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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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n1';ipj n�1fl f-:itrl��vl \Y11llf..li;, n ';i�VlU'lJ e)\) n1 ';i 1 mA ';i-:)?1�1-:JU el-:! n'U'll1 t.l �._:j(,)e) n1 ';i b tl� t.l'U bb 'Ui;,..:J bb 'U1
'll1t.J�..:i 43.1 n1mll\?l1'1JB..:J'll1t.J�..:i b 'W'll1u�zj._:i�..:ie1�m..:ivif'l\?l�1'U\?ln'lle1..:iri111 Vlt.J\?lB'UU'U 1 mh..:itl

' 'IJ 

2497-2560 �1Lb V1u..:i'lrn..:iLL m'll1t.J�..:i1'UB�\?l�'ll1..:iL1m\9l1-:11 l�-:;i1n·ifo�M11'Wcl1t.Jvi1..:immf'lli
2497, 2510, 2519, 2537 bbi;,�'LJe):)_Ji;,vJ11b'V1tlllD 2541, 2552, 2558 bbi;,� 2560 1vitlb'li61lB'W'\llbb11 

'IJ 

(WGS 1983) b �e1n1��A11ll'U�b-dcJ1-:;i1nm'Wcl1mL1;,�ie1l!1;,�11 b'Vltlll �1Lrntl..:i'lleJ..:J bb tn'll1tl�..:J'llel..:J
'IJ 

�'U�Pln�1�nmn�'U�1Vl'Yrnb\9li;,�'li1..:JD'LJB�Gl 1�uu Digital Shoreline Analysis (DSAS) b1B1'U'U
4.4 t:1n 1-if L �e1n111Lm1�"Mm1b tl�t.J'Wbb tl1;,..:i'lJe1..:i�1bb VlU-:Jbb tn'll1t.J�..:iu�b 1ru�'U�Pln�1 f..l1;,n11Pln�1
1 'UAf ..:ii1LL?l�..:i11�\�'U11 tl1�mru 4 7 b'llB1L�'U� 'lJB..:JLLm'll1cJ�..:i1 'U�'U�Pln�1Ln�n11t:1vit:1BtleJ�1..:i
\9lm�e1..:i\?l1;,e1m�cJ�nm 60 ti �1t.JeYm1Lu�t.J -1.3 bbi;,� -5 b ll\?l1\9lBD �1wYu'll1t.J�..:ivi11mL1;,�
'll1t.J�-:i 1Ai;,'U\?l1l!�1�u 'll1t.J�-:i�1'U� b Vl�Bzj..:i b U'U'll1t.J�-:i 1fl1;,'Uijn11..:ie1 n b �llel �1..:i\9lm �e1..:i�1tleJ\?l11
G'l..:JG'lvl 30 blJ(?l';j(,)e)D bbi;,�e)\Yl';i1bQ�t.l 8.6 blJ(?l';i(,)e)D �1Vl1UG'l1b'Vl\?l'lJB..:Jn1';i(lv)(le)t.J'lJe)..:J'll1t.l�..:J'<il�
'IJ ' ' 

b� t.l1'LJB..:Jnu n1�U1'U n1';i'll1t.l�-:J bQ'W1��b U'U'Vl-t:. n 1� t.l bQ'W1�e) �1..:J�..:JG'l.fl1'Wfl�'Ubbi;,� n1� bb?1tl1
1A1..:JG'l�1'1Vl1'111"11m1ll'Vl6l lt.l'U';i�b.flVl b'U'W f11bb'W..:Jn'UA�'W bzjB'Un'Ufl�'W bbi;,�A'W�n\?l�nB'W t:ln

'IJ 

'W1ll1b'Ul'Wn1';iUB..:Jn'Wbb'W1'll1t.l�-:J�t:lnn�b61l1� '<il1nn111bfl';i1�'Mbb'W1'll1tl�..:J'WU11 1A1..:JG'l�1..:JbzjB'Un'U
'IJ 

hJ bb?I �..:i f..li;, n 1� viu�1u 1;,u\9le1m1b tl� t.J'Wbb tl1;,..:i'lJ el..:J'll1 tJ �..:i 1 'Ll�'U� Pl n�1 bb\9l n-t:.u'll1 t.J.Y n�1 LG'!� t.J1.f11'W
'lJB-:Jbb'W1'll1t.l�..:JHl�
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1. 'U'Vl'U1

V � O I 1 11 a"1 
J"" I .,j I .J OJ 

1 1 '-'f11'Jn�1b61J7�'1l11:JN-:J'l.Je:l-:Ju'J� b 'Vll"l 'Vll:Jb u'WuWV!1'VliJ\9lm 'l.le:l-:J:l-J1€ll:J1-:Jl:J11'W1'W '1l-:i'J�'U76'1 'Vll:J � 
V � 

tJ1�iJ-:Jbb6'1� f11'J'Vle:i-:i b �1:.11'l.Je:i-:itJ1� b 'Vll"l 1 V11:.1 bb6'l�Ulil�U'W'U t1JV11�-:i n�11 �-:iri-:ie:i �1 'W?Lfl11�1n�\9le:i � 1i11n 

fl1'J� ff\�1'l.Je:l-:J n 'Jil'Vl {'If,! l:J1n'J'Vl1-:J'Vl� b6'1 bb6'1 �'1111:J �-:J (255 7) 'lf,l'\J'J1'1l11:J �-:JtJ'J� b 'Vl 1"11 'Vl l:JJJUru V!1 fl1'Jfl� 
. V 

n�b61l7�'1l11:.1�-:i1'WtJ'J�b'Vll"l1'Vl1:.1mlilbn��'W11i1b�e:i-:ilil1nuli1�1:.1�1-:i 1 b'li'W m11'll�'W�'1l11:.1�-:imh-:ihJ 

b V!m�l;'fii, fl1'Jl;'f11-:i b zje:i'W 1'Wbb:wtl1v111 Vl'l.J7�\9l�ne:i'Wm'Vlut:1iiu�b 1ru'lJ11:.1�-:i, m�U'J'Wfl1'J'1l11:.1�-:i\911iJ 

'B'J'JiJ'lJ7� (natural coastal processes) bb6'l�bfl'J-:Jfl1'J'W{il.J'W7�'W�'U�b'Jru'1l11:.1�-:i �-:Jbb�17fl1'J 
d I tJ 

tJ d I 

b tJ6'11:J'Wbb 'lJ6'1-:J'lJ€l-:J'1l71:J�-:i b 'We:l�\9\U'Wbfl�'U'Wb 'WB-:Jlil7 n m�'U'J'Wfl1'J'1l71:J�-:J'Vl� b6'1 (coastal processes)

e:i�1-:ibn\917il�-:Jbb�'U'J-:JU fl.I"\. 1970 bU'W�'Wm fl1'Jfl�b61l1�'1l11:J�-:)ljfl11il61il'W'W6fl'Ufl1'J'W{il.J'W1 

�\9\i;'fl'V!n'J'Jil (industrialization) bb6'l�f11'JtJ.Yrn tJ�1:J'Wl��1w1rn-:i61-:Jflil�fl 1 V!:W (modernization of

the society) bb6'l�'lJ11:.1�-:ii'Jm1btJ�1:.1'WbbtJ6'1-:ie:i�1-:i11�b:'j1�-:ibb� fl.I"\. 1980 bU'W�'Wm . 

I I 
tJ 

� I I 

ci'1V1.Y'Ufl1'JbtJ�1:.1'WbbtJ6'1-:ibb'W1'1l71:J�-:JU'W bD'Wm�'U'J'Wfl1'J'1l71:J�-:J (coastal processes) b�e:l 

,Jfoi;'fiJ�6'l'J�V!11-:J'1l11:J�-:) nu� n�ru� fl�'Wbb6'1� m� bbi;'ftl7 b 'W'U�b 1ruJ'W 1 fl1'Jb ,J� 1:J'Wbb tJ6'1-:J'l.Je)-:Jbb 'W1 

'1l71:J�-:J07'1 b U'W 11i1i-:in11t:1e:i 1:.1fo'l.J e:i-:i bb 'W1'1l71:J�-:J (shoreline recession) bb6'1� fl1'J-:Je:i m �il'l.Je:l-:J bb 'W'J 

'1171:J�-:J (shoreline accumulation) zj-:Je:l11ilbn�t'W\911il'B'J'Jil'1l1�V!�mn�lil7nnlilm'Jil'l.Je:l-:Jil'W�8� 
' 

vh1 vibn�m'Jb tJ�1:.1'Wbb tJ6'1-:i�n�ru�fl�'W, m� bbi;'ftl7bb6'l�tJ�mru\9l�ne:i'Wu�nru bb6'1� bde:i 1��bb 'W'J 

'lJ11:J�-:itJ{Uvl'Jb'n1?fG'lil�'11 V!:Wbb�'J Fllil� 1:wbn�fl1'Jb tJ�l:J'Wbb'lJ6'1-:J'l.Je)-:)bb 'W1'1l11:J�-:i�n�e:i 1 tJ e:i�1-:i1 'JFl\911il 
" ' 

d ., d :; 1 I Jf J.,. • 1.d • I 1· I � I 
b'We)-:Jlil7n6'ln�ru�fl6'l'Wbb6'l�m�bbG'l'W1 'Wbb\916'l�'lf,l'W'Vlilf11'Jb u6'11:J'Wbb u6'1-:J u\911il��fl1'1 bb'W'J'lJ11:JN-:J51'W 

1 my�-:ii'Jm1btJ�1:.1'Wbb tJ6'1-:Je:l�\916'1€l�b 16'17 (seasonal shoreline change) 1 'W'Vl7-:J11"11m'JiJ'1l71:J�-:J 

lil�G'l'Wb'1 bim7�fl1'Jb tJ�l:J'Wbb tJ6'1-:J'l.Je:i-:J bb 'W1'1l71:J�-:J'J�l:J�l:J11 (long-term shoreline change) �-:i,!'W 

• I "' '\" '-' � .d"" 0 � '-' "' • 1.d • I .., d 
fl1'Ju'J� bilmrn n'J�'Vl'\J'l.Je)-:) bfl'J-:JG'l'J1-:J'1l11:J N-:J'Vlil t:-J6'l'Vl1 b VI bn� fl1'J b u6'11:J'Wbb u6'1-:J6'1 n�ru�fl'1'W bb'1� 

m�bbG'ltl1u�b'Jru'1l11:J�-:) b'U'W 'Vl1b'Vll:J'Ub�e) bfl'J-:JG'l11-:J1Je)-:Jfl'W'lJ11:J�-:) h-:i1wvh j(lj �-:J"il7bU'W�e)-:) 

�n�7e)\9l'J1fl1'JbtJ�1:.1'WbbtJ6'1-:i (rate of shoreline change) 'lJ€l-:J'lJ71:J�-:Jn'Jrune:i'Wbb6'l�V!�-:Jn7'J 

fle)G'\11-:J bfl'J-:Jfl1'J b �e)'U1:l-J1b tJ�l:J'Ub 'Vll:J'UV!1t:-J6'ln'J�'Vl'U�bb 'Vllil�-:J'l.Je)-:) bfl'J-:Jfl1'J ��1'W:l-J1fl1'JtJ'J�b:W'Wt:-J'1 

m�'Vl'U'l.Je:i-:i bfl'J-:Jfl1'JV!�e:i 1m-:iG111-:iu�nru'1l11:.1 �-:iilm tJ�1:.1u b 'V11:J'\Jbu'if,17 � bb m'1l11:.1�-:ine:i'Wbb6'l�V!�-:ii'J 

fl1'Jfl€li;'f17-:J (change of shoreline positions) zj-:i1rl�-:in�11e:i11i11vir11t:-J6'ln'J�'Vl'Ub�e:i-:ili11n 
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1fl'J._:jfl1';j�:I.J1flbf1t!''il�'1 'Ue:Jmnndrn'J�(?)()11:I.Je-.Ji;'jf11'J\i)7l,'W'Uf11';i 11"l'J'1f11'J11l, 'U'U 1 u�1:i.i�l(i)e)e)flbl, 'U'U 11 

Vl�e) 1:iJ '<il�'li1 cJ 1 �?f7:i.J7'Jfl'Ufo'U'J'1 f11';je)'e) mt. 'U'U 11"l'J'1?f �1'1Vl1'11f'11 n'J';j:I.J 1 �'U';i��Vl6fl1'1'11:i.l1n:n'U(i)1 cJ 
' 

l,l,i;'l � /al n1j1 'J'U l,l, 'U'U'll e:J--1 f11'J l, 'U� t.l'Ul.b 'Ui;'l--1 '1.f 1 cJ �'1 fl1 c.JVl�--1 '<il1 niJlm '1?1�1'1 t.t.fi'1 l, � e:J'U 'J� t.il'Ue-.Ji;'l n'J�Vl'U� 
'U 

bl.'Vl'<il�'1'lle:J'111"l'J'1?f�1'11fl1n'J'J:I.J'll1c.J�'1 1\?lc.Je-.Ji;'lf11'J/alm11'<il�ii'U'J� fo'll'Ll1 'U 2 ci1'U�e:J li11'U1f'lln'J'J:I.J 
� 1 " fl ., d D 1 ., D , ., "'"" ') ., � 1 Jf .J 'll1c.Jw'1 ?f7:I.J1'Jtl 'llb u'U'lle:J:I.Jm '\'lie) u'J'U u'J'1f11'Jf!ffl•nt.l,1;'1�1fif11'Je:Je)n ,l"l'J'1?f 'J1'1Vl1'1'll1 c.Jw'1Vl� l,i;'l 'U'l'll'UVl 

'U ' 

bl.i;'l�hm1--11"l:1.J mm'Jri 1 -if b U'U-VeJ:1.Ji;'jeJ1--10--1vi1--11'1l1 f11'J�1vi1uviu1c.J--11'Ubbi;'l�'U'J�'ll1'll'U� 
'U 

b� c.J16Ve:J'1Vl�e) 11i11'Ue-.Ji;'l n'J�Vl'U'<il1 nf11'Jl, 'U�c.J'Ul,l, 'U1;'1'1'll1 cJ �'1Vl� l,i;'l eJ'U'<il�1.J11 Ucif11'Ji;'l\?ll"l11:I.J'LJ\?l l,l,cJ'1 
'U 

2. f11'J�7'J1'<ilbb'U11"117:I.JA\?l bbi;'l�f11'J1'<ijf fVJbnm.ife:i._:i (Survey of related literature)

n'J:I.J 1c.Jn16f11'J (2538) iilm--1 f17'J/al ff\11 bbi;'l� bbm 'IJ'U �Vl1 f11'Jfl\?ll.61l1���'1�:I.JVl� bi;'lli11'UeJ11 

l vi tJ 1\?l c.Jii1�t1'U'J�?f--1r1 b �0�1'J1'<il bbi;'l� t.nm1m1:u-ve:i:1.Ji;'l�n�ru�'ll1c.J�--1 f11'Jfl\?lt.61l7�'ll7c.J�'1�G'ie:J\?l
' 'U 

., 1 1 d � 1/1v� 1 JI d ' v cv1 v 
Vl�bi;'l\?11'Ue:J11 Vlc.J 61l'1e-.J G'in7'Jfl n�7'll VlbVl'U11 'l'\l'UVl'll1c.J�'1Vl�bi;'l'l)e)._:j'<i)._:JVJ1\?l 'Ufl71"ln1;'17'1 e)'U 

ol ., ol 
<S

ol <S<SV < <SJf .J
u'Jrne:J'U\?llc.J '<il. ?f:1.JVl'J?f11")';i '<il.?f:I.JVl'Ju';i1f11';i '<il.?f:I.JVl';j?f._:Jl")';i1:I.J '<il.b'l'\l'll';i'U';i '<il.u'J�'<ill'Ul"l'J'll'Ufi :I.J'l'\l'UVl 

., , ., q 

'll7c.J�'1'lle:J'1 3 '<ij'1VJ1\?l�e:i 81i17'Ub viue:i?f \?lii� n�ru� b U'U 1AG'i'Ll�rin�\?1'1'117:l.l1'<il7 mt.litl1 3 ?11 c.JVl� n �e:i 
'U ' 'U 

bb�tl1bb�ni;'le:J'1 bb�tl1t.�1'1'11'J�c.J1 bbi;'l�bb�tl7U7'1'U�n._:i zj._:i��ne:l'Ubbi;'l��'UbVl'Wc.J1��\?1'1'111:I.J1'<il1flbblltl1 

J--1?11:udri n-vi'uri:ue:i cJ 1 'LIU� b 1ru�iil"l�'U1;'1:1.JfleJ'U-V1--1Mu 1\?l cJ �� ne:i'Ll 11"1G'i'U�fl n�vi'\'1110 cl�1:u bl. 'Ll11i17'U
'U 'U 'U 'U 

b Vl'We:J'<il�'llc.J7c.Jl¾11 u�--1 bb VlG'i:1.JNnb'dc.J '<il. b 'l'll'll'J'U1 ci1'U'll7c.J�'11i17'U 1�()vi'<il7flbb VlG'i:I.JNflb�c.J '<il�rinmuri:u 
' 'U ' 

1vi c.Jfl b '111 bbi;'l �Vl'U1e-.J1Vl'U zj'1';i'U�1'1'1Je)'1'1.f 1t.l �'1� e) cl ';i�Vl11'1flb 'l)1vt'Uci1'U 1 VlW '<il�ii 'J'U�1--11nii' bA c.J--1 nu 
'\I 'U 'U 'U Q/ 'U 

e) 11?1:I.J vi i;'l 1 'Llcil'U'l) e)._:j� 'U � n 1';i fl vi l,6/l7 � bbi;'l � n7'J'Vl 'U fl:I.J'l) e)._:j� � n e) 'U 'U� b d ru '<ij'1Vl1 vi b 'l'\l'll'J'U1 bbi;'l �
' ' 

'U';i�'<il1'UA1'LJ'Ufi 'l'\l'Uf11';ifl\?lb61l1�'l)e)'1'll1c.J�'1� 'U1'U'U1'1bbf11 Vl1\?lb�1�1';i1� bbi;'l�'U1'U?fVll"l1:I.J 1'Ll '<il.

b 'l'll'll'J'U1 zj._:i11i1iif11'Jlle:J?f�1--11m--1?1�1--1ue:i--1fl'U 1\?lc.Jl-rr A'Uvt'U'LleJn'll1c.J�--1 vt'Ub1c.J--1�1mb'Ll1'll7c.J�'1 l.bi;'l�
'

fl1bb '1'\1'1Vl'U'Ue)'1fl'U'll1c.J�'1 ci1'U 1 'U�'U� '<i) ,'U';i�'<il1'UA1'LJ'Ufi 'l'll'Uf11'Jfl{?)l,6/l7�'ll1c.J�'1�'U1'U'U7ntl1u'J1ru

bbi;'l�'U1'U'\11'1'U';i�� bb�'l'll'U f11';j'\Je)'1fl'U'll1 cJ �'1(i)1 cJ 1ri'J '1?f �1'1Vl'Ub1 c.J'1�'U1'U'U7ntl1u'J1 ru 1 'Ll'll ru��'U1'U
' 'U 

Vl'1'U'J�\?lb -if n1 bb '1'11'1fl'U'Vl'U'Ue)'1 fl'U'll1t.l�'1 bum� c.J�Vl1'1'U'J�mru 200 b:I.J�';j
' 'U 

mm�1vi1 (2539) lli11'1fl�1A11:I.JbVl:1.J1�?f:1.JVl1'1(i)1'Ubf!'J��n'<il 1f'lln'J'J:I.Jbbi;'l��'1bbd\?liKe:JmbGl� 
... 

f11'je)eJn bb 'U'U b-de:i--1�'U b �mbnl 'l)'U�Vl1f11'Jfl\?lb61l1�'ll1c.J�'1eJ111 Vlc.J�eJ'U'U'U zj'1f11'Jfl1Vl'Uvi�'U�'U'J�?f'U 

uruVl1 f11'J fl \?l b61l7�'ll7c.J�'11-if.if e:i:umbe-.J'U�?f m'l'llnilu'J� b Vlfl mm1ci1'U 1 :50,000 -Ve:J:I.Ji;'j m1 vvl c.J:l.l 
V 'U 'U '\I 

I ii I I 

SPOT VllJA11:I.J'U\?lb'<iJ'U'l)eJ'1'W'UVl'IJ'U1\?l 20x20 b:I.J�';j bbe-.J 'U'Vlfi'Jru1Vlc.J1 :I.J1�'J7ci1'U 1: 250,000
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fl1'W�1tJ'Vl1._:jeJ7f111"l bb'1� Hf1�'U'U6'11'H'1'Wb 'Vll"lillJl"l16'lv11 (GIS-Arc Info) frnnu l 'U':ibbfl':ilJ1bfl':i1�'M 
'U 

'Ue:J�'1�11b 'VltJlJ (ER DAS) 1 Uf11':i'U':i� b:WUf11':ib 'U�tJ'l.Jbb 'U'1._:j'lJe)._:j'lJ1tJ�._:j �1VJ{ue,mrn1An�1t v1\ 'MU11 

B11 L 'VltJvie:iuuui1rn':in�b'll7�':i'lJbb 'J._:j'lJe:J._:j'lJ7tJ�._:j'lJ5b 1ru'll1._:j'lJU'lJe:J._:jB111 'Vlm 'U'Wbb mt111't.l':i�mru 77 
' 

nlmlJvl':i zj ._:jb'LJU'lJ11:J�._:j����e:inu'lJe:J._:j 5 �._:jVJ'J�Ae:i '<il.6'llJ'Vl':i6'l._:jfl'J7lJ 6'llJ'Vl':i6'11r1':i fl':i._:jb'Vl'W'1 
' ' ' 

6'l�'Vl':i'U':i7f11':i bb'1� u�b:a._:jb'Vl':i7 l�l:J'lJ7tJ�._:jJ._:jVJlJ�:w�n�ru�b'UUVl7�b'1U (muddy flat) 1mhu'1Je:J._:j 

'-' '-' "" .J"" '-' � .;i1 1 . I '-' .;i1 I "" � I I d 
'<iJ._:jVJ1�b'W'lJ':i�':i'VllJ'1n�ru�'lJ11:Jw._:jbuUVl1� fl'1U uU'Vl':i11:J Qnn�b61l1�b uU'lJ1._:j1 lJfl11lJl:J11 blJvle:JbUe:J._:j 

':i1lJ';i�l:J�'VJ1._:jvl1lJbb'IJ1'lJ11:J�._:j�flnn�b61l1�'U';i�mru 13.6 nlmlJvl':i :w5m1rn':in�b61l1�bQ�l:J'U':i�mru 

r1�U'1lJ1 U'Vl� b'1v11mb m'lJ11:J�._:j bb'1�:W'U'<il�m6'15lJ�u 1 1�bbn f11':i'1�'1._:j'lJe:J._:jU7'lJ7m'1m�e:i._:j'<iJ7nQn 

'Vl1'11 l:Je) �1._:j'J1� b �db� e) b 'U� tJuv1u� b 'UU'IJ1fl._:j ':i1lJ �._:jf11';i'1 �6'1._:j'1Je)._:j'U5mru vl� ne:iu't.l1n bbiJtl1 
' 

b �e:J._:j'<iJ7n f11':i6'1-r1._:jb zje:iunmnutl1umb�u�u ci1mb mfi� 1 Uf11':ibbfl'Ut1JVl7f11':in� b61l1�'¥1u��1uuu 

'lJ e)._:je) 11 L 'Vl l:J bb u�tl111X6'1-r1._:j b6'1� l:J';j il1'W'lJ e)._:j'lJ1tJ�._:j 1� tJ1 'Ulfl':i ._:j6'j,r7._:j b zj e:JU nu fl�UU e) n'lJ1 tJ �._:j 

(offshore breakwater) b �m 1._:j 11Xbii�f11':i6'1�6'llJ�1'1Je:J._:jvl�ne:im�Vl11._:j bb mb zje:iunu'lJ1tJ�._:j '<il7mTu 

�._:j 1 i1fif11':ibbfl'UruVJ1 bb uuBe:iu fa tJf11':i'U'1 nu161l1 tJrnu 1 uu5b 1ru�:wn116'1�6'llJ�1'1Je:J._:jvl� ne:iu b �e:i V '\) 

6'1-r1._:jf1U�U161l1 tJb6'\Ubb6'1� bb 'IJ1'lJ1tJ�._:j 1 Vl:W 

�1lJn._:j1UU ltJ'U1tJ bb6'1� bbe-JU�._:jbb 1��e)lJ (2546) 1�Pin�1 bbe-J'\Jbbl!'U'Vlf11':i bbm '1J'Ut1)Vl1f11':in� 

b'll7�'lJ7tJ�._:j'Vl�rn �._:jbb�'t.l1mb:Jtl1b'W'lJ':i'U1 '<il.b'W'lJ':i'U1�._:j'tJ1mbiltl1't.l':i1ruu1 '<il.'U':i�'<il1'UA1iui 1�t1 
' ' ' 

H'1�'U'U6'11':i6'1'\Jb'Vll"lil:Wl"l16'lv11 (GIS) bb'1�b'Vlfl'Wflf11':i�1':i1'<il'Ue:JlJ'1':i�tl�Ln6'1 (remote sensino) 1u 
'U 'U :, 

n 1 ':i� � � 1#{u fl11lJ ':iU bb ';i ._:j'lJ e) ._:j'lJ ru Vl 1 n � b61l1 �1 u '¥1 u� An �1 u e) n '<il 1 n ,d' 8._:j 1 i bb 'U 'U 'oJ1'1 e) �'Vl 1._:j 
S V 

r1ruv11"116'1 vi 11 u f11':i'Wtl1 mru f11':ib 'U� tl'\Jbb 'U'1�6'1.fl1'W'lJ1 ti�� '<il. b 'W'lJ':i'U1 bb6'1� '<il. 'U':i�'<il1'UA1'LJU51 u 

e:J'IJ1flvl ':i1lJJ� 1 'til. U f11':i ��v11lJ bb6'l�'U':i� b:WUN6'1'1Je:J� f11':i�1 b 'WU nwue:i�nU'lJ1tl �� bb6'1� bbm '1J'Ut1)Vl1 f11':i 

n� b 61!1 �'lJ1 ti �._:j 1� e) � 1�:W'U ';i � �'Vl6 fl1'W e-J6'l n 1':iAn�1(11X b 'MU1161l1 ti ��'lJ e:J._:jf1U� A n�7zj._:j:W fl11lJ tl11 

'U':i�m ru 105 nlmlJ vl':i :W n7':i6'1-r1�� � n e:J6'1,r1�61l1 ti�� b 'UU'1!1� 1 (l� t1:i'J1�{'U f11 ':ie:J" t1J 1 vl'<il1n 

Vl'U1t1._:j1U�� bb'161l1t1�._:j b'l!U mm{i'1vh) bb'1���ne:i6'1-r1�#{�n�11e)1'<i)G'\._:je-J6'111Xbfl�f11';in� b61l1� 
'U 

m n n11 n 1':i n� b 61!1� vl1lJ5':i':ilJ'lJ1� 1 u f11':iA n�1fl f �,Qij f11':ie:J e:J n�1':i1'<il6'1 bl1Ufl1'W'1Je:J._:j�� ne:i6'1-r1._:j b�lJ 

b �e:J'U':i� n e:J'Uf11':i11._:j bbe-JU'Ue:J� nu f11':in� b 61l1�'lJ1tJ�� 1 U'U1b 1ruif e:i �1._:j b 'Um�'U'U l�tJ�._:j ne:i6'1{1�b�lJ�iJ 
I <,  "" 

e)tJb�lJ fie) 
'U 

'lJ) bzje)U�Ub1tl._:j'\JmnUf11':in�b61l1�'lJ1t1�._:j e:J.'lJ�01 '<il.b'W'lJ':i�1 ��bb�bbtlnflU'IJ';i1�{]':i'Will 'U 

'Vl7._:jVJl"l1vi' m1 2.07 ii1mlJvl':i 6'1-r1�bde:i 1 :wriu1t1u 2538 bb�1b6'l�'<ilbde:i 1 :wu1r1lJ 
' 
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A) b zje:i'Wn'W'Vl11mbG'l�A�'W'Ue:i.:iu1�'Vl'UG'!'lh�'Vl1'W; biJ'W� 1n�1v1 b 'W,r(l! 'U1111ii e:i. 'U�rl1 '<il.
b Vl'U1'U� b 'U'Wb zje)'W�'Wtl11'lh�mru 1,000 biJM1 ?1�1--1 bde:iu 2511 b �e) 1 i-r m�11e:i--1J1

'

.:i) 'U1b111!'\ll1Vib�16'1111ru 'U1'Wb�16'1111ru lil.b'Vl'U1'U� lJf111?f�1'1f11bbVl'1fl'WA�'W (seawall)
V V ' 

bb 'U'Ul?fvine:i.:i ti11'W'\llt!1i.:i�'W'U'W1VI 1 'Vlrun'WA�'W
' V 

100-200 biJM1
u) u1 nruu1'Wu1.:i Lbn1 '<().:J'\ll1v1 b Vl'U1u� mii'Um.h�'Vll'W?f-r1.:ine:i.:i�'Wi.:i'We:i n'U1 cJ �.:ib �e:i

'

ue:i.:in'Wm1nv1L'IJ1� '<il1'W1'W 14 ne:i.:i
f,JG'lf111�n'l'.}1?f1'Ubb 'W1'Vl1'11 'Wf111bbnl 'U'U(l!'\ll1nl1nvib'IJ1� 1 'W 3 �'W�1n�M'lJe)._j'<().:J'\ll1Vib'Vl'UTY�

n�ii� 1 'Ulc.J�.:iu1'Wm.:il 'Vl1tJe:ic.J vi1�11'U'Llb1A'WiJ�A'Vl1c.Jl'WbbG'l�AG'\€l'11J.:JM111 'Vlaj 1vic.J1 'W
ci1'U'lJe)'1 f111U e)--1 fl'W'Vl I� 11'U'Ll b 1A'Wil �A'Vl 1 c.ll'W A':JJ1 'lllri 1'1?1�1--1 b zj e)'W fl'W A�'W'lJ'W 1'W bb 'W1'U1 cJ �'1
(breakwater) 11iinu n71tlil'Vl11 m?f1il'U1c.J�'1 ci1'W�'W�'U1b 1 ru'll1n1J--1M111 'VlajiJr111mJ1b'U'W�B--11 'll
b zje:i'W n'W'Vl11c.J�u1 nru'll1 nriG'le:i.:i (jetty) b � e:iu e:i.:i fl'Wf111M nM � ne:i'W 6'11'\ll-ru f111bbn'U (l!'Vl1fl11nvi
b'IJ1�'U1b111!'\J1'W'U1'1l'Vl1tJ€lc.J r1111'llbzj€l'Wfl'WA�'W'W€ln'U1c.J�'1 (breakwater)

n�iJ� 2 'IJ1c.J�'1ti11'W1�'lJ€l'1'\ll1Vib�16'1111UJ�'1AG'\€l'1'iX1'll1'1 M.'\ll1Vib�16'1111UJ e:i.bifa.:i Iii.
' V V 

b Vl'U1'Y� r111iJ n71tlil'Vl11 c.J'U1c.J'Vl1vi bbG'l� n11 ne:i?f �1--1 b zje:i.:i n'W'Vl 11 c.JUB--1 n'W'ie:i--1J1�'ll1 nAG'IB--1 (jetty)

11iiJ--1?1�1.:ib zje:i'Wn'WA�'W'WB n�.:i b 'U'Wbb mue:i.:in'W'Vllvi'Vl11c.J l i' 1vi c.Jr111f e:i ne:i.:i�'W�iJ e:i� L�ii
n�ii� 3 'IJ1c.J�'1AG'\€l'11J'1M111'Vlru�.:iu1'WiX1c.J'Vlj1c.J1� �-'U�B1 €l.'U�B1 '<il.b'Vl'U1'U� zj.:Jb'U'W

, V , 

'U1 c.J�--1� �e) b d e)._j n 'lJVlj� 11'U'Ll b 1 A'Wil � A'Vl 1 c.Jl'W �'1 r1111 iii 1 � I f11 In 11 bbnl 'lJ'U (l!'\ll1 b 'ti'W b� c.J1 n'W nu
n�ii� 1 fle)f11jfle)?f �1'1 bb 'W'Jb zje)'W fl'WA�'W'lJ'Wl'Wbb 'W1'U1 c.J�--1 bbG'l�tliJ'Vlj1t:Jb?f1il'U1c.JVl1Vi 11Xn11.:i�'W

6'11'\llfof111 bbnl 'lJ'U (l!'\ll1 f111 nvi b'IJ1� 1 'W'<()'1'\ll1Vi'U1�1il1'UA�'LJ'Wfi iJ f11jb?f'W€lillmfl11 bbnl 'lJ
'U(l!Vl11'W�'W�1n�� 2 �'W�fle) 'U1b111!ti11'Wb'\ll'Ue)'lJe).:Je).Vl'J�'W (1.:ilnG'ln.:J1G'l) bbG'l�'U1b111!ti11'Wb'\ll'Ue)
'lJe)Wll b 'VI c.J'U b�e)'Uj�iJ--1'1X1�'W '\ll�e)j'JiJ b�c.JffJ1 'U1 c.J�.:i'IX1�'Wti11'Wb '\ll'W e)'lJe).:JV11 b 'VI c.J'Ub�e)'Uj�iJ--1'1X1�'W
1vim?t'We:i 11XiJn11riii'Vl11c.J b?f1iJ'U1c.J'Vl1vi 1 iX?t--1bbG'l�n11.:imn�'W 1v1c.J�e:i.:iv11b 'Ll'Wn11e:i�1.:i�m de:i.:i bbG'l�
� I l/ 0 I � � I � .<:!:I: V .<:!:I: ,:;::,, i./ d,:;,,, wn1n e)?f 11'1 f11 bb Vl--1 2 bb Vl--1 AB 'lJj b111!'Vl1 b 'Vl c.J'Ub je)bbG'l�'U1c.J'\ll1Viv11'Wb '\ll'We) 'U1b111!'\ll'W1'Vlv!'W'lJe)'1
ne:i.:J'Vl'Vlb�e) 1u1rn!'WV11fl11'lJVIG'\€ln'ie:i.:iJ1 11iiJ.:ie:ie:in bb 'U'Ub 'U'W'tie).:Jli)e)v! b�e) b �e) 1 iX bflv1'VlA'Uc.J.fl1Vl�

' 

mvi �1c.J'Vl1'1€l1f11A'ti1.:iu 2497 �.:iu 2539 e.rn m1� n'l'.}1viu11'U11'U1 c.J�--1�11 l 'Vlc.J�B'W'U'Wti11'W
��l'W�n i--1Lb�u1nruu1'W'IX1�'W e:i.'IX1�'W 1u.'ll1�1u1uA�-V'Wfi lil'W�.:i'll1nmJJ1bb�nG'le:i--1 u1nruu1'W
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A'ilel-:J'Wel t.1 '<il.?f�V11?1-:im1:w ci--n.i1 Vlajilnw0vi11m1L u� m.JLVLl-a-:i 1�:w1 nil n 1wit.1m1 Lu� mm u-a-:i 

ci1'W1 Vl'1JL'U'Wbb 'IJ'IJ'Vl'\Jfl:W (u1tmru 20 vi111-:in1m:wm) ci1'Wt'W��bnwim1nwib61!1tilu1tmru 3.3 
�')' d J/ d d ,:;:,A Q./ Q./ .-=i Jf d � V 

v\111-:J n b'ilb:lJv)j 61!-:J'W'WVlVl:W el v)j1 f11jVl'\Jfl:W?f-:J?f Wlfl el'W'WVl'll1 t.i H-:J'IJ 1'\.J bb 'W j nvi t b'il '<ii. ?f:lJVlj?f-:Jm1:w 
" ' ' 

.e:ll .et ii ,::f 

b 'W'IJj'\Jj bb'iltmtt.1tf1Wlflelt.l'llel-:J'll1t.lH-:J:w1nm 4 7 5 b:lJv)j 
' 

Vongvisessomjai (2007) Pln�11:,mmtVl'\J'llel-:J'W1�11,1�'Wb1 (u 1952) bb'ilt'W1�11,1�'W�'WW11 

(U 1997) �elfl�'W'il:W (wind wave) 1 'WVltbffe)111 Vlt.lMel'W'\J'Wbb'ilt'll1t.l�-:Jlil1'WMt1'Weleln'lJel-:J'U1tbVlr'l 

1 vi t.1 e'.f1�t.111i1tl1 b?f'Wel� n�rutA�'W-a:w1 'W'lh-:itJ 1997-2002 �u� b 1ruvl'Wb 'W'll1'\J� u-atvl'W�i-:i zj,:i 
'U , 'I , 

r11mru 11il'<il1rnL 'IJ'lJ<il1'ilel-:JV11-:ir1ruvim?tv11 WAM e-.mm1Pln�1LL?twi-:i 1 VIL �'W11r1�'W'il:W'\J�b 1ruri111 vit.1 

Mel'W'IJ'W11'W�mhnwilil1cJjtcJtVl1-:Jf11jbf1Wlfl�'\.J'Ujt�Vl5t:-J'il (fetch length) 'lhtmru 100 n1m:wvi1 

m:wvir'lm-:i1'WbLm b'Vl'Wel-11,1 LL-at 100 n1m:wvi1 vi1:wvir'lvi1-:i1'Wbb'W1 Mt1'Weleln-viti''Wvin L'U'Wt:-J-a1VI 
.,l .,j "' .J' .,l 1 ".'I !:"I "' df"' ' ' ' 1 .,j � ., fl'il'WVl bnWl'll'Wb 'Wel-:J'<il1n'W1 t.l MH'Wb1 b '\.J'\Jjb'JflJ'W:Wfl1elcJjt'\ll11-:J 2.3-2.5 b:W v)j 'W'llflJtVl'll1 t.l H-:JWll'W 

' ' " 

Mt1'Welel nzj-:iil1t t.1tvi1-:i m1 Lnwi A�'WU1t�'Vl5t:-J-a t.111 n11 LL� EJ-:JA-:Jfl mh nwilil1 t.1?\m'W bb 'W1'll1 t.1 �-:ivh 1 VI 
" 

'W1t.l�'WWl1 (U 1997) ilB'Vl5'WffVl11 Vlfl11:W?f-:Jfl�'W?f-:J?IW!b�:Wb'U'W 4 b:WM1 G11'Wbb'W1'll1t.l�-:JVl1-:JMel'W1\,1 
'I 'U 'U 't 

zj,:iij fetch length �1fr'll1nwi'Vl1n-w1�bfl�el'W�m'<il1n'Vltb-a�'W 11,1 eJ'W'<iltvh 1 V1?11m1mnwir1�'W 11il�-:i 

�-:) 6 b:WM1 mru'W1t.l 1\,1�'\.Jbbelb�t.lM (U 1962) bb'iltfl�'W?f1:w11fl?f-:J11il�-:J 11 b:WM1 mru-w1t.11\,l�'WbmJ 
'I , 'U , 't 

(U 1989) el �1-:ihnvi1:w-w1m 'lJM1el'Wb Vl�1�Wl�1'Wt'W�B111 'Vl m� t.1-:J bb�1tt.1ti'W1� bf1'W 1 �'UWl1'\t1 
' 

1 'W'll rut� fl �'W 'il:W� Lnwit'W b �el-:J'<il 1 n-a:Wm?f :W M1:W f1 WI n 1'il� W1�1'W lil1 t.l'ti1-:J b 1-a1� t.111'W1'W n11�-:Jfl i-:itJ ' "I" 

�el-a:wm?1:wvir'lvi1-:i'Vl�-:i 61 1wit.1fl�'W'IJ� b 1ruri111 'Vlt.1Mel'W'IJ'W� Lnwi'<iJ1n-a:w:w1?1:WL Vl�1dii'll'W1WIL �t.1-:i bb� 
' I ' 

'U1tmru 0.5 b:WM1 bb'ilt 1.0 b:WM1611Vlfo'1l1t.1�-:Jmf1Mt1'Weleln zj,:iil'll'W1Wlb�nn11f1�'W�bf1Wl'<il1n 

'W1�b]l!J1el'Wel�1-:imn 

Siripong (2010) 11i1Pl n�1 f111b u� t.l'Wbb u 'il-:J'llel-:J bb 'W1'll1 t.1�-:i1 'W'U1t b 'Vlr'll 'Vl t.leJ'W b �el-:J'<il1 n 

511:W'll1� bb'ilt'<iJ1nn'<ilm1:W'llel-:J:W'W�tllil1t.l'Vel:WmtcJt1n-a (remote sensino) t:-J'ilf111fln�1bb'W1 
' " :, 

'll1cJ�-:Jlil1'WMt1'Welelnfl1'\J?f:WVl1'U1n Vlr'll 'VlcJMel'W 11,1 (Southern Peninsular Thailand) '<il1n'Vel:W'il 
' " 

m1bV1m..1 Landsat bb'ilt THEOS 1'W-d1-:iu 1987 �-:i 2002 bb?IWl-:J1Vlb�'W11f1'<ilm1:W'llel-:J:W'W�tlb'U'W 
' 

?11L VlMVl�n�vh 1 V1Lnwin11L u�cJ'Wbb u-a-:J'llel-:J'll1cJ�-:J'\J�L 1rubb Vl-a:w�m d t.1 �-:i'Vl1wi L 'W'll1'\J� mnn11 
' ' 

?f1bVlM'<il1n511:W'll1� 
' 

Choowong et al. (2009) iain�1m1b'U�cJ'Wbb'U'il-:J'llel-:J�ru311'W1'VlcJ1'll1t.lVl1WI '\J�b1rueJ1bflel 

u11ruu1 �-:i'Vl1wiu1t'<il1'\JA�iwf -wu11vir'lvi1-:i m1Lfl�el'W�'llel-:J vit nel'W?f'Vl5elcJ 1 'Wbb m L Vl'Wel-11,1 ii n11 
' ' " 

flel?f11-:Jf)1bb 'W-:Jll'Wfl�'W (seawall) 1 'W'\J�b1ru�ilfl11:W6'11Aru'Vl1-:Jbr'l1��n'<il bb�1 'W'ti1-:J�il'W1cJ (storm V d.O ' 
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period) cJ-:J'Wu11ileYv111m'HA�el'W�'lJel-:Jvl�mrw�-:i �,.m1m�v\'1n11G'1111'<il ('W�l"l�f11t.l'W 2546 �-:i 

b:1.J�1t.l'W 2547) 'WU11'lJ1t.l�-:JiJbb'W11'WlJ�btJ'W'lJ1t.1�-:J?l�?llJ�llmf1n11'lJ1t.l�-:Jnli'lb61l1� 

m:1.Jvi-r'Wt.11mu1ru (2557) �n�1n11b 'U�t.1mb 'U'1-:i'lJ1t.1�-:i�1t.1m'Wci1t.11i111bvlt.1:1.J 1 'W�1-:iu 

'jlj_\"l, 2552, 2555, bb'1� 2556 A1elUA'1:1.Jf1'W�i-:1bb� Vl:W� 2 '\J1'W'U1f1t11'LJj1t\J '<il'W�-:1 Vl:W� 3 'U1'W 
' 'U 'U 

'\.J�eiueit.1 v11u'1'\.J1ntl1'\.J11ru rl1 b.nei'IJ1ntl1'1J11ru �m n11� n�1'Wu1111i1mu�t.1'V1'W�'ll1t.1�-:i bnli'lm1 

?1�?1:1.J\lllm n n11m1nli'I b6/J1� u�b 1ru�iln11?1�?1:1.J\lll'lJeJ-:iv1� f1el'W'll1t.1'1'111i1 b�'Wili'I btilbbfl u� b 1ru1'W 

elVlt.11'W'U11t\JU� b�el-:J'<il1f1iJf11jfleJ?l�1-:Jbzjel'Wfl'WA�'W�'Wv1-:J'Welf1'lJ1t.1�-:l '<il1'W1'W 3 \lll bb'1�U�b1t\JVl:W 
' ' 'U 

d ,, • 1"" ,, 1 d "' ,, 1 ,, d ., d ."1 ., • I 

Vl 3 U1'Wu1el'Welt.l 'W'lJt\J�VlU1b1t\Jli11'W vlb'lJel'Wf1'WVl11t.ibb'1�A'1'W 'jljU'uqj'\'11f11jf11i1b61l1�u1'Wf1G'11-:J

(1 �-:i 5 b:1.Jv11�eiu) 'Welf1'<il1ndu�nru'lJ1t.1Vl11i1'1J11ruu� iln11?1�1-:in1bb'W-:Jn'WA�'W ilA11:1.Jt.111 ' 

:I.J1f1f111 2,000 b:1.Jvl1 11i1t.1f11:I.J 1t.iu1fif11jbb'1�er-:ib�el-:J b�elU-:JU'U1�mru 'W.l"l. 2554 ci-:ie,m 1 �u�nrud 
"" .,
:I.J'1 n�ru�'lJ1 t.1vi1 li1 A-:J?l m'W 

m:1.Jvi-r'W t.11 mvi 1-:ivi � b'1bb'1 �'ll1 t.1�-:i (2557) blil� n �1?1m'W m1ru'lJ1 t.1 �-:i bb'1 � m1� li1 m1 

urumn11n\ilb61l1�'lJ1t.1�-:i'<il1nei�v1�-:iu'<il'<ilU'W 1 'W 23 �-:ivi11i1 G'11Vl-ru?1m'Wn11ru'lJ1t.1�-:iu�nruB111 vit.1 
V S 

v1 el'WU'W til1'W� l"lvl �1'W v1 f1 ( '<il. b 'W'lJjU�bb'1�'U j� '<il1UA�'LJ'W 6) blilil f11ji;'lj'LJ f11j�1 b 'U'W f11jf11 j bbnl 'lJ ' ' 

'Uqj'\t'l1f11jflli)b6/J1�'lJ1t.1�-:iH vi'-:id 

bb'W1'lJ1t.l�-:Jb'jlj'lJjU� ilv1'W�'Uj�i;'lU'UUJVl1f11jflli)b6/l1�'1l1t.l�-:Ji-:iim1:1.Jj�tJ�Vl1-:J'Uj�lJ1ru 34 
' V 

nlm:1.Jvlj �1b'U'Wf111'Vl11m-:i?l�1-:JUel-:lfl'Wf11jflli)b6/l1�'lJel-:J'lJ1t.l�-:JiubbUU�1-:J1 '<il1'W1'W 50 bbv1-:J jl:I.J 

1�t.1�vi1-:i'lJeJ-:Jbb m 1A1-:1?1�1-:i'IJ1�mru 14 nlm:1.Jv11 11i1mb u-:i v11:1.Jv1'W�b 'lJv1n11'1J nmm 1�vi'-:id 

n) 'lJ1t.l�-:J el.'lJ�eJ1 'LJj�i;'lU'UqJVl1f11jfl\ilb61l1� 19 bb,A-:i Ali1b'lJ'Wj�tJ�Vl1-:J'Uj�lJ1ru 13.6

nlm:1.Jvlj �1 b'U'Wf11jbbfll 'lJ'UqjVl1f11jflli)b6/J1�'1l1t.l�-:J 1 'Ubb�l btJm�t.l�Vl1-:J 6.45 n1m:I.Jvlj

1 1,, ol 1 ,, ., ol ,, d .'1 ., d i1 d ., li1 t.l 'llfo bb UU flj-:Ji;'lj1-:Jel'W uj�f1elUli11t.l b'lJel'Wuel-:Jf1'WA'1'W'Welf1'lJ1t.lw-:J b 'lJel'Wf1'WVl11t.l
'U 

d d .::::,, ,;;: -=1 ,::::,,. ..:::1 .:::..  o Q../ d .::::..  ,J Q

bb'1 � A'1'W b 'lJ el'WVl'WVl-:JVljeJVl'Wb jtJ-:JjlJ'lJ1 t.1Vl1 li1 bb'1 � f11 bb 'jlj-:J f1'W A '1'W j:I.J'tf1 t.1Vl1 li1 6/l-:J:1.J 

� 1 b ,a 'W n 1 j 1 li1 t.l i-:i .n 1 A -r ,i bb '1 � b ei n 'lJ 'W ci 1 'W vi' 'W � � 5-:i 1:J1 til -run 1 j bb nl 'lJ ii j � t.l � vi 1-:i 

'IJ1�mru 6.1 n1m:1.Jv11 

'lJ) 'll1t.l�-:J el.b�el-:Jb'jlj'lJjU� iJf1'W�'Uj�?lU'UUJVl1f11i1b61l1�'lJ1t.1�-:lt.111 6.2 nfab:I.Jvlj iJf11j 
' V 

�1b'Ll'Wf111bbnlt1uqivi11'1Jbb�1 1.4 nlm:1.Jv11 11i1t.11'ULA1-:1?1�1-:i bzjel'WUel-:Jll'WA�'W'Welf1 
� d V d O V _J .::::,, d .::::,, .<::I .::::,, 

'lJ1 t.lw-:1 b 'lJel'W f1'WV111 t.ibb'1�A'1'W f11bb 'W-:lf1'WA'1m:I.J'll1t.1Vl11i1 bb'1� b 'lJel'WVl'Wb jtJ-:JjlJ'lJ1 t.1Vl11i1 

�-:1�1 b 'U'W n1111i1 t.1i-:imA-r,ibb'1 � bel f)'lJ'W cJ-:Jb Vl� el'lJ1 t.l �-:)� cJ-:11:J11il-r u f11j bbn'U UJVl1B f1 

'U1�mru 4.8 nfab:I.Jvlj 

d.O V 

A) 'll1t.1�-:J el.Vl1t.11-:J iluqiVl1llli'lb61l1�b'Um�t.l�Vl1-:J'Uj�lJ1ru 3.1 n1m:1.Jm btil�1b'W'Wf11j

n ei?1�1-:iu ei-:in'W'1l1t.1�-:i0'Wu1� n eiu�1t.1 b zj ei'Uu ei-:i n'W A�'W�li'l'1l1 t.1�-:i b zjei'W�'Wvi'-:ivi5ei
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b zj el'W�'Wb1tM1l.l'll1 t.J'Vl1VI bbfl:; b zjel'W n'Uvi11 mbfl:; fl�'W 11:l.l m 1:l.l tJ 11'1!1 t.J�-;J�1�f u n11 

bbnl'llbb�Tt.h:;mru 0.9 n1ml.lM1 fJ-;Jb'Vl�el�1'W�ii'-;JhJ1��1btJ'Ufl11€lfl 2.2 n1ml.lM1 

-;J) 'll1t.J�-;j el.U1'Ubb'Vlfll.J lJ�'U�'ll1t.J�-;jflfltlVlb61!1:;bUm:;t.J:;VJ1-;J 11 n1ml.JM'j iln11nm'l'h:i 
'U 

1fl1-;J�{1,H �elUel-;J tl'W'll7 t.J�-;J�'rn b zjel'W�'U'V1-;J1,,ffo�m1 t.J-;J1l.J'll1 t.J'Vl1VI b zj el'W ll'Wfl�'W'Wel fl 

'll1 tJ � -;J 1:m� '/l:; fl el fl �'W bb 'WTYi el�hl.J'W(I) b zj el'U�'Wv1-;J'Vl �el�'Wl 1t.J-;Jm VI fl el'W fl 1 M T1l.l 

1:;t.J:;V11-;J 4.3 n1ml.JM1 ?11Vlfrn'11'U�fJ-;J1:iJ1��7btJ'Ufl11fJ-;Jb'Vl�elelt!Bfl'lh:;mru 7.5 

bb'U1'1!1tJ�-;J'th:;'<iJ1'\JA1'LJ'Ufi lJ'j:;t):;bb'U1'1l1t.J�-;jtJ1Tlh:;mru 247 n1ml.JM'j ilt'W�'ll1t.J�-;) 

'Lh:;�'IJ'Uq]Vl1fl11'1Vlrlel t.J'IJel-;)'/l1tJ�-;J'j1l.J'th:;mru 38.8 n1ml.JM1 �1b tJ'Ufl1'jf)el�{1-;J 1fl'j-;J�{1-;JVJ7-;) 

11"11m1rn�elUel-;Jfl'U'U'1JVl1'1!1tJ�-;Jbb�1 15 bb'tll-;J btJm:;tJ:;VJ1-;J11l.l 15.7 n1ml.lM1 bb'LJ-;JM1l.lb'llMfl11 

'Uflfl'jel-;)li)-;)vlel 1 ud 

fl) 'll1t.J�-;j el.d'.lel-;J'U'j:;'<i]1'\JA1'LJ'Ufi ilu qiVl1/lVlb61!1:;bUm:;tJ:;VJ1-;J'U'j:;l.J1ru 11.1 n1ml.JM1 1� 

�7b tJ'Ufl1'jf1el�{1-;JUel-;J ll'U'/!1 t.J�-;je)'lJ'U'j:;fl el'IJ�lt.J b zjel'U�'Uv1-;J ll'Ufl�'U f11 bb 'l'Mflel'Ufl1M 

bb 'IJ'U6'11Vlb€lt.l-;J b zjel'U�'Uv1-;J'Vl�el�'Ub1t.l-;J1l.J'll1t.l'Vl1VI f11 bb '\1-Mfl�el-;JfllVI 1��'U 11l.Jfl11l.Jt.J11 

'll7t.l�-;J�'l(1l�'IJ fl11bbm 'llbb�1'U1:;mru 7 .5 fi1ml.JM1 fJ-;Jb'Vl�el�l'U�fJ-;J 'l:iJ'l��1b tJ'Ufl11€l fl 

6.3 nbml.JM1 

'll) '1!1 t.l �-;J el. 'IJ 1-;J�:;'W1'U 'IJ1 b 1 ru Vl7VI bb:W i1'W-;J ilu qJ Vl 7 fl11 fl VI b61!1:;'1!1 t.l �-;J b 'U'lJ'j:; t.l :;VJ 1-;J 

'\.l1:;mru 6 n1ml-lM1 ilm1nel�{1-;Jn1bb 'W-;J b �l.l'YIV1flel'Wfl11?1 bbfl:;n1bb 'W-;Jflel'Wfl1Mbb uumVI 

bBt.J-;J Uel-;Jll'Ubb'W1'1!1tJ�-;JtJ11'U1:;mru 300 bl.lm fJ-;Jb'Vl�el'll1tJ�-;J�fJ-;J1:iJ1��1b tJ'Ufl11€lfl 

5.7 nbml.JM1 

fl) 'll1t.J�-;j el.'IJ1-;J�:;'W1'U'Uelt.l 'IJ�b1ru'U7flbb'W'jfl 'W'Ubb'U1'1!1t.J�-;jflflflVlb61!1:;b'Um�tJ:;V]1-;J 780 
'U 

bl.JM'j �{7,;J f11 bb 'W-;Jflel'U fl1\?Jbb 'U'Ufl 1VI bB t.J-;) b �elU el-;J/l'U'll1t.J�-;j 'l 'U bb�1 480 bl.JM'j fj-;j b Vl�el 

t'U��fJ-;J'l:w'l��1btJ'Ufl11€lfl'U1:;mru 300 bl.JM1 

-;J) '1!1 t.l �-;) el. v(u �:; bbfl 'l:w'Wu�'U� ri fl nVI b61!1:; bb�il m1n el �{1-;J n1 bb 'W-;JU el-;) n'U'/!1 tJ �-;) m1 
'U 

11l.ln'W'\.l1:;mru 300 bl.JM1 

'<il) 'll1t.J�-;J el.'Ml�'U ilfl11/lVlb61!1:;'IJel-;J'll1t.J�-;JtJ11'U1:;lJ7ru 3.3 nfabl.lm ilfl11�1btJ'Ufl11 

bbnl 'll 1Vlt.Jf1el�{1-;Jfl1bb 'W-;JUel-;Jfl'U'll1tJ�-;j b um:;t.J:;V]1-;J'j1l.Jb Vjt.J-;j 1.5 n1ml.J\?J'j fJ-;Jb Vl�el�l'U 

�fJ-;J1:iJ1��1btJ'Ufl11Bfl 0.8 n1ml.Jl?l1

?l1Vlfo�'U�'ll1t.J�-;J'M1�'U i-;Jbb� el.'Vl'IJ�:;bbfl '<il'U�-;J el.flt.l'IJ1 fJ-;JlJ'UrlJVl1fl111lVlb61!1:;'1!1t.J�-;J 
' ' � 

elci'l.l1�mru 16.2 n1ml.JM'j �fJ-;J1:Wl(1lilfl11{)V1fl1'jUel-;Jfl'Ubbnl.'1J 

Tessler et al. (2015) 'l�'\.l1:;b:JJ'Ufl11b'U�t.J'Ubb'Ufl-;J'Vell.lflfl11rn�t.J-;J'IJel-;J 48 t'U�'U1flbb:wtl1 
'U 

v\'116'1 fl 11:l.J f;)-;J'U 7 fl bb:W J 1 b "il 1 'W 'j� tJ 1'll el-;)'U 'j� b 'VJ 1"11 Vl tJ zj-;) fl 11:l.J b� t.J-;j� b �'U 1(1l-i{ VI b '<il'Ul.J1 fl�� VI A el 
' 
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�i;lff)�Vl'U� bnvi�'W'Vl'W'VlVlJ�'<il1nbnvib Vl\?lfl11bW1'Wbb J��1� 6') b 'li'W fl11bnvitlTVl1:Wi�1 mbiltl1bbi;!�\?l1:W ' ' I 

'lJ1t.l��Vl�bi;l 1vitJ�fl'<il�bnvi�'W1 'W'li1�nmi'W 1 (short time scale) mJ1�bn\?l1:W fn1:l-Jb�t.l� 1vit111:w 

(overall risk) 11'W'<il� flfl fl1Vl'Wvi'<il1 rn1e)'W1 'lJ 1 m� t.l�t.l111vi t.lfl1WU�t.l'Wbb ,Jr;1� m�m'W m1vi1-:io1ru 
'lJ 

ti'ru511'W (geomorphic processes) '<il1flfl11m�'Vl1'lJel-:J:W'4�� b'll'W fl11bU�t.l'WbbUi;l-'.l'lJel-:JU�mru 

\?l � fl el 'W '<il 1 flbbiltl 1 �Vl � bi;! fl11'Vl'U fl :W 'lJ el �\?l � fl el 'W (deposition) bbi;l � fl 11e1 vi bb 'U'W 'lJ el-:J \?l � fl el 'W 

(compaction) zj�'Vl 11'1�\n vi fl 11vi 1vi (l(1'lJ el� bb �'W � 'W (land subsidence) bbi;'l � fl11 b �:w� 'W'lJ el� 

1�tii'utl1vi�br;1ti':w�V15 (relative sea level rise) 'Welfl'<il1fli1'1m'Wbl"l1�:on'<ilti'�r1:wzj�iJm1:wti':w�'W5 "" 

'Uvib'<il'Wfn1:Welel'W 1 Vll (vulnerability) 'lJel-:J:'W�'lJ1t.l�-:Jn�flU1:l-J1�1:W'W'<il11ill11 'Wfl11fifl�1fl��,d �i;'l 

fl11?ifl�1:ff1 Vlb �'W11m1:weJel'W 1 m�'W�'lJ1tJ��u1fl bbiltl1b �1'W1�t11V111 Vlf111;'1�Vl'W'lJel-:J 1m-:i'1�1�i'W 

�'W:01'Wb�:W�'Wel81 'Wfl�:W �i1fi1mfl�'1vi (Mississippi, Rhine, Han bbi;!� Yan°tze) bdm'Vlt.l'Ufl'U 
d.!t 'U 't 'I ::> 

�'W�'lJ1t.1��u1flbbiltl1�'W 11 'W fafl 

Prukpitikul et al. (2016) 1�fl fl � 1  � r;1 fl 1�Vl u 'lJ el� fl 11'lJ t.l 1  t.l (l(1'lJ el-'.16/!:W'lJ'W bbi;! � fl 11 

b u�tJ'Wbb Ui;'l-:Jfl11Hf��'W'lJel��'W�'lJ1t1��Vl1vib�16'\'111ru '<il .b 'W'lJ1U� 1viti1 'ti'LJel:Wi;'Jvlllb'VltJ:W 1999-v ' 'lJ 

v o v b J/ .J,:J J/ .d  � v �  � J/ d, • 61  .J 
'W t.l'11 fl qJ vi t.lbu'W1�'W'WVl b:W el�, 'W'W'Vl b '1"11� bi;! t.l� '1 \?l1Vl� bi;lbbi;'l�'W1 bfli;'l el bbi;'J�'W'W'V111� bum b 'W'lJ ill�'Vl 

�'W�U1'lJ1t.1b1;'l'Wbbr;1��'W�tl11il1�r;1vii;1�el 81�i1'Wt.16'\'1ri'qi i1 b wti��'W� bfl�\?11 m1:w bbi;1�'W1'1f 11 b vh11'W� 

i;1vii;1-:J 'Wel fl'<il1fli1�1;'1fl11fi fl�1cJ-:Jbb'1vi� 1 'Wb �'W11 rn1m�'<il1t.lfn1:WVl'W1 bb 'U'W (density distribution) 

'lJel-'.l'lJ:W'lJ'Ll\?11:W bb 'W1'lJ1 t.l�� b 'U'W�i;'l'<i)1 fl bb�'W��mti'-:i rm bbi;!� bl'11�:0f1'<il'lJel-:J b 'Vll'1'U11;'1 bbi;'J�fl11:WVl'W1 bb 'U'W 
' "" 

'lJel-:iu1�'lJ1m1'W�'W�1�b�:W�'Wel81-:i�m�el�i-:ibb�tl 2004 zj-:Jbl'11�:on'<il'lJel�:'W�i1�'Wel8nu 2 �1'W 
"" 'lJ 

VlJflAel 11t11�'<il1flfl11b'l"l1�Ui;'lfl'LJ11 AvibU'W�elt.li;'l� 59.26 'lJel�11tJ1�11:wi�Vl:Wvi bbi;1�11t.l1�'<il1fl 
I 'V I i-1 I 

I c:i .:::::f V � V all .c:,J I c!i .c:,J.c:,J 

fl11'Vlm b 'Vlt.llel mel t.li;'l� 36. 6 '<il1 flfl111'1 fl�11;'1 fl�ill�'V11-:J fl1t.lJl1'1"l'lJel�'W'WVl 'W'U11'lJ1 t.lVl1 vi'lJel�'W'W'Vl:W 

fl11flvib61l1�1'Wbb1-:J1'Wtl 2005-2006 bbi;!�U 2008-2009 bbi;l�fl11fifl�1cJ�'11U11'<il1b'U'W�el-:Ji1 ' ' 

o = "' .d .d ,_, .., • 1.d • I � ,, '<il1 fl fl11'1111'<il bb 'W1 fl11:Wfl vibbi;!� �i;'l fl111'1 fl�1Vl bflt.ll'lJ €M fl'U fl11 b ui;l t.l'Wbb ui;l-:J'lJ el-:J'lJ1 t.l w�vi1'W

\?l�1'W \?l fl'lJel-'.10111 'Vl t.l \?lel'WU'Wm t.l11'W1'Wbb�1 1 'W'li1-:i fl11'1el-:J'V11'1111�i1 fn1:W'l"l t.l1 t.l1:Wel 81-:J� m �el�� 

'<i)� 1 'ti:l-J1\?l1fl11�1-:J 11 'Wfl11bbm'lJU(1)Vl1�1� 1 i-:irn11 'ti:l-J1\?l1fl11'V11� bfl1-'.1'1�1-:J (hard measure) 

Vl�el :l-J1\?l1fl11bb'UUl:iJ1'Ulfl1�'1�1-'.l (soft measure) 11:W��:l-J1\?l1fl11�m'J'1Jl1'1"lbb1vi�el:W'lJ1t.l�-:J zj� 
'lJ 

��1'W:W 18-:J l:iJi1 fl11�vi\?l1:W�i;!'lJel-:J:l-J1\?lJ fl11�1� 11vi t.l bu'l"l1�:l-J1(?l'jfl1'jm mm �'1�1�'V11-'.111'11 m1:w 1 'W 

fl11 bb fl 'U (1) Vl1 fl11 b U� t.l'W bb U i;l-'.l'lJ el-'.l'lJ1 t.l � -'.I el 81-:J b 'U'W 1�'U 'U iJ b 'W t.l-'.l fl1111 t.l-'.l 1'W� 1;'l fl11 fl fl�1 fl11 

bU�t.l'Wbb Ui;'l-'.J'lJel-:J'lJ1t.l�-:J� cJ�fl-:JiJel�'<il'W��'U'<il�'U'W 11mif-:iu'<il�t.l�1'W�1-:J 1 � el1'<il b U'W'11 b Vl�'lJel�fl1J 
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b 'U � f fW bb 'U '1..:J'lJ1 c.l�..:J'U� b d ruri 11l Vl cJ �e)'lJ'\J'W�1'W'YlPI ��1'W� fl bb'1 � � '1 m�Vl'U el'W bfl (i1'<iJ1 flU �vn fl 1 in (i1
b6ll1�'1Je:J..:J'lJ1c.1�..:i 1 uu�b 1ru\11..:i fl�11b vhtru

3. 15fl1i1�c.i (Procedure)

1 um1�m-n1'l.lbb 'U'Ufl1ib 'l.l�l'J'Wbb U'1..:J'IJe:J..:J'lJ1c.1�..:i i1l.lf;1..:J�'1m�Vl'U'<il1fl m1ne:i?1�1..:i 1A1..:i?1�1..:i
\I 

V11..:iimm1l.l�mb m'lJ1c.1�..:iV1� b'1�1u��1u�fl'1Je:i..:iri11l 'VI c.1�e:iuuutru �'W��m-n 1 uAf ..:idA1e:iuA'1lJ
J/ J I et � I .<::-. ,:;:f Q ,:;;;f _J tj 
'V1'WVl'lJ1c.1�..:JVl�b'1'1Je)..:J '<il.b'V1'lJim �..:Jbb�mnru'Ll1flf'l'1e)..:JUflb�c.l'W '<il'Wtl-.'.l 'U1flf'l'1e)..:J'\J1..:J��'U'W 6ll..:JlJ 

, \I 

i�l'J�Vl1..:J�1lJbb'W1'lJ1c.1�..:Jc.111'Ui�mru 43 nfabl.lm \11..:Jbb61(i1..:J1m'l.l 1 b(i1cJ1'Wfl1i�fl'lj1f'lf..:id :i'.J

., ' ' 

3.1) j'J'l.J'j'JlJVl�flfl1ifl1i�fl'lj1 be:Jfl611i'Vl1..:J1'lJ1fl1i i1c.l..:J1'W i1lJ�..:J'Ve)lJf fVlbf1c.11'Ve)..:J
\I 

1'Wfl1i�fl'lj1f'lf ..:id ilfl1ii1'\J'Vm,j'1'<il1flbbVl�..:J'Ve)�'1�1..:J1 b�e:i1m u.fru�e:iu�1..:i1 'IJe)..:J
..:i1ui�c.1 1(i1c.1-v'e:il.1'1�i1 b uu 1 um1�fl'\j1f'lf ..:idu1�fle:iu�1c.1

1) -v' e:Jl.1'1'<il1 m1c.1..:i1um1�fl'\j1��1um '<il�ti fltl1m 14ft 'W�fl'lj1J11V111l.lv1'1l 'Ll61mV1'lJ1 c.1�..:i
\I \I 

1 u e:i� � 11mt..:iV1 �'\j� bb'1�-fru� e:iu'Vl1..:ii m mil.1�14ft um1� fl'lj1 e:i e:i fl bb uu 1m..:i61�1..:i'V11..:i'lJ1 c.1 �..:i 1 u
u� nru �'W� ?i fl'\j1�'l�t1 fl 1?11 b -uu m1l 'lJ bb�1 zj..:i11c.1..:i1m V1�1d 11u11l.l'l�'<il1 fl mm�1vh ml.I

\I 

'V1{V1c.11 mVl1..:JVl � b'1bb'1�'lJ1 cJ �..:i mlJ'lJ'1'Ui�Vl1'W ml.I bl'J515fl1ibb'1��..:i bne:i..:i �1'U fl..:J1'W'W bc.l'U1c.lbb'1 � 

bb�'lJbb'\,j..:J'lJ1� bU'U�'W 

l.l0 15'N 

13
°

10'N 

13
°
5'N 

13
°
0'N 

99
°
SS'E 100

°
0'E 

(I 5 

Gulf of Thailand 

10 15 20 
K::1111:m==::a-.-=::::iKm 

100
°
s·E 100

°
1o·E 100

°
1s'E 

o I J/ d.c:f iu 1 'V1'WVlP!fl'lj1
100

°
20'E 

2) 'V el lJ '1 vl 'W \i 1 'W bb '1 � fl1 i � 1 i 1 '<il 'VI 1-.'.l e) Vl fl Pll 61 � fo '1 � 61 lJ 'VI i Pl 1 ?l � { e) Vl fl 1 Vl cJ 1 61 Jl 1 'V'l'U d.1 , , , 

n:wm61�1bb'1�.!l:wu1� b Vl Pl ��111'.iJ bb'1 �11u11lJ 1(i1c.1V1t11 c.1..:i1u�1..:i 61 1 u'lh..:iu 19s4-2017 b6tlu
" " I 
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' ' 

bbt:-J'Wvi'Vl'Vl1'j) 'LJB\ji:Lfl1'W\1171bvit.J:u (https://www,google com) 'LJB\ji:1bbt:-J'Wvib�'Wb1B (m:U�'Vln 

1317?f(il{ f)e).:J'VJ'Wb1€1) 'LJ€1:Ui:1€1'Vlfl1'Vlt.J1 (u�mruJ1�'Wbbi;l�J1vh, m:IJ'lli;l'LJ'j�'Vl7'U) 'U€1:1Ji;l€1(il'Wt.J:IJ1'Vlt.J1 
\J 'I \J 'I 'I 

(m:U€J(il'Wt.J:U1'Vl t.J7) 'LJ€1:Ui:1€1'Vl nl317?f(il{ (ri�'Wi:1:U'Vl� bi:1bbi:1� m� bb?ttl1, ?\'1,! n-:i1m 'Vlri 1'W fa �V11-:imn1131 
'I 'I 'U 'I 

= 'lV � cf � ' I .J 

bbi:1 �.f):IJ?f 1?f'Wb 'Vl 131) (?1!;1 m1m1:u b 'W€1'1.h� f)€)'\J fn 'j 131 n�1 bbi:1�1 bm7 �'Vl?f .fl1'W'll1 tJ �-:i fn'j b 'Ui:1 t.J'W bb 'Ui:1.:J " " 
' ' 

., d
'll €1.:J'll7 tJ �-:i bbi:1� m�m'W fn'j'lJ7 tJ �.:J'll€1.:J'W'U'Vl � n�1 

'LJ€1:Ui:1.fl1'Wci7t.J'Vl1.:J€11n7131 (D 2497, 2510, 2539 bbi:1� 2545) bbi:1�'LJ€1:Ui:1.fl1'W(?111bvit.J:u (D
" " 

2549, 2552, 2553, 2554, 2556, 2557, 2559) �'j'J'\J'j'J:1Jltii'"ll�f:lf)tJ1:IJ1�(?l'V]11�€1�1'W'j'LJbb'\J'\J" " " 

(format) � bU'W��\,)i;l b �€11-iil 'Wf11'j'\ll1�1bb 'U.:J'lJ€1.:J'lJ1 t.J�,:j� b 'U�t.J'W bb u1:1-:il u1 'W'lh.:Jb 11:11�1.:J 1 b �€1 

u 1'\J bbfl r111:u 'U (?) b d t.J 1  'lJ €1.:J.fl 7'W tii'1 tJ 'j�'\J '\J JJ :D ?I 7?f 'W b 'Vl 131 (geographic information system:

b'LJ'jbbm:u ArcG\S nB{'tl'W 10.4 �i�'W7b(?lt.J '\J��'Vl ERSI 1'Wfn'j�n�1r1f-:idoiJ'€1:Ui:1.fl1'Wci1t.J1'Wtl" 

?11'\1!1'\J 1-iil 'Wfn 'j'LJ1'\J bbflr111:IJ'U(?'l b d t.J1'U€1.:J.fl1'Wci7 t.J'Vl1.:J €11 fn 131 bbi;l�'U€1:Ui:1 (?111 b vi t.J:IJ�'j'J'\J'j1:1Jltii' 

bb 'W1'lJ1t.J�.:J'lJ€1.:J�'W��n�7�1'W1'W 12 D f:lflfl(?li:1€1 fl"ll1fl.fl1'Wci7t.J'Vl1.:J€11n7131�f:I fl'U1'\Jbbfl bb611 
" " 

., 'i. I .. d I .., 
• I d � � ., (?l'Jt.J b u'jbbm:u ArcGIS. "117 flfn'jl31 n�7'Vlt:-J7'U:IJ1 i:l n�ru�'Vl1.:Jn7t.J.fl1'W'Vlm tJ u'j� b.fl'Vl'Vl?f7:IJ1'jf:lb 'Vl'W b(?\ 

"ll1nm-wci1t.Jf:lntl1m 1 ib U'W\?11bb 'Vl'W'llB-:i�1bb 'Vl'U.:J bb m'tl1t.J�-:i b 'li'W bb m'tl7t.JU7'tl7t.J bi:1'Uf:I ntl1m 1 ibU'W 
" " 

bb 'W1'lJ1t.J �.:J?!1'Vl1'\J'Vl1 (?\ bi:l'W'\1!1€1'\1!1(?1 br11:1'W bb 'WJ'l) el'\J'lJB.:J'W'lJ�t'W'\J�b 1W'lJ1 tJ �.:J?f1:IJ1'jf:ltJ1:IJ11 'tlb U'W 

\?11bb 'Vl'Wbb 'W1'lJ1 t.J�,:jfi'j'j:IJ'lJ1� ?!1'Wbb 'W'Jf:l'W'W '\1!1€1 bf1'j,:j?f-r1-:i'lJ1t.J�.:J'\J1.:J'lJ'W(?l b'li'W f11 bb 'W.:J fl'Wr1�'W A'W 

�'W ii:1i ?17:IJ1'jf:ltJ7:IJ11'tibU'W\?11bb'Vl'Wbb'W1'1l7t.J�-:ibvit.J:u (artificial shoreline) 'Vl1€l'lJ7t.J�.:J�f:lni�'W7 " 

bU'Ubi'.i€1-:i bU'W�'U 

0(il'j7 b u�t.J'Wbb u1:1-:i'll€1.:Jbb m'll7t.J�.:J(il7:IJ bb m�'W�� n�7"11�� nr\'1mru b(?lt.J1 m 'LJ'jbbm:u Digital 

Shoreline Analysis System (DSAS) zj,:i�ni�'W1b(?)t.J U.S. Geological Survey (USGS) b1€l{'tl'W 

4.0 zj.:JbU'Wb'LJ'jbbm:U?f1'W'llt.J1t.J (extension) 'll€l.:J ArcGIS 1'Llfn'j1(?10(il'j7fn'jb'LJ�t.J'Wbb'Ui:1.:J'll€l.:J'll7t.J�.:J 

'j�'\1!11-:itl 2497 bbi:l�D 2560 tii'1t.J DSAS b�'W�7'Wm:U'U17.:Jbb'W1'1l7t.J�.:J (transect) "ll�f:ln?t-r1-:it'W " 

0(ilb'Wir�1(?lt.J"ll��-:ia1nnub�'U]7'W (baseline) �'j�t.J�1A1-:ivin1100 b:IJ(il'j �.:Jbb?f(?l.:J1'W�'U 2 "117m!'W 

f11 'j bu� t.J'Wbb u i:1.:J'll€l.:J bb 'U1'lJ7 tJ � -:i b vi t.J'\J nu b�W:i7'W 1 'W bb�i:1�'1!1.:J nm"ll � f:I n A7'W1 ru tii'1 t.Jlfi linear 
� " 

regression, endpoint rate, 'Vl1€l weighted-linear regression rate ��1r111mzjmj''W 90% 

3.3) �n�1t:-J1:1m�'Vl'\J 1r1'j-:i?f-r1-:iV11-:i'lJ1t.J�.:J'Vl� bi:l�€Jfn'jb u�t.J'Wbb Ui:l.:J'll€1.:J'll7t.J�-:i 

n 1 'j � n � 1 (:.J i;l n 'j � 'Vl '\J 'll €) ,:j 1 r1 'j -1 ?I -r 1-1 'll 1 tJ � -:i 'Vl � b i;l � €l bb 'W 1 'll 1 tJ � -1 "II . b 'W 'lJ 'j '\J :n 'Ul fi n 1 'j 

b u�t.J'\J b vi t.J'\J -5 (il'j7 fn'j bu� t.J'Wbb u1:1-:i'll€l.:J bb m'tl1 t.J�.:J'll€l.:J�'W�� mn n €l'W� fn 'jfl€J?t{1-:i 1ri'j -:i?t-r1-:iifo-:i n'W 

'1l1t.J�,:j bbi:1�'Vl�-1"111flfn'jfl€J?t-r1-:i bf1'j,:j?f-r1-:i zj-:i 1 'Wfn'j�f)�1r1{-:id fn'jb 'U�t.J'Wbb 'Ui:1-1'll€l.:Jb�'Wbb 'W1'lJ1t.J�,:j 

'j�'\1!11-:itl 2497-2519 "ll�f:I ntl1m1-iil 'Wf11'j'LJ'j�bil'Wm'jb u�t.J'Wbb u1:1-:i'l1€l.:J'tl7t.J�.:Jfl€l'Ufl1'jfl€J?t,r1,:i " 
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LL Vl�UI � f1L -d fJ U1U'U1-:J LLn1 U 1U 'U 1-:Jvl�'UUUB f1 LL� �u 1U'Vl � L� ('.i1m� f.J�'Vl 1-:J'U '.i�mru 21.8
\J 

"''i "' ., :"1 • I :"1 ., "' :"1 J{ d O ., • I n bmi-Jm) i-J�n�ru�L uUVl1\9lL�U/Vl1\9lL�U uU'Vl'.i1m uUVl�fl '<il-:JL uU'V'lU'Vl LVlm�?li-J?l1Vl'.i'U fl1'.iu'.i�i-J-:J 
?l.f11'V'l 01 fl 1 l"l'U� L 1 ru 'll1 fJ �-:i 1 uv1u� Pl fl�10 �.n 1 fJ 1a,iJ'Vl 5'\f'l�'lJ 0-:i�i-Ji-J '.i?li-J'U'.i�'<il 1n\9l m� 2 

'U , vi 'U 

2504-2533 ili1A1'U'.i�mru 27 .6 B-:Jl"l1 L61fm�hm (6'11'U fl-:J1Uflru� fl'.i'.ii-J fl1'.i�\ll.J'W1 fl1'.iLl"l'.i�fon'<il LL�� ,., 

� -:i fl mL '1'1-:J'll 1 � 2537) 1 u 'lJ ru � � ?l � � � ru vu;i in wn u 30 ti � -:i LL� tJ 2524-2553 (.b.ttp;LL 
climate tmd go.th/data/province/la,�-:i®�J:U'ilBfl/JJ�'il1ml"lL'V'l'll1'l,ilpdf) 'V'lu11�ruV1JJiiLu�cJ 
?l-:J?l\911 u'V1u�ili1A1�\9l�-:J L VI� 0 32.0 0-:i 1"11L61fm�f.J?l 1 u'lJru��BruVl.nii �1?1\91 Lu� f.JlJA1fl'1ui11-11 

'U , , 'U , 

L�i-J:ffmuu 24.3 0-:Jl"l1L61fm�f.J?l 6'11vt-ru0ruV1.niiLu�f.Jvl�B\91Uh1'lh-:J 30 u��1um i11-11?1-:i:ffmuu 
' \J \J 

'V'l��.f11fli-J 'V'l.l"l. 2553 LL���illVIJJii�1�\9l�Lflf.J1\9ll��B 12.4 B-:Jl"l1L61f�L�cJ?l L�B1U� 25 5'W11fli-J 
2542 

v1 �-ru 00 n 1 u'lJ ru��'lh-:in\9li-J'.i?li-J v1�1uv1n L?fo-:i 1a,zj,:i�\9l'V'l1f111i-J'lli-J�U'<il1 fli-JV11?li-J'Vl'.iBUL� fJ fl ntl\91 �u 
ul 'U 'I 'I 'I 'U 

� di q O 1 i-' JI .d J'� i.l QJ I JI � I � .d b\91 fJ L 'Yl 0 m 'lJ 1 v1 � u 11 l"l '.i 'Yl 1 VI 'V'l U 'Vl u bmu f111i-J 'lli-J 'llU bi-J Lvli-J 'Yl (http-I/climate tmd.go.th/ 
data/province/la,�,:iv1�1u 00 fl!IJii01 ml"! L 'V'l'll'.i'l,ilpdf) '<il1f1?l� �'ll�m rutl1e-Ju�-:i LL�u 2504-

2533 'V'l'U111uv1u� '<il.L'V'l'll'.i'U�lJ'<il1'W1Ue-JUv1fl'U'.i�mruu�� 102 1U A\91LUU'U�mrue-JU'U'.i�mru 
' 

1,044 ii�fai-Jv1'.i�0u b\9lf.Je-JUv1flmfl�?l\911u'll1-:iL�0uv1mr1i-J LL��i1'll�mrue-Jmu�f.J'U'.i�mru 264
' ' 

ii�� Li-Jvl'.i (6'11'Ufl-:J1Ufltu�fl'.i'.ii-Jfl1'.i�li),J'L!1fl1'.iLl"l'.i�fon'<il LL���-:Jfli-JLL '\'1-:J'll1� 2537) 1 'L!'lJru��?l�� "-' 

i.fimrutl1e-Juh1'll1-:i 30 u��1um (ti 2524-2553) LL?ll9l-:i1vfL�u11'll�mrutl1e-Ju1uv1u�i11-11�\9l�-:J
L�fltlBf.J LVl�B 987.3 ii�fai-J�'.i 1u'!Jru��'<il1'W1U1Ue-Juhhu�cJULL'U�-:Jmfl'Ufl (104 1U) LL��'ll1-:i
fl1'.i Ln \91 e-J Um fl cJ-:Jfl-:J Ln \91:ff u1 'UL� BU�� 1fli-J zj -:JlJ 'U�m ru e-J 'WLQ � fJ 'U '.i�m ru 278.4 ii�� Li-J  � '.i

'

(http:UcUmate tmd.go.th/ data/province/la,�,:i��:r·@vfl/JJ�mml"lL-w'lln/�.pdf)
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1(11 cJ bu'W1 �0 ch����� bbM A�� Vl��'lJ0 � b� f fwi' 'LI m f fW 1 u '<il'U ��it1 b�0 'U'W fl f'l� rn cJ'U '<il1 ml� �'W1 cJVl:l.l'U"I ' ' 

., 1 :;'1 � ':;'1 I "' .d d I 1 d .d I "' b'lJm0'U 'UA1'\J 66 u �Mbb\?lu 2495-2559 'W'\J11:l.J'W1cJVlbA'f10'U'<il1fltl11 VlcJbb'fi�bA'f10'UV1�1'U'\ll'a0
bA�0'U�b'V11fl���'\ll1(11b'W'lJ'a'\J�lil1'U1'U 7 'fifl ci1t11VlillbA�0'U�b'V1:l.J11'Ll'lh�b�0'U\?l'f11A:l.J (6 'fifl 1'WU

'I 'U V 'I '\J 

2495 (2 �fl), 2502, 2507, 2523, bb'fi� 2535) bb'fi�b�0'U'W�f'l�fl1cJ'U 1 �fl 1t1tl 2512 b(11cJ:l.J1fl
'W1cJ�bn(11t'Uii n1��bb 1� b tlt1'W1cJ� bu1?1-ti't1' ' 

4.1.2) ?l.fl1'W0Vlfl1VlcJ1' 

1 'U fl1 'aPl fl �1 A { �d lvi' 'a1 '\J 'a1 :l.l'V 0 :l-1 'fi 0 Vl fll Vl cJ 1 '<il 1 fl fl 'a:l.J'll'fi tJ 'a� Vl 1 'U zj � b tJ 'U Vl1.J1 cJ� 1'U
'U ' 

·fo�v1'llmm� fl 1 'Ufl1'a1(11'V0l;J'fi�Vlfl1VlcJ1'lJ0�tJ1� b Vlf'l bb'fi�'<il1m1cJ�1t1M1� 1 � bMcJ1-v 0� b(11cJ'V0l;J'fi
tlTV11'a1cJ1'U�'a1'\J'a1:l.l'lv1'<il1fl?lt:n'W1(11tl11 'U�:l.ltl1b'W'll'a'\J�lil1'U1'U 6 ?lt:n'W �0 ?lt:n'W B.3A, B.6, B.8,' ' 

B.9, B.10 bb'fi� B.11 (\il�bb?l(l)�'atJ 3) 1t1�1�u 2532-2559 bb'fi�?l��'V0:l.l'fitl1vh�?1m'W B.1, B.lA,
'U 'U 

1'U\?11'a1� 1

13° 15'N 

13° 10'N 

13°5'N 

13°0'N 

I 2°55'N 

i2°50'N 

_ /Jang Ta 81111 C/1e11111e/ 
\ 

Phctdwhuri River 

" ........ 

.15 
C

an Pak Thale 

.IA PB Bu
7 Lacm Pak Bia 

I ("''r;,,, 
) 

Gulf; Thailand

,o A 20 30 
-.--.-------,Km 

99°40'E 99°45'E 99°50'E 99°55'E I 00°0'E t 00°5'E 100° l 0'E I 00° l 5'E 

• RID stations

.C- Petchaburi 13uoy

Rivers 

'aU 3 \9l1bbV!1.J�?lt:l1'W1(11'V0:l.l'f10Vlflf'11?1\?I{ fl'a:l.l'lJ'fiU'a�Vl1'U (RID) bb'fi�'Vl'U?l:l.JVl'af'l1?1\?I{
'U 'U 'I , 'I 

4.1.3) ?l.fl1'Wti'aru1VlcJ1bb'fi�fl1'a1'U��'U
� fl�ru�vi1�51ru1vi cJ1'lJ0��'U�Pi fl�1 \?11:l.J� m:l.lvif'W cJ1 mti1ru1vi'Pifl�1 Hlil� bb?l(I)� 1 mu 4

'W'\J11u1� fl0'\J v11cJ \?I� fl0'U'lJ1cJ��vi� b'fi 1(11 cJBV16'W'fi'lJ0�J1tt1J1'f1� �m vi-um vi11mb u� brn�vi11cJ
'fi�bBcJ(11'lJ0��'a1'\J�:l.Jtl1t'U�� ��:l.J�'UbbQ� bb'fi���:l.Jtl1i�U1'lJ1m'fi'U bb'fi�'lJ11flVl�b'fi (O

rn
e) bb'fi�' ' ' 
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vi::: n0'U'1llt1�-:i'Vl::: brt b{?)tJB'Vl5'V'lrt'1Je:J,H'l�'Ll 'Vl'iltJ bbr1:::V111t1u'Um1(?)'1Je:J-:JVll{?)im1u iuV111mbr1::: b ilu

'Vl'iltl (Oms)

"ill n n11fin'M1ii'0:wmbt-J'Ll� n�:W'll{?)A'U 1 'Llt'Ll��-:JVl1{?)b 'V'l'll'iU� '1le:i-:im:w��'Ll1�A'Ll (i:f i:f'Ll n,
'U 'I q 'I 

2555) 1'Ll1'll 5 'V'lu11 �n'Mru:::A'Ll1'Llt'Ll�fln'M1bU'U n�:wA'Ll�bfl{?)"illnvi:::n0mJ1V1:::Lr11'Llu�nru�
V S 

11utl1V1::: brt'Vl1:W fi-:i bbr1:::'1l:::11n'Vl::: brt b U'U A'Ll� n n111:::mt1tl1 Lmm n b -de:i A'Ub'U'UA'Ub vi-u mvi�e:iA'U

�1'Ub Vlt!tl1'U'U'Vl'i1tlbb u-:i �� n'Mru::: b U'UA'Ubrt'U A'UU'U��l'U'Ub 'Vil 1 'U'!Jru:::A'U�l-:Jb U'UA'Ubrt'U� b 'Vllbbfl

Vl�e) �b'Vl1'U'Ub;tl1 �fl11:1Je)(?):1Ji:f:WU'iill'U1'Uf1rll-:Jfi-:i1:1-:i Al pH 0�1:::vi11-:i 7-8.5
'I 'U 'U 'U 

v1111-:i 1 1:1� �'ll�mrutl1'\!l111 t1u�m:11-u1{?)J1'1J0-:i m:w'lir1'll1:::V11'U 1 'Ll�:wJ1 b 'V'l'li'iU�
' ' 

tRmrutl1111,1uuLo�u 

flmil .i1J1 ,H Yi11A .t dv � -J1,U'UB)Jc (111\J cU.�.) Yl�, \'iUYli\J\J1 

'1t11U��-l tl1Lno i,wi'� m::��Yl CHN��vl (m.n�.) ,1uu 9��\J q�nfi, 

B.1 L\1�11/'; {huH1mflu� LiJo, LYl�i\/5 13.0744 99.9436 4,188 2464-2493 1,095.8 972,7 123.1 

B.lA LYl�i\/5 u1uH1milu� LiJ01 LY1Vi\J1 13.0744 99.9436 4,188 2504-2542 832.2 716,3 116,0 

382.2 301.5 80.7 

B.2 LYi�i\/5 \11U1,l L\'IVi\/1 12.9122 99,8586 4,060 2473-2491 968.9 880.6 88.3 

B,2A LYl�i\/5 Y11UL�O\JL\'l'uil/5 \'11U1, L\'l�il/'i 12,7455 99,8586 4,060 2504-2526 796.4 735,9 60,S 

492.2 370,8 121.4 

B,3 L\'l�i\/'i u1u�o,\'1uo, LLf1,nW'il1U Lm,1/1 12,8677 99.6777 2,244 2511-2546 811.9 746,2 65,7 

992.4 776,6 215,8 

B.4 Li'i'tl)t}� LLn,n1S'il1\J l�rl-lm:::sJTU LYMl/'i 12.9122 99,6361 2,203 2503-2504 969.7 907.0 62,7 

B,5 �j'j'l:Vit/� u1u�s1�uui11U1V1 un,n,e,nu LYltil/1 12.9027 99.6438 2,207 2506-2534 949.9 882.7 67.1 

899.0 705.6 193.4 

B.6 \11UU�\J,sium U1\J�WU1U\J� nn,n,e'i)1\J LYl'o,1/1 12,9322 99,7847 1,015 2515, 2520-2546 178,9 165,6 13.3 

B.7 ii1uu�v,etuii U1U\I\Jo,u1 ufl-1n1:::'i11u bWU'l'-J� 13.0291 99,7333 846 2521-2534 124,3 118.0 6,3 

B.8 ii1mnn u1umsL\l'iu, v\1u1-3 LWU'l\J� 12,8136 99,6922 264 2521-2545 34,0 31.4 2,7 

B.9 (Yi�ilJ5 U1\J�1,SL\1� viiu1, LY1Vi1J1 12.9750 99,8829 2,617 2546-2560 331.3 194.6 137,0 

B.10 .i·1�11J1 u1u111u1, vi1u11 L\'l'011J'i 12,9733 99,8861 4,111 2528-2546 429,1 412,5 79,6 

s.11 ii1uu�vwtmi U1\J'i)SL\J,, \I\JB,mi)1tJfi,H L\'IVilJ'i 13.1777 99,6750 460 2543-2546 61.5 55.0 6,5 

d 
6'11Uf1-:J1'Ui:f1'ii:f'Ub 'VlPl'Vl'r'V'l tJ1 mJ1 bbrt:::f11'ibf1'Mvl'i ( e),:jr)f11'i:WVl1'1l'U), 2555'Vim: 

"il1nii'0:wr1n11H'll1::: 1t1'll'W�A'Ll'll0-:im:w��m�A'Ll u 2527 (�11!n-:i1'UAru::: m1:w n11
V 

��'U1f11'ibPl'i'M�fl"ilbbrt:::i-:ifl:Wbb'v1-:J'li1�, 2537) U 2545 bbrt:::U 2552 (i:fi:f'Uf1, 2555) 1:11:IJl'ifli:f'i'U
� '

f11'ib'U�tl'Ubb 'Urt-:Jf11'i H�A'U'lJe)-:J�:Wtllb 'V'l'li'iUTI 'U'U1-:J 25 u 1vi'vi'-:iv1111-:i 2
' ' 
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Scdlmcnlary and Metamorphic rocks 

Q,1 

"' 

"' 

Cfl-2 

-

iluonil 

... 

11:no1111'�"'1011,1, Ill 111111 w,,;J,,1.,:"';1111,\!1r1u:r1uAM11ilo,;i 1'h1il11n:11�i11•n:,;",;/ �1 1i;'b1 
.,: oou,wi'lm:1nlulrn'\n1m11��\1�1:11 ilui\!lln1 n11-.,;h 1111.l.lll1'111!i°li""•11i1';\11'111��"bi\\i1\l,U111,r-:.,_inr\iiii1\hTIDilU 
un:r.11nn:tn 
il:ftlllital11l!W'llADlln·1mlfl"n111111t1110:11110U\lni1u11111,\i'!u1111utlu111va1n:iuu111ln 
q:Mv�i ni ln1H11 m 1'oll ,111• '111�•;1,lll!itunilinn: 111.i:n;1 u .. i"111�01il 1111:1111 hrnu111l{llun11niu,l,'\.111h:iut1,l(aoUl111ol'l1 
": oe11•1u,i1uil .,,,o:A: 01u14tiii1U,;. 01 N ,n 111 \I) Y.11J"al1ir1.,.,n 1onn:,1111"itu 
i1\IJlu11u;h,i\i81o1loh/o11'Mt1<flN1J1l1•'°ilul1�uun:fJu•;ulrnliilnlu:i1nu1,t\fo\l-a 'l!to1111Ml11',u 1l:,n,1110:1111lo\, 
i1u l11Au 11u111-a"u11r,,�1l.ti1u 11 l1ftM11M1(,t 11A:i,uu� lnu�.\ h� 

iiul11ou1hrn1,11·11u-i,111u;.u,nw;.,;l1H1Kl'i:tllun111,;(i11(M,1l.tin,n11e1i'i11YM1�t"l111111-.'\ii11111;�Mui1,111\l,,,,ui"11not11 
lu1lo"n\l:t11i1&•1\!l111uot,� 

�l.l1: http://www.dmr.go.th/download/pdf/Central East/Petchaburi,pdf

1U 4 bbe-J'U�V11,Hmu1vm1 �.:JVl'J�b�'IJTU� � , 
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�m: mlJ�\,lJ'W1��'W 2544 (el1.:i�.:i G'IG'l'Wn, 2555)

'*1'h 

"' �•,•l\ol I �..,th.II U 
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,f �•1fl1i.C 11 � •-t1.,,h,II ii 
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,,. t�,.�.- II ,,. fi\•1•.k.4 U 

�,•1•1"-._11 ff' "¥'\•h1o 

,,. r-(•il.M 11 "' f;\1.1111,'tl U 

4' �•11k.l I ,, �•k.11 I 

Ifft •-t•1•1"4 u .,...,,IJ u 

u,i.,lhl 11 # •1tJJ J 

,, "."1J..,( U ,. .,.hJ! I 

,:,,,,k,._c n ��u� M. 

,�11.h.•u ,r ,,,..,,.,.,,,.. 

,,. '-\"1'k.� 1 # �hhl.u 

# ,.\L1th.� II ,,. 4.t� 

'\•1••�• u ,# ..h�M 

,,.�,, .... ,H,,.N h )t 

� "-1"1',.."""' 19....-., 

1tf- rt•111 ... 1 u ,r .Cu""tJ11l�� 

# t\•111,.Cw ulri!, 

,�•tJl .. t, ,, kn-.. 

�., ....... ,,.,�

,, ,,., ..... .. 

1tJ 5 �mm.1��'W�.:ivi1v1b'W'll1u1
" ' 

4.1.4) G'l.f11'WG'llJVl11"11G'l\9lfaf!�BVlnf'l11;'1\i11 ' ' 

1 un11Pi nl'J1r1.f .:id1�Pi nl'J1G'lm-wr1�'W 1 uu� b 1ru�'W�Pl nl'J1'11n'VBlJflf1�'W�11m1lJ 1�'11 n" 

111:.1.:i1u-vBlJf!G'llJV11P11G'l\9l1VJ'Wb'W'llTu1 (1,J 3) �i'vi 1vim111!n.:i1mV1r11 u1fl�mn11"1bbfl�G'l11G'lmVJP1
\J , , , \J 

(lJV11'll'W) Vl�B G'IVJBfl. 1vimri1B.:iiiB1vl'll'W1vlf1�'WB\9l 1'Lll1�'1�tin�vii.:il 1nuvl'WG'llJV11P11G'l\9l1 'VBlJfl�
'\I , , \J 

1vivin1 3 -&11m'1��rn'l.:i�1'W'1qjqJ1ruvJ11b'VltJlJlJ1fJ.:J G'IVlBfl. 'Vl'U'Vl �.:Jb'<ij1VftJ1�'1�\9l11'1G'IB'LJ'LJ'e)�fl
nB'tJ'W1m 1 �u�n11 'VBlJflf1�'Ll m� bbG'ltl1 bbfl�'VBlJflfllJ�l� '11 n n111v1�V1'tJG'llJV111"11G'l\9l1b -w'll1u1�ii

'\I '\I , , , 

n111vl 1 'Ll'U1.:Jtl 2539-2544 '1�'1 n'U1m 1 m 'Un111bf111��G'l.f11'W?llJVl11"11?l\9l1'lJB.:J�'tJ�Plnl'J11 'Llf1f .:id" ' 

l!nivi-vB.:i bbfl�V1'LllJnV1flvJ'11nv11bb viu.:i 1 'U'U1.:i-w11:.1 ' , ' 

'VBlJflf111lJ?l.:Jf1�'Wbbfl�mrn1mr1�m11:.1 3 i11lJ.:i (hJiin111v1viP1V11.:ir1�'tJ) �1�'11nvl'Ll ,, " ' 

b'W'll1u1 b'U'Ll'VBlJflf1�'Ll1'Llt11�ntJ1�mru 10-20 blJ\9l1 B�vh.:i'11n'll11:.1�.:itJ1�mru 20 n1ml1\9l1 �.:i' ,, ,, 

� "" d • I "" "" "" fl d � bi;in '1 (wavelets: 0.1-0.5 blJ\9l1) lJf11'Uf1fl'Ll u1�mru 3-4 1'U1Vl bbfl�Bn 48% b u'Llf1fl'Ll'll'Ll1vl bfln

18



"' � I I  � �  J � .r:."11 � d 
(Slight: 0.5-1.0 bi!M'.i) ilfl1Uflfl'Ue)�';j�Vf11..:J 4-5 TUTVl bbfl�VlbvtflBBn 1 % b'U'Wfl'1'U'1J'U1\Piml1..:J 

V ,;J .J., 1 ?:'/ I :;'j 1 'tl 
,;J .J.; 

(Moderate: 1.25-2.5 biltn'.i) 1,1,1;1�'<i11n6!lmJ1;1r11;1'UV11\9l l?lb'U'll1..:J 5 u ii '.i1f1{)fl'1'UV1ilfl11il\J..:l 

ii1nn-:h 2.5 biltn'.i �1u1u'll1..:i�vn��'U1?111,{htl::;vi::;ri111 mru�nrud1 u1t1� 4 'Vi(]f'11ijf11cJ'U 2540

viu11Ja1m'.it11w[e1ii1;11� �1vifor:i'..:in1'.if1'.it'<il1cJ'1JeNfl�'U (wave rose) �'1'1TWi1bbM1..:i1u'.itl 6 
' � � 

(a:w:uii11 vfv\f'lvi1-:tA�u�niivlf'lvi1..:if!&J) 

'W1'U11 

'W'UH 

1iir-111-1ir�·wiiu 

.,J 
L n 'l'ivl'iff'i'Ule.l'U 1 

th1ii 

JI Jd. 
'W'U'VleliJ 'l

u 2527

510,412 0.13 

200 0.00 

234,887 0.06 

179,599 0.05 

25,560 0.01 

2,780,124 0.71 

178,249 0.05 

3,909,031 

ti 2545 

583,032 0.15 

494 0.00 

236,905 0.06 

286,808 0.07 

76,603 0.02 

2,266,224 0.58 

458,965 0.12 

3,909,031 

�m: 'UB:JJatl 2545 LLl;l:::tl 2552 ,;11tJ�1n ,;1,;1-un (2555) 

tJ 2552 

516,823 0.13 

19,349 0.00 

225,132 0.06 

358,097 0.09 

124,850 0.03 

2,070,057 0.53 

594,723 0.15 

3,909,031 

'llll.n!JLVI�: Lf1'l'!l'l'iff'l"i).Jt'IJ'l Lti1LLfl ��'lllty1Lithl�l'llLLi;11::L1�L�Bmtfl��w5, -w'tl,!1 (aquatic plant), lu�

L'W1:::Li!'M�l'l1tl1 (aquacultural area) LLa:::Lf1'l'!l'l"itJ�:rn-1l:11'UJlf1..11,;11utJl:1).J (integrated 

farm/diversified farm) 

vru�t'IJ 'l Hfan ,;r'IJ��ll'!l'ULLa:::��tl�n,;1{1� (urban and built-up area), rr'U�tl1 (water body) 
cl' d � a 

LLl;l:::'W'U'VlL'Ul>ILl'll;l\11 (miscellaneous area) 

'ije)�flfl'.i�bbat11�'1Vlelfl.M'.i1�1\9l tl'.itne:iui;'\'1c.1 '1J'U1vl (magnitude) bbflt'V!f'\V11..:Jn'.itbb'1tl1 

(direction) '.i1cJ 3 i1 b&J-:t U�1i11nn1'.iM';i11il'1B'U'UeJ&;ji;'!ViU11 -iiB&;Jfl 1lJr1m.1�m ilB..:i bilB..:i1i11niqJqJ1ru 

i\91.ifa..:ii,rn�viu� nvt1;1vi'<i!1 nv\'11,1, vttl-:i 1 u'll1..:i-w1cJ vi1'.i1-:t 3. 3 1,rnl'l..:J'1TLle-.it1m'.iitm1��r11vi1..:ia��'ll B..:J 
, 'i ', , 

'U€1&,j6'1 fl'.i� bti.'1'W1 1

b:UM'.i!im'Vl r111m 11a..:ial'liil'i11lJ1,nu o.s biltn'.inmvi Ln\9l;'W 1 u'll1..:i1,�€)'Ufim1r1ii�..:i 1,�e:i'Ui1mr1:u u ' 

b(?)r.Ji1vifl'Vl1-:ivtil'nfiBvif'11, vrua 1 u'llru:J�r111m �1m:J LbG1tl11i1��..:i(u 1 'W'll1..:i 1,�e:im11�1c.1'U�'U�..:JL�B'W 

'W(jf'llijf11cJ'lj Lm�a1u1 vtajiivlf'l'\111..:Jvtan 1tlvi1-:i1� bb�f111;iJb11�..:J�\9l�bl•)cJ1\9llti1Ae) 0.99 bil�':i/i'U1'Vl 

Lfil'l,1'U 1 m�B'W�rl1fl:IJ 2542 �..:Jb 'U'U-if B&;J6'1��':i11il'1€1Ubb�111 b U'U'lb..:J b�B'U�1JA1'Um,jfl�(?)t]n� 

b -0eJ-:J\11fl'ije)�f!Vlf'\'Vl1..:Jfl1';j 1 vtflilb � !:J..:Jfl1 b�cJ1M6'1€1(?1i..:Jb�€1'U 
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NE Monsoon 

NN\./ N 
NE 

S\./ 

Trnnsltlon 

NN\./ N NE 

�\\� ':'
r! ESE 

SE 

S\./ Monsoon 

NN\./ N NE 

SS\./ 
S 

All 

�1J11JmPj : 1lum::i"11nii!llj�R�\l'll!l��mvt111j'¾1i1�nun1lli 
\"on�� il 2s36-2s44 GT 6.0 4.0 2.5 1.25 0.5 0.1 0 m. 

QI .., .,l ,d I "' 'fo 6 �-:im1m�'<il1t.l'l.lel-:Jflfl'Ll (wave rose) 'Vl'Vl'Ub'l"l'll1m 
'U ' ' 

4.1.5) u�mruv1�nel'LlbblJi11 

'<il1n m1v111'<il?leJU'Uel¾Jflvi�ne:i'Ll�11m1&-J 1tii''<il1 n m1Pi n'l'.l-1 �1-:i 1 'l"lU11'Uel¾Jfl vi� ne:i'Ll bblJi11 

ii m1i111'<il 1�m m&-J'llfl'U1�'Vl1'Ll 1vit.Jii nw1vi b v1 tJ-:J'UeJ&-Jflvi�ne:imb 'I.ITUfle:im 'Vl1t!'U 1 'Llm1Pi n'l'.l-1r1f-:i 
� V V I � .J d i.l JI d.::f 1 VO ,:::I .c::!i .::::i 
'Llbmlm1&-J'l.leJ¾jflvl�nel'Llbbll'U1'Vlbnt.l1'1.1eJ-:J'l"l'U'Vll'ln'l'.l-1 �'<il1'U1'U 8 ?tm'Ll fle) ?lm'U 8.1A, 8.3, 8.4, 

B.5, B.6, B.8, 8.10 bbfl� B.11 G'11'Vtfou�mruvi�neJ'Ubb'IJ1'Uflelt.J'j1tJU�bfl�el'lJ�1 'LlbblJt11b'!"l'll1U�
' 

4.2 f11'jb 'U�t.l'Ubb 'Ufl-:J'l.leJ-:Jbb 'U1'1l1c.l�-:Jb Vl'll1�TI 'U'U1-:Jb1fl1�1-:J 1 

'll1c.J�-:iii�ru?l&-JU&l�i1ri'qi�e:iii �n'l'.1-ru�b U'U'l"lfllvl (dynamic) V11e:iiim1b 'U�c.J'Ubb 'Ufl-:J 

vifleJ� b 1m �-:i m1 bu� c.J'Llbb Ufl-:J'l.lel-:J'll1 c.J�-:i b U'Llf111 vie:iu?t'Ue:i-:i�e:i m1 b u�t.J'Llbb Ufl-:J'l.le:i-:iJ-:iu11&-J'l.l1&l 

bbfl�f11'jfl'a�'Vl1'1JeJ-:Jll'U�tl bb'U1'/l1c.J�-:JU1�'Vl11-:JU�1-:J61 ��'Uelllflbb'U1'/l1c.J�,:j tln'U1il1b'U�t.lUb'Vlt.lUfl'U " I 'U 'U 

b �eJPl n�1 bb m 111&-J f11'jb 'U� c.l'Ubb 'Ufl-:J'IJe)-:J'/l1 c.J�,:j bbfl� �fl'/leN fl'<i)fl'j'j&-J'IJel-:Jll'U�tl�e:i f11'j b 'U� c.l'Ubb 'Ufl-:J 
' 

'/l1t.l�-:J �flf11'jb'LJ�t.lUb'VltJU'/l1t.l�-:Jl'U'U1-:JU�1-:J1 bb?l�-:J1'U'iu 7 n) �,:j '<ii) 
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� � ..:,j ,:d I ,::;:j I �I \?l111-'.l 3 1"111:Wb 'a1f1'J�bb?l'U1?\-'.l?\vl11t.lbvle:J'U'\ll'\ll'Lll 'l"l'll'J'U11�Vl11-'.lu 2539-2544

B.1A

B.3

B.4

l'l'l'!J'flJ1 

b'l'l'!J'i'U1 
' 

b'l'l'!JTtJ1 

)J,fl. 

ii.fl.

\),J, ti.

Yi.fl.

fl.fl. 

?I.fl 

fl.ti. 

M.fl.

Yi.ti.

ti.fl.

Jt .Jcv � 
'V'l'W'Vl'i'U'W1 

(\l1'i.f))J,) 

4,188 

2,244 

2,203 

B.5 b'l'l'!J'i'U1 2,207 
' 

B.6 �1ml.JU'i:1�'Wv1 1,015

B.8 �1tJf,J1f) 264 

B.10 l'l'l'!J'i'U1 4,111 

B.11 �1ml.ltl1:1�wv1 460 
d 
'Vlm: ?l?l'Un. (2555)

'll 'I Cj <I 

Vll'lYl1� 

0.46-0.50 N, NNW 

0.40-0.48 N, NNW 

0.36-0.45 N, SSE 

0.40-0.55 N, NW 

0.46-0.52 N, ENE 

0.50-0.57 ENE-ESE 

0.50-0.51 ENE-SSE 

0.46-0.64 ENE-SSE 

0.49-0.59 N, NE, SSE 

0.63-0.68 ENE-SSE 

0.99 NNE 

0.45 NE 

2541-2542 

2541-2543 

2498-2505 

2506, 2501-2518 

2509-2528, 2540-2543 

2529-2543 

2541-2543 

2543 

" � \'711).Jb 'i1?l�?lvi '\lll'\Yl1� 
- ' 

0.50 

0.48 

0.45 

0.55 

0.52 

0.57 

0.51 

0.64 

0.59 

0.68 

0.99 

0.45 

N 

N 

N 

N 

ENE 

ESE 

SSE 

SSE 

SSE 

SSE 

NNE 

NE 

67,806 

22,398 

81,538 

59,874 

81,363 

4,276 

94,736 

4,393 

f5\?l11 n 11 b ,J � t.l 'U bb ,Ji;, -'.j 'lJ e) -'.I'll 1 t.l � -'.I 1 u 'ti 1-:J  ti� 1-:J 1 bb ?\ vi -'.I 1 vi' b � 'U �-'.I� ,J bb 'U 'U 'lJ e) -'.In 11 

b ,J� t.l'Ubb Ui;,-'.l'lJeJ-'.l'll1!'.J�-:J1 utu�rlmn �-:)?\�'VI eJ'U1 vi' b�'U�-'.ln11\?leJ'U?l'UeJ-'.l'lJeJ-:J'll1!'.J�-:J� A1vl11�� 

bn vi:ff u � 1 nu�� !'.JJ-'.1�1 n511:W'll1 � bbi;, � �1 f1 n� n 11:W'lJeJ-:J:W'U �6 1vi t.l n11\?leJ'U ?\'U eJ-'.l'lJ eJ-:J'll1 !'.J �,:i 8'U 

.,J ."1 ., "' "' !1 ., ., • 1 d • I � 1 b 'Ue)-:J�1nu��t.l'\ll1-:J511:W'll1\?l ?\1:IJ11fnbA11�Vl bvl�1nn11'1JeJ:Wm ui;,!'.J'Ubb ui;,-'.l'lJe),:J bb 'U1'1l1!'.Jv-J-'.l 'U';i�t.l�
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Transect numbers 

�) '111-:iu 2557-2560 

iu 7 ((l)eJ) e)(i)'J1n1''Jb 'U�t.l'Wbb 'UG'l-:J'lJeJ-:Jbbtn'lJ1t.l�-:Jb 'W'lJ'at{fl 'U'li1-:Jb1'11M1-:J '7

d ,., ' 

4.3 n1'ab 'UG'l t.l'Wbb 'UG'l-:J'a� t.l�t.111 bbl;l�'a�t.l �i'W'lJeJ-:J bb tn'lJ1t.1 �-:J b 'W'lJ'a'U1

::: 

ti 
::: 

� 
� 

400 440 

-.: 

::: 
::: 

u 
::: 

� 
� 
e 

� 

400 440 

b �eJ 1 �r11m1rn .if 11�1tlbb uum1b tl�t.1'Wbb Ufl-:J'lJeJ-:J'lJ1t.1�-:i 1 m1t.1G'l�bBt.1� 1 'Wm1?1n�1Ai-:id " 
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�1 n m11 br111t�m1 b tJ� tl'Ubb tJ,M bb in'll1t1�-'.l 1 'Uci1'Udbb�'1t6111-'.I b 1m-wu11 1 mtVl11-'.ltl
2496-2510 �'U�'ll1tl�-'.IU1'U b(l1'Uli1'Weltl'1-'.IU1'U�1�l1'1 (transects 4-38) ci1'U1Vlaj�m1-'.lelnb�:W'lJel-'.I
'll1tl�-'.l\i11tlB(l111bu�tl'U1t:lJ1ru 2.8 b:W(l11�e:itl tlnb1'UVl11i1b'<il1G1111(1) (transects 40-61) �n11flli1
b61J1t\i11tle)(l111bQ�tl -2.2 b:W(l11/U e:icl1-'.!hn(l11:lJ'll1tl�-'.I Cell-1 ci1'U1 Vl(1Jbf11i1n11tlli1tleltl'lJel-'.lbb'U1

� 1 I I ::Si " ., .,j 
Q I 

r.'1 1 
,Jf .,j .,j ., 'll1tl1N-'.I 'U'll1-'.11t'Vl11-'.lu 2510-2537 li11tlel(l111bu'1tl u1t:lJ1ru -1.3 b:W(l11;u li1tl'W'U'W'U'Vl'Vl�nnli1b61J1t

1mtli1UJ'Ubb1-'.I (B(l111m1111i1b61J1tbu�t1tJ1tmru -7.0 b:W(l11/U) �u�nruvi1bvit1rn�mbVl'1:W�mdt1' 

�'U'1-'.l'Umt1'1'U'Vl11mbVl'1:W�mdt1 (transects 110-127) 1mtVl11-'.ltl 2537-2546 �'U�ci1'U1 Vl(lJ
'lJel-'.I Cell-1 Ael'U'LJ1-'.l�b?f�t11m'Wmn-TI'W bli1t1B(l111m1nm61J1t1 'U�'U�,d'11i1'1-'.lbVl�m�t1-'.I -0.4 b:W(l11/
ti e:icl1-'.l 11n(l11:lJ n11flli1 b 61J1t1t\i1'UJ'U bb 1-'.18-'.IA-'.l'W'U 1 'W'U� b 1ruvi1b�elbb Vl'1:W� m d tl'1-'.l'Um tlbb Vl'1:W� m dt1' 

(transects 110-124) e)(l111n11flli1b61J1tbQ�tl'U1t:lJ1ru -5.5 biJ(l11/U bli1tl'U'11tlbbVl'1:W�mdt1�m1nli1
b61J1te:icl1-'.!1'Ubb 1-'.l:w1n�?fli1 Vl11i1'Vl11t1tJmmb Vl'1:Wtinnli1b61J1tVl1tl 1 tJVlmtl'fam:wm 1'W-d1-'.ltl 253 7-, ' " 

2546 Vl�-'.!�1ntl 2546 b'U'U�'U:lJ1'll1tl�-'.I Cell-1 Ael'U'LJ1-'.l�b?f�tl1fl1'W B(l111n11b'U�tl'Ubb'U'1-'.lbu�tl
'lJeJ-'.!'ll1t1�-'.l'U�b1rudtfe:it1n11 0.5 b:W(l11�e:itl

4. 3.2) m1 b tJ� tl'Ubb 'U'1-'.l'lJel-'.I bb 'U1'll1tl�-'.I�\ bb� bb Vl'1:W� m dt1fi-'.IU1'U'V11 b 'Wtl'U ( Cell-2)

bb'U1'll1tl�-'.I Cell-2 b�:W�-'.lbb�'lJmmbVl'1:W�mdt1\i11'UbVl'Uel (transect 139) �'U'1-'.IU1'UV11
'Vl1b'Wtl'U (transect 189) �A11ilt.111'lJel-'.!'ll1tl�-'.l'U1t:lJ1ru 5 n1m:W(l11 'll1tlVl11i1bU'UVl11i1b'1'U ci1'W
1 . �I .,r .d Q./ 

t, x dd� v v d 
1 .,r d-=:i t di v Vlfil b u'U'W'U'Vl'Vl'Utl:W'lJel-'.1(11tnel'U bb'1tb u'U'W'U'Vl'Vl:WeJ(l111n11'Vl'Utl:W?f-'.!'Vl?fli1 'U'W'U'Vl\2ln'\�1A1-'.l'U e)(l111

V " S 

m1b'lJ�t1'Ubb'U'1-'.l'lJeJ-'.l'll1t1�-'.lbu�t1(11'1eJ1i1J-:i Cell-2 �A1'lJ1tmru 11.5 b:W1111Ju bb'1tBm1m1-:ie:in
b �:W?f-'.!?11i1�A1 28.4 b:W(l11/U -wu�u�nrutJmmb Vl'1:W�m dt1\i11'Ub Vl'Uel zj,:iV11Vltf 1�b?1i'.le:i'UbU'U1e:in'W" ' 

A�'U (groin) (111:W611:W'll1� �1nm11bm1t�]'Ubb'U'Un11b'U�tl'Ubb'U'1-'.l'lJel-:J'll1t1�-:i1tVl11-:itl 2497 fi-:i
2560 '\Jll'U11 B(l111bu�t.1n11-'.le:im�:w'lJe:i-:Jbb'U1'll1t1�-:i�bb'U1b'Wm�:w-TI'W�1n 5.7 b:Wm/U 1'W'll1-:itl
2497-2510 bU'U 8.2 b:wmfu 1'W'll1-:iu 2510-2519 bb'1tb�:W-TI'W�mtie:i-:i bU'U 13.9 b:wmfu �'Ufi-:iu
2537 Vl�-'.!�1m!'U eY11111m1-:ie:im�:w'lJe:i-:i'll1t1�-:ibu�m�:w'11i1'1-'.lbVl�e:i 9.1 biJ(l11/U 1'Wtl 2545 bb'1t
'11i1'1-:ie:icl1-:i�ut1G11rlru b Vl�m �ti-'.! 1. 9 b:W(l11/U 1 'U6111-'.ltl 2545-2560 11i1t1B(l111m1-'.le:im �:W?f-:J?fli11 'U

V " ' 

�'U�d n'11i1'1-:JbVl�elb�tl-:J 18 b:W(l11/U 1'W61!1-:J 25 u��1'U:lJ1 Ali1b'U'U�'U�-'.lelnb�:W'U1t:lJ1ru 21 beJA
bb(l1{ bli1tleJ(l111n11-:Jelnb�:W'lJel-:J�'Ummttlt 25 tlVl�-:J bVl�el'U1t:lJ1ru 1 be'!Abb(l1{/U zj-:J'11i1mfi-:i
85% bd e:i b tJ�t1u b vi t1unueY 11111m1-:ie:i n b �:w'lJe:i-:i�'U�'ll1 t1 �-'.11 mt t1tt.111 zj,:i,J1�t'l.l-:i�fi-:im1'11i1'1-:J
'lJel-'.1(11tnel'U'll1tl�-'.l�bA�el'U�'1-'.11m 'U6/11-'.I 15 ti ��1'U:lJ1

25



4.3.3) m1 b tl�t.Jtlbb tl61-'.l'UeJ-'.l bb tl1'1l1t.l�-'.li-'.l bbMU1tl'V11 b i:lt.J'U�-'.!U1titl1 nvi� b61tleJ n ( Ce ll-3) 

bbtl1'1l1t.l�-'.l Cell-3 iJm1:wm1tl1�mru 6.3 n1m:w\'il1 V1eJv1�1eJci\i11tlbV1'LleJ'UeJ-'.!U1tiV11 
" 

'V11bi:lt.J'U (transect 189) Cell-3 -d'A1el'Ufl61:wbbtl1'1l1t.l�-'.ltl1�:lJ1ru 21 % 'UeJ-'.lbbtl1'lJ1tJVl1v1b61tl'Uel-'.l 
' 

�-'.!Vll\?1 b 'V'l'U';J'U� bb61� b Ut!'V'1t!� b 'Wt.l-'.!�1tlb� t.l1'Uel-'.l'V'1t!� �m�1�hJiJu1'1l1tJ b61tl�tl�'U e)'\J(i)1tltlel n'Uel-'.l 
' 

'lJ1 t.J�-'.l v1ti�'lJ1tJ�-'.l bne:iu'VY-'.!Vl:Wv1'1n'Wvlltl1b utiv1ti� biJeJ-'.l bb6l�b tl�t.Jtlb Ut!tl1 bn�e:i 1 lli-'.! bbM flelt!U 2497 

i:-.imnnm11bA11��f111b tl�t.Jtlbb tl61-'.l'UeJ-'.lbb m'lJ1tJ�-'.l 1 m�tJ�t.l11'UeJ-'.l Cell-3 bbG'lv1-'.l 1 Vlb i-1ti11 

'lJ1tJ�-'.l 1 ti�1ti-d'i:l bb m 1 u:wm1b tl�t.Jtl u tl61-'.l'lJ1tJ�-'.l bb 'U'U'1v1'1 eJtJ 1v1t.JiJ0\'il11m1'1eJtJ'jtl'IJeJ-'.!'1l1 tJ �-'.!bu� tJ 

1m�t.J�t.l11 -6.5 b:W\'il1/U \'il1:wbbtl1'lJ1tJ�-'.ltl1�mru 3 n1m:w\'il1'UeJ-'.l Cell-3 (1�V111-'.l transect 190 

bb61� 253) 1J1�G'l'U'UQJV11f111fl\?lb'll1�1tlbb 1-'.l \i11t.l0\'il11bu�t.l -5 b:W\'il1/U G'11V11'U0\'il11f111fl\?lb'll1�G'l-'.l 
.., ' " 

�611?1 (-12 b:Wm/U) 'V'l'U�'U1b1ruu1titl1nV1�b61tleJn (transect 249) bbtl1'lJ1tJ�-'.!�1tl�bVl�eJ'UeJ-'.l 
' 

Cell-3 'V'l'U11iJ0m1m1'1v1'1eJt.l'UeJ-'.lbb tl1'lJ1t.l�-'.!�1 btieJ-'.l'<il1nffi 'libfl1-'.!G1�1-'.!UeJ-'.lfltl'lJ1t.l�-'.l b'tltl 
0 ., d d v d  

1 " "" 
f11bb'V'l-'.lnt!A61tl (seawall) bb6l�b'Ue:itlntlfl61tlbbt.ln (segment breakwaters) tlf111G111-'.lb6'1'1t.J1.fl1'V'l 

'UeJ-'.!'1!1 t.J�-'.l m1 nv1 b '1l1��'V'l'UeJci1-'.!Me:i b tie:i-'.l 1 ti�1tid A1v111'<il� bi1v1'<il1n m1tl.Yu�1'UeJ-'.l bb m'lJ1tJ�-'.l 

u11:w'lJ1� b �el 1VIG'l:Wv161fl'U�nt,,ru�A�tlbb6l�m�bbG'lt111 ti'V'1ti� 
"' ' .1 .d .1 � � ' ., ,d '<il1n i:-.161 f11';)1 bfl11�Vlf111 b U61 t.ltl bb u 61-'.l'Uel-'.l'lJ1 tJ w-'.11� t.l�G'ltl 'V'l'U11el\'il';J1 f111'1\?1'1el tJ bu61 t.l'U e)-'.j

'1l1t.l�-'.l Cell-3 iJr11 -7.6 b:W\'il1/U bb6l�b�:W�tlbUtl -11.8 b:W\'il1 1ti'1!1-'.l 9 UMe:im 1ti'1!1-'.!U 2519-

2537 B\'il11m1nv1b'1!1�bu�t.l611?161-'.lbUtl 6.9 b:W\'il1/U bb61�611?161-'.!Brn�nue:it.J1ti'1!1-'.!U 2537-2545 fleltl 

'<il�b�muti -12 b:W\'il1/U 1ti'1!1�u 2545-2549 e:ici1�h11\'il1:w1ti'1!1-'.l 15 u��1tim 0\'il11m1nv1b'1l1� 

bu�t.l'UeJ-'.!'1l1t.l��6lv161-'.lbVl�eJ1J1�:lJ1ru -5.6 b:W\'il1/U G'11Vl1'\J0\'il11flv1b'1l1�G'l-'.!G'lv1 (-19 b:W\'ilJ/U) 'V'l'U 
" ' 

'U1b 1ru'lJ1tJ�-'.!U1t!Vl � b61tl e:i n zj-'.l b utiv1ti��'lJ1 tJ �� bneJu'VY�V1:wv1 bf! tJ b Uti'U1'1l1 tJ b6ltlbb61�'1 n�vlltl1 b Ut! 
" 

• I ,d • I J{ ,d. 'I �I " 
"" 1 ' ' �I ., • I ,d • I b U61 t.ltlbb U61-'.l'Y'lt!Vl u1'1l1t.lb6ltlb utltl1 n� bb61�tl1bn61 eJ :Wtl1'<il � b ut!G'l1 b Vl\'ilVl61 n'Uel-'.l f11 ';j b U61 t.ltl bb U61�

' ' 

"" .,1/1"� '"' .d ., �1 '  d .d 1•1i:-.i6lf1111'\nt,,1tJ�'lJ Vlb Vltl11v1tl\'il� neJt!Vl'1nnv1b'1l1�'<il1n'1l1t.lw� t!G'l'Jtl Cell-3 '<il�bfl61elt!Vl61� u 
" 

Vl1� 1m tl'1!1-'.Jf1v1:!JJG'l:Wvl�1tleJelnbQtJ-'.lb Vl'UeJ bb61�'1nvi'n 11\i11t.lbb Vl61:W�rn dt.J '<iltl'V111 Vlbf1v1f111G'l�G'l:W'UeJ-'.l 
ul CU 'I 'U 

\'il� ne:iti 1 tl Cell-1 bnv1b utiv1ti�'U1'1l1t.lb61tl'Utl1v11 Vlru �-'.lbbii'11u1'lJ1m61tl1:W'1l1t.l�� Cell-2 '<il�'1 n 
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4. 3.4) fl1'H tl�c.J'WLL 'U'1'1'lJ€l"l LL 'W1'1J7c.J�'1�'1 LL�U1'W'U7 flVl� L'1'W€l fl�"l'U7 mL�tl1 LY-1'1J1�1 ( Cell-4)

LL'W1'1J7c.J�"l Cell-4 L�:W�"lLL�U7'W'U7flVl�L'1'W€lfl �'W�"l'U7flLL�tl7L'W'lJTU1 (transect 254-
' 

366) �rn1:wc.J11tl1�mru 11 n1m:w(9)1 fi�Ltl'W 38% 'lJB"lLLm'li7tJ'Vl1�1A'1'Wb'W�'W�Pimn 'li7c.J�"l

L'U1tl'ULvitl'ULL'W1'1J7c.J�'1U 2497 LL'1� u 2560 'VfU17'1J7tl�'1 Cell-4 Lne:iuJ"l'Vl:W�"le:im�:we:i�7'1 

�m�B"l �1c.JeJ(9)11LQ�tl'U1�:lJ1ru 6.3 L:W(9)1!tl c.JflL1'WLL'W1'1J1tl�"l'U'J�:lJ1ru 1 n1m:W(9)'J'U�L1DJ'U1fl 

LL�tl7L'W'lJ1'U1 zj"l'W'Ufl1'Jfl�L61l1�LQ�tl'U'J�:lJ1ru -1.3 LlJ(9)';j;tJ �'W��._'je)flL�:Wb'W'U1'1 60 u��1'W:lJ1 
' 

'1:Wll'J?l:W (9)�1'We:ie:imut.J'1 L 'Vl'We:i v\'11 V1tl�mru(9)�fl€l'WLL�J1�1 rnL�tl1 L 'W'li'J'U1LA�e:i'W� LLtl fle:ie:irn tit! 2 
' ' 

£::I � d d .d% V � 
0 I I � .d d .J «:::to 6} V 

,, I Vlf!Vl1'1 Ae:l (9)� fle:l'WVl LA'1€l'WVl'lJ'W�1'WL 'Vl'We:l'!Je:l"l u1 flLL:W'W1 LL'1�(9)�fl€l'WVl LA'1€l'WVl'1'1Vlfl b\9l'lJ€l"lu1fl 

bb�J1 zj._'j (9)�fle)'W� Lfl�e)'W�r;'J._'j 1(ii'�'UVl'U1Vl�1Aqj 1 'W fl'J�'U1'Wfl1'Ji'Ut1lJ'lJe)._'j(9)� fl€l'WLL'1�fl1';j._'je) fl L �:w 

'lJe)"l'lJ1tJ�._'j 1 'Uci1'Wd 

e:i�1'11 'Jll\9l7:W �7fl t:-J'1 m1/!im.'}7fl1'J L tl�mJLL 'U'1'1'!l€l"l'li7 tl�"l'J� tl�J'W'W'U17 eJ(9)'J7fl1'J"le:im �:w 

Lu�tl'lJB"lLL 'W1'1J7tl�'1 'U1'1U 2497-251 o �r11tl1�mru 9 L:W(9)'J!tl LLii'1L �:WL tl'W tl1�mru 14 L:W(9)1!tl 

1 'W'U1'1U 2510-2519 �1m1'W1 'W'U1'1U 2519-2537 eJ(9)17fl1'J"le:im�:wLu�c.J1'Wci1'Wd'1�'1'1L'Vl�e:i 

tl1�mru 7 L:W\9l'J!tl ne:i'W���L�:W?l"l�'WLtl'W 11 L:W(9)'J!tl 1 'W'U1'1U 2537-2545 �1wtue1m1m1'1e:ifl 
\) 

L�:Wb'W'U1'1 15 u��1'W:lJ1 (u 2545-2560) r;'l�r;'J._'je)�1'1�'tJtl�7Aru 1�tl�A1LQ�tle)8� 2.7 LlJ(9)';j;tJ 
V \) 

1 'W'lJru��eJ(9)'J7fl1'Jn�L61l7�'U�L 1rutl1rnL�tl1L 'W'!l'J'U1L�:W�'WL tit! -2.3 L:W(9)'J!tl �'W�"le:im �:w b 'W'U1'1 
' 

15 ud�L Vjt.J._'j 31 Le'lALL(9)1 vvhir'W 'W€lfl�1fldt:-J'1fl11Pifl'\.'f1cJ'1� VIL �'W11 �'W���e)(9)'J1fl1'J._'je)flL�:w 

'!J€l'1LL'W1'!l1c.J�"l?l'1 (:lJ1flfl11 5 LlJ(9)'J!tl) 11'W�L'Yjt.J'1 7% ci1'W�L'Vl�€l'W'Ufl1'J'1€lflL�:W'!J€l"lLL�'W�'Llb'YjtJ'1 
\) 

L�m1e:it.J �fl 78% 'lJ€l"lLL'W1'!l7tl�'1 Cell-4 �fl1'J"le:im�:w�1t.Je1\9l'J7Lu�m1e:it.Jfl17 2 L:W(9)'J!tl b'W'!Jru� 

� LL 'W1'!J1tl�"lci1'W� L 'Vl�e:l f11�'1'U1�?l'U'Uq)Vl1 fl11tl�tl'el c.J'!J€l"l'!J1tl�'1 fl11'1�'1'1'lJ€l"l�'W�'1€l fl L �:W'lJ'el"l 

'!J1 tl�"l bb'1�fl1'JL �:W�'W'!J'el-:J�'W�() fl n� L61l1� 1 'Uci'J'U Cell-4 11'Wi1 VIL �'W�"l fl1';jr;'j�r;'j._'j 'el�1'1�tlc.J�7Aru 
\) V 

.I"' .J .d .J � Jt .J,1; .J ""�.J'l ' :;'1.J 
'!J€l"lu'J:lJ1DJ\9l�fl€l'WVlLA'1€l'W'Vl(9)1lJLL'W1'!J1tlw'1 'W'WVl'Vl"l'Vl:W�'lJe:l"l Cell-4 Vl?lt\JL?lc.J bu b'W'!l1'1 60 u'Vl 

\) V 

(transects 36 7) tl711 tl�'1'U1flA'1'el"l'U7'1(9)�'U'W (transect 443) lil-:JLL?l�"l 1 mtl 2 1�tl�'W�'!l7tl�'11 'W 
\) \) 

ci1'Wd��'UflA'1:W 1 tl�1mL 'W1U7'!l7m'1'WL 'U'WL�tl1fl'U�'W'Ub 'W Cell-2 LL'1� Cell-4 �7flfl7'Jflfl'\.'f1'W'U17 
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0\9l'l'1fl1'l'.:J'i:lnb��?f.:J?fl711 tJ�tJ�-d'��1?1.:ifi.:i 30 b�\9l'l' 'VfU�'IJ�b':iruu1m'LltJ��'lJ1� (transect 399)
'IJ ' 'IJ 

cl :"1 "" d Jf d d • I 
, l;' ""d d dd/ ,., .s 

6ll.:ib u'l,J'IJ'H 1ill'Vl'V-ltJ'Vl'Vl\9l� ne:JtJlil1 n u1nbb�'l,J1 b 'V-1'/l'l''IJ'l''Vl bfl6'1 e)'l,J'V]'lJ'l,J\711tJb Vl'l,Je) bb6'1�\9l� ne:JtJlil1nfl6'1e).:J 

u1.:i\9l�\jtJ�bfl�e:JtJ�6'1.:i�1tJ 1v1 b �e:J.:Jlil1n�tJ�1�fo\9l�ne:JtJlil7mbih11�1fl6'1e:J.:i�1.:i 1 bb\9lb tJV1PlV11.:i� 

bb\91n�1-:Jfl'l,J�.:J'Vl11 ��'l,J��'J'l,Jdb 'LJ'l,J�'J'l,J�� nwv(rnm bb6'1�.:Je) m ��'lJ'i).:J bb�'l,J�'l,J zj,:ib 'UtJ?f Jl1'V-lbb 117\�'i)� 

�bie:J 1 �u1'1l1m6'1mb 'V-l�'lJtJ181�e:Jc.l1.:i11171b �1 

'IJ�b1ru'1l18�.:J Cell-5 -d' ti'.:iv,iurn1vi'unmb6'1�.:Je:Jm��'lJe:J.:J'1l18�.:Je:Jt11.:i�m�m\916'1'i:ll71bb'U1 

'lJ78�.:i ll71mov,i1�e:Jc.l1.:i�.:i 1 tJu�b 1ru�1tJnm.:i'lle:J.:J Cell-5 �1V1{'1Jbb m'll18�.:i�1tJ-d'�n11.:ie:Jn'lJe:J.:J 

�'l,J�b���tJ1mb.:i 60 u��1tJmtl1�mru 60 bel'flbb\91{ b'UtJb�81fl'l,Jfl'\Jbb'U1'1l18�.:J Cell-2 bb6'1� 

Cell-4 fi.:i bb&J111il�� n7'l'b tl� 8tJ?!Jl1'V-IU7'1l18 b6'1tJb �e:Jn7'l'U'l'�m'1l78�.:i bb6'1� nT�bm�\9l'l'n'l''l'�'1l18�.:J 

e:Jt11.:imnm81tJ'U1.:iu 2519-2540 n\911� �tJ�u1'1l1m6'1tJ\917mbm'1l18�.:J'lJ'i:l.:J Cell-5 1 tJ'U1.:inm 

�.:in�11nti'.:i�fl1'l''LJtJ18�1e)t11.:J�m�e:J.:J�180\9l'l'1bQ�8 11.6 b�m�e:JU e)'l,Jb'LJW,!611il1ntl�mru 
V V 

' d 
\9l�ne:JWil1'U1tJmnliJ1 ntl1 n bb�1.J1 b 'V-1'/l'l''IJ� 'IJ1.:J\9l�'IJ'l,Jbb6'1�'l'�'IJ'\Jfl6'1'i).:J'l'�'IJ181.J1'\J�b 1f1!'1l18�.:J'Vl 

' 'IJ 

lil1rn-rnn111bm1��n11b tl�8tJbb U6'1.:J'l'�8�itJ\917mb 'U1'll78�.:J Cell-5 bb?fl71.:J1 �b�tJ11 0m1 

n7'l'.:J'i)nb��'lJ'i).:JbbtJ1'll18�.:J'IJ�b1ru-d'ill16'1.:Je)t11.:JimliltJ1tJ'U1.:J 15 u��1tJm b�86'1�6'1.:JbVl�e) 2.9

b�m�e:JU 'i) c.l1.:i1 'l'n\911�'V-l'IJ�'l,J�'ll18�.:J��n7'l''Vl'UD�'i:lt11.:J�'U8�1AqJ b 'LJ'l,Jbb tJ1811U'l'�mru 2.5

f1b61b�\9l'l''IJ�b1ill\9l'i:ltJnm.:i'lJe:J.:J Cell-5 zj,:inTrn�6'1.:J'LJ'i:l.:JeJ\9l'l'1n7'l'.:J'i:ln'lJ'i:l.:JbbtJ1'll18�.:J�bnl71�tJ1tJ 

'IJ�b 1ru-d'61TI �b �tJ11'i:l11il�n7'l'b tl�8tJbb U6'1.:J'lle:J.:J?fm1�bb 1��e:J�'ll78�.:J 1 tJ�tJ�e:Jc.l1.:i�-u8�1fi'qJ zj,:in71 

b tl� 8'1,J bb U6'1.:J �.:i n�11fl1 �111il� b�m-ifo.:inu n7'l' b tl� 8'1,Jbb U6'1.:J'lJe).:JU�mru (91� ne:JtJlil1 n bb�tl7eJ'l,Jb 'UW:.m 

lil1nn11u�V111��n1'l'tl1�1�m�e:Jn7'l''ll6'1U'l'�'Vl7tJbb6'1�n7TVle:J.:Jb�811tJ'U1.:JVlm8�'\Ju��1tJm Bn 

Vl�.:iu lil�8� e:J71illil � b 'UtJ ?f 7 b  VI \9l 'lJ  e:J.:J n1'l'6'11716'1.:J'lJ e:J.:ieY m1n1'l'.:ie:J n'll e:J.:J'1l78�.:i1 tJ� tJ�-d' Ae:J n1'l' 

bU�8tJbbU6'1.:Ji�'W'Vl5'LJ'i:l.:J'l'��'Utl7'Vl�b6'1 (relative sea-level change) zj.:Jb'UtJ?f1bVl�Vl�n'LJe:J.:Jn7'l' 

Dl71De:J8'lle:J.:J'1l78�.:i 1 tJu�nru�tJ�1n�bA8.:J b 'litJ 'll78�.:J�tJl71e:JtJ?f7� b V1�8�tl1mb�tl1b�7'V-l'l'�81 b 'UtJ 

vltJ (Bidorn, 2016)

5. n7'l''i:lilU'l'18t:-.J6'1 (Discussion)

1 tJ�1tJ'LJe:J.:i m'l'�\71 \917�t:-.J6'1 m�'Vl'IJ'lle:J.:i lm.:i?1{1.:iV11-:ii m m'l'� �e:J n1 'l' b tl � 8tJbb tl 6'1.:J'll7 8 �.:i

b 'V-1'/l'l''IJ �flf .:i-d' 'i) c.1'\JtJ�mi1'1,J'lJ'i).:J'LJe)�6'1 'e) \9l 'l'1 n7'l' b tl� 8'1,J bb U6'1.:J'lJ'i).:J bb '1,J'J'/!18 �.:i f1'i)'l,J bb6'1�Vl�.:J'<il1 n� n7'l' 
'I 'U &I 'U 

ne:J?1{1.:i bfl'l'.:J?1{1.:i lil7n'LJe:J�6'1�7'l'11il bfl'l'.:J?1{1.:iu�b 1ru'1l18�.:i1 uu1b1ru�tJ�f! n'l'.f1 v,iu11iln1'l'1-ii 

lm.:i?1{1.:iifo.:intJ'll18�.:J1 'U'IJ�b1ru�ilm'l'fll71b6ll1�'ll18�.:J f)e) Cell-1 bb6'1� Cell-3 b'U'UVl�n � .:Jbb?f\71.:J 

1 'U'l'U 10 �1Vl5'\J�J61n'l'�'Vl'IJ'lJ'i:l.:Jfl1'l'1 'Ubfl'l'.:J?f{1,:iumn'U'll18�.:J�mb 'U1'1l18�.:Jb 'V-l'll'l''IJ�1 'Ubb�6'1��1'U � 
'IJ ' 
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n11nv1b'll1t(,leJiJ1 b�BbUun11umnmbmu1'll11:Jb1;l'W\i11'WV1�-:iiuvi11t.J�n1�-:it1flnv1b'll1t m&-Jb�1vh" 
�-:i11i1'1-r1-:in1bb'l'Mll'Wfl�'W (seawall) t.111 1.8 n1m&-JM';i lfl1-:J'1�1-:JA'W\1lfl\9ltfle)'W (groin) t.111 200 

b&-JM';i 2 \911b �e)\1lfl\9ltfle)'W'Vl';i1t.li-:ibb(llu 2553 bb(ll�-:i,l<iJ'<ilU'W'V1111i1b vfo-:i'llt'1Bm1'1mt.J\>11'lJB-:ii'Wvi111:J
bb Vli;l&-J�fl b dt111i1b vh1!u 1�'11iJ1';iflf rn.'}1b'1�tJ';jfl1'\f'l'lJe)-:Jbb 'W161'W'Vl';i1tJ'lJe)-:J bb Vli;J&-J�rndtJVl�e)'Vl11 '!Xbnvl
fl1';i-:Je)flb�&-J'lle:l-:J61'W'Vl';i1tl 11i1\11-:Jb '/Ju 1 'WB�M��1'Wil1

m 1'11;11 tJ \911'lJe)-:J bb u1iuvi 11 tJ bb Vli;J&-J � fl b d tJ b uuu 11 fl!J n11 ru �'ll1 l:J �-:i\91 e:l'U'1'W e),:)(,\ e)
m M1n11�1 'ill un11'1�1-:i b'1� tJ1 m'V'l 1 'IX bbn'll1 tJ�-:i b 'V'l'll1'U�li11'W 1{;1 i-:i bb(llf\1;1 B-:JU fl b� tJ'W'<il'W �-:i bb Vli;J&-J' 
� fl b dt1 zj-:J'U'<il'<ilU'Wbb miuvi11tJ'<ilt 8-:Jflflf mn 1 llli1lvitJ 1 offmM1fl11vi1-:i11'11 m1&-J bb(lln�-:i�1;1(,leJfl11

' " 

'lJ t.11 tJ\911'lJB-:J�'WU1'll1 t.l b1;l'W\i11'Wb Vl'Ll B ( Cell-2) �'1 n11Pi fl'l.'f1fl�-:idt1 'IX b i1u11 n11'1mtJ\911'lJB-:J bb miu
Vl';i1 tJ bb Vli;l&-J� fl b dt1 zj-:J'V11VIU1� b VlilB'W b zje)'W5';i';i&-l'll1��\11 fl Mt fle:l'Wbi;J'W'<il1 fl';it'U'Ufli;Je)-:J'll1tl�-:J bbi;lt
Mt fl B'W� bfl vl'<il1 fl n11 n vi b'll1t bb �'W �'W'll1 tJ �-:JU1'W tl 1 fl'Vl t bi;J'W eJ fl ( Cell-3) � bfl� B'W� 1;1,:imv,1-:i 1{;1
1 'W'll1-:i1;1&-Jm'1&-JMt1'WBBmut.J-:JbVl'UB �,:i�1;1mt'Vl'U 1vitJM1-:J(lleJ:'W�U1'll1m'1'Wbb Vl'1&-J�m dt11 u Cell-2 

lvltJ1 u'll1-:iu 2497-2002 fl1';ibb 'V'l�'lJt.l1tl\911'lJe)-:J�'WU1'll1tl bi;J'Wbb Vli;J&-J�rn dmnv1(umh-:i11v1 b �11 tl
, V V 

ii V � Q..I V ,:;,i I V V �-=:,j Q..I CV '\f'l';je)&-J 1 fl'U fl1';itl'W'lle:l-:J'1'W'Vl';i1 mb Vli;J&-J � m 'U tJ bb\91Vli;J-:J'<i)1flbb 'W1'1'W'Vl';i1tl5';i';i&-J'll1M'W'1mtl 1911 e)\9l';i1fl1';i
-:Je)fl b �&-J'lJe)-:J bb 'W1U1'll1tlbi;J'Wbb Vli;J&-J�m dt1nVltlvl'lltrfli;j-:J b �e)-:J'<i)1fl 1�:Wbb 'W111lfl\9ltfle)'WBfl(,le) 1 tl vh 1 'IX' 

5.2 �1;1mtV1'U'lJB-:J lfl1-:J'1�1-:ivi1-:iimm1&-J(lleJ'll1tJVl1vl'V111t.l Cell-3 

bb 'W1'll1t.l�-:i1 'W Cell-3 i-:ibb(llU1'W'Vl1'V11 b'Lltl'U'<il'W�-:JU1'W'U1fl'Vltb1;l'We:lfl bU'W:'W�flflllvlb'll1t" 

fl11&-J'V'lt.l1tl1&-J�'<ilt,rfl'l.'f1b'1�tl';i.fl1'V'l'll1tl�-:J\i111:Jfl111 'Vlfl1-:J'1�1-:Jb zje:l'Wll'Wfl�'W tl11 40 b&-J\911 lil1'W1'W
14 \911 'U1b1illU1'W'U1-:Jbbfl1 (transects 110-211) nvib VlilB'W'<ilt 1�1(i)�i;j&-]1fltJflb�e)-:J'<i)1fl'V'l'Ufl1';i" 
n e:l'1�1-:Jf11bb 'V'l-:J ll'Wfl�'W\9li;le)v) bb 'W1'll1 tl�-:J 1 u'lJrut� bb 'W1'll1 t.l�-:ii-:i bb(,)U1'W'1t'V'l1'Wt.l11'<il'W�-:JU1'W'U1fl
Vltb'1'We:lfl (transects 212-253) zj,:i 1�:wm11 'Vlfl1-:J'1�1-:JUB-:Jll'W'll1tl�-:J 8-:Jfl-:JflvlflBtJB81-:J(lle:lb 'UB-:J

.

\9li;le)v)';ittltb1m 60 u'Vi�1um
,::;f i.l I V " 'l.l .. i-1 V � 

I I d .d tl-:J bb&-J fl1 ';j fl el '111-:J bf\';i-:J '111-:J u e),:) fl'W'll1 tJ w-:i '<iJ t '1-:J � i;l 191 elm t'U1 'W fl1 ';j fl1 ';j bf\ i;l e:l'W'Vl'lJ e),:) 191 t fl e:l'W
"' '1 Q v d  v d  v v  d v  -=i vl-:J b 'll'W umrum1'111-:i b 'lJe)'W fl'Wfli;J'Wbbi;Jtfl'Wvl fl Mt fle)'W b '\f'le)';jfl'l.'}1 b'1tl tJ';j.fl1'\f'l'lJe)-:J'lJ1 tJVl1vl

b 'V'l'll1u�i-:i bb(llfli;JB-:JU fl b� tJ'W�-:i bb V11;1&-J�fl b dt1'<il'W'Vl1 bnv1m1'1mtJ\911'lJB-:iiuvi11 mb Vl'1&-J � m d tJ 1 u Cell-

1 bbM1 umru'll11:J�-:J Cell-3 fl1';jf1e)'1-r1-:i b zje:l'Wll'W'Vl';i1tlbb'1tfl�'W';i1&-J�-:Jf11bb 'V'l-:Jll'Wfl�'Wb �BUmll'Wbb 'W1
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'll1t.1���1'W 1(i)'lJeN Cell-3 1!t1l��N6'1m:;viu�0nTH U�t.l'Wbb U6'1�'1J1t.1���1'Wb Vl'WeJ'l.leJ� Cell-3

b �e)�\11 f1{,l:; f1eJ'W(1Vl5'lJe)� Cell-3 zj� bf1�\11 f1f111fl� b •1n:;'IJ1 t.1 ���l'Wb Vl'We) ( U1'Wr:l:;'V'l1'Wt.111\l'Wti�u1'W
' 

.1 � 
� � d1 

I � d d 'l" u1f1Vl:; b6'1'WeJ n) nw'Vl�{,l:; neJ'W\11 m:;uur16'10�1:1-J'lllt.1w�'Vl V16'16'1�r:l'Vl:; b1;1'W'Wbfl6'1eJ'WVl6'1�'Vl1� b{,\ bb6'1:;\I:;
'U 

fl�'W zj�fle)i:1�1�'lJ'W1'W��1unu'IJ1t.l�� ��hl�Ni;l�e)f111\ilfl{,l:;f1e)'W�bfl�e)'W�(,l1:l-Jbb'W1'1J1t.l�� �1'W

bzje:it1nt1r1�mhmt1 14 (1}1 �n0r:1�1�u�rn1Ju1t1u1�bbn11!t1 �r111iit.111 (l) bvlt.1� 40 biJ(,11 bb6'1:;�

1:;t.1:;'\A1�\llf1'lllt.1�� (y) 1:;w:h� 70-110 biJ(,11 1�m:;t.1:;'\A1�1:;V111�bzjeJ'Wfl'WA�'W (b) �Al 120

biJm vh1�ei'{,l11�1'W l/y �A11:;w;h� 0.36-0.56 zj�ue:it.1n11 eJ(,l11�1'W 2b/l ��Alb'Vl1nu 6 ��1�
� �  0...1 d 1 1 0:::.. v d  v d  bf1�i:l'W{,l:;f1eJ'W'Vl'Ufl:l-Jb'lleJm:;m1�bbN'W�'Wf1'Ub'lJeJ'Wfl'Wfl6'1'W (tombolo) (Suh and Dalymple,

1987) tombolo 

�1'WVl6l� b zje)'W fl'Wfl�'W'IJ�\il� nci11 el'W\l:;'Vl11 � bf1�f111'LJ�'lJ11� f111bfl� eJ'W�'lJe)�{,l:; fle)'W(,11:l-J bb m
' 

'lllt.l��lu lil�11'W��cr��{,l:;f1e)'Wbfl�e)'W�1'\.J'V11�1(i)'lJe)� Cell-3 b'Ul� Cell-3 'l�b'il'WbM:l-J \il�\l:;b�'Wl�

\11f1f111�bb'W1'1J1t.l�� Cell-2 cr��e)f1b�:l-Je)81��'Um11Aqj 1:;V111�u 2537- 2545 Vl�e)Vli;l�\11f1��

m1n 0r:1�1�b zje:i'W nt1r1�mrn:; n1 bb 'V'l�fl'WA�'W l u bb�1

6. -ue:ir:11'\.J (Conclusion)
'

m1ialmnr1��m�u1:; biJ'W fl11b u� t.l'Wbb U6'1�'lJe)�bb 'W1'1J1t.l��'Vl1�'Vlf'l(,l:;')'W{,l f1'lJe)�e)11 l Vl t.l

1 t1-il1�u 2497-2560 ��l'W:l-Jl b\71t.lvr'W�ialmnr110ur11;1rnb 'W1'lJ1t.l����bb�U1f1fl6'je)�Urn�t.l'W\l'Wti�
' 

b 'll'Wbb V1ci�'V10� b �t.11�G'i1At!J bb '1A�V1��'l.l0�'\.J1:; b 'Vlf'l bb{,lb t1•1h�V1m t.1�uu� �1t1m'\.J1:;r:1uuqJV11m1

b 'U�t.l'Wbb U6'1�'lJe)�'lJ1 t.l�� b\71 t.l b\2'V'l1:;e)81� ��Vl1�Vl11 t.l� b 'll'Wbb Vlci�'VJe)� b �t.11'lJe)���Vl1� bf1\71 fl11fl�fle)t.l

ci� N6'1m:;viu�0�1 {,lfl11:l-J b 'll'We:Jt!'lJeJ�U1:;'IJ1'1J'W 11iiti�1:;uu bf'11'tl-'1f1\l'lJe)���Vl1\71 b 'V'l'lJ1'U� ��l'W:l-Jl
'U � ' 

1r11�r:1�1�vi1�1f'l1m1iib 'il'W n1bb 'V'l�fl'Wfl�'W A'W\ilfl{,l:;ne:i'W bbi;l:;b zje:i'Wn'Wfl�'W t1ntl1m Hfl 'Wfl11bbm 'lJ
'U 

'UqJV11 fl11fl\71b6lJ1:;'lJ1t.l��� bn\71:il'W 0tl1�l 1n(,ll:l-J er��'\.J1:; b�w-hmiiti� 1 mr11�i:l�l�'Ue)� fl'W'lllt.l��zj�

e)l\)fle) 1 �bf1(71i:-J6'jfl'a:;'Vl'U�1'Wbb 1�mn:ilt11 'Wvr'Wvhn�bAt.l�

'\.J1:;bJlVl�e) 'IJ1t.lVl1\71'Vl11t.l ( ��bb�'U1f1fli;je)�Uf1b�t.l'W\l'Wti�ummb Vli;li!Nrn i1t.1) bbi;1:;'IJ1t.1V11\71 bfli;l'W 

(��bb�bbVli;l:1-JNrni1t.1\l'Wti�u1nr16'1eJ�'U1�(,l:;'lJ'W) b\71mbm'lJ1t.lVl1\71Vl11mne:iu 14 nbi;lb:l-J(,11 'lJe)� \I. 
'U 

"'"' � :;'1d , d d d �"'
b 'V'l'lJ1'U1ilfl11fl\71fle:J t.l'lJe:J�'lJ1 t.l i;.J�:l-Jl t.111'W1'W{,li;le)\71 60 uVlNl'W:l-Jl b 'We:J�\11 flfl11 bfl6'1e:J'W'Vl{,l:; f1e:J'Wi:l'Vl5il 

' ' 

vif'lvi1� l u�1'Wb Vlue:i bbi;1:;{,lnr:1:;G1i1 b 'llmb mit1vi11t.1 bb V16'1:l-JN n b d t.1 ti� bbii'ei'{,l11m1n�b 6ln:;'IJ1t.1�� b\2� t.1
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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 p01iion (near a natural sandspit) had advanced seaward with the 
maximum and average rates of 30.0±l.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. 

' Corresponding author. Email: butsawan.p@chula.ac.th 

1. Introduction

Coasts are a highly dynamic landform that is
continuously modified by natural processes and 
anthropogenic activities (Mujabar and Chandrasekar, 200 I; 
Saito et al., 200 I). 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., 20 I 0). 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 pa1t 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., 20 IO; 
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 
po1tion 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 pait 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 N01theast 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 mis during the flood 
tide and betvveen 0.1 and 0.15 mis 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 (2006, 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 dist01tion due to 
changes in altitude along the flight lines (Alberico et al., 
2012) using ArcGIS release 10.4. Satellite image1y 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 I. 

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 







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 m/y 
during the last 15 years, the highest sho1i-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, 201 0; 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-I 1-51 11.5 28.4 1.9 18.0 

Cell-2 52-115 -6.5 -11.9 -5.6 -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-I (as 
discussed in Section 4.1 ), even though the fringe mangrove 
forest in the Cell-I had also been converted to salt pans and 
shrimp farms by I 960s. 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-I 

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
transp01i separately in two directions, 1101ihward 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 4. Long-term shoreline changes along the 

Phetchaburi coast from 1953 to 2017 





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 5 8 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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