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$%675$&7
7KH�REMHFWLYH�RI� WKH�SUHVHQW�VWXG\�ZDV� WR�DSSO\�D�KLJKO\�VHQVLWLYH�ERWDQLFDO� WHVW�RI�PXWDJHQLFLW\��WKH�7UDGHVFDQWLDVWDPHQ�KDLU�PXWDWLRQ�ELRDVVD\��WR�DVVHVV�LQ�VLWX WKH�ELRORJLFDO�UHVSRQVHV�LQGXFHG�E\�QDWXUDOO\�RFFXUULQJ�UDGLDWLRQ�LQ� WKH� 3RoRV� GH� &DOGDV� 3ODWHDX�� 7KH� PXWDJHQHVLV� ZDV� HYDOXDWHG� LQ� HQYLURQPHQWV� SUHVHQWLQJ� JDPPD� UDGLDWLRQ�H[SRVXUH� UDWHV� UDQJLQJ� IURP� ����P5�PLQ�� XS� WR� ������P5�PLQ���� 7KH� UHVXOWV� FRQVLVWHQWO\� VKRZHG� RQO\� ERUGHUOLQH�LQFUHDVHV�LQ�PXWDWLRQ�IUHTXHQFLHV�LQ�SODQWV�H[SRVHG�WR�DUHDV�ZLWK KLJK�UDGLDWLRQ�EDFNJURXQG��DV�FRPSDUHG�WR�QRQ�H[SRVHG�SODQWV��,W�ZDV�FRQFOXGHG�WKDW�WKH�OHYHOV�RI�QDWXUDO�UDGLDWLRQ�SUHYDOHQW�LQ�WKH�3RoRV�GH�&DOGDV�3ODWHDX�ZHUH�QRW�VXIILFLHQW� WR� LQGXFH�VLJQLILFDQW� LQFUHDVHV� LQ�PXWDWLRQ�UDWH��HYHQ�LQ� WKH�H[WUHPHO\�VHQVLWLYH�7UDGHVFDQWLD VWDPHQ�KDLU�PXWDWLRQ�ELRDVVD\�DQG�PXWDJHQHVLV�HYDOXDWLRQ�WHVW�FRXOG�EH�D�XVHIXO�PRQLWRULQJ�V\VWHP�IRU�QDWXUDO�UDGLDWLRQ�H[SRVXUH�
.H\ZRUGV�0XWDJHQHVLV��QDWXUDO�UDGLDWLRQ��ELRDVVD\��7UDGHVFDQWLD


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7KH�FXUUHQW�SROLF\�RI�UDGLDWLRQ�SURWHFWLRQ�LV�EDVHG�RQ� WKH� K\SRWKHVLV� RI� OLQHDU� GRVH �UHVSRQVH� IURP�ZKLFK� DOO� SURFHGXUHV� DQG� GRVH� OLPLWV� UHODWHG� WR�QXFOHDU�DFWLYLWLHV�KDYH�EHHQ�HVWDEOLVKHG��$OWKRXJK�WKLV�FDQ�EH�FRQVLGHUHG�D�FRQVHUYDWLYH�DQG�HIILFLHQW�SROLF\�LQ�LWV�SURWHFWLRQ�IXQFWLRQ��VRPH�FRQWURYHUV\�H[LVWV� UHJDUGLQJ� WKH� DSSOLFDELOLW\� RI� WKH� OLQHDULW\�K\SRWKHVLV� IRU� WKH� SURWHFWLRQ� RI� WKH� JHQRPH��0DXJK�,,���������7KH�HIIHFWV�RI�LRQL]LQJ�UDGLDWLRQ�RQ� WKH� LQWHJULW\�RI� WKH�JHQHWLF�PDWHULDO�KDYH�EHHQ�VWXGLHG� VLQFH� WKH� GLVFRYHU\� RI� UDGLDWLRQ�LQGXFHG�PXWDWLRQV�� ERWK� LQ� DQLPDOV� �0XOOHU�� ����� DQG�SODQWV� �6WDGOHU�� ������� 0HFKDQLVPV� RI�

FKURPRVRPH� VXVFHSWLELOLW\� WR� UDGLDWLRQ� GDPDJH�ZHUH� GHPRQVWUDWHG� LQ� HDUO\� VWXGLHV� XVLQJ�7UDGHVFDQWLD� DV� DQ� H[SHULPHQWDO� VXEMHFW� �6D[��������� &HOOXODU� DFWLYLW\� ZDV� VKRZQ� WR� SOD\� DQ�LPSRUWDQW� UROH� LQ� VXVFHSWLELOLW\�� DQG� WKH� JUHDWHVW�DFWLYLW\� UHSUHVHQWHG� E\� PHLRWLF� UHSOLFDWLRQ�FRLQFLGHG� ZLWK� JUHDWHVW� VHQVLWLYLW\� WR� UDGLDWLRQ��6D[��������6SDUURZ�DQG�6LQJOHWRQ������� �1RUPDOO\� OHVV� VHQVLWLYH�� VRPDWLF� PXWDWLRQ�HYDOXDWLRQ� RIIHUV� YDOXDEOH� LQIRUPDWLRQ� IRU� WKH�DVVHVVPHQW�RI�QDWXUDOO\�RFFXUULQJ�UDGLDWLRQ�DQG�LWV�SRWHQWLDO� PXWDJHQLFLW\� WR� H[SRVHG� SRSXODWLRQV��(YDOXDWLRQV�RI�UDGLDWLRQ�LQGXFHG�PXWDWLRQV�FDUULHG�RXW�RQ�WKH�VWDPHQ�KDLUV�RI� 7UDGHVFDQWLD LQGLFDWHG�WKDW�WKLV�FRXOG�SURYLGH�DQ�H[FHOOHQW�WHVW�V\VWHP�IRU�



*RPHV��+��$��HW�DO�

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

���
LQ� VLWX VWXGLHV� DQG� WKDW� WKHUH�ZDV�DQ�DSSUR[LPDWH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�UDGLDWLRQ�H[SRVXUH�DQG�IUHTXHQF\� RI� PXWDQW� FHOOV� DQG� PXWDW LRQ� HYHQWV��1D\DU�DQG�6SDUURZ��������6SDUURZ HW�DO����������7KLV� OLQHDU� UHODWLRQVKLS� KDV� EHHQ� FRQWHVWHG� E\�VRPH� LQYHVWLJDWRUV� KRZHYHU�� RQ� WKH� JURXQGV� RI�VRPH�DOOHJHG�TXDOLWDWLYH�GLIIHUHQFH�GXH�WR�W\SH�RI�UDGLDWLRQ� H[SRVXUH�� GLVFRQWLQXLW\� R I� WKH� UHDFWLRQ�DFFRUGLQJ� WR� VLWH� RI� UDGLDWLRQ� GDPDJH�� RU� GXH� WR�V\QHUJLVP� EHWZHHQ� UDGLDWLRQ� DQG� FKHPLFDO�FRPSRXQGV� �HQYLURQPHQWDO�RU�PHWDEROLF�� �'HQQLV�DQG�'HQQLV��������.LUE\�6PLWK�DQG�'DQLHOV��������7DQR��������7KH�GHSDUWXUH�IURP�OLQHDU LW\� LQ� WKH�GRVH�UHVSRQVH�UHODWLRQVKLS� RI� UDGLDWLRQ� HIIHFWV� KDV� LPSRUWDQW�FRQVHTXHQFHV� UHJDUGLQJ� WKH�XQFHUWDLQW\� UHODWHG� WR�WKH�GLIIHUHQW�SDUDPHWHUV�XVHG� LQ� WKH�HYDOXDWLRQ�RI�SRWHQWLDO�UDGLDWLRQ�KD]DUGV��0XWDJHQHVLV�LQGXFWLRQ�LV� RQH� SDUWLFXODUO\� YDOXDEOH� UD GLDWLRQ� DVVHVVPHQW�SDUDPHWHU�� DQG� SODQWV� DUH� HVSHFLDOO\� DGHTXDWH�H[SHULPHQWDO� VXEMHFWV� IRU�PXWDJHQHVLV�HYDOXDWLRQ��QRW�RQO\�IRU� WKHLU�DPHQDELOLW\�WR� LQ�VLWX H[SRVXUH��EXW�DOVR�GXH� WR� WKH�KLJK�VHQVLWLYLW\�RI� VRPH�SODQW�WHVW�V\VWHPV��VXFK�DV�WKH�7UDGHVFDQWLD VWDPHQ�KDLU�PXWDWLRQ� DVVD\� �7UDG�6+0�� �7DQR� DQG�<DPDJXFKL���������7KH�7UDG�6+0 DVVD\�LV�� WKXV��HVSHFLDOO\� VXLWHG� IRU� WKH� VWXG\� RI� FRPSOH[�HQYLURQPHQWDO� VLWXDWLRQV�� VXFK� DV� WKRVH� IRXQG� RQ�WKH� 3RoRV� GH� &DOGDV� 3ODWHDX�� ZKLFK� KDV� EHHQ�LGHQWLILHG� DV� DPRQJVW� WKH� PRVW� QDWXUDOO\�UDGLRDFWLYH�ORFDWLRQV�RQ�WKH�(DUWK�7KH� 7UDG�6+0� LV� D� VRPDWLF� PXWDWLRQ� �PLWRWLF��ELRDVVD\� LQ�ZKLFK�H[SUHVVLRQ�RI�WKH�KHWHUR]\JRXV�GRPLQDQW�EOXH�FKDUDFWHU�RI�WKH�VWDPHQ�KDLU�FHOO�LV�SUHYHQWHG�� UHVXOWLQJ� LQ� WKH� DSSHDUDQFH� RI WKH�UHFHVVLYH� SLQN� FRORU� �(PPHUOLQJ�7KRPSVRQ� DQG�1DZURFN\�� ������ 8QGHUEULQN HW� DO��� ������� 7KH�VHQVLWLYLW\�RI�7UDGHVFDQWLD WR�WKH�JHQHWLF�HIIHFWV�RI�UDGLDWLRQ� DQG� FKHPLFDO� DJHQWV� LV� ZLGHO\� NQRZQ��,FKLNDZD�� ������5RGULJXHV HW� DO��� ������� 6WXGLHV�RQ�WKH�HIIHFWV�RI�YHU\�ORZ�UDGLDWLRQ�OHYHOV�ZLWK�WKH�7UDG�6+0� DVVD\� LQYROYH� D� VHULHV� RI� H[SRVXUH�VLWXDWLRQV��IURP�DEVRUEHG�UDGLRLVRWRSHV� �7DQR�DQG�<DPDJXFKL�� ������� UDGLDWLRQ�FRQWDPLQDWHG�VXEVWUDWHV� �&HEXOVND�:DVLOHZVND��������,FKLNDZD�DQG� ,VKLL�� ����D��� DQG� KLJK� OHYHO� EDFNJURXQG�UDGLDWLRQ�IURP�PRQD]LWH�VDQG� �1D\DU HW�DO����������WR� VKRUW�ZDYH� UDGLRIUHTXHQFLHV� HPLWWHG� E\�DQWHQQDH� DQG� WKH� ERPEDUGPHQW� RI� FRVPLF� UD\V�RFFXUULQJ� LQ� RUELWDO� IOLJKW� �'HORQH� HW� DO��� ������6SDUURZ�HW�DO���������5HJDUGLQJ� WKH� UDGLDWLRQ� SURWHFWLRQ� SROLF\�LPSOLFDWLRQV� RI� ORZ� OHYHO� UDGLDWLRQ� H[SRVXUH� DQG�

SRWHQWLDO� ELRORJLFDO� UHVSRQVHV�� ,FKLNDZD� ������FRQGXFWHG� D� ODUJH�VFDOH� ORQJ� WHUP� DVVHVVPHQW� RI�PXWDWLRQ�IUHTXHQF\�DURXQG�QXFOHDU�SRZHU�SODQWV�LQ�-DSDQ�� 7KH� 7UDG�6+0� DVVD\� VKRZHG� WR� EH� DQ�DGHTXDWH� JHQRWR[LFLW\� ELRLQGLFDWRU�� ERWK� LQ� WHUPV�RI�GHWHFWLQJ�UDGLDWLRQ�H[SRVXUH��DV�ZHOO�DV�LQ�WHUPV�RI� VRUWLQJ� RXW� WKH� FRQIRXQGLQJ� HQYLURQPHQW DO�IDFWRUV� WKDW� LQWHUIHUH�ZLWK� ELRORJLFDO� UHVSRQVHV� WR�UDGLDWLRQ�� ,Q� WKH� SUHVHQW� VWXG\�� WKH� 7UDG �6+0�DVVD\�ZDV�XVHG�WR�DVVHVV�WKH�PXWDJHQLFLW\�LQGXFHG�E\�WKH�KLJK�OHYHOV�RI�QDWXUDO�UDGLDWLRQ�RFFXUULQJ�RQ�WKH�3RoRV�GH�&DOGDV�3ODWHDX�
0$7(5,$/6�$1'�0(7+2'6
([SRVXUH�³LQ�VLWX´
7KH� PXWDJHQHVLV� HYDOXDWLRQ� ZDV� FDUULHG� RXW� LQ�GLIIHUHQW� HQYLURQPHQWV�� SUHVHQWLQJ� JDPPD�UDGLDWLRQ� H[SRVXUH� UDWHV� YDU\LQJ� IURP� �����P5�PLQ�� WR�������P5�PLQ��DV�VKRZQ�LQ�7DEOH���
7DEOH� � � ([SRVXUH� VLWHV�RI�7UDGHVFDQWLD SODQWV� LQ� WKH�3RoRV�GH�&DOGDV�3ODWHDX�DQG�UDGLDWLRQ�OHYHO�GHWHUPLQHG�IRU�HDFK�VLWH�([SRVXUH�VLWH�$EEUHYLDWLRQ� 5DGLDWLRQ�OHYHO��PP5�PLQ���3LW�0LQH��30� ���*UHHQKRXVH��*+� ���7DLOLQJ�'DP��7'� ���,WDWDLD�2UH��,WD� ����0RUUR�GR�)HUUR����0)�� ����*DOOHU\�RI�0RUUR�GR�)HUUR��*DO� ����0RUUR�GR�)HUUR����0)�� ����:DVWH�'HSRVLW��:'� �����
*URXSV� RI� WHQ� SRWV� FRQWDLQLQJ� IORZHULQJ�7UDGHVFDQWLD SODQWV� �FORQH� ������ ZHUH� NHSW� LQ�WKHLU� UHVSHFWLYH� H[SRVXUH� VLWHV� IRU� ��� K�� ,Q� WKH�PHDQ�WLPH��IRU�HDFK�H[SRVHG�JURXS��WKHUH� ZDV�RQH�FRQWURO� JURXS� NHSW� LQ� FRQWUROOHG �HQYLURQPHQW�JUHHQKRXVHV�SUHVHQWLQJ�D�UDGLRDFWLYLW\�EDFNJURXQG�RI� ����P5�PLQ���� 7KHVH� 7UDGHVFDQWLD VWRFN� SODQWV�PDLQWDLQHG� LQ� WKH� JUHHQKRXVHV� ZHUH� FRQVLGHUHG�DOVR� DV� WKH� UHIHUHQFH� WR� HYDOXDWH� WKH� VSRQWDQHRXV�PXWDWLRQ IUHTXHQF\�IRU�FORQH������RQ�WKH�3RoRV�GH�&DOGDV� 3ODWHDX�� ,Q� RUGHU� WR� HYDOXDWH� SRVVLEOH�JUHHQKRXVH�HIIHFWV��DQG�DV�D�PHDQV�RI�DVFHUWDLQLQJ�D� PRUH� VWDEOH� VHW� RI� FRQWUROV�� WZR� 7UDGHVFDQWLD�VWRFN� SRSXODWLRQV� ZHUH� NHSW� LQ� WZR� VHSDUDWH�JUHHQKRXVH� VSDFHV� �WKH� JUHHQKRXVH� LWVHOI�� DQG� LWV�
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DQQH[��VHW� WR� WKH�VDPH�HQYLURQPHQWDO�FRQGLWLRQV���7KHVH� SODQWV� ZHUH� FXOWLYDWHG� LQ� � �LQFK� SRWV�FRQWDLQLQJ� KXPXV�� VXSSOHPHQWHG� ZLWK� IHUWLOL]HU�HDFK� ��� GD\V� �QLWURJHQ�SKRVSKDWH�SRWDVVLXP���ZDWHUHG�HYHU\�RWKHU�GD\�DQG�PDLQWDLQHG�FOHDQ� DQG�SHVW�IUHH�E\�PDQXDO�VFRXWLQJ�DQG�SUXQLQJ�7KH� UDGLDWLRQ� OHYHO� RI� HDFK� RI� WKH� H[SRVXUH� VLWHV�ZDV� GHWHUPLQHG� DW� WKH� VDPH� SRVLWLRQ� ZKHUH� WKH�SODQWV� ZHUH� SODFHG� XVLQJ� D� ����� FF� LRQL]LQJ�FKDPEHU� DQG� D� UDGLDWLRQ� PRQLWRU� FRQWUROOHU��PRGHOV� 5DGFDO� ��[�� ± ����� DQG� ������UHVSHFWLYHO\�� 7KH�PHDVXUH�ZDV� UHSHDWHG� ��� WLPHV�IRU�HDFK�H[SRVXUH�VLWH�
7UDGHVFDQWLD�ELRDVVD\
7KH� 7UDG�6+0� DVVD\� DSSOLHG� LQ� WKH� SUHVHQW�H[SHULPHQWV�LV�D�PXWDWLRQ��PLWRWLF��DVVD\�LQ�ZKLFK�H[SUHVVLRQ� RI� WKH� KHWHUR]\JRXV� GRPLQDQW� EOXH�FKDUDFWHU� RI� WKH� VWDPHQ� KDLU� FHOOV� LV� SUHYHQWHG��UHVXOWLQJ� LQ� WKH� DSSHDUDQFH� RI� WKH� UHFHVVLYH� SLQN�FRORU��'HWDLOV� RI� WKH� H[SHULPHQWDO�PHWKRGV� DQG� D�UHYLHZ� RI� WKH� UHVXOWV� REWDLQHG�ZLWK� WKLV� ELRDVVD\�DUH�DYDLODEOH�LQ�5RGULJXHV�������D� DQG�5RGULJXHV������E���5RGULJXHV HW�DO����������,Q� RUGHU� WR� FKHFN� WKH� VHQVLWLYLW\� RI� RXU�7UDGHVFDQWLD SODQWV�WR�UDGLDWLRQ�DQG�WR�VWDQGDUGL]H�WKH� H[SHULPHQWDO� SURFHGXUHV�� SRWV� FRQWDLQLQJ�PDWXUH�SODQWV�ZHUH�H[SRVHG�LQ�WKH�ODERUDWRU\�WR�D�JDPPD�UDGLDWLRQ�VRXUFH�GHOLYHULQJ�IURP�����XS WR������� P*\�� )RU� HDFK� ILHOG� H[SHULPHQW�� WZHQW\�IORZHUV� ZHUH� HYDOXDWHG� GDLO\�� WHQ� FRPLQJ� IURP�H[SRVHG� SRWV� DQG� RWKHU� WHQ� FRPLQJ� IURP� FRQWURO��JUHHQKRXVH�� SRWV�� 0XWDWLRQ� VFRULQJ� ZDV�SHUIRUPHG� EHWZHHQ� WKH� �WK DQG� ��WK GD\V� DIWHU�H[SRVXUH� LQ� RUGHU� WR� DOORZ� WKH� H[SRVHG� IORZHU�EXGV� WR� RSHQ� DV� PDWXUH� IORZHUV� LQ� ZKLFK� WKH�VWDPHQ� KDLUV� FRXOG� EH� REVHUYHG� �XQGHU� ;���PDJQLILFDWLRQ��� 7KH� QXPEHU� RI� VWDPHQ� KDLUV� SHU�IORZHU� LQ� HDFK� WUHDWPHQW� JURXS� ZDV� HVWLPDWHG��,FKLNDZD� DQG� ,VKLL�� ����E��� DQG� WKH� QXPEHU� RI�PXWDWLRQ� HYHQWV� SHU� ����� KDLUV� ZDV� GHWHUPLQHG��2Q�DYHUDJH��RYHU������KDLUV�ZHUH�VFRUHG�IRU�HDFK�WUHDWPHQW�GD\��6WDWLVWLFDO�FRPSDULVRQV�ZHUH�FDUULHG�RXW� RQ� WKH� WUDQVIRUPHG� GDWD� �\ >VTUW�;@�>VTUW>;��@���6QHGHFRU DQG�&RFKUDQ���������E\�$129$��Sd������IRU�WKH�GD\V�RI�ODUJHVW�PXWDWLRQ�IUHTXHQFLHV� IRU� DOO� WKH� WUHDWPHQWV�� 6SHFLILF�FRPSDULVRQV� EHWZHHQ� HDFK� WUHDWPHQW� DQG� LWV�VSHFLILF� FRQWURO� ZHUH� FDUULHG� RXW� E\� XQSDLUHG� W �7HVW��Sd������

5(68/76
7KH�7UDGHVFDQWLD SODQWV HPSOR\HG� LQ� WKH� SUHVHQW�VWXG\�VKRZHG�WR�EH�VHQVLWLYH�WR�UDGLDWLRQ�H[SRVXUH��)LJXUH� ���� 7KH� PXWDWLRQ� IUHTXHQFLHV� REWDLQHG�ZLWKLQ� WKH� JURXSV� RI� SODQWV� PDLQWDLQHG� LQ� WKH�JUHHQKRXVH� �DQG� LWV� DQQH[�� GLG� QRW� VKRZ�VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� �S!������WKURXJKRXW� WKH� FRPSOHWH� SHULRG� RI� HYDOXDWLRQ��)LJXUH��%��

)LJXUH� � � 5HVSRQVH� RI� WKH� 7UDG�6+0� DVVD\� WR�H[SRVXUH� WR� D� JDPPD� UDGLDWLRQ� VRXUFH�� 7KH� YDOXH�FRUUHVSRQGLQJ� WR� ]HUR� UDGLDWLRQ� OHYHO� LV� WKH� DYHUDJH�PXWDWLRQ�IUHTXHQF\�REWDLQHG�LQ�WKH�JUHHQKRXVH�
/LNHZLVH��QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REWDLQHG�EHWZHHQ�WKH�SODQWV�PDLQWDLQHG�LQ�WKH� JUHHQKRXVH� DQG� LWV� DQQH[� �ODEHOHG�*UHHQKRXVH� �� DQG� �� LQ� )LJXUH� �%��� 7KH� KLJKHU�PXWDWLRQ� IUHTXHQF\� RFFXUUHG� RQ� GD\� QLQH� IRU�WKHVH� FRQWURO� SODQWV� SODFHG� LQ� WKH JUHHQKRXVH�DQG� LWV� DQQH[� PXVW� EH� WKH� UHVXOW� RI� VRPH�LQWHUIHUHQFH� QRW� DFFRXQWHG� IRU� LQ� RXU�H[SHULPHQWV��EXW�DWWHVW� WR� WKH�UHSURGXFLELOLW\�RI�WKH�7UDG�6+0�DVVD\��VLQFH�WKH�WZR�LQGHSHQGHQW�SRSXODWLRQV�SUHVHQWHG�VLPLODU�EHKDYLRU��7KH� FRPSOHWH� VHW� RI�PXWDWLRQ IUHTXHQFLHV� REVHUYHG�IRU� WKH� GD\V� IROORZLQJ� H[SRVXUH� LQ� DOO� WUHDWPHQWV��WRJHWKHU�ZLWK�WKHLU�FRUUHVSRQGLQJ�FRQWUROV�NHSW�LQ�WKH�JUHHQKRXVH� WKURXJKRXW� WKH� H[SHULPHQWDO� SHULRG� FDQ�EH� REVHUYHG� LQ� )LJXUH� �� �$� WR� +��� ,W� VKRXOG� EH�QRWLFHG� WKDW� E\� DQG� ODUJH� HYHU\ VHULHV� RI� GDWD�FRUUHVSRQGLQJ� WR� WKH� H[SRVHG� JURXS� LQ� HDFK�WUHDWPHQW� VKRZHG� DW� OHDVW� RQH� SHDN� RI� PD[LPXP�PXWDWLRQ� IUHTXHQF\�� ZKHUHDV� WKH� GDWD� VHULHV�FRUUHVSRQGLQJ�WR�WKH�FRQWURO�JURXS�LQ�HDFK�WUHDWPHQW�WHQGHG�WR�PDLQWDLQ�D�ORZHU�DQG�PRUH�VWDEOH�PXWDWLRQ�IUHTXHQF\�WKURXJKRXW�WKH�VFRULQJ�SHULRG��
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)LJXUH�� � 0XWDWLRQ�IUHTXHQFLHV�IRU�WKH�7UDG�6+0�DVVD\�LQ�GLIIHUHQW�H[SRVXUH�VLWHV�RI�YDU\LQJ�UDGLDWLRQ�OHYHOV�LQ�WKH�3RoRV� GH� &DOGDV� 3ODWHDX�� 7KH� GDWD� VHULHV� IRU� HDFK� H[SRVXUH� VLWH� UHSUHVHQWV� GD\V� DIWHU� H[SRVXUH� DQG� WKH� GD\� RI�PD[LPXP� PXWDWLRQ� IUHTXHQF\� FRUUHVSRQGV� WR� WKH� YDOLG� GD\� IRU� HYDOXDWLRQ� RI� UDGLDWLRQ� UHVSRQVH�� (DFK� JURXS� RI�H[SRVHG� SODQWV� LV� DFFRPSDQLHG� E\� LWV� FRUUHVSRQGLQJ� FRQWURO� JURXS��ZKLFK�ZDV� NHSW� LQ� WKH� JUHHQKRXVH� GXULQJ� WKH�VDPH�SHULRG�
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%LRORJLFDO�5HVSRQVH�RI�7UDGHVFDQWLD�6WDPHQ�KDLUV�WR�+LJK�/HYHOV

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

���
$FFRUGLQJ� WR� WKH� 7UDG�6+0�PHWKRG� �5RGULJXHV������D��� WKH� VHW� RI� GDLO\� GDWD� VKRZLQJ� WKH�KLJKHVW�PXWDWLRQ�IUHTXHQF\�GXULQJ�WKH�SHULRG�EHWZHHQ�WKH�VHYHQWK� DQG� WKH� WZHOIWK� GD\� DIWHU� H[SRVXUH��UHSUHVHQWHG� WKH� VWDPHQ� KDLUV� WKDW� ZHUH� DFWLYHO\�IRUPLQJ� RQ� WKH� GD\� RI� H[SRVXUH� DQG� VKRXOG� EH�FRQVLGHUHG�DV�YDOLG�IRU�VFRULQJ��,Q�RWKHU�ZRUGV��WKH�GD\�RI�PD[LPXP�PXWDWLRQ�IUHTXHQF\�ZDV�WKH�RQH�LQ�ZKLFK�WKH�VWDPHQ�KDLUV�IRUPLQJ�GXULQJ�H[SRVXUH�DSSHDUHG� LQ� WKH� RSHQHG� IORZHUV�� ,W�ZDV� IURP� WKLV�SDUWLFXODU� GD\� WKDW� WKH� GDWD� ZHUH� GUDZQ� IRU� WKH�FRPSDULVRQV� RI� PXWDWLRQ� IUHTXHQF\� DPRQJ� WKH�GLIIHUHQW�H[SRVXUH�VLWHV�

)LJXUH���� 0XWDWLRQ�IUHTXHQF\�RI� WKH�7UDG�6+0�DVVD\�DIWHU� H[SRVXUH� WR� GLIIHUHQW� VLWHV� RI� YDU\LQJ� QDWXUDO�UDGLDWLRQ� OHYHOV� RQ� WKH� 3RoRV� GH�&DOGDV� 3ODWHDX�� (DFK�VLWH� LV� UHSUHVHQWHG� E\� WKH� H[SRVHG� SODQWV� �SODLQ� EDUV��DQG� WKHLU� FRUUHVSRQGLQJ� FRQWUROV� �GRWWHG� EDUV��� LQ�DGGLWLRQ� WR� LWV� JDPPD� UDGLDWLRQ� H[SRVXUH� UDWH� �IXOO�FLUFOHV��� 7KH� �
�� V\PERO� LQGLFDWHV� VWDWLVWLFDO�VLJQLILFDQFH��7KH�H[SRVXUH�VLWHV�DUH�DV�IROORZV��30�� SLW�PLQH��7'�� WDLOLQJ�GDP��,WD�� ,WDWDLD�RUH��0)�� 0RUUR�GR�)HUUR��VLWHV���DQG�����*DO�± *DOOHU\�RI�0RUUR�GR�)HUUR��:'�� ZDVWH�GHSRVLW��*+�� JUHHQKRXVH�
)LJXUH���VKRZV�WKH�PXWDWLRQ�IUHTXHQFLHV�IRU�DOO�WKH�H[SRVXUH� VLWHV� DQG� WKHLU� FRUUHVSRQGLQJ�FRQWUROVDORQJ� ZLWK� HDFK� VLWH¶V� QDWXUDO� JDPPD�UDGLDWLRQ�H[SRVXUH�UDWH��7KH�RQO\�H[SRVXUH�VLWH�IRU�ZKLFK� D� VWDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVH� LQ�PXWDWLRQ� IUHTXHQF\� IURP� WKH� H[SRVHG� SODQWV�UHODWLYH� WR� WKHLU� FRQWURO� RFFXUUHG�ZDV� WKH�*DOOHU\�RI�0RUUR�GR�)HUUR� VLWH�� 7KLV� UHVXOW� LQGLFDWHG� WKDW�DOWKRXJK� DQ� DSSDUHQW� LQFUHDVH� LQ� PXWDWLRQ�IUHTXHQF\�ZDV�HYLGHQW�IRU�DOO� 7UDGHVFDQWLD SODQWV�H[SRVHG� WR� VLWHV� ZLWK� KLJK� OHYHOV� RI� QDWXUDO�UDGLDWLRQ� RQ� WKH� 3RoRV� GH� &DOGDV� 3ODWHDX�� WKLV�LQFUHDVH�ZDV�RQO\�ERUGHUOLQH DQG�QRW�VXIILFLHQW�WR�LQGXFH� D� FRQVLVWHQW� ELRORJLFDO� UHVSRQVH�� HYHQ� LQ�

WKLV� KLJKO\� VHQVLWLYH� ELRLQGLFDWRU� RI�PXWDJHQLFLW\�UHSUHVHQWHG�E\�WKH�7UDG�6+0�DVVD\�
',6&866,21
0DQ\�VWXGLHV�KDYH�VKRZQ�WKDW�D�OLQHDU�LQFUHDVH�LQ�PXWDWLRQ� IUHTXHQF\� RFFXUUHG� LQ� 7UDGHVFDQWLD�VWDPHQ�KDLUV�H[SRVHG�WR�LQFUHDVLQJ�UDGLDWLRQ�GRVHV��,FKLNDZD� DQG� 7DNDKDVKL�� ������ 0HULFOH� DQG�0HULFOH�� ������ 6SDUURZ� HW� DO��� ������� 7KH�QRQOLQHDU� UHODWLRQVKLS� EHWZHHQ� JDPPD� UDGLDWLRQ�H[SRVXUH�DQG�PXWDWLRQ�IUHTXHQFLHV� REVHUYHG�LQ�WKH�SUHVHQW� VWXG\� LQGLFDWHHG� WKDW� RWKHU� LQWHUIHULQJ�IDFWRUV�PLJKW�EH�KDYLQJ�D�UROH�LQ�WKH�H[SRVXUH�VLWHV�RQ� WKH�3RoRV�GH�&DOGDV�3ODWHDX��7KH�VSRQWDQHRXV�PXWDWLRQ�UDWH�RI�7UDGHVFDQWLD�FRXOG�EH�DIIHFWHG�E\�VHYHUDO� HQYLURQPHQWDO� IDFWRUV� VXFK� DV� OL JKW��WHPSHUDWXUH�� QXWULWLRQDO� VWDWXV�� DQG� DLU� LPSXULWLHV�,Q� WKH� SUHVHQW� VWXG\�� KRZHYHU�� HYHQ� WKRXJK� WKH�SODQWV� ZHUH� H[SRVHG� LQ� VLWX� WR� HQYLURQPHQWV�SUHVHQWLQJ� QRW� RQO\� GLIIHUHQW� JDPPD� UDGLDWLRQ�H[SRVXUH� UDWHV�� EXW� DOVR� D� ZKROH� VHW� RI� GLIIHUHQW�HQYLURQPHQWDO� FRQGLWLRQV�� RQO\� RQH� VLWH�� WKH�*DOOHU\� RI� WKH�0RUUR� GR� )HUUR� �JDPPD� UDGLDWLRQ�H[SRVXUH�UDWH�RI���P5�PLQ����VKRZHG�D�VLJQLILFDQW�LQFUHDVH� LQ� PXWDWLRQ� IUHTXHQF\� UHODWLYH� WR� LWV�FRUUHVSRQGLQJ� FRQWURO�� 7KH� ERUGHUOLQH� UHVSRQVH��VKRZHG� IRU� PRVW� RI� WKH� H[SRVXUH VLWHV� VWXGLHG��LQGLFDWHV� WKDW� WKH� KLJKHU� QDWXUDO� UDGLDWLRQ� OHYHOV�RFFXUULQJ�RQ�WKH�3RoRV�GH�&DOGDV�3ODWHDX�ZHUH�QRW�VXIILFLHQW� WR� LQGXFH� VLJQLILFDQW� LQFUHDVHV� LQ�PXWDWLRQ� IUHTXHQF\�� HYHQ� IRU� D� VHQVLWLYH�PXWDJHQHVLV�HYDOXDWLRQ�ELRDVVD\��VXFK�DV�WKH�7UDG �6+0�$&.12:/('*0(176
:H� H[SUHVV� VSHFLDO� DSSUHFLDWLRQ� WR� 6U�� 2VZDOGR�7HOHV�GD�&RVWD�IRU�KLV�WHFKQLFDO�DVVLVWDQFH�
5(6802
$� SUHVHQWH� SROtWLFD� GH� SURWHomR� UDGLROyJLFD� HVWi�EDVHDGD� QD� KLSyWHVH� GH� OLQHDULGDGH� GD� UHODomR�GRVH�HIHLWR��GD�TXDO�GHULYDP�RV�SURFHGLPHQWRV�GH�SURWHomR�H�R�HVWDEHOHFLPHQWR�GH�OLPLWHV�DFHLWiYHLV�GH� H[SRVLomR�� (PERUD� WDO� SROtWLFD� SRVVD� VHU�FRQVLGHUDGD� FRQVHUYDGRUD� H� HILFLHQWH�� Ki�FRQWURYpUVLDV� TXDQWR� j� DSOLFDELOLGDGH� GD� KLSyWHVH�GH� OLQHDULGDGH� TXDQGR� HIHLWRV� JHQpWLFRV� VmR�
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���
FRQVLGHUDGRV�� HVSHFLDOPHQWH� SDUD� H[SRVLo}HV D�GRVHV� UHGX]LGDV� SUHVHQWHV� HP� iUHDV� FRP� DOWRV�QtYHLV�GH�UDGLDomR�QDWXUDO��R�TXH�MXVWLILFD�HVWXGRV�DGLFLRQDLV�� 2� 3ODQDOWR� GH� 3RoRV� GH� &DOGDV� p�FRQVLGHUDGR� XP� GRV� ORFDLV� GD� 7HUUD� GH� PDLRU�UDGLDWLYLGDGH� QDWXUDO�� H� R� REMHWLYR� GR� SUHVHQWH�HVWXGR� IRL� DSOLFDU� XP� WHVWH� PXLWR� VHQVtYHO� GH�DYDOLDomR�GH�PXWDJrQHVH��R�HQVDLR�GD�PXWDomR�HP�SrORV� HVWDPLQDLV� GH� 7UDGHVFDQWLD�� SDUD� DYHULJXDU�LQ� VLWX DV� UHVSRVWDV� ELROyJLFDV� LQGX]LGDV� SHOD�UDGLDomR� QDWXUDO�� $� LQGXomR� GH� PXWDJrQHVH� IRL�DYDOLDGD� HP� DPELHQWHV� DSUHVHQWDQGR� WD[DV GH�H[SRVLomR� j� UDGLDomR� JDPPD� YDULDQGR� GH����P5�PLQ�� D� ���P5�PLQ���2V� UHVXOWDGRV� LQGLFDP�TXH�D�UDGLDomR�SUHVHQWH�QD�PDLRULD�GRV�DPELHQWHV�HVWXGDGRV�QmR�IRL�VXILFLHQWH�SDUD�LQGX]LU�DXPHQWRV�VLJQLILFDWLYRV� QD� WD[D� GH� PXWDomR�� PHVPR� QHVWH�ELRHQVDLR�PXLWR�VHQVtYHO�
5()(5(1&(6
&HEXOVND�:DVLOHZVND��$����������7UDGHVFDQWLD VWDPHQ�KDLU� PXWDWLRQ� ELRDVVD\� RQ� WKH� PXWDJHQLFLW\� RI�UDGLRLVRWRSH�FRQWDPLQDWHG� DLU� IROORZLQJ� WKH�&KHUQRE\O�QXFOHDU�DFFLGHQW�DQG�RQH�\HDU�ODWHU��0XWDW��5HV�� �����������&HEXOVND�:DVLOHZVND�� $��� /HHQKRXWV�� +�� 3�� DQG�&KDGZLFN�� .�� +�� �������� 6\QHUJLVP� EHWZHHQ� (06�DQG�;�UD\V� IRU� WKH� LQGXFWLRQ�RI�VRPDWLF�PXWDWLRQV� LQ�7UDGHVFDQWLD��,QW��-��5DG��%LRO�� ������������'HORQH�� 1�� /��� $QWLSRY�� 9�� 9�� DQG� 3DUIHQRY�� *�� 3����������1HZ�W\SH�RI�FKURPRVRPDO�PXWDWLRQ�REVHUYHG�LQ� 7UDGHVFDQWLD� SDOXGRVD PLFURVSRUHV� GXULQJ�H[SHULPHQWV� LQ� VSDFH� VDWHOOLWHV��'RNODG\�$NDG��1DXN�6VVU����������������(PPHUOLQJ�7KRPSVRQ�� 0�� DQG� 1DZURFN\�� 0�� 0���������� *HQHWLF� EDVLV� IRU� XVLQJ� 7UDGHVFDQWLD FORQH������ DV� DQ� HQYLURQPHQWDO� PRQLWRU� RI� PXWDJHQV�� -��+HUHG�� ������������'HQQLV�� -�� $� DQG 'HQQLV�� /��$�� ��������1HXWURQ� GRVH�HIIHFW� UHODWLRQVKLSV� DW� ORZ� GRVHV�� 5DG�� (QYLURQ��%LRSK\V�� �����������,FKLNDZD�� 6�� �������� ,Q� VLWX PRQLWRULQJ� ZLWK�7UDGHVFDQWLD DURXQG� QXFOHDU� SRZHU� SODQWV��(QYLURQ��+HDOWK�3HUVS�� ������������,FKLNDZD�� 6�� ��������7UDGHVFDQWLD VWDPHQ�KDLU� V\VWHP�DV� DQ� H[FHOOHQW� ERWDQLFDO� WHVWHU� RI� PXWDJHQLFLW\�� LWV�UHVSRQVH� WR� LRQL]LQJ� UDGLDWLRQV� DQG� FKHPLFDO�PXWDJHQV��DQG�VRPH�V\QHUJLVWLF�HIIHFWV�IRXQG��0XWDW��5HV�� ����������,FKLNDZD�� 6�� DQG� ,VKLL�� &�� �����D��� 6RPDWLF� PXWDWLRQ�IUHTXHQFLHV� LQ� WKH� VWDPHQ� KDLUV� RI� 7UDGHVFDQWLDJURZQ� LQ�VRLO� VDPSOHV� IURP�WKH�%LNLQL�,VODQG��-DSDQ��-��*HQ�� ����������

,FKLNDZD�� 6�� DQG� ,VKLL�� &�� �����E��� 9DOLGLW\� RI�VLPSOLILHG� VFRULQJ� PHWKRGV� RI� VRPDWLF� PXWDWLRQV� LQ�7UDGHVFDQWLD VWDPHQ� KDLUV�� (QYLURQ�� ([S�� %RW�� ������������,FKLNDZD�� 6�� DQG� 7DNDKDVKL�� &�� 6�� �������� 6RPDWLF�PXWDWLRQ� IUHTXHQFLHV� LQ� VWDPHQ� KDLUV� RI� VWDEOH� DQG�PXWDEOH� FORQHV� RI�7UDGHVFDQWLD DIWHU� DFXWH� JDPPD�UD\�WUHDWPHQWV�ZLWK�VPDOO�GRVHV��0XWDW��5HV�� ������������.LUE\�6PLWK�� -�� 6� DQG 'DQLHOV�� '�� 6�� �������� 7KH�UHODWLYH� HIIHFWV� RI�;�UD\V�� JDPPD� UD\V� DQG�EHWD� UD\V�RQ�FKURPRVRPDO�EUHDNDJH�LQ�7UDGHVFDQWLD��*HQHWLFV��������������0DXJK� ,,�� 7�� +�� �������� &KHPLFDO� FDUFLQRJHQV�� KRZ�GDQJHURXV�DUH�ORZ�GRVHV"�6FLHQFH�� ���� ������0HULFOH�� /�� :�� DQG�0HULFOH�� 5�� 3�� �������� %LRORJLFDO�GLVFULPLQDWLRQ� RI� GLIIHUHQFHV� LQ� QDWXUDO� EDFNJURXQG�UDGLDWLRQ�OHYHO��5DG��%RW�� �����������0XOOHU�� +�� -�� �������� $UWLILFLDO� WUDQVPXWDWLRQ� RI� WKH�JHQH��6FLHQFH�� ����������1DXPDQ�� &�� +��� 6FKDLUHU�� /�� $��� 6DXWNXOLV�� 5�� &�� DQG�.OXJ��(��(�������D���,QIOXHQFH�RI�K\SHUWKHUPLD�RQ�WKH�VSRQWDQHRXV�� UDGLDWLRQ� DQG� FKHPLFDO�LQGXFHG�PXWDWLRQ� IUHTXHQF\� LQ� 7UDGHVFDQWLD VWDPHQ� KDLUV��5DG��%RW�����������1DXPDQ�� &�� +��� 6FKDLUHU�� /�� $�� DQG� 6SDUURZ�� $�� +�������E��� ,QIOXHQFH� RI� WHPSHUDWXUH� RQ� VSRQWDQHRXV�DQG� UDGLDWLRQ�LQGXFHG� VRPDWLF� PXWDWLRQ� LQ�7UDGHVFDQWLD VWDPHQ�KDLUV��0XWDW��5HV�� ������������1DXPDQ�� &�� +��� 6SDUURZ�� $�� +�� DQG� 6FKDLUHU�� /�� $����������&RPSDUDWLYH�HIIHFWV�RI�LRQL]LQJ�UDGLDWLRQ�DQG�WZR�JDVHRXV�FKHPLFDO�PXWDJHQV�RQ�VRPDWLF�PXWDWLRQ�LQGXFWLRQ�LQ�RQH�PXWDEOH�DQG�WZR�QRQ�PXWDEOH�FORQHV�RI�7UDGHVFDQWLD��0XWDW��5HV�� ����������1D\DU��*��*���*HRUJH��.��3��DQG�*RSDO�$\HQJDU��$��5����������2Q� WKH�ELRORJLFDO�HIIHFWV�RI�KLJK�EDFNJURXQG�UDGLRDFWLYLW\�� VWXGLHV RQ� 7UDGHVFDQWLD JURZQ� LQ�UDGLRDFWLYH�PRQD]LWH�VDQG��5DG��%RW�� ������������1D\DU�� *�� *�� DQG� 6SDUURZ�� $�� +�� �������� 5DGLDWLRQ�LQGXFHG� VRPDWLF� PXWDWLRQV� DQG� WKH� ORVV� RI�UHSURGXFWLYH� LQWHJULW\� LQ� 7UDGHVFDQWLD VWDPHQ� KDLUV��5DG��%RW�� �����������5RGULJXHV�� *�� 6�� �����D��� %LRHQVDLRV� GH� 7R[LFLGDGH�*HQpWLFD� FRP� 3ODQWDV� 6XSHULRUHV�� 7UDGHVFDQWLD��0&1�� 6+0��� 0LOKR� H� 6RMD�� (PEUDSD� 0HLR�$PELHQWH��&LUFXODU�7pFQLFD�����-DJXDUL~QD�����SS�5RGULJXHV�� *�� 6�� �����E��� %LRHQVDLRV� GH� 7R[LFLGDGH�*HQpWLFD� FRP� 7UDGHVFDQWLD� (PEUDSD� 0HLR�$PELHQWH��'RFXPHQWRV������-DJXDUL~QD����SS�5RGULJXHV�� *�� 6��� 0D�� 7�� +��� 3LPHQWHO�� '�� DQG�:HLQVWHLQ�� /�� +�� �������� 7UDGHVFDQWLD ELRDVVD\V� DV�PRQLWRULQJ� V\VWHPV� IRU� HQYLURQPHQWDO�PXWDJHQHVLV� �D�UHYLHZ��&ULW��9HU��3ODQW�6FL�� ������������6D[��.����������&KURPRVRPH�DEHUUDWLRQV�LQGXFHG�E\�;�UD\V��*HQHWLFV�� ������������



%LRORJLFDO�5HVSRQVH�RI�7UDGHVFDQWLD�6WDPHQ�KDLUV�WR�+LJK�/HYHOV

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

���
6KLPD��1��DQG�,FKLNDZD��6����������6\QHUJLVP�GHWHFWHG�DPRQJ� PHWK\O� PHWKDQHVXOIRQDWH�� HWK\O�PHWKDQHVXOIRQDWH� DQG� ;�UD\V� LQ� LQGXFLQJ� VRPDWLF�PXWDWLRQV� LQ� WKH� VWDPHQ� KDLUV� RI�7UDGHVFDQWLD FORQH�%1/�������(QYLURQ��([S��%RW�� ������������6KLPD�� 1�� DQG� ,FKLNDZD�� 6�� �������� 0XWDJHQLF�V\QHUJLVP� GHWHFWHG� EHWZHHQ� GLPHWK\O� VXOIDWH� DQG�;�UD\V� EXW� QRW� IRXQG� EHWZHHQ� 1�PHWK\O�1�QLWURVRXUHD�DQG�;�UD\V�LQ�WKH�VWDPHQ�KDLUV�RI�7UDGHVFDQWLD FORQH�%1/�������0XWDW��5HV�� �����������6QHGHFRU��*��:��DQG�&RFKUDQ��:��*����������6WDWLVWLFDO�0HWKRGV� 7KH�,RZD�6WDWH�8QLYHUVLW\�3UHVV��$PHV�6SDUURZ��$��+���6FKDLUHU��/��$��DQG�0DULPXWKX��.��0����������*HQHWLF�DQG�F\WRORJLF�VWXGLHV�RI�7UDGHVFDQWLDLUUDGLDWHG� GXULQJ� RUELWDO� IOLJKW�� %LR6FLHQFH�� ���������������6SDUURZ��$��+��DQG�6LQJOHWRQ��:��5����������7KH�XVH�RI�UDGLRFREDOW� DV� D� VRXUFH� RI� JDPPD� UD\V� DQG� VRPH�HIIHFWV� RI� FKURQLF� LUUDGLDWLRQ� RQ� JURZLQJ� SODQWV��$PHU��1DWXU�� ����������6SDUURZ�� $�� +��� 8QGHUEULQN�� $�� *�� DQG� 5RVVL�� +�� +����������0XWDWLRQV� LQGXFHG� LQ�7UDGHVFDQWLD E\� VPDOO�GRVHV� RI� ;�UD\V� DQG� QHXWURQV�� DQDO\VLV� RI� GRVH�UHVSRQVH�FXUYHV��6FLHQFH�� �������������6WDGOHU��/��-����������0XWDWLRQV�LQ�EDUOH\�LQGXFHG�E\�;�UD\V�DQG�5DGLXP��6FLHQFH�� ������������
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