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Abstracts
This study monitor the effect of coastal protection structures on shoreline change along
the 43.1 km of the Phetchaburi coast located on the western portion of the Upper Gulf of
Thailand during the period 1953-2017. Historical shoreline positions along the coast were
derived from the aerial photographs taken in 1953, 1967, 1976, 1994, 2002 and the
satellite imagery in 2006, 2009, 2014, and 2017 using the Geographic Information System
(ArcGIS) software. All imagery data were geo-referenced into World Geodetic System 1983
(WGS1983) to eliminate distortion from the aerial photographs and satellite imagery. The
shoreline positions along the study area were then digitized for each time period. The
Digital Shoreline Analysis System (DSAS) version 4.4 was used to analyze the changes of
shoreline positions in the study area. Results from this study revealed that about 47% of
the study area had continuously retreated over the past sixty years with the average rates
of -1.3 and -5 m/y for the sandy and muddy beaches, respectively. The remaining, which
was muddy coast, had advanced seaward with the maximum rate of 30 m/y and average
rate of 8.6 m/y. The causes of shoreline recession mainly related to local coastal
processes, especially wave and current conditions. Several engineering structures, such as
seawalls, breakwaters, and groins, were applied to these areas to protect the eroded
shorelines. Based on shoreline analysis, it was found that the breakwaters have
successfully stabilize the shoreline along the sandy coast of the Phetchaburi coast by
reducing wave energy and inducing sedimentation behind the structures. Unfortunately,
the stable shoreline has caused a destruction of Laem Pak Bia spit, which is one of the
largest natural sand spit of Thailand due to the lack of sediment supply from upcoast.
Meanwhile, the construction of breakwaters and seawalls along the Phetchaburi muddy

coast did not show any negative effect on shoreline change but stabilize the coast.
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4.1.6) ANTWANYITAARSWASONNAERS
ot O A ves o a Y o v 4 4 v
lumsfnwasailladnunanmeaduluuinanundnwmandeyandunsuralean
o € 1 =~ oo o w =
enudeyaaymsmansiumesys (U 3) fdalasduinnumaluladoinawasansauine
< Y 4 o wa a Yyve v <
() vie aven. tnewasesileinvuardudnluliiazgninaslifuruaymsmans doyai

] [ a

Y Y ! o v a4 v v o v
INN° 3 ?l'ﬂﬂ\']'ﬂ]sgﬂaﬂﬂ\lquﬂﬁym'\mﬂqumlllﬂﬂﬂ dan. Nun %ﬂtquuqﬂﬂgﬂsjﬂﬂ@Umaqa

ada

1 o By { ,0‘ v v L2 d !
routhuliuinng deyandu nszuai wardeyaauiildanmsinfivjuasmsmansinesyiid
et . - ¥ o g
M3ialugl 2539-2544 aggniinunldlumslinseaniwayysmansvosnundnunluassil
' 1% ] 1% v " Y - a
athslsionu deyafisruswlafianuanysalvesdoyaiiies 45-50% Wity esndayaye
sintnves uwarulinugaatndumislugimig
v - B o 1= U a < ay v '
Toyannugindukazamunatniusieg 3 Gali (siiinsiafianisaiiu) Aldnnyu
wasys Wudeyarduluindnussunm 10-20 wins egvisanneileszunn 20 Alawns i
v 4 4 ) i o 4
wanslugy 3 9ndeyandunsiusaulalugael 2539-2544 wudn 51% vesndiuluniiugn

d ) i
\@n9 (wavelets: 0.1-0.5 was) daupduuszanu 3-4 Juni wazdn 48% Wurduaruiaian
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(Slight: 0.5-1.0 in9) Sinundusgszuing 4-5 3unit wasiiimdedn 1% \Hunduruanan
(Moderate: 1.25-2.5 luas) wagaindayandudiinlaludie 5 8 livsingeauidianugs
1nnd 2.5 was dulugasiivgiuaidivemgsnilnouinailutui 4 woadaneu 2500
viulianunsatadeyald dmiudanisnszatevesniu (wave rose) fianriiiuandlusy 6
(ausAlVimInduaLfiamsa)

§ v
3

m1519 2 funnslausslevinfuluguuinnesys

b

U 2527 3 2545 U 2552

Uswamwesnstédidy  wuit dedu MR dedu fuih dndou
UM 510,412  0.13 583,032  0.15 516,823  0.13
fuiln 200 0.00 494 0.00 19,389 0.00
wls 234,887  0.06 236,905  0.06 225132 0.06
Iina-laidusu 179,599 0.05 286,808  0.07 358,097  0.09
\NWATNIIIBUA 25,560 0.01 76,603 0.02 124,850  0.03
il 2,780,124 071 2,266,224 058 2,070,057  0.53
MTBu 178,249 0.05 458,965 0.12 594,723  0.15
T 3,909,031 3,909,031 3,909,031

l:; 2r < <
fun: Aoyal 2545 wazl 2552 @Uan ddun (2555)
fﬂ' Mo 1 1 L4 A’ Qs « <4 dv Qs ¢ - ‘01 &‘ N.
Ve InunInssuduq laun vangiassdaiuazlsadouidusdn, v (aquatic plant), #uf
W1zldsedniun (aquacultural area) uaginwasHauraw/lswE@IUKEY (integrated

farm/diversified farm)

(R
)

Wundu 4 laun funguauuazdaugnadie (urban and built-up area), fiuiin (water body)

kY

A doa « .
waznunmuanan (miscellaneous area)

Jeyanszualiaven.nivin Usenaume wuin (magnitude) wagfirmenssuan
(direction) 518 3 ¥lus usann1saTIvaeUTayanuI Yeyalirsysieiiios \ieeandyayin
datosuariuinugaandiuvidludaonng s 3.3 wansagunansinneiAmeaiaves
v X 3 ot o ¥ v o H o e 1w '
doyanszuatn  Fawanisdnwiliiuiienudinseumhgegaluinuiliidniosndn 1
was/And pudigegedenliiiv 0.5 wesAud Wetuludndeuiunauiusieuiiviag
lnediiamandndedirmile  Tuvaeinuinssumhazgauluhufouamevauiadion
woedneu uazdnlngifievmaniumals wimudiggafinednldfe 0.99 wasAuni

o & : 1Y < v 1 ) et = o
Aotulwdlounatan 2542 Fadudeyafinmadevudriniudiuiiouniidoyafinund

- v & v o &l i a Y
Lu@‘ﬁ';ﬂ']ﬂ"uaiﬁmﬁwq\?ﬂqﬁtwauLWENF”LWS'W]@@@WQW\@U
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Transition All
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'Lui!'}d ﬂ 25362544 GT 6.0 40 25 12505 0.1 0 m.

5U 6 fsn13n529BVBIRAY (wave rose) Thjurmasy3
4.1.5) Ysnoumenauutivi
Mnmamsaeuteyansneuiinusaldnnnisdnuems 9 wuhdeyaneneuuit
fimsdsalasnsuatsznu Tnsfinsiadestoyansnouuuaesitu  lunsinmady
fldmurdoyanznouushiiiedesiuiidnulding 8 and de anil 8.14, 8.3, B4,
B.5, B.6, B.8, B.10 uay B.11 ém%’w%mmmnauumuaaaiwsﬁﬁim?{auﬁluumﬁﬂmeq%

anunsaasuladnisne 4

d y t !
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‘D’ CJ i '
AT 3 ANUINTEUANgNEaswdeuuwysySsEnIel 2539-2544

o k4 =
ATTLIINTEUEU (LNW?FJU'W])

oy Wiy Pene enuigeda e
3., 0.46-0.50 N, NNW 0.50 N
N, 0.40-0.48 N, NNW 0.48 N
i, 0.36-0.45 N, SSE 0.45 N
L. 0.40-0.55 N, NW 0.55 N
WA, 0.46-0.52 N, ENE 0.52 ENE
.. 0.50-0.57 ENE-ESE 0.57 ESE
n.a. 0.50-0.51 ENE-SSE 0.51 SSE
a.n 0.46-0.64 ENE-SSE 0.64 SSE
n.g. 0.49-0.59 N, NE, SSE 0.59 SSE
a.A. 0.63-0.68 ENE-SSE 0.68 SSE
W.8. 0.99 NNE 0.99 NNE
5.0, 0.45 NE 0.45 NE

£ <y N 4’[’ P ° =
B9 4 %@y‘aG\%ﬂ@uLL‘U'J‘L&aE)EJi']PJULQ@EJIMWUVIQ&JU']LW%SQ?

annil g fouisud Pldeya Vinamenouuriasyssinds
(@5.n31.) ()
BIA  wusys 4,188 2541-2542 67,806
B.3 WWUsYS 2,244 2541-2543 22,398
B.4 WWYSY3 2,203 2498-2505 81,538
B.5 WYSYS 2,207 2506, 2501-2518 59,874
B.6 wiwuiUszdua 1,015 2509-2528, 2540-2543 81,363
B.8 WIBNIA 264 2529-2543 4,276
B10  invsyd 4,111 2541-2543 94,736
B.11 wsuwsiUseius 460 2543 4,393

fun: a@a@un. (2555)

1Y 4 v IS v
dasnisiasuudatvesisileludaleng 4 wandiiiudsguuuvvenis
4 v & de o v Y o b o '
wWasuwlaswesnetsluiundnyl Geaevoulviiuinisnevaussresisiliininiiag
Wnduandadeneansssuminasnfanssuusuyed lnan15nouausdresneilsu
< L% aQ a &M v 2/ A y
\ipanfdeniesssuend anusediszilannnisteyadsundasesiuvneililussey

i a A ] ! l:‘ V 3
g7 dufanssuvowyugNdwmadenisiudsuwlasveseil aunsaaianisalldainguiuy
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d y :
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d g Y a - d o L X

welvanusadilaguuuuniswasuuasesneidlussasden  lunisAnwiassil

FawvsiuiAnweenitlu 5 dwundn Ae Cell-1, Cell-2, Cell-3, Cell-4 waz Cell-5 sauansly

=1 L ‘J y 5 1
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o y ' | o o v v Y -1
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o o y & d4
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v o %] U ¥ A U
WedAty @nnn -1 wes/A) wuluiunsewn

o v & daw 9 |\
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INNFIASIEYNTUAB UL YR8 R ludIuTLAaL 99 IWUIN Tusgmingd
¥ 4 Yy v Y e v ) | ' a
2496-2510 Wunaneatulauatosfisinumnia (transects 4-38) @ulugiiiniseoniiuves
Y v o o \ 1% v o o )
PefemesnsuafeUsyann 2.8 wasael  aniumadndrsiey (transects 40-61) An1sin
¥ % ‘J 13 y 1 I a
wgmesnsuade -2.2 wasA edralsimumeils Cell-1 dwulugiinnisanneaauun
y ' | 9 ) o Y dd )
eiilutesening 2510-2537 medhstiadudseunm -1.3 wesAl lnenununigninene
U L% o A A a 1 IS <~ (% n’l’
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U L% Y U =] g A 1 )
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| Y a o & ) ) A A4 A o
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v Ly I~

(transects 110-124) ns1NSAANZLAAUSZU -5.5 WAS/A IngUanewvauandednisin

] d g v 1
I NTULTINNTGN  ManTeUaeuvaNgninemeluvanefesiunslutil 2537

v vV y ! v I L% A A
2546 %899nU 2546 Wususnaeils Cell-1 ApuNtiE@iosmMW ensInsildsunyasiage

YaNulausSHUTURENIN 0.5 WASHDU

o WAL \ @ Y = v o a
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Tuais 15 Ieuun Faunaeila Cell-3 fiandawnzAndu 70% waz 80% Yasiufinian

Y

Tu Cell-2 Tuszarenayseaydy auansu

4.3.0) Mswasuudasweannnegimawatudinveiauenialinuiiinesys (Cell-a)
WneRa Cell-d Budwstulinneiauen Awiahnuidiwesys (transect 254-
366) danuenlszann 11 Alawns Aadu 38% vewmmnvemalaauluiuidng wels

<,

Celld  Tanwaumfumalraufifivnmomuduiivnmeiiaduiontu  Cell-2 NNT
WisuWisuwnmeiisl 2497 war U 2560 wuhweils Celld \Heummunseniiuetng
Roliies mpsmsnadUsTI 6.3 was/A snulunmeilidssna 1 Alawesudnadn
wihinosy? SawumsiamnsiadeUssinn -1.3 wes/A fuiidsenifinlutng 60 Yilsuan
94 Cell-d vy 415 wauns (losnndumwashnusibuwesyivisudsvefuadu
auusauny usenides wile YilwSmameneuudihonudihinssyfiedoufiuonoonidu 2
fievne e mznoudiadouiitusumievesnuih waznneuiindouiiasfidldvosn
uaih Famznouiiadeuiiadldfiunumdfylunssuimstuanresmsnouuasseniig
yosmeildudui

ptdlsfinny MamansAnnsWasuLamomnoilsssovdunui Sasinssentia
WagvemwIeis 9290 2497-2510 fiAdszann 9 wns/A udufindiu Ussana 16 wes/Ad)
Tudaa® 25102519 antulugae® 25192537  Snsimistenifiseasludniianauvie
Uszann 7 wins/d neufieiiugetudu 11 wes/d lutad 2537-2545 dufusasinsen

) oA a ' v o

Wiallutag 15 Yiehan (¥ 2565-2560) anasednsiifoddny Inefaiadoogi 27 wns/Al

¥ a

Turefishsnisfnmzuinuiinuiimsyfiisaudu 23 wasA fufkenidilud
15 il 31 waund winiu yenaniinamsAnundadlidiuin fuindsnsnissenuiy
suaa\,nmﬂaﬁjqqa (wnn 5 wasA) sufifies 7% dnfimdenunissenifinvesiuiuiies
dntden 8n 78% vosuwimeil Cell-a fnssenifindesnsadetdosnit 2 was/Al Tuaae
funneildnimdemdsrauligmmsonnosvemieile  msanawesiuiteniiivves
601851aLLavm'ﬁqu‘ummwumnﬂmezrwluam Cell-4 umﬂmmummsamaaamauﬁaéﬁm
yoSinamznounadeuiinnuuumeils fuivmunves Cell-d wammalﬂlu‘m 60 Ui

HIUINAB 5 1ALAS LA 58% GUEN‘WNVIQﬂﬂﬂWﬂE WU'D’]LHWUUEL‘HGU’N 15 ‘VINTUEJ”I

A y 5 1 ] ‘0’ <%
4.3.5) mswdguwlasvesnuineildauaunuiiingsystinaasunnzyu (Cell-5)
wnweililudiures Cell-5 daruenivssann 7 Alawnes Sudwauinuidinesys
(transects 367) enlufiadinaaesuIengyl (transect 443) dauanslugy 2 Tneiunuerly

dailazunagulumesunthaneaaugudeaniuinuly Cell-2 uaz Cell-4 ann1sAnwInuI

27



< o PN y i ) o
nsidsundasgviszezondniseniivveanveildasndeUszana 10 waseed laefh
Y] a & Ao < o a ) a
onINTseoNLiaan lunuidiAgada 30 Wwes wunusaUniduueuy (transect  399)
P ] o 48 44 R ad A dF o =
guluuihuniunieznounnuinuiiimesyinedeuniudumile  wazaznauNAaes

o A o v % o & av v ) ' PS o
vieryundeunawlld  esniunlaiuszneuninuiiindaaewineg  ualuiieniad

] LY o !/-:‘4’ a0 é}d ] oda LY a I a d! < v
WANANAUIYIIRLNF LT g unINsTUDNLaLIDNNNY LAY FUUudaNIWLInaDY
o & v ) v <
Avalitvsausnsvenslaeg1e5ms)

USUele Cell5 # SanumsTunuLazsaniLYa 8l ang19naLloInanniug
edalagianizagedauusnudunaees Cellks  dwmsulunveisdiuiiinnsseanaes
d‘l A QI é{ 1 A 1 ] LY % y
NumAnIuluge 60 UAnuuszun 60 w@awas Wwuienuiukuneils Cell-2 way
Celld  fawsMnaziniswasuannUivnsauiiensuseausneilanasnsinynsnssuweia

1 1 g A 1 y 1
agnanuelueiel 2519-2540 Ay WuithweaumuLwneieves Cell-s luaiaan
v l dw a o ' oA v ) P s v & a
HINAINGILIN15VENYFIDENIABLIMIBERSMRAY  11.6 wunsaal  sudunaannydsuim

° ' 5 ¥ a Yoo

MZNBUTIUIULINIINUINIIULNYTYT UNAZYLLAZTZUUARBITEUIEUUSIINY IR
indpuniIgiun Awandlugy 7

AINHANITIATIEANSURB UL UaITsasdumunnveils Cell-5 wanalmiiuii 8mnsa

a Y a & W ) ) o &
ﬂ']'ﬁ\?@ﬂLWiJ‘U@'ﬂLLU'J‘U']EIE]Q‘UiL']mua@la\‘iaﬂq‘ﬂsﬁﬂtﬂuqflﬁnﬁ 15 YN Iﬂﬂaﬂa\nwa@ 2.9

Ly

(S ' [ & o Yy da (% ' a o o <
WnsnaU E]EJ'NI‘iﬂG]'W}LIWUWU‘V]‘U'WEJEj\WmﬂTi‘VlUﬂME]EJ']ﬂﬁJ‘uEJﬂWﬂEUuLUULLU’JEJTJU‘SmJWﬂJ 2.5

14
a =

a a = Y b o
Alalwnsusueeunaues Cell-5 FIN5anaIvosdnIINIsIenvewlgiliinaduly

'
°o w <

a H3o v g o a v y d d 1 aw
'UiL'JQJU%&L‘WLﬂu’lflafmuﬂ'ﬁl‘ﬁaﬁluuﬂaQ?J@Qaﬂ'ngl»mﬂa@u‘mﬁlEJQIUW‘UV]@EJ'NNUEIG'WWEU YIN9

o

v
(Y

wWasukUassiinanmninagneidestiunisiasulvasusslsunane nauainudirduduna

a o % a a \ ' < | a 4
ﬂ']ﬂﬂqui'Vi'ﬁQﬂﬂqi‘UqN'JWULﬁaﬂ'ﬁGljaU53V|']ULLagﬂ']'§‘V]a\1W1El’ﬂu‘lnqwa']&lau%mw’]uuq aﬂ

Y

wi‘iaﬂﬁaﬁmmmﬂummmaamsamawaaé’mﬂmsaaﬂwaasuwiﬂa’luﬁumuﬂams
WabuuUasduinsessedutimeaa (relative sea-level change) Faduanvaudnueans
pnnesvoseidluusnaiuilndides Wy melsiuneuammdsuinusiiidmszen {Ju
A (Bidomn, 2016)

5. n1seAusiuna (Discussion)
TudUU9IN15AAANUKNANTENUVBIASIAS19N193AINTTURBNI SRS ULY aen o llg

v
R | ' [ a

wsyIAsl eguuiuguvesioyadnsmsivasunuasvesnvieianoulagnaaniinig
' 1% v v o v a v a & 4 | Y
neafulaseaiie nndeyadsralassadriausueiduuinunundne wuindnisld
b4 Qs y a A o/ y LY U
Tnseasndasiumeisluuinaninsiaeizeeil Ao Cell1 uaz Cell-3 1undn dandns
Tuzy 10 dwiunansevuvesnisidlassaiidestumeilsiowumneianysysluusazediu d

franaluil

28



5.1 wansenuvadlassaiwnsdmnssusenuneils Cell-1

il Cell-1 fausnaaesdnieuluaudumendnde fdnvarneisdninadu
yansne Teuszautygvnistamsuiuna (< -5 wasded) newdl 2537 wuushaiiinns
Wasuwameseiligeuion  madidsgfaiuiiuivieadend iy suwdsnstaeny
suussvesmansednldussunauinidefausuiinnutiuneunais fauansunaudnide
(transects 87-138) veilannoslu 70-230 wns nsimenzeneilinaonttauuimneis Cell-

1 daalviiinnissenueauuddunsie (spit) Muaudnide

=
ff

L

— ‘. i |
t t A7)

L- \

e i \
13°5'N § \

Ban Ban Kaew

Gulf of Thailand

'y ~ <
'/"' \.

WAl

‘Laem Pak Bla A
Explanation

— Breakwaters
— Groins
— Jetties

— Seawalls

13°0'N

v,

./I/’
4/ // A

/I/
/’:/ Ban Tanot Noi o e—

100°5'E
U 10 1S9 NN I3mIng suAuwIn 8l ane s ys

29



1 I o o o c’{ o ey t }%4 o o (Y] o
agalsimunsinIEiaTuinbidnnsneadamunatuneatuady  (seawall) Tu
WaEAALY  UShaiwnsiatnumalindisguen  trumadndsigly  waztiuneunany
Wudu uenaniifawunisneadrsvinfisuse (piers) wazAudnazneu (groins) ANET
Uszana 70-80 LUMS 911U 4 67 (transects 85, 93, 106 kay 108) H4udI1NISNDES19AUAN
o @ ‘J 1 ot y 1 gj L7 /s
ALNOU LAYAUMINUARUILVIBS NN UBENUe Cell-1 UNNEIU 5IUVHandnsINISAANe
=Y 12 L7 -4 v 1374 ] A s y =
sunstusnaduneunan-ivandnileadatng  uedeldisawenassnwnumeiliuiion
wansinide sutedamunsinziided Ay lununusnadiushmatmadidsg
PUnIURUnaainduly Cellll Bnee MstawznanansietuLauinidy vila
T o o 4 P @ o |
mstuvesdunseuvauinilevenan  Llawnuanznaunenviuay  Smuiloussdana
nsgnuvinigasinisveneiuniingiaunusssunanmumilevesmaudnileanas (U 7)
nndeyauwiveile 2545 Fiuidinislddseaiauinamneils Cell-1 iy
ApN1sSNEEs1IMUNItuAdY  UShanunuadaudeiumma (transects 24-34) wazasia
¢ o o . o a
WoununswuazAdu (jetty) MNUE17 90 Lay 135 WASNUSLIMUINAGDINY (transects 87-
88) weaativsnmueilausnnuineaes Jelszaulymnisnessuvesniellagunss (>-5
waseal) weseudaaiuaus Ty 170 WAz 200 WS LHEIINAILENVRIATIES
wnldisamenanisSnyiadesnmvadwnmeilald  usnaninistanzanerindauiatu
swreaillosdwansenuiegsiaviesdien sulluwiisluselindnvesdminmasys aewds
P ' Y] o Y] A o ) ~ ' y
LNSNASINVDUNUARUTIUIY 36 67 IABLAINBNITENING 75-130 LUAT AABALUIBILES
14 Alaluns aswdrasslnifisuw Unurasdlauatey lUaudalatsunauinde
NNMTATERansMaURsuLUaIBINTIEie faue 25572560 lugd 7 9)
u 1 ;2 & @t & L7 b U Qs A y
(Mevaansnedsasruulautuadutauwieie) nuIdnsinisildsunaseuuugil
=) d’l dl ] 13 1 1 of b2 23 b2 a’l e; 1 13
s Cell-1 drulvgjanategrsdaau Saudaznunistaenstnsluuniafiuiuiediu u
1 [~ ej 5 a a dl d'd a‘
aainldumsidisundasszszdunudvisnavesnduninisideuudamnugania  laes
2/ n' y didl 44 = [ L) I~ 1 i3 A (v
waIWuNNsIaNANYars s luRuneeinsinwnr sl unalnensaaInnNsnoas 1oy

o

A < 4 o Ao v o o ¢ o y

Aau esnnleuiunduvihmihilaenssluaandsnunduiasnssuahivsveivensiluas

o g A © L4 LY (84 o A a A Qfl 1 d

Wanmgnausenniui ilingneunsieaniiunuegiurasvetouiuaiu Tnevaluudy
a y 4 . v w4 o A

wiiauuveilsguadu (crenulated shoreline) Aumdaauiunau

A154in crenulated shoreline Wy Wunswansdaanssainusaiuvistlsluusiou

Uy gamnganuimegnauluiuiligniinwieenlusuvitedn (downdrift) 8nseluniegn

U

) . o v S Y PN R a F dv W H

wanwreantUluusunauntesniufy suaznelmAnnisuinnenoudr Gl uNuRd1uingyl

S A y Y des | :

WY 21NNTSIASIEYNSURBULUAINEHan a0 ANUNA N WUIINITAAEUDINENBUNSIEN
o P Y v Y o9 v N P v & o

wapulusuvne ilinseeniinvesunaunseivasunauindevenas uaziiiossin

NMINIvBUnaN ey gIiuinnniudanseuadvinlinznaundouliniuuud

30



y ) =

- ™ o “ A oA a < a
Weiiongnziaivarsunaudniledislifinznewduniuluiunusnaunaumseiuin
LY 1 41 LY 1 v o a‘ o @ [ v ]
nstanzaem wWetlunstestuwuthmeeuiundidunsieiididagniawe nsudvi
Felaadrenmunanuniu (seawall) 811 1.8 Alawns laseaseAudnaznau (groin) 817 200
o 4 o o 1 1t v oMY a Y o
wns 2 saednaznaunsesawsl 2553 uitiiagdilaiessasnsaaieivesdunsg
wraudnidelawintulyanunsashuwnadesnnuasndunsievaswnauinidevnsevinling
QI U 2KV 1} A )
nseeniinaasdunselanulusfnicuin
L U L% Y A y 1
n1saaefivsnurdun euvauiniles \Wuusingnisaifmneilinovauese
o %) P v y v 2 ' o A P
wnsnisiidlunisairaafssamliunneianysyiaulanusiaasslniisuantuvay
Hnule %aﬁaﬁgﬁ'uumﬁuvmmsé’qgﬂ%’ﬂmlﬂﬁimf%mmsmsvm‘imﬂssu WA dINaRDNT
LY =l ] ¥ = = a’.// d”ta‘l’ Y @ i LY U
YyMVDIRNTIMBEUAUUTD (Cell-2) Nan15ANYIASIHYTAAUINNITEANFAUDILUIEL
U Y dl o v & =) { - é o y
NIIURAAUNNLTY T MUNNNL DU DUSTSUVIRNANALNDULAUIINSLUUAADIUNBH LAY
d a ) I a Y v oS A o o
ALNBUNLANINNITAANE WU AU BN UUUINNELaUBN (Cell-3) MR aUNaIuINI9Le
1 w 1 1 g A L} L% é’
Tudheauusaunziusanidoanile dwansevulagassserunUneauunaudniely Cell-2
Taeluaned 2497-2002 nrsuwsagremssiul1vgauLrauinidafnduag195as 1y
v LY d U L ¥ 1 .7 ) o 4 L) o
Wiou 9 AunsBuvesdunTBuraudnie uandinuundunsesssuwataais i snsns
a ] Y 5’ -3 Y} P2 Iy [ o 1 ) v
seniiuvesnUnaauuandndaivgavzinas iesnldfundnazneaudnesly villv
nenauaulvassngneialiviuanuinueildndell vilinseulddiuiluniseeed

Il o/

= & Yo a ! o w 1 R
Juluamalignsnmstenifivveswneaulilideddglugedunindinum
5.2 HanENUvadlATaimImInssusiavemansie Cell-3
y o R P o A = v < & o s
wnneiely Cell-3 sausivmminvinlisuautainuihnnziauen Juiungninie
Weasneilimdalsudieidiaunaivaniwadukasnszuaiiluiiun - 91nuan1TIATIEn

snsn1sasuUaseaneilaluyael 2497-2519 (5U 7 n) wag ) wuingilusionidng

annegvaseilietnieiiles uazeglussiuguuse (nnd1 -5 wassel) reud 2537
auneeuiarSnEiosamaneesensidlasedadoutundu 811 40 was U
14 ¢h vinathuueum (ransects 110-211) fAguilouazlslldnamninidesannwunis
Aeadamunsiundunasauunmeils  luvasunuelstausthuagnugmaudeadun
vziauen (transects 212-253) daliifinnslilaseadretlostuneile Simsannosagesaiios
AABATZEZAN 60 DKL
fawinsreadeiassaselostumeihazdmananszuiunsnisindsufivesnznou
el Fudulunsdimsasadoutundulazfudnasnouieshviaiosnwuesneme
wsyEnusinassdnifeuiuaudndouinianisamemvosdunnowauinidely cell-

a v ' v oA Y < = o o 4 A Y
1 LLleluﬂ'im?ﬂEJEJﬂ Cell-3 ﬂ'ﬁﬂ@ai'mLﬂJ@iJﬂu’V]'ﬁ']ULLagﬂaUT'JlJﬂﬁﬂ']LLWQﬂuﬂﬂuLW@ﬂ@QﬂULLUQ

31



y v v :.ll \ ) 1 A y v
eilaeulaves  Cell-3  duldfinansgynusanisilasundasneilaauuieves  Cell-3
o a & a ) VY ) < v
\ieannaznaugndued Cell-3 Fuinanmsiawizsilmiumile (Uruazniuemauieiou

o a y o ; 7] P - v
UINnelausn)  SIUMNAZNDUIINITZUUA A uveiiniva aNgvelauuLAtaUN awalanazay

14
v ISl

gnanbiiansuvaudinde Snvilassadedestumelsnlyluiunill 2 suuuu Aeruwaiy
d' s v a (Y v < Y i1 ! [y 5 d' o v ]
AaU Teneaswwufaluiureils slifinadenisanaenaunndeuninuwnaieily du
- = ) v S0 v o o v & o ~ d
Woutuadudwau 14 & Aneasreausnndiuuuiit Sanuen () e 40 wes wazd
STHYANNGIWREI (y) 581N 70-110 wes  laeszezrnesewina@eunuaau (b) da1 120
o v ] 1 U :f! L4 U v 1 ‘J ! 1 U <f v )
wns yilinsd Vy JA15ening 0.36-0.56 Jadpendn dnsndiu 2b/L fdanvindu 6 Faldl
a w o 4 ' e w4 v 4
NAFUALNDUNUOULTDNTEWINNUAUNUBUNUAAY  (tombolo) (Suh and Dalymple,
1987)  INMIIRTINABUNIWIENNeINAkArayanIieuflinunsfn  tombolo
AUNAAVBUTUATUYARINET? FUALMIIAANTIAYINMTARBUTVDINENBUNNY
weildly daudsdilinznowmdouiilumsldves Cell-3 1dhg Cell-3 lawudn dziiuls
| v @ a 1 v o W ' b v o
ANNSAMNTIEES Cell-2  fusaniinagrsiiodinty seningl 2537- 2545 w3auasanid

' v 4 Y| ° v o %
NIINDATNLVDUNUAAULLAT NN ﬂUﬂau‘LULLafJ

6. WoasU (Conclusion)
=Y a 4 y a Y :
msAnwasilldussiiiumsiufguidamesnnneilimsinn Juanvese1ing
1 CJ ' dy dd y 5 1 <4 L <
Tugel 2497-2560 Mrusn ngunAnwiAseuARuLLIMBRAAUINARBIUNIRELILES
Uinpaesuenzyu Jardmnesys Jaduiiuiinuasnssy nsussueneils oneau saudl
< ' ¢ o d o w 1 =3 ] a ad
Wuuvdaisanenddguvimtlwesena  wilwhwaedulnrumnyssaulyminig
o v oA o (! - o v a

wWasuuaseseis Inslangegndwnansenduivawionneivesimiaiansannsy
1 ! B 1 < a e U 4 ]
dwanszvusedinanulueguesUszersu sufsszuuiasegiavesdminmesys Ak
laseasemadamnssuguy numeiuadu Audnaznew wazweuiuadu gnihanldlunisunle
Yaymmstawnzaneilaiifiedu  slsiauddivssinumautsldlassadadosiuoileds

| 9 va o & & Y o
o1vnelAnnansevuiisuusannduluuilndides

Pnmsfnulneldvoyanmatenisemauazamaniiien sudslayaaumseans
a § o : ’ ¥ A I v

gvnAand  gnndne  luiuidnw  wulneilweswssySTuiuifnuiudesenladu 2
Ussinfie emansiy  (AaudlinaassnifeuauisUansuvaudnide) uasmemalaau
(Gausumauinidgaufsineaosunmsyy) lnewwinemeansieiiou 14 Alawes ¥e9 .

o y ad < 4 o aa
wsysinsannesvaeianeuinaen 60 Tnruwn esnnmsindeunaeneugnasdl
o ™ v U L Y =4 VY U v e‘
Aendluinmumile wazanazaulumndunmeuaudndes fuwdidasnsinezeilaage
wlilegludiingn (leendy -5 waseel) win1sannesvemelsdwmansenusieanuiluey

aeUsEvUUSIMEEaag198e MHeNURSURnvEUTISIATIESNIAINTTH WU AWNY

32



U § A L § % § v U U y d! v
FuPdU WauAnmznou wazllaunuadu tunsasraadusawlvnveils Sanslalaseasie
S po| v Aa ) v y P
wianidu Ingawz@ouiusdu Nlanue1s 75-130 wes dwalagnssdiungile .imesys 7
wegnineeiiadosananndy  uagvhliAaniseniivveanansemunddlasiasieegns
aw o w A -1 53"2/4: v o XY Y @ 1 o
fdeddny ednelsneny wansAnuasedtlmauinmsasaatssnwluiueilennan
Tanznaunsigludnlriudunsieunanindedaduaiiousufnme noUaUNINSTSUVIA
Wunthneauwandndy dwalidneauuandndedadussuuiinammeiailuyfan
YOITMTAWYTYINYAN TV
dwfureladmiamesy  duduvaudnidefisnaassunansyuenIusein 29
Alawns fdnvauzdunemaleray veuneildningunaguluselmneaausniuuim
EEaPNNENIUSTINN 6 Alawns  HAUINVINiguauaULUINvEiaUen  Ainuns
0A09EYBINLEITUUSY (1NN -5 wnssel) egnesaiiiadludinivnnamIsTuiiIuIN Ja
MAPIIEINsWasuwaesnedetliviuin - mstaenylufiunviuvinyvideudatiuuin

Q’j a u o) a . v U L2 d g
NELAUDNUULNAINNITUTUAINNUTITUNYIRUD LLU)‘U']EJEJQIWE‘?JJQ&ﬂ‘Uaﬂl%u%ﬂa‘NLLag ARHAY I

Y W I o a g v v a v oo 'Y a H
Ak Unuvnyilgutatnunuedy (2.8 Alawns) InslanunanuaduNaunaannaLu
{ v & Y o ° ) ) Y v v
Tuugnnunsidsuiuadusuln 40 wns 3w 14 ¢ Tunistasnuelatruunawi
Feaguinanieaiu Mnmsiasigiveyadvianegiilugianainneg wuin mseasn
P v 4 v O a a a ") V) ' Vo Y o
Waunueduns 14 situiiusyandualunistestuneilsdosninnstdnwneiuniy  lu
L 1 ¥ é ¥ dy 4 1 1 u o W 1 d A
vuzlAgInunuIlassas1anassuliinansenuedafitedryrenisindeufivesnz neuly
L o a ) o a Y 1 o PR o Yy da
NuUNVIaNsAREEisuLsIUSRaneilyinvidsuiainuuinngiausn  Wiednlassasnand
' v % v H & A & o ) d v oo v a o i
aggnavegauvneuvesul  anvamunsiuadulineliiinnsuinanemsiaisuives
y ' = v 4 4 v & & ° Vo v a
ALNBUMULUIVLEN AUaUNUAAUNES TV TLTVLIALAL AW lina lAnans

Y [

2 ¥ v cj d A } 2 1 o ] (%}
ANALNBUAIUNAILATIAS99UVNMNIRENDUNAABUNadldRE Tl T d AL Uiy

<

%
[

dmdumansinuilupdsil ANU150NNANSANE NS UNS TUSTULUUUNAILN
Jmslaegnetion 2 unau fe
1) Feunau : Evolution of Mangrove Muddy Coast in the Western Coast of
the Upper Gulf of Thailand over the Past Six Decades.
é'l,wi\‘i Butsawan Bidorn, Panida Kongsawadworakul, Nathamon
Phanomphongphaisarn, and Chaipant Rukvichai
UUsEYNININTS: The Sixth International Conference on Estuaries and

Coasts (ICEC-2018), August 20-23, 2018, Caen, France.

33



aoy o unanuaduauysaldsunmseeuiulmiausluniudsegivins
Boufesud Awanslunanuan n

2) Faunan . Effects of coastal stabilization structures on mangrove
evolution in the western coast of the Upper Gulf of Thailand.
@‘JLLG{Q : Butsawan Bidorn, Nathamon Phanomphongphaisarn, and Chaipant
Rukvichai
215815M1938I015: Journal of Korean Society of Civil Engineering.
(1S1/Scopus Q2)

donuz  : egseMinamIsWsuunAY

8. LNAIIO1NDY
NSUAMNL (2539). “N15fn¥AUINLNEANNIIAUATYEA FeInssunasEaIndounaznis
g 27 o A4 Q’ v 1 3 L4
paniuutlesu eunlatymnisinwnzsisenlneaouuy,” swauaty
auysal, avilay v Whaaiedemnealulad $1i waz U3 unenenBuBiileie
gy (3 -d' o w
waiialouawmAlulad 9.
nIUMENINIIAInzaLazaneil. (2557). “anunisaivsisuazmsdanisiymmsiaigs
v o @ ] [ 2/ c‘v 1 s -4 a v a -
yeilsanefnauiiatleatiy,” aledwsud i nsgdunans, Savillae Uem Jand
AavdauAuY 1A, ISBN: 978-616-91902-3-3, 280 wiil.
Y a & ¥ o y d da  a a
nIIMSWEINTEsal (2557). “mIdannunisilasundasiunmetlslunuiinginisineg
WeRamsnmaeAITieN,” ngunnauas : dingsiiivendanaey.
nsules1ans. (2538). “lassmsdnvinazuiladymnisiaenssasSuvgiamusiilineg,”
Fienuatuauysal, Javilay usdvualu $1ie, U3 Jawes Aladviiiuv Aouda
wud 91179 wag Netherland Engineering Consultants.
o A y = U A Q. a o
YrT304 UAT. (2546). “ﬂ’]iL‘tJaEJuLL‘tJa\i"UEN?f’IEiE]GUiL’mJE)’]’JLVIEJG]E]UUUE‘UWJ n,” 518911738,
ANEIMINTTUANERS, ﬁgmaaﬂﬁiﬁwﬁwmé’a.
dlinauanenssumsiannmsasygiaunzdinuuiennd, (2537). “guuinengs,” s18au
gavinensEnudngnwnsianndsih, devilae amalydmnssuwraail Ay
FNTIUAIERT PRINTAURTIVNE L.
dinanulouisuasunudanedon. (2546). “wnunivnnsudludyminisiaenzaieils
A‘; ] [l lcf el ey ] ’o’ ) it o € »
£ fwUINUA YIS 3.nesustalnuinuMags 9.UseauRsTus,
sreuatuauysal, daviilae aontuweluladuiaeds waz VS 1Wvioavield

walulad 911a.

34



difnuasaumaninensiLaznIsnues (838n5um) (@aun). (2555). “gaii
Wsy3,” Menumsaniiunsausiusindeyauariiaseideyalasiniswaun
suuadadaya 25 quih uazuuustaouiviududs. Savilag Uiy woafaeu
aeflaisdu S, 138 wi.

Bidorn, B. (2016). “Causes of shoreline recession in the Chao Phraya delta,” Doctoral
dissertation, The Florida State University.

Choowong, M., R. Songmuang, S. Phantuwongraj, V. Daorerk, P. Charusiri and L.
Numee "Monitoring beach morphology changes and coastal sediment balance
from Prachuap Khiri Khan, Thailand." BEST 2009, 2(1&2): 1-10.

Prukpitikul, S., Narangjavana, P., and Tokrisna R. (2016). "Assessment of the Effects of

Community Expansion and Land Use Transformation on a Coastal Area in Thailand."

International Journal of Environmental Science and Development, 7(7): 537.

Siripong, A. (2010). "Detect the coastline changes in Thailand by remote sensing."
International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Science, 38(Part 8): 992-996.

Suh, K., and Dalrymple, R A. (1987). “Offshore Breakwater in laboratory and field,”
Journal of Waterway, Port, Coastal and Ocean Engineering, American Society
of Civil Engineers, 113(2): 105-121.

Tessler, Z., Vorosmarty, C., Grossberg, M., Gladkova, I., Aizenman, H., Syvitski, J., and
Foufoula-Georgiou, E. (2015). "Profiling risk and sustainability in coastal deltas
of the world." Science, 349(6248): 638-643.

Vongvisessomjai, S. (2007). "Impacts of Typhoon Vae and Linda on wind waves in the
Upper Gulf of Thailand and East Coast." Songklanakarin Journal of Science

and Technology, 29(5): 1199-1216.

35



AMARNUIN N

wmmﬁwmua’lumaﬁizﬂ;umﬁmmi
The Sixth International Conference on Estuaries and Coasts (ICEC-2018)

August 20-23, 2018, Caen, France.



Sixth International Conference on Estuaries and
Coasts (ICEC-2018), August 20-23, 2018, Caen,
France

Evolution of Mangrove Muddy Coast in the Western Coast of

the Upper Gulf of Thailand over the Past Six Decades

Butsawan Bidorn', Nathamon Phanomphongphaisarn, Chaipant Rukvichai

Department of Water Resources Engineering, Chulalongkorn University, Bangkok, Thailand
Research Unit on Technology for Oil Spill and Contamination Management, Chulalongkorn University, Thailand

Panida Kongsawadworakul

Department of Plant Science, Faculty of Science, Mahidol University, Bangkok, Thailand

Abstract: This study analyzed the shoreline change processes along the Phetchaburi intertidal mudflats with
mangroves located on the western portion of the Upper Gulf of Thailand during the period 1953-2017. Historical
shoreline positions along the coast were derived from the aerial photographs taken in 1953, 1967, 1976, 1994, 2002 and
the satellite imagery in 2006, 2009, 2014, and 2017 using the Geographic Information System (ArcGIS) software. All
imagery data were geo-referenced into Universal Transverse Mercator projection with the World Geodetic System 1983
(WGS1983) to eliminate distortion from the aerial photographs and satellite imagery. The shoreline positions along the
study area were then digitized for each time period. The outer boundary of the mangrove forest was mainly used as a
proxy to define shoreline positions of the muddy beach. The Digital Shoreline Analysis System (DSAS) version 4.4 was
used to analyze the changes of shoreline positions in the study area. Results from this study revealed that about 26% of
the 30 km Phetchaburi muddy shoreline in the mid portion of the study area had continuously retreated over the past
sixty years with an average rate of -6.5+1.8 m/y. The remaining, which was mainly located in the uppermost portion
(near the major river mouths) and the lowermost portion (near a natural sandspit) had advanced seaward with the
maximum and average rates of 30.0+1.8 and 8.6+1.8 m/y, respectively. Unlike mangrove muddy coasts in other regions,
the results of this study suggested that the conversion of mangrove forest to agriculture and shrimp farming had not
affected the rate of shoreline accretion of the study area. The variation of shoreline advanced rates likely reflected the
changes in river sediment supply from the Phetchaburi River basin and in coastal sediment transport processes of the
Phetchaburi coastal system. Meanwhile, the local wave and current conditions and the adjacent shoreline stabilization
appeared to be the major factors dominating the shoreline recession of the Phetchaburi coast during the past six decades.

Key words: shoreline change, mangrove deforestation, coastal erosion, human activities.
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1. Introduction

Coasts are a highly dynamic landform that is
continuously modified by natural processes and
anthropogenic activities (Mujabar and Chandrasekar, 2001,
Saito et al., 2001). Shoreline change along deltaic coasts is
a chronic problem in many regions such as the Yellow
River and Pearl River deltas in China, Mekong River delta
in Vietnam, and Chao Phraya River in Thailand (Li and
Damen, 2010; Saito et al. 2007; Uehara et al., 2010). Rapid
industrialization and urbanization combined with improper
coastal zone management can cause various coastal
hazards, for example, land subsidence, beach erosion,

flooding, storm impacts, seawater intrusion, and river
channel siltation (Mujabar and Chandrasekar, 2001; Hapke
et al. 2006; Saito et al., 2007; Hapke et al., 2009; Siripong,
2010). Shoreline position is commonly used as a
monitoring indicator of environmental change (Camfield
and Morang, 1996; Hapke et al. 2009). Therefore,
information regarding past and present trends and rates of
shoreline movement are vital for better understanding of
coastal processes and for sustainable coastal planning and
management including coastal environmental protection.

Even though shoreline movement processes in deltaic
coasts have been documented by several studies (Blodget et
al.,, 1991; Thanh et al., 2004; Thampanya et al., 2006,



Chaverot et al., 2008; Yang et al., 2015; Anthony et al.,
2017), the shoreline change studies of intertidal coasts in
tropical regions are still erratic (Uehara et al., 2010). In
Thailand, muddy coasts adjacent to several major rivers
have undergone a significant shoreline retreat for decades,
especially the deltaic coasts situated in the northern part of
the Upper Gulf of Thailand, such as the Chao Phraya River,
Tha Chin River, and Bang Pakong River deltas (Fig. 1)
(Bidorn, 2016; Natalaya et al., 1996; Uehara et al., 2010;
Vongvisessomjai et al., 1996; Winterwerp et al., 2005). The
recession of shoreline was reported as much as about 1 km
during the past sixty years. The objective of this study is to
quantitatively assess the shoreline changes of the
Phetchaburi mangrove muddy coast located in the western
portion of the Upper Gulf of Thailand. The evolution of the
mangrove muddy coast during the period 1953-2017 was
evaluated using geographic information system framework.
Results of this study will facilitate future multidisciplinary
studies on coastal environmental management and
protection not only in the study area but hopefully also be
useful in other similar low-lying areas.
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Figure 1. Major deltas in the upper Gulf of Thailand

2. Study Area

The study area lies between 13° 02'-13° 16’ N latitude
and 99° 57°-100° 07" E longitude, and the coastline extends
for approximately 30 km from Lam Phak Bia spit and Bang
Ta Bun channel as a part of the coastal zone of Phetchaburi
Province (Fig. 2). The coast is characterized by active tidal
flats, estuaries, and mangrove forests with an average beach
gradient less than 4° (Office of the Nation Economic and
Social Development Board, 1993; Office of Environmental
Policy and Planning, 2000). The Phetchaburi River delta is
alluvial deposits formed during Quaternary period, and the

coastal plain mostly comprises of silty clay. With the long
period of delta development and the width of 500 m, the
Phetchaburi River delta is considered as the oldest and
largest river delta in Thailand (Office of the Nation
Economic and Social Development Board, 1993).

The Phetchaburi coast has a tropical monsoon climate
characterized by the Southwest and Northeast monsoon
seasons. The Southwest monsoon starting from May and
ended in October brings moderate to heavy rains into the
study area. The Northeast monsoon brings cold and dry air
from the land between November and February; these
winds generate high waves on the Phetchaburi coast. An
annual rainfall in this study averages about 1,000 mm
(Hydro and Agro Informatics Institute, 2012). The major
rivers of the study area are the Phetchaburi River and Bang
Ta Bun Channel.

, Astronomical tides in the Gulf of Thailand are diurnal
or mixed and typically have a range of more than 2 m
(Hydro and Agro Informatics Institute, 2012), and the tidal
current ranges between 0.25 and 0.40 m/s during the flood
tide and between 0.1 and 0.15 m/s during the ebb tide. For
wave climate in the study area, wave height less than 1.25
m is predominant (90%), and the wave period was between
4 and 5 seconds. Fishery and aquaculture farming in
backwater are the major economic activities along this
coast (Office of the Nation Economic and Social
Development Board, 1993; Hydro and Agro Informatics
Institute, 2012).

3. Materials and Methods

3.1 Data Sources and Geo-referencing

Information on shoreline positions along the
Phetchaburi coast from series of aerial photographs (1953,
1967, 1976, 1994, and 2002) and high-resolution satellite
imagery (20006, 2009, 2014, and 2017) was used to quantify
historical shoreline changes over the past six decades. All
aerial photos were georeferenced to the 2002 georeferenced
map and were rectified to remove image distortion due to
changes in altitude along the flight lines (Alberico et al.,
2012) using ArcGIS release 10.4. Satellite imagery data
acquired from Google Earth Pro were also georeferenced
with the map of 2002. The details regarding aerial
photograph and satellite data including the errors associated
the georeferencing procedure are listed in Table 1.

3.2 Shoreline Detection and Digitization

Nine shoreline positions during the period 1953-2017
along the Phetchaburi coast were digitized from
georeferenced aerial photographs and satellite imagery
using ArcGIS. Different descriptions of shoreline were used
in the scientific literature (Alberico et al., 2012). As the
coastline along the study area comprises of the natural
muddy coast with mangrove at the fringe and urbanized



coast, seaward edge of vegetation was used as shoreline
proxy for the natural coast and as suggested by Zhang et al.
(2014). Additionally, roads, bridges, dikes, seawalls, and
structures were used to define the coastline of artificial or
urbanized coasts.

Figure 2. Phetchaburi coast and the plot of transects
used for evaluating shoreline change from Laem Pak

Bia spit to Bang Ta Bun Channel

Table 1. List of data sources used for assessing shoreline
change along the Phetchaburi muddy coast
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* Downloaded in TIFF format at no cost from Google Earth Pro

software.

(https://www.google.co.th/intl/th/earth/download/gep/agree.html)

3.3 Shoreline Change Rate Calculation

The rates of shoreline change along the coast were
calculated using USGS Digital Shoreline Analysis System
(DSAS) version 4.4, which is an extension of ArcGIS
(Thieler, 2011). To measure shoreline positions between

1953 and 2017 using DSAS, A total number of 300
transects were automatically generated perpendicular to the
baseline at 100 m spacing as illustrated in Fig. 2. Then, the
shoreline change for each time period corresponding to the
baseline was calculated using either linear regression,
endpoint rate, or weighted-linear regression rate. In this
study, the analyses of changes in shoreline position during
the periods 1953-2017 and 2002-2017 were performed to
determine the long-term and short-term coastline trends,
respectively. The statistic of shoreline change rates was
calculated with 90 percent of the confident interval.

4. Results and Discussion

Figure 3 shows the historical shoreline changes during
the period 1953-2017. The long-term and short-term rates
of the shoreline evolution are summarized in Table 2. It
was revealed that about 26% of the 30 km Phetchaburi
muddy shoreline in the mid portion of the study area had
continuously eroded with an average rate of -6.5+1.8 m/y
during the past six decades. While the remaining coast had
advanced seaward with the maximum and average rates of
30.0£1.8 and 8.6+1.8 m/y, respectively. To understand
shoreline change in details, the study area was divided into
four portions as Cell-1, Cell-2, Cell-3, and Cell-4 as
depicted in Fig. 3. The Cell-1 extended from Laem Phak
Bia Spit to Ban Tharmniap (transects 1-51) with the length
of 5 km; Cell-2 had 6.3 km long started from Ban
Tharmniap to Ban Pak Thale Nok (transects 52-115). The
Cell-3 stretched from Ban Pak Thale Nok to the
Phetchaburi River mouth (transects 116-228) with a 10.5
km long coastline, and Cell-4 was a 7.1 km long of
coastline between the Phetchaburi River mouth and Bang
Ta Bun Channel (transects 229-300). The major shoreline
change trends are discussed in the following subsections.

4.1 Laem Pak Bia Spit Zone (Cell-1)

The 5 km coastline of Laem Pak Bia area (Cell-1 in
Fig. 3), which accounts for 17% of the study are coastline
located in the southernmost of the study area. This cell is
characterized by fringe mangroves or tide-dominated
mangroves. The results of this study indicated that the Cell-
1 shoreline has continuously moved seaward owning to the
colonization of the mangrove forest in this area (Fig. 3).
Long-term and short-term shoreline changes were analyzed
along 5 km of this portion as shown in Figs. 4 and 5,
respectively. The long-term shoreline change rate for the
Cell-1 was accretional with an average rate of 11.5 m/y.
The highest shoreline advance rate of about 28 m/y was
found in an area adjacent to the Laem Pak Bia spit, which
functions as a natural groin trapping the southward
sediment transport. The net area evolution of this cell over
the past six decades was approximately 400 ha (6.3 ha/y).

Whereas many studies documented that aquaculture
expansion was a major cause of mangrove destruction
(Wolanski et al., 2000; Muttithanon and Tripathi, 2005;
Seto and Fragkias, 2007; Ha et al., 2012; Hossain et al.,



2013; Rahman et al., 2013; Ottinger et al., 2016), the
analysis of shoreline evolution in this cell revealed that the
conversion of mangroves to aquaculture which has been
promoted in this section by 1967 did not cause mangrove
degradation in this area. In contrast, the highest rate of
mangrove extension (14 m/y) occurred during the intensive
agricultural expansion period (1976-1994).

In the short term (2002-2017), the rate of shoreline
growth significantly decreased to less than 2 m/y, and the
maximum shoreline advance near the Laem Pak Bia spit
also reduced to 8 m/y during the past 25 years. Only 21 ha
of land advanced seaward in this cell recently, and the land
accumulation rate decreased more than 85% (less than 1
ha/y) compared to the long-term rate. This indicated the

/ Bang Ta Bun Channel

/

13°15'N

13°10'N

Phetchaburi

13°5

il

Gulf of Thailand

Ban Pak Thalc Nok/

Laos SYiefnam| 7 .
. 150 BmThayhipig‘n
Thailand e T 2 \
\g ‘v" \  — )

2 3 4

N

A

Shoreline
year

e 2017
2014
2009
2006
2002
1994
1976
1967
1953

M

3
A
) /' «:I/
Cell-2

1
{

\ A Y4 1 o
2T };aem Pak Bia Spit
Km\i T/

100°0'E

100°5'E

Figure 3. Shoreline changes along the Phetchaburi coast from 1953 to 2017

considerable reduction on the
southward during the past 15 years.

sediment transported

4.2 Ban Pak Thale Nok Zone (Cell-2)

The Ban Pak Thale Nok or Cell-2 section extends 6.3
km from the north of the Cell-1 to Ban Pak Thale Nok (Fig.

3). This section covers about 21% of the total muddy
coastline of the Phetchaburi Province, and it is the only
section that no fringe mangrove was found along the
shoreline. Most of the coastline has been urbanized and
developed for aquacultures by 1953. Results from the long-
term shoreline change analysis indicated that the Cell-2 had



a recessional trend, and the coastline of this cell had
continuously retreated with an average erosion rate of -6.5
m/y. Along approximately 6.3 km of coastline between
transects 52 and 115 has experienced a severe shoreline
retreat with the erosion rate greater than -5 m/y. The highest
rate of long-term shoreline retreat, -11.9 m/y, was found at
Ban Pak Thale Nok (transects 111). The low rate of
shoreline erosion was found in the remaining portion where
the coast has been protected by coastal protection
structures, such as seawalls and segment breakwaters.

The continuous erosion in this cell seemed to be
shoreline adjustment in response to natural wave climate in
the study area. Based on the short-term analysis, although,
the average retreat rate slightly decreased to -5.6 mly
during the last 15 years, the highest short-term rate of
shoreline retreat increased to about -19 m/y and occurred
along Ban Thale Nok coast on which aquaculture farms
have been intensively developed. Even though several
studies suggested that severe shoreline erosion on muddy
flat in Thailand may be caused by conversion of mangrove
to aqua-culture ponds (Naohiro et al., 2012; Saito et al.,
2001; Siripong, 2010; Thamapanya et al, 2006;
Winterwerp et al., 2005), those aquaculture ponds just have
accelerated the shoreline retreat rate. However, they seemed
not to be a major cause of the coastal erosion along the
Cell-2, since the pond dikes were devastated by wave
action. The sea water rapidly encroached into those ponds
and jumped up the rate of shoreline retreat in the area.

Table 2. Shoreline change trends along the Phetchaburi
muddy coast during the period 1953-2017

Shoreline change rate (m/y)

Zone Transect
No. Long-term Short-term

trend trend

(=1.8 m/y) (<£1.0 m/y)
Ave. | Max. | Ave. | Max.
Cell-1 1-51 11.5 | 28.4 1.9 18.0
Cell-2 52-115 -6.5 | -119 | -56 | -18.8
Cell-3 116-228 6.3 2.6 2.7 14.2
Cell-4 229-300 [ 9.6 30.0 2.9 30.0

The sediment from the eroded coast along the Cell-2
were transported to the south during the Northeast monsoon
and were trapped by the Laem Pak Bia spit resulting in the
significant shoreline accumulation along the Cell-1 (as
discussed in Section 4.1), even though the fringe mangrove
forest in the Cell-1 had also been converted to salt pans and
shrimp farms by 1960s. As mentioned above, the
conversion of mangrove to aquaculture did not directly
drive the shoreline recession in this region. From Table 2, it
reveals that total land losses over the past 60 years in the
Cell-2 was about 280 ha, and only 56 ha occurred during
the last 15 years. The land losses from the Cell-2 to Cell-1

seemed to be accounted for 70% and 80% of the Cell-1’s
land accretion for the long-term and short-term,
respectively.

4.3 Ban Laem Zone (Cell-3)

Ban Laem section (Cell-3) had about 11 km long of the
coastline (about 35% of the total study coastline) stretching
between Ban Pak Thale Nok and the Phetchaburi River
mouth (from transects 116 to 228). Similar to the Cell-1,
the Cell-3 coast is characterized by fringe mangrove. The
comparison of shorelines between 1953 and 2017 showed
that most of the Cell-3 coastline has constantly developed
seaward by 6.3 m/y on average except the 1 km of coastline
adjacent to the Phetchaburi River mouth (transects 216-
228) that has eroded with the long-term rate of -1.3 m/y.
The land accretion in this cell over the past six decades was
totally about 415 ha. Because the location of the
Phetchaburi River mouth directly confronts the
northeasterly wave, the sediment discharged from the river
transport separately in two directions, northward and
southward of the river. The southward sediment transport
plays a major role in land growth process along the Cell-3
coast as the major sediment source of the cell.

Similar to the Cell-1, the impact of aquaculture
development along the Cell-3 was not significant during the
past 60 years. The highest average rate of shoreline
movement in this section was 14 m/y during the period
1967-1976. An expansion of mangrove forest (>6 m/y) was
still observed even during the aquaculture blooming period
(1976-1997). The amount of riverine sediment supplied
from the Pethchaburi River and the network of irrigation
channel (Fig. 3) seemed to be the dominant factor
controlling the proliferation of mangrove in this cell.
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Figure 5. Short-term shoreline changes along the
Phetchaburi coast from 2002 to 2017

However, based on the short-term analysis, the average
rate of shoreline advance during the past 15 years in this
cell significantly decreased to 2.7 m/y. Meanwhile, the rate
of shoreline erosion adjacent the Phetchaburi River mouth
rose to -2.3 m/y, and only 31 ha of land accumulation
occurred during this period. Figure 5 revealed that 7% of
the Cell-3 shoreline had the high short-term rate of
shoreline accretion (>5 m/y). The low shoreline advanced
rate (< 2 m/y) was found along the 78% of total coastline in
this section. Meanwhile, the remaining coastline had
experienced shoreline recession during the last 15 years.
The reduction of land accumulation combined with the
extension of eroded coastline found along the Cell-3 clearly
indicated a significant decline in riverine and longshore
sediment supply to this coastal cell. The total land loss in
this cell over the past 60 years was about 5 ha, and almost
58% of the loss took place during the last 15 years.

4.4 Ao Bang Ta Bun zone (Cell-4)

The Ao Bang Ta Bun section (Cell-4) has
approximately 7 km long of coastline ex-tending from the
Phetchaburi River to Bang Ta Bun Channel mouths
(transects 229-300) as depicted in Fig.3. In this section, the
coast fringe was covered with mangrove belt as found in
Cell-1 and Cell-3. The net long-term shoreline change rate
for this cell was accretion with an average of almost 10
m/y. The maximum long-term rate of shoreline accretion,
almost 30 m/y, was found at transect 261 where the
northward sediment transport from the Phetchaburi River
and the southward sediment transport from the Bang Ta
Bun Channel converged. Since this cell received sediment
from those of river channels but different direction, this cell
became an accretionary zone. Regarding its depositional
environiment, the fringe mangrove along the coast has
rapidly colonized, and the Cell-4 shoreline has continued to

grow seaward along most of its coastline, especially in the
middle portion of the cell. Totally, the long-term land
growth of this cell was approximately 360 ha over the past
six decades. In a similar manner to the Cell-1 and Cell-3,
even though mangrove deforestation for aquaculture along
the Cell-4 coastline was intensive during the period 1976~
1997, the mangrove forest expansion rate was about 11.6
m/y due to the high rate of sediment supplied from the
Phetchaburi River, the Bang Ta Bun Channel and the
irrigation channel network (Fig. 3).

Based on the short-term analysis of this cell, the results
indicated that the shore-line advance rate considerably
decreased during the recent 15 years with the average
shoreline accretion rate of 2.9 m/y. The significant
shoreline advance was found only along 2.5 km coastline at
the mid of the cell. The reduction in shoreline growth and
mangrove colonization rates in the Cell-4 indicated a
significant change in coastal environment. The change
possibly related to the change in riverine sediment supply
due to the freshwater management for agricultural and
tourism purposes during the past few decades. Another
possible factor affected the rate of shoreline advance in this
area is relative sea level change, which is responsible for
severe shoreline retreat in some muddy beaches nearby the
study area such as the Chao Phraya delta (Bidorn, 2016).

5. Conclusion

In this paper, the historical shoreline changes along the
Phetchaburi muddy coast was assessed. Based on the long-
term analyzes of 300 transects, the 30 km coastline of the
study area had an accretional trend with the average net rate
of long-term 3.1 m/y. Approximately 76% of the total
coastline had continuously advanced with an average
shoreline growth of 8.6 m/y, and the maximum shoreline
advance of 30 m/y was found between the Phetchaburi
River and Bang Ta Bun Channel mouths, which are the
major sediment supply sources in the study area. Most of
the accretion coastlines are characterized by fringe
mangrove. Meanwhile, the remaining coastline has
experienced shoreline recession, and the average shoreline
retreat rate was about -6.5 m/y over the past six decades.
The erosional trends were found along the 6.3 km coastline
between Ban Tharmniap and Ban Pak Thale Nok; the
highest rate of shoreline retreat was up to -12 m/y at the tip
Ban Pak Thale Nok coast. In overall, the land loss and land
growth along the Phetchaburi’s coast during the period
1953-2017 were totally 287 ha and 1165 ha, respectively.

Results from the short-term analysis indicated that the
majority of Phetchaburi muddy coast was still advancing
seaward during the last 15 years, but the rate of shoreline
growth was significantly plummeted to less than 3 m/y.
This trend can be implied that the Phetchaburi coastal
environment has changed, and the changes are likely
associated with the decrease in riverine sediment supply
and relative sea level rise due to human activities.
Meanwhile, the percentage of eroding beaches decreased to



14% as a result of coastal protection measures. However,
the maximum rate of the shoreline recession in some
unprotected areas rose to -18 m/y. As the long- and short-
term shoreline retreat rates are slightly different, local
coastal processes seem to be a major factor that controlled
the pattern of shoreline retreat in this area. The results also
suggested that the fringe mangroves can be only found in
the area with the depositional environment. From 2002 to
2017, the total land loss and land growth were 58 ha and
118 ha, respectively.

Additionally, in contrast to the mangrove muddy coasts
in other regions, such as Vietnam, Indonesia, Bangladesh,
and even in the Southern part of Thailand, the population of
mangrove along the Petchaburi muddy coast had not
affected by the conversion of mangrove to aquaculture. The
results showed that if the river basin system can provide a
sufficient sediment to maintain a depositional environment
along the coast, the mangrove can naturally and rapidly
proliferate. Therefore, the pattern of mangrove evolution
possibly can be used as a proxy to indicate the changes in
riverine sediment supply, which typically involves the
changes in climate and human activities.
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