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��� $QWLIXQJDO�SURWHLQ

$QWLIXQJDO�SURWHLQ�EHORQJV�WR�D�FODVV�RI�VPDOO��EDVLF�DQG�F\VWHLQH�ULFK�SHSWLGH�WKDW�H[HUWV�

H[WUHPHO\� PXOWL�SRWHQW� DFWLYLW\� DJDLQVW� KXPDQ DQG� SODQW�SDWKRJHQLF� IXQJL� RU� \HDVW� ZLWKRXW�

DIIHFWLQJ� WKH�YLDELOLW\�RI�EDFWHULD��SODQW�DQG�PDPPDOLDQ�FHOOV��$OO� WKHVH�DQWLIXQJDO�SURWHLQV�DUH�

VHFUHWHG HLWKHU�H[WUDFHOOXODU�RU�LQWUDFHOOXODU�PRGH��0RVW�UHDVRQDEO\� WKH\�DUH�VLJQLILFDQWO\�UHODWHG�

LQ�UHJDUG�WR�WKHLU�VWUXFWXUHV��VL]HV��DQG�EDVLF�FKDUDFWHUV�

6XSSRUWHG� RQ� WKHLU� GHJUHHV� RI� VXVFHSWLELOLW\�� ILODPHQWRXV� IXQJL� DUH� FODVVLILHG� LQWR�

VHQVLWLYH� VSHFLHV� �H�J��� $VSHUJLOOXV IXPLJDWXV� $VSHUJLOOXV QLJHU�� )XVDULXP R[\VSRUXP�� DQG�

)XVDULXP�PRQLOLIRUPH���PRGHUDWHO\� VHQVLWLYH� VSHFLHV� �H�J���$VSHUJLOOXV QLGXODQV��� DQG� UHVLVWDQW�

VSHFLHV��H�J���3HQLFLOOLXP�FKU\VRJHQXP� >�� �@� $QWLIXQJDO�SURWHLQV�DUH�VWULQJV�RI�DPLQR�DFLGV�WKDW�

DFW�RQ�SDUWV�RI�WKH�IXQJDO�FHOO��7KHVH�SURWHLQV��W\SLFDOO\������N'D��DUH�FDWLRQLF RU�DQLRQLF�GXH�WR�

FRSLRXVQHVV RI�DUJLQLQH�DQG�O\VLQH�DPLQR�DFLGV�WKURXJKRXW�WKH�FKDLQ >�@ DQG�DPSKLSDWKLF��KDYH�

ERWK�D�K\GURSKLOLF�DQG�D�K\GURSKRELF�UHJLRQ��DQG�H[KLELW�DQ�XQGRJPDWLF�FRPSDVV�RI�DFWLYLW\�>�@�

6LQFH� IXQJL� DQG� PLFURELDO� VXUIDFHV� DUH� RIWHQ� QHJDWLYHO\� FKDUJHG�� WKH\� WHQG� WR DWWUDFW� WKH�

SRVLWLYHO\�FKDUJHG�DQWLIXQJDO�DQG�DQWLEDFWHULDO�SURWHLQV��

$� FRPPRQ� FKDUDFWHULVWLF� REVHUYHG� IRU� PHPEUDQH�DFWLYH� SHSWLGHV� LV� WKHLU� FDSDELOLW\� WR�

GLVWXUE� ELOD\HU� LQWHJULW\�� HLWKHU� E\� GLVUXSWLRQ� RU� SRUH� IRUPDWLRQ�� 7KH� UHVXOWLQJ� RSHQLQJV� LQ� WKH�

OLSLG�ELOD\HU�OHDG�WR�WKH�FROODSVH�RI�WKH�WUDQV�PHPEUDQH�HOHFWURFKHPLFDO�JUDGLHQWV�DQG��WKHUHIRUH��

FDQ�H[SODLQ�WKH�FHOO�NLOOLQJ�DFWLYLWLHV�RI�WKHVH�SHSWLGHV��>�@�



Ϯ

$QWLIXQJDO� SURWHLQ PDNH� XS� D� SDUW� RI� WKH� LQQDWH� LPPXQLW\� RI� PRVW� RUJDQLVPV� DQG� DUH� RIWHQ�

LQYROYHG�LQ�WKH�LPPXQH�V\VWHP
V�ILUVW�OLQH�RI�GHIHQVH�ZKHQ�IDFHG�ZLWK�DQ�LQYDGHU� >�@� ,W�FDQ�EH�

IRXQG LQ�SURNDU\RWLF�DQG�HXNDU\RWLF�RUJDQLVPV�DQG� LQ�YHUWHEUDWHV�DQG� LQYHUWHEUDWHV� >�@ DQG�DUH�

FRPPRQO\�JURXSHG�DFFRUGLQJ�WR�WKHLU�VHFRQG�DQG�WKLUG�GHJUHH�VWUXFWXUHV�DQG�FRPSRVLWLRQV��

7KLV� UHIHUV� WR� WKH� VSDWLDO� DUUDQJHPHQW� WKH� SHSWLGH� DVVXPHV� DV� LW� DVVHPEOHV� LQ� WKH� FHOO��

&RPPRQ�JURXSLQJV�LQFOXGH�>������@ DPSKLSDWKLF�DOSKD�KHOLFHV�GHSULYHG�RI F\VWLQH�UHVLGXHV��EHWD�

SOHDWV� RU� DOSKD�EHWD� PL[HG� VKHHWV� ZLWK� LQWUDPROHFXODU� GLVXOILGH� ERQGV�� ULFK� LQ� UDUH� DQG�RU�

PRGLILHG� DPLQR� DFLGV�� RYHU�SUHVHQWDWLRQ� RI� FRPPRQ� DPLQR� DFLGV�� LQFOXGLQJ� SUROLQH�� KLVWLGLQH��

JO\FLQH��F\FOLF�DQG�RSHQ�F\FOLF�ZLWK�SDLUV�RI�F\VWLQH�UHVLGXHV�

)LJXUH ��� &DUWRRQ�FRQIRUPDWLRQ�RI�$)3�>�����@��WKH RULHQWDWLRQ�RI�WKH�ȕ�VWUDQGV�LV�V\PEROL]HG

E\�DUURZV �LPDJH�ZDV�GUDZQ�XVLQJ�&Q�'����VRIWZDUH���7KH�DPSKLSDWKLF�VWUXFWXUH�RI�$)3 �3'%�

DFFHVVLRQ� QXPEHU� 3������� ZLWK� LQSXW� VHTXHQFH�

$7<1*.&<..'1,&.<.$46*.7$,&.&<9..&35'*$.&()'6<.*.&<&� LV�

GHILQHG�E\�D�FDWLRQLF�GRPDLQ��.���.����.����DQG�D�K\GURSKRELF�GRPDLQ��<����9����<����9�����
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)XQJDO�FHOO�ZDOOV�DUH�G\QDPLF�VWUXFWXUHV�WKDW�DUH�YHU\�FRORQLDO DQG�DUH�REOLJDWHG IRU�PDLQWDLQLQJ�

WKH�VKDSH�DQG�WKH�LQWHJULW\�RI�WKH�FHOO��)DFWRUV�VXFK�DV�SRODUL]HG�JURZWK��HQYLURQPHQWDO�VWLPXOL��

DQG�VWUHVV�FDXVH�IXQJL�WR�KDSSHQLQJ WKH�FRPSRVLWLRQ�DQG�DUFKLWHFWXUH�RI�WKHLU�FHOO�ZDOOV�>��@��

7DEOH���� &RPPRQ�FHOO ZDOO�FRQVWLWXHQWV�IRXQG�LQ IXQJL��*RZ�	�*DGG�������

'LYLVLRQ )LEURXV *HO�OLNH�3RO\PHU

%DVLGLRP\FRWD
&KLWLQ

ȕ���������ȕ�������*OXFDQ

;\ORPDQQRSURWHLQV

Į�������*OXFDQ

$VFRP\FRWD
FKLWLQ

ȕ���������ȕ�������*OXFDQ

*DODFWRPDQQRSURWHLQV

Į�������*OXFDQ

=\JRP\FRWD
&KLWLQ

&KLWRVDQ

3RO\JOXFXURQLF�DFLG

*OXFXURQRPDQQRSURWHLQV

3RO\SKRVSKDWH

&K\WULGLRP\FRWD
&KLWLQ

*OXFDQ
*OXFDQ

7KH�FRQVWLWXHQWV�RI�FHOO�ZDOOV�DUH�V\QWKHVL]HG�LQ�WKH�F\WRSODVP��OLQNHG�LQ�WKH�ZDOOV�DW�WKH�K\SKDO�

WLS��DQG�SRO\PHUL]HG�DQG�FURVV�OLQNHG�LQ�WKH�ZDOO�PDWUL[��&KLWLQ�DQG�WKH�JOXFDQV�DUH�V\QWKHVL]HG�

DW� WKH�SODVPD�PHPEUDQH� E\� HQ]\PHV�HPEHGGHG� LQ� WKH�PHPEUDQH��1XFOHRWLGH�VXJDU�SUHFXUVRUV�

DUH�DFFHSWHG�IURP�WKH�F\WRSODVP��OLQNHG�DQG�SDVVHG�WR�WKH�ZDOO��

:DOO� JO\FRSURWHLQV� DUH V\QWKHVL]HG� LQ� WKH� HQGRSODVPLF� UHWLFXOXP�� FDUULHG� WKURXJK� WKH�

*ROJL� WR� WKH� SODVPD�PHPEUDQH��ZKHUH� YHVLFOHV� UHOHDVH� WKH� JO\FRSURWHLQ� WR� WKH�ZDOO�� (Q]\PHV�

FURVV�OLQNLQJ�ILEULOV�LQ�WKH�ZDOO�DUH�UHOHDVHG�WKURXJK�WKH�SODVPD�PHPEUDQH�



ϰ

&KLWLQ��D�SRO\PHU�FRQVLVWLQJ�RI�Į�����OLQNHG�1�DFHW\O�JOXFRVDPLQH �*OF�1$F��XQLWV��LV�RQH�RI�WKH�

PDLQ�VWUXFWXUDO�FRPSRQHQWV�LQ�IXQJDO�FHOO�ZDOOV��DQG�LQFUHDVHG�FKLWLQ�ELRV\QWKHVLV� LV�HVVHQWLDO� LQ�

WKH�FRPSHQVDWRU\�UHVSRQVH�WR�FHOO�ZDOO�VWUHVV�LQ�\HDVWV�DQG�ILODPHQWRXV�IXQJL�>��@��

)LJXUH ��� 6WUXFWXUH�RI�FKLWLQ��1�DFHW\O�JOXFRVDPLQH�

����7KH�HPHUJLQJ�ZRUOG�RI�IXQJDO�LQIHFWLRQ

7KH�SDVW� WZR�GHFDGHV�KDYH�VHHQ�DQ� LQFUHDVLQJ�QXPEHU�RI�YLUXOHQW� LQIHFWLRXV�GLVHDVHV� LQ�

QDWXUDO� SRSXODWLRQV� DQG� PDQDJHG� ODQGVFDSHV�� ,Q� ERWK� DQLPDOV� DQG� SODQWV�� DQ� XQSUHFHGHQWHG�

QXPEHU�RI�IXQJDO�DQG�IXQJDO�OLNH�GLVHDVHV�KDYH�UHFHQWO\�FDXVHG�VRPH�RI�WKH�PRVW�VHYHUH�GLH�RIIV�

DQG� H[WLQFWLRQV� HYHU�ZLWQHVVHG� LQ�ZLOG� VSHFLHV�� DQG� DUH� MHRSDUGL]LQJ� IRRG� VHFXULW\�� ,W� KDV� EHHQ�

GHEDWDEOH WKDW�QDVFHQW�IXQJDO�LQIHFWLRQV�ZLOO�FDXVH�LQFUHDVLQJ�DWWULWLRQ�RI�ELRGLYHUVLW\��ZLWK�ZLGHU�

LPSOLFDWLRQV� IRU� KXPDQ� DQG� HFRV\VWHP� KHDOWK�� XQOHVV� VWHSV� DUH� HPEH]]OHG WR� OLPLW ELRVHFXULW\�

ZRUOGZLGH�>������@�

$OWKRXJK� WKH� YDVW� PDMRULW\� RI� IXQJDO� VSHFLHV� DIIHFW� SODQWV� DQG� OLDEOH� IRU� RSHUDWLYH�

HIILFLHQW�ORVVHV >��@� ,Q�WKH�KLVWRULFDO�GXR�RI�GHFDGHV��IXQJDO�GLVHDVHV�RI�KXPDQV�KDYH�EHFRPH�DQ�

LQFUHDVLQJ� WKUHDW�� HVSHFLDOO\� IRU� SHRSOH� WUDQVIRUP� DQ� DFFHOHUDWLYH� GDQJHU�� HVSHFLDOO\� IRU� SHRSOH�

ZKR� DUH� LPPXQRORJLFDOO\� FRPSURPLVHG >��@� 3DWKRJHQHVLV� LQYROYHV� WKH� LQWHUDFWLRQ� RI� WZR�

SDUWQHUV�ZLWK�LQSXW�IURP�WKH�HQYLURQPHQW��D�FRQFHSW�GHVFULEHG�DV�WKH�³GLVHDVH�WULDQJOH´�LQ�SODQW�

SDWKRORJ\��
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7KH�³GDPDJH�UHVSRQVH´�FRQFHSW�GHYHORSHG�IRU�DQLPDO�SDWKRJHQV�HPSKDVL]HV�WKDW�WKH�RXWFRPH�RI�

DQ� LQWHUDFWLRQ� LV� GHWHUPLQHG� E\� WKH� DPRXQW� RI� GDPDJH� LQFXUUHG� RQ� WKH� KRVW� >���� ��@� )XQJDO�

GLVHDVHV� DUH� FRQVLGHUHG� ³OLIH� WKUHDWHQLQJ´� WR� KXPDQV�� $W� WKH� VDPH� WLPH�� KXPDQ� KHDOWK� KDV�

EHQHILWHG�LPPHQVHO\�IURP�IXQJDO�GHULYHG�DQWLELRWLFV��VXFK�DV�SHQLFLOOLQ�>�����@�

,QGHHG�� IXQJL�DUH� LQGLVSHQVLEOH�WR�OLIH�RQ�WKLV�SODQHW� WKURXJK�WKHLU�DELOLW\�WR�EUHDN�GRZQ�

FRPSOH[�RUJDQLF�PDWWHU�DQG�UHF\FOH�HVVHQWLDO�QXWULHQWV�EDFN� LQWR�WKH�HQYLURQPHQW� >��@��'HVSLWH�

WKH�H[WHQVLYH�LQIOXHQFH�RI�IXQJL�RQ�HFRQRPLF�ZHOO�EHLQJ��DV�ZHOO�DV�RQ KXPDQ��DQLPDO��SODQW��DQG�

HFRV\VWHP� KHDOWK�� WKH� WKUHDWV� SRVHG� E\� HPHUJLQJ� IXQJDO� SDWKRJHQV� DUH� RIWHQWLPHV� XQJUDWLI\LQJ�

DQG�SRRUO\�WDNHQ��

7KH� LQFLGHQFH� RI� IXQJDO� LQIHFWLRQV� KDV� DXJPHQWHG� UHFHQWO\� DQG� LV� DVVRFLDWHG� ZLWK� WKH�

JURZLQJ� SRSXODWLRQV� RI� YXOQHUDEOH�� LPPXQRFRPSURPLVHG� LQGLYLGXDOV� �H�J��� SHRSOH� OLYLQJ� ZLWK�

+,9�$,'6��UHFHQW�RUJDQ�WUDQVSODQW�UHFLSLHQWV��>��@� 7KHVH�RSSRUWXQLVWLF�IXQJDO�GLVHDVHV�LQFOXGH�

LQYDVLYH� DVSHUJLOORVLV� DQG� DVSHUJLOORPD� �$VSHUJLOOXV� VSS���� LQYDVLYH� IXVDULRVLV� �)XVDULXP� VSS����

3QHXPRF\VWLV�SQHXPRQLD��3QHXPRF\VWLV�MLURYHFLL���DQG�LQYDVLYH�FDQGLGLDVLV��&DQGLGD�VSS���>����

��@�

,Q� �����&KULVWLQH�0DULH� %HUNKRXW� QDPHG�ZKDW�ZH� QRZ� FDOO�&DQGLGD� DOELFDQV�� IRU� WKH�

ZKLWH� UREH�� 7RJD� FDQGLGD�� ZRUQ� E\� 5RPDQ� VHQDWRUV� DQG� VHQDWRULDO� FDQGLGDWHV� >��@� )XQJDO�

LQIHFWLRQV� LQ� JHQHUDO DQG� &DQGLGD LQIHFWLRQV� LQ� SDUWLFXODU�� DUH� LPSRUWDQW� PDUNHUV� RI� LQQDWH� RU�

DFTXLUHG�LPPXQH�G\VIXQFWLRQ�



ϲ

)LJXUH���� 3URSRUWLRQ�RI�HPHUJLQJ� LQIHFWLRXV�GLVHDVHV�FDXVHG�E\�GLIIHUHQW�WD[RQRPLF�JURXSV�RI�

SDWKRJHQV�>��@�

����,QYDVLYH�&DQGLGLDVLV �,QGLDQ�FRQWH[W�

7KH�PRVW�FRPPRQ�\HDVW� LQIHFWLRQ�LV�WKH�YDJLQDO�\HDVW� LQIHFWLRQ��PHGLFDOO\�SURYHUELDO DV�

YXOYRYDJLQDO� &DQGLGLDVLV� RU� YXOYRYDJLQLWLV�� ,W� LV� DQ� LQIODPPDWLRQ� WKDW� RFFXUV� LQ�ZRPHQ�ZKHQ�

WKHUH�LV�H[FHVVLYH�JURZWK�RI�WKLV�\HDVW�LQ�WKH�YDJLQD��$OPRVW����SHUFHQW�RI�ZRPHQ� UHFHLYH�IURP�

WKLV� WUDQVPLVVLRQ� DW� PXFK� TXDQWLW\� LQ� WKHLU� OLIH� H[SHULHQFH� &DQGLGD� LQIHFWLRQV� DUH� D� ULVLQJ�

JURXQGV�RI�UDWH�LQ�LPPXQRFRPSURPLVHG�DQG�FULWLFDOO\�LOO�SDWLHQWV��

3URORQJ� OLIH�ZLWK� LPPXQRVXSSUHVVLYH� WKHUDS\� IRU� D� YDULHW\� RI� GLVRUGHUV� DQG� DGPLQLVWHU�

EURDG� VSHFWUXP� DQWLELRWLFV� LQFUHDVHV� WKH� ULVN� RI� IXQJDO� LQIHFWLRQV�� $Q� LQFUHDVLQJ� LQFLGHQFH� RI�

LQYDVLYH�FDQGLGLDVLV�UHSRUWHG�IURP�,QGLD�>��@�
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0RVW�RI�WKH�JURXQGV�EDVHG�JXLGHOLQHV�IRU�GLUHFWLRQ�RI�V\VWHPLF�LQIHFWLRQV�DUH�EDVHG�RQ�SDUWLFLSDWH�

RI� SDWLHQWV� RI� SLHUFLQJ� OHXNHPLD� DQG� ZLWKGUDZ� ERQH� PDUURZ� FRQYH\DQFH� GXH� WR� WKH� KLJK�

LQFLGHQFH� RI� LQIHFWLRQV� LQ� WKLV� SRSXODWLRQ� 1RUPDO� DPRXQWV� RI� &DQGLGD� OLYH� LQ� WKH� PRXWK��

VWRPDFK�� DQG� YDJLQD�� DQG� GR� QRW� FDXVH� LQIHFWLRQV�� &DQGLGLDVLV� RFFXUV� ZKHQ� WKHUH� LV� DQ�

RYHUJURZWK�RI�&DQGLGD��2QO\�ZKHQ�WKLV�QXPEHU�PXOWLSO\�UDSLGO\�LW�UHVXOWV�LQ�DQ�LQIHFWLRQ�GXH�WR�

LWV�RYHUJURZWK�DQG�FDXVHV�LWFKLQJ��EXUQLQJ�VHQVDWLRQ��IHHOLQJ�RI�VRUHQHVV�DQG�SDLQ�>��@�

2UDO� &DQGLGLDVLV� LV� DQRWKHU� W\SH� RI� \HDVW� LQIHFWLRQ�� &RPPRQO\� FDOOHG� WKUXVK�� WKLV�

LQIHFWLRQ RFFXUV�DV�WKLFN�ZKLWH�DQG�ODF\�ORRNLQJ�SDWFKHV�RQ�WKH�WRQJXH�RU SDODWH��7KH\�ORRN�OLNH�

FXUGOHG PLON�ZKLFK�GRHV�QRW�ZLSH�RII��7KLV�FDQ�EH�SDLQIXO�DQG�FKLOGUHQ�VWRS�HDWLQJ�DQG�GULQNLQJ��

VR�D�SK\VLFLDQ�QHHGV�WR�EH�FRQVXOWHG� ,QIDQWV�FDQ�GHYHORS�\HDVW�LQIHFWLRQ�DV�GLDSHU�UDVKHV��,Q�YHU\�

UDUH� FDVHV� WKH� ROGHU� FDQ� DFTXLUH� DQ LQFLGHQW� LQ� WKHLU� GHQWXUHV� RU� IROGV� RI� UHJXODU� SHHO� XQGHU�

EUHDVWV� 9DJLQLWLV�PD\�EHFRPH�DIWHU�D�XULQDU\�WUDFW�LQIHFWLRQ��IRU�ZKLFK�D�GLUHFWLRQ�RI�DQWLELRWLFV�

LV�IRUPDO��ZKLFK�LQ�WUDQVPXWH�GHVWUR\V�WKH�UHVWULFWLYH�EDFWHULXP�

$V�D� UHVXOW��\HDVW� WKULYHV�PXOWLIROG�DQG�FDXVHV� LUULWDWLRQ� WR�WKH�ZDOOV�RI� WKH� YDJLQD��7KH�

&DQGLGD� LQIHFWLRQ DOVR� WDNHV� SODFH� ZKHQ� LPPXQH� VXSSUHVVLYH� GUXJV� DUH� WDNHQ� E\� D� SDWLHQW�

)XQJDO�LQIHFWLRQV�DUH�SURJUHVVLYHO\ EHLQJ�UHFRJQL]HG�DV�D�FDXVH�RI�WKH�XWPRVW PRUWDOLW\�QRWHG�LQ�

,&8V� DFURVV� WKH� ZRUOG�� 'DWD� IURP� ,QGLD� LV� PHDJHU� DV� ZH� KDYH� YHU\� IHZ� JRRG� GLDJQRVWLF�

P\FRORJ\� ODERUDWRULHV�� DQG� PDQ\� FOLQLFLDQV� DUH� VWLOO� QRW� DZDUH� RI� WKH� HPHUJLQJ� WUHQGV� LQ�

GLDJQRVLV� 	� 0DQDJHPHQW� RI� )XQJDO� 'LVHDVH�� ,QYDVLYH� FDQGLGLDVLV� LV� HPHUJHG� DV� WKH� PRVW�

FRPPRQ RSSRUWXQLVWLF� P\FRVLV�� ZKLOH� ,QYDVLYH� DVSHUJLOORVLV� PD\� EH� WKH� VHFRQG� FRQWHQGHU�

,QYDVLYH� ]\JRP\FRVLV� LV� DQ� LPSRUWDQW� FRQFHUQ� DV� WKH�ZRUOG¶V� KLJKHVW� QXPEHU� RI� FDVHV� RI� WKLV�

GLVHDVH�LV�UHSRUWHG�IURP�,QGLD�LQ�SDWLHQWV�ZLWK�XQFRQWUROOHG�GLDEHWHV�PHOOLWXV�>��@�
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(PHUJHQFH� RI� IXQJDO� UKLQRVLQXVLWLV�� SHQLFLOOLRVLV� PDUQHIIHL DQG� ]\JRP\FRVLV� GXH� WR�

$SRSK\VRP\FHV� HOHJDQV LV� XQLTXH� LQ� WKH� ,QGLDQ� VFHQDULR�� $PRQJ� +,9� LQIHFWHG� SDWLHQWV�

&DQGLGLDVLV�����������&U\SWRFRFFRVLV�����������3QHXPRF\VWLQRVLV���������$VSHUJLOORVLV��������

DQG�+LVWRSODVPRVLV�ZHUH�FRPPRQO\�GLDJQRVHG�>��@��

$ QRYHO� DJHQW� RI� IXQJHPLD��&DQGLGD� DXULV�� LV� UHSRUWHG� DV� KDYLQJ� EHHQ� VHQVHG LQ� ,QGLD�

>��@� 3UHOLPLQDU\�DQDO\VLV�RI�GDWD�FROOHFWHG�E\�3RVW�*UDGXDWH�,QVWLWXWH�RI�0HGLFDO�(GXFDWLRQ�DQG�

5HVHDUFK�&KDQGLJDUK� VKRZHG� VHYHQ�RXW�RI� HYHU\� ������SDWLHQWV� DGPLWWHG� LQ� ,&8V� DFURVV� ,QGLD�

DUH� DIIHFWHG� ZLWK� IXQJDO� LQIHFWLRQ� 7KH� GDWD� ZDV� FRPSRVHG IURP� ��� KRVSLWDO� ,&8V� DFURVV� WKH�

FRXQWU\�����JRYHUQPHQW�KRVSLWDOV�DQG����SULYDWH�KRVSLWDOV���$W�������SHU�������SDWLHQWV��*OREDO�

+RVSLWDOV�RI�+\GHUDEDG�UHFRUGHG�WKH�KLJKHVW� UDQN RI�LQIHFWLRQ��'HOKL¶V�6DIGDUMXQJ�+RVSLWDO�ZDV�

VHFRQG� ZRUVW� ZLWK� ������ SHRSOH� SHU� HYHU\� ����� DIIHFWHG� ZLWK� IXQJDO� LQIHFWLRQ� �3*,0(5�

:+2�������UHSRUW�� 1HDUO\����SHU�FHQW�RI�IDUPHUV�DQG�DJULFXOWXUDO�ZRUNHUV�JRLQJ�IHDW�VLJKWOHVV

FDQ�EH�DWWULEXWHG�WR�IXQJDO�LQIHFWLRQ��

7KLV� LV� EHFDXVH�ZKLOH�ZRUNLQJ� LQ� WKH� ILHOG�� WLSV� RI�ZRRG�RU� VWUDZ� HQWHU� WKHLU� H\HV� DQG�

FDXVH� LQIHFWLRQ� E\� WRXFKLQJ� WKH� FRUQHD� DQG� WKH� GDPDJH� LQ� VXFK� FDVHV� FDQQRW� EH� UHYHUVHG� DV�

SHRSOH� LQ� UXUDO� ,QGLD� XVXDOO\� YLVLW� D� KHDOWK� IDFLOLW\� YHU\� ODWH� DIWHU� WKH� RQVHW� RI� GLVHDVH� 'XH� WR�

WURSLFDO� FOLPDWH� 6RXWK�$VLDQ� FRXQWU\� KDV� D� KLJK� LQFLGHQFH� RI� IXQJDO� LQIHFWLRQV�� )RU� H[DPSOH��

LQIHFWLRQ�IURP�\HDVW��ZKLFK�LV�D�W\SH�RI�IXQJXV��LV�IRXQG�LQ�����RXW�RI�HYHU\�������SDWLHQWV�LQ�WKH�

86��WKH�LQFLGHQFH�LV�����DQG�����SHU�������SDWLHQWV�LQ�(XURSH�DQG�$XVWUDOLD�UHVSHFWLYHO\��,Q�,QGLD��

�����FDVHV�RXW�RI�HYHU\�������SDWLHQWV�DUH�IRXQG�WR�EH�DIIHFWHG�ZLWK�\HDVW� LQIHFWLRQ��$SDUW�IURP�

FOLPDWH��WKHUH�DUH�RWKHU�IDFWRUV�WRR��

,QGLD�KDV�DQ H[WHQVLYH�FRQILQH�RI�JURXSLQJ�IURP�HFRQRPLFDOO\�ZHDNHU�VHFWLRQV�DQG�PDOQXWULWLRQ�

PDNHV FKLOGUHQ�VWDWHVPDQ�LPPDWXUH�WR�WKH�LQIHFWLRQV��3UHYDOHQFH�RI�TXDFNV�ZLWK�OLWWOH�DZDUHQHVV�



ϵ

RI� IXQJDO� LQIHFWLRQV� LV� DQRWKHU� FDXVH� IRU� KLJKHU� LQFLGHQFH� RI� FDVHV�� $OWKRXJK� YDULRXV�

JRYHUQPHQWV UHFRJQL]HG� ERG\� �)XQJDO� ,QIHFWLRQ� 6WXG\� )RUXP�� LV� ZRUNLQJ� RQ� D� SURSRVDO� WR�

VSUHDG� DZDUHQHVV� SURJUDPPH� DERXW� WKH� LQIHFWLRQV�� LWV� HIIHFWV� DQG� NHHS� D� VWRFN� RI� DQWLIXQJDO�

GUXJV�DW�GLVWULFW�KHDOWK�FHQWHUV�DW�DQ\�LQVWDQW�WR�DYRLG�WKH�LQIHFWLRQ�

����$QWLIXQJDO�GUXJV�VSHFWUXP�DQG�WR[LFLW\

)XQJDO� LQIHFWLRQV� UDQJH� IURP� VXSHUILFLDO FRQGLWLRQV� RI� WKH� VNLQ� �H�J�� ULQJZRUP� DQG�

DWKOHWH¶V� IRRW� DQG� QDLOV� �RQ\FKRP\FRVHV�� WR� GLVVHPLQDWHG� OLIH� WKUHDWHQLQJ� GLVHDVHV�� 6HULRXV�

LQYDVLYH� IXQJDO LQIHFWLRQV�FDXVHG�E\�&DQGLGD�VSS���&U\SWRFRFFXV�QHRIRUPDQV��$VSHUJLOOXV VSS���

3QHXPRF\VWLV� FDULQLL DQG� +LVWRSODVPD� FDSVXODWXP�� UHSUHVHQW� DQ� LQFUHDVLQJ� WKUHDW� WR� KXPDQ�

KHDOWK��7KH�SUHYDOHQFH�RI�WKHVH�V\VWHPLF�IXQJDO�LQIHFWLRQV�KDV�LQFUHDVHG�VLJQLILFDQWO\�GXULQJ�WKH�

SDVW�GHFDGH�>������@�

0DMRU� IDFWRUV� UHVSRQVLEOH� IRU� WKLV� GUDPDWLF� ULVH� LQFOXGH� JUHDWHU� XVH� RI� EURDG�VSHFWUXP�

DQWLELRWLFV�� PDUNHG� LQFUHDVHV� LQ� WKH� QXPEHUV� RI� LPPXQH�FRPSURPLVHG� SHUVRQV� �$,'6�� FDQFHU�

DQG�WUDQVSODQW�SDWLHQWV���WKH�XVH�RI�FHQWUDO�YHQRXV�FDWKHWHUV��DQG�DQ�DJLQJ�SDWLHQW�SRSXODWLRQ�>��@�

8QWLO�WKH�����V��IXQJDO�LQIHFWLRQV�ZHUH�DGYLVHG�PRVWO\ WUHDWDEOH�DQG�WKH�FODLP IRU�QHZ�PHGLFLQHV�

WR� WUHDW� WKHP�ZDV� YHU\� VPDOO�� %HIRUH� WKLV� SHULRG�� DQWLIXQJDO� FKHPRWKHUDS\� LQFOXGHG� RQO\� WZR�

NLQGV� RI� FRPSRXQGV�� SRWDVVLXP� LRGLGH�� FRPSHWHQW LQ� WKH� WUHDWPHQW� RI� VSRURWULFKRVLV�� DQG� WZR�

XVHIXO� SRO\HQHV�� Q\VWDWLQ� DQG� DPSKRWHULFLQ� %�� ZKLFK� ZHUH� LQWURGXFHG� LQ� WKH� ����V�� 8QWLO WKH�

GHYHORSPHQW�RI� IOXF\WRVLQH� �������� WKHUH�ZDV� OLWWOH�SURJUHVV�XQWLO� WKH�GHYHORSPHQW�RI� WKH�D]ROH�

GUXJV�LQ�WKH�HDUO\�����V��7KXV��RQO\�D�OLPLWHG�QXPEHU�RI�DQWLIXQJDO�DJHQWV��SRO\HQHV�DQG�D]ROHV�

SOXV� WKH� UHFHQWO\� LQWURGXFHG� &DQFLGDV�� DUH� FXUUHQWO\ SXUFKDVDEOH IRU� WKH� WUHDWPHQW� RI� OLIH�

WKUHDWHQLQJ�IXQJDO�LQIHFWLRQV��



ϭϬ

7KHVH�DQWLIXQJDO�DJHQWV�SUHWHQGLQJ VRPH�OLPLWDWLRQV��VSHFLILHG�DV�WKH�HYLGHQWLDO�QHSKURWR[LFLW\�RI�

DPSKRWHULFLQ� % >��@ DQG� HPHUJLQJ UHVLVWLYLW\� WR� WKH� D]ROHV >��@�� 'HVSLWH VHYHUDO� UHFHQW�

LPSURYHPHQWV�� VXFK� DV� OLSLG� IRUPXODWLRQV� RI� SRO\HQHV� ZLWK� ORZHU� WR[LFLW\� DQG� QHZ� WULD]ROHV�

�YRULFRQD]ROH�� URYXFRQD]ROH� DQG� SDVDFRQD]ROH�� ZLWK� D� ZLGHU� VSHFWUXP� RI� DFWLRQ�� LQFOXGLQJ�

DFWLYLW\�DJDLQVW�VRPH�D]ROH�UHVLVWDQW�LVRODWHV�>��@�

7KH� H[HUFLVH� RI� QHZ� DQWLIXQJDO� DJHQWV�� SUHIHUDEO\� QDWXUDOO\� RFFXUULQJ� ZLWK� QRYHO�

PHFKDQLVPV�RI�DFWLRQ�� LV� WKHUHIRUH�� DQ�XUJHQW�PHGLFDO� HVVHQWLDO� 7KH�HUD�RI� V\VWHPLF�DQWLIXQJDO�

FKHPRWKHUDS\�HIIHFWLYHO\� EHJDQ�ZLWK� WKH� LQWURGXFWLRQ�RI�DPSKRWHULFLQ�%�GHR[\FKRODWH� LQ������

E\�6TXLEE�/DERUDWRULHV��DIWHU� FRPSOHWH DWWHPSWV�WR�GHYHORS�RUDOO\� ELRDYDLODEOH� IRUPXODWLRQV�RI�

PRUH� WKDQ� ���� SRO\HQH�PDFUROLGH� DQWLELRWLFV� SURGXFHG� E\� WKH� VRLO� DFWLQRP\FHWH� 6WUHSWRP\FHV�

>��@� $OWKRXJK�DPSKRWHULFLQ�%�ZDV� WR�EHFRPH� WKH�FULWHULRQ� LGHDO WUHDWPHQW� IRU� VHQVLEOH� IXQJDO�

LQIHFWLRQV� IRU� PRUH� WKDQ� ��� \HDUV�� LQIXVLRQ�UHODWHG� KDUPIXO HIIHFWV� DQG� GRVH�OLPLWLQJ�

QHSKURWR[LFLW\�SURPSWHG�WKH�FRQWLQXLQJ�KXQWLQJ IRU�HTXDOO\�HIIHFWLYH�EXW� OHVV� WR[LF�DOWHUQDWLYHV�

WKDW� FRXOG� EH� DGPLQLVWHUHG� ERWK� LQWUDYHQRXVO\� DQG�RUDOO\�� 7KLV� DJHQW� HPHUJHG� DV� WKH� GHVLUDEOH�

SRO\HQH�RYHU�WKH�PRUH�WR[LF�DJHQW�LQ�WKLV�FODVV��Q\VWDWLQ��

1\VWDWLQ� KDV� VLQFH� EHHQ� UHOHJDWHG� WR� WRSLFDO� DQG� ORFDOL]HG� WKHUDS\� EHFDXVH� RI� LWV�

XQIDYRUDEOH� DGYHUVH� HIIHFW� SURILOH� ,Q� ������ WKH� ILUVW� V\VWHPLF� D]ROH� DQWLIXQJDO� DJHQW��

NHWRFRQD]ROH��ZDV� LQWURGXFHG� >��@��$]ROH�DJHQWV�H[HUW� WKHLU�DQWLIXQJDO� DFWLYLW\� E\� EORFNLQJ� WKH�

GHPHWK\ODWLRQ�RI� ODQRVWHURO��WKHUHE\�LQKLELWLQJ�HUJRVWHURO�V\QWKHVLV��.HWRFRQD]ROH�ZDV�IROORZHG�

FKURQRORJLFDOO\�E\�IOXFRQD]ROH��LWUDFRQD]ROH��DQG�YRULFRQD]ROH�>��@�

)RXU�DQRWKHU�DQWLIXQJDO�DJHQWV�ZHUH�LQYHVWLJDWHG�DQG�GHYHORSHG��SRVDFRQD]ROH��ZKLFK�KDV�EHHQ�

VXEPLWWHG� IRU� 86� )RRG� DQG� 'UXJ� $GPLQLVWUDWLRQ�� UDYXFRQD]ROH�� %$/������ DQG� DOEDFRQD]ROH�

7KLV�JRDO�ZDV�QRW�UHDOL]HG�XQWLO�PRUH�WKDQ���GHFDGHV�ODWHU�ZLWK�WKH�LQWURGXFWLRQ�RI�IOXFRQD]ROH�LQ�



ϭϭ

������ 8QOLNH� DPSKRWHULFLQ� %� DQG� WKH� HDUOLHU� LPLGD]ROH� DQWLIXQJDO� DJHQWV� �PLFRQD]ROH��

NHWRFRQD]ROH��� IOXFRQD]ROH� SRVVHVVHG� H[FHOOHQW� RUDO� ELRDYDLODELOLW\�� IRUHVHHDEOH� FROOLQHDU

SKDUPDFRNLQHWLFV� ZLWK� FRPSUHKHQVLYH GLVWULEXWLRQ� LQWR� PDQ\� WLVVXHV�� LQFOXGLQJ� WKH� FHUHEUDO�

VSLQDO� IOXLG� DQG� YLWUHRXV� FKDPEHU� RI� WKH� H\H�� DQG� D�PXFK� ORZHU� ULVN� RI� GUXJ� LQWHUDFWLRQV� DQG�

WR[LFLW\�LQ�FULWLFDOO\�LOO�SDWLHQWV�FRPSDUHG�ZLWK�HDUOLHU�D]ROHV�>��@�

)OXFRQD]ROH�ZDV�DOVR�HIIHFWLYH�IRU�WKH�WUHDWPHQW�RI�RURSKDU\QJHDO�FDQGLGLDVLV� LQ�SDWLHQWV�

ZLWK� $,'6�� QRWZLWKVWDQGLQJ� UHVLVWDQFH� FRXOG� EH� SUREOHPDWLF� LQ� SDWLHQWV� UHFHLYLQJ� SURORQJHG�

WUHDWPHQW�ZKR�KDG�GHFOLQLQJ�&'���FHOO� FRXQWV� >��@� 7KH�SRO\HQH�DJHQWV�KROG� WKHLU�DQWLIXQJDO�

DFWLYLW\� YLD� ELQGLQJ� WR� HUJRVWHURO� LQ� WKH� IXQJDO� FHOO� PHPEUDQH �)LJXUH� ������ 7KLV� GLVUXSWV� FHOO�

SHUPHDELOLW\�DQG�UHVXOWV�LQ�UDSLG�FHOO�GHDWK�

)LJXUH���� 7DUJHWV�RI�V\VWHPLF�DQWLIXQJDO�DJHQWV >��@

+RZHYHU�� WKH� ODFN� RI� DFWLYLW\� DJDLQVW� RSSRUWXQLVWLF� PROGV� �LH�� $VSHUJLOOXV�� 0XFRUDOHV�� DQG

)XVDULXP�VSHFLHV��DQG� LQWULQVLF�UHVLVWDQFH�DPRQJ�VRPH�FDQGLGD�VSHFLHV��HJ��&DQGLGD�JODEUDWD��

&DQGLGD�FUXVHL��FUHDWHG�D�QHHG�IRU�EURDGHU�VSHFWUXP�DOWHUQDWLYHV��



ϭϮ

,WUDFRQD]ROH��������ZDV�D�SDUWLDO�VROXWLRQ�WR�WKH�OLPLWDWLRQV�RI�IOXFRQD]ROH�EHFDXVH�WKH�GUXJ�KDG�

LPSURYHG�DFWLYLW\�DJDLQVW�HQGHPLF�IXQJL�DQG�$VSHUJLOOXV�VSHFLHV�

%XW�WKH�RUDO�GRVLQJ� IRUPXODWLRQV�ZHUH�SODJXHG�E\�HUUDWLF�DEVRUSWLRQ� >��@ RU�XQIDYRUDEOH

JDVWURLQWHVWLQDO��*,��HIIHFWV�>��@ WKDW�TXDOLILHG LWV�SRZHUIXOQHVV LQ�FDQFHU�SDWLHQWV�ZLWK�PXFRVLWLV�

RU�QDXVHD�DQG�YRPLWLQJ�>��@�

7KH�HFKLQRFDQGLQV�UHSUHVHQW�WKH�QHZHVW�FODVV�RI�DQWLIXQJDOV��&DVSRIXQJLQ�ZDV�UHOHDVHG�LQ�

������7KLV�ZDV�IROORZHG�E\�PLFDIXQJLQ�LQ������DQG�DQLGXODIXQJLQ��7KH�PHFKDQLVP�RI�DFWLYLW\�RI�

WKH�HFKLQRFDQGLQV�LV�LQKLELWLRQ�RI�WKH�SURGXFWLRQ�RI�JOXFDQ��DQ�HVVHQWLDO�FRPSRQHQW�LQ�WKH�IXQJDO�

FHOO� ZDOO� >��@� 7KH� VSHFWUXP� RI� DFWLYLW\� LV� WKHUHIRUH� PRGHVW WR� SDWKRJHQV� WKDW� UHO\� RQ� WKHVH�

JOXFDQV SRO\PHUV� DQG� LV� OHVV� EURDG� WKDQ� WKH� VSHFWUXPV� RI� WKH� SRO\HQH� RU� D]ROH� DJHQWV�� 7KH�

HFKLQRFDQGLQV� H[KLELW� IXQJLFLGDO� H[SUHVVLRQ DJDLQVW� PDQ\�&DQGLGD� VSHFLHV�� PDNLQJ� WKLV� GUXJ�

FODVV�D� FRYHWHG DOWHUQDWLYH� WR�WKH�D]ROH�DJHQWV��ZKLFK�H[KLELW� H[FOXVLYHO\ VWDWLF�DFWLYLW\� DJDLQVW�

\HDVWV�>������@�

7KH� FRPPHQFHPHQW RI� WKH� EURDGHU�VSHFWUXP� WULD]ROHV� YRULFRQD]ROH� ������� DQG�

SRVDFRQD]ROH� ������� WUDQVIRUPHG� WKH� PDQDJHPHQW� RI� LQYDVLYH� PROG� LQIHFWLRQV� LQ� JUDYHO\

LPPXQRFRPSURPLVHG�SDWLHQWV��9RULFRQD]ROH�ZDV�VKRZQ�WR�EH�PRUH�HIIHFWLYH�WKDQ�FRQYHQWLRQDO�

DPSKRWHULFLQ�%�IRU�WKH�WUHDWPHQW�RI�LQYDVLYH�DVSHUJLOORVLV�>��@ DQG�LV�D�XVHIXO�DJHQW�IRU�IXVDULRVLV�

>��@ ZKHUHDV� SRVDFRQD]ROH� KDG� D� VSHFWUXP� RI� DFWLYLW\� WKDW� LQFOXGHG� QRW� RQO\� $VSHUJLOOXV� DQG�

)XVDULXP�VSHFLHV�EXW�DOVR�PDQ\�0XFRUDOHV >������@��

%RWK�DJHQWV�FRXOG�EH�DGPLQLVWHUHG�RUDOO\��SDYLQJ�WKH�ZD\�IRU�WKHLU�XVH�QRW�RQO\�IRU�WKH�WUHDWPHQW

RI� VXVSHFWHG� RU� GRFXPHQWHG� PLOGHZ LQIHFWLRQV� EXW� DOVR� DV� SURSK\OD[LV� LQ� VHYHUHO\�

LPPXQRFRPSURPLVHG� SDWLHQWV� >�����@�� 8QIRUWXQDWHO\�� WKH� EURDGHU� VSHFWUXP� RI� DFWLYLW\� ZLWK�

WULD]ROH� DQWLIXQJDO� DJHQWV� FRPHV� DW� WKH� GLVEXUVHPHQW RI� LQFUHDVHG� SKDUPDFRNLQHWLF� YDULDELOLW\�



ϭϯ

DQG� ULVN� RI� GRVH�UHVSRQVH LQWHUDFWLRQV�� 1HZHU� WULD]ROHV� FXUUHQWO\� XQGHU� LQYHVWLJDWLRQ� �LH��

LVDYXFRQD]ROH��DSSHDU�WR�KDYH�D�VSHFWUXP�RI�DFWLYLW\ VLPLODU� WR�YRULFRQD]ROH�DQG�SRVDFRQD]ROH��

ZLWK�LQIHULRU�SKDUPDFRNLQHWLF�YDULDQFHV DQG�GUXJ�LQWHUDFWLRQV�>��@�

(IIRUWV� XQGHU� ZD\� WR� UHIRUPXODWH� WKH� SRVDFRQD]ROH� VXVSHQVLRQ� LQWR� EHWWHU� RUDO� DQG�

LQWUDYHQRXV�GRVDJH�IRUPV�FRXOG�DGGUHVV�PDQ\�RI�WKH�GUXJ¶V�SKDUPDFRNLQHWLF�VKRUWFRPLQJV� 7KH�

ILQDO� PLOHVWRQH� RI� DQWLIXQJDO� GUXJ� GLVFRYHU\� LQ� WKH� ��WK� FHQWXU\� ZDV� WKH� LGHQWLILFDWLRQ� DQG�

GHYHORSPHQW�RI�HFKLQRFDQGLQV�DQWLIXQJDO�DJHQWV�

)LJXUH� ��� 6LWHV� RI� DFWLRQ� DQG� PHFKDQLVPV� RI� V\VWHPLF� DQWLIXQJDO� DJHQWV�� *OXFDQ� V\QWKDVH�

FRPSOH[�DUH�WKH�SXWDWLYH�WDUJHW�ELQGLQJ�VLWH�RI�HFKLQRFDQGLQV >��@

(FKLQRFDQGLQV� DUH� VHPLV\QWKHWLF� OLSRSHSWLGHV� WKDW� LQKLELW� V\QWKHVLV� RI� ȕ���� ��G�JOXFDQ� LQ�

VXVFHSWLEOH�IXQJL��OHDGLQJ�WR�GDPDJH�RI�WKH�IXQJDO�FHOO ZDOO��%HFDXVH�D�JOXFDQV�ULFK�FHOO�ZDOO�LV�D�

WDUJHW� QRW� IRXQG� LQ� PDPPDOLDQ� FHOOV�� WKHVH� DJHQWV� ZHUH� SUHGLFWHG� WR� EH� HIIHFWLYH� DQWLIXQJDO�

DJHQWV�ZLWK�YHU\� OLWWOH�FROODWHUDO� WR[LFLW\� LQ�PDPPDOLDQ�FHOOV�� D�SUHGLFWLRQ�WKDW�KDV�EHHQ�SURYHQ�

WUXH�LQ�FOLQLFDO�WULDOV�RI�SDWLHQWV�ZLWK�LQYDVLYH�&DQGLGLDVLV�>�����@ DQG�DVSHUJLOORVLV�>��@�



ϭϰ

1RQHWKHOHVV��HFKLQRFDQGLQV�VWLOO� ODFN�DFWLYLW\�DJDLQVW�VRPH�FRPPRQ�RSSRUWXQLVWLF�\HDVWV�

�&U\SWRFRFFXV� VSHFLHV�� DQG� OHVV� FRPPRQ�PROGV� �LH��)XVDULXP�� 6FHGRVSRULXP�� DQG�0XFRUDOHV��

WKDW�RIWHQ�PHOLRUDWH DV�EUHDNWKURXJK�LQIHFWLRQV�LQ�JUDYHO\ LPPXQRFRPSURPLVHG�SDWLHQWV�

7KHUHIRUH�� DOWKRXJK� VLJQLILFDQW SURJUHVV� KDV� EHHQ� DFKLHYHG� VLQFH� WKH� GDZQ�RI� V\VWHPLF�

DQWLIXQJDO� WKHUDS\� LQ� WKH� ����V�� WKH� FXUUHQW� DQWLIXQJDO� DUPDPHQWDULXP� LV� IDU� IURP�SHUIHFW��1R�

VLQJOH� DQWLIXQJDO� DJHQW� LV� DSSURSULDWH� IRU� DOO� SDWLHQWV� IRU� D� JLYHQ� P\FRVLV� EHFDXVH� RI� SDWLHQW�

VSHFLILF�FR�PRUELG�FRQGLWLRQV��K\SHUVHQVLWLYLWLHV��ULVN�RI�GUXJ�LQWHUDFWLRQV�� LPPXQH�VXSSUHVVLRQ��

VLWH�RI�LQIHFWLRQ��DQG�ULVN�RI�LQIHFWLRQ�ZLWK�PRUH�LQWULQVLFDOO\�DQWLIXQJDO�UHVLVWDQW�SDWKRJHQV��7KLV�

DUWLFOH� UHYLHZV� NH\� DVSHFWV� RI� WKH� FOLQLFDO� SKDUPDFRORJ\� RI� ROGHU� YV� QHZHU� DQWLIXQJDO� DJHQWV��

ZLWK�D�SDUWLFXODU�HPSKDVLV�RQ�SKDUPDFRNLQHWLF�LVVXHV�WKDW�DULVH�ZLWK�QHZHU�DJHQWV�DQG�HPHUJLQJ�

GDWD�RQ�WR[LFLW\�ZLWK�ORQJHU�WHUP�WKHUDS\�

$Q�DGGLWLRQDO�FRQFHUQ� UHODWHG� WR�WKH� LQFUHDVLQJ� QXPEHU�RI� DQWLIXQJDO�GUXJV� LV� WKH� UDSLG�

LQFUHDVH�LQ�H[SHQGLWXUHV�DVVRFLDWHG�ZLWK�WKHLU�XVH��0DQ\�LQVWLWXWLRQV�WKURXJKRXW�WKH�8QLWHG�6WDWHV�

DUH� VWUXJJOLQJ�ZLWK� WKH� LQFUHDVHG� ILQDQFLDO� EXUGHQ� UHODWHG� WR� WKH�SUHVFULELQJ�RI� WKHVH�DQWLIXQJDO�

GUXJV�>��@�

7KH�QHZHU��H[SDQGHG�VSHFWUXP�RI�DQWLIXQJDO�DJHQWV KDYH�EHHQ�VKRZQ�WR�KDYH�ERWK�VWDWLF�

DQG�FLGDO�DFWLYLW\�DJDLQVW�D�ZLGH�VSHFWUXP�RI�\HDVWV��>������@� PRXOGV�DQG�RWKHU�GLPRUSKV�DV�ZHOO�

DV�HQKDQFHG�DFWLYLW\�DJDLQVW�&DQGLGD�VSHFLHV�

����%HQHILWV�RI�DQWLIXQJDO�SURWHLQV

������*HQHWLF�LPSURYHPHQW�RI�FURS�ZLWK LQFUHDVHG�UHVLVWDQFH

0RUH� ZRUN� KDV� EHHQ� UHOLQTXLVKHG� WR� DQ� DFW� VXSSRUWHG� RQ� JHQHUDWLRQ� RI� WUDQVJHQLF� SODQWV�

H[SUHVVLQJ�DQWLIXQJDO�SURWHLQV�WR�DFKLHYH�VLJQLILFDQW�UHGXFWLRQ�RI�GLVHDVH�V\PSWRPV��IRU�H[DPSOH



ϭϱ

>��� ��@� ([SUHVVLRQ� RI� RVPRWLQ� JHQHV� LQ� WUDQVJHQLF� SRWDWR� KDV� UHVXOWHG� LQ� PXOWLSOH� UHVLVWDQFHV�

VXFK�DV�WR�3K\WRSKWKRUD�LQIHVWDQVH��D�IXQJXV�WKDW�LV�NQRZQ�DV�WKH�ODWH�EOLJKW�SDWKRJHQ�RQ�SRWDWR�

>��@� $OPRVW� DOO� 35� IDPLOLHV� KDYH� EHHQ� H[SUHVVHG� LQ� WUDQVJHQLF� SODQWV� DQG� WKHVH� SODQWV� KDYH�

EHFRPH�PRUH�UHVLVWDQW�WR�GLVHDVHV�>��@��

&KLWLQDVHV�DQG�ȕ������ JOXFDQDVHV�DUH�WKH�PRVW�FDWLYDWLQJ DQWLIXQJDO�SURWHLQV�GXH�WR�WKHLU�

VWURQJ� LQ� YLWUR�DFWLYLW\��7UDQVJHQLF� SODQWV�RYHU� H[SUHVVLQJ� FKLWLQDVHV� RU� ȕ���� �� JOXFDQDVHV� KDG�

EHHQ�GHPRQVWUDWHG�ZLWK�HQKDQFHG�UHVLVWDQFH�WR�IXQJDO�SDWKRJHQV�DQG�D�V\QHUJLVWLF�EHQHILW�ZHUH�

REVHUYHG� ZKHQ� ERWK� WUDQVJHQHV� ZHUH� SUHVHQW >��@� 'XH� WR� WKH� SRWHQWLDO� RI� EURDG�VSHFWUXP�

UHVLVWDQFH�IURP�XVH�RI�EDUOH\�FKLWLQDVH�ZLWK�DQWLIXQJDO�DFWLYLW\��WKH�FKLWLQDVH�JHQH�FRXOG�EH�XVHG�

WR�HQKDQFH�IXQJDO�UHVLVWDQFH�LQ�FURS�SODQWV�VXFK�DV�WREDFFR��ULFH��FORYHU�DQG�WHD�>��@�

������1RYHO DJULFKHPLFDO

$SSOLFDWLRQ� RI� FURS� SURWHFWLRQ� FKHPLFDOV� RU� DJULFKHPLFDOV� LQFOXGLQJ� WKRVH� ZLWK� DQWLIXQJDO�

SURSHUWLHV� LV� D� LQIHULRU DJULFXOWXUDO� HIIHFWXDWLRQ�� 7KLV� LV�� KRZHYHU�� DOVR� UHFRJQL]HG� DV�

XQVXVWDLQDEOH� DQG� FRXOG� KDYH�PDQ\� XQIDYRUDEOH HQYLURQPHQWDO� LPSDFWV� >��@� 1RYHO� DQWLIXQJDO�

DJHQWV� WKDW� DUH� VDIHU� DQG� VRORQ� DUH HQYLURQPHQWDOO\� IULHQGO\� DUH� GHVLUDEOH� FRQWURO� PHDVXUHV�

>�����@� $SSOLFDWLRQ�RI�DQ�DQWLIXQJDO�SURWHLQ�IURP�$VSHUJLOOXV�JLJDQWHXV RQ�ULFH�OHDYHV�KDV�EHHQ�

VXFFHVVIXO�WR�FRQWURO LQIHFWLRQ�E\�0DJQDSRUWKH�JULVHD >��@�

3UH�LQFXEDWLRQ� RI� WRPDWR� URRWV� ZLWK� DQ� DQWLIXQJDO� SURWHLQ� IURP� $�� JLJDQWHXV SURWHFWHG�

WRPDWR� SODQWV� IURP� LQIHFWLRQ� E\�)XVDULXP� R[\VSRUXP >��@� $� SURWHDVH� LQKLELWRU� LVRODWHG� IURP�

SRWDWR�VSURXW�UHGXFHG�IXQJDO�OHVLRQ�RQ�WREDFFR�OHDYHV�FDXVHG�E\�%RWU\WLV�FLQHUHD >������@� 7KHVH�

IHZ�VWXGLHV�XVLQJ�DQWLIXQJDO�SURWHLQV�IURP�PLFURELDO�DQG�SODQW�VXJJHVW�WKH�HIILFDF\�RI�H[RJHQRXV�

DSSOLFDWLRQ�RI�$)3V�IRU�FXUE RI�IXQJDO�LQIHFWLRQV�LQ�SODQWV�



ϭϲ

������)RRG�ELR�SUHVHUYDWLYHV

&RQWDPLQDWLRQ� RI� EUHDG� DQG� GLIIHUHQW� EDNHG� SURGXFWV� ZLWK� IXQJL� NLQJGRP� LQFOXGLQJ� YDULHG�

3HQLFLOOLXP� VSHFLHV� LV� RIWHQWLPHV� DQ� XQGHVLUDEOH� UHJXODWLQJ� WR� WKH� VKHOI�OLIH� RI� WKHVH� JRRGV��

$GGLWLRQ�RI�FKHPLFDO�SUHVHUYDWLYHV�WR�EDNHG�JRRGV�LV�D�FRPPRQ�UHOHYDQW�VROXWLRQ�WR�WKLV�SUREOHP�

>��@� +RZHYHU�� WKHUH� LV� DQ� LQFUHDVLQJ� GHPDQG� IRU� SUHVHUYDWLYHV� IURP� QDWXUDO� VRXUFHV��

$PDUDQWKXV�VHHG�KDV�EHHQ� LQYHVWLJDWHG�DV�LQJUHGLHQWV�IRU�EDNHG�JRRGV�LQFOXGLQJ�XVH�LQ�PDNLQJ�

JOXWHQ�IUHH�EUHDG�>��@�

0RUHRYHU��D�UHFHQW�VWXG\�KDV�VKRZQ�WKDW�ZDWHU�VROXEOH�H[WUDFWV�IURP�DPDUDQWKXV�VHHG�KDV�

SRWHQW� DQWLIXQJDO� DFWLYLW\� DJDLQVW� 3HQLFLOOLXP� URTXHIRUWL�� D� IXQJXV� LVRODWHG� IURP� FRQWDPLQDWHG�

EUHDG� >��@� 7KLV� IXQJXV� LV�D�PDMRU� IRRG�VSRLODJH� IXQJXV�DQG� LV� VRPHZKDW� UHVLVWDQW� WR�FKHPLFDO�

DQWLIXQJDO�SUHVHUYDWLYHV��)RU�PRUH�HIIHFWLYH�FRQWURO�� D�KLJKHU�GRVDJH�RI�FKHPLFDO�SUHVHUYDWLYHV�

PLJKW� KDYH� WR� EH� XVHG�ZLWK� LPSOLFDWLRQV� IRU� KXPDQ� KHDOWK��:KHQ� H[WUDFWV�RI� DPDUDQWKXV� VHHG

ZHUH� LQFRUSRUDWHG� LQWR� EUHDG� PDNLQJ� PL[WXUH� DQG� WKH� EDNHG� EUHDG� VWRUHG� XQGHU� ³W\SLFDO�

FRQGLWLRQV´� �LQVLGH�D�SRO\HWK\OHQH�EDJ�DW����&��� IXQJDO�FRQWDPLQDWLRQ�RI� WKH�EUHDG�ZLWKRXW� WKH�

DGGHG�H[WUDFWV� VKRZHG�XS�DIWHU���GD\V�EXW� WKDW�RI� WKH�EUHDG�ZLWK� WKH�DGGHG�H[WUDFW�ZDV�JUHDWO\�

UHGXFHG�RU�GHOD\HG�XQWLO�WKH�HQG�RI���ZHHNV�RI�VWRUDJH�>��@��

7KH�LQFOXVLRQ�RI�ZDWHU�VROXEOH�H[WUDFWV�RI�DPDUDQWKXV�VHHG�GLG�QRW�VHHP�WR�DOWHU�FRORU�RU�

DIIHFW� VHQVRU\� SURSHUW\� RI� WKH� EUHDG EXW� KDG� DGGHG� VRPH� GHVLUDEOH� QXWULWLRQDO� DQG� EDNLQJ�

TXDOLWLHV� WR� WKH� EUHDG�� 7KXV�� WKHUH� ZHUH� VRPH� QRYHOV $)3V� DV� ZHOO� DV� RWKHU� GHVLUDEOH� VHHG�

SURWHLQV�SUHVHQW�LQ�DPDUDQWKXV�VHHG�H[WUDFWV��,Q�DQRWKHU�VWXG\��RDW�VHHG�H[WUDFWV�ZHUH�IRXQG�WR�EH�

HIIHFWLYH�LQ�SUHYHQWLQJ�WKH�IRUPDWLRQ�RI�3HQLFLOOLXP�URTXHIRUWL�FRORQLHV�RQ�U\H�EUHDG�>��@�



ϭϳ

����7KHVLV�DLP�DQG�REMHFWLYH

'HYHORSLQJ� UHOLDEOH� DQG� FRVW�VDYLQJ�PHWKRGV��ZKLFK� DOORZ�SUHFOLQLFDO� VHOHFWLRQ� RI� QHZ�

DQWLIXQJDO�SURWHLQ�GUXJ�FDQGLGDWHV�ZLWK�RULJLQDO�PHFKDQLVP�� LV� UHTXLUHG� WR� LPSURYH�FDQGLGLDVLV�

WKHUDS\��&RPELQDWRULDO�DSSURDFKHV� LQFOXGLQJ�JURZWK�NLQHWLFV�DQG�FHOO�PRUSKRORJ\�RI� WKH� IXQJL�

VHHP� SURPLVLQJ� LQ� RUGHU� WR� DFTXLUH� D� JOREDO� LQVLJKW� LQWR� WKH� ELRORJLFDO� SURFHVVHV� PHGLDWHG� LQ�

VXEPHUJHG�IHUPHQWDWLRQ��

,Q�WKLV�WKHVLV��VHYHUDO�QHZ�DVSHFWV�RI�WKH�VWDWLVWLFDO�PHWKRGV�ZHUH�LQYHVWLJDWHG�WR�HVWDEOLVK�

D� QHZ�PRGLILHG� FXOWXUH�PHGLD� IRU� HQKDQFHG� DQWLIXQJDO� SURWHLQ� SURGXFWLRQ�� )LUVW��ZH� H[DPLQHG�

2)$7� YDULDWLRQV� LQGXFHG� E\� SUHOLPLQDU\� VFUHHQLQJ� RI� PRVW� LQIOXHQWLDO� IDFWRUV� �FXOWXUH� S+��

WHPSHUDWXUH��VODQW�DJH��LQRFXOXP�YROXPH��DJLWDWLRQ�DQG�&�1��.��&D����0J���1D��UDWLR���FRXOG�EH�

UHODWHG� WR� WKH� VXEPHUJHG� IHUPHQWDWLRQ� RI� $VSHUJLOOXV� JLJDQWHXV 07&&� ������ 6HFRQG�� ZH�

FRPSDUHG� WKHVH� IDFWRUV� DPRQJ� EDVDO� PHGLD� XVLQJ� YDULRXV� 7DJXFKL� VWDWLVWLFDO� '2(� RUWKRJRQDO�

DUUD\�� 7KLUG�� ZH� DWWHPSWHG� WR� LVRODWH� DQG� SXULI\� DQWLIXQJDO� SURWHLQ� EDVHG� RQ� SXUH� DPPRQLXP�

VXOSKDWH�IUDFWLRQDWLRQ�IROORZHG�E\�LRQ�H[FKDQJH�DQG�JHO�FKURPDWRJUDSK\��)RXUWK��ZH�DWWHPSWHG�

WR�LQWHUSUHW�LQ�YLWUR DVVD\�DQG�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��GHWHUPLQDWLRQ��

:H� DOVR� LQYHVWLJDWHG� LQ� YLWUR� DQWLELRILOP� DFWLYLW\� XVLQJ� YDULRXV�PLFURVFRSLF� WHFKQLTXHV�

YL]��� FRQIRFDO� PLFURVFRS\�� VFDQQLQJ� HOHFWURQ�PLFURVFRS\� �6(0�� DQG� DWRPLF� IRUFH�PLFURVFRS\�

�$)0��� LQ� RUGHU� WR� HYDOXDWH� XOWUDVWUXFWXUDO� FKDQJHV� WR� LQWHUSUHW� ZKHWKHU� WKH� XOWUDVWUXFWXUDO�

YDULDWLRQV�GXH�WR�WKH�WUHDWPHQW�FRXOG�UHIOHFW�WKH�PRGLILFDWLRQ�LQ�WKH�FHOO�LQGXFHG�E\�WKH�DQWLIXQJDO�

SURWHLQ�

:H�DWWHPSWHG�WR�REWDLQ�PRUH�SUHFLVH�LQIRUPDWLRQ�DERXW�PROHFXODU�FKDUDFWHUL]DWLRQ�XVLQJ�

6'6�3$*(��(6,�06��$75�)7,5�DQG�0$/',�72)��



ϭϴ

)7,5�VSHFWURVFRS\�SURYLGHV�D�JOREDO�ILQJHUSULQW�RI�WKH�DQWLIXQJDO�SURWHLQ�EXW�LW�UHPDLQV�JHQHUDOO\�

GLIILFXOW�WR�DVVHVV�WKH�PROHFXODU�RULJLQ�RI�WKH�VSHFWUDO�VLJQDWXUHV��)7,5�VSHFWUXP�FRXOG�DOORZ�WKH�

UHFRJQLWLRQ� RI� WKH� YDULRXV� VHFRQGDU\� VWUXFWXUHV� �Į�KHOL[� RU� ȕ�SOHDWHG� VKHDWKV�� LQ� D� PL[WXUH��

0$/',�06�VWXG\�ZRXOG�DOORZ�WKH�0DVFRW�DOJRULWKP�IRU�SURWHLQ�LGHQWLILFDWLRQ�E\�SHSWLGH�PDVV�

ILQJHUSULQWLQJ��7KH�FRPSDULVRQ�RI�VHTXHQFH�RI�SHSWLGHV�PDWFKHG�ZLWK�SRWHQWLDO�SHSWLGH�FDQGLGDWH�

LQ�DQWLIXQJDO�SURWHLQ�ZRXOG�HYLGHQFH�VHTXHQFH�FRYHUDJH�WKDW� UHYHDOHG�D�SDUWLDO� VHTXHQFH�RI� WKH�

H[DPLQHG�SURWHLQ�

:H� LQYHVWLJDWHG� LQ�VLOLFR VWXG\�RI�DQWLIXQJDO�SURWHLQ� WR� LGHQWLI\� F\VWHLQHV� ERQGLQJ�VWDWH

YDULDWLRQV� ZLWK WKH� SRVVLELOLW\� RI� GLVXOILGH� EULGJHV�� K\GURSDWK\� YDOXH� RI� SURWHLQ�� DPLQR� DFLG�

FRPSRVLWLRQ��

)LQDOO\�� VHYHUDO� PDWKHPDWLFDO� PRGHOV� KDYH� EHHQ� LQYHVWLJDWHG� WR� HOXFLGDWH� WKH�

LQWHUGHSHQGHQFH� RI� PRUSKRORJLFDO� SURSHUWLHV� DWWULEXWHG� WR� ILODPHQWRXV� JURZWK� LQ� IHUPHQWHG�

EURWKV� DQG� NLQHWLFV� SKHQRPHQD� UHODWHG� WR� EHWWHU� ELRSURFHVV� VWUDWHJ\� WR� RSWLPL]H� WKH� RSHUDWLQJ�

FRQGLWLRQV�IRU�SURFHVV�LPSURYHPHQW�

7KH� PDLQ� REMHFWLYHV� RI� RXU� ZRUN� LV� WR� SUHVHQW� WKH� LPSOHPHQWDWLRQ RI� EHWWHU� GHVLJQ� RI�

H[SHULPHQW��'2(��WR�GHYHORS�DQWLIXQJDO�SURWHLQ�ZLWK�HQKDQFHG�DFWLYLW\�DQG�WR�HYDOXDWH�SURWHLQV�

LQ�YLWUR�IRU�SRWHQWLDO�0,&V��7KXV��RXU�ZRUN�KDV�EHHQ�GLYLGHG�LQWR�ILYH�FRPSRQHQWV�

*URZWK�DQG��3URGXFWLRQ�PHGLD�GHVLJQ

,VRODWLRQ�DQG�SXULILFDWLRQ�RI�DQWLIXQJDO�SURWHLQ�

,Q�YLWUR�$SSOLFDWLRQ�DQG��0,&V�GHWHUPLQDWLRQ

0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�DQWLIXQJDO�SURWHLQ

*URZWK�0RGHOLQJ�DQG�NLQHWLF�VWXG\�


