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ª¨�æ�®Àsv]�½Z·�©º¬�5DML�v·Z��½|À¯M�,³y��b¿Yy�Z�°À- v·Z��½Z·�©º¬�5DMLµ{Yv³Y�µv³{��¬dt¯�¾«º¬���¾°�È�ºdÀ� v³yYu�¶¬Wº§Y¹�¹ ,³y�¾]M�ª¨�óÎ�

ª¨�Ï�®Àsv]�½Z·�©º¬�5DML��b�Z��yuÔÏ�PPçååz�´�� =Q�½|À¯M�,³y��b¿Yy±Z�°À-�
ª¨��yu�¶¨¿yº�³Z°·óÎv·Z��½Z¸«º¬��uº��¾¯�µv¿u� 0ROW��µv³{�� ¹ �¬dt¯� ¾«º¬�� µ{Yv³Y¾°�È�ºdÀ v³yYu�,³y�¾]M� ª¨��yu�Z¯Y�Ï½Z·�b�¬��zÀgZc�bpc�µuz^¯Z³�½Z¸«º¬�� ½ÇZ]=Qv³Y�µuº°³�±v��µz³%u�¶]��¹z��
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ª¨�Ð�®Àsv]�½Z·�©º¬�0ROW���v·Z��½|À¯M�,³y�b¿Yy�-Z�°À

ª¨�Ñ�®Àsv]�½Z·�©º¬�0ROW���b�Z�yuÎÏ�PPçååz�´�=Q� ½|À¯M�,³y�b¿YyºZ�°À-� ½zÀ-�¶lÀd³�¹ fp]] j¿Zd³u ¶¶�«Z�¯� ²¿Y� yu� µv¯M� b��{Y� µuZ d�Y� Z]� ±Z�¿zc�¾·Z.�¿Z¯{M�½Z·�b�cº¬]¹b¿Yy�½|À¯M�,³y�± Z�°À-�¶§� uYu� ±Z�³�=Q�¬dt¯� ¾³Z¯{� ª�Yº�� yu� b�¬��Zc�±ºÀ�Z]º¨³Y�0ÎÍÍzÀgPc�¶³º.$À·�¾°�z]� ±v³Z¯�µv³{½Z·�©º¬��5DML¹0ROW��uyYv³���Zp«�{Y�¹yu� µuz^¯Z³�½Z·�©º¬��±v³Z¯� µv³{�±Y|À¯�²À]�|À³�½yZ¯Mv·Z�� µ¹z-� ¹ ±º¯{M� µ¹z-�½Z·�¦·Z#µv¿u�¾c¹Z c v�³�±ºÀ�Z]º¨³Y� ±Z¯{� ½Z¸d³Y� yu� ²À´$°·�b�z� v�y�Z·�©º¬�� zÀh¨c�ª§� uYv�c� �yZ°�� ¢¿z�� {Yµ¹z-� ¹u� z·� yu� Z·�©º¬��v·Z�� ¹ ±º¯{M� µ¹z-�]®·� Z b�¬�� Zc� ¹ �v�� ¶�¿Z¤¯�0ÎÍÍa¹Z c�¶³º.$À·v�³�µv¿u�µ¹z-�¹u�²¿Y�¾«º¬��v�y�yu�½yYu�¾´�¯�Z¯Y b�¬��¹ ±ºÀ�Z]º¨³Y�±Z¯{��¿Y|�Y� Z]=Q¾°��aYzgY =QuYu�±Z�³�Yy�uºs��¶§�½yº��¶]½Z·�b�¬���0ÏÍÍ

Zc�0ÒÍÍ¾³Z¯{�ª�Yº��yuÎÏZc�ÔÏzÀgZc�b�Z�� { ±Y|À¯�z]�½zÀ.°�#¹ ½Z·�©º¬��±uº]�µv³0ROW��5DML b�Yu�{Yv�]ÎÏyu� Z·�©º¬�� ²¿Y� ±ºÀ�Z]º¨³Y�b�Z�� yº�o�0ÏÍÍz�´�=QbÀ�Zs� �¾°��=QyZ¨�M v¿uz-�µv³{�½Z·�©º¬��±Y|À¯�¹5DMLu¹vo�¶]ÕÏ�¹ ½Z¸«º¬�0ROW��¶]ÕÒ�vÀ�y�½yZ¯M��Zp«� {Y��|À«Z³M b³Yu�±º¯{M�¹ ~³Z¿yY¹�|À³�±uº]�µv³{�±Y|À¯·©º¬�Z ±º¯{M�µ¹z-�yu¾«º¬��µuy�¹uz·�¹ +z¯�Z]�¶�¿Z¤¯�yu� Z¿�¹ zÀ¯±uº]�µv³{�±Y|À¯Z·�©º¬��yua¹Z c�v·Z��µ¹z- ¾´�¯d�Yu�½yYuv´�b�¬��yu�0ÏÍÍ�·Z§�z]�µ¹È�� µv³{�½Z·�©º¬��±Y|À¯� yu� yYu�¾´�¯�Z·�©º¬�� zÀh¨c�²À]½yYu�¾´�¯� a¹Z c� v·Z�� ¹ ±º¯{M� ½Z·¹z-� yu� |À³v¿uz-� µv·Z�¯�zd�À]� Yy� ±ºÀ�Z]º¨³Y� ±Z¯{� ¶#z·¹ b�¬��¹ ®Àd�z-=Q½¹y�z]�±M�¾°�zgY�®¿uYu��¿Y|�Y�Yy�v��zd�À]�¶�«Z�¯�uyº¯�½Z·�©º¬��{Y�~��¶§�½yº��¶] ÔÏyº�oyu�±ºÀ�Z]º¨³Y�b�Z���0ÒÍÍ½Z·�©º¬�uYv�c� {Y�zd°§�¶]�µ¹z-�¹uz·�yu µv³{Ò�vÀ�y��¿Z¯{M�yu�±Z¤¤p¯���ºc� µv¯M�ª°��¶]�aZ�«Z�¯¹ µZ. ±Z�³Y� ±v]� ªsYu� yu� Z¿�}Z�Y� ¶§� v·u�¾¯� ±Z�³ ¾°�� zÀgZc� ¾«º¨«º¯�¦À�§ºc�=Q¶§� b�Y� ²¿Y >ÇZ°doY=Q©uZ�¯�¾d�¬��yu�Õ¦¿%º«º¿|À��n���z]Yz]�yºd��y� ¾�Z�dsY� yZ¸¯� f�Z]� uºs� ¾WZ°�È�¦¿�²À§º«zd´¿Y�,/��� uº��¾¯�{Z´À§�µYz°·�Ö�� ½¹y�=Q�½Z·�b�¬�� yu�0åæ�åZc��0æåå z]�½zÀgPc½z·Z��ª¨�©º¬��b�Yv³�yº§x¯�½Z·�Z¯Y b�Z��yuæçb�¬��Z]�¹�0çååYzÀÀ�c�¾cµv·Z�¯ v��zÀ�� v·Z�� ½Z·�©º¬�� z¿º�c� Z]� ¶�¿Z¤¯� yu� ¶§uº]�¾�À^���¿Yz��²¿Y�bpc�¶§�½yº��¶]{Y��À]íå�¶��£�Z¿�¹ ®§Yzd¯�¾«º¬��`d�·��®�È�ºdÀ��v£Z��Z¸«º¬�uº]� µv�� ¶��£�«Z�¯Z¤«Y� |À³� Z·�©º¬�� ½z·Z�� ª¨�cZ�
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��ºc� ¾«º¬�� +z¯=Q½Z¸«º¬�yuYy5DML¹0ROW�� uz§vÀ¿Zc��º³� ±uº°³��t�¯� ¾«¹¾«º¬��+z¯�~¿{ºd�º�M� Z¿�~¿{¹z¨³���ºc� µv�Z¤«Y =Q¶§�uyYu�½zd¯ºdÀ�º¬��¹ ¾«º¨«º¯�½Z·�b�c�¶]�{ZÀ³�¶dsYuz�� ±M� ¶]� ½z.¿u� aZ�«Z�¯� yu� uº��¾¯� uZ¸´�À�uº��¾¬§�½zÀ-�¶lÀd³�uYu�±Z�³�¶�«Z�¯�²¿Y�{Y�ª�Zo�j¿Zd³ ¶§=Qb�¬�� yu��0ÏÍÍ{Y��À]� ¶§�Õn��� z]Yz]�

bÀ°�� zgY� ½YyYu� b�Y� ±M� ¾WZ°�È�� ¦¿%º«º¿|À�±v³Z¯� µv³{� ±Y|À¯� z]� ¾«º¬��Z·�©º¬�v�y�zÀh¨c Z¸«º¬��½Z¸«º¬��½z·Z��ª¨��¹5DML¹0ROW��b�Y�� b�¬���¿Yz�Y� Z]¹=Q±M�av�z]�±ºÀ�Z]º¨³Y�±Z¯{�¹½Z·�©º¬��bÀ�Z�o�±Y|À¯�²À]¹�uuz-�¾¯� µu¹|�Y5DML ¹0ROW��¶]=Qµv¿u� ¶�«Z�¯� ²¿Y� yu� ½yYu�¾´�¯�a¹Z c v�³�
�]Z´¯��0DUHW�:��-DFRE�&��9DOOHH�%��)LVKHU�(��,QKLELWRU\�6LWHV� LQ� (Q]\PHV�� =LQF� 5HPRYDO� DQG� 5HDFWLYDWLRQ�E\�7KLRQHLQ��3URFHGLQJV��RI� WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�8�6�$�����������������������9DOOHH� %�� *DOGHV� $�� 7KH� 0HWDOORELRFKPLVWU\� RI�=LQF�(Q]\PHV� $GY�(Q]\PRO��������������������� 6SHQFHU�+��2VLV�'��.DUPHU�/�,QWDNH�� ([FUHWLRQ�DQG�5HWHQWLRQ� RI�=LQF� LQ�0DQ�� ,Q��7UDFH�(OHPHQWV�LQ� +XPDQ� +HDOWK� DQG� 'LVHDVH�� 1HZ<RUN��$FDGHPLF�SUHVV�������������������� /RWKDU� 5�� 3KLOLS� *�� =LQF� DQG� ,PPXQH� 6\VWHP��3URFHGLQJV�RI� WKH�1XWULWLRQ�6RFLHW\����������������������:HOOLQJKDXVHQ� 1�� )LVKHU� $�� .LUFKQHU� +��,QWHUDFWLRQ� RI� =LQF� ,RQ� ZLWK� +XPDQ� 3HULSKHUDO�%ORRG� 0RQRQXFOHDU� &HOOV�� &HOOXODU� ,PPXQRORJ\���������������������'ULHVVHQ� &�� +LUY� .�� 5LQN� � /�� .LUFKQHU� +��,QGXFWLRQ� RI� &\WRNLQHV� E\� =LQF� ,RQV� LQ� +XPDQ�

3HULSKHUDO�%ORRG�0RQRQXFOHDU�&HOOV�DQG�6HSDUDWHG�0RQRF\WHV�� /\PSKRNLQH� DQG� &\WRNLQH� 5HVHDUFK������������������� 0DUWLQ� 6-�� 0D]GDL� *�� 6WUDLQ� -�� &RWWHU�7�3URJUDPPHG�&HOO�'HDWK��DSRSWRVLV��LQ�/\PSKRLG��5DML	0ROW��� DQG� 0\HORLG�+O����� &HOO� /LQHV�'XULQJ� =LQF� 'HILFLHQF\�� &OLQ� ([S� ,PPXQRO ������������������� 0LFKLNR� +�� .D]XKLUR� ,�� .D]XKLUR� +�� 5\RML� � ,��=LQF�,QGXFHV�0L[HG�7\SHV�RI�&HOO�'HDWK� 1HFURVLV�DQG� $SRSWRVLV�LQ� 0ROW��� &HOOV�� -� %LRFKHP� ���������� ����������� :HOOLQJKDXVHQ� 1�6FKURPPP� $%�� 6H\GHO� 8�HW�DO�� =LQF� (QKDQFHV� /\SRSO\VDFKDULGH� ,QGXFHG�0RQRNLQH�6HFUHWLRQ�E\�D�)OXLGLW\�&KDQJH�RI�/36��-�,PPXQRO�����������������������

&RPSDULVRQ�RQ�(IIHFW�RI�=LQF�RQ 9LDELOLW\�DQG�0RUSKRORJ\�RI�
5DML�DQG�0ROW���&HOO�/LQH

7RNPHKGDVKL��+���2VDWL�$VKWLDQL )���3XUIDWKXOODK�$�$�
$EVWUDFW,QWURGXFWLRQ� =LQF�KDV� LPSRUWDQW�HIIHFWV�RQ�VWUXFWXUDO�DQG�IXQFWLRQDO�DFWLYLWLHV�RI�PDQ\�SURWHLQV�DQG�HQ]\PHV��HVSHFLDOO\�LQ�UHJXODWLRQ�RI�LPPXQH�V\VWHP�2EMHFWLYH� 7KLV� VWXG\� ZDV� FDUULHG� RXW� WR� H[DPLQH� WKH� LQ� YLWUR� HIIHFWV� RI� GLIIHUHQW� FRQFHQWUDWLRQV� RI� =LQF� RQ�YLDELOLW\�DQG�PRUSKRORJ\�RI�7�/\PSKRLG��0ROW����DQG�%�/\PSKRLG��5DML� FHOO�OLQH��
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0DWHULDOV�DQG�0HWKRGV� ,Q�WKLV�VWXG\��WKH�FHOO�OLQH�ZDV�H[SRVHG�WR�GLIIHUHQW�FRQFHQWUDWLRQV�RI�=LQF������0�WR�����0�� IROORZHG� E\� LQFXEDWLRQ� ����&� ��&R��� DW� YDULRXV� WLPH� SRLQWV� ���� WR� ��� KUV�� 7KH� FHOOV� ZHUH� WKHQ�HYDOXDWHG�ZLWK�WU\SDQ�EOXH�H[FOXVLRQ�G\H�� DQG�:ULJKW�*LPVD�VWDLQLQJ�5HVXOWV��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�DOPRVW�GLIIHUHQW�UHVSRQVHV�WR�GLIIHUHQW�DPRXQWV�RI�=LQF�E\�WKH�7�DQG�%�FHOO� OLQH��&RQFHQWUDWLRQV� OHVV� WKDQ�����0�RI�=LQF�DW�GLIIHUHQW� LQFXEDWLRQ�WLPH�SRLQWV�KDG�OLWWOH� WR�QR HIIHFWV�RQ�FHOO� OLQH�ZKHQ� FRPSDUHG� WR� WKH� FRQWUROV��+LJKHU� FRQFHQWUDWLRQV� RI�=LQF� �!����0��GLPLQLVKHG� FHOO�YLDELOLW\� WR�����DW����KUV�DQG�OHVV�WKDQ�����DW����WR����KUV�RI�LQFXEDWLRQ�WLPHV�&RQFOXVLRQ� :H�FRQFOXGHG�WKDW�=LQF�VKRZV�F\WRWR[LF�HIIHFWV��5DML�	 0ROW����GHSHQGLQJ�RQ�WKH�FRQFHQWUDWLRQV�XVHG��$W�KLJKHU�FRQFHQWUDWLRQV��LW�H[HUWV�F\WRWR[LF�HIIHFWV�
.H\�ZRUGV� %� /\PSKD\WHV��7� /\PSKRF\WHV��=LQF�
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