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,QWURGXFWLRQ��$QJLRJHQHVLV�SOD\V�DQ�LPSRUWDQW�UROH� LQ� WKH�JURZWK�DQG�PHWDVWDVLV�RI�FRORUHFWDO

FDUFLQRPD��ZKLFK�LV�FXUUHQWO\�RQH�RI�WKH�WDUJHWV�RI�FDQFHU�WKHUDS\��,W�KDV�EHHQ�UHSRUWHG�WKDW�WKH

(QGRJOLQ��&'�����LQYROYHG�LQ�DQJLRJHQHVLV�DQG�LV�D�SRZHUIXO�PDUNHU�IRU�DQJLRJHQHVLV�LQ�FRORUHFWDO

FDUFLQRPD��/HYHO�4XDQWLWDWLYH�DQJLRJHQHVLV�LQ�SHULWXPRU�DQG�DQ�LQWUDWXPRU�DUHD�LV�LPSRUWDQW�WR

NQRZ�EHFDXVH�LW�LV�FORVHO\�UHODWHG�WR�WKH�PLFUR�HQYLURQPHQWDO�IDFWRUV�WKDW�LQIOXHQFH�WKH�RFFXUUHQFH

RI�FDQFHU�DQJLRJHQHVLV��7KH�JRDO�RI�WKLV�VWXG\�WR�DQDO\]H�WKH�GLVWULEXWLRQ�SDWWHUQ�RI�DQJLRJHQHVLV�LQ

FRORUHFWDO�FDQFHU�E\�FRPSDULQJ�WKH�GLVWULEXWLRQ�RI�DQJLRJHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHDV

EHWZHHQ�ZHOO��PRGHUDWH�DQG�SRRUO\�GLIIHUHQWLDWHG�FRORUHFWDO�FDUFLQRPD��DQG�EHWZHHQ�PHWDVWDVLV

DQG�QRQ�PHWDVWDWLF�FRORUHFWDO�FDQFHU��0HWKRGV��7KLV�VWXG\�DQDO\]HG� ILIW\�VDPSOHV�RI� UHVHFWHG

DGHQRFDUFLQRPD�FRORUHFWDO��$QJLRJHQHVLV�ZDV�DVVHVVHG�E\�WKH�LPPXQRKLVWRFKHPLFDO�PHWKRG�XVLQJ

D�SULPDU\�PRQRFORQDO�DQWLERG\�(QGRJOLQ��&'������3RVLWLYH�H[SUHVVLRQ�RI�&'����ZDV�DVVHVVHG

WKURXJK�WKH�&'����SURWHLQ�H[SUHVVLRQ�LQ�QHRYDVFXODU�HQGRWKHOLDO�FHOOV��ZKLOH�WKH�GLVWULEXWLRQ�SDW�

WHUQ�RI�DQJLRJHQHVLV�DVVHVVHG�E\�FRXQWLQJ�WKH�SRVLWLYH�H[SUHVVLRQ�RI�&'����SURWHLQ�LQ�KRW�VSRWV�E\

XVLQJ�WKH�09'��PLFURYHVVHO�GHQVLW\��LQ�WKH�SHULWXPRU�DQG�LQWUDWXPRU�DUHDV�DQG�WKHQ�SHUIRUPHG

VWDWLVWLFDO�DQDO\VLV��5HVXOWV��7KHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�TXDQWLWDWLYH�OHYHO�RI�DQ�

JLRJHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHDV�RI�ZHOO��3��������PRGHUDWH��3�������DQG�SRRUO\��������

GLIIHUHQWLDWHG�DGHQRFDUFLQRPD��7KH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�TXDQWLWDWLYH�OHYHOV�RI�DQJLR�

JHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHDV�RI�QRQ�PHWDVWDWLF�FRORUHFWDO�FDQFHU��3�������DQG�O\PSK

QRGH�PHWDVWDVHV���������ZDV�IRXQG��EXW�QRW�LQ�FRORUHFWDO�FDQFHU�ZLWK�OLYHU�PHWDVWDVLV��&RQFOX�

VLRQ��$QJLRJHQHVLV�SDWWHUQ�LV�PRUH�FRQFHQWUDWHG�LQ�SHULWXPRU�FRPSDUHG�WR�LQWUDWXPRU�DUHDV��7KLV

VKRZHG�WKH�UROH�RI�VWURPDO�FHOOV�LQ�DQJLRJHQHVLV��7KHUH�LV�VLJQLILFDQW�H[SUHVVLRQ�EHWZHHQ�DQJLR�

JHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHDV�

.H\ZRUGV��$QJLRJHQHVLV��&RORUHFWDO�FDQFHU��(QGRJOLQ��&'����

,1752'8&7,21

&RORUHFWDO� FDUFLQRPD� LV� D�PDOLJQDQF\
GHULYHG�IURP�WKH�ODUJH�LQWHVWLQH�WKDW�FDXVHG
E\�XQFRQWUROOHG�FHOO�JURZWK���&RORUHFWDO�FDQ�
FHU�LV�WKH�WKLUG�PRVW�FRPPRQ�FDQFHU�LQ�PHQ
���������FDVHV��������RI�WKH�WRWDO���DQG�VHF�
RQG�LQ�ZRPHQ����������FDVHV�������RI�WRWDO�

ZRUOGZLGH��$OPRVW�����RI�WKH�FDVHV�RFFXU�LQ

PRUH�GHYHORSHG�UHJLRQV��0RUWDOLW\�LV��������
GHDWK� ������ RI� WKH� WRWDO��ZLWK�PRUH� GHDWKV
������LQ�GHYHORSHG�UHJLRQV�RI�WKH�ZRUOG���

,Q� WKH� ����V� UHVHDUFKHUV� SURSRVHG� D
IRXU�VWHS�SURJUHVVLRQ�RI�JHQH�DOWHUDWLRQV� LQ
FRORQLF�HSLWKHOLXP��7KLV�SKHQRPHQRQ�VWDUWV
IURP�WUDQVIRUPDWLRQ�RI�QRUPDO�HSLWKHOLXP� WR
DQ�DGHQRPD��SURFHHGLQJ�WR�LQ�VLWX�FDUFLQRPD�
DQG�XOWLPDWHO\�WR�DQ�LQYDVLYH�DQG�PHWDVWDWLF

1XVDQWDUD�0HGLFDO�6FLHQFH�-RXUQDO�����������������



�����,

WXPRU��,Q�������)HDURQ�DQG�9RJHOVWHLQ�HOXFL�

GDWHG�VSHFLILF�SDWKZD\V�HVVHQWLDO�WR�WKH�GH�

YHORSPHQW�RI�&5&��FRQVLVWLQJ�RI�DFFXPXODWHG

PXWDWLRQV�LQ�PXOWLSOH�JHQHV�WKDW�UHJXODWH�FHOO

JURZWK�DQG�GLIIHUHQWLDWLRQ���%RWK�JHQHWLF�DQG

HSLJHQHWLF� DOWHUDWLRQV�� WKH� ODWWHU� OHDGLQJ� WR

DEHUUDQW�PHWK\ODWLRQ� RI� WXPRU� VXSSUHVVRU

JHQHV�� UHVXOW� LQ� LQDFWLYDWLRQ�RI� WKHVH�JHQHV

DQG�VXEVHTXHQW�SURPRWLRQ�RI�QHRSODVLD��

7KH�PDLQ�FDXVHV�RI�GHDWK�LQ�FRORUHFWDO

FDUFLQRPD�LV�GXH�WR�PHWDVWDVLV��0HWDVWDVLV�LV

WKH�SURFHVV�E\�ZKLFK�WXPRUV�VSUHDG�IURP�WKH

SULPDU\� RUJDQ�DQG�DSSHDU� LQ� RWKHU� RUJDQV�

7KHUH�DUH�IRXU�PHFKDQLVPV�RI�PHWDVWDVLV�LQ

FRORUHFWDO� FDUFLQRPD� LV� WKURXJK�GLUHFW� LQYD�

VLRQ��WUDQVSHULWRQLDO��KHPDWRJHQ��DQG�O\PSKRQLD�

0DQ\�IDFWRUV�FDQ�RFFXU�LQLWLDWHG�D�SURFHVV�RI

PHWDVWDVLV��DPRQJ�RWKHUV��GDPDJH� WR�FHOOV

DGKHVLRQ�PROHFXOH�� UHOHDVH� RI� DQJLRJHQLF

JURZWK� IDFWRUV�� UHOHDVH� O\PSKDQJLRJHQLF� RI

JURZWK�IDFWRUV��PHFKDQLFDO�IDFWRUV��UHOHDVH�RI

SURWHRO\WLF� HQ]\PHV� DQG�PRWLOLW\� RI� FDQFHU

FHOOV����

,W�ZDV�UHSRUWHG��WXPRU�JURZWK�DQG�PH�

WDVWDVLV� GHSHQG� RQ� WXPRU� DQJLRJHQHVLV�

ZKHUH�WXPRU�ZRXOG�QRW�JURZ�RYHU�����PP�LQ

GLDPHWHU�ZLWKRXW�DQJLRJHQHVLV��$QJLRJHQHVLV

LV� D� IRUPDWLRQ� RI� D� QHZ� EORRG� YHVVHO� LQ

SHULWXPRU� DQG� LQWUDWXPRU� IURP� HVWDEOLVKHG

EORRG�YHVVHO�WKURXJK�VSURXWLQJ�PHFKDQLVP�

1HRYDVFXODUL]DWLRQ�GXH�WR�DQJLRJHQHVLV�DOORZ

WXPRU� JURZWK� DQG�PHWDVWDVLV� E\� SURYLGLQJ

QXWULWLRQ�DQG�R[\JHQ�IRU�WXPRU�FHOO��DQG�DOVR

D�PHGLXP� IRU�EXGGLQJ� IURP�WKH�PDLQ�WXPRU

WKURXJK�EORRG�YHVVHO�WR�PHWDVWDVL]H�WR�DQRWKHU

RUJDQ����

'XH�WR�LQGXFWLRQ�RI�DQJLRJHQHVLV�LQ�VROLG

WXPRUV� LV� UHODWHG� WR� WXPRU�SURJUHVVLRQ��DQ�

JLRJHQHVLV�EHFRPHV�DQ�LPSRUWDQW�WDUJHW�IRU

WKH� GHWHFWLRQ�� GLDJQRVLV�� DQG� WUHDWPHQW� RI

FDQFHU��&XUUHQWO\��DQJLRJHQHVLV�HPHUJHG�DV

WDUJHWV�RI�FDQFHU�WKHUDS\�WKDW�KDV�EHHQ�XVHG

LQ�WKH�WUHDWPHQW�RI�FDQFHU��LQFOXGLQJ�FRORUHFWDO

FDQFHU�DQG�XQWLO�QRZ�VWLOO�EHLQJ�LQYHVWLJDWHG�����

&'���� �(QGRJOLQ�� ZDV� UHSRUWHG� DV� D

PDUNHU�RI�HQGRWKHOLDO�FHOO�LQ�QHRYDVFXODUL]DWLRQ�

&'�����(QGRJOLQ���D�FHOO�DGKHVLRQ�PROHFXOHV�

ZDV�H[SUHVVHG�LQ�FHOO�VXUIDFH�ORFDWHG�LQ��T���

DQ�����N'D�KRPRGLPHULF�WUDQVPHPEUDQH�JO\�

FRSURWHLQ��D�FRPSRQHQW�RI�7*)�EHWD��7UDQV�

IRUPLQJ�*URZWK�)DFWRU�%HWD�� UHFHSWRU�FRP�

SOH[��D�SOHLRWURSLF�F\WRNLQH�ZKLFK�PRGXODWHG

DQJLRJHQHVLV� WKURXJK�FHOO� UHJXODWLRQ� LQFOXG�

LQJ�SUROLIHUDWLRQ��GLIIHUHQWLDWLRQ��DQG�PLJUDWLRQ�

&'����ELQG�7*)�EHWD���DQG���WKHQ�PRGXODWH

7*)�EHWD�VLJQDO�WKURXJK�LQWHUDFWLRQ�ZLWK�7*)

UHFHSWRU���DQG�RU�,,���

&'����H[FOXVLYHO\�H[SUHVVHG�LQ�FRORUHFWDO

FDUFLQRPD�DQJLRJHQHVLV�DQG�IHZ�RWKHU�RUJDQ

FDUFLQRPDV�WKURXJK�LWV�SRVLWLYH�H[SUHVVLRQ�LQ

HQGRWKHOLD�FHOO�LQ�GH�QRYR�EORRG�YHVVHOV��HL�

WKHU� LQ� WKH� LQWUDWXPRU�RU� SHULWXPRU� DUHD�� ,Q

FRQWUDVW��&'����DOPRVW�QRW�H[SUHVVHG�LQ�HQ�

GRWKHOLD�FHOO�LQ�QRUPDO�WLVVXH�FDSLOODU\�DURXQG

WKH�WXPRU��)XUWKHUPRUH��&'����H[SUHVVLRQ�LQ

HQGRWKHOLD�FHOO� LV�YHU\�VHOHFWLYH�ZLWKRXW�DQ\

VLJQLILFDQW�FURVV�UHDFWLYLW\�ZLWK�FHOO�LQIODPPD�

WRU\��VWURPD�FHOO�LQ�QHRSODVP�WLVVXH��HYHQ�LQ�D

O\PSK�YHVVHO�HQGRWKHOLDO�FHOO����0DQ\�UHSRUWV�

QHRYDVFXODU�FRXQW�WKURXJK�09'��PLFURYHVVHO

GHQVLW\��PHWKRG�ZLWK�&'����PDUNHU�LV�EHWWHU

HVWLPDWRU� IRU� SURJQRVLV� DQG� WXPRU� VXUYLYDO

FRPSDUHG�WR�09'�PHWKRG�XVLQJ�SDQHQGRWKHOLDO

PDUNHU��VXFK�DV�&'��������

,W�KDV�EHHQ� UHSRUWHG� WKDW�&'���� LV� LQ�

YROYHG�LQ�WKH�IRUPDWLRQ�RI�DQJLRJHQHVLV�DQG�VHHP
WR�EH�D�SRZHUIXO�PDUNHU�IRU�QHRYDVFXODUL]DWLRQ�LQ

FRORUHFWDO� FDUFLQRPD��$W� SUHVHQW�� &'���
HPHUJHG�DV�D�PDMRU�YDVFXODU�WDUJHW�IRU�DQWL�

DQJLRJHQLF�FDQFHU�WKHUDS\�������+RZHYHU��KRZ
LW�ZDV�H[SUHVVHG�DQG�OHYHO�RI�DQJLRJHQHVLV�LQ

SHULWXPRU�DQG�WKH� LQWUDWXPRU�DUHD� LV� LPSRU�
WDQW�GXH�LW�LV�FORVHO\�UHODWHG�WR�NQRZQ�HQYLURQ�

PHQWDO� IDFWRUV� WKDW�DIIHFW� WKH�RFFXUUHQFH�RI
WXPRU�DQJLRJHQHVLV��7R�RXU�NQRZOHGJH��KDV

QRW�EHHQ�UHSRUWHG�WKH�GLVWULEXWLRQ�SDWWHUQV�RI
DQJLRJHQHVLV�LQ�LQWUDWXPRU�DQG�SHULWXPRU�DU�

HDV�RI�FRORUHFWDO�FDUFLQRPD�DQG�LWV�UHODWLRQ�WR
KLVWRSDWKRORJLF�ILQGLQJ���7KH�SXUSRVHV�RI�WKLV

UHVHDUFK� LV� WR�HYDOXDWH� WKH� GLVWULEXWLRQ� SDW�
WHUQ� RI� DQJLRJHQHVLV� LQ� SHULWXPRU� DQG

LQWUDWXPRU�RI�FRORUHFWDO�FDUFLQRPD�DQG�LWV�UH�

ODWLRQ�WR�WKH�KLVWRSDWKRORJLF�ILQGLQJ�

0(7+2'6

7XPRU�VDPSOH

)LIW\������VXUJLFDO�UHVHFWLRQ�RI�FRORUHFWDO

FDUFLQRPD�GHULYHG�IURP�+RVSLWDO�LQ�0DNDVVDU
GXULQJ� �����������$OO� VSHFLPHQV�VDPSOHV

ZHUH�IL[HG�LQ�IRUPDOLQ�DQG�SDUDIILQ�EORFNV�WKHQ
VWDLQHG�ZLWK�+(��KHPDWR[\OLQ�HRVLQ��WR�GLDJ�

QRVH� FRORUHFWDO� FDUFLQRPD��$OO� VDPSOHV� DUH
DGHQRFDUFLQRPD�VXEW\SH�EDVHG�RQ�KLVWRSD�

WKRORJ\�VDPSOH�VWUDWLILHG�E\�-DSDQLVH�FODVVLIL�
FDWLRQ� IRU� FRORUHFWDO� FDQFHU�� FRPSULVLQJ����

ZHOO�GLIIHUHQWLDWHG�����PRGHUDWH�GLIIHUHQWLDWHG�

���SRRUO\�GLIIHUHQWLDWHG�

0LQKDMDW�HW�DO����'LVWULEXWLRQ�3DWWHUQV�RI�$QJLRJHQHVLV
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6XUJLFDO� UHVHFWLRQ� RI� FRORUHFWDO� FDUFL�
QRPD� WLVVXH� REWDLQHG� IURP� 3DWKRORJ\

$QDWRP\�'HSDUWPHQW��7KH�WLVVXHV�ZHUH�FXW

LQ�WKH�FHQWUDO�UHJLRQ�RI�FDQFHURXV�WLVVXH�DQG

����FP�VXUURXQGLQJ�QRQ�FDQFHURXV�WLVVXH�LQ

WKH�RUDO�DQG�DQDO�PDUJLQ��7LVVXH�KDYH�EHHQ

FXW�WKHQ�PDGH�WR�SDUDIILQ�EORFNV�DQG�FRROHG

LQ�WKH�UHIULJHUDWRU�DQG�FXW�ZLWK�D�PLFURWRPH

ZLWK�D� WKLFNQHVV�RI���PLFURQV��2EMHFW�JODVV

VPHDUHG�ZLWK� DOEXPLQ� WR� JOXHG� WKH� WLVVXH�

7KHQ��FXW�WLVVXH�SXW�LQ�D�ZDWHU�EDWK������&��

7LVVXH�LQ�D�ZDWHU�EDWK�WKHQ�WDNHQ�ZLWK�DQ�DO�

EXPLQ� VPHDUHG� JODVV� REMHFW�� VOLGH� WKHQ

GUDLQHG� WKHQ� SODFHG� RQ� WKH� VOLGH� ZDUPHU

�����&��IRU����PLQXWHV��7KH�VOLGH�WKHQ�UHDG\

IRU�VWDLQLQJ��6OLGH�FRQWDLQ�SDUDIILQ�EORFN� WLV�

VXH�VRDNHG�LQ�[\ORO�IRU���PLQXWHV��SHUIRUPHG

��WLPHV�LQ���GLIIHUHQW�FRQWDLQHUV��WKHQ�VRDNHG

LQ� ����DOFRKRO� IRU� ��PLQXWHV�� DOVR� GRQH� �

WLPHV� LQ� �� GLIIHUHQW� FRQWDLQHUV��$IWHU� WKDW�

VRDNHG�LQ�����DOFRKRO�IRU���PLQXWHV��ULQVHG

ZLWK� UXQQLQJ� ZDWHU� IRU� �� PLQXWHV�� 7KHQ�

VRDNHG� IRU� ���PLQXWHV� ZLWK� +HPDWR[\OLQ

0D\HU��ULQVHG�ZLWK�UXQQLQJ�ZDWHU�XQWLO�WXUQHG

EOXH��$IWHU�WKDW��VRDNHG�VOLGH�ZLWK�HRVLQ���

IRU���PLQXWHV������DOFRKRO� IRU�����PLQXWHV�

���� DOFRKRO� IRU� ����PLQXWHV�� SHUIRUPHG� �

WLPHV� LQ���GLIIHUHQW�FRQWDLQHUV��VRDNHG�ZLWK

&DUERO�;\ORO�IRU���PLQXWHV��VRDNHG�ZLWK�[\ORO

IRU�����PLQXWHV��$IWHU�WKDW��WKH�VOLGH�GULHG��WKHQ

FRYHU�ZLWK�JODVV�GHFN��7KH�VOLGH�LV�UHDG\�WR

EH�YLHZHG�XQGHU�D�PLFURVFRSH�

,PPXQRKLVWRFKHPLVU\� VWDLQLQJ� LV� GRQH

ZLWK� DQ� LQGLUHFW� LPPXQR�HQ]\PH� WHFKQLTXH

XVLQJ� ODEHOHG� VWUHSWDYLGLQ� FRPSOH[��%HIRUH

VWDLQLQJ� SURFHVV�EHJLQV�VOLGH�DUH� GLIIHUHQWL�

DWHG�ZLWK�[\OHQH�IRU����PLQXWHV�GDQ�UHK\GUDWHG

ZLWK������DOFRKRO�DQG�DOFRKRO�FRQFHQWUDWLRQ

LV�GLOXWHG�WR���������������DQG�����IRU���

PLQXWHV�HDFK��$IWHU�WKDW��WKH�VOLGHV�DUH�ZDVKHG

ZLWK�G+�����WLPHV�IRU���PLQXWHV�DQG�LQFXEDWHG

ZLWK�3%6�VROXWLRQ�IRU���PLQXWHV��7KHQ��VOLGHV

DUH�SXW�LQWR�JODVV�ER[�FRQWDLQLQJ�('7+��S+��

DQG�KHDWHG� LQ� WKH�PLFURZDYH� IRU���PLQXWHV

IRU� RSWLPL]HG� LWV� DQWLJHQLFLW\�� 7KH� VOLGH� LV

FRROHG�DW� URRP�WHPSHUDWXUH�IRU���KRXU��DQG

DIWHU�EULHIO\�GULHG��WKH�VOLGH�LV�PDUNHG�XVLQJ�D

SDS�SHQ��6OLGHV�ZDVKHG�ZLWK�G+���DQG�3%6

VROXWLRQ�IRU���PLQXWHV�HDFK�EHIRUH�LQFXEDWLRQ

ZLWK������K\GURJHQ�SHUR[LGDVH� IRU����PLQ�

XWHV��$IWHU�HQGRJHQRXV�SHUR[LGDVH�EORFNHG�

WKH�VOLGHV�ZHUH�LQFXEDWHG�ZLWK�EORFNLQJ�VROX�

WLRQ�IRU����PLQXWHV�WR�EORFN�DYLGLQ�LQ�WKH�WLV�

VXH��7KHQ��WKH�VOLGHV�ZHUH�LQFXEDWHG�RYHUQLJKW

DW����&�WHPSHUDWXUH�ZLWK�SULPDU\�&'����DQ�
WLERG\��6DQWD�&UX]��GLOXWHG�WR�������6OLGHV�DUH
ZDVKHG�DJDLQ���WLPHV�ZLWK�G+���EHIRUH�LQFX�
EDWHG�ZLWK� VHFRQGDU\� DQWLERG\� �JRDW� DQWL�
PRXVH��DQG�VWUHSWDYLGLQ�GXULQJ�HDFK����PLQ�
XWHV�DW� URRP�WHPSHUDWXUH��)RU�VWDLQLQJ�����
GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH�XVHG�IRU
DSSUR[LPDWHO\����PLQXWHV�WR�REWDLQ�WKH�VWDLQ�
LQJ�UHDFWLRQ� WKDW�FDQ�EH�GHWHFWHG�E\�PLFUR�
VFRSLF�H[DPLQDWLRQ��$IWHU�WKDW�VWDLQHG�DJDLQ
ZLWK�KHPDWR[\OLQ�WR�FODULI\�WKH�FHOO�QXFOHXV�IRU
���VHFRQGV�DQG�ZDVKHG�ZLWK�UXQQLQJ�ZDWHU
IRU���PLQXWHV��WKH�VOLGH�LV�GHK\GUDWHG�E\�XV�
LQJ�WKH�DOFRKRO�FRQFHQWUDWLRQ�LQFUHDVHG�JUDGX�
DOO\�IURP���������������WR������IRU���PLQ�
XWHV�HDFK��$IWHU� WKDW��VOLGHV�VRDNHG�LQWR�[\�
OHQH� IRU� ��PLQXWHV�� /DVW�� VOLGHV�ZHUH� JLYHQ
PDOLQRO�EHIRUH�LW�FRYHUHG�ZLWK�WKH�JODVV�FRYHU�

7KH�&'����OHYHO�RI�LPPXQRH[SUHVVLRQ
ZDV� DVVHVVHG� E\� XVLQJ� WKH� PHWKRG� RI
LQWUDWXPRUDO� DQG� SHULWXPRUDO� 09'
�PLFURYHVVHO�GHQVLW\���:LWK�ORZ�PDJQLILFDWLRQ
�î����� HDFK� SHULWXPRU� DQG� LQWUDWXPRU� DUHD
VHOHFWHG� ILYH�PRVW� SRSXODWHG�PLFURYHVVHO�
QHRYDVFXODU�DUHDV��KRWVSRWV��H[SUHVVLQJ�WKH
SRVLWLYH�&'����PDUNHU��,Q�HDFK�DUHD��ZLWK�KLJK
PDJQLILFDWLRQ� �î������PLFURYHVVHO� FRXQW� LV
FRQGXFWHG�LQ�PLFURYHVVHO�QHRYDVFXODU�&'���
SRVLWLYH�H[SUHVVLRQ��(DFK�PLFURYHVVHO�ZKHUH
RQH�RU�PRUH�RI�HQGRWKHOLDO�FHOOV�VWDLQHG�SRVL�
WLYH��EURZQ��E\�LPPXQRKLVWRFKHPLFDO�&'���
PDUNHU�� LV� FRXQWHG� DV� RQH�PLFURYHVVHO�
QHRYDVFXODU��%ORRG�YHVVHOV�ZLWK�OXPHQ�ORRN�
LQJ��GHILQHG�DV� QRQ�QHRYDVFXODU�� LW�ZDV�QRW
FDOFXODWHG��7KH�LQWHQVLW\�RI�&'����H[SUHVVLRQ
JURXSHG�DV���� �QHJDWLYH��� QRQH�RU������RI
HQGRWKHOLDO�FHOOV�ZLWK�DQ�H[SUHVVLRQ�RI�ZHDN
SRVLWLYH�&'���������ZHDN��!�����RI�HQGRW�
KHOLDO�FHOOV�ZLWK�H[SUHVVLRQ�RI�ZHDN�SRVLWLYH
&'���������VWURQJ��!�����RI�HQGRWKHOLDO�FHOOV
ZLWK� H[SUHVVLRQ� RI� VWURQJ� SRVLWLYH�&'����
&KDUDFWHUL]DWLRQ�RI�DQJLRJHQHVLV�GLVWULEXWLRQ
SDWWHUQ�LQ�SHULWXPRU�DQG�WKH�LQWUDWXPRU�DUHD
LV� GHVLJQDWHG� DIWHU� WKH� FRQFOXVLRQ� RI
PLFURYHVVHO� FRXQWV�� ,PPXQR�KLVWRFKHPLFDO
HYDOXDWLRQ�ZLOO�EH�FDUULHG�RXW� LQGLYLGXDOO\�E\
WKH�UHVHDUFKHU��50�DQG�80��WR�JHW�DFFXUDWH

UHVXOWV
'DWD�ZHUH� VWDWLVWLFDOO\� DQDO\]HG� XVLQJ

6SHDUPDQ� µS¶� FRUUHODWLRQ� DQG�PXOWLYDULDWH
DQDO\VLV��7KH�TXDQWLW\�GLIIHUHQFH�LQ�PLFURYHVVHO
FRXQW�LV�FRPSDUHG�XVLQJ�SDLUHG�µW¶�WHVW��$OO�VWD�
WLVWLFDO�WHVWV�ZHUH�SHUIRUPHG�XVLQJ�6366������
ZLQGRZV�� 7KH� VWDWLVWLFDO� LV� VLJQLILFDQW� LI� S

������

1XVDQWDUD�0HGLFDO�6FLHQFH�-RXUQDO�����������������
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5(68/76

)LIW\������VXUJLFDO�UHVHFWLRQ�RI�FRORUHFWDO

FDUFLQRPD�GHULYHG�IURP�+RVSLWDO�LQ�0DNDVVDU

GXULQJ� �����������$OO� VSHFLPHQV�VDPSOHV

ZHUH�IL[HG�LQ�IRUPDOLQ�DQG�SDUDIILQ�EORFNV�WKHQ

VWDLQHG�ZLWK�+(��KHPDWR[\OLQ�HRVLQ��WR�GLDJ�

QRVH� FRORUHFWDO� FDUFLQRPD��$OO� VDPSOHV� DUH

DGHQRFDUFLQRPD�VXEW\SH�EDVHG�RQ�KLVWRSD�

WKRORJ\�VDPSOH�VWUDWLILHG�E\�-DSDQLVH�FODVVLIL�

FDWLRQ� IRU� FRORUHFWDO� FDQFHU�� FRPSULVLQJ����

ZHOO�GLIIHUHQWLDWHG�����PRGHUDWH�GLIIHUHQWLDWHG�

���SRRUO\�GLIIHUHQWLDWHG��7KXV��WKH�FOLQLFDO�SD�

WKRORJ\�GDWD�VDPSOHV�DUH�LQ�WKH�WDEOH���

%DVHG�RQ�WXPRU�PHWDVWDVLV��SDWLHQWV�ZLWK

WXPRUV�ZLWKRXW�O\PSK�QRGH�PHWDVWDVLV�DUH���

VXEMHFWV�����PHQ�DQG���ZRPHQ���ZLWK�DQ�DYHU�

DJH�DJH�RI�������0HWDVWDVLV�WR�O\PSKRQRGXV

ZDV� IRXQG� LQ� ��� VXEMHFWV� ����PHQ� DQG� �

ZRPHQ��ZLWK�D�PHDQ�DJH�RI�������DQG�PH�

WDVWDVLV�WR�WKH�OLYHU�ZDV�IRXQG�LQ���VXEMHFWV���

PHQ�DQG���ZRPHQ��ZLWK�DQ�DYHUDJH�DJH�RI

������:HOO��GLIIHUHQWLDWLRQ�&RORUHFWDO�FDQFHU

ZDV�IRXQG�LQ���VXEMHFWV��PHWDVWDVLV�WR�O\PSK

QRGHV�ZDV�IRXQG�LQ���VXEMHFW��DQG�PHWDVWDVLV

WR�WKH�OLYHU�ZDV�IRXQG�LQ���VXEMHFWV��&RORUHFWDO

FDQFHU�ZLWK�PRGHUDWH�GLIIHUHQWLDWLRQ�ZLWKRXW

PHWDVWDVLV�DUH�IRXQG�LQ�VXEMHFWV��PHWDVWDVLV

WR� O\PSK� QRGH� DUH� IRXQG� ��� VXEMHFWV� DQG

PHWDVWDVLV�WR�WKH�OLYHU�DUH�IRXQG�LQ���VXEMHFWV�

1R�SRRUO\�GLIIHUHQWLDWHG�FRORUHFWDO�FDQFHU�ZLWK�

RXW�PHWDVWDVLV�ZDV�IRXQG��PHWDVWDVLV�WR�O\PSK

QRGHV�LQ���VXEMHFW�DQG�PHWDVWDVLV�WR�WKH�OLYHU

��VXEMHFWV��7DEHO����

1R�

1XPEHU�RI�SDWLHQWV ��

$JH��\UV�

5DQJH��PHGLDQ� ����������

*HQGHU

0DOH ��

)HPDOH ��

$GHQRFDUFLQRPD ��

+LVWRSDWKRORJ\�GLDJUDP

:HOO�GLIIHUHQWLDWHG� ��

0RGHUDWHO\�GLIIHUHQWLDWHG� ��

3RRUO\�GLIIHUHQWLDWHG� �

0HWDVWDVLV�WR�O\PSK�QRGHV������ ��

0HWDVWDVLV�WR�RWKHU�RUJDQ�������� �

7DEOH����&OLQLFDO�SDWKRORJ\�DQG�KLVWRSDWKRORJ\�RI
VDPSOHV

/1�PHWD��� /1�PHWD��� +HSDU�PHWD���

Q �� Q �� Q �

*HQGHU ���0�����) ��0�����) ��0�����)

$JH

5DQJH��\HDUV� ����� ����� �����

0HDQ��\HDUV� ���� ���� ����

*UDGH

:HOO�GLIIHUHQWLDWHG��Q ��� � � �

0RGHUDWHOO\�GLIIHUHQWLDWHG��Q ��� �� � �

3RRUO\�GLIIHUHQWLDWHG��Q �� � � �

3DWLHQW�

/1�PHWD��/LPIRQRGXV�PHWDVWDVLV��0��PDOH��)�� IHPDOH��:'��ZHOO�GLIIHUHQWLDWHG��0'�PRGHUDWHOO\�GLIIHUHQWLDWHG��3'�

SRRUO\�GLIIHUHQWLDWHG

7DEOH����'LVWULEXWLRQ�RI�VDPSOHV�EDVHG�RQ�PHWDVWDVLV

([SUHVVLRQ�RI�&'�����(QGRJOLQ�

)LIW\� VDPSOHV� ZHUH� XVHG�� DOO� RI� WKH

VDPSOHV��������VKRZHG�SRVLWLYH�H[SUHVVLRQ

RI�&'����RQ�QHRYDVFXODU�HQGRWKHOLDO�FHOOV�LQ

SHULWXPRU����� ������VWURQJ�H[SUHVVLRQ�DQG

RQO\� �� �����ZHDN� H[SUHVVLRQ��7KHUH� LV� ��

������RI� WKH�WRWDO�VDPSOH�VKRZ�SRVLWLYH�H[�

SUHVVLRQ�RI�&'����RQ�QHRYDVFXODU�HQGRWKH�

OLDO� FHOOV� LQ� WKH� LQWUDWXPRU� DUHD�� ��� �����

VWURQJ�H[SUHVVLRQ��DQG����������ZHDN�H[SUHV�

VLRQ���7DEOH����

7KHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�RI�&'���

H[SUHVVLRQ�RQ�QHRYDVFXODU�HQGRWKHOLDO�FHOO�LQ

SHULWXPRU�DQG�LQWUDWXPRU�DUHDV�EDVHG�RQ�WKH

JUDGLQJ� KLVWRSDWKRORJ\� RI� DGHQRFDUFLQRPD

0LQKDMDW�HW�DO����'LVWULEXWLRQ�3DWWHUQV�RI�$QJLRJHQHVLV



,����

/RFDWLRQ Q

3RVLWLYH�

H[SUHVVLRQ�RI�

&'�������

3HULWXPRU� �� ��������

6WURQJ� ���������

:HDN� �������

,QWUDWXPRU �� �������

6WURQJ� �������

:HDN� �������

7DEOH����'LVWULEXWLRQ�RI�&'����SRVLWLYH�H[SUHVVLRQ�RQ

QHRYDVFXODUL]DWLRQ�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHD�RI

FRORUHFWDO�FDUFLQRPD

FRORUHFWDO��ZKHUHLQ�ZHOO�GLIIHUHQWLDWHG�DGHQR�

FDUFLQRPD�WKHUH�LV�����SRVLWLYH�H[SUHVVLRQ�RI

&'���� RQ� QHRYDVFXODU� HQGRWKHOLDO� FHOOV� LQ

SHULWXPRU�DQG�����LQ�WKH�LQWUDWXPRU�DUHD�ZLWK

S�������,Q�PRGHUDWH�GLIIHUHQWLDWHG�������H[�

SUHVVHG�SRVLWLYH�&'����LQ�SHULWXPRU�DQG����

RQ�LQWUDWXPRU�ZLWK�S��������,Q�SRRUO\�GLIIHUHQ�

WLDWHG� DGHQRFDUFLQRPD�� WKHUH� DUH� ���� H[�

SUHVVHG�SRVLWLYH�&'����LQ�SHULWXPRU�DQG���

LQ�LQWUDWXPRU�ZLWK�S���������7DEOH���

,Q�QRQ�PHWDVWDWLF�DGHQRFDUFLQRPD��WKHUH

LV� ���� SRVLWLYH� H[SUHVVLRQ� RI� &'���� RQ

QHRYDVFXODU�HQGRWKHOLDO�FHOOV�LQ�SHULWXPRU�DQG

����LQ�LQWUDWXPRU��,Q�O\PSK�QRGHV��PHWDVWDWLF

FRORUHFWDO�FDQFHU�VKRZV������SRVLWLYH�H[SUHV�

VLRQ� RI�&'���� RQ� QHRYDVFXODU� HQGRWKHOLDO

FHOOV�LQ�SHULWXPRU�DQG�����LQ�LQWUDWXPRU��:H

IRXQG������SRVLWLYH�H[SUHVVLRQV�RI�&'����RQ

QHRYDVFXODU�HQGRWKHOLDO�FHOOV�LQ�SHULWXPRU�DQG

����LQ�WKH�LQWUDWXPRU�DUHD�RI�OLYHU�PHWDVWDWLF

FRORUHFWDO�FDQFHU�

3HULWXPRU ,QWUDWXPRU S

*UDGH

:HOO�GLIIHUHQWLDWHG��Q ��� ��� ��� �����

0RGHUDWHOO\�GLIIHUHQWLDWHG��Q ��� ���� ��� �����

3RRUO\�GLI IHUHQWLDWHG��Q �� ��� �� �����

/1�QRQ�PHWD��Q �� ��� ��� �����

/1�PHWD��Q ��� ���� ��� �����

/LYHU�PHWD��Q ��� ��� ��� ����

3URWHLQ�&'����([SUHVVLRQ�

/1�PHWD��/\PSK�QRGH�PHWDVWDVLV��0��PDOH��)��IHPDOH��:'��ZHOO�GLIIHUHQWLDWHG��0'�PRGHUDWHO\�GLIIHUHQWLDWHG��3'�
SRRUO\�GLIIHUHQWLDWHG

7DEHO����7KH�OHYHOV�RI�SURWHLQ�H[SUHVVLRQ�RI�&'����RQ�SHULWXPRU�DQG�LQWUDWXPRU�DUHD�EDVHG�RQ��KLVWRSDWKRORJ\�JUDGLQJ
GDQ�FRUUHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�H[SUHVVLRQ�RI�&'����SURWHLQ�ZLWK�KLVWRSDWKRORJLFDO�JUDGLQJ�LQ�FRORUHFWDO�FDUFLQRPD

:H� IRXQG� D� VLJQLILFDQW� GLIIHUHQFH� EH�

WZHHQ�OHYHO�H[SUHVVLRQ�RI�&'����RQ�QHR�YDV�

FXODU� HQGRWKHOLDO� FHOO� LQ� SHULWXPRU� DQG

LQWUDWXPRU�DUHDV��HLWKHU�LQ�QRQ�PHWDVWDVLV�DQG

O\PSKRLG�PHWDVWDWLF�DGHQRFDUFLQRPD�FRORUHFWDO

ZLWK�D�S�YDOXH�RI�S������DQG�S!�������UHVSHF�

WLYHO\��EXW�QR�VLJQLILFDQW�GLIIHUHQFHV�RI�&'���

H[SUHVVLRQ�EHWZHHQ�SHULWXPRU�DQG�LQWUDWXPRU

DUHD�LQ�OLYHU�PHWDVWDWLF�DGHQRFDUFLQRPD�ZDV

IRXQG��S ��������7DEOH���

',6&866,21

%\�XVLQJ�&'����DV�DQ�H[FOXVLYH�PDUNHU

WR�DQJLRJHQHVLV��WKLV�VWXG\�SURYHV�WKDW�WKHUH

DUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�SURWHLQ�H[SUHV�

VLRQ�RI�&'����RQ�SHULWXPRU�DQG� LQWUDWXPRU

DUHD�QRU�LQ�ZHOO��PRGHUDWHO\�DQG�SRRUO\�GLIIHU�

HQWLDWHG�WXPRU�ZLWK�S�YDOXH�S�����IRU�ZHOO�DQG

PRGHUDWHO\� GLIIHUHQWLDWHG�� DQG� S����� IRU

SRRUO\�GLIIHUHQWLDWHG��,W�ZDV�VXVSHFWHG�GXH�WR

WKH� GLIIHUHQFH� LQ� HQYLURQPHQWDO� IDFWRU� VXU�

URXQGLQJ�WKH�WXPRU�HIIHFW�WKH�QXPEHU�QRU�UDWH

RI�DQJLRJHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU

DUH��ERWK�LQ�ZHOO��PRGHUDWHO\��DQG�SRRUO\�GLI�

IHUHQWLDWHG� WXPRU��7KLV�VWXG\�DOVR� IRXQG� LQ�

FUHDVHG� QXPEHU� RI� QHRYDVFXODUL]DWLRQ� H[�

SUHVVHG�SRVLWLYH�&'����LQ�ZHOO�GLIIHUHQWLDWHG

WR�PRGHUDWHO\�GLIIHUHQWLDWHG��ERWK�LQ�SHULWXPRU

DQG� LQWUDWXPRU�ZLWK� S�YDOXH�������� UHVSHF�

WLYHO\�

$QJLJHQHVLV�LV�FRQWUROOHG�E\�WKH�EDODQFH

EHWZHHQ�SURDQJLRJHQHWLF�DQG�LQKLELWRU�IDFWRU�

'LVWXUEDQFH�RI� WKH�EDODQFH�FDXVHG� WKH�GLV�

WXUEDQFH� RQ� DQJLRJHQHVLV� SURFHVV��7KH� LQ�

YROYHPHQW�RI�D�FDVFDGH�FRPSOH[�EHJLQV�ZLWK

1XVDQWDUD�0HGLFDO�6FLHQFH�-RXUQDO�����������������
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DFWLYDWLRQ� RI� YDVFXODU� HQGRWKHOLDO� ZLWK
SURDQJLRJHQHWLF�IDFWRU�QRU�F\WRNLQH��IROORZHG
E\�SUROLIHUDWLRQ�DQG�LQYDVLRQ�RI�DQJLRJHQHVLV
ZLWK�WKH�LQYROYHPHQW�RI�H[WUDFHOOXODU�UHPRG�
HOLQJ�PDWUL[��1H[W�VWHS�LV�PDWXUDWLRQ�DQG�VWD�
ELOL]DWLRQ���

7KLV�VWXG\�DOVR�SURYHG�WKH�VLJQLILFDQW�GLI�
IHUHQFH� EHWZHHQ� DQJLRJHQHVLV� OHYHO� LQ
SHULWXPRU�DQG�LQWUDWXPRU�DUHDV��ERWK�RQ�QRQ�
PHWDVWDVHV�DQG� O\PSK�QRGH�PHWDVWDWLF�DG�
HQRFDUFLQRPD�FRORUHFWDO��S������GDQ�S������
UHVSHFWLYHO\�� ,Q� OLYHU�PHWDVWDWLF� DGHQRFDUFL�
QRPD�FRORUHFWDO��WKHUH�LV�QR�VLJQLILFDQW�GLIIHU�
HQFH� RI� &'���� H[SUHVVLRQ�RQ� QHRYDVFXODU
HQGRWKHOLDO� FHOO� LQ� SHULWXPRU� DQG� LQWUDWXPRU
�S �������LW�ZDV�VXVSHFWHG�GXH�WR�D�ORZ�QXP�
EHU�RI�VDPSOHV��Q ����7KLV�VWXG\�DOVR�IRXQG
DQ� LQFUHDVHG� QXPEHU� RI� QHRYDVFXODUL]DWLRQ
ZKLFK�PDUNHG� ZLWK� SRVLWLYH� H[SUHVVLRQ� RI
&'���� LQ� QRQ�PHWDVWDWLF� DQG� O\PSK�QRGHV

PHWDVWDWLF� DGHQRFDUFLQRPD� FRORUHFWDO� LQ

&21&/86,21

%DVHG�RQ� WKLV�VWXG\��ZH� FRQFOXGH� WKDW

$QJLRJHQHVLV�SDWWHUQ�LV�PRUH�FRQFHQWUDWHG�LQ

SHULWXPRU�FRPSDUHG�WR�LQWUDWXPRU�DUHDV��7KLV

VKRZHG�WKH�UROH�RI�VWURPDO�FHOOV�LQ�DQJLRJHQ�

HVLV��7KHUH�LV�VLJQLILFDQW�H[SUHVVLRQ�EHWZHHQ

DQJLRJHQHVLV�LQ�SHULWXPRU�DQG�LQWUDWXPRU�DU�

HDV��7KH�UHVXOWV�RI�WKLV�VWXG\�SURYLGH�D�IXQ�

GDPHQWDO�GDWD�IRU�D�VWUDWHJ\�RI�DQWLDQJLRJHQLF

FDQFHU�WKHUDS\�

SHULWXPRU�DQG�LQWUDWXPRU�DUHDV��S������GDQ

S�������UHVSHFWLYHO\��7DEOH���

$QJLRJHQHVLV�ZDV�UHSRUWHG�DV�DQ�LPSRU�

WDQW�SURFHVV�IRU�WXPRU�JURZWK��LQYDVLRQ��DQG

PHWDVWDVLV�� 3UHYLRXVO\�� DQJLRJHQHVLV� KDV

EHHQ� UHSRUWHG� RFFXU� RQ� SHULWXPRU� DQG

LQWUDWXPRU�DUHDV�LQ�WKH�FHUWDLQ�W\SH�RI�WXPRU�

LQFOXGLQJ�FRORUHFWDO�FDUFLQRPD���

:HLW]�-��.RFK�0��'HEXV�-��HW�DO��&RORUHFWDO
FDQFHU��/DQFHW���������������������������
:+2��&RORUHFWDO�FDQFHU��(VWLPDWHG�LQFLGHQFH�
PRUWDOLW\�DQG�SUHYDOHQFH�ZRUOGZLGH�LQ������
*ORERFDQ�������$YDLODEOH��KWWS���JORERFDQ�
LDUF�IU�3DJHV�IDFWBVKHHWVBFDQFHU�� DVS["
FDQFHU FRORUHFWDO
)HDURQ�(5��9RJHOVWHLQ�%$��JHQHWLF�PRGHO�IRU
FRORUHFWDO� WXPRULJHQHVLV��&HOO��������������
���±����
6\PSWRP�RI�FRORUHFWDO�FDQFHU��FRORUHFWDO�FDQ�
FHU�DVVRFLDWLRQ�RI�FDQDGD�������$YDLODEOH�DW�
KWWS���ZZZ�FRORUHFWDO�FDQFHU�FD�HQ�MXVW�WKH�
IDFWV�V\PSWRPV��
$XJXVW�'$��2WWRZ�57��6XJDUEDNHU�3+��&OLQL�
FDO�SHUVSHFWLYH�RI�KXPDQ�FRORUHFWDO�FDQFHU
PHWDVWDVLV��&DQFHU�0HWDVWDVLV�5HY�������
�������������
)RONPDQ�-��7XPRU�DQJLRJHQHVLV��WKHUDSHXWLF
LPSOLFDWLRQ��1�(QJO�-�0HG������������������
�����
)RONPDQ�-��:KDW�LV�WKH�HYLGHQFH�WKDW�WXPRU
DUH�DQJLRJHQHVLV�GHSHQGHQW"��-�1DWO�&DQFHU
,QVW���������������
*URWKH\$��$OOHJUD�&��$QWLDQJLRJHQHVLV�WKHUDS\
WKH� WUHDWPHQW��RI� �PHWDVWDWLF�FRORUHFWDO�FDQFHU�
7KHU�$GY�0HG�2QFRO����������������������
$UMDDQV�0��6FKU|GHU�&3��GH�9ULHV�(*��HW�DO�
9(*)�SDWKZD\�WDUJHWLQJ�DJHQWV��YHVVHO�QRU�
PDOL]DWLRQ�DQG�WXPRU�GUXJ�XSWDNH��IURP�EHQFK
WR�EHGVLGH��2QFRWDUJHW���������������������
������
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��

6DQGUD�)0��5XL�05��$QWRQLR�05��HW�DO��5ROH
RI�HQGRJOLQ�DQG�9(*)�IDPLO\�H[SUHVVLRQ�LQ
FRORUHFWDO�FDQFHU�SURJQRVLV�DQG�DQWL�DQJLR�
JHQLF�WKHUDSLHV��:RUOG�-�&OLQ�2QFRO�����������
��������������
1DVVLUL�)��&XVLPDQR�0'��/OR\G�59��HW� DO�
(QGRJOLQ��&'������ D�UHYLHZ�RI� LWV�UROH� LQ
DQJLRJHQHVLV�DQG�WXPRU��GLDJQRVLV���SURJUHV�
VLRQ��DQG�WKHUDS\��$QWLFDQFHU�5HV��������������
����������
0LQKDMDW�5��'DLVXNH�0��7RNXQDJD�2��HW�DO�
(QGRJOLQ��&'�����H[SUHVVLRQ�LQ�DQJLRJHQHVLV
RI� FRORQ� FDQFHU�� DQDO\VLV� XVLQJ� WLVVXH
PLFURDUUD\V�DQG�FRPSDULVRQ�ZLWK�RWKHU�HQGRW�
KHOLDO�PDUNHUV��9LUFKRZV�$UFK���������������
������
0LQKDMDW�5��'DLVXNH�0��7RNXQDJD�2��HW�DO�
2UJDQ�VSHFLILF�HQGRJOLQ��&'�����H[SUHVVLRQ
LQ�WKH�DQJLRJHQHVLV�RI�KXPDQ�FDQFHUV��3DWKRO
,QW�����������������������
5RVHQ�/6��*RUGRQ�06��0DWHL�'(��HW� DOO�
(QGRJOLQ�IRU�WDUJHWHG�FDQFHU�WUHDWPHQW��&XUU
2QFRO�5HS�������������������
7RQLQL�7��5RVVL�)��&ODXGLR�33��2QFRJHQH�������
����������������������
6KLHK�<6��/HH�+6��6KLDK�6*��DW�DO��5ROH�RI
DQJLRJHQLF�DQG�QRQ�DQJLRJHQLF�PHFKDQLVPV
LQ�RUDO�VTXDPRXV�FHOO�FDUFLQRPD��FRUUHODWLRQ
ZLWK�KLVWRORJLF�GLIIHUHQWLDWLRQ�DQG�WXPRU�SUR�
JUHVVLRQ��-�2UDO�3DWKRO�0HG���������������
������
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0LQKDMDW�HW�DO����'LVWULEXWLRQ�3DWWHUQV�RI�$QJLRJHQHVLV


