 km/hr.

- Typhoon: its.central velogity is more than-118 km/hr.

Normally,"most of storms that passed over Thailand were of depression category
but few, were tropiedlscyclones. Fhe intensity ‘of tropical ‘cyclone~gan: be increased, if
they move over the sea sureface. On the other hand, their intensity decreases, if they
move pass the continent or mountain. The storms generally formed in South China Sea
near the Philippines and moved northwestward on to the Vietham Coast or Southern
China. They became very weak by the time when they move to the Gulf of Thailand. Only
about 1 — 2 storms moved directly into the Gulf of Thailand which can be occurred
during October to December. They caused strong wind, wave and heavy rainfall

(Harbour Department, 1996).
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1.8.3 The tropical cyclones that passed through Thailand during 1974-1999

Table 1.1 The tropical cyclones that passed through Thailand during 1974-1999

d/mly Type and Name initial area attacked area affect
9-10 October1974 Depression - Chantaburi -
25-26 December 1974 Tropical Storm KIT (7432) - SongKhla -
10 September 1975 Depression South China Sea Mukdahan F
11 November 1977 Depression End Of Malay Peninsula Nakonsritammarat L
I
27 September 1978 Tropical Storm KIT (7820)"/;*;; West Pacific Ocean Nakonpanom F
+ -
12 November 1978 Depression _§ -Malay Peninsula Naratiwat L
a— |
20 May 1980 7 Cyelone Bengal Bay Ratchaburi M
ar r \
4-8 September 1980 A;pression \_\' South China Sea Nakonpanom F
f =
12-17 September 1980 icgv‘Sﬁrm RUTH BDTS South China Sea Nan F
18 November 1980 { ﬁressuon i Pacific Ocean Trad -
26-27 June 1983 %%or,m SARA 8311}1_), J South China Sea Nakonpanom F
ﬁ‘g}él Storm HERBER‘T’;
10 October 1983 8312 South China Sea Surin F
18 October 1983 TropicaLStQ__rm KIN (83155[;.', . South China Sea SraKaw F
ot 3ol f——
8 Novmber 1983 '1& Depression Gulf Q{Th'ailand Nakonsritammarat L
! xS
12 October 1985 — Depression South'China Sea Trad F
15 October 1985 Typhoon CECIL (8821) North Pacific Ocean Nakonpanom F
4-6 May 1988 Depression Andaman Sea - M
16-18 September 1988 Depression Upper Andaman Sea - F
27-29/September 1988 Depression South China Sed - M
15-17 October 1988 Depression South China Sea Ubonratchatani M
21-29 October 1988 Typhoon RUBY Pacific Ocean - M
4 November 1989 Typhoon GAY** Gulf of Thailand Chumpon W
Lower part of South China
4 October 1990 Tropical Storm IRA (9022) Sea Ubonratchatani F
Middle part of South China
19 October 1990 Tropical Storm LOLA (9024) Sea Prachinburi F




Table 1.1 (Cont'd)
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d/mly Type and Name initial area attacked area affect
14 November 1990 Cyclone Andaman Sea - M
Prachaup Khiri
27 October 1991 Depression End Of Malay Peninsula Khan M
30 October 1992 Typhoon ANGELA (9224) South China Sea Trad W
Tropical Storm FOREST
15 November 1992 (9226)’*‘l West of MindaNoa island Nakonsritammarat W
29-30 August 1993 Tropical Storm V outh China Sea Nakonpanom M
28-29 Noveber 1993 wwmbepression w!  nSouth China Sea Nakonsritammarat W
15-16 December 1993 Ty Wacific Ocean Songkhla W
9-10 August 1995 Tr | Stor . ifi - F
17-19 August 1995 pical St \ ﬁ - F
% \uoker ;&f South China
i sl
29-31 August 1995 ropical "E I;?Er(%f}! ) ea Nan F
il Mi Iealrt of South China
!]J-':‘.'l I |
10-11 September 1995 e%lﬁ?‘ibﬂfr = Sea - F
FF AT T L
—_— Middle part of South China
Lo ML
29-30 September 1995 Dépr: e - F
ol
27 October 1995 - F
D — —_l Prachaup Khiri
|
30 November 1996 Depression End Of N’elty Peninsula Khan M
¢ QU
3 November 19 w nSPW\Cﬁ E Ubonratchatani M
18 November 19% ' Tropical Storm ERNIE (9625 - PaciAc Ocean Chumpon M
[ Léwer part of South China’ |  Prachaup Khiri
il
oA A ATRIHUN TSN A e |
Remarkg
Used the two number of the end of the year and the order of storm that
() generated in Pacific Ocean
- No data
* The storms moved into Thailand while they were Tropical storms

*%

The storms moved into Thailand while they were Typhoons




F Flooding in Bangkok due to the storms
W High wave due to storm

L Low - medium rainfall

M Medium - heavy rainfall

1.8.3.1 Typhoon Gay (32W)
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Typhoon Gay (32W) was. the first tropical storm in more than forty years that

subsequently intensified to a typhoon in the/Gulf ef Thailand. It was also the storm that

brought enormous destructions to southern Thailand and originated in the southern part

of The Gulf of Thailand as_a+depression and then strengthened quickly to be a tropical

storm which caused stomm surge and.enormous damage on the coast of Chumphon

province and neighborings@reas /The maximum wind of Typhoon Gay (32W) speed was

120 km/hr (TMD, 1989).
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Figure1.9 Track of Typhoon Gay (32W) on 1-10 November 1989 (TMD,1989)
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1.8.3.2 Typhoon Linda (30W)

The tropical disturbance that would become Typhoon Linda (30W) formed within
an area of convection east of the Philippine Islands near 10 °N 130°E on 26 October
1997. Typhoon Linda (30W) crossed the Gulf of Thailand on 4 November 1997. Linda
reached typhoon intensity shortly after entering the Gulf of Thailand. The cyclone turned
northwestward following steering from the subtropical ridge (TMD, 1997). Consequently
the storm surge that was seen along the shoreline north of the standing point was due to

the strong onshore wind, piling up the watertéss (Kanbua, 2005).

-

80E 85E S0E 85E 100E 105E 110E 115E 1Z20E 125E 130E 135E 140E 145E 150E
s ]

_\\b\_\'\ ' * f o :
13 i @/ & . 5
- -' . 25N
| ° o e 0100712 85
; : LA " 1 20N
* \ 31007 13 20 g
2700Z 5 15
3000Z 12 15 . 15N
3 26007 13 15 *
1 iy
4 e S . 25007 NiA 15 10N
05007 6 50 e =N ¥
| ’J [ <
: =)
4 A 5N
0400Z 14 45
R o
D Bk
L ] 90E 91E  92E  93E ELl
03RAEITITES 09007 2 35
16N
| 07002 4 G5 es
~0200Z 16 55 i
15N
| [} o
o 21 QN 010N &8 QL B4 4 140 (3108
| , |
— AN ' — 155

Figurenzd 0-rack of TyphoonLinda (30W)onT:5:INevembber 1997(TMD,1997)

1.8.4 Waves

Wave condition is predicted by using wind speed and directions measured at
Hua Hin meteorological stations with height and wave period adjustments to fit the real

records during some periods of time. In general, waves along the coastline of the study
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area are small wave. Their height is lower than 2 meters, However, during the monsoon

wind and storm wind, wave heights can be more than 5 meters.

1.8.5 Tides

Tides, the regular and predictable rises and falls of sea-level are important. They
increase the vertical range which current and wave activity can take places. Tides are

also responsible for currents whi edlments Where tidal range is limited,

wave produce forms are more |

The tide refers ?l\ of water that results from the

:\\_

gravitational attraction cting o the rotating earth and also

depend on topograp of Thailand with average 1.5

' \
meters in tidal range ( - \\
- Diurnal: one o a \, Sin a day.
occurren:

- Mixed, semidiur s of high tide and low tide in a

day.
- Mixed, diurnal domin' __r_ rence of high tide and low tide in one
day, but som ime two occurrences of high tide ¢ ind Jow tide also occurred.

ﬂ‘UEl’J‘VIEWﬁWEJ']ﬂ‘i
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CHAPTER I

LITERATURE REVIEW

2.1 Coastal process and Coastline change

On coasts where the shoreline is unconsolidated sediment such as a clay, sand

or silt, the energy from the waves, wi ide can cause rapid change in the shape

and dimensions of the shoreli most significant factor to cause

shoreline change. As wav

e beach they will often break,
| —

reform and break agai sults in a portion of the wave
energy being dissip d on the beach with the
resultant transport of 2.2 illustrate the principal

features of the beach t, or the littoral zone. The

swash and the begll'ming of the beac _ aches where dunes are

present, the seawar: ckshore. If dunes are not

present on the beach, the lan the b&h backshore is generally
considered to be the upper limit of stormawave impacts. Other important features

usirated in §bd ke g %Lﬂmk@m%ﬂé;] fdad (st inshore of the

alongshore bar ?CERC 1984).

ammmm UANINYA Y



Coast Beach or Shore

Mearshore Zone

Backshon Fareshore|

~ {defines area of nearshoce currents)

Inshare of Shorelace

{exlengs INieugh breaker zong)

IR

q Profile D~ Alter storm weve atteck,

nermol wove oclien

ACCRETION

Profile A

Figure 2.2 Schematic Diagram of Storm Wave Attack on Beach and Dune

(CERC,1984).
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During severe storms, such as hurricanes (or large northeasters), the higher

water levels resulting from storm surge may lead to dune erosion. It is not unusual for
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20 to 30 m wide dunes to disappear in a few hours. This dune erosion will be greater
when the period of maximum storm surge coincides with a high astronomic tide (Figure
2.2, Profile C). After the storm has passed and the waves return to normal size and
period, the beach goes through a period of recovery. Material is transported from the
bar and near shore profile back to the beach above mean water level. The berm builds
out, and when the sediment dries, is transported by the wind to rebuild the dune. This
mechanism of beach rebuilding is illustrated in Figure 2.2, Profile D. During very large
storms the combination of the surge and large waves may succeed in completely
overtopping the dunes causing extensive coasial flooding. When this occurs, the water
transports beach and dunersediments landward-in-a-process referred to as overwash.
In some cases, on barrier islands, the overwash may transport sediment completely
across the island and dep@sit thematerial in the estuary (sound or bay). This transport
of material out of the littoral zone/repfesents a net loss of material from the beach and

_—

near shore (CERC, 1984). L 4
4

Coastal zones are the most dyna‘rrr}i‘_c and changing areas. Their shorelines
experience the dynamic processes of erosion and deposition. Wave activity is the most

important process affects erosion.and deposition in.all coastal zones. Current generated

by rising and falling ,tic;jeéare also_important agents along Bceanic shoreline. (Coch and

Ludman, 1992).

Beachest continually+ deposit) and «erode depending «on the balance among
sediment deposition, longshore drift, and sand removal by storm waves. Erosion and
deposition 0ecure all shorelines. However, the«one, that dominant-in forming shoreline
features differents "from" coast*to“coast. "Wherever,”wave ‘removes 'more material than
deposite, net erosion occurs, and the beach is eroded. The various factors which affect
to coastal change are mainly divided into three groups: terrestrial factors, marine

factors, and biological factors (Hansom,1990).

The principle source of energy input into the coastal zone comes from wind

generated waves. Sea surface is composed of waves of several sizes traveling in
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various directions. In deep water, water particles in a wave have only a local orbital
motion. The orbital motion ceases entirely at depth equal to about one-half of the
wavelength of the waves at the surface. This depth is the bottom limit of orbital water
movement and is know as the wave base. Above of the wave base is a zone of agitated
water, while the water below is not influenced by wave motion. Where waves approach
shallow water, the wave base intersects the seafloor. They begin to feel the bottom and

waves in this zone are called of shallowing waves (Coch and Ludman, 1992).

2.1.1 Previous rese@[@
3

| — -
Sinsakul et al ( , h

photos between 1967 and 1/

rosion at Hua Hin Bay. Aerial

e of coatal erosion was 1-5

m/y.

LR LE
B RaTaams

wirinnfm Coastal Change Map

BB ung Baillai 5 AL
DNNBHIHY
Amphos Hua Hin
4934 11

Seale 1= 020,008

mnlAunmla s
Coastal Change

Mnr-iuwuk-T-

b el a5 0T
Sevenaly scoded coant (5 m )

'\.\ 11lﬁqﬁw1_-ﬂﬂ.l‘mu[|rsnrﬂ]
-\I sellimemeia (1-5300)
eoml (1-5m /iy

il e 1 7
Stabls coastdz I m. /v }

wuilathe
Focky eoa

wiunsiling m'i:'[ﬂu

ama\‘mﬁmwﬁ% waﬁm

lmui
| E——
Wi T
Eaes Tusias nndian munfwneand
i Gl Parrey Division,
I e Fiakiay Dryariment ol Mol Buivison
e E "bpm T wm Fdd, Dot i of 2001

wrwnnmsnlaswmlassulanzm

Moderately ercded coant {1 - 5Sm. /yr.)

Figure 2.3 Coastline change map showing the rate of coatal erosion at

Hua Hin Bay (Sinsakul et al., 2002)
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Songmuang. R., 2005 studied seasonal coastline change at coastline of
Prachuab Khiri Khan by using annual checked and integrated aerial photographs. His

result reported that there was annual depositional rate more than erosion rate.

2.2 Tropical Cyclones

Tropical cyclones are dangerous because of their high winds, the storm surge

2.2.1  Origin of Tropi

For a tropical conditions must be in place

(Elsberry, 1987):

1. Warm ocean w of <at'les °F]) throughout about the upper
50 m of the tropical ocean m + Thie in these warm waters is necessary
to fuel the tropical cyclone. '
2. The atmos ,Wr_ 5ight to get potentially

unstable atmosphere E enha s t@ thunderstorm activity which

allows the heat stored in the.ocean waters tg be liberated and used for tropical cyclone

e f U NENTNEINT
» QRASRT BUINE REFR oo

sustain ﬂwe thunderstorms. Dry mid levels are not conducive to the continuing

development of widespread thunderstorm activity.

4, The energy source for the tropical cyclone is the latent and sensible heat

gained from the warm tropical ocean.
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5. There should be enough coriolis force to produce a circulation of airmass

(i.e. Latitude between 5-25 degree).
2.2.2 Intense tropical cyclone

According to Willoughby 1995, the strongest horizontal wind is in the eyewall.

Outside it, the wind descends. Moreover, echo-free areas such as eye and moat
‘,yr 2.4 shows a radial profile of flight-level

%I cyclone). From this figure, the
aII is AG0UBamim/s. Outside the eyewall, wind

Wd then rises to 35 m/s in the

a tendency for radial flow toward

generally indicate vortex-scale de

wind (cross section throug
strongest horizontal win
descends abruptly to 3
partial band of convection

the wind.

QDr- 2211 Z N, 700MB 2133 7

-

-

mmvmﬂ TR

Flgure 2.4 Radial profile of flight-level wind W|Iloug@ 1995)

YWIANNITUHNT1INYTIREY

2.2.3  Wind spiraling around the central core of storm

As the winds converge toward the central core, they spiral upwards, sending
warm moist air upwards. As this air rises, it cools and releases its latent heat into the
atmosphere to add further energy to the storm. The winds spiraling around this central

core create the eye of the tropical cyclone and eventually spread out at high altitudes.
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Eventually, cool air above the eye begins to sink into the central core. This dry

descending air within the eye gives the core a clear, cloud free sky, with little to no wind.

Direction of Storm Movement

150 krmthr

180 kmihr
(150+30)

.
r
4

150 km/hr

L

rer e (139805~ Al
Figure 2.6 Wind spiraling.around the Gentral core of storm (Coch, 1995)

— —

EE LN
Winds spiralin% counterclockwise (in fhe northern hjrmisphere) into the eye of the
- —
tropical cycle achiev-_t_ajn_lgh velocities as they approachTﬁeﬂgw pressure of the eye. The

velocity of these windg: is called the tropical Cyclone—@nd velocity. The central low
pressure center of the eye' also moves across the surface of the Earth as it is pushed by
regional winds.“The velocity.at which the eye moves across the surface is called the
storm center velocity. Thus, the velogity of winds around the tropical cyclone must take
into aceountboth the wind velocity and the storm center velocity. Depending on the side
of the tropical cyclone, these velocities can either add or subtract. In the example at
above, the tropical cyclone is traveling north with a storm center velocity of 30 km/hr,
and a tropical cyclone-wind velocity of 150 km/hr. On the right hand side of the storm
both velocities are to the north so the total wind velocity is 180 km/hr. On the left hand
side of the storm, however, the wind is blowing to the south with the total wind speed

velocity of 120 km/hr.
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This is an important point. Winds are always stronger on the right side of a
moving hurricane in the northern hemisphere. (The opposite is true in the southern
hemisphere, since winds circulate in a clockwise direction, the winds are stronger on the

left-hand side of the storm in the southern hemisphere).

2.2.4  The damage of Tropical cyclone Approach to Coast

The amount of damage that o

depends on the angle of appro

n a tropical cyclone approaches a coast

ples illustrate this point.

Severe
| Heawy
El Moderate

———. - T,

El Moderate
AT 2

oy wign
9 SR, wﬁwmfﬂ

Figure 2.6 Angle of Tropical cyclone Approach to Coast (Coch, 1995)
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® A hurricane that moves along the coast has a coast-parallel tropical cyclone
track. From such a track extensive damage would occur along the coastline closest to
the storm, with bands of lesser damage extending inland. Since this track (upper
diagram) has the most intense winds offshore (on the right side of the tropical cyclone),
the coast would not feel the highest wind velocities. Thunderstorm activity associated
with this track would be most severe on the northern side of the storm, since the spiral

rain bands would be feeding off the moist air above the ocean (Coch, 1995).

® A hurricane that approaches the perpendieular to the coast has a coast-normal
track. Such a storm would produce extreme damage all along the right-hand side of its
track, with bands of decreasing.damage occurring beth to the left and right of the track.
Furthermore, as the stormfapproached the coast areas to right hand side of the storm
would receive the heaviest thunderstorm éci‘ivity, since the rain bands would be feeding

_—

off the moist oceanic air (Cochy 1995).

2.2.5 Storm Surges ) /

o i3 Ay
e

A coastal storm has low pressure at{'r;_-s'benter, surrounded by winds that move
counterclockwise. As-such a_storm approaches o coast, the central low pressure
causes the sea surface-below it to rise. In addition, its winds act similar to a bulldozer,
pushing water ahead of the storm and raising the ocean surface further. The elevated
water surface thatiresults frann all thesevisccalled @ jstorm:surge (Coch and Ludman,

1992).

High waves from 'storms ‘erode large quantities "of"sediment from beach and
dune areas. Some is shifted along the shore by accelerated longshore currents and
some move offshore. After the storm, sand stripped from a beach is returned eventually
through formation of an offshore ridge of sand and its migration landward. During its
landward migration, the ridge is operated from the beach by a water-filled trough,
called a runnel. The migration ridge can be welded itself to the damaged beach,

restoring its width in little more than a week. Ridge and runnel formation is an important
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beach-restoration process that is visible on many beaches after a storm, although the
width of the beach may have been restore, the front of the beach now may be located
further inland than before. Thus, net erosion occurs along many coasts

(CERC, 1984).

Heavy winds produced by hurricanes push the ocean in front of them. As this

water gets pushed into the shallow zones along the coastline sea level rises. Since the

f the rise in sea level is related to the
@inds occur on the right side of the

storm (in the northern hemi Sea'lev ises beneath the eye of the storm

storm surge is driven by the win
velocity of the wind. For a m
due to the low pressure in ~\~ urge erated by this low pressure is
usually much less than th '\=~\« e ‘- the storm surge depends on

wind speed, the shape

ariatic m the water depth along the

)

PRrdoy
2.2.5.1  Saffir-Si Hﬁ'g@

s e

coast line (Nelson, 20

The Saffir-Simpson Hurrica J "faﬁi used to categorize wind speed and

o
L

storm surge. Table ,_i : 7;} tropical cyclone (Bell, T.

S., 2007). Vi £\ J

] 3
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Table 2.1 The Saffir-Simpson Hurricane Scale (Bell, T. S., 2007)
Category Mph Ft
(km/hr) (m)
1 74-95 4-5
(119-153) (1.2-1.5)
2 96-110 6-8
(154-177) (1.8-2.4)
3 1114 ,\ y 9-12
~>‘\ ) (2.7-3.7)
4 1=155 13-18
o U8 ,;,; (4.0-5.5)
6 96 >18
State Ft
i (m)
Tropical 0-3
storm % - (0-0.9)
Tropical 0
depression p (0-62) (0)
=

o o AUEANENINENT
VAR YR IANYAAY o o

northwestward to the Vietnam Coast or Southern China. Normally, they became very

28

weak by the time after they move to the Gulf of Thailand. Record of tropical cyclone

moving though Thailand in 55 years during 1951-2005 showed that they usually passed

to the Gulf of Thailand during September to November (TMD, 2006).
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2.3 Remote Sensing Theory
2.3.1 Remote Sensing Definition and Concept

Remote Sensing is the science and art of obtaining information about an object,
area, or phenomenon through the analysis of data acquires by a device that is not
contact with the object, area, or phenomenon under investigation (Lillesand and Kuefer,
2000) Remote sensing uses electromagnetic wave or emits its own internal energy,
which serves as a signature forits identification’(Rajan, 1991).

v

Electromagneticewave can.be categorized by their wavelength location within
the electromagnetic spectrum, consist of.| cosmic rays, gamma rays, x-rays, ultraviolet,
visible light, infrared, microwave and radie_ waves (Lillesand and Kuefer, 2000).

The basic interaction of eleetromag?qe{ic energy on any earth surface feature are
reflection, absorption, and/or tr"ah'smissié'r'fi The proportions of energy reflected,
absorbed, and transmitted will vary for d|fferent earth features, depending on their
material type and condition. However wrth_r{Ti_ glveh feature type, the proportion will

vary at different wavelength The spectral reﬂectanoe isuthe percentage of reflectance

characteristics of earth surface features WhICh are measured as a function of

wavelength. All spectralireflectance data are unique to the sample and the environment
in which they are_measureds{Schowengergt, 1997). Thus, many earth surface features of
interest can bBe| identified,c/mapped, [andi studied.” on the basis of their spectral

characteristics.

2.3.2 Data Analysis

The detection of electromagnetic energy can be performed either
photographically or electronically. Therefore, the data interpretation can involve analysis
of pictorial (image) and/or digital data. Visual interpretation techniques use the excellent
ability of the human mind to qualitatively evaluate spatial patterns in an image. The

spectral characteristics are not always fully evaluated in visual interpretation efforts.
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Thus, in applications where spectral patterns are highly informative, it is therefore
preferable to analyze digital image data rather than pictorial image data. The use of
computer-assisted techniques permits more fully examine of the spectral patterns in
remote sensing data.

Digital Image processing is the use of computer-assisted techniques to
manipulate and interpret the digital images (Lillesand and Kiefer, 2000). Basically, there
are three stages of digital image processing procedure involved: image pre-processing,

image enhancement, and image analysis and glassification.
1. Image pre=proeessing ( of image refleetion and restoration)

The intent of imagesrectification and restoration is to correct image data for
distortions or degradationsfrom the image dequisition process. The procedures vary
considerably with suchfactors as:the digitaj image acquisition type, platform, and total
field of view. This step involves the geomet;'rc co_rrection, radiometric correction and
noise removal. J"_

2. Image enhancement

| el

Image enhancement involves techniques for increasing the visual distinctions
Between features in a scene,order to more effectively display or record the data for
subsequent visdaly interpretation: fThere; are pseveral~techniques such as contrast
stretching, spatial filtering, principal component analysis, band combination, etc (Rajan,
1991)

3. Image classification

These operations are the quantitative techniques for identification of feature in a
scene and for categorization of all pixel into one of several land cover classes or theme,
base on statistically decision rules. The decision rules are base on spectral, spatial, and
temporal characteristics (Lillesand and Kiefer, 2000). The spectral pattern present within

each pixel is used as the numberical basic for categorization.
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Two types of methods use in image classification are supervised classification
and unsupervised classification. In supervised classification, a representative sample
(called training area) is selected and its spectral signatures are analyzed. Then, each
pixel in the image data set is categorized into land cover class it most closely
resembles. The different supervised classification schemes are minimum distance to
means classifier, and maximum likelihood classifier ( Rajan,1991: Lillesand and kiefer,

2000).

Unsupervised classifieation does notutilize training data as supervised
classification. These classifiginvelved algorithms that examine the unknown pixels in an
image and aggregate them'inte @ number of classes base on the natural groupings or
clusters present in the in_ife image-values: The analysts must compare the classified
data with some form of reference data, suc_f1 as, large scale imagery, maps or field data,
to determine the identity and informational‘ffvalu_e of the spectral classes (Lillesand and
kiefer, 2000). J.-_'
2.3.3 Landsat Data

| el

Landsat satellir{es have provided repetitive, synoptic;’global coverage of high-
resolution imagery. Landsat thematic mapper (TM) data-are available in seven narrow
bands. The wavebands recorded, by the TM and their application are shown in Table 2.1
Data from each of the seven‘band of TM ican be Vviewediseparately as black and white
image. The color composite image can be abtained by combining single-band
(assigning one colar per band)dinicomputer. The commonly used band.combination and

their applications are described by EOSAT as shown in Table 2.2.

Lansat TM data are composed of line formed by adjacent pixels, each pixel
cover a ground surface of 30 x 30 meter, 120 x 120 meter in thermal infrared band. A
complete scene consists of 5,760 lines with a maximum of 6,920 pixels on a line and

cover an area of 185 x 170 kilometer ( Rajan, 1991).
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Table 2.3 Thematic Mapper spectral bands(Lillesand and Kiefer, 2000)

Band

Wavelength

(um)

Nominal Spectral

Location

Principal Applications

0.45-0.525

Blue

Designed for water body penetration, marking
it useful for coastal water mapping. Also useful
for soil/vegetation discrimination, forest type

mapping, and cultural feature identification.

0.52-0.60

Green

Designed to measure green reflectance peak
of vegetation for vegetation discrimination and
vigorassessment. Also useful for cultural

feature identification.

0.63-0.69

Red |

. a8

\
.

.

Designed to sense in a chlorophyll absorption
region aiding in plant species differentiation.

| Also useful for cultural feature identification.

0.76-0.90

Ngar infrared

Useful for determining vegetation types, vigor,

. and biomass content, for delineating water

'rfiéﬁdies, and for soil moisture discrimination.

1.55-1.75

Mid-infrared

“IIndieative of vegetation moisture content and

SOl mnic‘mré,.. Also useful for differentiation of

snow fromrcloud.

10.4-12.5

. Thermal infrared

Useful in v’eﬁgetation stress analysis, sail
moisture diserimination, and thermal mapping

applications.

R08-2.85

Mid<infrared

Useful foridisérimingtion of mineral and rock
types. Also sensitive to vegetation moisture

content.
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Table 2.4 Example of Landsat TM band combinations (EOSAT. cate in Rajan,1991).

Band Combinations Typical Applications
(R,G,B)
3,2,1 Penetrates shallow water and shows submerged shelf, water turbidity.
4,53 Shows land/water boundaries and highlights subtle detail not readily

apparent in the visible band alone. Vegetation type and condition are
shown as variations in hues (green, browns, and oranges) as well as in
tone. Shows moisture differences. The wetter the soil, the dark it

appears.

4,3,2 Sense peak chlo‘r"ophyll reflection as red. The resulting red hues are
easilydiseriminated by the human eye. Generally, deep red hues
indiCated lbroad Ie"bf and healthy vegetation. Lighter reds indicate
grasslands. Densely populated Urban areas are shown in light blue.

— _—

Water boundaries a'-Ee defined clearer in the 3, 2,1 combination.

7,42 Retains the beneﬂts'ff_adr!tb_e infrared bands and yet presents vegetation

o

infamiliar green toné',Moisture content in both vegetation and oils is

discriminated: 2}

2.4 Remote Sensing'thGaasial_Etosjan_Sludy—i_.

Remote sensing has played an important role in coastal studies because it helps

to speed up the-researeh process.

Mapping, of.historical aerial photography Coastline. is a, difficult task a result of
two typical problems. The' fifst “concerns' data quality which' varies< greatly due to
acquisition apparatus, methods, and storage condition, such as object displacement,
geometrical distortions, and low contrast. The second problem concerns coastal zone
complexity and dynamics, due firstly to its wide range of components and their mixtures,

and secondly to the fast rate of changes in their spatial distribution.
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Coastline changing has been studies by comparison of aerial photographs taken

from the same section at different dates.

Dolan, Hayden, and Heywood (1978) used historical aerial photographs as the
data base for developing a common-scale mapping method in order to systematically
measure shoreline erosion and storm surge penetration along extensive reaches of the
United State Atlantic coast. Aerial photographs covering four decades were use to
provide long-term baseline information on shareline dynamics. The aerial photographs
were then enlarged to the exact scale of the base map by projection onto the base map.
After that, the shoreline and-aetive sand zone line~(storm penetration line) were traced
from the projection. This stu@y was concluded that of the available types of historical
data only aerial photographs provide a re‘f,cord with sufficient spatial and temporal detail

for a national mapping program. r ¥ -

Ly(1993) examin€ed the @pplicability. of remote sensing data for monitoring and

o

predicting shoreline change in Rayong proi';i‘rr}pe, Thailand, without any sort of protective

barrier. The study used TM dataLinear feat&ﬁe:‘__ejverlay method was used for qualitative

data analysis. The result shown: accretion and erosion area and accretion rate. The

changes were mainly'gue to_long time wave action, predaminately by southwest waves

from May to Septemb‘ér; and construction of structures, such as jetties, breakwater etc.
The study proved that femote sensing is a good potentidls as tools for monitoring and
predicting coastline changes, and, concludersihat shereline ehanges was mainly affected

by new construction on the boundary of shoreline and wave action.



CHAPTER Il

METHODOLOGY

3.1 Methodology

The methodology of this study was divided into three steps. Firstly, the data and
information of previous works and literature studies were collected. Secondly, the data
were studied and analyzed for coastal schanges together with their physical
components; meteorological data which coneenirated in the influence of Typhoon Gay
(32W), Typhoon Linda (30W). One of "éomponents which force the tropical cyclone
conditions was sea surfaeé temperature, this data are from National Oceanic and
Atmospheric Administration (NOAA). Wf:'ren Typhoon passed to the Gulf of Thailand
there was a strong wind,swhigh genérate:y’i.nd wave to attack coastline and caused to
coastline change; therefore, analysis Winﬁ'; speed and wind direction was used. A 3-
hourly intervals wind direction and__vv;ind spé}z,___cj from Hua Hin meteorological station were
used to calculate significant wave.height tédet_her with to study current vector and the

coastline shape at Ao Hua Hin {6-explain the eatise of coastline change during typhoon

passed to the Gulf of Thailand.—-"Fuﬁhermore,ft.rd'aT levels and their associated season

were studied to expléia—e@a&ﬂﬁe—eﬁaﬁge—'rn—s%reﬁg—ﬂeﬁhéast monsoon on December
2006. : !

After these'results ‘were! explained with [the: result of Ceastline changes which
were analyzed "by using GIS and remote sensing technique. This step used three
satellite_image sets.of llandsat=5TM [images|for déetection (of coastline change. The first
period was classification of coastline changes before and after Typhoon Gay attacked
the eastern coast of Thailand in November 1989, and the second was classification of
coastline changes before and after Typhoon Linda attacked the eastern coast of
Thailand in November 1997. And the last period was classification of coastline changes
before and after strong seasonal monsoon in December 2006. The prioritization of

changed areas were done and preventive measures in the changed areas were


http://www.noaa.gov/
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proposed and the illustrated in maps. Finally, includes integration of all results to

recommend for solving the changed area of the study.

Methodology

Previous works and literature

Coastal changes and

physical components

Figure 3.1 Tﬁeﬁe%taken in Wgﬁniln the GIS system data

NS’J ) lfp)

3.1.1 Analysis ydro-meteorologlcafcondltlon

Alik)
ARAININAAINYIAY

S%a surface temperature, which reveal from National Oceanic and Atmospheric

Administration (NOAA), was used to analyze the mean sea temperature during 1987-

2006, during Typhoon Gay (32W) and Typhoon Linda (30) reached to the Gulf of

Thailand. This factor originated and forced the origin of the tropical cyclone. Normally,

when the tropical cyclone and tropical depression passed the Gulf of Thailand sea

surface temperatures are greater than 26.5 degree Celsius (Elsberry,1987).



http://www.noaa.gov/
http://www.noaa.gov/

37

3-hourly surface wind data at Hua Hin, Prachuap Kiri Khan and Chumpon
meteorological stations, showed wind direction and wind speed which affected the
coastline when Typhoon Gay (32W), Typhoon Linda (30) passed to the Gulf of Thailand.
It included with analysis cloud pattern from satellite images. In case Strong northeast
monsoon passed to the Gulf of Thailand also analyzed 3-hourly surface wind data with

wind chart and weather charts.

The significant wave height was' €alculated by wind from Wave Climate
Formulation at Hua Hin “fer-the period of interest~The 3-hourly surface wind data
assumed to apply over the_entite region of interest. The first step in the analysis is to
calculate a wind stress fagter, ¥ ,which "yvill pe used in the wave growth equation after
that the significant height, & and the-beak.spectral period, I, were calculated.
Significant wave height is an ave_mgef_ measurement of the one-third largest

waves. In many applications of wave dataf__larger waves are more "significant" than

smaller waves. For example, therlarger waves in'a storm cause the most erosion on a

beach; hence, a well developed significant 3\5/:3&'9_13 approximately equal to H,, defined

as four times the standard deviation of the instantaneous;‘displacement from the mean

sea level.

Calculating windfstressefactor, U isggivemby:(CERGC; 1984):
U,=0.71u” (3-1)
Where U isthe.one ,duration wind.speed in knoet
Since" the fetch length "are effectively" infinite, “it" has “been” assumed that
developed wave condition exist at the location of interest. The governing equation fully

developed wave conditions are given by following:

g H, =02433 (3-2)

2

u

A
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gT,=8.134 (3-3)
U,
where: g = acceleration due to gravity (9.81m/s’)
H, = significant wave height (m)
T, = Peak spectral wave period (s)
u, = wind stress factor (m/s)

3.1.2 The method of field survey to mééﬁbf/)each profile of Hua Hin Bay.

~ Z

The field survey was.aimed to me_hsuré,beac.h.profile of Hua Hin Bay, which was

located between the n@r—;’g/

Sofitel Centara Grand Res

stline area at Kh???ékiap and the coastline area at
ilia Hua Hin (UTM 604580E, 1384236N to 606222E,

1389737N). The area for Snent é_i_e{(ation covered a total distance of 5 km by

using electronic dista ter (B M)Ffo?"ae}_ecting the elevation between two location

ol
marks. An instrument ergor was £ (1mm +2aEf_[_;>m)_to + (Bmm+5ppm).
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Figure 3.2 The topographic map of Ao Hua Hin
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Depth measurement of Hua Hin Bay was carried out during October before
starting of northeast monsoon (November- February). The measurement was done when
lowest tide. Besides, randomized block designs was used to define the observation
area. Therefore, selected area every 100-200 meters was measured the elevation of Hua
Hin bay, 50 meters to 200 meters landward. The datum was refered to Kao Takeab, its

height is from topographic map. Figure 3.3 was shown the field observation.

N3 7077007, 03/10/2007

Flgure 3 3 Fle‘d Observatlon at Ao Hua Hln
%ﬂ;lﬁﬂfli,ﬁkyiﬂqqqfl 4188

3.1.3.1 Data Collection

The existing data related to the study were collected as follows:
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1. Topographic maps at scale 1: 50,000 in 7017 series. The required sheet
included map number 4934 Il prepared and published by The Royal Thai Survey

Department.

2. Radiometrically and system corrected Landsat-5 Thematic Mapper (TM) image
in path Path 129 Row 052 was required as follows:
6 sets of Satellite images are used in this study :
2.1)  Satellite image was taken on 7:July 1989 (representing shoreline before
Typhoon Gay moved to the Gulf of Thallahd)
2.2) Satellite image~was takén on-80=December 1989 (representing
shoreline after Typhocen Gay maved to the Gulf of Thailand)
2.3)  Satellite image was taken]bn 15 September 1997 (representing shoreline
before Typhoon Lindla moved o the Gulf of Thailand)
2.4)  Satellit¢'image was -_tak—en o'—pr 5 January 1998(representing shoreline after
Typhoon Linda moved to the @ulf o;_“r]'haii_land)
2.5)  Satellite image vvési _t;?ken orﬁJQ] November 2006(representing shoreline

before the strong seasonzlmonsoon passed to the Gulf of Thailand)

2.6 Satellite image was taken on‘-‘?-\_c,l’December 2006 (representing shoreline

after the stron'g_i’:seasonal monsoon passed to the Gélfs-of Thailand)

The data was provided-by the National Research Council-of Thailand (NRCT).

3. Data ofrraimyfallpwindydivection and wind speedy 3-haeurly surface wind at Hua
Hin Meteorological Station acquired from The Meteorological Department of

Thailands

4. Tide data and Hydrographic Chart acquired from The Hydrographic department,
Royal Thai Navy, 1935-1993.

5. Data and information of Typhoon Gay in 1989, Typhoon Linda in 1997 and
strong seasonal monsoon in 2006 acquired from The Meteorological Department

of Thailand.
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The condition of tide when the satellite passed before and after Typhoons and

strong seasonal monsoon attacked the west of coastline of the Gulf of Thailand was

used the data at Hua Hin station acquired from Royal Thai Navy. The data of tide are

shown in the table 3.1

Table 3.1 The condition of tide when the satellite passed the study area.

Date Month Year

Imaging Time

7 7 1989

30 12 1989

15 9 1997

5 1 1998

27 11 2006

29 12 2006

Tide condition

Level of water (m)

above MSL

-1.1

0

-0.86

data. ;

-0.94

-0.98

-0.9

ArcView GIS j
b

Suffer program ersion 8 was use to generate co

ion of GIS data.

ur at Ao Hua Hin.

ﬂwquﬂAMﬂwﬁwaﬁﬂi

ol ol W SURIIBUANY o

manipulate and interpret the digital images. Basically, there are three stages of digital

image processing procedure involved: image pre-processing, image enhancement, and

image analysis and classification (Lillesand and Kiefer, 2000). Details referenced in

chapter 2.



CHAPTER IV
RESULT AND DISCUSSION

This chapter provides a result of study from each component by using data
material and methodology described in chapter Ill. This chapter starting with the
detailed description of meteorological data analyzed together with coastline changes
from remote sensing interpretation and also provides a result of field investigation, which
is composed of beach profile. Result from data analysis phase was shown in this
chapter, which provides the eoastline Shanges in“comparison with before and after
period satellite images.

’
4.1 Analysis result of hydfo-meteoro/ogical_ cgndition

r
F — !

The study area was affected &/ ‘the pattern of surface wind directions

Ll

characterized by the monsoon system The prevailing winds are north to northeast

during the northeast MOnsoon seasen and* e{fe southvvesterly over the Gulf of Thailand

r

during the southwest monsoon. Treeical Cy%Hes affecting Thailand usually move from

the western North Pacifie Ocean or the Soutﬁ China Sga. Their strengths may be

4 A

characterized by wmc:'rL speed The Gulf of Thailand normally was affected by tropical

depressions because of its location farther inland. In November to February northeast

monsoon forced wave-current from South China Sea to the Gulf of Thailand, which
affected high tide currentin the Gulf-of Thailand; on the otherihand, Southwest monsoon
in May to October forced wave-current from the Gulf of Thailand to South China Sea,

which affected low tide.current:

Since the storm surge was driven by the winds, the height of the rise in sea level
was related to the velocity of the wind. Figure 4.1 showed a tendency of significant wave
height which was due to wind speed of tropical cyclone. It calculated by using equation
3-2. Data of tropical storm provided from Table 1.1 in Chapter |; depression Chantu,

Durian and Muifa; tropical storm Linda and typhoon Gay.
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Significant wave height due to wind speed

| 120

L0

o 1 =

% 2 g

Tropical depres : storm Typhoon

Figure 4 vas due to wind speed

AN

The reanalysis of sea mperature \t OAA during 1987-2006 was 27

4.1.1 Result of Se:

degree Celsius (Figure 4.2). berature was important for the origin of

the tropical cyclone. Acco --‘E”’ 8/7), when the tropical cyclone and

tropical depression* -.,,----r-----m-rm---r------iﬁi;a --------- greater than 26.5 degree

; l
OV :l,;. e Gulf of Thailand on 31

Celsius. During Typh €

October 1989, sea su ce temperature was about 29 degree Celsius (Figure 4.3) and it

was 28.5-29 ﬂm ?tlon to Typhoon Linda
(30W) passedﬁmojhallanﬂM ovember 1997, sea surface temperature was
30 de ﬁ ﬁ’ h 4 November
1997. ﬂiﬁ:‘ﬁeﬁﬂsﬁmryﬁj ?[gj bl ;H ne, which them

caused of strong wind and high wave along the coastline.
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4.1.2 Result of wind analysis when Typhoon Gay (32W) moved to the southern coastline.

The influences of strong wind were interpreted from satellite images. Figure 4.5
was shown the positions and effective strong wind on 4 November 1989. The intensity of
typhoon drove strong wind and tidal wave, which attacked the coastline and large

damage properties, interval wind sp e‘\!f 1-5 November was about 5-40 knots (9-75
km/hrs). 3-hourly surface wind ﬁo& /

\,\‘9/\ //ﬁtion and wind speed in figure 4.6. It
'\.___

was analyzed from 3 met(w'sta@ns; n, Prachub Kiri Khan and Hua Hin
meteorological station. _st Qg;?.

influenced the tidal wave alon@ the.coast n\

on 3-5 November, which

N

# Typhoon Gay Track.

[ Thailand

g8 Stations

A

Figure 4.5 (a) The position and radius of Typhoon Gay (32W) on 1.00 a.m. 4
November 1989 at 10.4 N 100.3 E. (b) Satellite image on 2
November 1989 (TMD,1989)



Hua Hin ‘\’ o

¢ K3 i
Prachuab KiriKhan| © //‘ —_ = }‘ \“‘11 -‘-_"[ \7
{ v ==~
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1.00 4.00 7.00 10.00 13.00 16.00 19.00 22.00
Figure 4.6 3-hourly surface wind analyzed on 4 November 1989

When Typhoon Gay ( 32%\ ;E ulf of Thailand, the center of storm

moved to northwest to the of Chu vince. Wind direction at Hua Hin

meteorological station wa Pyv— ula to t_ e about 10 Knots in velocity. The
satellite image from G . : ot operated, so using satellite

is day Hua Hin meteorological

image on 2 November

il i
station was in moat of i 1S rea. And it indicated vortex-scale

moved northwest and also Wlna*-d&‘e ce flow toward the land. These effects

'.-\"rl‘l I -i“r i?‘_
added to the variation,in tides and W‘ére ﬂ]rfh plicate waves. The damage was
- 4..“ Y 9
due to steep of coastline. As a result, there was an opportu li/ that sand was carried out

TN TV YITTY (T S——

migration of Waty from the southeas&to the north of the gulf. The Current vector in case
o TR BRI B A AT O Gofroe oo
rose to the maximum height at this time. The center of the counterclockwise circulation
was quite far away from the shore, about 320 km south of Hua Hin. During this time, the

current vector flowed directly to the north of Hua Hin caused to coastal erosion.
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4.1.3 Result of The significant wave height when Typhoon Gay (32W) moved to the

southern coastline.

The influence of wind speed when Typhoon Gay (32W) passed the Gulf of
Thailand was generated the wind wave and move toward to the coastline. In this section
we analyze the wind direction, wind speed and significant wave high during Typhoon

Gay (32W) by using the 3-hourly surface wind.

The result of significant wave heighiduriag Typhoon Gay (32W) passed to the
Gulf of Thailand on 1-5 November 1989, was-shown in figure 4.7. The result of wave
analysis was shown thatwave height was peak 2.23 meters at 01.00 am on 5 November
1989 at Prachuab Kiri*Khantmetgorological station. Because of the center of storm

moved nearly the coastline of Prachub Kiri K__han until it passed to Bengal bay.

—a— Hua Hin

—a— Prachuab Kiri Khan

Significant wave height (m)

Figure 4.7 Significant wave height on 1-5 November 1989

Whenever a tropical storm threatened to strike a coast, it was desirable to have
an estimate of the height of the peak storm surge. The wave height coincided with a

high astronomic tide. According to Longuett-Higgins and Stewart (1964), if the storm
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made landfall during high tide, the effect would be a higher water level than if the surge

hit the shore during low tide.

Therefore, this significant wave height was considered with tide whenever there
were high tide and high wave, there was the high surge causing of high coastline
erosion areas. The determination tidal elevation in 1989, 1997 and 2006 was calculated
and presented in figure 4.8. The average of all tidal elevation was Mean Sea Level
(MSL). The term MSL was often incorrectly. used to refer to the zero datum for
topographic maps. And the maximum tide rangeswas defined as the vertical difference

between the Highest High Tide and the Lewest Low Tide.

Hua Hin Station

o+ — — ——— > WL A TR
0.30 r
0.20 ——‘_‘\

“-‘_\.
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L _ L 4 b~
0.00 \ K " /// a— M | e 2006
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Average MSL(m)
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Figure 4.8 Monthly mean tidal elevation at Hua Hin Stafion (Royal Thai Navy, 2006)

The result ‘represented  that. mean tidal|elevations were vary. It was due to
influence of seasonal monsoon. During May to September mean tidal elevation was
lower than"MSL. lIn.conirast; durihg northeast monsoon mean’ sea.elevation was upper
than MSL. The mean tide range is defined as one meter, which close to the mean tide
range at Prachuab Kiri Khan, province. During Typhoon Gay (32W) passed to the Gulf of
Thailand, it was the Northeast monsoon season. The high tide was about 40 centimeters
above MSL. Therefore, the wave height coincided with a high astronomic tide at
coastline of Hua Hin was about 1.1 meters above MSL. It peaked for 36 hours during
01.00 am on 4 November 1989 to 13.00 pm on 5 November 1989. These results were

considered with the coastline shape which providing from field investigation and remote
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sensing. It was applied for measure the change areas on coastline of Amphoe Hua Hin,
Prachuab Kiri Khan, province during typhoon moved over the Gulf of Thailand. The

result of coastline change was shown in part of analysis Landsat-5 images.

4.1.4 Result of wind analysis when Typhoon Linda (30W) moved to the southern

coastline.

The influences of strong wi interpreted from satellite images. Figure 4.9

was shown the posmons an on 3 November 1997 before it

attacked coastline of Am Khan province at 19.00UTC on
4 November 1997 at 11. |reot|on and high wind speed
er 1997. In figure 4.10 and

figure 4.11 showed wind comr. it fro el i stations; Prachub Kiri Khan
.__cg

and Hua Hin meteorolegical statior 7' 7 in ed and wind direction when

¥ Typhoon LindaTrack

|:| Frovince.shp

= Stations g

300 1] SISIII] GO0 Kllomatars

Figure 4.9 (a) The position and radius of Typhoon Linda (30W) on 19.00 p.m. 3

November 1997 at 10.8 N 100.8 E. (b) Satellite image on 3 November 1997

(TMD,1997)
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Figure 4.10 3-hourly surface wind analyzed on 3 November 1997

Hua Hin

\ ~

;

Prachuab Kiri Khan

; 2 { 3.00 16.00 19.00 2200 time
Figure 4.11 £ Wi | November 1997

When Typhoon W ed of Thailand, the center of storm

moved to northwest to the coastli -Prachub Kiri province at 11.4N 99.5E; 2.00

ST
.j.,;-:_.

a.m. On 4 November 1997. The &g reached to Hua Hin meteorological

station. Wind direct| ‘ as not perpendicular to the

FOS-9 on 3 November 1997

, . G
(Figure 4.9 (b)) presént ll Use cmjd bands disbanded on 4

ed

November 1997. It showsd that Hua Hin meteorologloal station was in moat of storm,

which was Ec»ﬁruaﬁa ﬂﬂn&ﬂ Eéﬂ&ngaqcﬂﬁt Besides, outside the

eyewall, the wind descended. There was a tendenoy for radial flow toward the wind

RN ‘i“m ST YRR TRE e

the resulfifrom Typhoon Gay (32).

When typhoon moved northwest to Gulf of Thailand, the current circulation also
moved northwest and wind also drove a surface flow toward the land. These effects

added to the variation in tides and were further complicated by waves.
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4.1.5 Result of The significant wave height when Typhoon Linda (30) moved to the

southern coastline.

The significant wave height calculated from Wave Climate Formulation.Wind
direction at Hua Hin was available for the period of interest. This wind was assumed to
apply over the entire region of interest and using the similar method to analyze the

significant wave height.

4 —a— Hua Hin

—&— Prachuab Kiri Khan

Significant wave height (m)

Figure 4.12 Significant wave height on 1-5 November 1997

This significant: wave height from figuret 4:12 was considered with tide. The
height wave coincided with a high astronomic tide. The coastling, was eroded. When
Typhoon' Linda | (80W) | passed|. to the Gulf of ' Thailand the \determination tidal

elevation1997 was calculated.

As a result, during Typhoon Linda (30W) passed to the Gulf of Thailand was in
the northeast monsoon season, which was high tide about 40 centimeters above MSL.
Therefore, the maximum wave height coincided with a high astronomic tide which

calculated at Hua Hin meteorological station was about 1.1 meters above MSL. It
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peaked for 12 hours during 16.00 pm on 3 November 1997 to 01.00 am on 4 November
1997, because of the center of storm moved to northwestward and the radius of storm
covered the coastline of Hua Hin. Typhoon moved northwestward when it moved
through the northern part of the Gulf of Thailand. A wind from the northeast drove a
surface flow toward the land. Therefore, it was clearly that sand was transported to
offshore which caused coastline change. These results were considered with the

coastline shape which provided from field investigation and imaginary remote sensing.

The result of coastline change wa%wr'”jrt of analysis Landsat-5 images
D\ //

4.1.6 Result of wind analysis- the stfong northeast monsoon in December 2006.

Northeast mon/ ber 2006, there was strong

wind in the upper G vere considered with wind charts.

»
N
h \ﬂd upper wind chart at 600

Figure 4.13 and figun

&

e <)

meters on 21 December

Figure 4.13 Weather chart on 21 December 2006
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at 600 meters showed nd speed about 30 knots. As th e-position of coastline was north

to south wind directi ‘i/ .'% i teeonfirmed with 3-hourly
surface wind ﬂlﬁﬁu jﬂzﬂnﬁa s fﬂ?l?lj;s affecting the steep
pressu ient, this eﬁt ) dq int gl.)iﬁi Nt ?‘Téd wind on 20-24
DecemﬁﬁiFi ﬂﬁ ﬁrm ﬂ ﬁ ﬁ Er ﬁ

The wind direction and wind speed by analyzing 3-hourly surface wind
measurement during strong northeast monsoon passed Thailand during 20-24
December 2006 provided from 2 meteorological stations; Prachub Kiri Khan and Hua

Hin meteorological station were shown in figure 4.15 to figure 4.19. As a result, main

wind directions were parallel to the coastline of Hua Hin.
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Figure 4.15 3-hourly surface wind analyzed 20 December 2006
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Figure 4.17 iﬂﬂrly ce wind.analyzed 22 December 2006
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Figure 4.18 3-hourly surface wind analyzed 23 December 2006
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3-hours wind surface analysis on 24 December 2006

o T I R A U I A A S
Prachuab Kiri Khan \ \ /— r /‘ r /- X

1.00 4.00 7.00 10.00 13.00 16.00 19.00 22.00

Figure 4.19 3-hourly surface wind analyzed 24 December 2006

4.1.7 Result of The significant wave height/during the strong northeast monsoon in

December 2006.
J

The result of significant.wave' height, which was shown in figure 4.20, was
considered with tide. When' there \was -'high tide and high wave. The coastline was
eroded. The current vectogwas foreed from northeast wind drove a surface flow toward
the land and the sedimeni transp_ort—at A:rmghoe Hua Hin area in northeast monsoon

season was moved from‘north to south. -

4
"

-

¥

ald dia

The result of wave analysis was shown that wave height was peak during 13.00

pm on 20 December 2006 to:43.00° pm Qﬁ;—Qj_December 2006 at Hua Hin station

represented with tide’;":that mean tidal elevation from Huét'_ Hin Station. During May to

September mean tia'af'll..elevation was lower than MSL, 60 centimeters while during
northeast monsoon méan sea elevation was upper than MSL, 40 centimeters. As a
result, strong nertheasttmopsoen-seasenon:20:24 December 2006 was high tide about
0.4 meters above MSL. Therefore, the maximum wave coincided with a high astronomic
tide, which.measured at.Hua Hin station, was.about=l'.4 meters.above MSL. It peaked for
24 during 13.00 pm 'on"20 December 2006 to 13.00 pm on 21 December 2006. Wind
direction blowing out to the sea was considered with the current direction and direction
of sand transportation which moved north to south. Therefore, sand was transported to
offshore which caused coastline change. These results were considered with the
coastline shape which providing from field investigation. And considered with remote

sensing which was applied for measure the change areas on coastline of Amphoe Hua

time
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Hin, Prachuab Kiri Khan, province during typhoon moved over the Gulf of Thailand. The

result of coastline change was shown in part of analysis Landsat-5 images

—a— Hua Hin
12 T —s=— Prachuab Kiri Khan
E 14
5
‘3 0.8 +
=
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=
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©
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S >, ¥ Date® o»

Figure 4.20 Significant wavefigight on 20-24 December 2006

4.2 The result of elevation measurement at Fli;’a Hin Bay.

s s Jd
el

The coastline.shape at A6 Hua Hin W:é;é::s‘ﬁé’llow, its elevation was shown in figure
4.21. This figure shd@mﬁwﬁmﬁaﬂéw—ana_hsked to high storm surge,
this result was suppgjrt'ed by the correction for the botﬁ;m topography; bathymetry,
which was very compl&:ated because the bathymetry a]ong the coasts has dramatic
changes. In general the-more shallow the water'and-the wider the continental shelf at a

given location the' higher the storm surge.

Besides, the comparison between field observation with field observation of
Office of Environmental Policy and Planning research, 2003 by using GPS in the same
area. It was shown in figure 4.22- 4.23. These results showed slope in front of the Sofitel
Centara Grand Resort and Villa Hua Hin UTM 604580E/1389737N and in front of
northern Kao Takeab UTM 60619E/1384246N. They were shallow. Besides, beach
contour was created to identify coastline shape. The result showed that coastline of Hua

Hin was shallow. After storm surge was a rise sea level along coastline of Hua Hin, it
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caused of erosion because of surface winds above the ocean's surface push water
toward typhoon's eye, creating a mound of water. It was then influenced by the slope of
the coastline as the typhoon approaches land. In case coastline of Hua Hin was shallow,

more erosion was occurred more than other coastline which was deep.
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Beach profile at Sofitel Centara Grand
Resort and Villa Hua Hin.

—@— Research 27 October 2000
—a— Observation 6-10 Oct 2007

Elevation (m)

distance (m)

Figure 4.22 The observation and Office of

Envi earch at Sofitel Centara Grand

oa Takeab
—m— Research 26 Oct 2000
—a— Observation 6-10 Oct 2007
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Figure 4.23 The comparison of slope between field observation and Office of
Environmental Policy and Planning research at Kao Takeab UTM

60619E/1384246N
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Considering beach profile with mean tidal elevation, which was analyzed in part
of significant wave height, showed that during Typhoon Gay (32W) passed to the Gulf of
Thailand. The maximum wave high including with high tide was about 1.1 meters. It ran
up and spilled over beach berm about 50 meters and wind direction was perpendicular
to the coastline. It peaked for 36 hours during 01.00 am on 4 November 1989 to 13.00
pm on 5 November 1989. It caused to beach erosion which measured by satellite
images classification. When Typhoon Linda (30W) passed to the Gulf of Thailand the
maximum wave high including with high tide was about 1.1 meters. It ran up and spilled
over beach berm about 50 -meters, but wind«direction was not perpendicular to the
coastline. It came from ‘nertheast and*peaked for+12 hours during 16.00 pm on 3
November 1997 to 04.00 amwon.4 November 1997. It caused to beach erosion which
measured by satellite images classification. Even though there was high wave coincided
with a high astronomic tidgfabeut 14 meters, there was less erosion than effect of storm

because wind direction blew out t0-the sea.
/

4.3 Analysis results of Landsat-5 images

Satellite image coordinafes were cor'r:e-'-ét’é-d‘with thesuse of transformation matrix
determine by using é:éét of ground control points (GCPs). A set of GCPs was collected
from satellite image in Vpixel and line coordinate, and then specified in the Universal
Transverse Mercator (UTM)..coordinate obtained from topographic map, at a scale of
1:50,000. The best GCPs are the paints which are easy to be recognized and located on
both image and"the topographic map and distribute over the whole image. Multistage
Sampling was methodyof inventory, where progressively more detailed information was
collectedifrom a successively smaller number of samples. This method approached to
image acquisition involves acquiring complete coverage of a study area with low
resolution imagery, and additional higher resolution imagery from a sample of locations.
This study selected a number of GCPs from road intersection, road and rail way
intersections, and irrigation canals. The result of Geometric correction for images are

shown in table 4.1
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Table 4.1 The result of geometric correction for images

Date Month Year Path/Row Ground control point RMS
7 7 1989 129/52 42 0.12
30 12 1989 129/52 30 0.12
15 9 1997 129/52 38 0.13
5 1 1998 129/52 42 0.14
27 11 2006 129/52 30 0.10
29 12 2006 129/52 30 0.15

The coastal changes were detected by using Landsat-5 image before and after
Typhoon hit the coastline of Amphoe Hua Hin. The result of coastline changes from short
term events are show in_figure 4.24 to 4.26 which showed that during Typhoon Gay,
Typhoon Linda and strong northeast monsoon move to the coastline they affected to

_—

erode area along the coastline; v
4

il

|dentification of the Coaét[i_rjle durif_rfié._‘t-he space of satellites images had to
consider. Therefore, using metegrological reél;;t'é‘d to confirm that there was not strong
wind and high waverduring that-space -of t'i’f:]éﬁby comparing with the case of strong
north east monsoon 'pn_DeQembﬁLZQQﬁ_Aﬁex;tbaLnet;erosion can define by this

equation.

Net Erosion (m) z*€hangediarea’(m)-[normalirate/monthix periods (menths)] - Erosion by Strong NE

periods (months)

Normal rate/month=Long term changed {m) (1989-1997)== Changed area By Typhoon & Typhoon

Linda (m) periods (months)
=-31m.-(-36.2m.) = 452 = deposition rate 0.05 m/month
8 years X 12 months 96

During space of satellite images there was deposition rate 0.05 m/month which
calculated from equation 4-2 and the meteorological reported confirmed that there was
not strong wind and high wave during that space of time, so there was not strong north

east monsoon. If there was depression, there was not surge (Bell, T. S., 2007).
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Therefore, net erosion could define and long-term changed in study area was shown in

table 4.2.
Table 4.2 Long-term changed in study area
Length along
Changed area coastline
Long Term Changed (m2) (m) Years Distance (m)
1989-2006 | * ]l, ,901.30 17 -16.63
1989-1997 8 -31.68
1997-2006 9 15.56

The results of long=t dy area during 1989-2006 showed

that there were erosion ers. fbre, after Typhoon Gay and

Typhoon Linda pass \ oreover, if carried out erosion

areas which affected b deposition about 0.52 meter per

- , ing/1997-200€
year during 1989-1997. F mom 97 Z there was a rate of deposition

about 1.72 meters per year. This result we oported by report of Songmuang. R.,

ki

. - " . . .
2005. There was annual depositional-rate meor erosion rate in this area.

S —— Y

] 3
AU INENINYINS
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Figure 4.24 Coastline change atAmphoe @Gaﬂn Prachuab Kiri Khan, province after

Typhé)on Gay affected to coastline-in Novér)nber 1989
wdi A9

Table 4.3 Total eros’lion areas when Typhoon Gay passed to the Gulf of Thailand

Length Normal
Erosion Net
Erosion along Erosion | Deposition | periods
Event ) by strong | erosion
Area(m?) coastline (m) Rate (month)
NE(m) (m)
(m) (m/month)
Typhoon Gay | 519,785.62 | 19,901.31 | 25.64 0.05 5 0 25.39
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Table 4.4 Total erosion areas when Typhoon Linda passed to the Gulf of Thailand
Length Normal
Erosion Net
Erosion along Erosion.| Deposition | periods
Event : - 7 by strong | erosion
Area(m’) coastline (m) Rate (month)
NE(m) (m)
(m) (m/month)

Typhoon Linda | 210,510.79 | 20,750.48 | 10.56 0.05 4 0 10.36
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Table 4.5 Total erosion areas strong northeast monsoon passed to the Gulf of Thailand
Length Normal
Erosion Net
along Erosion Deposition | periods
Event Area erosion
Y coastline (m) Rate (month)
(m’) (m)
(m) (m/month)
Strong Northeast
monsoon 23,596.09 | 19,975.33 1.28 0.05 1 1.23




Table 4.6 Changed area by sites in 1989, 1997 and 2006
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Area Length along
Year Site > Distance(m)
m Rai coastline(m)
E1:
Bofai-Klaikungwon -135724.84 -84.83 5122.16 -26.50
E2:
LowerKlaikungwon -67915.27 -42.45 1574.29 -43.14
E3:
1989 ‘
Peir -6 u,\ i. 8.57 1966.84 -31.37
] L} r
E4: S /
Ao Hua Hin ""3 .10-' * 6877.38 -31.77
E5:
LowerKoa Takeab 1803 -11.50
Bofai-Klaikungwo ‘ 5028.07 -8.42
LowerKlaikungwo 1624.30 -14.61
E8:
1997
Peir 1949.91 -17.34
EQ:
Ao Hua Hin 4 15927 .20 -20.60
E10: wd |
LowerKoa Takea 1843 -0.50
AN Y
son@iipb] [) BRI T PRI AT | oo
E12!
¢ o o/
| 0 9 21 1 -20.43
E13:
2006 |
Peir -9539.51 -5.96 1791.41 -5.33
A1:
Ao Hua Hin 20438 4.2 6727.15 3.03
A2:
LowerKoa Takeab 30120 1.16 1849.89 16.28
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Eventually, the result was shown that the critical erosion area was from Klai Kung
Won palace to the pier of Hua Hin and normal erosion was in narrow area; coastline area

at Ban Bo Fai.

Moreover, table 4.6 defined the erosion area by sites for showing the relationship
of erosion area, rate of erosion and length of erosion along the study area. As a result,
erosion area in case of strong north monsoon is less than case of Typhoon pass to the
Gulf of Thailand. These erosion areas whichaffected by Typhoon Gay and Typhoon
Linda were high length in shere and this result weressupported by previous storm surge
researches in other countries:-Hurricane Alicia; 1988 attacked the front of Galveston
Island, south of Louisiana. It.sustained wind to 127 mph (203 km/hr) and maximum water
levels along the Galvestopdlslandaried from 6 to possibly as much as 9 feet (1.8-2.8
meters).Beach erosion was 100, feet (30.50 meters) (NOAA, 1983). When Hurricane
Hugo which sustained"wind to 135 .mph @‘1 6 km/hr) attacked the northern coastline of
Charleston, South Carolina by generated e‘::‘maximum storm surge of 20 feet (6 meters)
and eroded beach average 100 f(_al_et (30;-:5j-(-?‘_dr-neters), with some profile comparisons
indicating 150 feet (46 meters) of beach eroééﬁafand the damage concentrated to areas

where the beaches were narrow-and dunesi‘s’mgu.to absent (Stephen,1989). Moreover,

On September, 2004 ‘Ehibarrier islands in Alabama and Elorida that were impacted by

Hurricane Ivan which sustained wind to130 mph (208 km/hr) and decreased to 70 mph
(112 km/hr) before it cfossed Alabama. The center of Hurricane lvan moved on shore
near Gulf Shores; Alabamarwhich, caused of-eroded Alalbbama’s:coast an average of 40
(12.5 meters) feet (USGS, 2004). Furthermore, in the case of the Hoa Duan breach,
Vietnam-wassattacked by the tropical cyelone EVE-Which was-estimated to be near 40
mph (65.km/hr) in“November 11999 and caused of eroded beach'average 25 meters
(Thieu Quang Tuan, 2006). Therefore, these storm events caused of eroded beached
along the coastline in different places, their intensities affected on coastline either on
beach or properties. Although, they generated and sustained wind in different
intensities, their affects eroded beach at least 12.5 meters to 46 meters in some

locations because they approached along the open sea. Consequently, the maximum
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wind speed of Typhoon Gay (32W) and Typhoon Linda (30W) could be affected to

beach erosion at Hua Hin beach.
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CHAPTER V

CONCLUSION AND RECCOMENDATION

5.1 Conclusion

This study, used the knowledge integration of various science relevant to find
and prioritize the coastal area that had been affected from storm surge in three events
during 1989-2006 at Amphoe Hua Hin, Prachuab Kiri Khan province. There were the
coastal change due to Typhoon-Gay in 1§89, Typhoon Linda in 1997, and strong

northeast monsoon in 2006.

]
During severe stosms, the higher water levels resulting from storm surge may

lead to coastal erosion. The erode’ area -will Jee greater when the period of maximum
storm surge coincided with afhigh astronomrc flde In the morning of 4 November 1989,
the Typhoon Gay approached the 'co'ast of "Amphoe Pratiw and Tase, Chumphon

province at 03.30 GMT, the center vvmd veIOC|ty Was 120 kilometers per hour. Typhoon
s2hd

Linda moved to the Gulf of Thalland as a typhoon and it was a tropical storm when

approached the coast of Amphoe Bangsapan Prachuap Kirif/Khan, province at 19.00

GMT. The center wind veIocrty was 80 kilometers per hour. Moreover there was the
strong northeast monsoon on 20-24 December 2006. The maximum wind speed was

22.2 kilometers per hour.

From the study was found that Typhoon Gay, Typhoon Linda and strong
northeast mgnsoon caused coastline.change. The identification of metro-hydrographic
factors in Amphoe Hua Hin, Prachuab Kiri Khan, province was identified. The effect of
coastal erosion was occurred by the northeast monsoon. Wind direction was northeast-
easterly and the maximum wind speed approximate 12-13 kilometers per hour. The
significant wave height was about 0.5-1 meter. The tidal mean sea level in Amphoe Hua
Hin area has diurnal component which high in northeast monsoon season. The mean

tide range is defined as 1 meter. Normally, the sediment transport at Amphoe Hua Hin
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area in northeast monsoon season was moved from north to south (Office of Natural
Resources and Environment Policy and Planning, 2003). Especially, the major effect of
coastal erosion was happened when Typhoons Gay and Typhoon Linda hit the
coastline. When Typhoon Gay passed to southern coastline on 4 November 1989, the 3-
hourly surface wind at Hua Hin meteorological station was analyzed. Furthermore, wind
direction was perpendicular to the coastline. Maximum wind speed was about 18.5
kilometers per hour and the maximum surge was about 1.1 meters. The existence of
wind intensity was 36 hours. Moreover, Typhoon Linda approached to the southern
coastline on 4 November 1997, the 3-hourly surface wind at Hua Hin meteorological
station was analyzed. Wind direetion was net perpendieular to the coastline. Maximum
wind speed was about 18.5 kilometers per hour and the maximum surge was about 1.1
meters. The existence of winddntensity was TiZ hours. Besides, during 20-24 December
2006 the wind speed at Hua Hin meteorological station was approximate 22 kilometers
per hour, and the maximum surge Was-abaut T4 meters. The existence of wind intensity
was 24 hours, but wind direction was blown ijut to the sea; therefore, there was less
erosion area in this event. " ; -

add v ol

ot i
el

This study focused on coastline Changé;\:/_vhich affected by storm surge, which

caused short term erosion on the coast._The remote sensinquas used to analyze the

coastal change. From the analysis, it can be defined areas afté’r’ storm passed the Gulf
of Thailand. When Typhooh Gay and Typhoon Linda passed to the Gulf of Thailand,
there were erodedyafeas ralongrthercoastlingrofiAmphoe: Hua, Hin. he erosion area was
the recession of shereline towards the land and the critical erosion area was from Klai
kung won palace,to-pier.of Hau, Hin. Besidgs; after.sirong.nertheast. menseon passed in

December 2006, the result shown there'was erosion areas in ‘the‘same-location.
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Table 5.1 Net erosion areas and conditions when Typhoon Gay, Typhoon Linda and

strong northeast monsoon passed to the Gulf of Thailand

Typhoon Gay Typhoon Strong Northeast
(W32) Linda(W30) Monsoon
Tidal amplitude (m) 0.4 0.4 0.4
Maximum surge(m) 1.1 1.1 1.4
Effective
duration(hours) 12 24

Main wind direction to
coastline Not perpendicular

Beach erosion (m) 1.23

a and strong northeast
monsoon affected to coastling ergsion ﬁ?a': y ; .62 m2, 210,510.79 m2, and

the land in case of Typhoon

Gay was 25.39 meters in shore,_@;% la_cdused to erosion, which was 10.36
meters in shore. Finally, he eros| ) ym strc jorth- morsoon was 1.23 meters in

shore.

However, the resul ‘ﬁn der nw ' during 1989-2006
showed that there@uﬁo aﬁﬂm1 .0 E]:ﬁt‘]akﬁe was accretion of
beach appear fter Typhoon Gay a d# 0 ' ssed. reﬁr if carried out
erosion ar§ ﬁrﬁﬁpﬁﬂaﬁmﬂvﬁ ﬁﬁﬁeﬁﬁ 0.52 meter
per year dur?ng 1989-1997 and also during 1997-2006, there was a rate of deposition

about 1.72 meter per year.
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5.2 Recommendation

5.2.1 Insome of areas, which protect with seawall and others structures,
without proper environmental impact study, thus inadvertently causing erosion in nearby
coastal areas. Construction of any seawall along the beach, causes wave reflection
which washes away the beach sand. The width of the beach consequently becomes
narrower and the beach level becomes lower; therefore, when study the coastline
change should to measure the total sand depgsition also because some areas there
was changed in vertical area but there was not change in horizontal area.

w

5.2.2 The critical erosion.area should be treated with long term protection. The
engineered structures, which proper. enviro‘Pmental impact study were appropriated
solution for protection and resglution/of coastal erosion in the severely affected areas.
The coastal structures were appropriate sbluti'?"n :f_or protection and resolution of erosion
in the severely affected areas. The recomme%x_:i(;d method was detached breakwater:
the detached breakwaters were bth paraﬁlél J:to the coastline. Gaps between

I v ol

breakwaters were between 300=1000 meters. Ap_)_@;-ppriate gaps can not only reduce

forces of waves but also adjust the coast C@ﬁgitjops for new and more balanced

d o el

beaches.

From the field survey in the project area reveal that there were sea walls in area
of Hua Hin airport to,Klai Kung'Won palace. In some areas.sea.walls caused of coastal
erosion. These coasts @dre llow level so-that theltidal'wave can sweep across sea wall
and erode the coast as well as sweep away sand&on the beacheS« Therefore, the
detached breakwatersiwasione of effectivesmethod tolreduce.the iwave forces before
attacking the coastline, especially coastline areas of Ao Hua Hin, which was high

economic value and it was attractive beach.
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Official Best track for Typhoon Gay (32W)

Date: 1-10 NOV 1989

Super Typhoon #32

77

DATE LOCAL LAT | LONG | MAX.WIND STATE

TIME (knots)
11/01/89 7.00 7.1 103.7 25 TROPICAL DEPRESSION
11/01/89 13.00 7.7 103.1 25 TROPICAL DEPRESSION
11/01/89 19.00 8 102.6 25 TROPICAL DEPRESSION
11/01/89 1.00 8.1 102.4 50 TROPICAL DEPRESSION
11/02/89 7.00 82 1022 35 TROPICAL STORM
11/02/89 13.00 58 102 35 TROPICAL STORM
11/02/89 19.00 87 1019 35 TROPICAL STORM
11/02/89 1.00 9.1 10@.&- 45 TROPICAL STORM
11/03/89 7.00 of3, 171015 4 \ 65 TYPHOON-1
11/03/89 13.00 0.8 1043 | 75 TYPHOON-1
11/03/89 19.00 1078 100_5;:”_“ 90 TYPHOON-2
11/03/89 1.0y 104 | {003 | 9 TYPHOON-2
11/04/89 7007 | 105 99.9 100 TYPHOON-3
11/04/89 13.0044 | 107 | 99.2 100 TYPHOON-3
11/04/89 19.00 112 .| 983 65 TYPHOON-1
11/04/89 1.00 113~ Tg7.5 75 TYPHOON-1
11/05/89 7.00 .4+ | 0968 85 TYPHOON-2
11/05/89 13.00 1.7 " 959 90 TYPHOON-2
11/05/89 19.00 12 94.8 95 TYPHOON-2
11/05/89 1.00 122 | 938 95 TYPHOON-2
11/06/89 7.00 12.4 92.6 95 TYPHOON-2
11/06/89 13.00 13 91.4 95 TYPHOON-2
11/06/89 19.00 134 | 902 95 TYPHOON-2




78

Official Best track for Typhoon Gay (32W) (Cont'd)

11/06/89 1.00 137 | 89.1 95 TYPHOON-2
11/07/89 7.00 139 | 88.1 100 TYPHOON-3
11/07/89 13.00 142 | 87.1 105 TYPHOON-3
11/07/89 19.00 145 | 86.1 110 TYPHOON-3
11/07/89 1.00 14.6 85 115 TYPHOON-4
11/08/89 7.00 146 | 838 120 TYPHOON-4
11/08/89 13.00 146 130 TYPHOON-4
11/08/89 19.00 135 TYPHOON-4
11/08/89 1.00 80.4- TYPHOON-5
11/09/89 7.00 79\\\ 0 TYPHOON-2
11/09/89 13.00 =4 \' TROPICAL STORM
11/09/89 19.00 = TROPICAL STORM
11/09/89 1.00 e TROPICAL DEPRESSION
11/10/89 7.00 : 11: TROPICAL DEPRESSION
11/10/89 13.00 8 2 ‘:" 15 | TROPICAL DEPRESSION

y
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Official Best track for Typhoon Linda (30W) when moved to the Gulf of Thailand

Date: 1-4 NOV 1997

DATE | LOCAL LAT LONG MAX.WIND STATE
TIME (knots)
31/10/97 | 19.00 8.0 115.0 28 TROPICAL
DEPRESSION
1/11/97 | 01.00 8.0 115.0 30 TROPICAL
7)) DEPRESSION
07.00 8.3 M2 30 TROPICAL
b 4 DEPRESSION
13.00 8 Qe AT h55 35 TROPICAL CYCLONE
19.00 ;/ 12010 40 TROPICAL CYCLONE
2/11/97 | 01.00 }e{; "171-08%3:" 45 TROPICAL CYCLONE
07.00 ’zy/ f [ 1073 4 45 TROPICAL CYCLONE
13.00 ‘53[ [ _,1-;:106.6:'_;1 , 45 TROPICAL CYCLONE
19.00 o F | A, T\ TROPICAL CYCLONE
3/11/97 | 01.00 85 Tmsoj—f 45 TROPICAL CYCLONE
07.00 | . 94w"" a5 | TROPICAL CYCLONE
13.00 ?} 9:8 102:2 657 | TYPHOON
19.00 | 710.8 100.8 65 TYPHOON
4/11/97 | 01.00 12.4 99.5 50 TROPICAL CYCLONE
07.00 12.4 99.0 35 TROPICAL CYCLONE
13.00 12.8 97.5 35 TROPICAL CYCLONE
19.00 130 %5 40 FROPICAL CYCLONE
01.00 13.2 95.5 40 TROPICAL CYCLONE
07.00 13.6 94.8 40 TROPICAL CYCLONE




Weather Symbol
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Cloud Coverage Wind Speed Cloud Types Weather Conditions
O Ma Clouds @ Calm High Elewation  INTERMITTENT
—__ O Seattered Cirrus Light M'I'df"ate Heawy
(D 110 <5 knots —__ % Dense Cirrus Fain * * :
O 11 y 5 knots __ i Cirrostratus Srowe ¥ z z
' 3 & Heaw Cirrostratus 3;
i 3
O 12 10 knots ,:“ Cirrus & Cirrostratus Drizzle : 3
0 04 N 20knots Middle Elevation _ =STEADY
Light Moderate Heawy
0 810 Yo gsknois | LT Thin Attostratus Fan | ee o
Thick Altostratus 5 e *® ¥y
Cormplately k— A0 knots dﬁ . Ficy PRy x
Overcast ( Thin Altocurmulus Drizzle ®1 a's e
Fronts ’
(8] Sky Obscured d Heawy Altocumulu s THUMDERSTORMS
T Lo Bl ation Mild Mocerate Severs
N N LaT=Ti ] ) * * *
R
Wind Direction Y yYY. AT Stratocurmulus = K Iz Iz
w1 HE Coid {3 FairVeather Cumulus * % *
‘Y‘ i SRy
w E : v & Ceveloping Cumulus K I%'
Sy SE statinhary - Q I% I%
= w .l"!i‘ . =l
\Wind comes FROM the (I;Uued (3 | Gymbionimbus
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") ey
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