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5HSURGXFWLYH� 6WUDWHJLHV� RI� 3ODJLRVFLRQ� VTXDPRVLVVLPXV+HFNHO�� ����� �2VWHLFKWK\HV� 6FLDHQLGDH�� LQ� WKH� ,WDLSX�5HVHUYRLU��%UD]LO
5HJLQD�&LQWLD�&DUQHOyV�DQG�(YDQLOGH�%HQHGLWR�&HFLOLR
8QLYHUVLGDGH�(VWDGXDO�GH�0DULQJi��'HSDUWPHQW�RI�%LRORJ\�183(/,$��$Y��&RORPER�������������������0DULQJi��35�� %UD]LO $%675$&7
3ODJLRVFLRQ�VTXDPRVLVVLPXV LV�D�GRPLQDQW�VSHFLHV�LQ�WKH�,WDLSX�UHVHUYRLU�DQG�KDV�D�VLJQLILFDQW�UROH�LQ�WKH�UHJLRQDO�HFRQRP\��7KH�DLP�RI�WKH�SUHVHQW�UHVHDUFK�ZDV�WKH�LQYHVWLJDWLRQ�RI�WKH�FXUYLQD
V�UHSURGXFWLYH�VWUDWHJLHV�GXULQJ�WKH�ILUVW� \HDUV� RI� WKH� ,WDLSX� UHVHUYRLU� �1RYHPEHU� ����� WR� 2FWREHU� ������� &ROOHFWLRQV� ZHUH� XQGHUWDNHQ� IURP� HOHYHQ�VDPSOLQJ� VLWHV� LQ� WKH� UHVHUYRLU� DUHD�� OHIW� EDQN� WULEXWDULHV�� 3DUDQi� 5LYHU� DQG� LWV� WULEXWDULHV�� 6SHFLHV� EHJLQ� WKH�UHSURGXFWLRQ�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�,WDLSX�UHVHUYRLU�RQO\�LQ�������6L]H�RI�HDUO\�PDWXUDWLRQ��ORFDO�DQG�SHULRG�RI�VSDZQLQJ�VKRZHG�JUDGXDO�YDULDWLRQV��ZLWK�D�EURDGHQLQJ�WUHQG�RI�WKLV�DFWLYLW\�LQ�WKH�DUHD��DQG�WKXV�JXDUDQWHHLQJ�VXFFHVV�RI� WKH�VSHFLHV��0HDQ�VL]H�RI�HDUO\�VH[XDO�PDWXUDWLRQ�IRU� WKH�3ODJLRVFLRQ�VTXDPRVLVVLPXV UHDFKHG������FP�IRU�PDOHV�DQG������FP�IRU�IHPDOHV��
.H\�ZRUGV��5HSURGXFWLRQ��,WDLSX�UHVHUYRLU��3ODJLRVFLRQ�VTXDPRVLVVLPXV��LPSDFW


 $XWKRU�IRU�FRUUHVSRQGHQFH�

,1752'8&7,21
5HSURGXFWLYH�VWUDWHJLHV�DUH�D�VHW�RI�FKDUDFWHULVWLFV�RI�D�VSHFLH�VR�WKDW�VXFFHVV�LQ�UHSURGXFWLRQ�RFFXUV�WKURXJK� LWV� GHVFHQGHQWV� WKDW� JXDUDQ WHH� WKH�PDLQWHQDQFH� RI� WKH� SRSXODWLRQ�� 5HSURGXFWLRQ�VWUDWHJLHV� FRPSULVH� DJH� RU� VL]H� RI� HDUO\� VH[XDO�PDWXUDWLRQ�� IHFXQGLW\�� VL]H� DQG� W\SH� RI� JDPHWHV��SHULRG� DQG� ORFDO� RI� VSDZQLQJ�� UHSURGXFWLYH�EHKDYLRU�� W\SH� RI� RRF\WH� GHYHORSPHQW� DQG� VH[XDO�SURSRUWLRQ�� 5HSURGXFWLYH� WDFWLFV� DUH� YDULDEOH�FKDUDFWHULVWLFV�RI� VWDQGDUG� W\SH�DQG�D� UHVSRQVH� WR�IOXFWXDWLRQV� LQ� WKH� HQYLURQPHQW�� 9DULDELOLW\� RI�VWUDWHJ\�VKDSLQJ� WDFWLF� DGRSWHG� E\� VSHFLHV� RU�SRSXODWLRQ� LV� HVVHQWLDO� IRU� WKH� VXFFHVV� RI�JHQHUDWLRQ�RU�FRKRUW�DV�D�UHVXOW�RI�VS DZQLQJ��7KLV�LV� WKH� UHDVRQ� ZK\� WKHLU� VWUXFWXUH� DQG� DEXQGDQFH�

PD\� QRW� EH� PDLQWDLQHG� E\� PHDQV� RI� WKH�UHFUXLWPHQW� RI� QHZ� LQGLYLGXDOV� �9D]]ROHU�� �������3RWWV� DQG� :RRWWRQ� �������� KRZHYHU�� VWDWHG� WKDW�RQH�RI� WKH�FKDOOHQJHV�IRU� WKH�HFRORJLVW� LV� WR�VKRZ�KRZ� VWUDWHJ\� DQG� UHSURGXFWLYH� WDFWLFV� DUH�DGDSWDEOH�LQ�FHUWDLQ�HQYLURQPHQWDO�FLUFXPVWDQFHV��,QWHUFHSWLRQ�RI�ZDWHUFRXUVHV�E\�GDPPLQJ�FKDQJHV�GUDVWLFDOO\� WKH�G\QDPLFV�RI� WKH�QDWXUDO�V\VWHP��VR�QHZ� HFRORJLFDO� FRQGLWLRQV� DUH� HVWDEOLVKHG�� )LVK�VSHFLHV� ZLOO� UHVSRQG� WR� VXFK� SUHVVXUH� E\� WKH�HYROXWLRQ�RI�FRPSURPLVLQJ�DGDSWDWLRQV�WR�WKH�QHZ�HQYLURQPHQW�� ,I� WKLV� IDLOV� WR� KDSSHQ�� WKH\� ZLOO�GLVDSSHDU� RU� WKHLU� SRSXODWLRQ� ZLOO� GHFUHDVH�VLJQLILFDQWO\�� 7KH� HVWDEOLVKPHQW� RI� UHSURGXFWLRQ�VWUDWHJLHV�� DGHTXDWH� WR� WKH� QHZ� HQYLURQPHQW��ZL OO�GHWHUPLQH� WKH� VXFFHVV� RI� WKH� VSHFLHV� �$JRVWLQKR���HW�DO����������
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3ODJLRVFLRQ�VTXDPRVLVVLPXV��FRPPRQO\�NQRZQ�DV�FXUYLQD�� ZDV� LQWURGXFHG� LQ� UHVHUYRLUV� RI� WKH�QRUWKHDVWHUQ� %UD]LO� LQ� WKH� ��V� DQG� LQ� WKH� 3DUGR�5LYHU� �VWDWH� RI� 6mR� 3DXOR�� %UD]LO�� LQ� WKH� ��V��1RPXUD�� ������� &XUUHQWO\� VSHFLHV� LV� ZLGHO\�GLVWULEXWHG� LQ� 6RXWK� $PHULFD� DQG� LW¶V� RQH� RI� WKH�GRPLQDQW� VSHFLHV� LQ� WKH� ,WDLSX� UHVHUYRLU� ZKLFK�PDLQWDLQV� D� KLJK� FRQWULEXWLRQ� LQ� ILVKHULHV��$JRVWLQKR��������%HQHGLWR �&HFLOLR���������7KH� SUHVHQW� UHVHDUFK� ZRUN� LQYHV WLJDWHG� WKH�UHSURGXFWLYH� VWUDWHJLHV� RI� WKH� 3ODJLRVFLRQ�VTXDPRVLVVLPXV LQ� WKH� HDUO\� \HDUV� RI� WKH� ,WDLSX�UHVHUYRLU�� 7KHVH� LQIRUPDWLRQV� DUH� LQGLVSHQVDEOH�GDWD� WR� WKH� XQGHUVWDQGLQJ� RI� WKH� DXWR �HFRORJ\� RI�WKH� VSHFLHV� DQG� IXQGDPHQWDO� IRU� WKH�PDQDJHPHQW�WKLV�ILVKHU\�UHVRXUFH��
0$7(5,$/6�$1'�0(7+2'6
%HWZHHQ� 1RYHPEHU� ����� DQG� 2FWREHU� ������HOHYHQ� VDPSOLQJ� VLWHV� ZHUH� HVWDEOLVKHG�� WKUHH�VWDWLRQV� LQ� WKH� ,WDLSX� UHVHUYRLU� �PXQLFLSDOLWLHV� RI�*XDtUD� � *8$,�� 6DQWD� +HOHQD� � 6+(/�� )R]� GR�,JXDoX� � )2=��� IRXU� LQ� WKH� OHIW� EDQN� WULEXWDULHV��2FRt�5LYHU� � 2&2,��6mR�)UDQFLVFR�)DOVR�5LYHU� �6))$�� 6mR� )UDQFLVFR� 9HUGDGHLUR� 5LYHU� � 6)9(��$UURLR�*XDoX�5LYHU� � *8$&��� WZR� LQ� WKH�3DUDQi�5LYHU� �RQH�XSVWUHDP� � 0217��RQH�GRZQVWUHDP� �-86$��WKH�,WDLSX�UHVHUYRLU���DQG�WZR�LQ�WULEXWDULHV�RI� WKH 3DUDQi� 5LYHU� �,JXDWHPL� 5LYHU� � ,*8$��3LTXLUL�5LYHU�� 3,48,��)LVKLQJ�JHDU�FRQVLVWHG�RI�VWDWLRQDU\�QHWV�ZLWK�PHVK�VL]HV� �� WR� ���FP�PHVK� QHWV� EHWZHHQ� QRQDGMDFHQW�NQRWV�� VHW� RXW� IRU� ��� KRXUV� DW� HDFK� VDPSOLQJ�VWDWLRQ��6WDQGDUG�OHQJWK��/V���WRWDO�ZHLJKW��:W��D QG�ZHLJKW� RI� JRQDGV� �:J�� ZHUH� WDNHQ� IRU� HDFK�VSHFLPHQ�� *RQDGV�� VH[� DQG� VWDJHV� RI� JRQDGDO�PDWXULW\� ZHUH� LGHQWLILHG� IRU� HDFK� DQG� HYHU\�LQGLYLGXDO� E\� PDFURVFRSLF� LQVSHFWLRQ� �9D]]ROHU���������0HDQ� VL]H� DW� ILUVW� VH[XDO� PDWXUDWLRQ� �/SP�� LQ�PDOHV� DQG� IHPDOHV� ZDV FRQVLGHUHG� WKH� VL]H� DW�ZKLFK�����RI� LQGLYLGXDOV�EHJDQ� WKH� UHSURGXFWLYH�SURFHVV��9D]]ROHU���������(YDOXDWLRQ�RI�FKDQJHV�LQ�VL]H� RI� VSHFLHV
V� HQWUDQFH� LQ� UHSURGXFWLRQ� DFWLYLW\�ZDV� DQDO\]HG� E\� VWDQGDUG� DYHUDJH� OHQJWK� IRU� WKH�WKUHH� VPDOOHVW� LQGLYLGXDOV� �PDOHV RU� IHPDOHV��FDSWXUHG� LQ� WKH� JRQDGDO� PDWXUDWLRQ� VWDJH� GXULQJ�WKH� SHULRG� LQ� ZKLFK� LQYHVWLJDWLRQ� RFFXUUHG� �6DWR�DQG�*RGLQKR���������5HODWLYH� FRQWULEXWLRQ� RI� JRQDGDO� ZHLJKW� �:J�� LQ�WRWDO� ZHLJKW� �:W��� RU� *RQDGDO� 6RPDWLF�

5HODWLRQVKLS� �*65�� RI� HDFK� LQGLYLGXDO� Z DV�FDOFXODWHG�E\�*65� �:J�:W�[������LQ�ZKLFK�FKLHI�HYHQWV� RI� UHSURGXFWLRQ� F\FOH� ZHUH� HYDOXDWHG� E\�JUDSKV� RI� VHDVRQDO� YDULDWLRQ� RI� DYHUDJH� *65��9D]]ROHU���������$SSOLHG�WR�GDWD�LQ�HDFK�VDPSOLQJ�VWDWLRQ�� SURFHGXUH� ZDV� XVHG� WR� LGHQWLI\�UHSURGXFWLRQ� DFWLYLW\� LQ� GLVWLQFW� HQYLURQPHQWV�XQGHU�DQDO\VLV��ZKLOH�VHDVRQDO�DQDO\VLV�GHWHUPLQHG�WKH�SHULRG�RI�VSHFLHV�UHSURGXFWLRQ��
5(68/76
'XULQJ� WKH� SHULRG� IURP� 1RYHPEHU� ����� DQG�2FWREHU����� ZHUH�FDXJKW�������PDOHV�DQG�������IHPDOHV� WRWDOLQJ� ������ LQGLYLGXDOV�� $QDO\VLV� RI�PHDQ�VL]H�RI�WKH�WKUHH�VPDOOHVW�LQGLYLGXDOV��PDOHV�DQG� IHPDOHV� ZLWK� PDWXUDWLQJ� JRQDGV�� VKRZ�LQFUHDVH�RI�VWDQGDUG�PHDQ�OHQJWK�GXULQJ�WKH�VWXG\�SHULRG�� +RZHYHU�� LQ� WKH� ODVW� SHULRG� OHQJWKV�ZHUH�KLJKHU� WKDQ� WKRVH� UHFRUGHG� DW� WKH� VWDUW� RI� WKH�UHVHDUFK��7DE�����
7DEOH� � � 0HDQ� VWDQGDUG� OHQJWK� �FP�� RI� WKH� VPDOOHVW�WKUHH� LQGLYLGXDOV�� PDOHV� DQG� IHPDOHV� RI� 3��VTXDPRVLVVLPXV�� SHU� SHULRG� �PD[LPXP�VWDQGDUG� OHQJWK�EHWZHHQ�SDUHQWKHVHV��� 6H[3HULRGV 0DOHV )HPDOHV������� ����������� � ������������� ����������� ������������������ ����������� ������������������ ����������� ������������������ ����������� ������������������ ����������� �����������
7KH� VL]H� RI� ���� RI� LQGLYLGXDOV� RI� 3��VTXDPRVLVVLPXV FDSDEOH�RI�UHSURGXFWLRQ�ZDV������FP� IRU� PDOHV� DQG� ����� FP� IRU� IHPDOHV�� :KROH�SRSXODWLRQ� SDUWLFLSDWHG� HIIHFWLYHO\� LQ� WKH�UHSURGXFWLYH�SURFHVV�WR������FP��)LJ����0HDQ� YDOXHV� IRU� PDOHV� DQG� IHPDOHV� RI� *RQDGDO�6RPDWLF� 5HODWLRQVKLS� IRU� HDFK� VDPSOLQJ� VWDWLRQ�DQG�IRU�HDFK�SHULRG�DQDO\]HG�DUH�VKRZQ�LQ�)LJXUHV���DQG���� UHVSHFWLYHO\��'XULQJ� WKH�ILUVW� WKUHH�\HDUV�IROORZLQJ� WKH� ,WDLSX� UHVHUYRLU� IRUPDWLRQ� QR�UHSURGXFWLYH� DFWLYLW\� RI� VSHFLHV� ZDV� UHFRUGHG�� ,W�ZDV� RQO\� DIWHU� �������� WKDW� UHFRUGHG� WKH� KLJKHU�*65�YDOXHV�IRU�ERWK�VH[HV��VSHFLDOO\�LQ�2&2,�DQG�6)9(�� ,Q� WKH� SHULRG� ��������� VWDWLRQ� 6))$�SUHVHQWHG� KLJK� *65� YDOXHV� WRR�� :LWKLQ� WKH�SULQFLSDO�ERG\�RI� WKH� UHVHUYRLU�RQO\�)2=�VKRZHG�LQFUHDVH�RI�PHDQ�YDOXHV�RI�*65�
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)LJXUH� � � 'LVWULEXWLRQ� RI� IUHTXHQF\� RI� PDOHV� DQG� IHPDOHV� RI� 3�� VTXDPRVLVVLPXVDFFRUGLQJ�WR�FODVV�RI�VWDQGDUG�OHQJWK�
7KHVH� YDOXHV� GRXEOHG� GXULQJ� ���� ����� WKH� ODVW�SHULRG� XQGHU� DQDO\VLV�� )XUWKHU�� GXULQJ� WKH� ODWWHU�SHULRG�UHSURGXFWLRQ�DUHD�H[WHQGHG�WR�WKH�WULEXWDU\�*8$&�5HSURGXFWLRQ� SHULRG� RI� VSHFLHV� H[WHQGHG� LWVHOI�IURP� VSULQJ� WR� DXWXPQ��ZLWK� SHDNV� LQ� VSULQJ� DQG�VXPPHU� �7DE�� ���� ,W� VKRXOG� EH� HPSKDVL]HG� WKDW�*65� YDULDWLRQV� ZHUH� SHUFHLYHG� DV� IURP� VSULQJ������� 0HDQ� YDOXHV� EHFDPH� JUDGXDOO\� KLJKHU�GXULQJ�WKH�ODVW�SHULRGV�XQGHU�DQDO\VLV�
',6&866,21
5HSURGXFWLRQ�LV�RQH�RI�WKH�PDLQ�HYHQWV�LQ�WKH�OLIH�KLVWRU\� RI� WKH� VSHFLHV� �.LQJ�� ������� ,W� LV� D� PRUH�FRQVHUYDWLYH�LWHP�WKDQ�DOO�WKH�RWKHU�YLWDO�DFWLYLWLHV��7KXV�� LW� LPSRVHV� OLPLWV� WR� WKH� FRORQL]DWLRQ� RI�UHVHUYRLUV� �$JRVWLQKR�HW�DO���������� ,Q� WKH�FDVH�RI�3�� VTXDPRVLVVLPXV WKH� DERYH� VXSSRVLWLRQ� ZDV�FRQILUPHG�VLQFH�LW�ZDV�RQO\�LQ�WKH�VSULQJ�RI������WKDW� WKH� VSHFLHV� KDG� IDYRUDEOH� FRQGLWLRQV� IRU�VSDZQLQJ� DQG� GHYHORSPHQW� RI� \RXQJ� VSHFLPHQV�DQG��FRQVHTXHQWO\��D�PRUH�WKRURXJK�RFFXSDWLRQ�RI�WKH�IORRGHG�LPSRXQGLQJ��1HYHUWKHOHVV��WKH�SURFHVV�LQYROYHG�GLVSODFHPHQWV�EHWZHHQ�DUHDV�LQ�VHD UFK�RI�VSHFLILF� VLWHV� IDYRUDEOH� WR� VSDZQLQJ� DQG� WR� WKH�GHYHORSPHQW�RI�WKH�MXYHQLOHV���FUDGOH�DUHDV����,Q�WKH�UHVHUYRLU�WKH�VL]H�RI�ILUVW�JRQDGDO�PDWXUDWLRQ�RI� WKH�3�� VTXDPRVLVVLPXV ZDV� ELJJHU� LQ� IHPDOHV��7KH� IDFW� KDV� EHHQ� UHFRUGHG� IRU� YDULRXV� WHOHRVWV��*HHYDUFKHVH� DQG� -RKQ�� ������ %HQHGLWR�� ������9D]]ROHU�� ������� +RZHYHU�� WKH� VL]H� ZDV�

DSSUR[LPDWHO\�WKH�VDPH�IRU�ERWK�VH[HV�ZKHQ������RI� WKH� SRSXODWLRQ� ZDV� FDSDEOH� RI� UHSURGXFWLRQ��:KHQ� PLQLPXP� VL]HV� RI� 3�� VTXDPRVLVVLPXVVSHFLPHQV� LQ� WKH�PDWXUDWLRQ�VWDJH�ZHUH�D QDO\]HG��VL]H�IOXFWXDWLRQV�ZHUH�UHFRUGHG��,Q�WKH�ODVW�\HDU�RI�WKH�SHULRG�XQGHU� DQDO\VLV�� LW�ZDV�KLJKHU� WKDQ�ZDV�WKH� ILUVW�� ,W� KDV� DOVR� EHHQ� IRXQG� WKDW� PD[LPXP�VWDQGDUG� OHQJWK� UHDFKHG� E\� WKH� SRSXODWLRQ� LQ� WKH�ODVW� \HDUV� RI� WKH� SHULRG� VWXGLHG� ZDV� JUHDWHU� WKD Q�WKDW� UHFRUGHG� LPPHGLDWHO\�DIWHU�LPSRXQGLQJ��7KLV�IDFW� VXJJHVWHG� DQ� LQFUHDVH� LQ� VSHFLHV� IHFXQGLW\�WKURXJKRXW� WKH� \HDUV�� VLQFH� WKHUH� ZDV� D� OLQHDU�UHODWLRQVKLS� LQ� WHOHRVWV� EHWZHHQ� ERG\� VL]H� DQG�IHFXQGLW\��(HQHQQDDP�DQG�'RURVKRY���������6LQFH�HIIHFW�RI�HQYLURQPHQWDO�FKDQJHV�RQ�DJH�DQG�VL]H� RI�PDWXULW\� GHSHQGV� RQ� YDULDWLRQV� LQ� JURZWK�DQG�PRUWDOLW\� UDWHV� �:RRWRQ�� ������� OLPQRORJLFDO�PRGLILFDWLRQV� E\� ,WDLSX� LPSRXQGLQJ� FDXVHG�DOWHUDWLRQV�LQ�JURZWK�DQG�PRUWDOLW\�RI�VSHFLHV��7KLV�KDV� FRQVHTXHQWO\�GHWHUPLQHG�PRGLIL FDWLRQ� LQ� VL]H�RI� HDUO\� PDWXUDWLRQ� RI� 3�� VTXDPRVLVVLPXV�� $IWHU�WKH� ILUVW� WKUHH� \HDUV� D� DGDSWDWLRQ� RI� WKH� ILVK�FRPPXQLW\�RFFXUUHG��FDUU\LQJ�WR�VXFFHVVIXO�RI�WKH�VSHFLH� �$JRVWLQKR� HW� DO��� ������ %HQHGLWR �&HFLOLR��������� ,Q� KLV� VWXG\� RQ� *\PQRWXV� FDUDSR GXULQJ�WZR� FRQVHFXWLYH� \HDUV�� %DUELHUL� ������� UHFRUGHG�WKDW� WKH� VSHFLHV� UHDFKHG� ILUVW� PDWXUDWLRQ� ZLWK� D�JUHDWHU�VL]H�LQ�WKH�VHFRQG�\HDU�RI�VWXG\��7KH�VDPH�DXWKRU� EHOLHYHV� WKDW� WKLV� IDFW� PD\� KDYH� RFFXUUHG�RZLQJ� WR� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� UHVHUYRLU
V�ZDWHU�OHYHO��
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)LJXUH�� � $YHUDJH�YDOXHV�RI�*RQDGDO�6RPDWLF�UHODWLRQVKLS��*65��RI�3��VTXDPRVLVVLPXV PDOHV�IRU�HDFK�VDPSOLQJ�VWDWLRQ� DQG� SHULRG� �LQWHUQDO� KRUL]RQWDO� OLQH�  �PHDQ�*65�� YHUWLFDO� EDU�  � FRQILGHQFH� LQWHUYDO� DW� ����� WKH� QXPEHU�PHDQV�LQGLYLGXDOV�VDPSOHG��



5HSURGXFWLYH�6WUDWHJLHV�RI�3ODJLRVFLRQ�VTXDPRVLVVLPXV +HFNHO

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

���

)LJXUH�� � 0HDQ�YDOXHV�RI�*RQDGDO�6RPDWLF�5HODWLRQVKLS��*65��RI�3��VTXDPRVLVVLPXV IHPDOHV�IRU�HDFK�VDPSOLQJ�VWDWLRQ� DQG� SHULRG� �LQWHUQDO� KRUL]RQWDO� OLQH�  �PHDQ�*65�� YHUWLFDO� EDU�  � FRQILGHQFH� LQWHUYDO� DW� ����� WKH� QXPEHU�PHDQV�LQGLYLGXDOV�VDPSOHG��
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7DEOH�� � 0HDQ�YDOXHV�RI�*RQDGDO�6RPDWLF�5HODWLRQVKLS��*65��DQG�FRQILGHQFH�LQWHUYDO�DW������W
�V���IRU�WKH�SHULRG������± ���RI�3��VTXDPRVLVVLPXV PDOHV�DQG�IHPDOHV�0DOHV IHPDOHV6HDVRQV Q 5*6�rr W
�V�� Q 5*6�rr W
�V��6SULQJ��� �� �������r ������ �� �������r ������6XPPHU������ ��� �������r ������ ��� �������r ������$XWXPQ��� ��� �������r ������ ��� �������r ������:LQWHU��� �� �������r ������ �� �������r ������6SULQJ��� �� �������r ������ �� �������r ������6XPPHU������ ��� �������r ������ ��� �������r ������$XWXPQ��� ��� �������r ������ ��� �������r ������:LQWHU��� �� �������r ������ �� �������r ������6SULQJ��� ��� �������r ������ �� �������r ������6XPPHU������ ��� �������r ������ ��� �������r ������$XWXPQ��� �� �������r ������ �� �������r ������:LQWHU��� �� �������r ������ ��� �������r ������6SULQJ��� ��� �������r ������ ��� �������r ������6XPPHU������ ��� �������r ������ ��� �������r ������$XWXPQ��� �� �������r ������ �� �������r ������6SULQJ��� � �������r ������ � �������r ������:LQWHU��� �� �������r ������ �� �������r ������6XPPHU������ ��� �������r ������ ��� �������r ������$XWXPQ��� �� �������r ������ �� �������r ������6SULQJ��� �� �������r ������ �� �������r ������6XPPHU������ ��� �������r ������ �� �������r ������$XWXPQ��� � �������r ������ � �������r ������:LQWHU��� � � �� �������r ������6SULQJ��� � � �� �������r ������
,Q� WKH� ,WDLSX� UHVHUYRLU� WKH� FKDUDFWHULVWLFV� RI� WKH�QHZ�HQYLURQPHQW�UHIOHFWHG�WKH�FRPSOH[�LQWHUDFWLRQ�EHWZHHQ�WKH�ELRWLF�DQG�WKH�DELRWLF�FRPSRQHQWV�DV�D�UHVXOW� RI� FKDQJHV� ZLWKLQ� WKH� VHW� RI� OLPQRORJLFDO�YDULDEOHV� ZKLFK� FKDUDFWHUL]HG� LPSDFW� RQ� ILVK�SRSXODWLRQV��$OWKRXJK� 3�� VTXDPRVLVVLPXV LV� GLVWULEXWHG� LQ� DOO�WKH�UHVHUYRLU
V�HQYLURQPHQWV��*65�UHVXOWV�LQGLFDWH�WKDW� UHSURGXFWLRQ� SUHIHUHQWLDOO\� RFFXUV� LQ� WKH�WULEXWDULHV�RI�WKH�UHVHUYRLU��7KLV�LV�FRUURERUDWHG�E\�LFKWK\RSODQFWRQLF� VWXGLHV� E\� 1DNDWDQL� ������� LQ�WKH� VDPH� HQYLURQPHQW�� 7KH� DXWKRU� VWDWHV� WKDW�ODUYDH�� VSDZQHG� LQ� WKH� WULEXWDULHV�� DUH� FDUULHG� WR�WKH� UHVHUYRLU� DQG� WKHLU� GHYHORSPHQW� LV� FRPSOHWHG�WKHUHZLWK�� 7ULEXWDULHV� RI� WKH� UHVHUYRLU� DUH�FKDUDFWHUL]HG� E\� ORZ� WUDQVSDUHQF\� DQG� ZDWHU�WHPSHUDWXUH� UDWHV� �%HQHGLWR �&HFLOLR�� �������1RQHWKHOHVV�� XSVWUHDP� WKH� UHVHUYRLU� DQG� LQ� WKH�WULEXWDULHV�RI�WKH�3DUDQi�5LYHU��YDOXHV�RI�W KH�*65�DUH�ORZ��,W�LV�VXSSRVHG�WKDW�VPDOO �VL]HG�ORWLF�ZDWHU�ERGLHV��LQ�FRPSDULVRQ�WR�WKRVH�RI�WKH�3DUDQi�5LYHU��

DUH� PRUH� IDYRUDEOH� WR� WKH� GHYHORSPHQW� RI�������������3��VTXDPRVLVVLPXV HJJV�DQG�ODUYDH��0HDQ�*65�UHVXOWV�LQGLFDWHG�WKDW�WKH�UHSURGXFWLRQ�RI�WKH RI�3��VTXDPRVLVVLPXV RFFXUUHG�IURP�VSULQJ�WR�DXWXPQ��ZLWK�SHDNV�LQ�VXPPHU�IRU�PDOHV�DQG�LQ�WKH�VSULQJ�IRU�IHPDOHV��7KLV�ZDV�HVSHFLDOO\�WUXH�IRU�WKH� ODVW� \HDUV� RI� WKH� VWXGLHG� SHULRG�� 1DNDWDQL�������� DOVR� UHFRUGHG� WKLV� EURDG� VSDZQLQJ� SHULRG�IRU� ODUYDH�� VLQFH� 3�� VTXDPRVLVVLPXV ODUYDH� ZHUH�IRXQG�EHWZHHQ�1RYHPEHU�DQG�-XQH��ZLWK�SHDNV�LQ�0DUFK� DQG� $SULO�� (QYLURQPHQWDO� FKDQJHV� LQ�LPSRXQGLQJ� SUREDEO\� LPSHGHG� WKH� UHSURGXFWLRQ�VXFFHVV� LQ� WKH�HDUO\�\HDUV��,Q�WKH�IROORZLQJ�\HDUV��ZKHQ� VWDELOL]DWLRQ� RI� HQYLURQPHQWDO� FR QGLWLRQV�ZDV�UDWLILHG��WKH�FXUYLQD H[SDQGHG�LWV�UHSURGXFWLRQ�DUHDV�WR�WKH�WULEXWDULHV��5HSURGXFWLYH�VWUDWHJLHV�DUH�JHQHUDOO\�DGDSWDEOH�WR�HQYLURQPHQWDO�FRQGLWLRQV�DQG�FRQVLVW�RI�D�UHVSRQVH�RI� WKH� VSHFLHV� RU� RI� WKH� SRSXODWLRQ� WR� PLQLPL]H�HQHUJHWLF� FRVWV�� ,Q� WKLV� ZRUN� WKH� VL]H� RI� ILUVW�PDWXUDWLRQ�� HQYLURQPHQWDO� DQG� VSDZQLQJ� SHULRG�
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UHSUHVHQWHG� KRPHRVWDWLF� UHVSRQVHV� RI� WKH� VSHFLHV�ZLWK� UHJDUG� WR� WKH� HQYLURQPHQW� WRZDUGV� D�UHGXFWLRQ�RI�HQHUJ\�FRVWV��,W�LV��WKXV��LPSRUWDQW�WR�HPSKDVL]H�WKDW�WKH� FXUYLQDKDG� D� ZLGH� IHHGLQJ� YDULDELOLW\� LQ� WKH� DUHD� RI� WKH�,WDLSX� UHVHUYRLU�� 'XULQJ� WKH� VDPH� SHULRG�� WKH�VSHFLHV�REWDLQHG�D�GLHW�FRPSRVHG�RI�DSSUR[LPDWHO\����VSHFLHV�RI�ILVK��ZLWK�+\SRSKWKDOPXV�HGHQWDWXVDQG� 5RHERLGHV� SDUDQHQVLV DV� LWV� PDLQ� IHHGLQJ�LWHPV��+DKQ��������+DKQ�H W�DO����������,Q�WKH�ILUVW�\HDUV� IROORZLQJ� LPSRXQGLQJ� +\SRSKWKDOPXV�HGHQWDWXV KDG� WKH� KLJKHVW� FDSWXUHV� SHU� XQLW� RI�HIIRUW� �%HQHGLWR�&HFLOLR���������7KLV� VKRZHG� WKDW�HDVLQHVV� LQ� IRRG�DFTXLVLWLRQ�GXH� WR�DYDLODELOLW\�RI�SUH\� GHFUHDVHG� HQHUJ\� VSHQGLQJ�� 7UDQVIH UHQFH� RI�UHFRXUVHV� WR� UHSURGXFWLRQ� FRQVHTXHQWO\� LQFUHDVHG�WKH�VSHFLHV
V�ILWQHVV�LQ�WKH�HQYLURQPHQW��2Q�WKH�RWKHU�KDQG��GLYHUVLW\�RI�SUH\�FDXJKW�E\�WKH�SUHGDWRU�DQG�WKH�ODWWHU
V�DELOLW\�LQ�FKDQJLQJ�LWV�GLHW�ZKHQ� SUH\� DYDLODELOLW\� FKDQJHV� LQIOXHQFHG� WKH�VWDELOLW\� RI� SUHVHQW� SRSXODWLRQV� DQG� RI� WKH�DVVHPEODJH� �3LDQND�� ������� :KHQ� UHSURGXFWLRQ�DVSHFWV� RI� WKH� RI� 3�� VTXDPRVLVVLPXV GXULQJ� WKH�ILUVW� VL[� \HDUV� RI� WKH� ,WDLSX� UHVHUYRLU� ZHUH� WDNHQ�LQWR� DFFRXQW�� UHSURGXFWLRQ� WDFWLFV� RI� WKH� VSHFLHV�XQGHUZHQW�JUDGXDO� FKDQJHV�EHFDXVH�RI�ELRWLF� DQG�DELRWLF� FRQGLWLRQV� LQ� WKH� QHZ� HQYLURQPHQW�� 7KLV�IDFW�UHIOHFWHG�LQ�WKH�VSHFLHV
V�SRSXODWLRQ�VXFFHVV�LQ�WKH� ,WDLSX� UHVHUYRLU�� +RZHYHU�� VLQFH� 3��VTXDPRVLVVLPXV LV�DQ�LQWURGXFHG�VSHFLHV��D�IROORZ�XS�RI� WKH�GHJUHH�RI� LQWHUIHUHQFH�RI� LW V� SRSXODWLRQ�RQ� ILVK� DVVHPEODJH� ZRXOG� EH� UHTXLUHG�� )XUWKHU�VWXGLHV�ZLOO�KHOS�WRZDUGV�PRUH�HIILFLHQW�PHDVXUHV�RI� FRUUHFWLRQ� DQG� SUHYLVLRQ� RI� LPSDFW� RI� WKLV� DQG�RWKHU�ILVK�LQWURGXFWLRQV�LQ�%UD]LOLDQ�ULYHUV��
$&.12:/('*(0(176
7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� WKH� 5HVHDUFK�1XFOHXV� LQ� /LPQRORJ\�� ,FKWK\RORJ\� DQG�$TXLFXOWXUH� �1XSHOLD�� IRU� LWV� ORJLVWLF� VXSSRUW��OLEUDULDQ�0DULD�6DOHWH�5LEHODWWR�IRU�ELEOLRJUDSKLFDO�VHUYLFH�� 'U� /XL]� )HOLSH� 0DFKDGR� 9HOKR� IRU�GLVFXVVLRQ�RI�UHVXOWV�DQG�WH[W�UHYLVLRQ��'U��7KRPDV�%RQQLFL� DQG� 0LOHQD� 0RULPRWR� IRU� WKH� (QJOLVK�WUDQVODWLRQ�RI�WKH�PDQXVFULSW�

5(6802
3ODJLRVFLRQ� VTXDPRVLVVLPXV�� DPSODPHQWH�GLVWULEXtGD� QD� $PpULFD� GR� 6XO�� FRQVWLWXLX �VH� QR�UHVHUYDWyULR� GH� ,WDLSX� HP� XPD� GDV� HVSpFLHV�GRPLQDQWHV� H� GH� H[SUHVVLYD� SDUWLFLSDomR� QRV�GHVHPEDUTXHV� FRPHUFLDLV�� &RP� R� LQWXLWR� GH�LQYHVWLJDU� DV� HVWUDWpJLDV� UHSURGXWLYDV� XWLOL]DGDV�SHOD� HVSpFLH� QRV� SULPHLURV� DQRV� GH� IRUPDomR� GR�UHVHUYDWyULR� GH� ,WDLSX� IRUDP� UHDOL]DGDV� FROHWDV�GXUDQWH�R�SHUtRGR�GH��QRYHPEUR�GH������D�RXWXEUR�GH������HP�RQ]H�HVWDo}HV�GH�DPRVWUDJHQV�VLWXDGDV�QD� iUHD� GR� UHVHUYDWyULR�� WULEXWiULRV� GD� PDUJHP�HVTXHUGD��ULR�3DUDQi�H�VHXV�WULEXWiULRV��&RQVWDWRX �VH�TXH�D�HVSpFLH�LQLFLRX�R�SURFHVVR�UHSURGXWLYR�QD�iUHD�GH�LQIOXrQFLD�R�UHVHUYDWyULR�GH�,WDLSX�VRPHQWH�DSDUWLU� GH� ������ $SyV� HVWH� SHUtRGR� D� HVWUDWpJLD�UHSURGXWLYD� H[LELGD� SHOD� HVSpFLH� IRL� DGDSWDWLYD��VHQGR�TXH�R�WDPDQKR�GD�SULPHLUD�PDWXUDomR��ORFDO�H� SHUtRGR� GH� GHVRYD�� DSUHVHQWDUDP� YDULDo}HV�JUDGDWLYDV�QR�VHQWLGR�GH�DPSOLDomR�GHVWD�DWLYLGDGH�QD� iUHD�� JDUDQWLQGR� R� VXFHVVR� GD� HVSpFLH�� 2�WDPDQKR�PpGLR�GD�SULPHLUD�PDWXUDomR�VH[XDO�SDUD�D� SRSXODomR� GH� 3�� VTXDPRVLVVLPXV� p� GH� ����� FP�SDUD�PDFKRV�H�GH������FP�SDUD�IrPHDV�
5()(5(1&(6
$JRVWLQKR�� $�� $�� �������� &RQVLGHUDo}HV� VREUH� D�DWXDomR� GR� VHWRU� HOpWULFR� QD� SUHVHUYDomR� GD� IDXQD�DTXiWLFD� H� GRV� UHFXUVRV� SHVTXHLURV�� ,Q� 6HPLQiULR�VREUH� IDXQD� DTXiWLFD� H� R� VHWRU� HOpWULFR� EUDVLOHLUR��$OSLQySROLV��SS���������$JRVWLQKR�� $�� $�� �������� &RQVLGHUDo}HV� VREUH� D�DWXDomR� GR� VHWRU� HOpWULFR� QD� SUHVHUYDomR� GD� IDXQD�DTXiWLFD� H� GRV� UHFXUVRV� SHVTXHLURV�� ,Q� 5HXQL}HV�7HPiWLFDV� SUHSDUDWyULDV�� &DG�� ��� (VWXGRV� H�/HYDQWDPHQWRV��&RPDVH�H�(OHWUREUiV��5LR�GH�-DQHLUR�����SS�$JRVWLQKR�� $�� $��� -XOLR� -U��� +�� )�� DQG� 3HWUHUH� -U��� 0���������� ,WDLSX� 5HVHUYRLU� �%UD]LO��� LPSDFWV� RI� WKH�LPSRXQGPHQW� RQ� WKH� ILVK� IDXQD� DQG� ILVKHULHV�� ,Q�&RZ[��,��*���HG����5HKDELOLWDWLRQ�RI�IUHVKZDWHU�ILVKHV��)LVKLQJ�1HZV�%RRN��%RGPDQ��SS����������$JRVWLQKR��$��$���0LUDQGD��/��(���%LQL��/��0���*RPHV��/��&���7KRPD]��6��0��DQG�6X]XNL��+��,����������3DWWHUQV�RI� FRORQL]DWLRQ� LQ�1HRWURSLFDO� UHVHUYRLUV� DQG�SURJQRVHV�RQ� DJLQJ�� 7KHRUHWLFDO� 5HVHUYRLU� (FRORJ\� DQG� LWV�$SSOLFDWLRQV��SS����������%DUELHUL�� 0�� &�� �������� &RQWULEXLomR� DR� HVWXGR� GD�ELRORJLD� GH� *\PQRWXV� FDUDSR �/LQQDHXV�� ������ QD�UHSUHVD� GR� /RER�� (VWDGR� GH� 6mR� 3DXOR� �3LVFHV��2VWDULRSK\VL�� *\PQRWLGDH��� 3K'� 7KHVLV�� 8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��%UDVLO�
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%HQHGLWR�� (�� �������� (VWUXWXUD� GD� 3RSXODomR��5HSURGXomR� H� 6HOHWLYLGDGH� $PRVWUDO� GH�+\SRSKWKDOPXV� HGHQWDWXV�� �6SL[�� �������2VWHLFKWK\HV�� 6LOXULIRUPHV�� QR� 5HVHUYDWyULR� GH�,WDLSX� � 35�� 0�6F�� 7KHVLV�� 8QLYHUVLGDGH� )HGHUDO� GR�3DUDQi��&XULWLED��%UD]LO�%HQHGLWR�&HFLOLR�� (� �������� 'RPLQkQFLD�� XVR� GR�DPELHQWH� H� DVVRFLDo}HV� LQWHUHVSHFtILFDV� QD� LFWLRIDXQD�GR� UHVHUYDWyULR� GH� ,WDLSX� H�DOWHUDo}HV�GHFRUUHQWHV�GR�UHSUHVDPHQWR�� 3K'� 7KHVLV�� 8QLYHUVLGDGH� GH 6mR�&DUORV��6mR�&DUORV��%UDVLO�(HQHQQDDP��-��3��DQG�'RURVKRY��6��,�����������(IIHFWV�RI�DJH� DQG� ERG\� VL]H� RQ� JRQDGDO� GHYHORSPHQW���������������RI� $WODQWLF� VWXUJHRQ� -RXUQDO� RI� )LVK� %LRORJ\�� ������������*HHYDUFKHVH��&��DQG�-RKQ��3��$����������0DWXUDWLRQ DQG�VSDZQLQJ� RI� D� *RELLG� ILVK�� 2OLJROHSV� DFXWLSHQQLV��&XY�� DQG� 9DO��� IURP� WKH� 6RXWKZHVW� FRDVW� RI� ,QGLD������-��)LVK��%LRO�� ������������+DKQ��1��6����������$OLPHQWDomR�H�GLQkPLFD�GD�FXUYLQD3ODJLRVFLRQ� VTXDPRVLVVLPXV� �+(&.(/�� �������3LVFHV�� 3HUFLIRUPHV�� H� DVSHFWRV� GD� HVWUXWXUD� WUyILFD�GD� LFWLRIDXQD� DFRPSDQKDQWH� GR� ULR� 3DUDQi�� 3K'�7KHVLV�� � 8QLYHUVLGDGH� (VWDGXDO� 3DXOLVWD�� 5LR� &ODUR��%UDVLO�+DKQ�� 1�� 6��� $JRVWLQKR�� $�� $��� *RPHV�� /�� &�� DQG����%LQL�� /�� 0�� �������� (VWUXWXUD� WUyILFD� GD� LFWLRIDXQD����GR� UHVHUYDWyULR� GH� ,WDLSX� �3DUDQi�%UDVLO�� QRV�SULPHLURV�DQRV�GH�VXD�IRUPDomR��5HYLVWD�,QWHUFLrQFLD��������������.LQJ�� 0�� �������� )LVKHULHV� %LRORJ\�� $VVHVVPHQW� DQG�0DQDJHPHQW� )LVKLQJ�1HZV�%RRNV��2[IRUG������SS�1DNDWDQL�� .�� �������� (VWXGR� GR� LFWLRSOkQFWRQ� QR�UHVHUYDWyULR� GH� ,WDLSX� �5LR� 3DUDQi�%UDVLO���/HYDQWDPHQWR� GDV� iUHDV� GH� GHVRYD� 3K'� 7KHVLV��8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi� &XULWLED��%UDVLO�

1RPXUD�� +�� ��������'LFLRQiULR� GRV� 3HL[HV� GR� %UDVLO��%UDVtOLD��(GLWHUUD������SS��LO�3LDQND�� (�� 5�� ��������(FRORJLD� (YROXWLYD�� %DUFHORQD� ��2PHJD������������SS��3RWWV�� *�� :�� DQG� :RRWWRQ�� 5�� -�� �������� )LVK�5HSURGXFWLRQ�� 6WUDWHJLHV� DQG� 7DFWLFV�� $FDGHPLF�3UHVV��/RQGRQ�6DWR�� <�� DQG� *RGLQKR�� +�� 3�� �������� $� TXHVWmR� GR�WDPDQKR� GD� SULPHLUD�PDWUXDomR� GRV� SHL[HV� GH� 7UrV�0DULDV��0*� 3DSHU� SUHVHQWHG� DW�$VVRFLDomR�0LQHLUD�GH�$T�LFXOWXUD��%UDVtOLD��SS�����9D]]ROHU�� $�� (�� $�� ��������0DQXDO� GH� PpWRGRV� SDUD�HVWXGRV� ELROyJLFRV� GH� SRSXODo}HV� GH� SHL[HV��UHSURGXomR�H�FUHVFLPHQWR� &13T�3URJUDPD�1DFLRQDO�GH�=RRORJLD��%UDVtOLD�9D]]ROHU�� $�� (�� $��� $JRVWLQKR�� $�� $�� DQG� 6X]XNL�� +�� ,���������(VWLPDWLYDV�GH�/�� H�/��� SDUD����HVSpFLHV�GH�WHOHyVWHRV�GR�$OWR�5LR�3DUDQi��3DSHU�SUHVHQWHG�DW�,;�(QFRQWUR� %UDVLOHLUR� GH� ,FWLRORJLD�� 0DULQJi�� 3DUDQi��SS�����9D]]ROHU��$��(��$�� ��������%LRORJLD�GD�UHSURGXomR�GH�SHL[HV� WHOHyVWHRV�� WHRULD� H� SUiWLFD�� ('8(0��0DULQJi�:RRWWRQ�� 5�� -�� �������� (FRORJ\� RI� 7HOHRVW� )LVKHV�&KDSPDQ�DQG�+DOO��/RQGRQ�
5HFHLYHG��-XQH����������5HYLVHG��-XQH����������$FFHSWHG��1RYHPEHU ���������


