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1 Introduction

1.1 Background

H<"(R"=8"&2( @#<"E38( 9=( 02"( 0;( 8<"( &"$-9292/( 0A"2( "=81-&9"=( 92( H<"( X"8<"&E-23=( 8<-8( 9=
=8&02/E>(92;E1"2#"3(%>($-2+(Y-23(&"#E-$-8902(<-=(&"31#"3(8<"(=9K"(0;(8<"("=81-&>(%>(BL(Z(92
E"==(8<-2(?LL(>"-&=+(G2(8<9=(#"281&>(8<"(3&"3/92/(-23(31$A92/(-#89:989"=(<-:"(92#&"-="3(;&0$
E"==(8<-2(L+N(J$?[>"-&( 92()*NL(80(0:"&()N(J$?[>"-&( 92()*TN(\]&002("8(-E'()**T'(]-2(3"2
,"&/("8(-E'()**Q^+(G2(&"#"28(>"-&='(-(E-&/"(3&"3/92/(-23(31$A92/(A&0/&-$(<-=(%""2("V"#18"3
80("2E-&/"(-23($-928-92(8<"(2-:9/-8902(&018"(80(C28D"&A+(@92#"()**T(-(3""A"292/(A&0/&-$(9=
92( A&0/&"==( -23( -( 2"D( 3&"3/92/( -23( 31$A92/( A&0/&-$( 9=( 92989-8"3+( _0&( 8<"( :-&901=( D-8"&
$-2-/"$"28( -=A"#8='( "+/+( ;E003( #028&0E( -23( "#0E0/9#-E( ;12#890292/( 0;( 8<"( "=81-&>'( 98( 9=
9$A0&8-28( 80( 123"&=8-23( 8<"( 9$A-#8=( 0;( <1$-2( 928"&;"&"2#"( 02( 8<"( $0&A<0E0/9#-E
3":"E0A$"28(0;(8<"("=81-&>(92(#0$%92-8902(D98<( 8<"(":"&(#<-2/92/(2-81&-E(;0&#92/'("+/+(:9-
893"'(="-(E":"E(&9="("8#+

H<"(2-81&-E($0&A<0E0/9#-E(3":"E0A$"28(9=(8<"(&"=1E8(0;(928"&-#8902=(%"8D""2(D-8"&($08902'
="39$"28( 8&-2=A0&8(-23(%"3(80A0/&-A<>+(G2(-2("=81-&>( E9."( 8<"(R"=8"&2(@#<"E38(D<"&"( 893-E
-#8902(9=(-2(9$A0&8-28(;0&#92/(;-#80&'(98(9=(8<"(&"=931-E(="39$"28(8&-2=A0&8(8<-8(3"8"&$92"=(8<"
$0&A<0E0/9#-E( 3":"E0A$"28+( H<"&";0&"( 92=9/<8( 9280( 8<"( A&0#"=="=( -23( $"#<-29=$=
92;E1"2#92/( 8<"( &"=931-E( ="39$"28( 8&-2=A0&8( AE->=( -( .">( &0E"( 92( 8<"( 123"&=8-2392/( 0;( 8<"
$0&A<0E0/9#-E( 3":"E0A$"28( 0;( 8<"( "=81-&>( 123"&( 8<"( 92;E1"2#"( 0;( #<-2/92/( 2-81&-E
#02398902=(-23(<1$-2(928"&;"&"2#"+

C2(9$A0&8-28(;-#80&(#-1=92/(&"=931-E(="39$"28( 8&-2=A0&8( 92("=81-&9"=( 9=( 893-E(-=>$$"8&>+( G2
8<"( R"=8"&2( @#<"E38( 98( 9=( A0==9%E>( -( A&92#9A-E( ;-#80&( 92;E1"2#92/( 8<"( ="39$"28( "V#<-2/"
%"8D""2( 8<"( "%%( 893-E( 3"E8-( -23( 8<"( "=81-&>'( -=( D"EE( -=( %"8D""2( 8<"( :-&901=( A-&8=( 0;( 8<"
"=81-&>+( C2-E>="=( 0;( 8<"( <9=80&9#-E( 3-8-( 02( 893"( -23( $0&A<0E0/9#-E( 3":"E0A$"28( 92( 8<"
R"=8"&2(@#<"E38( \F"&&98="2( "8( -E'( )***^( 9239#-8"( 8<-8( 8<"&"( 9=( -( #E"-&( &"E-8902( %"8D""2( 8<"
#<-2/"(0;(-=>$$"8&>(0;(8<"(:"&89#-E(893"(-23(8<"($0&A<0E0/9#-E(3":"E0A$"28(92(8<"("=81-&>+
G8(9=(-E=0(=<0D2(8<-8(8<"&"(9=(A&0%-%E>(-(39&"#8(&"E-8902(%"8D""2(8<"(-=>$$"8&>(0;(8<"(:"&89#-E
893"( -23( 8<"( 2"8( ="39$"28( ;E1V+( G2=9/<8( 9280( 8<"( /"2"&-8902( 0;( 893-E( -=>$$"8&>( -23( 98=
92;E1"2#"(02(8<"(&"=931-E(="39$"28(8&-2=A0&8(9=(&"U19&"3(;0&(-2=D"&92/(U1"=8902=(E9."`

!" D9EE(8<"("=81-&>(3&0D2(123"&(92;E1"2#"(0;(="-(E":"E(&9="(0&(D9EE(98(=9E8(1A(;-=8("201/<
80(.""A(1A(D98<(8<"(="-(E":"Ea

!" D9EE( 8<"&"( %"( -( &"81&2( ;E0D( 0;( ="39$"28( %"8D""2( 8<"( 31$A92/( E0#-8902=( 92( 8<"
D"=8"&2(A-&8(0;(8<"("=81-&>(-23(8<"(3&"3/92/(=98"=(92(8<"("-=8"&2(A-&8a

!" #-2( =-23( $9292/( %"( #028921"3( D98<018( -;;"#892/( 8<"( =>=8"$( 80( -2( 12-##"A8-%E"
"V8"28a

G2(8<"(E-=8(;"D(3"#-3"=(-(E-&/"(21$%"&(0;(A1%E9#-8902=(<-:"(-AA"-&"3(02(893-E(-=>$$"8&>(-23
98=(";;"#8=(02(8<"(="39$"28(8&-2=A0&8(-23($0&A<0E0/9#-E(3":"E0A$"28(92("=81-&9"=+(S0D":"&'
8<"="(A1%E9#-8902=(-&"(39=8&9%18"3(0:"&(39;;"&"28(=01&#"=(-23(8<"(&"A0&8"3(=8139"=(-&"(&"E-8"3
80( "=81-&9"=( -EE( 0:"&( 8<"( D0&E3+( G2( 0&3"&( 80( 8-."( $-V9$1$( -3:-28-/"( 0;( 8<"( "V9=892/
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.20DE"3/"(92(=813>92/(8<"(893-E(D-8"&=(92(8<"(X"8<"&E-23='(92(A-&89#1E-&(8<"(R"=8"&2(@#<"E38'
M97.=D-8"&=8--8(#0$$9==902"3(RYb!"E;8(S>3&-1E9#=(80(#-&&>(018(8<"(A&"="28(=813>+

1.2 Objective of the study

H<"(0%7"#89:"(0;(8<"(A&"="28(=813>(9=
!" 80( =1$$-&9="( 8<"( .20DE"3/"( &"E-8"3( 80( 893-E( -=>$$"8&>'( ="39$"28( 8&-2=A0&8( -23

$0&A<0E0/9#-E(3":"E0A$"28(92("=81-&9"='(-=(A1%E9=<"3(92(8<"(E-=8(=":"&-E(3"#-3"='(=0
-=( 80( %"#0$"( %"88"&( -##"==9%E"( ;0&( =8139"=( 02( 8<"(R"=8"&2( @#<"E38( -23( 08<"&( 893-E
D-8"&(=>=8"$=(92(8<"(X"8<"&E-23=c

!" 80( 92:"=89/-8"( 9;( -23( <0D( 8<"( "V9=892/( .20DE"3/"( #-2( %"( -AAE9"3( 80( 8<"( R"=8"&2
@#<"E38("=81-&>c

!" 80(":-E1-8"( 8<"(=9/29;9#-2#"(0;( 8<"( 893-E(-=>$$"8&>( 80( 8<"($0&A<0E0/9#-E( =>=8"$(0;
8<"(R"=8"&2(@#<"E38("=81-&>c

!" 80( $-."( &"#0$$"23-8902=( ;0&( ;1&8<"&( =8139"=( D<9#<( D9EE( E"-3( 80( -( %"88"&
123"&=8-2392/( 0;( 8<"( 893-E( $08902( -23( 8<"( $0&A<0E0/9#-E( 3":"E0A$"28( 92( 8<"
R"=8"&2(@#<"E38("=81-&>+

1.3 Set up of the study

H<"( =813>( <-=( %""2( #-&&9"3( 018( 92( 8<&""( =8"A=+( _9&=8( -( /"2"&-E( E98"&-81&"( =1&:">( 02( 893-E
-=>$$"8&>( 9=( #-&&9"3( 018+( H<"( &"E":-28( -23( &"A&"="28-89:"( =#9"289;9#( A1%E9#-8902=( 02( 8<"
=1%7"#8(<-:"(%""2(#0EE"#8"3(-23(=8139"3+(,-="3(02(8<"(E98"&-81&"(=1&:">(8<"(;0EE0D92/(/"2"&-E
#02#"A8=(-23([(0&((-=A"#8=(-&"(-2-E>="3(-23(3"=#&9%"3(92(W<-A8"&(5`

!" 8<"($"#<-29=$=(3"8"&$9292/(8<"(-=>$$"8&>(0;(8<"(<0&9K028-E(893"'
!" 8<"(&"E-8902=(%"8D""2(8<"(#02=8981"28=(0;(8<"(<0&9K028-E(893"=(-23(8<0="(0;(8<"(:"&89#-E

893"=c
!" 8<"(&"E-8902=(%"8D""2(8<"(/"0$"8&>(\$0&A<0E0/>^(0;( 8<"("=81-&>'(0&(A-&8=(0;( 98'( -23

8<"(-=>$$"8&>(0;(8<"(<0&9K028-E(893"c
!" 8<"( ";;"#8( 0;( 8<"( -=>$$"8&>( 0;( 8<"( <0&9K028-E( 893"( 02( 8<"( %"3PE0-3( -23( =1=A"23"3

E0-3(=-23(8&-2=A0&8c
!" 8<"(";;"#8(0;(8<"(="-(E":"E(&9="(-23(8<"()I+QP>"-&(893-E(#>#E"(02(8<"(-=>$$"8&>(0;(8<"

<0&9K028-E(893"+
G2( 8<"( ="#023( =8"A'( 8<"="( /"2"&-E( #02#"A8=( [( -=A"#8=( -&"( 92:"=89/-8"3( ;0&( 8<"( A-&89#1E-&
=981-8902(0;(8<"(R"=8"&2(@#<"E38+(G2(08<"&(D0&3=`(8<"(.20DE"3/"(\#02#"A8='(8<"0&9"='("8#+^(-&"
#<"#."3( -/-92=8( 8<"( #<-&-#8"&9=89#=( 0;( 8<"( R"=8"&2( @#<"E38'( 92( 0&3"&( 80( -=="==( 8<"9&
-AAE9#-%9E98>(80(8<9=("=81-&>+(G;(8<"(-2=D"&(9=(A0=989:"'(&"#0$$"23-8902=(D9EE(%"($-3"(02(<0D
8<">( #-2( %"( -AAE9"3c( 9;( 8<"( -2=D"&( 9=( 2"/-89:"( &"#0$$"23-8902=(D9EE( %"($-3"( 02( <0D( 80
-371=8(8<"(8<"0&>'(0&(80(3":"E0A(2"D(8<"0&9"=+

1.4 Acknowledgement

H<"(A&"="28( =813>( 9=( #-&&9"3( 018( %>(J&=+(W+( d"1."2'( e&0;+3&+(S+d+(!"(]&9"23( -23(!&+( f+,+
R-2/(;&0$(!"E;8(S>3&-1E9#=(92(#E0="(#0P0A"&-8902(D98<(J&+(,+C+(g0&2$-2(;&0$(MGgfPMR@+
H<"(#028&9%18902=(0;(!&+S+(F"&&98="2(-23(e&0;+3&+J+d+_+(@89:"(-&"(/&-8";1EE>(-#.20DE"3/"3+
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2 General Theory

2.1 General

G2( 8<9=( #<-A8"&( 8<"( E98"&-81&"( =813>( #02#"&292/( 8<"( /"2"&-E( 8<"0&>( 0;( 893-E( -=>$$"8&>( -23
&"=931-E( ="39$"28( 8&-2=A0&8( 9=( &"A0&8"3+( G2( @"#8902( 5+5( 8<"( %-=9#( 8<"0&>( #02#"&292/( 893-E
-=>$$"8&>(-23(&"=931-E(="39$"28(8&-2=A0&8(9=(=1$$-&9="3+(H<"2(-2(-2-E>=9=(0;(8<"(&"E":-28
#02#"A8=([-=A"#8=(-=($"28902"3(92(@"#8902()+?(9=(/9:"2(92(@"#8902(5+?+(e"&(#02#"A8[-=A"#8(8<"
.20DE"3/"(&"A0&8"3(92(8<"(&"E":-28(E98"&-81&"(9=(=1$$-&9="3(-23(#0$%92"3(D98<(=0$"(;1&8<"&
-2-E>=9=+

H<"( 8"&$( !"#$%&$'())*!+((1=1-EE>( &";"&=( 80( 8<"(39=80&8902(0;( 8<"( 893-E(D-:"( 8<-8($-."=( 8<"
;E003(A"&903(12"U1-E( 80( 8<"("%%(A"&903+(G;( 8<"(A"&903(0;(D-8"&( E":"E(&9="( 9=(=<0&8"&( 8<"2(8<"
A"&903(0;(D-8"&( E":"E( ;-EE'( 8<"( 893"( 9=( #-EE"3( ,%--#.#-)"/$/!( -23( 92( 8<"( 0AA0=98"( #-="( 98( 9=
#-EE"3(*00.#-)"/$/!+(S0D":"&'(92(8<"(A&"="28(=813>(893-E(-=>$$"8&>(9=(#02=93"&"3(92(&"E-8902
80( 8<"( $0&A<0E0/9#-E( 3":"E0A$"28( :9-( 8<"( +*'"#1$%& '*#")*/!& !+$/'2-+!3( H<"&";0&"( 8<"
#02#"A8(893-E(-=>$$"8&>(D9EE(%"(#02=93"&"3(92(-(D93"&(="2="(-23(-(39=892#8902(D9EE(%"($-3"
%"8D""2(8<"(-=>$$"8&>(0;( 8<"(4-+"5-/!$%& !"#*(-23(8<-8(0;( 8<"(6*+!"7$%& !"#*+(_0&( 8<"(:"&89#-E
893"'( 9+"+( 8<"( D-8"&( E":"E( :-&9-8902'( 8<"( -%0:"( 3";9298902( 0;( -=>$$"8&>'( ;E003P( -23( "%%P
30$92-2#"( D9EE( %"( -30A8"3+( H<"( <0&9K028-E( 893"'( %>( D<9#<( 8<"( ;E0D( :"E0#98>( \208( 8<"
39=#<-&/"^( 9=( $"-28( <"&"'( D9EE( %"( #-EE"3( -=>$$"8&9#( 9;( 98( /"2"&-8"=( -( &"=931-E( ="39$"28
8&-2=A0&8+( H<"( -=>$$"8&>($->( %"( -==0#9-8"3(D98<( -( 39;;"&"2#"( 92( 8<"($-/29813"( %"8D""2
$-V9$1$("%%(-23(;E003(:"E0#989"=+(H<9=(8>A"(0;(-=>$$"8&>(8"23=(80(9231#"(-(&"=931-E(%"3(P
E0-3(-23(=1=A"23"3(E0-3(8&-2=A0&8(0;(#0-&="(="39$"28+(_0&( 92=8-2#"'( 9;( 8<"($-V9$1$(;E003
:"E0#98>("V#""3=(8<"("%%(:"E0#98>'(-(&"=931-E(="39$"28(8&-2=A0&8(92(;E003(39&"#8902(9=(E9."E>(80
0##1&( -=( 8<"( ="39$"28( 8&-2=A0&8( 202PE92"-&E>( &"=A023=( 80( 8<"( :"E0#98>+( C( ="#023( 8>A"( 0;
-=>$$"8&>( 8<-8( "=="289-EE>( -;;"#8=( 8<"( &"=931-E( 8&-2=A0&8( 0;( ;92"( =1=A"23"3( ="39$"28( 9=
-==0#9-8"3(D98<(-(39;;"&"2#"(92(8<"(31&-8902(0;(=E-#.(D-8"&`(-(=981-8902(92(D<9#<(8<"(31&-8902
0;(=E-#.(D-8"&(%";0&"("%%("V#""3=(8<"(31&-8902(0;(=E-#.(D-8"&(%";0&"(;E003(;-:01&=(-(&"=931-E
="39$"28( 8&-2=A0&8( 92( ;E003( 39&"#8902+( ( G;( 8<"( &"=931-E( ="39$"28( 8&-2=A0&8( 9=( 92( 8<"( ;E003P
39&"#8902(98(D9EE(%"(#-EE"3(;E003P30$92-28(-23(:9#"(:"&=-+(H<"(&"=931-E(="39$"28(8&-2=A0&8(9=
8<"( E0#-E( \O1E"&9-2^( -:"&-/"3( ="39$"28( 8&-2=A0&8(D98<92( -( !"#$%& 2*+"-#+(X08"( 8<-8( 8<"( 8"&$
893-E( A"&903( 9=( 0;8"2( 208( =8&9#8E>( 3";92"3( -=( 8<"( 893"( 92( &"-E98>( 9=( 208( A"&9039#( 92( 8<"( =8&9#8
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2.2.2 Tidal asymmetry

Locally generated overtides (1-D)
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Influence of tidal asymmetry on morphology
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3 Tidal asymmetry in the Western Scheldt

3.1 Introduction

H<9=(#<-A8"&(-9$=(80(":-E1-8"( 8<"(A&":901=E>(39=#1=="3( 8<"0&"89#-E(#02#"A8=(-23(-=A"#8=(0;
893-E( -=>$$"8&>( ;0&( 8<"(R"=8"&2( @#<"E38( "=81-&>( \_9/+?+)^+( _0&( 8<9=( A1&A0="( 8<"( -:-9E-%E"
&"=1E8=(0;($0&A<0E0/9#(-23(<>3&03>2-$9#(0%="&:-8902=(\-23(21$"&9#-E($03"EE92/^(-&"(1="3
80(92:"=89/-8"(-23("E-%0&-8"(02`

!" H<"($"#<-29=$=(8<-8(/"2"&-8"(893-E(-=>$$"8&>(\="#8902(?+?^+
!" H<"(2"-AP=A&92/(893-E(:-&9-8902(0;(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(893"(\="#8902(?+B^+
!" H<"( &"E-8902( %"8D""2( 8<"( $0&A<0E0/>( \<>A=0$"8&>^( 0;( 8<"( "=81-&>( -23( 8<"( 893-E
-=>$$"8&>(\="#8902(?+N^+

J0=8( 0;( 8<"( -2-E>="=( A&"="28"3( 92( 8<9=( #<-A8"&( ;0#1=( 02( 8<"( 893-E( 89$"( =#-E"( -=( 3";92"3( 92
="#8902(5+)+(H<9=(9$AE9"=(8<-8(92($0=8(#-="=(8<"($0&A<0E0/>(9=(#02=93"&"3(89$"(92:-&9-28+

,";0&"( ;0#1=92/( 02( 8<"( -;0&"$"28902"3( -=A"#8='( 8<"($-92( <>3&03>2-$9#( -23($0&A<0E0/9#
#<-&-#8"&9=89#=(0;(8<"("=81-&>(-&"(=1$$-&9="3(92(="#8902(?+5+(_0&(-($0&"(#0$AE"8"(0:"&:9"D
0;(8<"(":0E18902(0;(8<"("=81-&>'(8<"(&"-3"&(9=(&";"&&"3(80(]-2(3"2(,"&/("8+(-E+(\)**Q^+

_9/+?+)(R"=8"&2(@#<"E38(-23(8<"(=9V("#<0P=012392/(-&"-=+
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3.2 Description Western Scheldt

3.2.1 Hydrodynamics

H<"( @#<"E3"( "=81-&>( 9=( -( $"=0P893-E( "=81-&>+(R-8"&( E":"E( 0%="&:-8902=( -E02/( 8<"( ( "=81-&>
=<0D( -2( 92#&"-="( 92($"-2( 893-E( &-2/"( %"8D""2( ]E9==92/"2( -23( C28D"&A"2( \TI.$( ;1&8<"&
1A=8&"-$^( ;&0$( B$( 80( N+5$+( H<9=( -$AE9;9#-8902( 0;( 8<"( 893-E( &-2/"( 9=( 31"( 80( E-23D-&3
#02:"&/"2#"'( =<0-E92/( -23( A-&89-E( &";E"#8902=+( Y-23D-&3( 0;( C28D"&A"2( 8<"( 893-E( &-2/"
3"#&"-="=( -=( -( &"=1E8( 0;( ;&9#8902-E( 3-$A92/+( H<"( :"&89#-E( 893"( ( "V<9%98=( -2( -=>$$"8&>`( 8<"
31&-8902(0;(;-EE92/(893"("V#""3=(8<-8(0;(8<"(&9=92/(893"+(H<9=(31&-8902(-=>$$"8&>((92#&"-="=(92
E-23D-&3(39&"#8902(-23(D98<(8<"(893-E(&-2/"(\=""(H-%E"(?+)^+

H93-E(#02398902 ]E9==92/"2(\$018<^ C28D"&A"2( \TI( .$( ;1&8<"&
1A=8&"-$^

2"-A(893" 5N NB
$"-2(893" ?L )LL
=A&92/(893" ?Q )BL

F$0%*& G3C& H1+$!"-/& #",,*+*/7*& ;)"/1!*'=& 0*!9**/& !"#$%& ,$%%& $/#& +"'*& $!& E%"''"/?*/& $/#
I/!9*+2*/&#1+"/?&!4*&/*$2.'2+"/?&!"#$%&7(7%*&;#$!$&0$'*#&-/&J%$*''*/'&$/#&K*(6"'<&CLLM=3

6%="&:-8902=(-23($03"E(#0$A18-8902=(&":"-E(-(A<-="(39;;"&"2#"(%"8D""2(8<"(<0&9K028-E(-23
:"&89#-E(893"(0;(5+N(80(?(<01&=(\"+/+(d"1."2'()**I'(92(A&"A+^+(S"2#"(8<"(893-E(D-:"(9=(2"98<"&
#0$AE"8"E>(A&0/&"==9:"(20&(=8-2392/+(J-V9$1$(;E003(;E0D(0##1&=(-%018()+N(<01&=(%";0&"(8<"
"23(0;(8<"(;E003(\=E-#.(D-8"&^'(D<"&"-=($-V9$1$("%%(;E0D((0##1&=(8<&""(80(;01&(<01&=(-;8"&
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H<"($-&92"(A-&8(0;(8<"("=81-&>'(8<"(R"=8"&2(@#<"E38'(9=(D"EEP$9V"3+(H<"($"-2(&9:"&(018;E0D(9=
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3.2.2 Morphology
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3.3 Mechanisms generating tidal asymmetry

3.3.1 Residual flows
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3.3.2 Relation between asymmetries in vertical and horizontal tide
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=1//"=8=+

!" H<"(U1-&8"&P391&2-E(#0$A02"28(0;(8<"(;E0D(:"E0#98>(9=(=$-EE"&(8<-2(-##0&392/(80(8<"
E92"-&(=0E18902'(%18(=89EE(E-&/"&(8<-2(-B[-5+

!" H<"( =9V8<P391&2-E( #0$A02"28=( 0;( 8<"( ;E0D( :"E0#98>( -23( 0;( 8<"( 39=#<-&/"( -&"( %08<
E-&/"&(8<-2(8<"(E92"-&(=0E18902(=1//"=8='(%18(8<"(39;;"&"2#"(9=(0;(<9/<"&(0&3"&(0+

3.3.3 Asymmetry of observed horizontal tide

@1;;9#9"28((92;0&$-8902(02(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(893"(92(8<"(R"=8"&2(@#<"E38("=81-&>
9=( -:-9E-%E"'( -=( -2( "V8"2=9:"( 3-8-( ="8( "V9=8=( ;0&( 8<"( 893-E( #02=8981"28=( -8( :-&901=( =8-8902=+
S0D":"&'( ;0&( 8<"( 893-E(#02=8981"28=(0;( 8<"(<0&9K028-E( 893"( 8<"( 92;0&$-8902( 9=( =#-&#"'( =9$AE>
%"#-1="(8<"(3"&9:-8902(0;(893-E(#02=8981"28=(&"U19&"=(E02/P8"&$(0%="&:-8902=(D<9#<(-&"($1#<
$0&"(39;;9#1E8(80(0%8-92(;0&(8<"(<0&9K028-E(893"+(Y02/P8"&$(39=#<-&/"(0%="&:-8902=(-&"(0;8"2(80
"VA"2=9:"+( G2( A&-#89#"( 9$A0==9%E"( 02E>( =0$"( E02/P8"&$( =92/E"PA0928( :"E0#98>( &"#0&3=( -&"
-:-9E-%E"+(S"&"(8<"(A&":901=E>P3"=#&9%"3(\="#8902(?+?+)^(3"A8<P-:"&-/"3(;E0D(:"E0#98>(&"#0&3=
D"&"( ( <-&$029#-EE>( -2-E>="3( 80( 92:"=89/-8"( 8<"( #<-&-#8"&9=89#=( 0;( 8<"( -=>$$"8&>( 0;( 8<"
<0&9K028-E(893"(-8(8D0(E0#-8902=(92(8<"(D"=8"&2(A-&8(0;(8<"(R"=8"&2(@#<"E38+

@92#"(8<"(;E0D(:"E0#98>(9=(-(:"#80&'("-#<(893-E(#02=8981"28=(0;(8<"(:"E0#98>(9=(&"A&"="28"3(%>(-2
"EE9A="+(G2(/"2"&-E'(98(9=(20(E02/"&(A0==9%E"(80(#<-&-#8"&9="(8<"(-=>$$"8&>(%>(-(-$AE9813"(&-890
-23( -( &"E-89:"( A<-="( 39;;"&"2#"+( O-#<( #02=8981"28( 9=( #<-&-#8"&9="3( %>( 8<"( 39&"#8902( 0;( 8<"
A&92#9A-E(-V9=(0;(8<"("EE9A="'(8<"(-$AE9813"=(-E02/(8<"(8D0(-V"=(-23(8<"(#0&&"=A02392/(A<-="+
@0( 8<"&"( -&"( ;01&( 923"A"23"28( A-&-$"8"&=( 92=8"-3( 0;( 8D0+( H<"( U1"=8902( -&9="=( <0D( 8<"
-=>$$"8&>( =<01E3( %"( #<-&-#8"&9="3( 20D+( X08"( 8<-8( 8<"( -2-E>=9=( 0;( ]-2( 3"( g&""."( -23
M0%-#K"D=.-( \)**?^( 9=( 92( ;-#8( 02E>( ;0&( )!(#-="=+( (62"($->( -E=0(D023"&( 9;( 98( 9=( A0==9%E"
-23[0&(2"#"==-&>(80("V8"23(8<"(8<"0&>(80(/"2"&-E(5!(#-="+

H<"("EE9A="=(0;(J5(-23(98=(0:"&893"=(;0&(8<"(8D0(=8-8902=(-&"(=<0D2(92(_9/+?+B+(_0&(8<"(=8-8902
92(8<"("%%(#<-22"E((8<"(;0EE0D92/(0%="&:-8902=(-&"($-3"`

!" H<"(A&92#9A-E(39&"#8902=(0;(J5'(JB(-23(JQ(-&"(208(8<"(=-$"+(H<"(A&92#9A-E(39&"#8902
0;(JB(9=(-E$0=8(A"&A"239#1E-&(80(8<-8(0;(J5+(H<"(JQ(<-=(-(39&"#8902(92(%"8D""2(8<"
8D0+

!" H<"($-/29813"(0;(8<"(JQ(#02=8981"28(9=(E-&/"&(8<-2(8<-8(0;(JB(+D<9#<(9=(:"&>(=$-EE
;0&(8<9=(=8-8902+

H<-8( 8<"( A&92#9A-E( 39&"#8902( 0;( 8<"( JB( 893"( 9=( -E$0=8( A"&A"239#1E-&( 80( 8<-8( 0;( 8<"( J5( 9=
A&0%-%E>(#-1="3(%>(="#023-&>(;E0D(31"(80(#1&:-81&"+(H<"(="#023-&>(;E0D(31"(80(#1&:-81&"(9=
A"&A"239#1E-&(80(8<"(E02/981392-E(;E0D(-23(98=($-/29813"(9=(A&0A0&8902-E(80(8<"(-%=0E18"(:-E1"
0;(8<"(:"E0#98>($-/29813"(92(8<"(E02/981392-E(39&"#8902+(H<"(;&"U1"2#>(0;(8<"(:-&9-8902(0;(8<"
="#023-&>(;E0D(9=("V-#8E>(8D0(89$"=(8<-8(0;(8<"($-92(;E0D+(H<9=($"-2=(8<-8(92(-("=81-&>(D<"&"
8<"( 893"( 9=(30$92-8"3(%>( 8<"(J5(#0$A02"28'(JB(D9EE(%"( 8<"(30$92-892/(#0$A02"28( 0;( 8<"
="#023-&>(;E0D(31"(80(#1&:-81&"+(H<"(=8-8902(123"&(#02=93"&-8902(9=(923""3(E0#-8"3(92(-(%"23+
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3.4 Temporal variation of the asymmetry of the vertical tide

H<"(E98"&-81&"(=1&:">(\W<-A8"&(5^(<-=(=<0D2(8<-8(%08<(9239#-892/(A-&-$"8"&=(\-$AE9813"(&-890
-23(A<-="(39;;"&"2#"^(;0&(893-E(-=>$$"8&>(-&"(89$"P:-&>92/+(H<9=(-AAE9"=(80(8<"(A&"39#8"3(-=
D"EE(-=(8<"($"-=1&"3(893"'(-E8<01/<(98(9=(208(#E"-&(9;(8<"(#<-&-#8"&9=89#=(0;(8<"(:-&9-8902=(-&"
8<"(=-$"+(H<"(893-E(-=>$$"8&>("V<9%98=(-2(9$A0&8-28(:-&9-8902(0:"&(8<"(=A&92/P2"-A(#>#E"+

e&"39#892/(8<"(893"(-8(]E9==92/"2(D98<(*(893-E(#02=8981"28=(=<0D=(=0$"(8>A9#-E(#<-&-#8"&9=89#=
0;(8<"(:-&9-8902=(0;(8<"(8D0(A-&-$"8"&=(92(8<"(=A&92/P2"-A(#>#E"+(H<"(U1"=8902(-&9="=(D<"8<"&
8<9=(8>A9#-E(8"$A0&-E(:-&9-8902(A-88"&2(0;(8<"(893-E(-=>$$"8&>(0:"&(-(=A&92/P2"-A(#>#E"(9=(31"
80(A<>=9#-E(#-1="='(0&(=9$AE>(80(8<"(A&"="28-8902(0;(893"P=9/2-E(92(8<"(;&"U1"2#>(30$-92+(H<"
-2=D"&(80(8<9=(U1"=8902(9=(0;(=9/29;9#-28( 8<"0&"89#-E(-23[0&(A&-#89#-E( 9$A0&8-2#"+(G;(A<>=9#-E
#-1="=( -&"( %"<923( 8<"( :-&9-8902( A-88"&2( 98( 9=( 9$A0&8-28( 80( .20D( D<9#<( A&0#"=="=( -23[0&
$"#<-29=$=(/9:"(&9="(80(98+(CE=0(9;(8<"(:-&9-8902(A-88"&2(9=(#-1="3(%>(8<"(A&"="28-8902(0;(8<"
893"( 92( 8<"( ;&"U1"2#>( 30$-92'( 98( 9=( 0;( /&"-8( 9$A0&8-2#"( 80( 8<"( $0&A<03>2-$9#( $03"EE92/
A&-#89="+(J0=8($0&A<03>2-$9#($03"E=(D0&.(D98<(8<"(=0(#-EE"3($0&A<0E0/9#-E(893"'(D<9#<(9=
#<0="2(=0$"D<"&"((%"8D""2(8<"($"-2(-23(8<"(=A&92/(893"+(H<"(A&"39#8"3(-=8&020$9#-E(893"(9=
0;8"2(1="3(-23(98(9=(1=1-EE>($-3"(A"&9039#(%>(&"A&"="2892/(98(%>(-(_01&9"&(="&9"=+

H0(0%8-92(8<"(-2=D"&(0;(8<"(U1"=8902'(02"(02E>(2""3=(80(92:"=89/-8"(D<"8<"&(8<"(0%="&:"3(893"
\92( 8<"( 89$"( 30$-92^( "V<9%98=( 8<"( =-$"( :-&9-8902( A-88"&2( 0;( 8<"( 893-E( -=>$$"8&>( -=( 8<"
A&"39#8"3( -=8&020$9#( 893"+( G;( 8<9=( 9=( 8<"( #-="( 8<"2( 98( #-2( %"( #02#E13"3( 8<-8( 8<"( :-&9-8902
A-88"&2(9=(31"(80(A<>=9#-E(&"-=02=+(68<"&D9="(98(9=(A&0%-%E>(#-1="3(%>(8<"(A&"="28-8902(0;(893"
92(8<"(;&"U1"2#>(30$-92+

H<"( 8"$A0&-E( :-&9-8902( 0;( 8<"( -=>$$"8&>( 0;( 8<"( A&"39#8"3( :"&89#-E( 893"( -8( ]E9==92/"2( <-=
-E&"-3>(%""2(-2-E>="3(92(W<-A8"&(5+(H<"(&"#0&3"3(D-8"&(E":"E(-8(]E9==92/"2(0;(BN(E12-&(3->=
9=(1="3(<"&"(80(-2-E>="(8<"(-=>$$"8&>(0;(8<"(A&"39#8"3(893"+(H<"(="$9P'(U1-&8"&P'(-23(=9V8<P
391&2-E(#0$A02"28=(-8("-#<(E12-&(3->(-&"(3"8"&$92"3(%>(#-&&>92/(018(-(_01&9"&(-2-E>=9=+(H<"
&"=1E8=(-&"(=<0D2(92(8<"(_9/+?+NP_9/+?+*+(H<"(;0EE0D92/(0%="&:-8902=([(#02#E1=902=(-&"($-3"`

!" H<"(-$AE9813"(&-890=(-B[-5(-23(-Q[-5(92#&"-="=(D98<(8<"(92#&"-="(0;(8<"(-$AE9813"(0;
8<"( ="$9P391&2-E( 893"( \_9/+(?+Q'(?+I^+(H<"(-=>$$"8&>(0;( 8<"( 893"( 9=( 8<1=( =8&02/"&( -8
=A&92/(893"(8<-2(-8(2"-A(893"+(H<"(-:"&-/"3(:-E1"(0;(8<"(&-890=(-&"(-%018(-JB[-J5(-23
-JQ[-J5( &"=A"#89:"E>+(H<9=(-/&""=(D98<( 8<"( #02#E1=902(3"&9:"3( ;&0$( 8<"( -2-E>=9=( 0;
8<"(A&"39#8"3(893"+

!" Y9."( 92( 8<"( &"=1E8=( %-="3( 02( 8<"( 893-E( #02=8981"28=( 8<"&"( 9=( 208( -( =9$AE"( &"E-8902
%"8D""2(-5(-23(-B[-5(%18(8<"&"(9=(-(E-&/"(=#-88"&(\_9/(?+I^+(S0D":"&'( 8<"(#02#E1=902
8<-8(8<"(&-890(9=(E-&/"&(31&92/(8<"(A"&903(;&0$(=A&92/(80(2"-A(8<-2(;&0$(2"-A(80(=A&92/
30"=(208(-AAE>(80(8<"(0%="&:"3(893"+

!" H<"( &"E-89:"( A<-="( 39;;"&"2#"( %"8D""2( 8<"( U1-&8"&P391&2-E( -23( ="$9P391&2-E( 893"
=<0D=(-(=#-88"&(-&0123(8<"(:-E1"(5,J5P,JB(\_9/+(?+T(-23(?+*^+(H<"(=#-88"&(9=(E-&/"&(-8
2"-A( 893"( 8<-2( -8( =A&92/( 893"+( @0( ;-&( 98( -/&""=( D98<( 8<"( &"=1E8=( %-="3( 02( 8<"( 893-E
#02=8981"28=+( S0D":"&'( 8<"( =#-88"&( <"&"( 9=( -( &-230$( 02"( &-8<"&( 8<-2( 8<"( 0&3"&"3
=#-88"&( 92( 8<"( A9#81&"( %-="3( 02( 8<"( 893-E( #02=8981"28=( \9+"+( 8<"( A&"39#8"3( 893"^+( H<"
#02#E1=902(8<-8(8<"(A<-="(39;;"&"2#"(9=(E-&/"&(92(8<"(A"&903(;&0$(=A&92/(80(2"-A(8<-2
;&0$(2"-A(80(=A&92/(9=(208(=1AA0&8"3(%>(8<"(0%="&:-8902=+(H<"(=-$"(-AAE9"=( 80( 8<"
&"E-89:"(A<-="(39;;"&"2#"(%"8D""2(8<"(=9V8<P391&2-E(-23(8<"(="$9P391&2-E(893"(\_9/(?+T
-23(?+*^+
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H<9=(E"-3=(80(8<"(#02#E1=902(8<-8(=0$"(0;(8<"(:-&9-8902(#<-&-#8"&9=89#=(0;(8<"(893-E(-=>$$"8&>
-&"( 8<"(=-$"(;0&(A&"39#8"3( (-23( ( 8<"(0%="&:"3( 893"'(D<"&"-=( (08<"&=(-&"(208+(H<-8( 8<"( 893-E
-=>$$"8&>( 9=( =8&02/"&( -8( =A&92/( 893"( 8<-2( -8( 2"-A( 893"( 9=( 8<"( $0=8( 9$A0&8-28( #0$$02
#<-&-#8"&9=89#+(H<"(A<>=9#-E(&"-=02(%"<923(8<9=(9=(-AA-&"28E>(8<-8(8<"(202PE92"-&(928"&-#8902=
-=(3"=#&9%"3(92(W<-A8"&(5(-&"($0&"(9$A0&8-28(31&92/(=A&92/(893"(8<-2(31&92/(2"-A(893"+(H<"
$0=8(9$A0&8-28(39;;"&"2#"(%"8D""2(8<"(A&"39#8"3(-23(0%="&:"3(893"=(9=(8<"(0&3"&"3(=#-88"&(92
8<"(A&"39#8"3( 893"(:"&=1=( 8<"(&-230$(=#-88"&( 92( 8<"(0%="&:"3( 893"+(S0D":"&'( 8<9=(39;;"&"2#"
$->(%"(31"(80(8<"(&"=8&9#8"3(21$%"&(0;(893-E(#02=8981"28=(1="3(80(A&"39#8(8<"(893"+(H<9=(D01E3
208(%"(-(=1&A&9=92/(#02#E1=902(#02=93"&92/(8<"(;-#8(8<-8(8<-8(D98<(02E>(8D0(%-="(#02=8981"28=
\92(808-E(=9V(#02=8981"28=^(8<"(&"E-8902(9=(-(#E0="3(E92"(D<"&"-=(D98<(8<&""(%-="(#02=8981"28=(\92
808-E(292"(#02=8981"28=^(98(-E&"-3>(%"#0$"=(-(#<-089#(A9#81&"+

G2(8<"($0&A<03>2-$9#($03"EE92/(0;(#0-=8-E(=>=8"$=(-(=0(#-EE"3($0&A<0E0/9#-E(893"(9=(0;8"2
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8&-2=A0&8(-23(8<"(;E0D(:"E0#98>(98(9=(/"2"&-EE>(=1//"=8"3( 8<-8( 8<"($0&A<0E0/9#-E( 893"(=<01E3
%"(=E9/<8E>(E-&/"&(8<-2((8<"($"-2(893"( +(H<"(123"&E>92/(893-E(3-8-( ( (#-2(0&9/92-8"(;&0$(893-E
A&"39#8902(0&($"-=1&"$"28=+(X08"(8<-8(8<"(893"(-8(8<"($03"E(%0123-&>(9=(0;8"2(/"2"&-8"3(%>
&12292/( -( E-&/"&( $03"E( D98<( 8<"( -=8&020$9#-E( 893"( -8( 8<"( 0A"2( %0123-&9"=+( S"&"( 800( 8<"
t3-8-p( 9=( 92( ;-#8( %-="3(02( -( 893-E( A&"39#8902+(_&0$( 8<"( A&"="28( -2-E>=9=( 98( 9=( #E"-&( 8<-8( 8<9=
$"8<03(0;(3"8"&$9292/(8<"($0&A<0E0/9#-E(893"'(D<"8<"&(A&"39#8902( (0&(0%="&:-8902P%-="3(9=
=1=#"A89%E"(80((E-&/"("&&0&=(92(8<"(893-E(-=>$$"8&>(31"(80(8<"(0:"&893"=`

!" e9#.92/(-2(-&%98&-&>(89$"P928"&:-E($"-2=(#<00=92/(-(A0928(92(8<"(D93"(=#-88"&(0;(_9/+
?+I( -23(_9/+?+*+(H<9=($"-2=( 8<-8( 8<"( -$AE9813"( &-890( -=(D"EE( -=( 8<"( &"E-89:"( A<-="
39;;"&"2#"(#-2(%"(;-&(;&0$(8<"(E02/P8"&$(-:"&-/"+

!" R<"2(1=92/(0%="&:"3(3-8-'(98(9=(208(D"EE(.20D2(D<9#<(=9/2(8<"("&&0&(D9EE(<-:"+
!" R<"2(1=92/(-(A&"39#8"3(893"(8<"("&&0&(D9EE(3"A"23(02(D<"8<"&(8<"(928"&:-E(9=(#<0="2

92(8<"(<-E;P#>#E"(;&0$(;&0$(2"-A(80(=A&92/(0&(;&0$(=A&92/(80(2"-A'(98(-E=0(3"A"23=(02
8<"(21$%"&(0;(893-E(#02=8981"28=(1="3+

_0&( 8<"( U1-&8"&P391&2-E( -23( 8<"( =9V8<P391&2-E( #0$A02"28=( 0;( 8<"( $0&A<0E0/9#-E( 893"( 98( 9=
A&0%-%E>(%"88"&(80(=9$AE>(1="(8<"(8<"0&"89#-E(:-E1"(%-="3(02(J5'(JB(-23(JQ'(&-8<"&(8<-2(8<"
&"=1E8=(0;(8<"(_01&9"&(-2-E>=9=(;0&(-2(-&%98&-&9E>(="E"#8"3(89$"P928"&:-E+

3.5 Relation between tidal asymmetry and morphology

C( ;9&=8( 39=#1==902( 02( 8<"( &"E-8902( %"8D""2( 8<"( $0&A<0E0/9#-E( 3":"E0A$"28( -23( 8<"
3":"E0A$"28(0;( 8<"( 893-E(-=>$$"8&>( 9=(/9:"2(%>(F"&&98="2("8( -E( \)***^+( G8( -AA"-&=( 8<-8( 8<"
&"=1E8=( 92( 8<"( E98"&-81&"'( "+/+( 8<0="(0;(@A""&("8( -E( \)**)^'( -&"(U1-E98-89:"E>(-AAE9#-%E"( 80( 8<"
R"=8"&2(@#<"E38'("=A"#9-EE>(D<"2(8<"(#<-2/"(0;(8<"(893-E(-=>$$"8&>(9=(#02=93"&"3+

G2(8<"(A&"="28(="#890$'(8<"(92;E1"2#"(0;($0&A<0E0/9#-E(#<-&-#8"&9=89#=(02(8<"(893-E(-=>$$"8&>
D9EE( %"( 39=#1=="3( 92( ;1&8<"&( 3"8-9E+( ]-&901=( /"0$"8&>( A-&-$"8"&=( <-:"( %""2( 1="3( ;0&
#<-&-#8"&9=92/(893-E(-=>$$"8&>(92("=81-&9"=+(CEE(0;(8<"="(A-&-$"8"&=(=1//"=8(8<-8(8<"(928"&893-E
-&"-(-23( 8<"(3"A8<(0;( 8<"("=81-&>(-&"( 9$A0&8-28+(O=81-&9"=(D98<( -( &"E-89:"E>( E-&/"( 928"&893-E
-&"-=( 8"23( 80(%"("%%P30$92-28(-23( &"E-89:"E>( =<-EE0D("=81-&9"=( 8"23( 80( %"( ;E003P30$92-28+
H<"(39=#1==902(<"&"(D9EE(;0#1=(02(8<"(;0EE0D92/(U1"=8902=`

!" R<9#<(A-&-$"8"&=( -&"( 8<"($0=8( -AA&0A&9-8"( ;0&( #<-&-#8"&9=92/( 8<"( /"0$"8&>( 0;( 8<"
R"=8"&2(@#<"E38(;&0$(8<"(A"&=A"#89:"(0;(893-E893-E(-=>$$"8&>a

!" C&"( 8<"&"( (A-&-$"8"&='( 92( -3398902( 80( 8<"( 02"=( -E&"-3>($"28902"3( 92( 8<"( E98"&-81&"'
8<-8(-&"(9$A0&8-28(;0&(8<"(893-E(-=>$$"8&>(92(8<"(R"=8"&2(@#<"E38a

3.5.1 Tidal asymmetry with respect to quarter-diurnal tide

H<"(8D0(A-&-$"8"&=(9239#-892/(893-E(-=>$$"8&>(;0&(8<"(;01&(=8-8902=(92(8<"(R"=8"&2(@#<"E38
\]E9==92/"2'(H"&2"1K"2'(S-2=D""&8(-23(,-8<^(92(8<"(A"&903()*T)P)**T(-&"(/9:"2(92(_9/+?+)L+
C(39=#1==902(0;( 8<"( 3":"E0A$"28( =<0D2(%>( 8<9=( ;9/1&"( 9=( /9:"2(%>(F"&&98="2( "8( -E( \)***^+
S"&"( 98( 9=( 208"3( 8<-8( 8<"( 893-E( -=>$$"8&>( 0;( 8<"( :"&89#-E( 893"( 92( 8<"( 39;;"&"28( A-&8=( 0;( 8<"
"=81-&>(9=(208(8<"(=-$"+

H<"(893-E(-=>$$"8&>(92(-2("=81-&>(9=(92;E1"2#"3(%>(8<"(-=>$$"8&>(0;(8<"(893"(-8(8<"(="-D-&3
%0123-&>( 0;( 8<"( =>=8"$( \"+/+( ]-2( 3"&( @A".'( )**B^+( @9$9E-&E>'( 98( 9=( E9."E>( 8<-8( 8<"( 893-E
-=>$$"8&>( -8( -( #"&8-92( =8-8902( 9=( 928"&&"E-8"3(D98<( 8<"( 893-E( -=>$$"8&>( 92( 8<"( 30D2=8&"-$
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\="-D-&3^(E0#-8"3(-&"-+(,-="3(92(8<9=(A&"=1$A8902(98(9=(<>A08<"=9="3((8<-8(!4*&74$/?*&-,&!4*
!"#$%& $'())*!+(& "/& $& 7*+!$"/& 2$+!& -,& !4*& *'!1$+(<& +$!4*+& !4$/& !4*& !"#$%& $'())*!+(& "!'*%,<
'4-1%#&0*&+*%$!*#&!-&!4*&)-+24-%-?"7$%&74$+$7!*+"'!"7'&$/#&#*6*%-2)*/!'&-,&!4"'&2$+!&-,&!4*
*'!1$+(3(H<9=(<>A08<"=9=(D9EE(%"(1="3(-=(/193"E92"(92(8<"((-2-E>=9=(%"E0D+

H<"(#<-2/"(0;( 8<"( 893-E(-=>$$"8&>(%"8D""2( 8D0(=8-8902=( 9=( &"A&"="28"3(%>( 8<"( &-890(0;( 8<"
8D0( -$AE9813"( &-890=( -23( 8<"( 39;;"&"2#"( %"8D""2( 8<"( &"E-89:"( A<-="( 39;;"&"2#"=+( H<"( 8D0
A-&-$"8"&=(-&"(8<1=(3";92"3(-=
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_&0$((;9/1&"(?+))(=<0D=(8<"(;0EE0D92/(;"-81&"=(&"/-&392/(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(893"
92(8<"(8<&""(&"/902=(0;(8<"("=81-&>`

!" G2(8<"("-=8"&2(A-&8'(%"8D""2(S-2=D""&8(-23(,-8<(\]-.()(-23(5'(_9/+(?+)^'(8<"(893"(9=
;E003( 30$92-28+( H<9=( 9=( 9239#-8"3( %>( 8<"( A0=989:"( :-E1"( 0;( 8<"( A<-="P39;;"&"2#"
A-&-$"8"&(,-8<PS-2=D""&8( \1AA"&( A-2"E^+(H<"(3"#&"-="( 0;( 8<9=( A-&-$"8"&( %"8D""2
)*T)(-23()*IL'(A0928=(-8(-(&"31#8902(0;(8<9=(;E003(30$92-2#"(92(89$"+(H<"(-$AE9813"
&-890(A-&-$"8"&(92989-EE>(3"#&"-="3(-23(9=(92#&"-=92/(-/-92(=92#"(-%018()*IL+
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!" H<"(#"28&-E(A-&8(0;(8<"("=81-&>'(%"8D""2(H"&2"1K"2(-23(S-2=D""&8(\]-.(?(-23(B^'(9=
"%%P30$92-28+(H<"("%%P30$92-2#"(92(8<9=(-&"-(3"#&"-="3(%"8D""2()*T)(-23()*IN+

!" G2(8<"(D"=8"&2(A-&8(0;(8<"("=81-&>'(%"8D""2(]E9==92/"2(-23(H"&2"1K"2(\]-.(N(-23(Q^'
8<"(-=>$$"8&>(0;( 8<"(:"&89#-E( 893"( /&-31-EE>( -E8"&"3( ;&0$(2"18&-E( 80( =E9/<8E>( ;E003P
30$92-28(31&92/(8<"(A"&903()*T)P)**T+

G2( 8<"( ;0EE0D92/( ="#8902( 98(D9EE( %"( 92:"=89/-8"3( 9;( 8<9=( 0%="&:"3( ( 3":"E0A$"28( 0;( 8<"( 893-E
-=>$$"8&>( #-2( %"( &"E-8"3( 80( 8<"( E-&/"P=#-E"( $0&A<0E0/9#( \<>A=0$"8&9#^( ":0E18902( 0;( 8<"
#<-22"E( -23( =<0-E( =>=8"$( -23( 8<"( 2"8( ="39$"28( 8&-2=A0&8( 39&"#8902=( 3"&9:"3( ;&0$( =-23
%13/"8(=8139"=+
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3.5.2 Morphological characteristics and their changes
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8<"($0&A<0E0/9#-E(A-&-$"8"&=(1="3(%>("+/+(@A""&("8(-E(\)**)^+
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?+))(\=""(A&":901=^(="#8902+(_0&( 8<"($0&A<0E0/9#(=981-8902(0;()*NN(8<"( ( 893-E(-=>$$"8&>( 92
)*T)( 9=( 9239#-8"3(=92#"( 92;0&$-8902(0;( 8<"( 893-E(-=>$$"8&>( 9=(208(-:-9E-%E"( ;0&()*NN+(H<9=
E"-3=(80(8<"(;0EE0D92/(0%="&:-8902=([(#02#E1=902=`

!" J0=8(;E003(30$92-28(A-&8=(0;(8<"("=81-&>(<-:"(E-&/"&(:-E1"=(0;(-[<(-=(D"EE(-=(]=[]#+
H<"(;-#8(8<-8(E-&/"&(:-E1"=(0;(-[<(#0&&"=A023(D98<(;E003P30$92-2#"(-/&""=(D98<(8<"
#02#E1=902=(0;(@A""&("8(-E(\)**)^+(q1-E98-89:"E>(8<"(&"=1E8=(0;(@A""&("8(-E+(\)**)^(-&"
8<1=(-AAE9#-%E"(80(8<"(R"=8"&2(@#<"E38+(S0D":"&'(8<"("V-#8(="A-&-80&((%"8D""2("%%P
30$92-2#"( -23( ;E003P30$92-2#"( -=( =<0D2( 92(_9/+?+)5( 9=( 208( 8<"( =-$"( -=( 8<"( 02"
;0123(%>(@A""&("8(-E+\)**)'(=""(_9/+5+*^+(H<9=(D-=(80(%"("VA"#8"3'(=92#"(8<"(R"=8"&2
@#<"E38(39;;"&=(:"&>($1#<(;&0$(8<"("=81-&9"=(#02=93"&"3(%>(_&9"3&9#<=("8(-E+(\)**L^+
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!" H<"&"( 9=( 02"( A0928( ( 92( 8<"( &9/<8( A-2"E( ( 8<-8( ( 3":9-8"=( ;&0$( 8<"( /"2"&-E( 8&"23+( G8
&"A&"="28=(8<"(A-&8(]-.(N(92()**Q+(H<9=(-&"-(9=(=A"#9;9"3(-=(;E003P30$92-28(%"#-1="'
-##0&392/(80(_9/+?+))'92()**Q(8<"(D"=8"&2(A-&8(\]-.(N(-23(Q^(=<0D=(-(=E9/<8(;E003P
30$92-2#"( -23( %"#-1="(]-.( N( <-=( -( E-&/"&( -[<( :-E1"( 8<-2(]-.( Q+( G2( ;9/+?+)5( 8<9=
A0928(9=(E0#-8"3(92(-(&"/902(D<"&"(-EE(08<"&(A0928=(-&"("%%P30$92-28(+(H<"(#02#E1=902
9=( 8<"&";0&"( 8<-8( 8<"( 8<"0&>( 0;( @A""&( "8( -E( \)**)^( ( 30"=( 208( "VAE-92( 8<"( ;E003P
30$92-2#"(0;(8<"(D"=8"&2(A-&8(0;(8<"("=81-&>(92()**Q+

H<"(-2-E>=9=(#-2(-E=0(%"(8-."2(02"(=8"A(;1&8<"&(%>(&"E-892/(8<"(#<-2/"=(0;(8<"($0&A<0E0/>(80
8<"(#<-2/"=(0;(8<"(893-E(-=>$$"8&>+(_0&(8<9=(A1&A0="(8<"(39;;"&"2#"=(0;(8<"(8D0(A-&-$"8"&=(92
8<"( 8D0(>"-&=( \)*NN(-23()**Q^(-&"( &"E-8"3( 80( 8<"(#<-2/"(0;( 893-E(-=>$$"8&>( ;&0$()*T)( 80
)**T(\_9/+?+)?^+(_9&=8(8<"(8D0(A-&-$"8"&=(-[<(-23(]=[]#(-23(8<"9&(#<-2/"=(;&0$()*NN(80()**Q
-&"(3"8"&$92"3(;0&(8<"(=9V(A-&8=(\8<"(1AA"&(A-2"E=(0;(_9/+?+)?^+(H<"2(8<"(-:"&-/"(#<-2/"=(0;
8<"(8D0(A-&-$"8"&=(92(8<"("-=8"&2(A-&8(\-:"&-/92/(]-.()(-23(5^'(8<"(#"28&-E(A-&8(\]-.(?(-23(B^
-23(8<"(D"=8"&2(A-&8( \]-.(N(-23(Q^(-&"( &"E-8"3( 80( 8<"(#<-2/"(0;( 8<"(A<-="(39;;"&"2#"( ;&0$
)*T)( 80( )**T( -=( =<0D2( 92( _9/+?+))( \8<"( E0D"&( A-2"E=( 0;( _9/+?+)?^+( H<"( ;0EE0D92/
0%="&:-8902=(-&"($-3"`

!" J0=8(#<-2/"=(0;(8<"(8D0(A-&-$"8"&=(0##1&(92(8<"("-=8"&2(A-&8(0;(8<"("=81-&>(\]-.()
-23(5^+

!" H<"(#<-2/"(0;(8<"(8D0(A-&-$"8"&=(=""$(80(%"(&"E-8"3(D98<("-#<(08<"&+
!" H<"( #<-2/"( 0;( %08<( A-&-$"8"&=( #0&&"E-8"=( D"EE( D98<( 8<"( #<-2/"( 0;( 8<"( 893-E

-=>$$"8&>(92(8<"(#0&&"=A02392/(A-&8+

H<-8(8<"(#<-2/"=(0;(8<"(8D0(A-&-$"8"&=(=""$(80(%"(&"E-8"3(D98<("-#<(08<"&(9=(31"(80(8<"(;-#8
8<-8(-[<(-23(]=[]#(-&"(208( 923"A"23"28(0;("-#<(08<"&+(H<9=( 9=(=9$AE>( 9EE1=8&-8"3(%>( 8<"( ;-#8
8<-8(-2(92#&"-="(0;(893-E(-$AE9813"'(;0&("V-$AE"'(#-1="=(-2(92#&"-="(92(%08<(A-&-$"8"&=+(G2(8<"
A&"="28(#-="'(8<"(#<-2/"=(0;(%08<(A-&-$"8"&=(-&"($-92E>(#-1="3(%>(8<"(#<-2/"=(92(8<"(3""A
#<-22"E( A-&8='( -=( 9=( =<0D2( 92( _9/+?+)BP_9/+?+)Q+( H<"( ;9/1&"=( /9:"( ( 8<"( :0E1$"( #<-2/"=( 0;
:-&901=(A-&8=(0;(8<"("=81-&>(;&0$()*NN(80()**Q+
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q1-E98-89:"E>( 8<"( 8<"0&>(0;(@A""&("8( -E( \)**)^'( -E8<01/<(%-="3(02( 808-EE>(39;;"&"28(#-="='( 9=
A"&;"#8E>(-AAE9#-%E"(80("VAE-92(8<"(#<-2/"=(0;(8<"(-=>$$"8&>(0;(:"&89#-E(893"(92(8<"(R"=8"&2
@#<"E38'(#-1="3(%>(8<"(U1-&8"&P391&2-E(893"+
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8<"9&(&"E-8902(80(8<"(#<-2/"=(0;(8<"(&"E-89:"(A<-="(39;;"&"2#"(%"8D""2(JB(-23(J5
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3.5.3 Other indicating parameters

T!4*+&$%!*+/$!"6*'

G2=8"-3(0;(8<"(8D0(A-&-$"8"&=(\-[<(-23(]=[]#^(3";92"3(%>(@A""&("8(-E+(\)**)^(8<"(-AAE9#-8902
0;(08<"&(-E8"&2-89:"(A-&-$"8"&=(#-2(%"(#02=93"&"3`

_9/+?+)N(]0E1$"(#<-2/"=(0;(8<"($933E"(A-&8(\]-.(?^

_9/+?+)Q(]0E1$"(#<-2/"=(92(8<"(D"=8"&2(A-&8(\]-.(B'(N(-23(Q^
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!" N%40&!B1&180%0&7! ?')$(! +$! 2+%0&1%)&0,(C=(3"=#&9%"3( 92(W<-A8"&(5'( 8<"&"( -&"( -E=0
08<"&( A-&-$"8"&=( =1//"=8"3( 92( 8<"( E98"&-81&"+(C2( "V-$AE"( 9=( 8<"( 02"( =1//"=8"3( %>
!&02."&=(\)*IQ'(="#8902(5+?+?^+(C(=9$9E-&(-2-E>=9=(-=(3"=#&9%"3(-%0:"(#-2(%"(#-&&9"3
018(;0&(8<9=(A-&-$"8"&+(H<"(#02#E1=902=(D9EE(%"(=9$9E-&(80(8<0="(3&-D2(;0&(8<"(8<"0&>
0;( ( @A""&( "8( -E+( \)**L^+( H<9=( #-2( =9$AE>( %"( 0%="&:"3( %>( #0$A-&92/( _9/+?+)5( -23
_9/+5+)L+

!" O7+$P!+$(0B0$(0$%!B1&180%0&7,(C=($"28902"3(92(8<"(A&":901=(=1%P="#8902'(8<"(8D0
A-&-$"8"&=(3";92"3(%>(@A""&("8(-E(\)**)^(-&"(208(923"A"23"28(0;("-#<(08<"&+(H<9=(#-2
%"( -( 39=-3:-28-/"+(C(A0==9%E"( ="8( 0;( 923"A"23"28( A-&-$"8"&=( #028-9292/( 8<"( =-$"
92;0&$-8902( 9=( "+/+( -[<( -23( C;[C'( D<"&"( 8<"( E-=8( A-&-$"8"&( &"A&"="28=( 8<"( &-890
%"8D""2(8<"(<0&9K028-E(-&"-(0;(893-E(;E-8=(-23(8<"(808-E(-&"-(0;(8<"(#0&&"=A02392/(\A-&8
0;^( "=81-&>+( G8( 9=( &"#0$$"23"3( 80( #02=93"&( 8<9=( ="8( 0;( A-&-$"8"&=( 92( 8<"( ;0EE0D92/
=813>

!" 340!B1&180%0&7!+$!%40!?+%%+$P!0F)1%+'$!?'&!%40!45B7'80%&5,(G2(#0$%92-8902(D98<
8<"( 893-E( -$AE9813"( 8D0( 39$"2=902E"==( A-&-$"8"&=(/( -23( -[3( #-2( %"( 3";92"3+( H<"
=-$"(3-8-(-=(92(_9/+?+)5(20D(>9"E3(_9/1&"(?+)T+(G8(=""$=(8<-8(8<9=(="8(A-&-$"8"&=(<-=
8<"( A08"289-E( 80( ="A-&-8"( 8<"( ;E003P30$92-28( -&"-=( ;&0$( 8<"( "%%P30$92-28( 02"=+
S0D":"&(8<"&"(9='(20(8<"0&"89#-E(%-=9=(;0&(98(-8(8<9=($0$"28(\8<"(="A-&-80&(E92"(3&-D2
92( 8<"( ;9/1&"( 9=( -( =1//"=89:"( 02"^+( _1&8<"&$0&"'( 8<9=( ="8( 0;( A-&-$"8"&=( <-=( 98=
&"=8&9#8902='(=92#"(98(#-2(02E>(%"(1="3(92(#-="=(D<"&"(8<"(=1//"=8"3(;98892/("U1-8902
;0&(8<"(<>A=0$"8&>(-AAE9"=+

I##"!"-/$%&2$+$)*!*+'

H<"(;-#8(8<-8(8<"(8<"0&9"=(;0123(92(8<"(E98"&-81&"(-&"(208(U1-2898-89:"E>(:-E93(;0&(8<"(R"=8"&2
@#<"E38( 9239#-8"=( 8<-8( "+/+( 8<"( A-&-$"8"&=( 3";92"3( %>( @A""&( "8( -E+( \)**)^( 30( 208( ;0&$( -
#0$AE"8"(="8('(92(8<-8(8<">(#0:"&(-EE(&"E":-28(-=A"#8=(0;(8<"(893-E(-=>$$"8&>(92(8<"("=81-&>+(G2
08<"&( D0&3='( 8<"&"( $1=8( %"( 08<"&( A-&-$"8"&=( D<9#<( -E=0( <-:"( 92;E1"2#"( 02( 8<"( 893-E
-=>$$"8&>( -23( D<9#<( -&"( \-E$0=8^( #02=8-28( ;0&( -EE( 8<"( #-="=( #02=93"&"3( %>( @A""&( "8( -E
\)**)^+
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C=(-E&"-3>(208"3( 92(W<-A8"&(5'( -EE( #-="=(#02=93"&"3(%>(@A""&("8( -E( \)**)^(#02#"&2(-( ;9V"3
E"2/8<(0;(8<"("=81-&>'(8<">(-EE(#02#"&2(=<0&8(-23(A&9=$-89#("=81-&9"='(-23(8<">(-&"(-EE(;&9#8902P
30$92-8"3( #-="=+( J-.92/( 1="( 0;( 8<"( -2-E>="=( 0;( Y9( -23( 6p!022"EE( \)**I^( 02( 893-E
&"#89;9#-8902'(8<"(;0EE0D92/(-3398902-E(A-&-$"8"&=(-&"(93"289;9"3`

!" H<"(&-890(%"8D""2(8<"(E"2/8<(0;(8<"("=81-&>(-23(8<"(D-:"(E"2/8<(0;(8<"(893"+
!" H<"( &-890( %"8D""2( -( E"2/8<P=#-E"( 0;( 8<"($0&A<0E0/9#-E( :-&9-8902( -E02/( 8<"( "=81-&>

\"+/+(8<"(#<-2/"(0;(D938<^(-23(8<"(D-:"(E"2/8<(0;(893"+
!" H<"(&-890(%"8D""2(8<"(893-E(A"&903(-23(8<"(3"#->(89$"(31"(80(;&9#8902+

_1&8<"&(&"="-&#<(9=(&"U19&"3(80(3"8"&$92"(8<"(&0E"=(0;(8<"="(A-&-$"8"&=+

3.5.4 Tidal asymmetry due to sixth-diurnal tide

@0(;-&(20(8<"0&>(&"E-892/(8<"(893-E(-=>$$"8&>(#-1="3(%>(8<"(=9V8<P391&2-E(893"(<-=(%""2(;0123
92( 8<"( E98"&-81&"+( G;( 8<"( =-$"( ;9/1&"(-=(_9/+?+))( ;0&( 8<"(U1-&8"&P391&2-E( 893"( 9=($-3"( ;0&( 8<"
=9V8<P391&2-E(893"'(02"(0%8-92=(_9/+?+)I+(C=(8<"(=9V8<P391&2-E(893"(AE->=(-2(9$A0&8-28(&0E"(92
8<"(R"=8"&2(@#<"E38'(98(9=(&"#0$$"23"3(80(#-&&>(018(&"="-&#<(#02#"&292/(8<"(893-E(-=>$$"8&>
#-1="3(%>(8<9=(/&01A(0;(#02=8981"28='(-23(98=(&"E-8902(D98<(8<"($0&A<0E0/>+
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3.5.5 Concluding discussion

CE8<01/<( 8<"( 8<"0&>( ;0123( 92( 8<"( E98"&-81&"( 9=( 208( U1-2898-89:"E>( -AAE9#-%E"( 80( 8<"(R"=8"&2
@#<"E38'(8<"(&"=1E8=(A&"="28"3(92(8<"(A&":901=(=1%P="#8902=(#-2(&"-39E>(%"(1="3(80("=89$-8"(8<"
#<-2/"=( 0;( 8<"( 893-E( -=>$$"8&>( 31"( 80( -( #"&8-92( <1$-2( 928"&;"&"2#"( 92( 8<"( "=81-&>'( "+/+( -
;1&8<"&( 3""A"292/( 0;( 8<"( 2-:9/-8902( #<-22"E+( H<9=( #-2( %"( 302"( %>( 3"8"&$9292/( 8<"( 8D0
A-&-$"8"&=(\-[<(-23(]=[]#^(%";0&"(-23(-;8"&( 8<"( 928"&;"&"2#"(-23(AE08( 8<"$(92(_9/+?+)5(-23
_9/+?+)?+(H<"(#<-2/"(0;(8<"(E0#-8902=(0;(8<"(A0928=(%";0&"(-23(-;8"&(8<"(928"&;"&"2#"(/9:"=(-2
9239#-8902(0;(8<"(39&"#8902(92(D<9#<(8<"(893-E(-=>$$"8&>(#<-2/"=+(,-="3(02(8<"(-:-9E-%E"(3-8-
98(9=(":"2(A0==9%E"(80(/9:"(-(U1-2898-89:"(A&"39#8902(80(-(#"&8-92("V8"28+

H<9=(D0&.92/($"8<03( 9=( 92( ;-#8( %-="3( 02( 928"&A0E-8902( [( "V8&-A0E-8902( 1=92/( 8<"( -:-9E-%E"
3-8-+(G8(9$AE9"=(8<"(-==1$A8902(8<-8(8<"(928"&;"&"2#"(D9EE(208(-;;"#8(8<"(-3398902-E(A-&-$"8"&=
$"28902"3(92(?+N+?(92(=1#<(-(D->(8<-8(8<"(&"E-8902(%"8D""2(8<"(893-E(-=>$$"8&>(-23(8<"(8D0
A-&-$"8"&=(1="3(<"&"(D9EE(#<-2/"(=9/29;9#-28E>+
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4 Summary, conclusions and
recommendations

H<"(0%7"#89:"(0;( 8<"( =813>(D-=( 80( &":9"D( 8<"( 8<"0&>(-23(#02#"A8=(02( 893-E( -=>$$"8&>( -23
&"=931-E( ="39$"28( 8&-2=A0&8( 92( "=81-&9"=( -23( 80( -=="=( 8<"9&( -AAE9#-%9E98>( 80( 8<"( R"=8"&2
@#<"E38("=81-&>+(H<9=(#<-A8"&(=1$$-&9="=(8<"(A&92#9A-E(&"=1E8=(-23(#02#E1=902=(0;(8<"(=813>+
,"=93"=( 98( /9:"=( =0$"( &"#0$$"23-8902=( ;0&( ;1&8<"&( &"="-&#<'( 80( ;1&8<"&( 92#&"-="( -23
0A"&-8902-E9="((8<"(.20DE"3/"(-23(123"&=8-2392/(0;(8<"(893-E(-=>$$"8&>'(&"=931-E(8&-2=A0&8=
-23($0&A<0E0/9#(":0E18902(0;(8<"("=81-&>+

H<"(&"=1E8=(0;(8<"(A&"="28(=813>(D"&"(%-="3(02(8<"(;0EE0D92/(-==1$A8902=(-23(&"=8&9#8902=`
!" H<"("=81-&>(9=(D"EEP$9V"3`(<0&9K028-E(-23(:"&89#-E(3"2=98>(/&-39"28=(-&"(2"/E"#8"3+
!" H<"("=81-&>( 9=( 893"P30$92-8"3`( 8<"( 92;E1"2#"(0;(-( &9:"&(018;E0D(-23($"8"0&0E0/9#-E

;0&#92/=(02(8<"(D-8"&($08902(-23(8<"(893-E(-=>$$"8&>(-&"(208(#02=93"&"3+
!" J0=8(0;(8<"(8<"0&"89#-E(-2-E>="=(-23(8<"9&(-AAE9#-8902=(-&"(%-="3(02(-()!(-AA&0-#<+
!" H<"(A"&903(0;(8<"(J5(893-E(#02=8981"28(9=(1="3(-=(8<"(893-E(A"&903+

4.1 Summary and conclusions

C=>$$"8&>(&";"&=( 80( 8<"("%%P30$92-2#"(0&( ;E003(30$92-2#"(0;( 8<"(:"&89#-E(-23(<0&9K028-E
893"`( 8<"( :"&89#-E( 893"( 9=( ;E003P30$92-28( 9;( 8<"( 31&-8902( 0;( ;-EE92/( 893"( "V#""3=( 8<-8( 0;( 8<"
&9=92/(893"+(O%%P30$92-2#"(0##1&=(92(8<"(0AA0=98"(=981-8902+(H<"(<0&9K028-E(893"(\:"E0#98>^(9=
#02=93"&"3( ;E003P30$92-28( 9;( 98( 9231#"=( -( &"=931-E( ="39$"28( 8&-2=A0&8( 92( E-23D-&3( \;E003^
39&"#8902'(D<"&"-=( 98( 9=( "%%P30$92-28( 92( 8<"( #-="( 0;( -( ="-D-&3( 39&"#8"3( &"=931-E( ="39$"28
8&-2=A0&8+(H<"(-=>$$"8&>(0;(8<"(<0&9K028-E(893"($->(%"(-==0#9-8"3(D98<`

!" C2(-=>$$"8&>(92(8<"($-/29813"(0;($-V9$1$(;E0D`(;0&(92=8-2#"(9;($-V9$1$(;E003
:"E0#989"=( "V#""3( $-V9$1$( "%%( ;E0D( -( ;E003P30$92-28( 8&-2=A0&8( \%"3( E0-3( -23
=1=A"23"3(E0-3^(9=( E9."E>( 80(0##1&'(-=( 8<"(="39$"28( 8&-2=A0&8(202PE92"-&E>( 92#&"-="=
D98<(8<"(:"E0#98>+

!" C2(-=>$$"8&>( 92( 8<"(31&-8902(0;(=E-#.(D-8"&`( 9;( 8<"(31&-8902(0;(=E-#.(D-8"&(%";0&"
;E003(\@,_^("V#""3=( 8<"(31&-8902(0;(=E-#.(D-8"&(%";0&"("%%(\@,O^(-2("VA0&8( \"%%P
30$92-2#"^(0;(;92"(=1=A"23"3(="39$"28(9=(;-:01&"3+(R<"2(8<"(A"&903(0;(=E-#.(D-8"&
%";0&"( ;E003( E-=8=( =<0&8"&( 8<"( A"&903( 0;( =E-#.(D-8"&( %";0&"( "%%( -2( 9$A0&8( ( 0;( ;92"
=1=A"23"3(="39$"28(9=(E9."E>(80(0##1&+

H<"(-=8&020$9#-E(893"(-23(98=(=A-89-EE>(-23(8"$A0&-EE>(:-&>92/(-=>$$"8&>(#-2(%"(3"=#&9%"3
92(8"&$=(0;(-(21$%"&(0;(<-&$029#(#0$A02"28=+(H<"(-$AE9813"(&-890(-23(8<"(A<-="(39;;"&"2#"
0;(J5(-23(98=(0:"&893"=(-&"(0;8"2(1="3(80(#<-&-#8"&9="(8<"(893-E(-=>$$"8&>+

C(8<"0&"89#-E(-2-E>=9=(0;(8<"(9239:931-E(202PE92"-&(8"&$=(92(8<"()!("U1-8902=(0;($0$"281$
-23( #02892198>( =<0D"3( 8<-8( 0:"&893"=( \JB( "8#+^'( #0$A0123( 893"=( \J@B( "8#+^( -23( 893-E
&"#89;9#-8902( \J0^( -&"( /"2"&-8"3( %>( 8<"( 202PE92"-&( 928"&-#8902=( 0;( 8<"(J5( 893-E( #0$A02"28
D98<(98="E;(\-180P928"&-#8902^(-23(D98<(08<"&(;123-$"28-E(#02=8981"28=`(-(89$"P92:-&9-28($"-2
";;"#8( \&"#89;9#-8902^(-23( 8<"(0:"&893"(JB(0&9/92-8"( ;&0$( 8<"( -180P928"&-#8902(0;( 8<"(J5(:9-
8<&""(202PE92"-&(8"&$='(:9K+`(8<"(-3:"#89:"(92"&89-(8"&$(\,^'(8<"(%0880$(;&9#8902(8"&$(\!^(-23
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8<"(39=#<-&/"(/&-39"28( 8"&$(\F^+(H<"(=9V8<P391&2-E(0:"&893"(-23(#0$A0123( 893"=( \"+/+(JQ( '
BJ@Q^( -&"( "=="289-EE>( 31"( 80( 8<"( 202PE92"-&( 928"&-#8902( 0;( J5( D98<( 98="E;( -23( 08<"&
;123-$"28-E(#02=8981"28=(\"+/+(@5^(:9-(8<"(%0880$(;&9#8902(8"&$(\!^+(H<9=($"-2=(;0&(92=8-2#"
8<-8(92(=<-EE0D(893-E(-&"-=(#<-&-#8"&9="3(%>(E-&/"(=A-89-E(:"E0#98>(/&-39"28=(-(/"2"&-8902(0;(JB

9=(E9."E>(80(0##1&(-=(-(&"=1E8(0;(8<"(-180P928"&-#8902(0;(J5(:9-(8<"(%0880$(;&9#8902(8"&$(-23(8<"
-3:"#89:"(92"&89-(8"&$+

M"=931-E(;E0D=($->(=8&02/E>(92;E1"2#"(8<"(-=>$$"8&>(0;(8<"(<0&9K028-E(893"+(H<"9&(/"2"&-8902
9=(:"&>(="2=989:"(80(=A-89-E(:-&9-8902=(92(%-8<>$"8&>(-23(<0&9K028-E(/"0$"8&>'(D<9#<($-."=(98
-(39;;9#1E8(=1%7"#8(80(%"(=8139"3+(H<"(&"=931-E(D-8"&($08902(92(8<"(R"=8"&2(@#<"E38(=""$=(80
%"( 30$92-8"3( %>( %-8<>$"8&>P9231#"3( &"=931-E( ;E0D=`( -8($-2>( E0#-8902=( 92( 8<"( "=81-&>( 8<"
808-E( #&0==P="#8902-EE>( -:"&-/"3( &"=931-E( #1&&"28( :"E0#98>( 9=( 8<"( 2"8( \=$-EE^( ";;"#8( 0;( -
&"E-89:"E>(E-&/"(&"=931-E(;E003(;E0D(92(8<"(;E003(#<-22"E(-23(-2("%%P30$92-8"3(&"=931-E(;E0D
92(8<"("%%(#<-22"E+(H<"(928"2=98>(\$-/29813"^(0;(&"=931-E(#9&#1E-8902=(9231#"3(%>(8<"("%%(-23
;E003(#<-22"E=(/0"=(8<&01/<(-(2"-AP=A&92/(893-E(#>#E"+

H<"(&"E-8902=<9A(%"8D""2(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(-23(8<"(<0&9K028-E(893"(9=(-(202PE92"-&
02"'( %"#-1="( 8<"( =80&-/"( D938<( -23( #&0==P="#8902-E( -&"-( #<-2/"( D98<( 8<"( D-8"&( E":"E
\<>A=0$"8&>(";;"#8^+(H<9=( 9$AE9"=( 8<-8(-(;E003P30$92-28(31&-8902(-=>$$"8&>(0;( 8<"(:"&89#-E
893"(9=(208(2"#"==-&9E>(-==0#9-8"3(D98<(-(;E003P30$92-2#"(0;(8<"(893-E(#1&&"28+(H<"("E-%0&-8902
0;( 8<9=( &"E-8902=<9A( ;0&( 8<"(R"=8"&2(@#<"E38( =<0D"3( 8<-8( 8<"( <>A=0$"8&9#( A&0A"&89"=( 0;( 8<"
#<-22"E( [(=<0-E(=>=8"$(8"23(80(&"92;0&#"( 8<"( \U1-&8"&(391&2-E^(-=>$$"8&>( 92( 8<"( ;E0D(&-8"='
D<"&"-=(8<">(8"23(80(D"-."2(8<"(-=>$$"8&>(92(8<"(:"E0#989"=+

H<"(-2-E>=9=(0;(=0$"(-:-9E-%E"(;9"E3(0%="&:-8902=(0;( 8<"(:"&89#-E(-23(<0&9K028-E( 893"( 92( 8<"
D"=8"&2(\="-D-&3^(A-&8(0;( 8<"("=81-&>(&":"-E"3(-2( 92#&"-="(0;( 8<"( 893-E(-=>$$"8&>(D98<( 8<"
893-E(&-2/"`(31&92/(=A&92/(893"(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(-23(<0&9K028-E(893"(8"23=(80(%"
=8&02/"&( 8<-2(31&92/(2"-A( 893"+(CAA-&"28E>'( 8<"( 202PE92"-&( 928"&-#8902=( -&"( =8&02/"&( 31&92/
=A&92/( 893"( 8<-2( 31&92/( 2"-A( 893"+( H<"( 2"-AP=A&92/P893-E( :-&9-8902( ;923=( "VA&"==902( 92( 8<"
/"2"&-8902(0;(8<"(U1-&8"&P391&2-E(-23(=9V8<P391&2-E(#0$A0123(893"='(D<9#<($->(":"2("V#""3
8<"( $-/29813"( 0;( 8<"( 0:"&893"=( JB( -23( JQ+( H<"( -=="==$"28( 0;( 8<"( 9$AE9#-8902=( 0;( 8<9=
0%="&:-8902(;0&(8<"(="39$"28(8&-2=A0&8=(-23($0&A<0E0/>(92(8<"("=81-&>(&"U19&"=(2"D(&"="-&#<+

e&":901=( =8139"=( 02( 8<"( &"E-8902=<9A( %"8D""2( 8<"( -=>$$"8&>( 0;( 8<"( :"&89#-E( 893"( -23( 8<"
0:"&-EE(\"=81-&92"^($0&A<0E0/>(9239#-8"(8<-8(8<"($"-2(#<-22"E(3"A8<(\8<"(A-&-$"8"&(-[<^(-23
8<"( 928"&P893-E(-&"-( \:0E1$"'( 8<"(A-&-$"8"&(]=[]#^( =8&02/E>( 92;E1"2#"( 8<"( -=>$$"8&>( 0;( 8<"
:"&89#-E( 893"`( =<-EE0D( "=81-&9"=( 8"23( 80( %"( ;E003P30$92-28'( D<"&"-=( 3""A"&( "=81-&9"=( D98<
E-&/"( 928"&P893-E(-&"-=( 8"23(80(%"("%%P30$92-28+(H<"(8<"0&>(0;(@A""&("8(-E'( \)**)^(<-=(%""2
":-E1-8"3(;0&(8<"(R"=8"&2(@#<"E38("=81-&>+((_9&=8'(8<"(=A-89-E(:-&9-8902=(0;(8<"(U1-&8"&P391&2-E
893-E( -=>$$"8&>( 92( )**T( -23( )*T)( D"&"( #0$A-&"3( D98<( 8<"( E-&/"P=#-E"( $0&A<0E0/9#
#<-&-#8"&9=89#=( \-[<'( ]=[]#^( 92( )*NN[)*T)( -23( )**Q+( H<9=( #0$A-&9=02( =<0D=( 8<-8( ;E003P
30$92-2#"(0;( 8<"(:"&89#-E( 893"( 9=( 923""3(-==0#9-8"3(D98<( E-&/"&(:-E1"=(0;(-[<( \D-8"&(3"A8<^
-23(]=[]#(\928"&P893-E(-&"-^( 8<-2(92(-&"-=(D<"&"(-2("%%P30$92-28( 893-E(-=>$$"8&>(A&":-9E=+
H<1='( 8<"(0%="&:-8902=( U1-E98-89:"E>( -/&""(D98<( 8<"( #02#E1=902=( 0;(@A""&( "8( -E+\)**)^+(H<"
E92"( 8<-8( 39=892/19=<"=( "%%P30$92-2#"( ;&0$( ;E003P30$92-2#"( 30"=( 208( #092#93"( D98<( 8<"
&"=1E8=(0;(@A""&("8(-E+(\)**)^+(H<9=(9=(208(=1&A&9=92/(=92#"(8<"(R"=8"&2(@#<"E38(=9/29;9#-28E>
39;;"&=(;&0$(8<"(=>=8"$=(=8139"3(%>(@A""&("8(-E+(\)**)^+
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H<"(":-E1-8902(0;(8<"(8<"0&>(0;(@A""&("8(-E+(\)**)^(D-=("V8"23"3(%>(#02=93"&92/(8<"(8"$A0&-E
#<-2/"=( 0;( 8<"( 893-E( -=>$$"8&>( \0;( 8<"( :"&89#-E( 893"^( -23( 8<"( <>A=0$"8&>+( S"&"92( 98( D-=
<>A08<"=9="3( 8<-8( 8<"( \=A-89-E^( #<-2/"(0;( 8<"( 893-E( -=>$$"8&>( %"8D""2( 8D0( =8-8902='( &-8<"&
8<-2( 8<"( -=>$$"8&>( 98="E;'( =<01E3( %"( &"E-8"3( 80( 8<"($0&A<0E0/9#( #<-2/"=( \92( 8"&$=( 0;( -[<'
]=[]#^(0;(8<"(-&"-(92(%"8D""2(8<"(D-8"&(E":"E(=8-8902=+(H<9=("V"&#9="(=<0D"3(8<-8(8<"(8<"0&>
0;(@A""&("8(-E+(\)**)^(-E=0(U1-E98-89:"E>("VAE-92=(8<"(0%="&:"3(#<-2/"=(0;(8<"(893-E(-=>$$"8&>
-23( $0&A<0E0/>`( 8<"( 3""A"292/( 0;( 8<"( "-=8"&2( \E-23D-&3^( A-&8( 0;( 8<"( "=81-&>( D-=
-##0$A-29"3( %>( -( &"31#8902( 0;( 8<"( ;E003P30$92-28( -=>$$"8&>( 0;( 8<"( :"&89#-E( 893"+( G2( 8<"
D"=8"&2(="#8902=(0;( 8<"("=81-&>(-(=$-EE(0:"&-EE(=<0-E92/(-23(92#&"-="(0;( 8<"( 928"&P893-E(-&"-
D"&"(-==0#9-8"3(D98<(-2(92#&"-="(0;(8<"(;E003P30$92-2#"(%"8D""2(]E9==92/"2(-23(H"&2"1K"2
-23(3"#&"-="(0;(8<"("%%P30$92-2#"(0;(8<"(%"8D""2(S-2=D""&8(-23(H"&2"1K"2+(H<"="(&"=1E8=
9$AE>( 8<-8( 8<"( 8<"0&>( 0;( @A""&( "8( -E+( \)**)^($->( -E=0( %"( -AAE9"3( 80( -=="==( 8<"( 9$A-#8( 0;
<1$-2(928"&;"&"2#"(02(8<"(-=>$$"8&>(0;(8<"(:"&89#-E(893"(92(-(U1-E98-89:"(D->+(_92-EE>'(-(;"D
-E8"&2-89:"(A-&-$"8"&=(<-:"(%""2(93"289;9"3(8<-8($->(%"(1="3(80("V8"28(8<"(A-&-$"8"&9=-8902
0;(8<"(&"E-8902=<9A(%"8D""2(893-E(-=>$$"8&>(-23("=81-&92"($0&A<0E0/>+

4.2 Recommendations

,>( &":9"D92/( 8<"( -:-9E-%E"( .20DE"3/"( 92( 8<"( E98"&-81&"( -23( %>( -2-E>=92/( 8<"( A-&89#1E-&
=981-8902(0;(8<"(R"=8"&2(@#<"E38(8<"(&"=1E8=(0;(8<"(A&"="28(=813>(&":"-E(-E=0(8<"(#-:"-8=(92(01&
.20DE"3/"+(_1&8<"&(=8139"=(-&"(&"U19&"3(92(0&3"&(80(;9EE(8<"$(92+

_0&(8<"(=A"#9;9#(=981-8902(0;( 8<"(R"=8"&2(@#<"E38( 98( 9=( &"#0$$"23"3(80(#-&&>(018(-3398902-E
-2-E>="=(02(8<"(;0EE0D92/(=1%7"#8=`

!" M"=931-E(#1&&"28=+(H<"( &"=931-E(#1&&"28(-AA"-&=( 80( %"( 02"(0;( 8<"( 9$A0&8-28( ;-#80&=
92;E1"2#92/(8<"(&"=931-E(="39$"28( 8&-2=A0&8(;9"E3( 92( 8<"("=81-&>'(%18( 8<"(-2-E>=9=(02
8<9=(=1%7"#8(92(8<"(A&"="28(=813>(<-=(%""2(&"=8&9#8"3+

!" 6&9/92(0;(-=>$$"8&>(0;(8<"(:"&89#-E(893"(92(8<"(R"=8"&2(@#<"E38(-8(8<"(A&0#"==(E":"E+
H<9=(<-=(208(%""2(-2-E>="3(92( 8<"(A&"="28( =813>(=92#"( 8<9=(D9EE( -8( E"-=8( &"U19&"()!
$03"EE92/(0;(8<"(893-E($08902(92(8<"("=81-&>+

!" J"#<-29=$=( ;0&( ="39$"28( 8&-2=A0&8( 92( 8<"( R"=8"&2( @#<"E38+( H<"( ;0EE0D92/
<>A08<"="=(&"U19&"(-(:"&9;9#-8902(02(8<"(%-=9=(0;()P!(-23(5P!(21$"&9#-E($03"EE92/
\=""(-E=0(%"E0D^`
v( H<"( -=>$$"8&>( \"%%( [( ;E003P30$92-2#"^( 0;( 8<"( :"&89#-E( 893"'( #-1="3( %>( 8<"

/"2"&-8902(0;(0:"&893"='(9=(-==0#9-8"3(D98<(-(=9$9E-&(-=>$$"8&>(0;(8<"(<0&9K028-E
893"( \8<"( #&0==P="#8902-EE>P-:"&-/"3( :"E0#98>^+( H<1='( -( ;E003P30$92-28( :"&89#-E
893"(9=(-##0$A-29"3(%>($-V9$1$(;E003(:"E0#989"=(8<-8("V#""3(8<"($-V9$1$("%%
:"E0#989"=+

v( H<"( 39&"#8902( 0;( 8<"( E-&/"P=#-E"( ="39$"28( 8&-2=A0&8'( 9+"+( 928"/&-8"3( 0:"&( 8<"
"=81-&92"(#&0==P="#8902'(-23(8<"(8&-2=;"&(0;(="39$"28(%"8D""2("=81-&92"(="#8902=
3"A"23=(02(8<"(893-E(-=>$$"8&>(9231#"3(%>(8<"(/"2"&-8902(0;(8<"(0:"&893"=+

!" O;;"#8(0;(="-(E":"E(&9="(-23()I+Q(>"-&(893-E(#>#E"+

J0=8(0;( 8<"(.20DE"3/"( \8<"0&9"='($03"E='( #02#"A8='(o^(-AA"-&=(-AAE9#-%E"( 80( 8<"(R"=8"&2
@#<"E38(92(-(U1-E98-89:"'(%18(208(39&"#8E>(92(-(U1-2898-89:"(="2="+(H<"(;0EE0D92/(=8139"=(=<01E3
%"(#-&&9"3(018(92(0&3"&(80($-."(8<"(%-=9#(.20DE"3/"(%"88"&(-AAE9#-%E"(80(8<"(R"=8"&2(@#<"E38`

!" )!( 893-E( $08902( $03"EE92/( 1=92/( 8<"( <>A=0$"8&>( 3-8-( [( &"E-8902=( 0;( 8<"( R"=8"&2
@#<"E38(-23(<"&"D98<
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v( 3"8"&$92"( 8<"( ="A-&-80&( %"8D""2( "%%P( -23( ;E003P30$92-2#"( 92( 8<"( 39-/&-$( 0;
@A""&("8(-E(\)**)^(;0&(8<"(#-="(0;(8<"(R"=8"&2(@#<"E38+

v( 92:"=89/-8"(9;(-2(-E8"&2-89:"(="8(0;(9239#-892/(A-&-$"8"&=(D9EE(%"88"&(D0&.(;0&(8<"
"=81-&>+

v( "V8"23(8<"(-2-E>=9=(02(8<"(92;E1"2#"(0;(8<"(5<>A=0$"8&>+
!" 5!S( 893-E($03"EE92/( ;0&( 8<"(R"=8"&2( @#<"E38( ;0&( ;1&8<"&( -2-E>=9=( 02( 8<"( &"=931-E

;E0D(;9"E3=(92(8<"("=81-&>+

_1&8<"&$0&"'( 8<"( ;0EE0D92/( -2-E>="=( -&"( &"#0$$"23"3( 92( 0&3"&( 80( ;9EE( 92( 8<"( "V9=892/
.20DE"3/"(#-:"-8=`

!" C2-E>="(8<"(&"E-8902(%"8D""2(8<"(=9V8<P391&2-E(893"(-23(8<"($0&A<0E0/>+
!" C2-E>="( 8<"( &"E-8902(%"8D""2(="39$"28( 8&-2=A0&8( -23( 893-E( -=>$$"8&>( ;0&( 8<"( 8D0P

39$"2=902-E(#-="`("V8"23( 8<"(D0&.(0;(]-2(3"(g&""."( -23(M0%-#K"D=.-( \)**?^( 80
5!+

!" C2-E>="(8<"(-3398902-E(A-&-$"8"&=(92;E1"2#92/(8<"(893-E(-=>$$"8&>+
!" C2-E>="(8<"(";;"#8(0;(08<"&(;-#80&='("+/+(8<"($"8"0&0E0/9#-E(;0&#92/('(02(8<"(="39$"28

8&-2=A0&8'(-23(8<"(928"&-#8902(%"8D""2(8<"="(;-#80&=(-23(8<"(893-E(-=>$$"8&>+

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
N
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5 References

C1%&">'(!+F+(n(e+O+(@A""&(\)*IN^(C(=813>(0;(202PE92"-&(893-E(A&0A-/-8902(92(=<-EE0D(92E"8["=81-&92"(=>=8"$='(e-&8
G`(0%="&:-8902='(O=81-&92"'(W0-=8-E(-23(@<"E;(@#9"2#"'(]0E+(5)'(e+)INP5LN+

C1%&">'(!+F+(\)*IQ^'(S>3&03>2-$9#(#028&0E=(02(="39$"28(8&-2=A0&8(92(D"EEP$9V"3(%->=(-23("=81-&9"='(G2(d+(]-2
3"(g&"".(\"3+^(e<>=9#=(0;(=<-EE0D("=81-&9"=(-23(%->='(@A&92/"&P]"&E-/'(,"&E92'(A+(5BNP5NI+

C1%&">'(!+F+(n(W+H+(_&9"3&9#<='(\)*II^'(@"-=02-E(#E9$-80E0/>(0;(893-E(202PE92"-&989"=(92(-(=<-EE0D("=81-&>'(G2(!+F+
C1%&">(n(Y+(R"9=<-&(\"3=+^'(S>3&03>2-$9#=(-23(="39$"28(3>2-$9#=(0;(893-E(92E"8='(@A&92/"&P]"&E-/'
2"D(w0&.'(A+()L?P)5B+

,"&/'(d+S+(:-2(3"2'(J+W+d+Y+(d"1."2(n(C+d+_+(:-2(3"&(@A".(\)**Q^'(S>3&-1E9#(A&0#"=="=(-;;"#892/(8<"($0&A<0E0/>
-23(":0E18902(0;(8<"(R"=8"&=#<"E3"("=81-&>'(92`(U'!1$+"/*&V4-+*'W&U6-%1!"-/<&U/6"+-/)*/!'&$/#&D1)$/
I%!*+/$!"-/''(#<-A8"&(T'("398"3(%>(g+_+(X0&3=8&0$(n(W+H+(M0$-2+

,0/--&3'(Y+C+(198(3"2'()**N+(M"=1E8-8"2(K-23%-E-2=(R"=8"&=#<"E3"()*NNP)**?+(GJCm(&-AA0&8(M(*NPLI'(G2=89818"
;0&(J-&92"(-23(C8$0=A<"&9#(M"="-&#<(m8&"#<8

,002'(d+!+'()*II'(H"$A0&-E(:-&9-8902(0;(=<-EE0DPD-8"&(893"=(92(%-=92P92E"8(=>=8"$='(92(C1%&">(!+F(n(Y+(R"9=<-&
\"3=+^'(S>3&03>2-$9#=(-23(-23(="39$"28(3>2-$9#=(0;(893-E(92E"8='(@A&92/"&P]"&E-/'(X"D(w0&.+

WE-"=="2=(-23(J">:9=(\)**B^+((S"8(0:"&K9#<8(:-2(3"(897D--&2"$92/"2(92(<"8(f""=#<"E3"(%".."2(/"31&"23"(<"8
3"#"2291$()*I)P)**L+(J929=8"&9"(:-2(3"(]E--$="(F"$""2=#<-A+(C28D"&A="(f""<-:"239"2=8"2(\92
!18#<^+

!&02."&='(d+d+'()*QB'(H93-E(#0$A18-8902=(92(&9:"&=(-23(#0-=8-E(D-8"&='(X0&8<PS0EE-23(e1%E9=<92/(#0$A-2>'
C$=8"&3-$+

!&02."&='(d+'()*IQ'(H93-E(-=>$$"8&>(-23("=81-&92"($0&A<0E0/>'(X"8<"&E-23=(d01&2-E(0;(@"-(M"="-&#<'(\5L^(A+))TP
)?)+

!&02."&='(d+'()*II'(J0&A<03>2-$9#=(0;(8<"(!18#<(!"E8-'(G2(!&02."&='(d+(n(J+(@#<";;"&=(\)**I^'(e<>=9#=(0;
O=81-&9"=(-23(W0-=8-E(@"-='(C+C+,CYgOJC'(M088"&3-$+
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A Periodicity and period of tide
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B 1-D equations for the tidal motion in a
channel with variable width
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