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$EEUHYLDWLRQV��9(*)��YDVFXODU�HQGRWKHOLDO�FHOO�JURZWK�IDFWRU��57.�

UHFHSWRU�W\URVLQH�NLQDVHV��7LH���W\URVLQH�NLQDVH�ZLWK�LPPXQRJOREX�

OLQ� DQG� HSLGHUPDO� JURZWK� IDFWRU� KRPRORJ\� GRPDLQV� ��� $QJ��

DQJLRSRLHWLQ���� $QJ��� DQJLRSRLHWLQ���� $QJ,,�� DQJLRWHQVLQ� ,,�� 3,� �
�

NLQDVH��SKRVSKDWLG\OLQRVLWRO��
�NLQDVH��67$7��VLJQDO�WUDQVGXFHUV�DQG

DFWLYDWRUV�RI�WUDQVFULSWLRQ��+6&��KHPDWRSRLHWLF�VWHP�FHOOV

2YHUYLHZ

8QWLO�UHFHQWO\��YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU��9(*)�

ZDV�WKH�RQO\�JURZWK�IDFWRU�SURYHQ�WR�EH�VSHFLILF�DQG

FULWLFDO� IRU� EORRG� YHVVHO� IRUPDWLRQ�� 2WKHU� ORQJ�

NQRZQ�IDFWRUV��VXFK�DV�WKH�ILEUREODVW�JURZWK�IDFWRUV

�)*)V���SODWHOHW�GHULYHG�JURZWK�IDFWRU��RU�WUDQVIRUP�

LQJ� JURZWK� IDFWRU�EHWD�� KDG� SURIRXQG� HIIHFWV� LQ

HQGRWKHOLDO�FHOOV��%XW�VXFK�IDFWRUV�ZHUH�QRQVSHFLILF�

LQ� WKDW� WKH\� FRXOG� DFW� RQ�PDQ\� RWKHU� FHOOV�� DQG� LW

VHHPHG�XQOLNHO\�WKDW�WKHVH�JURZWK�IDFWRUV�ZRXOG�EH

HIIHFWLYH�WDUJHWV�IRU�WUHDWPHQW�RI�HQGRWKHOLDO�FHOO�GLV�

HDVHV��$�UHFHQWO\�GLVFRYHUHG�HQGRWKHOLDO�FHOO�VSHFLILF

JURZWK�IDFWRU��DQJLRSRLHWLQ��KDV�JUHDWO\�FRQWULEXWHG

WR�RXU�XQGHUVWDQGLQJ�RI� WKH�GHYHORSPHQW�� SK\VLRO�

RJ\��DQG�SDWKRORJ\�RI�HQGRWKHOLDO�FHOOV��'DYLV�HW�DO��

������<DQFRSRXORV�HW�DO����������7KH�UHFHQW�VWXGLHV

WKDW� LGHQWLILHG� DQG� FKDUDFWHUL]HG� WKH� SK\VLRORJLFDO

DQG�SDWKRORJLFDO�UROHV�RI�DQJLRSRLHWLQ�KDYH�DOORZHG

XV�WR�ZLGHQ�DQG�GHHSHQ�RXU�NQRZOHGJH�DERXW�EORRG

YHVVHO� IRUPDWLRQ� DQG� YDVFXODU� HQGRWKHOLDO� IXQFWLRQ�

7KHUHIRUH��LQ�WKLV�UHYLHZ��ZH�GHVFULEH�WKH�ELRPHGLFDO

VLJQLILFDQFH�RI�WKHVH�HQGRWKHOLDO�FHOO�JURZWK�IDFWRUV�

WKH�DQJLRSRLHWLQV��LQ�WKH�YDVFXODU�V\VWHP�XQGHU�QRU�

PDO�DQG�SDWKRORJLFDO�VWDWHV�

.H\ZRUGV��DQJLRSRLHWLQ����DQJLRSRLHWLQ����7LH�

,GHQWLILFDWLRQ�RI�WKH�7LH��UHFHSWRU�DQG�DQJLRSRLHWLQ

7KH�WUDQVPHPEUDQH�SURWHLQ�NLQDVHV�VHUYH�DV�VLJQDOLQJ

UHFHSWRUV� IRU� D� YDULHW\� RI� SRO\SHSWLGH� OLJDQGV�� HOLFLWLQJ

VXFK� GLYHUVH� UHVSRQVHV� DV� FHOO� VXUYLYDO�� SUROLIHUDWLRQ

DQG�GLIIHUHQWLDWLRQ�IURP�PDQ\�FHOO�W\SHV�DQG�WLVVXHV��YDQ

GHU�*HHU�HW�DO����������5HFHSWRU�W\URVLQH�NLQDVHV��57.V�

KDYH� WKH� DELOLW\� WR� LQWHUDFW� ZLWK� GLIIHUHQW� OLJDQGV� DQG

EULQJ�DERXW�YDULRXV�FHOOXODU�UHVSRQVHV��2QH�W\SH�RI�57.

LV�WKH�W\URVLQH�NLQDVH�ZLWK�LPPXQRJOREXOLQ�DQG�HSLGHUPDO

JURZWK�IDFWRU�KRPRORJ\�GRPDLQV��7LH��UHFHSWRUV��'XPRQW

HW�DO���������0XVWRQHQ�HW�DO����������7LH�� LV�H[SUHVVHG

SUHGRPLQDQWO\�RQ�HQGRWKHOLDO�FHOOV��KHPDWRSRLHWLF�FHOOV�

RU�WKHLU�HPEU\RQLF�SUHFXUVRUV��DQG�LW�LV�UHTXLUHG�IRU�QRUPDO

YDVFXODU� GHYHORSPHQW� �6DWR� HW� DO��� ������� )XQFWLRQDO

GLVUXSWLRQ� RI� 7LH�� LQ� WUDQVJHQLF� PLFH� UHVXOWV� LQ� HPEU�

\RQLF� OHWKDOLW\�E\� GD\�(���� WR� ������ZLWK� HIIHFWV� RQ� WKH

PLFURYDVFXODWXUH�UHVXOWLQJ�LQ�UHGXFHG�QXPEHUV�RI�HQGR�

WKHOLDO�FHOOV��DQG�DEQRUPDOLWLHV�RI�YDVFXODU �PRUSKRJHQH�

VLV�DQG�KHPDWRSRLHVLV��6DWR�HW�DO����������7KXV��7LH��LV

FULWLFDO� IRU� DQJLRJHQHVLV� DQG� KHPDWRSRLHVLV� GXULQJ

GHYHORSPHQW�� 7KLV� IDFW� PDNHV� LW� LPSRUWDQW� WR� LGHQWLI\

DQG�FORQH� OLJDQGV� WKDW�PD\�DFWLYDWH� WKLV� UHFHSWRU��

7KH�LQLWLDO�LGHQWLILFDWLRQ�RI�SRWHQWLDO�OLJDQGV�IRU�WKH�7LH�

UHFHSWRU�ZDV�DFFRPSOLVKHG�E\�D�IDLUO\�FRQYHQWLRQDO�URXWH�

SDUDOOHO� WR� WKDW� WDNHQ� IRU� WKH� LGHQWLILFDWLRQ�RI� OLJDQGV�IRU

PDQ\� RWKHU� ³RUSKDQ´� UHFHSWRUV�� 6SHFLILFDOO\�� D� SUREH

PROHFXOH�FRQWDLQLQJ�WKH�HFWRGRPDLQ�RI�7LH��ZDV�FRXSOHG

WR� WKH� VXUIDFH� RI� D� %,$FRUH� VHQVRU� FKLS� DQG� XVHG� WR

VFUHHQ�FRQGLWLRQHG�PHGLD�IURP�D�YDULHW\�RI�FHOO�OLQHV�IRU

ELQGLQJ� DFWLYLW\� VSHFLILF� IRU� 7LH��� 8VLQJ� WKLV� VWUDWHJ\�

'DYLV� HW� DO�� IRXQG� WKH� OLJDQG� IRU� 7LH��� QDPHO\� DQJLR�

SRLHWLQ����$QJ����'DYLV�HW�DO����������$QJ��FRQWDLQV����

DPLQR�DFLGV��LQFOXGLQJ�DQ�DPLQR�WHUPLQDO�VHFUHWRU\�VLJQDO

VHTXHQFH��)LJXUH�����+XPDQ�DQG�PRXVH�$QJ��DUH������

LGHQWLFDO��7ZR�UHJLRQV�ZLWKLQ�WKH�FRGLQJ�VHTXHQFH�GLVSOD\

KRPRORJ\�WR�NQRZQ�SURWHLQV��)LJXUH�����7KH�DPLQR�WHUPLQDO

UHJLRQ��FRQVLVWLQJ�RI�UHVLGXHV����������LV�ZHDNO\�UHODWHG

ZLWK� P\RVLQ� DQG� LWV� UHODWLYHV�� LQ� WKH� UHJLRQV� RI� WKHVH

SURWHLQV� ZKHUH� WKH\� DUH� NQRZQ� WR� SRVVHVV� FRLOHG�FRLO

TXDWHUQDU\� VWUXFWXUH�� 7KH� VHFRQG� UHJLRQ�� FRQVLVWLQJ� RI

UHVLGXHV����������KDV�VWURQJ�VLPLODULW\�ZLWK� WKH� FDUER[\�

WHUPLQDO�GRPDLQ�RI� ILEULQRJHQ��$QJ��LV�D�PXOWLPHU��KHOG

WRJHWKHU�E\�FRLOHG�FRLO�VWUXFWXUHV�DQG�GLVXOILGH�FURVVOLQNV�

5HFRPELQDQW�$QJ�� LV� D� ���N'D� VHFUHWRU\� JO\FRSURWHLQ

WKDW� ELQGV� WR� WKH� 7LH�� UHFHSWRU� ZLWK� D� .G� RI� DSSUR[L�

PDWHO\�����Q0��DQG�LQGXFHV�W\URVLQH�SKRVSKRU\ODWLRQ�RI

7LH�� LQ�HQGRWKHOLDO�FHOOV� �'DYLV� HW�DO����������

&RPSOHPHQWDU\�'1$V�HQFRGLQJ�DQJLRSRLHWLQ��� �$QJ��

ZHUH� LVRODWHG� E\� ORZ� VWULQJHQF\� VFUHHQLQJ� RI� D� F'1$

OLEUDU\�E\�XVLQJ�$QJ��F'1$�DV�D�SUREH��0DLVRQSLHUUH�HW

DO��� ������� $QJ�� FRQWDLQV� ���� DPLQR� DFLGV� DQG� KDV� D

VHFUHWRU\�VLJQDO�VHTXHQFH��)LJXUH�����+XPDQ�DQG�PRXVH

$QJ��DUH�����LGHQWLFDO�DQG�DSSUR[LPDWHO\�����LGHQWLFDO



� ([S��0RO��0HG��9RO�������������������

WR�$QJ���/LNH�$QJ���$QJ��KDV�DQ�DPLQR�WHUPLQDO�FRLOHG�

FRLO�GRPDLQ�DQG�D�FDUER[\�WHUPLQDO�ILEULQRJHQ�OLNH�GRPDLQ�

$QJ��DQG�$QJ��KDYH�VLPLODU�ELQGLQJ�DIILQLWLHV� IRU�7LH��

$QJ��DFWV�DV�DQ�DQWDJRQLVW�RI�7LH��WKURXJK�LQKLELWLRQ�RI

$QJ��LQGXFHG�SKRVSKRU\ODWLRQ�RI�7LH���0DLVRQSLHUUH�HW

DO����������)LJXUH�����0RXVH�DQJLRSRLHWLQ����$QJ���DQG�KXPDQ

DQJLRSRLHWLQ��� �$QJ���ZHUH� LGHQWLILHG� WKURXJK� ORZ�VWULQJ�

HQF\�K\EULGL]DWLRQ�VFUHHQLQJ�ZLWK�$QJ��DQG�$QJ��F'1$V

�9DOHQ]XHOD�HW�DO����������$QJ��DQG�$QJ��DUH�SUREDEO\

LQWHUVSHFLHV�RUWKRORJV� �)LJXUH�����$QJ��SKRVSKRU\ODWHV

7LH���ZKLOH�$QJ��LQKLELWV�$QJ��LQGXFHG�SKRVSKRU\ODWLRQ

RI� 7LH�� �9DOHQ]XHOD� HW� DO��� ������ �)LJXUH� ���� $OWKRXJK

VHYHUDO� DQJLRSRLHWLQ�UHODWHG� SURWHLQV� KDYH� UHFHQWO\� EHHQ

LGHQWLILHG��WKH\�GR�QRW�ELQG�WR�7LH���.LP�HW�DO���������.LP

HW�DO�������D���7KHUH�PD\�EH�PRUH�XQLGHQWLILHG�DQJLRSRLHWLQ�

OLNH�SURWHLQV� WKDW�FDQ�VSHFLILFDOO\�ELQG� WR�7LH��

$OWHUQDWLYH�VSOLFLQJ�RI�$QJ��DQG�$QJ��

,Q�VWXG\LQJ�PHJDNDU\RSRLHVLV����DOWHUQDWLYHO\�VSOLFHG�VSHFLHV

RI�$QJ���P51$������NE������NE��DQG�����NE��ZHUH�LGHQ�

WLILHG��LQ�DGGLWLRQ�WR�WKH�IXOO�OHQJWK�$QJ��������NE���+XDQJ

HW� DO��� ������� 7KH� SURWHLQV� H[SUHVVHG� E\� WKH������ DQG

����NE�WUDQVFULSWV�ELQG�VWURQJO\�WR�7LH���ZKHUHDV�WKH�SURWHLQ

IURP�WKH�����NE�LVRIRUP�GRHV�QRW��)XOO�OHQJWK�$QJ���EXW

QRW�WKH�����NE�DQG�����NE�LVRIRUPV��LQGXFHV�W\URVLQH�SKRV�

SKRU\ODWLRQ� �+XDQJ� HW� DO��� ������� 7KHVH� GDWD� VXJJHVW

WKDW�WKH����NE�DQG�����NE�HQFRGHG�LVRIRUPV�FRXOG�VHUYH

DV�GRPLQDQW�QHJDWLYH�PROHFXOHV� IRU� IXOO�OHQJWK�$QJ���

7KH�PDMRU� IRUP� RI� $QJ�� FRQWDLQV� ���� DPLQR� DFLGV�

$OWHUQDWLYH�H[RQ�VSOLFLQJ�RI�$QJ��SURGXFHV�DQ�DOWHUQDWLYH

P51$�HQFRGLQJ� ���� DPLQR� DFLGV� �.LP�HW� DO��� ����H��

/LNH�$QJ���$QJ�����LV�VHFUHWHG�DV�D�JO\FRV\ODWHG�KRPR�

GLPHULF�SURWHLQ��$QJ�����ELQGV�WR�WKH�7LH���EXW�GRHV�QRW

LQGXFH�7LH��SKRVSKRU\ODWLRQ��3UH�RFFXSDWLRQ�RI�$QJ����

RQ�7LH��LQKLELWV�$QJ��RU�$QJ��ELQGLQJ�DQG�LQKLELWV�$QJ��

LQGXFHG�SKRVSKRU\ODWLRQ��([SUHVVLRQ�RI�$QJ�����P51$

LV� GHWHFWDEOH� LQ� SULPDU\� HQGRWKHOLDO� FHOOV�� VHYHUDO� QRQ�

HQGRWKHOLDO� WXPRU�FHOO� OLQHV��DQG�SULPDU\� WXPRU� WLVVXHV�

,QWHUHVWLQJO\�� WZR� FHUYLFDO� FDUFLQRPD� FHOO� OLQHV� H[SUHVV

OHYHOV�RI�$QJ�����P51$�DQG�SURWHLQ� WKDW� DUH� UHODWLYHO\

KLJKHU�WKDQ�RWKHU�FHOO�W\SHV�VWXGLHG��.LP�HW�DO�������H��

0DFURSKDJHV�H[SUHVV�PDLQO\�$QJ��P51$��EXW� WKH�H[�

SUHVVLRQ� RI� $QJ����� P51$� LV� WHPSRUDULO\� XSUHJXODWHG

GXULQJ�PDFURSKDJH�GLIIHUHQWLDWLRQ��7KHVH�UHVXOWV�VXJJHVW

WKDW� $QJ����� LV� D� IXQFWLRQDO� DQWDJRQLVW� RI� $QJ�� DQG

FRXOG�EH�DQ� LPSRUWDQW�UHJXODWRU�RI�DQJLRJHQHVLV�GXULQJ

VRPH� WXPRULJHQLF�DQG� LQIODPPDWRU\�SURFHVVHV�

%LRORJLFDO�UROHV�RI�$QJ��DQG�$QJ��GXULQJ�HPEU\RQLF

GHYHORSPHQW�

7DUJHWHG� JHQH� LQDFWLYDWLRQ� RI� $QJ�� FDXVHV� HPEU\RQLF

OHWKDOLW\� DV� D� UHVXOW� RI� GHIHFWLYH� PRGHOLQJ� RI� SULPLWLYH

YDVFXODU� SOH[XV� DQG� ODFN� RI� SHULYDVFXODU� FHOOV� �6XUL� HW

DO��� ������� 2YHUDOO�� WDUJHWHG� JHQH� LQDFWLYDWLRQ� RI� $QJ�

UHVXOWHG�LQ�SKHQRW\SHV�VLPLODU�WR�7LH��NQRFNRXW�DQLPDOV�

7KHVH� UHVXOWV� VXJJHVW� WKDW�$QJ�� UHFUXLWV� DQG� VXVWDLQV

SHUL�HQGRWKHOLDO� VXSSRUW� FHOOV� DQG� LV� QHHGHG� IRU� WKH

PDWXUDWLRQ�RI�EORRG�YHVVHOV�GXULQJ�HPEU\RQLF�GHYHORS�

PHQW��2YHUH[SUHVVLRQ�RI�$QJ��GXULQJ�GHYHORSPHQW�SUR�

GXFHG� SKHQRW\SHV� YHU\� VLPLODU� WR� WKRVH� REVHUYHG� LQ

$QJ��NQRFNRXW�DQLPDOV��0DLVRQSLHUUH�HW�DO����������7KHVH

GDWD�VXJJHVW�WKDW�$QJ��GLVUXSWV�EORRG�YHVVHO�IRUPDWLRQ

LQ�WKH�GHYHORSLQJ�HPEU\R�E\�DQWDJRQL]LQJ�WKH�HIIHFWV�RI

)LJXUH����7KH�DQJLRSRLHWLQ�IDPLO\��DV�LW�LV�FXUUHQWO\�NQRZQ��7KHVH�VWUXFWXUDOO\
VLPLODU� OLJDQGV�KDYH�D�FRLOHG�FRLO�GRPDLQ�DQG� WKH� ILEULQRJHQ�OLNH�GRPDLQ�

)LJXUH� ��� 7LH�� DQG� 7LH�� UHFHSWRUV� LQ� HQGRWKHOLDO� FHOOV�� 7KH� H[WUDFHOOXODU
UHJLRQ� RI� WKH� 7LH� UHFHSWRUV� FRQVLVWV� RI� LPPXQRJOREXOLQ� �,J��OLNH� GRPDLQV�
HSLGHUPDO�JURZWK�IDFWRU��(*)��OLNH�F\VWHLQH�UHSHDWV��DQG�ILEURQHFWLQ�W\SH�,,,
KRPRORJ\� GRPDLQV�� ,Q� WKH� LQWUDFHOOXODU� UHJLRQ� RI� WKH� 7LH� UHFHSWRUV�� WKH
W\URVLQH�NLQDVH�GRPDLQV�DUH� LQWHUUXSWHG�E\�NLQDVH� LQVHUWV��$QJ��DQG�$QJ�
DFW� DV� IXQFWLRQDO� DJRQLVWV� RI� 7LH�� WKURXJK� SKRVSKRU\ODWLRQ� RI� 7LH��� ZKLOH
$QJ��DQG�$QJ�� DFW� DV� IXQFWLRQDO� DQWDJRQLVWV� RI�7LH�� WKURXJK� LQKLELWLRQ� RI
$QJ��LQGXFHG� SKRVSKRU\ODWLRQ� RI� 7LH��� 7KHVH� RSSRVLQJ� DFWLRQV� RI
DQJLRSRLHWLQV�UHJXODWH�YDVFXORJHQHVLV�DQG�DQJLRJHQHVLV��+RZHYHU�� OLJDQGV
IRU�7LH��KDYH�QRW�EHHQ� LGHQWLILHG�



%LRPHGLFDO�VLJQLILFDQFH�RI�HQGRWKHOLDO�FHOO�VSHFLILF�JURZWK�IDFWRU��DQJLRSRLHWLQ �

$QJ��RQ�7LH���6XUL�HW�DO���������0DLVRQSLHUUH�HW�DO���������

+RZHYHU�� DQ� DQDO\VLV� DQG� FKDUDFWHUL]DWLRQ� RI� WDUJHWHG

JHQH� LQDFWLYDWLRQ�RI�$QJ�� LV�ZDUUDQWHG� IRU�XQGHUVWDQG�

LQJ�RI� WKH�H[DFW� UROH�RI�$QJ��GXULQJ�GHYHORSPHQW��

5HJXODWLRQ�RI�$QJ��DQG�$QJ��H[SUHVVLRQ

:KLOH�$QJ��P51$�LV�PDLQO\�H[SUHVVHG�LQ�SHULHQGRWKHOLDO

FHOOV��LQFOXGLQJ�YDVFXODU�VPRRWK�PXVFOH��.LP�HW�DO�������F��

$QJ��P51$�LV�VHOHFWLYHO\�H[SUHVVHG�LQ�HQGRWKHOLDO�FHOOV

LQ� WKH� DGXOW� WLVVXHV� WKDW� XQGHUJR� YDVFXODU� UHPRGHOLQJ�

VXFK�DV�RYDU\��XWHUXV��DQG�SODFHQWD��0DLVRQSLHUUH�HW�DO��

������� 7R� GDWH�� WKH� UHJXODWLRQ� RI� $QJ��P51$�H[SUHV�

VLRQ� LV� XQNQRZQ�� EXW� ZH� GR� KDYH� VRPH� LQIRUPDWLRQ

DERXW� WKH� UHJXODWLRQ�RI�$QJ�� �)LJXUH�����

+\SR[LD� LV� D� IXQGDPHQWDO� DQJLRJHQLF� VWLPXOXV� LQ� D

QXPEHU�RI�SK\VLRORJLFDO�DQG�SDWKRORJLFDO�VLWXDWLRQV�DVVRFL�

DWHG�ZLWK�QHRYDVFXODUL]DWLRQ��7KH�9(*)�JHQH�KDV�EHHQ

VKRZQ�WR�FRQWDLQ�VSHFLILF�K\SR[LD�UHVSRQVLYH�HOHPHQWV

DQG� LV�XSUHJXODWHG� LQ�UHVSRQVH�WR� ORZ�R[\JHQ�WHQVLRQV

LQ�D�YDULHW\�RI�SK\VLRORJLFDO�DQG�SDWKRORJLFDO�VLWXDWLRQV�

$QJ��� EXW� QRW� $QJ��� H[SUHVVLRQ� LV� DOVR� LQFUHDVHG� E\

K\SR[LD� LQ�PDFUR�� DQG�PLFUR�YDVFXODU� HQGRWKHOLDO� FHOOV

�0DQGULRWD� HW� DO��� ������ 2K� HW� DO��� ������� 7KLV� SKHQR�

PHQRQ� LV� DSSDUHQWO\� VSHFLILF� WR� WKHVH� FHOOV�� EHFDXVH

$QJ��H[SUHVVLRQ�OHYHOV�ZHUH�QRW�VLJQLILFDQWO\�DOWHUHG�E\

K\SR[LD�LQ�VPRRWK�PXVFOH�FHOOV��7KHVH�ILQGLQJV�LGHQWLI\

$QJ���LQ�DGGLWLRQ�WR�9(*)��DV�DQRWKHU�K\SR[LD�LQGXFLEOH

DQJLRJHQLF�IDFWRU�DQG�D�SRWHQWLDOO\�LPSRUWDQW�FRPSRQHQW

LQ�WKH�UHJXODWLRQ�RI�QHRYDVFXODUL]DWLRQ�LQ�LVFKHPLF�WLVVXHV�

+\SR[LD� DOVR� XSUHJXODWHV� $QJ�� H[SUHVVLRQ� LQ� YLYR

�0DQGULRWD�HW�DO����������,Q�LVFKHPLF�UDW�GRUVDO�VNLQ�IODSV

RU� LQ� WKH� EUDLQ� RI� UDWV� PDLQWDLQHG� XQGHU� FRQGLWLRQV� RI

K\SR[LD��$QJ��P51$�LV�XSUHJXODWHG��ZKHUHDV�H[SUHVVLRQ

RI�$QJ�� LV� XQFKDQJHG� �0DQGULRWD�HW� DO��� ������� 7KHVH

ILQGLQJV� VKRZ� WKDW� XSUHJXODWLRQ� RI� $QJ�� E\� K\SR[LD

RFFXUV�ZLGHO\� LQ�HQGRWKHOLDO�FHOOV� LQ�YLYR��+RZHYHU�� WKH

PROHFXODU� VWUXFWXUH� RI� WKH� K\SR[LD�UHVSRQVLYH� HOHPHQW

LQ�WKH�SURPRWHU�UHJLRQ�RI�$QJ��KDV�QRW�\HW�EHHQ�LGHQWLILHG�

9(*)�DQG�E)*)�LQFUHDVH�$QJ���EXW�QRW�$QJ���H[SUH�

VVLRQ� LQ� PLFURYDVFXODU�HQGRWKHOLDO� FHOOV�� LQGLFDWLQJ� WKDW

XSUHJXODWLRQ� RI�$QJ��PLJKW� EH� D� FRPPRQ�SDWKZD\� E\

ZKLFK�GLIIHUHQW�DQJLRJHQLF�LQGXFHUV�DFW��0DQGULRWD�HW�DO��

������2K�HW�DO����������3KDUPDFRORJLFDO�VWXGLHV�LQGLFDW�

HG�WKDW�W\URVLQH�NLQDVH��PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH�

DQG�SURWHLQ�NLQDVH�&�GHSHQGHQW�SDWKZD\V�SOD\�D�FUXFLDO

UROH�LQ�9(*)�LQGXFHG�$QJ��H[SUHVVLRQ��2K�HW�DO���������

)XUWKHU�VWXGLHV�WR�H[SORUH�WKH�VLJQDOLQJ�SDWKZD\�XQGHU�

O\LQJ�WKH�9(*)�LQGXFHG�$QJ��P51$�H[SUHVVLRQ�ZLOO�EH

QHHGHG�

71)�α��D�ZHOO�NQRZQ�SURLQIODPPDWRU\�F\WRNLQH��LQFUHDV�

HV�$QJ��H[SUHVVLRQ��DW�OHDVW�LQ�SDUW��WKURXJK�LQWUDFHOOXODU

1)�κ%� DFWLYDWLRQ� LQ� KXPDQ� XPELOLFDO� YHLQ� HQGRWKHOLDO

FHOOV��.LP�HW�DO�������I���$QJLRJHQHVLV�LV�DOVR�DQ�HVVHQ�

WLDO�SURFHVV�GXULQJ�LQIODPPDWLRQ��+RZHYHU��LW�LV�XQNQRZQ

ZKHWKHU� $QJ�� LV� LQYROYHG� GXULQJ� LQIODPPDWLRQ�� ,Q� IDFW�

GLVUXSWLRQ�RI�SUHH[LVWLQJ�EORRG�YHVVHOV� LV�DQ� LQLWLDO�SUR�

FHVV� LQ� LQIODPPDWRU\� DQJLRJHQHVLV�� $QJ�� ELQGV� WR� WKH

7LH�� UHFHSWRU��EXW�GRHV�QRW� LQGXFH� LWV�SKRVSKRU\ODWLRQ�

,Q�DGGLWLRQ��SUH�RFFXSDWLRQ�RI�$QJ��RQ�7LH��LQKLELWV�$QJ��

LQGXFHG�SKRVSKRU\ODWLRQ��$QJ��LQGXFHG�7LH��SKRVSKRU�

\ODWLRQ� LV� DQ� HVVHQWLDO� SURFHVV� IRU� YDVFXORJHQHVLV� DQG

PDLQWDLQLQJ� YDVFXODU� HQGRWKHOLDO� LQWHJULW\�� ,QGXFWLRQ� RI

$QJ��FDQ�GHWHULRUDWH�WKH�LQWHJULW\�RI�SUHH[LVWLQJ�YDVFXOD�

WXUH� E\� LQKLELWLQJ� $QJ��LQGXFHG� 7LH�� SKRVSKRU\ODWLRQ�

7KHUHIRUH��71)�α�LQGXFHG�LQIODPPDWRU\�DQJLRJHQHVLV�PLJKW

EH� IDFLOLWDWHG�E\� WKH� LQGXFWLRQ�RI�$QJ���

/HSWLQ� LV� D� F\WRNLQH� VHFUHWHG� E\� DGLSRF\WHV�� /HSWLQ

UHJXODWHV� DGLSRVH� WLVVXH�PDVV� E\� GHFUHDVLQJ� DSSHWLWH

DQG�HOHYDWLQJ�WKH�H[SHQGLWXUH�RI�PHWDEROLF�HQHUJ\��5H�

FHQWO\��LW�ZDV�VKRZQ�WKDW�OHSWLQ�LQFUHDVHV�WKH�H[SUHVVLRQ

RI�$QJ��LQ�DGLSRVH�WLVVXH�ZLWKRXW�D�FRQFRPLWDQW�LQFUHDVH

LQ�9(*)��&RKHQ�HW�DO����������,QGXFWLRQ�RI�$QJ��RFFXUU�

HG� LQ� DQ� DXWRFULQH�PDQQHU�� DQG� WKH� LQGXFWLRQ� RI� $QJ�

FRLQFLGHG� ZLWK� LQLWLDWLRQ� RI� DSRSWRVLV� LQ� DGLSRVH� HQGR�

WKHOLDO� FHOOV�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� LQGXFWLRQ� RI

$QJ�� E\� OHSWLQ� LQ� DGLSRVH� FHOOV� LV� RQH� RI� WKH� HYHQWV

OHDGLQJ� WR� DGLSRVH� WLVVXH� UHJUHVVLRQ� WKURXJK� YDVFXODU

UHJUHVVLRQ�

$QJLRWHQVLQ� ,,� �$QJ,,�� LV� NQRZQ� WR� SOD\� D� NH\� UROH� LQ

UHPRGHOLQJ� RI� WKH� KHDUW� DQG� EORRG� YHVVHOV� DIWHU� P\R�

FDUGLDO� LQIDUFWLRQ�� 5HFHQWO\�� WZR� JURXSV� UHSRUWHG� WKDW

$QJ,,�LQGXFHV�$QJ��H[SUHVVLRQ�ZLWKRXW�DIIHFWLQJ�$QJ��LQ

FDUGLDF� DQG� UHWLQDO� PLFURYDVFXODU� HQGRWKHOLDO� FHOOV

�)XML\DPD�HW� DO��� ������2WDQL�HW� DO��� ������� ,Q� DGGLWLRQ�

$QJ,,� LQFUHDVHV� H[SUHVVLRQ� RI� $QJ�� LQ� YLYR� LQ� D� UDW

FRUQHDO� QHRYDVFXODUL]DWLRQ� PRGHO� �2WDQL� HW� DO��� ������

7KHVH� ILQGLQJV� VXJJHVW� WKDW� $QJ,,� KDV� D� VXEVWDQWLDO

HIIHFW� LQ� SURPRWLQJ� SDWKRORJLF� DQJLRJHQHVLV� LQ� GLDEHWLF

UHWLQRSDWK\� DQG� RWKHU� LVFKHPLF� QHRYDVFXODU� GLVHDVHV�

7KH�SUHFLVH�UROH�RI�$QJ,,�LQGXFWLRQ�RI�$QJ��LQ�SDWKRORJLF

DQJLRJHQHVLV� UHPDLQV� WR�EH�GHWHUPLQHG�

$QJ��7LH��VLJQDOLQJ�LQ�HQGRWKHOLDO�FHOOV

$�PXOWLPHULF�IRUP�RI�$QJ��LQGXFH�WKH�SKRVSKRU\ODWLRQ�RI

)LJXUH����5HJXODWLRQ�RI�$QJ��DQG�$QJ��H[SUHVVLRQ��+\SR[LD��9(*)��E)*)�
71)�α��DQJLRWHQVLQ�,,�DQG�OHSWLQ�XSUHJXODWH�$QJ��H[SUHVVLRQ��+RZHYHU��WKH
UHJXODWLRQ�RI�$QJ��H[SUHVVLRQ�LV�XQNQRZQ�



� ([S��0RO��0HG��9RO�������������������

7LH��� 3KRVSKRU\ODWHG� 7LH�� LQWHUDFWV� F\WRSODVPLFDOO\�ZLWK

*UE��� *UE��� *UE���� WKH� SURWHLQ� W\URVLQH� SKRVSKDWDVH

6KS��� DQG� WKH� S��� VXEXQLW� RI� SKRVSKDWLG\OLQRVLWRO� �
�

NLQDVH� �3,� �
�NLQDVH�� YLD� WKHLU� 6+�� GRPDLQV� �-RQHV� HW

DO����������)LJXUH�����$VVRFLDWLRQ�EHWZHHQ�S���DQG�7LH�

UHVXOWV�LQ�3,��
�NLQDVH�DFWLYDWLRQ�DQG�VXEVHTXHQW�LQGXF�

WLRQ� RI� WKH� VHULQH�WKUHRQLQH� NLQDVH� $NW�� �.RQWRV� HW� DO��

�������:H� UHSRUWHG� WKDW�$QJ�� LQGXFHG� HQGRWKHOLDO� FHOO

VXUYLYDO� WKURXJK�WKLV�3,��
�NLQDVH�$NW�VLJQDOLQJ�SDWKZD\

�.LP�HW�DO�������F���,Q�DGGLWLRQ��$QJ��LQGXFHG�HQGRWKHOLDO

FHOO�VSURXWLQJ�WKURXJK�WKH�DFWLYDWLRQ�RI�3,���NLQDVH�DQG

IRFDO�DGKHVLRQ�NLQDVH��.LP�HW�DO�������E���7KXV��7LH���3,

�
�NLQDVH�� $NW�� DQG� IRFDO� DGKHVLRQ� NLQDVH� DUH� FUXFLDO

HOHPHQWV� LQ� WKH�VLJQDO� WUDQVGXFWLRQ�SDWKZD\� OHDGLQJ� WR

VXUYLYDO� DQG� PLJUDWLRQ� LQ� HQGRWKHOLDO� FHOOV� �)LJXUH� ���

3KRVSKRU\ODWHG� 7LH�� DOVR� LQWHUDFWV� ZLWK� 'RN�5�'RN���

OHDGLQJ�WR�DFWLYDWLRQ�RI�'RN�5�'RN����-RQHV�HW�DO���������

3KRVSKRU\ODWHG�'RN�5�LQWHUDFWV�ZLWK�UDV*$3��1FN��DQG

&UN� �-RQHV� HW� DO��� ������ �)LJXUH� ���� 7KHVH� VLJQDOLQJ

PROHFXOHV�PD\�EH�LQYROYHG�LQ�FHOO�PLJUDWLRQ�DQG�SUROLIH�

UDWLRQ�� RUJDQL]DWLRQ� RI� WKH� F\WRVNHOHWRQ�� DQG� UHJXODWLRQ

RI� 5DV� VLJQDOLQJ�� 5HFHQWO\�� LW� ZDV� VKRZQ� WKDW� 'RN�5�

'RN���LV�UHVSRQVLEOH�IRU�WKH�UHFUXLWPHQW�RI�1FN�DQG�S���

DFWLYDWLQJ� NLQDVH� �3DN�3DN��� WR� WKH� DFWLYDWHG� UHFHSWRU

�0DVWHU�HW�DO����������/RFDOL]DWLRQ�RI�WKLV�'RN�5�1FN�3DN

FRPSOH[�WR�WKH�DFWLYDWHG�7LH��DW�WKH�FHOOXODU�PHPEUDQH

LV�FRLQFLGHQW�ZLWK�DFWLYDWLRQ�RI�3DN�NLQDVH��0DVWHU�HW�DO��

�������)LJXUH�����7KLV�VLJQDO�WUDQVGXFWLRQ�SDWKZD\�PD\

EH� LQYROYHG� LQ� $QJ��PHGLDWHG� PLJUDWLRQ� LQ� HQGRWKHOLDO

FHOOV�

5HFHQWO\��WKH�%P[�W\URVLQH�NLQDVH�ZDV�LGHQWLILHG�WR�EH

WKH�ILUVW�LQWUDFHOOXODU�W\URVLQH�NLQDVH�WKDW�LV�UHJXODWHG�E\

7LH��DQG�UHODWLYHO\�VSHFLILF�IRU�WKH�DUWHULDO�HQGRWKHOLXP�LQ

VROLG� WLVVXHV� �5DMDQWLH� HW� DO��� ������� 6LQFH� WKH� %P[

W\URVLQH� NLQDVH� LV� LQYROYHG� LQ� HQGRWKHOLDO� FHOO� DGKHVLRQ

DQG�PLJUDWLRQ��LW� LV�SRVVLEOH�WKDW�%P[�SURYLGHV�WKH�7LH�

UHFHSWRU�D�VLJQDO�DPSOLILHU�DQG�D�OLQN�WR�WKH�F\WRVNHOHWRQ

DQG�FHOO�DGKHVLRQ�PDFKLQHU\��)LJXUH�����7KXV��7LH��%P[

DFWLYDWLRQ�PD\�LQGXFH�D�WLJKWO\�DGKHUHQW�HQGRWKHOLDO�FHOO

SKHQRW\SH�LQ�DUWHULHV��ZKHUH�KLJK�EORRG�IORZ�DQG�VKHDU

VWUHVV� IRUFHV� RSHUDWH�� 7KH� IXQFWLRQDO� VLJQLILFDQFH� DQG

SRVVLEOH� URXWH� RI�%P[�DFWLYDWLRQ� E\� 7LH�� UHPDLQ� WR� EH

GHWHUPLQHG�

7KH�VLJQDO�WUDQVGXFHUV�DQG�DFWLYDWRUV�RI�WUDQVFULSWLRQ

�67$7V��ZHUH�DOVR�IRXQG�WR�EH�SRWHQWLDO� WDUJHWV�RI�7LH�

DFWLYDWLRQ��.RUSHODLQHQ�HW�DO����������3KRVSKRU\ODWHG�7LH�

DFWLYDWHV�67$7��DQG�67$7���.RUSHODLQHQ�HW�DO���������

6LQFH�67$7��DQG�RU�67$7��DUH�NQRZQ�WR�EH�LQYROYHG�LQ

WKH�UHJXODWLRQ�RI�FHOO�SUROLIHUDWLRQ��GLIIHUHQWLDWLRQ��PLJUDWLRQ�

DQG�VXUYLYDO�LQ�PDQ\�ELRORJLFDO�V\VWHPV��LW�LV�SRVVLEOH�WKDW

VRPH�RI� WKH�7LH�� IXQFWLRQV� LQ�HQGRWKHOLDO� FHOOV�PD\�EH

FRQWUROOHG� WKURXJK�67$7�SDWKZD\� �)LJXUH����

$QJ��DQG�$QJ��LQ�WKH�UHSURGXFWLYH�V\VWHP�

,Q�WKH�IHPDOH�UHSURGXFWLYH�V\VWHP��DQJLRJHQHVLV�LV�DFWLYH

GXULQJ� IROOLFXODU�GHYHORSPHQW��FRUSXV� OXWHXP� IRUPDWLRQ�

DQG� XWHULQH� HQGRPHWULDO� SUROLIHUDWLRQ�� $W� WKH� VWDJH� RI

FRUSXV�OXWHXP�IRUPDWLRQ��WKH�DPRXQW�RI�$QJ��LV�VLPLODU

WR� WKDW� RI�$QJ���%XW� GXULQJ� OXWHRO\VLV��$QJ��ZDV� RYHU�

H[SUHVVHG� DQG� 9(*)� H[SUHVVLRQ� ZDV� GRZQUHJXODWHG�

ZKLFK�UHVXOWHG�LQ�YHVVHO�UHJUHVVLRQ��*RHGH�HW�DO���������

7KHVH�FKDQJHV� LQ�H[SUHVVLRQ� OHYHOV�GXULQJ� WKH�RYDULDQ

F\FOH� VKRZ� WKDW�$QJ��DQG�9(*)�SURPRWH�DQJLRJHQHVLV

DQG� YHVVHO� PDWXUDWLRQ�� ZKHUHDV� $QJ�� LQGXFHV� YHVVHO

UHJUHVVLRQ��,Q�WKH�HQGRPHWULXP�RI�ZRPHQ�ZLWK�DEQRUPDO

XWHULQH�EOHHGLQJ��$QJ��H[SUHVVLRQ�LV�GRZQUHJXODWHG��*HYD

HW�DO����������7KLV�VXSSRUWV�WKH�LGHD�WKDW�$QJ��KDV�D�UROH

LQ�YHVVHO�PDWXUDWLRQ�DQG�PDLQWHQDQFH��

,Q� SUHJQDQFLHV� ZLWK� LQWUDXWHULQH� JURZWK� UHWDUGDWLRQ

�,8*5��� WKHUH� LV� UHGXFHG� RU� DEVHQW� HQG�GLDVWROLF� IORZ

YHORFLW\�� DQG�$QJ��H[SUHVVLRQ� LV� UHGXFHG� �'XQN�HW�DO��

�������7KLV�UHVXOW�VXJJHVWV�WKDW�$QJ��LV�UHTXLUHG�LQ�WKH

LQLWLDWLRQ�RI�DQJLRJHQHVLV�IRU�SODFHQWDO�YHVVHO�IRUPDWLRQ�

:KHQ�IHWDO�WURSKREODVWV�LQYDGH�WKH�PDWHUQDO�DUWHULHV�RI

WKH�XWHUXV�GXULQJ�LPSODQWDWLRQ��WKH�LQYDGLQJ�WURSKREODVWV

H[SUHVV�$QJ���ZKLOH�IHWDO�DQG�PDWHUQDO�HQGRWKHOLDO�FHOOV

H[SUHVV� 7LH�� UHFHSWRUV� �*ROGPDQ�:RKO� HW� DO��� ������

7KLV�VXJJHVWV� WKDW�$QJ��RQ�HQGRYDVFXODU� LQYDVLYH� WUR�

SKREODVWV�DFWV�RQ�PDWHUQDO�HQGRWKHOLDO�FHOOV�DQG�WULJJHUV

YHVVHO�UHPRGHOLQJ��E\�DFWLQJ�DV�DQ�DQWDJRQLVW�RI�$QJ��

7KXV�� WKH� DQJLRSRLHWLQ�7LH�� V\VWHP� LV� LPSRUWDQW� LQ� WKH

GHYHORSPHQW� RI� WKH� XWHUR�IHWRSODFHQWDO� FLUFXODWLRQ� DV

UHJXODWRUV�RI� WURSKREODVW�EHKDYLRU�

$QJ��DQG�7LH��LQ�KHPDWRSRLHVLV

)LJXUH� ��� 8SRQ� $QJ�� ELQGLQJ� WR� 7LH��� WKH� LQWUDFHOOXODU� GRPDLQ� RI� 7LH�� LV
SKRVSKRU\ODWHG�� 7KH� S��� VXEXQLW� RI� 3,� �
�NLQDVH� DVVRFLDWHV� ZLWK� WKH
SKRVSKRU\ODWHG� 7LH�� UHFHSWRU�� UHVXOWLQJ� LQ� VWLPXODWLRQ� RI� 3,� �
�NLQDVH�
6XEVHTXHQW�DFWLYDWLRQ�RI�WKH�VHULQH�WKUHRQLQH�NLQDVH�$NW�FRUUHODWHV�ZLWK�DQ
LQFUHDVH�LQ�FHOO�VXUYLYDO��$OWHUQDWLYHO\��3,��
�NLQDVH�DFWLYLW\�LV�FRLQFLGHQW�ZLWK
IRFDO� DGKHVLRQ� NLQDVH� DFWLYDWLRQ� DQG� FHOO� PLJUDWLRQ�� 3KRVSKRU\ODWHG� 7LH�
DOVR� LQWHUDFWV� ZLWK� 'RN�5�� OHDGLQJ� WR� DFWLYDWLRQ� RI� UDV*$3�� 1FN�� DQG� &UN�
7KHVH� VLJQDOLQJ� PROHFXOHV� PD\� EH� LQYROYHG� LQ� FHOO� PLJUDWLRQ�
3KRVSKRU\ODWHG� 7LH�� DOVR� DFWLYDWHV� 67$7�� DQG� 67$7��� ZKLFK� PD\� EH
LQYROYHG� LQ� WKH�GLIIHUHQWLDWLRQ�RI�HQGRWKHOLDO�FHOOV��



%LRPHGLFDO�VLJQLILFDQFH�RI�HQGRWKHOLDO�FHOO�VSHFLILF�JURZWK�IDFWRU��DQJLRSRLHWLQ �

,W�LV�NQRZQ�WKDW�WKH�7LH��UHFHSWRU�LV�H[SUHVVHG�QRW�RQO\

E\�HQGRWKHOLDO�FHOOV�EXW�DOVR�E\�KHPDWRSRLHWLF�VWHP�FHOOV

�+6&V��� LQGLFDWLQJ� DQRWKHU� SRVVLEOH� UROH� RI� $QJ�� DQG

7LH��LQ�KHPDWRSRLHVLV��,ZDPD�HW�DO����������,Q�IDFW��7LH�

GHILFLHQW� PLFH� VKRZ� VHYHUHO\� LPSDLUHG� KHPDWRSRLHVLV

�6DWR�HW�DO����������,Q�DGGLWLRQ��7DNDNXUD�HW�DO��LQYHVWLJDW�

HG�WKDW�VROXEOH�7LH��UHFHSWRU�LQKLELWHG�KHPDWRSRLHVLV�LQ

SDUD�DRUWLF�VSODQFKQRSOHXUDO�PHVRGHUP�H[SODQW�FXOWXUH

�7DNDNXUD�HW�DO����������,Q�DGGLWLRQ��$QJ��LQGXFHG�DGKH�

VLRQ� RI� 7LH��H[SUHVVLQJ� +6&V� WR� ILEURQHFWLQ� OHDGV� WR

KHPDWRSRLHWLF�SUROLIHUDWLRQ��7DNDNXUD�HW�DO����������0RUH�

RYHU��7LH��RQ�+6&V�DOVR�PD\�EH�FULWLFDO�LQ�WKH�LQWHUDFWLRQ

RI� WKHVH�FHOOV�ZLWK�HQGRWKHOLDO� FHOOV� �3KLOOLSV�HW� DO��� �����

7DNDNXUD�HW�DO��� ������� ,Q� IDFW��+6&V� FORVHO\� DGKHUH� WR

HQGRWKHOLDO� FHOOV� DW� VHYHUDO� VLWHV� LQ� WKH�HPEU\R�� )XUWKHU�

PRUH�� LW�KDV�EHHQ� IRXQG� WKDW�+6&V�SURGXFH�$QJ��� VXJ�

JHVWLQJ�WKDW�+6&V�FDQ�SURPRWH�WKH�PLJUDWLRQ�RI�HQGRWK�

HOLDO� FHOOV� DQG� HVWDEOLVK� WKH� KHPDWRSRLHWLF� HQYLURQPHQW

�7DNDNXUD� HW� DO��� ������� 5HFHQWO\�� LW� ZDV� IRXQG� WKDW

$QJ���WRJHWKHU�ZLWK�9(*)��VWLPXODWHV�SRVWQDWDO�KHPDWR�

SRLHVLV�WKURXJK�H[WUDPHGXOODU\�UHFUXLWPHQW�RI�ERQH�PDU�

URZ�GHULYHG�+6&V�DQG�FLUFXODWLQJ�HQGRWKHOLDO�SUHFXUVRU

FHOOV��6XVWDLQHG�H[SUHVVLRQ�RI�$QJ��DQG�9(*)�UHVXOWHG

LQ�VSOHQRPHJDO\��ZKLFK�LQGLFDWHV�VKLIW� LQ�KHPDWRSRLHVLV

WR� H[WUDPHGXOODU\� VLWHV�� ZLWK� UHORFDOL]DWLRQ� RI� +6&V� WR

RWKHU�KHPDWRSRLHWLF�HQYLURQPHQWV��VXFK�DV�VSOHHQ��'LDV

HW� DO��� ������� 7KLV� UHFUXLWPHQW� RI� +6&V� E\� DQJLRJHQLF

IDFWRUV�PD\�H[SODLQ�WKH�VKLIW�RI�KHPDWRSRLHVLV�VLWH�IURP

IHWDO� OLYHU� WR�ERQH�PDUURZ�RU�VSOHHQ��

,QYROYHPHQW�RI�$QJ��DQG�$QJ��LQ�WXPRUV�

$QJLRJHQHVLV� DQG� YDVFXORJHQHVLV� DUH� DVVRFLDWHG� ZLWK

WXPRU�JURZWK��7KXV��WKH�UROH�RI�DQJLRSRLHWLQV�LQ�WXPRUV

KDV�EHHQ� LQYHVWLJDWHG��+LJK� OHYHOV�RI�$QJ��P51$�DUH

REVHUYHG� LQ� KLJKO\� YDVFXODUL]HG� WXPRUV�� VXFK� DV� JOLR�

EODVWRPD��.DSRVL¶V�VDUFRPD��FXWDQHRXV�DQJLRVDUFRPD�

KHPDQJLRPD��WK\URLG�WXPRUV�DQG�JDVWULF�DQG�FRORUHFWDO

FDQFHU� �6WUDWPDQQ� HW� DO��� ������ %XQRQH� HW� DO��� �����

<RVKLGD� HW� DO��� ������ %URZQ� HW� DO��� ������ (WRK� HW� DO��

������<X�HW�DO����������$QJ��LV�DOVR�DEXQGDQWO\�H[SUHVV�

HG�� QRW� RQO\� LQ� WXPRU� FHOOV�� EXW� DOVR� LQ� WKH�HQGRWKHOLDO

FHOOV�RI�VSURXWLQJ�PLFURYHVVHOV�RI�VROLG�WXPRUV��6WUDWPDQQ

HW�DO���������%XQRQH�HW�DO���������+RODVK�HW�DO���������

&RQVLVWHQWO\�� KLVWRORJLFDO� DQDO\VHV� RI� WXPRU� VSHFLPHQV

LQGLFDWH�WKDW�$QJ��H[SUHVVLRQ�SOD\V�D�NH\�UROH�LQ�WXPRU

DQJLRJHQHVLV��ERWK�DW�HDUO\�DQG�ODWHU�VWDJHV�RI�YDVFXODU

DFWLYDWLRQ� �%XQRQH� HW� DO��� ������ +RODVK� HW� DO��� �����

=DJ]DJ�HW�DO����������7KXV��$QJ��SUREDEO\�KHOSV�WXPRU

YHVVHO� IRUPDWLRQ�� +RZHYHU�� WKH� REVHUYDWLRQ� WKDW� $QJ�

SURGXFWLRQ� LV� DOVR� HOHYDWHG� DW� WKH� VLWHV� RI� YDVFXODU

UHJUHVVLRQ� ZKHUH� 9(*)� LV� QRW� DEXQGDQW� OHG� WR� WKH

K\SRWKHVLV� WKDW� WKH� UROH� RI� $QJ�� LQ� VSURXWLQJ� DQJLR�

JHQHVLV� LV�KLJKO\�GHSHQGHQW�RQ� WKH�SUHVHQFH�RI�9(*)

�6WUDWPDQQ� HW� DO��� ������ +RODVK� HW� DO��� ������� ,Q� WKH

SUHVHQFH�RI�9(*)��$QJ���E\�DQWDJRQL]LQJ�WKH�VWDELOL]LQJ

RU� DQWLDSRSWRWLF� HIIHFWV� RI� $QJ�� RQ� HQGRWKHOLDO� FHOOV�

SURPRWHV�PLJUDWLRQ��SUROLIHUDWLRQ��DQG�VSURXWLQJ�RI�HQGR�

WKHOLDO� FHOOV�� %\� FRPSDULVRQ�� LQ� WKH� DEVHQFH� RI� 9(*)�

$QJ�� PD\� OHDG� WR� HQGRWKHOLDO� FHOO� DSRSWRVLV� DQG

YDVFXODU�UHJUHVVLRQ��6WUDWPDQQ�HW�DO���������%XQRQH�HW

DO���������+RODVK�HW�DO����������

$QJ�� DW� KLJK� FRQFHQWUDWLRQ� FDQ� EH� DQ� DSRSWRVLV

VXUYLYDO�IDFWRU�IRU�HQGRWKHOLDO�FHOOV�WKURXJK�WKH�DFWLYDWLRQ

RI�3,�
�NLQDVH�DQG�$NW��.LP�HW�DO�������G���7KLV�VXJJHVWV

WKDW�$QJ��FDQ�EH�D�SURPRWHU�LQ�WXPRU�YHVVHO�IRUPDWLRQ

LQ�WXPRU�IRUPDWLRQ��7KXV�� WKH�SDWKRORJLFDO�UROH�RI�$QJ�

LV� PRUH� FRPSOH[� WKDQ� SUHYLRXVO\� UHFRJQL]HG�� LW� KDV

YDULRXV�HIIHFWV�RQ�7LH��UHFHSWRU�VLJQDOLQJ��GHSHQGLQJ�RQ

ORFDO�FRQGLWLRQV�

,Q�FRQWUDVW�WR�$QJ���WKH�H[SUHVVLRQ�RI�$QJ��LV�QRW�KLJK

LQ�PRVW�WXPRUV��+D\HV�HW�DO����������,Q�IDFW��$QJ��RYHU�

H[SUHVVLRQ� LQ�D�EUHDVW� WXPRU�FHOO� OLQH� OHG�WR�UHWDUGDWLRQ

RI�WXPRU�JURZWK�LQ�[HQRJUDIW�PRGHO��+D\HV�HW�DO���������

7KHVH�GDWD�VXJJHVW�WKDW�$QJ��PD\�LQKLELW�WXPRU�JURZWK�

SUHVXPDEO\�E\�LQKLELWLQJ�WXPRU�DQJLRJHQHVLV��+RZHYHU�

LQ� D� [HQRJUDIW� PRGHO� ZLWK� KXPDQ� FHUYLFDO� FDUFLQRPD

+H/D�FHOOV�� LQWURGXFWLRQ�RI�$QJ��DQWLVHQVH�51$� OHG� WR

UHWDUGDWLRQ�LQ�WXPRU�FHOO�JURZWK�DQG�WXPRU�DQJLRJHQHVLV

LQ� QXGH�PLFH� �6KLP�HW� DO��� ������� 7KLV� UHVXOW� LQGLFDWHV

WKDW�$QJ��LV�LQYROYHG�ZLWK�WXPRU�DQJLRJHQHVLV�DV�D�SUR�

DQJLRJHQLF�IDFWRU��7KXV��ZKHWKHU�$QJ��LV�DQ�LQGXFLEOH�RU

LQKLELWRU\�JURZWK� IDFWRU� LQ� WXPRU�DQJLRJHQHVLV�GHSHQGV

RQ� WXPRU� W\SH�� )XUWKHU� VWXG\� LV� UHTXLUHG� WR� FODULI\� WKH

UROH�RI�$QJ�� LQ� WXPRU� IRUPDWLRQ�DQG�PDLQWHQDQFH��

,QWHUHVWLQJO\��7LH��LV�DOVR�VWURQJO\�H[SUHVVHG�LQ�HQGR�

WKHOLDO� FHOOV� RI� .DSRVL¶V� VDUFRPD�� FXWDQHRXV� DQJLRVDU�

FRPD�� FRORUHFWDO� FDQFHU�� WK\URLG� WXPRU�� KHPDQJLRPD�

DQG� QRQ�VPDOO� FHOO� OXQJ� FDUFLQRPDV� �%XQRQH� HW� DO��

������7DNDKDPD�HW�DO���������%URZQ�HW�DO���������(WRK

HW� DO��� ������<X�HW� DO��� ������� ,Q� IDFW�� DGPLQLVWUDWLRQ� RI

VROXEOH�7LH��LQKLELWHG�WKH�JURZWK�RI�SULPDU\�WXPRUV�DQG

WXPRU�PHWDVWDVHV��/LQ�HW�DO����������6LPLODUO\��ZH�UHFHQW�

O\� REVHUYHG� WKDW� DGPLQLVWUDWLRQ� RI� 7LH�� LQKLELWRU� %6)

�������&��LQKLELWHG�PHODQRPD�WXPRU�JURZWK��XQSXEOLVKHG

REVHUYDWLRQ��� 7KHVH� GDWD� VXJJHVW� WKDW� 7LH�� DFWLYDWLRQ

PD\� KDYH� DQ� LPSRUWDQW� UROH� LQ� WXPRU� DQJLRJHQHVLV�

+RZHYHU��LW�LV�QRW�NQRZQ�KRZ�$QJ��RU�$QJ��DUH�LQYROY�

HG�ZLWK�7LH��DFWLYDWLRQ� LQ� WXPRU�DQJLRJHQHVLV�

7KHUDSHXWLF� $QJLRJHQHVLV� DQG� 9DFXORJHQHVLV� ZLWK

$QJ��

%ORRG�YHVVHOV�IRUP�WKURXJK�WZR�GLVWLQFW�SURFHVVHV��YDV�

FXORJHQHVLV�DQG�DQJLRJHQHVLV� �)LJXUH���� �5LVDX�������

&DUPHOLHW���������,Q�YDVFXORJHQHVLV��HQGRWKHOLDO�FHOOV�GLI�

IHUHQWLDWH�GH�QRYR�IURP�PHVRGHUPDO�SUHFXUVRUV��ZKHUHDV

LQ� DQJLRJHQHVLV� QHZ� YHVVHOV� DUH� JHQHUDWHG� IURP� SUH�

H[LVWLQJ�RQHV��5LVDX��������&DUPHOLHW���������,Q�HPEU\RV�

ERWK�SURFHVVHV�DUH�HVVHQWLDO�IRU�QRUPDO�GHYHORSPHQW��,Q

DGXOWV�� DQJLRJHQHVLV� DQG� QHRYDVFXODUL]DWLRQ� FDQ� EH

XQZDQWHG�SURFHVVHV�LQ�FHUWDLQ�GLVHDVH�VWDWHV��LQFOXGLQJ



� ([S��0RO��0HG��9RO�������������������

FDQFHU�DQG�GLDEHWLF� UHWLQRSDWK\��+RZHYHU�� IRUPDWLRQ�RI

QHZ�EORRG�YHVVHOV�FDQ�DOVR�KHOS�DOOHYLDWH�VRPH�VWDWHV�

DV� LQ� WKH� IRUPDWLRQ� RI� FROODWHUDO� FLUFXODWLRQ� LQ� LVFKHPLF

P\RFDUGLXP�� ZRXQG� KHDOLQJ�� DQG� HQGRPHWULDO� UHJHQH�

UDWLRQ�� ,QGHHG�� DQJLRJHQHVLV� DQG� QHRYDVFXODUL]DWLRQ� LQ

LVFKHPLF� P\RFDUGLXP� DQG� OLPEV� SURYLGH� DQ� LPSRUWDQW

FOLQLFDO�DSSURDFK� �,VQHU�HW�DO����������

5HFHQWO\��VHYHUDO�VWXGLHV�KDYH�H[DPLQHG� WKHUDSHXWLF

DQJLRJHQHVLV�QHRYDVFXODUL]DWLRQ� XVLQJ� JURZWK� IDFWRUV

DV� D� ZD\� WR� WUHDW� LVFKHPLF� P\RFDUGLXP� DQG� OLPEV

�7DNHVKLWD�HW�DO��� ������ ,VQHU�HW�DO��� ������&KDH�HW�DO��

�������+RZHYHU��D�VLQJOH�JURZWK� IDFWRU�PD\�EH� LQVXIIL�

FLHQW� IRU� WKHUDSHXWLF� SXUSRVHV�� EHFDXVH� WKH� GHYHORS�

PHQW�RI�D�IXQFWLRQDO�YDVFXODU�V\VWHP�UHTXLUHV�D�FDVFDGH

RI� JURZWK� IDFWRUV�� WKHLU� UHFHSWRUV�� DQG� LQWUDFHOOXODU

VLJQDOV�� 2I� WKHVH�� 9(*)� DQG� $QJ�� DUH� RI� SDUWLFXODU

LQWHUHVW�EHFDXVH�WKHLU�UHFHSWRUV�DUH�VSHFLILFDOO\� ORFDWHG

LQ� HQGRWKHOLDO� FHOOV� �9HLNNROD� HW� DO��� ������ &DUPHOLHW�

������<DQFRSRXORV�HW�DO����������7KHVH�WZR�IDFWRUV�KDYH

VWURQJ� HIIHFWV� RQ� DQJLRJHQHVLV� DQG� YDVFXORJHQHVLV�

9(*)� DFWV� DV� D� SRWHQW� DQJLRJHQLF� IDFWRU�� ZKRVH

VSHFLILF� DFWLYLWLHV� LQFOXGH� HQGRWKHOLDO� FHOO� VXUYLYDO�

SUROLIHUDWLRQ��PLJUDWLRQ��DQG�WXEH�IRUPDWLRQ��)HUUDUD�HW�DO��

������ 9HLNNROD� HW� DO��� ������� 7KH� ELRORJLFDO� HIIHFWV� RI

9(*)� RQ� HQGRWKHOLDO� FHOOV� DUH� H[HUWHG� WKURXJK� LWV

ELQGLQJ�WR�)OW���DQG�)ON���.'5��WZR�KLJK�DIILQLW\�W\URVLQH

NLQDVH� UHFHSWRUV�� ,Q� WKH�DGXOW��9(*)� LV�DOVR�D�SULPDU\

FRQWULEXWRU� WR� SK\VLRORJLF� DQG� SDWKRORJLF� DQJLRJHQHVLV

WKURXJK� LWV�VWURQJ�ELRORJLFDO�HIIHFWV�RQ�HQGRWKHOLDO�FHOOV

�)HUUDUD�HW�DO���������9HLNNROD�HW�DO���������&DUPHOLHW�HW

DO��� ������� 0RUHRYHU�� PDQ\� UHSRUWV� KDYH� VKRZQ� WKDW

WUDQVJHQLF� RYHUH[SUHVVLRQ� RU� JHQH� WUDQVIHU� RI� 9(*)

LQFUHDVHV� DQJLRJHQHVLV� DQG� YDVFXODUL]DWLRQ� LQ� DGXOW

WLVVXHV� �7DNHVKLWD�HW�DO���������'HWPDU�HW�DO���������

$OWKRXJK� $QJ�� KDV� QR� SUROLIHUDWLYH� HIIHFW� RQ� HQGR�

WKHOLDO� FHOOV�� LQWHUHVWLQJO\�� WUDQVJHQLF� RYHUH[SUHVVLRQ� RU

JHQH� WUDQVIHU�RI� $QJ��� EXW� QRW� $QJ��� LQFUHDVHV� DQJLR�

JHQHVLV�DQG�YDVFXORJHQHVLV��6K\X�HW�DO���������6XUL�HW

DO���������&KDH�HW�DO����������,Q�D�PRXVH�FRUQHDO�PLFUR�

SRFNHW� DVVD\�� $QJ�� IDLOHG� WR� VWLPXODWH� DQ� DQJLRJHQLF

UHVSRQVH�ZKHQ�DGPLQLVWHUHG�DORQH��$VDKDUD�HW�DO���������

+RZHYHU�� ZKHQ� FR�DGPLQLVWHUHG� ZLWK� 9(*)�� $QJ�

DXJPHQWHG�SRVWQDWDO�QHRYDVFXODUL]DWLRQ��7KXV��$QJ���LQ

FRPELQDWLRQ�ZLWK�9(*)�� LV� D� FDQGLGDWH� IRU� WKHUDSHXWLF

YDVFXODUL]DWLRQ��,Q�D�UDEELW� LVFKHPLF�KLQG�OLPE�PRGHO��D

FRPELQDWLRQ�RI�$QJ��DQG�9(*)�JHQH�GHOLYHU\�SURGXFHG

DQ� HQKDQFHG� HIIHFW� RQ� EORRG� YHVVHO� IRUPDWLRQ�� UHVWLQJ

DQG� PD[LPDO� EORRG� IORZ�� DQG� FDSLOODU\� IRUPDWLRQ� WKDW

ZDV�JUHDWHU�WKDQ�WKDW�RI�HLWKHU�IDFWRU�DORQH��&KDH�HW�DO��

������ �)LJXUH�����7KHVH�UHVXOWV�VXJJHVW� WKDW�FRPELQHG

WUHDWPHQW� ZLWK� $QJ�� DQG� 9(*)� FRXOG� EH� XVHG� WR

SURGXFH� WKHUDSHXWLF� YDVFXODUL]DWLRQ�� ,Q� IDFW�� LQ� YLWUR

H[SHULPHQWV� LQGLFDWH� WKDW� $QJ�� LV� D� VWURQJ� LQGXFHU� RI

HQGRWKHOLDO� FHOO� VSURXWLQJ�� VHFUHWLRQ� RI� SODVPLQ� DQG

PDWUL[�PHWDOORSURWHLQDVH���� DQG�PLJUDWLRQ� DQG� QHWZRUN

IRUPDWLRQ��.LP�HW�DO�������E���7KHVH�SURFHVVHV�DUH�WKH

ILUVW�VWHSV�LQ�ERWK�DQJLRJHQHVLV�DQG�QHRYDVFXODUL]DWLRQ�

7KHVH� LQ� YLWUR� GDWD� VXSSRUW� WKH� UROH� RI� $QJ��LQGXFHG

DQJLRJHQHVLV�DQG�YDVFXORJHQHVLV� LQ�YLYR��

,Q�WKH�EUDLQ�WLVVXH�RI�SDWLHQWV�ZLWK�EUDLQ�DUWHULRYHQRXV

PDOIRUPDWLRQV��$QJ��SURWHLQ� OHYHOV�DUH�����ORZHU�WKDQ

LQ�FRQWURO�SDWLHQWV��ZKHUHDV�$QJ��SURWHLQ� OHYHOV�DUH���

IROG� KLJKHU� WKDQ� LQ� FRQWURO� SDWLHQWV� �+DVKLPRWR� HW� DO��

�������7KHVH�SDWLHQWV�GLVSOD\�DEQRUPDOO\�GLODWHG�YHVVHOV

WKDW�ODFN�PDWXUH�SHUL�HQGRWKHOLDO�VXSSRUW�FHOOV��7KLV�REVHU�

YDWLRQ� VXJJHVWV� WKDW� $QJ�� UHFUXLWV� DQG� VXVWDLQV� SHUL�

HQGRWKHOLDO� VXSSRUW� FHOOV�� ZKLOH� $QJ�� GLVUXSWV� EORRG

YHVVHO�IRUPDWLRQ�LQ�EUDLQ�YDVFXORJHQHVLV��+RZHYHU��WKH

PHFKDQLVPV�EHKLQG�WKHVH�SURFHVVHV�DUH�XQNQRZQ��1HYHU�

WKHOHVV��DGPLQLVWUDWLRQ�RI�$QJ��PD\�SURYLGH�D�WKHUDSHXWLF

EHQHILW� IRU� HQKDQFLQJ� UHFUXLWPHQW� RI� SHUL�HQGRWKHOLDO

VXSSRUW�FHOOV��

7KHUDSHXWLF� HQGRWKHOLDO� FHOO� VXUYLYDO� �7KHUDSHXWLF

(QGR�VXUYLYDO��ZLWK�$QJ�

7KH� LQWHJULW\� DQG� QRUPDO� IXQFWLRQ� RI� HQGRWKHOLXP� DUH

LQGLVSHQVDEOH� IRU� JRRG� KHDOWK�� ,Q� DQ� DGXOW� KXPDQ�� WKH

HQGRWKHOLDO�PRQROD\HU�FRQVLVWV�RI�DQ�HVWLPDWHG���WR��×
����� FHOOV� WKDW� FRQVLGHUHG� DV� D� XQLW�� IRUP� DQ� DSSUR[L�

PDWHO\���NJ�KHDY\�³RUJDQ´��7KLV�³RUJDQ´�SOD\V�D�FHQWUDO

UROH� LQ� WKH�FRQWURO�RI� YDVFXODU� WRQH��SHUPHDELOLW\��EORRG

IORZ��FRDJXODWLRQ��WKURPERO\VLV��LQIODPPDWLRQ��WLVVXH�UHSDLU�

DQG�JURZWK� �&LQHV�HW�DO��� �������'DPDJH� WR� WKH�HQGR�

WKHOLXP�FDQ�LQLWLDWH�WKURPERVLV�IRUPDWLRQ��QHRLQWLPDO�K\SHU�

SODVLD��DQG�DWKHURJHQHVLV��&LQHV�HW�DO���������6WHIDQHF�

�������7KHUHIRUH��PDLQWDLQLQJ�D�QRUPDO�HQGRWKHOLDO�LQWH�

JULW\�LQ�UHVSRQVH�WR�SK\VLFDO��ELRFKHPLFDO�DQG�LPPXQH�

)LJXUH� ��� 5HSUHVHQWDWLYH� DQJLRJUDSKLF� ILQGLQJV� RI� VLQJOH� DQG� FRPELQHG
JHQH� WUDQVIHU� RI� $QJ�� DQG� 9(*)� LQ� WKH� LVFKHPLF� KLQG� OLPEV� RI� UDEELWV�
$QJLRJUDSKLHV� ZHUH� SHUIRUPHG� ��� GD\V� DIWHU� GLUHFW� LQWUDPXVFXODU� JHQH
WUDQVIHU� RI� �����µJ� RI� SODVPLG�� S&RQWURO� �FRQWURO��� S$QJ�� �$QJ���� S9(*)
�9(*)���RU�S$QJ����S9(*)��$QJ��9(*)���



%LRPHGLFDO�VLJQLILFDQFH�RI�HQGRWKHOLDO�FHOO�VSHFLILF�JURZWK�IDFWRU��DQJLRSRLHWLQ �

PHGLDWHG� GDPDJH� LV� LPSRUWDQW� WR� SUHYHQW� YDVFXODU

GLVHDVHV��

,QWHUHVWLQJO\�� 7LH�� LV� VHOHFWLYHO\� H[SUHVVHG� DV� DQ

DFWLYDWHG� IRUP� LQ� WKH� HQGRWKHOLDO� FHOOV� RI� QRUPDO� DGXOW

YHVVHOV�� LQ�ZKLFK�YDVFXORJHQHVLV�DQG�DQJLRJHQHVLV�GR

QRW�QRUPDOO\�RFFXU� �:RQJ�HW�DO����������:H� IRXQG� WKDW

$QJ�� LV� D� VWURQJ� VXUYLYDO� IDFWRU� IRU� HQGRWKHOLDO� FHOOV

�.ZDN� HW� DO��� �������:H� DOVR� GHPRQVWUDWHG� WKDW� $QJ�

LQGXFHG�D�VLJQDO�WUDQVGXFWLRQ�SDWKZD\�OHDGLQJ�WR�HQGR�

WKHOLDO�FHOO�VXUYLYDO� IRU� WKH� ILUVW� WLPH��7KH�7LH�� UHFHSWRU�

3,��
�NLQDVH��DQG�$NW�DUH�FUXFLDO�HOHPHQWV� LQ� WKH�VLJQDO

WUDQVGXFWLRQ�SDWKZD\�OHDGLQJ�WR�HQGRWKHOLDO�FHOO�VXUYLYDO

LQGXFHG� E\� WKH� SDUDFULQH� DFWLYLW\� RI� $QJ�� �.LP� HW� DO��

����F���)LJXUH�����*LYHQ�WKDW�$QJ��LV�D�VWURQJ�DSRSWRVLV

VXUYLYDO� IDFWRU�ZLWKRXW�PLWRWLF�HIIHFW�� FRQVWLWXWLYH�H[SUH�

VVLRQ�RI�$QJ�� LQ� SHULHQGRWKHOLDO� FHOOV�PD\�DFWLYDWH� WKH

7LH�� UHFHSWRU�� WKHUHE\�DFWLQJ�DV�D�SDUDFULQH� IDFWRU� WKDW

PDLQWDLQV� QRUPDO� LQWHJULW\� LQ� QRQ�SUROLIHUDWLQJ�HQGRWKHOLDO

FHOOV��,Q�IDFW��RXU�LQ�YLWUR�H[SHULPHQWV�GHPRQVWUDWHG�WKDW

$QJ�� SUHYHQWHG� DSRSWRVLV� LQ� HQGRWKHOLDO� FHOOV� WUHDWHG

ZLWK� VHYHUDO� LQVXOWV�� LQFOXGLQJ� LUUDGLDWLRQ�� R[LGL]HG� /'/

RU�FOLQLFDO�FRQFHQWUDWLRQV�RI�PDQQLWRO��.ZDN�HW�DO��������

.LP� HW� DO��� ����D��� 7KLV� HIIHFW� ZDV� PHGLDWHG� WKURXJK

7LH�� UHFHSWRU� ELQGLQJ� DQG� 3,� �
�NLQDVH� DFWLYDWLRQ�� ,Q

DGGLWLRQ��$QJ��LQFUHDVHV�WKH�VXUYLYDO�RI�HQGRWKHOLDO�FHOOV

LQ� UHVSRQVH� WR� OLSRSRO\VDFFKDULGH� IURP�*UDP�QHJDWLYH

EDFWHULD��$QJ�� DOVR�SUHYHQWHG� DSRSWRVLV� LQ� HQGRWKHOLDO

FHOOV�RI�H[SODQWHG�SRUFLQH�FRURQDU\�DUWHULHV�VXEMHFWHG�WR

WKH�VDPH�LQVXOWV��*HQHUDOO\��$QJ�
V�DQWLDSRSWRWLF�SRWHQF\

ZDV�VLPLODU�RU�JUHDWHU� WKDQ� WKDW�RI�9(*)�DQG�E)*)�

7KHVH� GDWD� VXJJHVW� WKDW� V\VWHPLF� WUHDWPHQW� ZLWK

$QJ�� FRXOG� EH� EHQHILFLDO� LQ� PDLQWDLQLQJ� QRUPDO� HQGR�

WKHOLDO� FHOO� LQWHJULW\� GXULQJ� HQGRWKHOLDO� FHOO� GDPDJH� LQ

YLYR��7KHUHIRUH��ZH�FRQFOXGH�WKDW� WKH�DQJLRSRLHWLQ�7LH�

V\VWHP� LV� HVVHQWLDO� WR� WKH� PDLQWHQDQFH� RI� QRUPDO

HQGRWKHOLDO� VXUYLYDO� DQG� LQWHJULW\�� )URP� WKLV� VWXG\�� ZH

FRLQHG�WKH�WHUP�µ7KHUDSHXWLF�HQGRWKHOLDO�FHOO�VXUYLYDO

�7KHUDSHXWLF� (QGR�VXUYLYDO�¶� XVLQJ� $QJ��� $OWKRXJK

PRUH� SUH�FOLQLFDO� VWXG\� RI� $QJ�� LQ� YLYR� DUH�ZDUUDQWHG�

$QJ��FRXOG�EH�WKH�PRVW�SRWHQW��VHOHFWLYH�DQG�VDIH�DJHQW

IRU� WKHUDSHXWLF�HQGRWKHOLDO� FHOO� VXUYLYDO�

&RXQWHUDFWLYH�HIIHFW�RI�$QJ��LQ�9(*)�LQGXFHG�DGKH�

VLRQ�DQG�FRDJXODWLRQ

9(*)�DFWV�DV�D�SURLQIODPPDWRU\�F\WRNLQH�LQ�WZR�ZD\V�

����E\�LQGXFLQJ�DGKHVLRQ�PROHFXOHV�WKDW�ELQG�OHXNRF\WHV

WR� HQGRWKHOLDO� FHOOV� DQG� ���� E\� LQFUHDVLQJ� HQGRWKHOLDO

SHUPHDELOLW\��7KHVH�DUH� LQLWLDO�DQG�HVVHQWLDO�VWHSV�WRZDUG

LQIODPPDWLRQ�WKURXJK�WKH�)ON���.'5�UHFHSWRU��0XURKDUD

HW�DO���������.LP�HW�DO�������E��� ,Q� IDFW�� WKH� ILUVW�DFWLYLW\

DWWULEXWHG� WR� 9(*)�ZDV� WKH� SHUPHDELOL]DWLRQ� RI�PLFUR�

YHVVHOV��SULPDULO\�SRVWFDSLOODU\�YHQXOHV�DQG�VPDOO�YHLQV

�'YRUDN�HW�DO����������$OWKRXJK�9(*)�RYHUH[SUHVVHG�LQ

PRXVH�VNLQ�LQFUHDVHV�YDVFXODULW\��WKH�YDVFXODUL]HG�VNLQ

VKRZV�VLJQV�RI� LQIODPPDWLRQ�� LQFOXGLQJ�YDVFXODU� OHDNDJH�

HGHPD��DQG� LQFUHDVHG�DGKHVLRQ�RI� OHXNRF\WHV��'HWPDU

HW�DO����������$QJ��RYHUH[SUHVVHG�LQ�PRXVH�VNLQ�UHVXOWV

LQ�D�SURPLQHQW�HQODUJHPHQW�RI�YHVVHOV�ZLWKRXW�VLJQV�RI

LQIODPPDWLRQ� �6XUL� HW� DO��� ������ 7KXUVWRQ�HW� DO��� ������

0RUHRYHU��ZKHQ�FR�RYHUH[SUHVVHG�LQ�PRXVH�VNLQ��9(*)

DQG�$QJ��VKRZ�DQ�DGGLWLYH�HIIHFW�RQ�DQJLRJHQHVLV��EXW

UHVXOW� LQ� OHDNDJH�UHVLVWDQW� YHVVHOV� ZLWK� OLWWOH� LQIODPPD�

WLRQ��7KXUVWRQ�HW�DO����������6\VWHPLF�DGHQRYLUDO�GHOLYHU\

RI� $QJ�� GRHV� LQGHHG� SURWHFW� DGXOW� EORRG� YDVFXODWXUH

IURP� OHDNLQJ� �7KXUVWRQ�HW�DO����������

,W� DSSHDUV� WKDW� $QJ�� FRXQWHUDFWV� DW� OHDVW� VRPH

FRPSRQHQW� RI�9(*)�DFWLYLW\� LQ� HQGRWKHOLDO� FHOOV�GXULQJ

FHUWDLQ� SDWKRORJLF� FRQGLWLRQV�� )XUWKHUPRUH�� D� UHFHQW� LQ

YLWUR�H[SHULPHQW�GHPRQVWUDWHG� WKDW�$QJ��GHFUHDVHV�(�

VHOHFWLQ� H[SUHVVLRQ� DQG� GHFUHDVHV� EDVDO� DQG� 9(*)�

LQGXFHG� HQGRWKHOLDO� SHUPHDELOLW\�� SRVVLEO\� WKURXJK� WKH

UHJXODWLRQ� RI� MXQFWLRQDO� FRPSOH[HV�� SODWHOHW� HQGRWKHOLDO

FHOO�DGKHVLRQ�PROHFXOH����DQG�YDVFXODU�HQGRWKHOLDO�FDG�

KHULQ��*DPEOH�HW�DO����������,Q�DGGLWLRQ��$QJ��VXSSUHVV�

HG�9(*)�LQGXFHG�H[SUHVVLRQ�RI�VHYHUDO�DGKHVLRQ�PROH�

FXOHV�� VXFK� DV� LQWHUFHOOXODU� DGKHVLRQ� PROHFXOH���� YDV�

FXODU� FHOO� DGKHVLRQ�PROHFXOH���� DQG�(�VHOHFWLQ� �.LP�HW

DO�������F���)XUWKHUPRUH��$QJ��UHGXFHG�9(*)�LQGXFHG

OHXNRF\WH� DGKHVLRQ� WR� +89(&V� �.LP� HW� DO��� ����F��

7KXV��$QJ��FRXQWHUDFWV�9(*)�LQGXFHG�LQIODPPDWLRQ�E\

UHGXFLQJ�9(*)�LQGXFHG�HQGRWKHOLDO�DGKHVLYHQHVV��7DNHQ

WRJHWKHU��$QJ��FRXQWHUDFWV�9(*)�LQGXFHG�LQIODPPDWLRQ

LQ� HQGRWKHOLDO� FHOOV�� ZKLOH� KDYLQJ� DQ� DGGLWLYH� HIIHFW� RQ

YHVVHO� IRUPDWLRQ��)LJXUH�����7KHUHIRUH��FRPELQHG�WUHDW�

PHQW�ZLWK�9(*)�DQG�$QJ��FRXOG�EH�EHWWHU� WKDQ�VLQJOH

WUHDWPHQW�IRU�HQKDQFLQJ�WKHUDSHXWLF�YDVFXODUL]DWLRQ�DQG

DQJLRJHQHVLV��ZKLOH�DYRLGLQJ� LQIODPPDWLRQ��

9(*)��OLNH�71)�α��FDQ�DFW�DV�D�SURFRDJXODQW�F\WRNLQH
E\� LQFUHDVLQJ�WLVVXH�IDFWRU��7)��H[SUHVVLRQ� LQ�HQGRWKHOLDO

FHOOV� �0HFKWFKHUDNRYD�HW� DO��� ������� $QJ�� FRXQWHUDFWV

9(*)�LQGXFHG� H[SUHVVLRQ� DQG� DFWLYLW\� RI� 7)�� SRVVLEO\

WKURXJK� WKH� DFWLYDWLRQ� RI� WKH� 3,� �
�NLQDVH�$NW� SDWKZD\

)LJXUH� ��� $QJ��LQGXFHG� HQGRWKHOLDO� FHOO� VXUYLYDO� LQ� D� SDUDFLQH� PDQQHU�
3ODWHOHW�DQG�SHULHQGRWKHOLDO�VPRRWK�PXVFOH�FHOOV�SURGXFH�$QJ���$QJ��ELQGV
WR� WKH� 7LH�� UHFHSWRU�� WKHQ� DFWLYDWHV� WKH� 3,� �
�NLQDVH� DQG� $NW� VLJQDO
WUDQVGXFWLRQ� SDWKZD\V�� 'RZQVWUHDP� SDWKZD\V� RI� $NW� UHPDLQ� WR� EH
GHWHUPLQHG��DOWKRXJK�%DG��FDVSDVH����DQG�VXUYLYLQ�DUH�FDQGLGDWHV�



� ([S��0RO��0HG��9RO�������������������

�.LP�HW�DO����������7KHVH�UHVXOWV�VXJJHVW�WKDW�$QJ��PD\

EH� XVHG� DV� DQ� LQKLELWRU� RI� 9(*)�LQGXFHG� FRDJXODWLRQ�

LQIODPPDWLRQ�� DQG� WXPRU�DVVRFLDWHG� DQJLRJHQHVLV� DQG

PHWDVWDVLV�E\�VXSSUHVVLRQ�RI�7)�H[SUHVVLRQ��

3UREOHPV�DQG�IXWXUH�GLUHFWLRQV�

,W� LV� QRZ� TXLWH� FOHDU� WKDW� XQGHUVWDQGLQJ� RI� WKH� DQJLR�

SRLHWLQ�7LH�� V\VWHP� LV� LPSRUWDQW� QRW� RQO\� LQ� YDVFXODU

ELRORJ\�EXW� DOVR� LQ� VHYHUDO� ELRPHGLFDO� ILHOGV��+RZHYHU�

WKH�IROORZLQJ�SUREOHPV�PXVW�EH�VROYHG�WR�SDYH�WKH�ZD\

IRU� IXWXUH� UHVHDUFK�DQG�FOLQLFDO�DSSOLFDWLRQV��

)LUVW�� $QJ�� SURWHLQ� LV� QRW� HDVLO\� DYDLODEOH� EHFDXVH

JHQHUDWLRQ� RI� UHFRPELQDQW� $QJ�� LV� H[WUHPHO\� GLIILFXOW

ZLWK�FXUUHQW�WHFKQLTXHV��6LQFH�$QJ��KDV�ORQJ�FRLOHG�FRLO

GRPDLQV�DW� WKH�1�WHUPLQDO�HQG�� LW� LV�QRW�VROXEOH��DJJUH�

JDWHV� HDVLO\�� DQG� VWLFNV� WR� HYHU\WKLQJ� GXULQJ� LWV� JHQH�

UDWLRQ�DQG�SXULILFDWLRQ��7KHUHIRUH��$QJ�
�ZDV�JHQHUDWHG

E\�5HJHQHURQ�3KDUPDFHXWLFDOV��,QF��$QJ�
�LV�D�UHFRP�

ELQDQW� YHUVLRQ� RI� $QJ�� WKDW� LV� HDVLHU� WR� SURGXFH� DQG

SXULI\� �0DLVRQSLHUUH� HW� DO��� ������� $QJ�
� FRQWDLQV� D

PRGLILHG�1+��WHUPLQXV�DQG�PXWDWHG�&\V�����7KH�&\V���

UHVLGXH�LV�QRW�VKDUHG�EHWZHHQ�$QJ��DQG�$QJ���DQG�LWV

PXWDWLRQ�GRHV�QRW�DOWHU�$QJ�¶V�DJRQLVWLF�SURSHUWLHV��7KH

ELRORJLFDO� DFWLYLW\� RI� UHFRPELQDQW� $QJ�� DQG� $QJ�
� LV

VLPLODU��+RZHYHU�� WKH�JHQHUDWLRQ�RI�$QJ�
�KDV�VRPH�RI

WKH� VDPH� SUREOHPV�� ,W� PD\� EH� SRVVLEOH� WR� GHYHORS� D

FKLPHULF�$QJ��FRQWDLQLQJ�D�PLQLPXP�FRLOHG�FRLO�GRPDLQ�

MXVW� ORQJ�HQRXJK� IRU�GLPHUL]DWLRQ��%XW� LW�ZRXOG�QHHG� WR

KDYH�HTXLYDOHQW�SRWHQF\�FRPSDUHG� WR�QDWLYH�$QJ���

6HFRQG�� ZH� VWLOO� GR� QRW� NQRZ� WKH� PROHFXODU� DQG

FHOOXODU�PHFKDQLVP�E\�ZKLFK�$QJ��UHFUXLWV�SHULF\WHV�WR

WKH�HQGRWKHOLDO�FHOOV� WKURXJK�7LH��� ,W�ZRXOG�EH�YDOXDEOH

LI� ZH� NQHZ� ZKDW� PROHFXOHV� DUH� VHFUHWHG� IURP� $QJ��

DFWLYDWHG�HQGRWKHOLDO� FHOOV�GXULQJ�SHULF\WH� UHFUXLWPHQW��

7KLUG�� FRPELQHG� WUHDWPHQW� ZLWK� $QJ�� DQG�9(*)� IRU

WKHUDSHXWLF� YHVVHO� IRUPDWLRQ�VKRXOG�EH�GHYHORSHG��)RU

WKHUDSHXWLF� YHVVHO� IRUPDWLRQ�� 9(*)� KDV� EHHQ� WHVWHG

H[WHQVLYHO\��DQG�LW�LV�DOUHDG\�LQ�FOLQLFDO�WULDOV��0HDQZKLOH

$QJ��LV�VWLOO�EHLQJ�WHVWHG�LQ�DQLPDOV��$OWKRXJK�WKH�H[DFW

PROHFXODU� PHFKDQLVP� E\� ZKLFK� $QJ�� LQKLELWV� 9(*)�

LQGXFHG�YDVFXODU�SHUPHDELOLW\��LQIODPPDWLRQ��DQG�FRDJX�

ODWLRQ� UHPDLQV� WR�EH�GHWHUPLQHG��ZH�KDYH�DPSOH�HYLG�

HQFH�WKDW�$QJ��FDQ�FRXQWHUDFW�WKH�XQZDQWHG�VLGH�HIIHFWV

RI�9(*)� LQ�FHUWDLQ�VLWXDWLRQV��ZKLOH�$QJ��SURGXFHV�DQ

HQKDQFHG�HIIHFW�RQ� WKHUDSHXWLF�YHVVHO� IRUPDWLRQ��

)RXUWK�� XVH� RI� $QJ�� VKRXOG� EH� GHPRQVWUDWHG� LQ� H[�

SHULPHQWDO�DQLPDO�PRGHOV��,W�ZRXOG�EH�ZRUWKZKLOH�WR�WU\

DQ� DFXWH� DGPLQLVWUDWLRQ� RI� $QJ�� IRU�PDLQWDLQLQJ� HQGR�

WKHOLDO� LQWHJULW\� GXULQJ� DQ� LQVXOW�� VXFK� DV�� DQJLRSODVW\�

LUUDGLDWLRQ��VHSVLV��RU�PDQQLWRO�WUHDWPHQW��7KHVH�H[SHUL�

PHQWV� ZLOO� WHOO� XV� LI� $QJ�� KDV� DQ\� EHQHILFLDO� HIIHFWV� LQ

YLYR�

)LIWK�� WKH� XVH� RI� $QJ�� IRU� RWKHU� FOLQLFDO� DSSOLFDWLRQV

VKRXOG� EH� GHYHORSHG�� )RU� H[DPSOH�� FOLQLFDO� WULDOV� DUH

XQGHUZD\� WR� WHVW� XVH� RI� $QJ�� IRU� SUHYHQWLQJ� YDVFXODU

OHDNDJH� LQ� GLDEHWLF� UHWLQRSDWK\��:H�DOVR� GHPRQVWUDWHG

WKDW� WKHUDSHXWLF�HQGRWKHOLDO�FHOO�VXUYLYDO�ZLWK�$QJ��ZRXOG

SURYLGH� FOLQLFDO� EHQHILWV�� 3UH�FOLQLFDO� LQYHVWLJDWLRQV� IRU

WKHUDSHXWLF�HQGRWKHOLDO�FHOO�VXUYLYDO�VKRXOG�EH�GHYHORS�

HG��

,Q�FRQFOXVLRQ��PRUH�ZRUN�LV�QHHGHG�LQ�WKH�IXWXUH��EXW

FOHDUO\�WKH�UHVXOWV�DOUHDG\�VKRZ�WKDW�DQJLRSRLHWLQ�LV�YHU\

LPSRUWDQW� LQ�YDVFXODU�ELRORJ\�DQG�PHGLFLQH��

$FNQRZOHGJHPHQWV

7KH� DXWKRUV� WKDQN� WKH� PHPEHUV� RI� 1DWLRQDO� &UHDWLYH

5HVHDUFK�,QLWLDWLYHV�&HQWHU�IRU�(QGRWKHOLDO�&HOOV��3RKDQJ

8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� 7KLV� ZRUN� ZDV

VXSSRUWHG� E\� WKH� &UHDWLYH� 5HVHDUFK� ,QLWLDWLYHV� RI� WKH

.RUHDQ�0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\�DQG�E\�WKH

%UDLQ�.RUHD����3URMHFW�

5HIHUHQFHV

$VDKDUD� 7�� &KHQ� '�� 7DNDKDVKL� 7�� )XMLNDZD� .�� .HDUQH\� 0�

0DJQHU�0��<DQFRSRXORV�*'��,VQHU�-0��7LH��UHFHSWRU�OLJDQGV�

DQJLRSRLHWLQ��� DQG� DQJLRSRLHWLQ���� PRGXODWH� 9(*)�LQGXFHG

SRVWQDWDO�QHRYDVFXODUL]DWLRQ��&LUF�5HV���������������

%URZQ�/)��'H]XEH�%-��7RJQD]]L�.��'YRUDN�+)��<DQFRSRXORV

*'��([SUHVVLRQ�RI�7LH���7LH���DQG�DQJLRSRLHWLQV�������DQG���LQ

.DSRVL
V�VDUFRPD�DQG�FXWDQHRXV�DQJLRVDUFRPD��$P�-�3DWKRO

����������������

%XQRQH�*�� 9LJQHUL� 3�� 0DULDQL� /�� %XWR� 6�� &ROOLQL� 3�� 3LORWWL� 6�

3LHURWWL�0$��%RQJDU]RQH�,��([SUHVVLRQ�RI�DQJLRJHQHVLV�VWLPX�

ODWRUV�DQG� LQKLELWRUV� LQ�KXPDQ� WK\URLG� WXPRUV�DQG�FRUUHODWLRQ

ZLWK� FOLQLFDO� SDWKRORJLFDO� IHDWXUHV�� $P� -� 3DWKRO� ���������

�������

&DUPHOLHW�3��0HFKDQLVPV�RI�DQJLRJHQHVLV�DQG�DUWHULRJHQHVLV�

1DWXUH�0HG��������������

)LJXUH� ��� ,QWHUDFWLYH� DQG� FRXQWHUDFWLYH� HIIHFW� RI� 9(*)� DQG� $QJ�� LQ
HQGRWKHOLDO�FHOOV��9(*)�DQG�$QJ��SURGXFH�DQ�DGGLWLYH�RU�V\QHUJLVWLF�HIIHFW
RQ�VXUYLYDO��PLJUDWLRQ��DQG�VSURXWLQJ��,Q�FRQWUDVW��$QJ��FRXQWHUDFWV�9(*)�
LQGXFHG� LQIODPPDWLRQ� DQG� FRDJXODWLRQ� WKURXJK� VXSSUHVVLRQ� RI� 9(*)�
LQGXFHG�YDVFXODU�OHDNDJH�DQG�VXSSUHVVLRQ�RI�9(*)�LQGXFHG�H[SUHVVLRQ�RI
DGKHVLRQ�PROHFXOHV��&2;���DQG� WLVVXH� IDFWRU��



%LRPHGLFDO�VLJQLILFDQFH�RI�HQGRWKHOLDO�FHOO�VSHFLILF�JURZWK�IDFWRU��DQJLRSRLHWLQ �

&DUPHOLHW� 3�� )HUUHLUD� 9�� %UHLHU� *�� 3ROOHIH\W� 6�� .LHFNHQV� /�

*HUWVHQVWHLQ�0��)DKULJ�0��9DQGHQKRHFN�$��+DUSDO�.��(EHUKDUGW

&��'HFOHUFT�&��3DZOLQJ�-��0RRQV�/��&ROOHQ�'��5LVDX�:��1DJ\

$��$EQRUPDO�EORRG�YHVVHO�GHYHORSPHQW�DQG�OHWKDOLW\�LQ�HPEU\RV

ODFNLQJ�D�VLQJOH�9(*)�DOOHOH��1DWXUH����������������

&DUPHOLHW� 3�� -DLQ� 5.�� $QJLRJHQHVLV� LQ� FDQFHU� DQG� RWKHU

GLVHDVHV��1DWXUH����������������

&KDH�-.��.LP�,��/LP�67��&KXQJ�0-��.LP�:+��.LP�+*��.R�-.�

.RK� *<�� &R�DGPLQLVWUDWLRQ� RI� DQJLRSRLHWLQ��� DQG� YDVFXODU

HQGRWKHOLDO�JURZWK� IDFWRU�HQKDQFHV�FROODWHUDO�YDVFXODUL]DWLRQ�

$UWHULRVFOHU�7KURPE�9DVF�%LRO����������������

&LQHV�'%��3ROODN�(6��%XFN�&$��/RVFDO]R�-��=LPPHUPDQ�*$�

0F(YHU� 53�� 3REHU� -6��:LFN� 70�� .RQNOH� %$�� 6FKZDUW]� %6�

%DUQDWKDQ�(6��0F&UDH�.5��+XJ�%$��6FKPLGW�$0��6WHUQ�'0�

(QGRWKHOLDO� FHOOV� LQ�SK\VLRORJ\�DQG� LQ� WKH�SDWKRSK\VLRORJ\�RI

YDVFXODU�GLVRUGHUV��%ORRG����������������

&RKHQ�%��%DUNDQ�'��/HY\�<��*ROGEHUJ�,��)ULGPDQ�(��.RSRORYLF

-��5XELQVWHLQ�0��/HSWLQ� LQGXFHV�DQJLRSRLHWLQ���H[SUHVVLRQ� LQ

DGLSRVH� WLVVXHV��-�%LRO�&KHP������������������

'DYLV�6��$OGULFK�7+��-RQHV�3)��$FKHVRQ�$��&RPSWRQ�'/��-DLQ

9�� 5\DQ� 7(�� %UXQR� -�� 5DG]LHMHZVNL� &�� 0DLVRQSLHUUH� 3&�

<DQFRSRXORV�*'�� ,VRODWLRQ�RI�DQJLRSRLHWLQ����D� OLJDQG� IRU� WKH

7,(��UHFHSWRU�E\�VHFUHWLRQ�WUDS�H[SUHVVLRQ�FORQLQJ��&HOO������

����������

'HWPDU� 0�� %URZQ� /)�� 6FKRQ� 03�� (OLFNHU� %0�� 9HODVFR� 3�

5LFKDUG� /�� )XNXPXUD� '�� 0RQVN\� :�� &ODIIH\� .3�� -DLQ� 5.�

,QFUHDVHG� PLFURYDVFXODU� GHQVLW\� DQG� HQKDQFHG� OHXNRF\WH

UROOLQJ�DQG�DGKHVLRQ� LQ� WKH�VNLQ�RI�9(*)� WUDQVJHQLF�PLFH�� -

,QYHVW�'HUPDWRO�������������

'LDV�6��+HLVVLJ�%��+DFNHWW�15��/\GHQ�'��7DWHQR�0��+LFNOLQ�'-�

=KX� =�� :LWWH� /�� &U\VWDO� 5*�� 0RRUH� 0$�� 5DILL� 6�� 9DVFXODU

HQGRWKHOLDO�JURZWK�IDFWRU�DQG�DQJLRSRLHWLQ���VWLPXODWH�SRVWQDWDO

KHPDWRSRLHVLV� E\� UHFUXLWPHQW� RI� YDVFXORJHQLF� DQG� KHPDWR�

SRLHWLF�VWHP�FHOOV��-�([S�0HG�����������������

'XPRQW�'-��*UDGZRKO�*-��)RQJ�*+��$XHUEDFK�5��%UHLWPDQ

0/��7KH�HQGRWKHOLDO�VSHFLILF�UHFHSWRU�W\URVLQH�NLQDVH��WHN��LV�D

PHPEHU�RI�D�QHZ�VXEIDPLO\�RI� UHFHSWRUV��2QFRJHQH��������

��������

'XQN�&��6KDPV�0��1LMMDU�6��5KDPDQ�0��4LX�<��%XVVRODWL�%�

$KPHG�$��$QJLRSRLHWLQ���DQG�DQJLRSRLHWLQ���DFWLYDWH� WURSKR�

EODVW�7LH��� WR�SURPRWH�JURZWK�DQG�PLJUDWLRQ�GXULQJ�SODFHQWDO

GHYHORSPHQW��$P�-�3DWKRO�����������������

'YRUDN� +)�� %URZQ� /)�� 'HWPDU� 0�� 'YRUDN� $0�� 9DVFXODU

SHUPHDELOLW\� IDFWRU�YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�� PLFUR�

YDVFXODU� K\SHUSHUPHDELOLW\�� DQG� DQJLRJHQHVLV�� $P� -� 3DWKRO

����������������

(WRK� 7�� ,QRXH�+�� 7DQDND� 6�� %DUQDUG� *)�� .LWDQR� 6��0RUL�0�

$QJLRSRLHWLQ��� LV� UHODWHG� WR� WXPRU� DQJLRJHQHVLV� LQ� JDVWULF

FDUFLQRPD��SRVVLEOH�LQ�YLYR�UHJXODWLRQ�YLD�LQGXFWLRQ�RI�SURWHDV�

HV��&DQFHU�5HV����������������

)HUUDUD�1��'DYLV�6P\WK�7��7KH�ELRORJ\�RI�YDVFXODU�HQGRWKHOLDO

JURZWK� IDFWRU��(QGRFULQH�5HY�������������

)XML\DPD�6��0DWVXEDUD�+��1R]DZD�<��0DUX\DPD�.��0RUL�<�

7VXWVXPL�<��0DVDNL�+��8FKL\DPD�<��.R\DPD�<��1RVH�$��,ED�2�

7DWHLVKL� (�� 2JDWD� 1�� -\R� 1�� +LJDVKL\DPD� 6�� ,ZDVDND� 7�

$QJLRWHQVLQ� $7���� DQG� $7���� UHFHSWRUV� GLIIHUHQWLDOO\� UHJXODWH

DQJLRSRLHWLQ���DQG�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�H[SUHVVLRQ

DQG� DQJLRJHQHVLV� E\� PRGXODWLQJ� KHSDULQ� ELQGLQJ�HSLGHUPDO

JURZWK� IDFWRU� �(*)��PHGLDWHG� (*)� UHFHSWRU� WUDQVDFWLYDWLRQ�

&LUF�5HV��������������

*DPEOH� -5�� 'UHZ� -�� 7UH]LVH� /�� 8QGHUZRRG� $�� 3DUVRQV� 0�

.DVPLQNDV� /�� 5XGJH� -�� <DQFRSRXORV� *�� 9DGDV� 0$�� $QJLR�

SRLHWLQ���LV�DQ�DQWLSHUPHDELOLW\�DQG�DQWL�LQIODPPDWRU\�DJHQW�LQ

YLWUR�DQG� WDUJHWV�FHOO� MXQFWLRQV��&LUF�5HV��������������

*HYD�(��-DIIH�5%��5ROH�RI�DQJLRSRLHWLQV� LQ�UHSURGXFWLYH�WUDFW

DQJLRJHQHVLV��2EVWHW�*\QHFRO�6XUY���������������

*RHGH� 9�� 6FKPLGW� 7�� .LPPLQD� 6�� .R]LDQ� '�� $XJXVWLQ� +*�

$QDO\VLV� RI� EORRG� YHVVHO�PDWXUDWLRQ� SURFHVVHV� GXULQJ� F\FOLF

RYDULDQ�DQJLRJHQHVLV��/DE� ,QYHVW����������������

*ROGPDQ�:RKO�'6��$ULHO�,��*UHHQILHOG�&��/DY\�<��<DJHO�6��7LH�

�� DQG� DQJLRSRLHWLQ��� H[SUHVVLRQ� DW� WKH� IHWDO�PDWHUQDO� LQWHU�

IDFH�� D� UHFHSWRU� OLJDQG� PRGHO� IRU� YDVFXODU� UHPRGHOOLQJ�� 0RO

+XP�5HSURG�������������

+DVKLPRWR� 7�� /DP�7�� %RXGUHDX�1-�� %ROOHQ�$:�� /DZWRQ�07�

<RXQJ�:/��$EQRUPDO�EDODQFH�LQ�WKH�DQJLRSRLHWLQ�WLH��V\VWHP

LQ�KXPDQ�EUDLQ�DUWHULRYHQRXV�PDOIRUPDWLRQV��&LUF�5HV������

���������

+D\HV� $-�� +XDQJ�:4��<X� -��0DLVRQSLHUUH� 3&�� /LX� $�� .HUQ

)*�� /LSSPDQ� 0(�� 0F/HVNH\� 6:�� /L� /<�� ([SUHVVLRQ� DQG

IXQFWLRQ� RI� DQJLRSRLHWLQ��� LQ� EUHDVW� FDQFHU�� %U� -� &DQFHU

���������������

+RODVK�-��0DLVRQSLHUUH�3&��&RPSWRQ�'��%RODQG�3��$OH[DQGHU

&5��=DJ]DJ�'��<DQFRSRXORV�*'��:LHJDQG�6-��9HVVHO�FRRS�

WLRQ�� UHJUHVVLRQ�� DQG� JURZWK� LQ� WXPRUV� PHGLDWHG� E\� DQJLR�

SRLHWLQV�DQG�9(*)��6FLHQFH�����������������

+XDQJ� <4�� /L� --�� .DUSDWNLQ� 6�� ,GHQWLILFDWLRQ� RI� D� IDPLO\� RI

DOWHUQDWLYHO\� VSOLFHG�P51$� VSHFLHV� RI� DQJLRSRLHWLQ���� %ORRG

���������������

,VQHU� -0�� $VDKDUD� 7�� $QJLRJHQHVLV� DQG� YDVFXORJHQHVLV� DV

WKHUDSHXWLF�VWUDWHJLHV� IRU�SRVWQDWDO�QHRYDVFXODUL]DWLRQ��-�&OLQ

,QYHVW�����������������

,ZDPD� $�� +DPDJXFKL� ,�� +DVKL\DPD� 0�� 0XUD\DPD� <�

<DVXQDJD�.��6XGD�7��0ROHFXODU�FORQLQJ�DQG�FKDUDFWHUL]DWLRQ

RI�PRXVH� 7,(� DQG� 7(.� UHFHSWRU� W\URVLQH� NLQDVH� JHQHV� DQG

WKHLU� H[SUHVVLRQ� LQ� KHPDWRSRLHWLF� VWHP� FHOOV�� %LRFKHP� %LR�

SK\V�5HV�&RPPXQ���������������

-RQHV�1��'XPRQW�'-��7KH�7HN�7LH�� UHFHSWRU�VLJQDOV� WKURXJK

D�QRYHO�'RN�UHODWHG�GRFNLQJ�SURWHLQ��'RN�5��2QFRJHQH������

�����������

-RQHV�1��0DVWHU�=��-RQHV�-��%RXFKDUG�'��*XQML�<��6DVDNL�+�

'DO\�5��$OLWDOR�.��'XPRQW�'-��,GHQWLILFDWLRQ�RI�7HN�7LH��ELQGLQJ

SDUWQHUV�� %LQGLQJ� WR� D� PXOWLIXQFWLRQDO� GRFNLQJ� VLWH� PHGLDWHV

FHOO�VXUYLYDO�DQG�PLJUDWLRQ��-�%LRO�&KHP�������������������

.LP�,��.LP�+*��.LP�+��.LP�++��3DUN�6.��8KP�&6��/HH�=+�
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