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���7KH�+XPDQ�6WUHVV�6\VWHP�

7KH�KXPDQ�VWUHVV�UHVSRQVH�LV�GHILQHG�DV�D�V\VWHPLF�HIIRUW�WR�PDLQWDLQ�KRPHRVWDWLF�EDODQFH�XQGHU�

UHDO��SHUFHLYHG��RU�DQWLFLSDWHG�WKUHDW��0F(ZHQ���������'HSHQGHQW�RQ�WKH�W\SH�RI�VWUHVVRU��H�J��

SV\FKRJHQLF��SK\VLFDO�� FKHPLFDO�� WKLV� UHVSRQVH�FDQ�HLWKHU�EH�EHKDYLRUDO�RU� WDNH� WKH� IRUP�RI�

DGMXVWPHQWV�WR�WKH�LQWHUQDO�PLOLHX��D�G\QDPLF�SURFHVV�VXPPDUL]HG�XQGHU�WKH�FRQFHSW�RI�DOORVWD�

VLV��6WHUOLQJ�	�(\HU���������7KH�UHVXOW�LV�WKH�ERG\¶V�DGDSWDWLRQ�WR�FKDQJLQJ�HQHUJHWLF�GHPDQGV�

WKURXJK�ORQJ��DQG�VKRUW�WHUP�UHJXODWRU\�QHWZRUNV��

$�G\VUHJXODWLRQ�LQ�WKH�VWUHVV�V\VWHP�WKURXJK�SURORQJHG�RU�RYHU�LQWHQVLYH�DFWLYDWLRQ�KDV�EHHQ�

OLQNHG� WR� D�PXOWLWXGH�RI�PHQWDO� DQG�SK\VLFDO� FRQGLWLRQV��6WUHVVIXO� OLIH� HYHQWV�XQGHUOLH�SRVW�

WUDXPDWLF�VWUHVV�GLVRUGHUV��SURPRWH�GUXJ�VHHNLQJ�EHKDYLRU��6KDKDP�	�6WHZDUW��������6KDUS��

�������RQVHW�RI�PDMRU�GHSUHVVLYH�HSLVRGHV��.HQGOHU��.DUNRZVNL��	�3UHVFRWW���������DQG�LQFUHDVH�

ULVN�RI�SV\FKRVLV��'D\�HW�DO���������9DUHVH�HW�DO����������7KHUH�LV�HYLGHQFH�VXJJHVWLQJ�VWUHVV�

LQFUHDVHV� VXVFHSWLELOLW\� WR� YLUDO� LQIHFWLRQV� RI� WKH� XSSHU� UHVSLUDWRU\� WUDFW� �&RKHQ�� 7\UUHOO��	�

6PLWK�� ������0XUSK\� HW� DO��� ������ DQG� IDFLOLWDWHV� SURJUHVVLRQ� RI� LQIODPPDWLRQ� �&ROH� HW� DO���

�������DWKHURVFOHURVLV�DQG�FRURQDU\�KHDUW�GLVHDVH��6WHSWRH�	�.LYLPlNL���������)XUWKHU��VHYHUH�

PHQWDO�VWUHVV�FDQ�DFXWHO\�ZRUVHQ�P\RFDUGLDO�LVFKHPLD��*ROGEHUJ�HW�DO���������*RWWGLHQHU�HW�DO���

������DQG�LQGXFH�FDUGLRP\RSDWKLHV�LQ�RWKHUZLVH�KHDOWK\�LQGLYLGXDOV�WKDW�DUH�FOLQLFDOO\�LQGLV�

WLQJXLVKDEOH� IURP� FDUGLDF� LQIDUFWLRQ� �3UDVDG�� /HUPDQ�� 	� 5LKDO�� ������ 6LQQLQJ� HW� DO�� ������

7DPSOLQ�HW�DO���������7KH�VHYHULW\�RI�WKHVH�FRQVHTXHQFHV�PDNHV�VWUHVV�QRW�RQO\�D�WDUJHW�RI�KR�

OLVWLF�WUHDWPHQWV��EXW�DOVR�RI�HPHUJHQF\�PHGLFLQH��$�QHZ�LPSRUWDQFH�LV�SODFHG�RQ�XQGHUVWDQGLQJ�

WKH�XQGHUO\LQJ�PHFKDQLVPV�RI�WKH�VWUHVV�UHVSRQVH��SDUWLFXODUO\�LQ�WKH�FRQWH[W�RI�FDUGLDF�UHJXOD�

WLRQ��

7KH�IDU�UHDFKLQJ�HIIHFWV�RI�VWUHVV�V\VWHP��G\V��IXQFWLRQ�DOUHDG\�VXJJHVW�LWV�LQWHJUDWLRQ�LQWR�VHY�

HUDO�SK\VLRORJLFDO�V\VWHPV��,W�LV�FRPSULVHG�RI�D�FHQWUDO�QHUYRXV�UHJXODWRU\�FRPSRQHQW�DQG�LWV�

DXWRQRPLF�DQG�QHXURHQGRFULQH�HIIHFWRU�EUDQFKHV��&KURXVRV�	�*ROG���������7KH�WZR�HIIHFWRU�

EUDQFKHV�GLVWULEXWH�VWUHVV�VLJQDOV�WR�WDUJHW�WLVVXHV�DQG�HOLFLW�FKDQJH�LQ�HQHUJ\�GLVWULEXWLRQ�DQG�

PHWDEROLF�DFWLYLW\�HLWKHU�WKURXJK�GLUHFW�LQQHUYDWLRQ��H�J��RI�WKH�KHDUW��RU�WKURXJK�PHGLDWRUV�VXFK�



��

DV�FRUWLVRO��FDWHFKRODPLQHV��DQG�F\WRNLQHV��7KHVH�HQG�SURGXFWV�DOVR�SURYLGH�IHHGEDFN� WR� WKH�

FHQWUDO� QHUYRXV� V\VWHP� �&16���ZKLFK� DVVHVVHV� DSSURSULDWH� GXUDWLRQ� DQG� LQWHQVLW\� RI� WKH� UH�

VSRQVH��

���� 7KH�$XWRQRPLF�6WUHVV�5HVSRQVH�

7KH�DXWRQRPLF�VWUHVV�V\VWHP�FRQVWLWXWHV� WKH�ERG\¶V� LPPHGLDWH�UHVSRQVH� WR�VWUHVV�� ,W� LV�FRP�

SULVHG�RI�V\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�ILEHUV�DQG�WKH�DGUHQDO�PHGXOOD��ZKRVH�VWLPXODWLRQ�

WULJJHUV�V\QWKHVLV�DQG�UHOHDVH�RI�FDWHFKRODPLQHV�HSLQHSKULQH�DQG�QRUHSLQHSKULQH�LQWR�WKH�EORRG�

VWUHDP��8OULFK�/DL�	�+HUPDQ���������:KLOH�WKH�V\PSDWKHWLF�EUDQFK�LV�XQGHUVWRRG�WR�EH�LQLWLDWRU�

RI�WKH�VWUHVV�UHVSRQVH��WKH�SDUDV\PSDWKHWLF�EUDQFK�LV�VHHQ�DV�D�UHJXODWRU�RI�DXWRQRPLF�DFWLYLW\���

7KH�V\PSDWKHWLF�GLYLVLRQ�RI� WKH�DXWRQRPLF�VWUHVV�V\VWHP�UHFHLYHV� LWV� LQSXW�IURP�FKROLQHUJLF�

QHXURQV�LQ�WKH�LQWHUPHGLRODWHUDO�FHOO�FROXPQ�DQG�WKH�FHQWUDO�DXWRQRPLF�DUHD�RI�WKH�VSLQDO�FRUG��

7KHVH�SURMHFW�WKURXJK�VSLQDO�VHJPHQWV�7���WKRUDFLF��WR�/���OXPEDU��DQG�UHOD\�LQ�WKH�WKUHH�PH�

GLDOO\�ORFDWHG�SUHYHUWHEUDO�JDQJOLD�DQG�WKH�ELODWHUDOO\�RUJDQL]HG�V\PSDWKHWLF�WUXQN��)URP�WKHUH��

HIIHUHQW�ILEHUV�LQQHUYDWH�WDUJHW�WLVVXH��LQFOXGLQJ�WKH�DGUHQDO�PHGXOOD��WKH�KHDUW��EORRG�YHVVHOV��

EURQFKLDO�DLUZD\V��SLORHUHFWRU�PXVFOHV��DQG�VDOLYDU\�DQG�VZHDW�JODQGV��DV�ZHOO�DV�WKH�RUJDQV�RI�

WKH�JDVWURLQWHVWLQDO�WUDFW��3XUYHV���������3DUDV\PSDWKHWLF�JDQJOLD�DUH�ORFDWHG�FORVH�WR�RU�ZLWKLQ�

WKHLU�HIIHFWRU�RUJDQV��DQG�UHFHLYH�&16�LQSXW�IURP�FUDQLDO�QHUYHV�,,,��1��RFXORPRWRULXV���9,,��1��

IDFLDOLV���,;��1��JORVVRSKDU\QJHXV���DQG�;��1��YDJXV���DV�ZHOO�DV�IURP�HIIHUHQWV�RI�WKH�VDFUDO�

VSLQDO�VHJPHQWV�6��6����

6\PSDWKHWLF�DURXVDO�DQG�VXEVHTXHQW�FDWHFKRODPLQH�UHOHDVH�IURP�FKURPDIILQ�FHOOV�RI�WKH�DGUHQDO�

PHGXOOD�VLJQLILHV�WKH�LQLWLDWLRQ�RI�WKH�DXWRQRPLF��VR�FDOOHG�V\PSDWKR�DGUHQRPHGXOODU\��6$0���

UHVSRQVH��7KLV�RFFXUV�HLWKHU�YLD�WRS�GRZQ�FRQWURO�IURP�FRUWLFDO�VWUXFWXUHV�RU�UHIOH[LYHO\�WKURXJK�

SHULSKHUDO�VLJQDOV�RI�KRPHRVWDWLF�SHUWXUEDWLRQ��VXFK�DV�EORRG� ORVV�� UHVSLUDWRU\�GLVWUHVV��SDLQ��

DQG�LQIODPPDWLRQ��8OULFK�/DL�	�+HUPDQ���������&LUFXODWLQJ�HSLQHSKULQH�DQG�QRUHSLQHSKULQH�

WKHQ�LQWHUDFW�ZLWK�DGUHQHUJLF�UHFHSWRUV�LQ�GLIIHUHQW�WLVVXHV�WR�PRGXODWH�PHWDEROLF�DQG��FDUGLR�

YDVFXODU�EHKDYLRU��IRU�D�GHWDLOHG�UHYLHZ��VHH�7DQN�	�:RQJ���������7DNHQ�WRJHWKHU��WKH�6$0�

SUHSDUHV�WKH�ERG\�IRU�ILJKW�RU�IOLJKW�E\�HIIHFWLQJ�DQ�LQFUHDVH�LQ�KHDUW�UDWH��EORRG�SUHVVXUH��DQG�



��

UHVSLUDWLRQ��WKURXJK�HQHUJ\�PRELOL]DWLRQ�LQ�IDW�DQG�OLYHU�WLVVXH��DQG�WKURXJK�UHGLUHFWLQJ�EORRG�

VXSSO\�IURP�WKH�YLVFHUD�WR�VNHOHWDO�PXVFOH���

7KH�SDUDV\PSDWKHWLF�GLYLVLRQ�SOD\V�D� OHVVHU� UROH� LQ�VWUHVV� LQLWLDWLRQ�DQG� LV�PRUH� LQYROYHG� LQ�

PHGLDWLQJ�WKH�GXUDWLRQ�RI�WKH�DXWRQRPLF�UHVSRQVH��,W�JHQHUDOO\�FRXQWHUDFWV�6$0�HIIHFWV�DQG�LV�

DFWLYDWHG�XSRQ�V\PSDWKHWLF�DURXVDO�RYHU�UHIOH[�DUFV�RU�WKURXJK�LQWHUDFWLRQ�RI�FLUFXODWLQJ�FDWH�

FKRODPLQHV�ZLWK�YDJDO�DGUHQRUHFHSWRUV��7DQN�	�:RQJ���������7KLV�IHHGEDFN�LV�ODUJHO\�JDWHG�

WKURXJK�WKH�QXFOHXV�RI�WKH�VROLWDU\�WUDFW��176��LQ�WKH�EUDLQVWHP��D�ODUJH�KXE�IRU�YLVFHUR��DQG�

VRPDWRVHQVRU\� LQIRUPDWLRQ� �3XUYHV��������� ,Q�DGGLWLRQ��D�SDUW�RI� WKH�VLJQDO� LV� IRUZDUGHG�E\�

QRUHSLQHSKULQH�QHXURQV�LQ�DQG�DURXQG�WKH�176�WR�KLJKHU�RUGHU�WKDODPLF�DQG�FRUWLFDO�VWUXFWXUHV��

DOORZLQJ�IRU�LQWHJUDWLRQ�ZLWK�QHXURHQGRFULQH�DQG�EHKDYLRUDO�UHVSRQVHV���

���� 1HXURHQGRFULQH�6WUHVV�5HVSRQVH��

3HULSKHUDO�VWUHVV�DGDSWDWLRQV�EH\RQG�WKH�WDUJHWV�RI�WKH�6$0�DUH�PHGLDWHG�E\�WKH�K\SRWKDODPXV�

SLWXLWDU\�DGUHQRFRUWLFDO�D[LV��+3$��ZLWK�JOXFRFRUWLFRLG�FRUWLVRO�DV�WKH�HQG�SURGXFW��7KH�SHULSK�

HUDO�VWUHVV�V\VWHP�LV�VFKHPDWLFDOO\�GHSLFWHG�LQ�)LJXUH����+3$�DFWLYLW\�JRYHUQV�WKH�ERG\¶V�HQ�

HUJ\�KRXVHKROG�RYHU�ORQJHU�WLPH�SHULRGV��QDWXUDOO\�SHDNLQJ�LQ�WKH�PRUQLQJ�MXVW�EHIRUH�ZDNLQJ�

DQG�GHFUHDVLQJ�DV�WKH�GD\�SURJUHVVHV��5XVVHOO�	�/LJKWPDQ���������'XULQJ�VWUHVV��WKLV�FLUFDGLDQ�

DFWLYDWLRQ�SDWWHUQ�LV�LQWHUUXSWHG�LQ�IDYRU�RI�SKDVLF�FRUWLVRO�UHOHDVH�DQG�VXEVHTXHQW�WLJKWHQLQJ�RI�

PHWDEROLF�WRQH��

$URXVDO�RI�WKH�+3$�RFFXUV�DOPRVW�H[FOXVLYHO\�YLD�WKH�SDUDYHQWULFXODU�QXFOHXV�RI�WKH�WKDODPXV�

�391���WKURXJK�SHULSKHUDO�VLJQDOV�IURP�WKH�EUDLQVWHP��DQG�WKURXJK�VLJQDOV�RI�WKH�FRUWH[���7KHVH�

VLJQDOV�DUH�WKHQ�IRUZDUGHG�WR�WKH�DQWHULRU�SLWXLWDU\�WKURXJK�UHOHDVH�RI��DPRQJVW�RWKHUV��WKH�QHX�

URKRUPRQHV�FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�DQG�DUJLQLQH�YDVRSUHVVLQ��6SHQFHU��5REHUW�/�	�

'HDN���������7KH�SLWXLWDU\�UHVSRQGV�E\�LQFUHDVLQJ�UHOHDVH�RI�DGUHQRFRUWLFRWURSLQ�LQWR�WKH�V\V�

WHPLF�EORRG�VWUHDP��D�SHSWLGH�WKDW�VWLPXODWHV�FRUWLVRO�V\QWKHVLV�LQ�FHOOV�RI�WKH�DGUHQDO�FRUWH[��

&RUWLVRO�FRQWLQXHV�WR�KDYH�IDVW�DFWLQJ�PHWDEROLF�DQG�ORQJ�WHUP�JHQRPLF�HIIHFWV�YLD�VLJQDOLQJ�

WKURXJK�PHPEUDQH�DQG�QXFOHDU�UHFHSWRUV�RQ�WDUJHW�WLVVXH��UHVSHFWLYHO\��7KHVH�LQFOXGH�DUUHVWD�

WLRQ�RI�FHUWDLQ�LPPXQH�IXQFWLRQV��6HJHUVWURP�	�0LOOHU���������K\SHUWHQVLRQ�WKURXJK�LQFUHDVH�

LQ�EORRG�YROXPH�� � DQG� LQGXFWLRQ�RI� FDWDEROLF�SURFHVVHV� LQ� WKH� FDUERK\GUDWH�� SURWHLQ� DQG� IDW�
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PHWDEROLVP��5XVVHOO�	�/LJKWPDQ���������3ODVPD�FRUWLVRO�SHDNV�DERXW����PLQXWHV�DIWHU�VWUHVV�

RQVHW��'URVWH�HW�DO����������ZKHUHDV�PRGXODWLRQV�RQ�WKH�JHQRPLF�OHYHO�WDNH�HIIHFW�DIWHU�VHYHUDO�

KRXUV���9DQ�$VW��&RUQHOLVVH��0HHWHU��-RsOV��	�.LQGW���������$WWHQXDWLRQ�RFFXUV�LQ�D�QHJDWLYH�

IHHGEDFN�PDQQHU�RQ�WKH�OHYHO�RI�WKH�SLWXLWDU\��WKH�391��DQG�WKH�KLSSRFDPSXV��8OULFK�/DL�	�

+HUPDQ����������

���� 7KH�&HQWUDO�1HUYRXV�6WUHVV�6\VWHP�

$XWRQRPLF�DQG�QHXURHQGRFULQH�HIIHFWRU�EUDQFKHV�DUH�QRW�DOZD\V�DFWLYDWHG�LQ�WKH�VDPH�PDQQHU��

UDWKHU� VWUHVVRUV� RI� GLIIHUHQW� TXDOLWLHV� HOLFLW� ILQHO\� GLIIHUHQWLDWHG� UHVSRQVH� SDWWHUQV� �7DJJDUW��

W
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)LJXUH���2YHUYLHZ�RI�WKH�3HULSKHUDO�6WUHVV�6\VWHP��7KH�SHULSKHUDO�VWUHVV�V\VWHP�DQG�LWV�V\PSDWKR�DGUHQRPHGXOODU\��UHG��DQG
K\SRWKDODPXV�SLWXLWDU\�DGUHQRFRUWLFDO��JUHHQ��D[HV��7KH�6$0�UHFHLYHV�&16�LQSXW�YLD�EUDLQVWHP�VWUXFWXUHV�VXFK�DV�WKH�QXFOHXV
RI�WKH�VROLWDU\�WUDFW��1��DQG�DFWV�HLWKHU�WKURXJK�GLUHFW�LQQHUYDWLRQ�RI�WDUJHW�WLVVXH��VXFK�DV�WKH�KHDUW��RU�LQWHUPHGLDULO\�WKURXJK
WKH�DGUHQDO�PHGXOOD��ZKLFK�UHOHDVHV�FDWHFKRODPLQHV��(1�1(1��LQWR�WKH�EORRGVWUHDP��(1�1(1�DOVR�VHUYH�DV�PHGLDWRUV�WR�WKH
6$0�WKURXJK�LQWHUDFWLRQ�ZLWK�YDJDO�FDWHFKRODPLQH�UHFHSWRUV��&���7KH�+3$�LV�DFWLYDWHG�LQ�WKH�SDUDYHQWULFXODU�QXFOHXV�RI�WKH
K\SRWKDODPXV��+���ZKLFK�LQ�WXUQ�FDXVHV�UHOHDVH�RI�DGUHQRFRUWLFRWURSLQ��$&7+��LQ�WKH�SLWXLWDU\��3���(QG�SURGXFW�LV�FRUWLVRO�
6WLPXODWLQJ�LQKLELWRU\�HIIHFWV�DUH�LQGLFDWHG�ZLWK�XS�GRZQ�DUURZV��UHVSHFWLYHO\��&16�UHJXODWRU\�VLWHV�DUH�VKRZQ�LQ�SXUSOH��
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&ULWFKOH\��YDQ�'XLMYHQGRGHQ��	�/DPELDVH��������7DQN�	�:RQJ���������7KLV�UHTXLUHV�DQ�H[�

WHQVLYH�DPRXQW�RI�FURVV�LQWHJUDWLRQ�RI�WKH�WZR�QHWZRUNV��D�WDVN�WKDW�LV�WDNHQ�RQ�E\�D�GLIIXVH�

QHWZRUN�ZLWKLQ�&16��7RJHWKHU�ZLWK�DGMXVWLQJ�DQG�LQWHJUDWLQJ�SHULSKHUDO�UHVSRQVHV��WKH�&16�

DOVR�UHDFWV�WR�SV\FKRJHQLF�VWUHVVRUV�DQG�LQWHJUDWHV�WKHVH�LQWR�HPRWLRQDO�DQG�FRJQLWLYH�SURFHVVHV�

�YDQ�2RUW�HW�DO����������XOWLPDWHO\�DVVHVVLQJ�DQG�FRRUGLQDWLQJ�DGHTXDWH�EHKDYLRUDO�UHVSRQVH��H�J��

ILJKW�RU�IOLJKW���7KLV�VHFWLRQ�DLPV�WR�JLYH�D�EULHI�RYHUYLHZ�RI� WKHVH�&16�IXQFWLRQV�DQG�WKHLU�

UHVSHFWLYH�DQDWRPLFDO�SDUWV���

������5HJXODWLRQ�RI�3HULSKHUDO�6WUHVV�5HVSRQVHV�

3URFHVVLQJ�RI�SHULSKHUDO�VWUHVV�VLJQDOV�RFFXUV�RQ�VHYHUDO�KLHUDUFKLFDO�OHYHOV��$XWRQRPLF�IHHG�

EDFN�WKDW�UHDFKHV�WKH�&16�WKURXJK�WKH�176�GLUHFWO\�DFWLYDWHV�WKH�+3$�YLD�SURMHFWLRQV�LQWR�WKH�

391� �&XQQLQJKDP��%RKQ��	�6DZFKHQNR�� ������� HVWDEOLVKLQJ� DQ� LPPHGLDWH� FRQQHFWLRQ� EH�

WZHHQ� WKH�+3$�DQG�6$0��7KH�176�IXUWKHU� WDUJHWV� UHIOH[�FHQWHUV� LQ� WKH�EUDLQVWHP� WR�DOORZ�

LPPHGLDWH�DGMXVWPHQWV�WR�YLWDO�UHJXODWRU\�FLUFXLWV��8OULFK�/DL�	�+HUPDQ���������+LJKHU�RUGHU�

SURFHVVLQJ�RI�DXWRQRPLF�VLJQDOV�LV�SHUIRUPHG�E\�WKH�K\SRWKDODPXV��DP\JGDOD��DV�ZHOO�DV�WKH�

LQVXODU�FRUWH[�DQG�WKH�GRUVDO�DQWHULRU�FLQJXODWH�FRUWH[��G$&&��RI�WKH�PHGLDO�SUHIURQWDO�FRUWH[�

�P3)&���7KRXJK��WKH�H[DFW�PHFKDQLVPV�RI�WKHLU�LQYROYHPHQW�LQ�SHULSKHUDO�VWUHVV�UHJXODWLRQ�LV�

\HW�WR�EH�XQGHUVWRRG��6NOHURY��'D\DQ��	�%URZQHU���������,Q�JHQHUDO��DFWLYLW\�LQ�HDFK�RI�WKHVH�

UHJLRQV�LQIOXHQFHV�WKH�QHW�RXWSXW�RI�V\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�DURXVDO��6NOHURY�HW�DO���

���������

7KH�&16�DOVR�UHVSRQGV�WR�+3$�VLJQDOV�WKURXJK�FRUWLVRO�UHFHSWRUV��7KHVH�FDQ�EH�IRXQG�WKURXJK�

RXW�WKH�EUDLQ��\HW�+3$�UHJXODWLRQ�LV�ODUJHO\�WDNHQ�RQ�E\�WKH�EDVDO�JDQJOLD�DQG�OLPELF�VWUXFWXUHV�

VXFK�DV�WKH�KLSSRFDPSXV�DQG�WKH�PHGLDO�DP\JGDOD��+HUPDQ�HW�DO����������8SRQ�GHWHFWLRQ�RI�

FLUFXODWLQJ�FRUWLVRO��DV�D�KLJKO\�OLSRSKLOLF�PROHFXOH�LW�LV�SHUPLWWHG�WKURXJK�WKH�EORRG�EUDLQ�EDU�

ULHU��� WKHVH�VWUXFWXUHV�VXSSUHVV�391�DFWLYLW\�WKURXJK�GLUHFW�DQG�LQGLUHFW� �DPLQREXW\ULF�DFLG�

�*$%$��SDWKZD\V��UHVXOWLQJ�LQ�QHJDWLYH�IHHGEDFN�UHJXODWLRQ�RI�WKH�HQGRFULQH�UHVSRQVH���

������&16�$GDSWDWLRQV�LQ�6WUHVV���

8QOLNH�LQ�WKH�SHULSKHU\��WKHUH�LV�QR�VLQJOH�PHFKDQLVP�WKDW�VLJQLILHV�WKH�&16�VWUHVV�UHVSRQVH��

,QVWHDG��WKH�FHQWUDO�QHUYRXV�VWUHVV�UHVSRQVH�LV�XQGHUVWRRG�WR�EH�D�VKLIW�LQ�DFWLYLW\�IURP�GHIDXOW�



���

RSHUDWLRQDO� QHWZRUNV� WR� RQHV�PRUH� OLNHO\� WR�PHHW� SUHVHQW� FKDOOHQJHV� �+HUPDQV�� +HQFNHQV��

-RsOV��	�)HUQiQGH]����������7KH�FKDUDFWHUL]DWLRQ�RI�WKHVH�QHWZRUNV�KHDYLO\�UHOLHV�RQ�IXQFWLRQDO�

PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,��REVHUYDWLRQ�RI�H[SHULPHQWDOO\�LQGXFHG�VWUHVV�VWDWHV��'HIL�

QLWLRQV�PLJKW�WKHUHIRUH�YDU\�GHSHQGHQW�RQ�WKH�PHWKRG�RI�VWUHVV�LQGXFWLRQ��1RQHWKHOHVV��WKH�SDVW�

WZR�GHFDGHV�RI�I05,�UHVHDUFK�LGHQWLILHG�WKUHH�EUDLQ�QHWZRUNV�PRVW�LQYROYHG�LQ�VWUHVV�UHVSRQVHV��

WKH�GHIDXOW�PRGH�QHWZRUN��'01���WKH�VDOLHQFH�QHWZRUN��61���DQG�WKH�FHQWUDO�H[HFXWLYH�QHWZRUN�

�&(1���+HUPDQV�HW�DO�����������

7KH�'01�FRPSULVHV�WKRVH�EUDLQ�UHJLRQV�PRVW�DFWLYH�GXULQJ�UHVWLQJ�VWDWH��ZKLOH�QR�FRJQLWLYH�

WDVN�LV�EHLQJ�SHUIRUPHG��,W�FHQWHUV�DURXQG�WKH�GRUVDO�P3)&��WKH�SUHFXQHXV�DQG�WKH�SRVWHULRU�

FLQJXODWH� FRUWH[� ZKLFK� HQJDJH� LQ� VHOI�UHIHUHQWLDO� SURFHVVLQJ� DQG� HPRWLRQDO� UHJXODWLRQ�� LQ�

PHPRU\�SURFHVVLQJ��DQG� LQ�FRQVFLRXVQHVV�� UHVSHFWLYHO\� �$QGUHZV�+DQQD��5HLGOHU��6HSXOFUH��

3RXOLQ�� 	� %XFNQHU�� ������ )UDQVVRQ� 	� 0DUUHOHF�� ������� � $FWLYLW\� RI� WKH� '01� LQFUHDVHV�

WKURXJKRXW�PRVW�VWUHVV�LQGXFWLRQ�SDUDGLJPV��H�J��YLHZLQJ�RI�GLVWUHVVLQJ�LPDJHV��VRFLDO�VWUHVV�

WDVNV���YDQ�2RUW�HW�DO����������EXW�FDQ�DW�OHDVW�LQ�SDUW�EH�GRZQUHJXODWHG�YLD�KLJKHU�RUGHU�FRJQL�

WLYH�SURFHVVLQJ��.RULF�HW�DO�����������

7KH�61�DQG�&(1�SOD\�D�UROH�DW�DQ�HDUO\�DQG�ODWHU�VWDJH�GXULQJ�WKH�VWUHVV�UHVSRQVH��UHVSHFWLYHO\��

$FFRPSDQ\LQJ� HQKDQFHG� FRQQHFWLYLW\� ZLWKLQ� WKH� '01� LV� DQ� DFWLYDWLRQ� RI� WKH� 61� �6LQKD��

/DFDGLH��6NXGODUVNL��	�:H[OHU��������YDQ�0DUOH��+HUPDQV��4LQ��	�)HUQiQGH]���������ZKLFK�LV�

SURSRVHG� WR� LQGXFH�D�K\SHUYLJLODQW� VWDWH� WR�SURPRWH�HPRWLRQDO� VHQVLWLYLW\�� FKDQFHV�RI� WKUHDW�

GHWHFWLRQ��YDQ�0DUOH��+HUPDQV��4LQ��	�)HUQiQGH]���������DQG��IDVW�VWLPXOXV�RULHQWHG�EHKDYLRU�

�&RUEHWWD��3DWHO��	�6KXOPDQ���������7KH�SUHIURQWR�OLPELF�G$&&��DQWHULRU�LQVXOD��WHPSRUDO�SROH��

DQG�WKH�DP\JGDOD�DUH�VWUXFWXUHV�VWURQJO\�DVVRFLDWHG�ZLWK�WKHVH�WDVNV��YDQ�2RUW�HW�DO������������

61�DFWLYLW\�HYHQWXDOO\�LV�GRZQUHJXODWHG�DQG�VXFFHHGHG�E\�WKH�&(1��7KH�&(1�PHGLDWHV�KLJKHU�

RUGHU�FRJQLWLYH�IXQFWLRQV�RI�LPSRUWDQFH�WR�SUREOHP�VROYLQJ�DW�WKH�ODWH�SKDVH�RI�WKH�VWUHVV�UH�

VSRQVH��VXFK�DV�GHFLVLRQ�PDNLQJ��JRDO�RULHQWHG�SODQQLQJ��ZRUNLQJ�PHPRU\��DQG�GLUHFWLQJ�DW�

WHQWLRQ��+HUPDQV�HW�DO����������$�GHWDLOHG�DFFRXQW�RI�WKH�61�DQG�&(1��DV�ZHOO�DV�WKHLU�DFWLYDWLRQ�

LQ�UHODWLRQ�WR�SHULSKHUDO�VWUHVV�UHVSRQVHV��LV�JLYHQ�LQ�)LJXUH����



���

������5HJXODWLRQ�RI�&16�5HVSRQVH�

:LWK�WKH�PDSSLQJ�RI�FRUWLFDO�QHWZRUNV�LQYROYHG�LQ�WKH�VWUHVV�UHVSRQVH��WKHUH�LV�LQFUHDVLQJ�LQ�

WHUHVW�LQ�XQGHUVWDQGLQJ�ZKDW�UHJXODWHV�WKHLU�DFWLYLW\��2Q�D�V\VWHPV�OHYHO��WKH�LPSRUWDQFH�RI�*$�

%$HUJLF�SDWKZD\V�LQ�VWUHVV�UHJXODWLRQ�LV�ZLGHO\�UHFRJQL]HG��*$%$�UHFHSWRU�DQWDJRQLVWV�VXFK�

DV�ELFXFXOOLQH�DUH�FDWHJRUL]HG�DV�DQ[LRJHQLF��ZKHUHDV�*$%$�UHFHSWRU�DJRQLVWLF�PHGLFDWLRQ�LV�

FRPPRQO\�SUHVFULEHG�IRU�WKHLU�DQ[LRO\WLF�HIIHFWV��'HOOL�3L]]L�HW�DO����������)XUWKHU��ZLWKGUDZDO�

IURP�*$%$�UHFHSWRU�DJRQLVWLF�EDFORIHQ�KDV�VKRZQ�WR�LQGXFH�FDUGLRP\RSDWKLHV�VLPLODU�WR�WKRVH�

6DOLHQFH�1HWZRUN &HQWUDO�([HFXWLYH�1HWZRUN

D�

E�

�ĞŶƚƌĂů �ǆĞĐƵƚŝǀĞ EĞƚǁŽƌŬ

)LJXUH�� &16�$FWLYLW\�GXULQJ�6WUHVV�DQG�&RPSDULVRQ�WR�3HULSKHUDO�6WUHVV�5HVSRQVHV���D��$FWLYLW\�LQ�WKH�VDOLHQFH��OHIW��DQG
FHQWUDO�H[HFXWLYH�QHWZRUN��ULJKW��PDUNV�WKH�FHQWUDO�QHUYRXV�VWUHVV�UHVSRQVH��6WUXFWXUHV�RI�WKH�61�LQFOXGH�WKH�DP\JGDOD�DP��
WKH�GRUVDO�DQWHULRU�FLQJXODWH�FRUWH[��'$&&���DQWHULRU�LQVXOD��$,���LQIHURWHPSRUDO�FRUWH[��,7���PLGEUDLQ��PE���WKDODPXV��WK��
WHPSHURSDULHWDO�MXQFWLRQ��73-���YHQWUDO�VWULDWXP��YV���7KH�&(1�LV�DVVRFLDWHG�ZLWK�WKH�GRUVRODWHUDO�SUHIURQWDO�FRUWH[��'/3)&��
WKH�GRUVRPHGLDO�SUHIURQWDO�FRUWH[��'03)&���GRUVDO�SRVWHULRU�SDULHWDO�FRUWH[��'33&���DQG�WKH�IURQWDO�H\H�ILHOGV��)()����E�
VKRZV�WKH�UROH�RI�SHULSKHUDO��WRS��DQG�FHQWUDO�QHUYRXV��ERWWRP��UHVSRQVH�V\VWHPV�DW�GLIIHUHQW�WLPHV�DIWHU�VWUHVV�RQVHW��6\PSD�
WKHWLF�FDWHFKRODPLQHUJLF�SDWKZD\V�DQG�WKH�61�DUH�LPPHGLDWH�UHVSRQGHUV�WR�VWUHVV��IROORZHG�E\�FRUWLVRO���FRUWLFRVWHURLG��PH�
GLDWHG�HIIHFWV��61�DFWLYLW\�JUDGXDOO\�LV�VXFFHHGHG�E\�WKH�&(1�



���

LQGXFHG�E\�VHYHUH�VWUHVV��/HY\��'H�%ULHU��+XJHURQ��/DQVDPDQ��	�%HQVPDLO���������VXJJHVWLQJ�

*$%$HUJLF�LQYROYHPHQW�LQ�DXWRQRPLF�UHJXODWLRQ���

5HDFWLYLW\� RI� WKH� P3)&� DOVR� GHSHQGV� RQ� D� VPDOO� SRSXODWLRQ� RI� *$%$HUJLF� LQWHUQHXURQV�

�&RXUWLQ�HW�DO����������7KH�P3)&�UHFHLYHV�LQSXW�IURP�WKH�VHQVRU\�FRUWLFHV�DQG�GLUHFWO\�SURMHFWV�

WR�WKH�OLPELF�V\VWHP��DV�ZHOO�DV�FRQWURO�VLWHV�RI�WKH�6$0�DQG�+3$��H[HUWLQJ�WRS�GRZQ�FRQWURO�

RI�HPRWLRQDO�DQG�SHULSKHUDO�VWUHVV�UHVSRQVHV��(OODUG��%DUORZ��:KLWILHOG�*DEULHOL��*DEULHOL��	�

'HFNHUVEDFK���������7KHVH�SDWKZD\V�DUH�ODUJHO\�PHGLDWHG�E\�JOXWDPDWHUJLF�QHXURQV��WKH�UROH�

RI�*$%$�DV�WKHLU�SULPDU\�UHJXODWRU�XQGHU�VWUHVV�LV�VWLOO�VXEMHFW�WR�LQYHVWLJDWLRQ��:KLOH�RQH�VWXG\�

ZDV�DEOH� WR�VKRZ�SUHIURQWDO�*$%$�FRQFHQWUDWLRQV�GHFUHDVH�LQ� LPPHGLDWH�UHVSRQVH� WR�VWUHVV�

�+DVOHU��YDQ�GHU�9HHQ��*ULOORQ��'UHYHWV��	�6KHQ���������DQRWKHU��+RXWHSHQ�HW�DO���������GLG�QRW�

UHSOLFDWH�WKHVH�ILQGLQJV��$�WKLUG�VWXG\�LQYHVWLJDWHG�*$%$�LQ�WKH�G$&&�RXWVLGH�RI�WKH�VWUHVV�

FRQWH[W�DQG�IRXQG�*$%$�WR�EH�D�UHOLDEOH�SUHGLFWRU�RI�FRQQHFWLYLW\�EHWZHHQ�WKH�SUHIURQWDO�FRUWH[�

DQG�OLPELF�V\VWHP��'HOOL�3L]]L�HW�DO����������7KHVH�VWUXFWXUHV�DUH�VWURQJO\�DVVRFLDWHG�ZLWK�WKH�

61��DJDLQ�SRLQWLQJ�WRZDUGV�LQYROYHPHQW�RI�*$%$�LQ�&16�VWUHVV�UHJXODWLRQ���



���

���7HFKQLFDO�%DFNJURXQG�

1RQ�LQYDVLYH�LQ�VLWX�GHWHUPLQDWLRQ�RI�QHXURPHWDEROLWH�FRQFHQWUDWLRQV�LV�FXUUHQWO\�RQO\�SRVVLEOH�

ZLWK�WKH�KHOS�RI�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\��056���,Q�056���+�056�VSHFLILFDOO\��K\�

GURJHQ¶V�FKDQJLQJ�PDJQHWLF�UHVRQDQFH�SURSHUWLHV�LQ�GLIIHUHQW�FKHPLFDO�HQYLURQPHQWV�DUH�XVHG�

WR�GLVWLQJXLVK�EHWZHHQ�FRQVWLWXHQWV�RI�D�WLVVXH��7KLV�VHFWLRQ�DLPV�WR�SURYLGH�D�FRQWH[WXDO�RYHU�

YLHZ�RI�056�PHWKRGRORJ\�DQG�LWV�UHOHYDQFH�LQ�V\VWHPV�OHYHO�*$%$�UHVHDUFK���

���� �+�056�3ULQFLSOHV�

*HQHUDWLRQ�RI�DQ�056�VLJQDO�LV�EDVHG�RQ�WZR�IXQGDPHQWDO�SULQFLSOHV������DWRPLF�QXFOHL�LQWULQ�

VLFDOO\�SRVVHVV�PDJQHWLF�SURSHUWLHV��DQG�����D�FKDQJH�LQ�PDJQHWLF�ILHOG�LQGXFHV�DQ�HOHFWULFDO�

FXUUHQW��:KHQ�H[SRVLQJ�D�VDPSOH�WR�D�VWURQJ�H[WHUQDO�PDJQHWLF�ILHOG��%����WKH�QHW�PDJQHWLF�ILHOG�

RI�QXFOHL��0��ZLOO�WHQGHQWLDOO\�DOLJQ�ZLWK�LW��,Q��+�056��K\GURJHQ�DWRPV�DUH�VHOHFWLYHO\�H[FLWHG�

ZLWK�DQ�HOHFWURPDJQHWLF�UDGLRIUHTXHQF\��5)��SXOVH�ZKLFK�FDXVHV�D�UHRULHQWDWLRQ�RI�0�LQWR�WKH�

WUDQVYHUVH�SODQH�RI�%���GH�*UDDI���������:LWKLQ�D�IHZ�PLOOLVHFRQGV�WKH�H[FLWDWLRQ�VXEVLGHV�DQG�

0�ZLOO�RVFLOODWH�EDFN�LQWR�DOLJQPHQW�ZLWK�%���7KLV�FKDQJH�LQ�0�LQGXFHV�DQ�HOHFWULFDO�FXUUHQW�LQ�

D�QHDUE\�UHFHLYH�FRLO��ZKLFK�LV�UHFRUGHG�DV�WKH�PHWDEROLWH�VLJQDO��)LJXUH���LOOXVWUDWHV�WKLV�SUR�

FHVV��,Q�SUDFWLFH��WKH�DPRXQW�DQG�TXDOLW\�RI�5)�SXOVHV�YDU\�GHSHQGLQJ�RQ�WKH�SXOVH�VHTXHQFH�

DQG�UHVHDUFK�GHVLJQ��%HUWKROGR��:DWFKDUDNRUQ��	�&DVWLOOR���������KRZHYHU��WKHVH�ZLOO�QRW�EH�

GLVFXVVHG�ZLWKLQ�WKLV�VHFWLRQ�

)LJXUH���3ULQFLSOH�RI��+�056�6LJQDO�*HQHUDWLRQ��7KH�QHW�PDJQHWLF�ILHOG�RI�DWRPLF�QXFOHL�ZLWKLQ�D�VDPSOH��0��DOLJQV�ZLWK�
WKH�PDJQHWLF�ILHOG�RI�WKH�056�VFDQQHU��%�����+�DWRPV�DUH�WKHQ�VHOHFWLYHO\�H[FLWHG�ZLWK�D�UDGLRIUHTXHQF\��5)��HOHFWURPDJQHWLF�
SXOVH�ZKLFK�UHRULHQWV�0�LQWR�WKH�WUDQVYHUVH�SODQH�RI�%���$V�0�RVFLOODWHV�EDFN�LQWR�DOLJQPHQW�ZLWK�%���LW�LQGXFHV�D�VLJQDO�FXUUHQW�
LQ�D�QHDUE\�UHFHLYH�FRLO��

������ 6LJQDO�GLIIHUHQWLDWLRQ�LQ��+�056�

7KH� RVFLOODWLRQ� IUHTXHQF\� �DOVR� UHIHUUHG� WR� DV� UHVRQDQFH� IUHTXHQF\�� DW� ZKLFK�0� SUHFHVVHV�

DURXQG�%��GHSHQGV�RQ�VHYHUDO�IDFWRUV��WKH�ILHOG�VWUHQJWK�RI�%���WKH�VSLQ�SURSHUWLHV�RI��+��DV�ZHOO�
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DV�WKH�FKHPLFDO�HQYLURQPHQW�LQ�ZKLFK�WKH�QXFOHL�UHVLGH��GH�*UDDI���������7KH�ODWWHU�LV�RI�KLJK�

UHOHYDQFH�WR�056�DV�LW�LPSOLHV�K\GURJHQ�DWRPV�RI�GLIIHUHQW�FKHPLFDO�FRPSRXQGV�SURGXFH�VLJ�

QDOV�GHYLDWLQJ�IURP�WKH�VWDQGDUG�UHVRQDQFH�IUHTXHQF\�RI��+��7KHVH�GHYLDWLRQV�LQ�IUHTXHQF\��RU�

FKHPLFDO�VKLIWV��OLH�ZLWKLQ�WKH�UDQJH�RI�������SDUWV�SHU�PLOOLRQ��SSP��DQG�DUH�XVHG�WR�GHWHUPLQH�

LQGLYLGXDO�FRQWULEXWRUV�WR�WKH�RYHUDOO�VLJQDO��VXFK�DV�*$%$�DQG�JOXWDPDWH���$IWHU�DSSOLFDWLRQ�

RI�D�)RXULHU�WUDQVIRUP��VLJQDOV�RI�GLVWLQFW��+ JURXSV�DUH�UHSUHVHQWHG�RQ�D�IUHTXHQF\�VSHFWUXP�

E\�SHDNV��VHH�0HWKRGV��)LJXUH��G���7KH�DUHD�XQGHU�WKH�FXUYH�RI�HDFK�SHDN�LV�DSSUR[LPDWHO\�

SURSRUWLRQDO�WR�LWV�FRQFHQWUDWLRQ�LQ�WKH�WLVVXH��

������ 6SDWLDO�(QFRGLQJ��

&OLQLFDO�056� LV�PRVW� FRPPRQO\� DSSOLHG� WR� D� VPDOO� YROXPH� �YR[HO�� RI� VHYHUDO�PLOOLPHWHUV�

ZLWKLQ�WKH�EUDLQ��DOWKRXJK�PHWKRGV�IRU�PXOWL�YR[HO�VSHFWURVFRSLF�LPDJLQJ�GR�H[LVW��%HUWKROGR�

HW�DO����������,Q�RUGHU�WR�GLVWLQJXLVK�EHWZHHQ�VLJQDOV�IURP�D�YR[HO�RI�LQWHUHVW�DQG�LWV�VXUURXQGLQJ�

WLVVXH��VSDWLDO�HQFRGLQJ�WHFKQLTXHV�KDYH�WR�EH�DSSOLHG��6SDWLDO�HQFRGLQJ�HQWDLOV�DSSOLFDWLRQ�RI�

RUWKRJRQDO�5)�SXOVHV�WKDW�VHOHFWLYHO\�H[FLWH�LQ�WKH�[�\��DQG�]�SODQH��WKH�YR[HO�LV�GHILQHG�E\�WKH�

LQWHUVHFWLRQ�RI�WKRVH�SODQHV��%RWWRPOH\���������7KHVH�SXOVHV�DUH�FRXSOHG�ZLWK�LQWHQWLRQDO�KHW�

HURJHQL]DWLRQV�RI�WKH�H[WHUQDO�PDJQHWLF�ILHOG�VXFK�WKDW�WKH�UHVRQDQFH�IUHTXHQFLHV�IRU��+�ZLWKLQ�

WKH�UHJLRQ�RI�LQWHUHVW�FRQWUDVW�WKRVH�LQ�WKH�UHPDLQLQJ�WLVVXH���

������ :DWHU�DQG�/LSLG�6XSSUHVVLRQ��

/LSLG�DQG�ZDWHU�VXSSUHVVLRQ�KDYH�WR�EH�SHUIRUPHG�SULRU�WR�DSSOLFDWLRQ�RI�D�SXOVH�VHTXHQFH��DV�

VLJQDO�IURP�WKHVH�FRPSRXQGV�LQIOXHQFH�WKH�DFFXUDF\�DQG�UHVROXWLRQ�RI�PHWDEROLWH�VLJQDO�UHFRUG�

LQJ��:DWHU�FRQFHQWUDWLRQ�LQ�QHXUDO�WLVVXH�H[FHHGV�WKDW�RI�PHWDEROLWHV�E\�D��������IROG��GH�*UDDI��

������� ,Q�RUGHU� WR�PLQLPL]H� LWV�FRQWULEXWLRQ�WR� WKH�RYHUDOO�VLJQDO�� IUHTXHQF\�VHOHFWLYH�SXOVHV�

�0HVFKHU��0HUNOH��.LUVFK��*DUZRRG��	�*UXHWWHU��������DW�WKH�UHVRQDQFH�IUHTXHQF\�RI�ZDWHU�DW�

DSSUR[LPDWHO\�����SSP�DUH�DSSOLHG��/LSLG�VLJQDO��RQ�WKH�RWKHU�KDQG��VWHPV�IURP�DGLSRVH�WLVVXH�

VXUURXQGLQJ�WKH�EUDLQ��DQG�FDQ�EH�UHGXFHG�ZLWK�WKH�KHOS�RI�VSDWLDO�VHOHFWLYH�H[FLWDWLRQ�SXOVHV�

�)HOPOHH�	�(KPDQ����������



���

���� %LRORJLFDO�,PSOLFDWLRQV�RI�*$%$�056�5HVHDUFK�

5HFHQW�PHWKRGRORJLFDO�LPSURYHPHQWV��VXFK�DV�DGYDQFHPHQW�WR�XOWUD�KLJK�ILHOG�056�� ���7HVOD��

KDYH�DOORZHG�IRU�PRUH�SUHFLVH�QHXURPHWDEROLWHV�UHFRUGLQJV��7HUSVWUD�HW�DO����������7KHVH�GH�

YHORSPHQWV�RSHQ�XS�QHZ�SRVVLELOLWLHV�RI�LQYHVWLJDWLQJ�QHXURWUDQVPLWWHUV�IRXQG�LQ�LQFUHDVLQJO\�

ORZHU�FRQFHQWUDWLRQV�LQ�WKH�EUDLQ�VXFK�DV�*$%$��+RZHYHU��WKHUH�DUH�OLPLWDWLRQV�LQ�WKH�LQVLJKW�

WKHVH�GDWD�JLYH�LQWR�WKH�ELRFKHPLFDO�IXQFWLRQLQJ�RI�*$%$�PHGLDWHG�QHXURQDO�LQKLELWLRQ��

*$%$�DQG�RWKHU�QHXURWUDQVPLWWHUV� LQYROYHG� LQ�V\QDSWLF�VLJQDOLQJ�DUH�XQGHUVWRRG�WR�EH�SUH�

V\QWKHVL]HG�DQG�VWRUHG�LQWUDYHVLFXODUO\�ZLWKLQ�QHXURQV�XQWLO�D�ULVH�LQ�FHOO�PHPEUDQH�SRWHQWLDO�

IDFLOLWDWHV�WKHLU�UHOHDVH�LQWR�WKH�V\QDSWLF�FOHIW��6LJQDO�WUDQVGXFWLRQ�LV�WKXV�QRW�GHSHQGHQW�RQ�WKH�

QHW�FRQFHQWUDWLRQ�RI�D�QHXURWUDQVPLWWHU��EXW�UDWKHU�RQ�LWV�UHODWLYH�LQWUD��DQG�H[WUDFHOOXODU�GLVWUL�

EXWLRQ��1RQHWKHOHVV��ZLWK�056��FKDQJHV�LQ�*$%$�FRQFHQWUDWLRQ�DFURVV�YR[HOV�RI�VHYHUDO�PLO�

OLPHWHUV�FDQ�EH�GHWHFWHG� LQ� LPPHGLDWH�UHVSRQVH� WR�GLIIHUHQW�H[SHULPHQWDO� WDVNV� �&KHQ�HW�DO���

������&X\SHUV�HW�DO���������+DVOHU�HW�DO�����������

7KLV� DSSDUHQW� FRQIOLFWLRQ� KDV� SUHYLRXVO\� EHHQ� DGGUHVVHG� LQ� OLWHUDWXUH� �6WDJJ�� %DFKWLDU�� 	�

-RKDQVHQ�%HUJ���������EXW�WKHUH�LV�QR�FRQVHQVXV�RQ�ZKLFK�ELRFKHPLFDO�SURFHVVHV�JRYHUQ�UH�

JLRQ�ZLGH�FKDQJHV�LQ�*$%$�FRQFHQWUDWLRQ��:KLOH�HYLGHQFH�H[LVWV�IRU�WKH�LQYROYHPHQW�RI�JOLDO�

FHOOV�LQ�WKH�H[WUD�QHXURQDO�UHJXODWLRQ�RI�*$%$��3UHHFH�	�&HUGiQ��������<RRQ�HW�DO����������

PRUH�UHFHQW�ILQGLQJV�HVWLPDWH�WKH�HIIHFW�RI�WKHVH�PHFKDQLVPV�WR�EH�UHODWLYHO\�ORZ��/HH�HW�DO���

������6DQWKDNXPDU���������0RUHRYHU��LW�KDV�QRW�EHHQ�VKRZQ�ZKHWKHU�056�GLIIHUHQWLDWHV�EH�

WZHHQ�LQWUDYHVLFXODU�DQG�H[WUDYHVLFXODU��LQWUDFHOOXODU�DQG�H[WUDFHOOXODU��RU�LQWUDV\QDSWLF�DQG�H[�

WUDV\QDSWLF�*$%$���

7KH�PHFKDQLVPV�EHKLQG� UHJLRQ�ZLGH� LQFUHDVHV�RI�*$%$�WKXV� UHPDLQ� WR�EH�XQGHUVWRRG��\HW�

IXQFWLRQDO�FRUUHODWLRQV�EHWZHHQ�*$%$�FRQFHQWUDWLRQ�DQG�EUDLQ�UHJLRQ�DFWLYLW\�KDYH�EHHQ�HV�

WDEOLVKHG��:KLOH�WKHVH�JUDQW�IXUWKHU�LQYHVWLJDWLRQ�RI�*$%$�LQYROYHPHQW�LQ�KLJKHU�RUGHU�SUR�

FHVVLQJ��WKH\�JLYH�QR�LQVLJKW�LQWR�WKH�XQGHUO\LQJ�PHFKDQLVPV�RQ�WKH��VXE��FHOOXODU�OHYHO��



���

���5HVHDUFK�$LPV�

7KH�LPSRUWDQFH�RI�SUHIURQWR�OLPELF�VWUXFWXUHV�VXFK�DV�WKH�G$&&�DQG�*$%$�SDWKZD\V�LQ�VWUHVV�

UHJXODWLRQ�LV�ZLGHO\�UHFRJQL]HG��+RZHYHU��KRZ�DQG�ZKHUH�WKHVH�V\VWHPV�LQWHUDFW�LV�VWLOO�VXEMHFW�

WR�UHVHDUFK��,Q�FRQVLGHUDWLRQ�RI�UHFHQW�HIIRUWV�WR�XQGHUVWDQG�WKH�UHJXODWLRQ�RI�SUHIURQWDO�DFWLYLW\��

�'HOOL�3L]]L�HW�DO���������+DVOHU�HW�DO���������+RXWHSHQ�HW�DO����������WKLV�VWXG\�DLPV�WR�IXUWKHU�

LQYHVWLJDWH�*$%$�DQG�JOXWDPDWH�EHKDYLRU�LQ�WKH�G$&&�LQ�UHVSRQVH�WR�DFXWH�VWUHVV���,Q�WKH�FDVH�

ZH�REVHUYH�D�OLQN�EHWZHHQ�VWUHVV�SUHIURQWDO�*$%$�FRQFHQWUDWLRQV��ZH�FRQVLGHU�WKH�G$&&�D�

FDQGLGDWH� LQWHJUDWRU� RI�*$%$HUJLF� VLJQDOV� LQWR� WKH� FHQWUDO� QHUYRXV� DQG� DXWRQRPLF� FDUGLDF�

VWUHVV�UHVSRQVH��6SHFLILFDOO\��ZH�H[SHFW�SUHIURQWDO�*$%$�FRQFHQWUDWLRQV�WR�EH�ORZHU�LQ�VWUHVVHG�

LQGLYLGXDOV� WKDQ� LQ�FRQWUROV��DV�ZHOO�DV� WR� UHFRUG�KLJKHU�+3$�DQG�6$0�RXWSXW��:H�ZLVK� WR�

FRQWH[WXDOL]H�VSHFWURVFRSLF�GDWD�ZLWK�PHDVXUHV�RI�FDUGLDF�DQG�FRUWLVRO�UHVSRQVH��H[SORUH�WKH�

SRVVLELOLW\�RI�WHPSRUDO�GHSHQGHQFLHV�EHWZHHQ�WKH�WKUHH�DQG�DVVHVV�SRVVLEOH�SUHGLFWRUV�RI�VWUHVV�

YXOQHUDELOLW\���



���

���0HWKRGV�

7KLV�VWXG\�ZDV�FRQGXFWHG�DW�WKH�6SLQR]D�&HQWUH�IRU�1HXURLPDJLQJ�LQ�$PVWHUGDP��1HWKHUODQGV�

DQG�LV�LQ�DFFRUGDQFH�ZLWK�WKH�'HFODUDWLRQ�RI�+HOVLQNL��������DQG�VXEVHTXHQW�UHYLVLRQV��LWV�H[�

SHULPHQWDO�SURWRFRO�ZDV�DSSURYHG�E\�WKH�HWKLFV�ERDUG�RI�WKH�8QLYHUVLW\�RI�$PVWHUGDP��

���� 3DUWLFLSDQWV��

:H�LQFOXGHG����SV\FKRORJLFDOO\�DQG�SK\VLFDOO\�KHDOWK\�PDOHV��PHDQ� �������\HDUV��6'� ��������

7KH\�ZHUH�UHFUXLWHG�WKURXJK�SRVWHUV�DQG�GLJLWDO�DGYHUWLVHPHQWV�ZLWKLQ�WKH�JUHDWHU�$PVWHUGDP�

DUHD��,QFOXVLRQ�FULWHULD�ZHUH����DJH�EHWZHHQ����DQG��������QR�GLDJQRVLV�RI�D�SV\FKLDWULF��QHXUR�

ORJLF��RU�FDUGLRYDVFXODU�FRQGLWLRQ��DQG����'XWFK�DQG�(QJOLVK�SURILFLHQF\��([FOXVLRQ�FULWHULD�

ZHUH�����VPRNLQJ�����DQ\�FDUGLDF�DEQRUPDOLW\�DV�GHWHUPLQHG�E\�DQ�HOHFWURFDUGLRJUDP��(&*���

���H[FHVVLYH�DOFRKRO�DQG�GUXJ�LQWDNH��DVVHVVHG�ZLWK�WKH�$OFRKRO�8VH�'LVRUGHUV�,GHQWLILFDWLRQ�

7HVW� �$8',7��VFRUH�!�����6DXQGHUV�HW�DO���������DQG� WKH�'UXJ�8VH�'LVRUGHUV� ,GHQWLILFDWLRQ�

7HVW��'8',7��VFRUH�!������%HUPDQ��%HUJPDQ��3DOPVWLHUQD��	�6FKO\WHU���������UHVSHFWLYHO\�����

05,�FRQWUD�LQGLFDWLRQV��DQG����KLJK�VHOI�UHSRUWHG�VWUHVV�OHYHOV�DV�GHWHUPLQHG�RQ�WKH�3HUFHLYHG�

6WUHVV�6FDOH��366��VFRUH�!������&RKHQ��.DPDUFN��	�0HUPHOVWHLQ����������7KH�H[SHULPHQW�ZDV�

VHW�XS�DV�D�EHWZHHQ�VXEMHFW�VWXG\�ZLWK�DQ�HTXDOO\�ODUJH�VWUHVV�DQG�FRQWURO�JURXS�PDWFKHG�RQ�

DJH��$8',7��'8',7��DQG�366�VFRUHV��DV�ZHOO�DV�RQ�,4�UHIOHFWHG�E\�SHUIRUPDQFH�RQ�WKH�'XWFK�

$GXOW�5HDGLQJ�7HVW��0XOGHU�	�%RXPD����������

���� 4XHVWLRQQDLUHV�

$GGLWLRQDO� TXHVWLRQQDLUHV� DFTXLUHG�ZHUH� WKH�%HFN�'HSUHVVLRQ� ,QYHQWRU\� ,,� �%HFN�� 6WHHU��	�

%URZQ�� ������� WKH� 6\PSWRP�&KHFNOLVW����5HYLVHG� 6&/����5� �3HDUVRQ��8QLWHG� 6WDWHV��� WKH�

7UDLW�6FDOH�RI�WKH�6WDWH�7UDLW�$Q[LHW\�,QYHQWRU\�67$,�7��0DUWHDX�	�%HNNHU���������WKH�/LIH�

(YHQW� 4XHVWLRQQDLUH� �*DUQHIVNL� 	� .UDDLM�� ������ IRU� LQYHVWLJDWLRQ� RI� ORQJHU�WHUP� DQG� SDVW�

VWUHVV�UHODWHG�OLIH�HSLVRGHV��DV�ZHOO�DV�D�EULHI�IRUP�RI�WKH�3RVLWLYH�DQG�1HJDWLYH�$IIHFW�6FKHGXOH�

3$1$6�6)��:DWVRQ��&ODUN��	�7HOOHJHQ���������ZKLFK�UHIOHFWV�FXUUHQW�HPRWLRQDO�VWDWH���



���

���� ([SHULPHQWDO�3URFHGXUH�

3DUWLFLSDQWV�ZHUH�LQYLWHG�WR�WKH�IDFLOLW\�WZLFH��RQFH�IRU�D�SUH�H[DPLQDWLRQ�DQG�RQFH�IRU�WKH�VFDQ�

QLQJ�DSSRLQWPHQW��7KH�SUH�H[DPLQDWLRQ�LQFOXGHG�D�WHQ�OHDG�(&*��FRPSOHWLRQ�RI�TXHVWLRQQDLUHV��

DQG� UHWULHYDO� RI�ZULWWHQ� LQIRUPHG� FRQVHQW�� 6FDQQLQJ� DSSRLQWPHQWV�ZHUH� VFKHGXOHG� EHWZHHQ�

������DQG�������K�WR�DFFRXQW�IRU�FLUFDGLDQ�F\FOLQJ�RI�EORRG�FRUWLVRO��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�

WR�UHIUDLQ�IURP�H[HUFLVH��FDIIHLQH���GUXJ���DQG�DOFRKRO�FRQVXPSWLRQ�IRU�XS�WR����KRXUV�SULRU��DQG�

QRW�WR�HDW�LQ�WKH�WKUHH�KRXUV�OHDGLQJ�XS�WR�WKHLU�DSSRLQWPHQW��8SRQ�DUULYDO�WKH\�ZHUH�JLYHQ����

PLQXWHV�RI�DFFOLPDWL]DWLRQ�WLPH��GXULQJ�ZKLFK�D����VHFRQG�ORQJ�EDVHOLQH�(&*�ZDV�UHFRUGHG��

7KH�VFDQ�VHVVLRQ�LWVHOI�ODVWHG�DSSUR[LPDWHO\�QLQHW\�PLQXWHV�DQG�FRQVLVWHG�RI�D�SUH�LQWHUYHQWLRQ�

056�DQG�IXQFWLRQ�PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,��VFDQ����PLQXWHV���D�VWUHVV�RU�FRQWURO�

LQWHUYHQWLRQ� ����PLQXWHV��� DQG� WZR� UHVSHFWLYH�SRVW�LQWHUYHQWLRQ�PHDVXUHPHQWV� ����PLQXWHV���

8SRQ�FRPSOHWLRQ��ZH�UHFRUGHG�DQRWKHU�RQH�PLQXWH�ORQJ�SRVW�LQWHUYHQWLRQ�(&*���

6DOLYDU\�FRUWLVRO�FRQWHQW�RI�SDUWLFLSDQWV�ZDV�VDPSOHG�DW�ILYH�WLPHSRLQWV�GXULQJ�WKH�H[SHULPHQWDO�

SURFHGXUH�DV�D�PHDVXUH�RI�+3$�UHVSRQVH��7KHVH�WLPHSRLQWV�FDQ�EH�H[WUDFWHG�IURP�WKH�VFKHPDWLF�

SURFHGXUDO�RYHUYLHZ�LQ�)LJXUH����6DOLYD�VDPSOHV�ZHUH�FROOHFWHG�ZLWK�D�FRWWRQ�VZDE�DQG�VWRUHG�

LQ�6DOLYHWWH���6$567('7�$*�	�&R��.*��1�PEUHFKW��*HUPDQ\��FRUWLVRO�WXEHV��EDWFK�QXPEHU�

�������DW�������&�XQWLO�DQDO\VLV��

)LJXUH���6FKHPDWLF�2YHUYLHZ�RI�6FDQ�$SSRLQWPHQW��6FDQ�DSSRLQWPHQW�ODVWHG�DERXW�����KRXUV�LQ�WRWDO�DQG�FDQ�EH�GLYLGHG�LQWR�
WKUHH�SKDVHV��DFFOLPDWL]DWLRQ��VFDQQLQJ��DQG�GHEULHILQJ��8SRQ�DUULYDO�RI�WKH�SDUWLFLSDQW��D�EDVHOLQH�(&*�DQG�HPRWLRQDO�UHSRUW�
�3$1$6��ZHUH�DFTXLUHG��7LPHSRLQWV�RI�VDOLYD�VDPSOLQJ�IRU�PRQLWRULQJ�RI�FRUWLVRO�UHVSRQVH�DUH�GHQRWHG�ZLWK�6�����056�VFDQ�
QLQJ�FRQVLVWHG�RI�RQH�SUH�LQWHUYHQWLRQ��3UH��DQG�WZR�SRVW�LQWHUYHQWLRQ��3RVW���3RVW���VFDQV��D�7��ZHLJKWHG�LPDJH�SURYLGHG�DQ�
DQDWRPLFDO�RYHUYLHZ�IRU�YR[HO�VHOHFWLRQ��7KH�EHJLQQLQJ�RI�WKH�ZDWHU��+�2��DQG�DULWKPHWLF��DULW��WDVN�RI�WKH�LQWHUYHQWLRQ�DUH�
PDUNHG�LQ�RUDQJH��7ZR�DGGLWLRQDO�3$1$6�DQG�RQH�(&*�ZHUH�UHFRUGHG�DW�WKH�LQGLFDWHG�WLPHSRLQWV����

���� ,QWHUYHQWLRQ��6RFLDOO\�(YDOXDWHG�&ROG�3UHVVRU�7DVN�

7KH�VWUHVV� WDVN�SHUIRUPHG�ZDV�DQ�DGDSWHG�6RFLDOO\�(YDOXDWHG�&ROG�3UHVVXUH�7DVN� �6(&37��

�6FKZDEH��+DGGDG��	�6FKlFKLQJHU���������ZKLFK�FRPELQHV�SV\FKRORJLFDO��VRFLDO�HYDOXDWLRQ��



���

DQG�SK\VLFDO� �FROG�ZDWHU��VWUHVVRUV� LQWR�RQH�SDUDGLJP��$OO� WULDOV�ZHUH�H[HFXWHG�E\� WKH�VDPH�

PDOH�H[SHULPHQWHU�ZKRP�QRQH�RI�WKH�SDUWLFLSDQWV�EHIRUHKDQG�NQHZ��,Q�WKH�VWUHVV�FRQGLWLRQ��WKH�

H[SHULPHQWHU�ZDV�ZHDULQJ�D�ZKLWH�FRDW�DQG�JORYHV�DQG�PDLQWDLQHG�D�QHXWUDO�H[SUHVVLRQ��$IWHU�

VKRUW�LQVWUXFWLRQV�WKH�SDUWLFLSDQW¶V�ULJKW�IRRW�ZDV�VXEPHUJHG�LQWR�D�EXFNHW�RI�FROG�ZDWHU����±���

�&��IRU� WKUHH�PLQXWHV�� IROORZHG�E\�D� WKUHH�PLQXWH�DULWKPHWLF�VXEWUDFWLRQ� WDVN�� ,Q� WKH�FRQWURO�

FRQGLWLRQ��WKH�H[SHULPHQWHU�ZRUH�VWUHHW�FORWKLQJ�DQG�ZDV�HQFRXUDJHG�WR�JLYH�IULHQGO\��SRVLWLYH�

IHHGEDFN��7KH�FROG�ZDWHU�ZDV�UHSODFHG�E\�ZDUP�ZDWHU�����±�����&��DQG�WKH�SDUWLFLSDQWV�ZHUH�

JLYHQ�VLPSOH�DGGLWLRQV�WR�VROYH�LQVWHDG�RI�VXEWUDFWLRQV��

���� 'HILQLQJ�&DUGLDF�3DUDPHWHUV�

(OHFWURFDUGLRJUDPV�ZHUH�UHFRUGHG�RQ�D����OHDG�(&*�V\VWHP�DQG�HYDOXDWHG�E\�DQ�LQ�KRXVH�FRQ�

GLWLRQ�EOLQG� FDUGLRORJLVW� LQ� WHUPV� RI� VLJQLILFDQW� FKDQJHV� EHWZHHQ� SUH�� DQG� SRVW�LQWHUYHQWLRQ�

PHDVXUHPHQWV��$GGLWLRQDOO\��KHDUW�UDWH�RI�SDUWLFLSDQWV�GXULQJ�VFDQV�DQG�VWUHVV�LQWHUYHQWLRQ�ZDV�

UHFRUGHG�ZLWK�D�VFDQQHU�LQWHJUDWHG�SOHWK\VPRJUDSKLF�SXOVH�R[LPHWHU��DV�LW�LV�ZLGHO\�UHFRJQL]HG�

WR�EH�D�UHOLDEOH�LQGLFDWRU�RI�V\PSDWKHWLF�UHVSRQVH��+HDUW�UDWH�PHDVXUHPHQWV�ZHUH�LPSRUWHG�WR��

DQG�FRUUHFWHG�IRU�RXWOLHUV�LQ�0DW/DE��5����D��9HUVLRQ���������������XVLQJ�LQ�KRXVH�GHYHORSHG�

VFULSWV��

���� �+�0DJQHWLF�5HVRQDQFH�6SHFWURVFRS\��

������ 056�'DWD�$FTXLVLWLRQ��

$OO�GDWD�ZDV�DFTXLUHG�XVLQJ�D�3KLOLSV��7�$FKLHYD�05�VFDQQHU��3KLOLSV�0HGLFDO�6\VWHPV��7KH�

1HWKHUODQGV��HTXLSSHG�ZLWK�D����FKDQQHO�SKDVHG�DUUD\�KHDG�UHFHLYH�FRLO���+�6SHFWURVFRS\�DQG�

IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,��GDWD�ZHUH�REWDLQHG�DW�WKH�VDPH�WLPH�XVLQJ�RQH�

LQWHUOHDYHG�VFDQQLQJ�SURWRFRO��I05,�DQDO\VLV��KRZHYHU��LV�QRW�ZLWKLQ�WKH�VFRSH�RI�WKLV�WKHVLV��

:H�VWDUWHG�HDFK�VFDQ�VHVVLRQ�ZLWK�D�7��ZHLJKWHG�05�LPDJH�IRU�DQ�DQDWRPLFDO�RYHUYLHZ�RI�WKH�

EUDLQ��75�7( ����������V��ILHOG�RI�YLHZ��)29�� �����î�����[�����PP��YR[HO�VL]H� ������î������

î�����PP��VOLFHV� �������%DVHG�RQ�WKH�7��ZHLJKWHG�LPDJH��D�YR[HO�RI����î����î����PP�ZDV�

SODFHG�VXSHULRU�WR�WKH�JHQX�FRUSRULV�FDOORVL�LQ�WKH�VDJLWWDO�SODQH�RI�WKH�G$&&�IRU�056��)LJXUH�

����D�UHJLRQ�FKRVHQ�IRU�LWV�LQYROYHPHQW�LQ�VWUHVV�UHODWHG�FRJQLWLYH�SURFHVVHV�DQG�KLJK�SRSXODWLRQ�



���

RI�*$%$HULJF�QHXURQV��:H�DGRSWHG�D�VHPL�ORFDOL]DWLRQ�E\�DGLDEDWLF�VHOHFWLYH�UHIRFXVLQJ��V/$�

6(5��VHTXHQFH��75�7(� ���������PV��DQG�9$325�ZDWHU�VXSSUHVVLRQ��%RHU�HW�DO����������DF�

TXLULQJ����VSHFWUD�EHIRUH��DQG�����VSHFWUD�DIWHU�WKH�VWUHVV�LQWHUYHQWLRQ��6FDQV�ZHUH�GHVLJQHG�WR�

FDSWXUH�UHVWLQJ�QHXUDO�DFWLYLW\�IRU�ZKLFK�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�ORRN�DW�D�ZKLWH�FURVV�LQ�

IURQW�RI�D�EODFN�EDFNJURXQG��

������ 056�'DWD�3URFHVVLQJ�

3ULRU�WR�DQDO\VLV�RI�WKH�VSHFWUD�ZH�SHUIRUPHG�VHYHUDO�FRUUHFWLYH�VWHSV�XVLQJ�LQ�KRXVH�GHYHORSHG�

0DW/DE��5����D��9HUVLRQ���������������VFULSWV��7KH�VLJQDO�RI�HDFK� UHFHLYLQJ�FKDQQHO�ZHUH�

SKDVH�DQG�DPSOLWXGH�FRUUHFWHG�EHIRUH�FRLO�FRPELQDWLRQ��,Q�D�VXEVHTXHQW�VWHS��VLJQDO�GLVWRUWLRQV�

FDXVHG�E\�LQGXFWLRQ�RI�HOHFWULFDO�FXUUHQWV��HGG\�FXUUHQWV��E\�WKH�PDJQHWLF�ILHOG�DUH�UHPRYHG�

XVLQJ�WZR�XQVXSSUHVVHG�ZDWHU�VSHFWUD���,QGLYLGXDO�VSHFWUD�RI�RQH�VHVVLRQ�ZHUH�WKHQ�SKDVH�DQG�

IUHTXHQF\�FRUUHFWHG�XVLQJ�VSHFWUDO�UHJLVWUDWLRQ��1HDU�HW�DO����������ZKHUH�WKH�VSHFWUXP�RI�KLJK�

HVW�TXDOLW\�LV�XVHG�DV�QRUP��7KH�HIIHFWV�RI�HGG\�FXUUHQW�FRUUHFWLRQ��(&&��DQG�VSHFWUDO�UHJLVWUD�

WLRQ�RQ�VLJQDO�WR�QRLVH�UDWLR��615��DUH�GHSLFWHG�LQ�)LJXUH����

0HWDEROLWH�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�XVLQJ�/&0RGHO��9HUVLRQ������/��IRU�D�PRYLQJ�DY�

HUDJH�RI����VSHFWUD�IRU�DOO�WKUHH�VFDQV��7KH�WRRO�/&0RGHO�VFDOHV�UHIHUHQFH�VLJQDOV�RI�QHXURPH�

WDEROLWHV�RYHU� WKH�REWDLQHG�IXOO�VSHFWUDO� LPDJH�DQG�UHWXUQV�D�FRQFHQWUDWLRQ�RI�HDFK�UHIHUHQFH�

PHWDEROLWH�EDVHG�RQ�LWV�ILWWHG�DUHD�XQGHU�WKH�FXUYH�YDOXH��1HXURPHWDEROLWHV�ZLWK�D�VWDEOH�056�

VLJQDO��Q�DFWH\ODVSHUWDWH��SKRVSKRFUHDWLQH��DQG�SKRVSKRFKROLQH�ZHUH�ILWWHG�ILUVW��,Q�/&�0RGHO�

)LJXUH�� 9R[HO�3ODFHPHQW��9R[HO�ZDV�SRVLWLRQHG�VXSHULRU�WR�WKH�JHQX�FRUSRULV�FDOORVL�LQ�WKH�VDJLWWDO�SODQH�RI�WKH�G$&&�DQG
YDOLGDWHG�LQ�DOO�WKUHH�DQDWRPLFDO�SODQHV��VDJLWWDO��OHIW���WUDQVYHUVH��PLGGOH���FRURQDO��ULJKW���



���

WKH�FRQILGHQFH�SDUDPHWHU��6'��VWDQGDUG�GHYLDWLRQ��LQ���RI�PHDQ��LV�SURYLGHG�DORQJVLGH�WKH�

HVWLPDWHV�IRU�HDFK�FRQFHQWUDWLRQ�YDOXH��DV�ZHOO�DV�WKH�ILWWLQJ�FXUYH�RI�HDFK�UHIHUHQFH�VLJQDO��VHH�

)LJXUH��G���*$%$�DQG�JOXWDPDWH�HVWLPDWHV�ZLWK�D��6'�!����ZHUH�RPLWWHG�IURP�DQDO\VLV��$G�

GLWLRQDOO\��ZH�H[FOXGHG�VSHFWUD�ZLWK�D�615������DQG�D�IXOO�ZLGWK�KDOI�PD[LPXP��):+0��!�

�������



���

)LJXUH���3URFHVVLQJ�SLSHOLQH�RI�056�VSHFWUD��SDUWLFLSDQW��������SRVW�LQWHUYHQWLRQ���D��0HWDEROLWH�VSHFWUXP�EHIRUH��OHIW��DQG�
DIWHU��PLGGOH��HGG\�FXUUHQW�FRUUHFWLRQ��(&&���(GG\�FXUUHQWV�DUH�FRPPRQ�PHDVXULQJ�DUWHIDFWV�LQGXFHG�E\�WKH�VFDQQHU¶V�PDJ�
QHWLF�ILHOG��2YHUOD\��ULJKW��VKRZV�VLJQDO�LPSURYHPHQW�DIWHU�(&&�PDUNHG�E\�WDOOHU�DQG�QDUURZHU�SHDNV���E��VFKHPDWLF�RYHUYLHZ�
RI�VSHFWUDO�UHJLVWUDWLRQ��VSHFWUD�RI�RQH�VFDQ�VHVVLRQ��Q ����DUH�DOLJQHG�E\�VKLIWV�LQ�IUHTXHQF\�DQG�SKDVH�LQ�RUGHU�WR�UHGXFH�
GLVWRUWLRQV�ZKHQ�VXPPDWLQJ�WKH�VLJQDO�RI�PXOWLSOH�VSHFWUD���F��6SHFWUD�RI�RQH�VFDQ�VHVVLRQ�QH[W�WR�HDFK�RWKHU�EHIRUH��OHIW��DQG

D�

F�

ĨUHTXHQF\ ĨUHTXHQF\

Ǩ �

Ǩ �

Ǩ �

E�

*$%$�&RQF�� �����

*OX�&RQF�� ������

G�
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DIWHU��ULJKW��VSHFWUDO�UHJLVWUDWLRQ��7KH�UHG�SHDN�EDQG�LQGLFDWHV�QRWLFHDEOH�LPSURYHPHQW�RI�WKH�RYHUDOO�ILW���G��/&�0RGHO�VRIWZDUH�
RXWSXW�RI����VSHFWUDO�PHDVXUHPHQWV��OHIW���7KH�SURJUDP�ILWV�UHIHUHQFH�SHDNV�RI�LQGLYLGXDO�PHWDEROLWHV�WR�WKH�RYHUDOO�VLJQDO�DQG
GHWHUPLQHV�D�FRQFHQWUDWLRQ��$�FRQFHQWUDWLRQ��FRQILGHQFH�SDUDPHWHUV���6'��VWDQGDUG�GHYLDWLRQV�LQ���RI�PHDQ���DV�ZHOO�DV�
ILWWLQJ�FXUYHV��ULJKW��DUH�SURYLGHG��

���� 6WDWLVWLFDO�$QDO\VLV��

$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�5��YHUVLRQ��������5�&RUH�7HDP�������XVLQJ�*HQHUDO�

/LQHDU�0L[HG�(IIHFWV�0RGHOV�ZLWK� WKH� IXQFWLRQ� OPHU� RI� WKH� OPH��SDFNDJH� �9HUVLRQ� ��������

%DWHV��0lFKOHU��%RONHU��	�:DONHU���������5HVSRQVH�YDULDEOHV�ZHUH�UHODWLYL]HG�WR�D�EDVHOLQH�

PHDVXUHPHQW�SULRU�WR�WUDQVIRUPDWLRQ��DQ�RYHUYLHZ�RI�WKH�IXOO�PRGHO�V\QWD[HV�LV�JLYHQ�LQ�7DEOH�

���)L[HG�HIIHFW�WHUPV�ZHUH�DVVHVVHG�XVLQJ�OLNHOLKRRG�UDWLR�WHVWV��%DUU��/HY\��6FKHHSHUV��	�7LO\��

�������3�YDOXHV� �����ZHUH�LQWHUSUHWHG�DV�VLJQLILFDQW���

7DEOH���5HVSRQVH�XQLWV�DQG�OPHU�IXQFWLRQ�LQSXW�IRU�VWDWLVWLFDO�PRGHOLQJ��

5HVSRQVH� 8QLWV��[�IROG�RI� )XOO�0RGHO�

+HDUW�5DWH� +5�SUH�LQWHUYHQWLRQ� �̱�ͳ ͳȁ

1HJDWLYH�$IIHFW� 3$1$6�EDVHOLQH�VFRUH� ͳ Ǥ �̱�ͳ ͳȁ �

*$%$� SUH�VFDQ�F*$%$� �̱�ͳ ͳ ̴ ̴ �ȁ

*OXWDPDWH� SUH�VFDQ�F*OX� ̱�ͳ ͳ ̴ ̴ ��ȁ

([SODQDWRU\�9DULDEOHV��

VXE,'��VXEMHFW�,'�

VWUHVV��IDFWRU�ZLWK�OHYHOV����FRQWURO��DQG����VWUHVV���

SKDVH��IDFWRU�ZLWK�OHYHOV����ZDWHU��DQG����DULWKPHWLF���

VHVVLRQ��IDFWRU�ZLWK�OHYHOV����SUH���DQG����SRVW�LQWHUYHQWLRQ���

VFDQ��IDFWRU�ZLWK�OHYHOV����3RVW��VFDQ��DQG����3RVW��VFDQ���

PBVFDQ��PHDQ�FHQWHUHG�YDULDEOH�VFDQ��

WLPH��IDFWRU�ZLWK���OHYHOV����±�����HDFK�UHSUHVHQWLQJ�D�WLPH�LQWHUYDO�RI�����V��VHFRQGV���IURP������V�DIWHU�VWUHVV�RQVHW�RQZDUGV��

PBWLPH��PHDQ�FHQWHUHG�YDULDEOH�WLPH��

��7XNH\�/DGGHU�RI�3RZHU�7UDQVIRUPDWLRQ��7XNH\��������XVLQJ�WKH�IXQFWLRQ�WUDQVIRUP7XNH\�IURP�WKH�UFRPSDQLRQ�SDFNDJH��YHUVLRQ���������
�0DQJLDILFR��������

������ $QDO\VLV�RI�+HDUW�5DWH�

:H�LQYHVWLJDWHG�WKH�HIIHFWV�RI�VWUHVV�RQ�FDUGLDF�SXOVH�DQG�GXULQJ�WZR�SKDVHV�RI�WKH�6(&37��WKH�

ZDWHU�WDVN�DQG�WKH�DULWKPHWLF�WDVN��6WUHVV�DQG�SKDVH�ZHUH�WUHDWHG�DV�IL[HG�HIIHFWV��VXEMHFW,'�ZDV�



���

LQFOXGHG�DV�D�UDQGRP�HIIHFW�WR�WKLV�PRGHO��)XUWKHU��DQ�LQWHUDFWLRQ�WHUP�RI�WKH�IL[HG�HIIHFWV�DF�

FRXQWV�IRU�D�SRVVLEOH�GLVSURSRUWLRQDWH�UHVSRQVH�WR�HLWKHU�WDVN�ZLWKLQ�RQH�H[SHULPHQWDO�JURXS��

������ $QDO\VLV�RI�1HJDWLYH�$IIHFW��

1HJDWLYH�DIIHFW��DV�GHWHUPLQHV�E\�WKH�1HJDWLYH�$IIHFW�6XEVFDOH�RI�WKH�3$1$6��DFURVV�VWUHVV�

DQG�FRQWURO�JURXS�ZDV�FRPSDUHG�EHIRUH�DQG�DIWHU�WKH�LQWHUYHQWLRQ��)RU�WKLV��VWUHVV��VHVVLRQ��DQG�

WKHLU�LQWHUDFWLRQ�ZHUH�LQFOXGHG�DV�IL[HG�HIIHFWV��VXEMHFW,'�DV�UDQGRP�HIIHFW�LQ�WKH�PRGHO��3UH�

LQWHUYHQWLRQ� TXHVWLRQQDLUH� VFRUHV� ZHUH� LQWHUSUHWHG� DV� UHVSRQVH� WR� WKH�05,� VFDQQHU� VHWWLQJ��

FKDQJHV�LQ�SRVW�LQWHUYHQWLRQ�TXHVWLRQQDLUH�VFRUHV�DUH�DWWULEXWHG�WR�WKH�LQWHUYHQWLRQ�LWVHOI��$�GLI�

IHUHQFH�LQ�UHDFWLYLW\�WR�WKH�VWUHVV�DQG�FRQWURO�WDVN�LV�WKXV�UHIOHFWHG�LQ�WKH�PRGHO¶V�HVWLPDWH�IRU�

WKH�LQWHUDFWLRQ�WHUP��

������ $QDO\VLV�RI�1HXURPHWDEROLWH�'DWD��

*$%$�DQG�JOXWDPDWH�UHVSRQVHV�ZHUH�PRGHOOHG�LQ�LGHQWLFDO�IDVKLRQ��6WUHVV�DQG�WLPH�ZHUH�LQ�

FOXGHG�DV�IL[HG�HIIHFWV�LQ�WKH�PRGHO��ZKHUH�WLPH�LV�D�IDFWRU�ZLWK�ILYH�OHYHOV��HDFK�UHSUHVHQWLQJ�D�

WLPH�LQWHUYDO�RI�����V��VHFRQGV���IURP������V�DIWHU�VWUHVV�RQVHW�RQZDUGV��7KHLU�LQWHUDFWLRQ�DF�

FRXQWV�IRU�JURXS�VSHFLILF�QHXURWUDQVPLWWHU�G\QDPLFV�RYHU�WLPH��,Q�DGGLWLRQ��D�FRYDULDWH�RI�VFDQ

ZDV�FRQVLGHUHG�E\�WKH�PRGHO�WR�DYRLG�IDOVH�SRVLWLYH�WLPH�HIIHFWV�GXH�WR�D�EDVHOLQH�VKLIW�EHWZHHQ�

WKH�3RVW��DQG�3RVW��VFDQ��&ROOLQHDULW\�EHWZHHQ�WLPH�DQG�VFDQ�ZDV�UXOHG�RXW�E\�DVVHVVPHQW�RI�

9DULDQFH�,QIODWLRQ�)DFWRUV��)LHOG��������IRU�D�VWDQGDUG�OLQHDU�PRGHO�H[FOXGLQJ�WKH�UDQGRP�HI�

IHFWV��7KH�ILQDO�PRGHO�IXUWKHU�ILWV�UDQGRP�LQWHUFHSWV�IRU�VXEMHFW,'�DQG�UDQGRP�VORSHV�IRU�WLPH

DQG�VFDQ��WKH�ODWWHU�WZR�ZHUH�PHDQ�FHQWHUHG�EHIRUH�LQFOXVLRQ�LQ�WKH�UDQGRP�HIIHFWV�WHUP��)RU�

ERWK�JOXWDPDWH�DQG�*$%$�PRGHOOLQJ��WKH�RSWLPL]HU�µERE\TD¶�ZDV�XVHG��DQG�GDWDSRLQWV�ZHUH�

ZHLJKHG�DJDLQVW�WKHLU�UHVSHFWLYH���6'�YDOXHV���



���

���5HVXOWV�

���� 6DPSOH�&KDUDFWHULVWLFV�

$V� VKRZQ� LQ�7DEOH���� VWUHVV� DQG� FRQWURO� JURXS�PDWFKHG�ZHOO� LQ� WHUPV�RI� DJH�� ,4��366� DQG�

GUXJ�DOFRKRO�LQWDNH��)RU�*$%$�DQG�JOXWDPDWH�DQDO\VLV��WZHOYH��ILYH�FRQWURO��VHYHQ�VWUHVV��DQG�

WZR��ERWK�VWUHVV��SDUWLFLSDQWV�KDG�WR�EH�H[FOXGHG�GXH�WR�LQVXIILFLHQW�GDWD�TXDOLW\��UHVSHFWLYHO\��

7KHLU�H[FOXVLRQ�KDG�QHJOLJLEOH�HIIHFWV�RQ�JURXS�GHPRJUDSKLFV���

7DEOH���6DPSOH�&KDUDFWHULVWLFV��&RQWURO�DQG�6WUHVV�JURXS�GLG�QRW�GLIIHU�VLJQLILFDQWO\�LQ�PDWFKLQJ�FULWHULD��

0DWFKLQJ�&ULWHULRQ�� &RQWURO��0��6'�� 6WUHVV��0��6'�� W�VWDWLVWLF��S� 7RWDO��0��6'��

$JH��\HDUV�� ������������ ������������ ������ ������������

,4� �������������� �������������� ������ ��������������

366� ������������ ������������ ������ ������������

$8',7� ������������ ������������ ����� ������������

'8',7� ������������ ������������ ������ �����������

���� &DUGLDF�3DUDPHWHUV�

7KHUH�ZHUH�QR�GHWHFWDEOH�FKDQJHV�EHWZHHQ�SUH��DQG�SRVW�LQWHUYHQWLRQ�(&*V�IRU�DQ\�RI�WKH�SDU�

WLFLSDQWV��,Q�WHUPV�RI�KHDUW�UDWH��ZH�UHFRUGHG�D�PHDQ�LQFUHDVH�RI����GXULQJ�WKH�ZDWHU�WDVN�DQG�

D�PHDQ�����LQFUHDVH�GXULQJ�WKH�DULWKPHWLF�WDVN��WKH�UHVSRQVH�RI�VWUHVVHG�DQG�XQVWUHVVHG�LQGL�

YLGXDOV�ZDV�FRPSDUDEOH��$QG�DOWKRXJK�WKH�DULWKPHWLF�WDVN�HYRNHG�D�VOLJKWO\�VWURQJHU�UHVSRQVH�

LQ�WKH�VWUHVV�JURXS��WKH�RYHUDOO�HIIHFW�RI�VWUHVV�LV�LQVLJQLILFDQW�� �� �������GI� ����S� ���������

,QGLYLGXDO�KHDUW�UHVSRQVHV�WR�WKH�VWUHVV�SDUDGLJP�UDQJHG�IURP�YHU\�ZHDN�WR�VWURQJ��DV�LV�GHPRQ�

VWUDWHG�LQ�)LJXUH����:KHUHDV�VRPH�SDUWLFLSDQWV�EDUHO\�UHDFWHG�WR�WKH�FROG�ZDWHU��RWKHUV�VKRZHG�

DQ�LQFUHDVH�LQ�KHDUW�UDWH�RI�������



���

)LJXUH���&RPSDULVRQ�RI�+HDUW�5HVSRQVH�EHWZHHQ�6XEMHFWV��+HDUW�UDWH�LV�GHSLFWHG�IRU�WKUHH�LQGLYLGXDOV��WZR�VWUHVVHG��RQH�
FRQWURO��GXULQJ�WKH�6(&37��WKH�VWDUW�RI�WKH�ZDWHU�DQG�DULWKPHWLF�WDVNV�DUH�LQGLFDWHG�RQ�WKH�JUDSKV� &DUGLDF�UHVSRQVH�WR�VWUHVV�
YDULHG�LPPHQVHO\�EHWZHHQ�LQGLYLGXDOV��6XEMHFW������UHDFWHG�VWURQJO\�WR�ERWK�WDVNV��VXEMHFW������VKRZV�OLWWOH�UHVSRQVH�RYHUDOO��
DV�GRHV�VXEMHFW������RI�WKH�FRQWURO�JURXS��'DWD�QRLVH�GLIIHUV�JUHDWO\�EHWZHHQ�UHFRUGLQJV�����

���� 1HJDWLYH�$IIHFW�6FRUHV�

%DVHOLQH�3$1$6�VFRUHV�ZHUH�H[DPLQHG� LQ�D�:LOFR[RQ�0DQQ�:KLWQH\�5DQN�6XP�7HVW�DQG�

UHYHDO�VLPLODU�QHJDWLYH�DIIHFW�EHWZHHQ�VWUHVV��PHDQ� ���������6'� ��������DQG�FRQWURO��PHDQ� �

�������6'� �������VXEMHFWV�DW�WKHLU�DUULYDO�WR�WKH�IDFLOLW\��:� ��������S� ��������%RWK�H[SHUL�

PHQWDO�JURXSV�VKRZHG�D�UHGXFWLRQ�LQ�QHJDWLYH�DIIHFW�DW�WKH�VWDUW�RI�VFDQQLQJ��SUH�LQWHUYHQWLRQ��

RI�DERXW��������

&RPSDULVRQ�ZLWK�WKH�QXOO�PRGHO�VXJJHVWV�D�VWURQJ�RYHUDOO�LPSDFW�RI�WKH�IL[HG�HIIHFWV�VWUHVV�DQG�

VHVVLRQ�� �� ��������GI� ����S����������0RUH�VSHFLILFDOO\��ZH�REVHUYHG�D�FOHDU�GLIIHUHQFH�EHWZHHQ�

VWUHVV�DQG�FRQWURO�JURXS�LQ�WKHLU�UHDFWLRQV�WR�WKH�LQWHUYHQWLRQ��W����� ��������S����������ZKLOH�

QHJDWLYH�DIIHFW�VFRUH�GHFUHDVHG�E\�DQRWKHU������IRU�FRQWUROV��S����������LW�UHPDLQHG�XQFKDQJHG�

IRU�VXEMHFWV�RI�WKH�VWUHVV�JURXS��W����� ���������S� ��������)LJXUH�����7KHVH�UHVXOWV�LQGLFDWH�WKDW�



���

FRQWUROV�JUDGXDOO\�DFFOLPDWL]HG�WR�WKH�WHVWLQJ�HQYLURQPHQW��ZKHUHDV�WKH�6(&37�DUUHVWHG�WKLV�

SURFHVV�LQ�VWUHVVHG�LQGLYLGXDOV���

)LJXUH���(IIHFW�RI�,QWHUYHQWLRQ�RQ�1HJDWLYH�$IIHFW��&RPSDULVRQ�RI�SUH��DQG�SRVW�LQWHUYHQWLRQ�UHVSRQVHV�EHWZHHQ�VWUHVV�DQG�
FRQWURO�JURXS��ERWK�Q� ������OHIW��DQG�HVWLPDWHV�E\�OLQHDU�PL[HG�HIIHFWV�PRGHO��ULJKW���9DOXHV�DUH�UHODWLYH�WR�EDVHOLQH�VFRUH�
VDPSOHG�DW�WKH�DUULYDO�RI�HDFK�SDUWLFLSDQW��(VWLPDWHV�DUH�GHSLFWHG�ZLWK�WKHLU�UHVSHFWLYH�FRQILGHQFH�LQWHUYDOV�RI�VL]H�������RYHU�
ODSSLQJ�FRQILGHQFH�LQWHUYDOV�RI�WZR�HVWLPDWHV�LPSOLHV�QRQ�VLJQLILFDQFH��

���� 1HXURPHWDEROLWH�(YDOXDWLRQ��

������ *$%$�&RQFHQWUDWLRQ�&KDQJHV�RYHU�7LPH�

2YHUDOO�TXDOLW\�RI�*$%$�PHDVXUHPHQWV�ZDV�SRRU�������RI�DOO�GDWD�SRLQWV�KDG�WR�EH�H[FOXGHG�

IURP�DQDO\VLV��)LJXUH��D�VKRZV�WKH�FKDQJH�RI�*$%$�FRQFHQWUDWLRQ�RYHU�WLPH�IRU�HDFK�H[SHUL�

PHQWDO�JURXS��:KLOH�QRW�WUXH�IRU�DOO�SDUWLFLSDQWV��FRQWUROV�LQ�JHQHUDO�VKRZHG�PRUH�VWDEOH�PH�

WDEROLWH�FRQFHQWUDWLRQV���

&RPSDULVRQ�ZLWK�WKH�QXOO�PRGHO�VXJJHVWV�DQ�RYHUDOO�VWURQJ�LPSDFW�RI�IL[HG�HIIHFWV�� �� ���������

GI� �����S����������WKLV�FDQ�ODUJHO\�EH�DWWULEXWHG�WR�FKDQJHV�LQ�WLPH��6SHFLILFDOO\��ERWK�VWUHVV�

�W������� ���������S���������DQG�FRQWURO�JURXS��W����� ���������S� �������VKRZ�DQ�LQFUHDVH�LQ�

*$%$�EHWZHHQ� WLPH� LQWHUYDOV���DQG����7KH�VWDWLVWLFDO�PRGHO�SUHGLFWV�VOLJKWO\� ORZHU�*$%$�

FRQFHQWUDWLRQV�IRU�FRQWUROV� LQ�HDUOLHU� WLPHSRLQWV� WKDQ�IRU�VWUHVVHG�LQGLYLGXDOV��KRZHYHU�WKHVH�

GLIIHUHQFHV�IDOO�EHORZ�WKH�VLJQLILFDQFH�WKUHVKROG��([SHULPHQWDO�JURXS�WKHUHIRUH�GLG�QRW�FRQVLG�

HUDEO\�PRGXODWH�*$%$�UHVSRQVH��7KLV�LV�VKRZQ�LQ�)LJXUH��E��



���

:H�IXUWKHU�LQYHVWLJDWHG�WKH�HIIHFW�RI�VFDQ�VHVVLRQ�RQ�RXU�PHDVXUHPHQWV��)RU�*$%$��ZH�IRXQG�

QR�GLIIHUHQFH�LQ�UHFRUGLQJV�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�SRVW�LQWHUYHQWLRQ�VFDQV��7KH�FRYDULDWH�

ZDV�QRW�RPLWWHG�IURP�WKH�PRGHO��DV�LW�GLG�KDYH�D�VWURQJ�LPSDFW�RQ�JOXWDPDWH�UHVXOWV��VHH�EHORZ���



���

)LJXUH���(IIHFW�RI�,QWHUYHQWLRQ�RQ�3UHIURQWDO�*$%$�&RQFHQWUDWLRQ��*$%$�UHVSRQVH�EHWZHHQ�VWUHVV��Q� �����DQG�FRQWURO��Q�
 �����JURXS���D��3HU�SDUWLFLSDQW�PHWDEROLWH�FRQFHQWUDWLRQV�LQ�PLQXWHV�IURP�VWUHVV�RQVHW��UHODWLYL]HG�WR�D�EDVHOLQH�OHYHO��/RZ�
GDWD�TXDOLW\�UHVXOWV�LQ�ODUJH�JDSV�EHWZHHQ�LQGLYLGXDO�PHDVXULQJ�SRLQWV��5HDFWLRQ�SDWWHUQV�EHWZHHQ�H[SHULPHQWDO�JURXSV�DUH�
QRW�GLVFHUQLEOH���E��3UHGLFWHG�*$%$�UHVSRQVHV�IRU�HDFK�H[SHULPHQWDO�JURXS�E\�OPHU�PRGHO�ZLWK�WKHLU�UHVSHFWLYH�FRQILGHQFH�
LQWHUYDOV�RI�������RYHUODSSLQJ�FRQILGHQFH�LQWHUYDOV�RI�WZR�HVWLPDWHV�LPSOLHV�QRQ�VLJQLILFDQFH��(DFK�WLPH�LQWHUYDO�UHSUHVHQWV�D�
SHULRG�RI�����VHFRQGV��IURP������VHFRQGV�DIWHU�VWUHVV�RQVHW�RQZDUGV���



���

������ *OXWDPDWH�&RQFHQWUDWLRQ�&KDQJHV�RYHU�7LPH�

4XDOLW\�ILOWHULQJ�RI�VSHFWUD�UHVXOWHG�LQ�D�ORVV�RI�����RI�DOO�JOXWDPDWH�GDWD�SRLQWV��)LJXUH���D

VKRZV�HDFK�SDUWLFLSDQW¶V�JOXWDPDWH�UHVSRQVH�RYHU�WLPH��)RU�DOO�SDUWLFLSDQWV��JOXWDPDWH�OHYHOV�

UHPDLQHG�VWDEOH�IRU�WKH�GXUDWLRQ�RI�WKH�SRVW�LQWHUYHQWLRQ�PHDVXUHPHQW��*OXWDPDWH�FRQFHQWUD�

WLRQV�RI�WZR�SDUWLFLSDQWV�ZHUH�UHPDUNDEO\�HOHYDWHG�LQ�UHJDUG�WR�WKH�EDVHOLQH�PHDVXUHPHQW��

6WDWLVWLFDO�PRGHOOLQJ�FRQILUPV�VWUHVV�KDG�QR�LQIOXHQFH�RQ�SUHIURQWDO�JOXWDPDWH�UHVSRQVH��

0RGHO�HVWLPDWHV�IRU�GLIIHUHQW�WLPHSRLQWV�DQG�H[SHULPHQWDO�JURXSV�DUH�LQGLVWLQJXLVKDEOH�FRQ�

VLGHULQJ�WKHLU�UHODWLYHO\�ODUJH�FRQILGHQFH�LQWHUYDOV��:H�QRWLFHG�PHDVXUHPHQWV�RI�WKH�VHFRQG�

SRVW�LQWHUYHQWLRQ�VFDQ�ZHUH�V\VWHPLFDOO\�KLJKHU��DERXW������IRU�ERWK�JURXSV��W������� ���������

S� ��������DW�WKH�DYHUDJH�WLPHSRLQW��7KLV�VXJJHVWV�VFDQ�WR�EH�DQ�LPSRUWDQW�FRYDULDWH�WR�WKH�

PRGHO��DV�GLIIHUHQFHV�LQ�PHWDEROLWH�FRQFHQWUDWLRQV�PLJKW�RWKHUZLVH�EH�DWWULEXWHG�WR�WLPH��



���

)LJXUH����(IIHFW�RI�,QWHUYHQWLRQ�RQ�3UHIURQWDO�*OXWDPDWH�&RQFHQWUDWLRQ��*OXWDPDWH�UHVSRQVH�EHWZHHQ�VWUHVV��Q� �����DQG�
FRQWURO��Q� �����JURXS���D��0HWDEROLWH�FRQFHQWUDWLRQV�UHPDLQ�VWDEOH�RYHU�WLPH��LQ�PLQXWHV�IURP�VWUHVV�RQVHW��IRU�ERWK�JURXSV��
7KH�EDVHOLQH� VKLIW� DW� W� ����PLQXWHV�EHWZHHQ� ILUVW�DQG� VHFRQG� VFDQQLQJ� VHVVLRQ� LV� FOHDUO\�YLVLEOH�� �E��3UHGLFWHG�JOXWDPDWH�
UHVSRQVH�RYHU�WKH�VDPH�LQWHUYDOV�E\�VWDWLVWLFDO�PRGHOLQJ�ZLWK�WKHLU�UHVSHFWLYH�FRQILGHQFH�LQWHUYDOV�RI�������RYHUODSSLQJ�FRQIL�
GHQFH�LQWHUYDOV�RI�WZR�HVWLPDWHV�LPSOLHV�QRQ�VLJQLILFDQFH��(DFK�WLPH�LQWHUYDO�UHSUHVHQWV�D�SHULRG�RI�����VHFRQGV��IURP������
VHFRQGV�DIWHU�VWUHVV�RQVHW�RQZDUGV��



���

���'LVFXVVLRQ�

7R�EHWWHU�XQGHUVWDQG�WKH�UHJXODWLRQ�RI�G$&&�DQG�DXWRQRPLF�DFWLYLW\�LQ�VWUHVV��ZH�LQYHVWLJDWHG�

WKH� FKDQJHV� LQ� SUHIURQWDO� *$%$� DQG� JOXWDPDWH� FRQFHQWUDWLRQV� LQ� UHVSRQVH� WR� DFXWH� VWUHVV��

*$%$�DQG�JOXWDPDWH�FRQFHQWUDWLRQV�LQ�WKH�G$&&�ZHUH�PHDVXUHG�LQ�WKH�WLPH�LQWHUYDO�RI�������

PLQXWHV�DIWHU�VWUHVV�RQVHW�DQG�FRPSDUHG�WR�SDUWLFLSDQWV¶�KHDUW�UDWH�GXULQJ�WKH�6(&37��$GGLWLRQ�

DOO\��VHOI�UHSRUWHG�TXHVWLRQQDLUHV�ZHUH�DFTXLUHG�WKURXJKRXW�WKH�VFDQ�SURFHGXUH�WR�DVVHVV�VXE�

MHFWLYH�VWUHVV�OHYHOV��

6XFFHVV�RI�VWUHVV�LQGXFWLRQ�ZLWK�WKH�6(&37�LV�FRPPRQO\�GHWHUPLQHG�WKURXJK�UHVSHFWLYH�PHDV�

XUHPHQW�RI�SV\FKRORJLFDO��HQGRFULQH��DQG�DXWRQRPLF�LQGLFDWRUV��6FKZDEH�HW�DO����������2Q�D�

JURXS�OHYHO��VWUHVVHG�LQGLYLGXDOV�UHSRUWHG�KLJKHU�QHJDWLYH�DIIHFW�VFRUHV�WKDQ�FRQWUROV��EXW�WKHUH�

ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�KHDUW�UDWH�UHVSRQVH��2Q�WKH�LQGLYLGXDO�OHYHO��VWUHVV�UHDFWLYLW\�LV�

PHDVXUHG�LQ�WHUPV�RI�FRUWLVRO�UHVSRQVH��DV�UHOLDEOH�WKUHVKROGV�IRU�+3$�DURXVDO�KDYH�SUHYLRXVO\�

EHHQ�HVWDEOLVKHG��0LOOHU��3OHVVRZ��.LUVFKEDXP��	�6WDOGHU���������+RZHYHU��GXH� WR� WLPH�UH�

VWULFWLRQV��VDOLYDU\�FRUWLVRO�VDPSOHV�KDYH�QRW�\HW�EHHQ�DQDO\]HG��:LWK�WKHVH�UHVXOWV�DW�KDQG��ZH�

FDQQRW�PDNH�D�FOHDU�YHUGLFW�RQ�WKH�VXFFHVV�RI�RXU�VWUHVV�LQGXFWLRQ�SDUDGLJP�DQG�LW�LV�LPSRUWDQW�

WR�UHYLVLW�WKLV�TXHVWLRQ�LQ�LWV�IXOO�FRQWH[W�RQFH�GDWD�RQ�FRUWLVRO�LV�DYDLODEOH��7KLV�LPSRUWDQFH�LV�

KLJKOLJKWHG� LQ� D�PHWD�DQDO\VLV�RI� VWXGLHV� LQYROYLQJ� WKH�6(&37��ZKLFK� VKRZHG� �SRVLWLYH� UH�

VSRQVH�UDWH�WR�WKH�SDUDGLJP��DV�DVVHVVHG�LQ�WHUPV�RI�FRUWLVRO�UHVSRQVH��UDQJHG�IURP����WR����

SHUFHQW�EHWZHHQ�VWXGLHV� �6FKZDEH�	�6FKlFKLQJHU���������7KH�SRVVLELOLW\�RI�QRQ�UHVSRQGHUV�

EHLQJ�RYHUUHSUHVHQWHG�LQ�WKH�VWUHVV�JURXS�WKXV�QHHGV�WR�EH�HYDOXDWHG����

:KLOH�WKH�HIIHFWV�RI�VWUHVV�RQ�KHDUW�UDWH�DUH�ZHOO�NQRZQ��WKHUH�KDYH�EHHQ�GLIIHUHQW�UHSRUWV�UH�

JDUGLQJ�KHDUW�UDWH�EHKDYLRU�LQ�UHVSRQVH�WR�WKH�6(&37�VSHFLILFDOO\��KHDUW�UDWH�KDV�EHHQ�VKRZQ�WR�

LQFUHDVH��*LOHV��0DKRQH\��%UXQ\p��7D\ORU��	�.DQDUHN���������DV�ZHOO�DV�WR�QRW�UHDFW��6FKZDEH�

HW�DO���������LQ�UHVSRQVH�WR�WKH�6(&37��DQG�PD\�WKHUHIRUH�QRW�EH�D�UHOLDEOH�VWUHVV�LQGLFDWRU�IRU�

WKLV�WDVN��7KLV�PLJKW�EH�GXH�WR�WKH�FROG�ZDWHU�FRPSRQHQW��ZKLFK�KDV�EHHQ�VSHFXODWHG�WR�HYRNH�

DQ� LQFUHDVH� LQ� EORRG� SUHVVXUH� WKDW� FRXQWHUDFWV� WKH� UHJXODU� KHDUW� UDWH� LQFUHDVH� GXULQJ� VWUHVV�

WKURXJK�DFWLYDWLRQ�RI� WKH�EDURUHIOH[� �6FKZDEH�	�6FKlFKLQJHU���������:KLOH� WKLV�SURYLGHV�D�

SRVVLEOH�H[SODQDWLRQ�WR�RXU�QHJDWLYH�ILQGLQJV�LQ�FDUGLDF�UHVSRQVH��LW�DOVR�SURYLGHV�DQ�LQFHQWLYH�
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WR�H[SORUH�GLIIHUHQW�SDUDPHWHUV��+HDUW�UDWH�YDULDELOLW\��+59��LV�RQH�RI�VXFK�ZKLFK�FRPSDUHV�WKH�

PLOOLVHFRQG�YDULDWLRQ�RI�LQWHU�EHDW�LQWHUYDOV�LQ�D�JLYHQ�WLPH�LQWHUYDO��7DVN�)RUFH�RI�WKH�(XURSHDQ�

6RFLHW\� (OHFWURSK\VLRORJ\�� ������� (IIHFWV� RI� VWUHVV� RQ�+59� DUH� DOVR�ZHOO� GRFXPHQWHG� �$��

+HUQDQGR�HW�DO���������'��+HUQDQGR��5RFD��6DQFKR��$OHVDQFR��	�%DLOyQ��������.LP��&KHRQ��

%DL��/HH��	�.RR��������DQG�PD\�SRWHQWLDOO\�EH�OHVV�VHQVLWLYH�WR�VSHFLILFLWLHV�RI�WKH�6(&37��$�

IROORZ�XS�DQDO\VLV�ZLOO� WKXV�EH�FRQGXFWHG��$QDO\VLV�RI�+59�ZLOO�EH�RI�SDUWLFXODU�UHOHYDQFH��

VLQFH�DOVR�QR�FKDQJHV�LQ�SDUWLFLSDQWV¶�(&*V�ZHUH�REVHUYHG��7KLV��KRZHYHU��LV�PRVW�OLNHO\�GXH�

WR�WKH�WLPH�LQWHUYDO�EHWZHHQ�VWUHVV�RQVHW�DQG�SRVW�LQWHUYHQWLRQ�(&*�EHLQJ�WRR�ORQJ�WR�GHWHFW�

DXWRQRPLF�PRGXODWLRQ��W�a����PLQXWHV����

:H�ZHUH�QRW�DEOH� WR�GHWHUPLQH�D� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VWUHVV�DQG�FRQWURO�JURXS� LQ�

WHUPV�RI�G$&&�*$%$�PRGXODWLRQ��7KLV�JRHV�DJDLQVW�WKH�QRWLRQ�WKDW�*$%$�LV�D�NH\�UHJXODWRU�

LQ�WKH�VWUHVV�UHVSRQVH��KRZHYHU��GDWD�ORVV�ZDV�D�FULWLFDO�LVVXH�LQ�WKLV�DQDO\VLV��7KH�H[FOXVLRQ�RI�

WZHOYH�SDUWLFLSDQWV�LQHYLWDEO\�UHGXFHG�VWDWLVWLFDO�SRZHU�DQG�WKXV�VHQVLWLYLW\�LQ�GHWHFWLQJ�JURXS�

GLIIHUHQFHV��$�VPDOO�JURXS�HIIHFW�PLJKW�KDYH�WKHUHIRUH�JRQH�XQQRWLFHG��*$%$�FRQFHQWUDWLRQV��

DOEHLW�LQVLJQLILFDQWO\��ZHUH�REVHUYHG�WR�EH�KLJKHU�LQ�VWUHVVHG�LQGLYLGXDOV�FRPSDUHG�WR�FRQWUROV�

LQ�WKH�ILUVW�WKUHH�WLPH�LQWHUYDOV�RI�UHFRUGLQJ��,QWHUHVWLQJO\��WKLV�JRHV�DJDLQVW�SUHYLRXV�DVVRFLD�

WLRQV�RI�SUHIURQWDO�*$%$�GHFUHDVHV�ZLWK�&16�VWUHVV�EHKDYLRU��+DVOHU�HW�DO����������2QH�QRWLFH�

DEOH�GLIIHUHQFH�WR�RXU�VWXG\�LV�WKH�WLPLQJ�RI�056�UHODWLYH�WR�VWUHVV�RQVHW��DV�+DVOHU¶V�UHVHDUFK�

JURXS��������FRQGXFWHG�WKHLU�PHDVXUHPHQWV�GXULQJ�D�VWUHVV�WDVN��QRW�DIWHUZDUGV��$�VHFRQG�VWXG\�

LQYHVWLJDWHG�WKH�UHVSRQVH�RI�*$%$�DSSUR[LPDWHO\����PLQXWHV�DIWHU�VWUHVV�LQGXFWLRQ�ZDV�DOVR�

QRW�DEOH�WR�ILQG�DQ�HIIHFW��+RXWHSHQ�HW�DO����������7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�KLQW�WRZDUGV�D�

QDUURZ�WLPHIUDPH�RI�*$%$�PHGLDWHG�61�DFWLYDWLRQ�LQ�UHVSRQVH�WR�VWUHVV��,QGHHG��61�DFWLYLW\�

LQ�DFXWH�VWUHVV�LV�NQRZQ�JUDGXDOO\�WR�VXEVLGH�LQ�IDYRU�RI�&(1�PHGLDWHG�SURFHVVLQJ��+HUPDQV�

HW�DO����������WKH�H[DFW�WLPHOLQH�RI�WKLV�DGDSWDWLRQ�KDV�QRW�\HW�EHHQ�LQYHVWLJDWHG��:H�VKRZ�WKDW�

WKHVH�DGDSWDWLRQV�RFFXU�LQ�D�JOXWDPDWH�LQGHSHQGHQW�PDQQHU��DQG�WKDW�IXUWKHU�FODULILFDWLRQ�UH�

JDUGLQJ�WKH�UROH�RI�*$%$�LV�QHFHVVDU\��056�GDWD�ZLOO�EH�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�I05,�DW�

D�ODWHU�SRLQW�LQ�WLPH��ZKHUH�WKH�DFWLYLW\�RI�61��DQG�&(1�VSHFLILF�GRPDLQV�FDQ�EH�FRUUHODWHG�WR�

RXU�QHXURPHWDEROLWH�PHDVXUHPHQWV���
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7KHVH�SUHOLPLQDU\�ILQGLQJV�XUJH�PRUH�HODERUDWH�DQDO\VLV�RI�WKH�ZKROH�H[SHULPHQW��EXW�QRQHWKH�

OHVV� UDLVH� LQWHUHVWLQJ� TXHVWLRQV� IRU� GHEDWH�� 6WUHVV� UHVSRQVLYHQHVV�� FRUWLVRO� DQG� DXWRQRPLF�

PHDVXUHV�VWLOO�QHHG�WR�EH�YHULILHG��DQG�VSHFWURVFRSLF�PHDVXUHPHQWV�SXW�LQWR�FRQWH[W�ZLWK�I05,�

GDWD�DQDO\VLV��6HYHUDO�OLPLWDWLRQV�WR�WKHVH�UHVXOWV�KDYH�EHHQ�SRLQWHG�RXW��:H�GLG�QRW�ILQG�D�OLQN�

EHWZHHQ�SUHIURQWDO�*$%$�FRQFHQWUDWLRQV�DQG�VWUHVV�DQG��PRUHRYHU��FDUGLDF�UHVSRQVH��KRZHYHU�

ZLVK�WR�FULWLFDOO\�UHDVVHVV�WKHVH�ILQGLQJV�LQ�WKHLU�IXOO�FRQWH[W����
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6XPPDU\�

7KH�KXPDQ�VWUHVV� UHVSRQVH� LV� D� V\VWHPLF�HIIRUW� WR�PDLQWDLQ�KRPHRVWDWLF�EDODQFH�XQGHU� UHDO��

SHUFHLYHG��RU� DQWLFLSDWHG� WKUHDW�� ,Q� WKH�SHULSKHU\�� LWV� HIIHFWV� DUH�PHGLDWHG�E\� WKH� DXWRQRPLF�

QHUYRXV�V\VWHP��$16��DQG�EORRGVWUHDP�FRUWLVRO��HQG�SURGXFW�RI�WKH�K\SRWKDODPXV�SLWXLWDU\�

DGUHQRFRUWLFDO�D[LV��+3$���$OO�LV�RYHUVHHQ�E\�D�FHQWUDO�QHUYRXV�UHJXODWRU\�FRPSRQHQW��ZKLFK�

DGMXVWV� WKH� LQWHQVLW\�DQG�GXUDWLRQ�RI�SHULSKHUDO� UHVSRQVH�DQG� LQWHJUDWHV�SHULSKHUDO�VLJQDOV�RI�

VWUHVV�LQWR�KLJKHU�RUGHU�FRJQLWLYH�DQG�EHKDYLRUDO�SURFHVVHV��$�G\VUHJXODWLRQ�RI�WKLV�FRPSOH[�

V\VWHP��WKURXJK�SURORQJHG�RU�RYHU�LQWHQVLYH�H[SRVXUH�WR�VWUHVV��FDQ�KDYH�GHYDVWDWLQJ�HIIHFWV�

RQ�PHQWDO�DQG�SK\VLFDO�KHDOWK��LQFOXGLQJ�FDUGLDF�KHDOWK��)RU�H[DPSOH��SHULRGV�RI�VHYHUH�DFXWH�

VWUHVV�KDYH�EHHQ�OLQNHG�WR�FDUGLDF�DUU\WKPLDV�DQG�FDQ�HYHQ�OHDG�WR�VXGGHQ�FDUGLDF�GHDWK��6&'���

SRVVLEO\�GXH�WR�D�GLVUXSWLRQ�LQ�$16�FRQWURO�RI�WKH�KHDUW���

7KH� LPSRUWDQFH� RI� SUHIURQWR�OLPELF� VWUXFWXUHV� VXFK� DV� WKH� GRUVDO� DQWHULRU� FLQJXODWH� FRUWH[�

�G$&&��DQG� �DPLQREXW\ULF�DFLG��*$%$��SDWKZD\V�LQ�VWUHVV�UHJXODWLRQ�LV�ZLGHO\�UHFRJQL]HG��

*$%$�UHFHSWRU�DQWDJRQLVWV�VXFK�DV�ELFXFXOOLQH�DUH�FDWHJRUL]HG�DV�DQ[LRJHQLF��ZKHUHDV�*$%$�

UHFHSWRU�DJRQLVWLF�PHGLFDWLRQ�VXFK�DV�PHPEHUV�RI� WKH�EHQ]RGLD]HSLQH�IDPLO\�DUH�FRPPRQO\�

SUHVFULEHG�IRU�WKHLU�DQ[LRO\WLF�HIIHFWV��&RQVLVWHQW�ZLWK�WKHVH�LQVLJKWV��D�SUHYLRXV�PDJQHWLF�UHV�

RQDQFH�VSHFWURVFRS\��056��VWXG\�KDV�VKRZQ�SUHIURQWDO�*$%$�FRQFHQWUDWLRQV�WR�GHFUHDVH�LQ�

LPPHGLDWH� UHVSRQVH� WR� VWUHVV�� 0RUHRYHU�� UHFHQW� UHSRUWV� FRQILUP� VXGGHQ� GLVFRQWLQXDWLRQ� RI�

*$%$�UHFHSWRU�DJRQLVWLF�PHGLFDWLRQ�FDQ�UHVXOW�LQ�GHYHORSPHQW�RI�FDUGLRP\RSDWK\�FOLQLFDOO\�

LQGLVWLQJXLVKDEOH�IURP�6&'���

7KH�SUHVHQW�VWXG\�H[WHQGV�WKLV�UHVHDUFK�E\�LQYHVWLJDWLQJ�SRVVLEOH�FRUUHODWHV�EHWZHHQ�SUHIURQWDO�

*$%$�FRQFHQWUDWLRQV�DQG�FDUGLDF�PDUNHUV��)LIW\�VL[�SV\FKRORJLFDOO\�DQG�SK\VLFDOO\�KHDOWK\�

PDOHV��PHDQ�DJH� ��������ZHUH�LQFOXGHG�LQ�D�EHWZHHQ�VXEMHFW�H[SHULPHQWDO�VHWXS�WR�LQYHVWLJDWH�

*$%$�DQG�JOXWDPDWH�UHVSRQVH�LQ�WKH�G$&&�WR�D�ZHOO�HVWDEOLVKHG�VWUHVV�WDVN��L�H��WKH�6RFLDOO\�

(YDOXDWHG�&ROG�3UHVVRU�7DVN���:H�DGRSWHG�D�VHPL�ORFDOL]DWLRQ�E\�DGLDEDWLF�VHOHFWLYH�UHIRFXVLQJ�

�V/$6(5��PHDVXULQJ�VHTXHQFH��75�7(� ���������PV��DW�XOWUD�KLJK�ILHOG��7�056��DFTXLULQJ�

���VSHFWUD�EHIRUH��DQG�����VSHFWUD�DIWHU�WKH�VWUHVV�LQWHUYHQWLRQ�LQ�D�WDVN�QHJDWLYH�VHWWLQJ��$GGL�

WLRQDOO\��VDOLYDU\�FRUWLVRO�FRQWHQW�DQG�HOHFWURFDUGLRJUDSKLF��(&*��PDUNHUV�RI�SDUWLFLSDQWV�ZHUH�

PHDVXUHG�WR�GHWHUPLQH�+3$�DQG�$16�DFWLYDWLRQ��UHVSHFWLYHO\��6SHFWURVFRS\�DQG�(&*�GDWD�ZDV�
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DQDO\]HG�LQ�WKH�VDPH�FRQWH[W�WR�H[SORUH�WKH�SRVVLELOLW\�RI�WHPSRUDO�GHSHQGHQFLHV�EHWZHHQ�WKH�

WZR�DQG�DVVHVVHG�IRU�UHOLDEOH�PHDVXUHV�RI�VWUHVV�YXOQHUDELOLW\���

:H�GLG�PDNH�RXW�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VWUHVV�DQG�FRQWURO�JURXS�LQ�WHUPV�RI�G$&&�

*$%$�PRGXODWLRQ��7KLV�JRHV�DJDLQVW� WKH�QRWLRQ� WKDW�*$%$�LV�D�NH\�UHJXODWRU� LQ� WKH�VWUHVV�

UHVSRQVH�� KRZHYHU�� GDWD� ORVV�ZDV� D� FULWLFDO� LVVXH� LQ� WKLV� DQDO\VLV��5HGXFHG� VWDWLVWLFDO� SRZHU�

PLJKW�OHDYH�VPDOO�HIIHFWV�XQQRWLFHG�DQG�DV�D�QH[W�VWHS�ZH�ZLOO�YDOLGDWH�RXU�ILQGLQJV�ZLWK�IXQF�

WLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ�GDWDVHWV��)XUWKHUPRUH��ZH�IRXQG�WKH�VWUHVV�WDVN�WR�KDYH�QR�

HIIHFW�RQ�(&*�SDUDPHWHUV��DQG�ZH�UDLVH�WKH�TXHVWLRQ�RI�LWV�VXLWDELOLW\�WR�PHDVXUH�6$0�DFWLYD�

WLRQ� LQ� WKH�SDUDGLJP�DW�KDQG��'XH� WR� WLPHO\� UHVWULFWLRQV�� VDOLYDU\� FRUWLVRO�GDWD� FRXOG�QRW�EH�

LQFOXGHG�LQ�WKH�DQDO\VLV��+3$�DQG�6$0�DFWLYDWLRQ�ZLOO�KDYH�WR�EH�DGGUHVVHG�DW�D�ODWHU�SRLQW�

DJDLQ��� �
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=XVDPPHQIDVVXQJ�

'LH�6WUHVVDQWZRUW�LP�0HQVFKHQ�LVW�HLQH�V\VWHPLVFKH�$QVWUHQJXQJ�GHU�(UKDOWXQJ�KRP|RVWDWL�

VFKHQ�*OHLFKJHZLFKWV�XQWHU�UHDOHU��ZDKUJHQRPPHQHU�RGHU�DQWL]LSLHUWHU�*HIDKU��,Q�GHU�3HULSKH�

ULH�ZLUG�VLH�GXUFK�GDV�DXWRQRPH�1HUYHQV\VWHP��$16��XQG�GXUFK�]LUNXOLHUHQGHV�&RUWLVRO��GHP�

(QGSURGXNW�GHU�+\SRWKDODPXV�+\SRSK\VHQ�1HEHQQLHUHQULQGHQ�$FKVH��+3$���YHUPLWWHOW��'DV�

]HQWUDOH�1HUYHQV\VWHP��EHUQLPPW�KLHUEHL�GLH�5HJXODWLRQ�GHU�,QWHQVLWlW�XQG�'DXHU�GHU�SHULSKH�

UHQ�5HDNWLRQ�XQG�LQWHJULHUW�]XGHP�6WUHVVVLJQDOH�LQ�NRJQLWLYH�3UR]HVVH�XQG�GDV�9HUKDOWHQ��(LQH�

0DODGDSWLRQ�GLHVHV�NRPSOH[HQ�6\VWHPV��HWZD�GXUFK�FKURQLVFKH�RGHU��EHULQWHQVLYH�%HODVWXQJ��

NDQQ�YHUKHHUHQGH�$XVZLUNXQJHQ�DXI�JHLVWLJH�XQG�N|USHUOLFKH�*HVXQGKHLW���HLQVFKOLH�OLFK�GHU�

GHV�+HU]HQV���KDEHQ��6R�ZXUGHQ�VWUHVVODVWLJH�/HEHQVSHULRGHQ�PLW�+HU]UK\WKPXVVW|UXQJHQ�LQ�

9HUELQGXQJ�JHEUDFKW� XQG� N|QQHQ� LQ� VHOWHQHQ�)lOOHQ� ]X� SO|W]OLFKHP�+HU]WRG� �6&'�� I�KUHQ��

P|JOLFKHUZHLVH�ZHJHQ�HLQHU�6W|UXQJ�$16�EHGLQJWHU�5HJXODWLRQVPHFKDQLVPHQ����

'LH�%HGHXWXQJ�SUlIURQWR�OLPELVFKHU�6WUXNWXUHQ�ZLH�GHP�GRUVDOHQ�FRUWH[�FLQJXODULV�DQWHULRU�

�G$&&��XQG� �$PLQREXWWHUVlXUH��*$%$��HUJHU�1HXURQHQ�LQ�GHU�6WUHVVUHJXODWLRQ�LVW�ZHLW�DQ�

HUNDQQW��*$%$�5H]HSWRU�$QWDJRQLVWHQ�ZLH�%LFXFXOOLQ�ZHUGHQ�DOV�DQ[LRJHQ�HLQJHVWXIW��ZlK�

UHQG�*$%$�5H]HSWRU�DJRQLVWLVFKH�0HGLNDPHQWH��ZLH�HWZD�0LWJOLHGHU�GHU�%HQ]RGLD]HSLQ�)D�

PLOLH���EOLFKHUZHLVH�I�U�LKUH�DQ[LRO\WLVFKH�:LUNXQJ�YHUVFKULHEHQ�ZHUGHQ��,Q�hEHUHLQVWLPPXQJ�

PLW�GLHVHQ�(UNHQQWQLVVHQ�KDW�HLQH�0DJQHWUHVRQDQ]VSHNWURVNRSLH�6WXGLH��056��EHUHLWV�JH]HLJW��

GDVV�GLH�SUlIURQWDOHQ�*$%$�.RQ]HQWUDWLRQHQ�LQ�XQPLWWHOEDUHU�5HDNWLRQ�DXI�6WUHVV�DEQHKPHQ��

'DU�EHU�KLQDXV�EHVWlWLJHQ�QHXHUH�%HULFKWH��GDVV�HLQ�SO|W]OLFKHV�$EVHW]HQ�*$%$�5H]HSWRU�D�

JRQLVWLVFKHU�0HGLNDPHQWH�]XU�(QWZLFNOXQJ�HLQHU�.DUGLRP\RSDWKLH�I�KUHQ�NDQQ��GLH�NOLQLVFK�

YRQ�6&'�QLFKW�]X�XQWHUVFKHLGHQ�LVW����

0LW� GLHVHP�+LQWHUJUXQG�ZXUGH� LQ� GHU� YRUOLHJHQGHQ� 6WXGLH� GHU�=XVDPPHQKDQJ� SUlIURQWDOHU�

*$%$�.RQ]HQWUDWLRQHQ� XQG�+HU]SDUDPHWHUQ� XQWHUVXFKW��+LHUI�U�ZXUGHQ� ��� SV\FKLVFK� XQG�

SK\VLVFK�JHVXQGH�0lQQHU��'XUFKVFKQLWWVDOWHU� �������-DKUH��HLQHP�JlQJLJHQ�6WUHVVSDUDGLJPD�

�GHP�6RFLDOO\�(YDOXDWHG�&ROG�3UHVVRU�7DVN��XQWHU]RJHQ��XQG�DQVFKOLH�HQG�PLWWHOV��7�056�

GHUHQ�*$%$��XQG�*OXWDPDWJHKDOW�LP�G$&&�JHPHVVHQ��:LU�EHGLHQWHQ�XQV�HLQHU�VHPL�ORFDOL]D�

WLRQ�E\�DGLDEDWLF�VHOHFWLYH�UHIRFXVLQJ��V/$6(5��0HVVVHTXHQ]��75���7(� ���������PV���ZREHL�
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���6SHNWUD�YRU��XQG�����6SHNWUD�QDFK�GHU�6WUHVVLQWHUYHQWLRQ�LQ�HLQHP�DXIJDEHQQHJDWLYHQ�8P�

IHOG�DXIJHQRPPHQ�ZXUGHQ��=XVlW]OLFK�ZXUGHQ�&RUWLVROJHKDOW�LP�6SHLFKHO�XQG�HOHNWURNDUGLR�

JUDSKLVFKH��(&*��0DUNHU�GHU�7HLOQHKPHU�HUPLWWHOW��XP�GDV�$XVPD��HLQHU�+3$��E]Z��$16�

$NWLYLHUXQJ�]X�EHVWLPPHQ��6SHNWURVNRSLH��XQG�(&*�'DWHQ�ZXUGHQ�LP�VHOEHQ�.RQWH[W�DQDO\�

VLHUW��XP�GLH�0|JOLFKNHLW�]HLWOLFKHU�$EKlQJLJNHLWHQ�]X�XQWHUVXFKHQ��XQG�XP�GLHVH�DOV�3DUDPHWHU�

I�U�GLH�6WUHVVHPSILQGOLFKNHLW�]X�HYDOXLHUHQ���

:LU�VWHOOWHQ�ZLGHU�DQIlQJOLFKHU�$QQDKPH�NHLQH�8QWHUVFKLHGH�]ZLVFKHQ�6WUHVV��XQG�.RQWUROO�

JUXSSH�LQ�+LQEOLFN�SUlIURQWDOHU�*$%$�.RQ]HQWUDWLRQHQ�IHVW��MHGRFK�KDWWHQ�ZLU�LQ�GLHVHU�$QD�

O\VH�PLW�NULWLVFKHQ�'DWHQYHUOXVWHQ�XP]XJHKHQ��'LH�YHUULQJHUWH�$XVVDJHNUDIW�XQVHUH�$XVZHU�

WXQJ�N|QQWH�NOHLQH�(IIHNWH�DX�HU�$FKW�ODVVHQ��HLQH�9DOLGLHUXQJ�XQVHUHU�(UJHEQLVVH�PLW�IXQNWL�

RQHOOHU�0DJQHWUHVRQDQ]�'DWHQVlW]H�LVW�LP�QlFKVWHQ�6FKULWW�GDKHU�YRQ�EHVRQGHUHU�%HGHXWXQJ��

:LU�]HLFKQHWHQ�HEHQIDOOV�NHLQHQ�(IIHNW�YRQ�6WUHVV�DXI�(&*�3DUDPHWHU�DXI��XQG�ZLU�KLQWHUIUDJHQ�

GLH�(LJQXQJ�GLHVHU�]XU�0HVVXQJ�YRQ�6$0�$NWLYLHUXQJ�LQ�GHP�YRUOLHJHQGHQ�H[SHULPHQWHOOHQ�

.RQWH[W��$XIJUXQG�]HLWOLFKHU�(LQVFKUlQNXQJHQ�ZDU�GHU�&RUWLVRO�'DWHQVDW]�QLFKW�7HLO�GHU�$QD�

O\VH��+3$��XQG�6$0�$NWLYLWlW�P�VVHQ�]X�HLQHP�VSlWHUHQ�=HLWSXQNW�QRFKPDOV�HUXLHUW�ZHUGHQ���
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$EEUHYLDWLRQV��

$16�� � $XWRQRPLF�1HUYRXV�6\VWHP�

DULW�� � DULWKPHWLF�WDVN�RI�WKH�6(&37�

$8',7�� $OFRKRO�8VH�'LVRUGHUV�,GHQWLILFDWLRQ�7HVW�

%�� � H[WHUQDO�PDJQHWLF�ILHOG�

&(1� � FHQWUDO�H[HFXWLYH�QHWZRUN�

&16� � &HQWUDO�1HUYRXV�6\VWHP�

G$&&� � GRUVDO�DQWHULRU�FLQJXODWH�FRUWH[�

GI�� � GHJUHHV�RI�IUHHGRP�

'01�� � GHIDXOW�PRGH�QHWZRUN�

'8',7�� 'UXJ�8VH�'LVRUGHUV�,GHQWLILFDWLRQ�7HVW�

(&&�� � HGG\�FXUUHQW�FRUUHFWLRQ�

(&*�� � HOHFWURFDUGLRJUDP�

):+0�� IXOO�ZLGWK�KDOI�PD[LPXP�

*$%$�� �DPLQREXW\ULF�DFLG�
�+� � SURWLXP��PRVW�SUHYDOHQW�K\GURJHQ�LVRWRSH�

+�2�� � ZDWHU�WDVN�RI�WKH�6(&37�

+3$� � K\SRWKDODPXV�SLWXLWDU\�DGUHQRFRUWLFDO�D[LV�

+5�� � KHDUW�UDWH�

+59�� � KHDUW�UDWH�YDULDELOLW\�

,4�� � LQWHOOLJHQFH�TXRWLHQW�

0� � PHDQ�

0� � QHW�PDJQHWL]DWLRQ�RI�VDPSOH��6HFWLRQ����7HFKQLFDO�%DFNJURXQG��

P�� � PLQXWHV�

P3)&� � PHGLDO�SUHIURQWDO�FRUWH[�

05,��I05,�� �IXQFWLRQDO��PDJQHWLF�UHVRQDQFH�LPDJLQJ�

056� � PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\�

Q�� � VDPSOH�VL]H�

176�� � QXFOHXV�RI�WKH�VROLWDU\�WUDFW�

3$1$6�6)�� 3RVLWLYH�DQG�1HJDWLYH�$IIHFW�6FKHGXOH��VKRUW�IRUP�
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SSP� � SDUWV�SHU�PLOOLRQ������

366�� � 3HUFHLYHG�6WUHVV�6FDOH�

391�� � SDUDYHQWULFXODU�QXFOHXV�RI�WKH�K\SRWKDODPXV�

5)� � UDGLRIUHTXHQF\�

6$0� � V\PSDWKR�DGUHQRPHGXOODU\�D[LV�

6&'�� � VXGGHQ�FDUGLDF�GHDWK�

6'�� � VWDQGDUG�GHYLDWLRQ�

�6'�� � VWDQGDUG�GHYLDWLRQ��LQ���RI�PHDQ�

6(&37�� 6RFLDOO\�(YDOXDWHG�&ROG�3UHVVXUH�7DVN�

V/$6(5�� VHPL��ORFDOL]DWLRQ�E\�DGLDEDWLF�VHOHFWLYH�UHIRFXVLQJ�

615�� � VLJQDO�WR�QRLVH�UDWLR�

61� � VDOLHQFH�QHWZRUN�

V�� � VHFRQGV�

W�GI�� � W�VWDWLVWLF�

7(� � WLPH�RI�HFKR�

75�� � WLPH�RI�UHSHWLWLRQ�

7�� � 7HVOD�
��� � FKL�VTXDUHG�VWDWLVWLF�
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6XSSRUW�

6WDWLVWLFDO�DQDO\VLV�ZDV�FORVHO\�JXLGHG�E\�WKH�ELRVWDWLVWLFDO�SODWIRUP�RI�WKH�8QLYHUVLW\�RI�9HWHU�

LQDU\�0HGLFLQH�LQ�9LHQQD��,�ZRXOG�OLNH�WR�H[SUHVV�P\�JUDWLWXGH�WR�'U��0DUOLHV�'ROH]DO�LQ�SDU�

WLFXODU��ZKR�KDV�JHQHURXVO\�RIIHUHG�KHU� H[SHUWLVH�RQ� WKH� VXEMHFW�� DW� WLPHV�ZHOO�RXW�RI�RIILFH�

KRXUV��

7DEOHV�DQG�)LJXUHV�

7DEOH���5HVSRQVH�8QLWV�$QG�/0(5�)XQFWLRQ�,QSXW�)RU�6WDWLVWLFDO�0RGHOLQJ�� ��

7DEOH���6DPSOH�&KDUDFWHULVWLFV�� ��

)LJXUH���2YHUYLHZ�RI�7KH�3HULSKHUDO�6WUHVV�6\VWHP���DGDSWHG�IURP�DOLODPHGLFDOLPDJHV�FRP��,�3LQ�

LPJ�FRP�2ULJLQDOV��������������������D�G�EE������H�DGI�FHG��-SJ��&GQ��9HF�

WRUVWRFN�FRP�,�����[�����������+XPDQ�+HDUW�0HGLFLQH�,QWHUQDO�2UJDQV��G�,FRQ�9HFWRU�

���������-SJ��DOO�DFFHVVHG������������� �

)LJXUH�� &16�$FWLYLW\�'XULQJ�6WUHVV�$QG�&RQWH[WXDOL]DWLRQ�:LWK�3HULSKHUDO�6WUHVV�5HVSRQVHV��

�DGDSWHG�IURP�+HUPDQV�HW�DO��������� ��

)LJXUH���3ULQFLSOH�2I��+�056�6LJQDO�*HQHUDWLRQ�� ��

)LJXUH���6FKHPDWLF�2YHUYLHZ�RI�6FDQ�$SSRLQWPHQW�� ��

)LJXUH�� 9R[HO�3ODFHPHQW��� ��

)LJXUH���3URFHVVLQJ�3LSHOLQH�2I�056�6SHFWUD��3DUWLFLSDQW��������3RVW�,QWHUYHQWLRQ�� ��

)LJXUH���&RPSDULVRQ�RI�+HDUW�5HVSRQVH�%HWZHHQ�6XEMHFWV��� ��

)LJXUH���(IIHFW�RI�,QWHUYHQWLRQ�RQ�1HJDWLYH�$IIHFW�� ��

)LJXUH���(IIHFW�RI�,QWHUYHQWLRQ�RQ�3UHIURQWDO�*DED�&RQFHQWUDWLRQ��� ��

)LJXUH����(IIHFW�RI�,QWHUYHQWLRQ�2Q�3UHIURQWDO�*OXWDPDWH�&RQFHQWUDWLRQ�� ��
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5HIHUHQFHV�

$QGUHZV�+DQQD�� -�� 5��� 5HLGOHU�� -�� 6��� 6HSXOFUH�� -��� 3RXOLQ�� 5��� 	� %XFNQHU�� 5�� /�� ��������

)XQFWLRQDO�DQDWRPLF�IUDFWLRQDWLRQ�RI�WKH�EUDLQ¶V�GHIDXOW�QHWZRUN��1HXURQ������������±�����

KWWSV���GRL�RUJ���������M�QHXURQ�������������

%DUU�� '�� -��� /HY\�� 5��� 6FKHHSHUV�� &��� 	� 7LO\�� +�� -�� �������� 5DQGRP� HIIHFWV� VWUXFWXUH� IRU�

FRQILUPDWRU\� K\SRWKHVLV� WHVWLQJ��.HHS� LW�PD[LPDO�� -RXUQDO� RI�0HPRU\� DQG� /DQJXDJH��

����������±�����KWWSV���GRL�RUJ���������M�MPO�������������

%DWHV��'���0lFKOHU��0���%RONHU��%���	�:DONHU��6����������)LWWLQJ�/LQHDU�0L[HG�(IIHFWV�0RGHOV�

8VLQJ�OPH���-RXUQDO�RI�6WDWLVWLFDO�6RIWZDUH���������KWWSV���GRL�RUJ����������MVV�Y����L���

%HFN��$��7���6WHHU��5��$���	�%URZQ��*��.����������0DQXDO�IRU�WKH�%HFN�GHSUHVVLRQ�LQYHQWRU\�

,,��,Q�6DQ�$QWRQLR��7;��3V\FKRORJLFDO�&RUSRUDWLRQ��6DQ�$QWRQLR��7;��

%HUPDQ�� $��� %HUJPDQ�� +��� 3DOPVWLHUQD�� 7��� 	� 6FKO\WHU�� )�� ��������'8',7�7KH� 'UXJ� 8VH�

GLVRUGHU�LGHQWLILFDWLRQ�WHVW��

%HUWKROGR��'���:DWFKDUDNRUQ��$���	�&DVWLOOR��0�� ��������%UDLQ�3URWRQ�0DJQHWLF�5HVRQDQFH�

6SHFWURVFRS\�� 1HXURLPDJLQJ� &OLQLFV� RI� 1RUWK� $PHULFD�� ������� ���±�����

KWWSV���GRL�RUJ���������M�QLF�������������

%RHU��9��2���$QGHUVHQ��0���/LQG��$���/HH��1��*���0DUVPDQ��$���	�3HWHUVHQ��(��7����������05�

VSHFWURVFRS\�XVLQJ�VWDWLF�KLJKHU�RUGHU�VKLPPLQJ�ZLWK�G\QDPLF�OLQHDU�WHUPV��+26�'/7��

IRU� LPSURYHG� ZDWHU� VXSSUHVVLRQ�� LQWHUOHDYHG� 056�I05,�� DQG� QDYLJDWRU�EDVHG� PRWLRQ�

FRUUHFWLRQ� DW� �7�� 0DJQHWLF� 5HVRQDQFH� LQ� 0HGLFLQH�� Q�D�Q�D���

KWWSV���GRL�RUJ���������PUP�������

%RWWRPOH\��3��$����������6SDWLDO�/RFDOL]DWLRQ�LQ�105�6SHFWURVFRS\�LQ�9LYR��$QQDOV�RI�WKH�1HZ�

<RUN�$FDGHP\�RI�6FLHQFHV��������3K\VLRORJLFDO������±�����KWWSV���GRL�RUJ���������M������

����������WE������[�

&KHQ��&���6LJXUGVVRQ��+��3���3pSpV��6��(���$XHU��'��3���0RUULV��3��*���0RUJDQ��3��6���«�-DFNVRQ��

6��5����������$FWLYDWLRQ�LQGXFHG�FKDQJHV�LQ�*$%$��)XQFWLRQDO�056�DW���7�ZLWK�0(*$�

V/$6(5�� 1HXUR,PDJH�� ����� ���±�����

KWWSV���GRL�RUJ���������-�1(852,0$*(�������������

&KURXVRV��*��3���	�*ROG��3��:����������7KH�&RQFHSWV�RI�6WUHVV�DQG�6WUHVV�6\VWHP�'LVRUGHUV��

2YHUYLHZ�RI�3K\VLFDO�DQG�%HKDYLRUDO�+RPHRVWDVLV��-$0$��7KH�-RXUQDO�RI�WKH�$PHULFDQ�



���

0HGLFDO� $VVRFLDWLRQ�� �������� ����±������

KWWSV���GRL�RUJ���������MDPD���������������������

&RKHQ��6���.DPDUFN��7���	�0HUPHOVWHLQ��5�� ��������$�*OREDO�0HDVXUH�RI�3HUFHLYHG�6WUHVV��

-RXUQDO�RI�+HDOWK�DQG�6RFLDO�%HKDYLRU��������������KWWSV���GRL�RUJ�����������������

&RKHQ��6���7\UUHOO��'��$��-���	�6PLWK��$��3����������3V\FKRORJLFDO�6WUHVV�DQG�6XVFHSWLELOLW\�WR�

WKH� &RPPRQ� &ROG�� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH�� �������� ���±�����

KWWSV���GRL�RUJ���������1(-0����������������

&ROH��6��:���+DZNOH\��/��&���$UHYDOR��-��0���6XQJ��&��<���5RVH��5��0���	�&DFLRSSR��-��7����������

6RFLDO� UHJXODWLRQ� RI� JHQH� H[SUHVVLRQ� LQ� KXPDQ� OHXNRF\WHV�� *HQRPH� %LRORJ\�� ������

KWWSV���GRL�RUJ���������JE����������U����

&RUEHWWD��0���3DWHO��*���	�6KXOPDQ��*��/����������7KH�5HRULHQWLQJ�6\VWHP�RI�WKH�+XPDQ�%UDLQ��

)URP� (QYLURQPHQW� WR� 7KHRU\� RI� 0LQG�� 1HXURQ�� ������� ���±�����

KWWSV���GRL�RUJ�KWWSV���GRL�RUJ���������M�QHXURQ�������������

&RXUWLQ�� -��� &KDXGXQ�� )��� 5R]HVNH�� 5�� 5���.DUDOLV�� 1���*RQ]DOH]�&DPSR�� &���:XUW]��+���«�

+HUU\��&����������3UHIURQWDO�SDUYDOEXPLQ�LQWHUQHXURQV�VKDSH�QHXURQDO�DFWLYLW\�WR�GULYH�IHDU�

H[SUHVVLRQ��1DWXUH���������������±����KWWSV���GRL�RUJ���������QDWXUH������

&XQQLQJKDP��(��7���%RKQ��0��&���	�6DZFKHQNR��3��(����������2UJDQL]DWLRQ�RI�DGUHQHUJLF�LQSXWV�

WR�WKH�SDUDYHQWULFXODU�DQG�VXSUDRSWLF�QXFOHL�RI�WKH�K\SRWKDODPXV�LQ�WKH�UDW��7KH�-RXUQDO�RI�

&RPSDUDWLYH�1HXURORJ\�������������±�����KWWSV���GRL�RUJ���������FQH�����������

&X\SHUV��.���9HUVWUDHOHQ��6���0DHV��&���+HUPDQV��/���+HKO��0���+HLVH��.��)���«�6ZLQQHQ��6��3��

��������7DVN�UHODWHG�PHDVXUHV�RI�VKRUW�LQWHUYDO�LQWUDFRUWLFDO�LQKLELWLRQ�DQG�*$%$�OHYHOV�

LQ� KHDOWK\�\RXQJ� DQG�ROGHU� DGXOWV��$�PXOWLPRGDO�706�056� VWXG\��1HXUR,PDJH�������

��������KWWSV���GRL�RUJ���������M�QHXURLPDJH�������������

'D\��5���1LHOVHQ��-��$���.RUWHQ��$���(UQEHUJ��*���'XEH��.��&���*HEKDUW��-���«�:\QQH��/��&��

��������6WUHVVIXO�OLIH�HYHQWV�SUHFHGLQJ�WKH�DFXWH�RQVHW�RI�VFKL]RSKUHQLD��$�FURVV�QDWLRQDO�

VWXG\�IURP�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��&XOWXUH��0HGLFLQH�DQG�3V\FKLDWU\������������±

�����KWWSV���GRL�RUJ���������%)���������

GH�*UDDI�� 5�� $�� �������� LQ� YLYR� 105� 6SHFWURVFRS\� �� 3ULQFLSOHV� DQG� 7HFKQLTXHV� ��UG� HG����

+RERNHQ��1-��-RKQ�:LOH\�	�6RQV�/WG��

'HOOL� 3L]]L�� 6��� &KLDFFKLDUHWWD�� 3���0DQWLQL�� '��� %XEELFR�� *��� (GGHQ�� 5��$��� 2QRIUM��0���«�

%RQDQQL��/����������*$%$�FRQWHQW�ZLWKLQ�PHGLDO�SUHIURQWDO�FRUWH[�SUHGLFWV�WKH�YDULDELOLW\�



���

RI�IURQWR�OLPELF�HIIHFWLYH�FRQQHFWLYLW\��%UDLQ�6WUXFWXUH�DQG�)XQFWLRQ��������������±������

KWWSV���GRL�RUJ���������V���������������[�

'URVWH��6��.���GH�*URRWH��/���$WNLQVRQ��+��&���/LJKWPDQ��6��/���5HXO��-��0��+��0���	�/LQWKRUVW��

$��&��(����������&RUWLFRVWHURQH�/HYHOV�LQ�WKH�%UDLQ�6KRZ�D�'LVWLQFW�8OWUDGLDQ�5K\WKP�EXW�

D� 'HOD\HG� 5HVSRQVH� WR� )RUFHG� 6ZLP� 6WUHVV�� (QGRFULQRORJ\�� �������� ����±������

KWWSV���GRL�RUJ���������HQ�����������

(OODUG��.��.���%DUORZ��'��+���:KLWILHOG�*DEULHOL�� 6���*DEULHOL�� -��'�� (���	�'HFNHUVEDFK�� 7��

��������1HXUDO�FRUUHODWHV�RI�HPRWLRQ�DFFHSWDQFH�YV�ZRUU\�RU�VXSSUHVVLRQ�LQ�JHQHUDOL]HG�

DQ[LHW\� GLVRUGHU�� 6RFLDO� &RJQLWLYH� DQG� $IIHFWLYH� 1HXURVFLHQFH�� ������� ����±������

KWWSV���GRL�RUJ���������VFDQ�QV[����

)HOPOHH��-��3���	�(KPDQ��5��/����������6SDWLDO�SUHVDWXUDWLRQ��D�PHWKRG�IRU�VXSSUHVVLQJ�IORZ�

DUWLIDFWV�DQG�LPSURYLQJ�GHSLFWLRQ�RI�YDVFXODU�DQDWRP\�LQ�05�LPDJLQJ��5DGLRORJ\����������

���±�����KWWSV���GRL�RUJ���������UDGLRORJ\���������������

)UDQVVRQ��3���	�0DUUHOHF��*����������7KH�SUHFXQHXV�SRVWHULRU�FLQJXODWH�FRUWH[�SOD\V�D�SLYRWDO�

UROH�LQ�WKH�GHIDXOW�PRGH�QHWZRUN��(YLGHQFH�IURP�D�SDUWLDO�FRUUHODWLRQ�QHWZRUN�DQDO\VLV��

1HXUR,PDJH�� ������� ����±������

KWWSV���GRL�RUJ�KWWSV���GRL�RUJ���������M�QHXURLPDJH�������������

*DUQHIVNL��1���	�.UDDLM��9����������/HYHQVJHEHXUWHQLVVHQ�9UDJHQOLMVW��

*LOHV��*��(���0DKRQH\��&��5���%UXQ\p��7��7���7D\ORU��+��$���	�.DQDUHN��5��%����������6WUHVV�

HIIHFWV�RQ�PRRG��+3$�D[LV��DQG�DXWRQRPLF�UHVSRQVH��&RPSDULVRQ�RI�WKUHH�SV\FKRVRFLDO�

VWUHVV�SDUDGLJPV��3/R6�21(����������±����KWWSV���GRL�RUJ���������MRXUQDO�SRQH���������

*ROGEHUJ��$��'���%HFNHU��/��&���%RQVDOO��5���&RKHQ��-��'���.HWWHUHU��0��:���.DXIPDQ��3��*���«�

6KHSV��'��6����������,VFKHPLF��+HPRG\QDPLF��DQG�1HXURKRUPRQDO�5HVSRQVHV�WR�0HQWDO�

DQG� ([HUFLVH� 6WUHVV�� &LUFXODWLRQ�� �������� ����±������

KWWSV���GRL�RUJ������������&,5������������

*RWWGLHQHU�� -�� 6��� .UDQW]��'�� 6��� +RZHOO�� 5��+���+HFKW��*��0���.OHLQ�� -��� )DOFRQHU�� -�� -���	�

5R]DQVNL��$����������,QGXFWLRQ�RI�VLOHQW�P\RFDUGLDO�LVFKHPLD�ZLWK�PHQWDO�VWUHVV�WHVWLQJ��

5HODWLRQ� WR� WKH� WULJJHUV� RI� LVFKHPLD� GXULQJ� GDLO\� OLIH� DFWLYLWLHV� WR� LVFKHPLF� IXQFWLRQDO�

VHYHULW\�� -RXUQDO� RI� WKH� $PHULFDQ� &ROOHJH� RI� &DUGLRORJ\�� ������� ����±������

KWWSV���GRL�RUJ������������������������������

+DVOHU��*���YDQ�GHU�9HHQ��-��:���*ULOORQ��&���'UHYHWV��:��&���	�6KHQ��-����������(IIHFW�RI�DFXWH�
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SV\FKRORJLFDO�VWUHVV�RQ�SUHIURQWDO�*$%$�FRQFHQWUDWLRQ�GHWHUPLQHG�E\�SURWRQ�PDJQHWLF�

UHVRQDQFH� VSHFWURVFRS\�� 7KH� $PHULFDQ� -RXUQDO� RI� 3V\FKLDWU\�� ��������� ����±������

KWWSV���GRL�RUJ���������DSSL�DMS���������������

+HUPDQ��-��3���)LJXHLUHGR��+���0XHOOHU��1��.���8OULFK�/DL��<���2VWUDQGHU��0��0���&KRL��'��&���	�

&XOOLQDQ��:��(����������&HQWUDO�PHFKDQLVPV�RI�VWUHVV� LQWHJUDWLRQ��KLHUDUFKLFDO�FLUFXLWU\�

FRQWUROOLQJ� K\SRWKDODPR±SLWXLWDU\±DGUHQRFRUWLFDO� UHVSRQVLYHQHVV�� )URQWLHUV� LQ�

1HXURHQGRFULQRORJ\������������±�����KWWSV���GRL�RUJ���������-�<)51(�������������

+HUPDQV��(��-���+HQFNHQV��0��-��$��*���-RsOV��0���	�)HUQiQGH]��*����������'\QDPLF�DGDSWDWLRQ�

RI� ODUJH�VFDOH� EUDLQ� QHWZRUNV� LQ� UHVSRQVH� WR� DFXWH� VWUHVVRUV��7UHQGV� LQ�1HXURVFLHQFHV��

����������±�����KWWSV���GRL�RUJ���������M�WLQV�������������

+HUQDQGR��$���/D]DUR�� -���*LO��(���$U]D��$���*DU]RQ�� -��0���/RSH]�$QWRQ��5���«�%DLORQ��5��

��������,QFOXVLRQ�RI�5HVSLUDWRU\�)UHTXHQF\�,QIRUPDWLRQ�LQ�+HDUW�5DWH�9DULDELOLW\�$QDO\VLV�

IRU�6WUHVV�$VVHVVPHQW��,(((�-RXUQDO�RI�%LRPHGLFDO�DQG�+HDOWK�,QIRUPDWLFV�������������±

������KWWSV���GRL�RUJ���������-%+,��������������

+HUQDQGR��'���5RFD��6���6DQFKR��-���$OHVDQFR��È���	�%DLOyQ��5����������9DOLGDWLRQ�RI�WKH�$SSOH�

:DWFK� IRU� +HDUW� 5DWH� 9DULDELOLW\� 0HDVXUHPHQWV� GXULQJ� 5HOD[� DQG� 0HQWDO� 6WUHVV� LQ�
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