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¯ÈmãËÓÒÒ �ºã�ÒÓ© �ÓÈ¹¯ÈmãËÓÒË =�� { ¯ËÏ�ã	�È�Ë
¹º«mã«Ë�°« ��¯ºÏÈ mºÏÓÒ}ÓºmËÓÒ« °ãºÒ°�©² �ãÈ�
äËã«¯Ó©²� �¯Ë�ÒÓ ¹º� �Ë®°�mÒËä ÓËÏÓÈ�Ò�Ëã	Ó©²
ÓÈ¹¯«ÎËÓÒ®� ÓÈ¹¯ÈmãËÓÓ©² ¹Ë¯¹ËÓ�Ò}�ã«¯Óº ¹ãº°�
}º°�Ò ãÒ°�È� { �Èã	ÓË®�Ëä �È}ÒË �¯Ë�ÒÓ© äº���
°ã�ÎÒ�	 ÓÈ�Èãºä ¯ÈÏmÒ�Ò« m ªãËäËÓ�È² }ºÓ°�¯�}�ÒÒ
²¯�¹}Ò²� m«Ï}Ò² Ò �°�Èãº°�Ó©² ¯ÈÏ¯��ËÓÒ® ¹º�
mºÏ�Ë®°�mÒËä º°ÓºmÓ©² ÓÈ¹¯«ÎËÓÒ® >��@�

{ ÓÈ°�º«�ËË m¯Ëä« �ã« º�ËÓ}Ò °}ãºÓÓº°�Ò °�È�
ãË® } °ãºÒ°�ºä� ¯ÈÏ¯��ËÓÒ
 ÓÈÒ­ºãËË �Ò¯º}º

Ò°¹ºã	Ï�Ë�°« ¹º}ÈÏÈ�Ëã	 º�Óº°Ò�Ëã	Óº�º °�ÎËÓÒ«

ψ
=
�ãÈ�}º�º °�ÈÓ�È¯�Óº�º º­¯ÈÏ�È ° º°	
� º¯Ò�

ËÓ�Ò¯ºmÈÓÓº® m ÓÈ¹¯ÈmãËÓÒÒ =�  �º }È°ÈË�°« Ë�º
�¯ºmÓ«� �º m °ºº�mË�°�mÒÒ ° �Ë²ÓÒ�Ë°}ÒäÒ �°ãº�
mÒ«äÒ ÓÈ �ºã°�ºãÒ°�ºmº® ¹¯º}È� �ã« äº°�º°�¯ºËÓÒ«

ψ
=
¹¯Ò }ºäÓÈ�Óº® �Ëä¹Ë¯È��¯Ë �ºãÎÓº °º°�Èmã«�	

­ºãËË �� �� �¯È}�Ò}È ¹º}ÈÏÈãÈ� ��º ª�º ÏÓÈ�ËÓÒË

ψ
=
«mã«Ë�°« º¹�ÒäÈã	Ó©ä ° �º�}Ò Ï¯ËÓÒ« ¹¯Ë�

��¹¯ËÎ�ËÓÒ« º­¯ÈÏºmÈÓÒ« °ãºÒ°�©² �¯Ë�ÒÓ m ¹¯º�
�Ë°°Ë �Ë²Óºãº�Ò�Ë°}Ò² º¹Ë¯È�Ò® �°mÈ¯}È� ÓÈ¹ãÈm}È
Ò �¯�� ¹¯Ò ÒÏ�º�ºmãËÓÒÒ äË�Èããº}ºÓ°�¯�}�Ò®� }º��
�È �Ëä¹Ë¯È��¯È ¯ÈmÓÈ }ºäÓÈ�Óº® Ò m©�Ë�

v ¹ºÓÒÎËÓÒËä �Ëä¹Ë¯È��¯© ²È¯È}�Ë¯Ò°�Ò}Ò
¹ãÈ°�Ò�Óº°�Ò Ò m«Ï}º°�Ò ¯ÈÏ¯��ËÓÒ« äË�ÈããÈ m
ÓÈ¹¯ÈmãËÓÒÒ = äº��� ¯ËÏ}º �²���È�	°«� w�º °m«�
ÏÈÓº ÓË �ºã	}º ° º­©�Ó©ä �Ëä¹Ë¯È��¯Ó©ä º²¯�¹�
�ÒmÈÓÒËä äË�ÈããÈ� Óº Ò ° Ë�º °}ãºÓÓº°�	
 } ½ÓÒÏ�
}º�Ëä¹Ë¯È��¯Óºä�� °ãºÒ°�ºä� ¯ÈÏ¯��ËÓÒ
� º­�°ãºm�
ãÒmÈËäºä� }¯Ò°�Èããº�¯ÈÁÒ�Ë°}º® �Ë}°��¯º® Ò º°�
ãÈ­ãËÓÒËä �¯ÈÓÒ� °�­ÏË¯ËÓ >��@� { ÏÓÈ�Ò�Ëã	Óº®
äË¯Ë ª�º }È°ÈË�°« °ºm¯ËäËÓÓ©² °�ÈãË® ° ÓËÏÓÈ�Ò�
�Ëã	Ó©ä °º�Ë¯ÎÈÓÒËä ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ®
Ò �º°�È�º�Óº m©°º}Òä �¯ºmÓËä ÒÏº�¯º¹Óº°�Ò °mº®°�m
¹¯Ò Óº¯äÈã	Ó©² Ò ¹ºm©�ËÓÓ©² �Ëä¹Ë¯È��¯È²� �º�

ª�ºä� m©°º}ÒË ÏÓÈ�ËÓÒ« ψ
=
¹¯Ò ¹ºãºÎÒ�Ëã	Ó©²

�Ëä¹Ë¯È��¯È² «mã«
�°« ÓËº­²º�Òä©ä �°ãºmÒËä� Óº
�ÈãË}º ÓË �º°�È�º�Ó©ä �ã« ¹¯Ë��¹¯ËÎ�ËÓÒ« °ãº�
Ò°�©² ¯ÈÏ¯��ËÓÒ® ¹¯Ò ª}°¹ã�È�È�ÒÒ °mÈ¯Ó©² äË�
�Èããº}ºÓ°�¯�}�Ò®�

{ ª�º® °m«ÏÒ ÓÈ¯«�� ° º¹¯Ë�ËãËÓÒËä ψ
=
¹¯Ò

}ºäÓÈ�Óº® �Ëä¹Ë¯È��¯Ë ÓËº­²º�Òäº mmË�ËÓÒË Ò°�
¹©�ÈÓÒ® }ºÓ°�¯�}�ÒºÓÓ©² °�ÈãË® m ÓÈ¹¯ÈmãËÓÒÒ
= ¹¯Ò äÒÓÒäÈã	Óº® ¯È°�Ë�Óº® �Ëä¹Ë¯È��¯Ë ° Ò°�
¹ºã	ÏºmÈÓÒËä }¯Ò�Ë¯ÒËm äË²ÈÓÒ}Ò ¯ÈÏ¯��ËÓÒ«�
�¯Ò ª�ºä º¹�ÒäÈã	Ó©Ë �¯Ë­ºmÈÓÒ« } m«Ï}º°�Ò ¯ÈÏ�
¯��ËÓÒ« �ºãÎÓ© �°�ÈÓÈmãÒmÈ�	°« ÓÈ º°ÓºmË }ºÓ�
�Ë¹�ÒÒ ½°ºº�mË�°�mÒË ÓÈÏÓÈ�ËÓÒ
�� w�Ò �¯Ë­ºmÈ�
ÓÒ« äº��� ¹¯Òmº�Ò�	°« ÓË¹º°¯Ë�°�mËÓÓº Óº¯äÈ�Òm�
Ó©äÒ ÏÓÈ�ËÓÒ«äÒ ²È¯È}�Ë¯Ò°�Ò} äË²ÈÓÒ}Ò ¯ÈÏ¯��
�ËÓÒ« ÒãÒ m °ºº�mË�°�m�
�Ò² ¹º}ÈÏÈ�Ëã«² °�ÈÓ�
�È¯�Ó©² ��È¯Ó©² Ò°¹©�ÈÓÒ® º­¯ÈÏ�ºm F º°�¯©ä
ÓÈ�¯ËÏºä zv9�

{ ÏÈ}ã
�ËÓÒË ÓËº­²º�Òäº ¹º��Ë¯}Ó��	� ��º °ºÏ�
�ÈÓÒË ¹ºãmË}È ÓÈÏÈ� ¹Ë¯mº�º }¯�¹Óº�º �Ëã	Óº°�
mÈ¯Óº�º äº°�È ° m©¹ºãÓËÓÒËä �Ëãº�º }ºä¹ãË}°È

cÒ°� �� ~ÈmÒ°Òäº°�	 ¹Ë¯Ë²º�Óº® �Ëä¹Ë¯È��¯© 7
L
º� °}º¯º°�Ò ¯È°�

}¯©�Ò« mË¯�ÒÓ© �¯Ë�ÒÓ© δ′ m ¹ºã�ãº�È¯ÒÁäÒ�Ë°}º® °Ò°�ËäË
}ºº¯�ÒÓÈ�� �Û °�Èã	 ����v� �Û äÒ}¯ºãË�Ò¯ºmÈÓÓÈ« �0QÜ1LÜ
0RÜ1E� °�Èã	 }ºÓ�¯ºãÒ¯�Ëäº® ¹¯º}È�}Ò� � Û �º ÎË �0QÜ7L��
� Û äË�Èãã �mÈ °�ÈãÒ }ºÓ�¯ºãÒ¯�Ëäº® ¹¯º}È�}Ò �0QÜ7L�

���������� ��



Ò°°ãË�ºmÈ�Ëã	°}Ò² Ò ¹¯ºË}�Óº�}ºÓ°�¯�}�º¯°}Ò² ¯È�
­º� �ã« º­Ë°¹Ë�ËÓÒ« Ë�º ÓÈ�ËÎÓº® ª}°¹ã�È�È�ÒÒ
º�}¯©ãº �º¯º�� ªãË}�¯º°mÈ¯}Ë m äº°�º°�¯ºËÓÒË Ò
m©�ãº �ÈãË}º ÏÈ ¯Èä}Ò ¯Ë�ËÓÒ« �È°�Óº® ÏÈ�È�Ò
º��Ëã	Óº�º º­�Ë}�È� �º��È ­©ã m©¯È­º�ÈÓ ¯«�
¹¯ÒÓ�Ò¹ÒÈã	Ó©² ¹º�²º�ºm Ò }ºÓ°�¯�}�ÒmÓº��Ë²�
Óºãº�Ò�Ë°}Ò² ¯Ë�ËÓÒ® �ã« �Ò¯º}º�º Ò°¹ºã	ÏºmÈ�
ÓÒ« ªãË}�¯º°mÈ¯}Ò m äË�Èããº°�¯ºÒ�Ëã	°�mË mºº­�Ë�

{ ¯ËÏ�ã	�È�Ë º¹©�È °ºmäË°�Óº® ¯È­º�© ¹¯ºË}�
�Ò¯ºm�Ò}ºm� ��ËÓ©²� Ò°°ãË�ºmÈ�ËãË® Ò �Ë²Óºãº�ºm
°ºÏ�ÈÓÈ �}ºãÈ °mÈ¯Ó©² °�¯ºÒ�Ëã	Ó©² }ºÓ°�¯�}�Ò®
p� |� �È�ºÓÈ� ÏÓÈ�Ò�Ëã	Ó©ä ¯ËÏ�ã	�È�ºä }º�º¯º®
­©ãº °ºÏ�ÈÓÒË ¯«�È m©�È
�Ò²°« °ºº¯�ÎËÓÒ®� È
�È}ÎË �Èã	ÓË®�ËË ¯ÈÏmÒ�ÒË ÓÈ�}Ò m ª�º® º­ãÈ°�Ò�

�� �È�ºÓ p� |�� �º¯­�Óºm r� s� �¯ÒÓ�Ò¹© ¹¯ºË}�Ò¯ºmÈÓÒ«
°mÈ¯Ó©² äº°�ºm �� km�º�ËÓ� �Ëãº� Û ����� Û ¢ �� Û
v� �Ü��

�� v�È�Ò�Ë°}È« ¹¯º�Óº°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÒÏ äÈãº��ãË�
¯º�Ò°�º® °�ÈãÒ � {� {� bËmË¯ÓÒ�}Ò®� {� j� sºmÒ}ºm�
�� {� yËä��ÎÓÒ}ºm� {� j� �¯�Á«}ºm� �º� º­�� ¯Ë��
p� |� �È�ºÓÈ� Û zÒËm� jÏ��mº ks �vvc� ����� Û �� °�

�� �¯ÒäËÓËÓÒË Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò ¹¯Ò °�¯ºÒ�Ëã	°�mË
­ºã	�º�º �º¯º�°}º�º �Ëã	Óº°mÈ¯Óº�º äº°�È � p� |� �È�
�ºÓ� i� �� �Ë­Ë�	� p� s� cÈ�ÏËmÒ� Ò �¯� Û zÒËm� jÏ��mº
ks �vvc� ����� Û �� °�

�� �°�Èãº°�Ó©Ë �¯Ë�ÒÓ© m °¹ãº�Óº°�ËÓ�È�©² ¹¯ºãË�Ó©²
°�¯ºËÓÒ«² � �� �� lÒ¯ºã
­ºm� p� l� �ÈÓÒÓ� {� {�
n¯ºãºm Ò �¯� �� {º¹¯º°© ¹¯ºË}�Ò¯ºmÈÓÒ« Ò ª}°¹ã�È�
�È�ÒÒ Ò°}�°°�mËÓÓ©² °ºº¯�ÎËÓÒ®� v­��¯� sjjäº°�ºm� Û
��� jÓ�� ÒÓÎ� Î���� �¯ÈÓ°¹º¯�È Òä� {� s� |­¯ÈÏ�ºmÈ�
����� Û v� ��Ü���

�� nÒ�Ë¯ iÎ�� lË¯�� i� �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒË m °�Èã	Ó©²
äº°�È² �� �¯ÈÎ�� °�¯�mº� Û ����� Û ¢ �� Û v� �Ü���

�� �¯�Á«}ºm {� j� �ºm©�ËÓÒË °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® Ò }ºÓ°�¯�}�Ò® �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ ��� Û v� ��Ü���

�� vmÈ¯Ó©Ë °�¯ºÒ�Ëã	Ó©Ë }ºÓ°�¯�}�ÒÒ� { � �� �� �� �Ò¹©
}ºÓ°�¯�}�Ò® � �º� ¯Ë�� �� l� �º­ÈÓºmÈ� Û zÒËm� jwv
Òä� p� |� �È�ºÓÈ� ����� Û ��� °�

�� n�}° �� r�� zº¯ÓËËm l� l� {ÈÓ�ºm©Ë äº°�© ¹º �}¯ÈÒÓ°�
}Òä ¹¯ºË}�Èä� sÈ°�º«�ËË Ò ¹Ë¯°¹Ë}�ÒmÈ �� v��È°Ó�
¹¯º­ãËäÒ ¹¯ºË}��mÈÓÓ« ­���mÓÒ��mÈ �È Ë}°¹ã�È�È��� °¹º¯��
ÓÈ �ã«²È² °¹ºã��ËÓÓ«� ~­� �º¹� i¯��º�º ÏÈ°��ÈÓÓ« �}¯�
ä�Î�Èã�Ï� ÓÈ�}��¹¯È}� °Ëä� ��� �Ë¯m� Û � ãÒ¹Ó� ���� ¯��
ä� zÒ�m�� Û zÒËm� |�{�i |k| ��j ½zÒËmº¯�°�¯º®��
����� Û v� ���Ü����

�� �²ÈÓ� {�¯ºãÈ� {Ò�È�Ó� äº°�Ò °m��� � ��� ¯Ë�� ¹¯ºÁ�
k� ´� �ÈÓ��²��Ë�ËÓ}º� Û z�� s��� ����� Û �� °�

��� lË�ÈããÒ�Ë°}ÒË }ºÓ°�¯�}�ÒÒ� v¹Ë�� }�¯° � p� j� rËãËÓ«�
s� s� v�¯ËãË�}Ò®� �� v� {Ë�ËÓÒ}ºm Ò �¯�� �º� ¯Ë�� p� j�
rËãËÓ«� Û l�� v�¯º®ÒÏ�È�� ����� Û ��� °�

��� |¯ãºm {� ��� iº¯º�}ËmÒ� k� k�� ~ËÓ}ÒÓ k� j� sºm©Ë °¹º�
°º­© �°ÒãËÓÒ« °¹ãº�Óº°�ËÓ�È�©² ¹¯ºãË�Ó©² °�¯ºËÓÒ®
�� ���	 Ò ¹��ËmºË ²ºÏ�mº� Û ����� Û ¢ �� Û v� �Ü���

��� 7UXILDNRY 9� ,�� 'YRUHWVN\ 9� ,�� /REDQRY /� 0� )DWLJXH
IDLOXUHV RI ZHOGHG EULGJHV LQ &,6� 5HVXOWV RI LQVSHFWLRQ� LQ�
YHVWLJDWLRQ DQG H[SHULPHQWDO WHVWV �� :HOGHG VWUXFWXUHV LQ
SDUWLFXODU ZHOGHG EULGJHV� ,QWHUQ� FRQI� �+XQJDU\� �Ü�
6HSW�� ������ Û %XGDSHVW� ����� Û 3� ���Ü����

��� 1HZ DSSRDFK WR WKH FUHDWLRQ RI VROLG�ZDOOHG ZHOGHG VSDQ
VWUXFWXUHV RI UDLOZD\ EULGJHV � 9� ,� 7UXILDNRY� 9� ,� 'YR�
UHWVN\� 9� *� 2UORY� $� $� 'RURVKNHYLFK �� :HOGHG 6WUXF�
WXUHV� Û ����� Û �� ¢ �� Û 3� ���Ü����

��� z��¯«m�Ëm j� {�� sÈ�ä�ËÓ}ºm j� p� �°�Èãº°�	 °mÈ¯Ó©²
}ºÓ°�¯�}�Ò®� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

��� 7UXILDNRY 9� ,�� 0LNKHHY 3�� .XGU\DYVHY <X� )DWLJXH
VWUHQJWK RI ZHOG VWUXFWXUHV� 5HVLGXDO VWUHVVHV DQG VWUHQJWKH�
QLQJ WUHDWPHQWV �� :HOGLQJ DQG 6XUIDFLQJ 5HYLHZV� Û
����� Û �� ¢ �� Û 3� ����

��� v�È�ÓÒ}ºm p� b�� bËm�ºm p� l�� z�ãÒ}ºm {� n� �ã	�
�¯ÈÏm�}ºmº® ��È¯Ó©® ÒÓ°�¯�äËÓ� �ã« �¹¯º�ÓËÓÒ« °mÈ¯Ó©²
�mºm Ò �äËÓ	�ËÓÒ« º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® �� sºm©Ë
ÁÒÏÒ�Ë°}ÒË äË�º�© ÒÓ�ËÓ°ÒÁÒ}È�ÒÒ �Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�
�Ë°°ºm� Û l�� lË�Èãã�¯�Ò«� ����� Û v� ��Ü���

��� wÁÁË}�ÒmÓº°�	 ¹¯ÒäËÓËÓÒ« �ã	�¯ÈÏm�}ºmº® º­¯È­º�}Ò
�ã« ¹ºm©�ËÓÒ« °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ® � �� �� lÒ²ËËm� k� Ð� sË�º°Ë}È� j� {� �È¯²ºäËÓ}º Ò
�¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

��� k� °� ������ vvvc� l�z { �� { ������ �ã	�¯ÈÏm�}ºmº®
äÓº�º­º®}ºm©® ÒÓ°�¯�äËÓ� � �� j� �¯º}º¹ËÓ}º� {� ��
z¯Òm}º� Û |¹�­ã� ��������� r
ã� ¢ ���

��� �¯ÒäËÓËÓÒË m©°º}º�È°�º�Óº® äË²ÈÓÒ�Ë°}º® ¹¯º}ºm}Ò �ã«
¹ºm©�ËÓÒ« °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Ò °�©}ºm©² °ºË�ÒÓË�
ÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm � {� j� �¯�Á«}ºm� {� k� bº�
ÓÒÓ� {� v� lÈ�ÒÓ� i� v� cºäÈÓºm°}Ò® �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� �Ü���

��� ,PSURYHPHQW RI IDWLJXH VWUHQJWK LQ ZHOGHG MRLQWV �LQ +66
DQG LQ DOXPLQLXP DOOR\� E\ XOWUDVRQLJ KDPPHU SHHQLQJ �
,� ,� <DQRVFK� 1� .RQHF]Q\� 6� 'HELH] HW DO� Û 6� O��
>����@� Û � S� Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� tb�
����Ü����

��� &RPSDULVRQ RI XOWUDVRQLF LPSDFW WUHDWPHQW �8,7� DQG RWKHU
IDWLJXH OLIH LPSURYHPHQW PHWKRGV � (� 6K� 6WDWQLNRY� 9� 2�
0XNWHSDYHO� 9� ,� 7UXILDNRY HW DO� Û 6� O�� >����@� Û � S�
Û �,QWHUQ� ,QVW� RI :HOG,QJ� 'RF� tb�����Ü����

��� 7KH HIILFLHQF\ RI XOWUDVRQLF LPSDFW WUHDWPHQW IRU LPSURYLQJ
WKH IDWLJXH VWUHQJWK RI ZHOGHG MRLQWV � 9� ,� 7UXILDNRY� (� 6K�
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