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ZisdX�Y ) 7_Z\^dVqY$� ^rY(X(RpV?X(R
Zi^dP �JR,�iV-$�ZiXWPdV?T�Y � 	

�"V?^/.W] �_VqPJceZi^��ulnX(RUVq^dPdTWsdRUgdT7RU^��
ZiPSRUT(]i^ RU^ � kUadPdRp^dx�Y(sd]_T(V5�'RfYjs��!aSTjZi^ 7iV?^ST(V?^*) #E]_c
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Zi^dP �&kU]_X(Zi^vY[Z ) � ;A; � ! 	 # sdV?XWV ZiX(VJZikpT(]HkpRUPhZ\X(T �'sdR � s|YjXjZ\^dT(cuRpYeZ\Ye]_^dV � Z
�_VqkUVq^dxiYjs1Z\^dP
X(V � VqR �_V�Z\Y T(V �_V?X(Zik � Z
�_VqkUVq^dxiYjsST�RU^ ]_X(PSV?X'Yj]uPdVqY(V � Y?1h]_adXWV?TWV?^ � V Zi^dP  �ZiceZi^`T(Rpx_^hZikpT lnX(]_c
xvZiTWV?T ]ilERp^rY(V?XWV?TWY � �0X(Zi^vY ) � ;A; � ! 	�# sdVqT(VwZiP �\Zi^ � V?P � Z\ghZibdRpkURpY(RUVqT,gdXW] �!RpPdV�cuV ZiTWadX(VqceVq^rY(T ]il
RUcug�]_XWYjZi^vY Z\Y(ce]_TWgdsdVqX(R � gSX(]_g�V?X�YjRUVqT'bdaSY � ]_cuV5�'RpY(s`RU^ � X(V Z\T(V?P`YjV � sd^dR � Zik � ]icegdkpV��!RpY � 	

# sdV 9 ^dR �iV?X(TWRpY ��]il ;1RUT � ]_^dTWRU^+= T � ]_kpadceV � cyZ\x_RU^dx�kURpPhZiX � 9�; � � � �<!;RUT$X(Vqk�Z\Y(R �_Vqk �wT(Rpc �
gdkpV �'sdVq^ � ]_cughZiXWV?PHY(]JY(sdV Zib�] �_VyY � g�V?T ]\l kURpPhZiX(T 	 � Y ]_^dk � YjX(Zi^dT(cuRpY(T�Z\^dP PdV YjV � YjT ]i^dV
�7Z �iV?kpV?^dxiY(s�	 � Y�PS]!VqT ^S]iY ceV?ZiT(adXWV�lnX(V?tradVq^ � � TWsdRpl�Y']_X PSV?g�]_k�ZiXWR('?Z\YjRp]_^ ]il$YjsdV0bhZ � �rT � Z\YWYjV?X 	
� Y Pd] V?T7^d]iY cuV ZiTWadX(V�cu]_kpV � aSk�ZiX"T � Z\Y(Y(V?X(Rp^dx Zi^dP � Zi^d^d]\Y gdX(] � RUPSV0Zi^��yRp^Sln]_X(ceZ\Y(RU]_^uX(VqxvZiX(P6�
RU^Sx ZibdTW]_kUaSY(V � ]i^ � Vq^rY(XjZ\Y(RU]_^ ]\l"ZiV?XW]_T(]_k$]_X�]_g!YjR � ZikET � Z�Y(YjVqX(Rp^dx RU^vYjVq^dT(RfY � 	 � Y�]_^Sk �JgdX(] � RUPdVqT
X(Vqk�Z\Y(R �iV���bhZ � �rT � Z\YWYjV?XWRU^dx 	 �"VqY )/RfY�RUT0Z aS^dRUtradV kURpPhZiX�b V � ZiadTWV ]il7RfYjT�g�]2�7VqXWlnadk&kUZiT(VqX )/kUZiX(x_V
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X(V � VqR � RU^dxy]_gSYjR � T�)BZel ZiT�Y�b�V Zic � T�YjVqV?X(Rp^dx ad^SRpY ) Zi^dP:ZekU]_xyZicegSkURpodV?X 	�# sdV � ]_^SohxiadXjZ\Y(RU]_^J]il
YjsSV � � � adTWV?P Rp^ ��Z��\V���� �%��ZikpkU]2�7VqPyadT"Yj] X(V � ]_X(PybhZ � �rT � Z\Y(Y(V?X Rp^rY(V?^dTWRpY �eZ\Y � A � c RU^vYjVqX��\ZikUT
]_aSY*Y(] � ? ���rc X(Zi^dx_VqT"Y(]wceZig YjsSV 6&� � � T(ghZ � V�Zi^dP YjRUcuV2!ETWYjXWa � Y(adX(V ]il YjsdV'b�]_ad^dPhZ\X�� k�Z
�iV?X 	

����� � �����������K���
	�� ��
����������(�A�
��aSceVqX(R � Zik<TWRUc adkUZ\YjRp]_^
]\l Z\Y(ce]iT(gdsdVqX(R � ce]iY(RU]_^
V?^/.W] � T TWa � � V?TWT�RU^ Y��,]JbSX(]vZiP � Z\YjV��

x_]_XWRUVqT
� �S�i� ���6� + ���[� *@8 $ � 8 =�8 / 8 � > Zi^SP < � �i� 8 < � 8 $(��/ �j�=<6-8/ � < ' �  ,� �S�i� � �6� +�'4 �j�%$(�/< � < � � YjaSkUk ) � ; ?@? ! 	

O�T,Zi^eV��SZicugdkUV']ilBY(sdV'ohX(T�Y � Z\YjVqx_]_X���)6�,V Z�YjsdVqX7gdXWV?PdR � YjRp]_^uce] PdV?kpT*ZiX(V RU^SRpYjRUZikUR,'?VqP��'RpY(seYjsSV
cu]_TWY0Rpceg�]_XWYjZi^vY51h]2� lnV?Z\YjaSX(V?T�)$T � ^d]_gSY(R � � T � ZikUV PdRpTWY(adX(bhZ\^ � VqT:�'sdR � sHZ\X(V Y � gdR � ZikUk � �
�i�_� = T
]il �rc �'RUPSV�) RU^eY(sdV�TWRUc aSk�Z\Y(RU]_^ b�V?Rp^dx�sdRpx_sdk � X(VqT(]_k �_V?P lnXW]_c9Z XWV?kUZ\YjR �_V?k � PdVq^dT(V�^SVqY��,]_X �u]il
]_bdTWV?X �iZ�YjRU]i^dT 	�# sdV7PdRpTWYjZi^ � V,b V Y��7VqV?^ Y(sdV7]_bST(V?X �\Z\YjRp]_^dTE] �iV?X$k�Zi^dP RUT�Y � gdR � ZikUk ��]_^ Y(sdV7]iX(PdVqX
]il �
�_� �rc Zi^SP �,V Z�YjsdVqX*ln]iX(V � ZiTWY"cu]!PSV?kUT<ZikUTW]�adT(V'sd]_XWR('q]_^vY[Zik!x_X(RpP@� TWghZ � Rp^dx�]_^ YjsSV ]_X(PdVqX&]il
�
�_� � c�	5# sdVqX(V ln]_X(V Y(sdV g�]_T(RfYjRU]i^dT )�T(shZ\g VqT0Zi^dP RU^vY(V?^dTWRpYjRpV?T�]il � � � kp]_^dVqT0Zi^dP:Zi^vYjR � � � kp]_^dVqT
ZiXWV�PdVqT � XWRUb�V?P�tradRfYjV�Z � � adXjZ\Y(V?k �
Z�Y�Y(sdV�b�V?x_Rp^d^dRp^dx � YjsdV 8�+ 8 � 8 ��/ 8�� �i� 89 ,+ ! ]il&YjsdV T(Rpc adk�Z�YjRU]i^�	
O�T YjsSVJcu]!PSV?k XWad^dT ),YjsdV � RUXWY(ahZik%�,V Z\Y(sdV?XuT�� T�YjV?cuTycu] �_VJZi^dP�V �i]_k �iV�Z � � ]_XWPdRU^dx:Yj]:YjsSV
V?trahZ�YjRU]i^dT x_] �_VqX(^dRp^dxF1haSRUP cu]iYjRp]_^�	E# sdV
ln]_XWV � Z\TWY TWRUc adkUZ\YjRp]_^�k�ZiT�YjTeln]iX ZigdgSX(] �!RUceZ\YjVqk �
YjsSV kUVq^dxiYjs ]\l,]i^dV ��Zix_X(Zi^dx_RUZi^
kpRplnVqY(RUcuV0]il*YjsdVqT(V lnV Z�YjadXWV?T � 6 ? � ;A9usd]_adXWT !?�'sdR � s shZ
�_V YjsSV
k�Z\X(x_VqTWY,RUcughZ � Y*]i^yYjsdV �,V Z\Y(sdV?X7ln]iX(V � ZiTWY 	
# sdV�ln]iX(V � ZiTWY � Zi^eb V �_VqX(RpodV?P b�� � ]_cughZiXWRU^dx0YjsSV
g�]_T(RfYjRU]i^dT )�T(sdZig VqT Zi^SPHRU^vY(V?^dTWRpYjRpV?Tw]il7Y(sdVyT � ^d]_gSY(R � T�� TWY(V?cuT��'RpY(sHZ ^dV��9TWVqY ]il ]_bdTWV?X �iZ0�
YjRp]_^dT�lnXW]_c YjsdV T(ZiceV�^dVqY��,]_X �JYjshZ\Y �7ZiT�adTWV?P:Yj] Rp^dRpY(R�ZikpR('?V�Y(sdV cu]!PdVqk 	 # sdVuZ � � adX(Z � �
]il
YjsSVegdXWV?PdR � Y(RU]_^:RUT0PdV YjVqX(cuRU^dVqP b��:sd]2� �,V?kpk<YjsdV ln]_X(V � ZiT�YwghZ\Y(Y(V?XW^HceZ\Y � sdVqT�YjsdVu]_bdTWV?X��iV?P
ghZ\YWYjVqX(^JZ\Y'T(g�V � Rpo � YjRpceVqT 	

� ^ � ]_^vYjXjZ\TWY ) � � �eZi^dP � kURUceZ\Y(V cu] PdV?kpT"l ZikpkhRU^vYj]wYjsdV�T(V � ]_^dP � Z\YjVqx_]_X � 	
# sdV � ZiXWV�Rp^dR3�
YjRUZikUR,'?VqP5�'RpYjsS]_aSYEZi^�� �r^d]2�'kUVqPdx_V"]il YjsdV"g ]iT(RpY(RU]_^ST )
T(sdZig VqT;Z\^dP Rp^vYjV?^ST(RpY(RUVqT/]ilSY(sdV*RUcug ]_X�Y[Zi^vY
YjaSX(bdadkpV?^vY
1h]2� lnV Z\Y(adX(VqT �'sSR � s YjsdV�cu] PdV?k RUT Rp^rY(V?^dPSV?P`Yj] T(Rpc adkUZ\YjV 	�# sdV?TWV0g VqXWYjaSX(bhZ\Y(RU]_^ST
PdV �_V?kp]_g lnXW]_c Rp^dTWYjZibdRUkpRpY(RUV?T�RU^ YjsSVecu]!PSV?k = T�sd]_XWR('q]_^vY[Zikpk �Jsd]_cu]_x_V?^SV?]_adTwRU^SRpYjRUZik � ]_^dPSRpYjRp]_^+)
�'sdR � s�RUT'X(VqgdX(VqT(Vq^rYjZ\YjR �_V ]\l<YjsdVwcuV Zi^
Z\Yjcu]_T(gSsdV?XWR � gdX(]ig VqXWYjRpV?T ]il;Y(sdV�kp] � Zik/V?^�� RUXW]_^dcuV?^vY
	
# sdV Y(RUcuV,Yj]0PdV �_VqkU]_g YjsSV YjadXWbdadkUVq^vY&V?PdPSRUV?T&RpT<]il�Y(V?^ � ZikpkUVqP <�� 8�+ :�- � 	�.�^dk ��Z\l�YjVqX<ceZ\YjadXWV�)_]iX
lnadkpk �>� PdV �_VqkU]_g�V?P+)
Y(adX(bdaSkUV?^ � V"RUT � XWV Z\Y(V?P � X(VqtradRUXWRU^dx YjsSV"TWRUc aSk�Z\Y(RU]_^�]\ldceZi^���V?PSP �wkURplnV YjRpceVqT !
� Z\^ Y(sdV0T(]_kpaSYjRp]_^ b V �iV?X(RfohV?P RU^ Y(V?X(cuT ]il��  �� < � �i� 8 < � 8 $=< 	

O�kfYjsd]iadx_s�XjZigSRUP@� T � Z\^d^dRU^Sx kURUPdZiX(T Z\X(V � Z\ghZibdkpV ]il�ceZ��rRU^Sx 8 ��cuV Z\T(adXWV?cuV?^vYjT �'RpY(s
� � � � kpR(�iV�XWV?TW]_kUaSY(RU]_^*)dkURpPhZiX(T ZiX(V0TWY(RUkpkB^d]iY�ZibdkpV�Yj] RU^SRpYjRUZikUR,'?V?� � � T�b�V � ZiadT(V � � �!T�XWV?tradRpX(VwZ
� ]icegdkpVqY(V�T(V Y0]il �_VqkU] � RfY ��Zi^SP�YjsdVqX(cu]!P � ^hZ\ceR � Rp^Sln]_X(ceZ\Y(RU]_^ �'RpY(s�T(ghZ�YjR�Z\k$XWV?T(]ikUaSY(RU]_^ Z\^dP
gdXWV � RpT(Rp]_^ b V �_]_^SPuY(sdV � ZigdZibdRUkpRpY �w]il gdX(VqT(Vq^rY"kpRUPhZiXWT 	<# sdRUT&PSRUT(TWV?X�Y[Z\Y(RU]_^��'RpkUk T(sd]2� )rsd]2�7V �_VqX )
YjsdZ\Y �i]_kUaSceV YjX(R � kURUPdZiX bhZ � �rT � Z\Y(Y(V?XePhZ\Y[Z � Zi^|b VJadT(VqP�Yj] � sdV � �|YjsSV � � �|T(]ikUaSY(RU]_^dT ln]iX
T(gdZ\YjRUZik/Zi^dP`YjVqceg�]_X(ZikmT�Y[Z\Y(RUTWY(R � T 	

� � �!TwZiX(V ln]_aSX � PSRUcuV?^dTWRU]_^hZ\k � YjRUcuV Zi^SP5TWghZ � V2!�V��!gdkpR � RfY�T(Rpc adkUZ\YjRp]_^dT�]\l,VqPdPdRpV?T�YjshZ�Y
� ]icegdXWRUTWVyYjadXWbdadkpV?^ � V 	 # sdV gSsdXjZiTWV /f��� 9 �6:(� *;*i> RUT aST(V?P�b�V � Z\adT(V YjsSV k�ZiXWx_V Zi^dP�cuV?PdRpadc
T(R,'?VqP5VqPdPdRpV?T�RU^�Y(sdV cu]!PdVqkUVqP 1h]2� Z\X(V X(VqT(]_k �_VqP �'sSRUkUV YjsdV V�-mV � YjT�]\l"Y(sdV T(ceZikpkUV?T�Y�VqPdPdRUVqT
ZiXWV ghZiX(ZiceV YjVqX(R('qV?P�	 # sdV xiX(RUPSg ]_Rp^vY�TWghZ � Rp^dx ]il"Zi^:Z�Yjcu]_T(gdsSV?X(R � � � �
RUT�Y � gdR � Zikpk � ]_^�YjsSV
]_XWPdV?X�]il �
�_� c Zi^dP
Y(sdV�PS]_cyZ\RU^dT'T(V �_VqXjZik��rRpkU]_cuVqY(V?X(T
�'RpPdV 	7'7V � ZiadTWV�YjsSV�k�Z\X(x_VqTWY�V?PdPdRpV?T�)
�'sdR � sHZiXWV X(VqT(g�]_^dT(RpbdkUV ln]iX�ce]_T�Y0]il"YjsdV Y(adX(bdaSkUV?^vY 1ha@� )EZiXWVuV��!gdkUR � RpY(k � X(VqT(]_k �_VqP+)$cu]_T�Y�]il
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YjsSVwY(adX(bdaSkUV?^vY?1ha@� RUT V��!gdkpR � RpYjk � TWRUc adkUZ\YjVqPJRp^
Z\^�� � � � ZiT ]_gdg�]_gdTWV?P
Y(] 1da@�!V?T$�'sdR � s ZiXWV
]il�Y(V?^`ghZiX(ZiceV YjVqX(R('qV?P`RU^`cu]!PSV?kUT%�'RfYjs`k�Z\X(x_VqX x_X(RpP@� TWghZ � RU^dx ! 	

#EadX(bdaSkUV?^vY 1h]2� � ]_^dTWRUTWY(T ]il/VqPdPdRpV?T ]il/ZikUk�PdR3-mVqX(V?^vY7T(R('qV?T Rp^vYjV?X(Z � Y(RU^dx T(Rpc adkpYjZi^dVq]_adT(k � 	
# sdV kUZiX(xiV?TWY V?PSPdRUVqT�]il Y(sdVeY(adX(bdaSkUV?^vY 1h]2� V��!RUTWY�RU^5YjsdV � + �6� 9i> $  ,+ � � 8�+ 8�+ 9 X(Zi^dx_Ve]il Y(sdV
T(g�V � YjXWadc �'sSV?X(V Y(adX(bSadkUVq^rY�V?^dVqX(x �JRUT�x_V?^dVqXjZ\Y(V?P�	$# sdV k�Z\X(x_V V?PdPdRpV?T�RU^vYjVqXjZ � Y�^d]_^dkpRU^dV?ZiX(k �
Zi^dP�gdXW]!Pda � V T(ceZikUkpV?X V?PSPdRUVqTeRp^�Y(sdV 8�+ �6� � 8 ��/1<6- = �(� + 9 � ghZiX�Ye]\l�YjsSVJTWg V � YjXWadc�	 "�RU^dV YjR �
V?^SV?X(x ��RUT�^dV?RfYjsdVqX � XWV Z\Y(V?P:^d]_X�PdV?T�YjXW] �iV?P5RU^�Y(sdV RU^SV?XWY(R�Zik�TWadbdXjZ\^dx_V Zi^dP�Y(sdV TWg V � YjXWadc Rp^
YjsSRUT X(Vqx_RU]i^ sd]_kUPST YjsdV5�,V?kpk3���r^d]2�'^ lnX(VqtradV?^ � � �

����� g ]2�,V?X'k�Z � PdV?g�V?^SPdV?^ � V 	 � ^ Y(sdV�RU^dVqXWY(R�Zik
T(aSbdXjZi^Sx_V�)!V?^dVqX(x �u]_^dk � � ZiT � ZiPSV?T7Y(] TWcyZikpkUVqX"T � ZikpV?T �'sdV?XWV�RUT"RpY"V �_V?^vY(ahZikUk �uX(V � V?R �_V?Pyb � Y(sdV
*@8 <=< 8 �S�i� 8�& � �W� + 9 � 	 $ V?XWV�) � RpT � ]iadT7ln]_X � V?T � ]_^��_VqXWY Y(sdV�Rp^dV?X�YjR�Z\khV?^dVqX(x �eRU^vYj]wYjsdVqX(ceZik�V?^dVqX(x � 	
�!Rp^ � V YjsdVC� � �5RUTw^d]iY � Z\ghZibdkpVu]\l X(VqT(]_k �!Rp^dx`YjsdVuV?^dVqX(x � � ZiT � ZiPdV Z�Y Y(sdVeTWcyZ\kUk3� T � ZikUV Vq^dP
]il'YjsSV RU^dVqXWYjRUZik"T(adbdX(Zi^dx_V ]iX�YjsdV Vq^dV?XWx ��PdRpT(TWRUghZ\Y(RU]_^HXjZi^dxiV�)"Z�T(adbSx_X(RpP�T � Z\kUV YjaSX(bdadkpV?^ � V
ghZiX(ZicuVqYjVqX(R,' Z\Y(RU]_^ c aSTWY�b VwadT(VqP
Yj]uX(V � VqR �_VwYjsdVwX(VqT(]_k �_VqP�Pd]2�'^dT � ZikUV0YjX(Zi^dTWg ]_X�Y�]\l��rRU^dV YjR �
V?^SV?X(x � 	

# �!gSR � Z\kUk ��)�Y(sdV7kUZiX(xiV?TWY$V?PSPdRUVqT;RU^ Z�b�]_ad^dPdZiX��0kUZ �iV?X;ZiX(V,]_^ Y(sdV7]_XWPdV?XE]ildY(sdV7b�]_ad^SPhZiX��
k�Z
�iV?X PdVqgSYjs`Z\^dP � � �yxiX(RUP6� T(gdZ � Rp^dx�RpT ZigdgSX(] �!RUceZ\YjVqk � ]_^dV�]_X(PdVqX ceZix_^dRfYjadPdV T(ceZikpkUV?X*YjsdZi^
YjsSV
b�]_ad^dPhZ\X���k�Z
�_VqXyPdVqgSYjs 	 '7V � ZiadTWV
YjsSV
cu]_TWYyRUcug ]_X�Y[Zi^vY � 1da@� � ZiXWX�� RU^dx>! VqPdPdRUVqT ZiXWV
X(VqT(]_k �_VqP+) � � �!T � Z\^ b V��_V?X ��adTWVqlnadkEYj] ]_kUT'ln]_X�TWYjaSP � RU^dx b�]_ad^dPdZiX��Jk�Z
�_VqX(T�Zi^dP PdV �_V?kp]_gdRp^dx
1ha@�JghZ\XjZicuVqY(V?X(R,' Z\Y(RU]_^ST ln]_X�xikU]_bhZ\k � kURpcyZ�YjV0Zi^dP �7V?Z\YjsdVqX�ln]_XWV � ZiTWY�ce] PdV?kpT � O �i]iY(Y(V�V Y�Zik 	,)
� ;A;�9>! 	 # sdV5sdRUxis XWV?TW]_kUaSY(RU]_^ 6&� ��� � � XWV?TWadkpY(T � Zi^ b�V:adT(VqP�Y(] � ]_cegSaSYjV�1ha@�!VqT �'RpY(s
TjZ\cegdkpRU^dx�V?X(XW]_X(T Y(shZ\Y ZiXWVwc�a � sJTWcyZ\kUkUVqX7YjsdZi^ Yjsd]_TWV ceZiPdV�lnXW]_c Rp^`T(RpY(a`ceV?ZiT(adXWV?cuV?^vYjT 	

� � �!T )�sd]2�7V �_VqX )BZ\X(Vw]_^dk � �!RUZibdkpV�RplD�,VwshZ
�_V � ]_^SohPSV?^ � V RU^`YjsdVqRUX'T(]ikUaSY(RU]_^dT 	 � ^dZ � � a@�
XjZ � RUVqT7ceZ
�e] � � adX b�V � ZiadT(V�]il � ] PdV�bdaSx_T )!RU^hZigSgdX(]_gSX(R�Z�YjV b ]_aS^dPhZiX � � ]_^dPdRfYjRp]_^dT ) ^radcuV?X(R � Zik
T � sSV?cuV?T ]_X,ghZiXjZ\ceV YjV?XWR('?Z\YjRp]_^dT ) Zi^SP`Zi^ RU^!oh^dRpY(V�^radc�b VqX ]il�RU^@1hadV?^ � V?T gSX(V?TWV?^vY'RU^eYjsdV�XWV Zik
�,]_X(kpP bSaSY�ZibdT(Vq^vY�Rp^`Y(sdV0T(Rpc adk�Z�YjRU]i^�	D#EXjZiPSRpYjRp]_^hZik�YjVqTWYjT ]ilD� � � T�Rp^ � kpadPdV � ]icegda!YjRU^Sx
�_V?X �
YjR � Zik,gdX(]\ohkUVqTu]\l�sSRUx_sdVqX ]_X(PSV?X ce]iceVq^rY(T )
1ha@�!VqTe]il�sdV?Z\YeZi^dP�ce]iceVq^rY(adc )*Zi^dP �_V?kp] � RpY �
g�]0�,V?X TWg V � Y(XjZ � ln]_X V��SZicugdkUV&)&T(VqV�� RUVqa �'T�Y[ZiP!Y VqY Zik 	 � ;A; 8 Zi^dP�O�^dPSX(V?^�V Y Zik 	 � ;A;�6/! 	
# sdVqT(V�T�Y[Z\Y(RUTWY(R � T � Z\^ b V � ]_cughZiXWV?P �'RpYjseYjsd]_TWV�lnXW]_c9RU^yTWRpY(ayT(Vq^dT(]iX(T bdaSY7T(a - V?X"lnX(]_c9kUZiX(x_V
TjZ\cegdkpRU^dx VqX(X(]iX(T 	�9 ^Sln]_XWY(ad^hZ\Y(V?k � )�RU^
TWRpY(a
T(Vq^dT(]iX(T�ZiXWV ^S]iY � ZighZibdkpV ]\l&ceV?ZiT(aSX(RU^SxuY(sdVD6&� �
TWY(X(a � YjadXWV�]ilmYjadXWbdadkUVq^ � V 	&O Y b�V?T�Y,Y(sdV �egdX(] � RUPSV � � � � YjRUcuV �_VqX(T(aST ]_^dV�T(ghZ\Y(R�ZikhPSRUcuV?^dTWRU]_^ !
RU^!ln]_X(ceZ\YjRp]_^ � ln]_X<V��SZicegSkUV�)_Z0TWV?XWRUV?T&]\lmZ\^dV?cu]_cuVqYjVqX(T<]i^eZ�Y(]2�7VqX 	 ! # sSV?X(V ln]_X(V&)rsdRUx_s�X(V?TW]_kUa6�
YjRp]_^ 6 � � cuV ZiTWadX(VqceVq^rY(T ZiXWV�^dV?VqPdV?P`Yj] YjV?T�Y YjsSV � � � T'ZibdRUkpRpY � Y(] Z � � adXjZ�YjV?k �yTWRUc aSk�Z\Y(V Y(sdV
]_XWxvZi^dR,' Z\Y(RU]_^�]\l � ]_^��_V � YjRp]_^HTWa � s ZiT0kpRU^dV?ZiX0Zi^dP � VqkUkpadk�ZiX�b ]_aS^dPhZiX � k�Z
�_VqX � RUX � adkUZ\YjRp]_^dT�]iX
T(aSXWl Z � V�k�Z
�_VqX7T�YjX(V?Z��rT RU^uYjsdV�TWsdV Z\X � PSX(R �iV?^ cuR3�!V?Pek�Z
�_VqX 	&O�kpYjsS]_adx_syY(sdV � � �5PS]!VqT7^d]iY7gdX(] �
� RUPdV b�]iY(s��'RU^dPuZi^dP Y(sdV?XWce] P � ^hZicuR � PdZ\Y[Z )iRpY&Pd] V?T&gSX(] � RUPdV'RU^!ln]_X(ceZ\YjRp]_^w]_^ YjsdV T�YjX(a � YjaSX(V
]il;ZiV?XW]_T(]ik/bhZ � �rT � Z\Y(Y(V?X �'sdR � s RUT T�YjX(]i^dx_k �yX(Vqk�Z\Y(V?P Yj] YjsdV�ln]_XWceVqX �\ZiX(RUZibdkpV?T 	

'7V � ZiadTWV0]il/YjsdV�PSR�� � adkfY �yRp^ cyZ&� Rp^dx�Y(sdX(VqV�� PSRUcuV?^dTWRU]_^hZ\k PdVqT � X(RUg!YjRU]i^dT ]il�YjaSX(bdadkpV?^ � V
ln]_X�P � ^hZ\ceR � Zi^dP:YjsdVqX(cu]!P �!^dZiceR � trahZi^vYjRfYjRpV?T�T(Rpc adkfY[Zi^dVq]_adTWk � )mce]_T�Y:� � � TwVqcegSkU] � �h�6� 8 :
 =*@8 $ )v]_X $ > $6/ 8 $ )vk�Z\Y(V?X(Zikdb�]_ad^dPhZ\X�� � ]_^dPdRfYjRU]i^dT 	�# sdRUT&cuVqY(sd]!P ]il � ]_^S^dV � YjRU^Sxw]igdg ]iT(RU^SxwTWRUPdVqT
]ilEYjsdV0Pd]icyZiRp^ V�- V � YjR �iV?k �`cyZ��\V?T YjsSVwPS]_cyZ\RU^`RU^Sod^dRpY(V?k � �'RUPSVwb�V � ZiadTWV RfY'X(V?cu] �_VqT�kUZ\YjVqXjZik
b�]_ad^dPhZ\X(RUVqT;bda!Y&kURpceRfYjTBYjsSV k�ZiXWx_V?T�Y;g�]_TWT(RUbSkUV7kpV?^dx\Yjs T � ZikpV �'sdR � s � Zi^ b�V TWRUc adkUZ\YjVqP�	 '7]_ad^dP6�
ZiX � � ]_^dPdRfYjRU]i^dT ZiXWV�YjsSV�X(V?tradRpX(VqP T(g�V � Rfo � Z�YjRU]i^ ]ilEZikUk�gdXWV?PdR � YjR �_V �\ZiXWR�ZibdkpV?T"]_^ YjsSV�V?Pdx_VqT ]il



A

YjsSV � � �
xiX(RUP 	5#$] XWad^:Zyg�V?XWRU] PdR � T(RUc�adk�Z\Y(RU]_^*)dYjsdV �\ZiXWR�ZibSkUV?T�]_^ ]_^dV T(RpPdV ]il*YjsSV Pd]_ceZiRU^
ZiXWV PSadgdkUR � Z\Y(V?P�]_^|Y(sdV ]_gdg�]_T(Rp^dx:T(RUPSV 	 # sSRUT � ]_cuce]i^dk �>� aST(V?P�cuVqY(sd]!P�ghZiTWT(VqTeYjsSV 1h]2�
bhZ � � Rp^vYj] YjsdV cu]!PSV?k<Pd]icyZiRp^ ]_^ YjsdV ]_gSg ]_TWRU^dx`TWRUPdV&)�Y(sradT VqkURpceRp^hZ\YjRp^dx YjsdVuX(Vqt aSRUX(VqceVq^vY
ln]_X"Zi^uRU^dPSV?g�V?^dPdVq^vY7PdVqT � X(RUg!YjRU]i^e]il�YjaSX(bdadkpV?^ � V�]i^uY(sdV�VqPdx_VqT 	 9�^!ln]_XWY(ad^hZ\Y(V?k ��)vYjsdRpT"T�Y � kUV']il
T(Rpc adkUZ\YjRp]_^ � Zi^ XWV?tradRpX(V�TWadbdT�Y[Zi^vYjRUZik � ]_cugdaSY(V?X,Y(RUcuV Y(]�XWV Z � s ceZ\YjaSX(V'YjadXWbdadkUVq^ � V�b V � ZiadTWV
YjsSV�V?PSPdRUVqT�PdV �_V?kp]_g adg>�7ZiX(P�lnXW]_c4YjsdV T(adX�l Z � V 	
�hadX�YjsdVqX(cu]_X(V&) cu]!PSV?kUT'adTWRU^dxyk�Z\Y(V?XjZ\k/g VqX(R3�
] PdR � b�]_ad^dPhZ\X(RUVqT*V?RpY(sdV?X*XWV?tradRUXWV�aS^dX(V?ZiT(]_^dZibdk � kUZiX(xiV Pd]_ceZiRU^ T(R,'?VqT,]_X �iV?X��uTWsd]_XWY,TjZ\cegdkpRU^dx
YjRpceVqT�RU^5]_X(PSV?X�Yj] T(Rpc adk�Z�YjV cuV?T(]iT � Z\kUV RU^vYjVqX(^hZ\k&b ]_aS^dPhZiX �:k�Z
�_VqX(T 	C# sdRUTwPdRpkUV?cuceZ Zi^dP Z
T(]ikUaSY(RU]_^ �'RpkUkmb�V0PdRUT � adTWT(VqP
cu]_X(V�Rp^ TWV � YjRU]i^ � 	 A 	

� � � RpT<Z$�,V?kpk3� VqTWYjZibdkURpT(sdVqP�YjV � sd^dRpt aSV gSRU]_^dVqV?XWV?P b�� ��V Z\X(Pd]_X - � � ;N8 � � � ;N8 6ib � � ;N8 6_Z>! 	
�!Rp^ � V*YjsdVq^�TWV �_VqXjZik@� � � � ] PdVqT � �
ZiT(]i^+) � ; ? ; � � ]!Vq^dx ) � ; ? 6 � ��RpV?a>�'TWYjZiPSY&Z\^dP ',X(]_T�Y ) � ; ? 9 �
� � sdcuRUP!Y0Zi^dP � � sradceZi^d^+) � ; ? ;>!�sdZ �iV b VqV?^5PdV �iV?kp]_g VqP5Zi^dP:adT(VqP ln]_X�ceZi^�� Z\Y(ce]_TWgdsdVqX(R �
TWY(adPdRpV?T 	A# sdVqX(V Z\X(VJZikUTW]HceZi^���adT(VqT ]il � � ��Rp^|YjsSV
V?^Sx_RU^dVqV?XWRU^dx � ]_cuc ad^SRpY ��Yj]HZiT(TWRUT�Y
PdVqT(RUxi^dV?XWT � �J]iRU^�Zi^SP �/RU^+) � ;A;N8 ! 	�� ^HY(sdV Z\Y(ce]_TWgdsdVqX(R � � ]_cuc ad^SRpY � ) �!]_cuceVqX(RUZ � � ;N8�9>!
V�� Y(V?^dPdVqP ��V?ZiX(Pd]iX4-
= T��,]_X ��b��1Z\PdPdRU^Sx�ce]_RpTWY(adX(V
Zi^dP YjsdVq^�aST(V?P Y(sdV:ce] PdV?k Yj]�TWRUc a@�
k�Z�YjV YjsdV � aSc adkUaST � Zigdg�V?P Y(XjZiPSV�� �'Rp^dPHb�]_ad^SPhZiX��:kUZ
�_V?X 	 ��Zic b � � ;A8 ? !�adT(VqP ��V Z\X(Pd]_X -
= T
� � �:XWV?T(aSkpYjT�Y(] TWRUc aSk�Z\Y(V�YjsdV PdRpT(g�V?XWT(RU]i^5]\l ^d]_^rbdaS] �_Zi^vY�gdZiXWY(R � kpV?T�XWV?kUV?ZiT(VqP5lnXW]_c Z\^ VqkUV��
�\Z\YjVqP g�]_RU^vY,T(]_adX � V 	 � ]!Vq^dx � � ; ? 6 !D�'X(]\YjV�Zi^�� � � � ]!PSV?�'sdR � s adT(VqT T(g�V � YjX(ZikmTW]_kUaSY(RU]_^ST,Rp^
YjsSV�sd]_XWR('q]_^vY[ZikhYjsSV?X(Vqb�� V?kpRUcuRU^hZ�YjRU^Sx�g ]iT(T(RpbdkUV'YjXWad^ � Z\YjRp]_^yVqX(X(]iX Z � � adc aSk�Z\Y(RU]_^�	<; � ^dxvZ_ZiXWP
Zi^dP�'7X(]iTWY � � ; ? 6 !<adT(VqP � � �uYj]wTWY(adP � Yj]_g6� Pd]2�'^@� b ]iYWYj]_c � aSguPSR,- adT(Rp]_^�	���Z\Y(V?X�)!cu]_X(V � ]_c �
gdkpV���b�]_ad^dPhZ\X���kUZ �iV?X Y � g VqTC�,V?X(VJV��SZicuRU^dVqP|Rp^ � kpadPdRp^dx�Yjsd]iT(VJln]iX � VqP|b��|Z � ]_c bSRU^hZ\Y(RU]_^
]il*bdaS] �_Zi^ � ��Zi^SP T(sdV?ZiX � �J]!Vq^dx Zi^SP �!adkpkUR �\Zi^*) � ;A;�6 � "�shZi^d^hZyZi^dP*'7X(ZiT(TWV?adX�) � ;A; ? ! Z\^dP
TWY(XjZ\Y(] � adc adkpadT � � ZigSg VqP � �J] V?^dx V Y0Zik 	,) � ;A;A9>! 	 �!]_cuV ZiPSPdRpY(RU]_^hZ\kERpceg�]_X�Y[Zi^vY�TWYjaSPdRUVqT�YjshZ�Y
adTWV?P�� � �JRU^ � kUaSPdV � � sdcuRUPSY�Zi^dP � � sradceZi^d^ � � ; ? ;>! Zi^SP �
ZiTW]_^ � � ; ? ;>!7]i^JYjsSV�TWY(X(a � YjadXWV
]il<Y(sdV � ]_^��_V � YjR �_V b�]_ad^dPhZ\X�� k�Z
�_VqX )*��Rp^
V Y�Zik 	 � � ;A;A9 � � ;�;N8 !'Zi^dP��/RU^ � � ;�;A;>! ]_^ � ]isdV?XWV?^vY
TWY(X(a � YjadXWV?T,RU^u^dV?aSY(XjZik�Zi^SP � ]i^ �iV � YjR �iV�b�]_ad^dPhZ\X�� kUZ �iV?XWT )dZ\^dP �7]ikUV?ceZi^uVqY7Zik 	 � � ;A; � � � ;A; � !
Zi^dP O�^SPdX(Vq^JV Y�Z\k 	 � � ;A;�6>!7]_^ � �rceZi^ b ]_aS^dPhZiX � k�Z
�_VqX(T 	

�J]_XWV:X(V � V?^vYjk � )�g�V?XWshZigdT`b�V � ZiadT(V5]ilwYjsdV5Z
�\ZiRUkUZibdRpkURpY � ]il � ]_cugdaSYjVqX`g ]2�,V?X )�cyZi^��
RU^��iV?TWY(RUxvZ�Yj]_XWT*ZiX(V'adTWRU^dx0T(V �_VqXjZik�ce] PdVqk � ] PdV?T&Y(shZ\Y �7VqX(V ]_X(Rpx_RU^dZikUk �0PdV?TWRUx_^dVqPuln]iX&ceVqT(]_T � ZikpV
T(Rpc adkUZ\YjRp]_^dT%�'RpY(s
x_XWRUP@� T(ghZ � RU^Sxe^dV?ZiX?�<� � 	�O�T YjsdV RU^vYjVqX(VqTWY�Rp^Jkp] � Zik/gdXWV?PdR � YjRp]_^dT RU^ � X(V?ZiT(V&)
YjsSVwXWV?tradRpX(V?cuV?^vY ln]_X � � � � kpR(�iV0x_XWRUP@� T(ghZ � RU^Sx��'RUkUkmRU^ � X(V Z\T(V 	 # sdVqX(Vqln]iX(V�)�ZiT cu]_X(V � ]_cegSaSYjVqX
g�]0�,V?X b�V � ]iceVqT�Z
�\ZiRpk�ZibdkpV�) RpY'Z\gdg V?ZiX(T Y(shZ\Y?� � � �'RUkpk � ]_^vYjRU^radV�Y(]ub�V � ]_cuVwcu]_XWV�g ]_gSadk�ZiX 	

����� � �A� �K�B�)� ��� ���1�e�1��� 	 � � 	��K���
� ^vYjVqX(^hZik&b�]_ad^SPhZiX��
k�Z
�_VqX(T � �,' ��T"!�ZiX(V Y(sdV X(VqT(adkfY0]il7sS]_X(R,'?]_^vY[Z\k<ZiP �iV � YjRU]i^ Z � X(]iT(TwZ

PdRpT � ]i^rY(RU^radRfY � RU^`TW]_ceV�TWadXWl Z � V0gdX(]ig VqXWY � � �wZiXWXjZ\YWY ) � ;A; � !"Y(shZ\Y'Rp^ 1hadVq^ � VqT Y(sdVwZiRUX TWa � s�Z\T
X(]iadx_sd^dVqT(T�)$YjVqceg�V?X(Z\YjaSX(V ]_X0ce]iRUTWY(adX(V 	���]iX0Z ghZ\X � Vqk&]il Z\RUX�cu] � Rp^dx Z � XW]_T(T0YjsdV PdRpT � ]_^vYjR3�
^radRpY ��)&YjsdV � shZ\^dx_V RU^�TWadXWl Z � V`gdX(]ig VqXWY � ceZ
�HkpV ZiP Y(]:Z�T(adPSPdV?^ � shZi^dx_V Rp^�T(adX�l Z � V 1da@� 	
� ^�cu]_TWY�]il<Y(sdV�kpRpY(V?XjZ�YjadXWVwPSRUT � adT(TWRU^dx��,'%�/T ) Y(sdV�TWadXWl Z � V�gSX(]_g�V?X�YjRUVqT�ZiXWV sS]_ce]ix_V?^dVq]_adT�]_^
V?RfYjsdVqX0T(RUPSVe]il,YjsdV PdRpT � ]_^vYjRU^radRfY � 	 ;1sdV?^HY(sdV T(adX�l Z � VesdV Z�Y:1da@� � shZi^dxiV?T )<Z ���h�6� � ��/ �,'%�
ln]_XWceT�)�Zi^dP �'sdV?^5YjsdV X(]iadx_sd^dVqT(TwkUVq^dxiYjs � shZ\^dx_V?T�);Z �! ,� � + �3- � �,'%�|ln]iX(cuT 	�;1sdVq^ YjsSV
T(aSXWl Z � VuTWV?^dTWRUbdkpV sdV Z\Y 1ha6� 8�+ $6�j�(�/<
�=< Z � X(]iT(T�YjsdV PdRpT � ]_^vYjRU^radRfY � )/YjsSVu^SV�� b�]_ad^SPhZiX���k�Z
�_VqX



9

RUT � Z\kUkUVqP
Z � �,'%� 	 # sSV�]_bdTWV?X �iZ�YjRU]i^dT�Zi^SP
T(Rpc adkUZ\YjRp]_^dT gdXWV?T(Vq^vYjV?P:Rp^ Y(sdRUT PdRUTWT(VqXWY[Z�YjRU]i^�ZiXWV
Z � ]_c bdRp^hZ\Y(RU]_^`]il&Rp^vYjV?^ST(V � ]_^��_V � YjR �_V Zi^SP
cu]_ceVq^vYjadc �,'%�/T�b V � ZiadTWV ]il<Y(sdV�V�� YjX(VqceV RU^@�
� XWV ZiTWV Rp^ T(adX�l Z � VwsdV?Z\Y 1ha@� Zi^SP Y(sdV0PdV � X(V Z\T(VwRU^`T(adX�l Z � V0XW]_adx_sd^SV?T(T 	

�,'%�/T � Zi^:ZikUTW] b�V � kUZiT(TWRpohVqP:ZiT � �=<  <7$(��/U� ]_X /  $(��/ � �
ZisSXWY ) �i�_�_� ! 	 �JVqT(]_T � ZikpV '%�/T
ZiXWV�ZiTWT(] � RUZ\YjVqP �'RpY(s
kUZiX(x_V�� T � ZikpVwTWadXWl Z � V lnV?Z\YjaSX(V?T�) TWa � s:ZiT�]_^dT(sS]_X(V ]_X']�-mTWsd]_XWV 1h]2� )BZ\^dP
V �iV?^vYjadZikUk �uY(sdV$�,' ��V?^dx_aSkplnT,Y(sdV V?^vYjRpX(V�gSX(V�� V��!RUT�YjRp^dx�b�]_ad^dPdZiX��uk�Z
�iV?X 	 �!a � s RUT*YjsSV � Z\T(V�ln]iX
YjsSV � �,'%�/TwgSX(V?TWV?^vYjVqPHsdVqX(V 	��/] � ZikD�,' ��T0]_^Sk �Jx_X(]2� Yj]`Z PdVqgSYjs:YjshZ�Y�RUT�TWcyZikpk � ]_cughZiX(VqP
Yj]�Y(sdV sdVqRUx_svY ]il adgdT�YjXWV Zic�b�]_ad^SPhZiX��Hk�Z
�_VqX PdV?g!Yjs�b V � ZiaST(V YjsdV`Z\kU]_^dx � �'RU^SP PdRUcuV?^ST(RU]i^
]il*YjsSV T(adX�l Z � V � shZ\^dx_V lnV Z\Y(adX(V�RUT�T(ceZikpk � ]_cegdZiX(VqP�Yj] YjsSV b ]_aS^dPhZiX ��k�Z
�iV?X�PdVqgSYjs�	
�!ceZikUk
Zix_XWR � adkpY(adXjZik�ohVqkUPdT']_X kUZ��iVqT � Zi^ � X(V?Z\YjVwkU] � Z\k*�,'%�/T 	

�JVqT(]_T � ZikpV �,'%�/T adT(adZikUk �eln]_XWc ^SV ZiX � ]vZiT�YjkURp^dV?T7Zi^dP � Z\^ V��!RUT�Y ] �_V?X Y(sdV5�7Z\YjVqX ]_X,Y(sdV
k�Z\^dPePSV?g�V?^dPdRp^dx ]_^uYjsdV�PdRUXWV � YjRU]i^e]ilmYjsdV�1h]2� 	 �7RpYjRpV?T�) Rp^dPdadT�YjXWR�Zik�ZiXWV ZiT�)!g�]2�7VqX7x_Vq^dV?X(Z\YjRp]_^
l Z � RUkURfYjRpV?T ) Zi^dP Z\RUX(g�]_X�YjT�ZiXWV,]il�Y(V?^ kU] � Z\Y(V?P0]_^ � ]vZiT�YjkURp^dV?TEZi^SP+)\Y(sdV?XWVqln]_XWV�)iRfY�cyZ
�0b�V*adT(V lnadk Y(]
shZ
�_V Zyce] PdVqkEln]_X YjsdV gdX(VqPdR � YjRp]_^�]il*PdRpT(g�V?XWT(RU]i^
]il*g�]_kUkpaSY[Z\^rY(T�]iX�RU^
^hZ
�!RpxvZ\Y(RU]_^ gdk�Z\^d^dRU^Sx
�'sdVq^�Z\^E�,' � RpT gdX(VqT(Vq^rY 	 �,'%�/T`ZikpT(]�gdkUZ ��Zi^ Rpceg�]_XWYjZi^vY XW]_kUVJRU^�YjsSV O�X � YjR � 	 ��V?ZiPdT�)
^hZiXWX(]2� � sdZi^d^dVqkUT ]il<]_g�V?^ �7Z\YjVqX�Rp^JZ\^
]iY(sdV?X �'RUT(V0R � V�� � ] �_VqX(VqP�T(V?Z ) � ZiadTWV Rp^vYjV?^ST(VwRU^vYjVqX(^hZik
b�]_ad^dPhZ\X�� kUZ
�_V?XWT
�'sdR � s X(VqT(adkfY�Rp^ k�ZiXWx_V � kU]_adPST'Y(shZ\Y ZikfYjVqX7YjsdV0X(ZiPdR�Z�YjR �iV�gdXW]_g VqXWY(RUV?T ]\l$Y(sdV
Z\Y(ce]_TWgdsdVqX(V Pd]2�'^>�'RU^dP5]il"YjsdV kpV ZiP � �&RU^vYj] Zi^dP �7adXWX���) � ;A; A ! 	 � � sd^SV?kUk � � ; ? ; !�]_bdTWV?X��iV?P
gdkpadceVqT;Z�Y<ZikfYjRfYjadPdVqT�]il 8 �rc Zi^dP XjZi^dxiV?T;]\l �i�_� � c Pd]2�'^>�'RU^SP ]ilhkUV?ZiPdTE^d]_X�Yjs�]\l �&kUkUVqT(cuV?XWV
� T(kUZi^dP�	 ��kUVq^dPdVq^dRU^dxuZi^SP�',adX � � � ;A; � !"X(V?g�]_X�Y']_^
Z � � �`] �iV?X�Zi^`O�X � YjR � kpV ZiP 	

# sdVqX(V shZ\T�b VqV?^:ZukU]iY�]il
�,]_X � � shZiX(Z � Y(V?X(R,'?Rp^dxeY(sdV cuV Zi^�gSX(]_g�V?X�YjRUVqT�]il��,'%�/T�TWYjZiXWY �
RU^Sx��'RpYjs �&kpkURU]\Y(Y � � ; A@? ! 	F.�Y(sdV?X gdZig VqX(T �'sdR � s�gSX(V?TWV?^vYuln]_X(c aSk�Z\Y(RU]_^dTwln]_X�Y(sdV sdV?Rpx_svY ]il
YjsSV Z\Yjcu]_TWgdsdV?XWR � RU^vYjVqX(^hZik�b ]iad^dPhZiX ��kUZ
�_V?X ZiT ZHlnad^ � YjRp]_^�]il0Pd]2�'^dT�YjXWV Zic PSRUTWYjZi^ � V�RU^@�
� kpadPdV � V?^ �\Z�YjXjZ\c � � ;A8A8 !�)! Z
� ^d]_X'VqY�Zik 	 � � ;N8 ;>!�) $ T(a � � ; ?�8 Z � � ; ? 8 b � � ; ? 9>!�) .�x_Z2�7ZyZ\^dP
.�shZiX(Z � � ; ?BA !�) �rYjad^dPSV?X � � ; ? A !�),Zi^dP �!ceVqPdceZi^|V YeZik 	 � � ;A;N8 ! 	 # sSV?T(V �7]iX �rTeY � gdR � Zikpk �
V?cugdkp] � Zi^hZik �rYjR � ce] PdV?kpT7ln]_X cuR3�!V?P6� k�Z
�iV?X x_XW]0� Y(sJ]iX T(adX�l Z � Vwk�Z
�_VqX gdX(]\ohkUV � shZ\^dx_V 	

�;Rpx 	 � 	 � RUT�Z`RpPdV Z\kUR('qV?P PdRUZix_X(Zic ]il Z�� �,'%��PdV �iV?kp]_gdRU^Sx �'RfYjsdRp^:Z TWY[Z\bdkUV b�]_ad^SPhZiX��
k�Z
�iV?X 	 # sSV:ZigdgdXW]2�!RpcyZ\Y(V?k �|gdZiXjZib�]_kpR � T � ZikUkp]_g VqP�kURp^dV�)%�'sSR � s1b Vqx_RU^ST Z\Y Y(sdV�TWsd]_X(V:Z\^dP
X(RpT(VqT7Yj] Y(sdV�X(Rpx_svY )!X(V?gSX(V?TWV?^vYjT'YjsSV�ceV?Zi^`ZigdgSX(] �!RUceZ\YjV�g ]_TWRpY(RU]_^e]il�YjsdV�Y(]_g ]il/YjsSV�RU^vYjVqX(^hZik
b�]_ad^dPhZ\X���k�Z
�_VqX 	 � ^�Y(sdRUTePdR�Z\x_XjZic ) ZHT�Y[ZibSkUV
b�]_ad^SPhZiX���kUZ �iV?X V��!RUTWY(T ] �_VqXyYjsdV
k�Zi^dP�]_^
YjsSVuaSg �'Rp^dP5T(RUPSVu]\l,Y(sdV k�Z��\V 	 � ^:YjsdV adg>�'RU^SP XWV?x_Rp]_^+)BYjsSV?X(ceZik&T�YjXjZ�YjRpo � Z\Y(RU]_^ TWadgdgdXWV?T(TWV?T
YjaSX(bdadkpV?^ � V 	:# sdV �,'%� � Zi^ b�V � kpV ZiXWk � RUPdVq^vYjRpodV?P b��
Y(sdV X(Vqx_RU]_^
RU^��'sdR � s5cuR3�!Rp^dxy] � � adX(T 	
�;Rpx 	 � 	 � X(VqgdX(VqT(V?^vY(TeYjsSV TWRpY(ahZ\YjRp]_^ YjsdZ\YuV��!g VqX(RpceVq^rY gSk�Zi^d^SV?X(T V��Sg�V � YjVqP�Yj]:]_bdTWV?X �_V 	 � ^
� ]i^rY(XjZiT�Y )Bohx 	 � 	 � RUT�bdZiT(VqP ]_^ kpRUPhZ\X�]_bST(V?X �\Z\YjRp]_^dT�PdadXWRU^dx Y(sdV�Y(sdX(VqVuPdZ � T�]il"Rp^rY(V?^dTWV � ]_kpP
ZiRpX ]_aSY(bdX(V?Z��rTuRp^�YjsdV ohVqkUP � ZicughZiRpx_^�	B# sdV`adg>�'RU^dP�b ]iad^dPhZiX ��k�Z
�iV?X ) �'sdR � s|X(Zi^dx_VqP�Rp^
PdVqgSYjsylnXW]_c �i�_� c Yj] � �rc9PdV?g�V?^SPdRU^dx�]_^eY(sdV�PdZ ��)@�7ZiT �,V?kpk cuR3�!VqP�	D# sdVqX(V ln]_X(V&)!YjsSV�V?PSx_V
]ilEYjsdV �,'%�/� ZiT'^d]\Y�Z\T � kUV?ZiX(k � PdV oh^dVqP�	

O�T �
ZisdX�Y � �i�_�_� !'g�]_RU^vY(T�]_a!Y )hYjsdV g ]iT(RpY(RU]_^ ]il<Y(sdV Y(]_g
]\l<YjsdV gdkUaSceVqT�Rp^ Y(sdV � �,'%�
�\ZiX(RpV?T Rp^ Y(RUcuV�ZigdghZ\X(V?^vY(k � Rp^ XWV?TWg ]_^ST(V Y(] RU^dPdR � RUPdahZ\kmYjsdVqX(ceZikUT'Z\^dP 1da � Y(ahZ\YjRp]_^dT'RU^ �'Rp^dP
T(g�V?VqP�	
# sdVqX(Vqln]iX(V�)�YjsdVwgdXW]_g VqXWY(RUV?T ]il$YjsdV0YjRpceV���Z
�_VqXjZix_VqP 1h]2� Z\X(V � shZiXjZ � YjVqX(R,'?V?P
b �`cu]_XWV
x_X(ZiPdahZik � sdZi^dx_VqT � ]iceghZ\X(V?P�Yj]:YjsdV RU^STWY[Z\^rYjZi^dVq]_adTuPdRUT�YjX(RpbdaSY(RU]_^�	 �
ZisSXWYeTjZ
� T ) � � ^�YjsdRpT
T(Vq^dT(V&)"Y(sdVyY(]_g�]il'YjsdV��,'%��XWV?gdXWV?T(Vq^vYjT YjsdV aSgdg VqX kURpceRfYw]il YjsdV cuV Z\T(adX(ZibdkUVeRU^ 1dadV?^ � V ]il
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FREE   ATMOSPHERE
(USUALLY  NOT  TURBULENT)

STRATOCUMULUS  CLOUDS

THERMAL  INTERNAL
BOUNDARY  LAYER

(HEAT  AND  SHEAR  DRIVEN)

WEST
WISCONSIN
(COLD  SURFACE) LAKE  MICHIGAN

(RELATIVELY  WARM  SURFACE  ~0˚ TO 5˚C)

EAST

(SHEAR  DRIVEN 
WITH

INTERMITTENT
TURBULENCE)

STABLE 
BOUNDARY 

LAYER

(-15˚ TO -30˚C)

VERY  COLD
OFFSHORE
FLOW

�;Rpx_adX(V � 	 �
�
� PdV Z\kUR('qV?P�PSR�Zix_X(Zic ]il*Z � ]_^��_V � Y(R �_V Rp^rY(V?XW^hZikEb ]_aS^dPhZiX �
kUZ �iV?X�x_X(]2�'RU^Sx RU^dTWRUPdV

Z TWYjZibdkUV0]�- T(sS]_X(V 1h]2� 	

YjsSV?X(ceZikpTwPSadX(Rp^dx Y(sdVeZ �iV?X(Zix_RU^SxJg�V?XWRU] P�	 � $ V � ]_^ � kUadPdVqTwY(shZ\YwYjsdV YjRpceV���Z
�_VqXjZixiV?P:Yj]_g5]il
YjsSV$�,'%� RUT � � !&^d]iY ZiT(TW] � R�Z\Y(V?P��'RfYjsyZ�T(shZ\X(g � shZ\^dx_V�Rp^ygdXW]_g VqXWY(RUV?T�) � � !*ceZ
�uX(RUTWV?�'RfYjs Z\^ �
T(kp]_g�V�RU^ � kUadPSRU^dx ^dV ZiXWk � �_VqXWYjR � Zik RU^��,V Z&�>� �'RU^dP � ]_^��_V � YjR �_V � ]_^SPdRpY(RU]_^dT�)dZi^SP � 8 !*X(RUTWV?T cu]_X(V
�_VqXWY(R � Z\kUk �/�'RpY(s�x_X(V?Z\YjVqX Z
�_V?X(Zix_Rp^dx YjRUcuV�)��'sSR � s�RU^ � X(V?ZiT(VqT Y(sdV gdXW]_bhZibdRpkURfY � ]\l � ZigSYjaSX(RU^Sx
�_VqXWY(R � Z\kUk �>� ]_X(RpV?^vYjVqP�YjsdVqX(ceZikUT 	�# sSV ]_bdT(VqX��\Z\Y(RU]_^dT<Zi^dP T(Rpc adkUZ\YjRp]_^dTEgdX(VqT(V?^vY(V?PusdV?XWV T(adgdg�]_X�Y
YjsSRUT s�� g ]iY(sdV?TWRUT 	

# sdV b ]iad^dPhZiX ��k�Z
�iV?X ] �_V?XC��Z��iV �JR � sdRUxvZ\^�shZiTub VqV?^�YjsdV ln] � adTu]il�Z\Y(Y(V?^vYjRp]_^�RU^�Z
^radc b�V?Xw]il ]ibdT(VqX��\Z\YjRp]_^hZik&T�YjadPSRUV?T � �/Vq^dT � sd]2� ) � ;N8 8 � O�x_VqVyZi^SP $�Z\XWY ) � ;�; � � �7sdZi^dx�Z\^dP
 	  	 ',XjZishZ\c ) � ;A; � ! 	�� ^ Z�X(V � V?^vY'ghZ\g VqX )B�"]_ad^dx V Y'Zik 	 � �i�_�_� !*V��dZ\ceRp^dV?T�� �7O
 E�&kUV � YjX(Z
ZiRpX � X(Z\l�Y"RU^eT(RpY(ayPhZ�Y[ZwlnXW]_c YjsSV)'%� Vq^rY(XjZiRp^dcuV?^vY 'q]_^dV�] �iV?X �EZ&�iV �JR � sdRUx_Zi^e]i^ �28 7_Zi^rahZiX��
� ;A; ? 	D# sdRpT7PhZ�YjV�RpT*]_^dV�]\lBYjsdV YjsdXWV?V�PhZ
�!T"ln]_X �'sdR � s � � � ]_bdT(VqX��\Z\Y(RU]_^dT,ZiXWV�gdXWV?TWV?^vYjVqPJZ\^dP
YjsSVwT(ZicuV�PhZ
� YjshZ\Y
�7ZiT � sd]_TWV?^Jln]iX k�ZiXWx_V�� V?PdP �yT(Rpc adk�Z�YjRU]i^ sdV?XWV 	

����� ����� ��� �
	
� � � �
.�^dV`ZigdgSX(]vZ � s Y(] � � � ]il Z\^ �,'%��adTWV?P�gdXWV � RU]_aST(k � � TWV?V&)"ln]_X V��SZicugdkUV&) �/RU^�VqY Zik 	

� ;A;A8 !�RUT�Yj] T(Rpc adkUZ\YjV Z sd]_XWR('q]_^vY[Zikpk ��sS]_ce]ix_V?^dVq]_adT0b�]_ad^dPhZ\X��:k�Z
�iV?X0RU^��'sdR � s YjsSVeVq^rY(RUXWV
T(aSXWl Z � V�b�]_ad^dPdZiX�� � ]_^dPdRfYjRp]_^ RUT*ZikfYjVqX(V?PeZ\Y*TW]_ceV'g�]_RU^vY*Rp^ Y(RUcuV 	<# sdRUT ��Zix_X(Zi^dx_RUZi^ � R 	 V 	;YjsSV
Pd]_ceZiRp^yRUT"cu] � Rp^dx �'RfYjsyY(sdV�cuV Zi^�1d]0�?!,ZigdgdXW]vZ � s ZiTWT(adcuV?T Y(shZ\Y,YjsdV�Y(V?cug ]iXjZik�V �i]_kUa!YjRU]i^
]il*YjaSX(bdadkpV?^ � V RUT�Vqt aSR �\ZikUVq^vY�Yj] Y(sdV T(ghZ�YjR�Z\k;V �i]_kUa!YjRU]i^ b ��Z l Z � Y(]_X�]il"]_^dV ] �iV?X�YjsSV ceV?Zi^
ZiP �iV � YjRU]i^|YjRpceV 	 # sdRUTeZigdgSX(]vZ � s|ZikpkU]2�'T YjsdV adTWVJ]il�T(g�V � YjX(Zik'T(]_kpaSYjRp]_^dT RU^�YjsSV sS]_X(R,'?]_^@�
Y[Z\k PdRUXWV � YjRU]i^dT � �J] V?^Sx ) � ; ? 6 ! 	 # sdV`T(g�V � YjX(Zik'Zi^dP�g�V?X(Rp]!PSR � cuVqY(sd]!P�RpT � ]_^��iV?^dRpV?^vY Z\^dP
^radcuV?X(R � Zikpk � Z � � adXjZ\Y(V�) bda!YyYjsSV���Zix_X(Zi^dx_RUZi^�ZigdgdXW]vZ � s�kUZ � �rTuY(sdV
gds�� T(R � Zik X(V?ZikURpT(c�]\l0Z
T(gdZ\YjRUZikUk � � V �i]_k � RU^Sx b ]_aS^dPhZiX � kUZ
�_V?X 	 9�^Sln]_X�Yjad^dZ\YjVqk � )$T(g�V � YjXjZ\k,cuVqY(sd]!PST XWV?tradRUXWVyg�V?XWRU] PdR �
k�Z�YjV?X(Zikmb�]_ad^SPhZiX(RpV?T ZiT'PdRpT � aST(T(VqP�Zib�] �_V 	

� Y�RUT'g ]iT(T(RpbdkUV�Y(]yx_Vq^dV?X(Z\YjVwsd]_XWR('q]_^vY[Zikpk �eRU^dsd]ice]_xiV?^dVq]_adT YjadXWbdadkpV?^ � V adTWRU^dxuk�Z�YjV?X(ZikUk �
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FREE   ATMOSPHERE
(USUALLY  NOT  TURBULENT)

WEST
WISCONSIN
(COLD  SURFACE)

(-15˚ TO -30˚C)

VERY  COLD  OFFSHORE  FLOW STRATOCUMULUS  CLOUDS

EAST

LAKE  MICHIGAN
(RELATIVELY  WARM  SURFACE  ~0˚ TO 5˚C)

�;Rpx_adX(V � 	 �
�
� PSV ZikpR('?VqP�PdR�ZixiXjZic ]il$�'sdZ\Y � ZiT ]_bST(V?X �_VqP�]_^ �
� ) �_� Zi^dP �28 7_Zi^rahZiX � 	�O

�,V?kUk � cuR3�!V?P b�]_ad^SPhZiX��`kUZ
�_V?X ZiP �_V � YjVqP�]�- T(sd]_XWV�Z\^dP Y(sdVwkURUPdZiX ]_bdTWV?X �iZ�YjRU]i^dT�PSRUP`^d]iY�T(sd]2�
Z � kpV ZiXWk �ePdVqod^dV?P RU^vYjVqX(^hZ\kmb�]_ad^dPhZ\X�� kUZ �iV?X 	
# sdV � RpX � kpV?T Rp^ YjsdV�b�]_ad^dPdZiX��yk�Z
�_VqX X(V?gSX(V?TWV?^vY
RUPSV ZikpR('?VqP k�ZiXWx_V�VqPdPdRUVqT 	

g�V?X(Rp]!PSR � PS]_cyZ\RU^dT 	 ��kUV?^SPdV?^dRp^dx � � ;A; A !�)mln]_X�V��dZ\cegdkpV�)/gdXWV?TWV?^vYjT Z �<� ��]il7Z gdkUadcuV VqcyZ �
^hZ\Y(RU^dx lnXW]_c Zu^dZiX(XW]0� O�X � YjR � kpV ZiP 	%� ^JY(sdRUT � Z\T(V�)�YjsSV�Z\Y(ce]iT(gdsdVqX(Vwadg>�'RU^dPJ]il;Y(sdVwkUV Z\PJRpT
ZiTWT(adcuV?P:Yj] b V T�YjX(]i^dx_k �
TWYjZibdk ��TWYjX(Z\YjRfohV?P 	 # sdVekpVql�Y �i�i� c ]il,Y(sdV Pd]_ceZiRU^ sdZiT�Z �7Z\YjVqX
T(aSXWl Z � V�)&Zi^SPHYjsdVyX(RUxisrY 8_�_� c shZiT Zi^ R � VyT(aSXWl Z � V�)*Zi^dP YjsdV 1h]2� RpTwlnXW]_c YjsdVekUV l�Y
	 # sdV
kUV?ZiP � ZiaST(V?T7ZwbSad] �vZi^vY,gdkUadcuV Zib�] �iV�Z\^dPePS]0�'^STWYjXWV Zic9]ilmRpY(T(V?kfl 	�# sSRUT"ce] PdV?kpRU^dx�ZigdgdXW]vZ � s
�,]_X �rT'Rpl/Y(sdV0Z\Yjcu]_TWgdsdV?XWV�adg>�'RU^SP ]\lEY(sdV�kUV?ZiP RUT7^d]iY Y(adX(bdaSkUV?^vY Zi^SP`Y(sdV � � � sdZi^dPdkpV?T7Y(sdV
YjX(Zi^dTWRpYjRp]_^�lnXW]_c ^d]i^@� Y(adX(bdaSkUV?^vY<Y(]�YjadXWbdadkUVq^vY
1h]2� � ]iX(X(V � Y(k � 	 �hadXWY(sdV?XWce]_XWV�)vb�V � ZiadT(V']il�Y(sdV
g�V?X(Rp]!PSR � Pd]_ceZiRU^+)rsdV�ceZ
�u]_^dk �uadTWV�ce] PdVqk XWV?T(aSkpYjT,lnX(]_c Z�g�V?X(Rp]!PygdX(Rp]_X,Y(]�YjsdV�YjRUcuV?�'sSV?^
YjsSVwgSkUadcuV�X(V�� Vq^rY(V?XWT Y(sdV0Pd]_ceZiRU^ ] �_VqX Y(sdV0kUV?ZiP�	

� ^�Z cu]_X(V0X(V � Vq^rY�ghZig�V?X ) ��kUVq^dPdV?^SRU^dx � � ;�;A;>!7adTWV?T�Zug VqX(Rp]!PdR � Pd]_ceZiRU^`PdR � RUPdVqPJRp^rY(]
Y��,] V?trahZik$ZiXWV ZiT�)mV Z � s�]il*PdR3-mVqX(V?^vY�T(adX�l Z � V�X(]_adxisd^dV?TWT 	)$�V Z\kUkU]2�'T YjsSV�T(Rpc adkUZ\YjRp]_^ Yj]yXWad^
kU]i^dx b�V �_]i^dP5Y(sdV YjRpceV RpY�YjZ��iVqT0ln]iX�Z ghZiX � V?k<]\l7Z\RUX�Y(]`ZiP �_V � Y�Z � XW]_T(T�Y(sdV V?^vY(RUX(V PS]_cyZ\RU^�	
# sdRpT�T�Y �!kpV�]il<T(RUc�adk�Z\Y(RU]_^ RpT�Z\^hZikU]ix_]_adT Yj]eT(Rpc adk�Z�YjRU^Sx ] �iV?X�Z\^
RU^!oh^dRpY(V?k � � �'RUPdV�gSk�Zi^dV �'RpY(s
ZJgdZ\Y � s>�,]_X �5]il Y��,]�T(aSXWl Z � VyX(]iadx_sd^dVqT(TWV?T � V Z � s�ghZ\Y � s shZikfl7YjsSVyT(R,'?Vu]il Y(sdVyPd]icyZiRp^HZ\^dP
� ]i^rY(X(RpbdaSYjRp^dx�RfYjT ]2�'^�kU] � Zik �,'%� 	�� Y RUT Z x_] ] P V��SZicugdkUV ]\l��'sdZ\Y ceRpx_svY shZigSg Vq^�] �iV?XuZ
k�Z\X(x_V�Z\x_X(R � adkfYjadX(ZikmXWV?x_Rp]_^ �'RpYjs Y��,]uY � g�V?T ]il � X(]igdT 	

�JVqT(]_T � ZikpV��,'%�/T�gSX(V?TWV?^vY Z PdR,- V?XWV?^vY � shZ\kUkUVq^dx_V 	 # sSVyg�V?X(Rp]!PSR � ZigdgdXW]vZ � s � Zi^H]i^dk �
b�V adT(VqP:Rpl&YjsSV�1h]2� .WaSTWY0b�Vqln]_XWV�YjsdV�]_aSY 1d]0� �7ZikUk$RUT�XWV?T�Yj]_XWV?P Yj] Y(sdV ceV?Zi^�gdXW]_g�V?XWY(RUVqT�]il
YjsSV b�]_ad^dPdZiX��`kUZ �iV?X ] �_V?X YjsdVwadg>�'RU^SP
T(aSXWl Z � V 	 O�kfYjsd]iadx_s YjsdRpT � Zi^
b�VwPd]_^dV&)�Y(sdVwceV Yjsd] P
RUT"^d]iY7V � � RpV?^vY b�V � ZiadT(V0ZwT(adbSTWY[Z\^rY(R�Zik ^radc b�V?X7]\l�x_X(RpP@� g�]_RU^vY(T,Z\X(V�aST(V?P`Rp^eYjsSV�V?^SPdT ]ilBY(sdV
Pd]_ceZiRp^�Yj] x_XjZiPSahZikUk �
XWV?cu] �_Vug VqXWYjaSX(bhZ\Y(RU]_^STwb�Vqln]iX(V YjsdV �:gdX(]ighZixvZ\Y(V ]_X0ZiP �iV � Y�RU^vYj] Y(sdV
]_gdg�]_TWRU^dx Vq^dP�	 �hadXWY(sdV?XWce]iX(V�)Sb V � ZiadTWV�YjsdRpT ceV Yjsd] P X(Vqce] �iV?T ZikUk�YjsSV�YjadXWbdadkUVq^ � V�^SV ZiX Y(sdV
RU^SkUVqY )�Zec a � s�kU]_^Sx_V?X'Pd]_ceZiRp^Jc aSTWY�b V adT(VqP
ln]_X'YjsdVwT(ghZ�YjR�Z\kEPSV �_VqkU]_gSceVq^rY�]il&VqPdPdRUVqT�] �_VqX
YjsSVwaSgdTWY(X(V Z\c T(adX�l Z � V 	 # sdVqX(V ln]_X(V&) Z cu]_X(V�V � � RUVq^vY�cuVqY(sd]!P Y(]ex_Vq^dV?X(Z\YjVwZ sd]_cu]_x_Vq^dV?]_aST



;

lnadkpk �>� PdV �_VqkU]_g�V?P YjaSX(bdadkpV?^vY"b ]iad^dPhZiX � k�Z
�iV?X*b V ln]_X(V Y(sdV
1h]2��X(V?Z � sdVqT"Y(sdV � sdZi^dx_V'RU^ TWadXWl Z � V
� ]i^dPdRpY(RU]_^ST%� ZiT'PdVqT(RpX(V?P 	

 'V � Vq^vYjk ��) �hVqPd]_X(] � R � sJVqY�Zik 	 � �i�_�S� ! g�V?X�ln]_X(cuV?PJZ�� � � ]\l&ZeTWghZ\Y(R�Zikpk � V �_]_k � RU^dx � ]_^6�
�_V � Y(R �_V b�]_ad^dPhZ\X�� kUZ �iV?X 	�# sdV?TWV�Zia!Yjsd]_XWT � ]_^STWYjXWa � Y(V?P Z � � � PS]_cyZ\RU^��'RpY(s b ]_aS^dPhZiX � � ]_^6�
PdRfYjRU]i^dT�PSV?T(Rpx_^dVqP�Yj] PdaSgdkUR � Z\Y(V:�'Rp^dP@� Y(ad^d^dVqk;V��Sg�V?XWRUcuV?^vYjT 	5# sdVqRUX�cuV Z\^�RU^ 1d]0� b�]_ad^dPdZiX��
� ]i^dPdRpY(RU]_^C� ZiT'gdXWV?T � X(Rpb VqP ZiT � ]_^STWY[Z\^rY Z\^dP YjsdVqRUX ]_a!Y 1h]2��b ]_aS^dPhZiX � � ]i^dPdRpY(RU]_^C� ZiT  �h� + )
]_X �W� *@8 �i� 8�& � � "�kUVqceg Zi^dP �/RUkpk � ) � ; ?i� ! 	�# sdRUT<cuV Z\^dT;YjsdZ\Y&g�V?XWY(adX(bdZ\YjRp]_^dT � Zi^d^d]iY<gdX(]_gdZixvZ\Y(V
adgdT�YjXWV Zic YjsdXW]_adx_s5YjsdVeRU^ 1d]0� � Zikpk )EbdaSY YjsdV � PS]
cu] �iVeY(sdX(]_aSx_s Y(sdVy]_a!YjkUV Y �7Zikpk*lnXWV?Vqk � 	
# sdV � ZiPdPSV?P`ad^ � ]_X(XWV?k�Z�YjV?P X(Zi^dPd]ic �\ZikpadV?T"Yj] YjsSV�RU^ 1d]0� � ]_^dPdRfYjRU]i^eYj] TWRUc aSk�Z\Y(V Y(sdV�V�- V � Y
]il$T(ceZikUk g VqXWY(adX(bhZ�YjRU]i^dT'RU^ YjsSVwV��!g VqX(RUcuV?^vYjZik+1h]2� 	

�h]_XmY(sdRUTBPSRUT(TWV?X�Y[Z\Y(RU]_^�XWV?T(V?ZiX � s*)\YjsSV&ce] PdV?kpRU^dx � shZikpkUV?^Sx_VD�7ZiT/Yj] x_Vq^dV?X(Z\YjV*sd]_XWR('q]_^vY[Zikpk �>�
sd]_cu]_x_Vq^dV?]iadT�Y(adX(bdaSkUV?^ � V Y(shZ\Y � ]_aSkUP 1d]0� ] �_VqX�Zi^�ZibdX(aSgSY � sdZi^dx_V Rp^
TWadXWl Z � V�gdXW]_g�V?XWY(RUVqT
�'sdVqX(V?b�� Y(sdV YjaSX(bdadkpV?^ � V%�7]iadkUP b�V � ]_ceV Rp^dsd]_cu]_x_Vq^dV?]iadT<Zi^SP Y(sdV?^ V��SRfY<YjsSV Pd]_ceZiRU^ lnX(V?Vqk �
�'RpY(sd]_aSY<PdRUT�YjadXWbdRU^dx�Y(sdV adgdT�YjXWV Zic 1d]0� 	D# sdV'T(adX�l Z � V � ]i^dPdRpY(RU]_^ST;]_^ V?RfYjsdVqX<T(RpPdV ]il�YjsdV PSRUT �
� ]i^rY(RU^radRfY ���,V?X(V sd]_cu]_x_Vq^dV?]iadT"Zi^dP V�� YjVq^dPdVqPyln]_X&PdRpTWY[Z\^ � VqT"c�a � sekUZiX(xiV?X;Y(shZi^ YjsdV'b�]_ad^dP6�
ZiX �ekUZ
�_V?X,PdV?g!Yjs�	
# sdVqX(V ln]_X(V&)dRU^ � ]_^vYjX(ZiTWY7Yj] Y(sdV�V��!g VqX(RUcuV?^vY(T ]il �hV?PS]_X(] � R � s V Y Zik 	 � �i�_�!� !�)
YjsSV�T(RUc�adk�Z\Y(RU]_^eX(Vqt aSRUX(VqP Z TWYjV?ZiP �yT(adgdgSk � ]\l$sS]_X(R,'?]_^vY[Z\kUk �>� sd]_cu]_x_V?^SV?]_adT�) lnaSkUk �>� PdV �iV?kU]ig VqP
b�]_ad^dPhZ\X�� kUZ �iV?X YjaSX(bdadkpV?^ � V0] �iV?X'YjsdV0adg>�'Rp^dPJTWRUPdV�]\l;YjsSVwPS]_cyZ\RU^�	

����� � 	
��� �(� �
# sdRpT Rp^rY(X(] Pda � YjRU]i^ shZ\T�PdVqT � XWRUb�V?PHY(sdVycu]iY(R �\Z\YjRp]_^ ]il Y(sdRUTwX(VqT(V?ZiX � s+)<Y(sdVeY��,]�ceZiRU^

Yj] ]_kpT � kpRUPhZiX<Zi^dP � � � !�)rZi^dP YjsSV ceZiRp^ gdsdV?^S]_ceVq^hZ0]ilmRp^vYjV?XWV?T�Y � � �,'%�<!<RU^ YjsdV'PdRpT(TWV?XWYjZ\YjRp]_^�	
� ^ � shZ\gSYjVqX � )�YjsdV � � � Zi^SP PhZ\YjZ � ]ikUkUV � Y(RU]_^:cuVqYjsS]!PdT �'RUkpk&b VuPdVqT � XWRUb�V?P�	 � ^ � sdZigSYjVqX 8 )
� � �:]_bdTWV?X �iZ�YjRU]i^dT ]il � ]_kUP@� ZiRUX"]_aSY(bdX(V?Z��uV �_Vq^vYjT ZiX(V�gdX(VqT(V?^vY(V?P`ln]_X,Y(sdX(VqV � ZiTWV?T �

�
� ) �_� Z\^dP
�28 7_Zi^rahZiX�� � ;A; ? 	 �7shZigSY(V?X�Y(sdX(VqV ZikpT(]yPSRUT � adT(TWV?T�Y(sdV�T �!^S]_gSYjR � TWVqY(Y(RU^dx Zi^dP � ]_^��_V?^vY(RU]_^hZ\k
]_bdTWV?X �iZ�YjRU]i^dT�]il&Y(sdV V �iV?^vYjT0Z\T$�7VqkUk;ZiT�YjsSV�cuV Zi^ T�YjX(a � YjaSX(V Zi^SP t adZikURfY[Z\Y(R �_VwPdVqT � XWRUgSY(RU]_^ST
]ilBY(sdV kURUPdZiX&PhZ\YjZ 	�� ^ � shZ\gSYjVqX/6 ) � � � � ��T � Zi^dT Z\X(V adT(VqP Yj]w]_bSY[Z\RU^ YjsdV�T(ghZ\Y(R�Zikpk �>� V �_]_k � RU^dx
�_V � Y(]_X��'RU^dP odV?kUP 	;O�TWV?x_cuV?^vY&]il�PhZ�Y[Z�lnXW]_c � � ��V � V?c b�V?X � ;A;N8�RpT<adT(VqP Yj]�TWsd]2� �'sdVq^ YjsdRpT
YjV � sd^dRpt aSV l ZiRUkpT 	<� ^ � shZigSY(V?X A )iY(sdV ^radcuV?X(R � Zik cu]!PdVqkdZi^SP �<� ��V��Sg�V?XWRUcuV?^vYjT*Z\X(V PdVqT � X(RUb�V?P 	
� ^ � shZigSY(V?X 9 )!YjsdV � � � X(]_TWT � � ]_X(XWV?kUZ\YjRp]_^yYjV � sd^dRpt aSV0ln]iX PhZ\YjZ��'sdR � s ZiXWV�RU^dsd]ice]_xiV?^dVq]_adT Rp^
]_^dV PSRUX(V � Y(RU]_^�RUT�gdX(VqT(V?^vY(V?P�	 # sdV YjV � sd^dRUtradV`RpT ZigdgdkpRUV?P Y(]:sd]_X(R,'?]_^vYjZik T(kpR � V?T ]il x_XWRUPdPdVqP
PhZ\YjZ V�� YjX(Z � Y(V?PJlnXW]_c Y(sdV0kURpPhZiX = T �i]_kUadcuV�T � Zi^dT Zi^dP`Yj] TWRUc adkUZ\YjVqP`ZiV?XW]_T(]ik/bhZ � �rT � Z\Y(Y(V?X ]_^
sd]_XWR('q]_^vY[Zik'gdkUZi^dV?T lnX(]ic Y(sdV�� � �|]_a!YjgdaSY 	A# sdV
VqPdP �|TWYjXWa � Y(adX(V
RU^Sln]_XWcyZ�YjRU]i^ lnX(]_c YjsSV
� ]iX(X(Vqk�Z\Y(RU]_^�lnad^ � YjRU]i^dT`ZiX(V � ]_cughZiXWV?P�Yj] Y(sd]_TWV ]il�YjsdV TWRUc aSk�Z\Y(RU]_^dT 	 � ^ � shZigSY(V?X 8@)'YjsSV
cu]iYjRp]_^ ]il/ZiVqX(]_TW]_khTWY(X(a � YjadXWV�Rp^uY(sdV�cu] PdV?khRpT � ]_cughZiX(VqPuY(] cu] PdV?k �'Rp^dP�	 �7]_^ � kUaST(RU]i^dT7Z\^dP
X(V � ]_cucuV?^dPhZ�YjRU]i^dT ln]_X lnaSY(adX(V5�,]_X �`Z\X(V0RU^ � shZ\gSYjVqX ? 	
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# sdV � � �uRUTBPSV?T(Rpx_^dVqP0Y(]'cyZ��\V<c adkfYjR � PdRpceVq^dT(Rp]_^hZik
RpcyZixiV?TB]il!Z\Y(ce]iT(gdsdVqX(R � ZiV?XW]_T(]ik_bhZ � �rT � Z\Y4�
YjVqX 	 # sdV0RUceZix_VqT ]il;ZiV?XW]_T(]ikBbhZ � �rT � Z\Y(Y(V?X�ZiX(V0adTWVqlnadkBln]iX PdVqY(V?X(cuRU^SRU^dx Y(sdV�Yj]_g ]il�YjsSVwgSk�Zi^@�
VqYjZiX�� b ]_aS^dPhZiX ��k�Z
�_VqX ),cyZigSgdRU^dx�Y(sdV`V?PdxiV?Tu]il � kU]_aSPdT )7Zi^dP�RUPdVq^vYjRpl � Rp^dx:V?kUV �\Z\YjVqP�kUZ
�_V?XWT
]il,g ]ikUkUa!Y[Zi^vYjT�Zi^dP:gdkpadceVqT 	 � ^HZiPSPdRpY(RU]_^
Y(] YjsdVqT(V�)�b�V � ZiadT(V ]il"YjsSV � � �
= T0TWV?^dTWRpYjR � RpY � Z\^dP
ZibdRpkURfY �eY(]utradR � �rk � XWV?g�V Z\Y T � Zi^dT ]il;ZuXWV?x_Rp]_^+)dRfY � Zi^ b�VwaST(V?P Yj] V��!gdkp]_X(V�Y(sdV0ghZ\Y(Y(V?XW^dT�Z\^dP
cu]iYjRp]_^ ]il;ZiV?XW]_T(]_kmTWYjXWa � Y(adX(V �'RpY(sdRU^ Y(sdV0b ]_aS^dPhZiX � k�Z
�_VqX 	

# sdV � � ��Y(XjZi^ST(cuRpYjT�Zi^dP
X(V � V?R �_V?T0Z�Y � 	 � 9�6eceR � X(]i^dT��7Z
�_VqkUV?^SxiYjs�	 # sSRUT$�7Z
�_V?kpV?^dx\Yjs
ceZ��iVqT7RpY"cu]_TWY"TWV?^dTWRpYjR �_V Yj]wghZiXWY(R � kUV?T*YjsdZ\Y,ZiX(V�Zib�]_aSY � � cuR � X(]_^uZi^dPek�ZiXWx_V?X 	 ��Vq^dT(V � kU]iadPdT )
T(a � s�ZiT � aSc adkUaST )hT(V �_VqX(V?k � Z\Y(Y(V?^rahZ\Y(V�YjsdV0kURpPhZiX 	

.�^dVughZiXWYw]il"YjsSV � � � = Twad^dRUtradVq^dV?TWT � ]_ceVqTwlnXW]_c gdaST(sdRp^dxJ]i^dk ��Y(sdV ce]iTWYwbhZiTWR � X(V��
tradRUXWV?cuV?^vYjT�]ilSZi^���kpRUPhZiX � Y(XjZi^dTWceRpT(TWRU]_^0Zi^SP PdV YjV � YjRp]_^ ! Y(] V�� YjX(VqceV*kpV �_VqkUT 	�# sdRpT�RUT�Z � sdRpV �iV?P
b���adTWRU^dx`Z sSRUx_s@� g ]2�,V?X � ]_cuceVqX � RUZikEk�ZiTWV?X ) � 	 A c PdR�Z\ceV YjV?X�X(V � V?R � RU^dx ]_g!YjR � T )/Z\^dP:Z � adT �
Yj]ic kp]_x&��Z\cegdkpRpohVqX 	 # sSV ]iYjsdVqX ghZiX�Y RUT`Z �iV?X���l ZiTWY cuV � sdZi^dR � Zik � b�V Z\c T�YjV?VqX(Rp^dx&� aS^dRpY �
� ' � 95! �'sdR � sJVq^hZibdkpV?T Y(sdV � � �5Y(] g ]_Rp^vY Yj]uZi^�� �'sdV?XWV Rp^ YjsdV�T4��� Zi^dP � ]_^STWYjXWa � Y'Y��,]yZ\^dP
YjsSX(V?V�� PdRpceVq^dT(Rp]_^hZik RUceZix_VqT b � ce] � RU^dx Y(sdV0k�ZiTWV?X b�V Zic4tradR � �rk � 	

� �	� � � � ���[� 	
�/RUPhZ\X&ceV?ZiT(adXWV?cuV?^vYjT"Z\Y&Y(sdV�9�^dR �_VqX(T(RfY � ]il ;1RUT � ]_^dTWRU^ b VqxvZi^uRU^ YjsSV cuRUP6� � ;A9 � = T;ZiT"Z

.W]_Rp^rY$gdXW]/.WV � Y&b V Y��7VqV?^ YjsSV ��V?ghZ\XWYjcuV?^vY$]il �&kUV � YjXWR � Zik �&^dxiRU^dVqV?X(Rp^dx�Z\^dP�YjsSV ��V?ghZ\XWYjcuV?^vY$]il
�JV YjV?]iX(]_kp]_x � 	$O Y<YjsdZ\Y;Y(RUcuV�)_Z�X(adb�� kUZiT(VqX��7ZiT&adTWV?P Yj]�Y(XjZi^ST(cuRpY � � 7�gdaSkUT(VqT&ZigdgSX(] �!RUceZ\YjVqk �
� � 8 YjRUcuV?T�g VqX�cuRU^raSY(V 	�O gSsd]iYj]ic adkpY(RUgdkpRUVqX Yjadb�V��7ZiT�kU] � Z�YjV?P�Z\Y�Y(sdV gdXWRUcuV ln] � adT�]\l"Z�9
RU^ � s�PdR�ZicuVqY(V?X0YjVqkUV?T � ]_g�V 	 ��Z�Y[Z �,V?XWV X(V � ]_X(PSV?P�]_^��E]_k�ZiXWRU] P5odkUc�	 # sdV PhZ�Y[ZJlnXW]_c YjsdRpT
T�� T�YjV?c � Z\T adT(VqP Yj]�ceZ��iVeYjsdVyodX(TWY ceV?ZiT(adXWV?cuV?^vYjT�]il ZiV?XW]_T(]ik,X(ZiPdR�Z\k,cu]iYjRp]_^5b � � XW]_T(T �
� ]iX(X(Vqk�Z\Y(RU]_^ ]\l$Y(sdV0ZiV?XW]_T(]ik/TWYjXWa � Y(adX(VqT�Z\kU]_^dx Z o �!VqP
kURp^dV�� ]il � TWRUx_svY � �&kU]iXjZi^vY[Z V Y Zik 	3) � ;N8 A ! 	

� ^ � ;A9N8@) ��X 	��*P��&kU]_X(Zi^vY[Z )vYjsSV?^ Zwx_XjZ\PdahZ\Y(V�T�YjadPdVq^vY RU^ucuVqYjVq]_X(]ikU]_x ��)vRU^dsSV?X(RfYjVqPeYjsSV
kURpPhZiX$Zi^dP ZiPSPdV?P Zi^ ? RU^ � s Y(V?kUVqT � ]_g V&)_YjX(Zi^dT(RpV?^vY&PdRpx_RpY(R('qV?X )\Zi^dP�ghZig�V?X;YjZig V7PhZ\Y[Z�X(V � ]_X(PSRU^dx 	
O�l�Y(V?X&V?ZiX(^dRp^dx�sdRpTC�*s 	 �
	vZ\^dP�.W]iRU^dRp^dx�YjsSV PdV?ghZ\XWYjcuV?^vY*]il cuVqYjVq]_X(]ikU]_x � TWYjZ&-�) ��X 	��&kp]_XjZi^vYjZ
Zi^dPJsdRUT�ZiP � RpT(V?X�) �&XW]ilnV?TWT(]_X$7_ZicuV?T ;1RUV?^ScyZi^*)�]ibSY[ZiRp^dV?P`lnad^dPSRU^dxulnX(]_c4Y(sdV�9�	 ��	 O�X(c �`Rp^
YjsSV V ZiXWk � � ;N8 � = T�Y(] aSgdx_XjZ\PdV�YjsSV k�ZiTWV?X�Yj]`Z � � �7Z\Y(Y�XWadb�� T�� T�YjV?c YjXjZ\^dT(cuRpYWYjRU^Sx ]_^ � V g VqX
T(V � ]_^SP�	 �/RUcuRpY(V?P T � Zi^d^SRU^dx � ZigdZibdRUkpRpY � � ZiT ZiPdPSV?PB�'RfYjs5Z`k�ZiXWx_V?X �+� RU^ � s PdRUZicuVqYjVqX�YjVqkUV��
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�
# sdV 9�^dR �_V?XWT(RfY � ]il<;1RUT � ]_^dTWRU^ �_]_kpadcuV�RUceZix_RU^Sx kURpPhZiX Rp^ 7iadk � ]\l � ;A8�; 	

T � ]_g�V 	 ��Z\YjZ � ]ikUkUV � Y(RU]_^JshZiX(P@� ZiXWV��7ZiT�adgdx_X(ZiPdVqP�Yj] Z � ���D� �i� 6 � Zi^SP ; � Y(XjZ � � ceZix_^dV YjR �
Y[Z\g VqT 	 ��adXWRU^dx Y(sdV?TWVuV?ZiX(k � �iV ZiXWTwY(sdV kURpPhZiX�T �!T�YjVqc � ZiT0PdVqgdkU] �iV?PHRp^:Z �iZ\^ Z\TwTWsd]2�'^ Rp^
�;Rpx 	 � 	 � 	

��adXWRU^dx YjsdV ceRpP@� � ;N8 � = T )SY(sdV�RpcegSX(] �_VqceVq^rY(T?�'sdR � s ZikpkU]2�7VqPJcu] �_VqceVq^rY�]il<Y(sdV�kUZiT(VqX
b�V Zic�V?^hZ\bdkUVqP�YjsdV�odX(TWY�Y��7]&� PdRUcuV?^ST(RU]i^hZik�RUceZix_VqT�]il"ZiVqX(]_TW]_k;T � Z\YWYjVqX(RU^SxyYjsdXW]_adx_s � ]_^��_V � �
YjR �_V b�]_ad^dPdZiX�� kUZ
�_V?XWT � "�ad^ �iVqk*VqYwZik 	,) � ;A8A8 ! 	 # sSV?T(VucuV ZiTWadX(VqceVq^rY(T XWV �iV ZikpV?P5TWYjXWa � Y(adXjZ\k
RU^!ln]_X(ceZ\YjRp]_^ Zib�]_aSY*YjsSV � ]i^ �iV � YjR �iV�gdkpadceVqT,TWa � s`ZiT*YjsdV�]_bdTWV?X��\Z\Y(RU]_^ YjsdZ\Y,Y(sdV �u]il�Y(V?^eshZ
�_V
k�Z\X(x_V �_VqXWY(R � Z\k � ]_sdVqX(V?^ � V �'RfYjs�X(] ]iYjTuRU^�YjsdV T(aSXWl Z � V
k�Z
�iV?X 	 # sSV
^dV�� ]_bdT(VqX��\Z\Y(RU]_^dTuV?^6�
ZibdkpV?P Y(V?TWY(RU^dx0]il T(RpcegSkUV b�]_ad^dPdZiX���k�Z
�_VqX"cu] PdV?kpT � '7] V?XWT&VqY"Zik 	,) � ; ? 6 � '7] V?XWT*Zi^dP �&kU]_X(Zi^vY[Z )
� ; ? 9>! 	��!XW]_xvZ VqY Z\k 	 � � ; ?_� !�T(sd]2�,V?P�ZiVqX(]_TW]_k,T�YjXWa � Y(adX(V cu]iY(RU]_^:PdVqX(R �iV?P lnXW]_c YjsdXWV?V�� T(sS]iY
 7$?�"T � Z\^dT 	

# sdV � ]_^!ohx_adX(Z\YjRp]_^ ]\l!Y(sdV � � � adT(VqP Y(] � ]_kUkpV � Y�Y(sdV*PhZ\Y[Z Zi^hZ\k �6'?VqP�RU^�Y(sdRUT�PdRpT(T(VqXWYjZ\YjRp]_^
� Z\ceV Yj] T(shZ\g V�RU^ YjsdV�ceRpP � ; ?_� = T 	�# sSV�YjX(Zi^dTWceRfY(YjVqX
� ZiT,X(Vqgdk�Z � V?Peb �eZ �i� � �7Z\YWY�� P �

�"O7�
�'RpY(sHZ gdadkpT(VuX(V?g�VqY(RpY(RU]_^ lnX(VqtradV?^ � � � �C 6�
!�]il 8_� $�' 	 O � � � � O � X(V?gSk�Z � V?P Y(sdV � ���
� ]icegda!YjV?X 	
# sdV-' � 9 �7ZiT'PdV?TWRUx_^SV?P Zi^dP � ]i^dTWY(X(a � YjV?P*) Z\^dP YjsdV�T �!T�YjVqc ce] �_VqP Y(] Z T(V?cuR3�
YjX(ZiRUkpV?X �iZ\^�	 # sdRUT'T�� T�YjV?c �7ZiT'ohX(T�Y PdV?gdkp] �_V?P RU^ Y(sdV � ; ? 8 �D�,����V��!g�V?X(RpceVq^vY
	

� ^ � ;A; A ),Zi^�O�RpX ��]iX � V`x_X(Zi^vYeZikUkp]0�,V?P�Y(sdV � � ��Yj]:ceZ��iV x_XWV Z\Y(k � RpcegSX(] �_VqP|cuV Z �
T(aSX(V?cuV?^vY(T�b��
gdaSX � shZiTWRU^dx Zy^dV�� kUZiT(VqX�Zi^SP �2� �%�7]_X4�rTWY[Z�YjRU]i^ �'RpY(s�]_gSY(R � Z\kEPSRUT � ln]_X PhZ\YjZ
X(V � ]_XWPdRU^Sx 	 # sSV � ^Sod^dRpY � �7]_sSV?X(Vq^vYG6 � � �
�_� kUZiT(VqX RpT'ZuPSRU] PdV0gdadcug VqP � P �

�"O7� kUZiT(VqX 	 # sdV
PdRp]!PdV'gdaSceg aST(V?T7Z XWRU^dx � ]_^Sodx_adXjZ�YjRU]i^uY(]�V?^ST(adXWV�T(Rp^dx_kUV kU]i^dx_RpY(adPdRp^hZikScu] PdV�]iaSYjgda!Y
	
# sdRpT
kURpx_svY�Y(sdV?^5ghZiTWT(V?Twc adkfYjRpgdkUV0YjRpceVqT�YjsdXW]_adx_s5Z ghZiRpX�]il 1�ZiTWs@� kUZiceg gSadceg�V?P5� P

�
�"O7� XW]!PST

ln]_XwZicugdkURfo � Z�YjRU]i^�	 �J]_XWV?] �_VqX )EYjsdVuk�ZiTWV?X0V?cugdkp] � TwZ`gdshZiTWV � ]_^/.WadxvZ�YjVuceRpX(X(]iX�Yj] gdX(] Pda � V
V�� � V?kUkpV?^vY0trahZikpRpY � gdadkpT(V?T0Z�Y0ZikUkEX(Vqg V YjRfYjRU]i^�XjZ\Y(V?T 	 # sdV kUZiT(VqX�RUT � ZighZ\bdkUV ]\l,gSX(] Pda � Rp^dx�6 � �
�7Z\Y(Y(T�Z�Y�Z �C 7��]il �
�_� $�' 	 # sdV0k�ZiTWV?X'RUT%�7Z\YjVqX � ] ]_kUVqPJZ\^dPJXWV?tradRpX(V?T'YjsSX(V?V�� gdsdZiT(Vwg ]2�,V?X 	
# sdV �  7��Zi^SP
gdadkpT(V V?^dVqX(x �
ZiX(V � ]_^vY(X(]_kpkUV?P b���ZugdX(]ix_XjZic XWad^d^dRp^dxy]i^ Z�� � �'sdR � s:ZikUTW]
cu]_^dRpY(]_X(T Zi^dP`PdRUTWgdk�Z
� T YjsdV0kUZiT(VqX T�� TWY(V?c g VqXWln]_XWcyZ\^ � V 	

# sdV ceZ .W]_XwYjX(Zi^dT(cuRpYWYjRp^dx
Z\^dP�X(V � V?R � RU^dx � ]_cug ]_^SV?^vYjT ]il Y(sdV � � ��ZiXWV RU^STWY[Z\kUkUVqP Rp^
Y��,]�sdV Z
� � T�YjVqV?k!lnX(ZicuV?T$Y(shZ\Y � Zi^ b�V � ]_^d^dV � Y(V?P Yj]�V Z � s ]iY(sdV?XEYj]�ln]iX(c ]_^dV �_V?X ��XWRUx_RpP gSRUV � V
PdadXWRU^dx ]ig VqXjZ\Y(RU]_^ � T(V?V ohx 	 � 	 � !�]_X�PdRpT � ]i^d^dV � YjVqP ln]_X�TWsdRUgdgSRU^dx 	 # sdVuk�ZiXWx_V?X�]\l"Y(sdV?TWVuY��,]
T(V � Y(RU]_^dT � ]i^rYjZiRU^ST$YjsSV,kUZiT(VqX;Zi^SP�RpY(T$g�]2�7VqX;TWadgdgdk ��Z\^dP � ]_cegSaSYjVqX � ]_^vYjX(]ik )�b V?Zic � V��!ghZi^SPdV?X�)
b�V Zic � TWgdkURfY(YjVqX ) Vq^dV?XWx ��cu]_^dRfYj]_X�)
Zi^dP0PdRpx_RpY(R('qV?X 	 # sSV"TWcyZ\kUkUVqX ]\l!Y(sdV?TWV*Y��,]'T(V � YjRp]_^dT � ]i^rYjZiRU^ST
YjsSV�YjVqkUVqT � ]ig V&)dPdVqY(V � Yj]_X�)dZi^dPykU]_x&� ZicugdkURfohV?X 	<# sSV�' � 9:)ST(sS]0�'^ Rp^yohx 	 � 	 8 )!Z\Y(YjZ � sdV?T,Yj]�Y(sdV
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�;Rpx_adX(V � 	 �
�
# sSRUT�gSsd]iYj]ix_XjZigSs
T(sS]0�'T � � � RU^ YjsdVwk�Z\b�	
# sdV �iV?XWY(R � ZikUk � g ]iRU^vYjRp^dx YjV?kpV?T � ]_g�V

]_^ Y(sdV�kUV l�Y T(RpPdV$�7ZiT'kU] � Z\Y(V?P PdRpX(V � Yjk �yb�V?^SV Z\Y(s`Y(sdV�b�V Zic TWYjVqV?XWRU^dx ad^SRpY TWsd]2�'^JRp^ ohx 	 � 	 8 	

lnXjZ\ceV � ]_^vY[ZiRp^dRU^Sx YjsdV�YjVqkUVqT � ]ig V � R�Z Z T(ceZikpk lnXjZ\ceV$�'sSR � s XjZiRpT(V?T RfY'Zib�] �_V�YjsdV0XW]!]ilE]ilEYjsSV
YjX(ZiRUkpV?X 	"O TWcyZikpk � X(Zi^dVwRUT'X(VqtradRUXWV?PJY(] kURpl�Y Y(sdV-' � 9 ] �_V?XWsdV Z\P
YjsdV0YjX(ZiRUkpV?X Z\^dPJkp]2�7VqX�RfY']_^
Yj] YjsSV TWghZ � VqX lnX(ZicuV0Zib ] �iVwY(sdVwY(V?kpV?T � ]_g�V � T(V?V0ohx 	 � 	:6 ! 	 # sSV
�2� � � ]_cugdaSYjVqX Zi^dP
]igSYjR � Zik
PdRpT � � ^d]iY�TWsd]2�'^ !�T(RfY�]_^:ZyYjZibdkUV�RU^dTWRUPdV�Y(sdV � � ��YjX(ZiRUkpV?X�Zi^dP:ZiXWV � ]_^d^SV � Y(V?P:Yj] Y(sdV PhZ\YjZ
Z � t aSRUT(RfYjRp]_^ T�� TWY(V?c b�� �<YjsdVqX(^dV Y
	"O � ]_cugdkpVqYjV�T � TWYjVqc T � sdVqcyZ\Y(R � RpT TWsd]2�'^JRp^ ohx 	 � 	 A 	

9�^!ln]_XWY(ad^hZ\Y(V?k ��)SYjsSV � � � RpT ^d]iY � V �_V�� T(Z\lnV � 	 # sdRpT ceV?Zi^dT Y(shZ\Y PdRpX(V � Y � RUV��'RU^dx ]ilEYjsSV
k�Z\T(V?X�b V?Zic � Zi^ � ZiadT(V V �_V�� PhZiceZix_V 	 #$]ygdX(V �_V?^vY Z � � RUPSV?^vYjT�)mYjsdV � � ��RUT�Zik3� Z
� T�]_g�V?X(Z\YjVqP
�'RpY(s Zi^ ]_a!YjPd] ]_X�]ibdT(VqX��_VqX � Z\Y � sdRU^Sx YjsdV PSRUX(V � Y(RU]_^
Y(shZ\Y�YjsdV b�V Z\c � TWYjVqV?XWRU^dx aS^dRpY�g ]_Rp^vYjT 	
# sdVJ]_bdT(VqX��iV?XysS]_kUPdTeZ T �'RpY � s �'sdR � s�g VqX(cuRpY(T YjXjZ\^dT(cuRUTWT(RU]i^|]il�YjsdVJk�ZiTWV?X �'sdVq^dV �iV?X YjsSV
bdaSYWYj]_^H]_^ Y(sdVyT �'RpY � sHRUTwPdV?gdXWV?TWT(V?P 	 # sdVe]_bdT(VqX��iV?X��7Z\Y � sdVqT�YjsSVyT ���5ln]_X Zi^��HZ\RUX�YjX(Z � �
Zi^dP5X(VqkUV?ZiT(VqTwY(sdV T4�'RpY � sHRfl7Z\^ �:RpT�T(Rpx_svYjV?P 	 ;1sdVq^ Y(sdV bdaSY(Y(]_^5RUT�X(VqkUV?ZiT(VqP Z ceV � shZi^dR � Zik
T(sraSYWYjVqX Rp^dT(RpPdV�YjsSV � � � Y(XjZiRpkUV?XebdkU] � �rT YjsdV:kUZiT(VqX b V?Zic�	 '7V � ZiadTWV5]\l Y(sdV k�Z � �|]il V �_V��
TjZ�lnVqY � )�YjsdV � � ��k�Z\T(V?X b�V Zic RUT ^dV �_V?X�g ]_Rp^vYjV?P Yj]2�7ZiX(P�Y(sdV�x_XW]_ad^dP 	6�h]_X'YjsSRUT X(V Z\T(]_^+) � � �
]_bdTWV?X �iZ�YjRU]i^dT'adg>�'RU^dP ]ilEYjsdV0k�Z&�iV5�,V?X(Vw^dV �_V?X � ]ikUkUV � Y(V?P`PdadXWRU^dx ��Z��iV���� �%� 	

� ��� � ���1��� ��� �)�����(���
# sdVwkURpx_svY RU^ � RUPSV?^vY ]_^ YjsdV0kURpPhZiXWT X(V � V?R �_VqX � Zi^Jb�V0PdV?T � XWRUb�V?P b �yYjsdV0kURpPhZiX VqtrahZ\YjRp]_^
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�'sdVqX(V#
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YjX(Zi^dTWceRfY(YjVqP�k�Z\T(V?XygdadkUTWV�V?^SV?X(x � )  �"! !
�

g�]2�7VqX X(V � V?R �_VqP�b���YjsdV PdV YjV � Yj]iX ) ! �
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Rp^ kUZib�	

�;Rpx_adX(V � 	76
�
 Zikpgds "�adV?sd^*) �$Z\YjXWR � � �$]_^dT(ZiX(PSRU^uZi^dPC7iRUc $�VqPdX(R � ��Rp^dTWYjZikUkpRU^dx'YjsdV � � � b�V Zic

TWY(V?VqX(RU^SxuaS^dRpY'Rp^ ; Zi^dZ��iVqV�) ;1RUT � ]_^dTWRU^+)SRU^ �!V?g!YjV?c�b VqX � ;A;N8 ln]_X Y(V?TWY(RU^dx b�Vqln]_XWV ��Z��iV���� �%� 	
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�
9�; � � � ��ZiT�T(VqY � adg�ln]iX5��Z��iV���� �%�1RU^ � sdV?b�] �!x_Zi^+) ;A� ) PdadXWRU^dxuYjsdV��'Rp^vYjV?X�]il

;N80� ; ? 	%# sSV � Z\X�TWsd]2�'^ � Z\T�YjsSV ZiaSY(sd]_X�= T c a � s�kp] �_V?P � ; ? 8 #$] �i]iY[Z � Z\ceX � 	%# sdRpT�gdsS]iYj] )
Y[Z&�iV?^ .WadT�Y�b�Vqln]iX(V0T(ad^SX(RUTWV �'RpYjs Y(sdV0ce] ]_^`T(V Y(YjRp^dx Yj] YjsSV �,V?T�Y ) �7ZiT�kp]!]�� Rp^dx �6; 	

�;RUx_aSX(V � 	 8
�
# sdVwZiaSY(sd]_X'TWYjZi^dPdRp^dx b VqkU]2� YjsdV � � �/T'b�V Zic � T�YjV?VqX(Rp^dx ad^dRpY 	



� 8

PdRpTWY[Z\^ � V Z\kU]_^dx YjsSV ghZ\Y(s+) $ �

T�� TWY(V?c � ]_^dT�Y[Zi^vY �

����� � )��
�

ZiXWV Zy]\l<YjsdV�X(V � V?R �_V?X�)�� �

T(g�V?VqP�]il;kURUxisrY ) %�' �9! ! �

T � Z�Y(YjVqX(Rp^dx � X(]_TWT � T(V � YjRp]_^
g�V?X ad^dRfY �i]_kUaSceV&)  ( � �;?_� � * ! ! �

ZiV?XW]_T(]_k
bhZ � �rT � Z\YWYjV?X*gdsdZiT(V lnad^ � YjRp]_^+)vZi^SP % �"! ( ! �

V��!Y(RU^ � YjRp]_^ � XW]_T(T&TWV � Y(RU]_^ g�V?X<aS^dRpY �i]_kUaSceV 	D# sdRpT
V?trahZ�YjRU]i^uPS]!VqT"^S]iY"RU^ � kUadPdV Y(sdV'V�- V � Y,XWV?TWadkpY(RU^dx�lnX(]ic PdR3-mVqX(RU^Sx�YjXjZ\^dT(cuRpY*Z\^dPeXWV � V?R �iV odV?kUPST
]il � RUV�� 	

� ^|Y(sdV � � �
)<YjsdV T(Rpx_^hZik lnXW]_c�Y(sdVJPSVqYjV � Y(]_XeRpT RU^dgda!YuY(]HZ5kU]_x5ZicugdkpRpohVqX Zi^dP|^d]_X �
ceZikUR,'?V?P ln]_X T(ceZikpk 1ha � YjadZ\YjRp]_^dT RU^ Y(sdV k�Z\T(V?X g�]2�7VqX # 	 O�kUk,kURpPhZiX�XWVqY(adX(^dTuZ\Y�lnadkUk,XjZi^dxiV
X(VqT(]_kpaSYjRp]_^:ZiXWVug�V?XWcyZ\^dV?^vYjk ��XWV � ]iX(PdVqP ]_^ Z �'X(RfYjV ]_^ � V ]_gSYjR � Zik;PdRUT4��Z\Y0YjsSRUT�g�]_RU^vY
	�# sdV
kU]ixHZicugdkpRpohVqX shZiTeY��,]HRp^vYjV?XWV?T�YjRU^SxHb�V?^dV odYjT 	 �;RpX(T�Y )7RfY � ZiadTWV?TeY(sdV � ZiadTWV?TyY(sdVJ]i^dV
] �_VqX
XjZ\^dx_V�� T(trahZiXWV?P PdV?g�V?^dPSV?^ � V Zi^dPHZi^��:V�- V � Y(T�]il Z\Y(Y(V?^rahZ\Y(RU]_^5]il"YjsdVuX(V YjadXW^ Y(]
ZigSg V?ZiX�Z\T
ZJkpRU^dV?ZiX�YjXWV?^dP �'sdR � s � Z\^ b VeX(Vqce] �_VqP V Z\T(RUk � 	 �!V � ]_^dP*)<YjsdVekU]_xJZicugdkURfohV?X0RU^ � X(V?ZiT(VqT�YjsSV
�,V Z��\V?X T(Rpx_^hZikpT0ce]_XWVuY(shZi^HY(sdVyT�YjXW]_^dx�TWRUx_^hZ\kUT ZikUkp]0�'Rp^dx`adT(VqX(T�Y(]�T(VqVyRp^dsd]_cu]_x_Vq^dRpY(RUV?T0Rp^
YjsSV ZiVqX(]_TW]_k,T�YjXWa � Y(adX(VyY(shZ\Y cyZ
�5shZ
�_Vyx_]_^dVead^d^d]iY(R � V?PF�'RfYjs Z\V?X(]iT(]_k"kURpPhZiX(T0adTWRU^dx
kURU^SV ZiX
ZicugdkURfohV?XWT 	

� ��� ��� � � �0�J����� � ��� � �
# sdV � � � = T�b�V Zic � T�YjV?VqX(Rp^dx ad^dRfY�RUT�ZibdkUV Yj] PdRpX(V � Y�YjsSV k�ZiTWV?X�b�V Z\c Zi^�� �'sdV?XWV RU^�YjsSV

T ��� 	��&kUV �\Z\YjRp]_^ Zi^dxikUV?T�XjZi^dxiV�lnX(]_cQ; � � � PdRUXWV � Yjk � ] �_VqX(sdV?ZiP+) '?Vq^dRpY(s ! Y(] T(kpRUx_svYjk � b VqkU]2� � �
� R 	 V 	�T(kpRUx_svY(k �:b�V?kU]2�9YjsSV sd]_XWR('?]i^ ! 	�# sSV Z�'?Rpc aSY(s XjZi^Sx_V RUT 8 9 � � 	( Vqg V?Z\YjVqP�T�� TWY(V?ceZ\YjR �
cu]iYjRp]_^dT;]\l Y(sdV'Z�'?Rpc aSY(s Zi^dP � ]iX<V?kpV �\Z\YjRp]_^ Zi^Sx_kUVqT*ZiX(V � ZikUkpV?P T � Zi^dT 	C$�]_kpPdRU^Sx�YjsdV VqkUV �iZ�YjRU]i^
Zi^dxikUV � ]i^dTWYjZi^vY Zi^SP �\ZiX�� Rp^dx YjsdVeZ�'?Rpc aSY(s Z\^dx_kUV��'RfYjs Z � ]_^dT�Y[Zi^vY XjZ\Y(VuRpT � ZikpkUV?P5Z ��/f� + :
�  < 8 � 89 ,+�8�+�*@8 $(�i�  � � �C�
� !,T � Zi^�	
# sdV�X(V?TWadkpY7RUT,Z�bhZ � �rT � Z\YWYjV?X Rp^vYjV?^ST(RpY �u]_^ Z � ]i^dR � T(adX�l Z � V 	
# sdV Z � YjahZik2� �
�$RUceZix_V7RpT&Z�gdk�Z\^
�!RpV��|]il�YjsdV'bhZ � � T � Z\YWYjVqX"Rp^vYjV?^ST(RpY ��]_^ YjsdV'TWadXWl Z � V 	D;1sSV?^
YjsSV V?kpV �\Z\YjRp]_^�Z\^dx_kUV � R 	 V 	�g�]_RU^vYjRp^dx Yj]2� Z\X(P�YjsSV sd]_XWR('?]i^ ! RpT�^dV?ZiX$'qV?X(] )mYjsdV � �
�'T � Zi^ RUT�Z
sd]_XWR('q]_^vY[ZikBceZig`]il;ZiV?XW]_T(]ik/T � Z�Y(YjVqX(Rp^dx).WadTWY�Zib�] �_V�YjsdV0TWadXWl Z � V ]\l$Y(sdV0V ZiX�Yjs�	

;1sdVq^uY(sdV Z�'?Rpc aSYjsuZi^Sx_kUV RpT&sdV?kpP � ]_^dT�Y[Zi^vY7Zi^dP YjsdV'VqkUV �\Z\Y(RU]_^ RpT � shZi^dxiV?P+) RUceZix_VqT<]il
Z\Y(ce]_TWgdsdVqX(R � TWYjXWa � Y(adX(V0]_^ �iV?X�YjR � ZikBTWkUR � V?T � Zi^ b V�]ibSY[ZiRp^dV?P 	
# sdRUT Y � g�V�]ilET � Z\^JRpT � ZikpkUVqP Z
�W� + 9 �6: �h� 8:9 � � 8�+�*@8 $(�i�  � �  7$?� !<T � Zi^�	�# sSV'Y(V?XWceT �C�
�<Zi^dP� 7$?�$shZ
�_V YjsdVqRUX&]_XWRUx_Rp^dT<Rp^ XjZiPhZ\X
cuVqYjVq]_X(]ikU]_x �B�'sdV?^ � Z\Y(sd] PdVJX(Z
��Yjadb�V?T �7VqX(VJadT(VqP�Yj]5gdX(VqT(Vq^rYeYjsdV PhZ\YjZ5Rp^�YjsdV ^hZ\Y(adXjZik
T(gSsdV?XWR � Z\k � ] ]_X(PdRp^hZ\Y(V�T�� TWY(V?c ]il$XjZiPdZiX(T � Z\^dP`kURUPdZiX(T"! 	

#E]5]ibSY[ZiRp^�YjsdV Y(sdX(VqV�� PSRUcuV?^dTWRU]_^hZ\k TWY(X(a � YjadXWV ]\l�Y(sdV Z\Yjcu]_T(gSsdV?XWV�),Z:TWV?XWRUV?T ]il) 7$?�
T � Zi^dT ZiXWV�cyZ\PdV�) V Z � sA�'RpY(s1Zi^1RU^ � X(VqceVq^rY(V?P Z�'qRUc aSY(s Zi^dxikUV 	 # sdRpT RUT � ZikUkpV?P Zi^
	�� @
&� /2- � ��<7$(� + 	 � �
� �_]_kpadceV
T � Z\^dT
Z\X(V:ZikpT(]�g�]_T(TWRUbdkpV�) bdaSY`RpY RUT b�VqYWYjV?X Y(] � ]_kpkUV � Y  7$?�
�_]ikUadcuV�T � Zi^dT'b�V � Z\adT(V0]il�YjsSVwPSRUTWY(]_XWY(RU]_^ � ]_XWX(V � YjRp]_^ YjshZ�Y'^dV?VqPdT Yj] b�V0ZigdgdkpRUV?P PSadV�Yj] YjsSV
ZiP �iV � YjRU]i^J]il$TWY(X(a � YjadXWV?T�Z � XW]_T(T'YjsSV �i]_kUaSceV�] �_VqX YjsdV0PdadX(Z\YjRp]_^`]il;Z �i]_kUaSceV�T � Zi^�	

# sdV 8 �  6$�� �i]_kUadcuV T � Zi^ PhZ\Y[Z@)/RU^:RpY(T�]_X(Rpx_RU^hZ\k$TWgdsdV?XWR � Zik � ] ]_X(PSRU^hZ\Y(V T�� T�YjV?c � Zi^
b�V�Rp^rY(V?XWg ]_kUZ\YjVqPuY(] Zwsd]_X(R,'?]_^vYjZik�]_X �_V?X�YjR � Zik � ��gSk�Zi^dV�# sdV 8 � T(gSsdV?XWR � Z\k�PdZ\Y[Z � Zi^yZikUTW]�b�V
RU^vY(V?X(g�]_kUZ\YjVqP5Y(]
Z 8 � � Z\XWYjVqT(RUZi^Hx_XWRUP�	�' �5RU^vYjVqX(g�]_k�Z�YjRU^Sx YjsdVuT(gdsSV?X(R � Zik � ]!]_XWPdRU^dZ\YjV� 7$?�
�_]ikUadcuV'T � Z\^yPhZ\YjZ0Y(] sS]_X(R,'?]_^vY[Z\khgdk�Zi^SV?T*YjsdXW]_adx_s YjsdV �_]ikUadcuV'T � Z\^+) $  ,+ < � � + �&��/ � 8 �3- * ��
�
 @
� �7O)�C� � ! RUceZix_VqT ZiXWVw]ibSY[ZiRp^dV?P �'sdR � sJTWsd]2� ZiVqX(]_TW]_kBbhZ � �rT � Z\YWYjV?X�]_^`sd]_XWR('?]i^rYjZikBgdkUZi^dVqT 	
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# sdV�Y(RUcuV�X(Vqt aSRUX(VqP Yj] ceZ��iV0Zi^  7$?� �_]ikUadcuV�T � Zi^ � � ]_ceg�]_TWV?P`]ilEg VqX(shZ\gdT �
�_�  7$?�

T � Zi^dT"!wRUTwadTWahZikUk � � � 8 ceRp^raSYjVqT 	 ��adXWRU^dx`YjsdRpTwY(RUcuV�)ERpl ZJcuV Zi^ sd]_X(R,'?]_^vYjZik
�'RU^dP V��!RUT�YjV?P*)Zi^`ZiVqX(]_TW]_kmT�YjXWa � Y(adX(V5�'RpkUk�b V�ZiP �_V � Y(V?P sd]_X(R,'?]_^vYjZikUk �uZ�PdRUT�Y[Zi^ � V � Y(shZ\Y7RUT gdXW]_g�]_XWY(RU]_^hZ\k�Y(]
YjsSVeYjRpceVuPdR3-mVqX(V?^ � V����0b V Y��7VqV?^�YjsSVyYjRpceV ]il Y(sdV� 7$?��RpY:�7ZiT � ]ikUkUV � Y(V?PHRp^�Zi^dP YjsdVek�ZiT�Y
 7$?�"T � Z\^JRp^`Y(sdV�T(VqtradV?^ � V ln]_X Y(shZ\Y �i]_kUadcuV 	C�h]_X V��SZicegSkUV�)!YjsdV0ZiVqX(]_TW]_k/TWY(X(a � YjadXWV?T RU^ Y(sdV
ohXWTWY� 7$?�0T � Zi^|]\l�Z
Y��,]&� ceRp^ a!YjV �i]_kUadcuV T � Zi^ �'RUkpk,cu] �_V �+�i�i� c�RU^ Y(sdV YjRpceVeRpY Y[Z��\V?T
Yj] � ]_cugdkpVqYjV0YjsSV�V?^vY(RUX(V��_]_kpadcuV T � Zi^�Rfl<YjsSV�cuV Zi^ 1h]2� RUT ce] � RU^dxyZ\Y �
� c T �

� 	7'7V � ZiaST(V
YjsSV  6$�� �i]_kUadcuV T � Zi^dT �'RpkUkEb V adTWV?P:Yj] Rp^SlnV?X�TWghZ\Y(R�Zik$RU^Sln]_XWcyZ�YjRU]i^+) TWa � s ZiT�V?PdP � T(shZ\g V&)
� ]iX(X(V � Y(RU]_^ ln]_X Y(sdV0PdRUT�Yj]_X�YjRU]i^ PdadV�Yj] YjsSVwcuV Z\^ �'Rp^dP`RUT X(VqtradRUXWV?P�	

# sdV � ]_X(XWV � Y(RU]_^0RpTBg VqXWln]_XWceVqP�adT(Rp^dx Z gdX(] � VqPdadXWV"PSV?T � X(Rpb VqPwb����!ZiTjZi^S] V YEZik 	 � � ; ?v� !�Zi^dP
ZixvZ\RU^`b�� � � sd]_kpT�Zi^SP �&kU]iXjZi^vY[Z � � ;A; � ! 	 � Y�XWV?tradRpX(V?T�Zi^ V?T�YjRUceZ\Y(Vw]\l;YjsSVwcuV Z\^Jsd]iX(R('q]_^vY[Zik
�'RU^SP �iV � Yj]_X - 	���R �iV?^`YjshZ�Y )dV?Z � s
Rp^dPdR � RpPdahZikmZiV?XW]_T(]_k/bdZ � �rT � Z�Y(YjVqX�gdXW]iohkpV�RUT cu] �iV?P Yj] RpY(T
� ]iX(X(V � Y(V?P g ]_TWRpY(RU]_^ b�� ZiPdPSRU^dx Z PdRUT�Y[Zi^ � V � �
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�
'7XWRUx_svY T � Z\Y(Y(V?XWRU^dx lnV Z�YjadXWV?T T(a � s�ZiT YjsdV`PdVq^dT(VqTWY �'RUTWgdT ]il�T�YjV?Zic � ln]_x � ZiaST(V`shZiXWT(s

Zi^dPyPdRUT�YjXjZ � YjRp^dx TWshZiPd]2�'T RU^eYjsdV�kpRUPhZ\X"PdZ\Y[Z 	 .�l�Y(V?^+)!adT(V lnadkBZiVqX(]_TW]_kmT�YjXWa � Y(adX(V�Rp^Sln]_X(ceZ\Y(RU]_^
V��!RpTWYjT Rp^�YjsSV T(shZiPS]0�'T`bda!Y � Zi^S^d]iY`b�V�T(VqV?^ RU^�RpcyZixiV?Tyb�V � ZiadTWV:Y(sdV T(sdZiPd]2� gSk�Z � V?T RpY
b�V �_]i^dP�YjsSV,kpRUcuRpYjT/]\lSYjsSV � ]ikU]_X�T � ZikURp^dx
�'sdR � s�RUTEadT(ahZ\kUk ��T(V?kpV � YjV?P Yj]�TWsd]2��TWY(X(a � YjadXWV?T<Rp^wY(sdV
bdXWRUx_svYjVqX<ghZiX�YjT*]il�YjsSV RUceZix_V 	 �hadXWY(sdV?XWce]iX(V�)vT�YjXW]_^dx0T(shZ\Pd]2�'T �'RpkUk!RU^vYjVqXWlnV?XWV%�'RpY(s Y(sdV � XW]_T(T �
� ]iX(X(Vqk�Z\Y(RU]_^
ceV Yjsd] P+= T0ZibdRUkpRpY � Y(] Rp^SlnV?X�ZiV?XW]_T(]_k;TWYjXWa � Y(adX(V cu]iYjRp]_^�	:# sdV?XWVqln]_XWV�)/ln]_X�Z kUZiX(x_V
ghZiX�Y�]\l7YjsSVykURpPhZiX�PhZ�Y[ZJgSX(V?TWV?^vYjVqP�sdV?XWV�)<Z sdRUxis@� ghZ\T(TwceVqPdR�Zi^:ohkfYjV?X �7ZiT ZigSgdkURpV?P:Yj]
V?Z � s
kURpPhZiX X(VqY(adX(^�ZiXWXjZ
��Z\l�Y(V?X b�V?Rp^dx � ]_XWX(V � YjVqP�ln]iX�YjsdV`]_^SV�� ] �iV?X � XjZi^Sx_V�� T(trahZiXWV?P�PdV?g�V?^dPSV?^ � V 	
# sdV sdRUxis@� ghZ\T(T&cuV?PdRUZi^ ohkpY(V?X
�7]iX �rT7Z\T*ln]ikUkU]2�'T

�
ln]_X*V?Z � syg�]_RU^vY*Rp^ Y(sdV�ZiX(X(Z ��Yj]0b V'ohkfYjV?XWV?P+)

RpY(T�^dV?ZiX(VqTWY0^dVqRUx_srb�]_X(T5�'RfYjsdRp^�]_^dV ohkfYjVqX�kUVq^dxiYjs � shZikfl7Z kpV?^dx\Yjs ]_^ V?Z � s TWRUPdV !�ZiXWV T(]_X�YjV?P 	
# sdV � V?^vYjVqX �\ZikUadVJ]il�YjsSV
T(]iXWY RpTyT(aSbSYjX(Z � Y(V?P lnX(]_c Y(sdV�PhZ\YjZ �\ZikUaSVJRp^�YjsdV�ZiX(X(Z ��b�V?Rp^dx
ohkfYjV?XWV?P�	��
- V � YjT,]ilmY(sdV'sdRUx_s6� ghZiTWT*ceVqPdR�Zi^ ohkfYjV?X*]_^ YjsSV�PhZ�Y[ZwZiX(V'PdRpT � aST(T(VqP RU^uT(V � Y(RU]_^dT 6 	 �
Zi^dP 6 	 A 	
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# sdV�kpRUPhZiX"adTWV?T Z T(Vq^dT(RfYjR �iV�T(RpkUR � ]_^ Z
�\Zik�Z\^ � sdV�gdsS]iYj] PdRU] PdV�Z\T Z PdVqY(V � Yj]_X Y(] ceV?ZiT(adXWV

kURpx_svY'bhZ � �rT � Z\Y(Y(V?XWV?P�lnX(]ic4YjsdV Z\Yjcu]_TWgdsdV?XWV 	 O�T Y(sdV kUZiT(VqX�gSadkUTWV kpV Z
�_VqT�YjsSV kpRUPhZiX�)dT(]iceVw]il
YjsSV,Rp^rY(V?^dTWV,Y(XjZi^dTWceRfY(Y(V?Pwk�ZiTWV?XEkURUxisrY�RpT$T � Z\YWYjVqX(V?P�b �wPdaSTWY<Rp^ Y(sdV7Z\RUXEZi^dP ]_^�]_g!YjR � ZikvT(aSXWl Z � V?T
RU^wYjsdV7kURUPdZiX 	 # sdV Rp^vYjV?^ST(V T�YjXjZ
� kURpx_svY$RpT;XWV � VqR �iV?P b�� Y(sdV PdV YjV � Yj]iX<ZiT;Y(sdV,Y(XjZi^ST(cuRpY(Y(V?P gdadkUTWV
kUV?Z
�_V?T�Y(sdV kpRUPhZiX 	$# sdV�X(V?TWadkpY�RUT�Z\^ ] �iV?XWkU]vZiP ]i^
YjsdV�PdVqY(V � Y(]_X5�'sdR � s � � !�bSkURU^SPdT Y(sdV kURpPhZiX
lnX(]ic4T(VqV?RU^SxyZ\Y(ce]iT(gdsdVqX(R � T�YjXWa � Y(adX(VqT�Z\Y XjZ\^dx_V?T kUVqT(T YjsdZi^�Zib�]_aSYG8 A\� c Z\^dP � � ! � ZiaST(V?T�Z
kU]2� ZicegSkURpY(adPdV&)/X(RU^Sx_RU^dx Y(shZ\Y � Zi^ b VuT(VqV?^ Rp^ YjsdVyZibdT(Vq^dT(Ve]il Z�Yjcu]_T(gdsSV?X(VuT(Rpx_^hZik*Z\kUk;Y(sdV
�7Z ��]_aSY�Yj] Y(sdV l ZiXWY(sdV?T�Y0XjZi^Sx_V?T � R 	 V 	 �;? �rc�! 	�# sSV?T(VuT�� T�YjV?ceZ\Y(R � V?XWX(]_XWT � Zi^:b�V T(V?Vq^ Rp^
ohx 	 � 	 ? 	�# sdV�XWRU^dx_Rp^dx0shZiT,ZwlnXWV?tradV?^ � �e]il/Zib�]_aSY � 	 8 ��$?'�)6�'sdR � seT(sd]2�'T,adg RU^ YjsSV�PhZ�Y[ZwZiT
T(Rp^radT(]_RpPhZik � Z
�iV?T
�'RpY(s Z �7Z �iV?kpV?^dxiY(s`]il$Zib ]iaSY � �rc�	C�h]_XWY(ad^hZ\Y(V?k ��) Y(sdV�XWRU^dx_Rp^dxwRUT7aST(ahZikpk �
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�
 Zi^dx_V�� � ]_X(XWV � Y(V?P kp]_x�]\l�g ]2�,V?X XWV � VqR �iV?P b��eY(sdV�kpRUPhZiX"ZiT7Z
�_V?X(Zix_VqP ] �iV?X Z\b ]_a!Y

� A ceRp^raSYjVqT�]_^ � 8 7_Zi^rahZ\X��:PdadXWRU^dx#�C�
��T � Zi^d^dRp^dx 	 # sdVuRU^ � X(V Z\T(RU^Sx Y(X(V?^SP ]il,YjsdV XWVqYjaSX(^
b�V �_]i^dP ; �rc4RUT � ZiadTWV?P
b��`X(Zi^dx_V�� � ]iX(X(V � Y(RU]_^`]ilEYjsdV � ]_^dTWYjZi^vY bhZ � �rx_X(]iad^dP�	

V Z\T(RUk �5PdRUT�YjRU^Sx_adRUTWsdV?P lnXW]_c Z\Yjcu]_TWgdsdV?XWR � �7Z
�_VqTub�V � ZiadTWV � � ! RfY RpT V�� � VqgSYjRp]_^hZikpk �5X(Vqx_adkUZiX )
� � !7RpY RpT'ZigdghZiXWV?^vY kU]2��T(RUxi^hZik � ]_^dPdRfYjRp]_^dT )dZi^dP � 8 !7RfY'Zigdg�V Z\X(T ZiT � ]i^ � Vq^rY(X(R � XWRU^dxiT'ZiX(]_aS^dP
YjsSVwkpRUPhZ\X kU] � Z\Y(RU]_^yRU^#�C� �7Zi^dP� 6$��,T � Zi^ST 	
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# sdVC��Z��iV���� ^dPda � V?P �7]_^��_V � YjRp]_^ �D�!g VqX(RpceVq^rY � ��Z��\V�� � �%� )3"�X(RpTWY(] � R � s V Y�Z\k 	 �i�_�_� !�Yj] ] �
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PdRpTWY[Z\^ � V 	4$ ]2�7V �_V?X�)7T�YjV Z\c � ln]_x
Pd] V?T � ZiadTWV YjsdV cuV Zi^ Zi^dP�TWYjZi^dPhZiXWP�PdV � RUZ\YjRp]_^ ]il kURpPhZiX
bhZ � �rT � Z\YWYjV?X�Y(] b�V k�Z\X(x_V RU^�YjsSVuTWadXWl Z � V k�Z
�iV?X0Zi^dP Y(sdV ln]_X(ceZ\Y(RU]_^J]il � kU]_aSPdT�Z\Y0PdRpTWYjZi^ � VqT
b�V �_]i^dP:Zib�]_aSYG9C�rc RU^ � X(V Z\T(V�Y(sdV�cuV Zi^
Zi^dP�T�Y[Zi^SPhZiX(P
PdV � R�Z�YjRU]i^J]il*bdZ � �rT � Z�Y(YjVqX�RU^ YjshZ�Y
X(Vqx_RU]i^`ZikUTW] 	

# sdV'Yj]_ge]ilmY(sdV b ]_aS^dPhZiX � k�Z
�_VqX,Z\T7Z�lnad^ � YjRU]i^e]ilB]�-mTWsd]_XWV PSRUTWYjZi^ � V�Pd] V?T"^d]iY � shZi^Sx_V
�_VqX��Hc a � s�	�# sdVqX(V Pd] V?T�sd]2�7V �_V?XuZigSg V?ZiX Y(]�b V Z
T�� TWY(V?ceZ\YjR � kU] � Z\k"cuRU^SRUc adc )�Yjsd]_aSx_s
]_^dk � � A � Ai� c kp]0�,V?X&Y(shZi^ YjsdV'TWadX(XW]_ad^dPdRp^dx '%� Y(]_g+) Z\Y"Zib�]_aSY � �rc ]�- T(sd]_XWV 	�# sSRUT � Zi^ b�V
Z\YWYjX(RpbdaSY(V?P0Yj]�Z � � V?kUVqXjZ\Y(RU]_^w]ilSb ]_aS^dPhZiX � kUZ
�_V?X 1h]2��Zi^SP �'RUkpk_PdRpT � aST(T(VqP ce]iX(V*RU^wT(V � YjRp]_^D6 	:6 	

��ZiTWY(k ��);YjsdVeT(]_aS^dPdRU^Sx_T Zi^dP � � �1]_bdT(VqX��\Z\Y(RU]_^dTwlnX(]_c �28 7_Zi^rahZiX�� T(aSx_x_V?T�Y YjshZ�Y�ohx 	
� Rp^��"]_ad^dx�V Y`Zik 	 � �\�_�_� ! T(sd]_aSkUP b�V�ce] PdRfohV?P�Y(] RU^ � kUaSPdV Z!6 �i� � c PdV?Vqg1ceR �SVqP@� kUZ
�_V?X
ZiP �iV � YjRU^SxJ]�- T(sS]_X(V ]_^ YjsSV �,V?T�YjVqX(^ Vq^dP ]\l,Y(sdV k�Z��\V 	 # sdV PdR�Z\x_XjZic RU^ � ]_X(XWV � Yjk �
T(sd]2�'T Z
YjX(ZiPdRfYjRU]i^hZik �,'%�HTWYjZiXWY(RU^dx lnXW]_c Y(sdV0T(adX�l Z � VwZ\Y Y(sdV0adg>�'RU^dPJT(sd]_XWV 	
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# sdRpT � sdZigSYjVqXyRpT X(V?gSX(RU^vY(V?P|lnXW]_c � �
Z
�_]_XeZi^dP �*kp]_XjZ\^rYjZ ) �i�_�S� ! �'RfYjs�g VqX(cuRUTWT(RU]i^�]\l�YjsSV
O�cuV?XWR � Zi^ �JVqY(V?]_XW]_kU]_xiR � Z\k �!] � RpVqY � 	

�
Zi^�� gdX(]ibdkUVqceT RU^Hb�]_ad^SPhZiX��5kUZ �iV?X cuVqY(V?]_XW]_kU]ix � X(VqtradRUXWV �r^d]2�'kUV?PSx_V ]il Y��,]&�0Z\^dP
YjsSX(V?V�� PdRpceVq^dT(Rp]_^hZik��'RU^dP �_V � Yj]_XWT�Rp^ � kUV?ZiX � ]_^dPSRpYjRp]_^dT �'RpY(s cuR � X(]_T � ZikpV X(VqT(]_kpaSYjRp]_^:] �iV?X Z
cuV?T(]iT � Z\kUVJZiX(V?Z 	A�D�dZ\cegdkpV?TuRU^ � kUadPSV PSVqYjVqX(cuRU^dRp^dx:YjsdV 1h]2�%� ohVqkUP|] �iV?X � ]_cugdkUV���YjVqX(XjZ\RU^+)
X(VqT(]_k � RU^dx YjsSVuVqPdPdRpV?T0X(VqT(g�]_^dT(RpbdkUV ln]_X�Y(adX(bSadkUVq^rY0Y(XjZi^dTWg ]iXWY )/gSX(V?PSR � Y(RU^dx Y(sdV PdRUTWg VqX(T(Rp]_^:]il
Z g�]_kpkUaSYjZi^vY ),Zi^dP �iV?X(Rfl � RU^dx ^ aSceVqX(R � Zik cu]!PdVqkUT 	 '7V � ZiadT(V
]il�Y(sdV
PdR:� � adkfY ��Zi^dP � ]_TWYe]il
PdVqgdkU] � RU^dxuZiXWXjZ
� T�]\l;Rp^ TWRpY(a �'Rp^dP T(V?^ST(]_XWT )�X(V?cu]iY(V�T(V?^ST(]_XWT�T(a � s�ZiT'XjZ\PhZiX(T Zi^SPJkpRUPhZiXWT ZiXWV
ZiXWV �,V?kpk3� T(adRfYjV?P Y(] ceV?ZiT(adXWV�YjsdV �'RU^SP@� ohVqkUP�	

#E] cuV ZiTWadX(V Y(sdV �'RU^dP+) ��]_gdgSkUV?X�XjZiPhZ\X(TuZi^dP�kURpPhZiX(T�X(V?k � ]_^�RU^SPdR � RUPSahZik"T � Z�Y(YjVqX(VqX(T
b�V?RU^Sx�YjX(Z � VqX(T ]il$ZiRpX,cu]iYjRp]_^ Z\^dP`]_^dk �ucuV ZiTWadX(V�YjsdV�X(ZiPdR�Z\k � ]_ceg�]_^dVq^vY ]il�cu]iYjRp]_^y]ilET � Z\Y �
YjVqX(VqX(T Z\kU]_^dx`YjsSVeYjX(Zi^dTWceRpT(T(Rp]_^5ghZ\Yjs 	 #E]
]_b!Y[ZiRp^ b�]iYjs YjsdVea Zi^dP � � ]_cug ]_^SV?^vYjT ]il YjsSV
�'RU^SP@� ohVqkUPuadT(Rp^dx�xiX(]_ad^SP@� bhZ\T(V?P ��]_gdgdkpV?X*T(Vq^dT(]iX(T )SZ\Y,kUV Z\TWY*Y��7]�RU^dT�YjX(aSceVq^rY(T �'RfYjsu] �_V?XWk�Zig6�
gdRp^dx�T � Zi^ �i]_kUadcuV?T,ZiXWV�X(VqtradRUXWV?P � "�XW]_g 1hR�Zi^dP $�RUkpPdV?bSXjZi^dP*) � ; ?_� !�)!]_X,Z � ]_cegSaSY[Z\Y(RU]_^dZikUk �
RU^vY(V?^dTWR �_Vu^radcuV?X(R � Zik<Y(V � sd^SRUtradVyTWa � s�ZiTwT(Rp^dx_kpV ��]igdgdkUVqX0ZiP/.W]_Rp^vY4� cuVqY(sd] PdT � � a Zi^dP � RUa+)
� ;A; A ! 	  ZiPhZ\X(T ]�- V?X V�� � V?kpkUV?^vY � ] �iV?X(Zix_V � � �
��� �rc ��!�)"Zi^dP � Zi^�g�V?^dV YjX(Z\YjV � kp]_adPdT Z\^dP
gdXWV � RpgdRpYjZ\YjRp]_^+)_bSaSY*YjsdV � X(Vqt aSRUX(V'Rp^dT(V � YjT�) ',XjZix_x0T � Z\YWYjV?XWRU^dx )v]_X � shZ&- RU^ ]iX(PdVqX*Y(] RpcyZ\x_V7YjsSV
� kpV ZiX'Z�Yjcu]_T(gdsSV?X(V � �0]_TWTjZiXWP Zi^dP � YjX(Zia � s+) � ; ?�8 ! 	

�/RUPhZ\X(T'ZiXWV0ZibdkUV�Y(] RUceZix_V�Y(sdV � RUT(adZikUk � � kUV Z\X'Z\Yjcu]_T(gSsdV?XWV�b � T � Z�Y(YjVqX(Rp^dx lnX(]_c ^hZ\Yja6�
XjZ\kUk � ] � � adXWX(RU^Sx ZiVqX(]_TW]_k$gdZiXWY(R � kpV?T 	6$ ]2�7V �_V?X�)mYjsSV �
ZiX(V kURUcuRpY(V?P Rp^
XjZ\^dx_V�b�� T(V �_VqX(V Z\YWYjV?^6�
ahZ\Y(RU]_^ lnXW]_c � kp]_adPdT�Zi^dP � Z\^JY � gdR � ZikUk � ceZig X(V?xiRU]_^dT']_^`YjsSV ]_XWPdV?X']il �
�_� �rc �
	,O�RpX(b�]_X(^dV
��]_gdgSkUV?X;kURUPdZiX(T � Zi^ ceZig YjsdV%�'Rp^dP@� odV?kUP ] �iV?X*c a � s k�Z\X(x_VqX&ZiX(V?ZiT&b�� ZikfYjV?XW^hZ\Y(RU^dx�Y(sdV g�]_RU^vY4�
RU^SxyPdRpX(V � YjRp]_^�]_X�T � Z\^d^dRU^SxyYjsdV�b V?Zic PdadX(Rp^dx�1hRpx_svY
	?# sdV�YjX(Zi^dTWk�Z\Y(RU]_^J]il&ln]_X4�7ZiXWP Zi^dP Z�l�Y
PdRpX(V � YjVqP
b�V ZicuT
�'sdRUkpV�ce] � RU^dx gdXW]!PSa � VqT�Z x_X(RpP ]\l<g�]_RU^vYjT
�'sdVqX(VwYjsdV0b�V ZicuT'RU^vYjVqX(T(V � Y�Zik3�
kU]2�'Rp^dx�YjsSV�V�� YjX(Z � Y(RU]_^ ]\l � Zi^dP 8 � � �'RU^dP �iV � Yj]_XWT � '7RUkpbdX(] � �"��/ < � ; ? 6 )2 ']iY(sdV?XWceVqk � �"��/ <
� ;A; ? ! 	 ��]0�'^6� kU] ] �rRU^Sx �iV?kp] � RpY �>��Z�'qRUc a!Yjs@� PdRUTWgdk�Z
� � � O � !wT � Zi^dT lnXW]_c Zi^�ZiRpX(b�]_X(^dVukURpPhZiX
� Z\^
ZikpT(] gdXW] �!RpPdV0T(ghZ�YjR�Z\kUk �eX(VqT(]_k �_VqP �'Rp^dP odV?kUPST � ;HVqX(^dVqX � � ��/ < ) �\�_�S� ! 	

��]i^@� ��]_gSgdkUVqX )ixiX(]_ad^SP@� bhZ\T(V?P*)vT � Z\^d^dRU^Sx0ZiV?XW]_T(]_k!bhZ � �rT � Z\Y(Y(V?X*kURpPhZiXWT � Zi^ ceV?ZiT(aSX(V YjsSV
�'RU^SP T(g�V?VqP`Zi^dP PdRpX(V � YjRp]_^ub � � XW]_T(T � � ]_X(XWV?k�Z�YjRU]i^y]il � ]_sdVqX(V?^vY'Z\V?X(]iT(]_k�TWY(X(a � YjadXWV?T � �&kp]_XjZi^vYjZ
� ����/ < � ;A8 A ) �SZiTjZ\^d] � ����/ < � ; ?v� ! 	 # sdV � XW]_T(T � � ]iX(X(Vqk�Z\Y(RU]_^�YjV � sd^dRpt aSV
shZiTeZikpT(]5b VqV?^
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T(a � � VqT(T�lnadkUk �`ZigdgdkpRUVqP Yj] XjZiPdZiX PhZ\YjZ � �!c �rYjsSV Z\^dP 	mX(^dR � � ; ? 8 ) #EaSY(Y(kUV0Zi^SP��h] ]iYjV � ;A; � ! 	
#E] ]ibSY[ZiRp^�YjsdV
�'RU^SP@� ohVqkUP�YjsSV,Z\gdgdX(]_Z � s XWV?kpRUV?Tm]_^wY(sdV"ZiT(TWadcugSYjRp]_^�YjshZ\Y � ]_sdVqX(V?^vY$TWY(X(a � YjadXWV?T
RU^ YjsdV bhZ � �rT � Z\Y(Y(V?XWRU^dx ohVqkUP
ZiX(V�ZiP �_V � Y(V?P:b��JY(sdV �'Rp^dP Z\Y YjshZ�Y�kU] � Z�YjRU]i^�	
# sdV Y(V � sd^SRUtradV
X(VqkURpV?T�]_^5RU^dsS]_ce]ix_V?^dVqRpY(RUV?T�RU^ YjsSVeT � Z\YWYjV?XWRU^dx ohVqkUP�	 '7]iY(s:sd]_X(R,'?]_^vYjZik � ]_cug�]_^dV?^vY(Tw]\l,Y(sdV
�'RU^SP �iV � Yj]_X � Zi^ b�V�]_bSY[Z\RU^dVqP`lnXW]_c Y(sdV0T � Z\^dT�]\l<Z T(Rp^dx_kpV�RU^dT�YjX(aSceVq^rY 	

��]i^@� ��]_gSgdkUVqX RU^ � ]_sdVqX(V?^vY kURpPhZiXWT7Pd]u^d]iY'XWV?tradRUXWV � ]_sdVqX(Vq^rY PdV YjV � YjRp]_^ �'sdR � s`X(Vqce] �iV?T
kURpceRfY[Z\Y(RU]_^ST�]il�Y(V?kUVqT � ]_g VJPdR�Z\ceV YjV?XeZi^dP�X(V?kUZ �!V?T XWV?tradRpX(V?cuV?^vY(Teln]_XesdRUx_s|T(g�V � YjXjZ\k�gdadXWRpY �
k�Z\T(V?XWT 	 # sSRUTwk�Z � � ]il7X(VqTWYjXWR � YjRU]i^ b�V � ]_ceVqT�cu]_X(VuZ\YWYjX(Z � Y(R �_VeZiTwk�ZiXWx_V kURpx_svY��7VqRUx_svYwcuRUX(XW]_X(T
Zi^dPHT(ceZikUk&g�]2�7VqXWlnadk,k�ZiTWV?X(T b V � ]_cuVycu]_XWVyZ&- ]_XWPhZibdkpVeZ\^dP � ]icecuV?X � R�Z\kUk ��Z
�iZ\RUk�Z\bdkUV 	 # sdV
sdRpx_sdV?X'TWRUx_^hZ\k3� Y(]&� ^S]_RUTWV�XjZ�YjRU] ]il;RU^ � ]_sdVqX(V?^vY�T�� TWY(V?cuT�ZikpkU]2�'T l ZiTWY(V?X RUceZix_Rp^dx ]il<Y(sdV ZiV?XW]_T(]_k
ohVqkUP�	 � ^�ZiPdPSRpYjRp]_^ Yj] YjsdV �'RU^SP@� ohVqkUP+)dY(sdV?TWV�cuV ZiTWadX(VqceVq^vYjT � Zi^
ZikUTW]eb�V aST(V?P Yj] � ]_cugdaSY(V
cuV Zi^`PdRpceVq^dT(Rp]_^dT'Zi^dP`kpRplnVqY(RUcuV?T,]il$Y(sdV�YjadXWbdadkpV?^vY V?PdPdRpV?T 	

9�^!ln]_XWY(ad^hZ\Y(V?k ��) Y(sdV � X(]_TWT � � ]_X(XWV?kUZ\YjRp]_^eY(V � sd^dRptradV�Pd] V?T ^S]iY cuV ZiTWadX(V YjsdV?�'RU^dP �iV?kp] � �
RpY � Rp^ ZikUk � ]i^dPdRpY(RU]_^ST 	 �7]_sSV?X(Vq^vY0TWYjXWa � Y(adX(VqT0cyZ
�J^d]iY�b�V ZiP �_V � YjVqP/�'RfYjs
Y(sdV��'RU^dP
RU^
Y(sdV
T � Zi^@� gdk�Zi^SV7]_X$T � Z\^@� �i]_kUadcuV 	 �7]_^dTWRUPdVqX )iln]_XEYjsdV7T(RUcugdkpV?TWY$V��SZicugdkpV�)_Z�^d]_^@� T � Z\^d^dRU^Sx0ZiV?XW]_T(]_k
bhZ � �rT � Z\YWYjV?X�kURUPdZiX�RU^vYjVq^dPdVqPHYj]J]_^dk ��ceV?ZiT(adXWVeY(sdVyX(ZiPdR�Z\k&ce]iY(RU]_^:]il � ]_sSV?X(Vq^vY TWY(X(a � YjadXWV?T
Zikp]_^dx YjsdVub�V Zic�	 �J]\YjRU]i^ Rp^ Z\^ �5PdRpX(V � YjRp]_^:]iYjsSV?X0YjshZi^ ghZiX(ZikUkpV?k$Y(]JY(sdVeb�V Z\c lnX(]_c Z\^ �
TWY(X(a � YjadXWV?Tw^d]iY0]_XWRUVq^rY(V?P:g�V?X(g�V?^SPdR � adk�ZiX�Y(] YjsdV b�V Zic �'RUkUk$X(VqT(adkfY0RU^5Z l ZikUTWV
�_V?kp] � RpY � � T(VqV
Yj]ig|]il)�;Rpx 	 6 	 � ! 	 ' ��T � Zi^S^dRU^dx5RU^|Z�'qRUc aSY(s�]_X V?kUV �\Z\YjRp]_^+)*^d]_^@� XjZiPSR�Zik cu]iY(RU]_^�]il�TWY(X(a � �
YjaSX(V?T0^d]\Y�Z\kURUxi^dV?P Rp^:Y(sdV ]_XWY(sd]_x_]i^hZik<PdRpX(V � YjRp]_^dT0ZiT0PdV oh^dVqPHb�� YjsdV T � Zi^@� gdk�Z\^dV �'RUkUk$kUV?ZiP
Yj] l ZikUTWV�XjZ\PdR�Zik �iV?kU] � RfYjRpV?T 	D# sdX(VqV�� PSRUcuV?^dTWRU]_^hZ\k T � Zi^dT7TWYjX(Z\YjVqx_RUVqT ZiXWV�ZibdkpV�Y(] V?kpRUcuRU^hZ\Y(V YjsdRpT
g�]_T(TWRUbdRpkURpY ��)!bSaSY�ZiX(V0TWY(RUkpkmT(aST � VqgSYjRpbdkUV�Y(] l Z\kUT(V �iV?kp] � RpYjRpV?T lnXW]_c �7Z
�_V�� kUR,�iV0ce]\YjRU]i^dT 	

�h]_XWY(ad^hZ\Y(V?k � )rRUXWX(V?xiadk�ZiXWRpY(RUV?T;RU^ YjsdV�ZiV?XW]_T(]_k�T � Z\YWYjV?XWRU^dxwohV?kpPC�'RfYjsdRp^uY(adX(bdaSkUV?^vY,X(Vqx_RU]_^ST
ZiXWV adT(ahZ\kUk � ]_XWRUV?^vY(V?P RU^ Zikpk!PSRUX(V � Y(RU]_^dT � T(VqV b�]iYWYj]_c ]il �;RUx 	�6 	 � !;Zi^SPub�� Z
�iV?XjZ\x_RU^dx�Rp^ T(ghZ � V
Zi^dPwYjRpceV&)�Y(sdV7cu]iYjRp]_^0]ildY(sdV � ]_sdV?XWV?^vY<T�YjXWa � Y(adX(VqT&ZiP �iV � Y(RU^dx?�'RpYjswYjsdV �'RU^dP Pd]_cuRU^hZ�YjV?T/Y(sdV
� ]iX(X(Vqk�Z\Y(RU]_^ulnad^ � YjRU]i^dT 	 �&XWV � RU]_aST%�7]_X4� �'sSR � s � ]iceghZ\X(V?T,YjsdV�Y(V � sd^SRUtradV5�'RpY(s ]_bdTWV?X��\Z\Y(RU]_^ST
lnX(]ic Yj]2�7VqX � ce]_aS^rY(V?P`Zi^SV?cu]_ceV YjVqX(T ) XjZ\PhZiX � YjX(Z � �iVqP gdRUkp]iY"bhZikUkp]!]i^dT )vX(ZiPdRU]iT(]_^dPSV?T )@��� Y(]!]i^dT
Zi^dP5ZiRpX � XjZ\l�Y�T(sd]2�'TwZix_XWV?V?cuV?^vY�Y(] �'RpYjsSRU^�YjsSV ad^ � VqXWYjZiRU^vY � Rpceg�]_T(VqP b���PdR3-mVqX(RU^Sx TjZicugdkUV
�_]ikUadcuV?T�]iX0Z �iV?X(Zix_RU^Sx YjRUcuV?T � �&kU]_X(Zi^vY[Z � � ��/ < � ;N8 A )�"�ad^ �iVqk � ����/ < � ; ?_� ) �!XW]_xvZ � ����/ <
� ; ?i� )!$�] ]_g VqX'Zi^dP �&kU]_X(Zi^vY[Z � ; ? 9 )�Z\^dP#�*RpRUXW]_^dV?^ Zi^SP �&kU]iXjZi^vY[Z � ;A; A ! 	

� ^�gdXWV � RU]iadT$�,]_X � � � � sS]_kUT�Zi^dP��&kU]iXjZi^vY[Z � ;A; � )&�&RUXWX(]_^SV?^ Zi^SP��&kU]_X(Zi^vY[Z � ;A; A ! Zik3�
x_]_XWRpY(sdceT��7VqX(V�PSV �_VqkU]_g�V?PuYj]0cuV ZiTWadX(V �_VqXWYjR � ZikhgSX(]iohkpV?T*]il YjsdV'sd]_XWR('q]_^vY[Zik �'Rp^dPulnXW]_c �i]_kUa6�
cuVqYjXWR � kURUPdZiX$RpcyZ\x_V?T$]il ZiV?XW]_T(]_k!TWY(X(a � YjadXWV 	
# sdVqT(V ZikUxi]_X(RfYjsdcuT�PdV?XWR �_VqPuZ�T(RU^Sx_kUV �'Rp^dP
�_V � Y(]_X
ln]_X�V Z � s ZikpY(RpY(adPdV*X(VqgdX(VqT(V?^vY(RU^dx�Y(sdV7cuV Z\^ �'RU^SP Z
�_VqXjZix_VqP ] �_VqX$YjsSV ZigdgSX(] �!RUceZ\YjVqk � �
�i� ���rc �
ZiXWV Z�]ilEZwY �!gSR � Z\kmkURpPhZiX*T � Zi^�	 � ^yY(sdRUT �,]_X4� ) YjsdVqT(V0Zikpx_]_XWRpYjsSceT
�,V?X(V0Z\gdgdkURpV?PuYj] ZikpkU]2� � ]_c �
gdaSYjZ\YjRp]_^`]il;Y(sdVwT(ghZ\Y(R�Zikpk �>� XWV?TW]_k �iV?P YjRpceV���Z
�_VqXjZix_VqP �'RU^dP ohV?kpP lnXW]_c4T(a � � VqT(TWR �_V�^dV ZiX ��'qV?X(] �
PdVqx_X(VqV�� VqkUV �iZ�YjRU]i^yZ�'qRUc a!YjshZik � T � Zi^dT � gdk�Z\^@� g�]_T(RfYjRp]_^ RU^dPSR � Z�Yj]_X�)0� �
� !*Zi^dP � ]_^dT�Y[Zi^vY ��Z�'qRUc aSY(s
V?kpV �\Z\Y(RU]_^@� T � Zi^dT � X(Zi^dx_V�� sdVqRUx_svY'Rp^dPdR � Z\Yj]iX )2 7$?� ! 	

� �	� � 	
� � ��� � � � � � �-��� �(�����(��� � � � 	1�1� � �
�
�D� YjXjZ � YjRp^dx �'Rp^dP �_V � Y(]_X(T lnXW]_c YjsdV bdZ � �rT � Z�Y(YjVqX PhZ\YjZJln]_kUkp]2�'TwY(sdV bhZiTWR � ZigdgdXW]vZ � s

PdVqT � XWRUb�V?Peb � � � sS]_kUT,Zi^dP��*kp]_XjZ\^rYjZ � � ;A; � ! 	�# sdV�]i^dk � PSR,- V?X(Vq^ � V RU^ YjsSV�Rp^dRpY(R�Zik!gdX(] � VqT(T(Rp^dx



A ;

LIDAR
LIDAR LINE-OF-SIGHT

APPARENT
MOTION

ACTUAL  
MOTION

SU
RF
AC
E
OF

CO
NS
T
AN
T

AE
RO
SO
L
SC
A
TT
ER
IN
G

LIDAR

SAMPLE OVER SPACE AND TIME

�;Rpx_adX(V 6 	 �
�
#$]_g

�
V��SZicegSkUV ]il�sd]2� Zi^�ZiVqX(]_TW]_k x_X(ZiPdRUVq^vY ce] � RU^Sx5g�V?XWg Vq^dPdR � adkUZiX�Yj]:YjsSV

kURpPhZiX b�V Zic � Zi^
gSX(] Pda � V Zi^JZigdghZ\X(V?^vY �_V?kp] � RpY � Y(]2� ZiXWPJY(sdV�kpRUPhZiX 	 '7]iY(Y(]_c �
�h]_X�Yjad^hZ�YjV?k � )

YjaSX(bdadkpV?^ � V aST(ahZikpk ��]_X(RpV?^vYjT ZiVqX(]_TW]_k�x_XjZ\PdRUVq^rY(T`RU^ PdR,- V?XWV?^vY PdRUXWV � Y(RU]_^ST V?kURpceRp^hZ\Y(RU^dx5YjsdRpT
gdXW]_bdkUVqc 	/� ^�YjsdV b�]iY(Y(]_c ghZi^dVqk )&YjsdV T�YjXWa � Y(adX(VqTyZiXWV ce] � RU^Sx g VqX(g�V?^dPdaSk�ZiX�Y(] YjsdV kUZiT(VqX
b�V Zic bdaSY YjsdVqX(VeRUTw^d]�ZigSghZiX(Vq^vY XjZ\PdR�Zik*cu]iYjRp]_^ lnX(]_c kpRUPhZ\Xwb�V � ZiadTWV ]il'Z
�_VqXjZixiRU^dxJcyZi^��
TWY(X(a � YjadXWV?T ] �_V?X T(gdZ � Vw]_X YjRpceV 	
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] � � aSX(T b�V � ZiadT(V�YjsdV�T � Z\^ � ]_^dTWRUT�YjT ]il/Z�T(Rp^dx_kUV sd]_XWR('q]_^vY[Zik�gdk�Z\^dV�Rp^dTWY(V ZiPy]ilEZ��i]_kUadcuV�T � Zi^ 	
# sdV0RU^SRpYjRUZik�gdX(] � VqT(T(Rp^dxuTWYjVqgdT gdX(] � VqV?PJZiT ln]_kUkp]0�'T �

� 	 � ^dPSR � RUPdadZik;kpRUPhZiX�T(sd]\YjTwZiX(V � ]_X(XWV � YjV?P:ln]_X�Y(sdV ]_^dV�� ] �_VqX � X(Zi^dx_V�� TWt adZiX(VqP PdVqg Vq^dPdVq^ � V
]il;YjsdV X(VqY(adX(^SV?P T(Rpx_^hZikEZi^SP
YjsdVq^�ohkpY(V?XWV?P �'RfYjs�ZeX(ad^d^SRU^dxeceVqPdR�Zi^JsdRUxis@� ghZ\T(T'ohkpY(V?X 	
# sdV�ohkfYjVqX kUVq^dxiYjs �7ZiT T(V Y'Yj] 6 Ai� c�ln]_X YjsdV�XWV?TWadkpY(T gSX(V?TWV?^vYjVqP
sdVqX(V 	 # sSVwsSRUx_s@� ghZiTWT
cuV?PdRUZi^�ohkpY(V?X �7]_X4�rT ZiTeln]ikUkU]2�'T

�
ln]_XuV Z � s g�]_Rp^rYeRU^�YjsdV
ZiX(X(Z
��Yj] b�V odkpYjVqX(VqP+) RpY(T

^dV?ZiX(VqTWY�^SV?RUxis b�]_XWT?�'RpY(sdRU^J]_^dV�odkpYjVqX�kpV?^dxiY(s � shZikpl&ZeohkpY(V?X�kUV?^SxiYjs�]i^�V Z � s TWRUPdV !�ZiXWV
TW]_XWY(V?P�	 # sdV � V?^vYjVqX
�iZ\kUadV ]\l YjsdV TW]_XWY RpT�TWadbSYjX(Z � Y(V?P�lnX(]_c Y(sdV PhZ\YjZ �iZ\kUadVeRU^HY(sdV
ZiXWXjZ
� b�V?Rp^dx ohkpY(V?XWV?P�	

� 	 # sdV&kpRUPhZ\XmPhZ\YjZ ZiX(V&ceZigdg�V?P�Y(]'Z � ZiXWY(V?T(RUZi^0x_X(RpP5�'RpY(s0Z'aS^dRpln]_XWc�TWghZ\Y(R�Zik\X(V?TW]_kUa!YjRU]i^�]il
� A c�	 ��Z�Y[Z g ]iRU^vYjT/]_^0YjsSV � ZiX�YjVqT(R�Z\^ x_XWRUPwZiXWV � ]_cugdaSYjVqPwlnXW]_cQZ'kURp^dV ZiXmRU^vYjVqX(g�]_k�Z\Y(RU]_^
b�VqY��,V?Vq^ YjsSV 6 ^SV ZiXWV?TWYwg�]_RU^vY(T�RU^�YjsSV g ]_kUZiX � ]!]_XWPdRU^dZ\YjVqT�]il"YjsdV XjZ � kURpPhZiX � gdX(]\ohkUVqT 	
#E] � ]_X(XWV � Y ln]_X'YjsdVwPdRpTWYj]iXWYjRp]_^ ]il;Y(sdV�kpRUPhZiX RpcyZ\x_V � ZiaST(V?P b��`YjsSV:�'Rp^dP�Zi^SP�Zuod^dRpY(V
T � Zi^@� PdadX(Z\YjRp]_^+)$Y(sdVyg�]_TWRpYjRp]_^H]\l PhZ\YjZ
g ]iRU^vYjTwRU^HY(sdVykpRUPhZ\XwgSX(]iohkpV?T�ZiX(VyZiP/.WadT�YjV?P Y(]
Y(sdV�g�]_T(RfYjRU]i^eYjsSV � ] � � adgdRpV?P`Z\Y,YjsdV�Y(RUcuV�Y(sdV�ohXWTWY gdXW]iohkpV�]il�YjsSV�T � Zi^ � ZiT Z � tradRpX(V?P 	
# sdV �'Rp^dP��iV � Yj]_X'^dVqV?PdVqPJln]_X Y(sdRUT ZiP/.WaSTWYjcuV?^vY RUT VqTWY(RUceZ\YjVqP`lnXW]_c4Z Y(X(R�Z\kBT(]_kpaSYjRp]_^�	

8 	'O YjVqceg�]_X(Zik3� ceVqPdR�Zi^ RUceZix_V RpT YjsdVq^�ln]_XWceVqP�lnX(]_c�Y(sdV � ]_cugdkpVqYjV`TWVqYu]il � Z\XWYjVqT(RUZi^
T � Zi^@� RUceZix_VqT 	 � ^1]_XWPdV?XyY(]�X(Vqce] �_V
TWY[Z�YjRU]i^hZiX���lnV Z�YjadXWV?T Zi^SP1ZiXWY(Rpl Z � YjT � ZiadTWV?P b �
Z\YWYjVq^ adZ\YjRp]_^+)SY(sdRUT cuV?PdRUZi^ RUceZix_V�RUT T(aSbSYjX(Z � Y(V?PJlnXW]_c V?Z � s
]\l$Y(sdV0T � Z\^JRpcyZixiV?T 	

6 	7�;Rp^hZikpk � )rYj]ugdXWV �_Vq^vY�RU^dPSR � RUPdadZikmbdXWRUx_svY'lnV Z�YjadXWV?T RU^ YjsdVwRUceZix_V�lnXW]_c4Pd]iceRp^hZ\YjRp^dx�Y(sdV
� X(]_TWT � ]_X(XWV?k�Z�YjRU]i^`lnaS^ � Y(RU]_^+)hY(sdV XWV?TWadkpY(RU^dxuRUceZix_VqT'ZiX(VwT(adb0.WV � Y(V?P�Y(]esdRpTWY(]_x_XjZ\c4^d]_X �
ceZikUR,' Z\Y(RU]_^ 	

9�g`Yj] Y(sdRUT g�]_RU^vY )SYjsdV �'Rp^dP`gdX(] � VqT(T(Rp^dxuRUT ^dV?ZiX(k � RUPdVq^vYjR � ZikmY(] Y(sdV0T � sdVqceV0ln]_X � ]_c �
gdaSY(RU^dx �'Rp^dPdT"Z
�_V?X(Zix_VqPy] �_VqX"Y(sdV'V?^vYjRpX(V'T � Zi^yZ\X(V ZwZiT*PdVqT � XWRUb�V?PuRU^��&RUXWX(]_^dVq^yZ\^dP��&kp]_XjZi^vYjZ
� � ;A; A ! 	 $ ]0�,V �iV?X�)dRU^e]_X(PdVqX"Y(] � ]_cegSaSYjV'YjsdV T(gdZ\YjRUZik �iZ\X(R�Z�YjRU]i^u]\lmYjsSV?�'RU^SPeohVqkUP+)vYjsSV�T � Zi^
ZiXWV Z c adT�Y0^d]2� b�V PdR � RUPSV?P:RU^vYj]`TWadb@��Z\X(V Z\T 	 �h]_X�Y(sdV�� �
��T � Z\^dT � ]_kpkUV � YjVqP5]i^ � � Z\^dP �28
7_Zi^rahZiX � � ;A; ? )��,V ohXWTWY � ]icegda!YjV?P Y(sdV
�'RU^dP@� �_V � Yj]iX*odV?kUP lnXW]_c ZiP/.(Z � V?^vY"T(trahZ\X(V ZiX(V?ZiT&YjshZ�Y
�,V?X(V Ai�i� � c ]_^ V Z � suT(RpPdV 	D# sdV'X(V?TWadkpY(RU^dx A\�_� � c X(VqT(]_kpaSYjRp]_^��'RU^SP ohV?kpPuRpT&adT(VqPuY(]0RU^dRfYjR�Z\kUR('qV
� Z\k � aSk�Z\Y(RU]_^ ]\l � A\� � c X(V?TW]_kUa!YjRU]i^ �'RU^dPdT 	

�h]_X V Z � s TWadb@��Z\X(V ZuY��7]&� PdRUcuV?^ST(RU]i^hZik � ]iX(X(Vqk�Z\Y(RU]_^ lnad^ � YjRU]i^dT�Z\X(V � ]_cugdaSYjVqP b V Y��7VqV?^
V �iV?X ��]iY(sdV?XET � Zi^ TW]�YjshZ�Y;kpVql�Y4� X(Rpx_svY � XWRUx_svY4� kUV l�YBT � Zi^dT;ZiX(V7Zik,�7Z
�!TEghZiRpX(VqP �'RpY(s Y(sdV7T(ZiceV"T � Zi^
PdRpX(V � YjRp]_^:Zi^dP YjsradT0YjsSV YjRUcuV Rp^rY(V?X �iZ\k<b V Y��7VqV?^ k�ZiTWV?X�gdXW]iohkUVqT�RU^:V Z � s ghZ\XWY0]il,T(a � � VqT(T(R �_V
RUceZix_VqT RUT Z\gdgdX(] �!RUceZ\Y(V?k �5YjsSV TjZicuV 	��h]_X�Y(sdV ; ��� �C�
��T � Zi^dTuT(sd]2�'^|sdV?XWV�)*YjsdRpT X(V?TWadkpY(T
RU^�Zi^ ZigdgSX(] �!RUceZ\YjVqk � � 6&� T�Y(RUcuV�T(VqghZiX(Z\YjRp]_^�b�VqY��,V?V?^:T � Zi^dT 	-'7V � ZiadT(V Y(sdV��'RU^SPdT$�,V?X(V ZiT
k�Z\X(x_V0ZiT ; c4T �

� )hYjsSV:�'Rp^dP
Z\P �_V � YjVqP�TWY(X(a � YjadXWV?T�b �`aSgJYj] �!� 9 c4b�VqY��,V?Vq^ T � Z\^dT 	%# sradT�)
ln]_X b�] �!V?T T(ceZikUkpV?X0YjshZ\^|Z\b ]_a!Y Ai�_� � c ]i^�Z:TWRUPdV&)&YjsdV � X(]_TWT � � ]_X(XWV?kUZ\YjRp]_^ T(a@-mVqX(T b V � ZiaST(V
cu]_TWY ]\l$Y(sdV0TWYjXWa � Y(adX(V0TWV?V?^JRU^ Z T(adb6��ZiXWV Z RU^`]_^dV�T � Zi^ shZiT ZiP �_V � YjVqP
]_aSY']\l$Y(sdV0T(adb@� ZiX(V?Z
b��eY(sdV�Y(RUcuV�]il/Y(sdV�^dV�� Y'T � Z\^�	
# sdRUT � X(V?Z\YjVqT T(ceZikUk � ]_X(XWV?k�Z�YjRU]i^yceZ �!RUceZ � ]_^vY[ZicuRU^hZ�YjV?Pyb �
XjZ\^dPd]_c � ]_XWX(V?kUZ\YjRp]_^dT b�VqY��,V?Vq^
ad^dXWV?kUZ\YjVqPJT�YjX(a � YjaSX(V?T 	
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�;Rpx_adX(V*6 	 �
�
�!adbdTWVqY,]ilBPhZ�Y[Zwln]iX*Y��,] �C�
�<T � Zi^dT,]_^ �
� 7_Z\^ adZiX�� � ;A; ? 	D# sdV kUV l�Y*Y��7] RUceZix_V?T

ZiXWV'lnXW]_c � 6
�
� 9

�
�v� Zi^SPuY(sdV�XWRUx_svY&Y��,]�RpcyZixiV?T*ZiXWV'lnXW]_c � 6

�
� 9

�
� A 	 � ]icegda!YjV ZwTWRU^dxikUV Ai�_� � c

X(VqT(]_kpaSYjRp]_^ �'RU^dP �_V � Y(]_X ) PhZ\YjZ0lnXW]_c RU^ST(RUPSV YjsdV �'sdRpY(V'T(]_kpRUP T(trahZiXWV?T,RU^ YjsdV Y(]_guY��,] lnX(ZicuV?T )
�'sdR � s1ZiX(VJkU] � Z\Y(V?P�Rp^|Y(sdV�TjZ\ceVJgdk�Z � V�) Z\X(V�adTWV?P�ln]_X � XW]_T(T � � ]_X(XWV?k�Z�YjRU]i^�	 # sSV�X(VqT(adkfYjRU^Sx
�_V � Y(]_XeRpT YjsdVq^|aST(V?P�Yj]:PdRpT(gdkUZ � V �@Ai� � c X(VqT(]_kpaSYjRp]_^�b ] �!V?TeZiT T(sS]0�'^|RU^ Y(sdV`kU]2�7VqX X(RUxisrY
lnXjZ\ceV 	

#E] RU^ � X(V Z\T(V YjsSV � ]_XWX(V?kUZ\YjRp]_^Hln]_X�T(ceZikUkpV?Xwb ] �!V?T�)"Y(sdV gdX(] � VqPdadXWV RUT cu]!PSRpohVqP�	 # sdV
kU] � Z�YjRU]i^ ]ilmY(sdV'T(adb@� ZiX(V?Z Rp^ Y(sdV T(V � ]_^dPulnXjZicuV ]ilBV?Z � sygdZiRUX*RUT&PSRUT(gSk�Z � V?PuPd]2�'^ �'Rp^dPyb�� YjsSV
PdRpTWY[Z\^ � V YjsdV TWY(X(a � YjadXWV�RUT*V��!g�V � YjV?P Y(]�cu] �_V�b�VqY��,V?Vq^ lnXjZicuV?T 	�# sdV��'RU^dP �_V � Yj]_X,]_bSYjZiRU^dVqP
lnX(]ic � XW]_T(T � � ]iX(X(Vqk�Z\Y(RU]_^ ]\l�kUZiX(x_VqX b ] �!V?T RUT aST(V?P Yj] � ]_cugdaSY(V YjsdV:PdRpT(gdkUZ � VqceVq^rY`]\l�YjsSV
T(ceZikpkUV?X,b ] �!V?T 	 # sSRUT'ZikpkU]2�'T7YjsSV � ]_XWX(V?kUZ\YjRp]_^yY(] YjZ��iV0gdkUZ � V?�'RpYjs ZigSgdX(] �!RUceZ\YjVqk �uYjsdV�T(ZicuV
lnV Z�YjadXWV?T&YjshZ�Y
�7VqX(V'gdX(VqT(Vq^rY,RU^ Y(sdV ohX(T�Y&lnXjZicuV 	�# sdV'g ]iT(RpY(RU]_^�]il Y(sdV � ]iX(X(Vqk�Z\Y(RU]_^�cyZ �!Rpc adc
RUT&Y(sdV?^ � ]_X(XWV � YjV?Peln]_X&YjsdV PdRUTWgdk�Z � V?cuV?^vY"]il YjsdV�b ] � Yj] � ]icegda!YjV'YjsdV �'RU^dP �_V � Yj]iX 	C�;Rpx 	A6 	 �
T(sS]0�'T�Zi^ V��SZicugdkUV�]\l Ai�i� c Zi^dP � Ai� c4TWadb@��Z\X(V Z\T'ln]iX Y��7]uT � Zi^dT 	

� ��� ��� � � � �)��� 	 �������
# sdV&Yj]igwgdZi^dV?kvRp^-�;RUx 	�6 	 8 TWsd]2�'TEY(sdV"Z
�_V?X(Zix_V
�'RU^SP0odV?kUP � ]_cegSaSYjVqPwln]_X/PdZ\Y[Z'Z � t aSRUX(VqP

b�VqY��,V?V?^ � 6
�
� 9 Z\^dP � 6

�
A 8�9�# � ?

�
� 9 Zi^dP ?

�
A 8yO � � �5#�! 	+# sdV��'Rp^dP�TWshZiPd]2� Rp^
YjsSV kUVqV
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]il$YjsdV � ]vZ\TWYjkpRU^dV0RpT � kUV Z\X(k � �!RpT(RpbdkUV 	 # sdV:�'RU^dP T(shZ\Pd]2� kUV?^SxiYjs��iZ\X(RUVqT
�'RpYjsJg ]iT(RpY(RU]_^ 	 # sdRpT
gdXW]_bhZibdk � XWV�1hV � YjT �\ZiXWR�Z\Y(RU]_^dT7RU^ YjsSV0Y(]_g�]_x_XjZ\gds�� Zi^dP`TWadXWl Z � V0X(]_adxisd^dV?TWT�Z\kU]_^dx YjsdV0T(sS]_X(V 	
# sdV5Z � � V?kpV?X(Z\YjRp]_^ Zi^dP �_V?VqX(Rp^dx|]\l Y(sdV��'RU^dP�ZiT`RpY kpV Z
�_VqT Y(sdV:T(sd]iX(V5RUT � kpV ZiXWk �|T(VqV?^ Rp^
ohx 	'6 	76 	%# sSRUT�gSX(V?TWV?^vYjT�Ze^d]_X�Yjs@� T(]_a!Yjs�Z
�iV?XjZ\x_V�]il$YjsdV:�'RU^dPJT(g�V?VqPdT�Zi^dPJPdRUXWV � YjRU]i^dT ZikU]_^Sx
�'RpY(s Z � XWadPdV�VqTWYjRpcyZ�YjV�]\l�V?X(XW]_X(T 	
# sdV�kUVq^dxiY(s ]il/YjsdV�V?X(XW]_X bhZ\X(T �,V?XWV � ]_cugdaSYjVqP lnX(]_c Y(sdV
�\ZiX(RUZi^ � V ]il,Y(sdV
�\ZikUaSV?T � ]_^vY(X(RUbSaSYjRp^dx Yj]`V Z � s ^d]iXWYjs6� T(]iaSYjs Z
�_V?X(Zix_V 	 # sSVugSkU]iYWYjV?P:kpV?^dxiY(s
]il<Y(sdV�VqX(XW]_X�bhZ\X�RUT V?trahZ\k$Yj]uYjsdV �iZ\X(R�Z\^ � VwPdR � RpPdV?PJb � YjsSV�T(trahZ\X(V XW]!]iY�]il&Y(sdV�^radc b�V?X�]il
g�]_RU^vYjT � T(trahZiXWV�� XW]!]\Y�]il � 6yRp^ Y(sdRUT � ZiTWV2! � ]_^vYjXWRUbda!YjRU^SxuY(]eYjsSV�Z
�_VqXjZixiV 	
;1sdRUkpV�YjsdVqT(V VqX(X(]iX
bhZiXWT7gdXW] �!RpPdV�Zi^yV?TWY(RUceZ\YjVqP adgdg�V?X,b ]iad^dP ln]_X"YjsdV�XjZi^dPS]_c 1da � Y(ahZ\YjRp]_^dT,RU^eY(sdV$�'Rp^dP+)!Y(sdV �
ZiXWV ^d]\Y�Y(X(adVwV?XWX(]_X V?T�YjRUceZ\Y(V?T 	
# sSV � YjV?^SPJYj]ead^dPdVqX(VqTWYjRpcyZ�YjV0YjsdVwYjX(aSV VqX(X(]iX�b��`l ZiRUkpRU^dx Y(]
RU^ � kUaSPdV T�� TWY(V?ceZ\YjR � VqX(X(]iX(T �'sSRUkUVuZ\Y0Y(sdVyT(ZiceV YjRpceV Y(V?^dPSRU^dx Yj]
] �iV?X(VqTWY(RUceZ\YjV YjsdVuV?XWX(]_XWT
b�V � Z\adT(V0YjsdV�Y(X(adV0x_Vq]_gds�� T(R � Zik��\ZiX(RUZibdRpkURpY � RpT RU^ � kUadPSV?P RU^ YjsSV � Zik � adk�Z�YjV?P �\ZiXWR�Zi^ � V 	

# sdV0PdR �_V?XWx_V?^ � V Zi^dP �_]_X�YjR � RpY �y]il$Y(sdV �'RU^dP`ohVqkUP � Zi^ b�V � ]_cugdaSYjVqP lnX(]_c
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X(VqT(g�V � YjR �iV?k � 	�# sdVqT(V PdR �_VqX(x_Vq^ � V'Zi^SP �_]_X�YjR � RpY �0ohVqkUPdT<ZiX(V,T(sd]2�'^ RU^wYjsdV cuRUPSPdkUV,Zi^dP b�]iYWYj]_c
ghZi^SV?kUT"]il �$RUx 	N6 	 8 ) X(VqT(g�V � Y(R �iV?k ��)dZi^SP��7VqX(V�PdV?XWR �_VqP lnX(]_c Y(sdV?�'Rp^dP �iV � Yj]_XWT �'sdR � s ZiX(V�ZikUTW]
gdkp]iY(Y(V?P`]_^ YjsdVqc 	

� ^yohx 	?6 	 8 b ^d]\YjR � V�Y(sdV�TWY(X(]_^Sx PdR �iV?XWx_V?^ � V0ZikU]i^dx Y(sdV�T(sS]_X(VqkURU^SV � Z\adT(VqP b �uYjsSV�Z � � V?k �
V?X(Z\YjRp]_^
]\l<YjsdV:�'RU^dP�ZiT�RfY�ZiP .WadTWY(T�Yj]uYjsdV kp]2�7VqX�T(aSXWl Z � V X(]_aSx_sd^dVqT(T�kpV?^dxiY(sdT�gSX(V?TWV?^vYjVqP:b �
YjsSV�� Z�YjV?X�XWV?kUZ\YjR �_V Y(] YjsdV kUZi^dP�	�� V �_VqXjZik;kURU^SV ZiX�TWYjXWa � Y(adX(VqT )EZikpRUx_^dVqP�ZigSgdX(] �!RUceZ\YjVqk � �'RpY(s
YjsSV cuV Zi^ �'RU^dP PdRpX(V � YjRp]_^J^SV ZiX'YjsdV T(adX�l Z � V&) � Zi^
b�VwT(V?Vq^�	'O ^dZiX(XW]0� bdZi^dP
]\l<PdR �_V?XWx_V?^ � V
V�� Y(V?^dPdT�Pd]2�'^ �'Rp^dP lnX(]ic ZJg�]_RU^vY � 8 	 � �rc T(]iaSYjs ]\l YjsdVekURpPhZiX 	�# sdV �&Pdx_V�� Z\Y(V?X g�]2�7VqX
gdkUZi^vY ) �'sdR � s � ]_^dT(RpTWY(T�]il;Z �_V?X � k�ZiXWx_V�bdadRpkUPdRp^dx � ]icegdkpV�� )hRUT'kp] � Z\YjVqPJZ�Y YjsdRpT g�]_Rp^rY']i^ Y(sdV
T(sS]_X(V 	 ; V0V?T�YjRUceZ\Y(V�YjsdV0bdadRpkUPdRp^dx�Y(]ub�V � 9 � c �'RUPdVwZi^dP`Y[Z\kUk 	

�;Rpx 	�6 	 A gdX(VqT(V?^vY(T,YjsSV�cuV Zi^uPdR �_V?XWx_V?^ � V�ZiT"Z0lnad^ � YjRp]_^u]ilmPSRUTWYjZi^ � V lnXW]_c T(sS]_X(V � Z\k � a6�
k�Z�YjV?P lnXW]_c4YjsdV0PhZ�Y[Z gdX(VqT(V?^vY(V?P RU^`ohx 	
6 	 8 b 	� Zi^dPd]_c �iZ\X(R�Z�YjRU]i^dT RU^ YjsSV TWce] ]iYjsSV?P � adX �_V
b�VqY��,V?V?^ 8 	 A Zi^SP A 	 A �rc4lnX(]_c T(sd]iX(VwZigdg�V ZiX Y(]ub�V0kUVqT(T YjshZ\^ � � � � T �

� 	
�;Rpx 	 6 	 8 � T(sS]0�'TEYjsdV �i]_XWY(R � RfY ��ohVqkUP � ]_cugdaSY(V?P0lnX(]_c�YjsdV
�'RU^SP��iV � Y(]_X(T 	 �;Rpx 	 6 	:9 T(sd]2�'T

YjsSV�ceV?Zi^ �_]_X�YjR � RpY �yZiT'Z lnad^ � YjRp]_^ ]ilEPdRUT�Y[Zi^ � V�lnX(]ic YjsSV�T(sd]_XWV 	 � Y(X(]_^dx ^SV?xvZ\Y(R �iV �_]_X�YjR � RpY �
Zigdg�V Z\X(T�ZikU]_^Sx Y(sdVwT(sd]_XWV?kpRU^dV ZiT'YjsdV �'RU^dP �_VqV?XWT�RU^ X(VqT(g�]_^dT(VwYj]uYjsdVwT(ceZikUkpV?X lnXWR � Y(RU]_^`] �_VqX
�7Z\YjVqX 	�� ^>�;Rpx 	�6 	 8 );YjsSV g ]iT(T(RpbdkUV � Z&�iV lnV Z�YjadXWV T(sd]2�'^�RU^5YjsdVyPdR �iV?X(xiV?^ � V ohV?kpP�Zigdg�V ZiXWT
ZiT ZeT�YjXW]_^dxu^dV?xvZ�YjR �iV��i]_XWY(R � RpY � �7Z��iV 	 O Y�PdRUT�Y[Zi^ � V?T x_X(V?Z\YjVqX Y(shZi^ � 8 �rc4lnX(]_c Y(sdVwT(sd]_XWV
YjsSV?X(V RpT�V � RUPSV?^ � Ve]il7Z � ]_aSgdkUVqP5bdZi^dP5]il7g�]_TWRpYjR �_V �i]_XWY(R � RpY ��^S]_XWY(s5]\l,Y(sdV ^dV?xvZ�YjR �iV bhZi^dP 	
.�adX gdXWV?kpRUcuRU^hZiX � k�Z\X(x_V�� V?PSP �yTWRUc aSk�Z\Y(RU]_^dT"]il/Y(adX(bdaSkUV?^vY
1h]2� ZiX(]iad^dP`Z�bdaSRUkUPSRU^dx ]ilET(RUcuRUkUZiX
T(R,'?V T(aSgdg ]iXWY0YjsdV s�� g ]\YjsdVqT(RUT0YjsdZ\Y0YjsdRpT�ghZ\Y(Y(V?XW^ RpTwPSadV Yj]`YjsdV gdXWV?T(Vq^ � Ve]il7Y(sdV bdadRpkUPdRp^dx 	
; VwTWg V � adkUZ\YjV�Y(shZ\Y YjsSV �7Z��\V RpT'ZicegSkURpodV?P b�� � ]i^ �iV � YjR �iV�Rp^dTWYjZibdRUkpRpY � 	
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� ��� � � � � � �)��� 	 �������
�;Rpx 	
6 	 8 TWsd]2�'T�YjsdV � Ai� � c4X(VqT(]_kpaSYjRp]_^ �'RU^dPdT�] �_V?X�Z 8 9 �rc � ZiX(V?ZePdVqX(R �iV?P
lnXW]_c Zig@�

gdXW]2�!RpcyZ\Y(V?k � A � cuRU^raSYjVqT;]il � � V?kUV �\Z\YjRp]_^ �C�
�$T � Zi^ST&]_^ �28 7_Zi^rahZiX � 	�# sdV T(g�V?VqPuRpT<RU^SPdR � Z\YjVqP
]_^ V?Z � s��'Rp^dP@� PSRUX(V � Y(RU]_^uT(shZ�l�Y �'RpY(sybhZ\X(bdT7Zi^dP g�V?^d^dZi^vYjT 	 �*Z � s bdZiX(b Z\^dPyg�V?^d^dZi^vY X(VqgdX(V��
T(Vq^vYjT � c T �

� Zi^SP A c�T �
� )dXWV?TWg V � YjR �_Vqk � 	 �;Rpx 	?6 	 8 � Yj]_g ghZ\^dV?k !7T(sd]2�'T YjsdV5�'Rp^dP`T(g�V?VqPJRp^

� ]ikU]_X ]il&YjsSRUT �_V � Yj]_X�ohV?kpP�	�O �'RU^dP@� T(g�V?VqP cyZ �!Rpc adc V��!RpTWYjT�RU^JY(sdV adgSg VqX � XWRUx_svY � ]_XW^dV?X�]il
YjsSV�RUceZix_V 	�# sdV�T(sSV ZiX � kURp^dV�g�]_Rp^rY(T7Yj] �!sdV?b�] � xvZi^#�$]_Rp^vY%�'sdR � s ZigSghZiX(Vq^vYjk �ex_Vq^dV?X(Z\YjVqT YjsdRpT
1h]2� lnV?Z\YjaSX(V 	 �;Rpx_T 	,6 	 8\b
Z\^dP 6 	 8 � TWsd]2� Y(sdV0PdR �iV?X(xiV?^ � V�Zi^SP �i]_XWY(R � RpY � ohVqkUP+)SX(V?TWg V � Y(R �_Vqk � 	
O bhZi^dP ]il$^dV?x_Z\YjR �_V�PdR �_V?XWx_V?^ � V Zi^dP �_]_X�YjR � RpY �yRUT kU] � Z�YjV?P Zikp]_^dx Y(sdV0T(sdV?ZiX � kURU^SV 	

� ��� � � �B� � ��� � � ��� ���e��� �+����
 � � ����� � � �
�
#E] ]_bSYjZiRU^esd]_X(R,'?]_^vYjZik �'RU^dPdT"lnX(]_c  7$?�&T � Zi^ST )SY(sdV�Rp^dPdR � RpPdahZikhX(Zi^dx_V�� � ]iX(X(V � Y(V?P kURpPhZiX

X(V YjadXW^dT ZiX(V0sdRpx_s@� ghZiT(T cuV?PSR�Zi^ ohkfYjVqX(V?P`Rp^ X(Zi^dx_V�Y(] � ]_XWX(V � Y'ln]_X'Z\Y(Y(V?^rahZ\Y(RU]_^ 	
# sdV�ohkpY(V?X(VqP
bhZ � �rT � Z\YWYjV?X � Rp^rY(V?^dTWRpY �yPhZ\Y[Z RUT7Y(sdV?^ � ]_^��_V?X�YjVqPJadTWRU^dx�kURU^SV ZiX"RU^vYjVqX(g�]_k�Z�YjRU]i^dT&lnX(]_c�T(gdsSV?X(R � Zik
Yj] Z � ZiX�YjVqT(R�Z\^ x_X(RpP �'RpYjs �;A � c�X(VqT(]_kpaSYjRp]_^ RU^ b�]iYjs`Z\kpYjRfYjadPSV�Zi^dP Pd]2�'^>�'RU^SPJPdRpTWYjZi^ � V 	*O Y
V Z � s�g�]_RU^vY RU^�YjsSRUT
�_VqXWY(R � Z\k gSk�Zi^dV&) �,V � ]_cugdaSY(V Y(sdV`T(ghZ\Y(R�Zikpk � k�Zixix_V?P � XW]_T(T � � ]_X(XWV?k�Z�YjRU]i^
lnad^ � YjRp]_^ b V Y��7VqV?^ Z �\ZikUaSV'Z\Y*]_^dV YjRpceV'Z\^dP YjsdV �\ZikUaSV �i� � T&kUZ\YjVqX 	D�"Z � s �\ZikUaSV ]il Y(sdV � ]_XWX(V��
k�Z�YjRU]i^wlnad^ � YjRp]_^�RpT$]ibSY[ZiRp^dV?P b���TWsdRpl�Y(RU^dx'YjsdV,k�Z\Y(V?X�lnXjZicuV"b �w]_^SV7gdR �SVqk!aSg �'Rp^dP�	 �7]iX(X(Vqk�Z\Y(RU]_^
lnad^ � YjRp]_^dTwZiX(V Z � � aSc adk�Z�YjV?P ln]_X0TWa � � V?T(TWR �iVyghZiRpX(T�]il,T � Zi^dT Zi^dP:YjsdV g�]_T(RfYjRp]_^�]il"YjsdV g�V Z��
gdXW]_g ]iXWYjRp]_^hZikhY(]
�_V?kp] � RpY � 	 �!V � ]_^dP`PdV?xiX(V?V�g�]_k �!^S]_ceRUZikUT"ZiXWV�odYWYjV?P Y(] YjsdV�g V?Z��eY(] RUcugdX(] �iV
�_VqkU] � RfY � X(VqT(]_kpaSYjRp]_^�	

# sdVwPdV?XWR �iV?P
sS]_X(R,'?]_^vY[Z\k*�'RU^dP T(g�V?VqPdT'ln]_X YjsdV0T(aSXWl Z � V�� PSRUX(V � Y(RU]_^ � ]iceg�]_^dVq^rY )�T(sd]2�'^
RU^ ohx 	J6 	 ? )rX(V �_V?ZikmZ �_VqXWYjR � Zik�x_X(ZiPdRpV?^vY"]il/T(g�V?VqP ^dV?ZiX"Y(sdV T(sd]_XWV�Y(shZ\Y"PdRUcuRU^SRUT(sSV?T&b�� � 9:� c
Pd]2�'^dT�YjX(V?Zic PdRUT�Y[Zi^ � V 	1�;Rpx 	?6 	:; T(sd]2�'T'YjshZ\Y'Y(sdV 8_� � c �'RU^dP RU^ � X(V?ZiT(VqT'lnXW]_c � A c T �

� Y(]
Zikpce]_T�Y ? c4T �

� ] �_V?X A 	 A �rc �'sSRUkUV�Y(sdVP6 ?_� � c �'RU^SP PSV � XWV ZiTWV?T lnX(]_c Z\kUcu]_TWY � � c4T �
� Y(]

kUVqT(TEYjshZi^ ? c T �
� ] �_VqX;YjsSV TjZicuV"RU^vYjVqX��\Zik 	<� ^vYjVq^dT(V � ]_^��_V � YjRp]_^ ] �_V?X$YjsdV,k�Z��\V7RUTEX(VqT(g�]_^dTWRUbdkpV

ln]_X �_VqXWY(R � Z\kUk �yceR �!RU^dx Y(sdV cu]_cuV?^vYjaSc 	*O X(V?PSa � Y(RU]_^ RU^ T(adX�l Z � VwX(]iadx_sd^dVqT(T � lnX(]ic4k�Zi^SP`Y(]
k�Z&�iV2!'RUT�ZikUTW]yghZ\XWYjk �`X(VqT(g�]_^dT(RpbdkUVwln]_X�Z � � V?kUVqXjZ\Y(RU]_^J]il<Y(sdV 1h]2� Z\Y YjsdV kU]2�,V?X�Z\kpYjRfYjadPSV?T 	7' �
ZiTWT(adcuRU^dx�� � ��� � �

� Zi^SP �_VqXWY(R � Z\kUk � RU^vYjVqx_XjZ\Y(RU^dx�Y(sdV�Rp^ � ]_cugdXWV?T(TWRUbdkpV � ]_^vYjRp^radRpY � Vqt adZ\YjRp]_^
�'RpY(s5Y(sdV  6$��?�'RU^SPHPhZ\YjZ ) �7VeV?T�YjRUceZ\Y(V Y(sdVuZ
�_V?X(Zix_V �_V?X�YjR � Zik �_VqkU] � RfY � b V Y��7VqV?^ � Zi^dP A
�rc4]�- T(sd]iX(VwZ\Y 8 8_� c Z\kpYjRfYjadPSV�Yj] b�V � 6 	:9 � c4T �

� 	

� ��� � � � � � � 
�� �K� � ���
	
� ^`YjsdRpT T(V � YjRp]_^+)hRU^`T�YjX(R,�rRU^dx � ]_^vYjXjZ\TWY'Yj] YjsSVwXWV?kUZ\YjR �_V?k � sd]ice]_xiV?^dVq]_adT � ]i^dPdRpY(RU]_^ST ]_^

�
� Zi^SP � 8 7_Zi^rahZiX���)>�7V'gdXWV?T(Vq^vY � � �J]_bST(V?X �\Z\YjRp]_^dT&]il Z�T(shZ\kUkU]2��PdVq^dT(RfY � � adXWX(Vq^rY,ZiP �_V � YjRp^dx
ZiVqX(]_TW]_kSXWR � s ZiRpX;]�- T(sd]iX(V Z\Y � � c T �

� RU^ YjsdV gdXWV?TWV?^ � V ]\lmZ 8 � 6�c T �
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]il$YjsdV X(V?kUZ\YjR �_Vqk � � kUV Z\^
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^radRpY �
b V Y��7VqV?^ ZiRUXWcyZ\T(T(VqT !�Z\X(V V��SZicugdkpV?T�]il �'sdVqX(V YjsSV � X(]iT(T � � ]_XWX(Vqk�Z\Y(RU]_^
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ohkfYjV?X�ZiXWY(Rpl Z � YjT�ZiX(V Z\bdT(Vq^rY )/b V � ZiaST(V T(]iceV�lnX(Z � Y(RU]_^
]il&YjsdV Z\X(V ZeRUT � ]_ceg�]_TWV?P ]il � ]_sdV?XWV?^vY
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b�VqY��,V?V?^ Y(sdV?TWV kURp^dV?T RU^dPSR � Z�YjVwT(]_aSY(sdV?XWk � �'RU^SPdT 	5# sSV?T(V�T(V?Vqc Y(]yX(Vqk�Z\Y(V Y(]eYjsSV ^d]_X�Yjs>� Z\X(P
gdXW]_ghZixvZ�YjRU]i^
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�_V�� kUR,�iV g�V?X�YjadXWbhZ\YjRp]_^dT�RU^
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�
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�$VqX(cuRUTWT(RU]i^5sdZiT b�V?Vq^HXWV?tradV?T�YjVqPHlnX(]_c YjsdV O�cuV?XWR � Zi^ � VqYjVq]_X(]ikU]_x_R � Zik �!] � RUV Y ��Yj] X(VqgdX(Rp^vY
]il �
Z
�_]_X VqY Z\k 	 � �\�_�S� !7Z\T gdZiXWY']ilEYjsSRUT � shZigSY(V?X 	
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# sdV 9�^dR �_VqX(T(RfY �`]il<;1RUT � ]_^dTWRU^���]_^ds�� PdXW]_TWYjZ\YjR � � ]!PdVqkURp^dx � � TWYjVqc � 9 ; �,� � � !�)�PdV��

�_VqkU]_g�V?P b�� �*XW]ilnV?TWT(]_X ��X(Vqx #$XWRUg�]_kUR )+RUT<adTWV?PuZiT;Y(sdV
� � � � ] PdV RU^ YjsdRpT<X(VqT(V Z\X � s�	
# sdV cu] PdV?k
RUT <7$(��/f� = /U� )>�'sdR � syceV?Zi^dT*YjshZ\Y,YjsdV x_XWRUP@� T(ghZ � RU^dx Zi^dPeYjRUcuV�� TWY(V?g � Zi^ b�V � sdZi^dx_VqPyYj] cyZ\Y � s
YjsSV XWV?tradRUXWV?cuV?^vYjT ln]_X Y(sdV TWRUc aSk�Z\Y(RU]_^�	D# sdV cu] PdV?k � Zi^
b�V0X(ad^ RU^ V?RfYjsdVqX'ZuXWV Zik/PdZ\Y[Z � ]_^6�
ohx_aSXjZ\Y(RU]_^ � R 	 V 	3)/RU^dRfYjRUZikUR,'?RU^Sx lnX(]_c ZiT(TWRUcuRUkUZ\YjVqP
x_XWRUPdPdVqP PhZ\YjZ ln]iX$�7V?Z\YjsSV?X�ln]_XWV � Z\TWYjRp^dx !�]iX
RU^:Z\^5RpPdV Z\kUR('qV?P sd]iX(R('q]_^vY[Zikpk �>� sS]_ce]ix_V?^dVq]_adT�RU^dRfYjR�Z\k � ]_^dPdRfYjRp]_^+)BVqcegdkp] �!Rp^dx �7ZikUk )BXjZiPSR�Z\Y(R �_V
]_X*g�V?X(Rp]!PSR � k�Z�YjV?X(Zikhb�]_ad^dPhZ\X(RUVqT"Zi^dPyRp^dRpY(R�ZikpR('qV?P�lnXW]_c gdXWV?T � X(Rpb VqPygdXW]iohkUVqT 	
� Y"RUT&ln]_XWc adkUZ\YjVqP
Yj]
T(RUc�adk�Z\Y(VyZ �'RpPdV �\ZiXWRUVqY �5]il Z�Yjcu]_T(gdsSV?X(R � gdsSV?^d]_cuV?^dZ�XjZi^dxiRU^dx
lnXW]_c x_kU]ibhZik*T � ZikUVqT ]il
YjsS]_adTjZ\^dPdT�]il �rRpkU]_cuVqY(V?X(T'Yj]yceR � X(] � T � ZikUVqT�]\l*T(RU^Sx_kUVwceV YjVqX(T$�'RfYjs�]_^Sk �`cuRU^d]_X � shZi^Sx_V?T 	�O
lnadkpk$X(Zi^dx_V ]\l,gSs � TWR � Z\k<gdX(] � VqT(TWV?TwZiX(V Z �\ZiRpk�ZibSkUV�Yj] Y(sdV cu]!PdVqk<ZiT�]_gSYjRp]_^dT�RU^ � kUadPdRp^dx �iV?x_V��
Y[Z�YjRU]i^+)mgdXWV � RUgdRfY[Z\Y(RU]_^JgdX(] � VqT(T(VqT )EXjZiPSR�Z\Y(R �_V gdX(] � VqT(TWV?T ) � ]i^ �iV � YjR �iVegdZiXjZicuVqY(V?XWR(' Z�YjRU]i^+)mZ\^dP
YjaSX(bdadkpV?^ � V T � sSV?cuV?T 	:#%�,]&� �7Z
��x_XWRUP�^dVqTWY(RU^dx RpT�Z
�\ZiRUkUZibdkUV�Y(] kU] � Zikpk � Vq^dshZi^ � V X(VqT(]_kpaSYjRp]_^�	
� ^
Y(sdRUT
�,]_X � ) Y(]_g�]_x_XjZ\gds�� ) �_V?xiVqY[Z�YjRU]i^+)�gdX(V � RUgSRpY[Z�YjRU]i^JZ\^dP � ]i^ �iV � YjRU]i^�ghZiX(ZiceV YjVqX(R('?Z\YjRp]_^dT
�,V?X(Vw^d]iY'aST(V?P 	

'7V � ZiadTWV�]\l Y(sdV
�'RUPdV X(Zi^dx_V']il T(ghZ�YjR�Z\kdT � ZikUVqT*Y(shZ\Y"ZiXWV RU^vYjVqXjZ � YjRp^dx0T(RUc�adkpYjZi^dV?]iadT(k ��Rp^
Z YjadXWbdadkUVq^vYD1h]2��Zi^SP YjsSV,PdVqT(RpX(V*Yj]�XWV?TW]_k �iV7ZiTEceZi^��0]ilSY(sd]_T(V"T � ZikUVqT<ZiTEg�]_T(TWRUbdkpV�)&�<� ��YjV?^SPdT
Yj]wb�V�Z � ]_cugdaSYjZ\YjRp]_^hZikpk � V��!g�V?^dTWR �_V�V?^dPSV Z
�_]_X 	 # sdV�kUZiX(xiV?TWY"VqPdPdRUVqT,Rp^uY(sdV b ]_aS^dPhZiX � k�Z
�_VqX
ZiXWVuXWV?T�YjX(R � Y(V?P:Yj]`YjsdV b�]_ad^dPhZ\X��:k�Z
�iV?X0PdV?g!Yjs+)$Zi^dP:YjsdV TWcyZikpkUVqTWY0ZiXWVuZ\Y0YjsdV�"�]_kUcu]_x_]iX(] �
cuR � XW]_T � ZikUV&) �'sdR � s RpTwY � gdR � Zikpk � ]i^ YjsSVy]_XWPdV?Xw]il � cec�	 .�^ �28 7_Zi^rahZiX � );Y(sdVyb�]_ad^dPdZiX��
k�Z
�iV?X*ZiP �iV � YjRU^Sxw]&-mTWsd]_X(V � ZiT"Zib�]_aSY 6 �_� c PSV?V?g 	 �hadXWY(sdV?XWce]_XWV�)iY(sdV T(gSRU^@� adg gdX(] � VqT(T � R 	 V 	,)
YjsSVwxiV?^dVqXjZ\Y(RU]_^ ]ilEYjadXWbdadkUVq^ � V0lnX(]ic4Z sd]_X(R,'?]_^vYjZikUk �ysd]ice]_xiV?^dVq]_adT'RU^dRfYjRUZik � ]_^dPdRfYjRp]_^ !7ZiPSPdT
Yj] Y(sdV � ]_cugdaSYjZ\YjRp]_^hZik � ]_T�Y
	

�h]_X YjsSRUT'TWY(adP � )�RpY
�7ZiT�ZikUTW]uPSV?T(RpXjZibSkUV�Yj]uT(Rpc adk�Z�YjV�Y(sdV TWghZ\Y(R�Zik/T � ZikpV?T ]_bdT(VqX��\ZibdkpV0b �
YjsSVekpRUPhZiX 	 # sdV � � ��shZiT � A c XjZi^dxiVuXWV?TW]_kUaSY(RU]_^ Zi^dP5X(V � ]_XWPdT�PdZ\Y[Z`]_aSY0Yj] XjZ\^dx_V?Tw]il �;?
�rc 	 # sdV0b�V?T�Y�trahZikpRpY � � sdRpx_s`T(RUxi^hZikmY(]u^S]_RUTWVwX(Z\YjRp] !,kpRUPhZiX7PhZ\Y[Z kUZ ���'RpYjsSRU^`ZigdgSX(] �!RUceZ\YjVqk �
YjsSV0odX(TWY 9 �rc ]�- T(sd]_XWV0]_^ �28 7_Zi^rahZiX�� 	
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� PdV?ZikUk ��YjsSV,TWRUc adkUZ\YjRp]_^dT*�,]_adkpP XWV?TW]_k �iV7Zikpk_T � ZikUVqT )�bdaSY$V �iV?^�Y(sdV*ce]_T�YETWY[Z�YjV�� ]il � Y(sdV�� ZiXWY
T(aSg VqX � ]icegda!YjV?XWT'Pd]e^S]iY'cyZ&�iV�YjsdZ\Y g ]_TWT(RpbdkUV 	�� ^ Y(sdRUT%�,]_X4� )hTWRUc aSk�Z\Y(RU]_^dT �7VqX(Vwg VqXWln]_XWceVqP
]_^eZi^ ? � gSX(] � V?TWT(]_X �,' � ce] PdVqk 7 Ai� X(ad^d^SRU^dx�YjsSV�O?� � ]ig VqXjZ\Y(RU^dx0T�� T�YjV?c�	�# sdRpT,T � cecuVqY(X(R �
c adkfYjRpgdX(] � VqT(T(]iX � � � � ! � ]_cegSaSYjVqXyshZiP � � ��' ]il� O � Zi^dP�VqRUx_svY �i�_� � � $?' �$]2�7VqX � � �
9 � 6iV�cuR � XW]_gdXW] � V?T(TW]_X(T 	���R �_Vq^�YjsdRpT�l Z � RUkpRpY � Zi^dPJYjsdV cu] PdV?k � ] PdV��'RfYjs Z � ]_X(V�lnX(ZicuV��,]_X �
YjsdZ\YC�7ZiT � ]_^dT�YjXWa � Y(V?P1gdX(Rp]_X Yj]5YjsdRpTeT�YjadP ��)'RpY � Z\Tyln]_ad^dP�YjshZ�Y Zib�]_aSY 9 	:9 cuRUkUkpRU]_^Hx_X(RpP
g�]_RU^vYjT � ]_adkpP�XWad^ �'RpYjsS]_aSY T4�7ZigdgSRU^dx:Yj]5shZiXWP�PSRUT �HPdadX(Rp^dx:V��!V � aSYjRp]_^�	 � � � PSRUX(V � Y(R �_VqT
�,V?X(V Rp^dTWYjZikUkpV?P RU^
Y(sdV 9 ; �,� � � TW]_adX � V � ]!PdV&)/Zi^dP ceZ .W]_X ghZiX�YjT�]\l*RpY$�,V?XWV X(V��'X(RpYWYjVq^ b �
�&X(]ilnVqT(TW]_X #EX(Rpg ]ikURdTW]wY(shZ\Y,]_^dV'V��!V � aSY[Z\bdkUV��7]_aSkUPuadT(V�ZikUkdVqRUx_svY"gdXW] � V?T(TW]_X(T,T(Rpc adkpYjZi^dVq]_adT(k � 	

# sdVqX(Vqln]iX(V�) �;A c sd]_XWR('?]i^rYjZik"Zi^dP �iV?X�YjR � Zik"x_X(RpP@� TWghZ � Rp^dx �7ZiT adT(VqP Yj]�TWRUc adkUZ\YjV Y(sdV
RU^vY(V?X(^dZik;b�]_ad^dPdZiX�� kUZ
�_V?X 	�# sdV x_XWRUP �7ZiT0T(V Y0RU^�Y(sdV �_V?X�YjR � Zik<TW] YjshZ\Y�YjsdV kp]0�,V?T�Y �_V?kp] � RpY �
g�]_RU^vY"RU^ YjsdV�Z\Yjcu]_TWgdsdV?XWV��7ZiT 8 	 A c�Zib�] �iV Y(sdV�TWadXWl Z � V�)!Zi^eRUPdV?Zik�ZikpY(RpYjaSPdV ln]_X � ]_cughZiXWRUT(]i^
�'RpY(s`PhZ\Y[Z lnXW]_c Y(sdV � � �
= T ��� VqkUV �\Z\Y(RU]_^ �C�
�7T � Zi^ST 	 � � � �7O)� �
� T �7VqX(V ZikUTW] � ]_^STWYjXWa � Y(V?P
TWYjZiXWY(RU^dxeZ\YG8 	 A c O7� �HYj]ul Z � RpkURpYjZ\YjV � ]_cughZiXWRUT(]i^ �'RfYjs ce] PdV?k�]_a!YjgdaSY 	 ��adcuV?XWR � ZikBohkpY(V?XWT
Zi^dP0VqPdP � � RUT � ]_TWRpY ��kpRUcuRpY�YjsdV&V�-mV � Y(R �_V"X(VqT(]_k � RU^dx � ZighZibdRpkURfY ��]\l!Y(sdV*ce] PdV?k�Yj] ZigdgSX(] �!RUceZ\YjVqk �
A Yj] 9 YjRUcuV?T�YjsdV x_XWRUP:T(ghZ � RU^Sx 	 # sdRUT0cuV Zi^ST0Y(shZ\Y0VqPdPdRUVqT0T(ceZikUkpV?X�Y(shZi^ Zib ]iaSYP; � c ZiXWV
^d]iY V?^vY(RUX(Vqk �5V��!gdkpR � RpYjk � T(Rpc adkUZ\YjVqP�	 # sdVyohkfYjV?XWT Zi^SP V?PdP � � RUT � ]_TWRpY �5shZ
�_V`Z k�ZiXWx_V?XwV�- V � Y
]_^ YjsdV T(ceZikUkpV?TWY T � ZikpV?T � � ��� !�Zi^dPJb V � ]_cuV�kpV?TWT�V�- V � YjR �_V ln]iX�kUZiX(x_VqX'T � Z\kUV?T � A � 9���� ! 	7��]iXT � ZikUVqT�x_XWV Z\Y(V?X YjshZi^�Zib ]iaSY ; � c YjsdVwlnV Z\Y(adX(VqT�ZiX(V Zikpce]_T�Y�Vq^vYjRUXWV?k �`X(V?TW]_k �iV?P�	?# sdV TWR('?V ]il
YjsSVwcu] PdV?kBPS]_cyZ\RU^dT aST(V?P �'RUkpkmb�VwPSRUT � adT(TWV?PJRU^`T(V � YjRp]_^ A 	 A 	

$�aS^dPdX(VqPdT�]il�� � � V��!g VqX(RpceVq^rY(T?�,V?XWV�X(aS^�] �_V?X YjsdV T(V �_V?X(Zik �iV ZiXWT�XWV?tradRUXWV?P
Y(] � ]_c �
gdkpVqYjV"YjsdRpT<X(VqT(V?ZiX � s�	C�h]_X$V��SZicugdkUV&)\Y(sdV?XWV%�7VqX(V ceZi^���TWRUc adkUZ\YjRp]_^dT/Yj]�YjV?T�Y&YjsdV7^dV��|RUPdV?ZiT$ln]iX
b�]_ad^dPhZ\X�� � ]_^SPdRpY(RU]_^dT�)<V�- V � Y ]il'^radcuV?XWR � Z\k"ohkfYjVqX(T );x_X(RpP@� TWghZ � Rp^dx );Zi^dP Rp^dRpY(R�Zik � ]_^dPdRfYjRU]i^dT 	
�*Z � suT(RUc�adk�Z\Y(RU]_^ � ZiT"ZiTWT(Rpx_^dV?PuZ�^radc b�V?X*T(]0YjsdZ\Y*ce] PdVqkd]_aSY(gdaSY � ]iadkUP V Z\T(RUk � b�V kURp^ �iVqP Y(]
YjsSV�RU^Sln]_XWcyZ�YjRU]i^ Zib�]_aSY Y(sdV0ce] PdV?kmghZiXjZ\ceV YjV?XWT adT(VqP�Zi^SP`Y(sdV0gdadXWg ]_TWV0]il$Y(sdV�T(Rpc adkUZ\YjRp]_^�	
� ^ YjsdV X(VqcyZiRp^dRU^Sx � shZigSY(V?XWT Z�T(Rpc adk�Z�YjRU]i^��'RUkUk!adT(adZikUk � b V'XWVqlnV?XWX(VqPeYj] �'RfYjseZw^radc b�V?X�)rT(a � s
ZiT�� � � � � 9 � 	
#$ZibdkpV A 	 � kURpTWY(T7YjsdV0V��Sg�V?XWRUcuV?^vYjT
�'RfYjs ]_aSYjgSaSY'adT(VqP
Rp^`Y(sdRUT PSRUT(TWV?X�Y[Z\Y(RU]_^�	

� ��� 
 �E��� �E� � � �
� �
O�kfYjsd]iadx_subhZiT(VqP ]_^eY(sdV
��Z
�!RpV?X � � Y(] �iVqT7V?trahZ�YjRU]i^dT ) kUR,�iV�ZikUkh]iY(sdV?X � � � T )!Y(sdV ceV Yjsd] P

RU^ �'sdR � s/9�; � � � ��TW]_k �iV?T�YjsSV V?trahZ\Y(RU]_^ST�RUT�tradRfYjV PdR3-mVqX(Vq^rY 	 # sdV ce] PdVqk$ln]_XWc adk�Z�YjRU]i^JRpT
gdXWV?T(Vq^vYjV?P:Rp^JYjsSV�O�gSg Vq^dPdR3� 	$.�YjsdVqX�PdR3-mVqX(V?^ � V?T�) �'sdVq^ � ]_cughZiXWV?P
Y(]y]iY(sdV?X�g ]igdadk�Z\X?� � �
� ] PdVqT )hRU^ � kUaSPdV �

� 	 # sdV�ln]iX(c adkUZ\YjRp]_^�RUT trahZiTWR3� � ]_cugdX(VqT(TWRUbdkpV
XjZ�YjsdVqX YjshZi^1Z\^dV?kUZiTWY(R � Z\T RU^�ceZi^�� � � �
� ]!PdVqT 	 '7Vq^ � sdceZiX � � ]_cughZiX(RpT(]_^ST Pd]:T(sd]2�4Y(shZ\Y YjsSV?X(V � Zi^|b�V`T(adbSTWY[Z\^rY(R�Zik PSR,- V?X �
Vq^ � VqT � � Y(XjZ���Z�VqYuZ\k 	3) � ;A; 8 !wX(VqT(adkfYjRp^dx
lnX(]ic Y(sdV`Zi^dVqk�ZiT�YjR � ZigdgdXW] �SRpcyZ�YjRU]i^�	�# sdVqT(V
PdR3-mVqX(Vq^ � VqT�Z\X(V�cu]_TWY'Z\gdghZiXWV?^vY RU^ X(Vqx_RU]i^dT ]ilETWY(X(]_^dxuZ � � VqkUV?X(Z\YjRp]_^ �'sdVqX(V�YjsdV0Vqk�ZiT�YjR �
ln]_XWc adkUZ\YjRp]_^yRpT kUV?TWT'X(V?T�YjXWR � Y(R �iV Z\^dPJgSkUadcuV?T Y(V?^dP`Yj] b�Vwcu]_XWV�g Vq^dVqY(XjZ\Y(R �_V 	

� 	'O '7]_aST(T(Rp^dV?TWt ZigdgdXW] �SRpcyZ�YjRU]i^ RUT&^d]iY"ceZiPdV ln]_X&T � ZikUZibdRUkpRpY � gdadXWg ]_TWV?T 	
# sdRUT*shZiT*kpRpY(Y(kUV
V�-mV � Y ]_^`YjsdV:� � �`T � ZikpV 	
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�;?!� � �,'%�B�'RfYjs`X(VqTWY(]_X(Rp^dx '?]_^dVqT ) �SZiPS]_adX(^SV �
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)h^d]uX(VqTWYj]iX(RU^Sx 'q]_^dVqT ) ��"� 
�
� 	 � A

�_�i� � �,'%�
)h^d]uX(VqTWYj]iX(RU^Sx 'q]_^dVqT ) ��"� 
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�_�&8 � �,'%�
)h^d]uX(VqTWYj]iX(RU^Sx 'q]_^dVqT ) ��"� 
�
� 	 �_�

� Ai� 9�g>�'Rp^dP ln]iX � � 9 � )dVq^dTWY(X(]_gds�� � ]i^dT(VqX�� RU^dx ) ��"- �
� 	 �BA

� 9 � � �,'%�B�'RfYjs`X(V � � � kpV?X�)�Vq^dTWY(X(]_gSs � � ]_^dTWV?X�� Rp^dx ) ��"� �
� 	 �BA

� 9 8 9�g>�'Rp^dP ln]iX � � 9�6 )dVq^dTWY(X(]_gds�� ^d]_^6� � ]i^dT(VqX�� RU^dx ) ��"- �
� 	 �BA

� 9 6 � �,'%�B�'RfYjs`X(V � � � kpV?X�)�Vq^dTWY(X(]_gSs �`^S]_^@� � ]_^dTWV?X�� Rp^dx ) ��"� �
� 	 �BA

� 9�9 9�g>�'Rp^dP ln]iX � � 9N8@)dVq^dTWY(X(]_gds�� ^d]_^6� � ]i^dT(VqX�� RU^dx ) ��"- �
� 	 � A

� 9A8 � �,'%�B�'RfYjs`X(V � � � kpV?X�)�Vq^dTWY(X(]_gSs �`^S]_^@� � ]_^dTWV?X�� Rp^dx ) ��"� �
� 	 � A

� 9�; �SZicuV0ZiT � � 9A9 V�� � V?gSY�ce] � RU^SxuxiX(RUP� 8K6 � �,'%�
)��7]_^vYjRp^rahZ\YjRp]_^`]il � � 9 � �'RpYjs 1ha6� ]_aSYjgSaSY
#;ZibSkUV A 	 �

�
�/RUT�Y']il;TWRUc aSk�Z\Y(RU]_^dT7gdX(VqT(V?^vY(V?P�	

8 	 # sdV � TWY�kUZ � ]il&YjsdVqX(cu]!P �!^dZiceR � T�adT(VqP RUT�bhZ\T(V?P ]i^
YjsdV � ]_^dTWV?X �iZ�YjRU]i^ ]il*ce]iRUTWY�V?^6�
Y(X(]_g�� ) � #EX(Rpg ]ikUR<Z\^dP �7]\Y(Yj]i^+) � ; ?S� ! 	 O�T Z X(V?TWadkpY ) � ]_^dPSV?^dT(Z\YjRp]_^HRpT�RUcugdkUR � RpY Yj]`YjsSV
T �!T�YjVqc Zi^dP`^d] ln]_XWcyZik TjZ\Y(adXjZ�YjRU]i^ ZiP/.WadT�YjcuV?^vY�ZigdgdXW] �SRpcyZ�YjRU]i^yRUT ^SV � VqT(T(ZiX�� ZiT RfY RpT
Rp^ ]\YjsdVqX ce] PdV?kpT 	

6 	'O od^dRpY(V PdR,- V?XWV?^ � V T � sdVqceV RpT�adTWV?P ln]_X�Y(sdV � Z\k � aSk�Z\Y(RU]_^J]il"ZiP �iV � Y(RU]_^5Zi^SP gdX(VqT(T(aSX(V
x_X(ZiPdRpV?^vY0Z � � V?kpV?X(Z\YjRp]_^�	 # sdRpT�RUT�PSR,- V?X(Vq^vY�lnX(]_c � � � � ]!PSV?T�YjsdZ\Y�V?cugdkp] �Jsd]_XWR('q]_^vY[Zik
TWg V � YjX(Zik�YjV � sd^dRpt aSV?T � �J] V?^dx ) � ; ? 6>! 	 O�kfYjsd]iadx_s1RU^SlnVqX(Rp]_XeY(]|TWg V � YjX(Zik�YjV � sd^dRpt aSV?T
Rp^ Z � � adXjZ � � ) oh^dRfYjV�PdR3-mVqX(Vq^ � V�Y(V � sd^dRptradV?T ZikpkU]2�4ln]_XyY(sdV�adTWV ]il ZiX(bSRpYjX(ZiX���kUZ\YjVqXjZik
b�]_ad^dPdZiX�� � ]_^dPdRfYjRU]i^dT�^dV � V?T(T(ZiX�� ln]_X/YjsdRpT$T�YjadP � 	�� ^�ZiPdPdRfYjRU]i^+)+RpYEcyZ&�iV?T$T(]_cuV*T(Vq^dT(V7Y(]
Y(X(V Z�Y'sd]_X(R,'?]_^vYjZik/Zi^dP �_VqXWY(R � Z\k�ZiP �_V � Y(RU]_^dT'Rp^`Y(sdV0TjZicuV � Z
� ^radcuV?XWR � ZikUk � )SVqT(g�V � R�Zikpk �
]_^uYjsdV$� � �uT � Z\kUV?�'sSV?X(V�ce]iY(RU]_^ST,Z\X(V ce]_XWV Y(sdX(VqV�� PdRUcuV?^dTWRU]_^dZikhYjshZi^eRU^ex_V?]_T�YjXW]_gdsdR �
1h]2�'T 	

A 	'O�P �_V � YjRp]_^ ]il �'RU^dP RUT0shZi^dPSkUV?PHadT(Rp^dx
VqRpYjsSV?Xw]il7Y��,] � ^dPH]_X(PdVqX � V?^vYjVqX(VqP@� Rp^@� TWghZ � V��
Zi^SP@� Y(RUcuV�YjV � sd^dRUtradVqT�Rp^ � kpadPdRp^dx �

� Z !�� ]!PdRfohV?P � O�XjZ&�\Z �7ZeZ\^dP �EZ\c b+) � ; ?S� ! � ^SP ]iX(PdVqX Vq^dTWY(X(]_gSs � � ]_^dTWV?X �!Rp^dx ln]_X(c
Z\gdgdkURpV?P Yj] �i]_XWY(R � RfY � � ]_ceg�]_^dVq^vYjT'RU^ ZikpkmYjsdXWV?V0PdRpceVq^dT(Rp]_^dT 	

� b ! � ^dPJ]iX(PdVqX �i]_XWY(R � RpY � � ]_^dTWV?X�� Rp^dxuln]iX(c�	
� � ! � ^dP ]_XWPdV?X<1ha@� � � ]_^dT(VqX��\Z\Y(R �_V �7X(]2�'kUV � � ln]_X � ZiXWP adg@� �'RU^dPSRU^dx'YjV � sd^dRUtradV !$RUTEadTWV?P

ln]iX T � ZikUZiX trahZi^vY(RpYjRpV?T 	
9 	'O T(RpcegdkpV�YjadXWbdadkpV?^ � V � 	 A kUV �iV?k � kp]_T(aSX(VwPdV?T � X(Rpb VqP
b�� #$XWRUg�]_kUR � �i�_�!� ! Zi^dPJ]_X(Rpx_RU^hZ\kUk �
bhZ\T(V?P ]_^  VqPdV?kpT(g�V?XWx_V?X Zi^dP �!]_cucuV?X(RUZ � � ; ?v� !yRpT V?cugdkU] �_VqP�	 9�^dkpR(�\V ceVqT(]_T � ZikpV
cu]!PSV?kUT�)�Y(sdV,Y(adX(bSadkUVq^ � V,kUV �iV?kpT<ZiXWV,bhZ\T(V?P ]i^ YjsSV,lnadkpkrY(sdX(VqV7PdRpceVq^dT(Rp]_^hZikvPSVqln]_XWcyZ\Y(RU]_^
ohVqkUPdT 	 # sdRUT0RpT�T(RUcuRUkUZiX'Yj] YjsdV TWRUcugdkUV � kU]_TWadX(VqT0adT(VqP b��:]iY(sdV?X � � �:cu] PdV?kpT�V�� � VqgSY
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Y(shZ\Y�RpYBRU^ � kUadPdVqT/YjsdV*g�]_T(TWRUbdRpkURpY � ]il!adTWRU^dx'PdR3-mVqX(V?^vYEkUV �_VqkUT�]il YjadXWbdadkUVq^ � V*Rp^�YjsdV �_VqXWY(R � Z\k
� ]_cegdZiX(VqP Y(] sS]_X(R,'?]_^vY[Z\k �'sdV?^uYjsdV'XWV?T(]ikUaSY(RU]_^dT&PSR,- V?X 	 �!RU^ � V YjsdVqT(V T(Rpc adk�Z�YjRU]i^dT<adTWV?P
Vqt adZik7x_XWRUP@� T(ghZ � RU^Sx�RU^ V?Z � s�PdRUXWV � YjRU]i^+)<]_adX YjadXWbdadkUVq^ � V �7ZiT TWRUcuRUk�Z\X�Yj] ]iY(sdV?X � � �
� ]!PdVqT 	

8 	 # sdV kUZiX(xiV�� T � ZikpV�gdXWV?T(TWadX(V:x_X(ZiPdRpV?^vY RUT XWV?gdXWV?TWV?^vYjVqP b���YjsSV ceV Yjsd] P PdV?T � XWRUb�V?P b �
#EX(Rpg ]_kpR*Zi^dP �7]\Y(Yj]i^ � � ; ?!� ! �'sSV?X(Vqb���Z
x_Vq]_TWY(X(]_gSsdR � �_V?kp] � RpY �5RUT T(g�V � RpohVqP�Zi^dPHY(sdV
gdXWV?TWT(adXWV x_XjZiPSRUV?^vY Z � � V?kUVqXjZ\Y(RU]_^�ZiT(TW] � R�Z\Y(V?P �'RpY(s�YjsdZ\Y �iV?kU] � RfY ��RpTyPdV YjVqX(cuRU^dVqP b �
Y(sdV gdXWV?T(TWadX(V x_X(ZiPdRpV?^vY�Z � � VqkUV?X(Z\YjRp]_^
Y(shZ\Y�bhZ\k�Zi^ � V?T�Y(shZ\Y �iV?kp] � RpY � 	 � ^ Pd]iRU^dx TW] )mY(sdV
XWV ZiTW]_^hZibdkpV`ZiT(TWadcugSYjRp]_^�RUT ceZiPdV Y(]5^SV?x_kpV � Y Y(sdV`sd]_XWR('?]i^rYjZik,Y(sdV?XWcyZ\k x_XjZ\PdRUVq^rY(T ]il
Y(sdVyT �!^S]_gSYjR � T � ZikpVC1h]2�'T�Y(shZ\Y�ZiX(VyZiT(TW] � R�Z\Y(V?PF�'RfYjs Y(sdVycuV Z\^ x_V?]iTWYjXW]_gdsdR � �'Rp^dPdT 	
.�l � ]_adXWT(V&)�X(VqYjZiRU^SRU^dx Y(sdV:ceV?Zi^ Y(sdV?XWcyZ\k�x_XjZ\PdRUVq^rY(T �7]_aSkUP b V:RU^ � ]_^dTWRUT�YjV?^vY �'RpY(s
Y(sdV RUcug ]iT(RpY(RU]_^ ]il,g VqX(Rp]!PdR � � ]_^dPdRfYjRU]i^dT )/Z\^ � �7Z
� )$Zi^dP:RUT�RpcegSkUR � RpY'Yj]`Z\kUk;kUZiX(xiV�� VqPdP �
cu]!PSV?kUT 	%# sdV x_V?]_T�YjXW]_gdsdR � �iV?kU] � RfY � RUT'PdVqY(V?XWceRp^dV?P
lnXW]_c4YjsSV ]_bST(V?X �_VqP5TW]_ad^dPSRU^dxeb �
V��!Y(XjZig�]_kUZ\YjRp^dx�Y(sdV kURp^dV ZiX$YjX(Vq^dPdT&]il �'RU^SPdT*Zib�] �iV YjsdV b�]_ad^SPhZiX���k�Z
�_VqX<Yj]�YjsSV T(adX�l Z � V 	
O�T Z`X(VqT(adkfY )Eb ]\Yjs:YjsdVu]_bdTWV?X��iV?P b�]_ad^SPhZiX��:kUZ
�_V?X �'Rp^dP Zi^SP5Y(sdVexiV?]_T�YjX(]igdsdR � �'Rp^dP
c aSTWY'b�VwTWg V � RfohV?PJRU^dRfYjR�Z\kUk � 	
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�_VqX51ha@�!V?T ZiXWV bhZiTWV?P5]_^ YjsdV �/]_adRpT � � ;N8�;>!�T � sdV?cuV 	 # sSRUT�RUT�T(RUcuRUkUZiX
Y(] ]iYjsSV?X � � � � ] PdV?T�V�� � V?g!Y�ln]_X�Y(sdV��7Z �
RpY�RUT�Z\gdgdkURpV?P�	$# sdV �/]_adRUT�T � sdVqceV RpT�adTWV?P
Y(]uPSV?X(R �_VwZ kU] � Zikpk �uPdV oh^dV?PJT(adX�l Z � VwcuR3�!RU^dx � ]_^dT�Y[Zi^vY�RU^ Y(sdV�ln]_X(c �
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# sdV ln]_XWc adk�Z RpT0Y(sdV?^ T(]_k �_VqPHRUcugdkpR � RfYjk �`sd]_kUPSRU^dx YjsSVeTWadXWl Z � VetrahZ\^rY(RpY �5Zi^SPHcuR3�!RU^dx
� ]_^dTWYjZi^vY&o �!V?Pu] �_V?X<Y(sdV YjRpceV,TWY(V?guXjZ\Y(sdV?X;Y(shZi^ YjsSV%1ha@� 	�� ^ YjsdRpT;ln]_XWc �,V � Zi^ Rp^dT(adXWV
Y(shZ\Y&YjsSV%1ha@� T�Y[Z
� T,Pd]2�'^@� x_XjZ\PdRUVq^rY*XWV?xvZ\X(PdkpV?T(T&]\l Y(sdV YjRpceVqTWYjVqg�	<O XW]_adx_sd^SV?T(T*kpV?^dxiY(s
]il � 	 � c � Z\T aST(V?PJ] �_V?X k�Z\^dP`Zi^dP � 	 �_�_�S� c ] �iV?X � Z\Y(V?X 	
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YjsSV x_X(RpP g ]_Rp^vYjT*Z\Y<Y(sdV'V?PdxiV?T*]il Z�ce] PdV?kSPd]_ceZiRU^ Rp^ ]_X(PSV?X<Yj]�oh^SP Y(sdV'T(]_kpaSYjRp]_^ ]_^ Y(sdV'x_X(RpP
g�]_RU^vYjTwb�VqY��,V?V?^ Y(sdV?c�	 � ^HY(sdVeY��,]�k�Z�YjV?X(Zik � sS]_X(R,'?]_^vY[Z\k !�PdRpX(V � YjRp]_^dT )EYjsdVeV ZiTWRUVqTWY ceV Yjsd] P
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(B) w in m/s at 3.2 hours, 75 m AGL
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(C) w in m/s at 3.2 hours, 825 m AGL
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(D) w in m/s at 3.2 hours, 1675 m AGL

0 2 4

0

1

2

3

4

5

�;Rpx_adX(V A 	 8
�
� VqXWYjR � Zik �_VqkU] � RpY � RU^ c � T<]i^ sd]_X(R,'?]_^vYjZikSTWkUR � V?T;lnXW]_c Y(sdV k�Z\X(x_V�� V?PSP ��TWRUc aSk�Z\Y(RU]_^

]il0Z � ]_^��_V � Y(R �_V b�]_ad^SPhZiX���kUZ �iV?X 	 � O5!uZ�Y 8 8:ceRp^ a!YjV?TyZ\l�YjVqXeRp^dRpY(R�ZikpR('?Z\YjRp]_^HceZi^���T(ceZikUk
� ]i^ �iV � YjR �iV � V?kpkUT�ln]_XWc � 8 A c O7� �<! 	 � '
! �!ZiceV ZikpY(RpYjaSPdV ZiT�O V�� � V?g!Y�Z�Y 8 	 � sd]_adXWT0Z\l�YjVqX
RU^SRpYjRUZikUR,' Z\Y(RU]_^��'sdV?^ Y(sdV � V?kUkpT$sdZ �iV b�V � ]iceV,c a � s k�Z\X(x_VqX$Z\^dP TWY(V ZiP �>� TWY[Z�YjV 	 � �
! �!ZiceV*YjRpceV
ZiT�' V�� � V?g!Y�ln]_X�Zi^:ZikfYjRfYjadPdVwRU^JYjsdV cuRUPSPdkUVw]il*YjsdV�b ]_aS^dPhZiX �
kUZ �iV?X 	 $ V?XWV YjsdV ]iaSYjkpRU^dVw]il
YjsSV � ]i^ �iV � YjR �iV � V?kpkUT � Zi^yTWYjRpkUk�b�V�T(VqV?^�	 � � ! �SZicuV'YjRUcuV�ZiT�'�Z\^dP���V�� � VqgSY Z\Y7Zi^ ZikfYjRfYjadPdV
RU^ Y(sdV�Vq^rY(XjZiRp^dcuV?^vY '?]_^SV5�'sdV?XWV�]_^dk �uYjsSV�ce]_T�Y V?^SV?X(xiVqYjR � gdkpadceVqT � Z\^ g�V?^SVqYjX(Z\YjV�Rp^vYj] YjsSV
� Z\gdgdRU^SxuRp^��_V?XWT(Rp]_^�	



? 6

−1

0 

1 

2 

3 

horizontal distance (km)

al
tit

ud
e 

(k
m

)

(A) w in m/s at 37 minutes 

0 1 2 3 4 5
0

0.5

1

1.5

2

2.5

−1

0 

1 

2 

3 

horizontal distance (km)

al
tit

ud
e 

(k
m

)

(B) w in m/s 3.2 hours 

0 1 2 3 4 5
0

0.5

1

1.5

2

2.5

�;Rpx_adX(V A 	76
�
#E]_g`ghZi^dVqk

�
�iV?XWY(R � Zik �iV?kU] � RfY �y]i^ �_V?X�YjR � ZikBTWkUR � V�Z�Y 8 8�cuRU^raSYjVqT Z\l�Y(V?X Rp^dRpY(R�ZikpR(' Z0�

YjRp]_^�	 ',]iY(Y(]_c
�
TjZicuVwZiT Yj]_g`V�� � V?gSY�Z\Y 8 	 � sS]_adX(T Z\l�Y(V?X Rp^dRpY(R�ZikpR(' Z�YjRU]i^�	

RU^ YjsdV � ZigdgdRp^dx�Rp^ �iV?XWT(RU]i^�	D# sdV sSV Z\Y�1da@� gSX(]iohkpV7PdV � XWV ZiTWV?T*kURp^dV ZiXWk ��lnXW]_c RpY = T<TWadXWl Z � V �\ZikUaSV
]il � 	 � 9�" c T �

� Y(] Z`TWkURpx_svYjk �J^dVqxvZ\YjR �_V �\ZikUaSV RU^ YjsSVuVq^vYjXjZ\RU^dcuV?^vY '?]i^dV 	 '7]\Yjs5]il*YjsdVqT(V
gdkp]iYjT � ohx_T 	 A 	 A O�Zi^dP '
!�cyZ\Y � s Yjsd]iT(V � ]_^dTWY(X(a � YjVqP lnXW]_c ]_bdTWV?X��\Z\Y(RU]_^ST<]il�ceZi^�� � ]_^��_V � YjR �_V
b�]_ad^dPhZ\X�� kUZ �iV?XWT � � YjaSkUk ) � ; ? ? ! 	

# sdV Z �!V?Tu]il YjsdV`gdkp]iYjT Rp^�ghZi^dVqkUT �9Y(sdX(]iadx_s � Rp^ �;RUx 	 A 	 A Z\X(V`T � ZikUVqP|Z � � ]iX(PdRp^dx
Yj]:cuR3�!V?P6� k�Z
�iV?X T(RpceRpk�ZiXWRpY �:YjsSV?]_X � � ��V?ZiX(Pd]iX4-�) � ;A8 � � ��V?ZiX(Pd]iX4-�) � ; ?_� ! 	 # sSV Y��,] cu]_T�Y
RUcug�]_XWYjZi^vY T � ZikUVqTyRU^�Z5b ]_aS^dPhZiX ��k�Z
�_VqXuRp^�Z5TWYjZ\YjV ]il�lnXWV?V � ]_^��iV � Y(RU]_^�ZiX(V`YjsSV
ZikfYjRfYjadPdV
]il&Y(sdV�T�Y[ZibdkpV�Rp^ �iV?XWT(RU]i^��'sdR � s � ZigdT�Y(sdV � ]_^��_V � YjR �_V k�Z
�_VqX � 
 � !�Zi^SP
YjsdV�bdad] �vZi^ � � 1da@� Z�Y
YjsSV�T(adX�l Z � V � � � ( � (� ! '�� 	
# sdV � ]_^��iV � Y(R �iV��iV?kU] � RfY � T � ZikpV � � �

! � ]_c bdRp^dV?T bSad] �vZi^ � � 1ha@� Z\^dP
RU^��iV?X(TWRU]_^`sdVqRUx_svY'Yj] ln]_XWc4Zi^ RUcug�]_XWYjZi^vY T � ZikURp^dx �\ZiX(RUZibdkUV �

�
�

����� 
 �� � � � ( � (� ! '	�
� ���

�
� A 	:6>!

�;Rpx 	 A 	 A ��T(sd]2�'T*YjsdV ^S]_X(ceZikUR,'?VqP
�iZ\X(R�Z\^ � V ]il �iV?XWY(R � Zik �_VqkU] � RpY � � �5!;ZiT"Z�lnad^ � Y(RU]_^ ]il�T � ZikpV?P
ZikfYjRpY(adPdV 	D# sdV � �\ZiX(RUZi^ � V�gdX(]\ohkUV�cyZ\Y � sdV?T,YjshZ\Y7]il/YjsSV�]iYjsSV?X � ]!PdVqT Zi^dP`Z\RUX � XjZ\l�Y,]_bdTWV?X �iZ0�
YjRp]_^dT � ��Vq^dT � sS]0� V Y Zik 	3) � ; ?_� ! 	

�;Rpx 	 A 	 A ZikUTW]HTWsd]2�'T �_VqXWYjR � Zik�gdX(]\ohkUVqTy]il�Y(sdVJY(sdRUXWP@� cu]_cuV?^vY � � !uZi^dP�^d]iX(ceZikUR,'?V?P
YjsSRUX(P6� cu]_ceVq^vY � T �iV��'^dV?TWT ) � !7]il �_V?X�YjR � Zik �iV?kp] � RpY � 	D# sdV?TWV gdXW]iohkpV?T ZikpT(] ceZ\Y � s Y(sd]_TWV�lnX(]_c
]iY(sdV?X � ]!PdVqT`Zi^dP ZiXWV � ]_^dTWRUT�YjV?^vY �'RpY(s�YjsdV ]ibdT(VqX��\Z\YjRp]_^ YjshZ�Y ^hZiXWX(]2� aSg PdX(Z\l�YjT � ]_^vY[ZiRp^
TWY(X(]_^Sx_V?X �_VqkU] � RfYjRUVqT5�'sdRUkpV�YjsSVebdXW]vZiP5ZiXWV ZiT0RU^:b�VqY��,V?Vq^HYjsdVqc � ]_^vYjZiRU^:cu]_X(V x_Vq^vYjkUV � ]_c �
g�V?^dT(Z\YjRp^dx TWRU^ �rRp^dx cu]iY(RU]_^�	<# sdV$9�; �,� � �usdZiT Ai��� sdRUxisdV?X&YjsSRUX(Pucu]_ceVq^vY,Rp^uY(sdV�cuRUPSPdkUV
]il'YjsSV ��' � � ]iceghZ\X(V?P�Y(]:Y(sdV`]iYjsSV?X cu]!PdVqk7XWV?T(aSkpYjT 	��;RUx 	 A 	 A �QT(sS]0�'T �iV?XWY(R � Zik gdX(]\ohkUVqT
]il �\ZiXWR�Zi^ � V�]\l<YjsdV�sd]_X(R,'?]_^vYjZik � ]_cug ]i^dV?^vYjT � � Zi^dP �@! 	?# sdVqT(V � adX��iV?T0ZiXWV ZigdgSX(] �!RUceZ\YjVqk �
� ]i^dTWYjZi^vY,Y(sdX(]_aSx_seY(sdV�cuR3�!VqPyk�Z
�iV?X �'RpYjsukU] � Z\khcyZ �!Rpc adc ^SV ZiX*YjsdV�V?^vYjX(ZiRU^SceVq^rY 'q]_^dV�Z\^dP



?BA

300 302 304 306

0

500

1000

1500

2000

2500

Mean Potential Temperature (K)

A
lti

tu
de

 (
m

 a
bo

ve
 s

ur
fa

ce
)

LES#47: 10 < t/t* < 11

-0.02 0 0.02 0.04 0.06

0

500

1000

1500

2000

2500

Mean Sensible Heat Flux ( K m s -1 )

A
lti

tu
de

 (
m

 a
bo

ve
 s

ur
fa

ce
)

LES#47: 10 < t/t* < 11

Resolved
SGS     
Total   

0 0.2 0.4 0.6 0.8

0

0.5

1

1.5

s
w
2  / w

*
2 

z 
/ z

i

w VARIANCE / w *
2  ( from 10 < t / t * < 11 )

UW-NMS LES47        

Mason               

Moeng               

Nieuwstadt          

Schumann            

Lenschow et al. 1980

0 0.1 0.2

0

0.5

1

1.5

< w 3 > / w
*
3

z 
/ z

i

w 3rd moment ( from 10 < t / t * < 11 )

UW-NMS LES47
Mason       
Moeng       
Nieuwstadt  
Schumann    

-1 0 1 2 3

0

0.5

1

1.5

< w 3
 > / < w

2
 >

3/2

z 
/ z

i

w skewness ( from 10 < t / t * < 11 )

UW-NMS LES47
Mason       
Moeng       
Nieuwstadt  
Schumann    

0 0.1 0.2 0.3 0.4 0.5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

s u
2 / w

*

2
 

z 
/ z

i

*
VARIANCE / w 2  ( from 10 < t / t *  < 11 )

UW-NMS LES47
Mason       
Moeng       
Nieuwstadt  
Schumann    

� �

� � �

���	��

��������������
����


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

�
�-!'�&./�0./*1#/�	!��	!�

2
�3*,��./46587:9;./*<#+=
.��>�&?�./�@!'#/�&�BA
=
.�4C.������
��./

 EDEFG5H�JILKHM0��#/�ONP./!'���Q!'�R#%�
!'��4CNP���'#S!'

�>�/T�FUK:9J���
 >�&�
�	�)=
��#%!�VW
�XYT
DUK<Z����>!'�	�[#/�
Z����&.J���B!\ALZ/#%���R#%�
���%T�]^K_!'=
�	��2`4C.�4C���Q!�./*
Z����>!��&�[#%�JZ/���&.J���B!\A�T/7:K8 �a%��bc�
�� � H./*
Z/���>!��&��#/�JZ/���	.����	!\A�T
#/�
2d�<KEZ/#%���R#%�
���e./*<=
./���&?�.��Q!$#/�fZ/���&.J���B!'�	�� ��Gg\�dhW��

�>�� 3D�ij�k�>�� >

�	!� )*,��./46./!'=
���(587�90��.�2
�� 
#/�>�e >=
.lbc�;*,./�m��.�4CNW#/���	 �.��n�



���

0 5 10 15 20 25
0

500

1000

1500

2000

2500

LES#47: VERTICAL SENSIBLE HEAT FLUX ( K m s−1 )

t/t* (where t*=1096s)

A
lti

tu
de

 (
m

)

−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

���	��

���)��� � �1M0�[#/�  ����
 ��	�
�&�m=
�[#S!:VW
JXO#% �*,

����!'�	.�� .%*n!'�	4 �c#%�
2O#/�B!'�B!'

2
�U*,.��<!�=
�)��.��QZ�����!'�BZ��
�P.�

�
2W#%�>A �&#lA/���U >�&4 

�&#%!'�	.��_�
�&� !�=
�^ �

�"* #/���^�R#[A/����T
bc=������e �=��[#/�c�& E!�=
�^ >!���.��
�/�� >!��

FG���[#/

 >�(=
��#%!��& H�P���&���`#/2�2
��2C!'.^!'=
�m4 .J2
��� #%!:#e��.��
 >!'#/�Q!G��#%!'�%TJ!�=
�m�Y.�
��
2W#/�"A+�R#[A����
�P����./4 �� `2
����NP��� bc�	!�= !��&4C�/�0���&�
����� �  >=
.lbc 4 ��#/�  >���
 >�&�
�	�O=
�[#S!`VW
�X #/ # *,

�
�-!'�&./� ./*
!'�	4 �+#%�
2 #/�B!'�	!�

2
�%� �U=
�	 ehW�/

���  �=
.lbc `!�=
�  �#/4C�CZ%#/�>�R#/�
�	�+#/ ` >=
.lbc� �&� !'=�� ���	��=Q!eNW#/�
���
./*chW�
�1�����/F �-X�����N�!C=
���>� �	! �	 2
�& >N
�R#[A/��2 #/ # *,

�
�-!'�	.�� ./*c!'�	4 �%� �U=�� 2W#/��a �
�&
��O�W#/�
2nT
����N
���� ����@!��&�
�  ��	�&��=Q!'�BA �
���Q#%!��	Z�� =
��#%!+VW
�XYTE�	 +!�=
� ���Q!'��#/�&��4 ���@!C?�.��
�0#/�
2 !'=
�;4 �	�
�&4`

4
Z%#/�&
��L�&�;#/�QA Z����>!'�	�[#/�fN���./hW�	�^�& c#+��.�.J2 4 ��#/ �
����^./*1�P.�

��2W#/�>AO�R#[A����m2���N�!�=_�E���	�
�W�J� � !'���&�& 


 L!'=
#%![T8#%* !����L!'=��C�	�
�	!��R#/�8.lZ����� >=
.�.%![T8!'=
�+�P.�

�
2W#%�>A �&#lA/���L�	 ^#/�Y./
�!�� ����� 4 2�����N #/�
2 �	!
���>. bc U!�.���� ����� 4 �QA	� � !�
 !

�

�
�).%!'�3!'=
#%!c!'=
�	 UN
�&./!c��.��Q!$#/�	�
 U2W#%!'# .�
�!c!'.+.lZ��������`!�
S!
�

�
�U=
���m�&��
@bc "!$#/2�!3 ��	4 

�&#%!'�	.��  �=
.lb:��2 !'=W#S!(!'=������ i��3M 9;�[#/�  >�&4 
��R#%!��`#C=
.�4C.����-i

�
��.�

 ^DEFE5 #/ mbG���&�1#% 3#/�QA0./!'=
���L587�9d��.J2
�/�3g !(N
��.J2


����2 !�

���

��&�������  "!$#%!��& >!��&�� �Tn�����	�&
W#/�
��./�@Z/���-!'�&./�ONW#%!>!'���>�
 �T�#/�
2 !���4CNY./�'#/� �P.�

�
2W#%�>AC�R#[A����G���>.lbU!'=O��#%!'�� :!'=
#%!E#%���(�	� #%��������4C���Q!
bc�	!�=d�>�� �
��	!' m*,��.�46.%!'=
���(587�9� 3#%�
2 .��
 >���"Z/#S!'�&./�
 ��cg !(#/�& >.  �=�. b:��2 !�=W#%!(#/� #%����
�4 

�R#S!'�&./�
./*YNY.%!'���Q!��R#/�W���
���>�/A+�
�[#%��!�=
�c �

�"* #/���%TJbc=
�	�$= .J����

�� �2


�>�&�
�e �N
�	��i\
�N_T@�[#/

 >�� G#/� .lZ/���� >=
.J./!
./* Z����>!'�	�[#/�f >���
 >�&�
�	�L=
�[#S!mV

�X;�&�O!�=
�^�Y�����&�
���&�
�+./* !'=
�^ >�&4 

�&#%!'�	.��_�
����� �������
 �"!$# �

g\�Q!'�����W#/�J�P.�

�
2W#%�>A^�R#[A/���� �% gjFE5f 'K8b:�����G.��
 ����>Z/��2 .��� ���Z/����#/��2W#S!'�� �2


�>�&�
�)58#/a/� i\g"DE7'&
=
.lb:��Z�����T:.��
�	A(�*)	+�#%�J

#/�>A bE#/ +�$=
./ ���� *,.��� ��&4`

�R#%!��&.�� �Y���[#/
� �� !'=
� bG��#/a@�	A ��.��QZ�����!'�BZ��
�P.�

�
2W#%�>A �R#[A����O

NQbc�&��2 ./*L!'=�� �R#/a%�0bG#/ O�	�&4C�	!'��2 !'.-, �.� i\4 2
��N�!'= #%�
2 !'=��0/3gj5 2W#%!'#
.���!'#/�&����2 bE#/ e./*G�-X������&�&���Q!21@
W#/�	�	!\A #/�
2 ��.��Q!$#/�	�
��24353<g^#/�
24687mg3 ���#/�
 ��O71X������&�	���Q!23
3<g
 ���#/�
 3b:���>� #%�& �. ��.��	�&���-!'��2 .��9� � +�#/�@
W#/�"A:&f=
.lbG�-Z�����T !�=
� �P.�

�
2W#%�>A0�R#[A����L

NQbc�&�
2 ./*<!�=
�
�R#%a/�EbG#/ 8�-i\a@4 2
����N_TJ#/�
2nT@!�=@

 �T@!'=
�c2
./4 #/�	�  ��	?��m#/�
2C�@

4 �P���H./*Y�����	2�i\NP.��&�Q!� 1���;1J
��&����2C*,./�
 ��	4 

�&#%!'�	.�� #%!�� �li\4  >NW#/���&�
� bE#% ^!�.�. �&#/����� *,./�3!'=
�+��./4 N

�!'���^�>�� �./

������ �#lZ%#/�	�R#/���&�/�`�U=
�


NQbc�&��2 �P.�

��2W#/�>A �R#[A���� .��<���=+�#/�@
W#%�>A bG#/ �	�� � !�=W#/�9, �.� 4 2
����N #/�
2 #/�	 �. N
�>�� ����Q!' 
#/�
.%!'=
���0��#/ �� *,.�� !'=
� ��./4 NW#%���& >.�� ./* �	�&2W#/� 2
#%!$# bc�	!�=  ��	4 

�&#%!'�	.��
 >&^=
.lb:��Z/����Te�
.?3
3<g



� �

 ���#/�
 b:�����;��./�&�&����!���2 .�� !'=W#S!+2W#[A�� �U=
�=353<g  ���#/�
 +���-Z��[#%�m=��&��=  >NW#%!'�&#/�U#/��2 !���4CNY./�'#/�
���� �.��	
�!'�	.�� #/����.� >.��E ���#%!�!����>�&�
�  >!���

�-!'

�>� .�� #/� #/�&4C.� >!`=
.��>�&?�./�@!'#/�EN
�&#/�
�O�	� !'=
�  >

�>* #/���
�R#[A/�����2687mgmZ/.��&
�4 �  >�[#/�� ^b:���>�+��.��	�&���-!'��2 .�� #/�&� 2W#[AJ e�	� .���2����3!'. ������#%!'� )Si\] �&4 #/���� )./*
#/����.� >.��8 ��[#S!�!'�����	�
�  "!'��
���!'
����.&n=
.lbG�-Z�����Tn!'=���A;�R#/�$aO!�=
��!���4CNY./�'#/�f�>�� �./�&
�!��&.�� bc=
�&�$= #/�&�	. bc 


 G!�. �[#/�	��

�&#%!'�c!'=��3��2
2�AO�&�B*,��!��&4C�m�	�O�����R#%!��	Z/���	A+ >=W#/�	�&.lb �Y./

�
2W#/�"A �&#[A����> Ebc=
���>�3!'=
�(��2
2�A
�&�B*,��!��&4C�(�& U >=
.��"![�

�U=
�mhW�� "!E#%!>!'��4 N�!� :.%*_ ��	4 

�&#%!'�	�
�3!'=
� �*) +�#/�@
W#/�"AODGgjFG5 #/���mN
���� ����@!���2 �	�OMd#[A/.��G�-!
#/� ��% �������QK ���U=��G2
.�4 #/�	�
 �
� ���2 �>, � X � � X �.� ���>�&2`NP.��	�@!� bc=������G.��
�	AL!�=
�Gb:�� "!'���>� 4 ./ >! , �
���>�&2 NP.��	�@!� �b:���>�3�&.J�[#S!'��2 .lZ����G�R#/�
2n�1�U=
�� >�L�[#/�>�	A+ >�&4 

�&#%!'�	.��
 �T�bc=
�&�$= � X�NP���>�&4C���Q!'��2 bc�	!�=
#;Z%#/�>�&�-!\A .%*U�����	2  >NW#/���&�
�� �T1N
�>.�2

�����2 #d >!'#%!'�	.��W#/�"A�T =
.�4C.���������.�

 �T1 �=�.���� i\NW#/��#/�&�	���<�W#%�
2
./*) >!��[#/4 i *,.�� �	4 4C��2��R#%!����	A 2�. bc�� >!'��#/4 ./*c!'=��; >=
.��>���&�	�
� �P���[#%

 �� ./*m!'=
� �&#/�$a ./*m��2
2
�&�� 
#/2�Z/���-!'�&��� .��n >=
.����%� I) ��.��QZ�����!��&.�� 2
��Z/���	.�NY��2 . Z/��� !'=�� bE#%!�����T(���	.��
�Q#S!'��2 ��.��QZ�����!'�	.��
�����&�	 L��4C�����/��2 *,��.�4 !�=
�+2
.lbc�
 >!��[#/4 ��2
���+./*�!'=
�	 e "!$#%!��&.��
#/�>Ad�W#/�
2_�C�U=
�� ��C ��&4`

�R#%!��&.��� �T
bc=
��� ��.�4CNW#/����2 bc�	!�= !'=
� �	�&2W#/�e.��
 >���"Z/#S!'�&./�
 �TH���	�[#/�>�	A 2
��4 .��� >!'��#%!'��2 !'=
�O������2 !'. =
#lZ/�
!'
����


�	���Q!+VW.lb6.J����
����&��� .lZ/��� !�=
� �R#/��2 !�.  >�&4 
��R#%!�� # 4C.��>�;�
#%!'

��#/�G!��'#/�
 >�	!��&.�� #%!+!'=��


NQbc�&��20��2
���^./* !'=
�^�R#%a/�/�Hg !)#/�	 �. ���;1@

�&�>��20#C >

�
 >!'#/�Q!'�&#/�&�BA �&#/�������E2
.�4 #/�	�_�

71Z����@!�
W#/�	�	A�T:# !'=
�>��� i\2
�	4 ���
 ��	.��W#/�:�����-!$#/����

�R#%� 2
.�4 #/�&� ��.��
 >�& "!'�&��� .%* �.��� X � � � X
� �+�����	2 NY.��	�Q!' Ebc�	!�=4�l�+4  >NW#/���&�
�C�&�;#/�	�n!'=
�>���e2
�&�>���-!'�&./�
 UbE#/ m�$=
.� >���_�G�U=
�eb:�� "!'����� , �.�
���>�&2�i NY.��	�Q!' �b:���>�).lZ/���H�R#/��2+#/�
2 !'=
�c��#/ >!������ , ��� �/���&2Ji\NP.��&�Q!' �.lZ����<bG#%!'�����<�U=
�	 <N
��.lZJ�&2���2C#
4C.�2
�� >!�TJ��
�!��&�W#/2��>1@
W#%!��/T@�������&.��+

N� >!'��#/4 ./*P!'=
�c�R#%a/�U*,.��H��2
2��&�� <!�.�2
�-Z����&.�N_�<I !��&4C�-i\ "!'��N
./* � ���  UbG#/ m

 ���2_�
� � � ��� 	�

��������������������
��

g\� #^*,�-b  ��	4 

�R#S!'�&./�
 1 �
��$=O#/ �� � � �m#/�
2�� � �Q��T@#^NY�����&.J2
�	�U�Y.�
��
2W#/�"A ��.���2
�	!��&.�� bG#/ 
�&4CN
�	��4C���Q!'��2 �&� !�=
�O��#/ >!"i b:�� >! %, �=
./���-i NY����NP���
2��&��
��R#/�'K�2
�&�>���-!'�&./� %  >��� #/�	 �. M0#lA/.�� ��! #/� �
� ���.� K-��g\�C!�=
�� >�/T�� ��� 4 bc�	2
�"!$#$%'&)(�!+*-,
.0/�(�,1#$% bG�����m

 ���2 !'.^�>��!'
����+!'=
�c.�
�!>VW.lb N
�>.�NP���>!��&�� 
!'.L!�=
�c4 ��#/�+�Y�-*,.����E!�=
��A ��.�

�	2+V
. bk!'=
�>.�

��=+!'=��U���
2 ./* !'=
�c2
.�4 #/�	�_���U=��)�>�� >!�.����	�
�L?�./�
�
#/N
N��&�&�� (!'=��  '#/4C� �@

4 �����	�[#/�14C��!�=
.J2 #/ 3!'=
� 6m#[A��	���	��= 2W#/4CN
�	�
� �R#[A����L�&� !�=
� !'.�N ./*�!'=��
4C.�2
��� �<���&�� �� ��� � #%�
20���2�+ �=�. b .�
�!�N

�!c*,��.�4  ��	4 

�R#S!'�&./�
 G!'=
#%!c

 ���20!�=
�& U4C��!�=
.�2n�

I 2
�	 '#/2�Z%#/�Q!'#/���L./* !'=
�	 U4 �-!'=
.J2 �& E!�=W#%!m# Z%#/�&
W#%�
�&�)NY.��"!'�	.�� ./* !'=
�^���>�&2 #%!U!�=
�L�[#/ "!
#/�
2 b:�� "!����
2
 e./*H!'=
� 4C.J2
���12�.�4 #%�&� �	 3

 ���2 *,.��(���� "!'.��>�&�
�O!�=
� VW.lb !�=
���>��*,.��>�+����2�

���	�
�
!'=��L#/����#ebc=
�	�$= �[#/� 

 ���2 !�.`.���!$#/�	� gjFE5 !'

�>�


�	���
���( >!'#%!'�	 >!��&�� ��<g\� !'=��3 ��	4 

�R#S!'�&./�C./
�!'N

�!
 �=�. bc� �&� h
�� ��H�J� � #/�
2k���3��T<�
�	�
� =@

�
2
�>��2 4 �-!'���� ./*)2
.�4 #/�&� bG����� 

 ���2k./� �[#/�$= ���
2n�
3�����=W#%N
 �4C.��>� �&4CNY./�>!$#%�@!��	A/TY!'=�� 

 ��+./*:���� >!'./���&��� ?�.��
�� ^�[#/

 >�� e�R#/4C�&�
#/�)�	��VW.lb^T_!'=��������QA
���;1@

�&�>�&�
�C# �&.��������U2
./4 #/�	� *,.��E!�=
�^ �NW#%!��R#/�n2
��Z/���&./N
4 ���Q!(./* !'
����


�	���
���/�
� � � �54 67
8�9��:;�9<;=>�9�?�@�A��

BDC�B�E?
8�

�U=
�+�&2��[# ./*�!$#/a@�&��� NY���>!'
����W#%!��&.��� 3*,��.�4 # 2�. bc�� >!'�>�[#/4 ��.��>!�=�i\ >.�
�!'= Z/���>!��&��#/�< ��	�&���
#/�
2 #%2
2
�&���d!'=
��4 !�. !'=
� �&��VW.lb bG#/�&�HbE#% +#/���>�	Z���2 #%! #S* !'���`���[#%2
�&�
� #/�Y./
�! #d!����$=
�
� 1@

�
2
�-Z��	 ���2 �QA 5f

�
2 �-!;#/� ��% ����� � K #/�
2 NW#%�>!'�BA �	�
 �N��&����2 �QA !'=
� b:.��>a ./*`9�NW#/�&#/�>! % ��� �.� K-�
9�NW#%�R#/�"! =  (bG./��a0bG#/ L2
�-Z����&.�NP��2 *,.��(#O �NP����!��'#/��4 .J2
����#/�
2 2
�GFC��

�B!(!'. �	4 N��&��4C���Q!��L5f

�
2
4C.�2
�BhW��2 !'=
�C!'���$=
�
� 1@

� *,.���hW���	!'�C2
�G�n�����������O4C.�2����& ��=7).lbG�-Z�����T��Y./!�= !����$=
�
� 1@

�� ��.�4+i



���

���������
	�����
���
���������������������	�
  "!$#&% ����'(
�������������	�


) 
��*'+����,-��'/. ���
��
�	�0�	��1
��

) 
���'�����,-��'2. ���
��
�	�0�	��1
��

��'(
-���*0
3 
-���4. �����5���

6 � 3 �*7�
���
��*��� 3 . 8�
��9�$��0-
�� . �&'/
��������:,��*���������;0��$��0-
��

) 
���. ����. 	<. �4�����*' 6 �=���*��' 6

) 
���. ����. 	<. �4�����*' 6 �=���*��' 6

�*��'>�?���5���

@  &A$B

�C
���'

�C
���' 
-�;��'


-����'

D A$B

���	��

��� ��� � � 3H�&#/� ZJ�&��b ./*)4 .J2
���E2
.�4 #/�&� #%�
2 �Y.�
��
2W#/�"A ��.���2
�	!��&.��
 *,./�  ��&4`

�R#%!��&.�� ./*
�&�Q!������
#/�_�P.�

�
2W#%�>A �&#lA/�����
N
�>�� � <!�=
�GZ����>!��&�[#%�
N
�R#%�
�E./*PNP���>!�

���
#%!'�	.��
 1�P��*,.��>�c#/2
2
�	�
�(!�=
��4 !'.3!'=��U4 ��#/� �&��V
. b^���U=
���	�
#/N
N��&�&��#%!'�	.�� �& H >�&4 

�&#%!'�	.�� ./*n �=
��#/�"i 2
���BZ���� �Y.�
��
2W#/�"A+�R#[A����� �. Z/����V #%!: �

�"* #/���� G�&�C4C���$=W#/�Ji
�&��#/�_���
���&�������>�&�
���G�W.��U!'=���#S!'4C.� �N
=������	�e#/N
N
�	�&�[#S!'�&./� �&� !'=
�	 UbG.��>a TP!�=
�^NY���>!'
����W#%!��&.��� m��#/�
 ��	4 N��	A �P�O#/2�2
��2 !�.0!�=
� �	��VW.lb bG#/�&�Hbc�	!�=
.�
�!� ���#/�&�	�
�0 >�&�
��� !�=
� 

NQbc�	�
2 NP.��>!��&.�� ./*E!�=
�
gjFE5 2
./4 #/�	�=% � � �%�	TQ!'=��(=W#/�B*n.lZ/���G�&#/�
2 K��	 G#%N
N
��.[X��&4 #%!����	A`=
.��>�&?�./�@!'#/�&�BA`=�.�4 ./�����
��.�

 ��<�U=
�
�[#%N
N
�&���0!'��4 NP����#%!'
���� �	�QZ����> ��	.�� !'=
#%! �P�����	�
 �#%!�, �.� 4 IFEe5 N
�>��Z/���Q!' ��#/N
�&2 ����.lbU!�= ./*
!'=�� �Y.�
��
2W#/�"A �R#[A/���L�&� !�=
� 

NQbc�&��2  >����!��&.�� ./*H!�=
� gjFE5k2�.�4 #%�&�_�����&���_��� �  �=
.lbc e#ON
�&#/�
ZJ�&�-b ./* !'=
�^gjFE5 4 .J2
���_2
.�4 #/�&� 
� ���2;*,.��E!'=��e >�&4 
��R#%!��&.��
 ��

�U=
�	 ^!����$=
��� 1@

� ���&�	4 �	�W#%!'�� (!'=�� �
����2 !'.;

 ��C�R#/�>���+#/4C.�

�Q!' ^./*G��.�4CN

�!����e4 ��4 ./�>A
*,.��L#  >����!��&.�� ./*�!'=
� 2�.�4 #%�&� *,.��3!�=
�  �NW#S!'�R#%�12
��Z/���	.�N
4C���Q!e./*:!�

����

�&���
���+

NQbc�&��2 .%*:!�=
�
�P�����	�
�
�&���O./*<!'=�� gjFE5<�_I !'�� >!^ >�&4 

�&#%!'�	.��9%,�
./!L >=
.lbc� K(�&��2
�&��#%!'��2 !'=W#%!L#%!L�&��#/ >! � aJ4 ./*
2
.�4 #/�	�+b:���>�3���;1@

�&�>��2 !�.`2
�-Z����&.�N !�=
�m�Y.�
��
2W#/�"A �&#[A����H!'
����


�	���
���)*,�>.�4 #��&#/4 �	�W#/�1�	��VW.lb
N
�>�� ������	�Y��20�QA !'=��e./�
 ����>Z%#%!'�	.��
 U./*�4C�[#/� Z����>!��&�[#%�f >!'�>

��!�

���e.����*) +�#/�@
W#/�"A��

7�X�#/4 N��&�� <.%*n!'=��m >NW#%!��R#/�
2���Z����&.�N�4 ���@!�./*P!'=��m4 #/�	�
�	A� �=
��#/�"i 2
���BZ���� % bG��#/a@�	A+=
��#%!'��2 K
�P.�

�
2W#%�>Ak�R#[A���� #/���d �=
.lbc� �&� �J� � #%�
2 ���3��� �U=
�� �� hW��

�>�� O >=
.lb Z/���"!'�&��#/�)Z/���	.����	!\Ak.��
=
.��>�&?�.��Q!$#/�P#/�
2 Z����"!'�	�[#/�Y ��&�	���� :*,��./4  >�&4 
��R#%!��&.��
 <bc�B!'= �>�� "!'.��>�&�
� ?�.��
�� U#%!G!�=
�(��#/ >!����>�0#%�
2
b:�� >!����>� ���
2� `./*E!�=
�C2
.�4 #/�&�_� 58#/4C�&�W#/�3V
. b ��.�4C�� e.�
�!�./*G!�=
�C�[#/ "!'���>� ���� >!�.����	�
�0?�.��
�%�
� �	!�=
�&�C!\bG. a@4 ./*f!'=��)b:�� >!����>�;bG#/�&� T@4 #/�QA ���	.� ����	AQi\ >NW#/����2O�&�	�
�[#%�: "!'��
���!'
����� U��#/� �P�( ������
bc=
�	�$= 4C�����/�;!�.�����!�=
��� #/�
2 *,.���4 4C.��>� bc�	2
���BA  �NW#%����2 #/�
2  "!'�>.��
����� #/4CN
�	�	!'
�2
� �&�	�
�[#/�
 >!���

�-!'

�>�� �QA #02
�& "!$#/�
���O./* � a@4 *,��.�4 !'=�� bG�� >! bG#/�&� �d�U=
� �	�&�
��#/�e >!'�>

��!�

���� �1@

�&�$a@�	A
�
�>�[#/a 

N0�&�Q!'. NW#%!�!����>�
 (4C.����^�	�&a/�e��./�@Z/���-!'�&./� �����&�& Ubc�B!'=
�	�;!�=
��hW�> >!)!\bG.Oa@�	�&.�4C��!����� c.lZ����
!'=��mbG#%!'����� �m��*,.��"!'

�W#S!'���BA�T@!'=
�� ��m�&�	�
�[#/�1*,��#%!'
����� �.lZ����:!'=��)�&#/�
2 #/���c�
./!�4 #%!'
����U!'

�>�


�	���Q!
��2�2
�&�� )#%�
2_T
!'=������-*,.����%T
!'=
�	 c#/N
N
�>.Q#/�$= bE#% (#/�
#/�
2
.�����2_�
� � � �>G H �;�?����= E��?��=>�9�?�@�

�U=
� DGgjFE5  ��	4 

�&#%!'�	.�� bE#% ��	�
�	!��R#/�	�&?���2d�QA ����N
�&�	�[#%!��&�
�O!�=
�C!�

����

�&���@!e >.��&
�!��&.�� ./*E#
587�9C!'=W#S!E�& ��� � ./*n!'=
�)�[#/ "!>i b:�� "!c�&���
�/!'= ./*_!�=
�LDGgjFE5 2
.�4 #/�	�_���U=
�	 G >4 #/�	�&���� >�&4 
��R#%!��&.��
�& ��[#/�	�&��2�!'=��JI�! #�K�L�! %�(�! %'*NMOL:PRQD&�* (�,(.��� >.�4 �-!'�	4 �� �!'=��SL�IUT *-,UV0%'*NMOL:PRQD&�* (�,L�P����#/

 ��G�	!1�	 ��>

�
N
�>�&.��G!�. !'=
�LgjFG5  ��	4 

�&#%!'�	.��O#/��2;�B!' UN

���NP.� ��L�	 E!'.  ��	4 

�&#%!'�(!�=
�L�P.�

�
2W#%�>AO�&#[A����WL�IUT *-,UV



� �

���	��

���L��� � � /H���>!��&��#/�nZ����&.J���B!\A #%! � � � 4 #%�Y.lZ��L!�=
�^ �

�"* #/���L*,��./4 !\b:. 587�9 ��

�
 U!�=W#%!c

 >��2
���� >!�.����	�
�^?�.��
�� ���% !'.�N K � � � �(#/��2 %,�Y./!>!'.�4 K � ���Q�J�1�U=
�� >�(�	4 #/�/�� �b:���>�)!$#%a/����) � 4 �	�@
�!'�� 
#%* !����U�&���	!'�&#/�&�	?[#%!��&.��n�



� �

−2

−1

0

1

2

3

4

VERTICAL VELOCITY from LES 181 at 3600 s

east−west (km)

al
tit

ud
e 

(k
m

)

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1

−0.5 0 0.5

north−south (km)

al
tit

ud
e 

(k
m

)

3 km downstream

0 0.5 1 1.5
0

0.5

1

−1 0 1

north−south (km)

al
tit

ud
e 

(k
m

)

6 km downstream

0 0.5 1 1.5
0

0.5

1

−2 0 2

north−south (km)

al
tit

ud
e 

(k
m

)
9 km downstream

0 0.5 1 1.5
0

0.5

1

���	��

���:���3��� 9��
#/N
 �=�./!1./*�Z����>!'�	�[#/�@Z����&.J���B!\AL.���Z/���"!'�&��#/�@N
�R#%�
�� 2


�>�&�
�) ��&4`

�R#%!��&.���� � �: >=
.lbEi
�&���O�Y./

�
2W#/�"A �&#lA/���L2
�-Z����&.�N
4C���Q!^!'=
#%!L�&��������#/ ��� Lbc�	!'= �	�
���>�[#/ >�&�
� 2�. bc�� >!'�>�[#/4 2
�& "!$#/�
���
#/����.� > c!�=
�^���Q!'�	���^2
.�4 #/�	�_�



� �

./*E!�=
�O�&#/a/�%�0�U=
� N
������

�> �.��  >�&4 
��R#%!��&.�� bG#/ 2
.���� �&� .���2�����!�. �����
����#%!'� #d4 ��#/� �	��VW.lb
��./�
2
�	!��&.�� *,./�H!�=
�cgjFE5d >�&4 

�&#%!'�	.��`*,�>���c./*Y '#/4CN
�&�	�
�L���>��.��> H�&�+��.��QZ/���Q!'�	.��W#/� 4C�[#/ >

����4 ���@!� 
#/�
2 *,./� ��FC���&���Q! 2
�-Z����&.�N
4C���Q! .%*^�-X�N
�&�	���B!O��2�2
�&�� !'=W#S! �[#/� �P� 

 >��2 !�.  >!$#%�>!O!�=
� gjFE5
 ��	4 

�&#%!'�	.��_�G�U=�� N
������

�> �.��) ��	4 

�R#S!'�&./�;=
#/ m!�=
�` �#/4C�����>�&2�i  �NW#%���&���
TWZ����"!'�	�[#/� TY#%�
2d�
./�>!'=Ji
 �./
�!'= 2
�	4 ���
 ��	.��
 :#/ G!�=
�(gjFE5 2
.�4 #/�	�_��g !G=W#/ ENP���>�&.J2
�&�m�R#%!�����#/� �Y.�
��
2W#/�"A ��.��
2
�B!'�&./�
 G#%�
2
!'=��( �
��>* #/���(�P.�

�
2W#%�>AC��.���2
�	!��&.��C�& H ���. bEi ��.lZ�������2;�&#/�
2C!'=W#%!:=W#/ G#e!���4CNY���'#%!�

���m ��-!E�>1@
W#%�
!'. !�=W#%!m./* !'=
�^�&.lb:�� "!(#S!'4C.� �N
=������	�L�����	2�i\NP.��	�@!��

�U=
�^=
.��>�&?�.��Q!$#/�	�	AC=
.�4C.������
��.�
� U�&�
�B!'�R#%�P��.��
2
�B!'�	.��
 U./*8!'=��eN�������

�� >.��c ��	4 

�R#S!'�&./�O#/�>�
�W#/ >��2 ./� .��
 >���>Z%#%!��&.��� )��.��&�	����!���2d#%!3#%� �3DGI 6 g\�Q!�������#%!'��2 9�.�

��2
�&�
�O9JAJ >!���4 % g"9
9
KU!'=W#S!
bG#/ 3�&.J�[#S!'��2"� � i\a@46b:�� >!^.%*<!'=
� �	�&2W#%�m >�	!��/� 6m#/�
2
./4 NP���"!'

�>�W#%!��&.��
 )./* � � � � 4  ����)b:���>�
#/2
2���2 !�. #/�&�1!�=
����� Z����&.J���B!\A ��.�4CNY./�
���Q!' #%! #%�&�H�����	2�i\NP.��	�@!� ^�Y���&.lb ,@� � 4 !'.  >NY����2 !'=��
2
�-Z����	.�N
4C���Q!e./*���2
2��&�� % # ��.�4C4 ./� N
�'#%��!'�	���+#/4C.��
� 587�9
K �_����4 NP����#%!'
����/TfN����� > �

�>� #%�
2
2
�-bcNY.��	�Q!82W#%!$#Eb:���>��./��!$#/�	�
��2L*,�>.�4 #U��#/2
�&./ �.��
2��<�R#/

���$=
��2�#%! � � � ) � �m� #/��2e�	�
2
�	�[#%!���!'=W#S!
# b:���	�Bi\4C�BX���2d�P.�

�
2W#%�>A0�R#[A����(�-X��	 >!'��2 

Nd!'. #%�Y.�
�! )Q� � 40�(I  >!���.���� �[#/N
N��&�
�O�	�QZ����> ��	.��
�-X��	 >!' e#/�P.lZ�� , ��� 4;�+]L#%!$#O*,�>.�4 !�=
�+�'#/2
�	.� �./�
2
� �R#%

�
�$=
��2 #%!�� � � ) � �m� #/�>�+N
�&./!>!'��2 #% 
���	�����&�� ^�	� hW�d��� � � � �U=
� 2��R#/4C.��
2
 �T #%!�#/�	!��	!'
�2
�� L�P��!\b:����� � � � #/�
2 � ,$) 4 IFEe5<T8�&� !'=��
�&�-* !)#/�
2 �����Q!'���(NW#/�����& )����N
���� ����Q!3bc�	�
2d4C�[#% �

�>��4C���Q!' m*,��.�4 # � � � ijM07)?e�Y./

�
2W#/�"A;�R#[A����
N
�>./hW�&�����<�U=
�� ��Lbc�&��2
 �T�bc�B!'= ��� 4 Z����>!'�	�[#/�n���� >.��&
�!'�&./�_T�#%���^# ��./�
 ����
 �

 m./* 2W#%!'# ��.��	�&����!'��2
�P��!\b:����� � � � )Q� #%�
2 � � � � �0�m�L��g\�k#/2
2��	!'�	.�� !'. !'=
� ��#/2
�&./ �.��
2��0#%�
2 N
�>./hW�	���+2W#%!'#�T�!\b:.
.��
 >���"Z/#S!'�&./�
 L./*Hbc�&�
2  >NY����2 #/�
2 2
�	�����-!'�	.�� #/��� �	�
���	

2
��2 .�� hW�
�8��� � � �e�U=
� hW�> >!^�& )*,��.�4
!'=�� �(DGI�6 g"9
9^!�.lbG����#/��2`�& 8N
�	./!�!���2e#/ �#m 1@
W#/���%�1�U=
�� �����.��
2`�& f*,��.�4 !'=
� ���cI(I bG��#%!'=
���
 >!'#%!'�	.��d9 E � � ) !'=
#%!)bG#/ )�&.J�[#%!���2d���&.� >�e!�. !�=
�`�	�&2W#/�c#%�
2 �& cN
�	./!�!���2d#/ 3#/�0

N
 >�&2
� i\2
.lbc�
!'�>�R#/�����&�%� �U=��d9CE � � ) !���4CNY���'#%!�

��� #%�
2 2
��bcNP.��&�Q!+.��� ����"Z%#%!'�	.��
 #%! � � � ) � �)� 4 #%!��$=
!'=�.� ��`*,�>.�46!'=
�`g"9
90!'. bc�B!'=
�	�"� 2������>���/�3FG����#/

 �� .%*<!'=
�  �#/4CN
�&�	�
� �����>.��� 3�	�d��#/2
�&./ �.��
2��
#/�
2 bc�	�
2�i N
��./h
�&���ebc�&�
2 4C�[#/ >

����4 ���Q!' �T<!�=
�Obc�&�
2Ji\ �NP����2 #/�
2 2
�	�����-!'�	.�� N
�>./hW�&� 

 ���2 !�.
�&���	!'�&#/�&�	?��U!'=��L4 .J2
���PbE#% m./��!$#/�	�
��2 *,�>.�4 #  >

���>���-!'�BZ�� % N
�	������bc�& >�lKE�&�	�
�[#%�:h
!m#/4C.��
� !�=
�� >�
2W#%!'#��

�U=
�+bc�&�
2Ji\N
�>./hW�&� *,.��^�	�
�	!��R#/�	�&?[#S!'�&./�0�	 e��.��
 "!'��
���!'��2 �&� !'=������CNW#/�"!' ��OI(�P.lZ�� � ��� i\4;T
�	!c�	 m#/ � >

4 ��20!�=W#%!c!'=
�e.��
 >���"Z���20bc�&�
20N
��./h
�&�L�& c����.� >!���.�N�=
�&�%�G�U=
������*,./���/TY#+ >!'��#/�&�/=@!c�	�&�
�
�& ch
!m!'.C!'=
�ebc�&�
202W#%!$# #/�P. Z/� � �.� 4 #/�
20

 ���2d!'. �-XJ!'��#/NP.��R#%!��e!�=
�eN
���� � �
���� ����#/2
�&���Q!(#S!
�&.lb:���+#/�B!'�B!'

2
�� �� F:���&.lb�) ��� 4;T<bc=
���>�;!�=
� �Y./

�
2W#/�"A �R#[A/��� �& b:���	�E4C�BX���2_T<b:�0 >��!+!'=��
 �NP����2 #/��202
�	������!'�	.�� ��.��� >!$#%�@!��EFG�-!\bG�����	) ��� #/�
2d� ��� 40T�bc=������^!'=��� >.�

�
2
�	�
�C�& Eb:�[#/a@�	A
 >!'#/�
�	�/T_b:�C�	�Q!'���>NY./�R#%!��`�P��!\b:����� !'=
� ��.��
 "!$#/�Q!^Z%#/�&

�� L�Y���&.lb #/�
2 !'=�� ����.� "!'�>.�N
=
�	� Z/#%�&

�� 
#%!(� ��� 4;�G�U=
�� �.�

��2
�&�
�C�&��2
�&��#%!'�� c!�=
�e�W#/ ���./*�!�=
�e >!'�>.��
� �[#/N
N��&�
�C�&�QZ����� >�&.��0#%! ) � � 40�
�U=
�c�&��������#/ ��U.%*YNP./!����Q!'�&#/��!���4CNY���'#%!�

���E�	� !'=
�	 1�[#%N
N
�&���e�	�QZ����> ��	.�� �R#[A����<�& 5�J� �
	 NP���'� �.� 40�
6�7)gU ���#/�
 (*,�>.�4 !'=��`�&�	2W#/�c2W#%!'# ��.���hW�>4 !�=
�`N����� >���
��� ./*H# �P.�

��2W#/�>A;�&#lA/���)#%!(!�=
�`��.Q#/ "!
bc�	!�= #/� ���Q!'��#/�&�
4C���Q!^?�.��
�+�Y�-!\bG����� #/N
N
�>.lX��	4 #%!����BA ) �.� #/�
2 � ��� 4 #%�Y.lZ�� !�=
�+ �

�"* #/���%�
�U=
�0�-X�#/��! �&�
�B!'�&#/�Gbc�&��2 N
�>./hW�&� *,.��+!'=��d=
.��>�&?�.��Q!$#/�	�	A =�.�4 ./�����
��.�

 C�&�
�B!'�&#/�E��./�
2
�	!��&.�� �	 
�
./!:�&4CNP.��>!'#/�Q!H�Y���[#/

 >�(!'=��)4C.�2����Wbc�&�	� #/2��>

 "!:!�. # 1@
W#% ��Bi �>1@

�	�&�&�����&
�4 bc�	!�= 

��� 1@

�m4 ��#/�
N
�>.�NY���>!��&�� c#S* !'���c�&#/����� i\��2
2
�&�� U#/�>�^*,./��4C��2_�

�U=
�^#/�	�G!'��4 NP����#%!'
����L#%!E �=
���	!'���U=
���	��=Q!c#%!U!�=
� �3DGI 6 g"9
9O ��B!'�L.��	� )�+�#/�@
W#/�>A ��.� >�
 >!��[#/2��&�	Ak#%! # �'#%!�� ./* � � �
	 D6NP��� =�.�

� #%* !����O >

�
�>�& ��%� �U=
�& O�	.���#/�U!'��4 NP����#%!'

�>� �$=W#/�����



�$�

0 10 20

0

500

1000

1500

2000

A
lti

tu
de

 (
m

)

Wind speed (m/s)
280 300 320 340

0

500

1000

1500

2000

A
lti

tu
de

 (
m

)

Wind direction (degrees)
−30 −25 −20 −15

0

500

1000

1500

2000

A
lti

tu
de

 (
m

)

Temperature (C)

���	��

���m�J� � � � /H���"!'�	�[#/�WN
�>./hW�	�� H./*nbc�	�
2  >NY����2 % �&�-* ! K T@bc�	�
2C2
�&�>����!��&.�� %,�����Q!����$K�#/�
2+!'��4 NP���ji
#%!�

���L#%�
2 2
��bcNP.��&�Q! %,���&�/=@!$K�*,��./4 .��� ����"Z%#%!'�	.��
 ���DG�	�����&�� :*,��.�4 �'#/2
�	.� �./�
2
�L#/��2;2��R#/4C.��
2
 
*,��./4 N
�>./hW�&�����
4 

 "!c=W#[Z��^�P����� !'=��L���� >

�	!c.%*�=
��#%!'�	�
� !'=��L �

�"* #/���^�QAO!'=��L �

�0#/ U��./�&2;#/�&�G#/2�Z/����!��&.�� bG#/ 
�����>!'#/�&�
�BA =W#%N
NY���
�&���d#%!L!�=
�& L!��&4C�/�C���&
JX 4C�[#/ >

����4 ���@!� eb:���>� �
.%!��>����.���2
��2_� � .;4 #%!��$=
!'=��3 �

�"* #/���L=��[#%!EV

�X .lZ����E!'=
�L�&#/�
2O�	�O.�

�G ��&4`

�R#%!��&.��nT�#  >���>�&�� G./* N
������

�> �.��U >�&4 

�&#%!'�	.��
 
b:�����+�>

�_T8�[#/�$= bc�	!�= #O2
�5�Y���>���Q!e �

�"* #/���C#/�	�Y��2
.
�`g !LbG#/ ^2
�-!'���>4 �	�
��2 !�=W#%!e#/� #/�	�Y��2
. ./*
� � ��� �&� !�=
� 4C.J2
���<��#/

 ��� `!'=�� 4C�[#/� !'��4CNP���'#S!'

�>� #%!e!'=�� �	. b:�� "! ���>�&2 NY./�&�Q! % � ���;4 K3!�.
bG#/��46#S!U!'=
�^.��
 >���"Z���2d�'#%!��^#%* !'���m� X�N
�&�	���	!E��2
2
�	�� c=W#[Z��^*,.��>4 ��2_�

���	�
�<��� ���  >=
.lbc C!��'#/���� +./*m!'./!'#/�E���^7 % ���Q!'�&�>� 2
.�4 #/�&�WK-TH#/�
2 4C�[#/� !'��4 NP����#%!'
����/T
2
�-bEi\NP.��&�Q![T_bc�	�
2�i  �NP����2nT bc�	�
2�i\2��&������!��&.�� #%�
2 N����� > �

�>�C*,./�L�&.lbG�� >!e���>�&2�i NY.��	�Q!3�&� !�=
�+N
��� i
��
��� �./�32
.�4 #/�&�"% � � � 4 Kc#/ L# *,

����!'�	.��d.%*<!'�&4C��#%* !'���(�&���	!'�&#/�&�	?[#%!��&.��n�G�U=
�`!�./!$#%�����^7 N
�&./!
 �=�. bc )!'=W#%!)!'=
�� ��	4 

�R#S!'�&./�0�>�>1@

�&�>�� (#/�Y./
�! ) � 4 �	�@
�!'�� )!'. �Y����.�4C�e!�

����

�&���@!L#/�
2 �	 (#/NJi
N
�>.lX��	4 #%!����BA  >!��[#/2�A  >!'#%!'� #%* !'����!�=W#%![�;�U=
�O2���bEi\NP.��	�@!�T� >=
.lbc� #/ �!�=
�O�&.lb:�����&�&���C�	� !�=
�
 �����.���2 N
�&./!�TY�	�
2
�	�[#%!��� 3# �'#/N
�	2 �&��������#/ ���bc�	!'=��&�0!�=
�`hW�> >!L��.�

N
�	�`4C�&�@
�!��� 3#%�
2 4 #lA0�&��2
�Bi
�[#S!'�m#/� �����>.��H�&�+!'=
�c�
��#/�: >

�>* #%���m2
��bEi NY.��	�Q!:4C�[#% �

�>��4C���Q!' �

 ���2 !'.e�&���	!'�&#/�&�	?��H!'=
�m4C.�2
��� �
�U=
� bc�	�
2  >NY����2 2
��������#/ ��� �'#/N��&2
�BA 2


���	�
�d!�=
�& e �N
�	��i\
�N #/�
2 !�=
� bc�	�
2 2
�	�����-!'�	.��  >=
�	* !� 
#%* !����U!'=
�� �N
�	��i\
�N_�U���	�
�P��� � � bG#/ )��.�4CN

�!���20*,�>.�4 � � �  m./*14C.�2����8.�
�!�N

�!) >!$#%�>!'�	�
� #%!8) �
4C�&�@
�!'�� NW#/ "!+�&�
�B!'�&#/�&�	?[#%!��&.��_� g !+ >=
.lbc CNP./!����Q!'�&#/��!���4CNY���'#%!�

��� #%N
N
��.[X��&4 #%!����	A ��.��
 >!'#/�Q!
#/�
2 !'=��0 >���
 >�&�
�	�0=
��#%!>i VW
�X N
�>./hW�	� 2
�������[#% ��&��� �&�	�
�[#%���	A �&� !'=��0�P.�

�
2
#/�>A �&#lA/����� �U=
�� ��
N
�>./hW�&�� m#/���e��.��� ��& "!'���@!mbc�	!�=0!�=
.� ��^*,��./4 ./!'=����)5 7�9� m./*<��.��QZ�����!'�BZ����Y.�
��
2W#/�"A �R#[A����� 3#%�
2
�&��2
�&��#%!'��#) >

�>* #%���G >���
 >�&�
�	�G=
��#%! VW
�X�./* #/�P.�
�! � � � )�� 4  ��� �1���	�
� ��� � �c �=
.lbc �Z/���>!��&��#/��#%�
2
=
.��>�&?�.��Q!$#/�_ >�&�	���� m./* Z����>!'�	�[#/�fZ/���&.J���B!\A #%!8) � 4 �	�@
�!'�� mN
#/ >!)�&�
�B!'�&#/�&�	?[#%!��&.��C./*�!�=
�& cN
�>����

�� >.��
2
.�4 #/�	�_� �U=
�� >� �	4 #%���� L��.���hW�>4 # !�

����

�&���@!��P.�

�
2W#%�>A �&#lA/���Lbc�	!�= ��.�=
�������Q!� >!���

�-!'

�>�� 
#/�	�&���
��2Obc�	!�= !�=
�^4 ��#/� bc�&�
2;2
�	�����-!'�	.��_�

7�XJ!'�'#%NY.��&#%!'�	�
�;#/�&./�
�0!�=
� �	�&�
��#/�^ ����� ��&���&� =��[#%!�VW
�X N
��.%hW�&�+!'.d!�=
�  >

�>* #%��� !����	�& e

 
!'=
#%!(!�=
�  �

�"* #/���  >���
 >�&�
�	� =
��#%!3VW
�X  �=
./

�&2 =
#lZ/�+�Y����� #/�P.�
�! � � � )�� 4  ��� 2


�>�&�
� !'=
�	 
NP�����	.�2n� �U=
�d��#/2
�&./ �.��
2��0 >.�

�
2
�	�
� !����	�& C

 �	�@Z/���> ��&./� =
���&��=Q!�� �)�& #/�P.�
�! , ��� 40� � �



��)

0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

T
K

E
 (

m
2 /s

2 )

0 5 10 15 20 25 30 35 40 45 50
−30

−20

−10

T
 (

 O
C

)

0 5 10 15 20 25 30 35 40 45 50
0

5

10

w
in

d 
sp

ee
d 

(m
/s

)

0 5 10 15 20 25 30 35 40 45 50
295

300

305

w
in

d 
di

r 
( 

O
 )

0 5 10 15 20 25 30 35 40 45 50
1000.08

1000.1

1000.12

pr
es

su
re

 (
m

b)

minutes after initialization

���	��

���(��� �����1� �'#%���� G./*f!'./!'#/�P���e7 % ���Q!'�&�>�(2
./4 #/�	� K-TJ#/��2 4 ��#/� !���4CNY���'#%!�

���%T�2
�-bEi\NP.��&�Q![T
bc�&��2�i\ >NY����2_T@bc�&�
2Ji\2
�	�����-!'�	.��C#/�
2CN
���� � �
����)*,./���	.lbG�� >!:�����	2�i\NP.��&�Q!<�	�C!�=
�cN
������

�> �.��:2
.�4 #/�&�
% � � � 4 KE#/ m# *,
��
��!��&.�� ./* !'�	4 �L#S* !'���c�	�
�	!��R#/�	�&?[#S!'�&./�_�

�[#%� 

 >� !'=
�	 L�&��*,.��>4 #S!'�&./�d!'. �� "!'�	4 #%!��+# ��.��QZ�����!��	Z��+Z����&.J���B!\A  ���#/�&�=%, ����C�>1@�_� �J� ,@K)bc=��&�$=
�[#%� !'=
��� �P�0

 >��2 !�. ��./4 N

�!'�0# �R#/�>���-i ��2
2�A ��.��QZ�����!��	Z��0!'�&4C�� >�[#/�	�/� �W.�� � � � ���.) �+T
��� ����� ����� � � � �  =% � � � 4C�&�@
�!'�� $K � I( +� X�NP���-!'��2_T:!�=
�& �	 #/N
N
�>.[X��	4 #S!'���BA � ��� ./*m!'=��
�R#%����� i\��2�2�A !�

���
.lZ/���c!'�&4C�(*,.��E!�=
� �)�	��
Qbc >!'#/2�!) ��&4`

�R#%!��&.��� ��

�U=
� N
�>����

�� >.��O ��	4 

�&#%!'�	.�� !����
2� O!'. N
�>.�2�

��� �	�&�
��#/�C >!'�>

��!�

���� !'=W#%!O#/��� #/�&�	���
��2
bc�	!�=;!�=
�`4C�[#%�;bc�	�
2d2
�	������!'�	.��_�G]3

���	�
�+ �N
�	��i\

NnT !�=
���	�c=
.����	?�.��Q!'#/�f �NW#%���&��� �& c >4 #/�	�8#/�
2_T
#%* !����O >N
�&��i 

N_T)#/N
N
�>.[X��	4 #S!'���BA , ���
	 � ��� 4 #/NW#/�"! %  >��� hW�� ��c��� �*) #/��2 �J� � ,QK-� � . 4 #/a%�
 �
����L!'=
�� ��^�&�	�
�[#%�E >!���

�-!'

�>�� cbG�����^�
./!m# �@

4C�����	�[#/�_#/�>!��	* #/�-!E2


�L!�.+!���

���[#%!��&.�� ������./��T
!'=��
N
�>����
��� �./�( ��	4 

�&#%!'�	.��ObE#% )�>

� #/��#/�&� bc�	!�=;!�=
���/���&20#/2�Z/���-!'�&��� bc�	!�=;!�=
�e4 ��#/�d�P.�

�
2
#/�>A
�R#[A/���Ubc�&�
2n��g\� !'=��& m58#/���'#%�
���R#%��% 4C. ZJ�	�
�@KG2
.�4 #/�	�_T�!�=
�^ '#/4C�^�&�&���[#/�E��.�=
�������Q!) >!���

�-!'

�>�� 
2
�-Z����	.�NP��2_TQ >

N
NP.��>!��&�
�m!'=
�E�	2
�[#m!'=W#%!�!'=
�-A #%���:!�=
�E�>�� �
��	!1.%* �Y.�
��
2W#/�"A`�&#lA/����.����Q#%�
�&?�#%!'�	.��_�
�(!'=
���H587:9  >!�

2
�	�� 1bc=
�	�$=  >

N
NP.��>!<!�=
�c�-X��& "!'�������c./*Y�&�&���[#/�� >!'�>

��!�

���� :�	�
���	

2
�mM0.J������#%�
2
9�

�	�&�BZ/#%��% ���D�.,@K-T�EL�&���
2
���
�&�
� % ����� � K-T 5f�&�^��! #%� �$% ����� � K-T #/�
2 �L=W#/���W#c#/�
2�FG�'#/ > ���

� % ����� � K-�
�).%!'�&���3#%!�)�� � ����4 �&�ChW�� ��
��� �*) #/�
2;�J� � ,�!'=
�3�	�&�
��#/�HNW#%!>!'���>�
 c#/�>�(.��>�&���Q!���2 NP����NP����2
�&��

�R#/�
!'.+!'=��e4C�[#%� V
. b^T  >

������ >!'�	�
�+!'=W#%!�T
!'=
�^ "!'��
���!'
����^!'=
�����e�& U�P���&��� �	��VW

���
����2d >!���.������	A �@A
����#lZJ�B!\ALbE#[Z��� 1�&�^!'=��:�	�@Z/���> ��&./�`�R#[A/���8.�� �@A �L���	ZJ�&��i�7)���&4C=
.��&?��&�
 "!$#/�
�	�&�B!\A)!\AJNP�G���	����

�R#%!��&.��� ��



�.,

252 254 256 258 260 262

0

100

200

300

400

500

600

700

Mean Potential Temperature (K)

A
lti

tu
de

 (
m

 a
bo

ve
 s

ur
fa

ce
)

LES#252: 30.0−38.6 minutes

−0.02 −0.01 0 0.01 0.02 0.03

0

100

200

300

400

500

600

700

Mean Sensible Heat Flux ( K m s−1 )

A
lti

tu
de

 (
m

 a
bo

ve
 s

ur
fa

ce
)

LES#252: 30.0−38.6 minutes

Resolved
SGS     
Total   

���	��

���:��� � ��� 3<��.%hW�&�� �./*W4C�[#%�`NP./!'���@!��R#/�Q!���4CNY���'#%!�

��� % �	��* ! K8#/�
2` ����� ��&���&��=
�[#%!�VW
�X % �>�&��=Q! K
#/ m# *,

�
�-!'�&./�;.%*1#/�B!'�B!'

2
�)*,.��E!'=
�^N
�>����

�� >.��) >�&4 
��R#%!��&.��_�

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:60:00 z=7.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:60:00 z=97.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:60:00 z=202.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:60:00 z=397.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

���	��

���0��� �*)�� /H���>!��&�[#%�cZ/���	.����	!\A .�� =�.����	?�.��Q!$#%�mN��R#/�
�� O#%! 2
�G�n�������Q!O#/�	!��	!'
�2
�� +*,��.�4 587�9
������� #%!�) � 4C�&�@
�!��� m#%* !'���U�&�
�B!'�&#/�&�	?[#%!��&.��_�f�U=���#%�	!'�B!'

2��3�& c�&�	 >!���2 #/�P.lZ��e�[#/�$=;NW#/�
��� �



�Q�

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:79:00 z=7.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:79:00 z=97.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:79:00 z=202.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

−1.5 −1 −0.5 0 0.5 1 1.5

di
st

an
ce

 (
km

)

w (m/s) LES 252 16:79:00 z=397.5 m

0 0.5 1 1.5 2 2.5

0

0.5

1

1.5

���	��

���d��� � ,
�0/H���>!��&�[#%�cZ/���	.����	!\A .�� =�.����	?�.��Q!$#%�mN��R#/�
�� O#%! 2
�G�n�������Q!O#/�	!��	!'
�2
�� +*,��.�4 587�9
������� #%! ,�� i\4C�&�@
�!'�� c#%* !'���U�&�
�B!'�&#/�&�	?[#%!��&.��_�f�U=��`#/�B!'�B!'

2
�(�& U�&�	 >!���2 #/�P.lZ��e�[#/�$=;NW#/�
��� �

���	�� ������ � � #/��2 ��� � �  �=�. b Z/���>!��&��#/�:Z/���&.J���B!\A #/�
2  >�&4 

�&#%!'��2 �	�&2W#/�^�W#%�$aJ >�[#%!>!'����TH��� i
 �NP���-!'�BZ����BA�T�.�� �[#/ "!>i bG�� >!C.����	���Q!'��2 Z����"!'�	�[#/�E >�&�	���� +#S!+.��
� �&�� >!$#%�@! *,�>.�4 !'=
�;587�9Y�1�U=
�� ��
�&4 #/���� ) >=
.lb !'=
���R#/�$a ./*H#  �4C.�./!�=dgjFE5 !��'#/�
 >�	!��&.��_�m�W.��m�-X�#/4CN
�&�%TY�	�0hW���_��� � � TY#  "!'��./�
�
NP���
�-!'�'#S!'�	Z/� N
�&

4C�O�>�[#/�$=
�� C!�. # � ��� 4 #/�B!'�B!'

2
� �Y�-!\bG����� � #%�
2 �J� �da@4 .D�Y �=�.����%� IE!
���>�[#%!����3.D�Y �=�.���� 2��& >!'#/�
���� �TY!'=
� �P.�

��2W#/�>A0�R#[A/���(=����&�/=@!�T_�W#/ >��2 .�� !�=
� #/�B!'�B!'

2
�e./*H4 #SX��Bi
4 

4 ����#/2
�&���Q![T��	 E�&.lb:�����<I  �=
./�>!E!��&4C�(�R#S!'����% �
.%!U �=
.lbc� K:!�=
�LN
�	

4 �� Gbc�&�	� =W#[Z��^�$=W#/�
�/��2
 �
��
 >!'#/�Q!'�R#%�&�	AO#/�
2;#+2
�5�Y���>���Q!c ��W#%N
 �=
.%!)b:.�

�	2;�P�^ ������_�
����� � �������
	����
	�� ����� �����

�U=
�e��.�=��������
����./* !'

�>�


�&���
���e >!���

�-!'

�>�� m���������'#S!'��20�QA !'=
�^4C.�2
���f�& U��.��Q!'��./�&�&��2 �@A
!'=�� �
.���2
�&4C���
 >�&.��
#/�<4 � X��&�
�;��.J��FC���	���Q![T1] � 6^�8�U=
�& �NW#/��#/4 �-!'���� >��!' �!'=
� 4 #/�/�
�	!�

2
�+./*
!'=��  �
��
�����	2 !'
����


�	���
���ONW#/��#/4C��!'�����	?[#%!��&.��_Tfbc=
�	�$= �& e����N
���� ����Q!���2 �QA ��2
2�A Z��	 ���.� ��B!\A *,./�
4C���$=W#/���&�[#%�_4 � X��&�
� &

�
� � ] � 6���� � % ��� �/K
bc=
���������& f!'=��: >�[#/�	���	���
�%!'=_TS#/�
2��:�	 f!'=
�<!'
����


�	���Q!19 E�9La@�&�
�-!'�	�<���
�����/ALbc=
�	�$=`�	 fN
����2
�&�-!'��2n�
�U=
�3��2
2�ACZJ�& ���.� ��B!\A *,./�:!'=�����4 #/� 4C�BX��&�
�e�& ���� � )����(�<�W.���!'=
�� ��3� X�NY�����&4C���Q!� �T�!�=
�3 >�[#/�	��&���
�/!�= �& C ��-! !�. !'=��d���>�&2  �NW#/���&�
���<� =���� ] � 66�& #/N
N
�>.[X��	4 #S!'���BA �>1@
W#%�m!�. .�� #/�P. Z/�
� � � � T bG��hW�
2 #/� #/�&4C.� >!m "!'�[#%2�Ad "!$#%!��` >.��&
�!��&.��0#%* !����(�>

�
�
�	�
� !�=
� �&#/�����^gjFE5 2
./4 #/�	�;*,./�
!'�	4 �� 3���>�[#%!����3!'=
#/� #%N
N
��.[X��&4 #%!����	A � =
.�
��� %  >���C���&���f��� � � K � I( e] � 6 �	 L2
�������[#% ���2nT b:�



� �

−1.5 −1 −0.5 0 0.5 1 1.5

x (km)

al
tit

ud
e 

(k
m

)

0 0.5 1 1.5 2 2.5
0

0.2

0.4

0.6

0.8

1

x (km)

y 
(k

m
)

0 0.5 1 1.5 2 2.5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

���	��

���`��� � ���cIE! ) � 4 �	�J
�!'�� )�&�d!�=
� N
�>����

�� >.��L ��	4 

�R#S!'�&./�_�c��.�N N
#/�
��� �UZ����"!'�	�[#/� Z����	.����	!\A
% �/�'#[A  �=
#/2
�� 'K�#%�
2 NP./!����Q!'�&#/��!'��4 NP����#%!'
���� %,bc=��	!'�c��.��Q!'.�

�> $K1.�� #3Z����"!'�	�[#/�WN
�&#/�
�%�<FG./!>!'.�4
NW#/����� �fZ/���>!��&��#/��Z/���&.J���B!\A %,���'#[Ae �=
#/2
�� 'K�.��+#(=
./���&?�.��Q!$#/�JN
�&#/�
�E#S!5� ��� 4 #/�P.lZ��E!�=
�E���>.�

�
2_�
FG./!�= �&4 #/���� U >=W#/�>�^!�=
�^ '#/4C�L��./�&.��U�W#%���



� �

-1.5
 -1
 -0.5
 0
 0.5
 1
 1.5


distance from shore (km)


al
tit

ud
e 

(k
m

)


-6
 -4
 -2
 0
 2
 4

0


0.5


1


distance from shore (km)


di
st

an
ce

 (
km

)


-6
 -4
 -2
 0
 2
 4


0


0.5


1


1.5


vertical velocity (m/s)

���	��

��� ��� � � � /H���>!��&��#/�)Z/���&.J���B!\A ./� Z����"!'�	�[#/��%,!'./N K #/�
2 =�.����	?�.��Q!$#%�3#%!=� ��� 4 %,�Y.%!�!'./4OK
 ��	�&���� ;#%! !'=
� �&���	!'�&#/�m��.��
2��	!'�	.�� ./*`!�=
� gjFE5  ��	4 

�&#%!'�	.��_� �U=
� �&�
�B!'�&#/�(��.��
2
�B!'�&./� .%*`!'=��
gjFE5  ��	4 

�&#%!'�	.��0�	 m!�=
��) � i\4C�&�@
�!'�^ >.��&
�!��&.��0./*<!'=��`N
�>����
��� �./�L ��&4`

�R#%!��&.�� bc=
�	�$= =W#/ )�Y�����
����N
�&�	�[#%!���2 *,.�

�E!��&4C�� U�	� !�=
�^�[#/ "!>i bG�� >!)2
�&�>����!��&.��n�

-2
 -1
 0
 1
 2
 3


distance from shore (km)


al
tit

ud
e 

(k
m

)


-6
 -4
 -2
 0
 2
 4

0


0.5


1


distance from shore (km)


di
st

an
ce

 (
km

)


-6
 -4
 -2
 0
 2
 4


0


0.5


1


1.5


vertical  velocity (m/s)

���	��

���U��� � � � /H���>!��&�[#%��Z����&.J���B!\A`.�� Z/���>!��&��#/� %,!�.�N K�#%�
2+=
.����	?�.��Q!'#/�
#%!5� ��� 4 %,�Y.%!�!'./4OK8 ��&�	���� 
#%!�) � 4C�&�@
�!��� cNW#/ "!)�	�
�	!��R#/�	�&?�#%!'�	.��+./*�!�=
�^gjFE5  >�&4 
��R#%!��&.��_�



� �

distance from shore (km)

al
tit

ud
e 

(k
m

)

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

di
st

an
ce

 (
km

)

−6 −4 −2 0 2 4

0

0.5

1

1.5

���	��

���`��� � � �m9��	4 

�&#%!'��2d�&�	2W#/�c�W#/�$a@ >�[#%!>!'���^#S! ) � 4 �	�J
�!'�� )NW#/ "!L�&�
�B!'�&#/�&�	?[#%!��&.�� .��dZ����>!��&�[#%�
%,!�.�N Kc#/�
2 =
./���&?�.��Q!$#/� #%! � ���C4 % �P./!�!�.�4 Kc�	�0!'=��`gjFE5  ��	4 

�R#S!'�&./�_�UFG�>�&��=Q!'���� � (�& (N���.�NP.��"i
!'�	.��W#/�n#/���>.� �./�f ��[#S!�!'�����	�
�
�

0 10 20 30 40 50 60
0

0.5

1

1.5

2

2.5

time (minutes)

T
K

E
 (

m
2  s

−
2 )

Upwind Domain    
IBL Domain (land)
IBL Domain (lake)

���	��

���:��� ����� 6c�� >.��	Z/��2 ���^7 #/ �#c*,
��
��!��&.���./*�!��&4C�H*,./�8!�=
��N
������

�> �.��� ��&4`

�R#%!��&.�� %,2W#/ �=���2 K T
#/�
2 .lZ����m!�=
�^�R#/��2"%,2W#/ >=�i\2
.%! KE#/�
2;.lZ����m!�=
�^�R#/a%� %  �./�&�&2WK:�&� !'=��egjFG5  ��	4 

�R#S!'�&./� ��� ��� �



���

−6 −4 −2 0 2 4 6
0

0.5

1

1.5

2

2.5

Distance from shore (km)

T
K

E
 (

m
2  s

−
2 )

IBL Domain, 10−50 minutes

���	��

���E��� � � � 6m�� �.��BZ���2C���^7 #/ <#(*,

����!'�	.�� ./* 2��& >!'#/�
���G*,��.�4 !'=��E �=
./���E*,.���gjFE5; >�&4 
��R#%!��&.��
��� ��� �
 ����^4 .��>�)Z%#/�>�R#%!��&.��O�	� !'=��L �.��	
�!'�	.��_� � �B!'= # ] � 6 ./* ?�����.�T�!'=
�L >�&4 
��R#%!��&.��C�Y����.�4C�� EZ/���"A
�
.��	 >A #/��2 !'=
�0�
.��	 ��;�����
���'#%!��� Z/���"A 

�����[#%�&�& "!'�	� Z%#/�	

�� +bc=
�	�$= N
���-Z����@! !�=
�d >�&4 
��R#%!��&.��
*,��./4 ��.��Q!��&�@

�&���
�1���	�
�@��� ���L �=
.lbc : �.��	
�!'�	.��
 1*,.��H ��	4 

�&#%!'�	.��
 �bc�B!'= ] � 6k ���!�!'. � � � ��T � � � � T
� � � � #%�
2 � � ��� �)7�#%�$= ./*<!'=
�� ��  >�&4 
��R#%!��&.��
 UbG#/ 3 "!$#/�"!'��2 bc�B!'=;!'=
�`h
�W#/�  �.��	
�!'�	.��d./* � � � �
%  >��� ���&�
� �J� � �lK-�=�)./!��C!�=W#%!� ��	4 

�R#S!'�&./� �@

4`�Y���� �� � � T � � ��T�#/�
2 ���.� b:���>�O�&�Q!'���Q!'�&./�W#/�&�BA
!'����4C�&�W#S!'��2 #/ ^!'=���A  �=�. b:��2 �
.0 >�&���� e.%*E�
.��	 �� !'=
#%!e�&�[#%2 !�.;!�=
�C

�
����#/�& >�	!�� Z/#%�&

�� �#% ��	�
�����.) bc=
�	�$=0

 >��2d#C] � 6 � � �
��� 	 � � � � �"!$# � 	 ������� ����� �  �� ��� � � �

���	�
�@��� � �  �=
.lbc G!�=
�)4C�[#%� #/��2  >!'#/�
2W#%��2 2���ZJ�R#%!��&.��C./*n ��&4`

�R#%!���2C#/����.� >.��  ��[#S!�!'�����	�
�
.�� #/� ��#/ >!"i b:�� "! ./���&���Q!'��2 Z/���"!'�&��#/�E >�&�&���/� �U=
�	 `hW��

�>�O�[#%� �P�O��.�4 N
#/����2 bc�	!'= h
�
� )�� ) � T
bc=
�	�$=  �=
.lbc ^4 ��#/� #/��2  >!$#%�
2W#/�>2 2
��ZJ�R#S!'�&./� ./*<!'=�� ����#/���	�&2W#/�m.��
 >���"Z/#S!'�&./�
 3�&�0!'=
�  �#/4C�
2
�	4 ���
 ��	.��
 �� �U=
� 4C.�2
���( >=
.lbc d# ����#/2

W#%�3�&�
������#/ �� �	� #/���>.� �.��(�W#/�$a@ ���#%!�!������	�
� �&� !'=��
4C�&2
2
�	��.%*1!'=
�`�Y.�
��
2W#/�"Ad�&#lA/���(#/ (!'=�� .D�Y �=
.��>�`2
�	 >!'#/�
���`�&�
�����[#% ��� ��L�U=
�& )�&�
������#/ �� �	�d!'=��
4C�[#/� �	 1�
./!<./�
 ����>Z���2 �	�`!'=
�U�	�&2W#%��2W#%!'#����U=��U �4C.�./!�=  >!���

�-!'

�>�m >=
.lbc�+�&� hW�
�Q��� � � �& �Z/���"A
2
�G�n�������Q!L*,�>.�4 !�=
�+=
�&��=��	A;Z/#%���R#%�
�&�� >!'�>

��!�

���+*,��./4 #  ��W#%N
 �=
.%!� >

�$= #% 3!'=
�+.��
�� ^ �=
.lbc�
�&� hW�/ ��P��� � � T )�� )$� #/��20)�� ).,
�

/H���"!'�	�[#/�H ��	�&���� `.%*U4 ��#/� bc�	�
2  >NY����2_T�bc�	�
2 2
�	������!'�	.��_T NY.%!'���Q!��R#/�<!'��4 NP����#%!'
����O#%�
2
�����R#%!��	Z/� =@

4C�&2
�B!\A *,��.�4 !'=�� !'=
�>���OgjFG5  >�&4 
��R#%!��&.��
 e#/N�NY��#/��Z/���>A  ��	4 �	�R#/�3!�. �[#/�$= .%!'=
���
bc=
��� ZJ�&�-bG��2 #% C��.��Q!'.�
�� N
�&./!�  �

�$=k#/ hW�/ ������ � � T1��� � � T�#/�
2k��� �D���-3 ���>=W#/N
 +!'=
� 4C.� >!
N
�>.��
.�

������2�*,�[#%!�

�����&�L!'=��� ��:N
�&.%!' 8�& f!'=��:2
�	N��	�e!�=
��=
���	��=Q!�.%*�!'=��:�P.�

�
2
#/�>A^�&#lA/��� �Y�-!\bG�����
� #/�
2 , a@4 .D�Y �=
./���/�H�U=
�	 U2
�&N �	 E!'=
�L�>�� >

�	!c./* 2
�BZ����������@!cVW.lb bc=
�&�$= �& c#%�& �. ./�
 ����>Z���2d�	�



� ���

���	��

���L��� � ����9��&4`

�R#%!���2 �&�	2W#/�G#/���>.� �.��f >�[#%!>!'�����&��� .��;#+=
.��>�&?�./�@!'#/�_N
�&#/�
�L�
��#/�U!'=
�^ >

�>* #/���
�&� 587�9 � � � ���<�U=
�	 m >�&4 
��R#%!��&.��O
� ���20] � 6 � � � � � #/��2;!�=
�^ �.��	
�!'�	.�� ��.��QZ/�����/��20!�.C#/�&4C.� >! >!��[#/2�A �&�	�
�[#/�G >!'�>

��!�

���� ��

���	��

��� ��� �����)9��&4`

�R#%!���20�&�&2
#/�)�
#/�$a@ ��[#S!�!'���^�
�[#/�)!'=
�  >

�>* #%��� *,��./4 *,./

�32
�G�n�������Q!L >�&4 
��R#Si
!'�	.��
 ��<�U=
�^.��
�	A NW#/��#/4 �-!'���U�$=W#/�
����20bG#/ m] � 6 ��.J��FC���	���Q![�



� � �

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 7.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 82.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)
LES260, 18:00 UT, 157.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 232.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 307.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 382.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 457.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES260, 18:00 UT, 532.5 m

0 1 2 3 4 5
0

1

���	��

���E��� �.)���9��&4 
��R#%!���2`�	�&2W#%�1#/����.� >.��� >�[#%!>!'���>�&�
�L./� =
.����	?�.��Q!'#/��N
�&#/�
�� 1�&� 587�9 ��� ��� ���U=
�
#/�B!'�	!�

2
�� EbG�����^�$=
.� >���d!�.C4 #%!��$= !�=
.� >�e�	�;���&�
� )�� ) � �

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 7.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 82.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 157.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 232.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 307.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 382.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 457.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES264, 18:00 UT, 532.5 m

0 1 2 3 4 5
0

1

���	��

���E��� � ,
��9��&4 
��R#%!���2`�	�&2W#%�1#/����.� >.��� >�[#%!>!'���>�&�
�L./� =
.����	?�.��Q!'#/��N
�&#/�
�� 1�&� 587�9 ��� � ,
���U=
�
#/�B!'�	!�

2
�� EbG�����^�$=
.� >���d!�.C4 #%!��$= !�=
.� >�e�	�;���&�
� )�� ) � �



� � �

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 7.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 82.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 157.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 232.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)
LES267, 18:00 UT, 307.5 m

0 1 2 3 4 5
0

1

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 382.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 457.5 m

0 1 2 3 4 5
0

1

distance (km)

di
st

an
ce

 (
km

)

LES267, 18:00 UT, 532.5 m

0 1 2 3 4 5
0

1

���	��

���E��� ������9��&4 
��R#%!���2`�	�&2W#%��#/����.� >.��
 >�[#%!>!'���>�&�
�L./� =
.����	?�.��Q!'#/��N��R#/�
�� <�&� 587�9 ��� � � ���U=
�
#/�B!'�	!�

2
�� GbG�����e�$=
.� >���0!�. 4 #%!��$= !�=
.� >�e�	�;���&�
� )�� ) � �
!'=��e�	�&2W#%�G4C�[#/ >

����4 ���@!� ).%*1#/����.� >.��f4C./!'�	.�� %  >���e �����!'�	.��=,
� ,QK-�

I(�	��./*H!�=
�  ��	4 

�R#S!'�&./�
 )N���.J2


���+#  >=W#/��N �	�
���>�[#/ >� �&� !'=�� �
�[#/�L >

�>* #%��� bc�&��2�i\ >NY����2
bc�	!�=`�	�
���>�[#/ >�&�
�3.��n >=
.����:2
�& "!$#/�����:!�=W#%!��& �4C.��>�: >�&4C�&�R#%�n!'.(!�=
�E4C�[#/���&�	2W#/�82
���>�	Z/��2+#/�������	���ji
#%!��&.��+.���+�#/�@
W#/�"A � � !'=W#/�+*,.�� +�#/�@
W#/�"A �*) %  >���c!'.�NCNW#/�
��� ./*nhW���J��� ) � K-���U=
�)�	�&2W#%�"i\2������BZ���2
bc�&��2�i\ >NY����2 �	�
���>�[#/ >�C*,./�2+�#%�J

#/�>A �*) �& ^4 
��$= �&�� � ^N
��./�W#/�
�BA �Y���[#/

 >� 4C.� >!e./*:!'=
�C�&�	2W#/�
 '#%4 N
�	�E�������&./�+#/N
NP�[#/�> H!�.^�&�&�:bc�	!'=��&�+#L4 �� �.� >�[#/�	�U��2
2�A+#/ � >.����R#%!���2+bc�	!�=C9�=
���P.lAJ�Q#/� NP.��	�@!
%  >���^hW�
� ,
� � K-�G�U=
���	�&2W#%�"i\2������BZ���2 bc�	�
20h
���&2;.��4� � +�#%�J

#/�>A"%  >�������&��� ,
� )�KU�	 c4 

�$=d4C.��>�
=
.�4C.������
��./

 �!�=W#/� �*)�+�#/�@
W#%�>A�T�#/�
2C!'=
�(#/�������	���'#S!'�&./� 4C.����m ��	4 �	�R#/� !'.e!'=W#%!:./*_!�=
�m4 .J2
���
2
�� �N
�B!'�L!'=
�L* #/�-!U!'=W#S!m!�=
�^4 ��#/� VW.lb �	 E*,��.�4 #C >�&�&�/=@!��	A 2
�5�Y���>���Q!c2
�	�����-!'�	.��_�

�)NP.��;���	.� ����)�	�
 �NP���-!'�&./�0./*�!'=
�e��.��Q!�.�

�mN
�&./!� �T =
.lb:��Z�����Tn#/�
2 #% ) >=
.lbc� �&�;�&�	�
�^N
�&./!
�&� !�=
�U�P./!�!�.�4 N
#/�
����./* hW�
�@��� ) � T%bG�UhW�
2 !�=W#%!1!�=
�c587:9  >

�>* #/���c�R#[A����1bc�&�
2
 1*,./�<587:9>� � ���
!'
���� ���&.J�$a@bc�	 ���bc�	!'=`�&�
�����[#% ��&���(.D�Y �=
./���G2��& >!'#/�
���E#/�
2`��.�

�Q!��������&.J�$aQbc�& ��G�&� 587�9 ��� � ,L#%�
2
��� � � ���U=
�3�&�	2W#/�ji\2
�����	Z/��2+bc�&�
2 2
�&�>����!��&.�� .�� +�#/�@
W#%�>A � � #/�
2 +�#/�@
W#/�>A=�*)e!'

�>�O���	.��$aQbc�& >�
#/�	 �.
TQ#%�	!'=�.�

��= #S!�#3 �4 #/�&�	������#%!'�%���U=
�	 1Z��������	�
�^./*P!'=
�Ebc�	�
2 �& <��.��
 ��	 >!����Q!<bc�	!�=+!�=
�U�$=W#/�����
!'=
#%!)b:.�

�	2 .J����
��)!'.C!'=
������ �

�B!'�&��� bc�&��20Z�����!�.��3�&�d# �P.�2�A;*,./������2
�R#%���'#/4 �	*�!�=
�`*,�>�&��!��&.��
Z�����!�.��UbG�����e����2�

����2_�

���	�
�S��� ) � #/�	 �.)N
��.lZJ�&2
�� 1���	

�� ������Q#/��2��&�
�)�W#/�R#%�
���� �.�� �&4 �
#/�R#/������ �&�e!'=
�:4 .J2
���@bc=��&�$=
��.lZ������ !'=��L4 ��#/� VW.lb^���W.��G� X
#%4 N
�	�/T
�	� 587�9 ��� ��� T�!�=
�34C�[#/�Obc�	�
2  �NP����2d#S! � ���`4 .lZ����
!'=��:�&#/�
2e����4 #/�	�
 ���.��
 "!$#/�Q!�#/�
2 �	 �;1@
W#/�@!'.)!�=W#%!��&�^!'=
�HhW�W#%�� >.��&
�!��&.��^./*�!'=
��N
������

�> �.�����

�n�
�U=
�	 3�& (#/� �&��2
�&��#%!'�	.��d./*�# �W#/�R#%�
��� .%*<*,.������� ��L�U=�� ./!'=
���3 ��	4 

�&#%!'�	.��
 �T@��� � ,O#/�
2 ��� � � T
bc=
�	�$= 2
�&2O��./!U

 >�3!'=
�3���
 >!���.�N�=@AO��.��
 >���"Z��	�
�+#/2�Z/���-!'�&./�  ��$=
��4 �%TW�&�
�����[#% ���2O!�=
�L �NP����2 �@A
#/�P.�
�! �`4  ��� �&�0!�=
��h
�� >!L� ��� 462
.lbc�
 >!����[#%4 ./*�!'=
���&��VW.lb �P.�

�
2
#/�>A;��./�
2
�	!��&.��n�U�U=
�



� � )

 '#%4 �c!\bG.  >�&4 
��R#%!��&.��
 < >=
.lb #`�W#/�$a@�	�
��!�������2O./* � 	 . Z/���G!�=
� � a@�&�&./4 �-!'���> H./*f2
.�4 #/�	� .lZ����
!'=�� �R#%�
2 bc=��&�&�+!'=��  ��	4 

�&#%!'�	.�� 

 ��	�
�0!�=
� ���
 >!���.�N�=@A ��./�
 ����>Z%#%!'�	.��  >�$=
��4C� .����	A �W#/�$a%��2
#/�P.�
�!8� 	 .lZ����m!�=
�^ '#/4C� � a@4;�<�U=
�& c.lZ����"i !�=
�-i �R#/��202
�G�n�������
���e�Y�-!\bG�����;!'=
�^!\bG.C ��$=���4C�� 
#/N
NP�[#%�� 8.��
�BAL�
�[#%�8!�=
�H �

�"* #/���%��IE!�=
�&�/=
���8#/�B!'�B!'

2
�� �T 2
�G�n������������ �P��!\b:������!'=
�H!\bG.m ��$=���4C�� 
�& m#/N�NW#/�����Q!)�	�;!�=
�^4 ��#/� bc�&�
2;.lZ����c!'=��e�&#/a/�%�:�U=�����#/

 ��e./*�!'=
�^2
�	 ����>��NW#%�
��A0#/4C.��
� !'=��
!'=������^4C.�2����_�>

�
 m����4 #/�	�
��2 

��2
���m�&�QZ��� >!��&�Q#%!��&.�� #S!U!'=
�L!'�	4 �(./*�!�=
�& Ubc�>�	!'�	�
�
�

�U=
�m�
����#/a+�&� !'=��(587�9 ��� ��� ��

�"Z��(�	�Ch
�
�J��� ) � �	 H2


�)!�.e!�=
�mN
���� ��������(.%*8#^*,./

�H�����	2
NP.��&�Q!3��

�P�+#%!3!'=��  �=
./��� �&� #C*,��b *,�'#/4C�� (bc=��&�$= bG#/ ^�&�
 "!$#/�	�&��2;!'.  >�&4 

�&#%!'�^VW.lb #/��.�
��
2
# �R#/�>���+�


�&�	2
�&���0#%�
2 #S!�!'��4 N�!e!�.d "!'

2�A �B!' LbE#%a/�-i ���Y���-! .lZ����^!'=�� �R#%a/�/� �U=
�& ^�@

4C�����	�[#/�
�-X�NP���>�&4C���Q!LbE#% e����Z����^��.�4CN
�&�-!'���	A0#/�W#/�BAJ?���2nT8bc=��&�$= ���;1J
��&����2 ��.�4CNW#/�>�&�
� !�=
�  ��	4 

�&#%!'��2
VW.lb NW#S!�!'�����
 Hbc�	!�=O#/��2Cbc�B!'=
.�
�!�!�=
�m��

�P�/�<�U=
�)N
���� ����
���)./*n!�=
�)��

�P�)N
�>.��W#/���	A+=W#/ H�	�	!�!��&�
���Y���-!�.�� !'=
�c4C�[#/� N���.�NP���"!'�&�� <./* !'=
�EV
. b #/�
2+N
�>.��W#/���	A`Z/���"A  �4 #/�&�J���Y���-!' �.�� !'
����


�	���
���
 >!'#%!'�	 >!��&�� ��

�3�
� ./*H!'=�� NY.lb:���� ^./*:587�9 �& (!�. �� >!��&4 #%!'��VW
�X��� Lbc�	!�=  '#/4CN
�	�&�
�O�����>.��� L4 
��$= �	�� > 
!'=
#/� !'��#/2
�B!'�&./�W#/�
.��� ����"Z%#%!'�	.��
 ��<�U=��34 .J2
���P��#/� #/�	 �.��Y�)

 ���2O!'.` >=
.lb !'=
�32��& >!����	�

�!'�	.��+./*
VW
�X��� ).lZ����m#+�>�����	.��_�<���&�
�
��� ) �e >=
.lbc c4 ��#/�  ����� ��&���&�L=
��#%![TW�&#%!'���@!c=��[#%!�TW#/�
2 4C.�4 ���Q!'

4
VW
�X��� O#%!+!'=��; >

�>* #%���0#/ # *,

����!'�	.�� ./*32
�	 >!'#/�
��� *,�>.�4  �=�.����;2


�>�&�
� # ��.��Q!'�	�@
W#%!'�	.�� ./*
 ��	4 

�&#%!'�	.�� � � ��� �2% ���	
�X��� )b:���>� �
./!(.�
�!�N

�!3��.����>���-!'�	A *,.�� ��� ��� TY �. !�=
�` >�&4 
��R#%!��&.�� bG#/ 
���� �

4C��2�bc�	!'=e����NW#/�	�� �#/ ��� � ,
� K^�U=
�&  �=�. bc !'=W#S!�.lZ������&#/�
2^!'=
��4 ��#/�e ����� ��&���&�:#/�
2`�&#%!'���Q!
=
��#%!UVW
�X��� Ub:���>��#%�Y.�
�! , � � 4 � � #/�
2=)$� � 4 � � �>�� >NY����!'�BZ����	A��H�U=
./ ��LVW
�X��� c�	�
���>�[#/ >��2
!'. � �.� � 4 � � #/��2 ,@� � � 4 � � TW���� �NP����!��	Z/���	A/T . Z/���U!'=��^bG#%!��������U=
�L!'.%!$#/�
%,���� >.��	Z/��2;N
�&
� 
 �
��
�����	2�i\ >�[#/�	�lKL4 ./4 ���@!�

4 VW
�X 2
��������#/ ���2 *,�>.�4 � � , � a@� 4 ���  � � !�. � � � � a@� 4 ���  � � �
�)��*,.��>!�

�W#%!����	A/TP!�=
���>� #/�>�`�
.O./�
 ����>Z%#%!'�	.��
 m!'. ��.���hW�>4 !�=
�� >�`VW
�X��� �T_�

�!(!'=���A02
. #/N
NP�[#%�
!'.��Y�mbc�	!�=
�&� ���[#% �.��_�H���&�
�J��� )$�^ �=
.lbc E�
./�>!'=Ji\ �./
�!'= #[Z/���'#%����2OVW
JX��� E.��O��#/ >!"i b:�� "!EZ����>!'�	�[#/�
 ��	�&���� �� �U=��� ��;#[Z����'#/�/�OVW
�X��� +��./�@!'#/�&�  >AJ >!���4 #%!'�	�O=
�&�/=�i *,�>�>1@

������A ./ ����	�&�&#%!'�	.��
 %,!�=
��A 2
.
�
./!^��#/�
�����<.�
�!Lbc�B!'= #[Z����'#/�/�&�
�@K3#%�
2 !'=
� ��#/

 ��+./*�!'=��& (bG#/ ^ >!��&�&��

�
2
���^�&�QZ��� >!'�	�Q#%!��&.�� #S!
!'=��^!��&4C�3./* !'=
�	 Ubc���	!��&�
���
��� � ��� � � � � � � ����� � �
	 � ���
	

g\�0!�=
�e�[#/ >�`./* �*)�+�#%�J

#/�>A/Tn#/��2dN
�>.��W#/�
�BA �&�;4C.� >!)./!'=����� �T �	!m�& c�&4CNP.��>!'#/�Q!U!'. =
#lZ/�
4 #%!'

�>�L!'

�>�


�&���Q!(.D�Y �=�.����^VW.lb �&�;.��>2
���U!'.C ��	4 

�&#%!'�L�>�[#/�	�& >!��&�L��.��QZ����-!'�	.��dNW#S!�!'�����
 )�
�[#%�
!'=��U �=
.��>�/�<�U=
�	 1�& <�P����#/

 >�c!�=
�c#/����

4 
��R#%!��&.�� .%*nNP./!'���Q!'�R#%�����������%A �
�[#%�1!'=
�U >

�>* #/���U�&� !'=��
N
�>��4C�BX���2 �Y.�
��
2W#/�"A �&#[A����:�[#/
� ��� E#` �

�� ��>1@

���Q!).lZ/���� >=
.J./!E�	� !'=��)Z����>!��&�[#%�Y=
��#%!GV

�XY�<�U=
�
�R#%������2C*,.���4 #%!��&.��+./*f� X�N
�&�	���	!���2
2
�&�� E2


�>�&�
�� �N
�	��i\
�N bG#/ U#/�	 �.`./�
 ����>Z���2 �&� !�=
�( >�&4 
��R#%!��&.��
2
�� ��&�/�
��2O!�.`2


N��&�&��#%!'�c!'=����)�	��
Qbc >!'#/2�!U� X�NY�����&4C���Q!��<I  ��	4 �	�R#/�<N�=
���
./4 ���W#`.J����
��� G�	� !'=��
587�9 bc=
���0�&#/4C�&�W#/�HVW.lb #%2�Z�����!' m.D�Y �=
./���.&�!'=
�����e#/���L��.C� X�N
�&�	���	!E��2
2
�	�� U!'. !��'#/�
 >NY./�>!U!'=��
NP./!'���@!��R#/�����
�����/A !�=W#%!:#/����

4 
��R#%!��� <�
��#/�<!'=
�c �
��>* #/���).lZ����<!'=
�UbG#%!'�����<�U=
�c�-X�N
�	�&���	!<��2
2
�&�� 
���;1@

�&�>�^!��&4C�L#/�
2nTW=
���
���/T 2
.lbc�
 "!'����#/462
�	 >!$#%�
���L!'.+2
�-Z����&.�N_�

� . .lZ����>��.�4C�(!�=
�& �N
��./�
�&��40TQ!'
����


�	���
���3�& :���������'#S!'��2 �&�O#� �4 #/�&� TQ�R#%!����'#%�&�	A`NY�����	.�2
�	�/T
2
.�4 #/�	�^bc�B!'=� �

�"* #/���:N
��.�NP���"!'�	�� �>1@
W#/�@!'.c!'=W#S!�./*�!'=
�� �

�"* #/���:

NQbc�&�
2`./*�!�=
�G�&#/a/�%�19�N��&��i 

N
.J����
��� c�&� !'=��& c �4 #/�&� I�! #�K�L�! %�(�!E2
./4 #/�	�_�1�U=
�L!�

���

��&���Q!m �./�&
�!��&.�� !'. !�=
�^ �4 #/�&�Y2
.�4 #/�&� �	 
����N
�&�	�[#%!���2e�&�L!'=��:gjFE5O2�.�4 #%�&�_�8� .)4 #/�&�Q!'#/�&�^#c!'

�>�


�&���Q!��P.�

��2W#/�>A^�&#[A���� .lZ���� !�=
�:
�N@bc�	�
2



� � ,

−100

0

100

200

300

400

500

offshore distance (km)

al
tit

ud
e 

(k
m

)

Mean

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

200

400

600

800

1000

1200

offshore distance (km)

al
tit

ud
e 

(k
m

)

Standard deviation

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

���	��

���U��� � � �1M;�[#/�0%,!�.�N K�#/��2C "!$#/��2W#/��2C2
�-Z��&#%!'�	.��=% �P./!>!'.�4 K ./*Y ��	4 

�&#%!'��2 �&�	2W#/�1�W#%�$aJ >�[#%!"i
!'���E*,��.�4 5 7�9 ��� � ,
�

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#260 MEAN WIND DIRECTION

298300
300

300 300

316 316

316 316

320 320

320 320

326 326
326 326

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#260 MEAN WIND SPEED

9.5

9.5

10

10

10

12 12

14 14

15 15

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#260 MEAN POTENTIAL TEMPERATURE

253

253 254

254
254

256 256
258 258
260 260

262 262

264 264

266 266

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#260 MEAN RELATIVE HUMIDITY

42 42

44 44
50 50
60 60

66
66

66

66 70

70

74

74

80 80

80

���&�/

���e��� � � ��M;�[#/� bc�&�
2nT�!'��4 NP����#%!'

�>�e#/�
2 4 ./�& >!�

���3*,./�c5 7�9 ��� �.� �



� � �

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#264 MEAN WIND DIRECTION

298

300

300 300

316 316

316 316

320
320

320
320

326

326

326
326

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#264 MEAN WIND SPEED

9.5

10

10

12 12

14

14

15 15

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#264 MEAN POTENTIAL TEMPERATURE

253

253

254
254

256 256
258

258

260
260

262 262

264 264

266 266

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#264 MEAN RELATIVE HUMIDITY

42
42

44
4450

5060 60
66

66

66

6670

70

74

74

80 80

80

���&�/

���e��� � � ��M;�[#/� bc�&�
2nT
!'��4CNP���'#S!'

�>�^#/�
2;4 .��	 >!�

���(*,./�c5 7�9 ��� � ,
�

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#267 MEAN WIND DIRECTION

298
300

300 300

316 316

316
316

320
320

320 320

326
326

326
326

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#267 MEAN WIND SPEED

9.5

10

12 12

14

14

15 15

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#267 MEAN POTENTIAL TEMPERATURE

253

253

254

254
256

256
258 258

260 260

262 262

264 264

266 266

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

distance from shore (km)

al
tit

ud
e 

(k
m

)

LES#267 MEAN RELATIVE HUMIDITY

42
42

44
4450 5060 60

66
66

66

6670

70

70

74

74

7480

80

���&�/

���e��� �D����M;�[#/� bc�&�
2nT
!'��4CNP���'#S!'

�>�^#/�
2;4 .��	 >!�

���(*,./�c5 7�9 ��� � � �



� ���

−6 −4 −2 0 2 4 6
4

5

6

7

8

9

10

11

distance from shore (km)

w
in

d 
sp

ee
d 

(m
/s

)

LES260 7.5 m 
LES264 7.5 m 
LES267 7.5 m 
VIL 13 Jan 98
VIL 10 Jan 98

−6 −4 −2 0 2 4 6

295

300

305

310

w
in

d 
di

re
ct

io
n 

(d
eg

re
es

)

distance from shore (km)

LES260 7.5 m          
LES264 7.5 m          
LES267 7.5 m          
VIL 13 Jan 98 (+16o )
VIL 10 Jan 98 (+58o )

���	��

���G��� ) � ��M0�[#%� bc�&�
2  >NY����2 %,!�.�N K�#%�
2 2
�&�>���-!'�&./� % �P./!>!'.�4 K�#%! � ���)4 #%�Y.lZ��E!�=
�E >

�>* #/���
*,��./4 !'=��^!�=
�����e5 7�9� )#/�
2;�&�	2W#/�:.��
 ����>Z%#%!��&.��
 c.�� � � #/��24�*) +�#/�@
W#%�>A	���D� � �



� � �

−6 −4 −2 0 2 4 6
−200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

Distance from shore (km)

S
ur

fa
ce

 H
ea

t F
lu

x 
(w

/m
2 )

LES274, 1800−18:21 UT

SENSIBLE
LATENT  

−6 −4 −2 0 2 4 6

−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

Distance from shore (km)

S
ur

fa
ce

 M
om

en
tu

m
 F

lu
x 

(k
g 

m
 s

−
2 )

LES274, 1800−18:21 UT

UWT  
VWT  
TOTAL

���	��

��� ��� ) ��� M0��#/�  ����
 ��	�
�&�%Td�&#%!'���@!�Td#%�
2 4C.�4C���Q!'

4 VW
�X��� #S! !�=
�  �

�"* #/��� *,��.�4
587�9 ��� � ,
�



� ���

−0.6

−0.4

−0.2

0
A

lti
tu

de
 (

km
)

UW Momentum flux kg m s−2, LES274, 18:00−18:21 UT

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

0

0.1

0.2

0.3

A
lti

tu
de

 (
km

)

VW Momentum flux kg m s−2, LES274, 18:00−18:21 UT

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

0

500

1000

1500
Vertical sensible heat flux W m−2, LES274, 18:00−18:21 UT

A
lti

tu
de

 (
km

)

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

0

100

200

300

400

Distance from shore (km)

A
lti

tu
de

 (
km

)

Vertical latent heat flux W m−2, LES274, 18:00−18:21 UT

−6 −4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

���	��

���d��� )$��� M0��#/� 
�i 4 .�4C���Q!�

4 %,!'./N K-TEZQi\4C.�4C���Q!'
�4 %, �����.��
2 2�. bc�WK-Tm ����� ��&���&�-i =
�[#S!
%,!�=
�&�>2d2
.lbc� K T_#/��2 �R#%!����Q!>i =
�[#S!�%,�Y./!>!'.�4 KGZ����>!'�	�[#/�8VW
�X��� ^#/ 3#+*,

�
��!��&.��0./*H2
�	 >!$#%�
���e*,��.�4
!'=��e >=
.��>�`#/��2 #/�B!'�	!�

2
�(*,./�)587�9 ��� � ,��
� =
�B!'�^��./�@!�.�

�> (#/�>��.%*�NP./!'���Q!'�R#%�_!'��4CNP���'#S!'

�>��#S!
����� � �&�Q!����>Z%#/�	 ��



� � �

NW#/�"!U./*8!'=��3gjFE5 2�.�4 #%�&�_T@NP���>!�

���
#%!'�	.��
 U#/�>�3������AJ���	��2;.��E#%2
2
��2 !�. !'=
�L4C�[#/�  >!$#S!'�L./*8!'=��
N
�>����
��� �./�e >.��&
�!'�&./� .�� !'=
� b:�� "!'���>� bG#/�&� �`� 

����

�&���
���+ >!'#%!'�	 >!��&�� (�[#/� �Y� ��.�4CN

�!'��2 *,��.�4
587�9 .�
�!�N

�! #S* !'���`#/�P.�
�!2) � 4C�&�@
�!��� `.%*U ��	4 

�R#S!'�&./�_� ]3

�>�&�
� !'=
� hW�� "!�) � 4 �	�J
�!'�� �T�!'=��
gjFE5 �/��.lbc m#/�
2;���[#%�$=
�� )#  >!'��#/2�A  "!$#%!��/�

�U=
� 587�9 N
��.J2


���� �����&�	

�R#/��TE.��O���'#/�	2
��2_Tc��.�=
���>���Q!  >!���

�-!'

�>�� �
��#/�O!'=
�d �

�"* #/���%�
�U=
�� ��mNW#%!�!����>�
 H#/���U >�&4C�&�&#/�f!'.L!'=
./ ��U ������C�&� !�=
�U�&�	2W#/��2
#%!$#3.��C#/�	�J!�=
�����c��.��	2�ij#/�	��./
�!'�
�>�[#/a
2W#[AJ ��e7�X�����N�!L*,.��)!�=
���	�(���	.��
�Q#S!'�&./�0�	�d!'=
�`4 ��#/�dbc�&��2 2
�&�>����!��&.��nTP!�=
��Ad���� >��4 ���&�`��.��QZ����-i
!'�	.��+�����&�
NW#S!�!'�����
 H�
��#/�<!'=
�c�P./!�!�.�4  >

�>* #%���m�&�+#^�R#/�P.��'#S!'.��"A�!'#/�
a � X�NP���>�&4C���Q!8% � �	�&�	�& 1#%�
2
]3�[#%��2
.�� ��T ��� � �QKE#%�
20�	� ./!'=
���m5 7�9 �-X�NP�����	4 ���Q!' c./*1=�.�4 ./�����
��.�

 c��./�@Z/���-!'�	Z/�`�P.�

�
2
#/�>A
�R#[A/���� % 9��$=�4 �	2�!�#/�
2 9J�$=J
�4 #/���_T���� � � &<Md#% �.��_T ��� � ��K-�O�U=
� .��
 >���>Z%#%!��&.�� �& ^��./�@ZJ�	�
���	�
�
��ZJ�	2
���
���L!'=W#%!G!'=
�3!�

���

��&�������^ >!���

�-!'

�>�e�	�O!'=
�L��.��QZ�����!'�BZ��^ �
��>* #/���e�&#[A����U�	 E >!���.������	A ��.��Ji
!'�>.��&�	��2 �QA ��.��QZ����-!'�	.��d�����&�	 E!'=W#S!c �NW#/� !'=��e2���N�!�=d./* !'=
�^�P.�

�
2
#/�>A �&#[A������

�U=
�����
 "!'�>.�N
=QAe��.��
 >���"Z��	�
�)#/2�Z�����!��&.��e ��$=
��4 �:#/N
NP�[#%�� 8!'.c�$=W#/�
�/��!�=
�<bc�&�
2e2
�&�>���-!'�&./�
#/ #;*,

�
��!��&.�� .%*c.D�n >=
.��>�O2
�&�>���-!'�&./� �&� #04 #/���
���`!�=W#%!`4 #/a%�� N�=@AJ >�&�[#%�E ����
 ��;#/�
2 �& �	�
#/���>����4 ���@! bc�	!�=��	�&2W#%�f.��
 ����>Z%#%!��&.��
 ����U=
�G#/�������	���'#S!'�&./�e.%*
!'=
�� ��	4 

�&#%!'��2eVW.lb #%�& �.m=W#/N�NY���
 
bc�	!�=
�&� #+ �=�.��>!����c2
�& "!$#/�����Lbc=
���0��.�4CNW#/�>��2 !'. !�=
�^�&�&2
#/�E2
�����	Z/��20#/�������	���'#S!'�&./�
 ��

g !m�& U�	4 NP.��>!'#/�Q!E!'.+�
.%!'�L!'=W#S!m*,./�E!'=
�� ��e ��&4`

�R#%!��&.��� :!'.+�P�^ �

������ > >*,

� TP!�=
�^=
���	��=Q!c./*
!'=��C2�.�4 #%�&� bE#% e�>�� "!'���	��!���2 !�. � a@4;� EL�'#[ZJ�	!\AdbE#[Z��� `�P����#/4 � !��'#/N
NP��2 �&� !�=
� �	�QZ����> ��	.��
�R#[A/���+bc=
��� !�=
�d >�&4 
��R#%!��&.��
 �bG����� �>

�kbc�B!'= 2
����NY��� 2
.�4 #/�	�
 �� �U=��� ��;bE#[Z/�� #/4CN
�&�BhW��2
.lZ���� !'�	4 �%TU#/�
2_TU�	�  >�&4 

�&#%!'�	.��
 +.lZ����O ��-Z�����#/�(=�.�

�� �TU!'=
�;bE#[Z��� ��Z����Q!'
W#/�	�	A 2
.�4C�&�
#%!'��2
!'=�� !'

�>�


�	���Q!  >!���

�-!'

�>�� �	� !'=
� �Y.�
��
2W#/�"A �R#[A/����� g !`�& ��&�&a%���BA !�=W#%!`���'#[ZJ�	!\A bE#[Z/�� +N
�R#[A
# �>.��&�e�&�;!'=
��.�����#/�
�&?�#%!'�	.�� ./*<�P.�

�
2
#/�>A;�R#[A/���( "!'�>

��!�

��� % DE#/���>
�!'=����� 3#/�
2 M;.����
�
T � � � � &
�L

��!>!'�
���`�-! #/� �	T
��� � � & 7(#/
�*c#/�
2 DG�R#/�>aPT ��� � ��K-� g ! �	 `#%�& �.;�&4CNP.��>!'#/�Q!e!�.da%����N �	� 4C�&��2
!'=
#%!�!�=
�G��.��
 >!'#/�Q!<�&��VW.lbk�P.�

��2W#/�>Ae��.��
2
�B!'�&./�`2
.J�� ��
./!<#%�&�&.lb �/�'#[ZJ�	!\A^bE#[Z/�� <!'.)N
��.�N
#/�Q#%!��


N
 "!'�>�[#/4;TJ#/�
2_T@#/ H#L�>�� �
��	![T@�B!<N
�R#%���� H#L�>�� >!����	��!'�	.��+.�� !'=
�U2��&������!��&.��+./* bG#lZ/�)N���.�NW#%�Q#%!'�	.��_�
�U=
������*,./���/T8!'=��C!����$=
�
� 1@

� 4 #[A �
.%!eb:.��>a *,.��L �.�4C�C#%!'4C.� >N
=
���>�&�  >�&4 

�&#%!'�	.��
 mbc=
���>� !'=��
4C.�2
���&�	�
� ./*�

N
 "!'����#/46N
�>.�NW#/�Q#S!'�&��� bE#[Z��� 3#/�>�L�&4CNY./�>!$#%�@!��



��� �



���.�

���������
	���


��� ����� ��� �
����	������ ��� �"!�#$� !�� 	

�'�&% ! �A��� ��� ��� ��� ���
3<���	.��e!�. !'=
�	 `�$=W#%N�!'����T<��./4 NW#%���& >.��
 �./*cNW#%!>!'���>�
 �	� !'=
� �&�&2
#/�^2W#%!$#;bc�	!'= NW#%!�!����>�
 

�&� !'=��0 >�&4 

�&#%!'��2 �&�&2
#/� �W#/�$a@ ���#%!�!����>�&�
� *,��.�4 587�9 .�
�!'N

�!+b:���>�0Z����>A  �
����>���-!'�	Z/�/� �U=
�	 
�$=W#/N�!'���cN
�>�� >���Q!' )#/�
2;#/N
N��&�&�� U#`!'���$=
�
� 1J
��^!�=W#%!c�	2
���Q!'�BhW�� E!�=
�LNW#%!>!'�����
 c�&�O!�=
�3VW.lb h
���&2� 
4C.���� 1@
W#/�Q!��	!$#S!'�	Z/���BA�T�!�=
���>���QA;#/�&�	.lbc�&�
� �	�� > m >

���>����!'�BZ�����.�4CNW#/�>�& �./�
 ��

g\� ./!�=
���3./�
 ����>Z%#%!'�	.��W#/� !'

�>�


�	���
��� ���� >�[#/�>�$=_Tf4C�[#/ >

����4 ���@!� L./*�# Z%#/���&#/�
�	�� >

�$= #% 
#CZ/���	.����	!\A ��./4 NP.��
���@!(#/�>����.�4 4C.��
�BA .���!'#/�&����20#%!3#C ��	�
���&�^NP.��&�Q!)#/ (#C*,

�
�-!'�	.��0.%* &�*NM #-�
�U=
�	 C�	 +N
��.��
#/�
�	A �Y���[#/

 >�d./*)!'=
� 2
��#/�>!�= ./*(�&�
 "!'�>

4 ���Q!' !'=W#S! ��#/� N���.lZJ�&2
�; �NW#S!'�R#%�E�&��i
*,.��>4 #%!��&.��n� I(� � X
#%4 N
�	�O./*m#d!��'#/2
�B!'�	.��W#/�<!'
����


�	���
��� 4 ��#/ �
�����4C���Q! �	 #0!��&4C�-i\ >���>�&�� �./*
bc�&��2�i\ >NY����2 4C�[#/ >

����4 ���Q!' 3.���!$#/�	�
��2;*,��.�4 #/�d#/�
��4C.�4C��!����m.�� #C!�.lbG�����37<2
2��&�� (#/2�Z/����!"i
�&��� NW#/ "!3!'=��  ����
 �.��(�[#/

 >� !'=
�`4 ��#/ �

�>��4C���Q!3!�. VW

�-!'
W#%!�� #/�P.�
�!3# 4 ��#/� .lZ����(!'�	4 �%�(� .
�-X�N
�	.����^!'=��e�$=
#/�'#/�-!'�����& "!'�	�� m./*�!�=
�e!�

����

�&���
����#%!c!'=W#S!)NP.��	�@!m�	.���#%!'�	.��_T�!�=
�^!'�&4C�-i  ������&�� U./*
4C�[#/ >

����4 ���@!� ��#/� �Y�;

 ���2k!�. ��.�4 N�
�!'� 2
�� ����>�&N�!��	Z/�0 "!$#%!��& >!��&�� C >

�$= #% C!�=
� 4 ��#/� #%�
2
=
�	��=
���ji\.��>2
���H4C.�4C���Q!' 8% � � �%��Z%#/���&#/�
���/T@ �a%��bc�
�� � c#/�
2 a@

�>!�.� ��	 $K1bc=
�&�$= 2
�� >�����	�Y�m!'=
�m2
�	 >!'�>�Bi
�

�!��&.��+./*Y!'=W#S!<Z/#%���R#%�
�&�%�1�W.��<�-X�#/4CN
�	�/TQ�	!H=
#/ H�Y����� ��.���hW�>4 ��2C!�=W#%!H!'=��mNP.� >�	!'�BZ��U >a/��bc���� � 
./*WZ/���>!��&��#/�JZ/���	.����	!\Ae�&� #m��.��QZ/����!��	Z/�m�P.�

��2W#/�>Ae�&#lA/���1�	 1#m���� >

�	!1./*W�W#/�>��.lb �&�Q!'���
 ��G

NY2��'#%* !� 
#/�
2C�
�>.Q#/2
�����>�����	.��
 H./*PbG��#/a/���G >

�
 ��	2
��������% 5f��4C.��
� ����� � T@M0.J���
��#/�
2 6m.%!'

�
��.
T ����� � K-�

I(��./!'=
���HNY.�N�

�R#/�1#/�
2 !'��#/2
�	!��&.��
#/��
� ��c./*P!'�&4C�-i  ������&�� 12W#%!'#L�& 1!'.L��.�4CN

�!'�m#/
�!'.J��.��>���-i
�R#S!'�&./�+*,
��
��!��&.��
 % ImDE�� $K-�<I)� ImDE� �&�
2
�	�[#%!��� H!'=
�)#/4C.�

�Q!�./*f��.�4 4C.�� Z%#/���&#%!'�	.��+�Y�-!\bG�����
# Z/#%���R#%�
�&�L#S!c.��
�^!'�&4C�L#/��2;!�=
�� �#/4C�^Z%#/�>�R#/���&�L#%!m#+�R#S!'���E!��&4C� % 9J!�

�&� T ��� ��� K-�H�U=
�����-*,.����%T
ImDE�� H./* !'�	4 � i\ >�����	�� �#/���c#(*,

����!'�	.��+./* !'�	4 � i\ �=��	* ![TS.��1!��&4C�-i\�&#/�
�fImDE�� �#/�>�U#/�BbE#[AJ H�>1@
W#/��!�.
.��
��#%!c?�����.C!'�	4 � i\�R#%�
T�#%�
2_TW*,.��U!'

�>�


�	���Q!cVW.lb^T !\AJN
�	�[#/�	�	A 2
�������[#% ���bc�B!'=;�&�
������#/ ��	�
�C!��&4C�-i
�R#%�
�('3
W#/�Q!'�B!'�&�� bc=
�&�$= �[#%�k�P� 2
���>�	Z���2k*,�>.�4 !�=
� ImDE� �&�����&
�2
�O!'=
� ��#[A��	.�� 4C�&���>.� ���#/�&�
% � �����
��a%�� m#/�
2 58
�4 �	��A ��� � �`K:#%�
2 !�=
�(�	�@!�������#/� �&���
�/!'=  ��[#%�&�/T@bc=
�	�$= bc�&�	�W�Y�)2
�& >��

 > ���2 �	�
 �����!��&.�� � � � �

F:AC��./�@!��&�@

.�
� ��	AC4C.lZ��	�
��#� ��	�
���	�)NP.��&�Q!� ����
 �./�U#%!G#� >!��[#/2�A ��#%!'�%T��	�@Z/.�a@�&�
����#[AJ�&./�*)  
*,��./?����Ji !'
����


�	���
��� =QA�NP./!�=
�� >�& �T8#%�
2 ��.��QZ����>!��&�
� !'�	4 �e!'. 2
�	 >!'#/�
���`�@Ad4 

�B!'�&N��	AJ�&�
�C�QA !'=��
 �NP����2k.%*m!�=
�  ����
 �./��T�.��
� �[#%� �	��*,����!'=
�  >NW#%!'�&#/�G�$=
#/�'#/�-!'�����& "!'�	�� ./*c!'
����


�	���
���/� �U=��& �	 
��./4 4C.��
�BA 2�.��
�Obc�	!�= #/�&�>����#%* ! 2W#%!'# % 5f���� ��$=
.lb #/��2 9J!$#/��a/.lZPT ��� �.� K-T<�

�!+�	! ./�
�	A N
��.%i



��� �

ZJ�&2
�� `.����-i\2��&4C���
 >�&.��W#%�<�&��*,.��>4 #S!'�&./� % � � �/�;#/�	.��
� !'=
�CVW�&�/=@!`NW#%!�= K-� �U=
�O./�
�-i'T�!\b:.%i$T<#%�
2
!'=������ i\2
�	4 ���
 ��	.��W#/�P �N
#%!'�&#/�n�	4 #/�/�&�
�e�[#/N
#/�
�&�	�	!\AC./*8!'=��L�&�&2
#/�:NP���>4 �B!' :4 

�$= �&4CN
��.lZ/��2  �NW# i
!'�&#/�E �#/4 N��&�&��� ��.�4CNW#/�>��2 !'. !'�'#%2
�	!��&.��W#%�EN
��./�Y�� �� F:���[#%

 ��;!'=
� /3gj5 ��#/� ./��!$#/�	�  �NW#%!��R#/�
�&��*,.���4 #%!'�	.�� ./�0�>����

�&#/�E�	�@!����"Z/#%�& U./* !'�	4 �%T��	!c�	 U����#/�&�BA ��#/NW#/�
�	�^./*�N���.lZJ�&2
�	�
��,%ij] 2W#S!$#��

�(*f��./

�� >�/T�!�=
�3587�9 #%�& �.�N
��.J2


���� ,%ij] ./
�!'N

�!:!�=
���>��*,.��>�/T�!�=
�8/(gj5 �& ��&2
��#/�&�BA  >

�	!���2
*,.��m587�9 Z������BhW�[#%!��&.��n�E�U=
�& m�$=W#/N�!'���mN
�>�� ����Q!' 3 >NW#%!'�&#/�f��./�������R#%!��&.�� *,

����!'�	.��
 m./*1�P./!�=d�&�	2W#/�
#/�
2 587�9C.�
�!�N

�!:�&�+.��>2
���H!'.e ����(2
�G�n������������ ��&�+!'=��)2W#S!$#L!'=W#%!�4C�&��=Q!H=W#[Z/�(./!�=
���"bc�& ��m��.����


�
��./!'�	����2;�QA  �
����>���-!'�	Z/��ZJ�& >
W#/�_��.�4CNW#/���	 �.�� ./* !'=��e�	4 #%���� ��
�'��� ��� � � �1��� �
� � � 	 � �B� � ��� ���

�W.��+!\bG.%i 2
�&4C���� ��&./�W#/� % �/]^K+2W#%!'# !'=
#%! #/�>� =
.�4C.������
��./

 �	� �Y.%!'= 2
�	������!'�	.��
 �T �/]
ImDE�� O��#/� �P�d��./4 N

�!'��2 
� ��&��� * #/ >!"ij�W.�

�>�&��� � �'#/�� >*,.��>4  % �1���U 'K .�� �@Ak�&��������4 ���Q!$#/�	�	A
 �=��	* !'�	�
�L#/� �	4 #%����bc�B!'= �>�� �NP���-!H!'.L�	!� ����	*P#/�
2 ��.�4CN

�!'�	�
�L#3��.����>���R#S!'�&./� ��.J��FC���	���Q!<*,.��1��#/�$=
NW#/�	�c./*H�R#/�/ ��m�W.��)=�.����	?�.��Q!$#%�&�	A =
.�4C.������
��.�
� (2W#%!'#�T !'=
� �>�� >

�	!��&�
�CImDE� �& )����N
���� ����Q!'#%!'�BZ��
./*m!'=
�;4C�[#/� N
��./NY���>!'�	�� C#%! #/�QA NP.� ��B!'�&./� .�� !�=
�;�&4 #/���� 
� ���2 !'. ��.�4CN

�!�� �	![� g\� !'=
�	 
b:.���a TP�Y���[#/

 >�`./*�!'=
�e�&�
=�.�4 ./�����
���	!\A .%*�!'=����P.�

�
2
#/�>A;�R#[A/���m�&� !'=
�e�[#/ "!>i bG�� >!L2
�	������!'�	.��_T
#d >�&�&�/=@!��	A 2��5�Y�������Q! N
�>.�����2


�>� bG#/ 

 >��2_�	7m���>�/T<��./�������R#%!��&.�� ��.J��FC���&���Q!� +#/��� �[#/�	��

�&#%!'��2
.��
�BA`*,.��H�
./�>!'=Ji\ �./
�!'=C.����	���Q!'��2 .����-i\2��&4C���
 >�&.��W#%����.lbc ��<g !G�	 H#/ � >

4 ��2 !�=W#%!H!'=
�c!'
����


�	���
���
 >!'#%!'�	 >!��&�� #/��� =
./4 .��/���
��.�

 �&� !�=
�&  >=
.��>�-i\N
#/�'#/�	�&���:2
�	������!'�	.�� #%!C#/�QA #/�	!��	!'
�2
�/� �U=
�=�/]
DUDE�GT !'=
�����-*,.����%T/bE#% 1��.�4CN

�!���2 
� ��&���)!'=��G�&�	�
�[#%�"i\��.����>���&#%!'�	.��L��.J��FC���	���Q!�*,./�� >=
�	* !���2 �
./�>!'=Ji
 �./
�!'= ./���&���Q!'��2 �>.lbc ./*c2W#%!'# #%!e!'=
�  '#/4C�O#/�B!'�B!'

2
�%�0�U=�� #/4C.�

�Q! ./*c��#/ >!"i b:�� "!  �=
�B* ! �	 
�[#%�&�&��2����1PRQ�. #/�
2 !�=
� #/4C.�

�Q! .%*^�
.��>!�=�i\ >.�
�!�=  �=
�B* ! �& �[#/�	�&��2
	��1PRQ�./� 58#/�� !'. !'=�� �[#/ "!
#/�
2 �
.��"!'= #/���+NP.� ��B!'�BZ�� �R#%�� ��C���	�
� � � �+�&�&�	

 >!��'#%!��� 3=�. b !'=
�C �=
�B* !'��2 #/�>�'#[AJ �T QC#%�
2
��T�#/�>�
�-XJ!��'#/�-!'��2;*,��.�4 # �lij] �����	2;.%*12W#%!'# NY.��	�Q!' U*,.��c#+���	Z/���; ���!)./*��R#/�/ �� � ij] ���>.� � ji\��.����>���R#S!'�&./�
*,

�
�-!'�	.��
 �% DUDE�� $K1bG�����m��.�4CN

�!���2+*,��.�4 2
#%!$#L.��C=
.��>�&?�./�@!'#/�
N
�&#/�
�� :#S!�#e >�����	�� H./*Y.D�Y �=
.��>�
2
�	 >!$#%�
���� ��H�U=
� 687mg�Z/.��&

4C�L ���#/�d2
#%!$# ���
#/�
�&��2 !'=
�	 c!�.+�Y�^2
.�����#S!c4 

�	!��&N
�	�3#/�B!'�B!'

2
�� ��

�U=
�L*,.��>4 

�R#`*,./�E!'=
�^�&�	�
�[#%�E��.��>�����R#%!��&.�� ��.��'F ���&���@!2% FG��ZJ�&���/!'.��nT ��� � ��KG�& ��
� � � ��� ��� ��� ��� � � � �� � � �

�� � % � � �,K ��� ��� � � � � � �� �<% � � � K ��� ��� �
% � � �lK

7)�����%T<Q(#/��2��E#/�>�m!�=
�( >=
�	* !���2O�
./�>!'=Ji\ �./
�!'= .����	���Q!'��2 #/����#[A� G#/�
2 *W�& H!'=
�m�&�
2��-X �&�Q!'.����B!'=
���
#/�>�'#[A���� �& L!'=�� �@

4 �P����./*ENP.��&�Q!� ��	� ���B!'=
���e!�=
� Q .�� �`#/����#[A�� FG���[#/

 >� !'=��O#/?��&4 
�!�=W#/�
�&�	4 �B!' �./*n!�=
�c�&�&2
#/�< ���#/�
 �

 �
W#%�&�	A 2
.���./!��&�&���U

N bc�B!'= !'=
�m�[#%��2
�	�W#/�W2
�	�����-!'�	.��
 �TQ�&#/���/�UNW#/�>!� 
./*m!'=
� �/���&2�2
��2 2W#%!'# #/��� 

 >
W#/�&�BA h
�&�&��2 bc�	!�= Z%#/�	

�� !�. �&�
2
�	�[#%!�� #/�
 >���
���0./*m2W#S!$#�� g *(#
! �
.02W#%!'#;V #/�#"d�& ^N
�>�� >���Q! �&� ���B!'=
��� Q ./�$��T !'=
� ��.�4CNW#/�
�	.�� Z/#%�&

�C�& e�$=W#/�
�/��2 !�. # ! �
.
2W#%!'# VW#/��"0#/�
2 !�=W#%!�NW#/�	�e�	 ^�
./!�

 ���2 �&� !'=
�C�[#%�&��
��R#%!��&.�� ./*G!'=
�C��.��>�����R#%!��&.�� ��.J��FC���&���Q!��
DG.��>�����&#%!'�	.��+��.J��FC���	���Q!' �bG�����).��
�	A �[#/�	��

�&#%!'��2 �B*f#%!��&��#/ >!�� � 2W#%!'#�NW#/�	�� <b:�����(#[Z/#%�&�R#%�
�&�G*,./�
#/�QA �&#/�
�+g * � � NW#%�&�� 3b:���>� �
.%!e#lZ%#/�	�R#/���&�/TY!'=
���/] DUDE� bG#/ e4 #/�>a/��2 bc�B!'= !'=
� ! �
.;2W#%!'#
V #/�#" #S!U!'=W#%!cN
#/�>!��&��
��R#/�:X@i �R#/�+#/��2;AQi\�&#/� �&.J�[#S!'�&./�_�

g !3 >=
.�

�	2 �Y�`�
./!'��2 !'=W#S!3�>1@�_� � � �`N
��.J2


���� ^#/� �	�&�&���Q#/�8#/�>�	!�=
4 �-!'�	�e./NY���'#%!��&.��dbc=����
!'=��(2
���
.�4C�&�W#%!�.����& G?����>.
�<�U=
�& :.�����

�> E�	*_���	!�=
����!'=
� � ./�%�c#/����#[A �	 :hW�	�&��2 bc�	!�= #`��.��
 >!'#/�Q!
Z%#/�&
��/� �m��*,.��"!'

�W#S!'���BA�T�!�=
�c�&�&2
#/�12W#%!'#^#/�
2C587:9 .�
�!�N

�!�.J���[#% ��&./�W#/�&�BAe=W#[Z��m �=
.��"!� ����/4 ���@!� 



��� )

� �

����� �	�


	� �
�	��
�������� ��� ����� �

����� ���

����� �	�

�� � !
"# #
$$ !
$%&  !'
(& �)


�� �*����
+�*����� �*� � ��� 
 �

���	��

��� � � ���eg\�&�	

 >!��'#%!��&.��  >=
.lbc�&�
�;=
.lb  >=
�	* !���2 #%���'#[AJ e#/���C�-XJ!��'#/�-!'��2 *,��.�4 �����	2
2
��2 2W#%!'#
!'=
#%!�#/���+�&��=
.�4C.���������.�

 L�	� !'=
� X@i\2
�	������!'�	.��_�+�U=
�+�&�	�
�[#%�L��.��>�����&#%!'�	.�� ��.J��FC���&���Q!^bc�&�	�1�P�
��./4 N

�!'��2 *,��./4 #+#/�
2;�;*,./�E!'=
�^���BZ���� X@i:#/�
2 AQi\�R#%�
�



��� ,

./*m��./�
 >!'#/�Q!CZ%#/�	

�� �� g\� !�=
� �&�&2
#/��2
#%!$#�TH�B! �& ��#/

 >��2 �@A �&�W#/2��>1@
W#%!�� 2�AJ�W#/4C�&�O��#/�
���O�	�
2
�	���	!��&?[#S!'�&./� ./*E!�=
�  >�&���W#%� T #/�
2 �B!e.�����

�> �bc=
��� !'=
� #/���>.� �./�: >�[#%!>!'���>�&�
�0�& e=
.�4C.������
��.�
� 
#%!c���&.� >�L�'#/�
�/�� ��:DG.��� >!$#%�@!cZ%#/�	

�� c.J����
��U�&� !'=
�^ >�&4 

�&#%!'��2 �&�	2W#/�G�
#/�$a@ ��[#S!�!'���(�P����#/

 ��L!�=
�
���>

2
�e#/�	��.����B!'=
4 

 >��2;!'.+��.�4CN

�!��^ ��&4`

�R#%!���2 �	�&2W#/�:�W#/�$a@ ���#%!�!����m*,��.�4 4 .J2
���n.�
�!'N�
�!c ��-!' 
!'=��  ���#%!�!����>�&�
�d!�. #d��.��
 >!'#/�Q! Z%#/�&
��Cbc=
��� #/�QA #%4 .�
��@!`./*c�&� 1@

�&2 bE#S!'���`�& eN
���� ����Q!C#%! #
���>�&2CNY.��	�Q![�1�U=
�) �.��	
�!'�	.��+!'.�!�=
�& �N
�>.��
�&��4 �&�C!'=
�mN
���� ����@!Ub:.��>a+bG#/ �!'.`�$=����$a �-Z����>A � #%�
2
� #/�>�'#[A *,.��L��.��
 "!$#/�Q!eZ/#%�&

�� L�Y�-*,.����+

 >�&�
� !'=
��4 �&� �;1J�n� � � ���+g *:���B!'=
��� � .�� � ��.��Q!'#/�&�
��2
# 4 # �>./���	!\Ad./*E��.��
 "!$#/�Q!`Z%#/�	

�� �T !�=
��� !'=
�C��./�������R#%!��&.�� *,
��
��!��&.�� bE#% `4 #/��a%��2 bc�B!'= # ! �
.
2W#%!'#+VW#/��" *,./�c!�=W#%!)NW#/�"!'�&��

�R#%�U ���!(./*1�&#/�� ��E�U=
�`�$=����$a@�&�
� N
��.J����2


�����&�
������#/ ���20!'=�� D�35�
!'�	4 �(���>1@

�	����4 ���@!� c �

�
 "!$#/�Q!��R#/�	�	A *,./�c#/�;#/�&�>�[#/2�A D�3
� �	�@!����
 >�	Z/�eN���.J���� > ��
�'��� ��� � � �1��� �
��� � ���	� � � ��� ���

�U=
��!'���$=��
� 1@

�:2
�� >�����	�Y��2 #/�P.lZ��:bG#/ �#/N
N
�	�&��2^!'.m�P./!'=��&�&2
#/�8#/���>.� �./�J�
#/�$a@ ��[#S!�!'���12W#%!'#
#/�
2 !'=��0 >�&4 

�&#%!'��2 #/���>.� �.��c >�[#%!>!'���>�&�
� *,��./4 �R#/�>���-i ��2
2�A  ��	4 

�R#S!'�&./�
 �� 6m#/�
��� i\��./��������!���2
6�7)g�Z/.��&
�4 �  ���#/� 2
#%!$# bE#% =
�	��=�i\N
#/ � +4C��2
�&#/� hW�	!�������2_TG��.����>���-!'��2k*,.��+2
�& "!'.��"!'�&./�_TG#%�
2
!'=���� �	�@!����>NY.��&#%!'��2 !�. # )�]6DE#%�>!'�� ��&#/� ���>�&2  >.d!'=
#%!`!�=
� !'���$=
�
� 1J
��O��.�
��&2 �P�O#/N�N
�&�	��2 !�.
2W#%!'#d.�� =�.����	?�.��Q!$#%�:N
�&#/�
�� #%! 4`

�	!��&N
�	� #%�	!'�B!'

2��� ��0�U=
� 587�9 .�
�!�N

�! �	 `.�� # DE#%�>!'�� ��&#/�
���>�&2 #/�	 �.
�

�/] DUDE�� b:����� ��.�4 N�
�!'��2 *,./� #  ����>�&�� C.%*).��n >=
.���� 2��& >!'#/�
���� C#/�
2 #/�B!'�	!�

2
�� �� � ./�
�&�	2W#/�E2
#%!$# #/�
2d4C.J2
���f.�
�!'N

�!m!'=���=
./���&?�.��Q!$#/�f >NW#/���&�
�C./*1!�=
��?����>. �R#%�� c./*�!�=
� DUDE�� )bG#/ 
�$=
.� >���;!'.C�Y� ) ��� 4;�H�U=
�LZ����"!'�	�[#/�f >NW#/���	�
�C./*�!�=
��DUDE�� mbG#/ c�$=
.� >���d!�.+�Y��� � 4 *,.��E!�=
�
�&�	2W#/�c2W#%!'#O#/�
2 ) � 46*,.��)!�=
� 587�90.�
�!�N

�!��3�U=
�+DUDE�� )bG����� ��./4 N

�!'��2d

 ��	�
� ) � i 4 �R#/�� 
�&�0�Y.%!'= 2
�	�����-!'�	.��
 )#/�
2 

 >��2 �R#/�/ )

N !�. ��i aJ4 �&�0�Y.%!'= 2
�	�����-!'�	.��
 ��)�U=
���>��*,.��>�/T_./�
�+DUDE�
�& c# !\b:.%i\2��&4C���
 >�&.��W#%�_#/�>�'#[A ��./�@!'#/�&���&�
�C� � , �^NY.��	�Q!' % � �e�QA � �lK-�

�U=
�:DUDE�� 8bG�����:#[Z�����#/����2�.lZ���� !��&4C��!'.c�>��2


���:��.��& >�/��� ./�_!'=
�H�&�	2W#/�Y2W#%!$#�T !�=
�& 84C�[#/�� 
#[Z����'#/���	�
�CDUDE�� c!'=W#S!EbG�����e��.�4CN

�!���2 *,��./4 #  ��;1J
����
����./* 6�7)gHZ�.��	

4 �( ��[#%�
 ) >��NW#%�'#%!���2
�&� !'�	4 �L�QA0� 	 )+4C�&�@
�!'�� ��E�U=���Z�./�&

4C�^ ��[#%�
 )b:���>�`���>.�

NP��2d�	�Q!'.C2W#%!$#C��.��	�&����!'�	.�� NP�����	.�2� 
!'=
#%! �R#% >!'��2 �Y�-!\bG����� �/� 	 � � 4C�&�@
�!��� +#/��2 ��.��Q!$#%�&�
��2 *,�>.�4 �d!�.�� � Z�.��	

4C�O ���#/�
 +�[#/�$=n�
% 9J���L!$#/���&� )�� �e#/�
2 hW�
� )�� �`*,.��c# ��./4 N
�	��!��3�&�	 >!U./* !'=��e2
#%!$# ��./�&�&����!��&.��ONP���>�&.J2
 ���K+DUDE�� c./*
587�9d.�
�!'N�
�!e#%!�� �C L�&�Q!'���>Z%#/�& mbG�����C#[Z����'#/����2 . Z/��� ) � 4C�&�@
�!�� NP�����	.�2� ��^g !3bG#/ ^#/ � >

4C��2
!'=
#%!U!'=
�L!�

���

��&�������^ >!'#%!'�	 >!'�	�� m#/�>�L >!$#S!'�&./�W#/�>A .lZ����c!'=��� ��^NP���>�&.J2
 U./*�!��&4C�/�

�W.��+#/�	�G�&�	2W#/�+DUDE�� �TG!�=
� ���&./ ��� "!C.D�n >=
.��>�;2��& >!'#/�
���;.%*(!'=��;?����>.%i\�&#/� bE#% ��� ��� a@40�
�W.��U2W#%!'#C��.��&�	���-!'��2 .���� � #/�
2���� +�#/�@
W#/�"A�TYDUDE�� cbG�����`��.�4CN

�!'��2;*,./�U.D�n >=
.��>��2
�	 >!'#/�
���� 
.�
�!U!�. � � � a@40���W.��U2W#S!$# *,��.�4 �*) +�#/�@
W#/�>A/TPDUDE�� cbG�����e��.�4CN

�!���2;.��
�	A .�
�!U!�. ,
� � � a@40�
�U=
�ODUDE�� �b:���>�O#/�	 �.;��.�4CN

�!���2 *,./��#; ������&�� �.%*c#/�	!��	!�

2
�� ^�P��!\b:����� � #/��2 � ��� 4 #/�P. Z/�
!'=��  �

�"* #/��� ./*c!�=
� �R#/a%�/� g\� !'=
�	 �$=W#/N�!�����TEDUDE�� *,�>.�4 � ) +�#/�@
W#/�>A #/��� *,.���

 ���2k.�� *,./�
��./4 NW#%���& >.�� bc�	!�= !�=
� 587�9 DUDE�� �� DUDE�� ^*,��./4 ��� +�#%�J

#/�>A #/�>�+N
���� ����Q!���2 �&� #/N
NP����2
�BX
D(�1���&�� �� � � ��T � � ) #/�
2 � � ,  >=
.lb �-Z����"A ./!�=
���+DUDE� �	� !'=
� =�.����	?�.��Q!$#%�G#/��2 Z����"!'�	�[#/�U#% #
 �4 #/�	�n 1@
W#%���L!'�	�&�/���U=
�^�'#/�
�/�e.%*��&#/�� U.�� !�=
�^��2
���^./*��[#%�$=;!��&�&�(�& � a@4 % � �eaJ4 KE#/�
2 !�=
�
?�����.%i �R#/��T/.��<.��>�&���	�_TS�& <�&.J�[#S!'��2 #%!<!'=
�U�����Q!'���H./*P�[#/�$=+!'�	�&�/� �U=
�	 1*,.���4 ./*PN
���� ����@!'#%!'�	.��+!'����2
 
!'.���4CN
=W#/ >�&?��m!�=
�) "!'�>

��!�

���L#S!G�	.��
�������&#/�� �T@bc=��&�$= !'#/a/�� E

N 4 .��>�(#%���[#e.�� ��#/�$= DUDE� #%�
2
 �=�. bc m=
.lb !�=
��DUDE�� m�$=W#/�
���e#/ m# *,

�
�-!'�	.�� ./*�.��n >=
.����^2
�	 >!'#/�
���e#/��2d#/�B!'�B!'

2
�%�



���l�
���	�� �� � � � #/�
2 � � )` �=�. b !'=��eDUDE�� E*,.��G�	�&2W#%� 6�7)g<Z�./�&

4C�( >�[#/�
 E!�=W#%!Eb:���>�L��.��	�&����!'��2

2


�>�&�
�C!'=
��NY�����	.�2
 � ��� , � 	 �*)�� ) � �)� #/�
2"� � � ��� 	 � � � ) � �)�LTP���� �NP���-!'�	Z/���BA��)���&�
� � � ,  �=
.lbc 
!'=��eDUDE�� U*,.��c587:9>� � ��� % � � � ���
	 � � � ) � �)�mK T�bc=
�	�$=; >=
.�

�	2 �Y�L��.�4 N
#/����2 bc�B!'= !'=��eDUDE�� 
�&� h
�
� � � )��43����>=W#/N
 +!'=�� 4 .� "! �&�Q!������� >!��&�
� 2
�G�n�������
��� �P��!\b:����� hW�� �� � � � #/�
2 � � ) �& !'=��
N
�>�� ����
���)./*_�>�&2
�/�� 1!'=
#%!���

�+!'=
�>.�

��=+!'=��).��>�&���	�`*,��./4 !'=
�m�&.lb:���ji\�&�-* !1!'.^!'=��m
�N
NY���"i ���&�/=@!��	�
!'=��3!'�&�	�� :�&.J�[#%!���2 bc�B!'=
�	� ) a@�&�&./4 �-!'���> G./*8!�=
�L �=
./���^#/�
2 �P���	.lb � ��� 4 #%�	!'�B!'

2��(�&� hW�
� � � )��
�U=
.� >�`�>�&2
���� c2
. �
.%!(#%N
NY��#/�m�&� hW�
� � � �+./��T 4 ./���^�&4CNY./�>!$#%�@!��	A/T��&� hW�
� � � ,
�:I ���&.� >���c�&.J.�a
#%!3h
�
� � � )O �=
.lbc L!'=�� ��.��>�����&#%!'�	.��0*,
��
��!��&.��
 ^#%��� NP.� ��B!'�BZ�� �	� !'=
� � X�!�����4 � 

N�NY���"i\�	��* !^#%�
2
�&.lb:���ji\���	��=Q!C��.��>�
���> ./*)!'=
.� >�;!��&�	�� �� �U=
�& +*,�[#%!�

���;�& C#/�k�&�
2��&�[#S!'�&./� ./*L�&�	�
�[#%�E >!���

�-!'

�>�� 
�&� !�=
�+�&�	2W#/�(2
#%!$#O!'=
#%!e#/��� ./���&���Q!'��2 � � 	 !�. !�=
� 2
�	�����-!'�	.�� ./*�!'=
�+4C�[#/� VW.lb #/�
2 =W#[Z��C#
bG#lZ/���	���
�/!�=k.%*c. Z/��� � a@4;� �U=��& .��>�Q#/�
�	?[#%!��&.�� ./*m��.��QZ/����!��&.�� �	� !'=
� �P.�

��2W#/�>A �R#[A/��� �	 
4C.� >!:�&�	a/���BA+�[#/
� ���2 �QA ���'#[ZJ�	!\A+bG#[Z��� U�	� !�=
�(��#/N
N
�	�
�`�	�@Z/���> ��&./�O�R#[A����:bc=
�	�$= �&��V


���
���(!'=��
2
�-Z����	.�N
4C���Q!)./*���.��QZ�����!'�BZ���N
�&

4C�� c�P���
��#%!'=;!'=
��40�H�U=
�	 c4 #[A =W#%N
NY���d�QA ����#lZJ�B!\AObE#[Z/�� 
�$=W#/�����&�
� !�=
� =
���&��=Q! .%*e!�=
� ��#/N
N
�	�
� �&�QZ����� >�&.��  >�&�&�/=@!��	A #/��2_Tm!�=
���>���QA�T(#��Y����!��&�
� 4 ��#/�
Z����>!��&�[#%��4C./!'�	.�� #/��2 ��.��QZ/�����/���
���*
%2
�BZ����������
��� NW#%!�!����>�
 3�&�0!'=
� �P.�

��2W#/�>A0�R#[A/���(bc�B!'= !'=��
 '#%4 �^ �N
#/���	�
�O#/ c!'=��^bG#[Z��� ��cI(�
�	4 #S!'�&./�
 U./* 353<gE >�[#/�
 m*,��.�4 � , ]3������4 �Y��� � ��� � #/�
2����
+�#/�@
W#/�"A	����� � N
��.lZJ�&2���#%2
2
�	!��&.��
#/� .��
 ����>Z%#%!��&.��W#%�_��ZJ�&2����
���^!�=W#%!EbG#[Z��� ( >!���.������	A �&��V


���
���
�P.�

�
2W#%�>A �R#[A/���c!'

�>�


�&���
���� >!���

�-!'

�>�/�m���&��� � � , #/�	 �.C �=
.lbc (!�=
�� "!'�>.��
� !����
2����
�-A0*,.��c!'=��
587�9 !�.C�/���
���'#%!��e�	�&�
��#/�_ "!'��
���!'
����� cbc=
�	�$=d#/�>�e#/�&�	���
��2Obc�B!'= !'=��e4C�[#%� V
. b^�

�U=
� #/�� ��������;./*c!'=
� �'�n����!+./*cbG#lZ/�� #%! !�=
�& �	.���#%!'�	.�� �	� !'=
� ��#/���	�&����Z�./�&

4C�O ���#/�
2W#%!'# % � ��� , � 	 �*)�� ) � �)�mK #/��2 !�=
���	� #/�
 ����
��� #%! * #/�"!'=
��� �'#/������ �& ��.��QZJ�&�
���&�
� ��ZJ�	2
���
���
!'=
#%!`!�=
��A #/��� �
./!` >AJ >!���4 #%!'�	�O���>��.��> #/ �2
�& >��

 > ���2 �	�  �����!'�	.�� ��� � �0�U=
� #/�
 >���
��� ./*U!'=��
���Y���-!C./*cbE#[Z��� #S! !'=W#S!+�&.J�[#%!��&.�� �&� !'=�� 5 7�9  �
������� "!' +!'=W#S! !'=
�ObG#[Z��� �	� !'=
� ��#/N
N
�	�
�
�&�QZ/���� >�&.�� �&#[A����(#/���`�
./!3�P���	�
�  >�&4 
��R#%!���2d��.����>���-!'�	A/�3�U=
�	 3�& )4 .� "!3�	�&a/���	A;# N���.��
�	��46bc�	!�=
!'=����P.�

�
2
#/�>A ��.��
2
�B!'�&./�
 ��G� ./�m� X�#/4 N��&�/TWNP���>=W#/N
 c!'=��`4C.�2
���f2
.�4 #/�&� �	 )��./!c!$#/�	�f���
.�
���=
#/�
2 !�=
� #/�
 >.������&�
� �&#lA/��� !�.�. �	.lb^� I)�
./!�=
��� NP.� � >�&�
�	�&�B!\A �& !�=W#%!O!�=
� �&��VW.lb �P.�

�
2
#/�>A
��./�
2
�	!��&.�� �	�Q!'���"*,���>�� Ubc�	!�=0N
�>.�NP���EbG#lZ/�`2
�-Z����&.�N
4C���Q!��

���	�
� � � ,  �=
.lbc ^!'=
� !����
2����
�-A *,./�3!'=
�+587�9 !�. �����
���'#%!��+�&�&���[#/�3 "!'�>

��!�

���� e!�=W#%!e#/�>�
.��>�&���Q!���2 bc�B!'= !�=
�)bc�	�
2O2
�	�����-!'�	.�� !�=
��.�
���=
.�
�!:4C.� >!G./*_!'=��3�Y./

�
2W#/�"AC�R#[A������53�#%�>!'�	��

�&#/���BA
�P��!\b:����� � � #/�
2��/� � 4 #/�B!'�B!'

2
�`#/�
2 *,�>.�4 !�=
�  �=�.���� !'. #%�Y.�
�!������ aJ4 .D�Y �=
.��>�/Tf "!'��./�
�
VW.lb NW#%�'#/�	�&�����W#/�
2
 Hbc�	!�=0�ma@4  �NW#/���&�
�`#/���c.��� ����"Z���2_�H�U=
�(�'�n����!:./*_�	�
���>�[#/ >��2O��.��QZ����-!'�BZ��
*,.��>���&��� *,�>.�4 !'=
�;�R#%a/�d��#/� �P�; ������ �&�k# �&#lA/���+!'=W#S! ��#/N
�&2��	A 2
����NP���
 !'. #%�Y.�
�! � ��� 4
#/�B!'�	!�

2
� #%! �da@4 .D�Y �=
./���/� g\� !�=
�& `�����/�&.��_T1!�=
� �W#/��2  >NW#/���&�
� �& #/�Y./
�! ��� � 4;� 9�.�4C�
��ZJ�	2
���
��� *,.��O����#[Z��B!\AkbG#[Z�� #/�-!'�	ZJ�B!\Ak� X��& >!� �&� !�=
� DUDE�� #/�P.lZ�� #%�Y.�
�! ) ��� 4;� �U=
�� ��
DUDE�� m=W#[Z��LVW.lb NP���>NY���
2
�&��

�R#%�U�W#/�
2
 Ubc�B!'=  �NW#%���&���C.%*<#/�P.�
�!8��� � 40�
�'� � � � � ���"� � � � � 	?�
 � � ���

FE#/ >��2 .�� !'=�� �&�
 >NY����!��&.�� ./*�4 #/�QA DUDE�� L�	� !'=
�	 L#/�
2 N�����ZJ�	.�

 L >!�

2
�	�� L�	!L#/N
NP�[#/�> 
!'=
#%! !'=
����� #/��� !\b:.kNW#%�>!'�	��

�&#/���BA �	�Q!'���>�� "!'�&���k�>�����	.��
 .�� �[#/�$= DUDE�G�m#  >!'����N
�BA  ��	.�NY��2
�������&./�O�
�[#%�G!'=
�(.����	���&� #/�
2 # �
�>.Q#/2_T�

�
 >�&.�NP��2O�>�����	.��O.�
�!' ��	2
�(!�=
�3 >!�����N
�	AQi\ >�&.�NP��2 �>�����	.��_�
�U=
�O./���&�/�&� .%*m#d��.��>�����R#%!��&.�� *,

�
�-!'�&./� �& `#/�	bG#[A� `�>1@
W#/�G!�. .��
�%T<#/�
2 !�=
� DUDE� 2
�����>�[#/ >�� 
�'#%N
�&2
�BA #/ !�=
� �&#/� % !'=
�d2
�& "!$#/�
���0*,�>.�4 !'=
� ./���&�/�&� K �&��������#/ ��� O ��	�&��=Q!��	A�� �W.��+!'=
� DUDE�� 



��� �

−0.2

0

0.2

0.4

0.6

0.8

1

distance offshore (km)

al
tit

ud
e 

(m
)

jan13 vol1 60filt 35lags

2 2.5 3 3.5 4 4.5

0

100

200

300

400

500

���	��

��� � � ���5�/] DUDE�� E*,.��G4 #/�QA .��n >=
.����)2
�& "!$#/������ c#%�
2 #/�	!��	!�

2
�� :#/ E��.�4CN

�!'��2O*,��.�4 !�=
�
/3gj5 2W#%!$# �P��!\b:�����"� ��� , � #/�
2��*)�� ) � �m� .�� �*) +�#/�@
W#/�"A��



��� �

−0.2

0   

0.2 

0.4 

0.6 

0.8 

1   

distance offshore (km)

al
tit

ud
e 

(m
)

jan13 vol3 60filt 35lags

2 2.5 3 3.5 4 4.5

0

50

100

150

200

250

300

350

400

450

500

���	��

��� � � )��5�/] DUDE�� :*,.��G4 #/�QA .��n >=
.����(2
�& "!$#/�
���� U#%�
2 #/�	!��	!�

2
�� G#/ G��.�4CN

�!'��2O*,��.�4 !'=��
/3gj5 2W#%!$# �P��!\b:�����-� � � ��� #/�
2�� � � ) � �)� .�� �*) +�#/�@
W#/�"A��



��� �

-0.2


0   


0.2 


0.4 


0.6 


0.8 


1   


distance offshore (km)


al
tit

ud
e 

(m
)


les260 acfs 35lags


0 0.5
 1 1.5
 2 2.5
 3 3.5
 4

0


50


100


150


200


250


300


350


400


450


500


���	��

��� � � ,
�0�/] DUDE�� *,.��+4 #/�QA .D�Y �=
.��>�02��& >!'#/�
���� #/�
2 #%�	!'�B!'

2��� +#/ C��.�4CN

�!���2 *,��.�4
587�9 ��� ��� �



��� �

��./4 N

�!'��2 *,��.�4 2W#S!$#0./� �*) +�#%�J

#/�>A/T�!'=
�	 ���#/N
�	2 2
��������#/ �� .�����

�> `bc�	!�=
�&� #d2
�	 >!$#%�
���C./*
#/�P.�
�! , �.� 4 *,��.�4 !'=
�+.��>�&���	�_Tnbc=
�	�$= �	 3!'=
�+ '#%4 �+#/ L!�=
�+2
��N�!�= ./*�!'=��C�P.�

��2W#/�>A �R#[A����
.�� !'=
#%!e2W#[A�� g\� !'=
�	 L�����/�&.��_T_bc=������+!'=��C��.����>���&#%!'�	.��d*,

�
�-!'�	.�� !'����2
 e!�. �Y� ���>�[#%!����L!'=
#/�
#/�P.�
�! � � ��T/#3���	Z/��� �	 �.�N
�	��!�= ./*P��.��>�����R#%!��&.��e!'����2
 1!'.3*,.��>4 ���&./ ���2+���&�����&�� 1#/�
2 ���&�	�&N
 >�� �bc=��&�$=
�$=W#/�����: >�&?��/TS �=W#/NP��#/�
2e.����	���Q!$#S!'�&./�^#/ f!'=
�H.D�Y �=
./���H2
�& "!$#/������#/�
2�#/�	!��	!�

2
�1�$=W#%�
���/� �^
��
a/���
% � � � � K� >=
.lbG��2C!�=W#%!HNP.lbG���< �NP����!��'#^./*P�&�	2W#/�1#%����./ �.��
�
#/�$a@ ��[#S!�!'����#%!<=
�	��= *,���;1J
����
�-A+=W#[Z��m#
* � � ���G2���NP���
2
���
���%�E9J4 #/�	�
�R#%�� H.�� !�=
�)��.����>���&#%!'�	.�� *,

�
��!��&.��C��./������ �NP.��
2 !�.�=��&��=+*,���;1J
����
�-A
�&� NP.lbG���C >NY����!��'#�� �U=
������*,./���/T�!'=
�	  >!�����Nk�&�
���>!��R#/�: �

�
��#/�
��� �>�����	.�� �
�[#%�+!�=
� NY��#/a ��#/�
�P� #/ � >.����R#%!���2 bc�	!�= !�=
� 2
�& > ��	NW#%!'�BZ�� !�

����

�&���@! V


��!�
W#%!'�	.��
 +./*c!'=�� V
. b^� 7m.lbG�-Z�����TG!'=��
�������&./� Z/���"A �
�[#/� !�=
� .����	���&� �	 +#/�& >.  ����
 ��B!'�	Z/�;!�.  �4 #/�&�: ��[#%�&� ��./�������R#%!��&.�� 2�

� !'. �&�&���[#/�
�&�Q!�����NP.��&#%!'�	.�� �&� !'=
����.��QZ/���� >�&.��d./*12W#S!$#C*,�>.�46 �N�=
���>�&�[#%�8!�. DE#/�"!'�� ��R#%�d��.J.��>2
�&�W#S!'�� ��E�U=
�	 
���Y���-!cbc�&�&�n�Y�L2
�	 ���

 � >��2 �	�; >���-!'�&./� � �2���

�U=
�) �����.��
2O�	�Q!'���>�� "!'�&���`�������&./� .��C!'=
�3DUDE�� G�	 <!'=
�)����4 #/�	�
�&�
�^�
�>.Q#/2 #/�
2 
��
 ��	.�NY��2
�������&./�_� g\� !'=��& e�����/�&.��_T8!'=�� �& >.�N
�	��!'=� �./*E��.��>�����&#%!'�	.�� !'����2 �
./!e!'.;*,.���4 ���&.� >��2 ��.��Q!'.�

�> 
#/�>.�

�
2 !'=
�C.����	���&�n�C�U=�� �&#/�� ^�&� !'=
�	 ^�����/�&.�� ��.��>���� �NP.��
2 !�.0 >�[#/�	�� e�R#/�>�����L!�=W#/� !'=
.� >� �	�
!'=����	�
���"!'�R#%�_ �

���'#/�
�/�/�Ug\�0!�=
�& c�>�����	.��_TWbG�e�[#%�d �����!�=
���'�n����!� (./*<4C�� >.� ���#/�&�^.��>�Q#/�
�	?[#%!��&.��
 �
��$= #/ C=
.����	?�.��Q!'#/�U��.��QZ/����!��	Z/� ��.��	�& ��k�U=
�0 �NW#%���&��� ./*3�&�&���[#/�E�>.��&�	 �[#/�k�Y�;.���!'#/�&����2 �@A
2
�-!'���>4 �	�
�&���C!�=
�`2
�	 >!'#/�
���`�Y�-!\bG����� !'=�� .����	���&�;#/��2d!'=
���
�-XJ!L�	.���#/�84 # X��	4 

46#% � �.J���&#%!'��2
bc�	!�= # ���	2
�����&�&����!'=
#%!L��
��
 L#/N
N���.[X��&4 #%!'���	A;NW#/��#/�&�	���f!'.O!�=
� 2
�	�����-!'�	.�� ./*<!�=
�`VW.lb .��(!'=��
VW.lb )  )4C�[#/�  >=
�[#/�UZ/����!�.����
�'��� # ��	 ��� 
)����� ��� �
	 � 	

DG.��Q!'./

�c�&��Z/���	 U./* � � �e#/�
2;#/�P.lZ��^.�� !'=��2�%] DUDE�� c!����
2 !'. *,.��>4 ���&�����&�� U.��U���	�&�&N� ��� 
#/�
2+�	�&�Gbc�B!'=
�	� !'=
�U "!'����N
�	AQi  ��&./NY��2 �>�����	.��_��7H�	�&�	N
 ��� <�[#/�+�P�U��.�4CN
�&�-!'���	A�2
�� >�����	�Y��2 �QA !�=
�����
�@

4 �P���> ��`4 # �>.��^# X��	 �T84C�&�
.��^# X��	 �T #/�
2 .��>�&���Q!'#%!'�	.��_�+�U=
�C�'#%!��&. ./*�!'=
�C4 # �>.��3!'.;4 �	�
.��
#SX��� ��& <!�=
�)���&�	�&N�!��&���B!\A��8�U=
�m���	�&�&N�!'�&���	!\A�./*f#^���	�����&�U�& H.����/�1I) �!�=
�)�	���
�%!'=C./*n!�=
�)4 # �>.��H# X��� 
�&��������#/ ��� �T �����R#%!��	Z���!'. !'=
�+�	���
�/!�= ./*:!�=
� 4C�&�
.��3#SX��& �T_!�=
�+���	�&�&N�!'�&���	!\A �	�
���>�[#/ >�� ^*,��.�4 .��
�/�
FG���[#/

 >�3!'=
�L4 # �>.��:#SX��& G�& E#%�	bG#lAJ U�	.��
������!�=W#/�O!'=��34 �	�
.��G#SX��� �T�!'=
�����L#/�>�3�
. ���&�&�	N�!'�	���B!'�&�� 
�&�� � m!'=W#/�d.��
�/�m�W.��m�-X�#/4CN
�&�%TY���[#/�c!'=
�� �

�"* #/���`�	!m�& m��.�4C4C.��0!�.  ���� ���	�&�	N�!'�	���	!��&�� G�'#%�
���&���
*,��./4 � !�.0)�� IE!`=
�	��=
����#%�	!'�B!'

2��� �Tf!�=
� ���&�	�&N�!��&���B!'�	�� (2������>�[#/ >�/T1�� �NP�����R#/�	�	A .D�Y �=�.����+bc=
���>�
!'=��`��./�@Z/���-!'�&./� �& c!'=
�� >!'�>.��
���� >!��(I(�P.lZ��e!'=
���Y.�
��
2W#/�"A0�&#[A�����TYbc=
�����`!�=
���>�`�	 )�
.O#/���>.� �.��
 >!���

�-!'

�>���	� !'=
�^�&�	2W#/�:2W#%!$#�T
!'=
�^���	�&�	N
 ��� E�Y����.�4C�LZ����>A  �4 #/�	�_#/ c�-X�NP���-!'��2;*,.��U�
.��	 ��%�

�U=
�)�Y�� >!�h
!G���&�	�&N
 >�c*,�>.�4 #e�&�[#% >!>i  1@
W#/�>�� : �.��	
�!'�	.�� !'. #%�@A+���&.� >��2 ��.��Q!'./

�G���
���	�����	�&�
�
!'=��3.����	���&�C./*f!�=
�3���>.� � ji\��.����>���R#S!'�&./� *,

�
�-!'�	.�� bG#/ U.���!'#/�&�
��2O

 >�&�
�`*,
��
��!��&.��
 G2
��Z/���&./NY��2 �@A
E^#/�
2
��� ��!+#%� � % ����� ,@K-� �(!�=
��� NP.� > ��&���&� 4C��!�=
.J2
 `*,.������&�	�&N
 >�Ch�!�!'�	�
�
T<#%�	!'=�.�

��= ��./! 

 >��2
=
�����/TW�	�
���	

2
� 7)#/�&�	�U#/�
20���&
� � ���� % ���D� � KE#/�
2 7(#%�&�&��% � �.��� K-�

�W�[#%!�

���� ( >

�$= #/ (���&�	�&N�!��&���B!\AO./*�!'=
����.��Q!'./

�� 3�	�0!�=
�` "!'����N
�	AQi  ��&./NY��2 �������&.��0#/�
2dNY� i
���	.�2��&�3�	�&�
��#/�U >!���

�-!'

�>�`./* !'=
�e�
�>.Q#/20#/�
2;

�
 ��	.�NP��2d�>�����	.�� bG������ �=
.lbc�d�QA0�W���>�'#/�>�e�-!)#/� �
% � ��� � K(

 >�&�
� 353<g( ���#/� 2
#%!$# ./*:=
.�4C.���������.�

 ^��.��QZ����-!'�BZ�� �P.�

��2W#/�>A �&#[A����> ^��.��	�&���-!'��2 �	�
��� � )��`�U=
�-A *,.�

�
2 !�=
�+.����	���Q!$#%!��&.��d./*:!�=
� ���	�&�	N
 ��� (!'. �P� #%N
N
��.[X��&4 #%!����	A;NW#%�'#/�	�&��� !'. !'=��
 �=��[#/��Z����-!'.����Hg\4 N
�>.lZ���4C���Q!� E�&�C�&�	2W#/�H ���#/�
�
�	�
�` >NY����2  ��	�
���m!'=W#S!:!��&4C�m=
#lZ/�3���
#/�
�&��2 6�7)g
Z�./�&

4C�) >�[#/�� c#/ G2
�� ������&�P��2 �	� DG=W#%N�!'��� ���1�U=
�����-*,.����%T�!'=
�)�&�	2W#/�H2W#%!'#`�[#/� �
.lb �P�(
� ���2O!�.



� � �

y−
la

g 
(k

m
)

13 Jan
Vol 1
1.77 km
217 m

a/b=1.8053
α=331o

area=79 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

13 Jan
Vol 1
3.21 km
217 m

a/b=1.2356
α=316o

area=83 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

13 Jan
Vol 1
4.65 km
217 m

a/b=1.3298
α=342o

area=94 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

y−
la

g 
(k

m
)

13 Jan
Vol 1
1.77 km
142 m

a/b=1.737
α=311o

area=54 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

13 Jan
Vol 1
3.21 km
142 m

a/b=1.6156
α=315o

area=71 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

13 Jan
Vol 1
4.65 km
142 m

a/b=1.4524
α=315o

area=65 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

x−lag (km)

y−
la

g 
(k

m
)

13 Jan
Vol 1
1.77 km
7 m

a/b=2.6702
α=289o

area=24 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

x−lag (km)

13 Jan
Vol 1
3.21 km
7 m

a/b=2.892
α=296o

area=26 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

x−lag (km)

13 Jan
Vol 1
4.65 km
7 m

a/b=3.4981
α=293o

area=33 m2

−0.4 −0.2 0 0.2
−0.4

−0.2

0

0.2

0.4

���	��

��� � ����� �%] DUDE�� *,./�+!�=
����� #/�B!'�B!'

2
�� #%�
2k!�=
�����d.D�Y �=
./���d��#/�
���� .�� �*)-+�#%�J

#/�>A/�
�U=
�^���	�&�	N
 ��mh
!�!���2 !'. !'=�� � � � ) ��.��Q!'./

�U�&�-Z����8#%�
2 !'=
�L���&�&�	N
 �� )  G4 # �>./�U#/�
2 4C�&�
.��G#SX��� m#/�>�
 �=�. bc�n�
 ���#/���$=;*,.��U�$=W#/������ m�&� ��2
2�A  >!���

�-!'

�>�`#% )# *,

����!'�	.�� ./*�#/�	!��	!'
�2
�L#/�
2;.D�Y �=
./���^2
�& "!$#/�����/�
�'��� � � �B� � ��� ��� � �
� � � � � � �B� 	 ���
	?�
 � ��� 	

���	�
� � � �O�& (N
���� ����Q!���2 !�.  �=
.lb =
.lb !'=��  >!'����N
�BAQi\ ��	.�NP��2 �������&.�� bc�B!'=
�	� � , ��� 4 ./*
!'=�� DUDE� )  ^.��>�&���	� �$=W#/�
�/�� ^bc�	!'= .D�Y �=�.����+2
�	 >!$#%�
���C#/�
2 #/�B!'�	!�

2
�%�`�U=
�� ��C ��BX DUDE�� LbG�����
��./4 N

�!'��2O*,�>.�4 !�=
�3 >�����	�� U./* 6�7)gHZ�.��	

4C�3 ���#/�
 U��./�&�&����!���2 �P��!\b:�����4� ��� , � #/��2�� )�� ) � �)�
.��-� ) +�#/�@
W#/�"A��L�U=
� bc=
�B!'����.��Q!'./

�� L�	�dhW�
� � ��� #/����*,.��)!�=
� � � �*) �	 �.�N
�	��!�=d./*���./�������R#%!��&.��
%,!�=
���&.lbG�� >!���.��Q!'./

���	��Z/���@!'=W#%! b:.�

�&2e*,.���4 #m���	.� ���2`�&.J.�N�#/��./

�
2�!�=
��.����	���&�L*,.��8!'=
���$=
.� >���
 �� X;DUDE�� 'K-T #/��2O!'=
�^����2 �&�&���� U#/�>�3!'=
�L�P�� "!Uh
!c���	�&�	N
 ��� G!'. !'=��3bc=
�	!��L��.��Q!'./

�� ����U=��e���R#/�$a
#/�
2 �>��2 2W#/ >=
��2;�&�	�
�� E�>

�;#/�&./�
� !'=
�L4 # �>.��E#/�
2 4 �	�
.��G#SX��� c./*8!'=
�L���&�	�&N
 >�� �T����� >NY����!��	Z����	A/�
�U=
� ���&./ ���2 ��.��Q!'./

�� e*,��.�4 DUDE�� ��
�[#%��!'=��  �
��>* #/��� !'���
2 !�.d=W#[Z��  �4 #/�&�	���^#/�>�[#d#%�
2 #/�>�
���	.��
�Q#S!'��2 %,�Y.%!�!'./4 ��.lb)K`bc=
�	�&� !�=
� ���&./ ���2 ��.��Q!'.�

�> C*,�>.�4 DUDE�� C�	� !'=
� 4C�&2
2��&� .%*)!�=
�
4C�BX���2 �R#[A/���2%,!'./N0�>. b)Kc#/�>�e�&#/���/���c#/�
204 ./���L���	����

�R#/���G�W.��c#%�&�_�>. bc �TP!�=
���>�`#%N
NY��#/�� c!'.+�P�
Z����>A �	�	!�!��&���$=W#/�
���C�&� !�=
�+ �=W#/NP�+bc�	!'= �	�
���>�[#/ >�&�
� .D�Y �=
./���+2
�& "!$#/����� % �>�&��=Q!L!'.;�&�-* ! K � �U=
�
��./�������R#%!��&.�� *,
��
��!��&.��
 bc�B!'=  �4 #/�&�	��� #/�>�[# �&�
2��&�[#S!'� ���>�[#%!����+ �NW#S!'�R#%�U2
����.����>���R#S!'�&./� .%*)!�=
�
!'
����


�	���
���^ >!'�>

��!�

���� mbc=����d��.�4CNW#/����2 !'.+!'=
.� >�Lbc�	!'= �&#/�������c#/����#/ ��



� � �

�U=
�  �NW#%!��R#/�<Z%#/�>�R#%!��&.�� ./*E!�=
� ���&.� >��2 ��.��Q!'.�
��� `.%*U��.��>�����R#%!��&.�� #%!e!'=
� � � �/T � � ��T1#%�
2
� � ) �	��Z/���& +.��<�*)4+�#/�@
W#/�"A #/���  >=
.lbc� �&� hW�/ �� � � � #%�
2 � � � � �U=
�;���	.� ���2k��.��Q!'.�
��� +*,��.�4
!'=��eZ/.��&

4C�L ���#/�
 ).��4�.�2+�#%�J

#/�>A;#/�>�^ �=
.lbc� �	�;I)N
NP���
2
� XdD #/ chW�� �� F(� ��TPF(� �+#/�
2 F)� )��
9�.�4C�+*,�[#%!�

���� `��./4 4C.�� !'. #%�&�<./*E!�=
�� >� hW��
����� `#/��� % � K(!�=
� ����#/2

W#%���	�
���>�[#/ >� �	�  ��	?��C./*
���	�����&�� )bc�	!'= �	�
���>�[#/ >� �&� #%�	!'�B!'

2�� #/�
2 #O >

2
2
��� 2������>�[#/ >�+�&�  ��	?�� #%�Y.lZ�� !�=
� FE5<T5% ��Km!'=��
#/�
 >���
��� ./*m���&./ ���2 ��.��Q!'.�
��� *,.��  >.�4C�O�������&.��� `�
��#/� !'=
�  �=
.��>� #/�
2 #%! =
�&��=���� #/�B!'�B!'

2
�� �T
#/�
2 % )QKm!�=
� .��>�&���Q!'#%!'�	.��d./*H!�=
� 4 # �>.��3# X��� L./*H!'=
�`���&�	�&N
 >�� )�
�[#/�)!'=
�  >

�>* #/���+#/��� #/�&�	���
��2
#/N
N���.[X��&4 #%!'���	A NW#/�'#%�&�&���P!�. !'=
�Lbc�	�
2 2
�&�>����!��&.�� bc=
�&�	�3!'=
�L4 # �>.��U# X��� c./*8!'=
�^���	�&�	N
 ��� E�
�[#%�
!'=��e!�.�N0.%*�!�=
� M05 #/���eNP����NP����2
�&��

�R#/�E!�.C!�=
�e4 ��#/� bc�&�
2;2
�&�>���-!'�&./�_�:I)�& >.
T
!'=
�^�	. b:���c!'=��
��./�@!�.�

�3�	��Z/��� �$=
.� ����_T_!'=��`�
.��	 ��	���m�&.J.�a@�&�
�+!'=
�`���&./ ���2d��.��Q!'./

�� L#%N
NY��#/���(�U=
� �&��������#/ ���./*
#/�>�[# ���
���	.� ���2 �QAd#C���	.� ���2 ��.��Q!�.�

�)bc�B!'=d#/�	!��	!'
�2
�^�&�0!�=
�` >

�>* #%���`�&#[A����)�[#/�d�Y�e�-X�N
�&#/�&�
��2
�QA  >

�>* #%���3�&#lA/���: ��&4C�&�&#/���B!\A`!�=
��.��"A�TJbc=
�&�$=O "!$#%!��� G!�=W#%!:!'=
�3 >�&?��(./*8��2
2
�&�� G�
��#/�G!�=
�( >

�>* #/���
�& G���� "!'�>�&��!���2;�QA !'=����&�G2
�& "!$#/�
���3*,��.�4 !'=
�L >

�>* #%���/�H�U=
�^ >

2
2
���02
�����>�[#/ >���	� #/����# ���
���&.� >��2
�QA !'=
�+��.��Q!'.�

�> e#/�Y.lZ/�C!�=
�+4 � X���2�i\�&#[A����L�	 L�[#/
� ���2 �QA !'=
�+�R#%�$a ./*�!'

�>�


�&���
���C >!���

�-!'

�>�
#/�
2 !'=
�C2
.�4C�&�
#%!'�	�
� �
.��	 ��C#%!e!'=
�� ��O#%�	!'�B!'

2��� �� �U=
�C�����/�&.��
 ^bc�	!�= ��.0��.��Q!'.�

�> `�	�
2
�&��#%!'�
���B!'=
���(#C���	.� ���2d��./�@!�.�

�)���
���&�����&�	�
� !'=
��.����	���&� ��./

�&20�
./!)�Y�e�&.J�[#%!���2 *,.��c!'=
���$=
.� ���� �&�-Z����
./*n��.��>�����&#%!'�	.��+.��H�Y���[#/
� ��c!'=
�����cbE#/ :�&�
 >
>FC���	���Q!:Z%#/�>�R#/���&�&�B!\Ae�&�+!'=
�c�&�	2W#/�<2W#S!$#L!'.e��.�4CN

�!��
��./�������R#%!��&.��O*,
��
��!��&.��
 ��

���	��

���� � � � !�=
��.�
���= � � � �  >=
.lb 1@
W#%�@!��	!��&�� G�&� �	4 #%���m*,./��4 #/ U#�*,
��
��!��&.��O.%*8.D�n >=
.��>�
2
�	 >!$#%�
��� #%�
2 #/�	!��	!�

2
�^!'=W#%!)bG����� .���!$#/�	�
��2d*,�>.�46!'=
�`�Y�� >!>i h
!L���&�&�	N
 ��� �� 7)���>� !'=
��*,.���

 (�	 
.��+�&�	2W#/� .��
 >���>Z%#%!��&.��� 1*,��.�4 �*) +�#/�@
W#/�"A  ��	�
���U!�=
.� ��Ebc�	�&�J�Y�E!�=
�c

 ���2C*,./�1��.�4CNW#/�>�& >.��`bc�	!�=
DUDE�� L*,��./4 !�=
�+587:9 .�
�!'N

�!�� ���	�� �� � � � #/�
2 � �3� #/��� *,�>.�4 ./�
 ����>Z%#%!'�	.��
 ^#/��2 h
�
� � � � � �	 
*,��./4 5 7�9 ��� �.� �)�U=���!'./Nd!\bG. NW#/�
���& m�&�d��#/�$= hW��
����e �=
.lb !'=
���&���
�/!'=0./*1!�=
�`4C�&�
./�)#%�
2
4 # �>.�� #SX��� �� �U=
� 4C�&2
2
�	� !\b:. N
#/�
���	  �=
.lb !'=
� ���	�&�	N�!'�	���	!\A #%�
2 !'=
� .��>�&���Q!'#%!'�	.��_�4�)�[#%�
!'=��� >

�>* #/���/T bc=
���>��!�=
�����&�	�&N�!��&���B!\A �	 c4 

�$=d�/���[#S!'���c!'=
#/�4�/T b:�` >���e!'=W#%!c!�=
��./���&���Q!$#%!��&.��
 
#/�>� #%N
N
��.[X��&4 #%!����	A #/�&�	���
��2 bc�	!'= !'=��C4C�[#%� bc�	�
2 2��&������!��&.��(% ��� �
	 K � g\� !'=�� �P./!�!�.�4 !\b:.
NW#/�����& �T�.����3 ����� U!'=
�3#/����# ./*f!'=
�L���&�	�&N
 >�� E#%�
2O!'=
��6(M 9PT�.��E�/.�.J2
�
�� � E./*fh�![T
./*f!�=
�3���&�&�	N
 ��
!'. !'=
�;��./�@!�.�

��� �U=
�d�	��* !C4 �	2
2
�	� NW#/�
���& C�&� hW�
� � � � #/��2 � �3� �	�
2
�&��#%!'� !�=W#%!+!'=
�����0�& C#
 ��	�&��=Q! �	�
���>�[#/ >� �&� !'=
� 2
��N�!'= ./*m!'=
�  >=W#/�&�	.lb �&#[A����+./*)=
�	��= ���	�&�&N�!'�&���	!\A �
��#/� !'=
�  >

�>* #/���
bc�	!�= �&�
�����[#% ��&���C.��n >=
.����^2
�	 >!'#/�
���%�

���	�
� � � �*� �&��2
�&��#%!'�� !'=
#%!O >�&4 

�&#%!'�	.��A��� ��� N
�>.�2�

����2  �4 #/�&�	���+��2
2��&�� !'=W#/�k!'=
.� >�
.��
 >���"Z���2 �QA^!'=��:�	�&2W#/�_*,./��#cZ����"Ae�
��.Q#%2`�'#%�
����./*W#/�B!'�B!'

2
�� 8�&��!�=
��4 �	2
2
�&�<.%*
!'=
�GDGgjFE5<�S�U=
�
 ��	?��� E./*_!�=
�(��.��Q!'.�

�> E��./4 NW#%���cbG���&�n���[#/��!'=
�) �

�"* #/���L#%�
2O�&�C!'=
�)���Q!'��#/�&��4 ���@!G?�.����/�<�U=
�	 
�& )#/�	 �.+!'��
���*,.��m ��	4 

�R#S!'�&./�
 ��� � , #/�
2 � � � �E�U=
�-Ad >=
.lb Z/���"A0 >�&�	��=Q!)�$=
#/�
���� 3�&�0.D�n >=
.��>�
2
�	 >!$#%�
��� #/�
2  �

�� >!$#%�@!��R#/�^�$=W#%�
���� ;bc�	!�= #%�	!'�B!'

2��/� �U=
���>��*,.��>�/T3!'=�� ���&�&�	N
 �� N
#/�'#/4C��!����> 
�P��!\b:����� ��� � � #/��2 ,
� ��� aJ4 .D�Y �=
./��� b:����� #[Z/���'#%����2 #/�
2 #%���  >=
.lbc� #% # *,

�
�-!'�&./� ./*
#/�B!'�	!�

2
�c�&�+hW�
� � � �*)����U=
�(������./�:�W#%�� �����N����� >���Q!U.����) "!$#/�
2
#/��2O2���ZJ�R#%!��&.��C�&�C�[#%�$=O2
�&�>���-!'�&./�
*,.��E!�=
�^���&�	�&N
 >�3NW#/��#/4C��!'���� c�&� !�=
�Lh
Z��^.D�Y �=
./���^2
�& "!$#/������ ��

�U=
�d!�.�Nk!\b:. NW#/�����& C�&� hW�
� � � �*)  >=
.lb !�=
�d4C�&��.��C#/�
2 4 # �>.��C#SX��& �&���
�/!'=� #/ #
*,

�
�-!'�	.�� ./*U#/�B!'�B!'

2
�%� �U=
��A  >=
.lb !'=
#%!^!'=
�+.��
 >���"Z���2 4 �	�
.��^#SX��& L�	���
�%!'=
 e#/�>� #S!��	�[#/ "!e#
* #/�-!'.��m./*�!\b:.O�&#/�������U!'=W#/�;!'=
./ ���*,�>.�4 !�=
�` >�&4 

�&#%!'�	.�� �&� !'=��`4C�&2
2
�	�L./*1!�=
��4C�BX���2d�R#[A/�����
�U=
�C.��
 >���>Z/��2 4 # �>.��^# X��	 ^�&�����/!'=
 �#/�>� #%N
N
��.[X��&4 #%!����	A � ��� �&#/���/���3!'=
#/� !�=
.� >�C*,�>.�4 !'=��



� ���

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

Altitude (m)

13
 J

an
, v

ol
 1

, 0
.3

, 6
0 

fil
t

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

Altitude (m)

13
 J

an
, v

ol
 1

, 0
.2

, 6
0 

fil
t

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)
Altitude (m)

13
 J

an
, v

ol
 1

, 0
.1

, 6
0 

fil
t

���	��

��� � � � �mDG.��Q!�.�

�� (./* � � ) %,�&��* !$K-T � � � % 4C�&2�2
�&�[Kc#%�
2 � � � %,���&�/=@!$KG*,��.�4 ���>.� � ji\��.����>���R#S!'�&./�
*,

�
�-!'�	.��
 U./*�#/���>.� �./�f�W#/�$a@ ���#%!�!����m2W#%!$#+��./�&�&����!���2 *,��.�4 � ��� , � 	 � )�� ) � �)� ./��� ) +�#%�J

#/�>A/�



� � )

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

Altitude (m)

13
 J

an
, v

ol
 3

, 0
.3

, 6
0 

fil
t

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

Altitude (m)

13
 J

an
, v

ol
 3

, 0
.2

, 6
0 

fil
t

20
00

30
00

40
00

50
00

0 
  

10
0 

20
0 

30
0 

40
0 

50
0 

60
0 

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

Altitude (m)

13
 J

an
, v

ol
 3

, 0
.1

, 6
0 

fil
t

���	��

��� � � � �cDG.��Q!�.�

�� (./* � � ) %,�&��* !$K-T � � �0% 4C�&2�2
�&�[Kc#%�
2 � � � %,���&�/=@!$KU*,�>.�46���>.� � ji\��.����>���R#S!'�&./�
*,

�
�-!'�	.��
 c./*�#/���>.� �.��n�W#/�$a@ ���#%!�!����(2
#%!$# ��./�&�&����!���2 *,��.�4 � � � ��� 	 � � � ) � �)� ./�4�*) +�#/�@
W#%�>A��



� � ,

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, minor

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, major

Offshore distance (km)

A
lti

tu
de

 (
m

)

1

1.5

2

2.5

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, Ellipticity

Offshore distance (km)

A
lti

tu
de

 (
m

)

200

250

300

350

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, Orientation

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.02

0.04

0.06

0.08

0.1

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, Area

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.01

0.02

0.03

0.04

0.05

2 3 4

100

200

300

400

500

1−13−98, vol 1, level=0.3, RMS

Offshore distance (km)

A
lti

tu
de

 (
m

)

���	��

��� � � � ��'L

#/�Q!'�	!��&�� C2������BZ���2 *,��.�4 ���&�	�&N
 >�� h
!C!'. �	 �.�N��&��!�=
 +./* � � ) ��.����>���&#%!'�	.�� *,��.�4
DGI�353<g\ c*,��.�4 �*��� , � i��*)�� ) � �)� ./�4�*) +�#/�@
W#%�>A��



� �/�

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, minor

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, major

Offshore distance (km)

A
lti

tu
de

 (
m

)

1

1.5

2

2.5

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, Ellipticity

Offshore distance (km)

A
lti

tu
de

 (
m

)

200

250

300

350

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, Orientation

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.02

0.04

0.06

0.08

0.1

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, Area

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.01

0.02

0.03

0.04

0.05

2 3 4

100

200

300

400

500

1−13−98, vol 3, level=0.3, RMS

Offshore distance (km)

A
lti

tu
de

 (
m

)

���	��

��� � �3����'L

#/�Q!'�	!��&�� C2������BZ���2 *,��.�4 ���&�	�&N
 >�� h
!C!'. �	 �.�N��&��!�=
 C./* � � ) ��.����>���&#%!'�	.�� *,��.�4
DGI�353<g\ )*,�>.�4 � � � � �Si�� � � ) � �)� ./�4�*) +�#/�@
W#%�>A��



� � �

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, minor

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, major

Offshore distance (km)

A
lti

tu
de

 (
m

)

1

1.5

2

2.5

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, Ellipticity

Offshore distance (km)

A
lti

tu
de

 (
m

)

220

240

260

280

300

320

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, Orientation

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.02

0.04

0.06

0.08

0.1

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, Area

Offshore distance (km)

A
lti

tu
de

 (
m

)

0

0.01

0.02

0.03

0.04

0.05

0 1 2 3 4

50

100

150

200

250

300

350

400

450

LES260, level=0.3, RMS

Offshore distance (km)

A
lti

tu
de

 (
m

)

���	��

��� � � � � ��'3
W#/�Q!��	!'�	�� �2
���>�	Z���2 *,��.�4 ���&�&�	N
 ��� eh�! !'. �	 �.�N��&��!�=
 `.%* � � );��.��>�����R#%!��&.�� *,��.�4
587�9 ��� ��� �



� � �

1000 2000 3000 4000 5000

0   

50  

100 

150 

200 

250 

300 

350 

400 

450 

500 

Offshore Distance (m)

A
lti

tu
de

 (
m

)

VIL−Vol1
VIL−Vol3

���	��

��� � � ���/�<DG.�4CNW#/�>�& �./�C.%* � � ) � ��.��Q!�.�

�� �./*_DUDE�� :*,�>.�4 6�7)g�Z�.��	

4 �U >�[#/� 2W#%!'#e2

����&���
!\b:. NY�����&.J2
 �.�� �*)�+�#/�@
W#/�>A/�<�U=
�3�
�&#/�$a+��.��Q!�.�

�� E#/���(*,�>.�4 2W#%!'#`��./�&�&����!���2O�P��!\b:�������*��� , �
#/�
2"�*)�� ) � �m� #/�
2d!�=
�`�>��2 ��.��Q!'.�

�> L#/�>��*,��./462W#%!$# ��.��	�&���-!'��2d�P��!\b:����� � � � ��� #/�
2-� � � ) �
�)�L�



� � �

1000 1500 2000 2500 3000 3500 4000 4500 5000
0   

50  

100 

150 

200 

250 

300 

350 

400 

450 

500 

Offshore Distance (m)

A
lti

tu
de

 (
m

)

LES260
VIL−Vol3

���	��

��� � � �*���^DG.�4CNW#/�>�& �./� ./* � � ) � ��.��Q!'.�

�> ^./*UDUDE�� ^*,�>.�4 587�9 ��� ��� #/�
2�6�7)gcZ�.��	

4C�
 ���#/�;2W#%!$# ��.��&�	����!���2 �P��!\b:�����"� � � ���+#/�
2 � � � ) � �)� .��4� ) +�#%�J

#/�>A/�



� ���

0 0.2 0.4 0.6
0

100

200

300

400

500
0.3 contour, 2.85−4.29 km

Minor axis length (km)

A
lti

tu
de

 (
m

)

LES#260 
VIL−Vol3
LES#264 
LES#267 

0 0.2 0.4 0.6
0

100

200

300

400

500

Major axis length (km)

A
lti

tu
de

 (
m

)

0 1 2 3 4
0

100

200

300

400

500

Ellipticity

A
lti

tu
de

 (
m

)

150 200 250 300 350
0

100

200

300

400

500

Orientation (degrees)

A
lti

tu
de

 (
m

)

0 0.05 0.1 0.15
0

100

200

300

400

500

Area (km2)

A
lti

tu
de

 (
m

)

0 0.005 0.01 0.015 0.02
0

100

200

300

400

500

RMS of ellpise fit

A
lti

tu
de

 (
m

)

���	��

��� � � �*)�� DG.�4 N
#/���	 �.�� ./*U���&�&�	N
 ��+NW#%�'#/4C��!����� ^*,.���587:9>� � ��� T � � ,
T � � � #/��2 DGI�353<g\ 
��./�&�&����!���2 �Y�-!\bG�����-� � � � � #/�
2�� � � ) � �)� ./��� ) +�#%�J

#/�>A/�



�*) �

 ��	4 

�&#%!'�	.��_�_�U=
�����	�&�	N�!'�	���	!��&�� Y#%���HN
�&.%!�!'��2e#/ #U*,
��
��!��&.��^./*
#/�	!��	!'
�2
�1�&�L!�=
�H4 �	2
2
�&���&�-* !8NW#/�
���
./*PhW�
� � � �*)����U=
��A+ >=
.lb !'=
#%!H�
�[#%�H!�=
�c �

�"* #/���c!'=��m��.����>���&#%!'�	.�� *,

�
�-!'�&./�
 �#/���U���&.��
��#%!'��2C�	�
!'=��U >!'�>�[#/4�bc�& ��U2��&������!��&.�� �QA+#(* #%��!'./�1./* !\bG.e4C.����G!�=W#/� �	� !'=
�U����.� > "i\ "!'�>�[#/4 2��&������!��&.��_� g\�
!'=��L4 �	2
2
�&�)./*8!'=
�L4C�BX���2 �R#[A�����T�!�=
�L.��
 >���>Z/��20���&�	�&N�!��&���	!'�	�� �#/�>�L�
�[#/�G.��
�/�H�U=
�^���&�&�	N�!'�	���B!'�&�� 
*,��./4 !'=
�e ��	4 

�&#%!'�	.�� #/���^4 
��$=d�R#%�������c!�=W#%!c!'=�.� ��^*,��.�4 !�=
�^.��
 >���>Z%#%!��&.��� (#%!)#/�	�8#/�	!��	!�

2
�� 
�-X�����N�! �
�[#/�+!'=��0 >

�>* #/���/TEbc=
�����;!'=
�-A #%N
NY��#/� !'. 2
�������[#% ��d >�&�	��=Q!'�	A/� �U=
�04 �	2
2
�	� ���&�/=@!
NW#/����� �&�ChW�
� � � �*)e >=
.lbc G!'=��).��>�&���@!'#%!'�	.��C./*n!�=
�(�P�� "!>i h�!G���&�&�	N
 ��� �#/ G#^*,

�
�-!'�&./� ./*f#/�	!��	!'
�2
�/�
g !e �=
.lbc e!'=W#%!�T����[#/�^!'=
�C �
��>* #/��� #/��2 �&� !�=
� �	.lbG����4C�BX���2Ji\�R#[A/����Tf!�=
� ���&�	�&N
 >�� L*,��.�4 �Y./!�=
!'=��m./�
 ����>Z%#%!'�	.��
 �#/�
2C ��	4 

�&#%!'�	.��
 <#/�>�m#/�&�	���
��2 bc�B!'= !'=��mbc�	�
2 2��&������!��&.��_� g\� !�=
�c4 �	2
2
�	�E./*
!'=��e4C�BX���20�&#lA/����T
bc=
���>��!'=��e���&�	�&N�!��&���B!'�	�� E#%���^�
�[#%�m./�
�/T  �
���!'�	�e�$=
#/�
���� (�&� !�=
�^4 # �>./�)#%�
2
4C�&�
.���#SX��& <�	���
�%!'=
 1��#/�+�[#/
� ��U!'=
�G.����	���Q!$#%!��&.��� �!'.L�$=W#%�
���U�QA � � 	 ��I(�P.lZ��U!'=��U4 � X���2�i\�&#[A����
!'=�� .��
 >���>Z/��2 .����	���Q!$#S!'�&./�
 (#%��� ���&�[#%���	A0#/�P.�
�!0� � 	 2
�G�n�������@!(!'=W#/� !�=
� .��>�&���Q!'#%!'�	.��
 m�&�d!�=
�
4C�&2
2
�	�G#%�
2 �&.lb:���14C�BX���2`�R#[A������1�U=
�G.����	���Q!$#%!��&.��� �*,��./4 !�=
�E ��	4 

�&#%!'�	.��
 #/N
NP�[#/��!'.L�$=W#/�����
�&�;!'=
�	 (�>�����	.��d�

�!3�
./!3#/ ( >=W#/�>N
�	A0#/ m!'=
.� >�`*,��./4 !�=
�`./�
 ����>Z%#%!'�	.��
 ��358#/ >!�TY!�=
�`�	. b:���(�&��* !
NW#/����� �&�+hW�
� � � �*)^ �=
.lbc :!�=
�)#/����#�./*Y!'=
�m���	�&�&N� ��� �#/ :#L*,

�
��!��&.�� ./*f#%�	!'�B!'

2��/���U=��& ���.���h
��4C 
!'=��L4 .� "!U.��QZJ�&.�
� m2��5�Y�������
���L�P��!\b:�����d.��� ����"Z���2 #/�
2  >�&4 

�&#%!'��2 ��2
2�A  >!���

�-!'

�>�e >=
.lbc�0�	�
hW�
� � � � �J� !�=
� .��
 >���>Z/��2 ��2
2
�	�� #/��� �&� �����
����#/�U�R#%������� !'=W#/� !'=��0 >�&4 

�&#%!'��2 ��2
2��&�� C�QA #
* #/�-!'.��U./*�#/�P.�
�!8�`!'=���.�

�/=
.�
�!m4C.� >!c./* !'=��e2���N�!�=0./* !'=��e4C�BX���2;�&#[A������

���	��

���� � � � , !�=
��.�
���= � � �.� #/��� N����� >���Q!'��2 !�.  �=
.lb !'=
� ��.����>���R#S!'�&./�0*,

�
�-!'�	.��
 �T8#%�
2
!'=����&� 2
�5�Y���>���
���� �T3#%!O!'=������ #%�	!'�B!'

2��� bc=
����� !'=�� !'

�>�


�&���
��� �$=W#%�'#/�-!'���>�& "!'�&��  �=
./

�&2 �P�
�
./!��&��#/�
�	A 2
�5�Y���>���Q![� �U=
� !'=
�>���;�������&.��� #%���4% � K �	� !�=
� 4 �	2
2
�	� ./*)!�=
�;�Y.�
��
2W#/�"A �R#[A����
%,h
�� �� � � � , 	�� � � � K-T % ��K1!'=��( �
��>* #/���3�R#[A�����% hW�� �� � � � � 	�� � ���QK-T�#/�
2 % )QK<!'=
�)���Q!'��#/�&��4 ���@!:?�./�
�
%,h
�� �� � � � �
		� � ����K-� ���&�/

���� � � � ,�T � � � � #/��2 � � � �  �=
.lb !�=
� ��.����>���&#%!'�	.�� *,

�
��!��&.��� ebc�B!'=
�	�
�R#%�� (./* � , ��� 4 .%*�!�=
� .��>�&���	�_�e���&��
����� � � �l��T � � � � #/��2 � � � �  >=
.lb !�=
�  '#/4C� ��./�������R#%!��&.��
*,

�
�-!'�	.��
 E.�
�!G!'. �&#/�� :./* � �La@4;�H���&�/

���� � � � � T � � ��� #/�
2 � � ���� >=
.lb !�=
�3����.� > "i\ >���-!'�&./�
 U./*
!'=��e��.����>���&#%!'�	.�� *,

�
�-!'�	.��
 m#/�&./�
� 4 # �>.��c#/�
2 4C�&�
.��E#SX��� ��

g\� hW�
� � � �>,(bG�c >���E!'=��U�����/�&.��`bc�B!'=
�	� � , ��� ./* !'=��U.����	���&��./* !'=
�U��.����>���R#S!'�&./��*,

�
�-!'�	.��
*,.��8!'=
�:4 �	2
2
�	��.%*
!'=
�:4 � X���2`�&#[A�����% � � � 4 K-���U=
�:!�.�N NW#/�����J�& 8*,��.�4 �	�&2W#/�8.��� ����"Z%#%!'�	.��
 1#%�
2
!'=����P./!>!'.�4 *,��.�4 5 7�9 ��� �.� ���U=��:��.����>���R#S!'�&./�(*,

�
�-!'�&./�e��.�4CN

�!'��2e*,�>.�4 �	�&2W#%�_.��
 >���>Z%#%!��&.��� 
�& ^4C.����C���	����

�R#/�e#/��2 �R#%�������^!�=W#/� !'=W#%!e*,��./4 !'=
� �R#/�>���-i ��2
2�A  >�&4 
��R#%!��&.��_� �W

�>!�=
���>4 ./���/T
.��>�&���Q!'#%!'�	.��O./*8!'=��L���&�	�&N
 >�)h
!U!�. !'=
� � � �^��./�������R#%!��&.�� ��.��Q!'./

�U�& U#%N
N
��.[X��&4 #%!����	A � � 	 2��5�Y���"i
���Q!e*,��.�4 !'=W#%!e./*:!'=
� 587�9Y� ���&�
� � � �l� �>��Z���#/�& e!'=W#S!e!�=
�C.����	���Q!$#%!��&.��� 3* #/�&��!�.0�	2
���Q!��	* A !�=
�
.��>�&���Q!'#%!'�	.��
 3./*�!'=��C4C.� "!L ��	���
�	h
�[#/�Q!L*,�[#S!'

�>�� ^�Y�-A�.���2 !'=�� � , ��� ��#/�
��� ./*:�R#%�� �� �W.��(�-X@i
#/4CN
�&�%T�!�=
�L�&�	2W#/�G��.����>���&#%!'�	.��O*,

�
�-!'�&./�  �=
.lbc )#+�>�&2
�/�(bc�	!�=;NP.� >�	!'�BZ��3��.����>���&#%!'�	.��
 E�
��#/� � � �
��
��
�
�&���O#/�P.�
�!�� � �
	 �)�U=
� 5 7�90��.����>���&#%!'�	.��;*,
��
��!��&.��  >=
.lbc L# �>�&2
�/��bc�	!�=0Z%#/�	

�� )������#%!'���
!'=
#/� � � � �&�  �.�4C�+N
�R#%���� e��
��
�
�&���d#/����.� > e!�=
�C.����	���&� #%!`#/�P.�
�! ) ��� 	 T8bc=
�&�$= ��.��>���� >NY./�
2
 
!'. !�=
��2��&������!��&.�� ./* !'=
�e4C�[#/� VW.lb^�GM0.����e�&4CNP.��>!'#/�Q!'�	A/T�=�. b:��Z/����TY!'=��e�	4 #%���� U�	� h
�
� � � � �
���-Z���#/��#%�0�	�@!����>�� >!��&�
�CNW#%!>!'�����d��.��
 >�& >!��&�
�C./*����&2����� )#/�
2;4 �	�
�&4 #��Hg\�0!�=
�^!'.�N;NW#/�
��� T 4C�&��i
�&4 #+./*1i � � � �C#/�����&.J�[#%!���2 2
�	������!'�BA !'. !�=
� ��#/ >!3#/�
2 b:�� >!3./*<!'=
�`.����	���&�0#%!L#%�Y.�
�! � � ��� 4
�R#%�
�H9��	4 �	�R#/��4 �	�
�&4 # #/�>�L�&.J�[#%!���2;7�9�7UTY9YT � #/�
209 � ./* !'=��e./���&�/�&�_T�#/�& >.+#%!)#/�Y./
�! � � ���
4 �&#/�
T��	� !'=
�^�P./!�!�.�4 NW#%�
��� �

���	�
� � � � �  �=
.lbc O!�=
� ��./�������R#%!��&.�� *,

�
�-!'�&./�
 bc�B!'�&� � , �.� 4 .%*L!'=
� ./���&�/�&� *,.�� !�=
�



�*) �

0

0.2

0.4

0.6

0.8

x−lag (km)

y−
la

g 
(k

m
)

From VIL−VOL3−CAPPI
altitude=217 m

range=3.93 km

contour=0.1

minor length=211.6722 m

major length=281.6045 m

ellipticity=1.3304

orientation=187.1935o

area=187263.5705 m2

RMS of fit=0.031563 −0.2 0 0.2

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0

0.2

0.4

0.6

0.8

x−lag (km)

y−
la

g 
(k

m
)

From LES260
altitude=217.5 m

range=3.93 km

contour=0.1

minor length=282.4232 m

major length=99.0908 m

ellipticity=2.8501

orientation=269.8389o

area=87919.1645 m2

RMS of fit=0.044973 −0.2 0 0.2

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

���	��

��� � � � ,
�)DG.�4CNW#/���	 �.��d./* �/])i"DUDE�� (*,��.�46!�=
� �&�	2W#/� %,!�.�N K(#/��2 5 7�99%,�Y./!>!'.�4 KU�&� !'=��
4C�&2
2
�	� ./*�!'=
� ��.��QZ�����!'�BZ�� �&�Q!'�����W#/���Y.�
��
2W#/�"A �R#[A���� % � � � 4 #/�Y.lZ/�  >

�>* #/���C#/�
2�)��3��) aJ4
.D�Y �=
./���lK �



�*)$�

−0.1

0

0.1

0.2

0.3

0.4

0.5

x−lag (km)

y−
la

g 
(k

m
)

−1 −0.5 0 0.5 1

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

−0.1

0

0.1

0.2

0.3

0.4

0.5

x−lag (km)

y−
la

g 
(k

m
)

−1 −0.5 0 0.5 1

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

���	��

��� � � � ���(9�#/4C� #/ L���	�
� � � �>, �-X�����N�!L*,.��3�&#/�� )!�. � �+a@4;��% � � � 4 #/�P. Z/�  �

�"* #/���+#%�
2
)��3��) a@4 .D�Y �=
.��>�lK �



�*).)

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
−0.2

0

0.2

0.4

0.6

0.8

1

Lag along each axis (km)

Li
ne

ar
 C

or
re

la
tio

n 
C

oe
ffi

ci
en

t

LIDAR Major Axis 
LIDAR Minor Axis 
LES260 Major Axis
LES260 Minor Axis

���	��

��� � � � � �eDG.�4 N
#/���	 �.�� ./*: ��	�&���� L!'=
�>.�

��= !'=��C./���&�/�&� ./*�!'=��+!\b:.	�%])i"DUDE�� ^#/�	.��
� !'=��
4 # �>.��c#/�
2 4C�&�
./�U#SX��& U2
�	������!'�	.��
 U >=
.lbc�d�&� hW� � � � ,
�



�*).,

 �
��>* #/���L�R#[A���� % � 4 #/�	!��	!'
�2
�lK ���U=
�L.��>�&���@!'#%!'�	.��
 :./*8!'=
� � � �L��./�@!�.�

�> c#/���32��5�Y�������Q!U�QA=��� 	 �
�U=
�C���	�&�&N�!'�&���	!��&�� (#/��������� � #/�
2-)�� ��� *,.��^�&�	2W#/�32
#%!$#0#/�
2 5 7�9 ./
�!'N

�![T ���� >NY����!��	Z����	A/� �U=
�
#/�>�[#O�������&./ ���2 �QAd!�=
� ���	�&�	N
 ��^*,��.�4 !'=��+5 7�9 .�
�!�N

�!L�	 3.lZ����3!\bc�&���+#% 3�R#/�>��� #% 3!'=W#%!(*,��.�4
!'=��`�&�	2W#/�c2W#%!'#��LM;.� >!L�	4 NP.��"!$#/�Q!'�BA�TW=
.lb:��Z/����T_!�=
�`!�.�N NW#/����� ./*<hW�
� � � � � �	 )Z����>A0V #%!L#%�
2
2
�-Z�.��	20./*� >!���.���� ��.����>���R#S!'�&./�
 E�P��A�./�
2d�&#/�� E./*1#/�P.�
�! � � ��� 4;�<g\�;* #%��![T�bG��#/a #/�
2;�
��.�#/2
4C�&�
�	4 # % � !�. i � � � ��KE2
.C�-X��& "!m�
.��>!�=d#%�
2d >.�
�!'=0./* !'=
�e.����	���&�nT
#/�
2d#+b:�[#%a ���&2����^�-XJ!'���
2
 
*,��./4 !�=
� .��>�&���	�0!�.O�	!� 3�
.��"!'=QbG�� >!��e�U=��� �� b:�[#/a;*,�[#%!�

���� ^#/������.��� ��& "!'���@!Lbc�B!'= ��.��QZ�����!'�BZ��
�����&�	 Ebc=
�&�$=;=W#[Z��^Z����>A;�W#/�>��.lb^TW�

�!m=
�	��=�i\�	�Q!'���� ��	!\A bE#%�&�& E!�=W#%!m#/�>�e#/�&�	���
��2Obc�B!'= !'=
�Lbc�	�
2
2
�	�����-!'�	.��_� �W

�"!'=
����4C.����%Tf�&� !'=��C�	�&2W#%�(2W#%!'#�T8�
���	��=Q!L �NP./!� e.%*G "!'�[#%4+i *,.�� �&� !'=�� �����	�1bE#%�&�& 
./* !����  >=W#/2
.lb  >!���

�-!'

�>�� E�	4 4C��2��R#%!����	A�2
.lbc�Qbc�&�
2 .%*_!'=
��4  >���BZ��� �T��-Z���� �	� !�=
�(N
�>�� >���
���3./*
=
�	��=�i\N
#/ � 34C��2��R#/� hW�B!'�����&���
���U=������-*,.����%Tf!'=
� b:�[#/a �>�&2
�/� ./*���.��>�����R#%!��&.�� 2�.��� L�
./!^�-XJ!����
2
!'. !'=��  >.�
�!'=��[#/ "! ./*:!'=
�C.����	���&�n�C�U=�� 4C.� >!e2
��#/4 #%!'�	� 2
�5�Y���>���
���/T�=�. b:��Z/����T<�Y�-!\bG����� !�=
�
!'./N #/�
2 �P./!�!�.�4 NW#/�
���& ./*LhW�
� � � � � �& C!'=
� �&#/�$a ./*^ >!���.���� ��.��>�����&#%!'�	.��
 #%!O�&#/���/�d�R#%�� ��
�U=
�	 e�	 ^4 .� "!^�&�	a/���BA ��#/

 ���2 �QA !'=
�+Z����>A  >a/��b:��2 2��& >!����	�

�!'�	.�� ./*:�W#/�$a@ ���#%!�!����`�	�Q!'���� ��	!��&�� 
�&� !'=
� 2W#S!$# #/��2k#%�
 ����
��� ./*m�
�>.Q#/2 ��.����>���R#S!'�&���0*,�[#S!'

�>��  �
��$= #/ `=
.����	?�.��Q!'#/�:��.��QZ�����!'�BZ��
��./�&�& <�	� !'=
�m.��
 >���>Z%#%!��&.��� ��1�U=
�)�Y.%!�!'./4 NW#/�
��� ./*nhW��� � � � � T�*,��.�4 587�9C.�
�!'N

�!�T@ �=
.lbc G4C.��>�
 ��	���
�BhW�[#/�Q!e�&�	�
�[#%�L�W#/�
2
 �.����	���Q!'��2 �	� !�=
� 2��&������!��&.�� ./*G!�=
�C4 ��#/� bc�B!'=  �NW#/���&�
�0./*U#%�Y.�
�!
� ��� 	 ����� 4;� 6c���/�&.��
 <.%*Y�����Q#%!��	Z/�m��.����>���&#%!'�	.�� �
��#/��i � � �m#/���U�	.���#%!'��2 � , ��� 4 ./* !'=
�c.��>�&���	�_�
�U=
�	 (NW#%!>!'����� �	 ( �./4 �-bc=W#%!3 >�&4C�&�&#/�E!'.C!'=W#%!( �=
.lbc� �&�;!'=
���Y.%!�!'./4 N
#/�
����./*1hW��� � � � � #%�
2
 �=�. bc c!'=��e "!'�>.��
�+!'����2
���
�-A *,.��E!'=��e4C.J2
���n!�.+�����
���'#%!����	�&�
��#/�G "!'�>

��!�

���� ��

g\� hW�/ �� � � � � #/�
2 � � � � b:�  ���� !'=�� ZJ�	ZJ�&2  ��	���W#%!�

��� ./*E!'=�� ���Y���-! ./*c�/�'#[ZJ�	!\A bG#lZ/�� 
bc=
�	�$=d�&��VW

��������!�=
�`./���Q#/���&?[#S!'�&./�;.%*1!'

�>�


�	���
�����	�0!'=������@!��'#/�	�
4C���Q!(?�.��
�%�m�U=��`NW#%!>!'�����
bG#/ #/�	 �.;��ZJ�&2����Q! �&� !'=�� �&.lb:���ji\���	��=Q!eNW#/�
���& e./*EhW�� ��1�J� �*)0#/�
2 ��� �>,
� �U=
�O.��>�&���@!'#%!'�	.�� ./*
���	�&�	N
 ��� ��	 G#%�Y.�
�!8�l� 	 2
�G�n�������@!E#/�
2 #/N
N
�>.lX��	4 #%!����BA NP����NP����2
�&��

�R#/�H!'.e!'=
�m4C�[#/�CVW.lb^�<�U=
�
.��>�&���Q!'#%!'�	.�� ./*(!�=
�0���&�	�&N
 >�� C#/N
NP�[#/�> C!�. �P�d# ��.J.�2 �&��2
�&��#%!'.�� .%*3!'=
�;.��>�&���Q!'#%!'�	.�� ./*(!�=
�
�R#%�������"i\ >�[#/�	�d�	�&�
��#/� *,��#%!'

�>�� �	� !'=
�	 O�[#/ >�/� �U=��� �� *,

����!'�	.��
 O >=
.lb 4C�&�
�	4 #�) ��� 	 , ��� 4
*,��./4 !'=��L.����	���&�O�	� !'=
�L4C�&�
./�U#SX��& U2
�	������!'�	.��_�1�U=��e >����.��
2W#/�"A 4 # X��	4 #e�&� !'=��L4 �	�
.��U#SX��	 
2
�	�����-!'�	.��_TP=
.lbG�-Z�����T8.�����

�^#%!( �

�� >!$#%�@!��R#/�	�	A;�&./�
�����)�R#/�/ �% � ��� i �.��� 4 Kc*,.��m!'=
�`�&�&2
#/�)2
#%!$#�T
bc=
�	�$=O�&�
2��&�[#S!'�c�R#/�>�����HbG#lZ/���	���
�/!�=
 E./*f!�=
�(�/�'#[ZJ�	!\A bG#lZ/�� U�	� !'=��(.��
 >���"Z/#S!'�&./�
 :!�=W#/� �	� !�=
�
587�9(% ����� 4OK2%  ����Ch
�
� � � ����K �+���&�
� � � �.) �& LN
�>�� ����Q!'��2 !'.  �=
.lb #%�
./!'=����^�-X�#/4CN
�&� .%*G=
.lb
!'=��L4 .J2
���Y!'����2
 U!'.+���>�[#%!��^V
. bEi NW#/��#/�&�	���n�	�&�
��#/�E "!'��
���!'
����� cbc�	!�= ���&./ ��L�W#/��2; >NW#/���&�
�+�
��#/�
!'=��e >

�>* #%���/�

� �L�[#/� ��.��
���	

2
�3!�=W#%!U�B!U�& E2
#/�
������.�

 E!�. �����	A .�� .����	���Q!$#S!'�&./�
 E./*8!'=��3���	�&�&N� ��� :*,��.�4
!'=��L�&�
���>!'�&#/�P �

�
��#/�
���L�>�����	.��O!'. N��������& >���	A 2
�-!'���>4 �	�
�L.��>�&���Q!'#%!'�	.��
 G.%*��	�&�
��#/�G "!'�>

��!�

���� )#S!
�R#%�������m�&#/�� ��U�U=
�& )�Y����.�4C�� 81J
��	!'�e�&4CNP.��>!'#/�Q!c�	*1b:�`�	�@!����
20!'. h
�
2  >!�����#/4`bc�& >� #/��2d���>.� � ji
 >!�����#/4 �&�Q!�������#/�1�&���
�/!�=  >�[#/�	�� L*,��./4 !'=��C��.����>���&#%!'�	.�� *,

�
�-!'�&./�
 �Tfbc=
�	�$= bc�	�&���P�+2
�� >���>�&�P��2
�&� !�=
�^�
�-XJ!m �����!'�	.��_�



�*)��

0

0.2

0.4

0.6

0.8

x−lag (km)

y−
la

g 
(k

m
)

From VIL−VOL3−CAPPI
altitude=7 m

range=3.93 km

contour=0.1

minor length=157.1666 m

major length=60.7413 m

ellipticity=2.5875

orientation=283.1281o

area=29991.2155 m2
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From LES260
altitude=7.5 m

range=3.93 km

contour=0.1

minor length=318.6464 m

major length=84.4874 m

ellipticity=3.7715

orientation=313.1743o

area=84576.7387 m2
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From VIL−VOL3−CAPPI
altitude=427 m

range=3.21 km

contour=0.31

minor length=107.8648 m

major length=237.8077 m

ellipticity=2.2047

orientation=209.7282o

area=80585.2524 m2

RMS of fit=0.040174 −0.2 0 0.2
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From LES260
altitude=427.5 m

range=3.21 km

contour=0.31

minor length=292.1703 m

major length=103.6223 m

ellipticity=2.8196

orientation=225.306o

area=95112.8603 m2

RMS of fit=0.0043829 −0.2 0 0.2
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