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����

*URXSHG�YDULDEOHV�DQG�WKHLU�UHVSRQVHV�WR�ZDUPLQJ�����

:H�JURXSHG�YDULDEOHV�E\�WKHLU�UHODWLRQVKLSV�ZLWK�WHPSHUDWXUH�WR�H[SORUH�WKHLU�LQGLYLGXDO�UROHV�LQ�WKH�����

RYHUUHDFWLRQ�IURP�WKH�HFRV\VWHP��9DULDEOHV�UDQJHG�IURP�EHLQJ�XQUHVSRQVLYH�WR�ZDUPLQJ������RI�����

YDULDEOHV�����SODQW�UHODWHG����PLFUREH�UHODWHG�����VRLO�SURSHUWLHV����HFRV\VWHP�IOX[HV��([WHQGHG�����

'DWD�)LJ�����WR�VKRZLQJ�RQH�RI�WKUHH�UHVSRQVH�W\SHV��WHPSRUDOO\�FRQVLVWHQW��RYHUUHDFWLQJ��XQGHU�����

UHDFWLQJ��)LJ������ZKLFK�ZH�VXPPDULVHG�XVLQJ�WKH�ILUVW�3&V�RI�(2)V�SHUIRUPHG�VHSDUDWHO\�RQ�HDFK�����

JURXS��&RQVLGHULQJ�SRVLWLYH��)LJ���D�F��DQG�QHJDWLYH��)LJ���G�I��UHODWLRQVKLSV�WRJHWKHU������RI�����

YDULDEOHV�����SODQW�UHODWHG����VRLO�ELRWD�UHODWHG����VRLO�SURSHUWLHV��UHVSRQGHG�PRUH�VWURQJO\�WR�����

ZDUPLQJ�RI�����\HDUV�WKDQ�!���\HDUV��)LJ���E�H���$OWKRXJK�WKHVH�YDULDEOHV�ZHUH�RQO\�D�VXEVHW�RI�����

WKRVH�PHDVXUHG��WKH\�ZHUH�UHVSRQVLEOH�IRU�HOLFLWLQJ�WKH�VDPH�ZDUPLQJ�UHVSRQVH�IURP�WKH�(2)�RI�����

WKH�IXOO�HFRV\VWHP��7KHVH�YDULDEOHV�LQFOXGHG�HSKHPHUDO�LQFUHDVHV�LQ�PLFURELDO�DFWLYLW\���SODQW�����

SKHQRORJ\���DQG�SODQW�FDUERQ�WR�QLWURJHQ�UDWLRV��WHPSRUDU\�VKLIWV�LQ�VRPH�DVSHFWV�RI�VRLO�IXQJDO�����

FRPPXQLW\�FRPSRVLWLRQ���DQG�DWWHQXDWLQJ�ORVVHV�RI�URRW��VRLO�IXQJDO�DQG�VRLO�EDFWHULDO�ELRPDVV��)LJ������

�E�H���7KXV��ZKLOH�WKH�HFRV\VWHP�DV�D�XQLW�RYHUUHDFWHG�WR�ZDUPLQJ��LWV�UHVSRQVH�ZDV�JRYHUQHG�E\�����

D�VXEVHW�RI�FRPSRQHQWV�WKHUHLQ��2YHUUHDFWLQJ�YDULDEOHV�DOPRVW�H[FOXVLYHO\�����RI����YDULDEOHV������

GHVFULEHG�ELRWLF�SRROV�DQG�SURFHVVHV��\HW�QRQH�DUH�PHDVXUHV�FODVVLFDOO\�XVHG�WR�UHSUHVHQW�����

HFRV\VWHP�VWDELOLW\�RU�IXQFWLRQLQJ��������DQG�PRVW�DUH�DEVHQW�IURP�HYHQ�WKH�PRVW�FRPSUHKHQVLYH�����

DVVHVVPHQWV�RI�ZDUPLQJ�HIIHFWV�RQ�HFRV\VWHPV����������,W�LV�FOHDU�IURP�WKLV�ILQGLQJ�WKDW�DQ�����

HFRV\VWHP¶V�ELRWD�SOD\�D�IXQGDPHQWDO�UROH�LQ�GLFWDWLQJ�WKH�WHPSRUDO�YDULDELOLW\�RI�LWV�UHVSRQVH�WR�����

ZDUPLQJ��EXW�WKLV�UROH�LV�RIWHQ�RYHUORRNHG�E\�D�SULRUL�GHFLVLRQV�DERXW�ZKLFK�FRPSRQHQWV�RI�����

HFRV\VWHPV�WR�WUDFN�RYHU�WLPH������

����

:H�IRXQG�WKDW�����RI�YDULDEOHV�����SODQW�UHODWHG����VRLO�ELRWD�UHODWHG�����VRLO�SURSHUWLHV��������

HFRV\VWHP�IOX[��GLVSOD\HG�WKH�VDPH�UHVSRQVH�W\SH�DIWHU�����\HDUV�DQG�!���\HDUV�RI�ZDUPLQJ��)LJ������

�D�G���7KLV�JURXS�LQFOXGHG�UDSLG�DQG�WHPSRUDOO\�FRQVLVWHQW�VKLIWV�LQ�VRLO�DELRWLF�SURSHUWLHV��WKH�����



FRPSRVLWLRQ�RI�SODQW�DQG�VRLO�PLFURELDO��DQG�SDUWLFXODUO\�EDFWHULDO��FRPPXQLWLHV���DQG�GHFOLQHV�LQ�����

WKH�VRLO�FDUERQ�VWRFN�DQG�RWKHU�RUJDQLF�PDWWHU�SRROV����)LJ���D�G���7KHVH�YDULDEOHV�GLG�QRW�UHIOHFW�����

WKH�HFRV\VWHP¶V�RYHUUHDFWLRQ�WR�ZDUPLQJ��EXW�LQVWHDG�ZHUH�VWDEOH�DIWHU�����\HDUV��$PRQJ�WKLV�����

JURXS�ZHUH�YDULDEOHV�WKDW�GHVFULEHG�DVSHFWV�RI�FRPPXQLW\�FRPSRVLWLRQ�DQG�FDUERQ�F\FOLQJ��UDLVLQJ�����

FRQILGHQFH�LQ�H[LVWLQJ�DVVHVVPHQWV�RI�ZDUPLQJ�LQGXFHG�FKDQJHV�WR�HFRV\VWHP�FRPPXQLW\�����

VWUXFWXUH��DQG�VRLO�FDUERQ�������$�ILQDO�VPDOOHU�JURXS������RI�YDULDEOHV����SODQW�UHODWHG����PLFUREH�����

UHODWHG����VRLO�SURSHUWLHV��UHVLVWHG�����\HDUV��EXW�QRW�!���\HDUV��RI�ZDUPLQJ��)LJ���F�I���DQG�����

UHSUHVHQWHG�DSSDUHQWO\�EXIIHUHG�FKDQJHV�WR�VRPH�DVSHFWV�RI�SODQW�PHWDEROLVP����VWRLFKLRPHWU\�����

DQG�JURZWK��DORQJVLGH�ODJJHG�GHFOLQHV�LQ�WKH�ULFKQHVV�RI�SODQW�DQG�VRLO�IXQJDO�FRPPXQLWLHV����)LJ������

�F�I���6KRUW�WHUP�REVHUYDWLRQV�FOHDUO\�XQGHUSOD\�WKH�LQIOXHQFH�RI�VXVWDLQHG�ZDUPLQJ�RQ�VXFK�����

YDULDEOHV��)RU�H[DPSOH��ZH�XQGHUHVWLPDWHG�SODQW�VSHFLHV�ORVVHV�E\���WR����VSHFLHV�RYHU����\HDUV�����

RI�ZDUPLQJ�LI�ZH�RQO\�XVHG�VKRUW�WHUP�GDWD��VHH�EHORZ���7KLV�SUHGLFWLRQ�GRHV�QRW�FRQVLGHU�WKH�����

DUULYDO�RI�QRYHO�SODQW�VSHFLHV�LQ�WKH�FRPPXQLW\��ZKLFK�PD\�PDVN�ORVVHV�RI�H[WDQW�VSHFLHV��EXW�LV�����

PRUH�WKDQ�WKH�WRWDO�VSHFLHV�ORVV�H[SHFWHG�LQ�VLPLODU�HFRV\VWHPV�RYHU�WKH�VDPH�WLPHIUDPH�������

����

$�IUDPHZRUN�IRU�WKH�HFRV\VWHP¶V�UHVSRQVH�WR�ZDUPLQJ�����

2XU�ILQGLQJV�FROOHFWLYHO\�VXJJHVW�WKDW�WKH�HFRV\VWHP�KDG�UHDFKHG�D�QHZ�VWHDG\�VWDWH�DIWHU�!�������

\HDUV�RI�ZDUPLQJ��DQG�WKDW�WKLV�VWHDG\�VWDWH�ZDV�GHSHQGHQW�RQ�ZDUPLQJ�LQWHQVLW\��7KLV�LV�EHFDXVH�����

WHPSRUDOO\�FRQVLVWHQW�FKDQJHV�RFFXUUHG�WR�PRVW�FRPSRQHQWV�RI�WKH�HFRV\VWHP��)LJ���D�G��GHVSLWH�����

HSKHPHUDO��)LJ���E�H��DQG�GHOD\HG��)LJ���F�I��FKDQJHV�WR�RWKHUV��DQG�WKH�VKRUW�WHUP�UHVSRQVH�RI�����

WKH�HFRV\VWHP�PDWFKHG�LWV�ORQJ�WHUP�UHVSRQVH�DW�KLJK�ZDUPLQJ�LQWHQVLWLHV��)LJ���F���%RWK�LPSO\�����

WKDW�WKH�ORQJ�WHUP�UHVSRQVH�RI�WKH�HFRV\VWHP�LV�D�WHPSRUDOO\�VWDEOH�VWDWH�WKDW�ZLOO�QRW�EH�VXUSDVVHG�����

E\�IXUWKHU�ZDUPLQJ��EDUULQJ�IXWXUH�HYROXWLRQ���RU�WKH�DUULYDO�RI�QHZ�VSHFLHV�LQ�WKH�FRPPXQLW\����DQG�����

PRUHRYHU�WKDW�ZDUPLQJ�DERYH�����&�ZLOO�DFFHOHUDWH�WKH�FRQYHUJHQFH�RI�WKH�HFRV\VWHP�WR�LWV�����

ZDUPHG�VWDWH�������

����

:LWK�WKLV��DQG�WKH�3&�VFRUHV�IURP�WKH�IXOO�HFRV\VWHP�DQG�JURXSV�RI�YDULDEOHV�WKHUHLQ��ZH�SURSRVH�D�����

VHTXHQFH�WR�WKH�HFRV\VWHP¶V�UHVSRQVH�WR�ZDUPLQJ��)LUVW��ZDUPLQJ�DFFHOHUDWHV�VRLO�ELRWLF�DFWLYLW\�����

�IRU�H[DPSOH��GHFRPSRVLWLRQ�RI�OLWWHU�DQG�VRLO�RUJDQLF�PDWWHU��DQG�VRPH�DVSHFWV�RI�SODQW�SK\VLRORJ\�����



�IRU�H[DPSOH��PLQLPXP�1'9,���ZKLOH�DOVR�OHQJWKHQLQJ�WKH�JURZLQJ�VHDVRQ����)LJ���D�E�H�������

$FFHOHUDWHG�ELRWLF�DFWLYLW\�LV�IDFLOLWDWHG�E\�DQ�DEXQGDQFH�RI�VRLO�FDUERQ�DQG�QXWULHQWV��LQFOXGLQJ�����

SUHYLRXVO\�VWDEOH�SRROV�RI�VRLO�RUJDQLF�PDWWHU����0RVW�SRROV�GHFOLQH�UDSLGO\�ZLWKLQ�����\HDUV��)LJ������

�G���ZKLFK�FKDQJHV�WKH�VRLO�VWUXFWXUH��1HYHUWKHOHVV��HQHUJ\�DQG�QXWULHQW�H[FKDQJH�DPRQJ�ELRWD������

DV�ZHOO�DV�GHFOLQHV�LQ�SODQW�DQG�VRLO�PLFURELDO�DQG�QHPDWRGH�DEXQGDQFH��)LJ���G�H�������FUHDWH�D�����

WUDQVLWRU\�SKDVH�ZKHUH�HOHYDWHG�ELRWLF�DFWLYLW\�SHUVLVWV�DIWHU�VRLO�RUJDQLF�PDWWHU�LV�GHSOHWHG��KHUH������

VWLOO�RFFXUULQJ�DIWHU�����\HDUV�RI�ZDUPLQJ���6XFK�³HFRORJLFDO�LQHUWLD´�LV�WHPSRUDU\�EHFDXVH�LW�UHIOHFWV�����

D�GHILFLW�EHWZHHQ�HFRV\VWHP�VXSSO\�DQG�ELRWLF�GHPDQG��ZKLFK�VHOHFWV�DJDLQVW�VSHFLHV�ZLWK�����

H[SORLWDWLYH�UHVRXUFH�XVH�VWUDWHJLHV��IRU�H[DPSOH��DUEXVFXODU�P\FRUUKL]DO�IXQJL��VHH�����DQG�OHDGV�����

WR�FRPPXQLW\�UHVWUXFWXULQJ�RYHU���WR����\HDUV��)LJ���F�I���2XU�GDWD�VXJJHVW�WKDW�ORQJ�WHUP�����

SHUVLVWHQFH�XQGHU�ZDUPLQJ�PD\�EH�OLPLWHG�WR�VSHFLHV�ZLWK�WKH�FDSDFLW\�WR�DGMXVW�WKHLU�UHVRXUFH�XVH�����

VWUDWHJLHV��VXFK�DV�VRPH�DVSHFWV�RI�PHWDEROLVP�DQG�HOHPHQWDO�UDWLRV��)LJ���E�F�H�I���8OWLPDWHO\��DV�����

WKH�FRPPXQLW\�FKDQJHV��WKH�HFRORJLFDO�LQHUWLD�LV�ORVW�DQG�ELRWLF�DFWLYLW\��ZKLOH�VWLOO�DFFHOHUDWHG������

SDUWLDOO\�DWWHQXDWHV�SHU�XQLW�RI�VRLO�RU�DUHD��)LJ���E�H���7KH�RXWFRPH�IRU�WKH�HFRV\VWHP�LV�WKH�����

HPHUJHQFH�RI�D�QHZ�ZDUPHG�VWDWH�ZLWK�D�GLIIHUHQW�VRLO�DQG�ELRWLF�FRPSRVLWLRQ�WKDW�LV�DJDLQ�LQ�����

EDODQFH�ZLWK�WKH�ELRPDVV�DQG�DFWLYLW\�RI�WKH�ELRWD�WKHUHLQ��)LJ���D���������

����

*HQHUDO�LPSOLFDWLRQV�����

:H�KDYH�VKRZQ�KHUH�WKDW�WKH�RXWFRPH�RI�ZDUPLQJ�IRU�WKLV�HFRV\VWHP�LV�FKDUDFWHULVHG�E\�ERWK�DQ�����

LQLWLDO�UHDFWLRQ�DQG�LWV�FRQYHUJHQFH�WR�D�OHVV�H[WUHPH�ORQJ�WHUP�UHVSRQVH��7KLV�LV�LPSRUWDQW�����

EHFDXVH�LW�VXJJHVWV�WKDW�HFRV\VWHP�UHVSRQVHV�WR�ZDUPLQJ�PD\�RQO\�EHFRPH�SUHGLFWDEOH�DIWHU�����

VHYHUDO�GHFDGHV��PDNLQJ�LQIHUHQFHV�IURP�VKRUW�WHUP�H[SHULPHQWV�FKDOOHQJLQJ�������:H�FRQILUPHG�����

WKLV�UHDVRQLQJ�E\�WHVWLQJ�ZKHWKHU�WKH�WHPSRUDO�G\QDPLFV�ZH�REVHUYHG�KDG�D�EHDULQJ�RYHU�����

SUHGLFWLRQV�RI�ORQJ�WHUP�HFRV\VWHP�FKDQJH�XQGHU�UHDOLVWLF�UDWHV�RI�FOLPDWH�ZDUPLQJ��6SHFLILFDOO\������

ZH�FDOFXODWHG�WKH�SRWHQWLDO�PDJQLWXGH�RI�HUURU�JHQHUDWHG�ZKHQ�XVLQJ�VKRUW�WHUP�REVHUYDWLRQV�WR�����

SUHGLFW�WKH�ORQJ�WHUP�UHVSRQVHV�RI�DOO�PHDVXUHG�YDULDEOHV�WR����&�RI�ZDUPLQJ��ZKLFK�FRUUHVSRQGV�����

WR�WKH�PDJQLWXGH�RI�ZDUPLQJ�H[SHFWHG�RYHU����\HDUV�XQGHU�WKH�,3&&¶V�PRVW�FRQVHUYDWLYH�FOLPDWH�����

FKDQJH�VFHQDULR��5&3�������:H�IRXQG�WKDW�VKRUW�WHUP�REVHUYDWLRQV�\LHOGHG�SUHGLFWLRQV�WKDW�ZHUH������

RQ�DYHUDJH���������ODUJHU�WKDQ�WKRVH�DULVLQJ�IURP�ORQJ�WHUP�REVHUYDWLRQV��)LJ������WUDQVODWLQJ�WR�����



HUURUV�RI�JUHDWHU�WKDQ�����IRU�����RXW�RI�����YDULDEOHV�DQG�HUURUV�RI�JUHDWHU�WKDQ������IRU����RXW�����

RI�����YDULDEOHV��7KLV�H[HUFLVH�QRW�RQO\�FRQILUPHG�WKDW�ODUJH�HUURUV�FDQ�EH�PDGH�ZKHQ�XVLQJ�VKRUW�����

WHUP��KHUH������\HDU��UHVSRQVHV�WR�PDNH�ORQJ�WHUP�SUHGLFWLRQV��EXW�DOVR�UHYHDOHG�WKDW�HYHQ�VPDOO�����

UHVSRQVHV�WR�PLQRU�ZDUPLQJ�FDQ�KDYH�LPSOLFDWLRQV�IRU�DQ�HFRV\VWHP�ZKHQ�FRQVLGHUHG�RYHU�����

WLPHVFDOHV�UHOHYDQW�WR�FOLPDWH�FKDQJH��&UXFLDOO\��ZLWKRXW�PDNLQJ�VXFK�FDOFXODWLRQV�ZH�PD\�KDYH�����

ZURQJO\�FRQFOXGHG�WKDW�H[SHFWHG�ZDUPLQJ�LQ�WKLV�UHJLRQ�ZLOO�KDYH�D�QHJOLJLEOH�HIIHFW�RQ�WKH�����

HFRV\VWHP��JLYHQ�RXU�REVHUYDWLRQV�WKDW�ZDUPLQJ�HIIHFWV�RQ�3&�VFRUHV�EHFDPH�PRVW�HYLGHQW�ZLWK�����

ZDUPLQJ�DERYH����&��)LJV���	�����:H�SRVLW�WKDW�WKH�DSSDUHQW�GLVFUHSDQF\�EHWZHHQ�FRQFOXVLRQV�����

GUDZQ�IURP�SUHGLFWLRQ�HUURUV��)LJ�����DQG�3&�VFRUHV��)LJV���	����DURVH�GXH�WR�KHWHURJHQHLW\�LQ�WKH�����

HFRV\VWHP¶V�ELRWD�XQGHU�DPELHQW�WHPSHUDWXUH�FRQGLWLRQV����OHDGLQJ�WR�XQFHUWDLQW\�UHJDUGLQJ�WKH�����

HFRV\VWHP¶V�SUH�ZDUPHG�VWDWH��,QGHHG��ZH�VXJJHVW�WKDW�WKH�ODUJH�ZDUPLQJ�UDQJH�H[SORLWHG�E\�WKLV�����

H[SHULPHQW�KHOSHG�WR�FKDUDFWHULVH�WKH�UHVSRQVHV�RI�YDULDEOHV�WR�ORZ�LQWHQVLW\�ZDUPLQJ�LQ�WKH�IDFH�����

RI�VXFK�KHWHURJHQHLW\��DQG�WR�FRQVWUDLQ�UHVXOWLQJ�SUHGLFWLRQV�RYHU����\HDUV�RI�H[SHFWHG�FOLPDWH�����

FKDQJH��7DNHQ�WRJHWKHU��WKHVH�ILQGLQJV�SURYLGH�HYLGHQFH�WKDW�ZDUPLQJ�HIIHFWV�RQ�HFRV\VWHPV�DUH�����

UHOHYDQW�DW�ORZ�ZDUPLQJ�LQWHQVLWLHV��LUUHVSHFWLYH�RI�XQFHUWDLQW\�DURXQG�WKHP�RU�WKHLU�DVVRFLDWHG�����

VWDWLVWLFDO�VLJQLILFDQFH��DQG�DGYRFDWH�FRQVLGHUDWLRQ�RI�WLPHVFDOHV�DQG�WHPSHUDWXUH�UDQJHV�WKDW�JR�����

EH\RQG�WKRVH�FDSWXUHG�E\�WKH�PDMRULW\�RI�H[LVWLQJ�ZDUPLQJ�H[SHULPHQWV������

����

,Q�VXPPDU\��WKLV�VWXG\�GHPRQVWUDWHV�D�FOHDU�QHHG�WR�WDUJHW�LQGLFDWRUV�RI�ERWK�WKH�WHPSRUDO�����

G\QDPLFV�DQG�IXWXUH�ZDUPHG�VWDWH�RI�DQ�HFRV\VWHP�WR�IXOO\�XQGHUVWDQG�LWV�UHVSRQVH�WR�WHPSHUDWXUH�����

FKDQJH��9DULDEOHV�UHODWHG�WR�VRLO�PLFURELDO�DFWLYLW\�DQG�SODQW�SKHQRORJ\��ZKLFK�KHUH�RYHUUHDFWHG�WR�����

����\HDUV�RI�ZDUPLQJ������PD\�EH�XVHIXO�PHWULFV�IRU�WUDFNLQJ�DQ�HFRV\VWHP¶V�WUDMHFWRU\�IROORZLQJ�WKH�����

RQVHW�RI�ZDUPLQJ��$W�WKH�VDPH�WLPH��SODQW�DQG�VRLO�FRPPXQLW\�FRPSRVLWLRQ�DQG�WKH�VRLO�FDUERQ�����

VWRFN��ZKLFK�KHUH�ZHUH�VWDEOH�DIWHU�����\HDUV�RI�ZDUPLQJ��PD\�EH�DSSURSULDWH�LQGLFDWRUV�RI�WKH�����

OLNHO\�VWDWH�RI�DQ�HFRV\VWHP�H[SHULHQFLQJ�VXVWDLQHG�ZDUPLQJ��2XU�UHVXOWV�RULJLQDWH�IURP�D�VXEDUFWLF�����

JUDVVODQG�H[SRVHG�WR�WZR�GLVFUHWH�WLPHVFDOHV�RI�ZDUPLQJ��VR�ZH�FDOO�IRU�IXWXUH�ZRUN�WR�LQWHUURJDWH�����

WKHVH�YDULDEOHV�DV�SRWHQWLDO�SUR[LHV�DJDLQVW�WKH�H[LVWLQJ�VXLWH�RI�ZDUPLQJ�H[SHULPHQWV�ZRUOGZLGH�������

����������:H�DOVR�FDOO�IRU�IXUWKHU�VWXGLHV�WR�XVH�VXFK�H[LVWLQJ�SODWIRUPV�WR�YDOLGDWH�WKH�VHTXHQFH�RI�����

WKH�ZDUPLQJ�UHVSRQVH�ZH�UHSRUW�KHUH��SHUKDSV�LQ�WKH�FRQWH[W�RI�D�KLHUDUFKLFDO�UHVSRQVH�����



IUDPHZRUN����ZLWK�SDUWLFXODU�DWWHQWLRQ�WR�KRZ�VSHFLHV�ULFKQHVV�LQ�ERWK�SODQW�DQG�VRLO�FRPPXQLWLHV�����

FKDQJHV�EHWZHHQ����DQG����\HDUV��,Q�FRQFOXVLRQ��WKH�IUDPHZRUN�SUHVHQWHG�KHUH�LV�WKH�ILUVW�����

WLPHOLQH�IRU�VLPXOWDQHRXVO\�PDSSLQJ�PDQ\�SURSHUWLHV��SRROV�DQG�SURFHVVHV�RQWR�DQ�HFRV\VWHP¶V�����

RYHUDOO�WUDMHFWRU\�XQGHU�WHPSHUDWXUH�FKDQJH��,W�DOVR�GHOLYHUV�D�OLVW�RI�YDULDEOHV�WKDW�VHSDUDWHO\�����

GHVFULEH�WKH�WHPSRUDO�G\QDPLFV�DQG�ZDUPHG�VWDWH�RI�DQ�HFRV\VWHP�H[SHULHQFLQJ�ORQJ�WHUP�����

ZDUPLQJ��:H�XUJH�FRQVLGHUDWLRQ�RI�WKLV�IUDPHZRUN�LQ�IXWXUH�DVVHVVPHQWV�RI�FOLPDWH�ZDUPLQJ�����

LPSDFWV�RQ�HFRV\VWHP�VWUXFWXUH�DQG�IXQFWLRQLQJ��LQFOXGLQJ�GHFDGDO��WR�FHQWHQQLDO�VFDOH�IHHGEDFNV�����

WR�(DUWK¶V�V\VWHPV�����



0HWKRGV�����

6LWH�GHVFULSWLRQ��:H�PDGH�XVH�RI�WKH�JHRWKHUPDO�ZDUPLQJ�VLWHV�RI�WKH�)RU+RW�H[SHULPHQW���QHDU�����

+YHUDJHUGL�LQ�,FHODQG������� �� �1������� �� �:���������P�D�V�O����7KH�H[SHULPHQW�LV�VLWXDWHG�RQ�����

XQPDQDJHG�JUDVVODQGV�LQ�WZR�YDOOH\V�GRPLQDWHG�E\�$JURVWLV�FDSLOODULV��5DQXQFXOXV�DFULV�DQG�����

(TXLVHWXP�SUDWHQVH�RYHU�D�%URZQ�$QGRVRO�RI�DSSUR[LPDWHO\�S+������2QH�YDOOH\�KDV�EHHQ�ZDUPHG�����

FRQVLVWHQWO\�IRU�DW�OHDVW����\HDUV��EXW�OLNHO\�VLQFH�UHFRUGV�EHJDQ�LQ���������!���\HDUV��ORQJ�WHUP�������

ZKHUHDV�WKH�RWKHU�KDV�EHHQ�ZDUPHG�VLQFH�DQ�HDUWKTXDNH�RQ����0D\�����������\HDUV��VKRUW�WHUP�������

7KH�YDOOH\V�HDFK�FRQWDLQ�ILYH�UHSOLFDWHG�VRLO�ZDUPLQJ�JUDGLHQWV���������P�OHQJWK��UDQJLQJ�IURP�����

DPELHQW�WHPSHUDWXUH��PHDQ�DQQXDO�VRLO�WHPSHUDWXUH�����&��WR�������&��DOO�RI�ZKLFK�DUH�DVVRFLDWHG�����

ZLWK�GLIIHUHQW�JHRWKHUPDO�VRXUFHV��VHH�6XSSOHPHQWDU\�)LJ��6����:DUPLQJ�LQ�DOO�JUDGLHQWV�LV�����

VHDVRQDOO\�FRQVLVWHQW�DQG�KDV�EHHQ�VWDEOH�VLQFH�PHDVXUHPHQWV�EHJDQ�LQ���������7R�DYRLG�����

FRQIRXQGLQJ�HIIHFWV�RI�JHRWKHUPDO�DFWLYLW\�RQ�VRLO�K\GURORJ\��KDOI�RI�WKH�JUDGLHQWV�ZHUH�HVWDEOLVKHG�����

XSKLOO�IURP�D�KHDW�VRXUFH�DQG�WKH�RWKHU�KDOI�GRZQKLOO�IURP�D�KHDW�VRXUFH��1R�VXEVWDQFHV�DVVRFLDWHG�����

ZLWK�JHRWKHUPDO�DFWLYLW\�KDYH�EHHQ�IRXQG�LQ�DQ\�SORW�VLQFH�WKH�H[SHULPHQW�EHJDQ������������:KLOH�����

VKRUW�WHUP�DQG�ORQJ�WHUP�WUDQVHFWV�ZHUH�VLWXDWHG�LQ�DGMDFHQW�YDOOH\V�WKDW�VKDUHG�WKH�VDPH�JHRORJ\������

FOLPDWH�DQG�ODQG�XVH�KLVWRU\��ZH�FDXWLRQ�WKDW�LW�LV�QRW�SRVVLEOH�WR�HOLPLQDWH�WKH�SRWHQWLDO�IRU�SUH�����

H[LVWLQJ�GLIIHUHQFHV�EHWZHHQ�YDOOH\V�WR�KDYH�LQIOXHQFHG�FRPSDULVRQV�EHWZHHQ�WKHP��1HYHUWKHOHVV������

ZH�IRXQG�QR�HYLGHQFH�WKDW�VXFK�GLIIHUHQFHV�RFFXUUHG��IRU�IRXU�UHDVRQV��)LUVW��FRQVLGHULQJ�DOO���������

YDULDEOHV�WRJHWKHU��DPELHQW�WHPSHUDWXUH�SORWV�ZHUH�DV�VLPLODU�ZLWKLQ�WKH�VKRUW�WHUP�DQG�ORQJ�WHUP�����

ZDUPHG�WUDQVHFWV�DV�EHWZHHQ�WKHP��(XFOLGHDQ�'LVWDQFHV��/5� �������GI� ������1� �����3� �����

���������6HFRQG������RXW�RI�����YDULDEOHV�������GLG�QRW�VLJQLILFDQWO\�GLIIHU�EHWZHHQ�DPELHQW�����

WHPSHUDWXUH�SORWV��%RQIHUURQL�DGMXVWHG�3�!������LQ�DOO�FDVHV��1� ������ZLWK�RQO\�VRLO�VPDOO�DQG�ODUJH�����

PDFUR�DJJUHJDWH�FRQWHQWV��VRLO�VXOSKXU�DQG�DOXPLQLXP�FRQFHQWUDWLRQV�DQG�SODQW�SRWDVVLXP�DQG�����

PDQJDQHVH�FRQFHQWUDWLRQV�GLIIHULQJ�LQ�EDVHOLQH�FRQGLWLRQV�EHWZHHQ�VKRUW�WHUP�DQG�ORQJ�WHUP�����

ZDUPHG�WUDQVHFWV��7KLUG��3&��VFRUHV�IURP�WKH�IXOO�HPSLULFDO�RUWKRJRQDO�IXQFWLRQ��(2)��FRQWDLQLQJ�����

DOO�YDULDEOHV�DQG�SORWV��VHH�EHORZ��GLG�QRW�GLIIHU�EHWZHHQ�WKH�VKRUW�WHUP�DQG�ORQJ�WHUP�ZDUPHG�����

WUDQVHFWV�LQGHSHQGHQWO\�RI�ZDUPLQJ�LQWHQVLW\�DQG�SULRU�WR�QRUPDOLVLQJ�EDVHOLQHV��/5� �������GI� �����

�����1� �����3� ����������)LQDOO\��3&��VFRUHV�IURP�WKH�(2)�RI�WKH�IXOO�HFRV\VWHP�QRW�RQO\�VKDUHG�����

WKH�VDPH�SUH�ZDUPHG�VWDWH��EXW�DOVR�FRQYHUJHG�RQ�WKH�VDPH�VWDWH�ZLWK�ZDUPLQJ�DERYH�����&��)LJ������



����,W�LV�H[WUHPHO\�XQOLNHO\�WKDW�DQ\�SUH�H[LVWLQJ�GLIIHUHQFHV�EHWZHHQ�YDOOH\V�ZRXOG�EH�GHWHFWDEOH�����

XQGHU�PLQRU�WR�PRGHUDWH�ZDUPLQJ�EXW�EH�XQGHWHFWDEOH�XQGHU�DPELHQW�FRQGLWLRQV�RU�H[WUHPH�����

ZDUPLQJ��*LYHQ�WKLV��ZH�FRQVLGHUHG�DPELHQW�WHPSHUDWXUH�SORWV�WR�EH�HTXLYDOHQW�DFURVV�DOO�����

WUDQVHFWV�LUUHVSHFWLYH�RI�ZDUPLQJ�GXUDWLRQ��:KLOH�QR�H[SHULPHQWDO�V\VWHP�LV�ZLWKRXW�OLPLWDWLRQV��RXU�����

DSSURDFK�RYHUFRPHV�VRPH�PDMRU�FULWLFLVPV�RI�ZDUPLQJ�H[SHULPHQWV�WR�GDWH�������������VSHFLILFDOO\�E\�����

FRQVLGHULQJ�WZR�WLPHVFDOHV�RI�ZDUPLQJ�WKURXJKRXW�WKH�VRLO�SURILOH�RYHU�D�ODUJH�ZDUPLQJ�UDQJH�DQG�����

LQ�D�UHJUHVVLRQ�VW\OH�GHVLJQ������

����

'DWD�FROOHFWLRQ�	�SUH�SURFHVVLQJ��:H�FROOHFWHG�GDWD�UHSUHVHQWLQJ�WKH�SHU�SORW�UHODWLYH�����

DEXQGDQFHV�RI�������VRLO�EDFWHULDO�DUFKDHDO�RSHUDWLRQDO�WD[RQRPLF�XQLWV��278V��������VRLO�IXQJDO�����

278V�����VRLO�PLFURELDO�SKRVSKROLSLG�IDWW\�DFLG�PDUNHUV�����SODQW�VSHFLHV�DQG����PHWDEROLWHV�IURP�����

WZR�SODQW�VSHFLHV��DV�ZHOO�DV�DQRWKHU�����YDULDEOHV�UHSUHVHQWLQJ�RWKHU�SURSHUWLHV��SRROV�DQG�����

SURFHVVHV�RI�WKH�SODQW�DQG�VRLO�V\VWHP��6XSSOHPHQWDU\�7DEOH�6����$OO�PHDVXUHPHQWV�ZHUH�WDNHQ�����

EHWZHHQ������DQG������DQG�H[SUHVVHG�DFFRUGLQJ�WR�VWDQGDUG�SURWRFROV��VHH�6XSSOHPHQWDU\�����

7DEOH�6����5HVSRQVH�YDULDEOHV�ZLWK�PRUH�WKDQ�����PLVVLQJ�YDOXHV�ZHUH�UHPRYHG�����YDULDEOHV�������

7KH�IRXU�\HDU�VDPSOLQJ�SHULRG�ZDV�VPDOO�FRPSDUHG�WR�WKH�GLIIHUHQFH�EHWZHHQ�����\HDUV�DQG�!�������

\HDUV�RI�ZDUPLQJ��ZKLFK�ZDV�D�PLQLPXP�RI����\HDUV��1HYHUWKHOHVV��FOLPDWLF�YDULDWLRQ�XQUHODWHG�WR�����

WKH�ZDUPLQJ�WUDQVHFWV�UHVXOWHG�LQ�LQWHUDQQXDO�YDULDELOLW\�LQ�VRPH�PXOWL�\HDU�PHDVXUHPHQWV��VHH�����

6XSSOHPHQWDU\�,QIRUPDWLRQ���:H�DFFRXQWHG�IRU�WKLV�E\�PHDVXULQJ�SODQW�SKHQRORJ\��ELRPDVV�DQG�����

HFRV\VWHP�&2��IOX[HV��ZKLFK�DUH�YDULDEOHV�NQRZQ�WR�EH�VHDVRQDOO\�YDULDEOH��RQ�PXOWLSOH�GDWHV�RYHU�����

WKH�IRXU�\HDU�SHULRG�DQG�H[SUHVVLQJ�HDFK�DV�WKH�SORW�OHYHO�PHDQ�RI�DOO�GDWHV��:H�DOVR�RQO\�����

FRQVLGHUHG�YDULDEOHV�FROOHFWHG�IRU�DOO�SORWV�ZLWKLQ�WKH�VDPH�\HDU�V���(FRV\VWHP�&2��IOX[�GDWD�ZHUH�����

IXUWKHU�FRUUHFWHG�IRU�XQUHODWHG�FRYDULDQFH�LQ�DELRWLF�YDULDEOHV�E\�H[SUHVVLQJ�WKHP�DV�WKH�UHVLGXDOV�����

RI�PRGHOV�LQFOXGLQJ�SKRWRV\QWKHWLFDOO\�DFWLYH�UDGLDWLRQ��VRLO�PRLVWXUH�DQG�H[FHVV�VRLO�WHPSHUDWXUH�����

YDULDWLRQ�DV�H[SODQDWRU\�YDULDEOHV��VHH�6XSSOHPHQWDU\�,QIRUPDWLRQ���:H�FROODSVHG�PXOWLYDULDWH�����

GDWDVHWV��QDPHO\�PLFURELDO�FRPPXQLW\�FRPSRVLWLRQ��SODQW�FRPPXQLW\�FRPSRVLWLRQ�DQG�����

$QWKR[DQWKXP�RGRUDWXP�DQG�5DQXQFXOXV�DFULV�PHWDEROLVP��WR�WKUHH�D[HV�RI�DQ�RUGLQDWLRQ�DQG�D�����

PHDVXUH�RI�ULFKQHVV�HDFK��VHH�6XSSOHPHQWDU\�,QIRUPDWLRQ���:H�VWDQGDUGLVHG�WKH�ILQDO���������

YDULDEOHV�E\�FHQWULQJ�DURXQG�WKH�PHDQ�DQG�GLYLGLQJ�E\�WZR�VWDQGDUG�GHYLDWLRQV��DQG�H[SUHVVHG�����



HYHU\�YDULDEOH�DV�WKH�ZLWKLQ�JUDVVODQG�GLIIHUHQFH�EHWZHHQ�SORW�YDOXHV�DQG�WKH�PHDQ�YDOXH�RI�����

DPELHQW�WHPSHUDWXUH�SORWV��7KLV�DSSURDFK�\LHOGHG�WKUHH�HFRV\VWHP�VWDWHV���L��D�QRQ�ZDUPHG�����

HFRV\VWHP���LL��WKH�HFRV\VWHP�IROORZLQJ�����\HDUV�RI�ZDUPLQJ��DQG��LLL��WKH�HFRV\VWHP�IROORZLQJ�!�������

\HDUV�RI�ZDUPLQJ��7KXV��ZH�FRXOG�FKDUDFWHUL]H�WKH�WHPSRUDO�G\QDPLFV�RI�ZDUPLQJ�HIIHFWV�RQ�WKH�����

HFRV\VWHP�LQ�D�IXOO\�UHSOLFDWHG�GHVLJQ�XVLQJ�SORWV�SRVVHVVLQJ�D�QXPHULFDOO\�LGHQWLFDO�SUH�ZDUPHG�����

VWDWH��)LQDOO\��PHDQ�VXPPHU�WHPSHUDWXUH��067��0D\�WR�6HSWHPEHU�������WR�������DW����FP�GHSWK�����

ZDV�GHULYHG�IURP�KRXUO\�UHFRUGV��+2%2�7LGEL7�9��:DWHU�7HPSHUDWXUH�'DWD�/RJJHUV��2QVHW�����

&RPSXWHU�&RUSRUDWLRQ��86$��LQ�HDFK�SORW��:H�H[SUHVVHG�ZDUPLQJ���&��DV�WKH�ZLWKLQ�WUDQVHFW�����

GLIIHUHQFHV�EHWZHHQ�D�SORW¶V�067�DQG�WKH�PHDQ�067�IRU�DPELHQW�SORWV��DQG�UHPRYHG�RQH�SORW�ZLWK�����

067�ZDUPLQJ�!����&�������

����

5HSUHVHQWLQJ�WKH�HFRV\VWHP��:H�H[SUHVVHG�WKH�IXOO�HFRV\VWHP�DV�WKH�ILUVW�D[LV��3&��RI�DQ�(2)�����

FRQWDLQLQJ�D�WRWDO�RI�����YDULDEOHV��$Q�(2)�LV�IXQFWLRQDOO\�FRPSDUDEOH�WR�D�3ULQFLSDO�&RPSRQHQW�����

$QDO\VLV�EXW�LV�QRW�FRQVWUDLQHG�E\�WKH�VDPH�DVVXPSWLRQV�DQG�DFFHSWV�PLVVLQJ�YDOXHV����,Q�GRLQJ�����

VR��ZH�ZHUH�DEOH�WR�FRQVLGHU�D�ODUJH�QXPEHU�RI�VWDWH�DQG�SURFHVV�SDUDPHWHUV�VLPXOWDQHRXVO\��ZLWK�����

QR�D�SULRUL�GHFLVLRQV�DERXW�WKHLU�ZHLJKWLQJ��ZLWK�WKH�H[FHSWLRQ�RI�PXOWLYDULDWH�GDWD��VHH�'DWD�����

FROOHFWLRQ�	�SUH�SURFHVVLQJ� DERYH��DQG�LUUHVSHFWLYH�RI�SRVVLEOH�FRYDULDQFH�DPRQJ�WKHP����7KH�����

(2)�\LHOGHG�D�VLPLODU�RUGLQDWLRQ�WR�D�3ULQFLSDO�&RRUGLQDWHV�$QDO\VLV��3&R$��([WHQGHG�'DWD�)LJ����������

ZKLFK�LV�D�FODVVLFDO�RUGLQDWLRQ�DSSURDFK�WKDW�DOVR�DFFHSWV�PLVVLQJ�YDOXHV��3&��RI�WKH�(2)�����

H[SODLQHG�������RI�WRWDO�YDULDQFH��ZLWK�3&��DQG�3&��H[SODLQLQJ������DQG�������UHVSHFWLYHO\������

*LYHQ�WKH�ODUJH�GHFOLQH�LQ�H[SODLQHG�YDULDQFH�EHWZHHQ�WKH�ILUVW�DQG�QH[W�D[HV��ZH�FRQVLGHUHG�3&������

VFRUHV�WR�EH�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�HFRV\VWHP��EXW�QRWH�WKDW�LQIRUPDWLYH�ZDUPLQJ�HIIHFWV�����

ZHUH�DOVR�IRXQG�RQ�3&��DQG�3&���VHH�6XSSOHPHQWDU\�,QIRUPDWLRQ�������

����

*URXSLQJ�YDULDEOHV�E\�WKHLU�ZDUPLQJ�UHVSRQVH��:H�H[SORUHG�WKH�GLIIHUHQW�W\SHV�RI�UHVSRQVH�����

H[KLELWHG�E\�FRPSRQHQWV�RI�WKH�HFRV\VWHP�E\�JURXSLQJ�YDULDEOHV�EDVHG�RQ�WKHLU�UHODWLRQVKLSV�ZLWK�����

ZDUPLQJ�DQG�VXPPDULVLQJ�WKHVH�JURXSV�XVLQJ�VHSDUDWH�(2)V��*URXSLQJ�ZDV�SHUIRUPHG�XVLQJ�D�����

WKUHH�VWHS�SURFHVV��)LUVW��ZH�XVHG�WKH�3�YDOXHV�RI�ZDUPLQJ�HIIHFWV�DQG�ZDUPLQJ�î�GXUDWLRQ�����

LQWHUDFWLRQV��6XSSOHPHQWDU\�7DEOH�6���ZLWK�DQ �FXW�RII�RI������WR�FDWHJRULVH�YDULDEOHV�DV�����



WHPSRUDOO\�G\QDPLF��:�î�'��3����������WHPSRUDOO\�FRQVLVWHQW��:�î�'��3�!�������:��3���������RU�����

XQUHVSRQVLYH��:�î�'��3�!�������:��3�!��������6HFRQG��ZH�XVHG�FRHIILFLHQWV�IURP�WKH�VDPH�PRGHOV�����

WR�DWWULEXWH�D�SRVLWLYH�RU�QHJDWLYH�GLUHFWLRQ�WR�ZDUPLQJ�HIIHFWV��)LQDOO\��ZH�YLVXDOO\�LQVSHFWHG�����

WHPSRUDOO\�G\QDPLF�YDULDEOHV�WR�GHWHUPLQH�ZKHWKHU�ZDUPLQJ�HIIHFWV�ZHUH�ODUJHU�RU�VPDOOHU�LQ�WKH�����

VKRUW�WHUP�YHUVXV�WKH�ORQJ�WHUP��ZKLFK�ZH�GHVFULEHG�DV�RYHUUHDFWLRQV�RU�XQGHU�UHDFWLRQV������

UHVSHFWLYHO\��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�3�YDOXHV�ZHUH�XVHG�WR�GHILQH�D�FXW�RII�LQ�WKH�ILUVW�VWHS�RI�����

WKLV�SURFHVV��EXW�ZHUH�QRW�XVHG�DV�HYLGHQFH�RI�VWDWLVWLFDOO\�VLJQLILFDQW�ZDUPLQJ�HIIHFWV�RQ�LQGLYLGXDO�����

YDULDEOHV��5DWKHU��VWDWLVWLFDO�VLJQLILFDQFH�ZDV�WHVWHG�DW�WKH�JURXS�OHYHO�RQ�3&��VFRUHV�IURP�(2)V�����

SHUIRUPHG�VHSDUDWHO\�RQ�HDFK�JURXS��VHH�6WDWLVWLFDO�DQDO\VLV��EHORZ���DQG�ZDV�LQWHUSUHWHG�ZLWK�����

UHIHUHQFH�WR�WKH�SHU��&�FKDQJHV�RI�LQGLYLGXDO�SDUDPHWHUV�UHSRUWHG�LQ�)LJ�����VHH�3ORWWLQJ�����

UHODWLRQVKLSV� EHORZ���:KLOH�JURXSLQJ�EDVHG�RQ�DQ\�FULWHULRQ�LV�VXEMHFWLYH��ZH�XVHG�3�YDOXHV�����

EHFDXVH�WKH\�DUH�DQ�HVWDEOLVKHG�PHWULF�IRU�H[DPLQLQJ�WKH�SUREDELOLW\�RI�ELRORJLFDOO\�PHDQLQJIXO�����

UHODWLRQVKLSV��DUH�IXQFWLRQDOO\�HTXLYDOHQW�WR�XVLQJ�OLNHOLKRRG�UDWLRV��HIIHFW�VL]HV�RU�FRHIILFLHQWV�DQG������

DV�RSSRVHG�WR�WKHVH�DOWHUQDWLYHV��DOUHDG\�SRVVHVV�DFFHSWHG�WKUHVKROGV��+HUH��ZH�FRQVLGHUHG�DQ�����

WKUHVKROG�RI������EHFDXVH�KLVWRJUDPV�RI�3�YDOXH�GLVWULEXWLRQV�IRU�ZDUPLQJ�HIIHFWV�DQG�ZDUPLQJ�î�����

GXUDWLRQ�LQWHUDFWLRQV�VKRZHG�WKDW� � ������PDUNHG�D�WKUHVKROG�EHORZ�ZKLFK�WKH�IUHTXHQF\�RI�3�����

YDOXHV�LQFUHDVHG��6XSSOHPHQWDU\�)LJ���E�G���'HVSLWH�WKLV��ZH�SHUIRUPHG�D�VHQVLWLYLW\�DQDO\VLV�WR�����

GHWHUPLQH�KRZ�FKDQJLQJ�WKH� �FXW�RII�EHWZHHQ������DQG������LQ������VWHSV�ZRXOG�DOWHU�WKH�����

FRPSRVLWLRQ�RI�JURXSV��6XSSOHPHQWDU\�7DEOH�6����)RU�YDULDEOHV�FDWHJRULVHG�DV�WHPSRUDOO\�G\QDPLF�����

DW� � �������D�FKDQJH�LQ�WKH�WKUHVKROG�WR� � ������UHVXOWHG�LQ���RXW�RI����PRYLQJ�WR�D�WHPSRUDOO\�����

VWDEOH�JURXS�DQG���RXW�RI����EHFRPLQJ�QRQ�UHVSRQVLYH��)RU�YDULDEOHV�FDWHJRULVHG�DV�WHPSRUDOO\�����

VWDEOH�DW� � �������D�FKDQJH�LQ�WKH�WKUHVKROG�WR� � ������UHVXOWHG�LQ����RXW�RI����EHFRPLQJ�QRQ�����

UHVSRQVLYH��'HVSLWH�VRPH�UHVKXIIOLQJ�RI�YDULDEOHV�EHWZHHQ�JURXSV��3&��VFRUHV�IURP�WKH�(2)V�����

SHUIRUPHG�RQ�VHSDUDWH�JURXSV�UHPDLQHG�QXPHULFDOO\�VLPLODU�DW�DOO� �FXW�RIIV�WHVWHG��3HDUVRQ�����

3URGXFW�0RPHQW�FRUUHODWLRQ��U�!�����DQG�3����������LQ�DOO�FDVHV��6XSSOHPHQWDU\�)LJ��6����PHDQLQJ�����

WKDW�WKH�LPSDFW�RQ�WKH�JURXSLQJ�SURFHVV�ZDV�QHJOLJLEOH�DQG�JHQHUDO�SDWWHUQV�RI�RYHU��DQG�XQGHU�����

UHDFWLRQV�KHOG�WUXH�LUUHVSHFWLYH�RI�WKH�FXW�RII�FKRVHQ��:H�WKXV�SURFHHGHG�ZLWK�WKH�JURXSLQJV�����

DULVLQJ�IURP�WKH�PRVW�LQFOXVLYH� �WKUHVKROG�RI�������EXW�FDXWLRQ�WKDW�WKH�PHPEHUVKLS�RI�D�YDULDEOH�WR�����



D�SDUWLFXODU�JURXS�LV�QRW�GHILQLWLYHO\�SURYHQ�DQG�WKHUH�LV�D�ULVN�RI�PLVFODVVLILFDWLRQ�IRU�D�VPDOO�����

QXPEHU�RI�YDULDEOHV��6XSSOHPHQWDU\�7DEOH�6����7KLV�DSSURDFK�\LHOGHG�D�WRWDO�RI�VHYHQ�JURXSV�����

UHSUHVHQWLQJ�SRVLWLYH�DQG�QHJDWLYH�WHPSRUDOO\�FRQVLVWHQW��RYHUUHDFWLQJ�DQG�XQGHU�UHDFWLQJ�����

UHVSRQVHV�WR�ZDUPLQJ��LQ�DGGLWLRQ�WR�WKH�XQUHVSRQVLYH�JURXS������

����

6WDWLVWLFDO�DQDO\VLV��:H�XVHG�JHQHUDOL]HG�OHDVW�VTXDUHV��*/6��PRGHOV�WR�GHWHUPLQH�WKH�HIIHFWV�RI�����

ZDUPLQJ�LQWHQVLW\���&�DERYH�DPELHQW�067���ZDUPLQJ�GXUDWLRQ��WUDQVHFWV�ZDUPHG�IRU�����RU�!�������

\HDUV��DQG�WKHLU�LQWHUDFWLRQ�RQ�WKH�3&��VFRUHV�IURP�WKH�(2)�UHSUHVHQWLQJ�WKH�IXOO�HFRV\VWHP��DV�����

ZHOO�DV�RQ�WKH�3&��VFRUHV�IURP�WKH�(2)V�UHSUHVHQWLQJ�GLIIHUHQW�JURXSV�RI�YDULDEOHV�WKHUHLQ�����

�6XSSOHPHQWDU\�7DEOH�6����:H�DOVR�XVHG�*/6�PRGHOV�ZLWK�WKH�VDPH�VWUXFWXUH�WR�JHQHUDWH�3�����

YDOXHV�IRU�HIIHFWV�RI�ZDUPLQJ�LQWHQVLW\��ZDUPLQJ�GXUDWLRQ�DQG�WKHLU�LQWHUDFWLRQ�RQ�YDULDEOHV�����

LQGLYLGXDOO\��6XSSOHPHQWDU\�7DEOH�6����EXW�QRWH�WKDW�VWDWLVWLFV�SHUIRUPHG�RQ�LQGLYLGXDO�YDULDEOHV�����

ZHUH�XVHG�RQO\�WR�DVVLJQ�YDULDEOHV�WR�JURXSV��VHH�*URXSLQJ�YDULDEOHV�E\�ZDUPLQJ�UHVSRQVH������

DERYH��DQG�QR�FRUUHFWLRQV�ZHUH�PDGH�IRU�PXOWLSOH�WHVWLQJ��:KLOH�WKH�IUHTXHQF\�RI�VLJQLILFDQW�3�����

YDOXHV�REVHUYHG�IRU�ZDUPLQJ�DQG�ZDUPLQJ�î�GXUDWLRQ�HIIHFWV�ZDV�KLJKHU�WKDQ�H[SHFWHG�EDVHG�RQ�����
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SDUDPHWHUV�ZLWKRXW�FRQVLGHULQJ�IXUWKHU�3�YDOXH�FRUUHFWLRQV��*/6�PRGHOV�ZHUH�XVHG�VR�WKDW��ZKHUH�����
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YDULDEOH�UHSUHVHQWLQJ�WKH�UHDFWLRQ�WR�VKRUW�WHUP�ZDUPLQJ��3RVLWLYH�UHDFWLRQ�YDOXHV�LQGLFDWHG�D�����

ODUJHU�UHVSRQVH�WR�����\HDUV�WKDQ�!���\HDUV�RI�ZDUPLQJ��QHJDWLYH�UHDFWLRQ�YDOXHV�LQGLFDWHG�D�����

VPDOOHU�UHVSRQVH�WR�����\HDUV�WKDQ�!���\HDUV�RI�ZDUPLQJ��DQG�UHDFWLRQ�YDOXHV�RI�]HUR�LQGLFDWHG�QR�����
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