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$%675$&7
&XOWLYDWHG�PXVVHOV� �3HUQD�SHUQD��ZHUH� VWXGLHG� WR� WHVW� IRU� WKH�HIIHFWV�RI� FOHDQLQJ�RQ� WKHLU�JURZWK��7KHVH�HIIHFWV�ZHUH�H[DPLQHG�E\�H[SHULPHQWDOO\� FOHDQLQJ�PXVVHOV�DQG�E\�FKDQJLQJ�PXVVHO�GHQVLW\��7UHDWPHQW�ZDV�SHUIRUPHG�WZLFH��DW�WZR�DQG�IRXU�PRQWKV�DIWHU�LPPHUJLQJ�WKH�URSHV��7ZR�PRQWKV�DIWHU�WKH�ILUVW�WUHDWPHQW�DQG�WKUHH�PRQWKV�DIWHU�WKH�VHFRQG�WUHDWPHQW��PXVVHOV�ZHUH�KDUYHVWHG�DQG�PHDVXUHG��ZHLJKW��OHQJWK��ZLGWK�DQG�WKLFNQHVV���$QDO\VLV�RI� YDULDQFH� VKRZHG� WKDW�QRQH�RI� WKH� WUHDWPHQWV� UHVXOWHG� LQ� LQFUHDVHG�JURZWK�RI� WKH�PXVVHOV��QRU�GLG� LQFUHDVHG�GHQVLW\�UHVXOW�LQ�GHFUHDVHG�JURZWK�ZKHQ�FRPSDUHG�ZLWK�WKH�FRQWURO��,W�ZDV�FRQFOXGHG�WKDW�LW�ZDV�QRW�QHFHVVDU\�WR�FOHDQ�WKH�VKHOOV�WR�LQFUHDVH�KDUYHVW�
.H\ZRUGV�0XVVHOV�FXOWXUH��3HUQD�SHUQD��(SLELRVLV��&OHDQLQJ�PDQDJHPHQW


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
6SDFH� LV� D� OLPLWLQJ� UHVRXUFH� LQ� YDULRXV� PDULQH�HFRV\VWHPV� ZLWK� PDQ\� RUJDQLVPV� DWWDFKLQJ�WKHPVHOYHV� WR� WKH� KDUG� VXUIDFHV� RI� RWKHU�RUJDQLVPV��0XVVHOV�FUHDWH� VXFK�VHFRQGDU\�VSDFH��DQG� WKHLU� VKHOOV� PD\� EH� FRORQL]HG� E\� RWKHU�LQYHUWHEUDWHV� DQG� DOJDH�� &RPPHUFLDO� PXVVHO�FXOWLYDWLRQ� XVHV� URSHV� RI�PXVVHOV� WKDW� KDQJ� DQG�IRUP� D� KDUG� VXEVWUDWH� EDUULHU� WKDW� LQWHUFHSWV� WKH�IORZ� RI� ZDWHU� DQG� FRQVHTXHQWO\� ODUYDH� LQ� WKH�ZDWHU FROXPQ�� 7KDW� UHVXOWV� LQ� URSHV� RI� PXVVHOV�FRQWDLQLQJ� D� ODUJH� TXDQWLW\� RI� DGGLWLRQDO�RUJDQLVPV�� FDOOHG� HSLELRVLV��0XVVHO� JURZWK�PD\�EH� LQKLELWHG� E\� WKLV� SRWHQWLDOO\� FRPSHWLWLYH�HQFUXVWLQJ� FRPPXQLW\� LQ� YDULRXV� ZD\V�� FDXVLQJ�HFRQRPLF� ORVV�� 0XVVHOV� PLJKW� VXIIH U� GLUHFW� DQG�

LQGLUHFW� HIIHFWV� UHODWHG� WR� FRPSHWLWLRQ� IRU� ERWK�IRRG�DQG�VSDFH��$UDNDZD���������<RXQJ�PXVVHOV�PD\� EH� RYHUJURZQ� DQG� H[SHULHQFH� SRRU� ZDWHU�FLUFXODWLRQ�� ZKLFK� FDQ� FDXVH� PRUWDOLW\� GXH� WR�HLWKHU� VPRWKHULQJ� �'D\WRQ�� ������ RU� IRRG�FRPSHWLWLRQ� �/HVVHU� HW� DO��� ������� $GGLWLRQDO��SUREOHPV�PD\�UHVXOW�IURP�LQFUHDVHG�ZHLJKW�RI�WKH�PXVVHO�UDFNV�WKDW�FRXOG�UHGXFH�WKH�IORWDWLRQ�RI�WKH�ZKROH� VWUXFWXUH� DQG� HYHQWXDOO\� FDXVH� LW� WR� IDOO��:DWHUVWUDW� HW� DO��� ������� $OVR�� HSL]RDQV� FRXOG�LQFUHDVH�WKH�KHLJKW�RI�LQGLYLG XDO�PXVVHOV�WR�ZKLFK�WKH\� DUH� DWWDFKHG�� DQG� DPSOLI\� GUDJ� IRUFHV� DQG�LQFUHDVH� WKH� ULVN� RI� GLVORGJHPHQW� � �:LWPDQ� DQG�6XFKDQHN�� ������� $QRWKHU� SUHMXGLFLDO� HIIHFW� RI�HSL]RDQV�LV�WKH�UHGXFWLRQ�RI�VSDFH�IRU�DWWDFKPHQW�RI� WKH� PXVVHO� ODUYDH� WKHPVHOYHV�� UHGXFLQJ�SURGXFWLRQ� RI� MXYHQLOHV� IRU� WKH� QH[W� VHDVRQ��$UDNDZD���������



0HWUL��5��HW�DO�

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

���
7R�PLQLPL]H� DOO� RI� WKHVH� SRWHQWLDOO\� GHWULPHQWDO�HIIHFWV��PXVVHOV�DUH�XVXDOO\�VXEPLWWHG�WR�GLIIHUHQW�PHWKRGV� RI� FOHDQLQJ� WR� HOLPLQDWH� WKH� HQFUXVWLQJ�FRPPXQLW\�� 2Q� WKH� RWKHU� KDQG�� WKH� WUHDWPHQWV�WKHPVHOYHV�UHTXLUH�WLPH�DQG�PRQH\��VR�WKDW�WKHLU�FRVW�EHQHILW� UHODWLRQVKLS� VKRXOG� EH� HYDOXDWHG�� ,Q�6RXWKHUQ� %UD]LO�� WKH� VSHFLHV� FXOWXUHG� LV� 3HUQD�SHUQD DQG� WKH� URSH� FXOWXUH� LV� WKH� PRVW� XVXDO�WHFKQLTXH��,Q�WKH�SUHVHQW�ZRUN�ZH�HYDOXDWHG�VRPH�RI� WKHVH� PHWKRGV� E\� H[SHULPHQWDOO\� FOHDQLQJ�PXVVHOV� DQG� E\� FKDQJLQJ�PXVVHO� GHQVLW\� WR� WHVW�WKH�SUHGLFWLRQ�WKDW�PXVVHO�LQWUD �FRPSHWLWLRQ�FRXOG�UHGXFH�PXVVHO�SURGXFWLYLW\�
0$7(5,$/6�$1'�0(7+2'6
6WXG\�VLWH��7KH�VWXG\� WRRN�SODFH�DW�3UDLD�*UDQGH�GR� ,WDSRFRUyL�� PXQLFLSDOLW\� RI 3HQKD�� 6DQWD�&DWDULQD� 6WDWH� ���R��¶6� DQG� ��R��¶:��� 0XVVHOV�DUH� FXOWLYDWHG� WKHUH� LQ� D� SURWHFWHG� ED\�� ZLWK� D�PD[LPXP� GHSWK� RI� ��P� DQG� PHDQ� GHSWK� RI� WKH�FXOWLYDWHG� DUHD� RI� �P�� 7KLV� FRPPHUFLDO� PXVVHO�FXOWXUH� H[LVWV� VLQFH� ����� DQG� LQ� ����� 6DQWD�&DWDULQD� 6WDWH� EHFDPH� WKH� QXPEHU� RQH� PXVVHO�SURGXFHU�LQ�%UD]LO��0DUHQ]L�HW�DO����������
([SHULPHQWDO� WUHDWPHQWV�� ,Q� -DQXDU\� ������ ���URSHV� �����P� LQ� OHQJWK�� IRUPHG�E\�PXVVHO� VHHGV��DW� DSSUR[LPDWHO\� �� FP�� ZHUH� VXEPHUJHG�� 7ZR�PRQWKV� ODWHU�� �� URSHV� ZHUH� FOHDQHG� LQ� WKH�IROORZLQJ�WUHDWPHQWV��D��WKUHH�URSHV�ZHUH�H[SRVHG�WR� DLU� IRU� �K� �DLU��� E�� WKUHH� ZHUH� ZDVKHG� ZLWK�IUHVKZDWHU� XQGHU� SUHVVXUH� ZDWHU�� DQG� F�� WKUHH�ZHUH�WDNHQ�DSDUW�DQG�WKH�PXVVHOV�ZHUH�PL[HG�LQ�D�URWDWLQJ� SHHOLQJ�PDFKLQH� WR� VFUDSH� WKH� HSLELRVLV�IURP�WKHLU�VKHOOV��DEUDVLRQ���7R�WHVW�WKH�HIIHFW�RI�LQWUDVSHFLILF�FRPSHWLWLRQ��ZH�FKDQJHG�WKH�PXVVHO�GHQVLW\�LQ�HDFK�URSH�E\�G��GLYLGLQJ�WKH�PXVVHOV�RI�WZR�URSHV� LQWR�IRXU��ORZ�GHQVLW\� � /GHQV��DQG�H��FRPELQLQJ� VL[� URSHV� LQWR� WKUHH� �KLJK� GHQVLW\� �+GHQV����7KH�QXPEHU�RI�PXVVH OV�LQ�HDFK�URSH�ZDV�QRW� FRQWUROOHG�� EXW� WKHUH� ZHUH� DURXQG� ����LQGLYLGXDOV� SHU� URSH�� 7KUHH� URSHV� RI� PXVVHOV�UHPDLQHG� LQ� WKH� ZDWHU� XQWUHDWHG� DQG� VHUYHG� DV�FRQWUROV�� $OO� WUHDWPHQWV� ZHUH� SHUIRUPHG� RQ� WKH�VDPH�GD\�DQG�WKH�URSHV�ZHUH�UDQGRPO\�UHWXUQHG�WR�WKH�ZDWHU�,Q�0D\����PXVVHOV�IURP�HDFK�RI�WKHVH�URSHV�ZHUH�KDUYHVWHG� DQG� FRQVHUYHG� LQ� IRUPDOLQH�� $OO� URSHV�IURP� WKH� IUHVKZDWHU� WUHDWPHQW� DQG�RQH� IURP�HDFK�RI�WKH�ORZ�GHQVLW\�DQG�WKH�KLJK�GHQVLW\�WUHDWPHQWV�ZHUH� ORVW�� HLWKHU� EHFDXVH� RI� PLVVLQJ� ODEHOV� RU�

EHFDXVH�WKH\�IHOO�IURP�WKHLU�VXSSRUW��2Q�WKH�VDPH�GD\�� WZR� QHZ� WUHDWPHQWV� �DEUDVLRQ� DQG� DLU�H[SRVXUH�� ZHUH� SHUIRUPHG� ZLWK� WKH� RWKHU� URSHV�WKDW� VWD\HG� LPPHUVHG� VLQFH� -DQXDU\�� $� SRZHU�DQDO\VLV� ZDV� SHUIRUPHG� WR� YHULI\� KRZ� PDQ\�VDPSOHV� �PXVVHOV�� ZRXOG� EH� QHFHVVDU\� WR� IL QG�VLPLODU�UHVXOWV��REWDLQHG�IURP�WKH�LQLWLDO�VDPSOH�RI����� PXVVHOV� ���� IURP� HDFK� RI� ��� URSHV��� 7KH�DQDO\VLV�LQGLFDWHG�WKDW����PXVVHOV�IURP�HDFK�URSH�ZHUH� VXIILFLHQW� DQG�KHQFH�� LQ�$XJXVW�����PXVVHOV�ZHUH�KDUYHVWHG� IURP�HDFK�RI� WKH�0DUFK�DQG�0D\�WUHDWPHQW�URSHV�DQG�WKH�FRQWUROV��,Q�WKH�ODERUDWRU\�WKH� VKHOOV� ZHUH� FOHDQHG� DQG� WKH� DQLPDOV� ZHUH�ZHLJKHG� �IUHVK� ZHLJKW�� DQG� PHDVXUHG� �OHQJWK��ZLGWK��DQG�WKLFNQHVV���
'DWD�DQDO\VLV��2QH±ZD\�$129$V�ZHUH�XVHG�WR�FRPSDUH� WKH� VL]H� DQG�ZHLJKW� RI� WUHDWPHQWV�ZLWK�FRQWUROV��6L]H�DQG�ZHLJKW�ZHUH�QRW�WUDQVIRUPDEOH�WR�D�QRUPDO�GLVWULEXWLRQ��VR�JURXSV�RI����PXVVHOV�ZHUH� UDQGRPO\� VHOHFWHG� IURP� GLIIHUHQW� URSHV� RI�WKH� VDPH� WUHDWPHQW�� �0HDQV�ZHUH� FDOFXODWHG� IRU�HDFK�JURXS�RI����PXVVHOV�DQG� WKHVH�PHDQV�ZHUH�WKHQ� XVHG� LQ� WKH�$129$��7KH DQDO\VLV� RI�0D\�VDPSOHV� LQFOXGHG� ��� RU� ��� UHSOLFDWHV� ZKLOH�DQDO\VLV�RI�$XJXVW�VDPSOHV�LQFOXGHG����UHSOLFDWHV�ZLWK� �� RU� �� PXVVHOV� LQ� HDFK� RQH�� GHSHQGLQJ� RQ�KRZ�PDQ\� URSHV�ZHUH� UHFRYHUHG��'XQQHWW¶V� WHVW�ZDV�XVHG�WR�FRPSDUH�DOO�WUHDWPHQWV�ZLWK�FRQWUROV��6RNDO�DQG�5RKOI��������
5(68/76
0XVVHOV� WUHDWHG� DW� �� PRQWKV� DQG� PHDVXUHG� ��PRQWKV�ODWHU�VKRZHG�QR�GLIIHUHQFH�IURP�FRQWUROV��)LJ�� ���� +RZHYHU�� ZKHQ� PHDVXUHG� �� PRQWKV�ODWHU�� PXVVHOV� IURP� DOO� WUHDWPHQWV�� H[FHSW�DEUDVLRQ��KDG�UHGXFHG�VL]H�DQG�ZHLJKW�FRPSDUHG�ZLWK� FRQWURO� �)LJ�����7DEOH�����$EUDVLRQ� IDYRUHG�JURZWK�LQ���PRQWK�ROG�PXVVHOV�FRPSDUHG�WR�RWKHU�WUHDWPHQWV��)LJ�����EXW�RQ���PRQWK�ROG�PXVVHOV�LW�SURGXFHG�WKH�RSSRVLWH�HIIHFW��)LJ������$OO�PXVVHOV�WUHDWHG�DW���PRQWKV�DQG�PHDVXUHG���PRQWKV�ODWHU�VKRZHG� UHGXFHG� VL]H� DQG�ZHLJKW� FRPSDUHG�ZLWK�FRQWURO�PXVVHOV��)LJ� ���7DEOH�����
',6&866,21
7KH� HQFUXVWLQJ� FRPPXQLW\� RQ� FXOWLYDWHG�PXVVHOV�DW� 3HQKD� LV� IRUPHG� PDLQO\� E\� K\GUR]RDQV��
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WXQLFDWHV� DQG� VSRQJHV�� %DUQDFOHV� DUH� DOVR�LPSRUWDQW� GXULQJ� SDUW� RI� WKH� \HDU�� $� P\ULDG RI�YDJLOH�DQLPDOV�DOVR�OLYH�LQVLGH�WKH�VWUXFWXUH�IRUPHG�E\� WKH� FRPELQDWLRQ� RI� PXVVHOV� DQG� DVVRFLDWHG�RUJDQLVPV�� 'HVSLWH� WKH� ILUVW� SUHGLFWLRQ� WKDW�FRPSHWLWLRQ� ZRXOG� EH� LPSRUWDQW�� RXU� UHVXOWV�VKRZHG� WKDW� QHLWKHU� WKH� HOLPLQDWLRQ� RI� HSLELRVLV��QRU� WKH� UHGXFWLRQ� RI� PXVVHO� GHQVLWLHV� ZDV�DVVRFLDWHG�ZLWK� LQFUHDVHG� JURZWK� RI� WKH�PXVVHOV��&OHDQLQJ� WUHDWPHQWV� VHHPHG� WR� EH� XQLPSRUWDQW�ERWK� GXULQJ� WKH�JURZWK� VHDVRQ� �ILUVW�PRQWKV�� DQG�GXULQJ� WKH� IDWWHQLQJ� VHDVRQ� �ODVW�PRQWKV��� ,Q� WKLV�UHJLRQ�� FXOWLYDWHG� PXVVHOV� UHDFKHG� FRPPHUFLDO�VL]H� DW� �� PRQWKV� RI� VXEPHUVLRQ�� WKXV� RXU� ILUVW�PHDVXUHPHQWV�ZHUH� DW� WKH�PLGGOH� RI� WKH� JURZWK�SHULRG�DQG�WKH�ODVW�PHDVXUHPHQWV�DW�WKH�HQG��7KLV�VKRZHG�WKDW�LW�ZDV�EHWWHU�WR�QRW�UHPRYH�WKH�URSHV�IURP� WKH� ZDWHU� GXULQJ� WKH� HQWLUH� SHULRG� RI�FXOWLYDWLRQ��EHFDXVH� WKH�PXVVHOV�ZHUH� ODUJHU�DQG�KHDYLHU�DW�KDUYHVW�$OO� WUHDWPHQWV� XVHG� LQ� WKLV� VWXG\� ZHUH� LQ� IDFW�PL[HG� WUHDWPHQWV� WR� VRPH� H[WHQW� EHFDXVH� WKH�URSHV�ZHUH�DOZD\V�H[SRVHG�WR�WKH�DLU�GXULQJ�HDFK�PDQLSXODWLRQ�� $LU� H[SRVXUH� LV� RQH� RI� WKH� PRVW�XVHG� WUHDWPHQWV� WR� FOHDQ� FXOWLYDWHG� PXVVHOV��0RQWHLUR� DQG�6LOYD� �������XVHG�H[SRVXUH� WR� WKH�DLU� WR�UHGXFH�HSL]RDQV�LQ�5LR�GH�-DQHLUR��,Q�WKHLU�VWXG\�� VL]H�� ZHLJKW�� DQG� FRQGLWLRQ� LQGH[� ZHUH�PRQLWRUHG� RYHU� VL[� PRQWKV� DQG� GLG� QRW� GLIIHU�EHWZHHQ� WUHDWPHQWV� DQG� FRQWUROV� ,Q� DQRWKHU�PXVVHO� FXOWXUH�� )UHLWDV� ������� REVHUYHG� D� VOLJKW�UHGXFWLRQ�RI�PXVVHO�VL]H�GXH�WR�DLU�H[SRVXUH��%RWK�VWXGLHV�LQFOXGHG�IUHTXHQW�H[SRVXUH�WR�DLU�DQG�GLG�QRW�VKRZ�LQFUHDVH�LQ�WUHDWPHQW�PXVVHOV�FRPSDUHG�ZLWK�FRQWUROV��,W�VHHPHG�WKDW�HLWKHU�WKH�WUHDW PHQW�ZDV� QRW� HIILFLHQW� WR� UHGXFH� HSLELRVLV�� RU� WKH�H[SRVXUH� LWVHOI� UHGXFHG�PXVVHO�SURGXFWLYLW\��$LU�WUHDWPHQW�DOZD\V� UHGXFHG� WKH�VL]H�DQG�ZHLJKW�RI�WKH� PXVVHOV� FRPSDUHG� ZLWK� FRQWUROV�� (YHQ� LI�SHUIRUPHG�RQO\�RQFH�� LW�ZDV�GLIILFXOW� WR� LPDJLQH�WKDW�WKLV�WUHDWPHQW�FRXOG�LQFUHDVH�HSLELRVLV�GXULQJ�WKH� IROORZLQJ� PRQWKV�� :KHQ� FROOHFWHG� DW� ��PRQWKV�� WKH� WUHDWPHQW� URSHV� ZHUH� YLVXDOO\�PRQLWRUHG� IRU� HSLELRVLV� DQG� WKH\� KDG� QR� PRUH�HSLELRVLV� WKDQ� WKH� FRQWURO� URSHV�� 7KXV�� DLU�H[SRVXUH� VHHPHG� WR� DIIHFW� WKH� JURZWK� RI� WKH�PXVVHOV� LQ� D� PRUH� LPSRUWDQW� ZD\� WKDQ�FRPSHWLWLRQ�ZLWK�WKH�HQFUXVWLQJ�FRPPXQLW\�GRHV�7KH� DEUDVLRQ� WUHDWPHQW� WKDW� FRXOG� HIIHFWLYHO\�LQVXUH�PRUWDOLW\�RI� WKH�HSLELRVLV�DQG�FOHDQLQJ�RI�WKH� VKHOOV� GLG� FDXVH� DQ� LQFUHDVH� LQ� PXVVHO�SURGXFWLYLW\� FRPSDUHG� ZLWK� DLU� WUH DWPHQW�� ZKHQ�SHUIRUPHG� LQ� WZR�PRQWK�ROG� URSHV� �)LJ�� �� H� ����

VKRZLQJ� WKDW� LQWHUVSHFLILF� FRPSHWLWLRQ� FRXOG� EH�LPSRUWDQW� LQ� WKLV� FXOWXUH�� 2Q� WKH� RWKHU� KDQG��FRQWUROV� KDG� VWLOO� ODUJHU� DQLPDOV� WKDQ� HLWKHU� RI�WKHVH�WUHDWPHQWV�2XU�FRQFOXVLRQ�WKHUHIRUH��ZDV�WKDW� WKH�DVVRFLDWHG�IDXQD� GLG� QRW� DFFXPXODWH� LQ� TXDQWLWLHV� ODUJH�HQRXJK� WR� FDXVH� FRPSHWLWLRQ�� DW� OHDVW� LQ� 3HQKD��$OWHUQDWLYHO\��ZH�K\SRWKHVL]HG�WKDW�LQWUD �VSHFLILF�FRPSHWLWLRQ� LQVWHDG� FRXOG� KDYH� DQ� LPSRUWDQW�HIIHFW�LQ�PXVVHO�JURZWK��7KLV�K\SRWKHVLV�ZDV�DOVR�QRW VXSSRUWHG� DQG� HYHQ� WKH� URSHV� ZLWK� UHGXFHG�PXVVHO�GHQVLW\�UHVXOWHG�LQ�VPDOOHU�DQLPDOV�WKDQ�LQ�WKH�FRQWURO��,Q� PDQ\� UHJLRQV� RI� WKH� ZRUOG� FRPSHWLWLRQ� LV� D�PDMRU� FDXVH� RI� UHGXFHG� JURZWK� LQ� FXOWLYDWHG�ELYDOYHV� KDQJLQJ� IURP� UDFNV� �$UDNDZD�� �������2Q� WKH� RWKHU� KDQG�� /HVVHU� HW� DO�� ������� VKRZHG�WKDW�FXOWLYDWHG�0\WLOXV�HGXOLV KDG�KLJKHU�IHHGLQJ�UDWHV� IRU� DOO� SDUWLFOH� VL]HV� DQG� W\SHV� WHVWHG�� WKDQ�LWV�PDMRU�FRPSHWLWRUV�RQ�URSH�FXOWXUHV��7KDW�VWXG\�VKRZHG�VHOHFWLYH�IHHGLQJ�RQ�VPDOO�SK\WRSODQNWRQ�����PP�� ZKHUHDV� WKH� PDMRU� HQFUXVWLQJ� HSL]RDQV�SUHIHUUHG� ODUJH� SK\WRSODQNWRQ� �!� ��PP��� 7KHLU�FRQFOXVLRQ� ZDV� WKDW� IRU� PXVVHO� URSH� FXOWXUH�� LW�DSSHDUHG� WKDW� LQ� WKH� DEVHQFH� RI� VLJQLILFDQW� IRRG�OLPLWDWLRQ�� PXVVHOV� VKRXOG� DOZD\V� GR� EHWWHU� LQ�UHJDUG�WR�IHHGLQJ��7KH�ULYHU�,WDMDt�DoX�LV�SUREDEO\�WKH�PDMRU�VRXUFH�RI�RUJDQLF� DQG� LQRUJDQLF� SDUWLFOHV� IRU� WKLV� PXVVHO�FXOWXUH��,W�GLVFKDUJHV���NP�VRXWK�RI�3HQKD�DQG�LWV�SOXPH� GLVSHUVHV� QRUWKZDUG�� 1LWURJHQ�� RUJDQLF�FRPSRXQGV� DQG� LQRUJDQLF� DPPRQLD� DQG�SKRVSKDWHV�DUH� UHOHDVHG� IURP�WKH�HVWXDU\��7K H�UH�VXVSHQVLRQ� RI� VHGLPHQW� IURP� WKH� ERWWRP� LV� DOVR�LPSRUWDQW� IRU� WKLV� PXVVHO� FXOWXUH�� &KORURSK\OO �D�LQFUHDVHG�RYHU�WKUHH�\HDUV�EXW�VWLOO�ZDV�DW�KDOI�WKH�YDOXHV� IRXQG� LQ� FXOWXUHV� LQ� &DQDGD� DQG� (XURSH��WKXV� LQGLFDWLQJ� WKH� ROLJRWURSKLF� FKDUDFWHU� RI� WKH�ZDWHU LQ� 3UDLD� *UDQGH� GR� ,WDSRFRUyL� EHDFK��&KHYDUULD���������7KH�VPDOO�DPRXQW�RI�IRRG�FRXOG�H[SODLQ�ZK\� DVVRFLDWHG� IDXQD� GLG� QRW� DFFXPXODWH�DV� PXFK� RQ� PXVVHO� VKHOOV�� 2Q� WKH� RWKHU� KDQG��UHVRXUFHV�ZHUH� SUREDEO\� QRW� ORZ�� QRU� OLPLWLQJ� DV�VXJJHVWHG�E\�WKH�ODFN�RI�LQ WUDVSHFLILF�FRPSHWLWLRQ�LQ� WKLV� FXOWXUH�� ,Q� VRPH� FLUFXPVWDQFHV� HSLELRVLV�PD\�EHQHILW�KRVWV�EHFDXVH�LW�VWLPXODWHV�JURZWK�RI�WKH� ERUGHU� RI� WKH� VKHOO� �$UDNDZD�� ������ RU�SURYLGHV� SURWHFWLRQ� IURP� SUHGDWLRQ� �9DQFH��������� %HFDXVH� RI� WKLV�� $UDNDZD� �������VXJJHVWHG�WKDW�QR�WUHDWPHQW�VKRXOG�EH�SHUIRUPHG�GXULQJ�WKH�JURZLQJ�VHDVRQ�
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7KXV� ZH� SUHGLFWHG� WKDW� RXU� 0D\� WUHDWPHQWV����������PRQWK�ROG� PXVVHOV�� RI� UHGXFWLRQ� RI� HSL]RDQV�WR� UHVXOW� LQ� WKH� EHVW� JURZWK� RI�PXVVHOV�� EHFDXVH�OHDYLQJ� WKH� HQFUXVWLQJ� IDXQD� GXULQJ� WKH� ILUVWPRQWKV� RI� FXOWXUH� ZRXOG� VWLPXODWH� JURZWK��+RZHYHU��WKLV�SUHGLFWLRQ�ZDV�DOVR�QRW�VXSSRUWHG��FRPSDULQJ�WKH�DEUDVLRQ�WUHDWPHQW�EHWZHHQ�)LJV���DQG����WKH�RSSRVLWH�WUHQGV�IRU�WKH�H[SHFWHG�OHQJWK��WKLFNQHVV�DQG�ZHLJKW�LQGLFDWHG�WKDW�HSL]RDQV�ZHUH�QRW�EHQHILFLDO LQ�WKLV�FXOWXUH�,Q� WKLV� VWXG\�ZH�GLG�QRW�DGGUHVV�SRVVLEOH�HIIHFWV�RI� HSL]RDQV� RQ�PRUWDOLW\� UDWH�� EXW� WKLV� FRXOG� EH�DQRWKHU� W\SH� RI� SUHMXGLFLDO� HIIHFW��'LVORGJHPHQW�

RI� WKH� PXVVHOV� FDXVHG� E\� LQFUHDVHG� ZHLJKW��:DWHUVWUDW� HW� DO��� ������ RU� GUDJ� IRUFH� �:LWPDQ�DQG�6XFKDQHN��������UHPDLQV� WR�EH�LQYHVWLJDWHG��:LWPDQ� DQG� 6XFKDQHN� ������� DOVR� SRLQWHG� RXW�WKDW�PXVVHOV�OLYLQJ�LQ�SURWHFWHG�VLWHV�ZHUH�XVXDOO\�OHVV� DWWDFKHG� WR� WKH� VXEVWUDWH� DQG� VXIIHUHG� WKH�KLJKHU� ULVN� RI� GLVORGJHPHQW� ZKHQ� VXEPLWWHG� WR�VWURQJ�FXUUHQWV��6LQFH�PXVVHO�FXOWXUHV�DUH�JURZQ�DW�SURWHFWHG�VLWHV��XQXVXDO�HYHQWV�RI�VWURQJ�ZDYHV�DQG�ZDWHU�FXUUHQWV�FRXOG�GLVORGJH�PDQ\�DQLPDOV�DQG� LW� ZRXOG� EH� QHFHVVDU\� WR� VWXG\� LI� HSL]RDQV�FRXOG�LQFUHDVH�WKLV�DPRXQW�RI�GLVORGJHPHQW�

)LJXUH�� � 6L]H�DQG�ZHLJKW�RI���PRQWK�ROG�PXVVHOV� WUHDWHG�ZKHQ�WKH\�ZHUH���PRQWKV�ROG��0HDQV��r ��VWDQGDUG�HUURU�� DQG�QXPEHU� RI� UHSOLFDWHV� DUH� VKRZQ��7UHDWPHQWV��+GHQV� �GRXEOH�GHQVLW\��/GHQV� �KDOI�GHQVLW\�� DEUDV� �DEUDVLRQ��DLU� �DLU�H[SRVXUH��DQG�FRQWU� �FRQWURO�
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)LJXUH�� � 6L]H�DQG�ZHLJKW�RI���PRQWK�ROG�PXVVHOV� WUHDWHG�ZKHQ�WKH\�ZHUH���PRQWKV�ROG��0HDQV��r ��VWDQGDUG�HUURU�� DUH� VKRZQ��$OO� WUHDWPHQWV� KDG� ��� UHSOLFDWHV��7UHDWPHQWV��+GHQV� �GRXEOH� GHQVLW\��/GHQV� �KDOI� GHQVLW\��DEUDV� �DEUDVLRQ��DLU� �DLU�H[SRVXUH��DQG�FRQWU� �FRQWURO�
7DEOH�� � $129$V�DQG�'XQQHW¶V�FRPSDULVRQV�EHWZHHQ�PXVVHOV�WUHDWHG�DW���PRQWKV�DQG���PRQWKV�DQG�REVHUYHG�DW���PRQWKV�ZLWK�FRQWURO��1R�GLIIHUHQFHV�ZHUH�REVHUYHG�DW���PRQWK�ROG�PXVVHOV��DQG�VR�WKHVH�UHVXOWV�DUH�QRW�VKRZQ�KHUH��$OO�$129$V�KDG�S ��������')�LQGLFDWHV�GHJUHHV�RI�IUHHGRP��
�LQGLFDWHV�VLJQLILFDQW�GLIIHUHQFH�DW�D ��������KLJKHU�RU� ± OHVV� WKDQ� FRQWURO�� IRU�'XQQHW¶V� FRPSDULVRQV��16� LQGLFDWHV� QR� VLJQLILFDQW� UHVXOWV�� DQG� �13� � LQGLFDWHV� WKDW� WKH�WUHDWPHQW�ZDV�QRW�SHUIRUPHG�� $129$V 7UHDWPHQWV��'XQQHW¶V�WHVW�7UHDWPHQW 9DULDEOHV )��')� /RZ��'HQVLW\ +LJK�'HQVLW\ $EUDVLRQ $LU��PRQWKV /HQJWK ������������ 
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)LJXUH�� � 6L]H� DQG�ZHLJKW� RI� ��PRQWK�ROG�PXVVHOV WUHDWHG�ZKHQ� WKH\�ZHUH���PRQWK�ROG��0HDQV� �r ��VWDQGDUG�HUURU�� DUH� VKRZQ��$OO� WUHDWPHQWV� KDG� ��� UHSOLFDWHV��7UHDWPHQWV��+GHQV� �GRXEOH� GHQVLW\��/GHQV� �KDOI� GHQVLW\��DEUDV� �DEUDVLRQ��DLU� �DLU�H[SRVXUH��DQG�FRQWU� �FRQWURO�
,Q�FRQFOXVLRQ��OHVV�GHQVH�R U�FOHDQHG�PXVVHO�URSHVVKRZHG� QR LQFUHDVH� RI� PXVVHO� VL]H� RU� ZHLJKW�ZKHQ� FRPSDUHG� ZLWK� FRQWUROV�� 7KHUHIRUH�� WKHUH�ZDV� QR� QHHG� WR� VSHQG� WLPH� DQG� PRQH\� WR�HOLPLQDWH�HSL]RDQV�LQ�WKLV�FXOWXUH��
$&.12:/('*(0(176
7KH� DXWKRUV� WKDQN� 81,9$/,� ± &DPSXV� 9� IRU�SURYLGLQJ� ILHOG� DQG� ORGJLQJ� IDFLOLWLHV� DQG� WKH�*UDGXDWH� 3URJUDP� LQ� =RRORJ\� RI� 8)35� IRU�SURYLGLQJ� ODE� IDFLOLWLHV�� -LP� 5RSHU� KHOSHG� ZLWK�VWDWLVWLFV�DQG�UHYLHZHG�WKH�(QJOLVK�YHUVLRQ��DQG�WR�KLP� ZH� DUH� LQGHEWHG�� 505� UHFHLYHG� D� 5HVHDUFK�*UDQW� IURP�&13T��7KLV� SDSHU� LV WKH� FRQWULEXWLRQ�������=RRORJ\�'HSW���8QLY��)HGHUDO�GR�3DUDQi��

5(6802
)RL�UHDOL]DGR�XP�HVWXGR�QR�FXOWLYR�GH�PH[LOK}HV�3HUQD� SHUQD QR� PXQLFtSLR� GH� 3HQKD�� 6&� SDUD�WHVWDU� DOJXQV� WUDWDPHQWRV� GH� OLPSH]D� GD� IDXQD�DVVRFLDGD� H� TXDO� VHX� HIHLWR� QR� FUHVFLPHQW R� GRV�PH[LOK}HV��$�DEXQGkQFLD�GD�PHVPD�IRL�UHGX]LGD�SRU�PHLR�GH�� D�� H[SRVLomR�GDV� FRUGDV�GH� FXOWLYR�DR�DU�SRU��K�H�E��DEUDVmR�GDV�FRQFKDV�SRU�IULFomR�HQWUH�HODV��&RPSHWLomR�LQWUDHVSHFtILFD�IRL�WHVWDGD�GH� GXDV� PDQHLUDV�� D�� UHGX]LQGR� D� GHQVLGDGH� GH�PH[LOK}HV SHOD� PHWDGH� H� E�� GREUDQGR �VH� D�GHQVLGDGH� GH� PH[LOK}HV� HP� FDGD� FRUGD�� 7UrV�FRUGDV�IRUDP�PDQWLGDV�QR�PDU�FRPR�FRQWUROH��2V�WUDWDPHQWRV� IRUDP� UHDOL]DGRV� GXDV� YH]HV�� HP�FRUGDV� GH� �� PHVHV� H� �� PHVHV�� 7DQWR� QR� TXDUWR�FRPR�QR�VpWLPR�PrV�GH�FXOWLYR��IRUDP�FROHWDGR V�PH[LOK}HV� HP� FDGD� FRUGD�� SHVDGRV� H� PHGLGRV��FRPSULPHQWR��ODUJXUD��H�HVSHVVXUD���$�DQiOLVH�GH�YDULkQFLD�PRVWURX�TXH�QHQKXP�GRV�WUDWDPHQWRV� UHVXOWRX� HP� PDLRU� FUHVFLPHQWR� RX�

���
���
���
���
���
���
���
���

DEUDV DLU FRQWU

0HDQ
�/HQ

JWK�F
P��

���
���
���
���
���
���
���
���

DEUDV DLU FRQWU

0HDQ
�ZLGW

K�FP
��

���
���
���
���
���
���
���

DEUDV DLU FRQWU

0HDQ
�WKLF

NQHV
V�FP

��

��
������
����
������
����

DEUDV DLU FRQWU0HDQ
�ZHLJ

KW�J�
�



(SLELRVLV�5HGXFWLRQ�RQ�3URGXFWLYLW\

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

���
JDQKR� GH� SHVR� GRV� PH[LOK}HV� HP� UHODomR� DRV�FRQWUROHV��$VVLP��VXJHUH �VH�DRV�FXOWLYDGRUHV�GHVWD�UHJLmR�TXH�QmR�Ki�QHFHVVLGDGH�GH�QHQKXP�WLSR�GH�PDQXWHQomR� QDV� FRUGDV� DQWHULRU� j� UHWLUDGD� GRV�PH[LOK}HV�SDUD�FRPHUFLDOL]DomR�
5()(5(1&(6
$UDNDZD�� .�� <�� �������� &RPSHWLWRUV� DQG� IRXOLQJ�RUJDQLVPV� LQ� WKH� KDQJLQJ� FXOWXUH� RI� WKH� SDFLILF�R\VWHUV�� &UDVVRVWUHD� JLJDV �7KXQEHUJ�� 0DU��%HKDY��3K\VLRO��������������&KHYDUULD�� *�� *�� �������� &DUDFWHUL]DomR�ELRJHRTXtPLFD� GH� XPD� iUHD� GH� FXOWLYR� GH�PROXVFRV�± (QVHDGD�GH�$UPDomR�GR�,WDSRFRUR\�±3HQKD�� 6&�� 0RQRJUDSK�� &HQWUR� GH� (GXFDomR�6XSHULRU�GH�&LrQFLDV�7HFQROyJLFDV��GD�7HUUD�H�GR�0DU�GD�8QLYHUVLGDGH�GR�9DOH�GR�,WDMDt�'D\WRQ�� 3�� .�� �������� 'LVSHUVLRQ�� GLVSHUVDO�� DQG�SHUVLVWHQFH�RI� WKH�DQQXDO� LQWHUWLGDO�DOJD�3RVWHOVLD�SDOPDHIRUPLV 5XSUHFKW��(FRORJ\� ������������)UHLWDV�� 0�� �������� ,QFUXVWDo}HV� ELROyJLFDV� QR�PH[LOKmR� 3HUQD� SHUQD �0ROOXVFD�� %LYDOYLD���FXOWLYDGR� QD� ,OKD� GH� 5DWRQHV�� 6&�� (IHLWR� GD�H[SRVLomR� DR� DU�� 06F� 'LVVHUWDWLRQ��'HSDUWDPHQWR� GH� $T�LFXOWXUD�� &HQWUR� GH�&LrQFLDV� $JUiULDV� GD� 8QLYHUVLGDGH� )HGHUDO� GH�6DQWD�&DWDULQD��)ORULDQySROLV�/HVVHU�� 0�� 3��� 6KXPZD\�� 6�� (��� &XFFL�� 7�� DQG�6PLWK�� -�� �������� ,PSDFW�RI� IRXOLQJ�RUJDQLVPV�RQ�PXVVHO� URSH� FXOWXUH�� LQWHUHVSHFLILF� FRPSHWLWLRQ�IRU� IRRG� DPRQJ� VXVSHQVLRQ�IHHGLQJ�LQYHUWHEUDWHV��-��([S��0DU��%LRO��(FRO�� ��� �� ������������

0DUHQ]L��$��:��&���0DQ]RQL��*��&���5RGULJXHV��5��0��DQG� $UD~MR�� 6�� $�� �������� 2UGHQDomR� H�GLVFLSOLQDPHQWR�QD�RFXSDomR�GH�XPD�HQVHDGD�SRU�XP�SDUTXH�GH�FXOWLYR�GH�PH[LOK}HV��XWLOL]DQGR�VH�VLVWHPD�GH� LQIRUPDo}HV� JHRJUiILFDV� �6,*��� 5HVXPRV� GR� 9,,�&2/$&0$5�������������0RQWHLUR��/��3��DQG�6LOYD��6��+��*����������,QIOXrQFLDV�GD� H[SRVLomR� DR� DU� VREUH� D� HSLIDXQD�� FUHVFLPHQWR� H�tQGLFH�GH�FRQGLomR�GR�PH[LOKmR�3HUQD�SHUQD��QD�%DtD�GD� *XDQDEDUD�5LR� GH� -DQHLUR�� %UDVLO�� 3XEOomR� (VS��,QVW��2FHDQRJU���������������6RNDO�� 5�� 5�� DQG� 5RKOI�� )�� -�� �������� %LRPHWU\���QG HG�� :�� +�� )UHHHPDQ� DQG� &RPSDQ\�� 1HZ�<RUN��SS������9DQFH�� 5�� 5�� �������� $� PXWXDOLVWLF� LQWHUDFWLRQ�EHWZHHQ� D� VHVVLOH� PDULQH� FODP� DQG� LWV� HSLELRQWV��(FRORJ\� ������������:DWHUVWUDW�� 3��� &KHZ�� .��� -RKQVRQ�� .�� DQG� %DWWLH��-�� +�� �������� 0XVVHO� FXOWXUH�� D :HVW� &RDVW�SHUVSHFWLYH�� ,Q�� /XW]�� 5��$�� DQG�&HQWHU�� ,�� &��'��0XVVHO� &XOWXUH� DQG� +DUYHVW�� $� 1RUWK� $PHULFDQ�3HUVSHFWLYH��1HZ�<RUN��SS����������:LWPDQ�� -�� '�� DQG� 6XFKDQHN�� 7�� +�� ��������0XVVHOV� LQ� IORZ�� GUDJ� DQG� GLVORGJHPHQW� E\�HSL]RDQV��0DU��(FRO��3URJ��6HU���������������
5HFHLYHG��0D\����������5HYLVHG��$SULO����������$FFHSWHG��2FWREHU����������




