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J'4"%$/]UPP*/ :?&$/J)%@$/#$%/(Z"?%$/M$1%$-------------------------------------------------------------------------------------- ]UP]
J'4"%$/]UP[*/ L3$%4>/8'(('#?1')3/N>/N)11)M/,%'@1')3/?3./S?&$/N%$?G'34/@)M#"1$.----------------------- ]UPX

N>/8$2,1[8U:?&$
J'4"%$/]UP]*/ :?1$%/2$&$2/,)%/('M"2?1')3/'3/SI'@I/I'31$%2?3./'(/,2)).$. ----------------------------------------- ]UP^
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J'4"%$/]UPX*/ F$2?1'&$/'3@%$?($/),/1I$/S?1$%/2$&$2/N>/1I$/'3,2"$3@$/),/S?&$(/,)%/($&$%?2 --------------- ]UPa
@)M#"1?1')3(

J'4"%$/]UP^*/ :?1$%/2$&$2(/?2)34/1I$/WU?W'(/,)%/]/@)M#"1?1')3(d/P/@)M#"1?1')3(/S'1I ------------------- ]UP_
S'3./?3./S?&$/,)%@'34/?3.///P/@)M#"1?1')3(/S'1I/E"(1/S'3./,)%@'34

J'4"%$/]UPa*/ :?1$%/2$&$2(/?1/1I$/(I)%$2'3$d/&?%'?1')3/'3/4%'./('`$/?3./'3/3"MN$%/),/2?>$%( ------------ ]UPb
J'4"%$/]UP_*/ :?1$%/2$&$2(/?1/1I$/(I)%$2'3$d/'3@%$?($/),/2$&$2/."$/1)/$32?%4'34/),/3"MN$% ------------- ]U[Q

),/2?>$%(/,)%/1I$/.$#1I
J'4"%$/]UPb*/ F$2?1'&$/'3@%$?($/),/S?1$%/2$&$2/."$/1)/S?&$(/,)%/($&$%?2/@)M#"1?1')3(------------------- ]U[R

N>/&?%>'34/1I$/(#?1'?2/?3.//&$%1'@?2/%$()2"1')3
J'4"%$/XUR*/ 0%'./),/@)M#"1?1')3?2/?%$?---------------------------------------------------------------------------------------------XUR
J'4"%$/XUP*/ !@I$M?1'@/N)11)M/#%),'2$/),/D?>/),/D$34?2 ------------------------------------------------------------------XUP
J'4"%$/XU[* K>@2)3$/S'3./#%),'2$(/"($./'3/@?($/(1".>/?3./,)%/&$%',>'34 -----------------------------------------XU[
J'4"%$/KUR* V&$%&'$S/),/D?>/),/D$34?2/'3@2".'34/($2$@1$./?%$?(---------------------------------------------------KUR
J'4"%$/KUP* C3.I%?/+%?.$(I/($2$@1$./?%$? ---------------------------------------------------------------------------------------KUP
J'4"%$/KU[* 0?34$(/8$21?/($2$@1$./?%$?--------------------------------------------------------------------------------------------KUP
J'4"%$/KU]* :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/R --------------------------------------------------KU[
J'4"%$/KUX*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/P --------------------------------------------------KU]
J'4"%$/KU^*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/[ --------------------------------------------------KUX
J'4"%$/KUa*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/] --------------------------------------------------KU^
J'4"%$/KU_*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/X --------------------------------------------------KUa
J'4"%$/KUb*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/^ --------------------------------------------------KU_
J'4"%$/KURQ*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/a --------------------------------------------------KUb
J'4"%$/KURR*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/_ ------------------------------------------------KURQ
J'4"%$/KURP*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/b ------------------------------------------------KURR
J'4"%$/KUR[*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/C3.I%?/+%?.$(I*/(1?1')3/RQ ----------------------------------------------KURP
J'4"%$/KUR]*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/R ----------------------------------------------------KUR[
J'4"%$/KURX*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/P ----------------------------------------------------KUR]
J'4"%$/KUR^*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/[ ----------------------------------------------------KURX
J'4"%$/KURa*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/] ----------------------------------------------------KUR^
J'4"%$/KUR_* :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/X ----------------------------------------------------KURa
J'4"%$/KURb*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/^ ----------------------------------------------------KUR_
J'4"%$/KUPQ*/ :?1$%/2$&$2/%$4'(1%?1')3/?1/0?34$(/8$21?*/(1?1')3/a ----------------------------------------------------KURb
J'4"%$/KUPR*/ :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ----KUPQ
J'4"%$/KUPP*/ :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ----KUPR
J'4"%$/KUP[*/ :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ----KUPP
J'4"%$/KUP]*/ :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ----KUP[
J'4"%$/KUPX*/ :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ----KUP]
J'4"%$/KUP^* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ----KUPX
J'4"%$/KUPa* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ----KUP^
J'4"%$/KUP_* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ ----KUPa
J'4"%$/KUPb* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ----KUP_
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J'4"%$/KU[Q* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ----------------------------------KUPb
J'4"%$/KU[R* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ------------------------------------KUPb
J'4"%$/KU[P* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ----------------------------------KU[Q
J'4"%$/KU[[* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ------------------------------------KU[Q
J'4"%$/KU[]* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ----------------------------------KU[R
J'4"%$/KU[X* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ------------------------------------KU[R
J'4"%$/KU[^* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ----------------------------------KU[P
J'4"%$/KU[a* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ------------------------------------KU[P
J'4"%$/KU[_* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ----------------------------------KU[[
J'4"%$/KU[b* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ------------------------------------KU[[
J'4"%$/KU]Q* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ----------------------------------KU[]
J'4"%$/KU]R* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ------------------------------------KU[]
J'4"%$/KU]P* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ----------------------------------KU[X
J'4"%$/KU][* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ------------------------------------KU[X
J'4"%$/KU]]* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ ----------------------------------KU[^
J'4"%$/KU]X* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ ------------------------------------KU[^
J'4"%$/KU]^* :?&$/I$'4I1/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ----------------------------------KU[a
J'4"%$/KU]a* 8'(('#?1')3/,)%/P8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ------------------------------------KU[a
J'4"%$/KU]_* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ----KU[_
J'4"%$/KU]b* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ----KU[b
J'4"%$/KUXQ* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ----KU]Q
J'4"%$/KUXR* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ----KU]R
J'4"%$/KUXP* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ----KU]P
J'4"%$/KUX[* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ----KU][
J'4"%$/KUX]* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ----KU]]
J'4"%$/KUXX* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ ----KU]X
J'4"%$/KUX^* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ----KU]^
J'4"%$/KUXa* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ----------------------------------KU]a
J'4"%$/KUX_* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/RQ*QQ ------------------------------------KU]a
J'4"%$/KUXb* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ----------------------------------KU]_
J'4"%$/KU^Q* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R]*QQ ------------------------------------KU]_
J'4"%$/KU^R* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ----------------------------------KU]b
J'4"%$/KU^P* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/R_*QQ ------------------------------------KU]b
J'4"%$/KU^[* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ----------------------------------KUXQ
J'4"%$/KU^]* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Q^9RR9Rbb^O/PP*QQ ------------------------------------KUXQ
J'4"%$/KU^X* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ----------------------------------KUXR
J'4"%$/KU^^* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/QP*QQ ------------------------------------KUXR
J'4"%$/KU^a* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ----------------------------------KUXP
J'4"%$/KU^_* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/Q^*QQ ------------------------------------KUXP
J'4"%$/KU^b* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ----------------------------------KUX[
J'4"%$/KUaQ* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/RQ*QQ ------------------------------------KUX[
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J'4"%$/KUaR* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ ----------------------------------KUX]
J'4"%$/KUaP* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R]*QQ -----------------------------------/KUX]
J'4"%$/KUa[* :?&$/I$'4I1/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ----------------------------------KUXX
J'4"%$/KUa]* 8'(('#?1')3/,)%/[8/C3.I%?/+%?.$(I/@?($*/Qa9RR9Rbb^O/R_*QQ ------------------------------------KUXX
J'4"%$/KUaX* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/QP*QQ --------KUX^
J'4"%$/KUa^* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/Q^*QQ --------KUXa
J'4"%$/KUaa* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/RQ*QQ --------KUX_
J'4"%$/KUa_* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R]*QQ --------KUXb
J'4"%$/KUab* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R_*QQ --------KU^Q
J'4"%$/KU_Q* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/PP*QQ --------KU^R
J'4"%$/KU_R* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/QP*QQ --------KU^P
J'4"%$/KU_P* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/Q^*QQ --------KU^[
J'4"%$/KU_[* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/RQ*QQ --------KU^]
J'4"%$/KU_]* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/QP*QQ --------------------------------------KU^X
J'4"%$/KU_X* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/QP*QQ ----------------------------------------KU^X
J'4"%$/KU_^* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/Q^*QQ --------------------------------------KU^^
J'4"%$/KU_a* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/Q^*QQ ----------------------------------------KU^^
J'4"%$/KU__* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/RQ*QQ --------------------------------------KU^a
J'4"%$/KU_b* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/RQ*QQ ----------------------------------------KU^a
J'4"%$/KUbQ* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R]*QQ --------------------------------------KU^_
J'4"%$/KUbR* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R]*QQ ----------------------------------------KU^_
J'4"%$/KUbP* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R_*QQ --------------------------------------KU^b
J'4"%$/KUb[* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R_*QQ ----------------------------------------KU^b
J'4"%$/KUb]* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/PP*QQ --------------------------------------KUaQ
J'4"%$/KUbX* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/PP*QQ ----------------------------------------KUaQ
J'4"%$/KUb^* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/QP*QQ --------------------------------------KUaR
J'4"%$/KUba* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/QP*QQ ----------------------------------------KUaR
J'4"%$/KUb_* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/Q^*QQ --------------------------------------KUaP
J'4"%$/KUbb* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/Q^*QQ ----------------------------------------KUaP
J'4"%$/KURQQ* :?&$/I$'4I1/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/RQ*QQ --------------------------------------KUa[
J'4"%$/KURQR* 8'(('#?1')3/,)%/P8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/RQ*QQ ----------------------------------------KUa[
J'4"%$/KURQP* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/QP*QQ --------KUa]
J'4"%$/KURQ[* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/Q^*QQ --------KUaX
J'4"%$/KURQ]* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/RQ*QQ --------KUa^
J'4"%$/KURQX* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R]*QQ --------KUaa
J'4"%$/KURQ^* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/R_*QQ --------KUa_
J'4"%$/KURQa* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/PP*QQ --------KUab
J'4"%$/KURQ_* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/QP*QQ --------KU_Q
J'4"%$/KURQb* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/Q^*QQ --------KU_R
J'4"%$/KURRQ* :?1$%/2$&$2/($1U"#/."$/1)/S?&$(/'3/[8/0?34$(/8$21?/@?($*/Qa9RR9Rbb^O/RQ*QQ --------KU_P
J'4"%$/KURRR* :?&$/I$'4I1/,)%/[8/0?34$(/8$21?/@?($*/Q^9RR9Rbb^O/QP*QQ --------------------------------------KU_[
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1! Problem analysis

1.1! Introduction
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1.2! Problem definition

V&$%/1I$/>$?%(O/3"M$%'@?2/M).$2(/I?&$/N$$3/M?.$/1)/,)%$@?(1/ 1I$/I'4I/S?1$%/?3./,2)).'34
%$("21'34/,%)M/?/@$%1?'3/@>@2)3$-/6I$/'M#?@1/'(/@)M#"1$./?3./?%$?(/SI'@I/?%$/1I%$?1$3$./N>
,2)).'34O/?%$/M?.$/&'('N2$/N>/1I$($/@)M#"1?1')3(-/!1$#(/@?3/1I$3/N$/1?G$3/1)/M'3'M'($/1I$
.?M?4$/?3./()/1I$($/M).$2(/@?3/'M#%)&$/1I$/S?%3'34-
=)S$&$%/1I$($/,)%$@?(1(/?%$/3)1/?2S?>(/%'4I1-/!'43','@?31/'3#"1/'3/1I$/("%4$/#%$.'@1')3/'(/1I$
#%$.'@1$./ 1%?@G/ ),/ 1I$/ @>@2)3$-/ 6I'(/ 1%?@G/ '(/ &$%>/ I?%./ 1)/ #%$.'@1O/ N"1/ $&$3/ SI$3/ '(/ '1
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2! Literature review

2.1! Introduction
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2.2.1! Non-linear interaction
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2.3! Outline of cyclone modelling

2.3.1! Wind and pressure fields
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2.4! Wind Stress and atmospheric pressure gradient forces
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2.5.2! Special applications
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2.6! Conclusion for further research
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3! Modelling in Delft3D

3.1! Introduction
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3.2.1! Hydrodynamic equations
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3.2.3! Boundary conditions
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3.2.4! Turbulence
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4! Experiments

4.1! Introduction

T3/ 1I$/ #%$&')"(/ KI?#1$%O/ 8$2,1[8UJ2)SO/ U:?&$/ ?3./ 1I$/ '31$%?@1')3/ N$1S$$3/ 1I$($/ 1S)
M)."2$(/?%$/.'(@"(($.-/T3/1I'(/KI?#1$%/?/M).$2/'(/($1/"#/,)%/%$($?%@I/('M"2?1')3(-/:'1I/1I$($
('M"2?1')3(O/ ?/ @)M#?%'()3/S'22/ N$/M?.$/ N$1S$$3/ ("%4$/ 2$&$2(O/ )32>/ @?"($./ N>/S'3.O/ ?3.
("%4$/2$&$2(/@?"($./N>/S'3./?3./S?&$(-

T3/1I$/3$W1/#?%?4%?#I/1I$/M).$2/($1U"#/'(/.'(@"(($.-/!"N($Z"$312>/1I$/N?2?3@$/N$1S$$3/S'3.
,%'@1')3/?3./1I$/S?1$%U4%?.'$31/,)%@$/'(/1%$?1$.-/6I$3/1I$/1I$)%>/?N)"1/S?&$/4%)S1I/S'22/N$
.'(@"(($.-/ T3/ #?%?4%?#I/ ]-XO/ %$("21(/ ,%)M/ 1I$/ (1)%M/ ("%4$/ @)M#"1?1')3(O/ '3@2".'34/ 1I$
'3,2"$3@$/ ),/S?&$(/ ?%$/ @)M#?%$./S'1I/ 1I$/ %$("21(/ ,%)M/S'3./ ,)%@'34/ )32>-/ +?%?4%?#I/ ]-^
.$?2(/S'1I/1I$/.$#$3.$3@$/),/1I$/.%?4/@)$,,'@'$31/)3/1I$/S?&$/($1U"#/?3./#?%?4%?#I/]-a/1I$
%$("21(/ ),/ 1I$/ ($3('1'&'1>/ ?3?2>('(/ S'22/ N$/ (I)S3-/ J'3?22>O/ 1I$/ M?'3/ @)3@2"(')3(/ ),/ 1I'(
KI?#1$%/S'22/N$/4'&$3-

4.2! Model Set-up

4.2.1! Introduction

T3/1I'(/($@1')3O/1I$/M).$2/($1U"#/,)%/1I$/$W#$%'M$31(/'(/#%$($31$.-/6I$/.',,$%$31/?(("M#1')3(
,)%/1?G'34/1I$/@I)($3/#?%?M$1$%(/@?3/N$/,)"3./I$%$-/T3/("@@$((')3O/1I$/,)22)S'34/#?%?4%?#I(
S'22/N$/ 1%$?1$.*/N?1I>M$1%>O/),,(I)%$/ N)"3.?%>O/ .)M?'3O/ .$#1IU?&$%?4$.U1I%$$/ .'M$3(')3?2
?##%)?@IO/4%'./('`$O/1'M$/(1$#O/3"M$%'@?2/#?%?M$1$%(O/."%?1')3-

4.2.2! Bathymetry

T3/?%$?(/),/(M?22/.$#1IO/1I$/S'3./(1%$((/'(/M)(1/$,,$@1'&$-/6I$/2?%4$%/1I$/?%$?/),/(M?22/.$#1IO
1I$/I'4I$%/1I$/($1U"#-/T3/1I$/D?>/),/D$34?2O/?3/?%$?/SI$%$/?/2)1/),/@>@2)3$(/?%'($O/?/2?%4$/#?%1
),/1I$/@)?(12'3$/'(/@I?%?@1$%'($./N>/?/(I$2,/S'.1I/),/RQQ/GM/SI$%$N>/1I$/.$#1I/&?%'$(/,%)M/Q
M$1%$(/?1/1I$/@)?(12'3$/1)/?N)"1/PXQ/M$1%$(/?1/1I$/(I$2,/N%$?G-/J%)M/1I$/(I$2,N%$?GO/1I$/.$#1I
'3@%$?($(/Z"'1$/,?(1/1)/M)%$/1I?3/RQQQ/M$1%$(/XQ/G'2)M$1%$(/,"%1I$%/),,(I)%$-

T3/ )%.$%/ 1)/ (1".>/ #%)#?4?1')3/ ),/ 1I$/ ("%4$/ 1)S?%./ 2?3./ '3/ ?/ M)%$/ (@I$M?1'@/ ($11'34O/ ?
(@I$M?1'(?1')3/),/1I$/N?1I>M$1%>/),/1I$/D?>/),/D$34?2/'(/M?.$/,)%/M)(1/('M"2?1')3(-/C1/?
.'(1?3@$/),/RQQ/GM/,%)M/1I$/(I)%$2'3$/?/.$#1I/),/PXQ/M$1%$(/'(/1?G$3-/J%)M/1I$%$/1I$/.$#1I
.$@%$?($(/ 2'3$?%2>/ 1)/ 1I$/(I)%$2'3$-/ T3/J'4"%$/]URO/ 1I'(/(@I$M?1'(?1')3/'(/.%?S3-/J'4"%$/]UP
#%$($31(/?/1)#/&'$S/),/1I$/@)M#"1?1')3?2/4%'.O/?3./1I$/@)U)%.'3?1$/.$,'3'1')3-
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J'4"%$/]UR*/D)11)M/+%),'2$

J'4"%$/]UP*/H).$2/4%'./.$,'3'1')3d/:'3./&$@1)%(/#$%#$3.'@"2?%/1)/@)?(12'3$

T3/J'4"%$/]U[O/ 1I$/S?1$%/ 2$&$2(/),/ 1S)/('M"2?1')3(/S'1I/"3',)%M/S'3./.'%$@1$./ 1)S?%./ 1I$
@)?(1/?%$/.$#'@1$./ '3/SI'@I/)32>/ 1I$/N)11)M/#%),'2$/ '(/.',,$%$31/ ,%)M/ 1I$/ )1I$%/ ('M"2?1')3-
6I$/('M"2?1')3/?%$?/S?(/ '3/N)1I/@?($(/XQ/GM/2)34O/,%)M/WfXQ/1'22/WfRQQ/GMO/?3./,)%/)3$
('M"2?1')3/?/(1?%1'34/N)11)M/.$#1I/),/RPX/M$1%$(/S?(/1?G$3O/?3./I?&'34/1I$/(?M$/4%?.'$31/?(
1I$/N)11)M/.$#'@1$./'3/J'4"%$/]UR-/J)%/1I$/($@)3./('M"2?1')3/1I$/N)11)M/.$#1I/(1?%1$./?1/PXQ
M$1%$(-/C(/@?3/N$/($$3/'3/1I$/,'4"%$O/1I$/S?1$%/2$&$2/$2$&?1')3/'(/?/,?@1)%/1S)/2?%4$%/I?2,S?>O
?1/W/f/PX-QQQ/MO/?3./?/,?@1)%/R-a/2?%4$%/?1/1I$/(I)%$2'3$-/6I$($/1S)/('M"2?1')3(/@)3,'%M/1I?1
(I?22)S/S?1$%/@?"($(/?/2?%4$%/($1U"#-
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J'4"%$/]U[*/:?1$%/2$&$2/?1/1I$/(I)%$2'3$/,)%/1S)/@)M#"1?1')3(/SI$3/&?%>'34/1I$/N)11)M/4%?.'$31

4.2.3! Offshore boundary

6I$/?%$?/),/'31$%$(1/'3/1I'(/#%)E$@1/'(/M?'32>/1I$/(I)%$O/N"1/1I$/.)M?'3/),/1I$/M).$2/I?(/1)/N$
M"@I/2?%4$%/1)/'3@2".$/?22/1I$/$,,$@1(/),/ 1I$/("%%)"3.'34/?%$?O/$(#$@'?22>/ 1I$/),,(I)%$/?%$?-
C1/1I$/N)"3.?%'$(/),/1I$/@)M#"1?1')3?2/.)M?'3/N)"3.?%>/@)3.'1')3(/I?&$/1)/N$/($1-
T3/ 1I$/#?%?4%?#I/]-P-P/?N)"1/ 1I$/N?1I>M$1%>O/ '1/ '(/M$31')3$./ 1I?1/ 1I$/.$#1I/ '3@%$?($(/&$%>
,?(1/ ,%)M/ ),/ 1I$/ (I$2,N%$?GO/ SI'@I/ '(/ ?1/ RQQ/ GM/ ),,(I)%$O/ ()/ '3/ )"%/ M).$2/ ?1/ WfQ-/ 6I$
'3,2"$3@$/),/1I$/?%$?/)"1('.$/)"%/M).$2/I?(/1)/N$/(#$@','$./?1/1I'(/N)"3.?%>-/D$@?"($/),/1I$
2?%4$/.$#1IO/1I$/M$?3/S?1$%/2$&$2/'(/?(("M$./1)/N$/@)3(1?31/?1/?/&?2"$/),/Q/M$1%$(-

4.2.4! Domain

V3$/ 'M#)%1?31/ #?%?M$1$%/ ,)%/ ?/ ("%4$/ @?"($./N>/S'3./ ?3./S?&$(/ '(/ 1I$/ ,$1@I/ 2$341I-/ 6I'(
2$341I/'(/3?M$2>/1I$/.'(1?3@$/)&$%/SI$%$/?/@)3(1?31/S'3.O/'3/(#$$./?3./.'%$@1')3O/'(/N2)S'34-
T3/1I$/.'(@"((')3/),/1I$/N?1I>M$1%>O/#?%?4%?#I/]-P-PO/?/2$341I/),/RQQ/GM/'(/M$31')3$./,)%/1I$
@)M#"1?1')3?2/.)M?'3-/:'3./(#$$./&$@1)%(O/SI'@I/?%$/?##%)W'M?1$2>/#)'31'34/'3/ 1I$/(?M$
.'%$@1')3/)&$%/?/2$341I/),/RQQ/GMO/@?3/)32>/N$/,)"3./?1/?/@$%1?'3/.'(1?3@$/,%)M/1I$/@$31%$/),
1I$/@>@2)3$-/6I'(/@?3/N$/(I)S3/N>/.$(@%'N'34/1I$/@>@2)3$/?(/@'%@2$(/?3./N>/#2)11'34/1I$/S'3.
&$@1)%(/1?34$31/1)/1I$M-/J)%/$W?M#2$/?1/?/.'(1?3@$/),/RQQ/GM/,%)M/1I$/@$31%$O/1I$/'3@)M'34
?3./)"14)'34/&$@1)%(/I?&$/?3/?342$/),/[Q�-/T3/N$1S$$3/1I'(/RQQ/GM/2?%4$/?%$?/1I$/?342$(/),
1I$/ &$@1)%(/ ?%$/ 2$((/ 1I?3/ 1I?1-/ J?%1I$%/ ?S?>O/ 1I$/ ?342$(/ ),/ 1I$($/ '3@)M'34/ ?3./ )"14)'34
&$@1)%(/4$1/(M?22$%O/N"1/1I$'%/@)%%$(#)3.'34/S'3./(#$$./1))O/SI'@I/?,,$@1(/1I$/%'($/'3/S?1$%
2$&$2/."$/1)/S?&$(/?(/S$22-
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J'4"%$/]U]*/:'3./.'%$@1')3/?1/RQQ/GM/?S?>/,%)M/1I$/$>$/),//1I$/@>@2)3$

!)/,)%/1I'(/M).$2/'1/'(/?(("M$./1I?1/?1/?/.'(1?3@$/),/RQQ/GM/,%)M/1I$/$>$/),/1I$/@>@2)3$/1I$
S'3./ #)'31(/ '3/ )3$/ .'%$@1')3/ ?3./ 1I$/ S'3./ (#$$./ '(/ (1'22/ 2?%4$/ $3)"4I/ 1)/ 4$3$%?1$/ 2?%4$
S?&$(-
;))G'34/?1/K"%&$/=/'3/J'4"%$/PU[O/?/%$#%$($31?1'&$/S'3./#%),'2$/'(/.$#'@1$./),/?/@>@2)3$/?(
)3$/@?3/)@@"%-/C1/?/.'(1?3@$/),/?N)"1/RQQ/GM/?S?>/,%)M/1I$/@$31%$O/?/S'3./S'1I/?/(#$$./),
XQ/M9(/'(/N2)S'34-/6I'(/(#$$./'(/1?G$3/?(/?/,'%(1/&?2"$/1)/$W?M'3$/1I$/'3,2"$3@$/),/S?&$(/)3
(1)%M/("%4$(-

J)%/ 1I$/ M).$2/ S'.1I/ 1I$/ @)M#"1?1')3?2/ 1'M$/ I?(/ N$$3/ 1?G$3/ ?(/ ?/ @)3(1%?'31-/ 6I$
@)M#"1?1')3?2/1'M$/'(/.$#$3.$31/),/1I$/3"MN$%/),/@$22(/ '3/WUO/>U/?3./`U.'%$@1')3O/ '3/SI'@I
I$%$/ 1I$/ WU.'%$@1')3/ %$#%$($31(/ 1I$/ 2$341IO/ 1I$/ >U.'%$@1')3/ 1I$/S'.1IO/ ?3./ )N&')"(2>/ 1I$/ `U
.'%$@1')3/1I$/.$#1I-/6I$/@I)'@$/),/ 1I$/S'.1I/ '(/ 1I"(/?/@)MN'3?1')3/),/($&$%?2/?(#$@1(-/6I$
2$341I/S?(/?2%$?.>/.'(@"(($./?3./ 2?1$%/)3/ '3/ 1I'(/@I?#1$%O/ 1I$/4%'./ ('`$/?3./ 1I$/3"MN$%/),
2?>$%(/'3/1I$/&$%1'@?2/S'22/N$/.'(@"(($.O/N)1I/),/@)"%($/ '3,2"$3@'34/1I$/@)M#"1?1')3?2/ 1'M$-
6I$/4%'./ ('`$/ ?3./ 1I$/ 3"MN$%/ ),/ 2?>$%(/ '3/ 1I$/ &$%1'@?2/ %$("21$./ 1I$%$'3O/ 1I?1/ ,)%/ 1I$/S'.1I
RXQQ/M$1%$(/'(/1?G$3-/6I$/2$,1/?3./%'4I1/N)"3.?%'$(/S'22/3)1/$,,$@1/ 1I$/()2"1')3O/N$@?"($/ '3
1I$/('M"2?1')3(/'1/'(/($$3/?(/?/(1%'#/S'1I'3/?/ 2?%4$%/?%$?-/6I$/S'3./I?(/ 1)/N2)S/)32>/ '3/ 1I$
M?'3/.'%$@1')3O/N"1/1I'(/'(/?(("M$./1)/N$/1I$/@?($O/?1/#2?@$(/(",,'@'$312>/,?%/?S?>/ ,%)M/1I$
@$31%$-

T3/J'4"%$/]UX/?/ 1>#'@?2/#2)1/ ),/S'3./&$@1)%(/?%)"3./ 1I$/@$31%$/),/?/@>@2)3$/ '(/.%?S3-/6I$
&$@1)%(/.%?S3/)3/1I$/N2"$/N?@G4%)"3./%$#%$($31/,2)S/.'%$@1')3(/),/1I$/S?1$%O/N"1/S'22/3)1/N$
),/'31$%$(1/I$%$-
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J'4"%$/]UX*/6>#'@?2/(G$1@I/),/S'3./&$@1)%(/),/?/@>@2)3$*/$>$/),/1I$/@>@2)3$/)&$%2?3./'3/1I$/e%'(I3?/8$21?-
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4.2.5! Depth-averaged or three-dimensional approach

J)%/#%)#$%2>/ '31$%#%$1'34/ 1I$/ 3"M$%'@?2/ %$("21(/ ?3/ $Z"'2'N%'"M/ ()2"1')3/ '(/ %$Z"'%$.-/C1/ 1I$
(1?%1/ ),/ ?/ ('M"2?1')3O/ &$2)@'1'$(/ '3/ 1I$/ I)%'`)31?2/ .'%$@1')3(O/ "/ ?3./&O/ ?(/S$22/ ?(/ 1I$/ S?1$%
$2$&?1')3O/ ( O/ ?%$/ Q-/ 6I'(/ @)2./ (1?%1/ '31%)."@$(/ '3'1'?2'(?1')3/ $,,$@1(/ ?3./ 1I$/ 3"M$%'@?2
()2"1')3/ '(/ 3)1/ %$?@I$./ 'MM$.'?1$2>-/ 6I'(/ '3'1'?2'(?1')3/ $,,$@1/ '(/ ?/ S?&$O/ SI'@I/ (1?%1(
#%)#?4?1'34/'3/1I$/.'%$@1')3/),/1I$/(I)%$/?3./%$,2$@1(/1I$%$-
H)%$/'3'1'?2'(?1')3/S?&$(/?%$/'31%)."@$./N>/1I$/S'3.O/N$@?"($/S'1I'3/ 1I$/,'%(1/('W/I)"%(/),
1I$/('M"2?1')3/'1/'(/'3@%$?($./,%)M/Q/M9(/1)/'1(/ ,'3?2/#%$(@%'N$./&?2"$-/J)%/$&$%>/ 1'M$/(1$#O
1I$/S'3./(#$$./ '3@%$?($(/?3./ '31%)."@$(/ 1I$%$S'1I/?3/ '3'1'?2'(?1')3/S?&$-/C22/ 1I$($/S?&$(
#%)#?4?1$/1I%)"4I/1I$/@)M#"1?1')3?2/?%$?/?3./%$,2$@1/?1/1I$/N)"3.?%'$(-

T3/?/1S)U.'M$3(')3?2/.$#1IU?&$%?4$./5P8=A/M).$2/%"3O/?/(1?1')3?%>/ (1?1$/ '(/%$?@I$./SI$3
1I$/S'3./,)%@$/ '(/ '3/$Z"'2'N%'"M/S'1I/ 1I$/S?1$%/ ("%,?@$/ (2)#$-/Y)/&$2)@'1'$(/ %$M?'3/ '3/ 1I$
$3./ ('1"?1')3-/ 6I$/ N)11)M/ (1%$((/ ?@@)"31(/ ,)%/ 1I$/ 2)((/ ),/ $3$%4>/ ),/ 1I$/ (1?3.'34/ ?3.
#%)#?4?1'34/S?&$(-/=)S$&$%O/ '1/ 1?G$(/ Z"'1$/ 2)34/ 1)/ .'(('#?1$/ ?22/ 1I$/ $3$%4>/ ?(/ 1I$/ 2)((/ ),
$3$%4>/ '(/ #%)#)%1')3?2/ 1)/ 1I$/ (Z"?%$/ ),/ 1I$/ ,2)S/ &$2)@'1>-/ 6I$/ ?M)"31/ ),/ $3$%4>/ 1I?1/ '(
.'(('#?1$./.$@%$?($(/#$%/ 1'M$/(1$#O/N$@?"($/&$2)@'1'$(/?%$/.$@%$?('34-/H)%$)&$%O/ ?(/@?3/N$
($$3/'3/1I$/M)M$31"M/$Z"?1')3(/,)%/*/?3./+25LZ"?1')3(/5PURA/?3./5PUPAAO/'3/1I$/M)(1/%'4I1
1$%M/1I$/N)11)M/(1%$((/'(/.'&'.$./N>/1I$/S?1$%/.$#1I/?3./?/2?%4$/#?%1/),/1I$/M).$2(}/.)M?'3O
'(/('1"?1$./'3/.$$#/S?1$%-/6I$/N)11)M/(1%$((/1$%M/'(/1I$%$,)%$/3$42'4'N2$/)"1('.$/1I$/)3(I)%$
?%$?/?3./'(/1I$%$,)%$/3)1/('43','@?31/,)%/1I$/.$@%$?($/),/1I$/&$2)@'1'$(-
T3/?/1I%$$U.'M$3(')3?2/5[8A/M).$2/%"3O/?/(1?1')3?%>/('1"?1')3/S'22/N$/%$?@I$./SI'@I/'3@2".$(
?/ ,2)S-/ 6I'(/ ,2)S/ ,)22)S(/ ?/ @2)@GS'($/ #?11$%3/ S'1I/ &$2)@'1'$(/ '3/ )3(I)%$/ .'%$@1')3/ ?1/ 1I$
("%,?@$/?3./'3/),,(I)%$/.'%$@1')3/?1/1I$/N)11)M/'3/1I'(/M).$2-/D$@?"($/1I$/&$2)@'1'$(/%$M?'3O
@)31'3")"(2>/$3$%4>/'(/1?G$3/)"1/),/1I$/M).$2/."$/1)/N)11)M/,%'@1')3-/C/(1?1')3?%>/(1?1$/S'22
N$/ %$?@I$./ M"@I/ M)%$/ Z"'@G2>/ 1I?3/ '3/ ?/ )3$U2?>$%UM).$2/ $&$3/ 1I)"4I/ ,)%/ 1S)/ )%/ M)%$
2?>$%(/'3/.$#1I/M)%$/@)M#"1?1')3?2/1'M$/'(/"($.-/J'4"%$/]U^/?3./]Ua/@)3,'%M/1I'(-
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J'4"%$/]U^*/P8=/('M"2?1')3/),/PX/.?>(-/!2)S/.'(?##$?%'34/),/1I$/'3'1'?2'(?1')3/$,,$@1

J'4"%$/]Ua*/[8/('M"2?1')3O/2?(1'34/PX/.?>(-/L3$%4>/.'(('#?1$./?2%$?.>/S'1I'3/R]-]QQ/M'3"1$(/5RQ/.?>(A
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4.2.6! Grid Size

Y"M$%'@?2/ M).$2(/ 4$3$%?1$/ $%%)%(-/ 6I$>/ @?3/ N$/ .'&'.$./ '31)/ %)"3.U),,/ $%%)%(/ ?3.
.'(@%$1'`?1')3/$%%)%(-/8'(@%$1'`?1')3/$%%)%(/?%$/@?"($./N>/1I$/,'3'1$3$((/),/ 1I$/4%'./('`$/ ?3.
1I$/1'M$/(1$#-/6I$($/&?2"$(/),/"W/?3./"1/?2()/.$1$%M'3$/1I$/(1?N'2'1>/),/1I$/@?2@"2?1')3-
J)%/.$1$%M'3'34/1I$/4%'./('`$/?3./1I$/1'M$/(1$#O/,'%(1/1I$/4%'./('`$/'(/@)3('.$%$.-

C(/ 1I$/ 4%'./ ('`$/ ?3./ 1'M$/ (1$#/ 1$3./ 1)/ `$%)O/ 1I$/ &?2"$(/ ),/ 1I$/ 3"M$%'@?2/ ()2"1')3/ (I)"2.
?##%)?@I/1I$/&?2"$(/),/1I$/$W?@1/()2"1')3-/=)S$&$%O/?/(M?22$%/4%'./('`$/3$4?1'&$2>/?,,$@1(/1I$
@)M#"1?1')3?2/ (#$$./ ?3./ 1I$%$,)%$/ (2)S(/ .)S3/ 1I$/ @)M#"1?1')3-/ T1/ @?3/ @?"($/ 2)((/ ),
?@@"%?@>/."$/1)/%)"3.U),,/$%%)%(/?(/S$22-/!)O/?/4%'./('`$/I?(/ 1)/N$/,)"3./1I?1/4"?%?31$$(/?
4'&$3/2$&$2/),/?@@"%?@>-/6I'(/'(/@?%%'$./)"1/'3/?3/$M#'%'@?2/S?>-

T3/1I$/3$W1/1?N2$/1I$/("%4$/2$&$2(/?1/1I$/(I)%$2'3$/@)M#"1$./S'1I/1I%$$/.',,$%$31/4%'.U('`$(/?%$
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4.3! Wind friction versus slope-gradient force
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4.4! Wave Growth
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4.5! Wind and Wave forcing
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4.6! Dependence of the wave set-up on the drag coefficient
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4.7! Sensitivity analysis
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4.8! Conclusions
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5! Case Study

5.1! Introduction
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5.3.2! 3D Andhra Pradesh
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8?1$ 6'M$ M?W-
=%M(/5MA

8'(('#?1')3M?W
5YM9(9MPA

a-XU_-Q XURQ Q^URRURbb^ RQ*QQ _-QU_-X XURQ
_-QU_-X PQUXQ Q^URRURbb^ R]*QQ a-XU_-Q RQUPQ
_-QU_-X PQUXQ Q^URRURbb^ R_*QQ a-XU_-Q RQUPQ
_-QU_-X PQUXQ Q^URRURbb^ PP*QQ a-XU_-Q PQUXQ
_-QU_-X PQUXQ QaURRURbb^ QP*QQ a-XU_-Q PQUXQ
_-QU_-X PQUXQ QaURRURbb^ Q^*QQ _-XUb-Q PQUXQ
a-QUa-X XQURQQ QaURRURbb^ RQ*QQ a-QUa-X XQURQQ
]-QU]-X PQUXQ QaURRURbb^ R]*QQ [-XU]-Q RQUPQ
P-XU[-Q PUX QaURRURbb^ R_*QQ P-XU[-Q PUX
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C(/@?3/N$/($$3/'3/1I'(/1?N2$O/1I$%$/'(/I?%.2>/?3>/.',,$%$3@$/3)1'@$?N2$-/6I$/M?W'M"M/%))1U
M$?3U(Z"?%$/S?&$/I$'4I1/M'4I1/ N$/ ?/ N'1/ 2?%4$%/ '3/ 1I$/ 1S)U.'M$3(')3?2/ @?($/ ,)%/SI$3/ 1I$
@>@2)3$/'(/(1'22/'3/.$$#/S?1$%O/1I$/)&$%?22/S?&$/I$'4I1(/I)S$&$%O/.%?S3/N>/1I$/'()U("%,?@$(O
?%$/1I$/(?M$/,)%/N)1I/1I$/1S)U/?3./1I%$$U.'M$3(')3?2/@?($-/!)/)32>/'3/1I$/$>$/),/1I$/@>@2)3$O
1I$/S?&$/ I$'4I1/ '(/ ?N)"1/ I?2,/ ?/M$1%$/ 2?%4$%-/ 6I$/ ,'4"%$(/SI'@I/ (I)S/ 1I$/ .'(('#?1')3/ ?%$
?2M)(1/'.$31'@?2-/6I$/P8/@)M#"1?1')3/'(/1I$%$,)%$/?2%$?.>/?@@"%?1$/$3)"4I/1)/#%$.'@1/(1)%M
("%4$(O/ ?3./ [8/ @)M#"1?1')3(/ )32>/ $32?%4$/ 1I$/ @)M#"1?1')3?2/ 1'M$/ ?3./ ?%$/ 1I$%$,)%$/ 2$((
#%?1'@?2/,)%/,2))./#%$.'@1')3-

5.3.3! 2D Ganges Delta

T3/,'4"%$(/KUaX/1I%)"4I/KU_[/3'3$/(1?4$(/),/1I$/S?&$/.'%$@1')3(/@?"($./N>/1I$/@>@2)3'@/S'3.
?%$/.%?S3-/H)%$)&$%O/1I$/.',,$%$3@$(/'3/S?1$%/2$&$2/@?"($./N>/1I$($/S?&$(/?%$/.%?S3/'3/I$%$
?(/S$22-/6I$/ ,'%(1/#2)1/ '(/ ,%)M/1I$/^1I/),/Y)&$MN$%/?1/QP*QQ/I-/L&$%>/ ,)"%/I)"%(/,%)M/1I?1
1'M$/?3)1I$%/#2)1/'(/.%?S3-/6I$/,'3?2/#2)1/'(/SI$3/1I$/@>@2)3$/I?(/M?.$/2?3.,?22/?3./2))($(
'1(/(1%$341I-
C22/),/1I$($/3'3$/#2)1(/(I)S/1I?1/1I$/S?1$%/2$&$2/'(/@I?34$./N>/1I$/'3,2"$3@$(/),/S?&$(O/N"1
3)1/('43','@?312>-/6I$/S?1$%/2$&$2/'(/4$3$%?22>/@I?34$./N>/RQ/@$31'M$1%$(O/$'1I$%/?..'1')3?2/1)
1I$/�'3'1'?2}/(1)%M/("%4$/2$&$2/@?"($./N>/)32>/1I$/S'3./)%/("N1%?@1$./,%)M/'1-/L(#$@'?22>/SI$3
1I$/ @>@2)3$/ '(/ '3/ 1I$/ 3$'4IN)"%I))./ ),/ 1I$/ @)?(1/ 1I'(/ .',,$%$3@$/ '(/ )N($%&$.-/ :I$3/ 1I$
@>@2)3$/'(/(1'22/ ,?%1I$%/?S?>O/()M$/(#)1(/?%$/.$@%$?($./N>/?N)"1/PQ/@$31'M$1%$(/?3./)1I$%(
?%$/'3@%$?($./N>/[Q/@$31'M$1%$(O/,'4"%$/KUaX-/=)S$&$%O/1I$($/@I?34$(/M'4I1/N$/('43','@?31/?1
1I?1/ 1'M$O/ 1I$/M?W'M"M/("%4$/ '(/(1'22/?N)"1/R]/I)"%(/ 2?1$%O/ ?(/@?3/N$/ ($$3/ '3/ ,'4"%$(/KUR]
1I%)"4I/KUPQ-/6I$($/,'4"%$(/(I)S/1I$/S?1$%/2$&$2/?(/'1/'(/%$@)%.$./?1/?/(#$@','$./(1?1')3/3$?%
1I$/ '3'1'?2/ @)?(12'3$-/ J'4"%$/KU[/ (I)S(/ 1I$($/ (#$@','$./ (1?1')3(/ '3/ 1I$/M).$2/ 4%'./ 1)4$1I$%
S'1I/ 1I$/ .$#1I/ '()2'3$(/ '3/ 1I$/ 3)%1I/ ),/ 1I$/ D?>/ ),/ D$34?2-/ 6I$($/ (1?1')3(/ @)&$%/ 1)4$1I$%
?N)"1/ [XQ/ GM/ ),/ 1I$/ @)?(1-/ H)(1/ $W1%$M$/ &?2"$(/ I?&$/ 1)/ N$/ ,)"3./ I$%$O/ N$@?"($/ ),/ 1I$
2?3.,?22/),/1I$/@>@2)3$/'3/1I'(/?%$?-/!1?1')3/R/2'$(/$W?@12>/)3/1I$/#?1I/),/1I$/@>@2)3$/?3./?1
1I'(/ (1?1')3O/ 1I$/ #$?G/ ("%4$/ '(/ 'MM$.'?1$2>/ ,)22)S$./ N>/ ?/ .%)#/ ),/ ,)"%/M$1%$(-/ !1?1')3/ PO
('1"?1$./()M$/M)%$/1)/S$(1/),/1I$/@>@2)3$/#?1I/%$@)%.(/1I$/2?%4$(1/($1U.)S3/),/?N)"1/1I%$$
M$1%$(-/J)%/(1?1')3/[O/1I$/(?M$/@?3/N$/(?'./?(/(1?1')3/R-/6I$/("%4$/'(/'MM$.'?1$2>/,)22)S$.
N>/ ?/ .%)#/ ),/ ?2M)(1/ ,'&$/M$1%$(-/ 6I'(/ (1?1')3/ 2'$(/ )3/ 1I$/ @>@2)3$/ #?1I/ ?(/ S$22-/ !1?1')3/ ]
%$4'(1$%$./1I$/2?%4$(1/($1U"#O/[-a/M$1%$(-/!1?1')3/XO/SI'@I/2'$(/3$?%/?/N"3.O/%$@)%.(/1I$/M)(1
&?%'?N2$/&?2"$(/,)%/1I$/]/&?%'?31(-/C4?'3O/SI$3/1I$/M?W'M"M/("%4$/?##$?%(O/1I$/'3,2"$3@$/),
1I$/S?&$(/'(/E"(1/%$(1%'@1$./1)/?N)"1/RQ/@$31'M$1%$(/$W1%?/%'($-/6I$/'3,2"$3@$/),/1I$/@>@2)3$
$&$31/'(/3)1/&'('N2$/?3>M)%$/,)%/(1?1')3(/^/?3./a-/0$3$%?22>O/,)%/1I$/P8/0?34$(/8$21?/@?($O
)3$/@?3/(?>/1I?1/1I$/S?&$(/.)/3)1/I?&$/?3>/'3,2"$3@$/)3/1I$/#$?G/(1)%M/("%4$/2$&$2-

J)@"(('34/)3/1I$/.'(('#?1')3/'3/1I$/)3(I)%$/?%$?/'3/,'4"%$/KU_]/1I%)"4I/KURQR/),/?##$3.'W
K-bO/1I$/(I?22)S/S?1$%/.$#1I/I?(/2$?./1)/?/S'.$%/?%$?/SI$%$/.'(('#?1')3/)@@"%(/ 1I?3/'3/ 1I$
C3.I%?/+%?.$(I/@?($-/=)S$&$%O/1I$/M?43'1".$/),/ 1I'(/.'(('#?1')3/'(/#%'M?%'2>/ 2$((/ 1I?3/PQ
B9(9MPO/SI'@I/'(/,?%/1))/2$((/1)/4$3$%?1$/?/('43','@?31/S?&$/($1U"#-/6I$/2)S/%$()2"1')3/'3/1I$
0?34$(/8$21?/@)"2./N$/?/%$?()3/,)%/1I'(/1))-
T3/1I$/(?M$/?##$3.'WO/1I$/%))1/M$?3/(Z"?%$/S?&$/I$'4I1/'(/.$#'@1$./,)%/?22/3'3$/(1?4$(-/6I$
M?'3/.',,$%$3@$/N$1S$$3/1I$/P8/C3.I%?/+%?.$(I/@?($/?3./1I$/P8/0?34$(/8$21?/@?($O/'(/1I?1
1I$/'()U("%,?@$/),/$Z"?2/S?&$/I$'4I1/?%$/2?%4$%/'3/1I$/0?34$(/8$21?/@?($-/!)/?2)34/?/M"@I
S'.$%/@)?(12'3$/ 2?%4$/S?&$(/ @?3/ $W'(1-/6I'(/M$?3(/ 1I?1/ ,)%/ @)M#"1?1')3(/ '3/SI'@I/ ,)%/ 1I$
.$1$%M'3?1')3/),/1I$/.'(('#?1')3/1I$/S?&$/&?2"$(/),/1I$/#%$&')"(/@)M#"1?1')3/S'22/N$/"($.O
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1I'(/S)"2./2$?./1)/M"@I/M)%$/.'(('#?1')3O/?3./I$3@$O/'1/@)"2./'3."@$/?/('43','@?31/S?&$/($1U
"#-

5.3.4! 3D Ganges Delta

T3/1I$/1I%$$/@?($(/.$(@%'N$./?N)&$O/'1/S?(/(I)S3/1I?1/1I$%$/S?(/3)1/$3)"4I/.'(('#?1')3/'3/1I$
N%$?G'34/ `)3$/ 1)/ )N1?'3/ 2?%4$/S?&$/ ,)%@$(O/SI'@I/S)"2./ 4$3$%?1$/ ?/S?&$/ ($1U"#-/ J)%/ 1I$
1I%$$U.'M$3(')3?2/0?34$(/8$21?/@?($O/!:CY/S?(/@I?34$./1)/)#$%?1$/'3/1I$/1I'%.U4$3$%?1')3
M).$-/6I'(/M$?3(/M?'32>/1I?1/Z"?.%"#2$1/'31$%?@1')3/S?(/1?G$3/'31)/?@@)"31O/SI'@I/S)"2.
%$("21/'3/M)%$/.'(('#?1')3-/T3/C##$3.'W/K-RRO/,'4"%$(/KURRP/1I%)"4I/KURP_/(I)S/1I?1/'3.$$.
M)%$/ .'(('#?1')3/ '(/ 4$3$%?1$.-/ C2%$?.>/ '3/ .$$#/ S?1$%O/ ?%)"3./ 1I$/ $>$/ ),/ 1I$/ @>@2)3$O
.'(('#?1')3/1?G$(/#2?@$/?3./?/2)1/M)%$/1I?3/.$(@%'N$./'3/1I$/#%$&')"(/1I%$$/@?($(-/=)S$&$%O
?(/@?3/N$/($$3/'3/C##$3.'W/K-[/,'4"%$(/KUR]/1I%)"4I/KUPQO/ 1I$/%$./()2'./ 2'3$/.)$(/I?%.2>
.',,$%/,%)M/1I$/%$./.?(I$./2'3$O/SI'@I/'(/1I$/2'3$/S'1I)"1/1I$/'3,2"$3@$/),/S?&$(-/K)M#?%'34
1I$/[8/@?($/?3./1I$/P8/@?($/S?1$%/2$&$2(O/%$4'(1$%$./?1/1I)($/(1?1')3(O/I?%.2>/?3>/.',,$%$3@$
'(/3)1'@$.-/J)%/1I$/#$?G/("%4$O/)32>/'3/(1?1')3/R/?3./]/?/.',,$%$3@$/),/%$(#$@1'&$2>/RQ/?3./RX
@$31'M$1%$(/ '(/ 3)1'@$.O/ I)S$&$%O/ 1I'(/ '(/ E"(1/ ?/ ,)"%U#$%@$31U?..'1')3/ 1)/ 1I$/ P8U@?($/ S?1$%
2$&$2/ ?3./ 1I"(/ 3)1/ %$?22>/ ('43','@?31-/ J)%/ (1?1')3/ [O/ 1I$/ )##)('1$/ @?3/ N$/ ($$3O/ 3?M$2>/ ?
.$@%$?($/),/RQ/@$31'M$1%$(O/SI'@I/'(/?N)"1/]~/?(/S$22-
J)@"(('34/)3/1I$/SI)2$/0?34$(/8$21?O/ ,'4"%$(/KURQP/1I%)"4I/KURRQ/),/?##$3.'W/K-RQO/1I$
S?1$%/2$&$2/'(/@I?34$./N>/1I$/S?&$(/E"(1/N>/?/,$S/@$31'M$1%$(/S'1I/?N)"1/RQ/@$31'M$1%$(/?(
M?W'M"M/ $'1I$%/ #2"(/ )%/ M'3"(-/ J)%/ 1I'(/ @?($/ ?4?'3O/ 3)/ ('43','@?31/ .',,$%$3@$/ '(/ ,)"3.
N$1S$$3/$'1I$%/@)M#"1?1')3(/'3@)%#)%?1'34/1I$/S?&$(/?3./.'(%$4?%.'34/1I$/S?&$(-
;'G$/1?N2$/XURO/1?N2$/XUP/4'&$(/1I$/.',,$%$3@$/N$1S$$3/1I$/P8/?3./[8/0?34$(/8$21?/@?($(-/C(
S?(/?2%$?.>/(1?1$.O/ 1I$/ [8/@?($/S)"2.O/ ."$/ 1)/ 1?G'34/ 1I$/ Z"?.%"#2$1(/ '31)/ ?@@)"31/S'1I'3
!:CYO/4$3$%?1$/M)%$/.'(('#?1')3-/L(#$@'?22>/SI$3/1I$/@>@2)3$/#%)#?4?1$(/'31)/1I$/)3(I)%$
?%$?/)3/1I$/^1I/),/Y)&$MN$%/PP*QQ/IO/1I$/.'(('#?1')3/'(/,',1>/1'M$(/2?%4$%/1I?3/'3/1I$/P8/@?($-
J)%/1I$/%))1UM$?3U(Z"?%$/S?&$/I$'4I1O/'1/@?3/N$/(?'./1I?1/1I$/M?W'M"M/&?2"$/.',,$%(/?N)"1
I?2,/?/M$1%$/,)%/1I$/,'%(1/1S$31>/I)"%(O/N"1/1I$3/SI$3/1I$/@>@2)3$/?%%'&$(/'3/1I$/)3(I)%$/?%$?O
1I$/M?W'M"M/S?&$/I$'4I1/,)%/1I$/[8/@?($/'(/,?%/2$((O/?N)"1/ROX/M$1%$(O/'3/@)M#?%'()3/S'1I
1I$/P8/@?($-
6?N2$/XUP*/K)M#?%'()3/),/M?W'M"M/=%M(/?3./8'(('#?1')3/,)%/P8/?3./[8/0?34$(/8$21?/@)M#"1?1')3(

AE)P',4-5)E-(2' CE)P',4-5)E-(2'
M?W-
=%M(/5MA

8'(('#?1')3M?
W/5YM9(9MPA

8?1$ 6'M$ M?W-/=%M(
5MA

8'(('#?1')3M?W
5YM9(9MPA

X-XU^-Q PUX Q^URRURbb^ QP*QQ ^-QU^-X PQUXQ
^-QU^-X PUX Q^URRURbb^ Q^*QQ ^-QU^-X PQUXQ
^-XUa-Q PQ Q^URRURbb^ RQ*QQ ^-XUa-Q PQUXQ
a-QUa-X PUX Q^URRURbb^ R]*QQ a-XU_-Q XQURQQ
a-QUa-X RQUPQ Q^URRURbb^ R_*QQ a-XU_-Q PQUXQ
a-XU_-Q RQUPQ Q^URRURbb^ PP*QQ a-QUa-X XQQURQQQ
X-XU^-Q RQUPQ QaURRURbb^ QP*QQ ]-QU]-X PQQUXQQ
[-XU]-Q XURQ QaURRURbb^ Q^*QQ P-XU[-Q RQUPQ
P-QUP-X XURQ QaURRURbb^ RQ*QQ R-XUP-Q PUX

6I'(/ ,)"%1I/ @?($/ (I)S(/ 1I?1/ ?/ 2)1/ ),/ .'(('#?1')3/ '(/ 4$3$%?1$./ ?1/ 1I$/ 1'M$/ 1I?1/ 1I$/ @>@2)3$
?%%'&$(/)3(I)%$-/T1/M'4I1/N$/1I$/@)?%($/%$()2"1')3/'3/1I'(/?%$?/1I?1/'(/%$(#)3('N2$/,)%/1I$/2?@G
),/S?&$/($1U"#-/C21I)"4I/'3/1I$/(@I$M?1'@/$W#$%'M$31(/I?%.2>/?3>/.',,$%$3@$/S?(/,)"3./'3
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1I$/ S?&$/ ($1U"#/ N>/ '3@%$?('34/ 1I$/ 4%'./ ('`$O/ 1I'(/ M'4I1/ N$/ ),/ '3,2"$3@$/ '3/ 1I'(/ %$?2/ @?($
('1"?1')3-/ 6I$/ S?&$/ ($1U"#/ '(/ M)(1/ ),/ 1I$/ 1'M$/ @?#1"%$./ S'1I'3/ ?/ 1I%$$UG'2)M$1%$(U`)3$
(1?%1'34/ ,%)M/ 1I$/ @)?(12'3$-/ 6I$/S?&$/ ($1U"#/ '(/ '3/ 1I'(/ @?($/ @)&$%$./N>/ E"(1/ )3$/ 4%'./ @$22-
C21I)"4I/'3/1I$/$W#$%'M$31(/1S)/G'2)M$1%$(/2?%4$/4%'./@$22(/2$?./1)/?/4))./.$(@%'#1')3/),/1I$
S?&$/($1U"#O/?3./()/1I$/S?&$/($1U"#/S?(/?2()/@?#1"%$./S'1I'3/ROX/4%'./@$22O/1I'(/@)"2./N$/1))
@)?%($/'3/?/%$?2/@?($/('1"?1')3/SI$%$/1'.$/?3./N)11)M/@I?34$(/#2?>/?/#?%1-

5.4! Input changes

T3/#?%?4%?#I/X-[O/'1/S?(/(1?1$./1I?1/'3/3)3$/),/1I$/@?($(/S?&$(/I?./?/('43','@?31/'3,2"$3@$/'3
1I$/ ($1U"#-/6%>'34/ 1)/ ,'3./ ?/ %$?()3/ ,)%/ 1I'(/ ,?'2"%$/ '3/S?&$/ ($1U"#O/ 1I$/S'3./ '3#"1/ ,)%/ 1I$
?N)&$/@?($(/'(/@)M#?%$./S'1I/1I$/S'3./'3#"1/'3/1I$/$W#$%'M$31(-/T3/1I$/$W#$%'M$31(/?/S'3.
),/XQ/M9(/'(/1?G$3-/6I$/S'3./#%),'2$/,)%/1I$/@?($(/'(/.%?S3/'3/,'4"%$/XU[-//=$%$/'1/'(/($$3/1I?1
1I$/S'3./.$@%$?($(/&$%>/,?(1/S'1I/'3@%$?('34/%?.'"(-/!)O/?1/.'(1?3@$/,%)M/1I$/$>$O/1I$/S'3.
@?33)1/4$3$%?1$/2?%4$/S?&$(-/!)/?/.',,$%$31/#%),'2$O/#%),'2$/D/'3/,'4"%$/XU[O/'(/1?G$3/?(/'3#"1
1)/&$%',>/',/1I'(/S)"2./%$("21/'3/?/('43','@?31/S?&$/($1U"#-/6I'(/3$S/S'3./#%),'2$/@?3/4$3$%?1$
2?%4$%/S?&$(/?3./@?3/1I$%$,)%$/2$?./1)/()M$/M)%$/.'(('#?1')3/3$?%/ 1I$/@)?(12'3$-/C21I)"4I
1I'(/@>@2)3$/M?>/3)1/N$/?/%$#%$($31?1'&$/)3$O/'1/'(/)32>/"($./,)%/&$%','@?1')3-

J'4"%$/XU[*/K>@2)3$/S'3./#%),'2$(/"($./'3/@?($/(1".>/?3./,)%/&$%',>'34

T3/J'4"%$/KURPb/?3./KUR[QO/ 1S)/.',,$%$31/#2)1(/?%$/ (I)S3-/J'4"%$/KURPb/(I)S(/ 1I$/S?1$%
2$&$2/?(/%$4'(1$%$./'3/(1?1')3/^/?1/C3.I%?/+%?.$(I-/C4?'3O/'1/'(/)N&')"(/1I?1/1I$/S?&$(/.'./3)1
?,,$@1/ 1I$/S?1$%/ 2$&$2/M"@I-/ J'4"%$/KUR[Q/ @)3,'%M(/ 1I$/ 2?@G/ ),/S?&$/ ($1U"#O/SI$3/ "('34
S'3./#%),'2$/D/,)%/1I$/SI)2$/C3.I%?/+%?.$(I/?%$?-/=)S$&$%O/1I$/@I?34$/'3/S'3./#%),'2$/.'.
2$?./ 1)/ ?/M"@I/ 2?%4$%/ ("%4$/ 1I?3/ ,)%/ 1I$/ P8/C3.I%?/ +%?.$(I/ @?($/ 5J'4"%$/KUbA-/ !1%)34$%
S'3.(/ ?1/ .'(1?3@$/ ,%)M/ 1I$/ $>$/ ),/ 1I$/ @>@2)3$/ ?%$/ 1I"(/ ('43','@?31/ '3/ 1I$/ (1)%M/ ("%4$
@)M#"1?1')3(-
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6%>'34/ 1)/ '3&$(1'4?1$/SI$1I$%/ 1I$/ %$,'3'34/),/ 1I$/ 4%'./ 3$?%/ 1I$/ @)?(12'3$/S)"2./4'&$/ )1I$%
%$("21(O/ 1I$/ 2'M'1?1')3(/ ),/ 1I$/ #%)4%?M/:L!/ @?M$/ ?@%)((-/ 6I$/ �(1?@G/ (#?@$}/ "($./ N>/ 1I$
#%)4%?M/S?(/ )&$%,2)S3/ ."$/ 1)/ 1I$/ '3@%$?($/ ),/ 4%'./ @$22(-/ :'3./ '3#"1/ ,'2$(/ @)"2./ 3)1/ N$
@%$?1$./?3>M)%$/?3./?/("@@$((,"2/1$(1/S?(/1I$%$,)%$/$W@2".$.-

5.5! Conclusions

U! 6I$/'3,2"$3@$/),/S?&$(/)3/(1)%M/("%4$(/'(/3)1/(I)S3/N>/)3$/),/1I$/,)"%/@?($(-
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6! Conclusions and Recommendations

6.1! Introduction
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6.3! Recommendations
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Appendix A  Description of Delft3D-Flow and its interaction 
with Delft3D-Wave
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Appendix B Listing of batch files used in case study

B.1 Description of computational method

C1&01=<&1% #$% 1"(%<&13"4#2(:%9"#3"%$1&01$% 1"(%3/.'?1&1#/)=% F1% 3&22$% 4/0% 1"(%<&13"4#2(%@"&),(8#2($=<&1=
!"#$% <&13"4#2(% 3"&),($% -&2?($% #)% 1"(% q=/0,[% 4#2($=% qrK[% $1&>$% 4/0% 1"(% 4#0$1% 3/2?.)% &41(0% 1"(% $10#),
@AJifP8FePC%$/%qJQK[%&)*%qrR[%4/0% 1"(%$(3/)*%3/2?.):%$/% qKQXQ[%4/0% 1"(% 4#0$1% 2#)(=%!"(%4#0$1
3/..&)*% #)% @"&),(8#2($=<&1% 3/'#($% 8ek;^58=/0,% 1/% rK=.*4=% !"(% 3/..&)*% q^k5% 7$
C!JZ!!Fs5% rR% rK=.*4[% #)% @"&),(8#2($=<&1% 3"&),($% 1"(% $10#),% C!JZ!!Fs5% #)% rK=.*4
IcJQK=.*4L%<>%rR%IcKQXQL%4/0%1"(%4#0$1%1#.(=%F)%1"#$%9&>%1"(%$10#),$%/4%8ek;^58=kZf%&0(%&22
3"&),(*% <>% #)'?1% '&0&.(1(0$% 4/0% 5(24165782/9=% 8ek;;JtP^58=/0,:% ^5;JtP=/0,% &)*
^kZ8=/0,%&0(%1"?$%&2$/%3/'#(*%1/%&)%#)'?1%4#2(%9#1"%1"(%0#,"1%(+1()$#/)%&)*%1"()%3"&),(*%9#1"%)(9
#)'?1% '&0&.(1(0$=% F)%@"&),(8#2($=<&1:% #1% #$% $(()% 1"&1% 4#0$1% 5(24165782/9% $1&01$% &)*% $?<$(B?()12>
C;Ji=% !"(% ()*% /4% 1"(% <&1% 4#2($% #$% 0(&3"(*% &)*% 1"(% <&13"4#2(% 0(1?0)$% I<(3&?$(% /4% 1"(% q3&22[
$1&1(.()1L% 1/% C1&01=<&1=% !"(% $(3/)*% 2#)(% 9#22% 1"()% <(% (+(3?1(*=% F)% 1"#$% 9&>% 1"0((% *&>$% 9(0(
$#.?2&1(*=%\()(&1":%&22%1"(%#)'?1%4#2($%3&)%<(%4/?)*=

!"#$"%&#"

3&22%%%@AJifP8FePC%%%JQK%%%KQXQ%%%KRQQ%%%;&Y=KYYUKKQS=KXQQQQ%%%KRQQ=9)*%%%%UQQ
3/'>%82/99&-(^58=/0,%82/9^58=/0,
3&22%%%@AJifP8FePC%%%JQ6%%%KRQQ%%%K6RQ%%%JQK=KYYUKKQS=RQQQQQ%%%K6RQ=9)*%%%%UUQ
3&22%%%@AJifP8FePC%%%JQT%%%K6RQ%%%KSSQ%%%JQ6=KYYUKKQS=RRQQQQ%%%KSSQ=9)*%%%%VRQ
3&22%%%@AJifP8FePC%%%JQV%%%KSSQ%%%KTUQ%%%JQT=KYYUKKQT=QQQQQQ%%%KTUQ=9)*%%%%VXQ
3&22%%%@AJifP8FePC%%%JQY%%%KTUQ%%%KUXQ%%%JQV=KYYUKKQT=QRQQQQ%%%KUXQ=9)*%%%%XSQ
3&22%%%@AJifP8FePC%%%JKK%%%KUXQ%%%KXQQ%%%JQY=KYYUKKQT=QSQQQQ%%%KXQQ=9)*%%%%YQQ
3&22%%%@AJifP8FePC%%%JK6%%%KXQQ%%%KYRQ%%%JKK=KYYUKKQT=QUQQQQ%%%KYRQ=9)*%%%%YUQ
3&22%%%@AJifP8FePC%%%JKT%%%KYRQ%%%RQSQ%%%JK6=KYYUKKQT=QXQQQQ%%%RQSQ=9)*%%%KQRQ
3&22%%%@AJifP8FePC%%%JKV%%%RQSQ%%%RKUQ%%%JKT=KYYUKKQT=KQQQQQ%%%RKUQ=9)*%%%KQXQ
3&22%%%@AJifP8FePC%%%JKY%%%RKUQ%%%RRXQ%%%JKV=KYYUKKQT=KRQQQQ%%%RRXQ=9)*%%%KKSQ
3&22%%%@AJifP8FePC%%%JRK%%%RRXQ%%%RSQQ%%%JKY=KYYUKKQT=KSQQQQ%%%RSQQ=9)*%%%KRQQ
3&22%%%@AJifP8FePC%%%JR6%%%RSQQ%%%RTRQ%%%JRK=KYYUKKQT=KUQQQQ%%%RTRQ=9)*%%%KRUQ
3&22%%%@AJifP8FePC%%%JRT%%%RTRQ%%%RUSQ%%%JR6=KYYUKKQT=KXQQQQ%%%RUSQ=9)*%%%K6RQ
3&22%%%@AJifP8FePC%%%JRV%%%RUSQ%%%RVUQ%%%JRT=KYYUKKQT=RQQQQQ%%%RVUQ=9)*%%%K6XQ
3&22%%%@AJifP8FePC%%%JRY%%%RVUQ%%%RXXQ%%%JRV=KYYUKKQT=RRQQQQ%%%RXXQ=9)*%%%KSSQ
3&22%%%@AJifP8FePC%%%J6K%%%RXXQ%%%6QQQ%%%JRY=KYYUKKQU=QQQQQQ%%%6QQQ=9)*%%%KTQQ
3&22%%%@AJifP8FePC%%%J66%%%6QQQ%%%6KRQ%%%J6K=KYYUKKQU=QRQQQQ%%%6KRQ=9)*%%%KTUQ
3&22%%%@AJifP8FePC%%%J6T%%%6KRQ%%%6RSQ%%%J66=KYYUKKQU=QSQQQQ%%%6RSQ=9)*%%%KURQ
3&22%%%@AJifP8FePC%%%J6V%%%6RSQ%%%66UQ%%%J6T=KYYUKKQU=QUQQQQ%%%66UQ=9)*%%%KUXQ
3&22%%%@AJifP8FePC%%%J6Y%%%66UQ%%%6SXQ%%%J6V=KYYUKKQU=QXQQQQ%%%6SXQ=9)*%%%KVSQ
3&22%%%@AJifP8FePC%%%JSK%%%6SXQ%%%6UQQ%%%J6Y=KYYUKKQU=KQQQQQ%%%6UQQ=9)*%%%KXQQ
3&22%%%@AJifP8FePC%%%JS6%%%6UQQ%%%6VRQ%%%JSK=KYYUKKQU=KRQQQQ%%%6VRQ=9)*%%%KXUQ
3&22%%%@AJifP8FePC%%%JST%%%6VRQ%%%6XSQ%%%JS6=KYYUKKQU=KSQQQQ%%%6XSQ=9)*%%%KYRQ
3&22%%%@AJifP8FePC%%%JSV%%%6XSQ%%%6YUQ%%%JST=KYYUKKQU=KUQQQQ%%%6YUQ=9)*%%%KYXQ
3&22%%%@AJifP8FePC%%%JSY%%%6YUQ%%%SQXQ%%%JSV=KYYUKKQU=KXQQQQ%%%SQXQ=9)*%%%RQSQ
3&22%%%@AJifP8FePC%%%JTK%%%SQXQ%%%SRQQ%%%JSY=KYYUKKQU=RQQQQQ%%%SRQQ=9)*%%%RKQQ
3&22%%%@AJifP8FePC%%%JT6%%%SRQQ%%%S6RQ%%%JTK=KYYUKKQU=RRQQQQ%%%S6RQ=9)*%%%RKUQ
3&22%%%@AJifP8FePC%%%JTT%%%S6RQ%%%SSSQ%%%JT6=KYYUKKQV=QQQQQQ%%%SSSQ=9)*%%%RRRQ
3&22%%%@AJifP8FePC%%%JTV%%%SSSQ%%%STUQ%%%JTT=KYYUKKQV=QRQQQQ%%%STUQ=9)*%%%RRXQ
3&22%%%@AJifP8FePC%%%JTY%%%STUQ%%%SUXQ%%%JTV=KYYUKKQV=QSQQQQ%%%SUXQ=9)*%%%R6SQ
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3&22%%%@AJifP8FePC%%%JUK%%%SUXQ%%%SXQQ%%%JTY=KYYUKKQV=QUQQQQ%%%SXQQ=9)*%%%RSQQ
3&22%%%@AJifP8FePC%%%JU6%%%SXQQ%%%SYRQ%%%JUK=KYYUKKQV=QXQQQQ%%%SYRQ=9)*%%%RSUQ
3&22%%%@AJifP8FePC%%%JUT%%%SYRQ%%%TQSQ%%%JU6=KYYUKKQV=KQQQQQ%%%TQSQ=9)*%%%RTRQ
3&22%%%@AJifP8FePC%%%JUV%%%TQSQ%%%TKUQ%%%JUT=KYYUKKQV=KRQQQQ%%%TKUQ=9)*%%%RTXQ
3&22%%%@AJifP8FePC%%%JUY%%%TKUQ%%%TRXQ%%%JUV=KYYUKKQV=KSQQQQ%%%TRXQ=9)*%%%RUSQ
3&22%%%@AJifP8FePC%%%JVK%%%TRXQ%%%TSQQ%%%JUY=KYYUKKQV=KUQQQQ%%%TSQQ=9)*%%%RVQQ

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

3/'>%42/90?)#*=/0,%0?)#*
^k5%7$%8ek;Zgi%rK%0?)#*
3/'>%82/9^58=/0,%rK=.*4

^k5%7$%C!JZ!!Fs5%rR%rK=.*4
^k5%7$%PFi5!Fs5%r6%rK=.*4
^k5%7$%8ek;Zgi%rK%rK=.*4
^k5%7$%ZPC!JZ!8FeP%rS%rK=.*4

3/'>%.*79&-(=/0,%.*79&-(=rK
^k5%7$%;Fi5FitkPZ8FeP%rT%.*79&-(=rK
^k5%7$%8ek;Zgi%rK%.*79&-(=rK
^k5%7$%Fi8kPPi%rU%.*79&-(=rK
3/'>%./04=/0,%./04=rK
^k5%7$%8ek;Zgi%rK%./04=rK

!*&1/.%/!"#$"!01+.,"213,.456
!0#$#.%%%/!"#$"!01+.,"213,.456

3/'>%@Hu*(2416*u96Ru2#<u$9&)=<&1%$9&)=<&1
3/'>%@Hu*(2416*u96Ru.()?u*(4&?21u./0]/<=*(4%./0$>$=]/<
(3"/%./04=rK%pp./0$>$=]/<
3&22%@Hu5Pe8!65u;6Ru^kZu<#)u./$>$$.R=(+(%%/!"#$"!0!5#)6

,.4571,%4$*

F*()1%c%v5Pe8!65=gF%%%%=Q6=QR%6=6S=Q6v
Z?)#*%c%v8ek;Zgiv
@/..)1c
Z?)1+1c%vJ)*"0&%E0&*($"%CC^%%%%%%%%%%%%v
%%%%%%%%vZ?)%KYYU%%%%%%%%%%%%%%%%%%%%%%v
%%%%%%%%vC1/0.%Z?)%9#1"%4#)&2%#)'?1%%%%v
%%%%%%%%v)/%b%%%%%%%%%%%%%%%%%%%%%%%%%%v
8#233/c%vD0/.Y(1.=,0*v
8.133/c%v8Zv
5+5>%%c%M=O%M=O
J),2&1c%KV=QQQQ
f0*&),c%Q=QQQQQQ
8#2,0*c%vD0/.Y(1.=()3v
8.1,0*c%v8Zv
^i,0*%c%M%O%M%O

^ia.&+c%RUQ%K6U%K
!"#3D%c%KQQ=QQQ
8#2*('c%v8#)&2w=*('%%v
8.1*('c%v8Zv
@/..)1c
8#2*0>c%v)(9*0>=*0>%%v
8.1*0>c%v8Zv
8#21*%c%v8#)&2=1"*%%%v
8.11*%c%v8Zv
i&.<&0c%v%%%%%%%%%%%%%%%%%%%%v
^i<&0%c%M%O%M%O%v%v
^i92/$c%M%O%M%O
@/..)1c
F1*&1(c%vKYYU7KK7QSv
!?)#1%c%v^v
!$1&01c%C!JZ!!Fs5
!$1/'%c%PFi5!Fs5
51%%%%c%R=QQQQQ
!G/)(%c%Q
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@/..)1c
C?<K%%c%v%%;%v
C?<R%%c%v%%%v
i&.3K%c%v%%%%%%%%%%%%%%%%%%%%v
i&.3R%c%v%%%%%%%%%%%%%%%%%%%%v
i&.36%c%v%%%%%%%%%%%%%%%%%%%%v
i&.3S%c%v%%%%%%%%%%%%%%%%%%%%v
i&.3T%c%v%%%%%%%%%%%%%%%%%%%%v
;)$-9'c%viv
8#29)*c%vg)#\3D,0*=1+1v
8.19)*c%v8Zv
;)*#)1c%vwv
@/..)1c
Z($1#*c%vZPC!JZ!8FePv
@/..)1c
8#2<)*c%v3?0-#X++=<)*v
8.1<)*c%v8Zv
8#2<3Ac%v%%%%%%%%%%%%v
8.1<3Ac%v8Zv
8#2<3!c%v%%%%%%%%%%%%v
8.1<3!c%v8Zv
8#2&)&c%vB6]=<3&%%%%%v
8#23/0c%v%%%%%%%%%%%%v
8#2<3@c%v%%%%%%%%%%%%v
8.1<3@c%v8Zv
Z(11#$c%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
Z(11#<c%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ

%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
%%%%%%%%Q=QQQQQQ
@/..)1c
J,%%%%c%Y=XKQQQ
Z"/9%%c%KQRX=QQ
J2'"Q%c%M=O
!(.'9%c%KT=QQQQ
C&29%%c%6K=QQQQ
Z/?9&-c%v%%%%%%%%%%%%v
;$10($c%Q=QQRTQQQQ%Q=QQQQ%Q=QQYQQ%KQQ=QQQ
Z"/&%%c%K=QQQQQ
\(1&3%c%Q=TQQQQQ
PB?#2#c%viv
!D(./*c%v%%%%%%%%%%%%v
a1(.'%c%Q
832/?%c%Q=QQQQQQ
C&0(&%c%Q=QQQQQQ
8#21.'c%v%%%%%%%%%%%%v
8.11.'c%v8Zv
!(.#)1c%vwv
!$1.'%c%M=O%M=O
@/..)1c
Z/?.(1c%v@v
8#20,"c%v8#)&2w=0,"%%v
8.10,"c%v8Zv
l2/%%%c%Q=QQQQQQ
8#2(*>c%v%%%%%%%%%%%%v
t#3/?-c%K=QQQQQ
5#3/?-c%KQ=QQQQ
t#3/99c%M=O
5#3/99c%M=O
F0/-%%c%Q
xQ-%%%c%M=O
@.?%%%c%M=O
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Appendix C Case study results

C.1 Stricken areas in the Bay of Bengal
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C.2 Water level registration at Andhra Pradesh
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C.3 Water level registration at Ganges Delta
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C.4 Water level set-up due to waves in 2D Andhra Pradesh case
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C.5 Wave height and Dissipation for 2D Andhra Pradesh case



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 30 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 31 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 32 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 33 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 34 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 35 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 36 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 37 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 38 Delft University of Technology

C.6 Water level set-up due to waves in 3D Andhra Pradesh case
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C.7 Wave height and Dissipation for 3D Andhra Pradesh case
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C.8 Water level set-up due to waves in 2D Ganges Delta case



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 57 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 58 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 59 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 60 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 61 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 62 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 63 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 64 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 65 Delft University of Technology

C.9 Wave height and Dissipation for 2D Ganges Delta case
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C.10 Water level set-up due to waves in 3D Ganges Delta case
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C.11 Wave height and Dissipation for 3D Ganges Delta case



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 84 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 85 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 86 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 87 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 88 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 89 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 90 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 91 Delft University of Technology



Tropical Cyclone-induced Storm Surges

                                                                                                                                                                                                                                                                

WL | Delft Hydraulics  C – 92 Delft University of Technology

C.12 Set-up computation with wind profile B


