
�
(J\SWLDQ�-RXUQDO�RI�%LRORJ\��������9RO������SS�������
��3ULQWHG�LQ�(J\SW�������������������������������������������������������������������������������������������������������(J\SWLDQ�%ULWLVK�%LRORJLFDO�6RFLHW\���(%%6RF��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB����������������������������������������������������������������������������������������������������������������������������

$Q�RSHQ�WRS�FKDPEHU�VWXG\�WR�HYDOXDWH�WKH�LPSDFW�RI�DLUERUQH�SROOXWDQWV�RQ�WKH�
JURZWK�RI�SHD��3LVXP�VDWLYXP�/���FXOWLYDUV�DW�WKUHH�VLWHV�RI�6KDUNLD�3URYLQFH��(J\SW�

�
$NUDP�$��$OL�
=DJD]LJ�8QLYHUVLW\��)DFXOW\�RI�6FLHQFH��%RWDQ\�'HSDUWPHQW��=DJD]LJ��(J\SW���
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.H\ZRUGV��$LU�SROOXWLRQ��)LOWUDWLRQ��*URZWK��27&V��3HD�FXOWLYDUV��6KDUNLD�VLWHV��(J\SW���
,1752'8&7,21��&XUUHQW� LQWHUHVW� LQ� WKH� ILHOG� RI� LQYHVWLJDWLQJ� WKH� LPSDFW� RI� DLU� SROOXWDQWV� RQ� DJULFXOWXUDO�FURSV�LV�QRZ�FHQWUHG�RQ�WKH�VKRUW�WHUP�ORZ�OHYHO�HIIHFWV�RI�WKH�PDLQ�SK\WRWR[LF�JDVHV�2��62� DQG�12[ RQ�FURS�SURGXFWLRQ��2OOHUHQVKDZ�	�/\RQV�������0DQQLQJ�	�*RG]LN��������&KURQLF�H[SRVXUH�WR�DLU�SROOXWDQWV�FDQ�FDXVH�\LHOG�ORVVHV��0X]LND�HW�DO� �������$SDUW�IURP�FURS�\LHOG� ORVVHV��FKDQJHV� LQ�SODQW�GHYHORSPHQW�DQG�UHGXFHG�QHW�JURZWK�RFFXU��*RXOG�	�0DQVILHOG�������DV�ZHOO�DV�FKDQJHV�LQ�FURS�TXDOLW\��9DQGHUPHLUHQ�HW�DO� ��������,Q� FRQWUDVW�� UHVHDUFK� LQWR� WKH� LPSDFW� RI� DLU� SROOXWLRQ� RQ� FURSV� LQ� GHYHORSLQJ�FRXQWULHV�OLNH�(J\SW�LV�H[WUHPHO\�OLPLWHG��LQ�PDQ\�FDVHV�RQO\�OLPLWHG�UHOLDEOH�PRQLWRULQJ�GDWD�DUH�DYDLODEOH��1DVUDOOD�	�$OL�������(ONLH\�	�2UPURG�������:+2�81(3�������$OL�������������$OL�	�6DODPD��������$PELHQW�DLU�LQ�(J\SW�LV�FKDUDFWHULVHG�E\�YHU\�KLJK�OHYHOV�RI�2�� 62� DQG�12[ WKDW�H[FHHG�:+2�JXLGHOLQHV��:+2�81(3���������2SHQ�WRS�FKDPEHUV�ZLWK�ILOWHUHG�DQG�QRQ�ILOWHUHG�DLU�KDYH�EHHQ�XVHG�H[WHQVLYHO\�WR�JLYH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DVVHVVPHQWV�RI�HFRQRPLF�ORVVHV�DULVLQJ�IURP�DLU�SROOXWLRQ���86(3$� ������ %\WQHURZLF]� HW� DO�� ������� 7KH� SDWWHUQ� RI� SROOXWDQWV� LV� WKH� VDPH� DV� LQ�DPELHQW� DLU��PDNLQJ� LW� SRVVLEOH� WR� VWXG\� WKHLU� LPSDFW� RYHU� ORQJ�RU� VKRUW�SHULRGV�RI� WLPH�XQGHU� D� YDULHW\� RI� FOLPDWLF� FRQGLWLRQV�� 6LQFH� WKH� FRPSOHWH� OLIH� F\FOH� LV� VWXGLHG�� LW� LV�SRVVLEOH� WR�PRQLWRU� SODQW� JURZWK�DQG�GHYHORSPHQW�� DQG� WR�GHWHUPLQH� VHYHUDO�SDUDPHWHUV�VXFK�DV�ELRPDVV�DQG�\LHOG��0DJJV�HW�DO� ������)XKUHU���������*LYHQ� WKH� EURDG� UDQJH� RI� UHVSRQVHV� ERWK� ZLWKLQ� DQG� DPRQJ� SODQW� WD[D� �JHQHUD��VSHFLHV�� FXOWLYDU� RU� YDULHW\�� JHQRW\SH��� GLIIHUHQFHV� LQ� VDPSOLQJ� PHWKRGRORJ\�� H[SRVXUH�UHJLPHV�DQG�OHQJWK�RI�VWXGLHV��LW�LV�FOHDU�WKDW�PRUH�UHVHDUFK�LV�QHHGHG�WR�FODULI\�WKH�QDWXUH�DQG� PHFKDQLVP� RI� WKH� HIIHFWV� RI� DLU� SROOXWLRQ� RQ� SODQW�� DQG� VRLO�DVVRFLDWHG� PLFURELRWD��,VODP� HW� DO� ������ ������ $OL� HW� DO� ������� 6HYHUDO� SODQW� VSHFLHV� GHYHORS� FKDUDFWHULVWLF�
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V\PSWRPV�RI�LQMXU\�WR�DLU�SROOXWDQWV��DQG�DUH�XVHG�DV�ELRORJLFDO�LQGLFDWRUV�WR�DVVHVV�UHODWLYH�H[SRVXUHV�LQ�YDULRXV�JHRJUDSKLF�ORFDWLRQV��.UXSD�HW�DO� ������0DQQLQJ�DQG�*RG]LN��������0RUH�UHFHQWO\��D�ZKLWH�FORYHU�LQGLFDWRU�V\VWHP�FRQVLVWLQJ�RI�WZR�VSHFLILF�FORQHV�GLIIHULQJ�LQ�WKHLU�ELRPDVV�UHVSRQVHV�WR�DPELHQW�OHYHOV�RI�DLU�SROOXWDQWV�LV�EHLQJ�XVHG�LQ�WKH�8QLWHG�6WDWHV� DQG� (XURSH� WR� LQGLFDWH� JHRJUDSKLF� DUHDV� ZKHUH� SODQWV� VXIIHU� DGYHUVH� JURZWK� DQG�\LHOG� HIIHFWV� �E\� ���� RQ� /RQJ� ,VODQG�� 1<�� DQG� E\� DW� OHDVW� ���� LQ� &DOLIRUQLD�� GXH� WR�DPELHQW� DLU�SROOXWDQW� VWUHVV��ZLWK�RU�ZLWKRXW� IROLDU� LQMXU\�V\PSWRPV��+HDJOH�HW�DO� ������0F*UDWK�������0DQQLQJ�HW�DO���������7KXV�WKHUH�PXVW�EH�D�VHULRXV�TXHVWLRQ�DV�WR�ZKHWKHU�DJULFXOWXUH�LV�EHLQJ�KDPSHUHG�E\�ORVVHV�RI�FURS�\LHOG�GXH�WR�DPELHQW�DLU�SROOXWLRQ��
7KH�DLP�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�WR�TXDQWLI\�WKH�HIIHFWV�RI�DLU�ILOWUDWLRQ�RQ�WKH�SURGXFWLYLW\�DQG�JURZWK�SDUDPHWHUV�RI�SHD�FXOWLYDUV�DW�WKUHH�VLWHV�LQ�6KDUNLD�SURYLQFH��(J\SW��

�
0$7(5,$/6�$1'�0(7+2'6�
�,Q� 6KDUNLD� SURYLQFH� ZH� FKRVH� UXUDO�� VXEXUEDQ� DQG� XUEDQ� VLWHV� DW� 1D]OHW� (ODULQ� YLOODJH��DERXW� ���� NP� IURP�&DLUR��� $ERNDEHHU� FLW\� ����� NP� IURP�&DLUR�� DQG�=DJD]LJ� ���� NP�IURP�&DLUR���UHVSHFWLYHO\��(DFK�VLWH�ZDV�GLYLGHG�LQWR�WZR�DUHDV��RQH�ZLWK�ORDP\�FOD\��S+� ������ DQG�DQRWKHU�ZLWK� ORDP\�VDQG� �S+� ������ VRLO� WH[WXUHV��7KH� UXUDO� VLWH� LV� DERXW���NP�IURP�WKH�QHDUHVW�URDG��ZKHUH�PDMRU�SROOXWDQWV�DUH�DEVHQW��LW�LV�VXUURXQGHG�E\�KLJK�WUHHV�RQ�RQH�VLGH�DQG�D�ZDOO�RQ�DQRWKHU�VLGH��SURWHFWLQJ�WKH�FKDPEHUV�IURP�WKH�ZLQG��7KH�VXEXUEDQ�DQG�XUEDQ�VLWH�UHFHLYH�PDQ\�NLQGV�RI�SROOXWDQWV��7KH� H[SHULPHQW�ZDV� FDUULHG� RXW� LQ� SRUWDEOH� RSHQ�WRS� FKDPEHUV� RI� WKH� GHVLJQ� RI�+HDJOH�HW�DO�� ������� LQ�RSHQ�ILHOG���P�VTXDUH�SORWV��%ULHIO\�� HDFK�FKDPEHU�FRQVLVWV�RI�D�IUDPHZRUN� �� P� LQ� GLDPHWHU� DQG� �� P� LQ� KHLJKW�� FRYHUHG� E\� WUDQVSDUHQW�� ORZ�GHQVLW\�SRO\HWK\OHQH��DQG�SODFHG�RYHU�WKH�SORW�LQ�WKH�ILHOG��$LU�ZDV�GLVWULEXWHG�LQWR�WKH�FKDPEHUV�E\ D�SHUIRUDWHG� LQWHUQDO�GRXEOH�PHPEUDQH��$LU� ILOWUDWLRQ�ZLWKLQ� WKH�FKDPEHU�ZDV�FDUULHG�RXW�FRQWLQXRXVO\�GXULQJ�WKH�H[SHULPHQW���7KH� WUHDWPHQWV�ZHUH� GHVLJQDWHG� LQ� VSOLW�SORW�GHVLJQ�FRQVLVWHG�RI�FKDUFRDO�ILOWHUHG�DLU� �&)�� DQG� QRQ�ILOWHUHG� DLU� �1)�� FKDPEHUV�� DQG�DPELHQW�DLU� �$$��RSHQ� ILHOG�SORW��7KH�H[SHULPHQW�ZDV�FDUULHG�RXW� LQ�6HSWHPEHU���'HFHPEHU��$LU�WHPSHUDWXUH��VRLO�WHPSHUDWXUH��UHODWLYH� KXPLGLW\� DQG� OLJKW� LQWHQVLW\� ZHUH� PRQLWRUHG� UHJXODUO\� LQVLGH� DQG� RXWVLGH� WKH�FKDPEHUV��7KH�PRQLWRULQJ�RI�DLU�TXDOLW\��2�� 62� DQG�12[� ZDV�SHUIRUPHG�RYHU�WKH�IRXU�VXFFHVVLYH�JURZWK�PRQWKV�DV�GHVFULEHG�E\�1DVUDOOD�	�6KDNRXU����������� 3ULRU� WR� VRZLQJ�� GULHG� FRZ�PDQXUH� ZDV� DGGHG� WR� WKH� VRLO�� 6HHGV� RI� SHD� �3LVXP�VDWLYXP�/���FXOWLYDUV�ZHUH�KDQG�VRZQ�GLUHFWO\�LQWR�WKH�VRLO�LQ�WKH�ILUVW�ZHHN�RI�6HSWHPEHU���UG� �WK� DQG� �WK��� 7KH� KDUYHVW� GDWHV� GHSHQGHG� RQ� WKH� FXOWLYDU��7KUHH� ORQJ��PHGLXP�DQG�VKRUW�FXOWLYDUV�ZHUH�XVHG��/LWWOH�0DUYHO��3HUIHFWLRQ�DQG�$OGHUPDQ���7KHUH�ZHUH���URZV�LQ�HDFK� UHSOLFDWH�� VRZQ� ��� FP� DSDUW�� 7ZR� ZHHNV� DIWHU� VRZLQJ� ZKHQ� WKH� ILUVW� WUXH� OHDI�H[SDQGHG��VHHGOLQJV�ZHUH�WKLQQHG��1R�SHVWLFLGHV�RU�IHUWLOLVHUV�ZHUH�DSSOLHG��9LVLEOH�LQMXU\�V\PSWRPV�ZHUH�YLVXDOO\�DVVHVVHG�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�OHDI�DUHD�GDPDJHG�IRU�HDFK�OHDI��7KH�QXPEHU�RI� LQMXUHG� OHDYHV�DQG� WKH�DSSHDUDQFH�RI� IROLDU� LQMXU\�ZHUH� UHFRUGHG�DV�VRRQ� DV� WKH\� GHYHORSHG�� DQG� WKHQ� ZHHNO\� WKHUHDIWHU� XQWLO� WKH� HQG� RI� WKH� H[SHULPHQW��*URZWK� DQG� \LHOG� RI� WKH� FXOWLYDUV� ZHUH� DVVHVVHG� GHVWUXFWLYHO\� WKURXJKRXW�� 3ODQWV� ZHUH�GLYLGHG� LQWR� RUJDQV� DQG� WKH� QXPEHU�� OHQJWK� DQG� ZHLJKW� RI� IUHVK� SRGV� GHWHUPLQHG�LPPHGLDWHO\�DIWHU�HYHU\�KDUYHVW��PDWHULDO�ZDV�WKHQ�GULHG�LQ�DQ�RYHQ�DW�����R& IRU�D�ZHHN�DQG�ZHLJKHG��7KH�WRWDO�FDUERQ�FRQWHQW�����IRU�SODQW�RUJDQV�DQG�VRLO�ZHUH�HVWLPDWHG�E\�WKH�
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PHWKRG�GHVFULEHG�E\�3LSHU���������7KH�WRWDO�QLWURJHQ�FRQWHQW�����RI�SODQWV�DQG�VRLO�ZDV�GHWHUPLQHG�XVLQJ�WKH�PLFUR�.MHOGDKO�WHFKQLTXH��
� 'DWD� RI� WKH� VSOLW�SORW� GHVLJQ� ZHUH� VXEMHFWHG� WR� RQH�ZD\� DQDO\VLV� RI� YDULDQFH��$129$�� XVLQJ� 6366� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WZR� SODQWV� JURZQ� LQ� GLIIHUHQW�FKDPEHUV� UHFHLYLQJ� WKH� VDPH� WUHDWPHQWV�ZHUH� DV� OLNHO\� WR� EH� GLIIHUHQW� �RU� DV� VLPLODU�� DV�SODQWV�LQ�WKH�VDPH�FKDPEHUV��7KLV�DVVXPSWLRQ�ZDV�VXSSRUWHG�E\�WKH�IDFW�WKDW�PLFURFOLPDWLF�FRQGLWLRQV� DQG� JDV� FRQFHQWUDWLRQV� ZHUH� DOPRVW� LGHQWLFDO� DPRQJ� FKDPEHUV�� 6LJQLILFDQW�GLIIHUHQFHV� EHWZHHQ� SDLUV� RI� WUHDWPHQWV� ZDV� GHWHUPLQHG� XVLQJ� 'XQFDQ¶V�PXOWLSOH� UDQJH�WHVW��XVLQJ������DQG������OHYHOV�RI�VLJQLILFDQFH��
�5(68/76�
�7KH� PHDQ� OLJKW� LQWHQVLW\�� DQG� DLU� DQG� VRLO� WHPSHUDWXUHV� ZHUH� RQ� DYHUDJH� UHGXFHG�� DQG�UHODWLYH� KXPLGLW\� LQFUHDVHG� LQVLGH� WKH� FKDPEHUV� �)LJ� ���� 7KH� PHDQ� UHODWLYH� KXPLGLW\�LQFUHDVH��DQG�DOO�RWKHU�PHWHRURORJLFDO�GDWD�GHFUHDVHG�GXULQJ�SHD�OLIH�F\FOH�GHFUHDVHG�IURP�PRQWK�WR�PRQWK�H[FHSW�UHODWLYH�KXPLGLW\��)LJ������

)LJ�����0HDQ�YDOXHV�RI�PHWHRURORJLFDO�SDUDPHWHUV�RI�DLU�WHPSHUDWXUH��q&���VRLO�WHPSHUDWXUH��q&���UHODWLYH�KXPLGLW\������
DQG�OLJKW�LQWHQVLW\��:P�����UHFRUGHG�RXWVLGH�DQG�LQVLGH�FKDPEHUV�GXULQJ�WKH�SHD�OLIH�F\FOH���
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7KH�PHDQ�FRQFHQWUDWLRQV�RI�WKH�PDMRU�DLU�SROOXWDQWV��2�� 62� DQG�12[� WKURXJK�WKH�JURZWK�VHDVRQ�RI�SHD�VKRZHG�WKDW�DLU�TXDOLW\�DW�WKH�H[SHULPHQWDO�VLWHV�ZDV�FKDUDFWHULVHG�E\�YHU\�ORZ�FRQFHQWUDWLRQV�RI�62� DQG�12[ DW� WKH� UXUDO� VLWH��ZKLOH� WKH�VXEXUEDQ�DQG�XUEDQ�VLWHV�UHFRUGHG� KLJK� FRQFHQWUDWLRQV� IRU� ERWK� JDVHV�� HVSHFLDOO\� GXULQJ� KRW�PRQWKV� �)LJ�� ���� 7KH�VDPH�SDWWHUQ��EXW�ZLWK�VPDOOHU�GLIIHUHQFHV��ZDV�HYLGHQW�IRU�PHDQ���KRXU�FRQFHQWUDWLRQV�RI�2�� ,QFUHDVHG� 2� FRQFHQWUDWLRQV� FRLQFLGHG� ZLWK� D� VOLJKW� VHDVRQDO� LQFUHDVH� LQ� WKH� PHDQ�WHPSHUDWXUH��)LOWUDWLRQ�HIILFLHQFLHV�ZHUH�����IRU�2� DQG�����IRU�62� DQG�12[ �)LJ������� 3HD� SODQWV� VKRZHG� H[WHQVLYH� SDSHU�ZKLWH� QHFURWLF� VSRWV� RQ� ROGHU� OHDYHV�� 7KH�SHUFHQWDJH�RI�DUHD�GDPDJHG�SHU�OHDI�DQG�WKH�QXPEHU�RI�LQMXUHG�OHDYHV�RI�GLIIHUHQW�FXOWLYDUV�WKURXJK� WKH� JURZLQJ� VHDVRQV� DUH� VKRZQ� LQ� 7DEOH� ��� 7KH� SHUFHQWDJH� GDPDJH� DQG� WKH�QXPEHU�RI� LQMXUHG�OHDYHV�ZHUH�KLJKHU� LQ� WKH�WDOOHVW�FXOWLYDU��$OGHUPDQ�� WKDQ�LQ�WKH�RWKHU�WZR��7KH�XUEDQ�VLWH� UHFRUGHG�KLJK� OHYHOV�RI�YLVLEOH� LQMXU\��ZKLOVW� WKH�RWKHU� WZR�VLWHV�KDG�URXJKO\� VLPLODU� OHYHOV�� 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� H[WHQW� RI� V\PSWRPV�EHWZHHQ� WKH� SODQWV� RI� WKH� DPELHQW�DLU� DQG� QRQ�ILOWHUHG� WUHDWPHQWV� IRU� DOO� WKUHH� FXOWLYDUV�WKURXJK� WKH� IRXU� JURZWK� PRQWKV�� 'DPDJLQJ� V\PSWRPV� RI� DLU� SROOXWDQWV� VLJQLILFDQWO\�LQFUHDVHG�ZKHQ�SODQWV�JUHZ�LQ�ORDP\�VDQG�UDWKHU�WKDQ�ORDP\�FOD\�VRLO��7KH�H[WHQW�RI�LQMXU\�ZDV�VLJQLILFDQWO\�UHGXFHG�E\�FKDUFRDO�ILOWHUHG�DLU�WUHDWPHQWV��E\�DERXW������7DEOH������
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'DWD� VXPPDUL]LQJ� WKH� HIIHFWV� RI� DLU� SROOXWDQWV� �2�� 62��� 12[� RQ� JURZWK�SDUDPHWHUV� RI� SHD� DUH� SUHVHQWHG� LQ� 7DEOH� �� 7KH� FKDUFRDO�ILOWHUHG� WUHDWPHQW� PDUNHGO\�VWLPXODWHG� SODQW� JURZWK�� EXW� WKHUH�ZDV� D�GLVSURSRUWLRQDWH� HIIHFW� RQ� WKH� JURZWK�RI� URRWV��WKHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�QRQ�ILOWHUHG�DQG�DPELHQW�DLU�WUHDWPHQWV�RQ�VKRRW�RU�URRW�JURZWK�� 7KH� URRW�� VKRRW� UDWLR� ZDV� PDUNHGO\� ������ DIIHFWHG� LQ� SODQWV� H[SRVHG� WR� DLU�SROOXWDQWV�� ,Q� FRQWUDVW�� SROOXWDQWV� VLJQLILFDQWO\� UHGXFHG� WRWDO� SODQW� JURZWK�� ZLWK� VKRRW�JURZWK� ���� �� UHGXFWLRQ�� PDLQWDLQHG� DW� WKH� H[SHQVH� RI� WKH� URRW� ���� �� UHGXFWLRQ���'LIIHUHQWLDO�HIIHFWV�RQ�URRW�DQG�VKRRW�JURZWK�ZHUH�UHIOHFWHG�LQ�D�ORZHU�URRW��VKRRW�UDWLR�LQ�SODQWV�H[SRVHG�WR�SROOXWDQWV��DQ�HIIHFW�RQ�WKH�ERUGHUOLQH�RI�VWDWLVWLFDO�VLJQLILFDQFH��'HVSLWH�VKLIWV� LQ� WKH� SDWWHUQ� RI� FDUERQ� DOORFDWLRQ�� H[SRVXUH� WR� DPELHQW� DLU� UHVXOWHG� LQ� D�PDUNHG�UHGXFWLRQ� LQ� WRWDO�SODQW�ELRPDVV�� ,Q�DGGLWLRQ��SHD�KHLJKW�GHFUHDVHG�VLJQLILFDQWO\�LQ� ORDP\�VDQG�VRLO��E\������ZKLOH�DLU�ILOWUDWLRQ�VLJQLILFDQWO\�LQFUHDVHG�WKLV�E\��������7DEOH�����
�7DEOH����(IIHFW�RI�DLU�ILOWUDWLRQ�RQ�PHDQ�YDOXHV�RI�\LHOG�FRPSRQHQWV�RI�WKUHH�FXOWLYDUV�RI�SHD��3LVXP�VDWLYXP�/��� JURZQ� LQ� 27&V� H[SRVHG� WR� DLU� SROOXWLRQ� DW� WKUHH� VLWHV� LQ� QRUWK� HDVW� RI� (J\SW�� 27&V�  � 2SHQ�7RS�&KDPEHUV��&)� �)LOWHUHG�$LU��1)� �1RQ�ILOWHUHG�DLU��$$� �$PELHQW�$LU��)�ZW� �)UHVK�ZHLJKW��'�ZW� �'U\�ZHLJKW��9DOXHV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�3 � ������16� �QRQ�VLJQLILFDQW��
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3HUIHFWLRQ� �����E �����E ������E �������E �������E ������E
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� 7KH�QRQ�ILOWHUHG�WUHDWPHQW� LQGXFHG�D�VLJQLILFDQW�GHFOLQH� LQ�SHD�SODQW�JUDLQ�\LHOGV��VXJJHVWLQJ�HIIHFWV�RI�DOO�JDVHV�RQ�WKH�GHQVLW\�RU�UHODWLYH�WKLFNQHVV�RI�LQGLYLGXDO�OHDYHV��7KH�DPELHQW�DLU�WUHDWPHQW�DOVR�UHGXFHG�WKH�QXPEHU�RI�SRGV�SHU�SODQW��7DEOH�����7KH�FKDUFRDO�ILOWHUHG�WUHDWPHQW�UHGXFHG�WKH�GHWULPHQWDO�HIIHFWV�RI�DOO�JDVHV�RQ�SRG�OHQJWK��7KH�QXPEHU�RI�VHHGV�SHU�SRG�RI�SHD�SODQWV�H[SRVHG�WR�QRQ�ILOWHUHG�DLU�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKDW�RI�SODQWV�WUHDWHG�ZLWK�DPELHQW�DLU��,Q�FDVH�RI�LQWHUDFWLRQ�EHWZHHQ�SHD�FXOWLYDUV�DQG�DLU�ILOWUDWLRQ��WKH�FKDUFRDO�ILOWHUHG�WUHDWPHQW�KDG�D�JUHDWHU�LQ�SRG�JURZWK��&RQVHTXHQWO\��UHVXOWV�RI�1)�RU�$$�VKRZHG�VLJQLILFDQW�GHFUHDVH�LQ�SHD�\LHOG�FRPSRQHQWV�FRPSDUHG�ZLWK�SODQWV�H[SRVHG�WR�&)�WUHDWPHQWV��7DEOH�����0D[LPXP�ORVV�LQ�SHD�\LHOG�DQG�SRG�FKDUDFWHUV�ZHUH�REWDLQHG�LQ�WKH�XUEDQ�VLWHV��=DJD]LJ�FLW\�ZLWK�ORDP\�FOD\�DQG�ORDP\�VDQG�VRLOV���ZKLOH�WKH�UXUDO�VLWH��1D]OHW�(ODULQ�YLOODJH�ZLWK�ORDP\�FOD\�DQG�ORDP\�VDQG�VRLOV��KDV�OHVV�UHGXFWLRQ�IRU�WKHVH�FKDUDFWHUV����
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7KH�HIIHFWV�RI�DLU�ILOWUDWLRQ�RQ�PHDQ�YDOXHV�RI�FDUERQ�DQG�QLWURJHQ�FRPSRVLWLRQ�RI�VKRRWV�DQG�VRLOV�RI�WKUHH�FXOWLYDUV�RI�SHD�DUH�VKRZQ�LQ�7DEOH����7KH�FRPPRQ�REVHUYDWLRQ�ZLWK�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKHVH�WZR�QXWULHQWV�LQ�SODQW�DQG�VRLO�ZKHUH�WKHUH�LV�VKRUW�WHUP�VWLPXODWLRQ��LV�WKDW�WKHUH�ZDV�D�UHGXFWLRQ�RI�ERWK�FDUERQ�DQG�QLWURJHQ�LQ�SROOXWHG�DLU��$$��1)�� WUHDWPHQWV�FRPSDUHG�ZLWK�QRQ�SROOXWHG�DLU��3URJUHVVLYH�GHJUDGDWLRQ�DW�WKH�HQG�RI�VWXG\�GUDZV�DWWHQWLRQ�WR�WKH�GDQJHUV�LQ�H[WUDSRODWLQJ�IURP�HIIHFWV�RI�SROOXWDQWV�RQ�SODQW�SURGXFWLYLW\�� &KDUFRDO�ILOWHUHG� DLU� LV� HIIHFWLYH� LQ� WKH� UHPRYDO� RI� SROOXWDQWV�� UHVXOWLQJ� LQ�PRUH� FDUERQ� DQG� QLWURJHQ� LQ� DOO� SHD� FXOWLYDUV�� ([SRVXUH� WR� SROOXWDQWV� UHVXOWHG� LQ�FRPSDUDWLYHO\�JUHDWHU�FKDQJHV�LQ�WKHVH�WZR�QXWULHQWV�LQ�WKH�VRLO�WKDQ�LQ�WKH�VKRRW��7KH�$$�GLG�QRW�DIIHFW�WKH�&��1�UDWLR�FRPSDUHG�ZLWK�1)�LQ�PRVW�FDVHV��7KH�QLWURJHQ�FRQWHQW�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�SODQWV�UDLVHG�LQ�QRQ�SROOXWHG�YV��SROOXWHG�DLU�WUHDWPHQWV��,Q�FRPELQDWLRQ�EHWZHHQ�DLU�TXDOLW\�WUHDWPHQWV�DQG�SHD�FXOWLYDUV��WKH�/LWWOH�0DUYHO�FXOWLYDU�ZDV�PRUH�UHVLVWDQW�WKDQ�RWKHUV��ZH�UHFRUGHG�OHVV�UHGXFWLRQ�LQ�WRWDO�FDUERQ�DQG�QLWURJHQ�RI�VKRRWV��DQG�IRU�WKH�WRWDO�VRLO�FDUERQ��DQG�QR�GLIIHUHQFH�LQ�WKH�WRWDO�VRLO�QLWURJHQ��7DEOH������
',6&866,21��4XDQWLWDWLYH�DVVHVVPHQWV�DQG�DOOHYLDWLRQ�RI�WKH�HIIHFWV�RI�DLU�SROOXWDQWV�RQ�FRPPXQLWLHV�RI�FURSV�DUH�GLIILFXOW�EHFDXVH�RI�WKH�FRPSOH[�QDWXUH�RI�SROOXWLRQ�VWUHVV��WKH�LQIOXHQFH�RI�PDQ\�LQWHUDFWLQJ� H[WHUQDO� IDFWRUV� RQ� WKH� LPSDFW� RI� SROOXWDQWV�� DQG� YDULDWLRQV� LQ� VWDELOLW\� DQG�JURZWK�RI�FURSV��.R]ORZVNL�������)XKUHU��������,Q�RXU�H[SHULPHQWV��SHD�JURZWK�DQG�JUDLQ�\LHOG� VLJQLILFDQWO\� DOWHUHG� ZLWK� FKDQJHV� LQ� WKH� FOLPDWH� RI� WKH� FKDPEHUV�� LQFUHDVLQJ�DWPRVSKHULF� JDV� FRQFHQWUDWLRQV�� LQFUHDVLQJ� WHPSHUDWXUH� DQG� YDU\LQJ� DYDLODELOLW\� RI� VRLO�W\SH��7KHVH�UHVXOWV�DJUHH�ZLWK�SUHYLRXV�VWXGLHV��0LOOHU�������0DUWLQ�HW�DO������� $QGHUVHQ�	 5\JLHZLF]�������&KHUQLNRYD�������3LLNNL�HW�DO����������3HD�SODQWV�VKRZHG�H[WHQVLYH�SDSHU�ZKLWH�QHFURWLF�VSRWV�RQ�ROGHU�OHDYHV��7KLV�LV�GXH�WR�WKH�62�� 12[�DQG�2�� ZKLFK�FDQ�FDXVH�PRUH�LQMXU\�WR�SODQWV�WKDQ�DOO�RWKHU�DLU�SROOXWDQWV�FRPELQHG��0X]LND�HW�DO���������*DVHRXV�DLU�SROOXWDQWV�LQMXUH�OHDYHV�DIWHU�EHLQJ�DEVRUEHG�WKURXJK� VWRPDWD�RYHU� D� ORQJ� WLPH� LQ� VXEOHWKDO�DPRXQWV��7KH�GDPDJH� LV� FKDUDFWHUL]HG�E\�VORZO\� GHYHORSLQJ� FKORURVLV�� DVVRFLDWHG� ZLWK� HDUO\� OHDI� VHQHVFHQFH�� 6RPHWLPHV� FKURQLF�LQMXU\� LV� DFFRPSDQLHG� E\� QHFURWLF� PDUNLQJV� �0DQQLQJ� 	� *RG]LN� ������� :KHQ� RQO\� D�VLQJOH� SROOXWDQW� LQGXFHV� LQMXU\�� WKH� V\PSWRPV� JHQHUDOO\� DUH� GLVWLQFW�� )RU� H[DPSOH�� 62�LQMXU\�RQ�EURDG�OHDYHG�WUHHV�LV�FKDUDFWHUL]HG�E\�DUHDV�RI�LQMXUHG�OHDI�WLVVXH�ORFDWHG�EHWZHHQ�WKH�KHDOWK\�WLVVXHV�DURXQG�WKH�YHLQV��7KH�2� V\PSWRPV�DSSHDU�DV�QHFNV�RU�VWLSSOHV�RI�GHDG�WLVVXHV��:KHQ�2� LQMXU\� LV�VHYHUH�� WKH�IOHFNV�XVXDOO\�FRDOHVFH�LQWR�ODUJHU�OHVLRQV��6HYHUDO�SROOXWDQWV��LQFOXGLQJ�62�� 2�� DQG�12;� FDXVH�WLS�EXUQ��GHSHQGLQJ�RQ�WKH�GRVDJH�DQG�SODQW�VSHFLHV��5REHUWV�������0X]LND�HW�DO���������7KH�GDPDJLQJ�HIIHFW�RI�DLU�SROOXWDQWV�FDXVLQJ�D�UHGXFWLRQ�LQ�SKRWRV\QWKHVLV�ZRXOG�EH DOVR� H[SHFWHG�ZKHQ� OHDYHV� DUH� LQMXUHG� RU� VKHG�� EXW� WKH� UDWH� LV� UHGXFHG� E\�PDQ\� DLU�SROOXWDQWV� LQFOXGLQJ� 62�� 2�� DQG� 12[� ORQJ� EHIRUH� YLVLEOH� LQMXU\� RU� JURZWK� UHGXFWLRQ�RFFXU� �.R]ORZVNL�������0X]LND�HW�DO���������7KH�GHJUHH�RI� LQKLELWLRQ�RI�SKRWRV\QWKHVLV�DQG�RI�UHFRYHU\�IROORZLQJ�D�SROOXWLRQ�HSLVRGH��DV�ZHOO�DV�WKH�PHFKDQLVP�RI�LQKLELWLRQ��YDU\�DSSUHFLDEO\� ZLWK� VSHFLILF� DLU� SROOXWDQWV�� 3KRWRV\QWKHWLF� VXSSUHVVLRQ� E\� SROOXWDQWV� PD\�YDULRXVO\� UHIOHFW� FKDQJHV� LQ� VWRPDWDO� DSHUWXUH� DV� ZHOO� DV� ELRFKHPLFDO� IL[DWLRQ� RI� &2��%HQQHWW�	�+LOO�������0DQQLQJ�HW�DO���������7KH�UDWH�RI�DEVRUSWLRQ�RI�DLU�SROOXWDQWV�GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�JUDGLHQW�IURP�WKH� OHDI� H[WHULRU� WR� WKH� OHDI� LQWHULRU� DV�ZHOO� DV� WKH� UHVLVWDQFH� RI� JDVHRXV� IORZ� DORQJ� WKH�GLIIXVLRQ� SDWKZD\� �0X]LND� HW� DO�� ������� +HQFH�� WKH� HIIHFWV� RI� DLU� SROOXWDQWV� RIWHQ� YDU\�DSSUHFLDEO\� ZLWK� GLIIHUHQFHV� LQ� VWRPDWDO� GLIIXVLRQ� UHVLVWDQFH�� ZKLFK� LV� D� IXQFWLRQ� RI�
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VWRPDWDO� VL]H�� VWRPDWDO� IUHTXHQF\�� DQG� FRQWURO� RI� VWRPDWDO� DSHUWXUH�� 6WRPDWDO� GLIIXVLRQ�UHVLVWDQFH�YDULHV�ZLGHO\�DPRQJ�VSHFLHV�RI�SODQWV�DV�ZHOO�DV�FORQHV�DQG�FXOWLYDUV��3DOODUG\�	 .R]ORZVNL��������)RU�D�JLYHQ�SODQW�LW�DOVR�YDULHV�GLXUQDOO\�DQG�VHDVRQDOO\��0DQQLQJ�HW�DO���������7KH� DLU� SROOXWDQWV� KDYH� QXPHURXV� VLWHV� RI� DFWLRQ� DQG� LQIOXHQFH�PDQ\�PHWDEROLF�SURFHVVHV��2XU� GDWD� VKRZHG� WKDW� DLU�SROOXWDQW�12[� 62� DQG�2� UHGXFHG� WKH� FDUERQ�DQG�QLWURJHQ� IRU� SHD� VKRRW� DQG� VRLO� VDPSOHV�� ,QGLYLGXDO� HQ]\PH� V\VWHPV� DUH� VWLPXODWHG� E\�FHUWDLQ�SROOXWDQWV� DQG� LQKLELWHG�E\�RWKHUV��7KHUH� LV�FRQVLGHUDEOH�HYLGHQFH� WKDW�JURZWK�RI�FURSV�LV�UHGXFHG�E\�DLU�SROOXWDQWV�EHFDXVH�RI�ORZHUHG�DYDLODELOLW\�RI�PHWDEROLWHV�DW�JURZWK�VLWHV��8VXDOO\�GHFUHDVH�LQ�JURZWK�GRHV�QRW�RFFXU�XQWLO�VRPH�WLPH�DIWHU�PHWDEROLWH�SRROV�DUH�UHGXFHG�� %RWK� 62� DQG� 2� DIIHFW� SODQW� PHWDEROLVP� UDSLGO\�� %RWK� FDUERK\GUDWHV� DQG�SURWHLQV��&�DQG�1�VRXUFHV��ZHUH�UHGXFHG�PRVW�E\�62� DQG�2�� DQ�LQWHUPHGLDWH�DPRXQW�E\�62� DQG�OHDVW�E\�2�� 'HFUHDVHV�LQ�FDUERK\GUDWHV�DQG�SURWHLQV�ZHUH�GHWHFWHG�ZLWKLQ�D�GD\�DIWHU�H[SRVXUH�WR�SROOXWDQWV��LQKLELWLRQ�RI�OHDI�H[SDQVLRQ�D�ZHHN�ODWHU��DQG�GHFUHDVH�LQ�GU\�ZHLJKW� LQFUHPHQW� RI� VWHPV� DQG� URRWV� �&RQVWDQWLQLGRX� 	� .R]ORZVNL� ������ 0DQQLQJ� 	�*RG]LN��������&HUWDLQ�SROOXWDQWV� WKHPVHOYHV� LQGXFH�VWRPDWDO�RSHQLQJ�RU�FORVLQJ�DQG�DPRXQWV�RI�SROOXWDQWV� DEVRUEHG�� /RZ� GRVDJHV� RI� 62� DQG� 2� LQGXFHG� VWRPDWDO� RSHQLQJ� RI�8OPXV�DPHULFDQD�VHHGOLQJV��KLJKHU�GRVDJHV�FDXVHG�VWRPDWDO�FORVXUH��1RODQG�	�.R]ORZVNL��������7KH�LQLWLDO�RSHQLQJ�HIIHFW�RI�62� DQG�2� SUREDEO\�LV�UHODWHG�WR�UHGXFH�WXUJRU�RI�VXEVLGLDU\�FHOOV��6WRPDWDO�FORVXUH�DW�KLJK�62� DQG�2� GRVDJHV�PD\�EH�DVVRFLDWHG�ZLWK�DFFXPXODWLRQ�RI�&2� LQ�VXEVWRPDWDO�FDYLWLHV�IROORZLQJ�62� DQG�2� LQKLELWLRQ�RI�SKRWRV\QWKHVLV�RU�ZLWK�FKDQJHV�LQ�SHUPHDELOLW\�RI�JXDUG�FHOO�PHPEUDQHV��0DQQLQJ�HW�DO���������3ROOXWDQWV� LQ� WKH�DLU� LQIOXHQFH�FURSV�DW� WKH�FHOOXODU��SODQW��VSHFLHV��DQG�HFRV\VWHP�OHYHOV�� %LRFKHPLFDO� FKDQJHV� LQGXFHG� LQ� FHOOV� VHTXHQWLDOO\� OHDG� WR� FKDQJHV� LQ�PHWDEROLF�SDWKZD\V�RI�ZKROH�RUJDQLVPV��ORVV�RI�LQWHJULW\�RI�F\WRSODVPLF�PHPEUDQHV�UHVXOWLQJ�LQ�ORVV�RI� FRQWURO�RI�GLIIXVLRQ�RI�ZDWHU� DQG�VROXWHV�� DQG�EUHDNGRZQ�RI�FHOOXODU�FRPSRQHQWV� WKDW�HYHQWXDOO\�DUH�H[SUHVVHG�LQ�FKORURVLV��QHFURVLV��VHQHVFHQFH�RI�OHDYHV�DQG�RWKHU�RUJDQV��DQG�RIWHQ�GHDWK�RI�WUHHV��$LU�SROOXWDQWV�DOVR�LQGXFH�FKDQJHV�WKDW�GR�QRW�SURGXFH�YLVLEOH�LQMXU\�V\PSWRPV� EXW� DGYHUVHO\� DIIHFW� JURZWK�� \LHOG�� DQG� TXDOLW\� RI� SODQWV� DQG� SODQW� SURGXFWV��+HFN�������0DQQLQJ�HW�DO���������
7KH� SUHVHQW� VWXG\� VXJJHVWV� LQWR� WZR� FULWLFDO� SRLQWV�� ILUVWO\�� WKDW� WKHUH� DUH� LPSRUWDQW�GLIIHUHQFHV�LQ�WKH�DLU�SROOXWLRQ�IOX[�EHWZHHQ�WKH�RSHQ�WRS�FKDPEHUV�DQG�WKH�DPELHQW�SORWV��DQG�VHFRQG�� WKDW� WKH�SROOXWLRQ�FOLPDWH�RI�(J\SW�QHHGV� WR�EH�GHVFULEHG� WR�D�PXFK�JUHDWHU�H[WHQW��,W�LV�SRVVLEOH�WR�SURYLGH�PXFK�EHWWHU�GHVFULSWLRQ�RI�WKH�FR�RFFXUUHQFH�RI�62�� 2��DQG� 12; IRU� GRVH�HIIHFW� VWXGLHV�� DQG� WKLV� PD\� EH� DQ� LPSRUWDQW� FRQWULEXWLRQ� WR� WKH�GLIIHUHQFHV�LQ�ILOWUDWLRQ�H[SHULPHQWV�EHWZHHQ�FKDUFRDO�ILOWHUHG�WUHDWPHQWV�DQG�QRQ�ILOWHUHG�H[SRVXUH�WUHDWPHQWV���
�
5()(5(1&(6�
�$OL�$��������'DPDJH�WR�SODQWV�GXH�WR�LQGXVWULDO�SROOXWLRQ�DQG�WKHLU�XVH�DV�ELRLQGLFDWRUV�LQ�(J\SW��(QYLURQ��3ROOXW���������������$OL�$��0XOFKL�&/��+DVVDQ�,$�	�(O�=DZDKU\�<$��������5HYHUVLELOLW\�RI�SKRWRV\QWKHWLF�LQKLELWLRQ�DIWHU�ORQJ�

WHUP� H[SRVXUH� RI�ZKHDW� SODQWV� �7ULWLFXP� DHVWLYXP� O�� FYV�� VHVTXHKDQQD� DQG� JRUH�� WR� HOHYDWHG� OHYHOV� RI�R]RQH��2����3DNLVWDQ�-��%LRO��6FL�������������������$OL�$��+DVVDQ�,��(O�=DZDKU\�<�	�$QJOH�6��������(FRSK\VLRORJLFDO�FKDQJHV�LQ�*O\FLQH�PD[�LQ�UHVSRQVH�WR�2� DQG�&2� VLQJO\�DQG�LQ�FRPELQDWLRQ��3DNLVW��-��%LRO��6FL�������������������
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$OL�$��������,PSURYHPHQW�RI�JURZWK�	�SURGXFWLYLW\�RI�3KDVHROXV�YXOJDULV�/��JURZQ�LQ�RSHQ�WRS�FKDPEHUV�XQGHU�WKH�LPSDFW�RI�DWPRVSKHULF�2� LQ�(J\SW��7DHFNKROPLD�����������������$OL�$�	�6DODPD�0+��������%LRLQGLFDWLRQ�VWXG\�RQ�WKH�HIIHFW�RI�DPELHQW�2� RQ�NLGQH\�EHDQ�SODQWV�JURZQ�XQGHU�WZR�LUULJDWLRQ�FRQGLWLRQV�XVLQJ�HWK\OHQH�GLXUHD��('8��DW�D�UXUDO�VLWH�LQ�(J\SW��(J\SWLDQ�-RXUQDO�RI�%LRWHFKQRORJ\������������$QGHUVHQ�&3�	�5\JLHZLF]� 37� �������8QGHUVWDQGLQJ� SODQW�VRLO� UHODWLRQVKLS� XVLQJ� FRQWUROOHG� HQYLURQPHQW�IDFLOLWLHV��$GY��,Q�6SDFH�5HV� ������������%HQQHWW�-+�	�+LOO�$&��������$FXWH�LQKLELWLRQ�RI�DSSDUHQW�SKRWRV\QWKHVLV�E\�SK\WRWR[LF�DLU�SROOXWDQWV��,Q��'XJJHU�0�� �HG��� $LU� 3ROOXWLRQ� (IIHFWV� RQ� 3ODQW� *URZWK�� $GYDQFHV� LQ� &KHPLVWU\�� 6HULHV� ��� $PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ��'&��3DJHV����������
%\WQHURZLF]�$��$UEDXJK�0-�	�$ORQVR�5��������2]RQH�XSWDNH�E\�3RQGHURVD�SLQH�LQ�WKH�6LHUUD�1HYDGD��D�PHDVXUHPHQW� SHUVSHFWLYH�� ,Q�� %\WQHURZLF]� $�	�$UEDXJK�0-� �HGV��� 2]RQH� DLU� SROOXWLRQ� LQ� WKH� 6LHUUD�1HYDGD��GLVWULEXWLRQ�DQG�HIIHFWV�RQ�IRUHVWV��3DJHV���������&KHUQLNRYD� 7� ������� 2]RQH� HIIHFWV� RQ� JURZWK�� SK\VLRORJLFDO� FKDUDFWHULVWLFV� DQG� DQWLR[LGDQW� HQ]\PHV� LQ�VR\EHDQ� FXOWLYDUV� H[SRVHG� WR� DPELHQW� DQG� HOHYDWHG� FDUERQ� GLR[LGH�� 3K�'�� 'LVVHUWDWLRQ�� 8QLYHUVLW\� RI�0DU\ODQG��&ROOHJH�3DUN��0'��86$��&RQVWDQWLQLGRX� +$�	�.R]ORZVNL�� 77� ������� (IIHFWV� RI� VXOIXU� GLR[LGH� DQG� R]RQH� RQ�8OPLLV� DPHULFDQD�VHHGOLQJV��,��9LVLEOH�LQMXU\�DQG�JURZWK��&DQ��-��%XW����������������
(ONLH\�7�	�2UPURG�'3��������&DVXDULQD�DQG�(XFDO\SWXV�WR�VLQJOH�DQG�PXOWLJDVHRXV�DLU�SROOXWDQWV��:DWHU��$LU�DQG�6RLO�3ROOXWLRQ��������������)XKUHU�-� �������$JURHFRV\VWHP� UHVSRQVHV� WR� WKH�FRPELQDWLRQV�RI�HOHYDWHG�&2�� R]RQH��DQG�JOREDO�FOLPDWH�FKDQJH��$JUL��(FRV\V��(QYLURQ�����������*RXOG�53�	�0DQVILHOG�7$��������(IIHFWV�RI�62� DQG�12� RQ�JURZWK�DQG�WUDQVORFDWLRQ�LQ�ZLQWHU�ZKHDW��-��([S��%RW� ������������+HDJOH�$6��%RG\�'(�	�+HFN�::��������$Q�2SHQ�WRS�ILHOG�FKDPEHUV�WR�DVVHVV�WKH�LPSDFW�RI�DLU�SROOXWLRQ�RQ�SODQWV��-��(QYLURQ��4XDO� ���������������+HDJOH�$6��0LOOHU�-(��&KHYRQH�%,��'UHVFKHO�7:��0DQQLQJ�:-��0F&RRO�30��0RUULVRQ�&/��1HHO\�*(�	�

5HEEHFN�-��������5HVSRQVH�RI�D�ZKLWH�FORYHU�LQGLFDWRU�V\VWHP�WR�WURSRVSKHULF�R]RQH�DW�HLJKW�ORFDWLRQV�LQ�WKH�8QLWHG�6WDWHV��:DWHU��$LU��6RLO�3ROOXW�����������������+HFN�::��������$LU�SROOXWLRQ�DQG�WKH�IXWXUH�RI�DJULFXOWXUDO�SURGXFWLRQ��,Q��1DHJHOH�-$��HG���$LU�SROOXWLRQ�GDPDJH�WR�YHJHWDWLRQ��$GYDQFHV�LQ�&KHPLVWU\��6HULHV������$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ��'&��3DJHV����������,VODP� .�� 0XOFKL� &� 	� $OL� $� ������� ,QWHUDFWLRQV� RI� WURSRVSKHULF� &2� DQG� 2� HQULFKPHQWV� DQG� PRLVWXUH�YDULDWLRQV�RQ�PLFURELDO�ELRPDVV�DQG�UHVSLUDWLRQ�LQ�VRLO��*ORE��&KDQJH�%LRO����������,VODP�.5��0XOFKL�&/�	�$OL�$$��������7URSRVSKHULF�FDUERQ�GLR[LGH�RU�R]RQH�HQULFKPHQWV�DQG�PRLVWXUH�
HIIHFWV�RQ�VRLO�RUJDQLF�TXDOLW\��-��(QYLURQ��4XDO��������������������.R]ORZVNL�77��������,PSDFWV�RI�DLU�SROOXWLRQ�RQ�IRUHVW�HFRV\VWHPV��%LRVFLHQFH���������������.R]ORZVNL� 77� ������� 6XVFHSWLELOLW\� RI� \RXQJ� WUHH� VHHGOLQJV� WR� HQYLURQPHQWDO� VWUHVVHV�� $PHULFDQ�1XUVHU\PDQ�������������.UXSD�69��0F*UDWK�07��$QGHUVHQ�&3�	�%RRNHU�)/��������$PELHQW�R]RQH�DQG�SODQWV��3ODQW�'LVHDVH���������������0DJJV�5��:DKLG�$��6KDPVL�56�	�$VKPRUH�05��������(IIHFWV�RI�DPELHQW�DLU�SROOXWLRQ�RQ�ZKHDW�DQG�ULFH�LQ�3DNLVWDQ��:DWHU��$LU�DQG�6RLO�3ROOXW� �������������

0DQQLQJ�:��&RROH\�'��7XWWOH�$��)UHQNHO�0�	�%HUJZHLOHU�&��������$VVHVVLQJ�SODQW� UHVSRQVH� WR�DPELHQW�R]RQH��JURZWK�RI�\RXQJ�DSSOH�WUHHV�LQ�RSHQ�WRS�FKDPEHUV�DQG�FRUUHVSRQGLQJ�DPELHQW�DLU�SORWV��(QYLURQ��3ROOXW���������������0DQQLQJ� :� 	� *RG]LN� %� ������� %LRLQGLFDWRU� SODQWV� IRU� DPELHQW� R]RQH� LQ� FHQWUDO� DQG� HDVWHUQ� (XURSH��(QYLURQ��3ROOXW�������������0DUWLQ�0��3OD]D�-��$QGUHV�0'��%HH]DUV�-&�	�0LODQ�00��������&RPSDUDWLYH�VWXG\�RI�VHDVRQDO�DLU�SROOXWDQW�EHKDYLRXU�LQ�0HGLWHUUDQHDQ�FRDVWDO�VLWH��&DVWHOORQ��63$,1���-��$WPRV� (QYLURQ�����$�������������0F*UDWK�07��������,PSDFW�RI�DPELHQW�R]RQH�RQ�FORYHU�DW�/RQJ�,VODQG��1HZ�<RUN��$EVWU����3K\WRSDWKRORJ\����������
0LOOHU� -(� ������� (IIHFWV� RQ� SKRWRV\QWKHVLV�� FDUERQ� DOORFDWLRQ�� DQG� SODQW� JURZWK�� ,Q�� +HFN� HW� DO�� �HGV���$VVHVVPHQW�RI�FURS�ORVV�IURP�DLU�SROOXWDQWV��3URFHHGLQJ�RI�,QWHUQDWLRQDO�&RQIHUHQFH��5DOHLJK��1&��86$��3DJHV�����������0X]LND�5��*X\HWWH�5��=LHORQND�7�	�/LHEKROG�$��������7KH� LQIOXHQFH�RI� �2�� 12� DQG�62� RQ�JURZWK�RI�3LFHD�DELHV�DQG�)DJXV�VD\OYDWLFD�LQ�WKH�&DUSDWKLDQ�PRXQWDLQV��(QYLURQ��3ROOXW�������������1DVUDOOD��0�	�$OL�$��������/HDG�DFFXPXODWLRQ�LQ�HGLEOH�SRUWLRQV�RI�FURSV�JURZQ�QHDU�WUDIILF�URDG��$JULF��(FRV\V��(QYLURQ������������
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1DVUDOOD��0�	�6KDNRXU�$� �������1LWURJHQ�2[LGHV� DQG�SKRWRFKHPLFDO� R[LGDQWV� LQ�&DLUR� FLW\� DWPRVSKHUH��-RXUQDO�RI�(QYLURQPHQWDO�,QWHUQDWLRQDO������������
1RODQG� 7/� 	� .R]ORZVNL� 77� ������� (IIHFW� RI� 62� RQ� VWRPDWDO� DSHUWXUH� DQG� VXOIXU� XSWDNH� RI� ZRRG\�DQJLRVSHUP�VHHGOLQJV��&DQ��-��)RU��5HV������������2OOHUHQVKDZ�-+�	�/\RQV�7��������,PSDFWV�RI�R]RQH�RQ�WKH�JURZWK�DQG�\LHOG�RI�ILHOG�JURZQ�ZLQWHU�ZKHDW��(QYLURQ��3ROOXWLRQ�������������3DOODUG\� 6*�	�.R]ORZVNL� 77� �������5HODWLRQVKLSV� RI� OHDI� GLIIXVLRQ� UHVLVWDQFH� RI�3RSXOXV� FORQHV� WR� OHDI�ZDWHU�SRWHQWLDO�DQG�HQYLURQPHQW��2HFRORJLD��������������3LLNNL�.��6HOOGHQ�*�	�3HOHLMHO�+��������7KH�LPSDFW�RI�WURSRVSKHULF�2��RQ�OHDI�QXPEHU�GXUDWLRQ�DQG�WXEHU�\LHOG�RI�WKH�SRWDWR��6RODQXP�WXEHURVXP�/���FXOWLYDUV�%LQWMH�DQG�.DUGDO��$JUL��(FRV\V��(QYLURQ����������

�����3LSHU�&6��������6RLO�DQG�SODQW�DQDO\VLV��$GHODLGH�8QLYHUVLW\��5REHUWV� 70� �������(IIHFWV� RI� DLU� SROOXWDQWV� RQ� DJULFXOWXUH� DQG� IRUHVWU\��$WPRVSKHULF�(QYLURQPHQW�����������������86(3$� 8�6�� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� ������� $LU� TXDOLW\� FULWHULD� IRU� R]RQH� 	� UHODWHG�SKRWRFKHPLFDO�R[LGDQWV��9RO��,,��2IILFH�RI�5HVHDUFK�	�'HYHORSPHQW��:DVKLQJWRQ��'&��9DQGHUPHLUHQ�.��'H�7HPPHUPDQ�/��6WDTXHW�$�	�%DHWHQ�+��������(IIHFWV�RI�DLU�ILOWUDWLRQ�RQ�VSULQJ�ZKHDW�JURZQ� LQ� RSHQ�WRS� ILHOG�FKDPEHUV�DW� D� UXUDO� VLWH�� ,,��(IIHFWV�RQ�PLQHUDO�SDUWLRQLQJ�� VXOSKXU�	�QLWURJHQ�
PHWDEROLVP�DQG�RQ�JUDLQ�TXDOLW\��(QYLURQ��3ROOXW� ����������:+2�81(3� �������8UEDQ�$LU�3ROOXWLRQ� LQ�0HJDFLWLHV� LQ� WKH�:RUOG��:RUOG�+HDOWK�2UJDQLVDWLRQ��8QLWHG�1DWLRQ�(QYLURQPHQWDO�3URJUDPPH��%ODFNZHOO��2[IRUG��8�.���
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