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([SHULPHQWRV�HP�DU�FDSWXUDGR�IRUDP�UHDOL]DGRV�HP�XPD�iUHD�GR�FHQWUR�GD�FLGDGH�HP�3RUWR

$OHJUH��56��RQGH�WDQWR�PHWLO�WHUW�EXWLO�pWHU��07%(��TXDQWR�HWDQRO�VmR�XWLOL]DGRV�FRPR�FRPEXVWtYHLV

R[LJHQDGRV��1HVVH�WLSR�GH�H[SHULPHQWR��R�DU�DPELHQWH�p�LQWURGX]LGR�HP�XPD�FkPDUD�GH�7HIORQ�H

H[SRVWR�j�OX]�GR�VRO�SRU�YiULDV�KRUDV��SHUPLWLQGR�DVVLP�TXH�UHDo}HV�IRWRTXtPLFDV�VH�SURFHVVHP�HP

FRQGLo}HV� TXH� UHSURGX]HP�D� UHDOLGDGH��(QWUH� RV� SDUkPHWURV�PHGLGRV� HP� VHLV� H[SHULPHQWRV�� RV

SULPHLURV�GR�JrQHUR�D�VHUHP�UHDOL]DGRV�QR�%UDVLO��LQFOXHP�VH�y[LGRV�GH�QLWURJrQLR��12�H�12���

PRQy[LGR�H�GLy[LGR�GH�FDUERQR��PHWDQR��FHUFD�GH����KLGURFDUERQHWRV�QmR�PHWkQLFRV��IRUPDOGHtGR�

DFHWDOGHtGR��HWDQRO��07%(�H�RV�R[LGDQWHV�IRWRTXtPLFRV�R]{QLR�H�QLWUDWR�GH�SHUR[LDFHWLOD��3$1��

$�FRQYHUVmR�IRWRTXtPLFD�GH�12�D�12��H�D�SURGXomR�IRWRTXtPLFD�GH�R]{QLR��FRQFHQWUDo}HV

Pi[LPDV� GH� ���� D� ���� SSE�� H� 3$1� �Pi[LPR� GH� ����� D� ����� SSE�� IRL� REVHUYDGD� HP� WRGRV� RV

H[SHULPHQWRV��MXQWR�j�SURGXomR�IRWRTXtPLFD�OtTXLGD��IRUPDomR�PHQRV�UHPRomR��GH�IRUPDOGHtGR�H

DFHWDOGHtGR��3DUD� FDGD� H[SHULPHQWR�� IRUDP�FDOFXODGDV� DV� FRQWULEXLo}HV�GH� FDGD�SROXHQWH�SDUD� D

UHDomR�FRP�R�UDGLFDO�KLGUR[LO��2+��H�SDUD�D�SURGXomR�GH�R]{QLR��2V�UHVXOWDGRV�LQGLFDP�TXH��QD

PpGLD��RV����FRPSRVWRV�D�VHJXLU�VmR�RV�PDLV�LPSRUWDQWHV�FRP�UHVSHLWR�j�SURGXomR�GH�R]{QLR��OLVWDGRV

HP�RUGHP�GHFUHVFHQWH�GH�LPSRUWkQFLD���HWLOHQR��PRQy[LGR�GH�FDUERQR��DFHWDOGHtGR���P�S��[LOHQR�

IRUPDOGHtGR��SURSHQR��������WULPHWLOEHQ]HQR��WROXHQR��HWDQRO�H�WUDQV���SHQWHQR��2�07%(�IRUQHFH

DSHQDV�XPD�SHTXHQD�FRQWULEXLomR�j�UHDomR�FRP�R�UDGLFDO�2+������QR�UDQNLQJ���H�j�SURGXomR�GH

R]{QLR������QR�UDQNLQJ���GHVHPSHQKDQGR�DVVLP�XP�SDSHO�PHQRU�QD�IRWRTXtPLFD�GD�DWPRVIHUD�GH

3RUWR�$OHJUH�

&DSWLYH�DLU�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�DW�D�GRZQWRZQ�ORFDWLRQ�LQ�3RUWR�$OHJUH��56�

ZKHUH�ERWK�PHWK\O�WHUW�EXW\O�HWKHU��07%(��DQG�HWKDQRO�DUH�EHLQJ�XVHG�DV�R[\JHQDWHG�IXHOV��,Q�D

FDSWLYH�DLU�H[SHULPHQW��DPELHQW�DLU�LV�LQWURGXFHG�LQ�D�7HIORQ�FKDPEHU�DQG�H[SRVHG�WR�VXQOLJKW�IRU

VHYHUDO�KRXUV��WKXV�DOORZLQJ�SKRWRFKHPLFDO�UHDFWLRQV�WR�WDNH�SODFH�XQGHU�¦UHDO�ZRUOG§�FRQGLWLRQV�

3DUDPHWHUV�PHDVXUHG�LQ�VL[�H[SHULPHQWV��WKH�ILUVW�RI�WKHLU�NLQG�WR�EH�FDUULHG�RXW�LQ�%UD]LO��LQFOXGHG

R[LGHV�RI�QLWURJHQ��12�DQG�12����FDUERQ�PRQR[LGH��FDUERQ�GLR[LGH��PHWKDQH��FD�����QRQ�PHWKDQH

K\GURFDUERQV��IRUPDOGHK\GH��DFHWDOGHK\GH��HWKDQRO��07%(��DQG�WKH�SKRWRFKHPLFDO�R[LGDQWV�R]RQH

DQG�SHUR[\DFHW\O�QLWUDWH��3$1��

3KRWRFKHPLFDO�FRQYHUVLRQ�RI�12�WR�12��DQG�SKRWRFKHPLFDO�SURGXFWLRQ�RI�R]RQH��PD[LPXP

FRQFHQWUDWLRQV���������SSE��DQG�3$1��PD[LPXP�����������SSE��ZHUH�REVHUYHG�LQ�DOO�H[SHULPHQWV�

WRJHWKHU� ZLWK� QHW� �IRUPDWLRQ� PLQXV� UHPRYDO�� SKRWRFKHPLFDO� SURGXFWLRQ� RI� IRUPDOGHK\GH� DQG

DFHWDOGHK\GH��)RU�HDFK�H[SHULPHQW��WKH�FRQWULEXWLRQV�RI�HDFK�SROOXWDQW�WR�UHDFWLRQ�ZLWK�WKH�K\GUR[\O

UDGLFDO��2+��DQG�WR�WKH�SURGXFWLRQ�RI�R]RQH�KDYH�EHHQ�FDOFXODWHG��7KH�UHVXOWV�LQGLFDWH�WKDW�RQ�WKH

DYHUDJH�WKH�IROORZLQJ����FRPSRXQGV�DUH�WKH�PRVW�LPSRUWDQW�ZLWK�UHVSHFW�WR�WKH�SURGXFWLRQ�RI�R]RQH

�OLVWHG�LQ�RUGHU�RI�GHFUHDVLQJ�LPSRUWDQFH���HWK\OHQH��FDUERQ�PRQR[LGH��DFHWDOGHK\GH���P���S��[\OHQH�

IRUPDOGHK\GH��SURSHQH��������WULPHWK\OEHQ]HQH��WROXHQH��HWKDQRO�DQG�WUDQV���SHQWHQH��07%(�PD�

NHV�RQO\�D�VPDOO�FRQWULEXWLRQ� WR�UHDFWLRQ�ZLWK�2+��UDQNHG������DQG�WR� WKH�SURGXFWLRQ�RI�R]RQH

�UDQNHG�������DQG�SOD\V�RQO\�D�PLQRU�SKRWRFKHPLFDO�UROH�LQ�WKH�DWPRVSKHUH�RI�3RUWR�$OHJUH�

.H\ZRUGV��XUEDQ�DLU�SROOXWLRQ��R[\JHQDWHG�IXHOV��R]RQH�IRUPDWLRQ��FDSWLYH�DLU�VWXGLHV�

K\GURFDUERQ�UHDFWLYLW\�UDQNLQJ��HWKDQRO��PHWK\O�WHUW�EXW\O�HWKHU

$UWLFOH

-��%UD]��&KHP��6RF���9RO�����1R������������������� ������� 6RF��%UDV��4XtPLFD

3ULQWHG�LQ�%UD]LO� �����¤������������������



,QWURGXFWLRQ

(PLVVLRQV� IURP� VWDWLRQDU\� DQG� PRELOH� VRXUFHV� KDYH

DGYHUVH�HIIHFWV�RQ�XUEDQ�DLU�TXDOLW\��3ULPDU\�SROOXWDQWV�DUH

HPLWWHG�GLUHFWO\�LQWR�WKH�DWPRVSKHUH��0DMRU�SULPDU\�SROOXW�

DQWV�LQFOXGH�FDUERQ�PRQR[LGH��R[LGHV�RI�QLWURJHQ��12[��

YRODWLOH�RUJDQLF�FRPSRXQGV��92&��DQG�SDUWLFXODWH�PDWWHU�

3ULPDU\�SROOXWDQWV��LQFOXGLQJ�92&�DQG�12[��PD\�EH�R[L�

GL]HG� LQ�VLWX� LQ� WKH� DWPRVSKHUH� LQ� D� VHULHV� RI� FRPSOH[�

VXQOLJKW�LQLWLDWHG� FKHPLFDO� UHDFWLRQV�� 7KH� FRUUHVSRQGLQJ

UHDFWLRQ�SURGXFWV�DUH�FDOOHG�VHFRQGDU\�SROOXWDQWV�DQG�LQ�

FOXGH� R]RQH�� SHUR[\DF\O� QLWUDWHV�� FDUERQ\OV�� FDUER[\OLF

DFLGV�DQG�VHFRQGDU\�DHURVROV��7KH�PRVW�VWXGLHG�RI� WKHVH

VHFRQGDU\�SROOXWDQWV�LV�R]RQH���IRU�ZKLFK�%UD]LO��OLNH�PDQ\

RWKHU�FRXQWULHV��KDV�LVVXHG�D�QDWLRQDO�DPELHQW�DLU�TXDOLW\

VWDQGDUG�

6LQFH�R]RQH�IRUPV�LQ�WKH�DWPRVSKHUH�E\�UHDFWLRQV�LQ�

YROYLQJ� 92&� DQG� 12[�� FRQWURO� VWUDWHJLHV� IRU� R]RQH� DLU

TXDOLW\�PXVW�LQYROYH�FRQWURO�RI�WKH�HPLVVLRQV�RI�WKH�SULPDU\

SROOXWDQWV�WKDW�DUH�SUHFXUVRUV�WR�R]RQH��QDPHO\�92&�DQG

12[��7KH�QHFHVVDU\�ILUVW�VWHSV�ZKHQ�DVVHVVLQJ�R]RQH�DLU

TXDOLW\� LQ� D� JLYHQ� XUEDQ� DUHD� DUH� WR� LGHQWLI\� 92&�� WR

PHDVXUH�WKHLU�FRQFHQWUDWLRQV��DQG�WR�PHDVXUH�12[�FRQFHQ�

WUDWLRQV��7KHVH�PHDVXUHPHQWV�KDYH�EHHQ�UHFHQWO\�SHUIRU�

PHG� DV� SDUW� RI� D� RQH�\HDU� VWXG\� FRQGXFWHG� LQ� WKH

PHWURSROLWDQ� 3RUWR� $OHJUH� DUHD����� 2QFH� LQIRUPDWLRQ� LV

DYDLODEOH�UHJDUGLQJ�XUEDQ�92&�DQG�12[��LW�EHFRPHV�SRV�

VLEOH�XVLQJ�FRPSXWHU�DLU�TXDOLW\�PRGHOV�����WR�HVWLPDWH�KRZ

PXFK�R]RQH�ZLOO� IRUP�LQ�92&�12[�UHDFWLRQV�GXULQJ�DW�

PRVSKHULF�WUDQVSRUW�GRZQZLQG�RI�WKH�XUEDQ�FHQWHU�

&DSWLYH�DLU�H[SHULPHQWV�PD\�SURYLGH�XVHIXO�LQIRUPD�

WLRQ�UHJDUGLQJ�KRZ�PXFK�R]RQH�PD\�IRUP�E\�92&�12[

UHDFWLRQV�LQ�D�JLYHQ�XUEDQ�DUHD��,Q�D�FDSWLYH�DLU�H[SHULPHQW�

DPELHQW�DLU�FRQWDLQLQJ�92&�DQG�12[� LV� LQWURGXFHG� LQ�D

UHDFWLRQ�YHVVHO��VPRJ�FKDPEHU��DQG�LV�H[SRVHG�WR�VXQOLJKW

IRU�VHYHUDO�KRXUV��,Q�WKLV�¦FDSWLYH§�DLU�SDUFHO��DOO�WKH�FKHPL�

FDO�UHDFWLRQV�WKDW�OHDG�WR�R]RQH�IRUPDWLRQ�LQ�WKH�DWPRVSKHUH

DUH�WDNLQJ�SODFH��EXW�WKHUH�LV�QR�GLOXWLRQ�DQG�QR�DGGLWLRQ�RI

92&� DQG� 12[� GXULQJ� WUDQVSRUW�� L�H��� PHWHRURORJ\� DQG

SROOXWDQW�HPLVVLRQV�DORQJ� WKH� WUDMHFWRU\�RI� WKH�DLU�SDUFHO

KDYH�EHHQ�GHOHWHG��7KHUHIRUH��WKH�DPRXQW�RI�R]RQH�IRUPHG

LQ�D�FDSWLYH�DLU�H[SHULPHQW�JLYHV�D�PHDVXUH�RI�WKH�DPRXQW

RI�R]RQH�WKDW�ZRXOG�EH�SURGXFHG�E\�SKRWRFKHPLFDO�UHDF�

WLRQV�RI�WKH�92&�DQG�12[�LQLWLDOO\�SUHVHQW�LQ�WKH�VDPH�DLU

SDUFHO�LQ�WKH�DWPRVSKHUH��,Q�DGGLWLRQ�WR�SURYLGLQJ�D�GLUHFW

PHDVXUH� RI� WKH� SKRWRFKHPLFDO� UHDFWLYLW\� RI� D� JLYHQ� DLU

SDUFHO��WKH�UHVXOWV�RI�FDSWLYH�DLU�H[SHULPHQWV�FDQ�EH�XVHG�DV

LQSXW�WR�FRPSXWHU�PRGHOLQJ�VLPXODWLRQV�RI�WKH�HIIHFWV�RI

HPLVVLRQ�FRQWUROV��92&�FRQWURO��12[�FRQWURO��RU�ERWK��RQ

XUEDQ�OHYHOV�RI�R]RQH��&DSWLYH�DLU�H[SHULPHQWV�KDYH�EHHQ

FDUULHG�RXW�LQ�VHYHUDO�FLWLHV�LQ�WKH�8�6��LQFOXGLQJ�+RXVWRQ�

7H[DV���'HWURLW��0LFKLJDQ���DQG�/RV�$QJHOHV��&DOLIRUQLD����

,Q�-DSDQ��WKLV�DSSURDFK�KDV�OHG�WR�WKH�GHVLJQ�DQG�FRQVWUXF�

WLRQ�RI�D�PRELOH�VPRJ�FKDPEHU���ZKLFK�FRXOG�EH�XVHG�WR

FDUU\�RXW�FDSWLYH�DLU�H[SHULPHQWV�DW�VHYHUDO�XUEDQ�ORFDWLRQV�

&DSWLYH�DLU�H[SHULPHQWV�KDYH�QRW�EHHQ�FDUULHG�RXW�LQ�%UD]LO

SULRU� WR� WKLV� VWXG\��ZKLFK�DOVR� LQFOXGHV� WKH� ILUVW�GHWDLOHG

UHSRUW� RI� DPELHQW� FRQFHQWUDWLRQV� RI� FD�� ��� 92&� LQ� WKH

DWPRVSKHUH�RI�D�%UD]LOLDQ�FLW\�

7KH�REMHFWLYH�RI� WKLV�DUWLFOH�LV�WR�GHVFULEH�FDSWLYH�DLU

H[SHULPHQWV�FDUULHG�RXW�LQ�3RUWR�$OHJUH��56��ZKHUH�ERWK

07%(�DQG�HWKDQRO�DUH�EHLQJ�XVHG�DV�R[\JHQDWHG�IXHOV��7KH

FDSWLYH�DLU�H[SHULPHQWV�LQYROYHG�VXQOLJKW�LUUDGLDWLRQ�RI�D

SDUFHO�RI�DPELHQW�DLU�DW�D�GRZQWRZQ�ORFDWLRQ�ZKHUH�DPEL�

HQW�OHYHOV�RI�SROOXWDQWV�KDYH�EHHQ�H[WHQVLYHO\�FKDUDFWHUL�

]HG����� 6L[� H[SHULPHQWV� KDYH� EHHQ� FDUULHG� RXW�� HDFK

LQYROYLQJ� D� GLIIHUHQW�� ¦UHDO�ZRUOG§� PL[WXUH� RI� DPELHQW

92&�DQG�DPELHQW�12[��,Q�HDFK�H[SHULPHQW��LQLWLDO�FRQFHQ�

WUDWLRQV�RI�WKH�IROORZLQJ�R]RQH�SUHFXUVRUV�ZHUH�PHDVXUHG�

VSHFLDWHG�92&��FD�����FRPSRXQGV�LQFOXGLQJ�07%(�DQG

HWKDQRO���R[LGHV�RI�QLWURJHQ��12�DQG�12����FDUERQ�PRQ�

R[LGH��&2���DQG�WKH�DOGHK\GHV�IRUPDOGHK\GH��+&+2��DQG

DFHWDOGHK\GH��&+�&+2���&RQWLQXRXV�PHDVXUHPHQWV�ZHUH

PDGH�RI�12��12��DQG�R]RQH��WKXV�\LHOGLQJ�FRQFHQWUDWLRQ�

WLPH�SURILOHV�WKDW�GRFXPHQWHG�WKH�SKRWRFKHPLFDO�FRQYHU�

VLRQ� RI� 12� WR� 12�� DQG� WKH� IRUPDWLRQ� RI� R]RQH�

3HUR[\DFHW\O�QLWUDWH��3$1��&+�&�2�2212����DQRWKHU�LP�

SRUWDQW�SKRWRFKHPLFDO�R[LGDQW��ZDV�PHDVXUHG�DORQJ�ZLWK

R]RQH�LQ�WKHVH�H[SHULPHQWV��7KH�UHVXOWV�DUH�GLVFXVVHG�ZLWK

IRFXV�RQ�DVVHVVLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�92&��LQFOXG�

LQJ�07%(�DQG�HWKDQRO��DV�SUHFXUVRUV�WR�R]RQH�LQ�WKH�3RUWR

$OHJUH�XUEDQ�DUHD��7KH� UHVXOWV�RI� WKH�FDSWLYH�DLU�H[SHUL�

PHQWV��WRJHWKHU�ZLWK�WKRVH�RI�RWKHU�VWXGLHV����PD\�DOVR�VHUYH

DV�LQSXW�WR�FRPSXWHU�PRGHOLQJ�VWXGLHV�RI�R]RQH�DLU�TXDOLW\

LQ�3RUWR�$OHJUH�

([SHULPHQWDO�0HWKRGV

7KH� FDSWLYH� DLU� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� WKH

5RGRYLDULD�PRQLWRULQJ�VWDWLRQ����LQ�GRZQWRZQ�3RUWR�$OH�

JUH��7KH�PRQLWRULQJ�VWDWLRQ�ZDV�ORFDWHG�D�IHZ�EORFNV�IURP

WKH�FHQWHU�RI�WRZQ�RQ�D����P�ZLGH�GLYLGHU�VWULS�LQ�WKH�PLGGOH

RI� D� PDMRU� KLJKZD\� WKDW� EULQJV� D� ODUJH� IUDFWLRQ� RI� WKH

YHKLFOH�WUDIILF�WR�DQG�IURP�WKH�FHQWHU�RI�3RUWR�$OHJUH��7KH

PRQLWRULQJ�VWDWLRQ�ZDV�DOVR�QHDU�D�PDMRU�EXV�WHUPLQDO��,Q�D

W\SLFDO�H[SHULPHQW��DPELHQW�DLU�ZDV�LQWURGXFHG�LQ�D�VPRJ

FKDPEHU� FRQVWUXFWHG� IURP� )(3� ���$� 7HIORQ� ILOP�� 7KLV

W\SH� RI� 7HIORQ� ILOP� LV� WUDQVSDUHQW� WR� VXQOLJKW� RYHU� WKH

VSHFWUXP�RI�ZDYHOHQJWKV�UHOHYDQW� WR� WURSRVSKHULF�SKRWR�

FKHPLFDO� UHDFWLRQV��:DOO� ORVVHV�RI�R]RQH�� K\GURFDUERQV�

12[��3$1�DQG�RWKHU�SROOXWDQWV�LQ�FKDPEHUV�PDGH�RI�)(3

���$� ILOP�KDYH�EHHQ�FKDUDFWHUL]HG� LQ�GHWDLO� LQ�SUHYLRXV

VWXGLHV�������7KH�LQLWLDO�YROXPH�RI�WKH�FKDPEHU�ZDV�FD�����

P���7KH�DPELHQW�DLU�ZDV�LQWURGXFHG�LQ�WKH�FKDPEHU�GXULQJ

WKH�SHULRG�RI�KLJK�YHKLFOH�WUDIILF�DV�LQGLFDWHG�E\�PHDVXUH�

PHQWV� RI� DPELHQW� OHYHOV� RI� WKH� WZR� SULPDU\� SROOXWDQWV

FDUERQ�PRQR[LGH��PHDVXUHG�ZLWK�D�'DVLEL������FRQWLQXRXV

DQDO\]HU��JDV�ILOWHU�FRUUHODWLRQ�VSHFWURVFRS\�PHWKRG��DQG

QLWULF�R[LGH��$3,����$�FRQWLQXRXV�DQDO\]HU��FKHPLOXPL�

��� *URVMHDQ�	�*URVMHDQ -��%UD]��&KHP��6RF�



QHVFHQFH�PHWKRG���7KH�FRQWHQWV�RI�WKH�FKDPEHU�ZHUH�WKHQ

H[SRVHG�WR�VXQOLJKW�

$W� WKH� EHJLQQLQJ� RI� HDFK� H[SHULPHQW�� VDPSOHV� ZHUH

FROOHFWHG�WR�PHDVXUH�LQLWLDO�92&�DQG�LQLWLDO�DOGHK\GH�FRQ�

FHQWUDWLRQV��6DPSOHV� IRU�92&�ZHUH�FROOHFWHG� LQ�HOHFWUR�

SROLVKHG� VWDLQOHVV� VWHHO� FDQLVWHUV��7KH� VDPSOLQJ� GXUDWLRQ

ZDV� FD�� RQH�PLQXWH�� 7KH� FDQLVWHUV�ZHUH� UHWXUQHG� WR� WKH

ODERUDWRU\�DQG�WKHLU�FRQWHQWV�ZHUH�DQDO\]HG�IRU�&2��&2�

DQG�IRU�FD�����92&�LQFOXGLQJ�07%(�DQG�HWKDQRO��7KHVH

DQDO\VHV�LQYROYHG�D�FRPELQDWLRQ�RI�PHWKRGV�LQFOXGLQJ�JDV

FKURPDWRJUDSK\�ZLWK�IODPH�LRQL]DWLRQ�GHWHFWLRQ��*&�),'�

DQG� JDV� FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\� �*&�06��

6DPSOHV� IRU� DOGHK\GHV�ZHUH� FROOHFWHG� RQ�&��� FDUWULGJHV

FRDWHG�ZLWK�����GLQLWURSKHQ\OK\GUD]LQH��'13+���7KH�VDP�

SOLQJ�GXUDWLRQ�ZDV�RQH�KRXU��)RUPDOGHK\GH�DQG�DFHWDOGH�

K\GH�ZHUH�PHDVXUHG�DV�WKHLU�'13+�GHULYDWLYHV�E\�OLTXLG

FKURPDWRJUDSK\��/&��ZLWK�XOWUDYLROHW�GHWHFWLRQ��2QH�ILHOG

FRQWURO� FDUWULGJH� ZDV� DQDO\]HG� DORQJ� ZLWK� WKH� EDWFK� RI

VDPSOHV��7KH�*&�),'��*&�06�DQG�'13+�/&�PHWKRGV

KDYH�EHHQ�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH�������

2[LGHV�RI�QLWURJHQ��12�DQG�12���ZHUH�PHDVXUHG�E\

FKHPLOXPLQHVFHQFH� �$3,� ���$� DQDO\]HU��� 2]RQH� ZDV

PHDVXUHG�E\�XOWUDYLROHW�SKRWRPHWU\��'DVLEL������$+�DQD�

O\]HU���3$1�ZDV�PHDVXUHG�E\�JDV�FKURPDWRJUDSK\�ZLWK

HOHFWURQ�FDSWXUH�GHWHFWLRQ�DV�GHVFULEHG�SUHYLRXVO\����7KH

12[�� R]RQH� DQG� 3$1� DQDO\]HUV� ZHUH� FRQQHFWHG� WR� WKH

7HIORQ�VDPSOLQJ�SRUW�RI�WKH�FKDPEHU�XVLQJ�����FP�GLDPHWHU

7HIORQ�VDPSOLQJ�OLQHV��7KH�RSHUDWLRQ�DQG�GDWD�DFTXLVLWLRQ

SURWRFROV�IRU�WKHVH�LQVWUXPHQWV�DQG�WKH�FRUUHVSRQGLQJ�FDOL�

EUDWLRQV�KDYH�EHHQ�GHVFULEHG�SUHYLRXVO\�����7KH�SUHFLVLRQ

RI�WKH�PHDVXUHPHQWV�ZDV�r�����SSE�IRU�R]RQH��r����SSE�IRU

12� DQG�12�� DQG�r���� IRU� 3$1��7HPSHUDWXUH�ZDV� UH�

FRUGHG� HYHU\� ��� PLQ� GXULQJ� WKH� H[SHULPHQWV�� 6XQOLJKW

LUUDGLDWLRQV�ZHUH�FDUULHG�RXW�IRU�W\SLFDOO\�����K��7KH�H[SHUL�

PHQWV�ZHUH�WHUPLQDWHG�VKRUWO\�DIWHU�WKH�PD[LPXP�LQ�R]RQH

FRQFHQWUDWLRQ�KDG�EHHQ�UHFRUGHG��$�VHFRQG�VHW�RI�RQH�KRXU

DOGHK\GH�VDPSOHV�ZDV�FROOHFWHG�QHDU�WKH�HQG�RI�HDFK�H[�

SHULPHQW��7KH�VPRJ�FKDPEHU�ZDV�WKHQ�HPSWLHG�DQG�FOHDQHG

E\� IOXVKLQJ� VHYHUDO� WLPHV� �W\SLFDOO\� �� WLPHV�� ZLWK� KLJK

SXULW\�DLU��XVLQJ�D�F\OLQGHU�RI�]HUR�JUDGH�DLU��SULRU�WR�WKH

VWDUW�RI�WKH�QH[W�FDSWLYH�DLU�H[SHULPHQW�

5HVXOWV�DQG�'LVFXVVLRQ

3KRWRFKHPLFDO�IRUPDWLRQ�RI�12���R]RQH�DQG�3$1

6L[�FDSWLYH�DLU�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW��$

VXPPDU\� RI� LQLWLDO� FRQFHQWUDWLRQV��PD[LPXP�R]RQH� DQG

3$1� FRQFHQWUDWLRQV� DQG� RWKHU� UHOHYDQW� LQIRUPDWLRQ� LV

JLYHQ�LQ�7DEOH����,QLWLDO�12[��12���12���FRQFHQWUDWLRQV

UDQJHG�IURP�����WR�����SSE��7KH�LQLWLDO�12���12��FRQFHQ�

WUDWLRQ�UDWLRV��SSE���SSE��UDQJHG�IURP������WR�������([DP�

SOHV�RI�FRQFHQWUDWLRQ�WLPH�SURILOHV�IRU�12��12���R]RQH�DQG

3$1�DUH�VKRZQ�LQ�)LJ����IRU�H[SHULPHQW����DQG�LQ�)LJ���

IRU�H[SHULPHQW�����7KHVH�SURILOHV�VKRZ��DV�H[SHFWHG��FRQ�

YHUVLRQ�RI�12�WR�12��DQG�IRUPDWLRQ�RI�WKH�SKRWRFKHPLFDO

R[LGDQWV�R]RQH�DQG�3$1��7KH�PD[LPXP�R]RQH�FRQFHQWUD�

WLRQV�UDQJHG�IURP�����WR�����SSE��DQG�WKH�PD[LPXP�3$1

FRQFHQWUDWLRQV�UDQJHG�IURP������WR������SSE�

9RO�����1R��������� )RUPDWLRQ�RI�2]RQH�LQ�8UEDQ�$LU ���

)LJXUH����&RQFHQWUDWLRQV�RI�12��12���R]RQH�DQG�3$1�LQ�FDSWLYH�DLU�H[SHULPHQW�����$SULO�����������



1DWXUH�DQG�DPELHQW�FRQFHQWUDWLRQV�RI�92&�SUHFXUVRUV

/LVWHG�LQ�7DEOH���DUH�WKH�LQLWLDO�FRQFHQWUDWLRQV�RI�WKH�FD�

���92&�WKDW�ZHUH�PHDVXUHG�E\�*&�),'�DQDO\VLV�RI� WKH

DPELHQW�DLU�FROOHFWHG�LQ�FDQLVWHU�VDPSOHV�DW�WKH�EHJLQQLQJ

RI�WKH�H[SHULPHQWV��2Q�D�PDVV�FRQFHQWUDWLRQ�EDVLV��WKH�PRVW

DEXQGDQW�FRPSRXQGV��DIWHU�&2��&2��DQG�PHWKDQH��ZHUH

HWK\OHQH��DFHW\OHQH��LVRSHQWDQH��07%(��WROXHQH��HWKDQRO�

�P�S��[\OHQH��IRUPDOGHK\GH�DQG�DFHWDOGHK\GH�

7KH�FDQLVWHU�VDPSOHV�ZHUH�DOVR�DQDO\]HG�E\�*&�06�

$Q�H[DPSOH�RI�*&�06�FKURPDWRJUDP�LV�JLYHQ�LQ�)LJ����IRU

WKH� VDPSOH� FROOHFWHG� LQ� H[SHULPHQW� ���� 7KHVH� DQDO\VHV

HQDEOHG�XV� WR�YHULI\� WKH� VWUXFWXUH�RI� WKH�92&� WKDW�ZHUH

LGHQWLILHG�DQG�PHDVXUHG�E\�*&�),'��,Q�DGGLWLRQ��*&�06

DQDO\VLV�UHVXOWHG�LQ�WKH�LGHQWLILFDWLRQ�RI�DGGLWLRQDO�92&�

7KH� ��� DGGLWLRQDO� FRPSRXQGV� LGHQWLILHG� E\�*&�06� DUH

OLVWHG�LQ�7DEOH����7KHVH�FRPSRXQGV�LQFOXGHG���IOXRURFDU�

ERQV�����K\GURFDUERQV��&��&���DONDQHV��DONHQHV�DQG�DUR�

PDWLFV������FDUERQ\OV����DOGHK\GHV�DQG���NHWRQHV��DQG��

RWKHU� FRPSRXQGV�� FDUERQ\O� VXOILGH�� FDUERQ�GLVXOILGH��QL�

WURPHWKDQH��PHWK\O�IRUPDWH�DQG�DFHWLF�DFLG�

3KRWRFKHPLFDO�SURGXFWLRQ�RI�DOGHK\GHV

,Q�D�FDSWLYH�DLU�H[SHULPHQW��IRUPDOGHK\GH�DQG�DFHWDO�

GHK\GH�LQLWLDOO\�SUHVHQW�DUH�UDSLGO\�UHPRYHG�E\�SKRWRO\VLV

DQG�E\�UHDFWLRQ�ZLWK�WKH�K\GUR[\O�UDGLFDO��2+���$W�WKH�VDPH

WLPH��WKH�WZR�DOGHK\GHV�DUH�IRUPHG�DV�R[LGDWLRQ�SURGXFWV

RI�PDQ\�RI�WKH�92&�LQLWLDOO\�SUHVHQW��,Q�WXUQ��D�IUDFWLRQ�RI

WKH�DOGHK\GHV�WKXV�IRUPHG�LV�UHPRYHG�E\�SKRWRO\VLV�DQG�E\

UHDFWLRQ�ZLWK�2+��7KLV�FRPSHWLWLRQ�EHWZHHQ�SKRWRFKHPL�

FDO�IRUPDWLRQ�DQG�SKRWRFKHPLFDO�UHPRYDO�PD\�UHVXOW�LQ�D

QHW�SURGXFWLRQ�RU�D�QHW�ORVV�RI�IRUPDOGHK\GH�DQG�DFHWDOGH�

K\GH��,QLWLDO�DQG�ILQDO�FRQFHQWUDWLRQV�RI�IRUPDOGHK\GH�DQG

DFHWDOGHK\GH�DUH�FRPSDUHG�LQ�7DEOH����7KH�GDWD�LQ�7DEOH��

FOHDUO\�LQGLFDWH�QHW�SURGXFWLRQ�RI�ERWK�DOGHK\GHV�LQ�DOO�VL[

FDSWLYH�DLU�H[SHULPHQWV��7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK

WKH�GDWD�JLYHQ�LQ�7DEOH���IRU�92&��YLUWXDOO\�DOO�RI�ZKLFK

�LQFOXGLQJ�07%(��DUH�SUHFXUVRUV�WR�IRUPDOGHK\GH�DQG�D

QXPEHU� RI� ZKLFK� �LQFOXGLQJ� HWKDQRO�� DUH� SUHFXUVRUV� WR

DFHWDOGHK\GH�� 1HW� SURGXFWLRQ� RI� IRUPDOGHK\GH� UDQJHG

IURP����WR����SSE��QHW�SURGXFWLRQ�RI�DFHWDOGHK\GH�UDQJHG

IURP����WR����SSE��DQG�FRQFHQWUDWLRQ�UDWLRV��ILQDO���LQLWLDO�

ZHUH� FD�� �������� IRU� IRUPDOGHK\GH� DQG� FD�� �������� IRU

DFHWDOGHK\GH�

,Q�IDFW��WKH�GDWD�JLYHQ�LQ�7DEOH���DUH�OLNHO\�WR�EH�ORZHU

OLPLWV�IRU�DFWXDO�QHW�SURGXFWLRQ�RI�DOGHK\GHV��DQG�WKLV�IRU

WZR�UHDVRQV��)LUVW��PHDVXUHG�ILQDO�FRQFHQWUDWLRQV�PD\�EH

ORZHU�WKDQ�DFWXDO�YDOXHV�LI�ORVV�RI�DOGHK\GHV�WR�WKH�FKDPEHU

ZDOO�EHFRPHV�LPSRUWDQW�ODWH�LQ�WKH�H[SHULPHQWV�������7KLV

LV�EHFDXVH�WKH�YROXPH�RI�WKH�7HIORQ�FKDPEHU�GHFUHDVHV�DQG

WKH� FKDPEHU� VXUIDFH�WR�YROXPH� �6�9�� UDWLR� FRUUHVSRQG�

LQJO\�LQFUHDVHV�DV�DLU�LV�ZLWKGUDZQ�IURP�WKH�FKDPEHU�IRU

WKH�SXUSRVH�RI�PHDVXULQJ�12[��R]RQH�DQG�3$1��WKLV� LQ�

FUHDVH�LQ�6�9�PD\�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�UDWH�RI�ORVV�RI

DOGHK\GHV�WR�WKH�FKDPEHU�ZDOOV��6HFRQG��WKH�VDPSOHV�FRO�

OHFWHG�ZKHQ� OHYHOV�RI�R]RQH�DUH�KLJK�PD\�VXIIHU� IURP�D

QHJDWLYH� ELDV� GXH� WR� UHDFWLRQ� RI� R]RQH� ZLWK� WKH� '13+

GHULYDWLYHV�RI�IRUPDOGHK\GH�DQG�DFHWDOGHK\GH�GXULQJ�VDP�

��� *URVMHDQ�	�*URVMHDQ -��%UD]��&KHP��6RF�

)LJXUH����&RQFHQWUDWLRQV�RI�12��12���R]RQH�DQG�3$1�LQ�FDSWLYH�DLU�H[SHULPHQW�����$SULO�����������



SOLQJ��DQG�WKXV�PHDVXUHG�YDOXHV�PD\�EH�ORZHU�OLPLWV�IRU

DFWXDO�FRQFHQWUDWLRQV�

3$1���R]RQH�FRQFHQWUDWLRQ�UDWLRV

7KH�PD[LPXP�3$1���PD[LPXP�R]RQH�FRQFHQWUDWLRQ

UDWLRV�OLVWHG�LQ�7DEOH���DUH�FD�������������6LQFH�WKH�WKHUPDO

GHFRPSRVLWLRQ�RI�3$1�LQFUHDVHV�UDSLGO\�ZLWK�LQFUHDVLQJ

WHPSHUDWXUH����DQG�VLQFH�WKH�WHPSHUDWXUH�LQ�WKH�FKDPEHU

DIWHU�VHYHUDO�KRXUV�LQ�VXQOLJKW��L�H���ZKHQ�R]RQH�DQG�3$1

UHDFK�KLJK�OHYHOV��LV�KLJKHU�WKDQ�WKH�DPELHQW�WHPSHUDWXUH

E\�FD�����&�� WKH�PD[LPXP�3$1�FRQFHQWUDWLRQV�DQG� WKH

PD[LPXP� 3$1� �� PD[LPXP� R]RQH� FRQFHQWUDWLRQ� UDWLRV

PHDVXUHG� LQ� WKH� FDSWLYH� DLU� H[SHULPHQWV� DUH� SUREDEO\

ORZHU�OLPLWV�IRU�DFWXDO�YDOXHV��7KH�3$1���2��UDWLRV�PHDV�

XUHG�LQ�WKLV�VWXG\�DUH�KLJKHU�WKDQ�WKRVH�W\SLFDOO\�PHDVXUHG

LQ�RWKHU�XUEDQ�DUHDV���DQG�DUH�FRPSDUDEOH�WR�WKRVH�PHDV�

XUHG� GXULQJ� SKRWRFKHPLFDO� VPRJ� HSLVRGHV� LQ� 6RXWKHUQ

&DOLIRUQLD����$�PDMRU�SUHFXUVRU�WR�3$1�LV�DFHWDOGHK\GH�

ZKLFK�LV�DQ�DEXQGDQW�FRPSRQHQW�RI�HPLVVLRQV�IURP�YHKL�

FOHV�WKDW�XVH�HWKDQRO�IXHO�

5DQNLQJ�RI�92&�ZLWK�UHVSHFW�WR�SKRWRFKHPLFDO

IRUPDWLRQ�RI�R]RQH

,W�LV�RI�LQWHUHVW�WR�H[DPLQH�WKH�UHODWLYH�FRQWULEXWLRQ�RI

WKH�92&�OLVWHG�LQ�7DEOH���WR�SKRWRFKHPLFDO�IRUPDWLRQ�RI

R]RQH�LQ�WKH�FDSWLYH�DLU�H[SHULPHQWV��7KLV�FDQ�EH�GRQH�E\

UDQNLQJ�WKH�92&�DFFRUGLQJ�WR�WKHLU�DELOLW\�WR�UHDFW�ZLWK�WKH

K\GUR[\O�UDGLFDO��DOO�92&�UHDFW�ZLWK�2+��OHDGLQJ�WR�SKR�

WRFKHPLFDOO\� UHDFWLYH� SURGXFWV� LQFOXGLQJ� IUHH� UDGLFDOV��

92&� FDQ� DOVR� EH� UDQNHG�ZLWK� UHVSHFW� WR� WKHLU� DELOLW\� WR

SURGXFH�R]RQH��7R�UDQN�92&�ZLWK�UHVSHFW�WR�UHDFWLRQ�ZLWK

2+��ZH�FDOFXODWH�WKH�SURGXFW�RI�WKH�92&�FRQFHQWUDWLRQ�DQG

RI�WKH�92&�2+�UHDFWLRQ�UDWH�FRQVWDQW�

2+�UHPRYDO�E\�92&�{�>92&@�[�N2+ ���

7R� UDQN� 92&� ZLWK� UHVSHFW� WR� R]RQH� IRUPDWLRQ�� ZH

FDOFXODWH� WKH� SURGXFW� RI� WKH�92&�FRQFHQWUDWLRQ� DQG� WKH

92&�PD[LPXP�LQFUHPHQWDO�UHDFWLYLW\�FRHIILFLHQW��0,5� 

JUDPV�RI�R]RQH�IRUPHG�SHU�JUDP�RI�92&��

R]RQH�SURGXFHG�E\�92&�{�>92&@�[�0,5 ���

7DEOH����6XPPDU\�RI�LQLWLDO�FRQFHQWUDWLRQV��PD[LPXP�R]RQH�FRQFHQWUDWLRQV�DQG�RWKHU�UHOHYDQW�SDUDPHWHUV�IRU�FDSWLYH�DLU�H[SHULPHQWV�FDUULHG�RXW�LQ

GRZQWRZQ�3RUWR�$OHJUH��56��$SULO������

([SHULPHQW�QXPEHU � � � � � �

'DWH������� $SULO�� $SULO�� $SULO��� $SULO��� $SULO��� $SULO���

6WDUW�WLPH��ORFDO�WLPH� ���� ���� ���� ���� ���� ����

,QLWLDO�FRQFHQWUDWLRQV

QLWULF�R[LGH��SSE ��� ��� �� ��� ��� ��

QLWURJHQ�GLR[LGH��SSE �� �� �� �� ��� ��

FDUERQ�PRQR[LGH��SSE ���� ���� ���� ���� ���� ����

FDUERQ�GLR[LGH��SSP ��� ��� ��� ��� ��� ���

IRUPDOGHK\GH��SSE ���� ���� ���� ���� ���� ����

DFHWDOGHK\GH��SSE ���� ���� ���� ���� ���� ����

07%(��SSE ��� ��� ��� ��� ���� ���

HWKDQRO��SSE QR�GDWD ���� ���� ���� ���� ����

PHWKDQH��SSE ���� ���� ���� ���� ���� ����

WRWDO�QRQ�PHWKDQH�K\GURFDUERQV��D� ��� ��� ��� ��� ���� ���

DONDQHV��D� ��� ��� �� ��� ��� ���

DONHQHV��D� ��� ��� �� ��� ��� ���

DURPDWLFV��D� ��� �� �� ��� ��� ��

PD[LPXP�R]RQH��SSE��E� ��� ��� ��� ��� ��� ���

PD[LPXP�3$1��SSE��E� ���� ���� ���� ���� ���� ����

�D��LQ�XQLWV�RI�PLFURJUDPV�SHU�FXELF�PHWHU�

�E��LQLWLDO�FRQFHQWUDWLRQV�RI�R]RQH�DQG�3$1�ZHUH�EHORZ�GHWHFWLRQ�LQ�DOO�H[SHULPHQWV�

9RO�����1R��������� )RUPDWLRQ�RI�2]RQH�LQ�8UEDQ�$LU ���



7DEOH����92&�DQG�WKHLU�LQLWLDO�FRQFHQWUDWLRQV��PLFURJUDP�SHU�FXELF�PHWHU��LQ�FDSWLYH�DLU�H[SHULPHQWV�

&RPSRXQG ([SHULPHQW����D�

� � � � � �

PHWKDQH ���� ���� ���� ���� ���� ����

HWKDQH ��� ��� ��� ��� ��� ���

HWK\OHQH ���� ���� ���� ���� ���� ����

DFHW\OHQH ���� ���� ���� ���� ���� ����

SURSDQH ���� ���� ��� ��� ���� ����

SURSHQH ���� ��� ��� ���� ���� ����

L�EXWDQH ��� ��� ��� ��� ���� ���

L�EXWHQH ��� ��� ��� ��� ���� ���

��EXWHQH ��� ��� ��� ��� ��� ���

����EXWDGLHQH ��� ��� ��� ��� ��� ���

Q�EXWDQH ���� ���� ��� ��� ���� ����

WUDQV���EXWHQH ��� ��� ��� ��� ��� ���

����GLPHWK\OSURSDQH

FLV���EXWHQH ��� ��� ��� ��� ��� ���

��PHWK\O���EXWHQH ��� ��� ��� ��� ��� ���

L�SHQWDQH ���� ���� ���� ���� ���� ����

��SHQWHQH ��� ��� ��� ��� ��� ���

��PHWK\O���EXWHQH ��� ��� ��� ��� ��� ���

Q�SHQWDQH ���� ��� ��� ���� ���� ����

LVRSUHQH ��� ��� ��� ��� ��� ���

WUDQV���SHQWHQH ��� ��� ��� ��� ���� ���

FLV���SHQWHQH ��� ��� ��� ��� ��� ���

��PHWK\O���EXWHQH ��� ��� ��� ���� ���� ���

����GLPHWK\OEXWDQH ��� ��� ��� ��� ��� ���

F\FORSHQWHQH ��� ��� ��� ��� ��� ���

��PHWK\O���SHQWHQH ��� ��� ��� ��� ��� ���

F\FORSHQWDQH ��� ��� ��� ��� ��� ���

����GLPHWK\OEXWDQH ��� ��� ��� ��� ��� ���

FLV���PHWK\O���SHQWHQH

��PHWK\OSHQWDQH ���� ��� ��� ���� ���� ���

��PHWK\OSHQWDQH ��� ��� ��� ��� ��� ���

��PHWK\O���SHQWHQH ��� ��� ��� ��� ��� ���

��KH[HQH ��� ��� ��� ��� ��� ���

Q�KH[DQH ��� ��� ��� ���� ���� ���

WUDQV���KH[HQH ��� ��� ��� ��� ��� ���

��PHWK\O���SHQWHQH ��� ��� ��� ��� ��� ���

FLV���KH[HQH ��� ��� ��� ��� ��� ���

PHWK\OF\FORSHQWDQH ��� ��� ��� ��� ���� ���

����GLPHWK\OSHQWDQH ��� ��� ��� ��� ��� ���

07%( ���� ���� ���� ���� ���� ����

��� *URVMHDQ�	�*URVMHDQ -��%UD]��&KHP��6RF�



7DEOH������&RQW��

EHQ]HQH ���� ���� ��� ���� ���� ����

F\FORKH[DQH ��� ��� ��� ��� ��� ���

��PHWK\OKH[DQH ��� ��� ��� ��� ��� ���

����GLPHWK\OSHQWDQH ��� ��� ��� ��� ��� ���

��PHWK\OKH[DQH ��� ��� ��� ��� ��� ���

������WULPHWK\OSHQWDQH ��� ��� ��� ��� ��� ���

Q�KHSWDQH ��� ��� ��� ��� ��� ���

������WULPHWK\O���SHQWHQH

PHWK\OF\FORKH[DQH ��� ��� ��� ��� ��� ���

������WULPHWK\O���SHQWHQH

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ���

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ���

������WULPHWK\OSHQWDQH ��� ��� ��� ��� ��� ���

WROXHQH ���� ���� ���� ���� ���� ����

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ���

��PHWK\OKHSWDQH ��� ��� ��� ��� ��� ���

��HWK\OKH[DQH ��� ��� ��� ��� ��� ���

����GLPHWK\OKHSWDQH

������WULPHWK\OKH[DQH

Q�RFWDQH ��� ��� ��� ��� ��� ���

HWK\OF\FORKH[DQH

HWK\OEHQ]HQH ��� ��� ��� ��� ���� ���

P�[\OHQH�	�S�[\OHQH ���� ���� ��� ���� ���� ����

VW\UHQH ���

R�[\OHQH ��� ��� ��� ��� ���� ���

Q�QRQDQH ��� ��� ��� ��� ��� ���

L�SURS\OEHQ]HQH

Q�SURS\OEHQ]HQH ��� ��� ��� ��� ��� ���

S�HWK\OWROXHQH ��� ��� ��� ���� ���� ���

P�HWK\OWROXHQH ��� ��� ��� ��� ��� ���

������WULPHWK\OEHQ]HQH ��� ��� ��� ��� ��� ���

R�HWK\OWROXHQH ��� ��� ��� ��� ��� ���

������WULPHWK\OEHQ]HQH�	�VHF�
EXW\OEHQ]HQH

���� ��� ��� ���� ���� ���

Q�GHFDQH ��� ��� ��� ��� ��� ���

DOSKD�SLQHQH

EHWD�SLQHQH

GHOWD���FDUHQH

G�OLPRQHQH

�D�� VHH�7DEOH��� IRU� H[SHULPHQWDO� FRQGLWLRQV�DQG� LQLWLDO�FRQFHQWUDWLRQV�RI�R[LGHV�RI�QLWURJHQ��FDUERQ�PRQR[LGH��FDUERQ�GLR[LGH�� HWKDQRO��07%(�DQG

DOGHK\GHV�

�E��D�EODQN�HQWU\�LQGLFDWHV�WKDW�WKH�FRPSRXQG�ZDV�QRW�GHWHFWHG��GHWHFWLRQ�OLPLW� �����PLFURJUDPV�SHU�FXELF�PHWHU��

9RO�����1R��������� )RUPDWLRQ�RI�2]RQH�LQ�8UEDQ�$LU ���



$OWKRXJK�VHYHUDO�UHDFWLYLW\�VFDOHV�FDQ�EH�XVHG�WR�UDQN

92&�ZLWK�UHVSHFW�WR�IRUPDWLRQ�RI�R]RQH����ZH�VHOHFW�IRU�WKH

SXUSRVH�RI�WKLV�VWXG\�WKH�0,5�UHDFWLYLW\�VFDOH��7KLV�VFDOH

KDV�EHHQ�HPSOR\HG�E\�WKH�6WDWH�RI�&DOLIRUQLD�LQ�UHJXODWLRQV

WKDW�OHG�WR�WKH�VSHFLILFDWLRQV�RI�&DOLIRUQLD�3KDVH�,,�5HIRU�

PXODWHG�*DVROLQHV�LQWURGXFHG�LQ���������7KH�UDWH�FRQVWDQWV

N2+� XVHG� LQ� (T�� �� DUH� IURP� UHFHQW� UHYLHZV� RI� OLWHUDWXUH

GDWD����7KH�0,5�FRHIILFLHQWV�XVHG�LQ�(T����DUH�IURP�&DU�

WHU����)RU�D�IHZ�92&�OLVWHG�LQ�7DEOH����UDWH�FRQVWDQWV�DQG��

RU�0,5�FRHIILFLHQWV�ZHUH�QRW�DYDLODEOH��DQG�ZH�HVWLPDWHG

WKHP� IURP� VWUXFWXUH�UHDFWLYLW\� FRQVLGHUDWLRQV� DQG� IURP

H[DPLQDWLRQ�RI�SKRWRFKHPLFDO�R[LGDWLRQ�PHFKDQLVPV��7KH

XQLWV�HPSOR\HG�DUH�DV�IROORZV��92&�FRQFHQWUDWLRQV�LQ�SSEY

DQG������[�UDWH�FRQVWDQWV�LQ�FP��PROHFXOH���V���IRU�(T����

DQG�92&�FRQFHQWUDWLRQV�LQ�PJ�P���DQG�GLPHQVLRQOHVV�0,5

FRHIILFLHQW��JUDP�R]RQH�SURGXFHG���JUDP�92&��LQ�(T����

7KH�UHVXOWV�RI�WKH�FDOFXODWLRQV�PDGH�XVLQJ�(T�����UHDF�

WLRQ�ZLWK�2+��DQG�(T�����SURGXFWLRQ�RI�R]RQH��DUH�OLVWHG�LQ

7DEOH��� IRU� HDFK�92&�DQG�HDFK�FDSWLYH�DLU� H[SHULPHQW�

7KHVH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����ZKLFK�OLVWV�WKH���

)LJXUH����*&�06�FKURPDWRJUDP�RI�D�VDPSOH�RI�DPELHQW�DLU�FROOHFWHG�DW�WKH�EHJLQQLQJ�RI�FDSWLYH�DLU�H[SHULPHQW����

��� *URVMHDQ�	�*URVMHDQ -��%UD]��&KHP��6RF�



PRVW� LPSRUWDQW�FRPSRXQGV�ZLWK�UHVSHFW�WR�UHDFWLRQ�ZLWK

2+�DQG�WR�SURGXFWLRQ�RI�R]RQH��DQG�WKLV�IRU�WKH�DYHUDJH�RI

WKH�92&�GDWD�IURP�WKH�VL[�FDSWLYH�DLU�H[SHULPHQWV��7KHVH

UHVXOWV� LQGLFDWH� WKDW� UDQNLQJ� DFFRUGLQJ� WR�SKRWRFKHPLFDO

UHDFWLYLW\�LV�TXLWH�GLIIHUHQW�IURP�UDQNLQJ�DFFRUGLQJ�WR�FRQ�

FHQWUDWLRQ��L�H���FRPSDUH�7DEOH���DQG�7DEOH����:LWK�UHVSHFW

WR�UHDFWLRQ�ZLWK�2+��FDUERQ�PRQR[LGH�GRPLQDWHV�IROORZHG

E\��LQ�RUGHU�RI�GHFUHDVLQJ�LPSRUWDQFH��HWK\OHQH��DFHWDOGH�

K\GH�� ��PHWK\O���EXWHQH�� SURSHQH�� LVREXWHQH�� IRUPDOGH�

K\GH�� WUDQV���SHQWHQH�� ��PHWK\O���EXWHQH�� ����EXWDGLHQH�

�P���S��[\OHQH��F\FORSHQWHQH��WUDQV���EXWHQH��HWKDQRO��DQG

FLV���SHQWHQH��07%(�LV�UDQNHG�����DQG�LWV�FRQWULEXWLRQ�WR

UHDFWLRQ�ZLWK�2+�LV�VPDOO��H�J�����WLPHV�OHVV�WKDQ�WKDW�RI

DFHWDOGHK\GH�DQG�FD����WLPHV�OHVV�WKDQ�WKDW�RI�HWKDQRO�

:LWK�UHVSHFW�WR�SURGXFWLRQ�RI�R]RQH��HWK\OHQH�LV�UDQNHG

����IROORZHG�FORVHO\�E\�FDUERQ�PRQR[LGH��IROORZHG�E\��LQ

RUGHU� RI� GHFUHDVLQJ� LPSRUWDQFH�� DFHWDOGHK\GH�� �P� �� S��

[\OHQH�� IRUPDOGHK\GH�� SURSHQH�� ������WULPHWK\OEHQ]HQH�

WROXHQH�� HWKDQRO�� WUDQV���SHQWHQH�� S�HWK\OWROXHQH�� R�

[\OHQH�� ��PHWK\O���EXWHQH�� LVREXWHQH� DQG� ����EXWDGLHQH�

07%(�LV�UDQNHG�����DQG�LWV�FRQWULEXWLRQ�WR�R]RQH�SURGXF�

WLRQ�LV�VPDOO��H�J��FD����WLPHV�OHVV�WKDQ�WKDW�RI�DFHWDOGHK\GH

DQG�FD����WLPHV�OHVV�WKDQ�WKDW�RI�HWKDQRO��7KH�GDWD�LQ�7DEOH

��LQGLFDWH�WKDW�&2��HWK\OHQH�DQG�DFHWDOGHK\GH�DUH�WKH�WKUHH

PRVW�LPSRUWDQW�FRQWULEXWRUV�WR�ERWK�UHDFWLRQ�ZLWK�2+�DQG

SURGXFWLRQ� RI� R]RQH�� )ROORZLQJ� WKHVH� WKUHH� FRPSRXQGV�

DONHQHV� ���� RI� ZKLFK� DUH� UDQNHG� LQ� WKH� ¦WRS���§� FRP�

SRXQGV��PDNH�D�VLJQLILFDQW�FRQWULEXWLRQ� WR� UHDFWLRQ�ZLWK

2+��7KHVH�DONHQHV�DUH�DOVR�LPSRUWDQW�ZLWK�UHVSHFW�WR�R]RQH

SURGXFWLRQ��WR�ZKLFK�DURPDWLF�K\GURFDUERQV�DOVR�PDNH�D

VXEVWDQWLDO�FRQWULEXWLRQ�

&RQFOXGLQJ�&RPPHQWV

7KH� UHVXOWV� RI� WKH� SKRWRFKHPLFDO� UHDFWLYLW\� UDQNLQJ

FDOFXODWLRQV�JLYHQ�LQ�7DEOH���DQG�VXPPDUL]HG�LQ�7DEOH��

XQGHUOLQH�WKH�LPSRUWDQFH�RI�FDUERQ�PRQR[LGH��DONHQHV�DQG

DURPDWLFV��$Q�LQWHUHVWLQJ�LPSOLFDWLRQ�LQ�WKH�FDVH�RI�&2�LV

WKDW�FRQWURO�VWUDWHJLHV�DLPHG�DW�UHGXFLQJ�DPELHQW�OHYHOV�RI

&2�PD\�DOVR�KDYH�D�EHQHILFLDO�HIIHFW�RQ�DPELHQW�OHYHOV�RI

R]RQH�LQ�WKH�3RUWR�$OHJUH�DUHD��(WKDQRO�IXHO�SOD\V�D�VLJQLIL�

9RO�����1R��������� )RUPDWLRQ�RI�2]RQH�LQ�8UEDQ�$LU ���

7DEOH����1HW�SURGXFWLRQ�RI�DOGHK\GHV�LQ�3RUWR�$OHJUH�FDSWLYH�DLU�H[SHULPHQWV�

([SHULPHQW�� � � � � � �

)RUPDOGHK\GH

� LQLWLDO�FRQFHQWUDWLRQ��SSE��D� ���� ���� ���� ���� ���� ����

� ILQDO�FRQFHQWUDWLRQ��SSE ���� ���� ���� ���� ���� ����

� GLIIHUHQFH��SSE��E� ������ ������ ������ ������ ������ ������

� FRQFHQWUDWLRQ�UDWLR��ILQDO���LQLWLDO ���� ���� ���� ���� ���� ����

$FHWDOGHK\GH

� LQLWLDO�FRQFHQWUDWLRQ��SSE��D� ���� ���� ���� ���� ���� ����

� ILQDO�FRQFHQWUDWLRQ��SSE ���� ���� ���� ���� ���� ����

� GLIIHUHQFH��SSE��E� ������ ������ ������ ������ ������ ������

� FRQFHQWUDWLRQ�UDWLR��ILQDO���LQLWLDO ���� ���� ���� ���� ���� ����

�D��IURP�7DEOH���

�E��D�����VLJQ�LQGLFDWHV�QHW�IRUPDWLRQ��VHH�WH[W�

7DEOH����&RPSRXQGV�LGHQWLILHG�E\�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPH�

WU\�

+\GURFDUERQV��D� &DUERQ\OV

PHWK\OF\FORSHQWHQH DFHWDOGHK\GH

HWK\OF\FORSHQWDQH DFHWRQH

VW\UHQH SURSDQDO

SURS\O�F\FORKH[DQH��E� ��EXWDQRQH

��PHWK\ORFWDQH KH[DQDO

LQGDQH KHSWDQDO

QDSKWKDOHQH EHQ]DOGHK\GH

��PHWK\OQDSKWKDOHQH RFWDQDO

XQGHFDQH QRQDQDO

����GLK\GUR���PHWK\O�,+�LQGHQH GHFDQDO

RFWDK\GUR�����PHWKDQR�,+�LQGHQH

GRGHFDQH 2WKHUV

FDUERQ\O�VXOILGH

)OXRURFDUERQV FDUERQ�GLVXOILGH

)�� QLWURPHWKDQH

)��� PHWK\O�IRUPDWH

)��� DFHWLF�DFLG

�D��LQ�DGGLWLRQ�WR�WKRVH�OLVWHG�LQ�7DEOH���

�E��Q�SURS\O�DQG���RU�LVR�SURS\O�



��� *URVMHDQ�	�*URVMHDQ -��%UD]��&KHP��6RF�

7DEOH����5DQNLQJ�RI�SROOXWDQWV�DFFRUGLQJ�WR�SKRWRFKHPLFDO�UHDFWLYLW\�LQ�FDSWLYH�DLU�H[SHULPHQWV������

&RPSRXQG R]RQH�IRUPDWLRQ UHDFWLRQ�ZLWK�2+

�� �� �� �� �� �� �� �� �� �� �� ��

PHWKDQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

HWKDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

HWK\OHQH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

DFHW\OHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

SURSDQH ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ���� ����

SURSHQH ����� ���� ���� ����� ����� ���� ����� ����� ���� ����� ����� �����

L�EXWDQH ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ���� ���

L�EXWHQH ���� ���� ���� ���� ���� ���� ����� ����� ����� ����� ����� �����

��EXWHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

����EXWDGLHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� ����

Q�EXWDQH ���� ���� ��� ��� ���� ���� ���� ���� ��� ��� ���� ����

WUDQV���EXWHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����

����GLPHWK\OSURSDQH

FLV���EXWHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����

��PHWK\O���EXWHQH ��� ��� ��� ��� ���� ��� ���� ���� ��� ���� ���� ���

L�SHQWDQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

��SHQWHQH ���� ���� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����

��PHWK\O���EXWHQH ���� ���� ��� ���� ���� ���� ����� ���� ���� ����� ����� �����

Q�SHQWDQH ���� ��� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

LVRSUHQH ��� ���� ��� ���� ��� ���� ���� ���� ���� ���� ���� ����

WUDQV���SHQWHQH ���� ���� ���� ���� ���� ���� ����� ���� ���� ����� ����� �����

FLV���SHQWHQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� ����

��PHWK\O���EXWHQH ���� ���� ���� ���� ���� ���� ����� ����� ���� ����� ����� �����

����GLPHWK\OEXWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

F\FORSHQWHQH ���� ���� ��� ���� ���� ���� ���� ���� ���� ����� ����� �����

��PHWK\O���SHQWHQH ��� ��� ��� ��� ���� ��� ���� ��� ��� ���� ���� ����

F\FORSHQWDQH ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ��� ���

����GLPHWK\OEXWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

FLV���PHWK\O���SHQWHQH

��PHWK\OSHQWDQH ���� ���� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

��PHWK\OSHQWDQH ��� ��� ��� ���� ���� ��� ��� ��� ��� ���� ���� ���

��PHWK\O���SHQWHQH ��� ��� ��� ��� ��� ��� ���� ���� ��� ���� ���� ����

��KH[HQH ��� ��� ��� ��� ��� ��� ���� ��� ��� ���� ���� ����

Q�KH[DQH ��� ��� ��� ���� ���� ��� ���� ��� ��� ���� ���� ����

WUDQV���KH[HQH ���� ��� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

��PHWK\O���SHQWHQH ���� ��� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

FLV���KH[HQH ��� ��� ��� ��� ��� ��� ���� ���� ��� ���� ���� ����

PHWK\OF\FORSHQWDQH ���� ���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ����

����GLPHWK\OSHQWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

07%( ���� ���� ��� ���� ���� ���� ���� ���� ��� ���� ���� ����

EHQ]HQH ��� ��� ��� ���� ���� ��� ��� ��� ��� ��� ��� ���



7DEOH������&RQW��

F\FORKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��PHWK\OKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���

����GLPHWK\OSHQWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��PHWK\OKH[DQH ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ���� ���

������WULPHWK\OSHQWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

Q�KHSWDQH ��� ��� ��� ��� ��� ��� ���� ��� ��� ���� ���� ���

������WULPHWK\O���SHQWHQH

PHWK\OF\FORKH[DQH ���� ��� ��� ���� ���� ��� ���� ���� ��� ���� ���� ����

������WULPHWK\O���SHQWHQH

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

������WULPHWK\OSHQWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

WROXHQH ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� ����

����GLPHWK\OKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��PHWK\OKHSWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��HWK\OKH[DQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

����GLPHWK\OKHSWDQH

������WULPHWK\OKH[DQH

Q�RFWDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���

HWK\OF\FORKH[DQH

HWK\OEHQ]HQH ���� ���� ��� ���� ���� ���� ���� ��� ��� ���� ���� ����

P�[\OHQH�	�S�[\OHQH ����� ����� ���� ����� ����� ����� ����� ���� ���� ����� ����� ����

VW\UHQH

R�[\OHQH ���� ���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ����

Q�QRQDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���

L�SURS\OEHQ]HQH

Q�SURS\OEHQ]HQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

S�HWK\OWROXHQH ���� ���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ����

P�HWK\OWROXHQH ���� ���� ���� ���� ���� ���� ���� ��� ��� ���� ���� ����

������WULPHWK\OEHQ]HQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

R�HWK\OWROXHQH ���� ���� ��� ���� ���� ���� ���� ��� ��� ��� ���� ���

������WULPHWK\OEHQ]HQH

	�VHF�EXW\OEHQ]HQH ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����� ����

Q�GHFDQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���

DOSKD�SLQHQH

EHWD�SLQHQH

GHOWD���FDUHQH

G�OLPRQHQH

HWKDQRO ���� ���� ���� ����� ���� ���� ���� ����� ����� �����

IRUPDOGHK\GH ����� ����� ���� ����� ����� ����� ����� ����� ����� ����� ����� �����

DFHWDOGHK\GH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

FDUERQ�PRQR[LGH ����� ����� ����� ����� ����� ����� ������ ����� ����� ������ ������ �����

9RO�����1R��������� )RUPDWLRQ�RI�2]RQH�LQ�8UEDQ�$LU ���



FDQW�UROH��GXH�WR�HPLVVLRQV�RI�XQEXUQHG�HWKDQRO��UDQNHG���

IRU�R]RQH�SURGXFWLRQ�DQG�����IRU�UHDFWLRQ�ZLWK�2+��DQG

DOVR� GXH� WR� DFHWDOGHK\GH� HPLVVLRQV� IURP� HWKDQRO�IXHOHG

YHKLFOHV��DFHWDOGHK\GH�UDQNV����IRU�R]RQH�SURGXFWLRQ�DQG

���IRU�UHDFWLRQ�ZLWK�2+���,Q�FRQWUDVW��WKH�UHVXOWV�LQ�7DEOH��

DQG� 7DEOH� �� LQGLFDWH� D� QHJOLJLEOH� UROH� IRU� 07%(� DV� D

SKRWRFKHPLFDO�SUHFXUVRU�WR�WKH�IRUPDWLRQ�RI�R]RQH�LQ�WKH

DWPRVSKHUH�RI�3RUWR�$OHJUH�

$FNQRZOHGJPHQWV

7KLV�VWXG\�KDV�EHHQ�VSRQVRUHG�E\�3(752%5$6��5LR

GH�-DQHLUR��&(13(6�3URMHFW���������7KH�92&�DQDO\VHV

ZHUH�FDUULHG�RXW�E\�3URI��5��$��5DVPXVVHQ�DQG�KLV�FR�ZRUN�

HUV��'SW��RI�(QYLURQPHQWDO�6FLHQFH�DQG�(QJLQHHULQJ��2UH�

JRQ� *UDGXDWH� ,QVWLWXWH� RI� 6FLHQFH� DQG� 7HFKQRORJ\�

3RUWODQG��25��86$��$OGHK\GH�VDPSOHV�ZHUH�DQDO\]HG�E\

3URI��0DULD�7HUHVD�5D\D�5RGULJXH]�DQG�KHU�FR�ZRUNHUV�

&HQWUR�GH�(FRORJLD��8QLYHUVLGDGH�)HGHUDO�GH�5LR�*UDQGH
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