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C."6#$([V`( ]$+%&.@$($##-#(./(&.,$V)*%+$($+$,$/&(%)(%(06/*&.-/(-0(#$+%&.@$('.)&6#R%/*$[ZHJ

C."6#$([VJI( C.&(+./$%#(%55#-c.,%&.-/(&-(!),.&%(#$)6+&)(-@$#(^b(K$%#): ::::::::::::::::::::::::[ZHU

C."6#$([VJJ( C.&(+./$%#()-+6&.-/(&-(!),.&%(#$)6+&)(-@$#(U[(K$%#)::::::::::::::::::::::::::::::::::::[ZHU

C."6#$(\VJ( L1%//$+(=.&1(-5$/(%/'(*+-)$'(R-6/'%#K ::::::::::::::::::::::::::::::::::::::::::::::::::::\ZU

C."6#$(\VH( M/@$+-5()&%/'./"(=%@$(5%&&$#/(%/'($c*1%/"$(-0(=%&$#(./(%(*1%//$+ :::::::::\Z[



                                June, 2001 Z2822                                Aggregated scale modelling of tidal inlets
                                                                of the Wadden Sea

v i WL | Delft Hydraulics             

C."6#$(\VU( 3*1$,%&.)$'($/@$+-5(&.'%+(=%@$(R$0-#$(*+-)6#$ :::::::::::::::::::::::::::::::::::::::::\Z^

C."6#$(\V[( 3*1$,%&.)%&.-/($/@$+-5(&.'%+(=%@$(%0&$#(*+-)6#$ ::::::::::::::::::::::::::::::::::::::::\Z_

C."6#$(\V\( 4%5(R$'(&-5-"#%51K(J`UU(X)$$(%55$/'.c(MUY ::::::::::::::::::::::::::::::::::::::::::\ZJJ

C."6#$(\V^( 4%5(R$'(&-5-"#%51K(J``b(X)$$(%55$/'.c(MUY ::::::::::::::::::::::::::::::::::::::::::\ZJH

C."6#$(\V_( ]$&#$%&(-0(E$c$+('$+&%N(J`UU(X+$0&Y(%/'(J``b(X#."1&Y::::::::::::::::::::::::::::::::::\ZJU

C."6#$(\Vb( %Y(E.'%+(@-+6,$(%+-/"(*1%//$+N(RY(*#-))V)$*&.-/(*1%//$+(%+-/"(*1%//$+ :\ZJ`

C."6#$(\V`( L1%/"$(&.'%+(@-+6,$f*#-))V)$*&.-/(%+-/"(R%)./(+$/"&1:::::::::::::::::::::::::::::\ZJ`

C."6#$(\VJI( P@$#@.$=(&-&%+(*%+.R#%&.-/(5#-*$))(%/'(#$+%&$'(X/6,R$#$'Y($##-#):::::::::::\ZHJ

C."6#$(\VJJ( G#-R%R.+.&K('$/).&K(06/*&.-/(0-#(#%/'-,('$@.%&.-/(./(,$%)6#$,$/&):::::::\ZHH

C."6#$(^VJ( Mc%,5+$(,-#51-+-".*%+(R$1%@.-6# :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::^ZU

C."6#$(^VH( L1%/"$(*-%)&%+(5#-0.+$('6$(&-()$%(+$@$+(#.)$ ::::::::::::::::::::::::::::::::::::::::::::::::^Z^

C."6#$(^VU( L1%/"$(*-%)&%+(5#-0.+$('6$(&-('$,%/'(R%)./ ::::::::::::::::::::::::::::::::::::::::::::::^Z_

C."6#$(^V[( E#%/)5-#&(R$&=$$/($+$,$/&)(=.&1-6&(X+$0&Y(%/'(=.&1(%'>6)&,$/&(0-#('$+&%^ZJH
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E%R+$(\:JA(E.'%+(#%/"$(R$0-#$(%/'(%0&$#(*+-)6#$( \Vb
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Summary

!(+%#"$(5%#&(-0(&1$(*-%)&+./$(-0(&1$(=-#+'(*-/).)&)(-0(R%##.$#(.)+%/')()$5%#%&$'(RK(&.'%+(./+$&)N
>6)&( +.?$( &1$( O6&*1(2%''$/( .)+%/'):( E1$)$( ./+$&)( 5+%K( %/( .,5-#&%/&( #-+$( ./( &1$( )$'.,$/&
R6'"$&(-0(&1$(*-%)&%+(8-/$(%/'(&1$#$RK(./0+6$/*$(&1$(+-/"V&$#,('$@$+-5,$/&(-0(&1$(*-%)&):

W/( J`UH( &1$( 76.'$#8$$( =%)( *+-)$'( 0#-,( )$%N( RK( *-,5+$&./"( &1$( *-/)&#6*&.-/( -0( &1$
!0)+6.&'.>?:( E1$( &.'%+( ./+$&)( -0( &1$(2%''$/( 3$%( $@-+@$( &-=%#')( %/( $a6.+.R#.6,( )&%&$( &1%&
,%&*1$)( &1$( ).&6%&.-/( &1%&( 1%)( %#.)$/( %)( %( #$)6+&( -0( &1$( *+-)6#$:( !&( &1.)( ,-,$/&( +.&&+$
?/-=+$'"$(.)(%@%.+%R+$(-/(&1$(,-#51-+-".*%+(R$1%@.-6#(-0(&1$)$(./+$&)()./*$(&1$(*+-)6#$(%/'
&1$(06&6#$($a6.+.R#.6,()&%&$:

E1$( -R>$*&.@$( -0( &1.)( )&6'K( .)( &-( -R&%./( ,-#$( ./)."1&( ./&-( &1$( +-/"V&$#,( ,-#51-+-".*%+
R$1%@.-6#(-0(&.'%+(./+$&)(%)(%(*-/)$a6$/*$(-0(+%#"$()*%+$(./&$#@$/&.-/)((*%+.R#%&./"(!),.&%(0-#
&1$(*+-)6#$(-0(&1$(76.'$#8$$:

W/( -#'$#( &-( %/%+K)$( &1$( +-/"V&$#,('$@$+-5,$/&( -0( &.'%+( ./+$&)N(=$( 1%@$( &-( *-/).'$#( %( 1."1
+$@$+(-0(%""#$"%&.-/:(!&()6*1(%(+$@$+(-0(%""#$"%&.-/(=$(*%/('.)&./"6.)1( &1#$$($+$,$/&)( ./(%
&.'%+( )K)&$,A( &1$( $RRV&.'%+( '$+&%N( &1$( *1%//$+( %/'( &1$( &.'%+( 0+%&:( M,5.#.*%+( $a6.+.R#.6,
#$+%&.-/)($c.)&(=1.*1('$)*#.R$(&1$(#$+%&.-/(R$&=$$/(&1$(X=$&(-#('#KY($a6.+.R#.6,(@-+6,$)(-0
&1$)$($+$,$/&)(%/'(&1$(&.'%+(@-+6,$:(E1$($a6.+.R#.6,()&%&$(.)(&1$()&%#&./"V5-./&(-0(&1$(,-'$+
0-#,6+%&.-/(-0(!),.&%:(!),.&%(.)(%(R$1%@.-6#V-#.$/&$'(,-'$+(=1.*1('$)*#.R$)(&1$($@-+6&.-/
-0(%(&.'%+()K)&$,(&1%&(.)(R#-6"1&(-6&(-0(.&)($a6.+.R#.6,N(&-=%#')(.&)($a6.+.R#.6,()&%&$:

E-( *%+.R#%&$( !),.&%( 0-#( &1$( *+-)6#$( -0( &1$( 76.'$#8$$N( &1$( !),.&%( $a6%&.-/)( 1%@$( R$$/
+./$%#.)$':(W/(&1.)(=%KN(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(%( &.'%+( ./+$&(1%)(R$$/( ($c5#$))$'
$c5+.*.&+K( ./( &.,$V)*%+$):(E1$( $@-+6&.-/(-0( $%*1( $+$,$/&( .)( '$)*#.R$'( RK( %( *-,R./%&.-/( -0
&1#$$( )K)&$,( &.,$V)*%+$)N(=1.*1( '$5$/'( -/( "$-,$&#.*( %/'( $c*1%/"$( *1%#%*&$#.)&.*)( -0( &1$
)K)&$,( X./56&( 5%#%,$&$#)( -0( !),.&%Y:( E1$)$( +./$%#.)$'( $a6%&.-/)( ".@$( ./)."1&( ./&-( &1$
,-#51-+-".*%+( #$)5-/)$( -0( %( &.'%+( )K)&$,( &-( '.)&6#R%/*$):( ( W/( 5%#&.*6+%#N( .&( *%/( R$
'$,-/)&#%&$'(&1%&(./()-,$().&6%&.-/)(%/($+$,$/&('-$)(/-&($@-+@$(,-/-&-/-6)+K(&-=%#')(.&)
$a6.+.R#.6,( )&%&$N( R6&( 0.#)&( -@$#)1--&)( .&)( $a6.+.R#.6,( -#( ./.&.%++K( ,-@$)( %=%K( 0#-,( .&:
C./%++KN(&1$(+./$%#.)$'($a6%&.-/)(5-./&$'(-6&(&1%&(./(&1$(*%)$(-0(%()K)&$,(+.?$(&1$(4%#)'.$5(&1$
$a6.+.R#.6,( @-+6,$)N( '.006).-/( *-$00.*.$/&)( %/'( $a6.+.R#.6,( *-/*$/&#%&.-/( 1%@$( %( +%#"$
./0+6$/*$(-/(&1$()K)&$,(&.,$V)*%+$)(*-,5%#$'(&-(&1$(-&1$#(!),.&%(5%#%,$&$#):(E1$)$(0-#,$'
.,5-#&%/&(5%#%,$&$#)(./(&1$(*%+.R#%&.-/:

!/%+K).)(-0( &1$( &.'$(%/'(-0('.".&.)$'(,%5)(-0(R$'(&-5-"#%51K(5-./&(-6&( &1%&( &1$( ./+$&)(d+.$
%/'(4%#)'.$5(%#$()6.&%R+$(0-#(*%+.R#%&.-/(56#5-)$)(%)(./(&1$)$(./+$&)()."/.0.*%/&(*1%/"$)(1%@$
-**6##$'(./(R-&1(&1$(1K'#-'K/%,.*)(%/'(,-#51-+-"K:(E1$(*1%#%*&$#(-0(&1$(&.'%+(=%@$(%+-/"
&1$(R%)./(*1%/"$'(0#-,(%(,-#$(5#-5%"%&./"(*1%#%*&$#(./(&1$(0-#,$#(76.'$#8$$N( ./&-(%(,-#$
)&%/'./"(*1%#%*&$#(%0&$#(*+-)6#$:(D$0-#$(*+-)6#$( &1$( &.'%+(#%/"$('$*#$%)$'(0#-,()$%( &-=%#')
9.>?$#?(%/'( %0&$#( *+-)6#$( &1$( &.'%+( #%/"$( ./*#$%)$'( 0#-,( )$%( &-=%#')( &1$(!0)+6.&'.>?:(!)( %
#$)6+&N( &1$( &.'%+( @-+6,$( ./( &1$)$( ./+$&)( ./*#$%)$'( ./)&%/&%/$-6)+K( '6$( &-( &1$( *+-)6#$( -0( &1$
76.'$#8$$:(D%)$'(-/('.".&.)$'(,%5)(-0(R$'(&-5-"#%51K(XJ`UUVJ``bYN(@-+6,$&#.*('%&%(-0(&1$
$+$,$/&)(-0( &1$)$( ./+$&)(1%@$(R$$/(*-,56&$'(RK(D.$"$+( XJ``UY(%/'(%''.&.-/%+(@-+6,$)( 0-#
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#$*$/&(K$%#)(1%@$(R$$/(*-,56&$'(./(&1.)()&6'K:(C-#(R-&1(./+$&)(.&(1-+')(&1%&(&1$(@-+6,$(-0(&1$
0+%&)()1-=)(%/(./*#$%)$('6$(&-(&1$(#$'6*&.-/(./(%#$%:(E1$(*1%//$+(@-+6,$()1-=)(%('$*#$%)$N
R$*%6)$( &1$( )$'.,$/&%&.-/( ./( &1$(R%*?(-0( &1$(R%)./( '-,./%&$'( &1$( $#-).-/(/$%#( &1$( &1#-%&:
E1$('$+&%(@-+6,$)(#$+%&.@$( &-(%( ( &.,$V./@%#.%R+$( #$0$#$/*$(*-%)&%+(5#-0.+$( )1-=(%('$*#$%)$N
=1.+$( %/( ./*#$%)$( .)( $c5$*&$'( R%)$'( -/( &1$( $a6.+.R#.6,( #$+%&.-/:( E1$( '.00$#$/*$( *%/( R$
$c5+%./$'( 0#-,( %( #$"#$)).-/( -0( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%:( E1.)( #$"#$)).-/( 1%)( R$$/
/$"+$*&$'(6/>6)&+K(./(./&$#5#$&./"(0.$+'('%&%(-/('$+&%($@-+6&.-/:

E1$('$+&%(@-+6,$)(1%@$(R$$/( %'>6)&$'( 0-#( &1$( #$&#$%&$'( *-%)&%+( 5#-0.+$( RK( %''./"( %/( $c&#%
&$#,(&-(&1$()$'.,$/&(R%+%/*$(0-#(&1$('$+&%:(2.&1(&1.)(%''.&.-/(=$(1%@$(./*+6'$'(&1$(#$+%&.-/
R$&=$$/(&1$()$'.,$/&('$,%/'(-0(&1$(&.'%+(./+$&(%/'(&1$(#$"#$)).-/(-0(&1$(*-%)&(&-(&1$(!),.&%
0-#,6+%&.-/:(E1$('$+&%(@-+6,$)(0#-,(0.$+'('%&%( &.++(J``I(1%@$(R$$/(%'>6)&$'N(%)()./*$( &1$/
&1$(*-%)&+./$(1%)(R$$/(,%./&%./$'(%&(.&)(5-).&.-/(RK(/-6#.)1,$/&):

!(5+%6).R+$(*%+.R#%&.-/(-0(!),.&%(0-#(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(d+.$(%/'(4%#)'.$5
./+$&(.)(5-)).R+$:(!++($+$,$/&)()1-=(&1$('$@$+-5,$/&(%)('$#.@$'(0#-,(&1$('%&%(%/%+K).):(P/+K
&1$( '$+&%( -0( &1$( 4%#)'.$5( )1-=)( %/( 6/$c5$*&$'N( ./@%#.%R+$( '$@$+-5,$/&:( !( 5-)).R+$
$c5+%/%&.-/( 0-#( &1.)( $00$*&( .)( &1%&( &1$( '$+&%( @-+6,$( R$0-#$( *+-)6#$( %+#$%'K( $c*$$'$'( .&)
$a6.+.R#.6,( @%+6$N( '6$( &-( )&-#,( )6#"$)( ./( &1$( 0-#,$#( 76.'$#8$$N(=1.*1( $/+%#"$'( &1$( &.'%+
@-+6,$:

]$"%#'./"( R-&1( 4%#)'.$5( %/'( d+.$( ./+$&)N( &1$( *1%//$+( .)( &1$( $+$,$/&( =1.*1( #$%*&)( &1$
)+-=$)&:(!&(5#$)$/&N(&1$('$+&%)(%/'(0+%&)(%#$(*+-)$(&-(&1$.#($)&.,%&$'($a6.+.R#.6,()&%&$:(W&(=.++
&%?$(%&(+$%)&(%(*$/&6#K(R$0-#$(&1$(*1%//$+N(%/'(1$/*$(&1$(&-&%+(&.'%+(./+$&()K)&$,N(#$%*1$)(.&)
$a6.+.R#.6,:( !R-6&( J_I( ,.++.-/( ,U( -0( )$'.,$/&( =.++( R$( &#%/)5-#&$'( ./&-( &1$( d+.$( %/'
4%#)'.$5(R%)./:(D$%*1(/-6#.)1,$/&)()+-=('-=/(&1.)(5#-*$))N()./*$(&1$)$(5#$@$/&(&1$('$+&%(&-
"#-=("$-,$&#.*%++K((%/'(&1$(()$'.,$/&(%@%.+%R+$(0-#(&1$(*1%//$+('$*#$%)$):

Q/*$#&%./&.$)( ./( &1$( &-&%+( *%+.R#%&.-/( 5#-*$))( %#$( $c5$*&$'( =.&1( #$)5$*&( &-( &1$( R-6/'%#K
./&$#5#$&%&.-/(-0(&1$($+$,$/&)(X$)5$*.%++K(&1$('$+&%Y(%/'(&1$(1$."1&(%/'(=.'&1(,$%)6#$)(-0(&1$
'$+&%(%/'(*-%)&()$",$/&)(=1.*1(%#$(6)$'(0-#( &1$(%'>6)&,$/&(-0( &1$('$+&%(@-+6,$(&-(*-%)&%+
#$"#$)).-/:
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Samenvatting (in Dutch)

W/(J`UH(=$#'('$(76.'$#8$$(%0"$)+-&$/(@%/(8$$('--#('$(R-6=(@%/('$(%0)+6.&'.>?:(O$("$&.>'$V
./+%&$/( @%/( '$(2%''$/8$$( )&#$@$/( /%%#( $$/( $@$/=.*1&)).&6%&.$( '.$( 5%)&( R.>( '$( @$#%/'$#'$
).&6%&.$(/%('$(%0)+6.&./":(P5('.&(,-,$/&( .)($#(=$./."(R$?$/'(-@$#(1$&(,-#0-+-".)*1("$'#%"
@%/('$8$("$&.>'$V./+%&$/($/('$(&-$?-,)&."$($@$/=.*1&)).&6%&.$:

F$&('-$+(@%/('$8$()&6'.$(.)(-,(,$$#(./8.*1&(&$(@$#?#.>"$/(./('$(+%/"$(&$#,.>/(-/&=.??$+./"
@%/("$&.>'$V./+%&$/($/('%%#/%%)&()5$*.0.$?(-,('$(-/&=.??$+./"$/(%+)("$@-+"(@%/('$(%0)+6.&./"
@%/('$(76.'$#8$$(&$(R$)*1#.>@$/($/(&$(@--#)5$++$/(,$&(1$&(!),.&%(,-'$+:

P,(1$&( +%/"$(&$#,.>/("$'#%"(&$(?6//$/(R$)*1#.>@$/(,-$&$/(=$(8-=$+( ./( &.>'(%+)( ./( #6.,&$
$$/( 1--"( %""#$"%&.$/.@$%6( R$)*1-6=$/:( P5( 8-g/( /.@$%6( ?6//$/( =$( $$/( "$&.>'$V./+%%&
-/'$#@$#'$+$/( ./( U( ,-#0-+-".)*1$( $+$,$/&$/A( '$( $R"$&.>'$( '$+&%N( '$( "$6+( $/( '$( 5+%%&:( M#
R$)&%%/($,5.#.)*1$($@$/=.*1&)#$+%&.$)('.$('$( #$+%&.$(R$)*1#.>@$/( &6))$/('$( X/%&&$(-0('#-"$Y
$@$/=.*1&)@-+6,$)( @%/( '$8$( $+$,$/&$/( $/( 1$&( "$&.>'$@-+6,$:( O$( R%).)%%//%,$( ./( 1$&
!),.&%(,-'$+( .)( '%&( $#( $$/( $@$/=.*1&)&-$)&%/'( "$'$0./.$$#'( ?%/(=-#'$/( @--#( $+?( @%/( '$
$+$,$/&$/:(!),.&%(.)($$/("$'#%")"$-#.h/&$$#'(,-'$+('.$('$(%)K,5&-&.)*1$(-/&=.??$+./"(@%/
'$($+$,$/&$/(/%%#($$/($@$/=.*1&)&-$)&%/'(R$)*1#.>0&:

P,( ./8.*1&( &$( ?#.>"$/( ./( 1$&( ,-#0-+-".)*1$( "$'#%"( @%/( $$/( "$&.>'$V./+%%&( 8.>/( '$( !),.&%
@$#"$+.>?./"$/("$+./$%#.)$$#':(P5('$8$(,%/.$#(.)('$(,-#0-+-".)*1$(-/&=.??$+./"(@%/("$&.>'$V
./+%&$/( $c5+.*.$&( 6.&"$'#6?&( ./( )K)&$$,( &.>')*1%+$/:( O$8$( )K)&$$,( &.>')*1%+$/( 8.>/
?%#%?&$#.)&.$?(@--#($$/(R$5%%+'$( ./+%%&($/("$@$/( ./8.*1&( ./('$(,-#0-+-".)*1$( #$)5-/)$)(-5
$$/( =.++$?$6#."$( @$#)&-#./"( XR.>@:( $$/( %0)+6.&./"Y:( 7-( .)( $#( %%/"$&--/'( '%&( ./( )-,,."$
).&6%&.$)( $$/( $+$,$/&( /.$&( #$*1&)&#$$?)( /%%#( $$/( $@$/=.*1&)).&6%&.$( -/&=.??$+'N(,%%#( $$#)&
8.>/( $@$/=.*1&)=%%#'$( @--#R.>)*1.$&( -0( $#( @%/%0( -/&=.??$+':( O$( %/%+K)$( @%/( '$
"$+./$%#.)$$#'$(@$#"$+.>?./"$/(1$$0&('$(?%+.R#%&.$(@%/(1$&(!),.&%(,-'$+(-/'$#)&$6/':

!/%+K)$(@%/("$&.>'$"$"$@$/)($/(@%/('$("$'.".&%+.)$$#'$(R-'$,?%%#&$/(X5$#.-'$(J`UUVJ``bY
1$RR$/( %%/"$&--/'( '%&( ./( '$( d+.$( $/( 4%#)'.$5( ./+%&$/( )."/.0.*%/&$( 1K'#-'K/%,.)*1$( $/
,-#0-+-".)*1$(@$#%/'$#./"$/(8.>/(-5"$&#$'$/(%+)("$@-+"(@%/('$(%0)+6.&./"(@%/('$(76.'$#8$$:
F$&( ?%#%?&$#( @%/( '$( "$&.>'$"-+0( +%/")( 1$&( R%))./( .)( @$#%/'$#'( @%/( $$/( +-5$/'$( "-+0( ./( '$
@--#,%+."$(76.'$#8$$(./($$/(,./(-0(,$$#()&%%/'$("-+0(/%('$(%0)+6.&./":(F$&("$@-+"(@%/('$
%0)+6.&./"( =%)( $$/( '.#$*&$( &-$/%,$( @%/( 1$&( "$&.>'$@-+6,$:( d-+6,$&#.)*1$( '%&%( @%/( '$
4%#)'.$5( $/( d+.$( ./+%&$/( 8.>/( @$#8%,$+'( $/( R$#$?$/':( d--#( R$.'$( ./+%&$/( "$+'&( '%&( 1$&
5+%%&@-+6,$(.)(&-$"$/-,$/($/(1$&("$6+@-+6,$(.)(%0"$/-,$/:(O$('$+&%@-+6,$)N(&$/(-58.*1&$
@%/($$/( &.>')./@%#.%/&( #$0$#$/&.$(?6)&5#-0.$+N( +%&$/($$/(%0/%,$(8.$/N( &$#=.>+( $$/( &-$/%,$( &$
@$#=%*1&$/(.)(-5(R%).)(@%/('$($@$/=.*1&)#$+%&.$(,$&(1$&("$&.>'$@-+6,$:(O.&(@$#)*1.+(=-#'&
@$#--#8%%?&( '--#'%&( '$( ?6)&%*1&$#6.&"%/"( -/"$#$*1&@%%#'."'( .)( @$#=%%#+--)'( ./( '$
./&$#5#$&%&.$( @%/( '$( @$+'"$"$@$/):( !),.&%( .)( 6.&"$R#$.'( -,( 1$&( $00$*&( @%/( '$
?6)&%*1&$#6.&"%/"(-5(1$&('$+&%@-+6,$(./(#$?$/./"(&$(R#$/"$/:

M$/( 5+%6).R$+$( ?%+.R#%&.$( @%/( 1$&( !),.&%( ,-'$+( .)( R$=$#?)&$++."'( @--#( '$( ,-#0-+-".)*1$
-/&=.??$+./"(@%/('$(4%#)'.$5($/(d+.$( ./+%&$/(-@$#('$(5$#.-'$(J`UUVJ``b:(!++$($+$,$/&$/
+%&$/('$(-/&=.??$+./"(8.$/(8-%+)('.$(.)(%0"$+$.'(6.&('$('%&%V%/%+K)$:(!++$$/('$('$+&%(@%/(1$&
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4%#)'.$5( +%%&( $$/( -/@$#=%*1&$( ./@%#.%R$+$( -/&=.??$+./"( 8.$/:( M$/( ,-"$+.>?$( @$#?+%#./"
1.$#@--#( .)( 1$&( 0$.&( '%&( 1$&( '$+&%@-+6,$( @--#( '$( %0)+6.&./"( "#-&$#( =%)( '%/( '$
$@$/=.*1&)=%%#'$('--#('$( )&-#,$/( ./('$(@--#,%+."$(76.'$#8$$N(=$+?$($$/(@$#"#-&./"(@%/
1$&("$&.>'$@-+6,$(@$#--#8%%?&$/:

d--#(8-=$+('$(4%#)'.$5(%+)('$(d+.$(./+%%&("$+'&(./('.&("$@%+('%&('$("$6+(1$&($+$,$/&(.)(,$&('$
"#--&)&$( %%/5%))./")&.>':( P5( '.&( ,-,$/&( 8.>/( '$( '$+&%g)( $/( '$( 5+%&$/( '.*1&( R.>( 16/
$@$/=.*1&)=%%#'$:(F$&(8%+(&$/,./)&$($$/($$6=('6#$/(@--#'%&('$("$6+$/N($/('6)('$("$&.>'$V
./+%&$/N($$/('K/%,.)*1($@$/=.*1&(R$#$.?&(86++$/(1$RR$/:(F.$#@--#(8%+(*.#*%(J_I(,.+>-$/(,U
)$'.,$/&(1$&(d+.$($/(4%#)'.$5(R%))./(./(=-#'$/("$&#%/)5-#&$$#':(3&#%/')655+$&.$)(@$#&#%"$/
'.&( 5#-*$)N( -,'%&( '%/( '$( '$+&%( /.$&( ,$$#( "$-,$&#.)*1( "#-$.&( =%%#'--#( '$( R$)*1.?R%#$
1-$@$$+1$.'()$'.,$/&(@--#('$("$6+$/(%0/$$,&:
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1 Introduction

1.1 Background

!(+%#"$(5%#&(-0(&1$(*-%)&+./$(-0(&1$(=-#+'(*-/).)&)(-0(R%##.$#(.)+%/')()$5%#%&$'(RK(&.'%+(./+$&)N
>6)&( +.?$( &1$( O6&*1(2%''$/( .)+%/'):( E1$)$( ./+$&)( 5+%K( %/( .,5-#&%/&( #-+$( ./( &1$( )$'.,$/&
R6'"$&(-0(&1$(*-%)&%+(8-/$(%/'(&1$#$RK(./0+6$/*$(&1$(+-/"V&$#,('$@$+-5,$/&(-0(&1$(*-%)&):

E1$(2%''$/( 3$%( 0-#,)( %( *-,5+$cN( 'K/%,.*(,-#51-+-".*%+( )K)&$,( %/'( .&( 1-)&)( %( 6/.a6$
$*-)K)&$,:(W&)()&%&$(%/'($@-+6&.-/(%#$($00$*&$'(RK(%(=.'$(@%#.$&K(-0()-*.-V$*-/-,.*(%*&.@.&.$)N
)6*1(%)(/%@."%&.-/N(#$*#$%&.-/N(0.)1./"N()%/'(,././"N("%)(,././"N(+%/'(#$*+%,%&.-/(%/'(0+--'
5#-&$*&.-/:

M)5$*.%++K( +%/'( #$*+%,%&.-/( %/'( 0+--'( 5#-&$*&.-/( =-#?)( 1%@$( 1%'( %( ,%>-#( .,5%*&( -/( &1$
,-#51-+-".*%+( $@-+6&.-/( -0( &1$(2%''$/( %#$%:(!( *-/).'$#%R+$( 5%#&( -0( &1$( 5#$)$/&( /-#&1$#/
5%#&(-0( &1$(5#-@./*$(-0( (9--#'VF-++%/'( .)( &1$( #$)6+&(-0($c&$/).@$( +%/'( #$*+%,%&.-/(-@$#('$
5%)&( *$/&6#.$):(E1%&( %55+.$)( %+)-( 0-#( &1$( /-#&1$#/( $'"$)( -0( &1$( 5#-@./*$)( -0( C#.$)+%/'( %/'
;#-/./"$/:( 36*1( ./&$#@$/&.-/)( %00$*&( &1$( ).8$( %/'( )1%5$( -0( &1$( R%)./)( R$1./'( &1$( "-#"$
R$&=$$/(&1$(R%##.$#(.)+%/')(%/'(1$/*$N(&1$K(./0+6$/*$(&1$(,-#51-+-"K(-0(&1$($/&.#$(2%''$/
3$%(%#$%:

E1$(*+-)6#$(-0(&1$(76.'$#8$$(=.&1(%(U^(?,(+-/"('%,N(*-,5+$&$'(./(J`UHN((=%)(5#-R%R+K(-/$
-0( &1$( ,-)&( )6R)&%/&.%+( ./&$#@$/&.-/)( ./( &1$( )K)&$,:( W&( =%)( '$)."/$'( &-( 1%@$( %( ,./.,%+
,-#51-+-".*%+( .,5%*&:( L-/).'$#./"( &1$( ?/-=+$'"$( %/'( ,$%/)( %@%.+%R+$( %&( &1%&( &.,$( &-
5#$'.*&(,-#51-+-".*%+(*1%/"$)N(&1$('$)."/(=%)(1."1+K()6**$))06+:(9$@$#&1$+$))N(&1$#$(.)()&.++
)-,$(,$%)6#%R+$($00$*&:

!&(5#$)$/&(&1$#$(%#$(5+%/)(&-(#$)&-#$(5%#&)(-0(&1$(&.'%+('K/%,.*)(%#-6/'(&1$(*+-)6#$('%,(-0(&1$
76.'$#8$$:( !+&1-6"1( &1.)( 5+%/( .)( 5%#&( -0( &1$( 5-+.*K( &-( $c&$/'( &1$( =$++VR$./"( -0( &1$( +-*%+
$*-)K)&$,N( .&)( 5-)).R+$( .,5%*&( ,%K( /-&( R$( -@$#+--?$':( 3.,.+%#( 5+%/)( $c.)&( 0-#( &1$
S%6=$#)8$$( &1%&(=%)( *+-)$'(-00( ./( J`^`( %)( 5%#&( -0( &1$(O$+&%( 5#->$*&( X%( /%&.-/(=.'$( 0+--'
5#-&$*&.-/( 5#->$*&N( ./.&.%&$'( %0&$#( &1$( 0+--'./"( ./( J`\UY:( W&( .)( &-( R$( $c5$*&$'( &1%&( )6*1
./&$#@$/&.-/)(=.++(*-/&./6$(./(06&6#$(%/'(./(-#'$#(&-($@%+6%&$(&1$.#(,-#51-+-".*%+(.,5%*&(.&(.)
$))$/&.%+(&-('$@$+-5(./)."1&(./&-(+-/"V&$#,(,-#51-+-".*%+(R$1%@.-6#(-0(&.'%+(./+$&):

E1$( ?/-=+$'"$( -/(,-#51-+-".*%+( R$1%@.-6#( -0( &.'%+( ./+$&)( .)( )&.++( +.,.&$'N( R$*%6)$( -0( &1$
*-,5+$c( 'K/%,.*( ./&$#%*&.-/( -0( =%@$)N( *6##$/&)( %/'( R$'( &-5-"#%51K:( Q/'$#)&%/'./"( %/'
5#$'.*&./"( &1.)(R$1%@.-6#(,$%/)( &1%&(=$(1%@$( &-( '$%+(=.&1( '.00$#$/&( &.,$( )5%/)( %/'( )5%*$
)*%+$):(C.#)&(%/(-@$#@.$=(.)(".@$/(-/(&.,$()5%/)(%/'()5%*$()*%+$):
3&.@$($&(%+:XJ``IY((-#'$#$'(&1$(0-++-=./"('.@.).-/(0-#()*%+$)A
@$#K(+-/"V&$#,(X,$"%V)*%+$Y &.,$()5%/A(*$/&6#.$)(&-(,.++$//.%

)5%*$V)*%+$A(JII(?,(%/'(,-#$
+-/"V&$#,(X,%*#-V)*%+$YA &.,$()5%/A('$*%'$)(&-(*$/&6#.$)

)5%*$()*%+$A(JIVJII(?,
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,.''+$(&$#,(X,$)-V)*%+$YA &.,$()5%/A(K$%#)(&-('$*%'$)

)5%*$()*%+$A(JV\(?,

)1-#&(&$#,(X,.*#-V)*%+$YA((((((((((((&.,$()5%/A(1-6#)(&-(K$%#)

)5%*$()*%+$A(JI,VJ?,

!(*-##$+%&.-/(R$&=$$/(&.,$()5%/)(%/'()5%*$()*%+$)($c.)&:(W/(,-)&(*%)$)(+-/"(&$#,(5#-*$))$)
1%@$($00$*&(-/(+%#"$(%#$%)(%/'()1-#&(&$#,(5#-*$))$)(1%@$($00$*&(./(),%++$#(%#$%):(C-#($c%,5+$
=1$/( +--?./"( -/( %( "$-+-".*%+( &.,$( )5%/)( X.:$:( &1-6)%/')( -0( K$%#)Y( *-%)&%+( R$1%@.-6#( ./
#$+%&.-/(&-()$%(+$@$+(#.)$(#$a6.#$)(6/'$#)&%/'./"(-0(&1$(-#."./(%/'('$@$+-5,$/&(-0(&1$(*-%)&(./
&1$(5%)&:(F-=$@$#N(0-#(%(&.,$()5%/(-0(JI(&-(JII(K$%#)N(.&(.)(/-&(&1$("$-+-".*%+(&#$/'N(R6&(&1$
0+6*&6%&.-/)(%#-6/'(&1$(&#$/'(&1%&(%#$(.,5-#&%/&(0-#(&1$('$@$+-5,$/&(-0( &1$(*-%)&+./$:(P/(%
#$+%&.@$()1-#&(&.,$()*%+$)(&1$)$(0+6*&6%&.-/)(,%K($@$/(R$(-55-).&$(&-(&1$(+-/"V&$#,(&#$/':

E1$(,$)-V( %/'(,.*#-V)*%+$( +$@$+)( *-/*$#/( 51$/-,$/%( +.?$A( )6#0( 8-/$( R%#( *K*+$)N( %/'( &1$
*-/)$a6$/*$( -0( )1-#$( /-6#.)1,$/&):( E1$)$( *%/( R$(,-'$++$'(=.&1( ( 5#-*$))VR%)$'(,-'$+):
E1$)$(,-'$+)( %#$( R%)$'( -/( 51K).*%+( 5#-*$))$)( +.?$( =%@$)N( *6##$/&)( %/'( #$+%&$'( )$'.,$/&
&#%/)5-#&:( E-(=-#?( %&( &1.)( +$@$+N( ./0-#,%&.-/( .)( /$$'$'( -/( &1$( *-,5+$c( ./&$#%*&.-/( '6$( &-
&1$)$( 5#-*$))$):( !&( &1.)( +$@$+N( .&( .)( /-&( 5-)).R+$( &-( *-@$#( +%#"$( &.,$V)5%/)( %)( +-/"V&$#,
@%#.%&.-/)(./(&.'$(%/'(=%@$)(=.++(-**6#(%/'(=$(%#$(6/%R+$(&-(,-'$+(&1.)(5#-5$#+K(K$&(%)(&1$#$
.)( )1-#&%"$( ./( %@%.+%R+$( ./0-#,%&.-/:( 3-N(,-'$++./"( -/( %( +-/"V&$#,( X,%*#-V)*%+$Y( #$a6.#$)
$,5.#.*%+(./0-#,%&.-/(%)(=$++:

3./*$( &1$($,5.#.*%+( ./0-#,%&.-/( .)(/-&(%@%.+%R+$(%&( %(@$#K('$&%.+$'( )*%+$N( .&( .)( .,5-#&%/&( &-
=-#?( %&( %( 1."1( +$@$+( -0( %""#$"%&.-/N( 0-#( $c%,5+$( ./( &$#,)( -0( 5#./*.5%+( )K)&$,( $+$,$/&)A
R%)./N("-#"$N($RRV&.'%+('$+&%(%/'(.)+%/'(*-%)&):( W/( &1.)(=%K(.&(,."1&(R$(5-)).R+$( &-( .,5#-@$
&1$(5#$'.*&%R.+.&K(-0(+-/"V&$#,(,-'$++./"A(R%)$'(-/(?/-=+$'"$(-0(&1$()K)&$,g)(R$1%@.-6#(-/
),%++$#()*%+$N(%/-&1$#(,-'$+(.)(0-#,6+%&$'(%&(&1$(1."1$#()*%+$N(=.&1-6&(%&&$,5&./"(&-('$)*#.R$
$@$#K( '$&%.+( %&( &1$( +-=$#V)*%+$( +$@$+:( W/( &1.)( =%K( )$,.V$,5.#.*%+( ,-'$+)( 1%@$( R$$/
'$@$+-5$'N( =1.*1( %#$( R%)$'( -/( ?/-=+$'"$( -/( 51K).*%+( 5#-*$))$)N( R6&( ./*+6'$( $,5.#.*%+
?/-=+$'"$:

!/($c%,5+$(-0(%()$,.V$,5.#.*%+(,-'$+(.)(&1$(R$1%@.-6#%+(,-'$+(!),.&%(X!""#$"%&$'(3*%+$
4-#51-+-".*%+( W/&$#%*&.-/( R$&=$$/( %( E.'%+( ./+$&( %/'( &1$( !'>%*$/&( *-%)&N( 3&.@$( %/'(2%/"
J``^Y:( E1.)( ,-'$+( 1%)( -55-#&6/.&.$)( &-( 5#$'.*&( &1$( ,-#51-+-".*%+( R$1%@.-6#( %0&$#( %/
./&$#0$#$/*$(+.?$(&1$(*+-)6#$(-0(&1$(76.'$#8$$:

1.2 Area of interest

E1$(%#$%(-0(./&$#$)&(.)(&1$(2$)&$#/(2%''$/(3$%:(E1.)(*-,5#.)$)(0-6#(R%##.$#(.)+%/')(=.&1./
R$&=$$/(0-6#(&.'%+(./+$&)i(&1$(4%#)'.$5(XJYN(M.$#+%/')$("%&(XHYN(&1$(d+.$(XUY(%/'(&1$(D-#/'.$5
X[YN()$$(0."6#$(H:J:(M%*1(./+$&(*-/).)&)(-0(&1#$$(,%./(,-#51-+-".*%+($+$,$/&)A(%(&.'%+(R%)./N
*-/&%././"( *1%//$+)( %/'( 0+%&)N( %/'( %/( $RRV&.'%+( '$+&%( >6)&( -00V)1-#$( &1$( .)+%/'):( E1$)$
$+$,$/&)(=.++(R$($c5+%./$'(./(*1%5&$#(U:



Aggregated scale modelling of tidal inlets
of the Wadden Sea Z2822 July, 2001

WL | Delft Hydraulics 1 – 3

C."6#$(JVJ(P@$#@.$=(&.'%+(./+$&)(2$)&$#/(2%''$/(3$%:

1.3 Problem analysis

W/( J`UH( &1$( 76.'$#8$$( =%)( *+-)$'( 0#-,( )$%N( RK( *-,5+$&./"( &1$( *-/)&#6*&.-/( -0( &1$
!0)+6.&'.>?:(!)(%(#$)6+&(-0(&1$('%,,./"(-0(&1$(76.'$#8$$(,%/K(*1%/"$)(1%@$(-**6##$'(./(&1$
=%&$#(,-&.-/)(%/'(&1$(R$'(&-5-"#%51K(-0( &1$(2$)&$#/(2%''$/(3$%:(E1$( &.'%+( ./+$&)(-0( &1$
2%''$/(3$%($@-+@$(&-=%#')(%/($a6.+.R#.6,()&%&$(&1%&(,%&*1$)(&1$().&6%&.-/(&1%&(1%)(%#.)$/(%)
%(#$)6+&(-0( &1$(*+-)6#$:(!&( &1.)(,-,$/&N( +.&&+$( .)(?/-=/(-/( &1$(,-#51-+-".*%+(R$1%@.-6#(-0
&1$)$(./+$&)()./*$(&1$(*+-)6#$N(%/'(&1$(06&6#$($a6.+.R#.6,()&%&$:

E1$(,-#51-+-".*%+(#$)5-/)$(-0(./+$&)(./(&1$(=$)&$#/(2%''$/(3$%(&-(*+-)6#$(-0(%(5%#&(-0(&1$
*-##$)5-/'./"(R%)./N(,%/.0$)&)(.&)$+0(-/(%(,%*#-V)*%+$(X'$*%'$)(&-(*$/&6#.$)N()$$(*1%5&$#(JY:

P/$(=%K(&-(,-'$+(#$)5-/)$)(%&(&1.)()*%+$N(.)(&1$()-V/%,$'(R$1%@.-6#V-#.$/&$'(%55#-%*1:(W&(.)
R%)$'(-/(&1$(%))6,5&.-/(&1%&(./(&1.)(*%)$(%(&.'%+(./+$&($@-+@$)(&-=%#')(%/($a6.+.R#.6,()&%&$
&1%&('$5$/')(-/()-,$("$/$#%+(*1%#%*&$#.)&.*)(-0( )$'.,$/&(,%/%"$,$/&(%/'( &.'%+( ./&#6).-/:
G%#&.%+( *+-)6#$(-0( &1$( &.'%+( R%)./N( 0-#( ./)&%/*$N( %00$*&)( &1$( &.'%+( ./&#6).-/( %/'(1$/*$( .&(=.++
'.@$#&( &1$( $@-+6&.-/( -0( &1$( ./+$&( &-=%#')( %/-&1$#( $a6.+.R#.6,( &1%/( &1$( -/$( .&( =-6+'( 1%@$
#$%*1$'(=.&1-6&(&1$(*+-)6#$:

P/$( )6*1( R$1%@.-6#%+V-#.$/&$'( ,-'$+)( .)( !),.&%( X!""#$"%&$'( 3*%+$( 4-#51-+-".*%+
W/&$#%*&.-/( R$&=$$/( %( E.'%+( ./+$&( %/'( &1$( !'>%*$/&( *-%)&N( 3&.@$( %/'(2%/"( J``^Y:( W&( .)( %
)$,.V$,5.#.*%+( ,-'$+N( R%)$'( -/( $+$,$/&%#K( 51K).*)( -/( )$'.,$/&( $c*1%/"$( R$&=$$/( &1$
$+$,$/&)N(%/'(./*+6'$)(&1$($,5.#.*%+(?/-=+$'"$(-/($a6.+.R#.6,(*-/'.&.-/):(E1$($a6.+.R#.6,
)&%&$(.)(&1$()&%#&./"(5-./&N(%/'(&1$/N(&1$(%'%5&%&.-/(5#-*$))(%0&$#(%/(.,5-)$'('.)&6#R%/*$(*%/
R$().,6+%&$'(=.&1(&1.)(,-'$+:(E1.)(,-'$+(1%)(5#-@$'(&-(R$(%(@%+6%R+$($+$,$/&%#K(,-'$+(0-#
$)&.,%&./"(+-/"V&$#,($00$*&)(-0()6R).'$/*$('6$(&-("%)(,././"(X)$$(D6.),%/(J``_YN(R6&()&.++

A

<

E

G
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6/*$#&%./&.$)( %#.)$( -/( &1$( 06/'%,$/&%+( R$1%@.-6#( -0( &.'%+( ./+$&)( =1.*1( %#$( #$5#$)$/&$'( RK
)$@$#%+(5%#%,$&$#)(./(&1.)(,-'$+:

Problem definition

E1$#$( .)( +%*?(-0( ./)."1&( ./&-(,-#51-+-".*%+( R$1%@.-6#( -0( ( &.'%+( ./+$&)( %)( %( *-/)$a6$/*$(-0
./&$#@$/&.-/)( +.?$( &1$( *+-)6#$( -0( &1$( 76.'$#8$$:( !),.&%( *-6+'( 5-)).R+K( '$)*#.R$( &1.)
R$1%@.-6#N(R6&(&1$#$(%#$()-,$(6/*$#&%./(5%#%,$&$#):

1.4 Objective

E1$(-R>$*&.@$)(-0(&1$(5#$)$/&()&6'K(%#$A

!" &-(-R&%./(,-#$(./)."1&(./&-(&1$(,-#51-+-".*%+(R$1%@.-6#(-0(&.'%+(./+$&)(%)(%(*-/)$a6$/*$
-0(&1$(*+-)6#$(-0(&1$(76.'$#8$$:

!" &-( ($c&$/'(&1$(?/-=+$'"$(-/(&1$(06/'%,$/&%+(R$1%@.-6#(-0( &.'%+( ./+$&)(=.&1( &1$(!),.&%
,-'$+:

E1$( %55#-%*1( &-( %*1.$@$( &1$)$( -R>$*&.@$)( %#$( %)( 0-++-=):( PR&%././"( ./)."1&( ./&-
,-#51-+-".*%+( R$1%@.-6#( -0( &1$( ./+$&)( ./( &1$( 2$)&$#/( 2%''$/( 3$%( .)( #$%+.)$'N( R%)$'( -/
%/%+K).)(-0((R-&1(!),.&%N(%/'(&1$(%@%.+%R+$('%&%()./*$(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(E1.)(=.++
5#-@.'$(?/-=+$'"$(&-(*-,$(&-(%(5#-5$#(*%+.R#%&.-/(-0(!),.&%:(E1$/(!),.&%(.)(*%+.R#%&$'(%/'
,-#$(./0-#,%&.-/(-/(06&6#$('$@$+-5,$/&(-0(&1$(2%''$/(3$%(./+$&)(,%K(R$('$#.@$':(W&(,6)&
R$(/-&$'( &1%&(*%+.R#%&./"(!),.&%(%/'(-R&%././"( ./)."1&( ./&-(,-#51-+-".*%+( R$1%@.-6#( .)( %/
./&$#%*&.-/(5#-*$))N(=1.*1(0./%++K(+$%')(&-(,-#$(6/'$#)&%/'./"(-/(R-&1(&1$)$(0.$+'):

W/(&1$(]$%'$#(&1$()&#6*&6#$(-0(&1.)()&6'K(.)('$)*#.R$':

1.5 Reader

E1$(-6&+./$(-0(&1.)()&6'K(.)(%)(0-++-=)A

W/( &1$( 0-++-=./"( *1%5&$#( %( '$)*#.5&.-/( -0( &1$(2%''$/( )K)&$,( .)( ".@$/( -/( '.00$#$/&( )*%+$)N
=1.*1(=$#$( '.)&./"6.)1$'( ./( &1$( 0.#)&( *1%5&$#:(E1$(1.)&-#.*%+( R%*?"#-6/'(-/(,$"%V)*%+$( .)
".@$/(%/'(&1$/(=$(=.++(8--,(&-(&1$()*%+$(-0(./&$#$)&(X,%*#-V)*%+$Y(=1$#$(&1$(&.'%+()K)&$,(%/'
#$+%&$'(0-#*./")(%#$('$)*#.R$':(W/(*1%5&$#(U(&1$(5#./*.5+$)(%/'(0-#,6+%&.-/(-0(&1$(R$1%@.-6#
-#.$/&%&$'( ,-'$+( !),.&%( %#$( $c5+%./$':( 36R)$a6$/&+KN( &1$( +./$%#.)$'( %55#-c.,%&.-/( -0
!),.&%(.)(*-/).'$#$'(./(*1%5&$#([:(2$(1%@$(%/%+K)$'('.00$#$/&(5-)).R.+.&.$)(-0(&1$(6)$(-0(&1.)
+./$%#.)%&.-/(&-(1$+5( &1$(*%+.R#%&.-/(-0(!),.&%:(L1%5&$#(\(*-/&%./)(%/(%/%+K).)(-0(%@%.+%R+$
'%&%(-0( &1$(%#$%(%00$*&$'()./*$( &1$(*+-)6#$(-0( &1$(76.'$#8$$:(E1$)$( *-,5#.)$( &.'$V'%&%( %/'
,%5)(-0(R$'( &-5-"#%51K(-0( &1$( 5$#.-'(J`UUVJ``b:(!+)-( &1$( @-+6,$&#.*( '%&%N(=1.*1( %#$( -0
./&$#$)&(0-#(!),.&%(%#$('$#.@$'(%/'(%/%+K)$':(C./%++K(./(*1%5&$#(^N(!),.&%(.)(*%+.R#%&$'(&-(&1$
,-#51-+-".*%+( '$@$+-5,$/&( '6$( &-( &1$( *+-)6#$( -0( &1$( 76.'$#8$$:( W/( &1.)( =%K( &1$( X06&6#$Y
,-#51-+-".*%+('$@$+-5,$/&(-0(&1$(d+.$(%/'(4%#)'.$5(./+$&(.)(%/%+K)$'(%/'(%&(&1$()%,$(&.,$
&1$( !),.&%( ,-'$+( .)( &$)&$':( 2$( 1%@$( *-/*+6'$'( &1.)( )&6'K( =.&1( )-,$( *-/*+6).-/)( %/'
#$*-,,$/'%&.-/)N(=1.*1(%#$(5#$)$/&$'((./(*1%5&$#(_:
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2 Morphodynamics of the Wadden Sea

2.1 Introduction

E1$(O6&*1(2%''$/(3$%(*-,5#.)$)(JI(&.'%+(R%)./)(=1.*1(%#$('.@.'$'(RK(=%&$#()1$'):(E1$)$
R%)./)( =$#$( *#$%&$'( RK( R#$%?&1#-6"1)( %/'( 0+--'./"( -0( *-%)&%+( 5+%/$)( %)( )$%( +$@$+( #-)$:
4-#$-@$#N( (16,%/(./&$#0$#$/*$)(1%@$(*%6)$'()6R).'$/*$(=1.*1($/*-6#%"$'(&1$(*#$%&.-/(-0
&1$)$( R%)./):( E1$( &.'%+( R%)./)( *-/).)&( -0( *1%//$+)N( )1%++-=( &.'%+( 0+%&)( %/'( )%+&( ,%#)1$):
E-"$&1$#(=.&1(&1$(.)+%/'(*-%)&)(%/'(&1$($RRV&.'%+('$+&%)(&1$K(0-#,(&1$(2%''$/()K)&$,:(E1$
$+$,$/&)( -0( &1.)( )K)&$,( #$%*&( 'K/%,.*%++K( &-( 0-#*./")( +.?$( &.'$)N( =%@$)( %/'( =./'( RK
$c*1%/"./"(=%&$#(%/'()$'.,$/&:(E1$(/$&(&#%/)5-#&(-0()$'.,$/&N(=1.*1(*%6)$)(&1$(*1%/"$(-0
&1$(R-&&-,(=.&1(&.,$N(.)(*%++$'((!"#$%"&"'()*&+,-.-&"$!-/0(X,-#51e)1%5$Y:(D$*%6)$(&1$#$
.)( %( *-/)&%/&( ./&$#%*&.-/( R$&=$$/( 0-#*./")( %/'( ,-#51-+-".*%+( *1%/"$)N( =$( )5$%?( -0( &1$
!"#$%",1/*!()2(-0(&1$(2%''$/(3$%:

W/(&1.)(*1%5&$#(%(1.)&-#.*%+(-@$#@.$=(-/(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$(./+$&)(-0( &1$
2%''$/(3$%(=.++(R$(".@$/(%)(%(0#%,$(-0( &1$(5#$)$/&()&6'K:(C-#( &1.)N( &1$(,$"%V)*%+$N(=1.*1
,$%/)(*$/&6#.$)(-#(,.++$//.%N(=.++(R$(*-/).'$#$':(36R)$a6$/&+KN((=$(=.++(8--,(&-(&1$()*%+$(-0
./&$#$)&N( ,%*#-V)*%+$:( E1$( 0-#*./")( -/( %( &.'%+( ./+$&( %/'( &1$( $+$,$/&)( -0( %( &.'%+( ./+$&( %#$
$c5+%./$':(XE1$)$()%,$($+$,$/&)(=.++(R$(6)$'(./( &1$(!),.&%(,-'$+N(=1.*1( .)($c5+%./$'( ./
&1$( 0-++-=./"( *1%5&$#Y:( C6#&1$#,-#$N( %( *+-)$#( +--?( .)( &%?$/( -/( &1$( ,-#51-+-".*%+
'$@$+-5,$/&( -0( &1$( $+$,$/&)( -0( %/( ./+$&( %)( %( *-/)$a6$/*$( -0( &1$)$( 0-#*./"):( C./%++KN( &1$
*+-)6#$(-0(&1$(76.'$#8$$(=.++(R$(R#.$0+K('.)*6))$'(%)(&1.)(=.++(R$(6)$'(%)(%(*%)$(0-#(&1.)()&6'K:

2.2 Wadden Sea on mega-scale

E1$(2%''$/(3$%(.)(%("$-+-".*%++K(K-6/"(+%/')*%5$N(=1.*1('.'(/-&(&%?$(-/(.&)(*6##$/&(0-#,
6/&.+(&1$(=%#,(5$#.-'(%0&$#( &1$( +%)&( .*$(%"$(X*%:(JI:III(K$%#)(%"-Y:( ( W/( &1.)()$*&.-/(=$(=.++
'$)*#.R$(&1$(1.)&-#.*%+('$@$+-5,$/&(-0(&1$(2%''$/(3$%N(R%)$'(-/('.00$#$/&(+.&$#%&6#$:

C.#)&( )-,$(R%*?"#-6/'( ./0-#,%&.-/(=.++(R$(".@$/(-/( ("$-+-".*%+( )$%( +$@$+( *1%/"$)N( &1$/( %
&1$-#K(.)('.)*6))$'(0-#(&1$(0-#,%&.-/(-0(R%##.$#( .)+%/')(%/'(0./%++K( &1$)$( &=-('$@$+-5,$/&)
$c5+%./(&1$(5#-R%R+$('$@$+-5,$/&(-0(&1$(R%##.$#(.)+%/')(-0(&1$(2%''$/(3$%:

2.2.1 Geological evolution and sea level changes.

9%&6#%+(5#$*-/'.&.-/)(1%@$(5+%K$'( %( )6R)&%/&.%+( #-+$( ./( &1$(,-#51-+-".*%+( '$@$+-5,$/&( -0
&1$(2%''$/(3$%(%/'(&1$(0-#,%&&./"(-0( &1$( )6##-6/'./"(R%##.$#( .)+%/'):(O6#./"( &1$(E$#&.%#K
%/'(j6%#&$#/%#KN()6R).'$/*$(-0(&1$(9-#&1(3$%(R-&&-,(1%)(R$$/('-,./%/&N(R6&(%)()--/(%)(&1$
F-+-*$/$(R$"%/(%R-6&(JI:III(K$%#)(%"-N(&1$()$%(+$@$+(#.)$(R$"%/(&-(5+%K(%()."/.0.*%/&(#-+$:
9$@$#&1$+$))N()5$*6+%&.-/(%R-6&(=.'$)5#$%'(*-%)&%+()6R).'$/*$(*%/(R$( &#%*$'(R%*?(&-(JbU_
XC-#*11%,,$#N(JbU_Y:(3*.$/&.)&)(%))6,$'()6R).'$/*$(=%)(&1$(#$%)-/(0-#(&1$(%55%#$/&(#.)$(./
)$%(+$@$+:(E1$($6)&%&.*(*-/)$a6$/*$)(-0(,$+&./"("+%*.$#)(%/'(.*$()1$$&)(-/()$%(+$@$+(=%)((/-&
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#$*-"/.)$'(6/&.+(J`UI(X]%,)%KN(J`UIY:(M@$/(&1$/(.&(=%)(#$"%#'$'(%)(%(*%6)%+(,$*1%/.),(0-#
#$*$/&( )$%( +$@$+( *1%/"$):( O$=$#)( XO$=$#)N( J`[IY( =%)( &1$( 0.#)&( &-( )$#.-6)+K( a6$)&.-/( &1%&
$6)&%&.*( )$%( +$@$+( *1%/"$)( =$#$( /$"+.".R+$:( !0&$#( &1$( 3$*-/'( 2-#+'( 2%#N( &1$( *-%)&%+
)6R).'$/*$(&1$-#K(=%)()--/(#$06&$'N(R$*%6)$(.&(=%)(/-&(5-)).R+$(&-(./'.*%&$(%/K(,$%)6#%R+$
)6R).'$/*$:

!5%#&( 0#-,($6)&%&.*(,-@$,$/&)N( %+)-( &$*&-/.*(,-@$,$/&( *%/( *%6)$( #$+%&.@$( )$%( +$@$+( #.)$:
E1$( 2%''$/( 3$%( %#$%( $c5$#.$/*$)( +.&&+$( &$*&-/.*( %*&.@.&K( %/'( .)( #%&1$#( )&%R+$:( E1$#$0-#$
&$*&-/.*(,-@$,$/&(%)(*%6)$(0-#(#$+%&.@$()$%(+$@$+(#.)$(*%/(R$(/$"+$*&$':

3./*$(J`_IN(%(/$=(*-/*$5&(-0()$%(+$@$+(#.)$(*%,$(65:(E1$(=-#+'V=.'$()$%(+$@$+(*1%/"$(.)(/-&
).,6+&%/$-6)(%)(&1$($6)&%)K('$0./.&.-/(*+%.,):(E1.)(.)(R$*%6)$(-0(&1$(*-//$*&.-/(R$&=$$/(&1$
)$%(+$@$+(,-@$,$/&(%/'(&1$("#%@.&K(*1%/"$:(E1$()$%(+$@$+(.)(%/($a6.5-&$/&.%+()6#0%*$(-0(&1$
$%#&1)("#%@.&K(0.$+'N(=.&1(%(0-#,(-0(%("$-.':(E1.)(51$/-,$/-/('.'(/-&(5+%K(%(R."(5%#&(./(&1$
)$%(+$@$+(#.)$(&1$(5%)&(JI:III(K$%#):

36,,%#.)./"N(.&(*%/(R$()&%&$'(&1%&(,$+&./"("+%*.$#)(%/'(.*$()1$$&)(1%@$(1%'(%/("#$%&(.,5%*&
-/(&1$(#$+%&.@$()$%(+$@$+(#.)$:(D$).'$)(&1.)N(&1$("#%@.&K(*1%/"$(%/'(&$*&-/.*(,-@$,$/&)(5+%K$'
%(@$#K(),%++(#-+$:(E1$)$(0%*&-#)(1%@$('$&$#,./$'(&1$('$@$+-5,$/&(-0(&1$(2%''$/(3$%(%/'(&1$
R%##.$#(.)+%/')('6#./"(&1$(5%)&(JI:III(K$%#):

2.2.2 Formation barrier islands

D%##.$#(*-%)&)(+.?$(&1-)$(-0(&1$(9-#&1(3$%(%#$(0-6/'N(%,-/"(-&1$#(5+%*$)(%+-/"(&1$($%)&(*-%)&
-0(&1$(Q/.&$'(3&%&$):(W/(&1$(!,$#.*%/(+.&$#%&6#$(X$:"(S$%&1$#,%/N(J`bHYN(&1#$$('.00$#$/&(R%).*
*-/*$5&)(-0(R%##.$#(.)+%/'("$/$).)(1%@$(R$$/(*-/).'$#$'(0-#(&1$(9-#&1(3$%(*-%)&:
J:((O#-=/./"(*-%)&%+('6/$(#.'"$):
H:((C-#,%&.-/(-0()5.&)N(=1.*1(=$#$(+%&$#(R#$%*1$'(RK(&1$()$%:
U:((W)+%/'('$@$+-5,$/&(0#-,($,$#"./"()1-%+)

E1$(0.#)&(1K5-&1$).)(0.&)( ./( &1$( &1$-#.$)(-0(*-%)&%+()6R).'$/*$:(!)(%(*-/)$a6$/*$(-0(*-%)&%+
)6R).'$/*$( R%##.$#)( =$#$( R$+.$@$( &-( 1%@$( 0-#,$'( X%:-:( F%%"$( XJb``Y( %/'( 2%1/)*1%00$
XJ`IJYY:( !0&$#( &1$( &1$-#K( -0( *-%)&%+( )6R).'$/*$( =%)( #$06&$'N( %+)-( &1.)( 1K5-&1$).)( =%)( /-
+-/"$#(@%+.':(W/(J`[[(&1$( .'$%(=%)(5#-,-&$'(&1%&()1-#$(5%#%++$+()%/'(&#%/)5-#&(=-6+'(1%@$
*#$%&$'(&1$(R%##.$#(X%:-:(;#.55N(J`[[Y:(F-=$@$#N(%)(=.&1./(&1$(2%''$/(3$%(%#$%(/-(,%>-#()5.&
0-#,%&.-/(=%)(-R)$#@$'( X-/+K( ./( -/$( .)+%/'( ./( &1$(M%)&$#/(2%''$/(3$%N( W)+$( -0(3K+&YN( &1.)
*-/*$5&(.)(/-&(R$+.$@$'(&-(R$(&#6$($.&1$#:(C#-,(J`JH(.)+%/')(=$#$(R$+.$@$'(&-(1%@$(0-#,$'(%)
%(#$)6+&(-0($,$#"./"()%/'(R%/?)(X%:-:(P#'$,%//(J`JHY:(W/(&1$(*-6#)$(-0(("$-+-".*%+(,%55./"
&1$(*-/*+6).-/(=%)('#%=/(&1%&(&1$(.)+%/'(*1%./(1%'(R$$/(R6.+&(65(RK()$'.,$/&()655+K(0#-,
)$%(%)(0-++-=)A

J:((3%/'()655+K(0#-,(&1$()$%(+$%')(&-(&1$(0-#,%&.-/(-0()%/'(R%/?)(/$%#(&1$(*-%)&:
H:((W/*#$%)./"()%/'()655+K(*%6)$)(&1$()1-%+)(&-(#.)$(6/&.+(&1$K(0./%++K($,$#"$('6#./"(+-=(&.'$
U:((W0(%**6,6+%&.-/(*-/&./6$)N(&1$K($@$/&6%++K(#$,%./('#K('6#./"(-#'./%#K(0+--'):
[:( (Q/'$#( ./0+6$/*$(-0( &1$(=./'N( 5%#&)( -0( &1$( 0-#,$#( )1-%+( 0./%++K( "#-=(%R-@$( )5#./"( &.'$
+$@$+N(0-#,./"(%/(.)+%/':
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2.2.3 Formation barrier islands Wadden Sea

E1$(*-/*$5&(-0( &1$(0-#,%&.-/(-0(R%##.$#( .)+%/')( &-"$&1$#(=.&1( &1$("$-+-".*%+($@-+6&.-/(%/'
)$%(+$@$+(*1%/"$)(./(&1$(F-+-*$/$(5$#.-'(#$)6+&$'(./(&1$(0-++-=./"('$)*#.5&.-/(#$"%#'./"(&1$
'$@$+-5,$/&(-0(&1$(2%''$/(3$%(X-:%:(B$+"$#),%(J`_`(%/'(7%"8=.>/N(J`b^Y:

D$0-#$(`HII(DL(XDL(e(D$0-#$(L1#.)&Y
J\III(K$%#)(%"-( XR$".//./"(-0(F-+-*$/$YN( &1$( )$%( +$@$+(=%)(JHI( &-(J[I(,$&#$)( R$+-=( &1$
*6##$/&(+$@$+(%/'(&1$(,$+&./"(-0(&1$(.*$V*%5)(*%6)$(&1$()$%(+$@$+(&-()&%#&(#.)./":

`HIIV\bII(DL(X7%"=.>/N(J`b^YN()$$(0."6#$(H:J!
E1$(#$+%&.@$()$%(+$@$+(#%5.'+K()&%#&(#.)./"(%&(%(#%&$(-0(bI(*,(65(&-(%(0$=(,$&#$)(5$#(*$/&6#K:
M#-).-/(*%6)$'(&1$(*-%)&(&-(#%5.'+K()1.0&(+%/'=%#')(%/'(+%#"$(5%#&)(-0(&1$(2%''$/(3$%(%#$%
=$#$(./6/'%&$':(E1$(0.#)&(R#%*?.)1(+%"--/(=%)(0-#,$'(R$1./'(%/(-00)1-#$(R%#:

\bIIVU_bI(DL(X7%"=.>/N(J`b^YN()$$(0."6#$(H:JD
C-#,%&.-/((-0(%(0%.#+K()&%R+$(*-%)&+./$(=.&1(&.'%+(*1%//$+)(%/'N(R$1./'(&1%&N(%(8-/$(=.&1(&.'%+
0+%&)N()%+&(,%#)1$)(%/'(1."1$#V+K./"(5$%&(R-"):(E1$()$%(+$@$+(=%)(%R-6&([(,$&#$)(R$+-=(9!G
%/'(#-)$((RK(%55#-c.,%&$+K([I(&-(bI(*,(5$#(*$/&6#K:(3$'.,$/&(=%)('$5-).&$'(%&(&1$()%,$(#%&$
&1%&(&1$()$%(+$@$+(#.)$):(E1.)(,$%/)(&1%&(&1$(0-#,%&.-/(-0(&1$(./+%/'()$%(.)(/-&(+-)&(R$*%6)$(-0
)$%( +$@$+( #.)$:( F$#$N( &1$( +%/'=%#'(,."#%&.-/( -0( &1$( .)+%/')( )&%#&$'N( =1.*1( )&.++( *-/&./6$)N
&1-6"1(&-(%(+$))$#($c&$/':

U_bIVHJII(DL(X7%"=.>/N(J`b^Y()$$(0."6#$(H:JL
E1$( )$%( +$@$+( #-)$( RK( R$&=$$/( [I( %/'( HI( *$/&.,$&#$)( 5$#( *$/&6#K:( E1$( *-%)&(=%)( %R+$( &-
$c5%/'(./()$%=%#'('.#$*&.-/:

J_IIVJIII(DL(XB$+"$#),%N(J`_`Y
E1$( *-/&./6-6)( *-%)&%+( R%##.$#(=%)( R#$%*1$'( ./( )$@$#%+( 5+%*$):( W/( &1$(=$)&$#/( 5%#&( -0( &1$
5#$)$/&(2%''$/(3$%N(,./-#(&.'%+(./+$&)(=.&1(),%++('#%./%"$(%#$%)(=$#$(0-#,$':

UII(DL(XB$+"$#),%N(J`_`Y
E1$(0#$)1=%&$#(+%?$N(S%?$(C+$@-(=%)(0-#,$'(./(&1$(%#$%(-0(&1$(5#$)$/&(WB))$+,$$#:(E1.)(S%?$
=%)(+%&$#($c&$/'$'(&-(0-#,(&1$(76.'$#(3$%(RK(&1$(./6/'%&.-/)(-0(&1$($%#+K(4.''+$(!"$):

\IIV_II(!O(X7%"=.>/N(J`b^Y()$$(0."6#$(H:JO
E1$(2%''$/(3$%(%#$%('$@$+-5$'(&-(&1$(./&$#&.'%+(%#$%(%)(=$(?/$=(.&(R$0-#$(&1$(76.'$#(3$%
=%)('%,,$':(E1$()$%(+$@$+(#.)$(=%)(%R-6&(\(&-(UI(*,(5$#(*$/&6#K:

_II(!O(V(G#$)$/&
E1$( ./0+6$/*$( -0( 16,%/?./'( )&%#&$':( !*&)( -0( ./&$#@$/&.-/( ./*+6'$( '.?$( *-/)&#6*&.-/N
$,5-+'$#./"N(5$%&V*6&&./"N(%)(=$++(%)(&1$('%,,./"(-00(*1%//$+)(%/'(5%#&)(-0(&.'%+(R%)./)(X$:"
&1$(76.'$#(3$%(%/'(&1$(S%6=$#)(3$%Y:
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% R

* '

C."6#$(HVJ(O$@$+-5,$/&(2%''$/(3$%
%(2%''$/(3$%(\bII(DL
R(2%''$/(3$%([III(DL
*(2%''$/(3$%(HJII(DL
'(2%''$/(3$%(\IIV_II(!O

O.""./"(*1%//$+)(./(-#'$#(&-('#%./(%/'($,5-+'$#(%)(=$++(%)(5$%&V*6&&./"($c5-)$'(&1$(,%#)1K
%#$%( &-( 0+--'./":(!#-6/'(JIII(!O( &1$( )$%( ./&#6'$'( &1$( %#$%( %/'( &#%/)0-#,$'( .&( ./&-( &.'%+
0+%&):(3%/'()-6#*$)(=1.*1(,%'$("#-=&1(-0(R%##.$#(.)+%/')(%/'(0+%&)(5-)).R+$(=$#$($c1%6)&$'
%/'(%)(%(*-/)$a6$/*$(*-%)&%+(./6/'%&.-/(&--?(5+%*$(-/(+%#"$()*%+$:(E1$(&.'%+(R%)./)(./*#$%)$'
./( @-+6,$( %/'( &1$( -+'( 5$%&( ./( &1$( 2%''$/( %#$%( =%)( )=$5&( %=%K:( E1$( *-%)&)( -0( 9--#'V
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F-++%/'(%/'(&1$(=$)&$#/(.)+%/')(=$#$()6R>$*&$'(&-(./&$/)$($#-).-/('6$(&-(&1$($/+%#"$,$/&(-0
&1$(@-+6,$(-0(&1$(&.'%+(R%)./:

O6#./"(&1$(5%)&(JII(K$%#)(&1$(*-%)&+./$(1%)(R$$/(./&$/)$+K(#$"6+%&$':((W/(J``I(&1$('$*.).-/
=%)(,%'$( &-(,%./&%./( &1$(*-%)&+./$(%&( .&)( &1$/(5-).&.-/:(2$(1%@$( 0.c$'( &1$(5-).&.-/(-0( &1$
.)+%/')(*-%)&(%/'(&1%&(-0(,-)&(-0(&1$(,%./+%/'(-@$#(&1$(K$%#)N(&16)(#$)&#%././"(&1$('K/%,.*)
-0(&1$(2%''$/()K)&$,:(L-/)$a6$/&+K(&1$(2%''$/()K)&$,(*%/(#$)5-/'(&-(5#-*$))$)(+.?$()$%
+$@$+( #.)$(%/'(-&1$#('.)&6#R%/*$)(-/+K( (=.&1./( &1$(*6##$/&( 0.c$'(R-6/'%#.$)( -0( &1$(2%''$/
3$%:

2.2.4 Sea level rise past century

3$%( +$@$+( #.)$( .)( %( /%&6#%+( 0-#,( -0( +%#"$( )*%+$( ./&$#0$#$/*$( ./( &1$( &.'%+( )K&$,:( C#-,( &1$
5#$@.-6)( )$*&.-/( .&( R$*%,$( *+$%#( &1%&( &1$( )$%( +$@$+( #.)$( '$*#$%)$'( 0#-,( %R-6&( J[I( *,( 5$#
*$/&6#K(&-(%R-6&(\(&-(UI(*,(5$#(*$/&6#K:(!**-#'./"(&-(&1$(,$%)6#$,$/&)(-0(].>?)=%&$#)&%%&
XB%%#R-$?(J``bYN( &1$( +%)&(JII(K$%#)( &1$(,$%/()$%( +$@$+(X43SY(1%)('$@$+-5$'(%)( 0-++-=)(%&
O$/(F$+'$#A

!"#
!$%
!$#
!&%
!&#
!%
#
%
&#
&'## &'&# &'$# &'"# &'(# &'%# &')# &'*# &'+# &''# $###

!"#$%&'$()*+

,-.%&/#%012%345+

,-.

C."6#$(HVH(4$%/()$%(+$@$+(X43SY(('$@$+-5,$/&(%&(O$/(F$+'$#

E1$(0."6#$()1-=)(&1%&(&1$(,$%/()$%(+$@$+(#.)./"(1%)(R$$/(*-/)&%/&(0-#(&1$(+%)&(JII(K$%#):(E1$
%@$#%"$()$%(+$@$+(#.)$(.)(%55#-c.,%&$+K(J_(*,(5$#(*$/&6#KN()+."1&+K('$5$/'$/&(-/(&1$(+-*%&.-/
X0-#( F%#+./"$/( )+."1&+K( '.00$#$/&( @%+6$)( %#$( 0-6/'( *-,5%#$'( &-( O$/( F$+'$#Y( ( %/'( &1$
#$"#$)).-/V+./$( '#%=/( R$&=$$/( &1$( ,$%)6#$,$/&):( E1$( 0+6*&6%&.-/)( %#-6/'( &1$( &#$/'( %#$
,%./+K('6$(&-(=./'(./0+6$/*$:

!)(%(*-/)$a6$/*$(-0(()$%(+$@$+(#.)$N(&1$(*-%)&(+./$(.)()&.++(#$*$'./":(W/(&1$(/%&6#%+().&6%&.-/(./
=1.*1(&1$(2%''$/(3$%(%/'(&1$(.)+%/')(*-6+'(#$%*&('K/%,.*%++KN(&1$()K)&$,(%+=%K)(5#-@$'(&-
#$%*1( %( R%+%/*$( R$&=$$/( &1$( )655+K( -0( )%/'( 0#-,( $#-'./"( .)+%/')N( .&)( ).8$( %/'( &1$( )%/'
'$,%/'(0#-,(&1$(2%''$/(3$%(&-(?$$5(65(=.&1(&1$()$%(+$@$+(#.)$:

E1$()$%(+$@$+(#.)$(.)(%(5#-*$))(=1.*1(&%?$)(5+%*$(-@$#(16/'#$')(-#(&1-6)%/')(-0(K$%#)(%/'(.)
'-,./%&./"(-/(,$"%V)*%+$(X)$$(*1%5&$#(JY:(!&(,%*#-V)*%+$N(=1.*1(.)(-0(./&$#$)&(./(&1.)()&6'KN
)$%(+$@$+(#.)$(.)(%(,./-#N(&1-6"1(/-/V/$"+.".R+$(0-#*./"N(=1.*1(./0+6$/*$)(&1$(,-#51-+-".*%+
'$@$+-5,$/&(-0(%(&.'%+(./+$&:(W/(&1$(0-++-=./"()$*&.-/N(&1$(,%./(0-#*./")(-/(%(&.'%+(./+$&(=.++
R$('.)*6))$':
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2.3 Forcings on a tidal inlet

W/( &1$(5#$@.-6)( )$*&.-/(=$(%/%+K)$'( &1$( R$1%@.-6#( -0( &1$(2%''$/(3$%(-/(,$"%V)*%+$( X)$$
*1%5&$#(JY:(9-=N(=$(=.++( 8--,( &-( &1$( )*%+$( -0( ./&$#$)&A(,%*#-V)*%+$:(2$(=.++( *-/).'$#( &1$
0-#*./")(-/(%(&.'%+(./+$&:

2.3.1 Empirical correlation forcings and tidal inlets

E1$(2%''$/(3$%(.)()6R>$*&$'(*-/)&%/&+K((&-(%++(?./')(-0(0-#*./"):(E1$(,-)&(.,5-#&%/&(-/$)
%#$( #$+%&$'( &-( &1$( %)&#-/-,.*%+( &.'$( %/'( &1$(=%@$( %*&.-/( 0#-,( )$%:( E1$)$( 0-#*./")( ./'6*$
)$'.,$/&(&#%/)5-#&(./(%/'(-6&(-0(&1$(2%''$/(3$%:(E1.)(+$%')(&-((,-#51-+-".*('$@$+-5,$/&
Xe( *1%/"$( -0( R$'( &-5-"#%51KYN(=1.*1( ./( &6#/( ./0+6$/*$)( &1$( 0-#*./")( -/( &1$( )K)&$,:( E1.)
+--?)(+.?$A

D$'(&-5-"#%51K C-#*./") 4-#51-+-".*%+
'$@$+-5,$/&

C."6#$(HVU(LK*+$(-0(,-#51-+-".*%+('$@$+-5,$/&

!)(./'.*%&$'(./(*1%5&$#(-/$N(.&(.)($))$/&.%+(&1%&(&1$)$(0-#*./")(=.++(R$(%/%+K)$'(%&(&1$()*%+$(-0
./&$#$)&:(!(*+%)).0.*%&.-/(=%)(,%'$(RK(F%K$)( XF%K$)N(J`_`Y( 0-#( &.'%+( ./+$&)N( )$$( 0."6#$(H:[:
2.&1( &1.)( *+%)).0.*%&.-/( F%K$)( ./'.*%&$'( %( $,5.#.*%+( *-##$+%&.-/( R$&=$$/( &1$( ./&$"#%&$'
*1%#%*&$#.)&.*)(-0(&.'$(%/'(&1$(=%@$(*+.,%&$N(%/'(&1$(,-#51-+-".*%+()1%5$(-0(./+$&):(E1$(=%@$
*+.,%&$(.)("$/$#%++K(*1%#%*&$#.)$'(RK(&1$(,$%/()."/.0.*%/&(=%@$(1$."1&N(K$%#+K(%@$#%"$':(E1$
,$%/(&.'$(./(%/(./+$&(.)(*1%#%*&$#.)$'(RK(&1$(,$%/(&.'%+(#%/"$(-#(5#.),:

C."6#$(HV[(L+%)).0.*%&.-/(&.'%+(./+$&)

E1$(O6&*1(2%''$/(3$%(./+$&)(*-,$(6/'$#(4.c$'($/$#"K(./+$&)N(=1$#$(&.'$('-,./%&$):(E1$)$
./+$&)(%#$(*1%#%*&$#.)$'(RK(%R6/'%/&( &.'%+( ./+$&)N( #$+%&.@$( +%#"$( $RRV&.'%+( '$+&%)( %/'(6)6%++K
'#6,)&.*?(R%##.$#):(W/(0."6#$(H:U(%/($c%,5+$( .)(".@$/(-0( &1$(C#.$)*1$(7$$"%&N(=1.*1(1%)(%/
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%@$#%"$(=%@$V1$."1&(-0(I:_(,(%/'(%/(,$%/( &.'%+( #%/"$(-0(H:U(,:( W/("$/$#%+(%( #$+%&.-/)1.5
$c.)&)( R$&=$$/( &1$( +$/"&1( -0( &1$( R%##.$#( %/'( &1$( &.'%+( #%/"$:(S%#"$( &.'%+( #%/"$)( %55%#$/&+K
#$)6+&(./()1-#&$#(R%##.$#(.)+%/')(%/'(@.*$(@$#)%:

W/(&1$()%,$(=%K(%)(F%K$)N()$,.V$,5.#.*%+(,-'$+)(+.?$(!),.&%('$%+(=.&1(0-#*./")(-/(%(1."1$#
)*%+$:(W/(!),.&%N(0-#($c%,5+$N(%+)-($,5.#.*%+(#$+%&.-/)(%#$(6)$'(R$&=$$/(&1$( &.'$(%/'(=%@$
*+.,%&$N(%/'(&1$().8$(-0(&1$(R%)./:(F-=$@$#N(&1$(R%##.$#(.)+%/')(%#$(/-&(&%?$/(./&-(%**-6/&(./
!),.&%N(%/'(&1$#$0-#$(&1$(*+%)).0.*%&.-/(-0(F%K$)(.)(/-&(#$+$@%/&(0-#(!),.&%:

W/( &1$( 0-++-=./"( )$*&.-/( &1$( 5#-*$))VR%)$'( 5#-*$))$)N( =1.*1( 5#-@.'$( &1$( R%)$( 0-#( &1$
$,5.#.*%+(#$+%&.-/)(=.++(R$(,%'$(*+$%#:(W&(=.++(R$($c5+%./$'(1-=(&1$)$(0-#*./")(./0+6$/*$(&1$
,-#51-+-"K(-0(&1$($+$,$/&)(-0(%/(./+$&:

2.3.2 Process-based relation between forcings and inlet

Tide

O6$( &-( R-&1( %( "#%@.&%&.-/%+( %&&#%*&.-/( R$&=$$/( $%#&1( %/'( ,--/( %/'( )6/N( %/'( '6$( &-( &1$
#-&%&./"($%#&1N( &.'%+(=%@$)(%#$("$/$#%&$'( ./( &1$(-*$%/):(!( &.'%+(=%@$( $/&$#)( &1$(9-#&1(3$%
0#-,( &1$( (!&+%/&.*(P*$%/( %/'(5#-5%"%&$)( %/&.*+-*?=.)$N( %+-/"( &1$(O6&*1(9-#&1( 3$%( *-%)&
0#-,()-6&1(&-(/-#&1N(06#&1$#(/-#&1V$%)&(&-(&1$(;$#,%/(D."1&:(W&(&%?$)(%R-6&(JJ(1-6#)(0-#(&1$
&.'%+( =%@$( &-( &#%@$+( 0#-,( d+.))./"$/( &-&( &1$( ;$#,%/( D."1&:( E1$( &.'%+( #%/"$( X'.00$#$/*$
R$&=$$/(1."1(%/'(+-=(=%&$#(+$@$+Y('.,./.)1$)(0#-,(%R-6&([(,(/$%#(d+.))./"$/(&-(J:_(,(%&
F-$?(@%/(F-++%/':(!(,./.,6,(@%+6$(-0( +$))( &1%/(J:[(,( .)( #$%*1$'( )-6&1( -0(O$/(F$+'$#:
E1$/N(06#&1$#($%)&(%+-/"(2%''$/(.)+%/')(&1$(%,5+.&6'$("#%'6%++K(./*#$%)$)(&-(U(,:(D$*%6)$
-0(&1$(@%#.%&.-/(./(&.'%+(#%/"$N(%(+-/")1-#$(=%&$#()60%*$("#%'.$/&(.)("$/$#%&$'(%&(+-=(%/'(1."1
=%&$#( +$@$+):(!)(%(*-/)$a6$/*$(%( &.'$V'#.@$/(+-/")1-#$(*6##$/&( &%?$)(5+%*$(%+-/"(&1$(*-%)&
X1-#.8-/&%+(&.'$Y:

E1$(&.'%+(5#.),(.)('$0./$'(%)(=$&()&-#%"$(%#$%(R$&=$$/(4S2(%/'(4F2(C-#(),%++(R%)./)N
*-,5%#$'( &-( &1$( &.'%+(=%@$( +$/"&1N( &1$( 5#.),(%55#-c.,%&$)( &1$( *-,5+$&$( @-+6,$(-0(=%&$#
&1%&($/&$#)(%/(%#$%('6#./"(-/$(&.'%+(5$#.-'(XJH1-6#)(H\,./6&$)Y(%/'(1%)(%('.,$/).-/(,U:(E1$
,$%/(&.'%+(5#.),(X-@$#()$@$#%+(&.'$)Y('$5$/')(-/(&1$()1%5$(-0(&1$(R%)./(%/'(&1$(&.'%+(#%/"$:

E1$(&.'%+(*6##$/&($/&$#)(&1$(2%''$/(3$%(&1#-6"1(&1$(./+$&):(E=-(0+--'(*6##$/&)(-/(R-&1().'$)
-0(&1$(.)+%/')(,$$&($%*1(-&1$#(%55#-c.,%&$+K(./(&1$(,.''+$(R$1./'(&1$(.)+%/'):(21$#$(&1$)$
*6##$/&)(,$$&N(=%&$#)1$')(*%/(R$( #$*-"/.)$':(F$#$( &1$(*6##$/&V@$+-*.&.$)( %#$( @$#K( +-=(%/'
#.'"$)(%#.)$:(E1$)$(=%&$#)1$')(0-#,(&1$(R-6/'%#.$)(-0( &1$('.00$#$/&( &.'%+(R%)./):(E1$K( (%#$
/-&(&-&%++K(0.c$'N(R6&(,-@$(%(+.&&+$($%)&=%#'):(P/+K(6/'$#(*-/'.&.-/)(=.&1()&#-/"(=./')N('#.0&
*6##$/&)( =.++( 5%))( &1$( =%&$#)1$')( '6#./"( 1."1( =%&$#:( D$*%6)$( -0( &1$( 5#$)$/*$( -0( )6*1
=%&$#)1$')N(&1$(2%''$/()K)&$,(.)(%(k*1%./g(-0()$5%#%&$'(./+$&):(E1$)$(./+$&)(*%/(R$()$$/(%)
./'$5$/'$/&(6/.&)(*-/).)&./"(-0(%(R%)./(X=.&1(0+%&)(%/'(*1%//$+)Y(%/'(%/($RRV&.'%+('$+&%:(E1.)
.)(%(#$+$@%/&(%)5$*&(0-#(&1$()*1$,%&.)%&.-/(-0(!),.&%(X*1%5&$#(UY:

E1$(./&$#%*&.-/(R$&=$$/(&1$(&.'%+(*6##$/&)(./(&1$(./+$&(%/'(&1$(&.'%+(*6##$/&(%+-/"(&1$(9-#&1
3$%(*-%)&('$&$#,./$(X&-"$&1$#(=.&1( &1$(=%@$(./0+6$/*$Y( &1$("$-,$&#K(-0( &1$($RRV&.'%+('$+&%
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X)$$()$*&.-/(H:[Y:(E1.)(R$*%6)$(-0(&1$(+%#"$()$'.,$/&(&#%/)5-#&(*%5%*.&K(-0(&1$(&.'%+(0+-=:(W/
"$/$#%+( &1$( ,%c.,6,( 0+-=( @$+-*.&.$)( %+-/"( &1$( *-%)&( %#$( @$#K( ,-'$)&( %/'( ./*#$%)$( &-
%@$#%"$'(@$+-*.&.$)(-0(%R-6&(J(,f)(./(&1$(+%#"$(*1%//$+)(XMK)./?(%/'(D.$"$+N(J``HY:

Waves and wind

2./'(./'6*$)(=%@$)(%/'(*6##$/&)(=1.*1(*%6)$)()$'.,$/&(&#%/)5-#&:(D$).'$)N(=./'(./0+6$/*$)
&1$(=%&$#V+$@$+(/$%#(&1$(*-%)&('6$(&-()$&V65)(-#()$&V'-=/):

2%@$)( ./'6*$( %/( .,5-#&%/&( 0-#*./"( -/( %( &.'%+( ./+$&N(,%./+K( -/( &1$( $RRV&.'%+( '$+&%:(2%@$)
./'6*$()1$%#V)&#$))(%/'(&1$#$0-#$()&.#V65(%(+-&(-0()$'.,$/&:(4-)&(-0(&1$(=%@$)(R#$%?(-/(&1$
)1-%+)(X%#$%(-0(#$+%&.@$+K()1%++-=(=%&$#Y(-0( &1$($RRV&.'%+('$+&%N(%&(%('$5&1(-0(%55#-c.,%&$+K
&=.*$(&1$.#(1$."1&:(D$*%6)$(-0(&1.)N(1%#'+K(%/K(=%@$)($/&$#(&1$(&.'%+(R%)./:(P/+K('6#./"(%(1."1
)&-#,(0+--'N(5%#&(-0(&1$(=%@$)(=.++(5$/$&#%&$(&1$(2%''$/(3$%(%/'(R#$%?(-/(&1$(0.#)&(&.'%+(0+%&)
./( &1$( R%)./:( E1$(,%c.,6,(=%@$V1$."1&)( *-,$( 0#-,( &1$( /-#&1( =$)&:( E1$( *-,,-/(=%@$
'.#$*&.-/(.)(&1$()-6&1V=$)&:

D$*%6)$(=%@$)(%55#-%*1(&1$(*-%)&(6/'$#(%/(%/"+$N( &1$K("$/$#%&$(=%@$V./'6*$'(*6##$/&)( ./
&1$(R#$%?$#8-/$:(E1$(=%@$($/$#"K(0+6c(%+-/"(&1$(*-%)&(.)(,%./+K('.#$*&$'(&-(&1$($%)&(-#(/-#&1V
$%)&N()6""$)&./"(%(/$&(+-/")1-#$('#.0&(./(X/-#&1Y$%)&$#+K('.#$*&.-/):(E1$)$(*6##$/&)(&#%/)5-#&(%
+-&(-0()$'.,$/&N(=1.*1(.)(RKV5%))$'(-@$#(&1$($RRV&.'%+('$+&%:(!+)-(%(*-/).'$#%R+$(5%#&(-0(&1$
)$'.,$/&($/&$#)(&1$(&.'%+(R%)./(=.&1(&1$(0+--'(*6##$/&N(-#(.)('.#$*&+K(&%?$/(-00()1-#$(RK(&1$($RR
*6##$/&:( E1$(=%@$( 5%&&$#/)( -@$#( *1%//$+)( %/'( )1-%+)( %#$( @$#K( *-,5+.*%&$':( E1$( )$'.,$/&
&#%/)5-#&(5#-*$))(.)('.)*6))$'(./()$*&.-/(H:[:J:

2./'( "$/$#%&$)( )1$%#( )&#$))( %&( &1$( =%&$#( )6#0%*$N( =1.*1( *%6)$)( '#.0&( *6##$/&)( %/'( =./'
=%@$):(E1$(0+-=V*-,5-/$/&(-0(%('#.0&(*6##$/&(5$#5$/'.*6+%#(&-(&1$(*-%)&(.)(*-,5$/)%&$'(RK(%
)+-5$(./(&1$(=%&$#()6#0%*$N(=1.*1("$/$#%&$)(%(#$&6#/(0+-=(/$%#(&1$(R-&&-,:(E1.)()+-5$("#-=)
'6$(&-(&1$('.)5+%*$,$/&(-0(=%&$#(RK(&1$(=./'(*%6)./"(%(=./'()$&V65(-#()$&V'-=/:(W/(%(K$%#
=.&1(%(+-&(-0()&-#,)N(&1$(,$%/(X1."1Y(=%&$#(+$@$+(=.++(#$%*1(%(*-/).'$#%R+$(1."1$#(@%+6$:

Coriolis

E1$(L-#.-+.)(0-#*./"(.)(%()1%,(0-#*./"(=1.*1(*-6/&$#)(&1$($00$*&(-0(&1$(#-&%&./"($%#&1:(E1.)
$00$*&( ".@$)( $@$#K(,-@./"( 5%#&.*+$( -/( &1$( /-#&1$#/( 1$,.)51$#$( %( &$/'$/*K( &-( R$/'( &-( &1$
#."1&:( E1$(L-#.-+.)( 0-#*./")( -/( &1$( )K)&$,( %#$( /-&.*$'( %&( +%#"$( )*%+$)N( R6&( %+)-( %&( ),%++$#
)*%+$):(E1$(,-)&(-R@.-6)(./0+6$/*$(-/(,%*#-()*%+$(.)(&1$(&.'$:(E1$(5#-5%"%&.-/(-0(&1$(&.'%+
=%@$(./(&1$(9-#&1(3$%(.)('$&$#,./$'(RK(&1$(L-#.-+.)(0-#*./":(P/(),%++$#()*%+$)(&1$(L-#.-+.)
0-#*./"(./(*6#@$'(&.'%+(*1%//$+)(".@$(#.)$(&-()$*-/'%#K(0+-=(*-,5-/$/&):(E1$()$*-/'%#K(0+-=
.)(%+=%K)('.#$*&$'(&-(&1$()1-%+(%/'N(&1$#$0-#$(%))6#$)(&1$($c.)&$/*$(-0(&1$()1-%+:(!5%#&(0#-,
&1.)N(&1$(L-#.-+.)(0-#*./"(".@$)(#.)$(&-(#$).'6%+(*6##$/&)(./(=.'$(&.'%+(*1%//$+)N(R$*%6)$(-0(&1$
&.'%+(%)K,,$&#K:(E1$)$($00$*&)(%#$(/-&(.,5-#&%/&(1$#$(%)(&1.)(5+%K)(-/(,$)-(%/'(,.*#-V)*%+$):
W/( &1.)( )&6'K(=$( %#$( *-/).'$#./"( &1$( +-/"V&$#,('$@$+-5,$/&(=1.*1( *-##$)5-/')( &-(,%*#-V
)*%+$( X)$$( *1%5&$#( JY:( E16)( &1$( L-#.-+.)( 0-#*./"( -/+K( ./0+6$/*$)( &1$( ,-#51-+-".*%+
'$@$+-5,$/&(./'.#$*&+K(-/(,%*#-V)*%+$(@.%(&1$(&.'$:
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2.4 Morphologic elements tidal system

!)( ,$/&.-/$'( R$0-#$N( ( &1$( 5#$)$/&( )&6'K( .)( 0-*6)$'( -/( '$)*#.R./"( &1$( ,-#51-+-".*%+
R$1%@.-6#( -0( &1$( ./+$&( )K)&$,( -/( &1$( R%).)( -0( ./&$"#%+( )$'.,$/&( $c*1%/"$N( $#-).-/( %/'
'$5-).&.-/(R$&=$$/(%/'(=.&1./(&1$($+$,$/&):(E1$(@%#.-6)(&K5$)(-0(0-#*./")(&1%&(5+%K(%(#-+$(./
&1.)(#$)5$*&(1%@$(R$$/('.)*6))$'(./(&1$(5#$@.-6)()$*&.-/:(W/(&1.)()$*&.-/N(=$(=.++( +--?(./( &-
&1$($+$,$/&(#$)5-/)$(&-(&1.)(0-#*./":

C-#( &1$( ./&$/'$'( %/%+K).)( %/'(,-'$++./"N( &.'%+( ./+$&)( %#$( )*1$,%&.)$'( &-( %( *-,5-).&.-/( -0
&1#$$(R%).*($+$,$/&)A
!" $RRV&.'%+('$+&%N(%+)-(*%++$'A('$+&%
!" *1%//$+
!" 0+%&

!)( %/( .++6)&#%&.-/N( &1.)( )*1$,%&.)%&.-/( .)( %55+.$'( &-( &1$( d+.$( ./+$&( X)$$( %+)-( 0."6#$( H:JY( ./
0."6#$(H:\:(W&()1-=)(&1$(R-&&-,(&-5-"#%51K(-0(&1$(./+$&(%/'()6##-6/'./"(%#$%)(&-"$&1$#(=.&1
%/(./'.*%&.-/(-0(&1$(R-6/'%#.$)(-0(&1$(@%#.-6)($+$,$/&):

C."6#$(HV\(P@$#@.$=($+$,$/&)(&.'%+(./+$&N($c%,5+$((d+.$
./+$&((X)$$(0."6#$(J:JY

2.4.1 Ebb-tidal delta

MRRV&.'%+( '$+&%)( %#$( )$'.,$/&( %**6,6+%&.-/)( -/( &1$( )$%=%#'( ).'$( -0N( %/'(,-#51-+-".*%++K
%/'('K/%,.*%++K(*-//$*&$'(&-N(&.'%+(./+$&)N(%/'(&1$K(0-#,(.,5-#&%/&(,-#51-+-".*%+($+$,$/&)
%+-/"( &1$( R%##.$#( .)+%/')( X31%N( J``IY:( MRRV&.'%+( '$+&%)( %#$( .,5-#&%/&( %)( 5$#,%/$/&( %/'
&$,5-#%#K()$'.,$/&(#$)$#@-.#):(21$/(&1$(&.'%+(./+$&('$,%/')()$'.,$/&N(&1.)(.)('$+.@$#$'(RK
&1$( $RRV&.'%+( '$+&%:( W0( &1$#$( .)( /-&( $/-6"1( )$'.,$/&( l%@%.+%R+$lN( &1.)( )$'.,$/&( =.++( R$
'$+.@$#$'(RK(&1$(%'>%*$/&(*-%)&:

E1$(/%,$(-0(&1.)(,-#51-+-".*%+(6/.&(.)(($RRV&.'%+('$+&%N(R$*%6)$(&1$()$'.,$/&(%**6,6+%&.-/)
%#$(5#.,%#.+K('$5-).&$'(RK( $RRV&.'%+( *6##$/&)( &1%&( '$*$+$#%&$(=1$/( &1$K( +$%@$( &1$( R%)./:(!
&K5.*%+( $RRV&.'%+( '$+&%( ./*+6'$)( %(,%./( $RRV*1%//$+N( %( &$#,./%+( +-R$N( )=%)1( 5+%&0-#,)( %/'
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R%#)(%/'(0+--'(*1%//$+):(E1$(&$#,./%+(+-R$(.)(%(#%&1$#()&$$5()$%=%#'V)+-5./"(R-'K(-0()%/'N
=1.*1( 0-#,)( &1$( -6&$#( $/'(-0( &1$( $RRV&.'%+( '$+&%:(E1$(,%./( $RRV*1%//$+( .)( )6##-6/'$'(RK
)=%)1(5+%&0-#,)N(=1.*1(%#$(R#-%'()1$$&)(-0()%/':(P/(&1$)$()=%)1(5+%&0-#,)N(.)-+%&$'()=%)1
R%#)(*%/(R$(#$*-"/.)$'N(R6.+&(65(RK(=%@$):(C+--'(*1%//$+)(6)6%++K(-**6#(R$&=$$/(&1$(R%##.$#
.)+%/')(%/'(&1$()=%)1(5+%&0-#,):

e(mfVJ(?,

C

CC M

E.'%+(R%)./

3$%(-00)1-#$

C

M

e(3=%)1(R%#

e(4%./(MRRV*1%//$+

e(3=%)1(5+%&0-#,

e(D%##.$#(.)+%/'

e(C+--'(*6##$/&

e(MRR(*6##$/&

E

E e(E$#,./%+(+-R$

C."6#$(HV^(MRRV&.'%+('$+&%

E1$(%**6,6+%&$'()1%5$(%/'(@-+6,$(-0( &1$($RRV&.'%+('$+&%( .)(,-'.0.$'(RK(,%#./$(5#-*$))$)
'#.@$/(RK(0-#(./)&%/*$(=%@$)(%/'(+-/")1-#$(&.'$(%/'(=%@$('#.@$/(*6##$/&):(E1$)$(5#-*$))$)
+$%'(&-(*-,5+$c()$'.,$/&(&#%/)5-#&(5%&&$#/):

Empirical correlation geometry and forcings ebb-tidal delta

3&6'.$)(1%@$(R$$/(*%##.$'(-6&(RK(2%+&-/(%/'(!'%,)(X2%+&-/(%/'(!'%,)N(J`_^Y(%/'(31%(%/'
@%/('$#(D$#"(X31%(%/'(@%/('$#(D$#"N(J``UY(=1.*1(=$#$(%.,$'(-/(&1$(,%*#-V)*%+$(#$+%&.-/
R$&=$$/( &1$( ,-#51-+-"K( %/'( 0-#*./")( +.?$( &.'$( %/'( =%@$):( C.#)&( &1$)$( )&6'.$)( =.++( R$
$c5+%./$'N( %)( &1$)$( %#$( -0( ./&$#$)&( 0-#( +-/"V&$#,( R$1%@.-6#%+( ,-'$++./":( F$#$%0&$#N( &1$
6/'$#+K./"(5#-*$))VR%)$'(51$/-,$/%(=.++(R$($c5+%./$':

W/( )&6'.$)( RK( 2%+&-/( %/'( !'%,)( XJ`_^Y( .&( =%)( *-/*+6'$'( &1%&( %( )&#-/"( #$+%&.-/( $c.)&)
R$&=$$/(&1$(@-+6,$(-0()%/'()&-#$'(./( &1$($RR()1-%+)(-0(%/( ./+$&( %/'( &1$( &.'%+(5#.),:(E1$K
06#&1$#('$,-/)&#%&$'(&1%&(=.&1(./*#$%)./"(-/)1-#$('.#$*&$'(=%@$($/$#"K(&1$(-6&$#('$+&%()1-%+
@-+6,$(&$/')(&-(R$*-,$(),%++$#:(E1$(-&1$#(=%K(%#-6/'N(&1$(@-+6,$(=.++(R$(+%#"$#(./(&1$(*%)$
-0( +-=( -/)1-#$( '.#$*&$'( =%@$( $/$#"K( %/'( +%#"$( &.'%+( 0-#*./"):( 2%+&-/( %/'( !'%,)( %+)-
'$@$+-5$'(%(*%+*6+%&.-/(,$&1-'(0-#(&1$(@-+6,$(-0(&1$($RRV&.'%+('$+&%(&1%&(%55$%#)(&-(R$(@$#K
)6.&%R+$(0-#(*-,5%#.)-/)(R$&=$$/(./+$&):(!**-#'./"(&-(&1.)('$0./.&.-/N(&1$(@-+6,$(-0(&1$($RRV
&.'%+('$+&%(.)($a6%+(&-(&1$(X/$&Y(@-+6,$(-0()%/'(%R-@$(%(#$0$#$/*$(*-%)&+./$(X)$$(0."6#$(H:_Y:
E1.)(*-%)&+./$($a6%+)(&1$(*-%)&+./$(=1.*1()1-6+'(R$(5#$)$/&(=.&1-6&(%/(./+$&:(E1.)('$0./.&.-/
.)(%+)-(6)$'(./(!),.&%(X)$$(*1%5&$#(UY:
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of the Wadden Sea Z2822 July, 2001

WL | Delft Hydraulics 2 – 1 1

*-%)&(5#-0.+$(=.&1-6&(./+$&'$+&%

C."6#$(HV_(L#-))V)$*&.-/(-0('$+&%(#$+%&.@$(&-(*-%)&(5#-0.+$(=.&1-6&(./+$&

3&6'.$)(RK(31%(%/'(%/'(d%/('$/(D$#"(XJ``UY('$)*#.R$'(&1$(#$+%&.-/(R$&=$$/(&1$(@%#.%&.-/(./
$RRV&.'%+('$+&%("$-,$&#K(%/'(&1$(+-*%+((@%#.%&.-/)(./(R-&1(=%@$(*+.,%&$(%/'(&.'%+(#$".,$):(C-#
&1.)()&6'KN(&1$K(6)$'(&.'%+(./+$&)(./(&1$()-6&1V=$)&$#/(5%#&(-0(&1$(9$&1$#+%/')(%/'(&1$(=$)&$#/
2%''$/(3$%(%)()&6'K(,%&$#.%+:

D$).'$(&1$(&.'%+(#%/"$(%/'(&1$(=%@$('.#$*&.-/N(&1$(./&$#%*&.-/(R$&=$$/(-00)1-#$(%/'(./)1-#$
&.'%+( *6##$/&)( 5+%K( %( #-+$( ./( &1$( "$-,$&#K( -0( &1$( $RRV&.'%+( '$+&%:( !+-/"( &1$( *-%)&( -0( &1$
2%''$/( .)+%/')( &1$( @$+-*.&K( -0( &1$( &.'%+( *6##$/&)( %+-/"( &1$( *-%)&( #$%*1$)( .&)( ,%c.,6,
%#-6/'(&1$(,.'V&.'$(=%&$#(+$@$+:(!&(&1$()%,$(&.,$(&1$(&.'%+('.)*1%#"$(&1#-6"1(%/(./+$&(.)(%&(.&)
,%c.,6,:(F."1(&.'%+()+%*?(=%&$#(-**6#)(%+,-)&().,6+&%/$-6)+K(=.&1./( &1$( ./+$&( &1#-%&(%/'
&1$(%'>%*$/&(-00)1-#$(%#$%:(E1$()%,$(*-6/&)(0-#(+-=(&.'%+()+%*?(=%&$#:(E1$(./&$#%*&.-/(-0(./+$&
&.'%+( *6##$/&)(=.&1( -00)1-#$( &.'%+( *6##$/&)( '6#./"( 0+--'( %/'( '6#./"( $RR( 6/'$#( )6*1( %( &.'%+
#$".,$(.)(.++6)&#%&$'(./(0."6#$(H:b:(W/( &1.)(0."6#$( &1$( &.'%+(*6##$/&(%55#-%*1$)(0#-,(&1$(=$)&
X+$0&(5%#&(-0(&1$(0."6#$)Y:(O6#./"(0+--')N(&.'%+(*6##$/&)(%55#-%*1(&1$(./+$&(0#-,(&1$(+$0&().'$(-0
&1$( ./+$&i( '6#./"( $RRN( &.'%+( *6##$/&)( %#$( %+)-( *-/*$/&#%&$'( -/( &1$( +$0&( 5%#&( -0( &1$( $RRV&.'%+
'$+&%:

C."6#$(HVb(W/&$#%*&.-/(+-/")1-#$(&.'%+(=%@$(%/'(./+$&(&.'%+(*6##$/&)N(WA4.'0+--'N(WWA4.'$RR

W/( &1.)( 0."6#$N( -/+K( &1$( $00$*&( -0( &.'%+( *6##$/&)( .)( .++6)&#%&$':( !)( )1-=/( ./( 0."6#$( H:bN( &1$
./&$#%*&.-/(R$&=$$/(./)1-#$(%/(-00)1-#$(&.'%+(*6##$/&)(./(&1.)(%#$%($/1%/*$)(%(R$/'./"(-0(&1$
$RR(*1%//$+)(&-&(&1$(+$0&().'$(-0(&1$('$+&%)N(&16)(&-(%(=$)&$#+K('.#$*&.-/:(E1$(R$/'./"(-0(&1$
*1%//$+(%/'(&1$(*-##$)5-/'./"()1%5$(-0(&1$($RRV&.'%+('$+&%N(.)(./0+6$/*$'(RK(&1$(@%#.%&.-/(-0
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&1$(&.'%+(#%/"$(%+-/"(&1$(*-%)&(%/'(RK(=%@$):(]$"%#'./"(&1$)$(@%#.%&.-/)N(31%(%/'(d%/('$/
D$#"(("%@$(%(*+%)).0.*%&.-/(0-#(&1$("$-,$&#K(-0($RRV&.'%+('$+&%g)(5#$)$/&$'(./(0."6#$(H:`:

C."6#$(HV`(E1$("$-,$&#K(-0($RRV&.'%+('$+&%)(6/'$#('.00$#$/&(&.'$(%/'(=%@$(#$".,$)(X31%(%/'(d%/('$/(D$#"N(J``UY:

W/(&1.)(0."6#$(.)( .++6)&#%&$'( &1%&(%/( ./*#$%)$( ./( &.'%+(#%/"$(./( &1$('.#$*&.-/(-0( &1$( &.'%+(=%@$
5#-5%"%&.-/(%+-/"(&1$(*-%)&(".@$)(%()&#-/"$#(%)K,,$&#K:(!('$*#$%)$(./(&.'%+(#%/"$(+$%')(&-(%
)-,$=1%&(#$)&#%./$'(%)K,,$&#K:(C6#&1$#,-#$N( &1$(=%@$)( &$/'(&-(56)1(%(=%K( &1$(,%./($RR
*1%//$+(./(&1$(,%./(=%@$('.#$*&.-/(%&('$$5(=%&$#:(E1$(%*&6%+("$-,$&#K(-0(&1$($RRV&.'%+('$+&%
.)('$&$#,./$'(RK(*-,R./%&.-/(-0(&1$($00$*&)(%)('$,-/)&#%&$'(./(0."6#$(H:`:

!+-/"(&1$(2%''$/(*-%)&N(&1$(*-,,-/(=%@$('.#$*&.-/(.)(0#-,(&1$(=$)&:(!)(&1$(5-).&.-/(-0(&1$
R%##.$#(.)+%/')(@%#.$)N(&1$(%/"+$(-0(=%@$(%55#-%*1(%/'(./0+6$/*$(@%#.$)(%)(=$++:(E1$(*1%/"$)
./(-00)1-#$(=%@$($/$#"K(%+-/"(&1$(2%''$/(*-%)&(%#$(),%++(*-,5%#$'(&-('.00$#$/*$)(./(&.'%+
5#.),(R$&=$$/(&1$(./+$&)N(&1$#$0-#$(&1$(,%"/.&6'$(-0( &1$( &.'%+(5#.),(,%./+K('$&$#,./$)( &1$
@%#.%&.-/(./(-@$#%++()1%5$(-0(&1$($RRV&.'%+('$+&%):(W/+$&)(=.&1(%(+%#"$(&.'%+(5#.),()1-=(65V'#.0&
%)K,,$&#.*%+( $RRV'$+&%)( %/'( ./+$&)(=.&1( %( ),%++( &.'%+( 5#.),(1%@$('-=/V'#.0&( %)K,,$&#.*%+
$RRV&.'%+('$+&%)(X31%(J``IY:(E1$(&.'%+(#%/"$(./*#$%)$)(0#-,(O$/(F$+'$#(&-=%#')(&1$(;$#,%/
.)+%/'):(;.@$/(&1.)(./0-#,%&.-/N(&1$("$-,$&#K(-0(&1$('$+&%)(-0(&1$(=$)&$#/(2%''$/(3$%(*%/(R$
*1%#%*&$#.)$'(%)(./(0."6#$(H:`:

E1$($RRV&.'%+('$+&%(-0(4%#)'.$5(.)(%/($c%,5+$(-0(=1%&(0%++)(R$&=$$/(0."6#$(H:`!(%/'(H:`DA
=%@$)( %55#-%*1( &-( &1$( *-%)&( ( 5$#5$/'.*6+%#+K( %/'( %( /$"+.".R+$( /$&( +-/")1-#$( '#.0&( .)
5#-'6*$':(E1$(%)K,,$&#.*%+("$-,$&#K(-0(&1$($RRV&.'%+('$+&%(./(&1.)(*%)$(.)('-,./%&$'(RK(&1$
./&$#%*&.-/(-0(-/)1-#$(%/'(-00)1-#$( &.'%+(*6##$/&):(C."6#$(H:`D(%/'(H:`LN(=%@$)(5#-'6*$(%
/$&(+-/")1-#$('#.0&(56)1./"(&1$($RRV&.'%+('$+&%()K)&$,(&-(&1$('-=/'#.0&('.#$*&.-/N(-55-).&$(&-
&1$('.#$*&.-/('6$(&-( &1$( ./&$#%*&.-/(-0( ./)1-#$(%/'(-00)1-#$( &.'%+(*6##$/&):( W/( &1%&(*%)$N( &1$
'.#$*&.-/(-0(&1$(%)K,,$&#.*%+("$-,$&#K(-0(&1$($RRV&.'%+('$+&%)(.)('$&$#,./$'(RK(&1$(#$+%&.@$
.,5-#&%/*$(-0(&.'%+(*6##$/&)(&-(=%@$($/$#"K(0+6c:(W/+$&)(+.?$(&1$(d+.$(%/'(&1$(D-#/'.$5(1%@$(%
&.'%+(5#.),(=1.*1(.)(#$+%&.@$+K(.,5-#&%/&(*-,5%#$'(&-(&1$(+-/")1-#$('#.0&N(1$/*$(&1$(,%./($RR
*1%//$+( .)( '.#$*&$'( &-( &1$( 65'#.0&( '.#$*&.-/( X0."6#$( H:`DY:( W/+$&)( =.&1( %( #$+%&.@$( ),%++



Aggregated scale modelling of tidal inlets
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./0+6$/*$(-0(&1$(&.'%+(5#.),(*-,5%#$'(&-(&1$(+-/")1-#$('#.0&(1%@$(%(,%./($RRV*1%//$+(&-(&1$
'-=/'#.0&('.#$*&.-/(X0."6#$(H:`LYN($:":(&1$(9-#'$/$K$#(3$$"%&N(;$#,%/(*-%)&Y:(C."6#$)(H:`ON
M(%/'(C(#$0$#( &-(%(51%)$('.00$#$/*$(-0( ./)1-#$(%/'(-00)1-#$( &.'%+(*6##$/&)(-0(%(a6%#&$#(-0(%
&.'%+(5$#.-'N(%)(.)(&1$(*%)$(./(&1$()-6&1V=$)&(-0(&1$(9$&1$#+%/'):

Sediment transport in ebb-tidal delta

3-,$(R%*?"#-6/'( ./0-#,%&.-/(=.++( R$( ".@$/(-/( &1$( 5#-*$))VR%)$'(51$/-,$/%( ./( &1$( $RRV
&.'%+( '$+&%N( =1.*1( 5#-@.'$( R%).)( 0-#( &1$( $,5.#.*%+( #$+%&.-/)( R$&=$$/( &1$( ,-#51-+-"K( X&1$
"$-,$&#KY(%/'(&1$(1K'#-'K/%,.*)(X&.'$Y:

D$*%6)$(=%@$)(%55#-%*1(&1$(*-%)&(6/'$#(%/(%/"+$N( &1$K("$/$#%&$(=%@$V./'6*$'(*6##$/&)( ./
&1$(R#$%?$#8-/$:(E1$)$(*6##$/&)(&#%/)5-#&(%(+-&(-0()$'.,$/&N(=1.*1(.)(5%#&+K(RKV5%))$'(-@$#
&1$($RRV&.'%+('$+&%:(!+)-(%(*-/).'$#%R+$(5%#&(-0(&1$()$'.,$/&($/&$#)( &1$( &.'%+(R%)./(=.&1( &1$
0+--'(*6##$/&:(!0&$#(%(=1.+$N(-#('.#$*&+K(%&(&1$("-#"$(-0(&1$(./+$&N((&1.)()$'.,$/&(.)(&#%/)5-#&$'
-6&(-0( &1$(R%)./(RK( &1$($RR(*6##$/&:(E1$($RR(*6##$/&( &#%/)5-#&)( +%#"$(@-+6,$)(-0( )$'.,$/&
&1#-6"1( &1$( "-#"$( -0( %( &.'%+( ./+$&:( !&( &1$( ./+$&g)( )$%=%#'V,-6&1N( &1$( @$+-*.&K( #%5.'+K
'$*#$%)$)(%/'(&1$()$'.,$/&(.)('$5-).&$':(E1$(+%#"$#(&1$(&.'%+(5#.),N(&1$(+%#"$#(&1$($c&$/).-/
-0(&1$('$+&%(-00)1-#$:

E1$( =%@$)( *-6/&$#R%+%/*$( &1.)( $c&$/).-/:( !+-/"( &1$( $c&$/'$'( '$+&%N( &1$( %/"+$( -0( =%@$
%55#-%*1(@%#.$):(D$*%6)$( -0( &1.)N( "#%'.$/&)( ./( &1$(=%@$( '#.@$/( +-/"V)1-#$( &#%/)5-#&( -**6#
%+-/"(&1$('$+&%:(!)(%(*-/)$a6$/*$N($#-).-/(-/(&1$(&$#,./%+(+-R$(-0(&1$('$+&%(-**6#):(&1$('$+&%
.)(n)=$5&o(-6&(RK(&1$(=%@$):(E1.)($00$*&(.)()&#$/"&1$/$'(RK(&1$(0%*&(&1%&(-/(&1$()1%++-=(5%#&)N
&1$(*6##$/&)(%#$('.#$*&$'(./(&1$(=%@$('.#$*&.-/:(E16)(-/(&1$()1-%+)N(&1$()$'.,$/&(&#%/)5-#&(.)
'-,./%&$'(RK(=%@$)(%/'(%#$('.#$*&$'(-/)1-#$:

3-(%(1."1$#(&.'%+(#$".,$(*%6)$)(%(+%#"$#($c&$/).-/(-0(&1$('$+&%N(=1.+$(&1$(=%@$)(#$)&#%./(&1.)
$c&$/).-/:

!)( &1$( '$+&%( '-$)( /-&( -/+K( *-/).)&( -0( %( $c&$/'$'( +6,5( -0( )%/'N( R6&( -0( %( )$#.$( )1-%+)( %/'
*1%//$+)N(%/-&1$#(,$*1%/.),(-0(&#%/)5-#&(.)(.,5-#&%/&(./(&1$('$+&%N(&1$()$'.,$/&(RK5%))./":
E1$(5%#&(-0(&1$()$'.,$/&(=1.*1(.)(&#%/)5-#&$'(-@$#(&1$('$+&%(.)(*%++$'()$'.,$/&(RKV5%))./":
3$'.,$/&( RKV5%))./"( .)( '$0./$'( %)( &1$( 5#-*$))( =1.*1( %++-=)( ,%&$#.%+( %0&$#( %( )1-#&
./&$##65&.-/N(*%6)$'(RK(%/(./+$&N(*1%//$+N(R#$%?=%&$#(-#(-&1$#(+.&&-#%+(R%##.$#N(&-(R$*-,$(5%#&
%"%./(-0(&1$(/-#,%+(+-/")1-#$(8-/$(%()1-#&('.)&%/*$('-=/'#.0&(0#-,(&1$(+.&&-#%+(R%##.$#(X)$$
0."6#$(H:JIY:(W/(&1$(655$#(5%#&(-0(&1$(0."6#$N(&1$(=%@$(*6##$/&)(%#-6/'(&1$()1-%+)(./(&1$('$+&%N
&-"$&1$#( =.&1( &1$( &.'%+( *6##$/&)( %#$( #$0+$*&$':( F$#$N( .)( .++6)&#%&$'( &1%&( &1$( X=%@$( ./'6*$'Y
+-/")1-#$(&#%/)5-#&(%55#-%*1$)(&1$(./+$&(0#-,(&1$(=$)&(X+$0&Y:(E1$/N(-/(&1$()1%++-=(5%#&)(&1$
=%@$( '#.@$/( *6##$/&)( '-,./%&$N( =1.+$( ./( &1$( '$$5$#( *1%//$+)N( &1$( &.'%+( 0+-=( *6##$/&)
'-,./%&$:(E1.)(#$)6+&)(./(%(8."V8%"(5%&&$#/(-0(&1$(RK5%))./"(0+-=:(!&(&1$('-=/V'#.0&().'$(-0
&1$('$+&%N(&1$(/-#,%+(+.&&-#%+(&#%/)5-#&(*-/&./6$)(&-=%#')(&1$($%)&(X#."1&Y:

W/(&1$('-=/(5%#&(-0(0."6#$(H:_N(&1$()$'.,$/&(&#%/)5-#&(%)(%(*-/)$a6$/*$(-0(&1$)$(*6##$/&)(%#$
)1-=/:( 3$'.,$/&( $/&$#)( &1$( $RRV&.'%+( '$+&%( %/'( '6$( &-( )$'.,$/&( &#%/)5-#&( ./( '-=/'#.0&
'.#$*&.-/((R$&=$$/(&1$(*1%//$+)(%/'()1-%+)N(&1$(*1%//$+)(,."#%&$(-@$#(&1$(./+$&:(E1$(&.,$(0-#
%()1-%+(&-(*#-))(&1$(./+$&(,%K(&%?$(%R-6&([I(K$%#):(E1$(*K*+.*(,-@$,$/&)(./(&1$()1-%+)(+$%'(&-
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%**#$&.-/(-/(&1$('-=/('#.0&().'$(%/'($#-).-/(-/(&1$(65'#.0&().'$(-0(&1$(R%##.$#):(D$*%6)$(-0
&1.)N(&1$(.)+%/'()+-=+K(,."#%&$($%)&=%#'):

C."6#$(HVJI(3$'.,$/&(RK5%))./"(XO$(d#.$/'($&(%+N(J```Y

36,,%#.)$'N( &1$( )&%R.+.&KN( ).8$( %/'( )1%5$( -0( &1$( $RRV&.'%+( '$+&%( .)( *-/&#-++$'( RK( %
*-,R./%&.-/(-0(&1$(k)=$$5./"k($00$*&('6$(&-(&1$(=%@$('#.@$/(+-/")1-#$('#.0&N(%/'(&1$(./V%/'
-6&"-./"(&#%/)5-#&('6$(&-(&1$(&.'%+(0+-=:(D$).'$)N()$'.,$/&(RK5%))./"(5+%K)(%(#-+$(./(&1$(+-/"
&$#,('$@$+-5,$/&(-0(&1$("$-,$&#K(-0(&1$('$+&%::

2.4.2 Tidal basin: channels and flats

E1$(2%''$/(3$%(.)(%/($c%,5+$(-0(%()$#.$)(-0()1-#&(&.'%+(R%)./)N(=1.*1(,$%/)(&1%&(&1$(+$/"&1
-0(&1$(R%)./(.)(#$+%&.@$+K(),%++(*-,5%#$'(&-(&1$(&.'%+(=%@$(+$/"&1(./(&1.)(%#$%:(E1$(&.'%+(=%@$
.)(#$0+$*&$'(%/'(1%)(%()&%/'./"(*1%#%*&$#:(D$*%6)$(&1$(&.'%+(./0+6$/*$(.)()&#-/"(%/'(&1$(=%@$
./0+6$/*$(.)(#$+%&.@$+K(=$%?N(&1$(0+--'('$+&%(=1.*1(*-6+'(R$(5#$)$/&(>6)&( ./).'$( &1$(R%)./( .)
/-&(#$%++K('$@$+-5$'(X&1$($RRV&.'%+('$+&%N(./(*-/&#%#KN(.)Y:((E.'%+(R%)./)(*%/(R$(*1%#%*&$#.)$'
RK(%(R#%/*1$'()K)&$,(-0(*1%//$+)(%/'(%/(./&$#&.'%+(%#$%N(=1.*1(%#$(.'$/&.0.$'(%)(0+%&):

E1$( 0+%&)(%#$('$0./$'(%)( &1$(%#$%(=1.*1('#.$)('6#./"( +-=(=%&$#( %/'( ./6/'%&$)( '6#./"(1."1
=%&$#:(F$/*$N(%++(%#$%)(R$&=$$/(4F2(%/'(4S2:(!(06#&1$#('.)&./*&.-/(*%/(R$(,%'$(R$&=$$/
1."1(0+%&)(R$&=$$/(4F2(%/'(43S(%/'(&1$(+-=(0+%&)(R$&=$$/(43S(%/'(4S2:(W/(0."6#$(H:JJ
%(*#-))V)$*&.-/(.)(5#$)$/&$'(-0(%(&.'%+(./+$&N(=1$#$(&1$(0+%&)(*%/(R$(#$*-"/.)$':(E1$(1$."1&(-0
&1$( &.'%+( 0+%&)( -0( &1$( O6&*1(2%''$/( 3$%( #%/"$( R$&=$$/(43S( %/'(4F2( VI:U( ,:( P/( &1$
=%&$#)1$')(R$&=$$/(&1$(R%)./)N(&1$(R$'(+$@$+)(#-6"1+K(@%#K(%#-6/'(4F2(VJ(,:
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43S

4F2

4S2

((1."1(0+%&

*1%//$+
'$+&%

((((+-=((0+%&

C."6#$(HVJJ((L#-))V)$*&.-/(./+$&

MK)./?(XJ``UY(0-6/'(&1%&N((&1$(5#$)$/*$(-0(&.'%+(0+%&)('$5$/')(-/(&1$(&.'%+(#%/"$(%/'(&1$(R%)./
%#$%:(W/(&1$(*%)$(-0(%(+%#"$#(R%)./N(%(#$+%&.@$(),%++$#(X#$+%&.@$(&-(&1$(R%)./()6#0%*$Y((0+%&(%#$%
*%/(R$( 0-6/':(E1.)( .)(R$*%6)$( +-*%+( *6##$/&( %/'(=%@$( $00$*&)N( '6$( &-( +%#"$#( 0$&*1$)N( *-6+'
5#$@$/&(&1$($c&$/).-/(-0(&.'%+(0+%&):(C6#&1$#,-#$N(%(+%#"$#(&.'%+(#%/"$("$/$#%++K(./*#$%)$)(&1$
1$."1&(-0(&.'%+(0+%&):(E1$('$#.@$'($a6.+.R#.6,(#$+%&.-/(-0(MK)./?(.)('.)*6))$'(./()$*&.-/(U:[:

L1%//$+)(%#$(6)6%++K('$0./$'(%)(&1$(=$&(%#$%(R$+-=(4S2:(L1%//$+)(&#%/)5-#&(*-/).'$#%R+$
%,-6/&)(-0(=%&$#(%/'()$'.,$/&:(O6#./"( 0+--'N(=%&$#($/&$#)( &1$( ./+$&N(=1.*1(R#./")(%( +%#"$
%,-6/&(-0()$'.,$/&:(!(5%#&(-0(&1.)()$'.,$/&(,%K(R$('$5-).&$'(./(&1$(*1%//$+)(-#(%&(&1$(0+%&):
!(5%#&(.)(&#%/)5-#&$'(-6&(-0(&1$(R%)./('6#./"($RR:((9$%#(&1$("-#"$N(&1$(*1%//$+(*#-))V)$*&.-/
.)( +%#"$)&N( %=%K( 0#-,( &1$( "-#"$N( &1$( *#-))V)$*&.-/(-0( &1$( *1%//$+( R$*-,$)( ),%++$#( %)( &1$K
1%@$(&-(5#-*$))(%(),%++$#(&.'%+(@-+6,$:(;.@$/(&1.)(./0-#,%&.-/(&1$($a6.+.R#.6,(#$+%&.-/(&1%&
MK)./?(XJ``UY(0-6/'(R$&=$$/(&1$(*#-))V)$*&.-/%+(%#$%(%/'(&1$(&.'%+(@-+6,$(./(%(*1%//$+N(.)
@$#K(5+%6).R+$:(C#-,(&1.)(#$+%&.-/N(%/($a6.+.R#.6,(#$+%&.-/(=%)('$#.@$'(R$&=$$/(&1$(@-+6,$
-0(&1$(*1%//$+N(%/'(&1$(&.'%+(@-+6,$N()$$(%+)-()$*&.-/(U:\:

W/(&1.)()$*&.-/N(=$(1%@$('.)*6))$'(&1$($+$,$/&)(-0(%(&.'%+(./+$&N(%/'(&1$(./0+6$/*$(-0('.00$#$/&
0-#*./")(-/(&1$(,-#51-+-"K(-0(&1$)$($+$,$/&):(D$).'$)(&1$)$(0-#*./")N(&1$(./+$&(.)()-,$&.,$)
)6R>$*&$'(&-(16,%/(./&$#@$/&.-/):(E1.)(=.++(R$('.)*6))$'(./(&1$()6R)$a6$/&()$*&.-/:

2.5 Closure Zuiderzee: human intervention on macro-scale

F6,%/(./&$#@$/&.-/)(+.?$(%(*+-)6#$(-0(%(5%#&(-0(%(&.'%+(R%)./(*%/(1%@$(%(,%>-#(.,5%*&(-/(&1$
,-#51-+-"K:(!( *1%/"$( ./(,-#51-+-"K( .,5+.$)( %( *1%/"$( ./( +-*%+( &.'%+( *6##$/&)( %/'(=%@$)
X)$*&.-/(H:U:HY:(P&1$#($c%,5+$)(-0(16,%/(./&$#0$#$/*$)(%#$()%/'(,././"N(+%#"$()*%+$('#$'"./"
%/'(+%/'(#$*+%,%&.-/:(E1$)$(./&$#@$/&.-/)(%#$()*%+$'(-/(,%*#-V)*%+$(X)$$(*1%5&$#(JY:

E1$($00$*&(-/(&1$(#$)5-/)$(-0($+$,$/&)(-0(%(&.'%+()K)&$,N(*%6)$'(RK(16,%/(./&$#@$/&.-/)N(%#$
-0()5$*.%+(./&$#$)&(./(&1$(5#$)$/&()&6'KN($)5$*.%++K(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(E1.)(*+-)6#$
=.++( R$( 6)$'( %)( %( *%)$( &-( *%+.R#%&$(!),.&%( %/'( &-( -R&%./(,-#$( ./)."1&( ./&-(,-#51-+-".*%+
5#-*$))$)(=1.*1(-**6##$'('6$(&-(*+-)6#$:(E1$#$0-#$(%(R#.$0(-@$#@.$=(=.++(R$(5#$)$/&$'(./(&1.)
)$*&.-/:
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Background of the construction of the Afsluitdijk

F$/'#.*(3&$@./( ()6""$)&$'(%+#$%'K(./(J^^_(&1%&(%(*+-)6#$(-0( &1$(76.'$#8$$(=-6+'('.,./.)1
&1$(./6/'%&.-/('%/"$#(./(+%#"$(5%#&)(-0(&1$(9$&1$#+%/'):(W/(1.)(&.,$(&1.)(5+%/(=%)(*-/).'$#$'
./0$%).R+$:(4%/K(5+%/)(1%@$(R$$/('$@$+-5$'()./*$:(M@$/(5+%/)(=$#$('#%=/(65(&-(#$*+%.,(&1$
76.'$#8$$(%/'(&1$(&-&%+(2%''$/(3$%:(]$*+%.,./"(&1$(76.'$#8$$(=%)(%/(%&&#%*&.@$(-5&.-/N(R6&
&1$(,%./( #$%)-/( 0-#(R6.+'./"( &1$(!0)+6.&'.>?(=%)(%(R$&&$#(5#-&$*&.-/( %"%./)&( ( )&-#,( 0+--'):
!0&$#(%(+-/"(+.)&(-0(.'$%)(%/'(./'.*%&.@$(5+%/)N($/"./$$#(L:(S$+K(*%,$(65(=.&1(&1$(0.#)&()$#.-6)
0$%).R+$(5+%/( ./(JbbJ:(C-6#(K$%#)( +%&$#N(1$(=%)(%55-./&$'(%)(,./.)&$#(-0(G6R+.*(2-#?)(%/'
E#%/)5-#&N( R6&( )&.++( /-( %"#$$,$/&( *-6+'( R$( ,%'$( -/( &1$( '$)."/( %/'( *-/)&#6*&.-/( -0( &1$
!0)+6.&'.>?:(W&(=%)(/-&(6/&.+(J`JU(&1%&(S$+K(R$*%,$(,./.)&$#(%"%./(%/'(&1$(5+%/(0-#(*+-)6#$
%/'(#$*+%.,./"(-0(&1$(76.'$#8$$(=%)(%55#-@$':(G#-R%R+K(&1$(,%./(#$%)-/)(0-#(&1.)(%55#-@%+N
=$#$( 0--'( )*%#*.&K( %0&$#( &1$( 0.#)&(2-#+'(2%#( X*+-)6#$( =-6+'( R$( %/( $))$/&.%+( )&$5( &-=%#')
,%)).@$( +%/'( #$*+%,%&.-/( 0-#( %"#.*6+&6#%+( 56#5-)$)Y( %/'( &1$( "#$%&( )&-#,V0+--'( ./( J`J^:
C./%++KN( &1$( !0)+6.&'.>?( =%)( R6.+&( ./( 0.@$( K$%#)( %/'( .&( =%)( *-,5+$&$'( ./( J`UH:
X].>?)=%&$#)&%%&(HII(>%%#Y

Predictions

E1$(!0)+6.&'.>?( =%)( '$)."/$'( )6*1( &1%&( &1$( $00$*&)( -/( &1$( =%&$#( ,-@$,$/&( %/'( &1$( &.'%+
%,5+.&6'$( =$#$( %)( +.&&+$( %)( 5-)).R+$:( !&( &1%&( &.,$N( ?/-=+$'"$( %R-6&( 1K'#-'K/%,.*( %/'
$)5$*.%++K(,-#51-+-".*%+($00$*&)(-0(%(*+-)6#$(=%)(+.,.&$':(F-=$@$#N(&1$(*%+*6+%&.-/)(,%'$(%&
&1%&( &.,$(%+#$%'K(5#$'.*&$'(*-/).'$#%R+$( ./*#$%)$(-0( &1$( &.'%+( #%/"$( %/'( %/( ./*#$%)$( -0( &1$
0+-=(@$+-*.&.$)(./(./+$&):

O$)5.&$(&1$(./@$)&."%&.-/)(*%##.$'(-6&(RK(&1$(3&%%&)*-,,.)).$N()&.++(,%/K(6/*$#&%./&.$)(%#.)$
#$"%#'./"(R$1%@.-6#(-0(&.'%+(./+$&)(%/'(06&6#$(,-#51-+-".*%+(*1%/"$):(E1$#$0-#$N(&1.)(*+-)6#$
.)( %/( ./&$#$)&./"( *%)$( 0-#( &1.)( )&6'K:(!R-6&( b( '.".&.)$'(,%5)( %#$( %@%.+%R+$N( =1.*1( *-/&%./
'$5&1( ,$%)6#$,$/&)( ./( &1$( 5$#.-'( J`H\VJ``b:( E1$)$( ,%5)( #$5#$)$/&( &1$( +-/"( &$#,
,-#51-+-".*%+( '$@$+-5,$/&( %/'(=.++( R$( 6)$'( ./( 06#&1$#( %/%+K).):( E1$)$( R%&1K,$&#.*(,%5)
=.++(R$(6)$'(&-(-R&%./(./)."1&(./&-(,-#51-+-".*%+(5#-*$))$)((%/'(0-#(,-'$++./"(56#5-)$)(./
&1$(0-++-=./"(*1%5&$#):

2.6 Summarise

W/( &1.)( *1%5&$#( =$( '.)*6))$'( &1$( "$/$).)( -0( &1$( 2%''$/( 3$%( -/( ,$"%V)*%+$:( F.)&-#.*
"$-+-".*%+($@-+6&.-/()1-=)(&1%&()./*$(&1$(R$".//./"(-0(&1$(F-+-*$/$()$%(+$@$+()&%#&$'(#.)./"
'6$(&-(,$+&./"(.*$(*%5):(E1$()$%( +$@$+( #.)$('$*#$%)$'( 0#-,(,-#$( &1%/($."1&K(*$/&.,$&#$)(%
*$/&6#K( &-( &1$( 5#$)$/&( )$%( +$@$+( #.)$( -0( %55#-c.,%&$+K( J_( *$/&.,$&#$)( 5$#( *$/&6#K:( !)( %
*-/)$a6$/*$N(&1$(2%''$/(.)+%/')(%/'(2%''$/(3$%(=.&1(%/(./&$#&.'%+(%#$%()+-=+K('$@$+-5$':

E1$(2%''$/(%#$%(*-/).)&)(-0(%(*1%./(-0(&.'%+(./+$&):(!&( &1$()*%+$(-0( ./&$#$)&N(,%*#-V)*%+$N(%
&.'%+(./+$&(*-/).)&)(-0(&1#$$(,%>-#($+$,$/&)A( &1$($RRV&.'%+('$+&%N( &1$(*1%//$+(%/'(0+%&:(E1$)$
$+$,$/&)(%#$(,%./+K()6R>$*&$'(&-(0-#*./")(+.?$(&.'$(%/'(=%@$):(M,5.#.*%+(#$+%&.-/)(%#$(0-6/'
R$&=$$/(&1$()1%5$(%/'().8$(-0(&1$)$($+$,$/&)(%/'(&1$)$(0-#*./"):(E1$)$(#$+%&.-/)(%#$('$#.@$'
%&( ,%*#-V)*%+$:( D%)$'( -/( ).,.+%#( #$+%&.-/)N( &1$( R$1%@.-6#( -#.$/&%&$'( ,-'$+( !),.&%( .)
0-#,6+%&$'N(=1.*1(=.++(R$(('.)*6))$'(./(&1$()6R)$a6$/&(*1%5&$#:
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F6,%/(W/&$#@$/&.-/)(*-6+'(1%@$(%( +%#"$( ./0+6$/*$(-/( &1$(,-#51-+-".*%+('$@$+-5,$/&(-0(%
&.'%+( ./+$&:( W/( J`UHN( &1$( 76.'$#8$$( =%)( *+-)$':( E1$( 3&%%&)*-,,.)).$( 76.'$#8$$( XJ`H^Y
*%+*6+%&$'(5-)).R+$( 06&6#$(R$1%@.-6#(%&( &1%&( &.,$:(9-=%'%K)N( )&.++(6/*$#&%./&.$)( %#$( 5#$)$/&
#$"%#'./"( 06&6#$( ,-#51-+-".*%+( *1%/"$):( E1$#$0-#$N( &1.)( *+-)6#$( .)( %/( ./&$#$)&./"( *%)$( &-
*%+.R#%&$(!),.&%:
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3 Asmita

3.1 Introduction

!)( 5-./&$'( -6&( ./( *1%5&$#( HN( &1$( !),.&%( X!""#$"%&$'( 3*%+$( 4-#51-+-".*%+( W/&$#%*&.-/
R$&=$$/(%(E.'%+(./+$&(%/'(&1$(!'>%*$/&(*-%)&N(3&.@$(%/'(2%/"(J``^Y(,-'$+(=.++(R$(6)$'(&-
.,5#-@$( &1$( ./)."1&( ./&-( &1$( ,-#51-+-".*%+( R$1%@.-6#( -0( &.'%+( ./+$&)( %/'( &-( %/%+K)$( &1$
*-/)$a6$/*$)(-0(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(W/(&1.)(*1%5&$#N(&1$(*-/*$5&(-0(!),.&%(=.++(R$
$c5+%./$':

3.2 Asmita schematisation

E1$(!),.&%(%55#-%*1(*%/(R$(*-/).'$#$'(%)(%/(%""#$"%&.-/(-/(&1$(-/$(1%/'(%/'(%/($c&$/).-/
-/(&1$(-&1$#(1%/'(-0(&1$(M)&,-#0(,-'$+(X2%/"(%/'(<%#))$/N(J``HY:(!""#$"%&$'(*-/*$#/)(&1$
0%*&(&1%&(&1$()K)&$,($+$,$/&)(%#$(*1%#%*&$#.)$'(RK(-/$()&%&$(@%#.%R+$(X@.8:(%(&-&%+(=$&(-#('#K
@-+6,$Y:(Mc&$/).-/(*-/*$#/)( &1$(5-)).R+$( ./*-#5-#%&.-/(0-#( &1$($RRV&.'%+('$+&%(%/'('.#$*&+K
%'>%*$/&(*-%)&:

!(&.'%+(./+$&()K)&$,(.)(*-/).'$#$'(*-/).)&./"(-0(&1#$$(,%>-#(,-#51-+-".*%+($+$,$/&)i(&1$(&.'%+
0+%&)N(&.'%+(*1%//$+)(%/'(&1$($RRV&.'%+('$+&%:(XE1$(*-%)&(*%/(%+)-(R$('$0./$'(%)($+$,$/&N(R6&
&1.)(.)(/-&(*-/).'$#$'(./(&1.)()&6'KY:(D$).'$)(&1$)$($+$,$/&)N(%/(-6&).'$(=-#+'(*%/(R$('$0./$'
0-#( =1.*1( %/( -@$#%++( $a6.+.R#.6,( )&%&$( *%/( R$( '$0./$':( E1.)( -6&).'$( =-#+'( *-,5#.)$)( &1$
*-%)&%+( 8-/$()6##-6/'./"( &1$($RRV&.'%+('$+&%N(=1.*1(%*&)(%)(%(R-6/'%#K( 0-#( &1$( )K)&$,:(!/
.,5-#&%/&(1K5-&1$)$)(.)(&1%&(&1$(-6&).'$(=-#+'(.)(%R+$(&-(5#-@.'$()%/'(=1.*1(.)('$,%/'$'(RK
&1$($RRV&.'%+('$+&%(%/'(R%)./N(6/*-/'.&.-/%++K:(E1$(,-#51-+-".*%+('$@$+-5,$/&(-0( &1$( &.'%+
./+$&('-$)(/-&(./0+6$/*$(&1$(-6&).'$(=-#+':

E1$('$"#$$(-0()*1$,%&.)%&.-/(.)('$&$#,./$'(RK(&1%&($+$,$/&(-0(&1$()K)&$,(=1.*1(K.$+')(&1$
+-=$#(R-6/'%#K(&-(&1$(#$+$@%/&()5%&.%+()*%+$:(E1.)(*-/*$#/)(&K5.*%++K(&1$($RRV&.'%+('$+&%N(0-#
=1.*1( &1$#$( .)( 5#$)$/&+K( /-( -&1$#( -5&.-/( &1%/( &-( *-/).'$#( .&)( @-+6,$( %)( %/( ./&$"#%+( )&%&$
@%#.%R+$N( .,5+K./"( &1%&( &1$( $RRV&.'%+( '$+&%( .)(,-'$++$'( %)( %( )./"+$( $+$,$/&:( E1$#$0-#$N( &1$
)%,$( +$@$+( -0( )*1$,%&.)%&.-/( .)( 6)$'( 0-#( %++( &1$( $+$,$/&)( ./( &1$( )K)&$,:( E1.)( =%KN( &1$
0-++-=./"(R%).*($+$,$/&)(%#$(./*+6'$'(./(&1$(,-'$+:(X0."6#$(U:JY:

J:( &1$($RRV&.'%+('$+&%
H:( &1$(&-&%+(./&$#&.'%+(0+%&(%#$%(./(&1$(R%)./
U:( &1$(&-&%+(*1%//$+(@-+6,$(./(&1$(R%)./

M%*1(-0(&1$)$($+$,$/&)(.)('$)*#.R$'(RK(-/$((@%#.%R+$(#$5#$)$/&./"(.&)(,-#51-+-".*%+()&%&$A
O$+&%A d-+6,$()$'.,$/&(%R-@$(%(0.*&.&.-6)()$%(R-&&-,N(=1.*1(=-6+'(R$(&1$#$(.0

(&1$#$(=%)(/-(./+$&(X)%/'(@-+6,$(./(,UY
C+%&)A( d-+6,$(-0(&1$(&.'%+(0+%&(R$&=$$/(4S2($/(4F2(X)%/'(@-+6,$(./(,UY
L1%//$+A E-&%+(*1%//$+(@-+6,$(R$+-=(4S2(X=%&$#(@-+6,$(./(,UY
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M%*1( -0( &1$)$( $+$,$/&)( .)( ./0+6$/*$'( 5#.,%#.+K( RK( &1$( R%)./( #$+%&$'( &.'%+( 0+-=)( %/'
)$*-/'%#.+K(RK(=%@$(#$+%&$'(1K'#-'K/%,.*):(W&(.)(%))6,$'(&1%&(+-/"(&$#,(#$).'6%+()$'.,$/&
$c*1%/"$(-**6#)(R$&=$$/(&1$(&.'%+(0+%&(%/'(&1$(*1%//$+(./(&1$(R%)./N(R$&=$$/(&1$(*1%//$+(./
&1$( R%)./( %/'( &1$( $RRV&.'%+( '$+&%( %/'( R$&=$$/( &1$( $RRV&.'%+( '$+&%( %/'( &1$( %'>%*$/&
R-6/'%#.$)N(&1$(-6&).'$(=-#+':(E1.)(*%/(R$()*1$,%&.)$'(%)(0-++-=)(X)$$(%+)-(0."6#$(H:\Y

M,5.#.*%+( #$+%&.-/)( R$&=$$/( &1$( $a6.+.R#.6,( @-+6,$( -0( %/( $+$,$/&( %/'( &1$( &.'%+( 5#.),( -#
&.'%+(#%/"$(%#$('$#.@$'(-/(R%).)(-0(0.$+'('%&%(XMK)./?(%/'(D.$"$+N(J``HY:

'$+&%

*1%//$+

-6&).'$(=-#+'
eR-6/'%#K

(R%##.$# (R%##.$#

&.'%+(0+%&

C."6#$(UVJ(3*1$,%&.)%&.-/($+$,$/&)(%/'($c*1%/"$(./(!),.&%

E1$( $@-+6&.-/( -0( &1$( $+$,$/&)( &-=%#')( %( )&%&$( -0( $a6.+.R#.6,( *%/( R$( '$)*#.R$'( -/( %/
%""#$"%&$'()*%+$N(R%)$'(-/(&1$(0-++-=./"(5#./*.5+$)A
!" E1$(,-)&(.,5-#&%/&(5#./*.5+$(.)(&1%&(%++($+$,$/&)(&$/'(&-($@-+@$(&-=%#')(%/($a6.+.R#.6,
)&%&$N(=1.*1(*%/(R$('$0./$'(0-#(%++($+$,$/&):

!" 21$/(%/($+$,$/&(.)(-6&(-0($a6.+.R#.6,N(%(/$$'(-#()6#5+6)(-0()$'.,$/&(.)(*#$%&$'N(=1.*1
'$5$/')(-/(&1$('.)&6#R%/*$(-0(&1$($+$,$/&:

!" 21$&1$#(&1.)(/$$'(-#()6#5+6)(%*&6%++K(#$)6+&)(./()$'.,$/&%&.-/(-#($#-).-/('$5$/')(-/(&1$
%@%.+%R.+.&K(-0()$'.,$/&N(=1.*1(./(&6#/('$5$/')(-/(&1$(/$$'(-0(&1$(%'>%*$/&($+$,$/&):

W/(!),.&%(&1.)(R$1%@.-6#(-#.$/&%&$'(%55#-%*1(.)($+%R-#%&$'(%)(0-++-=)A
M@-+6&.-/( &-=%#')(%/($a6.+.R#.6,()&%&$( .)(-/+K(5-)).R+$(RK($c*1%/"$(-0( )$'.,$/&( R$&=$$/
&1$($+$,$/&):(E1.)( .)( #$%+.)$'(RK( &1$( ./V(%/'(-6&"-./"( &.'%+(5#.),:(E1$#$(%#$( &=-( 0-#,)(-0
)$'.,$/&($c*1%/"$i(=.&1./(%/($+$,$/&(%/'(R$&=$$/( &=-($+$,$/&):(2.&1./( %/( $+$,$/&N( &1$
#%&$(-0()$'.,$/&%&.-/(-#($#-).-/(.)(5#-5-#&.-/%+(&-(&1$('.00$#$/*$(R$&=$$/(&1$(%*&6%+()$'.,$/&
*-/*$/&#%&.-/( %/'( &1$( $a6.+.R#.6,( *-/*$/&#%&.-/( -0( &1%&( $+$,$/&:( E1$( +%&&$#( '$5$/')( -/
'$@.%&.-/(0#-,(&1$($a6.+.R#.6,()&%&$(-0(&1$($+$,$/&:

D$&=$$/( &1$( $+$,$/&)N( )$'.,$/&( $c*1%/"$( &%?$)( 5+%*$( '$5$/'./"( -/( &1$( '.00$#$/*$( ./
)$'.,$/&(*-/*$/&#%&.-/:(3$'.,$/&(&#%/)5-#&(=.++(%+=%K)(&%?$(5+%*$(0#-,(%(1."1(*-/*$/&#%&.-/
&-=%#')(%(#$+%&.@$+K(+-=$#(*-/*$/&#%&.-/:(21$/(%/($+$,$/&(&$/')(&-($c5-#&()$'.,$/&N(%(1."1
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*-/*$/&#%&.-/( =.++( R$( 5#$)$/&( R$*%6)$( -0( &1$( )$'.,$/&( =1.*1( *-,$)( ./( )6)5$/).-/:( E1.)
)$'.,$/&(*-6+'(R$(&#%/)5-#&$'(&-=%#')(%/-&1$#($+$,$/&(=.&1(%( +-=$#(*-/*$/&#%&.-/:(W/( &1%&
$+$,$/&N(()$'.,$/&(=.++()$&&+$N(-#(=.++(R$(&#%/)5-#&$'(&-(&1$(/$c&($+$,$/&(X=.&1(%/($@$/(+-=$#
*-/*$/&#%&.-/Y(=1.*1('$5$/')(-/(&1$(,6&6%+(=.++(&-(.,5-#&(-#($c5-#&()$'.,$/&:

3-N(%++(($c*1%/"$(.)(#$%+.)$'(RK(&1$(./V(%/'(-6&"-./"(&.'%+(*6##$/&)(=1.*1(R#./"()$'.,$/&(./
)6)5$/).-/(X1."1$#(*-/*$/&#%&.-/YN(-#(*%6)$()$'.,$/&%&.-/(X+-=$#(*-/*$/&#%&.-/YN('$5$/'$/&
-/(&1$(/$$'N(%/'(&16)('.)&6#R%/*$N(./(&1$($+$,$/&):

E1$( $c*1%/"$( R$&=$$/( &1$( '$+&%( %/'( &1$( -6&).'$( =-#+'( .)N( ./( *-/&#%'.*&.-/( &-( &1$( -&1$#
$+$,$/&)N(/-&(-/+K('$&$#,./$'(RK( &1$(5#.),:(E1$#$N( &1$(=%@$)( 5+%K( %/( .,5-#&%/&( #-+$( X)$$
)$*&.-/(H:[Y:(E1$(=%@$('#.@$/(+-/")1-#$(*6##$/&('$&$#,./$)(&1$(%@%.+%R.+.&K(-0()$'.,$/&(0-#
&1$('$+&%N(%/'(1$/*$(./(&1$($/'N(0-#(&1$($/&.#$(./+$&:(E1.)()$'.,$/&N(=1.*1(.)()655+.$'(RK(&1$
R-6/'%#K(-0( &1$()K)&$,N( .)(#$5#$)$/&$'(./(!),.&%(RK(&1$(-@$#%++($a6.+.R#.6,(*-/*$/&#%&.-/N
=1.*1(.)(5#$)$/&(./(&1$(k-6&).'$(=-#+'g:

2.&1( &1.)( )*1$,%&.)%&.-/N( &1$( %*&6%+( )&%&$( -0( %/( $+$,$/&( .)( #$+%&$'( &-( .&)( ,-#51-+-".*%+
*1%/"$(%&(%(*$#&%./(,-,$/&:(E1.)(*%/(R$(&#%/)+%&$'( &-(%(,%&1$,%&.*%+(,-'$+(=1.*1(*%/(R$
)-+@$'(/6,$#.*%++K(%**-#'./"(&-(&1$(0-++-=./"()*1$,$:

&.,$)&$5 #&

W/.&.%+(@-+6,$)

E.'%+(5#.),

4-#51-+-".*%+($a6.+.R#.6,

Ma6.+.R#.6,(*-/*$/&#%&.-/

L-/*$/&#%&.-/(0.$+'

4-#51-+-".*%+(*1%/"$
X*1%/"$(@-+6,$)Y

C."6#$(UVH(3*1$,$(!),.&%

W/(&1$(0-++-=./"()$*&.-/)N(%(,-#$('$&%.+$'(0-#,6+%&.-/(-0(!),.&%(=.++(R$($c5+%./$'N(R%)$'(-/
&1.)()*1$,$:

3.3 Tidal prism

E1$( &.'%+( #%/"$( %/'( &.'%+( 5#.),( )1-6+'( R$( '$&$#,./$'( ./( -#'$#( &-( *%+*6+%&$( $a6.+.R#.6,
@%+6$):( E1$)$( @%+6$)( %#$( '$5$/'$/&( -/( &1$( R%&1K,$&#K:( W0( &1$( ).8$( -0( &1$( &.'%+( R%)./( .)
%))6,$'(&-(R$(),%++(*-,5%#$'(&-( &1$( &.'%+(=%@$(+$/"&1(X=1.*1N( ./( &1$(*%)$(-0( &1$(2%''$/
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3$%(.)(%(*-##$*&(%))6,5&.-/YN()5%&.%+(@%#.%&.-/(-0(&1$(=%&$#(+$@$+(./(&1$(R%)./(*%/(R$(/$"+$*&$'
%/'(&1$(&.'%+(5#.),(*%/(&16)(R$(*%+*6+%&$'(0#-,A

P H A Vb f= ⋅ − XU:JY

=1$#$+ 3( .)( &1$( &.'%+( 5#.),N( 45( $a6%+)( &1$( &-&%+( R%)./( %#$%( %/'( 6( .)( &1$( &.'%+( #%/"$:
C6#&1$#,-#$N(&1$(*1%//$+)(%/'(0+%&)(%#$()*1$,%&.)$'(RK('$5&1V%@$#%"$'()6#0%*$)(%/'(%@$#%"$
1$."1&)f'$5&1):(E1.)( .)( $c5+%./$'( ./( 0."6#$( U:UN(=1$#$( &1$( *#-))V)$*&.-/( -0( %( &.'%+( R%)./( .)
)*1$,%&.)$'(%)(6)$'(./(!),.&%:

BVD

B'D

S&

!"()4

S$ S+$2%*

!R

!*

!0 !0

F

C."6#$(UVU(3*1$,%&.)%&.-/(*#-))V)$*&.-/(&.'%+(R%)./

G e(&.'%+(5#.),i(=$&(@-+6,$(R$&=$$/(4S2(%/'(4F2(X,UY
d0 ( e(&1$(@-+6,$(-0(&1$(&.'%+(0+%&(R$&=$$/(4S2($/(4F2((X,UY
d* ( e(&1$(&-&%+(*1%//$+(@-+6,$(6/'$#(4S2(X,UY
!R e(%@$#%"$(R%)./(%#$%(X,HY
!0 e(%@$#%"$(0+%&(%#$%(X,HY
!* e(%@$#%"$(*1%//$+(%#$%(X,HY
F e(&.'%+(#%/"$N('.00$#$/*$(R$&=$$/(4F2(%/'(4S2(X,Y

3.4 Morphological equilibrium

M,5.#.*%+( #$+%&.-/)( 1%@$( R$$/( '$@$+-5$'( X%:-:( MK)./?( J``JY( R$&=$$/( &1$( "$-,$&#.*
,-#51-+-".*%+(5%#%,$&$#)(%/'(*1%#%*&$#.)&.*(1K'#%6+.*(5%#%,$&$#):(E1$)$(#$+%&.-/)('$)*#.R$
&1$( $,5.#.*%+( #$+%&.-/( R$&=$$/( &1$( 5#.),( %/'( &1$( =$&f'#K( @-+6,$( -0( &1$( ,-#51-+-".*%+
$+$,$/&):(E1$(&.'%+(5#.),(%55$%#$'(&-(R$(%/(.,5-#&%/&(1K'#%6+.*(5%#%,$&$#(./(&1$)$(#$+%&.-/):

C-#(%++($+$,$/&)(%/($a6.+.R#.6,(#$+%&.-/(1-+')(R$&=$$/( &1$(@-+6,$(-0( &1$($+$,$/&(%/'( &1$
&.'%+(5#.),N(-#(&.'%+(#%/"$A

V f Pe = ( ) (-#((V f H Ae b= ( , ) XU:HY

!/( $,5.#.*%+( #$+%&.-/( .)( 0-6/'(R$&=$$/( &1$( @-+6,$)(-0( &1$( '$+&%( %/'( &1$( *1%//$+( %/'( &1$
&.'%+(5#.),:(E1$( 0+%&(@-+6,$( .)( #$+%&$'( &-( &1$( &.'%+( #%/"$( %/'( &1$( R%)./( %#$%:(E1$( #$+%&.-/)
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6)$'( ./( &1$( 5#$)$/&( )&6'K( %#$( '$#.@$'( 0#-,( +.&$#%&6#$( XMK)./?( J``JY:( E1$K( %#$( '.)*6))$'
R$+-=:

Channel

E1$(0-++-=./"(#$+%&.-/(1-+')(R$&=$$/(&1$(@-+6,$(-0(&1$(*1%//$+(%/'(&1$(&.'%+(5#.),A

V Pce c
1.55= ⋅α XU:UY

=.&1A
d*$( e(Ma6.+.R#.6,(@-+6,$(-0(*1%//$+N(R$+-=(4S2(X,UY
$*( e($a6.+.R#.6,(*-$00.*.$/&N(0-#(&1$(2%''$/(3$%(%,-6/&)(&-A(J^$V^((XX,UYVI:\\Y

Tidal flats

E1$(a6%/&.&K(-0(0+%&(%#$%(#$+%&.@$(&-(&1$(R%)./(%#$%(X!0f!RY('$5$/')(-/(&1$().8$(-0(&1$(R%)./:
]$/"$#(%/'(G%#&$/)?K(0-6/'(&1$(0-++-=./"(#$+%&.-/(0-#(&1$(;$#,%/(D."1&:

A

A
Af

b
b= − ⋅ ⋅−1 2 5 10 2 0 5. . XU:[Y

E16)(%(+%#"$(R%)./(1%)(%(#$+%&.@$(),%++(0+%&(%#$%(*-,5%#$'(&-(%(),%++(R%)./:(E1.)(.)(*%6)$'(RKN
%,-/"(-&1$#(&1./")N(=./'(&1%&(5+%K)(%(+%#"$(#-+$(./(%(+%#"$(R%)./N(*-,5%#$'(&-(),%++(R%)./)N
=1.*1(#$)6+&)(./(%(),%++$#(0+%&(%#$%:

E1$( 1$."1&( -0( &1$( &.'%+( 0+%&)( .)( #$+%&$'( &-( &1$( &.'%+( #%/"$A( &1$( %@$#%"$( 1$."1&( -0( &1$( 0+%&)
#$+%&.@$( &-(4S2( .)($0$pF:( MK)./?( XJ``JY( '$#.@$'( %/( $,5.#.*%+( #$+%&.-/( R$&=$$/( &1$( R%)./
%#$%(%/'(&1$(*-$00.*.$/&($0$(0-#(&1$(2%''$/(3$%(&.'%+(R%)./):

α fe bA= − ⋅ ⋅−0 41 0 24 10 9. . XU:\Y

E1$(@-+6,$(-0(&1$(&.'%+(0+%&)(.)('$0./$'(%)(&1$(5#-'6*&(-0(%#$%(%/'(1$."1&(%R-@$(4S2:(E16)N
&1$(0-++-=./"(#$+%&.-/(*%/(R$('$#.@$'A

V
A

A
A Hf fe

f

b
b= ⋅

F
HG
I
KJ ⋅ ⋅α XU:^Y

W/(!),.&%( &1$( &.,$V%@$#%"$'( )6#0%*$( %#$%( -0( *1%//$+)( %/'( 0+%&)( %#$( 6)$':( E1.)(,$%/)( &1%&
#$+%&.-/(U:[( .)(/-&( &%?$/( ./&-(%**-6/&:( W/( &1.)(*%)$(%( &.,$V./@%#.%/&( 0+%&( %#$%( .)( 6)$'( ./( &1$
$a6.+.R#.6,(#$+%&.-/)N(&16)(&1$(#$+%&.-/(#$'6*$)(&-A

V A Hf fe f= ⋅ ⋅α XU:_Y

W/(&1$)$($a6%&.-/)(&1$(0-++-=./"()K,R-+)(=$#$(6)$'A
!R (e(%#$%(-0(&.'%+(R%)./(%&(4F2(X,HY
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!0( (e(%#$%(-0(&.'%+(0+%&)(,$%)6#$'(%&(4S2(X,HY
F e(,$%/(&.'%+(#%/"$(X,Y
d(0 e(@-+6,$(-0(0+%&)(%R-@$(4S2(X,UY
$0($ e($,5.#.*%+(*-$00.*.$/&(0-#(&1$(%@$#%"$(&.'%+(0+%&(+$@$+(XVY

Ebb-tidal delta

C-#(&1$()%/'(@-+6,$(./(&1$($RRV&.'%+('$+&%N(&1$(#$+%&.-/(-0(2%+&-/(%/'(!'%,)(XJ`_^Y(.)(6)$'
0-#(%(#-6"1(=%@$V*+.,%&$(%/'(*-##$*&$'(0-#(%@$#%"$(&.'$(X)$$(0."6#$(U:[Y:(W&(#$%')A

V Pd = ⋅ −63 3 10 4 1 23. . XU:bY

d'e(d-+6,$(-0()%/'(./($RRV&.'%+('$+&%(X,UY

C."6#$(UV[(Ma6.+.R#.6,(#$+%&.-/($RRV&.'%+('$+&%

3.5 Equilibrium concentration and concentration field

!( ?$K( $+$,$/&( ./( &1$( !),.&%( ,-'$++./"( *-/*$5&( .)( &1$( $a6.+.R#.6,( *-/*$/&#%&.-/:( E1$
*-/)&%/&(*-/*$/&#%&.-/(=1.*1(.)(5#$)$/&N( ./( &1$(*%)$(%++( &1$($+$,$/&)(%#$( ./($a6.+.R#.6,N( .)
*%++$'( &1$( -@$#%++( $a6.+.R#.6,( *-/*$/&#%&.-/( *M:( C-#( $%*1( $+$,$/&( ./( &1$( )K)&$,( %( +-*%+
$a6.+.R#.6,()$'.,$/&(*-/*$/&#%&.-/(*$( .)('$0./$'()6*1( &1%&( .&( .)( $a6%+( &-(*M( X*$( e( *MY( .0( &1$
$+$,$/&(.)(./(,-#51-+-".*%+($a6.+.R#.6,N(+%#"$#(&1%/(*M(=1$/(%(&$/'$/*K(&-($#-'$($c.)&)(X*$(q
*MYN($:":( &1$(@-+6,$(-0( &1$($RRV&.'%+('$+&%( .)( +%#"$#( &1%/(&1$($a6.+.R#.6,(@%+6$N(%/'(),%++$#
&1%/(*M(.0(&$/'$/*K(&-(%**#$&$($c.)&)(X*$r(*MY:
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E1$( +-*%+( $a6.+.R#.6,(*-/*$/&#%&.-/('$5$/')( -/( &1$( %*&6%+( @-+6,$(d( %/'( &1$( $a6.+.R#.6,
@-+6,$(d$:(E-(#$5#$)$/&(&1.)(R$1%@.-6#(%().,5+$(5-=$#(#$+%&.-/(.)(6)$'(0-#(&1$($a6.+.R#.6,
*-/*$/&#%&.-/):(C-#(&1$(*1%//$+($+$,$/&(&1.)(,$%/)A

c c
V

Vce E
ce

c

n

= ⋅
F
HG
I
KJ XU:bY

C-#(&1$( &.'%+(0+%&(%/'(&1$($RRV&.'%+('$+&%( &1.)(#$+%&.-/( .)( ./@$#&$'N(%)( &1$/(&1$('#K(@-+6,$(.)
*-/).'$#$':(C-#(&1$(0+%&(.&(1-+')(&1%&A

c c
V

Vfe E
f

fe

n

= ⋅
F
HG
I
KJ XU:`Y

%/'(0-#(&1$($RRV&.'%+('$+&%A

c c
V

Vde E
d

de

n

= ⋅
F
HG
I
KJ XU:JIY

=1$#$A
*M e(-@$#%++($a6.+.R#.6,(*-/*$/&#%&.-/(XVY
**$ e($a6.+.R#.6,(*-/*$/&#%&.-/(*1%//$+(XVY
*0$ e($a6.+.R#.6,(*-/*$/&#%&.-/(0+%&(XVY
*'$ e($a6.+.R#.6,(*-/*$/&#%&.-/($RRV&.'%+('$+&%(XVY
/ e((*-,,-/+K(&%?$/(%)(H(X=.&1(%(&1.#'(5-=$#(0-#( &1$()$'.,$/&( &#%/)5-#&(%)(%(/-/V+./$%#
06/*&.-/(-0(&1$(,$%/(@$+-*.&KY(XVY:

E1.)( %'>6)&$'( $a6.+.R#.6,( *-/*$/&#%&.-/)N( *-,5%#$'( &-( &1$( $a6.+.R#.6,( *-/*$/&#%&.-/
-6&).'$N(#$5#$)$/&(&1$(/$$'(-0($+$,$/&)(%)('.)*6))$'(./()$*&.-/(U:H:

3.6 Morphological change

4-#51-+-".*%+(*1%/"$)(-**6#(=1$/(&1$(+-*%+()$'.,$/&(*-/*$/&#%&.-/('$@.%&$)(0#-,(&1$(+-*%+
$a6.+.R#.6,( )$'.,$/&( *-/*$/&#%&.-/:( E1$( +-*%+( )$'.,$/&( *-/*$/&#%&.-/( "$/$#%++K( &$/')
&-=%#')( &1$($a6.+.R#.6,(@%+6$(*-##$)5-/'./"(&-( &1$($+$,$/&(%&(1%/':(M#-).-/(-**6#)(=1$/
&1$( )$'.,$/&(*-/*$/&#%&.-/( .)( ),%++$#( &1%/( &1$($a6.+.R#.6,(@%+6$( X*r*$Y( %/'( )$'.,$/&%&.-/
-**6#)(.0(.&(.)(+%#"$#(&1%/(.&)($a6.+.R#.6,(@%+6$(X*q*$Y:(C-#(&1$(*1%//$+($+$,$/&(&1.)(#$%')A

( )dV

dt
w A c cc
s c ce c= ⋅ ⋅ − XU:JJY

!"%./N(0-#(&1$('#K(@-+6,$)(&1$($a6%&.-/(*1%/"$)N(./(&1.)(*%)$(&-A
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( )dV

dt
w A c cf
s f f fe= ⋅ ⋅ − XU:JHY

( )dV

dt
w A c cd
s d d de= ⋅ ⋅ − XU:JUY

=) e(@$#&.*%+($c*1%/"$(*-$00.*.$/&(X,f)Y
!* (e(1-#.8-/&%+(%#$%(-0(&1$(*1%//$+($+$,$/&(X,HY
!0 e(1-#.8-/&%+(%#$%(-0(&1$(0+%&)(X,HY
!' e(1-#.8-/&%+(%#$%(-0(&1$($RRV&.'%+('$+&%(X,HY
*0 e(%*&6%+()$'.,$/&(*-/*$/&#%&.-/(0+%&(XVY
** e(%*&6%+()$'.,$/&(*-/*$/&#%&.-/(*1%//$+(XVY
*' e(%*&6%+()$'.,$/&(*-/*$/&#%&.-/('$+&%(XVY

E1$(%*&6%+(,-#51-+-".*%+(*1%/"$(-0(&1$($+$,$/&)(X'df'&Y('$5$/')(-/(&1$(%@%.+%R.+.&K(-0(&1$
)$'.,$/&N(=1.*1(.)("-@$#/$'(RK(&1$(&#%/)5-#&(R$&=$$/(&1$($+$,$/&)(E1.)(&#%/)5-#&(%*#-))(&1$
R-6/'%#.$)( -0( %/( $+$,$/&( *%/( R$( '$#.@$'( 0#-,( &1$( ,%))VR%+%/*$( ./( &1$( =%&$#( 51%)$N( 0-#
$c%,5+$(0-#(&1$(*1%//$+($+$,$/&(.&(#$%')(&1%&(A

(T w A c cs c ce c= ⋅ ⋅ −b g XU:J[Y

E(e(X&.,$V%@$#%"$'Y(#$).'6%+(1-#.8-/&%+($c*1%/"$(=.&1(%'>%*$/&($+$,$/&)(X,Uf)Y

E1.)('.006).@$($c*1%/"$(#$5#$)$/&)(&1$(+-/"V&$#,(#$).'6%+( &#%/)5-#&N(=1.*1(.)(#$+%&$'( &-( &1$
'.00$#$/*$(R$&=$$/(&1$(%*&6%+(*-/*$/&#%&.-/)(-0(&1$($+$,$/&):(C-#(&1$($c*1%/"$(R$&=$$/(&1$
*1%//$+(%/'(&1$(0+%&)N(0-#($c%,5+$N(.&(#$%')(&1%&A

( )T c cfc c f= ⋅ −δ XU:J\Y

!(,%))VR%+%/*$(*%/(R$(0-#,6+%&$'(0-#($%*1($+$,$/&N(=1$#$(&1$(,-#51-+-".*%+(*1%/"$($a6%+)
&1$( #$).'6%+( $c*1%/"$(=.&1( &1$( %'>%*$/&( $+$,$/&):(E1$(,%))VR%+%/*$( .)(=#.&&$/( '-=/( ./( %
,%//$#( &1%&( %/( ./*#$%)$( @-+6,$( -0( %++( '.00$#$/&( $+$,$/&)( .)( *-/).'$#$':( E1.)( ,$%/)( %/
./*#$%)$( ./(=%&$#V@-+6,$(%/'(%/(./*#$%)$( ./( )%/'V@-+6,$( 0-#N( #$)5$*&.@$+K( &1$(*1%//$+( &1$
0+%&)(%/'(&1$('$+&%:

C-#(&1$(0+%&)(&1.)(#$%')A

( ) ( )w A c c c cs f f fe fc c f⋅ ⋅ − = ⋅ −δ XU:J^Y
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C-#(&1$(*1%//$+

( ) ( ) ( )w A c c c c c cs c ce c fc c f dc c d⋅ ⋅ − = ⋅ − + ⋅ −δ δ XU:J_Y

C-#(&1$('$+&%

( ) ( ) ( )w A c c c c c cs d d de do E d dc c d⋅ ⋅ − = ⋅ − + ⋅ −δ δ XU:JbY

=1$#$A
%0*( e('.006).-/(*-$00.*.$/&(#$5#$)$/&./"(&1$(#$).'6%+(&#%/)5-#&(*%5%*.&K(R$&=$$/(&1$(0+%&(%/'
*1%//$+ X,Uf)Y
%'* e('.006).-/(*-$00.*.$/&(#$5#$)$/&./"(&1$(#$).'6%+(&#%/)5-#&(*%5%*.&K(R$&=$$/(&1$('$+&%(%/'
*1%//$+ X,Uf)Y
%'- e('.006).-/(*-$00.*.$/&(#$5#$)$/&./"(&1$(#$).'6%+(&#%/)5-#&(*%5%*.&K(R$&=$$/(&1$('$+&%(%/'
&1$( -6&).'$(=-#+'(X&1$(R-6/'%#KY:(X,Uf)Y

W/(0."6#$(U:^N( &1$( )$'.,$/&(R%+%/*$( .)( .++6)&#%&$':(E1$(%##-=)( ./'.*%&$( ( %(5-).&.@$( &#%/)5-#&
=1.*1( *-##$)5-/')( &-( %/( ./*#$%)$( -0( &1$( @-+6,$)( -0( &1$( $+$,$/&):( 9-&$( &1%&( &1$( *1%//$+
*-,5#.)$)(=$&(@-+6,$N(=1$#$%)(&1$(0+%&(%/'('$+&%('#K(@-+6,$:

C+%& O$+&%L1%//$+

%0*(X**V*0Y %'*X**V*'Y

=)!0(X*0V*0$Y =)!*(X**$V**Y =)!'(X*'V*'$Y

=$&(@-+6,$

'#K(@-+6,$

%'-X*MV*'Y

C."6#$(UV\((3$'.,$/&(R%+%/*$(&.'%+(./+$&N(#$5#$)$/&$'(RK(&#%/)5-#&(=.&1./(%/'(R$&=$$/($+$,$/&)

D%)$'( -/( &1.)( )$'.,$/&( R%+%/*$N( &1$( ,-#51-+-".*%+( *1%/"$( 0-#( $%*1( $+$,$/&( *%/( R$
*%+*6+%&$'('6#./"(%(*$#&%./(5$#.-':

3.7 Input parameters in Asmita

E-(*%+*6+%&$(&1$(,-#51-+-".*%+(*1%/"$(-0(&1$($+$,$/&)(./(!),.&%( &1$(0-++-=./"(5%#%,$&$#)
,6)&(R$(".@$/(%)(./56&(./(!),.&%:
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Diffusion coefficients ( %%%%do, %%%%dc, %%%%fc)

;$/$#%++KN( %)K,,$&#K( -0( &1$( &.'$( +$%')( X.0( &.'$( '-,./%&$)YN( &-( %( /-/V8$#-( &.'$V#$).'6%+
&#%/)5-#&( -0( )$'.,$/&:(!&( &1$( )*%+$( -0( %""#$"%&.-/( *-/).'$#$'( ./(!),.&%N( &1.)( /$&( $00$*&( .)
'$)*#.R$'( %)( %( '.006).-/( &K5$( 51$/-,$/-/:( E1$( '.006).-/( *-$00.*.$/&)( #$5#$)$/&( &1$( &.'$V
#$).'6%+($c*1%/"$(*%5%*.&K(R$&=$$/(&=-($+$,$/&):(D6.),%/XJ``_Y(6)$'(@%+6$)(#%/"./"(0#-,
\II(,Uf)(&-(J\II(,Uf)(0-#(&1$(7-6&?%,5$#+%%":

Overall equilibrium concentration in the outside world (cE)

C-#(&1#$$($+$,$/&)N(&1$(-6&).'$(=-#+'(#$5#$)$/&)(&1$(*-%)&%+(%/'(-00)1-#$(#$".-/)(%#-6/'(&1$
'$+&%( %#$%:( E1$( *-/*$/&#%&.-/( =1.*1( .)( 5#$)$/&( 1$#$N( .)( ,%./+K( '$&$#,./$'( RK( +-/")1-#$
&#%/)5-#&:(W/(!),.&%N(.&(.)(%))6,$'(&1%&(./.&.%++KN(&1.)(*-/*$/&#%&.-/(.)(0-6/'(./(%++($+$,$/&):
W&)( ,%"/.&6'$( *%/( R$( '$#.@$'( RK( $)&.,%&./"( &1$( )$'.,$/&( &#%/)5-#&( *%6)$'( RK( =%@$):
!//6%++K( &1.)( .)( %R-6&( J( &-( H(,.++.-/( ,U( %+-/"( &1$( O6&*1( *-%)&:( !**-#'./"( &-( d%/( ;--#
XHIIJY(&1.)(+$%')(&-(%(#%/"$(-0(&1$(*-/*$/&#%&.-/(0#-,(J:H$V[(&-(H:[$V[:(D6.),%/(XJ``_Y(6)$'
H$V[:

Vertical exchange coefficient (wsf, wsc, wsd)

E1.)(5%#%,$&$#(#$5#$)$/&)(&1$(/$&(@$#&.*%+($c*1%/"$(5$#(6/.&(%#$%N(5$#()$*-/':(E1.)(,6)&(/-&
R$( *-/06)$'( =.&1( &1$( 0%++( @$+-*.&KN( %+&1-6"1( .&( 1%)( &1$( )%,$( '.,$/).-/s( W/( !),.&%N( &1.)
5%#%,$&$#( '$)*#.R$)( &1$( +-/"V&$#,( #$).'6%+( $#-).-/( -#( )$'.,$/&%&.-/:( E1.)(,$%/)( &1%&( &1$
@$#&.*%+( $c*1%/"$( .)( &1$( +-/"V&$#,( #$).'6%+( $00$*&( -0( %++( ?./'( -0( 5#-*$))$)N( =1.*1( *%6)$
$#-).-/(-#()$'.,$/&%&.-/:(C-#(&1$('$+&%N( 0-#($c%,5+$( &1$(@$#&.*%+($c*1%/"$(.)( ./0+6$/*$'(RK
&1$(=%@$)N(=1.*1(*%/()&.#(65(%(+-&(-0()$'.,$/&:(!&(&1$(0+%&)(&1$(=%@$(*+.,%&$(.)(,6*1(*%+,$#
&1%/(%&(&1$('$+&%(%/'(&1$#$0-#$(&1$(@$#&.*%+($c*1%/"$(,%K(R$(0%)&$#(&1%/(%&(&1$('$+&%:(D6&(-/
&1$( -&1$#( 1%/'N( )$'.,$/&( 5%#&.*+$)( /$%#RK( &1$( 0+%&( %#$( 6)6%++K( 0./$#( &1%/( %&( )$%N( =1.*1
'$*#$%)$)(&1$(@$#&.*%+($c*1%/"$(*-,5%#$'(&-(&1$(-&1$#(5%#&)(-0(&1$(./+$&:(D6.),%/XJ``_Y(6)$'
@%+6$)(#%/"./"(0#-,(J$V\(&-(J$V[(,f):

Geometric parameters (Ac,Vc0, Af, Vf0, Ad, Vd0)

!#$%)( %/'( @-+6,$)( -0( &1$( '.)&./"6.)1$'( $+$,$/&)( %#$( 5%#&( -0( &1$( ./.&.%+( *-/'.&.-/)( ./( %/
!),.&%(%55+.*%&.-/:

Equilibrium relations

Ma6.+.R#.6,( #$+%&.-/)( X)$$( )$*&.-/( U:\Y( %#$( #$a6.#$'( &-( '$&$#,./$( &1$( $a6.+.R#.6,( )&%&$N( &-
=1.*1( &1$( $+$,$/&)( &$/'( &-( '$@$+-5:( E1$)$( #$+%&.-/)( %#$( '.)*6))$'( ./( )$*&.-/( U:[( 0-#( &1$
2%''$/(./+$&):(F-=$@$#N( 0-#($%*1(./+$&( ( &1$($,5.#.*%+($a6.+.R#.6,(*-$00.*.$/&)(*-6+'('.00$#
'6$(&-(*1%/"$)(./().8$(%/'()1%5$:(E1$#$0-#$N(&1$)$(*-$00.*.$/&)()1-6+'(R$(*%+.R#%&$'(=.&1(&1$
$a6.+.R#.6,()&%&$(-0(&1$(5%#&.*6+%#(./+$&:
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Tidal range  (H)

2.&1( &1.)( @%+6$N( &1$( &.'%+( 5#.),( %/'( 1$/*$N( $a6.+.R#.6,( @-+6,$)( -0( &1$( $+$,$/&)( %#$
*%+*6+%&$':(E1$(*1%/"$(./(0+%&(@-+6,$(#$)6+&)(./(%(*1%/"$(./(5#.),N(%**-#'./"(&-($a6%&.-/(U:J:

n-parameter

E1.)(5%#%,$&$#)(.)(6)$'(./(&1$('$0./.&.-/(-0(&1$(+-*%+($a6.+.R#.6,(*-/*$/&#%&.-/:(W&(.)((R%)$'
-/( %( )$'.,$/&( &#%/)5-#&( 0-#,6+%N( =1.*1( ".@$)( %( /-/V+./$%#( #$+%&.-/( R$&=$$/( )$'.,$/&
&#%/)5-#&(%/'(,$%/(@$+-*.&K:(C-#(&1.)(@%+6$(H(.)(6)$'(./(5#$@.-6)()&6'.$)(XD6.),%/N(J``_(%/'
d%/( ;--#N( HIIJYN( =1.*1( .)( ./( *-,5+.%/*$( =.&1( %( &1.#'( 5-=$#( 0-#( &1$( )$'.,$/&( &#%/)5-#&
0-#,6+%:

Time-step and number of time-steps (dt and nt)

D$).'$)( &1$( '.)*6))$'( ./56&( 5%#%,$&$#)N( %+)-( &1$( &.,$V)&$5( %/'( &1$( /6,R$#( -0( &.,$V)&$5)
,6)&(R$(".@$/(%)(./56&(./(%'@%/*$:(9-(5#-R+$,)(1%@$(R$$/(0-6/'(#$"%#'./"(&1$()&%R.+.&K(-0
&1$( ,-'$+( %/'( &1$( 6)$'( &.,$V)&$5:( E1$( /6,R$#( -0( &.,$V)&$5)( .)( #$+%&$'( &-( &1$( 5$#.-'( -0
./&$#$)&:(E1$(5$#.-'(-0(./&$#$)&(./(&6#/('$5$/')(-/(&1$(5$#.-'(=1.*1(*-@$#)(&1$(,-#51-+-".*%+
'$@$+-5,$/&( &.++( &1$( $a6.+.R#.6,( )&%&$:( DK( &#.%+( %/'( $##-#N( &1.)( 5$#.-'( =.++( R$*-,$( *+$%#
'6#./"(&$)&):

3.8 Approach calibration Asmita for closure Zuiderzee

!)(=$( *-6+'( )$$( ./( &1$( 5#$@.-6)( )$*&.-/N( ./0-#,%&.-/( -/( )$@$#%+( 5%#%,$&$#)( .)( /$$'$'( &-
).,6+%&$(&1$(,-#51-+-".*%+(R$1%@.-6#(-0(%/(./+$&(=.&1(!),.&%:(C#-,()$*&.-/(H:\N(.&(R$*%,$
*+$%#( &1%&( &1$( %@%.+%R+$( '%&%( -/( &1$( *+-)6#$( -0( &1$( 76.'$#8$$( %#$( +.,.&$'( Xb( ,%5)( -0( R$'
&-5-"#%51K(*-@$#./"(^\(K$%#)Y:

L%+.R#%&./"( !),.&%( =.&1( %( )5%#)$( '%&%V)$&( #$a6.#$)( %( 5#-5$#( $)&.,%&.-/( -0( &1$( ./56&
5%#%,$&$#):(O$5$/'./"(-/(&1$(%@%.+%R+$('%&%N(-/+K(%(+.,.&(/6,R$#(-0(./56&(5%#%,$&$#)()1-6+'
R$(6)$'(%)(*%+.R#%&.-/(5%#%,$&$#)N(=1.*1(,$%/)( &1%&( &1$K(=.++( R$( @%#.$'( &.++( %/( %**$5&%R+$
*%+.R#%&.-/(-0(!),.&%(.)(#$%+.)$':(G%#%,$&$#)(/-&(./*+6'$'(./(&1$(*%+.R#%&.-/(5#-*$))N(,6)&(R$
$)&.,%&$'(-/(-&1$#("#-6/')N()6*1(%)($c5$#.$/*$(=.&1().,.+%#(./+$&()K)&$,):

E-(%*1.$@$(&1$('$).#$'(*%+.R#%&.-/N(%("--'(6/'$#)&%/'./"(-0(&1$(,-#51-+-".*%+(R$1%@.-6#(-0
&.'%+(./+$&)(.)(/$$'$':(4-#$-@$#N(./)."1&(.)(#$a6.#$'(./&-(&1$(.,5%*&(-0(@%#.%&.-/)(-0(&1$(./56&
5%#%,$&$#):

W/( &1$( 0-++-=./"( *1%5&$#N( %( +./$%#.)$'( %55#-c.,%&.-/( -0( !),.&%( =.++( R$( $+%R-#%&$'N( =1.*1
1$+5)( &-( -R&%./( ./)."1&( ./&-(,-#51-+-".*%+( R$1%@.-6#( -0( &.'%+( ./+$&)( %/'( &1$( *%+.R#%&.-/( -0
!),.&%:
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4 Linear approximation of Asmita

4.1 Introduction

W/(&1.)(*1%5&$#(%().,5+.0.$'(%55#-c.,%&.-/(-0(!),.&%(=.++(R$('$#.@$'(./(-#'$#(&-(-R&%./(,-#$
./)."1&(./&-(&1$(,-#51-+-".*%+(R$1%@.-6#(-0(&.'%+(./+$&)(%/'(#$+%&$'(&.,$V)*%+$)(%/'(&-(*-,$
&-(%(5#-5$#(*%+.R#%&.-/(-0(!),.&%:

E1$(,-#51-+-".*%+(&.,$V)*%+$(&6#/)(-6&( &-(R$(%/( .,5-#&%/&(5%#%,$&$#( ./( &1$(,-#51-+-".*%+
'$@$+-5,$/&:(E1$)$(*%//-&('.#$*&+K(R$('$'6*$'(0#-,(!),.&%N(R6&(&1$)$(*%/(R$('$#.@$'(%0&$#
+./$%#.)./"(&1$(R%).*($a6%&.-/):

W&( .)( /-&( .,5#-R%R+$( &1%&( &1.)( ).,5+.0.*%&.-/( 1%)( %( /$"%&.@$( ./0+6$/*$( -/( &1$( 5#$'.*&.@$
*%5%R.+.&K( -0(!),.&%N(=1$/( %55+.$'( R$K-/'( &1$( 5-./&( %#-6/'(=1.*1( +./$%#.)%&.-/(1%)( R$$/
*%##.$'(-6&:(F-=$@$#N( .&( .)($c5$*&$'(&1%&( &1$(%'@%/&%"$)(-0(%( ).,5+.0.*%&.-/(*-6/&$#R%+%/*$
&1.)( /$"%&.@$( $00$*&( RK( 5#-@.'./"( ,-#$( ./0-#,%&.-/( -/( &1$( ,-#51-+-".*%+( R$1%@.-6#N( ./
5%#&.*6+%#(=.&1(#$)5$*&(&-(&.,$V)*%+$):

4.2 Morphological time-scale and Asmita

!( *1%#%*&$#.)&.*( -0( &1$(,-#51-+-".*%+( '$@$+-5,$/&( .)( &1$(,-#51-+-".*%+( &.,$V)*%+$:( ( E1$
,-#51-+-".*%+( &.,$V)*%+$( .)( #$+%&$'( &-( &1$( ./.&.%+( %'%5&%&.-/V*%5%*.&K:( E1.)( ,$%/)( &1%&( .&
$c5#$))$)(&1$(=%K(&1$($+$,$/&((/(0(*&&1(#$%*&)(=1$/(5+%*$'(./(%/(-6&(-0($a6.+.R#.6,()&%&$:(W/
&1$( ,-'$+( 4-##$)N( '$@$+-5$'( RK( MK)./?( XJ``HYN( &1$( %'%5&%&.-/( &-=%#')( $a6.+.R#.6,( .)
%))6,$'(&-( &%?$(5+%*$(%)K,5&-&.*%++K:(E1.)(,$%/)( &1%&( &1$(,-#51-+-".*%+('$@$+-5,$/&(1%)
%/( $c5-/$/&.%+( *1%#%*&$#N( >6)&( +.?$( ,%/K( -&1$#( ( 5#-*$))$)( ./( /%&6#$:( E1$( $@-+6&.-/( -0( %
'.)&6#R%/*$(.)(".@$/(RKA

( ( ) ( )V V V V ee e

t

− = − ⋅
−





0
τ X[:JY

=1$#$A
&( e(&.,$(%0&$#(.,5-).&.-/(-0(%('.)&6#R%/*$
dI e(./.&.%+(@-+6,$
d$ e($a6.+.R#.6,(@-+6,$
d e(%*&6%+(@-+6,$N(06/*&.-/(-0(&.,$
&" e(,-#51-+-".*%+(&.,$V)*%+$N(0-#(=1.*1(%55+.$)A

τ =
−V V

dV
e0

0

X[:HY

'dIe(./.&.%+(%'%5&%&.-/V#%&$
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B6)&(%)( ./(!),.&%N( &1$(R%).*(5#./*.5+$( .)( &1%&( %++( $+$,$/&)( X'$+&%N( *1%//$+N( 0+%&)Y( %&&$,5&( &-
#$%*1()-,$($a6.+.R#.6,()&%&$:(E1.)( .)( #$%+.)$'(RK(%/( %)K,5&-&.*( X-#( $c5-/$/&.%+Y( $@-+6&.-/
&-=%#')($a6.+.R#.6,:(E1.)(.)()1-=/("#%51.*%++K(./(0."6#$([:J

d$

dI

&
&.>'

C."6#$([VJ((4-#51-+-".*%+(&.,$V)*%+$

!/(%'@%/&%"$(-0(#$+%&.-/([:J(.)(&1%&(.&(.)().,5+$(%/'(*+$%#:(E1$(,-#51-+-".*%+( &.,$V)*%+$( .)
'.#$*&+K(#$+%&$'( &-( &1$(,-#51-+-".*%+('$@$+-5,$/&:(P/+K( &1#$$(5%#%,$&$#)(%#$( #$a6.#$'i( &1$
./.&.%+( ).&6%&.-/N( &1$( $a6.+.R#.6,( )&%&$( %/'( &1$( *1%#%*&$#.)&.*( &.,$( -0( %'%5&%&.-/( -#
,-#51-+-".*%+(&.,$V)*%+$(-0(%/($+$,$/&:

!( '.)%'@%/&%"$( -0( &1$( %55#-%*1( ".@$/( ./( $a6%&.-/( [:J( .)( &1%&( $+$,$/&)( %#$( ,-'$++$'
./'$5$/'$/&+K(-0(-/$(%/-&1$#:(E1.)(,$%/)(&1%&(./&$#%*&.-/(R$&=$$/($+$,$/&)(.)(/-&(&%?$/(./&-
%**-6/&($c5+.*.&+K:(P/+K($)&.,%&$)(-0(&.,$V)*%+$)(R%)$'(-/(0.$+'('%&%N(,%K(./*+6'$(.,5+.*.&+K
$00$*&)(-0(./&$#%*&.-/(R$&=$$/($+$,$/&):

E-( '$%+( =.&1( &1.)N( %/( $c&$/).-/( -0( $a6%&.-/( [:J( 1%)( R$$/( '$@$+-5$'( &1%&( ./*+6'$)( )6*1
./&$#%*&.-/(%/'(&1%&(%&(&1$()%,$(&.,$(1%#'+K(*-,5#-,.)$)(&1$().,5+.*.&K(%/'(&#%/)5%#$/*K(-0
$a6%&.-/([:J:(E-(%*1.$@$(&1.)N(.&(1%)(R$$/(*1-)$/(./(&1$(5#$)$/&()&6'K(&-(+./$%#.)$(&1$(!),.&%
$a6%&.-/(%#-6/'( &1$($a6.+.R#.6,(@-+6,$):E1.)(*-6+'( 1$+5( ( 6/'$#)&%/'./"( &1$( 06/'%,$/&%+
,-#51-+-".*%+(R$1%@.-6#(-0(&.'%+(./+$&)(%/'(1$/*$(.&(%.')(&1$(*%+.R#%&.-/(-0((!),.&%:

2$( '$0./$'( &1$( &.'%+( ./+$&( %)( %( )K)&$,( *-/).)&./"( -0( &1#$$( $+$,$/&):( E1.)( .,5+.$)( &1%&( &1$
+./$%#.)%&.-/(-0(!),.&%(.)(%+)-('$).#$'(0-#(&1#$$($+$,$/&):(F-=$@$#N('$#.@./"(&1.)(+./$%#.)$'
%55#-%*1(0-#(%()$&(-0(&1#$$('$5$/'$/&('.00$#$/&.%+($a6%&.-/)(.)(#%&1$#(*-,5+$c:(E1$#$0-#$N(&1.)
+./$%#( %55#-c.,%&.-/( .)( '$#.@$'( ./( '.00$#$/&( )&%"$)N( 0-#( -/$N( &=-( %/'( &1#$$( $+$,$/&)N
#$)5$*&.@$+K:

4.3 Deriving linear approximation Asmita

4.3.1 One element

C.#)&(%()K)&$,(=.&1(-/$($+$,$/&(.)(*-/).'$#$'N(0-#($c%,5+$(&1$(*1%//$+(X)$$(0."6#$(U:JY(%/'(%
R-6/'%#K(=.&1(%(*-/)&%/&($a6.+.R#.6,(*-/*$/&#%&.-/(*M:(C-++-=./"(&1$()&$5)(%)('.)*6))$'(./
*1%5&$#(UN(&1$(,-#51-+-".*%+(*1%/"$(.)($c5#$))$'(%)(%(06/*&.-/(-0(&1$(@-+6,$(-0(&1$($+$,$/&:
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C#-,(&1.)(+./$%#.)%&.-/(.&(R$*-,$)(*+$%#(&1%&(&1$(,-#51-+-".*%+(R$1%@.-6#(1%)(%/($c5-/$/&.%+
*1%#%*&$#N(=1$#$( &( .)( &1$(,-#51-+-".*%+( &.,$V)*%+$( -0( &1$( )K)&$,:( W/( &1.)( *%)$( &1$( )K)&$,
*-/).)&)( -0( -/$( $+$,$/&( -/+K( %/'( &1$#$0-#$( &1.)( .)( &1$( ,-#51-+-".*%+( ( &.,$V)*%+$( -0( &1$
$+$,$/&( %)( =$++:( Ma6%&.-/( [:b( )1-=)( &1%&( $@$#K( '.)&6#R%/*$( dg( .)( '%,5$'( -6&( =.&1( %/
$c5-/$/&.%+( 5#-*$)):( C-#( -/$( $+$,$/&N( ( &1$( ,-#51-+-".*%+( &.,$V)*%+$( -0( &1$( $+$,$/&( .)
./'$5$/'$/&(-0(&1$(./.&.%+('.)&6#R%/*$:
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,-#51-+-".*%+(R$1%@.-6#(.)('$&$#,./$'(RK(&=-(,-#51-+-".*%+( &.,$V)*%+$)N(=1.*1(%#$($a6%+
&-( &1$( ./@$#)$)(-0( &1$($."$/@%+6$)(XEJe(V(Jf'J(%/'(EHe( V(Jf'HY:(E1$)$( &.,$V)*%+$)(%#$( &.,$V
)*%+$)(-0(0%-+2120-!(%/'(&1$K('$5$/'(-/("$-,$&#.*(%/'($c*1%/"$(5%#%,$&$#)(X./56&(!),.&%Y:

E1$( '.)&./*&.-/( R$&=$$/( &1$( )$'.,$/&%&.-/( &.,$V)*%+$( %/'( &1$( '.)5$#).@$( &.,$V)*%+$N( %)
'.)*6))$'(0-#(-/$($+$,$/&N(*%//-&(R$(#$*-"/.)$'(0-#(%()K)&$,(*-/).)&./"(-0(-/$($+$,$/&(X)$$
%55$/'.c(!Y:

3-(0%#N((%(,-'$+(=.&1(&=-(+./$%#.)$'($a6%&.-/)(1%)(R$$/('$#.@$'N(=1.*1(%55#-c.,%&$)(!),.&%
0-#( ),%++( '.)&6#R%/*$):( 9-=N( .&( .)( ./&$#$)&./"( &-( ?/-=(=1%&( &1$)$( )K)&$,( &.,$V)*%+$)( %/'
$."$/@$*&-#)()&%/'(0-#:(E1.)(=.++(R$(%/)=$#$'(-/(&1$(R%).)(-0( &1$($c%,5+$(-0( &1$(4%#)'.$5
./+$&:(E1.)(,$%/)(&1%&("#,-#+"7+!*'/(08,-2(-0((&1$("$-,$&#.*(@%+6$)(-0(&1$(4%#)'.$5(./+$&(%#$
&%?$/( %)( $c%,5+$N( &-"$&1$#( =.&1( @%+6$)( 0-#( -&1$#( 5%#%,$&$#)( %)( 6)$'( ./( 5#$@.-6)( )&6'.$):
E1$)$(@%+6$)(%#$(5#$)$/&$'(./(%55$/'.c(D:(W&(.)($,51%).)$'(&1%&(&1$)$(@%+6$)(%#$(./'.*%&.-/)
-0( ).8$)( %/'( %)( )6*1( &1$K( 5#-@.'$( #-6"1( a6%/&.&%&.@$( ./)."1&( ./&-( &.,$V)*%+$)( %/'( #%&$)( -0
@-+6,$(*1%/"$:

2.&1(#$)5$*&( &-(06#&1$#(6)$(-0( &1$( +./$%#($a6%&.-/)( 0-#( &=-($+$,$/&)N(=$(*1--)$( ( &1$( &.,$V
)*%+$)(EJN(EH(%/'(&1$($."$/@$*&-#)(jJ(%/'(jH(%)('$0./$'(./(%55$/'.c(!:(E1.)(,$%/)( &1%&A
EJqEH(%/'(.0(=$()&%/'%#'.)$(jJJejJHeJ(&1$/(jJHrI(%/'(jHHqI:

4.3.3 System time-scales and responses in the case of two elements
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=1$#$(R-&1(*-,5-/$/&)(1%@$(&1$()%,$()."/:(E1.)(,$%/)( &1%&(R-&1($+$,$/&)(%#$( &--(R."(-#
R-&1(%#$(&--(),%++(*-,5%#$'(&-(&1$.#($a6.+.R#.6,(@-+6,$):(21$/(R-&1($+$,$/&)(%#$(&--(R."N
&1$('$+&%(1%)()$'.,$/&(%@%.+%R+$(%/'(&1$(*1%//$+('$,%/')()$'.,$/&:(E1$/N(.&(.)(*+$%#(&1%&(&1$
#$)5-/)$( *-//$*&$'( =.&1( &1.)( $."$/@$*&-#( *-##$)5-/')( &-( &1$( ),%++$)&( &.,$V)*%+$( %)( &1$
$+$,$/&)(*%/()655-#&($%*1(-&1$#(RK($c*1%/"./"()$'.,$/&:

E1$(+%#"$)&(&.,$V)*%+$(XEJY(.)([II(K$%#):(W/(&1$(*-##$)5-/'./"(#$)5-/)$N(R-&1(*-,5-/$/&)(-0
&1$($."$/@$*&-#(1%@$(-55-).&$()."/):(W0N(0-#($c%,5+$(&1$('$+&%(=%/&)(&-("#-=(%/'(&1$(*1%//$+
=%/&)(&-('.,./.)1N()$'.,$/&(.)(/$$'$'(0-#(R-&1($+$,$/&):(E1$($+$,$/&)(*%//-&()655-#&($%*1
-&1$#:( 3$'.,$/&( 0#-,(-6&).'$( .)( /$$'$'( 0-#( R-&1( $+$,$/&)N(=1.*1( .)( %&&$/'$'(=.&1( %( +%#"$
,-#51-+-".*%+(&.,$V)*%+$:
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E1$(*-/&#.R6&.-/(-0(&1$)$(&=-()K)&$,(&.,$V)*%+$)(&-(&1$(,-#51-+-".*%+(R$1%@.-6#(.)(/-&(-/+K
"-@$#/$'(RK(&1$($."$/@$*&-#)N(R6&(.&(.)('$)*#.R$'(%+)-(RK(&1$(*-/)&%/&)(LJ(%/'(LH:(W/(0."6#$
[:H( &1$( $00$*&( -0( %( @%#.%R+$( LH( .)( )1-=/( -/( &1$( ,-#51-+-".*%+( '$@$+-5,$/&( -0( &1$( &=-
$+$,$/&)N(".@$/(%(*-/)&%/&(LJ(%/'(./(0."6#$([:U(&1$($00$*&(-0(%(@%#.%R+$(LJ(.)()1-=/N(".@$/(%
*-/)&%/&(LH:(E1$(@-+6,$&#.*(@%+6$)(%#$(56#$+K(./'.*%&.@$:
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XR-&1(./*#$%)./"(-#(R-&1('$*#$%)./"Y(%/'(0#-,(0."6#$([:U(.&(R$*-,$)(*+$%#(&1%&(0-#(%(*-/)&%/&
@%+6$( -0( LJN( R-&1( $+$,$/&)( $@-+@$( ./( -55-).&$( '.#$*&.-/)N( >6)&( %)( $c5+%./$'( 0-#( &1$
$."$/@$*&-#):



                                June, 2001 Z2822                                Aggregated scale modelling of tidal inlets
                                                                of the Wadden Sea

4 – 8 WL | Delft Hydraulics             

E1$( %*&6%+( @%+6$( -0( &1$( &=-( *-/)&%/&)N( %/'( &16)( &1$( %*&6%+( *-/&#.R6&.-/( -0( &1$( &=-( &.,$V
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E1$( 0.#)&( &$#,( -/( &1$( #."1&( 1%/'( ).'$( *-##$)5-/')( &-( &1$( #$)5-/)$( =1$#$( &1$( $c*1%/"$
R$&=$$/( 0+%&( %/'(*1%//$+('-,./%&$):(E1.)( .)(%&&$/'$'(=.&1( &1$( ),%++$)&( )K)&$,( &.,$V)*%+$N
=1.*1(.)(%55#-c.,%&$+K(U(K$%#):(D$*%6)$(-0(&1$(#$+%&.@$+K(),%++(0+%&(@-+6,$(./(&1.)($c%,5+$N
&1.)( $+$,$/&( 1%#'+K( ./0+6$/*$)( &1$( ,-#51-+-".*%+( '$@$+-5,$/&( -0( &1$( )K)&$,:( !)( %
*-/)$a6$/*$N( &1.)( +./$%#( )-+6&.-/( *-/&%./)( &1$( )%,$( *1%#%*&$#.)&.*)( %)( &1$( )-+6&.-/( 0-#( &=-
$+$,$/&)N(=1$#$('$+&%(%/'(*1%//$+(=$#$(*-/).'$#$':

W&( ,6)&( R$( $,51%).)$'( %"%./N( &1%&( &1$)$( @%+6$)( .++6)&#%&$( -#'$#)( -0( ,%"/.&6'$)( 0-#( &1$
4%#)'.$5:(!)(&1$)$(@%+6$)('$5$/'(-/(&1$()K)&$,N(&1$K('-(/-&(1-+'(0-#(-&1$#()K)&$,):

E1$( +./$%#(%55#-c.,%&.-/(,%K(R$( @%+6%R+$( &-( -R&%./(,-#$( ./)."1&( ./&-( &1$( (,-#51-+-".*%+
R$1%@.-6#( %/'( &-( $)&.,%&$( &1$( 5%#%,$&$#)( -0( !),.&%:( P/( &1$( -&1$#( 1%/'N( &1$( +./$%#
%55#-c.,%&.-/( .)( /-&( )6.&%R+$( %)( %( 5#$'.*&./"( ,-'$+( +.?$( !),.&%:( W&( 1%)( R$$/( '$#.@$'( &-
'$)*#.R$( &1$(,-#51-+-".*%+( '$@$+-5,$/&( %#-6/'( &1$( $a6.+.R#.6,( @-+6,$:( E1.)(,$%/)( &1%&
&1$#$( .)( %( +.,.&%&.-/(-/( &1$( @%+.'.&K( -0( &1$( +./$%#( %55#-%*1:(4-#$-@$#N( ./( &1$( *%)$( -0( &1#$$
$+$,$/&)N( J\( 5%#%,$&$#)( /$$'( &-( R$( $)&.,%&$':( E1$)$( 5%#%,$&$#)( '-( /-&( 1%@$( %( '.#$*&
51K).*%+( ,$%/./"N( =1.*1( ,%?$)( $)&.,%&./"( &1$,( '.00.*6+&:( E16)( 0-#( 5#$'.*&./"( 06&6#$
$a6.+.R#.6,().&6%&.-/)N(&1$(+./$%#(%55#-c.,%&.-/('-$)(/-&()$$,(%55#-5#.%&$N(=1.*1(=.++(%+)-
R$('.)*6))$'(./()$*&.-/([:\N(=1$#$(&1$(@%+.'.&K(.)(*-/*$#/$':(W/(&1$(0-++-=./"()$*&.-/(=$(=.++
'.)*6))(&1$(6)$(-0(&1$(+./$%#(%55#-c.,%&.-/:

4.3.5 Use of linearised equations

3-( 0%#N( =$( '$#.@$'( &1$( +./$%#( %55#-c.,%&.-/( -0( !),.&%( %/'( %/%+K)$'( &1$( ,$%/./"( -0( &1$
$."$/@$*&-#)( %/'( $."$/@%+6$):( 2$( *-/*+6'$'( &1%&( &1$( +./$%#.)$'( $a6%&.-/)( '$)*#.R$( &1$
06/'%,$/&%+( ,-#51-+-".*%+( R$1%@.-6#( -0( %( &.'%+( )K)&$,( ./( #$%*&.-/( &-( %/( .,5-)$'
'.)&6#R%/*$N(=.&1(%(*-,R./%&.-/(-0()K)&$,(&.,$V)*%+$):(E1$)$()K)&$,(&.,$V)*%+$)('$5$/'(-/
"$-,$&#.*( 5%#%,$&$#)( %/'( -/( &1$( $c*1%/"$( *-$00.*.$/&)( -0( &1$( )K)&$,:( E1$K( 0-#,
*1%#%*&$#.)&.*)(-0(%(&.'%+()K)&$,:

E1$( +./$%#( %55#-c.,%&.-/( .)( '$#.@$'( 0-#( &1$( ,-#51-+-".*%+( '$@$+-5,$/&( %#-6/'( &1$
$a6.+.R#.6,( @-+6,$:( E1.)( ,$%/)( &1%&( &1$#$( .)( %( +.,.&%&.-/( &-( &1$( @%+.'.&K( -0( &1$( +./$%#
%55#-%*1:(4-#$-@$#N( ./( &1$( *%)$( -0( &1#$$( $+$,$/&)N( J\( 5%#%,$&$#)( /$$'( &-( R$( $)&.,%&$':
E1$)$( 5%#%,$&$#)( '-( /-&( 1%@$( %( '.#$*&( 51K).*%+( ,$%/./"N( =1.*1( ,%?$)( $)&.,%&./"( &1$,
'.00.*6+&:( E1.)(,%?$)( &1$( %55#-c.,%&.-/( /-&( %55#-5#.%&$( &-( R$( 6)$'( %)( #$5+%*$,$/&( -0( &1$
-#."./%+(0-#,6+%&.-/(-0(!),.&%:

O$)5.&$( &1$( +.,.&%&.-/)(%)(,$/&.-/$'( %R-@$N( .&( *%/(R$( )&%&$'( &1%&(=$(1%@$( %+#$%'K('$#.@$'
)-,$( ./&$#$)&./"( ./0-#,%&.-/( -/( &1$( ,-#51-+-".*%+( '$@$+-5,$/&N( R%)$'( -/( )K)&$,( &.,$V
)*%+$):( E1$#$( %#$( -55-#&6/.&.$)( &-( 6)$( &1$( +./$%#.)%&.-/( &-( -R&%./( 06#&1$#( ./)."1&( ./&-( &1.)
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R$1%@.-6#N(=1.*1(*%/(1$+5( &1$(*%+.R#%&.-/(-0(!),.&%:(PR&%././"(&1.)( ./)."1&(=.++(R$(*%##.$'
-6&(=.&1(&1$(0-++-=./"(*-,5+$,$/&%#K(%55#-%*1$):

Theoretical application linear approximation

C.#)&(=$(=.++(%55+K(&1$(+./$%#(%55#-c.,%&.-/(&-($/+%#"$(&1$(&1$-#$&.*%+(6/'$#)&%/'./"((-0(&1$
,-#51-+-".*%+( R$1%@.-6#( -0( &.'%+( ./+$&)( X)$$( )$*&.-/( [:[Y:( E1.)( ,$%/)( &1%&( =$( =.++
&1$-#$&.*%++K( '.)*6))( &1$(,-#51-+-".*%+( &.,$V)*%+$( -0( %/( $+$,$/&( %/'( &1$( *1%#%*&$#( -0( &1$
,-#51-+-".*%+(R$1%@.-6#N(R%)$'(-/(&1$(+./$%#(%55#-c.,%&.-/:(E1.)(=.++(R$('-/$(%&(%().,5+$
)*%+$(-0(./&$#%*&.-/N(/%,$+K(0-#(&=-($+$,$/&):

Assessment validity linear approximation

!55+K./"( &1$( +./$%#.)$'( $a6%&.-/( &-( -R&%./( ./)."1&( ./&-( ,-#51-+-".*%+( R$1%@.-6#( %/'( &-
-R&%./( ./)."1&( ./&-( &1$( ./56&( 5%#%,$&$#)( -0( !),.&%N( #$a6.#$)( ./)."1&( ./&-( &1$( +.,.&)( -0( &1$
@%+.'.&K( -0( &1$( %55#-c.,%&.-/:( W&( .)( %/%+K)$'( 1-=( =$( *%/( $c5#$))( &1$( $##-#( ,%'$( RK
+./$%#.)./"(!),.&%(%/'(1-=(=$()1-6+'(./&$#5#$&%&$(&1$(6)$(-0(+./$%#.)$'($a6%&.-/)(./(#$+%&.-/
&-(&1.)($##-#(X)$*&.-/([:\Y:

Using linear approximation for calibration Asmita

36R)$a6$/&+KN(&1$(+./$%#(%55#-c.,%&.-/(.)(+./?$'(&-(%(0.*&.&.-6)('%&%V)$&(./(-#'$#(&-(%))$))(&1$
5-)).R+$(6)$(-0(&1$(+./$%#.)$'($a6%&.-/)N(%/'($)5$*.%++K(&1$()K)&$,(&.,$V)*%+$)N(0-#(*%+.R#%&./"
!),.&%:
J:(E-(@%+.'%&$(&1$(+./$%#.)%&.-/N(=$(=%/&(&-(?/-=(=1$&1$#(&1$()K)&$,(&.,$V)*%+$)N(0-6/'(0#-,
!),.&%( 5%#%,$&$#)N( *%/( R$( '$#.@$'( 0#-,( &1$( '%&%:( E1.)( =-6+'( *-/0.#,( &1%&( =$( *%/( 6)$
)K)&$,V&.,$V)*%+$)(&-(*1%#%*&$#.)$(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(%(&.'%+()K)&$,:((X)$*&.-/
[:^Y
H:(O$*.'./"(=1.*1(5%#%,$&$#)(./(!),.&%()1-6+'(R$(@%#.$'('6#./"(*%+.R#%&.-/(%/'(1-=(&1$K
)1-6+'( R$( @%#.$'N( #$a6.#$)( ./)."1&( ./&-( &1$( ./0+6$/*$( -0( &1$)$( 5%#%,$&$#)( -/( &1$
,-#51-+-".*%+('$@$+-5,$/&:(E-("%./(&1.)N(%()$/).&.@.&K(%/%+K).)(.)(*%##.$'(-6&(X)$*&.-/([:_Y:

E1$(%R-@$(&1#$$(%55#-%*1$)(=.++(R$($+%R-#%&$'()6**$)).@$+K(./(&1$(0-++-=./"()$*&.-/):

4.4 Theoretical application of the linear approximation

W/(&1.)()$*&.-/(=$(=.++(%55+K(&1$(+./$%#(%55#-c.,%&.-/(0-#(%(&.'%+()K)&$,(=.&1(&=-($+$,$/&)(&-
$/+%#"$(&1$(&1$-#$&.*%+(6/'$#)&%/'./"(-0(.&)(,-#51-+-".*%+(R$1%@.-6#:(C.#)&(&1$(,-#51-+-".*%+
&.,$V)*%+$( -0( %/( $+$,$/&(=.++( R$( *-/).'$#$'( %/'( &1$( )5$*.0.*( 0%*&-#)( &1%&( %00$*&( &1.)( &.,$V
)*%+$:(36R)$a6$/&+KN(&1$(,-#51-+-".*%+(R$1%@.-6#(./(&.,$(=.++(R$('.)*6))$':

4.4.1 Morphological time-scale of an individual element

2$(1%@$()$$/(./(&1$(5#$@.-6)()$*&.-/)(&1%&(&1$(R$1%@.-6#(-0(%/($+$,$/&(5%#&+K('$5$/')((-/
)K)&$,( *1%#%*&$#.)&.*)( %/'( 5%#&+K( -/( &1$( .,5-)$'( *-,R./%&.-/( -0( '.)&6#R%/*$):( E1$
,-#51-+-".*%+(&.,$V)*%+$(-0(%/($+$,$/&(&6#/)(-6&(/-&()6.&%R+$(%)("$/$#%+(*1%#%*&$#.)&.*(-0(%/
$+$,$/&(%)(.&('$5$/')(-/(&1$('.)&6#R%/*$):(w$&N(.&(.)(./&$#$)&./"(&-(0./'(%/($c5#$)).-/(0-#(&1$
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,-#51-+-".*%+(&.,$V)*%+$)(-0(./'.@.'6%+($+$,$/&)N(%)(&1$)$(#$0+$*&(5#-5$#&.$)(-0(&1$(#$)5-/)$
&-( %( '.)&6#R%/*$( $%).+K( .'$/&.0.$'( 0#-,( -R)$#@%&.-/):( W/( &1.)( )$*&.-/( =$( =.++( '$#.@$( %/
%/%+K&.*%+($c5#$)).-/(0-#(&1$(&.,$V)*%+$(-0(%/($+$,$/&N(R%)$'(-/(&1$(+./$%#.)$'($a6%&.-/):
E1$(,-#51-+-".*%+(&.,$V)*%+$(-0(%/($+$,$/&(.)($a6%+(&-(&1$((#%&.-(-0(&1$('.)&6#R%/*$(XdgY(%/'
&1$(./.&.%+(%'%5&%&.-/(#%&$(X'dgf'&(%&(&eIY(X)$$(%+)-(0."6#$([:JYA
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E1$( *-/)&%/&)(LJ( %/'(LH( '$5$/'( '.#$*&+K( -/( &1$( ./.&.%+( '.)&6#R%/*$)( X$a6%&.-/)( [:HI( %/'
[:HJYN( 1$/*$( ./( &1$( $/'N( &1$(,-#51-+-".*%+( &.,$V)*%+$( -0( %/( $+$,$/&( .)( '$5$/'$/&( -/( &1$
*-,R./%&.-/(-0('.)&6#R%/*$)(%/'($."$/(@$*&-#)(%/'(&.,$V)*%+$):

!)(%(*-/*+6).-/( .&( *%/(R$( )&%&$'( &1%&( &1$(%55+.$'( +./$%#.)%&.-/(-0(!),.&%( $a6%&.-/)( *%/(R$
6)$'( &-( %##.@$( %&( ).,5+$( %/%+K&.*%+( $c5#$)).-/)( 0-#( &.,$V)*%+$)( -0( ./'.@.'6%+( $+$,$/&):
F-=$@$#N( .&( )1-6+'( R$( #$,$,R$#$'( &1%&( &1$( +./$%#.)$'( $a6%&.-/)( -/+K( #$5#$)$/&( &1$( )%,$
#$)6+&)(%)(!),.&%(./(&1$(*%)$(-0(),%++('.)&6#R%/*$):(E1.)(=.++(R$($+%R-#%&$'(./()$*&.-/([:\:

W/( &1$( /$c&( )$*&.-/( &1$( ./0+6$/*$( -0( @%#.-6)( 0%*&-#)( -/( &1$( %R-@$( '$0./$'( &.,$V)*%+$( .)
%/%+K)$':

4.4.2 Factors that influence the interaction between elements

W/( &1$( 5#$@.-6)( )$*&.-/( =$( '$#.@$'( %/( $c5#$)).-/( 0-#( &1$( ,-#51-+-".*%+( &.,$V)*%+$( -0
./'.@.'6%+($+$,$/&)N(*-##$)5-/'./"(&-(&1$(./.&.%+((,-#51-+-".*%+(#$)5-/)$(&-(%('.)&6#R%/*$:(W/
,-#$( '$&%.+N( =$( %#$( ./&$#$)&$'( ./( &1$( 0%*&-#)( &1%&( ./*#$%)$( -#( '$*#$%)$( &1$( &.,$V)*%+$( -0
$+$,$/&):

MK)./?(%/'(D.$"$+(XJ``HVJ``UY($)5$*.%++K(./@$)&."%&$'(&1$($00$*&(-/(0+%&)(=.&1(#$)5$*&(&-()$%
+$@$+(#.)$:(!**-#'./"(&-(MK)./?(XJ``HYN(&1$(0+%&($+$,$/&)("$/$#%++K(#$%*&(&1$(0%)&$)&N(%)(1$#$
&1$( #$+%&.@$( '.)&6#R%/*$( .)( &1$( +%#"$)&:( F-=$@$#N( %)( =$( *-/).'$#( ./.&.%+( '.)&6#R%/*$)N( .&( .)
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+.?$+K(&1%&(0%*&-#)(+.?$(&1$(5#-c.,.&K(-0(&1$(-6&).'$(=-#+'(%/'(%R)-+6&$().8$(-0(&1$('.)&6#R%/*$
%+)-(5+%K(%/(.,5-#&%/&(#-+$:

W/(&1.)()$*&.-/N(&1$(./0+6$/*$(-/(&.,$V)*%+$)(-0(&1$(0-++-=./"(%)5$*&)(=.++(R$(%/%+K)$'A
!" ,%"/.&6'$('.)&6#R%/*$)
!" &1$(#$+%&.@$('.)&6#R%/*$)
!" 5#-c.,.&K(-0(&1$(-6&).'$(=-#+'(&1%&()655+.$)()$'.,$/&

E1$(%*&6%+(,-#51-+-".*%+(R$1%@.-6#(-0(&1$($+$,$/&)(.)('$&$#,./$'(RK(%(*-,R./%&.-/(-0(&1$)$
&1#$$(%)5$*&):(E1#$$(&$)&)(1%@$(R$$/(*%##.$'(-6&(&-('$&$#,./$(&1$(./0+6$/*$(-0(&1$)$(%)5$*&):
W/($%*1(&$)&(d$(.)(6)$'(%)(%(,$%)6#$(0-#(&1$().8$(-0(&1$($+$,$/&:(E1$('$+&%(%/'(*1%//$+(%#$
*-/).'$#$'(./(&1$)$(&$)&):

J:( E$)&)(=.&1(H($+$,$/&)(=1.*1(1%@$(&1$()%,$().8$(Xd*$ed'$e(JpJIb(,UY:
H:( E$)&)( =.&1( H( $+$,$/&)( =.&1( -#'$#( -0( ,%"/.&6'$)( -0( 4%#)'.$5( %)( 6)$'( R$0-#$
Xd*$eHU:`pJIb(,UNd'$e^pJIb(,UY:

U:( E$)&)(=.&1(H($+$,$/&)(=.&1(#$@$#)$'().8$)(-0(4%#)'.$5(Xd*$e(^pJIb(,U(d'$eH[pJIb(,UY:
E1$/(&1$(./0+6$/*$(-0(&1$(-6&).'$(=-#+'(R$*-,$)(*+$%#:

2.&1(&1$)$(&$)&)(&1$(#$+%&.-/(R$&=$$/(&1$(&.,$V)*%+$)(%/'(&1$('.)&6#R%/*$(0-#($%*1($+$,$/&(.)
%/%+K)$'( a6%+.&%&.@$+K:( E1$( *1%/"$( -0( &1$)$( #$+%&.-/)( '6$( &-( %( *1%/"$( -0( X#$+%&.@$Y
'.)&6#R%/*$)(%/'(5#-c.,.&K(-0(&1$(-6&).'$(=-#+'(=.++(R$(%/%+K)$'(%)(=$++:

E$)&(J()1-=$'(&1%&(&1$().8$(-0(&1$(%R)-+6&$('.)&6#R%/*$(1%)(&1$(0-++-=./"(./0+6$/*$A
!" %/($/+%#"$,$/&(-0(%/(%R)-+6&$('.)&6#R%/*$(./(-/$($+$,$/&(./*#$%)$)(&1$(&.,$V)*%+$(-0(&1.)
$+$,$/&N(%/'(%&(&1$()%,$(&.,$(.&(=.++('$*#$%)$(&1$(&.,$V)*%+$(-0(&1$(-&1$#($+$,$/&:

E1.)(.)('$#.@$'(%)(0-++-=):(C#-,(0."6#$([:[(.&(*%/(R$()$$/(&1%&N(".@$/(%(*$#&%./('.)&6#R%/*$(0-#
&1$(*1%//$+(X)655-)$(d*geJ$_(,UYN(%(#$+%&.-/($c.)&)(R$&=$$/(&1$(&.,$V)*%+$(-0(&1$($+$,$/&)
%/'( &1$( '.)&6#R%/*$( ./( &1$( '$+&%:( E1.)( #$+%&.-/( )1-=)( &1%&( &1$( &.,$V)*%+$( -0( &1$( *1%//$+
'$*#$%)$)N( %/'( &1$( &.,$V)*%+$( -0( &1$( '$+&%( ./*#$%)$)(=.&1( %/( ./*#$%)./"( '.)&6#R%/*$( ./( &1$
'$+&%:( E1$( )%,$( R$*-,$)( *+$%#( .0( =$( ./*#$%)$( &1$( '.)&6#R%/*$( ./( &1$( *1%//$+:( E1.)( .)
.++6)&#%&$'( RK( &1$( &#%/)+%&.-/( -0( &1$( #$+%&.-/)( XR$&=$$/( &.,$V)*%+$( %/'( '.)&6#R%/*$( ./( &1$
'$+&%Y( 0-#( R-&1( $+$,$/&)N( =1.*1( .)( .++6)&#%&$'( RK( &1$( %##-=):( 9%&6#%++KN( &1$( %*&6%+( @%+6$)
'$5$/'( -/( &1$( )K)&$,( 5%#%,$&$#)N( R6&( ./( "$/$#%+( 0."6#$( [:[( )1-=)( &1$( *1%#%*&$#
X./*#$%)./"f'$*#$%)./"Y( -0( &1$( #$+%&.-/( R$&=$$/( &1$( &.,$V)*%+$( -0( %/( $+$,$/&( %/'( &1$
'.)&6#R%/*$)(./($%*1($+$,$/&:(3.,.+%#(#$+%&.-/)(%#$()1-=/(./(&1$(&=-(-&1$#(&$)&):

2$( *%/( *-/0.#,( &1%&( &1.)( *-/*+6).-/( 1-+')( ./( "$/$#%+N( .0( =$( 6)$( &1$( "$/$#%+( 0-#,( -0( &1$
+./$%#.)$'($a6%&.-/):(21$/(=$()6R)&.&6&$([:HI(%/'([:HJ(./&-([:H\(%/'([:H^N(%/'()6R)$a6$/&+K
)6)R).&6&$( [:H\( %/'( [:H^( ./&-( [:H[N( &1$/( &1$( &.,$V)*%+$( -0( %/( $+$,$/&( *%/( R$( $c5#$))$'
'.#$*&+K(%)(06/*&.-/(-0(&1$('.)&6#R%/*$:(E1.)(.)($+%R-#%&$'(./(%55$/'.c(!U:

E1$(*-/*+6).-/(.)(#%&1$#(+-".*:(;.@$/(%/(./*#$%)./"(('.)&6#R%/*$(./(&1$(*1%//$+N(&1$('$+&%(*%/
+--)$( ( )$'.,$/&( &-( '$*#$%)$( &-=%#')( $a6.+.R#.6,( ,-#$( $%).+K( %)( &1$( *1%//$+( /$$')( &1.)
)$'.,$/&(&-('$*#$%)$(%)(=$++:(F-=$@$#(&1$(*1%//$+(1%)(&-(*-5$(=.&1(%(./*#$%)$'('.)&6#R%/*$
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=1.*1( .)(%&&$/'$'(=.&1( %( )+-=$#( #$%*&.-/( &1%/( ./( &1$( *%)$( -0( %( ),%++$#( '.)&6#R%/*$( ./( &1.)
$+$,$/&:
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C."6#$([V[(E.,$V)*%+$)(-0($+$,$/&)(0-#('.00$#$/&('.)&6#R%/*$)

E$)&(J(%/'(&$)&(H(()1-=$'(&1$(./0+6$/*$(-0(&1$(#$+%&.@$('.)&6#R%/*$(A
!" %(#$+%&.@$(+%#"$#('.)&6#R%/*$(X*-,5%#$'(&-( &1$(#$+%&.@$('.)&6#R%/*$( ./( &1$(-&1$#($+$,$/&Y
=.++('$*#$%)$(&1$(&.,$V)*%+$(-0(&1%&($+$,$/&N(*-,5%#$'(&-(&1$(-&1$#($+$,$/&

E1$($00$*&(-0(&1$(#$+%&.@$('.)&6#R%/*$(R$*-,$)(*+$%#( .0( 0."6#$([:[(%/'([:\(%#$(*-,5%#$':(W/
0."6#$([:[N(&1$(#$+%&.-/(R$&=$$/('.)&6#R%/*$)(%/'(&.,$V)*%+$)(%#$(5#$)$/&$'(./(&1$(*%)$(-0(&=-
$+$,$/&)(=.&1(&1$()%,$().8$(XJpJIb,UY:(W/(&1$()$*-/'(&$)&(=$(./*#$%)$'(&1$().8$(-0(&1$('$+&%
=.&1(%(0%*&-#(H[(%/'(=$(./*#$%)$'(&1$().8$(-0(&1$('$+&%(=.&1(0%*&-#(^:(3.,.+%#(#$+%&.-/)(%)(./
0."6#$([:[:(%#$(5#$)$/&$'(./(0."6#$([:\:

C#-,(0."6#$([:\(R$*-,$)(*+$%#(&1%&(R-&1(&1$(&.,$V)*%+$)(-0(&1$('$+&%(%/'(*1%//$+(./*#$%)$'N
*-,5%#$'(&-(&1$(#$)6+&)(./(&1$(0.#)&(&$)&:(E1.)(.,5+.$)(&1%&(%/(./*#$%)$(./(&1$(,%"/.&6'$(-0(&1$
$+$,$/&( ./*#$%)$)( &1$( &.,$V)*%+$( -0( &1%&( $+$,$/&:( C6#&1$#,-#$N( 0."6#$( [:\( )1-=)( &1%&( &1$
./*#$%)$(-0(&1$(&.,$V)*%+$)(-0(&1$(*1%//$+(%#$(,6*1(+%#"$#(&1%/(&1-)$(0-#(&1$('$+&%:(21$/(=$
$c5#$))( &1.)( ./( &1$(#$+%&.@$('.)&6#R%/*$( Xdgfd$YN( .&(,$%/)( &1%&( &1$( &.,$V)*%+$(-0(%/($+$,$/&
'$*#$%)$)(=1$/(&1$(#$+%&.@$('.)&6#R%/*$(.)(+%#"$#(X),%++$#($+$,$/&Y:

L-/).'$#./"(&1$(&=-(*-/*+6).-/)(0#-,(&$)&(J(%/'(&$)&(HN(.&(*%/(R$()&%&$'(&1%&(R-&1(&1$().8$(-0
&1$($+$,$/&(%/'(&1$().8$(-0(&1$('.)&6#R%/*$(./(&1$($+$,$/&(('$&$#,./$)(&1$(&.,$V)*%+$(-0(&1%&
5%#&.*6+%#($+$,$/&:(E1$K(1%@$(-55-).&$($00$*&):
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C./%++KN(%+)-(&1$(5#-c.,.&K(-0(%()$'.,$/&()655+.$#(+.?$(&1$(-6&).'$(=-#+'N((5+%K)(%/(.,5-#&%/&
#-+$:( L-,5%#./"( &.,$V)*%+$)( 0#-,( &$)&)( H( %/'( U( ( 0-#( $a6%+( '.)&6#R%/*$)N( )1-=$'( &1$
0-++-=./"A

!" E1$(*+-)$#(%/($+$,$/&(.)(&-(&1$(-6&).'$(=-#+'N(&1$(),%++$#(.&)(&.,$V)*%+$(=.++(R$:

E1.)(*%/(R$(-R)$#@$'(0#-,(0."6#$)([:\(%/'([:^:
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E1$(-/+K('.00$#$/*$(R$&=$$/( &$)&(H(%/'( &$)&(U( ( .)( &1%&( &1$( ).8$)(-0( &1$($+$,$/&)(1%@$(R$$/
)=.&*1$'N( )-( &1%&(=.&1-6&( &1$( ./0+6$/*$(-0( &1$( -6&).'$(=-#+'N( &1$( &.,$V)*%+$)( 0-#( &1$( '$+&%
".@$/( ./( 0."6#$( [:\( )1-6+'( *-##$)5-/'(=.&1( &1$( &.,$V)*%+$)( 0-#( &1$( *1%//$+( ./( 0."6#$( [:^N
5#-@.'$'( &1%&( $a6%+( '.)&6#R%/*$)( %#$( .,5-)$'( ./( R-&1( $+$,$/&):( E1$( )%,$( 1-+')( 0-#( &1$
#$)6+&)(-0(&1$(*1%//$+(".@$/(./(0."6#$([:\(=1.*1()1-6+'(*-##$)5-/'(&-(&1$(&.,$V)*%+$)(-0(&1$
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'$+&%( ./( 0."6#$( [:^:(F-=$@$#N( &1.)( )$$,)( /-&( &-( R$( &#6$A( &1$( &.,$V)*%+$)( -0( &1$( *1%//$+( ./
0."6#$([:\(%#$(+%#"$#(&1%/(&1$(&.,$V)*%+$)(-0(&1$('$+&%(./([:^:(W/(&1$()%,$(=%KN(&1$(&.,$V)*%+$)
-0(&1$(*1%//$+(./([:^(%#$(+%#"$#(&1%/(&1$(&.,$V)*%+$)(-0(&1$('$+&%(./([:\:

!().,.+%#(*-/*+6).-/(*%/(R$('#%=/(0#-,(&$)&(J:(W/(&$)&(J(&1$($+$,$/&)(%#$(-0(&1$()%,$().8$N()-
.,5-)./"(&=-($a6%+('.)&6#R%/*$)()1-6+'(#$)6+&(./(&=-($a6%+(&.,$V)*%+$)(.0(&1$(-6&).'$(=-#+'
'.'( /-&( 1%@$( %/K( ./0+6$/*$:( F-=$@$#N( .&( &6#/)( -6&( &1%&( ./( &1%&( *%)$( &1$( &.,$V)*%+$( -0( &1$
*1%//$+( .)( +%#"$#( &1%/( &1%&( -0( &1$( '$+&%:( 3-( &1$( 5#-c.,.&K( -0( &1$( -6&).'$( =-#+'( )6#$+K
./0+6$/*$)( &1$( &.,$V)*%+$:(E1$(#$%)-/(R$1./'(&1$( 0%*&( &1%&(%/($+$,$/&(*+-)$#( &-( &1$(-6&).'$
=-#+'(1%)(%(),%++$#(&.,$V)*%+$N(.)(&1%&()$'.,$/&( .)(,-#$(#$%'.+K(%@%.+%R+$N(=1.*1(.)(/-&( &1$
*%)$(0-#(&1$(*1%//$+:((W/(!),.&%(&1$#$(.)(/-(+.,.&(&-(&1$()655+K(0#-,(&1$(-6&).'$:

36,,%#.)./"N( &1$( &.,$V)*%+$( .)( '$&$#,./$'( RK( 0%*&-#)( +.?$( %R)-+6&$( '.)&6#R%/*$)N( #$+%&.@$
'.)&6#R%/*$)( %/'( &1$( 5#-c.,.&K( -0( &1$( -6&).'$( =-#+':( E1$(,-#51-+-".*%+( R$1%@.-6#( -0( %/
$+$,$/&(.)('$&$#,./$'(RK(%(*-,R./%&.-/(-0(&1$)$(&1#$$(%)5$*&):(W&(.)(/-&(5-)).R+$(&-(*-/*+6'$
=1.*1( %)5$*&( =.++( '-,./%&$( %)( &1.)( '$5$/')( -/( &1$( )K)&$,( %/'( &1$( ,%"/.&6'$( -0( &1$
'.)&6#R%/*$):

4.4.3 Character of the morphological behaviour in time

W/( &1$(5#$@.-6)()$*&.-/(&1$( &.,$V)*%+$(-0(%/( ./'.@.'6%+($+$,$/&(%/'( &1$( 0%*&-#)( ./0+6$/*./"
&1.)( &.,$V)*%+$( 1%@$( R$$/( %/%+K)$':( !/-&1$#( %)5$*&( =$( =-6+'( +.?$( ./@$)&."%&$( .)( &1$
0$%).R.+.&K( &-(*1%#%*&$#.)$(,-#51-+-".*%+(R$1%@.-6#(-0( &1$($+$,$/&)( ./( &.,$(=.&1( &1$( +./$%#
$a6%&.-/):(!"%./(&1.)(=.++(R$($+%R-#%&$'(0-#(&=-($+$,$/&)A('$+&%(%/'(*1%//$+:

W0( $+$,$/&)( %#$( ".@$/( )600.*.$/&( &.,$( &-( #$)5-/'( &-( %( '.)&6#R%/*$N( &1$K(=.++( %+=%K)( $@-+@$
&-=%#')( %/( $a6.+.R#.6,( )&%&$:( E1.)( $@-+6&.-/( .)( /-&( /$*$))%#.+K( %( ,-/-&-/-6)( -/$:
O$5$/'./"(-/(&1$(*-,R./%&.-/(-0(&1$('.)&6#R%/*$)N((&1$(./.&.%+(#$)5-/)$(-0(%/($+$,$/&(,%K
R$(%=%K(0#-,(.&)($a6.+.R#.6,(X&1.)(&K5$(-0(R$1%@.-6#(.)(#$0$##$'(&-(./(&1$(5#$)$/&(#$5-#&(=.&1
&1$(&$#,(kR6,5gY:(W&(.)(%+)-(5-)).R+$( &1%&(%/($+$,$/&(-@$#)1--&)( .&)($a6.+.R#.6,:(E1$)$( &=-
'$@.%&./"().&6%&.-/)(%#$(.++6)&#%&$'(./(0."6#$([:_:

0 1 2 3 4 5 6 7 8 9

x 10
4

5.8

5.9

6

6.1

6.2

6.3

6.4

6.5
x 10

8

Time (days)

V
ol

um
e 

de
lta

 (
m

3)

   
Vde

C."6#$( [V_( Mc%,5+$)( -0( 5-)).R+$( ,-#51-+-".*%+
'$@$+-5,$/&i(+$0&A(-@$#)1--&N(#."1&A(R6,5

0 2 4 6 8 10 12 14

x 10
4

1.1

1.15

1.2

1.25

1.3

1.35

1.4
x 10

9

Time (days)

V
ol

um
e 

ch
an

ne
l (

m
3)



                                June, 2001 Z2822                                Aggregated scale modelling of tidal inlets
                                                                of the Wadden Sea

4 – 1 6 WL | Delft Hydraulics             

L-/).'$#./"(&1$)$(&=-(5-)).R+$(R$1%@.-6#)(=$(=.++($c5+%./(./(&1.)()$*&.-/A
!" F-=(=$(*%/().,5+K('$#.@$(0#-,(&1$(+./$%#($a6%&.-/)N(=1.*1().&6%&.-/(.)( +.?$+K( &-(-**6#N
".@$/(%/(.,5-)$'('.)&6#R%/*$

!" 21%&(&1$(51K).*%+(5#-*$))(.)(R$1./'(&1.)(?./'(-0(R$1%@.-6#:
D%)$'(-/(&1$(+./$%#(%55#-c.,%&.-/(%/'(0-#(".@$/('.)&6#R%/*$)N(.&(*%/(R$('$#.@$'(=1$&1$#(%/
-@$#)1--&N(-#(%()-V*%++$'(R6,5N(=.++(-**6#(%/'(./(=1.*1($+$,$/&:

!)( ./'.*%&$'( ./( )$*&.-/( [:U:UN( &1$( )."/)( -0( LJ( %/'( LHN( &-"$&1$#( =.&1( &1$( )."/)( -0( &1$
*-,5-/$/&)(-0(&1$($."$/@$*&-#)N(./'.*%&$(&1$('.#$*&.-/(X./*#$%)./"(-#('$*#$%)./"(@-+6,$Y(-0
&1$(#$)5-/)$:(W/()$*&.-/([:U:H(=%)(,$/&.-/$'(&1%&(=$(*1--)$(&1$(&.,$V)*%+$)(EJN(EH(%/'(&1$
$."$/@$*&-#)(jJ(%/'(jH(%)('$0./$'(./(%55$/'.c(!:(E1.)(,$%/)( &1%&A(EJqEH(%/'(=1$/(=$
)&%/'%#'.)$(jJJejJHeJ(&1$/(jJHrI(%/'(jHHqI:(F$/*$N(=$(*%/(*-/*+6'$(&1%&(&1$()."/)(-0(&1$
*-,5-/$/&)(-0(&1$($."$/@$*&-#)N(%#$(./'$5$/'$/&(-0(&1$()K)&$,(*1%#%*&$#.)&.*):

E1$/N(R-&1(LJ(%/'(LH('$&$#,./$(&1$(./.&.%+(#$)5-/)$(X./*#$%)./"(-#('$*#$%)./"(@-+6,$YN(%/'
-/+K(LJ('$&$#,./$)(&1$(#$)5-/)$(-/(+-/"V#6/:(E1$(@%+6$)(-0(LJ(%/'(LH(*%/(R$('$#.@$'(0-#(%
)K)&$,N(".@$/(&1$('.)&6#R%/*$)N().,.+%#(&-($a6%&.-/)([:HI(%/'([:HJ:

E1$( )."/)( -0( &1$( *-/)&%/&)N( &-"$&1$#( =.&1( &1$( )."/)( -0( &1$( ( '.)&6#R%/*$)( '$&$#,./$( &1$
*1%#%*&$#( -0( &1$( ,-#51-+-".*%+( R$1%@.-6#:( L-/).'$#./"( &1$( '$+&%N( 0-#( $c%,5+$N( .0( &1$
'.)&6#R%/*$( ./( &1$( '$+&%( .)( 5-).&.@$( Xdqd$N( &1$( '$+&%(=.++( '$*#$%)$Y( %/'( &1$( )."/( -0(LJ( .)
/$"%&.@$N(=1.*1(./'.*%&$)(%/(./*#$%)./"(#$)5-/)$(-/(+-/"V#6/N(&1$/(&1$(#$)6+&(.)(&1%&(&1$('$+&%
-@$#)1--&)( .&)( $a6.+.R#.6,:( O.00$#$/&( )."/)( 0-#( LJN( LHN( d'Vd'$( %/'( d*Vd*$( #$)6+&( ./( $."1&
5-)).R+$( ).&6%&.-/)( 0-#(,-#51-+-".*%+(R$1%@.-6#N(=1.*1( %#$( $+%R-#%&$'( ./( %55$/'.c(L:(E1$
0."6#$)( ./( &1$( %55$/'.c( %#$( ,$%/&( &-( ./'.*%&$( &K5$)( -0( ,-#51-+-".*%+( '$@$+-5,$/&( %/'
/6,R$#)(,6)&(R$('.)#$"%#'$':

E1$(".@$/(*1%#%*&$#)(0-#(*-##$)5-/'./"(*-/'.&.-/)(1-+'(0-#()K)&$,)(=1$#$(%( ),%++$#(%/'(%
+%#"$#()K)&$,(&.,$V)*%+$(*%/(R$('.)&./"6.)1$'N(%/'(1$/*$(-/+K(LJ(X&-"$&1$#(=.&1(&1$()."/(-0
&1$( *-,5-/$/&( -0( &1$( $."$/@$*&-#Y( ./'.*%&$)( &1$( #$)5-/)$( -/( &1$( +-/"V#6/:( E1$/N( %++
5#$)$/&$'( *1%#%*&$#)( %#$( 6/%,R."6-6)( 0-#( &1$( ".@$/( *-/'.&.-/)( X)."/)( -0( LJN( LHN( dVd$YN
$c*$5&(0-#(&1$(R6,5):(E1.)(.)(R$*%6)$(&1$(-**6##$/*$(-0(%(R6,5('$5$/')(-/(&1$('-,./%/*$
-0(LJ(#$+%&.@$(&-(LH:(W0(LH('-,./%&$)( ./.&.%++K(-@$#(LJN( &1$/(%(R6,5(=.++(R$(@.).R+$:( W0(LJ
'-,./%&$)(./.&.%++KN(&1$/(%(R6,5('-$)(/-&(-**6#:(C6#&1$#,-#$N(&1$(%*&6%+().8$(-0(-@$#)1--&)
%/'(R6,5)('$5$/')(-/(&1$().&6%&.-/:

2$(*%/(%+)-(*-/*+6'$(0#-,(&1$(*-,R./%&.-/)(-0(,-#51-+-".*%+(R$1%@.-6#(0-#(&=-($+$,$/&)
X)$$(%55$/'.c(LY(&1%&(0-#(%/(%#R.&#%#K()K)&$,(%/'(%#R.&#%#K('.)&6#R%/*$)(X%&(+$%)&Y("/-(-0(&1$
$+$,$/&)( =.++( $@-+@$( ,-/-&-/-6)+K( &-=%#')( $a6.+.R#.6,( %/'( 0%-( "0%-#( $+$,$/&( =.++
-@$#)1--&(-#(5-)).R+K(,-@$(%=%K(0#-,(.&)($a6.+.R#.6,(X=1.*1(#$)6+&)( ./(%(R6,5Y:(E1$)$(b
5-)).R+$(*1%#%*&$#)(%#$('$)*#.R$'(./(&%R+$([:J:
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3(*/%*(,6 9()*/"1%6&#) M,6)*%6*) M:%66#2 9#2*%

J d*qd*$N(d'rd'$ LJrIN(LHrI ,-/-&-/$fR6,5 ,-/-&-/$

H d*qd*$N(d'rd'$ LJrIN(LHqI ,-/-&-/$ ,-/-&-/$fR6,5

U d*qd*$N(d'qd'$ LJrIN(LHqI ,-/-&-/$ -@$#)1--&

[ d*qd*$N(d'qd'$ LJqIN(LHqI -@$#)1--& ,-/-&-/$

\ d*rd*$N(d'qd'$ LJqIN(LHqI ,-/-&-/$fR6,5 ,-/-&-/$

^ d*rd*$N(d'qd'$ LJqIN(LHrI ,-/-&-/$ ,-/-&-/$fR6,5

_ d*rd*$N(d'rd'$ LJqIN(LHrI ,-/-&-/$ -@$#)1--&

b d*rd*$N(d'rd'$ LJrIN(LHrI -@$#)1--& ,-/-&-/$

E%R+$([:J(O.00$#$/&(&K5$)(-0(,-#51-+-".*%+(R$1%@.-6#(X)$$(%55$/'.c(LY

3-( 0%#N(=$('$)*#.R$'( &1$( b( 5-)).R+$( *1%#%*&$#)( -0( &1$(,-#51-+-".*%+( '$@$+-5,$/&( 0-#( &=-
$+$,$/&)(./("$/$#%+:(36R)$a6$/&+KN(=$(6)$(&1$(4%#)'.$5(%)(%/($c%,5+$(&-(.++6)&#%&$(1-=(=$
*%/(*#$%&$(%/(-@$#@.$=(0-#(&1$($c5$*&$'(,-#51-+-".*%+(R$1%@.-6#(0-#(%()5$*.0.*(&.'%+()K)&$,:
C-#(&1$(+./$%#(%55#-c.,%&.-/(-0(&1$(4%#)'.$5(1-+')A
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C#-,(%55$/'.c(LN(=$(*%/()$$(&1%&(%/(-@$#)1--&(=.++(-**6#(./(-/$(-0(&1$($+$,$/&)(./(&1$(*%)$
-0((&=-(5-).&.@$('.)&6#R%/*$)(Xd*qd*$(%/'(d'qd'$Y(=.++(-**6#:(!/($c%,5+$(0-#(&1.)(*-6+'(R$(%
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-0( &1.)( ?./'( -0( R$1%@.-6#( =$(=.++( $c5+%./( &1$( *%)$( &1%&( %/( -@$#)1--&( -**6#)( ./( &1$( '$+&%
X).&6%&.-/(XUYY

2$( 1%@$( *-,56&$'( &1$( &.,$V)*%+$)( 0-#( '.00$#$/&( *-,R./%&.-/)( -0( '.)&6#R%/*$)( %/'( =$
*-/*+6'$'(&1%&(.&(.)(+.?$+K(&1%&(&1$(-@$#)1--&(-**6#)(./(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$
$+$,$/&( =.&1( &1$( ),%++$)&( &.,$V)*%+$:( E1$( *-##$)5-/'./"( R$1%@.-6#( *%/( R$( $c5+%./$'( ./
&$#,)( -0( '$,%/'( %/'( )655+K( -0( )$'.,$/&N( ./( &1$( )%,$( =%K( %)( 0-#,6+%&$'( ./( !),.&%:( W/
).&6%&.-/( XUYN( &1$( '$+&%N( %)( #$0+$*&$'( RK( &1$( ),%++$)&( &.,$V)*%+$N( #$%*&)( &1$( 0%)&$)&( %/'(=.++
#$%*1($a6.+.R#.6,(0.#)&:((E1.)(.)(%**-,5+.)1$'(RK(&#%/)5-#&./"()$'.,$/&(&-(&1$(-6&).'$(=-#+'
%/'(&-( &1$(*1%//$+:(E1$(*1%//$+(6)$)( &1.)( )$'.,$/&( &-('$*#$%)$( .&)(@-+6,$(%)(=$++:(!&( &1$
,-,$/&( &1%&( $a6.+.R#.6,( .)( #$%*1$'( ./( &1$( '$+&%N( &1$( *1%//$+( )&.++( '$,%/')( )$'.,$/&( &-
'$*#$%)$:(E1.)(.)(R$*%6)$(&1$(*1%//$+(#$%*&$'()+-=$#(%/'('.'(/-&(#$%*1($a6.+.R#.6,(K$&:((E1$
)%/'( /$$'$'( 0-#( 06#&1$#( '$*#$%)$( -0( &1$( *1%//$+( =.++( R$( )655+.$'( RK( &1$( '$+&%N( =1.*1
&1$#$0-#$(*-/&./6$)($#-'./":(W/(&1.)(*%)$N(&1$(-@$#)1--&(=.++(-**6#(./(&1$('$+&%('$@$+-5,$/&:
D$*%6)$(&1$('$+&%($#-'$)N(&1$(-6&).'$(=-#+'(=.++()&%#&()655+K./"()%/'(&-(&1$('$+&%:(E1$/(R-&1
$+$,$/&)(=.++(&$/'(&-($a6.+.R#.6,:(3$'.,$/&(&#%/)5-#&(./(&1$()K)&$,(*-/&./6$)(%)(+-/"(%)(&1.)
$a6.+.R#.6,(.)(/-&(#$%*1$'(K$&(0-#(-/$(-0(&1$($+$,$/&):

F$/*$N(&1$(-@$#)1--&(=.++(-**6#( ./( &1$($+$,$/&(=.&1( &1$()1-#&$)&( &.,$V)%+$:(21.*1($+$,$/&
&1.)( .)N( '$5$/')( -/( &1$( '.)&6#R%/*$):( W/( &1$( 5#$@.-6)( )$*&.-/( X[:[:HY( =$( )&%&$'( &1%&( &1$
0-++-=./"(0%*&-#)(./0+6$/*$(&1$(&.,$V)*%+$(-0(%/($+$,$/&A
V(,%"/.&6'$('.)&6#R%/*$(X*-,5%#$'(&-(-&1$#($+$,$/&Y
V(#$+%&.@$('.)&6#R%/*$(Xdgfd$N(*-,5%#$'(&-(-&1$#($+$,$/&Y
V(5#-c.,.&K(-0(-6&).'$(=-#+'
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4.4.4 Conclusion theoretical application linear approximation

W/(&1$()$*&.-/)([:[:JV[:[:U(=$(%55+.$'(&1$(+./$%#.)$'($a6%&.-/)(&-(%/%+K)$(&1$(,-#51-+-".*%+
&.,$V)*%+$( -0( %/( $+$,$/&N( =1$#$( .&( *-/*$#/)( &1$( ./.&.%+( #$)5-/)$( &-( %( '.)&6#R%/*$N( %/'( &-
*1%#%*&$#.)$( &1$( ,-#51-+-".*%+( R$1%@.-6#( -0( $+$,$/&):( W&( &6#/$'( -6&( &1%&( &1$( %55+.$'
+./$%#.)%&.-/(-0(!),.&%($a6%&.-/)(*%/(R$(6)$'(&-(%##.@$(%&().,5+$(%/%+K&.*%+($c5#$)).-/)(0-#
&.,$V)*%+$)( -0( ./'.@.'6%+( $+$,$/&):( C6#&1$#,-#$N( =$( *-/*+6'$'( &1%&( 0%*&-#)( +.?$( %R)-+6&$
'.)&6#R%/*$N(#$+%&.@$(,%"/.&6'$('.)&6#R%/*$(%/'(5#-c.,.&K(-0(-6&).'$(=-#+'(5+%K(%(#-+$(./(&1$
./&$#%*&.-/(R$&=$$/(&1$($+$,$/&)(%)(0-++-=)A
!" %/($/+%#"$,$/&(-0(%/(%R)-+6&$('.)&6#R%/*$(./(-/$($+$,$/&(./*#$%)$)(&1$(&.,$V)*%+$(-0(&1.)
$+$,$/&N(%/'(%&(&1$()%,$(&.,$(.&(=.++('$*#$%)$(&1$(&.,$V)*%+$(./(&1$(-&1$#($+$,$/&:

!" %(#$+%&.@$+K(+%#"$#('.)&6#R%/*$(X*-,5%#$'(&-(&1$(#$+%&.@$('.)&6#R%/*$(./(&1$(-&1$#($+$,$/&Y
=.++('$*#$%)$(&1$(&.,$V)*%+$(-0(&1%&($+$,$/&N(*-,5%#$'(&-(&1$(-&1$#($+$,$/&

!" E1$(*+-)$#(%/($+$,$/&(.)(&-(&1$(-6&).'$(=-#+'N(&1$(),%++$#(.&)(&.,$V)*%+$(=.++(R$:

C./%++KN(=$(*%/(6)$(&1$(+./$%#.)$'($a6%&.-/)(&-((5#$'.*&(&1$(*1%#%*&$#.)&.*)(-0(&1$((R$1%@.-6#(-0
&1$($+$,$/&)N( 0-#('.00$#$/&(*-,R./%&.-/)(-0('.)&6#R%/*$)( ./(%( )K)&$,N(-/( &1$(*-/'.&.-/( &1%&
&1$(,%"/.&6'$)(-0(&1$(&.,$V)*%+$)('.00$#()6R)&%/&.%++K:(E1$(*1%#%*&$#.)%&.-/(./'.*%&$)(&1%&(0-#
%#R.&#%#K( '.)&6#R%/*$)( X%&( +$%)&Y( -/$( -0( &1$( $+$,$/&)( =.++( $@-+@$( ,-/-&-/-6)+K( &-=%#')
$a6.+.R#.6,( %/'( &1$( -&1$#( $+$,$/&( =.++( -@$#)1--&( -#( 5-)).R+K( ,-@$( %=%K( 0#-,( .&)
$a6.+.R#.6,(X&1$(+%&&$#('$5$/')(-/(&1$(./.&.%+('-,./%/*$(-0(&1$(&=-(&.,$V)*%+$)Y:(21$&1$#(%/
-@$#)1--&(-#(R6,5(-**6#)('$5$/')(-/(&1$('.)&6#R%/*$):(!/(-@$#)1--&(./(&1$('$@$+-5,$/&(-0
-/$( -0( &1$( $+$,$/&)( .)( $c5$*&$'( ./( &1$( *%)$( -0( &=-( 5-).&.@$( '.)&6#R%/*$)( Xd*qd*$( %/'
d'qd'$Y:(E1.)(-@$#)1--&(.)(+.?$+K(&-(-**6#(./(&1$($+$,$/&(&1%&(1%)(&1$(),%++$)&(&.,$V)*%+$:

4.5 Validity of linearised equations

E1$( +./$%#.)$'($a6%&.-/)(=$#$('$#.@$'(%#-6/'($a6.+.R#.6,:(E1.)(,$%/)( &1%&( ./( &1$( *%)$( -0
#$+%&.@$+K(),%++(X*-,5%#$'(&-(@-+6,$)Y('.)&6#R%/*$)N(&1$(+./$%#(%55#-c.,%&.-/(".@$)(%("--'
#$5#$)$/&%&.-/(-0(!),.&%:(F-=$@$#N( &1$( %55#-c.,%&.-/(R$*-,$)( +$))( %**6#%&$(=1$/( +%#"$#
'.)&6#R%/*$)(%#$(*-/).'$#$':(2$(*-/*+6'$'(./()$*&.-/([:U:[(&1%&(&1$(+./$%#.)$'($a6%&.-/)(%#$
/-&()6.&%R+$(&-()$#@$(%)(%(5#$'.*&.-/(,-'$+:

P/( &1$( -&1$#( 1%/'N( =$( *%/( *-/*+6'$( &1%&( +./$%#.)$'( $a6%&.-/)( %#$( @$#K( )6.&%R+$( &-
*1%#%*&$#.)$( &1$( ,-#51-+-".*%+( R$1%@.-6#( %/'( &.,$V)*%+$)( 0-#( *-,5%#%&.@$+K( ),%++
'.)&6#R%/*$):(C-#(&1$(+%&&$#(56#5-)$N(.&(.)('$).#%R+$(&-(@%+6$(&1$(+./$%#(%55#-c.,%&.-/(%/'(&-
"$&(%/(.'$%(-0(&1$(@%+.'.&K(-0(&1$(+./$%#(%55#-c.,%&.-/:(E1.)(=.++('$%+&(=.&1(./(&1.)()$*&.-/N(RK
*-,5%#./"( &1$( +./$%#.)$'( $a6%&.-/)( =.&1( &1$( %*&6%+( '.00$#$/&.%+( $a6%&.-/)( -0( !),.&%N( %/'
5#-@.'./"(%(5-)).R.+.&K(&-(%))$))(&1$('$@.%&.-/)(R$&=$$/(&1$)$(&=-:
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V = (@-+6,$V@$*&-#(Xd0N(d*Nd'YE

E1.)($##-#( (=.++(R$(8$#-(%&( $a6.+.R#.6,( )&%&$( %/'(=.++( ./*#$%)$(=.&1( ./*#$%)./"('.)&6#R%/*$
0#-,($a6.+.R#.6,:(!5%#&(0#-,(&1$($00$*&(-0(%(5-&$/&.%+(R6,5N( &1$(,%c.,6,('$@.%&.-/(0#-,
&1$(-#."./%+(0-#,6+%&.-/(-0(!),.&%(=.++(-**6#(%&(&eI(%)(1$#$(&1$('$@.%&.-/(-0($a6.+.R#.6,(.)(%&
.&)(,%c.,6,:(P/$(=%K(&-('$0./$(&1.)(,%c.,6,($##-#(%&(&eI(.)(&-($c5#$))(.&(./(%('$@.%&.-/(./
&.,$V)*%+$(-0(&1$($+$,$/&(%&(&eI:

E1$( '$@.%&.-/( ./( &.,$V)*%+$( *%/( R$( $c5#$))$'( 0-#( $%*1( $+$,$/&( %)( X)$$( $a6%&.-/( [:H[( 0-#
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E1.)('$@.%&.-/(./(&.,$V)*%+$(@%#.$)(=.&1(&1$(.,5-)$'(*-,R./%&.-/(-0('.)&6#R%/*$):(C-#($@$#K
'.)&6#R%/*$N( &1$( %*&6%+( &.,$V)*%+$)( -0( &1$( $+$,$/&)( %#$( '.00$#$/&( %)( =$++:( E1$#$0-#$N( &1$
'$@.%&.-/(./(&.,$V)*%+$)(.)(,%'$(#$+%&.@$(&-(&1$(%*&6%+(&.,$V)*%+$(-0(&1$($+$,$/&A
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linearisation error element

element

_ =
∆τ
τ

X[:U[Y

3-N(&1$(,%c.,6,($##-#(,%'$(RK(6)./"(&1$(+./$%#(%55#-c.,%&.-/(-0(!),.&%(*%/(R$($c5#$))$'
%)(%(#$+%&.@$('$@.%&.-/( ./( &.,$V)*%+$( 0-#($%*1($+$,$/&N(=1.*1('$5$/')(-/( &1$('.)&6#R%/*$):
E1$(&.,$V)*%+$(.)(*%+*6+%&$'(=.&1(&1$(+./$%#($a6%&.-/)(X)$$($a6%&.-/)([:H[Y:

E1$(*-,R./%&.-/(-0(&1$('.)&6#R%/*$)(./(&1$($+$,$/&)(%#$(&%?$/(#$+%&.@$(&-(&1$(@-+6,$)(-0(&1$
$+$,$/&)(%**-#'./"(&-A
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V V

V
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⋅100% X[:U\Y

W/( &1$( 0-++-=./"( 0."6#$( =$( *%/( )$$( &1$( ,%c.,6,( +./$%#.)%&.-/( $##-#)( 0-#( )$@$#%+
*-,R./%&.-/)( -0( #$+%&.@$( '.)&6#R%/*$):( W/( -#'$#( &-( *%+*6+%&$'( &1$( &.,$V)*%+$)N( &1$( )K)&$,
*1%#%*&$#.)&.*)(-0(&1$(4%#)'.$5(=$#$(6)$'(X)$$(%55$/'.c(DY:
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C."6#$([V`(]$+%&.@$($##-#(./(&.,$V)*%+$($+$,$/&(%)(%(06/*&.-/(-0(#$+%&.@$('.)&6#R%/*$

W/( &1.)( $c%,5+$N( .&( R$*-,$)( *+$%#( &1%&( %/( ./*#$%)$( ./( '.)&6#R%/*$( *-##$)5-/')( =.&1( %/
./*#$%)$( ./($##-#N(%)($c5+%./$'(R$0-#$:( W0N( 0-#($c%,5+$N( &1$( #$+%&.@$('.)&6#R%/*$( ./( &1$( &1#$$
$+$,$/&)($a6%+(J\xN(&1$/(&1$(#$+%&.@$($##-#(./(&.,$V)*%+$)($a6%+)(%&(,-)&(JJx:(!(0."6#$(+.?$
[:`(5#-@.'$)(5-)).R.+.&.$)( &-('$*.'$(=1$&1$#( .&( .)(%**$5&%R+$( &-(6)$( &1$( +./$%#.)%&.-/( 0-#( &1$
5#$@.-6)(X(./()$*&.-/([:[Y('.)*6))$'(56#5-)$)(0-#(%(5%#&.*6+%#().&6%&.-/:

L-/*+6'./"N( =$( *%/( )&%&$( &1%&( .0( =$( 6)$( &1$( +./$%#( %55#-c.,%&.-/( &-( '$&$#,./$( &1$( &.,$V
)*%+$)( -0( $+$,$/&)( 0#-,( )$*&.-/( [:[:JN( =$( )1-6+'( R%#$( ./( ,./'( &1%&( ./( &1$( *%)$( -0
'.)&6#R%/*$)(&1$(&.,$V)*%+$)(=.++('$@.%&$(0#-,(&1$(#$)6+&)(-0(!),.&%:(O$)5.&$( &1$('$@.%&.-/N
=$( %))6,$( &1%&( &1$( +./$%#.)$'( $a6%&.-/)( *1%#%*&$#.)$( &1$( ,-#51-+-".*%+( R$1%@.-6#( ( X)$$
)$*&.-/([:[:H(%/'([:[:UY(./(&1$()%,$(=%K(%)(!),.&%:(W/(-&1$#(=-#')N(0-#(#-6"1($)&.,%&.-/)(-0
&.,$V)*%+$)(%/'(0-#(a6%+.&%&.@$(%/%+K)$)N(.&(.)(%55#-5#.%&$((&-(6)$(&1$(+./$%#.)$'($a6%&.-/):
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4.6 Deriving system time-scales from data

4.6.1 Calibration process

W/( &1.)()$*&.-/(=$(=.++('$#.@$(%(5#-*$'6#$( &-($)&.,%&$( &1$( )K)&$,( &.,$V)*%+$)('.#$*&+K( 0#-,
0.$+'('%&%:(E1.)(=-6+'(@%+.'%&$(&1$()K)&$,(&.,$V)*%+$)N(=1.*1(=$(*%/(6)$(&-(*1%#%*&$#.)$(&1$
,-#51-+-".*%+('$@$+-5,$/&(-0(%(&.'%+()K)&$,:

E1$( &.,$V)*%+$)( =1.*1( #$)6+&( 0#-,( &1$( +./$%#.)$'( $a6%&.-/)( X$:":( UN( H\( %/'( [II( K$%#)( 0-#
4%#)'.$5YN( %#$( '$&$#,./$'(=.&1( $)&.,%&$'( @%+6$)( 0-#( "$-,$&#K( %/'( $c*1%/"$( 5%#%,$&$#):
21$&1$#(&1.)(./0-#,%&.-/(#$)6+&)(./(*-##$*&(&.,$V)*%+$)(*-6+'(R$(@%+.'%&$'(.0(=$(*-6+'('$#.@$
&1$)$( &.,$V)*%+$)('.#$*&+K( 0#-,( 0.$+'( '%&%:(E-( %*1.$@$( &1.)N(=$(=.++( *%+.R#%&$( &1$( +./$%#.)$'
$a6%&.-/)( -/(-R)$#@%&.-/):( W/( &1.)( &$)&N( 0.*&.&.-6)(!),.&%( #$)6+&)N( R%)$'( -/(4%#)'.$5( ./56&
X)$$(%55$/'.c(DY(=.++(R$(6)$'(%)(-R)$#@%&.-/)( ./)&$%'(-0( &1$( #$%+( 0.$+'( '%&%:(E1.)( 1%)( &=-
%'@%/&%"$)A
!" .&(.)(5#$@$/&$'(&1%&(=$(%#$(0%*$'(=.&1(5#-R+$,)(#$+%&$'(&-()5%#).&K(-0(%@%.+%R+$('%&%
!" &1$( )K)&$,( &.,$V)*%+$)( 0-6/'( 0#-,(!),.&%( 5%#%,$&$#)( *%/( R$( 6)$'( %)( %( *1$*?( 0-#( &1$
0.&&$'(&.,$V)*%+$)

E1$(./&$/'$'(*%+.R#%&.-/(*-/*$#/)(0.&&./"(&1$(+./$%#(%55#-c.,%&.-/(&-(%()$&(-0(0.*&.&.-6)(0.$+'
'%&%( ./( %( S$%)&( 3a6%#$)( )$/)$:( !++( J\( 5%#%,$&$#)( ,$/&.-/$'( ./( &1$( #."1&( 1%/'( ).'$( -0
$a6%&.-/([:HH(%#$(@%#.$'(./(&1.)(5#-*$'6#$:(]$)6+&)(-0(%/(!),.&%(*-,56&%&.-/(=.&1(#$)5$*&(&-
&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(%(4%#)'.$5V+.?$(./+$&(-@$#(%(5$#.-'(-0(^b(K$%#)(%#$(6)$'(%)
0.*&.&.-6)(0.$+'('%&%:(E1.)(0-#,)(%/(.,.&%&.-/(-0(#$%+(0.$+'('%&%N(R$(.&(=.&1(%(+%#"$#(#$)-+6&.-/(./
&.,$:

21$/N( &1$( )K)&$,( &.,$V)*%+$)( =1.*1( %#$( 0-6/'( 0#-,( &1$( *%+.R#%&.-/( *-##$)5-/'( &-( &1-)$
*%+*6+%&$'( 0#-,( !),.&%( 5%#%,$&$#)N( =$( *%/( *-/*+6'$( &1%&( '$#.@./"( )K)&$,( &.,$V)*%+$)( .)
&1$-#$&.*%++K(5-)).R+$:(w$&N(6&.+.&K(./(5#%*&.*%+(%55+.*%&.-/)(=.&1()5%#)$+K(%@%.+%R+$(0.$+'('%&%
1%)(K$&(&-(R$(5#-@$/(./(&1%&(*%)$:

4.6.2 Results optimising system time-scales

E1$(*%+.R#%&.-/(1%)(R$$/(5$#0-#,$'(/6,$#.*%++KN(=.&1(UN([JU(%/'(H\(K$%#)(%)(0.#)&($)&.,%&$)
0-#( &1$( )K)&$,( &.,$V)*%+$):( !0&$#( %( +-/"( .&$#%&.-/( 5#-*$))( X%55#-c:( HII( )&$5)Y( 0-#( )$@$#%+
'.00$#$/&(.,5-)$'('.)&6#R%/*$)N(.&(&6#/$'(-6&(&1%&(&1$()%,$(&.,$V)*%+$)(U(%/'(H\(K$%#)(=$#$
0-6/'(%)(-5&.,6,(*-,R./%&.-/)(0-#()K)&$,(&.,$V)*%+$):(!+)-(=.&1('.00$#$/&(./.&.%+(@%+6$)N(0-#
$c%,5+$(HIN(HI(%/'(HI(K$%#)N(&1$()%,$(@%+6$)(U(%/'(H\(=$#$(0-6/':(F-=$@$#N(&1$(&.,$V)*%+$
[JU(K$%#)('.'(/-&(#$)6+&('.#$*&+K(0#-,(&1$(.&$#%&.-/:(E1.)(.)(5#-R%R+K(R$*%6)$(&1$(-R)$#@%&.-/)
*-@$#( %( 5$#.-'( -0( ^b( K$%#)N(=1.*1(,%K( R$( ./)600.*.$/&( &-( .'$/&.0K( &1$( *-,5%#%&.@$+K( +%#"$
&.,$V)*%+$:(E1.)(&.,$V)*%+$(*-6+'(5-)).R+K(R$('$#.@$'(.0(%(+-/"$#(5$#.-'(=-6+'(R$(*-/).'$#$':

W/( &1$(0-++-=./"( 0."6#$( &1$(*%+.R#%&.-/( #$)6+&)(-0(-/$($c%,5+$(-0( .,5-)$'('.)&6#R%/*$)(%#$
)1-=/:(!*&6%++KN().,.+%#(#$)6+&)(=$#$(-R&%./$'(0-#(-&1$#('.)&6#R%/*$)N(=1.*1(,$%/)(&1%&(-/+K
&1$(&=-(),%++$#(&.,$V)*%+$)(=$#$(0-6/':
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C."6#$([VJI((C.&(+./$%#(%55#-c.,%&.-/(&-(!),.&%(#$)6+&)(-@$#(^b(K$%#):

'.)&6#R%/*$)(XJIx(-0(d$Y
'$+&%A(^$_(,U
*1%//$+A(H:[$b(,U
0+%&A(I:U($_(,U

W/( &1$( 0."6#$( %R-@$N( .&( *%/( R$( )$$/( &1%&( &1$( 0.&&$'( )K)&$,( &.,$V)*%+$)( K.$+'( %( #$%)-/%R+$
#$5#$)$/&%&.-/( -0( &1$( !),.&%( #$)6+&)( 0-#( &1$( 0+%&( %/'( '$+&%:( P/+K( &1$( '$@$+-5,$/&( -0( &1$
*1%//$+N(".@$)(%(*+$%#('$@.%&.-/:(!55%#$/&+KN(&1$(*1%//$+('$@$+-5,$/&(-/(%(&.,$V)5%/(-0(^b
K$%#)( .)( %+#$%'K( "-@$#/$'( RK( &1$( +%#"$#( &.,$V)*%+$N( =1.*1( *%//-&( R$( '$#.@$'( 0#-,( '%&%
*-@$#./"(-/+K(^b(K$%#):

L-/).'$#./"(%(*%+.R#%&.-/(=.&1(%(),%++$#(5$#.-'(X=.&1(&1$()%,$('.)&6#R%/*$)(%/'()%,$(./56&
./(!),.&%YN( #$)6+&)( ./(%(,-#$(%**6#%&$( 0.&( 0-#(%++( $+$,$/&)N( %+)-( 0-#( &1$(*1%//$+( X)$$( 0."6#$
[:JJY:(!55%#$/&+KN(%(R$&&$#(0.&(.)(5-)).R+$(0-#(&1$(*1%//$+N(%)(&1$(+%#"$#(&.,$V)*%+$(.)(#$+%&.@$+K
6/.,5-#&%/&(./(&1$(0.#)&(U[(K$%#):(C6#&1$#,-#$N(&1$($##-#(&6#/)(-6&(&-(R$(),%++$#(./(&1$(*%)$(-0
),%++$#( '.)&6#R%/*$):( E1.)( .)( +-".*%+( %)( &1$( +./$%#.)$'( $a6%&.-/)( =$#$( '$#.@$'( /$%#
$a6.+.R#.6,(@%+6$)N(1$/*$(0-#(),%++('.)&6#R%/*$):
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C."6#$([VJJ(C.&(+./$%#()-+6&.-/(&-(!),.&%(#$)6+&)(-@$#(U[(K$%#)
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L-,5%#./"( $."$/@$*&-#)( '$#.@$'( 0#-,( !),.&%( 5%#%,$&$#)( =.&1( &1-)$( -R&%./$'( 0#-,
*%+.R#%&.-/N( )1-=)( &1%&( &1$K( %#$( /-&( %+,-)&( $a6%+:( W/( &1$( +./$%#( %55#-c.,%&.-/N( &1$
*-,5-/$/&)(-0(&1$($."$/@$*&-#)(%#$(,%&1$,%&.*%++K(#$+%&$':(W/(&1$(0.&N(&1$)$(*-,5-/$/&)(1%@$
&6#/$'(./&-(%()$&(-0(,-#$(-#(+$))(,6&6%++K(./'$5$/'$/&(k0.&g(0%*&-#):(!55%#$/&+KN()K)&$,(&.,$V
)*%+$)( *-6+'( R$( '$#.@$'( ./( &1$( *%+.R#%&.-/( 0-#( +%#"$#( '.)&6#R%/*$)N( R6&( &1$/( =.&1( -&1$#
5#-5-#&.-/)(&1%/(R%)$'(-/(&1$(+./$%#(%55#-c.,%&.-/:

4.6.3 Conclusion calibration of linear approximation

C#-,(&1$(*%+.R#%&.-/(-0(&1$(+./$%#(%55#-c.,%&.-/(-/(!),.&%(#$)6+&)N(=$(*-/*+6'$(&1%&()K)&$,
&.,$V)*%+$)N(=1.*1(=$#$('$#.@$'(%/%+K&.*%++KN(*%/(R$('$#.@$'(0#-,('%&%V-R)$#@%&.-/)N(-/(&1$
*-/'.&.-/(&1%&(&1$(-R)$#@%&.-/(5$#.-'(.)(-0(&1$()%,$(-#'$#(%)(&1$()K)&$,(&.,$V)*%+$):(E1.)(.)
*-/*+6'$'(0#-,(&1$(0./'./"(&1%&(=.&1(%/(-R)$#@%&.-/(5$#.-'(-0(^b(K$%#)N(&1$(+%#"$#(&.,$V)*%+$
X[JU(K$%#)Y(*%//-&(R$(#$*-"/.)$'N().,5+K(R$*%6)$(./)600.*.$/&('%&%(%#$(%@%.+%R+$(&-(*-@$#(&1.)
)*%+$:(W&(+--?)(%)(.0N(./(&1$($c%,5+$(-0(&1$(4%#)'.$5N(&1$(*1%//$+('$@$+-5,$/&(.)("-@$#/$'(RK
&1.)(+%#"$#(&.,$V)*%+$:

E1$(+./$%#.)$'($a6%&.-/)(=$#$('$#.@$'(%#-6/'($a6.+.R#.6,N(R6&(=$(0-6/'(&1%&(%+)-(0-#(+%#"$#
'.)&6#R%/*$)( &1$( )K)&$,( &.,$V)*%+$)N(=1.*1(=$#$( 0-6/'( 0#-,(!),.&%( 5%#%,$&$#)N( *-6+'( R$
'$#.@$'(0#-,(-R)$#@%&.-/):(W&(&6#/$'(-6&(&1%&(&1$(*-##$)5-/'./"($."$/@$*&-#)(#$)6+&./"(0#-,
&1$( 0.&N( %#$( /-&( $a6%+( &-( &1-)$( 0-6/'( ./( &1$( +./$%#( %55#-c.,%&.-/:( 9$@$#&1$+$))N( =$( *%/
*-/*+6'$( &1%&( )K)&$,( &.,$V)*%+$)( ,%K( R$( %55#-5#.%&$( &-( *1%#%*&$#.)$( &1$( ,-#51-+-".*%+
R$1%@.-6#(-0(%(&.'%+()K)&$,(#$"%#'+$))(-0((&1$(,%"/.&6'$(-0(&1$('.)&6#R%/*$):

W/( &1.)(%/%+K).)(=$(6)$'(!),.&%(-6&56&(%)(0.*&.&.-6)(-R)$#@%&.-/)N( &-"$&1$#(%R-6&(\II('%&%V
5-./&):(W/(&1$(*%)$(-0(&1$(*+-)6#$(-0(&1$(76.'$#8$$N(=$(1%@$(%(#%&1$#()5%#)$('%&%V)$&(Xb('%&%V
5-./&)(5$#($+$,$/&Y:(E1.)(,$%/)( &1%&( .&( .)(/-&(5-)).R+$( &-(*%+.R#%&$(%++(J\(5%#%,$&$#)(%)(=$
1%@$('-/$(./(&1.)()$*&.-/:(2$(1%@$(&-(+.,.&(&1$(/6,R$#(-0('$"#$$)(-0(0#$$'-,(RK($)&.,%&./"
)-,$(5%#%,$&$#)( ./(%('.00$#$/&(=%K(&1%/(RK(*%+.R#%&.-/:(Q/0-#&6/%&$+KN($."$/@$*&-#)('-(/-&
a6%+.0K(0-#()6*1(%/(%+&$#/%&.@$($)&.,%&.-/N(%)A
!" 2$( *-/*+6'$'( ./( &1.)( )$*&.-/( &1%&( ./( &1$( *%)$( -0( +%#"$#( '.)&6#R%/*$)( &1$( %/%+K&.*%+
$."$/@$*&-#)(%#$(/-&(&1$()%,$(%)(&1$(*%+.R#%&$'(k$."$/@$*&-#)g:(E1.)(,$%/)(&1%&(=$(*%//-&
R%)$(-6#($)&.,%&.-/)(-/(&1$(%/%+K&.*%+()-+6&.-/:

!" 2$(*%//-&($)&.,%&$(&1$)$(5%#%,$&$#)(R%)$'(-/(-&1$#(?/-=+$'"$N(%)(&1$)$(5%#%,$&$#)('-
/-&(1%@$(%(51K).*%+(,$%/./"

!)(%(#$)6+&N()600.*.$/&(#$'6*&.-/(-0(&1$(/6,R$#(-0('$"#$$)(-0(0#$$'-,(.)(/-&(5-)).R+$N()-(&1%&
=$( *%//-&( '$#.@$( &1$( )K)&$,( &.,$V)*%+$)( 0#-,( &1$( %@%.+%R+$( '%&%( -0( &1$( *+-)6#$( -0( &1$
76.'$#8$$:
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4.7 Sensitivity analysis on system time-scales

4.7.1 Approach Sensitivity analysis

W/( &1.)( *1%5&$#( =$( 1%@$( )$$/( &1%&( &1$( )K)&$,( &.,$V)*%+$)( 0-#,( *1%#%*&$#.)&.*)( -0( &1$
,-#51-+-".*%+('$@$+-5,$/&(-0(%(&.'%+()K)&$,:(E1$)$()K)&$,(&.,$V)*%+$)(%#$('.#$*&+K(#$+%&$'
&-(&1$(./56&(5%#%,$&$#)N(%/'(*-6+'(1$+5(&1$(*%+.R#%&.-/(-0(!),.&%:

21$/( *%+.R#%&./"(!),.&%N( ./0-#,%&.-/( -/( ./56&( 5%#%,$&$#)( .)( '$).#$'(=.&1( #$)5$*&( &-( &=-
%)5$*&)A
J:( L%+.R#%&./"(!),.&%(#$a6.#$)( ./)."1&( ./&-( &1$(%*&6%+( ./0+6$/*$(-0( &1$)$(5%#%,$&$#)(-/(&1$
,-#51-+-".*%+('$@$+-5,$/&:(E1.)(,$%/)( &1%&(=$(=-6+'( +.?$( &-(?/-=(=1.*1(5%#%,$&$#)
=$()1-6+'(@%#K(./(=1%&('.#$*&.-/(&-(-R&%./(&1$('$).#$'(*%+.R#%&.-/:

H:( 2$(=%/&(&-(?/-=(=1.*1(5%#%,$&$#)(./(!),.&%(1%@$(%(#$+%&.@$+K(+%#"$(./0+6$/*$N(*-,5%#$'
&-( &1$(-&1$#( ./56&(5%#%,$&$#):(E1$/N(=$(*%/('$*.'$(=1.*1(5%#%,$&$#)(*%/(R$($)&.,%&$'
#-6"1+K( %/'( *-6+'( R$( 0.c$'( '6#./"( &1$( *%+.R#%&.-/:(F-=$@$#N( 5%#%,$&$#)(=1.*1( 1%@$( %
+%#"$(./0+6$/*$()1-6+'(R$(6)$'(%)(*%+.R#%&.-/(5%#%,$&$#N(-#()1-6+'(R$(./@$)&."%&$'(./(,-#$
'$&%.+N(0-#($c%,5+$(RK(,$%/)(-0(0.$+'V./@$)&."%&.-/):

C-#(&1$)$(56#5-)$)N(&1$()$/).&.@.&K(-0(&1$()K)&$,(&.,$V)*%+$)(&-(!),.&%(./56&(5%#%,$&$#)(=.++
R$(%/%+K)$':

3-( 0%#N( &1$( +./$%#( %55#-c.,%&.-/(1%)( R$$/( 6)$'( ./( %/( $c%,5+$( 0-#( &1$(4%#)'.$5:( C-#( &1.)N
@%+6$)(%#$(%))6,$'( 0-#( &1$( ./56&(5%#%,$&$#)(-0(!),.&%:(C-#( &1$(-#'$#(-0(,%"/.&6'$(-0( &1$
"$-,$&#.*(5%#%,$&$#)N(@%+6$)(0-#(4%#)'.$5(-0(J`U[(1%@$(R$$/(6)$':(W/(&1.)(K$%#N( &1$#$(=%)
/-( $a6.+.R#.6,N( R6&( &1$( '%&%( =$#$( 6)$'( %/K=%K( &-( "$&( %/( .'$%( -0( &1$( )K)&$,( %/'( &1$
./&$#%*&.-/(R%)$'(-/(&1$(+./$%#(%55#-c.,%&.-/:(C-#(-&1$#(5%#%,$&$#)(=$(6)$'(@%+6$)(R%)$'(-/
5#$@.-6)()&6'.$):(X)$$(%55$/'.c(OY:

E-( 0./'( -6&( =1%&( &1$( )$/).&.@.&K( -0( &1$( )K)&$,( &.,$V)*%+$)( %#$( 0-#( %( @%#.%&.-/( -0( &1$)$
5%#%,$&$#)N(%()$/).&.@.&K(%/%+K).)(.)(*%##.$'(0-#($%*1(5%#%,$&$#()$5%#%&$+KN(?$$5./"(&1$(-&1$#
5%#%,$&$#)(*-/)&%/&:

W/( &%R+$( [:H( &1$( #%/"$)( %#$( ".@$/( =.&1./( =1.*1( &1$( @%#.-6)( 5%#%,$&$#)( %#$( @%#.$'( ./( &1$
)$/).&.@.&K(%/%+K).):(C-#(&1$("$-,$&#.*(5%#%,$&$#)(%('$@.%&.-/(-0(HIxN(#$+%&.@$(&-(&1$(*$/&#%+
@%+6$N( .)( 6)$':( C-#( &1$( -&1$#( 5%#%,$&$#)N( #%/"$)( =$#$( 6)$'( 0#-,( 5#$@.-6)( ./@$)&."%&.-/)
XD6.),%/N(J``_(%/'(d%/(;--#N(HIIJY(%)('.)*6))$'(./()$*&.-/(U:_:(E1$(/(5%#%,$&$#N(=.&1(%
@%+6$(-0(HN(-#."./%&$)(0#-,(&1$()$'.,$/&(&#%/)5-#&(0-#,6+%(X=1$#$(&1$()$'.,$/&(&#%/)5-#&(.)
#$+%&$'(&-(&1$(@$+-*.&K(%)('.)*6))$'(./()$*&.-/Y:(O.00$#$/&(&#%/)5-#&(0-#,6+%)($c.)&N(=1$#$(&1$
/V5%#%,$&$#(*%/(#-6"1+K(@%#K(R$&=$$/(H(%/'([:
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!%"%4#*#") &#6*"%2
7%2/#)

/6(* "%6.#

%'* JIII ,Uf) \IIVHIII

%*- JIII ,Uf) \IIVHIII

%0* JIII ,Uf) \IIVHIII

*M H$V[ V J:HVH:[$V[

=) J$V[ ,f) J$V\VJ$V[

d'$ \:`^$b ,U [:_V_:H$b

d*$ HU:`$b ,U J`VH`$b

d0$ I:U[$b ,U I:H\VI:\$b

!' J:UJ$b ,H J:I\VJ:^$b

!* \:^J$b ,H [:[UV^:_U$b

!0 J:UJ$b ,H J:IbVJ:^H$b

/ H V HV[
E%R+$([:H(]%/"$)(6)$'(./()$/).&.@.&K(%/%+K).):

M)&.,%&$'(&.,$V)*%+$)(R%)$'(-/(*$/&#%+(@%+6$)(X)$$(&%R+$([:HY(0-#(./56&(-0(!),.&%A
EJ(e(H:b\(K$%#)N
EH(e([JH:_(K$%#)N
EU(e(H\:_(K$%#)
E1$( #$)6+&)( -0( &1$( )$/).&.@.&K( %/%+K).)( *%/( R$( 0-6/'( ./( %55$/'.*$)( OJ( &.++( OJH:( W/( &1$
0-++-=./"('$)*#.5&.-/(-0( &1$(#$)6+&)(#$0$#$/*$( .)(,%'$(&-( &1$()K)&$,(&.,$V)*%+$)(EJNEH(%/'
EU( %)( '$0./$'( %R-@$:( ]$"%#'./"( &1$( )$/).&.@.&K( -0( &1$( '.00$#$/&( ./56&( 5%#%,$&$#)( 0-#( &1$
)K)&$,(&.,$V)*%+$)N(&1$(0-++-=./"(*-/*+6).-/)(*%/(R$(,%'$A

4.7.2 Diffusion coefficients

E1$( '.006).-/( *-$00.*.$/&)( #$5#$)$/&( &1$( )$'.,$/&( $c*1%/"$( *%5%*.&K( R$&=$$/( %'>%*$/&
$+$,$/&):(E1$(+%#"$#(&1$($c*1%/"$(*-$00.*.$/&N(&1$(+%#"$#(&1$()$'.,$/&($c*1%/"$N(%/'(1$/*$
&1$(+%#"$#(&1$(%,-6/&(-0(%@%.+%R+$()$'.,$/&:(E1.)(*-##$)5-/')(&-(%('$*#$%)$(-0(&1$(&.,$V)*%+$:
3-N(0-#(%++()K)&$,(&.,$V)*%+$)( .&(1-+')( &1%&N( &1$( +%#"$#( &1$($c*1%/"$(*-$00.*.$/&N( &1$( ),%++$#
&1$( )K)&$,( &.,$V)*%+$:(E-(=1.*1( $c&$/&( &1$( )K)&$,( &.,$V)*%+$)( ( @%#KN( %)( %( *-/)$a6$/*$( -0
@%#.%&.-/(./(&1$(&1#$$($c*1%/"$(*-$00.*.$/&)((.)()1-=/(./(%55$/'.*$)(OJ(&-(OU:

%'*((%/'(%*-A(&1$)$(5%#%,$&$#)('-(/-&(./0+6$/*$(&1$(),%++$)&(&.,$V)*%+$(EJ(R6&(&1$(-&1$#(&=-
&.,$V)*%+$)(%#$()$/).&.@$(&-(%(@%#.%&.-/(-0(&1$)$(&=-($c*1%/"$(*-$00.*.$/&):
%0*A(E1$(-&1$#(=%K(%#-6/'N(&1.)(5%#%,$&$#('-$)(/-&(./0+6$/*$(EH(%/'(EU(X[JH(%/'(H\(K$%#)YN
R6&('-$)(1%@$(%/(.,5%*&(-/(EJ:

E1$( ./0+6$/*$( -0( &1$( @%#.-6)( $c*1%/"$( *-$00.*.$/&)( *-##$)5-/')( &-( &1$( ./&$#%*&.-/)( %)
'.)*6))$'( 0-#( &1#$$($+$,$/&)( ./( )$*&.-/([:UN( /%,$+K( &1%&( &1$(EJ( .)( #$+%&$'( &-( &1$( $c*1%/"$
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R$&=$$/(&1$(0+%&)(%/'(&1$(*1%//$+(%/'(&1$(&.,$V)*%+$)(EH(%/'(EU(%#$(#$+%&$'(&-(&1$($c*1%/"$
R$&=$$/(&1$(*1%//$+(%/'(&1$('$+&%N(%/'(R$&=$$/(&1$('$+&%(%/'(&1$(-6&).'$(=-#+':

4.7.3 Equilibrium concentration

!)('.)*6))$'( ./( *1%5&$#( U( &1$( *-/*$/&#%&.-/( ./( &1$( -6&).'$(=-#+'N( *MN( .)( 5#$)$/&( ./( %++( &1$
$+$,$/&)( -0( &1$( ./+$&( ./.&.%++K( %/'N( %"%./( =1$/( $a6.+.R#.6,( .)( #$%*1$':( E1$( +%#"$#( &1$
$a6.+.R#.6,( *-/*$/&#%&.-/N( &1$( ),%++$#( &1$( )K)&$,( &.,$V)*%+$):( E1.)( .)( R$*%6)$( &1$
*-/*$/&#%&.-/('.00$#$/*$(R$&=$$/(&1$($+$,$/&)(R$*-,$(+%#"$#N(=1.*1(.)(%&&$/'$'(=.&1(%(0%)&$#
&#%/)5-#&(%*#-))(R-6/'%#.$)(-0($+$,$/&):(E1$(*-/*$/&#%&.-/(1%)(%(+%#"$(./0+6$/*$(-/(%++(&1#$$
)K)&$,(&.,$V)*%+$):(E1$(./0+6$/*$(-0(&1$($a6.+.R#.6,(*-/*$/&#%&.-/(-/(&1$('.00$#$/&($+$,$/&)
*%/( R$( 0-6/'( ./( %55$/'.c( O[:( 3K)&$,( &.,$V)*%+$)( %#$( ./@$#)$+K( 5#-5-#&.-/%+( &-( &1$
$a6.+.R#.6,(*-/*$/&#%&.-/:

4.7.4 Vertical exchange coefficients

E1$(@$#&.*%+($c*1%/"$(5%#%,$&$#)('$&$#,./$(1-=(a6.*?+K(&1$(./*-,./"()$'.,$/&(*%/()$&&+$N
-#( *-6/&$#=.)$N( 1-=( a6.*?+K( )$'.,$/&( *%/( $#-'$:( W&( .)( a6.&$( +-".*( &1%&( &1.)( 5%#%,$&$#
./0+6$/*$)( &1$( )K)&$,( &.,$V)*%+$):( E1$( &1#$$( @$#&.*%+( $c*1%/"$( *-$00.*.$/&)( X-/$( 0-#( $%*1
$+$,$/&Y( %#$( @%#.$'( ).,6+&%/$-6)+KN( ./( *-/&#%'.*&.-/( &-( 0-#( $c%,5+$( &1$( '.006).-/
*-$00.*.$/&):( E1$( +%#"$#( &1$( @$#&.*%+( $c*1%/"$N( &1$( ),%++$#( &1$( )K)&$,( &.,$V)*%+$)N( )$$
%55$/'.c(O\:

4.7.5 Equilibrium volumes

E1$($a6.+.R#.6,(@-+6,$)(-0(&1$($+$,$/&)(%#$(%(,$%)6#$(0-#(&1$().8$(-0(&1$()K)&$,(=1$/(.&(.)
./($a6.+.R#.6,:(S%#"$#($a6.+.R#.6,(@-+6,$)N(.,5+.$)(%(+%#"$#()K)&$,:(!(+%#"$#()K)&$,(/$$')
,-#$( &.,$( &-( %'>6)&:( E1.)( "-$)( =.&1( +%#"$#( )K)&$,( &.,$V)*%+$):( E1.)( .)( )1-=/( 0#-,( &1$
)$/).&.@.&K( &$)&)( %)( =$++:( !+)-( .&( #$)6+&)( &1%&( &1$( &1#$$( $a6.+.R#.6,( @-+6,$)( %++( 1%@$( &1$.#
.,5%*&(-/(-/$(&.,$V)*%+$N(=1.*1(.)('.00$#$/&(0-#(%++($+$,$/&):(E1$($a6.+.R#.6,(@-+6,$(-0(&1$
'$+&%(1%)(&1$(+%#"$)&(./0+6$/*$(-/(&1$(EU(XH^(K$%#)YN(&1$($a6.+.R#.6,(@-+6,$(-0(&1$(*1%//$+
,%./+K(./0+6$/*$)(&1$(EH(X[JU(K$%#)Y(%/'(&1$($a6.+.R#.6,(@-+6,$(-0(&1$(0+%&(1%)(#$+%&.@$+K(&1$
+%#"$)&(./0+6$/*$(-/(&1$(),%++$)&(&.,$V)*%+$(XU(K$%#)YN(X)$$(%+)-(&%R+$([:U(%/'(%55$/'.*$)(O^
&-(ObY:(E1$(,$/&.-/$'(#$+%&.-/)(R$&=$$/(&1$($a6.+.R#.6,(@-+6,$(%/'(&1$()K)&$,(&.,$V)*%+$)
%#$(+./$%#(#$+%&.-/):

4.7.6 Areas of elements

E1$(%#$%('-$)(/-&()$$,(&-(1%@$(%(/-&.*%R+$(./0+6$/*$(-/(&1$()K)&$,(&.,$V)*%+$):(E1.)('-$)
/-&()$$,(+-".*%+N(%)(&1$(%#$%)(%#$('.#$*&+K(#$+%&$'(&-(&1$(@-+6,$)(-0(&1$($+$,$/&)N(=1.*1('-
1%@$( %( )."/.0.*%/&( ./0+6$/*$:( E1$( #$%)-/( 0-#( &1.)( .)( &1%&( .&( .)( /-&( 5-)).R+$( &-( @%#K( &1$)$
5%#%,$&$#)(./'$5$/'$/&+K(%)(@-+6,$(%/'(%#$%(%#$('.#$*&+K(#$+%&$'(&-($%*1(-&1$#:(L-/*+6'./"
0#-,(&1$()$/).&.@.&K(%/%+K).)N(/-( +%#"$($##-#(=.++(R$(,%'$(RK(%))6,./"(%(*-/)&%/&(%#$%(X)$$
%55$/'.*$)(O`(&-(OJJY:
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4.7.7 n-parameter

E1$(+%#"$#(&1$(/V5%#%,$&$#N(&1$(),%++$#(&1$(&.,$V)*%+$)(%#$:(E1.)(*%/(R$($c5+%./$'(0#-,(&1$
0%*&(&1%&(&1$()$'.,$/&(&#%/)5-#&(X=.&1(*-/)&%/&(5#.),Y(./*#$%)$)(./(&1$(*%)$(-0(%/(./*#$%)./"
/V5%#%,$&$#:(!)(%(*-/)$a6$/*$N(,-#$()$'.,$/&(=.++(R$(%@%.+%R+$:(W/(&1$(+./$%#(%55#-c.,%&.-/
-0( !),.&%N( &1$( #$+%&.-/( R$&=$$/( &1$( )K)&$,( &.,$V)*%+$( %/'( &1.)( 5%#%,$&$#( .)( ./@$#)$+K
5#-5-#&.-/%+N( >6)&( %)( &1$( $a6.+.R#.6,( *-/*$/&#%&.-/( ./( &1$( -6&).'$( =-#+'( .)( X)$$( %55$/'.c
OJHY:

4.7.8 Conclusion Sensitivity analysis

E1$(#$)6+&)N(=1.*1(%#$(5#$)$/&$'(./(%55$/'.*$)(OJ(&-(OJH((%#$()6,,%#.)$'(./(&%R+$([:U:(E1$
$c&#$,$(@%+6$)(-0(&1$()K)&$,(&.,$V)*%+$)(%#$(5#$)$/&$'N(./(&1$(*%)$(-0(@%#.%&.-/(-0("/-(-0(&1$
5%#%,$&$#)(R$&=$$/(&1$(#%/"$)(%)(./'.*%&$'( ./( &%R+$([:UN(=.&1(*-/)&%/&(@%+6$)(0-#( &1$(-&1$#
5%#%,$&$#):

0<4(6 0<4%H 0A4(6 0A4%H 0E4(6 0E4%H

%'* H:b^ H:b^ EAI LWW Jb U[

%*- H:b^ H:b^ EWW LGW J` UH

%0* J:b \:\ [JH [JU H^ H\

*M H:[ [:b EGI LXN HJ:\ [U

=) H:b_ \ [JU [[U H^ \b

d'$ H:b_ H:b_ [I^ [J` HI UH

d*$ H:b^ H:bb EEI GYW H\:\ H^

d0$ H:H [:H [JJ [J\ H^ H^

!' H:b_ H:b_ [JH:_ [JH:_ H\:H H^:\

!* H:b^ H:bb [JH [JU:\ H\:_ H\:b

!0 H:b\ H:`J [JH:_ [JH:_ H\:_ H\:_

/ J:[ H:b\ AWW G<A JU H\:_
E%R+$([:UA(]$)6+&)()$/).&.@.&K(%/%+K).)
*$/&#%+V@%+6$)A
EJ(e(H:b^(K$%#
EH(e([JH:_(K$%#)
EU(e(H\:_(K$%#)

E1$(@%+6$)(./(&%R+$([:U(".@$(&1$()$/).&.@.&.$)(-0(&1$(@%#.%&.-/(./(./'.@.'6%+(,-'$+(5%#%,$&$#):
E1$)$( )$/).&.@.&.$)( %#$( '$#.@$'( 0-#( &1$(4%#)'.$5:(P&1$#( ./+$&)(=.&1( -&1$#( ).8$)( -0( $+$,$/&N
=.++(K.$+'('.00$#$/&(#$)6+&):(2$(*%/(6)$(&1$(#$)6+&)(0#-,(&%R+$([:U(0-#(&1$(&=-(56#5-)$)(=.&1
#$)5$*&(&-(&1$(*%+.R#%&.-/(-0(!),.&%(%)(,$/&.-/$'(./(&1$(R$".//./"(-0(&1.)()$*&.-/A
J:( 21%&(.)(&1$($00$*&(-0(@%#.%&.-/(-0(&1$('.00$#$/&(./56&(5%#%,$&$#)
H:( 21.*1(5%#%,$&$#)(1%@$(%(#$+%&.@$+K(+%#"$(./0+6$/*$(-/(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0
&1$($+$,$/&)N(*-,5%#$'(&-(-&1$#(./56&(5%#%,$&$#)
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%'(JY E%R+$( [:UN( %/'( &1$( *-##$)5-/'./"( #$+%&.-/)( ./( %55$/'.c(O( %#$( 6)$06+( &-( ".@$(,-#$
./)."1&( ./&-( &1$( %*&6%+( ./0+6$/*$( -0( &1$( @%#.%&.-/( -0( &1$( 5%#%,$&$#)( 0-#( &1$( *%+.R#%&.-/:
L%+.R#%&./"(!),.&%( 0-#('.00$#$/&( )&%"$)(-0( &1$(,-#51-+-".*%+('$@$+-5,$/&( .)( #$+%&$'( &-( &1$
)$/).&.@.&K(-0(&1$(5%#%,$&$#)(0-#( &1$('.00$#$/&()K)&$,(&.,$V)*%+$):( W0N( 0-#($c%,5+$( &1$( ./.&.%+
'$@$+-5,$/&( #$a6.#$)( %( R$&&$#( 0.&N( &1$/(=$( *%/( '$#.@$( &1%&( .&( .)( 6)$06+( &-( @%#K( &1$( @$#&.*%+
$c*1%/"$(*-$00.*.$/&(%)(&1.)(5%#%,$&$#($)5$*.%++K(./0+6$/*$)(&1$(),%++$#(&.,$V)*%+$)(EJ(%/'
EU:(E1$(#$+%&.-/)(./(%55$/'.c(O(./'.*%&$(&1$($00$*&(-0(./*#$%)./"(-#('$*#$%)./"(5%#%,$&$#):
E1$(/6,R$#(-0(*%+.R#%&.-/(5%#%,$&$#)(.)(+.,.&$'(RK(&1$(%,-6/&(-0(%@%.+%R+$('%&%:(W/(&1$(*%)$
-0(%(+%#"$('%&%V)$&N(.&(.)(5-)).R+$(&-(6)$(,-#$(5%#%,$&$#)(./(&1$(*%+.R#%&.-/N(&1$/(./(&1$(*%)$(-0
%(),%++('%&%V)$&:(F$/*$N(&1$()5$*.0.$'(#$)6+&)(%#$($)5$*.%++K(6)$06+(./(&1$(*%)$(-0(%(+%#"$('%&%V
)$&(*-,5%#$'(&-(&1$(/6,R$#(-0(./56&(5%#%,$&$#):

%'(HY F-=$@$#N( ./( &1$(*%)$(-0( )5%#)$('%&%( )$&N(-/+K( 0$=(5%#%,$&$#)( *%/(R$( @%#.$'( ./( &1$
*%+.R#%&.-/:(E1$/(=$(1%@$(&-('$*.'$(=1.*1(5%#%,$&$#)(1%@$(&1$(#$+%&.@$(+%#"$)&(./0+6$/*$(-/
&1$(,-#51-+-".*%+('$@$+-5,$/&:(E1.)(,$%/)( &1%&(=$(*-/).'$#( &1$( )$/).&.@.&K(-0( &1$( +%#"$)&
&.,$V)*%+$N( =1.*1( '$&$#,./$)( &1$( -@$#%++( ,-#51-+-".*%+( '$@$+-5,$/&:( E1.)( )K)&$,( &.,$V
)*%+$( .)( )$/).&.@$( 0-#( &1$( *-$00.*.$/&)( $c5#$))./"( &1$( $c*1%/"$(R$&=$$/( *1%//$+( %/'( '$+&%N
%/'(R$&=$$/(&1$('$+&%(%/'(&1$(-6&).'$(=-#+'N(&1$($a6.+.R#.6,(*-/*$/&#%&.-/N(&1$(/V5%#%,$&$#
%/'(&1$($a6.+.R#.6,(@-+6,$(-0(&1$(*1%//$+:((W&(.)(R$(#$*-,,$/'$'(&-(0.c(&1$(/V5%#%,$&$#(%/'
&-(%))6,$( &1%&( &1$(%'%5&$'()$'.,$/&( &#%/)5-#&( 0-#,6+%(".@$)(%/( %55#-5#.%&$( '$)*#.5&.-/(-0
#$%+.&K:(E1$/N(&1$(,-#51-+-".*%+()K)&$,(&.,$V)*%+$)(%/'(1$/*$('$@$+-5,$/&(%#$()$/).&.@$(0-#
$a6.+.R#.6,(@-+6,$)N('.006).-/(*-$00.*.$/&)(%/'($a6.+.R#.6,(*-/*$/&#%&.-/:(E1$)$(5%#%,$&$#)
)1-6+'(R$(6)$'(./(&1$(*%+.R#%&.-/N(-#(#$a6.#$(06#&1$#(./@$)&."%&.-/(./&-(&1$(5-)).R+$(@%+6$):

4.8 Conclusion use of linear approximation

W/( &1.)( *1%5&$#( &1$( !),.&%( $a6%&.-/)( =$#$( +./$%#.)$'( &-( -R&%./( ,-#$( ./)."1&( ./&-
,-#51-+-".*%+(./&$#%*&.-/(%/'(&.,$V)*%+$)N(./(-#'$#(&-(*-,$(&-(%(5#-5$#(*%+.R#%&.-/(-0(!),.&%
0-#( &1$( *+-)6#$( -0( &1$(76.'$#8$$:(C.#)&(=$( %/%+K)$'( &1$( +./$%#.)$'( $a6%&.-/)( &-( $/+%#"$( &1$
&1$-#$&.*%+( 6/'$#)&%/'./"( -0( &1$( ,-#51-+-".*%+( R$1%@.-6#( -0( &.'%+( ./+$&):( D$).'$)N( =$
%/%+K)$'( &1$( 6)$( -0( &1$( +./$%#.)%&.-/( 0-#( &1$( *%+.R#%&.-/( -0( !),.&%:(2.&1( #$)5$*&( &-( &1$)$
./@$)&."%&.-/)N(&1$(0-++-=./"(*-/*+6).-/)(%#$('#%=/A

!" C#-,(&1$(+./$%#(%55#-c.,%&.-/(=$(*-/*+6'$'(&1%&(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$
$+$,$/&)(-0(%(&.'%+(./+$&(*%/(R$('$)*#.R$'(RK(%(*-,R./%&.-/(-0()K)&$,(&.,$V)*%+$)N(=1.*1
'$5$/'(-/("$-,$&#.*(5%#%,$&$#)(%/'(&1$($c*1%/"$(*-$00.*.$/&)(-0(&1$()K)&$,:

!" E1$( +./$%#( %55#-c.,%&.-/( .)( /-&( %55#-5#.%&$( &-( R$( 6)$'( %)( #$5+%*$,$/&( -0( &1$( -#."./%+
0-#,6+%&.-/(-0(!),.&%N( R$*%6)$( -0( &1$( +.,.&$'( @%+.'.&K( %/'( &1$( 0%*&( &1%&( J\( 5%#%,$&$#)
=.&1-6&(%('.#$*&(51K).*%+(,$%/./"N(/$$'(&-(R$($)&.,%&$':(C#-,(%/%+K).)(-0(&1$(@%+.'.&K(-0
&1$( +./$%#.)$'( $a6%&.-/)N( =$( *-/*+6'$'( &1%&( 0-#( #-6"1( a6%/&.&%&.@$( $)&.,%&$)( %/'( 0-#
a6%+.&%&.@$(%/%+K).)(-0(,-#51-+-".*%+(R$1%@.-6#N(&1$(+./$%#.)$'($a6%&.-/)(%#$(%55#-5#.%&$:

!" E1$( +./$%#( %55#-c.,%&.-/(".@$)( %( ).,5+$( %/%+K&.*%+( $c5#$)).-/( 0-#( &1$( &.,$V)*%+$( -0( %/
$+$,$/&:( C6#&1$#,-#$N( =$( *-/*+6'$'( &1%&( 0%*&-#)( +.?$( %R)-+6&$( '.)&6#R%/*$N( #$+%&.@$
'.)&6#R%/*$( %/'( &1$( 5#-c.,.&K( -0( &1$( -6&).'$(=-#+'( ./0+6$/*$( &1$( ./&$#%*&.-/( %/'( &.,$V
)*%+$)(-0(&1$($+$,$/&):
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"
!" E1$(+./$%#.)$'($a6%&.-/)(&6#/$'(-6&(&-(R$(6)$06+(&-(5#$'.*&(&1$(*1%#%*&$#.)&.*(R$1%@.-6#(-0
&1$( $+$,$/&)N( ".@$/( %( *$#&%./( *-,R./%&.-/( -0( '.)&6#R%/*$)( .,5-)$'( -/( %( )K)&$,:( W/
5%#&.*6+%#N( .&( *%/( R$( '$,-/)&#%&$'( &1%&( ./( )-,$( ).&6%&.-/)( %/( $+$,$/&( '-$)( /-&( $@-+@$
,-/-&-/-6)+K( &-=%#')( .&)( $a6.+.R#.6,( )&%&$N( R6&( 0.#)&( -@$#)1--&)( .&)( $a6.+.R#.6,( -#
./.&.%++K(,-@$)(%=%K:

!" Q)./"( &1$( +./$%#.)$'( $a6%&.-/)N( .&( ,%K( R$( 5-)).R+$( &-( '$#.@$( )K)&$,( &.,$V)*%+$)( 0#-,
-R)$#@%&.-/)(-/(&1$(*-/'.&.-/(&1%&A

JY(&1$(5$#.-'(-0(./&$#$)&(.)()6*1(&1%&(%++(&.,$V)*%+$)(*%/(R$(#$*-"/.)$'
HY((&1$(/6,R$#(-0('%&%(5-./&)(.)(+%#"$(*-,5%#$'(&-(&1$(/6,R$#(-0('$"#$$)(-0
0#$$'-,:

!" C#-,(%()$/).&.@.&K(%/%+K).)(%55+.$'(&-(&1$(4%#)'.$5(./+$&N(=$(*-/*+6'$(&1%&(%(@%#.%&.-/(./
$a6.+.R#.6,(@-+6,$)N('.006).-/(*-$00.*.$/&)(%/'($a6.+.R#.6,(*-/*$/&#%&.-/(1%)(&1$(+%#"$)&
./0+6$/*$( -/( &1$( -@$#%++( ,-#51-+-".*%+( '$@$+-5,$/&( %)( 0-#,6+%&$'( ./( !),.&%:( E1$)$
5%#%,$&$#)( )1-6+'( R$( 6)$'( ./( &1$( *%+.R#%&.-/N( -#( #$a6.#$( 06#&1$#( ./@$)&."%&.-/( ./&-( &1$
5-)).R+$( @%+6$):( C6#&1$#,-#$N( %( )$/).&.@.&K( %/%+K).)( 5#-@.'$)( &1$( -55-#&6/.&K( &-( -R&%./
,-#$( ./)."1&( ./&-( &1$( )5$*.0.*( ./0+6$/*$( -0( &1$( '.00$#$/&( ./56&( 5%#%,$&$#)( -/( '.00$#$/&
&.,$V)5%/)( X#$+%&$'( &-( &1$('.00$#$/&( )K)&$,( &.,$V)*%+$)Y:(E1.)( .)( $)5$*.%++K( 6)$06+( ./( &1$
*%)$(-0(*%+.R#%&.-/(-/(%/($c&$/).@$('%&%V)$&N(*-,5%#$'(&-(&1$(/6,R$#(-0(./56&(5%#%,$&$#):
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5 Analysing data regarding closure Zuiderzee

5.1 Introduction

E1$(%.,(-0(&1$(5#$)$/&()&6'K(.)(&-(*%+.R#%&$(!),.&%(&-(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0((&1$
2%''$/( ./+$&)( )./*$( &1$( *+-)6#$( -0( &1$( 76.'$#8$$( %/'( &-( -R&%./( ,-#$( ./)."1&( ./&-( &1$
,-#51-+-".*%+(R$1%@.-6#(-0(&.'%+(./+$&):

O.#$*&+K( #$+%&$'( &-( &1.)( -R>$*&.@$N( =$( 1%@$( &=-( #$%)-/)( &-( %/%+K)$( &1$( '%&%( #$"%#'./"( &1$
*+-)6#$(-0(&1$(76.'$#8$$A
J:((M/+%#"./"(&1$(./)."1&(./&-(+%#"$V)*%+$(,-#51-+-".*%+(5#-*$))$)(-0(&.'%+(./+$&):(O6$(&-(&1$
*+-)6#$(-0(&1$(76.'$#8$$N(&1$(&.'%+(R%)./(&#%/)0-#,$'(0#-,(%(+%#"$(R%)./(X*-,5%#$'(&-(&1$
&.'%+(=%@$Y( ./&-(%( ),%++(R%)./:(E1.)(=.++( %00$*&( &1$(*1%#%*&$#(-0( &1$( &.'$N( %/'(1$/*$( &1$
,-#51-+-".*%+('$@$+-5,$/&:

H:((PR&%././"(@-+6,$&#.*(./0-#,%&.-/(0-#(&1$(*%+.R#%&.-/(-0(!),.&%A
!" d-+6,$&#.*('%&%(-0(&1$(./+$&)(=1.*1(=$#$(%00$*&$'(RK(&1$(*+-)6#$(XJ`UUVJ``bY
!" W/)&%/&%/$-6)(*1%/"$(./(&.'%+(@-+6,$('6$(&-(&1$(*+-)6#$(X./(-#'$#(&-(5#$'.*&
$a6.+.R#.6,().&6%&.-/)(-0(&1$($+$,$/&)N(R%)$'(-/($a6.+.R#.6,(#$+%&.-/)(X)$*&.-/(U:[YY

E-(%*1.$@$(&1$)$(&=-("-%+)N(=$(1%@$(&1$(0-++-=./"('%&%(%&(-6#('.)5-)%+A
!" 4$%)6#$,$/&)( %/'( *%+*6+%&.-/)( -0( &1$( &.'%+( 5%&&$#/( R$0-#$( %/'( %0&$#( *+-)6#$N( RK( &1$
3&%%&)*-,,.)).$(76.'$#8$$(XJ`H^Y

!" O.".&.)$'(,%5)( -0( R$'( &-5-"#%51K( 0#-,( J`H\( &-( J``bN( R%)$'( -/(,$%)6#$,$/&)( RK( &1$
!'@.$)'.$/)&(F--#/(%/'(*-,5+$,$/&./"(B!]<Q3(,$%)6#$,$/&)(%0&$#(J`^H:

!" d-+6,$&#.*('%&%N(0#-,(MK)./?(%/'(D.$"$+(XJ``HY(0-#(&1$(./+$&)(-0(&1$(=$)&$#/(2%''$/(3$%
0#-,(J`H\(&-(J`b\:

2$(1%@$()$$/(./(&1$(*1%5&$#)(H(%/'(U(&1%&( &1$( &.'%+(@-+6,$(.)( &1$(,%./(0-#*./"(R$1./'(&1$
,-#51-+-".*%+( '$@$+-5,$/&( -0( &.'%+( ./+$&):(E1$#$0-#$N(=$(=.++( 0.#)&( '.)*6))( &1$( *1%/"$)( ./
&.'%+(5%&&$#/(%/'(&1$(#$+%&$'(*1%/"$)(./(&.'%+(@-+6,$(X)$*&.-/(\:HY:(E1$/N(=$(=.++(*-/).'$#(&1$
%@%.+%R+$( '.".&.)$'( ,%5)( &-( %/%+K)$( &1$( +%#"$V)*%+$( *1%/"$)( ./( R%&1K,$&#K( X)$*&.-/( \:UY:
36R)$a6$/&+KN(=$(=.++(-R&%./(@-+6,$&#.*('%&%N(R%)$'(-/()&6'.$)(RK(MK)./?(%/'(D.$"$+(XJ``HYN
=1.*1(=$(*%/(6)$(0-#(*%+.R#%&.-/(56#5-)$):(C-#(#$*$/&(K$%#)N()-,$(%''.&.-/%+(@-+6,$)(=.++(R$
*-,56&$'(X)$*&.-/(\:[Y:(E1$(&#$/')(./(&1$(@-+6,$&#.*('%&%(=.++(R$(%/%+K)$'(%/'(*1$*?$'(0-#
*-/).)&$/*K(X)$*&.-/(\:\Y:(C./%++K(%/($##-#(%/%+K).)(=.++(R$($+%R-#%&$'(0-#(&1$(&-&%+(*%+.R#%&.-/
5#-*$))N(&-(,%?$(%/(./@$/&-#K(-0(&1$($##-#)(./&#-'6*$'(0#-,(R-&1(&1$('%&%V5-./&(-0(@.$=(%/'
&1$(,-'$+(5-./&(-0(@.$=(X)$*&.-/(\:^Y:
"
W&( .)(-0("#$%&( .,5-#&%/*$( &-(?$$5( ./(,./'( &1%&(=$(%#$(*-/).'$#./"( &1$( +-/"V&$#,(-#(,%*#-V
)*%+$(X)$$(*1%5&$#(JY:(E1.)(,$%/)( &1%&( &1$(,-#51-+-".*%+($+$,$/&)('$+&%N( *1%//$+(%/'( 0+%&)
%#$(%/%+K)$'(%/'(/-&($@$#K((),%++()1-%+(-#("6++K:((W/(&1$()%,$(=%K(&1$(&.'$(=.++(R$(%/%+K)$'A
&1$(*1%/"$(-0(5%&&$#/(.)(-0(./&$#$)&(%/'(/-&(&1$(+-*%+(*1%/"$):(C6#&1$#,-#$(=$(%#$(./&$#$)&$'
./( &1$( 5$#.-'( )./*$( &1$( *+-)6#$( &.++( %/( $a6.+.R#.6,( )&%&$( .)( #$%*1$':( E1.)( ,$%/)( &1%&( =$
*-/).'$#(%(5$#.-'(-0(%&(+$%)&(_I(K$%#):
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5.2 Changes tidal volume

5.2.1 Introduction

W/(&1$(5#$@.-6)(*1%5&$#)N(=$('.)*6))$'(&1%&(&1$(,-#51-+-".*%+('$@$+-5,$/&(.)('.#$*&+K(#$+%&$'
&-( &1$( &.'%+( @-+6,$( -0( %( &.'%+( ./+$&:( Ma6.+.R#.6,( #$+%&.-/)( =$#$( '$#.@$'( 0#-,( 0.$+'( '%&%
X)$*&.-/( U:[YN( =1.*1( '$)*#.R$( &1$( #$+%&.-/( R$&=$$/( &1$( @-+6,$( -0( $+$,$/&)( %/'( &1$( &.'%+
@-+6,$:(3-N( &-( -R&%./(,-#$( ./)."1&( ./&-( &1$( X$c5$*&$'Y(,-#51-+-".*%+( '$@$+-5,$/&( -0( &1$
&.'%+(./+$&)('6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$N(.&(.)($))$/&.%+(&-(-R&%./(,-#$(./0-#,%&.-/(-/
&1$(*1%/"$)(./(&.'%+(@-+6,$:

O6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$N(&1$(*1%#%*&$#(-0(&1$(R%)./)(R$1./'(&1$(=$)&$#/(2%''$/
.)+%/')(1%)(*1%/"$'(*-/).'$#%R+K:(D$0-#$(&1$(*+-)6#$N(&1$(+$/"&1(-0(&1$(R%)./(=%)(./(&1$()%,$
-#'$#( %)( &1$( &.'%+( =%@$( +$/"&1N( )-( &1%&( &1$( =%&$#( +$@$+( %+-/"( &1$( R%)./( *-6+'( @%#K
*-/).'$#%R+K:(!0&$#(&1$(*+-)6#$N(-/+K(%(),%++(XSR%)./rrS&.'$Y( ( (R%)./(#$,%./$'(=1$#$(&1$(=%&$#
+$@$+( %+-/"( &1$( R%)./( 1%#'+K( *1%/"$):( !)( %( *-/)$a6$/*$N( &1$( &.'%+( ,-&.-/( ./( &1$( R%)./
*1%/"$':

W/(&1$(5#$@.-6)(*1%5&$#)(=$(6)$'(&1$(&$#,(&.'%+(5#.),(X@-+6,$(./(&1$(R%)./(R$&=$$/(4F2
%/'(4S2(%&(1."1(=%&$#Y(&-(a6%/&.0K(&1$(%,-6/&(-0(=%&$#(=1.*1($/&$#)(&1$(./+$&('6#./"(%(&.'%+
5$#.-':( E1.)( 5#.),( .)( '.#$*&+K( 5#-5-#&.-/%+( &-( &1$( &.'%+( @-+6,$( -/+K( 0-#( R%)./)( =1.*1( %#$
),%++(*-,5%#$'(&-( &1$( &.'%+(=%@$(+$/"&1(%/'(&1%&('-$)(/-&(%55+K( 0-#(%( +%#"$(R%)./( +.?$( &1$
76.'$#8$$( R%)./( R$0-#$( *+-)6#$:( E1$/( &1$(=%&$#( )+.*$( R$&=$$/(4F2( %/'(4S2( '-$)( /-&
$a6%+(&1$(%,-6/&(-0(=%&$#(=1.*1($/&$#)(&1$(./+$&('6#./"(%(&.'%+(5$#.-'N(R$*%6)$(-0(&1$()5%&.%+
=%&$#(+$@$+(@%#.%&.-/(=.&1./(&1$(R%)./:(E1$#$0-#$N(=$(=.++(6)$(&1$(&$#,(&.'%+(@-+6,$(./)&$%'
-0(&.'%+(5#.),N(&-('$0./$(&1$(a6%/&.&K(-0(=%&$#(=1.*1($/&$#)(&1$(./+$&('6#./"(-/$(&.'%+(5$#.-':

E1.)(&.'%+(@-+6,$('$5$/')(-/(&1$(&.'%+(#%/"$(%/'(&1$().8$(-0(&1$(R%)./:(E1$)$(0%*&-#)(=.++(R$
%/%+K)$'(0-#(&1$(*-/'.&.-/)(R$0-#$(%/'(%0&$#(*+-)6#$(RK(#$+%&./"(&1$(%@%.+%R+$(&.'%+('%&%(&-(%
).,5+$(&1$-#$&.*%+(*-/).'$#%&.-/:(W/(&1.)(#$)5$*&(=$(=.++(%+)-('.)*6))(&1$(./@$)&."%&.-/)(-0(&1$
3&%%&)*-,,.)).$(76.'$#8$$(XJ`H^Y:

5.2.2 Theory tidal wave

2$(*-/).'$#(%(&.'%+(=%@$(./(%(+-/"()&#%."1&(5#.),%&.*(*1%//$+:(C-#(%().,5+$('$)*#.5&.-/(-0(&1$
=%&$#( +$@$+)( %/'( #$+%&$'( *6##$/&)N( &=-( $a6%&.-/)( *%/( R$( 6)$'i( &1$( ,%))VR%+%/*$( %/'( &1$
$a6%&.-/( -0( ,-&.-/( X)$$( %,-/")&( -&1$#)( D%&&>$)( XJ``^YY:( W0( =$( %))6,$( &1%&( 0#.*&.-/( %/'
%'@$*&.-/(%#$( ),%++( *-,5%#$'( &-( ./$#&.%N( %/'( &1$( &.'%+( %,5+.&6'$( .)( ),%++( *-,5%#$'( &-( &1$
=%&$#('$5&1N(&1$/(#$%')(0-#(&1$(,%))VR%+%/*$A
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W/( $a6%&.-/( \:\( &1$( 0-#,6+%&.-/( -0( %( )&%/'./"( =%@$( *%/( R$( #$*-"/.)$':( !&( %/( %#R.&#%#K
5-).&.-/( ./( &1$( R%)./( :N( &1$( =%&$#( +$@$+( 0+6*&6%&$)( =.&1( %( )./6)-.'%+( 5%&&$#/N( %/'( &1$
*-##$)5-/'./"(%,5+.&6'$('$5$/')(-/(&1$(5-).&.-/(:N(%**-#'./"(&-A

A x
a

kl
k l x( )

cos
cos ( )= ⋅ − X\:_Y

E1.)(,$%/)(&1%&(/-'$)(X,./.,%Y(./(=%&$#(+$@$+(-**6#(./(&1$(*1%//$+(=1$#$(*-)(?X+VcY($a6%+)
8$#-N(%/'(%/&.V/-'$)(X,%c.,%Y(-**6#(=1$#$((T*-)?X+VcYT($a6%+)(-/$:(C#-,($a6%&.-/(\:^(.&(*%/
R$('$#.@$'(&1%&(%&(/-'$)(./(=%&$#(+$@$+(&1$('.)*1%#"$(.)(%&(.&)(,%c.,6,N(=1.+$(%&(&1$(5-).&.-/
-0(%/&.V/-'$)(./(=%&$#(+$@$+(&1$('.)*1%#"$($a6%+)(8$#-(X%)(1-+')(%&(&1$(*+-)$'(R-6/'%#KY:(E1$
51%)$)(R$&=$$/(&=-()6**$)).@$(/-'$)( ./(=%&$#( +$@$+(%#$( &1$( )%,$N(%/'(%#$(-55-).&$( &-( &1$
51%)$)(%'>%*$/&( &-( &1$)$(/-'$):(E1.)(,$%/)N(%)( .++6)&#%&$'( ./(0."6#$(\:HN( &1%&( &1$(*1%/"$( ./
=%&$#(+$@$+(.)(#$%+.)$'(RK(%(5$#.-'.*($c*1%/"$(-0(=%&$#:(E#%/)5-#&(-0(=%&$#(&%?$)(5+%*$(-/+K
R$&=$$/(&=-()6**$)).@$(/-'$)( ./('.)*1%#"$N(%/'(1$/*$( &=-(%/&.V/-'$)( ./(=%&$#( +$@$+:(E1.)
,$%/)(&1%&(./(&1$(*%)$(-0(%(R%)./(=.&1(%(+$/"&1(-0(1%+0(&1$(&.'%+(=%@$(+$/"&1N(%++($c*1%/"$(-0
=%&$#((=.++(&%?$(5+%*$(=.&1./(&1$(R%)./(X=.&1-6&(0#.*&.-/sY:
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W0(&1$(&=-(@%#.%R+$)(1($/(a(%#$()-+@$'N(R%)$'(-/($a6%&.-/)(X\:JY(%/'(X\:bYN(%('%,5./"(&$#,(.)
./&#-'6*$'(./($c5#$)).-/)(0-#(&1$(=%&$#(+$@$+(@%#.%&.-/(%/'('.)*1%#"$:(O6$(&-(&1$(0#.*&.-/(&1$
&.'%+(=%@$(+--)$)($/$#"K(%/'(&1$(%,5+.&6'$()+-=+K('$*#$%)$)(%)(&1$(=%@$($/&$#)(&1$(*1%//$+:
!+)-(&1$(#$0+$*&$'(=%@$(.)()6R>$*&$'(&-(0#.*&.-/:(E1.)(,$%/)(&1%&(0#-,()$%(X-5$/(R-6/'%#KY
&-=%#')( &1$( *+-)$'( R-6/'%#K( &1$( &.'%+( %,5+.&6'$( '$*#$%)$)( %/'( &1$( *-##$)5-/'./"( 51%)$
)+%*?$/):(!)(%(*-/)$a6$/*$N(%/&.V/-'$)(./(&1$(=%&$#(+$@$+('-(/-&(*-./*.'$(=.&1(/-'$)(./(&1$
'.)*1%#"$N(%)(=%)(.++6)&#%&$'(./(0."6#$(\:H:(E1$(&.'%+(=%@$(1%)(&1$(*1%#%*&$#(-0(%(5#-5%"%&./"
&.'%+(=%@$(/$%#(&1$(-5$/(R-6/'%#KN(%/'(%()&%/'./"(*1%#%*&$#(/$%#(&1$(*+-)$'(R-6/'%#K:

W/(&1.)()$*&.-/(=$(1%@$('.)*6))$'(&1$(R%).)(-0(&1$(&1$-#K(-0(%(&.'%+(=%@$(./(%(*1%//$+:((W/(&1$
)6R)$a6$/&()$*&.-/N(=$(=.++(+./?(&1.)(&1$-#K(&-(0.$+'('%&%(-/(&1$(*+-)6#$(-0(&1$(76.'$#8$$:

5.2.3 Tidal wave before and after the closure of the Zuiderzee

Investigations by Staatscommissie Zuiderzee

E1$( 3&%%&)*-,,.)).$( 76.'$#8$$( =%)( ".@$/( &1$( %))."/,$/&( ./( J`Jb( &-( ./@$)&."%&$( &1$
*-/)$a6$/*$)(-0(%(*+-)6#$(-0(&1$(76.'$#8$$(=.&1(#$)5$*&(&-($c5$*&$'(=%&$#(+$@$+)(%/'(=%@$V
#6/( 65( '6#./"( )&-#,)( X)$$( 3&%%&)*-,,.)).$( 76.'$#8$$N( J`H^Y:( E-( %*1.$@$( &1.)N( .&( =%)
/$*$))%#K( &-( %/%+K)$( &1$( &.'%+( *1%/"$)( %)( =$++:( !&( &1%&( &.,$N( /-( ,%&1$,%&.*%+( ,$&1-')
$c.)&$'( K$&( &-( '$)*#.R$( &1$( &.'%+(,-&.-/( ./( )1%++-=( R%)./):( E1$( -/+K( =%K( &-( '$)*#.R$( &1.)
51$/-,$/-/(=%)(R%)$'(-/(-R)$#@%&.-/):(w$&N(./(-#'$#(&-(,%?$(5#$'.*&.-/)(-0(&1$(&.'$(=1.*1
=-6+'(R$(5#$)$/&(%0&$#(*+-)6#$N(,%&1$,%&.*%+('$)*#.5&.-/)(=$#$(/$*$))%#K:(E1$(*1%.#,%/(-0
&1$( 3&%%&)*-,,.)).$( 76.'$#8$$N( S-#$/&8N( '$@$+-5$'( %( 6)$06+( *%+*6+%&.-/( ,$&1-':( F$
'$@$+-5$'( &1$(/-=V?/-=/($a6%&.-/(-0(,-&.-/(=.&1( +./$%#.)$'( 0#.*&.-/N( %)( '.)*6))$'( ./( &1$
5#$@.-6)()$*&.-/(%/'(6)$'(&1.)($a6%&.-/(&-"$&1$#(=.&1(%(,%))VR%+%/*$(&-(*-,56&$(&1$(=%&$#
+$@$+)(%/'('$5&1V%@$#%"$'(*6##$/&):

E1$(76.'$#8$$(%#$%(=%)()*1$,%&.)$'(./(%(/$&=-#?(-0(5#.),%&.*(*1%//$+):(E1$(&.'$(%&()$%(=%)
)*1$,%&.)$'(&-(-/$(,%./(*-,5-/$/&N(4HN(=1.*1(06/*&.-/$'(%)(&1$(R-6/'%#K(*-/'.&.-/:(E1$/N
0-#( )$@$#%+( +-*%&.-/)( ./( &1$( 76.'$#8$$N( .&( R$*%,$( 5-)).R+$( &-( *%+*6+%&$( &1$( =%&$#( +$@$+
@%#.%&.-/( %/'( *-##$)5-/'./"( *6##$/&)( =.&1( &1$( %R-@$( ,$/&.-/$'( ,$&1-':( E1.)( ,$&1-'
#$a6.#$'(%()6R)&%/&.%+(%,-6/&(-0(*%+*6+%&.-/)N(=.&1-6&(&1$(6)$(-0(%/K(*-,56&$#s(E-(@%+.'%&$
&1$(,$&1-'N(,$%)6#$,$/&)(=$#$(*%##.$'(-6&( ./( &1$(76.'$#8$$(%#$%(%#-6/'(J`HI:(Q)./"( &1$
1%#,-/.*( ,$&1-'N( &1$( 4H( *-,5-/$/&( *-6+'( R$( '$#.@$'( 0#-,( &1$( -R)$#@%&.-/):( 2.&1( &1$
'$@$+-5$'(,%&1$,%&.*%+(,$&1-'N(.&(&6#/$'(-6&(&-(R$(5-)).R+$(&-(#$5#-'6*$(&1$(&.'%+(,-&.-/N
=1.*1(=%)(5#$)$/&(R$0-#$(*+-)6#$:(F$/*$N(&1.)(,$&1-'(=%)(%))6,$'(&-(R$()6.&%R+$(&-(5#$'.*&
&1$(&.'$(./(&1$(2%''$/(3$%(%#$%(%0&$#(*+-)6#$:

D%)$'( -/( &1$( *-,56&%&.-/)N( &1$( 3&%%&)*-,,.)).$( 76.'$#8$$( %))$))$'( &=-( %+&$#/%&.@$
+-*%&.-/)( 0-#( &1$( 5-).&.-/( -0( &1$( !0)+6.&'.>?( X&1$( /%,$( -0( &1$( *+-)6#$( '%,Y:( E1$K( %+#$%'K
5#$'.*&$'(&1$(./*#$%)$(./(&.'%+(#%/"$(%/'(*6##$/&)(0-#(%++(%+&$#/%&.@$)N(R6&(&1$K(%))$))$'(=1.*1
%+&$#/%&.@$(=-6+'(,./.,.)$( &1$( *1%/"$)( ./( &.'$( %/'( *6##$/&):(E1$(!0)+6.&'.>?(=%)( ).&6%&$'
/$%#(%(0-#,$#(%/&.V/-'$(./(&1$(=%&$#(+$@$+(&-(,./.,.)$(&1$(*-/)$a6$/*$)(X%(/$=(%/&.V/-'$(%&
&1$()5-&(-0(%(0-#,$#(%/&.V/-'$Y:(W/(&1$(5#$@.-6)()$*&.-/(=$(*-/*+6'$'(&1%&('6$(&-(0#.*&.-/N(%/
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%/&.V/-'$( ./( =%&$#( +$@$+( '-$)( /-&( *-./*.'$( =.&1( %( /-'$( ./( '.)*1%#"$:( E1.)( .,5+.$)( &1%&
*1%/"$)((./(&.'$N(%/'(*-/)$a6$/&+K(./(,-#51-+-"K(%#$((./$@.&%R+$:(F$#$%0&$#N(=$(=.++('$)*#.R$
&1$( &.'$( R$0-#$( %/'( %0&$#( *+-)6#$N( R%)$'( -/( &1$( ,$%)6#$,$/&)( -0( &1$( 3&%%&)*-,,.)).$
76.'$#8$$(%/'(5#$@.-6)+K('.)*6))$'(&1$-#K:

Tidal wave before closure

E1$(76.'$#8$$(R$0-#$(*+-)6#$(./(J`UHN(0-#,$'(-/$(*-,5%#%&.@$+K(+%#"$(&.'%+(R%)./(&1%&(=%)
*-//$*&$'(&-(&1$(9-#&1(3$%(@.%(&1$(4%#)'.$5(%/'(d+.$(./+$&)(X)$$(%+)-(%55$/'.c(MJY:(W/(-#'$#
&-()*1$,%&.)$(&1$(-@$#%++(X*1%/"$(./Y(&.'%+(5%&&$#/N(=$(1%@$()*1$,%&.)$'(&1$(76.'$#8$$(%/'
*-##$)5-/'./"(2%''$/(%#$%(./(-/$()&#%."1&(5#.),%&.*(*1%//$+(=.&1(%(+$/"&1(-0(%55#-c.,%&$+K
JUI(?.+-,$&#$)(0#-,()$%(&-(9.>?$#?:(W/(&1$(/-#&1$#/(5%#&(-0(&1.)(*1%//$+N(#-6"1+K(R$&=$$/(&1$
./+$&)( %/'( &1$( .)+%/'( -0( Q#?N( &1$( %@$#%"$( '$5&1( %,-6/&)( &-( %55#-c.,%&$+K( U:\( ,:( W/( &1$
)-6&1$#/(5%#&N(R$&=$$/(Q#?(%/'(9.>?$#?N(%/(%@$#%"$('$5&1(-0(%55#-c.,%&$+K(H(,(.)(%&&%./$'
./( &1$( )*1$,%&.)%&.-/:(E1$( +$/"&1(-0( &1$( &.'%+(=%@$( ./( &1$(76.'$#8$$( %#$%( .)( #$+%&$'( &-( &1$
%@$#%"$'('$5&1(./(&1$(%#$%A
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?,N( %/'( 1$/*$( &1%&( &1$( +$/"&1( -0( &1$( R%)./( %55#-c.,%&$)( 1%+0( &1$( &.'%+( =%@$( +$/"&1:(2$
*-/*+6'$'(&1%&('6$(&-(&1$(0#.*&.-/(&1$(-R)$#@$'(=%@$(5%&&$#/(*%/(R$('$)*#.R$'(-/+K(5%#&+K(RK
%( )&%/'./"(=%@$:( F-=$@$#N( &1$( -R)$#@$'( $/@$+-5( -0( &1$( =%@$( 5%&&$#/( R$0-#$( *+-)6#$( *%/
#-6"1+K(R$()*1$,%&.)$'(%)(0-++-=)A
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E1$)$( #$)6+&)(=$#$( -R&%./$'( 0#-,(,$%)6#$,$/&)( %/'( *%+*6+%&.-/)( -0( &1$( 3&%%&)*-,,.)).$:
P/+K(&1$('%,5$'(=%&$#(+$@$+(@%#.%&.-/(.)()1-=/(./(&1.)(0."6#$(%/'(/-&(&1$(51%)$('.00$#$/*$):

W/(&1$(&1$-#KN(=$(1%@$()$$/(&1%&(&1$($c*1%/"$(=.&1()$%(&%?$)(5+%*$(./(&1$(%#$%(0#-,(&1$("-#"$
-0(&1$(./+$&(&.++(&1$(+-*%&.-/(=1$#$(&1$(0.#)&(/-'$(./('.)*1%#"$(-**6#):((E1$(%/&.V/-'$(./(=%&$#
+$@$+(=%)( ).&6%&$'(/$%#( &1$( 5#$)$/&(!0)+6.&'.>?N( X'6$( &-( &1$( '-,./%&./"( 0#.*&.-/( &1.)( .)( /-&
@.).R+$(0#-,(0."6#$(\:UY(R6&(&1$(/-'$(./('.)*1%#"$(=%)(5#-R%R+K().&6%&$'()-,$=1$#$(R$&=$$/
&1$( 5#$)$/&( !0)+6.&'.>?( %/'( &1$( 0-#,$#( Q#?:( E1.)( ,$%/)( &1%&( ,-)&( 5%#&( -0( &1$( 0-#,$#
76.'$#8$$('.'(/-&(&%?$(5%#&(./(&1$($c*1%/"$(=.&1()$%:(2%&$#(+$@$+(*1%/"$)(./(&1$(R%*?(5%#&(-0
&1$(R%)./(=$#$(#$%+.)$'(RK($c*1%/"$(-0(=%&$#(=.&1./(&1$(R%*?(5%#&(-0(&1$(76.'$#8$$:(E1.)(.)
%/(.,5-#&%/&(%)5$*&(=1$/(*-/).'$#./"(&1$(*1%/"$(./(&.'%+(@-+6,$:

Tidal wave after closure

DK(*-/)&#6*&./"(&1$(!0)+6.&'.>?N(&1$().8$(-0(&1$(R%)./(=%)(#$'6*$'(=.&1(%55#-c.,%&$+K(U_II
?,H:(!0&$#(&1$(*-/)&#6*&.-/(-0(&1$(*+-)6#$('%,N(&1$(+$/"&1(-0(&1$(&.'%+(R%)./(0#-,()$%(&-(&1$
!0)+6.&'.>?( =%)( #$'6*$'( &-( %55#-c.,%&$+K( H\( ?.+-,$&#$):( E1.)( ,$%/)( &1%&( &1$( #$,%././"
R%)./(.)(),%++(*-,5%#$'(&-(&1$(&.'%+(=%@$(+$/"&1N(X&1.)($00$*&(.)()&#$/"&1$/$'(RK(&1$(0%*&(&1%&
&1$(%@$#%"$('$5&1(%/'(1$/*$N(&1$(&.'%+(=%@$(+$/"&1(./*#$%)$'()-,$=1%&Y:

O6$( &-( &1$( *-/)&#6*&.-/(-0( &1$(!0)+6.&'.>?N( &1$( &.'%+(=%@$( .)( %+#$%'K( #$0+$*&$'( %&( &1$( '%,:
D-&1(&1$(./*-,./"(%/'(#$0+$*&$'(=%@$(%#$( +$))()6R>$*&$'( &-(0#.*&.-/(%/'(?$$5(,-#$($/$#"KN
*-,5%#$'( &-( &1$( ).&6%&.-/( R$0-#$( *+-)6#$:( !)( %( *-/)$a6$/*$N( &1$( "$/$#%&$'( &.'%+( #%/"$)
./*#$%)$'(./(&1$(2%''$/(3$%(%#$%:(21.+$N(&1$(&.'%+(#%/"$('$*#$%)$'(0#-,()$%(&-=%#')(9.>?$#?
R$0-#$( *+-)6#$N( &1$( &.'%+( #%/"$( /-=( ./*#$%)$)( &-=%#')( &1$( !0)+6.&'.>?:( D%)$'( -/( ( &1$
*%+*6+%&.-/)(-0( &1$(3&%%&)*-,,.)).$(76.'$#8$$( X&%R+$( \:JYN( &1$(,-#$( -#( +$))( )&%/'./"(=%@$
%0&$#(*+-)6#$(*%/(R$()*1$,%&.)$'(%)A
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3e(3$%
!e!0)+6.&'.>?

W/( &%R+$( \:J( &1$( &.'%+( #%/"$)( R$0-#$( %/'( %0&$#( *+-)6#$( %#$( 5#$)$/&$'( '$#.@$'( 0#-,( &1$
./@$)&."%&.-/)(-0(&1$(3&%%&)*-,,.)).$:(E1$(&.'%+(#%/"$)(R$0-#$(*+-)6#$(1%@$(R$$/(,$%)6#$'
%/'( @%+.'%&$'( =.&1( *-,56&%&.-/)( %/'( &1$( &.'%+( #%/"$)( %0&$#( *+-)6#$( %#$( R%)$'( -/
*-,56&%&.-/)( -/+K:( E1$( +-*%&.-/)( %#$( )6**$)).@$( %**-#'./"( &-( &1$( 5#-5%"%&.-/( -0( &1$( &.'%+
=%@$(0#-,()$%(&-=%#')(9.>?$#?(X)$$(%55$/'.c(MJY:



                                June, 2001 Z2822                                Aggregated scale modelling of tidal inlets
                                                                of the Wadden Sea

5 – 8 WL | Delft Hydraulics             

',&%*(,6+8C",7(6&#; 0(>%2+"%6.#

1#$,"#+&2,)/"#
8&4;

%$*#"+&2,)/"#
8&4;

(6&"#%)#
8Z;

O$/(F$+'$#(X9FY JI^ JHb HJ
P6'$)*1.+'(XE$c$+N(9FY b^ JU^ \b
O$/(P$@$#(X9FY _[ J[^ `_
<-#/=$#'$#8%/'
XC#.$)+%/'Y

b[ J\^ b^

F%#+./"$/(XC#.$)+%/'Y JJ[ J\b Ub
d+.$(X"-#"$(./+$&Y J[H J^H J[
3&%@-#$/(XC#.$)+%/'Y [H V
M/?16.8$/(X9FY H[ V
Q#?(X76.'$#8$$Y J[ V
9.>?$#?(X;$+'$#+%/'Y Hb V
E%R+$(\:JA(E.'%+(#%/"$(R$0-#$(%/'(%0&$#(*+-)6#$(X3&%%&)*-,,.)).$(76.'$#8$$N(J`H^Y

5.2.4 Change in tidal volume

3-( 0%#N( =$( %/%+K)$'( &1$( *1%/"$( ./( &.'%+( 5%&&$#/( '6$( &-( &1$( *+-)6#$:( 36R)$a6$/&+KN( =$( %#$
./&$#$)&$'(./(&1$(*1%/"$(./(&.'%+(@-+6,$:(E1$(&.'%+(@-+6,$(.)(%(*-,R./%&.-/(-0(&1$(&.'%+(#%/"$
%/'(&1$(#$+%&$'()&-#%"$(%#$%(-0(&1$(R%)./:(2.&1(#$)5$*&(&-(&1$()&-#%"$(%#$%N(=$(1%@$()$$/(./
&1$(5#$@.-6)()$*&.-/(&1%&(R$0-#$(*+-)6#$(%()."/.0.*%/&(5%#&(-0(&1$(76.'$#8$$('.'(/-&(&%?$(5%#&
./(&1$($c*1%/"$(=.&1()$%:(F$/*$N(&1$(%*&6%+(#$'6*&.-/(./(&.'%+(R%)./(%#$%(.)(,6*1(),%++$#(&1%/
=$(=-6+'( $c5$*&( *-/).'$#./"( &1$( %#$%( -0( &1$( 0-#,$#( 76.'$#8$$:( E1$( &.'%+( #%/"$( ./*#$%)$'
*-,5%#$'(=.&1(&1$().&6%&.-/(R$0-#$(*+-)6#$:(E1$()6,,$'($00$*&(-0(&1$(*1%/"$)(./(&.'%+(#%/"$
%/'( )&-#%"$( %#$%( -/( &1$( &.'%+( @-+6,$( .)( *%+*6+%&$'N( R%)$'( -/( &1$( *-,56&%&.-/)( -0( &1$
3&%%&)*-,,.)).$:

E1$(3&%%&)*-,,.)).$( *%+*6+%&$'( &1$( %,5+.&6'$)( -0( &1$( '.)*1%#"$( ./( &1$( &1#-%&( -0( &1$( ./+$&N
R$0-#$(%/'(%0&$#(*+-)6#$N(R%)$'(-/($a6%&.-/(\:b:(C#-,(&1$)$(%,5+.&6'$)(=$(*%/(*%+*6+%&$(&1$
&.'%+(@-+6,$N(RK(./&$"#%&./"(&1$()./6)-.'%+(&.'%+('.)*1%#"$(-@$#(%/($RR(-#(0+--'(5$#.-'(X./(&1$
*%)$( -0( %( )./6)-.'%+( &.'%+( =%@$( .&( 1-+')A( &.'%+( @-+6,$e$RR( @-+6,$e0+--'( @-+6,$Y:( E1.)
K.$+')A

V
Q

g = ⋅2
ω

X\:JJY

=1$#$
d" e(&.'%+(@-+6,$(X,UY
j e(%,5+.&6'$(4H('.)*1%#"$(&1#-6"1(./+$&("-#"$(X,Uf)Y
) e(%/"6+%#(0#$a6$/*K(-0(&.'$(XeH*fEe(J:[pJIV[(#%'f)Y
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E1.)(#$)6+&)(./(&1$(0-++-=./"(&.'%+(@-+6,$)(R$0-#$(%/'(%0&$#(*+-)6#$A

=62#* P#$,"#+&2,)/"# F$*#"+&2,)/"# =6&"#%)#

!,5+.&6'$(4H

XpJIII(,Uf)Y

E.'%+(@-+6,$

XpJI^(,UY

!,5+.&6'$(4H

XpJIII(,Uf)Y

E.'%+(@-+6,$

XpJI^(,UY

XxY

4%#)'.$5 \I _JH ^[ `I_ H^

M.$#+:"%& b:_ JH[ `:[ JU[ b

d+.$ \U _\_ ^I b\_ JU

D-#/'.$5 J_ H[U Jb H\_ ^

E%R+$(\:HA(L1%/"$(./(&.'%+(@-+6,$(X@%+6$)(!,5+.&6'$)(0#-,(3&%%&)*-,,.)).$(76.'$#8$$NJ`H^Y

E%R+$(\:H(5-./&)(-6&( &1%&(0-#(%++( ./+$&)(%/( ./*#$%)$( ./( &.'%+(@-+6,$(-**6##$':(M)5$*.%++K( &1$
&.'%+(@-+6,$(./( &1$( &1#-%&(-0( &1$(4%#)'.$5(%/'( &1$(d+.$( ./+$&)( ./*#$%)$':(E1$($00$*&(-0( &1$
*+-)6#$(-/(&1$(&.'%+(@-+6,$(./(M.$#+%/')$("%&(%/'(D-#/'.$5(.)(+$))()."/.0.*%/&:

C6#&1$#,-#$N( ./( &1$( K$%#)( %0&$#( &1$( *+-)6#$( &1$( &.'%+( @-+6,$( ./*#$%)$'( )-,$(,-#$:( E1.)( .)
*-/0.#,$'( RK( #$*$/&( ,$%)6#$,$/&)( ./( &1$( "-#"$( -0( &1$( 4%#)'.$5( *%##.$'( -6&( RK( 9WP7
X].''$#./?1-0N(HIIIY:(D%)$'(-/(&1$)$(,$%)6#$,$/&)(%(1%#,-/.*(%/%+K).)(=%)(*%##.$'(-6&(%)
=$++:( E1.)( ./@$)&."%&.-/( )1-=)( &1%&( &1$( %,5+.&6'$( -0( '.)*1%#"$( -0( &1$(4H( *-,5-/$/&( 1%)
./*#$%)$'( &-(^b:^pJIU(,Uf)( ./(J``bN(=1.*1( .,5+.$)(%( &.'%+(@-+6,$(-0(`bI(,.++.-/(,U:(E1$
#$%)-/(0-#(&1$(0%*&(&1%&(&1$(&.'%+(@-+6,$(./*#$%)$'(-@$#(&1$(5%)&(^^(K$%#)(.)(5#-R%R+K('6$(&-
&1$(#.)./"()$%(+$@$+:(E1$(#.)./"()$%(+$@$+(./*#$%)$)(&1$()&-#%"$(%#$%()-,$=1%&(%/'('$*#$%)$)
&1$(R-&&-,(0#.*&.-/N(=1.*1(./*#$%)$)(&1$(&.'%+(#%/"$(%/'(1$/*$(&1$(&.'%+(@-+6,$:(E1.)(1-+')
0-#(R%)./)(=1$#$(&1$(&1#-%&(-0(&1$(./+$&(.)(+%#"$($/-6"1(0-#()."/.0.*%/&(&.'%+(./&#6).-/(./&-(&1$
R%)./:

5.2.5 Conclusion tide analysis

E1$( &.'%+( @-+6,$( ./( %++( 0-6#( =$)&$#/(2%''$/( ./+$&)( ./*#$%)$'( '6$( &-( &1$( *+-)6#$( -0( &1$
76.'$#8$$N( &1-6"1()."/.0.*%/&( *1%/"$)( -**6##$'(-/+K( ./( &1$(d+.$( %/'(4%#)'.$5( ./+$&):(E1$
*1%#%*&$#(-0(&1$(&.'%+(=%@$(%+-/"(&1$(R%)./(*1%/"$'(0#-,(%(,-#$(5#-5%"%&./"(*1%#%*&$#(./(&1$
0-#,$#(76.'$#8$$N(./&-(%(,-#$()&%/'./"(*1%#%*&$#(%0&$#(*+-)6#$:(21.+$(R$0-#$(*+-)6#$(&1$(&.'%+
#%/"$( '$*#$%)$'( 0#-,( )$%( &-=%#')( &1$( *+-)$'( R-6/'%#KN( &1$( &.'%+( #%/"$( %0&$#( *+-)6#$
./*#$%)$'(0#-,()$%(&-=%#')(&1$(!0)+6.&'.>?:(E1$(*1%/"$(0#-,(%(#$+%&.@$+K(+%#"$(./&-(%(),%++
R%)./(,%?$)(&1$(*+-)6#$(&-&%++K('.00$#$/&(&1%/(&1$(*+-)6#$(-0((5%#&(-0(%(),%++$#(R%)./(+.?$(&1$
S%6=$#)8$$N(=1$#$(&1$(*1%#%*&$#(-0(&1$(&.'%+(=%@$(#$,%./$'(&1$()%,$(%0&$#(&1$(*+-)6#$:

E1$(./*#$%)$(-0(&1$(&.'%+(@-+6,$(=.++($00$*&(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$(./+$&):(E1$
#$)6+&./"(+%#"$V)*%+$(*1%/"$)(./(R%&1K,$&#K(%#$(%/%+K)$'(./(&1$()6R)$a6$/&()$*&.-/N(R%)$'(-/
&1$('.".&.)$'(,%5)(-0(R$'(&-5-"#%51K:
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5.3 Analysis of maps of bed topography 1933-1998

5.3.1 Introduction

W/( &1.)( )$*&.-/(=$( %/%+K)$( &1$( %@%.+%R+$( '.".&.)$'(,%5)( -0( &1$(=$)&$#/(2%''$/( 3$%:( E1$K
*-/*$#/( &1$( 5$#.-'( R$&=$$/( &1$( *+-)6#$( -0( &1$( 76.'$#8$$( %/'( J``b:( E1$( %/%+K).)( %.,)( %&
-R&%././"(./)."1&( ./&-( &1$( +%#"$V)*%+$(,-#51-+-".*%+($00$*&)(-0( &1$(*+-)6#$:(E1.)(,$%/)( &1%&
+%#"$V)*%+$( R%&1K,$&#.*( *1%/"$)( X*1%/"$)( ./( '$5&1Y( ( ( %#$( *-/).'$#$'( -0( &1$( 0-6#( =$)&$#/
2%''$/(./+$&)(X)$$(0."6#$(J:JY:(W/+$&)(=1$#$()."/.0.*%/&(*1%/"$)(-**6##$'(%#$(&1$(,-)&(6)$06+
0-#(&1$(*%+.R#%&.-/(-0(!),.&%:

5.3.2 Available digitised maps

C-#( %( R$&&$#( 6/'$#)&%/'./"( -0( &1$( *1%/"$'( ).&6%&.-/( -0( &1$( ./+$&)( )./*$( &1$( *+-)6#$N( &1$
%@%.+%R+$('.".&.)$'(,%5)(%#$(%/%+K)$'(-0(&1$(./+$&)(-0(&1$(2$)&$#/(2%''$/(3$%(X5#-@.'$'(RK
]W<7Y:( E1$)$( ,%5)( %#$( R%)$'( -/( 0.$+'( *%,5%."/)( &1%&( 1%@$( R$$/( *%##.$'( -6&( RK( &1$
!'@.$)'.$/)&( F--#/( %/'( &1$( O.$/)&( FK'#-"#%0.$( )./*$( J`UUN( *-,5+$,$/&$'( RK( B!]<Q3
,$%)6#$,$/&)(XB%%#+.>?)$(<6)&(,$&./"$/Y(&1%&(1%@$(R$$/(*%##.$'(-6&()./*$(J`^H:(XC-#(%(,-#$
'$&%.+$'('$)*#.5&.-/(-0(&1$(,$%)6#$,$/&)N()$$(]%?1-#)&N(XHIIIYY:

E1$( '.".&.)$'( ,%5)( *-/).)&( -0( %( "#.'N( =1$#$N( R%)$'( -/( &1$( %@%.+%R+$( ,$%)6#$,$/&)N( &1$
%@$#%"$('$5&1(5$#("#.'V*$++(.)('$&$#,./$':(E1$(%**6#%*K(-0(&1$(,$%)6#$,$/&)(X'$&$#,././"(cV
N(KV(%/'(8V*-V-#'./%&$)Y( ./*#$%)$'('6#./"( &1$( K$%#)N( '6$( &-( &1$(,-#$( %'@%/*$'(-R)$#@%&.-/
&$*1/.a6$):(]$+%&$'(&-(&1.)(%**6#%*KN(&1$("#.'('.,$/).-/(-0(&1$(,%5)(1%@$(R$$/(*1-)$/:(C-#
&1$(,%5)(&.++(J`b\(%("#.'(=%)()$&(65(XRK(&1$(!'@.$)'.$/)&(F--#/Y(*-/).)&./"(-0(*$++)(-0(H\I
RK(H\I(,$&#$):(C-#($%*1(*$++(&1$(%@$#%"$('$5&1(=%)('$&$#,./$':(L$++(@%+6$)(%#$(R%)$'(-/(%&
+$%)&(HI(-R)$#@%&.-/):(]$"%#'./"(&1$('.".&.)$'(,%5)(%0&$#(J`b\N(%(0./$#("#.'(.)(%55+.$'N(=1$#$
'$5&1(,$%)6#$,$/&)( %#$( "%&1$#$'( ./( "#.'V*$++)( -0( HI( RK( HI(,$&#$):(!++(,$%)6#$,$/&)( %#$
#$+%&.@$(&-(9!G:

C-#( &1$(5#$)$/&%&.-/(-0( &1$( '.".&.)$'(,%5)N(=$(6)$'( &1$( "#%51.*( 5#$)$/&%&.-/(5#-"#%,(!#*
d.$=:( W/( %55$/'.*$)(MU( %/'(M[( &1$(,%5)( %#$( 5#$)$/&$'( %/'( &1$( '.00$#$/*$( ./( "#.'( ).8$( .)
*+$%#+K( @.).R+$:( 2$( %#$( 5%#&.*6+%#+K( ./&$#$)&$'( ./( &1$( *1%/"$)( ./( $+$,$/&)( =1.*1( %#$
'.)&./"6.)1$'(./(!),.&%N(/%,$+K('$+&%N(*1%//$+(%/'(0+%&):(E1$(+%&&$#(&=-(%#$('$0./$'(#$+%&.@$
&-(,$%/(+-=(=%&$#:(E1$#$0-#$N(&1$(+$"$/'(.)(*1-)$/(./()6*1(=%K(&1%&(&1$(%#$%(%R-@$(4S2(.)
./'.*%&$'( ./(K$++-=(X0+%&)YN( %/'( &1$(%#$%(R$+-=(4S2(.)( ./'.*%&$'( ./( R+6$( X*1%//$+Y:(4$%/
+-=(=%&$#(.)($)&.,%&$'(%&(9!G(VJ(,(0-#(&1$($/&.#$(*-/).'$#$'(%#$%:

W/( &1$( )6R)$a6$/&( )$*&.-/( &1$( '.".&.)$'( ,%5)( %#$( %/%+K)$'( %/'( &1$( -R)$#@$'( +%#"$V)*%+$
,-#51-+-".*%+(*1%/"$)(./(&1$($+$,$/&)(%#$('$)*#.R$':((W/(%55$/'.c(MH(%/(-@$#@.$=(.)(".@$/
-0(&1$('.00$#$/&(*1%//$+)(-0(&1$(2%''$/(3$%N(=1.*1(%#$(6)$'(./(&1$(0-++-=./"('$)*#.5&.-/:
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5.3.3 Bathymetric changes in Marsdiep and Vlie inlets

Bathymetric changes in Marsdiep and Vlie basins

E1$(4%#)'.$5(R%)./(.)(5%#&(-0((&1$(./+$&(R$&=$$/(E$c$+(%/'(&1$(,%./+%/'(-0(9--#'VF-++%/'N
=1.+$(&1$(d+.$(R%)./(.)(5%#&(-0(&1$( ./+$&( &1%&( .)().&6%&$'(R$&=$$/(d+.$+%/'(%/'(E$#)*1$++./"N
)$$(%+)-(0."6#$(J:J:(9%,$)(-0(&1$(*1%//$+)(%#$(5#$)$/&$'(./(%55$/'.c(MH:

D$0-#$(*+-)6#$(&1$(5#-5%"%&.-/(-0(&1$(0+--'(*6##$/&)(=%)(,%./+K('.#$*&$'(&-=%#')(&1$()-6&1:
E1$#$( =$#$( &1#$$( ,%./( *1%//$+)( *-//$*&$'( =.&1( &1$( 76.'$#8$$A( &1$( !,)&$+'.$5( X5%#&( -0
4%#)'.$5( ./+$&YN( &1$(d+.$&$#( X5%#&( -0(4%#)'.$5( ./+$&Y( %/'( &1$(4.''$+"#-/'$/( X5%#&( -0( d+.$
./+$&Y:(F%#'+K(%/K($c*1%/"$(&--?(5+%*$( &1#-6"1( &1$( k)1-#&V*6&g(*1%//$+)(3*1$6##%?(%/'( &1$
O--@$(D%+":

!0&$#(&1$(*+-)6#$(&1$(&1#$$(,%./(*1%//$+)(=$#$(*6&(-00(%/'(+-)&(&1$.#(06/*&.-/:(E1$(*6##$/&)(./
&1$)$(*1%//$+)('$*$++$#%&$'(%/'()$'.,$/&(=%)(%R+$(&-()$&&+$('-=/:(E1.)(*%/(R$()$$/(-/(&1$
,%5)A( 0#-,( &1$(,%5(-0( J`UU( &1$)$( &1#$$( *1%//$+)( *%/( )&.++( R$( #$*-"/.)$'N( R6&( %0&$#( J`\IN
*-/).'$#%R+$( )$'.,$/&%&.-/( 1%)( -**6##$'( ./( &1$)$( *1%//$+)( /$%#RK( &1$( 5#$)$/&( !0)+6.&'.>?
X%55$/'.c(MUY:(!0&$#( &1$(*+-)6#$N( &1$(=%&$#($/&$#./"( &1$(4%#)'.$5( ./+$&( .)( '.@$#&$'(@.%( &1$
O--@$( D%+":( W/( &1.)( *1%//$+( &1$( *6##$/&)( ./*#$%)$'( *-/).'$#%R+K:( !)( %( ( *-/)$a6$/*$N( &1$
O--@$(D%+"(*1%//$+(1%)($#-'$':(21$/(=$(*-,5%#$(&1$(,%5)(-0(J`UU(%/'(J``bN(&1.)(*1%/"$
./()."/.0.*%/*$(-0(&1$(O--@$(D%+"(*%/(R$()$$/:(W&(+--?)(%)(.0(&1$(O--@$(D%+"(%/'(&1$(5%#%++$+
).&6%&$'(D--/&>$)N(=1.*1(%#$(5%#&(-0( &1$(4%#)'.$5(R%)./N( $c&$/'$'( &-=%#')( &1$(d+.$( R%)./:
E1.)(,$%/)(&1%&(&1$(4%#)'.$5(R%)./(./*#$%)$'(%&(&1$(*-)&(-0(&1$(d+.$(R%)./:(E1.)(.)((@.).R+$N(.0
=$(*-/).'$#(&1$(,%5)(./(0."6#$(\:\(%/'(\:^A

O$5&1(#$+%&.@$(&-(9!G(X*,Y

C."6#$(\V\(4%5(R$'(&-5-"#%51K(J`UU(X)$$(%55$/'.c(MUY
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C."6#$(\V^(4%5(R$'(&-5-"#%51K(J``b(X)$$(%55$/'.c(MUY

E1$( ).&6%&.-/( 5%#&.*6+%#+K( *1%/"$'( /$%#( &1$( 0-#,$#( =%&$#)1$'( R$&=$$/( &1$( d+.$( %/'( &1$
4%#)'.$5( R%)./):( E1.)( =%&$#)1$'( .)( &-&%++K( '.00$#$/&( 0#-,( &1$( *-,,-/( -/$):( 9-#,%++K( %
=%&$#)1$'(-**6#)(=1$#$(&=-(0+--'(*6##$/&)(,$$&(R$1./'(%(R%##.$#(.)+%/'(%/'(&1$(-55-).&$+K
'.#$*&$'( 0+--'( *6##$/&)( %#$( *-,5$/)%&$':( !&( &1$( =%&$#)1$'N( &1$( *6##$/&)( '$*$+$#%&$
*-/).'$#%R+K( %/'( )$'.,$/&( )$&&+$)( X)$$( )$*&.-/( H:U:HY:( E1$#$0-#$N( =%&$#)1$')( *%/( R$
#$*-"/.)$'( $%).+K( 0#-,( R%&1K,$&#.*( ,%5)( %)( &1$)$( %#$%)( %#$( &1$( ,-)&( )1%++-=( 5%#&)( &1%&
)$5%#%&$(&=-(R%)./(%#$%):

D$&=$$/( &1$(d+.$( %/'( &1$(4%#)'.$5(R%)./)( &1$(=%&$#)1$'( 1%)( /$@$#( R$$/(=$++V'$@$+-5$'N
=1.*1(,$%/)( &1%&( *1%//$+)( *#-))( &1$( ./&$#&.'%+( %#$%:(D$0-#$( *+-)6#$( &1$( *6##$/&)( 0#-,( &1$
76.'--)&#%?( %/'( &1$( O--@$( D%+"( >-./$'( %/'( $/&$#$'( &1$( 76.'$#8$$N( %/'( 1$/*$N( &1$
'$@$+-5,$/&( -0( %( *+$%#( =%&$#)1$'( =%)( /-&( 5-)).R+$( X0."6#$( \:\Y:( !0&$#( &1$( *+-)6#$N( &1$
).&6%&.-/(*1%/"$'A( &1$('.#$*&.-/(%/'(&1$(,%"/.&6'$(-0( &1$(*6##$/&)( ./( &1$(%#$%(R$&=$$/( &1$
d+.$( %/'( 4%#)'.$5( R%)./( '$*#$%)$'( %)( &1$( 0+--'( *6##$/&)( 0#-,( &1$)$( &=-( R%)./)( 5%#&+K
*-,5$/)%&$'(-/$(%/-&1$#:(!)(%(*-/)$a6$/*$N()$'.,$/&(=%)(%R+$(&-()$&&+$(./(&1.)(%#$%:((E1.)
R$*-,$)(*+$%#( 0#-,( &1$(,%5)A( &1$( %#$%( R$&=$$/( &1$(d+.$( %/'(4%#)'.$5(R%)./( 1%)( R$*-,$
)1%++-=$#:( G-)).R+KN( &1.)( %#$%( =.++( R$*-,$( )1%++-=$#( ./( &1$( 06&6#$:( F-=$@$#N( &1$#$( %#$
'.00$#$/&(0%*&-#)(=1.*1(*-6+'(5#$@$/&(&1$('$@$+-5,$/&(-0(=$++V'$@$+-5$'(=%&$#)1$'A
!" Q/'$#( '-,./%&./"(=$)&$#/( =./'( '.#$*&.-/)N( %( +%#"$( 0$&*1( ./( &1$(4%#)'.$5( R%)./( *-6+'
*%6)$('#.0&(*6##$/&)(=1.*1(*%/(5#$@$/&()$'.,$/&(0#-,()$&&+./":

!" E1$(*6##$/&)($/&$#./"(&1$(d+.$(%/'(4%#)'.$5(R%)./(%#$(/-&(%R+$(&-(*-,5$/)%&$($%*1(-&1$#
*-,5+$&$+K(%)(&1$K(%#$('.#$*&$'(5$#5$/'.*6+%#(./)&$%'(-0(-55-).&$:

!" L.#*6+%&.-/(*6##$/&)(%#$(5#$)$/&(R$&=$$/(&1$(76.'--)&#%?N(&1$(O--@$(D%+"(%/'(3*1$6##%?N
=1.*1(*-6+'(5#$@$/&()$'.,$/&(0#-,()$&&+./":

!)(%(*-/)$a6$/*$(-0(&1$(6/'$#'$@$+-5$'(=%&$#)1$'(R$&=$$/(&1$(d+.$(%/'(4%#)'.$5(R%)./)N
&#%/)5-#&(-0(=%&$#(&%?$)(5+%*$(-@$#(&1$()$,.VR-6/'%#K(-0(&1$(R%)./):(E1.)(,$%/)(&1%&(5%#&(-0
&1$(=%&$#(&1%&($/&$#)(&1$(4%#)'.$5(R%)./N(+$%@$)(&1$(2%''$/(3$%(@.%(&1$(d+.$("-#"$N(%/'(@.*$
@$#)%:( E1.)( +$%')( &-( *-,5+$c( *6##$/&( 5%&&$#/)N( %/'( %)( %( *-/)$a6$/*$( &-( %( *-,5+$c
,-#51-+-".*%+(R$1%@.-6#:

C./%++KN( &1$( %#$%( *+-)$( &-( &1$( C#.).%/(L-%)&N(=1.*1( R$+-/")( &-( &1$(d+.$( R%)./( '$*#$%)$'( ./
'$5&1:(3./*$(&1$(*+-)6#$N(&1.)(%#$%()+-=+K('$@$+-5$'(./&-(%/(./&$#&.'%+(%#$%:
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Bathymetric changes in Marsdiep and Vlie deltas

W0(=$(*-/).'$#( &1$($RRV&.'%+('$+&%)(-0( &1$(d+.$(%/'(4%#)'.$5(./+$&)(X)$$(%55$/'.c(M[YN( &=-
*1%/"$)( *%/( R$( .'$/&.0.$'( 0-#( R-&1( ./+$&):( E1$)$( *-,5#.)$( &1$( *1%/"$'( -#.$/&%&.-/( -0( &1$
,%./($RRV*1%//$+(%/'(&1$(#$"#$)).-/(-0(&1$($RRV&.'%+('$+&%:

C.#)&( =$( =.++( *-/).'$#( &1$( *1%/"$'( -#.$/&%&.-/( -0( &1$( $RRV&.'%+( '$+&%:( D$0-#$( *+-)6#$( %/'
'.#$*&+K(%0&$#(*+-)6#$N(&1$(,%./($RRV*1%//$+(-0(R-&1('$+&%)(1%'(%(,-#$(-#(+$))(*$/&#%+(5-).&.-/
./(&1$('$+&%):(3./*$(&1$(*+-)6#$N(&1$(,%./($RRV*1%//$+(,-@$'(./()-6&1V=$)&$#+K('.#$*&.-/:(!/
$c5+%/%&.-/(0-#(&1.)(.)(5#-R%R+K(&1$(*1%/"$'(./&$#%*&.-/(R$&=$$/(&1$(&.'%+(*6##$/&)(%+-/"(&1$
*-%)&(%/'(&1#-6"1(&1$(./+$&(%)($c5+%./$'(./()$*&.-/(H:[:J:(D$0-#$(*+-)6#$N(%(51%)$('.00$#$/*$
R$&=$$/(&1$)$( &=-(*6##$/&)(=%)(5#$)$/&:(!)(%(*-/)$a6$/*$N( &1$("$-,$&#K(-0( &1$('$+&%(=%)
,-#$().,.+%#(&-(&1$("$-,$&#K(-0(&1$(./+$&)(-0( &1$()-6&1V=$)&(-0( &1$(9$&1$#+%/'):(!&(5#$)$/&
&1$(R%)./( .)(,6*1(),%++$#N(=1.*1(,$%/)( &1$(,%c.,6,($RRV0+-=(-6&(-0( &1$( ./+$&( *-./*.'$)
=.&1(&1$(,%c.,6,(X)-6&1=%#'Y($RRV0+-=(%+-/"(&1$()1-#$:(!)(%(*-/)$a6$/*$(&1$($RRV*1%//$+
,-#$(&$/')(&-(&1$()-6&1(X)$$(%+)-(0."6#$(H:b(%/'(H:`Y:(E1$(!##-=)(.++6)&#%&$($c&$/).-/(./(J`UU
X#$'Y(%/'(J``bXK$++-=Y:

C."6#$(\V_(]$&#$%&(-0(E$c$+('$+&%N(J`UU(X+$0&Y(%/'(J``b
X#."1&Y:

!()$*-/'(%)5$*&(=$(*%/('$#.@$(0#-,(&1$(,%5)(.)(&1%&(&1$($RRV&.'%+('$+&%)(#$&#$%&$'()-,$=1%&:
E1.)(,."1&(R$('6$(&-A
!" ]$&#$%&(-0(&1$(*-%)&%+(5#-0.+$:
E1$(*-%)&(%'>%*$/&(&-(&1$('$+&%(.)()6R>$*&$'(&-($#-).-/N(%,-/"(-&1$#)('6$(&-(&1$()$%(+$@$+(#.)$
%/'(&1$('$,%/'(-0(&1$(&.'%+(./+$&:(E1.)(*-6+'(*%6)$(&1$('$+&%(&-(#$&#$%&:
!" O$*#$%)$(-0(&1$('$+&%
W&(*-6+'(R$(&1%&(&1$(%*&6%+().8$(-0(&1$('$+&%(%+)-('$*#$%)$)(./(-#'$#(&-('$+.@$#()%/'(&-(&1$(&.'%+
R%)./:

21.*1(-0(&1$)$(0%*&-#)('-,./%&$)(*%//-&(R$(*-/*+6'$'(0#-,(&1$(R%&1K,$&#.*(,%5):(E1.)(=.++
R$(%(5-./&(-0(%&&$/&.-/( ./( &1$(%/%+K).)(-0( &1$(@-+6,$)( X)$*&.-/(\:\Y(%/'( &1$(%/%+K).)(-0( &1$
*-%)&%+(#$"#$)).-/(./(*1%5&$#(^:
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5.3.4 Bathymetric changes in Eierlandse gat and Borndiep inlets

E1$( M.$#+%/')$( "%&( .)( %( #$+%&.@$+K( ),%++( ./+$&( ).&6%&$'( R$&=$$/( E$c$+( %/'( d+.$+%/':( E1$
D-#/'.$5( ./+$&( .)( ).&6%&$'( R$&=$$/( E$#)*1$++./"( %/'( !,$+%/'( %/'( .)( %+)-( *%++$'( &1$
!,$#+%/'$#(8$$"%&:((X)$$(%+)-(0."6#$(J:JY:

W/(*-/&#%'.*&.-/(&-((&1$(4%#)'.$5(%/'(d+.$(./+$&)N(&1$)$(./+$&)(=$#$(/-&(*-//$*&$'('.#$*&+K(XRK
*1%//$+)Y( &-( &1$( 0-#,$#( 76.'$#8$$( R$0-#$( &1$( *+-)6#$:( C6#&1$#,-#$N( '6$( &-( &1$( =$++V
'$@$+-5$'(=%&$#)1$')(R$&=$$/(&1$)$(./+$&)(%/'(&1$(d+.$(%/'(4%#)'.$5(R%)./)N(&1$(M.$#+%/')$
"%&(%/'(D-#/'.$5(=$#$(/-&( )."/.0.*%/&+K(%00$*&$'(RK( &1$(*1%/"$)( ./( &1$(d+.$(%/'(4%#)'.$5
./+$&):(!)(%( *-/)$a6$/*$N( &1$( +%#"$V)*%+$( $00$*&( -0( &1$( *+-)6#$( -/( &1$( R%&1K,$&#K( .)( 1%#'+K
-R)$#@%R+$(./(&1$)$(./+$&):

5.3.5 Conclusion map analysis

36,,%#.)./"N(.&(*%/(R$()&%&$'(&1%&()./*$(&1$(*+-)6#$(&1$(*1%//$+(5%&&$#/(*1%/"$'N(5%#&.*6+%#+K
./( &1$( d+.$( %/'( &1$( 4%#)'.$5( ./+$&):( L1%//$+)N( =1.*1( =$#$( *-//$*&$'( &-( &1$( 0-#,$#
76.'$#8$$(+-)&(&1$.#(06/*&.-/(%/'(%)(%(*-/)$a6$/*$(%**#$&.-/(-**6##$'(/$%#( &1$(!0)+6.&'.>?:
P&1$#(*1%//$+)N(+.?$(&1$(O--@$(D%+"(/$$'$'(&-(./*#$%)$(./(=.'&1N(=1.*1(.)(%**-,5+.)1$'(RK
$#-).-/:( E1$( =%&$#)1$'( %#$%( R$&=$$/( &1$( d+.$( %/'( 4%#)'.$5( R%)./)( 1%)( R$*-,$( ,-#$
)1%++-=:(!(=$++V'$@$+-5$'(=%&$#)1$'( +.?$( &1$(-/$(R$1./'(E$#)*1$++./"N(-#( )6##-6/'./"( &1$
M.$#+%/')$("%&(=.++(5#-R%R+K(/-&('$@$+-5N(R$*%6)$(-0( &1$(5$#5$/'.*6+%#+K(-#.$/&%&.-/(-0( &1$
*1%//$+)N( %/'( '6$( &-( &1$( '#.0&( *6##$/&)( 6/'$#( =$)&$#/( =./'( '.#$*&.-/):( E1$( '$+&%)( -0
4%#)'.$5(%/'(d+.$(./+$&)N(#$&#$%&$'(%(+.&&+$(&-=%#')(&1$(*-%)&(%0&$#(&1$(*+-)6#$:(W&(.)(/-&(*+$%#
0#-,(&1$(,%5)N(=1$&1$#( &1$('$+&%('$*#$%)$'(-#( &1$(*-%)&%+( $#-).-/('-,./%&$):(E1.)(=.++(R$
%/%+K)$'( ./( &1$( /$c&( *1%5&$#:( C6#&1$#,-#$N( &1$(,%./( $RRV*1%//$+(,-@$'( ./( )-6&1V=$)&$#+K
'.#$*&.-/:(E1.)(.)(5#-R%R+K(&1$(#$)6+&(-0(&1$(*1%/"$'(./&$#%*&.-/(R$&=$$/(&1$(+-/"V)1-#$(&.'%+
*6##$/&)(%/'(&1$(&.'%+(*6##$/&)(&1#-6"1(&1$(./+$&:

]$"%#'./"( &1$( M.$#+%/')$( "%&( %/'( D-#/'.$5( ./+$&)N( 1%#'+K( %/K( +%#"$V)*%+$( ,-#51-+-".*%+
*1%/"$)(*-6+'(R$(-R)$#@$'(0#-,(&1$(,%5):

5.4 Obtaining volumetric data of elements for calibration

5.4.1 Introduction

W/(&1$(5#$@.-6)()$*&.-/N(&1$(+%#"$V)*%+$(*1%/"$)(./(&1$(R%&1K,$&#K(-0(&1$(./+$&)(-0(&1$(=$)&$#/
2%''$/( 3$%( =$#$( %/%+K)$'( %/'( ./)."1&( ./&-( &1$( #$+%&$'( 5#-*$))$)( =%)( -R&%./$':( C-#( &1$
*%+.R#%&.-/( -0( !),.&%( =$( %#$( $)5$*.%++K( ./&$#$)&$'( ./( @-+6,$&#.*( %/'( %#$%( '%&%( -0( &1-)$
$+$,$/&)(X0+%&N(*1%//$+(%/'('$+&%Y(=1$#$()."/.0.*%/&(*1%/"$)(-**6##$':

D%)$'(-/(&1$(%/%+K).)(-0(&1$(&.'$(%/'(R%&1K,$&#KN(=$(*%/(*-/*+6'$(&1%&(&1$(*1%/"$)(./(&.'%+
@-+6,$(%/'(&1$(+%#"$V)*%+$(*1%/"$)(./(R%&1K,$&#K(%#$(#$+%&.@$+K(),%++(./(&1$(M.$#+%/')$("%&
%/'(D-#/'.$5(./+$&):(4-)&(-0(&1$(*1%/"$(-**6##$'(./(&1$(4%#)'.$5(%/'(&1$(d+.$(./+$&)N(=1.*1
=$#$( '.#$*&+K( *-//$*&$'(=.&1( &1$( 0-#,$#( 76.'$#8$$:( E1$#$0-#$( &1$(4%#)'.$5( %/'( &1$( d+.$
./+$&(=.++(R$(6)$'(0-#(06#&1$#(*%+.R#%&.-/(56#5-)$):
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D.$"$+(XMK)./?(%/'(D.$"$+N(J``HY(*%##.$'(-6&(%/($c&$/).@$( ./@$)&."%&.-/(./( &1$( ./+$&)(-0( &1$
2$)&$#/(2%''$/(3$%(%/'(*-,56&$'(*1%#%*&$#.)&.*)(-0(&1$($+$,$/&)N($:":(@-+6,$)N(%#$%):(C-#
&1.)( &1$K(6)$'( &1$('.".&.)$'(,%5)N(=1.*1(=$#$('.)*6))$'( ./( &1$(5#$@.-6)( )$*&.-/:(O.".&.)$'
,%5)(0#-,(J`UU(&-(J`b\(=$#$(%@%.+%R+$(%&(&1%&(,-,$/&:

2$(=.++('.)*6))(&1$('%&%(-0(D.$"$+(&1%&(=$(=.++(6)$(0-#( &1$(*%+.R#%&.-/(%/'(=.++($c&$/'(&1.)
'%&%()$&(=.&1(@-+6,$)(-0(#$*$/&(K$%#):

5.4.2 Volumetric data computed by Biegel

D.$"$+( XMK)./?( %/'(D.$"$+( XJ``HYY( *-,56&$'N( R%)$'(-/( &1$( '.".&.)$'(,%5)(-0( &1$(2$)&$#/
2%''$/(3$%N( ./&$"#%+(@-+6,$)(%/'(%#$%)( X%,-/"(-&1$#( *1%#%*&$#.)&.*)Y( -0( &1$( *1%//$+N( 0+%&
%/'(('$+&%(=.&1(#$)5$*&(&-(&1$(=$)&$#/(2%''$/(./+$&)(0-#(&1$(5$#.-'(J`UUVJ`b\:

Volumetric data of delta

D.$"$+(*-,56&$'(&1$('$+&%(@-+6,$)(%**-#'./"(&-(&1$(2%+&-/(%/'(!'%,)(,$&1-'(XJ`_^Y(X)$$
)$*&.-/(U:[:JY:(E1.)(,$%/)(&1%&(&1$('$+&%($a6%+)(&1$(/$&('#K(@-+6,$()$%=%#'(*-,5%#$'(&-(%
#$0$#$/*$(*-%)&%+(5#-0.+$:(!)( #$0$#$/*$(*-%)&%+(5#-0.+$N( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%)(=%)
6)$':(E1.)(5#-0.+$(=%)('$&$#,./$'(&-(%(1$."1&(-0(9!G(mJ(,:(C-#(%++(@-+6,$&#.*(*%+*6+%&.-/)
&1$(%'>%*$/&(*-%)&%+(5#-0.+$(-0(J`_H(.)(6)$'(%)(#$0$#$/*$:(C-#(&1$(4%#)'.$5(%+)-(*%+*6+%&.-/)
=$#$(,%'$(=.&1((&1$(*-%)&%+(5#-0.+$(-0(J`H\(%)(%(#$0$#$/*$(X)$$(%55$/'.c(CJVCHY:

Volumetric data of channel and flat

D.$"$+(XJ``JVJ``UY('.@.'$'(&1$(2%''$/(3$%(./&-('.00$#$/&(R%)./):(E1$()$%=%#'(R-6/'%#K(.)
'$&$#,./$'(RK(&1$(5#$)$/*$(-0(%(*#-))V)$*&.-/(%&(=1.*1("$/$#%++K(%('.)*1%#"$(,$%)6#$,$/&
1%)(R$$/('-/$(-#(=1.*1(.)(+-*%&$'(%&(&1$(),%++$)&('.)&%/*$(R$&=$$/(&=-(.)+%/'):(D-6/'%#.$)
R$&=$$/( R%)./)( %#$( '.".&.)$'( 0#-,(,%5)( -#( 0#-,( *-,56&$#( '.)5+%K( 0-++-=./"( &1$( 1."1$)&
5-./&)(R$&=$$/(*1%//$+):(W/(&1.)(=%K(%(,-#51-+-".*%+(=%&$#)1$'(.)($)&.,%&$':(!/($c%,5+$(-0
&1$)$(R-6/'%#.$)N(%)('$&$#,./$'(RK(D.$"$+N(.)(.++6)&#%&$'(./(%55$/'.c(M\:

E1$(./&$"#%+(=$&(@-+6,$)(R$&=$$/(&1$(=%&$#)1$')N( #$+%&.@$( &-(4S2(%/'( #$+%&.@$( &-(4F2N
,%?$( .&(5-)).R+$( &-(*%+*6+%&$( &1$(@-+6,$)(-0( &1$( *1%//$+( %/'( 0+%&N( ./( &1$( )%,$(=%K( %)( &1$
'$0./.&.-/(6)$'(./(!),.&%(X)$$(0."6#$(U:JY:

D.$"$+( ,%'$( *-,56&%&.-/)( 0-#( &1$( @-+6,$)( -0( &1$( R%)./)N( =.&1( @%#.%R+$( %/'( ./@%#.%R+$
R-6/'%#.$)(-0(&1$(R%)./(%/'(=.&1(@%#.%R+$(%/'(./@%#.%R+$(&.'$(X4S2(%/'(4F2Y(%)(#$0$#$/*$
-@$#(&1$(K$%#)(X)$$(%55$/'.c(CUVC^Y:(36R)$a6$/&N(=$(=.++('.)*6))(&1$(R-6/'%#.$)(&1%&(=.++(R$
6)$'(0-#(*%+.R#%&.-/(56#5-)$):

;<+="8/,*#(-2+5*2(/
C#-,( &1$(,%5)( .&( R$*%,$( *+$%#( &1%&( &1$( =%&$#)1$'N( %/'( 1$/*$( &1$( ).8$( -0( &1$( R%)./)( %#$
*1%/"./"(./(&.,$:(W/(&1$(!),.&%(0-#,6+%&.-/N(&1$()$'.,$/&('$,%/'(-0(&1$($+$,$/&)('$5$/')
-/(&1$('$@.%&.-/(0#-,(&1$($a6.+.R#.6,()&%&$:(3-N(./(-#'$#(&-(%))$))(&1$(%*&6%+('$,%/'(-0(&1$
$+$,$/&)N(&1$(%*&6%+N(&.,$V@%#K./"N(R-6/'%#.$)(%#$(*-/).'$#$':
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!('.)%'@%/&%"$N( .)( &1%&( &1$( )$'.,$/&( R%+%/*$( ./( !),.&%(,%K( R$( '.)&6#R$':( W/( &1$( *%)$( -0
@%#K./"(R-6/'%#.$)(&1$(@-+6,$&#.*('%&%(-0(&1$(*1%//$+(*-6+'()1-=(%/(./*#$%)$N(=1.*1(.)(/-&
&1$(#$)6+&(-0()$'.,$/&(&#%/)5-#&:(2.&1(#$)5$*&(&-(&1$(*%+.R#%&.-/(-0(!),.&%( &-( &1$(*+-)6#$(-0
&1$( 76.'$#8$$N( &1$( +%&&$#( $00$*&( .)( R$./"( /$"+$*&$':( W/( &1.)( *%)$N( .&( .)( *-/).'$#$'( ,-#$
.,5-#&%/&(&-(%/%+K)$(&1$(%*&6%+(,%"/.&6'$(-0($+$,$/&)N((%)(&1.)(.)(#$+$@%/&(0-#(&1$(./)."1&(./&-
&1$(./&$#%*&.-/(R$&=$$/($+$,$/&):

><+="8/,*#(-2+(/+?*0-#+&-.-&
!0&$#(&1$(*+-)6#$(%/(./)&%/&%/$-6)(./*#$%)$(./(&.'%+(#%/"$(-**6##$':(!0&$#(&1$(*+-)6#$(&.++(&1$
5#$)$/&N(&1$(&.'%+(#%/"$(1%)(./*#$%)$'()-,$=1%&(%)(=$++N(=1.*1(.,5+.$)(%('$*#$%)./"(4S2
+$@$+(%/'(%/(./*#$%)./"(4F2(+$@$+:(E1.)(.)(5#-R%R+K(&1$(#$)6+&(-0(&1$()$%(+$@$+(#.)$(%/'(&1$
*-##$)5-/'./"('$*#$%)./"($00$*&(-0( &1$(R-&&-,V0#.*&.-/:(W/( &1$(5#$)$/&( )&6'K(=$(/$"+$*&( &1$
,-#51-+-".*%+($00$*&(-0(&1$(./*#$%)./"(&.'%+(#%/"$(%/'(6)$(&1$(*-,56&%&.-/)(=.&1(./@%#.%R+$
=%&$#(+$@$+):(F-=$@$#N(=$('-(&%?$(./&-(%**-6/&(&1$(#.)./"()$%(+$@$+(.&)$+0:(E1.)(,$%/)(&1%&(&1$
@-+6,$)(-0(&1$(0+%&(%/'(*1%//$+(%#$(*-##$*&$'(0-#(&1$(#.)./"()$%(+$@$+:(E1.)(=.++(R$($+%R-#%&$'
./()$*&.-/(\:\:

36,,%#.)./"N( 0-#( 06#&1$#(*%+.R#%&.-/(56#5-)$)( &1$(*-,56&$'('%&%( -0(D.$"$+( XJ``UY( .)( 6)$'
#$"%#'./"(&1$(4%#)'.$5N(&1$(d+.$(./+$&)(X)$$(%55$/'.c(CJN(CHN(C_:J(%/'(Cb:JY:(]$"%#'./"(&1$
R%)./( '%&%N( *%+*6+%&.-/)( 0-#( %*&6%+( X&.,$V@%#K./"Y( R-6/'%#.$)( %/'( %( &.,$V./@%#.%/&( &.'$( %#$
*1-)$/:(E1$($00$*&(-0()$%(+$@$+(#.)$(=.++(R$(&%?$/(./&-(%**-6/&(./(./&$#5#$&./"(&1$('%&%:

5.4.3  Extension volumetric data-set

d-+6,$&#.*('%&%(&.++(J`b\(1%@$(R$$/(*-,56&$'(RK(D.$"$+:(E1$#$(%#$(-55-#&6/.&.$)(&-($c&$/'
&1.)('%&%()$&N(R%)$'(-/(#$*$/&('.".&.)$'(,%5)(%/'(#$*$/&(0.$+'(./@$)&."%&.-/):(E1.)(.)('$).#$'(./
-#'$#(&-(.,5#-@$(&1$(%**6#%*K(-0(&1$(*%+.R#%&.-/(-0(!),.&%:

Extension volumetric data delta

C#-,()&6'.$)(RK(4%#.-/(XJ```Y(%/'(46+'$#(XJ```Y(#$*$/&(./0-#,%&.-/(*-6+'(R$('$#.@$'(-/
)$'.,$/&%&.-/( %/'( $#-).-/( -0( &1$( '$+&%):( D%)$'( -/( &1$)$( '%&%( %/'( &1$( @-+6,$&#.*( '%&%( -0
D.$"$+N( =$( $)&.,%&$'( &1$( @-+6,$)( -0( J``H( 0-#( &1$( d+.$( %/'( ./( J``H( %/'( J``b( 0-#( &1$
4%#)'.$5('$+&%(X)$$(%55$/'.c(CJ(%/'(CHY:

Extension volumetric data of channel and flat

L-,5%#./"(&1$(*%+*6+%&$'(R%)./V'%&%(-0(D.$"$+(%/'(&1$(%@%.+%R+$('.".&.)$'(,%5)N(@-+6,$)(%#$
+%*?./"(0-#(J`^\N(J``H(%/'(J``b:(F$/*$N(=$('$&$#,./$'(&1$(@-+6,$)(-0(&1$(0+%&(%/'(*1%//$+
-0(&1$(4%#)'.$5(%/'(d+.$(./+$&)(./(&1$(K$%#)(J`^\N(J``H(%/'(J``b:(E1.)(=.++($c&$/'(&1$('%&%V
)$&(0#-,(\('%&%(5-./&)N(&-(b(5-./&):(E1$(R%)./(R-6/'%#.$)(%#$('$&$#,./$'(./(&1$()%,$(=%K(%)
D.$"$+('.'(X)$$(5#$@.-6)()$*&.-/Y:(E1$(=$&(@-+6,$)(=$#$(*%+*6+%&$'(#$+%&.@$(&-(4S2(%/'(&-
4F2:(!)('.)*6))$'(./(&1$(5#$@.-6)()$*&.-/N(%(0.c$'(&.'$(.)(6)$'(%)(#$0$#$/*$:

C#-,( &1$)$( ./&$"#%+( @-+6,$)N( &1$( &.'%+( 5#.),)( %/'( 0+%&( @-+6,$)( *-6+'( R$( '$&$#,./$'
%**-#'./"(&-(&1$(0-++-=./"($a6%&.-/)(X)$$(%+)-(0."6#$([:UYA
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P V Vmhw mlw= − X\:JHY

%/'

( )V A H Pf mhw= −* X\:JUY

E1$( %''.&.-/%++K( *%+*6+%&$'(@-+6,$)(-0( &1$( *1%//$+( %/'( 0+%&N( &-"$&1$#(=.&1( &1$( @-+6,$&#.*
'%&%(-0(D.$"$+N(%#$(5#$)$/&$'(./(%55$/'.c(C_:J(%/'(Cb:J:

5.5 Analysis volumetric data-set of the elements

5.5.1 Introduction

W/(&1$(5#$@.-6)()$*&.-/(=$(*-++$*&$'(%(@-+6,$&#.*('%&%V)$&(0-#(*1%//$+N(0+%&(%/'('$+&%(-0(&1$
4%#)'.$5(%/'(d+.$(./+$&):(E1.)('%&%V)$&(=.++(R$(6)$'(0-#(&1$(*%+.R#%&.-/(-0(!),.&%:(G#.-#(&-(&1$
*%+.R#%&.-/N(=$(=.++( %/%+K)$( &1$( &#$/'( ./( &1$( @-+6,$)N( )1-=/( RK( &1$( '%&%V)$&)N( %/'( *1$*?
=1$&1$#(&1$)$(*-,5+K(=.&1($c5$*&%&.-/)(&1%&(%#$((R%)$'(R-&1(-/($a6.+.R#.6,(#$+%&.-/)(%/'(&1$
-R)$#@$'(&#$/')(./('$@$+-5,$/&(./(&.'$(%/'(R$'(&-5-"#%51K(%)('.)*6))$'(./()$*&.-/)(\:H(%/'
\:U:

C.#)&(=$(=.++(%55+K(%(*-##$*&.-/(0-#(&1$(*1%//$+(%/'(0+%&(#$"%#'./"()$%(+$@$+(#.)$:(!)('.)*6))$'
R$0-#$N(=$(=%/&(&-(0.+&$#(&1$($00$*&(-0(&1$(*+-)6#$(%/'(&1$#$0-#$(=$(=.++('$0./$(&1$(@-+6,$)(-0
&1$(*1%//$+(%/'(0+%&(#$+%&.@$(&-(&1$(%*&6%+(=%&$#(+$@$+:

5.5.2 Adjustment channel and flat volume for sea level rise

W&(.)(%))6,$'(&1%&(%&(&1.)(,-,$/&N(&1$()K)&$,(*%/(?$$5(65(=.&1(&1$(5#$)$/&()$%(+$@$+(#.)$(X)$$
d%/(;--#XHIIJY(%/'(MK)./?(%/'(D.$"$+(XJ``HY:(E1.)(,$%/)(&1%&(&1$(R-&&-,(.)(#.)./"(%&( &1$
)%,$(+$@$+(%)(&1$()$%(+$@$+(#.)$(XJ_(*,f*$/&6#KY:(!)(+-/"(%)(=$(*%+*6+%&$(&1$(@-+6,$)(#$+%&.@$
&-(&1$(%*&6%+(=%&$#(+$@$+N(&1$($+$,$/&)('-(/-&(*1%/"$(./(@-+6,$(%)(%(#$)6+&(-0( &1$()$%( +$@$+
#.)$:

D$*%6)$(=$(1%@$(%(@-+6,$&#.*('%&%V)$&(#$+%&.@$(&-(%(0.c$'(#$0$#$/*$(X43S(./(J`H\YN(=$(=.++
%55+K( %( *-##$*&.-/( 0-#( &1$( 0+%&)( %/'( &1$( *1%//$+:( E1.)( ,$%/)( &1%&( %( #$'6*&.-/( -0( &1$( 0+%&
@-+6,$(.)(%55+.$'(%/'(%/(./*#$%)$(-0(&1$(*1%//$+(@-+6,$:(E1$(K$%#+K(%'>6)&,$/&(%,-6/&)(&-
&1$($+$,$/&(%#$%( &.,$)( &1$()$%( +$@$+(#.)$(5$#(K$%#:(E1$(@-+6,$&#.*('%&%(-0(*1%//$+(%/'( 0+%&
#$+%&.@$(&-(&1$(%*&6%+(=%&$#(+$@$+(.)(5#$)$/&$'(./(%55$/'.c(C_:H(%/'(Cb:H:

]$"%#'./"( &1$( '$+&%( $+$,$/&N( &1$( *1%/"$)( '6$( &-( )$%( +$@$+( #.)$( %#$( '.)*6))$'( ./( &1$
)6R)$a6$/&(*1%5&$#N(%)(&1.)(*-/*$#/)(%('.00$#$/&(&K5$(-0(%'>6)&,$/&:
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5.5.3 Trend in volumetric data of elements

W/(%55$/'.c(M^(&1$(@-+6,$&#.*('%&%V5-./&)N(./*+6'./"(&1$(%'>6)&,$/&(-0(*1%//$+(%/'(0+%&(0-#
)$%( +$@$+( #.)$( 0-#( &1$(4%#)'.$5( %/'( &1$( d+.$( %#$( 5#$)$/&$'( ./( "#%51):( W/( &1.)( )$*&.-/( &1$
-R)$#@$'(&#$/')(=.++(R$('.)*6))$'(%/'($c5+%./$':

Observed trend

E1$(0-++-=./"(&#$/')(./(&1$('%&%(*-@$#./"(&1$(5$#.-'(J`UU(&-(J``b(*%/(R$(-R)$#@$'A

!" 4%#)'.$5(0+%&A(&1$(0+%&(@-+6,$('-$)(/-&()1-=(%(*+$%#(&#$/':(E1.)(.)(R$*%6)$(-0(&1$(#$+%&.@$
@$#K(),%++(0+%&(@-+6,$(XJx(-0(=$&(@-+6,$(R$+-=(4F2Y

!" 4%#)'.$5(*1%//$+A(%('$*#$%)$(./(&1$(@-+6,$)(R$+-=(4S2(-**6##$'(X\xY
!" 4%#)'.$5('$+&%A(&1$(@-+6,$(-0(&1$('$+&%()1-=)(%('$*#$%)$(-0(H\x(./(&1$(5$#.-'(R$&=$$/
J`UU(%/'(J`bJ:

!" d+.$(0+%&A(&1$(0+%&(@-+6,$(./*#$%)$'(X[^xY
!" d+.$(*1%//$+A(%('$*#$%)$(./(&1$(@-+6,$(R$+-=(4S2(*%/(R$()$$/(XJJxY
!" d+.$('$+&%A(&1$('$+&%(@-+6,$('$*#$%)$'(=.&1(J\x(%0&$#(J`UU(&.++(J`bJ:

E1$(./*#$%)$(./(0+%&(@-+6,$(.)(*-/).)&$/&(=.&1(&1$($a6.+.R#.6,(#$+%&.-/)N(=1.*1(%+)-(1-+'(0-#
+%#"$(R%)./)(X)$$()$*&.-/(U:[Y:(E1$(#$'6*&.-/(-0(R%)./(*%6)$)(%/(./*#$%)$(./(0+%&(@-+6,$:(C-#
&1$(d+.$(./+$&N(&1.)(./*#$%)$(.)(*-/).'$#%R+$:(E1.)(.)(5%#&+K(R$*%6)$(-0(&1$(06#&1$#('$*#$%)$(./
R%)./(%#$%(%0&$#(&1$(*+-)6#$:((C-#(&1$(4%#)'.$5(R%)./(&1$(*-,56&%&.-/)(%#$(&--(./%**6#%&$(&-
)1-=(%(*+$%#(&#$/':

O$)5.&$(&1$(./*#$%)$(./(&.'%+(@-+6,$N(=1.*1(-**6##$'('.#$*&+K(%0&$#(*+-)6#$(X)$$()$*&.-/(\:HYN
&1$( @-+6,$)( -0( R-&1( &1$( *1%//$+)( %/'( &1$( '$+&%( -0( &1$( 4%#)'.$5( %/'( d+.$( ./+$&)( 1%@$
'$*#$%)$':( E1.)( .)( ./( *-/&#%'.*&.-/( &-( &1$( $c5$*&%&.-/)N( R%)$'( -/( &1$( $a6.+.R#.6,( #$+%&.-/
R$&=$$/( &1$( @-+6,$)( -0( &1$)$( $+$,$/&)( %/'( &1$( &.'%+( @-+6,$( X)$$( )$*&.-/( U:[Y:( W/( &1$
0-++-=./"( )$*&.-/( =$( =.++( $c5+%./( &1$( #$%)-/( 0-#( &1.)( R$1%@.-6#N( =1.*1( %&( 0.#)&( %55$%#)
*-/&#%'.*&.-/%+:

Explanation trend in volumetric data of channel

W/( )$*&.-/( \:H( =$( *-/*+6'$'( &1%&( ./( &1$( *%)$( -0( %( +%#"$( R%)./N( &1$( &$#,( 5#.),( .)( /-&
%55#-5#.%&$:( !)( %( *-/)$a6$/*$N( &1$( $a6.+.R#.6,( #$+%&.-/( R$&=$$/( 5#.),( %/'( @-+6,$( X+.?$
$a6%&.-/( U:UY( '-$)( /-&( 1-+'( 0-#( 4%#)'.$5( %/'( d+.$( 0-#( &1$( 5$#.-'( 5#.-#( &-( &1$( *+-)6#$:
E1$#$0-#$N( ./(-#'$#( &-($c5+%./( &1$('$*#$%)$( ./(*1%//$+(@-+6,$N(=$(=.++( *-/*$/&#%&$(-/( &1$
#$+%&.-/(R$&=$$/( *#-))V)$*&.-/(-0( &1$( *1%//$+( %/'( &.'%+( @-+6,$N(=1.*1('-$)( 1-+'( 0-#( R-&1
+%#"$(%/'(),%++(R%)./):(E1.)(#$+%&.-/(K.$+')A

A c Vcross g g= ⋅ X\:J[Y

d" e(&.'%+(@-+6,$(X,UY
*" e(*-$00.*.$/&(X,VJY
!*#-)) e(*#-))V)$*&.-/(*1%//$+(X,HY
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E1.)(#$+%&.-/(.++6)&#%&$)(&1%&(./(&1$($a6.+.R#.6,().&6%&.-/N(&1$(*#-))V)$*&.-/(-0(%(*1%//$+(./(&1$
R%)./( .)(5#-5-#&.-/%+( &-( &1$( &.'%+(@-+6,$(=1.*1(5%))$)( &1.)(*#-))V)$*&.-/:(C6#&1$#,-#$N( &1$
&.'%+(@-+6,$(%/'(*-##$)5-/'./"(*#-))V)$*&.-/(-0(&1$(*1%//$+('$*#$%)$)(0#-,(%(,%c.,6,(./
&1$(./+$&(XWY(&-(8$#-N(%)()1-=/(./(0."6#$(\:b:(C-#(+%#"$(R%)./)N(&1.)(R-6/'%#K(XLY(.)(&1$(+-*%&.-/
=1$#$(&1$(0.#)&(X0#-,()$%Y(/-'$(./('.)*1%#"$(-**6#)(X)$$()$*&.-/(\:HY(%/'(0-#(),%++(R%)./)N(XLY
.)(&1$(*+-)$'(R-6/'%#K:

W

d"
X,UY

L

C."6#$(\Vb(%Y(E.'%+(@-+6,$(%+-/"(*1%//$+N(RY(L#-))V)$*&.-/(*1%//$+(%+-/"(*1%//$+

We(W/+$&(&1#-%&
Le(L+-)$'(R-6/'%#Kf(0.#)&(/-'$(./('.)*1%#"$

E1$(@-+6,$(-0(&1$(*1%//$+($a6%+)(&1$(*#-))V)$*&.-/%+(%#$%(./&$"#%&$'(-@$#(&1$(+$/"&1(-0(&1$
*1%//$+N(1$/*$(&1$(./&$"#%&$'()6#0%*$(./(0."6#$(\:bR(./'.*%&$)(&1$(@-+6,$(-0(&1$(*1%//$+:(W/
-&1$#(=-#')N(&1$(*1%/"$(./(&.'%+(@-+6,$(%/'(#$+%&$'(*#-))V)$*&.-/(%+-/"(&1$(R%)./N(./'.*%&$)
&1$(*1%/"$(./(*1%//$+(@-+6,$(=1.*1(.)($c5$*&$'(./(&1$(*%)$(-0(&1$(*+-)6#$(-0(&1$(76.'$#8$$:

2$( *%/( )*1$,%&.)$( &1$( &.'%+( @-+6,$( %+-/"( &1$( R%)./( R$0-#$( %/'( %0&$#( *+-)6#$( #-6"1+K( %)
0-++-=)(A

9

R$0-#$(*+-)6#$

%0&$#(*+-)6#$
d"
X,UY

!W

C."6#$(\V`(L1%/"$(&.'%+(@-+6,$f*#-))V)$*&.-/(%+-/"(R%)./(+$/"&1

We(W/+$&(&1#-%&
!e(!0)+6.&'.>?
9e(9.>?$#?

W/(&1.)(0."6#$(%+)-(&1$(./&$#/%+($c*1%/"$(=.&1./(&1$(R%*?(5%#&(-0(&1$(R%)./(.)(.++6)&#%&$':(E1$
/-'$( ./('.)*1%#"$N(-#( &1$( &#%/).&.-/(R$&=$$/( &1.)( k./&$#/%+g( $c*1%/"$( %/'( &1$( &.'%+( @-+6,$
0#-,()$%N(.)(/-&(%)()1%#5(%)(./'.*%&$'(./(0."6#$(\:`N(R6&(=.++(5#-R%R+K()1-=(%/(-@$#+%5:(E1.)
/-'$(-**6##$'()-,$=1$#$(R$&=$$/(Q#?(%/'(&1$(5#$)$/&(!0)+6.&'.>?:

(!*
X,HY

W L
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DK(,$%/)(-0(0."6#$(\:`N(.&(.)(5-)).R+$(&-($c5+%./(&1$(0%*&(&1%&(&1$(&.'%+(@-+6,$(./*#$%)$'(%/'
&1$( *1%//$+( @-+6,$( '$*#$%)$':(!)( %( *-/)$a6$/*$( -0( &1$( *+-)6#$N( &1$( &.'%+( @-+6,$N(=1.*1
$/&$#)(&1$(./+$&N(./*#$%)$':(F-=$@$#N(&1$(&.'%+(@-+6,$(=1.*1(5%))$)(&1$(*1%//$+)(./(&1$(R%*?
1%)('$*#$%)$':(E1.)(.)(R$*%6)$(&1$(&.'%+(@-+6,$('$*#$%)$)(X&-(8$#-Y(&-=%#')(&1$(R-6/'%#K:(!)
%(*-/)$a6$/*$N(&1$(#$+%&$'(*#-))V)$*&.-/(./(&1$(R%*?(-0(&1$(R%)./(.)(&--(+%#"$(*-,5%#$'(&-(.&)
$a6.+.R#.6,(%/'(=.++(1$/*$(%**#$&$N(=1.+$((/$%#(&1$(&1#-%&(&1$(*#-))V)$*&.-/(-0(&1$(*1%//$+(.)
&--(),%++( *-,5%#$'( &-( .&)($a6.+.R#.6,(%/'(=.++( $#-'$( X&1.)( .)( ./'.*%&$'(=.&1( &1$( %##-=)( ./
0."6#$(\:`Y:(E1$(%**#$&.-/(-0(&1$(*1%//$+)(./(&1$(R%*?(=%)(%+)-('$#.@$'(0#-,(&1$(,%5)(-0(R$'
&-5-"#%51K( X)$*&.-/( \:UY:( E1$( 0%*&( &1%&( &1$( *#-))V)$*&.-/( /$%#( &1$( &1#-%&( -0( &1$( ./+$&)
./*#$%)$'(.)('$)*#.R$'(RK(;$##.&)$/(XJ``IY:

3-N(5%#&(-0(&1$(*1%//$+(./(&1$(R%*?(%**#$&$)(%/'(5%#&(-0(&1$(*1%//$+(/$%#(&1$(&1#-%&(-0(&1$(./+$&
$#-'$):(!55%#$/&+KN( &1$()$'.,$/&%&.-/('-,./%&$)( &1$($#-).-/N(%)( &1$(@-+6,$&#.*('%&%(-0( &1$
*1%//$+()1-=(%('$*#$%)$:

Explanation trend in volumetric data of delta

E1$(&.'%+(@-+6,$(./*#$%)$'('6$(&-(&1$(*+-)6#$(%/'(&1$('$+&%(@-+6,$)()1-=(%('$*#$%)$:(D%)$'
-/(&1$($a6.+.R#.6,(#$+%&.-/)(=$($c5$*&(%/(./*#$%)$(-0(&1$('$+&%:(W/()$*&.-/(\:U(=$($c5+%./$'
&1%&( &=-( 0%*&-#)(*-6+'(*%6)$( &1.)( '$*#$%)$A( ( &1$( *-%)&%+( #$"#$)).-/( %/'( &1$( '$*#$%)$( -0( &1$
'$+&%( .&)$+0:( F$/*$N( .&( *-6+'( R$( &1%&( &1$( '$+&%( .&)$+0( .)( "#-=./"N( R6&( &1%&( &1.)( $00$*&( .)
'-,./%&$'( RK( &1$( #$"#$)).-/( -0( &1$( *-%)&:( L-,56&./"( %++( @-+6,$)( #$+%&.@$( &-( &1$( %*&6%+
*-%)&%+(5#-0.+$( X%/'(/-&(%( 0.c$'(5#-0.+$Y(=-6+'( .++6)&#%&$( &1$(/$&( $00$*&:(E1.)( *%/(R$( )1-=/
*-/).'$#./"( &1$( &=-(*%+*6+%&.-/)( -0(D.$"$+( XJ``HY:(D.$"$+( *-,56&$'( 0-#( &1$(4%#)'.$5N( &1$
@-+6,$)(#$+%&.@$(&-(&1$(*-%)&%+(5#-0.+$(-0(J`H\(%/'(#$+%&.@$(&-(&1%&(-0(J`_H:(C#-,(%55$/'.c
M^:HN( .&(R$*-,$)(*+$%#( &1%&( &1$(%*&6%+(@-+6,$(-0( &1$('$+&%( ./(J`_H()1-=)(%( )+."1&( ./*#$%)$
#$+%&.@$(&-(&1$(%*&6%+(@-+6,$(-0(J`H\:

E1$( 9%&.-/%+( W/)&.&6&$( 0-#( L-%)&%+( %/'( 4%#./$( 4%/%"$,$/&( X]W<7Y( .)( ./@$)&."%&./"( &1$
'$&$#,./%&.-/( -0( &1$( @-+6,$)( -0( &1$( 4%#)'.$5( '$+&%( #$+%&.@$( &-( &1$( %*&6%+( X&.,$V@%#K./"Y
*-%)&%+(5#-0.+$(X,%#*1(HIIJY(%/'(&1$#$0-#$N(#$*$/&('%&%(*%+*6+%&.-/)(%#$(/-&(%@%.+%R+$(K$&:

W/( &1$( *%+.R#%&.-/(-0(!),.&%( X)$$( )$*&.-/(^:UYN( %/( %'>6)&,$/&(=.++( R$(,%'$( 0-#( &1$( *-%)&%+
#$"#$)).-/N(=1.*1(./0+6$/*$)(&1$().8$(-0(&1$('$+&%(%**-#'./"(&-(&1$(2%+&-/(%/'(!'%,)(XJ`_^Y
'$0./.&.-/:

5.5.4 Conclusion analysis of volumetric data-set

36,,%#.)$'N( &1$( '$*#$%)$)( -0( &1$( *1%//$+( %/'( &1$( '$+&%( -0( d+.$( %/'( 4%#)'.$5( *%/( R$
$c5+%./$'(%)(0-++-=)A
!" G%#&(-0(&1$(*1%//$+(./(&1$(R%*?(%**#$&$)(%/'(5%#&(-0(&1$(*1%//$+(/$%#(&1$(&1#-%&(-0(&1$(./+$&
$#-'$):(E1.)(.)(#$+%&$'(&-(&1$(*1%/"$)(./(&.'%+(@-+6,$(X./'6*$'(RK(&1$(*+-)6#$Y(&1%&(5%))$)
&1$(*1%//$+(%+-/"(&1$(R%)./:(C#-,(&1$('$*#$%)./"(&#$/'(./(&1$(@-+6,$&#.*('%&%N(.&(R$*-,$)
*+$%#(&1%&(&1$(%**#$&.-/('-,./%&$)(&1$($#-).-/:

!" E1$( '$+&%( @-+6,$)( -0( d+.$( %/'( 4%#)'.$5( )1-=( %( '$*#$%)$N( &1.)( *-6+'( R$( *%6)$'( RK
/$"+$*&./"( *-%)&%+( #$"#$)).-/:( E1.)( $00$*&( )1-6+'( %+)-( R$( &%?$/( ./&-( %**-6/&( ./( &1$
*%+.R#%&.-/(-0(!),.&%(%/'(.)(./@$)&."%&$'(./(&1$()6R)$a6$/&(*1%5&$#:
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5.6 Error analysis  in the case of calibration of Asmita to data

5.6.1 Introduction

W/(&1$()6R)$a6$/&(*1%5&$#N(!),.&%(=.++(R$(*%+.R#%&$'( &-( &1$(-R&%./$'()$&(-0(@-+6,$&#.*('%&%
0-#(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(D-&1( &1$(6)$(-0('%&%(%/'(&1$(,-'$+(,%K(./&#-'6*$($##-#)N
=1.*1(%00$*&)(&1$(@%+.'.&K(-0(&1$(*%+.R#%&.-/:(E1$#$0-#$N(%()*1$,%&.)%&.-/(.)(,%'$(-0(&1$()&$5)
=1.*1( %#$( ,%'$( '6#./"( &1$( &-&%+( *%+.R#%&.-/( 5#-*$))N( =1.*1( *-/*$#/)( '%&%V%/%+K).)( %/'
,-'$++./":( M@$#K( )&$5( 5-)).R+K( ./&#-'6*$)( $##-#):( E1$)$( $##-#)( =.++( ,%./+K( R$( %))$))$'
a6%+.&%&.@$+K( %/'( .0( 5-)).R+$( %+)-( a6%/&.&%&.@$+K:( !&( &1$( $/'( -0( &1.)( *1%5&$#( =$( =.++( 1%@$
"%./$'(./)."1&(./&-(#$+$@%/*K(-0(&1$($##-#):

5.6.2 Overview errors

E1$(0-++-=./"()&$5)(%/'(#$+%&$'($##-#)(*%/(R$( .'$/&.0.$'( ./( &1$( &-&%+(*%+.R#%&.-/(5#-*$))( 0-#
&1$(*+-)6#$(-0(&1$(76.'$#8$$A

B,>#2 9%*%

L-/@$#).-/(&-
/6,$#.*%+(,-'$+

!/%+K&.*%+(51K).*%+
,-'$+(!),.&%

!" W/56&(5%#%,$&$#)
!" L%+.R#%&.-/
5%#%,$&$#)

L%+*6+%&.-/
@-+6,$)

W/&$#5-+%&.-/
,$%)6#$,$/&)(./

"#.'

4$%)6#$,$/&)

L%+.R#%&.-/(!),.&%(&-('%&%

H:(/6,$#.*%+
$##-#

J:($##-#(,-'$+
0-#,6+%&.-/

U:(*1-.*$)f
./&$#5#$&%&.-/

[:(%**.'$/&%+($##-#)
\:()K)&$,%&.*($##-#)

b:(/$##-#(,-'$+(%55+.*%&.-/

^:(./&$#5-+%&.-/($##-#

_:(R-6/'%#K(./&$#5#$&%&.-/

-0(*+-)6#$(76.'$#8$$

C."6#$(\VJI(P@$#@.$=(&-&%+(*%+.R#%&.-/(5#-*$))(%/'(#$+%&$'(X/6,R$#$'Y($##-#)

W/(&1$(0-++-=./"(5%#%"#%51)()-,$()5$*.0.*%&.-/)(=.++(R$(".@$/(-/(&1$)$($##-#):(E1$/(.&(=.++(R$
'.)*6))$'(=1$&1$#(&1$)$($##-#)(%#$()."/.0.*%/&(-#(/-&:

1. error model formulation

!),.&%( .)( %( R$1%@.-6#( -#.$/&$'( ,-'$+N( R%)$'( -/( &1$( )$'.,$/&( $c*1%/"$( R$&=$$/
,-#51-+-".*%+( $+$,$/&):( E1.)( *-/*$5&( 1%)( 5#-@$/( &-( R$( %( 6)$06+( &--+( &-( '$)*#.R$( &1$
%'%5&%&.-/(5#-*$))(-0('.00$#$/&($+$,$/&)(&-=%#')($a6.+.R#.6,()&%&$(./(&1$(*%)$(-0(&1$(C#.$)*1$
7$$"%&(XD6.),%/(J``_Y:(E1$#$0-#$N(&1.)(,-'$+(.)(%))6,$'(&-(".@$(%("--'N('$)*#.5&.-/(-0(&1$
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%'%5&%&.-/( 5#-*$))( ./( &1$( *%)$( -0( %/( ./)&%/&%/$-6)( ./&$#0$#$/*$( +.?$( &1$( *+-)6#$( -0( &1$
76.'$#8$$:

2. numerical error

W/(&1$(*%)$(-0(%(*-/@$#).-/(-0(%/(%/%+K&.*%+(,-'$+(./&-(%(/6,$#.*%+(,-'$+N($##-#)(*-6+'(%#.)$
R-&1('6$(&-('.)*#$&.)%&.-/:(W/(!),.&%N(-/+K(%('.)*#$&.)%&.-/(./( &.,$( .)(,%'$:(!)( +-/"(%)(=$
*-/).'$#(%(),%++(&.,$V)&$5(*-,5%#$'(&-(&1$(5$#.-'(-0(./&$#$)&N(&1.)($##-#(.)(/-&($c5$*&$'(&-(R$
)."/.0.*%/&(./(&1$(*%+.R#%&.-/(5#-*$)):

3. choices and interpretation input and calibration parameters

W/(&1$()6R)$a6$/&(*1%5&$#(%/(%&&$,5&(.)(,%'$(&-('$)*#.R$(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0
&1$($+$,$/&)(-0(&1$(d+.$(%/'(4%#)'.$5(./+$&)(=.&1(!),.&%:(C-#(&1.)N(*1-.*$)()1-6+'(R$(,%'$
&-($)&.,%&$(./56&(5%#%,$&$#):(3-,$(5%#%,$&$#)(=.++(R$(%))6,$'(&-(R$(*-/)&%/&N(=1.+$(-&1$#)
=.++(R$(@%#.$'('6#./"(&1$(*%+.R#%&.-/:(E1$(*-/)$a6$/*$(.)(&1%&(&1$(#$)6+&./"(*%+.R#%&.-/(,%K
R$(+&1$(,-)&(+.?$+K(#$)6+&N(R6&(/-&(/%&6#%++K(&1$(-/+K(-#(*-##$*&(#$)6+&:

4. random errors in measurements

!( '$@.%&.-/( ./( &1$( '$5&1( ,$%)6#$,$/&)( *-6+'( -**6#( %)( %( *-/)$a6$/*$( -0( ./%**6#%&$
,$%)6#$,$/&):(M)5$*.%++K(&1$(,$%)6#$,$/&)(./(&1$(5$#.-'(J`H\VJ`[I(%#$(/-&()-(%**6#%&$(%)
&1$( 0%*.+.&.$)(=$#$( /-&( )-( %'@%/*$'( %)( %&( 5#$)$/&:(!**-#'./"( &-( ]%?1-#)&( X'#%0&N( HIIIY( %/
-**%).-/%+($##-#(-0(H\(*,(*-6+'(R$(,%'$:(9-=%'%K)(&1$(#%/'-,($##-#(.)(%R-6&(JI(*,(-#(+$)):
W0(&1.)('$@.%&.-/(-0(H\(*,(=-6+'(R$(5#$)$/&(-@$#(&1$($/&.#$(%#$%N(%(+%#"$('$@.%&.-/(./(@-+6,$
=-6+'(-**6#(X/%,$+K(I:H\(,p^:_\pJIb(,HeJ:_pJIb(,UN(-#'$#(JIxY:(w$&N(&1.)($##-#()1-6+'(R$
%))$))$'(%)(!*:(!8!+%/'(%)(#*/,"!($##-#:

2$( %))6,$( &1%&( &1.)( #%/'-,( $##-#( .)( /-#,%++K( '.)&#.R6&$'( =.&1( 8$#-( ,$%/( %/'( &1%&( &1$
,$/&.-/$'(H\(*$/&.,$&#$)(*-##$)5-/')(&-(1%+0(&1$(=.'&1(-0(%(`\x(*-/0.'$/*$(./&$#@%+:(W/(&1%&
*%)$( &1$( )&%/'%#'( '$@.%&.-/(+,( -0( &1$( #%/'-,( $##-#( ./( %/( ./'.@.'6%+( '$5&1( ,$%)6#$,$/&
%,-6/&)(&-(JH:_\(*,(X)$$(0."6#$(\:JJY:
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W/(&1.)(0."6#$(&1$(*1%/*$(-0($c*$$'$/*$(.)(.++6)&#%&$'(RK(&1$(,%#?$'()6#0%*$:

L-,56&%&.-/)( -0( @-+6,$)( %#$( R%)$'( -/( R%&1K,$&#.*(,%5)( -/( %( "#.'( =.&1( %( ,$)1( ).8$( -0
H\IpH\I(,:(E1$(*-/&#.R6&.-/(&-(&1$(@-+6,$(-0($%*1("#.'(*$++(.)(&%?$/(%)(&1$(5#-'6*&(-0(&1$
*$++( %#$%( %/'( &1$( '$@.%&.-/( R$&=$$/( &1$( *$++V%@$#%"$'( R-&&-,( +$@$+( %/'( &1$( *-/*$#/$'
#$0$#$/*$( X$:":( 4S2Y:( E1$( ,$/&.-/$'( H\( *$/&.,$&#$)( %/'( 1$/*$( +,N( *-/*$#/)( &1.)( *$++V
%@$#%"$'( +$@$+:( !))6,./"( &1%&( %++( &1$)$( +$@$+)( %#$( )&%&.)&.*%++K( ./'$5$/'$/&N( &1$( )&%/'%#'
'$@.%&.-/(+@&-&(-0(&1$($/&.#$(@-+6,$(-0(%/($+$,$/&($c&$/'./"(-@$#(,(*$++)(R$*-,$)A

σ σ
vtot

v

m
m m= ⋅ = ⋅ = ⋅7970

6500
6500 6 4 105 3.

E16)N(&1$()&%/'%#'('$@.%&.-/(-0(&1$(#%/'-,($##-#(./(,$%)6#$,$/&)(.)(-/+K(^:[pJI\(,U(0-#(&1$
$/&.#$(R%)./(%/'(*%/(R$(/$"+$*&$'(*-,5%#$'(&-( &1$(@-+6,$)(X-#'$#(JIb(,UY:(E1.)( .++6)&#%&$)
&1%&(%/N(%&(0.#)&("+%/*$(+%#"$($##-#(XH\(*,YN(*%/(&6#/(-6&(&-(R$(./)."/.0.*%/&(*-,5%#$'(&-(&1$
&-&%+(R%)./(@-+6,$:

5. systematic errors in measurements

4%#.-/(XJ```Y(*-/*+6'$'(&1%&(%()K)&$,%&.*($##-#(=%)(,%'$(./(&1$(,$%)6#$,$/&)(=1.*1(=$#$
*%##.$'( -6&( ./( J`_H( ./( %( 5%#&( -0( &1$( 4%#)'.$5( R%)./:( !**-#'./"( &-( ]%?1-#)&( XHIIIYN
)K)&$,%&.*($##-#)(%#$(5#$)$/&(./(&1$(J`^\(#$".)&#%&.-/(-0(#$0$#$/*$(+$@$+):

Q/0-#&6/%&$+KN(/-(a6%/&.&%&.@$(./0-#,%&.-/(.)(5#$)$/&(0-#(&1$)$()K)&$,%&.*($##-#):(O6$(&-(+%*?
-/(./0-#,%&.-/N(&1$)$($##-#)(%#$(/-&(&%?$/(./&-(%**-6/&:

6. interpolation error

D$).'$)( &1$( $##-#( ./( R-6/'%#.$)( %+)-( &1$( &#%/)0-#,%&.-/( -0( &1$( '$5&1(,$%)6#$,$/&)( ./&-( %
"#.'(*-6+'(+$%'(&-($##-#)(./(@-+6,$(*%+*6+%&.-/:(2.&1./(%/'(R$&=$$/(&1$)$("#.'(*$++)(@%+6$)(-0
'$5&1(,$%)6#$,$/&)( %#$( ./&$#5-+%&$'N(=1.*1( *-6+'( *%6)$( '$@.%&.-/( 0#-,( &1$( %*&6%+( '$5&1N
%/'(1$/*$('$@.%&.-/(./(@-+6,$:(w$&(=$(%))6,$(&1%&N( ./( &1$()%,$(=%K(%)( .++6)&#%&$'(0-#( &1$
#%/'-,($##-#)N(&1$)$('$@.%&.-/)(%#$(/-&()."/.0.*%/&(R$*%6)$(-0(&1$(%@$#%"./"(-@$#(,%/K('$5&1
,$%)6#$,$/&)(5$#(R%)./:

7. boundary identification

!" W'$/&.0.*%&.-/(R-6/'%#.$)(R%)./:
E1$(=%&$#)1$')( 0-#,( &1$( )K)&$,( R-6/'%#.$):( O6$( &-( ./%**6#%*.$)( ./( &1$( .'$/&.0.*%&.-/( -0
&1$)$( R-6/'%#.$)( 0#-,( &1$( '.".&.)$'( ,%5)N( $##-#)( *-6+'( -**6#( ./( &1$( *%+*6+%&$'( @-+6,$):
M)5$*.%++K( &1$( 0+%&( @-+6,$( .)( )$/).&.@$( 0-#( '$@.%&.-/)( %)( &1$( R-6/'%#.$)( ,%./+K( *-,5#.)$
./&$#&.'%+(%#$%:

!" W'$/&.0.*%&.-/(R-6/'%#.$)('$+&%
C-#(&1$('$+&%(&1$().&6%&.-/(.)(,-#$(*-,5+$c:(E1.)(1%)(&-('-(=.&1(&1$(=%K(&1$('$+&%(@-+6,$(.)
'$0./$':( d-+6,$)( -0( &1$( '$+&%( %#$( *%+*6+%&$'( #$+%&.@$( &-( %( #$0$#$/*$( *-%)&%+( 5#-0.+$:( E1.)
,$&1-'(.)(@$#K()$/).&.@$(0-#('.00$#$/&(./&$#5#$&%&.-/)(-0(#$0$#$/*$(*-%)&:(E1.)(.)(*-/0.#,$'(RK
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3,.&&$/R$#"( XJ```Y( =1-( *-,5%#$'( &1$( )$'.,$/&%&.-/f$#-).-/( ./( &1$( '$+&%( *%+*6+%&$'( RK
MK)./?(%/'(D.$"$+(XJ``HY(=.&1(&1$(!92(#$5-#&)(-0(&1$(!'@.$)&'.$/)&(F--#/(X]%?1-#)&N('#%0&
HIIIY:(E1$('.00$#$/*$(./(*%+*6+%&.-/(,$&1-'(%/'(R-6/'%#.$)( .)(*-/).'$#%R+$:(3-N( &1$(%*&6%+
@-+6,$(-0(&1$('$+&%(*-/&%./)('$@.%&.-/)f6/*$#&%./&.$):(E1$(,$&1-'(&-('$&$#,./$(&1$(#$0$#$/*$
*-%)&(X=1.*1(=-6+'(R$(5#$)$/&(=.&1-6&(./+$&Y(%/'(&1$('$&$#,./%&.-/(-0(&1$(%*&6%+('$0./.&.-/
-0(&1$(R-6/'%#.$)(-0(&1$('$+&%(*-/)6,$)(%(+-&(-0(&.,$(%/'(/$$')(&-(R$(./@$)&."%&$'(5#-5$#+K:

E1.)($##-#(.)(#$"%#'$'(%)(%(@$#K()$/).&.@$(0%*&-#(0-#('$@.%&.-/(./(&1$('%&%:

8.  application error of Asmita

D$).'$)( &1$(,$/&.-/$'($##-#)N( .&( *-6+'(%+)-(R$( &1%&(-&1$#(5#-*$))$)( &1%/( &1$(*+-)6#$(-0( &1$
76.'$#8$$(5+%K(%/( .,5-#&%/&( #-+$(-/( &1$( +-/"V#6/N(=1.*1(%#$(/-&( &%?$/( ./&-(%**-6/&( ./( &1$
,-'$+( 0-#,6+%&.-/( -0( !),.&%:( E1.)( *-6+'( +$%'( &-( '.)&6#R%/*$)( ./( *%+.R#%&.-/( #$)6+&):
G#-*$))$)()6*1(%)A
!" &#%/)5-#&(%*#-))(R-6/'%#.$)(X)$$()$*&.-/(\:UY
!" ./*#$%)./"(&.'%+(#%/"$(./(&.,$(X)$$()$*&.-/(\:[Y
!" )$%(+$@$+(#.)$
!" X%#&.0.*.%+Y(./&$#0$#$/*$)

E1$(0.#)&(5#-*$))(.)('6$(&-(&1$(6/'$#'$@$+-5$'(=%&$#)1$'(R$&=$$/(&1$(d+.$(%/'(&1$(4%#)'.$5
R%)./):( E1.)( 5#-*$))(=.++( 5#-R%R+K( +$%'( &-( %( )-,$=1%&( '.00$#$/&(,-#51-+-".*%+( R$1%@.-6#
&1%/(=1%&(!),.&%(5#$'.*&)(%)(&1.)(,-'$+(=-#?)(=.&1($+$,$/&(R-6/'%#.$):(E1.)($00$*&( .)(/-&
&%?$/(./&-(%**-6/&(./(&1$(5#$)$/&()&6'K:

E1$(./0+6$/*$(-0(&1$(./*#$%)$(&.'%+(#%/"$(=.++(/-&(R$(&%?$/(./&-(%**-6/&(./(&1$(5#$)$/&()&6'K
/$.&1$#:(F-=$@$#N(&1$($00$*&(-0(&1$(#.)./"()$%(+$@$+(=.++(R$(&%?$/(./&-(%**-6/&N(=.&1(#$)5$*&(&-
&1$(*1%/"./"(R-6/'%#.$)(X)$$(*1%5&$#(^Y:

!#&.0.*.%+(./&$#0$#$/*$)(+.?$()%/'V(%/'()1$++V,././"(%/'('#$'"./"(-0((1%#R-6#)(&--?(5+%*$(./
&1$( 5$#.-'( J`UUVJ``b:( D$).'$)N( )%/'=%@$)( =$#$( 5#$)$/&( ./( &1$( d+.$( %/'(4%#)'.$5( R%)./
X]%?1-#)&N(HIIIY:(E1$)$(./&$#0$#$/*$)(%#$(/-&(&%?$/(./&-(%**-6/&(./(&1$(,-'$+(0-#,6+%&.-/(%)
&1$K('-(/-&(./*+6'$(,-#51-+-".*%+($00$*&)('6$(&-(*+-)6#$:((!**-#'./"(&-(3,.&&$/R$#"(XJ```Y
&1$)$(./&$#0$#$/*$)(+$%'(&-(%('$@.%&.-/(-0(%55#-c.,%&$+K(I:IHpJIb(,U(-@$#(&1$(=1-+$(5$#.-'
J`UUVJ`bJ:(E1.)(.)(/$"+.".R+$(*-,5%#$'(&-(&1$(@-+6,$)(-0(&1$(4%#)'.$5(%/'(&1$(d+.$(X-#'$#
JIb(,UY:

5.6.3 Conclusion Error analysis

!/( -@$#@.$=( -0( &1$( 5-)).R+$( $##-#)( 1%@$( R$$/( 5#$)$/&$'( ./( %( 0+-=( *1%#&( -0( &1$( &-&%+
*%+.R#%&.-/(5#-*$)):(M##-#)( 0#-,(R-&1( &1$(,-'$+( 5-./&( -0( @.$=( %/'( 0#-,( &1$( '%&%( 5-./&( -0
@.$=( 1%@$( R$$/( '.)&./"6.)1$':( E1$)$( $##-#)( %#$( '.)*6))$'( %/'( )-,$( *-/).'$#%&.-/)( 1%@$
R$$/(".@$/(-/(&1$()."/.0.*%/*$(-0(&1$)$($##-#):

M##-#)( =1.*1( %#$( *-/).'$#$'( )."/.0.*%/&( 0-#( &1$( *%+.R#%&.-/( 5#-*$))( %/'( '%&%( %/%+K).)N( %#$
$##-#)( '6$( &-( R-6/'%#K( ./&$#5#$&%&.-/( -0( &1$( $+$,$/&)( %/'( '6$( &-( $)&.,%&$)( -0( ,-'$+
5%#%,$&$#):
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5.7 Conclusion

!/%+K).)(-0(&1$(&.'$(%/'('.".&.)$'(,%5)(-0(R$'(&-5-"#%51K(5-./&(-6&(&1%&( ./+$&)(-0(d+.$(%/'
4%#)'.$5( %#$( )6.&%R+$( 0-#( *%+.R#%&.-/( 56#5-)$)( %)( ./( &1$)$( ./+$&)( )."/.0.*%/&( *1%/"$)( 1%@$
-**6##$'(./(R-&1(&1$(1K'#-'K/%,.*)(%/'(,-#51-+-"K:

E1$(*1%#%*&$#(-0(&1$(&.'%+(=%@$(%+-/"(&1$(R%)./(*1%/"$'(0#-,(%(,-#$(5#-5%"%&./"(*1%#%*&$#
./(&1$(0-#,$#(76.'$#8$$N(./&-(%(,-#$()&%/'./"(*1%#%*&$#(%0&$#(*+-)6#$:(D$0-#$(*+-)6#$(&1$(&.'%+
#%/"$( '$*#$%)$'( 0#-,( )$%( &-=%#')( &1$( *+-)$'( R-6/'%#KN( &1$( &.'%+( #%/"$( %0&$#( *+-)6#$
./*#$%)$'( 0#-,( )$%( &-=%#')( &1$( !0)+6.&'.>?:( !)( %( #$)6+&N( &1$( &.'%+( @-+6,$( ./( &1$)$( ./+$&)
./*#$%)$'(./)&%/&%/$-6)+K('6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(E1$(*1%/"$(0#-,(%(#$+%&.@$+K
+%#"$( ./&-( %( ),%++( R%)./(,%?$)( &1$( *+-)6#$( &-&%++K( '.00$#$/&( &1%/( &1$( *+-)6#$( -0( ( 5%#&( -0( %
),%++$#(R%)./(%)( &1$(S%6=$#)8$$N(=1$#$( &1$(*1%#%*&$#(-0( &1$( &.'%+(=%@$(#$,%./$'(&1$()%,$
%0&$#(&1$(*+-)6#$:

S%#"$V)*%+$(R%&1K,$&#.*(*1%/"$)(-**6##$'(./(&1$(d+.$(%/'(4%#)'.$5(./+$&):(L1%//$+)N(=1.*1
=$#$(*-//$*&$'(&-(&1$(0-#,$#(76.'$#8$$(+-)&(&1$.#(06/*&.-/(%/'(%)(%(*-/)$a6$/*$(%**#$&.-/
-**6##$'( /$%#( &1$(!0)+6.&'.>?:(P&1$#( *1%//$+)N( +.?$( &1$(O--@$( D%+"( /$$'$'( &-( ./*#$%)$( ./
=.'&1N( =1.*1( .)( %**-,5+.)1$'( RK( $#-).-/:( E1$( =%&$#)1$'( %#$%( R$&=$$/( &1$( d+.$( %/'
4%#)'.$5(R%)./)(1%)(R$*-,$(,-#$()1%++-=:(E1$('$+&%)(-0(4%#)'.$5(%/'(d+.$(./+$&)N(#$&#$%&$'
%( +.&&+$( &-=%#')( &1$( *-%)&( %0&$#( &1$( *+-)6#$:( C6#&1$#,-#$N( &1$( ,%./( $RRV*1%//$+( ,-@$'( ./
)-6&1V=$)&$#/('.#$*&.-/:(E1.)(.)(5#-R%R+K( &1$(#$)6+&(-0( &1$(*1%/"$'(./&$#%*&.-/(R$&=$$/(&1$
+-/"V)1-#$(&.'%+(*6##$/&)(%/'(&1$(&.'%+(*6##$/&)(&1#-6"1(&1$(./+$&:

!/%+K)./"(&1$(@-+6,$&#.*('%&%(./'.*%&$'(&1%&(#$"%#'./"(&1$(d+.$(./+$&(&1$(@-+6,$(-0(&1$(0+%&)
)1-=)(%/(./*#$%)$('6$(&-(&1$(#$'6*&.-/(./(%#$%(X&#$/'(./(0+%&)(-0(4%#)'.$5(.)(./%**6#%&$(%/'
/-&(*+$%#Y:(E1$(@-+6,$(-0(&1$(*1%//$+(-0(R-&1(./+$&)(.)('$*#$%)./"(%)(&1$()$'.,$/&%&.-/(./(&1$
R%*?(-0(&1$(R%)./(.)(+%#"$#(&1%/(&1$($#-).-/(/$%#(&1$(&1#-%&(-0(&1$(./+$&):(E1$('$+&%(@-+6,$)(-0
d+.$( %/'(4%#)'.$5( )1-=( %( '$*#$%)$N( &1.)( *-6+'( R$( *%6)$'( RK( *-%)&%+( #$"#$)).-/:( !)( &1.)
*-%)&%+( #$"#$)).-/( ./0+6$/*$)( &1$( ).8$( -0( &1$( '$+&%N( &1.)( $00$*&( )1-6+'( %+)-( R$( &%?$/( ./&-
%**-6/&(./(&1$(*%+.R#%&.-/(-0(!),.&%:(E1.)(.)(./@$)&."%&$'(./(&1$()6R)$a6$/&(*1%5&$#:

M##-#(%/%+K).)(-0( &1$( &-&%+(*%+.R#%&.-/(5#-*$))(X*-/*$#/./"('%&%(%/'(,-'$+(%)5$*&)Y()1-=$'
&1%&('$@.%&.-/)(./(@-+6,$(%#$($)5$*.%++K()$/).&.@$(&-(&1$(R-6/'%#K(%))$)),$/&:(C6#&1$#,-#$N
./&$#5#$&%&.-/(-0( &1$(,-'$+( 5%#%,$&$#)( .)( *-/).'$#$'( %)( %/( .,5-#&%/&( %)5$*&( #$"%#'./"( &1$
*%+.R#%&.-/(5#-*$)):
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6 Calibration Asmita for closure Zuiderzee

6.1 Introduction

O6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$N(&1$(R%)./)(-0(d+.$(%/'(4%#)'.$5(./+$&)(&#%/)0-#,$'(./&-
%(R%)./(=.&1(%(+$/"&1(=1.*1(.)(),%++(*-,5%#$'(&-(&1$( &.'%+(=%@$(+$/"&1:(D%)$'(-/(&1.)N(=$
$c5$*&( &1%&( )6*1( &.'%+( ./+$&)( 1%@$( &1$( )%,$( *1%#%*&$#.)&.*( ,-#51-+-".*%+( '$@$+-5,$/&( %)
-&1$#( ./+$&)N(=1.*1(=$( *%/( 0./'( ./( &1$( $%)&$#/( 5%#&( -0( &1$(2%''$/(3$%:(!))6,$'( &1%&( &1.)
$c5$*&%&.-/(.)(*-##$*&N(=$(*%/('$)*#.R$(&1$(+%#"$V)*%+$(,-#51-+-".*%+('$@$+-5,$/&(-0( &1$)$
&.'%+( ./+$&( )K)&$,)( X*-/).)&./"( -0( *1%//$+N( '$+&%( %/'( 0+%&Y:( W/( &1.)( *1%5&$#( =$(=.++( &#K( %/'
).,6+%&$(&1.)(,-#51-+-".*%+('$@$+-5,$/&(=.&1( &1$(R$1%@.-6#(-#.$/&%&$'(,-'$+(!),.&%:(C-#
&1.)N($)&.,%&$)(-0(&1$(5%#%,$&$#)( ./(!),.&%(%#$(/$*$))%#K:(3-,$(5%#%,$&$#)(*%/(R$(6)$'(%)
*%+.R#%&.-/(5%#%,$&$#)N(=1.+$(-&1$#)(%#$(0.c$'('6#./"(&1$(*%+.R#%&.-/:

M)5$*.%++K( &1$( @-+6,$&#.*( *1%/"$)( -0( &1$( '$+&%( %#$( -0( ./&$#$)&:( E1.)( @-+6,$( .)( '$&$#,./$'
#$+%&.@$(&-(&1$(*-%)&%+(5#-0.+$(=1.*1(=-6+'(R$(5#$)$/&(=.&1-6&(%/(./+$&:(W&(.)(5+%6).R+$(&1%&(&1.)
0.*&.&.-6)( 5#-0.+$( .)( &1$( %*&6%+( *-%)&%+( 5#-0.+$( %'>%*$/&( &-( &1$( '$+&%:( F$/*$N( *1%/"$)( ./( &1$
*-%)&(5+%K(%(#-+$(./(&1$('$&$#,././"(&1$(@-+6,$(-0(&1$('$+&%:

D$0-#$( &1$( *%+.R#%&.-/N( =$( =.++( 0.#)&( '.)*6))( &1$( $c5$*&$'( *1%#%*&$#( -0( &1$( ,-#51-+-".*%+
R$1%@.-6#(%/'(#$+%&$'(&.,$V)*%+$)N(R%)$'(-/(&1$(+./$%#(%55#-c.,%&.-/(-0(!),.&%:(W/(*1%5&$#([
=$( 1%@$( %/%+K)$'( 1-=( =$( *%/( 6)$( &1$( +./$%#( %55#-%*1( &-( 5#$'.*&( &1$( *1%#%*&$#( -0( &1$
,-#51-+-".*%+( R$1%@.-6#( -0( &1$( $+$,$/&):( W/( &1.)( *1%5&$#( =$( =.++( )5$*.0K( &1.)( 0-#( &1$
4%#)'.$5(%/'(d+.$(./+$&):

6.2 Morphological behaviour of elements and related time-
scales

C#-,(*1%5&$#([(=$('$#.@$'(&1%&(&1$(+./$%#.)$'(,-'$+(.)()6.&%R+$(&-(%/%+K)$(&1$(,-#51-+-".*%+
R$1%@.-6#(%/'(&.,$V)*%+$):(W/(&1.)()$*&.-/(=$(=.++(%55+K(&1.)((0-#(&1$(4%#)'.$5(%/'(d+.$(./+$&:
2$(=.++(0.#)&('.)*6))(&1$()K)&$,(&.,$V)*%+$)(=1.*1(%#$(+.?$+K(&-(5+%K(%(#-+$(./(4%#)'.$5(%/'
d+.$(./+$&):(36R)$a6$/&+KN(&1$($c5$*&$'(*1%#%*&$#(-0(&1$(,-#51-+-".*%+('$@$+-5,$/&(=.++(R$
'$)*#.R$':

6.2.1 System time-scales Marsdiep and Vlie

W/()$*&.-/([:^:U(=$(1%@$(*-/*+6'$'(&1%&(.&(.)(/-&(5-)).R+$(&-(*%+.R#%&$(&1$()K)&$,(&.,$V)*%+$)N
R%)$'(-/(&1$(%@%.+%R+$(0.$+'('%&%:(E1.)(,$%/)(&1%&(&1$()K)&$,(&.,$V)*%+$)(*%//-&(R$($)&.,%&$'
0#-,(0.$+'('%&%:(w$&N(&1$K(*%/(".@$(%(0.#)&(#-6"1(./)."1&(./&-(&1$(,-#51-+-".*%+(R$1%@.-6#(./
&1$(*%)$(-0(%('.)&6#R%/*$:(D$).'$)N(&1$K(*%/(R$(6)$'(&-(*-,5%#$(&1$(&=-(./+$&)(=.&1(#$)5$*&(&-
&1$(,-#51-+-".*%+('$@$+-5,$/&('6$(&-('.)&6#R%/*$):
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=62#* 0<+85#%"); 0A+85#%"); 0E+85#%");

4%#)'.$5 U [JH H\

d+.$ JI H\U J\

E%R+$(^:JA(3K)&$,(&.,$V)*%+$)(R%)$'(-/(#-6"1($)&.,%&$)(-0((./56&(5%#%,$&$#)(!),.&%

E1$)$(&.,$V)*%+$)(=$#$('$#.@$'(0#-,(&1$(+./$%#(%55#-c.,%&.-/(./($a6%&.-/([:UIN(=1$#$(#-6"1
$)&.,%&.-/)( %#$(,%'$( #$"%#'./"( &1$( "$-,$&#.*( @%+6$)( %/'( $c*1%/"$( 5%#%,$&$#):(4-#$-@$#
#-6"1($)&.,%&.-/)(-0(&1$($a6.+.R#.6,().8$)(=$#$(,%'$:

L-/).'$#./"(&1$()K)&$,(&.,$V)*%+$)N(=$(*%/()$$(&1%&(&1$#$(%#$(&=-(),%++$#(&.,$V)*%+$)N((%/'
-/$( +-/"$#( &.,$V)*%+$:( C-#( R-&1( d+.$( %/'( 4%#)'.$5N( .&( 1-+')( &1%&( &1$( ./&$/).&.$)( -0( &1$
#$)5-/)$)( *-##$)5-/'./"( &-( &1$( ),%++$)&( &=-( &.,$V)*%+$)( 1%@$( #$'6*$'(=.&1( )-,$( b\x( -#
,-#$(%0&$#(%R-6&(1%+0(%(*$/&6#K:(E1$/N(&1$(+%#"$)&(&.,$V)*%+$(=.++('-,./%&$(&1$(,-#51-+-".*%+
'$@$+-5,$/&:(E1$(d+.$(./+$&(.)(+.?$+K(&-(#$%*1(.&)($a6.+.R#.6,()&%&$()--/$#(&1%/(&1$(4%#)'.$5
./+$&:(E1.)(.)(./'.*%&$'(RK(&1$(+-/"$)&()K)&$,(&.,$V)*%+$(=1.*1(%,-6/&)(H\U(K$%#)(%/'([JH
K$%#)( 0-#( &1$( d+.$( %/'( &1$(4%#)'.$5( #$)5$*&.@$+K:( W&( ,6)&( R$( $,51%).)$'( &1%&( &1$)$( &.,$V
)*%+$)(%#$($)&.,%&$)(%)(&1$K(%#$(R%)$'(-/($)&.,%&$)(-0(&1$(5%#%,$&$#)(-0((!),.&%:

W/( &1$( 0-++-=./"( )$*&.-/N( &1$( $c5$*&$'( ,-#51-+-".*%+( R$1%@.-6#( .)( $c5+%./$'( 0-#( &=-
$+$,$/&)( X)$*&.-/([:[:HY:(E1.)( .)($+%R-#%&$'( 0-#( &1$(4%#)'.$5( ./+$&( -/+KN( %)( &1$( 0+%&)( ./( &1$
4%#)'.$5(1%#'+K(5+%K(%/(.,5-#&%/&(#-+$:(E1.)(>6)&.0.$)(&1$()*1$,%&.)%&.-/(./(&=-($+$,$/&):

6.2.2 Expected character of morphological behaviour

W0(=$(*-/).'$#(&1$($+$,$/&)(*1%//$+(%/'('$+&%( ./( &1$(4%#)'.$5N(=$(*-/*+6'$'(./(*1%5&$#(\
&1%&(&1$('$+&%(.)($c5$*&$'(&-("#-=(&-(#$%*1(.&)($a6.+.R#.6,(@%+6$(Xd'rd'$Y(%/'(&1$(*1%//$+(.)
$c5$*&$'(&-('.,./.)1(Xd*qd*$Y:(E1.)(.)(*%6)$'(RK(&1$()&#-/"(./*#$%)$(-0(&1$(&.'%+(5#.),(%)(%
#$)6+&(-0(*+-)6#$(-0(5%#&(-0(&1$(R%)./:

W/(*1%5&$#([(X)$*&.-/([:[:HYN(&1$(,-#51-+-".*%+('$@$+-5,$/&(%/'(./&$#%*&.-/(-0(&1$($+$,$/&)
./( &.,$( =%)( '.)*6))$':( 2$( '$#.@$'( %( ,$&1-'( &-( 5#$'.*&( &1$( $c5$*&$'( *1%#%*&$#( -0( &1$
,-#51-+-".*%+( R$1%@.-6#N( ".@$/( %( *-,R./%&.-/( -0( '.)&6#R%/*$):(2$( *-/*+6'$'( &1%&( ./( &1$
*%)$(-0((%(*-,R./%&.-/(-0(%(5-).&.@$(%/'(/$"%&.@$('.)&6#R%/*$N(%(R6,5(./(&1$(,-#51-+-".*%+
'$@$+-5,$/&(-0(-/$(-0(&1$($+$,$/&)(*%/(R$($c5$*&$':

2$(*#$%&$'(%/(-@$#@.$=(-0(&1.)($c5$*&$'(R$1%@.-6#(-#(&1$(4%#)'.$5(./(0."6#$([:b:(D%)$'(-/
#-6"1( $)&.,%&$'( '.)&6#R%/*$)( %/'( ./56&( 5%#%,$&$#)N( .&( *%/( R$( $c5$*&$'( &1%&( ).&6%&.-/( XJY
-**6#):(E1.)(,$%/)( &1%&(%(R6,5(,%K(-#(,%K(/-&(-**6#( ./( &1$('$@$+-5,$/&(-0( &1$(*1%//$+N
'$5$/'./"(-/(&1$(#$+%&.@$(.,5-#&%/*$(-0(&1$(#$)5-/)$)(=.&1(&1$(&=-()K)&$,(&.,$V)*%+$):(E1$
'$+&%(=.++($@-+@$(,-/-&-/-6)+K(&-=%#')(.&)($a6.+.R#.6,()&%&$:(E1.)(.)(.++6)&#%&$'(./(0."6#$(^:J:
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+$0&A(R6,5(./(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$(*1%//$+N(#."1&A(*-##$)5-/'./"('$@$+-5,$/&(./('$+&%

W/( &1$(*%)$(-0( &1$(4%#)'.$5N( &1$( $c5$*&$'(,-#51-+-".*%+( R$1%@.-6#( -0( &1$)$( &=-( $+$,$/&)
'6$(&-(&1$(*+-)6#$(*%/(R$($c5+%./$'(51K).*%++K(%)(0-++-=):(O6$(&-(&1$(*+-)6#$(&1$($a6.+.R#.6,
).&6%&.-/N(=1.*1(=%)(,-#$( -#( +$))( 5#$)$/&N( =%)( '.)&6#R$':( W/( 5%#&.*6+%#N( &1$( '$+&%( R$*%,$
),%++$#(&1%/(.&)($a6.+.R#.6,(@-+6,$(%/'(&1$(*1%//$+(R$*%,$(+%#"$#(&1%/(.&)($a6.+.R#.6,:(E1.)
,$%/)(&1%&N(&1$('$+&%(/$$')(&-("#-=(%/'(&1$(*1%//$+(=%/&)(&-('$*#$%)$:(E1$/N(R-&1(&1$('$+&%
%/'(&1$(*1%//$+('$,%/'()$'.,$/&(&-(#$%*1($a6.+.R#.6,:(21%&($c%*&+K(1%55$/)N('$5$/')(-/
&1$('.)&6#R%/*$)(./(&1$(&=-($+$,$/&):(E1$($+$,$/&(=.&1(&1$( y)&#-/"$)&y('$,%/'N(=.++(#$*$.@$
)$'.,$/&( 0.#)&:(D%)$'(-/( &1$( *-/*+6).-/)( 0#-,( 0."6#$( [:bN(=$( $c5$*&( &1%&( &1%&( ./.&.%++K( &1$
'$+&%( =.++( #$*$.@$( )$'.,$/&( 0#-,( &1$( *1%//$+N( =1.*1( &1$/( '$@$+-5)( 06#&1$#( 0#-,( .&)
$a6.+.R#.6,(5-).&.-/:(E1.)(*-6+'( #$)6+&( ./( &1$(R6,5( ./( &1$('$@$+-5,$/&(-0( &1$(*1%//$+N( %)
.++6)&#%&$'(./(0."6#$(^:J:

F$/*$N(#$"%#'./"(&1$(4%#)'.$5(./+$&( .&( .)( $c5$*&$'( &1%&N(R%)$'(-/( &1$( +./$%#(%55#-c.,%&.-/
%/'(-/(#-6"1($)&.,%&$'('.)&6#R%/*$)N(%(R6,5(./(&1$('$@$+-5,$/&(-0(&1$(*1%//$+(*-6+'(-**6#
%/'( &1$( '$+&%( .)( $c5$*&$'( &-( $@-+@$( ,-/-&-/-6)+K( &-=%#')( $a6.+.R#.6,( X%**-#'./"( &-
).&6%&.-/(XJYN(%55$/'.c(LY:

21$/(=$(*-/).'$#(&1$('%&%(-0(&1$(4%#)'.$5N(&1$('$+&%(.)(/-&(+.?$+K(&-(./*#$%)$('.#$*&+K:(E1.)
*-6+'( R$( R$*%6)$( -0( &1$( *-%)&%+( #$"#$)).-/( =1.*1( =.++( R$( $+%R-#%&$'( ./( )$*&.-/( ^:U
C6#&1$#,-#$N(%(R6,5((./(&1$(*1%//$+('$@$+-5,$/&(.)(/-&('.#$*&+K(#$*-"/.)%R+$:(E1$(),%++$#
)K)&$,( &.,$V)*%+$( .)( %R-6&( H\( K$%#)N( =1.*1( ,%?$)( .&( +.?$+K( &1%&( %( R6,5( .)( @.).R+$( ./( &1$
$@-+6&.-/()./*$(&1$(*+-)6#$:(E1%&(=$('-(/-&()$$(&1$(R6,5(*-6+'(R$('6$(&-(&1$(*-,R./%&.-/(-0
'.)&6#R%/*$)(%)('.)*6))$'(%R-@$:(D6&N( .&( *-6+'(%+)-(R$( &1%&( (R$*%6)$(-0( &1$( )5%#)$&K(-0( &1$
%@%.+%R+$(0.$+'('%&%N(&1.)('$@$+-5,$/&(.)(/-&('.#$*&+K(*+$%#:(E1.)(*-6+'(R$(%("#$%&(%'@%/&%"$(-0
&1$( +./$%#.)$'( $a6%&.-/)A( &1$( '%&%V5-./&)( -0( &1$( $+$,$/&)( '-( /-&( '.#$*&+K( )1-=( &1$( ./.&.%+
'$@$+-5,$/&N(R6&(R%)$'(-/(&1$(,-'$+N(=$(*-6+'((@/"?(=1%&(&1$($c5$*&$'(#$)5-/)$(=-6+'(R$:

C./%++K( =$( ,%?$( %( #$,%#?( *-/).'$#./"( &1$( &.,$V)*%+$( -0( $+$,$/&):( W/( )$*&.-/( [:UN( =$
'.)*6))$'(&1.)(&.,$V)*%+$(./(&1$(*%)$(-0(,-/-&-/$('$@$+-5,$/&)(-#(-@$#)1--&):(F-=$@$#N(./
&1$( *%)$( ( -0( %( R6,5( ./( &1$( '$@$+-5,$/&N( &1$( &$#,( y&.,$V)*%+$( -0( %/( $+$,$/&y( .)( /-&( &-( R$
5#$0$##$':( C."6#$( ^:J( )1-=)( &1%&( &1$( ./.&.%+( %'%5&%&.-/( *%5%*.&K( -0( &1$( *1%//$+N( =1.*1( .)
'.#$*&+K(#$+%&$'(&-(&1$( &.,$V)*%+$(-0(%/($+$,$/&N(%55$%#)(1."1(0-#( &1$(*1%//$+:(!*&6%++KN( &1$
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*1%//$+( %*&6%+( ,-@$)( ./( -55-).&$( '.#$*&.-/N( =1.*1( #$)6+&)( ./( %( )+-=$#( 5#-*$))( &-=%#')
$a6.+.R#.6,:(W/()6*1(%(*%)$N(.&(.)(R$&&$#(&-(6)$(&1$()K)&$,(&.,$V)*%+$)(%)(*1%#%*&$#.)&.*)(-0(&1$
)K)&$,(&1%/(&.,$V)*%+$(-0($+$,$/&):

6.2.3 Conclusion

C#-,( &1$( +./$%#.)$'( $a6%&.-/)(=$('$#.@$'( )K)&$,( &.,$V)*%+$)( 0-#(d+.$( %/'( (4%#)'.$5:( C-#
R-&1(d+.$(%/'(4%#)'.$5N( .&(1-+')( &1%&( &1$( ./&$/).&.$)(-0( &1$( #$)5-/)$)(*-##$)5-/'./"( &-( &1$
),%++$)&( &=-( &.,$V)*%+$)(1%@$( #$'6*$'(=.&1( )-,$(b\x(-#(,-#$(%0&$#(%R-6&(1%+0( %( *$/&6#K:
E1$/N( &1$( +%#"$)&( &.,$V)*%+$( =.++( '-,./%&$( &1$( ,-#51-+-".*%+( '$@$+-5,$/&:( E1$( %*&6%+
@%+6$)(*-6+'(*1%/"$('6$(&-(%(*1%/"$(-0(&1$(./56&(5%#%,$&$#)(-0(!),.&%:

C6#&1$#,-#$N(&1$(+./$%#(%55#-c.,%&.-/N(&-"$&1$#(=.&1(%(#-6"1($)&.,%&.-/(-0(&1$('.)&6#R%/*$)N
5-./&(-6&(&1%&(%(R6,5(./(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$(*1%//$+(.)($c5$*&$'(0-#(&1$
4%#)'.$5N(%/'(&1$('$+&%(.)($c5$*&$'(&-("#-=(,-/-&-/-6)+K(&-=%#')(.&)($a6.+.R#.6,(X).&6%&.-/
JN(0."6#$([:bY:

6.3 Changing boundaries

6.3.1 Introduction

E1$(*+-)6#$(-0(&1$(76.'$#8$$(%/'(./(5%#&.*6+%#(&1$(#$)5-/)$)(-0(&1$(4%#)'.$5(%/'(d+.$(./+$&
)K)&$,)(&-(&1.)(*+-)6#$N(1%)(R$$/(*1-)$/(%)(%(#$0$#$/*$(*%)$(0-#(&1$(5#$)$/&()&6'K:(F-=$@$#N
&1$( '$@$+-5,$/&( &1%&( &1$)$( &=-( ./+$&)( 1%@$( $c1.R.&$'( )./*$( &1$( *+-)6#$( *-/&%./)( %+)-( %
*-,5-/$/&( #$+%&$'( &-( )$%( +$@$+( #.)$:(!)(=$( %#$( /-&( ./&$#$)&$'( ./( &1.)( *-,5-/$/&N(=$( 1%@$
'$@$+-5$'(%(,$&1-'(&-(#$,-@$(.&( 0#-,(@-+6,$(*1%/"$)('$#.@$'( 0#-,(0.$+'(-R)$#@%&.-/)(%)
=$++( %)( 0#-,(!),.&%( *-,56&%&.-/):( E1$( *#6c( -0( &1.)( ,$&1-'( .)( &-( &%?$( ./&-( %**-6/&( &1%&
)5%&.%+(R-6/'%#.$)(-0($+$,$/&)(X6)$'(./('$&$,./"(&1$.#(@-+6,$)Y(,%K(@%#K(%)( &1$( )$%( +$@$+
#.)$):(E1.)(=.++(R$($c5+%./$'(1$#$(%0&$#:

3$%(+$@$+(#.)$(.)(-/$(-0(&1$(#$%)-/)(&1%&(&1$(R-6/'%#.$)(&-(=1.*1(&1$(@-+6,$)(-0(&1$($+$,$/&)
%#$('$0./$'N(*1%/"$:(D$*%6)$(=$(=%/&(&-().,6+%&$( &1$(%*&6%+('$@$+-5,$/&(-0( &1$($+$,$/&)N
&1$.#(@-+6,$)N(%)('$0./$'(./(!),.&%(%/'(%)('$#.@$'(0#-,(0.$+'('%&%N()1-6+'(R$(#$+%&$'(&-(&1$
%*&6%+(X*1%/"./"Y(R-6/'%#.$):

2.&1(#$)5$*&(&-(&1$(*1%//$+(%/'(&1$(0+%&N(&1$(*1%/"./"(R-6/'%#K(*-,5#.)$)(&1$(#.)./"(-0(&1$
=%&$#(+$@$+(%/'(&1$(*1%/"$(-0(=%&$#)1$'):((E1$(*1%/"./"(R%)./(R-6/'%#.$)('6$(&-(%(*1%/"$
./(=%&$#)1$')(%#$(%+#$%'K(&%?$/(./&-(%**-6/&( ./( &1$( ./&$#5#$&%&.-/(-0(0.$+'('%&%(X)$$()$*&.-/
\:[Y:(W&(.)(%))6,$'(&1%&(&1$(*1%/"./"(=%&$#)1$')('-(/-&(1%@$(%()."/.0.*%/&(./0+6$/*$(-/(&1$
)$'.,$/&( .,5-#&( ./( &1$( &.'%+( ./+$&( %/'( 1$/*$N( &1.)( $00$*&( .)( /-&( &%?$/( ./&-( %**-6/&( ./( &1$
!),.&%(0-#,6+%&.-/:(C6#&1$#,-#$N(R$*%6)$(.&(.)(%))6,$'(&1%&(&1$(R%)./(*%/(0-++-=(&1$(5#$)$/&
)$%(+$@$+(#.)$N(&1$(%*&6%+(@-+6,$(-0(&1$(0+%&(%/'(&1$(*1%//$+('-$)(/-&(*1%/"$N(#$+%&.@$(&-(&1$
%*&6%+( )$%( +$@$+:( F$/*$N( %)( +-/"( %)( &1$( @-+6,$)( %#$( #$+%&.@$( &-( &1$( %*&6%+( R-6/'%#.$)N( /-
,-'.0.*%&.-/)( %#$( /$*$))%#K( ./( !),.&%:( ]$"%#'./"( &1$( '$+&%N( &1$( *1%/"$( ./( R-6/'%#.$)
*-,5#.)$)( &1$( *1%/"$( -0( *-%)&%+( 5#-0.+$:( D$*%6)$( -0( &1.)N( &1$( %*&6%+( @-+6,$( -0( &1$( '$+&%
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./*#$%)$)N(=1.*1()1-6+'(R$(&%?$/(./&-(%**-6/&:(E1.)($00$*&(.)(%/%+K)$'(./(,-#$('$&%.+(%/'(=.++
R$('.)*6))$'(./(&1$()6R)$a6$/&()$*&.-/:

36,,%#.)./"A
!" R-6/'%#.$)(*1%/"$(X%,-/"(-&1$#(&1./")('6$(&-()$%(+$@$+(#.)$Y(-0(%++($+$,$/&)
!" %)(%(*-/)$a6$/*$(-0(*1%/"./"(R-6/'%#.$)('6$( &-()$%( +$@$+(#.)$N( &1$(*1%//$+(%/'(0+%&(%#$
%))6,$'(/-&(&-(./*#$%)$

!" %)(%(*-/)$a6$/*$(-0(*1%/"./"(R-6/'%#.$)(&1$('$+&%('-$)(./*#$%)$

E1$/N(&=-(%)5$*&)(%#$(/$*$))%#K(0-#(&1$(!),.&%().,6+%&.-/A
!" '$0././"(@-+6,$)(-0(%++($+$,$/&)( #$+%&$'( &-(%*&6%+(R-6/'%#.$)N( ./(!),.&%(%/'( 0.$+'('%&%
./&$#5#$&%&.-/

!" &%?$(./&-(%**-6/&(&1$(./*#$%)$(./('$+&%(./(!),.&%(%/'(./(&1$(./&$#5#$&%&.-/(-0(&1$(0.$+'('%&%

6.3.2 Boundaries in interpretation of field data

!)($c5+%./$'(./(&1$(5#$@.-6)()$*&.-/N(&1$(@-+6,$)(-0(&1$($+$,$/&)(R%)$'(-/(0.$+'('%&%()1-6+'
R$(R%)$'(-/( %*&6%+( R-6/'%#.$):( E1.)(,$%/)( %*&6%+(=%&$#( +$@$+)( X4S2Y( #$"%#'./"( 0+%&( %/'
*1%//$+N( %/'( %*&6%+( *-%)&%+( 5#-0.+$)( =.&1( #$)5$*&( &-( &1$( '$+&%:( W/( &1$( 5#$@.-6)( *1%5&$#( =$
%+#$%'K( #$+%&$'( &1$(@-+6,$)(-0(*1%//$+( %/'( 0+%&( &-( &1$( %*&6%+(=%&$#( +$@$+( X)$*&.-/(\:\Y:(!)
,$/&.-/$'( ./( &1$( 5#$@.-6)( )$*&.-/N( &1$( )$%( +$@$+( #.)$( '-$)( /-&( *1%/"$( &1$( %*&6%+( @-+6,$N
R$*%6)$(.&(.)(%))6,$'(&1%&(&1$(R%)./)(*%/(?$$5(65(=.&1(&1$(5#$)$/&()$%(+$@$+(#.)$:(]$"%#'./"
&1$( '$+&%N(=$(,6)&(,-'.0K( -6#( ./&$#5#$&%&.-/( -0( &1$( 0.$+'( '%&%( 0-#( &1$( *1%/"$( ./( #$0$#$/*$
*-%)&%+(5#-0.+$:(E1.)(=.++(R$('-/$( ./( &1$( )%,$(=%K( ./(!),.&%(%/'(=.++(R$('.)*6))$'( ./( &1$
)6R)$a6$/&()$*&.-/:

6.3.3 Change delta due to changed boundaries

P/( %( &.,$V)*%+$N( =1.*1( =$( *-/).'$#( &-( '$)*#.R$( &1$( ,-#51-+-".*%+( '$@$+-5,$/&( -0( &.'%+
./+$&)(=.&1(!),.&%N( =$( "$/$#%++K( *%//-&( *-/).'$#( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%( %)( &.,$V
./@%#.%/&:(E1.)(.)(5#-R+$,%&.*N(R$*%6)$(=$(6)$(&1.)(*-%)&(%)(%(#$0$#$/*$(0-#('$&$#,././"(&1$
).8$(-0(&1$('$+&%:

E1.)(0-#,)(%()$#.-6)(5-./&(-0(%&&$/&.-/(=1$/(./&$#5#$&./"(&1$(0.$+'('%&%:(2$(1%@$()$$/((./(&1$
5#$@.-6)( *1%5&$#( &1%&( &1$( '$@$+-5,$/&( -0( &1$( '$+&%N( )1-=)( %/( 6/$c5$*&$'( '$*#$%)$:( E1.)
,."1&(R$(%/(%#&$0%*&(-0(6)./"( &1$( #$)6+&)(-0( &1$(J`_H( 0.$+'(*%,5%."/(%)(%( #$0$#$/*$( 0-#( %++
'$+&%(@-+6,$(*-,56&%&.-/)N(=1$#$%)(%**-#'./"( &-(!),.&%('$0./.&.-/)( &1.)( #$0$#$/*$( )1-6+'
0-++-=( &1$(*#-))V)1-#$(5#-0.+$('$@$+-5,$/&)( ./( &1$( *-%)&( )&#$&*1$)( %'>%*$/&( &-( &1$( '$+&%:(!
#$*$)).-/(-0(&1$(*-%)&(0-#( ./)&%/*$N(K.$+')(%("#-=&1(-0( &1$('$+&%(@-+6,$N( .##$)5$*&.@$(-0( &1$
%*&6%+( $#-).-/(-#( )$'.,$/&%&.-/( ./( &1%&( $+$,$/&:(F$#$%0&$#N( &1.)( $00$*&(=.++( R$( +--?$'( %&( ./
'$&%.+:

2$(=.++(0.#)&($c5+%./(&1$('.00$#$/&(#$%)-/)(0-#(%(*1%/"$(./(&1$('$+&%(@-+6,$N(%/'(&1$/(=$(=.++
'.)*6))(1-=(=$(*%/(&%?$(./&-(%**-6/&(&1$)$(*1%/"$)(./(!),.&%(%/'(./(./&$#5#$&./"(&1$(0.$+'
'%&%:
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2$(*%/('.)&./"6.)1(&1#$$(*%6)$)(0-#(*1%/"$)(./('$+&%(@-+6,$A
J:((-#'./%#K($#-).-/(%/'()$'.,$/&%&.-/
H:((*1%/"$(-0(*-%)&%+(5#-0.+$(X#$0$#$/*$Y('6$(&-()$%(+$@$+(#.)$
U:((*1%/"$(-0(*-%)&%+(5#-0.+$('6$(&-()$'.,$/&('$,%/'(-0(&1$(&.'%+()K)&$,(X0+%&V*1%//$+V'$+&%Y

C-#( &1$( *-%)&%+( 5#-0.+$( %/( $a6.+.R#.6,( )1%5$( $c.)&)( =1.*1( ,%./+K( '$5$/')( -/( &1$( =%@$
*-/'.&.-/)(%/'(&1$(%@$#%"$("#%./().8$:(X)$$(D#66/N(J`\[Y:(E1$(&.,$V)*%+$(0-#(&1$(*#-))V)1-#$
&#%/)5-#&(/$%#( &1$(*-%)&( .)(%))6,$'( &-(R$(,6*1(),%++$#( &1%/( &1%&(-0( &1$( &#%/)5-#&(R$&=$$/
'$+&%( %/'( R%)./:( 3-N( &1$( *-%)&( .)( %))6,$'( &-( 1%@$( %( 0.c$'( )1%5$( =1$/( +--?./"( %&( ./+$&
$@-+6&.-/:( C6#&1$#,-#$N( &1$( *#-))V)1-#$( &#%/)5-#&( .)( %))6,$'( &-( 1%@$( /-( ./0+6$/*$( -/( &1$
)655+K( -0( )$'.,$/&( &-( &1$( ./+$&N( =1.*1( *-/0.#,)( &1$( 5#$)$/*$( -0( %( *-/)&%/&( $a6.+.R#.6,
*-/*$/&#%&.-/(./(&1$( y-6&).'$(=-#+'y(%)(6)$'(./(!),.&%:(W/(&1.)(=%KN(=$(*%/(%))6,$(&1%&( &1$
*-%)&(-/+K(28$$&(-2()$'.,$/&(%/'('-$)(/-&(/--,+)$'.,$/&(&-(#$%*1($a6.+.R#.6,:

J:(("#,(/*#1+-#"2("/+*/,+2-,(!-/0*0("/
E1.)( *-,5#.)$)( &1$( 5#-*$))$)( =1.*1( %#$( '$)*#.R$'( RK( !),.&%A( /-( )$%( +$@$+( #.)$( %/'
.,5-#&f$c5-#&( -0( )$'.,$/&( ( -0( &1$( )K)&$,( '-$)( /-&( #$)6+&( ./( /-&.*$%R+$( $#-).-/( -#
)$'.,$/&%&.-/(-0(&1$(*-%)&(%'>%*$/&(&-(&1$('$+&%:

H:(()%*/'-+"7+)"*20*&+$#"7(&-+A#-7-#-/)-B+,8-+0"+2-*+&-.-&+#(2-
!&(&1$(&.,$V)*%+$(-0()$%(+$@$+(#.)$(=$(,%K(*-/).'$#(&1$(*#-))V)1-#$(5#-0.+$(%)()1%5$V0.c$':(W/
&1%&(*%)$N(&1$(#$)5-/)$(-0(&1.)(5#-0.+$(&-()$%(+$@$+(#.)$(.)(+.,.&$'(&-(%(&#%/)+%&.-/(./(&1$(*#-))V
)1-#$(5+%/$:(E1.)(.)(#$%+.)$'(RK(*#-))V)1-#$(&#%/)5-#&(-/+K:(W&(.)(%))6,$'(&1%&(&1$('$+&%(.)(%R+$
&-(0-++-=(&1.)(&#%/)+%&.-/N()-(&1%&(&1$(@-+6,$(-0(&1$('$+&%N(#$+%&.@$(&-(&1$(%*&6%+(*-%)&%+(5#-0.+$N
'-$)(/-&(*1%/"$:(E1.)(.)(.++6)&#%&$'(./(&1$(0-++-=./"(0."6#$A

43S

*-%)&(%/'('$+&%

*-%)&(%/'('$+&%
'6$(&-()$%
+$@$+(#.)$

C."6#$(^VH(L1%/"$(*-%)&%+(5#-0.+$('6$(&-()$%(+$@$+(#.)$

U:(()%*/'-+"7+)"*20*&+$#"7(&-+,8-+0"+2-,(!-/0+,-!*/,+"7+0%-+0(,*&+(/&-0++2120-!
3$'.,$/&(.)('$,%/'$'(RK(&1$(&.'%+(./+$&('6$(&-(&=-(0-#*./")N(@.8:(&1$()$%(+$@$+(#.)$(%/'(&1$
*+-)6#$:(E-( 0-++-=( &1$( )$%( +$@$+( #.)$N( &1$(*1%//$+(%/'( 0+%&( /$$'( )$'.,$/&:(2$( %))6,$( &1%&
)%&.)0%*&.-/( -0( &1.)( /$$'( .)( *-,5+$&$+K( 5#-@.'$'( RK( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%:( E1.)
#$)6+&)(./(+%/'=%#'('.)5+%*$,$/&(-0(&1$(*-%)&%+(5#-0.+$N(=1.*1(./(&6#/(#$)6+&)(./(%/(./*#$%)$(-0
&1$('$+&%(@-+6,$:(!0&$#(%++N(%**-#'./"(&-(&1$('$0./.&.-/(-0(&1$('$+&%(@-+6,$(%)(6)$'(./(!),.&%N
&1$(*-%)&%+(5#-0.+$(.)(&1$(#$0$#$/*$(#$+%&.@$(&-(=1.*1(&1$(@-+6,$(-0(&1$('$+&%(.)(*-,56&$':(E1$
)$*-/'( *%6)$( -0( )$'.,$/&( '$,%/'( .)( #$+%&$'( &-( &1$( #$)5-/)$( -0( &1$( )K)&$,( X0+%&N( *1%//$+N
'$+&%Y(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(!)(%(*-/)$a6$/*$(-0(&1.)(*+-)6#$N(&1$()K)&$,('$,%/')
)$'.,$/&N(=1.*1N(./(&1$()%,$(=%K(%)(&1$()$%(+$@$+(#.)$N(.)(5#-@.'$'(RK(&1$(*-%)&(%'>%*$/&(&-
&1$( '$+&%:( E1.)( =.++( #$)6+&( %+)-( ./( %( *#-))V)1-#$( '.)5+%*$,$/&( -0( &1$( *-%)&%+( 5#-0.+$( %/'( %
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*-##$)5-/'./"($00$*&(-/(&1$(@-+6,$(-0(&1$('$+&%:(E1$(*1%/"$(-0(&1$(*-%)&%+(5#-0.+$('6$(&-(&1$
'$,%/'(-0(&1$(R%)./(.)(.++6)&#%&$'(./(0."6#$(^:U:

*-%)&(%/'('$+&%('6$
)%/'('$,%/'(R%)./

43S

*-%)&(%/'('$+&%

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

C."6#$(^VU(L1%/"$(*-%)&%+(5#-0.+$('6$(&-('$,%/'(R%)./

36,,%#.)$'N(&1$('.#$*&($00$*&(-0(%(*1%/"$(-0(&1$(*-%)&%+(5#-0.+$('6$(&-(%(#.)$(-0(&1$()$%(+$@$+
'-$)( /-&( %00$*&( &1$( '$+&%( @-+6,$:( E1$( '$,%/'( -0( &1$( R%)./( '6$( &-( )$%( +$@$+( #.)$( %/'( &1$
'$,%/'(-0(&1$('$+&%(%/'(R%)./('6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$(#$)6+&(./(%(+%/'=%#'()1.0&
-0( &1$( *-%)&%+( 5#-0.+$N( =1.*1( +$%')( &-( %/( ./*#$%)$( -0( &1$( '$+&%( @-+6,$:( E1.)( .)( %( 56#$+K
"$-,$&#.*($00$*&N(&1%&(-**6#)($@$/(&1-6"1(/-()$'.,$/&%&.-/(&%?$)(5+%*$(./(&1$('$+&%:

E1$(%R-@$(,$/&.-/$'($00$*&)(*-6+'(1%@$(%()."/.0.*%/&(.,5%*&N(=1.*1(=$(*%//-&(/$"+$*&:(E1.)
.)( *-/0.#,$'( RK( ./&$#5#$&$'( 0.$+'( '%&%( -/( &1$( '$+&%( RK( D.$"$+( XJ``HY:( D.$"$+( *%+*6+%&$'
@-+6,$)(-0( &1$( '$+&%( #$+%&.@$( &-( %( 0.c$'( *-%)&%+( 5#-0.+$N( %))6,./"( &1%&( &1.)( 0.c$'( #$0$#$/*$
5#-0.+$(.)(%+)-(#$5#$)$/&%&.@$(0-#(-&1$#(K$%#):(E1$)$(#$)6+&)()1-=(%('$*#$%)$(-0(&1$(@-+6,$(./
&.,$N(=1.*1(.)(6/$c5$*&$'(X)$$(*1%5&$#(\Y:(D%)$'(-/(&1$('%&%V%/%+K).)N(=$($c5$*&(%/(./*#$%)$
-0(&1$('$+&%('6$(&-(&1$(*+-)6#$(-0(&1$(76.'$#8$$:

W0(=$(%))6,$(&1%&(&1$()$'.,$/&('$,%/'(-0(&1$(R%)./(%/'(&1$('$+&%(.)()%&.)0.$'(%&(&1$($c5$/)$
-0( &1$(*-%)&N( &1$/( &1.)( )$'.,$/&%&.-/()1-6+'(R$('.#$*&+K( #$+%&$'( &-(%/( ./*#$%)$(-0( &1$('$+&%:
E1$( 5#$)$/&( !),.&%( 0-#,6+%&.-/( '-$)( /-&( *-@$#( &1.):( W/( &1$( )6R)$a6$/&( )$*&.-/N( =$( =.++
*-/).'$#(!),.&%(%/'('.)*6))(%(&1$-#$&.*%+(%55#-%*1(&-(#$+%&$(&1$(#$"#$)).-/(-0(&1$(*-%)&(&-(%/
./*#$%)$(-0(&1$('$+&%:

2$(*-/*+6'$(&1.)()$*&.-/(=.&1(%(/-&$(-/(&1$(*-%)&%+(#$"#$)).-/:(W/(J``IN(&1$("-@$#/,$/&()$&
65( %( %"#$$,$/&( %/'( '$0./$'( %(D%).)(<6)&+.>/( XD%)%+(L-%)&+./$Y:( E1.)( *-,5#.)$)( &1%&( 0#-,
J``I(&1$(*-%)&+./$(.)(,%./&%./$'(%&(.&)(&1$/(5-).&.-/(RK(*%##K./"(-6&(R$%*1(/-6#.)1,$/&):(2$
%))6,$( ./( &1$( 5#$)$/&( )&6'K( &1%&( &1$( *-%)&+./$( %0&$#( J``I( .)( ./@%#.%R+$:( 3-( &1$( 0-++-=./"
$c&$/).-/(./(!),.&%(.)(%55+.$'(&.++(J``I:(!*&6%++KN(/-6#.)1,$/&)(%#$(*%##.$'(-6&(5$#.-'.*%++KN
=1.*1(,$%/)(&1%&(&1$(*-%)&+./$(.)(@%#.%R+$(R$&=$$/(*$#&%./(#%/"$)N(=1.*1(#$a6.#$)(%('.00$#$/&
?./'(-0(%'>6)&,$/&(-0(&1$('$+&%N(R6&(&1.)(=.++(/-&(R$($+%R-#%&$'(./(&1$(5#$)$/&()&6'K:

6.3.4 Extension Asmita with respect to coast

W/( &1$( -#."./%+( 0-#,6+%&.-/( -0(!),.&%N( *1%/"$)( -0( @-+6,$)( -0( &1$( $+$,$/&)( %#$( #$+%&$'( &-
$c*1%/"$( -0( )$'.,$/&( R$&=$$/( &1$( $+$,$/&)N( %/'( R$&=$$/( &1$( '$+&%( %/'( %'>%*$/&( *-%)&:
W,5+.*.&+KN( .&( .)(%))6,$'(&1%&( &1$(#$0$#$/*$)N( #$+%&.@$( &-(=1.*1(&1$(@-+6,$)(%#$('$&$#,./$'N
%#$(&.,$V./@%#.%/&:(W/(&1$(5#$@.-6)()$*&.-/N(=$($c5+%./$'(&1%&(&1.)(%))6,5&.-/(.)(/-&(*-##$*&
#$"%#'./"( &1$( '$@$+-5,$/&( -0( 4%#)'.$5( %/'( d+.$( 5#.-#( &-( &1$( ./&#-'6*&.-/( ./( J``I( -0
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/-6#.)1,$/&)(&-(,%./&%./(&1$(D%)%+(L-%)&+./$:(F$#%0&$#N(=$(=.++($+%R-#%&$(%(,$&1-'(&-(%'%5&
&1$(!),.&%(0-#,6+%&.-/(./(&1.)(#$)5$*&:

3655-)$(&1%&(&1$(*-%)&(%'>%*$/&(&-(&1$('$+&%()655+.$)(&1$()$'.,$/&(=1.*1(.)('$,%/'$'(RK(&1$
)K)&$,( X0+%&N( '$+&%N( *1%//$+Y:( E1.)( =.++( *%6)$( $#-).-/( %/'( 1$/*$( %( +%/'=%#'( )1.0&( -0( &1$
*-%)+&%+(5#-0.+$(%&(#%&$(](X,f)Y:(E1$(%,-6/&(-0()$'.,$/&(=1.*1(.)(5#-@.'$'(RK(&1$(*-%)&(&-(&1$
./+$&()K)&$,($a6%+)(./(&1%&(*%)$A

R H L⋅ ⋅ X^:JY
=1$#$A
F e(k%*&.@$g(1$."1&(*-%)&%+(5#-0.+$N(=1.*1(,$%/)(&1$(1$."1&(-0(&1$(*-%)&%+(8-/$(=1$#$
)$'.,$/&(%*&.@.&K(&%?$)(5+%*$(X,Y
S e(+$/"&1(-0(*-%)&%+(%#$%(X+-/")1-#$YN(=1.*1()655+.$)()$'.,$/&(&-(&1$()K)&$,(X,Y

E1$()$'.,$/&('$,%/'(-0(&1$()K)&$,(*-/).)&)(-0(*-/&#.R6&.-/)(-0(0+%&N(*1%//$+(%/'('$+&%:

!" 0+%&A
W0(d0(.)(&1$(0+%&(@-+6,$(%)('$0./$'(./(!),.&%N(&1$/(&1$(&-&%+()$'.,$/&('$,%/'(-0(&1.)($+$,$/&
$a6%+)(X%))6,./"(&1%&(.&(?$$5)(65(=.&1(&1$()$%(+$@$+(#.)$YA

dV

dt
s Af

f+ ⋅ X^:HY

=1$#$
) e()$%(+$@$+(#.)$(X,f)Y
!0 e(0+%&(%#$%(X,HY
E1$(&$#,()p!0(./(&1$($c5#$)).-/(%R-@$(#$)6+&)(0#-,(-6#(%))6,5&.-/(&1%&(&1$(0+%&(=.++('$,%/'
)$'.,$/&(&-(?$$5(65(=.&1(&1$(#.)./"()$%(+$@$+:(E1$/N(&1$(%*&6%+(@-+6,$('-$)(/-&(*1%/"$('6$
&-(&1$()$%(+$@$+(#.)$:

!" *1%//$+A
E1$(&-&%+()$'.,$/&('$,%/'(-0(&1.)($+$,$/&($a6%+)

− + ⋅dV

dt
s Ac

c X^:UY

=1$#$
d* e(=$&(@-+6,$(-0(*1%//$+(X,UY
!* e(*1%//$+(%#$%(X,HY

!" '$+&%
E1$(%*&6%+()$'.,$/&('$,%/'(-0(&1$('$+&%(*-,5#.)$)(&1%&(5%#&(-0(.&)(@-+6,$(*1%/"$(&1%&(.)(/-&
#$+%&$'(&-(%()1.0&(-0(&1$(#$0$#$/*$(#$+%&.@$(&-(=1.*1(&1.)(@-+6,$(.)(*-,56&$':(W&(.)(#$0+$*&$'(RKA

dV

dt
R h bd − ⋅ ⋅ X^:[Y

=1$#$
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1 e(k%*&.@$g(1$."1&(-0(&1$('$+&%(X,Y
R e(=.'&1(-0(&1$('$+&%(X+-/")1-#$Y(X,Y

D%)$'(-/(*-/)$#@%&.-/(-0()$'.,$/&(.&(0-++-=)N(&1%&(&1$()$'.,$/&()655+.$'(RK(&1$(*-%)&($a6%+)
&1$()$'.,$/&('$,%/'(-0(&1$()K)&$,A

R H L
dV

dt
s A

dV

dt
s A

dV

dt
R h bf

f
c

c
d⋅ ⋅ = + ⋅ − + ⋅ + − ⋅ ⋅







 ⋅ λ X^:\Y

=1$#$
'" e((0#%*&.-/(-0(&1$(&-&%+()$'.,$/&('$,%/'(-0(&1$(./+$&()K)&$,(&1%&(.)()%&.)0.$'(%&(&1$($c5$/)$
-0(&1$(*-%)&(XVY

-#

R
H L

h b
dV

dt

dV

dt

dV

dt
s Af c d

b⋅ ⋅ + ⋅





= − + + ⋅
λ

X^:^Y

=.&1
!R e!0(m(!*N(&1$()6#0%*$(%#$%(-0(&1$(&.'%+(R%)./(X,HY

E1$(-#."./%+(!),.&%($a6%&.-/)N(=1$#$(&1$("$-,$&#.*(./*#$%)$(-0(&1$(('$+&%(.)(%''$'(K.$+'A

((( ( ) ( )dV

dt
w A c c c cf
s f f fe fc c f= ⋅ − = ⋅ −δ X^:_Y

( ) ( ) ( )− = ⋅ − = − ⋅ − + ⋅ −dV

dt
w A c c c c c cc
s c c ce fc c f dc d cδ δ X^:bY

( ) ( ) ( )dV

dt
R h b w A c c c c c cd

s d d de dc d c do E d− ⋅ ⋅ = ⋅ − = − ⋅ − + ⋅ −δ δ X^:`Y

W0(=$()6R)&.&6&$(&1$($a6%&.-/)(^:_V^:`((./&-(&1$(*-/)$#@%&.-/($a6%&.-/(^:^N(=$(0./'(&1%&A

( )R
H L

h b c c R h b s Aod E d b⋅ ⋅ + ⋅





= ⋅ − + ⋅ ⋅ + ⋅
λ

δ X^:JIY

E1.)(,$%/)(&1%&(=$(*%/($+.,./%&$(&1$($c5#$)).-/(0-#(&1$(*-%)&%+(#$"#$)).-/(C(0#-,($a6%&.-/
^:JIA

( )( )R
H L

c c s Ado E d b=
⋅

⋅ ⋅ − + ⋅λ δ X^:JJY
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C./%++KN(=$(*%/(%'>6)&(&1$(*1%/"$(-0(&1$(@-+6,$(-0(&1$('$+&%(%/'(%''(&1$("$-,$&#.*(./*#$%)$
'6$(&-(%(*1%/"$(-0(&1$(#$0$#$/*$A

( )dV

dt
w A c c R h bd

s d d de= ⋅ ⋅ − + ⋅ ⋅ X^:JHY

)6R)&.&6&./"($a6%&.-/(^:JJ(0-#(CN(#$)6+&)(./A

( ) ( )( )dV

dt
w A c c c c s Ad

s d d de do E d b= ⋅ ⋅ − + ⋅ ⋅ − + ⋅β δ X^:JUY

=1$#$

β λ= ⋅ ⋅
⋅
h b

H L
X^:J[Y

, e(k%'>6)&,$/&(0%*&-#g(#$"%#'./"('$+&%('6$(&-(*1%/"$'(R-6/'%#.$)(XVY

Ma6%&.-/(^:JU(.++6)&#%&$)(&1%&(*1%/"$)(./(&1$('$+&%(-**6#('6$(&-(&1$(&1#$$(%)5$*&)(%)('.)*6))$'
./()$*&.-/(^:U:UN(/%,$+KA
!" -#'./%#K()$'.,$/&%&.-/f$#-).-/(X=)!'X*'V*'$YY
!" )$'.,$/&('$,%/'(-0(&1$(./+$&('6$(&-(*+-)6#$(X,%'-X*MV*'YY
!" )$'.,$/&('$,%/'(-0(&1$(R%)./('6$(&-()$%(+$@$+(#.)$(X,)!RY
E1$( +%&&$#( &=-( &$#,)( .++6)&#%&$( &1$( %'>6)&,$/&( =1.*1( .)( %55+.$'( 0-#( &1$( '$+&%( E1$)$( &$#,)
./'.*%&$( &1%&( &1$('$+&%("#-=)("$-,$&#.*%++K('6$( &-( &1$(*1%/"$'(R-6/'%#KN(=1.*1(*-,5#.)$)
&1$(#$"#$)).-/(-0(&1$(%'>%*$/&(*-%)&%+(5#-0.+$:

DK($c&$/'./"(&1$()$'.,$/&(R%+%/*$N(=$(1%@$(%*&6%++K(%''$'(%(0-6#&1($+$,$/&(k*-%)&g(&-( &1$
,-'$+N(=.&1(&1$(%))6,5&.-/(&1%&(&1$(*#-))V)1-#$(5#-0.+$(.)(./($a6.+.R#.6,:(F$/*$N(=$(%))6,$
&1%&( %&( &1$( &.,$V)*%+$( -0( &1$( ,-#51-+-".*%+( $@-+6&.-/( -0( &1$( ./+$&N( &1$( $a6.+.R#.6,
*-/*$/&#%&.-/(./(&1$(k-6&).'$(=-#+'gN(*MN(./'$$'(.)(%(*-/)&%/&N(5#-@.'$'(&1%&(&1$(=%@$(*+.,%&$
./(&1$(*-%)&%+(%#$%(#$,%./)(6/*1%/"$':(E1$(0-6#&1($+$,$/&(.)(+./?$'(&-(&1$(-&1$#($+$,$/&)(@.%
&1$()$'.,$/&(R%+%/*$(X$a6%&.-/(^:^Y:(E1$(0-6#($+$,$/&)(0-#,(%(*+-)$'()K)&$,(.0('eJ:(!0&$#
%++N(./(&1%&(*%)$N(%++()$'.,$/&('$,%/'(.)()655+.$'(RK(&1$(%'>%*$/&(*-%)&:

E1.)( $c5#$)).-/( 0-#(,( .)( *-/@$/.$/&N( R$*%6)$( &1.)( ./*+6'$)( %++( 5-)).R+$( 6/*$#&%./&.$)( =.&1
#$)5$*&(&-('D+6D+ED+%(%/'(5(./(-/$(5%#%,$&$#:(E1.)(%'>6)&,$/&(0%*&-#(,('$5$/')(-/(&1$(1$."1&
%/'(=.'&1(#%&.-(-0('$+&%(%/'(*-%)&()$",$/&(%/'(-/(&1$(%,-6/&(-0()$'.,$/&(.,5-#&$'(RK(&1$
./+$&()K)&$,(%&(&1$($c5$/)$(-0(&1$(*-%)&:(C-#(&1$(+$/"&1(-0( &1$(*-%)&()$",$/&N( .&( .)(%))6,$'
&1%&(1%+0(-0(&1$(.)+%/'(-/(R-&1().'$)(-0(&1$('$+&%()655+K(&1$()$'.,$/&:(E1$)$(=.'&1)N(&-"$&1$#
=.&1(&1$(=.'&1)(-0(&1$('$+&%)(%#$('$#.@$'(0#-,(3&$$&8$+(XJ``\Y(%/'(%#$(5#$)$/&$'(./(&%R+$(^:H:
E1$(=.'&1(-0( &1$('$+&%( .)(R%)$'(-/( &1$( +-*%&.-/(-0( &1$( )$%=%#')( R$/'./"(-0( &1$(9!G( V\,
'$5&1( *-/&-6#:( E1$( 1$."1&)(6( %/'( %N( %#$( 1$."1&)( -0( &1$( %*&.@$( 5#-0.+$( =1$#$( ( )$'.,$/&
&#%/)5-#&(&%?$)(5+%*$:((C-#(&1$('$+&%(&1$(%*&.@$(8-/$(#%/"$)(#-6"1+K(0#-,(9!G(&-(9!G(VHI(,:
]$"%#'./"( &1$( *-%)&%+( 5#-0.+$N( &1$( 8-/$( 0#-,( &1$( '6/$)( &-=%#')( &1$( )$%=%#'( $/'( -0( &1$
R#$%?$#(8-/$(.)(*-/).'$#$'(%)(&1$(%*&.@$(8-/$:(E1.)(%#$%(R$"./)(%&(&1$('6/$)(%&(9!G(mJI(,
%/'($/')(%&(%('$5&1(-0(%55#-c.,%&$+K(9!G(Vb,(&-(9!G(VJI(,:(3-(&1$(%*&.@$(1$."1&(#%&.-(-0
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'$+&%(%/'(*-%)&(.)(%55#-c.,%&$+K((1fFeHIfJb(-#(HIfHI:(2.&1('eJN(&1$)$(@%+6$)(#$)6+&(./(,(e
J:J(%/'(J:H\(0-#(#$)5$*&.@$+K(d+.$(%/'(4%#)'.$5:

=62#* 1[+T(>*:+>#2*%
8\4;

&,%)*+T#)*
8\4;

&,%)*+#%)*+8\4; '[+2#6.*:+&,%)*
)#.4#6*+8\4;

4%#)'.$5 Jb(?, b(((X9FY b(XE$c$+Y J^

d+.$ J\(?, \((Xd+.$+%/'Y b:\(XE$#)*1$++./"Y JU:\

E%R+$(^:HA(2.'&1(*-%)&(%/'('$+&%()$",$/&(X3&$$&8$+N(J``\Y

E1.)(%'>6)&,$/&(0%*&-#(,((*-/&%./)()$@$#%+(6/*$#&%./&.$):(2$($)&.,%&$'(&1$(+$/"&1(%/'(1$."1&
-0( &1$(*-%)&( )$",$/&(%/'( &1$('$+&%N(R6&(=$('-(/-&(1%@$('$&%.+$'( 0.$+'('%&%( &-( *-/0.#,( &1.)
,$%)6#$):(4-#$-@$#N(=$('-(/-&(?/-=($c%*&+K(=1.*1(5%#&(-0(&1$()$'.,$/&('$,%/'$'(RK(&1$
./+$&( .)(=.&1'#%=/( 0#-,( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%:( W&( .)( %+)-( 5-)).R+$( &1%&( 5%#&( -0( &1$
)$'.,$/&( *-,$)( 0#-,( &1$(=%@$V'#.@$/( +-/")1-#$( )$'.,$/&( &#%/)5-#&:(E-( &%?$( ./&-( %**-6/&
&1$)$(6/*$#&%./&.$)N( &=-('.00$#$/&()*$/%#.-)(%#$(6)$'(0-#(,+ ( ./( &1$(*%+.R#%&.-/:(P/$()*$/%#.-
=.&1( &1$(=.'&1(%/'(1$."1&( #%&.-( -0( *-%)&( %/'('$+&%( %)( ./'.*%&$'( ./( &1$( 5#$@.-6)( 5%#%"#%51:
E1.)(*%/(R$()$$/(%)(%/(655$#(+.,.&(-0(%'>6)&,$/&N(=1$#$(,+ ($a6%+)(%55#-c.,%&$+K(J:J\:(C-#
&1$(-&1$#()*$/%#.-N(.&(.)(%))6,$'(&1%&('eI:_N(=1.*1(,$%/)(&1%&(_I(x(-0(&1$()$'.,$/&('$,%/'
.)( &%?$/( 0#-,( &1$( %'>%*$/&( *-%)&:( C6#&1$#,-#$N( .&( .)( %))6,$'( &1%&( ./( %/( $c&#$,$( *%)$N( &1$
1$."1&(-0(&1$(%*&.@$(*-%)&%+(5#-0.+$(#$%*1$)(9!G(VHI,N(=1.*1(.)(&1$()%,$(1$."1&(%)(&1$(('$+&%
%'>%*$/&( &-( &1.)( *-%)&( )$"$,$/&:( E1.)( +$%')( &-( %( ),%++$#( 1$."1&( #%&.-:( XHIfUIY:(!'>6)&,$/&
0%*&-#(,+((./(&1$()$*-/'()*$/%#.-(1%)(#$'6*$'(&-(%55#-c.,%&$+K(I:^:(E1.)()*$/%#.-(.)(%(+-=$#
+.,.&( -0( %'>6)&,$/&:( O6#./"( &1$( *%+.R#%&.-/N( .&( =.++( R$( %/%+K)$'( =1%&( &1$( '.00$#$/*$)( %#$
R$&=$$/( &1$)$( &=-( )*$/%#.-)( %/'(=1.*1( )*$/%#.-( #$)6+&)( ./( &1$(,-)&( 5+%6).R+$( *%+.R#%&.-/
X)$*&.-/(^:U:[Y:

E-( )$$( &1$( $00$*&( -0( %'>6)&,$/&( -/( &1$( ,-#51-+-".*%+( '$@$+-5,$/&( -0( &1$( $+$,$/&)N( &1$
*1%/"$(./()$'.,$/&($c*1%/"$('6$(&-(&1$(%55+.$'(%'>6)&,$/&(=.++(R$('$)*#.R$'

 Sediment Transport due to adjustment delta

2$( =.++( R#.$0+K( '.)*6))( &1$( $00$*&( -0( &1$( %55+.$'( $c&$/).-/( -0( !),.&%( -/( &1$( )$'.,$/&
$c*1%/"$(R$&=$$/( &1$( $+$,$/&):(2$( &%?$( %/( $c%,5+$(=1$#$( &1$( '$+&%( %/'( &1$( 0+%&( &$/'( &-
./*#$%)$( %/'( &1$( *1%//$+( &$/')( &-( '$*#$%)$( &-( #$%*1( $a6.+.R#.6,:( W/( &1$( 0."6#$( ^:[N( &1$
)$'.,$/&( $c*1%/"$(=.&1( %/'(=.&1-6&( %'>6)&,$/&( -0( &1$( '$+&%( '6$( &-( *-%)&%+( #$"#$)).-/( .)
.++6)&#%&$':
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C."6#$(^V[(E#%/)5-#&(R$&=$$/($+$,$/&)(=.&1-6&(X+$0&Y(%/'(=.&1(%'>6)&,$/&(0-#('$+&%

E1$(+$0&(0."6#$(#$5#$)$/&)(%().&6%&.-/(0-#(%(0.c$'(*-%)&N( &16)(=.&1-6&(%/K(%'>6)&,$/&(0-#( &1$
'$+&%:( W/( &1.)( 0."6#$( .&( .)( .++6)&#%&$'( &1%&( )$'.,$/&( .)( &#%/)5-#&$'( 0#-,( &1$( -6&).'$( =-#+'
&-=%#')( &1$( '$+&%:( E1$( '$+&%( /$$')( &1.)( )$'.,$/&( &-( "#-=( %/'( %)( %( *-/)$a6$/*$( -/+K( %
#$+%&.@$+K(),%++(5%#&(-0(&1$(.,5-#&$'(%,-6/&(-0()$'.,$/&( .)(%@%.+%R+$(0-#( &1$(*1%//$+:(!+)-
&1$(0+%&(#$a6.#$)()$'.,$/&:(D$*%6)$(-0(&1.)N(&1$(*1%//$+(1%)(&1$(+%#"$)&('.00.*6+&.$)(&-(-R&%./
)$'.,$/&:(W/(&1$(#."1&(5%#&(-0(&1$(0."6#$N(&1$(%'>6)&,$/&(0-#(&1$('$+&%(@-+6,$(.)(%55+.$':(!)(%
*-/)$a6$/*$(-0(&1$(%'>6)&,$/&N(&1$('$+&%("#-=)("$-,$&#.*%++KN(%/'(/$$')(+$))()$'.,$/&:(E1.)
,$%/)(&1%&(&1$(*1%//$+(*%/(-R&%./()$'.,$/&($%).$#:(E1$($c*1%/"$(R$&=$$/(&1$(*1%//$+(%/'
&1$('$+&%(.)($@$/(+%#"$#(&1%/(&1$($c*1%/"$(R$&=$$/(&1$('$+&%(%/'(&1$(-6&).'$(=-#+':(D$*%6)$
&1$("$-,$&#.*%+(./*#$%)$(-0(&1$('$+&%(.)(+%#"$#(&1%/(&1$('.00$#$/*$(R$&=$$/(&1$(./*-,./"(%/'
-6&"-./"()$'.,$/&(./(&1$('$+&%N(&1$(/$&($00$*&(.)(%/(./*#$%)$(-0(&1$('$+&%:(C#-,(0."6#$(^:[( .&
*%/(R$('$#.@$'(%+)-(&1%&(&1$(0+%&)(%#$(%+)-(./0+6$/*$'(RK(&1$(%'>6)&,$/&(-0(&1$('$+&%N(&1-6"1
+$))(&1%/(&1$(*1%//$+:

3-( &1$($00$*&(-0( ( *-%)&%+( #$"#$)).-/(-/()$'.,$/&( $c*1%/"$N( %/'( &16)( -/( &1$(,-#51-+-".*%+
'$@$+-5,$/&( .)( *+$%#+K( 5#$)$/&:(O6$( &-( &1$( "$-,$&#.*( ./*#$%)$( -0( &1$( '$+&%N( &1$( R%)./( *%/
-R&%./( )$'.,$/&( $%).$#:( F-=$@$#N( %0&$#( J``IN( &1$( *-%)&( +./$( .)( ?$5&( ./( 5-).&.-/( RK
/-6#.)1,$/&)( %/'( &1$/N( &1.)( $00$*&(=.++( /-&( 1-+'( %/K,-#$:( E1.)(=.++( R$(,%'$( *+$%#( ./( &1$
*%+.R#%&.-/:

6.4 Calibration Asmita

2$(=.++(*%+.R#%&$(!),.&%N(-/(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0( &1$(d+.$(%/'(&1$(4%#)'.$5
./+$&)(%0&$#(&1$(*+-)6#$(-0(&1$(76.'$#8$$:(D$).'$)N()-,$(./0-#,%&.-/(.)('$#.@$'(-/(&1$(06&6#$
'$@$+-5,$/&(&-=%#')($a6.+.R#.6,:(C.#)&(=$(=.++('.)*6))(&1$($a6.+.R#.6,(#$+%&.-/)(=1.*1(0-#,
%/( .,5-#&%/&( R%).)( 0-#( &1$( !),.&%( ,-'$++./":( 36R)$a6$/&+KN( &1$( ./56&( %/'( *%+.R#%&.-/
5%#%,$&$#)(=.++( R$( '.)*6))$':( C./%++KN( &1$( *+-)6#$( -0( &1$( 76.'$#8$$(=.++( R$( ).,6+%&$'( %/'
)-,$(*-/*+6).-/)(*-/).'$#./"(&1$(5-)).R+$(06&6#$('$@$+-5,$/&(=.++(R$(".@$/:

6.4.1 Equilibrium relations

E1$(!),.&%(*-/*$5&(.)(R%)$'(-/(&1$(%))6,5&.-/(&1%&(&1$(@%#.-6)(,-#51-+-".*%+($+$,$/&)(-0
%/(./+$&()K)&$,($@-+@$(&-=%#')(%/($a6.+.R#.6,()&%&$:(W0(&1$(+$/"&1()*%+$(-0(&1$(&.'%+(R%)./(.)
),%++(*-,5%#$'(&-( &1%&(-0( &1$( &.'%+(=%@$N( &1.)($a6.+.R#.6,()&%&$( .)('$&$#,./$'(5#.,%#.+K(RK
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&1$(&.'%+(5#.),(-0(&1$(./+$&:(W/(5%#&.*6+%#(+-"%#.&1,.*)(-0($a6.+.R#.6,(@-+6,$)(-0($+$,$/&)(%/'
5#.),(%#$N(RK(0%.#(%55#-c.,%&.-/N('.#$*&+K(5#-5-#&.-/%+(&-(-/$(%/-&1$#:(E1$(5#-5-#&.-/%+.&K(.)
./'.*%&$'(=.&1($,5.#.*%+(*-$00.*.$/&)(=1.*1('$5$/'(-/(&1$()1%5$(%/'("$-,$&#K(-0( &1$( ./+$&
X)$$($,5.#.*%+( #$+%&.-/)( ./( )$*&.-/(U:[Y:(E1$)$(*-$00.*.$/&)(*%/(R$('$&$#,./$'( 0-#(%( *$#&%./
./+$&N( %))6,./"( &1%&( &1$( )K)&$,( =%)( ./( $a6.+.R#.6,( R$0-#$( &1$( ./&$##65&.-/:( ;.@$/( &1$
X$a6.+.R#.6,Y(@-+6,$( %/'( &.'%+( @-+6,$N( &1$( *-##$)5-/'./"( $a6.+.R#.6,(*-$00.*.$/&)( *%/(R$
'$&$#,./$':

F-=$@$#N( R$0-#$( *+-)6#$( -0( &1$( 76.'$#8$$N( &1$( R%)./( =%)( #$+%&.@$+K( +%#"$( %/'( MK)./?g)
$a6.+.R#.6,(#$+%&.-/)(0-#(&1$(2%''$/(X)$*&.-/(U:[Y(=.&1(#$)5$*&(&-(&1$(*1%//$+(%/'(0+%&('-(/-&
%55+K:(!)(%(*-/)$a6$/*$(&1$($a6.+.R#.6,(*-$00.*.$/&(0#-,(&1$($,5.#.*%+(#$+%&.-/)(*%//-&(R$
*%+.R#%&$'(=.&1(&1$().&6%&.-/(R$0-#$(*+-)6#$:(E1.)(,$%/)(&1%&(&1$($a6.+.R#.6,(@-+6,$)(*%//-&
R$($)&.,%&$'(R%)$'(-/(&1-)$(#$+%&.-/)N(%/'()1-6+'(R$(6)$'(&1$#$0-#$(%)(*%+.R#%&.-/(5%#%,$&$#)
./(!),.&%:

W/(*-/&#%'.*&.-/(&-(&1$(*1%//$+(%/'(&1$(0+%&N(=$(*%/($)&.,%&$(&1$($a6.+.R#.6,(@-+6,$)(-0(&1$
'$+&%N(R%)$'(-/(&1$(*1%/"$(./( &.'%+(@-+6,$:(O$)5.&$( &1$(0%*&( &1%&( &1$()K)&$,(R$0-#$(*+-)6#$
*-/&%./$'(%(+%#"$(R%)./N(.&(.)(+.?$+K(&1%&(&1$($a6.+.R#.6,(@-+6,$(-0(&1$('$+&%(R$0-#$(*+-)6#$N
=%)(#$+%&$'(&-(&1$(&.'%+(@-+6,$:(F$/*$N(=$(%))6,$(&1%&(=$(*%/(6)$(&1$($a6.+.R#.6,(#$+%&.-/
R$&=$$/('$+&%(%/'(5#.),(X$a6%&.-/(U:bY(5#-@.'$'(&1%&(=$(#$5+%*$(&1$(5#.),(RK(1%+0(&1$(&.'%+
@-+6,$:(W0(=$(%))6,$(&1%&(&1$('$+&%(=%)( ./($a6.+.R#.6,(R$0-#$(*+-)6#$N( &1$/(%/( ./*#$%)$( ./
&1$( '$+&%( )1-6+'( -**6#N( #$+%&$'( &-( &1$( ./*#$%)$( ./( &.'%+( 5#.),( X)$$( $a6%&.-/( U:bN
#d'$zX#GYJ:HUY:

36,,%#.)./"N( .&( *%/( R$( )&%&$'( &1%&( $a6.+.R#.6,( #$+%&.-/)( 0-#( &1$( *1%//$+( %/'( 0+%&)( %#$( /-&
@%+.'(0-#( +%#"$(R%)./)N(%/'(&16)(*%//-&(R$(6)$'(0-#(5#$'.*&.-/)(-0( &1$($a6.+.R#.6,().&6%&.-/
%0&$#( *+-)6#$:( ]$"%#'./"( &1$( '$+&%( %( #-6"1( $)&.,%&.-/( *%/( R$( ,%'$( R%)$'( -/( &1$
5#-5-#&.-/%+.&K( R$&=$$/( &1$( $a6.+.R#.6,( #$+%&.-/( %/'( &1$( '$+&%( @-+6,$( R$0-#$( *+-)6#$:(2$
=.++(6)$(&1$($a6.+.R#.6,(@-+6,$)(%)(*%+.R#%&.-/(5%#%,$&$#):(D%)$'(-/(&1$(0.$+'('%&%(%/'(&1$
$a6.+.R#.6,(#$+%&.-/)N( (=$($)&.,%&$'( #%/"$)(-0( &1$($a6.+.R#.6,(@-+6,$)( #$"%#'./"( &1$(d+.$
%/'(4%#)'.$5($+$,$/&):(2.&1./(&1$)$(#%/"$)N(&1$(*%+.R#%&.-/(=.++(R$(*%##.$'(-6&(RK(&6/./"(&1$
$a6.+.R#.6,(@-+6,$):(E1$)$(#%/"$)(%#$(5#$)$/&$'(./(%55$/'.c(;J:

6.4.2 Input parameters

W/( &1$( 5#$@.-6)( )$*&.-/( =$( *-/*+6'$'( &1%&( &1$( $a6.+.R#.6,( @-+6,$)( )1-6+'( R$( 6)$'( %)
*%+.R#%&.-/( 5%#%,$&$#):( L-/).'$#./"( &1$( %@%.+%R+$( 0.$+'( '%&%N( =1.*1( *-,5#.)$'( $."1&( '%&%V
5-./&)(5$#($+$,$/&N(&1$(&1#$$($a6.+.R#.6,(@-+6,$)(%#$(&1$(-/+K(*%+.R#%&.-/(5%#%,$&$#)(=1.*1
=$(=.++(6)$:(E16)(%++(-&1$#( ./56&(5%#%,$&$#)N( #$a6.#$(%(5#-5$#($)&.,%&.-/(%/'(=.++( &1$/(R$
0.c$'('6#./"(&1$(*%+.R#%&.-/:

E1$( )$/).&.@.&K( %/%+K).)( ./( *1%5&$#( [( )1-=$'( &1%&( -0( %++( ,-'$+( 5%#%,$&$#)N( '.006).-/
*-$00.*.$/&)N( *-/*$/&#%&.-/( ./( &1$( -6&).'$(=-#+'( %/'( $a6.+.R#.6,( @-+6,$)( 1%@$( &1$( +%#"$)&
./0+6$/*$( -/( &1$( )K)&$,( &.,$V)*%+$)( %/'( &16)( -/( &1$( 5#$'.*&.-/( -0( &1$( ,-#51-+-".*%+
'$@$+-5,$/&:(E1$)$(5%#%,$&$#)()1-6+'(R$($)&.,%&$'(*%#$06++K:(d%/(;--#(XHIIJY(*%##.$'(-6&(%
'$&%.+$'()&6'K(#$"%#'./"(&1$($a6.+.R#.6,(*-/*$/&#%&.-/(./(&1$(-6&).'$(=-#+'(X*MY:(W&(&6#/$'(-6&
&1%&( =.&1( %( @%+6$( -0( H( pJIV[( %( 0%.#( #$*-/)&#6*&.-/( -0( &1$(,-#51-+-".*%+( R$1%@.-6#( *%/( R$
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-R&%./$'(0-#(&1$(D-#/'.$5(./+$&:(E1$(*-/*$/&#%&.-/(-6&).'$(&1$(./+$&(%*&6%++K('$5$/')(-/(&1$
=%@$(*+.,%&$:(O$)5.&$(&1$()+."1&('.00$#$/&(=%@$(*-/'.&.-/)(/$%#(&1$(4%#)'.$5(%/'(d+.$(./+$&)
X'.00$#$/&( %/"+$( -0( %55#-%*1YN( &1$( )%,$( @%+6$( =.++( R$( 6)$'( 1$/*$0-#&1( ./( &1$( *%+.R#%&.-/:
]$"%#'./"(&1$('.006).-/(*-$00.*.$/&)N(06#&1$#(%/%+K).)(.)(#$a6.#$':

]$"%#'./"(&1$(-&1$#(./56&(5%#%,$&$#)(#-6"1($)&.,%&$)(%#$(,%'$:(C-#(%#$%)(-0($+$,$/&)N(&.,$V
%@$#%"$'(@%+6$)(=.++(R$(6)$':(E1$(@$#&.*%+($c*1%/"$(*-$00.*.$/&(X=)Y(%/'(&1$(/V5%#%,$&$#(%#$
R%)$'(-/()&6'.$)(-0(D6.),%/( XJ``_Y(%/'(d%/(;--#( XHIIJYN( )$$(%55$/'.c(;J:(E1$(%@$#%"$
&.'%+( #%/"$( .)( '$#.@$'( 0#-,( &.'%+( '%&%( XB%%#R-$?( ].>?)=%&$#)&%%&N( J``bY:( C./%++K( &1$( ./.&.%+
@-+6,$)(-0(&1$($+$,$/&)()1-6+'(R$(".@$/(%)( ./56&( ./(!),.&%:(2.&1(#$)5$*&( &-( &1$)$(@%+6$)N
&1$(./&$#5#$&$'(@-+6,$)('$#.@$'(0#-,(0.$+'('%&%(-0(J`UU(%#$(6)$':(C-#(&1$(4%#)'.$5('$+&%N(&1$
%@$#%"$(-0(&=-(@-+6,$)(./(J`H\(%/'(J`UU(.)(6)$'(%)(./.&.%+(@%+6$(./(!),.&%:
!++(&1$)$(./56&(@%+6$)(=1.*1(%#$(6)$'(./(&1$(*%+.R#%&.-/(*%/(R$(0-6/'(./(%55$/'.c(;J:

 Diffusion coefficients

d%/(;--#( XHIIJY( -5&.,.)$'( '.006).-/( *-$00.*.$/&)( 0#-,( 0.$+'( '%&%( -/( &1$( 7-6&?%,5$#+%%"N
#$"%#'./"(&1$(*+-)6#$(-0(&1$(S%6=$#)8$$:(D6.),%/(XJ``_Y('$#.@$'().,.+%#(*-$00.*.$/&)(0-#(&1$
7-6&?%,5$#+%%":(2$(=.++(6)$(&1$.#(#$)6+&)(&-(%##.@$(%&($)&.,%&$)(-0('.006).-/(*-$00.*.$/&)(-0
&1$( d+.$( %/'( 4%#)'.$5( ./+$&:( E1$#$0-#$N( =$( =.++( '.)*6)( &1$( ,$%/./"( -0( &1$( '.006).-/
*-$00.*.$/&(./()-,$(,-#$('$&%.+:

E1$( '.006).-/( *-$00.*.$/&)( -#."./%&$( 0#-,( &1$(,%))VR%+%/*$( $a6%&.-/( %/'( %#$( 6)$'( %+)-( ./
M)&,-#0N( XX2%/"( %/'( <%#))$/N( J``HYN( R%).)( 0-#( !),.&%( *-/*$5&Y:( W/( M)&,-#0( N( %( -/$V
'.,$/).-/%+(/$&=-#?()*1$,%&.)%&.-/(.)(,%'$(0-#(%(R%)./N(*-/&%././"(*1%//$+)(%/'(%'>%*$/&
0+%&):(E1$($c*1%/"$(#%&$(R$&=$$/(0+%&(%/'(*1%//$+(.)('$0./$'(%)A

F D h
c c

L
f c= ⋅ ⋅

−
X^:J\Y

C e(1-#.8-/&%+()$'.,$/&(0+6c(5$#(6/.&(=.'&1(X,Hf)Y
O e('.)5$#).-/(*-$00.*.$/&(X,Hf)Y
1 e(&.,$(%@$#%"$'(=%&$#('$5&1(X,Y
S e('.)&%/*$(R$&=$$/(*$/&#$(-0(*1%//$+(%/'(*$/&#$(-0(0+%&(X,Y

W0(=$(./&$"#%&$(&1.)(-@$#(&1$(&-&%+(=.'&1(-0(&1$(*1%//$+(%/'(0+%&N(&1$(%#$%(!*N(-#(*#-))V)$*&.-/
.)(6)$'(./)&$%'(-0(&1$(=%&$#(+$@$+A

T D A
c c

Lc
f c= ⋅ ⋅

−
X^:J^Y

E e(&-&%+(1-#.8-/&%+()$'.,$/&(0+6c(X,Uf)Y

E1$/N(=$('$#.@$'(&1$(#$).'6%+(&#%/)5-#&N(./(&1$()%,$(=%K(%)(0-#,6+%&$'(./(!),.&%:(W/(!),.&%N
&1$(1-#.8-/&%+($c*1%/"$(.)($c5#$))$'(%)($a6%&.-/(^:J_:

( )T c cf c= ⋅ −δ X^:J_Y
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E1.)(,$%/)(&1%&(&1$('.006).-/(*-$00.*.$/&($a6%+)A

δ = ⋅D A

L
c X^:JbY

E16)N(&1$('.006).-/(*-$00.*.$/&('$5$/')(-/(&1$('.)5$#).-/(*-$00.*.$/&N(&1$(*#-))V)$*&.-/(=1.*1
.)(%@%.+%R+$(0-#()$'.,$/&($c*1%/"$(R$&=$$/(&1$($+$,$/&)N(%/'(&1$(+$/"&1(R$&=$$/(&1$(*$/&#$)
-0( &1$( $+$,$/&):( W&( #$5#$)$/&)( &1$( &.'$V%@$#%"$'( #$).'6%+( )$'.,$/&( &#%/)5-#&( R$&=$$/( &=-
$+$,$/&)N(=1.*1(&%?$)(5+%*$(&1#-6"1(%(*$#&%./(*#-))V)$*&.-/(4)N(-@$#(%(+$/"&1(-0(E(,$&#$):

E1$('.)5$#).-/(*-$00.*.$/&(F(#$5#$)$/&)(&1$(&.'$V#$).'6%+()$'.,$/&(&#%/)5-#&(*%5%*.&K(5$#(6/.&
=.'&1:( W&( .)( #$+%&$'( &-( &1$( &.'$( %@$#%"$'( @$+-*.&K( %/'( &1$( 0%++( @$+-*.&K( -0( &1$( )$'.,$/&
5%#&.*+$):(E1$(&.'$(%@$#%"$'(@$+-*.&K(.)(./($a6.+.R#.6,().&6%&.-/().,.+%#(0-#(&1$('.00$#$/&(./+$&)
XzJ(,f)Y:(!)(&1$(%@$#%"$("#%./().8$(%/'(#$+%&$'(0%++(@$+-*.&K(0-#(&1$('.00$#$/&(2%''$/(./+$&)
%#$( ).,.+%#N( &1$( '.)5$#).-/( *-$00.*.$/&(F( .)( %))6,$'( &-( R$( &1$( ./'.00$#$/&( 0-#( &1$(2%''$/
./+$&):

3-N(&-(".@$(%/($)&.,%&.-/(-0(&1$('.006).-/(*-$00.*.$/&)(./(&1$(d+.$(%/'(&1$(4%#)'.$5N(=$(*%/
6)$( @%+6$)( -0( d%/( ;--#( XHIIJYN( %/'( )*%+$( &1$,( =.&1( &1$( 0%*&-#( !*fS:( E1.)( )*%+$V0%*&-#
./'.*%&$)(&1%&(&1$#$(.)(%(?./'(-0(+$/"&1V)*%+$(=1.*1('$&$#,./$)(&1$(%*&6%+('.006).-/(*-$00.*.$/&
%)('$0./$'(./(!),.&%:(E1$()a6%#$(#--&(-0(&1$(R%)./(%#$%(,."1&()$#@$(%)()6*1(%(+$/"&1V)*%+$N
5#-@.'$'(&1%&(&1$(R%)./)(%&(1%/'('-(/-&('.00$#()6R)&%/&.%++K(=.&1(#$)5$*&(&-(&1$.#()1%5$):(E1$
#%&$(R$&=$$/(&1$('.00$#$/&(*1%#%*&$#.)&.*(+$/"&1)(*%/(R$(6)$'(%)(%()*%+$(0%*&-#(0-#(('.006).-/
*-$00.*.$/&):(E16)N(0-#(&1$(('.006).-/(*-$00.*.$/&)(-0(&1$(4%#)'.$5(.&(1-+')(%55#-c.,%&$+K(&1%&A

δ δmars
mars

zoutk
zoutk

A

A
= ⋅ X^:J`Y

%,%#)( e('.006).-/(*-$00.*.$/&(4%#)'.$5(X,Uf)Y
%8-6&?( e('.006).-/(*-$00.*.$/&(7-6&?%,5$#+%%"(X,Uf)Y
! e(%#$%(X,HY

E1$()%,$(1-+')(0-#(&1$(d+.$(./+$&:(E1.)()*%+$(0%*&-#(*%/(R$(6)$'(0-#($c*1%/"$(R$&=$$/('$+&%
%/'( -6&).'$( =-#+'( %'-N( =1$#$( &1$( '$+&%( %#$%( 5+%K)( %( )."/.0.*%/&( #-+$N( %/'( 0-#( $c*1%/"$
R$&=$$/(&1$('$+&%(%/'(*1%//$+(%'*N(=1$#$(&1$(R%)./(%#$%(.)(6)$'(./(&1$()*%+$(0%*&-#:

C-#(&1$($c*1%/"$(R$&=$$/(0+%&(%/'(*1%//$+N(&1$()*%+$(0%*&-#(-0(%#$%(#$+%&.-/)(*%/(R$()5$*.0.$'
)-,$=1%&:( E1$( '.006).-/( *-$00.*.$/&( .)( %( ,$%)6#$( 0-#( &1$( )$'.,$/&( $c*1%/"$( *%5%*.&K
R$&=$$/( *1%//$+( %/'( 0+%&:( W&( .)( 5+%6).R+$( &1%&( &1$( $c*1%/"$( R$&=$$/( *1%//$+( %/'( 0+%&( .)
#$+%&$'(&-(&1$(=$&(@-+6,$(,$%)6#$'(R$&=$$/(0+%&)(%/'(,$%/(1."1(=%&$#:(L-/@$#&./"(%+)-(./&-
%(+$/"&1V)*%+$N(K.$+')A

δ δmars zout
mars

zout

Qf

Qf
= ⋅ 3 X^:HIY
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=1$#$

Qf A H Vf f= ⋅ − X^:HJY

j0 e((=$&(@-+6,$(%R-@$(0+%&)(%/'(R$+-=(4F2(X,UY

!55+.*%&.-/(-0(&1.)()*%+./"(,$&1-'(K.$+')(&1$(0-++-=./"('.006).-/(*-$00.*.$/&)N(R%)$'(-/(&1$
'.006).-/(*-$00.*.$/&)('$#.@$'(0-#(&1$(7-6&?%,5$#+%%"A

=62#* %%%%$&+84E]); %%%%>&84E]); %%%%>,+84E]);

7-6&?%,5$#+%%" bII JIII JHII

4%#)'.$5 `bI H[\I J\\I

d+.$ JUII H\^I J__I

E%R+$(^:UA(O.006).-/(*-$00.*.$/&)

3-N('6$(&-(&1$(+%#"$#().8$(-0(&1$(R%)./)(%/'('$+&%)N(&1$(*%5%R.+.&K(-0($c*1%/"./"()$'.,$/&(.)
+%#"$#N(=1.*1(#$)6+&)(./('.006).-/(*-$00.*.$/&)(0-#(&1$(4%#)'.$5(%/'(d+.$(+%#"$#(&1%/(&1-)$(-0
&1$(7-6&?%,5$#+%%":

 Change linear solution and time-scales

2$( 1%@$( )$$/( ./( &1$( )$/).&.@.&K( %/%+K).)( &1%&( )K)&$,( &.,$V)*%+$)( %#$( ,-#$( )$/).&.@$( &-
@%#.%&.-/)(./('.006).-/(*-$00.*.$/&)(&1%/(&-(@%#.%&.-/)(./(-&1$#(5%#%,$&$#):(W/(&1%&(%/%+K).)(=$
./@$)&."%&$'( &1$( )$/).&.@.&K( -0( )K)&$,( &.,$V)*%+$)( 0-#( %( @%#.%&.-/( -0( '.006).-/( *-$00.*.$/&
%#-6/'( %( 0.#)&( $)&.,%&$( X)$$( %55$/'.c( DY:( E1$( %55+.$'( )*%+./"( X)$$( &%R+$( ^:UY( #$)6+&)( ./
'.006).-/(*-$00.*.$/&)(=1.*1('$@.%&$(0#-,(&1$(0.#)&($)&.,%&$)N(1$/*$(=$(,%K($c5$*&( &1%&( &1$
*-##$)5-/'./"( &.,$V)*%+$)( =.++( R$( '.00$#$/&( %+)-( &1%/( =1%&( =$( *-/*+6'$'( ./( &1$( 0.#)&
$)&.,%&$)(X)$$()$*&.-/(^:JY:(!(*-,5%#.)-/(R$&=$$/(&1$(&.,$V)*%+$)N(R%)$'(-/(0.#)&($)&.,%&$)
-0( '.006).-/( *-$00.*.$/&)N( %/'( &1-)$N( R%)$'( -/( &1$( )*%+$'( '.006).-/( *-$00.*.$/&)( .)( ".@$/( ./
&%R+$(^:[:

=62#* 0<+85#%"); 0A+85#%"); 0E+85#%");

4%#)'.$5 U(XUY J`b(X[JHY JH(XH\Y

d+.$ b:\(XJIY JUI(XH\UY JJ(XJ\Y

E%R+$(^:[A(9$=()K)&$,(&.,$V)*%+$)('6$(&-(*1%/"$'('.006).-/(*-$00.*.$/&)
X(Y(e@%+6$)(0-#,$#(%))6,$'(&.,$V)*%+$)

E1.)(&%R+$(.++6)&#%&$)(&1%&(&1$(+%#"$)&(&.,$V)*%+$)(XEHY(1%@$(#$'6*$'(=.&1(%R-6&(\I(5$#*$/&(&-
J`bN( #$)5$*&.@$+K( JUI( K$%#):( !+)-( &1$( &=-( ),%++$#( &.,$V)*%+$)( 1%@$( '$*#$%)$':( E1.)( =.++
#$)6+&(./(%(0%)&$#('$@$+-5,$/&(-0(&1$()K)&$,(&-=%#')($a6.+.R#.6,()&%&$(&1%/($c5$*&$'(-/(&1$
R%).)(-0(&1$(0.#)&($)&.,%&$):
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6.4.3 Results calibration

Approach and assessment calibration

W/(&1.)()$*&.-/(=$(,%?$(%/(%&&$,5&(&-(*%+.R#%&$(!),.&%(0-#(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0
&1$(4%#)'.$5(%/'(d+.$( ./+$&)('6$&-( &1$(*+-)6#$(-0( &1$(76.'$#8$$:(C-#( &1.)('%&%(*-@$#./"(^\
K$%#)( %#$( %@%.+%R+$:( D$).'$)N( =$( %#$( ./&$#$)&$'( ./( &1$( 06&6#$( '$@$+-5,$/&( &-=%#')
$a6.+.R#.6,:( E1$#$0-#$N( =$( =.++( ).,6+%&$( &1$( 06&6#$( ,-#51-+-".*%+( '$@$+-5,$/&( 0#-,( &1$
*+-)6#$(&-=%#')($a6.+.R#.6,N(R%)$'(-/(&1$(*%+.R#%&$'($a6.+.R#.6,(@-+6,$):

PR)$#@%&.-/)(-0(J`UU()$#@$(%)(./.&.%+(@%+6$)(0-#(&1$().,6+%&.-/:(C6#&1$#,-#$N(%++('%&%V5-./&)
%#$(%))6,$'(&-(1%@$(&1$()%,$(=$."1&:(E1$(@-+6,$)(-0(&1$(d+.$('$+&%N(./&$#5#$&$'(0#-,(0.$+'
'%&%(%#$(#$+%&$'(&-(&1$(#$0$#$/*$(*-%)&(-0(J`_H:(D$*%6)$(=$()&%#&(-6#(*%+.R#%&.-/(%/'(1$/*$
&1$( %'>6)&,$/&( -0( &1$( '$+&%( ./( J`UUN(=$(=%/&( &-( 6)$( '$+&%( @-+6,$)( #$+%&.@$( &-( &1$( *-%)&%+
5#-0.+$(./(J`UU:(D%)$'(-/(&1$($)&.,%&$'(./*#$%)$(-0(&1$('$+&%(XdIVd'$Y(%/'(&1$(%*&6%+(@-+6,$
-0(J`_HN(=$(*%##.$'(-6&(&1$(*%+.R#%&.-/:

E1$($a6.+.R#.6,(@-+6,$)(=.++(R$(*%+.R#%&.-/(5%#%,$&$#):(E1.)(,$%/)( &1%&( &1$)$(@%+6$)(=.++
R$(@%#.$'( &-"$&1$#N( R$&=$$/( *$#&%./( $c5$*&$'( #%/"$)( X)$$( %55$/'.c(;JYN( &.++( %( 5+%6).R+$( 0.&
R$&=$$/(&1$('%&%(%/'(!),.&%(#$)6+&):(D$&=$$/(&1$)$(R-6/'%#.$)N(&1$(S$%)&(3a6%#$)(,$&1-'(.)
6)$'(&-(,./.,.)$(&1$($##-#(XR$&=$$/(-R)$#@%&.-/)(%/'().,6+%&.-/(#$)6+&)Y(%/'(&-(-5&.,.)$(&1$
$a6.+.R#.6,(@-+6,$)(-0( &1$( $+$,$/&):( C-#( &1.)( &1$(]--&(4$%/(3a6%#$( $##-#( .)( 6)$'( X]43
@%+6$Y:(E1$(]43($##-#(.)('$0./$'(%)(&1$(#--&(-0(&1$(%@$#%"$'()a6%#$($##-#A

( )
RMS error

V V

n i
i

obs asmi
n_ =

−

⋅

∑ ∑
1

2
1

X^:HHY

d-R) e(%*&6%+(@-+6,$($+$,$/&(R%)$'(-/('%&%(X,UY
d%),.&% e().,6+%&$'(%*&6%+(@-+6,$(X,UY
/ e(/6,R$#(-0((-R)$#@%&.-/(5-./&)(5$#($+$,$/&(XVY
. e(/6,R$#(-0($+$,$/&)(XVY
C-#(&1#$$($+$,$/&)($."1&(-R)$#@%&.-/(5-./&)(5$#($+$,$/&(%#$(%@%.+%R+$:

W/( &1$(0-++-=./"()$*&.-/(=$(=.++('.)*6))( &1$( &=-()*$/%#.-)( 0-#( &1$(%'>6)&,$/&(-0( &1$('$+&%N
%/'(&1$(#$)6+&)(-0(&1$(*%+.R#%&.-/(0-#(&1$(d+.$(%/'(4%#)'.$5(./+$&):

 Two scenarios adjustment delta

C-#( &=-( '.00$#$/&( ,g)( X$a6%&.-/( ^:_Y( &1$( ./+$&( )K)&$,)( =$#$( *%+.R#%&$'N( =1.*1( .,5+.$)( %
,./.,6,(%/'(,%c.,6,(%'>6)&,$/&(0-#(&1$('$+&%:(2$(=.++(R#.$0+K('.)*6))(=1.*1(%'>6),$/&
0%*&-#(.)(&1$(,-)&(5+%6).R+$:(E1.)(.)(%))$))$'(R%)$'(-/(&1$($c5$*&$'('$@$+-5,$/&)N(%/'(-/(&1$
+$%)&()a6%#$)(R$&=$$/(-R)$#@%&.-/)(%/'().,6+%&.-/):

Q)./"(&1$(+-=$#(+.,.&(X,eI:^Y(#$)6+&)(./(%(,./.,6,(%'>6)&,$/&:(C-#(&1$(4%#)'.$5(&1.)(=-6+'
.,5+K(%('$*#$%)$(-0( &1$('$+&%N(=1.*1( .)(/-&($c5$*&$'( X)$$(%55$/'.c(;U:JY:(]$"%#'./"(d+.$
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./+$&N( %( #$%)-/%R+$( *%+.R#%&.-/( =-6+'( R$( 5-)).R+$( 0-#( &1$( '$+&%( %/'( 0+%&N( R6&( &1$/( &1$
*%+.R#%&.-/( -0( &1$( *1%//$+( '-$)( /-&( ".@$( %**$5&%R+$( #$)6+&):( W0( =$( *-/).'$#( &1$( #$)6+&)( ./
%55$/'.c(;H:J(%/'(;H:HN(&1$/(=$(*%/()$$(&1%&(&1$(*%+.R#%&$'(*1%//$+(@-+6,$)('-(/-&(0.&(&1$
'%&%( .0( &1$( +-=$#( +.,.&( 0-#( ,( .)( %55+.$':( W&( &6#/$'( -6&( &1%&( &1$( 655$#( +.,.&N( =1$#$( %++( &1$
)$'.,$/&( -#."./%&$)( 0#-,( &1$( %'>%*$/&( *-%)&( %/'( &1$( %*&.@$( *-%)&( 1$."1&( "-$)( &-
%55#-c.,%&$+K(9!G(VbfVJI(,N(.)(&1$(,-)&(5+%6).R+$()*$/%#.-(X,eJ:JfJ:HY:(E1.)(,$%/)(&1%&(&1$
655$#( +.,.&(0-#(%'>6)&,$/&(0-#( &1$('$+&%( .)(%55+.$'(0-#(4%#)'.$5(%/'(d+.$:( W/( &1$( 0-++-=./"
)$*&.-/( #$)6+&)( -0( &1$( *%+.R#%&.-/N( 6)./"( &1$( 655$#( +.,.&( -0( %'>6)&,$/&( 0%*&-#( ,N( =.++( R$
'.)*6))$':

 Results Vlie inlet

]$"%#'./"( %++( $+$,$/&)( -0( &1$( d+.$( ./+$&N( %( 5+%6).R+$( *%+.R#%&.-/( -0( &1$( ,-#51-+-".*%+
'$@$+-5,$/&( .)( 5-)).R+$:(E1.)(,$%/)( &1%&( &1$( $a6.+.R#.6,(@-+6,$)( %#$( *%+.R#%&$'(R$&=$$/
&1$( #%/"$)( X)$$(%55$/'.c(;Y(%/'(-5&.,.)$'(=.&1(S$%)&(3a6%#$)( R$&=$$/( &1$)$( R-6/'%#.$):
E1$( d+.$( '$+&%( )1-=)( %/( ./*#$%)$( %)( $c5$*&$'N( R%)$'( -/( &1$( 5#-5-#&.-/%+.&K( ./( &1$
$a6.+.R#.6,(#$+%&.-/:(!+)-(&1$(0+%&)()1-=(%/(./*#$%)$(%)($c5$*&$':(!(5#-5$#(0.&(0-#(&1$(*1%//$+
.)(%+)-(5-)).R+$(%/'(./'.*%&$)(&1%&($)5$*.%++K(&1$(*1%//$+(=.++(%**#$&$()-,$(,-#$('6#./"(&1$
/$c&(*$/&6#K(=.&1(_I(,.++.-/(,U:(E1$(*%+.R#%&$'($a6.+.R#.6,(@%+6$)(%#$(5#$)$/&$'( ./( &%R+$
^:\:(E1$().,6+%&$'(,-#51-+-".*%+('$@$+-5,$/&(.)(5#$)$/&$'(./(%55$/'.c(;H:

O$)5.&$( &1$( %'>6)&,$/&( -0( &1$( '$+&%( #$"%#'./"( *-%)&%+( #$"#$)).-/N( &1$( ,-#51-+-".*%+
'$@$+-5,$/&(-0(&1$(*1%//$+(.++6)&#%&$)(&1%&(./(&1$(0.#)&(HI(K$%#)(&1$#$(=$#$()-,$('.00.*6+&.$)
&-(-R&%./()$'.,$/&N(=1.*1(#$)6+&$'( ./(%(),%++(R6,5(./( &1$(,-#51-+-".*%+('$@$+-5,$/&:(3-
%55%#$/&+KN( &1$( 5#$'.*&.-/( #$"%#'./"( &1$( $c5$*&$'( R$1%@.-6#( &1$( 4%#)'.$5( X)$*&.-/( ^:HY
*-##$)5-/')(=.&1(&1$(R$1%@.-6#(-0(&1$(d+.$(./+$&:(C6#&1$#,-#$N(&1$(0+%&)(#$%*&(#$+%&.@$+K(0%)&:
E1$(+%#"$)&()K)&$,(&.,$V)*%+$(-0((JUH(K$%#)N('$#.@$'(0#-,(&1$(./56&(5%#%,$&$#)(-0(!),.&%N(.)
-0(&1$()%,$(-#'$#(%)(&1$(-@$#%++(,-#51-+-".*%+('$@$+-5,$/&(-0(&1$()K)&$,:(W&(=.++(&%?$(%R-6&
J\I(K$%#)(R$0-#$(&1$( &-&%+()K)&$,(1%)(#$%*1$'($a6.+.R#.6,(X)$$(%55$/'.c(;H:[Y:(E1$(./.&.%+
'$@$+-5,$/&( -0( &1$( 0+%&( %/'( -0( &1$( '$+&%( *-6+'( *-##$)5-/'(=.&1( &1$( )K)&$,( &.,$V)*%+$)( -0
-#'$#(b:\(%/'(JJ(K$%#)N(=1.*1('-(/-&(5+%K(%(#-+$(%0&$#(H\(K$%#):(F-=$@$#N(&1$)$(&.,$V)*%+$)
*-6+'(/-&(R$('$#.@$'(0#-,(&1$('%&%(X)$$()$*&.-/([:^:UY:(4-#$-@$#N(.&()1-6+'(R$(/-&$'(&1%&(&1$
%55+.$'(%'>6)&,$/&(./0+6$/*$)(&1$()K)&$,(&.,$V)*%+$)()-,$=1%&N(%)(&1$(&.,$V)*%+$)(%#$(R%)$'
-/(,-#51-+-".*%+('$@$+-5,$/&('6$(&-()$'.,$/&($c*1%/"$:

W/(0."6#$)(%55$/'.c(;H:U( &1$(*6,6+%&.@$(%'>6)&$'(@-+6,$(-0( &1$('$+&%( .)(5#$)$/&$'N('6$( &-
)$%(+$@$+(#.)$(%/'('6$(&-(*+-)6#$:(E1$(%'>6)&,$/&('6$(&-()$%(+$@$+(#.)$(.)(*-/)&%/&(./(&.,$:(E1$
%'>6)&,$/&('6$(&-(*+-)6#$('$*#$%)$)(./(&.,$N(%)(&1$('$,%/'(-0( &1$('$+&%(%/'(&1$(R%)./(%+)-
#$'6*$):(C#-,(0."6#$(;H:U%N(.&(*%/(R$()$$/(&1%&(&1$()$'.,$/&N(=1.*1(.)('$,%/'$'(0#-,(&1$
%'>%*$/&(*-%)&('6$(&-(*+-)6#$N(1%)(#$'6*$'((*-/).'$#%R+K(&.++(J``I:(!&(&1%&(&.,$N(&1$(0+%&)(%/'
'$+&%( %#$( /-&( 0%#( 0#-,( $a6.+.R#.6,:( F-=$@$#N( &1$( *1%//$+( )&.++( /$$')( %( +-&( -0( )$'.,$/&( &-
#$%*1(.&)($)&.,%&$'($a6.+.R#.6,(X%55#-c.,%&$+K(_I(,.++.-/(,UY:(2.&1-6&(/-6#.)1,$/&)(%&(&1$
%'>%*$/&(*-%)&N(&1.)()$'.,$/&(=-6+'(-#."./%&$(5%#&+K(0#-,(&1$('$+&%N(%)(&1$("$-,$&#.*(./*#$%)$
'6$(&-()$%(+$@$+(#.)$(.)(+%#"$#(&1%/(&1$('$,%/'(-0(&1$('$+&%(&-(#$%*1($a6.+.R#.6,:(D$*%6)$(-0
&1$( /-6#.)1,$/&)N( &1$( '$+&%( =.++( /-&( "#-=( "$-,$&#.*%++KN( %)( &1$( #$0$#$/*$( *-%)&( '-$)( /-&
*1%/"$:(E1$/N(%++( )$'.,$/&(-#."./%&$)( 0#-,( &1$(*-%)&(%/'(1%#'+K(%/K( )$'.,$/&( .)( %@%.+%R+$
0#-,(&1$('$+&%:(E1.)(.,5+.$)(&1%&(./(&1$(*%)$(-0(/-6#.)1,$/&)N(.&(=.++(&%?$(+-/"$#(0-#(&1$(R%)./N
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$)5$*.%++K( &1$( *1%//$+N( &-( .,5-#&( )$'.,$/&:( C."6#$)( ;H:H( %/'( ;H:[( )1-=( %( R$/'( ./
,-#51-+-".*%+( '$@$+-5,$/&( -0( $)5$*.%++K( &1$( *1%//$+N( =1.*1( .++6)&#%&$)( &1$( '$+%K( ./( &1$
,-#51-+-".*%+('$@$+-5,$/&('6$(&-(/-6#.)1,$/&):

W/(&1$(*%)$(-0(%()&#%."1&(*-%)&%+(5#-0.+$N(R$%*1(/-6#.)1,$/&)(%#$(#$a6.#$'(&-(*-,5$/)%&$(&1$
#$)5-/)$(-0(&1$(*-%)&(&-()$%(+$@$+(#.)$X%)(.++6)&#%&$'(./(0."6#$(^:UY:(2.&1(#$)5$*&(&-(&1$(2%''$/
*-%)&( %'>%*$/&( &-( &1$(4%#)'.$5( %/'(d+.$( ./+$&N( $c&#%( /-6#.)1,$/&)( %#$( #$a6.#$'( '6$( &-( &1$
)$'.,$/&( '$,%/'( -0( &1$( &.'%+( )K)&$,:( E1$( $c&#%( a6%/&.&K( -0( )$'.,$/&( =1.*1( )1-6+'( R$
/-6#.)1$'(*%/(R$('$#.@$'(RK()6R)&.&6&./"($a6%&.-/(^:JJ(./(^:JN(=1$#$(&1$(*-%)&%+(#$"#$)).-/(.)
$c5#$))$'( ( %)( 06/*&.-/( -0( &1$( '$,%/'( -0( &1$( ./+$&:( 9-6#.)1,$/&)( '6$( &-( )$%( +$@$+( #.)$
*-,5#.)$(%(*-/)&%/&(%,-6/&(./(&.,$(X./(&1$(*%)$(-0(%(*-/)&%/&()$%(+$@$+(#.)$Y:(9-6#.)1,$/&)
'6$( &-( *+-)6#$( $a6%+( &1$( $c*1%/"$( R$&=$$/( &1$( )K)&$,( %/'( &1$( *-%)&N( =1.*1( #$)6+&)( 0#-,
*%+.R#%&.-/:( E1$)$( a6%/&.&.$)( #$)6+&( RK( ./&$"#%&./"( &#%/)5-#&( ./( &.,$:( E1$( '$&$#,./%&.-/( -0
&1$)$(a6%/&.&.$)(=.&1(#$)5$*&(&-(/-6#.)1,$/&)(.)(R$K-/'(&1$()*-5$(-0(&1.)()&6'K:

C./%++KN(%('K/%,.*($a6.+.R#.6,(=.++(R$(#$%*1$'N(=1$#$( &1$(*-/)$a6$/*$)(-0( &1$(*+-)6#$(%#$
'%,5$'(-6&(%/'(&1$(*1%//$+(%/'(0+%&)(*-/&./6$('$,%/'./"()$'.,$/&(&-(?$$5(65(=.&1(&1$()$%
+$@$+(#.)$:

S>#+8^<WL+4E; S&#+8^<WL+4E; S$#+8^<WL+4E;

d+.$ U`I JJUI J`I

4%#)'.$5 [`I HI\I \I

E%R+$(^:\A(L%+.R#%&$'($a6.+.R#.6,(@-+6,$)

 Results Marsdiep inlet

]$"%#'./"( &1$(4%#)'.$5( ./+$&N( %+)-( %( 5#-5$#( *%+.R#%&.-/( .)( 5-)).R+$( 0-#( &1$(,-#51-+-".*%+
'$@$+-5,$/&(-0(&1$($+$,$/&)(%0&$#(*+-)6#$:(E1$(*%+.R#%&$'($a6.+.R#.6,(@-+6,$)(%#$(5#$)$/&$'
./( &%R+$( ^:\:( W/( %55$/'.c( ;U( &1$( *%+.R#%&$'( #$)6+&)( %#$( 5#$)$/&$':( E1$( *1%//$+( )1-=)( %
5+%6).R+$('$@$+-5,$/&(%/'(.)(+.?$+K(&-('$*#$%)$(,-#$(&-=%#')($a6.+.R#.6,(./(&1$(06&6#$:

!)( '.)*6))$'( R$0-#$( X)$*&.-/( \:[Y( &1$( *%+*6+%&$'( 0+%&( @-+6,$)( -0( &1$(4%#)'.$5( %#$( #%&1$#
./%**6#%&$N( '6$( &-( &1$( #$+%&.@$( ),%++( @-+6,$( *-,5%#$'( &-( &1$( *1%//$+( @-+6,$( XHxY:
4-#$-@$#N( &1$(,-#51-+-".*%+( '$@$+-5,$/&( -0( *1%//$+( %/'('$+&%( %#$( /-&( #$%++K( )$/).&.@$( &-
*1%/"$)( ./( $a6.+.R#.6,( @-+6,$( -0( &1$( 0+%&( X)$$( )$*&.-/( [:U:[Y:( !)( %( #$)6+&N( &1$( *%+.R#%&$'
$a6.+.R#.6,( @-+6,$( -0( &1$( 0+%&( *-6+'( '$@.%&$( 0#-,( &1$( #$%+.&K:( E1-6"1( %( #$%)-/%R+$
*%+.R#%&.-/(.)(#$%+.)$'(X)$$(%55$/'.c(0."6#$(;U:HY:

Q/$c5$*&$'('$@$+-5,$/&(.)()$$/(./(&1$(,-#51-+-".*(R$1%@.-6#(-0(&1$('$+&%:(E1$('$+&%('-$)
/-&()1-=(&1$($c5$*&$'(./*#$%)$:(W&(&6#/)(-6&(&1%&N($@$/(0-#(&1$(655$#(+.,.&(-0(&1$(%'>6)&,$/&N
&1$('$+&%(#$,%./$'()&%R+$(%0&$#(*+-)6#$:

W&(*%/(R$()$$/(&1%&(&1$(*1%//$+(1%)(+$))('.00.*6+&.$)(&-(-R&%./()$'.,$/&(&1%/(&1$(*1%//$+(-0(&1$
d+.$(./+$&:(E1.)(.)(R$*%6)$(&1$(/$$'(-0(&1$('$+&%(%55$%#)(&-(R$(%+,-)&(8$#-N(%/'(&1$('$,%/'(-0
&1$(0+%&)( .)(/$"+.".R+$:(E1$#$0-#$N( &1$(R6,5N(%)('.)*6))$'(./()$*&.-/(^:H('.'(/-&(-**6#:(E1$
0+%&(%/'('$+&%(%#$(+.?$+K(&-(R$(*+-)$(&-($a6.+.R#.6,N(=1.+$(&1$(*1%//$+(=.++(/$$'((JII(,.++.-/
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,U( &-( #$%*1( .&)( $)&.,%&$'( $a6.+.R#.6,:( E1.)( )$'.,$/&( =.++( R$( '#%=/( 0#-,( &1$( *-%)&:
9-6#.)1,$/&)('$+%K(&1.)(5#-*$))N(./(&1$()%,$(=%K(%)('.)*6))$'(0-#(&1$(d+.$(X)$$(%+)-(0."6#$
;U:UN( 0-#( %'>6)&,$/&)( '$+&%( ./( &.,$Y:( C."6#$( ;U:[( .++6)&#%&$)( &1%&( .&( =.++( &%?$( %/-&1$#( J\I
K$%#)(R$0-#$(&1$()K)&$,(#$%*1$)($a6.+.R#.6,:(E1.)(.)(-0(&1$()%,$(-#'$#(-0(,%"/.&6'$(%)(&1$
+%#"$)&()K)&$,(&.,$V)*%+$(-0(J`b(K$%#):

E1$/N( &1$(,-)&( .,5-#&%/&( a6$)&.-/( .)N( =1K( &1$( '$+&%( 1%)( /-&( ./*#$%)$'( )./*$( &1$( *+-)6#$N
'$)5.&$(&1$(./*#$%)$(./(&.'%+(@-+6,$(-0(H\x{(E1$#$(%#$()$@$#%+(5-)).R+$(#$%)-/)(0-#(&1.):(P/$
-0(&1$,(.)(&1%&(&1$('%&%(-#(%55+.$'(%'>6)&,$/&)(./(&1$(,-'$+(%#$(/-&(*-##$*&:(w$&N(%**-#'./"(&-
5$#)-/%+( *-,,6/.*%&.-/(=.&1(46+'$#( X]W<7N(,%#*1( HIIJYN( &1$( 5#$+.,./%#K( #$)6+&)( -0( &1$
/$=( *%+*6+%&.-/)( -0( &1$( '$+&%N( )1-=( ).,.+%#( #$)6+&):( E1$)$( /$=( *%+*6+%&.-/)( *-,5#.)$( &1$
'$&$#,./%&.-/( -0( @-+6,$)( -0( &1$( ( 4%#)'.$5( '$+&%( 0#-,( 0.$+'( '%&%N( #$+%&$'( &-( &1$( %*&6%+
X*1%/"./"Y( *-%)&%+( 5#-0.+$:(F$/*$N( *%+*6+%&.-/)( -0( &1$( '$+&%( R%)$'( -/( 0.$+'( '%&%N( )1-=( &1$
)%,$(#$)6+&)(%)( &1$( ).,6+%&.-/)(=.&1(%55+.$'(%'>6)&,$/&( ./(!),.&%:(E1.)( ./'.*%&$)( &1%&( &1$
).,6+%&.-/(%/'(%'>6)&,$/&(*%/(R$(*-/).'$#$'(#$%+.)&.*:

P&1$#(5-)).R+$($c5+%/%&.-/)()1-6+'(R$(0-6/'(0-#(&1$(*%+.R#%&$'(#$)6+&)N(=1.*1()1-=(%(&.,$V
./@%#.%/&('$+&%(@-+6,$(./(&.,$:(E1$(#$%)-/(0-#(&1$(0%*&(&1%&(&1$('$+&%(1%)(/-&(./*#$%)$'N(,%K
R$( &1%&( %&( &1$( &.,$( -0( &1$( *+-)6#$( &1$( @-+6,$( -0( &1$( '$+&%( =%)( +%#"$#( %+#$%'K( &1%/( .&)
$a6.+.R#.6,(+$@$+:(E1.)(*-6+'(R$(*%6)$'(RK()&-#,()6#"$):(D$0-#$( &1$(*+-)6#$N(%()&-#,()6#"$
*%6)$'(%()$&(65(./(&1$($/&.#$(76.'$#8$$:(E1.)(./*#$%)$'(&1$(&.'%+(@-+6,$(*-/).'$#%R+K:(!)(%
*-/)$a6$/*$N( &1$( %**6,6+%&.-/)( ( ./( &1$( '$+&%( '6#./"( $RR(=$#$( )&#-/"$#( &1%/( /-#,%+:( E1.)
,%K(1%@$(*%6)$'(&1$('$+&%(&-("#-=(./*.'$/&%++K(R$K-/'(.&)($a6.+.R#.6,().8$:(E1$(./*#$%)$(-0
&1$(&.'%+(@-+6,$('6$(&-(&1$(*+-)6#$(,%K(1%@$(5#$)$#@$'(&1.)($c*$)):(E1$(/$&($00$*&(*-6+'(1%@$
R$$/(%()&%R+$('$+&%:(E1$(#$%)-/(&1%&(&1.)($00$*&(1%)(/-&(-**6##$'(./(&1$(d+.$(./+$&(*-6+'(R$(&1$
'.00$#$/&(-#.$/&%&.-/(X/-#&1V)-6&1(./)&$%'(-0($%)&V=$)&YN(%/'(&1$(0%*&(&1%&(&1$(4%#)'.$5(R%)./
=%)(,-#$('-,./%/&+K(*-//$*&$'(=.&1(&1$(76.'$#8$$(&1%/(&1$(d+.$(R%)./:

C./%++KN( .&( ,6)&( R$( /-&$'( &1%&( -&1$#( 0%*&-#)( *-6+'( 1%@$( 5+%K$'( %( #-+$:( 4%#)'.$5( ./+$&( .)
$@$#K&1./"( R6&( %/( -#'./%#K( ./+$&( %,-/"( &1$( -&1$#( X=$)&$#/Y(2%''$/( ./+$&):( W&( .)( &1$( 0.#)&
)."/.0.*%/&( ./&$##65&.-/( ./( &1$( '-,./%&./"( /-#&1=%#')( +-/")1-#$( '#.0&( %+-/"( &1$( 2%''$/
*-%)&N(.&(1%)(%/($%)&V=$)&(-#.$/&%&.-/(%/'(0./%++KN(.&(.)(%(+-/"()1%5$'(R%)./(=.&1('$$5(*1%//$+)
%/'(+.&&+$(0+%&(%#$%:(!++(&1$)$(0%*&-#)(*-6+'(1%@$(5+%K$'(%(#-+$(./(&1$('$@.%&./"('$@$+-5,$/&(-0
&1$('$+&%(-0(4%#)'.$5:

6.4.4 Uncertainties calibration

E1$( $a6.+.R#.6,( @-+6,$)( %#$( *%+.R#%&$'( R$&=$$/( &1$( $c5$*&$'( #%/"$)( %/'( -5&.,.)$'(=.&1
S$%)&( 3a6%#$)( R$&=$$/( &1$)$( R-6/'%#.$):( E1$( *%+.R#%&$'( ,-#51-+-".*%+( '$@$+-5,$/&( .)
5+%6).R+$N( R6&( )&.++( )1-=)( '$@.%&.-/):( E1.)(,$%/)( &1%&( &1$( *%+.R#%&$'( $a6.+.R#.6,( @-+6,$)
*-6+'( '$@.%&$( %)(=$++:( (]--&(,$%/( )a6%#$( $##-#)( 0-#(4%#)'.$5( %/'(d+.$( $a6%+( H:^pJI_(,U

#$)5$*&.@$+K( [:^pJI^(,U:( E1$)$( $##-#)( #$5#$)$/&( )$@$#%+( 6/*$#&%./&.$):( 3-,$( -0( &1$)$(=$#$
%+#$%'K($c5+%./$'(./()$*&.-/(\:^:(2$(*-/*+6'$'(&1%&(&1$(R-6/'%#K(%))$)),$/&(#$"%#'./"(&1$
./&$#5#$&%&.-/(-0(&1$(0.$+'('%&%(-0(&1$('$+&%(%/'(0+%&N(5+%K)(%/(.,5-#&%/&(#-+$(./(&1$(*%+.R#%&.-/
5#-*$)):( D$).'$)N( &1$( $)&.,%&$'( ./56&( 5%#%,$&$#)( -0( !),.&%( *-6+'( *-/&#.R6&$( &-( &1$)$
6/*$#&%./&.$):
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W/( &1.)( *1%5&$#N( %( 5-)).R+$( %'>6)&,$/&( 0-#( &1$( *1%/"./"( R-6/'%#.$)( -0( &1$( '$+&%( =%)
./&#-'6*$':( E1$( %'>6)&,$/&( 0%*&-#(,( *-/&%./)( 6/*$#&%./&.$)(=.&1( #$)5$*&( &-( &1$( 1$."1&( %/'
=.'&1(-0( &1$(*-%)&(%/'('$+&%( )$",$/&:(C6#&1$#,-#$N( .&( .)(6/*$#&%./(=1$&1$#( %++( )$'.,$/&( .)
=.&1'#%=/(0#-,(&1$(*-%)&:(E1$)$(6/*$#&%./&.$)(=$#$(%/%+K)$'(RK(*%+.R#%&./"(&=-()*$/%#.-)N
R6&('-$)(/-&(,$%/(&1%&(&1$(%*&6%+(6)$'(0%*&-#(.)(*-##$*&:

O$)5.&$( &1$( '.)*6))$'( 6/*$#&%./&.$)N( &1$( *%+.R#%&.-/( =.&1( $c&$/).-/( 0-#( *-%)&%+( #$"#$)).-/
&6#/$'( -6&( &-( R$( #$%)-/%R+$:( 3-N( 5-)).R+$( '$@.%&.-/)( %#$( /-&( $c5$*&$'( &-( R$( )."/.0.*%/&:
F-=$@$#N(0-#(%(,-#$('$&%.+$'(*%+.R#%&.-/(-0(($a6.+.R#.6,(@-+6,$)N(.&(=-6+'(R$(./&$#$)&./"(.0
&1$(%0-#$,$/&.-/$'(6/*$#&%./&.$)(*-6+'(R$(#$'6*$'(./(06#&1$#()&6'.$):

C./%++KN( =$( =.++( R#.$0+K( $@%+6%&$( &1$( %**6#%*K( -0( $,5.#.*%+( $a6.+.R#.6,( #$+%&.-/)( X)$$
$a6%&.-/)(U:U(%/'(U:bY:( W/( &1.)( )&6'K( .&( .)( $))$/&.%+( &-(*%+.R#%&$($a6.+.R#.6,(@-+6,$)N(%)(%/
%5#.-#.( $)&.,%&.-/N( R%)$'( -/( $a6.+.R#.6,( #$+%&.-/)( =%)( /-&( 5-)).R+$:( F-=$@$#N( =.&1( &1$
#$)6+&)( -0( &1$( *%+.R#%&.-/( =$( *%/( $@%+6%&$( &1$( $a6.+.R#.6,( #$+%&.-/)( =1.*1( 1-+'( 0-#( &1$
4%#)'.$5(%/'(d+.$(./+$&):(D%)$'(-/(&1$(*%+.R#%&$'($a6.+.R#.6,(@-+6,$)(%/'(&1$( &.'%+(5#.),
=$(*%/('$#.@$(&1$($a6.+.R#.6,(*-$00.*.$/&)(%)(./'.*%&$'(./($a6%&.-/(U:U(%/'(U:b:(36R)$a6$/&N
&1$( *-$00.*.$/&)( 0-6/'( =.&1( #$)5$*&( &-( &1$( *1%//$+( @-+6,$( *%/( R$( *-,5%#$'( =.&1( &1$
$,5.#.*%+( *-$00.*.$/&)( '$#.@$'( 0-#( &1$( 2%''$/( ./+$&)( RK( MK)./?( %/'( D.$"$+( XJ``HY:( E1$
*-$00.*.$/&(0-6/'(=.&1(#$)5$*&(&-(&1$('$+&%(@-+6,$(*%/(R$(*-,5%#$'(=.&1(&1$(#$+%&.-/('$#.@$'
RK(2%+&-/(%/'(!'%,)(XJ`_^Y:

W/( &%R+$( ^:^( &1$( $,5.#.*%+( *-$00.*.$/&)( %**-#'./"( &-( &1$( $,5.#.*%+( $a6.+.R#.6,( #$+%&.-/)
#$"%#'./"( '$+&%( %/'( *1%//$+( X$a6%&.-/)( U:U( %/'( U:bY( %#$( 5#$)$/&$'N( %/'( &1$( *-$00.*.$/&)
*-##$)5-/'./"( &-( &1$( *%+.R#%&$'( $a6.+.R#.6,( @-+6,$):( E-( '$&$#,./$( &1$( $a6.+.R#.6,
*-$00.*.$/&)(0-#(&1$(4%#)'.$5(%/'(d+.$N($)&.,%&$'(@%+6$)(0-#(5#.),(./(J``b(%#$(6)$':

!

8<WL+4E;

S>#

8<WL+4E;

$$$$>++&%2(1"?

+84QW?I;

$$$$>+#4C?

84QW?I;

S&#

8<WL4E;

$$$$&+&%2(1"?

84QW?AE;

$$$$&+#4C

84QW?AE;

d+.$ JJII U`I I:IIUI I:II^U JJUI J:J$V\ J:^$V\

4%#) `bI \II I:II[U I:II^U HI\I H:U_$V\ J:^$V\

E%R+$( ^:^A( Ma6.+.R#.6,( *-$00.*.$/&)( '$#.@$'( 0#-,( *%+.R#%&.-/( X*%+.R:YN( *-,5%#$'( &-( $,5.#.*%+( X$,5:Y( *-$00.*.$/&)
%**-#'./"(&-(MK)./?(%/'(D.$"$+(XJ``HY(%/'(2%+&-/(%/'(!'%,)(XJ`_^Y:

W/(&%R+$(^:^(=$(*%/()$$(&1%&(&1$(*-$00.*.$/&)(0-6/'(0-#(&1$(4%#)'.$5(%/'(d+.$('$@.%&$(0#-,(&1$
$,5.#.*%+(*-$00.*.$/&)(%**-#'./"(&-(MK)./?(%/'(D.$"$+(%/'(2%+&-/(%/'(!'%,)(XJ`_^Y:(S%#"$
'$@.%&.-/)(R$&=$$/(&1$)$(*-$00.*.$/&)(.++6)&#%&$(&1%&(./("$/$#%+N(=$(*%//-&(5#$'.*&($a6.+.R#.6,
@-+6,$)N( R%)$'(-/( %( #$+%&.-/(-/+KN( %/'( 0.c( &1$,( ./( &1$( *%+.R#%&.-/( -0(!),.&%:( ( M)&.,%&./"
#-6"1(*1%/"$)(6)./"(&1$(5#-5-#&.-/%+.&K(./(&1$(5-=$#(#$+%&.-/N(%)('-/$(0-#(&1$('$+&%N(,%K(R$
>6)&.0.$'N(%))6,./"(&1%&(&1$(5-=$#(#$+%&.-/(-/(.&)$+0(.)(%**6#%&$($/-6"1:(F-=$@$#N(&1$(#$)6+&)
./( &%R+$( ^:^( ./'.*%&$( &1%&( =$( )1-6+'( *%#$06++K( 6)$( $,5.#.*%+( #$+%&.-/)( ./( X)$,.Y( $,5.#.*%+
,-'$+):(Q)./"(&1$($a6.+.R#.6,(@-+6,$)(%)(*%+.R#%&.-/(5%#%,$&$#)N(%)('-/$(./(&1.)()&6'KN(.)(%
"--'(-5&.-/:
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6.5  Conclusion calibration

C#-,( &1$( +./$%#.)$'( $a6%&.-/)(=$('$#.@$'( )K)&$,( &.,$V)*%+$)( 0-#(d+.$( %/'( (4%#)'.$5:( C-#
R-&1(d+.$(%/'(4%#)'.$5N( .&(1-+')( &1%&( &1$( ./&$/).&.$)(-0( &1$( #$)5-/)$)(*-##$)5-/'./"( &-( &1$
),%++$)&( &=-( &.,$V)*%+$)(1%@$( #$'6*$'(=.&1( )-,$(b\x(-#(,-#$(%0&$#(%R-6&(1%+0( %( *$/&6#K:
E1$/N(&1$(+%#"$)&(&.,$V)*%+$(=.++('-,./%&$(&1$(,-#51-+-".*%+('$@$+-5,$/&:

O6$(&-(*-%)&%+($#-).-/(&1$('$+&%(@-+6,$("#-=):(E1.)(%#&$0%*&(-0(&1$(!),.&%('$0./.&.-/(-0(&1$
'$+&%(.)(*%++$'("$-,$&#.*("#-=&1:(E1.)(.)(&%?$/(./&-(%**-6/&(./(!),.&%(RK(%'>6)&./"(&1$('$+&%:
E1.)(%'>6)&,$/&(.)('$&$#,./$'(RK(&1$('$,%/'(-0(&1$(./+$&()K)&$,('6$(&-(&1$(*+-)6#$(%/'(&1$
'$,%/'(-0( &1$(R%)./( &-(?$$5(65(=.&1( &1$( )$%( +$@$+( #.)$:(E1$)$(%'>6)&,$/&)(%#$(%55+.$'( &.++
J``IN(%)()./*$(&1$/(&1$(*-%)&+./$(1%)(R$$/(,%./&%./$'(%&(.&)(&1$/(5-).&.-/(RK(/-6#.)1,$/&):
E1#$$($a6.+.R#.6,(@-+6,$)(1%@$(R$$/(6)$'(0-#(&1$(*%+.R#%&.-/(-0(!),.&%:(W&(=%)(/$*$))%#K(&-
*%+.R#%&$( &1$)$( @%+6$)N( %)( .&( =%)( /-&( 5-)).R+$( &-( $)&.,%&$( &1$,( %&( 0-#$1%/'N( R%)$'( -/
$a6.+.R#.6,( #$+%&.-/):( E1$( -&1$#( ./56&( 5%#%,$&$#)( %#$( $)&.,%&$'( %/'( 0.c$'( '6#./"( &1$
*%+.R#%&.-/:(O.006).-/(*-$00.*.$/&)(*%+.R#%&$'(0-#(&1$(7-6&?%,5$#+%%"N(%#$()*%+$'(&-('.006).-/
*-$00.*.$/&)(0-#(&1$(4%#)'.$5(%/'(d+.$N(6)./"(&1$(+$/"&1V)*%+$(#%&.-)(-0(&1$(R%)./):

E1$( $a6.+.R#.6,( @-+6,$)( %#$( *%+.R#%&$'( R$&=$$/( &1$( $c5$*&$'( #%/"$)( %/'( -5&.,.)$'(=.&1
S$%)&( 3a6%#$)( R$&=$$/( &1$)$( R-6/'%#.$):( !( 5+%6).R+$( *%+.R#%&.-/( -0( !),.&%( 0-#( &1$
,-#51-+-".*%+('$@$+-5,$/&(-0(d+.$(%/'(4%#)'.$5(./+$&(.)(5-)).R+$N(./*+6'./"(&1$($c&$/).-/
0-#(*-%)&%+( #$"#$)).-/:(!++($+$,$/&)()1-=(&1$($c5$*&$'('$@$+-5,$/&:(P/+K( &1$('$+&%(-0( &1$
4%#)'.$5( )1-=)( %/( 6/$c5$*&$'N( ./@%#.%R+$( '$@$+-5,$/&:( !+)-N( &1.)( )%,$( '$@$+-5,$/&( .)
*-/0.#,$'(RK(5#$+.,./%#K('%&%V*%+*6+%&.-/)(RK(]W<7:(!(5-)).R+$($c5+%/%&.-/(0-#(&1.)($00$*&(.)
&1%&(&1$('$+&%(@-+6,$(R$0-#$(*+-)6#$(%+#$%'K($c*$$'$'(.&)($a6.+.R#.6,(@%+6$N('6$(&-(&1$()&-#,
)6#"$)(./(&1$(0-#,$#(76.'$#8$$:

]$"%#'./"( R-&1( 4%#)'.$5( %/'( d+.$( ./+$&)N( &1$( *1%//$+( .)( &1$( $+$,$/&( =1.*1( #$%*&)( &1$
)+-=$)&:(E1$('$+&%(%/'(0+%&(%#$(*+-)$(&-(&1$.#($)&.,%&$'($a6.+.R#.6,()&%&$:(W&(=.++(&%?$(%&(+$%)&(%
*$/&6#K( R$0-#$( &1$( *1%//$+N( %/'( &16)( &1$( &-&%+( )K)&$,N( #$%*1$)( .&)( $a6.+.R#.6,:(!R-6&( J_I
,.++.-/( ,U( -0( )$'.,$/&( =.++( R$( &#%/)5-#&$'( ./&-( &1$( d+.$( %/'( 4%#)'.$5( R%)./):( D$%*1
/-6#.)1,$/&)()+-=('-=/(&1.)(5#-*$))N(R$*%6)$( &1$/( &1$('$+&%('-$)(/-&("#-=("$-,$&#.*%++K
%/K,-#$(=1.*1(#$'6*$)(&1$(%@%.+%R+$()$'.,$/&(0-#($)5$*.%++K(&1$(*1%//$+:

2.&1( #$)5$*&( &-( &1$( 2%''$/( *-%)&( %'>%*$/&( &-( &1$( 4%#)'.$5( %/'( d+.$( ./+$&)N( $c&#%
/-6#.)1,$/&)(X*-,5%#$'(&-(%()&#%."1&(*-%)&Y(%#$(#$a6.#$'('6$(&-(&1$()$'.,$/&('$,%/'(-0(&1$
&.'%+()K)&$,:(E1$($c&#%(a6%/&.&K(-0( )$'.,$/&( &-(R$(/-6#.)1$'N(*%/(R$('$#.@$'(R%)$'(-/( &1$
)$'.,$/&('$,%/'(-0(&1$(./+$&()K)&$,('6$(&-(*+-)6#$N(%/'(&1$('$,%/'(-0(&1$(R%)./(&-(?$$5(65
=.&1(&1$()$%(+$@$+(#.)$:(W/(&1$(*%+.R#%&.-/(%(*-/)&%/&()$%(+$@$+(#.)$(-0((J_(*,(5$#(*$/&6#K(1%)
R$$/(%))6,$':
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7  Conclusions and Recommendations

F$#$%0&$#N( &1$( *-/*+6).-/)( 0#-,( &1$( 5#$)$/&( )&6'K( %#$( 5#$)$/&$':( C6#&1$#,-#$N( )-,$
#$*-,,$/'%&.-/)(%#$(".@$/N(0-#(06&6#$(#$)$%#*1:

7.1 Conclusions

E1$( *-/*+6).-/)( *-/*$#/( &1#$$( )6R>$*&)A( &1$( 6)$( -0( %( +./$%#( %55#-c.,%&.-/( -0( &1$( !),.&%
,-'$+(X*1%5&$#([YN(&1$(0.$+'V'%&%(%/%+K).)(X*1%5&$#(\YN(%/'(0./%++KN(&1$(*%+.R#%&.-/(-0(!),.&%
X*1%5&$#(^Y:

7.1.1 Conclusions linear approximation Asmita

!" DK(+./$%#.)./"(!),.&%N(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(%(&.'%+(./+$&(1%)(R$$/(($c5#$))$'
$c5+.*.&+K(./(&.,$V)*%+$):(E1$(#$)5-/)$(-0($%*1($+$,$/&(.)('$)*#.R$'(RK(%(*-,R./%&.-/(-0
)K)&$,( &.,$V)*%+$)N( =1.*1( '$5$/'( -/( "$-,$&#.*( %/'( $c*1%/"$( *1%#%*&$#.)&.*)( -0( &1$
)K)&$,(X./56&(5%#%,$&$#)(-0(!),.&%Y:

"
!" E1$( +./$%#( %55#-c.,%&.-/(".@$)( %( ).,5+$( %/%+K&.*%+( $c5#$)).-/( 0-#( &1$( &.,$V)*%+$( -0( %/
./'.@.'6%+( $+$,$/&N( =1.*1( ./'.*%&$)( &1$( ./.&.%+( %'%5&%&.-/( *%5%*.&K( -0( %/( $+$,$/&( 0-#
5%#&.*6+%#('.)&6#R%/*$)(./(%()K)&$,:(2$(*-/*+6'$'(&1%&(0%*&-#)(+.?$().8$(-0('.)&6#R%/*$)N
).8$(-0(#$+%&.@$('.)&6#R%/*$)(X*-,5%#$'(&-(@-+6,$Y(%/'(&1$(5#-c.,.&K(-0(&1$(-6&).'$(=-#+'
./0+6$/*$(&1$(&.,$V)*%+$)(-0(./'.@.'6%+($+$,$/&)(./(%(&.'%+()K)&$,:

!" E1$(+./$%#.)$'($a6%&.-/)(%#$(6)$06+( &-(5#$'.*&( &1$(*1%#%*&$#.)&.*(,-#51-+-".*%+( #$)5-/)$
-0(&1$($+$,$/&)N(".@$/(%(*$#&%./(*-,R./%&.-/(-0(.,5-)$'('.)&6#R%/*$)(./(%(&.'%+()K)&$,:((W&
1%)(R$$/('$,-/)&#%&$'(&1%&(./()-,$().&6%&.-/)(%/($+$,$/&('-$)(/-&($@-+@$(,-/-&-/-6)+K
&-=%#')(.&)($a6.+.R#.6,()&%&$N(R6&(0.#)&(-@$#)1--&)(.&)($a6.+.R#.6,(-#(./.&.%++K(,-@$)(%=%K
0#-,(.&:

"
!" W/( &1$(5#$)$/&()&6'K(.&(=%)(/-&(5-)).R+$( &-('$#.@$()K)&$,(&.,$V)*%+$)( 0#-,( &1$(%@%.+%R+$
0.$+'V'%&%:(Q)./"(&1$(+./$%#.)$'($a6%&.-/)N(.&(,%K(R$(5-)).R+$(&-('$#.@$()K)&$,(&.,$V)*%+$)
0#-,(0.$+'(-R)$#@%&.-/)N(-/(&1$(*-/'.&.-/)(&1%&A

JY(5$#.-'(-0(./&$#$)&(.)()6*1(&1%&(%++(()K)&$,(&.,$V)*%+$)(*%/(R$(#$*-"/.)$':
HY((/6,R$#(-0('$"#$$)(-0(0#$$'-,(%#$(),%++(*-,5%#$'(&-(&1$(/6,R$#(-0('%&%V5-./&):

!" W&(&6#/$'(-6&(&1%&(./(&1$(*%)$(-0(&1$(*%+.R#%&.-/(-0(&1$(4%#)'.$5(./+$&N(./56&(5%#%,$&$#)(+.?$
&1$($a6.+.R#.6,(@-+6,$N(&1$('.006).-/(*-$00.*.$/&)(%/'($a6.+.R#.6,(*-/*$/&#%&.-/(1%@$(%
+%#"$( ./0+6$/*$(-/( &1$( )K)&$,( &.,$V)*%+$)( %/'( &16)( -/( &1$(,-#51-+-".*%+( '$@$+-5,$/&N
*-,5%#$'( &-( &1$( -&1$#( !),.&%( 5%#%,$&$#):( E1$)$( 0-#,$'( .,5-#&%/&( 5%#%,$&$#)( ./( &1$
*%+.R#%&.-/:
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7.1.2 Conclusions data-analysis regarding closure Zuiderzee

!" !/%+K).)(-0(&1$(&.'%+(5%&&$#/(R$0-#$(%/'(%0&$#(*+-)6#$N(%/'(&1$(,%5)(-0(R$'(&-5-"#%51K(./
&1$( 5$#.-'( J`UUVJ``bN( )1-=$'( &1%&( $)5$*.%++K( ./( &1$( 4%#)'.$5( %/'( d+.$( ./+$&)
*-/).'$#%R+$(*1%/"$)(-**6##$':(M.$#+%/')$("%&(%/'(D-#/'.$5(./+$&(1%@$(R$$/(+$))(%00$*&$'
RK(&1$(*+-)6#$:

!" ]$"%#'./"( &1$( 1K'#-'K/%,.*)( ./( d+.$( %/'( 4%#)'.$5( R%)./N( &1$( *1%#%*&$#( -0( &1$( &.'%+
=%@$( %+-/"( &1$( R%)./( *1%/"$'( 0#-,( %( ,-#$( 5#-5%"%&./"( *1%#%*&$#( ./( &1$( 0-#,$#
76.'$#8$$N( ./&-(%(,-#$( )&%/'./"( *1%#%*&$#( %0&$#( *+-)6#$:(21.+$( R$0-#$( *+-)6#$( &1$( &.'%+
#%/"$('$*#$%)$'(0#-,()$%( &-=%#')(9.>?$#?N( &1$( &.'%+(#%/"$(%0&$#(*+-)6#$( ./*#$%)$'( 0#-,
)$%(&-=%#')(&1$(!0)+6.&'.>?:(!)(%(#$)6+&(&1$(&.'%+(@-+6,$(./(&1$(d+.$(%/'(4%#)'.$5(./+$&)
./*#$%)$'(%0&$#(&1$(*+-)6#$:

!" L-/).'$#./"(&1$('$@$+-5,$/&(-0(&1$(@-+6,$&#.*('%&%(-0(4%#)'.$5(%/'(d+.$(./+$&)N(R-&1(&1$
'$+&%( %/'( &1$( *1%//$+( )1-=( %( '$*#$%)$( -0( @-+6,$( =.&1( &.,$N( =1.*1( .)( /-&( '.#$*&+K
$c5$*&$'N( R%)$'( -/( &1$( ./*#$%)$( ./( &.'%+( @-+6,$:( E1$( )$$,./"( '$*#$%)$( -0( &1$( '$+&%
@-+6,$(.)(&1$(#$)6+&(-0(6/>6)&+K(/$"+$*&./"(&1$(#$"#$)).-/(-0(&1$(*-%)&:(E1$('$*#$%)$(-0(&1$
*1%//$+(.)(#$)6+&(-0(%(/$&()$'.,$/&%&.-/(./(&1$(R%*?N(=1.*1(.)(+%#"$#(&1%/(&1$($#-).-/(/$%#
&1$(&1#-%&(-0(&1$(./+$&:(E1$(0+%&)()1-=(%/(./*#$%)$N('6$(&-(&1$('$*#$%)$'(R%)./(%#$%(%/'(&1$
./*#$%)$'(&.'%+(#%/"$:

7.1.3 Conclusions calibration Asmita

!" W/(&1$($a6.+.R#.6,(#$+%&.-/)(&1$(5#-5-#&.-/%+.&K(R$&=$$/(&1$(&.'%+(5#.),(%/'(@-+6,$(-0(&1$
$+$,$/&)( .)( ".@$/( RK( ( $,5.#.*%+( $a6.+.R#.6,( *-$00.*.$/&):( !/%+K)./"( &1$( $a6.+.R#.6,
*-$00.*.$/&)( 0-6/'( ./( &1$( *%+.R#%&.-/( -0( $a6.+.R#.6,( @-+6,$)N( )1-=$'( +%#"$( '$@.%&.-/)
0#-,( &1$( $,5.#.*%+( *-$00.*.$/&)( RK( MK)./?( %/'( D.$"$+( XJ``HY( %/'(2%+&-/( %/'( !'%,)
XJ`_^Y:(E1$#$0-#$N($a6.+.R#.6,((#$+%&.-/)()1-6+'(R$(6)$'(*%#$06++K((%)(R%).)(0-#(5#$'.*&.-/)
./(+%#"$()*%+$(,-'$++./":

!" !(5+%6).R+$(*%+.R#%&.-/(-0(&1$(,-#51-+-".*%+('$@$+-5,$/&(-0(d+.$(%/'(4%#)'.$5(./+$&)(.)
5-)).R+$(=.&1(!),.&%N(./*+6'./"(&1$($c&$/).-/(0-#(*-%)&%+(#$"#$)).-/:(!++($+$,$/&)()1-=
&1$( $c5$*&$'( '$@$+-5,$/&N( %)( *-/*+6'$'( 0#-,( &1$( '%&%V%/%+K).):( P/+K( &1$( '$+&%( -0( &1$
4%#)'.$5( )1-=)( %/( 6/$c5$*&$'N( ./@%#.%R+$( '$@$+-5,$/&:( E1.)( )%,$( '$@$+-5,$/&( .)
*-/0.#,$'( RK( 5#$+.,./%#K( '%&%V*%+*6+%&.-/)( RK( ]W<7( X,%#*1( HIIJY:( !( 5-)).R+$
$c5+%/%&.-/(0-#(&1.)($00$*&(.)(&1%&(&1$('$+&%(@-+6,$(R$0-#$(*+-)6#$(=%)(%+#$%'K(+%#"$#(&1%/
.&)( $a6.+.R#.6,( @%+6$:( D$0-#$( *+-)6#$N( )&-#,( )6#"$)( *%6)$'( )$&( 65)( -0( &1$( 76.'$#8$$N
=1.*1(*-6+'(1%@$(./*#$%)$'(&1$(&.'%+(5#.),(*-/).'$#%R+K:

!" W&(=.++(&%?$(%&(+$%)&(%/-&1$#(*$/&6#K(R$0-#$(&1$(*1%//$+)(-0(d+.$(%/'(4%#)'.$5(R%)./N(%/'
&16)(&1$(&-&%+()K)&$,N(#$%*1$)(.&)($a6.+.R#.6,:(!R-6&(J_I(,.++.-/(,U(-0()$'.,$/&(=.++(R$
&#%/)5-#&$'(./&-(&1$(d+.$(%/'(4%#)'.$5(R%)./):(D$%*1(/-6#.)1,$/&)N(=1.*1(%#$(*%##.$'(-6&
)./*$(J``IN()+-=('-=/(&1.)(5#-*$)):(D$*%6)$(&1$/(&1$('$+&%('-$)(/-&("#-=("$-,$&#.*%++K
%/K,-#$N(&1$(%@%.+%R+$()$'.,$/&(0-#($)5$*.%++K(&1$(*1%//$+(#$'6*$):

"
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!" 2.&1( #$)5$*&( &-( &1$( 2%''$/( *-%)&( %'>%*$/&( &-( &1$( 4%#)'.$5( %/'( d+.$( ./+$&)N( $c&#%
/-6#.)1,$/&)( %#$( #$a6.#$'( '6$( &-( &1$( )$'.,$/&( '$,%/'( -0( &1$( &.'%+( )K)&$,:( E1$( $c&#%
a6%/&.&K(-0()$'.,$/&(&-(R$(/-6#.)1$'N(*%/(R$('$#.@$'(R%)$'(-/(&1$()$'.,$/&('$,%/'(-0
&1$(./+$&()K)&$,('6$(&-(*+-)6#$N(%/'(&1$('$,%/'(-0(&1$(R%)./(&-(?$$5(65(=.&1(&1$()$%(+$@$+
#.)$:

"
!" !/($##-#( %/%+K).)( *-/*$#/./"( &1$( *%+.R#%&.-/(-0(!),.&%( &-( &1$( *+-)6#$( -0( &1$( 76.'$#8$$
5-./&$'(-6&(&1%&(6/*$#&%./&.$)(./(&1$(*%+.R#%&.-/(5#-*$))(%#$($c5$*&$'(=.&1(#$)5$*&(&-(&1$
R-6/'%#K( ./&$#5#$&%&.-/(-0( &1$($+$,$/&)( X$)5$*.%++K( &1$('$+&%Y(%/'( &1$(%'>6)&,$/&( 0%*&-#
0-#(&1$('$+&%(=.&1(#$)5$*&(&-(*-%)&%+(#$"#$)).-/:

7.2 Recommendations

!" E1$(%55+.$'(%'>6)&,$/&(0-#(&1$('$+&%(0-#(*-%)&%+(#$"#$)).-/(*-6+'('$@.%&$(R$*%6)$(-0(&1$
6/*$#&%./&.$)(./(&1$(%'>6)&,$/&(0%*&-#:(E1.)(0%*&-#(*-/&%./)(+$/"&1(%/'(1$."1&(#%&.-)(-0(&1$
'$+&%(%/'(%'>%*$/&(*-%)&N(=1.*1(%#$(R%)$'(-/(#-6"1($)&.,%&$):(C6#&1$#,-#$N(.&(.)(6/*$#&%./
=1$&1$#( %++( )$'.,$/&( %*&6%++K( -#."./%&$)( 0#-,( &1$( *-%)&( %'>%*$/&( &-( &1$( '$+&%:( !/
./@$)&."%&.-/( ./&-( *-%)&%+( #$"#$)).-/( -0( &1$( 2%''$/( .)+%/')( &.++( J``I( *-6+'( 1$+5( &-
@%+.'%&$(&1$(%55+.$'(*-##$*&.-/:

"
!" W&(=%)(%))6,$'(&1%&( &1$(*-%)&%+( X*#-))V)1-#$Y(5#-0.+$( .)( ./($a6.+.R#.6,N(%)( .&)(%'%5&%&.-/
&.,$V)*%+$(.)(),%++(*-,5%#$'(&-( &1$()K)&$,(&.,$V)*%+$):(E1$(*%+.R#%&.-/(#$)6+&)(*%/(&6#/
-6&('.00$#$/&N(.0(&1$(*-%)&(.)(/-&(./($a6.+.R#.6,(%/'(,%K(%+)-('$,%/'()$'.,$/&((&-(#$%*1
$a6.+.R#.6,:(E1$/N(%/(./&$#$)&./"(-5&.-/(,%K(R$(&-('$0./$(&1$(*-%)&((%)(%()$5%#%&$($+$,$/&
=.&1(%/($a6.+.R#.6,(@-+6,$:(E1$/N(%(,-#$(%**6#%&$(*%+.R#%&.-/(*-6+'(R$(-R&%./$':

!" E1$(R-6/'%#.$)(-0(&1$(R%)./)(%/'('$+&%)(0-#,(%/(.,5-#&%/&(0%*&-#(./(&1$(6/*$#&%./&.$)(-0
&1$( &-&%+( *%+.R#%&.-/( 5#-*$)):( M)5$*.%++K( &1$( '$+&%( %/'( 0+%&( @-+6,$)( %#$( )$/).&.@$( &-
'$@.%&.-/)( ./( R-6/'%#.$):( W&( .)( #$*-,,$/'$'( &1%&( ./( 06#&1$#( )&6'.$)N( ,-#$( %&&$/&.-/( .)
".@$/( &-( &1$( %#R.&#%#./$))( %/'( 6/*$#&%./&.$)( -0( &1$)$( R-6/'%#.$):( E1.)( *-6+'( #$)6+&( ./( %
,-#$( %**6#%&$( %))$)),$/&( %/'( '$)*#.5&.-/( -0( &1$( $@-+6&.-/( -0( &1$( ,-#51-+-".*%+
$+$,$/&):

!" W/(&1$(5#$)$/&()&6'KN(&1$(./*#$%)$(-0(&1$(&.'%+(#%/"$(./(&.,$(.)(/-&(&%?$/(./&-(%**-6/&:(E1.)
./*#$%)$N( ./( &1$( )%,$( =%K( %)( &1$( #.)./"( )$%( +$@$+N( ./0+6$/*$)( &1$( ,-#51-+-".*%+
'$@$+-5,$/&(-0( &.'%+( ./+$&)(-/( ( +-/"(&$#,:(E1$(%*&6%+(%/'(06&6#$( ./*#$%)$( ./( &.'%+( #%/"$
%/'(#$+%&$'(*%6)$)()1-6+'(R$(./@$)&."%&$':(E1.)(./*#$%)$(*-6+'(R$(%/%+K)$'(=.&1(!),.&%
RK(./&#-'6*./"(%(*-/)&%/&(0-#*./"(./(&.,$:

"
!" C./%++KN(,-#$(R%&1K,$&#.*%+(%/'(&.'%+('%&%(-0().,.+%#(&.'%+()K)&$,)(+.?$(&1$(2%''$/(./+$&)
.)('$).#$'N(=1.*1('$)*#.R$(&1$($@-+6&.-/(%0&$#(%/(.,5-)$'(X16,%/Y(./&$#0$#$/*$:(E1$/N(&1$
$c5$#.$/*$(=.&1(%(R$1%@.-6#(-#.$/&%&$'(,-'$+(+.?$(!),.&%(,%K(R$($c&$/'$'(=1.*1(=-6+'
'$0./.&$+K(.,5#-@$(&1$(?/-=+$'"$(%/'(5#$'.*&.-/(*%5%*.&K(XR$&&$#($)&.,%&.-/(5%#%,$&$#)Y
-0(+-/"V&$#,(,-'$++./"(-0(&.'%+(./+$&):
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