
!"#$%&"'&()#(*&$+,-.&(/&+(0&.&$(*-1&()"
2)+1,+$(!"$&,1(+"3(4-3+$(5+1-"1

67&(,8&(9%,'8(:+33&"('+;+<$&()#(#)$$)=-">(,8&(7-1-">(1&+($&.&$?

@A6A(.+"(B))7

/%;&7.-1)71C
;7)#A(37A(-7A(@ADAEA(/,-.&
;7)#A(371A(-7A(DAFA(G7-H$-">
37A(-7A(IA5A(:+">
-7A(4ADA(I-,J+"
-7A(KA6AKA(L&,-,

6;7-$(MNNO
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Coastal Inlets and Tidal Basins

WL| Delft Hydraulics Preface

Preface

48&( ;7&1&",(@A/'A( ,8&1-1( #)7J1( ,8&( ')J;$&,-)"( )#(JP( &3%'+,-)"( +,( ,8&(9&$#,(Q"-.&71-,P( )#
4&'8")$)>PR(E+'%$,P()#(2-.-$(S">-"&&7-">(+"3(B&)1'-&"'&1R(9&;+7,J&",()#(2-.-$(S">-"&&7-">R
9-.-1-)"()#(KP37+%$-'(+"3(T##18)7&(S">-"&&7-">A

48&(1,%3P(')"'&7"1(,8&(-"#$%&"'&()#(7&$+,-.&(1&+($&.&$(7-1&()"(,8&(J)7;8)$)>-'+$(&.)$%,-)"()#
')+1,+$( -"$&,1( +"3( ,-3+$( <+1-"1( )"( ,8&( $)">U,&7J( ,)( .&7PU$)">( ,&7JA( !"( ;+7,-'%$+7( =&( +7&
-",&7&1,&3(=8&,8&7( ,8&(J)7;8)$)>-'+$( &.)$%,-)"( )#( ')+1,+$( -"$&,1( +"3( ,-3+$( <+1-"1( '+"( V&&;
;+'&(=-,8(+(7-1-">(1&+($&.&$A(/%<H&',1()#(1,%3P(+7&R(<&1-3&1(,8&)7&,-'+$(')"#->%7+,-)"1R(,8&(-"$&,1
)#( ,8&(9%,'8(:+33&"(/&+R(+1( ,8&P(&"H)P(<7)+3( 1'-&",-#-'( +"3( 1)'-+$( -",&7&1,A( 48&( 1,%3P(8+1
<&&"('+77-&3()%,(+,(:0(W(9&$#,(KP37+%$-'1(+"3(=+1(#%"3&3(<P(,8&(9&$#,(2$%1,&7(L7)H&',(2)+1,1
NXANOANXA

!(=)%$3($-V&(,)(,8+"V(JP(1%;&7.-1)71R(;7)#A37A-7A(@ADAEA(/,-.&(Y9&$#,(Q"-.&71-,P()#(4&'8")$)>P
+"3(:0( W(9&$#,(KP37+%$-'1ZR(;7)#A371A-7A(DAFA(G7-H$-">(Y9&$#,(Q"-.&71-,P()#(4&'8")$)>PZR(37A-7A
IA5A( :+">( Y9&$#,( Q"-.&71-,P( )#( 4&'8")$)>P( +"3( :0( W( 9&$#,( KP37+%$-'1ZR( -7A( KA6AKA( L&,-,
Y9&$#,(Q"-.&71-,P( )#( 4&'8")$)>P( +"3(:0( W( 9&$#,( KP37+%$-'1Z( +"3( $+1,( <%,( "),( $&+1,( -7A( 4ADA
I-,J+"(Y9&$#,(Q"-.&71-,P()#(4&'8")$)>PZ(#)7(18+7-">(,8&-7(V")=$&3>&(+"3(1%;;)7,(3%7-">(,8-1
1,%3PA(E%7,8&7J)7&R(!(+J(.&7P(>7+,&#%$(#)7(,8&();;)7,%"-,P(:0(W(9&$#,(KP37+%$-'1(8+1()##&7&3
J&(,)(')J;$&,&(JP(1,%3P(+,(,8&-7(-"1,-,%,&(+"3(!(=)%$3($-V&(,)(,8+"V(JP(,&J;)7+7P(')$$&+>%&1
+"3(#&$$)=(>7+3%+,&(1,%3&",1(+,(:0(W(9&$#,(KP37+%$-'1(#)7(18)=-">(,8&-7(-",&7&1,(+"3(J+V-">
JP(1,+P(+(.&7P(;$&+1+",()"&A(E-"+$$PR( !(=)%$3($-V&(,)(,8+"V(JP(#+J-$PR(>-7$#7-&"3(+"3(#7-&"31
#)7(,8&-7(1%;;)7,(3%7-">(,8&(P&+71(!(1;&",(-"(9&$#,A

@-'8-&$(.+"(B))7
9&$#,R(6;7-$(MNNO
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Samenvatting (in Dutch)

9&( .))7$->>&"3&( 1,%3-&( -1( >&7-'8,( );( 3&( $+">&( ,),( [&&7( $+">&( ,&7J-H"( .))71;&$$-">( .+"( 3&
J)7#)$)>-1'8&()",=-VV&$-">(.+"(>&,-H3&<&VV&"1()"3&7( -".$)&3(.+"([&&1;-&>&$1,-H>-">A(\++1,
&&"(,8&)7&,-1'8&(<&1'8)%=-">(7-'8,(3&(1,%3-&([-'8();(3&(\&3&7$+"31&(:+33&">&<-&3&"A

T"3&7( -".$)&3( .+"( &&"( ')"1,+",&( [&&1;-&>&$1,-H>-">( [+$( 3&( J)7#)$)>-1'8&( <+$+"1( .+"( &&"
=+33&">&<-&3( ;&7J+"&",( +#=-HV&"( .+"( 3&( <+$+"1( =++7-"( 8&,( [)%( .&7V&7&"( [)"3&7
[&&1;-&>&$1,-H>-">A(9-,(-1(")3->()J(&&"(;&7J+"&",&(<&8)&#,&(++"(1&3-J&",(,&(>&"&7&7&"(Y-"(3&
>&)$)>-&(<&1'8)%=3(+$1(&&"(;)1-,-&.&(+'')JJ)3+,-&( 7%-J,&Z([)3+"->(3+,(8&,(=+33&">&<-&3
1&3-J&",(>++,(-J;)7,&7&"A(6$1(3&(J+,&(=++7J&&(8&,(>&<-&3(1&3-J&",(-J;)7,&&7,().&7&&"V)J,
J&,(3&(1"&$8&-3(=++7J&&(3&([&&1;-&>&$(1,-H>,([+$(&7(&&"("-&%=&(J)7#)$)>-1'8&(<+$+"1()",1,++"
,%11&"(3&([&&1;-&>&$1,-H>-">(&"(3&()",=-VV&$-">(.+"(8&,(=+33&">&<-&3A(S'8,&7R( +$1( 3&(J+,&
.+"(1&3-J&",(-J;)7,(+'8,&7<$-H#,(<-H(3&([&&1;-&>&$1,-H>-">([+$(8&,(=+33&">&<-&3([-'8(')",-"%&
.&73-&;&"(Y+'8,&7$);&"(<-H(3&([&&1;-&>&$1,-H>-">Z(&"([)3)&"3&(.&737-"V&"A( !"(3-,(>&.+$(8&&#,
3&([&&1;-&>&$1,-H>-">(&&"(<&;++$3&(.&737-"V-">1(Y1,+<-$-,&-,Z($-J-&,().&71'87&3&"(&"()",1,++,(&7
>&&"("-&%=&(<+$+"1( ,%11&"(3&( [&&1;-&>&$1,-H>-">( &"(3&(J)7#)$)>-1'8&()",=-VV&$-">( .+"( 8&,
=+33&">&<-&3A(Q-,(>&.)&$->8&-3(+"+$P1&1(<$-HV,(3+,(3&( .&737-"V-">1$-J-&,(.))7+$( >&.)&$->( -1
.))7(&&"(.+7-+,-&(.+"(3&(.)$>&"3&(#+',)7&"C
U! G7++>("++7(1&3-J&",(3))7(8&,(=+33&">&<-&3]
U! 6+"<)3(.+"(1&3-J&",(-"(3&(V%1,[)"&]
U! !J;)7,&7&"3(.&7J)>&"(.+"(8&,(=+33&">&<-&3A

9&( .7++>( "++7( 1&3-J&",( -"( 8&,( =+33&">&<-&3( =)73,( <&;++$3( 3))7( 3&( +#J&,-">&"( .+"( 8&,
>&<-&3(&"(3&(1"&$8&-3(=++7J&&(3&([&&1;-&>&$(1,-H>,A(K&,(++"<)3(.+"(1&3-J&",( -1(>&7&$+,&&73
++"( 8&,( >)$#U>&37&.&"( 1&3-J&",( ,7+"1;)7,( $+">1( 3&( V%1,[)"&( .+"( 3&( ++">7&"[&"3&
=+33&"&-$+"3&"( &"( 8&,( -J;)7,&7&"3( .&7J)>&"( -1( >&7&$+,&&73( ++"( 3&( V+7+V,&7-1,-&V&
+#J&,-">&"(.+"(8&,(1P1,&&JA(TJ3+,(&7(++"[-&"$-HV&()"[&V&78&3&"(<&1,++"()J,7&",(8&,(++"<)3
.+"(1&3-J&",(%-,(3&( V%1,[)"&( &"(8&,( -J;)7,&7&"3(.&7J)>&"(.+"(8&,( 1P1,&&J(<&1,++,( &7( &&"
1->"-#-'+",&()"[&V&78&-3(-"(3&(.))71;&$$-">(.+"(3&(.&737-"V-">1$-J-&,(.+"(&&"(=+33&">&<-&3A
TJ( 3&[&( )"[&V&78&-3( ,&( )"3&7.+">&"( =)73,( 3&( .))71;&$$-">( .+"( 3&( .&737-"V-">1$-J-&,
;7)<+<-$-1,-1'8(<&"+3&73A

9&()"[&V&78&3&"(>&7&$+,&&73(++"(8&,(++"<)3(.+"(1&3-J&",(%-,(3&(V%1,[)"&(=)73&"(<&"+3&73
3))7( &&"( 1'8+,,-">( .+"( 8&,( <7%,)( >)$#U>&37&.&"( 1&3-J&",( ,7+"1;)7,( $+">1( 3&( V%1,[)"&A( 9&
)"[&V&78&3&"( >&7&$+,&&73( ++"( 8&,( -J;)7,&7&"3( .&7J)>&"( .+"( &&"( =+33&">&<-&3( [-H"
<&"+3&73(3))7(J-33&$(.+"(&&"(V+$-<7+,-&(.+"(8&,(J)7#)$)>-1'8(J)3&$(J&,(.&$3>&>&.&"1(.+"
3&( J)7#)$)>-1'8&( )",=-VV&$-">( .+"( 8&,( I)%,V+J;&7$++>( :+33&">&<-&3( "+( O^_^A
L7)<+<-$-1,-1'8&( ,&'8"-&V&"( >&<7%-V,( -"( 3&[&( 1,%3-&( $&-3&"( ,),( &&"( V+"1.&73&$-">( .))7( 3&
.&737-"V-">1$-J-&,( .+"( &&"( =+33&">&<-&3A( 9&[&( ++";+V( 8&<<&"( =&( ,)&>&;+1,( );( ,=&&
\&3&7$+"31&(:+33&">&<-&3&"R( 8&,( 6J&$+"3&7(:+33&">&<-&3( YM_^( VJMZ( &"( 8&,( S-&7$+"31&
:+33&">&<-&3(YO_O(VJMZA(G))7(8&,(6J&$+"3&7(:+33&">&<-&3(7&1%$,&&7,(3-,(.))7(8&,(8%-3->&
>)$#( V$-J++,( -"( &&"( V+"1( .+"( XM`( );( .&737-"V-">( .))7( 8&,( 7&+$-1,-1'8&( 1'&"+7-)( .+"
[&&1;-&>&$1,-H>-">(Y.)$>&"1(&&"(7&'&",&(G\(1,%3-&(a_('Jb&&%=Z(&"(-"(&&"(V+"1(.+"(_M`(.))7
8&,(&c,7&J&(1'&"+7-)(.+"([&&1;-&>&$1,-H>-">( Yda('Jb&&%=ZA(9&(V+"1();(.&737-"V-">(.))7(8&,
S-&7$+"31&(:+33&">&<-&3(<&37++>,(.))7(8&,( 7&+$-1,-1'8&( 1'&"+7-)(.+"([&&1;-&>&$1,-H>-">(e`
&"( .))7( 8&,( &c,7&J&( 1'&"+7-)( .+"( [&&1;-&>&$1,-H>-">( Mf`A( 9&( <&7&V&"3&( V+"1&"( V)J&"
).&7&&"( J&,( >&)$)>-1'8&( <&.-"3-">&"( 3-&( 1%>>&7&7&"( 3+,( )"3&7( -".$)&3( .+"( &&"
[&&1;-&>&$1,-H>-">( .+"( dN( 'J( &"( J&&7( ;&7( &&%=( 3&( .))7J+$->&( =+33&">&<-&3&"( -"( 8&,
=&1,&$-HV( 3&&$( .+"(\&3&7$+"3( .&737)"V&"(=+7&"A( T.&7->&"1( <$-HV,( 3+,( +$.)7&"1( .&737-"V-">
);,7&&3,(&7(7&&31(++"[-&"$-HV&(.&7+"3&7-">&"(-"(>&%$U(&"(;$++,(3-J&"1-&1([-H"();>&,7&3&"A
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Summary

6(J+H)7(;+7,()#(,8&(\&,8&7$+"31(-1(1-,%+,&3(<&$)=()7(+7)%"3(J&+"(1&+($&.&$A(48-1(')",7-<%,&1
"),-'&+<$P(,)(+(<7)+3(;%<$-'(+=+7&"&11()#(,8&(,87&+,(-J;)1&3(<P(,8&(+;;+7&",(7&$+,-.&(7-1&()#
,8&(1&+($&.&$A(6>+-"1,(,8-1(<+'V>7)%"3R(1%<1,+",-+$(&##)7,(-1(<&-">(;%,(-",)(7&1&+7'8(-"(1%;;)7,
)#(%"3&71,+"3-">(+"3(J)3&$$-">( ,8&(J)7;8)$)>-'+$(7&1;)"1&()#( ,8&(')+1,+$( [)"&( ,)(+( 7-1&( )#
J&+"( 1&+( $&.&$A( 48-1( -1( &11&",-+$( #)7( ;)$-'P( 3&1->"( +"3( 3&'-1-)"( J+V-">( =-,8( 7&1;&',( ,)
;7&1&7.+,-)"()#(')+1,+$([)"&(7&1)%7'&1(+1(=&$$(+1(-,1(1)'-)U&')")J-'(+"3("+,%7&(.+$%&1A

48&(;7&1&",(1,%3P(')"1-3&71(,8&(;7&3-',-)"()#($)">U,&7J(,)(.&7P($)">U,&7J(J)7;8)$)>P(+"3(-"
;+7,-'%$+7( ,8&( #&+1-<-$-,P( )#( ;7&3-',-">(=8&,8&7( ,8&( J)7;8)$)>-'+$( &.)$%,-)"( )#( +( ,-3+$( -"$&,
Y')+1,+$( -"$&,( +"3( ,-3+$( <+1-"Z( '+"( V&&;( ;+'&(=-,8( +( 7-1-">( 1&+( $&.&$A( /%<H&',1( )#( 1,%3P( +7&R
<&1-3&1( ,8&)7&,-'+$(')"#->%7+,-)"1R( ,8&( -"$&,1()#( ,8&(9%,'8(:+33&"(/&+R(+1( ,8&P( &"H)P(<7)+3
1'-&",-#-'(+"3(1)'-+$(-",&7&1,(+"3(+1(')J;+7+,-.&$P(J%'8(#-&$3(3+,+()"(,8&1&(-"$&,1(+7&(7&+3-$P
+.+-$+<$&A

4)()<,+-"( +( <&,,&7( %"3&71,+"3-">()#( ,8&( $)">U,&7J(J)7;8)$)>-'+$( &.)$%,-)"( )#( ,-3+$( -"$&,1( +
$-,&7+,%7&(1%7.&P(-1(J+3&A(48-1(1%7.&P(3&+$1(=-,8(,8&(.&7P($)">U,&7J(J)7;8)$)>-'+$(&.)$%,-)"
)#(,8&(9%,'8(')+1,(1-"'&(,8&($+1,(-'&(+>&R(,8&($)">U,&7J(3&.&$);J&",()#(,-3+$(-"$&,1(1P1,&J1(+1
+(=8)$&(+"3( ,8&( $)">U,&7J(3&.&$);J&",( )#( 3-1,-"',(J)7;8)$)>-'+$( &$&J&",1( ;7&1&",( -"( ,-3+$
-"$&,( 1P1,&J1A( E7)J( ,8&( $-,&7+,%7&( 1,%3P( -,( '+J&( #)7=+73( ,8+,( =&( J+P( 3-1,-">%-18( ,87&&
J)7;8)$)>-'+$(&$&J&",1(-"(+(,-3+$(-"$&,(1P1,&JR("+J&$P(,8&(&<<U,-3+$(3&$,+R(,8&('8+""&$(+"3(,8&
,-3+$( #$+,A( E%7,8&7R( -,( +;;&+71( ,8+,( #)7( J)7;8)$)>-'+$( &$&J&",1( ,8+,( +7&( -"( +( 1,+,&( )#
J)7;8)$)>-'+$(<+$+"'&R(7&$+,-)"18-;1(&c-1,1(<&,=&&"(,8&(&$&J&",1(1,+,&(Y&A>A( -",&>7+,&3(g=&,h
)7(g37Ph(.)$%J&Z(+"3(,8&(;7&1&",(J)7;8)J&,7-'(+"3(8P37)3P"+J-'(.+$%&1A

/,+7,-">(;)-",(#)7()%7($)">U,&7J(J)3&$$-">(+;;7)+'8(-1(,8+,(=&(+''&;,(,8&(&c-1,&"'&()#(1%'8(+"
&i%-$-<7-%J( 1,+,&A( 48&( J)7;8)$)>-'+$( 3&.&$);J&",( ,)=+731( 1%'8( +( 1,+,&( )#( J)7;8)$)>-'+$
&i%-$-<7-%J('+"(<&(3&1'7-<&3(-"(,&7J1()#("&&3(+"3(+.+-$+<-$-,P()#(1&3-J&",R(=8-'8(-1( ,P;-'+$
#)7( <&8+.-)%7( )7-&",&3( J)3&$$-">A( 48-1( 7+,-)"+$&( #)7J1( ,8&( <+1-1( #)7( ,8&( J)3&$( 6/@!46
Y6>>7&>+,&3(/'+$&(@)7;8)$)>-'+$(!",&7+',-)"(<&,=&&"(+(4-3+$(-"$&,(1P1,&J(+"3(,8&(63H+'&",
')+1,ZA(:&(%1&(,8-1(J)3&$(,)(+"+$P1&(8)=(+(,-3+$(-"$&,(1P1,&J(7&1;)"31(,)(+(7-1-">(1&+($&.&$A(!"
>&"&7+$R(,8-1(7&1;)"1&(3&;&"31(;7-J+7-$P()"(,87&&(#+',)71C
U! 48&(+.+-$+<-$-,P()#(1&3-J&",(+,(,8&(1&+=+73(<)%"3+7P()#(,8&(1P1,&J
U! 48&(1&3-J&",(3&J+"3()#(,8&(1P1,&J
U! 48&('+;+<-$-,P()#(,8&(1P1,&J(,)(3-1,7-<%,&(,8&(-J;)7,&3(1&3-J&",(-",&7"+$$P

48&(#-71,(#+',)7(+;;$-&1(,)(,8&(&c'8+">&()#(1&3-J&",(<&,=&&"(,8&(-"$&,(1P1,&J()"(,8&()"&(8+"3
+"3( ,8&( ')+1,+$( +"3()##18)7&( +7&+1( ,8+,( 1%77)%"3( ,8&( &<<U,-3+$( 3&$,+( )"( ,8&( ),8&7( 8+"3A(48&
1&')"3( #+',)7R( ,8&( 1&3-J&",( 3&J+"3( "&&3&3( ,)( V&&;( ;+'&( =-,8( ,8&( 7-1&( )#( ,8&( 1&+( $&.&$R
3&;&"31()"( ,8&(8)7-[)",+$(+7&+()#( ,8&(J)7;8)$)>-'+$( &$&J&",1(+"3( -1( 7&$+,&3( ,)( ,8&( "&&3()#
1&3-J&",(-"(,8&(1P1,&JA(48-1("&&3()#(1&3-J&",(Y-"(,8&(>&)$)>-'+$(')",&c,(+$1)(7&#&77&3(,)(+1(+
;)1-,-.&(+'')JJ)3+,-)"(1;+'&Z(3&;&"31()"(,8&(&c,&",(,)(=8-'8(,8&(+',%+$(J)7;8)$)>P()#(,8&
1P1,&J(3&.-+,&1(#7)J(-,1(&i%-$-<7-%J(1,+,&A(:8&,8&7(,8-1("&&3()#(1&3-J&",(+',%+$$P(7&1%$,1(-"
1&3-J&",+,-)"( )#( ,8&( 1P1,&J( 3&;&"31( )"( ,8&( ,8-73( #+',)7R( ,8&( '+;+<-$-,P( )#( ,8&( 1P1,&J( ,)
3-1,7-<%,&( ,8&( -J;)7,&3( 1&3-J&",( -",&7"+$$P( +"3( J+V&( -,( +.+-$+<$&( #)7( 1&3-J&",+,-)"A( 48-1
-",&7"+$(1&3-J&",(3-1,7-<%,-)"(-1(;7&1%J&3(,)(<&(3)J-"+,&3(<P(+(3-##%1-)"U,P;&()#(,7+"1;)7,A
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:8&"(=&(&c;)1&(+( ,-3+$( -"$&,( 1P1,&J( ,)( +( ')"1,+",( 1&+( $&.&$( 7-1&( Y!"#ZR( ,8&( 1P1,&J(=-$$( <&
;&7J+"&",$P(-"(+(1,+,&(,8+,(3&.-+,&1(#7)J(,8&(&i%-$-<7-%J(,8+,(')77&1;)"31(,)(+([&7)(!"#A(48-1
-1("&'&11+7P(,)('7&+,&(+(Y;&7J+"&",Z(-"'&",-.&(,)(-J;)7,(1&3-J&",(-",)(,8&(1P1,&JA(!"('+1&(,8&
7+,&( )#( 1&3-J&",( -J;)7,( J+,'8&1( ,8&( 7+,&( )#( 1&+( $&.&$( 7-1&R( +( "&=( #)7J( )#( J)7;8)$)>-'+$
<+$+"'&(-1(7&+'8&3A(!#(,8&(+',%+$(-J;)7,(7+,&(-1($&11(,8+"(,8-1R(,8&(1P1,&Jh1(J)7;8)$)>-'+$(1,+,&
=-$$(3&.-+,&(-"'7&+1-">$P(#7)J(-,1(&i%-$-<7-%J(+"3(<&')J&(%"1,+<$&A( !"(,8-1('+1&(,8&(!"#$8+1
&c'&&3&3(+"(%;;&7(<)%"3+7P( Y"+J&3( g1,+<-$-,P( $-J-,hR(3&"),&3(+1(!"#$-J-,ZR( +"3( ,8&( 1P1,&J
=-$$( "),( <&( +<$&( ,)( 7&+'8( +( 1,+,&( )#(J)7;8)$)>-'+$( <+$+"'&( +"P( $)">&7( +"3( 37)="A( E)7( ,8&
J&",-)"&3(,87&&U&$&J&",(1'8&J+,-1+,-)"()#(-"$&,(1P1,&J1(Y&<<U,-3+$(3&$,+R('8+""&$(+"3(#$+,ZR(-,
'+"(<&(18)="(,8&)7&,-'+$$P(,8+,(,8&(1,+<-$-,P($-J-,(-1(3&,&7J-"&3(#%$$P(<P(;7);&7,-&1()#(,8&(#$+,A
48-1(')J;$-&1(=-,8(=8+,()"&(J+P(&c;&',(#7)J(,8&(1&7-+$('8+7+',&7()#(,8&(1P1,&J(=8&7&(,8&(#$+,
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E->%7&(aAO 0)">18)7&(,7+"1;)7,(!$+"3(3-1'8+7>&(%(#)7($)=(+"3(8->8(=+.&(')"3-,-)"1
E->%7&(aAM 0)">18)7&('%77&",(.&$)'-,P(;7)#-$&(-"(1%7#([)"&
E->%7&(aAX 2S*2( 3&1->"( '%7.&( #)7( $)">18)7&( 1&3-J&",( ,7+"1;)7,(%( .&71%1( &"&7>P( #$%c

#+',)7(Y=+.&(8&->8,(7&$+,&3Z(=-,8(3+18&3($-"&1(7&;7&1&",-">(OAa!%(+"3(NAa!%
E->%7&(aAf( 48&(E7-&1'8&(I&&>+,R(=-,8(-"(,8&(L-"V&>+,(-"$&,(+"3(,8&(I)%,V+J;&7$++>(-"$&,
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0+%=&71[&&(YO^_^Z
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1! Introduction

1.1! General

6(J+H)7(;+7,()#(,8&(\&,8&7$+"31(-1(1-,%+,&3(<&$)=()7(+7)%"3(J&+"(1&+($&.&$A(48-1(')",7-<%,&1
"),-'&+<$P(,)(+(<7)+3(;%<$-'(+=+7&"&11()#(,8&(,87&+,(-J;)1&3(<P(,8&(+;;+7&",(7&$+,-.&(7-1&()#
,8&(1&+($&.&$A(6>+-"1,(,8-1(<+'V>7)%"3R(1%<1,+",-+$(&##)7,(-1(<&-">(;%,(-",)(7&1&+7'8(-"(1%;;)7,
)#(%"3&71,+"3-">(+"3(J)3&$$-">( ,8&(J)7;8)$)>-'+$(7&1;)"1&()#( ,8&(')+1,+$( [)"&( ,)(+( 7-1&( )#
J&+"( 1&+( $&.&$A( 48-1( -1( &11&",-+$( #)7( ;)$-'P( 3&1->"( +"3( 3&'-1-)"( J+V-">( =-,8( 7&1;&',( ,)
;7&1&7.+,-)"()#(')+1,+$([)"&(7&1)%7'&1(+1(=&$$(+1(-,1(1)'-)U&')")J-'(+"3("+,%7&(.+$%&1A

48&(;7&1&",(7&;)7,(')",7-<%,&1(,)(,8-1(7&1&+7'8A(!,(-1(#)'%11&3()"(,8&(J)7;8)$)>-'+$(&.)$%,-)"
)#(+(,-3+$(-"$&,(+"3(-,1(3-7&',(&".-7)"J&",(%"3&7(+(;&71-1,&",$P(7-1-">(1&+($&.&$A(!"(;+7,-'%$+7R(,8&
;),&",-+$( -1( -".&1,->+,&3( )#( +"( +>>7&>+,&3U1'+$&( J)3&$$-">( +;;7)+'8( #)7( ;7&3-',-">( %"3&7
=8-'8(')"3-,-)"1(,8&(&.)$%,-)"()#(+"(-"$&,('+"(V&&;(;+'&(=-,8(+(1&+($&.&$(7-1&A

1.2! Problem analysis

!#(=&(=+",( ,)('7&+,&(+(;&7'&;,-)"()#( ,8&(J)7;8)$)>-'+$(7&1;)"1&()#(+(18)7&$-"&( ,)(+( 7&$+,-.&
7-1&()#(,8&(1&+($&.&$R(=&("&&3(,)(')"'&",7+,&()"(,8&(+'')J;+"P-">(,-J&U1'+$&A(:-,8(7&1;&',(,)
J)3&$$-">( +,( ,8-1( 1'+$&R( ,=)( +;;7)+'8&1( '+"( <&( 3-1,-">%-18&3A( E-71,( ,8&7&( -1( ,8&( );,-)"( )#
3&1'7-<-">( ,8&( J)7;8)$)>-'+$( <&8+.-)%7( )"( +( 7&$+,-.&( 1J+$$( ,-J&U1'+$&( Y-",&7U,-3+$Z( +"3
-",&>7+,-">(,8-1(,)(#)7J(+(1,+,&J&",()#(,8&($)">U,&7J(<&8+.-)%7A(48&(+3.+",+>&()#(,8-1(J&,8)3
-1( ,8+,( %1&( )#( +.+-$+<$&( V")=$&3>&( ')"'&7"-">( 1J+$$( J)7;8)$)>-'+$( ;7)'&11&1( -1( J+3&A
K)=&.&7R(-"(,8&(i%+",-,+,-.&(;7&3-',-)"(#)7($)">U,&7J(3&.&$);J&",1(,8&(-",&>7+,-)"()#(1J+$$U
1'+$&(V")=$&3>&('+"('+%1&(+"(+''%J%$+,-">(&77)7(,8+,(<7-">1(1->"-#-'+",(%"'&7,+-",-&1( ,)()%7
;7&3-',-)"1A

48&(),8&7(+;;7)+'8(3&1'7-<&1($+7>&U1'+$&(<&8+.-)%7()#(,8&(18)7&$-"&(3-7&',$PA(!,(-1(<+1&3()"(,8&
+11%J;,-)"( ,8+,(J)7;8)$)>-'+$(3&.&$);J&",1( ,&"3( ,)(+( Y3P"+J-'Z(&i%-$-<7-%JR(>).&7"&3(<P
7&$+,-.&$P( 1$)=( '8+">-">( <)%"3+7P( ')"3-,-)"1A( 48-1( +;;7)+'8( -1( #+7( $&11( +##&',&3( <P( +"
+''%J%$+,-)"()#(&77)7(<%,(-,(7&i%-7&1(i%+",-,+,-.&(-"1->8,(-",)(,8&(;+7+J&,&71()#(,8&(%"3&7$P-">
$+7>&U1'+$&( J)7;8)$)>-'+$( ;7)'&11&1A( 48&1&( ;+7+J&,&71( '+"( )"$P( <&( 3&,&7J-"&3( #7)J( #-&$3
3+,+(+"3(=-,8(+($-J-,&3(7&$-+<-$-,P(<&'+%1&()#(,8&(7&$+,-.&$P(1J+$$(,-J&(1;+"()#(J&+1%7&J&",1A
48-1(J&,8)3(+-J1(+,(>7)11(;7&3-',-)"1(#)7(,8&($)">(,)(.&7P($)">U,&7JA

5),8(J&,8)31( 1%##&7( )#( 3&'7&+1-">( 7&$-+<-$-,P( =-,8( -"'7&+1-">( ;7&3-',-)"( ,&7JA( 6>+-"1,( ,8-1
<+'V>7)%"3( -,( 1&&J1( %1&#%$( ,)( +'')J;+"P( J)3&$( 7&1%$,1( =-,8( i%+",-,+,-.&( &1,-J+,&1( )#( ,8&
')77&1;)"3-">(7&$-+<-$-,PA(6(;7)<+<-$-1,-'(+;;7)+'8(J->8,(;7).-3&(,8-1(&1,-J+,&A
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1.3! Main objective of this study

48&(;7&1&",(1,%3P(')"1-3&71(,8&(;7&3-',-)"()#($)">U,&7J(,)(.&7P($)">U,&7J(J)7;8)$)>P(+"3(-"
;+7,-'%$+7(,8&(#&+1-<-$-,P()#(;7&3-',-">(=8&,8&7(,8&(J)7;8)$)>-'+$(&.)$%,-)"()#(+(,-3+$(-"$&,('+"
V&&;(;+'&(=-,8(+"(+''&$&7+,&3(7-1&(-"(7&$+,-.&(1&+($&.&$A

/%<H&',1()#(1,%3P(+7&R(<&1-3&1(,8&)7&,-'+$(')"#->%7+,-)"1R(,8&(-"$&,1()#(,8&(9%,'8(:+33&"(/&+R
+1( ,8&P( &"H)P( <7)+3( 1'-&",-#-'( +"3( 1)'-+$( -",&7&1,( +"3( +1( ')J;+7+,-.&$P(J%'8( #-&$3( 3+,+( )"
,8&1&(-"$&,1(+7&(7&+3-$P(+.+-$+<$&A

E->%7&(OAOC /+,&$$-,&(.-&=()#(,8&(<+77-&7(-1$+"31(+$)">(,8&(9%,'8(+"3(B&7J+"(')+1,
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2! Literature survey

2.1! Introduction

4)()<,+-"(+(<&,,&7(%"3&71,+"3-">()#( ,8&( $)">U,&7J(J)7;8)$)>-'+$( &.)$%,-)"( )#( ')+1,+$( -"$&,1
+"3(,-3+$(<+1-"1(+( $-,&7+,%7&(1%7.&P( -1(J+3&A(48-1( $-,&7+,%7&(1%7.&P(3&+$1(=-,8(J)7;8)$)>-'+$
<&8+.-)%7(+"3('8+7+',&7-1,-'1()#(')+1,+$(-"$&,1(+"3(,-3+$(<+1-"1R(=8-'8(8+.&(<&&"(,8&(1%<H&',()#
"%J&7)%1( 1,%3-&1( +"3( 7&1&+7'8( ;7)H&',1A(K&7&+#,&7( +"( ).&7.-&=( -1( >-.&"( )#( ,8&( 7&1%$,1( )#( +
"%J<&7()#(1,%3-&1R(J)1,()#(,8&J(7&$+,&3(,)(,8&(:+33&"(/&+R(,8&(<+77-&7(')+1,(-"(,8&(")7,8()#
,8&(\&,8&7$+"31A(48&(')+1,+$(-"$&,1(+"3(,-3+$(<+1-"1R(=8-'8(+7&(1%<H&',()#(,8&(;7&1&",(1,%3PR(+7&
;+7,()#(,8-1(')+1,+$(1P1,&JA

E)7( ,8&( ;7&1&",( '8+;,&7( -,( 8+1( <&&"( '8)1&"( ,)( 3&1'7-<&( ,8&( :+33&"( /&+( 1,+7,-">( #7)J
')J;+7+,-.&$P( $+7>&( ,-J&U( +"3( 1;+'&U1'+$&1( ,)=+731( &.&7( 1J+$$&7( 1'+$&1R( 3)="( ,)( ,8&( 1)U
"+J&3(J&1)U1'+$&( $&.&$(Y$&">,8U1'+$&1()#(J&,&71( ,)(V-$)J&,7&1(+"3(,-J&U1'+$&1()#(J)",81( ,)
P&+71ZA

2.1.1! Introduction

48&(9%,'8(:+33&"(/&+(')"1-1,1()#(+(1P1,&J()#(<+77-&7(-1$+"31R(')+1,+$(-"$&,1(+"3(,-3+$(<+1-"1
Y1&&(E->%7&(MAOZA(K-1,)7P(,&+'8&1(%1(,8+,(,8&(J)7;8)$)>P()#(1%'8(+(1P1,&J(-1(8->8$P(3P"+J-'
+"3R(,)(+('&7,+-"(&c,&",R(-1(+<$&(,)(+3+;,(-,1&$#(,)(&c,&7"+$(#)7'-">1(&A>A($+"3(7&'$+J+,-)"(+"3(+
7-1&(-"(1&+($&.&$A(K)=(,8&(1P1,&J(8+1(+3+;,&3(-,1&$#(,)(,8&1&(#)7'-">1(#7)J(,8&($+1,(-'&(+>&(,)
;7&1&",(3+P(-1(3&1'7-<&3(-"(/&',-)"(MAOAMA

E->%7&(MAOC 5+77-&7(-1$+"31()#(,8&(9%,'8(+"3(B&7J+"(:+33&"(/&+

2.1.2! History of the Dutch Wadden Sea

4)(%"3&71,+"3(J)7&()#(,8&($)">U,&7J(J)7;8)$)>-'+$(;7)'&11&1(,8+,(,+V&(;$+'&(-"(,8&(:+33&"
/&+(-,(-1(-J;)7,+",(,)(V")=(,8&(>&)$)>-'+$(3&.&$);J&",1(,8+,(#)7J&3(-,(,)(-,1(;7&1&",(18+;&A(!"
-,1( 7&$+,-.&$P( 18)7,( >&)$)>-'+$( &c-1,&"'&R( ,8&( :+33&"( /&+( 8+1( +$7&+3P( >)"&( ,87)%>8( 1)J&
,%7<%$&",(3&.&$);J&",1A(6'')73-">( ,)(()*+,-.$ /01234$+"3(5).$678$!97:$ /011;4R(;+7,()#( ,8&
:+33&"(/&+(1P1,&J(8+1(18-#,&3(&+1,=+73(+"3($+"3=+73(%"3&7(,8&(-"#$%&"'&()#(,8&(;7&'&3-">
7-1&()#( ,8&(1&+( $&.&$A(K-1,)7-'+$( >&)$)>-'+$( #-"3-">1(+$1)( 18)=( ,8+,( -"( ,8&(')%71&( )#( ,-J&( ,8&
1P1,&J( 8+1( <&')J&( ')"1-3&7+<$P( 1J+$$&7A( 48&( 8-1,)7-'+$( 3&.&$);J&",1( )#( ,8&( :+33&"( /&+
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1-"'&(1)J&(ONNRNNN(P&+71(+>)('+"(<&(3&1'7-<&3(+1(#)$$)=1(/()*+,-.<$0123$+"3(5).$678$!97:<
011;4C

Melting of the ice caps and the sea level starting to rise

<KKLKKK.+7.<KLKKK/J<D3.4#%"6.%-7
9%7-">( ,8&( $+1,( -'&( +>&R( ,8&( \)7,8( S%7);&+"( -'&U'+;( 3-3( "),( 7&+'8( =8+,( -1( ")=( ,8&
\&,8&7$+"31A(!"1,&+3(+(,8-'V($+P&7()#(1+"3(=+1(3&;)1-,&3()"(,8&(-77&>%$+7$P(18+;&3(L$&-1,)'&"&
$+"31'+;&A(6;;7)c-J+,&$P(OaRNNN(P&+71(+>)R(=8&"(,8&(1&+($&.&$(=+1(OMN(,)(OfN(J&,&71($)=&7
,8+"(-,(-1(;7&1&",$PR(,8&(J&$,-">()#(,8&(\)7,8(6J&7-'+"(-'&U'+;1('+%1&3(,8&(1&+( $&.&$( ,)(1,+7,
7-1-">(+,(+(7+,&()#(1&.&7+$(J&,&71(;&7('&",%7PA(6,(,8+,(,-J&R(,8&(:+33&"(/&+(3-3("),(&c-1,(P&,A(!,
=+1(#)7J&3(-"(,8&(')%71&()#(')+1,+$(&.)$%,-)"(%"3&7(,8&(-"#$%&"'&()#(+(;&71-1,&",$P(7-1-">(1&+
$&.&$A(61(1%'8R(,8&(:+33&"(/&+(-1(H%1,($-V&(,8&(9%,'8(3%"&1R(+(>&)$)>-'+$$P(P)%">($+"31'+;&R
=8-'8(3-3("),(,+V&()"(-,1('%77&",(#)7J(%",-$(,8&(=+7J(;&7-)3(+#,&7(,8&($+1,(-'&(+>&A

Rapid Sea Level Rise causing coast to erode and recede

<KLKKK.+7.MLKKK./J<D3.4#%"6.%-7./NLAKK@FLOKK.PJ3
6.+-$+<$&(#7+>J&",+7P(>&)$)>-'+$(3+,+(1%>>&1,1(,8+,(%"3&7(,8&(-"#$%&"'&()#(+(7+;-3(7&$+,-.&(1&+
$&.&$(7-1&()#(+,($&+1,(dN('J(,)(+(#&=(J&,&71(;&7('&",%7PR(,8&(9%,'8(')+1,(18-#,&3($+"3=+73A(!"
,8&(=&1,&7"(7&>-)"()#(,8&(\&,8&7$+"31R(+(<7+'V-18(,)(1+$,=+,&7($+>))"(=+1(#)7J&3(Y1&&(E->%7&
MAMZA(6,(,8+,(,-J&R(,8&(+7&+(")=(V")="(+1(,8&(:+33&"(/&+R(')"1-1,&3()#(&1,%+7-&1(=-,8($+>))"1
+"3( ,-3+$( #$+,1R( #)7J&3( <P( #$))3-">( <P( ,8&( 1&+( )#( ,8&( 7-.&7( .+$$&P1( ,8+,( 8+3( #)7J&3( -"( ,8&
L$&-1,)'&"&A(!"(+"(+7'8(&"'$)1-">(,8-1(1&+R( ,8&7&(=+1(+(1&7-&1()#( -1$+"31(=-,8( ,-3+$( -"$&,1(+"3
'8+""&$1(<&,=&&"( ,8&JA( !,( -1( "),( '$&+7( 8)=( #+7( 1&+=+73( ,8-1( #)7J&7(=+33&"( +7&+( &c,&"3&3A
48&(+7&+(+1(+(=8)$&(>7+3%+$$P(<&'+J&(1%<H&',&3(,)(&.&7(-"'7&+1-">(J+7-"&(-"#$%&"'&(+"3(=+1
%"+<$&(,)(V&&;(;+'&(=-,8(,8&(7+;-3(7-1&()#(,8&(1&+($&.&$R('+%1-">(,8&(')+1,(,)(&7)3&(+"3(7&'&3&A
!,( 1&&J1( ,8+,( ,8&( 1%;;$P( )#( +$$%.-+$( 1&3-J&",( ,)( ,8&( +7&+(=+1( ,)( 1$)=( +,( ,8+,( ,-J&( ,)( '+%1&
+''7&,-)"()#(,8&($+7>&(=+33&"(+7&+A(48-1(-1(-",&7&1,-">R(+1(,8&(;7&3-',&3(7+,&()#(1&+( $&.&$( 7-1&
#)7(,8&(')J-">('&",%7-&1(YMONNUMXNNZ(J->8,(&i%+$(,8&(7+,&()#(1&+($&.&$(7-1&(-"(,8&($+,,&7(;&7-)3A

E->%7&(MAMC ^RMNNUaRdNN(52](*+;-3(/&+(0&.&$(*-1&('+%1-">(')+1,(,)(&7)3&(+"3(7&'&3&R(()*+,-.$/01234A
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Forming of a fairly stable coastline

MLKKK.+7.FLKKK./J<D3.4#%"6.%-7./FLOKK@BLMOK.PJ3
!"(,8-1(;&7-)3(,8&(1&+($&.&$(7-1&(+J)%",&3(,)(1)J&(dN(,)(fN('J(;&7('&",%7PA(48&(,-3+$(#$+,1(+7&+
1,-$$(18-#,&3($+"3=+73(+"3(,8&(L$&-1,)'&"&(K&->8,1("&+7(4&c&$(%"3&7=&",(1&.&7&(&7)1-)"A(48&
+7&+(1,+7,&3(,)(<&+7(J)7&(7&1&J<$+"'&(,)(,8&(;7&1&",U3+P(=+33&"(+7&+(Y1&&(E->%7&(MAXZA(9%&(,)
,8&(>7+3%+$$P(3&.&$);-">(<+77-&7(<+71(+"3(3%"&1R(+(#+-7$P(1,+<$&(')+1,$-"&(=-,8(,-3+$(-"$&,1(+"3
'8+""&$1( =+1( #)7J&3( -"( =8+,( +7&( ")=( ,8&( \))73UK)$$+"3( +"3( I%-3UK)$$+"3( ;7).-"'&1A
5&8-"3(-,R(,-3+$(#$+,1(+"3(1+$,(J+718&1(3&.&$);&3(+"3(,8&(8->8&7(<)>>P(+7&+1(<&'+J&(').&7&3
=-,8(+($+P&7()#(;&+,A(!,('+"(<&(3&3%'&3(,8+,(%"3&7(,8&1&(')"3-,-)"1R(1&3-J&",(=+1(3&;)1-,&3(+,
,8&( 1+J&( 7+,&( ,8+,( ,8&( 1&+( $&.&$( 7-1&1A( 48-1( ,&+'8&1( %1( ,8+,( -#( ,8&( 1%;;$P( )#( J+,&7-+$( -1
1%##-'-&",$P($+7>&R(+(7-1-">(1&+($&.&$(3)&1("),("&'&11+7-$P(J&+"($)11()#($+"3()7(,8&(#)7J+,-)"()#
+"(-"$+"3(1&+A

E->%7&(MAXC aRdNNUXRedN(52](E)7J-">()#(+(#+-7$P(1,+<$&(')+1,$-"&R(()*+,-.$/01234

Deceleration of Sea Level Rise and extension of coast

FLKKK.+7.BLMKK/J<D3.4#%"6.%-7./BLMOK@AL<KK.PJ3
48&(1&+($&.&$(7-1&(-"(,8-1(;&7-)3(3&'&$&7+,&3(,)(+(7+,&(<&,=&&"(fN(+"3(MN('J(;&7('&",%7PA(!"(,8&
3&$,+(+7&+R(=8-'8(1,7&,'8&1(+'7)11(,8&(&",-7&(=&1,(')+1,()#( ,8&(\&,8&7$+"31R(&")%>8(1&3-J&",
=+1(3&;)1-,&3(,)('+,'8(%;(=-,8(,8&(1&+($&.&$(7-1&(+"3(+$$)=(,8&(')+1,(,)(&c;+"3(-"(+(1&+=+73
3-7&',-)"(Y#-71,(-"(,8&(1)%,8R($+,&7(-"(,8&(")7,8ZA(48&(1&3-J&",()7->-"+$$P('+J&(#7)J(&7)1-)"()#
,8&(7&'&3-">('+;&1(YI&&$+"3(3&$,+(+7&+(+"3(4&c&$(K&->8,1Z(+"3(,8&(#)7J&7()%,&7(3&$,+1(+"3(=+1
,7+"1;)7,&3(<P(,8&(\)7,8(/&+(+"3(7-.&71A(48&(+7&+(")7,8()#(5&7>&"(')",-"%&3(,)(&7)3&R(+1(3-3
,8&(')+1,()#( ,8&(+7&+(")=(V")="(+1( ,8&(:+33&"(/&+R(=8-'8(;7)>7&11-.&$P( 7&'&3&3R(J+V-">
1+"3(+.+-$+<$&(#)7(,8&(=+33&"(+7&+A(L+7,1()#(,8&(&$&.+,&3(#$+,1(-"(,8&(=+33&"(=&7&(,7+"1#)7J&3
-",)(1+$,(J+718&1()7(&.&"(<&'+J&(37P($+"3A(48&(I%-3&7(/&+(=+1("),(P&,(+(1&+(<%,(+(#7&18=+,&7
$+V&(Y0+V&(E$&.)Z(-"(=8-'8(7-.&71(#7)J(,8&(1)%,8(37+-"&3(Y1&&(E->%7&(MAfZA



Influence of Relatie Sea Level Rise on Z2822 April 2001
Coastal Inlets and Tidal Basins

WL| Delft Hydraulics 2 - 4

E->%7&(MAfC XRedNUMRONN(52](9&'&$&7+,-)"()#(/&+(0&.&$(*-1&(+"3(&c,&"1-)"()#(')+1,R(()*+,-.$/01234

Formation of the present wadden environment

BLMKK/J<D3.4#%"6.%-7.1)+,;.+2#.Q,>>;#.G-#6
Q",-$(+<)%,(XReNN(Y2OfZ(P&+71(+>)R(,8&(+7&+(,8+,(-1(")=(,8&(=&1,&7"(:+33&"(/&+(3&.&$);&3(-"
J)7&( )7( $&11( ,8&( 1+J&( =+P( +1( ,8&( =&1,&7"( 7&>-)"( )#( ,8&( \&,8&7$+"31A( 6#,&7( ,8+,R( ,8&( +7&+
#$))3&3( +"3( ,7+"1#)7J&3( -",)( ,-3+$( #$+,1A( 48&( ;+,,&7"( )#( ;&+,( <)>( #)7J+,-)"( +"3( #$))3-">
3)J-"+,&3(&.&7P=8&7&( &c'&;,(+,( ,8&(8->8&7U$P-">(+7&+1()#(4&c&$( ,)( +<)%,(K+7$-">&"A(6,( ,8&
&"3()#(,8&(@-33$&(6>&1R(8&7&(,))R(+"(+7&+()#(18+$$)=(,-3+$(#$+,1(3&.&$);&3(-",)(-",&7,-3+$(#$+,1
=&(V")=(#7)J(,8&(,-J&(<&#)7&(,8&(I%-3&7(/&+(Y#)7J&7(!D11&$J&&7Z(=+1('$)1&3()##A(48&(8->8U
$P-">( +7&+1( -"( ,8&( &+1,&7"(:+33&"( /&+( #$))3&3( 1)J&( XRNNN( P&+71( +>)R( <7-">-">( +<)%,( ,8&
&+1,&7"(&c,&"1-)"()#(,8&(=+33&"(+7&+A

E->%7&(MAaC XReNN(Y2OfZU@-33$&(6>&1](E)7J+,-)"()#(,8&(;7&1&",(=+33&"(&".-7)"J&",R(()*+,-.$/01234
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Mankind intervenes

!76+@Q,>>;#.G-#6.1)+,;.C"#6#)+
Q",-$(,8&(@-33$&(6>&1("+,%7&(=+1(,8&(;7&3)J-"+",(#)7'-">()"(,8&(3&.&$);J&",()#(,8&(:+33&"
/&+A(6#,&7( ,8-1( ;&7-)3(J+"V-"3( 1,&;1( -"( +"3( -",7)3%'&1( +( "&=( #)7'&( )"( ,8&( 1P1,&JC( 8%J+"
-",&7.&",-)"(-"("+,%7+$(;7)'&11&1A(6',1()#(-",&7.&",-)"(-"'$%3&(3-V&(')"1,7%',-)"R(7&'$+J+,-)"
)#( $+"3( #7)J( ,8&( 1&+R( ;&+,U'%,,-">R( 3+JJ-">(%;()#( '8+""&$1( +"3(;+7,1( )#( ,-3+$( <+1-"1A(6$1)
7&-"#)7'-">(&c-1,-">(3%"&1( ,)(1&7.&(+1(3-V&1R(')"1,7%',-">(H&,,-&1(+"3($+7>&U1'+$&(+',-.-,-&1(+1
'$)1-">()#(,8&(I%-3&7(/&+(YO^XMZ(+"3(,8&(0+%=&71(/&+(YO^_^Z(8+.&(8+3(+(J+H)7(-"#$%&"'&()"
,8&( 3&.&$);J&",( )#( ,8&(=+33&"( 1P1,&JA(9&1;-,&( ,8&1&( -",&7.&",-)"1( ,8&(:+33&"( /&+( -1( #+7
#7)J( g#-c&3hA( 48&( 1P1,&J( )#( 3&$,+1R( '8+""&$1R( #$+,1( +"3( -1$+"3( 18)7&$-"&( -1( 1,-$$( +( 8->8$P
3P"+J-'()"&(+1(-1(3&J)"1,7+,&3(<P(,8&(18-#,-">(;)1-,-)"()#(-1$+"31R(-1$+"3(8&+3$+"31(+"3(,-3+$
'8+""&$1A

2.1.3! Differences between West and East

6$,8)%>8(,8&(;7&.-)%1(1&',-)"1(3&1'7-<&(,8&(8-1,)7-'+$(3&.&$);J&",()#(:+33&"(/&+(+7&+(+1(+
=8)$&R(+(3-1,-"',(3-##&7&"'&(-"(3&.&$);J&",()#(,8&(=&1,&7"(+"3(&+1,&7"(;+7,();(,8&(:+33&"(/&+
&c-1,1A( 6( J+H)7( ;)7,-)"( )#( ,8&( =&1,&7"( :+33&"( /&+( =+1( '7&+,&3( <P( 8%J+"( -",&7.&",-)"
')J<-"&3( =-,8( 7&$+,-.&( 1&+( $&.&$( 7-1&A( 48&( &+1,&7"( +7&+( Y&+1,( )#( ,8&( G$-&1,7))J( 28+""&$Z
3&.&$);&3(-",)(+"(-",&7,-3+$(+7&+(&+7$-&7(3%&(,)(,8&($)=&7(&$&.+,-)"()#(,8&(L$&-1,)'&"&(1%7#+'&R
'+%1-">(,8-1(+7&+(,)(<&(-"#$%&"'&3(<P(,8&(1&+(1))"&7A

Western Wadden Sea

48&(&+7$P(-"8+<-,+",1()#(,8&(=&1,&7"(=+33&"(3%>(3-,'8&1(+"3('8+""&$1(,)(37+-"(+"3(&J;)$3&7
,8&( $)=$+"31( +"3( ,)( '%,( ;&+,( #)7( 1+$,( &c,7+',-)"( +"3( #%&$A( 48&1&( 8%J+"( +',-.-,-&1(J+3&( ,8&
J+718P( +7&+( .%$"&7+<$&( ,)( #$))3-">( +"3( +7)%"3( ORNNN(69( ,8&( 1&+( ;&"&,7+,&3( ,8-1( +7&+( +"3
,7+"1#)7J&3( -,( -",)( ,-3+$( #$+,1A( 48&( ,-3+$( <+1-"( -"'7&+1&3( -"( .)$%J&( +"3( ,8&( )$3( ;&+,( -"( ,8&
=+33&"( +7&+( =+1( =+18&3( +=+PR( =8-$&( ,8&( ')+1,1( )#( \))73UK)$$+"3R( 4&c&$R( S-H&7$+"3( +"3
G$-&$+"3(=&7&(1%<H&',&3(,)(-",&"1&(')+1,+$(&7)1-)"(3%&(,)(,8&(-"8&7&",(&"$+7>&J&",()#(,8&(,-3+$
<+1-"A(48&(&7)1-)"()#()$3(;&+,(-"(,8&(=+33&"(+7&+('7&+,&3(+($-"V(<&,=&&"(,8&(-",&7,-3+$(=+33&"
+7&+(=-,8(,8&(-"$+"3(#7&18(=+,&7($+V&(Y,8&(E$&.)Z(+"3(#-"+$$P(7&1%$,&3(-",)(,8&(1+$,=+,&7(<+1-"
I%-3&7(/&+A(!,(,))V(1&.&7+$('&",%7-&1(#)7(J+"(,)(7&>+-"($+"3(#7)J(,8&(1&+(+"3(,)(&J;)$3&7(;+7,1
)#(,8&(=&1,&7"(:+33&"(/&+(+"3(,8&(I%-3&7(/&+A(48-1(=+1(3)"&(<P(')"1,7%',-">(3-V&1(+$)">(,8&
")7,8&7"( ')+1,1( )#( =8+,( -1( ;7&1&",$P( V")="( +1( E7-&1$+"3( +"3(B7)"-">&"( +"3( -,( 7&+'8&3( -,1
'$-J+c( =-,8( ,8&( '$)1%7&( )#( ,8&( I%-3&7( /&+( <P( ,8&( 6#1$%-,3-HVA( 4)( ,8-1( 3+PR( ,8&( +7,-#-'-+$
-",&7.&",-)"1( 8+.&( 8+3( +( J+H)7( -"#$%&"'&( )"( ,8&( 1&3-J&",( J+"+>&J&",( +"3( ,8&
8P37)3P"+J-'1()#(,8&(=&1,&7"(:+33&"(/&+A

Eastern Wadden Sea

!"#$%&"'&3(<P(,8&(7-1&()#( ,8&(1&+( $&.&$R( ,8&(&+1,&7"(:+33&"(!1$+"31(+"3(,8&( -"$&,1(8+.&(<&&"
J).-">( $+"3=+73( #)7( ,8&(;+1,(aRNNN(P&+71A(/,%3P()#( 7&J+-"3&71( )#( +"'-&",( )%,&7( 3&$,+1( +"3
#-$$&3U%;( '8+""&$1( )#( #)7J&7( ,-3+$( -"$&,1( 8+1( 7&.&+$&3( ,8+,( +<)%,( aRNNN( ,)( _RNNNY2OfZ( P&+71
+>)R(,8&(;)1-,-)"()#(,8&(')+1,$-"&1()#(,8&(-1$+"31()#(6J&$+"3(+"3(/'8-&7J)""-V))>(%1&3(,)(<&
#%7,8&7(")7,8(<P(OO(,)(Oa(V-$)J&,7&1A(E7)J(,8&(<&>-""-">()#(,8&(@-33$&(6>&1(,8&(-"8+<-,+",1
1,+7,&3(,)(;7),&',(,8&($+"3(#7)J(#$))3-">(+"3(,)(&J;)$3&7(;+7,1()#(,8&(:+33&"(/&+A(0+,&7()"
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;+7,1()#(,8&(0+%=&71(/&+(+"3(,8&(9)$$+73(&1,%+7P(=&7&(&J;)$3&7&3R(7&3%'-">(,8&(1-[&()#( ,8&
1&3-J&",(7&,&",-)"(+7&+A( !"(7&1;)"1&R( ,8&( -"$&,1(+"3('8+""&$1(<&'+J&(18+$$)=&7(+"3(,)>&,8&7
=-,8( ,8&( &7)3-">( -1$+"3( ')+1,1R( ,8&P( 18-#,&3( &+1,( +"3( 1-J%$,+"&)%1$P( ,)=+731( ,8&(J+-"( $+"3
')+1,A(9%&( ,)( 3%"&( .&>&,+,-)"( ,8&( 7+,&( +,( =8-'8( ,8&(:+33&"( !1$+"31(J->7+,&3( ,)=+731( ,8&
')+1,(1$)=&3(3)="(-"(,8&(1&')"3(8+$#()#(,8&(@-33$&(6>&1A(48-1(3%"&(.&>&,+,-)"(')"1-3&7+<$P
7&3%'&3(,8&(#)7J+,-)"()#("&=(=+18U).&71(+"3(3%"&(&7)1-)"A(!"(1;-,&()#(J+H)7('8+">&1('+%1&3
<P( -1$+"3( J->7+,-)"( +"3( &c,&"1-.&( &J;)$3&7-">R( ,8&( 18+;&( )#( ,8&( &+1,&7"( =+33&"( 1P1,&J
7&J+-"&3(+$J)1,(,8&(1+J&A

2.2! Development of tidal inlet systems

2.2.1! Introduction

!"(/&',-)"(MAO(=&(3-1'%11&3(,8&(8-1,)7-'+$(&.)$%,-)"()#(,8&(+7&+(")=(V")=(+1(,8&(:+33&"(/&+
)"(.&7P( $+7>&( ,-J&U(Y'&",%7-&1( ,)(J-$$&""-+Z(+"3(1;+'&U1'+$&1( Y3&.&$);J&",( )#(&",-7&( ')+1,+$
1,7&,'8ZA(48&( $+7>&U1'+$&(3&.&$);J&",()#(+( 1;&'-#-'( ,-3+$( -"$&,( 1P1,&J('+"(<&( 3&1'7-<&3()"( +
1)J&=8+,(1J+$$&7(1'+$&R(=-,8( ,-J&U1'+$&1()#(3&'+3&1( ,)( '&",%7-&1(+"3(1;+'&U1'+$&1(').&7-">
,8&(,-3+$(-"$&,(1P1,&J(+1(+(=8)$&A

6'')73-">(,)(=)>7?/01@14R( ,8&(J)7;8)$)>-'+$(1,+,&()#(+"(+7<-,7+7P( ,-3+$( -"$&,( 1P1,&J('+"(<&
'$+11-#-&3( <+1&3( )"( ,-3+$( 7+">&( +"3( =+.&( &"&7>PA( =)>7?/01@14( J+3&( +( 8P37)3P"+J-'
'$+11-#-'+,-)"(-"(=8-'8(8&(3-1,-">%-18&1(#-.&('$+11&1()#( ,-3+$( -"$&,1(=-,8(7&1;&',( ,)( ,-3+$b=+.&
3)J-"+"'&C
"! :+.&(3)J-"+,&3(-"$&,1
"! @-c&3(&"&7>PU=+.&(3)J-"+,&3
"! @-c&3(&"&7>PU,-3&(3)J-"+,&3
"! 0)=U,-3&(3)J-"+,&3
"! K->8U,-3&(3)J-"+,&3

A)B7$6CD,.)E76$,.F7E?(8+.&($)">(')",-"%)%1(<+77-&71R(=-,8()"$P(#&=(,-3+$( -"$&,1(+"3(+( $),()#
=+18).&71A(G,H76$7.78*>$,.F7E?$/+)B7$6CD,.).E4(8+.&(+($+7>&("%J<&7()#(-"$&,1(+"3(+(1J+$$&7
"%J<&7( )#(=+18).&71A(48&( 1-[&( )#( ,8&( &<<U,-3+$( 3&$,+(=-$$( <&')J&( 1)J&=8+,( $+7>&7A(G,H76
7.78*>$ ,.F7E?$ /E,67$ 6CD,.).E4( 8+.&( +<%"3+",( ,-3+$( -"$&,1( +"3( $+7>&7( &<<U,-3+$( 3&$,+1A( I,67
6CD,.)E76$,.F7E?(+7&('8+7+',&7-1&3(<P(;7&3)J-"+",(,-3+$('%77&",(7-3>&1R(&c,&"1-.&(1+$,(J+718&1
+"3(,-3+$(#$+,1A(!"$&,1()#(,8-1(,P;&()#,&"(8+.&($+7>&(&<<U,-3+$(3&$,+1(+"3(.&7P(3&&;(-"$&,(>)7>&1A

6"+$)>)%1$PR('>?,.:$/011J4(')"'$%3&3(,8+,(J%'8()#(,8&($+7>&U1'+$&(,-3+$(-"$&,(J)7;8)$)>P(-"
,8&(:+33&"(/&+(3&;&"31()"C
"! 4-3+$(7+">&(Y/&',-)"(MAMAMZ
"! /&+1)"+$(=+.&1(+"3(=-"31(Y/&',-)"(MAMAXZ
"! B&)J&,7P()#(,8&(&<<U,-3+$(3&$,+(Y/&',-)"(MAMAfZ
"! *&$+,-.&(1&+($&.&$(7-1&(Y/&',-)"(MAMAaZ
"! /&3-J&",(7&,&",-)"(+"3(3&J+"3(Y/&',-)"(MAMA_Z

48-1(3&;&"3&"'P(8+73$P(18)=1()"(+(1J+$$( ,-J&U1'+$&( Y3+P1( ,)(P&+71ZR(<%,(J+"-#&1,1( -,1&$#( -"
'8+">&1(-"(,8&(=+33&"($+"31'+;&(,8+,(<&')J&(1->"-#-'+",().&7(+(,-J&(1;+"()#(3&'+3&1(%;(,)
'&",%7-&1A(61(1%'8R(,8&(J&",-)"&3(#+',)71(1,&&7( ,8&( $+7>&U1'+$&(J)7;8)$)>-'+$('8+">&1( -"( ,8&
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:+33&"(/&+(,-3+$(-"$&,1A(!"(,8&("&c,(1&',-)"1(+"().&7.-&=(=-$$(<&(>-.&"()#(,8&(J)1,(1->"-#-'+",
;7)'&11&1A

2.2.2! Tidal range

48&( ,-3+$( 7+">&(3&,&7J-"&1(J)1,( )#( ,8&( $+7>&U1'+$&(J)7;8)$)>-'+$( <&8+.-)%7( )#( ,8&(=+33&"
+7&+A(T%,1-3&(,8&(=+33&"(+7&+R(,8&(,-3+$(7+">&(3&;&"31(;7-J+7-$P()"(,8&()'&+"(,-3&1(+"3(,8&-7
-",&7+',-)"(=-,8(,8&(')",-"&",+$(18&$#A(48&(,-3+$(J),-)"(+,(,8&(\)7,8(/&+(-1(3&,&7J-"&3(<P(,8&
,-3&(+,( ,8&(6,$+",-'(T'&+"A(6$)">( ,8&(9%,'8(')+1,R( ,8&( ,-3+$(=+.&(;7);+>+,&1( #7)J( 1)%,8( ,)
")7,8(+"3(-,(&",&71(,8&(:+33&"(/&+(,87)%>8(,8&(,-3+$(-"$&,1R(=8&7&(,8&(=+.&(-1(7&#$&',&3(+>+-"1,
,8&(J+-"$+"3(')+1,A(48&(,-3+$(7+">&(8+1(+(J-"-J%J("&+7(9&"(K&$3&7(+"3( -"'7&+1&1( ,)=+731
,8&(J)%,8()#(,8&(*-.&7(S$<&A(9%&(,)(,8&($-J-,&3(3&;,8(-"(,8&(,-3+$(<+1-"1(,8&(,-3+$(&"&7>P(+"3
'&$&7-,P( 3&'7&+1&1A( 48-1( 7&1%$,1( -"( ,8&( :+33&"( /&+( -"( +( ')J;$&c( -",&7+',-)"( ;+,,&7"( )#
-"')J-">( +"3( 7&#$&',-">( ,-3+$( =+.&( ')J;)"&",1A( !"( ,8&( 7&$+,-.&$P( 18)7,( ,-3+$( <+1-"1( )#( ,8&
:+33&"(/&+(Y7&$+,-.&(,)(,8&(,-3+$(=+.&($&">,8ZR(,8&(,-3+$(=+.&(-1(7&#$&',&3(+"3(-,(8+1(+(J)7&()7
$&11(1,+"3-">('8+7+',&7A

48&(;7);+>+,-)"()#(,8&(,-3+$(=+.&(-",)(,8&(,-3+$(<+1-"(J&+"1(,8+,(+(1%<1,+",-+$(=+,&7(.)$%J&
"&&31(,)(;+11(,8&(-"$&,1(&+'8(,-3+$('P'$&A(48-1(=+,&7(.)$%J&R(+$1)(V")="(+1(,8&(E,6)F$BCFKD7R
J+P(<&(&1,-J+,&3(<P(J&+1%7-">(,8&(<+1-"(+7&+(%;(,)(,8&(,-3+$($-J-,(+"3(J%$,-;$P(-,(<P( -,1(,8&
,-3+$(7+">&A(48-1(>-.&1(%1(,8&(E,6)F$98,?DR(=8-'8(&i%+$1(+;;7)c-J+,&$P(8+$#(,8&(E,6)F$BCFKD7A
48&(E,6)F$BCFKD7('+%1&1(8->8(#$)=(.&$)'-,-&1(+,(,8&(-"$&,(+"3("&>$->-<$&(#$)=(+,(,8&(=+,&718&3
<&8-"3( ,8&( -1$+"31(=&7&( ,8&( #$))3( #$)=1(J&&,A( 5&'+%1&( )#( ,8&( $)=( #$)=( .&$)'-,-&1( +,( ,8&1&
=+,&718&31( ,8&( ')"3-,-)"1( #)7( 1&3-J&",+,-)"( +7&( #+.)%7+<$&( +"3( '+"( <&( 7&')>"-1&3( +1( +
7&$+,-.&$P(8->8(7-3>&R(=8-'8(1&;+7+,&1(+3H+'&",(,-3+$(<+1-"1A

4)(-3&",-#P( ,8&(&##&',()#( ,8&( ,-3+$(7+">&( Y+"3(,8%1( ,8&( E,6)F$BCFKD7Z()"( ,8&(J)7;8)$)>P()#(+
,-3+$(-"$&,(1P1,&J(-"(>&"&7+$R(=)>7?$/01@14(J+3&(#-.&(,-3+$('$+11-#-'+,-)"1R(18)="(-"(4+<$&(MAOA

4+<$&(MAOC(4-3+$(2$+11-#-'+,-)"
2$+11-#-'+,-)" 4-3+$(*+">&YJZ
@-'7),-3+$ kOAN
0)=(J&1),-3+$ OAN(J(l(MAN
K->8(J&1),-3+$ MAN(J(l(XAa
0)=(J+'7),-3+$ XAa(J(l(aAa
K->8(J+'7),-3+$ jaAa

6(D,&8CE,6)F$ 8).*7( -1( ')JJ)"$P( #)%"3( -"( ')J<-"+,-)"(=-,8( 7&$+,-.&$P( 1J+$$( ,-3+$( -"$&,1( -"
<&,=&&"(<+77-&7( -1$+"31A(48&(3&$,+1( -"()##18)7&(3-7&',-)"()#( ,8&1&( -"$&,1(3)("),(<&')J&(.&7P
$+7>&A(6(D7?CE,6)F$ 8).*7( -1( #+.)%7+<$&( #)7( ,8&(J+-",&"+"'&()#( 1J+$$&7(<+77-&7( -1$+"31R( $+7>&
-"$&,1(+"3($+7>&(&<<U,-3+$(3&$,+1R(#)7(&c+J;$&(,8&(<+77-&7(')+1,()#(,8&(9%,'8(:+33&"(/&+A(6"
-".&71&(7&$+,-)"(<&,=&&"(,-3+$(7+">&(+"3($&">,8()#(+(<+77-&7(-1$+"3(1&&J1(,)(&c-1,C(&.&7U$+7>&7
,-3+$( 7+">&1( +;;+7&",$P( 7&1%$,( -"( &.&7U18)7,&7( <+77-&7( -1$+"31A( 6(D7?CE,6)F$ 8).*7( 1&&J1( ,)
&"')%7+>&(,8&(#)7J+,-)"()#(,-3+$(#$+,1(+"3(1+$,(J+718&1(,)(+($+7>&7(&c,&",A(6(D)&8CE,6)F$8).*7
-"3%'&1(+(')+1,$-"&()#(,-3+$(#$+,1(+"3(#$+,(J+718&1R(-"(=8-'8(<+77-&7(-1$+"31(+"3(&<<U,-3+$(3&$,+1
+7&(+<1&",R(#)7(&c+J;$&(,8&(B&7J+"(5->8,A
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2.2.3! Seasonal Waves and Wind

5&1-3&(,8&(')"1-3&7+<$&(-"#$%&"'&()#(,8&(E,6)F$8).*7$L$E,6)F$BCFKD7()"(,8&(J)7;8)$)>P()#(,8&
,-3+$(-"$&,1(-"(,8&(:+33&"(/&+R(1&+1)"+$(=+.&1(+"3(=-"3(8+.&(,8&-7()="(3-1,-"',(-J;+',()"(,8&
J)7;8)$)>-'+$(3&.&$);J&",()#(,8&(-"$&,1A

Waves

B&"&7+$$PR( =+.&( +',-)"( -1( ')"1-3&7&3( ,)( +',( +1( +( <%$$3)[&7( )"( ,8&( 1&+=+73( ,-3+$( -"$&,
J)7;8)$)>P$/=)*7D).<$01314M$48&(=+.&U>&"&7+,&3($)">18)7&('%77&",1(,7+"1;)7,(,8&(1&3-J&",
)#( ,8&( 1&+=+73(&c,&"3-">(&<<U,-3+$(3&$,+()"18)7&(+"3(1)( $-J-,( ,8&(+7&+().&7(=8-'8( ,8&( &<<U
,-3+$(3&$,+('+"(1;7&+3A(5&'+%1&(=+.&1(>&"&7+$$P(<7&+V(+,(+(=+,&7(3&;,8()#(+<)%,( ,=-'&( ,8&-7
8&->8,R()"$P(+(.&7P($-J-,&3(+J)%",()#(=+.&(&"&7>P('+"(;+11(,8&(18)+$1()#(,8&(&<<U,-3+$(3&$,+
+"3(&",&7(,8&(<+1-"(/'>?,.:$).6$N,7*7F<$011O4M

61( #)7( ,8&( ,-3+$( 7+">&R( +( >&"&7+$( '$+11-#-'+,-)"( #)7( ,8&( &##&',( )#( =+.&1( )"( ,8&( ,-3+$( -"$&,
J)7;8)$)>P('+"(<&(J+3&R('8+7+',&7-1&3(<P( ,8&( P&+7$P(J&+"(1->"-#-'+",(=+.&(8&->8,(K1R( 1&&
4+<$&(MAMA(=)>7?$/01@14(%1&3(,8-1(=+.&('$+11-#-'+,-)"(#)7(8-1(8P37)3P"+J-'('$+11-#-'+,-)"()#
,-3+$(-"$&,1(=-,8(7&1;&',(,)(,-3+$b=+.&(3)J-"+"'&(Y1&&(/&',-)"(MAMAOZA

4+<$&(MAMC(:+.&(2$+11-#-'+,-)"
2$+11-#-'+,-)" :+.&(K&->8,(K1YJZ
0)=(=+.&(&"&7>P kNA_
@&3-%J(=+.&(&"&7>P NA_((l(OAa
K->8(=+.&(&"&7>P jOAa

E)7(,8&(:+33&"(/&+(-"$&,1(YJ&3-%J(=+.&(&"&7>PZR('>?,.:$/011J4(#)%"3(,8+,(,8&(&##&',()#(1&+
=+.&1(+"3( 1=&$$( #7)J( ,8&(\)7,8(/&+( 7&J+-"1( $-J-,&3( ,)( ,8&( +7&+( "&+7( ,8&( -"$&,1A( !"1-3&( ,8&
:+33&"(/&+(=+.&1(+7&(;7-J+7-$P(>&"&7+,&3(<P($)'+$(=-"31A(T"$P(3%7-">(+(1&.&7&(1,)7J(1%7>&R
;+7,()#(,8&(\)7,8(/&+(=+.&1(+"3(1=&$$(=-$$(;&"&,7+,&(,8&(:+33&"(/&+(+"3(<7&+V()"(,8&(#-71,
,-3+$(#$+,1(-"1-3&(,8&(<+1-"A

Wind

:-"3(J+P(8+.&(+"( -J;)7,+",(&##&',()"( ,8&(=+,&7(J),-)"( -"( ,8&(:+33&"(/&+A( !,( >&"&7+,&1(+
18&+7(1,7&11(+,(,8&(=+,&7(1%7#+'&(=8-'8('+%1&1(37-#,('%77&",1(+"3(=-"3(=+.&1A(!#(+(37-#,('%77&",
-1( 3-7&',&3( ,)( )7( #7)J(+( ')+1,R( ,8&( #$)=(')J;)"&",( ;&7;&"3-'%$+7( ,)( ,8&( ')+1,( %$,-J+,&$P( -1
')J;&"1+,&3(<P(+(g7&,%7"(#$)=h(>&"&7+,&3(<P(+(1$);&(-"(,8&(=+,&7(1%7#+'&A(48&("&,(7&1%$,(-1(+
.&7,-'+$( '-7'%$+,-)"( =8&7&( ,8&( #$)=( +,( ,8&( <&3( );;)1&1( ,8&( '7)11U18)7&( =-"3( ')J;)"&",A
4)=+731( ,8&( ')+1,R( ,8-1( 1$);&( 7&1%$,1( -"( +(=-"3( 1&,U%;()7( 1&,U3)="A( !"( +( ')J;$&c( >&)J&,7P
=-,8( #$+,1( +"3( '8+""&$1R( $-V&( +( ,-3+$( <+1-"R( ,8&( g7&,%7"( #$)=h( -1( $-V&$P( ,)( ')"'&",7+,&( -"( ,8&
7&$+,-.&$P(3&&;(+7&+1A(48-1('7&+,&1(+(')J;$-'+,&3(#$)=(;+,,&7"()#(,-3+$(#$)=(=-,8(=-"3U-"3%'&3
37-#,('%77&",1(+"3(7&,%7"(#$)=A(!"(,8&(>&"&7+$(,8&(,-3+$(#$)=(=-$$(3)J-"+,&(<%,()"(,8&(,-3+$(#$+,1
+"3(+,(,8&(=+,&718&31(,8&();;)1-,&(J+P()''%7(3%7-">(')"3-,-)"1(=-,8(1,7)">(=-"31A

2.2.4! Geometry of ebb-tidal delta

6(,8-73(#&+,%7&R(-"#$%&"'-">(,8&($+7>&U1'+$&(J)7;8)$)>P()#(+(,-3+$(-"$&,(1P1,&JR(-1(,8&(>&)J&,7P
)#( ,8&( &<<U,-3+$( 3&$,+A( 48&( $+7>&U1'+$&( )7-&",+,-)"( Y3-7&',-)"Z( )#( ,8&( &<<U,-3+$( 3&$,+( Y=8-'8
')"1-1,1()#(&<<(+"3( #$))3('8+""&$1R(J+7>-"+$(<+71(+"3(1=+18(;$+,#)7J1Z( $+7>&$P(3&;&"31()"
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,8&()##18)7&(=+.&('$-J+,&(+"3(,8&('8+7+',&7-1,-'1()#(,8&(,-3+$(7&>-J&A(48-1(-1(3&1'7-<&3(<P$5).
67.$N78*$).6$!P)$/011J4R(=8)(%1&3(,-3+$(-"$&,1(-"(,8&(1)%,8U=&1,&7"(;+7,()#(,8&(\&,8&7$+"31
+"3(,8)1&(+,(,8&(=&1,&7"(:+33&"(/&+(+1(1,%3P(J+,&7-+$A(6'')73-">(,)(5).$67.$N78*$).6$!P)
,8&( ;8+1&( 3-##&7&"'&( <&,=&&"( ,8&( 8)7-[)",+$( +"3( ,8&( .&7,-'+$( ,-3&( '+"( 8+.&( 1->"-#-'+",
-"#$%&"'&()"(,8&()7-&",+,-)"()#(,8&(3&$,+(+"3()#(,8&(&<<U(+"3(#$))3U'8+""&$1A

E)7( ,8&( &<<U,-3+$( 3&$,+1( -"( ,8&( =&1,&7"( :+33&"( /&+R( =8&7&( ,8&7&( -1( ")( ;8+1&( 3-##&7&"'&
<&,=&&"(,8&(8)7-[)",+$(+"3(.&7,-'+$(,-3&R(,8&(,-3+$('%77&",1(7&+'8(,8&-7(J+c-J%J(.+$%&(+7)%"3
,8&(J-3U,-3&(=+,&7( $&.&$A(6,( ,8&(1+J&(,-J&( ,8&( ,-3+$(3-1'8+7>&( ,87)%>8( ,8&( -"$&,( -1(J+c-J+$A
48&(,-3+$(1$+'V(=+,&71(Y#)7(8->8(+"3($)=(=+,&7Z()''%7(+$J)1,(1-J%$,+"&)%1$P(=-,8-"(,8&(-"$&,
,87)+,(+"3(,8&(+3H+'&",()##18)7&(+7&+A

E->%7&(MA_C 48&(-",&7+',-)"()#(-"$&,(,-3+$('%77&",1(=-,8()##18)7&(,-3+$('%77&",1(+,(J-3U#$))3(+"3(J-3U&<<(1,+>&]
,8&(,-3+$(=+.&(;7);+>+,&1(#7)J(,8&($&#,(Y=&1,Z(,)(,8&(7->8,(Y&+1,ZA

48&( -",&7+',-)"( <&,=&&"( -"$&,( ,-3+$( '%77&",1( +"3( )##18)7&( ,-3+$( '%77&",1( +,( #$))3( +"3( +,( &<<
%"3&7(1%'8(+(,-3+$(7&>-J&(-1(-$$%1,7+,&3(-"(E->%7&(MA_A(6,(#$))3R(,-3+$('%77&",1(+;;7)+'8(,8&(-"$&,
#7)J(,8&($&#,(1-3&()#(,8&(-"$&,](+,(&<<R(,-3+$('%77&",1(+7&(+$1)(')"'&",7+,&3()"(,8&($&#,(;+7,()#(,8&
&<<U,-3+$(3&$,+A(48-1(-1(,8&(J+-"(7&+1)"(,8+,(,8&(J+-"(&<<('8+""&$1(-"(,8&(&<<U,-3+$(3&$,+1()#
,8&(@+713-&;R( ,8&( G$-&( +"3( ,8&( 6J&$+"3&7( I&&>+,( +7&( 3-7&',&3( ,)( ,8&( =&1,A( E)7( ,8&( 1+J&
7&+1)"R(,8&(1&+=+73(&"3()#(,8&(3&$,+1(>&"&7+$$P(<&"31(,)(,8&(=&1,A

2.2.5! Relative Sea Level Rise

48&( #)%7,8( ;7)'&11( -"#$%&"'-">( ,8&( $+7>&U1'+$&( J)7;8)$)>-'+$( &.)$%,-)"( )#( ,8&( ,-3+$( -"$&,
1P1,&J1(-"(,8&(:+33&"(/&+(-1(,8&(;&71-1,&",$P(7-1&()#(,8&(1&+($&.&$A(6'')73-">(,)("CKE78?$).6
Q788,E?7.$/011;4R$,8&(J&+"(1&+($&.&$(8+1(<&&"(7-1-">(#)7(J)7&(,8+"(+(8%"37&3('&",%7-&1A(!"(,8&
$+1,( !'&( 6>&( Y=8-'8( &"3&3( +<)%,( ONRNNN( P&+71( +>)ZR( =8&"( ,8&( +7&+( )#( ,8&( \&,8&7$+"31
7&J+-"&3( #7&&( )#( -'&R(J)1,( )#( ,8&( \)7,8( /&+(=+1( 37PA( 61( ,8&( '$-J+,&( <&'+J&(=+7J&7R( ,8&
\)7,8(S%7);&+"(-'&U'+;(,8+=&3(+"3(,8&(1&+($&.&$(7)1&(<P(OMN(,)(OfN(J&,7&1A(48-1(7-1&(-"(1&+
$&.&$(=+1(.&7P(7+;-3(+,(#-71,]($+,&7R(,8&(7+,&(>7+3%+$$P(3&'7&+1&3A(!"(>&"&7+$R(,8&(1&+( $&.&$(8+1
>7+3%+$$P( 7-1&"( -"( ,8&( ;+1,( ,8)%1+"3( P&+71A( 48&( 1&+( $&.&$( )"$P( 37);;&3( -"( ,8&( 0+,&(@-33$&
6>&1(Y,8&(g$-,,$&h(!'&(6>&ZA(2-7'+(OdaNR(,8&(+.&7+>&(,&J;&7+,%7&(<&>+"(7-1-">(+>+-"R(J)%",+-"
>$+'-&71( 187+"V( +"3( ,8&( 1&+( $&.&$( +$)">( ,8&( 9%,'8( ')+1,( 7)1&( <P( 1)J&( ,=&",P( ,)( ,8-7,P
'&",-J&,7&1R( 7&>+-"-">( ,8&( $&.&$( )#( ,8&( S+7$P(@-33$&( 6>&1A( 6'')73-">( ,)(#):PC8?E$ /ORRR4<
J&+1%7&J&",1()#(,8&(J&+"(1&+($&.&$(+$)">(,8&(")7,8&7"(9%,'8(')+1,().&7( ,8&(;+1,(OaN(P&+71
7&.&+$(+(#+-7$P(')"1,+",(-"'7&+1&()#(Of(U(Oe('J(;&7('&",%7PA(48-1(7-1&(-"(1&+($&.&$(-1(;7)<+<$P
1,-$$(,8&()">)-">(&##&',()#(,8&($+1,(!'&(6>&(Y1&&(E->%7&(MAeZA

<+77-&7 <+77-&7 <+77-&7 <+77-&7

"#$%&'(($ "#$%)**
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E->%7&(MAeC 9&.&$);J&",()#(/&+(0&.&$(*-1&(#7)J(_RNNN(52(,)(MRNNN(69

K)=&.&7R( 7&'&",(1,%3-&1(<P( ,8&(STGU$ Y#C>)F$T7EP78F).6?$G7E7C8CFC*,&)F$ U.?E,EKE7Z( +"3( ,8&
UVWW$ YU.E78*CB78.D7.E)F$ V).7F$ C.$ WF,D)E7$ WP).*7ZR( -"3-'+,&( ,8+,( +( 37+J+,-'( '8+">&( -"
>$)<+$('$-J+,&(-1(,)(<&(&c;&',&3A(6'')73-">(,)(,8&(UVVWR(,8&7&(-1(")(1'-&",-#-'(3)%<,(,8+,(,8&
+,J)1;8&7-'( ')"'&",7+,-)"1( )#( +( "%J<&7( )#( g>7&&"8)%1&( >+1&1h( '+;+<$&( )#( >$)<+$( =+7J-">
8+.&( -"'7&+1&3( 3%&( ,)( 8%J+"( +',-.-,-&1( YUVWW$ ORR04A( !,( -1( >&"&7+$$P( +''&;,&3( =-,8-"( ,8&
1'-&",-#-'(')JJ%"-,P(,8+,(,8&(')",-"%-">(-"'7&+1&(-"(>7&&"8)%1&(>+1(')"'&",7+,-)"1(=-$$(7&1%$,
-"(1%<1,+",-+$(>$)<+$(=+7J-">A(48&7&(-1R(8)=&.&7R(%"'&7,+-",P(+<)%,(,8&(J+>"-,%3&(+"3(,-J-">
)#(,8&(=+7J-">A

L7&3-',-)"1()#('$-J+,&('8+">&(3&;&"3()"(,8&(.+$-3-,P()#(,8&('$-J+,&(J)3&$1(+"3(,8&(+''%7+'P
=-,8( =8-'8( ,7&"31( -"( ,8&( >7&&"8)%1&( >+1( &J-11-)"1( +"3( +,J)1;8&7-'( ')"'&",7+,-)"1( +7&
1-J%$+,&3A(9&1;-,&(,8&(%"'&7,+-",-&1(-"(,8-1(3+,+R(,8&(<&1,(J)3&$1(+.+-$+<$&(,)3+P(+7&(')"1-1,&",
=-,8( )"&( +"),8&7( -"( -"3-'+,-">( +( 7-1&( )#( >$)<+$( J&+"( ,&J;&7+,%7&A( 48&7&( -1( +$1)( +( >&"&7+$
')"1&"1%1(,8+,(>$)<+$(=+7J-">(=-$$(<&(+'')J;+"-&3(<P(+(7-1&(-"(>$)<+$(J&+"(1&+( $&.&$A(48&
;7&3-',&3(7-1&(-1(J+-"$P('+%1&3(<P(,8&7J+$(&c;+"1-)"()#()'&+"(=+,&7R(J&$,-">()#(-'&(18&&,1(+"3
>$+'-&71(J+V&(+(1J+$$&7(')",7-<%,-)"R(=8-$&( ,8&(;7)H&',&3( -"'7&+1&( -"(1")=#+$$()"(B7&&"$+"3
+"3( 6",+7',-'+( 8+1( +"( );;)1-,&( ')",7-<%,-)"A( !"( ,8&( $)">U,&7J( Y'&",%7-&1Z( ,8-1( );;)1-,&
')",7-<%,-)"(=-$$(3-J-"-18(=8-$&(,8&(;7)<+<-$-,P()#(+(3&'7&+1&(-"(-'&(.)$%J&(=-$$(>7)=A

48&(<&1,(&1,-J+,&(#)7( ,8&(;)$-'P( 1'&"+7-)( g5%1-"&11(61(Q1%+$h( -1( ,8+,( ,8&( 1&+( $&.&$( 7-1&(=-$$
+J)%",(<&,=&&"(+<)%,(d(+"3(M^('J(<P(MNXNR(+"3(<&,=&&"(XO(+"3(OON('J(<P(MONN(/57FF,.*)<
ORRR4R(=-,8(a_('J(+1(,8&(<&1,(&1,-J+,&()#(,8&(+.&7+>&(7-1&(<P(MONNA(E)7(,8&(\&,8&7$+"31R(,8&
1&+($&.&$(')%$3R(-"(,8&(=)71,R(7&+$-1,-'R(1'&"+7-)(7-1&(<P(1)J&(da('J(-"(MONN(Y1&&(E->%7&(MAdZA

E->%7&(MAdC S1,-J+,&1(#)7(+''&$&7+,&3(7+,&()#(/&+(0&.&$(*-1&(Y57FF,.*)<ORRR4
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2$-J+,&(J)3&$1( ;7&3-',( ,8&( 1&+( $&.&$( ,)( 7-1&( ')",-"%)%1$P( ).&7( J+"P( '&",%7-&1R( &.&"( +#,&7
1,+<-$-1+,-)"()#(,8&(')"'&",7+,-)"()#(>7&&"8)%1&(>+1&1A(48-1($&+31(,)(1&+($&.&$(7-1&(;7)H&',-)"1
#)7(MXNN(,8+,(+7&(+(#+',)7(M(,)(f(>7&+,&7(,8+"(,8&(MONN(;7)H&',-)"1R(7&1%$,-">(-"(+(<&1,(&1,-J+,&
1&+($&.&$(7-1&()#(NAa(J(,)(MAN(J(<P(MXNNA

Relative Sea Level Rise: also influenced by sea floor subsidence

48&(3-1,+"'&(<&,=&&"(,8&(1&+(1%7#+'&(+"3(#$))7(+$)">(,8&(9%,'8(')+1,(-1(-"'7&+1-">("),()"$P(+1
+(7&1%$,()#(,8&(1&+($&.&$(7-1&R(<%,(+$1)(<&'+%1&(,8&(1&+<&3(-1(1%<1-3-">A(48-1(')J<-"&3(+',-)"(-1
=8+,(=&('+$$(7&$+,-.&(1&+($&.&$(7-1&(Y1&&(E->%7&(MA^ZA

E->%7&(MA^C *&$+,-.&(/&+(0&.&$(*-1&](+$1)(-"#$%&"'&3(<P(1&+(#$))7(1%<1-3&"'&

6( 7&'&",( 1,%3P('+77-&3()%,( -"(')""&',-)"(=-,8( ,8&(\)7J+$(6J1,&73+J(0&.&$( Y\6LZ(;7).&3
,8+,( ,8&( $&.&$( )#( 3&&;( 1%<1,7+,%J( )#( ,8&( ')+1,( '8+">&1A( 6( "+,%7+$( ;7)'&11( )#( 1&+( #$))7
1%<1-3&"'&(8+1(<&&"(3-1').&7&3R(=8-'8(.+7-&1( #7)J(f( ,)( d( 'J(;&7( '&",%7P( +$)">( ,8&(9%,'8
')+1,A(48-1("+,%7+$(18-#,( -"(>7)%"3($&.&$(8+1(<&&"(&.&"$P(+"3(-1(7&$+,&3( ,)(V")="(>&)$)>-'+$
1,7%',%7&1( -"( ,8&( 1%<1,7+,+A( /-"'&( ,8&( 3)="=+73( J).&J&",( -1( ,8&( 7&1%$,( )#( $+7>&U1'+$&
>&)$)>-'+$(;7)'&11&1R(=&('+"(37+=(,8&(,&",+,-.&(')"'$%1-)"(,8+,(')J;+7+<$&(>7)%"3(18-#,1(=-$$
)''%7(-"(,8&('&",%7P(,)(')J&A

!"( +33-,-)"( ,)( ,8&( "+,%7+$( 1%<1-3&"'&R( +( 1J+$$&7U1'+$&( ;7)'&11( )#( +''&$&7+,&3( 1%<1-3&"'&( -1
'+%1&3(<P(8%J+"(+',-.-,PA(48-1(8%J+"(+',-.-,P('+"(<&&"(1&&"()"(3-##&7&",(1;+,-+$(1'+$&1A(T"
,8&($)'+$(1'+$&(,8&(1%<1-3&"'&('+"(<&(3%&(,)(,8&(7&1%$,()#(1+"3(J-"-">A(T"(+(7&>-)"+$(1'+$&(,8&
1&+(<&3(1%<1-3&"'&('+"(<&('+%1&3(<P(,8&(&c,7+',-)"()#(>+1A

2.2.6! Sediment retention mechanism

Q"3&7(,8&(;7&1&",(#)7'-">()#(1,&+3P(7&$+,-.&(1&+($&.&$(7-1&R(=&(;7&1%J&(,8&(1P1,&J()#(')+1,+$
-"$&,(+"3(,-3+$(<+1-"(Y+$1)(7&#&77&3(,)(+1(,-3+$(-"$&,Z(-"(+(3P"+J-'(&i%-$-<7-%JA(48-1(J&+"1(,8+,
,8&(3&;,8(-"'7&+1&(<P(,8&(;7&1&",(1&+($&.&$(7-1&(-1(')J;&"1+,&3(<P(+(1-J-$+7(3&;,8(3&'7&+1&(<P
1&3-J&",( &",7+;J&",( -"( ,8&( <+1-"A( K)=&.&7R( =8&"( ,8&( 7+,&( +,( =8-'8( ,8&( 1&+( $&.&$( 7-1&1
+''&$&7+,&1R(,8&(,-3+$(-"$&,(1P1,&J(-1(1$->8,$P(,87)="()##(-,1(3P"+J-'(&i%-$-<7-%J(<+$+"'&(+"3
<&')J&1(1)J&=8+,(3&&;&7(+"3(3&.&$);1(+"3(-"'7&+1&3("&&3()#(1&3-J&",A

48&("&&3()#(1&3-J&",(Y=8-'8(-"(>&)$)>-'+$(')",&c,(-1(')"1-3&7&3(+1(+(;)1-,-.&(+'')JJ)3+,-)"
1;+'&Z( '+"( <&( &c;$+-"&3( <P( ,8&( 1$->8,( 3&;,8( -"'7&+1&( )#( ,8&( 1P1,&JR( =8-'8( '+%1&1( +( 1$->8,
7&3%',-)"( -"( ,8&( +.&7+>&( '%77&",( 1;&&31( -"( ,8&( '8+""&$1( +"3( ).&7( ,8&( #$+,1A( 61( ,8&7&( -1( +
i%+37+,-'(7&$+,-)"(<&,=&&"(1&3-J&",(,7+"1;)7,(+"3('%77&",(.&$)'-,PR(,8&(,7+"1;)7,('+;+'-,P(=-$$
37);(J%'8(J)7&(,8+"(,8&('%77&",(.&$)'-,PA(48&(#$))3(1,7&+J('+77P-">(+(1&3-J&",($)+3('+"(,8&"
3&;)1-,(1&3-J&",(-"(,8&(,-3+$(<+1-"A(48&(&<<(1,7&+J(3)&1("),(8+.&(&")%>8(#)7'&(,)(7&J).&(,8&

3
3m

1%<1-3&"'& +<1)$%,&(7-1&(-"(1&+($&.&$ 7&$+,-.&((7-1&(-"(1&+($&.&$-"-,-+$(1-,%+,-)"

R S####

P&+7(MNNN

P&+7(MONN
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,),+$(i%+",-,P()#(1&3-J&",(<7)%>8,(-"A(48%1R().&7(+($)">(;&7-)3R(,8&(i%+",-,P()#(1&3-J&",(,8+,
-1( <&-">( ,7+"1;)7,&3( -",)( ,8&( <+1-"( -1( )"( ,8&( +.&7+>&( $+7>&7( ,8+"( ,8&( i%+",-,P( ,8+,( -1( <&-">
,7+"1;)7,&3()%,A

48-1(;7)'&11(-1('+$$&3(,8&(1&3-J&",(7&,&",-)"(J&'8+"-1J()#(+(3&&;&"&3(<+1-"A(!"(,8&(<&>-""-">
)#(,8-1(;7)'&11R(,8&(1&3-J&",(7&,&",-)"('+;+'-,P()#(,8&(3&&;&"&3(<+1-"(>7+3%+$$P(-"'7&+1&1A(48&
J)7&(,8&(1&+($&.&$(7-1&1R(,8&(>7&+,&7(,8&(-"'7&+1&(-"(7&,&",-)"('+;+'-,PR(%",-$(+(g"&=h(3P"+J-'
&i%-$-<7-%J(-1(7&+'8&3(Y1&&(E->%7&(MAONZA(48&(1P1,&Jh1(7&1;)"1&(,)(,8&(7-1&(-1(3&$+P&3(+"3(,8&
+.&7+>&(<+1-"($&.&$(,8&7&<P(<&')J&1(1$->8,$P( $)=&7(-"(7&$+,-)"(,)(,8&(1&+($&.&$(Y$3(-"(E->%7&
MAONZA(48&(3&.&$);J&",()#(,8&(1P1,&J(-",)(+(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%J(-1(')",-">&",
%;)"(,8&(3&>7&&()#(7-1&(-"(1&+($&.&$(+"3(,8&(1%;;$P()#(1&3-J&",(#7)J(,8&(+3H+'&",(')+1,1(+"3
)##18)7&(7&>-)"A(:8&"(,8&(1P1,&J(8+1(7&+'8&3(+(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%JR(,8&(3&;,8
-"'7&+1&($3(3)&1("),(-"'7&+1&(=-,8(,-J&A

E->%7&(MAONC 4-3+$(-"$&,(1P1,&J(+3+;,-">(,)(+''&$&7+,&3(*&$+,-.&(/&+(0&.&$(*-1&(+"3(7&>+-"-">(+("&=(1,+,&()#
3P"+J-'(&i%-$-<7-%JA

!#(,8&(1%;;$P()7(,8&(7+,&()#(,8&(1%;;$P()#(1&3-J&",(-1("),(1%##-'-&",(,)(+$$)=(,8&( ,-3+$(+7&+( ,)
V&&;(;+'&(=-,8(,8&(1&+($&.&$(7-1&R(+("&=(3P"+J-'(&i%-$-<7-%J('+""),(<&(7&+'8&3(Y1&&(E->%7&
MAOOR($3(-"'7&+1&1(')",-"%)%1$P(=-,8(,-J&ZA( !"(,8+,('+1&R(,8&(=+33&"(+7&+(=-$$(>7+3%+$$P(+"3
;&71-1,&",$P($+>(<&8-"3(,8&(7-1&()#(,8&(1&+($&.&$R(&.&",%+$$P(<7-"-">(+<)%,(,8&(37)="-">()#(,8&
1P1,&JA

E->%7&(MAOOC 4-3+$(-"$&,(1P1,&J(%"+<$&(,)(+3+;,(,)(+''&$&7+,&3(/&+(0&.&$(*-1&(+"3("),(+<$&(,)(7&>+-"-">(+("&=
1,+,&()#(3P"+J-'(&i%-$-<7-%JA

g)$3h(3P"+J-'
&i%-$-<7-%J

g"&=h(3P"+J-'
&i%-$-<7-%J

+3H%1,J&",
;&7-)3

+''&$&7+,&3(7-1&
-"(1&+($&.&$

g")7J+$h(7-1&(-"
1&+($&.&$

+.&7+>&(<),,)J
$&.&$

3

3

$3

1%##-'-&",(1+"3
1%;;$P(,)(#)$$)=
+''&$&7+,&3(1&+
$&.&$(7-1&

4-J&

5
&3
(+
"3
(1
&+
($&
.&
$

3

3

$3

g)$3h(3P"+J-'
&i%-$-<7-%J

")(g"&=h
3P"+J-'
&i%-$-<7-%J

+3H%1,J&",
;&7-)3

+''&$&7+,&3(7-1&
-"(1&+($&.&$

+.&7+>&(<),,)J
$&.&$

-"U1%##-'-&",(1+"3
1%;;$P(,)(#)$$)=
+''&$&7+,&3(1&+
$&.&$(7-1&

4-J&

5
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&+
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2.3! Elements of a tidal inlet

2.3.1! Introduction

!"(/&',-)"(MAM(=&(3-1'%11&3(,8&(J)7;8)$)>-'+$(;7)'&11&1(3&,&7J-"+,-.&(#)7(,8&(J)7;8)$)>-'+$
3&.&$);J&",( )#( +( ,-3+$( -"$&,( 1P1,&J(=-,8( +( ,-J&U1'+$&( -"( ,8&( )73&7( )#( '&",%7-&1( +"3( 1;+'&U
1'+$&1(').&7-">(,8&(,-3+$(-"$&,(1P1,&J(+1(+(=8)$&A(5&'+%1&()%7(J)3&$$-">(1'+$&()#(-",&7&1,(Y1&&
28+;,&7(XZ(+;;$-&1( ,)( ,-J&U1'+$&1( )#(3&'+3&1( ,)('&",%7-&1( +"3( 1;+'&U1'+$&1( ').&7-">(3-1,-"',
J)7;8)$)>-'+$(&$&J&",1()#(,8&(,-3+$(-"$&,(1P1,&JR(=&(8+.&(,)(,+V&()"&(1,&;(#%7,8&7(-"(3&#-"-">
J)7;8)$)>-'+$(&$&J&",1(+"3(;7)'&11&1A

4)( 3-1,-">%-18( 3-1,-"',( J)7;8)$)>-'+$( &$&J&",1( +"3( ,8&-7( +'')J;+"P-">( J)7;8)$)>-'+$
;7)'&11&1(=&(J+P( -3&",-#P( ,=)(+7&+1( -"( ,8&( ,-3+$( -"$&,( 1P1,&JR( "+J&$P( ,8&( ')+1,+$( -"$&,( +"3
,-3+$(<+1-"(+7&+A(!"(')+1,+$(-"$&,(+7&+(=&(J+P(3-1,-">%-18(,8&(J)7;8)$)>-'+$(&$&J&",1(&<<U,-3+$
3&$,+( +"3( +3H+'&",( ')+1,+$( 1,7&,'8A( 48&( J)7;8)$)>-'+$( 3&.&$);J&",( )#( ,8-1( +7&+( -1( J+-"$P
7&$+,&3(,)(,8&(8P37)3P"+J-'(#)7'-">()#(,-3+$(;7-1J(+"3()##18)7&(=+.&1A(!"(,-3+$(<+1-"(+7&+(=&
J+P(3-1,-">%-18(,8&(J)7;8)$)>-'+$(&$&J&",1('8+""&$1(+"3(,-3+$(#$+,1(=8-'8(+7&(<)%"3&3(<P(,8&
=+,&718&31A(48&(J)7;8)$)>-'+$(3&.&$);J&",( -"( ,8&( ,-3+$(<+1-"( -1(J+-"$P( 7&$+,&3( ,)( ,8&( ,-3+$
7+">&(+"3(,8&(8)7-[)",+$(+7&+()#(,8&(<+1-"A

!"( ,8&( #)$$)=-">( 1&',-)"1( +( 3&1'7-;,-)"( -1( >-.&"( )#( <),8( +7&+1( +"3( ,8&-7( +'')J;+"P-">
J)7;8)$)>-'+$(&$&J&",1A

2.3.2! Coastal inlet

B&"&7+$$PR( ')+1,+$( -"$&,1( 8+.&( +( .+7-&,P( )#( #)7J1A( @+"P( -"$&,1( +7&( +11)'-+,&3( =-,8( <+77-&7
-1$+"31R(=8&7&( ,8&( -"$&,1(')""&',( ,8&()'&+"( ,)( ,8&( ,-3+$( <+1-"1( ')",+-"-">(J+718&1( +"3( ,-3+$
#$+,1A(9%&(,)(,8&(-"#$%&"'&()#(=+.&1(+"3(,-3+$(;7-1JR(1&3-J&",( -1( ,7+"1;)7,&3( -",)(+"3()%,()#
,8&(')+1,+$(-"$&,(=8&7&(-,('+"(<&(3&;)1-,&3(-"(,8&(#)7J()#(+(#$))3(,-3+$(3&$,+(-"(,8&(,-3+$(<+1-"
+7&+(+"3R(7&1;&',-.&$PR(-"(,8&(#)7J()#(+"(&<<U,-3+$(3&$,+(1&+=+73(-"(,8&(')+1,+$(-"$&,(+7&+A(!"(,8&
-"$&,1()#( ,8&(9%,'8(:+33&"(/&+(<),8(#)7J1()#(3&$,+1(+7&(;7&1&",A( !"( ,8&( ,-3+$(<+1-"(+7&+( ,8&
#$))3(3&$,+(8+1(>7)="(,)(1%'8(+"(&c,&"3(,8+,( -,(').&71( ,8&(=8)$&( -",&7( ,-3+$( #$+,( +7&+A( !"( ,8&
')+1,+$(-"$&,(+7&+(=&(J+P(3-1,-">%-18(+"(&<<U,-3+$(3&$,+A(48&(&<<U,-3+$(3&$,+(#)7J1(+(3-1,-"',
J)7;8)$)>-'+$(&$&J&",(-"(,8&(')+1,+$(-"$&,(+7&+A(48&(;7)'&11&1(-"#$%&"'-">(,8&(J)7;8)$)>-'+$
3&.&$);J&",()#(,8&(&<<U,-3+$(3&$,+(+7&(3-1'%11&3(-"(,8&(#)$$)=-">(;+7+>7+;81A

Ebb-tidal delta

61(<7-&#$P(3&1'7-<&3(-"(/&',-)"(MAMAOR(,87&&(>&"&7+$(,P;&1()#(-"$&,1('+"(<&(3-1,-">%-18&3](,-3&U
3)J-"+,&3R(J-c&3(&"&7>PR(+"3(=+.&(3)J-"+,&3(-"$&,1A(48-1(J&+"1(#)7(,8&(&<<U,-3+$(3&$,+(=&
8+.&( ,-3&( 3)J-"+,&3( 3&$,+1( =8-'8( ,&"3( ,)( ;7),7%3&( -",)( ,8&( 1&+( +,( &11&",-+$$P( 7->8,( +">&$1
7&$+,-.&(,)(,8&(18)7&$-"&(+"3(8+.&(=&$$U3&.&$);&3(1+"3<+71(+$)">(,8&-7(J+7>-"1A(@-c&3U&"&7>P
3&$,+1(>&"&7+$$P(8+.&(+( 1J)),8(+"3( '%7.&3()%,&7( 1+"3<+7( Y3%&( ,)(=+.&( -"#$%&"'&ZR(=8&7&+1
=+.&U3)J-"+,&3( 3&$,+1( +7&( 1J+$$( +"3( 8+.&( .&7P( $-,,$&( +''%J%$+,&3( 1&3-J&",A( !"( ,8&( 9%,'8
:+33&"(/&+(=&(#-"3(J-c&3(&"&7>PU,-3&(3)J-"+,&3(&<<U,-3+$(3&$,+1(=8-'8(>&"&7+$$P(8+.&(,8&
#)7J(+1(;7&1&",&3(-"(E->%7&(MAOMA
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6( ,P;-'+$( J-c&3( &"&7>PU,-3&( 3)J-"+,&3( &<<U,-3+$( 3&$,+( -"'$%3&1( +( J+-"( &<<( '8+""&$( YOZR
'8+""&$(J+7>-"($-"&+7(<+71(YMZR(+(,&7J-"+$($)<&(YXZR(1=+18(;$+,#)7J1(+"3(<+71(YfZ(+"3(J+7>-"+$
#$))3('8+""&$1(YaZA

48&('8+""&$(J+7>-"( $-"&+7(<+71( #$+"V( ,8&(&<<U,-3+$('8+""&$(+"3(+7&(3&;)1-,1(<%-$,(%;(<P( ,8&
-",&7+',-)"(<&,=&&"(#$))3R(&<<(+"3(=+.&(>&"&7+,&3('%77&",1( Y1&&(E->%7&(MAOaZA( !"( ,8&(9%,'8
-"$&,1( ,8&1&( 3-1,-"',( <+71( +7&( "),( 7&')>"-1+<$&R( -"( 1,&+3R( ,8&7&( +7&( =-3&( #$+,1(T"( ,8&1&(=-3&
#$+,1R(=8-'8(+',(+1(1=+18(;$+,#)7J1R(-1)$+,&3(1=+18(<+71('+"(<&(7&')>"-1&3R(<%-$,(%;(<P(+',-)"
)#( =+.&1A(@+7>-"+$( #$))3( '8+""&$1( %1%+$$P( )''%7( <&,=&&"( ,8&( <+77-&7( -1$+"3( ')+1,( +"3( ,8&
1=+18( ;$+,#)7J1A( 48&( ,&7J-"+$( $)<&( -1( +( 7+,8&7( 1,&&;( 1&+=+73U1$);-">( <)3P( )#( 1+"3R( =8-'8
#)7J1(,8&()%,&7(&"3()#(,8&(&<<U,-3+$(3&$,+A

2)"1-3&7-">(,8&(&<<U,-3+$(3&$,+(+1(+"(&$&J&",()#(,8&(,-3+$(-"$&,R(=&(J+P(3&#-"&(,8&(.)$%J&()#
,8&( &<<U,-3+$( 3&$,+( .-+( ,8&( ")U-"$&,( <+,8PJ&,7P( /X7).$ ).6$ A)FEC.<$ 01@Y4A( !"( ,8&( ")U-"$&,
<+,8PJ&,7P( ,8&( ')+1,+$( 1$);&( -1( +11%J&3( %"3-1,%7<&3( <P( ,8&( ')+1,+$( -"$&,( +"3( ,8&7&#)7&
+11%J&3(&i%+$( ,)( ,8&(<+,8PJ&,7P( )#( ,8&(+3H+'&",(<+77-&7(')+1,A(:8&7&( ,8&(3-##&7&"'&( -"(<&3
$&.&$(<&,=&&"(,8&(+',%+$(+"3(")U-"$&,(<+,8PJ&,7P(-1("-$(7&1%$,1(-"(J)7;8)$)>-'+$(<)%"3+7P()#
,8&(&<<U,-3+$(3&$,+A(48&(.)$%J&()#(1&3-J&",(+<).&(,8-1(")U-"$&,(<+,8PJ&,7P( -1(')"1-3&7&3(+1
,8&(&<<U,-3+$(3&$,+(1&3-J&",(.)$%J&R(7&;7&1&",-">(-,1(J)7;8)$)>-'+$(1,+,&(Y1&&(E->%7&(MAOXZA

E->%7&(MAOXC 27)11U1&',-)"()#(&<<U,-3+$(3&$,+R(-"3-'+,-">(,8&('7)11U18)7&(<)%"3+7-&1(<P(,8&(")U-"$&,(<+,8PJ&,7P

!"#$!%&'()*'+,-&'.,

&))#'$/*%(/&%'*

0

1

23

4

Z)88,78 Z)88,78

0$D),.$7ZZ$&P)..7F
O$D)8*,.)F$Z)8?
J$E78D,.)F$FCZ7
;$?+)?P$9F)E[C8D?
Y$D)8*,.)F$[FCC6$&P)..7F?

4

4

4

3

3

2

2

2

5

6

7 7

8
8

8
3$E,6)F$*C8*7
@$[FCC6$8)D9
2$7ZZ$?P,7F6?
1$E,6)F$[F)E?
0R$&P)..7F?
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E->%7&(MAOMC 0+P)%,()#(+(,P;-'+$(&<<U,-3+$(3&$,+
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48&(,-3&(+"3(=+.&U>&"&7+,&3('%77&",1(,7+"1;)7,(1&3-J&",(#7)J(+"3(-",)(,8&(-"$&,A(48&(1,7)">
&<<(H&,(<$+1,1(1+"3()%,()#(,8&(-"$&,R(=+.&1(+"3(#$))3('%77&",1(<7-">(,8&(1+"3(<+'V(-",)(,8&(-"$&,
Y1&&(E->%7&(MAOfZA$X7).$).6$A)FEC.$/01@Y4(')"'$%3&3(,8+,(,8&(1,7)">(&<<(H&,(&",7+-"1(+3H+'&",
=+,&7R(=8-'8(#$)=1(-"=+73(,87)%>8(,8&(J+7>-"+$(#$))3('8+""&$1(+"3(,8&"()%,=+73(,87)%>8(,8&
J+-"(&<<('8+""&$A(6'')73-">(,)(=)>7?$7E$)FM$/01@R4(+(;&71-1,&",('%77&",(-"=+73(,8&(3&$,+('+"
+$1)( 7&1%$,( #7)J( 1,7)">(=+.&( 7&#7+',-)"().&7( ,8&( &<<U,-3+$( 3&$,+( 18)+$1A( 48-1( 37-#,( ;7)J),&1
1&3-J&",+,-)"( )#( 1+"3( )"( ,8&( 3)="U37-#,( <+77-&7( Y7&$+,-.&( ,)( ,8&( =+.&U>&"&7+,&3( '%77&",ZR
7&1%$,-">(-"(+(3)="U37-#,()##1&,()#(,8&(<&+'8(Y1&&(+''7&,-)"+$(+7&+(-"(E->%7&(MAOfZA(T"(,8&(%;U
37-#,(1-3&()#(,8&(-"$&,(,8&($)">18)7&('%77&",(')J<-"&1(=-,8(,8&(#$))3(,-3&1(,)('+77P(1+"3(-",)(,8&
-"$&,A(K)=&.&7R(3%7-">(1,7)">(&<<(,-3&1(,8&($)">18)7&('%77&",(-1(;%18&3(1&+=+73(,)=+731(,8&
&<<U3&$,+(18)+$1A

!"(')",7+1,R(+$)">(,8&(3)="U37-#,(1-3&()#(,8&(-"$&,R(=8-'8(-1(;+7,$P(18&$,&7&3(#7)J(,8&(=+.&1(<P
)##18)7&( 18)+$1R( &.&"( 3%7-">( &<<( ,-3&1( ,8&7&( -1( +"( -"=+73( #$)=-">( '%77&",( ,8+,( H)-"1( ,8&
1&+=+73(&<<(#$)=(')"'&",7+,&3(=-,8-"(,8&(J+-"('8+""&$A(48&("&,(J),-)"('+77-&1(1+"3(-",)(,8&
+7&+( )#( ,8&( 3)="U37-#,( 18)7&( Y1&3-J&",( <P;+11-">ZR( =8&7&( -,( -1( 3&;)1-,&3R( 7&1%$,-">( -"( +
+''7&,-)"+$(3)="U37-#,(18)7&(+"3(;)11-<$&(%;U37-#,(J->7+,-)"()#(,8&(-"$&,(Y1&&(E->%7&(MAOfZA

E7)J( ,8&( 3&1'7-;,-)"( )#( ,8&( &<<U,-3+$( 3&$,+( =&( J+P( 3&7-.&( +"),8&7( J)7;8)$)>-'+$( &$&J&",
;7&1&",-">(-,1&$#(-"(,8&(')+1,+$(-"$&,(+7&+R("+J&$P(,8&(')+1,+$(1,7&,'8(+3H+'&",(,)(,8&(&<<U,-3+$
3&$,+A(!"("&c,(;+7+>7+;8(+(<7-&#(3&1'7-;,-)"()#(,8&(-",&7+',-)"(<&,=&&"(,8&(&<<U,-3+$(3&$,+(+"3
,8&( +3H+'&",( ')+1,+$( 1,7&,'8( -1( >-.&"R( #)$$)=&3( <P( +( 3&1'7-;,-)"( )#( ,8&( -"$&,( 1,+<-$-,P( +"3
1&3-J&",(<P;+11-">(;7)'&11&1(=8-'8(J+-"$P(3&,&7J-"&(,8&(J)7;8)$)>-'+$(3&.&$);J&",()#(,8&
')+1,+$(-"$&,(+7&+(+1(+(=8)$&A

Adjacent coastal stretch

6'')73-">(,)(\,E]Q78)F6$/01134R(&<<U,-3+$(3&$,+1(+7&(-J;)7,+",(;&7J+"&",(+"3(,&J;)7+7P(1+"3
7&1&7.)-71A( 48&P( 8+.&( 1,7)">( -"#$%&"'&( )"( ,8&( 3-1,7-<%,-)"( )#( =+.&( &"&7>P( +$)">( ,8&( -"$&,

Z)88,78 Z)88,78

+)B7$*7.78)E76
&K887.E

7ZZ$).6$[FCC6$E,6)F
&K887.E?

)&&87E,C.)F
)87)

E->%7&(MAOfC(4-3+$(+"3(:+.&(37-.&"('%77&",1(-"(&<<U,-3+$(3&$,+
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18)7&$-"&(+"3(3-',+,&(=8&7&(1+"3(-1(+33&3(,)(,8&(3)="U37-#,(<&+'8(-"(,8&(;7)'&11&1()#(1&3-J&",
<P;+11-">A( \7.?E78$ ).6$ XCF).$ /01134( -".&1,->+,&3( ,8&( -J;+',( )#( ,-3+$( -"$&,1( )"( +3H+'&",
18)7&$-"&1( #)7( ,8&( =+.&( 3)J-"+,&3(T%,&7( 5+"V1( )#( \)7,8( 2+7)$-"+( +"3( ,8&( J-c&3U&"&7>PU
=+.&(3)J-"+,&3(G-7>-"-+(5+77-&7(!1$+"31A(48&P(3&,&7J-"&3(,8+,(,8&(J+c-J%J(3-1,+"'&()#(-"$&,
-"#$%&"'&(&c,&"31(,)(_Ad(VJ(%;U37-#,(+"3(aAf(VJ(3)="U37-#,()#(,8&(,-3&(3)J-"+,&3(-"$&,1(+$)">
,8&(G-7>-"-+(<+77-&7(-1$+"31A(E)7(,8&(=+.&(3)J-"+,&3(T%,&7(5+"V(<+77-&7(,8&(-"#$%&"'&()#(,8&
-"$&,( 7&+'8&3( _AO( VJ( #)7( ,8&( %;U37-#,( +"3( OXAN( VJ( #)7( ,8&( 3)="U37-#,( -"$&,( 18)7&$-"&1A
6'')73-">(,)(\7.?E78$).6$XCF).R(1+"3U<P;+11-">(;7)'&11&1(&c&7,(>7&+,&7(-"#$%&"'&()"(J-c&3U
&"&7>PR( 18)7,( <+77-&7( -1$+"3( 18)7&$-"&1( ,8+"( )"( =+.&U3)J-"+,&3R( $)">( $-"&+7( <+77-&7( -1$+"3
18)7&$-"&1A

Inlet stability and sediment bypassing

!"( >&"&7+$R( J+"P( ;7)'&11&1( +##&',( ,8&( 1,+<-$-,P( )#( +"( -"$&,]( -J;)7,+",( )"&1( +7&( ,8&( ,-3+$
'%77&",1R( ,-3+$( ;7-1JR( $-,,)7+$( 1&3-J&",( ,7+"1;)7,( +"3( 1,)7J1A( 6'')73-">( ,)$ N8KK.$ ).6
Q788,E?7.$ /01Y14( +"3( ,)(\,E]Q78)F6$ /01224R( ,87&&( &c;$+"+,)7P(J)3&$1( #)7( -"$&,( 1,+<-$-,P( +"3
1&3-J&",(<P;+11-">(+$)">(J-c&3(&"&7>P(')+1,1(&c-1,1A

!#( ,8&( $-,,)7+$( Y$)">18)7&Z( 1&3-J&",( ,7+"1;)7,( -1( ,8&( ;7&3)J-"+",( ;7)'&11R( -,( '+"( '+%1&
')"1,7-',-)"( )#( ,8&( -"$&,( ,87)+,A( 48&( 3&'7&+1&( -"( '7)11U1&',-)"+$( +7&+( =-$$( 7&1%$,( -"( >7&+,&7
1')%7-">('+;+'-,-&1( -"( ,8&( -"$&,R(=8-'8(=-$$( '+%1&(&7)1-)"()#( ,8&(3)="U37-#,( <+77-&7( <&+'8&1A
48&(7+,&()#(J->7+,-)"( -1(3&;&"3&",()"(1&3-J&",( 1%;;$PR(=+.&(&"&7>PR( ,-3+$('%77&",1(+"3( ,8&
')J;)1-,-)"()#(,8&(&<<(+"3(#$))3('8+""&$(<+"V1A(:8&"(+#,&7(+(1,)7JR(+(18)7,('%,(,87)%>8(,8&
%;U37-#,( ')+1,+$( 1,7&,'8(8+1( <&&"( '7&+,&3R( ,8&( "&=('8+""&$(=-$$( ,+V&( ).&7( #7)J( ,8&( )$3( )"&A
48-1(;7)'&11('+"(<&('$+11-#-&3(+1($!%&'(-$:.*'$"!(*!/(;<%$'().*!=+$!:A

:8&"(-"$&,1(8+.&$*(;'*)%&('+."*'(<";$'$"!(*!/(*(!"!#-$:.*'$!:(-*$!(&))(=+*!!&%R(1&3-J&",
<P;+11-">( +,( ,8&( -"$&,1( )''%71( ,87)%>8( ,8&( #)7J+,-)"( )#( <+71( ,8+,(J->7+,&( +"3( +,,+'8( ,)( ,8&
3)="U37-#,( ')+1,( YZ>9)??,.*$ B,)$ C[[?PC87$ Z)8?ZA( 48&1&( $+7>&( <+71( 8+.&( <&&"( #)7J&3( <P
1,+'V-">( +"3( ')+$&1'-">( )#( =+.&( <%-$,( +''%J%$+,-)"1( )#( 1=+18( <+71( )"( ,8&( &<<U,-3+$( 3&$,+
;$+,#)7JA(9%&( ,)( #$))3(3)J-"+"'&( +,( ,8&1&( ;+7,1( )#( ,8&( &<<U,-3+$( 3&$,+( -"( ')J<-"+,-)"(=-,8
<7&+V-">(+"3(18)+$-">(=+.&1R(,8&(1=+18(<+71(J).&()"18)7&A

4-3+$( -"$&,1( ,8+,( <P;+11( 1&3-J&",1( <P( &))#'$/*%( /&%'*( ).&*=+$!:( 8+.&( +( 1,+<$&( -"$&,( ,87)+,
;)1-,-)"R(<%,(+(.+7-+<$&(;)1-,-)"()#(,8&(J+-"(&<<U,-3+$('8+""&$A(48&(J+-"(&<<('8+""&$(=-$$(<&
;%18&3(,)=+731(,8&(3)="U37-#,(')+1,(<P(,8&(;7&3)J-"+",($-,,)7+$(37-#,A(48&(#$)=(&##-'-&"'P()#
,8-1(&$)">+,&3('8+""&$(3&'7&+1&1(+"3(8P37+%$-'(>7+3-&",1().&7(,8&(<+71(1,&+3-$P(-"'7&+1&A(48&
-"$&,(=-$$( 3-.&7,( -,1( #$)=( ,)( +(J)7&( 1&+=+73(3-7&',-)"( .-+( 1)U'+$$&3( 1;-$$).&7( $)<&( '8+""&$1A
2)"1&i%&",$PR(,8&(3-1'8+7>&(,87)%>8(,8&(3&>&"&7+,&3(&<<('8+""&$(3&'7&+1&1(+"3(+1(+(7&1%$,(+
$+7>&(;)7,-)"()#(,8&(&<<U,-3+$(3&$,+(1+"3(<)3P(-1(Z>9)??76$/Z>9)??,.*$Z>$E,6)F$[FC+$)&E,C.ZA

6'')73-">( ,)(\,E]Q78)F6$ /01224$ -"( +',%+$( ,-3+$( -"$&,1( +$$( ,87&&U<P;+11( ;7)'&11&1( '+"( )''%7
1-J%$,+"&)%1$P()7(J+P(3)J-"+,&(+$,&7"+,&$PA(48&(J).&J&",()#(1+"3(+$)">(,8&( ,&7J-"+$( $)<&
<P(=+.&(+',-)"(-1(+$J)1,(+$=+P1(;7&1&",(+,(J-c&3U&"&7>P(')+1,1A
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2.3.3! Tidal basin

48&('8+7+',&7-1,-'(J)7;8)$)>P()#(,-3+$(<+1-"1(+7&+(Y1&&(E->%7&(MAOaZ(-1(,8+,()#(+(J&+"3&7-">R
<7+-3&3(+"3b)7(<7+"'8&3('8+""&$(1P1,&JR(&<<U(+"3(#$))3('8%,&1R(-",&7U,-3+$(1+"3(+"3(J%3(#$+,1
+"3(J+718&1A

6$)">(<+77-&7(-1$+"3(')+1,1()#(,8&(9%,'8(:+33&"(/&+R(,8&(<+1-"1(+7&()#,&"(7&',+">%$+7()7("&+7
1i%+7&( +"3( ,8&( '8+""&$( 1,7%',%7&( -1( )#,&"(J)7&( <7+"'8&3( ,8+"( <7+-3&3A( !"( ,8&( ,-3+$( <+1-"( +
3-1,-"',-)"('+"(<&(J+3&(<&,=&&"(,=)(J)7;8)$)>-'+$(&$&J&",1C(,-3+$(#$+,1(+"3('8+""&$1A

:&(J+P(3&#-"&(,8&('8+""&$1(+1(=+,&7(.)$%J&1(<&,=&&"(,8&(@&+"(0)=(:+,&7(Y@0:Z(+"3(,8&
<&3($&.&$A(48&(#$+,1('+"(<&(3&#-"&3(+1(1&3-J&",(.)$%J&1(+<).&(@0:A(6$,8)%>8(-,(-1(&+1P(,)
1'8&J+,-1&(,8&(J)7;8)$)>-'+$(&$&J&",1('8+""&$(+"3(#$+,(,8-1(=+PR()"&(J%1,(V&&;(-"(J-"3(,8+,
,8&P( #)7J()"&( 1P1,&J( -"(=8-'8( ,8&( #$+,( +"3( '8+""&$( -"#$%&"'&( &+'8( ),8&7A( !"( ,8&( #)$$)=-">
;+7+>7+;81(=&( 7&.-&=(<),8(J)7;8)$)>-'+$( &$&J&",1(=-,8( ,8&-7( 3&,&7J-"+,-.&(J)7;8)$)>-'+$
;7)'&11&1A

Channels

48&('8+""&$1( -"( ,8&( ,-3+$(<+1-"(+7&( ,8&(.&-"1()#( ,8&(1P1,&J](1&3-J&",( -1( ,7+"1;)7,&3( ,87)%>8
,8&1&('8+""&$1(<),8(#7)J(+"3(,)(,8&(,-3+$(#$+,1A(!#()"&(')"1-3&71(,8&(18+;&()#(,8&('8+""&$1(Y#)7
&c+J;$&( )#( ,8&( :+33&"( /&+Z( )"&( =-$$( 1&&( ,8+,( +$$( '8+""&$( 1P1,&J1( 1&&J( ,)( 8+.&( 1-J-$+7
<7+"'8-">( ;+,,&7"$ /WF7B78,.*)<$ ^C?E$ ).6$ X7$ NC78<$ 011@4A( 48&( ;+,,&7"( 8+1( ,8&( 1+J&
'8+7+',&7-1,-'(+1(+(#)%7U,-J&(<7+"'8-">("&,(=)7VA(5&$)=(,8&()"&UV-$)J&,7&(1'+$&(,8&(<7+"'8-">
3)&1("),(')",-"%&R(=8-'8('+"(<&(&c;$+-"&3(=-,8(,8&(#+',(,8+,(&+'8()#(,8&(1J+$$&1,(<7+"'8&1(8+1
+(J-"-J%J(37+-"+>&(+7&+A(\&+7(,8&(-"$&,R(,8&(3&;,8(+"3(=-3,8()#(,8&('8+""&$1(-1($+7>&1,A(6=+P
#7)J(,8&(-"$&,R(-",)(,8&(<+1-"R(,8&('8+""&$1(>&,(1J+$$&7A

6'')73-">(,)('>?,.:$/011;4R(+(7+,8&7(#-7J(7&$+,-)"(&c-1,1(<&,=&&"(,8&('7)11U1&',-)"+$(+7&+()#
,-3+$( '8+""&$1( +"3( ,8&( ,-3+$( .)$%J&(=8&"( ,8&( ,-3+$( -"$&,( 1P1,&J( -1( -"( +( 1,+,&(J)7;8)$)>-'+$
&i%-$-<7-%JA(48-1(J+V&1(-,($-V&$P(,8+,(,8&(.)$%J&()#(,8&('8+""&$(<&8-"3(+('&7,+-"('7)11U1&',-)"
Y)#(,8&('8+""&$Z(-1(7&$+,&3(,)(,8&(,-3+$(.)$%J&(+,(,8+,('7)11U1&',-)"A(E)7(<+1-"1()#(,8&(:+33&"
/&+( +"3( ,8&( 9%,'8( 9&$,+( +7&+R( 1%'8( 7&$+,-)"1( 8+.&( <&&"( ;7).&"( ,)( &c-1,( Y#7.*78$ ).6
V)E78.?&:><$ 01@;<$ 012R_$ #7.*78<$ 01@3_$ '>?,.:<$ 01@1<$ 011R<$ 0110_$ X,7&:D)..<$ 012Y_
X,7&:D)..$).6$V)E78.?&:><$0123ZA(E)7(,8&(J&",-)"&3(7&$+,-)"1(=&(7&#&7(,)(/&',-)"(MAfA

Z)88,78 Z)88,78

E,6)F$Z)?,.

E->%7&(MAOaC(0)'+,-)"()#(,-3+$(<+1-"
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E7)J( ,8&1&( 7&$+,-)"1( -,( '+"( <&( ')"'$%3&3( ,8+,( ,8&( '8+""&$( .)$%J&( =-$$( '8+">&( -#( ,8&( ,-3+$
.)$%J&( b( ,-3+$(;7-1J( -1('8+">&3(<P(J+"()7( <P("+,%7+$( '+%1&1A(48-1( -1( '$&+7$P( ')"#-7J&3(<P
#-&$3()<1&7.+,-)"1R(&A>A(-"(,8&(<+1-"()#(,8&(I)%,V+J;&7$++>(+#,&7('$)1%7&()#(,8&(0+%=&71(/&+(-"
O^_^(Y'>?,.:<$011RZA

Tidal Flats

48&(,-3+$(#$+,(+7&+()7(,8&(-",&7,-3+$([)"&(-1(,8&(+7&+(,8+,(")7J+$$P( -"%"3+,&1(+"3(37-&1(3%7-">
,8&( ,-3+$( 'P'$&A( !,( -1( )#( >7&+,( -J;)7,+"'&( +1( #&&3-">( >7)%"3( #)7(J+"P( <-731( +"3( -,( '+"( <&( +
7&1,-">U;$+'&(#)7(1&+$1A

'>?,.:$/011J4(#)%"3(,8+,R(+'')73-">(,)(>&"&7+$('$+11-#-'+,-)"1()#(')+1,+$(#&+,%7&1R(,8&(;7&1&"'&
)#( ,-3+$( #$+,1( J+-"$P( 3&;&"31( )"( ,8&( ,-3+$( 7+">&R( <+1-"( +7&+R( 18+;&( )#( ,8&( <+1-"( +"3( ,8&
)7-&",+,-)"( )#( ,8&( <+1-"( 7&$+,-.&( ,)( ,8&( 3)J-"+,-">( =-"3( 3-7&',-)"A( 0+7>&( ,-3+$( <+1-"1R
&1;&'-+$$P($)">(<+1-"1()7-&",+,&3(-"(,8&(3-7&',-)"()#(,8&(3)J-"+",(=-"3R(+$$)=(1->"-#-'+",(=+.&
+',-)"(+7)%"3(K->8(:+,&7(YK:Z(<&'+%1&()#(,)(,8&(')"1-3&7+<$&(#&,'8($&">,81A(48-1(.&7P($-V&$P
;7&.&",1( ,8&( >7)=,8()#( &c,&"1-.&( +7&+1( )#( ,-3+$( #$+,1( ,)( +( 8&->8,( +<).&(@0:( -"( ,8&1&( ,-3+$
<+1-"1A

6'')73-">(,)('>?,.:/011J4<$,-3+$(#$+,1(>7)=()%,()#(&J&7>-">(18)+$1(+"3(7+">&(#7)J(1J+$$()7
7&$+,-.&$P("+77)=($)=(#$+,1(-"()7(+$)">($+7>&(,-3+$('8+""&$1(,)(=-3&(+"3(8->8(,-3+$(#$+,1A(!"(,8&
9%,'8(:+33&"(/&+(,8&('7&1,($&.&$1()#(J)1,()#(,8&(#$+,1(7+">&(<&,=&&"(@/0(+"3(@K:UNAX(JA
48&('7&1,()#(,8&(#$+,1(-1($)'+,&3(+,(,8&($)'+$(=+,&718&3(<&,=&&"(,=)('8+""&$1(+"3(>&"&7+$$P(,8&
$&.&$(1&&J1(J)7&()7($&11(7&$+,&3(,)(,8&(=-3,8()#(,8&(#$+,A(6(1&')"3(#+',)7(>).&7"-">(,8&('7&1,
8&->8,()#(,8&(#$+,(1&&J1(,)(<&(,8&(1,+<-$-,P()#(,8&(=+,&718&3A(!#(-,(-1(7+,8&7(1,+<$&(-"(,8&(1&"1&
,8+,( -,1(;)1-,-)"(8+73$P( .+7-&1(<&,=&&"(8->8(+"3( $)=( ,-3&( #)7( )"&( ,-3+$( 'P'$&( ,)( +"),8&7R( ,8&
'7&1,( $&.&$(=-$$(<&( 7&$+,-.&$P(8->8A(48&7&#)7&(=&(J+P(1%JJ+7-1&( ,8+,( ,8&(8&->8,( )#( ,8&( ,-3+$
#$+,1(-1(7&$+,&3(,)(,8&(,-3+$(7+">&(Y&1;&'-+$$P(@K:ZR(<+1-"(+7&+(+"3(,8&( $)'+$(#$)=(+"3(=+.&
')"3-,-)"1A

2.3.4! Summary

!"( ,8&( #)7&>)-">( 1&',-)"1( =&( 8+.&( 3-1,-">%-18&3( 1&.&7+$(J)7;8)$)>-'+$( &$&J&",1( -"( +( ,-3+$
-"$&,( 1P1,&JR( =8-'8( ')77&1;)"3( =-,8( ,8&( ,-J&U( +"3( 1;+'&U1'+$&( )#( )%7( -",&7&1,A( 48&
3-1,-">%-18&3(J)7;8)$)>-'+$(&$&J&",1(+7&( ,8&(&<<U,-3+$( 3&$,+( +"3( +3H+'&",( ')+1,+$( 1,7&,'8( -"
,8&(')+1,+$(-"$&,(+7&+(+"3(,8&('8+""&$(+"3(,-3+$(#$+,(-"(,8&(,-3+$(<+1-"(+7&+A

E%7,8&7J)7&(=&(3&7-.&3(,8+,(,8&(J)7;8)$)>-'+$(;7)'&11&1(-"(+"(&$&J&",(+7&(J+-"$P(7&$+,&3(,)
,8&(8P37)3P"+J-'(Y&A>A(,-3+$(.)$%J&b;7-1J(+"3(,8&()##18)7&(=+.&('$-J+,&Z(+"3(J)7;8)J&,7-'
Y&A>A(,-3+$(<+1-"(+7&+Z(.+$%&1(;7&1&",(-"(,8&(&$&J&",A(48&7&#)7&(=&(J+P(,&",+,-.&$P(+11%J&(,8+,
,8&( J)7;8)$)>-'+$( &i%-$-<7-%J( 1,+,&( Y&A>A( .)$%J&Z( )#( +"( &$&J&",( -1( 7&$+,&3( ,)( ,8&1&
8P37)3P"+J-'( +"3(J)7;8)J&,7-'( .+$%&1A( 6( 1%JJ+7P( )#( &J;-7-'+$( 7&$+,-)"1( 3&1'7-<-">( ,8&
7&$+,-)"18-;( <&,=&&"( ,8&( J)7;8)$)>-'+$( &i%-$-<7-%J( 1,+,&( Y.)$%J&Z( )#( +"( &$&J&",( +"3( ,8&
;7&1&",(8P37)3P"+J-'(+"3(J)7;8)J&,7-'(.+$%&1(-1(>-.&"(-"(/&',-)"(MAfA
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2.4! Equilibrium relations

2.4.1! Introduction

:8&"( -"( +( 1,+,&( )#( J)7;8)$)>-'+$( <+$+"'&R( 7&$+,-)"18-;1( &c-1,( <&,=&&"( ,8&( &$&J&",
&i%-$-<7-%J( 1,+,&( Y.)$%J&Z( +"3( ,8&( ;7&1&",(J)7;8)J&,7-'( +"3( 8P37)3P"+J-'( .+$%&1A( 48&1&
7&$+,-)"18-;1( &"+<$&( %1( ,)( ;7&3-',( "&=( J)7;8)$)>-'+$( &i%-$-<7-%J( 1,+,&1( )#( ,8&( &$&J&",( -#
'8+">&1()''%7( -"(J)7;8)J&,7-'()7(8P37)3P"+J-'(.+$%&1(;7&1&",R(=8&,8&7('+%1&3(<P(8%J+"
-",&7.&",-)"()7("+,%7+$(;7)'&11&1A

!"(,8&(#)$$)=-">(1&',-)"1(+(3&1'7-;,-)"(-1(>-.&"( #)7(+("%J<&7()#(&J;-7-'+$( 7&$+,-)"1(<&,=&&"
,8&( J)7;8)J&,7-'( +"3( 8P37)3P"+J-'1( .+$%&1R( )"( ,8&( )"&( 8+"3R( +"3( &i%-$-<7-%J( 1,+,&1
Y.)$%J&1Z()#(,8&(J)7;8)$)>-'+$(&$&J&",1(Y+1(3&7-.&3(-"(/&',-)"(MAXZR()"(,8&(),8&7A

2.4.2! Empirical Equilibrium relations

T"&()#( ,8&( V&P( #)7'&1( <&8-"3(J)7;8)$)>-'+$( '8+">&1( -"( +( ,-3+$( +7&+( -1( ,8&( ,-3+$( .)$%J&A(6
>7&+,(3&+$()#(7&1&+7'8(8+1(<&&"(3)"&(,)(3&,&7J-"&(,8&(7&$+,-)"18-;(<&,=&&"(,8&(J)7;8)$)>-'+$
<+$+"'&()#(,8&(,-3+$(-"$&,1(+"3(,8&(,-3+$(.)$%J&A(48&(<+1-'1(#)7(,8&1&(7&$+,-)"1(+7&(#)%"3&3(-"
,8&(Q"-,&3(/,+,&1(<P(^`N8,7.$/01J0<013@4<$a)887E$/01@34$+"3$A)FEC.$).6$b6)D?$/01@34A(E)7
,8&( 9%,'8( 3&$,+1( +3+;,+,-)"1( =8&7&( J+3&( <P( Q788,E?7.$ ).6$ X7$ aC.*$ /012J<012;4$ +"3
Q788,E?7.$ $ /011R4A(57)+3( $-,&7+,%7&( 1%7.&P1( )#( ,8&1&( &J;-7-'+$( 7&$+,-)"1( #)7( <),8(9%,'8( +"3
#)7&->"(-"$&,1(+7&(>-.&"(<P(#)7(-"1,+"'&(N,7*7F$/01104<$5).$SF77[$/01104$+"3$'>?,.:$).6$N,7*7F
/011O4A

E-71,(,=)(<+1-'(3&#-"-,-)"1(+7&(>-.&"(7&>+73-">(,8&(,-3+$(.)$%J&(+"3(,8&(,-3+$(;7-1JC

48&('$/*%(>"%?-&(-1(,8&(.)$%J&()#(=+,&7(&",&7-">(,8&(,-3+$(<+1-"(3%7-">(#$))3(Y#$))3(.)$%J&Z
;$%1(,8&(.)$%J&()#(=+,&7(,8+,(-1(#$%18&3()%,()#(,8&(,-3+$(<+1-"(3%7-">(&<<(Y&<<(.)$%J&ZA( !,(-1
<+1&3()"(3-1'8+7>&(J&+1%7&J&",1(-"(,8&(,-3+$(<+1-"A

48&(J&+"( '$/*%(<.$;-( -1( &i%+$( ,)( ,8&(=+,&7( .)$%J&(<&,=&&"(@&+"(0)=(:+,&7( Y@0:Z( +"3
@&+"(K->8(:+,&7( Y@K:Z( -"( ,8&( ,-3+$( <+1-"A( !,( -1( <+1&3(%1%+$$P( )"( 1P1,&J+,-'( <+,8PJ&,7-'
1%7.&P1()#(,8&(,-3+$(<+1-"A( !"(7&$+,-.&$P(18)7,(<+1-"1(Y7&$+,-.&(,)(,8&($&">,8()#(,8&(,-3+$(=+.&Z
,8&(,-3+$(J),-)"(-1(,8+,()#(+(1,+"3-">(=+.&(=8-'8(7&1%$,1(-"(+(,-3+$(.)$%J&()#(+<)%,(,=-'&(,8&
,-3+$(;7-1JA('>?,.:(%1&1(-"(8-1(1,%3-&1(,8&(,&7J(=+*.*='&.$;'$=('$/*%(>"%?-&R(=8-'8(-1(&i%+$(,)
,8&(,-3+$(;7-1JA

!"( ,8-1( 7&;)7,( =&( =-$$( J+-"$P( %1&( ,8&( E,6)F$ 98,?D( +1( '8+7+',&7-1,-'( ;+7+J&,&7( #)7( ,8&
8P37)3P"+J-'(#)7'-">(-"(,8&(,-3+$(-"$&,A

2.4.3! Relationship between cross-section and tidal prism

6(,P;-'+$(%"-,()#(J&+1%7&( #)7(+"( -"$&,( -1( ,8&("+77)=&1,('7)11U1&',-)"(+,( ,8&();&"-">(<&,=&&"
,=)(<+77-&7( -1$+"31A(6('$&+7(')""&',-)"(8+1(<&&"(&1,+<$-18&3(<&,=&&"( ,8&( 1-[&()#( ,8-1('7)11U
1&',-)"( +"3( ,8&( ,-3+$( ;7-1JA( SJ;-7-'+$( 1,%3P( 8+1( 18)="( ,8+,( ,8&( '7)11U1&',-)"( )#( +"( -"$&,
-"'7&+1&1(+$J)1,($-"&+7$P(=-,8(,8&(,-3+$(;7-1JA(6'')73-">(,)(5).$SF77[$/01104(,8-1(-1()"&()#(,8&
<&1,U-".&1,->+,&3(&J;-7-'+$(7&$+,-)"18-;1(<&,=&&"(8P37+%$-'(+"3(J)7;8)$)>-'+$(;+7+J&,&71A
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!"(O^da(Q788,E?7.$).6$X7$aC.*(#)%"3(#)7(,8&(=&1,&7"(;+7,()#(,8&(:+33&"(/&+(,8&(#)$$)=-">
7&$+,-)"C

% & % &I5 D b DEP8C)E &P)..7F EP8C)E' ! ! ( !XX ON e^ M ONf _ XA AR YMAOZ

=8&7&C

b&P)..7F EP8C)ER 27)11U1&',-)"+$(+7&+(+,(,8&(,87)+,()#(,8&(-"$&,(nJMo
I5&P)..7F EP8C)ER 4-3+$(.)$%J&(+,(,8&(,87)+,(nJXo

G,?6C89$7E$)FM$/011R4(#)%"3(#)7(,8&(=&1,&7"(:+33&"(/&+(-"$&,1(+$J)1,(,8&(1+J&(7&$+,-)"18-;(+1
Q788,E?7.$).6$X7$aC.*(3-3C

% & % &I5 D b DEP8C)E &P)..7F EP8C)E' ! ! ( !X_ ON OaM ONf _ XA R YMAMZ

'>?,.:$/011R4(1,+,&3(,8+,(#)7(g,87)+,(+7&+(l(,-3+$(;7-1Jh(7&$+,-)"18-;(+(#+-7$P(>))3(3&1'7-;,-)"(-1
;7&1&",&3(<PC

b 5G!" b &EB' !) YMAXZ

=8&7&C

bG!" E$)=(+7&+(<&$)=(@/0(Y@&+"(/&+(0&.&$Z(nJMo
) b SJ;-7-'+$(')&##-'-&",(#)7(,8&(&i%-$-<7-%J(#$)=(+7&+(nJUOo
5&EB 28+7+',&7-1,-'(,-3+$(.)$%J&(b(J&+"(,-3+$(;7-1J(nJXo

E)7(,8&(:+33&"(/&+( ) A -1(&i%+$(,)(eN!ON
U_
( nJUOo( Y7&$+,-.&( ,)(@0:ZR(#)7( ,8&(:&1,&7"(/'8&$3,

) A -1( &i%+$( ,)( dN!ON
U_( nJUOo( Y7&$+,-.&( ,)(@/0Z( +"3( #)7( ,-3+$( -"$&,1( )"( ,8&( S+1,(2)+1,( )#( ,8&

Q"-,&3(/,+,&1() b (-1(&i%+$(,)(da!ON
U_(nJUOo(Y7&$+,-.&(,)(@/0ZA

2.4.4! Relationship between channel volume and tidal prism

48&(7+,8&7(#-7J(7&$+,-)"(<&,=&&"(,8&(1-[&()#(+(,-3+$('8+""&$(+"3(,8&(,-3+$(;7-1J(J+V&1(-,($-V&$P
,8+,(+$1)(,8&(.)$%J&()#(,8&('8+""&$(1P1,&J(<&8-"3(+('&7,+-"('8+""&$('7)11U1&',-)"(-1(7&$+,&3(,)
,8&(,-3+$(;7-1J(+,(,8+,('7)11U1&',-)"(/'>?,.:<$011R4A(L$),,-">(3+,+()#(,8&('8+""&$(.)$%J&1()#(,8&
3-##&7&",(,-3+$(<+1-"1()#(,8&(:+33&"(/&+(.&71%1(,8&-7(,-3+$(.)$%J&1(18)=1(1%'8(+(7&$+,-)"(Y/&&
E->%7&(MAO_ZA

48&( #)$$)=-">( 7&$+,-)"( -1( .+$-3( #)7( ,8&( '8+""&$( .)$%J&( )#( +( ,-3+$( <+1-"( =-,8(J-")7( %;$+"3
3-1'8+7>&(YJ&+"-">('8+""&$1(,8+,(+7&(>&,,-">("+77)=&7(#+7,8&7(#7)J(,8&(-"$&,(+=+PZC

5 5&P)..7F & &EB' !) OAa YMAfZ

=8&7&C
5&P)..7F 28+""&$(Y=+,&7Z(.)$%J&(<&$)=(@/0(nJXo
) & SJ;-7-'+$(')&##-'-&",(#)7(,8&(&i%-$-<7-%J(.)$%J&(nJUOAao
5&EB 28+7+',&7-1,-'(,-3+$(.)$%J&(b(J&+"(,-3+$(;7-1J(nJXo
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'>?,.:$ ).6$ N,7*7F$ /011O4( +$1)( #)%"3( +( 7&$+,-)"( <&,=&&"( ,8&( ,-3+$( ;7-1J( +"3( ,8&( '8+""&$
.)$%J&(<&$)=(@0:C

% &5 D V&P)..7F ' ! !( (O_ ON _ O OAaa Aaa YMAaZ

=8&7&C

5&P)..7F 28+""&$(Y=+,&7Z(.)$%J&(<&$)=(@/0(nJXo
V 4-3+$(L7-1J(nJXo

E->%7&(MAO_C 28+""&$(.)$%J&(U('8+7+',&7-1,-'(,-3+$(.)$%J&(7&$+,-)"18-;(<P(SP1-"V(YO^^NZ

2.4.5! Relationship between volume of ebb-tidal delta and tidal prism

48&( &<<U,-3+$( 3&$,+( -1( +( g1,)7&8)%1&h( #)7( +( $+7>&( i%+",-,P( )#( 1&3-J&",A(A)FEC.$ ).6$ b6)D?
/01@34(#)%"3(,8+,(,8&(.)$%J&()#(,8&(&<<U,-3+$(3&$,+(3&;&"31()"(,8&(,-3+$(;7-1J(+"3()"(,8&(,),+$
=+.&(&"&7>P(+.+-$+<$&( #)7( ,8&( ,7+"1;)7,(;7)'&11&1A(48&P(3&7-.&3( ,8&-7( 7&$+,-)"1( #)7( -"$&,1()"
1+"3P(')+1,1(-"(,8&(Q"-,&3(/,+,&1A

A)FEC.$).6$b6)D?(3&#-"&3(,8&(?).6$BCFKD7()#(,8&(&<<U,-3+$(3&$,+(+1(,8&(.)$%J&(+<).&(,8&(<&3
$&.&$R(=8-'8(=)%$3(<&(,8&7&(-#(,8&7&(=&7&(")(,-3+$(-"$&,(+"3(,8%1(")(&<<U,-3+$(3&$,+(Y1&&(E->%7&
MAOfZA(48&P(-3&",-#-&3(,87&&('$+11&1()#(=+.&(&"&7>PC($)=R(J)3&7+,&(+"3(8->8(Y1&&(+$1)(/&',-)"
MAMAXZ(+"3(#)%"3(,8+,C

5 V67FE) Ab' !) O MXA YMA_Z

=-,8C
567FE) S<<U,-3+$(3&$,+(Y1+"3Z(.)$%J&(nJXo
V 4-3+$(L7-1J(nJXo



Influence of Relatie Sea Level Rise on Z2822 April 2001
Coastal Inlets and Tidal Basins

WL| Delft Hydraulics 2 - 2 2

+"3()+)$-1(+(;7);)7,-)"+$(')"1,+",(=-,8(3-J&"1-)"(nJUOAMXoA(!,1(.+$%&(.+7-&1(=-,8(,8&($)'+$(=+.&
')"3-,-)"1A( 4)( 3&1'7-<&( ,8-1R( A)FEC.$ ).6$ b6)D?/01@34( -3&",-#-&3( ,87&&( '$+11&1( )#( =+.&
&"&7>PC
"! FC+$+)B7$7.78*>(')+1,1C )Ab ' ! (df_ ON XA

"! DC678)E7$+)B7$7.78*>(')+1,C )Ab ' ! (_ff ON XA

"! P,*P$+)B7$7.78*>(')+1,C )Ab ' ! (aXX ON XA

E->%7&(MAOe(18)=1(,8&(7&$+,-)"()#(1+"3(.)$%J&(-"(,8&()%,&7(3&$,+(-"(7&$+,-)"(,)(,8&(J&+"(,-3+$
;7-1J()#(,8&(-"$&,A

E->%7&(MAOeC /+"3(.)$%J&()%,&7(3&$,+1(-"(Q/6(+"3(9%,'8(:+33&"(/&+(-"(7&$+,-)"(,)(,8&(J&+"(,-3+$(;7-1J(+"3
=+.&('$-J+,&()#(,8&(-"$&,(+'')73-">(,)(:+$,)"(+"3(63+J1A

'>?,.:$/011R4(#)%"3(,8+,(,8-1(7&$+,-)"18-;(-1(+$1)(.+$-3(#)7(,8&(:+33&"(/&+(-"$&,1C

% &5 D 567FE) &EB' ! !( (_ae ON X O MX O MXA A A YMAeZ

=-,8
5&EB 28+7+',&7-1,-'(,-3+$(.)$%J&(nJXo

2.4.6! Relationship between volume of tidal flats and size of basin

48&(7&$+,-.&(#$+,(+7&+(Yb[F)E$b(bZ)?,.Z(3&;&"31()"(,8&(1-[&()#(,8&(<+1-"(+"3(l($&11(-J;)7,+",$P(l()"
,8&(,-3+$(7+">&(KA(6'')73-">(,)('>?,.:$/01104(,8&(7&$+,-.&(#$+,(+7&+(#)7(,8&(:+33&"(/&+(=-,8
-,1(J&1),-3+$( 7+">&R( +;;&+71( ,)( <&( 3-1,-"',$P( 3&;&"3&",( )"( ,8&( 1-[&( )#( ,8&( <+1-"( Y1&&(E->%7&
MAOdZA(#7.*78$).6$V)8E7.?:>$#)%"3(#)7(,8&(B&7J+"(5->8,(,8&(#)$$)=-">(7&$+,-)"C

b
b

b#$+,

<+1-"
<+1-"' ( !O M a NA Aa YMAdZ
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'>?,.:$/01104(1,+,&3(,8+,(,8&(7&$+,-.&(,-3+$(#$+,(+7&+(+##&',1(,8&(,-3+$(;7-1JC

V b = b
b

b =[7' ! ( !
*

+
,

-

.
/ ! !<+1-"

#$+,

<+1-"
<+1-") YMA^Z

=-,8C
V 48&(,-3+$(;7-1J(nJXo
b<+1-" 67&+()#(,-3+$(<+1-"(J&+1%7&3(+,(@K:(nJMo
b#$+, 67&+()#(,-3+$(#$+,1(J&+1%7&3(+,(@0:(nJMo
= @&+"(,-3+$(7+">&(nJo
) [7 SJ;-7-'+$(')&##-'-&",(#)7(,8&(+.&7+>&(,-3+$(#$+,($&.&$(nUo

48&(8&->8,()#(,8&(,-3+$(#$+,1(-1(7&$+,&3(,)(,8&(,-3+$(7+">&C(,8&(+.&7+>&(8&->8,()#(,8&(#$+,1(7&$+,-.&
,)( @0:( -1( ) [7 =! A( '>?,.:( 3&7-.&3( +"( &J;-7-'+$( 7&$+,-)"( <&,=&&"( ,8&( <+1-"( +7&+( +"3( ,8&
3-J&"1-)"$&11(')&##-'-&",() [7 R(=8-'8('+"(<&(%1&3(#)7(,8&(:+33&"(/&+(,-3+$(<+1-"1C

% & % &) [7 D b' ( ( ! !( (NfO NMf ON ^ MA A <+1-" YMAONZ

48&(+7&+()#(,8&(#$+,1(Yb#$+,1Z(3&;&"31()"(,8&(<+1-"(+7&+(Yb<+1-"ZR(1)(,8&(.)$%J&()#(,8&(,-3+$(#$+,1
3&;&"31()"(,8&(,-3+$(7+">&(+"3()"(,8&(<+1-"(+7&+A(48&(.+$%&()#(,8&(.)$%J&()#(,8&(,-3+$(#$+,1('+"
<&(#)7J%$+,&3(+1(#)$$)=1C

5 b
b

b =[7#$+,
#$+,

<+1-"
<+1-"' !

*

+
,

-

.
/ ! !) YMAOOZ

=-,8
5#$+, G)$%J&()#(,-3+$(#$+,1(+<).&(@0:(nJXo
b<+1-" 67&+()#(,-3+$(<+1-"(J&+1%7&3(+,(@K:(nJMo
b#$+, 67&+()#(,-3+$(#$+,1(J&+1%7&3(+,(@0:(nJMo
= @&+"(,-3+$(7+">&(nJo
) [7 SJ;-7-'+$(')&##-'-&",(#)7(,8&(+.&7+>&(,-3+$(#$+,($&.&$(nUo

E->%7&(MAOdC *&$+,-.&(+7&+()#(,8&(-",&7,-3+$([)"&1(-"(,8&(9%,'8(:+33&"(/&+(+>+-"1,(,8&(,-3+$(<+1-"(+7&+A
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3! Long-term morphological modelling of
coastal inlets and tidal basins

3.1! Introduction

48&(J)7;8)$)>-'+$(&.)$%,-)"()#(')+1,+$( -"$&,1(+"3( ,-3+$(<+1-"1( -1(>).&7"&3(<P(+(')J;$&c()#
J%,%+$$P(-",&7+',-">(;7)'&11&1R(&+'8()#(=8-'8(+',1()"(-,1()="('8+7+',&7-1,-'(,-J&U(+"3(1;+'&U
1'+$&1A( 48&( #)7'-">( )#( ,8&1&( ;7)'&11&1( J+P( <&( &-,8&7( 3&,&7J-"-1,-'( Y$-V&( ,8&( ,-3&Z( )7( )#( +
;7&3)J-"+,-">( 7+"3)J( "+,%7&( Y$-V&( =+.&( ')"3-,-)"1ZA( 48-1( J-c,%7&( )#( 1'+$&1( +"3( ,P;&1( )#
#)7'-">( 1%<1,+",-+$$P( ')J;$-'+,&1(J)3&$$-">( +"3( ;7&3-',-">( ,8&( -"$&,(J)7;8)3P"+J-'1A( 48-1
-J;$-&1(,8+,($+7>&U1'+$&(<&8+.-)%7('+""),(<&(3&7-.&3(-"(+(3&,&7J-"-1,-'(=+P(#7)J(1J+$$U1'+$&
;7)'&11&1A(48&7&#)7&R( -"( ,8&( #)$$)=-">(1&',-)"1(+"(+,,&J;,( -1(J+3&( ,)(J)3&$( ,8&( $+7>&U1'+$&
J)7;8)$)>-'+$(<&8+.-)%7()#(,-3+$(-"$&,1(%"3&7(,8&(&c,&7"+$(#)7'-">()#(+(7-1-">(1&+($&.&$()"(+"
+>>7&>+,&3(1'+$&A

4)(1,+7,(=-,8R(-"(/&',-)"(XAMR(+(3&1'7-;,-)"(-1(>-.&"()#(3-##&7&",(J)3&$$-">($&.&$1(Y1;+'&U(+"3
,-J&U1'+$&Z(+.+-$+<$&(,)(%1A(!"(/&',-)"(XAX(=&(3&,&7J-"&(=8-'8(J)3&$$-">($&.&$(1%-,1(,8&($)">U
,&7J(J)3&$$-">( )#( ,8&(J)7;8)$)>-'+$( 7&1;)"1&( ,)( +( 7-1&( )#( ,8&( 1&+( $&.&$A( /%<1&i%&",$P( ,8&
6/@!46(J)3&$$-">(')"'&;,(-1(3-1'%11&3A(!"(/&',-)"(XAfR(+(1,+<-$-,P($-J-,(#)7(+(J)3&$$&3(,-3+$
-"$&,(1P1,&J(-1(3&7-.&3R( -"(=8-'8(,8&(1P1,&J(-1(1%<H&',&3( ,)(+('&7,+-"( 7+,&()#(!7)$"7B7F$#,?7
Y+$1)(7&#&77&3(,)(+1(!"#Z(+"3(8+1(,)(+3+;,(-,1&$#(,)(+(g"&=h(3P"+J-'(&i%-$-<7-%JA(!"(/&',-)"(XAa
=&(;&7#)7J(+(1&"1-,-.-,P(+"+$P1-1()"(,8&($+,,&7(3&7-.&3(1,+<-$-,P($-J-,()#(,8&(,-3+$(-"$&,(1P1,&JA

/&',-)"( XAM( -1( <+1&3( )"( ,8&( X7$ 58,7.6$ /01124R( ,8&( 3&1'7-;,-)"( )#( ,8&( 6/@!46( ')"'&;,1
Y/&',-)"(XAXZ(-1(<+1&3()"(,8&(6/@!46(J)3&$(3&1'7-;,-)"()#(!E,B7$7E$)FM$/01124A

3.2! Cascade of scales

!"( )73&7( ,)( ,+'V$&( ,8&( ;7)<$&J( )#(J-c,%7&( )#( 1'+$&1( +"3( ,P;&1( )#( #)7'-">R( ')J;$-'+,-">( ,8&
J)3&$$-">( +"3(;7&3-',-">()#( $+7>&U1'+$&(J)7;8)$)>-'+$( <&8+.-)%7( )#( ,-3+$( -"$&,( 1P1,&J1R(X7
58,7.6$/01124(-",7)3%'&3(,8&(')"'&;,()#(3&+$-">(=-,8()%7(-",&7&1,()"(+('+1'+3&()#(1'+$&1A(:-,8
,8&(;%7;)1&()#(3&+$-">(=-,8(,-J&U(+"3(1;+'&U1'+$&1(#7)J($+7>&(1'+$&(,)(1J+$$U1'+$&($&.&$(Y$-V&
-"(28+;,&7(MZR(,8&(#)$$)=-">('+1'+3&()#(1'+$&1(-1(3&7-.&3(<P(X7$58,7.6$/01124C

48&((#-%@6&%;#. ;#*#;R( 7&;7&1&",-">( ,8&( $&.&$( +,( =8-'8( ,8&( ;7-"'-;+$( &$&J&",1( )#( ,8&( &",-7&
1P1,&J(Y<+77-&7(-1$+"31R()%,&7(3&$,+1R(-"$&,1Z(&.)$.&(+"3(-",&7+',R(-".)$.&1(J+"P(V-$)J&,7&1(-"
1;+'&( +"3( '&",%7-&1( -"( ,-J&A(48&(;7-"'-;+$( #)7'-">( +7&(J&+"( 1&+( $&.&$( 7-1&R( '$-J+,&( '8+">&R
$)">U,&7J(,-3+$(.+7-+,-)"1R(1%<1-3&"'&R(&,'A

48&((%&"7@6&%;#. ;#*#;R( 7&;7&1&",-">( ,8&( $&.&$( +,( =8-'8( ,8&( Y)"&( )73&7( 1J+$$&7Z( J&1)U1'+$&
#&+,%7&1(-",&7+',A(48-1($&.&$(-1(+11)'-+,&3(=-,8(1;+'&U1'+$&1(,8+,(')J;7-1&(J&1)U1'+$&(#&+,%7&1
+1(+(=8)$&(Y&A>A()%,&7(3&$,+Z(+"3(,-J&U1'+$&1()#(3&'+3&1A(48&(;7-"'-;+$(#)7'-">1(+7&(,8&($)">U
,&7J( 'P'$&1( -"( ,8&( ,-3&( Y&A>A( ,8&( OdR_( P&+7( $%"+7U7&$+,&3( 'P'$&ZR( $)">U,&7J( .+7-+,-)"1( -"( ,8&
=+.&( '$-J+,&( +"3( $)">U,&7J( 8%J+"( -",&7#&7&"'&( Y$-V&( ,8&( ')"1,7%',-)"( )#( 3PV&1( +"3( $+"3
7&'$+J+,-)"ZA
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48&((#67@6&%;#.;#*#;R(=8-'8(7&;7&1&",1(,8&($&.&$()#(,8&(;7-"'-;+$(J)7;8)$)>-'+$(#&+,%7&1R(1%'8
+1('8+""&$1(+"3(18)+$1A(6,( ,8-1( $&.&$R(3&.&$);J&",1(8+.&(+( ,-J&U1'+$&()#( P&+71(+"3(+(1;+'&U
1'+$&()#(8%"37&31()#(J&,7&1A(48&(;7-"'-;+$(#)7'-">1(+7&(1&+1)"+$(+"3(-",&7(+""%+$(.+7-+,-)"1(-"
,8&( ,-3&( +"3( ,8&( =&+,8&7( ')"3-,-)"1A( 6$1)( 8%J+"( +',-.-,-&1( +"3( &c,7&J&( &.&",1( 8+.&( ,8&-7
-J;+',()"(,8-1(1'+$&A

48&((,&"7@6&%;#. ;#*#;R(=8-'8( 7&;7&1&",1( ,8&( $&.&$()#( ,8&( 1J+$$&1,( 1'+$&( Y,-J&( +"3( 1;+'&Z( )#
J)7;8)$)>-'+$(;7)'&11&1(Y&A>A(7-;;$&(+"3(3%"&(#)7J+,-)"ZA(48&(;7-"'-;+$(#)7'-">1(+7&(,8&(,-3&
+"3(,8&(3+P(,)(3+P(=&+,8&7(+"3(=+.&(')"3-,-)"1A

48&( 8->8$P( 3P"+J-'( "+,%7&( )#( ,8&( ")"U$-"&+7R( 1,)'8+1,-'+$$P( #)7'&3( 1P1,&J1(=&( +7&( 3&+$-">
=-,8(J+V&1(-,("),(.&7P($-V&$P(,8+,()"&(1-">$&(J)3&$(=-$$(<&(+<$&(,)(').&7(+$$(,8&1&(1'+$&($&.&$1
+,( )"&( ,-J&A( 6'')73-">( ,)( ,8&(X7$ 58,7.6$ /01124<( )"&( J%1,( &c;&',( ,)( 7%"( -",)( -",7-"1-'( )7
;7+',-'+$( $-J-,1( )#( ;7&3-',+<-$-,P( =8&"( +1'&"3-">( #7)J( 1J+$$U1'+$&( Y7&$+,-.&$P( =&$$( V")="Z
;7)'&11&1( ,)( $+7>&U1'+$&( Y7&$+,-.&$P( %"V")="Z( ;7)'&11&1R( 1&&( E->%7&( XAOA( 48-1( J&+"1( ,8+,
<7%,&U#)7'&( ')J;%,-">( =-,8( ;7)'&11( <+1&3( J)3&$1( -1( ;7)<+<$P( "),( +( .-+<$&( +;;7)+'8( #)7
;7&3-',-">(,8&(J+'7)U(+"3(J&>+U1'+$&(<&8+.-)%7()#(,8&(1P1,&JA

!"(>&"&7+$R(;7&3-',+<-$-,P($-J-,1('+"(<&().&7')J&(<P(+>>7&>+,-)"A(5+1&3()"(=8+,(-1(V")="()#
,8&( 1P1,&J1( <&8+.-)%7( +,( 1'+$&1( <&$)=( +"3( +<).&( ,8-1( $-J-,R( +"( +>>7&>+,&3( 1'+$&( J)3&$( -1
#)7J%$+,&3( +,( ,8&( 8->8&7( 1'+$&( $&.&$( =-,8)%,( +,,&J;,-">( ,)( 3&1'7-<&( &.&7P( 3&,+-$( )#( =8+,
8+;;&"1(+,( ,8&( $)=&7( 1'+$&( $&.&$A(K&"'&R(=&(18)%$3(+-J(+,( +('+1'+3&()#(J)3&$1(+,(3-##&7&",
$&.&$1()#(+>>7&>+,-)"(/X7$58,7.6<$01124M

E->%7&(XAOC 2+1'+3&()#(J)3&$(1'+$&1

6'')73-">( ,)( ,8&( ;7&1&",( -"1->8,1R( ,8&( ,7+"1-,-)"1( -"( ,8&( +<).&( J&",-)"&3( 1'+$&( '+1'+3&
+;;7)c-J+,&$P( ')77&1;)"3( =-,8( ,8&( ;)-",1( =8&7&( ;7&3-',+<-$-,P( $-J-,1( +7&( ,)( <&( &c;&',&3A
K&"'&(,8-1('+1'+3&(18)%$3(<&(7&#$&',&3(-"(,8&('+1'+3&()#(J)3&$1A(T"(,8&(J+'7)U1'+$&(Y=8-'8
J+,'8&1()%7(J)3&$$-">(1'+$&()#(-",&7&1,Z()"&(,P;-'+$$P(7&.&7,1( ,)(J)7&(+>>7&>+,&3(J)3&$$-">
+;;7)+'8&1( Y&A>A( 6/@!46ZR( =8-$&( ,8&( ;7)'&11U<+1&3( J)3&$$-">( Y&A>A( 9&$#,X9Z( -1( ,P;-'+$$P
7&$&.+",()"(,8&(J-'7)U(+"3(J&1)U1'+$&A

J&>+U1'+$&

J+'7)U1'+$&

J&1)U1'+$&

J-'7)U1'+$&

4-J&U1'+$&

/;
+,
-+
$(1
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$&

ON1UOM871 J)",81UP&+71 3&'+3&1 '&",%7-&1
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3.3!  Long-term modelling

3.3.1! Introduction

!#(=&(=+",(,)(3)(1)J&($)">U,&7J(J)3&$$-">(Y-"(+'')73+"'&(=-,8(,8&(,-J&(+"3(1;+'&U1'+$&($&.&$
<&$)">-">(,)(,8&(J)7;8)$)>-'+$(7&1;)"1&()#(+(,-3+$(-"$&,(1P1,&J(,)(+(7-1&()#(,8&(1&+($&.&$Z(=&
"&&3(,)(#)'%1()"(')J;+7+,-.&$P($+7>&($&">,8U1'+$&1A(0))V-">(+,(+(,-3+$(-"$&,R(=&(J+P(,7P(+"3
3&7-.&( $&">,8U1'+$&1(;7&.+-$-">( -"( -,1( $)">U,&7J(J)7;8)$)>-'+$( &.)$%,-)"( #7)J( ,8&( >&)J&,7P
+"3(1-[&()#('8+7+',&7-1,-'(J)7;8)$)>-'+$( #&+,%7&1A( !"(;+7,-'%$+7R(=&(J+P(3-1,-">%-18(<&,=&&"
,-3+$(#$+,1R('8+""&$1R(,8&()%,&7(3&$,+(+"3(,8&(+3H+'&",(')+1,+$(1,7&,'8&1(Y1&&(/&',-)"(MAXZA(!#(,8&
+7&+(#%7,8&7(1&+=+73(-1(1J)),8(YJ)7&()7($&11(#$+,(1$);-">(<&3ZR(-,(-1($-V&$P(,8+,(,8-1(+7&+(&.)$.&1
+,( +( $+7>&7( ,-J&U1'+$&( ,8&"( ,8&( -"$&,A( K&"'&R( ,8-1( +7&+( +',1( +1( +( <)%"3+7P( ')"3-,-)"( #)7( ,8&
J)7;8)$)>-'+$(&.)$%,-)"()#(,8&(-"$&,A

6( 1&')"3( 1'8&J+,-1+,-)"( -"( ,8&( ')+1,+$( J)7;8)3P"+J-'1( -1( ,8&( 3&#-"-,-)"( )#( ;)11-<$&
&i%-$-<7-%J( 1,+,&1A(6"( -"$&,( -"( &i%-$-<7-%J( -1( 3%&( ,)( ,8&( <+$+"'&( <&,=&&"( ,8&( =+.&( &"&7>P
=8-'8(,&"31(,)('$)1&(,8&(-"$&,(+"3(,8&(,-3+$(&"&7>P(=8-'8(J+-",+-"1(,8&();&"-">A(!,(-1(-J;)7,+",
,)( V&&;( -"( J-"3( ,8+,( ")( +<1)$%,&$P( 1,+<$&( )7( -"( &i%-$-<7-%J( -"$&,( &c-1,1( -"( +( 1-,%+,-)"( )#
1->"-#-'+",( $)">18)7&( 1&3-J&",( ,7+"1;)7,]( -,( -1( +$=+P1( 1%<H&',( ,)( '8+">&1( -"( -,1( ;$+"#)7J( +1
=&$$( +1( -"( -,1('7)11U1&',-)"+$(+7&+(+"3(>&)J&,7PA(/,+7,-">(;)-",( #)7()%7( $)">U,&7J(J)3&$$-">
+;;7)+'8( -1( ,8+,( =&( +''&;,( ,8&( &c-1,&"'&( )#( +( Yi%+1-UZ( &i%-$-<7-%J( 1,+,&R( +"3( ,8+,( =&( +7&
1;&'-#-'+$$P( -",&7&1,&3( -"( ,8&( 7&1;)"1&()#( ,8&( 1P1,&J( ,)(3-1,%7<+"'&()#( ,8&( &i%-$-<7-%J(1,+,&A
48&($)">U,&7J(J)3&$(+;;7)+'8(-1(<+1&3()"(,8&(%1&()#(J)7;8)$)>-'+$(&i%-$-<7-%J(7&$+,-)"1(+"3
&i%-$-<7-%J(+11%J;,-)"1(,8+,R(8)=&.&7R(+7&(1,-$$(1%<H&',()#(+',-.&(7&1&+7'8(-".&1,->+,-)"A

48&(+<).&(J&",-)"&3(7+,-)"+$&(#)7J(,8&(<+1-1(#)7(,8&(J)3&$(6/@!46R(+"(+>>7&>+,-)"(+"3(+"
&c,&"1-)"()#(,8&(S/4@T*E(J)3&$(#)7J%$+,-)"(#)7(,-3+$(<+1-"1(YA).*$7E$)FM<$0112ZA(K&7&+#,&7R
=&(3-1'%11(,8&(6/@!46(')"'&;,(+"3(J)3&$(#)7J%$+,-)"A

3.3.2! The ASMITA concept

!"(6/@!46R(,8&(3&>7&&()#(1'8&J+,-1+,-)"(-1(3&,&7J-"&3(<P(,8&(&$&J&",()#(,8&(1P1,&JR(=8-'8
3&$-.&71(,8&($)=&7(<)%"3+7P(,)(,8&(7&$&.+",(1;+,-+$(1'+$&A(48-1(')"'&7"1(,P;-'+$$P(,8&(&<<U,-3+$
3&$,+R(#)7(=8-'8(,8&7&(-1(;7&1&",$P(")(),8&7();,-)"(,8+"(,)(')"1-3&7(-,1(.)$%J&(+1(+"( -",&>7+$
1,+,&(.+7-+<$&(Y1&&(X7).$).6$A)FEC.<$01@YZA(K&"'&(,8&(&<<U,-3+$(3&$,+(-1(J)3&$$&3(+1(+(1-">$&
&$&J&",R(=8-'8(J+V&1(-,("),(.&7P(1&"1-<$&(,)(J)3&$(,8&(,-3+$(<+1-"(+"3b)7(,8&(+3H+'&",(')+1,(-"
J)7&(3&,+-$A

/,+7,-">(=-,8(,8&(1+J&($&.&$()#(1'8&J+,-1+,-)"(+"3(,8%1(%1-">(,8&(1+J&(1;+,-+$(1'+$&1(#)7(+$$
,8&(&$&J&",1(-"(+(,-3+$(-"$&,(1P1,&JR(,8&(#)$$)=-">(<+1-'(&$&J&",1(+7&(-"'$%3&3(-"( ,8&(J)3&$C
,8&(&<<U,-3+$(3&$,+(+1(=8)$&R(,8&(,),+$(-",&7(,-3+$(#$+,(+7&+(-"(,8&(<+1-"R(,8&(,),+$('8+""&$(.)$%J&
-"( ,8&( <+1-"( +"3( ,8&( +3H+'&",( ')+1,1( +,( &-,8&7( 1-3&( )#( ,8&( -"$&,R( 1&&( E->%7&( XAMA( 6( 1;&'-#-'
3&#-"-,-)"()#(&$&J&",(3-J&"1-)"1b.)$%J&1(-1(>-.&"(-"(6;;&"3-c(6A
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48&(J)1,(-J;)7,+",(8P;),8&1-1(%1&3(-"(,8&(J)3&$(')"'&;,(-1(,8+,(+(J)7;8)$)>-'+$(&i%-$-<7-%J
'+"(<&(3&#-"&3(#)7(&+'8(&$&J&",(3&;&"3-">()"(,8&(8P37)3P"+J-'(')"3-,-)"1(Y&A>A(,-3+$(;7-1JR
,-3+$( 7+">&Z(+"3(J)7;8)J&,7-'( Y&A>A(<+1-"(+7&+Z( -,( -1( 1%<H&',&3( ,)A(48&(&c-1,&"'&()#( 1%'8( +"
&i%-$-<7-%J(8+1(<&&"(1%;;)7,&3(<P(.+7-)%1( #-&$3( -".&1,->+,-)"1R(=8-'8(8+.&( 7&1%$,&3( +$1)( -"
&J;-7-'+$( 7&$+,-)"1( <&,=&&"( 1,+,&( .+7-+<$&1( +"3( ;+7+J&,&71( )#( ,8&( >).&7"-">( 8P37)3P"+J-'
+"3(J)7;8)J&,7-'(')"3-,-)"1(Y1&&(/&',-)"(MAfZA(!"(>&"&7+$R(,8&(Y37P()7(=&,Z(.)$%J&(57$)#(+"
&$&J&",(-"(+(1,+,&()#(J)7;8)U3P"+J-'(&i%-$-<7-%JR(8+1(+;;&+7&3(,)(<&(8->8$P(')77&$+,&3(,)(,8&
,-3+$(7+">&(KR(,8&(,-3+$(;7-1J(L(+"3(,8&(<+1-"(+7&+(bZA

5 5 V = b7 7 Z' Y R R Z YXAOZ

!#($&">,8U1'+$&1()#(&$&J&",1(Y&1;&'-+$$P(,8+,()#(,8&(,-3+$(#$+,Z(+7&(1J+$$(')J;+7&3(,)(,8&($&">,8
)#(,8&(,-3+$(=+.&R(,8&"(=&(J+P("&>$&',(1;+,-+$(.+7-+,-)"1(-"(=+,&7($&.&$(+"3(')J;%,&(,8&(,-3+$
;7-1J(#7)JC

V = b 5Z [' ! ( YXAMZ

=8&7&(bZ$&i%+$1( ,8&( ,),+$(<+1-"(+7&+( nJMo(+"3(5[$ ,8&( ,),+$(.)$%J&( nJXo( )#( ,8&( #$+,1(<&,=&&"
J&+"($)=(=+,&7($&.&$(Y@0:Z(+"3(J&+"(8->8(=+,&7($&.&$(Y@K:ZA

6( 1&')"3( 8P;),8&1-1( %1&3( -"( ,8&(J)3&$( ')"'&;,( -1( <+1&3( )"( 1,%3-&1( )#(X7$ 58,7.6$ /01134R
=8&7&( -,( -1(18)="(,8+,( ,8&(3-##&7&",(&$&J&",1('+""),(<&( -1)$+,&3(#7)J(&+'8(),8&7(=8&"( ,8&-7
J)7;8)$)>-'+$( 3&.&$);J&",( -1( ')"1-3&7&3A( 48&( -",&7+',-)"( <&,=&&"( ,8&( 3-##&7&",( &$&J&",1
,87)%>8(1&3-J&",(&c'8+">&(;$+P1(+"(-J;)7,+",(7)$&(#)7(,8&(J)7;8)$)>-'+$(3&.&$);J&",()#(,8&
=8)$&( 1P1,&J(+1(=&$$( +1( )#( ,8&( -"3-.-3%+$(&$&J&",1A( !,( -1( +11%J&3( ,8+,(+( $)">U,&7J(7&1-3%+$
1&3-J&",(&c'8+">&()''%71(<&,=&&"(,8&(,-3+$(#$+,(+"3(,8&('8+""&$R(,8&('8+""&$(+"3(,8&(&<<U,-3+$
3&$,+(+"3(<&,=&&"(,8&(&<<U,-3+$(3&$,+(+"3(,8&(+3H+'&",(')+1,A(48&(1&3-J&",(&c'8+">&(=-,8(,8&
1%77)%"3-">([)"&1R(&A>A(,8&(#)7&18)7&(+"3(,8&(')+1,+$(1,7&,'8&1(#%7,8&7(+=+PR(-1(+11%J&3("),(,)
;$+P(+(V&P(7)$&(-"(,8&(J)7;8)3P"+J-'(-",&7+',-)"1(')"1-3&7&3A(E%7,8&7J)7&(-,(-1(+11%J&3(,8&
3&.&$);J&",( )#( 1%77)%"3-">( [)"&1( Y,8&( 1)U'+$$&3( g)%,1-3&( =)7$3hZ( 8+1( ")( -"#$%&"'&( )"( ,8&
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3.3.3! Model formulation

48&(&.)$%,-)"()#(+(,-3+$(-"$&,(&$&J&",b1P1,&J(,)=+731(+(1,+,&()#(&i%-$-<7-%J('+"(<&(3&1'7-<&3
-"(,&7J1()#(,8&("&&3(+"3(,8&(+.+-$+<-$-,P()#(1&3-J&",(-"(,8&(&$&J&",b1P1,&JR(=8-'8(-1(,P;-'+$
#)7(<&8+.-)%7()7-&",&3(J)3&$$-">A

48&(#-71,(#+',)7(>).&7"-">(,8&(&.)$%,-)"(,)=+731(+(1,+,&()#(&i%-$-<7-%JR(-1(,8&("&&3()#(1&3-J&",
-"( +"( &$&J&",A( 48-1( "&&3( )#( 1&3-J&",( -1( 7&;7&1&",&3( <P( ,8&( 3-##&7&"'&( -"( FC&)F$ 7cK,F,Z8,KD
&C.&7.E8)E,C.( &7( -"( ,8&( &$&J&",( +"3( ,8&( CB78)FF$ 7cK,F,Z8,KD$ &C.&7.E8)E,C.( &'A( 48&( $)'+$
&i%-$-<7-%J(')"'&",7+,-)"(&7(-"3-'+,&1(,)(=8+,(&c,&",(,8&(&$&J&",(.)$%J&(5$3&.-+,&1(#7)J(-,1
&i%-$-<7-%J(57$+"3( ,8%1(>-.&1(+"( -"3-'+,-)"()#( ,8&(&$&J&",1("&&3()#( 1&3-J&",A(4)( 7&;7&1&",
,8-1(<&8+.-)%7(+(1-J;$&(;)=&7(7&$+,-)"(-1(%1&3(#)7(,8&($)'+$(&i%-$-<7-%J(')"'&",7+,-)"C
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=8&7&(,8&(;)=&7(.$-1($+7>&7(,8+"()"&R(J%1,(')JJ)"$P(,+V&"(+1(M(-"(')J;$-+"'&(=-,8(+(,8-73
;)=&7(#)7(,8&(1&3-J&",(,7+"1;)7,(+1(+(")"U$-"&+7(#%"',-)"()#(,8&(J&+"(#$)=(.&$)'-,PA(48&(1->"
)#(,8&(;)=&7(.(3&;&"31()"(,8&(3&#-"-,-)"()#(,8&(&$&J&",(.)$%J&(5(Y+"3(,8%1()"(57ZA(:8&"(,8&
&$&J&",( .)$%J&( 7&;7&1&",1( +( g=&,h( .)$%J&R( ,8&( 1->"( )#( .( -1( "&>+,-.&R( -"( '+1&( ,8&( .)$%J&
7&;7&1&",1(+(g37Ph(.)$%J&R(,8&(1->"()#(.(-1(;)1-,-.&A(6(g=&,h(.)$%J&(7&;7&1&",1(+(=+,&7(.)$%J&
Y&A>A( ,8&(=+,&7( .)$%J&( )#( ,8&( '8+""&$1( <&$)=(@0:ZR( +( g37Ph( .)$%J&( 3&1'7-<&1( +( 1&3-J&",
.)$%J&(Y&A>A(,8&(1&3-J&",(.)$%J&()#(,8&(#$+,1(+<).&(@0:ZR(1&&(+$1)(6;;&"3-c(6A

48&(CB78)FF$7cK,F,Z8,KD$&C.&7.E8)E,C.(&'(-1(3&#-"&3(<P(,8&(#)$$)=-">(+7>%J&",C(=8&"(+$$(,8&
&$&J&",1(-"(,8&(J)7;8)$)>-'+$(1P1,&J(+7&(-"(&i%-$-<7-%J(+(')"1,+",(1&3-J&",(')"'&",7+,-)"(-1
;7&1&",( -"( ,8&(=8)$&( 1P1,&J]( ,8&(CB78)FF$ 7cK,F,Z8,KD$ &C.&7.E8)E,C.( &'A( 61( ,8&( 1%77)%"3-">
[)"&1(Y,8&(1)U"+J&3(g)%,1-3&(=)7$3hZ()#(,8&(-"$&,(+7&(+11%J&3(+$=+P1(-"(+(1,+,&()#(&i%-$-<7-%J
YJ&+"-">(,8+,(,8&(3&.&$);J&",()#(,8&(,-3+$(-"$&,(8+1(")(-"#$%&"'&()"(,8&(3&.&$);J&",()#( ,8&
g)%,1-3&( =)7$3hZ( ,8&P( +',( +1( ,8&( <)%"3+7P( )#( ,8&( 1P1,&J( =-,8( ,8&( CB78)FF$ 7cK,F,Z8,KD
&C.&7.E8)E,C.$&'(+1(<)%"3+7P(')"3-,-)"A
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+'')JJ)3+,-)"( 1;+'&A( !"( '+1&( ,8&( $)'+$( &i%-$-<7-%J( ')"'&",7+,-)"( &7( -1( 1J+$$&7( ,8+"( ,8&
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1&3-J&",( -"( ,8&( 1%77)%"3-">( &$&J&",1A( 48&( '8+">&( )#( &$&J&",( .)$%J&R( 7&;7&1&",-">( ,8&
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&7)1-)"( )7( 1&3-J&",+,-)"R( 3&;&"31( )"( ,8&( +.+-$+<-$-,P( )#( 1&3-J&",( =8-'8( -1( +11%J&3
;7);)7,-)"+$( ,)( ,8&( 3-##&7&"'&( -"( $)'+$( &i%-$-<7-%J(')"'&",7+,-)"(&7( +"3( ,8&( +',%+$( 1&3-J&",
')"'&",7+,-)"(&A(48&(.)$%J&('8+">&(#)7(+"(+7<-,7+7P(&$&J&",(7&+31C

0 165
6E

+ b & &? 7' ! ! ( YXAfZ

=8&7&(+?(nJb1o(-1(,8&(.&7,-'+$(&c'8+">&(7+,&(+"3(b(nJMo(-1(,8&(8)7-[)",+$(+7&+()#(,8&(&$&J&",A
S7)1-)"( )''%71( =8&"( ,8&( +',%+$( 1&3-J&",( ')"'&",7+,-)"( -1( 1J+$$&7( ,8+"( ,8&( &i%-$-<7-%J
')"'&",7+,-)"R(1&3-J&",+,-)"()''%71(=8&"(,8&(+',%+$(1&3-J&",(')"'&",7+,-)"(-1($+7>&7(,8+"(,8&
&i%-$-<7-%J( ')"'&",7+,-)"A( 48&( +.+-$+<-$-,P( )#( 1&3-J&",( 3&;&"31( )"( ,8&( 1&3-J&",( J+11
<+$+"'&()#( ,8&(&$&J&",A(611%J-">( ,8&( 7&1-3%+$(3-##%1-.&( ,7+"1;)7,( 3)J-"+,-">R( ,8&( 1&3-J&",
<+$+"'&()#(+"(+7<-,7+7P(&$&J&",(-1(&c;7&11&3(<PC
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"&->8<)%7-">( ,8&( )"&( +,( 8+"3A(48-1( 3-##%1-.&( &c'8+">&R( 7&;7&1&",-">( ,8&( $)">U,&7J( 7&1-3%+$
,7+"1;)7,R( -1( ')",7)$$&3( <P( ,8&( 3-##&7&"'&( -"( +',%+$( $)'+$( 1&3-J&",( ')"'&",7+,-)"1( $&( )#
+3H+'&",(&$&J&",1(+"3(,8&(8)7-[)",+$(&c'8+">&(7+,&1(2A

:-,8(7&1;&',(,)(,8&(&c,&7"+$(#)7'-">()#(+( 7-1-">(1&+( $&.&$( -"( ,8&(1P1,&JR(=&(#)'%1()"(+( ,-J&U
-".+7-+",(1&+($&.&$(7-1&(Y!"#ZA(48&(7+,&()#(,8&(.)$%J&(-"'7&+1&(b(3&'7&+1&(5U( nJXbP&+7o()#(+"
&$&J&",('+%1&3(<P(,8-1(1&+($&.&$(7-1&R('+"(<&(=7-,,&"(+1C
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=8&7&( 6 6E4 p( 7+,&( )#( 1&+( $&.&$( 7-1&( )7( !"#$ nJbP&+7oA( :8&,8&7( 1&+( $&.&$( 7-1&( 7&1%$,1( -"( +
.)$%J&(-"'7&+1&()7(3&'7&+1&()#(,8&(&$&J&",(3&;&"31()"(,8&(3&#-"-,-)"()#(-,1(.)$%J&A( !"('+1&
,8&( &$&J&",( .)$%J&( -1( 3&#-"&3( +1( g=&,h( Y&A>A( ,8&( '8+""&$ZR( ,8&( 1&+( $&.&$( 7-1&( 7&1%$,1( -"( +"
-"'7&+1&()#(g=&,h(.)$%J&A(!"('+1&(,8&(&$&J&",(-1(3&#-"&3(+1(g37Ph(Y&A>A(,8&(#$+,1ZR(,8&(1&+($&.&$
7-1&(7&1%$,1(-"(+(3&'7&+1&()#(g37Ph(.)$%J&A(/%;&7-J;)1-">(,8-1(.)$%J&(-"'7&+1&( b(3&'7&+1&( ,)
,8&(&.)$%,-)"(3&1'7-<&3(<P(YXAfZ(>-.&1C
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6E

+ b & & b 6
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4 YXAeZ

48-1(')"'$%3&1( ,8&(<+1-'(6/@!46(J)3&$( #)7J%$+,-)"R(=8-'8(=&(+;;$P( -"( ,8&("&c,( 1&',-)"1
=8&7&(=&(-".&1,->+,&(,8&(7&1;)"1&()#(+(,-3+$(-"$&,(,)(+(7-1-">(1&+($&.&$(+"3(3&7-.&(,8&(J+c-J%J
7+,&()#(1&+($&.&$(7-1&(+(,-3+$(-"$&,(1P1,&J(-1(+<$&(#)$$)=(=-,8)%,(37)="-">(Y1,+<-$-,P($-J-,ZA

3.4! Stability limit analysis of modelled tidal inlet systems

3.4.1! Introduction

K-1,)7P( ,&+'8&1( %1( ,8+,( ,-3+$( -"$&,1( Y1%'8( +1( -"( ,8&( 9%,'8(:+33&"( /&+Z( +7&( +<$&( ,)( +3+;,
,8&J1&$.&1(,)(+(7-1&()#(,8&(1&+($&.&$(Y1&&(/&',-)"(MAOAMZA(48-1(3P"+J-'(+3+;,-.&(<&8+.-)%7(-1
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)"&()#( ,8&(V&P('8+7+',&7-1,-'1()#( ,-3+$( -"$&,1(+"3( -,( '+"(<&(&c;$+-"&3(<P( ,8&( ;8&")J&")"( )#
1&3-J&",( 3&J+"3( Y1&&( /&',-)"( MAMA_ZA( !#( ,8&( ')+1,+$( 1,7&,'8( +"3( )##18)7&( =+,&71( Yg)%,1-3&
=)7$3hZ(+3H+'&",(,)(,8&(,-3+$(-"$&,('+"(1+,-1#P(,8&(3&J+"3R(,8&(1P1,&J(-1($-V&$P(,)(#)$$)=(,8&(1&+
$&.&$(7-1&(Y;7)<+<$P(+,(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%JZA(!#(,8&(g)%,1-3&(=)7$3h(-1("),(+<$&
,)(1+,-1#P(,8&(1&3-J&",(3&J+"3R(37)="-">()#(,8&(1P1,&J(-1(+(1&7-)%1(,87&+,A(K&7&+#,&7(=&(=-$$
3&;$)P(6/@!46(,)(i%+",-,+,-.&$P(-".&1,->+,&(,8&(7&1;)"1&()#(+(,-3+$(-"$&,(,)(+(7-1-">(1&+($&.&$
+"3( ,)( #-"3( ,8&(J+c-J%J( 7+,&( )#( 1&+( $&.&$( 7-1&( +( ,-3+$( -"$&,( '+"( #)$$)=( =-,8)%,( 37)="-">
Y'+$$&3(1,+<-$-,P($-J-,ZA(48-1(+"+$P1-1(1,+7,1(=-,8($))V-">()"$P(+,(,8+,(&$&J&",()#(,8&(-"$&,(,8+,
;7&1%J+<$P(3)J-"+,&1( ,8&( 7&1;)"1&()#( ,8&(&",-7&( 1P1,&JA(/%<1&i%&",$PR( ,8&(+"+$P1-1(=-$$( <&
&c;+"3&3(,)(,8&(J)7&(')J;$-'+,&3(,87&&U&$&J&",(+;;7)+'8A

3.4.2! Single element model

61(,8&('8+""&$(&$&J&",()#(,8&(,-3+$(-"$&,(1P1,&J(-1(+('&",7+$(&$&J&",(;8P1-'+$$PR(-,(-1(,+V&"(+1
,8&(<+1-1( #)7( ,8&( 1-">$&(&$&J&",(J)3&$A( !"( ,8-1(J)3&$(=&(;7&1%J&( ,8+,('8+""&$(&.)$%,-)"( -1
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;$+"&()#(,8&(;7&1&",&3('7)11U1&',-)"A
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E->%7&(XAOMC( 27)11U1&',-)"1()#(;8+1&(1;+'&(+,(3P"+J-'(&i%-$-<7-%J(1,+,&1()#(,87&&U&$&J&",(J)3&$R(")(1&+($&.&$
7-1&A

3.4.5! Main Results of Stability Limit Analysis

E7)J(,8&(#)7&>)-">(1&',-)"1(=&(J+P(')"'$%3&(,8+,(-"('+1&()#(1&+($&.&$(7-1&(,8&(J)7;8)$)>-'+$
&$&J&",1()#(,8&(,-3+$(-"$&,(1P1,&J(8+.&(,)(+$,&7(,8&-7(.)$%J&(Y7&;7&1&",-">(,8&-7(J)7;8)$)>-'+$
1,+,&Z(;&7J+"&",$P(,)(7&+'8(+(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%J(Y7&;7&1&",&3(<P(.)$%J&(57m ZA
48-1( 3-##&7&"'&( -"( .)$%J&( Y57m d57 Z$ -1( "&'&11+7P( ,)( J+-",+-"( ,8&( "&&3( )#( 1&3-J&",( =8-'8
-"'-,&1(+(1&3-J&",(-J;)7,(-",)(,8&(1P1,&J(,)(1%'8(+"(&c,&",(,8+,(,8&(1P1,&J(3)&1("),(37)="A

E%7,8&7(=&(3&7-.&3(,8+,(#)7(,8&(J)3&$$&3(,-3+$(-"$&,(1P1,&J1(+"(%;;&7(<)%"3+7P(&c-1,1(#)7(,8&
!7)$"7B7F$#,?7$/!"#4R(,8&(1)U'+$$&3(g1,+<-$-,P($-J-,hA(:8&"(,8&(!"#(&c'&&31(,8-1(1,+<-$-,P($-J-,R
,8&(1P1,&J(=-$$(")($)">&7(7&>+-"(+(1,+,&()#(3P"+J-'(&i%-$-<7-%J(+"3(37)="A(48-1(1,+<-$-,P($-J-,
3&;&"31()"(,8&(>&)J)7;8)$)>-'+$('8+7+',&7-1,-'1()#(,8&(1P1,&JA(!"(,8&(1'8&J+,-1+,-)"()#(+(,=)
)7( ,87&&U&$&J&",( 1P1,&J(=&(J+P( 3&7-.&( +( 1,+<-$-,P( $-J-,( #)7( &+'8( &$&J&",A( 48&( 1J+$$&1,( )#
,8&1&(,87&&(1,+<-$-,P($-J-,1(-1(3&,&7J-"+,-.&(#)7(,8&(1P1,&JA(E)7(<),8('+1&1(Y,8&(,=)(+"3(,87&&
&$&J&",( 1P1,&JZ( ,8&( #$+,( &$&J&",( 3&,&7J-"&1( ,8&( 1,+<-$-,P( )#( ,8&( 1P1,&JA(48-1( 3&,&7J-"+,-.&
$-J-,(-1(8&"'&#)7,8(7&#&77&3(,)(+1(!"#$-J-,A

3.5! Sensitivity analysis on the stability limit

3.5.1! Introduction

!"(,8&(;7&.-)%1(1&',-)"(=&(8+.&(J)3&$$&3(+(#-',-,-)%1(,87&&U&$&J&",(,-3+$(-"$&,(1P1,&J(-"(=8-'8
,8&(;7);&7,-&1( )#( &+'8( &$&J&",( +7&( ,8&( 1+J&( Y1+J&( +7&+R( &i%-$-<7-%J(.)$%J&( &,']( 1&&( 4+<$&
XAXZA(48-1(1-,%+,-)"()#(&i%-.+$&",(&$&J&",1(-1("),( $-V&$P( ,)(<&(1&&"(-"(+("+,%7+$(<+77-&7(')+1,A
48&7&#)7&( -,( -1( )#( -",&7&1,( -#( .+7-+,-)"( )#( >&)J&,7-'+$( ;7);&7,-&1( 8+1( -J;+',( )"( ,8&( $-J-,( )#
1,+<-$-,P(Y!"#$-J-,Z()#(,8&(J)3&$$&3(,-3+$(-"$&,(1P1,&JA

!"(/&',-)"(XAaAM(,8&(1,7%',%7&()#(,8&(1&"1-,-.-,P(+"+$P1-1(+"3(+(1%JJ+7P()#( ,8&(.+7-+<$&1( ,8+,
J->8,(-"#$%&"'&(,8&(1,+<-$-,PU7&$+,&3()%,')J&1()#(,8&(J)3&$(+7&(>-.&"A(48&(#)$$)=-">(1&',-)"
3&+$1(=-,8( ,8&( -J;+',()#( ,8&1&( .+7-+<$&( .+7-+,-)"1(+"3( ,8&-7(J)7;8)$)>-'+$(&c;$+"+,-)"A(48&
;7&1&",(1&"1-,-.-,P(+"+$P1-1(3-##&71(#7)J(,8&(1&"1-,-.-,P(+"+$P1-1(;&7#)7J&3(<P(NK,-?D).$/011@4
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<&'+%1&(-"(,8-1(7&1&+7'8(,8&(1,+<-$-,P($-J-,()#(,8&(,-3+$(-"$&,(1P1,&J(-1(1%<H&',()#(1,%3P(-"1,&+3
)#(,8&(J)3&$(7%"(7&1%$,1A

3.5.2! Input  coefficients three-element model

6"+$)>)%1$P(,)(,8&(1,+<-$-,P($-J-,(#)7(,8&(1-">$&(+"3(,=)(&$&J&",(J)3&$(-"(/&',-)"(XAfAM(+"3
XAfAX( =&(J+P( 3&7-.&( ,8+,( ,8&( $-J-,( )#( 1,+<-$-,P( -"( ,8&( ,87&&U&$&J&",( J)3&$( 3&;&"31( )"( ,8&
.+7-+<$&1( ;7&1&",&3( -"( 4+<$&( XAfA( 48&1&( .+7-+<$&1( J+P( <&( '+,&>)7-1&3( +1( &$&J&",( +7&+1R
8)7-[)",+$( &c'8+">&( 7+,&1R( .&7,-'+$( &c'8+">&( 7+,&1( +"3( g)%,1-3&( =)7$3h( &i%-$-<7-%J
')"'&",7+,-)"A

4+<$&(XAfC(G+7-+<$&1(.-+<$&(#)7(1&"1-,-.-,P(+"+$P1-1
2)&##-'-&", 9&1'7-;,-)" %"-, E-',-,-)%1('+1&
6# 4-3+$(#$+,(+7&+ JM _OAa!ON_
6' 28+""&$(+7&+ JM _OAa!ON_
63 S<<U,-3+$(3&$,+(+7&+ JM _OAa!ON_

2'# K)7-[)",+$(&c'8+">&(7+,&(<&,=&&"('8+""&$(+"3(#$+, JXb1 ONNN
23' K)7-[)",+$(&c'8+">&(7+,&(<&,=&&"(3&$,+(+"3('8+""&$ JXb1 ONNN

2)3
K)7-[)",+$( &c'8+">&( 7+,&( <&,=&&"( g)%,1-3&( =)7$3h
+"3(3&$,+ JXb1 ONNN

=1 G&7,-'+$(&c'8+">&(7+,& Jb1 NANNNO
'S gT%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)" U NANNNM

3.5.3! Sensitivity Analysis

!"(,8&(#)$$)=-">(1&',-)"1(,8&(-J;+',()"(,8&(!"#$-J-,(<P(.+7-+,-)"()#(-";%,(.+$%&1(-1(+11&11&3A
E)7(&+'8('+,&>)7P()#(.+7-+<$&1(,=)(i%&1,-)"1(+7&(;)1&3C(3)&1('8+">-">(,8&(.+7-+<$&(.+$%&(8+.&
-J;+',()"(,8&(3&,&7J-"+,-.&(1,+<-$-,P($-J-,(+"3(=8+,(-1(,8&(J)7;8)$)>-'+$(&c;$+"+,-)"()#(,8&1&
!"#$-J-,('8+">&1?

!"(,8&(1&"1-,-.-,P(+"+$P1-1(=&(=-$$(.+7P(,8&(.+7-+<$&1()#(&+'8('+,&>)7P()"&(<P()"&(+7)%"3(,8&-7
#-',-,-)%1(.+$%&(;7&1&",&3(-"(4+<$&(XAfA(48-1(=+P(=&(+11&11(,8&(-J;+',()#(,8&(.+7-+,-)"()#(,8&
.+7-+<$&()"(,8&(!"#$-J-,A(48&(7&1%$,1()#(,8&(1&"1-,-.-,P(+"+$P1-1(+7&(;7&1&",&3(-"(#->%7&1(=8-'8
+$$(8+.&(,8&(1+J&(1,7%',%7&C
"! 48&(.+7-&3(.+7-+<$&(-1(;7&1&",&3()"(,8&(8)7-[)",+$(+c-1(Y")7J+$-1&3(#)7(,8&(.+7-+<$&(.+$%&

;7&1&",&3(-"(4+<$&(XAfZ
"! 48&(+'')J;+"P-">(!"#$-J-,(-1(;7&1&",&3()"(,8&(.&7,-'+$(+c-1
"! 48&(8)7-[)",+$($-"&(7&;7&1&",1(,8&(!"#$-J-,(#)7(,8&(.+7-+<$&(.+$%&1(;7&1&",&3(-"(4+<$&(XAfA

E)7( ,8&( #-',-,-)%1( ,87&&U&$&J&",( ,-3+$( -"$&,(J)3&$R( ,8&(.+7-+<$&(.+$%&1(;7&1&",&3( -"(4+<$&(XAf
7&1%$,(-"(+(!"#$-J-,()#(O__('Jb'&",%7P(Y1&&(E->%7&(XAOOZA

Sensitivity to change of area

G+7P-">(,8&(+7&+()#(,8&(&$&J&",1(1&&J1(,)(8+.&(>7&+,(-J;+',()"(,8&(1,+<-$-,P($-J-,()#(,8&(,-3+$
-"$&,A(48&( #$+,( +7&+( -1( 3&,&7J-"+,-.&( +"3(8+1( ,8&( >7&+,&1,( -J;+',( )"( ,8&( 1,+<-$-,P( $-J-,(=8&"
-"'7&+1&3()7(3&'7&+1&3( Y#$+,( +7&+R(E->%7&(XAOXZA(:8&"( ,8&( #$+,( +7&+( -1( -"'7&+1&3( ,8&( 1,+<-$-,P
$-J-,(3&'7&+1&1R(=8&"(3&'7&+1&3(,8&(1,+<-$-,P( $-J-,( -"'7&+1&1A(48&(1+J&(+;;$-&1( ,)('8+">&()#
'8+""&$(+7&+(Y1&&('8+""&$(+7&+R(E->%7&(XAOXZ(+"3(3&$,+(+7&+( Y1&&(3&$,+(+7&+R(E->%7&(XAOXZ(<%,
,8&(-J;+',()"(,8&(1,+<-$-,P($-J-,()#(,8&1&('8+">&1(-1($&11(1->"-#-'+",A
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&<<U,-3+$( 3&$,+( ,8&( -J;+',( )"( ,8&( !"#$-J-,( )#( +"( +7&+( '8+">&( 3&'7&+1&1( <&'+%1&( =&( J).&
'$)1&7(,)(,8&(1&3-J&",(1)%7'&A

Sensitivity to change of horizontal exchange rate

48&($)">U,&7J(7&1-3%+$(3-##%1-.&(,7+"1;)7,(<&,=&&"(,=)(+3H+'&",(&$&J&",1(-1(')",7)$$&3(<P(,8&
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XAXAXZA(48&($+7>&7(,8&(8)7-[)",+$(&c'8+">&(7+,&R(,8&(J)7&(1&3-J&",(=-$$(<&(&c'8+">&3(-1('+1&
)#(3-##&7&"'&(-"($)'+$(1&3-J&",(')"'&",7+,-)"(<&,=&&"(,=)(+3H+'&",(&$&J&",1A(6('8+">&()#(,8&
8)7-[)",+$(&c'8+">&( 7+,&(<&,=&&"( ,8&( g)%,1-3&(=)7$3h(+"3( ,8&(&<<U,-3+$(3&$,+( 1&&J1( ,)(8+.&
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!#(,8&(8)7-[)",+$(&c'8+">&(7+,&(-1(-"'7&+1&3(J)7&(1&3-J&",(-1(+$$)=&3(,)(&",&7(,8&(1P1,&J(+"3
1+,-1#P(,8&(1&3-J&",(3&J+"3(7&1%$,-">(#7)J(,8&(1&+($&.&$(7-1&A(48-1(&##&',(-1($&11(;7)")%"'&3
#)7(,8&(8)7-[)",+$(&c'8+">&(7+,&(<&,=&&"(,8&('8+""&$(+"3(,8&(#$+,(Y8)7-[)",+$(&c'8+">&('#R(1&&
E->%7&(XAOfZ(+"3( ,8&7&#)7&(.+7P-">( ,8-1( 7+,&(8+1( 7&$+,-.&$P( $&11( -J;+',( )"( ,8&( 1,+<-$-,P( $-J-,A
6>+-"R( -#( =&(=+",( ,)( &c;$+-"( ,8-1( 1&"1-,-.-,P( =&( ')"1-3&7( ,8&( -"$&,( +1( +( 1&7-+$( 1P1,&JA( 48&
1&3-J&",(&c'8+">&(<&,=&&"(,8&(g)%,1-3&(=)7$3h(+"3(,8&(1P1,&J(-1(>).&7"&3(<P(,8&(8)7-[)",+$
&c'8+">&(7+,&()#(,8&(g)%,1-3&(=)7$3h(=-,8(,8&(&<<U,-3+$(3&$,+A(!#(,8-1(&c'8+">&(7+,&(-1(3&'7&+1&3
-,( =)7V1( +1( +( <),,$&"&'V( +"3( 3&;7-.&1( ,8&( 1P1,&J( )#( ,8&( 1&3-J&",( "&'&11+7P( ,)( 1+,-1#P( -,1
3&J+"3&3A(48&7&#)7&(+('8+">&(-"(,8-1(.+7-+<$&(8+1(,8&(>7&+,&1,(-J;+',()"(,8&(1,+<-$-,P($-J-,()#
,8&(1P1,&JA

Sensitivity to change of equilibrium concentration

48&(&i%-$-<7-%J(')"'&",7+,-)"(-"(,8&(g)%,1-3&(=)7$3h(-1(,8&(1&3-J&",(;7).-3&7()#(,8&(1P1,&JA
!"()%7(,87&&U&$&J&",(J)3&$( ,8-1()%,1-3&(=)7$3(').&71( ,8&(')+1,+$(1,7&,'8(+"3(,8&(3&&;&7()##U
18)7&(=+,&71A(48&(1&3-J&",(+.+-$+<$&( -"( ,8-1(g)%,1-3&(=)7$3h(')J&1(J+-"$P( #7)J( ,8&(')+1,+$
1,7&,'8&1R(+,(&-,8&7(1-3&()#(,8&()%,&7(3&$,+A((48&(&i%-$-<7-%J(')"'&",7+,-)"(7&#$&',1(,8&(1&3-J&",
')"'&",7+,-)"(J+3&(+.+-$+<$&(<P(=+.&U-"3%'&3(1&3-J&",(J),-)"A(48&(,7+"1;)7,(,)(,8&(-"$&,(-1
;&7#)7J&3(<P(=+.&( -"3%'&3( $)">18)7&( '%77&",1A(\&+7( ,8&( -"$&,R( ,-3+$( '%77&",1( ,+V&( ).&7( ,8&
1&3-J&",( ,7+"1;)7,R( ,7+"1;)7,-">( -,( -",)( ,8&(<+1-"A(48&7&#)7&( ,8&( g)%,1-3&(=)7$3h( &i%-$-<7-%J
')"'&",7+,-)"( -1( 3&;&"3&",( )"( ,8&( =+.&( +',-)"( Y#)7( ,8&( %;U1,-77-">( ;7)'&11ZR( ,8&( $)">18)7&
'%77&",(+"3()#(')%71&(,8&(+.+-$+<-$-,P()#(1&3-J&",(+$)">(,8&(')+1,+$(1,7&,'8&1A
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E->%7&(XAOaC( /&"1-,-.,P()#(,8&(!"#$-J-,(,)('8+">&()#(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"

E->%7&(XAOa(18)=1(,8+,(')J;+7&3(,)(,8&(),8&7(+"+$P1&3(.+7-+<$&1R(,8&($+7>&1,(1&"1-,-.-,P()#(,8&
!"#$-J-,(-1(,)(.+7-+,-)"1(-"(,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"A(6"(-"'7&+1&()#(,8&
')"'&",7+,-)"(;7).-3&1(J)7&(1&3-J&",(,)(,8&(1P1,&J(+"3(,8%1(J+V&1(,8&(1P1,&J(J)7&(7&1-1,+",
,)( +( 1&+( $&.&$( 7-1&A( 6( 3&'7&+1&( )#( ,8&( ')"'&",7+,-)"( 3&;7-.&1( ,8&( 1P1,&J( )#( -,1( "&'&11+7P
")%7-18J&",('+;+'-,P(+"3($)=&71(,8&(1,+<-$-,P($-J-,()#(,8&(1P1,&JA

Sensitivity to change in vertical exchange rate

61(E->%7&(XAO_(18)=1R(+('8+">&(-"(,8&(.&7,-'+$(&c'8+">&(7+,&(+?$8+1(+(7&$+,-.&$P(1J+$$(-J;+',
)"(,8&(1,+<-$-,P($-J-,()#(,8&(1P1,&JA(T"$P(+(.+7-+,-)"(-"( ,8&(.&7,-'+$(&c'8+">&(7+,&( -"( ,8&(#$+,
&$&J&",( '+%1&1( "),-'&+<$&( '8+">&( -"( ,8&( 1,+<-$-,P( $-J-,R( ,8)%>8( -,( )"$P( <&')J&1( 1->"-#-'+",
'$)1&(,)([&7)R(3&'7&+1-">(,8&(+<-$-,P()#(,8&(#$+,1(,)(+''7&,&A
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E->%7&(XAO_C /&"1-,-.,P()#(,8&(!"#$-J-,(,)('8+">&()#(.&7,-'+$(&c'8+">&(7+,&(Y")7J+$-1&3Z

3.6! Conclusions

!"( ,8&( ;7&'&3-">( 1&',-)"1( =&( 8+.&( 3-1'%11&3( ,8&( $)">U,&7J( J)7;8)$)>-'+$( 7&1;)"1&( )#( +
#-',-,-)%1(,-3+$(-"$&,(,)(+(1&+($&.&$(7-1&(Y!"#ZA(5&'+%1&()#(,8&(1;+'&(+"3(,-J&U1'+$&1()#(-",&7&1,
Y<&$)">-">( ,)( ,8-1( !"#Z( =&( 8+.&( 7&.&7,&3( ,)( +"( +>>7&>+,&3U1'+$&( J)3&$$-">( +;;7)+'8
Y6/@!46Z( -"( )73&7( "),( ,)( <&( <),8&7&3( <P( ,8&( ;7&3-',+<-$-,P( $-J-,1( -"8&7&",( ,)( ;7&1&",$P
);&7+,-)"+$(;7)'&11U<+1&3(J)3&$$-">A

!"(/&',-)"(XAX(,8&(J)3&$$-">(')"'&;,1()#(6/@!46(8+.&(<&&"(&c;$+-"&3(+"3(-"(/&',-)"(XAf(+"
+"+$P,-'+$(+"+$P1-1(7&1%$,1(-"(+"(%;;&7(<)%"3+7P($-J-,(#)7(,8&(!"#A(:8&"(,8&(!"#(&c'&&31(,8-1
$-J-,( .+$%&( Y!"#$-J-,ZR( ,8&( ,-3+$( -"$&,( 1P1,&J( =-$$( ")( $)">&7( 7&>+-"( +( 1,+,&( )#( 3P"+J-'
&i%-$-<7-%J(+"3(37)="(>7+3%+$$PA

/&',-)"( XAa( 3&+$1( =-,8( +( 1&"1-,-.-,P( +"+$P1-1( )#( ,8&( !"#$-J-,R( -".&1,->+,-">( ,8&( -J;+',( )#
'8+">-">( 1P1,&J( .+7-+<$&1( )"( ,8&( !"#$-J-,A( 48-1( +"+$P1-1( 7&.&+$1( ,8+,( ,8&( g)%,1-3&( =)7$3h
&i%-$-<7-%J(')"'&",7+,-)"(8+1( ,8&(J)1,( 1->"-#-'+",( -J;+',()"( ,8&(!"#$-J-,R( #)$$)=&3(<P( ,8&
&$&J&",(+7&+(+"3(8)7-[)",+$(&c'8+">&( 7+,&(<&,=&&"(+3H+'&",(&$&J&",1A(6('8+">&()#(.&7,-'+$
&c'8+">&(7+,&(1&&J1(,)(8+.&(+(')J;+7+,-.&$P("&>$->-<$&(&##&',()"(,8&(!"#$-J-,A

4)(,7+"1$+,&( ,8&(#-"3-">1()#( ,8&(#-',-,-)%1( -"$&,('+1&( -",)(;7&3-',-)"1(#)7(+',%+$( ,-3+$( -"$&,1R( -"
28+;,&7( f( +( ')%;$&( )#( +',%+$( ,-3+$( -"$&,1( +7&( 1%<H&',&3( ,)( +( 1,+<-$-,P( +"+$P1-1A( 48&( 7&1%$,-">
1,+<-$-,P( $-J-,1( +7&( 1%<H&',&3( ,)( +( 1&"1-,-.-,P( +"+$P1-1( +"3( ,8&( $)">U,&7J( J)7;8)$)>-'+$
7&1;)"1&()#( ,8&( $+,,&7( -"$&,1( ,)( +( 7-1&( )#( ,8&( 1&+( $&.&$( -1( 1-J%$+,&3(=-,8( ,8&(%1&()#(6/@!46
J)3&$(7%"1A
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4! Stability of actual tidal inlets in the Dutch
Wadden Sea

4.1! Introduction

48&(;7&1&",('8+;,&7(')",+-"1(,8&(7&1%$,1()#(+(1,+<-$-,P(+"+$P1-1()#(1)J&(+',%+$(,-3+$(-"$&,1(-"(,8&
9%,'8(:+33&"(/&+(-"(')",7+1,(,)(28+;,&7(XR(=8&7&()"$P(+(#-',-,-)%1(,-3+$(-"$&,(=+1(J)3&$$&3A
!"(28+;,&7(X(=&(+'i%-7&3(-"1->8,(-"(,8&('+;+<-$-,P()#(,8&(J)3&$$&3(,-3+$(-"$&,(1P1,&J(,)(#)$$)=
+(7-1&()#(,8&(1&+($&.&$A(48-1('+;+<-$-,P(;7-J+7-$P(3&;&"31()"(,87&&(#+',)71C
"! 48&(+.+-$+<-$-,P()#(1&3-J&",(+,(,8&(1&+=+73(<)%"3+7P()#(,8&(1P1,&J
"! 48&(1&3-J&",(3&J+"3()#(,8&(1P1,&J
"! 48&('+;+<-$-,P()#(,8&(1P1,&J(,)(3-1,7-<%,&3(,8&(-J;)7,&3(1&3-J&",(-",&7"+$$P

K&7&R(,8&(#-71,(#+',)7(+;;$-&1(,)(,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(&'A(48&(1&')"3
#+',)7R(,8&(1&3-J&",(3&J+"3("&&3&3(,)(V&&;(;+'&(=-,8(,8&(7-1&()#(,8&(1&+($&.&$R(3&;&"31()"(,8&
8)7-[)",+$(+7&+(YbZ()#(,8&(&$&J&",1A(48&(,8-73(#+',)7(+;;$-&1(,)(,8&(8)7-[)",+$(Y2Z(+"3(.&7,-'+$
Y+?Z( &c'8+">&( 7+,&1R( =8-'8( 3-1,7-<%,&3( ,8&( -J;)7,&3( 1&3-J&",( -",&7"+$$P( +"3( '+%1&
1&3-J&",+,-)"()#(,8&(&$&J&",(+7&+1A

:-,8(,8-1(V")=$&3>&(-,(-1(-",&7&1,-">(,)(,&1,(1)J&(+',%+$(-"$&,1(+>+-"1,(,8&-7(1,+<-$-,P(%"3&7(,8&
&c,&7"+$( #)7'-">()#(+( 7-1-">(1&+( $&.&$A( E%7,8&7J)7&R(+1(=&(%1&( -"( ,8&( $+,,&7( 1,+<-$-,P( +"+$P1-1
&1,-J+,&1( #)7( ,8&( +<).&( J&",-)"&3( &$&J&",( ;7);&7,-&1( +"3( +11%J&( ,8+,( -,( -1( 7&+1)"+<$&( ,)
+;;7)c-J+,&( ,8&1&(;7);&7,-&1(+1( ,-J&U-".+7-+",R( +"(+11&11J&",()"( ,8&( -J;+',( )#( .+7-+,-)"( )#
,8&(&$&J&",(;7);&7,-&1()"(,8&(!"#$-J-,(1&&J1(-"(;$+'&A

E)7( ,8&( -",&"3&3( ,&1,1R( =&( #)'%1( )"( -"$&,1( #)7( =8-'8( 1&+( $&.&$( 7-1&( ;$+P1( +( ;7&1%J+<$P
3)J-"+",(7)$&(-"(,8&(&.)$%,-)"A(48-1(-1()%,$-"&3(-"(/&',-)"(fAMR(=8&7&(+(1&$&',-)"()#(-"$&,1(#)7
,8&( ,&1,1( -1( >-.&"( +$1)A(48&( +',%+$( ,&1,1( +7&( 3&1'7-<&3( -"(/&',-)"(fAX( +"3( -"(/&',-)"( fAf( ,8&
1&"1-,-.-,P(+"+$P1-1(-1(;&7#)7J&3(,)(3&,&7J-"&(,)(=8+,(&c,&",(,8&(1P1,&J(.+7-+<$&1(+7&(3&'-1-.&
#)7(,8&(!"#$-J-,A(E-"+$$PR(-"(/&',-)"(fAa(=&(.+$-3+,&(,8&(1,+<-$-,P(+"+$P1-1(+>+-"1,(1)J&(+',%+$
6/@!46(7%"1A

4.2! Inlet consideration for testing

4.2.1! Introduction

E)7(,8&(1&$&',-)"()#(+',%+$(,-3+$(-"$&,1(+;;7);7-+,&(#)7(,&1,-">(=&(;7&1&",(1)J&(')"1-3&7+,-)"1
=8-'8(1&7.&(+1('7-,&7-+(#)7(,8&(1&$&',-)"A(48&(#-71,('7-,&7-)"(-1(>-.&"(<P(,8&(<+'V>7)%"3()#(,8&
;7)H&',(+"3(J&+"1(,8+,(,8&(7&1&+7'8(+7&+(-1(#)'%11&3()"(,8&(9%,'8(:+33&"(/&+A(/&',-)"(fAMAM
3&1'7-<&1( ,8&(+.+-$+<$&( -"$&,1( -"( ,8&(9%,'8(:+33&"(/&+(+"3(,8&(')"1-3&7+,-)"1( ,8+,(+7&(%1&3
#)7(#%7,8&7(1&$&',-)"()#(,8&(-"$&,1A(!"(/&',-)"(fAMAX(+(<7-&#(3&1'7-;,-)"(-1(>-.&"()#(,8&(1&$&',&3
-"$&,1A
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4.2.2! Available Inlets and considerations

!"(4+<$&(fAO(+(1%JJ+7P()#(,8&(,-3+$(-"$&,1()#(,8&(9%,'8(:+33&"(/&+(-1(>-.&"A(!,(-1('$&+7(,8+,
:+33&"( /&+( 8+1( +( $+7>&( 3-.&71-,P( -"( <+1-"( +7&+1( +"3( ,-3+$( ;7-1J1R( J+V-">( -,( +"( &c'&$$&",
7&1&+7'8(+7&+A

4+<$&(fAOC(4-3+$(-"$&,1()#(,8&(9%,'8(:+33&"(/&+(+"3(,8&-7(J+-"('8+7+',&7-1,-'1
4-3+$(!"$&,(b(5+1-" 5+1-"(+7&+

nVJMo
4-3+$(*+">&

nJo
4-3+$(;7-1J
nON_(JXo

@+713-&; _a_ OA_a ONOa
S-&7$+"31&(>+, O_O OA_a MNa
G$-& eO^ OA^N OO^N
6J&$+"3&7(I&&>+, M_^ MAOa fea
L-"V&>+, aM MAOa dN
I)%,V+J;&7$++> OMX MAMa O^a
S-H&7$+"3&7<+$> Xa MAfN fd
0+%=&71 OMd MAfa MON
/'8-$3 XO MAfa fM
S&J1U9)$$+73 f_e MAeN ON^a

5&'+%1&(,8&(J)7;8)$)>P()#(1)J&(<+1-"1(8+1(<&&"(1&7-)%1$P(+##&',&3(<P(8%J+"(-",&7#&7&"'&R
"),(+$$(-"$&,1(+7&(1%-,+<$&(#)7(,&1,-">A(48-1('+"(<&(7&$+,&3(,)(,8&-7(g)%,()#(3P"+J-'(&i%-$-<7-%Jh
1,+,&A(E)7(&c+J;$&(,8&(')"1,7%',-)"()#(,8&(6#1$%-,3-HV(YO^XMZ(8+1($+7>&$P(+##&',&3(,8&(@+713-&;
+"3(G$-&(-"$&,1A(6$1)('$)1%7&(=)7V1(-"(,8&(&+1,&7"(:+33&"(/&+R(#)7(&c+J;$&(,8&(3+JJ-">()#
,8&( 0+%=&71( I&&( YO^_^ZR( 8+1( +##&',&3( ,8&( -"$&,1( )#( ,8&( E7-&1'8&( I&&>+,( YL-"V&>+,( +"3
I)%,V+J;&7$++>ZA(5&'+%1&(=&(+7&("),(1%7&(-#(,8&1&(-"$&,1(8+.&(7&,%7"&3(,)(,8&-7(J)7;8)$)>-'+$
3P"+J-'(&i%-$-<7-%J(1,+,&R(,8&1&(-"$&,1(+7&($&11(i%+$-#-&3(#)7(,8&(-",&"3&3(,&1,1A

6"),8&7(')"1-3&7+,-)"(')"'&7"1( ,8&(+.+-$+<-$-,P()#(#-&$3(3+,+A(/%'8(3+,+(+7&(&11&",-+$( #)7( ,8&
,&1,1R(<%,( ,8&-7( +.+-$+<-$-,P( 3-##&71( ')"1-3&7+<$P( #7)J( )"&( -"$&,( )7( 7&>-)"( ,)( +"),8&7A( E)7( ,8&
=&1,&7"(:+33&"( /&+( +( 7&$+,-.&$P( $+7>&( 3+,+( ')$$&',-)"( -1( +.+-$+<$&R( =8-$&( ,8&( 3+,+( #)7( ,8&
&+1,&7"(:+33&"( /&+R(=-,8( 7&$+,-.&$P( 1J+$$&7( -"$&,1R( -1( 1;+71&7( Y&c'&;,( #)7( ,8&( L-"V&>+,( +"3
I)%,V+J;&7$++>ZA

6(#-"+$(')"1-3&7+,-)"(#)7(,&1,-">(-1(,)(1&$&',(YJ)7;8)$)>P($-V&Z(3-##&7&",(-"$&,1(=8&7&(=&('+"
&c;&',( 3-##&7&",( 1,+<-$-,P( $-J-,1A( 48-1(J+P( 7&1%$,( -"( 1&$&',-">( +( ,-3+$( -"$&,(=-,8( +( $+7>&( ,-3+$
<+1-"(+7&+(+"3()"&(=-,8(+(1J+$$(,-3+$(<+1-"(+7&+A

48&1&(')"1-3&7+,-)"1(+7&(+$$(,+V&"(-",)(+'')%",(+"3(-"(+>7&&J&",(=-,8(!E,B7/ORRR4R(,=)(-"$&,1
+7&('8)1&"(#)7(#%7,8&7(,&1,-">A

4.2.3! Tidal Inlets used for further testing

E7)J( ,8&( ')"1-3&7+,-)"1( +<).&R( ,=)( -"$&,1( 8+.&( ')J&( #)7=+73( +1(J)1,( &$->-<$&( #)7( ,&1,-">A
48&1&( ,=)( +7&( ,8&( 6J&$+"3&7( I&&>+,( -"$&,( Y+$1)( V")="( +1( ,8&( 5)7"3-&;( -"$&,Z( +"3( ,8&
S-&7$+"31&(B+,(-"$&,A

Amelander Zeegat

48&(-"$&,()#(,8&(6J&$+"3&7(I&&>+,(-1(1-,%+,&3(<&,=&&"(,8&(<+77-&7(-1$+"31()#(4&71'8&$$-">(+"3
6J&$+"3(Y1&&(E->%7&(fAOZA(!,1(<+1-"(+7&+(-1(1-,%+,&3(<&,=&&"(,8&(<+1-"(+7&+1()#(,8&(G$-&(+"3(,8&
I)%,V+J;&7$++>( +"3( 8+1R( )"( +( ,-J&U1'+$&( )#( '&",%7-&1R( +( 7&$+,-.&$P( YJ)7;8)$)>-'+$Z( 1,+<$&
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8-1,)7PR(=-,8)%,(,))(J%'8(-",&7#&7&"'&(<P(J+"(Y"&>$->-<$&(1+"3(J-"-">(+"3(")('$)1%7&(=)7V1ZA
r&,(,8&7&(-1(+("),-'&+<$&('8+">&(-"(#$+,(+7&+(3%&(,)( ,8&(&+1,=+73UJ).-">(=+,&718&3(<&,=&&"
,8&(6J&$+"3&7(I&&>+,(+"3(L-"V&>+,A(6'')73-">(,)(N,7*7F(/ORRR4( ,8&(=+,&718&3(18)%$3(8+.&
7&+'8&3(-,h1(J)1,(&+1,&7$P(;)1-,-)"(<P(")=R(1i%&&[-">(,8&(L-"V&>+,(<+1-"(,)(+(J-"-J%J(1-[&A

E->%7&(fAOC /+,&$$-,&(.-&=(Y$&#,Z(+"3(3&;,8(1)%"3-">(Y7->8,Z()#(,8&(6J&$+"3&7(I&&>+,(-"$&,R(1-,%+,&3(<&,=&&"(,8&
<+77-&7(-1$+"31(4&71'8&$$-">(Y=&1,Z(+"3(6J&$+"3(Y&+1,Z

48&(J)7;8)$)>P( )#( ,8&( -"$&,( -1(J)"-,)7&3(.-+( 7&>%$+7( 3&;,8( 1)%"3-">1( ;&7#)7J&3( 1-"'&( ,8&
P&+7(O^M_R(1)(,8&7&( -1(+(7&$+,-.&$P( $+7>&(3+,+(1&,(+.+-$+<$&(#)7( ,&1,-">A(48&(+.+-$+<$&(3+,+(+7&
')$$&',&3(+"3(-",&7;7&,&3(-"(.+7-)%1(7&1&+7'8(;7)H&',1(N,7*7F$/011J4_$#):PC8?E$/ORRR4(+"3(+7&
1%JJ+7-1&3(-"(6;;&"3-c(2A

Eierlandse Gat

48&( -"$&,(S-&7$+"31&(B+,( -1( 1-,%+,&3(<&,=&&"( ,8&( <+77-&7( -1$+"31( )#( 4&c&$( +"3(G$-&$+"3( Y1&&
E->%7&(fAMZA(48&(<+1-"(+7&+(-1(&"'$)1&3(<&,=&&"(,8&(<+1-"()#(,8&(@+713-&;(+"3(,8+,()#(,8&(G$-&A
6$,8)%>8(,8&($+,,&7(,=)(<+1-"1(+7&(1%<H&',&3(,)(1)J&(37+J+,-'(J)7;8)$)>-'+$('8+">&1(3%&(,)
,8&('$)1%7&()#(,8&(I%-3&7(/&+R(")(1->"-#-'+",('8+">&1(,)(,8&(S-&7$+"31&(B+,(<+1-"1(8+.&(<&&"
7&;)7,&3A( 48&7&( 8+.&( <&&"( 1)J&( '8+">&1( -"( ,8&( ,-3+$( 7+">&( +"3( 1)J&( 3-1;$+'&J&",( )#( ,8&
=+,&718&3( ,8)%>8A( :8&,8&7( ,8&1&( '8+">&1( 8+.&( 8+3( 1->"-#-'+",( ')"1&i%&"'&1( #)7( ,8&
J)7;8)$)>P()#( ,8&(S-&7$+"31&(B+,R( -1( %"'&7,+-"( +"3( -"( ,8-1( 1,%3P( ,8&1&( &##&',1( +7&( +11%J&3
"&>$->-<$&A

48&(,-3+$(#$+,(+7&+(-1(')J;+7&3(,)(,8+,()#(,8&(6J&$+"3&7(I&&>+,(-"$&,R(7&$+,-.&$P(1J+$$(=8-'8
J+V&1( -,( +"( -",&7&1,-">( ')%",&7;+7,( )#( ,8&( 6J&$+"3&7( I&&>+,( '+1&A( 61( #)7( ,8&( $+,,&7R( ,8&
J)7;8)$)>P()#( ,8&(S-&7$+"31&(B+,( -"$&,( -1( 7&>%$+7$P(J)"-,)7&3(=-,8( ,8&(#-71,(+.+-$+<$&(3&;,8
1)%"3-">1(-"(O^XXA(6(1%JJ+7P()#(,8&(+.+-$+<$&(3+,+('+"(<&(#)%"3(-"(6;;&"3-c(2A

"
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E->%7&(fAMC /+,&$$-,&(.-&=(Y$&#,Z(+"3(3&;,8(1)%"3-">(Y7->8,Z()#(,8&(S-&7$+"31&(>+,(-"$&,R(1-,%+,&3(<&,=&&"(,8&
<+77-&7(-1$+"31(4&c&$(Y=&1,Z(+"3(G$-&$+"3(Y&+1,Z

4.3! Stability analysis

4.3.1! Introduction

61(-"(/&',-)"(XAfAfR(,8&(1,+<-$-,P(+"+$P1-1(#)7(,8&(,=)('+1&U1,%3P(-"$&,1(1P1,&J1(-1(;&7#)7J&3
%1-">( +( 1'8&J+,-1&3( ,87&&U&$&J&",( J)3&$A( 48&( 1P1,&J( .+7-+<$&1( +7&( 3&7-.&3( #7)J( N,7*7F
/011J4R(1&&(6;;&"3-c(2A(:&(+11%J&(,8+,(,8&(')"1-3&7&3(-"$&,(1P1,&J1(8+.&(<&&"(J)7&()7($&11
-"(+(1,+,&()#(&i%-$-<7-%J().&7(,8&(;+1,(,87&&(3&'+3&1A(48&7&#)7&R(,8&(+7&+1(+"3(.)$%J&1()#(,8&
&$&J&",1(+7&(,+V&"(+1(,8&(J&+"().&7(,8)1&()<1&7.+,-)"1(,8+,(').&7(,8-1(;&7-)3A

4.3.2! Amelander Zeegat

E)7(,8&(1,+<-$-,P(+"+$P1-1(,8&(#)$$)=-">(;7);&7,-&1()#(,8&(6J&$+"3&7(I&&>+,(-"$&,(+7&(%1&3C

4+<$&(fAMC(S$&J&",('8+7+',&7-1,-'1(6J&$+"3&7(I&&>+,

S$&J&", 67&+
nJMo(!ONe

G)$%J&
nJXo(!ONd

=1
nJb1o(!ONUf

2C6
nJXb1o

26&
nJXb1o

2&[
nJXb1o

&'
nUo!ONUf

S<<U,-3+$(3&$,+ eAfe OAXO NAO
28+""&$ ^AdX XANM NAa
E$+, OeAd OAMN OAN

OaNN OaNN ONNN MAN

48&( +<).&( .+$%&1( 7&;7&1&",( ,8&(J)7;8)$)>-'+$( 3P"+J-'( &i%-$-<7-%J( )#( ,8&( &$&J&",1( +,( ,8&
;7&1&",( 7+,&( )#( 1&+( $&.&$( 7-1&A(48&( .+$%&1( #)7( ,8&( 8)7-[)",+$( +"3(.&7,-'+$( &c'8+">&( 7+,&1( +7&
&1,-J+,&1(%1&3(<+1&3()"(+('+$-<7+,-)"(<P$NK,-?D).$/011@4A

!"(E->%7&(fAX( ,8&('%77&",(1,+,&()#(3P"+J-'(&i%-$-<7-%J(Y%"3&7( ,8&(&c,&7"+$(#)7'-">()#(Oe('J
1&+($&.&$(7-1&(;&7('&",%7PZ(-1(7&;7&1&",&3(<P(,8&(.&7,-'+$($-"&A(:-,8(+($+>&7(7+,&()#(1&+($&.&$(7-1&
YJ).-">(#%7,8&7(,)(,8&(7->8,(-"(,8&(-"(;$),Z(=&(1&&(,8+,(,8&(3P"+J-'(&i%-$-<7-%J(.)$%J&()#(,8&
'8+""&$(&$&J&",(-"'7&+1&1(Y=&,(.)$%J&Z(+"3(,8+,(,8&(3P"+J-'(&i%-$-<7-%J(.)$%J&1()#(,8&(#$+,
+"3(&<<U,-3+$(3&$,+(&$&J&",(3&'7&+1&(Y1&3-J&",(.)$%J&ZA

"
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8 Stability analysis Amelander Zeegat inlet

Rate of Sea Level Rise (cm/century)

V
ol

um
e 

(m
3)

flat volume   
channel volume
delta volume  

E->%7&(fAXC( 9P"+J-'(&i%-$-<7-%J(.)$%J&1()#(6J&$+"3&7(I&&>+,(-"$&,(+1(#%"',-)"()#(+(')"1,+",(&c,&7"+$(#)7'-">]
,8&(+''&$&7+,&3(7+,&()#(1&+($&.&$(7-1&A

48&( #+1,&7( ,8&( 1&+( $&.&$( 7-1&1R( ,8&( J)7&( ,8&( &$&J&",( .)$%J&1( 8+.&( ,)( 3&.-+,&( #7)J( ,8&
&i%-$-<7-%J( .)$%J&1( Y57 Z( <&$)">-">( ,)( +( ')"1,+",( 1&+( $&.&$( Y 6 6E4 ' N ZA( 48-1( 3&.-+,-)"
1,-J%$+,&1(,8&(1P1,&J(,)(#)$$)=(,8&(7-1-">(1&+( $&.&$( Y1&&(+$1)(1&3-J&",(7&,&",-)"(J&'8+"-1JR
/&',-)"(MAMA_ZA(!"(,8&('+1&()#(+(')"1,+",(1&+($&.&$(7-1&(7+,&(Y 6 6EM M N4 ' Z(,8&('8+">&(-"(&$&J&",
.)$%J&1(J->8,(7&3%'&(-"(,-J&(,)=+731([&7)(Y 65 6E ' N ZA(!"(,8+,('+1&(,8&(1P1,&J(8+1(7&+'8&3(+
1,+<$&(1-,%+,-)"(Y+(1,+,&()#(g3P"+J-'h(&i%-$-<7-%JZR(-"(=8-'8(,8&(&$&J&",1(8+.&(7&+'8&3(+("&=
g3P"+J-'h( &i%-$-<7-%J( .)$%J&( Y57m ZA( 48&( 3-##&7&"'&( -"( &i%-$-<7-%J( .)$%J&( Y57 U57m Z( -1
"&'&11+7P(,)(J+-",+-"(,8&("&&3()#(1&3-J&",(=8-'8('+%1&1(+(1&3-J&",(-J;)7,(-",)(,8&(1P1,&J(,)
1%'8(+"(&c,&",(,8+,(,8&(1P1,&J(3)&1("),(37)="A

48&(,-3+$(-"$&,(37)="1(-"('+1&(,8&(&$&J&",(.)$%J&1(-"'7&+1-">$P(3&.-+,&(#7)J(57 (+"3(")("&=
1,+<$&(1-,%+,-)"(-1(#)7J&3(Y")(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%JZA(E)7(,8&(6J&$+"3&7(I&&>+,
'+1&R(=-,8( ,8&(&$&J&",(;7);&7,-&1(+1(18)="(-"(4+<$&(fAMR(E->%7&(fAX( 18)=1( ,8+,( ,8&( 1,+<-$-,P
$-J-,(Y!"#$-J-,Z($-&1(+,(+(7-1&()#(,8&(1&+($&.&$()#(ONa('J(;&7('&",%7PA

4.3.3! Eierlandse Gat

E)7(,8&(1,+<-$-,P(+"+$P1-1()#(,8&(S-&7$+"31&(B+,(-"$&,R(,8&(#)$$)=-">(;7);&7,-&1(+7&(%1&3C

4+<$&(fAXC(S$&J&",('8+7+',&7-1,-'1(S-&7$+"31&(B+,

S$&J&", 67&+
nJMo(!ONe

G)$%J&
nJXo(!ONd

=1
nJb1o(!ONUf

2C6
nJXb1o

26&
nJXb1o

2&[
nJXb1o

&'
nUo!ONUf

S<<U,-3+$(3&$,+ XAed OAXM NAO
28+""&$ aAMe OAN_ NAa
E$+, ONAa NAaa OAN

OaNN OaNN ONNN MAN

/-J-$+7(,)(,8&(6J&$+"3&7(I&&>+,('+1&R(,8&(&$&J&",(;7);&7,-&1(18)="(-"(4+<$&(fAX(7&;7&1&",(,8&
J)7;8)$)>-'+$(3P"+J-'(&i%-$-<7-%J()#(,8&(-"$&,(+,(,8&(;7&1&",(7+,&()#(1&+($&.&$(7-1&A

!"(E->%7&(fAf( ,8&('%77&",(1,+,&()#(3P"+J-'(&i%-$-<7-%J(Y%"3&7( ,8&(&c,&7"+$(#)7'-">()#(Oe('J
1&+( $&.&$( 7-1&(;&7('&",%7PZ( -1( 7&;7&1&",&3(<P( ,8&( .&7,-'+$( $-"&A(6( $+7>&7( 7+,&()#( 1&+( $&.&$( 7-1&
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YJ).-">(#%7,8&7(,)(,8&(7->8,(-"(,8&(-"(;$),Z(7&1%$,1(-"(+(3P"+J-'(&i%-$-<7-%J(.)$%J&(-"'7&+1&()#
,8&('8+""&$(&$&J&",(Y=&,(.)$%J&Z(+"3(+(3P"+J-'(&i%-$-<7-%J(.)$%J&(3&'7&+1&()#(,8&(#$+,(+"3
&<<U,-3+$(3&$,+(&$&J&",(Y1&3-J&",(.)$%J&ZA
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8 Equilibrium volumes Eierlandse gat inlet

Rate of Sea Level Rise (cm/century)

V
ol

um
e 

(m
3)

flat volume   
channel volume
delta volume  

E->%7&(fAfC( 9P"+J-'(&i%-$-<7-%J(.)$%J&1()#(S-&7$+"31&(B+,(-"$&,(+1(#%"',-)"()#(+(')"1,+",(&c,&7"+$(#)7'-">](,8&
+''&$&7+,&3(7+,&()#(1&+($&.&$(7-1&A

6"+$)>)%1$P( ,)(,8&(6J&$+"3&7(I&&>+,(-"$&,R(#)7(+(#+1,&7(7-1&(-"(1&+($&.&$(,8&(&$&J&",1()#( ,8&
S-&7$+"31&( B+,( 8+.&( ,)( 3&.-+,&( J)7&( #7)J( ,8&-7( &i%-$-<7-%J( .)$%J&1( Y57 Z( <&$)">-">( ,)( +
')"1,+",( 1&+( $&.&$( Y 6 6E4 ' N ZA(9%&( ,)( ,8-1( 3&.-+,-)"( ,8&( 1P1,&J( -1( 1,-J%$+,&3( ,)( #)$$)=( ,8&
7-1-">(1&+($&.&$(+"3(3&.&$);1(+"(-"'7&+1&3(3&J+"3(#)7(1&3-J&",A(!"(,8&('+1&()#(+(')"1,+",(1&+
$&.&$(7-1&(7+,&( Y 6 6EM M N4 ' Z( ,8&(1P1,&J(J->8,(7&+'8(+( 1,+<$&( 1-,%+,-)"( Y 65 6E ' N ZR( -"(=8-'8
,8&( &$&J&",1( 8+.&( 7&+'8&3( +( g"&=h( 3P"+J-'( &i%-$-<7-%J( .)$%J&( Y57m ZA( 48&( 3-##&7&"'&( -"
&i%-$-<7-%J( .)$%J&( Y57 U57m Z( -1( "&'&11+7P( ,)( J+-",+-"( ,8&( "&&3( )#( 1&3-J&",( +"3( ,8%1( ,8&
"&'&11+7P(1&3-J&",(-J;)7,A

48&(,-3+$(-"$&,(37)="1(-"('+1&(,8&(&$&J&",(.)$%J&1(-"'7&+1-">$P(3&.-+,&(#7)J(57 (+"3(")("&=
1,+<$&( 1-,%+,-)"( -1( #)7J&3( Y")( g"&=h( 1,+,&( )#( 3P"+J-'( &i%-$-<7-%JZA( E)7( ,8&( S-&7$+"31&(B+,
'+1&R(=-,8( ,8&(&$&J&",(;7);&7,-&1(+1( 18)="( -"(4+<$&(fAXR(E->%7&(fAf( 18)=1( ,8+,( ,8&( 1,+<-$-,P
$-J-,(Y!"#$-J-,Z($-&1(+,(+(7-1&()#(,8&(1&+($&.&$()#(OdN('J(;&7('&",%7PA

4.4! Sensitivity Analysis

4.4.1! Introduction

4)( -".&1,->+,&(=8-'8( &$&J&",( ;7);&7,-&1( 3)J-"+,&( ,8&(!"#$-J-,( )#( ,8&( ,=)( 1,%3-&3( -"$&,1R( +
1&"1-,-.-,P( +"+$P1-1( -1( ;&7#)7J&3A( !"( ,8&( #->%7&1( 7&;7&1&",-">( ,8&( 1&"1-,-.-,P( +"+$P1-1R( ,8&
&$&J&",(;7);&7,-&1(+7&(")7J+$-1&3(#)7(,8&-7(-"-,-+$(&i%-$-<7-%J(.+$%&(Y+1(;7&1&",&3(-"(4+<$&(fAM
+"3(fAXZ(48&(8)7-[)",+$($-"&(-"(,8&(#)$$)=-">(#->%7&1(7&;7&1&",1(,8&(!"#$-J-,(#)7(,8&(&$&J&",
;7);&7,-&1(+1(;7&1&",&3(-"(4+<$&(fAM(+"3(fAXA
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4.4.2! Sensitivity to a change of the area

E7)J(,8&(7&1%$,1(;7&1&",&3(-"(,8&(E->%7&1(fAa(+"3(fA_R(-,('+"(<&(1&&"(,8+,(,8&(!"#$-J-,(18)=1(+
1->"-#-'+",( 1&"1-,-.-,P( ,)( +( '8+">&( )#( ,8&( +7&+A(6"( -"'7&+1&( )#( ,8&( &$&J&",( +7&+( 7&1%$,1( -"( +
3&'7&+1&( )#( ,8&( !"#$-J-,( +"3( .-1+( .&71+A( 6"+$)>)%1( ,)( ,8&( 1&"1-,-.-,P( +"+$P1-1( ;&7#)7J&3
/&',-)"(XAaAXR(,8&(1,+<-$-,P($-J-,(-1(J)7&(1&"1-,-.&(,)(+('8+">&()#(#$+,(+7&+(,8&"(,)(+('8+">&()#
&<<U,-3+$( 3&$,+( +7&+A( 48-1( -1( ;7)<+<$P( 3%&( ,)( ,8&( &$&J&",( ;)1-,-)"1( 7&$+,-.&( ,)( ,8&( 1&3-J&",
1%;;$P-">(g)%,1-3&(=)7$3hA
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SA Eierlandse Gat; Area change

flat area   
channel area
delta area  

E->%7&(fAaR(fA_C( /&"1-,-.,P()#(!"#$-J-,(,)('8+">&()#(&$&J&",(+7&+(#)7(6J&$+"3&7(I&&>+,(Y$&#,Z(+"3
S-&7$+"31&(B+,(Y7->8,ZA

61(18)="(-"(E->%7&1(fAa(+"3(fA_R(,8&(1J+$$&7()#(,8&(,=)(<+1-"1(YS-&7$+"31&(B+,Z(8+1(+(8->8&7
1,+<-$-,P( $-J-,( <%,( -1(J)7&( 1&"1-,-.&( ,)( +( '8+">&( -"( +7&+( ,8+"( ,8&( $+7>&1,( <+1-"( Y6J&$+"3&7
I&&>+,ZA

:&(J+P(3&7-.&(#7)J(,8-1(+"+$P1-1(,8+,(+('8+">&()#(+7&+(8+1(1->"-#-'+",(-J;+',()"(,8&(1,+<-$-,P
$-J-,A(L7&1&",$PR(,8&(&$&J&",(+7&+1(+7&(=&$$(V")="(,)(%1(Y<P(1+,&$$-,&(+"3(3&;,8(1)%"3-">1Z(+"3
-",7)3%'&(1J+$$(%"'&7,+-",-&1A(K)=&.&7R( ,8&( #%,%7&( 3&.&$);J&",1( )#( ,8&( <+1-"( +7&+1( +7&( $&11
V")="( ,)( %1( +"3( J->8,( '+%1&( 1->"-#-'+",( %"'&7,+-",-&1( ,)( ,8&( !"#$-J-,( ;7&3-',-)"1A( !,( -1
')"'&-.+<$&( ,8+,(3%&( ,)(+(7-1&()#( ,8&(1&+( $&.&$( ,8&(<+1-"(+7&+(&c;+"31(+"3(,8%1( ,8&(!"#$-J-,
3&'7&+1&1A(T"( ,8&( ),8&7( 8+"3R( +( 7-1-">( 1&+( $&.&$(J->8,( '+%1&( +(J->7+,-)"( )#( <+77-&7( -1$+"31
,)=+731(,8&(J+-"$+"3(Y1&&(/&',-)"(MAOAXR(3&.&$);J&",()#(,8&(&+1,&7"(:+33&"(/&+Z(+"3(,8%1(+
3&'7&+1&( -"( ,8&( <+1-"( +7&+( =8-'8( 7&1%$,1( -"( +"( -"'7&+1&( )#( ,8&( !"#$-J-,A( 61( ,8&( #%,%7&
3&.&$);J&",1( )#( ,8&( ,-3+$( <+1-"( +7&+1( +7&( %"#&+1-<$&( ,)( ;7&3-',R( =&( ;7&1%J&( ,8+,( -,( -1
7&+1)"+<$&(,)(+;;7)c-J+,&(,8&(<+1-"(+7&+1(+1(,-J&U-".+7-+",(+,(,8&-7(;7&1&",(1-[&A

4.4.3! Sensitivity to change of horizontal exchange rate

48&(1&"1-,-.-,P(+"+$P1-1()"(.+7-+,-)"()#(8)7-[)",+$(&c'8+">&(7+,&( 18)=1( ,8+,R( H%1,( $-V&( -"( ,8&
#-',-,-)%1('+1&R( ,8&(!"#$-J-,( -1(8->8$P( 1&"1-,-.&( ,)(+( '8+">&()#( ,8&(8)7-[)",+$(&c'8+">&( 7+,&A
48&(1,+<-$-,P( $-J-,( -"'7&+1&1()7(3&'7&+1&1(=-,8( -"'7&+1-">()7(3&'7&+1-">(8)7-[)",+$(&c'8+">&
7+,&A(61('+"(<&(1&&"(#7)J(,8&(E->%7&1(fAe(+"3(fAdR(,8&(7+,&()#(&c'8+">&(<&,=&&"(,8&(&<<U,-3+$
3&$,+(+"3(-,1(1%77)%"3-">(g)%,1-3&(=)7$3h(8+1(+($+7>&7(-"#$%&"'&()"(,8&(1,+<-$-,P($-J-,(,8+"(,8&
7+,&1()#(&c'8+">&(<&,=&&"(3&$,+(+"3('8+""&$(+"3(<&,=&&"('8+""&$(+"3(#$+,A(48-1(-1(;7)<+<$P
<&'+%1&(,8&(&c'8+">&(=-,8(,8&(g)%,1-3&(=)7$3h(;7).-3&1(,8&(-"$&,(1P1,&J(=-,8(,8&(1&3-J&",(-,
"&&31(,)(+3+;,(')",-"%)%1$P(,)(,8&(7-1-">(1&+($&.&$A
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Horizontal Exchange rate (normalised)
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SA Eierlandse Gat; Horizontal Exchange rate

Horizontal Exchange rate (normalised)
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E->%7&(fAeR(fAdC /&"1-,-.,P()#(!"#$-J-,(,)('8+">&()#(8)7-[)",+$(&c'8+">&(7+,&(#)7(6J&$+"3&7(I&&>+,(Y$&#,Z(+"3
S-&7$+"31&(B+,(Y7->8,ZA(K)7-[)",+$(&c'8+">&()3(7&#&71(,)(g)%,1-3&(=)7$3hU(3&$,+R(3'(,)(3&$,+(U
'8+""&$(+"3('#(,)('8+""&$U#$+,A

E7)J( ')J;+7-">( ,8&( 1,&&;"&11( )#( ,8&( '%7.&1( -"( ,8&( +<).&( #->%7&1( ,8+,( 7&#$&',( ,8&( +"+$P1&3
1&"1-,-.-,PR(-,(#)$$)=1(,8+,(,8&(1J+$$&7()#(,8&(,=)(-"$&,1(YS-&7$+"31&(B+,Z(-1(J)7&(1&"1-,-.&(,)(+
'8+">&(,8+"(,8&($+7>&1,(-"$&,(Y6J&$+"3&7(I&&>+,ZA

!"(,8&(1&"1-,-.-,P(+"+$P1-1(=&(8+.&(.+7-&3(,8&(8)7-[)",+$(&c'8+">&(7+,&1(+7)%"3(,8&(&1,-J+,&1
>-.&"(<P(NK,-?D).$/011@4M(5&'+%1&(,8&(8)7-[)",+$(&c'8+">&(7+,&1(+7&(-J;7+',-'+<$&(.+7-+<$&1
,)( J&+1%7&( -"( ,8&( #-&$3( +"3( ,8&( %"3&7$P-">( ;7)'&11&1( )#( ,8&( $)">U,&7J( 7&1-3%+$( 1&3-J&",
&c'8+">&(+7&("),(&c+',$P(V")="(,)(%1R(+(')"1-3&7+<$&( $+'V()#(V")=$&3>&(&c-1,1( ,)=+731( ,8&
&1,-J+,&1()#(,8&(8)7-[)",+$(&c'8+">&(7+,&A((48&(7&$+,-.&$P($+7>&(1&"1-,-.-,P()#(,8&(!"#$-J-,(,)(+
'8+">&( )#( ,8&1&( .+7-+<$&1( ')J<-"&3( =-,8( ,8&( ')"1-3&7+<$&( $+'V( )#( V")=$&3>&( ,8+,( &c-1,1
,)=+731( ,8&( &1,-J+,&1( )#( ,8&1&( .+7-+<$&1( 7&1%$,( -"( +( 1->"-#-'+",( %"'&7,+-",P( -"( ,8&( !"#$-J-,
;7&3-',-)"1A

4.4.4! Sensitivity to change of equilibrium concentration

!"(&1,-J+,-">(,8&(J+c-J%J(7+,&()#(1&+($&.&$(7-1&(+"(-"$&,('+"(V&&;(;+'&(=-,8(Y1&&(/&',-)"(fAX
g1,+<-$-,P( +"+$P1-1hZR( =&( 8+.&( +11%J&3( +( ,-J&U-".+7-+",( &i%-$-<7-%J( ')"'&",7+,-)"( #)7( ,8&
g)%,1-3&(=)7$3hA( E->%7&(fA^(+"3(E->%7&(fAON(18)=( ,8+,(+(8->8&7( g)%,1-3&(=)7$3h( &i%-$-<7-%J
')"'&",7+,-)"(&'$ $&+31( ,)(+( 1->"-#-'+",(8->8&7(!"#$-J-,(+"3(+( $)=&7(&'( $&+31( ,)(+( 1->"-#-'+",
1J+$$&7(!"#$-J-,A(6>+-"R(,8&(1,+<-$-,P($-J-,()#(,8&(1J+$$&7()#(,8&(,=)(1,%3-&3(-"$&,1(YS-&7$+"31&
B+,Z(-1(J)7&(1&"1-,-.&(,)(+('8+">&(-"(&'$,8+"(,8&($+7>&7(-"$&,(Y6J&$+"3&7(I&&>+,ZA

!"( /&',-)"( XAaAX( Yg/&"1-,-.-,P( ,)( '8+">&( )#( &i%-$-<7-%J( ')"'&",7+,-)"hZR( =&( ;7&1%J&( ,8&
g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"$3&;&"3&",()#(=+.&U-"3%'&3(1&3-J&",(,7+"1;)7,(+"3
$)">18)7&('%77&",1A(48-1(;7&1%J;,-)"(J+V&1(-,($-V&$P(,8+,(+('8+">&(-"(=+.&('$-J+,&(7&1%$,1(-"
+( '8+">&( )#( ,8&( ;),&",-+$( 1&3-J&",( 1%;;$P( ,)( ,8&( 1P1,&JA( 48&( $+7>&( %"'&7,+-",-&1( ,8+,( &c-1,
,)=+731( ,8&( ;7&1&",( $)">18)7&( 1&3-J&",( ,7+"1;)7,( +"3( ,8&( #%,%7&(=+.&( '$-J+,&( Y7&$+,&3( ,)( +
;)11-<$&( '8+">&( )#( \6T( -"3&c( 3%&( ,)( >$)<+$( =+7J-">R( 1&&( /&',-)"( aAMAXZ( 7&1%$,( -"( +
1->"-#-'+",(%"'&7,+-",P(-"(,8&(&'A(48-1(%"'&7,+-",P(')J<-"&3(=-,8(,8&(1->"-#-'+",(1&"1-,-.-,P()#
,8&( !"#$-J-,( #)7( +( '8+">&( )#( ,8&( &'( 7&1%$,1( -"( +( 1->"-#-'+",( %"'&7,+-",P( -"( ,8&( ;7&3-',&3
!"#$-J-,A
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E->%7&(fA^R(fAON(C /&"1-,-.,P()#(!"#$-J-,(,)('8+">&()#(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(#)7
6J&$+"3&7(I&&>+,(Y$&#,Z(+"3(S-&7$+"31&(B+,(Y7->8,ZA

4.4.5! Sensitivity to change in vertical exchange rate

48&( $+1,( .+7-+<$&( 1%<H&',&3( ,)( ,8&( 1&"1-,-.-,P( +"+$P1-1( -1( ,8&( .&7,-'+$( &c'8+">&( 7+,&A( 61
&c;&',&3(#7)J(/&',-)"(XAaAXR(,8&(-J;+',()"(,8&(!"#$-J-,()#(+('8+">&()#(,8&(.&7,-'+$(&c'8+">&
7+,&(-1(7&$+,-.&$P(1J+$$A(48-1(-1(18)="(-"(E->%7&1(fAOO(+"3(fAOMA

E)7(,8&(!"#$-J-,R()"$P(,8&(.&7,-'+$(&c'8+">&(7+,&(#)7(,8&(#$+,(&$&J&",(1&&J1(,)(J+,,&7R(,8)%>8
,8&( 1&"1-,-.-,P( <&')J&1( 1->"-#-'+",( )"$P( #)7( .+$%&1( '$)1&( ,)( [&7)R( -"(=8-'8( '+1&( 8+73$P( +"P
1&3-J&",+,-)"('+"(,+V&(;$+'&(+,(,8&(#$+,1A(6>+-"R(,8&(!"#$-J-,()#(,8&(1J+$$&7(-"$&,(YS-&7$+"31&
B+,Z(1&&J1(,)(<&(J)7&(1&"1-,-.&(,)(+(.+7-+,-)"()#(,8&(.&7,-'+$(&c'8+">&(7+,&(,8+"(,8&($+7>&7()#
,8&(,=)(-"$&,1(Y6J&$+"3&7(I&&>+,ZA

0 0.5 1 1.5 2
50

60

70

80

90

100

110

120

130

140

150
SA Amelander Zeegat; Vertical exchange rate

Vertical Exchange rate (normalised)

Li
m

it 
S

LR
 (

cm
/c

en
tu

ry
)

vertical exchange flat   
vertical exchange channel
vertical exchange delta  

0 0.5 1 1.5 2
130

140

150

160

170

180

190

200

210

220

230
SA Eierlandse Gat; Vertical Exchange rate

Vertical Exchange rate (normalised)

Li
m

it 
S

LR
 (

cm
/c

en
tu

ry
)

vertical exchange flat   
vertical exchange channel
vertical exchange delta  

E->%7&(fAOOR(fAOMC /&"1-,-.,P()#(!"#$-J-,(,)('8+">&()#(.&7,-'+$(&c'8+">&(7+,&(#)7(6J&$+"3&7(I&&>+,Y$&#,Z(+"3
S-&7$+"31&(B+,(Y7->8,ZA

2)J;+7&3( ,)( =8+,( 8+1( <&&"( #)%"3( #)7( ,8&( 8)7-[)",+$( &c'8+">&( +"3( ,8&( g)%,1-3&( =)7$3h
&i%-$-<7-%J(')"'&",7+,-)"R(,8&(1,+<-$-,P($-J-,(Y!"#$-J-,Z(+;;&+71(,)(<&("),(.&7P(1&"1-,-.&(,)(+
.+7-+,-)"()#( ,8&(.&7,-'+$(&c'8+">&( 7+,&R( +,( $&+1,( "),(=-,8-"( +( ;7&1%J+<$P(;8P1-'+$$P( 7&+$-1,-'
7+">&A(!#(=&(')J<-"&(,8-1(=-,8(,8&(&c;&',+,-)"(,8+,(,8-1(7+,&(=-$$("),(18)=(J%'8(.+7-+,-)"().&7
,8&( ')J-">( '&",%7-&1R( =&( J+P( ')"'$%3&( ,8+,( %"'&7,+-",-&1( -"( ,8&( +;;$-&3( &1,-J+,&( )#( ,8-1
;+7,-'%$+7(;+7+J&,&7(=-$$(8+73$P(+##&',(,8&(7&$-+<-$-,P()#(,8&(;7&3-',&3(1,+<-$-,P($-J-,A
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4.5! ASMITA runs

4.5.1! Introduction

!"(,8&(1,+<-$-,P(+"+$P1-1(;&7#)7J&3(-"(/&',-)"(fAX(=&(8+.&(1)$.&3(,8&(6/@!46(&i%+,-)"1(#)7
,8&(1;&'-+$('+1&()#(3P"+J-'(&i%-$-<7-%J(Y 65 6E ' N Z(+"3(1%<1&i%&",$P(3&7-.&3(#)7(=8-'8(1&+
$&.&$(7-1&( 6 6E4 (,8&(,-3+$(-"$&,(1P1,&J(<&')J&1(%"1,+<$&(Y=8-'8(7&1%$,&3(-"(,8&(!"#$-J-,ZA(!"
,8&( ;7&1&",( 1&',-)"( =&( =-$$( J)"-,)7R( #)7( ,87&&( 1'&"+7-)1( )#( 1&+( $&.&$( 7-1&R( ,8&( .)$%J&
3&.&$);J&",( )#( ,8&( &$&J&",1( -"( ,-J&( ,)=+731( ,8&-7( g"&=h( 1,+,&( )#( 3P"+J-'( &i%-$-<7-%J
Y 65 6E ' N (=-,8(.)$%J&(57m ZA(48&(.)$%J&(3&.&$);J&",(-"(,-J&(-1()#(-",&7&1,(,)(%1(+1(-,(>-.&1
-"1->8,( -"( ,8&( 3&.&$);J&",( ,)=+731( +( g"&=h( 1,+,&( )#( 3P"+J-'( &i%-$-<7-%J( +"3( >-.&1( %1( +"
-"3-'+,-)"()#(,8&(+'')J;+"P-">(J)7;8)$)>-'+$(,-J&U1'+$&1A

*%"1(8+.&(<&&"(J+3&(#)7(,8&(;7&1&",(7+,&()#(1&+($&.&$(7-1&R(,8&(J)1,($-V&$P(1'&"+7-)(7+,&()#(1&+
$&.&$(7-1&(+"3(,8&(=)71,('+1&(1'&"+7-)( 7+,&()#(1&+( $&.&$(7-1&(Y1&&(/&',-)"(MAMAaZA(48&(&$&J&",
;7);&7,-&1(+7&(<+1&3()"(,8&(1P1,&J(.+7-+<$&1(+1(;7&1&",&3(-"(4+<$&1(fAM(+"3(fAXA

4.5.2!  Present rate of sea level rise

E)7( ,8&( ;7&1&",( 7+,&( )#( 1&+( $&.&$( 7-1&( YOe( 'Jb'&",%7PZ( =&( +11%J&( ,8&( ')"1-3&7&3( -"$&,1( -"
3P"+J-'(&i%-$-<7-%JR(J&+"-">(")( .)$%J&( '8+">&1( ,+V&( ;$+'&A( ( E)7( <),8( -"$&,1(=&( 1,+7,( ,8&
1-J%$+,-)"(-"(,8&(P&+7(MNNN(+"3(J+V&(+(7%"(#)7(aNN(P&+71(,)(,8&(P&+7(MaNNA(/&&(E->%7&(fAOXR
fAOfR(+"3(6;;&"3-c(9OR(SO(#)7(7&1%$,1A
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E->%7&(fAOXR(fAOfC G)$%J&(3&.&$);J&",(#)7(,8&(6J&$+"3&7(I&&>+,(Y$&#,Z(+"3(,8&(S-&7$+"31&(B+,(Y7->8,Z(#)7(,8&
;7&1&",(1&+($&.&$(7-1&(YOe('Jb'&",%7PZA

61(<),8(-"$&,1(8+.&(<&&"('+$-<7+,&3(#)7(3P"+J-'(&i%-$-<7-%J(%"3&7(,8&(;7&1&",(7+,&()#(7&$+,-.&
1&+($&.&$(7-1&R(=&(1&&(+(')"1,+",(.)$%J&()#(,8&(&$&J&",1(-"(,-J&A(!"(6;;&"3-c(9O(+"3(SO(,8&
3&.&$);J&",()#(,8&(,-3+$(;7-1J(-1(18)="A(5&'+%1&(,8&(&$&J&",(.)$%J&1(3)("),(.+7P(=-,8(,-J&R
,8&(,-3+$(;7-1J(3)&1("),(&-,8&7A

!"(6;;&"3-c(9M(+"3(SM( ,8&( $)">U,&7J( 7&1-3%+$(3-##%1-.&( 1&3-J&",( ,7+"1;)7,1( +7&( 18)="( #)7
<),8(-"$&,1A(61(&c;&',&3R(1&+($&.&$(7-1&(P-&$31(+"(-"=+73(,8&(7&1-3%+$(1&3-J&",(,7+"1;)7,A(48&
g)%,1-3&(=)7$3h(;7).-3&1(,8&(&<<U,-3+$(3&$,+(=-,8(7&1;&',-.&$P(+<)%,(NA_((+"3(NAX(J-$$-)"(JX()#
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1&3-J&",(;&7(P&+7A(48-1( -1( ,8&( ,),+$( 1&3-J&",( 1%;;$P( ,)( ,8&( 1P1,&JR(=8-'8( -1(%1&3(;+7,$P( #)7
+''7&,-)"( )#( ,8&( &<<U,-3+$( 3&$,+( Y,)( J+-",+-"( -,1( 3P"+J-'( &i%-$-<7-%J( .)$%J&Z( +"3( ,8&
7&J+-"-">(;+7,(-1(,7+"1;)7,&3(#%7,8&7(-",)(,8&(1P1,&JA(!"(,8&('8+""&$1R(+(;+7,()#(,8&(1&3-J&",
+''7&,&1(1)(,8+,(,8&(3P"+J-'(&i%-$-<7-%J(.)$%J&()#(,8&('8+""&$1('+"(<&(J+-",+-"&3A(48&(),8&7
;+7,(-1( ,7+"1;)7,&3( ,)( ,8&( #$+,1( ,)(J+-",+-"( ,8&-7(3P"+J-'(&i%-$-<7-%J(.)$%J&A(61(J&",-)"&3
<&#)7&R( -"('+1&()#(1,+<-$-,PR( ,8&(+',%+$(+''7&,-)"(J+,'8&1( ,8&( 1&+( $&.&$( 7-1&( -"3%'&3(1&3-J&",
3&J+"3A(4+<$&(fAf(18)=1(,8&(+J)%",()#(1&3-J&",(,7+"1;)7,&3(<&,=&&"(,8&(&$&J&",1A

4+<$&(fAfC(Si%-$-<7-%J(1&3-J&",(,7+"1;)7,1(<&,=&&"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(Oe('Jb'&",%7P
47+"1;)7,(nJ-$$-)"(JXbP&+7o

47+"1;)7,(3-7&',-)" 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
T%,1-3&(=)7$3(,)
&<<U,-3+$(3&$,+ NAa^_ NAXXM

S<<U,-3+$(3&$,+(,)
'8+""&$1 NAf__ NAM_d

28+""&$1(,)(#$+,1 NAXNM NAOe^

!"( 4+<$&( fAaR( ,8&( &i%-$-<7-%J( 1&3-J&",( +''7&,-)"( -"( ,8&( &$&J&",1( -1( >-.&"A( !"( '+1&( )#
&i%-$-<7-%JR(,8&(+',%+$(+''7&,-)"(J+,'8&1(,8&(7+,&()#(1&+($&.&$(7-1&(+"3R(&.-3&",$PR(,8&(1%J()#
+''7&,-)"(Y,),+$(1&3-J&",(-";%,Z(&i%+$1(,8&(1&3-J&",(1%;;$P(#7)J(,8&(g)%,1-3&(=)7$3hA

4+<$&(fAaC(Si%-$-<7-%J(1&3-J&",(3&J+"3b(+''7&,-)"(-"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(Oe('Jb'&",%7P
/&3-J&",(3&J+"3b+''7&,-)"(nJ-$$-)"(JXbP&+7o

S$&J&", 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
S<<U,-3+$(3&$,+ NAOXN NAN_f
28+""&$1 NAO_f NANd^
E$+,1 NAXNM NAOe^
4),+$(1&3-J&",(3&J+"3 NAa^_ NAXXM

!"( 6;;&"3-c( 9M( +"3( SM( ,8&( $)'+$( +',%+$( 1&3-J&",( ')"'&",7+,-)"( +"3( $)'+$( &i%-$-<7-%J
')"'&",7+,-)"1( +7&( 18)="( #)7( &+'8( &$&J&",A( 48&( 3-##&7&"'&( <&,=&&"( ,8&( +',%+$( +"3( ,8&
&i%-$-<7-%J(')"'&",7+,-)"(-1(+(J&+1%7&(#)7(,8&(3&J+"3()#(1&3-J&",()#(+"(&$&J&",(Y1&&(/&',-)"
XAXAfZA(4)>&,8&7(=-,8(,8&(.&7,-'+$(&c'8+">&(7+,&R(,8-1(3-##&7&"'&(3&,&7J-"&1(,8&(+''7&,-)"(7+,&A

48&(3-##&7&"'&(-"(+',%+$(1&3-J&",(')"'&",7+,-)"1()#(,=)(+3H+'&",(&$&J&",1('+"(<&(-",&7;7&,&3
+1(+(')"'&",7+,-)"(>7+3-&",(,8+,(-"'-,&1(+(3-##%1-)"U,P;&()#(,7+"1;)7,(<&,=&&"(,8&1&(&$&J&",1A
4)>&,8&7( =-,8( ,8&( 8)7-[)",+$( &c'8+">&( 7+,&R( ,8&( $)'+$( 1&3-J&",( ')"'&",7+,-)"( 3-##&7&"'&
')",7)$1(,8&(+J)%",()#(1&3-J&",(,7+"1;)7,&3(<&,=&&"(,=)(+3H+'&",(&$&J&",1(;&7(%"-,()#(,-J&A

4)(;7&1&7.&(,8&(3P"+J-'(&i%-$-<7-%J()#(,8&(1P1,&JR(,8&($)'+$(&i%-$-<7-%J(')"'&",7+,-)"1(J%1,
<&(1J+$$&7(,8+"(,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(&'(Y-"()%7('+1&1(&'(-1(M!ONUfR(1&&
4+<$&1(fAM(+"3(fAXZR(,)(J+-",+-"(,8&(1P1,&J1("&&3()#(1&3-J&",(+"3(,8%1(,8&(,&"3&"'P(,)(-J;)7,
1&3-J&",R(=8-'8(-1("&'&11+7P(,)(&.)$.&(-"(')8&7&"'&(=-,8(,8&(1&+($&.&$(7-1&A

4.5.3! Most likely scenario case

48&(J)1,($-V&$P(1'&"+7-)('+1&(')"'&7"1(+($-"&+7$P(+''&$&7+,-">(7+,&()#(1&+($&.&$(7-1&(%;(,)(a_
'Jb'&",%7P(-"(MONNA(!"(,8&(P&+7(MONN(,8&(7+,&()#(1&+($&.&$(7-1&(1,+<-$-1&1(+"3(')",-"%&1(+,(+(7+,&
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)#(a_('Jb'&",%7PA(6>+-"(#)7(<),8(-"$&,1(=&(1,+7,(,8&(6/@!46(1-J%$+,-)"(-"(,8&(P&+7(MNNN(+"3
J+V&(+(7%"(#)7(aNN(P&+71(,)(,8&(P&+7(MaNNA(/&&(E->%7&1(fAOaR(fAO_(+"3(6;;&"3-c(9XR(SXA
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E->%7&(fAOaR(fAO_C G)$%J&(3&.&$);J&",(#)7(,8&(6J&$+"3&7(I&&>+,((Y$&#,Z(+"3(,8&(S-&7$+"31&(B+,(Y7->8,Z(#)7(+"
+''&$&7+,-">(7+,&()#(1&+($&.&$(7-1&(%;(,)(a_('Jb'&",%7P(-"(MONNA

9%&(,)(,8&(-"'7&+1-">(1&+($&.&$(7-1&(<),8(-"$&,1(+7&(1$->8,$P(,87)="()%,()#(&i%-$-<7-%J(+"3(8+.&
,)(+3+;,(,8&-7(.)$%J&1(,)(7&>+-"(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%JA(E)7(<),8(-"$&,1(=&(1&&(+
.)$%J&(3&'7&+1&()#(,8&(#$+,1(Y1&3-J&",(.)$%J&Z(+"3(+(.)$%J&(-"'7&+1&()#( ,8&('8+""&$1(Y=&,
.)$%J&ZA(48&1&(.)$%J&('8+">&1(7&;7&1&",(+(3&&;&"-">()#(,8&(,-3+$(<+1-"1A(48&(#->%7&1('$&+7$P
18)=(,8+,( ,8&(1P1,&J1("&&3(,-J&(,)(+3+;,( ,)( ,8&(&c,&7"+$(#)7'-">(+"3( 7&+'8(+( g"&=h(1,+,&()#
3P"+J-'(&i%-$-<7-%JA(48-1(+3+;,+,-)"(,-J&(-1(')"1-3&7&3(+1( ,8&(J)7;8)$)>-'+$( ,-J&U1'+$&()#
,8&( 1P1,&J( ,)( ,8&( &c,&7"+$( #)7'-">( )#( ,8-1( 1;&'-#-'( +''&$&7+,-)"( )#( ,8&( 1&+( $&.&$( 7-1&A( 61
&c;&',&3R(#)7(,8&($+7>&7(1P1,&J(Y,8&(6J&$+"3&7(I&&>+,Z(,8-1(+3+;,+,-)"(,-J&(-1($+7>&7(,8+"(#)7
,8&(1J+$$&7(1P1,&J(Y,8&(S-&7$+"31&(>+,ZA

48&( .)$%J&(J&+1%7&3( <&,=&&"(@0:(+"3(@K:( ).&7( ,8&( &",-7&( +7&+( )#( ,8&( ,-3+$( <+1-"( -1
,+V&"(')J;$&,&$P(<P( ,8&(')J<-"+,-)"()#( ,-3+$(;7-1J(+"3(.)$%J&()#( #$+,1A( !#(=&( +11%J&( ,8+,
"&-,8&7(,8&(+7&+()#(,8&(<+1-"(")7(,8&(3-##&7&"'&(<&,=&&"(@K:(+"3(@0:(.+7-&1(=-,8(,-J&R(+"P
'8+">&(-"(,8&(.)$%J&()#(,8&(#$+,1(=-$$(7&1%$,(-"(+"(&i%+$(<%,();;)1-,&('8+">&(-"(,8&(,-3+$(;7-1J
+"3(.-'&(.&71+A(48-1(J%,%+$(3&;&"3&"'&(-1( -"'$%3&3( -"( ,8&(6/@!46(')J;%,+,-)"1R(<%,( -,( -1
"&>$&',&3( -"( ,8&(1,+<-$-,P(+"+$P1-1(;7&1&",&3(-"(/&',-)"(fAXA(48-1(&c;$+-"1(=8P( ,8&(6/@!46
7&1%$,1(-"3-'+,&(),8&7(&i%-$-<7-%J(.)$%J&1(,8+"(=8+,(8+1(<&&"(#)%"3(-"(,8&(1,+<-$-,P(+"+$P1-1A
E)7(,8&('8+""&$1()#R(#)7(-"1,+"'&R(,8&(6J&$+"3&7(I&&>+,(+"3(+(1&+($&.&$(7-1-">(')"1,+",$P(+,(+
7+,&()#(a_('J(;&7('&",%7PR( ,8&(1,+<-$-,P(+"+$P1-1(7&1%$,1( -"(+(3P"+J-'(&i%-$-<7-%J(.)$%J&()#
XAa!ONd(JX( Y1&&( E->%7&( fAXZ(=8&7&+1( +'')73-">( ,)( ,8&( 6/@!46( )%,;%,( ;7&1&",&3( -"( E->%7&
fAOaR( ,8&( g"&=h( 3P"+J-'( &i%-$-<7-%J( 1,+,&( =-$$( <&( 7&+'8&3( +,( +( .)$%J&( )#( +;;7)c-J+,&$P
fAN!ONd( JXA( 9%&( ,)( ,8&( -"'7&+1&( -"( ,-3+$( ;7-1J( Y1&&( 6;;&"3-'&1( 9X( +"3( SXZR( ,8&( .)$%J&
3&'7&+1&()#( ,8&(&<<U,-3+$(3&$,+(=-$$(<&( $&11(+"3( ,8&(.)$%J&( -"'7&+1&()#( ,8&('8+""&$1(=-$$(<&
J)7&(,8+"(;7&3-',&3(-"(,8&(1,+<-$-,P(+"+$P1-1(Y/&',-)"(fAXZA(48&(;7&3-',-)"()#(,8&(&i%-$-<7-%J
#$+,( .)$%J&( J+,'8&1( ,8&( 7&1%$,( #7)J( ,8&( 6/@!46( ')J;%,+,-)"1R( +1( ,8&( &i%-$-<7-%J( #$+,
.)$%J&(-1("),(+(#%"',-)"()#(,8&(,-3+$(;7-1JA

!"( 6;;&"3-c( 9f( +"3( SfR( ,8&( 7&1-3%+$( 3-##%1-.&( 1&3-J&",( ,7+"1;)7,1( +"3( ,8&( 1&3-J&",
')"'&",7+,-)"( 3&.&$);J&",( #)7( <),8( -"$&,1( +7&( 18)="A( !"( ,8&( #->%7&1( ')"'&7"-">( 1&3-J&",
,7+"1;)7,( -,( -1( 18)="( ,8+,( ,8&( -"=+73( 1&3-J&",( ,7+"1;)7,( 8+1( ,)( >7)=( ,)( 1+,-1#P( ,8&( 1P1,&J1
-"'7&+1&3(1&3-J&",(3&J+"3A(:&('+"(1&&(,8+,(,8&(g1&3-J&",(7&,&",-)"h(J&'8+"-1J1("&&3(1)J&
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,-J&( ,)( >&"&7+,&( ,8&( -"=+73( 1&3-J&",( ,7+"1;)7,( Y1&&( +$1)( /&',-)"( MAMA_ZA( 6#,&7( ,8&( 1P1,&J1
8+.&(7&+'8&3(,8&-7("&=(3P"+J-'(&i%-$-<7-%J(1,+,&R( 1&3-J&",( ,7+"1;)7,( 1,+<-$-1&1A( !"( ,8&( #-71,
;&7-)3( )#( ,8&( 1-J%$+,-)"( #)7( ,8&( 6J&$+"3&7( I&&>+,( -"$&,( YP&+71( MNaN( U( MONNZR( 1&3-J&",
,7+"1;)7,(#7)J(,8&('8+""&$(,)(,8&(#$+,(&i%+$1(,8&(1&3-J&",(,7+"1;)7,(#7)J(,8&(&<<U,-3+$(3&$,+(,)
,8&('8+""&$A(48-1(J&+"1(,8+,(-"(,8-1(;&7-)3()#( ,-J&(,8&('8+""&$(3)&1("),(+''7&,&(+"3(,8+,( -,1
=&,(.)$%J&(=-$$(-"'7&+1&(7+;-3$PA(E)7(,8&(S-&7$+"31&(B+,(,8-1(-1("),(,8&('+1&(+1(,8&(1&3-J&",
3&J+"3()#(,8&(1J+$$&7(#$+,(+7&+(-1("),(+1($+7>&(+1(-"(6J&$+"3&7(I&&>+,(<+1-"A

E)7( ,8&( 1-,%+,-)"( ,8+,( ,8&( ,-3+$( -"$&,( 1P1,&J1( 8+.&( 7&+'8&3( +( g"&=h( 1,+,&( )#( 3P"+J-'
&i%-$-<7-%JR(4+<$&(fA_(18)=1(,8&(&i%-$-<7-%J(1&3-J&",(,7+"1;)7,1(<&,=&&"(,8&(&$&J&",1A

4+<$&(fA_C(Si%-$-<7-%J(1&3-J&",(,7+"1;)7,1(<&,=&&"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(a_('Jb'&",%7P
47+"1;)7,(nJ-$$-)"(JXbP&+7o

47+"1;)7,(3-7&',-)" 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
T%,1-3&(=)7$3(,)
&<<U,-3+$(3&$,+ OA^_a OAN^a

S<<U,-3+$(3&$,+(,)
'8+""&$1 OAafe NAddX

28+""&$1(,)(#$+,1 NA^^e NAadd

!"(4+<$&(fAeR( ,8&(&i%-$-<7-%J(1&3-J&",(+''7&,-)"(-"( ,8&(&$&J&",1( -1(>-.&"A(T"'&(,8&(1P1,&J1
8+.&(7&+'8&3(,8&-7(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%JR(,8&(+''7&,-)"(J+,'8&1(,8&(7+,&()#(1&+
$&.&$( 7-1&(+"3(+1(&c;&',&3R( ,8&( ,),+$( +''7&,-)"(&i%+$1( ,8&( 1&3-J&",( 1%;;$P( #7)J( ,8&( g)%,1-3&
=)7$3hA

4+<$&(fAeC(Si%-$-<7-%J(1&3-J&",(3&J+"3b+''7&,-)"(-"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(a_('Jb'&",%7P
/&3-J&",(3&J+"3b+''7&,-)"(nJ-$$-)"(JXbP&+7o

S$&J&", 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
S<<U,-3+$(3&$,+ NAfOd NAMOM
28+""&$1 NAaaN NAM^a
E$+,1 NA^^e NAadd
4),+$(1&3-J&",(3&J+"3 OA^_a OAN^a

6;;&"3-c( 9f( +"3( Sf( 18)=( ,8&( 3&.&$);J&",( )#( $)'+$( 1&3-J&",( +"3( $)'+$( &i%-$-<7-%J
')"'&",7+,-)"( #)7( &+'8( &$&J&",A( 61( ,8&( 1P1,&J1( 8+.&( +"( -"'7&+1&3( "&&3( )#( 1&3-J&",
Y')J;+7&3( ,)( ,8&( ;7&1&",( !"#( 1'&"+7-)Z( ,)( 1+,-1#P( ,8&( 1&3-J&",( 3&J+"3( ,8&( &i%-$-<7-%J
')"'&",7+,-)"( +"3( +',%+$( 1&3-J&",( ')"'&",7+,-)"1( +7&( $)=&7( ,8+"( -"( ,8&( ;7&'&3-">( 1'&"+7-)A
48-1(=+P(,8&(3-##&7&"'&(-"(1&3-J&",(')"'&",7+,-)"(<&,=&&"(,8&(g)%,1-3&(=)7$3h(+"3(,8&(1P1,&J
-"'7&+1&1A( 61( +"( &.&7U$+7>&7( 3-##&7&"'&( -"( 1&3-J&",( ')"'&",7+,-)"( 7&1%$,1( -"( +"( -"'7&+1-">
-"=+73( 1&3-J&",( ,7+"1;)7,R( ,8&( 1P1,&J1( 1&3-J&",( 3&J+"3( -1( 1+,-1#-&3( +"3( +( g"&=h( 1,+,&( )#
3P"+J-'(&i%-$-<7-%J(-1(7&+'8&3A

4.5.4! Worst case scenario

48&( =)71,( '+1&( 1'&"+7-)( -".)$.&1( +( $-"&+7$P( +''&$&7+,-">( 7+,&( )#( 1&+( $&.&$( 7-1&( %;( ,)( da
'Jb'&",%7P(-"(MONNA(6#,&7(,8&(P&+7(MONN(,8&(1&+($&.&$(7-1&(1,+<-$-1&1(+,(+(7+,&()#(da('Jb'&",%7PA
6>+-"(#)7(<),8(-"$&,1(=&(1,+7,(,8&(6/@!46(1-J%$+,-)"(-"(,8&(P&+7(MNNNA(61(,8&(S-&7$+"31&(B+,
-1(1J+$$&7( ,8+"(,8&(6J&$+"3&7(I&&>+,R( -,( 7&i%-7&1( $&11( ,-J&(,)(7&+'8(+("&=(1,+,&()#(3P"+J-'
&i%-$-<7-%JA(@)3&$(')J;%,+,-)"1(18)=(,8+,(+$7&+3P(+#,&7(1)J&(MNN(,)(XNN(P&+71(,8&(.)$%J&1
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)#( ,8&( .+7-)%1( &$&J&",1( )#( ,8-1( -"$&,( 1P1,&J( 8+73$P( .+7P( =-,8( ,-J&( +"P( J)7&A( E)7( ,8&
6J&$+"3&7(I&&>+,R(,8-1(,+V&1(%;(,)(+<)%,(dNN(P&+71A(/&&(E->%7&(fAOeR(fAOd(Y6;;A(9a(+"3(SaZA
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E->%7&(fAOeR(fAOdC G)$%J&(3&.&$);J&",(#)7(,8&(6J&$+"3&7(I&&>+,(Y$&#,Z(+"3(,8&(S-&7$+"31&(B+,(Y7->8,Z(#)7(+"
+''&$&7+,-">(7+,&()#(1&+($&.&$(7-1&(%;(,)(da('Jb'&",%7P(-"(MONNA

9%&(,)(,8&(.)$%J&(3&'7&+1&()#(,8&(#$+,1(=&(1&&(+(1->"-#-'+",(-"'7&+1&()#(,8&(,-3+$(;7-1J1(Y,8&
$+7>&1,(#)7(,8&(6J&$+"3&7(I&&>+,(<+1-"ZR(1&&(,-3+$(;7-1J(3&.&$);J&",(-"(6;;&"3-c(9a(+"3(SaA
48&( -"'7&+1&3( ,-3+$(;7-1J( 7&1%$,1( -"( $+7>&7( &i%-$-<7-%J(.)$%J&()#( ,8&( '8+""&$( &$&J&",( Y=&,
.)$%J&Z( +"3( +( 1J+$$&7( .)$%J&( 3&'7&+1&( )#( ,8&( &<<U,-3+$( 3&$,+( Y1&3-J&",( .)$%J&ZR( 1&&( +$1)
7&J+7V()"(,-3+$(;7-1J(-"'7&+1&(-"(/&',-)"(fAaAXA

!"(6;;&"3-c(9_(+"3(S_R(,8&($)">U,&7J(7&1-3%+$(3-##%1-.&(1&3-J&",(,7+"1;)7,(+"3(,8&(1&3-J&",
')"'&",7+,-)"(3&.&$);J&",(#)7(<),8(-"$&,1(+7&(18)="A(48&(#->%7&1()"(1&3-J&",(,7+"1;)7,(18)=
,8+,(,8&(-"=+73(1&3-J&",(,7+"1;)7,(>7)=1(1->"-#-'+",$P(,)(1+,-1#P( ,8&(1P1,&J1(&.&7( -"'7&+1-">
1&3-J&",(3&J+"3A(61(,8&(g1&3-J&",(7&,&",-)"(J&'8+"-1J1h("&&3(,-J&(,)(>&"&7+,&(,8&(-"=+73
1&3-J&",(,7+"1;)7,R(-"-,-+$$P(,8&(&$&J&",1('+""),(V&&;(;+'&(=-,8(,8&(7-1&()#(,8&(1&+($&.&$A(6#,&7
,8&(1P1,&J1(8+.&(7&+'8&3(,8&-7(g"&=h(3P"+J-'(&i%-$-<7-%J(1,+,&R(1&3-J&",(,7+"1;)7,(1,+<-$-1&1
+"3(#%$#-$1(,8&(1P1,&J1(1&3-J&",(3&J+"3A

!"(,8&(=)71,('+1&(1'&"+7-)R(,8&(1-J%$+,-)"()#(,8&(#-71,(;&7-)3()#(,8&(&.)$%,-)"()#(,8&(6J&$+"3&7
I&&>+,(-"$&,(YP&+71(MNaNUMONNZ(18)=1(+($+7>&7(1&3-J&",(,7+"1;)7,(#7)J(,8&('8+""&$(,)(,8&(#$+,
,8+"( #7)J( ,8&( &<<U,-3+$( 3&$,+( ,)( ,8&( '8+""&$A( !"( ,8-1( ;&7-)3( ,8&( '8+""&$( &$&J&",( &7)3&1
&c'&11-.&$P(+"3(g>-.&1h(1&3-J&",(,)(,8&(#$+,(&$&J&",A(E)7( ,8&(S-&7$+"31&(B+,( -"$&,( ,8-1( -1("),
,8&('+1&(+1(,8&(1&3-J&",(3&J+"3()#(,8&(7&$+,-.&(1J+$$&7(#$+,(+7&+(Y')J;+7&3(,)(,8&(#$+,(+7&+()#
,8&(6J&$+"3&7(I&&>+,Z(-1($&11A(4+<$&(fAd(18)=1(,8&(&i%-$-<7-%J(1&3-J&",(,7+"1;)7,1(<&,=&&"
,8&(&$&J&",1(-"('+1&(,8&(1P1,&J1(8+.&(7&+'8&3(+(g"&=h(1,+,&()#(3P"+J-'(&i%-$-<7-%JA

4+<$&(fAdC(Si%-$-<7-%J(1&3-J&",(,7+"1;)7,1(<&,=&&"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(da('Jb'&",%7P
47+"1;)7,(YJ-$$-)"(JXbP&+7Z

47+"1;)7,(3-7&',-)" 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
T%,1-3&(=)7$3(,)
&<<U,-3+$(3&$,+ MA^dX OA__O

S<<U,-3+$(3&$,+(,)
'8+""&$1 MAXfd OAXfN

28+""&$1(,)(#$+,1 OAaOX NAd^M
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!"(4+<$&(fA^R( ,8&(&i%-$-<7-%J(1&3-J&",(+''7&,-)"(-"( ,8&(&$&J&",1( -1(>-.&"A(T"'&(,8&(1P1,&J1
8+.&(7&+'8&3(,8&-7("&=(3P"+J-'(&i%-$-<7-%J(1,+,&(,8&(+''7&,-)"(J+,'8&1(,8&(7+,&()#(1&+($&.&$
7-1&(+"3R(+1(&c;&',&3R(,8&(,),+$(1&3-J&",(3&J+"3(&i%+$1(,8&(1&3-J&",(1%;;$P(#7)J(,8&(g)%,1-3&
=)7$3hA

4+<$&(fA^C(Si%-$-<7-%J(1&3-J&",(3&J+"3b(+''7&,-)"(-"(&$&J&",1](7+,&()#(1&+($&.&$(7-1&(da('Jb'&",%7P
/&3-J&",(3&J+"3b+''7&,-)"(YJ-$$-)"(JXbP&+7Z

S$&J&", 6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
S<<U,-3+$(3&$,+ NA_Xa NAXMO
28+""&$1 NAdXa NAffd
E$+,1 OAaOX NAd^M
4),+$(1&3-J&",(3&J+"3 MA^dX OA__O

5&'+%1&( ,8&( 6J&$+"3&7( I&&>+,( -1( +( $+7>&7( 1P1,&J( Y+7&+( =-1&Z( ,8+"( ,8&( S-&7$+"31&( >+,R( ,8&
6J&$+"3&7(I&&>+,(8+1(+($+7>&7(1&3-J&",(3&J+"3A

!"(6;;&"3-c(9_(+"3(S_(,8&($)'+$(1&3-J&",(+"3($)'+$(&i%-$-<7-%J(')"'&",7+,-)"(+7&(18)="(#)7
&+'8( &$&J&",( +1( +( #%"',-)"( )#( ,-J&A( 61( ,8&( 1P1,&J1( 8+.&( +"( -"'7&+1&3( "&&3( )#( 1&3-J&",
Y')J;+7&3(,)(,8&(J)1,($-V&$P(!"#(1'&"+7-)Z(,)(1+,-1#P(,8&(1&3-J&",(3&J+"3()#(,8&(1P1,&JR(,8&
&i%-$-<7-%J(')"'&",7+,-)"(+"3(+',%+$(1&3-J&",(')"'&",7+,-)"1(+7&($)=&7(,8+"(-"(,8&(;7&'&3-">
1'&"+7-)1A(48-1(=+P(,8&(3-##&7&"'&(-"(1&3-J&",(')"'&",7+,-)"(<&,=&&"(,8&(g)%,1-3&(=)7$3h(+"3
,8&( 1P1,&J( -"'7&+1&1A( 61( +"( &.&7U$+7>&7( 3-##&7&"'&( -"( 1&3-J&",( ')"'&",7+,-)"( 7&1%$,1( -"( +"
-"'7&+1-">(-"=+73(1&3-J&",(,7+"1;)7,R(,8&(1P1,&J1(1&3-J&",(3&J+"3(-1(1+,-1#-&3(+"3(+(g"&=h
1,+,&()#(3P"+J-'(&i%-$-<7-%J(-1(7&+'8&3A

4.5.5! Mean level changes in the system

!"(,8&(;7&1&",(1&',-)"(+(,7+"1$+,-)"(-1(J+3&(#7)J(,8&(&$&J&",(.)$%J&('8+">&(+1(;7&1&",&3(-"
#)7&>)-">(1&',-)"1(,)(+($&.&$('8+">&(#)7(,8&(#$+,R('8+""&$(+"3(,8&(&<<U,-3+$(3&$,+(+7&+A(E)7(,8&
g"&=h(1,+,&1()#(3P"+J-'(&i%-$-<7-%J()#(&+'8(!"#(1'&"+7-)(=&(8+.&('+$'%$+,&3(,8&(+7&+($&.&$1
+"3(,8%1(+'i%-7&(<&,,&7(-"1->8,()#(,8&(g;&7J+"&",h(3&&;&"-">()#(,8&(1P1,&J(#)7(+('&7,+-"(7+,&()#
1&+($&.&$(7-1&A(!"(4+<$&(fAON(+"3(fAOO(,8&(7&1%$,1()#(,8&1&('+$'%$+,-)"1(+7&(18)="(#)7(,8&(J&+"
<&3($&.&$()#(,8&('8+""&$(+"3(,8&(J&+"(#$+,($&.&$R(<),8(7&$+,-.&(,)(@0:A(48&(J&+"($&.&$()#(,8&
&<<U,-3+$(3&$,+(-1('+$'%$+,&3(7&$+,-.&( ,)( ,8&(J&+"(<&3($&.&$()#( ,8&(g%"3-1,%7<&3(')+1,$-"&h(Y+1
3&#-"&3(<P(A)FEC.$).6$b6)D?<$01@YZA(6"(-J;)7,+",(+11%J;,-)"(-"(,8&1&('+$'%$+,-)"1(Y+"3(-"
,8&(6/@!46(')"'&;,1R(1&&(/&',-)"(XAXZ(-1(,8+,().&7(,8&('&",%7-&1(")(1->"-#-'+",('8+">&1(-"(,8&
8)7-[)",+$(1-[&()#( ,8&(&$&J&",1( ,+V&(;$+'&A( (4+<$&(fAON(18)=1(#)7( ,8&(6J&$+"3&7(I&&>+,( ,8&
'+$'%$+,&3(&i%-$-<7-%J($&.&$1(#)7(,8&(,87&&(1'&"+7-)1()#(1&+($&.&$(7-1&A

4+<$&(fAONC(Si%-$-<7-%J($&.&$1(+1(+(#%"',-)"()#(!"#
@&+"(Si%-$-<7-%J(&$&J&",($&.&$(+1(+(#%"',-)"()#(!"#

6J&$+"3&7(I&&>+,

/0* 9&$,+(8&->8,(nJo
+<).&(<&3($&.&$

28+""&$(3&;,8(nJo
<&$)=(@0:

E$+,(8&->8,(nJo
+<).&(@0:

L7&1&", OAea XANe NA_e
a_('Jb'&",%7P(/0* OA_e fANf NAaN
da('Jb'&",%7P(/0* OAa^ aAfO NAXM

E)7(,8&(S-&7$+"31&(>+,(-"$&,(=&(8+.&('+$'%$+,&3(&i%-$-<7-%J($&.&$1(+1(18)="(-"(4+<$&(fAOOA



Influence of Relatie Sea Level Rise on Z2822 April 2001
Coastal Inlets and Tidal Basins

WL| Delft Hydraulics 4 - 1 6

4+<$&(fAOOC(Si%-$-<7-%J($&.&$1(+1(+(#%"',-)"()#(!"#
@&+"(&i%-$-<7-%J(&$&J&",($&.&$(+1(+(#%"',-)"()#(!"#

S-&7$+"31&(B+,

/0* 9&$,+(8&->8,(nJo
+<).&(<&3($&.&$

28+""&$(3&;,8(nJo
<&$)=(@0:

E$+,(8&->8,(nJo
+<).&(@0:

L7&1&",(/0* XAf^ MANO NAaM
a_('Jb'&",%7P(/0* XAX_ MAXX NAf_
da('Jb'&",%7P(/0* XAMf MA_a NAfN

6;;+7&",$PR(-"'7&+1-">(,8&(7+,&()#(1&+($&.&$(7-1&(P-&$31(+(1->"-#-'+",(3&'7&+1&()#(#$+,(8&->8,(+"3
+"(-"'7&+1&()#('8+""&$(3&;,8(Y<),8(J&+1%7&3(7&$+,-.&( ,)(@0:Z(+"3(,8%1(+(3&&;&"-">()#( ,8&
,-3+$(<+1-"1A(E)7(,8&(6J&$+"3&7(I&&>+,R(=8&7&(+(1->"-#-'+",(-"'7&+1&()#(,-3+$(;7-1J(,+V&1(;$+'&
#)7(+"( -"'7&+1&3( 7+,&( )#( 1&+( $&.&$( 7-1&R(=&(1&&(+( 7&$+,-.&( 1J+$$( '8+">&()#( ,8&(&<<U,-3+$(3&$,+
$&.&$A(6;;+7&",$PR(,8&(,=)(#)7'&(')J;)"&",1(,8+,(3-',+,&(,8&(&.)$%,-)"()#(,8&(&<<U,-3+$(3&$,+R
,8&(1&+($&.&$(7-1&(+"3(,8&(,-3+$(;7-1JR(+7&(J)7&()7($&11(-"(&i%-$-<7-%J(#)7(,8-1('+1&A

4.6! Conclusions

6;;+7&",$PR(#)7(,8&(J)3&$$&3(,-3+$(-"$&,(1P1,&J1(,8&(6J&$+"3&7(I&&>+,(+"3(,8&(S-&7$+"31&(B+,R
-,( '+"( <&( 18)="( %;;&7( <)%"3+7-&1( &c-1,( #)7( +( 7-1&( )#( ,8&( 1&+( $&.&$( Y!"#$-J-,ZA( E7)J( +
1&"1-,-.-,P(+"+$P1-1(=&(3&7-.&3(,8+,(,8&1&(%;;&7(<)%"3+7-&1(Y1,+<-$-,P($-J-,1Z(+7&(.&7P(1&"1-,-.&
,)( +( .+7-+,-)"( )#( &$&J&",( +7&+R( 8)7-[)",+$( &c'8+">&( 7+,&( +"3( g)%,1-3&( =)7$3h( &i%-$-<7-%J
')"'&",7+,-)"( Y7&+3( ;),&",-+$( 1&3-J&",( 1%;;$PZA( 5&'+%1&( ,8&( $+,,&7( ,=)( .+7-+<$&1( 7&;7&1&",
$+7>&( %"'&7,+-",-&1( ,8&P( +7&( '$+11-#-&3( +1( %"'&7,+-"( .+7-+<$&1( -"( ,8&( !"#$-J-,( ;7&3-',-)"A
48&7&#)7&( -,( 1&&J1(%1&#%$( ,)(+'')J;+"P(J)3&$( 7&1%$,1(=-,8(+"(&1,-J+,&( )#( ,8&( 7&$-+<-$-,P( )#
,8&1&(%"'&7,+-"(.+7-+<$&1A(!"(28+;,&7(aR(=&(=-$$(+11&11(,8&1&(%"'&7,+-"(.+7-+<$&1R(7&1%$,-">(-"(+
;7)<+<-$-1,-'(+;;7)+'8R(,8+,(P-&$31(i%+",-,+,-.&(-"1->8,(-",)(,8&(7&$-+<-$-,P()#(,8&(J)3&$(7&1%$,1A

E%7,8&7J)7&R(,)()<,+-"(+(<&,,&7(%"3&71,+"3-">()#(,8&(1P1,&J1(&.)$%,-)"(,)=+731(+(g"&=h(1,+,&
)#(3P"+J-'(&i%-$-<7-%J(>-.&"(+(7-1-">(1&+($&.&$R(6/@!46(1-J%$+,-)"1(=&7&(J+3&A(48&(,-J&
,8&(,-3+$(-"$&,(1P1,&J1(7&i%-7&(,)(7&+'8(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%J(-1(+"(-"3-'+,-)"()#
,8&(J+,'8-">(J)7;8)$)>-'+$( ,-J&U1'+$&A( E7)J( ,8&( 1-J%$+,-)"1( -,( '+J&( #)7=+73( ,8+,( ,8&( +7&+
=-1&(1J+$$&7(YS-&7$+"31&(B+,Z()#(,8&(,=)(1,%3-&3(-"$&,1(&.)$.&1()"(1->"-#-'+",$P(18)7,&7(,-J&U
1'+$&(,)=+731(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%J(,8+"(,8&($+7>&7(6J&$+"3&7(I&&>+,A(E%7,8&7
=&(+'i%-7&3(-"1->8,(-"(,8&(g1&3-J&",(7&,&",-)"(J&'8+"-1Jh()#(,8&(J)3&$$&3(1P1,&J1R(=8-'8(<P
3&.-+,-">(,8&(&$&J&",(.)$%J&1(#7)J(,8&-7()7->-"+$(&i%-$-<7-%J(.+$%&R( $)=&71( ,8&(&i%-$-<7-%J
')"'&",7+,-)"(-"(,8&(1P1,&J(+"3(,8%1(-"'-,&1(+"(-"=+73(3-##%1-)"U,P;&()#(1&3-J&",(,7+"1;)7,A

61(,8&(,-3+$(;7-1J(3&.&$);J&",(-1(+;;7)c-J+,&3(+1(,-J&U-".+7-+",(-"(,8&(1,+<-$-,P(+"+$P1-1R(,8&
&i%-$-<7-%J( .)$%J&( ;7&3-',-)"1( )#( ,8&( 1,+<-$-,P( +"+$P1-1( +"3( 6/@!46( 1-J%$+,-)"1( 3)( "),
J+,'8(#)7(,8&(&<<U,-3+$(3&$,+(+"3('8+""&$(&$&J&",(+1(<),8(+7&(3&;&"3&",(%;)"(,8&(,-3+$(;7-1JA
9%&(,)(,8&(-"'7&+1&(-"(,-3+$(;7-1JR(,8&(.)$%J&(3&'7&+1&()#(,8&(&<<U,-3+$(3&$,+(&$&J&",(=-$$(<&
$&11( +"3( ,8&( .)$%J&( -"'7&+1&( )#( ,8&( '8+""&$( &$&J&",( =-$$( <&( J)7&( ,8+"( ;7&3-',&3( -"( ,8&
1,+<-$-,P(+"+$P1-1A(48&(&.)$%,-)"()#(,8&(&i%-$-<7-%J(#$+,(.)$%J&R(=8-'8(-1(3&,&7J-"+,-.&(#)7(,8&
!"#$-J-,R( -1( -"3&;&"3&",( )#( ,8&( ,-3+$( ;7-1J( +"3( ,8%1( ,8&( !"#$-J-,( -1( "),( +##&',&3( <P( ,8&
+;;7)c-J+,-)"()#(,8&(,-3+$(;7-1J(-"(,8&(1,+<-$-,P(+"+$P1-1A
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5! Assessing uncertainties in the Sea Level Rise
Stability Limit

5.1! Introduction

!"( ,8&( ;7&'&3-">( '8+;,&71( -1( 8+1( <&&"( 18)="( ,8+,( &1,-J+,&1( )#( ,8&( !"#$-J-,( )<,+-"&3( =-,8
6/@!46(J)3&$( +7&( 1&"1-,-.&( &1;&'-+$$P( ,)( ,=)( ;+7+J&,&71( )#( ,8+,( J)3&$A( !,( ')"'&7"1( ,8&
g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(Y7&#$&',-">(,8&(+.+-$+<-$-,P()#(1&3-J&",(,)(,8&( -"$&,
1P1,&JZ(+"3(,8&(8)7-[)",+$(&c'8+">&( 7+,&1( Y+(J&+1%7&( #)7( ,8&( 1P1,&J1('+;+'-,P( ,)(3-1,7-<%,&
1&3-J&",(-",&7"+$$PZA

4)( ,8-1( &"3R(=&(=7-,&( ,8&(!"#$-J-,( +1( +( #%"',-)"( )#( ,8&(J&",-)"&3( ,=)( ;+7+J&,&71( +"3(=&
')"1-3&7(,8&1&(;+7+J&,&71(,)(<&(7+"3)J(.+7-+<$&1A(/,+,-1,-'+$(;7);&7,-&1()#(,8&1&(.+7-+<$&1(+7&
&1,-J+,&3( #7)J( #-&$3( 3+,+( +"3( '+%,-)%1( &c,7+;)$+,-)"( )#( %"3&7$P-">( 1J+$$U1'+$&( ;7)'&11&1A
48&1&(;7);&7,-&1(+7&(%1&3(1%<1&i%&",$P(,)(i%+",-#P(,8&(7+"3)J('8+7+',&7()#(,8&(!"#$-J-,A

!"(/&',-)"(aAM(+"3(aAX(=&(+11&11(,8&(1,+,-1,-'+$(;7);&7,-&1()#( ,8&( g)%,1-3&(=)7$3h(&i%-$-<7-%J
')"'&",7+,-)"(+"3( ,8&(8)7-[)",+$( &c'8+">&( 7+,&1( <&,=&&"( +3H+'&",( &$&J&",1A( !"(/&',-)"(aAfR
=&(+11&1(,8&(7&$-+<-$-,P()#(,8&(;7&3-',&3(!"#$-J-,(<P(+"(&1,-J+,&()#(,8&(H)-",(;7)<+<-$-,PA

5.2! Assessing the uncertainty in ‘outside world’ equilibrium
concentration

5.2.1! Introduction

48&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(7&;7&1&",1(,8&($)">U,&7J(+.&7+>&3(+.+-$+<-$-,P
)#(1&3-J&",(,)(,8&(,-3+$(-"$&,(1P1,&JA(E7)J(,8&(;&7'&;,-)"(,8+,(,8-1(+.+-$+<-$-,P(8+1(,)(3)(=-,8
,8+,(;+7,()#(,8&(YJ+-"$P(=+.&U-"3%'&3Z(,7+"1;)7,(+$)">(,8&(<+77-&7(-1$+"31(+,(<),8(1-3&1()#(,8&
-"$&,R(,8+,('+"(<&(<7)%>8,(-",)(,8&(-"$&,(1P1,&J(<P(,8&(,-3+$(J),-)"R(=&(=-$$(3&7-.&(+(')"'&;,%+$
J)3&$( #)7( &'( ( Y/&',-)"( aAMAMZ( +"3( =&( +;;$P( ,8+,( J)3&$( ,)( i%+",-#P( &'( -"( 1,+,-1,-'+$( ,&7J1
Y/&',-)"(aAMAXZA

5.2.2! Physical concept of ‘outside world’ equilibrium concentration

!"( ,8&(6/@!46(')"'&;,R( ,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"( Y8&"'&#)7,8( 7&#&77&3
,)( +1( &'Z$ 7&;7&1&",1( ,8&( ,-J&U-".+7-+",R( <)%"3+7P( ')"3-,-)"( ,)( ,8&( 1P1,&JA( !"( ,8&( ;7&1&",
1&',-)"( =&( 3&7-.&( +( ')"'&;,%+$( J)3&$( #)7( &'A( :-,8( ,8-1( J)3&$( =&( +11&11( ,8&( &##&',( )#
%"'&7,+-",-&1(-"(,8&(1&3-J&",(,7+"1;)7,(J)3&$(+"3('8+">&1(-"(=+.&('$-J+,&()"(&'A

4)(J+V&(+"(+;;7)c-J+,-)"()#(,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"R(+(.&7P(1-J;$-1,-'
<%,( ,7+"1;+7&",(J)3&$( -1( %1&3A(:&( ;7&1%J&( ,8+,( ,8&( ;),&",-+$( 1&3-J&",( 1%;;$P( ,)( ,8&( ,-3+$
<+1-"(-1()"$P(g>&"&7+,&3h(-"(,8&(1%7#([)"&()#(,8&(<+77-&7(-1$+"31(+"3(,7+"1;)7,&3(,)(,8&(-"$&,(.-+
=+.&U-"3%'&3($)">18)7&('%77&",1A(48&7&#)7&(,8&(g;7&1&",&3h(&'(+,(,8&(<)%"3+7P()#(,8&(g)%,1-3&
=)7$3h(3&;&"31()"$P()"(=+.&U-"3%'&3(,7+"1;)7,1(+"3('%77&",1A(48&( ,-3+$('%77&",1R(>&"&7+,&3
<P(,8&(,-3+$(;7-1JR(+7&("),(P&,(,+V&"(-",)(+'')%",(+1(,8&1&('%77&",1(;7&1&",(,8&J1&$.&1(+,(,8&
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<)%"3+7P()#(,8&(&<<U,-3+$(3&$,+(+"3('+%1&(,8&(1&3-J&",(,7+"1;)7,(<&,=&&"(,8&(g)%,1-3&(=)7$3h
+"3(,8&(&<<U,-3+$(-"$&,A(48&($+,,&7(1&3-J&",(,7+"1;)7,(-1(7&1;)"1-<$&(#)7(,8&($)">U,&7J(+.&7+>&3
3-##%1-.&(1&3-J&",(&c'8+">&(<&,=&&"(,8&(g)%,1-3&(=)7$3h(+"3(,8&(,-3+$(-"$&,A

:8&"(=&(&1,-J+,&(,8&(<%$V(1&3-J&",(,7+"1;)7,(+$)">(,8&(<+77-&7(<&+'8&1(+"3(3-.-3&(-,(<P(,8&
$)">18)7&(=+.&(>&"&7+,&3(3-1'8+7>&R(=&()<,+-"(+"(&1,-J+,&()#(,8&(g)%,1-3&(=)7$3h(&i%-$-<7-%J
')"'&",7+,-)"(+.+-$+<$&(,)(,8&(1P1,&JA(/&&(&i%+,-)"(YaAOZC

& !
%' ' YaAOZ

-"( =8-'8( !$ -1( ,8&( <%$V( 1&3-J&",( ,7+"1;)7,( nJXb1o( +"3( %( 7&;7&1&",1( ,8&( $)">18)7&( =+.&U
>&"&7+,&3(3-1'8+7>&(nJXb1oA(48&($+,,&7(3&7-.&3(')"'&",7+,-)"(-1(')"'&",7+,&3(-"(,8&(1%7#([)"&()#
=8-'8(,8&(=-3,8(-1(3-',+,&3(<P(,8&(+.&7+>&(=+.&(8&->8,(+"3(<&+'8(1$);&A

5&'+%1&( ,8&( 1&3-J&",( &c'8+">&( =-,8( ,8&( &<<U,-3+$( 3&$,+( ,+V&1( ;$+'&( ).&7( +( J%'8( <7)+3&7
7&>-)"(,8+"(,8&(=-3,8()#(,8&(1%7#([)"&(Y1&&(E->%7&(aAOZR(,8&(;7&1&",&3(&'(,)(,8&(&<<U,-3+$(3&$,+
8+1(,)(<&(')77&',&3(=-,8(+('&7,+-"(')77&',-)"(#+',)7()&'A(48-1(')77&',-)"(#+',)7(3&;&"31()"(,8&
=-3,8()#(,8&(1%7#([)"&(+"3(,8&(=-3,8()#(,8&(g1&3-J&",(&c'8+">-">h(<)%"3+7P()#(,8&(&<<U,-3+$
3&$,+R(1&&(&i%+,-)"(YaAMZA

) &'
?K8[

67FE)

+
+

' YaAMZ

48&(')77&',-)"(#+',)7(J%$,-;$-&3(<P(,8&(')"'&",7+,-)"(U'+$'%$+,&3(-"(&i%+,-)"(YaAOZU(7&1%$,1(-"
,8&( 1&3-J&",( ')"'&",7+,-)"(;7&1&",&3( ,)( ,8&( &<<U,-3+$( 3&$,+A(:&( ,&",+,-.&$P( +11%J&( ,8+,( ,8&
=-3,8()#(,8&(+7<-,7+7P(g1&3-J&",(&c'8+">&(<)%"3+7Ph()#(,8&(&<<U,-3+$(3&$,+(&i%+$1(,8&(=-3,8()#
,8&( 1%7#( [)"&( #)7( 8->8( =+.&( ')"3-,-)"1( -"( +( 7&#&7&"'&( '+1&A( !"( ,8-1( 7&#&7&"'&( '+1&R( ,8&
')77&',-)"( #+',)7( #)7(8->8(=+.&(')"3-,-)"1( ,8+"(&i%+$1(OA(E)7( $)=(=+.&( ')"3-,-)"1( ,8&( 1%7#
[)"&(-1("+77)=&7(=-,8(8->8&7(')"'&",7+,-)"1A(5&'+%1&(,8-1("+77)=(1%7#([)"&(')"'&",7+,-)"(-1
1;7&+3().&7( ,8&(<7)+3&7(1&3-J&",(&c'8+">-">(<)%"3+7P()#( ,8&(&<<U,-3+$(3&$,+R( -,( 7&1%$,1( -"(+
$)=&7(<)%"3+7P(')"'&",7+,-)"A

)**%+#$,'
$)'+,!"#$"%"#$"

!&'(%&'(

-#.-!/!'(0!0,1)!2(3$#+#(3 -#.-!0,1)!2(3$#+#(3!*4),5)4!'#3)
'(0!0,1)!2(3$#+#(3!*4),5)4!'#3)

8'

whigh

wlow

wdelta

)*++#,+-#.&*/0

12

12

2'0

6(7+8#$)!0(4'$9

E->%7&(aAOC 0)">18)7&(,7+"1;)7,(!$+"3(3-1'8+7>&(%(#)7($)=(+"3(8->8(=+.&(')"3-,-)"1

E)7(+(1;&'-#-'(=+.&(')"3-,-)"(,8&(1&3-J&",(,7+"1;)7,(!e$nJXb1o(-1(')J;%,&3(=-,8(,8&(%1&()#(,8&
W'#W(1&3-J&",(,7+"1;)7,(#)7J%$+(Y!PC87$V8CE7&E,C.$G).K)F<$012;ZC

0 1 0 1! b = . &Z8 Z8 Z8 Z8 Z8
m ')1 1-"' ! ! ! !M 8 8 YaAXZ
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=-,8C
b 3-J&"1-)"$&11(')&##-'-&",(nUo
=Z8 1->"-#-'+",(=+.&(8&->8,(+,(<7&+V&7(3&;,8(nJo
.Z8 7+,-)()#(=+.&(>7)%;(.&$)'-,P(,)(=+.&('&$&7-,P(+,(<7&+V&7(3&;,8(nUo
&Z8 =+.&('&$&7-,P(+,(<7&+V&7(3&;,8(nJb1o
8Z8 +">$&()#(=+.&(-"'-3&"'&(+,(<7&+V&7(3&;,8(n3&>7&&1o

:8&"(=&( -",&>7+,&( ,8-1( 1&3-J&",( ,7+"1;)7,( #)7( H)-",( ;7)<+<-$-,P( )#( ,8&(=+.&( ')"3-,-)"1R(=&
)<,+-"(,8&(<%$V($)">18)7&(1&3-J&",(,7+"1;)7,(!C

0 1 0 1 0 1! [ = I b = . & 6 6I6=Z8 Z8 Z8 Z8 Z8 Z8 Z8
I=

Z8 Z8

Z8Z8

' ! ! ! ! !
'(

5

'

9

'

9

::: R R ')1 1-"8 8 8 8
8 ;

;

M

M

M

NN

YaAfZ

=-,8(I(7&;7&1&",-">(,8&(1->"-#-'+",(=+.&(;&7-)3(n1o(+"3(&Z8(+"3(.Z8(<),8(+1(+(#%"',-)"()#(IM$48&
H)-",(;7)<+<-$-,P()#(,8&(=+.&(')"3-,-)"1(-1(7&;7&1&",&3(<P( 0 1[ = IZ8 Z8R R8 A(!"(,8-1(<%$V(1&3-J&",
,7+"1;)7,( #)7J%$+( %"'&7,+-",-&1( +7&( 7&$+,&3( ,)( ,8&( 7+"3)J( &77)71( )#( ,8&( ,7+"1;)7,( #)7J%$+
;+7+J&,&71(Y&A>A(bZ(+"3(,)(,8&(%"+.)-3+<$&($+'V()#( -"1->8,( -",)( ,8&( #%,%7&(=+.&('$-J+,&(Y&A>A
=?CR(8CR(7&;7&1&",-">(,8&()##18)7&(=+.&(')"3-,-)"1ZA
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5.2.3! Estimates for ‘outside world’ equilibrium concentration
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48&( 7&>-)"+$( =-"3( ;+,,&7"1( +7&( 7&$+,&3( ;+7,$P( ,)( ,8&( 3)J-"+",( ;+,,&7"( )#( =-",&7,-J&
+,J)1;8&7-'( '-7'%$+,-)"( .+7-+<-$-,P( ).&7( ,8&( \)7,8( 6,$+",-'R( V")="( +1( ,8&( \)7,8( 6,$+",-'
T1'-$$+,-)"( Y\6TZA( 6'')73-">( ,)( 57FF,*.)$ /ORRR4<$ ,8-1( ;+,,&7"( -1( 37-.&"( <P( +( ;7&11%7&
3-##&7&"'&(<&,=&&"( !'&$+"3R( +( $)=U;7&11%7&( +7&+R( +"3( +( 8->8U;7&11%7&( +7&+( "&+7( ,8&(6[)7&1A
L)1-,-.&(.+$%&1()#( ,8&(\6T(-"3&c(-"3-'+,&(1,7)">&7U,8+"U+.&7+>&(=&1,&7$-&1().&7( ,8&(J-33$&
$+,-,%3&1( 7&$+,&3( ,)( ;7&11%7&( +")J+$-&1( -"( ,8&( +<).&( J&",-)"&3( 7&>-)"1A( 48-1( ;)1-,-.&
')77&$+,-)"(-1(+11)'-+,&3(=-,8(=+7J&7(=-",&71( ).&7(:&1,&7"(S%7);&(+"3(')$3&7(=-",&71( ).&7
,8&(")7,8=&1,(6,$+",-'A

48&(\6T(-"3&c(8+1(-"'7&+1&3().&7(,8&(;+1,(XN(P&+71(=-,8(#&=(&c'&;,-)"1R(+"3(1-"'&(O^dN(,8&
\6T(8+1( ,&"3&3(,)(7&J+-"(8->8$P(;)1-,-.&A(48&(#C>)F$T7EP78F).6?$G7E7C8CFC*,&)F$ U.?E,EKE7
YSTGUZ(1%>>&1,1(,8+,(>$)<+$(=+7J-">U-"3%'&3('8+">&1(-"(1&+(1%7#+'&(,&J;&7+,%7&(+"3(7&$+,&3
'8+">&1( -"( )'&+"-'( +"3( +,J)1;8&7-'( '-7'%$+,-)"( ;+,,&7"1(J+P( <&( ;+7,$P( 7&1;)"1-<$&( #)7( ,8&
)<1&7.&3( ;&71-1,&",$P( ;)1-,-.&( \6T( -"3&cR( "&.&7,8&$&11( ,8&( STGU( -1( '+%,-)%1( -"( -,1
')"'$%1-)"1A(WC8E,$7E$)FM/01114()"( ,8&(),8&7(8+"3(-"3-'+,&( ,8+,( ,8&()<1&7.&3(=+7J-">()#( ,8&
S+7,8h1(1%7#+'&(3)&1(,7->>&7('8+">&1(-"(,8&(#7&i%&"'P(3-1,7-<%,-)"()#(&c-1,-">(J)3&1()#('$-J+,&
.+7-+<-$-,P($-V&(,8&()<1&7.&3(\6T(;8&")J&")"A

61( ,8&( +;;+7&",( >$)<+$(=+7J-">(J+P( 7&1%$,( -"( +"( -"'7&+1&( )#( ,8&(\T6( -"3&cR( ,8&(=&1,&7$P
=-"31( J+P( ,&"3( ,)( -"'7&+1&( -"( 1,7&">,8( +"3( )''%77&"'&A( 48-1( '8+">&( )#( ;7&.+-$-">( =-"3
;+,,&7"1(J)1,($-V&$P(7&1%$,1(-"(+('8+">&()#(,8&(TC8EP$!7)(=+.&('$-J+,&A(5&'+%1&(,8&(-J;+',()#
+"( -"'7&+1-">( \T6( -"3&c( -1( 1,-$$( ;+7,( )#( 3-1'%11-)"R( =&( ,&",+,-.&$P( +11%J&( ,8+,( -"'7&+1&3
=&1,&7$-&1(7&1%$,1(-"(+"(+$,&7&3($)">U,&7J(+.&7+>&3(=+.&(3-7&',-)"(+"3(+"(-"'7&+1&3($)">U,&7J
+.&7+>&3(=+.&(8&->8,(+"3(3%7+,-)"A(K&7&+#,&7(,8&(&##&',1()#(;)11-<$&(=+.&('$-J+,&('8+">&1(+7&
;7&1&",&3A

6(&P).*7$C[$+)B7$6,87&E,C.<$7&;7&1&",-">(1,7)">&7(,8+"(+.&7+>&(=&1,&7$-&1R(7&1%$,1(-"(7&$+,-.&$P
1J+$$&7( +">$&1( )#( -"'-3&"'&(=-,8( ,8&( 18)7&( ")7J+$A( 48-1( 7&1%$,1( -"( +( 3&'7&+1&( )#( $)">18)7&
1&3-J&",( ,7+"1;)7,( +"3( +R( 7&$+,-.&$P( $+7>&7R( 3&'7&+1&( -"( $)">18)7&( 3-1'8+7>&A( 9%&( ,)( ,8&
')"1-3&7+<$&( 3&'7&+1&( -"( $)">18)7&( 3-1'8+7>&R( ,8&( +.&7+>&( g)%,1-3&( =)7$3h( &i%-$-<7-%J
')"'&",7+,-)"(;7&1&",&3(,)(,8&(&<<U,-3+$(3&$,+(-"'7&+1&1(Y1&&(6;;&"3-c(BMR(4+<$&(BMAOUBMAfZA

61(,8&(\T6(-"3&c(-"'7&+1&1R(,8&(;7&.+-$-">(+,.6$?E87.*EP(;7)<+<$P(-"'7&+1&1A(48-1(7&1%$,1(-"
+"(-"'7&+1&()#(=+.&(8&->8,(+"3(=+.&(;&7-)3A(Si%+,-)"(YaAMNZ(+"3(YaAMOZ(18)=(,8&(7&$+,-)"1()#
N87E?&P.7,678(#)7(,8&(1->"-#-'+",(=+.&(8&->8,(=$nJo$+"3(;&7-)3(I$n1o( ,)$ ,8&(=-"3(1;&&3(f ON

nJb1o(Y?77$=CFEPK,-?7.<$01124A

=
f
*

=' !ON
M s YaAMNZ

I f
*
I' !ON s YaAMOZ
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=-,8(f ON ,8&(=-"3(.&$)'-,P(ON(J&,7&1(+<).&(,8&(=+,&7($&.&$(+"3(
s= R( sI (,8&(3-J&"1-)"$&11(=+.&

8&->8,(+"3(=+.&(;&7-)3A(:8&"(=&(;%,(,8+,(,8&(-"'7&+1&3(\T6(-"3&c(7&1%$,1(-"(ON`(-"'7&+1&
)#( ,8&( 1->"-#-'+",( =+.&( 8&->8,R( ,8&( =+.&( ;&7-)3( >7)=1( =-,8( ,8&( 1i%+7&( 7)),( )#( ,8&( ON`
-"'7&+1&A( 48&( -"'7&+1&( -"( =+.&( 8&->8,( +"3(=+.&( ;&7-)3( 7&1%$,1( -"( +"( -"'7&+1&( )#( 1&3-J&",
,7+"1;)7,(+"3($)">18)7&(3-1'8+7>&A(S.&",%+$$P( ,8-1( $&+31( ,)(+"( -"'7&+1&( )#(&'( Y1&&(6;;&"3-c
BXR(4+<$&(BXAOUBXAfZA

E-"+$$PR(,8&(>$)<+$(=+7J-">(+"3('8+">&3(\6T(-"3&c(J+P( 7&1%$,( -"(+"()FE7876$+)B7$&F,D)E7
98CZ)Z,F,E>A( 6"( -"'7&+1&( )#( ON`( 3%7+,-)"( )#( ,8&( $)=( +"3( 8->8( =+.&( '$-J+,&( 7&1%$,1( -"( +
1->"-#-'+",(-"'7&+1&()#(&'(Y1&&(6;;&"3-c(BfR(4+<$&(BfAOUBfAfZA

5&'+%1&()#( ,8&(;7&1&",(%"'&7,+-",-&1( -"(=-"3('$-J+,&(3&.&$);J&",(3%&( ,)(>$)<+$(=+7J-">( -,
7&J+-"1( 3-##-'%$,( ,)( ')J;)1&( +( =+.&( '$-J+,&( 7&;7&1&",-">( ,8&( &##&',( )#( +"( -"'7&+1&3( \T6
-"3&cA(4)(3&+$(=-,8( ,8&1&( $)">U,&7J(%"'&7,+-",-&1R( ,87&&(+7<-,7+7P( 1'&"+7-)1( +7&(;%,( ,)>&,8&7A
48&(#-71,(1'&"+7-)(7&;7&1&",1( ,8&(;7&1&",(Y7&#&7&"'&Z(=+.&('$-J+,&(&'/U4R( ,8&( 1&')"3(1'&"+7-)
7&;7&1&",1(+('8+">&3(=+.&(3-7&',-)"(+"3(-"'7&+1&3(1->"-#-'+",(=+.&(8&->8,(&'/UU4(+"3(+(,8-73
1'&"+7-)( 7&;7&1&",1( ,8&( $+,,&7( 1'&"+7-)(=-,8( +"( -"'7&+1&3(;7)<+<-$-,P( )#( ,8&(=+.&( ')"3-,-)"1
&'/UUU4A( 48&( +'')J;+"P-">( g)%,1-3&( =)7$3h( &i%-$-<7-%J( ')"'&",7+,-)"1( +7&( '+$'%$+,&3( -"
6;;&"3-'&1(BOR(BaR(B_(+"3(+7&(;7&1&",&3(-"(4+<$&(aAXA

4+<$&(aAXC(:+.&('$-J+,&(1'&"+7-)1
:+.&('$-J+,&(1'&"+7-) J&+"(&' .+7-+,-)"(&'
L7&1&",(1'&"+7-)R(&'$/U4 NANNNMNN
/'&"+7-)(MR(&'$/UU4 NANNNMXO
/'&"+7-)(XR(&'/UUU4 NANNNMaf

NAMa

5.3! Assessing the uncertainty in horizontal exchange rate

5.3.1! Introduction

!"(,8&(;7&1&",(1,%3PR(,=)(J&,8)31(8+.&(<&&"(;7);)1&3(,)(i%+",-,+,-.&$P(+11&11(%"'&7,+-",-&1(-"
,8&( 8)7-[)",+$( &c'8+">&( 7+,&A( !,( +;;&+7&3( ,8+,( ,8&( #-71,( )#( ,8&1&( J&,8)31R( <+1&3( )"( +
')"1-3&7+,-)"( )#( J)7;8)$)>-'+$( ,-J&U1'+$&1R( 3-3( "),( 1%-,( -,1( ;%7;)1&( .&7P( =&$$( +"3( -,( =+1
,8&7&#)7&( +<+"3)"&3( Y1&&( 6;;&"3-c( KZA( !"( ,8&( 1&')"3( J&,8)3R( +( ,87&&U&$&J&",( 6/@!46
J)3&$( -1( #-,,&3( ,)( #-&$3( 3+,+( -"( +( $&+1,U1i%+7&1( 1&"1&( <P( .+7P-">( ,8&( &c'8+">&( 7+,&1A( 48&
7&1-3%+$( 3-##&7&"'&( <&,=&&"( J)3&$( 7&1%$,1( +"3( 3+,+( -1( %1&3( ,)( +77-.&( +,( +( J&+1%7&( #)7
%"'&7,+-",-&1(-"(,8&(&c'8+">&(7+,&1A

48&( #-&$3( 3+,+( %1&3( -"( ,8-1( 7&1;&',( ')"'&7"1( ,8&( I)%,V+J;&7$++>( -"$&,R( =8-'8( 1->"-#-'+",$P
'8+">&3(+#,&7(,8&('$)1%7&()#(,8&(0+%=&71(I&&(-"(O^_^A(6(<7-&#(3&1'7-;,-)"()#(,8&(3&.&$);J&",
)#(,8&(I)%,V+J;&7$++>(-1(>-.&"(-"(/&',-)"(aAXAMA(!"(/&',-)"(aAXAX(,8&('+$-<7+,-)"(-1(;&7#)7J&3
+"3(-"(/&',-)"(aAXAf(=&(#%7,8&7(+11&11(,8&(%"'&7,+-",P(-"()%7(&1,-J+,&1A

5.3.2! Development of the Zoutkamperlaag inlet

48&(I)%,V+J;&7$++>(-"$&,(-1(;+7,()#(,8&(E7-&1'8&(I&&>+,R(1-,%+,&3(<&,=&&"(,8&(<+77-&7(-1$+"31
6J&$+"3(+"3(/'8-&7J)""-V))>(Y1&&(E->%7&(aAfZA(48&(E7-&1'8&(I&&>+,(')"1-1,1()#(,=)(-"$&,1C
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,8&( =&1,&7$P( L-"V&>+,( -"$&,( +"3( ,8&( &+1,&7$P( I)%,V+J;&7$++>( -"$&,A( 6( 1%;7+,-3+$( 18)+$R( ,8&
S">&$1J+";$++,R(1&;+7+,&1(,8&(-"$&,1(+"3(,8&-7(-",&7,-3+$(<+'V<+77-&7(#$))3(<+1-"1A

E->%7&(aAfC( 48&(E7-&1'8&(I&&>+,R(1-,%+,&3(<&,=&&"(6J&$+"3(Y=&1,Z(+"3(/'8-&7J)""-V))>(Y&+1,ZR(=-,8(-"(,8&
=&1,(,8&(L-"V&>+,(-"$&,(+"3(,8&(I)%,V+J;&7$++>(-"$&,(-"(,8&(&+1,A(48&(-"$&,1(+7&(1&;+7+,&3(<P(,8&
S">&$1J+";$++,

!"(,8&(;&7-)3(#7)J(OddN(,)(O^_e(,8&(,-3+$(-"$&,(I)%,V+J;&7$++>(-1(+11%J&3(,)(8+.&(<&&"(-"(+
1,+,&( )#( 3P"+J-'( &i%-$-<7-%JA( K)=&.&7R( -"( ,8&( P&+7( O^_^R( ,8&( ,-3+$( ;7-1J( )#( ,8&
I)%,V+J;&7$++>(=+1( 7&3%'&3( #7)J( XMN!ON_( ,)( OdN!ON_(JX( /N,7*7F<$ 011J4$ +1( +( 7&1%$,( )#( ,8&
'$)1%7&( )#( ,8&( 0+%=&71[&&A( 9%&( ,)( ,8-1( '$)1%7&( ,8&7&( =+1( ")( $)">&7( +( 1,+,&( )#( 3P"+J-'
&i%-$-<7-%JA(48&(.)$%J&1( )#( ,8&( &<<U,-3+$( 3&$,+( Y1&3-J&",Z( +"3( ,8&( '8+""&$( Y=&,Z(=&7&( ,))
$+7>&( -"( 7&$+,-)"( ,)( ,8&( ,-3+$( ;7-1JR( =8-'8( 7&1%$,&3( -"( +( ,7+"1;)7,( )#( 1&3-J&",( -",)( ,8&
I)%,V+J;&7$++>(-"$&,A(9-7&',$P(+#,&7(,8&('$)1%7&R(,8&('8+""&$1('$)1&1,(,)(,8&(&<<U,-3+$(3&$,+(Y+
1&3-J&",( 1)%7'&Z( +''7&,&3A( 48&( '8+""&$1( -"( ,8&( <+'V( )#( ,8&( <+1-"( +''7&,&3( +$1)( <%,( =-,8
1&3-J&",( #7)J( ,8&( #$+,1( /=CC*7ZCCD<$ 01134A( 48&( 1&3-J&",+,-)"( )''%77&3( +1( +( =+.&U$-V&
#&+,%7&(,87)%>8(,8&('8+""&$1(YN,7*7F<$0110ZA

48&( 3+,+( ;7&1&",&3( -"( 4+<$&( aAf( +7&( ;+7,( )#( ,8&( !/T/mM( ;7)H&',R( -"( =8-'8(N,7*7F( ')$$&',&3
J+"P(<+,8PJ&,7-'(3+,+()#(.+7-)%1(,-3+$(<+1-"1()#(,8&(9%,'8(:+33&"(/&+A(N,7*7F$;7)3%'&3(,=)
3+,+(1&,1(#)7(,8&(I)%,V+J;&7$++>A(!"(,8&(#-71,(1&,(,8&(<)%"3+7-&1(+7&(')"1-3&7&3(,-J&U-".+7-+",
Y#-c&3(<)%"3+7-&1R(18)="(-"(4+<$&(aAf(+"3(6;;&"3-c(5R(4+<$&(5OA_ZR(=8&7&+1( -"( ,8&(1&')"3
1&,( 8)7-[)",+$( J->7+,-)"( )#( =+,&718&31( ,8+,( #)7J( ,8&( 1P1,&J1( <)%"3+7-&1( +7&( ,+V&"( -",)
+'')%",(Y1&&(6;;&"3-c(5R(4+<$&(5OAeZA

4+<$&(aAfC(G)$%J&(3&.&$);J&",()#(,8&(&$&J&",1()#(,8&(I)%,V+J;&7$++>(-"$&,(3%&(,)(,8&('$)1%7&()#(,8&(0+%=&71[&&
I)%,V+J;&7$++>(3+,+((1&,](#-c&3(<)%"3+7-&1

r&+7 4-3+$(;7-1J
nJXo(!ONd

G'
nJXo(!ONd

G#
nJXo(!ONe

G3
nJXo(!ONd

O^_e XAN_ MAM_ OaA^
O^eN OAea OAeX _Aed OAfa
O^ea OAed OA_N _AXa OAXa
O^e^m OAed OAaX _AOe OAX_
O^dM OAeX OAaa _Afd OAM_
O^de OAeM OAaO _AXM OAO^
m("),(%1&3(-"(,8&(;7&1&",(%"'&7,+-",P(+"+$P1-1

5&'+%1&(-"(,8&(;7&1&",(-".&1,->+,-)"(+"P('8+">&()#(&$&J&",(+7&+(-1("),(,+V&"(-",)(+'')%",R(=&
#)'%1()"(,8&(#-c&3(<)%"3+7P(3+,+(1&,A(61(,8&(.)$%J&1()#(,8&(O^e^(3+,+(1&,(1->"-#-'+",$P(3-##&7

"
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#7)J(,8&(&c;&',&3(.)$%J&(3&.&$);J&",()#(,8&(I)%,V+J;&7$++>(-"$&,R(,8-1(;+7,()#(,8&(3+,+(1&,
-1(&c'$%3&3(#7)J(,8&(%"'&7,+-",P(+"+$P1-1A

Equilibrium state of the inlet

/-"'&(O^_^R( ,8&(J)7;8)$)>-'+$(&.)$%,-)"()#( ,8&(I)%,V+J;&7$++>(-"$&,(&c8-<-,1(+(7&1;)"1&( ,)
,8&( '$)1%7&( )#( ,8&( 0+%=&71( I&&A( T"&( J&,8)3( ,)( 3&1'7-<&( ,8-1( 3&.&$);J&",( -1( ,)( %1&( ,8&
')&##-'-&",1()#(,8&(&J;-7-'+$(&i%-$-<7-%J(7&$+,-)"1(Y1&&(/&',-)"(MAfZ( ,8+,(<&$)">(,)( ,8&( -"-,-+$
1,+,&( )#( 3P"+J-'( &i%-$-<7-%J( Y<&#)7&( O^_^Z( +"3( ;7&3-',( ,8&( .)$%J&( '8+">&1( Y3%&( ,)( ,8&
'$)1%7&Z(=-,8(,8&1&(&i%-$-<7-%J(7&$+,-)"1A(6(1&')"3(J&,8)3(,)(J)3&$(,8&(.)$%J&('8+">&1(-1(,)
+11%J&(,8+,(,8&(I)%,V+J;&7$++>(8+1(7&+'8&3(+$7&+3P(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%J(+"3
,)(3&,&7J-"&(,8&(')77&1;)"3-">(&i%-$-<7-%J(7&$+,-)"1A

NK,-?D).$/011@4$#)%"3(,8+,( ,8&('$)1%7&()#( ,8&(0+%=&71(I&&(8+1(8+3(+(1->"-#-'+",( -J;+',()"
,8&( &i%-$-<7-%J( .)$%J&1( )#( ,8&( .+7-)%1( &$&J&",1( )#( ,8&( -"$&,1A( 48-1( 1->"-#-'+",( '8+">&( )#
&i%-$-<7-%J(.)$%J&1(')%$3("),(<&(&c;$+-"&3(J&7&$P(<P(,8&('8+">&()#(8P37)3P"+J-'(#)7'-">
Y&A>A( ,8&( 3&'7&+1&( )#( ,8&( ,-3+$( ;7-1JR( 1&&( &J;-7-'+$( &i%-$-<7-%J( 7&$+,-)"18-;1R( /&',-)"( MAfZA
48&7&#)7&(NK,-?D).(8+3(,)(+$,&7( ,8&(')&##-'-&",1()#( ,8&(&i%-$-<7-%J(7&$+,-)"1(Y1)U"+J&3( [,8?E
9P)?7<$ Z7[C87$ 0131Z( 1->"-#-'+",$P( ,)( 7&;7&1&",( ,8&( J)7;8)$)>-'+$( 3&.&$);J&",( )#( ,8&( -"$&,
+#,&7(,8&('$)1%7&(Y1)U"+J&3(?7&C.6$9P)?7<$)[E78$0131ZA(:-,8(,8-1(+3H%1,J&",(-"(,8&(&i%-$-<7-%J
7&$+,-)"(')&##-'-&",1R(,8&(;%7;)1&()#(#-,,-">(,8&(,-3+$(-"$&,(J)3&$(#)7(,8&(3P"+J-'(&i%-$-<7-%J
<&#)7&(,8&('$)1%7&(<&'+J&(%1&$&11A

48&7&#)7&( +"),8&7(J&,8)3( -1( %1&3R( =8-'8( -1( <+1&3( )"( ,8&( ;7&1%J;,-)"( ,8+,( +,( ;7&1&",( Y-A&A
O^deZ(,8&(I)%,V+J;&7$++>(-"$&,(8+1(7&+'8&3(J)7&()7($&11(+("&=(1,+,&()#(3P"+J-'(&i%-$-<7-%JA
48&( 3&.&$);J&",( )#( ,8&( -"$&,( #7)J( O^_^( ,)( O^de( -1( 3&1'7-<&3( =-,8( &i%-$-<7-%J( 7&$+,-)"1
3&7-.&3( #7)J( ,8-1( 1,+,&( )#( 3P"+J-'( &i%-$-<7-%JA( 48&( ')&##-'-&",1( #)7( ,8&1&( &i%-$-<7-%J
7&$+,-)"1(+7&(18)="(-"(6;;&"3-c(ER(4+<$&(EOAfA

5.3.3! Mean values of horizontal exchange rate

4)(i%+",-,+,-.&$P(&c;7&11(%"'&7,+-",-&1(-"(,8&(8)7-[)",+$(&c'8+">&(7+,&1R(=&(+11%J&(,8+,(,8&P
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5.4! Probability of Sea Level Rise Stability Limit

5.4.1! Introduction
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01@OZA

/%JJ+7-1-">(,8&(;7)<+<-$-,P()#( ,8&(1P1,&J(<&-">(%"+<$&( ,)(7&>+-"(+( g"&=h(1,+,&()#(3P"+J-'
&i%-$-<7-%J(>-.&"(+('&7,+-"(!"#$7&+31C
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!"(E->%7&1(aA_(+"3(aAe(Y1&&(+$1)(6;;&"3-c(FMZ(,8&(;7)<+<-$-,P(3-1,7-<%,-)"1()#(<),8$-"$&,1(+7&
18)="( #)7( ,8&( ;7&1&",$ +"3( ,8&( +$,&7&3( =+.&( '$-J+,&1A( 48&( 3-1,7-<%,-)"1( +7&( <+1&3( )"( ,8&
%"'&7,+-",P(+11&11J&",1(+1(;&7#)7J&3(-"(,8&(#)7&>)-">(1&',-)"1A

!"( ,8&( #->%7&1( =&( 1&&( +( '$&+7( 18-#,( -"( ,8&( 3-1,7-<%,-)"1( )#( !"#$-J-,( #)7( ,8&( '8+">&3( =+.&
'$-J+,&1A( 9%&( ,)( ,8&( '8+">&3( =+.&U'$-J+,&( ,8&7&( -1( +"( -"'7&+1&( -"( ,8&( g)%,1-3&( =)7$3h
&i%-$-<7-%J(')"'&",7+,-)"( +"3( ,8%1( +"( -"'7&+1&( -"( ,8&( ;7)<+<-$-,P( ,8+,( ,8&( 1P1,&J( -1( +<$&( ,)
#)$$)=(+('&7,+-"(!"#A
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E->%7&(aA_UaAeC L7)<+<-$-,P(3-1,7-<%,-)"(YM9Z()#(6J&$+"3&7(I&&>+,(+"3(S-&7$+"31&(B+,(#)7(;7&1&",$+"3('8+">&3
=+.&('$-J+,&(1'&"+7-)1A

!"(4+<$&( aAdR( +( 1%JJ+,-)"( -1( >-.&"()#( ,8&(!"#$-J-,( ;7)<+<-$-,-&1( #)7( ,8&( ,87&&( 1'&"+7-)1( )#
!"#g$,8&(;7&1&",(!"#(YOe('Jb'&",%7PZR(,8&(J)1,($-V&$P(1'&"+7-)(Y!"#(a_('Jb'&",%7PZ(+"3(,8&
=)71,( '+1&( 1'&"+7-)( Y!"#( da( 'Jb'&",%7PZA( 633-,-)"+$$P( =&( 8+.&( J+3&( ,8&( 3-1,-"',-)"( -"
g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(7&1%$,-">(#7)J(,8&(,87&&(=+.&('$-J+,&(1'&"+7-)1A((!,
-1('$&+7(,8+,(,8&(=)71,('+1&(!"#(1'&"+7-)( 7&1%$,1( -"(+(8->8&7(;7)<+<-$-,P()#(1P1,&J(-"1,+<-$-,P
,8+"( ,8&( ;7&1&",(!"#( 1'&"+7-)A(T"( ,8&( ),8&7( 8+"3R( +"( +$,&7&3(=+.&( '$-J+,&( J+P( $)=&7( ,8&
;7)<+<-$-,P()#(1P1,&J(-"1,+<-$-,PA

4+<$&(aAdC L7)<+<-$-,P(!"#j!"#$-J-,(#)7(>-.&"(!"#$1'&"+7-)1(+"3(=+.&('$-J+,&1
6J&$+"3&7(I&&>+, S-&7$+"31&(B+,
+)B7$&F,D)E7 +)B7$&F,D)E7

!"#(1'&"+7-) &'/U4 &'/UU4 &'/UUU4 &'/U4 &'/UU4 &'/UUU4
L7&1&",(!"# NANN_ NANNX NANNM N N N
@)1,($-V&$P NAXO^ NAMXf NAOd_ NANeM NANff NANXO
:)71,('+1& NA_Mf NAaMM NAfaN NAMXd NAO__ NAOM_

:&( 8+.&( ,)( V&&;( -"( J-"3( ,8+,( ,8&( ;7)<+<-$-,-&1( >-.&"( -"( 4+<$&( aAd( +7&( -"3-'+,-.&A( 48&
'+$'%$+,&3( ;7)<+<-$-,-&1( 7&1%$,( #7)J( +( $-J-,&3( +J)%",( )#( %"'&7,+-",-&1( +"3( ,8&7&#)7&( 8+.&( +
$-J-,&3(;7&3-',-.&(.+$%&A(48&1&($-J-,+,-)"1()#(,8&(;7&3-',-.&(.+$%&(+7&(3-1'%11&3(-"(/&',-)"(aAa
=8&7&(')"1-3&7+,-)"1(+7&(>-.&"(=-,8(7&1;&',(,)(,8&(!"#$-J-,(;7)<+<-$-,PA

5.5! Consideration with respect to SLRlimit probability

!"(/&',-)"1(aAO(U(aAX(=&(+11&11&3(,8&(7&$-+<-$-,P(-"(,8&(!"#$-J-,(;7&3-',-)"1A(48-1(+11&11J&",
8+1(<&&"(;&7#)7J&3(<P(3&,&7J-"-">(;7)<+<-$-,P(7+">&1(#)7(,8)1&(1P1,&J(.+7-+<$&1( ,8+,( -"( ,8&
!"#$-J-,(;7&3-',-)"(-1(J)1,(1&"1-,-.&(,)(+"3(=8-'8(+7&(8+73(,)(i%+",-#PA(48&1&(.+7-+<$&1(8+.&
<&&"( -3&",-#-&3( -"( ,8&( 1&"1-,-.-,P(+"+$P1-1(;7&1&",&3( -"(/&',-)"1(XAa(+"3(fAfA( !,( ')"'&7"1( ,8&
g)%,1-3&(=)7$3h(&i%-$-<7-%J(')"'&",7+,-)"(+"3(,8&(-",&7U&$&J&",(8)7-[)",+$(&c'8+">&(7+,&1A

5P( $-J-,-">( ,8&( ;7)<+<-$-1,-'( &.+$%+,-)"( >-.&"( -"( ,8&( ;7&.-)%1( 1&',-)"1R( ,)( ,8&1&( ;+7,-'%$+7
;+7+J&,&71R( =&( 8+.&( "&>$&',&3( <&#)7&8+"3( +"P( &##&',( )"( ,8&( 7&$-+<-$-,P( )#( ,8&( ')J;%,&3
!"#$-J-,()#(,8&(),8&7(J)3&$(;+7+J&,&71A(K&7&+#,&7(1)J&(i%+",-,+,-.&(')"1-3&7+,-)"1(+7&(>-.&"
)"( ,8&1&( "&>$&',&3( &##&',1A( !"( +33-,-)"R( =&( =-$$( ;+P( 1)J&( +,,&",-)"( ,)( ,8&( Y-J;$-'-,Z
+11%J;,-)"(,8+,(,8&(g)%,1-3&(=)7$3h(')"'&",7+,-)"(+"3(,8&(8)7-[)",+$(&c'8+">&(7+,&1(+7&(,-J&U
-".+7-+",A

!"( /&',-)"( fAf( =&( 1,+,&3( ,8+,( ,8&( ,-3+$( <+1-"( +7&+( 3)&1( "),( <7-">( +<)%,( %"'&7,+-",P( +1( ,8&
;7&1&",U3+P( ,-3+$(<+1-"1(+7&( +''%7+,&$P(J&+1%7&3A(5P(;%,,-">( ,8-1(=&(8+.&( +11%J&3( +( ,-J&U
-".+7-+",(3&.&$);J&",()#(,-3+$(<+1-"(+7&+(%"3&7(,8&(&c,&7"+$(#)7'-">()#(1&+($&.&$(7-1&A(:8&,8&7
,8-1(+11%J;,-)"(-1(')77&',(-1(3)%<,#%$A(!#(=&(=&7&($))V-">(+,(+"(%"7&1,7-',&3(,-3+$(-"$&,(1P1,&J
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,8&(+11%J;,-)"(;7)<+<$P(8)$31A(4)>&,8&7(=-,8(,8&()"18)7&(18-#,()#(,8&(<+77-&7(-1$+"31(,8&(<+1-"
+7&+(=-$$(&c;+"3($+"3=+73R(-"%"3+,-">(,8&(%";7),&',&3(8-",&7$+"3A(!"(,8-1(=+PR(,8&(,-3+$(<+1-"
+7&+(J)7&( )7( $&11( ;7&1&7.&1( -,1( 1-[&( +"3( ,8%1( ,8&( +11%J;,-)"( )#( +( ,-J&U-".+7-+",( <+1-"( +7&+
8)$31A(!"(,8&('+1&()#(,8&(9%,'8(:+33&"(/&+(8)=&.&7R(=&(8+.&(+(1,7-',$P(<)%"3&3(,-3+$(<+1-"
+7&+( -"(=8-'8( ,8&(8-",&7$+"3()#(E7-&1$+"3(+"3(B7)"-">&"( -1( ;7),&',&3( +>+-"1,( -"%"3+,-)"(<P
3-V&1A(48-1(J&+"1(,8+,(,8&(&c;&',&3(7&,7&+,()#(<+77-&7(-1$+"31(7&1%$,1(-"(+(7&3%',-)"()#(,8&(,-3+$
<+1-"( +7&+R( +1( -,( -1( %"+<$&( ,)( &c;+"3( -,1&$#( $+"3=+73A( 48-1( 7&3%',-)"( )#( ,8&( ,-3+$( <+1-"( +7&+
7&1%$,1( +'')73-">( ,)( /&',-)"( fAf( -"( +"( -"'7&+1&( )#( ,8&( !"#$-J-,A( 48&( =+33&"( +7&+( 187-"V1
>7+3%+$$P(+"3(#-"31(-,(&.&7(&+1-&7(,)(V&&;(;+'&(=-,8(,8&(1&+($&.&$(7-1&R(+1(,8&(1&3-J&",(3&J+"3
<&')J&1(&.&7(1J+$$&7A

6(1&')"3(')"1-3&7+,-)"(-1(J+3&(=-,8(7&1;&',(,)(,8&(+11%J&3(,-J&U-".+7-+",(<&8+.-)%7()#(,8&
8)7-[)",+$( &c'8+">&( 7+,&1( +"3( ,8&-7( -J;+',( )"( ,8&( !"#$-J-,A( !"( /&',-)"( fAa( =&( #)%"3( +"
-"'7&+1&()#(,8&(,-3+$(;7-1J(3%&(,)(,8&(3&&;&"-">(,8&(,-3+$(#$+,1(%"3&7(,8&(&c,&7"+$(#)7'-">()#(1&+
$&.&$( 7-1&A( :8&,8&7( ,8-1( '8+">&( -"( ,-3+$( ;7-1Jb.)$%J&( +##&',1( ,8&R( ,-J&U-".+7-+",( +11%J&3R
8)7-[)",+$( &c'8+">&( 7+,&1( -1( ')"'&-.+<$&A( :&( J+P( &c;&',( +"( -"'7&+1&( -"( -",&7U&$&J&",
3-##%1-.&(1&3-J&",(&c'8+">&(7+,&(3%&(,)(,8&(,-3+$(.)$%J&(-"'7&+1&A(61(,8&(J+>"-,%3&()#(1%'8
+"( -"'7&+1&( -1( %"V")="( ,)( %1( =&( '+"( )"$P( ')"'$%3&( #7)J( /&',-)"( fAf( ,8+,( +"( -"'7&+1&( -"
8)7-[)",+$(&c'8+">&(7+,&(7&1%$,1(-"(+"(-"'7&+1&()#(,8&(!"#$-J-,A

6( #-"+$( ')"1-3&7+,-)"( ')"'&7"-">( ,8&( !"#$-J-,( ;7)<+<-$-,P( -1( J+3&( =-,8( 7&1;&',( ,)( ,8&
+.+-$+<-$-,P()#(1&3-J&",(,)(Y&'Z(,8&(,-3+$(<+1-"A(!"(/&',-)"(aAM(=&(3&7-.&3(+(')"'&;,%+$(J)3&$
#)7(&'$-"(=8-'8(=&(+11%J&3(,8+,(=+.&U>&"&7+,&3(;7)'&11&1(+7&(3&,&7J-"+,-.&(#)7(,8&(g)%,1-3&
=)7$3h( &i%-$-<7-%J( ')"'&",7+,-)"A( !"( ,8-1( +;;7)c-J+,-)"( =&( ;7&1%J&( ,8&( 1&3-J&",( 1%;;$P
#7)J( ,8&(<+77-&7(')+1,1(%"$-J-,&3A(48-1( %"$-J-,&3( 1&3-J&",( 1%;;$P( -1( 7&+$-1,-'( +1( $)">( +1( ")
g8+73h(;7),&',-.&(J&+1%7&1(+7&(,+V&"(,)(7&3%'&(,8&(&7)1-)"()#(,8&(<+77-&7(<&+'8&1A(!"('+1&(,8&
<+77-&7( 18)7&$-"&( -1( ;7),&',&3R( <P( #)7( -"1,+"'&( 3-V&1R( 7&.&,J&",1( )7( H&,,-&1R( ,8&( $)">18)7&
1&3-J&",(,7+"1;)7,(=-$$(7&3%'&(')"1-3&7+<$P(=8-'8(7&1%$,1(-"(+(')"1-3&7+<$&(37);()#(g)%,1-3&
=)7$3h( &i%-$-<7-%J( ')"'&",7+,-)"A( 48&( ,-3+$( <+1-"( -1( ,8&"( 3&;7-.&3( )#( 1&3-J&",( +"3( =-$$
37)="A
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6! Conclusions and Recommendations

6.1! Conclusions

E7)J(,8&(;7&1&",(7&1&+7'8()"(,8&(g-"#$%&"'&()#(7&$+,-.&(1&+($&.&$(7-1&()"(')+1,+$(-"$&,1(+"3(,-3+$
<+1-"1h(=&(J+P(')"'$%3&(,8+,C
"! 48&(-"#$%&"'&()#(7&$+,-.&(1&+($&.&$(7-1&()"(,8&($)">U,&7J(J)7;8)$)>-'+$(&.)$%,-)"()#(+(,-3+$

-"$&,( 1P1,&J( Y')"1-1,-">( )#( +( ')+1,+$( -"$&,( +"3( ,-3+$( <+1-"Z( J+P( <&( J)3&$$&3( =-,8( ,8&
<&8+.-)%7()7-&",&3R(+>>7&>+,&3(1'+$&(J)3&$(6/@!46(Y6>>7&>+,&3(/'+$&(@)7;8)$)>-'+$
!",&7+',-)"(<&,=&&"(+(4-3+$( -"$&,(1P1,&J(+"3( ,8&(63H+'&",(')+1,ZA(48-1(+>>7&>+,&3(1'+$&
J)3&$(').&71( ,8&(V&P(J)7;8)$)>-'+$(&$&J&",1()#( ,8&( ,-3+$( -"$&,( 1P1,&JR("+J&$P( ,8&( #$+,R
'8+""&$(+"3(&<<U,-3+$(3&$,+A

"! 48&('+;+<-$-,P()#(,8&(J)3&$$&3(,-3+$(-"$&,(1P1,&J(,)(#)$$)=(+(7-1&()#(,8&(1&+($&.&$(;7-J+7-$P
3&;&"31()"(,87&&(#+',)71C
U! 48&(+.+-$+<-$-,P()#(1&3-J&",(+,(,8&(1&+=+73(<)%"3+7P()#(,8&(1P1,&J]
U! 48&(1&3-J&",(3&J+"3()#(,8&(1P1,&J]
U! 48&('+;+<-$-,P()#(,8&(1P1,&J(,)(3-1,7-<%,&(,8&(-J;)7,&3(1&3-J&",(-",&7"+$$PA

48&(#-71,(#+',)7(+;;$-&1(,)(,8&(&c'8+">&()#(1&3-J&",(<&,=&&"(,8&(-"$&,(1P1,&J()"(,8&()"&
8+"3( +"3( ,8&( ')+1,+$( +"3( )##18)7&( +7&+1( ,8+,( 1%77)%"3( ,8&( &<<U,-3+$( 3&$,+( )"( ,8&( ),8&7
8+"3A(48&(1&')"3(#+',)7R( ,8&(1&3-J&",(3&J+"3("&&3&3(,)(V&&;(;+'&(=-,8( ,8&(7-1&()#( ,8&
1&+($&.&$R(3&;&"31()"(,8&(8)7-[)",+$(+7&+()#(,8&(J)7;8)$)>-'+$(&$&J&",1(+"3(-1(7&$+,&3(,)
,8&("&&3()#(1&3-J&",(-"(,8&(1P1,&JA(48-1("&&3()#(1&3-J&",(3&;&"31()"(,8&(&c,&",(,)(=8-'8
,8&( +',%+$(J)7;8)$)>P( )#( ,8&( 1P1,&J( 3&.-+,&1( #7)J( -,1( &i%-$-<7-%J( 1,+,&A( :8&,8&7( ,8-1
"&&3( )#( 1&3-J&",( +',%+$$P( 7&1%$,1( -"( 1&3-J&",+,-)"( -"( ,8&( 1P1,&J( 3&;&"31( )"( ,8&( ,8-73
#+',)7R( ,8&( '+;+<-$-,P( )#( ,8&( 1P1,&J( ,)( 3-1,7-<%,&( ,8&( -J;)7,&3( 1&3-J&",( -",&7"+$$P( +"3
J+V&(-,(+.+-$+<$&(#)7(1&3-J&",+,-)"A

"! !"('+1&()#(+(7-1-">(1&+($&.&$R(,8&(1P1,&J(8+1(,)(<&(;&7J+"&",$P(-"(+(1,+,&(,8+,(3&.-+,&1(#7)J
,8&(&i%-$-<7-%J(1,+,&(,8+,(')77&1;)"31(,)(+([&7)(!7)$"7B7F$#,?7$/!"#4A(48-1(-1("&'&11+7P(,)
'7&+,&(+(;&7J+"&",("&&3()#( 1&3-J&",( ,8+,( -"'-,&1( +( 1&3-J&",( -J;)7,( -",)( ,8&( 1P1,&JA( !"
'+1&( ,8-1( 1&3-J&",( -J;)7,( &i%+$1( ,8&( 1&3-J&",( 3&J+"3( )#( ,8&( 1P1,&JR( +( "&=( 1,+,&( )#
J)7;8)$)>-'+$(<+$+"'&( -1(7&+'8&3(Y"+J&3(,8&(g"&=h(3P"+J-'(&i%-$-<7-%J(1,+,&ZA( !"('+1&
,8&( 1&3-J&",( -J;)7,( -1( -"1%##-'-&",R( ,8&( 1P1,&Jh1( J)7;8)$)>P( =-$$( -"'7&+1-">$P( 3&.-+,&
#7)J(-,1(&i%-$-<7-%J(+"3(<&')J&1(%"1,+<$&A( !"( ,8-1('+1&( ,8&(!"#$8+1(&c'&&3&3(+"(%;;&7
<)%"3+7P( Y"+J&3( g1,+<-$-,P( $-J-,hZR( +"3( ,8&( 1P1,&J( =-$$( ")( $)">&7( 7&>+-"( +( 1,+,&( )#
3P"+J-'(&i%-$-<7-%J(+"3(37)="1A

"! !"( ,8&( 1'8&J+,-1+,-)"()#(+( ,=)( )7( ,87&&U&$&J&",( 1P1,&J( Y')"1-1,-">()#( #$+,R( '8+""&$( +"3
&<<U,-3+$(3&$,+Z(=&(J+P(3&7-.&(+( 1,+<-$-,P( $-J-,( #)7( &+'8( &$&J&",A(48&( 1J+$$&1,( )#( ,8&1&
,87&&( 1,+<-$-,P( $-J-,1( -1(3&,&7J-"+,-.&( #)7( ,8&( 1P1,&JA( E)7( <),8( '+1&1( Y,8&( ,=)( +"3( ,87&&
&$&J&",(1P1,&JZ(,8&(#$+,(&$&J&",(3&,&7J-"&1(,8&(1,+<-$-,P()#(,8&(1P1,&JA(48-1(-1(;7)<+<$P
3%&(,)(,8&(1&7-+$$P('8+7+',&7()#(,8&(1P1,&J(=8&7&(,8&(#$+,(&$&J&",(-1(1-,%+,&3(#%7,8&1,(#7)J
,8&( 1&3-J&",( 1%;;$P-">( 1&+=+73( <)%"3+7PA( 48-1( 3&,&7J-"+,-.&( #$+,( $-J-,( -1( 3&"),&3( +1
!"#$-J-,A(:&(8+.&(,)(V&&;(-"(J-"3(,8+,(,8&($+,,&7(!"#$-J-,(1&7.&1(+1(,8&(#-"+$($-J-,()#(,8&
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1P1,&Jh1('+;+<-$-,P(,)(#)$$)=(+(7-1-">(1&+($&.&$(+"3(,8+,(<&#)7&(,8&(!"#$-J-,(-1(7&+'8&3(,8&
J)7;8)$)>P()#(,8&(-"$&,(1P1,&J(-1(;&7J+"&",$P('8+">&3(+"3(;7)<+<$P(8+1($)1,(-,1()7->-"+$
-",&7,-3+$('8+7+',&7-1,-'1A

"! 48&(%"'&7,+-",P(-"(,8&(;),&",-+$(1&3-J&",(1%;;$P(,)(,8&(1P1,&J(+"3(,8&(%"'&7,+-",P(-"(,8&
'+;+<-$-,P( )#( ,8&( 1P1,&J( ,)( 3-1,7-<%,&( ,8&( -J;)7,&3( 1&3-J&",( -",&7"+$$P( -",7)3%'&
1->"-#-'+",( %"'&7,+-",-&1( -"( ,8&( ;7&3-',-)"( )#( ,8&( !"#$-J-,A( 6"( +11&11J&",( )#( ,8&1&
%"'&7,+-"( 1P1,&J( .+7-+<$&1( 7&1%$,&3( -"( J+,'8-">( ;7)<+<-$-,P( 7+">&1A( 6;;$-'+,-)"( )#
;7)<+<-$-1,-'(,&'8"-i%&1(P-&$31(+(;7)<+<-$-,P(3-1,7-<%,-)"()#(,8&(!"#$-J-,R(=8-'8(3&1'7-<&1
,8&(;7)<+<-$-,P( ,8+,(+( ,-3+$( -"$&,(1P1,&J(-1(%"+<$&( ,)(V&&;(;+'&(=-,8(+('&7,+-"(!"#( >-.&"
,8-1(!"#A

"! E)7( ,=)( 1&$&',&3( ,-3+$( -"$&,( 1P1,&J1R( ,8&( 6J&$+"3&7( I&&>+,( +"3( ,8&( S-&7$+"31&( B+,R
1,+<-$-,P($-J-,1(&c-1,(#)7(+(7-1&()#(1&+($&.&$A(48&(;7)<+<-$-,P(,8+,(,8&(6J&$+"3&7(I&&>+,(-1
%"+<$&(,)(V&&;(;+'&(=-,8(,8&(J)1,($-V&$P(1&+($&.&$(7-1&(1'&"+7-)(Ya_('Jb'&",%7PZ(%"3&7(,8&
;7&1&",( =+.&( '$-J+,&( -1( XM`( +"3( #)7( ,8&( =)71,( '+1&( 1&+( $&.&$( 7-1&( 1'&"+7-)( Yda
'Jb'&",%7PZ(,8-1(;7)<+<-$-,P(&i%+$1(_M`A(48&(;7)<+<-$-,P(,8+,(,8&(S-&7$+"31&(B+,(-1(%"+<$&
,)(V&&;(;+'&(=-,8(,8&(J)1,($-V&$P(1&+($&.&$(7-1&(1'&"+7-)(%"3&7(,8&(;7&1&",(=+.&('$-J+,&(-1
e`(+"3(#)7(,8&(=)71,('+1&(1&+($&.&$(7-1&(1'&"+7-)(,8-1(;7)<+<-$-,P(&i%+$1(Mf`A

"! :&(J+P(&1,+<$-18(+"(+"+$)>P(<&,=&&"(,8&(;7)<+<-$-,P()#(,8&(;7&3-',&3(!"#$-J-,1(#)7( ,8&
$+,,&7( ,=)( ,-3+$( -"$&,1( +"3( ,8&( +.+-$+<$&( #7+>J&",+7P( >&)$)>-'+$( 3+,+( )"( ,-3+$( -"$&,
&.)$%,-)"A(48-1(>&)$)>-'+$(3+,+(1%>>&1,1(,8+,(%"3&7(,8&(-"#$%&"'&()#(+(1&+($&.&$(7-1&()#(dN
'J( ,)( +( #&=( J&,&71( ;&7( '&",%7PR( ,8&( #)7J&7( ,-3+$( -"$&,1( -"( ,8&( =&1,&7"( 7&>-)"( )#( ,8&
\&,8&7$+"31(=&7&(37)="&3A(48-1(1-J-$+7-,P(-"3-'+,&1(,8+,R(-"(,&7J1()#()73&71()#(J+>"-,%3&R
,8&( +>>7&>+,&3( 1'+$&( J)3&$( 6/@!46( -1( '+;+<$&( )#( J)3&$$-">( ,8&( $)">U,&7J
J)7;8)$)>-'+$( 7&1;)"1&( )#( +( ,-3+$( -"$&,( ,)( +( 7-1-">( 1&+( $&.&$( +"3( ,8+,( -,( -1( '+;+<$&( )#
;7&3-',-">(,8&(J+c-J%J(7-1&()#(1&+($&.&$(+(,-3+$(-"$&,(1P1,&J('+"(#)$$)=A

6.2! Recommendations

48&(#)$$)=-">(7&')JJ&"3+,-)"1(+7&(J+3&(<+1&3()"(,8&(#-"3-">1()#(,8&(;7&1&",(1,%3PC
"! :&("&&3(,)(+'i%-7&(J)7&(<+,8PJ&,7-'+$(3+,+()#(,-3+$(-"$&,(1P1,&J1().&7($)">&7(;&7-)31()#

,-J&A( S1;&'-+$$P( -"$&,1( ,8+,( +7&( )7( 8+.&( <&&"( 1%<H&',&3( ,)( +"( &c,&7"+$( #)7'-">( Y=8&,8&7
'+%1&3(<P(8%J+"( -",&7.&",-)"( )7( "+,%7+$( ;7)'&11&1Z( +"3( ,8%1( 8+.&( ,)( &.)$.&( ,)=+731( +
g"&=h( 1,+,&( )#( 3P"+J-'( &i%-$-<7-%J( +7&( )#( -",&7&1,A( 48&( 3&.&$);J&",( )#( ,8&( 1P1,&J
,)=+731(1%'8(+( g"&=h(J)7;8)$)>-'+$(<+$+"'&( 7&.&+$1( ,8&(J)7;8)$)>-'+$( ,-J&U1'+$&1(+"3
,8%1(,8&(-",&7"+$(1&3-J&",(&c'8+">&(7+,&1(<&$)">-">(,)(,8&(1P1,&Jb&$&J&",A(5P(%1-">(,8&
)<,+-"&3(.)$%J&,7-'(3+,+(=&(J+P(+$1)(-"'7&+1&(,8&(7&$-+<-$-,P()#()%7(&J;-7-'+$(&i%-$-<7-%J
7&$+,-)"1(+"3(,8%1(-"'7&+1&(,8&(7&$-+<-$-,P()#()%7(;7&3-',-)"1A

"! !"(,8&(;7&1&",(-".&1,->+,-)"(=&(+11%J&(,8+,(,8&(%"'&7,+-",P(+11)'-+,&3(=-,8(,8&(6/@!46
J)3&$( +;;7)+'8( -1( 1J+$$&7( ,8+"( ,8&( %"'&7,+-",P( 7&1%$,-">( #7)J( +( ;7)'&11&1( <+1&3
J)3&$$-">( +;;7)+'8( +"3( ,8&7&#)7&( J)7&( +;;$-'+<$&( #)7( $)">U,&7J( J)3&$$-">A( 48-1
+11%J;,-)"(;7)<+<$P(8)$31(+1(,8&(-",&>7+,-)"()#(1J+$$U1'+$&(;7)'&11(V")=$&3>&('+%1&1(+"
+''%J%$+,-">( &77)7( ,8+,( <7-">1( 1->"-#-'+",( %"'&7,+-",-&1( -"( )%7( $)">U,&7J( ;7&3-',-)"A
\&.&7,8&$&11R(,8&(6/@!46(J)3&$(+;;7)+'8(+$1)(-",7)3%'&1(%"'&7,+-",-&1(-"(,8&(;7&3-',-)"
3%&( ,)( ,8&( $-J-,&3( i%+",-,+,-.&( -"1->8,( -",)( ,8&( %"3&7$P-">( $+7>&U1'+$&( J)7;8)$)>-'+$
;7)'&11&1( +"3( ,8&( $-J-,&3( 7&$-+<-$-,P( <&'+%1&( )#( ,8&( 7&$+,-.&$P( 1J+$$( ,-J&( 1;+"( )#
J&+1%7&J&",1A( !"( ,8&( ;7&1&",( 1,%3P( =&( 8+.&( "),( -".&1,->+,&3( ,8&( %"'&7,+-",-&1( -"( ,8&
;7&3-',-)"1()#( ,8&(6/@!46(J)3&$(+;;7)+'8A(L+7,()#( ,8&(6/@!46(J)3&$(%"'&7,+-",P( -1
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7&$+,&3( ,)( ,8&( %"'&7,+-",P( -"( ,8&( &J;-7-'+$( &i%-$-<7-%J( 7&$+,-)"1( =8-'8( -1( <+1-'( ,)( ,8&
')"'&;,()#(,8&(6/@!46(J)3&$A(48-1(%"'&7,+-",P(J+P(<&(+11&11&3(<P(7&>7&11-)"(+"+$P1-1
7&1%$,-">(-"(+(J&+"(+"3(1,+"3+73(3&.-+,-)"()#(,8&(&J;-7-'+$(7&$+,-)"(')&##-'-&",1A(K)=&.&7R
-"(,8&(6/@!46(J)3&$(')"'&;,(,8&(3&7-.&3(!"#$-J-,(-1(-"3&;&"3&",()#(,8&(&c+',(.+$%&1()#
,8&( &J;-7-'+$( 7&$+,-)"1( +"3( ,8%1( -"3&;&"3&",( )#( ,8&( %"'&7,+-",P( -",7)3%'&3( <P( ,8&
&J;-7-'+$(7&$+,-)"1A

"! !"( ,8&( ;7&1&",( 1,%3P( =&( ;7&1%J&3( ,8&( &1,-J+,&3( 8)7-[)",+$( &c'8+">&( 7+,&1( )#( ,8&
I)%,V+J;&7$++>(-"$&,('+1&(7&;7&1&",+,-.&(#)7(<),8('+1&(1,%3P(-"$&,1](,8&(6J&$+"3&7(I&&>+,
+"3(,8&(S-&7$+"31&(B+,A(E)7(,8&(S-&7$+"31&(B+,(-"$&,(,8-1(;7&1%J;,-)"(;7)<+<$P(8)$31R(+1
,8&(J+>"-,%3&()#(,8&(,-3+$(;7-1J(-1(1-J-$+7(,)(,8+,()#(,8&(I)%,V+J;&7$++>(-"$&,A(K)=&.&7R
,8&( ,-3+$( ;7-1J( )#( ,8&( 6J&$+"3&7( I&&>+,( -"$&,( 1->"-#-'+",$P( 3-##&71( #7)J( ,8+,( )#( ,8&
I)%,V+J;&7$++>(-"$&,(+"3(,8%1(-,(-1(')"'&-.+<$&(,8+,(,8&(8)7-[)",+$(&c'8+">&(7+,&1()#(,8&
6J&$+"3&7( I&&>+,( 3-##&7( #7)J( ,8+,( )#( ,8&( I)%,V+J;&7$++>( -"$&,A( 4)( =8+,( &c,&",( ,8&
8)7-[)",+$( &c'8+">&( 7+,&1( 3-##&7( +"3( ,8&( &##&',( )#( ,8-1( 3-##&7&"'&( )"( ,8&( ;7)<+<-$-,P
3-1,7-<%,-)"()#(,8&(!"#$-J-,()#(,8&(6J&$+"3&7(I&&>+,(-"$&,(-1(%"V")="(+"3(7&i%-7&1(J)7&
7&1&+7'8A

"! !"( ,8&( ;7&1&",( -".&1,->+,-)"( ,8&( &.)$%,-)"( )#( ,8&( +3H+'&",( ')+1,+$( 1,7&,'8&1( -1( ;7&1%J&3
-"3&;&"3&",()#(,8&(3&.&$);J&",()#(,8&(,-3+$(-"$&,A(K&"'&(,8&(+3H+'&",(')+1,+$(1,7&,'8&1(+7&
;7&1%J&3( +$=+P1( -"( +( 1,+,&( )#( &i%-$-<7-%J( +"3( 1&7.&( +1( +( ,-J&U-".+7-+",( <)%"3+7P
')"3-,-)"()#(,8&(1P1,&JA(6(J)7&(7&+$-1,-'(+;;7)+'8(J+P(7&1%$,(-"(+(')+1,+$(1,7&,'8(,8+,(8+1
,)( +3+;,( ,)( +( 7-1-">( 1&+( $&.&$( +"3( ,8%1( J+P( 3&.-+,&( #7)J( -,1( &i%-$-<7-%J( 1,+,&A( 48&
&.)$%,-)"(,)=+731(+(g"&=h(3P"+J-'(1,+,&()#(&i%-$-<7-%J(7&1%$,1(-"(+(,-J&U.+7-+",(1&3-J&",
1%;;$P( ,)( ,8&( ,-3+$( <+1-"A(48&( &c,&"1-)"( )#( ,8&( ,-3+$( -"$&,(J)3&$( <P( +"( +3H+'&",( ')+1,+$
1,7&,'8( &$&J&",( J+P( ;7).-3&( +( <&,,&7( %"3&71,+"3-">( )#( ,8&( '+;+<-$-,P( )#( ,8&( +3H+'&",
')+1,+$(1,7&,'8(,)(J+V&(1&3-J&",(+.+-$+<$&(,)(,8&(,-3+$(<+1-"A
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