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0RUSKRORJLFDO��DQDWRPLFDO�DQG�HFRSK\VLRORJLFDO�PRGLILFDWLRQV�FDXVHG�E\�IORRGLQJ�LQ�WKH�JURZWK�DQG�GHYHORSPHQW�RI�7DEHEXLD�DYHOODQHGDH /RU��H[�*ULVHE���%LJQRQLDFHDH��ZHUH�VWXGLHG�DQG�FRUUHODWHG�ZLWK�WROHUDQFH�WR�WKH�H[FHVV�RI�ZDWHU�LQ� WKH� VRLO�� 7KUHH�PRQWK�ROG� SODQWV� JURZQ� LQ�D�JUHHQKRXVH��XQGHUZHQW�D�SHULRG�RI����GD\V�RI� IORRGLQJ�DQG�D�SRVW�IORRGLQJ�SHULRG��3KRWRV\QWKHVLV�UDWH�DQG�JURZWK�GHFUHDVHG�LQ�7� DYHOODQHGDH�ZKHQ�IORRGLQJ�GXUDWLRQ�LQFUHDVHG��7KRXJK�QRW� PXFK� WROHUDQW�� SODQW� DGDSWHG� LWVHOI� WR� VKRUW� IORRGLQJ� SHULRGV�� 7KLV� UHODWLYH� WROHUDQFH� ZDV� � SUREDEO\� GXH� WR� WKH�FDSDFLW\�RI�7��DYHOODQHGDH�LQ�GHYHORSLQJ�VWUXFWXUHV�ZKLFK�OHVVHQHG�IORRGLQJ�HIIHFWV�DQG�SURPRWHG�LQWHUQDO�GLIIXVLRQ�RI�R[\JHQ�IURP�WKH�DHULDO�SDUW�WR�WKH�URRWV��VXFK�DV�VWHP�ILVVXUHV��VXSHUILFLDO�URRWV�DQG�K\SHUWURSKLHG�OHQWLFHOV�LQ�WKH�URRWV��$V�WKHUH�ZDV�QR�JUHDW�YDULDWLRQ�LQ�WKH�LQWHUQDO�DQDWRP\�RI�7��DYHOODQHGDH�OHDYHV�DQG�URRWV��PHWDEROLF�DOWHUDWLRQV�PLJKW�KDYH�KHOSHG�LQ�WKH�VXUYLYDO�RI�WKH�VSHFLHV�GXULQJ�IORRGLQJ�
.H\�ZRUGV��,QXQGDWLRQ��R[\JHQ�GHSULYDWLRQ��HFRORJLFDO�DQDWRP\��7DEHEXLD�DYHOODQHDGDH

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
5LSDULDQ� YHJHWDWLRQ� LV� IXQGDPHQWDOO\� LPSRUWDQW� LQ�GLPLQLVKLQJ�HURVLRQ�WKDW�VLOWV�XS�WKH�ULYHU�FKDQQHOV��LPSURYLQJ�ZDWHU�TXDOLW\��/LPD��������DQG�SURYLGLQJ�IRRG�DQG�VKHOWHU�WR�ODQG�DQG�ZDW HU�IDXQD��0DULQKR�)LOKR� DQG� 5HLV�� ������� 7KH� VWXG\� RQ� WKH�GHYHORSPHQW� RI� ZRRG\� VSHFLHV� LQ� VLWXDWLRQV� RI�R[\JHQ� GHILFLHQF\� LQ� VRLOV�� RQH� RI� WKH� FKLHI�FRQVHTXHQFHV�LQ�IORRGLQJ��LV�LQGLVSHQVDEOH�ZKHQ�WKH�SUHVHUYDWLRQ�RU�UHFRQVWUXFWLRQ�RI�ULSDULDQ�YHJHWDWLRQ�LV�GHDOW�ZLWK�PLVWDNHV� LQ�UHIRUHVWDWLRQ�PD\� WKXV�EH�OHVVHQHG��0HGUL�DQG�&RUUHD��������5HVHDUFK� RQ� SODQW� VWUDWHJLHV� RQ� WROHUDQFH� WR��

IORRGLQJ� PD\� EH� LQWHUSUHWHG� WKURXJK� PHWDEROLF��&UDZIRUG��������DQG�PRUSK�DQDWRPLF��$UPVWURQJ�������� FKDQJHV�� ,W� LV� QRZ� HYLGHQW� WKDW� WROHUDQFH� LV�GXH�WR�FORVH�OLQNV�EHWZHHQ�VWUXFWXUDO�DQG�PHWDEROLF�FKDUDFWHULVWLFV� DVVRFLDWHG� ZLWK� UHSURGXFWLYH� F\FOHV�DQG�VWUDWHJLHV��%ORP�HW�DO���������)ORRGLQJ� FDXVHV� UHGXFWLRQ� LQ� SKRWRV\QWKHVLV� UDWHV�DQG� VWRPDWD� FRQGXFWDQFH� �'UH\HU� HW� DO��� �����3LPHQWD���������7KH�FORVLQJ�RI�VWRPDWD��DQG�WKXV�WKH�UHGXFWLRQ� RI� WUDQVSLUDWLRQ� DQG� WKH� PDLQWHQDQFH� RI�ZDWHU�SRWHQWLDO�LQ�OHDYHV��PD\�LQKLELW�GHVLFFDWLRQ��,W�PD\�DOVR� FDXVH� D�GLPLQLVKLQJ� LQ�&2��DVVLPLODWLRQ�ZLWK�GHFUHDVH� LQ�SODQW�JURZWK� UDWH�GXULQJ� IORRGL QJ��5XL]�6iQFKHV� HW� DO��� ������� 'HFUHDVH� LQ� ELRPDVV�
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DFFXPXODWLRQ��OHQJWKHQLQJ�RI�SODQWV�GXH�WR�IORRGLQJ��.ROE� HW� DO��� ������ 0HGUL� HW� DO��� ������� HSLQDVW\��FKORURVLV� �3LPHQWD� HW� DO��� ������� HDUO\� VHQHVFHQFH��0DUTXHV� HW� DO��� ������ DQG� DEVFLVVLRQ� RI� OHDYHV��&OHPHQV� HW� DO��� ������<DPDPRWR� DQG�.R]ORZVNL��������KDYH�EHHQ�IUHTXHQWO\�UHFRUGHG��)ORRGHG�SODQWV�PD\�GHYHORS�K\SHUWURSKLHG�OHQWLFHOV��0DUTXHV�HW�DO���������&ROOL�� ������.ROE� HW� DO��� ������0HGUL� HW� DO���������� VXUSHUILFLDO�DQG�DGYHQWLWLRXV�URRWV��3LPHQWD�HW DO���������/RER�DQG�-RO\��������DQG�DHUHQFK\PD�LQ�VWHPV�DQG�URRWV��'DYDQVR�)DEUR�HW�DO���������.ROE�HW� DO��� ������� LPSURYLQJ� JDVHRXV� H[FKDQJH� EHWZHHQ�WKH�SODQW�DQG�WKH�DWPRVSKHUH��$UPVWURQJ��������7DEHEXLD� DYHOODQHGDH� /RU�� H[� *UVHE���%LJQRQLDFHDH��� SRSXODUO\� NQRZQ� DV� ³LSr�UR[R´� LQ�%UD]LO�� KDV� EHHQ� FKRVHQ� IRU� WKLV� UHVHDUFK��/LWWOH� LV�NQRZQ�RQ�WKH�VSHFLHV�ZLWK�UHJDUG�WR�WKH�HFRORJLFDO�DVSHFWV� RI� LWV� GHYHORSPHQW�� LQ� VSLWH� RI� LWV� ZLGH�GLVWULEXWLRQ� DQG� LPSRUWDQFH� LQ� PDQ\� KDELWDWV��6SHFLHV�RFFXUV�IURP�0DUDQKmR� �1RUWK�VWDWH��WR�WKH�VRXWKHUQ�UHJLRQ�RI�%UD]LO�DQG�LV�H[WUHPHO\�IUHTXHQW�LQ� WKH� VWDWHV� RI� 0DWR� *URVVR� DQG� 6mR� 3DXOR�� ,W�RFFXSLHV� WKH� XSSHU� FDQRS\� RI� WKH� VHPL �GHFLGXRXV�IRUHVW�RI�WKH�3DUDQi�5LYHU�EDVLQ�ZKHUH�LW�JURZV�ZLWK�UHODWLYH�DEXQGDQFH��%HFDXVH�RI� LWV� JUHDW�GXUDELOLW\��WKH�ZRRG�LV�XVHG�IRU�IXUQLWXUH�DQG�LQ�KRXVH�EXLOGLQJ��/RUHQ]L�� ������� $FFRUGLQJ� WR� 5HLW]� HW� DO�� ��������7DEHEXLD�DYHOODQHGDH LV�D�YHU\�LPSRUWDQW�VSHFLHV�IRU�WKH� UHIRUHVWDWLRQ� RI� GHJUDGHG� DUHDV�� SODQWV� DUH�UHVLVWDQW� LQ� UHSODQWDWLRQV��GHYHO RS�ZHOO� LQ� WKH�RSHQ�ILHOG� DQG�ZKHQ�H[SRVHG� WR� WKH� VXQVKLQH�SURGXFH�D�JUHDW�QXPEHU�RI�ZLQJHG�IHUWLOH�VHHGV�7KH�SUHVHQW�H[SHULPHQW�ZDV�D�FRQWULEXWLRQ�WRZDUGV�D� EHWWHU� NQRZOHGJH� RI� VWUDWHJLHV� XVLQJ� E\� WURSLFDO�VSHFLHV�WR�DGDSWDWHG�DW�LQXQGDWLRQ��,W�PLJKW�DOV R�KHOS�LQ� SURMHFWV� IRU� WKH� UHFRYHU\� RI� ULSDULDQ� YHJHWDWLRQ�DQG�DWWHPSWV�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV��
� 'LG� K\SR[LD� DIIHFW� WKH� SKRWRV\QWKHVLV� UDWH� LQ�7DEHEXLD�DYHOODQHGDH"�
� :KDW� ZHUH� WKH� PRUSKRORJLFDO�� DQDWRPLFDO� DQG�HFRSK\VLRORJLFDO� FKDQJHV� FDXV HG� E\� IORRGLQJ� DQG�SRVW�IORRGLQJ�LQ�7DEHEXLD�DYHOODQHGDH"�
� :KDW�ZHUH� WKH� FRQVHTXHQFHV� RI� IORRGLQJ� RQ� WKH��JURZWK�DQG�GHYHORSPHQW�RI�WKH�VSHFLHV"
0$7(5,$/6�$1'�0(7+2'6
6HHGV�RI�7DEHEXLD�DYHOODQHGDH ZHUH�UHPRYHG�IURP�IUXLW�� ZDVKHG�� GULHG� DQG� OHIW� WR� JH UPLQDWH� LQ�

UHFLSLHQWV�ZLWK�����J�RI�ZHW�VXEVWUDWXP�FRQVLVWLQJ�RI�����VRLO�DQG�����PL[WXUH�RI�JUDWHG�JUDVV��OLPH�DQG� FRIIHH� SRZGHU�� *HUPLQDWLRQ� RFFXUUHG� LQ� D�QXUVHU\��$IWHU�WZR�PRQWKV��VRPH�SODQWV��VHOHFWHG�DV�WR�WKHLU�XQLIRUPLW\�LQ�VL]H�DQG�GHYHORSPHQW��DQ G�WKH�VXEVWUDWXP�ZHUH�SODFHG�LQ���/�SODVWLF�SRWV�ZLWK�VRLO�DQG�VDQG� LQ�D�����SURSRUWLRQ��([SHULPHQW�VWDUWHG�D�PRQWK�DIWHU�SODQW�DFFOLPDWL]DWLRQ��)RUW\�SODQWV�ZHUH�GLYLGHG� LQWR� �� JURXSV� WR� PHDVXUH� SKRWRV\QWKHVLV�UDWH�� FRQGXFWDQFH� DQG� &2� LQWHUQDO� FRQFHQWUDWLRQ��ILHOG�FDSDFLW\�DQG�SODQWV�IORRGHG�IRU����������RU����GD\V��0HDVXUHPHQWV�ZHUH�XQGHUWDNHQ�LQ�RQH�RI�RQH�RI� WKH� OHDIOHWV�RI� WKH�SODQW¶V� WRWDOO\� H[SDQGHG� OHDI��3KRWRV\QWKHVLV� SRUWDEOH� V\VWHP� /,±����� DQG� &2��/,±�����DQDO\]HU�ZHUH�XVHG� 'XULQJ�PHDVXUHPHQWV�DYHUDJH� UDGLDWLRQ�RQ� OHDYHV�ZDV�������� PPROP��V��DQG�WKHLU�DYHUDJH�WHPSHUDWXUH�ZDV����� �&�2Q�WKH�ILUVW�GD\�RI�WKH�H[SHULPHQW�WKH�OHQJWK�RI�WKH�DHULDO�SDUW�DQG�RI�WKH�PDLQ�URRW��QXPEHU�RI�OHDYHV��OHDI� DUHD� DQG� VWHP¶V� GLDPHWHU� DW� �FP� IURP� VRLO��VOLGLQJ�UXOHU��ZHUH�HYDOXDWHG�LQ����SODQWV�IRU�JURZWK�DQG� GHYHORSPHQW� DQDO\VLV��7R�GHWHUPLQH� OHDI� DUHD��WZR� FRUUHFWLQJ� YDOXHV�� ������ DQG� ������� ZHUH�GHWHUPLQHG� IRU� VLPSOH� DQG� FRPSRXQG� OHDYHV�UHVSHFWLYHO\� IURP� SUHYLRXV� OHQJWK� PHDVXUHPHQWV��ZLGWK� DQG� DUHD� RI� ��� OHDYHV� E\� WKH� JUDYLPHWULF�PHWKRG��3ODQWV�ZHUH�WKHQ�GLYLGHG�LQWR�OHDYHV��VWHPV�DQG�URRWV�DQG�SODFHG�LQ�D�EXIIHU�DW�����&�GXULQJ����KRXUV�WR�REWDLQ�FRQVWDQW�GU\�ZHLJKW��$QRWKHU����SODQWV�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV��IF��ILHOG� FDSDFLW\��� IG� �SODQWV� LQ� ZDWHU� DW� � FP� IURP�VRLO���IGIF��UHWXUQ�RI�IORRGHG�SODQWV�WR�ILHOG�FDSDFLW\�RQ� WKH� ��WK GD\��� 6LPLODU� HYDOXDWLRQV� ZHUH�XQGHUWDNHQ�ZLWK����SODQWV�RI�HDFK�JURXS�DIWHU����DQG����GD\V��1HZ�OHDYHV�DQG�QXPEHU�RI� OHDYHV�ORVW�E\�DEVFLVVLRQ�ZHUH�WDNHQ�LQWR�DFFRXQW��5HODWLYH�J URZWK�UDWH� �5*5�� IRU� HDFK� SDUW� RI� WKH� SODQW� DQG� IRU� WKH�ZKROH�SODQW�ZDV�FDOFXODWHG�E\� IRUPXOD�5*5� � �OQ�:'I�± OQ�:'L����G��ZKHUH�:'I�LV�ILQDO�ZHLJKW�RI�GU\�PDWWHU��:'L� LV�WKH�LQLWLDO�ZHLJKW�RI�GU\�PDWWHU�DQG� G� WKH� QXPEHU� RI� GD\V� RI� WUHDWPHQW�� 1HW�DVVLPLODWRU\�UDWH��1$5��ZDV�FDOFXODWHG�E\�IRUPXOD�1$5� ���:'I�±:'L���/$I�± /$L���[���OQ�/$I�± OQ�/$L��������ZKHUH�/$I�LV�WKH�ILQDO�OHDI�DUHD�DQG�/$L�LV�WKH� LQLWLDO� OHDI� DUHD�� � :HHNO\� IROORZ� XS� ZDV�XQGHUWDNHQ�IRU�SRVVLEOH�IRUPDWLRQ�RI�VWHP�ILVVXUHV��K\SHUWURSKLHG� OHQWLFHOV�� GLDJHRWURSLF� URRWV� DQG�LQWXPHVFHQFH�RI�VWHPV�DQG�URRWV��$W� WKH� HQG� RI� WKH� H[SHULPHQW� WKH� FRPSDUDWLYH�DQDWRP\� RI� 7�� DYHOODQHGDH ZDV� DQDO\]HG� IURP�UHPDLQLQJ� ODPLQDV�� ��FP� VHJPHQWV� ZHUH� FROOHFWHG�FORVH�WR�VHFRQGDU\�URRWV�RI�ILYH�FRQWURO�SODQWV�DQG�R I�GLDJHRWURSLF�URRWV�RI�ILYH�IORRGHG�SODQWV��,Q�WKH�FDVH�



3KRWRV\QWKHVLV��*URZWK�DQG�'HYHORSPHQW�RI�7DEHEXLD�DYHOODQHGDH

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���
RI�OHDIOHWV��VHJPHQWV�RI�ILYH�FRQWURO�SODQWV�DQG�IURP�ILYH�IORRGHG�RQHV�IURP�FHQWUDO�UHJLRQ�RI�WKH�OHDIOHW�ODPLQD�RI�WRWDOO\�H[SDQGHG�OHDYHV�DQG�IRUPHG�GXULQJ�WKH� H[SHULPHQW� SHULRG� ZHUH� FROOHFWHG�� 6H JPHQWV�ZHUH� IL[HG� LQ� IRUPRO�� DFHWLF� DFLG� DQG� DOFRKRO��)�$�$��������GHK\GUDWHG��GLDSKDQL]HG�DQG�SODFHG�LQ�SDUDSODVW��%ORFNV�ZHUH�VHFWLRQHG�WUDQVYHUVDOO\�DW�D�WKLFNQHVV�RI����PP��&XWV�ZHUH�FRORUHG�LQ�EDVLF�EOXH�DQG� PRXQWHG� RQ� &DQDGLDQ� EDOVDP�� /DPLQDV� ZHUH�DQDO\]HG� E\� RSWLF� PLFURVFRSH� IRU� SDUDPHWHUV��SHUFHQWDJH� RI� LQWHUFHOOXODU� VSDFHV� RI� WKH� URRWV¶�FRUWLFDO� SDUHQFK\PD� DQG� RI� WKH� OHDIOHWV¶� ODFXQDO�SDUHQFK\PD��JUDYLPHWULF�PHWKRG�� GLDPHWHU�RI�FHOOV�RI�FRUWLFDO�SDUHQFK\PD�DQG�RI�WKH�WUDFKHDO�HOHPHQWV�RI�WKH�URRWV¶�[\OHP�DQG�RI�WKH�FHOOV�RI�WKH�OHDIOHWV¶�DGD[LDO� DQG� DED[LDO� HSLGHUPLV�� WKLFNQHVV� RI� URRWV¶�FRUWLFDO�SDUHQFK\PD��WKLFNQHVV�RI�OHDIOHW�DQG�RI�WKH�ODFXQDO� DQG� SDOLVDGH� SDUHQFK\PD��$OO�PLFURVFRSLF�PHDVXUHPHQWV�ZHUH�PDGH�ZLWK�PLFURPHWHU�RFXODU�6WDWLVWLFDO� DQDO\VLV�ZDV�EDVHG�RQ�YDULDQFH� DQDO\VLV��$129$���/6'�ZDV�GHWHUPLQHG�E\�7XNH\¶V�WHVW� DW�3������� 3HUFHQWDJH� GDWD� ZHUH� WUDQVIRUPHG� LQ� DUF�

VLQH� RI� SURSRUWLRQ� URRW� EHIRUH� EHLQJ� VW DWLVWLFDOO\�DQDO\]HG��
5(68/76
$IWHU� �� GD\V� IORRGLQJ� FDXVHG� UHGXFWLRQ� RI��SKRWRV\QWKHVLV� UDWH� LQ� 7�� DYHOODQHGDH�� +RZHYHU��WKHUH�ZDV�QR�VLJQLILFDQW�UDWH�GLIIHUHQFH�DPRQJ�SODQWV�ZLWK�������DQG����GD\V�IORRGLQJ��)LJ���$���6WRPDWD�FRQGXFWDQFH� GLPLQLVKHG� SURSRUWLRQDWHO\� WR� DQ�LQFUHDVH� LQ� K\SR[LD� SHULRG� �)LJ�� �%��� ,Q� VSLWH� RI�UHGXFWLRQ� LQ� VWRPDWD� FRQGXFWDQFH�� LQWHUQDO�FRQFHQWUDWLRQ� RI� &2� GLGQ¶W� VKRZ� DQ\� GHFUHDVLQJ�WUHQG�ZLWK�DQ�LQFUHDVH�RI�IORRG�SHULRG��)LJ���&��)ORRGLQJ� UHGXFHG� OHDI¶V� 5*5� E\� DSSUR[LPDWHO\�����DQG�URRW¶V�5*5�E\�DSSUR[LPDWHO\������$IWHU�UH�DHUDWLRQ��JURZWK�RI�URRW�DQG�RI�WKH�ZKROH�SODQW�ZHUH� UHFRYHUHG�� 1$5� RI� IORRGHG� 7�� DYHOODQHGDHZDV�UHGXFHG�WR�DERXW�����ZLWK�UHFRYHU\�DIWHU�UH �DHUDWLRQ��7DEOH�����

)LJXUH� � � 1HW� SKRWRV\QWKHVLV� �$��� VWRPDWDO� FRQGXFWDQFH� �%�� DQG� LQWHUQDO� FRQFHQWUDWLRQ� RI� &2� �&� �� LQ� 7��DYHOODQHGDH LQ� ILHOG� FDSDFLW\� ���� DQG� IORRGHG� IRU����������DQG����GD\V��9HUWLFDO�EDU� UHSUHVHQWV�/6'�E\�7XNH\¶V� WHVW��3�������Q ���
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7DEOH� �� � 5HODWLYH�*URZWK�5DWH� �5*5�� DQG�1HW�$VVLPLODWRU\�5DWH� �1$5�� LQ�7�� DYHOODQHGDH LQ� ILHOG� FDSDFLW\� �IF���IORRGHG�IRU����GD\V��IG��DQG�IORRGHG�IRU����GD\V�IROORZHG�E\����GD\V�RI�UH�DHUDWLRQ��IGIF��5*5��PJ�J��G��� 1$5��PJ�GP�� G���7UHDWPHQW /HDI 6WHP 5RRW 3ODQW 3ODQWIF��� �����D �����D �����D �����D �����DIG��� �����E �����D �����F �����F �����EIGIF �����F �����D �����E �����E �����D�0HDQV�VHSDUDWLRQ�ZLWKLQ�FROXPQV�E\�7XNH\¶V�WHVW��3�������Q ����
7DEOH�� � /HQJWK�,QFUHDVH�RI�DHULDO�SDUW�DQG�RI�URRW�LQ�7��DYHOODQHGDH LQ�ILHOG�FDSDFLW\ �IF���IORRGHG�IRU����DQG����GD\V��IG��DQG�IORRGHG�IRU����GD\V�IROORZHG�E\����GD\V�RI�UH�DHUDWLRQ��IGIF�� /HQJWK�LQFUHDVH��FP�7UHDWPHQW 6KRRW 5RRWIF��� ����D ����DIG��� ����D ����EIF��� ����D ����DIG��� ����D ����FIGIF ����D ����E�0HDQV�VHSDUDWLRQ�ZLWKLQ�FROXPQV�E\�7XNH\¶V�WHVW��3�������Q ����

)LJXUH� �� � 3URGXFWLRQ� �$�� DQG� DEVFLVVLRQ� �%�� RI� OHDYHV� DQG� LQFUHDVH� LQ� OHDI� DUHD� �&� �� LQ�7�� DYHOODQHGDH LQ� ILHOG�FDSDFLW\��i���IORRGHG�IRU����DQG����GD\V�����DQG�IORRGHG�IRU����GD\V�IROORZHG�E\����GD\V�RI�UH�DHUDWLRQ��S���9HUWLFDO�EDUV�UHSUHVHQW�/6'�E\�7XNH\¶V�WHVW��3��������Q ����
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*URZWK�LQ�KHLJKW�RI�VKRRW�ZDV�QRW�DIIHFWHG��7DEOH�����$IWHU� ��� DQG� ��� GD\V� RI� H[SHULPHQW�� WKHUH� ZDV� D�GHFUHDVH�LQ�URRWV�OHQJWK�RI�IORRGHG�SODQWV��5HFRYHU\�RFFXUUHG�DIWHU�UH�DHUDWLRQ�3URGXFWLRQ� RI� QHZ� OHDYHV�ZDV� VPDOOHU� LQ� IORRGHG�SODQWV� DQG� ZLWKRXW� VLJQLILFDQW� UHFRYHU\� DIWHU� UH �DHUDWLRQ�SHULRG��)LJ���$���7KHUH�ZDV�QR�GLIIHUHQFH�LQ� DEVFLVVLRQ� RI� OHDYHV� EHWZHHQ� WUHDWPHQWV��������)LJ���%�� )ORRGLQJ�FDXVHG�D�UHGXFWLRQ�LQ�OH DI�DUHD�RI�7��DYHOODQHGDH ZLWKRXW�DQ\�VLJQ�RI�UHFRYHU\�LQ�UH �DHUDWLRQ�RI�SODQWV��)LJ���&��'XULQJ� WKH� ILUVW� ��� GD\V� RI� WKH� H[SHULPHQW��IORRGLQJ� VWLPXODWHG� DQ� LQFUHDVH� LQ� WKH� VWHP¶V�GLDPHWHU��)LJ�����

����
����
����
����
����

�� ��6WHP

V�GLDP

HWHU�LQ
FUHDVH
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'D\V
)LJXUH�� � 6WHP¶V�GLDPHWHU�LQFUHDVH�LQ�7��DYHOODQHGDH LQ�ILHOG� FDSDFLW\� �i��� IORRGHG� IRU� ��� DQG����GD\V� ���� DQG�IORRGHG� IRU� ��� GD\V� IROORZHG� E\� ��� GD\V� RI� UH�DHUDWLRQ��S���9HUWLFDO�EDU�UHSUHVHQWV�/6'�E\�7XNH\¶V�WHVW��3�������Q ����)URP� WKH� VHFRQG� ZHHN�� VWHP� ILVVXUHV� VWDUWHG� WR�GHYHORS�LQ�WKH�IORRGHG�SODQWV�RI�7��DYHOODQHGDH��DQG�WKH� VSRQJH� WLVVXH� RI� VWHPV�ZHUH� H[SRVHG� �)LJ�� ����)ORRGLQJ�VWLPXODWHG�LQWXPHVFHQFH�DQG�WKH�IRUPDWLRQ�RI� K\SHUWURSKLHG� OHQWLFHOV� LQ� WKH� URRWV� RI� PDQ\�SODQWV��ZLWK�H[SRVXUH�RI�VSRQJH�WLVVXH��)LJ�������$W�WKH�HQG�RI�WKH�H[SHULPHQW��V\VWHP�RI�IORRGHG�SODQWV¶�URRWV� ZHUH� OHVV� EUDQFKHG� WKDQ� WKRVH� RI� FRQWUROV��7UDFHV�RI�QHFURVLV�ZHUH�DOVR�SUHVHQW��)LJ����)URP� WKH� ��WK GD\�� WKH� IRUPDWLRQ� RI� GLDJHRWURSLF�URRWV�DW�WKH�ZDWHU�VXUIDFH�ZDV�UHJLVWHUHG�LQ�IORRGHG�SODQWV��7KH\�ZHUH�PXFK�EUDQFKHG�DQG�RI�D�ZKLWLVK�FRORU��)LJ�����7DNLQJ� LQWR� FRQVLGHUDWLRQ� DOO� SDUDPHWHUV� HYDOXDWHG�LQ�WKH�LQWHUQDO�DQDWRP\�RI�7��DYHOODQHGDH��WKH�RQO\�RQH�WR�VKRZ�D�VLJQLILFDQW�YDULDWLRQ�ZDV�WKDW�RI�WKH�GLDPHWHU�RI�WKH�OHDIOHWV¶�ORZHU�HSLGHUPLV�FH OOV��7DEOH���� :KHQ�VLPLODU�UHJLRQV�RI�VHFRQGDU\�URRWV�RI�SODQWV�LQ�ILHOG�FDSDFLW\�DQG�RI�GLDJHRWURSLF�URRWV�RI�IORRGHG�SODQWV�

ZHUH�DQDO\]HG��D�KLJKHU�QXPEHU�RI�DEVRUEHQW�KDLUV�ZHUH�IRXQG�LQ�WKH�ODWWHU��)LJ�����

)LJXUH�� � 7��DYHOODQHGDH SODQWV�LQ�ILHOG�FDSDFLW\��$��DQG�IORRGHG� IRU� ��� GD\V� �%��� 6I � VWHP� ILVVXUHV�� +O �K\SHUWURSKLHG�OHQWLFHOV�

)LJXUH�� � 7DEHEXLD�DYHOODQHGDH IORRGHG�IRU����GD\V��'U �GLDJHRWURSLF�URRWV�
',6&866,21�$1'�&21&/86,21
$�GHFUHDVH�LQ�SKRWRV\QWKHVLV�UDWH�RI�7��DYHOODQHGDHLQ�SURSRUWLRQ�WR�WKH�GXUDWLRQ�RI�IORRGLQJ�VXJJHVWHG�WKDW� WKH� VSHFLHV� PLJKW� EH� LPSDLUHG� LQ� LWV�GHYHORSPHQW� LI� H[SRVHG� WR� ORQJ� IORRG� SHULRG��'HFUHDVH� LQ� SKRWRV\QWKHVLV� KDG� DOUHDG\� EHHQ�UHJLVWHUHG� LQ� &DPSRPDQHVLD� [DQWKRFDUSD LQ�IORRGLQJ� VRLO� �3LPHQWD�� ������� )DOO� LQ�SKRWRV\QWKHVLV� LQ� 7��DYHOODQHGDH FRXOG�EH� UHODWHG�WR� FORVLQJ� RI� VWRPDWD�� VLQFH� VWRPDWD� FRQGXFWDQFH�WHQGHG�WR�EH�ORZHU�LQ�SURSRUWLRQ�WR�WKH�LQFUHDVH�RI�WKH� LQXQGDWLRQ� SHULRG�� 0DQ\� DXWKRUV� KDYH�VXJJHVWHG�WKDW�VWRPDWD�FORVLQJ�FRXOG�EH�D�UHVSRQVH�WR� IDOO� LQ� ZDWHU� SRWHQWLDO� GXH� WR� GHFUHDVH� RI�
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DEVRUSWLRQ�E\�URRWV�DQG�FRQVHTXHQWO\�GHK\GUDWLRQ�RI�OHDI�ZDV�SUHYHQWHG��5XL]�6iQFKHV�HW�DO����������+RZHYHU�� LQ� VRPH� FDVHV�� 4XHUFXV� UXEUD�� IRU�H[DPSOH� �'UH\HU� HW� DO��� ������� VWRPDWD� FORVLQJ�RFFXUUHG� HYHQ� ZKHQ� ZDWHU� SRWHQWLDO� ZDV�PDLQWDLQHG��7KLV� IDFW� VXJJHVWHG� WKDW�RWKHU� IDFWRUV�ZRXOG� EH� FRQWULEXWLQJ� WRZDUGV� WKH� UHGXFWLRQ� RI�VWRPDWD� FRQGXFWDQFH�� 7KHVH� PLJKW� EH� ORZ� VRLO�R[\JHQ� FRQFHQWUDWLRQ� �5XL]�6iQFKHV� HW� DO��� ������DQG� WKH� DFFXPXODWLRQ� RI� $%$� LQ� OHDYHV� GXULQJ�K\SR[LD�� ZKLFK� DFWHG� RQ� WKH� JXDUG� FHOOV� �=KDQJ�DQG�'DYLHV��������

7KH� IDFW� WKDW� LQ� 7�� DYHOODQHGDH LQWHUQDO�FRQFHQWUDWLRQ�RI�&2� GLG�QRW�GHFUHDVH�LQ�VSLWH�RI�D�UHGXFWLRQ� LQ� VWRPDWD� FRQGXFWDQFH� VXJJHVWHG� WKDW�RWKHU� IDFWRUV� EHVLGHV� WKH� FORVLQJ� RI� VWRPDWD� DOVR�FRXOG�EH�FDXVLQJ�SKRWRV\QWKHVLV�UHGXFWLRQ��'UH\HU�HW� DO��� ������� DQG� 3LPHQWD� ������� UHSRUWHG�GHFUHDVH� RI� LQWHUQDO� FRQFHQWUDWLRQ� RI� &2 � DQG�VXJJHVWHG�WKDW�SKRWRV\QWKHVLV��OLPLWDWLRQ��FRXOG��EH�VRPHWLPHV�DWWULEXWHG�WR�WKH�FO RVLQJ�RI�VWRPDWD�

7DEOH�� � &RPSDUDWLYH�DQDWRP\�RI�OHDIOHW��VHFRQGDU\�DQG�GLDJHRWURSLF�URRW�LQ�7��DYHOODQHGDH LQ�ILHOG�FDSDFLW\��IF��DQG�IORRGHG�IRU����GD\V��IG���6U� �VHFRQGDU\�URRW��'U� �GLDJHRWURSLF�URRW�3DUDPHWHUV�(YDOXDWHG IF IG,QWHUFHOOXODU�VSDFHV�RI�ODFXQDO�SDUHQFK\PD���� �����D �����D'LDPHWHU�RI�WKH�FHOOV�RI�WKH�VXSHULRU�HSLGHUPLV���P� ����D ����D'LDPHWHU�RI�WKH�FHOOV�RI�WKH�LQIHULRU�HSLGHUPLV���P� ����E ����D7KLFNQHVV�RI�WKH�OHDIOHW���P� ����D ����D7KLFNQHVV�RI�WKH�SDOLVDGH�SDUHQFK\PD���P� ����D ����D
/HDIOHW

7KLFNQHVV�RI�WKH�ODFXQDO�SDUHQFK\PD���P� ����D ����D&RUWLFDO�LQWHUFHOOXODU�VSDFHV���� 6U�������D 'U�������D'LDPHWHU�RI�WKH�FRUWLFDO�FHOOV���P� ����D ����D'LDPHWHU�RI�WKH�WUDFKHDO�HOHPHQWV���P� ����D ����D5RRW
7KLFNQHVV�RI�WKH�FRUWLFDO�SDUHQFK\PD���P� �����D �����D�0HDVXUHPHQWV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�FROXPQV�GR�QRW�GLIIHU�E\�7XNH\¶V�WHVW��3�������Q ����

)LJXUH� � � $QDWRPLF� GHWDLOV� RI� WUDQVYHUVDO� FXW� LQ� VHFRQGDU\� URRW� RI� 7�� DYHOODQHGDH LQ� ILHOG� FDSDFLW\� �$�� DQG� RI�GLDJHRWURSLF�URRW�LQ�SODQWV�IORRGHG�IRU����GD\V��%���(S� �HSLGHUPLV��&R� �FRUWH[�
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7KLV� KDSSHQHG� WRJHWKHU� ZLWK� RWKHU� IDFWRUV� DQG�LQWHUIHUHG� LQ� &2� DVVLPLODWLRQ�� 3KRWRV\QWKHVLV�UHGXFWLRQ� PD\� EH� FDXVHG� E\� ELRFKHPLFDO�OLPLWDWLRQV� VXFK DV� GHFUHDVH� RI� 5XELVFR� DFWLYLW\��/LDR�DQG�/LQ���������)DOO�LQ�SKRWRV\QWKHVLV�UDWH�RI�7��DYHOODQHGDH PLJKW�EH�VWLOO�D�FRQVHTXHQFH�RI�WKH�UHGXFWLRQ� RI� QXWULHQW� DEVRUSWLRQ�� 'XULQJ�LQXQGDWLRQ�D�IDOO� LQ�HQHUJ\�OHYHOV�RI�WKH�URRW�FHOOV�RFFXUV�RZLQJ�WR�ORZ�DYDLODELOLW\�RI�R[\JHQ�IRU�WKH�UHVSLUDWRU\�PHWDEROLVP��0DLQWHQDQFH� RI� FHOO�PD\�EH� LQWHUUXSWHG� DQG� QXWULHQW� DFTXLVLWLRQ� ZRXOG� EH�LPSDLUHG��$UPVWURQJ�HW�DO����������$VFHQGLQJ�IORZ�RI� QXWULHQWV�PD\� DOVR� GH� UHGXFHG� GXULQJ� K\SR[LD�EHFDXVH� RI� UHGXFWLRQ� RI� WUDQVSLUDWL RQ� E\� WKH�VWRPDWD�FORVLQJ��&ROOLQ�%HOJUDQG�HW�DO���������'RZQWRQ�HW�DO���������VXJJHVWHG�WKDW�FRQYHQWLRQDO�PHDVXULQJ� WHFKQLTXHV� RI� LQWHUFHOOXODU� &2 ��FRQFHQWUDWLRQ� ZHUH� QRW� DGHTXDWH� WR� HYDOXDWH� WR�ZKLFK� SRLQW� SKRWRV\QWKHVLV� GHFUHDVH� ZDV� GXH� WR�WKH�VWRPDWD�FORVLQJ��6LQFH�WKLV�WHFKQLTXH�VKRZHG�D�QRQ�XQLIRUP�FORVLQJ�RI�VWRPDWD�� LQWHUFHOOXODU�&2 ��FRQFHQWUDWLRQ�ZRXOG�EH�RYHUHVWLPDWHG��:LWK�PRUH�SUHFLVH� PHWKRGV�� FDVHV� LQ� ZKLFK� D� UHGXFWLRQ� LQ�SKRWRV\QWKHVLV� ZDV� QRW� DWWULEXWHG� WR� VWRPDWD�FORVLQJ��FRXOG�EH�UHODWHG� W R�D�GHFUHDVH� LQ�VWRPDWD�FRQGXFWDQFH��$Q\ZD\��PRUH�GHWDLOHG�VWXGLHV�ZHUH�QHFHVVDU\� RQ� WKH� SKRWRV\QWKHVLV�SURSHUWLHV�RI� WKH�OHDI�VR�WKDW�VXLWDEOH�FRQFOXVLRQV�FRXOG�EH�UHDFKHG��'UH\HU�HW�DO���������'HFUHDVH� LQ� SKRWRV\QWKHVLV� DQG� VWRPDWD�FRQGXFWDQFH� RI� 7�� DYHOODQHGDH GXULQJ� IORRGLQJ�ZHUH�SUREDEO\�UHVSRQVLEOH�IRU�ORZHULQJ�RI�5*5�RI�OHDYHV�DQG�SULQFLSDOO\�RI� URRWV��%HVLGHV��D�FHUWDLQ�TXDQWLW\� RI� SKRWRDVVLPLODWHG� IDFWRUV� PD\� KDYH�EHHQ� GLVSODFHG� IRU� WKH� IRUPDWLRQ� RI� VWUXFWXUHV��VXFK� DV� GLDJHRWURSLF� URRWV�� 7KH\� FRQ WULEXWH� IRU� D�ORZHU�DFFXPXODWLRQ�RI�WKH�ELRPDVV�RI�WKH�GLIIHUHQW�RUJDQV� GXULQJ� IORRGLQJ�� *URZWK� GHFUHDVH� LQ�GLIIHUHQW� SDUWV� RI� WKH� SODQW� LQ� WHUPV� RI� WKH�DFFXPXODWLRQ� RI� GU\� PDWWHU� KDV� W\SLFDOO\� EHHQ�UHSRUWHG� LQ� VWXGLHV� RQ� IORRGLQJ� �0DUTXHV� HW� DO��������� .ROE� HW� DO��� ������ 0HGUL� HW� DO��� �������:LHGHQURWK� ������� DQG� $UPVWURQJ� HW� DO�� �������UHSRUWHG� WKDW� WKH�JURZWK�GHFUHDVH�RI�VRPH�RUJDQV�GXULQJ� IORRGLQJ�FRXOG�EH�D� VWUDWHJ\� WR�HFRQRPL]H�HQHUJ\�DQG�NHHS�PHWDEROLVP�RI� WKH�PRVW�DIIHFWHG�UHJLRQV��7KXV��WKH�VXUYLYD O�RI�SODQW�ZDV�GHSHQGHQW�RI� HTXLOLEULXP� LQ� WKH� GLVWULEXWLRQ� RI�SKRWRDVVLPLODWHG� IDFWRUV� DPRQJ� WKH� YDULRXV� SDUWV�RI� WKH� SODQW�� 5*5� UHGXFWLRQ� LQ� OHDYHV� RI� 7��DYHOODQHGDH PD\� VWLOO� KDYH� EHHQ� FDXVHG� E\� D�GHFUHDVH� LQ� QXWULHQW� DYDLODELOLW\�� $FFRUGLQJ� WR�

&ROOLQ�%HOJUDQG�HW�DO���������DQG�$UPVWURQJ�HW�DO���������WKLV�PD\�RFFXU�GXULQJ�K\SR[LD�:KLOH� IORRGLQJ� DIIHFWHG� SKRWRV\QWKHVLV�� 1$5�GHFUHDVH� LQ� IORRGHG� SODQWV� VKRZV� D� ORZHULQJ� RI�HIILFLHQF\� RI� SODQWV� DV� DVVLPLODWLQJ� V\VWHPV��7KLV�PLJKW� KDYH� OHG� WR� D� UHGXFWLRQ� LQ� WKHLU� JURZWK��5HVXOWV� LQ�QHW� DVVLPLODWLRQ� VLPLODU� WR� WKRVH� IRU� 7��DYHOODQHGDH ZHUH� DOVR� UHJLVWHUHG�E\�'UH\HU� HW�DO���������DQG�3LPHQWD���������5HVXOWV� IRU� WKH� GHYHORSPHQW� RI� 7�� DYHOODQHGDHVKRZHG�WKDW�VSHFLHV�PDLQWDLQHG�JURZWK�RI�VWHP�LQ�H[WHQVLRQ� GXULQJ� IORRGLQJ�� 7KH� URRWV�� KRZHYHU��KDG� SURQRXQFHG� JURZWK� LPSDLUPHQW�� 6LPLODUO\� WR�ZKDW� RFFXUV� LQ� VRLOV� ZLWK� ORZ� R[\JHQ�FRQFHQWUDWLRQ� GXH� WR� IORRGLQJ�� WKH� URRWV� DUH� WKH�ILUVW�RUJDQV�DIIHFWHG�E\�K\SR[LD�DQG�JHQHUDOO\�WKHLU�JURZWK�LV�JUHDWO\�LPSDLUHG��9DUWDSHWLDQ� ������'HFUHDVH� LQ� WKH� SURGXFWLRQ� RI� QHZ� OHDYHV� LQ�IORRGHG� SODQWV� RI� 7�� DYHOODQHGDH FDXVHG� D�GLPLQLVKLQJ�RI�JURZWK�LQ�OHDI�DUHD��&RQVHTXHQWO\��WKLV� UHVXOWHG� LQ� 1$5� ORZHULQJ� GXULQJ� IORRGLQJ��'HFUHDVH�PD\�KDYH�DOVR�EHHQ�D�FRQVHTXHQFH�RI�WKH�UHGXFWLRQ� LQ� QXWULHQW� IORZ� WRZDUGV� WKH� DHULDO� SDUW�DQG� D� UHGLUHFWLRQ� RI� GLVSODFHPHQW� RI�SKRWRDVVLPLODWHG� IDFWRUV� IRU� WKH� SURGXFWLRQ� RI�GLDJHRWURSLF� URRWV�� 5HGXFWLRQ� LQ� OHDI� SURGXFWLRQ�GXULQJ� IORRGLQJ� KDV� DOVR� EHHQ� UHJLVWHUHG� E\�3LPHQWD��������LQ�&DPSRPDQHVLD�[DQWKRFDUSD�,QFUHDVH� LQ� WKH� VWHP¶V�GLDPHWHU�RI� 7��DYHOODQHGDHJDYH�D� VSRQJ\�DVSHFW� WR� WKH�VWHP�DW� WKH�KHLJKW�RI�WKH� ZDWHU� ODPLQD�� 3UREDEO\� K\SHUWURSK\� ZDV�FDXVHG� E\� WKH� IRUPDWLRQ� RI� DHUHQFK\PD�� ,QFUHDVH�LQ� VWHP� GLDPHWHU� LV� D� W\SLFDO� DQVZHU� WR� VRLO�IORRGLQJ�DQG�KDV�EHHQ�UHJLVWHUHG�E\�PDQ\�DXWKRUV��3LPHQWD�HW�DO���������/RER�DQG�-RO\��������0HGUL�HW� DO��� ������� $HUHQFK\PD� IRUPHG� LQ� IORRGLQJ�IDFLOLWDWHV� LQWHUQDO� GLIIXVLRQ� RI� R[\JHQ� DQG� DOORZV�DWPRVSKHUH�JDVHV�WR�EH�WUDQVSRUWHG�WR�WKH�VXEPHUVHG�SDUWV�RI�WKH�SODQW��:LHGHQURWK���������,W�KDYH�EHHQ�UHFHQWO\� YHULILHG� WKDW� LQ� VRPH� VSHFLHV� VWHP�K\SHUWURSK\�PD\�KDYH�EHHQ�FDXVHG�E\�DQ�LQFUHDVH�LQ�H[FKDQJH� DFWLYLW\�RU�E\� DQ� LQFUHDVH� LQ� WKH�QXPEHU�DQG�VL]H�RI�[\OHP�ILEHUV��<DPDPRWR�HW�DO���������6WHP� K\SHUWURSK\� RI� 7�� DYHOODQHGDH SURYRNHG�ILVVXUHV��7RJHWKHU�ZLWK�K\SHUWURSKLHG�OHQWLFHOV�LQ�WKH�URRWV��WKLV�PLJKW�KDYH�EHHQ�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�VXUYLYDO� RI� SODQWV� GXULQJ� IORRGLQJ�� 7KHVH� ILVVXUHV��DOVR� YHULILHG� E\� -RO\� DQG� &UDZIRUG� ������� LQ�6HEDVWLDQLD�NORW]FKLDQD DQG�E\�'DYDQVR�)DEUR�HW�DO���������LQ�6HVEDQLD�YLUJDWD��PD\�KDYH�WKH�VDPH�UROH�RI�K\SHUWURSKLHG� OHQWLFHOV��$FFRUGLQJ� WR�+RRN�DQG�6FKROWHQV���������WKH�ODWWHU�ZRXOG�EH�LQYROYHG�LQ�WKH�
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LQFUHDVH� RI� JDV� H[FKDQJH� EHWZHHQ� WKH� DWPRVSKHUH�DQG�WKH�SODQW��$QRWKHU�IDFWRU�WKDW�FRXOG�KDYH�DQ�LPSRUWDQFH�LQ�WKH�VXUYLYDO� RI� WKH� VSHFLHV� XQGHU� DQDO\VLV� ZDV� WKH�GHYHORSPHQW�RI�GLDJHRWURSLF�URRWV��*URZWK�GHFUHDVH�DQG�GHDWK�RI�URRWV�LQ�WKH�GHHSHVW�OD\HUV�RI�VRLO�DQG�WKH� HVWDEOLVKPHQW� RI� GLDJHRWURSLF� URRWV� PD\� EH� D�VWUDWHJ\� LQ�HQHUJ\�HFRQRP\��6FK O�WHU�HW�DO����������7KH�QHZ�URRWV�DW�WKH�PRUH�DLUHG�VRLO�VXUIDFH�ZRXOG�EH�PRUH�HIILFLHQW�LQ�2� WUDQVSRUWDWLRQ�DQG�ZDWHU�DQG�LRQ� DEVRUSWLRQ� �$UPVWURQJ�� ������� /RER� DQG� -RO\��������YHULILHG�WKDW�LQ�7DODXPD�RYDWD IORRG�LQGXFHG�GLDJHRWURSLF� URRWV� KDG� D� KLJKH U� UDWH� RI� 2��FRQVXPSWLRQ� DQG� UHOHDVH� RI�&2��� ,W� VKRZV� D�PRUH�DFWLYH� UHVSLUDWRU\� PHWDEROLVP� WKDQ� LQ� RWKHU� URRWV��5RRWV� SURGXFHG� GXULQJ� IORRGLQJ� ZRXOG� EH� DOVR�VXEVWLWXWLQJ�WKH�GHWHULRUDWHG�URRWV�GXULQJ�K\SR[LD�LQ�SURGXFLQJ�YHJHWDO�KRUPRQHV�VXFK�DV�F\WRF\QLQ� DQG�JLEEHUHOOLQ�� 7KH� SUREDEOH� KRUPRQDO� SURGXFWLRQ� E\�GLDJHRWURSLF� URRWV� LQ� 7�� DYHOODQHGDH ZRXOG� DYRLG�HDUO\�DEVFLVVLRQ�RI�OHDYHV�GXULQJ�IORRGLQJ��7KXV��WKH�VXUYLYDO� RI� SODQW� GRHV� QRW� GHSHQG� RQ� D� V\VWHP� RI�WROHUDQW�URRWV�EXW�RQ�WKH�SURGXFWLRQ�FDSDFLW\�RI�QH Z�URRWV� VXEVWLWXWLQJ� WKH� GHWHULRUDWHG� RQHV� GXULQJ�IORRGLQJ� �&ROOLQ�%HOJUDQG� HW� DO��� ������� ,Q� WKHLU�VWXG\� RI� K\SR[LD� LQ� 7�� DYHOODQHGDH��0HVVLDV� HW� DO��������� YHULILHG� WKDW� VSHFLHV� SURGXFHG� PDQ\�DGYHQWLWLRXV� URRWV�� 7KLV� KDV� QRW� EHHQ� UHJLVWHUHG� LQ�WKH� SUHVHQW� H[SHULPHQW�� 3KHQRW\SH� YDULDWLRQ� PD\�SUREDEO\� EH� GXH� WR� JHQHWLF� YDULDWLRQV� DPRQJ�SRSXODWLRQV�RI�GLIIHUHQW�ORFDOV��,QWHUFHOOXODU� FRUWLFDO� VSDFHV� LQ� 7�� DYHOODQHGDH LQ�URRWV� DQG� LQ� OHDYHV� FRXOG� EH� PHUHO\� FRQVWLWXWLYH�VLQFH�WKHLU�IRUPDWLRQ�ZDV�QRW�DIIHFWHG�E \�IORRGLQJ��,Q�WKHLU�VWXG\�RQ�VSHFLHV�RI�ULSDULDQ�YHJHWDWLRQ�ZLWK�YDULRXV� WROHUDQFH� GHJUHHV�� 6PLUQRII� DQG�&UDZIRUG��������GHILQHG�DV� WROHUDQW� WKRVH�VSHFLHV�ZLWK�PRUH�WKDQ� ���� SRURVLW\� RI� URRWV� LQ� GUDLQHG� FRQGLWLRQV��ZKLOH� WKH\� PLJKW� RU� QRW� LQFUHDVH� TXDQWLW \� GXULQJ�IORRGLQJ��(YHQ�LQ�VRPH�WROHUDQW�VSHFLHV��SRURVLW\�RI�URRWV�PLJKW�QRW�UHDFW�WR�IORRGLQJ�1R� YDULDWLRQ� ZDV� GHWHFWHG� LQ� WKLFNQHVV� RI� URRW�FRUWH[� RI� 7�� DYHOODQHGDH LQ� IORRGHG� SODQWV� DQG�WKRVH�LQ�ILHOG�FDSDFLW\��3HUFHQWDJH�RI�LQWHUFHOOXODU�VSDFHV� DQG� GLDPHWHU� RI� FRUWLFDO� FHOOV� ZHUH� HTXDO�IRU�ERWK�JURXSV��:KHUHDV� LQFUHDVH� LQ�GLDPHWHU�RI�FRUWLFDO� FHOOV� DV� D� FRQVHTXHQFH� RI� IORRGLQJ� KDV�EHHQ�UHJLVWHUHG�LQ�6SDWKRGHD�FDPSDQXODWD �0HGUL�DQG�&RUUHD��������� UHGXFWLRQ� LQ�GLDPHWHU�RI�WKHVH�FHOOV�ZDV�UHFRUGHG� LQ� 6HVEDQLD�YLUJDWD �'DYDQVR�)DEUR�HW�DO����������7KH� IDFW� WKDW� WKH�GLDJHRWURSLF� URRWV�RI� IORRGHG� 7��DYHOODQHGDH ZHUH� FRYHUHG� ZLWK� PRUH� KDLUV� WKDQ�

SODQWV�LQ�ILHOG�FDSDFLW\�VXJJHVWHG�WKDW�DQ�LQFUHDVH�LQ�DUHD�DEVRUSWLRQ�PLJKW�EH�RFFXUULQJ��ZLWK�JUHDWHU�HIILFLHQW DEVRUSWLRQ� RI� ZDWHU� DQG� LRQV�� +LJK�FRQFHQWUDWLRQV�RI�HWK\OHQH�PD\�DFW�DV�VWLPXODWRU�LQ�KDLU�IRUPDWLRQ�LQ�WKH�URRW�RI�PDQ\�VSHFLHV�VXFK�DV�LQ� WKH� JHQHUD� /DFWXFD �$EHOHV� HW� DO��� ������ DQG�$UDELGRSVLV �'RODQ�HW� DO����������7KLV�RFFXUV� WRR�LQ� WKH� FRORQ� RI� &KRULVLD� VSHFLRVD�� VLQFH� HWK\OHQH�OHYHOV� DUH� UDLVHG� ZKHQ� WKH� SODQW� XQGHUJRHV�IORRGLQJ��*LORQL��SHUVRQDO�FRPPXQLFDWLRQ��,I� IORRGHG� 7�� DYHOODQHGDH VXUYLYHG� GXULQJ� WKH�H[SHULPHQW�� SRVVLEO\� RZLQJ� WR� WKHLU� DELOLW\� LQ�SURGXFLQJ� SKRWRV\QWKHVLV�� LW� VKRZHG� WKDW� WKH�VSHFLHV�� DOWKRXJK� QRW� KLJK� WROHUDQW� WR� IORRGLQJ��PLJKW�DGDSW�LWVHOI�WR�VKRUW�IORRGLQJ�SHULRGV��5HODWLYH�WROHUDQFH� FRXOG� EH� FRUURERUDWHG� E\� DELOLW\� RI� 7��DYHOODQHGDH WR� GHYHORS� WKH� QHFHVVDU\� VWUXFWXUHV� WR�HDVH�IORRGLQJ�HIIHFWV�DQG�WKXV�IDFLOLWDWLQJ�WKH�LQWHU QDO�GLIIXVLRQ� RI� R[\JHQ� IURP� WKH� DHULDO� VHFWLRQ� WR� WKH�URRWV�� )XUWKHU�� DV� 7�� DYHOODQHGDH GLG� QRW� XQGHUJR�SURQRXQFHG� YDULDWLRQV� LQ� OHDI� DQG� URRW� LQWHUQDO�DQDWRP\��PHWDEROLF�FKDQJHV�SUREDEO\�KHOSHG�LQ�WKH�VXUYLYDO�RI�VSHFLHV�GXULQJ�IORRGLQJ��7ROHUDQFH�RI�VSHFLHV�PD\�YDU\�IURP�D�IHZ�GD\V� WR�VRPH�PRQWKV�DQG�GHSHQGV�RQ�WKH�WLPH�RI�WKH�\HDU��WKH� SODQW¶V� VWDJH� RI� GHYHORSPHQW�� GHJUHH� DQG�GXUDWLRQ�RI�IORRGLQJ��&UDZIRUG�DQG�%UlQGOH���������&DXWLRQ� LV� QHFHVVDU\� ZKHQ� YHULI\LQJ� WKH� UHDO�PHDQLQJ�RI�WROHUDQFH�HVSHFLDOO\� LQ�WURSLFDO�VSHFLHV��5RJJH� HW� DO�� ������� VWXGLHG� WKH� UHVSLUDWRU\�PHWDEROLVP� RI� IORRGHG� URRWV� RI� WROHUDQW� DQG�LQWROHUDQW� WURSLFDO� VSHFLHV�� 7KHVH� DXWKRUV� GLGQ¶W�UHJLVWHU�SDWWHUQV�RI�DQVZHUV�WKDW�ZRXOG�GLIIHUHQWLDWH�WKH�WZR�JURXSV��&RQFOXVLRQ�FRQILUPHG�WKDW�W KHUH�ZDV�D� JUHDW� YDULHW\� RI� PHFKDQLVPV� RI� IORRG� WROHUDQFH��6LQFH�WKH�³LSr�UR[R´�URRWV�ZHUH�QRW�GLUHFWO\�DIIHFWHG�E\�IORRGLQJ��VHOHFWLRQ�RFFXUHG�LQ�WKH�LQLWLDO�VWDJHV�RI�WKH�SODQW¶V��GHYHORSPHQW��0RUH�VWXGLHV�DUH�QHFHVVDU\�RQ�WKH�IDFWRUV�WKDW�LQIOXHQFH�LWV� HVWDEOLVKPHQW�LQ�WKH�ILHOG��
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3UHVHQW�UHVHDUFK�LV�SDUW�RI�D�SURMHFW�HQWLWOHG�³$VSHFWV�RI� )DXQD� DQG� )ORUD� LQ� WKH� 7LEDJL� 5LYHU� %DVLQ´�VXSSRUWHG� E\� WKH� 8QLYHUVLGDGH� (VWDGXDO� GH�/RQGULQD�� ,QWHUPXQLFLSDO� $JUHHPHQW� IRU�(QYLURQPHQWDO�3URWHFWLRQ RI�WKH�7LEDJL�5LYHU�%DVLQ��&23$7,� DQG� ./$%,1� )DEULFDGRUD� GH� 3DSHO� H�&HOXORVH� DQG� ),1(3�� ,W� KDG� DOVR� WKH� VXSSRUW� RI�&$3(6� DQG� 183(/,$� �5HVHDUFK� 1XFOHXV� LQ�
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)RUDP� HVWXGDGDV� DV� PRGLILFDo}HV� PRUIR �DQDW{PLFDV� H� HFRILVLROyJLFDV� TXH� R� DODJDPHQWR�SURYRFD�HP�7DEHEXLD�DYHOODQHGDH /RU��H[�*ULVHE���%LJQRQLDFHDH��� FRUUHODFLRQDQGR �DV� FRP� VXD�FDSDFLGDGH� GH� WROHUDU� R� H[FHVVR� GH� iJXD�QR� VROR��3ODQWDV� FRP� WUrV� PHVHV� GH� LGDGH�� FUHVFHQGR HP�FDVD�GH�YHJHWDomR��IRUDP�VXEPHWLGDV�D����GLDV�GH�DODJDPHQWR� H� D� XP� SHUtRGR� GH� SyV �DODJDPHQWR�����$� WD[D� IRWRVVLQWpWLFD� H� R� FUHVFLPHQWR� GH� 7��DYHOODQHGDH GHFUHVFHUDP� FRQIRUPH� DXPHQWRX� R�WHPSR� GH� DODJDPHQWR�� PDV� PHVPR� QmR� VHQGR�DOWDPHQWH� WROHUDQWH�� D� HVSpFLH� IRL� FDSD]� GH� VH�DGDSWDU� D� FXUWRV� SHUtRGRV� GH� DODJDPHQWR�� (VWD�UHODWLYD� WROHUkQFLD� SURYDYHOPHQWH� VH� GHYH� j�FDSDFLGDGH� DSUHVHQWDGD� SRU� 7�� DYHOODQHGDH GH�GHVHQYROYHU�HVWUXWXUDV�TXH�DPHQL]DP�RV�HIHLWRV�GR�DODJDPHQWR�� SURPRYHQGR� D� GLIXVmR� LQWHUQD� GH�R[LJrQLR� GD� SDUWH� DpUHD� SDUD� DV� UDt]HV�� WDLV� FRPR�UDFKDGXUDV� FDXOLQDUHV�� UDt]HV� VXSHUILFLDLV� H�OHQWLFHODV� KLSHUWURILDGDV� QDV� UDt]HV�� &RPR� QmR�KRXYH� DFHQWXDGD�YDULDomR�QD� DQDWRPLD� LQWHUQD�GH�IROKDV� H� UDt]HV� GH� 7�� DYHOODQHGDH�� DOWHUDo}HV�PHWDEyOLFDV� SURYDYHOPHQWH� DX[LOLDUDP� QD�VREUHYLYrQFLD�GD�HVSpFLH�GXUDQWH�R�DODJDPHQWR�
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$EHOHV�� )�� %��� 0RUJDQ�� 3�� :�� DQG� 6DOWYHLW� -U��� 0�� (���������� (WK\OHQH� LQ� SODQW� %LRORJ\�� �QG� HG�� $FDGHPLF�3UHVV��6DQ�'LHJR��$UPVWURQJ�� :�� �������� 5RRW� DHUDWLRQ� LQ� WKH� ZHWODQG�FRQGLWLRQ�� ,Q� +RRN�� '�� '�� DQG� &UDZIRUG�� 5�� 0�� 0���HGV����3ODQW�OLIH�LQ�DQDHURELF�HQYLURQPHQWV��$QQ��$UERU�6FLHQFH��0LFKLJDQ��SS����������$UPVWURQJ�� :�� �������� $HUDWLRQ� LQ� KLJKHU� SODQWV��$GY��%RW��5HV��������������$UPVWURQJ��:���%UlQGOH��5�� DQG� -DFNVRQ��0��%����������0HFKDQLVPV� RI� IORRG� WROHUDQFH� LQ� SODQWV�� $FWD� %RW��1HHUO����� ���������������%ORP��&��:�� 3��0���9RHVHQHN��/��$��&�� -���%DQJD��0���(QJHODDU��:��0��+��*���5LMQGHUV��-��+��*��0���6WHHJ��+��0�� 9DQ� DQG� 9LVVHU�� (�� -�� :�� �������� 3K\VLRORJLFDO�HFRORJ\� RI� ULYHUVLGH� VSHFLHV�� DGDSWDWLYH� UHVSRQVHV� RI�SODQWV�WR�VXEPHUJHQFH��$QQ��%RW���������������&OHPHQV�� -��� .LUN�� $��0�� DQG�0LOOV�� 3�� '�� �������� 7KH�UHVLVWHQFH� WR�ZDWHUORJJLQJ�RI� WKUHH�(XFDOLSWXV VSHFLHV��2HFRO���������������

&ROLQ�%HOJUDQG�� 0��� 'UH\HU�� (�� DQG� %LURQ�� 3�� ��������6HQVLWLYLW\� RI� VHHGOLQJV� IURP� GLIIHUHQW� RDN� VSHFLHV� WR�ZDWHUORJJLQJ�� HIIHFWV� RQ� URRW� JURZWK� DQG� PLQHUDO�QXWULWLRQ� $QQ��6FL��)RU���������������&ROOL�� 6�� �������� $VSHFWRV� KRUPRQDLV�� DQDW{PLFRV� H� GR�GHVHQYROYLPHQWR� GH� GXDV� HVSpFLHV� GH� &URWRQVXEPHWLGDV� DR� DODJDPHQWR�� 7HVH�� ,QVWLWXWR� GH�%LRFLrQFLDV��8QLYHUVLGDGH�GH�6mR�3DXOR�&UDZIRUG�� 5�� 0�� 0�� �������� 0HWDEROLF� DGDSWDWLRQ� WR�DQR[LD�� ,Q��3ODQW� OLIH� LQ� DQDHURELF� HQYLURQPHQWV�� HGV��+RRN��'��'���&UDZIRUG��5��0��0��$QQ�$UERU�6FLHQFH��SS����������&UDZIRUG�� 5�� 0�� 0�� DQG� %UlQGOH�� 5�� �������� 2[\JHQ�GHSULYDWLRQ� VWUHVV� LQ� D� FKDQJLQJ� HQYLURQPHQW�� -�� ([S��%RW�����������������������'DYDQVR�)DEUR��9��0���0HGUL,��0��(���%LDQFKLQL��(��DQG�3LPHQWD��-��$����������7ROHUkQFLD�j�LQXQGDomR��DVSHFWRV�GD� DQDWRPLD� HFROyJLFD� H� GR� GHVHQYROYLPHQWR� GH�6HVEDQLD� YLUJDWD �&DY���3HUV�� �)DEDFHDH���%UD]��$UFK��%LRO��7HFKQRO���������������������'RODQ�� /��� 'XFNHWW�� &�� 0��� *ULHUVRQ�� &��� /LQVWHDG�� 3���6FKHQHLGHU��.���/DZVRQ��(���'HDQ��&���3RHWKLJ��6��DQG�5REHUWV�� .�� �������� &ORQDO� UHODWLRVKLSV� DQG� FHOO�SDWWHUQLQJ� LQ� WKH� URRW� HSLGHUPLV� RI� $UDELGRSVLV��'HYHORSPHQW�����������������'RZQWRQ��:�� -�� 6��� /RYH\V�� %�� 5�� DQG�*UDQW��:�� -�� 5���������� 1RQ�XQLIRUP� VWRPDWDO� FORVXUH� LQGXFHG� E\�ZDWHU� VWUHVV� FDXVHV� SXWDWLYH� QRQ�VWRPDWDO� LQKLELWLRQ RI�SKRWRV\QWKHVLV��1HZ�3K\WRO�����������������'UH\HU�� (��� &ROLQ�%HOJUDQG�� 0�� DQG� %LURQ�� 3�� ��������3KRWRV\QWKHVLV� DQG� VKRRW� ZDWHU� VWDWXV� RI� VHHGOLQJV�IURP� GLIIHUHQW� RDN� VSHFLHV� VXEPLWWHG� WR�ZDWHUORJJLQJ��$QQ��6FL��)RU����������������+RRN��'��'��DQG�6FKROWHQV��-��5����������$GDSWDWLRQV�DQG�IORRG� WROHUDQFH� RI� WUHH� VSHFLHV�� ,Q� +RRN�� '�� '�� DQG�&UDZIRUG�� 5�� 0�� 0�� �HGV���� 3ODQW� OLIH� LQ� DQDHURELF�HQYLURQPHQWV��$QQ�$UERU�6FLHQFH��SS����������-RO\��&��$��DQG�&UDZIRUG��5��0��0����������9DULDWLRQ�RQ�WROHUDQFH�DQG PHWDEROLF�UHVSRQVHV�WR�IORRGLQJ�LQ�VRPH�WURSLFDO�WUHHV��-��([S��%RW���������������.ROE��5��0���0HGUL��0��(���%LDQFKLQL��(���3LPHQWD��-��$���*LORQL�� 3�� &�� DQG� &RUUHD�� *�� 7�� �������� $QDWRPLD�HFROyJLFD� GH� 6HEDVWLDQLD� FRPPHUVRQLDQD �%DLOORQ��6PLWK� DQG� 'RZQV� �(XSKRUELDFHDH�� VXEPHWLGD� DR�DODJDPHQWR��5HY��%UDV��%RW���������������������/LDR�� &�� 7�� DQG� /LQ�� &�� +�� �������� 3KRWRV\QWKHWLF�UHVSRQVHV� RI� JUDIWHG� ELWWHU� PHORQ� VHHGOLQJV� WR� IORRG�VWUHVV��(QY��([S��%RW����������������/LPD��:��3����������)XQomR�KLGUROyJLFD GD�PDWD�FLOLDU��,Q�%DUERVD�� /�� 0�� �HG���� 6LPSyVLR� VREUH� 0DWD� &LOLDU��)XQGDomR�&DUJLO��&DPSLQDV�/RER�� 3�� &�� DQG� -RO\�� &�� $�� �������� 0HFDQLVPRV� GH�WROHUkQFLD�j�LQXQGDomR�GH�SODQWDV�GH�7DODXPD�RYDWD 6W��+LO�� �0DJQROLDFHDH��� XPD� HVSpFLH� WtSLFD� GH� PDWDV� GH�EUHMR��5HY��%UDV��%RW���������������������/RUHQ]L�� +�� �������� ÈUYRUHV� EUDVLOHLUDV�� PDQXDO� GH�LGHQWLILFDomR�H�FXOWLYR�GH�SODQWDV�DUEyUHDV�QDWLYDV�GR�%UDVLO��3ODQWDUXP��1RYD�2GHVVD��SS�����
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0DULQKR�)LOKR��-��6��DQG�5HLV��0��/����������$�IDXQD�GH�PDPtIHURV�DVVRFLDGD�jV�PDWDV�GH�JDOHULD�� ,Q� %DUERVD��/�� 0�� �HG���� 6LPSyVLR� VREUH� 0DWD� &LOLDU�� )XQGDomR�&DUJLO��&DPSLQDV��0DUTXHV� 0��&��0���3LPHQWD��-��$��DQG�&ROOL��6����������$VSHFWRV�GR�PHWDEROLVPR�H�GD�PRUIRORJLD�GH�&HGUHOOD�ILVVLOLV 9HOO�� H�$QDGHQDQWKHUD� FROXEULQD �9HOO��� %UHQ��VXEPHWLGDV� D� GLIHUHQWHV� UHJLPHV� KtGULFRV��%UD]�� $UFK��%LRO��7HFKQRO����������������������0HGUL�� 0�� (�� DQG� &RUUHD�� 0�� $�� �������� $VSHFWRV�KLVWROyJLFRV� H� ELRTXtPLFRV� GH� -RDQQHVLD� SULQFLSV H�6SDWKRGHD� FDPSDQXODWD�� FUHVFHQGR� HP� VRORV� QD�FDSDFLGDGH� GH� FDPSR�� HQFKDUFDGR� H� DODJDGR��6HPLQD�������������������0HGUL��0��(���%LDQFKLQL��(���3LPHQWD��-��$���'HOJDGR��0� )��DQG�&RUUHD��*��7����������$VSHFWRV�PRUIRDQDW{PLFRV�H�ILVLROyJLFRV� GH� 3HOWRSKRUXP� GXELXP �6SU��� 7DXE��VXEPHWLGD� DR� DODJDPHQWR� H� DSOLFDomR� GH� HWKUHO���������5HY��%UDV��%RW����������������������0HVVLDV��$��0���*DUEH��0���%LDQFKLQL��(��DQG�0HGUL��0��(�� �������� $VSHFWRV� PRUIROyJLFRV�� KLVWROyJLFRV� H�ELRTXtPLFRV� GH� 7DEHEXLD� DYHOODQHGDH /RUHQW]��FUHVFHQGR�HP�VRORV�DUHMDGR�H�SDUFLDOPHQWH�DQy[LFR��,Q�$QDLV� GR� ,9� &RQJUHVVR� GH� %RWkQLFD� GH� 6mR� 3DXOR��8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV�3LPHQWD�� -�� $�� �������� (VWXGR� SRSXODFLRQDO� GH�&DPSRPDQHVLD� [DQWKRFDUSD 2�� %HUJ� �0\WDFHDH�� QR�3DUTXH� (VWDGXDO�0DWD� GRV�*RGR\��/RQGULQD�3U�� 7HVH��8QLYHUVLGDGH� (VWDGXDO� GH� &DPSLQDV�� ,QVWLWXWR� GH�%LRORJLD��&DPSLQDV�3LPHQWDV� -�� $��� 2UVL��0��0� DQG 0HGUL��0�� (�� ��������$VSHFWRV�PRUIROyJLFRV�H�ILVLROyJLFRV�GH�&ROHXV�EOXPHL%HQWK��VXEPHWLGR�j�LQXQGDomR�H�j�DSOLFDomR�GH�HWKUHO�H�FREDOWR��5HY��%UDV��%LRO���������������������5HLW]�� 5��� .OHLQ�� 5�� 0�� DQG 5HLV�� $�� �������� 3URMHWR�PDGHLUD�GH�6DQWD�&DWDULQD��6HOORZLD���������5RJJH��*��'���3LPHQWD��-��$���%LDQFKLQL��(���0HGUL��0��(���&ROOL�� 6�� DQG $OYHV�� /�� 0�� 7�� �������� 0HWDEROLVPR�UHVSLUDWyULR� GH� UDt]HV� GH� HVSpFLHV� DUEyUHDV� WURSLFDLV�VXEPHWLGDV�j�LQXQGDomR��5HY��%UDV��%RW���������������������

5XL]�6iQFKHV�� 0�� &��� 'RPLQJR�� 5��� 0RUDOHV�� '�� DQG�7RUUHFLOODV�� $�� ��������:DWHU� UHODWLRQV� RI� ILQR� OHPRQ�SODQWV� RQ� WZR� URRWVWRFNV� XQGHU� IORRGHG� FRQGLWLRQV��3ODQW�6FL�����������������6FKO�WHU�� 8�� %��� )XUFK�� %� DQG -RO\�� &�� $�� ��������3K\VLRORJLFDO� DQG� DQDWRPLFDO� DGDSWDWLRQV� E\� \RXQJ�$VWURFDU\XP� MDXDUL 0DUW�� �$UDFHDH�� LQ� SHULRGLFDOO\�LQXQGDWHG� ELRWRSHV� RI� &HQWUDO� $PD]RQLD�� %LRWURSLFD���������������6PLUQRII��1�� DQG�&UDZIRUG��5��0��0�� ��������9DULDWLRQ� LQ�WKH�VWUXFWXUH�DQG�UHVSRQVH�WR�IORRGLQJ�RI�URRW�DHUHQFKLPD�LQ�VRPH�ZHWODQG�SODQWV��$QQ��%RW����������������9DUWDSHWLDQ��%��%�� ��������3ODQW�SK\VLRORJLFDO� UHVSRQVHV�WR�DQR[LD��,QW��&URS�6FL��������������:LHGHQURWK��(��0����������5HVSRQVHV�RI�URRWV�WR�K\SR[LD��WKHLU�VWUXWXUDO�DQG�HQHUJ\�UHODWLRQV�ZLWK�WKH�ZKROH�SODQW��(QY��([S��%RW�������������<DPDPRWR�� )�� DQG�.R]ORZVNL�� 7�� 7�� �������� (IIHFWV� RI�IORRGLQJ�� WLOWLQJ� RI� VWHPV�� DQG� (WKUHO� DSSOLFDWLRQ� RQ�JURZWK��VWHP�DQDWRP\�DQG�HWK\OHQH�SURGXFWLRQ�RI�3LQXV�GHQVLIORUD VHHGOLQJV��-��([S��%RW�����������������������<DPDPRWR�� )��� 6DNDWD�� 7�� DQG� 7HUD]DZD�� .�� ��������*URZWK�� PRUSKRORJ\�� VWHP� DQDWRP\�� DQG�����������HWK\OHQH� SURGXFWLRQ� LQ� IORRGHG� $OQXV� MDSRQLFDVHHGOLQJV��,$:$�-�������������������=KDQJ�� -�� DQG�'DYLHV��:�� -�� �������� $%$� LQ� URRWV� DQG�OHDYHV�RI�IORRGHG�SHD�SODQWV��-��([S��%RW���������������
5HFHLYHG��0D\����������5HYLVHG��'HFHPEHU����������$FFHSWHG��'HFHPEHU����������


