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tE0S<�9;FVHJ,SqN410SH;>1<y�;<TFVHS6?2V.U2V<T4E9K>U<�_�H;>16I<TX^vJ]D.10S<�9;FVHJ,3q�480SH;>U<�BE2Y,3Xk9d,3Xk.10S<y_�>U<?<Q41RS>1_�9;6I<�>U<A[Z9;2Y,O4�2Y,q;<?Hd4=.=>UHd:u03256E<TPSR325F525v3>82YRO[øBE2V.10D.10S<�9;FVHJ,Sq�480SH;>U<E�;<TFVHS6?2V.U2V<T4?h3+=,NH;>1XO<?>�.=H�4U9K.U254=_�]N<TPgR39K.U2VHJ, Ò   hÂòJÔ�9d,3X.10S<N_�9;6I.�.1039K.�.103<?>U<Z254�,SHe6I>1Hd4U4-Ð~410SH;>1<NÖOHAB 9K.7.10S<Z6IHd9;4=.U9;F$vuHJR\,3XO9K>U];@�.10S<Z6I>UHd414-Ð~410S<TFV_$.=>19d,34U:bH;>U.
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039;4�.=HQ��9d,O25410�<?�;<?>U]�B�0S<?>U<�ÀÂÁZX8ü�ÆSÄAÇ�ÈTÉ;É;Ê;ËÌhdfS.U9K>U.U2Y,Sq�_®>1HJ[ >U<T4=.G9K.G. � Ñ�BE2V.10�9�6IHJ,34=.U9d,J.�BE2Y,3X�4=.=>U<T414?@B�<�HdvO.U9;2Y,^_�>UHJ[�<TPSR39K.U2VHJ, Ò   h ¡ ÔU` y{ � ���� � Ò ÈZ��³ Jµ´�¶· Ô Ò   h�Ê�Ô
+Í_$.10S<}[D9�zS2Y[�RO["X3<T:3.10L254 ¡ Ñ;Ñm[^@�.103<Z4=HdFYRS.U2VHJ,W254�,S<T9K>1FV]L4=.U9K.U2VHJ,39K>U]W9K_�.=<?>7ðdÑmXO9T]S4QBE2V.10{9;FVHJ,3q410SH;>U<Q�;<TFVHS6?2V.U2V<T4?` y{ � ���� � Ò   h�É�Ô
tE03254�>U<T41R3FV.�480SHABE4�.1039K.�vbH;.=.=HJ[�_�>1256I.U2VHJ,L9;F5FVH«BE4�R34�.=H^<Iz3:b<T6I.Q_®H;>Q.10S<Z,gRO[N<?>8256?9;F�<Iz3:b<?>12Y[N<A,J.U4�94=.=<T9;X3]W4=HdFYRS.U2VHJ,�9K_�.=<?>�,S<T9K>8FV] ¡ ÑnXO9A]g47BE2V.10�9;FVHJ,Sqn4103H;>U<D�;<TFVHS6?2V.U2V<T4�H;_l.10S<DH;>1XO<?>7H;_E[Z9KqJ,O2V.1R3X3<;`¸ Ò �¡ ¢;¹ ÔU@;>U<T41ROFV.U2Y,SqQ_®>1HJ[ 9QvO9;F59d,36I<�vb<?.~B$<?<A,�.10S<wBE2Y,OX�4U.=>U<T4U4G9d,3X�.10S<�vbH;.=.=HJ[ _�>1256I.U2VHJ,�hJÕOH;>�<IzS9d[D:OFV<2V_b.103<EBE2Y,3XD4=.=>U<T4U4���9;FYR3<�<TPgRO9;F\ÑShYÈ�Ï7h�['J7�A@g9K_®.=<?> ¡ Ñ7XO9A]g4�.10S<y[Z<T9d,Z9;FVHJ,Sq�410SH;>U<E�;<TFVHg6?2V.U2V<T4w4103HJR3F5Xvu< ¸ Ò ÑSR�Ó;Ó�Ôl[eh�4 JON h
Ü�Ý�º »½¼�âùã�â¿¾Tâ�ã�â�à�åGâ â¬«�îkâ�ãCæÁÀóâ�à�á
Õ3H;>e.10S<{>U<?_�<?>U<A,36I<{<Iz3:b<?>12Y[N<A,J.?@$.10S<W6IHJ,34=.U9d,J.eBE2Y,3X�4=.=>1<T4U4r��9;FYR3<W254^M3zS<TX|9K. � � ÑSRYÈ{Ï�h�[¤J7�6IH;>U>U<T4U:bHJ,3XO2Y,3q�.=Hx.10S<W9A�;<?>19Kq;<WBE2Y,OX|4U.=>U<T4U4e[N<T9;48RS>U<TX�2Y,|.10S<{9K>U<T9xX\RS>82Y,Sq�RO:JB$<TF5F52Y,Sq�4=<T9;4=HJ,O4Ò � /�ÑSR�ÑdÉ;Ê�Ï7h�[ J7� ÔUhgtE0S<EF52Y,3<T9K>$vbH;.=.=HJ[ _®>1256I.U2VHJ,}6IHg<EPD6?2V<A,d.l�K9;FYRS<y254�> � Ó.IrÈ?Ñ J � [eh�4 JON 9d,3XD.10S<�g254U6IHd412V.~]Z:O9K>19d[Z<?.=<?>�254�4=<?.�.=H�.10S<EFVH«B�<T4=.$:bHd4U4U25vOFV<w�K9;FYRS<�.=H79A�;Hd25Xk,gRO[Z<?>1256?9;F3,SHd254=< Ò �c� � È�R ¡ IDÈ?Ñ4Â[ � 4 JON ÔUhfg.U9K>U.U2Y,Sq�_�>UHJ[ø>U<T4U.?@�9d,D<TPgR39K.=H;>1B$9K>1Xk6TRS>U>1<A,d.$X3<?�;<TFVHd:O4$2Y,Z>U<T41:uHJ,O4=<�.=H7.103<E<TPSR39K.=H;>UBl9K>1XkBE2Y,3X_®H;>16?2Y,3q3h�+=,Dv\9;F59d,36I<yBy2V.10Z.10S<�9;FVHJ,Sq�410SH;>U<y�;<TFVHg6?2V.U2V<T4T@O9�6I>UHd414�4103<TFV_C4UFVHd:b<yH;_�.10S<�_�>U<?<y41R3>U_�9;6I<�254$4=<?.R3: Ò MOqJR3>U<T4   h   Ð~9S@   h   Ð~vL9d,3X   h   Ð~6�ÔUh�tE03<74=HdFYRS.U2VHJ,/vb<T6IHJ[N<T4y4=.=<T9;X3]e9K_�.=<?> ¡ ÑkXO9T]S4 Ò MOqJRS>U<   h   Ð~6�ÔU@.10S<Z9T�;<?>19Kq;<k4=<T9e41R3>U_�9;6I<Z41FVHd:u<��K9;FYRS<D254Qvb<?.~B$<?<A,WÑShYÈAò^9d,3X{ÑSh�Ó;Êe6I<A,J.U2Y[N<?.=<?>147:u<?>Q�S25FVHJ[N<?.=<?>�9d,3X.10S<�[N<T9d,�9;FVHJ,Sq74103H;>U<��;<TFVHS6?2V.U2V<T4$9K>U<w9;:O:3>UHAzS2Y[D9K.=<TFV]�<TPSR39;Fg.=H�ÑSR   Ê�[^h�4EJON�h;½�FV.10SHJRSqJ0�.10S<w:3>U<T4U<A,36I<H;_�9�6IHd9;4=.UF52Y,S<�9d,3X^vbH;.=.=HJ[ .=Hd:bH;q;>19;:\0J]D�K9K>1259K.U2VHJ,34�2Y,OX\R36I<T4l9�X3>19Kq�.1039K.l>U<TX\R36I<T4$.10S<Q9;FVHJ,SqZ480SH;>U<�;<TFVHg6?2V.Í];@�2V.U47�K9;FYRS<}4U.U9T]S4�2Y,³.10S<D4U9d[Z<ZH;>1X3<?>�H;_�[Z9KqJ,32V.1ROX3<D9;4�2Y,{.10S<k9d,39;FV]�.U256?9;Fl4=HdFYR3.U2VHJ,�h�Õ3HJR3>4U6?9;F52Y,Sq}:\9K>19d[N<?.=<?>14w9;F5FVH«B RO4w.=HD6IHJ[Z:\9K>U<Q.10S<Q>U<T41ROFV.U4�BE2V.10rH;.103<?>E4=.1R3XO2V<T4T`
Ò È�ÔD.10S<�(EHd4U4Uv�]r,gRO[�vb<?>T@ Ã�Ä � 9;X3�;<T6I.U2VHJ,¼lH;>12VHdF5254 � Å% & R Ò   hYÈ?ÑgÔ
Ò   Ô}j$<T6?9dR34=<�H;_�.103<7R34=<QH;_G9ZvO2Y039K>�[NHJ,3256�Hd:b<?>19K.=H;>T@3.10S<Æ(�<?]3,SHdF5XO4E,gRO[�vb<?>$.U9K�;<T4y.10S<�_�H;>8[e`Ã ³EÇpÈ�ÉMÊ ¹�Ë � 9;X3�;<T6I.U2VHJ,�S254U6IHd4U2V.~] � Å &�K�c� Ò   hYÈ;È�Ô
Ò Ó�Ô}tE0S<�(E<?]S,3HdF5XO4E,gRO[�vu<?>w9;4U4UHg6?259K.=<TXnBE2V.10^vbH;.=.=HJ[÷_�>1256I.U2VHJ,�@Ã ³ � ¹ ÈÍÌ�Î�È 9\Ï � 9;X3�;<T6I.U2VHJ,vbH;.=.=HJ[÷_�>1256I.U2VHJ, � Å #5Ð�c&ÒÑ Ò   hYÈ   Ô
By03256�0�254}<TPgRO2V��9;FV<A,J.}.=H�.10S<W��254UF59d,OX Bl9K�;<n:O9K>89d[N<?.=<?>T�µ+�2Y,J.=>UHSX\R36I<TX�v�]xc{HdF59d,34=�S2E<?.k9;F�hÀVÈTÉ;Ê�ðKËÌhl½"416?9;F52Y,Sq³9d,39;FV]S4U254D480SHABE4Z.1039K.D2V.D254D<TPgR32V�K9;FV<A,J.D.=HW.10S<H6�:O9K>89d[N<?.=<?>ZX3<?Mu,3<TX�vJ]j$<T6U�;<?>�ÀVÈTÉ;ÉSÈ�Ë Ò tE0S<�4U9d[Z<�9d,39;FV]S4U254�480SHABE4C.1039K.p.10S<�F59K.=<?>19;FJvbHJRO,3X\9K>U]yF59A];<?>�.1032561�S,3<T4U4�XO<?Mu,S<TX
v�]rj$<T61�;<?>�ÀVÈTÉ;ÉSÈ�ËG254�2Y,rHJRS>y6?9;4=<;`�> � �5ÓÔ�Õ ÓÔÔ¹ ÓÔ � ÔUh
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d) No shelf break − day 50

Õ�2VqJRS>U<   h   jl9K>UH;.=>UHd:O256}�;<TFVHg6?2V.U2V<T4D9d,3XW_�>U<?<r41RS>U_�9;6I<D<TFV<?�K9K.U2VHJ,�_®H;>�.10S<}>U<?_®<?>1<A,36I<D<Iz3:b<?>12Y[N<A,J.�2Y,.10S<��S256?2Y,32V.~]kH;_�¼l9;:b<�¼$HdFYRO[�vO2Y,S<;`S9gÔ�XO9T]/È?Ñ Ò [Z9�z32Y[�RO[ø�;<TFVHS6?2V.~]b`�3   6T[^h�4EJONI@39A�;<?>19Kq;<TXe�;<TFVHS6?2V.~]b`ÈM3}6T[^h�4�JONIÔU@�v�Ô$XO9A]nÓKÑ Ò [Z9�z32Y[�RO[÷�;<TFVHS6?2V.~]b`,3;ÉD6T[eh�4�JON?@b9A�;<?>19Kq;<TXL�;<TFVHS6?2V.~]b`  ;¡ 6T[eh�4�JONIÔU@b6�ÔwXO9A]¡ Ñ Ò [D9�zS2Y[�RO["�;<TFVHS6?2V.~]b`�ò�Ñm6T[^h�4 JON @�9T�;<?>19Kq;<TX��;<TFVHS6?2V.~]b`   Êm6T[^h�4 JON ÔU@VÔ�X�ÔEXO9T] ¡ Ñ^_�H;>7.103<D4U9d[N<<Iz3:u<?>82Y[N<A,J.�BE2V.10r,SH�410S<TFV_®ÐÌ<TX3q;< Ò [Z9�z32Y[�RO[ �;<TFVHg6?2V.Í]u`bògÈ�6T[eh�4 JON @g9A�;<?>19Kq;<TXe�;<TFVHS6?2V.~]b`uÓKÑ�6T[^h�4 JON ÔUhtE0S<L0SH;>12V×?HJ,J.U9;F�6IH�H;>1X\2Y,39K.=<T4r9K>U<n2Y, �g25FVHJ[Z<?.=<?>14r9d,3X�.103<nq;>U<?]S4U6?9;FV<L>19d,Sq;</_�H;>}.10S<n_®>1<?<n41RS>1_�9;6I<<TFV<?�K9K.U2VHJ,m254y2Y,^6I<A,d.U2Y[Z<?.=<?>14?h\ty0S<�2Y,d.=<?>1��9;F�vu<?.ÍB�<?<A,e.10S<�254=HdF52Y,S<T4y254 ¡ 6T[eh
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Ò ðSÔ}tE0S<�¿��S[D9d,^,�R\[�vb<?>T@ ÖØ× � vbH;.=.=HJ[÷_�>1256I.U2VHJ,¼lH;>12VHdF5254 � �% #5Ð R Ò   hYÈTÓ�Ô
c�03<?>U<;@i 254�9Z6�039K>19;6I.=<?>1254=.U256��;<TFVHS6?2V.~];@ ¸ Ò ÑSR   Ê�Ôw[^h�4 JON h
_�254�.10S<�¼$H;>82VHdF5254y:O9K>89d[N<?.=<?>T@)�yò
RÂò�ÑJò5IWÈ?Ñ�J7��L]JONIh
��254�9Z680O9K>19;6I.=<?>1254=.U256�FV<A,Sq;.10e416?9;FV<;@O_®H;>y<IzS9d[D:OFV<Q.10S<�4U2V×?<7H;_�.103<76?9;:b<;`CÈ?Ñ;ÑZ�3[^h�c��254w.10S<7�g254U6IHd412V.~]e:O9K>19d[Z<?.=<?>T@CÈ�R ¡ I³È?Ñ ÂÚÙ � RL JON h#5ÐQ254�9D68039K>19;6I.=<?>8254=.U256�XO<T:3.10�@CÈ ¡ ÑD[ùHJ,r.10S<�410S<TFV_�h��254�.10S<�vbH;.=.=HJ[ù_®>1256I.U2VHJ,m:O9K>19d[Z<?.=<?>T@\Ó!I{È?Ñ�J � Ù RL]JON?h
Õ3>UHJ[õ.10S<T4=<r�K9;FYRS<T4�B�<kHdv3.U9;2Y,�`

Ã�Ä � Ó�R3'I�È?Ñ J7� @ Ã ³EÇpÈ�ÉMÊ ¹�Ë � È�R�É'I�È?Ñ � @ Ã ³ � ¹ È�ÌVÎ�È 9\Ï � È�R�ð9d,3X
ÖØ× �   R3¤IxÈ?Ñ�J7�Kh�iE<A,36I<;@G¼$H;>12VHdF5254�9;6?6I<TFV<?>19K.U2VHJ,�9d,3X³.10S<Z>U<T48R3FV.U9d,d.�:3>U<T4141RS>U<Nq;>19;X\2V<A,d.�9K>U<.10S<m[Z9;2Y,�X3>82V�g2Y,Sq{_�H;>16I<T4Z9d,OXx9K.Z.10S<^MO>14U.�H;>8X3<?>T@�9;X3�;<T6I.U2VHJ,�9d,3XxvbH;.=.=HJ[�_�>1256I.U2VHJ,�9K>U<^.103<^.~B$H2Y[Z:bH;>U.U9d,J.Q.=<?>8[Z4�6IHJ,J.=>UHdF5F52Y,Sqn.10S<ZÖOH«B�hpÕ\R3>U.10S<?>T@C.103Hd4=<Z.=<?>8[D4�410SH«BÛ.1039K.7.10O254Q<IzS:b<?>12Y[Z<A,d.�254�2Y,.10S<�9K.=.U9;6�0S<TXSÐ~6I]S6?FVHJ,3256�ÐÌ<TXOX3]/>U<?qd2Y[Z<rÀ 41[D9;F5F,(EHd4U4Uv�]m,�RO[�vb<?>T@O41[D9;F5FpjwRS>Uq;<?>Q,gRO[�vu<?> Ò ,�R3F5F�2Y,mHJRS>6?9;4=<KÔoËGBy0S<A,^.103<�6?9;:b<�254EHJ,m.10S<�FV<?_®. Ò 2Y,e.103<�ÏyH;>U.10S<?>8,niy<A[Z254U:\03<?>U<KÔ�H;_�.10S<�4=.1R3X3]^H;_�j$H«];<?>�9d,3Xt�9KHnÀVÈTÉ;Êdò�9�ËÌh

Ã ³ � ¹ È�ÌVÎ�È 9\Ï � ¸ Ò È�Ô�410SH«BE4w.1039K.w.10O254l>U<?qd2Y[N<�6IH;>U>1<T4U:bHJ,3XO4$.=HN.10S<�4=.U9;vOFV<7B$9K�;<�>1<?qd2Y[N<H;_uc{HdF59d,34U�g2S<?.�9;F�huÀVÈTÉ;Ê�ðd9�ËÌhC6 � È�R�ð79d,3X!> � ¡ R   I�È?Ñ J7� 9K>1<�9K.G.10S<wF52Y[Z2V.Gvb<?.~B$<?<A,�.10S<�X3<?.U9;6�0O[N<A,J.9d,3X/.10S<�,3HKÐ~X3<?.U9;680O[Z<A,d.�>U<?qd2Y[Z<�H;_�j�<T61�;<?>}ÀVÈTÉ;ÉSÈK@p4=<?<�MOqJRS>1<NòAËÌh�tE0S<�41[D9;F5F,(�Hd414UvJ]n9d,3XL¿��3[Z9d,,�RO[�vb<?>14�6IH;>1>U<T4U:bHJ,3XN.=H�.10S<y4U.U9;vOFV<yBl9K�;<�>U<?qd2Y[N<�X3<T4U6I>125vb<TXDv�]Zj$HA];<?>w9K.l9;F�h�ÀVÈTÉ;Êdò�v�@34=<?<yMOqJRS>U<�Ó«ËÌhtE0S<G>U<?_�<?>U<A,36I<�<IzS:b<?>12Y[Z<A,d.�410SH«BE4�.1039K.p.10S<�vbH;.=.=HJ[�.=Hd:bH;q;>19;:\0J]Q9;4U4=HS6?259K.=<TX�BE2V.107¼w9;:u<�¼lHdFYRO[�vO2Y,S<q;<A,S<?>19K.=<T4y.10S>U<?<7[Z9;2Y,^_®<T9K.1RS>1<T4?`
Ò È�Ô}½l.=.U9;6803<TX 6I]S6?FVHJ,3256r<TXOX3]b`�vb<?_�H;>U<kX\9T]�È?ÑS@�.10S<rÖOH«B÷X3<?.U9;680S<T4Z_®>UHJ[�¼l9;:b<e¼$HdFYRO[�vO2Y,S<k9d,3Xq;<A,S<?>19K.=<T4w9d,}9K.=.U9;6803<TXk6I]S6?FVHJ,3256�<TXOX3] Ò MOqJR3>U<   h   Ð~9S@gz � ¡ Ñ7�3[ø] � È?Ñ;Ñ��S[^ÔUh�tE03<E4U2V×?<�H;_�.10S<<TXOX3]Q254�9;:O:3>UHAzS2Y[D9K.=<TFV]Ú3KÑE�S[�9K.�XO9A]�È?Ñy9d,3XQ<Iz3:O9d,3XO4C.=Hy9�4U2V×?<�H;_�È;È?Ñ��3[�v�]�X\9T] ¡ Ñ Ò MOqJR3>U<T4  h   Ð~vk9d,3X   h   Ð~6�ÔUhStE0S<�:3>U<T4U<A,36I<wH;_�.103254�4=.U9K.U2VHJ,39K>1]Z9K.=.U9;680S<TXSÐ~6I]S6?FVHJ,3256�ÐÌ<TXOXO]}254�2Y,Z9Kq;>U<?<A[N<A,J.BE2V.10}.10S<�2Y,gÐ~4U2V.1Rk[N<T9;41R3>U<A[N<A,J.U4�H;_piyHdF5X3<A,LÀVÈTÉ;Ê ¡ Ëp9d,3X}.10S<�>U<T6I<A,d.l9T�;<?>89Kq;<TXe½y��¼a+xX\9K.U97H;_j$HA]SX�9d,OX Ø vb<?>1FY0SHdF54=.=<?>rÀVÈTÉ;É�ðKËÌh�+�.76?9d,�vb<Z6IHJ[Z:O9K>U<TXWBE2V.10L.10S<k4U680S<A[D9K.U256N>U<T:3>1<T4=<A,d.U9K.U2VHJ,H;_G.10S<76TR3>U>U<A,J.U4E2Y,mfg.yiE<TFV<A,39}jl9T] Ò MOqJR3>U<ZÈKhYÈTÓ�Ôw[D9;X3<�v�]efO039d,O,SHJ,WÀVÈTÉ;Ê ¡ ËÌh�tE03254y254E9;F54=Hk2Y,9Kq;>U<?<A[Z<A,d.�BE2V.10^.103<7<Iz3:u<?>82Y[N<A,J.U9;F�>U<T41R3FV.U4EH;_�j$HA];<?>Q9d,3Xmt�9KH{ÀVÈTÉ;Êdò�9�Ë�_�H;>E.103<�6?9;:b<7HJ,e.10S<FV<?_�. Ò ÏEH;>1.10S<?>8,{iy<A[Z254U:u0S<?>U<KÔU@�.10S<Z41[D9;F5FV<T4=.�jwRS>Uq;<?>�,gRO[�vb<?>Q9d,3X
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a) Zero order balance

1e−04 m.s−2

Pressure gradient
Coriolis
Advection
Bottom friction
Lateral viscosity
Surface forcing
Tendency
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b) First order balance

5e−06 m.s−2

Pressure gradient + Coriolis
Advection
Bottom friction
Lateral viscosity
Surface forcing
Tendency
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a) Advection of vorticity
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b) Curl of bottom friction
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c) Vortex streching
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d) Lateral viscous dissipation
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e) Wind stress slope torque
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f) Curl of pressure gradient
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a) Wind stress = 0.05 N.m−2
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b) Wind stress = 0.15 N.m−2
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c) Wind stress = 0.2 N.m−2
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a) Linear bottom friction parameter = 0.5 × 10−4 m.s−1
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b) Linear bottom friction parameter = 2.5 × 10−4 m.s−1
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c) Linear bottom friction parameter = 5.0 × 10−4 m.s−1
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a) Cape of 25 km
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c) Cape of 150 km
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_�>UHJ[�4U9K.=<TF5F52V.=<�2Y[D9Kq;<?>U]^039T�;<�vb<?<A,k>U<TF59K.=<TXm.=HN.10S<Q<IzS254U.=<A,36I<�H;_�vO9K>UH;.=>UHd:O256Q480S<TFV_pBl9T�;<T4?ïuv\RS.l.10S<T2V>4=.U9d,3X\2Y,SqD,39K.1RS>U<70O9;4E,SH;.Evb<?<A,r<Iz3:OF59;2Y,S<TX³Àml$bgÃ;ÆOÆ7ndÆSÇ�ÈTÉ;Ê ¡ ËÌhtE03<L2Y,3q;>U<TXO2V<A,J.U4e_�H;>e4=.U9d,3XO2Y,Sq�FV<?<W480S<TFV_�Bl9T�;<T4mq;<A,S<?>19K.U2VHJ, 9K>U<³:3>U<T4U<A,d.^2Y,�.10S<Wv\9K>UH;.=>UHd:O256,gRO[N<?>1256?9;Fu<Iz3:u<?>82Y[N<A,J.U4$6IHJ,OX\R36I.=<TX^2Y,k.103254l680O9;:3.=<?>ThOtE0S<�Bl9T�;<QqJR325XO<�254l_�H;>8[Z<TXkv�]Z.10S<Q4103<TFV_�9d,3X.10S<�4103<TFV_p<TX3q;<741FVHd:u<T4T@3.10S<�2Y,d.=<?>89;6I.U2VHJ,34Evb<?.~B$<?<A,r.10S<QBy2Y,3Xr_®H;>86I<TXe6TRS>U>U<A,J.w9d,3Xm¼l9;:b<�¼$HdFYRO[�vO2Y,3<6?9d,L:3>UH«�g25XO<�.103<�_�H;>16?2Y,Sqe[Z<T68039d,32548[^@�9d,3X/.10S<Z[N<T9d,n<TPgRO9K.=H;>UB$9K>8X{6TRS>U>U<A,J.Q9;F5FVHABE4Q.103<�:O>U<T4=<A,36I<H;_�9k4=.U9d,3X\2Y,Sq^4=HdFYRS.U2VHJ,�h�iy<A,36I<;@�.10S<�>U<T6?2V>16TR3F59K.U2VHJ,{:O>UHg6I<T414�2Y,n.10S<�FV<?<NH;_$¼l9;:b<Z¼$HdFYRO[�vO2Y,S<�6IHJR3F5Xvb<Q>U<TF59K.=<TXe.=HD.10S<7:3>U<T4U<A,36I<QH;_GFV<?<7410S<TFV_�B$9A�;<T4?hã¬ä7iæä±ã u ëRl,ó2ñ�óeê�v+��>wCxC óeñ�ó7ï��4ó�A òWé ë ìîó$ëOê�ëOñ �kê�vgCy>w���]ó2ïR:��z�]ó7êK�
tE0S<w:3>1HdvOFV<A[ 6?9d,Nvb<w41RO[D[D9K>12V×?<TX�039;4�_®HdF5FVH«B�`dBy0O9K.�9K>U<w.10S<w<I¾�<T6I.U4�H;_b.10S<w2Y,d.=<?>19;6I.U2VHJ,O4�vb<?.~B$<?<A,N9F59K>Uq;<$6?9;:u<�F52V�;<w¼l9;:b<�¼$HdFYR\[�v\2Y,S<�9d,3X�9E[Z<T9d,�BE2Y,3X�_®H;>16I<TX�9;FVHJ,Sqy480SH;>U<�6TRS>1>U<A,d.?@AHJ,Q.10S<�6?2V>86TR3F59K.U2VHJ,HJ,}.10S<Q410S<TFV_p2Y,k.103<�FV<?<QH;_�.10S<�6?9;:b<7s�tE03<�2Y,J.=<?>19;6I.U2VHJ,34yvu<?.ÍB�<?<A,r9�6?9;:b<Q9d,3Xr9�[Z<T9d,k9;FVHJ,SqZ410SH;>U<6TRS>U>1<A,d.�H;_w6IHJ,34U.U9d,d.��;<TFVHg6?2V.Í] Å ÐN9K>1<}9;:O:3>1HTz32Y[Z9K.=<TFV]L<TPgRO2V��9;FV<A,J.�.=Hm.10S<D2Y,J.=<?>19;6I.U2VHJ,34�vb<?.~B$<?<A,³96?9;:b<�.1039K.�[NH«�;<T4�2Y,7.10S<�Hd:\:uHd412V.=<�XO2V>U<T6I.U2VHJ, Ò BE2V.10�9��;<TFVHS6?2V.~]¤� Å Ð Ô�9d,3X79EÖuR325X79K.�>U<T4=.?h«+Í_ Ò } Ñ � Ñ|{SÑ w Ô9K>U<k.10S<}¿$R3FV<?>1259d,�6IH�H;>8XO2Y,39K.=<T4�2Y,W.103<DM3z{>U<?_�<?>U<A,J.U259;F$9d,OX Ò } N Ñ � N Ñ|{ N Ñ w N ÔQ9K>U<D.103<k6IHgH;>1XO2Y,39K.=<T4�2Y,.10S<�>U<?_�<?>U<A,d.U259;F�9K.=.U9;6�0S<TX^.=H�.10S<�[ZHA�S2Y,Sq�6?9;:b<;@g.10S<�.=<A[Z:bH;>19;F\XO<?>12V��9K.U2VHJ,O4�039T�;<�.=HNvu<y>U<?B�>12V.=.=<A,k2Y,.10S<�[ZHA�S2Y,SqN_�>19d[N<;` vv$w � vv7} N v7} Nv7wõ ö;÷ ø} J | vv7w N Ò   h   Ó�Ô
Õ3H;>�9d,QHdv\4=<?>U�;<?>�[ZHA�S2Y,Sq�BE2V.10Q.10S<�6?9;:b<;@«2Y,�.103<�9;vO4=<A,36I<�H;_SBE2Y,3X�4=.=>1<T4U4?@T.10S<��;<?>U.U256?9;F5FV]79T�;<?>89Kq;<TX[NHJ[Z<A,d.1R\[�<TPgRO9K.U2VHJ, Ò   hYÈ ¡ Ô�9d,3X³.10S<}6IHJ,J.U2Y,�RO2V.~]W<TPSR39K.U2VHJ, Ò   h�ðSÔ�.U9K�;<k.10S<}_®H;>8[ Ò >U<A[NH«�g2Y,3qm.10S<41R3v\4U6I>125:3.U4l_�H;>�.10S<76IHgH;>1XO2Y,O9K.=<T4IÔU`v ôy{v$w | Å Ð v ôy{v7} | Ò ôy{ RýkÔ ôy{ | % ôÿ�� ôy{ � �a��ý � |2�c�Mý � ôy{ � � ôy{xý Òpx~ôy{ Ôs| v��v7w | Å Ð v��v7} � Ñ Ò   h   ðSÔ
c�2V.10�.103<���9K>8259;vOFV<T4L~ } Ñ � Ñ w Ñ x Ñ ôy{ Ñ ��� [D9;X3<�XO2Y[N<A,O4U2VHJ,3FV<T4U4Cv�]Q.10S<�6�039K>19;6I.=<?>1254U.U256��K9;FYRS<T4�X3<?Mu,S<TX

2Y,�4U<T6I.U2VHJ, Ò   h�ðSÔw�S& Ñ & Ñ ú Ñ #5Ð Ñ Å Ñ Å Ñ � } ���� Ò ú 254p9y68039K>89;6I.=<?>1254=.U256l.U2Y[N<�4U6?9;FV<;@4/ ¡ ÑEXO9A]g4IÔU@�<TPSR39K.U2VHJ,34Ò   h   ðSÔwFV<T9;XO4w.=H3`
È% ú v ôy{v$w | Å Ð Ã ÐÅ v ôy{v7} | Ã Ð Ò ôy{ RýkÔ ôy{ | ôÿ�� ôy{ � �.ý � | Ö � ý � ôy{ � Ö��

#�| 8 J �S�� � � ôy{ý�� � # | Ã Ð &��� � � � ôy{R� | È% ú &µ�� � ve�v7w | Å Ð Ã ÐÅ &��� � ve�v7} � Ñ Ò   h  ;¡ Ô
By0S<?>1<

Ã Ð 9d,3X Ö × 9K>U<�.10S<*(�Hd4U41vJ]m9d,OXm.10S<��;<?>U.U256?9;FG¿��S[D9d,m,gRO[�vu<?>84�X3<?Mu,S<TX/2Y,n4=<T6I.U2VHJ, Ò   h�ðSÔU@Ö � � Õ Ô� � Ô 254r.10S<³0SH;>82V×?HJ,d.U9;F�¿��S[D9d,�,�RO[�vb<?>r9;4U4=HS6?259K.=<TX�.=Hx.10S<{vO2Y039K>�[NHJ,3256nHd:b<?>19K.=H;>T@�9d,3X� � : � �� 254Q.10S<�<Izg.=<?>�,39;Fæ(�Hd4U41vJ]/>19;XO2YR34�H;_$X3<?_®H;>�[Z9K.U2VHJ,�h�+=,/.10S<N>U<?qd2Y[N<�H;_$:O9K>19d[N<?.=<?>84�H;_�.10S<>U<?_�<?>U<A,36I<N<Iz3:b<?>12Y[N<A,J. Ò 4U<T6I.U2VHJ,   h�ðSÔU@ % ú @ Ã Ð�@ Ö × 9d,3X Ö � 9K>U<Z41[D9;F5F�6IHJ[Z:O9K>U<TX/.=HWÈKh+� / ðdÑ;Ñ�3[ 254�q;>U<T9K.=<?>�.1039d,³.10S<}6�039K>19;6I.=<?>1254=.U256^FV<A,3q;.10�416?9;FV< ¸ Ò È?Ñ;Ñn�3[rÔyH;_wHJRS>�:O>UHdvOFV<A[^@C9;F5FVH«BE2Y,SqL.10S<R34=<^H;_�.10S<^>12Vqd25X�F525X�9;:O:3>1HTz32Y[Z9K.U2VHJ,�h�½�FV.10SHJRSqJ0�,3HW6IHJ,34=.=>19;2Y,J.}254Nqd2V�;<A,�HJ,�.10S<^�K9;FYRS<eH;_ Å Ð^2Y,



·\¯?g±b²�§®±I�n¦«°3gµ8¯Ig¬�¯I¨��	s	p¥�²����,g¥�µ�§®±W¯I´�¥Z¬©¥�¥D°g¶Lh��	�¥�h�°S¬©ªs°ß��§®±b¥ �O²
6IHJ[Z:O9K>1254UHJ,N.=H Å @J<TPSR39K.U2VHJ,34 Ò   h  ;¡ Ô�9K>U<�F52Y,S<T9K>12V×?<TX}�;<?<T:O2Y,Sq�.10S<E.=<?>8[ÛH;_�9;X3�;<T6I.U2VHJ,}H;_p[NHJ[N<A,J.1RO[vJ] Å ÐKhOiy<A,36I<7.103<�XO2Y[N<A,3412VHJ,39;F�>U<A[Z9;2Y,O2Y,Sq�<TPgR39K.U2VHJ,O4�H;_�[NH;.U2VHJ,^9K>1<;`

Å Ð v ôy{v$} | % ôÿ�� ôy{ � �a��ý �ý�� # ôy{�� � Ñ Ò   h   3�Ô
¿�PSR39K.U2VHJ,34 Ò   h   3�ÔE410SH«B .1039K.�B�<N9K>U<�FVH�H;�S2Y,Sqr_�H;>�9r4=.U9d,OXO2Y,Sqr:3>UHS6I<T4U4�FVH�H;�S2Y,Sqr_®>1HJ[ .103<�:bHd2Y,J.yH;_�g2V<?BÚH;_�9D[ZHA�S2Y,SqZ6?9;:b<;h\tE0S<Q>1<T41R3FV.U2Y,SqN�;H;>U.U256?2V.Í]e<TPSR39K.U2VHJ,^.U9K�;<T4y.10S<�_�H;>8[^`

Å Ð v y!v7} � % ôy{ R ý!## Ò   h   òJÔ
By0S<?>U<w.10S<w�;H;>1.=<IzD4=.=>U<?.U680O2Y,Sq7vO9;F59d,36I<T4�.10S<E9;X3�;<T6I.U2VHJ,DH;_b�;H;>U.U256?2V.~]DXuRS<w.=H�.10S<�XO2541:OF59;6I<A[N<A,J.�H;_b.10S<_®>19d[Z<;h3j�<T6?9dRO4=<7vbH;.=.=HJ[�.=Hd:bH;q;>19;:\0J]k254EX3<?Mu,S<TXr2Y,k.10S<QM3zS<TXr>U<?_�<?>U<A,J.U259;F�@\2V.EX3Hg<T4�,SH;.E[Z9K�;<Q4=<A,O4=<.1039K.��K9K>1259K.U2VHJ,34�H;_GvbH;.=.=HJ[�.=Hd:bH;q;>19;:\0J]e[NH«�;<Q_®>UHJ[÷.10S<76?9;:b<�:bHd2Y,d.wH;_��S2V<?B�hOiE<A,O6I<;@ui [�RO4=.�,SH;.vu<Q�K9K>1259;vOFV<�2Y,r.10S<79;FVHJ,Sq}410SH;>U<�XO2V>1<T6I.U2VHJ,�h\¿�PSR39K.U2VHJ, Ò   h   òJÔlvb<T6IHJ[N<T4T`

Å Ð v y!v7} � % y� #��# Ò   h   Ê�Ô
tE0S<�6IHJ,d.U2Y,gR32V.~]r<TPSR39K.U2VHJ,^2Y, Ò   h   3�Ô�254�,SH;.wXO2V�;<?>1q;<A,d.w_�H;>l.10S<�.=>19d,34U:bH;>U.l9d,3Xr9;F5FVHABE4�R34$.=HNX3<?Mu,S<�9.=>19d,34U:bH;>U.�4=.=>1<T9d[�_�R\,36I.U2VHJ,rH;_�.10S<�_�H;>8[^` # y{ � � v��ve� Ò   h   É�Ô# y� � v��v7} Ò   h�ÓKÑgÔ
+-,J.=>UHSX\R36?2Y,SqN.10S<Q.=>89d,34U:bH;>U.�4=.=>U<T9d[ù_�R\,36I.U2VHJ,^2Y,J.=HZ.10S<��;H;>U.U256?2V.Í]^<TPgRO9K.U2VHJ, Ò   h   Ê�Ô$]g2V<TF5XO4E.=H3`

Å Ð vv$} � v � �v$} � | v � �v7� � � � # �# � Å Ð v � �v7}�ve� | % v��v$} � � Ñ Ò   h�ÓSÈ�Ô
tE0S<N�;H;>U.U256?2V.Í]³<TPSR39K.U2VHJ, Ò   h�ÓSÈ�ÔQ6?9d,Wvb<ZF52Y,S<T9K>12V×?<TX�9;47XOHJ,S<ZvJ]Lc�25FV�g2Y,³9d,3X�¼w0O9;:\[Z9d,xÀVÈTÉ;ÊdòAËwvJ]R34U2Y,SqZ9Zv\9K.10d]3[N<?.=>U]}.1039K.�_�HdF5FVHABE4�9d,r<Iz3:bHJ,S<A,d.U259;Fp_�R\,36I.U2VHJ,�`# � # Ë Ê � ³ J7�5�y���G���   J ��� Ò   h�Ó   Ô
c�0S<?>1<�� Ë Ê � 254w.103<7:bHd4U2V.U2VHJ,rH;_�.10S<QHK¾�410SH;>U<7vbHJRO,OXO9K>U];h3tE03254lqd2V�;<T4?`Å Ð vv7} � v � �v$} � | v � �ve� � � �   6 � Å Ð v � �v7}�ve� | % v��v$} � � Ñ Ò   h�Ó;Ó�Ô
¿�PSR39K.U2VHJ, Ò   h�Ó;Ó�Ôl9;6?6I<T:3.U4y4UHdFYRS.U2VHJ,34E2Y,^.10S<�_�H;>8[�H;_G4=.U9d,3XO2Y,SqZ480S<TFV_�Bl9T�;<T4T`� � � ÐM³ È = � � Ò � Ô Ò   h�Ó�ðSÔ
+-,J.=>UHSX\R36?2Y,SqN.10S<QBl9T�;<�4=HdFYRS.U2VHJ, Ò   h�Ó�ðSÔ$2Y,J.=H Ò   h�Ó;Ó�Ôlqd2V�;<T4E_�H;> ÿ��� ÑS`� � � �   6e� � � % ÿ � |   6 %Å Ð & � � Ñ Ò   h�Ó ¡ Ô



�\¢ ¤�¥�¦�§©¨�¦«ª�¬®�¯I§©°S±��±�²�¨8¥«¯�¥�±3¯I§©°S±³°S±³¯�´�¥Zµ�´�¥«¬©¶$§®±�·\¯�¸C¹�¥�¬©¥�±�nº�K»
½�4y2Y,m4=<T6I.U2VHJ, Ò   h   Ôl9d,m.10S<�9d,39;FV]g41254yH;_Gc�25FV�S2Y,m9d,3XL¼w039;:\[D9d,WÀVÈTÉ;ÊdòAËÌ@�B$<7BE25F5F�41R3:O:bHd4=<�.10O9K.E.10S<HK¾�410SH;>U<wvbHJRO,3XO9K>1]�254G6?FVHd4U<TXNvJ]�9yBl9;F5FS9K. � � � Ë Ê � hK+Í.�039;4�vb<?<A,�X3<A[NHJ,34U.=>19K.=<TX7.10O9K.G.10S<$:O>U<T4=<A,36I<H;_�9QB$9;F5F\9K.�.10S<�410S<TFV_b<TX3q;<�X3Hg<T4�,SH;.�9�¾�<T6I.�XO>19d[Z9K.U256?9;F5FV]�.10S<�4103<TFV_uBl9T�;<�4=.=>8R36I.1RS>1<l9d,OXZXO254U:b<?>14U2VHJ,>U<TF59K.U2VHJ,LÀrq^ü±��ÄKü®Æ{Ã;ÆeY�UkbSÃts�dNÃ;ÆSÇ�ÈTÉ;ÊdòKËÌh�Õ3H;>l.10S<�4U9K�;<�H;_p[Z9;4U4�6IHJ,34=<?>U�K9K.U2VHJ,�@ � [�RO4=.�vb<E6IHJ,34=.U9d,J.9;FVHJ,Sq}.10S<QB$9;F5F54�2Y,r] � ÑZ9d,3X � � � Ë Ê � h\Õ3H;> ÿ��� ÑS@O.103254E254�HJ,3FV]^:bHd4U4U25vOFV<�2V_¿� Ò ÑgÔ � � Ò � Ë Ê � Ô � ÑShtE03254Q2Y[D:OF52V<T4�.1039K.�.103<Z4=.U9d,3XO2Y,Sqe480S<TFV_�Bl9T�;<T4�X3Hm,SH;.�:3>1HgX\RO6I<�9d,J]{,S<?.Q.=>19d,34U:bH;>U.?h�tE03<Z4=HdFYRS.U2VHJ,_�H;>�<TPgRO9K.U2VHJ, Ò   h�Ó ¡ Ôl.1039K.E4U9K.U254=M\<T4�.10S<T4=<�vuHJR\,3XO9K>U]D6IHJ,OXO2V.U2VHJ,34E254T`� � ³ � � L ��� % �+� �� Ë Ê � & ï¿� � È Ñ   Ñ Ó Ñ R�R�R Ò   h�Ó43�Ô
+=,d.=>UHSX\R36?2Y,3q^.10S<D4=HdFYRS.U2VHJ, Ò   h�Ó43�Ô�2Y,J.=Hm<TPSR39K.U2VHJ, Ò   h�Ó ¡ Ô�4U<TFV<T6I.U4�9d,³9;FVHJ,Sqn4103H;>U<NB$9A�;<A,�R\[�vb<?>�_®H;><T9;680/[NHSX3<�2Y,^.10S<Q_�H;>8[e` ÿ �Ï � � � � � �� �Ë Ê � �~6 � �   6 %Å Ð Ò   h�ÓdòJÔ
tE0S<l_oR3F5F34=HdFYRS.U2VHJ,NH;_u.10S<w�;H;>1.U256?2V.~]N<TPSR39K.U2VHJ, Ò   h�Ó;Ó�Ô�6?9d,Nvb<$BE>12V.=<�2Y,�.10S<w_�H;>8[ H;_�9Q41RO[ H;_�4=.U9d,3XO2Y,SqBl9T�;<T4?` �`� Ò } Ñ � Ô � � Ï�¡ N � Ï ³ � � L ��� % �+� �� Ë Ê � & ³ È =|¢ � Ò   h�Ó;Ê�Ô
+=, .103<�fgHJRS.10S<?>8,|iy<A[Z254U:u0S<?>U<;@$.10S<³¼$H;>12VHdF5254e:O9K>89d[N<?.=<?>^_�254e,3<?qd9K.U2V�;<;hytE0gR34?@$<TPgRO9K.U2VHJ, Ò   h�ÓdòJÔ2Y[Z:\F52V<T4�.10O9K.ZFV<?<e410S<TFV_�Bl9T�;<T4}6?9d,�_®H;>8[ HJ,OFV]³_�H;>�:bHd4U2V.U2V�;< Å ÐK@G9;6?6IHJRO,d.U2Y,3q{_®H;>Z9d,�<TPSR39K.=H;>UBl9K>1X<T9;4=.=<?>8,³vbHJRO,3XO9K>U]/6TRS>U>U<A,J.?hC½÷[NH;>U<�q;<A,S<?>89;F�6IHJ,3XO2V.U2VHJ,W_®H;>7.10S<D:3>U<T4U<A,36I<ZH;_l9eFV<?<}4103<TFV_�Bl9T�;<}H;_[NHSX3<�,^254?`

Ñ5- Å ÐÚ-   6K£ % £Ï �2¤��� ��I�   | 6 � Ò   h�Ó;É�Ô
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a) Wind stress = 0.05 N.m−2
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b) Wind stress = 0.1 N.m−2

0

20

40

60

80

100

50 100 150 200 250 300 350

50

100

150

200

250

c) Wind stress = 0.15 N.m−2
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