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$EVWUDFWV�� ,Q�RUGHU� WR� LQYHVWLJDWH� HIIHFWV�RI�FRQGXFW� WR�ZHHGV� DQG� URZ� VSDFLQJ�RQ�ZHHGV� WUDLWV� DQG�DJURQRPLFDO�SDUDPHWHUV�RI�ULFH��2U\]D�VDWLYD�/���YDU��7DURP�0DKDOOL��DQ�H[SHULPHQW�ZDV�FDUULHG�RXW�DW�VSOLW�SORW�LQ�UDQGRPL]HG�FRPSOHWH�EORFN�GHVLJQ�ZLWK�IRXU�UHSOLFDWLRQV�DW�6DUL�UHJLRQ�LQ�������0DLQ�IDFWRU�ZDV�FRQGXFW�WR�ZHHG�LQ�WZR�OHYHOV�LQFOXGLQJ� �QRQ� ZHHG� FRQWURO� DQG� ZLWK� ZHHG� FRQWURO�� DQG� VXE� IDFWRU� ZDV� EHWZHHQ� URZ� VSDFLQJ� LQ� ILYH� OHYHOV�LQFOXGLQJ�����������������DQG����FP���5HVXOWV�VKRZHG�ORZHVW�DQG�KLJKHVW�RI�ZHHGV�QXPEHU�SHU�P�� ZHHG�KHLJKW�DQG�ZHHG� GU\�ZHLJKW�ZHUH� REWDLQHG� DW� ��� FP� DQG� ��� FP� EHWZHHQ� URZV� VSDFLQJ�� UHVSHFWLYHO\��:LWK� FRQWURO� RI� ZHHG�LQFUHDVHG�RI� WKH�SODQW�KHLJKW��SDQLFOH� OHQJWK�� WRWDO� WLOOHU�QXPEHU�SHU�KLOO�� IHUWLOH� WLOOHU�QXPEHU�SHU�KLOO��DQG�SDQLFOH�QXPEHU�SHU�P�� VSLNHOHW�QXPEHU�SHU�SDQLFOH��JUDLQ�\LHOG��DQG�ELRORJLFDO�\LHOG�DQG�GXH�WR�KDUYHVW�LQGH[��7KH�PRVW�RI�SDQLFOH�OHQJWK��SDQLFOH�QXPEHU�SHU�P�� VSLNHOHW�QXPEHU�SHU�SDQLFOH��IHUWLOH�VSLNHOHW�SHUFHQW��JUDLQ�\LHOG��ELRORJLFDO�\LHOG� DQG�KDUYHVW� LQGH[�ZHUH� REWDLQHG� LQ�EHWZHHQ� URZ� VSDFLQJ� RI���� FP�DQG� WKH� OHDVW� RI� SDQLFOH� OHQJWK�� SDQLFOH�QXPEHU�SHU�P�� IHUWLOH�VSLNHOHW�SHUFHQW��JUDLQ�\LHOG��ELRORJLFDO�\LHOG�DQG�KDUYHVW� LQGH[�ZHUH�SURGXFHG� LQ�EHWZHHQ�URZ�VSDFLQJ�RI����FP��7KH�PRVW�RI�VSLNHOHW�QXPEHU�SHU�SDQLFOH�DQG�KDUYHVW�LQGH[�ZHUH�SURGXFHG�DW�LQWHUDFWLRQ�RI�ZHHG�FRQWURO�î�URZ�VSDFH�RI����FP��7KHUHIRUH��ZHHG�FRQWURO�WUHDWPHQW�GXH�WR�DQ�LQFUHDVH�RI�DOPRVW�DOO�WKH�WUDLWV�DQG�WKH�URZ�VSDFH�RI����FP�GXH�WR�LQFUHDVHG�SDQLFOH�OHQJWK��SDQLFOH�QXPEHU�SHU�P�� VSLNHOHW�QXPEHU�SHU�SDQLFOH��IHUWLOH�VSLNHOHW�SHUFHQW��JUDLQ�\LHOG��ELRORJLFDO�\LHOG�DQG�KDUYHVW�LQGH[�DV�WKH�EHVW�VWXGLHG�IDFWRUV�LQWURGXFHG�DSSOLHG��>0RKDPPDG�5H]D�0DOHN��5H]D�<DGL�DQG�,PDQ�$KPDGL��(IIHFWV�RI�FRQGXFW�WR�ZHHGV�DQG�URZ�VSDFLQJ�RQ�ZHHGV�WUDLWV� DQG�DJURQRPLFDO� SDUDPHWHUVRI� ULFH� �2U\]D� VDWLYD� /��� DW� WKH� QRUWK� RI� ,UDQ�� /LIH� 6FL� -� �������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����.H\�ZRUGV��5LFH��&RQGXFW�WR�ZHHG��5RZ�VSDFLQJ��:HHG�WUDLWV��$JURQRPLFDO�WUDLWV���
,QWURGXFWLRQ��� (DUO\�ZHHGLQJ�LVQ¶W�QHFHVVDU\�EHFDXVH�WKHUH�LV�QR�FRPSHWLWLRQ� EHWZHHQ� ZHHGV� DQG� ULFH� �+DOO� HW� DO����������:LWK� SURJUHVV� RI� WKH� JURZLQJ� VHDVRQ� ZHHGV�PDNH� PD[LPXP� GDPDJH� WR� WKH� SODQW� �:LOVRQ� DQG�&ROH�� ������� $OO� ZHHGV� UHPRYH� EHIRUH� VHHGOLQJ�WUDQVSODQWLQJ�� VR� WKHUH� LV� QR� FRPSHWLWLRQ� EHWZHHQ�ZHHGV� DQG� ULFH� LQ� WUDQVSODQWLQJ� VWDJH� EHFDXVH� WKHUH�DUH�IHZ�ZHHGV�DQG�DEXQGDQFH�RI�QXWULWLRQDO�UHVRXUFHV��5DGRVHYLFK��������� ,Q� WLOOHULQJ� WLPH� FURS� JURZWK� LV�LPSDLUHG�ZLWK�LQFUHDVLQJ�RI�ZHHGV�DQG�GHVSLWH�LWV�QRW�VLJQLILFDQW� GHFUHDVH� RI� \LHOG� EXW� LI� ZHHGV� GRQ¶W�FRQWURO�LW�FDQ�VLJQLILFDQWO\�GHFUHDVH�\LHOG��5HMPDQHN�HW� DO��� ������� :HHG� LQWHUIHUHQFH� ZLWK� SODQW� LV�LPSRUWDQW� LQ� WLOOHULQJ� WLPH� DQG� D� JRRG� PDQDJHPHQW�*LYHV� SULRULW\� WR� ZHHGLQJ� DQG� ZHHGV� FRQWURO� �9DQ�$FNHU�HW�DO����������5LFH�\LHOG�VWURQJO\�GHFUHDVH�ZLWK�GHOD\� LQ� ZHHGV� FRQWURO� ��� WR� ��� GD\V� DIWHU�WUDQVSODQWLQJ� LQ� ULFH� ILHOG� DQG�GHFUHDVH�RI� ULFH� \LHOG�DUH����WR������LQ�WUDQVSODQWLQJ�VHHGOLQJ�DQG����WR����� LQ� GLUHFWO\� VRZLQJ� EHFDXVH� RI�ZHHGV� FRPSHWLWLRQ��%DODVXEUDPDQL\DP� DQG� 3DODQLDSSDQV�� �������(VWRUQLQRV� HW� DO� ������� IRXQG� WKDW� QXPEHU� RI� WLOOHU�GHFUHDVHG� IURP� ��� WR� �����ZLWK� LQFUHDVH� RI� ZHHGV�GHQVLW\� IURP� ��� WR� ��� SODQWV� SHU� P�� 1LWURJHQ� LV�LPSRUWDQW�IDFWRU�RI�JURZWK�OLPLWDWLRQ�DQG�ODFN�RI�WKDW�FDXVHG� GHFUHDVH� \LHOG� LQ� HDFK� VWDJH� �+DHIHO� HW� DO���������� )DUPHU� JURZ� WKH� FXOWLYDUV� KDG� KLJK� TXDOLW\�DOVR�� WKH\� KDG� ORQJ� KHLJKW� DQG� VHQVLWLYH� WR� ORGJLQJ�

DQG� LQFOXGLQJ� ���� SODQW� GHQVLW\� DUHD� LQ� ,UDQ��:HDWKHU�FRQGLWLRQ�HVSHFLDOO\�ZLQG�DQG�UDLQ�LQ�GXULQJ�IXOO� KHDGLQJ� WR� ULSHQLQJ� VWDJHV� UHVXOW� LQ� \LHOG� ORVV�EHFDXVH� LQFUHDVLQJ� ORGJLQJ� DQG� GLVHDVH� DV� D� UHVXOW�GHFUHDVH� LQ� JUDLQ� \LHOG��%DORFK� HW� DO��� ������� IRXQG�WKDW�WKH�UHDVRQ�RI�ULFH�JUDLQ�\LHOG�HQKDQFHPHQW�XQGHU�KLJK� SODQW� GHQVLW\� ZDV� GXH� WR� WKH� LQFUHDVH� RI� WKH�SDQLFOHV�SHU�Pð��%XW�DW�WKH�VDPH�WLPH�WKH�QXPEHU�RI�WLOOHUV�DQG�HIIHFWLYH� WLOOHU� LQ�EXVK� VKRZHG� VLJQLILFDQW�UHGXFWLRQ�� 7KHUHIRUH�� ZLWK� LQFUHDVLQJ� RI� SODQWLQJ�GHQVLW\�� LQ� VSLWH� RI� WKH� UHGXFWLRQ� RI� WRWDO� QXPEHU� RI�WLOOHU� DQG� HIIHFWLYH� WLOOHU� SHU� EXVK�� EHFDXVH� RI� WKH�LQFUHDVLQJ� RI� WKH� VWHP� SHU� VTXDUH� PHWHU��FRQVHTXHQWO\�� QXPEHU� RI� SDQLFOH� SHU� Pð� DQG� JUDLQ�\LHOG� ZHUH� LQFUHDVHG�� $OVR� SODQW� KHLJKW� LQ� YDULRXV�JHQRW\SHV� RI� ULFH� GHFUHDVHG� E\� WKH� LQFUHDVLQJ� SODQW�GHQVLW\��0REDVVHU�HW�DO����������7KH�SXUSRVH�RI� WKLV�H[SHULPHQW� ZDV� LQYHVWLJDWH� HIIHFWV� RI� FRQGXFW� WR�ZHHGV� DQG� URZ� VSDFLQJ� RQ� ZHHGV� WUDLWV� DQG�DJURQRPLFDO�SDUDPHWHUV�RI�ULFH��2U\]D�VDWLYD�/���YDU��7DURP�0DKDOOL�DW�WKH�QRUWK�RI�,UDQ���
0DWHULDOV�DQG�0HWKRG���� ,Q�RUGHU�WR�LQYHVWLJDWH�HIIHFWV�RI�FRQGXFW�WR�ZHHGV�DQG� URZ� VSDFLQJ� RQ� ZHHGV� WUDLWV� DQG� DJURQRPLFDO�SDUDPHWHUV� RI� ULFH� �2U\]D� VDWLYD� /��� YDU�� 7DURP�0DKDOOL�� DQ� H[SHULPHQW� ZDV� FDUULHG� RXW� DW� 6DUL� FLW\�JHRJUDSKLFDOO\�VLWXDWHG�DW��������
�1�ODWLWXGH�DQG��������
�(�ORQJLWXGH�DW�DQ�DOWLWXGH�RI������P�DERYH�PHDQ�
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VHD�OHYHO�LQ�������7KH�VRLOV�RI�ILHOGV�ZHUH�FOD\�ORDP��7KH�UHVXOWV�RI�VRLO�DQDO\VHV�DUH�VKRZQ�LQ�WDEOH���DQG� WKH�ZHDWKHU� FRQGLWLRQ� LQ� JURZWK� VHDVRQ� LV� VKRZQ� LQ�WDEOH������7DEOH��� 3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�VRLO�EHIRUH�SODQWLQJ�DW�6DUL�DUHD�LQ�������
6RLO�WH[WXUH� .��SSP�� 3��SSP�� 1����� 20����� S+� (&���PRKV�FP�� 'HSWK��FP��
&OD\�ORDP� ���� ����� ����� ���� ���� ����� �����

7DEOH��� :HDWKHU�FRQGLWLRQV�LQ�ULFH�JURZLQJ�SHULRG�DW�6DUL�LQ�������
9DULDEOH� $SULO� 6HSWHPEHU� $XJXVW� -XO\� -XQH� 0D\�

0LQLPXP�WHP�� ���� ��� ����� ����� ����� �����0D[LPXP�WHP�� ����� ��� ����� ����� ����� �����0LQLPXP�HYDSRUDWLRQ� ����� ����� ����� ����� ��� �����0D[LPXP�HYDSRUDWLRQ� ����� ����� ����� ����� ����� �����3UHFLSLWDWLRQ� ������ ����� ����� ���� ����� �����

7KH� H[SHULPHQWDO� ZRUN� ZDV� VWDUWHG� LQ� $SULO� ������6HHGV�RI�ULFH�YDU��7DURP�0DKDOOL�ZHUH�SURFXUHG�IURP�5LFH� 5HVHDUFK� ,QVWLWXWH�� $PRO�� 0D]DQGDUDQ�� ,UDQ��7KLV�H[SHULPHQW�ZDV�GRQH�DV�VSOLW�SORW�LQ�UDQGRPL]HG�FRPSOHWH�EORFNV�GHVLJQ�EDVHG��� UHSOLFDWLRQV��:HHGV�WUHDWPHQW� ZDV� FKRVHQ� DV� PDLQ� IDFWRU� �FRQWURO� DQG�ZLWKRXW� FRQWURO�� DQG� URZ� VSDFLQJ� DV� VXE�IDFWRU� ����������������DQG����FP���7KH�ILHOG�ZDV�SORXJKHG�ZLWK�WUDFWRU� GUDZQ� GLVF� SORXJK� IROORZHG� E\� D� WKURXJK�KDUURZLQJ�WR�EUHDN�WKH�FORGV��7KH�ILHOG�ZDV�SURSHUO\�OHYHOOHG�DQG���î���P�VL]H�SORWV�ZHUH�HDUPDUNHG�ZLWK�UDLVHG� EXQGV� DOO� DURXQG� WR�PLQLPL]H� WKH�PRPHQW� RI�ZDWHULQJ� DQG� QLWURJHQ�� &KDQQHOV� ZHUH� ODLG� WR�IDFLOLWDWH� LUULJDWLRQ� WR� SORWV� LQGLYLGXDOO\� DQG� HDFK�UHSOLFDWLRQ� KDG� ��� SORWV�� ���� NJ�KD� 8UHD� ZDV�VXSSOHPHQWHG�DV�D�VRXUFH�RI�XUHD�WR�WKH�PDLQ�SODQW�LQ�WKUHH� WLPHV� �LQ� WLPH� RI� WUDQVSODQWDWLRQ�� LQ� WLPH� RI�LQLWLDWLYH� SDQLFOH�� DQG� LQ� WLPH� RI� FRPSOHWH� SDQLFOH���$OVR� 3KRVSKRULF� IHUWLOL]HU� LQ� IRUP� RI� WULSOH� VXSHU�SKRVSKDWH� DQG� SRWDVVLXP� IHUWLOL]HU� LQ� IRUP� RI�6XOSKDWH�SRWDVVLXP� ZDV� XVHG� DERXW� ���� DQG� ����NJ�KD�UHVSHFWLYHO\��:KHQ�ULFH�VHHGOLQJV�ZHUH�RI����WR����FP�LQ�KHLJKW�DQG���ZHHNV�ROG��WKH\�ZHUH�XSURRWHG�DQG�WUDQVSODQWHG�WR�H[SHULPHQWDO�SORWV�ZLWK�WUHDWPHQW�DUUDQJHPHQW�� 6HHGOLQJ� WUDQVSODQWLQJ� DQG� ZHHGV�FRQWURO�ZHUH�GRQH�E\�GHVLJQ�PDS��$OO�RSHUDWLRQV�OLNH�SODQW�LOOQHVVHV�FRQWUROOLQJ�DQG�SHVWV�FRQWUROOLQJ�ZHUH�GRQH� GXULQJ� WKH� JURZWK� SURFHVV� ZLWK� FKHPLFDO�FRPSRQHQWV�� 'XULQJ� WKH� JURZWK� WLPH�� IROORZLQJ�FKDUDFWHULVWLFV� ZDV� PHDVXUHG� UDQGRPO\� IURP� HDFK�SORW�� 3ODQW� KHLJKW� DQG� VWHP� OHQJWK� ZHUH� PHDVXUHG�IURP���� KLOOV� LQ�PLGGOH�RI� HDFK� SORW�� 3DQLFOH� OHQJWK�DQG� IODJ� OHDI� OHQJWK�ZHUH�PHDVXUHG� LQ� WKH�PLGGOH�RI�HDFK�SORW��*UDLQ�\LHOG�ZDV�KDUYHVWHG�IURP���0ð�IURP�WKH� PLGGOH� RI� WKH� SORW� ZLWK� ��� �� KXPLGLW\�� 'DWD�

DQDO\]HG� E\� 067$7�&� VWDWLVWLFDO� VRIWZDUH� DQG�$YHUDJHV� FRPSDULVRQ� ZHUH� FDOFXODWHG� E\� 'XQFDQ¶V�PXOWLSOH�UDQJH�WHVWV�LQ�D����SUREDELOLW\�OHYHO���
5HVXOWV��� :HHGV� ZHUH� LQGHQWLILHG� LQ� ULFH� ILHOG�� WKH� PRVW�LPSRUWDQW� DQG� PDLQ� ZHHGV� ZHUH� EDUQ\DUG� JUDVV��(FKLQRFKORD� FUXV�JDOOL� /��� DQG� 5LFH� IODW� VHGJH��&\SHUXV� LULD� /��� EHFDXVH� WKRVH� ZHUH� KLJKHU� DQG�PRUH�WKDQ�WKH�RWKHUV�DQG�RFFXSLHG�ZLGHO\�HFRORJLFDO�QLFK�� %DUQ\DUG� JUDVV� LV� VR� LPSRUWDQW� EHWZHHQ� ULFH�ZHHGV� EHFDXVH� RI� VLPLODULW\� LQ� JHQHWLFDOO\��PRUSKRORJLFDO� DQG�SKHQRW\SH� �*LEVRQ�HW�DO��� �������$OVR�EDUQ\DUG�JUDVV�KDG�&��3KRWRV\QWKHWLF�SDWKZD\�DQG� PRUH� FDUERQ� H[FKDQJLQJ� FDSDFLW\� FRPSDUH� WR�ULFH��&����VR�LW�KDG�PRUH�HIILFLHQW�LQ�ZDWHU�DEVRUSWLRQ�DQG�QLWURJHQ��$OEHUWR�HW�DO����������:HHGV�KHLJKW�KDG�VLJQLILFDQW� HIIHFW� XQGHU� URZ� VSDFLQJ� LQ� �� ��SUREDELOLW\� OHYHO��7DEOH�����:HHGV�KHLJKW�E\����DQG���� FP� URZ� VSDFLQJ� ������� DQG� ������ FP�� ZDV� WKH�PRVW� DQG� PLQLPXP� ZHHG� KHLJKW� ������ FP�� ZDV�REVHUYHG� LQ� ��� FP� WUHDWPHQW� �7DEOH� ���� � :HHGV�QXPEHU� SHU� P� KDG� VLJQLILFDQW� HIIHFW� XQGHU� URZ�VSDFLQJ�LQ�����SUREDELOLW\�OHYHO��7DEOH�����0D[LPXP�������SODQW�SHU�P�� DQG�PLQLPXP�������SODQW�SHU�P��RI�ZHHGV�QXPEHU�ZHUH�QRWHG� IRU����DQG����FP� URZ�VSDFLQJ�WUHDWPHQW��UHVSHFWLYHO\�DQG� LQ��������DQG����FP� ZDV� ������� ������ DQG� ������ SODQWV� SHU� P��UHVSHFWLYHO\��7DEOH�����:HHGV�GU\�PDWWHU�SHU�P� KDG�VLJQLILFDQW� HIIHFW� XQGHU� URZ� VSDFLQJ� LQ� �� ��SUREDELOLW\� OHYHO� �7DEOH� ���� 0D[LPXP� ZHHGV� GU\�PDWWHU� ������� J�P�� ZDV� REVHUYHG� IRU� ��� FP�WUHDWPHQW�DQG�PLQLPXP�RI�WKDW��������J�P�� ZDV�IRU����FP�URZ�VSDFLQJ��7DEOH������
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7DEOH��� 0HDQ�VTXDUHV�HIIHFWV�RI�ZHHG�WUDLWV�LQ�URZ�VSDFLQJ�RI�ULFH��
6�2�9�� ')� :HHG�GHQVLW\� :HHG�KHLJKW� :HHG�GU\�ZHLJKW�
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� �QRQ�VLJQLILFDQW��VLJQLILFDQW�DW������DQG������OHYHO�RI�SUREDELOLW\�UHVSHFWLYHO\���7DEOH��� 0HDQ�FRPSDULVRQ�HIIHFWV�RI�ZHHG�WUDLWV�LQ�URZ�VSDFLQJ�RI�ULFH��
7UHDWPHQW� :HHG�GHQVLW\��SODQW�SHU�P�� :HHG�KHLJKW��FP� :HHG�GU\�ZHLJKW��J�P��
5RZ�VSDFLQJ� � � �
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��PHDQV�ZLWK�VLPLODU�OHWWHUV�LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQW�GLIIHUHQFH�DW�WKH����OHYHO�RI�SUREDELOLW\�DFFRUGLQJ�WR�'057��� 3ODQW� KHLJKW� KDG� VLJQLILFDQW� HIIHFW� XQGHU� ZHHGV�WUHDWPHQW�LQ����SUREDELOLW\�OHYHO�DQG�URZ�VSDFLQJ�LQ����SUREDELOLW\�OHYHO��7DEOH�����3ODQW�KHLJKW�LQFUHDVHG������ �� E\� ZHHGV� FRQWURO� DQG� SODQW� KHLJKW� ZDV�REWDLQHG� ������� DQG� ������ FP�� IRU� ZHHGV� ZLWKRXW�FRQWURO� WUHDWPHQW�DQG�FRQWURO� WUHDWPHQW� UHVSHFWLYHO\��$OVR� SODQW� KHLJKW� LQFUHDVHG� E\� LQFUHDVLQJ� URZ�VSDFLQJ�� VR� PLQLPXP� SODQW� KHLJKW� ������� FP�� ZDV�REVHUYHG�IRU����FP�DQG�PD[LPXP�RI�WKDW��������FP��ZDV�REVHUYHG�IRU����FP�WUHDWPHQW��7DEOH������� $FFRUGLQJ� WR� WDEOH� ��� SDQLFOH� OHQJWK� KDG�VLJQLILFDQW� HIIHFW� XQGHU� ZHHGV� WUHDWPHQW� LQ� ���SUREDELOLW\� OHYHO� DQG� URZ� VSDFLQJ� LQ� ���SUREDELOLW\�OHYHO� �7DEOH� ���� 3DQLFOH� OHQJWK� ������ DQG� ����� FP��ZDV� IRU�ZHHGV� ZLWKRXW� FRQWURO� WUHDWPHQW� DQG�ZHHGV�FRQWURO� WUHDWPHQW�� UHVSHFWLYHO\� DQG� SDQLFOH� OHQJWK�LQFUHDVHG� ������ �� E\� ZHHGV� FRQWURO� WUHDWPHQW��0LQLPXP�SDQLFOH�OHQJWK�������FP��ZDV�REVHUYHG�IRU���� FP� URZ� VSDFLQJ�DQG�PD[LPXP�RI� WKDW� ������ DQG������FP��ZDV�SURGXFHG�IRU����DQG����FP�WUHDWPHQWV��7DEOH������� 7LOOHU�QXPEHU�SHU�KLOO�KDG�VLJQLILFDQW�HIIHFW�XQGHU�ZHHGV�WUHDWPHQW�DQG�URZ�VSDFLQJ�LQ�����SUREDELOLW\�OHYHO��7DEOH�����7LOOHU�QXPEHU�SHU�KLOO�������DQG������WLOOHU�� ZDV� IRU� ZHHGV� ZLWKRXW� FRQWURO� WUHDWPHQW� DQG�ZHHGV� FRQWURO� WUHDWPHQW�� UHVSHFWLYHO\�� 0LQLPXP�WLOOHU� QXPEHU� ������ WLOOHUV�� ZDV� REVHUYHG� IRU� ��� FP�URZ�VSDFLQJ�DQG�PD[LPXP�RI� WKDW� ������ WLOOHUV��ZDV�REWDLQHG�IRU����FP�WUHDWPHQW��7DEOH������� )HUWLOH�WLOOHU�QXPEHU�SHU�KLOO�KDG�VLJQLILFDQW�HIIHFW�XQGHU� ZHHGV� WUHDWPHQW� DQG� URZ� VSDFLQJ� LQ� �� ��SUREDELOLW\� OHYHO� �7DEOH� ���� )HUWLOH� WLOOHU� QXPEHU�LQFUHDVHG� ����� �� E\� ZHHGV� FRQWURO� WUHDWPHQW� WKDW�WKH\�ZHUH���DQG������WLOOHUV�IRU�ZLWKRXW�ZHHGV�FRQWURO�DQG� ZHHGV� FRQWURO� WUHDWPHQWV�� UHVSHFWLYHO\�� $OVR�IHUWLOH� WLOOHU� SHU� KLOO� LQFUHDVHG� E\� GHFUHDVHG� SODQW�GHQVLW\� WKDW� WKH�PRVW� IHUWLOH� WLOOHU� HTXLYDOHQW� WR� �����WLOOHUV�ZDV� REVHUYHG� IRU� ��� FP� URZ� VSDFLQJ� DQG� WKH�

OHDVW�IHUWLOH�WLOOHU�QXPEHU������WLOOHUV��ZDV�REVHUYHG�LQ����FP�WUHDWPHQW��7DEOH������ 3DQLFOH� QXPEHU� SHU� P� KDG� VLJQLILFDQW� HIIHFW�XQGHU� ZHHGV� WUHDWPHQW� LQ� ��� SUREDELOLW\� OHYHO� DQG�URZ� VSDFLQJ� LQ� ��� SUREDELOLW\� OHYHO� �7DEOH� ����3DQLFOH� QXPEHU� ZDV� ���� DQG� ���� SDQLFOHV� IRU�ZLWKRXW�ZHHGV�FRQWURO�DQG�ZHHGV�FRQWURO� WUHDWPHQWV��UHVSHFWLYHO\�� 7KH� PD[LPXP� SDQLFOH� QXPEHU�HTXLYDOHQW�WR�������SDQLFOHV�ZDV�SHUIRUPHG�LQ����FP�URZ� VSDFLQJ� DQG� PLQLPXP� SDQLFOH� QXPEHU� �������SDQLFOHV��SURGXFHG�IRU����FP�WUHDWPHQW��7DEOH������� 6SLNHOHW�QXPEHU�SHU�SDQLFOH�KDG�VLJQLILFDQW�HIIHFW�XQGHU� ZHHG� FRQWURO� DQG� LQWHUDFWLRQ� ZHHGV� î� URZ�VSDFLQJ� LQ� �� �� SUREDELOLW\� OHYHO� DQG� URZ� VSDFLQJ�WUHDWPHQW� LQ� �� �� SUREDELOLW\� OHYHO� �7DEOH� ���� 7KH�PRVW� VSLNHOHW� QXPEHU� ZDV� REVHUYHG� IRU� ��� FP�WUHDWPHQW� ������� QXPEHUV�� DQG� PLQLPXP� RI� WKDW�������� QXPEHUV�� ZDV� REWDLQHG� LQ� ��� FP� WUHDWPHQW��7DEOH� ���� 0D[LPXP� VSLNHOHW� QXPEHU� ������� DQG������� VSLNHOHWV�� ZDV� QRWHG� IRU� LQWHUDFWLRQ� ZHHGV�FRQWURO�DQG�QRQ�FRQWURO�ZLWK����FP�URZ�VSDFLQJ�DQG�PLQLPXP� RI� WKDW� ������� VSLNHOHW
V�� ZDV� IRU�LQWHUDFWLRQ� ZHHGV� ZLWKRXW� FRQWURO� ZLWK� ��� FP� URZ�VSDFLQJ��7DEOH�������� )LOOHG� VSLNHOHW� SHUFHQWDJH� KDG� VLJQLILFDQW� HIIHFW�XQGHU�URZ�VSDFLQJ�LQ�����SUREDELOLW\�OHYHO��7DEOH�����)LOOHG�VSLNHOHW�SHUFHQWDJH�ZDV�WKH�PRVW�LQ����DQG����FP�������DQG���������DQG�PLQLPXP�RI�WKDW�������DQG���������ZDV�SHUIRUPHG� IRU����DQG����FP� WUHDWPHQW��7DEOH����������� JUDLQ� ZHLJKW� KDG� VLJQLILFDQW� HIIHFW� XQGHU� URZ�VSDFLQJ� LQ�����SUREDELOLW\� OHYHO� �7DEOH����� WKH�PRVW������ JUDLQ� ZHLJKW� ������ J�� ZDV� REVHUYHG� LQ� ��� FP�URZ� VSDFLQJ� DQG� PLQLPXP� RI� WKDW� ����� J� ZDV�REWDLQHG� LQ� ���FP� WUHDWPHQW� LQ� ��� DQG� ���FP� ������DQG���������DQG�PLQLPXP�RI�WKDW�������DQG���������ZDV�SHUIRUPHG�IRU����DQG����FP�WUHDWPHQW��7DEOH������
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1RQ�FRQWURO� �����E ����E ���E �����E� ����E �����E ����D ����D&RQWURO� �����D ����D ����D �����D ����D �����D ����D ����D5RZ�VSDFLQJ� � � � � � � � �
���FP� �����H ����H� ���H �����F ����D �����G ����F ����G���FP� �����G ����G ���G �����D ����D �����D ����D ����F���FP� �����F ����F ����F �����E ����E �����F ����D ����DE���FP� �����E ����E ����E �����G ����F �����F ����E ����D���FP� �����D ����D ����D �����H ����G �����E ����F ����E


��PHDQV�ZLWK�VLPLODU�OHWWHUV�LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQW�GLIIHUHQFH�DW�WKH����OHYHO�RI�SUREDELOLW\�DFFRUGLQJ�WR�'057���
*UDLQ� \LHOG� KDG� VLJQLILFDQW� HIIHFW� XQGHU� ZHHGV�WUHDWPHQW� DQG� URZ� VSDFLQJ� LQ� ���� SUREDELOLW\� OHYHO��7DEOH� ���� *UDLQ� \LHOG� E\� ZHHGV� FRQWURO� WUHDWPHQW�������� J�P�� LQFUHDVHG� �������� EHFDXVH� RI� SDQLFOH�OHQJWK�� SDQLFOH� QXPEHU� SHU� P� DQG� VSLNHOHW� SHU�SDQLFOH� LQFUHDVH� FRPSDUH� WR� ZHHGV� ZLWKRXW� FRQWURO��������J�P����0LQLPXP�JUDLQ�\LHOG��������J�P�� ZDV�QRWHG� IRU� ��� FP� URZ� VSDFLQJ� EHFDXVH� RI� UHGXFH� LQ�SDQLFOH�OHQJWK�DQG�SDQLFOH�QXPEHU�SHU�P�� 0D[LPXP�JUDLQ� \LHOG� ������� J�P�� ZDV� SURGXFHG� IRU� ��� FP�WUHDWPHQW�� EHFDXVH� LQFUHDVHG� SDQLFOH� OHQJWK�� SDQLFOH�QXPEHU�DQG�VSLNHOHW�QXPEHU�SHU�SDQLFOH��7DEOH������� %LRORJLFDO�\LHOG�KDG�VLJQLILFDQW�HIIHFW�XQGHU�ZHHG�FRQWURO� DQG� URZ� VSDFLQJ� LQ� �� �� SUREDELOLW\� OHYHO�LQWHUDFWLRQ�ZHHGV� î� URZ� VSDFLQJ� LQ� ���� SUREDELOLW\�OHYHO� �7DEOH� ���� 7KH� PRVW� ELRORJLFDO� \LHOG� ZDV�REVHUYHG�IRU�ZHHG�FRQWURO�������J�P�� DQG�PLQLPXP�RI� WKDW� ZDV� QRWH� LQ� QRQ� ZHHG� FRQWURO� ������ J�P����7KH�PRVW�ELRORJLFDO�\LHOG�������J�P�� ZDV�SURGXFHG�LQ����FP� WUHDWPHQW� DQG�PLQLPXP�RI� WKDW� ������ DQG�

�����J�P�� ZDV�REWDLQHG� LQ����DQG����FP�WUHDWPHQW��7DEOH� ���� 0D[LPXP� ELRORJLFDO� \LHOG� ������ J�P��ZDV� QRWHG� IRU� LQWHUDFWLRQ� ZHHGV� FRQWURO� DQG� QRQ�FRQWURO�ZLWK����FP�URZ�VSDFLQJ�DQG�PLQLPXP�RI�WKDW������� J�P�� ZDV� REVHUYHG� IRU� LQWHUDFWLRQ� ZHHGV�ZLWKRXW�FRQWURO�ZLWK����FP�URZ�VSDFLQJ��7DEOH�������� +DUYHVW� LQGH[� KDG� VLJQLILFDQW� HIIHFW� XQGHU� ZHHG�FRQWURO�DQG� LQWHUDFWLRQ�ZHHGV�î� URZ�VSDFLQJ� LQ�����SUREDELOLW\�OHYHO�DQG�URZ�VSDFLQJ�LQ�����SUREDELOLW\�OHYHO� �7DEOH� ���� 7KH� PD[LPXP� KDUYHVW� LQGH[� ZDV�REVHUYHG�IRU�ZHHG�FRQWURO����������DQG�PLQLPXP�RI�WKDW� ZDV� QRWH� LQ� QRQ� ZHHG� FRQWURO� ������ ���� 7KH�PRVW�KDUYHVW�LQGH[����������ZDV�SURGXFHG�LQ����FP�WUHDWPHQW� DQG� PLQLPXP� RI� WKDW� ������ DQG� ����� ���ZDV� REWDLQHG� LQ� ��� DQG� ��� FP� WUHDWPHQW� �7DEOH� ����7KH� PRVW� KDUYHVW� LQGH[� ������ ��� ZDV� QRWHG� IRU�LQWHUDFWLRQ� ZHHGV� FRQWURO� ZLWK� ��� FP� URZ� VSDFLQJ�DQG� PLQLPXP� RI� WKDW� ������ ��� ZDV� REVHUYHG� IRU�LQWHUDFWLRQ� ZHHGV� ZLWKRXW� FRQWURO� ZLWK� ��� FP� URZ�VSDFLQJ��7DEOH��������
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�7DEOH��� 0HDQ�FRPSDULVRQ�LQWHUDFWLRQ�HIIHFWV�RI�FRQGXFW�WR�ZHHG�DQG�URZ�VSDFH�RQ�DJURQRPLFDO�WUDLWV�RI�ULFH��

,QWHUDFWLRQ� 6SLNHOHW�QXPEHU�SHU�SDQLFOH� %LRORJLFDO�\LHOG��J�P�� +DUYHVW�LQGH[����
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��PHDQV�ZLWK�VLPLODU�OHWWHUV�LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQW�GLIIHUHQFH�DW�WKH����OHYHO�RI�SUREDELOLW\�DFFRUGLQJ�WR�'057��
�'LVFXVVLRQ��� :HHGV� KDG� WKH� PRVW� GDPDJH� LQ� FURSV� ZKHQ� LW�UHDFKHG� WR� VRXUFHV� OLPLWDWLRQ� WLPH� �:LOVRQ� DQG� &ROH���������1DWXUDO�SURFHVV�RI�ULFH�JURZWK�ZDV�GLVWXUEHG�E\�LQFUHDVH� RI� ZHHGV� VHHG� JHUPLQDWLRQ� DQG� RFFXSLHG�ZLWKLQ�WKH�URZ�VSDFH��5HMPDQHN�HW�DO����������7KHUH�LV�QR�FRPSHWLWLRQ�EHWZHHQ�ULFH�DQG�ZHHGV�LQ�HDUO\�JURZWK�VWDJH�DQG�ZHHGLQJ�LV�QRW�QHFHVVDU\��+DOO�HW�DO����������,VODP�HW�DO� �������KDYH�VHHQ�SODQW�KHLJKW�ZDV������FP�ZKHQ� WKHUH� ZDV� QR� FRPSHWLWLRQ� EHWZHHQ� ULFH� DQG�ZHHGV� EXW� LQ� ���� SODQWV� SHU� P� EDUQ\DUG� JUDVV�GHFUHDVHG� ����� �� SODQW� KHLJKW� DQG� WKLV� UHVXOWV� ZHUH�VXSSRUWHG�E\�+ROP�HW�DO����������$VJKDUL��������VWDWHG�WKDW� SODQW� KHLJKW� LQFUHDVHG� E\�ZHHGV� FRQWURO� DQG� OHVV�QXWULWLRQDO�FRPSHWLWLRQ��6DGDWL�DQG�)DOODK��������VWDWHG�WKDW� SODQW� KHLJKW� KDG� VLJQLILFDQW� GLIIHUHQW� LQ� WLOOHULQJ�WLPH�E\�QLWURJHQ�FRQWULEXWLQJ�LQ�����SUREDELOLW\�OHYHO��

3DQLFOH� OHQJWK� ���������� LQFUHDVHG� E\� ZHHGV� FRQWURO��0DOHN� HW� DO��� ������� 3DQLFOH� OHQJWK� LQ� WUDQVSODQWLQJ�ULFH� DQG� GLUHFW� VRZLQJ� ULFH� HIIHFWV� LQ� JUDLQ� \LHOG� E\�PRUH� WUDQVIHU� RI� SKRWRV\QWKHWLF� PDWHULDO� �'REHUPDQQ�HW�DO��� �������0DOHN�HW� DO�� ������� VWDWHG� WKDW� IODJ� OHDI�OHQJWK� LQFUHDVHG� E\� ZHHGV� FRQWURO� FRPSDUH� WR� ZHHGV�ZLWKRXW� FRQWURO��0RKDPPDGL� HW� DO� ������� IRXQG� IODJ�OHDI� OHQJWK� LQFUHDVHG� E\� ZHHGV� FRQWURO� DQG� QLWURJHQ�DSSOLFDWLRQ��5LFH� JUDLQ� \LHOG� GHFUHDVHG�ZLWK� EDUQ\DUG�JUDVV� FRPSHWLWLRQ� EHFDXVH� LW� UHGXFHG� IHUWLOH� WLOOHU�QXPEHU�� VSLNHOHW� QXPEHU� SHU� SDQLFOH� DQG� �����VHHG�ZHLJKW� �+ROP�HW� DO��� �������*UDLQ� \LHOG� GHFUHDVHG� ���� E\�ZHHGV�FRPSHWLWLRQ��/LQGTXLVW�DQG�.URSII���������5HGXFH� RI� GU\� PDWWHU� JDWKHULQJ� ZDV� IRU� FRPSHWLWLRQ�EHWZHHQ�ULFH�DQG�ZHHGV�IRU�QXWULWLRQ�VRXUFHV�DQG�OLJKW��$PLQSDQDK�HW�DO����������5HVHDUFKHUV�UHSRUWHG�UHGXFH�RI� GU\� PDWWHU� JDWKHULQJ� E\� FRPSHWLWLRQ� FRQGLWLRQV�
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�+HDIHOH� HW� DO��� ������+ROP� HW� DO��� ����� DQG�=KDR� HW�DO����������*UDLQ�\LHOG� VWURQJO\�GHFUHDVHG�E\�GHOD\� LQ�ZHHGV� FRQWURO� LQ� ULFH� ILOHG� DQG� UHGXFH� RI� JUDLQ� \LHOG�ZDV����WR������IRU�WUDQVSODQWLQJ�ULFH�DQG����WR������LQ�VHHGOLQJ� GLUHFW� SODQWLQJ� �%DODVXEUDPDQL\DP� DQG�3DODQLDSSDQV���������$FFRUGLQJ�WR�WKH�UHVHDUFK�UHVXOWV��DV�WKH�WRWDO�QXPEHU�RI�WLOOHU�DQG�HIIHFWLYH�WLOOHU�SHU�EXVK�UHGXFHV�E\�SODQW�GHQVLW\�GHGXFWLRQ��EXW� WKH�QXPEHU�RI�SDQLFOH�SHU�Pð�KDV�KDG�D�VLJQLILFDQWO\�LQFUHDVLQJ��$OVR��OHQJWK� RI� SDQLFOH� DQG� IODJ� OHDI� E\� LQFUHDVLQJ� RI� SODQW�GHQVLW\�KDG�GHGXFWLRQ��EXW�WKH�WRWDO�QXPEHU�RI�VSLNHOHW��KROORZ� VSLNHOHW� SHU� SDQLFOH�� ZHLJKW� RI� �����VHHG� DQG�VWUDZ� \LHOG� XQGHU� WKH� SODQW� GHQVLW\� HIIHFWV� KDYH� QRW�VKRZQ�VLJQLILFDQW�GLIIHUHQFHV��<DGL�HW�DO������������
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