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��� ,QWURGXFWLRQ�� ��
� � �
JDWKHULQJ�HYLGHQFH� �
��� 4XDQWLWDWLYH�LQWHUSUHWDWLRQ�RI�DJH�VSHFLILF�PRUWDOLW\�UHGXFWLRQV�IURP�WKH�6ZHGLVK�EUHDVW�FDQFHU�

VFUHHQLQJ�WULDOV�� ��
��� $Q�LQYHVWLJDWLRQ�RI�GHVLJQ�DQG�ELDV�LVVXHV�LQ�FDVH�FRQWURO�VWXGLHV�RI�FDQFHU�VFUHHQLQJ�XVLQJ�

PLFURVLPXODWLRQ������ ���
��� $�FRPSDULVRQ�RI�GLVHDVH�VSHFLILF�VXUYLYDO�RI�SDWLHQWV�ZKR�GLHG�RI�DQG�ZKR�KDG�QHZO\�GLDJQRVHG�

SURVWDWH�FDQFHU� ���
��� $PELJXLWLHV�LQ�FDOFXODWLQJ�FDQFHU�SDWLHQW�VXUYLYDO��WKH�6((5�H[SHULHQFH�IRU�FRORUHFWDO�DQG�SURVWDWH�

FDQFHU� ���
� � �
HYLGHQFH�DQG�XQFHUWDLQW\� �
��� &RVW�HIIHFWLYHQHVV�RI�VKRUWHQLQJ�VFUHHQLQJ�LQWHUYDO�RU�H[WHQGLQJ�DJH�UDQJH�RI�1+6�EUHDVW�VFUHHQLQJ�

SURJUDPPH��FRPSXWHU�VLPXODWLRQ�VWXG\� ���
��� 8QDLGHG�YLVXDO�H[DPLQDWLRQ�YHUVXV�3DS�VPHDUV�IRU�HDUO\�GHWHFWLRQ�RI�FHUYLFDO�FDQFHU� ���
� � �
EDODQFLQJ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV� �
��� ,Q�VHDUFK�RI�WKH�EHVW�XSSHU�DJH�OLPLW�IRU�EUHDVW�FDQFHU�VFUHHQLQJ� ���
��� $�ORQJHU�EUHDVW�FDUFLQRPD�VFUHHQLQJ�LQWHUYDO�IRU�ZRPHQ�DJH�ROGHU�WKDQ����\HDUV"� ���
� � �
HIIHFWLYHQHVV�DQG�FLUFXPVWDQFHV� �
���� ,PSRUWDQW�LQIOXHQFHV�RQ�HIIHFWLYHQHVV�DQG�FRVWV�WR�EH�FRQVLGHUHG�LQ�WKH�HYDOXDWLRQ�RI�FDQFHU�VFUHHQLQJ� ���
� � �
HYLGHQFH�IRU�FRPSHOOLQJ�TXHVWLRQV� �
���� ([WUD�LQFLGHQFH�FDXVHG�E\�PDPPRJUDSKLF�VFUHHQLQJ� ���
���� 6WDJH�GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�H[DPLQDWLRQV�LQ�EUHDVW�FDQFHU�VFUHHQLQJ� ���
� � �
���� &RQFOXVLRQ� ���
� � �
� 6XPPDU\� ��� � 5HIHUHQFHV� ��� � $ERXW�WKH�DXWKRU� ���
� 6DPHQYDWWLQJ� ��� � $ERXW�WKH�FKDSWHUV� ��� � 7KHVHV� ���
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���,1752'8&7,21�
0DNLQJ�GHFLVLRQV�WR�LQWURGXFH�RU�FKDQJH�FDQFHU�
VFUHHQLQJ�WKDW�DUH�EDVHG�RQ�REVHUYHG�HYLGHQFH�LV�QRW�
VWUDLJKWIRUZDUG��(YHQ�LI�WKHUH�LV�HYLGHQFH�DYDLODEOH�
IURP�UDQGRPLVHG�FRQWUROOHG�WULDOV�WKDW�FOHDUO\�SURYHV�
D�UHGXFWLRQ�LQ�PRUWDOLW\�IURP�WKH�FDQFHU�LQ�TXHVWLRQ��
WKHUH�DUH�VWLOO�VHYHUDO�LVVXHV�WR�EH�UHVROYHG�EHIRUH�DQ�
HYLGHQFH�EDVHG�GHFLVLRQ�FDQ�EH�PDGH�RQ�WKH�
LQWURGXFWLRQ�RU�FKDQJH�RI�D�VFUHHQLQJ�SURJUDPPH��
6FUHHQLQJ�LQHYLWDEO\�FRPHV�ZLWK�XQIDYRXUDEOH�
HIIHFWV�VXFK�DV�H[WUD�FDQFHU�LQFLGHQFH�ZLWK�WKH�
EXUGHQ�RI�WUHDWPHQW�RI�WKRVH�FDQFHUV�DQG�LWV�DIWHU�
HIIHFWV��DQG�WKH�EXUGHQ�IURP�DQ�LQFUHDVH�RI�
GLDJQRVWLF�SURFHGXUHV�DQG�RI�WKH�VFUHHQLQJ�
SURFHGXUH�LWVHOI��7KLV�UDLVHV�WKH�TXHVWLRQ�ZKHWKHU�
IDYRXUDEOH�HIIHFW�RI�VFUHHQLQJ��PRUWDOLW\�UHGXFWLRQ��
SUHYHQWLRQ�RI�DGYDQFHG�GLVHDVH��DUH�VXIILFLHQWO\�
ODUJH�LQ�FRPSDULVRQ�WR�WKH�XQIDYRXUDEOH�HIIHFWV��
2WKHU�TXHVWLRQV�DUH��+RZ�FRVWO\�LV�VFUHHQLQJ"�+RZ�
DUH�WKH�REVHUYHG�HIIHFWV�WR�EH�H[WUDSRODWHG�WR�D�
VLWXDWLRQ�WKDW�LV�GLIIHUHQW�ZLWK�UHVSHFW�WR�
GHPRJUDSK\��HSLGHPLRORJ\�DQG�KHDOWK�FDUH"�7KHUH�
DUH�DOVR�VHYHUDO�RSWLPLVDWLRQ�TXHVWLRQV��:KDW�LV�WKH�
RSWLPDO�VFUHHQLQJ�WHVW"�:KDW�LV�WKH�RSWLPDO�ZD\�RI�
RUJDQLVLQJ�WKH�VFUHHQLQJ�WKDW�LV�WR�EH�RIIHUHG�WR�WKH�
SXEOLF"�:KDW�LV�WKH�RSWLPDO�VFUHHQLQJ�VFKHGXOH�ZLWK�
UHVSHFW�WR�DJHV�DQG�LQWHUYDOV�EHWZHHQ�VFUHHQLQJV"�
(DFK�RI�WKHVH�TXHVWLRQV�FRQFHUQV�D�WUDGH�RII�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�RI�VFUHHQLQJ�
WKDW�PD\�WXUQ�RXW�GLIIHUHQWO\�IRU�WKH�VFUHHQLQJ�
SURJUDPPH�WKDW�LV�FRQVLGHUHG�WKDQ�IRU�WKH�VLWXDWLRQ�
LQ�ZKLFK�HPSLULFDO�HYLGHQFH�ZDV�REVHUYHG��7KXV�
WKHUH�DUH�VHYHUDO�VWHSV�WR�EH�PDGH�LQ�EHWZHHQ�WKH�
HPSLULFDO�LQYHVWLJDWLRQ�WKDW�SURGXFHV�REVHUYHG�
HYLGHQFH�FRQFHUQLQJ�FDQFHU�VFUHHQLQJ�DQG�WKH�
GHFLVLRQ�WR�LQWURGXFH�RU�FKDQJH�FDQFHU�VFUHHQLQJ��
7KLV�WKHVLV�FRQFHUQV�QHLWKHU�HPSLULFDO�LQYHVWLJDWLRQ�
QRU�GHFLVLRQ�PDNLQJ��EXW�WKH�LQWHUPHGLDWH�VWHSV�
EHWZHHQ�WKH�WZR��7KH�VWHSV�WKDW�DUH�EHLQJ�DGGUHVVHG�
DUH�WKH�JDWKHULQJ�RI�HYLGHQFH��WKH�XQFHUWDLQW\�
DVVRFLDWHG�ZLWK�SUHVHQW�HYLGHQFH��WKH�EDODQFLQJ�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�DQG�WKH�
LQIOXHQFH�RI�SDUWLFXODU�FLUFXPVWDQFHV�LQ�ZKLFK�
FDQFHU�VFUHHQLQJ�WDNHV�SODFH��)LQDOO\�WKHUH�LV�WKH�
SRVVLEOH�QHHG�IRU�VLGH�VWHSV�WR�JR�LQWR�FRPSHOOLQJ�
TXHVWLRQV�WKDW�DULVH�DORQJ�WKH�ZD\��7KH�H[DPSOHV�
FKRVHQ�WR�LOOXVWUDWH�WKHVH�VWHSV�DUH�SDUW�RI�WKH�ZRUN�
RI�WKH�UHVHDUFK�JURXS�RQ�VFUHHQLQJ�HYDOXDWLRQ�RI�WKH�
GHSDUWPHQW�RI�3XEOLF�+HDOWK�RI�(UDVPXV�8QLYHUVLW\�
5RWWHUGDP��%HHPVWHUERHU�������GH�.RQLQJ�������
.RRSPDQVFKDS�������YDQ�%DOOHJRRLMHQ�����E��YDQ�
2RUWPDUVVHQ�������:LOGKDJHQ�������
0RVW�H[DPSOHV�UHO\�WR�D�ODUJH�H[WHQW�RQ�WKH�
DSSOLFDWLRQ�RI�0LVFDQ�VLPXODWLRQ�PRGHOV���+DEEHPD�
HW�DO��������/RHYH�HW�DO���������7KH�0LVFDQ�SURJUDP�
VLPXODWHV�D�VHULHV�RI�LQGLYLGXDO�OLIH�KLVWRULHV�
FRQVLGHULQJ�GDWH�RI�ELUWK�DQG�RI�GHDWK��GHYHORSPHQW�
RI�WKH�GLVHDVH�LQ�TXHVWLRQ�EHIRUH�GLDJQRVLV�LQ�D�

VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��GLDJQRVLV�DQG�VXUYLYDO��
DQG�WKH�LQIOXHQFH�RI�D�VFUHHQLQJ�SURJUDPPH�RQ�WKH�
GDWH�DQG�VWDJH�RI�GHWHFWLRQ�DQG�WKH�GDWH�RI�GHDWK��$�
OLIH�KLVWRU\�LV�VLPXODWHG�WKURXJK�LQGLYLGXDO�
UHDOLVDWLRQV�RI�VSHFLILHG�SUREDELOLW\�GLVWULEXWLRQV�
FRQFHUQLQJ�GHPRJUDSK\��WKH�FRXUVH�WKURXJK�D�
QXPEHU�RI�SRVVLEOH�GLVHDVH�VWDWHV��VRMRXUQ�WLPHV�LQ�
WKHVH�GLVHDVH�VWDWHV��EHKDYLRXU�ZLWK�UHVSHFW�WR�WKH�
VFUHHQLQJ�SURJUDPPH��DQG�WHVW�FKDUDFWHULVWLFV�DQG�
FRQVHTXHQFHV�RI�VFUHHQLQJ��7KH�OLIH�KLVWRULHV�DUH�
DJJUHJDWHG�WR�D�SRSXODWLRQ�LQ�ZKLFK�LQFLGHQFH��OLIH�
\HDUV�ZLWK�GLVHDVH��OLIH�\HDU�ORVW�IURP�GLVHDVH��
QXPEHUV�RI�VFUHHQLQJ��VWDJH�GLVWULEXWLRQ�DW�GLDJQRVLV�
HWF��DUH�FRXQWHG��$�0LVFDQ�PRGHO�FDQ�UHSURGXFH�WKH�
FLUFXPVWDQFHV�XQGHU�ZKLFK�HPSLULFDO�HYLGHQFH�KDV�
EHHQ�JDWKHUHG��FDQ�FRPSDUH�REVHUYHG�DQG�PRGHOOHG�
UHVXOWV�VR�WKDW�RQH�FDQ�FKHFN�WR�ZKDW�H[WHQW�WKH�
PRGHO�DVVXPSWLRQV�RQ�QDWXUDO�KLVWRU\�FDQ�H[SODLQ�
ZKDW�LV�REVHUYHG��/LNHZLVH��D�0LVFDQ�PRGHO�FDQ�
UHSURGXFH�WKH�FLUFXPVWDQFH�RI�D�IXWXUH�VFUHHQLQJ�
SURJUDPPH�IRU�ZKLFK�WKH�UHVXOWV�FDQ�EH�SUHGLFWHG�
DQG�WKXV�VXSSRUW�GHFLVLRQ�PDNLQJ��
�
JDWKHULQJ�HYLGHQFH�
2EVHUYHG�HYLGHQFH�RQ�PHGLFDO�LQWHUYHQWLRQV�LV�
XVXDOO\�JHQHUDWHG�LQ�FLUFXPVWDQFHV�WKDW�DUH�UDWKHU�
GLIIHUHQW�IURP�IXWXUH�GDLO\�DSSOLFDWLRQV�RI�WKDW�
LQWHUYHQWLRQ��7KDW�DOVR�PHDQV�WKDW��LQ�RUGHU�WR�
SUHGLFW�HIIHFWV�XQGHU�WKRVH�GLIIHUHQW�FLUFXPVWDQFHV��
WKHUH�LV�QHHG�IRU�HYLGHQFH�IURP�GLIIHUHQW�W\SHV�RI�
VWXGLHV��
5DQGRPLVHG�WULDOV�LQ�FDQFHU�VFUHHQLQJ�DLP�DW�WHVWLQJ�
ZKHWKHU�VFUHHQLQJ�UHVXOWV�LQ�D�UHGXFWLRQ�LQ�PRUWDOLW\�
IURP�WKH�FDQFHU��,Q�GRLQJ�VR��WKHVH�WULDOV�DOVR�
SURGXFH�DQ�HVWLPDWH�RI�WKH�VL]H�RI�WKH�PRUWDOLW\�
UHGXFWLRQ��%XW�VLQFH�WKH�VL]H�RI�D�WULDO�LV�XVXDOO\�
FKRVHQ�WR�EH�MXVW�VXIILFLHQW�WR�SURGXFH�D�PRUWDOLW\�
UHGXFWLRQ�WKDW�LV�MXVW�VLJQLILFDQWO\�GLIIHUHQW�IURP����
WKH�FRQILGHQFH�LQWHUYDO�IRU�DQ�HVWLPDWH�RI�WKH�VL]H�RI�
WKH�PRUWDOLW\�UHGXFWLRQ�LV�ZLGH��$�PRUH�SUHFLVH�
HVWLPDWH�FDQ�EH�GHULYHG�E\�FRPELQLQJ�WKH�UHVXOWV�RI�
PRUH�WKDQ�RQH�WULDO��)RU�WKLV�WKH�FRQFHSW�RI�PHWD�
DQDO\VLV�KDV�EHHQ�GHYHORSHG��+RZHYHU��D�PHWD�
DQDO\VLV�JLYHV�D�PRUH�SUHFLVH�HVWLPDWH�DW�WKH�H[SHQVH�
RI�WKH�LQWHUYHQWLRQ�EHLQJ�GHILQHG�OHVV�
SUHFLVHO\��%OHWWQHU�HW�DO��������'DYH\�6PLWK�DQG�
(JJHU�������'DYH\�6PLWK�HW�DO��������,Q�DQ�DWWHPSW�
WR�UHVROYH�WKLV�SUREOHP��D�PRGHO�FDQ�EH�XVHG�WKDW�LV�
VWUXFWXUHG�WR�H[SODLQ�WKH�HIIHFWV�RI�VFUHHQLQJ��7KH�
GLUHFW�HVWLPDWH�RI�PRUWDOLW\�UHGXFWLRQ�LV�VXEVWLWXWHG�
E\�DQ�HVWLPDWH�RI�FUXFLDO�SDUDPHWHUV�WKDW�H[SODLQ�WKH�
DPRXQW�RI�PRUWDOLW\�UHGXFWLRQ�LQ�D�VFUHHQHG�
SRSXODWLRQ��7KH�PRGHO�FDQ�DSSO\�WKH�VDPH�
DVVXPSWLRQV�RQ�QDWXUDO�KLVWRU\�DQG�HIIHFWV�RI�HDUO\�
GHWHFWLRQ�E\�VFUHHQLQJ�WR�WKH�VHWWLQJV�RI�WKH�GLIIHUHQW�
WULDOV�DQG�WKXV�UHJDLQ�SUHFLVLRQ�RI�WKH�GHILQLWLRQ�RI�
WKH�LQWHUYHQWLRQ��$Q�H[DPSOH�RI�VXFK�SDUDPHWHU�
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HVWLPDWLRQ�LV�SUHVHQWHG�DQG�GLVFXVVHG�LQ�FKDSWHU���RI�
WKLV�WKHVLV��
5DQGRPLVHG�WULDOV�DUH�VRPHWLPHV�SUDFWLFDOO\�QRW�
IHDVLEOH�DQG�VRPHWLPHV�WKH\�DUH�MXVW�QRW�WKH�PRVW�
DSSURSULDWH�PHWKRG�IRU�DFTXLULQJ�NQRZOHGJH��%XW�
REVHUYDWLRQDO�VWXGLHV�DUH�SURQH�WR�ELDV��,Q�UHDO�OLIH�LW�
LV�XVXDOO\�QRW�SRVVLEOH�WR�LQYHVWLJDWH�ELDV�LQ�
REVHUYDWLRQDO�VWXGLHV��2U�UDWKHU��DV�IDU�DV�ELDV�FDQ�EH�
GHWHUPLQHG�LQ�REVHUYDWLRQDO�VWXGLHV��WKDW�ELDV�FDQ�
DOVR�EH�HOLPLQDWHG��7KHUHIRUH�WKH�UHPDLQLQJ�ELDV�
FDQQRW�EH�LQYHVWLJDWHG�LQ�UHDO�VWXGLHV��:H�DSSOLHG�
PLFUR�VLPXODWLRQ�PRGHOV�WKDW�ZHUH�RULJLQDOO\�
GHYHORSHG�IRU�HYDOXDWLRQ�RI�VFUHHQLQJ�SURJUDPPHV�
WR�LQYHVWLJDWH�VRXUFHV�RI�ELDV�LQ�REVHUYDWLRQDO�
VWXGLHV��
&DVH�FRQWURO�VWXGLHV�DUH�XVHG�WR�HVWLPDWH�PRUWDOLW\�
UHGXFWLRQ�GXH�WR�FDQFHU�VFUHHQLQJ��7KH�JHQHUDO�
GHVLJQ�RI�FDVH�FRQWURO�VWXGLHV�LV�XVXDOO\�DGMXVWHG�IRU�
HVWLPDWLQJ�HIILFDF\�RI�FDQFHU�VFUHHQLQJ��:LWKLQ�HDFK�
VHW�RI�D�FDVH�ZKR�GLHV�IURP�WKH�FDQFHU�DQG�LWV�
PDWFKHG�FRQWUROV��H[SRVXUH�WR�VFUHHQLQJ�DPRQJ�
FRQWUROV�WKDW�RFFXUV�ODWHU�WKDQ�WKH�GLDJQRVLV�ZLWK�WKH�
GLVHDVH�LQ�WKH�FDVH�LV�GLVUHJDUGHG��&URQLQ�HW�DO��
������6DVFR�HW�DO��������7KLV�LV�WR�FRPSHQVDWH�IRU�
ELDV�GXH�WR�WKH�IDFW�WKDW�DIWHU�GLDJQRVLV�RQH�LV�QRW�
VFUHHQHG�DQ\�PRUH��&KDSWHU���VKRZV�WKDW�WKLV�LV�
RYHUFRPSHQVDWLRQ�DQG�VWLOO�OHDGV�WR�ELDV��,W�DOVR�
VKRZV�WKDW�WKHUH�DUH�VHYHUDO�RWKHU�VHULRXV�ELDVHV�
SRVVLEOH�LI�WKH�SDUWLFXODUV�RI�WKH�WLPLQJ�RI�VFUHHQLQJ�
LQ�WKH�SRSXODWLRQ�XQGHU�VWXG\�DUH�QRW�FDUHIXOO\�
FRQVLGHUHG��7KHVH�ELDVHV�RFFXU�QH[W�WR�ELDV�GXH�WR�
WKH�DVVRFLDWLRQ�RI�ULVN�IRU�WKH�GLVHDVH�DQG�WKH�
LQGLYLGXDO�WHQGHQF\�WR�SDUWLFLSDWH�LQ�VFUHHQLQJ��
%HVLGHV�FDVH�FRQWURO�VWXGLHV��WKDW�FDQ�EH�VHHQ�DV�
ZHDN�DOWHUQDWLYHV�IRU�UDQGRPLVHG�FRQWUROOHG�WULDOV��
WKHUH�DUH�VHYHUDO�RWKHU�W\SHV�RI�HVWLPDWHV�WKDW�FDQ�EH�
RI�YDOXH�IRU�HYDOXDWLQJ�FDQFHU�VFUHHQLQJ��$Q�
LPSRUWDQW�PHGLDWRU�RI�FDQFHU�VFUHHQLQJ�HIIHFWV�LV�QHW�
VXUYLYDO�IURP�WKH�GLVHDVH��1HW�VXUYLYDO�VKRZV�WKH�
PRUWDOLW\�HIIHFW�DPRQJ�LQGLYLGXDOV�ZLWK�WKH�GLVHDVH�
WKDW�LV�DWWULEXWDEOH�WR�WKDW�GLVHDVH��(VWqYH�HW�DO��������
(VWLPDWHV�RI�QHW�VXUYLYDO�FDQ�EH�ELDVHG�LQ�PDQ\�
ZD\V��&KDSWHU���LQYHVWLJDWHV�DQ�DOWHUQDWLYH�IRU�WKH�
VWDQGDUG�PHWKRGV�RI�QHW�VXUYLYDO�HVWLPDWLRQ��7KLV�
UHWURVSHFWLYH�VXUYLYDO�VHOHFWV�WKH�SRSXODWLRQ�WKDW�LV�
XVHG�IRU�WKH�HVWLPDWH�IURP�WKH�SHRSOH�ZKR�KDYH�GLHG�
LQ�D�FHUWDLQ��UHODWLYHO\�VPDOO��SHULRG��,Q�FRQWUDVW��
XVXDOO\�VXUYLYDO�HVWLPDWHV�VHOHFW�WKH�SRSXODWLRQ�IURP�
QHZO\�GLDJQRVHG�FDVHV�RI�WKH�GLVHDVH��5HWURVSHFWLYH�
VXUYLYDO�LV�VKRZQ�WR�SRVVLEO\�UHVXOW�LQ�ODUJH�ELDV��,Q�
FKDSWHU���LW�LV�VKRZQ�IRU�WKH�FRORUHFWDO�FDQFHU�DQG�
SURVWDWH�FDQFHU�FDVHV�LQ�WKH�6((5�SURJUDP�WKDW�
GLIIHUHQW�VWDQGDUG�PHWKRGV�RI�VXUYLYDO�HVWLPDWLRQ��GR�
QRW�UHVXOW�LQ�YHU\�GLIIHUHQW�RXWFRPHV��
�
HYLGHQFH�DQG�XQFHUWDLQW\�
$V�PHQWLRQHG�HDUOLHU��HPSLULFDO�HYLGHQFH�RQ�
HVVHQWLDO�DVSHFWV�RI�FDQFHU�VFUHHQLQJ��VXFK�DV�LWV�

TXDQWLWDWLYH�LQIOXHQFH�RQ�PRUWDOLW\�IURP�WKH�GLVHDVH��
WHQGV�WR�EH�QRW�YHU\�SUHFLVH��%HVLGHV�WKH�TXHVWLRQ�RI�
KRZ�WR�HVWDEOLVK�PRUH�SUHFLVLRQ��WKHUH�LV�DOVR�UHDVRQ�
IRU�H[SOLFLW�FRQFHUQ�DERXW�WKH�SURSDJDWLRQ�RI�
XQFHUWDLQW\�RQ�GLIIHUHQW�DVSHFWV�RI�FDQFHU�VFUHHQLQJ�
LQWR�FRQFOXVLRQV�IRU�GHFLVLRQ�VXSSRUW��7KH�PRVW�
YLJRURXV�PHWKRG�WR�GHVFULEH�WKLV�SURSDJDWLRQ�LV�DQ�
XQFHUWDLQW\�DQDO\VLV��&R[�DQG�%D\EXWW�������
0RUJDQ�DQG�+HQULRQ�������)RU�WKLV�W\SH�RI�DQDO\VLV�
LW�LV�DVVXPHG�WKDW�WKH�XQFHUWDLQW\�DERXW�WKH�WUXH�
PRGHO�SDUDPHWHUV�LV�UHSUHVHQWHG�E\�D�SUREDELOLW\�
GLVWULEXWLRQ�WKDW�OHDGV�WR�D�SUREDELOLW\�GLVWULEXWLRQ�LQ�
PRGHO�RXWFRPHV��ZKLFK�LQ�WXUQ�LV�DVVXPHG�WR�
UHSUHVHQW�XQFHUWDLQW\�LQ�WKH�PRGHO�RXWFRPHV��6XFK�
DQDO\VLV�LV�QRW�SDUW�RI�WKLV�WKHVLV��&KHVVD�HW�DO��
VXEPLWWHG��%XW�LQ�VHYHUDO�FKDSWHUV�VHQVLWLYLW\�
DQDO\VHV�DUH�DSSOLHG�LQ�ZKLFK�PRGHO�VFHQDULRV�ZLWK�
GLIIHUHQW�YDOXHV�IRU�XQFHUWDLQ�PRGHO�DVVXPSWLRQV�DUH�
HYDOXDWHG�LQ�RUGHU�WR�VWXG\�WKH�SRVVLEOH�HIIHFWV�RI�
WKHVH�YDOXHV�EHLQJ�RYHUHVWLPDWHG�RU�XQGHUHVWLPDWHG��
&KDSWHU���VKRZV�D�VHQVLWLYLW\�DQDO\VLV�FRQFHUQLQJ�
WZR�TXHVWLRQV��7KH�ILUVW�LV�DERXW�WKH�H[SODQDWLRQ�IRU�
WKH�GLIIHUHQW�DSSDUHQW�SHUIRUPDQFH�RI�WKH�EUHDVW�
FDQFHU�VFUHHQLQJ�SURJUDPPHV�LQ�1RUWK�:HVW�
(QJODQG�DQG�WKH�1HWKHUODQGV��7KH�VHFRQG�LQYROYHV�
WKH�UREXVWQHVV�RI�WKH�FRQFOXVLRQV�WKDW�WZR�
PRGLILFDWLRQV�RI�WKH�8�.��EUHDVW�VFUHHQLQJ�
SURJUDPPH��H[WHQGLQJ�WKH�DJH�UDQJH�RI�WKH�8�.��
IURP�XSSHU�DJH����WR����DQG�VKRUWHQLQJ�WKH�
VFUHHQLQJ�LQWHUYDO�IURP���WR���\HDUV��DUH�URXJKO\�
HTXDOO\�FRVW�HIIHFWLYH�DQG�WKDW�WKH�FRVW�SHU�OLIH�\HDU�
JDLQHG�RI�ERWK�H[WHQVLRQV�RI�WKH�SURJUDPPH�LV�QRW�
PXFK�KLJKHU�WKDQ�RI�WKH�RQJRLQJ�SURJUDPPH��
&KDSWHU���FRPSDUHV�WKH�XVXDO�PHWKRG�RI�FHUYLFDO�
FDQFHU�VFUHHQLQJ�E\�SDS�VPHDUV�ZLWK�XQDLGHG�YLVXDO�
H[DPLQDWLRQ��7KH�ODWWHU�LV�D�FKHDSHU�VFUHHQLQJ�WHVW�
WKDW�UHTXLUHV�OHVV�WHFKQRORJLFDO�LQSXW�DQG�LW�LV�
WKHUHIRUH�FRQVLGHUHG�DV�D�PRUH�IHDVLEOH�DOWHUQDWLYH�
IRU�SDS�VPHDUV�LQ�GHYHORSLQJ�FRXQWULHV��:H�VKRZ�
XQGHU�ZKDW�PRGHO�DVVXPSWLRQV�XQDLGHG�YLVXDO�
LQVSHFWLRQ�RI�WKH�FHUYL[�LV�PRUH�FRVW�HIIHFWLYH�WKDQ�
VFUHHQLQJ�E\�SDS�VPHDUV�WR�SUHYHQW�PRUWDOLW\�IURP�
FHUYLFDO�FDQFHU��
�
EDODQFLQJ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�
&DQFHU�VFUHHQLQJ�LQHYLWDEO\�OHDGV�WR�XQIDYRXUDEOH�
HIIHFWV�DPRQJ�WKRVH�EHLQJ�VFUHHQHG��8QGHUJRLQJ�
VFUHHQLQJ�DV�VXFK�LV�RIWHQ�DQ�XQFRPIRUWDEOH�SURFHVV��
XQGHUJRLQJ�GLDJQRVWLFV�IRU�FDQFHU�DIWHU�D�SRVLWLYH�
VFUHHQLQJ�UHVXOW�LV�DOVR�XQSOHDVDQW�DQG�FDXVHV�JUDYH�
DQ[LHW\�LQ�PDQ\�RI�WKRVH�ZKR�DUH�DIIHFWHG��7KHUH�LV�
DOVR�WKH�EXUGHQ�IURP�GLDJQRVLQJ�FDQFHUV�HDUOLHU�RU�
GLDJQRVLQJ�FDQFHUV�WKDW�ZRXOG�QRW�KDYH�EHHQ�
GLDJQRVHG�UHVXOWLQJ�LQ�H[WUD�OLIH�\HDUV�ZLWK�FDQFHU�
DQG�WR�PRUH�XQQHFHVVDU\�FDQFHU�WKHUDS\��,Q�W\SHV�RI�
VFUHHQLQJ�WKDW�FDQQRW�SUHYHQW�FDQFHU�LQFLGHQFH��VXFK�
DV�EUHDVW�FDQFHU�VFUHHQLQJ�DQG�SURVWDWH�FDQFHU�
VFUHHQLQJ��WKH�PRUH�IUHTXHQWO\�RFFXUULQJ�
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XQIDYRXUDEOH�HIIHFWV�IURP�VFUHHQLQJ�DQG�H[WUD�
GLDJQRVHV�DUH�RQ�EDODQFH�VPDOO�LQ�FRPSDULVRQ�ZLWK�
WKH��WKRXJK�OHVV�IUHTXHQW��VWURQJHU�KHDOWK�HIIHFWV�
IURP�H[WUD�LQFLGHQFH�DQG�HDUOLHU�GHWHFWLRQ�RI�FDQFHU��
7KHUH�DUH�VLWXDWLRQV�ZKHUH�FDQFHU�VFUHHQLQJ�PD\�
VLJQLILFDQWO\�UHGXFH�PRUWDOLW\�IURP�WKH�GLVHDVH��EXW�
ZKHUH�XQIDYRXUDEOH�HIIHFWV�DUH�VR�VXEVWDQWLDO�WKDW�
VFUHHQLQJ�LV�QRW�SUXGHQW��$Q�H[DPSOH�RI�VXFK�D�
VLWXDWLRQ�LV�VFUHHQLQJ�IRU�EUHDVW�FDQFHU�DW�ROGHU�DJHV��
(YHQ�ZKHQ�DVVXPLQJ�WKDW�WKH�PRUWDOLW\�UHGXFWLRQ�
GXH�WR�VFUHHQLQJ�UHPDLQV�DV�KLJK�DW�ROGHU�DJHV�DV�LQ�
WKH�UDQGRPLVHG�WULDOV��WKHQ�VWLOO�WKH�QXPEHU�RI�OLIH�
\HDUV�WKDW�FDQ�EH�JDLQHG�GHFUHDVHV�IURP�D�FHUWDLQ�
DJH��0RUHRYHU�WKH�SUREDELOLW\�RI�ILQGLQJ�D�EUHDVW�
FDQFHU�WKDW�ZRXOG�QRW�KDYH�EHHQ�GLDJQRVHG�EHIRUH�
WKH�ZRPDQ�ZRXOG�GLH�IURP�RWKHU�FDXVHV��LQFUHDVHV�
VWHHSO\�DW�KLJKHU�DJH��&KDSWHU���SUHVHQWV�HVWLPDWHV�RI�
WKLV�FKDQJH�LQ�EDODQFH�ZLWK�LQFUHDVLQJ�DJH��&KDSWHU�
��VKRZV�WKDW�WKH�DPRXQW�RI�XQIDYRXUDEOH�HIIHFWV�
UHODWLYH�WR�WKH�IDYRXUDEOH�HIIHFWV��WKH�PDMRU�UHDVRQ�
IRU�DQ�XSSHU�DJH�OLPLW�IRU�D�VFUHHQLQJ�SURJUDPPH��
ZLOO�QRW�EH�GLPLQLVKHG�E\�D�ORQJHU�VFUHHQLQJ�
LQWHUYDO��

HIIHFWLYHQHVV�DQG�FLUFXPVWDQFHV�
&KDSWHU����JLYHV�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�
GLIIHUHQW�DVSHFWV�WKDW�DUH�WR�EH�WDNHQ�LQWR�DFFRXQW�IRU�
WKH�HYDOXDWLRQ�RI�FDQFHU�VFUHHQLQJ��0RVW�H[DPSOHV�
DUH�IURP�EUHDVW�FDQFHU�VFUHHQLQJ��%HVLGHV�WKLV�
JHQHUDO�IUDPHZRUN�IRU�VFUHHQLQJ�HYDOXDWLRQ��WKHUH�
ZLOO�VWLOO�DULVH�FRPSHOOLQJ�TXHVWLRQV�WKDW�GR�QRW�ILW�
ZHOO�LQWR�WKLV�IUDPHZRUN��7ZR�H[DPSOHV�RI�VXFK�
TXHVWLRQV�DUH�JLYHQ�LQ�FKDSWHUV����DQG�����&KDSWHU�
���DQDO\VHV�WKH�TXHVWLRQ�WKDW�FDPH�XS�LQ�'HQPDUN�
ZKHUH�LQ�WKH�GLVFXVVLRQ�DERXW�LPSOHPHQWLQJ�EUHDVW�
FDQFHU�VFUHHQLQJ�WKHUH�ZDV�FRQFHUQ�IRU�WKH�DSSDUHQW�
KLJKHU�QXPEHU�RI�FDQFHUV�GHWHFWHG�LQ�WKH�JURXS�RI�
ZRPHQ�LQYLWHG�IRU�VFUHHQLQJ�LQ�WKH�0DOP|�WULDO�LQ�
FRPSDULVRQ�WR�WKH�FRQWURO�JURXS��ZKLFK�PLJKW�EH�
LQWHUSUHWHG�DV�D�VLJQ�RI�RYHUGLDJQRVHV��&KDSWHU����
VKRZV�WKH�VWULNLQJ�VLPLODULW\�EHWZHHQ�REVHUYHG�VWDJH�
GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�EUHDVW�FDQFHU�
VFUHHQLQJV�DQG�GLVFXVVHV�GLIIHUHQFH�H[SODQDWLRQV�IRU�
WKLV�XQH[SHFWHG�VLPLODULW\��VLQFH�XQGHU�SODXVLEOH�
DVVXPSWLRQV�RQH�ZRXOG�H[SHFW�D�VXEVWDQWLDOO\�PRUH�
IDYRXUDEOH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJV��

�



��

���48$17,7$7,9(�,17(535(7$7,21�2)�$*(�63(&,),&�
0257$/,7<�5('8&7,216�)520�7+(�6:(',6+�%5($67�
&$1&(5��6&5((1,1*�75,$/6�
DEVWUDFW�
EDFNJURXQG��5HVXOWV�IURP�ILYH�6ZHGLVK�UDQGRPL]HG�
WULDOV�PD\�SURYLGH�WKH�PRVW�FRQFOXVLYH�HYLGHQFH�RQ�
WKH�HIIHFW�RI�PDPPRJUDSKLF�VFUHHQLQJ�DQG�KDYH�EHHQ�
XVHG�WR�IRUHFDVW�WKH�H[SHFWHG�UHGXFWLRQ�LQ�EUHDVW�
FDQFHU�PRUWDOLW\�LQ�RWKHU�SURJUDPV��+RZHYHU��WKRVH�
WULDOV�GHPRQVWUDWHG�GLIIHUHQW�GHJUHHV�RI�UHGXFWLRQ��
7KH�LQWHUSUHWDWLRQ�RI�REVHUYHG�PRUWDOLW\�UHGXFWLRQ�
DIWHU�ORQJ�IROORZ�XS�IRU�ZRPHQ�DJHG�������\HDUV�DW�
WULDO�HQWU\�LV�ERWK�LPSRUWDQW�DQG�FRQWURYHUVLDO��
SXUSRVH��:H�HVWLPDWHG�ZKDW�SHUFHQWDJH�RI�WKH�
REVHUYHG�PRUWDOLW\�UHGXFWLRQ�IRU�ZRPHQ�DJHG�������
\HDUV�DW�HQWU\�LQWR�WKH�ILYH�6ZHGLVK�VFUHHQLQJ�WULDOV�
PLJKW�EH�DWWULEXWDEOH�WR�VFUHHQLQJ�WKHVH�ZRPHQ�DW����
\HDUV�RI�DJH�RU�ROGHU��0RUHRYHU��ZH�FDOFXODWHG�WKH�
PRVW�OLNHO\�SHUFHQWDJH�PRUWDOLW\�UHGXFWLRQ�IRU�
VSHFLILF�VFUHHQLQJ�SURJUDPV�LI�WKH�6ZHGLVK�UHVXOWV�
ZHUH�JHQHUDOL]HG�DQG�DQDO\]HG�ZKHWKHU�
FKDUDFWHULVWLFV�RI�HDFK�WULDO�PLJKW�DW�OHDVW�SDUWO\�
H[SODLQ�WKH�REVHUYHG�GLIIHUHQFHV�LQ�UHGXFWLRQV�DPRQJ�
WKH�WULDOV���
PHWKRGV��(DFK�6ZHGLVK�WULDO�ZDV�VLPXODWHG�ZLWK�RQH�
XQGHUO\LQJ�FRPSXWHU�VLPXODWLRQ�PRGHO��0,6&$1�
0,FURVLPXODWLRQ�6&UHHQLQJ�$1DO\VLV��RI�WKH�QDWXUDO�
KLVWRU\�RI�WKH�GLVHDVH�DQG�WKH�SHUIRUPDQFH�RI�
VFUHHQLQJ��WDNLQJ�LQWR�DFFRXQW�QLQH�LPSRUWDQW�WULDO�
FKDUDFWHULVWLFV��,PSURYHPHQW�LQ�SURJQRVLV�IRU�VFUHHQ�
GHWHFWHG�FDVH�SDWLHQWV�ZDV�HVWLPDWHG�ZLWK�DJH�
VSHFLILF�UHGXFWLRQ�IRU�DOO�WULDOV�DQG�HDFK�WULDO�GHVLJQ�
DV�D�UHIHUHQFH��
UHVXOWV��$Q�H[SHFWHG����UHGXFWLRQ�LQ�EUHDVW�FDQFHU�
PRUWDOLW\�IRU�ZRPHQ�DJHG�������\HDUV�DW�WULDO�HQWU\�
�UHODWLYH�ULVN�>55@� �������ZDV�GHWHUPLQHG�E\�
FRPSXWHU�PRGHOLQJ��DVVXPLQJ�QR�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�FDQFHUV�WKDW�DUH�VFUHHQ�GHWHFWHG�EHIRUH�
���\HDUV�RI�DJH��7KLV�UHVXOW�LQGLFDWHV�WKDW��RI�WKH�
RYHUDOO�����REVHUYHG�UHGXFWLRQ��55� �������LQ�WKH�
ILYH�6ZHGLVK�WULDOV�DQDO\]HG��PRVW�������RI�WKLV�
UHGXFWLRQ�PLJKW�EH�DWWULEXWDEOH�WR�VFUHHQLQJ�WKHVH�
ZRPHQ�LQ�ODWHU�URXQGV�DIWHU�WKHLU���WK�ELUWKGD\��
8VLQJ�DGGLWLRQDO�WULDO�LQIRUPDWLRQ��SUHGLFWLRQV�RI�
EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�LQ�ZRPHQ����\HDUV�
RU�ROGHU�PLJKW�EH�����ODUJHU�WKDQ�SUHYLRXVO\�
H[SHFWHG��DVVXPLQJ�WKDW�KLJK�TXDOLW\�PDPPRJUDSKLF�
VFUHHQLQJ�FDQ�EH�DFKLHYHG�LQ�QDWLRQ�ZLGH�SURJUDPV��
)RU�ZRPHQ�DJHG�������\HDUV�DW�WULDO�HQWU\��WKH�
GLIIHUHQFHV�LQ�H[SHFWHG�YHUVXV�REVHUYHG�PRUWDOLW\�
UHGXFWLRQ�DPRQJ�WKH�WULDOV�DUH�HVWLPDWHG�WR�EH�
UHODWLYHO\�VPDOO���([SHFWHG�PRUWDOLW\�UHGXFWLRQV�
UDQJH�IURP�����WR��������
FRQFOXVLRQV��5HVXOWV�IURP�WKH�6ZHGLVK�UDQGRPL]HG�
EUHDVW�FDQFHU�VFUHHQLQJ�WULDOV�VKRXOG�EH�VHHQ�DV�PRUH�
IDYRUDEOH�UHJDUGLQJ�WKH�HIIHFW�RI�PDPPRJUDSKLF�
VFUHHQLQJ�LQ�UHGXFLQJ�EUHDVW�FDQFHU�PRUWDOLW\�IRU�

ZRPHQ�DJHG�������\HDUV�WKDQ�ZDV�HVWLPDWHG�HDUOLHU��
2XU�DQDO\VHV�DOVR�VXJJHVW�WKDW�WKH�LPSURYHPHQW�LQ�
SURJQRVLV�GXH�WR�VFUHHQLQJ�IRU�ZRPHQ�DJHG�������
\HDUV�LV�PXFK�VPDOOHU�WKDQ�WKDW�IRU�ZRPHQ�DJHG����
\HDUV�RU�ROGHU��$SSUR[LPDWHO\������RI�WKH�����
REVHUYHG�UHGXFWLRQ�LQ�EUHDVW�FDQFHU�PRUWDOLW\��L�H���
����IRU�ZRPHQ�DJHG�������\HDUV�DW�WULDO�HQWU\�PLJKW�
EH�DWWULEXWDEOH�WR�D�UHGXFWLRQ�GXH�WR�VFUHHQLQJ�WKHVH�
ZRPHQ�DIWHU�WKH\�UHDFK�DJH������
LPSOLFDWLRQV��'HWDLOHG�VFUHHQLQJ�GDWD�IRU�WKH�����WR�
���\HDU�DJH�JURXS�RI�DOO�6ZHGLVK�WULDOV�VKRXOG�EH�
DQDO\]HG�WR�VSHFLILFDOO\�HVWLPDWH�WKH�QDWXUDO�KLVWRU\�
DQG�SHUIRUPDQFH�RI�VFUHHQLQJ�LQ�WKLV�DJH�JURXS��
�
LQWURGXFWLRQ�
,W�LV�VWLOO�XQFHUWDLQ�ZKHWKHU�EUHDVW�FDQFHU�VFUHHQLQJ�
IRU�ZRPHQ�XQGHU����\HDUV�RI�DJH�LV�HIIHFWLYH�LQ�
UHGXFLQJ�EUHDVW�FDQFHU�PRUWDOLW\��(FNKDUGW�HW�DO��
������)OHWFKHU�HW�DO������D���$IWHU�HLJKW�URXQGV�RI�
ELHQQLDO�VFUHHQLQJ�LQ�D�SURJUDP�JHQHUDOO\�FRQVLGHUHG�
WR�KDYH�UHDFKHG�JRRG�TXDOLW\��WKH�1LMPHJHQ�
VFUHHQLQJ�SURMHFW�UHFHQWO\�VKRZHG�QR�SRVLWLYH�HIIHFW�
�3HHU�HW�DO���������$FFRUGLQJ�WR�VRPH�LQYHVWLJDWRUV��
WKH�UHVXOWV�IURP�WKH�ILYH�6ZHGLVK�UDQGRPL]HG�EUHDVW�
FDQFHU�VFUHHQLQJ�WULDOV��0DOP|��.RSSDUEHUJ��
gVWHUJ|WODQG��6WRFNKROP��DQG�*|WHERUJ��
�&KDPEHUODLQ�������1\VWU|P�DQG�/DUVVRQ�������
1\VWU|P�HW�DO��������FDQ�EH�FRQVLGHUHG�WR�JLYH�WKH�
PRVW�FRQFOXVLYH�HYLGHQFH�RQ�WKH�HIIHFW�RI�
PDPPRJUDSKLF�VFUHHQLQJ��7KH�SXEOLVKHG���������
EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�UDWHV�IRU�6ZHGLVK�
ZRPHQ�XQGHU����\HDUV�RI�DJH�HQWHUHG�LQ�D�
UDQGRPL]HG�VWXG\�PD\�VHHP�HQFRXUDJLQJ��+RZHYHU��
VRPH�ZRPHQ�LQ�WKLV�DJH�JURXS�ZHUH�DOVR�VFUHHQHG�
ZKHQ�WKH\�ZHUH����\HDUV�ROG�RU�ROGHU��3DUW�RI�WKH�
REVHUYHG�PRUWDOLW\�UHGXFWLRQ�LQ�WKHVH�ZRPHQ�LV�
OLNHO\�WR�KDYH�EHHQ�D�UHVXOW�RI�GHWHFWLQJ�WKH�FDQFHU�
HDUOLHU�LQ�ODWHU�URXQGV�ZKHQ�WKH�ZRPHQ�ZHUH����\HDUV�
ROG�RU�ROGHU��DV�ZDV�VHHQ�LQ�WKH�+HDOWK�,QVXUDQFH�3ODQ�
�+,3��WULDO��6KDSLUR�HW�DO���������
)XUWKHUPRUH��DQ\�WULDO�LV�VSHFLILF�LQ�LWV�GHVLJQ��
TXDOLW\��DQG�EDFNJURXQG�VLWXDWLRQ��&RQVHTXHQWO\��
GLIIHUHQW�VFUHHQLQJ�WULDOV�ZLOO�UHVXOW�LQ�GLIIHUHQW�EUHDVW�
FDQFHU�PRUWDOLW\�UHGXFWLRQV�LQ�WKH�VWXG\�JURXS�DV�
FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��HYHQ�IRU�WKH�VDPH�
DJH�FDWHJRULHV��7KH�QHZ�DQG�PRUH�GHWDLOHG�UHVXOWV�
IURP�DOO�ILYH�6ZHGLVK�UDQGRPL]HG�WULDOV��VSHFLILHG�SHU�
DJH�FDWHJRU\��1\VWU|P�DQG�/DUVVRQ�������1\VWU|P�
HW�DO���������DJDLQ�VKRZ�WKDW�WKH�HVWLPDWHV�RI�
UHGXFWLRQ�YDU\�ZLGHO\�EHWZHHQ�WKH�WULDOV��,W�LV�
LPSRUWDQW�WR�DQDO\]H�WR�ZKDW�H[WHQW�GLIIHUHQFHV�LQ�WKH�
FKDUDFWHULVWLFV�RI�WKH�ILYH�WULDOV�DUH�OLNHO\�WR�KDYH�
FDXVHG�WKHVH�YDULDWLRQV��7KH�HDUOLHU�SXEOLFDWLRQ�RI�WKH�
VHHPLQJO\�OHVV�IDYRUDEOH�UHVXOWV�IURP�WKH�UDQGRPL]HG�
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WULDO�FRQGXFWHG�LQ�0DOP|�OHG�WR�D�GLVFXVVLRQ�RI�WKH�
HIILFDF\�RI�PDPPRJUDSKLF�VFUHHQLQJ��$QGHUVVRQ�HW�
DO���������7KH�����UHGXFWLRQ�UDWH�DFKLHYHG�IRU�
ZRPHQ�LQ�WKH�LQYLWHG�DJH�JURXS�LQFOXVLYH�RI�WKRVH�
DJHG�������\HDUV�VHHPHG�WR�EH�LQ�FRQWUDVW�WR�WKH�
HDUOLHU�SXEOLVKHG�����UDWH�LQ�WKH�JURXS�DJHG�������
\HDUV�IURP�WKH�UDQGRPL]HG�WULDO�LQ�.RSSDUEHUJ�DQG�
gVWHUJ|WODQG��7DEiU�HW�DO���������,PSRUWDQW�
FKDUDFWHULVWLFV�RI�WKH�WULDOV��VXFK�DV�VFUHHQLQJ�
LQWHUYDO��DWWHQGDQFH�UDWH��IROORZ�XS�SHULRG��DQG�DJH�
JURXSV��VKRXOG�EH�FRQVLGHUHG��KRZHYHU��GH�.RQLQJ�HW�
DO���������
7KHVH�FKDUDFWHULVWLFV�RI�WKH�WULDOV�DUH�HVSHFLDOO\�
LPSRUWDQW�ZLWK�UHJDUG�WR�VFUHHQLQJ�LQ�\RXQJHU�
ZRPHQ��1R�LQGLYLGXDO�WULDO�KDV�KDG�WKH�SRZHU�WR�
VKRZ�D�VWDWLVWLFDOO\�VLJQLILFDQW�PRUWDOLW\�UHGXFWLRQ�LQ�
\RXQJHU�ZRPHQ��0XFK�HIIRUW�LV�EHLQJ�SXW�LQWR�QHZ�
WULDOV�IRU�ZRPHQ�XQGHU�DJH�����H�J���WKH�8�.��WULDO��IRU�
ZKLFK�WKHVH�LVVXHV�DUH�KLJKO\�UHOHYDQW��%\�XVLQJ�RQH�
XQGHUO\LQJ�PRGHO�WKDW�LQFRUSRUDWHV�ERWK�WKH�QDWXUDO�
KLVWRU\�RI�EUHDVW�FDQFHU�DQG�WKH�SHUIRUPDQFH�RI�
PDPPRJUDSKLF�VFUHHQLQJ��ZH�KDYH�DQDO\]HG�DOO�ILYH�
WULDOV�DQG�KDYH�WDNHQ�LQWR�DFFRXQW�QLQH�LPSRUWDQW�
FKDUDFWHULVWLFV�ZLWKLQ�HDFK�WULDO��7KH�GLIIHUHQW�
SROLFLHV�IRU�ZRPHQ�DJHG����DQG�DERYH�RU�XQGHU�DJH�
���DW�HQWU\�DUH�GLVWLQJXLVKHG��DV�DUH�FKDUDFWHULVWLFV�LQ�
VFUHHQLQJ�SUDFWLFH�UHJDUGLQJ�LQWHUYHQWLRQ�LQ�WKH�
FRQWURO�JURXSV��7KH�JRDO�LV�WR�DGMXVW�IRU�DV�PDQ\�
UHOHYDQW�FKDUDFWHULVWLFV�LQ�VFUHHQLQJ�SROLF\�DV�
SRVVLEOH�LQ�HDFK�WULDO�WKDW�PD\�KDYH�LQIOXHQFHG�WKH�
RXWFRPH�DQG�HVWLPDWH�WKH�LPSURYHPHQW�LQ�SURJQRVLV�
IRU�VFUHHQ�GHWHFWHG�FDVHV��$OWKRXJK�HDFK�WULDO�PD\�
WKHQ�EH�XQLTXH��WKH�ILYH�6ZHGLVK�WULDOV�VKRXOG�KHOS�LQ�
TXDQWLI\LQJ�WKH�EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�
H[SHFWHG�LQ�RWKHU�VFUHHQLQJ�SURJUDPV��2XU�DQDO\VLV�
DGGUHVVHG�WKUHH�TXHVWLRQV�����:KLFK�SHUFHQWDJH�RI�
WKH�REVHUYHG�PRUWDOLW\�UHGXFWLRQ�IRU�ZRPHQ�DJHG����
���\HDUV�DW�HQWU\�LQWR�WKH�WULDO�ZDV�OLNHO\�WR�KDYH�EHHQ�
GXH�WR�VFUHHQLQJ�WKHVH�ZRPHQ�ZKHQ�WKH\�ZHUH����
\HDUV�RU�ROGHU"����:KDW�LV�WKH�H[WHQW�RI�EUHDVW�FDQFHU�
PRUWDOLW\�UHGXFWLRQ�WR�EH�H[SHFWHG�IRU�SUHVHQW�DQG��
IXWXUH�VFUHHQLQJ�SURJUDPV��LI�WKH�6ZHGLVK�UHVXOWV�DUH�
JHQHUDOL]HG�WR��IRU�H[DPSOH��WKRVH�IURP�7KH�
1HWKHUODQGV�DQG�WKH�8QLWHG�.LQJGRP"����'RHV�WKH�
LQIRUPDWLRQ��PRUH�GHWDLOV�DYDLODEOH��IURP�WKH�ILYH�
WULDOV�DW�OHDVW�SDUWO\�H[SODLQ�WKH�GLIIHUHQFHV�LQ�
REVHUYHG�PRUWDOLW\�UHGXFWLRQ�DQG�SUHGLFW�GLIIHUHQFHV�
LQ�HIILFDF\�EHWZHHQ�WKH�ILYH�WULDOV"�
�
PHWKRGV�
XQGHUO\LQJ�PRGHO�RI�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�
DQG�SHUIRUPDQFH�RI�VFUHHQLQJ�
7KH�FRPSXWHU�VLPXODWLRQ�SDFNDJH�0,6&$1�
�0,FURVLPXODWLRQ�6FUHHQLQJ�$1DO\VLV���GHYHORSHG�DW�
RXU�LQVWLWXWH��ZDV�XVHG�WR�HYDOXDWH�WKH�ILYH�VFUHHQLQJ�
WULDOV��LQ�ZKLFK�WKH�QDWXUDO�KLVWRU\�RI�WKH�GLVHDVH��WKH�
HSLGHPLRORJ\��WKH�GHVLJQ�RI�WKH�VFUHHQLQJ�SURJUDP��
DQG�WKH�SHUIRUPDQFH�RI�VFUHHQLQJ�DUH�LQFRUSRUDWHG�

�+DEEHPD�HW�DO��������YDQ�2RUWPDUVVHQ�HW�DO������E���
7KH�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�LV�PRGHOHG�DV�D�
SURJUHVVLRQ�WKURXJK�D�QXPEHU�RI�VWDJHV��7KH�ILUVW�
VWDJH�LV�QR�EUHDVW�FDQFHU��ZRPHQ�DUH�LQFOXGHG�LQ�WKLV�
VWDJH�XQWLO�D�WUDQVLWLRQ�RFFXUV�WR�RQH�RI�WKH�SUHFOLQLFDO�
VWDJHV�ZKHQ�D�WXPRU�EHFRPHV�GHWHFWDEOH�E\�
VFUHHQLQJ��7KHUH�DUH�RQH�GXFWDO�FDUFLQRPD�LQ�VLWX�
�'&,6��VWDJH�DQG�IRXU�LQYDVLYH�VWDJHV�LQ�WKH�PRGHO��
DFFRUGLQJ�WR�7�VWDWXV��7�D��7�E��7�F��DQG�7�����7KH�
GXUDWLRQ�LQ�WKH�GLIIHUHQW�VWDJHV�IROORZV�DQ�
H[SRQHQWLDO�GLVWULEXWLRQ��7KH�WUDQVLWLRQ�WR�WKH�
FOLQLFDOO\�GLDJQRVHG�VWDJHV��ZLWK�WKH�VDPH�
VXEGLYLVLRQ��LV�JRYHUQHG�E\�WKH�GDWD�RQ�LQFLGHQFH�DQG�
FOLQLFDO�VWDJH�GLVWULEXWLRQ��,Q�WKH�FDVH�RI�HDUO\�
GHWHFWLRQ��ZRPHQ�ZLOO�HQWHU�WKH�VFUHHQ�GHWHFWHG�
VWDJHV��DJDLQ�ZLWK�WKH�VDPH�VXEGLYLVLRQ���7KH�WZR�
HQG�VFDOHV�RI�WKH�PRGHO�DUH�GHDWK�IURP�EUHDVW�FDQFHU�
DQG�GHDWK�IURP�RWKHU�FDXVHV��EDVHG�RQ�PRUWDOLW\�GDWD��
.H\�SDUDPHWHUV�LQ�WKH�PRGHO�RI�WKH�SHUIRUPDQFH�RI�
VFUHHQLQJ�DUH�PHDQ�GXUDWLRQ�RI�VFUHHQ�GHWHFWDEOH�
SUHFOLQLFDO�GLVHDVH��VHQVLWLYLW\��DQG�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�FDQFHUV��$JH�VSHFLILF�
DVVXPSWLRQV�ZLWK�UHJDUG�WR�WKH�PHDQ�GXUDWLRQ�RI�WKH�
ILYH�SUHFHGLQJ�VFUHHQ�GHWHFWDEOH�SUHFOLQLFDO�VWDJHV�RI�
EUHDVW�FDQFHU�DQG�WKH�VHQVLWLYLW\�RI�VFUHHQLQJ�KDG�
EHHQ�YDOLGDWHG�ZLWK�WKH�XVH�RI�DOO�GDWD�IURP�WKH�'XWFK�
VFUHHQLQJ�SURMHFWV��LQFOXGLQJ�ZRPHQ�DJHG����\HDUV�
RU�RYHU�LQ�WKH�1LMPHJHQ�SURMHFW�DQG�ZRPHQ�DJHG����
\HDUV�RU�RYHU�LQ�WKH�8WUHFKW�SURMHFW��FRYHULQJ�
GLIIHUHQW�SHULRGV�DQG�VFUHHQLQJ�LQWHUYDOV��GH�.RQLQJ�
������GH�.RQLQJ�HW�DO���������6HQVLWLYLW\�LV�VWDJH�
GHSHQGHQW���������������������DQG������DJHG����
\HDUV�RU�ROGHU��IRU�'&,6��7�D��7�E��7�F��DQG�7����
UHVSHFWLYHO\��7KH�VHQVLWLYLW\�IRU�VFUHHQLQJ�ZRPHQ�
XQGHU�DJH����ZDV�HVWLPDWHG�LQ�WKH�PRGHO�WR�EH�����
�DJHV�������\HDUV���RU������DJHV�������\HDUV��RI�WKH�
VHQVLWLYLW\�IRU�VFUHHQLQJ�ZRPHQ�ROGHU�WKDQ����\HDUV��
7KH�PHDQ�GXUDWLRQ�RI�WKH�SUHFOLQLFDO�VFUHHQ�
GHWHFWDEOH�SHULRG�ZDV�DSSUR[LPDWHO\�����\HDUV�DW�DJH�
���DQG�����\HDUV�DW�DJH�����7KHVH�DVVXPSWLRQV�
UHVXOWHG�LQ�D�JRRG�ILW�EHWZHHQ�PRGHO�SUHGLFWLRQV�DQG�
REVHUYHG�GHWHFWLRQ�UDWHV�DQG�LQWHUYDO�FDQFHUV��ERWK�
E\�DJH��VWDJH��VFUHHQLQJ�URXQG��DQG�LQWHUYDO��LQ�WKH�
'XWFK�VFUHHQLQJ�SURMHFWV���'HWDLOHG�DQDO\VHV�RI�ILW�
FDQ�EH�REWDLQHG�IURP�WKH�LQYHVWLJDWRUV���2WKHU�
HSLGHPLRORJLF�SDUDPHWHUV��H�J���LQFLGHQFH��VWDJH�
GLVWULEXWLRQ��DQG�PRUWDOLW\��ZHUH�EDVHG�RQ�WKH�'XWFK�
GDWD��
,I�RQH�DSSOLHV�VFUHHQLQJ�WR�D�SRSXODWLRQ��WKH�VKLIW�
IURP�GLDJQRVLQJ�UHODWLYHO\�ODUJH�FOLQLFDO�FDQFHUV�
WRZDUG�GLDJQRVLQJ�HDUOLHU��VFUHHQ�GHWHFWHG��VWDJHV�RI�
FDQFHU�UHVXOWV�LQ�D�GHFUHDVH�LQ�EUHDVW�FDQFHU�
PRUWDOLW\��DV�VKRZQ�LQ�WKH�UDQGRPL]HG�VFUHHQLQJ�
WULDOV��,Q�WKH�PRGHO��ZRPHQ�ZLWK�VFUHHQ�GHWHFWHG�
FDQFHUV�FDQ�KDYH�D�UHGXFHG�ULVN�RI�G\LQJ�RI�EUHDVW�
FDQFHU�GHSHQGLQJ�RQ�WKH�FDQFHU�VL]H�DW�GHWHFWLRQ��7KH�
GHJUHH�RI�WKLV�LPSURYHPHQW�LQ�SURJQRVLV�DIWHU�HDUO\�
GHWHFWLRQ�KDG�ILUVW�EHHQ�HVWLPDWHG�RQ�WKH�EDVLV�RI�
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VXUYLYDO�GLIIHUHQFHV�EHWZHHQ�ZRPHQ�ZLWK�VFUHHQ�
GHWHFWHG�FDQFHU�DQG�ZRPHQ�ZLWK�FDQFHU�GLDJQRVHG�LQ�
WKH�FRQWURO�JURXS�RI�WKH�+,3�WULDO��FDWHJRU\�VSHFLILF�
HVWLPDWHV�EDVHG�RQ�GLIIHUHQFHV�LQ�O\PSK�QRGH�
PHWDVWDVHV���FRUUHFWHG�IRU�OHDG�WLPH��+DEEHPD�HW�DO��
������YDQ�2RUWPDUVVHQ�HW�DO������D���$Q�DGGLWLRQDO�
DPRXQW�RI�LPSURYHPHQW�KDG�WR�EH��SODXVLEO\��
DVVXPHG�WR�DFKLHYH�WKH�UHGXFWLRQ�E\�WKH�PRGHO�DV�
REVHUYHG�LQ�PRUH�PRGHUQ�WULDOV��VXFK�DV�FKRVH�
FRQGXFWHG�LQ�0DOP|��.RSSDUEHUJ��DQG�gVWHUJ|WODQG�
�GH�.RQLQJ�HW�DO���������7KH�QXPEHU���PLQXV�WKH�
UDWLR�RI�WKH�ULVN�RI�G\LQJ�RI�VFUHHQ�GHWHFWHG�EUHDVW�
FDQFHU�GLYLGHG�E\�WKH�ULVN�ZKHQ�WKH�FDQFHU�KDG�EHHQ�
GLDJQRVHG�LQ�WKH�DEVHQFH�RI�VFUHHQLQJ�ZDV�HVWLPDWHG�
WR�EH�������������������DQG�������UHVSHFWLYHO\��IRU�
FDQFHUV�VFUHHQ�GHWHFWHG�LQ�VWDJHV�7�D��7�E��7�F��DQG�
7����%HIRUH�WKH�6ZHGLVK�RYHUYLHZ�ZDV�SXEOLVKHG��
ZH�VLPXODWHG�WKH�0DOP|��.RSSDUEHUJ��DQG�
gVWHUJRWODQG�WULDOV��XVLQJ�WKHVH�DVVXPSWLRQV�DQG�
WDNLQJ�LQWR�DFFRXQW�WKH�GLIIHUHQFHV�LQ�GHVLJQ��7KH�
VLPXODWHG�UHGXFWLRQ�LQ�WKH�EUHDVW�FDQFHU�PRUWDOLW\�
UDWH��JLYHQ�WKH�QDWXUDO�KLVWRU\��SHUIRUPDQFH�RI�
VFUHHQLQJ��DQG�WKH�HSLGHPLRORJ\�DV�GHVFULEHG�EHIRUH��
ZDV�WKH�VDPH�DV�WKH�ZHLJKWHG�DYHUDJH�UHSRUWHG�IURP�
WKHVH�WULDOV�IRU�ZRPHQ�DJHG�������\HDUV��XQGHU�WKH�
DVVXPSWLRQ�WKDW�VHQVLWLYLW\�DQG�PHDQ�GXUDWLRQ�RI�
SUHFOLQLFDO��VFUHHQ�GHWHFWDEOH�GLVHDVH�GLG�QRW�GLIIHU�
VWURQJO\�IURP�WKH�'XWFK�VLWXDWLRQ��%RHU�HW�DO��������
'D\�HW�DO��������GH�.RQLQJ�HW�DO���������$SSHQGLFHV�
RQ�DOO�WKH�YDULDEOHV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PRGHO�
DUH�SXEOLVKHG�LQ��YDQ�2RUWPDUVVHQ�HW�DO������D��YDQ�
2RUWPDUVVHQ�HW�DO������E���
�
6ZHGLVK�WULDO�FKDUDFWHULVWLFV�DQG�RYHUYLHZ�RI�
PRUWDOLW\�UHGXFWLRQ�
)RU�WKH�SUHVHQW�DQDO\VLV��HDFK�RI�WKH�ILYH�6ZHGLVK�
VFUHHQLQJ�SURJUDPV�ZDV�FKDUDFWHUL]HG��LQFOXGLQJ�
LQWHUYHQWLRQ�IRU�WKH�FRQWURO�JURXS�DIWHU�D�VSHFLILF�
WLPH��DV�LQ�WKH�IROORZ�XS�PRGHO���$�UHYLHZ�RI�DOO�
SXEOLFDWLRQV�IURP�WKH�ILYH�WULDOV��XSGDWHG�ZLWK�
SHUVRQDO�LQIRUPDWLRQ�IURP�WKH�WULDOLVWV��SURYLGHG�QLQH�
VSHFLILF�FKDUDFWHULVWLFV�RI�DOO�ILYH�WULDOV�����DJH�
GLVWULEXWLRQ�DW�HQWU\�����DWWHQGDQFH�UDWHV�IRU�ILUVW�
URXQG�LQ�WKH�VWXG\�JURXS�E\�DJH�����VFUHHQLQJ�LQWHUYDO�
IRU�VWXG\�JURXS�E\�DJH�DQG�SHULRG�����VWDUW�RI�
LQWHUYHQWLRQ�LQ�FRQWURO�JURXS�����DWWHQGDQFH�UDWHV�IRU�
ILUVW�URXQG�LQ�WKH�FRQWURO�JURXS�E\�DJH�����DVVXPHG�
VFUHHQLQJ�LQWHUYDO�E\�DJH�IRU�ZRPHQ�IURP�WKH�VWXG\�
DQG�FRQWURO�JURXSV�DIWHU�GLVFRQWLQXDWLRQ�RI�WKH�WULDO�
�VWDUW�LQWHUYHQWLRQ�FRQWURO�JURXS������PHDQ�GXUDWLRQ�
RI�IROORZ�XS�����ZRPDQ�\HDUV�SHU�DJH�DQG�VWXG\�DQG�
FRQWURO�FDWHJRU\�XS�WR�'HFHPEHU�����������7DEOH�
������:LWK�WKHVH�FKDUDFWHULVWLFV��IRU�DOO�ZRPHQ�ZKR�
HQWHUHG�WKH�WULDOV�LQ�HLWKHU�DUP�RU�HLWKHU�DJH�JURXS��
ERWK�WKH�QXPEHU�DQG�WLPLQJ�RI�VFUHHQV�DUH�
GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKH�PHDQ�IROORZ�XS�
SHULRG��WKH�VFUHHQLQJ�LQWHUYDO��DQG�WKH�DWWHQGDQFH�
SDWWHUQ�LQ�HDFK�WULDO��)RU�H[DPSOH��WKH�ZRPHQ�LQ�WKH�

VWXG\�JURXS�RI�WKH�6WRFNKROP�WULDO�ZKR�KDG�DQ�
DYHUDJH�IROORZ�XS�RI�����\HDUV�DQG�DQ�DYHUDJH�
VFUHHQLQJ�LQWHUYDO�RI�����\HDUV�ZLOO�KDYH�KDG�D�
PD[LPXP�RI�IRXU�VFUHHQV��:RPHQ�LQ�WKH�FRQWURO�
JURXS�ZHUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�VFUHHQLQJ�DQ�
DYHUDJH�RI�����\HDUV�DIWHU�WKH�VWDUW�RI�WKH�WULDO�IRU�WKH�
ILUVW�WLPH�DQG�PD\�KDYH�KDG�WZR�VFUHHQV�LQ�WKLV�
DQDO\VLV������������GLYLGHG�E\�WKH�����\HDU�LQWHUYDO���
7KH�DWWHQGDQFH�UDWHV�LQ�VRPH�VXEVHTXHQW�URXQGV�DUH�
NQRZQ��EXW�WKH�DWWHQGDQFH�UDWHV�LQ�VXEVHTXHQW�URXQGV�
RI�ILUVW�DWWHQGHUV�YHUVXV�ILUVW�QRQ�DWWHQGHUV�DUH�
SXEOLVKHG�IRU�RQO\�WKH�.RSSDUEHUJ��gVWHUJ|WODQG��DQG�
6WRFNKROP�WULDOV�DQG�ZHUH�DVVXPHG�WR�EH�WKH�VDPH�LQ�
WKH�RWKHU�WULDOV��FKDUDFWHULVWLF�����,I�QR�LQIRUPDWLRQ�
ZDV�DYDLODEOH��ZH�DVVXPHG�WKDW��DIWHU�WKH�ILUVW�
VFUHHQLQJ�RI�WKH�FRQWURO�JURXS��ZRPHQ�KDG�EHHQ�
LQYLWHG�WR�SDUWLFLSDWH�LQ�VFUHHQLQJ�XS�WR�'HFHPEHU�
����������DFFRUGLQJ�WR�DFWXDO�DJH�DQG�DFFRUGLQJ�WR�
WKH�LQLWLDO�VFUHHQLQJ�SROLFLHV��7KH�VFUHHQLQJ�SROLF\�
DQG��WKHUHIRUH��WKH�QXPEHU�DQG�WLPLQJ�RI�VFUHHQV�DIWHU�
DJH����IRU�ZRPHQ�ZKR�HQWHUHG�WKH�VWXGLHV�DW�������
\HDUV�RI�DJH�DUH�FHUWDLQO\�GLIIHUHQW�LQ�WKH�LQWHUYHQWLRQ�
DQG�FRQWURO�DUPV�RI�WKH�.RSSDUEHUJ�DQG�gVWHUJ|WODQG�
WULDOV��VLQFH�HDFK�WULDO�KDG�D�GLIIHUHQW�VFUHHQLQJ�
LQWHUYDO�DFFRUGLQJ�WR�DJH�DW�HQWU\��,QIRUPDWLRQ�ZDV�
QRW�DYDLODEOH�IRU�DOO�WULDOV�RQ�WKH�DJH�VSHFLILF�
SHUFHQWDJHV�RI�ZRPHQ�LQ�WKH�FRQWURO�JURXS�ZKR�KDG�
PDPPRJUDSK\�IRU�QRQ�V\PSWRPDWLF�UHDVRQV�EHIRUH�
EHLQJ�LQYLWHG�WR�SDUWLFLSDWH�LQ�WKH�VFUHHQLQJ��:H�KDYH�
QRW�DVVXPHG�DQ\�GLIIHUHQFH�LQ�VHQVLWLYLW\�ZLWK�UHJDUG�
WR�RQH�YLHZ�RU�WZR�YLHZ�PDPPRJUDSK\��
7KH�XQGHUO\LQJ�PRGHO�RI�WKH�QDWXUDO�KLVWRU\�RI�
GLVHDVH��WKH�DJH�VSHFLILF�VHQVLWLYLW\�DQG�WKH�DJH�
VSHFLILF�LPSURYHPHQW�LQ�SURJQRVLV�ZHUH�DVVXPHG�WR�
EH�WKH�VDPH�IRU�DOO�WKH�WULDOV��DQG�WKH�H[SHFWHG�FDVH�
IDWDOLW\��DQG�EUHDVW�FDQFHU�GHDWKV�GLIIHUHQFHV�EHWZHHQ�
WKH�VWXG\�DQG�FRQWURO�JURXSV��ZDV�FRPSDUHG�ZLWK�WKH�
REVHUYHG��IRU�DOO�WULDOV�WRJHWKHU��WDNLQJ�LQWR�DFFRXQW�
WKH�GLIIHUHQW�GHVLJQV�RI�WKH�ILYH�WULDOV��7KH�REVHUYHG�
QXPEHU�RI�EUHDVW�FDQFHU�GHDWKV�LQ�HDFK�WULDO�E\�DJH�
JURXS�DW�HQWU\�LQWR�WKH�WULDO�ZDV�EDVHG�RQ�WKH�UHFHQW�
FRPELQHG��LQGHSHQGHQW��DQDO\VLV�RI�DOO�FDXVHV�RI�
GHDWK�DPRQJ�EUHDVW�FDQFHU�SDWLHQWV�LQ�WKH�WULDOV��XVLQJ�
WKH�VR�FDOOHG�IROORZ�XS�PRGHO��1\VWU|P�DQG�/DUVVRQ�
������1\VWU|P�HW�DO���������%\�KDYLQJ�GHWDLOHG�
LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�GHDWKV��VFUHHQLQJ�
SROLFLHV��DQG�GHVLJQV�IRU�\RXQJHU�DQG�ROGHU�ZRPHQ��
ZH�FRXOG�HVWLPDWH�WKH�LPSURYHPHQW�LQ�SURJQRVLV�IRU�
VFUHHQ�GHWHFWHG�FDVHV�VSHFLILFDOO\�SHU�DJH�FDWHJRU\�LQ�
WKH�SUHVHQW�DQDO\VLV�EDVHG�RQ�WKH�UHFHQW�RYHU�YLHZ��
6LQFH�ZH�KDG�HDUOLHU�HVWLPDWHV�RQ�LPSURYHPHQW�LQ�
SURJQRVLV�EDVHG�RQ�WKH�0DOP|��.RSSDUEHUJ��DQG�
gVWHUJ|WODQG�WULDOV��ZH�FRXOG�FRPSDUH�WKHVH�
HVWLPDWHV�ZLWK�WKH�QHZ�HVWLPDWHV��)LQDOO\��WKH�
H[SHFWHG�FRQVHTXHQFHV�RI�WKH�8�.��DQG�'XWFK�
VFUHHQLQJ�SROLF\�ZHUH�UHFDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�
QHZ�LQIRUPDWLRQ��
�
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VWDWLVWLFDO�DQDO\VLV�
$GDSWDWLRQ�RI�WKH�PRGHO�ZDV�WHVWHG�E\�XVLQJ�WKH�VXP�
RI�WKH�VTXDUHG�GLIIHUHQFHV�EHWZHHQ�WKH�REVHUYHG�DQG�
H[SHFWHG�QXPEHUV�RI�EUHDVW�FDQFHU�GHDWKV�LQ�HDFK�RI�
WKH�ILYH�WULDOV�GLYLGHG�E\�WKH�HVWLPDWHG�YDULDQFH��7KH�
H[SHFWHG�QXPEHU�RI�GHDWKV�DQG�YDULDQFH�ZHUH�
GHULYHG�E\�DVVXPLQJ�WKH�WRWDO�QXPEHU�RI�GHDWKV�DV�
REVHUYHG�DQG�D�ELQRPLDO�GLVWULEXWLRQ�RYHU�WKH�VWXG\�
DQG�FRQWURO�JURXSV��7KH�RXWFRPHV�DUH�FKL�VTXDUHG�
GLVWULEXWLRQV�ZLWK�IRXU�GHJUHHV�RI�IUHHGRP��:H�XVHG�
WKH�0DQWHO�+DHQV]HO�PHWKRG�WR�FDOFXODWH�WKH�DYHUDJH�
RI�WKH�UHODWLYH�ULVNV��55V��PRGHOHG�IRU�WKH�GLIIHUHQW�
WULDOV��7KH�PRGHO�ZDV�ILWWHG�WR�WKH�REVHUYHG�DYHUDJH�
YDOXHV�RI�������DJHV�������\HDUV��DQG�������DJHV����
���\HDUV���7KH�SUHFLVLRQ�RI�WKHVH�YDOXHV�ZDV�HTXDO�WR�
ZKDW�ZDV�REVHUYHG��
�

UHVXOWV�
7DEOH�����VKRZV�WKH�REVHUYHG�QXPEHU�RI�EUHDVW�
FDQFHU�GHDWKV�DQG�55V�LQ�DOO�VWXG\�DQG�FRQWURO�
JURXSV�FRPELQHG�SHU�DJH�FDWHJRU\�DV�ZHOO�DV�WKH�
H[SHFWHG�QXPEHUV�DQG�55V�REWDLQHG�IURP�WKH�PRGHO��
,Q�DOO�YDULDQWV��ZH�XVHG�WKH�VDPH�XQGHUO\LQJ�PRGHO�RI�
WKH�QDWXUDO�KLVWRU\�RI�GLVHDVH�DQG�SHUIRUPDQFH�RI�
VFUHHQLQJ�IRU�HDFK�RI�WKH�ILYH�WULDOV��L�H���VHQVLWLYLW\�
DQG�PHDQ�GXUDWLRQ�RI�SUHFOLQLFDO��VFUHHQ�GHWHFWDEOH�
GLVHDVH�E\�DJH�DQG�VWDJH���7KH�VLPXODWLRQ�RI�WKH�
VSHFLILF�6ZHGLVK�WULDO�GHVLJQV�WKHQ�OHDGV�WR�GLIIHUHQW�
QXPEHUV�RI�VFUHHQ�GHWHFWHG�FDQFHUV�LQ�WKH�GLIIHUHQW�
VWDJHV��ZLWK�D�FRQVHTXHQW�UHGXFHG�ULVN�RI�G\LQJ�RI�
EUHDVW�FDQFHU��$OVR��RQH�LGHQWLFDO�SDUDPHWHU�IRU�
LPSURYHPHQW�LQ�SURJQRVLV�ZDV�DVVXPHG�IRU�DOO�WULDOV��
)LUVW��WKLV�VWDJH��DQG�DJH�VSHFLILF�SDUDPHWHU�ZDV�
HVWLPDWHG�WR�PDNH�WKH�UHVXOWV�RI�WKH�PRGHO�IRU�DOO�

7DEOH�����&KDUDFWHULVWLFV�RI�WKH�ILYH�6ZHGLVK�UDQGRPL]HG�EUHDVW�FDQFHU�VFUHHQLQJ�WULDOV�XVHG�LQ�SUHGLFWLQJ�HIIHFW�RQ�
EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�UDWHV�ZLWK�RQH�PRGHO�RI�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�DQG�VFUHHQLQJ�TXDOLW\�

�
� 7ULDO�
&KDUDFWHULVWLF� 0DOP|� .RSSDUEHUJ� gVWHUJ|WODQG� 6WRFNKROP� *|WHERUJ�
$JH�DW�HQWU\��\� ������ ������ ������ ������ ������
$WWHQGDQFH�RI�ZRPHQ�LQYLWHG�IRU�
PDPPRJUDSKLF�VFUHHQLQJ��ILUVW�URXQG����
����
������
������
!����

�
�
���
���
���
���

�
�
���
���
���
���

�
�
���
���
���
���

�
�
���
���
���
���

�
�
���
���
���
���

6FUHHQLQJ�LQWHUYDO��\��DJH�UDQJH�� ����
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$WWHQGHUV¶�DWWHQGLQJ�SUHYLRXV�URXQG��
DWWHQGDQFH����
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1RQDWWHQGHUV¶��QRW�DWWHQGLQJ�
SUHYLRXV�URXQG��DWWHQGDQFH����
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,QWHUYHQWLRQ�FRQWURO�
JURXS��\�DIWHU�UDQGRPL]DWLRQ��DJH�
UDQJH��

��� ���� ���� ���� ������������
������������

$WWHQGHQFH�UDWH�����ILUVW�URXQG�
FRQWURO�JURXS�
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$VVXPHG�VFUHHQLQJ�LQWHUYDO��\��
FRQWURO�JURXS��VWXG\�JURXS�DIWHU�
VWRSSLQJ�WULDOV�

����� ��������� ����������� ���� ����
0HDQ�IROORZ�XS��\� ����� ����� ���� ���� ����

�$YHUDJH��GHSHQGLQJ�RQ�EUHDVW�GHQVLW\����)LUVW�URXQG��VXEVHTXHQW�URXQGV��Á�2QO\�WZR�VFUHHQV�!�������$FFRUGLQJ�WR�DFWXDO�DJH��
�



���

WULDOV�WRJHWKHU�FRQVLVWHQW�ZLWK�WKH�QHZHVW�REVHUYHG�
RYHUDOO�����UHGXFWLRQ�UDWH�IRU�DJHV�������\HDUV��OLQH�
D���7DEOH�����DOVR�VKRZV�WKH�UHVXOWV�IURP�WKH�WULDOV�
DQG�WKH�PRGHO�IRU�ZRPHQ�DJHG�������\HDUV��RU�������
\HDUV��DW�WKH�WLPH�RI�UDQGRP�DVVLJQPHQW��OLQHV�E�G���
7KH�REVHUYHG�UHGXFWLRQ�UDWH�LQ�WKH�JURXS�DJHG�������
\HDUV�IRU�DOO�WULDOV�FRPELQHG�ZDV������D�WKLUG�RI�WKDW�

LQ�WKH�DJH�JURXS����\HDUV�RU�ROGHU��$OO�VFUHHQ�
GHWHFWHG�FDVHV�UHVXOWLQJ�IURP�WKH�GHVLJQ�DQG�WKH�
XQGHUO\LQJ�PRGHO�KDYH�EHHQ�JLYHQ�WKH�VDPH�
LPSURYHPHQW�LQ�SURJQRVLV��OLQH�E���HTXDO�WR�WKH�RQH�
HVWLPDWHG�IRU�ZRPHQ�DERYH����\HDUV�RI�DJH��DV�LQ�
OLQH�D���:LWK�WKDW�DVVXPSWLRQ��ZH�ZRXOG�KDYH�
H[SHFWHG�DQ�RYHUDOO�����UHGXFWLRQ�LQ�EUHDVW�FDQFHU�

7DEOH�����:RPDQ�\HDUV�DQG�REVHUYHG�QXPEHUV�RI�EUHDVW�FDQFHU�GHDWKV�LQ�VWXG\�DQG�FRQWURO�JURXSV�DQG�55V�
IRU�DOO�ILYH�6ZHGLVK�WULDOV�FRPELQHG��SHU�DJH�FDWHJRU\��FRPSDUHG�ZLWK�H[SHFWHG�RQHV�ZLWK�WKH�PRGHO�KDYLQJ�
GLIIHUHQW�DVVXPSWLRQV�RQ�LPSURYHPHQW�LQ�SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�FDVHV�IRU�ZRPHQ�DJHG�������\HDUV�

:RPDQ�\HDUV
�
�[������

2EVHUYHG�EUHDVW�FDQFHU�GHDWKV
�
�DOO���WULDOV�FRPELQHG�� � ([SHFWHG�EUHDVW�FDQFHU�GHDWKV�

�E\�FRPSXWHU�PRGHO��
6WXG\��
JURXS�

&RQWURO��
JURXS�

6WXG\�
JURXS�

&RQWURO��
JURXS�

�
55� � 6WXG\�

JURXS�
&RQWURO�
JURXS�

�
55��

�
�
�
�

�D��:RPHQ�DJHG�������\HDUV�HQWHULQJ�WULDO��DVVXPLQJ�DQ�REVHUYHG�RYHUDOO�����
UHGXFWLRQ��55� �������LQ�WKH�ULVN�RI�ZRPHQ�DJHG�������\HDUV�G\LQJ�RI�EUHDVW�FDQFHU�

IRU�DOO�WULDOV��DQG�ILWWLQJ�WKLV�VDPH�UHGXFWLRQ�WR�WKH�PRGHO��55� �������IRU�
FRQVLVWHQF\��

�

���� ���� ���� ���� ����Á� � ������ ������ ������
�
�
�

�E��:RPHQ�DJHG�������\HDUV�HQWHULQJ�WULDO��DVVXPLQJ�DQ�LPSURYHPHQW�LQ�EUHDVW�
FDQFHU�SURJQRVLV�HTXDO�WR�WKH�RQH�HVWLPDWHG�IRU�ZRPHQ�DJHG����\HDUV�RU�DERYH�DV�

LQ�D��
�

���� ���� ��� ��� ����
��__� � ����� ����� ������
�
�
�
�

�F����:RPHQ�DJHG�������\HDUV�HQWHULQJ�WULDO��DVVXPLQJ�QR�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�FDQFHUV�WKDW�DUH�VFUHHQ�GHWHFWHG�EHIRUH����\HDUV�RI�DJH�DQG�

LPSURYHPHQW�LQ�SURJQRVLV�HTXDO�WR�WKH�RQH�HVWLPDWHG�IRU�ZRPHQ�DJHG����\HDUV�RU�
DERYH�DV�LQ�D��

�

���� ���� ��� ��� ����
��__� � ����� ����� ������
�
�
�
�

�G��:RPHQ�DJHG�������\HDUV�HQWHULQJ�WULDO��DVVXPLQJ�LPSURYHPHQW�LQ�SURJQRVLV�IRU�
ZRPHQ�DJHG�������\HDUV�ZLWK�VFUHHQ�GHWHFWHG�FDQFHU�WR�EH�PXFK�ORZHU�WKDQ�WKDW�
HVWLPDWHG�IRU�ZRPHQ�ZLWK�VFUHHQ�GHWHFWHG�FDQFHU�DW�DJHV����\HDUV�DQG�DERYH�DQG�
WKH�ILWWLQJ�RI�H[SHFWHG�55�RI�WKH�PRGHO�WR�SUHFLVHO\�WKDW�RI�WKH�REVHUYHG�55��

�

���� ���� ��� ��� ����
��__� � ����� ����� ����

�
�

2EVHUYHG� QXPEHU� RI� EUHDVW� FDQFHU� GHDWKV� LQ� HDFK� WULDO� E\� DJH� DW� HQWU\� EDVHG� RQ� UHFHQW� FRPELQHG�� LQGHSHQGHQW�

DQDO\VHV�RI�DOO�FDXVHV�RI�GHDWK�LQ�GLH�WULDOV�XVLQJ�WKH�IROORZ�XS�PRGHO�DQG�WULDO�HQG�SRLQW�RI�'HFHPEHU����������������
ZRPHQ�DJHG����\HDUV�RU�ROGHU�DW�WULDO�HQWU\�ZHUH�H[FOXGHG�DQG�HVWLPDWHG�IURP�QXPEHUV�RI�ZRPHQ�DW�HQWU\��
�&DOFXODWHG�E\�WKH�0DQWHO�+DHQV]HO�PHWKRG��
Á$YHUDJH�RI�SXEOLVKHG�55V�IRU�DOO�ILYH�WULDOV�������IRU�DJH�JURXS�������\HDUV�������IRU�DJH�JURXS���������������
�������� ��������
�55�HVWLPDWHG�WR�PDNH�WKH�UHVXOW�RI�WKH�PRGHO�IRU�DOO�WULDOV�FRQVLVWHQW�ZLWK�WKH�PRVW�FXUUHQW�REVHUYHG�RYHUDOO�����

UHGXFWLRQ��55� �������IRU�DJHV�������\HDUV��55�ZDV�HVWLPDWHG�XVLQJ�WKH�VDPH�VWDJH�DQG�DJH�VSHFLILF�SDUDPHWHU�IRU�
LPSURYHPHQW�LQ�EUHDVW�FDQFHU�SURJQRVLV�IRU�DOO�ILYH�WULDOV��
__2EVHUYHG�UHGXFWLRQ�LQ�WKH�ULVN�RI�G\LQJ�RI�EUHDVW�FDQFHU� LQ�ZRPHQ�DJHG�������\HDUV�IRU�DOO� WULDOV�FRPELQHG�ZDV�

�����55� ��������RQH�WKLUG�RI�WKDW�IRU�WKH�DJH�JURXS����\HDUV�RU�ROGHU��55� ����������UHGXFHG�ULVN�RI�G\LQJ�RI�EUHDVW�
FDQFHU���
�([SHFWHG�RYHUDOO�����UHGXFWLRQ�UDWH�LQ�EUHDVW�FDQFHU�PRUWDOLW\��55� �������IRU�DOO�ZRPHQ�DJHG�������DW�WULDO�HQWU\��

���DVVXPLQJ�WKH�LPSURYHPHQW�LQ�SURJQRVLV�WR�EH�HDTXDO�WR�WKH�LPSURYHPHQW�HVWLPDWHG�IRU�ZRPHQ�DJHG�������\HDUV�
DQG����WDNLQJ�LQWR�DFFRXQW�WKH�FKDUDFWHULVWLFV�DQG�WKH�IROORZ�XS�SHULRGV�RI�DOO�WULDOV��
�([SHFWHG����UHGXFWLRQ�UDWH�LQ�EUHDVW�FDQFHU�PRUWDOLW\��55� �������IRU�ZRPHQ�DJHG�������\HDUV�DW�WKH�VWDUW�RI�WKH�

WULDOV� ZKHUH� WKHUH� LV� QR� EHQHILW� LQ� WKH� PRGHO� IRU� ZRPHQ� ZKRVH� FDQFHU� ZDV� GHWHFWHG� E\� VFUHHQLQJ� EHIRUH� DJH� ���
�FRPSDUHG�ZLWK�QR�VFUHHQLQJ���7KLV����EHQHILW�PXVW�EH�D�PRGHO�GHULYHG�UHVXOW�IRU�ZRPHQ�ZKRVH�FDQFHU�ZDV�GHWHFWHG�
DW�DJH����RU�RYHU��ZKHUH�D�UHGXFWLRQ�LQ�ULVN�RI�G\LQJ�RI�EUHDVW�FDQFHU�ZDV�DVVXPHG��7KLV�H[SHFWHG����UHGXFWLRQ�UDWH�
�55�  � ������ LQGLFDWHV� �WKDW� PRVW� RI� WKH� ���� REVHUYHG� UHGXFWLRQ� UDWH� �55�  � ������� VHYHQ� RI� ��� ������� PLJKW� EH�
DWWULEXWHG�WR�VFUHHQLQJ�WKHVH�ZRPHQ�LQ�WKH�ODWHU�URXQGV�ZKHQ�WKH\�ZHUH�DOUHDG\����\HDUV�RU�ROGHU��


([SHFWHG� RYHUDOO� 55� DGMXVWHG� WR� )LW� WKH� REVHUYHG� PRUWDOLW\� UHGXFWLRQ� IRU� DOO� WULDOV� FRPELQHG� �55�  � �������

,PSURYHPHQW�LQ�SURJQRVLV�IRU�ZRPHQ�DJHG��������\HDUV�ZLWK�VFUHHQ�GHWHFWHG�FDQFHU�ZDV�DVVXPHG�WR�EH�PXFK�ORZHU�
WKDQ�WKDW�HVWLPDWHG�IRU�ZRPHQ�DJHG����\HDUV�RU�ROGHU�ZLWK�VFUHHQ�GHWHFWHG�FDQFHU��
�



���

PRUWDOLW\��55� �������IRU�DOO�ZRPHQ�DJHG�������
\HDUV�DW�WULDO�HQWU\��JLYHQ�WKH�FKDUDFWHULVWLFV�DQG�WKH�
IROORZ�XS�SHULRGV�RI�DOO�WULDOV��OLQH�E��$VVXPLQJ�QR�
LPSURYHPHQW�LQ�SURJQRVLV�IRU�FDQFHUV�WKDW�DUH�VFUHHQ�
GHWHFWHG�EHIRUH����\HDUV�RI�DJH�DQG�WKH�VDPH�
LPSURYHPHQW�DV�LQ�OLQH�D�IRU�FDQFHUV�WKDW�DUH�VFUHHQ�
GHWHFWHG�DW�DJH����\HDUV�RU�PRUH��D����PRUWDOLW\�
UHGXFWLRQ�EHWZHHQ�WKH�LQYLWHG�JURXSV�DQG�WKH�FRQWURO�
JURXSV�ZRXOG�KDYH�EHHQ�H[SHFWHG�DW�WKH�HQG�RI�
IROORZ�XS�RI�WKHVH�ILYH�WULDOV��OLQH�F���,Q�RWKHU�ZRUGV��
LQ�D�VR�FDOOHG�SHVVLPLVWLF�YDULDQW�LQ�ZKLFK�WKHUH�LV�QR�
EHQHILW�LQ�WKH�PRGHO�IRU�ZRPHQ�ZKRVH�FDQFHU�ZDV�
GHWHFWHG�E\�VFUHHQLQJ�EHIRUH�DJH�����FRPSDUHG�ZLWK�
QR�VFUHHQLQJ���ZH�H[SHFWHG�LQ�WKLV�DQDO\VLV�WKDW�WKH�
ILYH�WULDOV�ZRXOG�KDYH�VKRZQ�D����UHGXFWLRQ�RQ�
'HFHPEHU�����������IRU�ZRPHQ�DJHG�������\HDUV�DW�
WKH�VWDUW�RI�WKH�WULDOV��7KLV�H[SHFWHG����EHQHILW��
WKHUHIRUH��PXVW�KDYH�EHHQ�GHULYHG�IURP�WKH�PRGHO�IRU�
ZRPHQ�ZKRVH�FDQFHU�ZDV�GHWHFWHG�DW�DJH����\HDUV�RU�
PRUH��ZKHUH�ZH�GLG�DVVXPH�D�UHGXFWLRQ�LQ�ULVN�RI�
G\LQJ�RI�EUHDVW�FDQFHU��7KLV�UHVXOW�VKRZV�WKDW�PRVW�
�VHYHQ�RI����>���@��RI�WKH�REVHUYHG�UHGXFWLRQ�PLJKW�
EH�DWWULEXWHG�WR�VFUHHQLQJ�WKHVH�ZRPHQ�LQ�ODWHU�
URXQGV�ZKHQ�WKH\�ZHUH�DOUHDG\����\HDUV�ROG�RU�ROGHU��
7R�VLPXODWH�WKH�REVHUYHG�PRUWDOLW\�UHGXFWLRQ�IRU�DOO�
WULDOV�FRPELQHG��55� ��������WKH�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�ZRPHQ�ZLWK�VFUHHQ�GHWHFWHG�FDQFHU�LQ�
WKLV�DJH�JURXS�KDG�WR�EH�DVVXPHG�WR�EH�PXFK�ORZHU�
WKDQ�WKDW�HVWLPDWHG�IRU�ZRPHQ�DERYH����\HDUV�RI�DJH�
ZLWK�VFUHHQ�GHWHFWHG�FDQFHU��LQ�OLQH�G��WKH�SDUDPHWHU�
KDV�EHHQ�DGMXVWHG�WR�ILW�WKH�H[SHFWHG�RYHUDOO�55�LQ�
WKLV�DJH�FDWHJRU\�SUHFLVHO\�WR�WKH�REVHUYHG�55��
(DUOLHU�GDWD�SXEOLVKHG�LQ������DQG������KDG�VKRZQ�
DQ�55�RI�������0DOP|��DJHV���������������0DOP|��
DJHV���������DQG�������.RSSDUEHUJ�DQG�gVWHUJ|WODQG��
DJHV��������EHWZHHQ�VWXG\�DQG�FRQWURO�JURXSV�
�$QGHUVVRQ�HW�DO��������7DEiU�HW�DO���������,Q�HDUOLHU�
DQDO\VHV�ZKHQ�DGYLVLQJ�DERXW�WKH�SRVVLEOH�
LQWURGXFWLRQ�RI�VFUHHQLQJ�LQ�7KH�1HWKHUODQGV�
�SXEOLVKHG�LQ��������ZH�KDG�IRXQG�QR�HYLGHQFH�IRU�D�
GLIIHUHQFH�LQ�HIILFDF\�EHWZHHQ�WKHVH�WULDOV�RQ�WKH�
EDVLV�RI�VFUHHQLQJ�SROLFLHV��,I�DGMXVWPHQWV�ZHUH�PDGH�
IRU�LQWHUYDO��DWWHQGDQFH��IROORZ�XS�SHULRG��DQG�DJH�
JURXSV��WKHVH�FKDUDFWHULVWLFV�ZHUH�H[SHFWHG�WR�
FRPSHQVDWH�IRU�HDFK�RWKHU��GH�.RQLQJ�HW�DO���������
7KH�WKHQ�UHVXOWLQJ�����ZHLJKWHG��RQ�VL]H�RI�
FRQILGHQFH�LQWHUYDOV��DYHUDJH�UHGXFWLRQ�UDWH�LQ�EUHDVW�
FDQFHU�PRUWDOLW\�IRU�ZRPHQ�DJHG�������\HDUV�ZKR�
ZHUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�WKH�0DOP|��
.RSSDUEHUJ��DQG�gVWHUJ|WODQG�WULDOV�VHHPV��KRZHYHU��
EHWWHU�WKDQ�WKH�PRVW�UHFHQW�UHVXOWV�SXEOLVKHG�LQ������
IURP�DOO�ILYH�6ZHGLVK�WULDOV��ZLWK�����LQ�WKH�DJH�
JURXS�������\HDUV�DQG�����LQ�WKH�DJH�JURXS�������
\HDUV��DYHUDJH���������XVHG�IRU�WKLV�DQDO\VLV�
�1\VWU|P�HW�DO���������,Q�WKH�SUHVHQW�DQDO\VLV��
KRZHYHU��WKH�*|WHERUJ�DQG�6WRFNKROP�WULDOV�DUH�
LQFOXGHG�ZLWK�OHVV�EURDG�DJH�UDQJHV��LQWHUPHGLDWH�
DWWHQGDQFH�UDWHV��DQG�RWKHU�VFUHHQLQJ�LQWHUYDOV��

)XUWKHUPRUH��PRUH�GHWDLOHG�LQIRUPDWLRQ�ZLWK�UHJDUG�
WR�WKH�FKDUDFWHULVWLFV�RI�WKH�WULDOV�KDV�EHFRPH�
DYDLODEOH��,Q�IDFW��ZH�QRZ�ZRXOG�KDYH�H[SHFWHG�D�
VPDOOHU�RYHUDOO�UHGXFWLRQ�IRU�DOO�ILYH�WULDOV�ZLWK�WKH�
PRGHO�RI��������ZHLJKWHG�RQ�WULDO�VL]HV��LI�WKH�ROG�
HVWLPDWH��GH�.RQLQJ�HW�DO��������RQ�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�FDVHV�ZRXOG�VWLOO�KROG��
7KH�QHZHVW�SXEOLVKHG�UHVXOWV�IURP�DOO�WULDOV�DUH��
WKHUHIRUH��FRPSDWLEOH�ZLWK�DQ�����������������WLPHV��
ODUJHU�LPSURYHPHQW�LQ�SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�
FDVH�SDWLHQWV�DJHG�������\HDUV�DW�UDQGRPL]DWLRQ�WKDQ�
SUHYLRXVO\�H[SHFWHG��7KH�SUHGLFWHG�EUHDVW�FDQFHU�
PRUWDOLW\�UHGXFWLRQ��QRW�WULDO�OHYHO��LQ�WKH�WRWDO�
SRSXODWLRQ�LQ�7KH�1HWKHUODQGV�ZLWK�PDPPRJUDSKLF�
VFUHHQLQJ�RQFH�HYHU\���\HDUV�IRU�ZRPHQ�DJHG�������
\HDUV��'XWFK�QDWLRQ�ZLGH�SROLF\��RU�RQFH�HYHU\���
\HDUV�IRU�ZRPHQ�DJHG�����������\HDUV��8�.��QDWLRQ�
ZLGH�SROLF\��FDQ�QRZ�EH�UH�HVWLPDWHG��JLYHQ�WKH�
SHUIRUPDQFH�RI�VFUHHQLQJ�LQ�7KH�1HWKHUODQGV�DQG�
WKLV�LQWHUSUHWDWLRQ�IURP�WKH�6ZHGLVK�WULDOV��7KH�
HVWLPDWHG�LPSURYHPHQW�LQ�SURJQRVLV�RQ�WKH�EDVLV�RI�
WKH�ILYH�6ZHGLVK�WULDOV�LV�XVHG�IRU�WKH�DQDO\VLV�RI�
PRUWDOLW\�UHGXFWLRQ��$V�D�FRQVHTXHQFH�RI�RXU�
DQDO\VLV��WKH�SUHGLFWLRQV�RQ�UHGXFWLRQ�FDQ�EH�DGMXVWHG�
LQ�D�PRUH�IDYRUDEOH�GLUHFWLRQ��EDVHG�RQ�WKH�
DVVXPSWLRQ�WKDW�WKH�KLJK�TXDOLW\�RI�VFUHHQLQJ�FDQ�EH�
DFKLHYHG�LQ�VXFK�QDWLRQ�ZLGH�SURJUDPV��GH�.RQLQJ�HW�
DO������E���,Q�7KH�1HWKHUODQGV��D�����UHGXFWLRQ�LQ�
WKH�DQQXDO�WRWDO�IHPDOH�EUHDVW�FDQFHU�PRUWDOLW\�UDWH�
VHHPV�UHDOLVWLF��PHDQLQJ�!����EUHDVW�FDQFHU�GHDWKV�
SUHYHQWHG�SHU�\HDU���7KH�H[SHFWHG�UHGXFWLRQ�UDWH�RI�
�����IRU�WKH�RWKHU�SUDFWLFHV������LQ�WKH�JURXS�
LQYLWHG�WR�SDUWLFLSDWH�LQ�WKH�VFUHHQLQJ��LV�OLNHO\�WR�EH�
VRPHZKDW�KLJKHU�LQ�WKH�8QLWHG�.LQJGRP�EHFDXVH�RI�
WKH�SUHVXPDEO\�ZRUVH�FOLQLFDO�VWDJH�GLVWULEXWLRQ�
FRPSDUHG�ZLWK�WKDW�VHHQ�LQ�7KH�1HWKHUODQGV��)RU�DOO�
WULDOV�WRJHWKHU��ZH�ZHUH�DEOH�WR�PDNH�D�JRRG�ILW�
�DJUHHPHQW��EHWZHHQ�WKH�REVHUYHG�UHGXFWLRQ�DQG�WKH�
PRGHO��7DEOH�����VKRZV�WKH�H[SHFWHG�55V�IRU�HDFK�
WULDO�DQG�FRPSDUHV�WKHP�ZLWK�WKH�REVHUYHG�55V��,Q�
JHQHUDO��IRU�ZRPHQ�DJHG�������\HDUV�DW�WULDO�HQWU\��
WKH�GLIIHUHQFHV�LQ�WKH�H[SHFWHG�PRUWDOLW\�UHGXFWLRQ�
UDWH�EHWZHHQ�WKH�WULDOV�DUH�HVWLPDWHG�WR�EH�UHODWLYHO\�
VPDOO��UDQJH����������UHGXFWLRQ���FRQVLGHULQJ�WKH�
GLIIHUHQW�WULDO�GHVLJQV��,W�FDQ�EH�VHHQ�WKDW�WKH�
PRUWDOLW\�UHGXFWLRQ�LQ�WKLV�DJH�JURXS�LV�H[SHFWHG�WR�
EH�WKH�VPDOOHVW�LQ�WKH�6WRFNKROP�WULDO�EHFDXVH�RI�LWV�
VSHFLILF�FKDUDFWHULVWLFV��7KH�0DOP|�DQG�*|WHERUJ�
WULDOV
��ZLWK�WKH�VKRUWHVW�VFUHHQLQJ�LQWHUYDOV��SRVVLEO\�
FRXOG�KDYH�EHHQ�H[SHFWHG�WR�ORZHU�WKH�PRUWDOLW\�
UHODWLYHO\�PRUH�WKDQ�WKH�RWKHU�WULDOV��,Q�UHDOLW\��WKH�
REVHUYHG�UHGXFWLRQV�YDULHG�PRUH�ZLGHO\�����������
%RWK�WKH�.RSSDUEHUJ�DQG�WKH�6WRFNKROP�WULDOV�KDYH�
SURGXFHG�EHWWHU�55V�WKDQ�H[SHFWHG��2Q�WKH�EDVLV�RI�
RXU�DQDO\VLV��ZH�H[SHFWHG�D�EHWWHU�55�IRU�WKH�
*|WHERUJ�WULDO�DQG�WKH�0DOP|�WULDO�WKDQ�ZDV�
REVHUYHG��7KH�QXPEHUV��KRZHYHU��FOHDUO\�ZHUH�VPDOO��
DQG�WKH�YDULDQFH�IRXQG�LQ�RXWFRPH�ZDV�QRW�ODUJHU�
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WKDQ�WKDW�H[SHFWHG�IURP�WULDOV�ZLWK�WKH�VDPH�GHVLJQ�
�FKL�VTXDUH� ��������5DQGRP�IOXFWXDWLRQ�LQ�WKH�WULDO�
UHVXOWV�LV�WKH�PRVW�LPSRUWDQW�H[SODQDWLRQ�IRU�WKH�
UHPDLQLQJ�GLVFUHSDQFLHV��6WLOO��RQH�FDQ�DUJXH�WKDW�
GLIIHUHQFHV�LQ�WKH�QLQH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�
WKH�VFUHHQLQJ�WULDOV�WKDW�ZHUH�LQFOXGHG�LQ�RXU�DQDO\VLV�
GR�QRW�VDWLVIDFWRULO\�H[SODLQ�WKH�REVHUYHG�GLIIHUHQFHV�
LQ�EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�EHWZHHQ�WKH�ILYH�
WULDOV��
)RU�ZRPHQ�DJHG�XQGHU����\HDUV�DW�WULDO�HQWU\��7DEOH�
����VKRZV�WKDW�WKH�0DOP|�WULDO��ZKLFK��IRU�H[DPSOH��
KDV�D�VKRUW�VFUHHQLQJ�LQWHUYDO��QR�RIILFLDO�LQWHUYHQWLRQ�
LQ�WKH�FRQWURO�JURXS��DQG�WKH�ORQJHVW�GXUDWLRQ�RI�WKH�
WULDO��ZRXOG�EH�H[SHFWHG�WR�UHVXOW�LQ�WKH�ODUJHVW�EUHDVW�
FDQFHU�PRUWDOLW\�UHGXFWLRQ�UDWH��55� ��������7KH�WZR�
PRVW�UHFHQWO\�VWDUWHG�WULDOV��*|WHERUJ�DQG�6WRFNKROP��
DUH�H[SHFWHG�WR�VKRZ�RQO\�VPDOO�UHGXFWLRQV��55� �
�����DQG�55� �������UHVSHFWLYHO\���,W�LV�FOHDU�WKDW�WKH�
YDULDWLRQ�EHWZHHQ�WKH�WULDOV�LQ�WKH�UHGXFWLRQV�
�H[SHFWHG��LV�ODUJHU�IRU�WKLV�DJH�JURXS��UDQJH�����
����UHGXFWLRQ���DJDLQ�JLYHQ�WKH�GLIIHUHQW�GHVLJQV�
DQG�RU�IROORZ�XS�SHULRGV��7KH�FRPSDULVRQ�EHWZHHQ�
H[SHFWHG�DQG�REVHUYHG�UHVXOWV�IRU�WKLV�DJH�JURXS�LQ�
HDFK�WULDO�LV��RI�FRXUVH��VWURQJO\�KDPSHUHG�E\�WKH�
VPDOO�QXPEHU�RI�ZRPHQ�LQYLWHG�WR�SDUWLFLSDWH�DQG�WKH�
QXPEHU�RI�GHDWKV�H[SHFWHG��FKL�VTXDUH� ��������7KLV�
VLWXDWLRQ�ZRXOG�PDNH�D�IDYRUDEOH�FRQFOXVLRQ�DERXW�
WKH�0DOP|�WULDO�IRU�WKLV�DJH�JURXS�VWLOO�VSHFXODWLYH��,I�
WKHUH�DUH�QR�LPSRUWDQW�GHWDLOV�IRXQG�IURP�WKH�
gVWHUJ|WODQG�WULDO��RWKHU�WKDQ�WKRVH�WDNHQ�LQWR�
DFFRXQW��WKDW�GLIIHU�VWURQJO\�IURP�WKH�RWKHU�IRXU�WULDOV��
WKHVH�DUH�SUREDEO\�WKH�EHVW�HVWLPDWHV�RQ�PRUWDOLW\�

UHGXFWLRQ��LQFOXGLQJ�D�VWURQJ�QHJDWLYH�HIIHFW�IURP�
WKLV�VSHFLILF�WULDO��7KH�.RSSDUEHUJ�WULDO�KDV�EHWWHU�
55V�WKDQ�H[SHFWHG�IRU�ERWK�\RXQJ�DQG�ROGHU�ZRPHQ��
�
GLVFXVVLRQ�
7KLV�DQDO\VLV�VKRZV�WKDW�WKH�QHZHVW�UHVXOWV�IURP�WKH�
6ZHGLVK�UDQGRPL]HG�EUHDVW�FDQFHU�VFUHHQLQJ�WULDOV�
VKRXOG�EH�VHHQ�DV�PRUH�IDYRUDEOH�ZLWK�UHJDUG�WR�WKH�
HIIHFW�RI�EHDVW�FDQFHU�VFUHHQLQJ�IRU�ZRPHQ�DJHG����
���\HDUV�WKDQ�HDUOLHU�HVWLPDWHG��RQO\�IURP�WKH�UHSRUWV�
IURP�0DOP|��.RSSDUEHUJ��DQG�gVWHUJ|WODQG���
$OWKRXJK�WKH�ZHLJKWHG�DYHUDJH�REVHUYHG�UHGXFWLRQ�
UHSRUWHG�SUHVHQWO\�LV�VPDOOHU�WKDQ�WKH�HDUOLHU�
SXEOLVKHG�DYHUDJH��RXU�DQDO\VLV�VKRZV�WKDW�VSHFLILF�
FKDUDFWHULVWLFV�RI�DOO�ILYH�WULDOV�DUH�UHVSRQVLEOH�IRU�
WKLV��7KH�ORQJHU�IROORZ�XS��WKH�DGGLWLRQDO�GHWDLOV�
DERXW�WKH�SURJUDPV��DQG�HVSHFLDOO\�WKH�LQIRUPDWLRQ�
DERXW�GLOXWLRQ�RI�WKH�HIIHFW�GXH�WR�LQWHUYHQWLRQ�LQ�WKH�
FRQWURO�JURXSV�KDYH�EHHQ�LPSRUWDQW��,W�LV�GLIILFXOW�WR�
VD\�ZKHWKHU�WKH�EOLQG�DQG�XQLIRUP�DVFHUWDLQPHQW�RI�
WKH�GHDWKV�IURP�EUHDVW�FDQFHU�E\�DQ�LQGHSHQGHQW�
SDQHO�KDV�LQIOXHQFHG�UHVXOWV��EXW�IRU�ZRPHQ�DJHG����
\HDUV�RU�ROGHU�DQG�IRU�ZRPHQ�XQGHU�DJH����\HDUV�LQ�
WKH�gVWHUJ|WODQG�WULDO��WKH�DEVROXWH�QXPEHUV�QRZ�
FODVVLILHG�GR�GLIIHU�VWURQJO\�IURP�WKH�HDUOLHU�
SXEOLVKHG�QXPEHUV��1\VWU|P�DQG�/DUVVRQ�������
1\VWU|P�HW�DO��������7DEiU�HW�DO���������2XU�DQDO\VLV�
DOVR�OHG�WR�WKH�DVVXPSWLRQ�WKDW�WKH�LPSURYHPHQW�LQ�
SURJQRVLV�GXH�WR�VFUHHQLQJ�IRU�ZRPHQ�DJHG�������
\HDUV�LV�PXFK�VPDOOHU�WKDQ�IRU�ZRPHQ����\HDUV�ROG�RU�
ROGHU��$ERXW�����RI�WKH�UHGXFWLRQ�REVHUYHG�LQ�WKH�
WULDOV
�UHVXOWV�IRU�ZRPHQ�DJHG�������\HDUV�DW�HQWU\�
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0DOP|� ���� ���� ����� ���������� � ����� ����� ����� ���������
.RSSDUEHUJ� ���� ���� ����� ���������� � ���� ����� ����� ����������
gVWHUJ|WODQG� ���� ���� ����� ���������� � ���� ���� ����� ����������
6WRFNKROP� ���� ���� ����� ���������� � ���� ����� ����� ����������
*|WHERUJ� ����� ���� ����� ���������� � ����� ����� ����� ���������
�

2EVHUYHG�QXPEHU�RI�EUHDVW�FDQFHU�GHDWKV�LQ�HDFK�WULDO�E\�DJH�RQ�UHFHQW�FRPELQHG��LQGHSHQGHQW�DQDO\VHV�RI�DOO�FDXVHV�RI�
GHDWK�LQ�WKH�WULDOV�XVLQJ�WKH�IROORZ�XS�PRGHO�DQG�WULDO�HQG�SRLQW�RI�'HFHPEHU�����������������ZRPHQ�DJHG����RU�ROGHU�DW�
WULDO�HQWU\�ZHUH�H[FOXGHG��
�&DOFXODWHG�E\�WKH�0DQWHO�+DHQV]HO�PHWKRG��
Á$YHUDJH�RI�SXEOLVKHG�55V�IRU�DOO�ILYH�WULDOV�������IRU�DJH�JURXS�������������IRU�DJH�JURXS��������>�����������@��� ��������
�
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LQWR�WKH�WULDO�PLJKW�EH�DWWULEXWHG�WR�D�UHGXFWLRQ�GXH�WR�
VFUHHQLQJ�WKHVH�ZRPHQ�ZKHQ�WKH\�ZHUH����\HDUV�RU�
ROGHU��7KLV�IDFW�VKRXOG�EH�ERUQH�LQ�PLQG�LQ�WKH�
H[SHFWDWLRQV�IRU�DQ\�WULDO�RQ�ZRPHQ�XQGHU�DJH����
\HDUV��7KHVH�UHVXOWV�DUH�LPSRUWDQW�IRU�D�FRUUHFW�
LQWHUSUHWDWLRQ�RI�WKH�SRVVLEOH�DFKLHYHPHQW�RI�
VFUHHQLQJ�LQ�SUHVHQW�RU�IXWXUH�SURJUDPV�
�%HHPVWHUERHU�HW�DO���������$OWKRXJK�DQ\�WULDO�RU�
SURJUDP�LV�XQLTXH��ZH�WKLQN�WKDW�D�����UHGXFWLRQ�
UDWH�IRU�WKH�LQYLWHG�JURXS�DJHG�������\HDUV�LQ�WKH�
8�.��VFUHHQLQJ�SURJUDP�DV�HVWLPDWHG�E\�RWKHU�
LQYHVWLJDWRUV��9HVVH\�������VHHPV�KLJK��HYHQ�LI�WKLV�
RYHUYLHZ�DQDO\VLV�ZRXOG�KDYH�EHHQ�EDVHG�RQ�WKH�
.RSSDUEHUJ�DQG�gVWHUJ|WODQG�WULDOV�RQO\��:H�EHOLHYH�
WKDW�WKH�SUHVHQW�PHWKRG�SURYLGHV�D�JRRG��DQG�PD\EH�
WKH�ODVW��RSSRUWXQLW\�IRU�SUHGLFWLRQV�WR�EH�PDGH�RQ�
PRUWDOLW\�UHGXFWLRQ�DW�D�QDWLRQ�ZLGH�OHYHO��7KH�
FRQFOXVLRQ�RI�WKH�WULDOV�DQG�WKH�VFUHHQLQJ��RI�WKH�
FRQWURO�JURXSV�ZLOO�LQIOXHQFH�WKH�GLIIHUHQFHV�LQ�EUHDVW�
FDQFHU�GHDWK�UDWHV�LQ�ERWK�JURXSV�ZLWK�ORQJHU�IROORZ�
XS��$OVR��WR�LQWHUSUHW�WKH�REVHUYHG�PRUWDOLW\�
GLIIHUHQFHV�LQ�WKH�IXWXUH��DQDO\VHV�LQFOXGLQJ�WKH�HIIHFW�
RI�LQWHUYHQWLRQ�LQ�WKH�FRQWURO�JURXSV�ZLOO�EH�UHTXLUHG��
2QH�VKRXOG�EH�FDXWLRXV�LQ�LQWHUSUHWLQJ�WKH�GLIIHUHQFHV�
LQ�WKLV�DQDO\VLV�EHWZHHQ�WKH�REVHUYHG�DQG�H[SHFWHG�
55V�LQ�HDFK�WULDO��
:LWKRXW�PRGHOLQJ��FOHDUO\��WKH�QXPEHUV�DUH�VR�VPDOO�
WKDW�WKH�YDULDQFH�LQ�RXWFRPH�IRXQG�LV�QRW�ODUJHU�WKDQ�
H[SHFWHG�IURP�WULDOV�WKDW�KDYH�WKH�VDPH�GHVLJQ��
5DQGRP�IOXFWXDWLRQ�LQ�WKH�WULDO�UHVXOWV�LV�WKH�PRVW�
LPSRUWDQW�H[SODQDWLRQ�IRU�WKH�GLVFUHSDQFLHV��EXW�WZR�
RWKHU�SRVVLEOH�H[SODQDWLRQV�DUH�LPSRUWDQW��2Q�WKH�RQH�
KDQG��FHUWDLQO\�D�QXPEHU�RI�GHWDLOV�IURP�WKH�WULDOV�RU�
WKH�EDVHOLQH�VLWXDWLRQ�LQ�WKH�SRSXODWLRQV�VWXGLHG�KDYH�
QRW�EHHQ�DYDLODEOH�WR�XV��UHJLRQDO�HSLGHPLRORJ\�
�SRSXODWLRQ�VWUXFWXUH��LQFLGHQFH�E\�DJH��VWDJH�
GLVWULEXWLRQ�DQG�WUHDWPHQW��DQG�VXUYLYDO���GHWDLOV�
DERXW�WKH�LQIOXHQFH�RI�WKH�W\SH�RI�UDQGRP�
DVVLJQPHQW��DQG�HVSHFLDOO\�GHWDLOV�DERXW�WKH�VLWXDWLRQ�
DIWHU�WKH�ILUVW�VFUHHQLQJ�RI�WKH�FRQWURO�JURXS��6WLOO��
JLYHQ�WKH�LPSRUWDQW�GHWDLOV�WDNHQ�LQWR�DFFRXQW�IRU�
HDFK�WULDO��WKLV�LQIRUPDWLRQ�LV�XQOLNHO\�WR�VWURQJO\�
LQIOXHQFH�WKH�SUHVHQW�UHVXOWV�DQG�FRQFOXVLRQV�
FRQFHUQLQJ�ZRPHQ�DJHG�������\HDUV��2Q�WKH�RWKHU�
KDQG��RWKHU�IDFWRUV�PLJKW�KDYH�LQIOXHQFHG�WKH�
RXWFRPH�RI�VFUHHQLQJ��)XUWKHU�UHVHDUFK�VKRXOG�EH�
LQLWLDWHG�WR�TXDQWLI\�WKH�TXDOLW\�RI�VFUHHQLQJ��
HVSHFLDOO\�LQ�\RXQJHU�ZRPHQ��
6XFK�GHWDLOHG�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�LQ�WKH�
OLWHUDWXUH�RQ�DOO�ILYH�WULDOV��7DEiU�HW�DO���������
$OWKRXJK�LW�VHHPV�DSSURSULDWH�WR�EDVH�WKLV�DQDO\VLV�
ZLWK�UHVSHFW�WR�WKH�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�
DQG�DJH�VSHFLILF�VHQVLWLYLW\�SDUWO\�RQ�'XWFK�GDWD��
ZKHUH�WKHUH�DUH�QR�GDWD�DYDLODEOH�WR�DVVXPH�D�
UHDVRQDEOH�GLIIHUHQFH�EHWZHHQ�ERWK�FRXQWULHV��'D\�HW�
DO��������GH�.RQLQJ��������GHWDLOHG�LQIRUPDWLRQ�RQ�
GHWHFWLRQ�UDWHV��LQWHUYDO�FDQFHUV��VWDJH�GLVWULEXWLRQV��
DQG�WKH�EDFNJURXQG�VLWXDWLRQ�LQ�HDFK�6ZHGLVK�WULDO�

DUH�QHHGHG��,W�ZRXOG�WKHQ�EH�SRVVLEOH�WR�HVWLPDWH�
ZKHWKHU�RXU�DVVXPSWLRQV�ZLWK�UHJDUG�WR�HLWKHU�QDWXUDO�
KLVWRU\�RU�VHQVLWLYLW\�PLJKW�KDYH�WR�EH�DGMXVWHG��7KH�
HVSHFLDOO\�LQWHUHVWLQJ�TXHVWLRQ�LV�ZKHWKHU�LW�LV�LQGHHG�
FRUUHFW�WR�DWWULEXWH�PRVW�RI�WKH�SXEOLVKHG�PRUWDOLW\�
UHGXFWLRQ�IRU�ZRPHQ�OHVV�WKDQ����\HDUV�RI�DJH�ZKR�
ZHUH�LQYLWHG�WR�VFUHHQLQJ�DERYH�WKLV�DJH�JURXS��$�
VWDQGDUG�PHWD�DQDO\VLV�GRHV�QRW�DFFRXQW�IRU�WKH�
XQGHUO\LQJ�SDUDPHWHUV�FDXVLQJ�D�SRVVLEO\�GLIIHUHQW�
55�LQ�D�SDUWLFXODU�VFUHHQLQJ�VLWXDWLRQ��
$�IXUWKHU�DQDO\VLV�LV�QHHGHG�ZLWK�GHWDLOHG�6ZHGLVK�
VFUHHQLQJ�GDWD�RQ�ZRPHQ�DJHG�������\HDUV��$QDO\VLV�
RI�WKH�RWKHU�UDQGRPL]HG�WULDOV�FRXOG�EH�SHUIRUPHG�DV�
VKRZQ�LQ�WKLV�DUWLFOH��$OWKRXJK�VXFK�DQ�DQDO\VLV�DV�
RXUV�FRXOG�QHYHU�UHSODFH�DFWXDO�GDWD�IURP�WKH�
GLIIHUHQW�UDQGRPL]HG��FRQWUROOHG�WULDOV��LW�ZRXOG�EH�
YHU\�PHDQLQJIXO��:LWK�ORQJHU�IROORZ�XS��WKH�6ZHGLVK�
WULDOV�ZLOO�OLNHO\�VKRZ�D�KLJKHU�RU�VWDWLVWLFDOO\�
VLJQLILFDQW�EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ�IRU�WKH�
ZRPHQ�DJHG�������\HDUV�DW�WULDO�HQWU\��EXW�WKH�
DQDO\VLV�VKRZV�LW�ZLOO�EH�FUXFLDO�WR�JHW�D�UHDVRQDEOH�
HVWLPDWH�ZLWK�UHJDUG�WR�WKH�DPRXQW�RI�UHGXFWLRQ�
DFKLHYHG�IRU�WKHVH�ZRPHQ�RQ�WKH�EDVLV�RI�VFUHHQLQJ�
LQ�ODWHU�URXQGV��
�
DGGLWLRQDO�GLVFXVVLRQ�
VFUHHQLQJ�IRU�EUHDVW�FDQFHU�XQGHU�WKH�DJH�RI�ILIW\�
:KHQ�WKH�SUHFHGLQJ�DUWLFOH�ZDV�SXEOLVKHG�LQ�WKH�
-RXUQDO�RI�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH��LW�JRW�
DFFRPSDQLHG�E\�WZR�HGLWRULDOV�DQG�ODWHU�WKHUH�ZDV�D�
OHWWHU�WR�WKH�HGLWRU�DERXW�WKH�DUWLFOH��)RUUHVW�DQG�
$OH[DQGHU�������6PLWK�������7DEiU�������7KRXJK�
RQO\�D�PLQRU�SDUW�RI�WKH�DUWLFOH�ZDV�DERXW�VFUHHQLQJ�
XQGHU�DJH�����DOO�WKUHH�FRPPHQWV�FRQFHQWUDWHG�RQ�
WKDW�LVVXH��
$W�WKH�WLPH�RI�SXEOLFDWLRQ�RI�WKH�DUWLFOH��WKH�RYHUYLHZ�
RI�WKH�6ZHGLVK�UDQGRPLVHG�WULDOV�LQWR�EUHDVW�FDQFHU�
VFUHHQLQJ�VKRZHG�D�VXEVWDQWLDOO\��WKRXJK�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��ORZHU�PRUWDOLW\�UHGXFWLRQ�IRU�
ZRPHQ�XQGHU�DJH����DW�HQWU\�FRPSDUHG�WR�ZRPHQ�
DJHG�������DW�HQWU\��1\VWU|P�HW�DO��������$SDUW�IURP�
WKDW�REVHUYDWLRQ�WKHUH�ZDV�DOVR�WKH�RXWFRPH�IURP�WKH�
&DQDGLDQ�1%66�WKDW�ZDV�TXLWH�XQIDYRXUDEOH�IRU�
VFUHHQLQJ�ZRPHQ�LQ�WKHLU�IRUWLHV��0LOOHU�HW�DO��������
$�SUREOHP�LQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�SXEOLVKHG�WULDO�
RXWFRPHV�LV�WKDW�ZRPHQ�ZKR�DUH�FODVVLILHG�DV�XQGHU�
DJH����DW�HQWU\�WR�WKH�WULDO��PD\�KDYH�EHQHILWHG�IURP�
VFUHHQLQJ�DW�DJHV�RI����DQG�KLJKHU��2XU�DQDO\VLV�
DVVXPHG�WKDW�WKDW�WKH�HIILFDF\�RI�VFUHHQLQJ�VXGGHQO\�
FKDQJHV�DW�DJH����DQG�WKDW�HIILFDF\�E\�DJH�LV�FRQVWDQW�
ZLWKLQ�HDFK�RI�WKH�DJH�UDQJHV�RI�XQGHU����DQG�RYHU�
����8VLQJ�WKHVH�DVVXPSWLRQV�ZH�VKRZHG�WKDW�WKH�
REVHUYHG�VFUHHQLQJ�EHQHILW�RI�ZRPHQ�XQGHU�DJH����DW�
HQWU\�WR�WKH�WULDO�FRXOG�EH�DWWULEXWHG�IRU�WKH�ODUJHVW�
SDUW�WR�VFUHHQLQJ�IURP�DJH����RQZDUG��:H�GLG�QRW�
FRQFOXGH�WKDW�VFUHHQLQJ�XQGHU�DJH����ZDV�ZRUWKOHVV��
EXW�WKDW�WKLV�FDOOHG�IRU�IXUWKHU�LQYHVWLJDWLRQ��7KH�
PHQWLRQHG�OHWWHU�WR�WKH�HGLWRU�ZDV�D�UHSO\�WR�WKLV�
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TXHVWLRQ�DQG�VKRZHG�WKDW�LQ�WKH�7ZR�&RXQWLHV�6WXG\��
WKHUH�ZDV�HYLGHQFH�DJDLQVW�VFUHHQLQJV�DSSOLHG�RYHU�
DJH����EHLQJ�PRUH�HIIHFWLYH�WKDQ�WKRVH�DSSOLHG�XQGHU�
DJH����DPRQJ�WKH�DJH�JURXS�RI�ZRPHQ�XQGHU�DJH����
DW�HQWU\��7DEiU�������7RJHWKHU�ZLWK�WKH�UHODWLYHO\�
ORZ�REVHUYHG�HIILFDF\�RI�VFUHHQLQJ�XQGHU�DJH����DW�
HQWU\�WKLV�LPSOLHV�WKDW�WKH�VFUHHQLQJV�DSSOLHG�RYHU�DJH�
���LQ�WKDW�DJH�JURXS�ZHUH�UHPDUNDEO\�OLWWOH�HIIHFWLYH��
%XW�EHFDXVH�WKH�QXPEHUV�LQYROYHG�DUH�VR�VPDOO��LW�LV�
QRW�SUXGHQW�WR�GUDZ�DQ\�FRQFOXVLRQV�IURP�WKDW��
,Q�WKH�PHDQ�WLPH�RXWFRPHV�RI�WKH�6ZHGLVK�WULDOV�IRU�D�
ORQJHU�IROORZ�XS�KDYH�EHHQ�SXEOLVKHG��VKRZLQJ�D�
PXFK�VPDOOHU�GLIIHUHQFH�LQ�PRUWDOLW\�UHGXFWLRQ�E\�
DJH�DW�HQWU\��%XW�WKH�&DQDGLDQ�1%66�VWXG\�LQ�ZRPHQ�
XQGHU�DJH����VWLOO�VKRZV�DQ�XQIDYRXUDEOH�HIIHFW�RQ�
PRUWDOLW\�IURP�VFUHHQLQJ��7KH�LVVXH�LV�FRQWLQXRXVO\�
XQGHU�YLJRURXV�GLVFXVVLRQ��VHH�IRU�LQVWDQFH��%DLQHV�
DQG�0LOOHU�������&KDQJ�HW�DO��������&R[�������)HLJ�
DQG�+HQGULFN�������)OHWFKHU�������+DUULV�������
.RSDQV�����F����6RPH�SURSRQHQWV�RI�VFUHHQLQJ�
\RXQJHU�ZRPHQ�DSSHDU�WR�EH�ELDVHG�LQ�WKHLU�
DUJXPHQWV��)RU�LQVWDQFH�WKH�1%66�WULDO�KDV�EHHQ�
XQGHU�VHYHUH�DWWDFN��ZKLOH�RWKHU�WULDOV�DUH�DOVR�OLDEOH�
WR�PRUH�RU�OHVV�VLPLODU�FULWLFLVP��%DLQHV�������
*ODV]LRX�DQG�,UZLJ�������*¡W]VFKH�DQG�2OVHQ�������
.RSDQV�����D��.RSDQV�����E��
�
FXUUHQW�HYLGHQFH�IRU�HIILFDF\�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�XQGHU�DJH����
([FHSW�IRU�WKH�&DQDGLDQ�1%66�WULDO��QRQH�RI�WKH�
WULDOV�ZHUH�GHVLJQHG�WR�VKRZ�D�VLJQLILFDQW�PRUWDOLW\�
UHGXFWLRQ�IRU�ZRPHQ�\RXQJHU�WKDQ����\HDUV��7KH\�
ZHUH�GHVLJQHG�WR�VKRZ�DQ�HIIHFW�LQ�WKH�WRWDO�WULDO�
SRSXODWLRQ��7KH�VLQJOH�IDFW�WKDW�WKH\�GLG�QRW�VKRZ�D�
VWDWLVWLFDOO\�VLJQLILFDQW�PRUWDOLW\�UHGXFWLRQ�IRU�
VHSDUDWH�DJH�JURXSV�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�D�
ODFN�RI�HIILFDF\��+RZHYHU��LW�LV�SRVVLEOH�WKDW�DIWHU�WKH�
VWDUW�RI�D�WULDO�QHZ�LGHDV�GHYHORS�RQ�TXHVWLRQV�WKDW�
QHHG�WR�EH�DQVZHUHG�EDVHG�RQ�HPSLULFDO�HYLGHQFH��
&OHDUO\��WKH�TXHVWLRQ�ZKHWKHU�VFUHHQLQJ�XQGHU�DJH����
LV�HIILFDFLRXV��LV�VXFK�D�TXHVWLRQ��'XULQJ�WKH�FRXUVH�
RI�WKH�+,3�WULDO�LW�ZDV�REVHUYHG�WKDW�WKH�PRUWDOLW\�
UHGXFWLRQ�ZDV�ORZHU�DPRQJ�ZRPHQ�XQGHU�DJH����DW�
HQWU\�WKDQ�IRU�WKH�RWKHU�SDUWLFLSDQWV��6KDSLUR�HW�DO��
������7KLV�ZDV�DQ�LPSRUWDQW�VSDUN�RII�IRU�WKH�
GLVFXVVLRQ��ZLWK�DV�IXHO��WKH�QRWLRQ�RI�LPSRUWDQW�
ELRORJLFDO�FKDQJHV�RFFXUULQJ�DURXQG�WKH�DJH�RI�����RU�
UDWKHU��WKH�PHQRSDXVH��$IWHU�ORQJHU�IROORZ�XS�RI�WKH�
+,3�WULDO��WKH�GLIIHUHQFH�LQ�PRUWDOLW\�UHGXFWLRQ�DOPRVW�
GLVDSSHDUHG��6KDSLUR�HW�DO��������$QG�QRERG\�KDV�
VXEVWDQWLDWHG�ZK\�DQ\�SDUWLFXODU�ELRORJLFDO�FKDQJH�
WKDW�RFFXUV�DURXQG�WKH�DJH�RI����ZRXOG�FDXVH�D�ODUJH�
GLIIHUHQFH�LQ�HIILFDF\�RI�VFUHHQLQJ��'HQVH�EUHDVWV�DQG�
IDVWHU�JURZLQJ�WXPRXUV�LQGHHG�WHQG�WR�FDXVH�D�
VRPHZKDW�ORZHU�HIILFDF\��EXW�WKH�VFUHHQLQJ�RI�
ZRPHQ�XQGHU�DJH����VWLOO�GHWHFWV�D�YHU\�VXEVWDQWLDO�
SURSRUWLRQ�RI�WKH�FDQFHUV�WKDW�VXUIDFH�LQ�WKH�VWXG\�
DQG�DW�D�SUDFWLFDOO\�HTXDOO\�IDYRXUDEOH�VWDJH�DV�LQ�

ROGHU�ZRPHQ��7KHUHIRUH��GHQVH�EUHDVWV�DQG�IDVWHU�
JURZLQJ�WXPRXUV�DORQH�FDQQRW�H[SODLQ�D�ODUJH�
GLIIHUHQFH�LQ�PRUWDOLW\�UHGXFWLRQ�DPRQJ�ZRPHQ�RYHU�
DQG�XQGHU�DJH�����
7KH�RQJRLQJ�GLVFXVVLRQ�UHVXOWHG�LQ�WZR�WULDOV�WKDW�
IRFXVVLQJ�RQ�VFUHHQLQJ�ZRPHQ�XQGHU�DJH�����7KH�
ILUVW�LV�WKH�&DQDGLDQ�1%66�WKDW�VWDUWHG�LQ������DQG�
VKRZV�D��VWDWLVWLFDOO\�QRQ�VLJQLILFDQW��KLJKHU�
PRUWDOLW\�IURP�EUHDVW�FDQFHU�LQ�WKH�VFUHHQLQJ�JURXS�
WKDQ�LQ�WKH�FRQWURO�JURXS��0LOOHU�HW�DO��������0LOOHU�HW�
DO��������$IWHU�WKLV�UHVXOW��RI�FRXUVH�WKHUH�ZDV�
VXIILFLHQW�UHDVRQ�IRU�FRQFHUQ�DERXW�WKH�HIILFDF\�RI�
VFUHHQLQJ�XQGHU�DJH�����7KHUHIRUH�D�VHFRQG�WULDO�ZDV�
LQLWLDWHG�LQ�WKH�8�.���ZKLFK�LV�VR�UHFHQW�WKDW�QR�
UHVXOWV�DUH�DYDLODEOH�\HW��
*LYHQ�WKH�UHVXOWV�IURP�WKH�FROOHFWLYH�UDQGRPLVHG�
WULDOV�RQ�EUHDVW�FDQFHU�VFUHHQLQJ�DQG�WKH�GLVFXVVLRQ�
DERXW�ELRORJLFDO�LQIOXHQFHV��LW�DSSHDUV�WKDW�VFUHHQLQJ�
XQGHU�DJH����FDQ�UHGXFH�EUHDVW�FDQFHU�PRUWDOLW\��%XW�
WKHUH�UHPDLQV�D�FRPSHOOLQJ�TXHVWLRQ�ZK\�WKH�
&DQDGLDQ�WULDO�WKDW�ZDV�GHVLJQHG�WR�VKRZ�DQ�HIIHFW�
DPRQJ�ZRPHQ�LQ�WKDW�DJH�JURXS�GRHV�QRW�VKRZ�D�
UHGXFWLRQ�LQ�EUHDVW�FDQFHU�PRUWDOLW\��
&ULWLFLVP�RQ�WKH�WULDO�KDV�EHHQ�FRQYLQFLQJO\�
FRXQWHUHG��%DLQHV�������:KDW�DSSHDUV�WR�EH�ODFNLQJ�
LV�D�GHWDLOHG�FRPSDULVRQ�RI�DOO�LQWHUPHGLDWH�RXWFRPHV�
IURP�WKLV�WULDO�ZLWK�WKRVH�IURP�RWKHU�VWXGLHV��6XFK�D�
FRPSDULVRQ�PD\�EH�IDFLOLWDWHG�E\�XVLQJ�D�PRGHO�VXFK�
DV�0LVFDQ�WKDW�FDQ�VKRZ�WKH�LQIOXHQFH�RI�ORFDO�
FLUFXPVWDQFHV�RQ�WKH�REVHUYHG�UHVXOWV��,QVLJKW�LQ�WKH�
FLUFXPVWDQFHV�WKDW�GHWHUPLQH�ZKHWKHU�RQH�WULDO�VKRZV�
D�PRUWDOLW\�UHGXFWLRQ��ZKLOH�DQRWKHU�GRHV�QRW��LV�
FUXFLDO�IRU�DQ\�IXWXUH�EUHDVW�VFUHHQLQJ��$V�DOVR�
FKDSWHU����VKRZV��RXU�XQGHUVWDQGLQJ�RI�WKH�QDWXUDO�
KLVWRU\�RI�EUHDVW�FDQFHU�LQ�UHODWLRQ�WR�VFUHHQLQJ�LV�VWLOO�
UDWKHU�LQFRPSOHWH��$�PRUH�GHWDLOHG�VWXG\�RI�WKH�
UHVXOWV�IURP�WKH�&DQDGLDQ�DQG�RWKHU�WULDOV�PD\�
HQKDQFH�RXU�XQGHUVWDQGLQJ�RI�EUHDVW�FDQFHU�VFUHHQLQJ�
WKDW�LQ�WXUQ�PD\�LQGLFDWH�SRVVLELOLWLHV�IRU�LPSURYLQJ�
VFUHHQLQJ�HIILFDF\��
�
FKRRVLQJ�WKH�ORZHU�DJH�OLPLW�RI�PDVV�VFUHHQLQJ�IRU�
EUHDVW�FDQFHU�
6XIILFLHQW�HYLGHQFH�IRU�PRUWDOLW\�UHGXFWLRQ�GXH�WR�
VFUHHQLQJ�GRHV�QRW�LPSO\�WKDW�WKH�EDODQFH�RI�DOO�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV��LQFOXGLQJ�FRVWV��
LV�VXIILFLHQWO\�SRVLWLYH��$QG�WKH�EHVW�HVWLPDWH�RI�WKH�
EDODQFH�PD\�EH�VXIILFLHQWO\�SRVLWLYH��EXW�WKDW�
HVWLPDWH�PD\�DOVR�EH�VR�XQFHUWDLQ�WKDW�D�GHFLVLRQ�
EDVHG�RQ�LW�ZRXOG�QRW�EH�FDOOHG�
HYLGHQFH�EDVHG
��
%RWK�LVVXHV�KDYH�EHHQ�XQGHU�GLVFXVVLRQ��EXW�WKH�
HPSKDVLV�ZDV�WKXV�IDU�RQ�WKH�VXIILFLHQF\�RI�WKH�
HYLGHQFH��1RZ�WKDW�WKH�HYLGHQFH�LQ�IDYRXU�RI�
VFUHHQLQJ�ZRPHQ�DW�DJHV�XQGHU����KDV�EHHQ�
LQFUHDVLQJ�RYHU�WKH�SDVW�VHYHUDO�\HDUV��WKHUH�LV�PRUH�
QHHG�IRU�JRRG�HVWLPDWHV�RQ�WKH�EDODQFH�RI�IDYRXUDEOH�
DQG�XQIDYRXUDEOH�KHDOWK�HIIHFWV�DV�ZHOO�DV�WKDW�RI�
HIIHFWLYHQHVV�DQG�FRVWV��:KDW�KDV�EHHQ�SXEOLVKHG�VR�



���

IDU�RQ�WKH�LVVXH�RI�EDODQFLQJ�FDQ�DW�EHVW�EH�FDOOHG�

WHQWDWLYH
��%RHU�HW�DO������E��6DO]PDQQ�HW�DO��������
$OWKRXJK�YHU\�GLIIHUHQW�HVWLPDWHV�RI�WKH�EDODQFH�
EHWZHHQ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�KDYH�
EHHQ�JLYHQ��QR�RQH�FRQFOXGHG�WKDW�WKHUH�DUH�
LQHYLWDEOH�XQIDYRXUDEOH�HIIHFWV�WKDW�ZRXOG�SUHFOXGH�
VFUHHQLQJ�RI�ZRPHQ�LQ�WKHLU�IRUWLHV��$OVR�RQ�FRVW�
HIIHFWLYHQHVV�HVWLPDWHV�GLIIHUHG�ZLGHO\��DQG�KHUH�
XVLQJ�RQH�RU�WKH�RWKHU�HVWLPDWH�ZRXOG�PDNH�WKH�
GLIIHUHQFH�EHWZHHQ�GHFLGLQJ�IRU�RU�DJDLQVW�VFUHHQLQJ�
ZRPHQ�LQ�WKHLU�IRUWLHV��$W�VRPH�SRLQWV�WKH�HVWLPDWHV�
GLIIHU�RQ�YHU\�IXQGDPHQWDO�LVVXHV��)RU�LQVWDQFH��RXU�
UHVHDUFK�JURXS�PDLQWDLQV�WKDW�LQ�JHQHUDO�WKH�ODZ�RI�
GLPLQLVKLQJ�UHWXUQV�DSSOLHV�WR�VFUHHQLQJ�IUHTXHQF\��
WKXV�PRUH�IUHTXHQW�VFUHHQLQJ�LV�OHVV�FRVW�HIIHFWLYH��
2WKHU�UHVHDUFK�JURXSV�HVWLPDWH�D�EHWWHU�FRVW�
HIIHFWLYHQHVV�IRU�\HDUO\�VFUHHQLQJ�WKDQ�IRU�WZR�\HDUO\�
VFUHHQLQJ��&KHQ�HW�DO��������0LFKDHOVRQ�HW�DO��������
7KHUH�LV�FOHDUO\�D�QHHG�WR�JDWKHU�DOO�DYDLODEOH�
LQIRUPDWLRQ�LQ�RUGHU�WR�PDNH�D�PRUH�SUHFLVH�HVWLPDWH�
RI�WKH�EDODQFH�RI�HIIHFWLYHQHVV�DQG�FRVWV�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�RI�ZRPHQ�XQGHU�WKH�DJH�RI�����DQG�
QHHG�IRU�GHWDLOHG�FRPSDULVRQ�RI�WKH�GLIIHUHQW�PRGHOV�
WKDW�KDYH�EHHQ�XVHG�WR�HVWLPDWH�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV��DQG�FRVWV��
7KHUH�DSSHDUV�WR�EH�JHQHUDO�DJUHHPHQW�RQO\�RQ�VRPH�
LVVXHV��%UHDVW�FDQFHU�LV�DOVR�XQGHU�WKH�DJH�RI����DQ�
LPSRUWDQW�KHDOWK�SUREOHP��7KRXJK�LQFLGHQFH�DQG�
PRUWDOLW\�IURP�WKH�GLVHDVH�DUH�VXEVWDQWLDOO\�ORZHU�
WKDQ�RYHU�WKH�DJH�RI�����WKH�QXPEHU�RI�OLIH�\HDUV�ORVW�
SHU�GHDWK�IURP�WKH�GLVHDVH�LV�KLJKHU��$QG�GXH�WR�
IDVWHU�JURZWK�RI�WXPRXUV�DW�ORZHU�DJHV��DQG�SRVVLEO\�
DOVR�ORZHU�VHQVLWLYLW\�RI�WKH�VFUHHQLQJ�WHVW��UHDFKLQJ�
WKH�VDPH�SHUFHQWDJH�RI�PRUWDOLW\�UHGXFWLRQ�QHHGV�

PRUH�IUHTXHQW�VFUHHQLQJ��7KDW�OLPLWHG�DJUHHPHQW�LV�
UHJUHWIXOO\�QRW�D�YHU\�JRRG�EDVLV�IRU�GHFLVLRQ�PDNLQJ��
IXUWKHULQJ�WKH�PHWKRG�RI�HVWLPDWLQJ�LPSURYHPHQW�RI�
SURJQRVLV�GXH�WR�VFUHHQLQJ�
7KH�VWXG\�GHVFULEHG�LQ�WKLV�FKDSWHU�RQO\�DFFRXQWHG�
IRU�D�OLPLWHG�QXPEHU�RI�DVSHFWV�WKDW�LQIOXHQFH�
VFUHHQLQJ�HIILFDF\��7KH�PRGHO�ZDV�RQO\�DGMXVWHG�IRU�
WKH�DVSHFWV�RI�RUJDQLVDWLRQ�RI�WKH�VFUHHQLQJ�SURMHFW�
DQG�DWWHQGDQFH�RI�WKH�LQYLWHG�ZRPHQ��:KHQ�WKH�
VWXG\�ZDV�SHUIRUPHG��ZH�DVVXPHG�WKDW�WKH�
HSLGHPLRORJ\�DQG�VFUHHQLQJ�SHUIRUPDQFH�LQ�WKH�
6ZHGLVK�WULDO�ZHUH�VLPLODU�WR�WKRVH�LQ�WKH�
1HWKHUODQGV��/DWHU��D�PRUH�GHWDLOHG�FRPSDULVRQ�RI�
WKH�'XWFK�H[SHULHQFH�ZLWK�WKH�7ZR�&RXQWLHV�VWXG\�
VKRZHG�WKDW�WKHUH�DUH�VXEVWDQWLDO�
GLIIHUHQFHV��)UDFKHERXG�HW�DO��������3DUWLFXODUO\��WKH�
7ZR�&RXQWLHV�VWXG\�DSSHDUHG�WR�SLFN�XS�DERXW�WZLFH�
DV�PDQ\�VPDOO��XS�WR���FP��LQYDVLYH�WXPRXUV�WKDQ�WKH�
'XWFK�VFUHHQLQJ�SURJUDPPH��,Q�RUGHU�IRU�WKH�PRGHO�
WR�SUHGLFW�WKH�VDPH�PRUWDOLW\�UHGXFWLRQ��EXW�ZLWK�D�
NLQG�RI�VFUHHQLQJ�WKDW�ILQGV�PRUH��SDUWLFXODUO\�
VPDOOHU��FDQFHUV��WKH�SUREDELOLW\�IRU�FXUH�GXH�WR�
GHWHFWLRQ�DW�VFUHHQLQJ�VKRXOG�EH�ORZHU��7KXV��ZLWK�
RXU�FXUUHQW�XQGHUVWDQGLQJ��WKH�HVWLPDWHV�SUHVHQWHG�LQ�
WKH�DUWLFOH�RYHUHVWLPDWH�WKH�HIILFDF\�RI�VFUHHQLQJ��
WKHUHIRUH�WKH�SURJQRVHV�IRU�HIIHFWLYHQHVV�RI�VFUHHQLQJ�
WKDW�ZHUH�PDGH�ZLWK�WKLV�HVWLPDWH�DUH�WRR�RSWLPLVWLF��
$QG�PRUH�LPSRUWDQWO\��WKHUH�LV�UHDVRQ�WR�DVVXPH�WKDW�
WKH�'XWFK�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH�FDQ�
SRVVLEO\�SHUIRUP�EHWWHU��&XUUHQWO\�D�VWXG\�IRU�
RSWLPLVDWLRQ�RI�WKH�'XWFK�SURJUDPPH�LV�RQ�LWV�ZD\��
,W�ZRXOG�EH�XVHIXO�WR�UHSHDW�RXU�VWXG\�ZLWK�WDNLQJ�
VFUHHQLQJ�SHUIRUPDQFH�LQWR�DFFRXQW�VR�WKDW�D�PRUH�
DFFXUDWH�HVWLPDWH�RI�LPSURYHPHQW�RI�SURJQRVLV�GXH�
WR�GHWHFWLRQ�DW�VFUHHQLQJ�ZLOO�EH�DYDLODEOH��
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DEVWUDFW�
8VLQJ�D�PLFURVLPXODWLRQ�DSSURDFK��WKH�DXWKRUV�
H[DPLQH�GHVLJQ�DQG�ELDV�LVVXHV�LQ�FDVH�FRQWURO�
VWXGLHV�RI�FDQFHU�VFUHHQLQJ���6SHFLILFDOO\��WKH\�ORRN�
DW�WKH�LPSDFW�RQ�WKH�RGGV�UDWLR�RI�WKH�ZD\�LQ�ZKLFK�
H[SRVXUH�WR�VFUHHQLQJ�LV�GHILQHG��WKH�W\SH�RI�DJH�
PDWFKLQJ��WKH�WLPH�VFDOH�XVHG��DQG�WKH�FULWHULD�XVHG�
IRU�GHWHUPLQLQJ�FRQWURO�HOLJLELOLW\���7KH�UHVXOWV�VKRZ�
WKDW�GHILQLQJ�H[SRVXUH�DV��HYHU�QHYHU��VFUHHQHG�
SURGXFHV��DV�H[SHFWHG��D�VHULRXV�ELDV�LQ�IDYRU�RI�
VFUHHQLQJ���'HILQLQJ�H[SRVXUH�DV�EHLQJ�VFUHHQHG�QR�
ODWHU�WKDQ�WKH�WLPH�WKH�FDVH
V�FDQFHU�LV�GLDJQRVHG�KDV�
D�VHULRXV�ELDV�DJDLQVW�VFUHHQLQJ���$Q�DOWHUQDWLYH�
H[SRVXUH�GHILQLWLRQ�VFUHHQLQJ�FDQ�RFFXU�QR�ODWHU�WKDQ�
WKH�WLPH�WKH�FDVH�ZRXOG�KDYH�EHHQ�FOLQLFDOO\�
GLDJQRVHG�HOLPLQDWHV�WKH�ELDV�DJDLQVW�VFUHHQLQJ��
)XUWKHU��WKH�UHVXOWV�VKRZ�WKDW�WKH�W\SH�RI�DJH�
PDWFKLQJ�DQG�WKH�WLPH�VFDOH�XVHG�FDQ�SURGXFH�D�ELDV�
DJDLQVW�VFUHHQLQJ��DQG�WKDW�WKLV�ELDV�FDQ�EH�TXLWH�
VWURQJ�ZKHQ�FDVH�FRQWURO�VWXGLHV�DUH�GRQH�LQ�
SRSXODWLRQV�ZLWK�D�SHULRGLF�VFUHHQLQJ�SURJUDP�ZKLFK�
LV�WKH�RQO\�VRXUFH�RI�VFUHHQLQJ���)LQDOO\��FRQWURO�
HOLJLELOLW\�FULWHULD�KDYH�VPDOO�HIIHFW��
�
LQWURGXFWLRQ�
&RQVLGHUDEOH�LQWHUHVW�KDV�EHHQ�JHQHUDWHG�UHJDUGLQJ�
WKH�PHWKRGRORJ\�RI�FDQFHU�VFUHHQLQJ�FDVH�FRQWURO�
VWXGLHV��ZLWK�WKH�PDLQ�IRFXV�RQ�WKH�GHVLJQ�
�$ULVWL]DEDO�HW�DO��������&HOHQWDQR�HW�DO��������&ODUNH�
DQG�$QGHUVRQ�������&ROOHWWH�HW�DO��������(EHOLQJ�DQG�
1LVFKDQ�������0DF*UHJRU�HW�DO��������2VKLPD�HW�DO��
������3DOOL�HW�DO��������6HOE\�HW�DO��������9HUEHHN�HW�
DO��������DQG�PRUH�UHFHQWO\�RQ�WKH�UHODWLRQVKLS�
EHWZHHQ�WKHRU\�DQG�SUDFWLFH��&URQLQ�HW�DO����������
7KLV�LQWHUHVW�LV�OLNHO\�GXH�WR�WKH�LQFUHDVLQJ�XVH�RI�WKH�
PDWFKHG�FDVH�FRQWURO�GHVLJQ�DV�DQ�DOWHUQDWLYH�WR�D�
UDQGRPL]HG�FRQWUROOHG�WULDO�WR�HYDOXDWH�FDQFHU�
VFUHHQLQJ��%HUULQR�HW�DO��������)ULHGPDQ�HW�DO��������
*LOO�DQG�+RUZLW]�������+RVHN�HW�DO��������0RUULVRQ�
������0RVV�������6DVFR�HW�DO��������:HLVV�������
:HLVV�DQG�/D]RYLFK�������:HLVV�HW�DO���������
ZKHWKHU�WKH�JRDO�LV�WR�GHWHFW�DQG�WUHDW�HDUO\�FDQFHUV�
�H�J���EUHDVW�FDQFHU�VFUHHQLQJ��RU�SUHFDQFHURXV�
OHVLRQV��H�J���FHUYLFDO�FDQFHU�VFUHHQLQJ���
0DQ\�TXHVWLRQV�UHPDLQ�UHJDUGLQJ�WKH�DSSURSULDWH�
GHVLJQ�RI�VXFK�VWXGLHV���,Q�WKLV�SDSHU��ZH�XVH�D�
PLFURVLPXODWLRQ�DSSURDFK�WR�H[DPLQH�KRZ�GHVLJQ�
FKRLFHV�DIIHFW�PRUWDOLW\�RGGV�UDWLRV�IURP��FDVH�
FRQWURO�VWXGLHV�RI�VFUHHQLQJ�IRU�EUHDVW�FDQFHU���:H�
OLPLW�RXU�FRQVLGHUDWLRQV�WR�D�VHWWLQJ�LQ�ZKLFK�
VFUHHQLQJ�LV�DYDLODEOH�RQO\�WKURXJK�DQ�RUJDQL]HG�
SHULRGLF�VFUHHQLQJ�SURJUDP���0LFURVLPXODWLRQ�LV�D�
FRPSXWHU�EDVHG�WHFKQLTXH�IRU�FUHDWLQJ�K\SRWKHWLFDO�
LQGLYLGXDOV�ZKRVH�OLIH�KLVWRULHV�DUH�FUHDWHG�DQG�

PDLQWDLQHG�LQ�WKH�GDWDEDVH�DQG�WKXV�FRQVWLWXWH�D�
SRSXODWLRQ���,QFLGHQFH�DQG�VXUYLYDO�IURP�EUHDVW�
FDQFHU�DQG�GHDWKV�IURP�RWKHU�FDXVHV�DUH�SURJUDPPHG�
LQWR�D�FRPSOH[�VWRFKDVWLF�PRGHO�XVLQJ�SDUDPHWHUV�
IURP�SXEOLVKHG�GDWD���7KH�FRPSXWHU�SURJUDP�DJHV�
HDFK�LQGLYLGXDO��XSGDWHV�WKHLU�GLVHDVH�VWDWXV�
DFFRUGLQJ�WR�D�FRPSOH[�VHW�RI�DOJRULWKPV��DQG�
FKDQJHV�WKHLU�VXUYLYDO�WLPH�DIWHU�GHWHFWLRQ�LQ�D�
K\SRWKHWLFDO�VFUHHQLQJ�SURJUDP�RIIHUHG�WR�WKH�
K\SRWKHWLFDO�LQGLYLGXDOV���0LFURVLPXODWLRQ�ZLWK�LWV�
IRFXV�RQ�LQGLYLGXDOV�KDV�EHHQ�XVHG�LQ�D�QXPEHU�RI�
DUHDV���,Q�WKH�SXEOLF�KHDOWK�FDUH�DUHD�WKH�XVHV�LQFOXGH�
WKH�VWXG\�RI�WKH�WUDQVPLVVLRQ�RI�LQIHFWLRXV�GLVHDVHV�
�+DEEHPD�HW�DO��������DQG�WKH�VWXG\�RI�WKH�FRVWV�DQG�
EHQHILWV�RI�FDQFHU�VFUHHQLQJ�SURJUDPV��+DEEHPD�HW�
DO��������+DEEHPD�HW�DO��������YDQ�2RUWPDUVVHQ�HW�
DO������E����0LFURVLPXODWLRQ�GLIIHUV�IURP�WUDGLWLRQDO�
VWDWLVWLFDO�VLPXODWLRQV�DQG�IURP��0RQWH�&DUOR��
VLPXODWLRQV���6WDWLVWLFDO�VLPXODWLRQV�XVXDOO\�DUH�
FRQFHUQHG�ZLWK�VPDOO�VDPSOH�SURSHUWLHV�RI�HTXDWLRQV�
UHSUHVHQWLQJ�DQDO\WLF�IRUPXOD�UDWKHU�WKDQ�SURSHUWLHV�
RI��K\SRWKHWLFDO�SRSXODWLRQV���0RQWH�&DUOR�
VLPXODWLRQV�WHQG�WR�IRFXV�RQ�WKH�EHKDYLRU�RI�
VXEJURXSV�ZLWKLQ�D�K\SRWKHWLFDO�SRSXODWLRQ�UDWKHU�
WKDQ�RQ�WKH�EHKDYLRU�RI�WKH�LQGLYLGXDOV�FRPSULVLQJ��
WKH�K\SRWKHWLFDO�SRSXODWLRQ���1HYHUWKHOHVV��LQ�HDFK�
FDVH�VLPXODWLRQ�VWXGLHV�LQYROYH�UHSHDWHG�UXQV�DQG�
FRQVLGHUDEOH�IOH[LELOLW\�LQ�FKDQJLQJ�SDUDPHWHU�YDOXHV�
DQG�LQSXWV�WR�UHYHDO�KRZ�WKH�XQGHUO\LQJ�PRGHO�
SHUIRUPV�XQGHU�GLIIHUHQW�FRQGLWLRQV� �
,Q�SDUWLFXODU���ZH�XVH�PLFURVLPXODWLRQ�WR�H[DPLQH�
ZKHWKHU�YDULRXV�GHVLJQ�FKRLFHV�IRU�PDWFKHG�FDVH�
FRQWURO�VWXGLHV�RI�VFUHHQLQJ�UHVXOW�LQ�ELDVHG�RGGV�
UDWLRV���7KHVH�RGGV�UDWLRV�HVWLPDWH�WKH�UDWLR�RI�WKH�
PRUWDOLW\�UDWH�RI�WKRVH�VFUHHQHG�WR�ZKDW�LW�ZRXOG�
KDYH�EHHQ�KDG�WKH\�QRW�EHHQ�VFUHHQHG���L�H���WKH�
HIILFDF\�RI�VFUHHQLQJ���:H�H[DPLQH�WKH�HIIHFW�RI��L��
WKUHH�GLIIHUHQW�PHDVXUHV�RI�H[SRVXUH���LL��WKH�ZD\�LQ�
ZKLFK�FRQWUROV�DUH�DJH�PDWFKHG���LLL��WKH�FKRLFH�RI�
WKH�WLPH�VFDOH��DQG��LY��WKH�HOLJLELOLW\�FULWHULD�XVHG�WR�
GHWHUPLQH�WKH�FRQWUROV�IRU�HDFK�FDVH���$�
PLFURVLPXODWLRQ�FRPSXWHU�SURJUDP��0,6&$1�
�0,FURVLPXODWLRQ�6FUHHQLQJ�$1DO\VLV���+DEEHPD�HW�
DO���������LV�XVHG�WR�JHQHUDWH�LQGLYLGXDO�OLIH�KLVWRULHV�
LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�D�EUHDVW�FDQFHU�
VFUHHQLQJ�SURJUDP���&DVH�FRQWURO�VWXGLHV�DUH�
SHUIRUPHG�XVLQJ�WKH�0,6&$1�JHQHUDWHG�SRSXODWLRQ�
ZLWK�VFUHHQLQJ�RIIHUHG���'HILQLWLRQV�RI�VFUHHQLQJ�
H[SRVXUH��WKH�W\SH�RI�DJH�PDWFKLQJ��WKH�FKRLFH�RI�
WLPH�VFDOH��DQG�WKH�FRQWURO�HOLJLELOLW\�FULWHULD�DUH�
YDULHG���0RUHRYHU��WZR�VFUHHQLQJ�VFHQDULRV�DUH�
PRGHOHG��RQH�ZLWK�QR�EHQHILW�IURP�VFUHHQLQJ�DQG�WKH�
RWKHU�ZLWK�D�EHQHILW���+RZ�ZHOO�WKH�RGGV�UDWLR�
HVWLPDWHV�WKH�HIILFDF\�RI�VFUHHQLQJ�XQGHU�WKHVH�



���

YDU\LQJ�FRQGLWLRQV�LV�DVVHVVHG�E\�FRPSDULQJ�WKH�
H[SHFWHG�RGGV�UDWLR�ZLWK�WKH�DYHUDJH�HIILFDF\�
REVHUYHG��
$�VWRFKDVWLF�PLFURVLPXODWLRQ�DSSURDFK�LV�XVHG�
EHFDXVH�D�FORVHG�VROXWLRQ�IRU�DQ�DQDO\WLF�PRGHO�WKDW�
UHDVRQDEO\�UHIOHFWV�WKH�FRPSOH[LW\�RI�SRSXODWLRQ�
VFUHHQLQJ�LV�QRW�WUDFWDEOH���$V�QRWHG�DERYH�WKH�
PLFURVLPXODWLRQ�DSSURDFK�JHQHUDWHV�SRSXODWLRQV�RI�
LQGLYLGXDO�OLIH�KLVWRULHV�ZLWKLQ�ZKLFK�FDVH�FRQWURO�
VWXGLHV�FDQ�EH�SHUIRUPHG���7KH�EUHDVW�FDQFHU�
0,6&$1�PRGHO�ZDV�XVHG�LQ�WKLV�VWXG\�EHFDXVH�LW�
ZDV�ZHOO�GRFXPHQWHG�DQG�KDG�EHHQ�YDOLGDWHG�IRU�
EUHDVW�FDQFHU�VFUHHQLQJ�+DEEHPD�HW�DO��������
+DEEHPD�HW�DO��������YDQ�2RUWPDUVVHQ�HW�DO������E���
2XU�JHQHUDO�DSSURDFK�WR�WKH�PLFURVLPXODWLRQ�DQG�
DQDO\VLV�LV�SUHVHQWHG�EHORZ���'HWDLOV�RI�WKH�
VLPXODWLRQ�PRGHO�DQG�WKH�DQDO\VLV�DUH�DOVR�SURYLGHG��
�
PDWHULDOV�DQG�PHWKRGV���
JHQHUDO�DSSURDFK�
7KH�RXWSXW�IURP�RQH�0,6&$1��UXQ��SURYLGHV�����D�
SRSXODWLRQ�RI��������OLIH�KLVWRULHV�ZKHQ�VFUHHQLQJ�LV�
QRW�DYDLODEOH�DQG�LV�QRW�RIIHUHG�DQG����WKH�OLIH�
KLVWRULHV�RI�WKHVH�VDPH��������LQGLYLGXDOV�ZLWK�D�
�K\SRWKHWLFDO��RUJDQL]HG�VFUHHQLQJ�SURJUDP�LQ�ZKLFK�
VFUHHQLQJ�LV�RIIHUHG�WKURXJK�WKH�SURJUDP�DQG�LV�QRW�
RWKHUZLVH�DYDLODEOH���8VLQJ�WKH�ODWWHU�SRSXODWLRQ��D�
PDWFKHG�FDVH�FRQWURO�VWXG\�LV�SHUIRUPHG���$Q�RGGV�
UDWLR�LV�FDOFXODWHG�SURYLGLQJ�DQ�HVWLPDWH�RI�WKH�
HIILFDF\�RI�VFUHHQLQJ���8VLQJ�WKH�WZR�SRSXODWLRQV��WKH�
WUXH�LPSDFW�RI�VFUHHQLQJ�LV�GLUHFWO\�DVVHVVHG�E\�
FRPSDULQJ�WKH�RXWFRPHV�ZLWK�DQG�ZLWKRXW�VFUHHQLQJ��
2GGV�UDWLR�FDOFXODWLRQV�XVH�DOO�HOLJLEOH�FRQWUROV�IRU�
HDFK�FDVH���7KLV�HOLPLQDWHV�VDPSOLQJ�YDULDWLRQ�ZKHQ�
D�Q�WR���PDWFKHG�GHVLJQ�LV�XVHG��L�H���WKH�YDULDWLRQ�LQ�
WKH�RGGV�UDWLR�GXH�WR�HDFK�FDVH
V�Q�FRQWUROV�EHLQJ�
UDQGRPO\�VDPSOHG�IURP�WKH�FDVH
V�SRWHQWLDO�VHW�RI�
FRQWUROV��7R�LQYHVWLJDWH�WKH�HIIHFW�RQ�WKH�RGGV�UDWLR�RI�
WKH�GHILQLWLRQ�RI�VFUHHQLQJ�H[SRVXUH��WKH�W\SH�RI�DJH�
PDWFKLQJ��WKH�FKRLFH�RI�WLPH�VFDOH��DQG�WKH�FRQWURO�
HOLJLELOLW\�FULWHULD��FDVH�FRQWURO�VWXGLHV�ZHUH�
SHUIRUPHG�IRU�YDULRXV�FRPELQDWLRQV�RI�WKHVH�IDFWRUV���
7R�HVWLPDWH�WKH�RGGV�UDWLR�H[SHFWHG�IRU�D�VSHFLILF�
FRPELQDWLRQ�RI�IDFWRUV��WKH�RGGV�UDWLR�ZDV�FDOFXODWHG�
LQ�HDFK�RI�����SRSXODWLRQV�RI��������OLIH�KLVWRULHV�
JHQHUDWHG�LQ�����0,6&$1�UXQV���7KH�DYHUDJH�RI�
WKHVH�����RGGV�UDWLRV�ZDV�XVHG�WR�HVWLPDWH�WKH�RGGV�
UDWLR�H[SHFWHG�IRU�D�VSHFLILF�FRPELQDWLRQ�RI�IDFWRUV���
2QH�KXQGUHG�UXQV�ZHUH�XVHG�WR�LQVXUH�DGHTXDWH�
SUHFLVLRQ�LQ�HVWLPDWLQJ�WKH�RGGV�UDWLRV���7KH�VWDQGDUG�
HUURU�RI�WKH�HVWLPDWHG�RGGV�UDWLR�ZDV�FDOFXODWHG�WR�
DVVHVV�SUHFLVLRQ��
7KH�WUXH�HIILFDF\�RI�VFUHHQLQJ�H[SHFWHG�IRU�D�VSHFLILF�
FRPELQDWLRQ�RI�IDFWRUV�ZDV�HVWLPDWHG�E\�DYHUDJLQJ�
WKH�HIILFDF\�REWDLQHG�LQ�HDFK�RI�WKH�����UXQV���7KH�
HIILFDF\�IRU�D�SDUWLFXODU�UXQ�ZDV�FDOFXODWHG�GLUHFWO\�
XVLQJ�WKH�LQGLYLGXDO�OLIH�KLVWRULHV�ZLWK�DQG�ZLWKRXW�
VFUHHQLQJ��

7ZR�VFUHHQLQJ�VFHQDULRV�ZHUH�XVHG��7KH�ILUVW�UHIOHFWV�
WKH�VLWXDWLRQ�LQ�ZKLFK�WKHUH�LV�QR�EHQHILW�IURP�
VFUHHQLQJ��L�H���ZRPHQ�ZLWK�EUHDVW�FDQFHU�GLH�DW�WKH�
VDPH�WLPH�WKDW�WKH\�ZRXOG�KDYH�LI�VFUHHQLQJ�KDG�QRW�
EHHQ�RIIHUHG��3XW�DQRWKHU�ZD\��WKHUH�LV�QR�UHGXFWLRQ�
LQ�WKH�QXPEHU�RI�EUHDVW�FDQFHU�GHDWKV�DPRQJ�WKRVH�
VFUHHQ�GHWHFWHG���)RU�WKLV��QR�EHQHILW��VFHQDULR��WKH�
HIILFDF\�LV��������7KH�VHFRQG�VFHQDULR�UHIOHFWV�D�
VLWXDWLRQ�LQ�ZKLFK�VFUHHQLQJ�FRQIHUV�D�EHQHILW���+HUH��
LW�LV�DVVXPHG�WKDW�WKHUH�LV�D����SHUFHQW�UHGXFWLRQ�LQ�
WKH�QXPEHU�RI�EUHDVW�FDQFHU�GHDWKV�DPRQJ�WKRVH�
VFUHHQ�GHWHFWHG���7KH�UHVXOWDQW�HIILFDF\�LV�OHVV�WKDQ�
�����DQG�LW�LV�HVWLPDWHG�DV�LQGLFDWHG�DERYH��
�
VFUHHQLQJ�SURJUDP�VLPXODWHG�
7KH�0,6&$1�PRGHO�VLPXODWHV�LQGLYLGXDO�OLIH�
KLVWRULHV�WDNLQJ�LQWR�DFFRXQW�WKUHH�JHQHUDO�DUHDV�RI�
DVVXPSWLRQV��GHPRJUDSK\��QDWXUDO�KLVWRU\�DQG�
VFUHHQLQJ�HIIHFWV��+DEEHPD�HW�DO��������YDQ�
2RUWPDUVVHQ�HW�DO������E���
'HPRJUDSK\���7KH�SRSXODWLRQ�FUHDWHG�E\�0,6&$1�
KDV�DQ�DJH�VWUXFWXUH�DQG�PRUWDOLW\�IURP�FDXVHV�RWKHU�
WKDQ�EUHDVW�FDQFHU�EDVHG�RQ�WKH�'XWFK�IHPDOH�
SRSXODWLRQ��
1DWXUDO�+LVWRU\���7KH�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�
LV�PRGHOHG�DV�D�SURJUHVVLRQ�WKURXJK�VHYHUDO�VWDWHV��
7KH�ILUVW�VWDWH�LV��QR�EUHDVW�FDQFHU����:RPHQ�UHVLGH�
LQ�WKDW�VWDWH�XQWLO�D�WUDQVLWLRQ�RFFXUV�WR�RQH�RI�WKH�
SUHFOLQLFDO�VWDWHV�ZKHQ�WKH�WXPRU�EHFRPHV�GHWHFWDEOH�
E\�VFUHHQLQJ��,Q�WKH�PRGHO�XVHG�IRU�WKLV�VWXG\��WKHUH�
DUH�IRXU�SUHFOLQLFDO�GLVHDVH�VWDWHV��'&,6��'XFWDO�
&DUFLQRPD�,Q�6LWX��DQG�WKUHH�LQYDVLYH�VWDWHV�
DFFRUGLQJ�WR�WXPRU�VL]H������FP������FP�DQG�����FP���
DQG�IRXU�FRUUHVSRQGLQJ�FOLQLFDO�VWDWHV��7KH�GXUDWLRQ�
LQ�WKH�GLIIHUHQW�SUHFOLQLFDO�VWDWHV�IROORZV�DQ�
H[SRQHQWLDO�GLVWULEXWLRQ��7KH�PHDQ�GXUDWLRQ�RI�WKH�
SUHFOLQLFDO�VFUHHQ�GHWHFWDEOH�SHULRG�LQFUHDVHV�IURP�
DSSUR[LPDWHO\�����\HDUV�DW�DJH����WR�����\HDUV�DW�DJH�
����,QFLGHQFH�DQG�FOLQLFDO�VWDJH�GLVWULEXWLRQ�GDWD�
JRYHUQ�WKH�WUDQVLWLRQ�WR�WKH�FOLQLFDOO\�GLDJQRVHG�
VWDWHV��7KH�LQFLGHQFH�RI�EUHDVW�FDQFHU�LQ�WKH�PRGHO�
IROORZV�WKDW�LQ�WKH�'XWFK�1DWLRQDO�+RVSLWDO�
5HJLVWU\�6,*���$IWHU�D�GLDJQRVLV�RI�EUHDVW�FDQFHU��WKH�
VXUYLYDO�SHULRG�GHSHQGV�RQ�WKH�GLVHDVH�VWDWH�DQG�DJH�
DW�WLPH�RI�GLDJQRVLV��%UHDVW�FDQFHU�PRUWDOLW\�UHVXOWLQJ�
IURP�LQFLGHQFH�DQG�VXUYLYDO�FORVHO\�IROORZV�'XWFK�
EUHDVW�FDQFHU�PRUWDOLW\��
6FUHHQLQJ���:LWKLQ�WKH�0,6&$1�PRGHO��YDULRXV�
DVVXPSWLRQV�DERXW�VFUHHQLQJ�DUH�PDGH�UHJDUGLQJ�WKH�
WLPLQJ�RI�VFUHHQLQJV��WKH�GHWHFWLRQ�RI�FDQFHU�E\�
VFUHHQLQJ��DQG�LQ�SDUWLFXODU��WKH�LPSDFW�RI�VFUHHQLQJ��
,Q�WKLV�VWXG\�HDFK�ZRPDQ�ZLWKRXW�DQ�HDUOLHU�
GLDJQRVLV�RI�EUHDVW�FDQFHU�LV�LQYLWHG�IRU�VFUHHQLQJ�DW�
HDFK�RI�KHU�ELUWKGD\V�IURP�DJH����WKURXJK����GXULQJ�
WKH�VWXG\�SHULRG�IURP���-DQXDU\������WKURXJK����
'HFHPEHU�������7KH�SRSXODWLRQ�RI�WKH�FDVH�FRQWURO�
VWXGLHV�FRQVLVWV�RI�WKRVH�ZRPHQ�ZKR�DUH�LQYLWHG�DW�
OHDVW�RQFH��6FUHHQLQJ�DWWHQGDQFH�LV�PRGHOHG�RQ�



���

'XWFK�H[SHULHQFH��&ROOHWWH�HW�DO��������9HUEHHN�HW�DO��
�������7KH�SUREDELOLW\�RI�DWWHQGLQJ�D�ILUVW�VFUHHQLQJ�
LV��������:KHQ�D�ZRPDQ�LV�VXEVHTXHQWO\�LQYLWHG�WR�
DWWHQG�D�ODWHU�URXQG�RI�VFUHHQLQJ��DWWHQGDQFH�GHSHQGV�
RQ�KHU�EHKDYLRU�DW�WKH�LPPHGLDWHO\�SUHFHGLQJ�
LQYLWDWLRQ��D�ZRPDQ�ZKR�DWWHQGHG�WKH�SUHYLRXV�
VFUHHQLQJ�KDV�D�SUREDELOLW\�RI������RI�DWWHQGLQJ�KHU�
QH[W�VFKHGXOHG�VFUHHQLQJ���)RU�WKRVH�ZKR�GLG�QRW�
DWWHQG�WKH�SUHYLRXV�VFUHHQLQJ�WKH�SUREDELOLW\�LV��������
$�VFUHHQLQJ�H[DPLQDWLRQ�FRQVLVWV�RI�WZR�WHVWV��
PDPPRJUDSK\�DQG�FOLQLFDO�EUHDVW�H[DPLQDWLRQ�
�&%(����*LYHQ�WKH�SUHFOLQLFDO�GLVHDVH�VWDWH�DW�WKH�WLPH�
RI�VFUHHQLQJ��WKHUH�LV�DQ�DVVXPHG�VHQVLWLYLW\�RI�
GHWHFWLQJ�WKH�WXPRU�LQ�WKDW�VWDWH���6HQVLWLYLW\�RI�
PDPPRJUDSK\�IRU�'&,6�LV�������IRU�LQYDVLYH�WXPRUV�
RI�����FP�LW�LV�������DQG�IRU�ODUJHU�WXPRUV�LW�LV�������
6HQVLWLYLW\�RI�&%(�IRU�'&,6�DQG�IRU�LQYDVLYH�WXPRUV�
RI����FP�LV�������IRU�WXPRUV�����FP�LW�LV������DQG�IRU�
WXPRUV�����FP�LW�LV�������YDQ�2RUWPDUVVHQ�HW�DO��
����E����7KH�HIIHFW�RI�GHWHFWLQJ�D�FDQFHU�DW�VFUHHQLQJ�
KDV�EHHQ�VLPSOLILHG�IRU�HDVLHU�LQWHUSUHWDWLRQ�RI�WKH�
RXWFRPHV�RI�FDVH�FRQWURO�VWXGLHV��WKHUH�LV�HLWKHU�QR�
PRUWDOLW\�EHQHILW�IURP�WKH�VFUHHQLQJ��L�H���DOO�EUHDVW�
FDQFHUV�IROORZ�WKHLU�QDWXUDO�KLVWRU\�DV�LI�VFUHHQLQJ�
KDG�QRW�EHHQ�RIIHUHG��RU�WKHUH�LV�D�EHQHILW�ZLWK�D����
SHUFHQW�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�EUHDVW�FDQFHU�
GHDWKV�DPRQJ�WKH�VFUHHQ�GHWHFWHG�FDQFHUV��L�H������
SHUFHQW�RI�WKRVH�GHWHFWHG�DW�VFUHHQLQJ�ZLWK�EUHDVW�
FDQFHU�ZKR�ZRXOG�GLH�IURP�EUHDVW�FDQFHU�ZLWKRXW�
VFUHHQLQJ�GR�QRW�GLH�RI�EUHDVW�FDQFHU��EXW�GLH�DW�D�
ODWHU�WLPH�IURP�DQRWKHU�FDXVH��DV�JRYHUQHG�E\�WKH�
GHPRJUDSKLFV�RI�WKH�SRSXODWLRQ�PRGHO���
�
DQDO\VLV�SURJUDP�
&DVH�&RQWURO�6WXG\�2GGV�5DWLR���(DFK�0,6&$1�
JHQHUDWHG�SRSXODWLRQ�RI��������LQGLYLGXDO�OLIH�
KLVWRULHV�ZLWK�VFUHHQLQJ�EHLQJ�RIIHUHG�LV�FRQYHUWHG�
LQWR�PDWFKHG�FDVH�FRQWURO�ILOHV�ZLWK�WKH�FDVHV�GHILQHG�

DV�WKRVH�GLDJQRVHG�ZLWK�EUHDVW�FDQFHU�DQG�G\LQJ�IURP�
EUHDVW�FDQFHU�LQ�WKH����\HDU�VWXG\�SHULRG����-DQXDU\�
�����WKURXJK����'HFHPEHU�������
8VLQJ�WKH�FDVHV�DQG�HOLJLEOH�FRQWUROV��WKH�RGGV�UDWLR�LV�
FDOFXODWHG�XVLQJ�WKH�6$6�FRQGLWLRQDO�ORJLVWLF�PRGHO�
SDFNDJH��352&�3+5(*��6$6��������
)RU�HDFK�0,6&$1�JHQHUDWHG�SRSXODWLRQ��FDVH�
FRQWURO�VWXGLHV�DUH�GRQH�IRU�DOO�FRPELQDWLRQV�RI�
H[SRVXUH�PHDVXUHV��W\SH�RI�DJH�PDWFKLQJ��FKRLFH�RI�
WLPH�VFDOH��DQG�FRQWURO�HOLJLELOLW\�FULWHULD���&DWHJRULHV�
IRU�HDFK�IDFWRU�DUH��
����([SRVXUH�WR�VFUHHQLQJ��
$�� RQH�RU�PRUH�VFUHHQV�UHJDUGOHVV�RI�ZKHQ�WKH\�

RFFXU��Q�E���,W�LV�UHFRJQL]HG�WKDW�WKLV�LV�QRW�DQ�
DSSURSULDWH�PHDVXUH�RI�H[SRVXUH�VLQFH�RQFH�D�
EUHDVW�FDQFHU�LV�GHWHFWHG��QR�IXUWKHU�VFUHHQLQJ�
FDQ�RFFXU�IRU�WKDW�LQGLYLGXDO�DQG�WKHUHIRUH��
FRQWUROV�FDQ�KDYH�D�JUHDWHU�RSSRUWXQLW\�WR�EH�
VFUHHQHG���7KLV�PHDVXUH�LV�XVHG�IRU�
FRPSDUDWLYH�SXUSRVHV�DQG�WR�LOOXVWUDWH�WKDW�RXU�
PHWKRGRORJ\�GRHV�SURGXFH�WKH�H[SHFWHG�ELDV����

%�� RQH�RU�PRUH�VFUHHQV�EXW�RQO\�WKRVH�WKDW�RFFXU�
EHIRUH�RU�DW�WKH�WLPH�WKH�FDVH
V�FDQFHU�LV�
GLDJQRVHG��

&�� RQH�RU�PRUH�VFUHHQV�EXW�RQO\�WKRVH�WKDW�RFFXU�
EHIRUH�RU�DW�WKH�WLPH�WKH�FDVH�ZRXOG�KDYH�EHHQ�
GLDJQRVHG�LQ�WKH�DEVHQFH�RI�VFUHHQLQJ���Q�E���,Q�
D�UHDO�SRSXODWLRQ�WKH�WLPH�RI�GLDJQRVLV�LQ�WKH�
DEVHQFH�RI�VFUHHQLQJ�IRU�VFUHHQ�GHWHFWHG�
FDQFHUV�LV�QRW�REVHUYDEOH���+RZHYHU��LW�LV�
DYDLODEOH�LQ�WKH�0,6&$1�OLIH�KLVWRULHV�ZKHQ�
VFUHHQLQJ�LV�QRW�RIIHUHG���

1RWH�ZH�SUHVXPH�IRU�WKH�FDVHV��WKDW�VFUHHQLQJ�
FHDVHV�DW�GLDJQRVLV�DQG�WKXV��WKDW�WKH�SULPDU\�
HIIHFW�RI�WKH�WKUHH�H[SRVXUH�PHDVXUHV�LV�WR�YDU\�WKH�
ODWHVW�WLPH�D�FRQWURO�LV�HOLJLEOH�WR�EH�VFUHHQHG��
)LJXUH�����SUHVHQWV�WKH�WKUHH�H[SRVXUH�PHDVXUHV�
JUDSKLFDOO\�ZKHQ�WKH�FDVH
V�FDQFHU��LV�GLDJQRVHG��

)LJXUH�����6FUHHQLQJ�H[SRVXUH�FULWHULD�IRU�FRQWUROV��
ZKHQ�WKH�FDVH¶V�FDQFHU�LV�FOLQLFDOO\�GHWHFWHG��
DV�D�UHVXOW�RI�V\PSWRPV��

$� �HYHU�VFUHHQHG

%� �VFUHHQHG�EHIRUH�RU�DW�WKH�
VDPH�WLPH�FDVH�LV�GLDJQRVHG

&� �VFUHHQHG�EHIRUH�RU�DW�WKH�VDPH�WLPH�FDVH
ZRXOG�KDYH�EHHQ�GLDJQRVHG�ZLWKRXW�VFUHHQLQJ

VFUHHQLQJ�VWDUWV FDVH�GLDJQRVHG
FOLQLFDOO\

VFUHHQLQJ
VWRSV

GHWHFWDEOH�SUHFOLQLFDO�SHULRG

&$6(¶6�1$785$/�+,6725<

�

)LJXUH�����6FUHHQLQJ�H[SRVXUH�FULWHULD�IRU�FRQWUROV�
ZKHQ�WKH�FDVH¶V�FDQFHU�LV�VFUHHQ�GHWHFWHG��
�
�

$� �HYHU�VFUHHQHG

%� �VFUHHQHG�EHIRUH�RU�DW�WKH�
VDPH�WLPH�FDVH�LV�GLDJQRVHG

&� �VFUHHQHG�EHIRUH�RU�DW�WKH�VDPH�WLPH�FDVH
ZRXOG�KDYH�EHHQ�GLDJQRVHG�ZLWKRXW�VFUHHQLQJ

VFUHHQLQJ�VWDUWV FDVH�GLDJQRVHG
E\�VFUHHQLQJ

VFUHHQLQJ
VWRSV

GHWHFWDEOH�SUHFOLQLFDO�SHULRG

&$6(¶6�1$785$/�+,6725<

�
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FOLQLFDOO\���)LJXUH�����SUHVHQWV�WKH�FDVH�ZKHQ�WKH�
FDVH
V�FDQFHU�LV�VFUHHQ�GHWHFWHG��

����7\SH�RI�$JH�0DWFKLQJ��
2QH�<HDU�$JH�:LQGRZ��L�H���D�FRQWURO
V�DJH�PXVW�
EH�ZLWKLQ�SOXV�RU�PLQXV�RQH�\HDU�RI�WKH�FDVH
V�DJH���
RU�
%LUWK�<HDU��L�H���D�FRQWURO�PXVW�EH�ERUQ�LQ�WKH�VDPH�
\HDU�DV�WKH�FDVH���

����7LPH�6FDOH��
&DOHQGDU�7LPH���WKH�WLPH�RI�DQ�HYHQW�LV�WKH�GDWH�RI�
WKH�HYHQW��H�J���WKH�WLPH�RI�D�ZRPDQ
V�VFUHHQ�LV�WKH�
GDWH�RQ�ZKLFK�WKH�VFUHHQ�ZDV�GRQH���RU�
&KURQRORJLF�7LPH���WKH�WLPH�RI�DQ�HYHQW�LV�WKH�DJH�
RI�WKH�ZRPDQ�ZKHQ�WKH�HYHQW�RFFXUV��H�J���WKH�WLPH�
RI�D�ZRPDQ
V�VFUHHQ�LV�WKH�ZRPDQ
V�DJH�ZKHQ�WKH�
VFUHHQ�ZDV�GRQH���

����(OLJLELOLW\�&ULWHULD�IRU�$JH�0DWFKHG�&RQWUROV��
D�� QRQH��L�H���DOO�WKH�DJH�PDWFKHG�FRQWUROV�DUH�

HOLJLEOH��
E�� PXVW�EH�DOLYH�ZKHQ�WKH�FDVH�GLHG�
F�� PXVW�EH��FDQFHU�IUHH��ZKHQ�WKH�FDVH�LV�

GLDJQRVHG���L�H���PXVW�QRW�EH�GLDJQRVHG�ZLWK�
EUHDVW�FDQFHU�EHIRUH�WKH�FDVH�LV�GLDJQRVHG���
DQG�

G�� PXVW�EH�ERWK��FDQFHU�IUHH��ZKHQ�WKH�FDVH�LV�
GLDJQRVHG�DQG�DOLYH�ZKHQ�WKH�FDVH�GLHG��

7KHUH�DUH����FRPELQDWLRQV�RI�WKHVH�IDFWRUV�IRU�HDFK�
0,6&$1�UXQ���)RU�ERWK�VFHQDULRV��WKH�����UXQV�ZLWK�
QR�EHQHILW�IURP�VFUHHQLQJ�DQG�WKH�����UXQV�ZLWK�
EHQHILW���WKH�RGGV�UDWLRV�REWDLQHG�RYHU�WKH�����UXQV�
IRU�D�SDUWLFXODU�FRPELQDWLRQ�DUH�VXPPDUL]HG�XVLQJ�
WKH�ZHLJKWHG�DYHUDJH�RI�WKH�HVWLPDWHV��ZLWK�WKH�
ZHLJKWV�EHLQJ�WKH�LQYHUVH�RI�WKH�YDULDQFH�RI�WKH�
HVWLPDWHV����7KH�VWDQGDUG�HUURU�RI�WKH�ZHLJKWHG�
DYHUDJH�LV�FDOFXODWHG�WR�DVVHVV�SUHFLVLRQ��
(IILFDF\���)RU�D�0,6&$1�UXQ�WKH�HIILFDF\�RI�EHLQJ�
VFUHHQHG�LV�JLYHQ�E\�
(IILFDF\� �0RUWDOLW\�5DWH�VFUHHQHG����0RUWDOLW\�
5DWH�QRW�VFUHHQHG��
ZKHUH�WKH�0RUWDOLW\�5DWH�VFUHHQHG��LV�WKH�VFUHHQHG�
IRU�FDQFHU�PRUWDOLW\�UDWH�DPRQJ�WKRVH�ZKR�DUH�
VFUHHQHG�DW�OHDVW�RQFH��L�H���WKRVH�ZKR�DFFHSWHG�WKH�
VFUHHQLQJ�RIIHU�DW�OHDVW�RQFH��DQG�WKH�0RUWDOLW\�
5DWH�QRW�VFUHHQHG��LV�WKH�VFUHHQHG�IRU�FDQFHU�
PRUWDOLW\�UDWH�DPRQJ�WKHVH�VDPH�LQGLYLGXDOV�KDG�WKH\�
QRW�EHHQ�VFUHHQHG��L�H���WKHLU�VFUHHQHG�IRU�FDQFHU�
PRUWDOLW\�UDWH�LQ�WKH�DEVHQFH�RI�VFUHHQLQJ��
7KLV�LQIRUPDWLRQ�LV�DYDLODEOH�IURP�WKH�0,6&$1�OLIH�
KLVWRULHV�ZLWK�DQG�ZLWKRXW�VFUHHQLQJ�EHLQJ�RIIHUHG��
DQG�LV�XVHG�WR�FDOFXODWH�GLUHFWO\�WKH�HIILFDF\�REWDLQHG�
RQ�HDFK�UXQ���1RWH�WKDW�WKLV�FDOFXODWLRQ�LV�XQQHFHVVDU\�
IRU�WKH�VFHQDULR�ZLWK�QR�EHQHILW�IURP�VFUHHQLQJ���+HUH�
WKH�WUXH�HIILFDF\�LV������E\�GHILQLWLRQ���)RU�WKH�
VFHQDULR�ZLWK�D�EHQHILW�IURP�VFUHHQLQJ��WKH�HIILFDF\�
RI�EHLQJ�VFUHHQHG�PXVW�EH�FDOFXODWHG�IRU�HDFK�RI�WKH�
����UXQV�ZLWK�D�EHQHILW���7KH�PHDQ�RI�WKH�HIILFDF\�RI�
EHLQJ�VFUHHQHG�IRU�WKH�����UXQV�ZLWK�D�EHQHILW�IURP�

VFUHHQLQJ�LV�XVHG�WR�HVWLPDWH�WKH�WUXH�HIILFDF\�RI�
VFUHHQLQJ�ZKHQ�WKHUH�LV�D�EHQHILW�IURP�VFUHHQLQJ��
�
UHVXOWV�
7KH�UHVXOWV�DUH�JLYHQ�IRU�PHDVXUHV�RI�H[SRVXUH�$��%�
DQG�&�E\�W\SH�RI�DJH�PDWFKLQJ��VDPH�ELUWK�\HDU�DQG�
RQH�\HDU�DJH�ZLQGRZ���E\�WLPH�VFDOH��FDOHQGDU�WLPH�
DQG�FKURQRORJLF�WLPH���DQG�E\�HOLJLELOLW\�FULWHULD��D��
E��F��DQG�G���7DEOH�����VKRZV�WKH�VXPPDU\�RGGV�UDWLR�
�DQG�LWV�VWDQGDUG�HUURU��IRU�HDFK�FRPELQDWLRQ�RI�WKH�
IDFWRUV�IRU�WKH�����UXQV�ZLWK�QR�EHQHILW�IURP�
VFUHHQLQJ���7DEOH�����VKRZV�WKH�VXPPDU\�RGGV�
UDWLR�DQG�LWV�VWDQGDUG�HUURU��IRU�HDFK�FRPELQDWLRQ�RI�
WKH�IDFWRUV�IRU�WKH�����UXQV�ZLWK�D����SHUFHQW�
UHGXFWLRQ�LQ�WKH�QXPEHU�RI�EUHDVW�FDQFHU�GHDWKV�
DPRQJ�WKRVH�VFUHHQ�GHWHFWHG���1RWH�LQ�WDEOHV�����DQG�
����WKH�VWDQGDUG�HUURUV�RI�WKH�HVWLPDWHG�RGGV�UDWLRV�
LQGLFDWH�WKDW�WKH�HVWLPDWHV�DUH�SUHFLVH��
,Q�WKH�WLWOH�RI�HDFK�WDEOH��WKH�HVWLPDWH�RI�WKH�WUXH�
HIILFDF\�IRU�WKDW�VFHQDULR�LV�JLYHQ���)RU�WDEOH������WKH�
WUXH�HIILFDF\�IRU�WKH�����UXQV�ZLWK�QR�EHQHILW�LV��DV�
QRWHG�HDUOLHU���������)RU�WDEOH������WKH�HVWLPDWH�RI�WKH�
WUXH�HIILFDF\�RI�EHLQJ�VFUHHQHG�IRU�WKH�����UXQV�ZLWK�
D�EHQHILW�IURP�VFUHHQLQJ�LV�������
0HDVXUHV�RI�H[SRVXUH�
)RU�H[SRVXUH�$��ZKLFK�DOORZV�VFUHHQLQJ�DQ\WLPH��ZH�
REVHUYH�WKDW�����WKHUH�LV�D�VXEVWDQWLDO�ELDV�LQ�IDYRU�RI�
VFUHHQLQJ�ERWK�ZKHQ�WKHUH�LV�QR�EHQHILW�DQG�ZKHQ�
WKHUH�LV�D�EHQHILW��DQG����WKH�RGGV�UDWLRV�DUH�
HVVHQWLDOO\�WKH�VDPH�IRU�ERWK�W\SHV�RI�DJH�PDWFKLQJ�
DQG�IRU�WKH�WZR�WLPH�VFDOHV��DQG�RQO\�GLIIHU�VOLJKWO\�
IRU�WKH�HOLJLELOLW\�FULWHULD��
)RU�H[SRVXUH�%�DQ�H[DPLQDWLRQ�RI�WDEOHV�����DQG�����
UHYHDOV�D�ELDV�DJDLQVW�VFUHHQLQJ���,Q�WDEOH������DOO�WKH�
RGGV�UDWLRV�IRU�WKH�QR�EHQHILW�PRGHO�DUH�DW�EHVW����
SHUFHQW�JUHDWHU�WKDQ������DQG�PD\�EH�DV�PXFK�DV�����
SHUFHQW�JUHDWHU���,Q�WDEOH������DOO�WKH�RGGV�UDWLRV�IRU�
WKH�EHQHILW�PRGHO�ZKHUH�WKH�HVWLPDWHG�HIILFDF\�LV�
�����DUH�DW�OHDVW����SHUFHQW�JUHDWHU�WKDQ������DQG�PD\�
EH�DV�PXFK�DV����SHUFHQW�JUHDWHU���7KH�FRPELQDWLRQ�
RI�IDFWRUV�ZLWK�WKH�VPDOOHVW�ELDV�LV�ELUWK�\HDU�DJH�
PDWFKLQJ�ZLWK�WKH�FKURQRORJLF�WLPH�VFDOH�DQG�ZLWK�
RQH�RI�WKH�HOLJLELOLW\�FULWHULD�E��F��RU�G���)RU�WKH�QR�
EHQHILW�VFHQDULR�WKH�HVWLPDWHG�RGGV�UDWLR�LV������
UDWKHU�WKDQ������DQG�IRU�WKH�EHQHILW�VFHQDULR�WKH�
HVWLPDWHG�RGGV�UDWLR�LV������ZKHQ�WKH�HVWLPDWHG�
HIILFDF\�LV�������
:KHQ�H[SRVXUH�GHILQLWLRQ�&�LV�XVHG��WKH�ELDV�DJDLQVW�
VFUHHQLQJ�LV�JUHDWO\�UHGXFHG���,Q�SDUWLFXODU��IRU�WKH�
FRPELQDWLRQ�RI�ELUWK�\HDU�DJH�PDWFKLQJ�ZLWK�WKH�
FKURQRORJLF�WLPH�VFDOH�DQG�ZLWK�RQH�RI�WKH�HOLJLELOLW\�
FULWHULD�E��F��RU�G��WKH�ELDV�LV�QHDUO\�HOLPLQDWHG���,Q�
HDFK�RI�WKHVH�FLUFXPVWDQFHV��WKH�RGGV�UDWLR�LV�FORVH�WR�
WKH�HIILFDF\�H[SHFWHG��ZLWK�QR�EHQHILW�WKH�HVWLPDWHG�
RGGV�UDWLR�LV������YHUVXV�WKH�HIILFDF\�EHLQJ�������DQG�
ZLWK�D�EHQHILW�WKH�HVWLPDWHG�RGGV�UDWLR�LV������ZKHQ�
WKH�HVWLPDWHG�HIILFDF\�LV�������
�
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DJH�PDWFKLQJ��WLPH�VFDOH��DQG�HOLJLELOLW\�FULWHULD�
$V�QRWHG�DERYH��WKHVH�IDFWRUV�KDYH�OLWWOH�HIIHFW�RQ�WKH�
RGGV�UDWLR�ZKHQ�H[SRVXUH�$�LV�XVHG���+RZHYHU��IRU�
H[SRVXUH�PHDVXUHV�%�DQG�&�WKHVH�IDFWRUV�GR�KDYH�DQ�
LPSDFW���)RU�%�WKH�PRVW�REYLRXV�HIIHFW�LV�WKH�ODUJH�
ELDV�DJDLQVW�VFUHHQLQJ�ZKHQ�WKH�FDOHQGDU�WLPH�VFDOH�LV�
XVHG�ZLWK�HLWKHU�W\SH�RI�DJH�PDWFKLQJ���:KHQ�
FKURQRORJLF�WLPH�LV�XVHG��WKH�ELDV�LV�UHGXFHG��
)RU�H[SRVXUH�&�WKH�UHVXOWV�DUH�VLPLODU�WR�WKRVH�IRU�
PHDVXUH�%�EXW�ZLWK�WKH�DPRXQW�RI�ELDV�VXEVWDQWLDOO\�
UHGXFHG���,Q�SDUWLFXODU��ZKHQ�ELUWK�\HDU�DJH�PDWFKLQJ�
LV�FKRVHQ�ZLWK�FKURQRORJLF�WLPH�WKH�ELDV�LV�HVVHQWLDOO\�
HOLPLQDWHG��
7KH�FKRLFH�RI�HOLJLELOLW\�FULWHULRQ�KDV�RQO\�D�VPDOO�
LPSDFW�RQ�WKH�RGGV�UDWLR���&ULWHULRQ�D�\LHOGV�WKH�PRVW�
GLVWLQFW�RGGV�UDWLR��,WV�RGGV�UDWLR�VWDQGV�DSDUW�IURP�
WKRVH�IRU�WKH�WKUHH�VHWV�RI�UHVXOWV�WKDW�UHTXLUH�D�
VSHFLILF�YLWDO�VWDWXV�FRQGLWLRQ�LQ�DGGLWLRQ�WR�WKH�DJH�
PDWFKLQJ��
7KXV��ELDV�LV�HVVHQWLDOO\�HOLPLQDWHG�IRU�WKH�
FRPELQDWLRQ�RI�H[SRVXUH�PHDVXUH�&�ZLWK�VDPH�ELUWK�
\HDU�DJH�PDWFKLQJ�ZLWK�FKURQRORJLF�WLPH�DQG�DQ\�RQH�
RI�WKH�FULWHULD�E��F��RU�G���7KDW�LV��LI�H[SRVXUH�&�LV�
XVHG�LW�DSSHDUV�WKDW�WKH�FDVH�FRQWURO�VWXG\�FDQ��LQ�WKH�
DEVHQFH�RI�RWKHU�ELDVHV�VXFK�DV�VHOI�VHOHFWLRQ�ELDV��
JLYH�DQ�XQELDVHG�HVWLPDWH�RI�WKH�HIILFDF\�RI�EHLQJ�
VFUHHQHG��
�
GLVFXVVLRQ�
PHDVXUHV�RI�H[SRVXUH�
$�VXEVWDQWLDO�ELDV�IDYRULQJ�VFUHHQLQJ�ZKHQ�H[SRVXUH�
$�LV�XVHG�ZDV�QRW�XQH[SHFWHG���7KRVH�ZLWKRXW�EUHDVW�
FDQFHU�DUH�H[SHFWHG�WR�KDYH�D�KLJKHU�UDWH�RI�H[SRVXUH�
WR�VFUHHQLQJ�WKDQ�WKRVH�ZKR�GHYHORS�EUHDVW�FDQFHU���
7KLV�IROORZV�EHFDXVH�WKRVH�ZKR�GR�QRW�GHYHORS�
EUHDVW�FDQFHU�ZLOO�FRQWLQXH�WR�EH�LQYLWHG�IRU�VFUHHQLQJ�
ZKHUHDV�WKRVH�ZKR�GHYHORS�EUHDVW�FDQFHU�ZLOO�QRW�EH�
LQYLWHG�IRU�VFUHHQLQJ�DIWHU�WKHLU�FDQFHU�LV�GLDJQRVHG���
+HQFH�PHDVXUH�$��ZKLFK�FRQVLGHUV�VFUHHQLQJ�DW�DQ\�
WLPH�DV�H[SRVXUH�WR�VFUHHQLQJ��ZLOO�\LHOG�D�JUHDWHU�
H[SRVXUH�WR�VFUHHQLQJ�IRU�WKH�ZRPHQ�ZLWKRXW�EUHDVW�
FDQFHU���7KXV��WKH�SUREDELOLW\�RI�EHLQJ�H[SRVHG�WR�
VFUHHQLQJ�LV�JUHDWHU�IRU�FRQWUROV��PRVW�RI�ZKRP�ZLOO�
QRW�KDYH�EUHDVW�FDQFHU��WKDQ�LW�LV�IRU�WKH��FDVHV���DOO�RI�
ZKRP�ZHUH�GLDJQRVHG�ZLWK�DQG�GLHG�RI�EUHDVW�FDQFHU�
LQ�WKH����\HDU�SHULRG��([SRVXUH�PHDVXUH�%�DYRLGV�
WKLV�ELDV�E\�QRW�FRQVLGHULQJ�DV�H[SRVXUH�WR�VFUHHQLQJ�
WKRVH�H[DPLQDWLRQV�WKDW�WDNH�SODFH�DIWHU�WKH�FDVH
V�
EUHDVW�FDQFHU�ZDV�GLDJQRVHG���7KLV�GHILQLWLRQ�RI�
H[SRVXUH�KDV�EHHQ�XVHG�LQ�FDQFHU�VFUHHQLQJ�FDVH�
FRQWURO�VWXGLHV��%HUULQR�HW�DO��������)ULHGPDQ�HW�DO��
������*LOO�DQG�+RUZLW]�������+RVHN�HW�DO��������
0RUULVRQ�������0RVV�������6DVFR�HW�DO��������:HLVV�
������:HLVV�DQG�/D]RYLFK�������:HLVV�HW�DO���������
,Q�RXU�UHVXOWV��PHDVXUH�%�UHPRYHV�PHDVXUH�$
V�ELDV�
LQ�IDYRU�RI�VFUHHQLQJ�EXW�DW�WKH�SULFH�RI�LQWURGXFLQJ�D�
ELDV�DJDLQVW�VFUHHQLQJ���7KDW�WKLV�ZRXOG�RFFXU�KDG�
EHHQ�VXJJHVWHG��%HUULQR�������&ODUNH�DQG�$QGHUVRQ�

������6HOE\�HW�DO����������,Q�SDUWLFXODU��%HUULQR�
SRVWXODWHG�WKDW�PHDVXUH�%�ZRXOG�EH�ELDVHG�DJDLQVW�
VFUHHQLQJ�EHFDXVH�D�FDVH�LV�HOLJLEOH�WR�EH�VFUHHQHG�
XQWLO�LWV�FDQFHU�LV�GHWHFWHG�HLWKHU�FOLQLFDOO\�RU�E\�
VFUHHQLQJ��ZKLOH�FRQWUROV�PDWFKHG�WR�D�FDVH�ZLWK�D�
VFUHHQ�GHWHFWHG�FDQFHU�DUH�RQO\�HOLJLEOH�WR�EH�
VFUHHQHG�XQWLO�WKHLU�PDWFKHG�FDVH
V�FDQFHU�ZDV�
VFUHHQHG�GHWHFWHG���7KXV�WKH�WLPH�LQWHUYDO�LQ�ZKLFK�
FRQWUROV�PDWFKHG�WR�D�FDVH�ZKRVH�FDQFHU�ZDV�VFUHHQ�
GHWHFWHG�LV�VKRUWHU�WKDQ�WKH�WLPH�LQWHUYDO�WR�WKH�HQG�RI�
WKH�FDVH
V�SUHFOLQLFDO�SHULRG���7R�HOLPLQDWH�WKLV�ELDV��
KH�VXJJHVWHG�WKDW�WKH�GHILQLWLRQ�RI�H[SRVXUH�WR�
VFUHHQLQJ�EH�PRGLILHG�WR�LQFOXGH�DQ\�VFUHHQ�XS�WR�
DQG�LQFOXGLQJ�WKH�WLPH�WKH�FDVH
V�FDQFHU�ZRXOG�KDYH�
EHHQ�FOLQLFDOO\�GLDJQRVHG�LQ�WKH�DEVHQFH�RI�VFUHHQLQJ���
)LJXUH�����LOOXVWUDWHV�WKH�VLWXDWLRQ�ZKHQ�WKH�FDVH
V�
FDQFHU�LV�FOLQLFDOO\�GHWHFWHG�DQG�ILJXUH�����LOOXVWUDWHV�
WKH�VLWXDWLRQ�ZKHQ�WKH�FDVH
V�FDQFHU�LV�VFUHHQ�
GHWHFWHG���,Q�SUDFWLFH��EHFDXVH�WKH�HQG�RI�WKH�
SUHFOLQLFDO�SHULRG�LV�XQNQRZQ��WKLV�PHDVXUH�FDQQRW�
EH�XVHG�H[DFWO\���$W�EHVW��LW�PLJKW�EH�DSSUR[LPDWHG�
XVLQJ�HVWLPDWHV�RI�SUHFOLQLFDO�GXUDWLRQ���+RZHYHU��LQ�
RXU�PLFURVLPXODWLRQ�WKH�GHWDLOHG�OLIH�KLVWRULHV�IRU�
HDFK�LQGLYLGXDO�ERWK�ZLWKRXW�DQG�ZLWK�VFUHHQLQJ�DUH�
NQRZQ���$V�D�UHVXOW��H[SRVXUH�FRXOG�EH�HYDOXDWHG�
ZKHQ�XVLQJ�WKLV�PHDVXUH�PHDVXUH�&���7KH�UHVXOWV�
VXSSRUW�%HUULQR
V�K\SRWKHVLV���([SRVXUH�PHDVXUH�%�
UHVXOWV�LQ�D�ELDV�DJDLQVW�VFUHHQLQJ�DQG�PHDVXUH�&�
HOLPLQDWHV�WKLV�ELDV���:H�SODQ�WR�H[DPLQH�WKH�XVH�RI�
DSSUR[LPDWLRQV�WR�H[SRVXUH�PHDVXUH�&�LQ�IXWXUH�
UHVHDUFK���$W�WKLV�SRLQW��RXU�PRVW�LPSRUWDQW�ILQGLQJ�LV�
WKDW�WKHUH�LV�D�ELDV�DJDLQVW�VFUHHQLQJ�ZLWK�H[SRVXUH�
PHDVXUH�%�WKDW�PHDVXUH�&�HOLPLQDWHV��
�
DJH�PDWFKLQJ��WLPH�VFDOH��DQG�HOLJLELOLW\�FULWHULD�
$W�ILUVW�LW�LV�VXUSULVLQJ�WKDW�WKH�W\SH�RI�DJH�PDWFKLQJ��
D�RQH�\HDU�ZLQGRZ�YHUVXV�VDPH�ELUWK�\HDU��DQG�WKH�
FKRLFH�RI�WLPH�VFDOH��FDOHQGDU�YHUVXV�FKURQRORJLF��
FDQ�KDYH�D�ODUJH�HIIHFW�RQ�WKH�RGGV�UDWLR���)RU�
H[DPSOH��IRU�DJH�PDWFKLQJ�FRPSDUH�LQ�WDEOH�����WKH�
RGGV�UDWLRV�IRU�ELUWK�\HDU�DJH�PDWFKLQJ�ZLWK�WKRVH�IRU�
ZLWKLQ�RQH�\HDU�DJH�PDWFKLQJ�ZKHQ�FKURQRORJLF�WLPH�
DQG�H[SRVXUHV�%�RU�&�DUH�XVHG��DQG�IRU�WLPH�VFDOH�
FRPSDUH�LQ�WDEOH�����WKH�RGGV�UDWLRV�IRU�FDOHQGDU�WLPH�
ZLWK�WKRVH�IRU�FKURQRORJLF�WLPH�ZKHQ�ELUWK�\HDU�DJH�
PDWFKLQJ�DQG�H[SRVXUH�%�RU�&�DUH�XVHG���+RZHYHU��
RQ�UHIOHFWLRQ�LW�FDQ�EH�VHHQ�WKDW�DW�OHDVW�VRPH�RI�WKH�
ELDV�DVVRFLDWHG�ZLWK�WKHVH�IDFWRUV�LV�GXH�WR�WKH�
FKDUDFWHULVWLFV�RI�WKH�VFUHHQLQJ�SURJUDP�WKDW�ZDV�
VLPXODWHG��5HFDOO�WKDW�WKH�VFUHHQLQJ�SURJUDP�VWDUWHG�
��-DQXDU\�������RIIHUHG�DQQXDO�EUHDVW�FDQFHU�
VFUHHQLQJ�WR�ZRPHQ�IURP�DJH����WKURXJK�DJH�����DQG�
HDFK�\HDU
V�VFUHHQLQJ�H[DPLQDWLRQV�ZHUH�VFKHGXOHG�WR�
EH�RQ�WKH�ZRPHQ
V�ELUWKGD\V�ZKLFK�DUH�XQLIRUPO\�
GLVWULEXWHG�RYHU�WKH�FDOHQGDU�\HDU��
)LUVW�FRQVLGHU�WKH�VWURQJ�ELDV�DJDLQVW�VFUHHQLQJ�WKDW�
RFFXUV�ZKHQ�FDOHQGDU�WLPH�LV�XVHG���7KLV�LV�VHHQ�IRU�
ERWK�W\SHV�RI�DJH�PDWFKLQJ���%HFDXVH�LQ�WKH�
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VLPXODWLRQ�ELUWK�GDWHV�DUH�XQLIRUPO\�GLVWULEXWHG�RYHU�
WKH�FDOHQGDU�\HDU�DQG�WKH�ELUWK�GD\V�DUH�WKH�VFKHGXOHG�
GDWHV�IRU�WKH�VFUHHQLQJ��LW�IROORZV�WKDW�FRQWUROV�DUH�
HTXDOO\�OLNHO\�WR�EH�VFUHHQHG�EHIRUH�RU�DIWHU�WKHLU�
FDVH
V�VFUHHQLQJ�GDWH���7KXV��LQ�DQ\�VFUHHQLQJ�F\FOH��
RQH�KDOI�RI�WKH�FDVH
V�FRQWUROV�ZLOO�EH�VFUHHQHG�DIWHU�
WKH�FDVH�DQG�WKXV��FRQWUROV�ZLOO�WHQG�WR�KDYH�D�ORZHU�
SUREDELOLW\�RI�EHLQJ�VFUHHQHG�WKDQ�WKH�FDVHV��,Q�
SDUWLFXODU��LQ�WKH�F\FOH�LQ�ZKLFK�D�FDVH�LV�GHWHFWHG��
DERXW�RQH�KDOI�RI�WKH�FRQWUROV�WKDW�DUH�VFUHHQHG�LQ�
WKDW�F\FOH�ZRXOG�EH�FRQVLGHUHG�DV�QRW�H[SRVHG�WR�
VFUHHQLQJ�LI�H[SRVXUH�PHDVXUH�%�LV�XVHG��,I�PHDVXUH�
&�LV�XVHG��WKH�UHGXFWLRQ�LQ�WKH�H[SRVXUH�WR�VFUHHQLQJ�
LV�VPDOOHU�EHFDXVH�WKH��FXW�RII��WLPH�IRU�VFUHHQLQJ�LV�
QRW�VR�FORVHO\�WLHG�WR�WKH�GDWH�RI�GHWHFWLRQ���$Q�
H[WUHPH�H[DPSOH�RI�WKLV�FDOHQGDU�WLPH�ELDV�LV�D�
VLWXDWLRQ�LQ�ZKLFK�PHDVXUH�%�LV�EHLQJ�XVHG�DQG�LQ�
ZKLFK�WKH�FDVH�LV�GHWHFWHG�DW�KHU�ILUVW�\HDU�RI�
VFUHHQLQJ���+HUH�DERXW�RQH�KDOI�RI�KHU�FRQWUROV�ZKR�
ZHUH�VFUHHQHG�LQ�WKH�ILUVW�\HDU�ZRXOG�QRW�EH�
FRQVLGHUHG�DV�H[SRVHG�WR�VFUHHQLQJ��WKH\�DUH�WKRVH�
ZKRVH�VFUHHQLQJ�GDWH�ZDV�ODWHU�WKDQ�WKH�GDWH�WKH�FDVH�
ZDV�VFUHHQHG�DQG�GHWHFWHG�ZLWK�EUHDVW�FDQFHU��DQG�
WKXV��WKHUH�ZRXOG�EH�D�ELDV�DJDLQVW�VFUHHQLQJ���,Q�
FRQWUDVW��WKH�FKURQRORJLF�WLPH�VFDOH��ZKLFK�XVHV�WKH�
LQGLYLGXDO
V�DJH�DW�WKH�WLPH�RI�WKH�HYHQW��UHPRYHV�WKLV�
VRXUFH�RI�ELDV�VLQFH�DOO�WKH�FRQWUROV�RI�WKH�VDPH�DJH�
ZRXOG�EH�FRQVLGHUHG�H[SRVHG��HYHQ�LI�WKHLU�VFUHHQV�
RFFXUUHG�DIWHU�WKH�GDWH�RI�GLDJQRVLV�RI�WKH�FDVH��
$V�QRWHG�DERYH��WKH�UDQGRPQHVV�LQ�ELUWK�GDWHV�DQG�
WKH�XVH�RI�WKH�FDOHQGDU�WLPH�VFDOH�LV�RI�SDUWLFXODU�
FRQFHUQ�IRU�H[SRVXUH�PHDVXUH�%�ZKHUH�WKH�GDWH�RI�
WKH�FDVH
V�GLDJQRVLV�HQGV�WKH�FRQWURO
V��DELOLW\�WR�EH�
VFUHHQHG��EXW�LV�OHVV�LPSRUWDQW�IRU�H[SRVXUH�&�VLQFH�
ZLWK�&�WKH�FXW�RII�GDWH�IRU�FRXQWLQJ�H[SRVXUH�IRU�
FRQWUROV�PDWFKHG�WR�VFUHHQ�GHWHFWHG�FDVHV�LV�QRW�IL[HG�
E\�WKH�GDWH�WKDW�WKH�FDVH�ZDV�VFUHHQ�GHWHFWHG��
1H[W�FRQVLGHU�WKH�ELDV�DJDLQVW�VFUHHQLQJ�WKDW�LV�VHHQ�
XVLQJ�WKH�RQH�\HDU�ZLQGRZ�DJH�PDWFKLQJ�ZLWK�
FKURQRORJLF�WLPH���,Q�WKH�VLPXODWHG�VFUHHQLQJ�
SURJUDP��ZKHQ�FRQWUROV�DUH�DJH�ZLQGRZ�PDWFKHG�
WKHUH�ZLOO�EH�PDWFKHG�FRQWUROV�ZKRVH�ELUWK�\HDU�LV�WKH�
\HDU�EHIRUH�WKH�FDVH
V�ELUWK�\HDU���,Q�VXFK�D�VLWXDWLRQ��
WKH�FRQWUROV�ILUVW�LQYLWDWLRQ�WR�EH�VFUHHQHG�ZLOO�EH�
HLWKHU����IRU�WKH�VFUHHQLQJ�F\FOH�RU�URXQG�WKDW�IROORZV�
WKH�F\FOH�LQ�ZKLFK�WKH�FDVH�ZDV�ILUVW�LQYLWHG�RU����IRU�
WKH�VDPH�F\FOH�DV�WKH�FDVH�EXW�DW�DQ�ROGHU�DJH�DV�ZHOO�
DV�DW�D�ODWHU�GDWH�WKDQ�WKH�FDVH
V�VFUHHQLQJ�ZRXOG�EH��
,Q�WKH�IRUPHU�VLWXDWLRQ��FDVHV�ZLOO�KDYH�RQH�PRUH�
VFUHHQLQJ�URXQG�LQ�ZKLFK�WKH\�FDQ�EH�VFUHHQHG�WKDQ�
WKHVH�FRQWUROV�ZLOO�KDYH��,Q�WKH�ODWWHU�VLWXDWLRQ��LI�WKH�
FDVH�LV�VFUHHQ�GHWHFWHG��WKH�FRQWURO
V�VFUHHQLQJ�LQ�WKH�
F\FOH�LQ�ZKLFK�WKH�FDVH�ZDV�GHWHFWHG�ZRXOG�EH�DIWHU�
WKH�FDVH�ZDV�GHWHFWHG�DQG�WKHUHIRUH��WKDW�VFUHHQLQJ�
ZRXOG�QRW�EH�FRQVLGHUHG�DV�H[SRVXUH�WR�VFUHHQLQJ�
XQGHU�PHDVXUH�%�DQG�LW�PLJKW�QRW�EH�FRQVLGHUHG�DV�
H[SRVXUH�XQGHU�PHDVXUH�&����7KH�HQG�UHVXOW�LV�WKDW�LI�
DJH�ZLQGRZ�DJH�PDWFKLQJ�LV�HPSOR\HG��FDVHV�ZLOO�

WHQG�WR�KDYH�D�KLJKHU�SUREDELOLW\�RI�EHLQJ�VFUHHQHG�
WKDQ�WKH�FRQWUROV���$V�DQ�H[WUHPH�H[DPSOH��FRQVLGHU�D�
FDVH�ERUQ�EHWZHHQ������DQG������ZKR�KDG�KHU�EUHDVW�
FDQFHU�VFUHHQ�GHWHFWHG�DW�WKH�ILUVW�VFUHHQLQJ�F\FOH��LQ�
�������:LWK�RQH�\HDU�ZLQGRZ�DJH�PDWFKLQJ�WKHUH�
ZLOO�EH�FRQWUROV�PDWFKHG�WR�WKH�FDVH�ZKR�ZHUH�ERUQ�
LQ�WKH�FDOHQGDU�\HDU�SUHFHGLQJ�WKH�FDVH
V�\HDU�RI�ELUWK���
7KXV��IRU�WKHVH�FRQWUROV�WKH�HDUOLHVW�WKH\�FRXOG�KDYH�
EHHQ�VFUHHQHG�LV�RQ�WKHLU�ELUWKGD\�LQ��������$W�WKLV�
WLPH�WKH�FRQWUROV�ZRXOG�EH�LQYLWHG�IRU�VFUHHQLQJ�DW�
ERWK�D�ODWHU�GDWH�DQG�DQ�ROGHU�DJH�WKDQ�WKH�FDVH���
7KXV��XQGHU�PHDVXUH�%�WKHVH�FRQWUROV�ZLOO�EH�
FRQVLGHUHG�DV�QRW�H[SRVHG�WR�VFUHHQLQJ��XVLQJ�
PHDVXUH�&�IHZHU�RI�WKHVH�FRQWUROV�ZRXOG�EH�
FRQVLGHUHG�DV�QRW�H[SRVHG���&OHDUO\��WKLV�UHVXOWV�LQ�D�
ELDV�DJDLQVW�VFUHHQLQJ���)RU�D�FDVH�GHWHFWHG�DW�D�ODWHU�
URXQG�RI�VFUHHQLQJ��LW�IROORZV�WKDW�WKH�FRQWUROV�ZLOO�
DOVR�KDYH�D�ORZHU�SUREDELOLW\�RI�EHLQJ�VFUHHQHG�WKDQ�
WKH�FDVH�EXW�QRW�DV�ORZ�DV�IRU�WKH�VLWXDWLRQ�ZKHUH�WKH�
FDVH�LV�GHWHFWHG�LQ�WKH�ILUVW�URXQG�RI�VFUHHQLQJ��
:KHQ�VDPH�ELUWK�\HDU�DJH�PDWFKLQJ�LV�XVHG��WKLV�W\SH�
RI�ELDV�LV�JUHDWO\�UHGXFHG���7KLV�IROORZV�VLQFH�LQ�WKH�
VLPXODWHG�VFUHHQLQJ�SURJUDP��\HDUO\�VFUHHQLQJ�LV�
RIIHUHG�DQG�WKH�VFUHHQLQJ�F\FOH�LV�D�FDOHQGDU�\HDU��
IURP���-DQXDU\�WKURXJK����'HFHPEHU�HDFK�\HDU���
+HQFH��WKH�FDVHV�DQG�WKHLU�VDPH�ELUWK�\HDU�FRQWUROV�
DUH�HOLJLEOH�IRU�VFUHHQLQJ�RYHU�WKH�VDPH�VFUHHQLQJ�
URXQGV���6FUHHQLQJ�SURJUDPV�WR�EH�HYDOXDWHG�E\�D�
FDVH�FRQWURO�VWXG\�PD\�H[SHULHQFH�SRRUHU�DGKHUHQFH�
WR�WKH�VFKHGXOHG�SHULRGLF�VFUHHQLQJV�DQG�KDYH�
GLIIHUHQW�OHQJWK�VFUHHQLQJ�F\FOHV�WKDQ�WKH�SURJUDP�
VLPXODWHG�LQ�WKLV�VWXG\��EXW�VLPLODU�ODUJH�ELDVHV�FDQ�
RFFXU�LI�WKH�FKURQRORJ\�RI�WKH�SDUWLFXODU�SURJUDP�LV�
QRW�ZHOO�HQRXJK�FRQVLGHUHG��
7KH�FKRLFH�RI�FRQWURO�HOLJLELOLW\�FULWHULRQ��D��E��F��RU�
G��KDV�OLWWOH�HIIHFW�RQ�WKH�RGGV�UDWLR���7KLV�LV�H[SHFWHG�
EHFDXVH�LQ�D�QRUPDO�ULVN�SRSXODWLRQ���VLPXODWHG�E\�
0,6&$1�WKHUH�ZLOO�EH�UHODWLYHO\�IHZ�LQGLYLGXDOV�
HOLPLQDWHG�E\�WKH�QHFHVVLW\�RI�EHLQJ�DOLYH�ZKHQ�WKH�
FDVH�GLHG�RU�FDQFHU�IUHH�ZKHQ�WKH�FDVH�ZDV�GLDJQRVHG�
VLQFH�IHZ�LQGLYLGXDOV�H[SHULHQFH�WKHVH�HYHQWV���
$OWKRXJK�WKH�GLIIHUHQFHV�DUH�VPDOO��FULWHULRQ�D��ZKLFK�
RQO\�DJH�PDWFKHV��\LHOGV�WKH�PRVW�GLVWLQFW�UHVXOW�ZLWK�
DW�PRVW�D�YHU\�VPDOO�ELDV�DJDLQVW�VFUHHQLQJ���7KH�
UHVXOWV�DUH�HVVHQWLDOO\�WKH�VDPH�IRU�WKH�ODVW�WKUHH�
FULWHULD��
�
FRQFOXVLRQ�
7KHVH�PLFURVLPXODWLRQ�UHVXOWV�UHYHDO�D�VXEVWDQWLDO�
ELDV�DJDLQVW�VFUHHQLQJ�ZKHQ�WKH�PHDVXUH�RI�H[SRVXUH�
WR�VFUHHQLQJ�XVHG�LV�GHILQLWLRQ�%��L�H���RQH�RU�PRUH�
VFUHHQV�EXW�RQO\�WKRVH�WKDW�RFFXU�EHIRUH�RU�DW�WKH�WLPH�
WKH�FDVH
V�FDQFHU�LV�GLDJQRVHG����$�QXPEHU�RI�VWXGLHV�
KDYH�XVHG�WKLV�H[SRVXUH�PHDVXUH�DQG�VKRZHG�D�
VXEVWDQWLDO�EHQHILW�IURP�VFUHHQLQJ���7KLV�VXJJHVWV�
HLWKHU�D�VWURQJ�EHQHILW�IURP�WKH�VFUHHQLQJ�RU�D�ODUJH�
VHOI�VHOHFWLRQ�ELDV�LQ�IDYRU�RI�VFUHHQLQJ��RU�ERWK���,W�LV�
GLIILFXOW�WR�GHWHUPLQH�ZKLFK�H[SODQDWLRQ�KROGV�RU�LI�
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ERWK�GR���:H�SODQ�WR�LQYHVWLJDWH�ERWK�WKH�HIIHFW�RI�WKH�
XVH�RI��PRUH�UHOHYDQW�SHULRGV�RI�H[SRVXUH���
HVSHFLDOO\�IRU�WKH�FRQWUROV�RI�FDVHV�ZLWK�VFUHHQ�
GHWHFWHG�FDQFHUV��DQG�RI�VHOI�VHOHFWLRQ�ELDV�LQ�IXWXUH�
VLPXODWLRQV���:H�DOVR�SODQ�WR�H[SORUH�WKH�XVH�RI�
GXUDWLRQ�RI�WLPH�LQ�WKH�VFUHHQLQJ�SURJUDP�DV�DQRWKHU�
PDWFKLQJ�YDULDEOH��
7KH�ELDVHV�UHODWHG�WR�W\SH�RI�DJH�PDWFKLQJ�DQG�FKRLFH�
RI�WLPH�VFDOH�VHHP�VWURQJO\�UHODWHG�WR�WKH�SDUWLFXODU�
VHWWLQJ�RI�VFUHHQLQJ�ZLWKLQ�DQ�RUJDQL]HG�VFUHHQLQJ�
SURJUDP���7KHVH�UHVXOWV�PD\�QRW�VWULFWO\�DSSO\�WR�
VHWWLQJV�RWKHU�WKDQ�WKH�VFUHHQLQJ�SURJUDP�VFHQDULRV�
ZKLFK�ZHUH�VLPXODWHG���7KLV�VWXG\�GLG�QRW�FRQVLGHU�D�
VHWWLQJ�ZKHUH�WKH�VFUHHQLQJ�LV��RSSRUWXQLVWLF���L�H���
ZKHUH�VFUHHQLQJ�LV�UHFRPPHQGHG�EXW�LQYLWDWLRQV�WR�
EH�VFUHHQHG�DUH�QRW�RIIHUHG��VR�WKDW�WKH�WLPH�RI�
VFUHHQLQJ�LV�GHWHUPLQHG�E\�WKH�LQGLYLGXDOV�
WKHPVHOYHV�DQG�LV�OLNHO\�WR�EH�VRPHZKDW�KDSKD]DUG���
,Q�VXFK�D�VHWWLQJ��VLPLODU�ELDVHV�FDQ�WKHUHIRUH�EH�
H[SHFWHG��EXW�WR�EH�RI�D�VPDOOHU�PDJQLWXGH���
)LQDOO\��DOWKRXJK�VLPXODWLRQV�DUH�QRW�WUXO\�UHIOHFWLYH�
RI�UHDOLW\�DQG�KDYH�VWUHQJWKV�DQG�ZHDNQHVVHV��WKHVH�
UHVXOWV�PDNH�LW�DGYLVDEOH�WR�FRQVLGHU�WKH�SRWHQWLDO�IRU�
ELDV�IURP�WKH�PHDVXUH�RI�H[SRVXUH��WKH�W\SH�RI�DJH�
PDWFKLQJ��DQG�WKH�WLPH�VFDOH�ZKHQ�XQGHUWDNLQJ�D�
VFUHHQLQJ�FDVH�FRQWURO�VWXG\��
�
�

DGGLWLRQDO�GLVFXVVLRQ�
:KLOH�WKH�DUWLFOH�RI�WKLV�FKDSWHU�VKRZV�WKDW�WKHUH�LV�DQ�
LQQDWH�VRXUFH�RI�ELDV�LQ�WKH�PHWKRG�RI�FDVH�FRQWURO�
VWXGLHV�RQ�PRUWDOLW\�HIIHFWV�RI�FDQFHU�VFUHHQLQJ��WKH�
TXHVWLRQ�DULVHV��FDQ�WKLV�ELDV�EH�UHPRYHG"�
7KH�SUREOHP�ZRXOG�EH�VROYHG�LI�IRU�VFUHHQGHWHFWHG�
FDVHV�WKH�ZLQGRZ�LQ�ZKLFK�H[SRVXUH�RI�WKH�PDWFKHG�
FRQWUROV�LV�PHDVXUHG�ZRXOG�EH�H[WHQGHG�ZLWK�WKH�
OHDG�WLPH�RI�WKH�FDVH��7KLV�OHDG�WLPH�FDQQRW�EH�
NQRZQ�IRU�LQGLYLGXDO�FDVHV��EXW�LW�FDQ�EH�HVWLPDWHG��
$�VLPLODU�LQYHVWLJDWLRQ�DV�GHVFULEHG�LQ�WKLV�FKDSWHU�
FDQ�EH�DSSOLHG�WR�DQ�H[SRVXUH�PHDVXUH�WKDW�ZRXOG�
H[WHQG�H[SRVXUH�PHDVXUH�%�ZLWK�DQ�HVWLPDWH�RI�WKH�
OHDG�WLPH��7KLV�UHVHDUFK�LV�FXUUHQWO\�EHLQJ�FDUULHG�
RXW��
$QRWKHU�SUREOHP�WKDW�UHPDLQV�LV�WKH�ELDV�FDXVHG�E\�
DQ�DVVRFLDWLRQ�EHWZHHQ�DWWHQGDQFH�WR�VFUHHQLQJ�DQG�
WKH�ULVN�RI�DFTXLULQJ�EUHDVW�FDQFHU�DQG�RU�VXUYLYDO�
IURP�EUHDVW�FDQFHU��,W�KDV�EHHQ�VKRZQ�WKDW�WKLV�VRXUFH�
RI�ELDV�FDQ�EH�FRQVLGHUDEO\�ODUJHU�WKDQ�WKDW�GHVFULEHG�
LQ�WKH�DUWLFOH�RI�WKLV�FKDSWHU��*XOOEHUJ�HW�DO��������
7KH�DSSURDFK�RI�WKDW�DUWLFOH�FDQ�DOVR�EH�DSSOLHG�WR�
UHVHDUFK�ELDV�LQ�FDVH�FRQWURO�VWXGLHV�WKDW�DULVHV�IURP�
DQ�DVVXPHG�DVVRFLDWLRQ�EHWZHHQ�DWWHQGDQFH�WR�
VFUHHQLQJ�DQG�WKH�ULVN�RI�DFTXLULQJ�EUHDVW�FDQFHU�RU�
VXUYLYDO�IURP�EUHDVW�FDQFHU��$OVR�WKLV�UHVHDUFK�LV�
FXUUHQWO\�EHLQJ�FDUULHG�RXW��
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DEVWUDFW�
SXUSRVH���
7R�LQYHVWLJDWH�WKH�YDOLGLW\�RI�FDOFXODWLQJ�SURVWDWH�
VSHFLILF�VXUYLYDO�IURP�D�SRSXODWLRQ�RI�GHDWKV�
RFFXUULQJ�GXULQJ�D�SHULRG�RI�WLPH��
PDWHULDOV�DQG�PHWKRGV��
�7KH�VWRFKDVWLF�VLPXODWLRQ�SDFNDJH�0LVFDQ�ZDV�XVHG�
WR�JHQHUDWH�D�ODUJH�QXPEHU�RI�OLIHKLVWRULHV�RI�PHQ�
ZLWK�SURVWDWH�FDQFHU��
UHVXOWV���
7KH�LQYHVWLJDWHG�ZD\�RI�FDOFXODWLQJ�VXUYLYDO�FDQ�OHDG�
WR�YHU\�GLIIHUHQW�RXWFRPHV�LQ�FRPSDULVRQ�ZLWK�WKH�
VWDQGDUG�ZD\�RI�FDOFXODWLQJ�VXUYLYDO��,Q�DQ�H[DPSOH�
ZLWK�D�'XWFK�SRSXODWLRQ�VWUXFWXUH�LW�OHDGV�WR�D�VWURQJ�
XQGHUHVWLPDWH�RI����\HDUV�VXUYLYDO��
FRQFOXVLRQV���
7KH�LQYHVWLJDWHG�ZD\�RI�FDOFXODWLQJ�VXUYLYDO�LV�
WKHRUHWLFDOO\�QRW�YDOLG�DQG�VHYHUDO�SUREDEOH�FKDQJHV�
LQ�WKH�SRSXODWLRQ�FDQ�SURGXFH�UHVXOWV�ZKLFK�DUH�YHU\�
GLIIHUHQW�IURP�WKH�VWDQGDUG�ZD\�RI�FDOFXODWLQJ�
VXUYLYDO��
�
LQWURGXFWLRQ�
7KH�KLVWRU\�RI�KXPDQ�SURVWDWH�FDQFHU�LI�QR�
LQWHQWLRQDOO\�FXUDWLYH�WUHDWPHQW�LV�DSSOLHG��LV�
XQIRUWXQDWHO\�LQFRPSOHWHO\�XQGHUVWRRG��$�QXPEHU�RI�
VWXGLHV��RI�ZKLFK��*HRUJH�������:KLWPRUH�HW�DO��
������DUH�H[DPSOHV��KDYH�EHHQ�SXEOLVKHG��DOO�RI�
ZKLFK�DUH�ELDVHG�E\�SDWLHQW�VHOHFWLRQ��7KH�RQO\�
SURVSHFWLYH�VWXG\�UHSRUWHG��-RKDQVVRQ�HW�DO��������LV�
JHQHUDOO\�WKRXJKW�WR�XQGHUHVWLPDWH�WKH�ULVN�RI�
SURVWDWH�FDQFHU�SURJUHVVLRQ�DQG�GHDWK��7KH�DYHUDJH�
DJH�LQ�WKLV�VWXG\�LV����\HDUV��DQG�SRRUO\�GLIIHUHQWLDWHG�
WXPRUV�ZHUH�H[FOXGHG�IRU�D�SHULRG�RI�WLPH��ZKLFK�
OHDGV�WR�WKH�SUHVHQFH�RI�WKHVH�DJJUHVVLYH�WXPRUV�RI�
RQO\����RI�WKH�FDVHV��,W�LV�QRW�SRVVLEOH�WR�TXDQWLI\�WKH�
ELDV�FDXVHG�E\�WKH�VHOHFWLRQ�HIIHFW��WKHUHIRUH�D�PHWD�
DQDO\VLV�RI�WKH�DYDLODEOH�OLWHUDWXUH�GDWD��&KRGDN�HW�DO��
������FDQQRW�FRUUHFW�IRU�WKHVH�SUREOHPV��WKXV�DOVR�
OHDGV�WR�DQ�XQGHUHVWLPDWH�RI�WKH�ULVN�RI�G\LQJ�IURP�
ORFDOO\�FRQILQHG�SURVWDWH�FDQFHU��
,Q�WKLV�SDUWLFXODU�VLWXDWLRQ�WKH�HIIRUW�PDGH�E\�$XV�DQG�
FR�ZRUNHUV��$XV�HW�DO��������WR�HYDOXDWH�SURVWDWH�
FDQFHU�PRUWDOLW\�IURP�D�SRSXODWLRQ�RI�DOO�PHQ�ZKR�
GLHG�LQ�D�FHUWDLQ�JHRJUDSKLF�UHJLRQ�GXULQJ�D�JLYHQ�
SHULRG�RI�WLPH�VHHPHG�WLPHO\�DQG�SURPLVHG�WR�RIIHU�
LPSRUWDQW�GDWD�WR�WKH�RQ�JRLQJ�GLVFXVVLRQ��+RZHYHU��
WKH�PHWKRGRORJ\�XVHG�LQ�WKH�HYDOXDWLRQ�GLIIHUV�
VWULNLQJO\�IURP�WKH�XVXDO�ZD\�RI�HYDOXDWLQJ�GLVHDVH�
VSHFLILF�VXUYLYDO��%HFDXVH�RI�WKLV�WKH�PHWKRG�KDV�
EHHQ�FULWLFL]HG�LQ�WKLV�MRXUQDO��EXW�ZLWKRXW�H[SODLQLQJ�
ZKDW�LV�ZURQJ�ZLWK�WKH�PHWKRG��$EUDKDPVVRQ�HW�DO��
�������2XU�VWXG\�FRPSDUHV�ERWK�DSSURDFKHV�DQG�
FRQVLGHUV�WKH�YDOLGLW\�RI�WKH�PHWKRG�RI�$XV�E\�

VLPXODWLRQ�RI�OLIHKLVWRULHV�ZLWK�D�NQRZQ�VXUYLYDO�
GLVWULEXWLRQ�DQG�FRPSDULQJ�WKH�VWDQGDUG�PHWKRG�IRU�
VXUYLYDO�HVWLPDWHV�ZLWK�$XV
�PHWKRG��,Q�WKLV�DUWLFOH�
WKH�VWDQGDUG�PHWKRG�ZLOO�EH�FDOOHG�
SURVSHFWLYH
�DQG�
WKH�PHWKRG�XVHG�E\�$XV�
UHWURVSHFWLYH
��
�
PDWHULDO�DQG�PHWKRGV�
7KH�SRSXODWLRQV�LQ�WKLV�VWXG\�FRQVLVW�RI�OLIHKLVWRULHV�
VLPXODWHG�E\�D�0LVFDQ�PRGHO�IRU�HYDOXDWLRQ�RI�
SURVWDWH�FDQFHU�VFUHHQLQJ��0LVFDQ�LV�D�VWRFKDVWLF�
VLPXODWLRQ�SDFNDJH�IRU�VLPXODWLQJ�LQGLYLGXDO�OLIH�
KLVWRULHV�RI�ZKLFK�WKH�SULQFLSOHV�KDYH�EHHQ�GHVFULEHG�
HOVHZKHUH��+DEEHPD�HW�DO���������6R�IDU�WKHUH�KDYH�
RQO\�EHHQ�SXEOLVKHG�UHVXOWV�IURP�DSSOLFDWLRQ�RI�WKH�
SDFNDJH�LQ�HYDOXDWLRQ�RI�FHUYLFDO�FDQFHU�VFUHHQLQJ�
DQG�EUHDVW�FDQFHU�VFUHHQLQJ��GH�.RQLQJ�HW�DO������D��
GH�.RQLQJ�HW�DO��������YDQ�%DOOHJRRLMHQ�HW�DO������D��
YDQ�2RUWPDUVVHQ�HW�DO���������7KH�PRGHO�XVHG�IRU�WKH�
SUHVHQW�SDSHU�LV�GHYHORSHG�IRU�WKH�HYDOXDWLRQ�RI�
SURVWDWH�FDQFHU�VFUHHQLQJ��$V�WKH�PRGHO�LV�LQWHQGHG�
SULPDULO\�IRU�HYDOXDWLRQ�RI�WKH�RQJRLQJ�UDQGRPL]HG�
VFUHHQLQJ�WULDO�LQ�5RWWHUGDP��DV�SDUW�RI�WKH�(XURSHDQ�
5DQGRPLVHG�VWXG\�RI�6FUHHQLQJ�IRU�3URVWDWH�&DQFHU���
VRPH�FKDUDFWHULVWLFV�RI�WKH�PRGHO�DSSO\�WR�WKH�'XWFK�
VLWXDWLRQ��&KDUDFWHULVWLFV�RI�WKLV�VWXG\�DUH��
7KH�PRGHO�UHSURGXFHV�DJH�VSHFLILF�LQFLGHQFH�RI�
SURVWDWH�FDQFHU�LQ�WKH�1HWKHUODQGV�LQ�WKH�SHULRG�RI�
�����������1H&D5H�������DV�ZHOO�DV�PRUWDOLW\�E\�
DJH�RI�'XWFK�PDOHV�IURP�RWKHU�FDXVHV�WKDQ�SURVWDWH�
FDQFHU���&%6��������%RWK�SURVWDWH�FDQFHU�LQFLGHQFH�
DQG�PRUWDOLW\�IURP�RWKHU�FDXVHV�DUH�DVVXPHG�WR�EH�
FRQVWDQW�RYHU�WLPH�LQ�DEVHQFH�RI�VFUHHQLQJ��
,W�VLPXODWHV�D�IXOO�G\QDPLF�SRSXODWLRQ��ZKLFK�PHDQV�
WKDW�ELUWKV�DQG�GHDWKV�RFFXU�DV�LQ�D�QRUPDO�
SRSXODWLRQ��FRQWUDU\�WR�PDQ\�RWKHU�VLPXODWLRQ�
PRGHOV�ZKLFK�UHSURGXFH�D�ELUWK�FRKRUW�LQ�ZKLFK�DJH�
RI�WKH�SRSXODWLRQ�LV�FRPSOHWHO\�SDUDOOHO�WR�FDOHQGDU�
WLPH��7KHUH�DUH�WZR�YDULDQWV�LQ�WKH�GHPRJUDSKLF�
SDWWHUQ�RI�WKH�PRGHO��2QH�ZKLFK�UHSURGXFHV�WKH�
SUHVHQW�'XWFK�DJH�GLVWULEXWLRQ�RI�PDOHV��WKH�RWKHU�
VLPXODWHV�D�SRSXODWLRQ�RI�ZKLFK�ELUWKV�DUH�XQLIRUPO\�
GLVWULEXWHG�RYHU�WLPH��
)RU�UHDVRQV�RI�VLPSOLFLW\�WKHUH�KDV�EHHQ�FKRVHQ�DQ�
DUELWUDU\�GLVHDVH�VSHFLILF�VXUYLYDO�IURP�SURVWDWH�
FDQFHU�LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��PHQ�
GLDJQRVHG�ZLWK�SURVWDWH�FDQFHU�KDYH�DQ�H[SRQHQWLDO�
GLVWULEXWLRQ�RI�FDXVH�VSHFLILF�OHWKDOLW\�IURP�SURVWDWH�
FDQFHU��WKDW�LV�����VXUYLYDO��ZLWK�D�PHDQ�GXUDWLRQ�RI�
���\HDUV��7KLV�OHDGV�WR�D�VXUYLYDO�FXUYH�ZKLFK�LV�
PRUH�RU�OHVV�VLPLODU�WR�WKH�VXUYLYDO�FXUYH�SUHVHQWHG�LQ�
WKH�SDSHU�RI�$XV�DQG�FR�ZRUNHUV�IRU�DOO�0��FDVHV��
$OVR�IRU�VLPSOLFLW\�UHDVRQV�VXUYLYDO�GRHV�QRW�GHSHQG�
RQ�DJH��



���

$OO�VXUYLYDO�UDWHV�SUHVHQWHG�LQ�WKH�VWXG\�DUH�SURVWDWH�
FDQFHU�VSHFLILF�VXUYLYDOV��7KH\�DUH�HLWKHU�FDOFXODWHG�
E\�WKH�VWDQGDUG�PHWKRG�IURP�WKH�XVXDO�SRSXODWLRQ�RI�
QHZO\�GLDJQRVHG�FDVHV��SURVSHFWLYH��RU�IURP�WKH�
SRSXODWLRQ�ZKLFK�FRQVLVWV�RI�WKRVH�PHQ�G\LQJ�
EHWZHHQ������DQG�������UHWURVSHFWLYH��ZKR�KDYH�D�
GLDJQRVLV�RI�SURVWDWH�FDQFHU��6XUYLYDO�UDWHV�ZHUH�
FDOFXODWHG�IURP�WKH�VLPXODWHG�
OLIHKLVWRULHV�E\�WKH�6366�VWDWLVWLFDO�
SURJUDP�DFFRUGLQJ�WR�WKH�.DSODQ�
0HLHU�PHWKRG��.DSODQ�DQG�0HLHU�
�������
,Q�D�YDULDQW�RI�WKH�PRGHO�VXUYLYDO�
UDWHV�VWURQJO\�LPSURYH�IRU�FDVHV�
GHWHFWHG�LQ�WKH�\HDU������RU�ODWHU��
7KLV�LV�PRGHOHG�E\�VWDUWLQJ�
VFUHHQLQJ�LQ�WKH�\HDU������ZKLFK�LV�
DSSOLHG�WR�WKH�SRSXODWLRQ�RI�PHQ�
ZKR�DUH����WR����\HDUV�ROG�ZLWK�D�
VFUHHQLQJ�LQWHUYDO��DQG�GXUDWLRQ�RI�
D�VFUHHQLQJ�URXQG��RI���\HDUV��7KH�
VFUHHQLQJ�LQ�WKLV�PRGHO�YDULDQW�LV�
DVVXPHG�WR�RQO\�OHDG�WR�HDUOLHU�
GHWHFWLRQ�RI�SURVWDWH�FDQFHU��OHDG�
WLPH���EXW�QRW�WR�LQIOXHQFH�WKH�
PRPHQW�RI�GHDWK�LQ�FRPSDULVRQ�
ZLWK�D�VLWXDWLRQ�ZKHQ�QR�VFUHHQLQJ�
ZRXOG�KDYH�RFFXUUHG��7KLV�PHDQV�
WKDW�VFUHHQLQJ�LQFUHDVHV�LQFLGHQFH�
DW�WKH�VFUHHQLQJVDJHV��EXW�GRHV�QRW�
FKDQJH�PRUWDOLW\��7KH�DVVXPSWLRQV�
RQ�SUHFOLQLFDO�GXUDWLRQ�DQG�
VHQVLWLYLW\�RI�WKH�VFUHHQLQJ�WHVW�
DGYDQFH�WKH�GLDJQRVLV�E\�DQ�
DYHUDJH�WLPH�RI���\HDUV�SHU�FDQFHU�
GHWHFWHG�DW�VFUHHQLQJ��OHDG�WLPH���
FRQVHTXHQWO\�WKH�VXUYLYDO�RI�
VFUHHQ�GHWHFWHG�FDVHV�LV�LQFUHDVHG�
E\�DQ�DYHUDJH�RI���\HDUV��
7KH�VLPXODWHG�SRSXODWLRQ�RI�
SUHVHQW�'XWFK�DJH�VWUXFWXUH�
FRQVLVWV�RI��������OLIH�KLVWRULHV�IRU�
SURVSHFWLYH�VXUYLYDO��IURP�WKLV�
SRSXODWLRQ������GLHG�LQ�WKH�SHULRG�
����������WKHUHIRUH�DUH�LQ�WKH�
SRSXODWLRQ�IRU�UHWURVSHFWLYH�
VXUYLYDO�DQG������IRU�UHWURVSHFWLYH�
VXUYLYDO�RQ�FDVHV�GLDJQRVHG�IURP�
������WKH�VWDUW�RI�WKH�6ZHGLVK�
&DQFHU�5HJLVWU\���7KH�VLPXODWHG�
SRSXODWLRQ�ZLWK�XQLIRUPO\�
GLVWULEXWHG�ELUWKV�ZLWKRXW�
VFUHHQLQJ�FRQVLVWV�RI��������OLIH�
KLVWRULHV�IRU�SURVSHFWLYH�VXUYLYDO��
RI�ZKLFK������IRU�UHWURVSHFWLYH�
VXUYLYDO��7KH�VLPXODWHG�SRSXODWLRQ�
ZLWK�XQLIRUPO\�GLVWULEXWHG�ELUWKV�
ZLWK�VFUHHQLQJ�LQWURGXFHG�LQ������

FRQVLVWV�RI��������OLIH�KLVWRULHV�IRU�SURVSHFWLYH�
VXUYLYDO�XS�WR�������DQG��������EHWZHHQ������DQG�
������DQG������IRU�UHWURVSHFWLYH�VXUYLYDO��
�
UHVXOWV�
)LJXUH�����VKRZV�WKH�UHVXOWV�IURP�SURVSHFWLYH�DQG�
UHWURVSHFWLYH�VXUYLYDO�DQDO\VLV�ZLWK�'XWFK�SRSXODWLRQ�

)LJXUH�����3URVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO�LQ�D�SRSXODWLRQ�ZLWK�
'XWFK�DJH�VWUXFWXUH�DQG�WKH�LQIOXHQFH�RI�H[FOXGLQJ�FDVHV�GLDJQRVHG�
EHIRUH������RQ�UHWURVSHFWLYH�VXUYLYDO�
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)LJXUH�����3URVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO�LQ�D�SRSXODWLRQ�LQ�
ZKLFK�ELUWKV�DUH�XQLIRUPO\�GLVWULEXWHG�RYHU�FDOHQGHU�WLPH�
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VWUXFWXUH��7KHUH�LV�FOHDUO\�D�
FRQVLGHUDEOH�GLIIHUHQFH�EHWZHHQ�
WKH�WZR�PHWKRGV��7KH�ILJXUH�DOVR�
VKRZV�WKH�GLIIHUHQFH�EHWZHHQ�
UHWURVSHFWLYH�VXUYLYDO�ZKHQ�
DSSOLHG�WR�DOO�PHQ�ZKR�GLH�
EHWZHHQ������DQG������ZLWK�D�
GLDJQRVLV�RI�SURVWDWH�FDQFHU�DQG�
ZKHQ�DSSOLHG�WR�WKH�VDPH�
SRSXODWLRQ�EXW�H[FOXGLQJ�WKRVH�
ZLWK�D�GLDJQRVLV�RI�SURVWDWH�FDQFHU�
RI�EHIRUH�WKH�VWDUW�RI�WKH�6ZHGLVK�
FDQFHU�UHJLVWU\�LQ�������7KLV�
H[FOXVLRQ�RQO\�DIIHFWV�YHU\�IHZ�
FDVHV����RXW�RI������LQ�WKLV�
SDUWLFXODU�VLPXODWLRQ��WKHUHIRUH�
WKHUH�LV�KDUGO\�DQ\�GLIIHUHQFH�LQ�
FDOFXODWHG�VXUYLYDO�DV�ORQJ�DV�WKH�
SRSXODWLRQ�XQGHU�IROORZ�XS�LV�
UHODWLYHO\�ODUJH��2QO\�DIWHU�DERXW�
���\HDUV�RI�IROORZ�XS��ZKHQ�WKH�
UHPDLQLQJ�SRSXODWLRQ�XQGHU�
IROORZ�XS�LV�OHVV�WKDQ����RI�WRWDO�
SRSXODWLRQ��WKHUH�LV�D�GLVFHUQDEOH�
GLIIHUHQFH�EHFDXVH�RI�WKLV�
H[FOXVLRQ��$QG�WKHQ�VWLOO�WKLV�GLIIHUHQFH�LV�VPDOO�LQ�
FRPSDULVRQ�ZLWK�WKH�GLIIHUHQFH�EHWZHHQ�SURVSHFWLYH�
DQG�UHWURVSHFWLYH�VXUYLYDO��
$V�VKRXOG�EH�H[SHFWHG��WKH�UHVXOWV�RI�WKH�SURVSHFWLYH�
VXUYLYDO�DQDO\VLV�UHSURGXFH�WKH�PRGHO�DVVXPSWLRQV��
����IRU����\HDUV�VXUYLYDO��H[SHFWHG��H���������LQ�
FRPSDULVRQ�ZLWK�����IRU�UHWURVSHFWLYH�VXUYLYDO�
DQDO\VLV��
:KHQ�PDNLQJ�WKH�VDPH�FRPSDULVRQ�LQ�D�SRSXODWLRQ�
ZLWK�HYHQO\�GLVWULEXWHG�ELUWKV��WKH�GLIIHUHQFH�EHWZHHQ�
WKH�WZR�PHWKRGV�GLVDSSHDUV�DV�LV�VKRZQ�LQ�ILJXUH������
7KH�VPDOO�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PHWKRGV�LV�WR�
EH�DWWULEXWHG�WR�UDQGRP�HUURU�LQ�WKH�VLPXODWHG�
RXWFRPHV��7KH����\HDUV�VXUYLYDO�LV�����LQ�ERWK�
FDVHV��
:KHQ��DVVXPHG�QRW�HIIHFWLYH��VFUHHQLQJ�LV�
LQWURGXFHG�LQ������WR�WKH�PRGHO�ZLWK�HYHQO\�
GLVWULEXWHG�ELUWKV����\HDUV�SURVSHFWLYH�VXUYLYDO�
LQFUHDVHV�IURP�����IRU�WKH�SHULRG�XS�WR������WR�����
IRU�WKH�SHULRG������������5HWURVSHFWLYH���\HDUV�
VXUYLYDO�ZLWK�FDVHV�G\LQJ�LQ�WKH�VDPH�SHULRG�LV������
WKHUHIRUH�UHSURGXFLQJ�QRW�HYHQ�KDOI�RI�WKH�LQFUHDVH�LQ�
SURVSHFWLYH���\HDUV�VXUYLYDO���ILJ�����
�
GLVFXVVLRQ�
7KH�SRSXODWLRQ�RI�SURVSHFWLYH�VXUYLYDO�FRQVLVWV�RI�D�
FRKRUW�RI�SHRSOH�ZKR�HQURO�GXH�WR�GLDJQRVLV�RI�WKH�
VWXGLHG�GLVHDVH��$OO�PHPEHUV�RI�WKLV�SRSXODWLRQ�DUH�DW�
ULVN�IRU�G\LQJ�IURP�WKH�GLVHDVH�GXULQJ�DOO�RI�WKHLU�
WLPH�RI�IROORZ�XS��WKHUHIRUH�WKH\�DUH�FRQVWLWXWLQJ�D�

SRSXODWLRQ�DW�ULVN
��,Q�UHWURVSHFWLYH�VXUYLYDO�
PHPEHUVKLS�RI�WKH�VWXG\�SRSXODWLRQ�LV�QRW�RQO\�
GHWHUPLQHG�E\�WKH�GLDJQRVLV�RI�WKH�GLVHDVH��EXW�DOVR�

E\�WKH�WLPH�RI�GHDWK��WKDW�PHDQV�WKDW�WKH�WHUPLQDO�
HYHQW�RI�WKH�VWXG\�GHWHUPLQHV�HQUROPHQW�LQWR�WKH�
VWXG\��7KLV�LV�LQ�FRQWUDGLFWLRQ�ZLWK�D�SURSHU�VWXG\�
LQWR�D�FDXVH�HIIHFW�UHODWLRQVKLS�RI�DSSHDUDQFH�RI�
GLVHDVH�DQG�G\LQJ�IURP�WKDW�GLVHDVH�LQ�ZKLFK�WKH�
HIIHFW�WR�EH�VWXGLHG�VKRXOG�QRW�LQIOXHQFH�WKH�
PHPEHUVKLS�RI�WKH�VWXG\��
,Q�D�FRPSOHWH�VWHDG\�VWDWH�ZKHQ�DOO�SDUDPHWHUV�
FRQFHUQLQJ�QXPEHUV�RI�ELUWKV�RYHU�FDOHQGHU�WLPH��
PRUWDOLW\�IURP�RWKHU�FDXVHV�WKDQ�WKH�GLVHDVH��
LQFLGHQFH�RI�WKH�GLVHDVH�DQG�VXUYLYDO�IURP�WKH�GLVHDVH�
UHPDLQ�FRQVWDQW�RYHU�WLPH��WKHQ�UHWURVSHFWLYH�
VXUYLYDO�JLYHV�WKH�VDPH�DQVZHUV�DV�SURVSHFWLYH�
VXUYLYDO��$V�VRRQ�DV�RQH�RU�PRUH�RI�WKHVH�SDUDPHWHUV�
FKDQJH�RYHU�WLPH��WKH�UHWURVSHFWLYH�VXUYLYDO�DQDO\VLV�
EHFRPHV�XQUHOLDEOH�ZKLFK�PD\�OHDG�WR�HLWKHU�DQ�RYHU��
RU�XQGHUHVWLPDWH�RI�UHDO�VXUYLYDO��
7KH�GLIIHUHQFH�EHWZHHQ�SURVSHFWLYH�DQG�UHWURVSHFWLYH�
VXUYLYDO�LQ�D�'XWFK�SRSXODWLRQ�LV�WR�EH�H[SODLQHG�DV�
IROORZV��3URVSHFWLYH�VXUYLYDO�LV�FDOFXODWHG�E\�
GHFUHDVLQJ�WKH�SURSRUWLRQ�VXUYLYLQJ�ZLWK�WKH�
PRUWDOLW\�UDWLR�IRU�HDFK�WLPH�WKDW�VRPHRQH�GLHV�IURP�
SURVWDWH�FDQFHU�IURP�VWDUW�RI�IROORZ�XS�VLQFH�
GLDJQRVLV��7KH�PRUWDOLW\�UDWLR�LV�WKH�QXPEHU�RI�GHDWKV�
GLYLGHG�E\�WKH�QXPEHU�RI�SHRSOH�DW�ULVN��
5HWURVSHFWLYH�VXUYLYDO�LV�FRPSDUDEOH�WR�WKDW��H[FHSW�
WKDW�WKH�GHQRPLQDWRU�LV�QRW�WKH�SRSXODWLRQ�DW�ULVN�RI�
G\LQJ�IURP�WKH�GLVHDVH��EXW�FRQVLVWV�RI�WKRVH�SHRSOH�
ZKR�KDYH�EHHQ�GLDJQRVHG�EHIRUH�WKH�WLPH�RI�IROORZ�
XS�XQGHU�FRQVLGHUDWLRQ��,Q�D�SRSXODWLRQ�VXFK�DV�WKH�
'XWFK��ZKHUH�WKH�QXPEHU�RI�HOGHUO\�SHRSOH�LV�
LQFUHDVLQJ��WKH�QXPEHU�RI�QHZ�FDVHV�RI�SURVWDWH�
FDQFHU�DV�ZHOO�DV�WKH�WRWDO�QXPEHU�RI�GHDWKV�LV�

)LJXUH�����7KH�LQIOXHQFH�RQ�SURVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO�RI�D�
VXGGHQ�LPSURYHPHQW�RI�VXUYLYDO�GXH�WR�LQWURGXFWLRQ�RI�VFUHHQLQJ�LQ�
�����ZLWKRXW�HIIHFW�RQ�PRUWDOLW\�
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LQFUHDVLQJ�RYHU�WLPH��7KH�
GHQRPLQDWRUV�XVHG�LQ�UHWURVSHFWLYH�
VXUYLYDO�DQDO\VLV�DUH�VPDOOHU�WKDQ�
WKH�UHDO�SRSXODWLRQ�DW�ULVN��EHFDXVH�
WKH\�FRQVLVW�RI�WKH�SRSXODWLRQ�RI�
�HOGHUO\�SHRSOH��EHIRUH�WKH�WLPH�
XQGHU�FRQVLGHUDWLRQ���
8QGHUHVWLPDWLRQ�RI�WKH�UHDO�
GHQRPLQDWRUV�OHDGV�WR�
RYHUHVWLPDWLRQ�RI�PRUWDOLW\�DQG�
WKXV�WR�XQGHUHVWLPDWLRQ�RI�
VXUYLYDO��
7KLV�PHFKDQLVP�FDQ�EH�LOOXVWUDWHG�
LQ�ILJXUH�����E\�D�VLPSOLILHG�
H[DPSOH��&RQVLGHU�WKH�SRSXODWLRQ�
ZKHUH�DW�WLPH� ���\HDU�WKHUH�DUH���
QHZ�FDVHV�RI�SURVWDWH�FDQFHU��
'XULQJ�WKH�ILUVW�\HDU�RI�IROORZ�XS�
ILUVW�RQH�PDQ�GLHV�IURP�SURVWDWH�
FDQFHU��WKHQ�RQH�GLHV�RI�RWKHU�
FDXVHV��'XULQJ�WKH�VHFRQG�\HDU�WKH�
VDPH�HYHQWV�RFFXU�LQ�WKH�VDPH�
RUGHU��DIWHU�ZKLFK�DOO�KDYH�GLHG��
7KH�GLVHDVH�VSHFLILF�SURVSHFWLYH�
VXUYLYDO�DIWHU�WKH�ILUVW�HYHQW�LV������
DIWHU�WKH�VHFRQG�HYHQW�LW�LV�����
�
���� ��������
$VVXPLQJ�WKDW�WKH�SRSXODWLRQ�
GRXEOHV�LQ�WKH�QH[W�\HDU�DQG�IRU�WKH�UHVW�DOO�UHPDLQV�
WKH�VDPH�WKHQ��$W�WLPH� ���\HDU��WKHUH�DUH���QHZ�
FDVHV�RI�SURVWDWH�FDQFHU��GXULQJ�WKH�ILUVW�\HDU��ILUVWO\�
WZR�PHQ�GLH�IURP�SURVWDWH�FDQFHU��WKHQ�WZR�GLH�RI�
RWKHU�FDXVHV��DJDLQ�WKH�VDPH�GXULQJ�WKH�VHFRQG�\HDU��
7KH�VXUYLYDO�RI�WKHVH���FDVHV�GLDJQRVHG�DW�WLPH� ���
\HDU�LV�H[DFWO\�WKH�VDPH�DV�IURP�WKH���FDVHV�
GLDJQRVHG�DW�WLPH� ���\HDU��
1RZ�ZH�WDNH�WKH�SRSXODWLRQ�RI�GHDWKV�RFFXUULQJ�IURP�
WLPH� ���\HDU�WR�WLPH� ���\HDU��ZKLFK�LV�DFFRUGLQJ�WR�
WKH�UHWURVSHFWLYH�PHWKRG�RI�VXUYLYDO�DQDO\VLV��7KRVH�
DUH�WKH�GHDWKV�GXULQJ�WKH�VHFRQG�\HDU�RI�IROORZ�XS�RI�
WKH�FDVHV�RFFXUULQJ�DW�WLPH� ���\HDU�DQG�WKH�RQHV�
GXULQJ�WKH�ILUVW�\HDU�RI�IROORZ�XS�RI�WKH�QHZ�FDVHV�
GLDJQRVHG�DW�WLPH� ���\HDU��&DOFXODWLQJ�GLVHDVH�
VSHFLILF�VXUYLYDO�IURP�WKLV�SRSXODWLRQ�JLYHV��'XULQJ�
WKH�ILUVW�\HDU�VLQFH�GLDJQRVLV���PHQ�GLH�ZKHQ�WKH�
SRSXODWLRQ�LQ�IROORZ�XS�LV����WKHUHIRUH�VXUYLYDO�LV������
GXULQJ�WKH�VHFRQG�\HDU���PDQ�GLHV�ZKHQ�WKH�
SRSXODWLRQ�LQ�IROORZ�XS�LV����WKHUHIRUH�FXPXODWLYH�
VXUYLYDO�LV�����
����� ��������ZKLFK�LV�ORZHU�WKDQ�WKDW�
RI�SURVSHFWLYH�VXUYLYDO��:KHQ�DVVXPLQJ�D�SRSXODWLRQ�
ZLWK�XQLIRUPO\�GLVWULEXWHG�ELUWKV�DV�ZHOO�DV�FRQVWDQW�
DOO�FDXVH�PRUWDOLW\��WKH�SRSXODWLRQ�S\UDPLG�H[DFWO\�
IROORZV�WKH�RYHUDOO�VXUYLYDO�IURP�ELUWK��:KHQ�
LQFLGHQFH�RI�WKH�GLVHDVH�XQGHU�FRQVLGHUDWLRQ�LV�DOVR�
FRQVWDQW��WKHQ�WKH�SRSXODWLRQ�LQ�WKH�UHWURVSHFWLYH�
VXUYLYDO�VWXG\�SDUDOOHOV�WKDW�RI�WKH�SURVSHFWLYH�
VXUYLYDO�VWXG\��OHDGLQJ�WR�HTXDOLW\�RI�WKH�RXWFRPHV�RI�
WKH�SURVSHFWLYH�DQG�UHWURVSHFWLYH�PHWKRG��

7KH�UHWURVSHFWLYH�PHWKRG�GRHV�QRW�SLFN�XS�PXFK�RI�D�
UHFHQW�LQFUHDVH�LQ�VXUYLYDO�GXH�WR�HDUO\�GHWHFWLRQ�
EHFDXVH�PRVW�RI�WKH�GHQRPLQDWRU��DOVR�GXULQJ�WKH�
ILUVW�\HDUV�RI�VXUYLYDO��LV�IURP�ROG�FDVHV��
,I�DQ�LQFUHDVH�RI�VXUYLYDO�LQ�D�VWDEOH�SRSXODWLRQ�
ZRXOG�QRW�EH�GXH�WR�HDUO\�GHWHFWLRQ�EXW�WR�LPSURYHG�
WUHDWPHQW��WKHQ�LQ�WKH�ILUVW�SHULRG�RI�IROORZ�XS�DIWHU�
GLDJQRVLV�SURVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO�ZLOO�
EH�YHU\�VLPLODU��%XW�DOVR�LQ�WKDW�FDVH�LQ�ODWHU�\HDUV�RI�
IROORZ�XS�WKH�GHQRPLQDWRUV�ZLOO�EH�ORZHU�LQ�
UHWURVSHFWLYH�VXUYLYDO�EHFDXVH�LW�FRQVLVWV�RI�PHQ�ZKR�
KDYH�EHHQ�GLDJQRVHG�LQ�HDUOLHU�\HDUV�WKDQ�WKH�\HDU�
IURP�ZKLFK�FXUUHQW�PRUWDOLW\�LV�FRQVLGHUHG��'XH�WR�
WKH�LQFUHDVLQJ�VXUYLYDO��PRUH�PHQ�KDYH�DOUHDG\�GLHG�
IURP�SURVWDWH�FDQFHU�EHIRUH�WKH�PRPHQW�RI�FRXQWLQJ�
WKH�GHQRPLQDWRU�WKDQ�LQ�WKH�WUXH�SRSXODWLRQ�DW�ULVN��
WKHUHIRUH�WKH�SRSXODWLRQ�DW�ULVN�LV�XQGHUHVWLPDWHG��
OHDGLQJ�WR�D�ORZHU�VXUYLYDO�RXWFRPH��
&RPSDULQJ�UHWURVSHFWLYH�DQG�SURVSHFWLYH�VXUYLYDO�LQ�
D�FDVH�RI�FKDQJLQJ�VXUYLYDO�RYHU�WLPH�LV�QRW�TXLWH�
VWUDLJKWIRUZDUG�EHFDXVH�WKH\�GR�QRW�XVH�WKH�VDPH�
GLVWULEXWLRQ�RYHU�WLPH�RI�GLDJQRVHG�FDVHV��,Q�D�
SRSXODWLRQ�ZLWK�LQFUHDVLQJ�VXUYLYDO�ZKLFK�LV�
RWKHUZLVH�VWDEOH��UHWURVSHFWLYH�VXUYLYDO�ZLOO�QRW�
EHFRPH�ORZHU�WKDQ�WKH�ROGHVW�SURVSHFWLYH�VXUYLYDO��
WKHUHIRUH�LQ�WKDW�FDVH�LW�PLJKW�EH�DUJXHG�LI�
UHWURVSHFWLYH�VXUYLYDO�LV�ZURQJ��
*U|QEHUJ��*U|QEHUJ�������KDV�DWWULEXWHG�WKH�
REVHUYHG�GLIIHUHQFH�EHWZHHQ�UHWURVSHFWLYH�DQG�
SURVSHFWLYH�VXUYLYDO�LQ�QRUWKHUQ�6ZHGHQ�RQO\�WR�DQ�
LQFUHDVH�LQ�VXUYLYDO��7KDW�PD\�EH�WUXH��EXW�LW�LV�QRW�

)LJXUH�����$�VLPSOH�H[DPSOH�WR�H[SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�
SURVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO�LQ�D�SRSXODWLRQ�LQ�ZKLFK�WKH�
QXPEHU�RI�QHZO\�GLDJQRVHG�FDVHV�RI�SURVWDWH�FDQFHU�LQFUHDVHV�RYHU�WLPH�
ZKLOH�VXUYLYDO�LV�FRQVWDQW�
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FHUWDLQ�DV�ORQJ�DV�QR�RWKHU�SRVVLELOLWLHV�RI�ELDV�DV�
GHVFULEHG�LQ�WKLV�DUWLFOH�KDYH�EHHQ�UXOHG�RXW��
8VLQJ�WKH�SRSXODWLRQ�VWUXFWXUH�E\�DJH�RI�*|WHERUJ�
EHWZHHQ�����������PLJKW�KDYH�OHG�WR�DQRWKHU�
GLIIHUHQFH�EHWZHHQ�SURVSHFWLYH�DQG�UHWURVSHFWLYH�
VXUYLYDO��
2WKHU�FKDQJHV�LQ�WKH�SRSXODWLRQ��QRW�WDNHQ�LQWR�
DFFRXQW�LQ�WKLV�DUWLFOH��FDQ�OHDG�WR�IXUWKHU�GLIIHUHQFHV�
EHWZHHQ�SURVSHFWLYH�DQG�UHWURVSHFWLYH�VXUYLYDO��$Q�
H[DPSOH�RI�WKDW�LV�D�FKDQJH�LQ�DJH�VSHFLILF�PRUWDOLW\�
IURP�RWKHU�FDXVHV�WKDQ�SURVWDWH�FDQFHU��ZKLFK�LV�

OLNHO\�WR�KDYH�RFFXUUHG�LQ�WKH�*RWKHQEXUJ�SRSXODWLRQ�
IURP������WR�������$�GHFUHDVLQJ�PRUWDOLW\�LQ�D�
SRSXODWLRQ�ZLWK�HYHQO\�GLVWULEXWHG�ELUWKV�ZRXOG�OHDG�
WR�DQ�RYHUHVWLPDWH�RI�VXUYLYDO�GXH�WR�D�VDPSOLQJ�ELDV�
YHU\�VLPLODU�WR�ZKDW�LV�GHVFULEHG�HDUOLHU�LQ�WKLV�
DUWLFOH��
%HFDXVH�VXUYLYDO�LV�LQWHQGHG�WR�UHSUHVHQW�ZKDW�LV�WR�
EH�H[SHFWHG�IURP�WKH�WLPH�RI�GLDJQRVLV��DQG�QRW�ZKDW�
KDV�KDSSHQHG�EHIRUH�G\LQJ��WKH�UHWURVSHFWLYH�PHWKRG�
VKRXOG�QRW�EH�FRQVLGHUHG�DV�D�YDOLG�HVWLPDWH�IRU�
VXUYLYDO��
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���$0%,*8,7,(6�,1�&$/&8/$7,1*�&$1&(5�3$7,(17�6859,9$/��
7+(�6((5�(;3(5,(1&(�)25�&2/25(&7$/�$1'�35267$7(�
&$1&(5�
DEVWUDFW�
EDFNJURXQG�
:KHQ�HVWLPDWLQJ�VXUYLYDO�IURP�FDQFHU�UHJLVWU\�GDWD��
WKHUH�DUH�VHYHUDO�GHFLVLRQV�WR�EH�PDGH�FRQFHUQLQJ�
UHFRUG�VHOHFWLRQ�DQG�PHWKRG�RI�FDOFXODWLRQ��)RU�
LQVWDQFH��VKRXOG�RQH�XVH�UHODWLYH�RU�GLVHDVH�VSHFLILF�
VXUYLYDO��KRZ�WR�KDQGOH�
DXWRSV\�RQO\
�FDVHV�DQG�
FDVHV�ZLWK�XQNQRZQ�FDXVH�RI�GHDWK��7KLV�VWXG\�
HYDOXDWHV�WKH�HIIHFWV�RI�VXFK�GHFLVLRQV�IRU�VXUYLYDO�
IURP�FRORUHFWDO�RU�SURVWDWH�FDQFHU�LQ�WKH�6((5�
SURJUDP���
PHWKRGV�
7KH�UHVHDUFK�SRSXODWLRQ�FRQVLVWV�RI�FDVHV�RI�
FRORUHFWDO�FDQFHU�DQG�SURVWDWH�FDQFHU�DV�UHSRUWHG�WR�D�
6((5�FDQFHU�UHJLVWU\�IURP������WKURXJK�������
6HYHUDO�DOWHUQDWLYH�PHWKRGV�RI�HVWLPDWLQJ�VXUYLYDO�
ZHUH�HYDOXDWHG��2QH�PHWKRG�RI�GLVHDVH�VSHFLILF�
VXUYLYDO�LV�FKRVHQ�DV�LQGH[�VFHQDULR��DQG�YDULDQWV�LQ�
WKH�VHOHFWLRQ�RI�FDQFHU�FDVHV�DQG�WKH�PHWKRG�RI�
HVWLPDWLQJ�VXUYLYDO�DUH�FRPSDUHG�WR�WKLV�LQGH[�
VFHQDULR��
UHVXOWV�
,Q�JHQHUDO��WKH�GLIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�
VXUYLYDO�HVWLPDWHV�DUH�VPDOO�IRU�FRORUHFWDO�FDQFHU�DQG�
VRPHZKDW�ODUJHU�IRU�SURVWDWH�FDQFHU��7KH�PRVW�
VXEVWDQWLDO�GLIIHUHQFHV�FRQFHUQ�GLVHDVH�VSHFLILF�
YHUVXV�UHODWLYH�VXUYLYDO�IRU�SURVWDWH�FDQFHU�DQG�WKH�
LQFOXVLRQ�RU�H[FOXVLRQ�RI�LQGLYLGXDOV�ZLWK�PRUH�WKDQ�
RQH�FDQFHU�IRU�ERWK�FDQFHUV�LQYHVWLJDWHG��
FRQFOXVLRQV�
7KHUH�LV�QR�VLQJOH�EHVW�PHWKRG�IRU�FDOFXODWLQJ�FDQFHU�
VXUYLYDO��3UDFWLFDO�VXJJHVWLRQV�IRU�FDOFXODWLQJ�FDQFHU�
VXUYLYDO�ZKHQ�XVLQJ�6((5�SURJUDP�GDWD�DUH�GHULYHG�
IURP�WKLV�VWXG\��
�
LQWURGXFWLRQ�
:KHQ�HVWLPDWLQJ�VXUYLYDO�IURP�FDQFHU�UHJLVWU\�GDWD��
WKHUH�DUH�VHYHUDO�GHFLVLRQV�WR�EH�PDGH�FRQFHUQLQJ�
UHFRUG�VHOHFWLRQ�DQG�PHWKRG�RI�FDOFXODWLRQ��7KLV�
SDSHU�RQO\�FRQFHUQV�HVWLPDWLQJ�QHW�VXUYLYDO�WKDW�LV�
LQWHQGHG�WR�VKRZ�WKH�LQIOXHQFH�RI�KDYLQJ�WKH�GLVHDVH�
LQ�TXHVWLRQ���(VWqYH�HW�DO��������7KH�SRVVLELOLWLHV�RI�
HVWLPDWLQJ�QHW�VXUYLYDO�GHSHQG�RQ�VSHFLILF�
LQIRUPDWLRQ�DYDLODEOH�IURP�WKH�UHJLVWU\�LQ�TXHVWLRQ��
7KH�6((5�SURJUDP�GDWD�FRQWDLQ�D�VXIILFLHQW�OHYHO�RI�
GHWDLO�WR�HYDOXDWH�KRZ�D�YDULHW\�RI�GHFLVLRQV�OHDG�WR�
GLIIHUHQW�VXUYLYDO�HVWLPDWHV��ZKLFK�UHFRUGV�RI�
SULPDU\�FDQFHUV�VKRXOG�EH�FRQVLGHUHG��VKRXOG�RQH�
XVH�UHODWLYH�RU�GLVHDVH�VSHFLILF�VXUYLYDO��DQG�LQ�FDVH�
RI�WKH�ODWWHU��ZKDW�LV�WKH�ULJKW�GHILQLWLRQ�RI�GLVHDVH�
VSHFLILF�GHDWK��KRZ�WR�KDQGOH�
DXWRSV\�RQO\
�FDVHV��

GHDWK�FHUWLILFDWH�RQO\
�FDVHV�DQG�FDVHV�ZLWK�XQNQRZQ�
FDXVH�RI�GHDWK�RU�ZLWK�QR�NQRZQ�GHDWK�FHUWLILFDWH"�

7KH�EHVW�FKRLFH�PD\�GHSHQG�RQ�WKH�SXUSRVH�RI�WKH�
VXUYLYDO�HVWLPDWH��6XUYLYDO�HVWLPDWHV�FDQ��IRU�
LQVWDQFH��EH�XVHG�IRU�VWXG\LQJ�WLPH�WUHQGV��LQ�RUGHU�WR�
PRQLWRU�WKH�HYHQWXDO�HIIHFW�RI�GLVVHPLQDWLRQ�RI�D�QHZ�
WKHUDS\�RU�IRU�VWXG\LQJ�WKH�HIIHFW�RI�VWDJH�DW�
GLDJQRVLV�RU�WKDW�RI�VRFLR�HFRQRPLF�VWDWXV��2XU�
UHVHDUFK�ZDV�LQLWLDWHG�LQ�UHVSRQVH�WR�WKH�SUREOHP�RI�
HVWLPDWLQJ�WKH�SRVVLEOH�HIIHFWV�RI�VFUHHQLQJ��EXW�ZH�
ZLOO�DOVR�GLVFXVV�DOWHUQDWLYH�SXUSRVHV�WKDW�PD\�OHDG�WR�
VHOHFWLQJ�D�GLIIHUHQW�PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO��
6SHFLILFDOO\��WKLV�VWXG\�IRFXVHV�RQ���\HDU�VXUYLYDO�
IURP�FRORUHFWDO�FDQFHU�DQG����\HDU�VXUYLYDO�IURP�
SURVWDWH�FDQFHU��&RORUHFWDO�FDQFHU�ZDV�FKRVHQ�DV�D�
FRPPRQ�FDQFHU�LQ�ZKLFK�UHODWLYHO\�IHZ�GLIILFXOWLHV�
FRQFHUQLQJ�VXUYLYDO�HVWLPDWHV�DUH�WR�EH�H[SHFWHG��
3URVWDWH�FDQFHU�LV�DOVR�FRPPRQ�EXW��LQ�FRQWUDVW�WR�
FRORUHFWDO�FDQFHU��FDQ�EH�H[SHFWHG�WR�EH�DFFRPSDQLHG�
E\�PRUH�DPELJXLWLHV�FRQFHUQLQJ�VXUYLYDO�FDOFXODWLRQ�
EHFDXVH�WKH�FDXVH�RI�GHDWK�RI�D�SURVWDWH�FDQFHU�
SDWLHQW�LV�RIWHQ�OHVV�FOHDU�DQG�PRUWDOLW\�IURP�WKH�
FDQFHU�GRHV�QRW�GHFUHDVH�DV�UDSLGO\�ZLWK�WLPH�VLQFH�
GLDJQRVLV�DV�LQ�PRVW�RWKHU�FDQFHUV��
�
PDWHULDO�DQG�PHWKRGV�
7KH�UHVHDUFK�SRSXODWLRQ�FRQVLVWV�RI�FDVHV�RI�
FRORUHFWDO�FDQFHU�DQG�SURVWDWH�FDQFHU�DV�UHSRUWHG�WR�D�
6((5�FDQFHU�UHJLVWU\�IURP������WKURXJK�������
�1DWLRQDO�&DQFHU�,QVWLWXWH�������$�FDVH�RI�FRORUHFWDO�
FDQFHU�LV�GHILQHG�E\�WKH�FRGHV�IRU�
SULPDU\�VLWH
�RI�
&�����WKURXJK�&�����DQG�SURVWDWH�FDQFHU�LV�GHILQHG�
E\�FRGH�&������3HUF\�HW�DO������D���
7KH�LQGH[�VFHQDULR�ZDV�FKRVHQ�VR�WKDW�WKH�RWKHU�
PHWKRGV�RI�FDOFXODWLQJ�VXUYLYDO�XVHG�LQ�WKLV�VWXG\�
FRXOG�EH�GHULYHG�E\�VLPSOH�DOWHUDWLRQV��7KLV�LQGH[�
VFHQDULR�LV�GLVHDVH�VSHFLILF�VXUYLYDO�ZLWK�WKH�
IROORZLQJ�H[FOXVLRQV��LQ�SDUHQWKHVHV�LV�WKH�H[DFW�
FRGLQJ�RI�WKH�H[FOXVLRQ���FDUFLQRPD�LQ�VLWX��KLVWRULF�
VWDJH� �����FDVHV�ZLWK�XQNQRZQ�VXUYLYDO��VXUYLYDO�
WLPH� ��������FDVHV�ZLWK�PRUH�WKDQ�RQH�SULPDU\�
FDQFHU�DW�WKH�WLPH�RI�ODVW�IROORZ�XS��VHTXHQFH�
QXPEHU�!�����FDVHV�ZLWKRXW�D�GHDWK�FHUWLILFDWH�RU�
OLVWLQJ�DYDLODEOH�WR�6((5��XQGHUO\LQJ�FDXVH�RI�GHDWK�
LV�������FDVHV�ZLWK�D�GHDWK�FHUWLILFDWH�EXW�ZLWKRXW�D�
FRGHG�FDXVH�RI�GHDWK��XQGHUO\LQJ�FDXVH�RI�GHDWK�LV�
�������FDQFHUV�GHWHFWHG�DW�DXWRSV\�RQO\��W\SH�RI�
UHSRUWLQJ�VRXUFH� �����FDVHV�NQRZQ�E\�GHDWK�
FHUWLILFDWH�RQO\��W\SH�RI�UHSRUWLQJ�VRXUFH� �����DQG�
LQGLYLGXDOV�FRGHG�WR�EH�RI�
RWKHU�UDFH
�DFFRUGLQJ�WR�
5DFH�UHFRGH�%��UDFH� ����WKURXJK�����RU�RI�XQNQRZQ�
UDFH��UDFH� ������OHDYLQJ�LQGLYLGXDOV�LGHQWLILHG�DV�
ZKLWH��EODFN��$PHULFDQ�,QGLDQ��$ODVNDQ�1DWLYH��
&KLQHVH��-DSDQHVH��)LOLSLQR�DQG�+DZDLLDQ��
7DEOH�����VKRZV�WKH�QXPEHU�RI�SULPDU\�FDQFHUV�
SUHVHQW�LQ�WKH�6((5�SURJUDP��WKH�QXPEHUV�RI�
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SULPDU\�FDQFHUV�H[FOXGHG�IRU�WKH�LQGH[�VFHQDULR�RI�
VXUYLYDO�FDOFXODWLRQ�DQG�WKH�QXPEHU�RI�FDVHV�
UHPDLQLQJ��6RPH�FDQFHUV�DUH�H[FOXGHG�IRU�PRUH�WKDQ�
RQH�UHDVRQ��WKHUHIRUH�WKH�UHPDLQLQJ�QXPEHU�RI�FDVHV�
SOXV�WKH�VXP�RI�WKH�QXPEHUV�RI�H[FOXVLRQV�LV�ODUJHU�
WKDQ�WKH�LQLWLDO�QXPEHU�RI�FDQFHUV��
'LVHDVH�VSHFLILF�VXUYLYDO�LV�FDOFXODWHG�E\�WKH�
DFWXDULDO�PHWKRG�ZLWK�RQH�PRQWK�LQWHUYDOV�VLQFH�
VXUYLYDO�WLPH�LV�FRGHG�LQ�PRQWKV�E\�6((5��$OO�
FDXVHV�RI�GHDWK�GXH�WR�FDQFHU��XQGHUO\LQJ�FDXVH�RI�
GHDWK�������WKURXJK��������DUH�FRXQWHG�DV�GHDWK�GXH�
WR�WKH�GLVHDVH�XQGHU�VWXG\��
9DULDQWV�LQ�WKH�VHOHFWLRQ�RI�FDQFHU�FDVHV�DQG�WKH�
PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO�DUH�GHVFULEHG�E\�ZKDW�
LV�FKDQJHG�UHODWLYH�WR�WKLV�LQGH[�VFHQDULR��
�
UHODWLYH�VXUYLYDO�
7KH�LQGH[�VFHQDULR�XVHV�GLVHDVH�VSHFLILF�VXUYLYDO�DQG�
WUHDWV�GHDWKV�IURP�FDXVHV�RWKHU�WKDQ�WKH�GLVHDVH�LQ�
TXHVWLRQ�DV�
ORVW�WR�IROORZ�XS
�DV�WKH�FDVH�GRHV�QRW�
FRQWULEXWH�DQ\�IXUWKHU�WR�WKH�SHUVRQ�\HDUV�DW�ULVN�RI�
G\LQJ�IURP�WKH�GLVHDVH��5HODWLYH�VXUYLYDO�LV�
FDOFXODWHG�E\�GLYLGLQJ�REVHUYHG�VXUYLYDO�E\�H[SHFWHG�
VXUYLYDO��(GHUHU�HW�DO��������([SHFWHG�VXUYLYDO��
ZKLFK�ZRXOG�KDYH�DSSOLHG�LI�WKH�SDWLHQW�ZRXOG�QRW�
KDYH�WKH�GLVHDVH�LQ�TXHVWLRQ��LV�GHULYHG�IURP�WKH�WRWDO�
SRSXODWLRQ�RI�SHRSOH�IURP�ZKLFK�WKH�GLDJQRVHG�FDVHV�
ZHUH�GUDZQ��
+HUH��UHODWLYH�VXUYLYDO�ZDV�FDOFXODWHG�E\�XVLQJ�
6((5
6WDW��D�3&�EDVHG�VXUYLYDO�V\VWHP�SURYLGHG�E\��
1&,��1DWLRQDO�&DQFHU�,QVWLWXWH�������ZLWK�WKH�VDPH�
H[FOXVLRQV�DV�WKH�LQGH[�VFHQDULR��
�
QXPEHU�RI�FDQFHUV�LQ�RQH�LQGLYLGXDO�
,Q�WKH�LQGH[�VFHQDULR�DOO�LQGLYLGXDOV�ZLWK�D�KLVWRU\�RI�
PRUH�WKDQ�RQH�FDQFHU�DW�DQ\�VLWH�ZHUH�H[FOXGHG�IURP�
VXUYLYDO�FDOFXODWLRQV��7ZR�YDULDQWV�ZHUH�VWXGLHG��WKH�
ILUVW�FRQVLGHUHG�HDFK�SULPDU\�FRORUHFWDO�FDQFHU�RU�
SURVWDWH�FDQFHU��DQG�WKH�VHFRQG�FRQVLGHUHG�RQO\�WKH�
ILUVW�LQYDVLYH�FRORUHFWDO�RU�SURVWDWH�FDQFHU�LQ�DQ�
LQGLYLGXDO��$Q�LQGLYLGXDO�LV�GHILQHG�DV�D�VHW�RI�
UHFRUGV�ZLWK�WKH�VDPH�SDUWLFLSDQW�QXPEHU�DQG�WKH�
VDPH�FDVH�QXPEHU��,I�PRUH�WKDQ�RQH�FDQFHU�RI�WKH�
VDPH�VLWH�ZDV�GLDJQRVHG�DW�WKH�VDPH�WLPH��WKHQ�RQO\�
WKH�RQH�ZLWK�WKH�ZRUVW�VWDJH�LV�FRQVLGHUHG�ZKHUH�WKH�
RUGHU�RI�LQFUHDVLQJ�VHYHULW\�RI�VWDJH�LV�FKRVHQ�WR�EH��
ORFDOL]HG��UHJLRQDO��XQVWDJHG��GLVWDQW��
�
GLVHDVH�VSHFLILF�GHDWK�
,Q�WKH�LQGH[�VFHQDULR��WKH�ZLGHVW�GHILQLWLRQ�IRU�
GLVHDVH�VSHFLILF�GHDWK�LV�XVHG��DOO�FDQFHU�GHDWKV�DUH�
FRQVLGHUHG�WR�EH�GLVHDVH�VSHFLILF�GHDWK��$V�ORQJ�DV�
RQO\�LQGLYLGXDOV�DUH�FRQVLGHUHG�ZLWK�QR�PRUH�WKDQ�
RQH�SULPDU\�FDQFHU�DW�WKH�HQG�RI�IROORZ�XS��WKLV�
VHHPV�UHDVRQDEOH��,I�VRPHRQH�LV�DWWULEXWHG�WR�KDYH�
GLHG�IURP�D�GLIIHUHQW�FDQFHU�WKDQ�WKH�RQO\�RQH�WKDW�
ZDV�GLDJQRVHG��LW�FDQ�EH�UHJDUGHG�DV�SUREDEO\�DQ�
HUURU�RQ�WKH�GHDWK�FHUWLILFDWH��,Q�RUGHU�WR�FKHFN�WKH�

H[WHQW�WR�ZKLFK�WKLV�LQIOXHQFHV�WKH�HVWLPDWHV��WZR�
YDULDQWV�RI�GLVHDVH�VSHFLILF�GHDWK�DUH�FRQVLGHUHG��D�
QDUURZ�GHILQLWLRQ�LQ�ZKLFK�GLVHDVH�VSHFLILF�GHDWK�
IURP�FRORUHFWDO�FDQFHU�LV�GHILQHG�DV�FDXVH�RI�GHDWK�
IURP�FRORQ�FDQFHU�RU�UHFWDO�FDQFHU��������WKURXJK�
�������RU�IURP�XQVSHFLILHG�RUJDQV�RI�WKH�WUDFWXV�
GLJHVWLYXV��������WKURXJK���������GHDWK�IURP�SURVWDWH�
FDQFHU�WKHQ�LV�GHILQHG�DV�VLPSO\�IURP�SURVWDWH�FDQFHU�
�������WKURXJK���������7KH�ZLGHU�GHILQLWLRQ�RI�
GLVHDVH�VSHFLILF�GHDWK�IRU�FRORUHFWDO�FDQFHU�DV�ZHOO�DV�
SURVWDWH�FDQFHU�LQFOXGHV�GHDWK�VSHFLILHG�DV�PHWDVWDVHV�
�������WKURXJK���������
%HFDXVH�RI�SRVVLEOH�LQWHUDFWLRQ�EHWZHHQ�WKH�WKUHH�
GHILQLWLRQV�RI�GLVHDVH�VSHFLILF�GHDWK��QDUURZ��ZLGHU�
DQG�LQGH[�VFHQDULR�ZLGHVW��DQG�WKUHH�VHOHFWLRQV�
DFFRUGLQJ�WR�QXPEHU�RI�SULPDU\�FDQFHUV�DW�WKH�HQG�R�
IROORZ�XS��RQH�SULPDU\�RQO\��RQO\�WKH�ILUVW�SULPDU\�
RI�WKH�FDQFHU�VLWH�DQG�DOO�FDQFHUV�RI�WKH�VLWH�LQ�
TXHVWLRQ���DOO�QLQH�FRPELQDWLRQV�DUH�FRQVLGHUHG��
�
FDVHV�GHWHFWHG�DW�DXWRSV\�
6RPH�SULPDU\�FDQFHUV�DUH�UHJLVWHUHG�DV�GHWHFWHG�RQO\�
DW�DXWRSV\��0RVW�RI�WKHVH�FDQFHUV�DUH�QRW�FRQVLGHUHG�
WR�KDYH�FDXVHG�WKH�GHDWK�RI�WKH�LQGLYLGXDO��7KH\�
VKRXOG�EHVW�EH�UHJDUGHG�DV�SUHYDOHQW�FDVHV�RI�GLVHDVH�
WKDW�DSSDUHQWO\�GLG�QRW�\HW�FDXVH�DQ\�KDUP�WR�WKH�
LQGLYLGXDO��+RZHYHU��VRPH�RI�WKHVH�FDQFHUV�DUH�
DWWULEXWHG�WR�KDYH�FDXVHG�WKH�GHDWK�RI�WKH�LQGLYLGXDO��
,Q�RQH�YDULDQW�WKH�ODWWHU�FDWHJRU\�RI�FDQFHUV�LV�
LQFOXGHG�LQ�WKH�VXUYLYDO�HVWLPDWH�DQG�DWWULEXWHG�D�
VXUYLYDO�RI���PRQWKV��
�
FDVHV�NQRZQ�E\�GHDWK�FHUWLILFDWH�RQO\�
'HDWK�FHUWLILFDWH�RQO\�FDVHV�DUH�FDVHV�LQ�ZKLFK�WKH�
SDWLHQW�KDV�D�FDXVH�RI�GHDWK�RI�FDQFHU��EXW�IROORZ�

WDEOH�����1XPEHU�RI�SULPDU\�FDQFHUV�LQ�WKH�6((5�
SURJUDP�IURP������WKURXJK�������QXPEHUV�RI�
H[FOXVLRQV�IRU�WKH�LQGH[�VFHQDULR�RI�VXUYLYDO�FDOFXODWLRQ�
DQG�UHPDLQLQJ�QXPEHU�RI�FDVHV�
�

� FRORUHFWDO�
FDQFHU�

SURVWDWH�
FDQFHU�

WRWDO�QXPEHU�RI�FDVHV� �������� ��������
H[FOXVLRQ�EHFDXVH�RI��

FDUFLQRPD�LQ�VLWX�
�

�������
�

����
XQNQRZQ�VXUYLYDO� ������ ������

VHTXHQFH�QXPEHU�!��� ������� �������
QR�GHDWK�FHUWLILFDWH� ������ ������

XQNQRZQ�FDXVH�RI�GHDWK� ���� ����
DXWRSV\�RQO\�DQG�FDQFHU�GHDWK� ���� ����
DXWRSV\�RQO\�DQG�GHDWK�IURP�

RWKHU�FDXVHV� ���� ������
GHDWK�FHUWLILFDWH�RQO\� ������ ������

RWKHU�UDFH� ������ ����
XQNQRZQ�UDFH� ������ ������

UHPDLQLQJ�FDVHV�LQ�LQGH[�
VFHQDULR�

�
��������

�
��������

�
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EDFN�ZLWK�WKH�KRVSLWDO�DQG�SK\VLFLDQ�GLG�QRW�\LHOG�
HYLGHQFH�RI�D�FDQFHU�GLDJQRVLV��:H�LQFOXGHG�
GHDWK�
FHUWLILFDWH�RQO\
�RQO\�LI�FDQFHU�LV�DFWXDOO\�PHQWLRQHG�
DV�WKH�XQGHUO\LQJ�FDXVH�RI�GHDWK��6LQFH�WKH�GDWH�RI�
GLDJQRVLV�LV�QRW�NQRZQ��WKH�VXUYLYDO�WLPH�LV�
XQNQRZQ��,Q�RUGHU�WR�FKHFN�ZKDW�LV�WKH�PD[LPXP�
SRVVLEOH�HUURU�E\�H[FOXGLQJ�WKHVH�FDVHV��DV�LQ�WKH�
LQGH[�VFHQDULR���LQ�WZR�YDULDQWV�WKHVH�FDVHV�DUH�
LQFOXGHG�E\�DVVXPLQJ�WR�KDYH�GLVHDVH�VSHFLILF�
VXUYLYDO�RI���PRQWKV�RQ�WKH�RQH�KDQG�DQG�RQ�WKH�
RWKHU�KDQG�D�VXUYLYDO�IRU�DW�OHDVW�WKH�VXUYLYDO�SHULRG�
LQ�FRQVLGHUDWLRQ����RU����\HDUV���7KH�ODWWHU�SRVHV�D�
SUREOHP�IRU�DWWULEXWLQJ�WKH�ULJKW�DJH�RI�GLDJQRVLV��)RU�
UHDVRQV�RI�VLPSOLFLW\��WKH�DJH�RI�GHDWK�LV�FKRVHQ�DV�
WKH�DJH�RI�GLDJQRVLV���
�
FDVHV�ZLWKRXW�GHDWK�FHUWLILFDWH�RU�ZLWKRXW�FRGHG�
FDXVH�RI�GHDWK�
,Q�WKH�LQGH[�VFHQDULR��FDVHV�WKDW�GLG�QRW�KDYH�D�GHDWK�
FHUWLILFDWH�RU�ZKHUH�WKHUH�ZDV�QR�FRGHG�FDXVH�RI�
GHDWK�DUH�QRW�LQFOXGHG�LQ�WKH�VXUYLYDO�HVWLPDWH��,Q�WZR�
YDULDQWV��WKHVH�FDVHV�DUH�LQFOXGHG�LQ�WKH�HVWLPDWH��RQH�
DVVXPHG�DOO�GHDWKV�ZHUH�GLVHDVH�VSHFLILF�DQG�RQH�
DVVXPHG�DOO�GHDWKV�ZHUH�IURP�RWKHU�FDXVHV��
�
LQGLYLGXDOV�RI�
RWKHU�UDFH
�RU�RI�XQNQRZQ�UDFH�
$V�D�YDULDQW�WR�WKH�LQGH[�VFHQDULR��FDQFHU�FDVHV�IURP�
LQGLYLGXDOV�RI�
RWKHU�UDFH
�RU�RI�XQNQRZQ�UDFH�DUH�
LQFOXGHG�LQ�WKH�FDQFHU�VXUYLYDO�HVWLPDWH��
�
UHVXOWV�
$Q�RYHUYLHZ�RI�WKH�RXWFRPHV�RI�WKH�GLIIHUHQW�
PHWKRGV�RI�VXUYLYDO�HVWLPDWLRQ�DUH�JLYHQ�LQ�WDEOH�����
IRU�FRORUHFWDO�FDQFHU�DQG�LQ�WDEOH�����IRU�SURVWDWH�
FDQFHU��
,Q�JHQHUDO��WKH�GLIIHUHQFHV�EHWZHHQ�WKH�RXWFRPHV�IRU�
FRORUHFWDO�FDQFHU�DUH�VPDOO��7KH�GLIIHUHQFHV�DUH�
VRPHZKDW�ODUJHU�DPRQJ�WKH�XQVWDJHG�FDVHV�DQG�
DPRQJ�ROGHU�LQGLYLGXDOV��7KH�GLIIHUHQFHV�EHWZHHQ�
WKH�RXWFRPHV�IRU�SURVWDWH�FDQFHU�DUH�ODUJHU�WKDQ�IRU�
FRORUHFWDO�FDQFHU��7KHUH�WKH\�GR�QRW�FRQFHQWUDWH�VR�
PXFK�LQ�WKH�XQVWDJHG�FDVHV�EXW�DOVR�IRU�SURVWDWH�
FDQFHU�WKH�GLIIHUHQFHV�DUH�ODUJHU�DPRQJ�ROGHU�PHQ�
WKDQ�DPRQJ�\RXQJHU�RQHV��
�
GLVHDVH�VSHFLILF�YHUVXV�UHODWLYH�VXUYLYDO�
7KH�GLIIHUHQFHV�EHWZHHQ�GLVHDVH�VSHFLILF�DQG�UHODWLYH�
VXUYLYDO�RI�FRORUHFWDO�FDQFHU�DUH�VPDOO��8QGHU�DJH����
WKH\�DUH�HTXDO�H[FHSW�IRU�WKH�IDFW�WKDW��ZKHQ�
FRPSDUHG�ZLWK�GLVHDVH�VSHFLILF�VXUYLYDO��WKH�VWDJHG�
FDVHV�KDYH�D�VOLJKWO\�KLJKHU�UHODWLYH�VXUYLYDO�
FRPSHQVDWHG�E\�D�ORZHU�UHODWLYH�VXUYLYDO�RI�XQVWDJHG�
FDVHV��$PRQJ�ROGHU�LQGLYLGXDOV�UHODWLYH�VXUYLYDO�
WHQGV�WR�EH�KLJKHU�WKDQ�GLVHDVH�VSHFLILF�VXUYLYDO���
)RU�SURVWDWH�FDQFHUV�WKH�GLIIHUHQFHV�DUH�PXFK�ODUJHU��
,Q�DOO�VWDJHV�DQG�DJH�FDWHJRULHV�IRU�ZKLFK�VXUYLYDO�
ZDV�HVWLPDWHG��UHODWLYH�VXUYLYDO�VKRZV�KLJKHU�
RXWFRPHV�WKDQ�GLVHDVH�VSHFLILF�VXUYLYDO��H[FHSW�IRU�

FDVHV�ZLWK�GLVWDQW�PHWDVWDVHV�XQGHU�DJH�����7KH�
GLIIHUHQFHV�DUH�ODUJHU�WKDQ�����IRU�VRPH�FDWHJRULHV��
�
QXPEHU�RI�FDQFHUV�LQ�RQH�LQGLYLGXDO�
$PRQJ�WKH��������SHRSOH�ZKR�KDG�D�ILUVW�FRORUHFWDO�
FDQFHU�IROORZHG�E\�GLDJQRVLV�RI�RQH�RU�PRUH�IXUWKHU�
FDQFHUV��VHTXHQFH�QXPEHU� �����VXUYLYDO�LV�������LQ�
FRPSDULVRQ�WR�������IRU�WKRVH�ZKR�KDG�RQO\�RQH�
SULPDU\�FDQFHU�DW�WKH�HQG�RI�IROORZ�XS��VHTXHQFH�
QXPEHU� �����7KH��������FDVHV�RI�FRORUHFWDO�FDQFHU�
WKDW�DUH�GLDJQRVHG�DPRQJ�LQGLYLGXDOV�ZLWK�D�SUHYLRXV�
KLVWRU\�RI�FDQFHU��VHTXHQFH�QXPEHU�!����VKRZ�D�
VOLJKWO\�ORZHU���\HDU�VXUYLYDO�RI��������
,I�RQO\�ILUVW�FRORUHFWDO�FDQFHUV�DUH�WDNHQ�LQWR�DFFRXQW�
WKHVH�ILJXUHV�GR�QRW�FKDQJH�PXFK��������IRU�SHRSOH�
ZKR�KDG�D�ILUVW�FRORUHFWDO�FDQFHU�IROORZHG�E\�
GLDJQRVLV�RI�RQH�RU�PRUH�IXUWKHU�FDQFHUV�DQG�������
IRU�SHRSOH�ZKR�DOUHDG\�KDYH�D�KLVWRU\�RI�DQRWKHU�W\SH�
RI�FDQFHU��
7KH��������FDVHV�RI�SURVWDWH�FDQFHU�DPRQJ�SHRSOH�
ZKR�KDG�D�ILUVW�SURVWDWH�FDQFHU�IROORZHG�E\�GLDJQRVLV�
RI�RQH�RU�PRUH�IXUWKHU�FDQFHUV�KDYH�D����\HDU�
VXUYLYDO�RI���������FRPSDUHG�WR�������IRU�WKH�
SHRSOH�RQO\�RQH�FDQFHU���WKH��������FDVHV�ZLWK�
SUHYLRXV�KLVWRU\�RI�FDQFHU�KDYH�D�VXUYLYDO�RI��������
7DEOH�����DQG�����VKRZ�DQ�H[SHFWHG�WHQGHQF\�IRU�
VXUYLYDOV�IURP�FDQFHUV�ZLWK�PRUH�IDYRUDEOH�VWDJHV�WR�
EH�PRUH�LQIOXHQFHG�E\�RWKHU�FDQFHUV�WKDQ�WKDW�RI�
PRUH�XQIDYRUDEOH�VWDJHV��
�
GLVHDVH�VSHFLILF�GHDWK�
2I�WKH�LQGLYLGXDOV�ZLWK�FRORUHFWDO�FDQFHU�VHOHFWHG�
DFFRUGLQJ�WR�WKH�LQGH[�VFHQDULR�ZKR�GLH�ZLWKLQ���
\HDUV�IURP�FDQFHU���������KDYH�D�FDXVH�RI�GHDWK�
DFFRUGLQJ�WR�WKH�QDUURZ�GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�
GHDWK��FRORQ�RU�UHFWDO�FDQFHU��RU�WUDFWXV�GLJHVWLYXV�
XQVSHFLILHG��������DUH�DWWULEXWHG�WR�KDYH�GLHG�IURP�
PHWDVWDVHV�DQG������IURP�RWKHU�FDQFHU�GHDWK��2I�
FRORUHFWDO�FDQFHU�FDVHV�ZKHUH�WKH�FDQFHU�LV�WKH�ILUVW�
DPRQJ�PRUH�WKDQ�RQH�FDQFHU�DQG�ZKR�GLH�ZLWKLQ���
\HDUV�IURP�FDQFHU��RQO\��������GLH�IURP�FRORQ�RU�
UHFWDO�FDQFHU��RU�WUDFWXV�GLJHVWLYXV�XQVSHFLILHG��)RU�
FDVHV�ZLWK�D�SUHYLRXV�FDQFHU��WKLV�LV��������7KH�
IUDFWLRQ�DWWULEXWHG�WR�G\LQJ�IURP�PHWDVWDVHV�GRHV�QRW�
GHSHQG�VWURQJO\�RQ�VHTXHQFH�QXPEHU�������IRU�ILUVW�
DPRQJ�PRUH�FDVHV�DV�ZHOO�DV�IRU�FDVHV�ZLWK�D�
SUHYLRXV�FDQFHU��2I�FRXUVH��WKH�IUDFWLRQ�G\LQJ�IURP�
RWKHU�FDQFHUV�LV�PXFK�KLJKHU�DPRQJ�WKRVH�ZLWK�PRUH�
WKDQ�RQH�FDQFHU��������IRU�ILUVW�FDVHV�DQG�������IRU�
ODWHU�FDVHV��
2I�WKH�LQGLYLGXDOV�ZLWK�SURVWDWH�FDQFHU�VHOHFWHG�
DFFRUGLQJ�WR�WKH�LQGH[�VFHQDULR�ZKR�GLH�ZLWKLQ����
\HDUV�IURP�FDQFHU��WKH�ILJXUHV�DUH�YHU\�VLPLODU�WR�
WKRVH�RI�FRORUHFWDO�FDQFHU��������DUH�FODVVLILHG�DV�
KDYLQJ�GLHG�IURP�SURVWDWH�FDQFHU�������IURP�
PHWDVWDVHV�DQG������IURP�RWKHU�FDQFHU�GHDWK��
%HFDXVH�SURVWDWH�FDQFHU�VXUYLYDO�LQ�WKLV�VWXG\�LV�
HVWLPDWHG�IRU�D�IROORZ�XS�SHULRG�WZLFH�DV�ORQJ�DV�WKDW��



���

IRU�FRORUHFWDO�FDQFHU��WKHUH�LV�PRUH�RSSRUWXQLW\�WR�GLH�
IURP�RWKHU�FDQFHUV�IRU�WKRVH�LQGLYLGXDOV�ZKR�KDYH�
PRUH�WKDQ�RQH�FDQFHU��2I�SURVWDWH�FDQFHU�FDVHV�ZKHUH�
SURVWDWH�FDQFHU�LV�WKH�ILUVW�DPRQJ�PRUH�WKDQ�RQH�
FDQFHU�DQG�ZKR�GLH�RI�FDQFHU�ZLWKLQ����\HDUV��RQO\�
������GLH�IURP�SURVWDWH�FDQFHU�DQG�IRU�SURVWDWH�
FDQFHU�FDVHV�ZLWK�D�KLVWRU\�RI�RWKHU�FDQFHU���������
7KH�IUDFWLRQ�DWWULEXWHG�WR�G\LQJ�IURP�PHWDVWDVHV�
DPRQJ�LQGLYLGXDOV�ZLWK�SURVWDWH�FDQFHU�LV�FOHDUO\�
KLJKHU�LI�RQH�KDV�PRUH�WKDQ�RQH�FDQFHU�������IRU�ILUVW�
FDVHV�DQG������IRU�ODWHU�FDVHV��$OVR�KHUH��WKH�IUDFWLRQ�
G\LQJ�IURP�RWKHU�FDQFHUV�LV�PXFK�KLJKHU�DPRQJ�
WKRVH�ZLWK�PRUH�WKDQ�RQH�FDQFHU��������IRU�ILUVW�
FDVHV�DQG�������IRU�ODWHU�FDVHV��
%HFDXVH�IHZ�LQGLYLGXDOV�ZKR�GLH�ZLWK�RQO\�RQH�
FDQFHU�DUH�DWWULEXWHG�WR�G\LQJ�IURP�PHWDVWDVLV�RU�
G\LQJ�IURP�DQRWKHU�FDQFHU�WKDQ�WKH\�DFWXDOO\�KDYH��
VXUYLYDO�HVWLPDWHV�GR�QRW�EHFRPH�D�ORW�KLJKHU�ZKHQ�
DSSO\LQJ�WKH�QDUURZ�GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�
GHDWK�DV�FRPSDUHG�WR�WKH�LQGH[�VFHQDULR�RI�
FRQVLGHULQJ�DOO�FDQFHUV�GHDWKV�WR�EH�GLVHDVH�VSHFLILF��
������YHUVXV�������IRU���\HDU�VXUYLYDO�IURP�
FRORUHFWDO�FDQFHU�DQG�������YHUVXV�������IRU����
\HDU�VXUYLYDO�IURP�SURVWDWH�FDQFHU��)RU�LQGLYLGXDOV�
ZKR�KDYH�PRUH�WKDQ�RQH�FDQFHU��QDUURZLQJ�WKH�
GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK�KDV�D�PXFK�
JUHDWHU�LQIOXHQFH��)LYH�\HDU�VXUYLYDO�IURP�FRORUHFWDO�
FDQFHU�LV�������YHUVXV�������IRU�ILUVW�FDVHV�DQG�
������YHUVXV�������IRU�ODWHU�FDVHV��)RU����\HDU�
VXUYLYDO�IURP�SURVWDWH�FDQFHU�WKH�HIIHFW�LV�HYHQ�

ODUJHU��������YHUVXV�������IRU�ILUVW�FDVHV�DQG�������
YHUVXV�������IRU�ODWHU�FDVHV��VR�PXFK�WKDW�DOVR�IRU�
SURVWDWH�FDQFHU�FDVHV�VXUYLYDO�DSSHDUV�WR�EH�EHWWHU�
DPRQJ�WKRVH�ZLWK�PRUH�WKDQ�RQH�FDQFHU��
7DEOHV�����DQG�����DOVR�VKRZ�WKDW�VHOHFWLRQ�RI�RQO\�
ILUVW�FRORUHFWDO�RU�SURVWDWH�FDQFHUV�PDNHV�OLWWOH�
GLIIHUHQFH��
�
FDVHV�GHWHFWHG�DW�DXWRSV\�DQG�FDVHV�NQRZQ�E\�GHDWK�
FHUWLILFDWH�RQO\�
,QFOXGLQJ�FDQFHU�FDVHV�GHWHFWHG�DW�DXWRSV\��ZKRVH�
GHDWKV�DUH�DWWULEXWHG�WR�WKH�JLYHQ�FDQFHU��ORZHUV�
VXUYLYDO�HVWLPDWHV��+RZHYHU��WKH�QXPEHU�RI�FDVHV�
LQYROYHG�LV�UHODWLYHO\�VPDOO��VR�WKH�HIIHFW�RQ�VXUYLYDO�
HVWLPDWHV�LV�QRW�VXEVWDQWLDO�DV�VKRZQ�LQ�WDEOHV�����DQG�
���$OVR�WKH�QXPEHU�RI��
GHDWK�FHUWLILFDWH�RQO\
�FDVHV�LV�
UHODWLYHO\�ORZ��WKXV�WKHLU�LQFOXVLRQ�LV�RI�OLWWOH�
LQIOXHQFH�RQ�VXUYLYDO�HVWLPDWHV��2I�FRXUVH�DOO�
GHDWK�
FHUWLILFDWH�RQO\
�FDVHV�DUH�RI�XQNQRZQ�VWDJH��WKHUHIRUH�
WKHUH�LV�QR�SRVVLEOH�LQIOXHQFH�RQ�VXUYLYDO�RI�NQRZQ�
VWDJHV��
�
FDVHV�ZLWKRXW�GHDWK�FHUWLILFDWH�RU�ZLWKRXW�FRGHG�
FDXVH�RI�GHDWK�
7KH�QXPEHU�RI�LQGLYLGXDOV�ZLWK�FDQFHU�ZKR�GLHG�EXW�
IRU�ZKRP�QR�GHDWK�FHUWLILFDWH�LV�DYDLODEOH�RU�WKH�
GHDWK�FHUWLILFDWH�GRHVQ
W�JLYH�D�FDXVH�RI�GHDWK�LV�D�ORW�
ODUJHU�WKDQ�
DXWRSV\�RQO\
�DQG�
GHDWK�FHUWLILFDWH�RQO\
�
FDVHV��WKHUHIRUH�WKH�SRVVLEOH�LQIOXHQFH�RQ�VXUYLYDO�
HVWLPDWHV�LV�ODUJHU��,QFOXGLQJ�WKHP�E\�DWWULEXWLQJ

)LJXUH�����'LIIHUHQFHV�EHWZHHQ�VXUYLYDO�SHUFHQWDJH�RI�YDULDQWV�ZLWK�WKH�LQGH[�VFHQDULR�RI���\HDU�FRORUHFWDO�
FDQFHU�VXUYLYDO�DQG����\HDU�SURVWDWH�FDQFHU�VXUYLYDO��
�

��� ��� �� �� �� �� ��

UHODWLYH�VXUYLYDO

QDUURZ�GHILQLWLRQ�GLVHDVH�VSHFLILF�PRUWDOLW\

QDUURZ�GHILQLWLRQ�DQG�DOO�SULPDULHV�LQ�RQH�LQGLYLGXDO

ZLGHU�GHILQLWLRQ�GLVHDVH�VSHFLILF�PRUWDOLW\

ZLGHU�GHILQLWLRQ�DQG�DOO�SULPDULHV�LQ�RQH�LQGLYLGXDO

LQFOXGLQJ�DXWRSV\�RQO\�FDVHV

LQFOXGLQJ�GHDWK�FHUWLILFDWH�RQO\�FDVHV�ZLWK�VXUYLYDO �

LQFOXGLQJ�GHDWK�FHUWLILFDWH�RQO\�FDVHV�ZLWK�ORQJ�VXUYLYDO

LQFOXGLQJ�
QR�GHDWK�FHUWLILFDWH
�RU�
XQNQRZQ�FDXVH�RI�GHDWK

DVVXPLQJ�GLVHDVH�VSHFLILF�PRUWDOLW\�IURP�FDVHV�ZLWKRXW�GHDWK

FHUWLILFDWH�RU�ZLWK�
XQNQRZQ�FDXVH�RI�GHDWK

LQFOXGLQJ�LQGLYLGXDOV�RI�
RWKHU�UDFH
�DQG�RI�XQNQRZQ�UDFH

GLIIHUHQFH�ZLWK�VXUYLYDO�SHUFHQWDJH�RI�LQGH[�VFHQDULR
FRORUHFWDO�FDQFHU����\��VXUYLYDO� SURVWDWH�FDQFHU�����\��VXUYLYDO�
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WKHLU�GHDWK�DV�QRQ�GLVHDVH�VSHFLILF�OHDGV�WR�KLJKHU�
VXUYLYDO�HVWLPDWHV�DQG�LQFOXGLQJ�WKHP�DV�GLVHDVH�
VSHFLILF�GHDWK�OHDGV�WR�ORZHU�HVWLPDWHV�WKDQ�WKH�LQGH[�
VFHQDULR��
�
LQGLYLGXDOV�RI�
RWKHU�UDFH
�RU�RI�XQNQRZQ�UDFH�
,QGLYLGXDOV�ZKR�DUH�FRGHG�WR�EH�RI�UDFH�
RWKHU
�KDYH�D�
PDUNHGO\�KLJKHU���RU����\HDU�VXUYLYDO�IURP�
UHVSHFWLYHO\�FRORUHFWDO�FDQFHU���������Q �����DQG�
SURVWDWH�FDQFHU���������Q �����WKDQ�LQGLYLGXDOV�ZLWK�
D�VSHFLILHG�UDFLDO�FRGH���
,QGLYLGXDOV�RI�XQNQRZQ�UDFH�KDYH�D�YHU\�KLJK�
VXUYLYDO��������IRU���\HDU�VXUYLYDO�IURP�FRORUHFWDO�
FDQFHU��Q ������DQG�������IRU����\HDU�VXUYLYDO�IURP�
SURVWDWH�FDQFHU��Q �������7KHUHIRUH�LQFOXGLQJ�WKRVH�
WZR�JURXSV�LQ�WKH�VXUYLYDO�HVWLPDWH�OHDGV�WR�D�VOLJKW�
LQFUHDVH�DV�VKRZQ�LQ�WDEOHV�����DQG������$W�WKH�HQG�RI�
NQRZQ�IROORZ�XS�LQ�6((5��������RI�FRORUHFWDO�
FDQFHU�FDVHV�RI�LQGLYLGXDOV�RI�XQNQRZQ�UDFH�DUH�
FRQVLGHUHG�DV�EHLQJ�VWLOO�DOLYH�YHUVXV�������RI�
LQGLYLGXDOV�ZLWK�VSHFLILHG�UDFH��IRU�SURVWDWH�FDQFHU�
WKLV�LV�������YHUVXV��������$PRQJ�LQGLYLGXDOV�RI�
XQNQRZQ�UDFH��������RI�FRORUHFWDO�FDQFHU�LV�
GLDJQRVHG�LQ�VWDJH�
ORFDOL]HG
��YHUVXV�������DPRQJ�
LQGLYLGXDOV�ZLWK�VSHFLILHG�UDFH���DQG�������LV�
XQVWDJHG��)RU�SURVWDWH�FDQFHU��������LV�VWDJHG�
ORFDOL]HG�DPRQJ�LQGLYLGXDOV�RI�XQNQRZQ�UDFH��YHUVXV�
������DPRQJ�LQGLYLGXDOV�ZLWK�VSHFLILHG�UDFH��DQG�
������RI�FDVHV�IURP�XQNQRZQ�UDFH�LV�XQVWDJHG��
)LJXUH�����JLYHV�DQ�RYHUYLHZ�RI�WKH�GLIIHUHQFHV�
EHWZHHQ�VXUYLYDO�SHUFHQWDJH�RI�YDULDQWV�ZLWK�WKH�
LQGH[�VFHQDULR�RI���\HDU�FRORUHFWDO�FDQFHU�VXUYLYDO�
DQG����\HDU�SURVWDWH�FDQFHU�VXUYLYDO��
�
GLVFXVVLRQ�
,Q���\HDU�VXUYLYDO�IURP�FRORUHFWDO�FDQFHU�HDFK�RI�WKH�
GLIIHUHQW�PHWKRGV�RI�HVWLPDWLQJ�VXUYLYDO�ZKLFK�ZHUH�
XVHG�LQ�WKLV�VWXG\�JDYH�TXLWH�VLPLODU�UHVXOWV��
'LIIHUHQFHV�LQ����\HDU�VXUYLYDO�IURP�SURVWDWH�FDQFHU�
DUH�PRUH�VXEVWDQWLDO�DQG�SHUKDSV�EHVW�H[SODLQHG�E\�
WKH�IDFW�WKDW�WKH�XQGHUO\LQJ�FDXVH�RI�GHDWK�LV�RIWHQ�
XQFOHDU�DQG�WKH�SHULRG�RI�IROORZ�XS�VLQFH�GLDJQRVLV�
ZDV�ORQJHU��
1HW�VXUYLYDO�LV�DQ�DGMXVWPHQW�RI�REVHUYHG�VXUYLYDO��,Q�
DOO�YDULDQWV�RI�VXUYLYDO�HVWLPDWLRQ�PHWKRGV�
FRQVLGHUHG�KHUH��WKH�XQGHUO\LQJ�REVHUYHG�VXUYLYDO�LV�
QRW�YDULHG��VR�GLIIHUHQFHV�DUH�GXH�WR�WKH�DGMXVWPHQW�WR�
QHW�VXUYLYDO�IRU�PRUWDOLW\�IURP�RWKHU�FDXVHV��7KDW
V�
ZK\�RQH�FDQ�H[SHFW�GLIIHUHQFHV�EHWZHHQ�WKH�PHWKRGV�
WR�EH�ODUJHU�ZLWK�LQFUHDVLQJ�PRUWDOLW\�IURP�RWKHU�
FDXVHV��7KLV�LV�WKH�FDVH�IRU�SURVWDWH�FDQFHU�FRPSDUHG�
WR�FRORUHFWDO�FDQFHU�ZKHUH�IROORZ�XS�WLPH�LV�ORQJHU�
DQG�FDVHV�DUH�ROGHU��
�
GLVHDVH�VSHFLILF�YHUVXV�UHODWLYH�VXUYLYDO�
5HODWLYH�VXUYLYDO�GRHV�QRW�UHTXLUH�DFFXUDWH�
UHJLVWUDWLRQ�RI�FDXVHV�RI�GHDWK��%XW�LW�LV�FUXFLDO�IRU�
UHODWLYH�VXUYLYDO�WKDW�PRUWDOLW\�LQ�WKH�EDFNJURXQG�

SRSXODWLRQ�LV�UHSUHVHQWDWLYH�IRU�WKH�ULVN�WR�GLH�DPRQJ�
FDVHV�IURP�RWKHU�FDXVHV�WKDQ�WKRVH�WR�EH�DWWULEXWHG�WR�
WKH�GLVHDVH��
$Q�REYLRXV�DGYDQWDJH�RI�GLVHDVH�VSHFLILF�VXUYLYDO�LV�
WKDW�LW�RQO\�QHHGV�LQIRUPDWLRQ�RQ�GLDJQRVHG�FDVHV��
%XW�IRU�GLVHDVH�VSHFLILF�VXUYLYDO�LW�LV�FUXFLDO�WKDW�WKH�
UHJLVWHUHG�FDXVH�RI�GHDWK�IURP�WKH�VSHFLILF�GLVHDVH�LV�
LQGHHG�FRXQWLQJ�DOO�GHDWKV��EXW�QR�PRUH�WKDQ�WKRVH��
ZKLFK�DUH�WR�EH�DWWULEXWHG�WR�WKH�GLVHDVH��
7KH�6((5�SURJUDP�XVXDOO\�XVHV�UHODWLYH�VXUYLYDO�LQ�
RUGHU�WR�DYRLG�SUREOHPV�LQ�GHDWK�PLVFODVVLILFDWLRQ�
DQG�EHFDXVH�RI�DPELJXLWLHV�LQ�GHILQLWLRQV��%URZQ�HW�
DO��������3HUF\�HW�DO������E���
7KH�GLIIHUHQFHV�EHWZHHQ�GLVHDVH�VSHFLILF�DQG�UHODWLYH�
VXUYLYDO��SDUWLFXODUO\�LQ�SURVWDWH�FDQFHU��PD\�EH�GXH�
WR�ELDV�LQ�HLWKHU�RI�WKH�WZR�PHWKRGV��2Q�WKH�RQH�KDQG��
WRR�PDQ\�GHDWKV�RI�SDWLHQWV�ZLWK�SURVWDWH�FDQFHU�PD\�
EH�DWWULEXWHG�WR�SURVWDWH�FDQFHU�DV�WKH�XQGHUO\LQJ�
FDXVH�RI�GHDWK��OHDGLQJ�WR�DQ�XQGHUHVWLPDWH�RI�QHW�
VXUYLYDO��2Q�WKH�RWKHU�KDQG��H[SHFWHG�VXUYLYDO��XVHG�
IRU�UHODWLYH�VXUYLYDO��PD\�EH�XQGHUHVWLPDWHG�GXH�WR�
WKH�XVH�RI�OLIH�WDEOHV�EDVHG�RQ�WKH�HQWLUH�8�6�$��
LQVWHDG�RI�WKH�DUHDV�RI�WKH�6((5�SURJUDP�DQG�RU�
EHFDXVH�LQGLYLGXDOV�GLDJQRVHG�ZLWK�SURVWDWH�FDQFHU�
PD\�KDYH�D�ORZHU�ULVN�RI�G\LQJ�IURP�FDXVHV�XQUHODWHG�
WR�SURVWDWH�FDQFHU��$Q�XQGHUHVWLPDWH�RI�H[SHFWHG�
VXUYLYDO�LPSOLHV�D�WRR�ODUJH�FRUUHFWLRQ�IRU�PRUWDOLW\�
IURP�RWKHU�FDXVHV��WKXV�DQ�RYHUHVWLPDWH�RI�QHW�
VXUYLYDO��7KHVH�ELDVHV�LQ�H[SHFWHG�VXUYLYDO�VHHP�
XQOLNHO\�WR�FDXVH�DOO�RI�WKH�����GLIIHUHQFH�LQ�VXUYLYDO�
HVWLPDWHV�VLQFH�WKDW�ZRXOG�LPSO\�DURXQG�����ORZHU�
PRUWDOLW\�IURP�RWKHU�FDXVHV�WKDQ�DYHUDJH�IRU�
LQGLYLGXDOV�XQGHU�DJH�����H[SHFWHG����\HDU�VXUYLYDO�
LV�������7KHUH�DUH�VLJQV�WKDW�WKH�PLVFODVVLILFDWLRQ�RI�
WKH�FDXVH�RI�GHDWK�LV�RFFXUULQJ�RQ�D�VXEVWDQWLDO�VFDOH��
7KH�LQWURGXFWLRQ�RI�36$�VFUHHQLQJ�KDV�OHG�WR�D�KXJH��
WHPSRUDU\��LQFUHDVH�LQ�LQFLGHQFH�RI�SURVWDWH�FDQFHU�
GXH�WR�WKH�HDUO\�GHWHFWLRQ�RI�SUHYDOHQW�FDVHV�ZKLFK�
ZDV�DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�UHJLVWHUHG�
SURVWDWH�FDQFHU�PRUWDOLW\���)HXHU�HW�DO��������,I�WKHUH�
LV�LQGHHG�D�WHQGHQF\�WR�DWWULEXWH�GHDWK�WR�SURVWDWH�
FDQFHU�IRU�VRPHRQH�ZLWK�D�KLVWRU\�RI�WKDW�GLVHDVH�EXW�
ZKR�LV�QRW�DFWXDOO\�G\LQJ�IURP�LW��WKLV�ZRXOG�H[SODLQ�
ERWK�DW�OHDVW�SDUW�RI�WKH�GLIIHUHQFHV�EHWZHHQ�UHODWLYH�
DQG�REVHUYHG�VXUYLYDO�DV�ZHOO�DV�WKH�FRLQFLGHQFH�LQ�
LQFUHDVLQJ�LQFLGHQFH�DQG�PRUWDOLW\�RI�SURVWDWH�FDQFHU�
DURXQG�WKH�WLPH�RI�LQWURGXFWLRQ�RI�36$�VFUHHQLQJ��
�
GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK�
,W�DSSHDUHG�IURP�WKLV�VWXG\�WKDW�WKH�SUREOHP�RI�
LQDFFXUDWH�VSHFLILFDWLRQ�RI�FDQFHU�GHDWK�LV�UDWKHU�
OLPLWHG��OHDGLQJ�WR�RQO\�D����GLIIHUHQFH�LQ�VXUYLYDO��
GHSHQGLQJ�RQ�WKH�GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK��
7KH�TXHVWLRQ�UHPDLQV�ZKLFK�GHILQLWLRQ�LV�FORVHVW�WR�
WKH�WUXWK��7KHUH�DUH������FDVHV�RI�FRORUHFWDO�FDQFHU�
VHOHFWHG�IRU�WKH�LQGH[�VFHQDULR�ZKR�DUH�DWWULEXWHG�WR�
KDYH�GLHG�IURP�FDQFHU�EXW�QRW�IURP�D�FDXVH�LQ�WKH�
QDUURZ�GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK�QRU�IURP�
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PHWDVWDVHV��DQG������RI�VXFK�SURVWDWH�FDQFHU�FDVHV��
$PRQJ�WKRVH������FDVHV��WKH�ODUJHVW�QXPEHU�RI�
GHDWKV�LV�DWWULEXWHG�WR�OXQJ�FDQFHU������FDVHV�ZLWK�
FRGH�������2QH�PD\�ZRQGHU�LI�WKLV�LV�GXH�WR�DQ�
LQFRUUHFW�VSHFLILFDWLRQ�RI�FDXVH�RI�GHDWK��RU�WR�
SULPDU\�OXQJ�FDQFHU�WKDW�KDV�QRW�UHDFKHG�WKH�6((5�
SURJUDP�DV�UHSRUWDEOH�LQFLGHQFH��7KH�QH[W�WZR�
ODUJHVW�FDWHJRULHV�DPRQJ�FRORUHFWDO�FDQFHU�FDVHV�
FRQFHUQ�FDQFHU�LQ�WKH�OLYHU�DQG�WKH�SDQFUHDV��DQG�
DPRQJ�SURVWDWH�FDQFHU��FDQFHU�LQ�WKH�EODGGHU�DQG�WKH�
SDQFUHDV��7KHVH�VHHP�OLNHO\�FDQGLGDWHV�IRU�
PLVVSHFLILFDWLRQ��%XW�WKH�QH[W�ODUJHU�FDWHJRULHV�
FRQFHUQ�VWRPDFK�FDQFHU��RYDULDQ�DQG�SURVWDWH�FDQFHU�
DPRQJ�FRORUHFWDO�FDQFHU�FDVHV�DQG�FRORUHFWDO�FDQFHU�
DPRQJ�SURVWDWH�FDQFHU�FDVHV��ZKLFK�DJDLQ�GR�QRW�
VHHP�OLNHO\�WR�EH�PLVVSHFLILHG��
2QH�PLJKW�FRQVLGHU�D�WKRURXJK�UHYLHZ�RI�DOO�RI�WKH�
PRUWDOLW\�FRGHV�DQG�FRQVLGHU�ZKHWKHU�WKH\�DUH�OLNHO\�
FDQGLGDWHV�IRU�PLVVSHFLILFDWLRQ��,Q�WKDW�FDVH��RQH�
PLJKW�DOVR�FRQVLGHU�VRPH�FDXVHV�RI�GHDWK�ZKLFK�DUH�
QRW�GXH�WR�FDQFHU�EXW�PD\�EH�GXH�WR�WKHUDS\��VXFK�DV�
VHSVLV��
�
QXPEHU�RI�FDQFHUV�LQ�RQH�LQGLYLGXDO�
:KHQ�HVWLPDWLQJ�QHW�VXUYLYDO�IRU�LQGLYLGXDOV�ZLWK�
PRUH�WKDQ�RQH�FDQFHU��QRW�DOO�FDQFHU�GHDWKV�VKRXOG�EH�
UHJDUGHG�DV�GLVHDVH�VSHFLILF��EXW�RQO\�D�PRUH�QDUURZ�
GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK�LV�XVHIXO��
)URP�D�SHUVSHFWLYH�RI�WKHUDS\��FRQWUDU\�WR�ZKDW�LV�
REVHUYHG��KDYLQJ�PRUH�WKDQ�RQH�FDQFHU�ZRXOG�EH�
H[SHFWHG�WR�OHDG�WR�ZRUVH�VXUYLYDO�EHFDXVH�FR�
PRUELGLW\�PD\�EH�D�UHDVRQ�IRU�OHVV�ULJRURXV�
WUHDWPHQW���
7KH�REVHUYHG�GLIIHUHQFHV�FDQ�EH�H[SODLQHG�E\�D�ELDV�
GXH�WR�FDVH�VHOHFWLRQ��LQGLYLGXDOV�ZKR�GLH�TXLFNO\�
DIWHU�WKH�GLDJQRVLV�RI�WKHLU�ILUVW�FDQFHU�KDYH�OLWWOH�
RSSRUWXQLW\�RI�KDYLQJ�D�QH[W�FDQFHU�DQG�FDQFHU�FDVHV�
ZKLFK�DUH�WKH�ILUVW�RI�D�VHTXHQFH�DUH�VHOHFWHG�IRU�
KDYLQJ�ORQJHU�VXUYLYDO��7KHUH�LV�DQ�LQGLFDWRU�IRU�VXFK�
HIIHFW�IURP�WKH�VWDJH�GLVWULEXWLRQV��������RI�
FRORUHFWDO�FDQFHU�FDVHV�DPRQJ�SHRSOH�ZLWK�RQO\�RQH�
FDQFHU�DUH�ORFDOL]HG��������RI�FDVHV�WKDW�DUH�ILUVW�LQ�D�
VHTXHQFH�DQG�������RI�FDVHV�ZLWK�D�SUHYLRXV�FDQFHU��
)RU�SURVWDWH�FDQFHU�D�VLPLODU�HIIHFW�LV�IRXQG��������
RI�FDVHV�DPRQJ�SHRSOH�ZLWK�RQO\�RQH�FDQFHU�DUH�
ORFDOL]HG��������RI�FDVHV�WKDW�DUH�ILUVW�LQ�D�VHTXHQFH�
DQG�������RI�FDVHV�ZLWK�D�SUHYLRXV�FDQFHU��%XW�WKLV�
UHVXOW�PD\�DOVR�EH��SDUWO\��GXH�WR�WKH�IDFW�WKDW�
GHWHFWLRQ�RI�PRUH�WKDQ�RQH�FDQFHU�LQ�DQ�LQGLYLGXDO�LV�
VWLPXODWHG�E\�D�KLJKHU�FDQFHU�DZDUHQHVV�DV�ZHOO�DV�
E\�IROORZ�XS�YLVLWV�DIWHU�WUHDWPHQW�RI�WKH�ILUVW�FDQFHU��
ERWK�OHDGLQJ�WR�HDUOLHU�GHWHFWLRQ�RI�DQRWKHU�FDQFHU�
ZKLFK�PLJKW�KDYH�UHPDLQHG�XQGLDJQRVHG�RWKHUZLVH��
DW�OHDVW�ZLWKLQ�WKH�SHULRG�RI�REVHUYDWLRQ���
:KDWHYHU�WKH�FDXVHV�RI�WKH�REVHUYHG�GLIIHUHQFHV��LW�
GRHV�QRW�DSSHDU�WR�EH�FRUUHFW�WR�GLVFDUG�DOO�FDQFHU�
FDVHV�DPRQJ�LQGLYLGXDOV�ZLWK�PRUH�WKDQ�RQH�FDQFHU�LI�
RQH�LV�LQWHUHVWHG�LQ�DQ�DFFXUDWH�HVWLPDWH�RI�QHW�

VXUYLYDO��)RU�LQVWDQFH��LI�RQH�LV�LQWHUHVWHG�LQ�
HVWLPDWLQJ�SURJQRVLV�DW�GLDJQRVLV��WKHUH�LV�QR�ZD\�WR�
NQRZ�LQ�DGYDQFH�LI�WKH�LQGLYLGXDO�ZLOO�EH�GLDJQRVHG�
ZLWK�DQRWKHU�FDQFHU�ODWHU�RQ��WKHUHIRUH�LQ�WKDW�FDVH�
RQH�VKRXOG�DW�OHDVW�DOVR�FRQVLGHU�LQGLYLGXDOV�ZKR�
KDYH�WKH�FDQFHU�RI�LQWHUHVW�DV�ILUVW�LQ�D�VHULHV�RI�PRUH�
WKDQ�RQH�GLDJQRVHG�FDQFHU��
�
FDVHV�GHWHFWHG�DW�DXWRSV\�
7KRXJK�WKH�QXPEHU�RI�FRORUHFWDO�DQG�SURVWDWH�FDQFHU�
FDVHV�GHWHFWHG�DW�DXWRSV\�DUH�ORZ��RQH�KDV�WR�PDNH�D�
GHFLVLRQ�RQ�KRZ�WR�GHDO�ZLWK�WKHP��)URP�WKH�
SHUVSHFWLYH�RI�GHWHUPLQLQJ�SURJQRVLV�IRU�VRPHRQH�
GLDJQRVHG�ZLWK�FDQFHU��FOHDUO\�WKHVH�FDVHV�VKRXOG�QRW�
EH�LQFOXGHG�LQ�WKH�VXUYLYDO�HVWLPDWH�EHFDXVH�IRU�FDVHV�
GHWHFWHG�DW�DXWRSV\��WKH�TXHVWLRQ�RI�SURJQRVLV�LV�QRW�
PHDQLQJIXO��%XW�IURP�D�SHUVSHFWLYH�RI�HYDOXDWLRQ�RI�
HDUO\�GHWHFWLRQ��WKH\�VKRXOG�EH�LQFOXGHG�EHFDXVH�
HDUOLHU�GLDJQRVLV�DQG�WUHDWPHQW�FDQ�LPSURYH�WKHLU�
SURJQRVLV��
�
FDVHV�NQRZQ�E\�GHDWK�FHUWLILFDWH�RQO\�
7KH�SUREDELOLW\�RI�REVHUYLQJ�D�FDVH�LGHQWLILHG�E\�
GHDWK�FHUWLILFDWH�RQO\�LQFUHDVHV�LI�RQH�RU�PRUH�RI�WKH�
UHJXODU�UHSRUWLQJ�VRXUFHV�WR�WKH�UHJLVWU\�DUH�QRW�
LQYROYHG��LQ�SDUWLFXODU�LI�WKH�GLDJQRVLV�GRHV�QRW�
LQYROYH�D�ODERUDWRU\�IRU�KLVWRORJ\��DQG�RU�D�KRVSLWDO�
DGPLVVLRQ�RI�WKH�SDWLHQW��,W�FDQ�EH�H[SHFWHG�WKDW�FDVHV�
RI�WKLV�W\SH�KDYH�D�GLIIHUHQW�VXUYLYDO�WKDQ�RWKHU�W\SHV�
RI�FDVHV�DQG�LW�LV�SUREDEO\�ZRUVH��2QH�FDQ�HVWLPDWH�
WKH�WKHRUHWLFDO�PD[LPXP�RYHUHVWLPDWH�WKDW�LV�PDGH�
GXH�WR�GLVUHJDUGLQJ�
GHDWK�FHUWLILFDWH�RQO\
�FDVHV�E\�
DWWULEXWLQJ�WKHP�D�VXUYLYDO�RI����7KLV�VWXG\�VKRZV�
WKDW�IRU�DOO�FDVHV�RI�FRORUHFWDO�FDQFHU�DQG�SURVWDWH�
FDQFHU�LQ�6((5��WKH�PD[LPXP�RI�WKH�RYHUHVWLPDWH�
GXH�WR�OHDYLQJ�RXW�
GHDWK�FHUWLILFDWH�RQO\
�FDVHV�LV�DW�
PRVW�TXLWH�VPDOO��$W�ROGHU�DJHV�DQG�ZKHQ�VHOHFWLQJ�
XQVWDJHG�FDVHV��WKH�SRVVLEOH�ELDV�LV�ODUJHU��
7U\LQJ�WR�HVWLPDWH�WKH�WKHRUHWLFDO�PD[LPXP�
XQGHUHVWLPDWH�E\�DVVXPLQJ�WKDW�
GHDWK�FHUWLILFDWH�
RQO\
�FDVHV�KDYH�D�ORQJ�VXUYLYDO�LV�SUREOHPDWLF��,W�LV�
QRW�NQRZQ�WR�ZKLFK�DJH�FDWHJRU\�WKH�LQGLYLGXDO�
VKRXOG�EH�DWWULEXWHG��$OVR��RQH�VKRXOG�WKHQ�FRQVLGHU�
WKH�SRVVLELOLW\�RI�DQ�XQNQRZQ�TXDQWLW\�RI�
XQUHJLVWHUHG�FDVHV�RI�FDQFHU�ZKLFK�DUH�VWLOO�DOLYH��
+RZHYHU��OHDYLQJ�WKHVH�RXW�GHFUHDVHV�WKH�VXUYLYDO�
HVWLPDWH��WKXV�JLYLQJ�D�FRQVHUYDWLYH�PD[LPXP�
XQGHUHVWLPDWH��
�
FDVHV�ZLWKRXW�GHDWK�FHUWLILFDWH�RU�ZLWKRXW�FRGHG�
FDXVH�RI�GHDWK�
6RPH�PHPEHUV�RI�WKH�6((5�SRSXODWLRQ�DUH�
UHJLVWHUHG�DV�
QR�GHDWK�FHUWLILFDWH
�RU�
XQNQRZQ�FDXVH�
RI�GHDWK
�E\�WKH�WLPH�WKH\�GLH��/HDYLQJ�RXW�FDVHV�
FRGHG�DV�VXFK�IURP�WKH�VXUYLYDO�HVWLPDWH��OHDGV�WR�DQ�
RYHUHVWLPDWH�RI�QHW�VXUYLYDO�EHFDXVH�WKH�PHPEHUV�RI�
WKDW�SDUW�RI�WKH�SRSXODWLRQ�ZKR�DUH�VWLOO�DOLYH�DUH�QRW�
OHIW�RXW��$V�D�YDULDQW�RQH�FDQ�LQFOXGH�WKHP�DQG�



���

DWWULEXWH�WKHP�WR�GLVHDVH�VSHFLILF�GHDWK��2I�FRORUHFWDO�
FDQFHU�FDVHV�VHOHFWHG�DFFRUGLQJ�WR�WKH�LQGH[�VFHQDULR�
ZKR�GLH�ZLWKLQ���\HDUV�ZLWK�D�NQRZQ�FDXVH�RI�GHDWK��
������GLH�IURP�FDQFHU��,I�RQH�DVVXPHV�WKDW�WKLV�LV�WKH�
VDPH�IRU�SHRSOH�RI�ZKRP�QR�GHDWK�FHUWLILFDWH�LV�
DYDLODEOH��WKHQ�WKH�VXUYLYDO�HVWLPDWH�WKDW�DVVXPHV�WKDW�
FDVHV�ZLWK�QR�GHDWK�FHUWLILFDWH�DUH�G\LQJ�IURP�
GLVHDVH�VSHFLILF�FDXVH�LV�FORVHU�WR�WKH�WUXWK�WKDQ�ZKHQ�
DVVXPLQJ�WKH\�DUH�G\LQJ�IURP�RWKHU�FDXVHV��,Q�
SURVWDWH�FDQFHU�VXUYLYDO�LW�LV�QRW�VR�FOHDU�EHFDXVH�
RQO\�������RI�SURVWDWH�FDQFHUV�FDVHV�ZKR�GLH�ZLWKLQ�
���\HDUV�GLH�IURP�SURVWDWH�FDQFHU��$Q�LPSRUWDQW�
UHDVRQ�IRU�WKH�DEVHQFH�RI�D�GHDWK�FHUWLILFDWH�LV�
SUREDEO\�WKDW�WKH�LQGLYLGXDO�KDV�PRYHG�RXW�RI�WKH�
UHJLRQ�RI�WKH�6((5�SURJUDP��,W�LV�FRQFHLYDEOH�WKDW�
PRYLQJ�LV�DVVRFLDWHG�VRPHKRZ�ZLWK�WKH�SUREDELOLW\�
RI�G\LQJ�IURP�FRORUHFWDO�RU�SURVWDWH�FDQFHU��
)RU�WKRVH�ZKR�KDYH�DQ�XQNQRZQ�FDXVH�RI�GHDWK�WKH�
SHUFHQWDJH�ZKR�KDYH�LQ�IDFW�GLHG�IURP�WKH�FDQFHU�LQ�
TXHVWLRQ�PD\�EH�TXLWH�GLIIHUHQW��EXW�WKDW�JURXS�LV�
FRQVLGHUDEO\�VPDOOHU�WKDQ�WKH�JURXS�ZLWKRXW�GHDWK�
FHUWLILFDWH��
�
LQGLYLGXDOV�RI�
RWKHU�UDFH
�RU�RI�XQNQRZQ�UDFH�
7KH�PDLQ�UHDVRQ�IRU�WKH�KLJK�VXUYLYDO�UDWHV�RI�
LQGLYLGXDOV�RI�XQNQRZQ�UDFH�LV�SUREDEO\�WKDW�WKH�
GHDWK�FHUWLILFDWH�RIWHQ�\LHOGV�DQ�LQGLYLGXDO
V�UDFH��
FRQVHTXHQWO\�PDQ\�LQGLYLGXDOV�ZKR�KDYH�GLHG�DUH�
VHOHFWHG�RXW�RI�WKLV�FDWHJRU\��7KLV�PHFKDQLVP�DOVR�
FDXVHV�D�VOLJKW�XQGHUHVWLPDWH�RI�VXUYLYDO�LQ�DOO�RWKHU�
UDFLDO�FDWHJRULHV��
�
REVHUYHG�VXUYLYDO�
7KLV�VWXG\�KDV�QRW�FRQVLGHUHG�SRVVLELOLWLHV�RI�HUURU�LQ�
WKH�REVHUYHG��RU�FUXGH��VXUYLYDO��7KH�QXPEHU�RI�
FDVHV�LQ�WKH�UHJLVWHU�ZLWK�XQNQRZQ�VXUYLYDO�LV�OLPLWHG�
DQG�WKHUHIRUH�WKHLU�PD[LPXP�LQIOXHQFH�RQ�HVWLPDWHG�
VXUYLYDO�LV�VPDOO��%HVLGHV�WKDW��FDVHV�WKDW�DUH�ORVW�WR�
IROORZ�XS�DUH�QRW�OLNHO\�WR�KDYH�D�UDGLFDOO\�GLIIHUHQW�
VXUYLYDO�IURP�RWKHU�FDVHV�DIWHU�WKH�PRPHQW�RI�ORVV��
$OVR��WKH�QXPEHU�RI�FDQFHU�FDVHV�WKDW�DUH�GLDJQRVHG�
EXW�GR�QRW�UHDFK�WKH�UHJLVWU\�DSSHDUV�WR�EH�OLPLWHG�
FRQVLGHULQJ�KRZ�IHZ�FDVHV�DUH�NQRZQ�WR�WKH�UHJLVWU\�
E\�GHDWK�FHUWLILFDWH�RQO\��
�
FRQFOXVLRQ�
7KHUH�LV�QR�VLQJOH�EHVW�PHWKRG�IRU�FDOFXODWLQJ�
VXUYLYDO�IURP�FDQFHU�LQ�WKH�6((5�SURJUDP��'LIIHUHQW�
PHWKRGV�FDQ�JLYH�GLIIHUHQW�RXWFRPHV��EXW�IRU�PRVW�
YDULDQWV�FRQVLGHUHG�WKH�GLIIHUHQFHV�DUH�VPDOO��7KH�
PRVW�VXEVWDQWLDO�GLIIHUHQFHV�LQ�WKLV�VWXG\�FRQFHUQ�
GLVHDVH�VSHFLILF�YHUVXV�UHODWLYH�VXUYLYDO�IRU�SURVWDWH�
FDQFHU�DQG�WKH�LQFOXVLRQ�RU�H[FOXVLRQ�RI�LQGLYLGXDOV�
ZLWK�PRUH�WKDQ�RQH�FDQFHU�IRU�ERWK�FDQFHUV�
LQYHVWLJDWHG��
�
�
�

VXJJHVWLRQV�IRU�FDOFXODWLQJ�FDQFHU�VXUYLYDO�LQ�WKH�
6((5�SURJUDP�
�
��� 6LQFH�GLVHDVH�VSHFLILF�DQG�UHODWLYH�VXUYLYDO�DUH�

VXEMHFW�WR�GLIIHUHQW�IRUPV�RI�ELDV�RI�YDULDEOH�
PDJQLWXGH��LW�LV�DGYLVDEOH�WR�DSSO\�ERWK�PHWKRGV��
WR�FRPSDUH�WKH�RXWFRPHV�DQG�WR�WU\�WR�H[SODLQ�WKH�
GLIIHUHQFHV��7KH�SUHIHUUHG�PHWKRG�PD\�EH�
GLIIHUHQW�GHSHQGLQJ�RQ�FDQFHU�VLWH�DQG�WKH�VWXG\�
REMHFWLYHV��

�
��� 9DULRXV�GHILQLWLRQV�RI�GLVHDVH�VSHFLILF�GHDWK�DUH�

SRVVLEOH��:KHQ�FRQVLGHULQJ�LQGLYLGXDOV�ZLWK�RQO\�
RQH�FDQFHU��WKH�GHILQLWLRQ�LV�QRW�FUXFLDO��,W�LV�
DGYLVDEOH�WR�FRQVLGHU�ZKLFK�FRGHV�RI�FDQFHU�GHDWK�
VKRXOG�EH�LQFOXGHG�DV�GLVHDVH�VSHFLILF�GHDWK�DQG�
ZKLFK�VKRXOG�QRW��GHSHQGLQJ�RQ�WKHLU�SUREDELOLW\�
WR�EH�LQDFFXUDWHO\�FRGHG�GHDWKV�ZLWK�UHVSHFW�WR�WKH�
FDQFHU�IRU�ZKLFK�VXUYLYDO�LV�HVWLPDWHG��$OVR�VRPH�
FRGHV�IRU�QRQ�FDQFHU�GHDWK�PD\�EH�FRQVLGHUHG�
VXFK�DV�VHSVLV��SDUWLFXODUO\�LI�WKHUDS\�IRU�WKH�
FDQFHU�LQYROYHV�D�VXEVWDQWLDO�RSHUDWLRQ�ULVN��

�
��� 2QH�VKRXOG�VHULRXVO\�FRQVLGHU�LQFOXGLQJ�

LQGLYLGXDOV�ZLWK�PRUH�WKDQ�RQH�FDQFHU��,I�RQH�
HVWLPDWHV�QHW�VXUYLYDO�E\�PHDQV�RI�GLVHDVH�
VSHFLILF�VXUYLYDO�DFFRUGLQJ�WR�WKH�QDUURZ�
GHILQLWLRQ�RI�GLVHDVH�VSHFLILF�GHDWK��WKLV�LV�QRW�
SUREOHPDWLF��,I�RQH�ZDQWV�WR�LQFOXGH�DOO�FDQFHU�
GHDWKV�DV�GLVHDVH�VSHFLILF��RQH�VROXWLRQ�PD\�EH�WR�
HVWLPDWH�WKH�GLIIHUHQFH�EHWZHHQ�XVLQJ�WKH�QDUURZ�
DQG�ZLGHU�GHILQLWLRQ�IURP�WKH�LQGLYLGXDOV�ZLWK�
RQO\�RQH�FDQFHU�DQG�H[WUDSRODWH�WKDW�GLIIHUHQFH�WR�
WKRVH�ZLWK�PRUH�WKDQ�RQH�FDQFHU��,Q�UHODWLYH�
VXUYLYDO�WKLV�LV�QRW�D�SUREOHP�LI�RQH�DVVXPHV�WKDW�
LQFLGHQFH�DW�GLIIHUHQW�FDQFHU�VLWHV�LV�QRW�
FRUUHODWHG��

�
��� &DVHV�GHWHFWHG�DW�DXWRSV\�WKDW�DUH�QRW�DWWULEXWHG�WR�

GLVHDVH�VSHFLILF�GHDWK�DUH�JHQHUDOO\�QRW�UHOHYDQW�
IRU�VXUYLYDO�HVWLPDWHV��,I�RQH�LV�HYDOXDWLQJ�HDUO\�
GHWHFWLRQ��WKH�RWKHU�
DXWRSV\�RQO\
�FDVHV�VKRXOG�EH�
LQFOXGHG�DV�KDYLQJ�VXUYLYDO����EXW�LI�RQH�QHHGV�WKH�
HVWLPDWH�IRU�SURJQRVLV�DW�WLPH�RI�GLDJQRVLV��RQH�
VKRXOG�QRW�LQFOXGH�WKHP��+RZHYHU�WKH�LQIOXHQFH�
RI�
DXWRSV\�RQO\�FDVHV
�LV�OLNHO\�WR�EH�VPDOO��

�
��� &DVHV�ZLWK�XQNQRZQ�VXUYLYDO�WLPH��FDVHV�NQRZQ�

E\�GHDWK�FHUWLILFDWH�RQO\��FDVHV�NQRZQ�WR�KDYH�
GLHG�EXW�ZLWKRXW�GHDWK�FHUWLILFDWH�DYDLODEOH�DQG�
FDVHV�ZLWKRXW�FRGHG�FDXVH�RI�GHDWK�IURP�WKH�GHDWK�
FHUWLILFDWH�VKRXOG�EH�H[FOXGHG�IURP�D�EDVHOLQH�
VXUYLYDO�HVWLPDWH��7KH�SHUFHQWDJH�RI�WKHVH�FDVHV�
VKRXOG�EH�QRWHG��

�
�
�
�



���

��� 7KH�PD[LPXP�ELDV�GXH�WR�H[FOXVLRQ�RI�FDVHV�
NQRZQ�E\�GHDWK�FHUWLILFDWH�RQO\�FDQ�EH�VKRZQ�E\�
DVVXPLQJ�WKDW�WKHVH�FDVHV�KDYH�D���VXUYLYDO��7KH�
PD[LPXP�ELDV�GXH�WR�H[FOXVLRQ�RI�FDVHV�ZLWKRXW�
GHDWK�FHUWLILFDWH�RU�ZLWKRXW�FRGHG�FDXVH�RI�GHDWK�
FDQ�EH�GHWHUPLQHG�E\�DVVXPLQJ�WKDW�WKHVH�FDVHV�
GLH�IURP�GLVHDVH�VSHFLILF�GHDWK��RU�VLPSO\�LQFOXGH�
WKHP�LQ�UHODWLYH�VXUYLYDO���%XW�MXGJLQJ�IURP�WKH�
DFFRXQW�RI�WKHLU�SHUFHQWDJHV��LW�LV�OLNHO\�WR�EH�QRW�
ZRUWKZKLOH�ERWKHULQJ�DERXW�WKHVH�ELDVHV��

��� ,I�RQH�LV�QRW�FDWHJRUL]LQJ�VXUYLYDO�E\�UDFH��WKHQ�
VXUYLYDO�IURP�FDVHV�DPRQJ�LQGLYLGXDOV�RI�
RWKHU�
UDFH
�RU�RI�XQNQRZQ�UDFH�VKRXOG�EH�LQFOXGHG�LQ�WKH�
HVWLPDWH��

�
�
�
�
�
�

�
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���&267�())(&7,9(1(66�2)�6+257(1,1*�6&5((1,1*�,17(59$/�
25�(;7(1',1*�$*(�5$1*(�2)�1+6�%5($67�6&5((1,1*�
352*5$00(��&20387(5�6,08/$7,21�678'<�
DEVWUDFW�
REMHFWLYH�
7R�FRPSDUH�WKH�FRVW�HIIHFWLYHQHVV�RI�WZR�SRVVLEOH�
PRGLILFDWLRQV�WR�WKH�FXUUHQW�8�.��VFUHHQLQJ�
SURJUDPPH��VKRUWHQLQJ�WKH�VFUHHQLQJ�LQWHUYDO�IURP���
\HDUV�WR���\HDUV�DQG�H[WHQGLQJ�WKH�DJH�RI�LQYLWDWLRQ�WR�
D�ILQDO�VFUHHQ�IURP����WR������
GHVLJQ�
$�FRPSXWHU�VLPXODWLRQ�PRGHO�ZKLFK�ILUVW�VLPXODWHV�
OLIH�KLVWRULHV�IRU�ZRPHQ�LQ�WKH�DEVHQFH�RI�D�VFUHHQLQJ�
SURJUDPPH�IRU�EUHDVW�FDQFHU��DQG�WKHQ�DVVHVVHV�KRZ�
WKHVH�OLIH�KLVWRULHV�ZRXOG�FKDQJH�DV�D�FRQVHTXHQFH�RI�
LQWURGXFLQJ�GLIIHUHQW�VFUHHQLQJ�SROLFLHV��7KH�PRGHO�
ZDV�LQIRUPHG�E\�VFUHHQLQJ�DQG�FRVW�GDWD�IURP�WKH�
1+6�EUHDVW�VFUHHQLQJ�SURJUDPPH�LQ�WKH�1RUWK�:HVW�
UHJLRQ�RI�(QJODQG��
UHVXOWV�
&RPSDUHG�ZLWK�WKH�FXUUHQW�EUHDVW�VFUHHQLQJ�
SURJUDPPH�ERWK�RI�WKH�DOWHUQDWLYHV�DUH�SUHGLFWHG�WR�
OHDG�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�GHDWKV�SUHYHQWHG�
DQG�LQ�WKH�QXPEHU�RI�OLIH�\HDUV�VDYHG��7KH�PRGHO�
FDOFXODWHV�WKDW�WKH�FXUUHQW�VFUHHQLQJ�SROLF\�FRVWV�
�������SHU�OLIH�\HDU�JDLQHG��H[WHQGLQJ�WKH�DJH�UDQJH�
RI�WKH�SURJUDPPH��������DQG�VKRUWHQLQJ�WKH�LQWHUYDO�
�������SHU�OLIH�\HDU�JDLQHG��7KH�PDUJLQDO�FRVW�SHU�
OLIH�\HDU�JDLQHG�RI�H[WHQGLQJ�WKH�DJH�UDQJH�RI�WKH�
VFUHHQLQJ�SURJUDPPH�LV��������DQG�RI�VKRUWHQLQJ�WKH�
VFUHHQLQJ�LQWHUYDO�LV���������
FRQFOXVLRQV�
,I�WKH�EXGJHW�IRU�WKH�1+6�EUHDVW�VFUHHQLQJ�
SURJUDPPH�ZHUH�WR�DOORZ�IRU�WZR�PRUH�LQYLWDWLRQV�
SHU�ZRPDQ��WKH�0,6&$1�PRGHO�SUHGLFWV�VXEVWDQWLDO�
PRUWDOLW\�UHGXFWLRQV�ZRXOG�IROORZ�IURP�H[WHQGLQJ�
WKH�DJH�UDQJH�VFUHHQHG�RU�UHGXFLQJ�WKH�VFUHHQLQJ�
LQWHUYDO�DQG�VXJJHVWV�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
WZR�SROLFLHV�LV�VR�VPDOO�WKDW��GHSHQGLQJ�RQ�WKH�
RXWFRPH�PHDVXUH�FRQVLGHUHG��HLWKHU�FDQ�EH�SUHIHUUHG��
�
LQWURGXFWLRQ�
,Q�������WKH�1+6�EUHDVW�VFUHHQLQJ�SURJUDPPH�RQ�WKH�
UHFRPPHQGDWLRQ�RI�DQ�H[SHUW�FRPPLWWHH�FKDLUHG�E\�
6LU�3DWULFN�)RUUHVW��EHJDQ�VFUHHQLQJ�ZRPHQ�DJHG������
���\HDUV�HYHU\�WKUHH�\HDUV��+RZHYHU��WKH�FRPPLWWHH�
DOVR�FRQFOXGHG�WKDW�WKH�RSWLPXP�IUHTXHQF\�RI�
VFUHHQLQJ�DQG�WKH�DJH�UDQJH�OLNHO\�WR�EHQHILW�IURP�
EUHDVW�VFUHHQLQJ�ZDV�VWLOO�XQGHWHUPLQHG��)RUUHVW�
�������7KLV�VWXG\�XVHV�D�FRPSXWHU�VLPXODWLRQ�
SDFNDJH�0,FURVLPXODWLRQ�6&UHHQLQJ�$1DO\VLV�
�0,6&$1��WR�FRPSDUH�WKH�FRVW�HIIHFWLYHQHVV�RI�WZR�
SRVVLEOH�PRGLILFDWLRQV�WR�WKH�FXUUHQW�8.�VFUHHQLQJ�
SURJUDPPH��VKRUWHQLQJ�WKH�VFUHHQLQJ�LQWHUYDO�IURP���
\HDUV�WR���\HDUV�DQG�H[WHQGLQJ�WKH�DJH�RI�LQYLWDWLRQ�WR�
D�ILQDO�VFUHHQ�IURP����WR������
�

GHVFULSWLRQ�RI�WKH�0,6&$1�PRGHO�
$�IXOO�GHVFULSWLRQ�RI�WKH�0,6&$1�PRGHO�KDV�DOUHDG\�
EHHQ�SXEOLVKHG��YDQ�2RUWPDUVVHQ�HW�DO������E���,Q�
EULHI��WKH�PRGHO�ILUVW�VLPXODWHV�OLIH�KLVWRULHV�IRU�
ZRPHQ�LQ�WKH�DEVHQFH�RI�D�VFUHHQLQJ�SURJUDPPH�IRU�
EUHDVW�FDQFHU��DQG�WKHQ�DVVHVVHV�KRZ�WKHVH�OLIH�
KLVWRULHV�ZRXOG�FKDQJH�DV�D�FRQVHTXHQFH�RI�
LQWURGXFLQJ�GLIIHUHQW�VFUHHQLQJ�SROLFLHV���
7KH�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�LV�PRGHOOHG�DV�D�
SURJUHVVLRQ�IURP�QR�EUHDVW�FDQFHU�WKURXJK�SUH�
FOLQLFDO�FDQFHU�WR�FOLQLFDO�GLVHDVH��:RPHQ�UHVLGH�LQ�
WKH�ILUVW�VWDWH��QR�EUHDVW�FDQFHU��EHIRUH�HQWHULQJ�RQH�
RI�ILYH�SUH�FOLQLFDO�VWDWHV��7KHUH�LV�DQ�LQ�VLWX�VWDWH��
DQG�IRXU�LQYDVLYH�VWDWHV�DFFRUGLQJ�WR�WKH�WXPRXU�VL]H�
�7�VWDWXV�����PP��7�D���!����PP��7�E���!�����PP�
�7�F���DQG��!��PP��7�����$�FDQFHU�PD\�EH�GHWHFWHG�
DW�D�VFUHHQLQJ��RU�EHFRPH�FOLQLFDOO\�DSSDUHQW�LQ�DQ\�
RQH�RI�WKHVH�VWDWHV��RU�LI�XQGLDJQRVHG�SURJUHVV�WR�WKH�
QH[W�SUH�FOLQLFDO�VWDWH��7KH�WZR�HQG�VWDWHV�RI�WKH�
PRGHO�DUH�GHDWK�IURP�EUHDVW�FDQFHU�DQG�GHDWK�IURP�
RWKHU�FDXVHV��
,Q�WKH�LQLWLDO�SDUDPHWHULVDWLRQ�RI�WKH�0,6&$1�PRGHO��
GDWD�IURP�WKH�'XWFK�VFUHHQLQJ�WULDOV�DW�8WUHFKW�DQG�
1LMPHJHQ�ZHUH�XVHG�WR�SURYLGH�HVWLPDWHV�RI�WKH�PHDQ�
GXUDWLRQ�RI�WKH�SUH�FOLQLFDO�SKDVH�IRU�ZRPHQ�LQ�
GLIIHUHQW�DJH�JURXSV�DQG�WKH�PHDQ�GXUDWLRQ�RI�FDQFHU�
LQ�HDFK�RI�WKH�ILYH�SUHFOLQLFDO�VWDWHV��7KH�GZHOOLQJ�
WLPH�RI�D�FDQFHU�LQ�HDFK�SUH�FOLQLFDO�VWDWH�LV�DVVXPHG�
WR�IROORZ�DQ�H[SRQHQWLDO�GLVWULEXWLRQ�DQG�WKH�UDWH�
ZLWK�ZKLFK�FDQFHUV�SURJUHVV�IURP�WKH�SUH�FOLQLFDO�WR�
WKH�FOLQLFDO�VWDWH�LV�LQIHUUHG�IURP�WKH�REVHUYHG�
LQFLGHQFH�DQG�VWDJH�GLVWULEXWLRQ�RI�FOLQLFDOO\�
GLDJQRVHG�FDQFHUV�LQ�WKH�SRSXODWLRQ�XQGHU�VWXG\���
:KHQ�PRGHOOLQJ�WKH�SHUIRUPDQFH�RI�D�VFUHHQLQJ�
SURJUDPPH��NH\�SDUDPHWHUV�LQFOXGH�WKH�PHDQ�
GXUDWLRQ�RI�WKH�VFUHHQ�GHWHFWDEOH�SKDVH��WKH�
VHQVLWLYLW\�RI�WKH�WHVW�DQG�WKH�LPSURYHPHQW�LQ�
SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�FDQFHUV��7KH�PHDQ�
GXUDWLRQ�RI�SUH�FOLQLFDO�VFUHHQ�GHWHFWDEOH�SHULRG�
DVVXPHG�LQ�WKH�PRGHO�ZDV�EDVHG�RQ�GDWD�IURP�WKH�
'XWFK�VFUHHQLQJ�SURMHFWV�DW�1LMPHJHQ�DQG�8WUHFKW�
DQG�YDULHG�IURP�DSSUR[LPDWHO\�����\HDUV�DW�DJH����WR�
����\HDUV�DW�DJH�����7KH�VHQVLWLYLW\�RI�WKH�VFUHHQLQJ�
WHVW�LV�DVVXPHG�LQ�WKH�PRGHO�WR�EH�WKH�SUREDELOLW\�RI�
GHWHFWLQJ�D�FDQFHU�LQ�WKH�SUH�FOLQLFDO�VFUHHQ�
GHWHFWDEOH�VWDWH�DQG�IRU�ZRPHQ�DJHG�RYHU����LV�IL[HG�
DV����������������������DQG������IRU�LQ�VLWX�GLVHDVH��
7�D��7�E��7�F�DQG�7����UHVSHFWLYHO\��7KH�
LPSURYHPHQW�LQ�SURJQRVLV�IRU�VFUHHQ�GHWHFWHG�
FDQFHUV�ZDV�GHULYHG�IURP�WKH�UHVXOWV�RI�WKH�6ZHGLVK�
EUHDVW�VFUHHQLQJ�WULDOV��GH�.RQLQJ�HW�DO������D���
�
�
�
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DSSO\LQJ�WKH�0,6&$1�PRGHO�WR�D�8.�
SRSXODWLRQ�
7KH�1RUWK�:HVW�UHJLRQ�RI�WKH�8.�KDV�D�
SRSXODWLRQ�RI�����PLOOLRQ�DQG�LV�FRYHUHG�E\���
1+6�EUHDVW�VFUHHQLQJ�SURJUDPPHV��7KH�ODUJHVW�
RI�WKHVH��WKH�0DQFKHVWHU�%UHDVW�6FUHHQLQJ�
3URJUDPPH�KDV�QRZ�VFUHHQHG�RYHU���������
ZRPHQ�DQG�UHSRUWHG�FDQFHU�GHWHFWLRQ�UDWHV�
VLPLODU�WR�WKRVH�HOVHZKHUH�LQ�WKH�8�.��
�&KDPEHUODLQ�HW�DO���������7KH�QXPEHU�DQG�VL]H�
RI�FDQFHUV�GHWHFWHG�DW�D�ILUVW�DQG�VHFRQG�VFUHHQ�
DQG�WKH�RFFXUUHQFH�DQG�VL]H�RI�LQWHUYDO�FDQFHUV�
LQ�WKLV�SURJUDPPH�KDYH�EHHQ�XVHG�WR�LQIRUP�WKH�
PRGHO��(VWLPDWHV�RI�VFUHHQLQJ�DQG�GLDJQRVWLF�
FRVWV�DUH�EDVHG�RQ�WKLV�SURJUDPPH�DVVXPLQJ�
WKDW�WZR�YLHZ�PDPPRJUDSK\�LV�XVHG�DW�D�ILUVW�
VFUHHQ�DQG�VLQJOH�YLHZ�PDPPRJUDSK\�DW�
VXEVHTXHQW�VFUHHQV��7UHDWPHQW�FRVWV�DUH�GHULYHG�
IURP�D�YDULHW\�RI�VRXUFHV��EXW�SULPDULO\�WKH�
&KULVWLH�+RVSLWDO�1+6�7UXVW�LQ�0DQFKHVWHU���
)XOO�GHWDLOV�RI�WKH�FRVWLQJ��LQFOXGLQJ�VHQVLWLYLW\�
DQDO\VLV��DUH�SURYLGHG�LQ�6WUHHW�HW�DO�������
�6WUHHW�HW�DO���������%RWK�FRVWV�DQG�HIIHFWV�DUH�
GLVFRXQWHG�DW�������
,Q�RUGHU�WR�VLPXODWH�WKH�OLIH�KLVWRULHV�RI�ZRPHQ�
ZLWK�EUHDVW�FDQFHU�EHIRUH�D�VFUHHQLQJ�SURJUDPPH�LV�
LQWURGXFHG��WKH�PRGHO�UHTXLUHV�LQIRUPDWLRQ�RQ�WKH�
DJH��VWDJH�GLVWULEXWLRQ�DQG�VXUYLYDO�RI�ZRPHQ�ZLWK�
EUHDVW�FDQFHU��1HLWKHU�WKH�SUH�VFUHHQLQJ�VWDJH�
GLVWULEXWLRQ�QRU�VWDJH�VSHFLILF�VXUYLYDO�UDWHV�SULRU�WR�
WKH�LQWURGXFWLRQ�RI�VFUHHQLQJ�ZHUH�DYDLODEOH�IRU�WKH�
1RUWK�:HVW
V�SRSXODWLRQ��+RZHYHU��WKH�SUH�VFUHHQLQJ�
VWDJH�GLVWULEXWLRQ�LQ�6FRWODQG��6FRWWLVK�&DQFHU�
7KHUDS\�1HWZRUN�������DQG�LQ�(DVW�$QJOLD��SHUVRQDO�
FRPPXQLFDWLRQ�-��0F&DQQ��(DVW�$QJOLDQ�&DQFHU�
5HJLVWU\��ZDV�VLPLODU�WR�WKDW�RI�WKH�FRQWURO�SRSXODWLRQ�
LQ�WKH�8WUHFKW�VFUHHQLQJ�WULDO�DQG�LW�ZDV�WKHUHIRUH�
DVVXPHG�WKDW�WKH�SUH�VFUHHQLQJ�VWDJH�GLVWULEXWLRQ�LQ�
WKH�1RUWK�:HVW�ZDV�VLPLODU�WR�WKDW�ZDV�XVHG�LQ�WKH�
LQLWLDO�SDUDPHWHULVDWLRQ�RI�WKH�0,6&$1�PRGHO��7KH�
VWDJH�GLVWULEXWLRQ�LQ�ZRPHQ�DJHG�������DW�GLDJQRVLV�
LQ�WKH�8WUHFKW�FRQWURO�SRSXODWLRQ�ZDV�������'&,6��
�����7�D�������7�E��������7�F�DQG�����7�����
+DYLQJ�DVVXPHG�WKLV�VWDJH�GLVWULEXWLRQ��VWDJH�DQG�DJH�
VSHFLILF�VXUYLYDO�UDWHV�ZHUH�GHULYHG�E\�ILWWLQJ�WKH�
1RUWK�:HVW
V�REVHUYHG������PRUWDOLW\�UDWH�WR�WKH�
1RUWK�:HVW
V�REVHUYHG������LQFLGHQFH�UDWH��7KLV�
SURGXFHG�DQ�RYHUDOO���\HDU�VXUYLYDO�IRU�ZRPHQ�DJHG�
������DQG�ZRPHQ�DJHG�������RI�����DQG�����
UHVSHFWLYHO\��$�OLIH�WDEOH�GHVFULELQJ�WKH�SUREDELOLW\�RI�
G\LQJ�IURP�FDXVHV�RWKHU�WKDQ�EUHDVW�FDQFHU�LQ�WKH�
1RUWK�:HVW
V�SRSXODWLRQ�ZDV�XVHG�WR�GHULYH�WKH�
QXPEHU�RI�OLIH�\HDUV�JDLQHG�SHU�EUHDVW�FDQFHU�GHDWK�
SUHYHQWHG���
7KH�PRGHO�DV�RULJLQDOO\�SDUDPHWHULVHG�ZDV�XQDEOH�WR�
VLPXODWH�WKH�GHWHFWLRQ�UDWH�DQG�VWDJH�GLVWULEXWLRQ�
REVHUYHG�DW�ILUVW�VFUHHQLQJ�LQ�WKH�1RUWK�:HVW��0RUH�
VPDOO�FDQFHUV�ZHUH�REVHUYHG�LQ�WKH�1RUWK�:HVW�WKDQ�

ZHUH�SUHGLFWHG�E\�WKH�0,6&$1�PRGHO��7KLV�
GLVFUHSDQF\�ZDV�UHVROYHG�E\�DVVXPLQJ�D�ORQJHU�
VFUHHQ�GHWHFWDEOH�SUH�FOLQLFDO�SKDVH�IRU�VPDOO�
WXPRXUV�LQ�WKH�1RUWK�:HVW���:KHQ�LW�ZDV�DVVXPHG�
WKDW�VPDOO�WXPRXUV��OHVV�WKDQ���PP��GZHOW�LQ�D�
VFUHHQ�GHWHFWDEOH�SKDVH�IRU�WZLFH�DV�ORQJ�DV�WKDW�XVHG�
LQ�WKH�LQLWLDO�'XWFK�PRGHO�WKH�PRGHO�DGHTXDWHO\�ILWWHG�
WKH�GHWHFWLRQ�UDWH�DQG�VWDJH�GLVWULEXWLRQ�REVHUYHG�DW�
ILUVW�VFUHHQLQJ�LQ�WKH�1RUWK�:HVW�����
7KLV�PRGHO�ZDV�XVHG�WR�VLPXODWH�IRU�WKH�SRSXODWLRQ�
RI�WKH�1RUWK�:HVW�WKH�HIIHFWV�DQG�FRVWV�RI�WKUHH�
VFUHHQLQJ�SURJUDPPHV��ILUVW�WKH�FXUUHQW�8.�
VFUHHQLQJ�SROLF\��LQ�ZKLFK�ZRPHQ�DJHG�EHWZHHQ����
DQG����DUH�LQYLWHG�IRU�VFUHHQLQJ�HYHU\�WKUHH�\HDUV��
VHFRQG��H[WHQGLQJ�WKH�DJH�UDQJH�RI�ZRPHQ�VFUHHQHG�
IURP����WR����\HDUV��EXW�FRQWLQXLQJ�WR�LQYLWH�ZRPHQ�
HYHU\�WKUHH�\HDUV�DQG�ILQDOO\�UHGXFLQJ�WKH�VFUHHQLQJ�
LQWHUYDO�IURP���WR���\HDUV�ZKLOH�PDLQWDLQLQJ�WKH�
FXUUHQW�DJH�UDQJH��$WWHQGDQFH�IRU�VFUHHQLQJ�ZDV�
DVVXPHG�WR�GHFOLQH������IRU�HDFK�\HDU�RI�DJH�IURP�
������DW�DJH����WR�DQ�DWWHQGDQFH�RI�������DW�DJH�����
DWWHQGDQFH�DW�UHSHDW�LQYLWDWLRQV�LV�DVVXPHG�WR�EH����
��KLJKHU�DPRQJ�WKRVH�ZKR�DWWHQGHG�WKH�SUHYLRXV�
LQYLWDWLRQ��(DFK�VFUHHQLQJ�SURJUDPPH�ZDV�DVVXPHG�
WR�UXQ�IRU����\HDUV��
�
UHVXOWV�
7KH�ILQDO�PRGHO�DGHTXDWHO\�SUHGLFWHG�WKH�UDWHV�RI�
VFUHHQ�GHWHFWHG�FDQFHUV�REVHUYHG�DW�WKH�ILUVW�DQG�
VHFRQG�VFUHHQLQJ�URXQG��WKH�LQWHUYDO�FDQFHU�UDWHV�
REVHUYHG�DIWHU�D�ILUVW�VFUHHQ�DQG�WKH�VWDJH�GLVWULEXWLRQ�
REVHUYHG�DW�WKH�ILUVW�VFUHHQ�EXW�QRW�WKH�VWDJH��
GLVWULEXWLRQ�REVHUYHG�DW�WKH�VHFRQG�VFUHHQ��7DEOHV�
�����������

7DEOH������'HWHFWLRQ�UDWHV�SHU�������VFUHHQHG�
� ILUVW�VFUHHQLQJV� VHFRQG�VFUHHQLQJV
�
DJH� REVHUYHG�� PRGHOOHG� REVHUYHG� PRGHOOHG�
������ ���� ���� �� ����
������ ���� ���� �� ����
������ ���� ���� �� ����
DOO�
DJHV� ���� ���� ���� ����

�$JH�VSHFLILF�UDWHV�ZHUH�QRW�DYDLODEOH�
7DEOH������6WDJH�GLVWULEXWLRQ�E\�7�VWDWXV���
� ILUVW�VFUHHQLQJ� VHFRQG�VFUHHQLQJ�
VWDJH� REVHUYHG� PRGHOOHG� REVHUYHG� PRGHOOHG�
'&,6� ����� ����� ����� �����
7�D� ���� ���� ���� �����
7�E� ����� ����� ����� �����
7�F� ����� ����� ����� �����
7��� ����� ����� ����� ����
�
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$�VXPPDU\�RI�WKH�FRVWV�DQG�HIIHFWV�RI�WKH�WKUHH�
VFUHHQLQJ�SROLFLHV��FRPSDUHG�ZLWK�D�EDVHOLQH�RI�QR�
VFUHHQLQJ��LV�SURYLGHG�LQ�7DEOH������7KLV�VXJJHVWV�
WKDW�WKH�FXUUHQW�1RUWK�:HVW�VFUHHQLQJ�SURJUDPPH�
UHGXFHV�PRUWDOLW\�E\��������SUHYHQWLQJ�������GHDWKV�
GXULQJ�WKH����\HDU�SHULRG��WKLV�LV�HTXLYDOHQW�WR��������
OLIH�\HDUV�JDLQHG�RU��������OLIH�\HDUV�GLVFRXQWHG�WR�
SUHVHQW�YDOXHV���
([WHQGLQJ�WKH�SURJUDPPH�WR�DJH����UHGXFHV�
PRUWDOLW\�E\��������SUHYHQWLQJ�������GHDWKV�GXULQJ�
WKH����\HDU�SHULRG��HTXLYDOHQW�WR��������OLIH�\HDUV�

JDLQHG�RU��������OLIH�\HDUV�GLVFRXQWHG�WR�
SUHVHQW�YDOXHV��5HGXFLQJ�WKH�LQWHUYDO�WR�WZR�
\HDUV�UHGXFHV�PRUWDOLW\�E\�������
SUHYHQWLQJ�������GHDWKV��HTXLYDOHQW�WR�
�������OLIH�\HDUV�JDLQHG�RU��������OLIH�\HDUV�
GLVFRXQWHG�WR�WKH�SUHVHQW�YDOXHV���
7KH�FRVW�RI�WKH�FXUUHQW�SURJUDPPH�������
PLOOLRQ�LQFUHDVHV�WR�������PLOOLRQ�LI�WKH�DJH�
UDQJH�RI�WKH�SURJUDPPH�LV�H[WHQGHG�DQG�WR�
������PLOOLRQ�LI�WKH�VFUHHQLQJ�LQWHUYDO�LV�
UHGXFHG��7KH�PDMRULW\�RI�WKHVH�UHVRXUFHV�DUH�
VSHQW�RQ�VFUHHQLQJ�DQG�LQYHVWLJDWLRQ�RI�
ZRPHQ�UHFDOOHG�ZLWK�D�VXVSLFLRXV�VFUHHQLQJ�
ILOP�EXW�VRPH�UHVRXUFHV�DUH�VDYHG�EHFDXVH�
RI�WKH�UHGXFHG�GLDJQRVWLF�DQG�WUHDWPHQW�
FRVWV�LQ�ZRPHQ�ZKR�ZRXOG�RWKHUZLVH�KDYH�
SUHVHQWHG�V\PSWRPDWLFDOO\���
7KHVH�GDWD�VXJJHVW�WKDW�WKH�FRVW�RI�D�OLIH�
\HDU�JDLQHG�E\�VFUHHQLQJ�ZKHQ�FRVWV�DQG�
EHQHILWV�DUH�GLVFRXQWHG�DW�����GHULYHG�E\�
GLYLGLQJ�GLVFRXQWHG�OLIH�\HDUV�JDLQHG�E\�WKH�
FRVW�RI�WKH�SURJUDPPH��LV��������LQ�WKH�
FXUUHQW�SURJUDPPH���������LI�WKH�DJH�UDQJH�
RI�WKH�SURJUDPPH�LV�H[WHQGHG�DQG��������LI�
WKH�VFUHHQLQJ�LQWHUYDO�LV�VKRUWHQHG��7KH�
LPSDFW�RI�FKDQJLQJ�WKH�FXUUHQW�VFUHHQLQJ�
SROLF\�LV�EHVW�VXPPDULVHG�E\�FRPSDULQJ�WKH�
PDUJLQDO�FRVW�HIIHFWLYHQHVV�RI�WKH�WZR�
DOWHUQDWLYH�SROLFLHV�ZKLFK�LV�FDOFXODWHG�E\�
GLYLGLQJ�WKH�GLIIHUHQFH�LQ�WRWDO�FRVWV�RI�WKH�
FXUUHQW�DQG�SURSRVHG�SROLFLHV�E\�WKH�
GLIIHUHQFH�LQ�OLIH�\HDUV�JDLQHG��7KH�PDUJLQDO�
FRVW�SHU�OLIH�\HDU�VDYHG�RI�H[WHQGLQJ�WKH�DJH�
UDQJH�RI�WKH�VFUHHQLQJ�SURJUDPPH�LV��������
DQG�RI�VKRUWHQLQJ�WKH�VFUHHQLQJ�LQWHUYDO�
��������
7KH�FRVW�HIIHFWLYHQHVV�DQDO\VLV�ZDV�DOVR�
FRQGXFWHG�XVLQJ��UHVSHFWLYHO\��WKH�ORZHU�DQG�
XSSHU�XQLW�FRVW�HVWLPDWHV�IRU�VFUHHQLQJ��
GLDJQRVLV�DQG�WUHDWPHQW�DQG�DOWHUQDWLYH�
GLVFRXQW�UDWHV��8QGHU�DOO�VFHQDULRV�
FRQVLGHUHG�WKH�FXUUHQW�SURJUDPPH�LPSOLHV�D�
ORZHU�PDUJLQDO�FRVW�SHU�OLIH�\HDU�VDYHG�RU�
GHDWK�SUHYHQWHG�WKDQ�WKH�WZR�SROLF\�RSWLRQV��
�$�PRUH�GHWDLOHG�H[SRVLWLRQ�RI�WKH�FRVW�DQG�
VHQVLWLYLW\�DQDO\VHV�DUH�DYDLODEOH�LQ�6WUHHW�HW�
DO�������6WUHHW�HW�DO����������7ZR�DOWHUQDWLYH�

7DEOH������,QWHUYDO�FDQFHU�UDWHV�DIWHU�ILUVW�VFUHHQLQJ�
URXQG�SHU��������VFUHHQHG��
PRQWKV�DIWHU�VFUHHQ� REVHUYHG� PRGHOOHG�
������� ���� ����
�������� ���� ����
�������� ����� �����
WRWDO� ����� �����
�
7DEOH������2YHUYLHZ�RI�WKH�HIIHFWV�DQG�FRVWV�RI�WKUHH�VFUHHQLQJ�
SROLFLHV��FRVWV�LQ�PLOOLRQV�RI����
� SUHVHQW�

SURJUDPPH�
H[WHQVLRQ�
WR�DJH����

WZR�\HDU�
LQWHUYDO�

(IIHFWLYHQHVV��QR�GLVFRXQWLQJ��
PRUWDOLW\�UHGXFWLRQ�
� ������ ������ ������
GHDWKV�
SUHYHQWHG�\HDU�
� ���� ���� ����
GHDWKV�SUHYHQWHG�
�WRWDO�� ����� ����� �����
OLIH�\HDUV�JDLQHG� ������ ������ ������
&RVWV�����GLVFRXQWHG��
VFUHHQLQJ� ����� ����� �����
GLDJQRVLV��VFUHHQLQJ�� ����� ����� �����
GLDJQRVLV��RXWVLGH�
VFUHHQLQJ�� ������ ������ ������
SULPDU\�WKHUDS\� ���� ���� ����
DGMXYDQW�WKHUDS\� ����� ����� �����
IROORZ�XS� ���� ���� ����
DGYDQFHG�GLVHDVH� ����� ������ ������
WRWDO� ����� ����� �����
(IIHFWLYHQHVV�����GLVFRXQWHG��
GHDWKV�SUHYHQWHG� ����� ����� �����
OLIH�\HDUV�JDLQHG� ������ ������ ������
&RVW�HIIHFWLYHQHVV�����GLVFRXQWHG���
FRVWV�SHU�GHDWK�
SUHYHQWHG����� ������ ������ ������
FRVWV�SHU�OLIH�\HDU�
JDLQHG����� ����� ����� �����
PDUJLQDO�FRVW�
HIIHFWLYHQHVV�SHU�OLIH�
\HDU�JDLQHG�����

� ����� �����
��
�LQ�D�VWHDG\�VWDWH�
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PRGHOV�XVLQJ�GLIIHUHQW�DVVXPSWLRQV�DERXW�WKH�OHQJWK�
RI�WKH�SUH�FOLQLFDO�GHWHFWDEOH�SKDVH�DQG�WKH�VL]H�
GLVWULEXWLRQ�RI�WXPRXUV�DW�SUHVHQWDWLRQ�ZHUH�DOVR�
H[SORUHG�DQG�WKH�UHODWLYH�RXWFRPHV�RQ�FRVW�
HIIHFWLYHQHVV�ZHUH�WKH�VDPH��7KHVH�PRGHOV�ZHUH�
UHMHFWHG��KRZHYHU��EHFDXVH�WKH\�GLG�QRW�ILW�DOO�WKH�
DYDLODEOH�GDWD�DV�DGHTXDWHO\�DV�WKH�PRGHO�GHVFULEHG���
�
GLVFXVVLRQ�
7KH�0,6&$1�PRGHO�ZDV�GHYHORSHG�DQG�UHILQHG�RYHU�
D�QXPEHU�RI�\HDUV�DW�WKH�(UDVPXV�8QLYHUVLW\�
5RWWHUGDP��,W�KDV�EHHQ�YDOLGDWHG�XVLQJ�GDWD�IURP�WKH�
1HWKHUODQGV��YDQ�2RUWPDUVVHQ�HW�DO������E��DQG�
6ZHGHQ��GH�.RQLQJ�HW�DO������D���DVVXPSWLRQV�
XQGHUSLQQLQJ�WKH�PRGHO�KDYH�EHHQ�HYDOXDWHG�E\�
RWKHUV��%URZQ�DQG�)LQWRU�������&KDPEHUODLQ�HW�DO��
������DQG�WKH�UHVXOWV�IURP�WKH�PRGHO�KDYH�EHHQ�XVHG�
WR�HYDOXDWH�VFUHHQLQJ�SURJUDPPHV�LQ�VHYHUDO�
(XURSHDQ�FRXQWULHV��%HHPVWHUERHU�HW�DO��������GH�
.RQLQJ�HW�DO��������YDQ�,QHYHOG�HW�DO���������,Q�RUGHU�
IRU�WKH�PRGHO�WR�VLPXODWH�WKH�GHWHFWLRQ�UDWHV�DQG�
VWDJH�GLVWULEXWLRQ�REVHUYHG�DW�ILUVW�VFUHHQLQJ�LQ�WKH�
1RUWK�:HVW
V�SRSXODWLRQ��LW�ZDV�QHFHVVDU\�WR�DVVXPH�
IRU�VPDOOHU�WXPRXUV��D�ORQJHU�SUH�FOLQLFDO�GHWHFWDEOH�
SKDVH�WKDQ�ZDV�HVWLPDWHG�IURP�WKH�'XWFK�SLORW�
SURMHFWV�DQG�WKH�'XWFK�QDWLRQDO�VFUHHQLQJ�
SURJUDPPH��$�ORQJHU�SUH�FOLQLFDO�GHWHFWDEOH�SKDVH�LV�
LQ�DFFRUGDQFH�ZLWK�D�ORZHU�WKUHVKROG�RI�GHWHFWLRQ�RI�
EUHDVW�FDQFHU�DW�VFUHHQLQJ���
7KH�PRGHO�DGHTXDWHO\�VLPXODWHG�WKH�QXPEHU�RI�
FDQFHUV�RFFXUULQJ�LQ�WKH�LQWHUYDO�EHWZHHQ�VFUHHQV�DQG�
WKRVH�GHWHFWHG�DW�D�VHFRQG�VFUHHQ�EXW�LW�SUHGLFWHG�D�
EHWWHU�VWDJH�GLVWULEXWLRQ�IRU�WKH�ODWWHU�WKDQ�ZDV�
REVHUYHG��7KLV�WHQGHQF\�IRU�WKH�0,6&$1�PRGHO�WR�
SUHGLFW�D�EHWWHU�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQV�
WKDQ�LV�REVHUYHG�KDV�EHHQ�UHSRUWHG�EHIRUH��3DFL�HW�DO��
������DQG�LV�EHLQJ�LQYHVWLJDWHG�E\�WKH�(UDVPXV�WHDP��
,W�LV�XQOLNHO\��KRZHYHU��WKDW�WKLV�GLVFUHSDQF\�
VXEVWDQWLDOO\�DIIHFWHG�WKH�FRQFOXVLRQ��JLYHQ�WKDW�D�
EHWWHU�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQV�LV�PRGHOOHG�
LQ�DOO�SROLF\�RSWLRQV�DQG�WKDW�WKH�RYHUDOO�UHGXFWLRQ�LQ�
PRUWDOLW\�SUHGLFWHG�IRU�HDFK�VFUHHQLQJ�SROLF\�RSWLRQ�
LV�QRW�JUHDWHU�WKDQ�WKRVH�UHSRUWHG�IURP�WKH�
UDQGRPLVHG�WULDOV�RI�EUHDVW�VFUHHQLQJ���
,Q�FRVW�HIIHFWLYHQHVV�DQDO\VLV�RI�SURJUDPPHV�ZKRVH�
PDLQ�HIIHFW�LV�WR�H[WHQG�OLIH�WKH�XVXDO�PHDVXUH�RI�
EHQHILW�LV�OLIH�\HDUV�JDLQHG��&RPSDUHG�ZLWK�WKH�
FXUUHQW�EUHDVW�VFUHHQLQJ�SURJUDPPH�ERWK�RI�WKH�
DOWHUQDWLYHV�HYDOXDWHG�RIIHU�DQ�LPSURYHPHQW�LQ�WKH�

HIIHFWLYHQHVV�RI�WKH�SURJUDPPH��ERWK�DUH�SUHGLFWHG�WR�
OHDG�WR�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�OLIH�\HDUV�JDLQHG�
DQG�LQ�WKH�QXPEHU�RI�GHDWKV�SUHYHQWHG��(VWDEOLVKLQJ�D�
SUHIHUHQFH�EHWZHHQ�WKH�WZR�SURSRVHG�SROLFLHV�
GHSHQGV�RQ�PDNLQJ�FKRLFHV�DERXW�ZKLFK�RXWFRPH�
PHDVXUH�LV�FKRVHQ��ZKHWKHU�GLVFRXQWLQJ�LV�
XQGHUWDNHQ��DQG�ZKHWKHU�FRVWV�DUH�FRQVLGHUHG��,I�QR�
GLVFRXQWLQJ�RI�KHDOWK�HIIHFWV�LV�XQGHUWDNHQ�DQG�FRVWV�
DUH�LJQRUHG��H[WHQGLQJ�WKH�DJH�UDQJH�DSSHDUV�
SUHIHUDEOH�ZKHQ�PHDVXULQJ�RXWFRPHV�E\�GHDWKV�
SUHYHQWHG�EXW�LQ�WHUPV�RI�OLIH�\HDUV�JDLQHG�UHGXFLQJ�
WKH�VFUHHQLQJ�LQWHUYDO�LV�WKH�PRUH�HIIHFWLYH�SROLF\��
:KHWKHU�HLWKHU�RI�WKH�SURSRVHG�FKDQJHV�WR�WKH�
SURJUDPPH�LV�FRVW�HIIHFWLYH�GHSHQGV�RQ�WKH�YDOXH�WKH�
1+6�LV�ZLOOLQJ�WR�SODFH�RQ�LQFUHPHQWDO�
LPSURYHPHQWV�LQ�WKH�HIIHFWLYHQHVV�RI�WKH�SURJUDPPH��
2Q�WKH�EDVLV�RI�D�FRPSDULVRQ�RI�WKH�FXUUHQW�
SURJUDPPH�ZLWK�D�K\SRWKHWLFDO�EDVHOLQH�RI�QR�
VFUHHQLQJ���DVVXPLQJ�D�GLVFRXQW�UDWH�RI����DSSOLHG�WR�
DOO�FRVWV�DQG�RXWFRPHV���WKH�LPSOLFLW�LQFUHPHQWDO�
FRVWV�HPERGLHG�LQ�WKH�FXUUHQW�SURJUDPPH�DUH�
��������SHU�GHDWK�SUHYHQWHG��DQG��������SHU�OLIH�\HDU�
VDYHG��,I�WKHVH�YDOXHV�UHSUHVHQW�DQ�XSSHU�OLPLW�RQ�WKH�
DPRXQW�ZKLFK�WKH�1+6�LV�ZLOOLQJ�WR�SD\��WKH�FRVW�
HIIHFWLYHQHVV�RI�WKH�SURSRVHG�FKDQJHV�GHSHQGV�RQ�WKH�
RXWFRPH�PHDVXUH��7KH�LQFUHPHQWDO�FRVW�SHU�OLIH�\HDU�
VDYHG�LV�KLJKHU�ZLWK�ERWK��SURSRVHG�FKDQJHV�WKDQ�WKH�
FXUUHQW�SURJUDPPH�EXW�H[WHQGLQJ�WKH�DJH�UDQJH�IRU�
VFUHHQLQJ��RIIHUV�DQ�LQFUHPHQWDO�LQFUHDVH�LQ�GHDWKV�
SUHYHQWHG�DW�D�FRVW�ZKLFK�LV�ORZHU�WKDQ�WKDW�LPSOLFLW�
LQ�WKH�FXUUHQW�SURJUDPPH��,I�WKLV�LV�DQ�DSSURSULDWH�
PHDVXUH�RI�RXWFRPH��WKHQ�H[WHQGLQJ�WKH�DJH�UDQJH�LV�
XQDPELJXRXVO\�FRVW�HIIHFWLYH��/RRNLQJ�VSHFLILFDOO\�DW�
WKH�UHODWLYH�FRVW�HIIHFWLYHQHVV�RI�WKH�WZR�SROLF\�
FKDQJHV��WKH�LQFUHPHQWDO�FRVW�SHU�DGGLWLRQDO�GHDWK�
SUHYHQWHG�DQG�SHU�OLIH�\HDU�VDYHG�LV�VOLJKWO\�ORZHU�
ZLWK�H[WHQGLQJ�WKH�DJH�UDQJH���
,Q�FRQFOXVLRQ��LI�WKH�EXGJHW�IRU�WKH�1+6�EUHDVW�
VFUHHQLQJ�SURJUDPPH�ZRXOG�DOORZ�IRU�WZR�PRUH�
LQYLWDWLRQV�SHU�ZRPDQ��WKH�0,6&$1�PRGHO�SUHGLFWV�
WKDW�WKH�GLIIHUHQFH�EHWZHHQ�H[WHQGLQJ�WKH�DJH�UDQJH�
VFUHHQHG�RU�UHGXFLQJ�WKH�VFUHHQLQJ�LQWHUYDO�IURP�
WKUHH�WR�WZR�\HDUV�LV�VR�VPDOO�WKDW��GHSHQGLQJ�RQ�WKH�
RXWFRPH�PHDVXUH�FRQVLGHUHG�HLWKHU�FDQ�EH�SUHIHUUHG��
7KLV�FRQFOXVLRQ�UHPDLQHG�FRQVLVWHQW�ZKHQ�XVLQJ�
XSSHU�DQG�ORZHU�HVWLPDWHV�RI�WKH�FRVWV�RI�VFUHHQLQJ��
GLDJQRVLV��WUHDWPHQW��DQG�ZKHQ�YDU\LQJ�WKH�GLVFRXQW�
UDWH�RI�FRVWV�DQG�EHQHILWV��
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���81$,'('�9,68$/�(;$0,1$7,21�2)�7+(�&(59,;�9(5686�
3$3�60($56�)25�($5/<�'(7(&7,21�2)�&(59,&$/�&$1&(5�
DEVWUDFW�
8QDLGHG�YLVXDO�LQVSHFWLRQ�RI�WKH�FHUYL[�FDQ�EH�
DSSOLHG�DV�DQ�DOWHUQDWLYH�WR�SDS�VPHDU�WHVWLQJ�IRU�WKH�
SUHYHQWLRQ�RI�PRUWDOLW\�IURP�FHUYLFDO�FDQFHU��:H�
LQYHVWLJDWHG�WKH�FRPSDUDWLYH�FRVW�HIIHFWLYHQHVV�RI�
WKHVH�WZR�PRGDOLWLHV�IRU�HDUO\�GHWHFWLRQ�RI�FHUYLFDO�
FDQFHU�IRU�D�VLWXDWLRQ�LQ�,QGLD��
:H�HVWLPDWH�WKDW�SHU�����SDS�VPHDUV�WDNHQ�DW�DJH����
WKH�H[SHFWHG�QXPEHU�RI�OLIH�\HDUV�JDLQHG�E\�
SUHYHQWLRQ�RI�PRUWDOLW\�IURP�FHUYLFDO�FDQFHU�LV������
6FUHHQLQJ�DQ�HTXDO�QXPEHU�RI�ZRPHQ�WZR�WLPHV�E\�
XQDLGHG�YLVXDO�H[DPLQDWLRQ�DW�DJHV����DQG����LV�
H[SHFWHG�WR�JDLQ�VOLJKWO\�PRUH�OLIH�\HDUV��7KH�
HVWLPDWHG�FRVW�RI�D�SDS�VPHDU�LQ�,QGLD�LV������UXSHHV��
7KH�FRVW�RI�D�YLVXDO�H[DPLQDWLRQ�LV������UXSHHV��EXW�
GXH�WR�ORZ�VSHFLILFLW\�WKLV�H[DPLQDWLRQ�JHQHUDWHV�
PXFK�PRUH�GLDJQRVWLF�FRVWV��
7KHUHIRUH�RXU�FRQFOXVLRQ�LV�WKDW�SDS�VPHDU�WDNLQJ�
PD\�EH�PRUH�FRVW�HIIHFWLYH�WKDQ�XQDLGHG�YLVXDO�
H[DPLQDWLRQ�RI�WKH�FHUYL[��DOVR�LQ�D�GHYHORSLQJ�
FRXQWU\�OLNH�,QGLD��
�
LQWURGXFWLRQ�
,Q�PDQ\�GHYHORSLQJ�FRXQWULHV��FDQFHU�RI�WKH�FHUYL[�LV�
WKH�PRVW�LPSRUWDQW�FDQFHU�ZLWK�UHVSHFW�WR�WKH�ULVN�RI�
DFTXLULQJ�WKH�FDQFHU�DV�ZHOO�DV�WKH�ULVN�RI�G\LQJ�IURP�
LW��%RWK�WKHVH�ULVNV�FDQ�EH�VWURQJO\�UHGXFHG�E\�DQ�
HIIRUW�WR�GHWHFW�FXUDEOH�SUHFXUVRUV�RI�LQYDVLYH�
FHUYLFDO�FDQFHU�DSSO\LQJ�F\WRORJLFDO�VFUHHQLQJ�E\�SDS�
VPHDUV��7KLV�IRUP�RI�VHFRQGDU\�SUHYHQWLRQ�LV�ZLGHO\�
DSSOLHG�LQ�GHYHORSHG�FRXQWULHV��ZKHUH�WKH�ULVN�IRU�
FHUYLFDO�FDQFHU�LV�XVXDOO\�QRW�YHU\�KLJK��ZKLOH�LW�LV�
DSSOLHG�UHODWLYHO\�UDUHO\�LQ�GHYHORSLQJ�FRXQWULHV�
ZKHUH�WKLV�ULVN�LV�PXFK�KLJKHU��$Q�LPSRUWDQW�UHDVRQ�
IRU�WKH�DEVHQFH�RI�FHUYLFDO�FDQFHU�VFUHHQLQJ�LQ�
GHYHORSLQJ�FRXQWULHV�LV�WKDW�WDNLQJ�SDS�VPHDUV�LV�
FRVWO\�DQG�UHTXLUHV�D�IDLUO\�KLJK�GHJUHH�RI�
RUJDQLVDWLRQ�ZKLFK�DOVR�LQYROYHV�F\WRORJLFDO�
ODERUDWRULHV��
2QH�SDUWLFXODU�DOWHUQDWLYH�WR�F\WRORJLFDO�VFUHHQLQJ��
XQDLGHG�YLVXDO�H[DPLQDWLRQ��LV�VHULRXVO\�EHLQJ�
GLVFXVVHG�DQG�LQYHVWLJDWHG��%KDUJDYD�HW�DO��������
1HQH�HW�DO��������6HKJDO�HW�DO��������6LQJK�HW�DO��
������6XMDWKDQ�HW�DO��������:HVOH\�HW�DO��������7KLV�
VFUHHQLQJ�WHVW�LV�D�GLUHFW�YLVXDO�LQVSHFWLRQ�RI�WKH�
FHUYL[�LQ�RUGHU�WR�ORRN�IRU�PDFURVFRSLF�DEQRUPDOLWLHV�
ZKLFK�SRVVLEO\�VLJQLI\��SUHFXUVRUV�RI��FHUYLFDO�
FDQFHU��,W�GRHV�QRW�UHTXLUH�D�F\WRORJLFDO�ODERUDWRU\��
WKH�SURFHGXUH�DV�VXFK�LV�OHVV�FRVWO\�WKDQ�F\WRORJLFDO�
VFUHHQLQJ�DQG�WKH�RXWFRPH�RI�WKH�WHVW�LV�LPPHGLDWHO\�
DYDLODEOH��7KH�PDLQ�GLVDGYDQWDJHV�RI�YLVXDO�
H[DPLQDWLRQ�DUH�WKDW�LWV�VHQVLWLYLW\�IRU�ILQGLQJ�
SUHFXUVRUV�RI�FHUYLFDO�FDQFHU�DV�ZHOO�DV�LWV�VSHFLILFLW\�
DUH�FRQVLGHUDEO\�ORZHU�WKDQ�IRU�WKH�SDS�VPHDU�WHVW��
7KLV�SDSHU�JLYHV�D�TXDQWLILFDWLRQ�RI�WKH�DGYDQWDJHV�

DQG�GLVDGYDQWDJHV�RI�YLVXDO�H[DPLQDWLRQ�DQG�SDS�WHVW�
LQ�RUGHU�WR�HYDOXDWH�ZKLFK�VFUHHQLQJ�PHWKRG�LV�PRUH�
FRVW�HIIHFWLYH��7KH�TXDQWLILFDWLRQ�RI�WKH�WHVW�
FKDUDFWHULVWLFV�RI�YLVXDO�H[DPLQDWLRQ�LV�EDVHG�RQ�
SXEOLVKHG�GDWD��
�
PDWHULDO�DQG�PHWKRGV�
7KH�0,6&$1�PRGHO�IRU�XQGHUO\LQJ�QDWXUDO�KLVWRU\�
RI�FHUYLFDO�FDQFHU�DQG�WKH�LPSDFW�RI�VFUHHQLQJ��ZKLFK�
KDV�EHHQ�XVHG�IRU�WKLV�DQDO\VLV��VLPXODWHV�LQGLYLGXDO�
OLIH�KLVWRULHV�FRQVLVWLQJ�RI�GHPRJUDSKLF��
HSLGHPLRORJLFDO�DQG�VFUHHQLQJ�DVSHFWV��
'HPRJUDSK\�LQ�WKH�PRGHO�FRQFHUQV�ELUWKV�E\�
FDOHQGDU�\HDU�DQG�PRUWDOLW\�IURP�RWKHU�FDXVHV�WKDQ�
FHUYLFDO�FDQFHU��7KHVH�GDWD�DUH�GHULYHG�IURP�WKH�DJH�
VSHFLILF�GHDWK�UDWHV�LQ�,QGLD�������5HJLVWUDU�*HQHUDO�
RI�,QGLD�������DQG�IURP�WKH�DJH�GLVWULEXWLRQ�RI�WKH�
IHPDOH�SRSXODWLRQ�RI�%DQJDORUH�DV�HVWLPDWHG�IRU�
������3DUNLQ�HW�DO���������
7KH�GLVHDVH�PRGHO�GLVWLQJXLVKHV�WKH�IROORZLQJ�
FRQVHFXWLYH�SUHFOLQLFDO�GLVHDVH�VWDWHV�ZKLFK�DUH�
GHWHFWDEOH�E\�VFUHHQLQJ��G\VSODVLD��FDUFLQRPD�LQ�VLWX�
�&,6���PLFUR�LQYDVLYH�FDQFHU��,$��DQG�PDFUR�
LQYDVLYH�FDQFHU��,%����7KH�GZHOOLQJ�WLPH�LQ�HDFK�RI�
WKHVH�GLVHDVH�VWDWHV�IROORZV�D�:HLEXOO�GLVWULEXWLRQ�
ZLWK�D�FRHIILFLHQW�RI�YDULDWLRQ�RI�������7KH�PHDQ�
GXUDWLRQ�LQ�G\VSODVLD�LV���\HDUV��VWDQGDUG�GHYLDWLRQ�
����\HDUV����LQ�&,6�����\HDUV��V�G��������LQ�,$���\HDUV�
�V�G�������DQG�LQ�,%��XQWLO�FOLQLFDO�GLDJQRVLV���\HDUV�
�V�G��������7KHVH�GXUDWLRQV�DUH�EDVHG�RQ�WKH�
DVVXPSWLRQ�WKDW�WKH�QDWXUDO�KLVWRU\�RI�FHUYLFDO�FDQFHU�
�SUHFXUVRUV��LV�VLPLODU�LQ�%DQJDORUH�DQG�LQ�WKH�
1HWKHUODQGV��H[FHSW�IRU�WKH�VWDWH�,%��ZKLFK�LV�
DVVXPHG�WR�EH���\HDUV�LQ�%DQJDORUH�LQ�FRPSDULVRQ�WR�
����\HDUV�LQ�WKH�1HWKHUODQGV�EHFDXVH�FOLQLFDO�
GLDJQRVLV�LV�DVVXPHG�WR�RFFXU�ODWHU�LQ�%DQJDORUH��
�YDQ�%DOOHJRRLMHQ�HW�DO������D��YDQ�%DOOHJRRLMHQ�HW�
DO��������YDQ�2RUWPDUVVHQ�HW�DO��������,QFLGHQFH�DQG�
VXUYLYDO�RI�ZRPHQ�ZLWK�FHUYLFDO�FDQFHU�E\�DJH�
IROORZV�WKDW�RI�WKH�VLWXDWLRQ�LQ�%DQJDORUH�RYHU�WKH�
\HDUV������������1DQGDNXPDU�HW�DO���������7KH�DJH�
VWDQGDUGLVHG�LQFLGHQFH�UDWH�EDVHG�RQ�WKH�:RUOG�
6WDQGDUG�3RSXODWLRQ��$65�:��LV�������1DQGDNXPDU�
HW�DO���������ZKLFK�LV�PXFK�KLJKHU�DV�IRU�LQVWDQFH�LQ�
WKH�(XURSHDQ�8QLRQ�ZKHUH�WKH�$65�:�IRU������ZDV�
�������%ODFN�HW�DO��������RU�WKH�8QLWHG�6WDWHV�ZLWK�DQ�
$65�:�RI�����SHU���������OLIH�\HDUV�GXULQJ������
������1DWLRQDO�&DQFHU�,QVWLWXWH��������7KH�RQVHW�RI�
G\VSODVLD�LV�FKRVHQ�VR�WKDW�WKH�WDUJHW�FOLQLFDO�
LQFLGHQFH�LV�UHSURGXFHG��
7KH�VHQVLWLYLW\�RI�WKH�SDS�VPHDU�WHVW�LV�DVVXPHG�WR�EH�
����IRU�G\VSODVLD�DQG�&,6�DQG�����IRU�LQYDVLYH�
FDQFHU��6SHFLILFLW\�LV�DVVXPHG�WR�EH�������YDQ�
%DOOHJRRLMHQ�����D��



���

7KH�WHVW�FKDUDFWHULVWLFV�IRU�VFUHHQLQJ�E\�YLVXDO�
H[DPLQDWLRQ�LQ�WKH�EDVHOLQH�PRGHO�DUH�DGMXVWHG�
DFFRUGLQJ�WR�WKH�H[SHULHQFH�LQ�0DWHUQDO�DQG�FKLOG�
KHDOWK�FHQWUHV�LQ�'HOKL��6LQJK�HW�DO���������7KH�
VHQVLWLYLW\�RI�YLVXDO�H[DPLQDWLRQ�LV�DVVXPHG�WR�EH�
����IRU�G\VSODVLD�DQG�&,6�DQG�����IRU�LQYDVLYH�
FDQFHU��DQG�VSHFLILFLW\������:KHQ�GHWHFWHG�ZLWK��D�
SUHFXUVRU�RI��FDQFHU�E\�VFUHHQLQJ�LQ�VWDJH�,$�RU�
HDUOLHU�HYHU\RQH�LV�DVVXPHG�WR�EH�FXUHG��:KHQ�
GHWHFWHG�E\�VFUHHQLQJ�LQ�VWDJH�,%��WKH�SUREDELOLW\�WR�
EH�FXUHG�GHFUHDVHV�OLQHDUO\�RYHU�WLPH�IURP������LI�
RQH�LV�GHWHFWHG�MXVW�DIWHU�HQWU\�LQ�VWDJH�,%��WR����LI�
VFUHHQ�GHWHFWLRQ�LV�MXVW�EHIRUH�WKH�WLPH�RI�GLDJQRVLV�
LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��+HUH�FXUH�LV�GHILQHG�
DV�WUHDWPHQW�OHDGLQJ�WR�QRW�G\LQJ�IURP�FHUYLFDO�
FDQFHU��1R�FXUH�PHDQV�G\LQJ�DW�WKH�VDPH�WLPH�DQG�
IURP�WKH�VDPH�FDXVH�DV�LQ�D�VLWXDWLRQ�ZLWKRXW�
VFUHHQLQJ��
,W�LV�DVVXPHG�WKDW�KLJK�ULVN�LV�DVVRFLDWHG�ZLWK�QRQ�
DWWHQGDQFH��%HUJHW�������%R\HV�HW�DO���������7KLV�LV�
TXDQWLILHG�DV�����RI�WKH�SRSXODWLRQ�QHYHU�WDNLQJ�SDUW�
LQ�VFUHHQLQJ�DQG�KDYLQJ�D���WLPHV�KLJKHU�ULVN�WKDQ�
WKRVH�ZKR�PLJKW�DWWHQG�WR�VFUHHQLQJ�ZKHQ�LQYLWHG��
3RVLWLYH�VFUHHQLQJ�UHVXOWV�DUH�DVVXPHG�WR�EH�IROORZHG�
E\�FROSRVFRSLFDOO\�JXLGHG�ELRSV\�DQG�SDWKRORJ\��
7KH�HIIHFWV�RI�SUHYHQWLRQ�RI�FHUYLFDO�FDQFHU�WKURXJK�
XWHUXV�H[WLUSDWLRQ�IRU�RWKHU�UHDVRQV�WKDQ�FHUYLFDO�
FDQFHU�ZLOO�QRW�EH�WDNHQ�LQWR�
DFFRXQW��
�
FRVWV�
2QO\�WKH�IROORZLQJ�PHGLFDO�
FRVWV�KDYH�EHHQ�LQFOXGHG�LQ�
WKLV�DQDO\VLV��FRVW�RI�SDS�VPHDU�
VFUHHQLQJV��YLVXDO�
H[DPLQDWLRQV�DQG�GLDJQRVWLF�
IROORZ�XS��7LPH�DQG�WUDYHO�
FRVWV�IRU�SDUWLFLSDWLQJ�ZRPHQ�
ZHUH�QRW�LQFOXGHG��7KH�FRVWV�RI�
WUHDWPHQW�RI�FHUYLFDO�FDQFHU�
DQG�LWV�SUHFXUVRUV�ZHUH�QRW�
FRQVLGHUHG�EHFDXVH�WKH\�ZHUH�
DVVXPHG�WR�EH�VLPLODU�IRU�ERWK�
VFUHHQLQJ�PRGDOLWLHV��DQG�WKH�
VDPH�DSSOLHV�IRU�WKH�FRVW�RI�
RUJDQLVLQJ�WKH�VFUHHQLQJ�
SURJUDPPH��
8QLW�FRVWV�RI�3DSVPHDU�WDNLQJ�
DQG�H[DPLQDWLRQ��YLVXDO�
H[DPLQDWLRQ�DQG�FROSRVFRS\��
ZHUH�FDOFXODWHG�DQDORJRXV�WR�
FRVW�HVWLPDWHV�IRU�WKH�'XWFK�
VLWXDWLRQ��ZLWK�XVH�RI�
XQSXEOLVKHG�GDWD�IURP�WKH�
,QVWLWXWH�RI�&\WRORJ\�DQG�
3UHYHQWLYH�2QFRORJ\�LQ�1HZ�
'HOKL��
8QLW�FRVWV�RI�ELRSV\�ZHUH�

FDOFXODWHG�UHODWLYH�WR�SDS�VPHDU�FRVWV�DFFRUGLQJ�WR�
WKH�'XWFK�VLWXDWLRQ�ZKHUH�WKHVH�FRVWV�DUH�WKUHH�WLPHV�
KLJKHU�WKDQ�IRU�SDS�VPHDU�H[DPLQDWLRQ��$�SDWKRORJLVW�
LV�DVVXPHG�WR�GHYRWH�����RI�KLV�WLPH�WR�SDS�VPHDU�
H[DPLQDWLRQ��DQG�����WR�RWKHU�UHODWHG�DFWLYLWLHV��
,W�LV�DVVXPHG�WKDW�RUJDQLVDWLRQ��WUDQVSRUW��HGXFDWLRQ�
DQG�SXEOLFLW\��LV�VLPLODU�IRU�SDS�VPHDU�DQG�IRU�YLVXDO�
H[DPLQDWLRQ��DV�DUH�WKH�DVVRFLDWHG�FRVWV��
�
UHVXOWV�
:KHQ�WKH�SRSXODWLRQ�RI�%DQJDORUH�LV�RIIHUHG�FHUYLFDO�
FDQFHU�VFUHHQLQJ�DW�RQH�DJH�GXULQJ�OLIH�WLPH��WKH�PRVW�
HIILFLHQW�DJH�IRU�WKLV�LV�H[SHFWHG�WR�EH�EHWZHHQ����
DQG����ZKHQ�WKH�SUHYDOHQFH�RI��VFUHHQ�GHWHFWDEOH�
SURJUHVVLYH�&,1�DQG�SUHFOLQLFDO�LQYDVLYH�FDQFHU�LV�
������)LJXUH�����VKRZV�WKH�XQGLVFRXQWHG�H[SHFWHG�
QXPEHU�RI�OLIH�\HDUV�JDLQHG�GXH�WR�VFUHHQLQJ�LI�RQH�
SDS�VPHDU�RU�YLVXDO�H[DPLQDWLRQ�ZRXOG�EH�RIIHUHG�DW�
GLIIHUHQW�DJHV��7KH�RSWLPDO�DJH�IRU�SDS�VPHDUV�LV�
DERXW����\HDUV�HDUOLHU�WKDQ�PD[LPDO�LQFLGHQFH�RI�
FHUYLFDO�FDQFHU�EHFDXVH�RI�WKH�TXLWH�ORQJ�
VFUHHQGHWHFWDEOH�SUHFOLQLFDO�SHULRG��7KH�RSWLPDO�DJH�
IRU�YLVXDO�H[DPLQDWLRQ�LV�VOLJKWO\�KLJKHU�WKDQ�IRU�SDS�
VPHDUV�EHFDXVH�WKLV�VFUHHQLQJ�LV�OHVV�VHQVLWLYH�HDUO\�
LQ�WKH�VFUHHQGHWHFWDEOH�SUHFOLQLFDO�SHULRG��:LWK�D�
\HDUO\�GLVFRXQW�UDWH�RI�����WKH�RSWLPDO�DJH�LV�VRPH�
WZR�\HDUV�KLJKHU�WKDQ�ZLWKRXW�GLVFRXQWLQJ��

WDEOH�����(VWLPDWHG�FRVWV�IRU�UHOHYDQW�PHGLFDO�SURFHGXUHV�
� &RVW�HOHPHQWV� 1XPEHU�

�GD\�
8QLW�
FRVWV�

3DSVPHDU�
WDNLQJ�

+HDOWK�ZRUNHU�DX[LOODU\�QXUVH�
PLGZLIH������5V�GD\�
$GPLQ�SHUVRQQHO������5V��GD\�
0DWHULDO�FRVWV�
7RWDO�FRVWV�
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3DSVPHDU�
H[DPLQDWLRQ��

/DE��WHFKQLFLDQ������5V��GD\�
/DE��DVVLVWDQW������5V��GD\�
&\WRSDWKRORJLVW�������5V��GD\�
(GXFDWLRQ������
0DWHULDOV��PLFURVFRSH��DXWRVWDLQHU��
+RXVLQJ��
7RWDO�FRVWV�
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9LVXDO�
H[DPLQDWLRQ�

+HDOWK�ZRUNHU��DX[LOLDU\�QXUVH�
PLGZLIH������5V�GD\�
$GPLQ�SHUVRQQHO������5V��GD\�
7RWDO�FRVWV�

�
���
���

�
�����
�����
������

3RVLWLYH�
VFUHHQLQJ�
RXWFRPH�

&ROSRVFRS\�
%LRSV\�DQG�KLVWRORJLF�H[DPLQDWLRQ�
7RWDO�FRVWV�

� �������
������
�������


�����RI�WKH�VPHDUV�DUH�DVVXPHG�WR�EH�UHYLHZHG�E\�D�SDWKRORJLVW��WKHUHIRUH�
����VFUHHQV�SHU�GD\�LV�KHUH����H[DPLQDWLRQV�SHU�GD\��+DOI�RI�WKH�ZRUN�WLPH�RI�
D�F\WRSDWKRORJLVW�LV�DVVXPHG�WR�EH�VSHQW�RQ�WUDLQLQJ��PDQDJHPHQW�DFWLYLWLHV�
HWF��
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)LJXUH�����DOVR�VKRZV�WKDW�D�VLQJOH�SDS�VPHDU�LV�
H[SHFWHG�WR�EH�DOPRVW�WZLFH�DV�HIIHFWLYH�DV�YLVXDO�
H[DPLQDWLRQV��7KXV��IURP�WKH�SHUVSHFWLYH�RI�
HIIHFWLYHQHVV��RIIHULQJ�SDS�VPHDUV�DW�RQH�DJH�FRXOG�
EHVW�EH�FRPSDUHG�ZLWK�RIIHULQJ�YLVXDO�H[DPLQDWLRQ�DW�
WZR�DJHV��7KH�RSWLPDO�SROLF\�IRU�RIIHULQJ�YLVXDO�
H[DPLQDWLRQV�DW�WZR�DJHV�LV�GHWHUPLQHG�LQ�WKH�VDPH�
ZD\�DV�VKRZQ�IRU�RQH�VFUHHQLQJ�LQ�ILJXUH������EXW�
QRZ�E\�YDU\LQJ�WZR�DJHV��7KH�RSWLPDO�SROLF\�LV�
H[SHFWHG�WR�EH�WR�RIIHU�WKH�VFUHHQLQJ�WZHOYH�\HDUV�
DSDUW�DW�DJHV����DQG�����7KH�FRVW�RI�D�YLVXDO�
H[DPLQDWLRQ�LV�DERXW�WKUHH�WLPHV�ORZHU�WKDQ�WKDW�RI�D�
SDS�VPHDU��WKHUHIRUH�ZH�KDYH�DOVR�HVWLPDWHG�WKH�
HIIHFWLYHQHVV�RI��YLVXDO�H[DPLQDWLRQV�DW�WKUHH�DJHV�
ZKHUH�WKH�RSWLPDO�VFUHHQLQJ�SROLF\�LV�WR�RIIHU�
VFUHHQLQJ�DW�DJHV��������DQG�����
,I�����RI�ZRPHQ�DUH�DWWHQGLQJ�WKH�VFUHHQLQJ�
SURJUDPPH��WKH�VFUHHQLQJ�SROLFLHV�FRQVLGHUHG�LQ�WKLV�
DUWLFOH�DUH�H[SHFWHG�WR�OHDG�WR�D�JUDGXDO�GHFUHDVH�RI�
FHUYLFDO�FDQFHU�PRUWDOLW\�WR�D�PD[LPXP�RI�����
UHGXFWLRQ�LQ�WKH�WRWDO�IHPDOH�SRSXODWLRQ�RI�%DQJDORUH�
IRU�WKH�VLQJOH�SDS�VPHDU�SROLF\�DQG�WKH�SROLF\�RI�WZR�
YLVXDO�H[DPLQDWLRQ�DQG�WR�����UHGXFWLRQ�IRU�WKH�
SROLF\�RI�WKUHH�YLVXDO�H[DPLQDWLRQV��
7DEOH�����FRPSDUHV�WKH�H[SHFWHG�FXPXODWLYH�HIIHFWV�
IURP�RQH�WLPH�SDS�VPHDU�VFUHHQLQJ�DV�ZHOO�DV�WZR�
DQG�WKUHH�WLPHV�YLVXDO�H[DPLQDWLRQ��2I�FRXUVH�WKH�
QXPEHUV�RI�LQYLWDWLRQV�DQG�VFUHHQLQJV�QHHGHG�IRU�WKH�
SROLF\�ZLWK�YLVXDO�H[DPLQDWLRQ�LV�DERXW�WZR�
UHVSHFWLYHO\�WKUHH�WLPHV�KLJKHU�WKDQ�IRU�WKH�SROLF\�

ZLWK�SDS�VPHDUV��7KH�QXPEHUV�RI�WUXH�SRVLWLYHV��
GHDWKV�SUHYHQWHG�DQG�OLIH�\HDUV�JDLQHG�DUH�YHU\�
VLPLODU�IRU�ERWK�SROLFLHV��EXW�EHFDXVH�RI�WKH�UHODWLYHO\�
ORZ�VSHFLILFLW\�RI�YLVXDO�H[DPLQDWLRQ��WKH�QXPEHU�RI�
IDOVH�SRVLWLYH�VFUHHQLQJ�RXWFRPHV�ZKLFK�QHHG�IXUWKHU�
GLDJQRVWLFV�LV�PXFK�KLJKHU�WKDQ�IRU�SDS�VPHDUV��
�
VHQVLWLYLW\�DQDO\VLV�
)RU�DQVZHULQJ�WKH�TXHVWLRQ�XQGHU�ZKLFK�DVVXPSWLRQV�
WZR�YLVXDO�H[DPLQDWLRQV�DW�DJHV����DQG����DUH�PRUH�
FRVW�HIIHFWLYH�WKDQ�RQH�SDS�VPHDU�DW�DJH�����
SDUDPHWHUV�FRQFHUQLQJ�YLVXDO�H[DPLQDWLRQV�DUH�
YDULHG�ZKLOH�WKH�SDUDPHWHUV�FRQFHUQLQJ�SDS�VPHDUV�
DUH�OHIW�FRQVWDQW��7KH�VHQVLWLYLW\�RI�YLVXDO�
H[DPLQDWLRQ�IRU�G\VSODVLD�DQG�&,6�LV�YDULHG�IURP�
����WR�����DQG�IRU�LQYDVLYH�FDQFHU�IURP�����WR�
�����WKDW�YDULDWLRQ�LV�UHSUHVHQWHG�LQ�WKH�ILJXUHV�DV�
IURP�����WR������RI�WKH�VHQVLWLYLW\�RI�SDS�VPHDUV��
6SHFLILFLW\�RI�YLVXDO�H[DPLQDWLRQ�LV�YDULHG�IURP�����
WR�������
)LJXUH�����VKRZV�IRU�HDFK�FRPELQDWLRQ�RI�VHQVLWLYLW\�
DQG�VSHFLILFLW\�DW�ZKDW�FRVW�RI�YLVXDO�H[DPLQDWLRQV�
WZR�WLPHV�WKLV�VFUHHQLQJ�WHVW�LV�HTXDOO\�FRVW�HIIHFWLYH�
DV�D�RQH�WLPH�SDS�VPHDU��JLYHQ�WKH�RWKHU�SRLQW�
HVWLPDWHV��$W�WKH�SRLQW�HVWLPDWHV�RI�����VHQVLWLYLW\�
DQG�����VSHFLILFLW\�RI�YLVXDO�H[DPLQDWLRQ��WKH�SDS�
VPHDU�WHVW�LV�DOZD\V�PRUH�FRVW�HIIHFWLYH�WKDQ�YLVXDO�
H[DPLQDWLRQ��EHFDXVH�RI�WKH�KLJK�FRVWV�FDXVHG�E\�
SRVLWLYH�VFUHHQLQJ�UHVXOWV�RI�YLVXDO�H[DPLQDWLRQ��

7DEOH�����0DLQ�HIIHFWV�DQG�FRVWV�LQ�5V�WR�EH�H[SHFWHG�SHU���������DW�VWDUW�RI�VFUHHQLQJ�LQ�WKH�%DQJDORUH�
SRSXODWLRQ�IURP�RIIHULQJ�SDS�VPHDUV�DW�DJH����FRPSDUHG�ZLWK�RIIHULQJ�YLVXDO�H[DPLQDWLRQ�DW�DJHV����DQG����RU�
DW�DJHV��������DQG����ZKHQ�����RI�LQYLWHG�ZRPHQ�ZKR�DUH�DW�ULVN�IRU�FHUYLFDO�FDQFHU�DWWHQG�WR�VFUHHQLQJ��
ZLWKRXW�GLVFRXQWLQJ�DQG�ZLWK�D����\HDUO\�GLVFRXQW�UDWH�
� QR�GLVFRXQWLQJ� ���\HDUO\�GLVFRXQW�UDWH�
� ��SDS�

VPHDU�
���YLVXDO�

H[DPLQDWLRQV�
��YLVXDO�

H[DPLQDWLRQV�
��SDS�
VPHDU�

��YLVXDO�
H[DPLQDWLRQV�

��YLVXDO�
H[DPLQDWLRQV�

VFUHHQLQJV� ������� ������� �������� ������� ������� �������
FRVW�RI�
VFUHHQLQJ� ���������� �������� ���������� �������� �������� ��������
WUXH�SRVLWLYHV� ���� ���� ���� ���� ���� ����
IDOVH�SRVLWLYHV� ���� ������ ������� ���� ������ ������
FRVW�RI�
GLDJQRVLV� �������� ���������� ���������� �������� ���������� ����������
SUHYHQWHG�
PRUWDOLW\� ���� ���� ���� ��� ��� ���
OLIH�\HDUV�JDLQHG� ������ ������ ������ ���� ���� ������
&�(�LQ�5V�SHU�
GHDWK�SUHYHQWHG� ������� ������� ������� ������� ������� �������
&�(�LQ�5V�SHU�
OLIH�\HDU�JDLQHG� ���� ������ ������ ������ ������ ������
�
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)LJXUH�����VKRZV�IRU�HDFK�FRPELQDWLRQ�RI�VHQVLWLYLW\�
DQG�VSHFLILFLW\�DW�ZKDW�FRVW�RI�D�SRVLWLYH�VFUHHQLQJ�
RXWFRPH��WKDW�LV��FROSRVFRS\�SOXV�SDWKRORJ\���YLVXDO�
H[DPLQDWLRQ�LV�HTXDOO\�FRVW�HIIHFWLYH�DV�SDS�VPHDUV��
JLYHQ�WKH�RWKHU�SRLQW�HVWLPDWHV��,I�VHQVLWLYLW\�RI�WKH�
YLVXDO�H[DPLQDWLRQ�LV�OHVV�WKDQ�����WKDW�RI�WKH�SDS�
VPHDU��WKHQ�WKH�FRVW�RI�SRVLWLYH�VFUHHQLQJ�RXWFRPHV�
FDQ
W�EH�ORZ�HQRXJK�IRU�YLVXDO�H[DPLQDWLRQ�EHLQJ�
PRUH�FRVW�HIIHFWLYH�WKDQ�SDS�VPHDU�WDNLQJ��,I�
VHQVLWLYLW\�RI�YLVXDO�H[DPLQDWLRQ�ZRXOG�EH�DV�KLJK�
DV�WKDW�RI�SDS�VPHDUV��LW�LV�RQO\�PRUH�FRVW�HIIHFWLYH�
DW�WKH�EDVHOLQH�FRVW�HVWLPDWHV�LI�VSHFLILFLW\�LV�KLJKHU�
WKDQ������
�
GLVFXVVLRQ�
7KH�EDVHOLQH�PRGHO�DVVXPSWLRQV�VKRZ�WKDW�RQH�
VWDJH�VFUHHQLQJ�E\�YLVXDO�H[DPLQDWLRQ�FDQ�EH�XVHG�
DV�DQ�HIIHFWLYH�PRGH�RI�VFUHHQLQJ�IRU�WKH�SUHYHQWLRQ�
DQG�HDUO\�GHWHFWLRQ�RI�FHUYLFDO�FDQFHU��7KH�GLUHFW�
VFUHHQLQJ�FRVWV�WR�EH�PDGH�IRU�DFKLHYLQJ�WKH�VDPH�
HIIHFWLYHQHVV�DV�ZLWK�SDS�VPHDUV��DUH�H[SHFWHG�WR�EH�
ORZHU�IRU�YLVXDO�H[DPLQDWLRQ�EHFDXVH�ERWK�FRVWV�RI�
RQH�YLVXDO�H[DPLQDWLRQ�WHVW�DUH�HVWLPDWHG�WR�EH�
DERXW�RQH�WKLUVW�RI�RQH�SDS�VPHDU�WHVW�ZKLOH�WKH�
HIIHFWLYHQHVV�RI�RQH�YLVXDO�H[DPLQDWLRQ�WHVW�LV�
HVWLPDWHG�WR�EH�DERXW�KDOI�WKDW�RI�RQH�SDS�VPHDU�WHVW��
&RQVLGHULQJ�WKLV��RQH�PD\�SUHIHU�YLVXDO�
H[DPLQDWLRQ��DOVR�EHFDXVH�RI�LWV�DGYDQWDJH�RI�DQ�
LQVWDQWDQHRXV�VFUHHQLQJ�RXWFRPH�ZKLFK�PD\�
SUHYHQW�SUREOHPV�RI�WUDFLQJ�EDFN�ZRPHQ�ZLWK�
SRVLWLYH�SDS�VPHDU�RXWFRPHV�IRU�D�IROORZ�XS�RI�
IXUWKHU�GLDJQRVWLFV��
,I�DOVR�PHGLFDO�FRVWV�DIWHU�WKH�VFUHHQLQJ�WHVW�DUH�
LQFOXGHG�LQ�WKH�DQDO\VLV��D�YHU\�GLIIHUHQW�SLFWXUH�
DSSHDUV��'XH�WR�WKH�UHODWLYHO\�XQIDYRXUDEOH�
VSHFLILFLW\�RI�YLVXDO�H[DPLQDWLRQV��WKH�QXPEHU�RI�
GLDJQRVWLF�IROORZ�XS�SURFHGXUHV�QHHGHG�LV�E\�IDU�
KLJKHU�WKDQ�IRU�SDS�VPHDU�VFUHHQLQJ��7KH�IROORZ�XS�
SURFHGXUH�DVVXPHG�IRU�WKLV�DQDO\VLV�LV�
FROSRVFRSLFDOO\�JXLGHG�ELRSV\��D�PXFK�PRUH�FRVWO\�
SURFHGXUH�WKDQ�WKH�VFUHHQLQJ�WHVW�LWVHOI�WKDW�QHHGV�WR�
EH�SHUIRUPHG�LQ�PRUH�WKDQ�����RI�ZRPHQ�ZKR�
UHFHLYH�D�YLVXDO�H[DPLQDWLRQ��7KDW
V�ZK\�WKH�
H[SHFWHG�FRVWV�RI�IROORZ�XS�SURFHGXUHV�GRPLQDWH�WKH�
PHGLFDO�FRVW�GXH�WR�D�VFUHHQLQJ�SURJUDPPH�E\�
YLVXDO�H[DPLQDWLRQV��
7KH�DUJXPHQW�WKDW�VFUHHQLQJ�E\�YLVXDO�H[DPLQDWLRQ�
GRHV�QRW�QHHG�D�ORW�RI�LQSXW�RI�WHFKQRORJ\�VHHPV�WR�
QHJOHFW�WKDW�D�VFUHHQLQJ�SURJUDPPH�ZKLFK�XVHV�WKLV�
WHVW�ZRXOG�OHDG�WR�ODUJH�QXPEHUV�RI�GLDJQRVWLF�
SURFHGXUHV�VXFK�DV�SDWKRORJLFDO�H[DPLQDWLRQV�WKDW�
ZRXOG�DOVR�UHTXLUH�WKH�DYDLODELOLW\�RI�H[WHQVLYH�
SDWKRORJ\�ODERUDWRU\�IDFLOLWLHV��
7KH�GLIIHUHQFH�LQ�VHQVLWLYLW\�EHWZHHQ�YLVXDO�
H[DPLQDWLRQ�DQG�SDS�VPHDUV�LV�OHVV�IRU�LQYDVLYH�
FDQFHU�WKDQ�IRU�SUH�LQYDVLYH�OHVLRQV��WKHUHIRUH�PRUH�
RI�WKH�HIIHFWLYHQHVV�RI�YLVXDO�H[DPLQDWLRQ�LV�GXH�WR�
HDUO\�GHWHFWLRQ�RI�FDQFHU�WKDQ�WR�SUHYHQWLRQ�RI�

)LJXUH�����([SHFWHG�QXPEHU�RI�VFUHHQLQJV�DQG�OLIH�
\HDUV�JDLQHG�ZKHQ�RIIHULQJ�RQH�VFUHHQLQJ��7KH�
QXPEHUV�LQ�WKH�JUDSK�OLQHV�UHSUHVHQW�WKH�DJH�DW�ZKLFK�
VFUHHQLQJ�LV�RIIHUHG�
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FDQFHU�E\�WUHDWPHQW�RI�SUH�LQYDVLYH�OHVLRQV��7KLV�
LPSOLHV�WKDW�FRVWV�RI�WUHDWPHQW�RI�LQYDVLYH�FDQFHU�
LQYROYHG�ZLWK�D�VFUHHQLQJ�SURJUDPPH�DUH�H[SHFWHG�WR�
EH�KLJKHU�ZKHQ�XVLQJ�YLVXDO�H[DPLQDWLRQ��7KHVH�
FRVWV�DUH�QRW�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�DQDO\VLV��
ZKLFK�JLYHV�D�ELDV�LQ�IDYRXU�RI�YLVXDO�H[DPLQDWLRQ��
7KH�VHQVLWLYLW\�DQDO\VLV�VKRZV�WKDW�PRGHO�SDUDPHWHUV�
QHHG�WR�EH�FKRVHQ�FRQVLGHUDEO\�PRUH�IDYRXUDEOH�WKDQ�
WKH�SRLQW�HVWLPDWHV�EHIRUH�YLVXDO�H[DPLQDWLRQ�ZRXOG�
EH�PRUH�FRVW�HIIHFWLYH�WKDQ�SDS�VPHDUV��
7KLV�DQDO\VLV�LV�DERXW�WKH�DSSOLFDWLRQ�RI�YLVXDO�
H[DPLQDWLRQ�ZLWK�D�KLJK�WKUHVKROG�IRU�SRVLWLYLW\��,W�LV�
DOVR�SRVVLEOH�WR�FRQVLGHU�D�WZR�VWDJH�VFUHHQLQJ�
VWUDWHJ\�ZKLFK�LQYROYHV�YLVXDO�H[DPLQDWLRQ�DV�D�
VHOHFWLRQ�WHVW�IRU�DSSO\LQJ�D�SDS�VPHDU��7KHQ�D�
SRVLWLYH�RXWFRPH�YLVXDO�H[DPLQDWLRQ�ZLWK�D�ORZ�
WKUHVKROG�LV�VXJJHVWHG�WR�EH�IROORZHG�E\�D�SDS�VPHDU��
+RZHYHU��YLVXDO�H[DPLQDWLRQ�ZLWK�D�ORZ�WKUHVKROG�LV�
H[SHFWHG�WR�OHDG�WR�VRPH�����SRVLWLYH�RXWFRPHV�
ZKLFK�ZRXOG�QHHG�D�SDS�VPHDU��6LQJK�HW�DO���������
WKHUHIRUH�WKH�HVWLPDWHG�FRVW�RI�RQH�VFUHHQLQJ�ZRXOG�
EH�������5V�IRU�D�YLVXDO�H[DPLQDWLRQ�SOXV�����RI�
������5V�IRU�D�SDS�VPHDU��WRWDO�������5V��ZKLFK�LV�
PRUH�WKDQ�WKH�FRVW�RI�RQH�SDS�VPHDU��ZKLOH�LW�LV�OHVV�
HIIHFWLYH�EHFDXVH�RI�PLVVHG�FDVHV�LQ�WKH�����IRXQG�
QHJDWLYH�DW�YLVXDO�H[DPLQDWLRQ��7KHUHIRUH�DOUHDG\�
ZLWKRXW�DSSO\LQJ�RXU�VLPXODWLRQ�PRGHO��ZH�NQRZ�WKDW�
WKLV�VFUHHQLQJ�VWUDWHJ\�LV�DOPRVW�DV�FRVWO\�DQG�OHVV�
HIIHFWLYH�WKDQ�SDS�VPHDU�WDNLQJ��WKHUHIRUH�LW�LV�QRW�
SUHIHUDEOH�IURP�D�FRVW�HIIHFWLYHQHVV�SHUVSHFWLYH��
,QFUHDVLQJ�WKH�WKUHVKROG�IRU�SRVLWLYLW\�RI�WKH�YLVXDO�
H[DPLQDWLRQ�LQ�D�WZR�VWDJH�VFUHHQLQJ�VHWWLQJ�ZRXOG�
LPSURYH�FRVW�HIIHFWLYHQHVV��
7KHUH�LV�DOVR�D�SRVVLELOLW\�WR�VFUHHQLQJ�IRU�FHUYLFDO�
FDQFHU�E\�LQVSHFWLRQ�ZLWK�VRPH�NLQG�RI�DLG��OLNH�

DSSO\LQJ�VROXWLRQ�RI�DFHWLF�DFLG�WR�WKH�FHUYL[��E\�
XVLQJ�D�J\QRVFRSH�RU�E\�FHUYLFRJUDSK\��%DOGDXI�HW�
DO��������'H�6XWWHU�HW�DO��������)ULVFK�HW�DO��������
0HJHYDQG�HW�DO��������9DQ�/H�HW�DO���������6RPH�RI�
WKH�UHSRUWV�RQ�WKHVH�PHWKRGV�ORRN�SURPLVLQJ�EXW�VR�
IDU�WKHUH�LV�D�ODFN�RI�SXEOLVKHG�UHVXOWV�WR�HVWLPDWH�WHVW�
FKDUDFWHULVWLFV�LQ�D�VFUHHQLQJ�SRSXODWLRQ��
,Q�FRQFOXVLRQ��8QDLGHG�YLVXDO�H[DPLQDWLRQ�GRHV�QRW�
VHHP�WR�EH�PRUH�FRVW�HIIHFWLYH�WKDQ�SDS�VPHDU�WDNLQJ�
LQ�WKH�VHWWLQJ�RI�D�GHYHORSLQJ�FRXQWU\��7HFKQRORJLFDO�
LQSXW�QHHGHG�PD\�DOVR�EH�KLJK�GXH�WR�WKH�ODUJH�
DPRXQW�RI�IROORZ�XS�SURFHGXUHV��
�
DGGLWLRQDO�GLVFXVVLRQ�
'XULQJ�WKH�FRXUVH�RI�WKH�UHVHDUFK�UHSRUWHG�LQ�WKLV�
FKDSWHU�HYLGHQFH�ZDV�SXEOLVKHG�VKRZLQJ�WKDW�VRPH�
VLPSOH�DLGV�WR�YLVXDO�LQVSHFWLRQ�DUH�H[SHFWHG�WR�OHDG�
WR�YHU\�OLWWOH�H[WUD�FRVWV�ZKLOH�ERWK�VHQVLWLYLW\�DQG�
VSHFLILFLW\�LPSURYH��*DIILNLQ�HW�DO��������
6DQNDUDQDUD\DQDQ�HW�DO��������6DQNDUDQDUD\DQDQ�HW�
DO��������7KLV�PHDQV�WKDW�XQDLGHG�YLVXDO�LQVSHFWLRQ�
RI�WKH�FHUYL[�ZRXOG�QHYHU�EH�WKH�SUHIHUUHG�VFUHHQLQJ�
PHWKRG��$LGHG�YLVXDO�LQVSHFWLRQ�KDV�EHHQ�VKRZQ�WR�
SRVVLEO\�KDYH�D�VHQVLWLYLW\�WKDW�LV�VLPLODU�WR�SDS�
VPHDUV��6SHFLILFLW\�LV�VWLOO�QRW�YHU\�KLJK��EXW�VR�PXFK�
KLJKHU�WKDQ�IRU�XQDLGHG�YLVXDO�LQVSHFWLRQ��WKDW�LW�LV�
QRW�FOHDU�RQ�EHIRUHKDQG�ZKHWKHU�WKH�FRVW�VDYHG�E\�
VFUHHQLQJ�E\�DLGHG�YLVXDO�LQVSHFWLRQ�LQVWHDG�RI�SDS�
VPHDUV�LV�VXSHUVHGHG�E\�WKH�H[WUD�FRVW�RI�GLDJQRVWLFV�
GXH�WR�ORZHU�VSHFLILFLW\��7KH�H[SHFWHG�HIIHFWLYHQHVV�
DQG�QHHG�IRU�VFDUFH�UHVRXUFHV�RI�YLVXDO�LQVSHFWLRQ�
ZLWK�DSSOLFDWLRQ�RI�VHYHUDO�SRVVLEOH�VLPSOH�DLGV�LQ�
FRPSDULVRQ�ZLWK�SDS�VPHDU�VFUHHQLQJ�LV�VXEMHFW�IRU�
IXUWKHU�UHVHDUFK��
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DEVWUDFW�
REMHFWLYHV��7R�GHWHUPLQH�WKH�EHVW�XSSHU�DJH�OLPLW�IRU�
D�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH��
PHWKRGV���
$�PRGHO�EDVHG�VWXG\�XVLQJ�RSWLPLVWLF�DQG�SHVVLPLVWLF�
DVVXPSWLRQV�FRQFHUQLQJ�LPSURYHPHQW�RI�SURJQRVLV�
GXH�WR�VFUHHQ�GHWHFWLRQ�DQG�GXUDWLRQ�RI�WKH�SHULRG�RI�
PDPPRJUDSKLF�GHWHFWDELOLW\��UHVXOWLQJ�LQ�XSSHU�DQG�
ORZHU�OLPLWV�IRU�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV��
UHVXOWV���
8QGHU�SHVVLPLVWLF�DVVXPSWLRQV��WKH�EDODQFH�EHWZHHQ�
SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RI�VFUHHQLQJ�UHPDLQV�
IDYRXUDEOH�XS�WR�DQ�DJH�RI�DURXQG�����8QGHU�
RSWLPLVWLF�DVVXPSWLRQV��WKLV�EDODQFH�GRHV�QHYHU�
EHFRPH�FOHDUO\�QHJDWLYH�ZLWK�LQFUHDVH�RI�WKH�XSSHU�
DJH�OLPLW�RI�D�VFUHHQLQJ�SURJUDPPH��
:KHQ�LQFOXGLQJ�WKH�FRVWV�LQ�WKH�DQDO\VLV��WKH�EDODQFH�
EHWZHHQ�HIIHFWV�DQG�FRVWV�RI�LQFUHDVLQJ�WKH�XSSHU�DJH�
OLPLW�IURP����WR����LV�OLNHO\�WR�EH�DW�OHDVW�DV�
IDYRXUDEOH�DV�LQWHQVLI\LQJ�D�VFUHHQLQJ�SURJUDPPH�
ZLWKLQ�WKH�DJH�JURXS��������$�IXUWKHU�LQFUHDVH�OHDGV�
WR�D�PDUNHGO\�OHVV�IDYRXUDEOH�EDODQFH��
FRQFOXVLRQV���
&RPSHWLQJ�FDXVHV�RI�GHDWK�GR�QRW�OHDG�WR�PLVVLQJ�QHW�
EHQHILW�IRU�ZRPHQ�XS�WR�DW�OHDVW�DJH�����EXW�WKH�
GLVSURSRUWLRQDO�ULVH�RI�QHJDWLYH�HIIHFWV�RI�VFUHHQLQJ�
ZLWK�DJH�LQ�ROGHU�ZRPHQ��OHDGV�WR�D�ORZHU�FRVW�
HIIHFWLYHQHVV�UDWLR�WKDQ�LQWHQVLI\LQJ�VFUHHQLQJ�DW�DJHV�
�������
�
LQWURGXFWLRQ�
6HWWLQJ�XSSHU�DQG�ORZHU�DJH�OLPLWV�IRU�D�PDVV�
VFUHHQLQJ�SURJUDPPH�IRU�EUHDVW�FDQFHU�PXVW�EH�YHU\�
ZHOO�MXVWLILHG�DV�EUHDVW�FDQFHU�LV�DQ�LPSRUWDQW�GLVHDVH�
LQ�\RXQJHU�DV�ZHOO�DV�ROGHU�ZRPHQ��,Q�WKH�8�.��
SURJUDPPH�ZRPHQ�DUH�LQYLWHG�IRU�VFUHHQLQJ�HYHU\�
WKUHH�\HDUV�EHWZHHQ�DJH����DQG�����&KDPEHUODLQ�HW�
DO���������,Q�WKH�'XWFK�SURJUDPPH�ZRPHQ�DUH�
LQYLWHG�IRU�VFUHHQLQJ�HYHU\�RWKHU�\HDU�EHWZHHQ����
DQG����\HDUV�RI�DJH��GH�.RQLQJ�HW�DO������E���,Q�WKH�
86�PRVW�LQVWLWXWLRQV�ZKLFK�JLYH�DGYLFH�FRQFHUQLQJ�
EUHDVW�FDQFHU�VFUHHQLQJ�GR�QRW�JLYH�DQ�XSSHU�DJH�
ERXQGDU\��&RVWDQ]D��������
7KH�ORZHU�ERXQGDU\�RI�DJH����KDV�EHHQ�MXVWLILHG�E\�
WKH�SXEOLVKHG�UHVXOWV�RI�UDQGRPLVHG�WULDOV�ZKLFK�
VKRZ�D�PXFK�ORZHU��DQG�VWDWLVWLFDOO\�QRW�VLJQLILFDQW��
UHGXFWLRQ�LQ�EUHDVW�FDQFHU�PRUWDOLW\�IRU�WKRVH�ZKR�
HQWHUHG�WKH�WULDO�XQGHU�WKH�DJH�RI����DV�FRPSDUHG�WR�
ZRPHQ�ZKR�HQWHUHG�DW�KLJKHU�DJHV��1\VWU|P�HW�DO��
�������7KLV�GLIIHUHQFH�LQ�HIIHFWLYHQHVV�FDQ�EH�
H[SODLQHG�E\�SK\VLFDO�FKDQJHV�ZKLFK�RFFXU�DURXQG�
WKH�PHQRSDXVH��OLNH�UDGLRJUDSKLF�GHQVLW\�RI�WKH�
EUHDVW�DQG�WXPRXU�JURZWK�UDWH��DQG�ZKLFK�LQIOXHQFH�
GHWHFWLRQ�UDWHV�DQG�HDUOLQHVV�RI�GHWHFWLRQ�E\�
PDPPRJUDSK\��

7KHUH�LV�QR�VXFK�FOHDU�FXW�MXVWLILFDWLRQ�RI�DQ�XSSHU�
ERXQGDU\�RI�WKH�LQYLWDWLRQ�VFKHPH��7KH�UHOHYDQW�
ELRORJ\�IRU�WKLV�GHFLVLRQ�LV�FRPSOLFDWHG��%UHDVW�
FDQFHU�PRUWDOLW\�UDWHV�DUH�KLJKHU�DW�ROGHU�DJH��
7KHUHIRUH�VFUHHQLQJ�RI�DQ�ROGHU�SRSXODWLRQ�FDQ�OHDG�
WR�PRUH�SUHYHQWHG�EUHDVW�FDQFHU�GHDWKV�WKDQ�
VFUHHQLQJ�RI�D�\RXQJHU�SRSXODWLRQ��+RZHYHU��WKH�
QXPEHU�RI�OLIH�\HDUV�JDLQHG�E\�SUHYHQWLQJ�D�EUHDVW�
FDQFHU�GHDWK�E\�VFUHHQLQJ�UDSLGO\�GHFUHDVHV�ZLWK�DJH�
RI�GHWHFWLRQ��EHFDXVH�OLIH�H[SHFWDQF\�GHFUHDVHV�ZLWK�
DJH��1HYHUWKHOHVV��LQ�WKH�1HWKHUODQGV�OLIH�H[SHFWDQF\�
RI�D����\HDU�ROG�ZRPDQ�LV�VWLOO����\HDUV��&%6��������
7KH�LQFUHDVLQJ�UDWHV�IRU�PRUWDOLW\�IURP�RWKHU�FDXVHV�
WKDQ�EUHDVW�FDQFHU�OHDG�WR�D�KLJKHU�SUREDELOLW\�RI�
ZRPHQ�G\LQJ�IURP�RWKHU�FDXVHV�LQ�WKH�OHDG�WLPH�
SHULRG��$V�D�FRQVHTXHQFH�WKH�QXPEHU�RI�H[WUD�
LQFLGHQW�FDVHV�JHQHUDWHG�E\�VFUHHQLQJ�UHODWLYH�WR�WKH�
QXPEHU�RI�SUHYHQWHG�EUHDVW�FDQFHU�GHDWKV�LQFUHDVHV�
ZLWK�DJH�DW�VFUHHQLQJ��7KLV�XQIDYRXUDEOH�HIIHFW�RI�
VFUHHQLQJ�DOVR�LQFUHDVHV�ZLWK�ORQJHU�OHDG�WLPH��ZKLFK�
LV�URXJKO\�SURSRUWLRQDO�WR�WKH�GXUDWLRQ�RI�WKH�
SUHFOLQLFDO�SHULRG�RI�PDPPRJUDSKLF�GHWHFWDELOLW\��
6R��RQ�WKH�RQH�KDQG��DQ�HTXDO�DPRXQW�RI�VFUHHQLQJV�
DW�KLJKHU�DJHV�ZLOO�OHDG�WR�PRUH�SUHYHQWHG�EUHDVW�
FDQFHU�GHDWKV��ZKLOH�RQ�WKH�RWKHU�KDQG��WKHUH�LV�D�OHVV�
IDYRXUDEOH�EDODQFH�EHWZHHQ�WKH�SRVLWLYH�DQG�QHJDWLYH�
HIIHFWV�RI�VFUHHQLQJ��
7KH�ODWHVW�SXEOLFDWLRQ�RQ�WKH�6ZHGLVK�UDQGRPLVHG�
WULDOV��1\VWU|P�HW�DO��������UHSRUWV�D�SRLQW�HVWLPDWH�
IRU�PRUWDOLW\�UHGXFWLRQ�LQ�WKH�DJH�JURXS�������ZKLFK�
LV�PXFK�ORZHU�WKDQ�IRU�WKH�DJH�JURXS��������6LQFH�
WKHUH�LV�QR�ELRORJLFDO�H[SODQDWLRQ�IRU�VXFK�D�
GLIIHUHQFH��DQG�WKH�QXPEHU�RI�FDVHV�LQYROYHG�LV�YHU\�
VPDOO��LW�VHHPV�UHDVRQDEOH�WR�H[SODLQ�WKLV�GLIIHUHQFH�
E\�UDQGRP�IOXFWXDWLRQ��+RZHYHU��WKH�SUHVHQW�ODFN�RI�
DQRWKHU�H[SODQDWLRQ�VKRXOG�QRW�OHDG�WR�QHJOHFWLQJ�WKH�
SRVVLELOLW\�WKDW�LQGHHG�EUHDVW�FDQFHU�VFUHHQLQJ�OHDGV�
WR�D�VPDOOHU�LPSURYHPHQW�RI�SURJQRVLV�RYHU�DJH����
�)OHWFKHU�HW�DO������E���
7KLV�SDSHU�DWWHPSWV�WR�GHWHUPLQH�WKH�EHVW�XSSHU�DJH�
OLPLW�IRU�EUHDVW�FDQFHU�VFUHHQLQJ��RQFH�WKH�GHFLVLRQ�WR�
RUJDQL]H�D�SURJUDPPH�KDV�EHHQ�WDNHQ��,Q�WKH�ILUVW�
SODFH�WKH�EDODQFH�EHWZHHQ�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV�LV�FRQVLGHUHG��EXW�DOVR�WKH�
EDODQFH�EHWZHHQ�FRVWV�DQG�HIIHFWV��
7KHUH�DUH�QRW�PDQ\�GDWD�DYDLODEOH�DERXW�WKH�HIIHFWV�
RI�VFUHHQLQJ�IRU�EUHDVW�FDQFHU�LQ�ZRPHQ�ROGHU�WKDQ�
���\HDUV��,W�LV�WKHUHIRUH�QRW�SRVVLEOH�WR�JLYH�D�SUHFLVH�
DVVHVVPHQW�RI�ZKDW�LV�WR�EH�H[SHFWHG�IURP�PDVV�
VFUHHQLQJ�LQ�ROGHU�ZRPHQ��+RZHYHU��WKH�
GHWHUPLQDQWV�RI�VXFK�DQ�XSSHU�DJH�OLPLW�DUH�LGHQWLILHG�
DQG�RQ�EDVLV�RI�WKH�H[LVWLQJ�XQFHUWDLQW\�FRQFHUQLQJ�
WKHVH�GHWHUPLQDQWV��PDUJLQV�RI�SRVVLEOH�RXWFRPHV�DUH�
VHW��
�



���

PHWKRGV�
7KH�0,6&$1�PRGHO�IRU�XQGHUO\LQJ�QDWXUDO�KLVWRU\�
RI�EUHDVW�FDQFHU�DQG�WKH�LPSDFW�RI�VFUHHQLQJ��ZKLFK�
KDV�EHHQ�XVHG�IRU�WKLV�DQDO\VLV��KDV�EHHQ�GHVFULEHG�
HOVHZKHUH��YDQ�2RUWPDUVVHQ�HW�DO������E���7KH�
GLVHDVH�PRGHO�LV�EDVHG�RQ�D���VWDJH�GLYLVLRQ�RI�WKH�
GHYHORSPHQW�RI�LQYDVLYH�EUHDVW�FDQFHU�LQ�ZKLFK�WKH�
VWDJH�UHIOHFWV�WXPRXU�VL]H��$�SURSRUWLRQ�RI�WKH�
LQYDVLYH�EUHDVW�FDQFHUV�LV�SUHFHGHG�E\�D�VFUHHQ�
GHWHFWDEOH�GXFWDO�FDUFLQRPD�LQ�VLWX��G&,6���7KH�
VFUHHQGHWHFWDEOH�VWDJHV�KDYH�DQ�H[SRQHQWLDOO\�
GLVWULEXWHG�VRMRXUQ�WLPH�ZLWK�DQ�DJH�GHSHQGHQW�
PHDQ��0RVW�PRGHO�DVVXPSWLRQV�DUH�LGHQWLFDO�WR�WKRVH�
XVHG�IRU�WKH�'XWFK�FRVW�HIIHFWLYHQHVV�DQDO\VLV�ZKLFK�
IRFXVHG�PXFK�RQ�VFUHHQLQJ�EHWZHHQ�WKH�DJHV����DQG�
����7KLV�PRGHO�UHIOHFWV�HVWLPDWHV�RI�KHDOWK�HIIHFWV�
DQG�VRFLDO�FRVWV�RI�WKH�SULPDU\�SURFHVV�RI�VFUHHQLQJ��
FKDQJHV�LQ�GLDJQRVWLF�SURFHGXUHV��SULPDU\�WKHUDSLHV��
IROORZ�XS�DIWHU�WUHDWPHQW��PHWDVWDWLF�GLVHDVH��WHUPLQDO�
LOOQHVV�DQG�EUHDVW�FDQFHU�PRUWDOLW\�ZKHQ�D�WZR�\HDUO\�
VFUHHQLQJ�SURJUDPPH�LV�FDUULHG�RXW�GXULQJ�D�SHULRG�
RI����\HDUV��DIWHU�ZKLFK�WLPH�WKH�PD[LPXP�LPSDFW�RI�
VFUHHQLQJ�RQ�PRUWDOLW\�LV�UHDFKHG��GH�.RQLQJ�HW�DO��
�������7KH�DVVXPSWLRQV�ZKLFK�DUH�VSHFLILFDOO\�
UHOHYDQW�IRU�VFUHHQLQJ�LQ�ROGHU�ZRPHQ�KDYH�EHHQ�
VWXGLHG�LQ�PRUH�GHWDLO�E\�UHODWLQJ�WKHP�WR�WKH�UHVXOWV�
RI�WULDOV�ZKLFK�LQFOXGHG�ZRPHQ�RYHU�DJH�����WKH�
VWXG\�LQ�.RSSDUEHUJ�gVWHUJ|WODQG��7DEiU�HW�DO��
�������WKH�'XWFK�SLORW�SURMHFW�RI�1LMPHJHQ�
�XQSXEOLVKHG�GDWD��DQG�WKH�%&''3��%&''3��������
�
PRGHO�YDULDQWV�
7ZR�PDLQ�YDULDQWV�ZHUH�XVHG���
7KH�
RSWLPLVWLF�YDULDQW
�ZKLFK�DVVXPHV�QR�IXUWKHU�
LQFUHDVH�LQ�SUHFOLQLFDO�GXUDWLRQ�DIWHU�WKH�DJH�RI�����
7KH�
SHVVLPLVWLF�YDULDQW
�DVVXPHV�D�IXUWKHU�LQFUHDVH�LQ�
SUHFOLQLFDO�GXUDWLRQ�ZLWK�DJH�ZKLFK�LV�H[WUDSRODWHG�
IURP�WKH�WUHQG�LQ�\RXQJHU�DJH�JURXSV��
7KH�PRGHO�UHVXOWV�KDYH�EHHQ�LQWHJUDWHG�LQ�RQH�
RXWFRPH�PHDVXUH�����GLVFRXQWHG�TXDOLW\�DGMXVWHG�
OLIH�\HDUV��4$/<V��JDLQHG��7KH�QXPEHU�RI�4$/<V�

JDLQHG�E\�D�VFUHHQLQJ�
SURJUDPPH�LV�FDOFXODWHG�
E\�DWWULEXWLQJ�XWLOLWLHV�WR�
HDFK�KHDOWK�VWDWH�WKDW�LV�
UHOHYDQW�IRU�EUHDVW�FDQFHU�
VFUHHQLQJ�DQG�E\�
PXOWLSO\LQJ�WKHVH�XWLOLWLHV�
ZLWK�WKH�QXPEHU�RI�OLIH�
\HDUV�LQ�HDFK�RI�WKHVH�
KHDOWK�VWDWHV��7KH�
GLIIHUHQFH�EHWZHHQ�WKH�
WRWDO�QXPEHU�RI�4$/<V�LQ�
D�VLWXDWLRQ�ZLWK�D�
VFUHHQLQJ�SURJUDPPH�DQG�
WKH�WRWDO�QXPEHU�RI�
4$/<V�LQ�WKH�VLWXDWLRQ�
ZLWKRXW�VFUHHQLQJ�LV�WKH�
QXPEHU�RI�4$/<V�JDLQHG�

�GH�+DHV�HW�DO���������,Q�WKLV�ZD\�QRW�RQO\�WKH�HIIHFWV�
RI�VFUHHQLQJ�RQ�PRUWDOLW\�DUH�WDNHQ�LQWR�DFFRXQW��EXW�
DOVR�WKH�LPSDFW�RI�GLDJQRVWLF�SURFHGXUHV��SULPDU\�
WKHUDS\��IROORZ�XS�DIWHU�WUHDWPHQW��PHWDVWDWLF�GLVHDVH�
DQG�WHUPLQDO�LOOQHVV��
)RU�GHPRQVWUDWLRQ�SXUSRVHV��DQ�DWWHQGDQFH�UDWH�RI�
�����LV�DVVXPHG��7KLV�JLYHV�WKH�VKDUSHVW�FRQWUDVW�
EHWZHHQ�GLIIHUHQW�YDULDQWV��
)RU�FDOFXODWLQJ�FRVW�HIIHFWLYHQHVV�UDWLRV��DQ�
DWWHQGDQFH�SDWWHUQ�KDV�EHHQ�DVVXPHG�DV�LW�RFFXUUHG�LQ�
WKH�1LMPHJHQ�WULDO��XQSXEOLVKHG�GDWD���$�UHDOLVWLF�
DWWHQGDQFH�SDWWHUQ�KDV�EHHQ�DVVXPHG�EHFDXVH�KHUH�DQ�
HVWLPDWH�RI�VRFLDO�FRVWV�LV�PDGH��ZKLFK�LV�VWURQJO\�
LQIOXHQFHG�E\�DWWHQGDQFH��7KHVH�DWWHQGDQFH�UDWHV�
GHFOLQH�IURP�����DW�DJH�����WR�����DW�DJH����DQG�
����DW�DJH�����7KH�DVVXPSWLRQV�DERXW�VRFLDO�FRVWV�
DUH�GHVFULEHG�LQ�GHWDLO�E\�GH�.RQLQJ�HW�DO��GH�.RQLQJ�
HW�DO��������XVLQJ������DV�EDVH�\HDU�IRU�GLVFRXQWLQJ�
DQG�VWDUW�RI�EXLOGLQJ�XS�RI�WKH�SURJUDPPH��7KH�
DSSOLHG�H[FKDQJH�UDWH�LV�����'XWFK�JXLOGHUV�RI������
SHU�SRXQG��
�
UHVXOWV�
SUHFOLQLFDO�SHULRG�
$�PHDVXUH�IRU�WKH�GXUDWLRQ�RI�WKH�SUHFOLQLFDO�SHULRG�
RI�PDPPRJUDSKLF�GHWHFWDELOLW\�LV�WKH�UDWLR�EHWZHHQ�
GHWHFWLRQ�UDWHV�DW�ILUVW�VFUHHQLQJ�DQG�LQFLGHQFH�UDWHV�
LQ�WKH�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��7DEOH�����VKRZV�
WKH�FRPSDULVRQ�RI�UHVXOWV�IURP�VFUHHQLQJ�SURMHFWV�
ZKLFK�KDYH�HQUROOHG�ZRPHQ�RYHU����DQG�VLPXODWHG�
UHVXOWV��
,W�LV�FOHDU�WKDW�SUHFOLQLFDO�GXUDWLRQ�VWURQJO\�LQFUHDVHV�
EHWZHHQ�DJHV����DQG�����&RPSDULVRQ�RI�WKH�
VFUHHQLQJ�UHVXOWV�IURP�WKH�.RSSDUEHUJ�gVWHUJ|WODQG�
WULDO�ZLWK�WKH�LQFLGHQFH�LQ�WKH�FRQWURO�JURXS�VHHPV�WR�
VKRZ�D�IXUWKHU�LQFUHDVH�LQ�SUHFOLQLFDO�GXUDWLRQ�DW�
KLJKHU�DJHV��7DEiU�HW�DO���������+RZHYHU�D�
FRPSDULVRQ�ZLWK�LQFLGHQFH�IURP�WKH�6ZHGLVK�FDQFHU�
UHJLVWU\�VXJJHVWV�D�VWDELOL]LQJ�SUHFOLQLFDO�GXUDWLRQ�
DIWHU�DJH�����7KH�UHVXOWV�IURP�WKH�1LMPHJHQ�WULDO�DQG�

WDEOH�����5DWLR�RI�GHWHFWLRQ�UDWH�DW�SUHYDOHQFH�VFUHHQLQJ�DQG�LQFLGHQFH�UDWH�LQ�
VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ�RI�GLIIHUHQW�VFUHHQLQJ�SURMHFWV�

VLPXODWHG�
DJH�
FODVV�

.�2��LQ�
FLGHQFH�
FRQWURO�
JURXS�

.�2��LQ�
FLGHQFH�
FDQFHU�
UHJLVWU\� %&''3�

1LMPHJHQ�
WULDO�

RSWLPLVWLF�
YDULDQW�

SHVVLPLVWLF�
YDULDQW�
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WKH�%&''3�VKRZ�DW�PRVW�D�VORZ�LQFUHDVH�
RI�SUHFOLQLFDO�GXUDWLRQ�DW�DJHV�RYHU�����
�
WZR�PDLQ�YDULDQWV�
7DEOH�����VKRZV�WKH�PDLQ�SRVLWLYH�HIIHFW�RI�
VFUHHQLQJ��OLIH�\HDUV�JDLQHG��DQG�WZR�
LPSRUWDQW�QHJDWLYH�HIIHFWV��OLIH�\HDUV�LQ�
OHDG�WLPH��WKDW�LV�WLPH�ZLWK�NQRZOHGJH�RI�
WKH�GLVHDVH�RXWVLGH�WKH�JDLQHG�OLIH�\HDUV��
DQG�H[WUD�LQFLGHQFH�FDXVHG�E\�VFUHHQLQJ��
7KHVH�DUH�WKH�H[SHFWHG�UHVXOWV�RI�D�
VFUHHQLQJ�SURJUDPPH�ZKLFK�VWDUWV�DW�DJH�
���DQG�JRHV�RQ�VFUHHQLQJ�ZLWK�WZR�\HDU�
LQWHUYDOV�XS�WR�WKH�DJH�LQ�WKH�OHIW�FROXPQ��
)URP�DURXQG�DJH����IXUWKHU�H[WHQVLRQ�RI�
WKH�VFUHHQLQJ�SURJUDPPH�OHDGV�WR�VR�IHZ�
H[WUD�OLIH�\HDUV�JDLQHG��WKDW�LW�IDGHV�DZD\�LQ�
WKH�UDQGRP�IOXFWXDWLRQ�RI�WKH�PRGHO�
RXWFRPHV��,W�DOVR�VKRZV�WKDW�WKH�H[SHFWHG�
QXPEHU�RI�OLIH�\HDUV�JDLQHG�LV�QRW�YHU\�
GLIIHUHQW�LQ�WKH�RSWLPLVWLF�DQG�SHVVLPLVWLF�
YDULDQW��7KH�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�
WKH�WZR�YDULDQWV�LV�WKH�DPRXQW�RI�QHJDWLYH�
HIIHFWV��
:LWK�H[WHQVLRQ�RI�D�VFUHHQLQJ�SURJUDPPH�
WR�KLJKHU�DJHV��WKH�QXPEHU�RI�H[WUD�\HDUV�LQ�
OHDG�WLPH�DQG�WKH�QXPEHU�RI�H[WUD�LQFLGHQW�
FDVHV�LQFUHDVHV�PXFK�PRUH�UDSLGO\�WKHQ�WKH�
QXPEHU�RI�OLIH�\HDUV�JDLQHG��7KH�
SHVVLPLVWLF�YDULDQW�VKRZV�WKDW�ZLWK�
H[WHQGLQJ�WKH�VFUHHQLQJ�SURJUDPPH�IURP�
DJH����WR�DJH�����JDLQLQJ���H[WUD�OLIH�\HDU�LQ�
WKH�SRSXODWLRQ�FRLQFLGHV�ZLWK���H[WUD�EUHDVW�
FDQFHU�FDVH��OHDGLQJ�WR���H[WUD�SULPDU\�
WUHDWPHQW��DQG�OHDGV�WR�PRUH�WKDQ����H[WUD�
OLIH�\HDUV�ZLWK�NQRZOHGJH�RI�WKH�GLVHDVH�
RXWVLGH�WKH�JDLQHG�OLIH�\HDUV��
)LJXUH�����VKRZV�WKH�QXPEHU�RI����
GLVFRXQWHG�4$/<V�JDLQHG�DV�D�IXQFWLRQ�RI�
WKH�XSSHU�DJH�OLPLW�RI�LQYLWDWLRQ�IRU�
VFUHHQLQJ�RI�D�SURJUDPPH�ZLWK���\HDU�
VFUHHQLQJ�LQWHUYDOV��VWDUWLQJ�DW�DJH������
7KHUH�LV�D�ZLGH�UDQJH�EHWZHHQ�WKH�
RSWLPLVWLF�DQG�WKH�SHVVLPLVWLF�YDULDQW���
7KH�RSWLPLVWLF�YDULDQW�VKRZV�QR�FOHDU�
GHFUHDVH�LQ�WKH�H[SHFWHG�QXPEHU�RI�
4$/<V�JDLQHG�DW�DQ\�LQFUHDVH�RI�WKH�XSSHU�
DJH�RI�WKH�VFUHHQLQJ�SURJUDPPH���
,Q�WKH�SHVVLPLVWLF�YDULDQW��WKH�EDODQFH�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�
�PHDVXUHG�LQ����GLVFRXQWHG�4$/<V��
EHFRPHV�QHJDWLYH�LI�VFUHHQLQJ�LV�FRQWLQXHG�
EH\RQG�DJH�����
7KHUHIRUH�LW�LV�YHU\�OLNHO\�WKDW�ZKHQ�
H[WHQGLQJ�D�PDVV�VFUHHQLQJ�SURMHFW�XS�WR�
DURXQG�DJH����RU�HYHQ�KLJKHU�WKH�EDODQFH�
EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�
UHPDLQV�IDYRXUDEOH��

WDEOH�����/LIH�\HDUV�JDLQHG��OLIH�\HDUV�LQ�OHDG�WLPH�DQG�H[WUD�
QXPEHU�RI�LQFLGHQWV�RI�EUHDVW�FDQFHU�WR�EH�H[SHFWHG�IURP�D�
VFUHHQLQJ�SURJUDPPH�ZLWK������DWWHQGDQFH�DQG�LQYLWDWLRQV�
HYHU\�WZR�\HDUV�VWDUWLQJ�DW�DJH�����UHVXOWV�IRU�WKH�RSWLPLVWLF�DQG�
SHVVLPLVWLF�YDULDQWV�
XSSHU�
DJH�
OLPLW�

OLIH�\HDUV�
JDLQHG�
�
������

OLIH�\HDUV�LQ�OHDG�
WLPH��
������

H[WUD�LQFLGHQFH�
�FDVHV��

� RSW�� SHV�� ����RSW�� ����SHV�� �����RSW�� SHV��
������� ������ ������ ����� ����� ������� �������
������� ������ ������ ����� ����� ������� �������
������� ������ ������ ����� ����� ������� ��������
������� ������ ������ ����� ����� ������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ����� �������� ��������
������� ������ ������ ����� ������ �������� ��������
������� ������ ������ ����� ������ �������� ��������

�
WDEOH�����/LIH�\HDUV�JDLQHG��OLIH�\HDUV�LQ�OHDG�WLPH��H[WUD�QXPEHU�
RI�LQFLGHQW�FDVHV�RI�EUHDVW�FDQFHU�DQG����GLVFRXQWHG�4$/<V�
JDLQHG��WR�EH�H[SHFWHG�IURP�D�VFUHHQLQJ�SURJUDPPH�ZLWK�D�
UHDOLVWLF�DWWHQGDQFH�DQG�LQYLWDWLRQV�VWDUWLQJ�DW�DJH�����UHVXOWV�IRU�
SHVVLPLVWLF�YDULDQW�ZLWKRXW�DQ\�LPSURYHPHQW�RI�SURJQRVLV�GXH�
WR�VFUHHQLQJ�
XSSHU�
DJH�
OLPLW�

OLIH�\HDUV�
JDLQHG�
�
������

OLIH�\HDUV�LQ�
OHDG�WLPH�
�
������

H[WUD�
LQFLGHQFH�
�FDVHV��

4$/<V�
JDLQHG�
����GLVF���
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�
)LJXUH�����7KH�QXPEHU�RI����GLVFRXQWHG�4$/<V�JDLQHG�DV�D�
IXQFWLRQ�RI�WKH�XSSHU�DJH�OLPLW�RI�LQYLWDWLRQ�IRU�VFUHHQLQJ�RI�D�
SURJUDPPH�ZLWK���\HDU�VFUHHQLQJ�LQWHUYDOV��VWDUWLQJ�DW�DJH����
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VRMRXUQ�WLPH�FRQWLQXHV�
LQFUHDVLQJ�DIWHU�DJH���

VRMRXUQ�WLPH�FRQVWDQW�DIWHU�DJH���
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FRVW�HIIHFWLYHQHVV�
7KH�PDUJLQDO�FRVW�HIIHFWLYHQHVV�UDWLR��&(5��LQ�WKH�
SHVVLPLVWLF�YDULDQW�RI�H[WHQGLQJ�D�SURJUDPPH�IURP�D�
ODVW�DJH�RI�LQYLWDWLRQ�RI����WR�D�ODVW�LQYLWDWLRQ�DW����LV�
�������SHU�4$/<�JDLQHG��7KLV�LV�DERXW�WKH�VDPH�
UDWLR�DV�UHVXOWV�IURP�LQWHQVLI\LQJ�WKH�LQYLWDWLRQ�
VFKHPH�LQ�WKH�DJH�JURXS�RI����WR����\HDUV�ROG��
)XUWKHU�H[WHQVLRQ�WR�DJH����KDV�D�PDUJLQDO�&(5�RI�� �
�������SHU�4$/<�JDLQHG��
�
QR�LPSURYHPHQW�RI�SURJQRVLV�
$�PRGHO�ZKLFK�FRQVLVWV�RI�WKH�VDPH�DVVXPSWLRQV�DV�
WKH�SHVVLPLVWLF�PRGHO�XVHG�IRU�FRVW�HIIHFWLYHQHVV�
DQDO\VHV��EXW�ZLWK�QR�LPSURYHPHQW�RI�SURJQRVLV�GXH�
WR�VFUHHQLQJ�DW�DJHV������WKHUHIRUH�YHU\�FORVH�WR�WKH�
SRLQW�HVWLPDWHV�RI�WKH�6ZHGLVK�UDQGRPLVHG�WULDOV���
OHDGV�WR�UHVXOWV�DV�VKRZQ�LQ�WDEOH������$V�H[SHFWHG�LQ�
VXFK�D�VLWXDWLRQ��WKLV�ZRXOG�KDYH�GHWULPHQWDO�HIIHFWV��
6FUHHQLQJ�RYHU����FRXOG�OHDG�WR�GRXEOLQJ�RI�WKH�\HDUV�
LQ�OHDG�WLPH�DQG�TXDGUXSOLQJ�RI�WKH�H[WUD�LQFLGHQFH�
IURP������WR������
�
GLVFXVVLRQ�
7KH�FRQFOXVLRQ�RI�)RUUHVW�F�V���)RUUHVW��������
�)RUUHVW�DQG�$LWNHQ�������FRQFHUQLQJ�WKH�XSSHU�
ERXQGDU\�RI�VFUHHQLQJ�LV�WKDW�EHFDXVH�RI�WKH�UDSLG�IDOO�
LQ�DWWHQGDQFH�DIWHU�WKH�DJH�RI�����WKH�LQYLWDWLRQ�
VFKHPH�RI�D�VFUHHQLQJ�SURJUDPPH�VKRXOG�QRW�LQFOXGH�
KLJKHU�DJH�JURXSV��)URP�D�FRVW�HIIHFWLYHQHVV�SRLQW�RI�
YLHZ��WKLV�VHHPV�OLNH�DQ�RYHUHVWLPDWH�RI�WKH�FRVW�RI�
VHQGLQJ�RXW�LQYLWDWLRQV�IRU�VFUHHQLQJ��7KH�FRVW�RI�
LQYLWLQJ�ZRPHQ�LV�UHODWLYHO\�ORZ�DV�FRPSDUHG�WR�WKH�
RWKHU�FRVWV��WKHUHIRUH�D�ORZHU�DWWHQGDQFH�UDWH�VKRXOG�
QRW�DXWRPDWLFDOO\�OHDG�WR�DQ�XSSHU�DJH�OLPLW�LQ�WKH�
LQYLWDWLRQ�VFKHPH��
%HVLGHV�WKH�XSSHU�DJH�OLPLW�IRU�LVVXLQJ�LQYLWDWLRQV��
)RUUHVW�F�V��UHFRPPHQG�WR�SRVLWLYHO\�HQFRXUDJH�ROGHU�
ZRPHQ�WR�JHW�VFUHHQLQJ�ZLWKRXW�LQYLWDWLRQ��IRU�ZKLFK�
WKH\�GR�QRW�PHQWLRQ�DQ�XSSHU�DJH�OLPLW��7KLV�
UHFRPPHQGDWLRQ�GRHV�QRW�DFNQRZOHGJH�WKDW�IURP�D�
FHUWDLQ�DJH�WKH�XQIDYRXUDEOH�HIIHFWV�RI�VFUHHQLQJ�
RXWZHLJK�WKH�IDYRXUDEOH�HIIHFWV��
%RWK�UHFRPPHQGDWLRQV�WRJHWKHU�OHDG�WR�XQGHU�
VHUYLQJ�ZRPHQ�MXVW�RYHU����DV�ZHOO�DV�SRVVLEO\�
KDUPIXO�VFUHHQLQJ�RI�YHU\�ROG�ZRPHQ��
)RU�DQ�HVWLPDWLRQ�ZLWK�DQ\�SUHFLVLRQ�RI�WKH�FRVWV�DQG�
HIIHFWV�RI�D�PDVV�VFUHHQLQJ�SURMHFW�IRU�ZRPHQ�RYHU�
����PRUH�GDWD�RQ�WKH�HIIHFWV�RI�VFUHHQLQJ�DUH�QHHGHG��
HVSHFLDOO\�RQ�SUHFOLQLFDO�GXUDWLRQ�RI�WKH�SKDVH�RI�
PDPPRJUDSKLF�GHWHFWDELOLW\��7KH�DYDLODEOH�GDWD�
OHDYH�URRP�IRU�D�ZLGH�UDQJH�RI�SRVVLEOH�
FRQVHTXHQFHV��1HYHUWKHOHVV�VRPH�FRQFOXVLRQV�FDQ�EH�
GUDZQ��
%RWK�PDLQ�YDULDQWV�RI�WKH�PRGHO�DVVXPH�DQ�
LPSURYHPHQW�RI�SURJQRVLV�GXH�WR�VFUHHQ�GHWHFWLRQ�RI�
EUHDVW�FDQFHU�ZKLFK�LV�WKH�VDPH�IRU�ZRPHQ�RI�DOO�
DJHV��:H�DUH�DZDUH�RI�WKH�IDFW�WKDW�WKH�UHVXOWV�IURP�
WKH�6ZHGLVK�UDQGRPLVHG�WULDOV�VKRZ�D�PRUWDOLW\�

UHGXFWLRQ�ZKLFK�LV�IDU�OHVV�IRU�ZRPHQ�LQ�WKH�DJH�
JURXS�RI�������WKDQ�IRU�ZRPHQ�LQ�WKH�DJH�JURXSV�RI�
�������L�H�����RU�����GHSHQGLQJ�RQ�WKH�ZD\�WKLV�
ILJXUH�LV�FDOFXODWHG��YV�������1\VWU|P�HW�DO���������
2QO\�D�VPDOO�SDUW�RI�WKLV�GLIIHUHQFH�FDQ�EH�DWWULEXWHG�
WR�WKH�IDFW�WKDW�WKH�ROGHU�ZRPHQ�ZHUH�LQYLWHG�IRU�
VFUHHQLQJ�RQO\�WZR�WLPHV��DQG�WKDW�ROGHU�ZRPHQ�DUH�
OHVV�OLNHO\�WR�DWWHQG�D�VFUHHQLQJ��+RZHYHU��WKHUH�LV�QR�
ELRORJLFDO�H[SODQDWLRQ�IRU�WKLV�VXEVWDQWLDO�GLIIHUHQFH��
VR�IRU�WKH�PDLQ�YDULDQWV�WKH�GLIIHUHQFH�ZDV�DVVXPHG�
WR�EH�GXH�WR�UDQGRP�IOXFWXDWLRQ��7KH�HVWLPDWH�RI�
PRUWDOLW\�UHGXFWLRQ�LQ�WKH�DJH�JURXS�������LV�EDVHG�
RQ�YHU\�VPDOO�QXPEHUV�RI�GHDWKV��DQG�WKHUH�LV�QR�
VLJQLILFDQW�GLIIHUHQFH�LQ�PRUWDOLW\�UHGXFWLRQ�EHWZHHQ�
WKH�DJH�JURXSV�������DQG��������
$OWKRXJK�LW�VHHPV�UHDVRQDEOH�WR�DVVXPH�DQ�HTXDO�
LPSURYHPHQW�RI�SURJQRVLV�GXH�WR�VFUHHQ�GHWHFWLRQ�IRU�
ZRPHQ�RYHU����DV�IRU�ZRPHQ�IURP����WR����\HDUV�
ROG��WKHUH�LV�QR�SURRI�RI�D�IDYRXUDEOH�HIIHFW�IRU�
ZRPHQ�RYHU�����7KHUHIRUH�LW�LV�DOVR�QHFHVVDU\�WR�
FRQVLGHU�D�PRGHO�ZKLFK�DVVXPHV�QR�LPSURYHPHQW�RI�
SURJQRVLV�GXH�WR�VFUHHQLQJ�RI�ZRPHQ�RYHU�����7KLV�
DVVXPSWLRQ�LV�YHU\�FORVH�WR�WKH�SRLQW�HVWLPDWH�IURP�
WKH�6ZHGLVK�UDQGRPLVHG�WULDOV��1\VWU|P�HW�DO���������
6XFK�D�PRGHO�VKRZV�WKDW�VFUHHQLQJ�ZRPHQ�RYHU����
FDQ�OHDG�WR�D�FRQVLGHUDEOH�DPRXQW�RI�XQIDYRXUDEOH�
HIIHFWV��ZKLFK�LQ�WRWDO�FDQ�FRVW�PRUH�WKDQ����RI�WKH�
4$/<V�WKDW�DUH�H[SHFWHG�WR�EH�JDLQHG�E\�D�
SURJUDPPH�RI�VFUHHQLQJ�ZRPHQ�IURP����WR����\HDUV�
ROG��
-XGJLQJ�RQO\�IURP�WKH�QXPEHU�RI�4$/<V�JDLQHG�LW�
ZRXOG�EH�DGYLVDEOH�WR�H[WHQG�EUHDVW�FDQFHU�VFUHHQLQJ�
DW�OHDVW�XS�WR�DJH�����%XW��EHFDXVH�RI�WKH�UHODWLYHO\�
XQIDYRXUDEOH�EDODQFH�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH�
HIIHFWV��WKH�QXPEHU�RI�VFUHHQV�WKDW�LV�UHTXLUHG�WR�
REWDLQ�D�FHUWDLQ�DPRXQW�RI�IDYRXUDEOH�HIIHFWV�LV�
FRQVLGHUDEO\�KLJKHU�WKDQ�LQ�\RXQJHU�DJH�JURXSV��
7KH�VKDUS�LQFUHDVH�RI�FRVW�SHU�4$/<�JDLQHG�ZLWK�
H[WHQGLQJ�D�VFUHHQLQJ�SURJUDPPH�WR�KLJKHU�DJHV��LV�
RQO\�IRU�D�PLQRU�SDUW�FDXVHG�E\�WKH�FRVW�RI�VFUHHQLQJ��
E\�IDU�WKH�PRVW�LPSRUWDQW�FDXVH�LV�WKH�VWURQJ�LQFUHDVH�
LQ�QHJDWLYH�HIIHFWV��
:KHQ�RQO\�WKH�EDODQFH�EHWZHHQ�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV�LV�WDNHQ�LQWR�DFFRXQW��PDVV�
VFUHHQLQJ�VKRXOG�EH�FRQWLQXHG�WR�DW�OHDVW�WKH�DJH�RI�
����EXW�ZKHQ�HIILFLHQF\�LV�DOVR�WDNHQ�LQWR�
FRQVLGHUDWLRQ��RQH�PD\�EH�KHVLWDQW�WR�RIIHU�VFUHHQLQJ�
WR�ZRPHQ�ROGHU�WKDQ����\HDUV�EHFDXVH�RI�DQ�
LQFUHDVLQJ�FRVW�HIIHFWLYHQHVV�UDWLR��
$OWKRXJK�WKH�UHVXOWV�OHDYH�D�ZLGH�PDUJLQ�IRU�WKH�EHVW�
XSSHU�DJH�OLPLW��QRW�PXFK�PRUH�LPSURYHPHQW�FDQ�EH�
H[SHFWHG�IRU�WKH�QHDU�IXWXUH��VLQFH�RI�WKH�WZR�SRVVLEOH�
ZD\V�WR�LPSURYH�RQ�WKH�HVWLPDWHV��RQH�LV�QRW�OLNHO\�WR�
JLYH�PXFK�PRUH�SUHFLVLRQ��WKH�RWKHU�LV�QRW�OLNHO\�WR�
EH�DWWDLQDEOH��
7KH�ILUVW�LV�PDNLQJ�H[LVWLQJ�GDWD�RQ�VFUHHQLQJ�RI�
ROGHU�ZRPHQ�EHWWHU�DYDLODEOH��)RU�LQVWDQFH�LQ�WKH�
.RSSDUEHUJ�gVWHUJ|WODQG�VWXG\�GDWD�RQ�ZRPHQ�
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LQYLWHG�DW�DJHV�RYHU����KDYH�QRW�EHHQ�SXEOLVKHG�
�7DEiU�HW�DO���������+RZHYHU��WKHVH�GDWD�DUH�EDVHG�RQ�
VPDOO�QXPEHUV��WKHUHIRUH�LW�LV�QRW�WR�EH�H[SHFWHG�WKDW�
EHWWHU�DYDLODELOLW\�RI�GDWD�ZRXOG�JUHDWO\�LPSURYH�WKH�
SUHFLVLRQ�RI�WKH�HVWLPDWH��
7KH�RWKHU�ZD\�LV�RI�FRXUVH�D�QHZ�WULDO��6XFK�D�WULDO�
FDQ�JLYH�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�QDWXUDO�KLVWRU\�
RI�EUHDVW�FDQFHU�LQ�ROGHU�ZRPHQ��%XW�LI�LW�LV�WR�VHUYH�
DV�DQ�LQYHVWLJDWLRQ�LQWR�WKH�SRVVLEOH�PRUWDOLW\�
UHGXFWLRQ�RI�EUHDVW�FDQFHU�VFUHHQLQJ��D�VHULRXV�
SUREOHP�LV�HQFRXQWHUHG�EHFDXVH�RI�WKH�ORZ�
DWWHQGDQFH�UDWH�WR�EH�H[SHFWHG�LQ�ROGHU�ZRPHQ��(YHQ�
ZKHQ�WKHUH�LV�D�VWURQJ�HIIHFW�RI�VFUHHQLQJ��ORZ�
DWWHQGDQFH�OHDGV�WR�D�VHULRXV�GLOXWLRQ�RI�WKH�FRQWUDVW�
EHWZHHQ�WKH�LQYLWHG�DQG�QRW�LQYLWHG�JURXS��6XFK�D�
WULDO�WKHUHIRUH�ZRXOG�QHHG�D�YHU\�ODUJH�SRSXODWLRQ�LQ�
RUGHU�WR�UHDFK�DQ�DFFHSWDEOH�SRZHU��
7KH�ULVN�RI�UDGLDWLRQ�LQGXFHG�FDQFHUV�LV�QRW�LQFOXGHG�
LQ�WKH�VWXG\��7KDW�LV�EHFDXVH�RI�WKH�DVVXPSWLRQ�WKDW�
IRU�VFUHHQLQJ�ZRPHQ�RI����WR����\HDUV�ROG�WKLV�HIIHFW�
LV�VPDOO�LQ�FRPSDULVRQ�ZLWK�WKH�RWKHU�HIIHFWV�RI�
VFUHHQLQJ��DQG�HYHQ�VPDOOHU�ZKHQ�VFUHHQLQJ�ZRPHQ�
RYHU�����
/HVV�UHDGLO\�TXDQWLILDEOH�DVSHFWV�RI�VFUHHQLQJ��VXFK�
DV�D�SRVVLEOH�HGXFDWLRQDO�HIIHFW�RQ�ZRPHQ�DQG�WKH�
HIIHFW�RQ�TXDOLW\�RI�OLIH�DIWHU�D�QHJDWLYH�VFUHHQLQJ�
UHVXOW��KDYH�EHHQ�OHIW�RXW�RI�WKH�DQDO\VLV��EHFDXVH�
WKH\�DUH�DVVXPHG�WR�EH�RI�QHJOLJLEOH�HIIHFW�RQ�WKH�
RSWLPDO�XSSHU�DJH�OLPLW��
7KLV�SDSHU�LV�EDVHG�RQ�PRGHO�IRU�WKH�'XWFK�VLWXDWLRQ��
7KLV�PHDQV�WKDW�DVVXPSWLRQV�PDGH�DERXW�
GHPRJUDSK\��HSLGHPLRORJ\��RUJDQL]DWLRQ�DQG�TXDOLW\�
RI�WKH�PDVV�VFUHHQLQJ�SURMHFW�DQG�RQ�FRVWV�RI�KHDOWK�
FDUH�IDFLOLWLHV�DUH�VSHFLILF�IRU�WKH�1HWKHUODQGV��7KLV�
GRHV�QRW�LPSO\�WKDW�LW�LV�QRW�SRVVLEOH�WR�JHQHUDOLVH�WKH�
FRQFOXVLRQV�RI�WKLV�SDSHU�WR�RWKHU�:HVWHUQ�FRXQWULHV��
7KH�EDODQFH�EHWZHHQ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�
HIIHFWV�RI�VFUHHQLQJ�FDQ�RQO\�EH�VXEVWDQWLDOO\�
LQIOXHQFHG�E\�ODUJH�GLIIHUHQFHV�LQ�OLIH�H[SHFWDQF\�DW�
WKH�WLPH�RI�VFUHHQLQJ��7KHVH�NLQG�RI�GLIIHUHQFHV�GR�
QRW�RFFXU�DPRQJ�FRXQWULHV�DQG�UHJLRQV�ZKHUH�
RUJDQL]LQJ�EUHDVW�FDQFHU�VFUHHQLQJ�LV�DQ�LVVXH��&RVW�
HIIHFWLYHQHVV�FRQVLGHUDWLRQV�DOVR�GHSHQG�RQ�WKH�
HIIHFWLYHQHVV�RI�VFUHHQLQJ�DW�DJHV�KLJKHU�WKDQ����
UHODWLYH�WR�VFUHHQLQJ�EHWZHHQ����DQG����ZKLFK�LQ�LWV�
WXUQ�GHSHQGV�RQ�WKH�DJH�GHSHQGHQF\�RI�WKH�ULVN�IRU�
EUHDVW�FDQFHU��7KLV�DJH�GHSHQGHQF\�LV�QHLWKHU�YHU\�
GLIIHUHQW�LQ�:HVWHUQ�VLWXDWLRQV��
�
DGGLWLRQDO�GLVFXVVLRQ�
7KLV�FKDSWHU�FRQFHQWUDWHV�VWURQJO\�RQ�WKH�EDODQFH�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�DV�D�GHWHUPLQDQW�
IRU�WKH�EHVW�XSSHU�DJH�OLPLW�IRU�D�EUHDVW�FDQFHU�
VFUHHQLQJ�SURJUDPPH��7KH�UHDVRQ�IRU�LW�LV�WKDW��DW�
OHDVW�DV�IDU�DV�WKH�1HWKHUODQGV�DUH�FRQFHUQHG��WKH�
GLVFXVVLRQ�RQ�VFUHHQLQJ�ROGHU�ZRPHQ�ZDV�GRPLQDWHG�
E\�WKH�LVVXH�RI�DJH�GLVFULPLQDWLRQ�DQG�WKHUH�ZDV�OLWWOH�
SRVVLELOLW\�IRU�FRVW�HIIHFWLYHQHVV�FRQVLGHUDWLRQV��

)ROORZLQJ�DUH�VRPH�DGGLWLRQDO�VHQVLWLYLW\�DQDO\VHV�
ZLWK�UHVSHFW�WR�WKH�EDODQFH�RI�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV�WKDW�ZHUH�XVHG�IRU�WKH�GHFLVLRQ�
RQ�H[WHQVLRQ�RI�WKH�'XWFK�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDPPH�WR�KLJKHU�DJHV��$IWHU�WKDW�,�SUHVHQW�VRPH�
FRQVLGHUDWLRQV�RQ�FRVW�HIIHFWLYHQHVV�RI�VFUHHQLQJ�
ROGHU�ZRPHQ��
�
IXUWKHU�VHQVLWLYLW\�DQDO\VHV�FRQFHUQLQJ�WKH�EDODQFH�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�HIIHFWV�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�DW�ROGHU�DJHV�
,Q�DGGLWLRQ�WR�WKH�DQDO\VHV�RI�WKH�SUHYLRXV�SDUW�RI�WKLV�
FKDSWHU��WKH�IROORZLQJ�PRGHO�DVVXPSWLRQV�KDYH�EHHQ�
YDULHG��
��$IWHU�REVHUYLQJ�WKDW�WKHUH�LV�JRRG�UHDVRQ�WR�DVVXPH�
WKDW�WKH�7ZR�&RXQWLHV�6WXG\�KDV�VKRZQ�D�
VXEVWDQWLDOO\�EHWWHU�VFUHHQLQJ�SHUIRUPDQFH�WKDQ�VR�IDU�
LQ�WKH�'XWFK�QDWLRQDO�VFUHHQLQJ�SURJUDPPH�LQ�WHUPV�
RI�GHWHFWLRQ�RI�SDUWLFXODUO\�VPDOOHU�
FDQFHUV�)UDFKHERXG�HW�DO���������LW�ZDV�FRQVLGHUHG�
WKDW�WKHUH�LV�DOVR�UHDVRQ�WR�DVVXPH�WKDW�WKH�LQIOXHQFH�
RI�WKH�'XWFK�SURJUDPPH�RQ�PRUWDOLW\�LV�OHVV�
VXEVWDQWLDO�WKDQ�LQ�WKH�6ZHGLVK�UDQGRPLVHG�
WULDOV�1\VWU|P�HW�DO���������7KHUHIRUH�QH[W�WR�WKH�
EDVLF�VFHQDULRV��DOVR�D�����ORZHU�LPSURYHPHQW�RI�
SURJQRVLV�ZDV�DVVXPHG�WKDQ�RULJLQDOO\�HVWLPDWHG�
IURP�WKH�6ZHGLVK�WULDOV��
��7KH�EDVLF�VFHQDULRV�DVVXPH�WKDW�WKH�XWLOLWLHV�RI�OLIH�
\HDUV�VSHQW�LQ�WKH�KHDOWK�VWDWHV�WKDW�DUH�SRVVLEO\�
DIIHFWHG�E\�VFUHHQLQJ��DUH�DFFRUGLQJ�WR�WKH�SRLQW�
HVWLPDWHV�IURP�RXU�TXDOLW\�RI�OLIH�VWXG\��GH�+DHV�HW�
DO��������$V�D�YDULDQW��D�ZRUVW�FDVH�VFHQDULR�EDVHG�RQ�
XQFHUWDLQW\�RI�WKH�XWLOLW\�HVWLPDWHV�ZDV�FUHDWHG��
,QVWHDG�RI�WKH�SRLQW�HVWLPDWHV��WKH�VLGH�RI�WKH�UDQJH�RI�
WKH�LQGLYLGXDO�HVWLPDWHV�ZDV�FKRVHQ�WKDW�JLYHV�WKH�
PRGHO�SUHGLFWLRQ�RI�VFUHHQLQJ�HIIHFWV�WKDW�LV�OHDVW�
IDYRXUDEOH�IRU�VFUHHQLQJ��
��,W�KDV�EHHQ�REVHUYHG�LQ�WKH�1LMPHJHQ�SLORW�SURMHFW�
WKDW�PRUWDOLW\�IURP�RWKHU�FDXVHV�WKDQ�EUHDVW�FDQFHU�LV�
ORZHU�DPRQJ�WKRVH�SDUWLFLSDWLQJ�WR�VFUHHQLQJ�WKDQ�
DPRQJ�RWKHU�ZRPHQ�RI�WKH�VDPH�DJH�LQ�WKH�VDPH�
SRSXODWLRQ��7KLV�GLIIHUHQFH�LV�YHU\�ODUJH�MXVW�DIWHU�
VFUHHQLQJ��ZKLFK�LV�FOHDUO\�GXH�WR�GHDWK�RIWHQ�EHLQJ�
SUHFHGHG�E\�D�SHULRG�RI�EDG�KHDOWK�WKDW�SUHFOXGHV�
SDUWLFLSDWLRQ�WR�VFUHHQLQJ��%XW�DOVR�XS�WR�VHYHUDO�
\HDUV�DIWHU�VFUHHQLQJ��WKHUH�LV�VWLOO�D�VXEVWDQWLDO�
GLIIHUHQFH�LQ�PRUWDOLW\��:H�KDYH�HVWLPDWHG�WKDW��DSDUW�
IURP�WKH�ULVN�RI�G\LQJ�IURP�EUHDVW�FDQFHU��ZRPHQ�RI�
���\HDUV�DQG�ROGHU�ZKR�SDUWLFLSDWH�LQ�WKH�1LMPHJHQ�
EUHDVW�FDQFHU�VFUHHQLQJ�SLORW�SURMHFW��KDYH�DURXQG���
\HDU�PRUH�OLIH�H[SHFWDQF\�WKDQ�WKH�DYHUDJH�
SRSXODWLRQ�RI�WKH�VDPH�DJH�LQ�WKDW�SURMHFW��7KHUHIRUH�
ZH�DGGHG�D�PRGHO�YDULDQW�WKDW�DVVXPHG�WKDW�SHU�
EUHDVW�FDQFHU�GHDWK�SUHYHQWHG�WKHUH�ZDV���PRUH�OLIH�
\HDU�JDLQHG�WKDQ�LQ�WKH�EDVLF�VFHQDULR�WKDW�GLG�QRW�
DVVXPH�DQ\�DVVRFLDWLRQ�EHWZHHQ�SDUWLFLSDWLRQ�WR�
VFUHHQLQJ�DQG�PRUWDOLW\�IURP�RWKHU�FDXVHV�WKDQ�EUHDVW�
FDQFHU��
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)LJXUH�����VKRZV�WKH�H[SHFWHG�QXPEHU�RI�
���GLVFRXQWHG�4$/<V�JDLQHG�RI�GLIIHUHQW�
VFHQDULRV�E\�WKH�QXPEHU�RI�WZR�\HDUO\�
VFUHHQLQJV�WKDW�LV�DGGHG�DIWHU�WKH�VFUHHQLQJ�
SURJUDPPH�RI�ZRPHQ�DJHG��������
)LJXUH�����VKRZV�WKDW�RSWLPLVWLF�VFHQDULRV�
IRU�VFUHHQLQJ�KDYH�QR�FOHDU�XSSHU�
ERXQGDU\�IRU�WKH�DJH�IURP�ZKLFK�WKH�
XQIDYRXUDEOH�KHDOWK�HIIHFWV�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�RXWZHLJK�WKH�IDYRXUDEOH�
HIIHFWV��7KH�GHFUHDVLQJ�VORSHV�E\�DJH�DUH�
QRW�RQO\�FDXVHG�E\�D�GHFUHDVH�RI�WKH�
QXPEHU�RI�4$/<V�JDLQHG�E\�VFUHHQLQJ��
EXW�DOVR�WR�D�PDMRU�H[WHQW�E\�WKH�GHFUHDVH�
RI�WKH�SRSXODWLRQ�ZLWK�LQFUHDVLQJ�DJH��
8QGHU�WKH�PRVW�SHVVLPLVWLF�VFHQDULR��WKHUH�
UHPDLQV�D�SRVLWLYH�EDODQFH�RI�IDYRXUDEOH�
DQG�XQIDYRXUDEOH�KHDOWK�HIIHFWV�XS�WR�
DURXQG�WKH�DJH�RI�����
,W�ZDV�FRQVLGHUHG�WR�EH�SUXGHQW�WR�H[WHQG�
WKH�DJH�UDQJH�RI�WKH�'XWFK�QDWLRQDO�EUHDVW�
FDQFHU�VFUHHQLQJ�SURJUDPPH�ZLWK�WKUHH�
LQYLWDWLRQV�IURP�DQ�DJH�UDQJH�RI�������WR�
�������(YDOXDWLRQ�RI�WKH�ILQGLQJV�IURP�
VFUHHQLQJ�ZRPHQ�DJHG�������LV�H[SHFWHG�
WR�JLYH�D�EHWWHU�HVWLPDWH�RI�WKH�DJH�
GHSHQGHQF\�RI�WKH�SUHFOLQLFDO�VFUHHQ�
GHWHFWDEOH�SHULRG��WKXV�DQVZHULQJ�WKH�
TXHVWLRQ�ZKHWKHU�UHDOLW\�LV�FORVHU�WR�WKH�
RSWLPLVWLF�RU�WR�WKH�SHVVLPLVWLF�GXUDWLRQ�
VFHQDULR��,Q�FDVH�UHDOLW\�DSSHDUV�WR�EH�
FORVHU�WR�WKH�RSWLPLVWLF�VFHQDULR��DQG�LI�WKH�
VDPH�OLQH�RI�UHDVRQLQJ�ZRXOG�EH�
FRQWLQXHG��WKHQ�IXUWKHU�H[WHQVLRQ�RI�WKH�
VFUHHQLQJ�SURJUDPPH�ZRXOG�EH�
DSSURSULDWH��
�
HIILFLHQF\�RI�EUHDVW�FDQFHU�VFUHHQLQJ�DW�
ROGHU�DJHV�
7KH�OLQH�RI�UHDVRQLQJ�E\�ZKLFK�VFUHHQLQJ�
LV�FRQWLQXHG�XS�WR�WKH�DJH�DW�ZKLFK�WKH�
XQIDYRXUDEOH�HIIHFWV�VWDUW�RXWZHLJKLQJ�WKH�
IDYRXUDEOH�HIIHFWV�LV�TXHVWLRQDEOH��7KH�FRVW�
SHU�4$/<�JDLQHG�RI�VFUHHQLQJV�WKDW�DUH�
FORVH�WR�WKH�DJH�DW�ZKLFK�QR�4$/<V�DUH�
JDLQHG��LV�YHU\�KLJK�EHFDXVH�FORVH�WR�WKDW�
DJH�WKHUH�DUH�DOUHDG\�YHU\�IHZ�4$/<V�
EHLQJ�JDLQHG��7KHUHIRUH��IURP�D�
SHUVSHFWLYH�RI�PD[LPLVLQJ�XWLOLW\�JDLQHG�
JLYHQ�D�FHUWDLQ�DPRXQW�RI�H[SHQVHV��
GHFLVLRQ�PDNLQJ�ZRXOG�EH�EDVHG�RQ�D�
GLIIHUHQW�OLQH�RI�UHDVRQLQJ��7KHQ�WKH�
TXHVWLRQ�WR�EH�DQVZHUHG�LV��+RZ�DUH�WKH�
LQYLWDWLRQV�RI�WKH�VFUHHQLQJ�SURJUDPPH�WR�
EH�VFKHGXOHG�LQ�RUGHU�WR�DFKLHYH�WKH�PRVW�
4$/<V�JDLQHG�DW�D�FHUWDLQ�FRVW"�
7KH�PRGHO�WKDW�KDV�EHHQ�GHYHORSHG�IRU�WKH�

)LJXUH�����7KH�QXPEHU�RI����GLVFRXQWHG�4$/<V�JDLQHG�DV�D�
IXQFWLRQ�RI�WKH�XSSHU�DJH�OLPLW�RI�LQYLWDWLRQ�IRU�VFUHHQLQJ�RI�D�
SURJUDPPH�ZLWK���\HDU�VFUHHQLQJ�LQWHUYDOV��VWDUWLQJ�DW�DJH����

��

��

���

���

���

�� �� �� �� �� ��
ODVW�VFUHHQLQJ�DJH

4$
/<

V�J
DLQ

HG
���

��
GLV

F��

$��RSWLPLVWLF�

%�����\HDU�H[WUD�

&��SHVVLPLVWLF�VRMRXUQ�WLPH�

'������ORZHU�FXUH�UDWH�

(��ZRUVW�XWLOLWLHV�

/LQH�$�VKRZV�WKH�H[SHFWHG�QXPEHU�RI�4$/<V�JDLQHG�XQGHU�
RSWLPLVWLF�DVVXPSWLRQV�RQ�VRMRXUQ�WLPH����\HDU�H[WUD�OLIH�
H[SHFWDQF\�RI�VFUHHQLQJ�SDUWLFLSDQWV��PRUWDOLW\�UHGXFWLRQ�DV�
HVWLPDWHG�IURP�WKH�6ZHGLVK�UDQGRPLVHG�WULDOV��DQG�WKH�SRLQW�
HVWLPDWHV�IRU�XWLOLWLHV�RI�KHDOWK�VWDWHV�WKDW�DUH�LQIOXHQFHG�E\�
VFUHHQLQJ��

/LQH�%�LV�DV�OLQH�$�EXW�ZLWKRXW�WKH���\HDU�H[WUD�OLIH�H[SHFWDQF\�
RI�VFUHHQLQJ�SDUWLFLSDQWV��

/LQH�&�LV�DV�OLQH�%�EXW�ZLWK�SHVVLPLVWLF�DVVXPSWLRQV�RQ�VRMRXUQ�
WLPH��

/LQH�'�LV�DV�OLQH�&�EXW�ZLWK�����OHVV�SUREDELOLW\�RI�FXUH�GXH�WR�
VFUHHQ�GHWHFWLRQ�WKDQ�HVWLPDWHG�IURP�WKH�6ZHGLVK�WULDOV��

/LQH�(�LV�DV�OLQH�'�EXW�ZLWK�WKH�ZRUVW�FDVH�VFHQDULR�RQ�XWLOLW\�
HVWLPDWHV��

�
WDEOH�����6LPSOLILHG�XWLOLWLHV�
KHDOWK�VWDWH� SHULRG�RI�OLIH� XWLOLW\�
DGYDQFHG�EUHDVW�
FDQFHU�

������\HDUV�SULRU�WR�EUHDVW�
FDQFHU�GHDWK� ������

SULPDU\�WKHUDS\� ��\HDU�IURP�GLDJQRVLV�RI�
EUHDVW�FDQFHU� �����

GLVHDVH�IUHH�SHULRG�
IURP�HQG�RI�SHULRG�RI�
SULPDU\�FDUH�WR�DGYDQFH�
EUHDVW�FDQFHU�RU�GHDWK�IURP�
RWKHU�FDXVHV�
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�
WDEOH�����6LPSOLILHG�FRVW�DVVXPSWLRQV�

� FRVW�LQ�(XUR� �
VFUHHQLQJ� ��� �
GLDJQRVLV� �� �

SULPDU\�DQG�DGMXYDQW�WKHUDS\� ������ �
DGYDQFHG�EUHDVW�FDQFHU� ������� �
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'XWFK�VFUHHQLQJ�SURJUDPPH�ZDV�XVHG�WR�FDOFXODWH�
H[SHFWHG�KHDOWK�HIIHFWV�RI�D�UDQJH�RI�SRVVLEOH�
SURJUDPPHV��7ZR�PRGHO�YDULDQWV�ZLWK�DQG�ZLWKRXW�
IXUWKHU�LQFUHDVLQJ�SUHFOLQLFDO�GXUDWLRQ�RI�WKH�GLVHDVH�
DIWHU�DJH�����UHVS��SHVVLPLVWLF�DQG�RSWLPLVWLF��DQG�
OLQH�&�DQG�%�RI�ILJXUH������ZHUH�FRQVLGHUHG��
,QYLWDWLRQ�VFKHGXOHV�WKDW�LQFOXGH�ZRPHQ�\RXQJHU�
WKDQ����ZHUH�QRW�FRQVLGHUHG�LQ�RUGHU�WR�DYRLG�WKH�
GLVFXVVLRQ�RI�HIIHFWLYHQHVV�RI�VFUHHQLQJ�DPRQJ�
\RXQJHU�ZRPHQ�DQG�EHFDXVH�VXFK�VFKHGXOHV�ZHUH�
H[SHFWHG�WR�EH�RI�QR�LQIOXHQFH�RQ�FKRRVLQJ�WKH�XSSHU�
DJH�OLPLW��)RU�HVWLPDWLQJ�FRVW�XWLOLW\�UDWLRV��VLPSOLILHG�
PRGHOV�IRU�FRVWV�DQG�IRU�WKH�LQIOXHQFH�RI�KHDOWK�VWDWXV�
RQ�XWLOLW\�ZHUH�DSSOLHG��VHH�WDEOHV�����DQG�����
7DEOH�����VKRZV�WKH�RXWFRPHV�RI�WKLV�VLPSOLILHG�
PRGHO�IRU�DOO�LQYLWDWLRQ�VFKHGXOHV�WKDW�KDYH�EHHQ�
HYDOXDWHG��:LWKLQ�WKH�OLVW�RI�LQYLWDWLRQ�VFKHGXOHV��
VRPH�DSSHDU�WR�EH�GRPLQDWHG�E\�DQRWKHU�LQ�WKH�VHQVH�
WKDW�WKH�RWKHU�VFKHGXOH�LV�H[SHFWHG�WR�\LHOG�PRUH�
4$/<V�DW�D�ORZHU�RU�HTXDO�FRVW��%HFDXVH�RI�WKH�
JUDQXODU�FKDUDFWHU�RI�GLIIHUHQFHV�EHWZHHQ�LQYLWDWLRQ�
VFKHGXOHV��WKHUH�LV�DOVR�D�SRVVLELOLW\�RI�H[WHQGHG�
GRPLQDQFH��PHDQLQJ�WKDW�RIIHULQJ�D�IUDFWLRQ�RI�WKH�
SRSXODWLRQ�RQH�VFKHGXOH��ZKLOH�WKH�UHVW�ZLOO�EH�
RIIHUHG�DQRWKHU�VFKHGXOH��LV�H[SHFWHG�WR�OHDG�WR�PRUH�
4$/<V�JDLQHG�DW�ORZHU�RU�WKH�VDPH�FRVW�WKDQ�WKH�
VFKHGXOH�WKDW�LV�GRPLQDWHG��,QYLWDWLRQ�VFKHGXOHV�WKDW�
DUH�QRW�GRPLQDWHG�E\�RWKHUV�DUH�FRQVLGHUHG�WR�EH�
HIILFLHQW��7KHUH�FDQ�EH�VHYHUDO�HIILFLHQW�VFKHGXOHV�
EHFDXVH�WKLV�GHILQLWLRQ�RI�HIILFLHQF\�GRHV�QRW�LQFOXGH�
D�SUHIHUHQFH�FRQVLGHULQJ�WKH�OHYHO�RI�WKH�FRVW�

HIIHFWLYHQHVV�UDWLR��&DQWRU�������7KH�RULJLQDO�
LQYLWDWLRQ�VFKHGXOH�RI�WKH�'XWFK�SURJUDPPH�LV�QRW�
HIILFLHQW�XQGHU�RSWLPLVWLF�QRU�SHVVLPLVWLF�
DVVXPSWLRQV��1HLJKERXULQJ�HIILFLHQW�VFKHGXOHV�XQGHU�
RSWLPLVWLF�DVVXPSWLRQV�DUH��������������DQG�
�����������DQG�XQGHU�SHVVLPLVWLF�DVVXPSWLRQV��
������������DQG����������DOO�SUHIHUUHG�DOWHUQDWLYHV�
KDYH�D�KLJKHU�XSSHU�DJH�OLPLW�IRU�WKH�LQYLWDWLRQ�
VFKHGXOH��8QGHU�RSWLPLVWLF�DVVXPSWLRQV�WKH�RULJLQDO�
'XWFK�LQYLWDWLRQ�VFKHGXOH�����������LV�H[SHFWHG�WR�
JDLQ������IHZHU�4$/<V�WKHQ�HIILFLHQW�VFUHHQLQJ�DW�
WKH�VDPH�FRVW��DQG�XQGHU�SHVVLPLVWLF�DVVXPSWLRQV�WKDW�
LV�������
%RWK�XQGHU�RSWLPLVWLF�DQG�SHVVLPLVWLF�DVVXPSWLRQV��
WKH�LQYLWDWLRQ�VFKHGXOH���������LV�HIILFLHQW��7KH�
FXUUHQW�'XWFK�LQYLWDWLRQ�VFKHGXOH�RI���������LV�
HIILFLHQW�XQGHU�SHVVLPLVWLF�DVVXPSWLRQV��EXW�
GRPLQDWHG�E\�����������DQG���������XQGHU�
RSWLPLVWLF�DVVXPSWLRQV��%XW�HYHQ�XQGHU�RSWLPLVWLF�
DVVXPSWLRQV��HIILFLHQW�VFUHHQLQJ�DW�WKH�VDPH�FRVW�LV�
H[SHFWHG�WR�OHDG�WR�RQO\������PRUH�4$/<6�JDLQHG�
WKDQ�WKH�FXUUHQW�LQYLWDWLRQ�VFKHGXOH��
,Q�FRQFOXVLRQ��(YHQ�WKRXJK�GHFLVLRQ�PDNLQJ�ZDV�
EDVHG�RQO\�RQ�FRQVLGHUDWLRQV�DERXW�WKH�EDODQFH�
EHWZHHQ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�LQ�RUGHU�
WR�ZDUUDQW�VRPH�FHUWDLQW\�DERXW�WKLV�EDODQFH�EHLQJ�
SRVLWLYH��WKH�SUHVHQW�LQYLWDWLRQ�VFKHGXOH�LV�HIILFLHQW�RU�
FORVH�WR�HIILFLHQW�ZKHQ�SRLQW�HVWLPDWHV�DUH�DVVXPHG�
IRU�DOO�SDUDPHWHUV�RWKHU�WKDQ�DYHUDJH�VRMRXUQ�WLPH�E\�
DJH��
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WDEOH�����4$/<V�JDLQHG�DQG�WRWDO�FRVWV��LQ�PLOOLRQV�RI�(XUR��SHU�PLOOLRQ�ZRPHQ�DOLYH�DW�VWDUW�VFUHHQLQJ�
SURJUDPPH�DQG�FRVW�HIIHFWLYHQHVV�UDWLR��LQ�(XUR�SHU�4$/<�JDLQHG���DOO����GLVFRXQWHG��

RSWLPLVWLF�PRGHO� SHVVLPLVWLF�PRGHO�
LQYLWDWLRQ�
VFKHGXOH
�4$/<V�JDLQHG�

FRVWV�
>POQ�HXUR@�

FRVW�4$/<�
JDLQHG�

4$/<V�
JDLQHG�

FRVWV�
>POQ�HXUR@�

FRVW�4$/<�
JDLQHG�
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���$�/21*(5�%5($67�&$1&(5�6&5((1,1*�,17(59$/�)25�
:20(1�2/'(5�7+$1����<($56"�
DEVWUDFW�
EDFNJURXQG�
7KH�REVHUYHG�LQFUHDVH�RI�VRMRXUQ�WLPH�RI�SUHFOLQLFDO�
EUHDVW�FDQFHU�UDLVHV�WKH�TXHVWLRQ�ZKHWKHU�ZRPHQ�
DJHG����DQG�RYHU�PD\�EH�VFUHHQHG�OHVV�IUHTXHQWO\�
WKDQ�\RXQJHU�ZRPHQ��
PHWKRGV�
$�FRVW�XWLOLW\�DQDO\VLV�XVLQJ�D�FRPSXWHU�PRGHO�WKDW�
VLPXODWHV�GHPRJUDSK\��HSLGHPLRORJ\�DQG�QDWXUDO�
KLVWRU\�RI�EUHDVW�FDQFHU�WR�HVWLPDWH�H[SHFWHG�OLIH�
\HDUV�JDLQHG��H[WUD�LQFLGHQFH��H[WUD�OLIH�\HDUV�ZLWK�
GLVHDVH�DQG�FRVWV�DV�LQGXFHG�E\�GLIIHUHQW�EUHDVW�
FDQFHU�VFUHHQLQJ�SURJUDPV�LQ�WKH�JHQHUDO�SRSXODWLRQ�
UHVXOWV�
7KH�HVWLPDWHG�UDWLR�RI�IDYRUDEOH�XQIDYRUDEOH�HIIHFWV�
LV�ORZHU�IRU�ORQJHU�VFUHHQLQJ�LQWHUYDOV�WKDQ�IRU�
VKRUWHU�LQWHUYDOV��7KH�FRVW�HIIHFWLYHQHVV�UDWLR�LV�PXFK�
OHVV�IDYRUDEOH�LQ�VKRUWHU�LQWHUYDOV��
FRQFOXVLRQV�
$�ORQJHU�VRMRXUQ�WLPH�RI�SUHFOLQLFDO�FDQFHU�VKRXOG�
QRW�QHFHVVDULO\�EH�DFFRPSDQLHG�E\�D�ORQJHU�
VFUHHQLQJ�LQWHUYDO��EXW�D�VKRUW�LQWHUYDO�LV�QRW�YHU\�
HIILFLHQW��
�
EDFNJURXQG�
1RZ�WKDW�WKH�86�JRYHUQPHQW�KDV�GHFLGHG�WR�
VWLPXODWH�EUHDVW�FDQFHU�VFUHHQLQJ�DPRQJ�ZRPHQ�
DJHG����DQG�XS�E\�SURYLGLQJ�0HGLFDUH�FRYHUDJH�IRU�
\HDUO\�PDPPRJUDSK\�VFUHHQLQJ��(DVWPDQ�
�������YDQ�2RUWPDUVVHQ�HW�DO������E���WKH�QH[W�VWHS�LV�
WR�GHWHUPLQH�ZKDW�LV�WKH�EHVW�VFUHHQLQJ�LQWHUYDO�IRU�
WKLV�JURXS���
7KH�VFUHHQ�GHWHFWDEOH�SUHFOLQLFDO�SHULRG�RI�EUHDVW�
FDQFHU�LQFUHDVHV�ZLWK�DJH��DV�VKRZQ�LQ�DQ�HDUOLHU�
PRGHO�EDVHG�VWXG\�RQ�WKH�+,3�WULDO��YDQ�2RUWPDUVVHQ�
HW�DO������D���7KLV�LV�DW�OHDVW�SDUWO\�GXH�WR�WKH�JURZWK�
UDWH�RI�SUHFOLQLFDO�FDQFHU�GHFUHDVLQJ�ZLWK�DJH��3HHU�HW�
DO���������7KH�TXHVWLRQ�LV�WKHUHIRUH�ZKHWKHU�LW�ZRXOG�
EH�DSSURSULDWH�WR�DSSO\�D�ORQJHU�VFUHHQLQJ�LQWHUYDO�
IRU�ZRPHQ�RYHU�WKH�DJH�RI����WKDQ�IRU�WKRVH�DJHG����
����,Q�WKH�SDVW��ZH�QRWHG�WKDW�WKH�EDODQFH�EHWZHHQ�
IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�LQ�ZRPHQ�RYHU����LV�D�YHU\�LQWULFDWH�
SUREOHP��%RHU�HW�DO������D���:H�WKLQN�D�ORQJHU�
VFUHHQLQJ�LQWHUYDO�GRHV�QRW�QHFHVVDULO\�IDYRUDEO\�
DIIHFW�WKLV�EDODQFH��DV�ZLOO�EH�VKRZQ�LQ�WKLV�SDSHU��
�
XQIDYRUDEOH�HIIHFWV�
7KH�WZR�PDLQ�XQIDYRUDEOH�HIIHFWV�RQ�WKH�TXDOLW\�RI�
OLIH�RI�VFUHHQHG�ZRPHQ�DUH�H[WUD�LQFLGHQFH��GHILQHG�
DV��GHWHFWLRQ�RI�FDVHV�RI�EUHDVW�FDQFHU�ZKLFK�ZRXOG�
QRW�KDYH�EHHQ�GLDJQRVHG�ZLWKRXW�VFUHHQLQJ�EHFDXVH�
WKH�ZRPDQ�ZRXOG�KDYH�GLHG�IURP�RWKHU�FDXVHV�EHIRUH�
FOLQLFDO�GLDJQRVLV��DQG�D�ORQJHU�SHULRG�RI�NQRZOHGJH�
RI�DQG�IROORZ�XS�IRU�EUHDVW�FDQFHU�EHFDXVH�RI�OHDG�

WLPH��$�VORZ�JURZLQJ�WXPRU�LV�PRUH�OLNHO\�WR�FDXVH�
ERWK�W\SHV�RI�XQIDYRUDEOH�HIIHFWV�WKDQ�D�IDVW�JURZLQJ�
WXPRU��:LWK�LQFUHDVLQJ�JURZWK�UDWH��WKH�SUREDELOLW\�
RI�VFUHHQ�GHWHFWLRQ�RI�D�FDQFHU�WKDW�ZRXOG�QRW�EH�
GLDJQRVHG�ZLWKRXW�VFUHHQLQJ��DSSURDFKHV�]HUR��7KH�
IDVW�JURZLQJ�VFUHHQ�GHWHFWHG�WXPRU�KDV�JUHDWHU�
FKDQFH�WKDW�FOLQLFDO�GLDJQRVLV��GXH�WR�V\PSWRPV��LI�
WKHUH�ZHUH�QR�VFUHHQLQJ��ZRXOG�RFFXU�EHIRUH�GHDWK�
IURP�RWKHU�FDXVHV��DQG�LWV�OHDG�WLPH�FDQ�RQO\�EH�
VKRUW��$�ORQJ�VFUHHQLQJ�LQWHUYDO�ZLOO�FDXVH�PRVW�RI�
WKH�VORZO\�JURZLQJ�WXPRUV�WR�EH�GHWHFWHG��WKHUHE\�
JHQHUDWLQJ�PRVW�RI�WKH�SRWHQWLDOO\�XQIDYRUDEOH�HIIHFWV�
RI�VFUHHQLQJ��7KH�DGGLWLRQDO�VFUHHQ�GHWHFWHG�FDQFHUV�
\LHOGHG�E\�UHGXFLQJ�WKH�VFUHHQLQJ�LQWHUYDO�IURP��IRU�
H[DPSOH��WKUHH�WR�WZR�\HDUV��ZLOO�EH�UHODWLYHO\�IDVW�
JURZLQJ�WXPRUV�ZKLFK�ZRXOG�RWKHUZLVH�KDYH�EHFRPH�
PDQLIHVW�DV�LQWHUYDO�FDQFHU�LQ�WKH�WKLUG�\HDU�DIWHU�
VFUHHQLQJ��7KHVH�FDVHV�KDUGO\�FRQWULEXWH�WR�H[WUD�
LQFLGHQFH�DQG�KDYH�D�OHDG�WLPH�RI�OHVV�WKDQ�WKUHH�
\HDUV��EHFDXVH�YHU\�IHZ�ZRPHQ�GLH�LQ�WKH�SHULRG�
EHWZHHQ�WZR�DQG�WKUHH�\HDUV�DIWHU�WKH�SUHYLRXV�
VFUHHQLQJ��ZKLOH�WKHLU�HDUO\�GHWHFWLRQ�PD\�ZHOO�OHDG�
WR�WKH�SUHYHQWLRQ�RI�EUHDVW�FDQFHU�GHDWKV��
�
PRGHO�DVVXPSWLRQV�
:H�XVHG�WKH�0LVFDQ�SURJUDP��+DEEHPD�HW�DO��������
WR�DQDO\]H�WKH�FRQVHTXHQFHV�RI�VHYHUDO�VFUHHQLQJ�
SROLFLHV���
7KH�PRVW�UHOHYDQW�DVVXPSWLRQV�IRU�WKLV�UHVHDUFK�DUH�
DV�IROORZV���
7KH�PRGHO�DVVXPHV�DQ�H[SRQHQWLDO�GLVWULEXWLRQ�RI�
SUHFOLQLFDO�GLVHDVH�VWDWHV�DQG�DQ�DYHUDJH�GXUDWLRQ�RI�
WKH�VFUHHQ�GHWHFWDEOH�SHULRG�DV�DSSHDULQJ�IURP�
GHWHFWLRQ�UDWHV�DW�ILUVW�VFUHHQLQJV�GLYLGHG�E\�WKH�
LQFLGHQFH�LQ�D�VLWXDWLRQ�ZKHUH�QR�VFUHHQLQJ�LV�
SHUIRUPHG��LQFUHDVLQJ�IURP�����\HDUV�LQ�WKH�DJH�
JURXS�������WR�����\HDUV�LQ�WKH�DJH�JURXS�������DQG�
����\HDUV�LQ�WKH�DJH�JURXS��������YDQ�2RUWPDUVVHQ�HW�
DO������E���GH�.RQLQJ�HW�DO������D���7KH�VFUHHQLQJ�
SROLFLHV�DQDO\]HG�FRPSULVH�D�EDVLF�SURJUDP�RI�
VFUHHQLQJ�DW�LQWHUYDOV�RI�WZR�\HDUV�LQ�WKH�JURXS�DJHG�
�������SRVVLEO\�H[WHQGHG�WR�LQFOXGH�WKH�DJH�JURXS�
������ZLWK�VFUHHQLQJ�LQWHUYDOV�RI�RQH��WZR�RU�WKUHH�
\HDUV��
2WKHU�DVVXPSWLRQV�LQ�WKH�PRGHO�DUH��7KH�QDWXUDO�
KLVWRU\�RI�EUHDVW�FDQFHU�LV�PRGHOHG�DV�D�SURJUHVVLRQ�
WKURXJK�D�QXPEHU�RI�VWDWHV��7KH�ILUVW�VWDWH�LV�
QR�
EUHDVW�FDQFHU
�LQ�ZKLFK�ZRPHQ�UHVLGH�XQWLO�D�
WUDQVLWLRQ�RFFXUV�WR�RQH�RI�WKH�SUH�FOLQLFDO�VWDWHV�
ZKHQ�WKH�WXPRU�EHFRPHV�GHWHFWDEOH�E\�VFUHHQLQJ��
7KHUH�LV�RQH�'&,6��'XFWDO�&DUFLQRPD�,Q�6LWX��VWDWH�
DQG���LQYDVLYH�VWDWHV�LQ�WKH�PRGHO��DFFRUGLQJ�WR�7�
FDWHJRULHV��7�D��7�E��7�F��7�����7KH�GXUDWLRQ�LQ�
HDFK�RI�WKH�GLIIHUHQW�VWDWHV�IROORZV�DQ�H[SRQHQWLDO�
GLVWULEXWLRQ��7KH�WUDQVLWLRQ�WR�WKH�FOLQLFDOO\�GLDJQRVHG�



���

VWDWHV��ZLWK�WKH�VDPH�VXEGLYLVLRQ��LV�JRYHUQHG�E\�WKH�
LQFLGHQFH�DQG�FOLQLFDO�VWDJH�GLVWULEXWLRQ�GDWD��,Q�WKH�
FDVH�RI�HDUO\�GHWHFWLRQ�ZRPHQ�ZLOO�HQWHU�WKH�VFUHHQ�
GHWHFWHG�VWDWHV��DJDLQ�ZLWK�WKH�VDPH�VXEGLYLVLRQ���
7KH�WZR�HQG�VWDWHV�RI�WKH�PRGHO�DUH�GHDWK�IURP�
EUHDVW�FDQFHU�DQG�GHDWK�IURP�RWKHU�FDXVHV��DV�EDVHG�
RQ�PRUWDOLW\�GDWD��
$JH�VSHFLILF�DVVXPSWLRQV�RQ�WKH�PHDQ�GXUDWLRQ�RI�
WKH����SUHFHGLQJ��VFUHHQ�GHWHFWDEOH�SUH�FOLQLFDO�VWDWHV�
RI�EUHDVW�FDQFHU�DQG�WKH�VHQVLWLYLW\�RI�VFUHHQLQJ�KDG�
EHHQ�YDOLGDWHG�XVLQJ�DOO�GDWD�IURP�WKH�'XWFK�
VFUHHQLQJ�SURMHFWV��LQ�1LMPHJHQ�DJHV����DQG�RYHU��
DQG�LQ�8WUHFKW�DJHV����DQG�RYHU��FRYHULQJ�GLIIHUHQW�
SHULRGV�DQG�VFUHHQLQJ�LQWHUYDOV��YDQ�2RUWPDUVVHQ�HW�
DO������E����GH�.RQLQJ�HW�DO���������6HQVLWLYLW\�LV�
VWDWH�GHSHQGHQW����������������������DQG�������DJHV�
�����IRU�UHVSHFWLYHO\�'&,6��7�D��7�E��7�F�DQG�7����
7KH�PHDQ�GXUDWLRQ�RI�SUH�FOLQLFDO�VFUHHQ�GHWHFWDEOH�
SHULRG�ZDV�DSSUR[LPDWHO\�����\HDUV�DW�DJH����WR�����
\HDUV�DW�DJH�����7KHVH�DVVXPSWLRQV�UHVXOWHG�LQ�D�JRRG�
ILW�EHWZHHQ�PRGHO�SUHGLFWLRQV�DQG�REVHUYHG�GHWHFWLRQ�
UDWHV�DQG�LQWHUYDO�FDQFHUV��ERWK�E\�DJH��VWDJH��

VFUHHQLQJ�URXQG�DQG�LQWHUYDO��LQ�WKH�'XWFK�VFUHHQLQJ�
SURMHFWV�YDQ�2RUWPDUVVHQ�HW�DO������E���7KH�
HVWLPDWHG�PHDQ�GZHOOLQJ�WLPHV�IURP�WKH�YDOLGDWLRQ�
SURFHGXUH�KDYH�ODWHU�EHHQ�VOLJKWO\�DGMXVWHG�EDVHG�RQ�
WKH�PRUH�UHFHQW�H[SHULHQFH�FRQFHUQLQJ�GHWHFWLRQ�
UDWHV�DW�ILUVW�VFUHHQLQJV�IURP�WKH�'XWFK�QDWLRQDO�
VFUHHQLQJ�SURJUDP��2WKHU�HSLGHPLRORJLFDO�
SDUDPHWHUV�VXFK�DV�LQFLGHQFH��VWDJH�GLVWULEXWLRQ�DQG�
PRUWDOLW\�LQ�WKH�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ�ZHUH�
EDVHG�RQ�'XWFK�GDWD���
$SSO\LQJ�VFUHHQLQJ�WR�D�SRSXODWLRQ�FDXVHV�D�VKLIW�
IURP�GLDJQRVLQJ�UHODWLYHO\�ODUJH�FOLQLFDO�FDQFHUV�
WRZDUGV�HDUOLHU��VFUHHQ�GHWHFWHG��VWDJHV�UHVXOWLQJ�LQ�D�
GHFUHDVH�LQ�EUHDVW�FDQFHU�PRUWDOLW\��DV�VKRZQ�LQ�WKH�
UDQGRPL]HG�VFUHHQLQJ�WULDOV��:RPHQ�ZLWK�VFUHHQ�
GHWHFWHG�FDQFHUV�FDQ�KDYH�D�UHGXFHG�ULVN�RI�G\LQJ�
IURP�EUHDVW�FDQFHU��LQ�WKH�PRGHO�GHSHQGLQJ�RQ�WKH�
FDQFHU�VL]H�DW�GHWHFWLRQ��7KH�VL]H�RI�WKLV�
LPSURYHPHQW�LQ�SURJQRVLV�DIWHU�HDUO\�GHWHFWLRQ�KDV�
EHHQ�HVWLPDWHG�IURP�WKH�6ZHGLVK�UDQGRPL]HG�
WULDOV�GH�.RQLQJ�HW�DO������D���
�
EDODQFH�RI�IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�
7DEOH�����DQG�����VKRZ�WKH�H[SHFWHG�HIIHFWV�RI�D�
VFUHHQLQJ�SURJUDP�ZLWK������DWWHQGDQFH��FRPSDULQJ�
WKH�EDVLF�VFHQDULR�RI�WZR�\HDUO\�VFUHHQLQJ�RQO\�LQ�WKH�
DJH�JURXS��������ZLWK�VFHQDULRV�LQFOXGLQJ�WKH�
DGGLWLRQDO�HIIHFWV�RI�DOVR�VFUHHQLQJ�LQ�WKH�DJH�JURXS�
������ZLWK�DQ�LQWHUYDO�RI������DQG���\HDUV��
7DEOH�����VKRZV�WKH�PRVW�LPSRUWDQW�HIIHFWV�GXH�WR�WKH�
ZKROH�SURJUDP�H[SUHVVHG�SHU�WKRXVDQG�PHPEHUV�RI�
WKH�WRWDO�IHPDOH�SRSXODWLRQ�DOLYH�DW�WKH�VWDUW�RI�WKH�
SURJUDP��(DFK�DGGLWLRQ�WR�WKH�SURJUDP�ZLOO�LQFUHDVH�
ERWK�IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV��7KH�H[SHFWHG�
QXPEHU�RI�GHDWKV�SUHYHQWHG�SHU�WKRXVDQG�ZRPHQ�
LQFUHDVHV�IURP�����WR�����ZKHQ�DGGLQJ�\HDUO\�
VFUHHQLQJ�RI�ZRPHQ�RYHU����WR�WKH�EDVLF�VFHQDULR��
6LPLODUO\�WKH�H[WUD�LQFLGHQFH�LQFUHDVHV�IURP�����WR�
����SHU�WKRXVDQG�ZRPHQ��
7KH�ILUVW�VHFWLRQ�RI�WDEOH�����GHVFULEHV�WKH�H[SHFWHG�
HIIHFWV�H[SUHVVHG�SHU������VFUHHQV�LQ�WKH�EDVLF�
VFHQDULR�DQG�H[SHFWHG�H[WUD�HIIHFWV�SHU������H[WUD�
VFUHHQV�UHODWLYH�WR�WKH�EDVLF�VFHQDULR�LQ�WKH�VFHQDULRV�
ZLWK�VFUHHQLQJ�RYHU�DJH�����
([WUD
�KHUH�PHDQV�WKDW�
WDEOH�����VKRZV�WKH�GLIIHUHQFHV�LQ�HIIHFWV�DQG�LQ�
QXPEHUV�RI�VFUHHQLQJV�EHWZHHQ�D�VFHQDULR�ZLWK�
VFUHHQLQJ�RYHU����DQG�WKH�EDVLF�VFHQDULR��
7KH�ODVW�VHFWLRQ�RI�WDEOH�����GHVFULEHV�WKH�EDODQFH�RI�
IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�E\�GLYLGLQJ�WKH�
H[SHFWHG�XQIDYRUDEOH�HIIHFWV�E\�WKH�OLIH�\HDUV�JDLQHG�
IURP�WKH�EDVLF�VFHQDULR�DQG�WKH�H[WUD�HIIHFWV�IURP�WKH�
RWKHU�VFHQDULRV�UHODWLYH�WR�WKH�EDVLF�VFHQDULR��
$�VFUHHQLQJ�LQWHUYDO�RI���\HDUV�RYHU�DJH����DOUHDG\�
\LHOGV�D�ODUJH�SURSRUWLRQ�RI�WKH�PD[LPDOO\�SRVVLEOH�
EUHDVW�FDQFHU�PRUWDOLW\�UHGXFWLRQ��,QFUHDVLQJ�WKH�
VFUHHQLQJ�IUHTXHQF\�ZLOO�WKHUHIRUH�\LHOG�QR�
VXEVWDQWLDO�LQFUHDVH�LQ�WKH�QXPEHU�RI�EUHDVW�FDQFHU�
GHDWKV�SUHYHQWHG��7KH�H[SHFWHG�QXPEHU�RI�OLIH�\HDUV�

WDEOH�����([SHFWHG�IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�
IURP�D�WRWDO�VFUHHQLQJ�VWDUWLQJ�DW�DJH����DQG�ZLWK�D�
VFUHHQLQJ�LQWHUYDO�RI������DQG���\HDUV�LQ�WKH�DJH�JURXS�
�������FRPSDUHG�WR�WKH�EDVLF�SURJUDP�RI�VFUHHQLQJ�LQ�
WKH�DJH�JURXS�������ZLWK�DQ�LQWHUYDO�RI���\HDUV�
� VFUHHQLQJ�LQWHUYDO��
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JDLQHG�SHU�WKRXVDQG�ZRPHQ�E\�WKH�WKUHH�\HDUO\�
VFHQDULR�LV�DOUHDG\�����WKDW�LQFUHDVHV�RQO\�WR����IRU�
WKH�\HDUO\�VFUHHQLQJ�VFHQDULR��VHH�WDEOH�������7KLV�
PHDQV�WKDW�VKRUWHQLQJ�WKH�VFUHHQLQJ�LQWHUYDO�UHVXOWV�
LQ�D�ORZHU�QXPEHU�RI�OLIH�\HDUV�JDLQHG�SHU������
VFUHHQLQJV��D�GHFUHDVH�IURP����WR���OLIH�\HDUV�JDLQHG�
SHU������VFUHHQLQJV�E\�FKDQJLQJ�WKH�LQWHUYDO�IURP���
WR���\HDU��
6FUHHQLQJ�ZRPHQ�DJHG����DQG�XS�LV�H[SHFWHG�WR�
UHVXOW�LQ�PRUH�XQIDYRUDEOH�HIIHFWV�GXH�WR�HDUO\�
GHWHFWLRQ��H[WUD�LQFLGHQFH�DQG�H[WUD�OLIH�\HDUV�ZLWK�
GLVHDVH��WKDQ�VFUHHQLQJ�XQGHU�DJH�����,QFUHDVLQJ�WKH�
VFUHHQLQJ�IUHTXHQF\��KRZHYHU��OHDGV�WR�D�OHVV�WKDQ�
SURSRUWLRQDO�LQFUHDVH�LQ�QHJDWLYH�HIIHFWV��D�GHFUHDVH�
IURP�����WR�����H[WUD�LQFLGHQFH�SHU������VFUHHQLQJV��
$V�WKHVH�QHJDWLYH�HIIHFWV�LQFUHDVH�HYHQ�OHVV�WKDQ�WKH�
SRVLWLYH�HIIHFWV��D�KLJKHU�VFUHHQLQJ�IUHTXHQF\�\LHOGV�D�
PRUH�IDYRUDEOH�UDWLR�EHWZHHQ�WKH�WZR��+HQFH��
ZHLJKLQJ�WKH�IDYRUDEOH�DJDLQVW�WKH�XQIDYRUDEOH�KHDOWK�
HIIHFWV�JLYHV�UDWLRV�IRU�H[WUD�LQFLGHQFH�DQG�H[WUD�OLIH�
\HDUV�ZLWK�GLVHDVH�SHU�OLIH�\HDU�JDLQHG�RI������UHVS��
����IRU�WKUHH�\HDUO\�VFUHHQLQJ�GHFUHDVLQJ�WR������
UHVS������IRU�\HDUO\�VFUHHQLQJ��7KXV��MXGJLQJ�WKH�
EDODQFH�EHWZHHQ�IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV��
WKHUH�ZRXOG�DSSHDU�WR�EH�QR�UHDVRQ�IRU�D�ORQJHU�
VFUHHQLQJ�LQWHUYDO�DW�KLJKHU�DJHV��
�
EDODQFH�RI�FRVWV�DQG�OLIH�\HDUV�JDLQHG�
)URP�WKH�SHUVSHFWLYH�RI�HIILFLHQF\�WKH�TXHVWLRQ�RI�
ZKHWKHU�D�VFUHHQLQJ�LQWHUYDO�RI���\HDU�LV�ZRUWKZKLOH�
LV�FHUWDLQO\�D�OHJLWLPDWH�RQH��7DEOH�����SUHVHQWV�D�
FRVW�HIIHFWLYHQHVV�HVWLPDWH��+LJKO\�VLPSOLILHG�FRVW�
DVVXPSWLRQV�ZHUH�XVHG��DV�IXUWKHU�SUHFLVLRQ�KDV�QR�
UHOHYDQFH�IRU�WKLV�SDUWLFXODU�GLVFXVVLRQ��7KH�FRVW�SHU�
VFUHHQLQJ�ZDV�VHW�WR�8������ZLWK�D�QHW�]HUR�EDODQFH�
RI�RWKHU�FRVWV�LQGXFHG�DQG�VDYHG�E\�VFUHHQLQJ��VXFK�
DV�GLDJQRVWLFV��SULPDU\�WKHUDS\�DQG��SUHYHQWHG��
SDOOLDWLYH�FDUH��7KH�H[SHFWHG�FRVW�RI�UHGXFLQJ�WKH�
VFUHHQLQJ�LQWHUYDO�IURP���\HDUV�WR���\HDU�ZDV�
HVWLPDWHG�DV����WKRXVDQG�GROODUV�SHU�H[WUD�OLIH�\HDU�
JDLQHG��RU�����WLPHV�WKH�FRVW�LQ�WKH�FDVH�RI�D�
VFUHHQLQJ�LQWHUYDO�RI���\HDUV�LQ�WKH�DJH�JURXS��������
�
�
GLVFXVVLRQ�
7KLV�SDSHU�SUHVHQWV�WZR�ILQGLQJV�����WKH�EDODQFH�RI�
IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�LPSURYHV�ZLWK�LQFUHDVLQJ�VFUHHQLQJ�
IUHTXHQF\��DQG����WKH�FRVW�SHU�OLIH�\HDU�JDLQHG�
LQFUHDVHV�UDSLGO\�ZLWK�LQFUHDVLQJ�VFUHHQLQJ�
IUHTXHQF\��)LQGLQJ���LV�QRW�VR�VXUSULVLQJ�DV�VLPLODU�
UHVXOWV�KDYH�EHHQ�SUHVHQWHG�IRU�RWKHU�DJH�UDQJHV�RI�
EUHDVW�FDQFHU�VFUHHQLQJ��GH�.RQLQJ�HW�DO��������DV�
ZHOO�DV�IRU�LQVWDQFH�IRU�FHUYLFDO�FDQFHU�
VFUHHQLQJ�(GG\��������YDQ�%DOOHJRRLMHQ�HW�DO��
����D���:H�SUHVHQW�WKDW�ILQGLQJ�SULPDULO\�DV�D�
UHPLQGHU�WR�PRGHUDWH�SRVVLEO\�WRR�PXFK�HQWKXVLDVP�
IRU�D�YHU\�VKRUW�VFUHHQLQJ�LQWHUYDO��2XU�H[DPLQDWLRQ�

RI�UREXVWQHVV�RI�RXU�RXWFRPHV�WKHUHIRUH�FRQFHQWUDWHV�
RQ�ILQGLQJ����
)LUVWO\�ZH�KDYH�FKHFNHG�WKH�LQIOXHQFH�RI�H[WHQGLQJ�
WKH�DJH�UDQJH�IURP�XSSHU�DJH����WR�SUDFWLFDOO\�DOO�
ZRPHQ�LQ�WKH�0HGLFDUH�V\VWHP�E\�FKRRVLQJ�DJH����
DV�XSSHU�OLPLW��$V�WR�EH�H[SHFWHG��WKLV�OHDGV�WR�D�
VWURQJHU�LQFUHDVH�RI�XQIDYRUDEOH�HIIHFWV�WKDQ�RI�OLIH�
\HDUV�JDLQHG��%RHU�HW�DO������D���)RU�WZR�\HDUO\�
VFUHHQLQJ�WKH�H[WUD�LQFLGHQFH�SHU�OLIH�\HDU�JDLQHG�
LQFUHDVHV�IURP������WR������DQG�WKH�QXPEHU�RI�H[WUD�
OLIH�\HDUV�ZLWK�GLDJQRVHG�EUHDVW�FDQFHU�SHU�OLIH�\HDUV�
JDLQHG�LQFUHDVHV�IURP�����WR������+RZHYHU�WKH�
LPSURYHPHQW�RI�WKH�EDODQFH�RI�IDYRUDEOH�DQG�
XQIDYRUDEOH�UHPDLQV��WKH�H[WUD�LQFLGHQFH�DQG�QXPEHU�
RI�H[WUD�OLIH�\HDUV�ZLWK�GLVHDVH�SHU�OLIH�\HDU�JDLQHG�
GHFUHDVHV�IURP������UHVS������IRU�WKUHH�\HDUO\�
VFUHHQLQJ�WR������UHVS������IRU���\HDUO\�VFUHHQLQJ��
$QRWKHU�VWURQJ�LQIOXHQFH�RQ�WKH�EDODQFH�RI�IDYRUDEOH�
DQG�XQIDYRUDEOH�HIIHFWV�LV�WKH�GXUDWLRQ�RI�WKH�
VFUHHQGHWHFWDEOH�SUHFOLQLFDO�SHULRG��)RU�WKH�DJH�UDQJH�
RI�DURXQG�������WKH�DYHUDJH�GXUDWLRQ�RI�WKLV�SHULRG�
KDV�EHHQ�ZHOO�HVWDEOLVKHG�GXH�WR�WKH�PDQ\�VFUHHQLQJ�
VWXGLHV�WKDW�KDYH�WDNHQ�SODFH�LQ�WKLV�DJH�UDQJH��,W�FDQ�
EH�DUJXHG�WKDW�WKH�DSSDUHQW�LQFUHDVH�RI�PHDQ�GXUDWLRQ�
GRHV�QRW�H[WHQG�WR�ROGHU�DJHV�%RHU�HW�DO������D���$�
PRGHO�LQ�ZKLFK�WKH�PHDQ�GXUDWLRQ�RI�WKH�
VFUHHQGHWHFWDEOH�SUHFOLQLFDO�SHULRG�GRHV�QRW�IXUWKHU�
LQFUHDVH�DIWHU�DJH����H[SHFWV�PXFK�ORZHU�UDWHV�RI�
XQIDYRUDEOH�HIIHFWV�EHFDXVH�VWDEOH�UDWKHU�WKDQ�
LQFUHDVLQJ�OHDG�WLPHV�DIWHU�DJH����UHVXOW�LQ�D�ORZHU�
SUREDELOLW\�RI�G\LQJ�IURP�RWKHU�FDXVHV�WKDQ�EUHDVW�
FDQFHU�GXULQJ�WKH�SHULRG�RI�OHDG�WLPH�DIWHU�VFUHHQ�
GHWHFWLRQ��7KLV�HIIHFW�DSSHDUV�PRVW�FOHDUO\�ZKHQ�
FRQVLGHULQJ�DQ�XSSHU�DJH�OLPLW�RI�����)RU�WZR�\HDUO\�
VFUHHQLQJV�WKH�H[WUD�LQFLGHQFH�SHU�OLIH�\HDU�JDLQHG�
GHFUHDVHV�IURP������WR������DQG�WKH�QXPEHU�RI�H[WUD�
OLIH�\HDUV�ZLWK�GLVHDVH�SHU�OLIH�\HDUV�JDLQHG�LQFUHDVHV�
IURP�����WR������+RZHYHU��DOVR�LQ�WKLV�VFHQDULR��WKH�
LPSURYHPHQW�RI�WKH�EDODQFH�RI�IDYRUDEOH�DQG�
XQIDYRUDEOH�UHPDLQV��WKH�H[WUD�LQFLGHQFH�DQG�QXPEHU�
RI�H[WUD�OLIH�\HDUV�ZLWK�GLVHDVH�SHU�OLIH�\HDU�JDLQHG�
GHFUHDVHV�IURP������UHVS������IRU�WKUHH�\HDUO\�
VFUHHQLQJ�WR������UHVS������IRU���\HDUO\�VFUHHQLQJ��
7KH�GLIIHUHQW�DOWHUQDWLYH�VFHQDULRV�FRQFHUQLQJ�WKH�
XSSHU�DJH�OLPLW�DQG�WKH�GXUDWLRQ�RI�WKH�

WDEOH�����5RXJKO\�HVWLPDWHG�PDUJLQDO�FRVW�
HIIHFWLYHQHVV�UDWLRV�ZLWK����\HDUO\�GLVFRXQW�UDWH�

VFUHHQLQJ�LQWHUYDO�RYHU�
DJH����

H[WUD�FRVW�SHU�H[WUD�OLIH�
\HDU�JDLQHG�LQ�8��

��\HDUV� �������
��\HDUV� �������
��\HDU�� �������

EDVLF�SURJUDP��DYHUDJH�
FRVW�SHU�OLIH�\HDU�JDLQHG�� �������
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VFUHHQGHWHFWDEOH�SUHFOLQLFDO�SHULRG�KDYH�OLWWOH�
LQIOXHQFH�RQ�FRVW�HIIHFWLYHQHVV�UDWLRV��7KH�H[SHFWHG�
FRVW�SHU�OLIH�\HDU�JDLQHG�LV�VOLJKWO\�KLJKHU�IRU�WKH�
DOWHUQDWLYH�VFHQDULRV�WKDQ�IRU�WKH�EDVLF�VFHQDULR��EXW�
FRVW�RI���\HDUO\�VFUHHQLQJ�GRHV�QRW�H[FHHG�8���������
SHU�OLIH�\HDU�JDLQHG�DQG�WKH�FRVW�RI���\HDUO\�VFUHHQLQJ�
GRHV�QRW�H[FHHG�8���������SHU�OLIH�\HDU�JDLQHG��7KLV�
LV�QRW�LQWHQGHG�WR�VKRZ�WKDW�WKH�SUHVHQWHG�FRVW�
HIIHFWLYHQHVV�UDWLRV�DUH�KLJKO\�DFFXUDWH��EXW�WR�VKRZ�
WKH�UREXVWQHVV�RI�WKH�ILQGLQJ�WKDW�DQ�LQFUHDVLQJ�
VFUHHQLQJ�IUHTXHQF\�HQWDLOV�D�VWURQJ�LQFUHDVH�LQ�FRVW�
SHU�OLIH�\HDU�JDLQHG��
:H�H[SHFW�WKDW�RXU�ILQGLQJ�RI�DQ�LPSURYLQJ�EDODQFH�
RI�IDYRUDEOH�DQG�XQIDYRUDEOH�HIIHFWV�ZLWK�LQFUHDVLQJ�
VFUHHQLQJ�IUHTXHQF\��FRPELQHG�ZLWK�DQ�LQFUHDVLQJ�
FRVW�SHU�OLIH�\HDU�JDLQHG��H[WUDSRODWHV�WR�DOO�FDQFHU�
VFUHHQLQJ�WKDW�DLPV�IRU�GHWHFWLRQ�RI�LQYDVLYH�GLVHDVH��
2QH�H[DPSOH�RI�WKDW�PLJKW�EH�SURVWDWH�FDQFHU�
VFUHHQLQJ��7KH�SULQFLSDO�ILQGLQJ�SRVVLEO\�GRHV�QRW�

DSSO\�WR�FHUYLFDO�FDQFHU�VFUHHQLQJ�RU�WR�HQGRVFRSLF�
FRORUHFWDO�FDQFHU�VFUHHQLQJ��,Q�WKHVH�FDQFHUV�YHU\�
IUHTXHQW�VFUHHQLQJ�SHUKDSV�LQ�WKH�HQG�SUDFWLFDOO\�RQO\�
OHDGV�WR�PRUH�HDUO\�GHWHFWLRQ�RI�WKH�SUHFXUVRUV�RI�
LQYDVLYH�GLVHDVH��ZKLFK�ZRXOG�QRW�OHDG�WR�IXUWKHU�
LPSURYHPHQW�RI�SURJQRVLV��ZKLOH�WKH�SUREDELOLW\�RI�
ILQGLQJ�UHJUHVVLYH�OHVLRQV��DQ�XQIDYRUDEOH�HIIHFW��FDQ�
VWLOO�LQFUHDVH��
�
FRQFOXVLRQ�
,Q�VWULYLQJ�WR�RSWLPL]H�KHDOWK�HIIHFWV��D�ORQJHU�
VRMRXUQ�WLPH�RI�SUHFOLQLFDO�FDQFHU�VKRXOG�QRW�
QHFHVVDULO\�EH�DFFRPSDQLHG�E\�D�ORQJHU�VFUHHQLQJ�
LQWHUYDO��)UHTXHQW�VFUHHQLQJ��KRZHYHU��LV�QRW�OLNHO\�WR�
IRUP�DQ�DWWUDFWLYH�RSWLRQ�IURP�WKH�SRLQW�RI�YLHZ�RI�
HIILFLHQF\��%UHDVW�FDQFHU�VFUHHQLQJ�LQ�ZRPHQ�DJHG�
���DQG�XS�WKXV�LQYROYHV�PDNLQJ�D�SDUWLFXODUO\�
GLIILFXOW�WUDGH�RII�EHWZHHQ�HIIHFWLYHQHVV�DQG�
HIILFLHQF\��
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����,03257$17�,1)/8(1&(6�21�())(&7,9(1(66�$1'�&2676�72�
%(�&216,'(5('�,1�7+(�(9$/8$7,21�2)�&$1&(5�6&5((1,1*�
LQWURGXFWLRQ�
7ULDOV�IRU�FDQFHU�VFUHHQLQJ�DUH�GHVLJQHG�WR�JLYH�DQ�
DQVZHU�WR�WKH�TXHVWLRQ�ZKHWKHU�VFUHHQLQJ�LV�HIIHFWLYH��
LQ�SDUWLFXODU�LI�LW�FDQ�UHGXFH�FDQFHU�PRUWDOLW\��7KH�
PDLQ�UHVXOW�RI�VXFK�D�GHVLJQ�LV�SUHVHQWHG�DV�D�UHODWLYH�
ULVN�RI�G\LQJ�IURP�FDQFHU�RI�WKH�VWXG\�JURXS�DV�
FRPSDUHG�WR�WKH�FRQWURO�JURXS��7KLV�UHODWLYH�ULVN�LV�
RIWHQ�WUHDWHG�DV�VRUW�RI�D�FRQVWDQW�ZKLFK�GRHV�QRW�
GHSHQG�RQ�WKH�SDUWLFXODU�VFUHHQLQJ�VLWXDWLRQ�DV�IRU�
LQVWDQFH�E\��(OZRRG�HW�DO���������%XW�LW�KDV�EHHQ�
VKRZQ�WKDW�WKH�FRVW�HIIHFWLYHQHVV�UDWLR�FDQ�GLIIHU�
VWURQJO\�ZLWK�HFRQRPLF�FRQWH[W��%URZQ�DQG�)LQWRU�
�������%HVLGHV�HFRQRPLF�FRQWH[W��HIIHFWLYHQHVV�DQG�
FRVWV�RI�VFUHHQLQJ�DOVR�VWURQJO\�GHSHQG�RQ�VHYHUDO�
RWKHU�DVSHFWV�RI�WKH�VFUHHQLQJ�VLWXDWLRQ�LQ�TXHVWLRQ��
,Q�WKLV�FKDSWHU�ZH�GHVFULEH�VXFK�DVSHFWV�DQG�WU\�WR�
JLYH�VRPH�H[DPSOHV�RI�TXDQWLILFDWLRQ�RI�WKHLU�
LQIOXHQFH�DV�HVWLPDWHG�ZLWK�WKH�DLG�RI�WKH�0,6&$1�
VLPXODWLRQ�SDFNDJH��+DEEHPD�HW�DO��������/RHYH�HW�
DO��������ZLWK�H[DPSOHV�IURP�PDLQO\�WKH�PRGHOV�RQ�
EUHDVW�FDQFHU�VFUHHQLQJ��GH�.RQLQJ�HW�DO������D��GH�
.RQLQJ�HW�DO��������YDQ�2RUWPDUVVHQ�HW�DO������E���
EHFDXVH�IRU�WKLV�W\SH�RI�FDQFHU�VFUHHQLQJ�ZH�KDYH�
H[SHULHQFHG�PRVW�LQWHUQDWLRQDO�LQWHUHVW��2WKHU�
H[DPSOHV�DUH�PRVWO\�IURP�PRGHOV�RQ�FHUYLFDO�FDQFHU�
VFUHHQLQJ��.RRSPDQVFKDS�HW�DO��������YDQ�
%DOOHJRRLMHQ�HW�DO������D��YDQ�%DOOHJRRLMHQ�HW�DO��
������YDQ�%DOOHJRRLMHQ�HW�DO��������YDQ�%DOOHJRRLMHQ�
HW�DO���������2XU�PRGHOV�RQ�SURVWDWH�FDQFHU�VFUHHQLQJ�
�%RHU�HW�DO��������DQG�FRORUHFWDO�FDQFHU�VFUHHQLQJ�
�/RHYH�HW�DO��������DUH�QRW�\HW�VXLWDEOH�IRU�SXEOLF�
KHDOWK�GHFLVLRQ�VXSSRUW�EHFDXVH�WKH�HYLGHQFH�RQ�
HIILFDF\�LV�WRR�SUHOLPLQDU\�IRU�SURVWDWH�FDQFHU�
VFUHHQLQJ�LQ�JHQHUDO�DQG�IRU�FRORUHFWDO�FDQFHU�
VFUHHQLQJ�LI�DQ\WKLQJ�HOVH�EXW�)2%7�VFUHHQLQJ�LV�WR�
EH�FRQVLGHUHG��WKHUHIRUH�QR�UHVXOWV�IURP�WKHVH�PRGHOV�
DUH�SUHVHQWHG�LQ�WKLV�FKDSWHU��
7KRXJK�UHVXOWV�IURP�WULDOV�DUH�HVVHQWLDO�IRU�VHQVLEOH�
SXEOLF�KHDOWK�GHFLVLRQV�RQ�FDQFHU�VFUHHQLQJ��LQ�WKLV�
FKDSWHU�LW�LV�VKRZQ�WKDW�WKH\�FDQQRW�EH�H[WUDSRODWHG�
WR�RWKHU�VFUHHQLQJ�VLWXDWLRQV�ZLWKRXW�WDNLQJ�LQWR�
DFFRXQW�HSLGHPLRORJ\��GHPRJUDSK\��VFUHHQLQJ�
TXDOLW\��SROLF\�DQG�KLVWRU\��FOLQLFDO�SUDFWLFH�DQG�
FRVWV��
7KLV�FKDSWHU�FDQ�EH�UHJDUGHG�DV�DQ�DQQRWDWHG�OLVW�RI�
SRVVLEOH�LQJUHGLHQWV�LQ�D�FRRNHU\�ERRN�IRU�VFUHHQLQJ�
HYDOXDWLRQ��7KLV�OLVW�DV�VXFK��LQHYLWDEO\�GRHVQ
W�
DSSHDU�DV�D�YHU\�FRKHUHQW�QDUUDWLYH��EXW�LW�LV�HVVHQWLDO�
WR�FDUHIXOO\�FRQVLGHU�\RXU�LQJUHGLHQWV�LQ�RUGHU�WR�
FRPH�WR�D�JRRG�PHDO��
�
HSLGHPLRORJ\�LQ�WKH�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ�
$VSHFWV�RI�WKH�HSLGHPLRORJ\�RI�GLIIHUHQW�FDQFHUV�WKDW�
DUH�RI�PDMRU�LPSRUWDQFH�DUH�RQ�WKH�RQH�KDQG�WKH�OHYHO�
RI�ULVN�IRU�D�FDQFHU�E\�DJH�ZKLFK�FDQ�EH�H[SUHVVHG�E\�

WZR�PHDVXUHV��LQFLGHQFH�DQG�VXUYLYDO�RU�PRUWDOLW\�
IURP�WKDW�FDQFHU��RQ�WKH�RWKHU�KDQG�VWDJH�GLVWULEXWLRQ�
LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ�DQG�WKH�VWURQJO\�
UHODWHG�GXUDWLRQ�RI�WKH�SHULRG�LQ�ZKLFK�WXPRXUV�FDQ�
EH�GHWHFWHG�E\�VFUHHQLQJ��7KH�QXPEHU�RI�FDQFHU�
GHDWKV�SUHYHQWHG�DQG�OLIH�\HDUV�JDLQHG�E\�VFUHHQLQJ�
LV�URXJKO\�VSHDNLQJ�SURSRUWLRQDO�ZLWK�WKH�OHYHO�RI�
ULVN�IRU�FDQFHU��%HFDXVH�WKH�OHYHO�RI�ULVN�LV�YHU\�
GLIIHUHQW�DPRQJ�SRSXODWLRQV�IRU�ZKLFK�VFUHHQLQJ�LV�
FRQVLGHUHG��LW�LV�RI�JUHDW�LPSRUWDQFH�IRU�WKH�FRVW�
HIIHFWLYHQHVV�RI�VFUHHQLQJ��)RU�LQVWDQFH�LQ�RXU�
DQDO\VLV�RI�WKH�FRVW�HIIHFWLYHQHVV�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�LQ�GLIIHUHQW�FRXQWULHV�RI�WKH�(XURSHDQ�
8QLRQ��ZH�IRXQG�WKDW�ZKHQ�DSSO\LQJ�D�VLPLODU�
VFUHHQLQJ�VWUDWHJ\�LQ�6SDLQ�WKH�H[SHFWHG�FRVW�SHU�OLIH�
\HDU�JDLQHG�LV�PRUH�WKDQ�WZLFH�DV�KLJK�DV�LQ�WKH�
8QLWHG�.LQJGRP��8�.���ZKLFK�LV�PDLQO\�FDXVHG�E\�
WKH�IDFW�WKDW�PRUWDOLW\�IURP�EUHDVW�FDQFHU�LQ�WKH�8�.��
LV�DERXW�WZLFH�DV�KLJK�DV�LQ�6SDLQ��YDQ�,QHYHOG�HW�DO��
�������7DEOH������FRPSDUHV�WKH�FUXGH�UDWH�RI�EUHDVW�
FDQFHU�PRUWDOLW\�DQG�QXPEHU�RI�OLIH�\HDUV�JDLQHG�SHU�
������VFUHHQV�DQG�FRVW�HIIHFWLYHQHVV�UDWLR�HVWLPDWHG�
IRU�HTXDOO\�VLPLODU�VFUHHQLQJ�SURJUDPPHV�LQ�6SDLQ�
DQG�LQ�WKH�8�.��
)RU�FHUYLFDO�FDQFHU�WKHVH�GLIIHUHQFHV�LQ�WKH�OHYHO�RI�
ULVN�GHSHQGLQJ�RQ�WKH�UHJLRQ�ZKHUH�VFUHHQLQJ�LV�
FRQVLGHUHG�DUH�HYHQ�PXFK�JUHDWHU��WKH�SDWWHUQ�RI�DJH�
GLVWULEXWLRQ�RI�WKH�ULVN�DOVR�YDULHV�VWURQJO\�
�*XVWDIVVRQ�HW�DO����������
%HVLGHV�VXEVWDQWLDO�UHJLRQDO�YDULDWLRQ�LQ�ULVN��WKHUH�
FDQ�DOVR�EH�JUHDW�YDULDWLRQ�RYHU�WLPH��)RU�LQVWDQFH�WKH�
ULVN�IRU�FHUYLFDO�FDQFHU�DSSHDUV�WR�VWURQJO\�GHFUHDVH�
E\�ELUWK�FRKRUW�LQ�WKH�1HWKHUODQGV�RYHU�WKH�SDVW�
GHFDGHV�OHDGLQJ�WR�D�WUHQG�RI�GHFUHDVLQJ�PRUWDOLW\�
IURP�FHUYLFDO�FDQFHU�RYHU�WLPH�ZKLFK�ZRXOG�DOVR�
RFFXU�ZLWKRXW�DQ\�VFUHHQLQJ�HIIRUW��7KHUHIRUH�WKH�
HIIHFW�IURP�VFUHHQLQJ�LV�WR�EH�DVVXPHG�PXFK�VPDOOHU�
WKDQ�ZRXOG�DSSHDU�IURP�WKH�REVHUYHG�GHFUHDVH�LQ�
FHUYLFDO�FDQFHU�PRUWDOLW\���YDQ�%DOOHJRRLMHQ�����E���
�
6WDJH�GLVWULEXWLRQ�LV�DOVR�REVHUYHG�WR�GLIIHU�VWURQJO\�
EHWZHHQ�SRSXODWLRQV��2QH�FDQ�VDIHO\�DVVXPH�WKDW�
FDQFHU�XVXDOO\�LV�E\�DQG�ODUJH�D�SURFHVV�LQ�ZKLFK�RQH�
�
WDEOH������5HODWLRQ�EHWZHHQ�ULVN�OHYHO�DQG�FRVW�
HIIHFWLYHQHVV�RI�D�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH�
�YDQ�,QHYHOG�HW�DO���������
� 6SDLQ� 8�.��
PRUWDOLW\��FUXGH�UDWH�SHU�
��������ZRPHQ�� ��� ���
OLIH�\HDUV�JDLQHG�SHU������
VFUHHQV� ���� �����
FRVW�SHU�OLIH�\HDU�JDLQHG�
���O\�� ����� �����
�
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PRYHV�LQ�RQH�GLUHFWLRQ�IURP�UHODWLYHO\�IDYRXUDEOH�
VWDJHV�WR�LQFUHDVLQJO\�ZRUVH�VWDJHV�RI�WKH�GLVHDVH��$�
ZRUVH�VWDJH�GLVWULEXWLRQ�WKHUHIRUH�LPSOLHV�WKDW�RQ�
DYHUDJH�WKH�GLVHDVH�SURFHVV�KDV�EHHQ�JRLQJ�RQ�IRU�
ORQJHU��DQG�WKDW�WKH�SHULRG�RI�SRVVLEOH�GHWHFWLRQ�E\�
VFUHHQLQJ�LV�ORQJHU��
$�YHU\�JRRG�H[DPSOH�RI�WKLV�IRU�EUHDVW�FDQFHU�
VFUHHQLQJ�FDQ�EH�IRXQG�LQ�DQG�DURXQG�WKH�,WDOLDQ�FLW\�
RI�)ORUHQFH��$IWHU�UXQQLQJ�WKH�)ORUHQFH�'LVWULFW�
3URJUDPPH�LQ�DUHDV�DURXQG�)ORUHQFH�IRU�VHYHUDO�
\HDUV��WKH�VDPH�H[HFXWLYH�JURXS�VWDUWHG�VFUHHQLQJ�LQ�
WKH�&LW\�RI�)ORUHQFH�DV�ZHOO��:KLOH�WKH�EUHDVW�FDQFHU�
LQFLGHQFH�LQ�WKH�&LW\�LV�DERXW�RQH�DQG�D�KDOI�WLPHV�
KLJKHU�WKDQ�LQ�WKH�'LVWULFW��WDEOH������VKRZV�WKDW�WKH�
GHWHFWLRQ�UDWHV�DW�ILUVW�VFUHHQLQJV�DUH�QRW�VR�PXFK�
KLJKHU��3DFL�HW�DO���������2QH�FDQ�DVVXPH�WKDW�VWDJH�
GLVWULEXWLRQ�ZLWKRXW�VFUHHQLQJ�DQG�WKH�VFUHHQ�
GHWHFWDEOH�FRXUVH�RI�WKH�GLVHDVH�DUH�D�0DUNRY�SURFHVV�
LQ�ZKLFK�WKH�QDWXUDO�FRXUVH�RI�WKH�GLVHDVH�LV�WKH�VDPH��
ZKLOH�WKH�WLPH�RI�GLDJQRVLV�FDQ�EH�HDUOLHU�RU�ODWHU��
7KDW�ZRXOG�PHDQ�WKDW�WUDQVLWLRQ�UDWHV�IRU�JURZLQJ�
IURP�RQH�WR�WKH�IROORZLQJ�SUHFOLQLFDO�VWDJH�DUH�WKH�
VDPH�LQ�WKH�'LVWULFW�DQG�&LW\��ZKLOH�WKH�PRUH�
IDYRXUDEOH�FOLQLFDO�VWDJH�GLVWULEXWLRQ�LV�UHDFKHG�
EHFDXVH�RI�KLJKHU�WUDQVLWLRQ�UDWHV�WR�FOLQLFDO�
GHWHFWLRQ��7KLV�DVVXPSWLRQ�ZRXOG�SUHGLFW�WKH�VFUHHQ�
GHWHFWDEOH�SUHFOLQLFDO�SHULRG�RI�WKH�&LW\�WR�EH������RI�
WKDW�LQ�WKH�'LVWULFW��ZKLOH�WKH�REVHUYHG�GLIIHUHQFH�LQ�
SUHYDOHQFH�LQFLGHQFH�UDWLR�LV�������ZKLFK�VHHPV�FORVH�
HQRXJK�WR�VXSSRUW�WKH�DVVXPSWLRQ��
$�ZRUVH�VWDJH�GLVWULEXWLRQ�LQ�D�VLWXDWLRQ�ZLWK�WKH�
DVVRFLDWHG�ORQJHU�OHDG�WLPHV�LV�H[SHFWHG�WR�FDXVH�D�
ODUJHU�SUREDELOLW\�RI�EHQHILW�IRU�D�ZRPDQ�WDNLQJ�SDUW�
LQ�VFUHHQLQJ��EXW�DOVR�WR�PRUH�QHJDWLYH�HIIHFWV�
DVVRFLDWHG�ZLWK�OHDG�WLPH��HVSHFLDOO\�D�ODUJHU�
SUREDELOLW\�RI�GHWHFWLQJ�FDQFHU�ZKLFK�ZRXOG�QRW�EH�
GHWHFWHG�LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��
$�ZRUVH�FOLQLFDO�VWDJH�GLVWULEXWLRQ�OHDGV�WR�D�KLJKHU�
GHWHFWLRQ�UDWH�DW�ILUVW�VFUHHQLQJV�DQG�WR�D�VRPHZKDW�

ODUJHU�GLIIHUHQFH�EHWZHHQ�VWDJH�GLVWULEXWLRQ�RI�
VFUHHQ�GHWHFWHG�FDVHV�DQG�WKH�VWDJH�GLVWULEXWLRQ�DV�LW�
ZDV�EHIRUH�VFUHHQLQJ�VWDUWHG��+HQFH�D�ZRUVH�FOLQLFDO�
VWDJH�GLVWULEXWLRQ�LV�H[SHFWHG�WR�OHDG�WR�D�ODUJHU�H[WUD�
GHPDQG�IRU�KHDOWK�FDUH�IDFLOLWLHV�IRU�WKH�SULPDU\�
WKHUDS\�RI�FDQFHU�GXH�WR�VFUHHQLQJ��)RU�LQVWDQFH�WKHUH�
LV�WR�EH�H[SHFWHG�DQ�LQFUHDVH�LQ�WKH�GHPDQG�IRU�
UDGLRWKHUDS\�DW�WKH�VWDUW�RI�D�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDPPH�DQG�WR�DQ�HYHQ�VWURQJHU�LQFUHDVH�LQ�WKH�
QXPEHU�RI�GLDJQRVHV�DQG�WUHDWPHQWV�RI�QRQ�SDOSDEOH�
WXPRXUV�UHTXLULQJ�VWHUHRWDFWLFDOO\�JXLGHG�ELRSVLHV��
�
GHPRJUDSK\�
'HPRJUDSK\�GHVFULEHV�WKH�VL]H�RI�WKH�SRSXODWLRQ��WKH�
DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�DQG�WRWDO�PRUWDOLW\��
7KH�PDMRU�LQIOXHQFH�RI�GHPRJUDSK\�LV�REYLRXV��WKH�
VL]H�RI�WKH�SRSXODWLRQ�LV�SURSRUWLRQDO�ZLWK�WKH�WRWDO�
HIIHFWV�LQ�QXPEHUV�DQG�FRVWV�RI�D�VFUHHQLQJ�
SURJUDPPH�DQG�WKHUHIRUH�IRU�WKH�ORJLVWLFV�DQG�
ILQDQFLQJ�RI�WKH�SURJUDPPH��HVSHFLDOO\�ZKHQ�VWDUWLQJ�
LW��3RSXODWLRQ�VL]H�LV�QRW�RI�JUHDW�LQIOXHQFH�RQ�
HIILFLHQF\��WKH�FRVW�HIIHFWLYHQHVV�UDWLR��RI�WKH�
SURJUDPPH��DV�WKHUH�LV�QRW�PXFK�VFDOH�HIIHFW��$JH�
GLVWULEXWLRQ�RI�VFUHHQLQJV�SHUIRUPHG�FDQ�KDYH�DQ�
LPSRUWDQW�LQIOXHQFH��LQ�JHQHUDO�D�\RXQJHU�SRSXODWLRQ�
OHDGV�WR�ILQGLQJ�IHZHU�FDQFHUV��EXW�WR�D�ODUJHU�QXPEHU�
RI�OLIH�\HDUV�JDLQHG�SHU�FDQFHU�GHDWK�SUHYHQWHG�E\�WKH�
SURJUDPPH��7RWDO�PRUWDOLW\�LV�DOVR�RI�LQIOXHQFH�VLQFH�
IRU�LQVWDQFH�D�ORZHU�OLIH�H[SHFWDQF\�DW�D�FHUWDLQ�DJH�
OHDGV�WR�IHZHU�SRVVLEOH�OLIH�\HDUV�JDLQHG�E\�
SUHYHQWLQJ�FDQFHU�GHDWK��DV�ZHOO�DV�WR�D�KLJKHU�
SUREDELOLW\�RI�GHWHFWLQJ�D�FDQFHU�DW�VFUHHQLQJ�ZKLFK�
ZRXOG�QRW�KDYH�EHHQ�GLDJQRVHG�RU�ZRXOG�QRW�KDYH�
OHG�WR�G\LQJ�IURP�WKH�FDQFHU�LQ�TXHVWLRQ�LQ�D�VLWXDWLRQ�
ZLWKRXW�VFUHHQLQJ��
+RZHYHU��ZKHQ�FRPSDULQJ�GLIIHUHQW�JHRJUDSKLFDO�
DUHDV�ZKHUH�LPSOHPHQWLQJ�D�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDPPH�RU�DGYRFDWLQJ�URXWLQH�VFUHHQLQJ�LV�EHLQJ�
FRQVLGHUHG��GHPRJUDSK\�ZLOO�SUREDEO\�QRW�EH�RI�
GLVWLQJXLVKLQJ�LQIOXHQFH�RQ�FRVW�HIIHFWLYHQHVV�VLQFH�
QR�PDMRU�GLIIHUHQFHV�DUH�WR�EH�H[SHFWHG�FRQFHUQLQJ�
DJH�GLVWULEXWLRQ�DQG�WRWDO�PRUWDOLW\�EHWZHHQ�DUHDV�RI�
WKH�ZHVWHUQ�ZRUOG��ZKLOH�LQ�QRQ�ZHVWHUQ�VLWXDWLRQV�
PDVV�VFUHHQLQJ�IRU�EUHDVW�FDQFHU�LV�QRW��\HW��D�VHULRXV�
RSWLRQ��7KH�VLWXDWLRQ�LV�UDWKHU�GLIIHUHQW�ZKHQ�
VFUHHQLQJ�IRU�FHUYLFDO�FDQFHU�LV�FRQVLGHUHG��IRU�WKDW�
FDQFHU�PRVW�VFUHHQLQJ�LV�SHUIRUPHG�LQ�FRXQWULHV�ZLWK�
D�UHODWLYHO\�ORZ�ULVN�IRU�FHUYLFDO�FDQFHU��ZKLOH�PRVW�
ZRPHQ�DW�KLJKHU�ULVN�IRU�WKLV�FDQFHU�OLYH�LQ�WKLUG�
ZRUOG�FRXQWULHV�WKDW�GR�QRW�KDYH�H[WHQVLYH�VFUHHQLQJ�
SURJUDPPHV��:KHQ�FRQVLGHULQJ�WR�LQWURGXFH�FHUYLFDO�
FDQFHU�VFUHHQLQJ�PRUH�H[WHQVLYHO\�LQ�D�WKLUG�ZRUOG�
FRXQWU\��WKH�SUREDEO\�PXFK�ORZHU�OLIH�H[SHFWDQF\�
DQG�GLIIHUHQW�DJH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�
VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��$OVR�ZKHQ�FRQVLGHULQJ�
D�VFUHHQLQJ�SURJUDPPH�IRU�DQRWKHU�HQWLW\�WKDQ�D�
JHRJUDSKLFDO�DUHD��VXFK�DV�HPSOR\HHV�RU�SDUWLFLSDQWV�
WR�D�SDUWLFXODU�KHDOWK�LQVXUDQFH��LW�LV�YHU\�ZHOO�

WDEOH������$VVRFLDWLRQ�EHWZHHQ�SUHYDOHQFH�LQFLGHQFH�
UDWLR�DQG�VWDJH�GLVWULEXWLRQ�DPRQJ�FOLQLFDOO\�GHWHFWHG�
FDVHV�RI�EUHDVW�FDQFHU�LQ�DQG�DURXQG�)ORUHQFH��,WDO\�

�
)ORUHQFH�
'LVWULFW�

3URJUDPPH�
&LW\�RI�
)ORUHQFH�

LQFLGHQFH�LQ�DJH�JURXS�
������ �,��SHU������� ���� ����
IUDFWLRQ�7���FDVHV�

GLDJQRVHG�FOLQLFDOO\�
EHIRUH�VFUHHQLQJ�

���� ����

GHWHFWLRQ�UDWH�DW�
SUHYDOHQFH�VFUHHQ� �3�

�SHU��������
���� ����

3�,� ���� ����
�
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SRVVLEOH�WKDW�DJH�GLVWULEXWLRQ�RI�WKH�
VFUHHQHG�ZRPHQ�LV�RI�PDMRU�LQIOXHQFH�RQ�
FRVW�HIIHFWLYHQHVV��
�
VFUHHQLQJ�TXDOLW\�
7ZR�PDMRU�DVSHFWV�RI�TXDOLW\�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�DUH�VHQVLWLYLW\�DQG�
VSHFLILFLW\�RI�WKH�VFUHHQLQJ�WHVW��$�ORZ�
VHQVLWLYLW\�FDQ�EH�WKRXJKW�RI�DV�WKH�
LQDELOLW\�RI�ILQGLQJ�VPDOOHU�WXPRXUV�ZKLFK�
FDQ�EH�IRXQG�E\�D�VFUHHQLQJ�WHVW�RI�EHWWHU�
TXDOLW\��LQ�WKDW�FDVH�OHDG�WLPH�ZLOO�EH�
VKRUWHU�DQG�WKH�SUREDELOLW\�RI�EHQHILW�IURP�
WKH�VFUHHQLQJ�LV�OHVV��,W�PD\�DOVR�EH�FDXVHG�
E\�UDQGRPO\�PLVVLQJ�WXPRXUV�LUUHVSHFWLYH�
RI�WKHLU�VL]H��7KLV�GRHV�QRW�OHDG�WR�D�
VKRUWHU�OHDG�WLPH��DW�OHDVW�QRW�DW�WKH�ILUVW�
VFUHHQLQJ��WKHUHIRUH�WKH�DYHUDJH�VFUHHQ�
GHWHFWHG�FDVH�ZLOO�H[SHULHQFH�WKH�VDPH�
EHQHILW�IURP�D�ILUVW�VFUHHQLQJ�DV�LQ�D�
VLWXDWLRQ�ZLWK�JRRG�VHQVLWLYLW\��EXW�WKH�
SUREDELOLW\�RI�JHWWLQJ�WKLV�EHQHILW�LV�
VPDOOHU��
$W�UHSHDW�VFUHHQLQJV�WKH�VLWXDWLRQ�EHFRPHV�
PRUH�FRPSOLFDWHG�LQ�ERWK�SRVVLELOLWLHV�RI�
ORZ�TXDOLW\��
/RZ�VSHFLILFLW\�GRHV�QRW�OHDG�WR�D�ORZHU�
SUREDELOLW\�WR�EHQHILW�IURP�WKH�VFUHHQLQJ��
EXW�WR�D�KLJKHU�SUREDELOLW\�WR�VXIIHU�IURP�
LW��)DOVH�SRVLWLYH�VFUHHQLQJ�RXWFRPHV�OHDG�
WR�XQGXH�DQ[LHW\�DQG�WKH�EXUGHQ�RI�
GLDJQRVWLF�SURFHGXUHV�ZKLFK�DOVR�JLYHV�
ULVH�WR�H[WUD�FRVWV��
)RU�D�VFUHHQLQJ�SURJUDPPH�LQ�*HUPDQ\��
ZH�HVWLPDWHG�WKH�HIIHFW�RI�DQ�LQFUHDVH�RI�
����LQ�VHQVLWLYLW\�DW�����PRUH�OLIH�\HDUV�
JDLQHG��ZKLOH�D�����GHFUHDVH�LQ�SRVLWLYH�
SUHGLFWLYH�YDOXH��LV�H[SHFWHG�WR�OHDG�WR����
LQFUHDVH�LQ�WRWDO�VRFLDO�FRVW�RI�WKH�
SURJUDPPH��:DUPHUGDP�HW�DO���������
�
VFUHHQLQJ�SROLF\�
6FUHHQLQJ�SROLF\�LV�XVXDOO\�HLWKHU�DQ�RUJDQLVHG�
SURJUDPPH�ZLWK�DQ�LQYLWDWLRQ�VFKHPH�GHILQHG�E\�WKH�
DJHV�DW�ZKLFK�LQGLYLGXDOV�DUH�LQYLWHG�WR�EH�VFUHHQHG�
�DJHV�DW�ZKLFK�SURJUDPPH�VWDUWV�DQG�HQGV��DQG�WKH�
LQWHUYDOV�RI�LQYLWDWLRQV���RU�LW�FRQVLVWV�RI�PDNLQJ�
VFUHHQLQJ�DYDLODEOH�DQG�WLPLQJ�GHSHQGV�SULPDULO\�RQ�
LQGLYLGXDO�GHFLVLRQV��
)LJXUH������VKRZV�RQH�DVSHFW�RI�VFUHHQLQJ�SROLF\�
ZKLFK�LV�RI�JUHDW�LPSRUWDQFH�IRU�WKH�HIIHFW�WR�EH�
H[SHFWHG�IURP�EUHDVW�FDQFHU�VFUHHQLQJ��0RUWDOLW\�
UHGXFWLRQ�LQ�D�VFUHHQLQJ�SURJUDPPH�VWURQJO\�
LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�VFUHHQLQJV�RIIHUHG��
KRZHYHU�WKH�HIIHFWLYHQHVV�SHU�VFUHHQLQJ�GHFUHDVHV�
7KH�SHUFHQWDJH�RI�PRUWDOLW\�UHGXFWLRQ�DV�SUHVHQWHG�
KHUH�LV�PXFK�ORZHU�WKDQ�PRUWDOLW\�UHGXFWLRQ�DV�
UHSRUWHG�IURP�WULDOV�VLQFH�WKH�ILJXUH�KHUH�LV�RQ�EUHDVW�

FDQFHU�PRUWDOLW\�LQ�WKH�WRWDO�SRSXODWLRQ��ZKLOH�D�WULDO�
FRQVLGHUV�RQO\�WKH�LQYLWHG�FRKRUW��
$�SURJUDPPH�VFUHHQLQJ�SROLF\�DQG�DQ�RSSRUWXQLVWLF�
VFUHHQLQJ�SROLF\�ZKLFK�ZRXOG�ERWK�OHDG�WR�WKH�VDPH�
QXPEHU�RI�VFUHHQLQJV�DUH�H[SHFWHG�WR�VKRZ�WKH�
IROORZLQJ�GLIIHUHQFHV��3URJUDPPH�VFUHHQLQJ�ZLOO�
OHDG�WR�D�PRUH�HYHQ�VSUHDG�RI�VFUHHQLQJV�RYHU�WKH�
SRSXODWLRQ��PRUH�ZRPHQ�EHLQJ�VFUHHQHG��ZLWK�ORQJHU�
LQWHUYDOV��DQG�WKH�LQWHUYDOV�DUH�PRUH�HYHQO\�VSUHDG�
RYHU�WKH�DJHV�RI�KLJK�ULVN�IRU�WKH�FDQFHU��,I�WKHVH�
H[SHFWDWLRQV�DUH�FRUUHFW��D�SURJUDPPH�OHDGV�WR�KLJKHU�
HIIHFWLYHQHVV�SHU�VFUHHQLQJ�WKDQ�D�VR�FDOOHG�
RSSRUWXQLVWLF�DSSURDFK��
%HFDXVH�GHWHFWLRQ�UDWHV�DW�ILUVW�VFUHHQLQJV�WHQGV�WR�EH�
KLJKHU�WKDQ�DW�UHSHDW�VFUHHQLQJV��WKH�LQWURGXFWLRQ�RI�
VFUHHQLQJ�LQ�D�SRSXODWLRQ�FDQ�OHDG�WR�D�WHPSRUDU\�
VWURQJ�LQFUHDVH�RI�FDQFHU�LQFLGHQFH��$�UDWKHU�
VSHFWDFXODU�HIIHFW�RI�WKDW�ZDV�REVHUYHG�IRU�SURVWDWH�

)LJXUH������([SHFWHG�PRUWDOLW\�UHGXFWLRQ�IURP�WKH�'XWFK�
QDWLRQDO�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH�ZKHQ�DVVXPLQJ�
����DWWHQGDQFH�E\�WKH�QXPEHU�RI�LQYLWDWLRQV�LQFUHDVLQJ�IURP�
��WR����LVVXHG�WR�WKH�DJH�UDQJH�RI��������
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FDQFHU�E\�WKH�6((5�UHJLVWU\�LQ�WKH�86��$URXQG�WKH�
\HDU������WKHUH�ZDV�D�VKDUS�SHDN�LQ�SURVWDWH�FDQFHU�
LQFLGHQFH��VHH�ILJXUH��������7KLV�LV�LQ�DJUHHPHQW�ZLWK�
LQWURGXFWLRQ�RI�36$�VFUHHQLQJ�LQ�WKH�86�SRSXODWLRQ�
WKDW�ZDV�VSUHDG�RXW�RYHU�RQO\�D�IHZ�\HDUV��6XFK�UDSLG�
LQWURGXFWLRQ�ZRXOG�OHDG�D�VKDUS�LQFUHDVH�LQ�DJH�
DGMXVWHG�LQFLGHQFH��$IWHU�WKH�SHULRG�RI�LQWURGXFWLRQ�
LQ�WKH�SRSXODWLRQ��PRVW�PHQ�RQO\�UHFHLYH�UHSHDW�
VFUHHQLQJV��WKHUHIRUH�LQFLGHQFH�ZRXOG�DOVR�VKDUSO\�
GHFUHDVH�DJDLQ��
7KLV�GRXEOLQJ�RI�QHZ�FDVHV�RI�FDQFHU�RI�FRXUVH�OHG�WR�
D�PDMRU�LPSDFW�RQ�WKH�GHPDQG�IRU�KHDOWK�FDUH�
IDFLOLWLHV��LQ�WKLV�FDVH�PDLQO\�SURVWDWHFWRPLHV��
,Q�EUHDVW�FDQFHU�VRPHWKLQJ�VLPLODU�FDQ�EH�REVHUYHG��
7KH�HIIHFW�ZLOO�EH�QRW�DV�VSHFWDFXODU�LQ�
PDPPRJUDSKLF�VFUHHQLQJ�EHFDXVH�WKH�
SUHYDOHQFH�LQFLGHQFH�UDWLR�DW�ILUVW�VFUHHQLQJV�LV�E\�IDU�
QRW�DV�KLJK�DV�LQ�36$�VFUHHQLQJ��6WLOO�WKHQ��DURXQG�
WKH�LQWURGXFWLRQ�RI�WKH�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDPPH�LQ�WKH�1HWKHUODQGV�WKHUH�ZDV�FRQFHUQ�
ZKHWKHU�WKH�LQFUHDVH�LQ�QXPEHUV�RI�QHZ�FDVHV�RI�
EUHDVW�FDQFHU�ZRXOG�OHDG�WR�SUREOHPV�ZLWK�WKH�
FDSDFLW\�RI�UDGLRWKHUDS\��DOVR�EHFDXVH�HDUO\�GHWHFWHG�
EUHDVW�FDQFHU�FDQ�RIWHQ�EH�WUHDWHG�E\�OXPSHFWRP\�
ZLWK�UDGLRWKHUDS\�LQVWHDG�RI�PDVWHFWRP\�ZLWKRXW�
UDGLRWKHUDS\�IRU�FDVHV�ZKLFK�DUH�GHWHFWHG�QRW�VR�
HDUO\��)LJXUH������VKRZV�WKDW�WKH�JUDGXDO�LQWURGXFWLRQ�
RI�WKH�QDWLRQDO�VFUHHQLQJ�SURJUDPPH�OHG�WR�DQ�DOVR�
JUDGXDO�LQFUHDVH�LQ�WKH�GHPDQG�IRU�UDGLRWKHUDS\��
ZKLOH�DQ�LQVWDQWDQHRXV�LQWURGXFWLRQ�RI�WKH�VFUHHQLQJ�
SURJUDPPH�WR�DOO�ZRPHQ�LQ�WKH�LQYLWDWLRQ�VFKHGXOH�
ZRXOG�KDYH�OHG�WR�D�PXFK�VKDUSHU�SHDN�LQ�WKH�
GHPDQG�IRU�UDGLRWKHUDS\��
�

VFUHHQLQJ�KLVWRU\�
8QWLO�QRW�VR�ORQJ�DJR�WKHUH�ZDV�
XVXDOO\�QR�QHHG�IRU�DQ�
HYDOXDWLRQ�VWXG\�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�LQ�D�:HVWHUQ�
(XURSHDQ�VHWWLQJ�WR�WDNH�LQWR�
DFFRXQW�WKDW�WKHUH�KDG�
SUHYLRXVO\�EHHQ�D�VLJQLILFDQW�
DPRXQW�RI�VFUHHQLQJ�JRLQJ�RQ�
ZKLFK�LQIOXHQFHV�WKH�IXWXUH�
VFUHHQLQJ�HIIHFWV�ZKLFK�DUH�WR�
EH�HYDOXDWHG��7KH�ILUVW�UHSRUW�
RQ�SUHYLRXV�VFUHHQLQJ�
LQIOXHQFLQJ�D�QHZ�VFUHHQLQJ�
SURJUDPPH�LV�IURP�%RXFKHV�
GX�5KRQH�ZKHUH�LW�DSSHDUHG�
WKDW�WKH�SURJUDPPH�KDV�QRW�OHG�
WR�D�IXUWKHU�LPSURYHPHQW�RI�
VWDJH�GLVWULEXWLRQ�RI�EUHDVW�
FDQFHU�UHODWLYH�WR�WKH�VLWXDWLRQ�
EHIRUH�VFUHHQLQJ�LQ�ZKLFK�
DOUHDG\�ORWV�RI�RSSRUWXQLVWLF�
VFUHHQLQJ�ZDV�WDNLQJ�SODFH��
�0F&DQQ�HW�DO��������

&RQWUDU\�WR�EUHDVW�FDQFHU�VFUHHQLQJ��WKHUH�LV�D�PXFK�
PRUH�H[WHQVLYH�KLVWRU\�RI�RSSRUWXQLVWLF�VFUHHQLQJ�LQ�
:HVWHUQ�(XURSH�FRQFHUQLQJ�3DS�VPHDU�WDNLQJ�IRU�WKH�
SUHYHQWLRQ�DQG�HDUO\�GHWHFWLRQ�RI�FHUYLFDO�FDQFHU�DQG�
LWV�PRUWDOLW\��$�SUHYLRXV�VFUHHQLQJ�SUDFWLFH�FDQ�
LQIOXHQFH�WKH�RSWLPXP�RI�D�IXWXUH�VFUHHQLQJ�
SURJUDPPH�LQ�VHYHUDO�ZD\V��PDNLQJ�LW�QHFHVVDU\�WR�
WDNH�WKLV�KLVWRU\�LQWR�DFFRXQW��
• 7KH�VFUHHQLQJ�SURJUDPPH�ZLOO�LQ�SDUW�EH�MXVW�D�
VXEVWLWXWLRQ�RI�WKH�H[LVWLQJ�SUDFWLFH��WKHUHIRUH�OHDGLQJ�
WR�OHVV�H[WUD�HIIHFWV�WKDQ�ZKHQ�WKH�SURJUDPPH�ZRXOG�
EH�DSSOLHG�WR�D�WRWDOO\�XQVFUHHQHG�SRSXODWLRQ��
5HGXFWLRQ�RI�LQFLGHQFH�DQG�PRUWDOLW\�REVHUYHG�LQ�WKH�
SRSXODWLRQ�GXH�WR�WKH�LQWURGXFWLRQ�RI�WKH�SURJUDPPH�
ZLOO�EH�OHVV�WKDQ�WKH�RYHUDOO�HIIHFW�RI�VFUHHQLQJ��$OVR�
WKH�HIIHFWV�RQ�GHPDQG�IRU�KHDOWK�FDUH�IDFLOLWLHV�ZLOO�
EH�OHVV�VDOLHQW��
• 7KH�DJH�GLVWULEXWLRQ�RI�WKH�VFUHHQLQJ�KLVWRU\�PD\�
KDYH�EHHQ�IDU�IURP�RSWLPDO��)RU�LQVWDQFH�LQ�FHUYLFDO�
FDQFHU�VFUHHQLQJ�ZH�VHH�WKDW�RSSRUWXQLVWLF�VFUHHQLQJ�
WHQGV�WR�FRQFHQWUDWH�LQ�\RXQJHU�DJHV�ZKHUH�PRVW�SUH�
LQYDVLYH�OHVLRQV�DUH�GHWHFWHG�LQVWHDG�RI�WKH�PLGGOH�
DQG�ROGHU�DJHV�LQ�ZKLFK�PRVW�SUHYHQWDEOH�FDQFHU�
LQFLGHQFH�DQG�PRUWDOLW\�RFFXU��7KLV�PD\�OHDG�WR�WKH�
FRQFOXVLRQ�WKDW��SDUWLFXODUO\�DW�WKH�VWDUW�RI�WKH�QHZ�
SURJUDPPH��DQ�H[WUD�HIIRUW�QHHGV�WR�EH�PDGH�IRU�
VXIILFLHQW�VFUHHQLQJ�RI�PLGGOH�DJHG�DQG�ROGHU�
ZRPHQ��
�
VFUHHQLQJ�DWWHQGDQFH�
,Q�EUHDVW�FDQFHU�VFUHHQLQJ��XVXDOO\�WKH�FRVW�RI�
LQYLWLQJ�SHRSOH�WR�D�VFUHHQLQJ�SURJUDPPH�LV�ORZ�
UHODWLYH�WR�WKH�FRVW�RI�WKH�VFUHHQLQJ�SURFHGXUH�DV�D�
ZKROH��WKHUHIRUH�WKH�PDJQLWXGH�RI�FRVW�DQG�HIIHFWV�

)LJXUH������([SHFWHG�LQFLGHQFH�LQ�WKH�'XWFK�SRSXODWLRQ�RI�DOO�EUHDVW�FDQFHU�
DQG�RI�FDVHV�RI�7��EUHDVW�FDQFHU�DV�H[SHFWHG�ZLWK�WKH�UHDOLVHG�EXLOG�XS�RI�WKH�
QDWLRQDO�EUHDVW�VFUHHQLQJ�SURJUDPPH�DQG�ZLWK�D�LPPHGLDWH�LQWURGXFWLRQ�RI�
WKH�SURJUDPPH�WR�DOO�RI�WKH�WDUJHW�SRSXODWLRQ�
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ZLOO�EH�SURSRUWLRQDOO\�LQIOXHQFHG�E\�DWWHQGDQFH��WKXV�
WKH�FRVW�HIIHFWLYHQHVV�UDWLR�KDUGO\�GHSHQGV�RQ�
DWWHQGDQFH��7KLV�ZLOO�EH�YHU\�GLIIHUHQW�IRU�VFUHHQLQJ�
IRU�FRORUHFWDO�FDQFHU�E\�D�VLPSOH�IDHFDO�RFFXOW�EORRG�
WHVW�IRU�ZKLFK�WKH�FRVW�RI�SHUIRUPLQJ�D�VFUHHQLQJ�WHVW�
LV�QRW�YHU\�GLIIHUHQW�IURP�VHQGLQJ�RXW�DQ�LQYLWDWLRQ��
7KHUH�LV�D�WHQGHQF\�WKDW�KHDOWK\�SHRSOH�DQG�RU�SHRSOH�
ZLWK�JHQHUDOO\�KHDOWK\�EHKDYLRXU�DUH�PRUH�OLNHO\�WR�
DWWHQG�WR�D�VFUHHQLQJ�SURJUDPPH�WKDQ�RWKHUV���
,Q�WKH�SLORW�SURMHFW�RQ�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�
1LMPHJHQ��2WWHQ�HW�DO��������9HUEHHN�HW�DO���������
ZH�KDYH�REVHUYHG�LQ�WKHLU�GDWDEDVH��9HUEHHN�DQG�
6WUDDWPDQ��SHUV��FRPP���WKDW�DPRQJ�ZRPHQ�RI����WR�
����WKHUH�LV�D�PDMRU�GLIIHUHQFH�LQ�PRUWDOLW\�IURP�RWKHU�
FDXVHV�WKDQ�EUHDVW�FDQFHU�EHWZHHQ�WKRVH�ZRPHQ�
DWWHQGLQJ�WR�VFUHHQLQJ�DQG�WKRVH�ZKR�GR�QRW�DWWHQG��
SDUWLFXODUO\�LQ�D�VKRUW�SHULRG�DIWHU�WKH�LQYLWDWLRQ�IRU�
VFUHHQLQJ��:RPHQ�RI�DURXQG�DJH����ZKR�DWWHQG�WR�
VFUHHQLQJ�KDYH�DW�WKDW�WLPH�D���\HDUV�ORQJHU�OLIH�
H[SHFWDQF\�WKDQ�WKRVH�ZKR�GR�QRW�DWWHQG��HYHQ�
ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�WKDW�WKH�VFUHHQLQJ�PD\�
SUHYHQW�EUHDVW�FDQFHU�GHDWK��7KLV�PHDQV�WKDW�
VFUHHQLQJ�FDQ�JDLQ�PRUH�OLIH�\HDUV�LQ�ROGHU�ZRPHQ�
WKDQ�ZKDW�ZRXOG�EH�H[SHFWHG�ZLWKRXW�VXFK�VHOHFWLRQ�
HIIHFW��
,Q�FHUYLFDO�FDQFHU�VFUHHQLQJ�DQRWKHU�VHOHFWLRQ�HIIHFW�
LV�REVHUYHG��ZRPHQ�DWWHQGLQJ�WR�VFUHHQLQJ�KDYH�D�ORW�
ORZHU�ULVN�IRU�FHUYLFDO�FDQFHU�DQG�LWV�SUHFXUVRUV�WKDQ�
RWKHUV�ZRPHQ��HYHQ�LI�WKHUH�ZRXOG�EH�QR�VFUHHQLQJ�
HIIHFW��7KDW�PHDQV�WKDW�WKH�LPSDFW�RQ�PRUWDOLW\�DQG�
LQFLGHQFH�RI�FHUYLFDO�FDQFHU�LQ�WKH�WRWDO�SRSXODWLRQ�
ZLOO�EH�PDUNHGO\�OHVV�WKDQ�H[SHFWHG�ZLWKRXW�VXFK�
VHOHFWLRQ�HIIHFW��)RU�H[DPSOH��,I�DWWHQGLQJ�WR�
VFUHHQLQJ�OHDGV�WR�D�����UHGXFWLRQ�RI�FHUYLFDO�FDQFHU�
PRUWDOLW\��WKHQ�LQ�D�SRSXODWLRQ�ZKHUH�����RI�WKH�
ZRPHQ�DWWHQG�ZLWKRXW�DVVRFLDWLRQ�ZLWK�WKHLU�ULVN��
PRUWDOLW\�ZLOO�JR�GRZQ�E\�����
����� ������%XW�LI�
WKHUH�LV�D�����VWUDWXP�RI�ZRPHQ�ZKR�GR�QRW�DWWHQG�
VFUHHQLQJ�ZLWK�D�ULVN���WLPHV�KLJKHU�WKDQ�RWKHU�
ZRPHQ��WKHQ�PRUWDOLW\�ZLOO�RQO\�JR�GRZQ�E\���������
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FOLQLFDO�SUDFWLFH�
'LDJQRVWLF�SURFHGXUHV�LQ�ZRPHQ�ZLWK�EUHDVW�FDQFHU�
DUH�QRW�OLNHO\�WR�EH�YHU\�GLIIHUHQW�DPRQJ�VFUHHQLQJ�
FRQWH[WV�LQ�(XURSH��D�EUHDVW�FDQFHU�LV�GLDJQRVHG�E\�D�
ELRSV\�DIWHU�D�QXPEHU�RI�SURFHGXUHV�LQYROYLQJ�
PDUNHGO\�OHVV�EXUGHQ�RQ�WKH�ZRPDQ�DQG�FRVWV��)RU�
FHUYLFDO�FDQFHU�VFUHHQLQJ�WKH�SUDFWLFH�RI�FRPLQJ�WR�D�
FRQFOXVLYH�GLDJQRVLV�PD\�EH�PRUH�YDULDEOH��EXW�ZLOO�
SUREDEO\�VWLOO�QRW�OHDG�WR�PDMRU�GLIIHUHQFHV�LQ�FRVW�
HIIHFWLYHQHVV�RI�FHUYLFDO�VFUHHQLQJ��
'XH�WR�YDULDELOLW\�RI�VSHFLILFLW\��GLIIHUHQFHV�FDQ�EH�D�
ORW�JUHDWHU�ZKHQ�LW�FRQFHUQV�WKH�GLDJQRVWLFV�LQ�
ZRPHQ�ZLWKRXW�FDQFHU��/RZ�VSHFLILFLW\�OHDGV�WR�PRUH�
GLDJQRVWLF�SURFHGXUHV�LQGXFHG�E\�VFUHHQLQJ��WKH�
SUDFWLFH�RI�GLDJQRVWLFV�SHU�IDOVH�SRVLWLYH�FDVH�FDQ�
DOVR�OHDG�WR�PRUH�RU�OHVV�LQYDVLYH�GLDJQRVWLFV��2Q�WKH�

RWKHU�KDQG��LW�LV�WR�EH�H[SHFWHG�WKDW�VFUHHQLQJ�ZLOO�
UHGXFH�GLDJQRVWLFV�RXWVLGH�VFUHHQLQJ�DQG�WKLV�HIIHFW�
FDQ�DOVR�EH�YHU\�GLIIHUHQW�DPRQJ�HYDOXDWLRQ�
VLWXDWLRQV��
,Q�FHUYLFDO�FDQFHU�VFUHHQLQJ�WKH�YDULDWLRQ�RI�
GLDJQRVWLF�SUDFWLFH�FRQFHQWUDWHV�LQ�WKH�VR�FDOOHG�

ERUGHUOLQH�OHVLRQV
��7KH�WKUHVKROG�IRU�ZKLFK�
F\WRORJLFDO�DEQRUPDOLWLHV�DUH�UHJDUGHG�DV�QHHGLQJ�
IXUWKHU�IROORZ�XS�DQG�ZKLFK�RQH�QRW��FDQ�YDU\�
VWURQJO\�IURP��RQH�F\WRORJLFDO�ODERUDWRU\�WR�WKH�
RWKHU��DV�ZHOO�DV�WKDW�WKLV�WKUHVKROG�PD\�YDU\�VWURQJO\�
RYHU�WLPH��,W�LV�YHU\�GLIILFXOW�WR�DVVHVV�WKH�HIIHFWV�RI�
VXFK�GLIIHUHQFHV�EHFDXVH�QHZ�WKUHVKROGV�DUH�QRW�
IRXQGHG�E\�UDQGRPLVHG�WULDOV�IRU�WKHLU�HIIHFWV�RQ�
FHUYLFDO�FDQFHU�LQFLGHQFH�DQG�LW�LV�QRW�ZHOO�SRVVLEOH�
WR�GHULYH�WKHVH�HIIHFWV�IURP�REVHUYDWLRQDO�GDWD��
$OVR�WKHUDS\�SUDFWLFH�FDQ�YDU\�DPRQJ�VFUHHQLQJ�
FRQWH[WV�DQG�PD\�KDYH�D�GLIIHUHQW�GHSHQGHQF\�RQ�
VWDJH�DW�GHWHFWLRQ��)RU�LQVWDQFH�LQ�FHUYLFDO�FDQFHU�WKH�
K\VWHUHFWRP\�UDWH�LQ�SUH�LQYDVLYH�FRQGLWLRQV�PD\�
YDU\�VWURQJO\�EHWZHHQ�UHJLRQV��YDQ�%DOOHJRRLMHQ�HW�
DO���������
�
VXUYLYDO�
6XUYLYDO�GHSHQGV�RQ�VWDJH�DW�GHWHFWLRQ��E\�VFUHHQLQJ�
RU�FOLQLFDOO\��DQG�WKH�TXDOLW\�RI�WKHUDS\��,W�LV�
FRQVLGHUHG�WKDW�DPRQJ�VLWXDWLRQV�LQ�ZKLFK�FDQFHU�
VFUHHQLQJ�LV�FRQVLGHUHG��YDULDWLRQ�LQ�VXUYLYDO�GXH�WR�
TXDOLW\�RI�WKHUDS\�LQ�VPDOO�LV�FRPSDULVRQ�ZLWK�
YDULDWLRQ�GXH�WR�VWDJH�DW�GHWHFWLRQ��6FKULMYHUV�HW�DO��
�������,I�TXDOLW\�RI�WKHUDS\�ZRXOG�OHDG�WR�LPSRUWDQW�
YDULDWLRQ�LQ�VXUYLYDO��WKH�HIIHFW�LQ�JHQHUDO�LV�
DQDORJRXV�WR�ZKDW�ZDV�H[SODLQHG�FRQFHUQLQJ�VWDJH�
GLVWULEXWLRQ��D�PRUH�IDYRXUDEOH�VXUYLYDO�OHDGV�WR�OHVV�
SRWHQWLDO�HIIHFWLYHQHVV��+RZHYHU�ZKHQ�WUHDWLQJ�LV�QRW�
RSWLPDO�LW�VKRXOG�EH�FRQVLGHUHG�WKDW�WUHDWPHQW�RI�
HDUO\�FDVHV�PD\�EH�SDUWLFXODUO\�XQIDYRXUDEOH�LQ�
FRPSDULVRQ�ZLWK�RSWLPDO�WUHDWPHQW��LQ�WKDW�FDVH�WKH�
LPSURYHPHQW�RI�SURJQRVLV�GXH�WR�HDUO\�GHWHFWLRQ�
GHFUHDVHV��DQG�WKXV�DOVR�WKH�HIIHFWLYHQHVV�RI�
VFUHHQLQJ��
�
FRVWV�
5HOHYDQW�FRVWV�DUH�QRW�RQO\�FRVW�RI�VFUHHQLQJ�LWVHOI��
EXW�DOVR�RI�DOO�UHOHYDQW�GLDJQRVWLF�DQG�WKHUDSHXWLF�
SURFHGXUHV��DOVR�PHGLFDO�FRVWV�RI�WKH�OLIH�\HDUV�VDYHG�
FDQ�EH�FRQVLGHUHG��'UXPPRQG�HW�DO��������5XVVHOO�HW�
DO��������6LHJHO�HW�DO��������:HLQVWHLQ�HW�DO���������
:KDW�ZH�KDYH�VHHQ�VR�IDU�DW�WKH�HYDOXDWLRQ�RI�
GLIIHUHQW�EUHDVW�FDQFHU�VFUHHQLQJ�VLWXDWLRQV�LV�WKDW�WKH�
FRVW�IDFWRU�ZKLFK�LV�RI�JUHDWHVW�LQIOXHQFH�RQ�FRVW�
HIIHFWLYHQHVV�LV�ZKHWKHU�VFUHHQLQJ�LV�SHUIRUPHG�E\�
VSHFLDOLVHG�VFUHHQLQJ�XQLWV�ZLWK�DQ�LQWHQVLYH�XVH�RI�
WKH�PDPPRJUDSKLF�IDFLOLWLHV�RU�DV�SDUW�RI�D�
UDGLRORJLVW�SUDFWLFH�ZLWK�D�UHODWLYHO\�ORZ�LQWHQVLW\�RI�
XVH�RI�WKH�IDFLOLWLHV��YDQ�,QHYHOG�HW�DO���������
7KH�XQLW�FRVWV�RI�UHOHYDQW�GLDJQRVWLF�DQG�WKHUDSHXWLF�
SURFHGXUHV�ZKLFK�PD\�YDU\�PRVW�VWURQJO\�EHWZHHQ�



���

VFUHHQLQJ�VLWXDWLRQV�DUH�WKRVH�RI�GLDJQRVWLFV�DIWHU�D�
SRVLWLYH�VFUHHQLQJ�WHVW�DQG�RI�DGYDQFHG�GLVHDVH��7KH�
FRVW�RI�GLDJQRVHV�DIWHU�SRVLWLYH�VFUHHQLQJ�WHVWV�
VWURQJO\�LQFUHDVHV�ZLWK�ZRUVH�VSHFLILFLW\��7KH�FRVW�RI�
DGYDQFHG�GLVHDVH�DV�LQIOXHQFHG�E\�VFUHHQLQJ�LV�RQ�WKH�
RQH�KDQG�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�FDQFHU�GHDWKV�
SUHYHQWHG��WKHUHIRUH�DOVR�URXJKO\�SURSRUWLRQDO�WR�
HIIHFWLYHQHVV��2Q�WKH�RWKHU�KDQG�WKLV�FRVW�RI�FRXUVH�
GHSHQGV�RQ�WKH�DPRXQW�RI�PHGLFDO�FDUH�D�ZRPHQ�
ZLWK�DGYDQFHG�GLVHDVH�UHFHLYHV��7KLV�FRVW�SHU�SDWLHQW�
LV�VKRZQ�WR�EH�ODUJHO\�GHSHQGDQW�RQ�WKH�DYHUDJH�
QXPEHU�RI�KRVSLWDO�GD\V�SHU�SDWLHQW�ZLWK�DGYDQFHG�
GLVHDVH��GH�.RQLQJ�HW�DO��������5LFKDUGV�HW�DO��������
YDQ�%DOOHJRRLMHQ�HW�DO������E���
�
EDODQFH�RI��IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�
HIIHFWV��
$IWHU�FRQVLGHULQJ�DOO�SUHYLRXV�LQIOXHQFHV�RQ�WKH�
HIIHFWV�RI�FDQFHU�VFUHHQLQJ�DQG�WU\LQJ�WR�TXDQWLI\�
WKHP�DV�JRRG�DV�UHDVRQDEO\�SRVVLEOH��WKHUH�FRPHV�D�
WLPH�RI�PDNLQJ�XS�WKH�EDODQFH��1RW�DQ\�FDQFHU�
VFUHHQLQJ�HIIRUW�LV�IUHH�RI�XQIDYRXUDEOH�HIIHFWV��
WKHUHIRUH�WKH�ILUVW�TXHVWLRQ�WR�EH�DGGUHVVHG�E\�PDNLQJ�

XS�D�EDODQFH�VKRXOG�EH��DUH�WKH�IDYRXUDEOH�HIIHFWV�
RXWZHLJKLQJ�WKH�XQIDYRXUDEOH�HIIHFWV"�7KHUH�PD\�EH�
RFFDVLRQV�ZKHUH�WKH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�
REYLRXV��WKXV�QHHGLQJ�QRW�PXFK�IXUWKHU�
FRQVLGHUDWLRQ��+RZHYHU�HYHQ�LQ�EUHDVW�FDQFHU�
VFUHHQLQJ�ZKHUH�WKH�SRVLWLYH�HIIHFWV�DUH�VR�ZHOO�
HVWDEOLVKHG��WKLV�TXHVWLRQ�FDQ�EHFRPH�KLJKO\�UHOHYDQW�
ZKHQ�FRQVLGHULQJ�GLIIHUHQW�SROLF\�DOWHUQDWLYHV��
$Q�H[DPSOH�LV�FRQVLGHULQJ�ZKDW�LV�WKH�EHVW�XSSHU�DJH�
ERXQGDU\�IRU�WKH�LQYLWDWLRQ�VFKHGXOH�RI�D�EUHDVW�
FDQFHU�VFUHHQLQJ�SURJUDPPH��:LWK�LQFUHDVLQJ�DJH�RI�
VFUHHQLQJ�SDUWLFLSDQWV��WKH�SUREDELOLW\�LQFUHDVHV�WR�
GLH�RI�RWKHU�FDXVHV�WKDQ�EUHDVW�FDQFHU�EHIRUH�WKH�
FDQFHU�WKDW�FDQ�EH�GHWHFWHG�HDUO\�DW�WLPH�RI�VFUHHQLQJ�
ZRXOG�OHDG�WR�GHDWK�RU�HYHQ�ZRXOG�EH�GLDJQRVHG�DIWHU�
V\PSWRPV�GHYHORSHG��'LDJQRVLQJ�FDQFHU�GXH�WR�
VFUHHQLQJ�WKDW�ZRXOG�QRW�EH�GLDJQRVHG�ZLWKRXW�
VFUHHQLQJ�LV�D�PDMRU�QHJDWLYH�HIIHFW�RI�VFUHHQLQJ��7KH�
VWURQJ�LQFUHDVH�RI�VXFK�QHJDWLYH�HIIHFWV�ZLWK�DJH�RI�
VFUHHQLQJ�FDXVH�WKDW�DW�VRPH�DJH��WKH�EDODQFH�RI�
SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�DV�H[SUHVVHG�E\�TXDOLW\�
DGMXVWHG�OLIH�\HDUV��4$/<V��JDLQHG�E\�VFUHHQLQJ�
EHFRPHV�VR�XQIDYRXUDEOH�WKDW�IXUWKHU�H[WHQVLRQ�RI�D�
VFUHHQLQJ�SURJUDPPH�WR�KLJKHU�DJHV�GRHV�QRW�IXUWKHU�
LQFUHDVH�4$/<V�JDLQHG��7KLV�HIIHFW�LV�D�VWURQJHU�
ZLWK�ORQJHU�VRMRXUQ�WLPHV�RI�SUHFOLQLFDO�FDQFHU���%RHU�
HW�DO������D��)LJXUH������VKRZV�WKDW�LI�VRMRXUQ�WLPH�
GRHV�QRW�IXUWKHU�LQFUHDVH�DIWHU�DJH�����WKH�XSSHU�DJH�
OLPLW�DW�ZKLFK�WKH�XQIDYRXUDEOH�HIIHFWV�DUH�H[SHFWHG�
WR�RXWZHLJK�WKH�IDYRXUDEOH�HIIHFW�LV�KLJK��ZKLOH�LI�WKLV�
VRMRXUQ�WLPH�FRQWLQXHV�WR�LQFUHDVH��DOUHDG\�DURXQG�
DJH����VFUHHQLQJ�LV�QRW�H[SHFWHG�WR�JDLQ�DQ\�PRUH�
4$/<V��
)RU�FHUYLFDO�FDQFHU�ZH�GRQ
W�NQRZ�DQ\�JRRG�DWWHPSW�
WR�HVWLPDWH�WKH�EDODQFH�RI�SRVLWLYH�DQG�QHJDWLYH�
KHDOWK�HIIHFWV�RI�VFUHHQLQJ��WKDW
V�ZK\�ZH�KDYH�WULHG�
WR�H[WUDSRODWH�RXU�ILQGLQJV�IRU�EUHDVW�FDQFHU�
VFUHHQLQJ�WR�FHUYLFDO�FDQFHU�VFUHHQLQJ��7KRXJK�WKLV�LV�
PHUHO\�D�WHQWDWLYH�HVWLPDWH��LW�VKRZV�WKDW�WKH�ZHLJKW�
RI�QHJDWLYH�HIIHFWV�RI�WKLV�VFUHHQLQJ�FDQ�EH�TXLWH�
VXEVWDQWLDO�UHODWLYH�WR�LWV�SRVLWLYH�HIIHFWV���YDQ�
%DOOHJRRLMHQ�����E���
�
WLPH�SUHIHUHQFH�
,Q�EDODQFLQJ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�
HIIHFWV�DV�ZHOO�DV�HIIHFWLYHQHVV�DQG�FRVWV��IRU�D�
VFUHHQLQJ�SURJUDPPH��WLPH�SUHIHUHQFH�SOD\V�DQ�
LPSRUWDQW�UROH��,W�LV�FXVWRPDU\�LQ�FRVW�HIIHFWLYHQHVV�
DQDO\VLV�WR�H[SUHVV�WLPH�SUHIHUHQFH�DV�D�\HDUO\�
GLVFRXQW�UDWH�IRU�ERWK�KHDOWK�HIIHFWV�DQG�FRVWV��WKRXJK�
LW�KDV�EHHQ�DUJXHG�WKDW�RWKHUV�PRGHOV�PD\�EH�EHWWHU��
�&DLUQV�DQG�YDQ�GHU�3RO�������%HFDXVH�WKH�FRVWV�RI�
FDQFHU�VFUHHQLQJ�QHHG�WR�EH�PDGH�ORQJ�EHIRUH�WKH�
PDLQ�WDUJHWHG�HIIHFWV��SUHYHQWLRQ�RI�FDQFHU�GHDWK�DQG�
SRVVLEO\�LQFLGHQFH��RFFXU��WKH�FRVW�HIIHFWLYHQHVV�UDWLR�
LV�YHU\�VHQVLWLYH�IRU�WKH�DSSOLHG�GLVFRXQW�UDWH��
7DEOH������VKRZV�DQ�DUELWUDU\�H[DPSOH�RI�FRVW�
HIIHFWLYHQHVV�UDWLRV�RI�FHUYLFDO�FDQFHU�VFUHHQLQJ�

)LJXUH������([SHFWHG�QXPEHU�RI�TXDOLW\�DGMXVWHG�OLIH�
\HDUV�JDLQHG�IURP�WKH�'XWFK�QDWLRQDO�EUHDVW�FDQFHU�
VFUHHQLQJ�SURJUDPPH�E\�XSSHU�DJH�OLPLW�RI�D�WZR�
\HDUO\�VFUHHQLQJ�VFKHGXOH�VWDUWLQJ�IURP����\HDUV�ROG�
IRU�D�PRGHO�ZKHUH�SUHFOLQLFDO�VFUHHQGHWHFWDEOH�
VRMRXUQ�WLPH�UHPDLQV�FRQVWDQW�IURP�DJH����DQG�IRU�D�
PRGHO�ZKHUH�WKLV�VRMRXUQ�WLPH�FRQWLQXHV�WR�LQFUHDVH�
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VRMRXUQ�WLPH�FRQWLQXHV�
LQFUHDVLQJ�DIWHU�DJH���

VRMRXUQ�WLPH�FRQVWDQW�DIWHU�DJH���

�
WDEOH������&RVW�HIIHFWLYHQHVV�UDWLRV�RI�FHUYLFDO�
FDQFHU�VFUHHQLQJ�E\�DSSOLHG�\HDUO\�GLVFRXQW�UDWH�LQ�D�
'XWFK�VLWXDWLRQ�ZLWK�DQ�LQYLWDWLRQ�SROLF\�RI�VHYHQ���
\HDUO\�LQYLWDWLRQV�IURP�DJHV����WKURXJK��� 

\HDUO\�GLVFRXQW�UDWH�
FRVW�HIIHFWLYHQHVV�UDWLR�
'IO�OLIH�\HDU�JDLQHG�
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ZKLFK�PDNHV�FOHDU�KRZ�VWURQJO\�WKLV�UDWLR�GHSHQGV�RQ�
GLVFRXQW�UDWH��
$QRWKHU�SUREOHP�ZLWK�GLVFRXQWLQJ�DULVHV�ZKHQ�
HYDOXDWLRQ�RI�VFUHHQLQJ�FRQFHUQV�D�VR�FDOOHG�FRKRUW�
PRGHO�DV�RSSRVHG�WR�FRQVLGHULQJ�D�IXOO�G\QDPLF�
SRSXODWLRQ��,Q�VXFK�FRKRUW�DSSURDFK�LW�LV�DVVXPHG�
WKDW�DOO�SRWHQWLDO�SDUWLFLSDQWV�WR�D�VFUHHQLQJ�
SURJUDPPH�ZLOO�EH�RIIHUHG�WKH�FRPSOHWH�LQYLWDWLRQ�
VFKHGXOH�DQG�QR�RQH�ZLOO�HQWHU�WKH�SURJUDPPH�DW�D�
ODWHU�DJH�WKDQ�WKH�ILUVW�DJH�RI�WKH�VFUHHQLQJ�VFKHGXOH��
$SSO\LQJ�D�GLVFRXQW�UDWH�WKHQ�ZRUNV�RXW�DV�DJH�
SUHIHUHQFH�LQVWHDG�RI�WLPH�SUHIHUHQFH��7KLV�PHDQV�
WKDW�VFUHHQLQJ�SHUIRUPHG�DW�ROGHU�DJHV�JHWV�WRR�ORZ�
ZHLJKW�LQ�WKH�FRVW�HIIHFWLYHQHVV�UDWLR�DV�FRPSDUHG�WR�
VFUHHQLQJ�DW�\RXQJHU�DJHV��)RU�GHFLVLRQ�PDNLQJ�
�ZLWKLQ�WKH�SURJUDPPH�WR�EH�HYDOXDWHG��FRQFHUQLQJ�
ZKLFK�SDUWLFXODU�DJHV�DUH�WR�E\�LQYLWHG�DQG�ZKLFK�
RQHV�QRW��WKLV�LV�QRW�D�SUREOHP��EHFDXVH�WKH�PDUJLQDO�
FRVW�HIIHFWLYHQHVV�UDWLR�RI�DGGLQJ�D�VFUHHQLQJ�DJH�WR�
WKH�VFKHGXOH�ZLOO�EH�FRUUHFW��EXW�LQ�FRPSDULVRQV�ZLWK�
RWKHU�SURJUDPPHV�LW�ELDVHV�LQ�IDYRXU�RI�SURJUDPPHV�

ZKLFK�GHULYHG�WKHLU�FRVW�HIIHFWLYHQHVV�IURP�\RXQJHU�
DJHV��
�
FRQFOXVLRQ�
:KHQ�PDNLQJ�SURJQRVHV�IRU�D�IXWXUH�RU�VWDUWLQJ�
VFUHHQLQJ�SURJUDPPH��RQH�VKRXOG�REYLRXVO\�VWDUW�
ZLWK�LQWHUSUHWLQJ�WKH�SULPDU\�UHVXOWV�RI�WULDOV�DQG�
REVHUYDWLRQDO�VWXGLHV��%XW�IRU�H[WUDSRODWLQJ�WKH�
UHVXOWV�RI�WULDOV�WR�RWKHU�VFUHHQLQJ�SURJUDPPHV�DQG�
RWKHU�VLWXDWLRQV��WKHUH�LV�QHHG�IRU�PRUH�GDWD�RQ�
EDFNJURXQG�YDULDEOHV�VXFK�DV�LQFLGHQFH�DQG�VWDJH�
GLVWULEXWLRQ�LQ�WKH�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��
'HFLVLRQV�RQ�ZKHWKHU�WR�VWDUW�D�FDQFHU�VFUHHQLQJ�
SURJUDPPH�DQG�RQ�ZKLFK�VFUHHQLQJ�SROLF\�LV�
SUHIHUDEOH��VKRXOG�QRW�RQO\�GHSHQG�RQ�WKH�ILQGLQJ�
WKDW�WULDOV�VKRZ�D�VLJQLILFDQW�PRUWDOLW\�UHGXFWLRQ��EXW�
VKRXOG�DOVR�WDNH�VHYHUDO�EDFNJURXQG�YDULDEOHV�LQWR�
DFFRXQW�FRQFHUQLQJ�HSLGHPLRORJ\�LQ�WKH�VLWXDWLRQ�
ZLWKRXW�VFUHHQLQJ��GHPRJUDSK\��H[SHFWHG�VFUHHQLQJ�
TXDOLW\��FOLQLFDO�SUDFWLFH�DV�ZHOO�DV�WKH�FRVWV�LQYROYHG��
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7KH�LVVXH�RI�H[WUD�LQFLGHQFH�FDXVHG�E\�
PDPPRJUDSKLF�VFUHHQLQJ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�
WKH�GHFLVLRQ�PDNLQJ�RI�LPSOHPHQWDWLRQ�RI�D�
SRSXODWLRQ�EDVHG�VFUHHQLQJ�SURJUDPPH��$W�WKH�

6HYHQWK�(XURSHDQ�&RQIHUHQFH�RQ�&OLQLFDO�2QFRORJ\�
DQG�&DQFHU�1XUVLQJ
�RI�1RYHPEHU�������'U��.QXW�
$VSHJUHQ�UHSRUWHG�WKDW�WKH�0DOP|�EUHDVW�FDQFHU�
VFUHHQLQJ�WULDO�VKRZV�����H[WUD�LQFLGHQFH�LQ�WKH�
VWXG\�JURXS�DV�FRPSDUHG�WR�WKH�FRQWURO�JURXS�ZKHQ�
FXPXODWHG�RYHU����\HDUV�RI�IROORZ�XS�IURP�
UDQGRPL]DWLRQ��
:H�KDYH�XVHG�D�EUHDVW�FDQFHU�VFUHHQLQJ�PRGHO�ZKLFK�
DFFRXQWV�IRU�WKH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�WKH�
0DOP|�WULDO��VXFK�DV�DJH�GLVWULEXWLRQ��VFUHHQLQJ�
LQWHUYDO��DQG�DWWHQGDQFH��GH�.RQLQJ�HW�DO��������YDQ�
2RUWPDUVVHQ�HW�DO������E��$W����\HDUV�RI�IROORZ�XS�
WKH�PRGHO�SUHGLFWV�DQ�LQFUHDVH�RI�LQFLGHQFH�RI�����
RI�WKH�VFUHHQHG�JURXS�DV�FRPSDUHG�WR�WKH�FRQWURO�
JURXS��7KDW�LV�HYHQ�KLJKHU�WKDQ�REVHUYHG��+RZHYHU��
ZKHQ�ZH�GHILQH�
UHDO
�H[WUD�LQFLGHQFH�DV�FDQFHUV�
GHWHFWHG�LQ�D�VFUHHQLQJ�SURJUDPPH�ZKLFK�ZRXOG�QRW�
KDYH�EHHQ�GHWHFWHG�GXULQJ�OLIH�WLPH�ZLWKRXW�WKH�
SURJUDPPH��WKH�VDPH�PRGHO�SUHGLFWV�WKDW�WKH�'XWFK�
PDVV�VFUHHQLQJ�SURJUDPPH��LQYLWLQJ�ZRPHQ�HYHU\���
\HDUV�IURP�DJH����WR����DQG�����DWWHQGDQFH��FDXVHV�
OHVV�WKDQ����
UHDO
�H[WUD�LQFLGHQFH�LQ�WKH�WRWDO�
SRSXODWLRQ��
7KH�ILJXUH�VKRZV�WKH�H[SHFWHG�LQFLGHQFH�RI�ZRPHQ�
ZKR�WDNH�SDUW�LQ�WKH�'XWFK�VFUHHQLQJ�SURJUDPPH�LQ�
FRPSDULVRQ�ZLWK�ZRPHQ�ZKR�GR�QRW�WDNH�SDUW�LQ�WKH�
SURJUDPPH��7KH�ILUVW�VFUHHQLQJ��DW�DJH�����UHVXOWV�LQ�
D�VKDUS�LQFUHDVH�RI�LQFLGHQFH�EHFDXVH�RI�GHWHFWLRQ�RI�

WKH�SUHYDOHQFH�SRRO�RI�EUHDVW�FDQFHUV��$W�VXEVHTXHQW�
VFUHHQLQJV�WKHUH�LV�VWLOO�D�PDUNHG�LQFUHDVH�RI�
LQFLGHQFH�EHFDXVH�FDQFHUV�DUH�GHWHFWHG�HDUOLHU�E\�
VFUHHQLQJ�DQG�LQFLGHQFH�LQFUHDVHV�VWURQJO\�ZLWK�DJH��
:H�HVWLPDWH�WKH�DYHUDJH�OHDG�WLPH�LQ�WKH�'XWFK�
SURJUDPPH�WR�EH�����\HDUV�RQ�DYHUDJH�DQG�LQFUHDVLQJ�
ZLWK�DJH��
+RZHYHU�ZKHQ�WKH�VFUHHQLQJ�SURJUDPPH�VWRSV��
LQFLGHQFH�LQ�VFUHHQHG�ZRPHQ�LV�H[SHFWHG�WR�GURS�WR�D�
PXFK�ORZHU�OHYHO�WKDQ�LQ�XQVFUHHQHG�ZRPHQ��,I�WKH�
DJH�DW�WKH�ODVW�VFUHHQLQJ�LV�VXIILFLHQWO\�ORZ��WKH�
GHFUHDVH�RI�LQFLGHQFH�DIWHU�WKH�SURJUDPPH�DOPRVW�
FRPSOHWHO\�FRPSHQVDWHV�IRU�WKH�LQFUHDVH�RI�LQFLGHQFH�
GXULQJ�WKH�SURJUDPPH��7KXV�WKH�ODUJH�REVHUYHG�H[WUD�
LQFLGHQFH�LQ�D�WULDO�LV�PDLQO\�H[SODLQHG�E\�HDUO\�
GHWHFWLRQ�ZKLFK�LV�QHFHVVDU\�IRU�DFKLHYLQJ�D�
UHGXFWLRQ�RI�EUHDVW�FDQFHU�PRUWDOLW\��DQG�RQO\�D�VPDOO�
SURSRUWLRQ�RI�WKH�H[WUD�LQFLGHQFH�ZRXOG�QRW�KDYH�
EHHQ�GHWHFWHG�ZLWKRXW�VFUHHQLQJ��
�
DGGLWLRQDO�GLVFXVVLRQ�
7KH�OHWWHU�WR�WKH�HGLWRU�RI�WKLV�FKDSWHU�H[SODLQV�WKDW�D�
KLJKHU�LQFLGHQFH�LQ�WKH�VFUHHQHG�DUP�RI�D�WULDO�
UHODWLYH�WR�WKH�FRQWURO�DUP�PD\�YHU\�ZHOO�EH�D�YHU\�
WHPSRUDU\�HIIHFW�ZKLOH�RQ�WKH�ORQJ�UXQ�WKHUH�LV�KDUGO\�
DQ\�H[WUD�LQFLGHQFH�GXH�WR�EUHDVW�FDQFHU�VFUHHQLQJ��
7KH�OHWWHU�FRQFHQWUDWHV�RQ�KRZ�DODUPLQJ�WKH�
GLIIHUHQFH�RI�LQFLGHQFH�LQ�WKH�WZR�WULDO�DUPV�LV�DIWHU�
OLPLWHG�IROORZ�XS��EXW�GRHV�QRW�H[WHQVLYHO\�JR�LQWR�
HVWLPDWLQJ�KRZ�ODUJH�H[WUD�LQFLGHQFH�FDXVHG�E\�
EUHDVW�FDQFHU�VFUHHQLQJ�LV�RQ�WKH�ORQJHU�UXQ��)RU�WKH�
PRGHO�WKDW�ZDV�XVHG�IRU�WKLV�OHWWHU��ZH�DVVXPHG�

�
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H[SRQHQWLDO�GLVWULEXWLRQV�RI�WKH�GZHOOLQJ�WLPHV�RI�WKH�
SUHFOLQLFDO�GLVHDVH�VWDWHV��7KLV�DVVXPSWLRQ�KDV�VKRZQ�
WR�EH�LQ�DJUHHPHQW�ZLWK�REVHUYDWLRQV�LQ�VFUHHQLQJ�
VWXGLHV�WKDW�PHDVXUH�GHWHFWLRQ�UDWHV�DQG�LQWHUYDO�
FDQFHU�LQFLGHQFH��+RZHYHU�WKH�DPRXQW�RI��ORQJ�WHUP��
H[WUD�LQFLGHQFH�LV�ODUJHO\�GHWHUPLQHG�E\�WKH�WDLO�RI�
WKH�GZHOOLQJ�WLPH�GLVWULEXWLRQ��7KH�VKDSH�RI�WKH�
VRMRXUQ�WLPH�GLVWULEXWLRQ�ZRXOG�DSSHDU�DV�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�LQWHUYDO�FDQFHU�LQFLGHQFH�E\�
WLPH�VLQFH�ODVW�VFUHHQLQJ�DQG�WKH�H[SHFWHG�LQFLGHQFH�
LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��,W�LV�QRW�SRVVLEOH�WR�
PHDVXUH�WKLV�GLIIHUHQFH�ZLWK�DQ\�VDWLVIDFWRU\�
SUHFLVLRQ�IRU�ORQJ�IROORZ�XS�DIWHU�ODVW�VFUHHQLQJ��
7KHUHIRUH�RQH�PD\�ZRQGHU�LI�WKH�PRGHO�HVWLPDWH�IRU�

H[WUD�LQFLGHQFH�KDV�DQ\�SUHFLVLRQ��,I�RQH�ZRXOG�
FRQVLGHU�GZHOOLQJ�WLPH�GLVWULEXWLRQV�WR�EH�:HLEXOO�
ZLWK�VKDSH�SDUDPHWHU�����DQG�WKH�VDPH�DYHUDJH�
GXUDWLRQ���WKHQ�WKH�PRGHO�H[SHFWDWLRQ�IRU�H[WUD�
LQFLGHQFH�FDXVHG�E\�WKH�FXUUHQW�'XWFK�VFUHHQLQJ�
SURJUDPPH�LV������DV�FRPSDUHG�WR������H[SHFWHG�
H[WUD�LQFLGHQFH�ZKHQ�DVVXPLQJ�H[SRQHQWLDO�
GLVWULEXWLRQV��7KDW�GLIIHUHQFH�LV�VR�VPDOO�EHFDXVH�LQ�
RUGHU�WR�KDYH�WKH�VDPH�DYHUDJH�GXUDWLRQ��LQFUHDVLQJ�
WKH�QXPEHU�RI�YHU\�VORZ�JURZLQJ�FDQFHUV�QHHGV�WR�EH�
FRPSHQVDWHG�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�YHU\�IDVW�
JURZLQJ�FDQFHUV�DQG�WKH\�OHDG�WR�YHU\�OLWWOH�H[WUD�
LQFLGHQFH��
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����67$*(�',675,%87,21�$7�),567�$1'�5(3($7�
(;$0,1$7,216�,1�%5($67�&$1&(5�6&5((1,1*�
DEVWUDFW�
REMHFWLYHV�
&RQWUDU\�WR�H[SHFWHG��VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJV�IRU�EUHDVW�FDQFHU�LV�RIWHQ�QRW�PRUH�
IDYRXUDEOH�WKDQ�VWDJH�GLVWULEXWLRQ�DW�ILUVW�VFUHHQLQJV��
7KLV�DUWLFOH�LQYHVWLJDWHV�REVHUYHG�VWDJH�GLVWULEXWLRQV�
DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV��7KH�REVHUYHG�RXWFRPHV�
DUH�FRPSDUHG�ZLWK�H[SHFWHG�YDOXHV�EDVHG�RQ�
VLPXODWLRQ�PRGHOOLQJ��YDU\LQJ�WKH�DVVXPSWLRQV�RQ�
QDWXUDO�KLVWRU\�RI�WKH�GLVHDVH��
PHWKRGV�
$Q�RYHUYLHZ�LV�PDGH�RI�REVHUYHG�GDWD�RQ�VWDJH�
GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV�DQG�WKH�
GLIIHUHQFH�EHWZHHQ�WKRVH�GLVWULEXWLRQV�LV�VXPPDULVHG�
LQ�D�*LQL�FRHIILFLHQW��)RXU�SRVVLEOH�H[SODQDWLRQV�IRU�
WKH�REVHUYDWLRQV�DUH�FRQVLGHUHG��WZR�RI�WKHVH�DUH�
ZRUNHG�RXW�DV�0LVFDQ�VLPXODWLRQ�PRGHOV�RI�ZKLFK�
WKH�RXWFRPHV�DUH�FRPSDUHG�ZLWK�REVHUYDWLRQV��
UHVXOWV�
+DOI�RI�WKH�UHSRUWHG�VWDJH�GLVWULEXWLRQV�DW�UHSHDW�
VFUHHQLQJ�DUH�QRW�PRUH�IDYRXUDEOH�WKDQ�DW�ILUVW�
VFUHHQLQJV�DQG�LQ�WKH�RQHV�WKDW�DUH�PRUH�IDYRXUDEOH��
WKH�GLIIHUHQFH�LV�UHODWLYHO\�VPDOO��%\�DVVXPLQJ�QR�
FRUUHODWLRQ�EHWZHHQ�WKH�VRMRXUQ�WLPHV�RI�SUHFOLQLFDO�
EUHDVW�FDQFHU�LQ�FRQVHFXWLYH�WXPRXU�VL]H�FDWHJRULHV�
DV�ZHOO�DV�D�VWURQJ�LQIOXHQFH�RI�ODWHQW�FDQFHUV�LQ�D�
0LVFDQ�PRGHO��LW�LV�QRW�SRVVLEOH�WR�UHSURGXFH�WKH�
REVHUYHG�RXWFRPHV��
FRQFOXVLRQV�
7KH�WZR�PRGHOOHG�H[SODQDWLRQV�DUH�QRW�VXIILFLHQW��
'HFUHDVLQJ�VHQVLWLYLW\�VHHPV�DQ�XQOLNHO\�H[SODQDWLRQ�
IRU�WKH�GLVFUHSDQF\�LQ�PDQ\�VFUHHQLQJ�SURJUDPV��
)DOVH�UHDVVXUDQFH��DV�D�UHPDLQLQJ�SRVVLELOLW\�WR�
H[SODLQ�REVHUYDWLRQV��VKRXOG�EH�VHULRXVO\�FRQVLGHUHG�
DQG�LQYHVWLJDWHG��
�
LQWURGXFWLRQ�
7KH�SHUIRUPDQFH�RI�FDQFHU�VFUHHQLQJ�SURJUDPV�FDQ�
EH�PHDVXUHG�E\�WKH�GHWHFWLRQ�UDWHV�� �QXPEHUV�RI�
EUHDVW�FDQFHUV�GHWHFWHG�SHU������ZRPHQ�VFUHHQHG��
DQG�VWDJH�GLVWULEXWLRQV�LQ�ILUVW�DQG�VXEVHTXHQW�
VFUHHQLQJ�URXQGV�DQG�E\�WKH�LQFLGHQFH�DQG�VWDJH�
GLVWULEXWLRQ�RI�LQWHUYDO�FDQFHUV�LQ�UHODWLRQ�WR�D�
VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��7KH�VWDJH�GLVWULEXWLRQ�RI�
FDQFHUV�GHWHFWHG�LQ�WKH�ILUVW�VFUHHQLQJ�URXQG��DV�D�
FRQVHTXHQFH�RI�HDUOLHU�GHWHFWLRQ��LV�H[SHFWHG�WR�EH�
PRUH�IDYRXUDEOH�WKDQ�WKDW�RI�FOLQLFDOO\�GLDJQRVHG�
FDQFHUV��%HFDXVH�PRVW�SUHYDOHQW�FDQFHUV�DUH�UHPRYHG�
IURP�WKH�VFUHHQHG�SRSXODWLRQ�DW�WKH�ILUVW�URXQG��
VXEVHTXHQW�URXQGV�ZLOO�RQO\�GHWHFW�FDQFHUV�WKDW�KDYH�
GHYHORSHG�GXULQJ�WKH�VFUHHQLQJ�LQWHUYDO��,I�WKH�
VFUHHQLQJ�LQWHUYDO�LV�VXIILFLHQWO\�VKRUW��GHWHFWLRQ�UDWHV�
LQ�VXEVHTXHQW�URXQGV�ZLOO�EH�PXFK�ORZHU�WKDQ�LQ�WKH�
ILUVW�URXQG��DQG�WKH�VWDJH�GLVWULEXWLRQ�LV�H[SHFWHG�WR�
EH�PRUH�IDYRXUDEOH�WKDQ�LQ�WKH�ILUVW�URXQG��,Q�EUHDVW�

FDQFHU�VFUHHQLQJ�SURJUDPV��GHWHFWLRQ�UDWHV�LQ�
VXEVHTXHQW�URXQGV�KDYH�LQGHHG�EHHQ�IRXQG�WR�EH�
PXFK�ORZHU�WKDQ�LQ�WKH�ILUVW�URXQG��EXW�WKH�H[SHFWHG�
FRQFRPLWDQW�LPSURYHPHQW�LQ�VWDJH�GLVWULEXWLRQ�LV�
RIWHQ�VPDOO�RU�HYHQ�DEVHQW��
7KLV�DUWLFOH�LQYHVWLJDWHV�WKH�VWDJH�GLVWULEXWLRQ�RI�
EUHDVW�FDQFHUV�GHWHFWHG�DW�UHSHDW�VFUHHQLQJV�
FRPSDUHG�WR�ILUVW�VFUHHQLQJV�DV�UHSRUWHG�LQ�WKH�
OLWHUDWXUH��XVLQJ�D�VLPSOH�VXPPDU\�PHDVXUH�IRU�D�
GLIIHUHQFH�LQ�VWDJH�GLVWULEXWLRQ��7KH�REVHUYHG�
RXWFRPHV�DUH�FRPSDUHG�ZLWK�H[SHFWHG�YDOXHV�EDVHG�
RQ�VLPXODWLRQ�PRGHOOLQJ��)RXU�SRVVLEOH�H[SODQDWLRQV�
IRU�WKH�GLIIHUHQFH�EHWZHHQ�REVHUYHG�DQG�H[SHFWHG�
YDOXHV�DUH�VXJJHVWHG��HDFK�RI�ZKLFK�LV�FRQVLGHUHG�
ZLWK�UHVSHFW�WR�SRVVLELOLWLHV�RI�IXUWKHU�LQYHVWLJDWLRQ��
�
PHWKRGV�
2EVHUYHG�GDWD�ZHUH�GHULYHG�IURP�SXEOLFDWLRQV�RQ�
VHYHUDO�EUHDVW�FDQFHU�VFUHHQLQJ�SURMHFWV��$QGHUVRQ�HW�
DO��������$QGHUVVRQ�������%RHU�HW�DO��������GH�
.RQLQJ�HW�DO������E��'XII\�HW�DO��������)DJHUEHUJ�HW�
DO��������)UDQNHO�HW�DO��������)ULVFKELHU�HW�DO��������
)ULVHOO�HW�DO��������)ULVHOO�HW�DO��������+DNDPD�HW�DO��
������/LEVWXJ�HW�DO��������3DFL�HW�DO��������5REHUWV�HW�
DO��������7DEiU�HW�DO��������7DEiU�HW�DO��������7DEiU�
HW�DO��������7KXUIMHOO�DQG�/LQGJUHQ�������YDQ�GHQ�
$NNHU�YDQ�0DUOH�HW�DO���������VXPPDULVHG�LQ�WDEOH�
������6RPH�UHSRUWV�VSOLW�XS�VFUHHQ�GHWHFWHG�FDQFHUV�
E\�ILUVW�DQG�UHSHDW�VFUHHQLQJV��RWKHUV�E\�ILUVW�DQG�
VXEVHTXHQW�URXQGV�ZKHUH�D�VXEVHTXHQW�URXQG�
FRQWDLQV�VRPH�ILUVW�VFUHHQLQJV�RI�ZRPHQ�ZKR�ZHUH�
QRW�VFUHHQHG�DW�WKH�ILUVW�URXQG�RI�LQYLWDWLRQV��
'LIIHUHQW�FDWHJRULVDWLRQ�RI�VL]H�GLVWULEXWLRQV�
FRPSOLFDWHV�FRPSDULVRQ��WKHUHIRUH�ZH�VXPPDULVHG�
WKH�GLIIHUHQFH�LQ�VL]H�GLVWULEXWLRQ�EHWZHHQ�ILUVW�DQG�
UHSHDW�VFUHHQLQJ�E\�D�VLQJOH�YDOXH��7KH�YDOXH�XVHG�LV�
WKH�*LQL�FRHIILFLHQW��RULJLQDOO\�LQWHQGHG�WR�PHDVXUH�
LQHTXDOLW\�RI�LQFRPH�LQ�D�SRSXODWLRQ��(NHOXQG�DQG�
7ROOLVRQ��������7KH�*LQL�FRHIILFLHQW�*�LV�JLYHQ�E\�
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IRU�ILUVW�UHVSHFWLYHO\�VXEVHTXHQW�VFUHHQLQJV��DQG�
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DUH�WKH�FRUUHVSRQGLQJ�

FXPXODWLYH�SURSRUWLRQV��1 �LV�WKH�QXPEHU�RI�VL]H�
FDWHJRULHV�C�
)LJXUH������LOOXVWUDWHV�WKH�FDOFXODWLRQ�RI�WKLV�
FRHIILFLHQW�IRU�WZR�VFUHHQLQJ�SURMHFWV��7KH�[�D[LV�VHWV�
RII�WKH�FXPXODWLYH�GLVWULEXWLRQ�RI�WXPRXU�VL]HV�DW�ILUVW�
VFUHHQLQJV�RI�FDQFHUV�ZLWK�NQRZQ�VL]H�DQG�WKH�\�D[LV�
GRHV�WKH�VDPH�IRU�VXEVHTXHQW�VFUHHQLQJV��7KH�PRUH�
IDYRXUDEOH�WKH�VL]H�GLVWULEXWLRQ�RI�UHSHDW�VFUHHQLQJV�
LV�UHODWLYH�WR�ILUVW�VFUHHQLQJ��WKH�KLJKHU�WKH�JUDSK�ZLOO�
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EH�LQ�WKH�ILJXUH��7KH�*LQL�FRHIILFLHQW�LV�WKH�
DUHD�EHWZHHQ�WKH�JUDSK�DQG�WKH�GLDJRQDO�
PXOWLSOLHG�E\����WKH�DUHD�EHORZ�WKH�GLDJRQDO�
LV�FRXQWHG�DV�QHJDWLYH��:KHQ�ERWK�VL]H�
GLVWULEXWLRQV�DUH�HTXDO��WKH�*LQL�FRHIILFLHQW�LV�
���,QFUHDVLQJO\�PRUH�IDYRXUDEOH�VL]H�
GLVWULEXWLRQV�RI�UHSHDW�VFUHHQLQJV�UHODWLYH�WR�
ILUVW�VFUHHQLQJV�DUH�UHIOHFWHG�LQ�KLJKHU�*LQL�
FRHIILFLHQWV��
)LJXUH������VKRZV�WKH�GLDJRQDO�ZKLFK�
UHSUHVHQWV�HTXDO�VWDJH�GLVWULEXWLRQ�DQG�WZR�
H[WUHPH�FDVHV�RI�D�GLIIHUHQFH�EHWZHHQ�VL]H�
GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV��
7KH�����FRQILGHQFH�LQWHUYDOV�IRU�WKH�*LQL�
FRHIILFLHQWV�KDYH�EHHQ�HVWLPDWHG�E\�WKH�
ERRWVWUDS�PHWKRG��(IURQ�DQG�7LEVKLUDQL�
�������7KLV�PHWKRG�LJQRUHV�DQ\�GHSHQGHQF\�
RI�VWDJH�GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�
VFUHHQLQJV��EXW�ZH�H[SHFW�WKDW�WKH�LQIOXHQFH�
RI�WKDW�RQ�WKH�YDULDELOLW\�HVWLPDWH�LV�
QHJOLJLEOH��
�
7KH�FRPSXWHU�VLPXODWLRQ�SDFNDJH�0LVFDQ�
IRU�EUHDVW�FDQFHU�VFUHHQLQJ�HYDOXDWLRQ�LV�
XVHG�IRU�JHQHUDWLQJ�H[SHFWHG�YDOXHV�IRU�VWDJH�
GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV��GH�
.RQLQJ�HW�DO��������YDQ�2RUWPDUVVHQ�HW�DO������E���
0LVFDQ�LQFRUSRUDWHV�WKH�QDWXUDO�KLVWRU\�RI�GLVHDVH��
WKH�HSLGHPLRORJ\��WKH�GHVLJQ�RI�WKH�VFUHHQLQJ�
SURJUDP�DQG�SHUIRUPDQFH�RI�VFUHHQLQJ��+DEEHPD�HW�
DO���������7KH�QDWXUDO�KLVWRU\�RI�EUHDVW�FDQFHU�LV�
PRGHOOHG�DV�D�SURJUHVVLRQ�WKURXJK�D�QXPEHU�RI�
VWDWHV��$�OLIH�KLVWRU\�VWDUWV�ZLWK�
QR�EUHDVW�FDQFHU
�
EHIRUH�WKH�RQVHW�RI�SUHFOLQLFDO�VFUHHQGHWHFWDEOH�
GLVHDVH��7KHUH�LV�RQH�SUH�LQYDVLYH�VWDWH�G&,6��'XFWDO�
&DUFLQRPD�,Q�6LWX��DQG���LQYDVLYH�VWDWHV�LQ�WKH�
PRGHO��DFFRUGLQJ�WR�7�VWDWXV�RI�710�FODVVLILFDWLRQ�
�7�D��7�E��7�F��7������
,Q�WKH�EDVLF�PRGHO�XVHG�LQ�WKLV�SDSHU��WKH�GXUDWLRQ�LQ�
WKH�GLIIHUHQW�VWDWHV�IROORZV�DQ�H[SRQHQWLDO�
GLVWULEXWLRQ�DQG�GXUDWLRQV�RI�VXEVHTXHQW�GLVHDVH�
VWDWHV�DUH������FRUUHODWHG�VR�WKDW�WKH�GXUDWLRQ�RI�WKH�
WRWDO�SUHFOLQLFDO�VFUHHQGHWHFWDEOH�SHULRG�LV�DOVR�
DSSUR[LPDWHO\�H[SRQHQWLDOO\�GLVWULEXWHG��7KH�
WUDQVLWLRQ�WR�WKH�FOLQLFDOO\�GLDJQRVHG�VWDWHV��ZLWK�WKH�
VDPH�VXEGLYLVLRQ��DUH�JRYHUQHG�E\�WKH�DJH�VSHFLILF�
LQFLGHQFH�UDWHV�DQG�WKH�VWDJH�GLVWULEXWLRQ�LQ�D�
VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��,Q�WKH�FDVH�RI�HDUO\�
GHWHFWLRQ�ZRPHQ�ZLOO�HQWHU�WKH�VFUHHQ�GHWHFWHG�VWDWHV�
�DJDLQ�ZLWK�WKH�VDPH�VXEGLYLVLRQ���7KH�DVVXPSWLRQV�
RQ�WKH�PHDQ�GXUDWLRQ�E\�DJH�RI�WKH�VFUHHQ�GHWHFWDEOH�
SUH�FOLQLFDO�VWDWHV�RI�EUHDVW�FDQFHU�DQG�WKH�VHQVLWLYLW\�
RI�VFUHHQLQJ�KDYH�EHHQ�YDOLGDWHG�XVLQJ�DOO�GDWD�IURP�
WKH�'XWFK�VFUHHQLQJ�SURMHFWV�LQ�1LMPHJHQ�DQG�
8WUHFKW��YDQ�2RUWPDUVVHQ�HW�DO������D���7KH�PHDQ�
GXUDWLRQ�RI�WKH�SUHFOLQLFDO�VFUHHQGHWHFWDEOH�SHULRG�
LQFUHDVHV�ZLWK�DJH�IURP�����\HDUV�DW�DJH����WR�����
\HDUV�DW�DJH�����$W�DJH����WKH�PHDQ�GXUDWLRQV�RI�WKH�

GLIIHUHQW�SUHFOLQLFDO�VFUHHQGHWHFWDEOH�GLVHDVH�VWDWHV�
DUH�����\HDUV�IRU�G&,6�������\HDUV�IRU�7�D�������\HDUV�
IRU�7�E�������\HDUV�IRU�7�F�DQG������\HDUV�IRU�7����
7KH�VHQVLWLYLW\�RI�D�PDPPRJUDSKLF�VFUHHQLQJ�
DVVXPHG�IRU�WKH�GLIIHUHQW�GLVHDVH�VWDWHV�DUH�����IRU�
G&,6������IRU�7�$������IRU�7�%������IRU�7�F�DQG�
����IRU�7����
7KUHH�YDULDQWV�RI�WKLV�EDVLF�PRGHO�DUH�FRQVLGHUHG�LQ�
WKLV�SDSHU���
9DULDQW�,�DVVXPHV�WKDW�WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�
GXUDWLRQV�RI�FRQVHFXWLYH�GLVHDVH�VWDWHV�RI�D�FDQFHU��,Q�
RUGHU�WR�PDLQWDLQ�WKH�VDPH�YDULDQFH�RI�WKH�WRWDO�
SUHFOLQLFDO�SHULRG�DV�LQ�WKH�EDVLF�PRGHO��PRGHO�
YDULDQW�,�DVVXPHV�DOVR�WKDW�WKH�GXUDWLRQ�LQ�RQH�GLVHDVH�
VWDWH�KDV�D�JUHDWHU�YDULDQFH�WKDQ�LQ�WKH�EDVLF�PRGHO��D�
ZHLEXOO�GLVWULEXWLRQ�ZLWK�VKDSH������7KLV�PHDQV�WKDW�D�
UHODWLYHO\�ODUJH�SURSRUWLRQ�RI�FDQFHUV�KDYH�D�YHU\�
VKRUW�GZHOOLQJ�WLPH�LQ�D�SDUWLFXODU�GLVHDVH�VWDWH��IRU�
LQVWDQFH��,Q�DQ�H[SRQHQWLDO�GLVWULEXWLRQ����RI�WKH�
FDQFHUV�KDYH�D�GZHOOLQJ�WLPH�RI�OHVV�WKDQ����RI�WKH�
DYHUDJH�GZHOOLQJ�WLPH��ZKLOH�D�ZHLEXOO�GLVWULEXWLRQ�
ZLWK�VKDSH�����WKLV�LV�QRW����EXW������
9DULDQW�,,�DVVXPHV�WKDW�WXPRXUV�WKDW�ZLOO�EH�
GLDJQRVHG�LQ�D�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ�LQ�D�ODWHU�
VWDJH��KDYH�D�IDVWHU�JURZWK�UDWH�WKDQ�FDQFHUV�ZKLFK�
DUH�FOLQLFDOO\�GLDJQRVHG�LQ�DQ�HDUOLHU�VWDJH��,Q�PRGHO�
YDULDQW�,,�WKH�GXUDWLRQV�LQ�VXEVHTXHQW�GLVHDVH�VWDWHV�
DUH�FKRVHQ�VXFK�WKDW�FDQFHUV�ZKLFK�ZLOO�EH�GLDJQRVHG�
DV�7���KDYH�RQ�DYHUDJH���WLPHV�VKRUWHU�GXUDWLRQV�LQ�
WKHLU�SUHFHGLQJ�GLVHDVH�VWDWHV�WKDQ�WKRVH�WKDW�ZLOO�EH�
GLDJQRVHG�DV�7�F��ZKLOH�FDQFHUV�GLDJQRVHG�DV�7�F�RQ�
WKHLU�WXUQ�JURZ�WZLFH�DV�IDVW�DV�WKRVH�GLDJQRVHG�DV��

)LJXUH������,OOXVWUDWLRQ�WKH�*LQL�FRHIILFLHQW�IRU�WZR�VFUHHQLQJ�
SURMHFWV��FXPXODWLYH�GLVWULEXWLRQ�RI�WXPRXU�VL]HV�DW�ILUVW�
VFUHHQLQJV�YHUVXV�VXEVHTXHQW�VFUHHQLQJV�
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WDEOH������2YHUYLHZ�RI�REVHUYHG�VWDJH�GLVWULEXWLRQ�E\�WXPRXU�VL]H�RU�8,&&�VWDJH�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV�
DJH�UDQJH��
URXQG�

VFUHHQLQJ�
LQWHUYDO�

QXPEHU�RI�
FDQFHUV�

VWDJH�GLVWULEXWLRQ�E\�VL]H�RU�8,&&�VWDJH�

0DOPR�WULDO��$QGHUVVRQ�������
������ 1RQ�,QY�� ,QY��

� ��PP�
,QY��

!��PP�
� �

URXQG��� � ����� ���� ���� ���� � �
URXQG��� ���PQWKV� ���� ���� ���� ���� � �
URXQG��� ���PQWKV� ���� ���� ���� ���� � �
7ZR�&RXQW\�6WXG\��.RSSDUEHUJ��7DEiU�HW�DO���������
! ��� 7LV� � �PP� � ��PP� � ��PP� !��PP�
ILUVW�URXQG� � ����� ����� ����� ������ ������ ������
VHFRQG�URXQG� ������PQWKV� ����� ������ ����� ������ ������ ������
7ZR�&RXQW\�6WXG\��2VWHUJRWODQG��)DJHUEHUJ�HW�DO��������
������ 7LV� � ��PP� � ��PP� �����PP� !��PP�
�VW�VFUHHQLQJ� ����� ������ ������ ������ ������ �����
�QG�VFUHHQLQJ� ������PQWKV� ����� ������ ������ ������ ����� �����
7ZR�&RXQW\�6WXG\��'XII\�HW�DO��������
������ ���PP� �����PP� �����PP� �����PP� ���PP�
�VW�VFUHHQLQJ� ����� ������ ������ ������ ������ ������
�QG�VFUHHQLQJ� ������PQWKV� ����� ������ ������ ������ ������ �����
7ZR�&RXQW\�6WXG\��7DEiU�HW�DO��������
������ ���PP� �����PP� �����PP� �����PP� ���PP�
ILUVW�VFUHHQLQJ� � ����� ���� ���� ���� ���� ����
ODWHU�VFUHHQLQJV� ������PQWKV� ����� ���� ���� ���� ���� ���
6WRFNKROP�WULDO��)ULVHOO�HW�DO��������
������ 7LV�,� ,,�� � � �
ILUVW�URXQG� � ����� ���� ���� � � �
VHFRQG�URXQG� ����\UV� ���� ���� ���� � � �
(GLQEXUJK�WULDO��5REHUWV�HW�DO��������
������ � ��PP� �����PP� �����PP� � �
SUHYDOHQFH�VFU�� ���� ���� ���� ���� � �
LQFLGHQFH�VFU�� ��\U���\UV�

PDPPRJU��
����� ���� ���� ���� � �

(GLQEXUJK�WULDO��$QGHUVRQ�HW�DO��������
������ S7LV� S7�� S7�� S7�� �
SUHYDOHQFH�VFU�� ����� ������ ������ ������ ����� �
LQFLGHQFH�VFU�� ��\U���\UV�PDPPRJU�� ����� ������ ������ ������ ����� �
+,3�WULDO��YDQ�2RUWPDUVVHQ�HW�DO������D��
������ � ��PP� !��PP� � � �
LQLWLDO�VFUHHQ� ���� ���� ���� � � �
UHSHDW�URXQGV� ���PQWKV� ���� ���� ���� � � �
1LMPHJHQ�SLORW�SURMHFW��YDQ�2RUWPDUVVHQ�HW�DO������E��
������ G&,6� � �PP� �����PP� ! ��PP� �
URXQG��� � ���� ���� ���� ���� ���� �
URXQG����� ��\UV� ����� ��� ���� ���� ���� �
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WDEOH�������FRQW���2YHUYLHZ�RI�REVHUYHG�VWDJH�GLVWULEXWLRQ�E\�WXPRXU�VL]H�RU�8,&&�VWDJH�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJV�
8WUHFKW�SLORW�SURMHFW��YDQ�2RUWPDUVVHQ�HW�DO�����E��
������ G&,6� � �PP� �����PP� ! ��PP� � �
URXQG��� � ����� ���� ���� ���� ���� � �
URXQG����� �������������\UV� ���� ��� ���� ���� ���� � �
$XULFK�DQG�%UDXQVFKZHLJ�SLORW�SURMHFWV��)ULVFKELHU�HW�DO��������
������ &,6� ���PP� �����PP� ���PP� � �
�VW�VFUHHQLQJ� ����� ���� ���� ���� ���� � �
�QG�
VFUHHQLQJ�

����\UV� ���� ��� ���� ���� ���� � �

8SSVDOD�VFUHHQLQJ�SURJUDP��7KXUIMHOO�HW�DO��������
������ ���PP� �����PP� �����PP� �����PP� �����PP� ���PP�
�VW�URXQG� � ����� ������ ������ ������ ������ ����� �����
�QG�URXQG� XQNQRZQ� ����� ������ ������ ������ ����� ����� �����
'XWFK�VFUHHQLQJ�SURJUDP��GH�.RQLQJ�HW�DO������E��
������ G&,6� 7�D� 7�E� 7�F� 7�� 7����
�VW�VFUHHQLQJ� ������ ������ ����� ������ ������ ������ �����
�QG�VFUHHQLQJ� ��\UV� ����� ������ ����� ������ ������ ������ �����
6DQ�)UDQFLVFR�VFUHHQLQJ�SUDFWLFH��)UDQNHO�HW�DO��������
DJH�GLVWULEXWLRQ�XQNQRZQ� �� ,� ,,� ,,,� ,9� �
LQLWLDO�VFUHHQLQJ� ����� ������ ������ ������ ����� ����� �
VXEV��VFUHHQLQJ� Q�D�� ����� ������ ������ ������ ����� ����� �
)LQQLVK�VFUHHQLQJ�SURJUDP��+DNDPD�HW�DO��������
������ 7LV� 7�� 7���� � � �
�VW�URXQG� � ����� ������ ������ ������ � � �
�QG�URXQG� ��\UV� ���� ����� ������ ������ � � �
)ORUHQFH�GLVWULFW�VFUHHQLQJ�SURJUDP��3DFL�HW�DO��������
������ 7LV� 7�� 7�� 7��� � �
�VW�VFUHHQLQJ� ��� ����� ������ ������ ����� � �
�QG�VFUHHQLQJ� ����\UV� ���� ����� ������ ������ ����� � �
1DYDUUD�VFUHHQLQJ�SURJUDP��YDQ�GHQ�$NNHU�YDQ�0DUOH�HW�DO��������
������ &,6� 7�D� 7�E� 7�F� 7��� �
�VW�VFUHHQLQJ� ����� ������ ����� ������ ������ ������ �
�QG�VFUHHQLQJ� ��\UV� ����� ������ ����� ������ ������ ������ �
1RUWK�:HVW�(QJODQG�VFUHHQLQJ�SURJUDP��%RHU�HW�DO��������
������ G&,6� PLFUR�

LQYDVLYH�
�RWKHU�7�D� 7�E� 7�F� 7���

�VW�VFUHHQLQJ� ���� ������ ����� ����� ������ ������ ������
�QG�VFUHHQLQJ� ��\UV� ��� ������ ����� ����� ������ ������ ������
2QWDULR�VFUHHQLQJ�SURJUDP��/LEVWXJ�HW�DO��������
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7�D�RU�7�E��7KH�SUHYDOHQFH�RI�HDFK�GLVHDVH�VWDWH�LV�
FKRVHQ�HTXDO�WR�WKH�EDVLF�PRGHO��7KDW�PHDQV�WKDW�RI�
WKRVH�FDQFHUV�WKDW�DUH�FOLQLFDOO\�GLDJQRVHG�DV�DW�PRVW�
7�E��WKH�DYHUDJH�GXUDWLRQ�LQ�7�D�DW�DJH����LV������
\HDUV�DQG�LQ�7�%������\HDUV��RI�WKRVH�WKDW�DUH�
FOLQLFDOO\�GLDJQRVHG�DV�7�F��WKDW�GXUDWLRQ�RI�7�D�LV�
�����\HDUV��LQ�7�E������\HDUV�DQG�LQ�7�F������\HDUV��
DQG�WKRVH�WKDW�DUH�FOLQLFDOO\�GLDJQRVHG�DV�7����WKDW�
GXUDWLRQ�LQ�7�D�LV������\HDUV��LQ�7�E������\HDUV��LQ�
7�F������\HDUV�ZKLOH�WKH�GXUDWLRQ�LQ�7���RI�FRXUVH�
GRHV�QRW�FKDQJH�������\HDUV��EHFDXVH�WKH\�DUH�DOO�
FOLQLFDOO\�GLDJQRVHG�DV�7����
9DULDQW�,,,�FRPELQHV�WKH�DGMXVWPHQWV�WR�WKH�EDVLF�
PRGHO�RI�ERWK�YDULDQW�,�DQG�,,�E\�DVVXPLQJ�QR�
FRUUHODWLRQ�EHWZHHQ�FRQVHFXWLYH�GLVHDVH�VWDWHV�
FRPSHQVDWHG�E\�D�JUHDWHU�YDULDQFH�SHU�GLVHDVH�VWDWH�
WKDQ�LQ�WKH�EDVLF�PRGHO��D�ZHLEXOO�GLVWULEXWLRQ�ZLWK�

VKDSH������VOLJKWO\�ODUJHU�WKDQ�LQ�YDULDQW�,��DQG�WKH�
VDPH�DYHUDJH�GXUDWLRQV�RI�GLVHDVH�VWDWHV�DV�LQ�YDULDQW�
,,��
7KH�GLIIHUHQFHV�EHWZHHQ�WKHVH�PRGHO�YDULDQWV�GR�QR�
DIIHFW�VWDJH�GLVWULEXWLRQ�LQ�D�VLWXDWLRQ�ZLWKRXW�
VFUHHQLQJ��
�
UHVXOWV�
7DEOH������VKRZV�WKH�RYHUYLHZ�RI�DYDLODEOH�GDWD�RQ�
VWDJH�GLVWULEXWLRQ�E\�WXPRXU�VL]H�DW�ILUVW�DQG�UHSHDW�
VFUHHQLQJV��,Q�WKH�ILUVW�FROXPQ�RI�WDEOH������LV�
LQGLFDWHG�ZKHWKHU�WKH�GDWD�FRQFHUQ�DFWXDO�ILUVW�YHUVXV�
UHSHDW�VFUHHQLQJV�RU�ILUVW�YHUVXV�UHSHDW�VFUHHQLQJ�
URXQGV�ZKHUH�WKH�UHSHDW�VFUHHQLQJ�URXQGV�FDQ�FRQWDLQ�
VRPH�ILUVW�VFUHHQLQJV��)LJXUH������VKRZV�WKH�
VXPPDU\�RI�WKHVH�GDWD�E\�WKH�*LQL�FRHIILFLHQWV�IURP�
ZKLFK�LW�EHFRPHV�FOHDU�WKDW�LQ�E\�IDU�PRVW�VFUHHQLQJ�

�
WDEOH������([SHFWHG�YDOXHV�IRU�WKH�VWDJH�GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�VFUHHQLQJ�DQG�IRU�WKH�*LQL�FRHIILFLHQWV��
IRU�EDVLF�PRGHO�DQG�WKH�WKUHH�PRGHO�YDULDQWV�
� 'FLV� 7�D� 7�E� 7�F� 7��� *LQL�F��

VWDJH�GLVWULEXWLRQ�LQ��
VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ� ����� ����� ����� ������ ������ �

�VW�VFUHHQLQJ� ������ ����� ������ ������ ������EDVLF�PRGHO� �QG�VFUHHQLQJ� ������ ����� ������ ������ ������� ������
�VW�VFUHHQLQJ� ������ ����� ������ ������ ������YDULDQW�,� �QG�VFUHHQLQJ� ������ ����� ������ ������ ������ �����
�VW�VFUHHQLQJ� ������ ����� ������ ������ ������YDULDQW�,,� �QG�VFUHHQLQJ� ������ ����� ������ ������ ������ �����
�VW�VFUHHQLQJ� ������ ����� ������ ������ ������YDULDQW�,,,� �QG�VFUHHQLQJ� ������ ����� ������ ������ ������ �����

�

)LJXUH������*LQL�FRHIILFLHQWV�IRU�DOO�VFUHHQLQJ�SURMHFWV��EDUV�LQGLFDWLQJ�WKH�����FRQILGHQFH�LQWHUYDO��KRUL]RQWDO�
GDVKHG�OLQHV�LQGLFDWLQJ�PRGHO�SUHGLFWHG�*LQL�FRHIILFLHQWV�

����

����

��

���

���

0 D
OPR

�

. RS
SDU

EHU
J�

2 VW
HUJ

RWOD
QG�

7ZR
�&R

XQW
\�6

WXG
\�
 �

�

7ZR
�&R

XQW
\�6

WXG
\�
 �

�

6WR
FN K

ROP
�

(GL
QEX

UJK
�
 ��

(GL
QEX

UJK
�
 �� + ,3

�

1 LMP
HJH

Q�
8WUH

FKW�

$XU
LFK�

%UD
XQV

FKZ
HLJ�

8SS
VDOD

�

1 HW
KHU

ODQG
V�

6DQ
�) UD

QFLV
FR�
) LQ
ODQG

�

) OR
UHQ

FH�G
LVWUL

FW�

1 DY
DUUD

�

1 RU
WK�:

HVW�
(QJ

ODQG
�
2 QW

DULR
�

EDVLF�PRGHO
YDULDQW�,,,



���

SURMHFWV��VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJV�LV�QRW�
PXFK�EHWWHU��RIWHQ�HYHQ�ZRUVH��WKDQ�DW�ILUVW�
VFUHHQLQJV��
7KH�7ZR�&RXQW\�6WXG\�VKRZV�D�FOHDUO\�PRUH�
IDYRXUDEOH�WXPRXU�VL]H�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJV�WKDQ�DW�ILUVW�VFUHHQLQJV��'XII\�HW�DO��������
)DJHUEHUJ�HW�DO��������7DEiU�HW�DO��������7DEiU�HW�DO��
�������7KH�WULDOV�LQ�0DOPR��$QGHUVVRQ�������DQG�
6WRFNKROP��)ULVHOO�HW�DO��������DUH�UHSRUWLQJ�VLPLODU�
GLIIHUHQFHV��ZKLFK�DUH�QRW�VR�ODUJH��7KH�GLIIHUHQW�
SXEOLFDWLRQV�IURP�WKH�(GLQEXUJK�WULDO�GR�QRW�VKRZ�
XQHTXLYRFDOO\�ZKHWKHU�VWDJH�GLVWULEXWLRQ�LV�PRUH�
IDYRXUDEOH�DW�ILUVW�WKDQ�DW�UHSHDW�VFUHHQLQJV�
�$QGHUVRQ�HW�DO��������5REHUWV�HW�DO���������$OVR�
VFUHHQLQJ�SURMHFWV�LQ�,WDO\��3DFL�HW�DO���������
*HUPDQ\��)ULVFKELHU�HW�DO���������)LQODQG��+DNDPD�
HW�DO���������&DOLIRUQLD��)UDQNHO�HW�DO��������DQG�LQ�
6SDLQ��YDQ�GHQ�$NNHU�YDQ�0DUOH�HW�DO��������GR�QRW�
VKRZ�D�PRUH�IDYRXUDEOH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJ�WKDQ�DW�ILUVW�VFUHHQLQJV��
2QO\�IURP�WKH�+,3�WULDO��YDQ�2RUWPDUVVHQ�HW�DO��
����D��DQG�IURP�SURMHFWV�8SSVDOD��7KXUIMHOO�DQG�
/LQGJUHQ��������WKH�8�.���%RHU�HW�DO��������DQG�
2QWDULR��/LEVWXJ�HW�DO��������WKHUH�DUH�UHSRUWV�RI�D�
VXEVWDQWLDOO\�EHWWHU�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJV�LQ�FRPSDULVRQ�WR�ILUVW�VFUHHQLQJV��,Q�
8SSVDOD�WKHUH�ZDV�DQ�LPSRUWDQW�LQFUHDVH�LQ�VFUHHQLQJ�
SHUIRUPDQFH�IURP�WKH�VHFRQG�VFUHHQLQJ�URXQG�
RQZDUG��ZKLFK�LV�LOOXVWUDWHG�E\�WKH�IDFW�WKDW�WKH�
GHWHFWLRQ�UDWHV�LQ�WKH�ILUVW�DQG�VHFRQG�URXQG�RI�
VFUHHQLQJ�DUH�HTXDO��7KLV�H[SODLQV�ZK\�UHODWLYHO\�IHZ�
VPDOO�WXPRXUV�ZHUH�IRXQG�DW�ILUVW�VFUHHQLQJV��
7KHUH�LV�QR�DSSDUHQW�FRUUHODWLRQ�EHWZHHQ�VFUHHQLQJ�
LQWHUYDO�DQG�GLIIHUHQFH�EHWZHHQ�VWDJH�GLVWULEXWLRQ�DW�
ILUVW�DQG�UHSHDW�VFUHHQLQJV��ZKLOH�RQH�ZRXOG�H[SHFW�
WKDW�D�ORQJHU�VFUHHQLQJ�LQWHUYDO�ZRXOG�OHDG�WR�D�ZRUVH�
VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJV��
6XPPDULVLQJ��RI�WKH����VFUHHQLQJ�SURMHFWV�IURP�
ZKLFK�GDWD�KDYH�EHHQ�VWXGLHG�KHUH����VKRZ�D�EHWWHU�
VWDJH�GLVWULEXWLRQ�E\�WXPRXU�VL]H�DW�UHSHDW�VFUHHQLQJV��
��VKRZ�D�ZRUVH�GLVWULEXWLRQ�DQG�IURP���WULDO��RQH�
UHSRUW�VKRZV�D�EHWWHU�DQG�DQRWKHU�VKRZV�D�ZRUVH�
GLVWULEXWLRQ��
7DEOH������JLYHV�WKH�H[SHFWDWLRQV�IURP�WKH�0LVFDQ�
PRGHO�IRU�WKH�'XWFK�QDWLRQDO�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDP��7KH�EDVLF�PRGHO�FOHDUO\�H[SHFWV�D�PXFK�
PRUH�IDYRXUDEOH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJ�
FRPSDUHG�WR�ILUVW�VFUHHQLQJV�WKDQ�LV�REVHUYHG��7KH�
PRGHO�SUHGLFWV�D�*LQL�FRHIILFLHQW�RI�������ZKLOH�
�����LV�REVHUYHG�ZLWK�D�����FRQILGHQFH�LQWHUYDO�RI��
�����WR��������0RGHO�H[SHFWDWLRQV�IRU�RWKHU�
VFUHHQLQJ�SURMHFWV�ZRXOG�EH�YHU\�VLPLODU�WR�WKH�RQH�
IRU�WKH�'XWFK�SURJUDP��'LIIHUHQFHV�LQ�PRGHO�
H[SHFWDWLRQV�ZRXOG�EH�GXH�WR�GLIIHUHQFHV�LQ�VFUHHQLQJ�
LQWHUYDO�DQG�DJHV�RI�VFUHHQHG�ZRPHQ��
0RGHO�YDULDQW�,��ZLWKRXW�FRUUHODWLRQ�EHWZHHQ�
GXUDWLRQV�RI�VXEVHTXHQW�GLVHDVH�VWDWHV��VKRZV�D�
VXEVWDQWLDOO\�OHVV�IDYRXUDEOH�H[SHFWHG�VWDJH�

GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJ�WKDQ�WKH�EDVLF�PRGHO�
ZKLOH�WKH�GLVWULEXWLRQ�DW�ILUVW�VFUHHQLQJ�LV�YHU\�
VLPLODU��7KH�*LQL�FRHIILFLHQW�LV�������
0RGHO�YDULDQW�,,��ZKHUH�FDQFHUV�ZKLFK�DUH�GLDJQRVHG�
LQ�ODWHU�VWDJHV�KDYH�D�KLJKHU�JURZWK�UDWH��VKRZV�
VLPLODU�VWDJH�GLVWULEXWLRQV�DV�YDULDQW�,��7KH�*LQL�
FRHIILFLHQW�LV�������
7KH�FRPELQHG�HIIHFWV�RI�DGMXVWPHQWV�IURP�PRGHO�
YDULDQWV�,�DQG�,,�DV�GHVFULEHG�E\�PRGHO�YDULDQW�,,,�
IXUWKHU�ZRUVHQV�WKH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJ�OHDGLQJ�WR�D�*LQL�FRHIILFLHQW�RI�������
7KH�*LQL�FRHIILFLHQW�IURP�YDULDQW�,,,�DQG�WKH�EDVLF�
YDULDQW�RI�WKH�PRGHO�IRU�WKH�'XWFK�SURJUDP�DUH�
VLJQLILHG�LQ�ILJXUH������IRU�HDV\�FRPSDULVRQ�RI�
REVHUYHG�DQG�PRGHO�RXWFRPHV��
�
GLVFXVVLRQ�
7KH�REVHUYHG�RYHUDOO�VLPLODULW\�RI�VWDJH�GLVWULEXWLRQ�
DW�ILUVW�VFUHHQLQJV�DQG�UHSHDW�VFUHHQLQJV�LV�GLIIHUHQW�
IURP�WKH�JHQHUDO�H[SHFWDWLRQ��:H�KDYH�WULHG�WR�
TXDQWLI\�WKLV�H[SHFWDWLRQ�E\�XVLQJ�WKH�PRGHO�WKDW�ZDV�
YDOLGDWHG�DJDLQVW�DOO�GDWD�IURP�WKH�1LMPHJHQ�DQG�
8WUHFKW�VFUHHQLQJ�SURMHFWV��0RVW�REVHUYHG�*LQL�
FRHIILFLHQWV�IDOO�IDU�EHORZ�WKH�H[SHFWHG������:H�FDQ�
FRQFHLYH�IRXU�SRVVLEOH�H[SODQDWLRQV�IRU�WKLV�
GLVFUHSDQF\��
�
OLWWOH�FRUUHODWLRQ�EHWZHHQ�GZHOOLQJ�WLPHV�RI�
FRQVHFXWLYH�GLVHDVH�VWDWHV�
7KH�EDVLF�PRGHO�DVVXPHV�D�ODUJH�YDULDQFH�LQ�UDWH�RI�
GHYHORSPHQW�RI�VFUHHQGHWHFWDEOH�SUHFOLQLFDO�FDQFHU��
WKH�WLPH�VSHQW�EHWZHHQ�EHFRPLQJ�VFUHHQGHWHFWDEOH�
DQG�FOLQLFDO�GLDJQRVLV�IROORZV�DQ�H[SRQHQWLDO�
GLVWULEXWLRQ��+RZHYHU��JLYHQ�D�FHUWDLQ�GZHOOLQJ�WLPH�
LQ�SUHFOLQLFDO�FDQFHU�IRU�DQ�LQGLYLGXDO��WKH�SURSRUWLRQ�
RI�WLPH�VSHQW�LQ�HDFK�RI�WKH�GLIIHUHQW�SUHFOLQLFDO�
GLVHDVH�VWDWHV�LV�IL[HG��7KLV�LV�FOHDUO\�D�VLPSOLILFDWLRQ��
:KHQ�VWLOO�DVVXPLQJ�H[SRQHQWLDO�GLVWULEXWLRQ�RI�WKH�
WRWDO�VFUHHQGHWHFWDEOH�SHULRG��EXW�QR�FRUUHODWLRQ�
EHWZHHQ�VXEVHTXHQW�SUHFOLQLFDO�GLVHDVH�VWDWHV��WKH�
WLPH�VSHQW�LQ�RQH�SUHFOLQLFDO�GLVHDVH�VWDWH�ZLOO�
WKHUHIRUH�KDYH�D�PRUH�WKDQ�H[SRQHQWLDO�YDULDQFH��
6XFK�KLJKHU�YDULDQFH�LQ�GZHOOLQJ�WLPHV�LQ�HDUOLHU�
GLVHDVH�VWDWHV�ZLOO�OHDG�WR�D�ODUJHU�SURSRUWLRQ�RI�
FDQFHUV�KDYLQJ�JURZQ�LQWR�D�ODUJHU�VWDWH�GXULQJ�WKH�
LQWHUYDO�EHWZHHQ�VFUHHQLQJV��WKXV�WR�D�OHVV�IDYRXUDEOH�
VWDJH�GLVWULEXWLRQ�DW�UHSHDW�VFUHHQLQJV��
7KHUHIRUH��LQVWHDG�RI�WKH������FRUUHODWLRQ�EHWZHHQ�
GXUDWLRQV�LQ�SUHFOLQLFDO�GLVHDVH�VWDWHV�DV�LQ�WKH�EDVLF�
PRGHO��PRGHO�YDULDQW�,�DVVXPHV�WKH�RWKHU�H[WUHPH��QR�
FRUUHODWLRQ��7KLV�PRGHO�OHDGV�WR�DQ�H[SHFWHG�*LQL�
FRHIILFLHQW�RI����ZKLFK�LV�VWLOO�KLJKHU�WKDQ�PRVW�
REVHUYHG�*LQL�FRHIILFLHQWV��
7KH�FRUUHODWLRQ�EHWZHHQ�GZHOOLQJ�WLPHV�DV�GLVFXVVHG�
LQ�WKH�SUHYLRXV�SDUDJUDSKV�SUDFWLFDOO\�FDQQRW�EH�
REVHUYHG�EHFDXVH�LW�UHTXLUHV�PRUH�WKDQ�WZR�
REVHUYDWLRQV�RI�WKH�GLVHDVH�VWDWH�GXULQJ�WKH�
SUHFOLQLFDO�GHYHORSPHQW�RI�WKH�FDQFHU��)XUWKHU�
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UHVHDUFK�WKHUHIRUH�LV�QHFHVVDULO\�OLPLWHG�WR�WKHRUHWLFDO�
DSSURDFKHV��3HUKDSV�WKLV�WKHRUHWLFDO�DSSURDFK�LQ�
IXWXUH�ZLOO�OHDG�WR�WHVWDEOH�K\SRWKHVHV��
�
ODWHQW�FDQFHUV�
$QRWKHU�H[SODQDWLRQ�LV�WKDW�RI�ODWHQW�FDQFHUV�ZKLFK�
DUH�PXFK�PRUH�SUHYDOHQW�DW�ILUVW�VFUHHQLQJV�WKDQ�DW�
UHSHDW�VFUHHQLQJV��/DWHQW�FDQFHUV�PD\�EH�FDQFHUV�WKDW�
FDQ�EH�GHWHFWHG�E\�VFUHHQLQJ��EXW�ZKLFK�ZRXOG�QHYHU�
EH�FOLQLFDOO\�GLDJQRVHG�LQ�D�VLWXDWLRQ�ZLWKRXW�
VFUHHQLQJ��RU�WKH\�DUH�FDQFHUV�ZLWK�D�YHU\�ORQJ�
SUHFOLQLFDO�VFUHHQGHWHFWDEOH�SHULRG��7KH�ILUVW�RI�WKHVH�
WZR�JURXSV�ZRXOG�UHVXOW�LQ�D�QRQ�WUDQVLHQW�LQFUHDVH�
RI�LQFLGHQFH�GXH�WR�VFUHHQLQJ��6XFK�LQFUHDVH�LV�QRW�
REVHUYHG��WKHUHIRUH�LV�DW�PRVW�VPDOO��DQG�DVVXPLQJ�
DQ�H[SRQHQWLDO�GLVWULEXWLRQ�RI�WKH�SUHFOLQLFDO�
VFUHHQGHWHFWDEOH�SHULRG�DV�LQ�WKH�EDVLF�PRGHO�
DFFXUDWHO\�SUHGLFWV�REVHUYHG�WHPSRUDU\�FKDQJHV�LQ�
LQFLGHQFH��%RHU�HW�DO���������
7KH�HIIHFW�RI�ODWHQW�FDQFHUV�ZKLFK�LV�DOUHDG\�LQ�WKH�
EDVLF�PRGHO�FDQ�EH�IXUWKHU�LQFUHDVHG�E\�DVVXPLQJ�D�
FRUUHODWLRQ�EHWZHHQ�GXUDWLRQ�RI�SUHFOLQLFDO�GLVHDVH�
DQG�VWDJH�DW�FOLQLFDO�GLDJQRVLV��
,I�IDVW�JURZLQJ�FDQFHUV�DUH��RQ�DYHUDJH��FOLQLFDOO\�
GLDJQRVHG�LQ�D�ODWHU�VWDJH�WKDQ�VORZ�JURZLQJ�
WXPRXUV��WKHQ�WKH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJ�LV�H[SHFWHG�WR�EH�ZRUVH�WKDQ�LQ�WKH�EDVLF�
PRGHO��
:H�GR�QRW�NQRZ�RI�DQ\�DWWHPSW�WR�PHDVXUH�D�
FRUUHODWLRQ�EHWZHHQ�JURZWK�UDWH�DQG�VWDJH�DW�
GLDJQRVLV�RXWVLGH�VFUHHQLQJ��+RZHYHU�ZH�WKLQN�WKDW�
WKH�DVVXPHG�UDWLR�RI�JURZWK�UDWHV�RI���������IRU�
FDQFHUV�WKDW�ZLOO�EH�GLDJQRVHG�DV�7�D��7�E��7�F�RU�
7���DV�LQ�PRGHO�YDULDQW�,,�UHSUHVHQWV�D�FRUUHODWLRQ�DW�
WKH�KLJK�VLGH�RI�D�SODXVLEOH�UDQJH��7KH�H[SHFWHG�*LQL�
FRHIILFLHQW�RI����LV�DJDLQ�KLJKHU�WKDQ�PRVW�REVHUYHG�
*LQL�FRHIILFLHQWV��$VVXPLQJ�D�KLJKHU�FRUUHODWLRQ�
ZRXOG�LPSO\�H[WUHPHO\�VKRUW�GZHOOLQJ�WLPHV�LQ�
GLVHDVH�VWDJHV�SUHFHGLQJ�WKH�VWDJH�LQ�ZKLFK�WKH�
FDQFHU�LV�GLDJQRVHG�ZLWKRXW�VFUHHQLQJ��WKXV�D�ORZ�
SUREDELOLW\�WR�EH�GHWHFWHG�DW�VFUHHQLQJ�LQ�DQ�HDUOLHU�
VWDJH�WKDQ�LI�WKHUH�ZRXOG�EH�QR�VFUHHQLQJ��7KLV�GRHV�
QRW�DJUHH�ZLWK�WKH�IDFW�WKDW�WKH�VWDJH�GLVWULEXWLRQ�RI�
VFUHHQ�GHWHFWHG�FDQFHUV�LV�JHQHUDOO\�PXFK�EHWWHU�WKDQ�
WKDW�RI�FOLQLFDOO\�GLDJQRVHG�FDQFHUV��
,W�LV�SRVVLEOH�WR�LQYHVWLJDWH�WKLV�FRUUHODWLRQ�LQ�VWXGLHV�
OLNH�WKRVH�E\�3HHU�HW�DO��3HHU�HW�DO��������RU�
%UHNHOPDQV�HW�DO��%UHNHOPDQV�HW�DO���������$�
FRUUHODWLRQ�EHWZHHQ�JURZWK�UDWH�DQG�WXPRXU�VL]H�DW�
GLDJQRVLV�FDQ�EH�GHWHUPLQHG�IURP�WKH�VL]H�DW�
GLDJQRVLV�RXWVLGH�VFUHHQLQJ�DQG�WKH�DSSDUHQW�VL]H�RI�
WKH�WXPRXU�DV�LW�DSSHDUV�RQ�RQH�SUHYLRXV�
PDPPRJUDP��2EYLRXVO\�FOLQLFDOO\�GLDJQRVHG�
FDQFHUV�WKDW�FDQ�EH�VHHQ�RQ�D�SUHYLRXV�PDPPRJUDP�
ZLOO�IRUP�D�VHOHFWHG�VDPSOH��EXW�WKLV�GRHV�QRW�
QHFHVVDULO\�LQYDOLGDWH�WKH�WHVW�IRU�FRUUHODWLRQ�EHWZHHQ�
JURZWK�UDWH�DQG�VWDJH�DW�GLDJQRVLV��
(YHQ�WKH�FRPELQDWLRQ�RI�WKH�WZR�SUHYLRXVO\�

GHVFULEHG�DVVXPHG�H[WUHPH�PRGHO�YDULDQWV�LQWR�
PRGHO�YDULDQW�,,,��ZLWK�D�*LQL�FRHIILFLHQW�RI�����VWLOO�
OHDGV�WR�DQ�H[SHFWHG�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJV�ZKLFK�LV�PRUH�IDYRXUDEOH�WKDQ�DW�ILUVW�
VFUHHQLQJV��
�
IDOVH�UHDVVXUDQFH�
$�QHJDWLYH�VFUHHQLQJ�UHVXOW�PD\�LQGXFH�IDOVH�
UHDVVXUDQFH�LQ�D�ZRPDQ�ZKR�PD\�SRVWSRQH�D�YLVLW�WR�
WKH�GRFWRU�IRU�D�OXPS�VKH�PD\�IHHO�LQ�KHU�EUHDVW�DQG�
WKH�GRFWRU�ZKR�PD\�SRVWSRQH�IXUWKHU�GLDJQRVWLFV��
6XFK�SDWLHQW
V�RU�GRFWRU
V�GHOD\�PD\�OHDG�WR�D�ODWHU�
GLDJQRVLV�RI�LQWHUYDO�FDQFHUV�DQG�WR�GHWHFWLRQ�RI�
FDQFHUV�DW�UHSHDW�VFUHHQLQJV�ZKLFK�RWKHUZLVH�ZRXOG�
KDYH�EHHQ�GLDJQRVHG�HDUOLHU�DV�DQ�LQWHUYDO�FDQFHU��)RU�
WKLV�DUWLFOH��RQO\�WKH�ODVW�SRVVLELOLW\�LV�UHOHYDQW�
EHFDXVH�LW�LQIOXHQFHV�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�
VFUHHQLQJV��
7KH�VWDJH�GLVWULEXWLRQ�RI�LQWHUYDO�FDQFHUV�LV�OHVV�
IDYRXUDEOH�WKDQ�WKDW�RI�VFUHHQ�GHWHFWHG�FDQFHUV��$�
GHOD\�LQ�WKH�GHWHFWLRQ�RI�VXFK�FDQFHUV�XS�WR�WKH�
PRPHQW�RI�D�QH[W�VFUHHQLQJ�ZLOO�WKXV�ZRUVHQ�WKH�
VWDJH�GLVWULEXWLRQ�LQ�VXEVHTXHQW�VFUHHQLQJ�URXQGV��
7KH�FXUUHQW�0LVFDQ�PRGHO�FDQQRW�PRGHO�IDOVH�
UHDVVXUDQFH��
'HOD\�LQ�GLDJQRVLV�RI�EUHDVW�FDQFHU�KDV�EHHQ�VWXGLHG�
HDUOLHU��%HGHOO�HW�DO��������&DSODQ�DQG�+HO]OVRXHU�
������&DSODQ�HW�DO��������SDUWLFXODUO\�DOVR�LWV�
XQIDYRXUDEOH�HIIHFW�RQ�SURJQRVLV��(OZRRG�DQG�
0RRUHKHDG�������1HDYH�HW�DO��������3RUWD�HW�DO��
�������WKH�LQIOXHQFH�RI�D�QHJDWLYH�SUHFHGLQJ�
VFUHHQLQJ�RQ�WKLV�GHOD\�KDV�EHHQ�PHQWLRQHG�DOUHDG\�
ORQJ�DJR��%XUQV�������EXW�VWLOO�XUJHQWO\�QHHGV�WR�EH�
LQYHVWLJDWHG�HPSLULFDOO\��
�
GHFUHDVLQJ�VHQVLWLYLW\�
7KH�'XWFK�SRSXODWLRQ�VFUHHQLQJ�SURJUDP�SHUIRUPV�
GRXEOH�YLHZ�PDPPRJUDSK\�DW�ILUVW�VFUHHQLQJV�DQG�
VLQJOH�YLHZ�DW�UHSHDW�VFUHHQLQJV��$OVR�LW�LV�DOOHJHG�
WKDW�WKHUH�LV�D�SUHVVXUH�RQ�WKH�SURJUDP�WR�LQFUHDVH�WKH�
QXPEHU�RI�PDPPRJUDSKLHV�PDGH�SHU�VFUHHQLQJ�XQLW�
ZKLFK�PD\�KDYH�OHG�WR�D�GHFUHDVHG�TXDOLW\�RI�ZRUN�
VLQFH�WKH�VWDUW�RI�WKH�SURJUDP��7KHVH�WZR�IDFWRUV�PD\�
UHVXOW�LQ�D�ORZHU�VHQVLWLYLW\�LQ�UHSHDW�VFUHHQLQJV��
SDUWLFXODUO\�IRU�VPDOOHU�FDQFHUV��WKHUHIRUH�WR�D�OHVV�
IDYRXUDEOH�VWDJH�GLVWULEXWLRQ��+RZHYHU�LW�LV�QRW�YHU\�
SODXVLEOH�WKDW�WKHVH�HIIHFWV�KDYH�RFFXUUHG�LQ�VR�PDQ\�
VFUHHQLQJ�SURMHFWV�DOO�RYHU�WKH�ZRUOG��
,W�LV�SRVVLEOH�WR�LQYHVWLJDWH�ZKHWKHU�ILUVW�DQG�UHSHDW�
PDPPRJUDPV�KDYH�WKH�VDPH�WHFKQLFDO�TXDOLW\��DUH�
LQWHUSUHWHG�DFFRUGLQJ�WR�HTXDO�VWDQGDUGV�DQG�LI�WZR�
YLHZ�PDPPRJUDSK\�LQ�UHSHDW�VFUHHQLQJV�ZLOO�JLYH�D�
EHWWHU�VHQVLWLYLW\�LQ�SDUWLFXODU�IRU�VPDOOHU�FDQFHUV��
7KH�ODWWHU�KDV�DOUHDG\�EHHQ�GHPRQVWUDWHG�IRU�ILUVW�
VFUHHQLQJV��%ODQNV�HW�DO���������,W�LV�DOVR�SRVVLEOH�WR�
LQYHVWLJDWH�D�SRVVLEOH�GLIIHUHQFH�LQ�VHQVLWLYLW\�DIWHU�
ILUVW�DQG�UHSHDWHG�VFUHHQLQJV�E\�FRPSDULQJ�WKH�
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LQFLGHQFH�RI�LQWHUYDO�FDQFHUV�DIWHU�ILUVW�DQG�UHSHDW�
VFUHHQLQJV��
�
FRQFOXVLRQ�
7KH�VWDJH�GLVWULEXWLRQ�DW�UHSHDW�H[DPLQDWLRQV�LQ�PRVW�
EUHDVW�FDQFHU�VFUHHQLQJ�SURMHFWV�LV�OHVV�IDYRXUDEOH�
WKDQ�H[SHFWHG��)RXU�SRVVLEOH�H[SODQDWLRQV�DUH�
SUHVHQWHG�LQ�WKLV�SDSHU��7ZR�RI�WKRVH��
OLWWOH�
FRUUHODWLRQ�EHWZHHQ�GZHOOLQJ�WLPHV�RI�FRQVHFXWLYH�
GLVHDVH�VWDWHV
�DQG�
ODWHQW�FDQFHUV
��KDYH�EHHQ�VKRZQ�
WR�EH�DW�PRVW�SDUW�RI�WKH�H[SODQDWLRQ�IRU�WKH�

GLVFUHSDQF\�EHWZHHQ�REVHUYHG�DQG�H[SHFWHG�
GLVWULEXWLRQV��QRW�HYHQ�ZKHQ�ERWK�DUH�ZRUNLQJ�
WRJHWKHU��RQO\�WKH�
ODWHQW�FDQFHUV
�FDQ�EH�HPSLULFDOO\�
LQYHVWLJDWHG��'HFUHDVLQJ�VHQVLWLYLW\�GXULQJ�D�
VFUHHQLQJ�SURJUDP�VHHPV�DQ�XQOLNHO\�H[SODQDWLRQ�IRU�
WKH�GLVFUHSDQF\�LQ�DOO�VFUHHQLQJ�SURJUDPV�FRQVLGHUHG�
LQ�WKLV�DUWLFOH��:KLOH�WKH�UHDGHU�LV�XUJHG�WR�SUHVHQW�
RWKHU�H[SODQDWLRQV��WKHUH�DSSHDUV�WR�EH�UHDVRQ�IRU�
VHULRXV�FRQFHUQ�DERXW�D�VXEVWDQWLDO�HIIHFW�RI�IDOVH�
UHDVVXUDQFH��

�
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����&21&/86,21�
HYLGHQFH�IURP�GLIIHUHQW�UDQGRPLVHG�WULDOV�
7KHUH�H[LVWV�D�VWURQJ�QHHG�IRU�LQWHJUDWLRQ�RI�WKH�
NQRZOHGJH�WKDW�KDV�EHHQ�DFTXLUHG�WKURXJK�GLIIHUHQW�
VWXGLHV��7KH�PHWD�DQDO\VLV�WULHV�WR�SURYLGH�WKLV�
LQIRUPDWLRQ�DQG�KDV�EHHQ�DSSOLHG�TXLWH�VXFFHVVIXOO\��
,W�LV�SULPDULO\�EHLQJ�XVHG�WR�LQFUHDVH�WKH�SUHFLVLRQ�RI�
WKH�PDLQ�RXWFRPH�PHDVXUH�RI�VWXGLHV��0DMRU�
SUREOHPV�ZLWK�WKH�PHWKRG�DUH�WKH�KDQGOLQJ�RI�
GLIIHUHQFHV�EHWZHHQ�WKH�VWXGLHV�DQG�WKH�IDFW�WKDW�WKH�
SULPDU\�RXWFRPH�LV�QRW�QHFHVVDULO\�LGHQWLFDO�ZLWK�WKH�
YDOXH�RI�JUHDWHVW�LQWHUHVW�IRU�GHFLVLRQ�PDNLQJ��7KH�
MRLQW�DQDO\VLV�ZLWK�0LVFDQ�DV�GHVFULEHG�LQ�FKDSWHU���
FDQ�EH�VHHQ�DV�DQ�DOWHUQDWLYH�PHWKRG�IRU�WKH�PHWD�
DQDO\VLV�WKDW�FDQ�RYHUFRPH�VRPH�RI�WKH�SUREOHPV�
ZLWK�MRLQW�DQDO\VHV��
7KH�PHWD�DQDO\VLV�FDQ�KDQGOH�GLIIHUHQFHV�EHWZHHQ�
VWXGLHV�E\�H[FOXGLQJ�VWXGLHV�WKDW�DUH�QRW�LQ�DJUHHPHQW�
ZLWK�D�PRUH�RU�OHVV�QDUURZ�GHILQLWLRQ��WKXV�OLPLWLQJ�
WKH�PHWD�DQDO\VLV�WR�WKH�PRVW�VLPLODU�VWXGLHV��7KLV�
SUDFWLFH�JRHV�DW�WKH�H[SHQVH�RI�WKH�SRZHU�RI�WKH�
DQDO\VLV�WR�LQFUHDVH�SUHFLVLRQ��,W�DOVR�LQWURGXFHV�WKH�
SRVVLELOLW\�RI�ELDV�E\�DVVXPLQJ�D�GHILQLWLRQ�RI�WULDOV�
WKDW�DUH�WR�EH�LQFOXGHG�WKDW�FRLQFLGHV�ZLWK�WULDOV�ZLWK�
DQ�RQ�DYHUDJH�KLJKHU�RU�ORZHU�RXWFRPH�WKDQ�WKH�
H[FOXGHG�WULDOV��%HVLGHV�WKDW��WKH�PDLQ�RXWFRPH�RI�D�
WULDO�RQ�FDQFHU�VFUHHQLQJ�LV�W\SLFDOO\�D�UHODWLYH�ULVN�RI�
G\LQJ�IURP�WKH�GLVHDVH�LQ�TXHVWLRQ�LQ�WKH�
VFUHHQHG�LQYLWHG�DUP�YHUVXV�WKH�FRQWURO�DUP�GXULQJ�
WKH�FRXUVH�RI�WKH�WULDO��)RU�GHFLVLRQ�PDNLQJ��UHGXFWLRQ�
RI�PRUWDOLW\�IURP�WKH�FDQFHU�DQG�OLIH�\HDUV�JDLQHG��
ERWK�LQ�WKH�WDUJHW�SRSXODWLRQ�LQVWHDG�RI�WKH�WULDO�
SRSXODWLRQ��DUH�PRUH�LQWHUHVWLQJ�YDOXHV��
7KH�0LVFDQ�PRGHO�IRU�EUHDVW�FDQFHU�KDV�EHHQ�DSSOLHG�
WR�DQDO\VH�WKH�RXWFRPHV�RI�WKH�6ZHGLVK�EUHDVW�
VFUHHQLQJ�WULDOV�ZKLOH�DFFRXQWLQJ�IRU�VHYHUDO�
FKDUDFWHULVWLFV�RI�WKH�GLIIHUHQW�WULDOV�WR�HVWLPDWH�WKH�
PRGHO�SDUDPHWHU�
LPSURYHPHQW�RI�SURJQRVLV
�WKDW�
UHSUHVHQWV�WKH��WXPRXU�VL]H�GHSHQGHQW��SUREDELOLW\�WR�
SUHYHQW�EUHDVW�FDQFHU�GHDWK�GXH�WR�GHWHFWLRQ�E\�
VFUHHQLQJ��7KLV�SDUDPHWHU�LV�WKHQ�XVHG�WR�HVWLPDWH�
PRUWDOLW\�UHGXFWLRQ�DQG�OLIH�\HDUV�JDLQHG�LQ�WKH�WDUJHW�
SRSXODWLRQ�IRU�ZKLFK�VFUHHQLQJ�LV�EHLQJ�FRQVLGHUHG��
7KXV��WKH�0LVFDQ�DSSURDFK�WULHV�WR�VROYH�ERWK�WKH�
SUREOHP�RI�MRLQLQJ�GDWD�JDWKHUHG�XQGHU�GLIIHUHQW�
FLUFXPVWDQFHV�DQG�WKH�SUREOHP�RI�H[WUDSRODWLQJ�WULDO�
UHVXOWV�WR�D�VLWXDWLRQ�RI�GHFLVLRQ�PDNLQJ���:H�
FXUUHQWO\�SODQ�WR�GR�D�VLPLODU�MRLQW�DQDO\VLV�RI�WULDOV�
IRU�FRORUHFWDO�FDQFHU�VFUHHQLQJ��
$�FOHDU�GLVDGYDQWDJH�RI�WKLV�0LVFDQ�DSSURDFK�LV�WKDW�
UHODWLYH�WR�WKH�PHWKRG�RI�PHWD�DQDO\VLV��WKH�MRLQW�
DQDO\VLV�ZLWK�0LVFDQ�FOHDUO\�ODFNV�VWDWLVWLFDO�YDOLGLW\��
7KH�SUREOHP�WKDW�SUHFOXGHV�VWDWLVWLFDO�YDOLGLW\�RI�
HVWLPDWHV�E\�0LVFDQ�UHVXOWV�IURP�WKH�DPRXQW�RI�
DVVXPSWLRQV�WKDW�DUH�QHFHVVDU\�WR�FRQVWUXFW�WKH�PRGHO�
DQG�RI�ZKLFK�WKH�XQFHUWDLQW\�LV�QRW�NQRZQ�ZHOO�
HQRXJK��7KH�ILUVW�DWWHPSW�WR�HVWLPDWH�XQFHUWDLQW\�RI�D�
0LVFDQ�PRGHO�GLG�QRW�UHVROYH�DOO�SUREOHPV��'XH�WR�

WKH�QDWXUH�RI�WKH�XQUHVROYHG�SUREOHPV��LW�FDQQRW�EH�
H[SHFWHG�WKDW�WKH\�ZLOO�EH�UHVROYHG�IXOO\�DFFHSWDEO\�
LQ�IRUHVHHDEOH�IXWXUH���VHH�DOVR�IXUWKHU�LQ�WKLV�FKDSWHU�
XQGHU�
HYLGHQFH�DQG�XQFHUWDLQW\
���
)URP�WKH�SHUVSHFWLYH�RI�GHFLVLRQ�PDNLQJ�WKHUH�LV�WKH�
FKRLFH�EHWZHHQ�H[WUDSRODWLQJ�WKH�VWDWLVWLFDOO\�YDOLG�
UHVXOWV�IURP�D�PHWD�DQDO\VLV�WR�WKH�VLWXDWLRQ�
FRQFHUQLQJ�WKH�GHFLVLRQ�WR�EH�PDGH��HLWKHU�E\�
DSSO\LQJ�D�IRUPDO�PRGHO�RU�E\�D�PRUH�LQIRUPDO�
PHWKRG��DQG�H[WUDSRODWLQJ�IURP�LQGLYLGXDO�VWXGLHV�E\�
D�MRLQW�PRGHO�DQDO\VLV�WR�WKH�GHFLVLRQ�VLWXDWLRQ��,Q�
RWKHU�ZRUGV��VWDWLVWLFDO�YDOLGLW\�LV�LQHYLWDEO\�ORVW�GXH�
WR�WKH�H[WUDSRODWLRQ��ZKHWKHU�WKLV�H[WUDSRODWLRQ�LV�
SUHFHGHG�E\�D�PHWD�DQDO\VLV�RU�ZKHWKHU�WKH�JDWKHULQJ�
RI�HYLGHQFH�LV�LQFOXGHG�LQWR�D�MRLQW�PRGHO�DQDO\VLV��
:KLOH�WKH�SUREOHP�RI�ORVV�RI�VWDWLVWLFDO�YDOLGLW\�
UHPDLQV��WKHUH�LV�QHHG�IRU�ERWK�WKH�SUDFWLFH�RI�PHWD�
DQDO\VLV�LQ�RUGHU�WR�PHHW�UHTXLUHPHQWV�FRQFHUQLQJ�
HYLGHQFH�EDVHG�PHGLFLQH��DQG�IRU�IXUWKHU�DVVHVVPHQW�
RI�WKH�WHFKQRORJ\�LQ�TXHVWLRQ�EDVHG�RQ�D�MRLQW�PRGHO�
DQDO\VLV��
�
FDVH�FRQWURO�VWXGLHV�LQWR�HIILFDF\�RI�VFUHHQLQJ�
2EVHUYDWLRQDO�VWXGLHV�FDQ�EH�XVHG�DV�DOWHUQDWLYH�IRU�
UDQGRPLVHG�WULDOV�RQ�HIILFDF\�RI�VFUHHQLQJ��)RU�WKLV�
SXUSRVH��WKH�FDVH�FRQWURO�GHVLJQ�KDV�EHHQ�DGDSWHG�IRU�
VFUHHQLQJ�HYDOXDWLRQ��+RZHYHU��D�ZLGHO\�UHFRJQLVHG�
SUREOHP�LV�WKH�VHOI�VHOHFWLRQ�ELDV�GXH�WR�D�OLNHO\�ULVN�
GLIIHUHQFH�EHWZHHQ�WKRVH�ZKR�WHQG�WR�XQGHUJR�
VFUHHQLQJ�DQG�WKRVH�ZKR�GR�QRW��2ULJLQDOO\�WKH�FDVH�
FRQWURO�VWXG\�LV�XVHG�IRU�UHDVRQV�RI�HIILFLHQF\�
EHFDXVH�LW�RQO\�VDPSOHV�D�VPDOO�IUDFWLRQ�RI�WKH�YDVW�
PDMRULW\�RI�LQGLYLGXDOV�ZKR�GR�QRW�KDYH�WKH�GLVHDVH��
7KH�DGDSWHG�YHUVLRQ�IRU�HVWLPDWLQJ�VFUHHQLQJ�HIILFDF\�
WULHV�WR�DYRLG�WKH�ELDV�WKDW�DULVHV�IURP�WKH�IDFW�WKDW�
LQGLYLGXDOV�ZKR�GLH�IURP�WKH�GLVHDVH�KDYH�D�SHULRG�
IURP�GLDJQRVLV�LQ�ZKLFK�WKH\�DUH�QRW�VFUHHQHG��
&KDSWHU���VKRZV�WKDW�WKLV�ELDV�LV�QRW�VXIILFLHQWO\�
UHVROYHG�E\�WKH�FDVH�FRQWURO�PHWKRGRORJ\�DV�LW�LV�
EHLQJ�XVHG��)XUWKHU�GHYHORSPHQW�RI�WKLV�PHWKRGRORJ\�
ZLOO�SUREDEO\�EH�DEOH�WR�IXUWKHU�GLPLQLVK�WKLV�KHDOWK\�
VFUHHQHH�ELDV��EXW�LW�ZLOO�QRW�EH�DEOH�WR�SUHYHQW�VHOI�
VHOHFWLRQ�ELDV��7KLV�SUHFOXGHV�WKH�RXWFRPHV�IURP�FDVH�
FRQWURO�VWXGLHV�RQ�VFUHHQLQJ�HIILFDF\�WR�IRUP�D�
VXIILFLHQW�HYLGHQFH�EDVH�IRU�GHFLGLQJ�WR�VWDUW�D�
VFUHHQLQJ�SURJUDPPH��$IWHU�HIILFDF\�RI�VFUHHQLQJ�
KDV�EHHQ�GHPRQVWUDWHG�E\�UDQGRPLVHG�WULDOV��WKHUH�
PD\�EH�D�UROH�IRU�FDVH�FRQWURO�VWXGLHV�WR�VXSSRUW�
DGGLWLRQDO�WHFKQRORJ\�DVVHVVPHQW��VXFK�DV�WKH�
HYDOXDWLRQ�RI�VFUHHQLQJ�LQ�D�VPDOO�DJH�UDQJH�ZLWKLQ�
WKH�SRWHQWLDO�WDUJHW�SRSXODWLRQ��
�
HVWLPDWLQJ�QHW�VXUYLYDO�
%HVLGHV�DQ�HVWLPDWH�RI�WKH�HIILFDF\�RI�VFUHHQLQJ��
GHFLVLRQ�VXSSRUW�UHTXLUHV�VHYHUDO�RWKHU�SDUDPHWHUV�WR�
EH�HVWLPDWHG�WKDW�LQIOXHQFH�WKH�HIIHFWLYHQHVV�RI�D�
VFUHHQLQJ�SURJUDPPH��0DQ\�RI�WKH�UHOHYDQW�



���

SDUDPHWHUV�FDQ�RQO\�EH�HVWLPDWHG�E\�REVHUYDWLRQDO�
VWXGLHV��3UREDEO\�WKH�PRVW�LPSRUWDQW�RI�WKHVH�YDOXHV�
LV�QHW�VXUYLYDO�IURP�WKH�GLVHDVH�LQ�TXHVWLRQ��7KHUH�LV�
QR�JROG�VWDQGDUG�IRU�HVWLPDWLQJ�QHW�VXUYLYDO��
WKHUHIRUH�DQ�HYDOXDWLRQ�RI�ELDV�LQ�HVWLPDWLQJ�QHW�
VXUYLYDO�LV�OLPLWHG�WR�FRPSDULQJ�GLIIHUHQW��EXW�DOO�
SRWHQWLDOO\�ELDVHG��PHWKRGV��&KDSWHU���VKRZV�WKDW�WKH�
PRVW�KHDYLO\�GHEDWHG�LVVXHV�LQ�HVWLPDWLQJ�QHW�
VXUYLYDO��VXFK�DV�WKH�TXDOLW\�RI�UHJLVWUDWLRQ�RI�FDXVH�
RI�GHDWK��DUH�RI�OLPLWHG�FRQVHTXHQFH��DW�OHDVW�LQ�WKH�
H[DPSOHV�RI�FRORUHFWDO�FDQFHU�DQG�SURVWDWH�FDQFHU��
2WKHU�LVVXHV��VXFK�DV�ZKHWKHU�WR�OLPLW�WKH�DQDO\VLV�WR�
ILUVW�FDQFHUV�LQ�D�SDWLHQW��DUH�DW�OHDVW�DV�LPSRUWDQW��,Q�
SULQFLSOH�DOO�HVWLPDWHG�VXUYLYDO�YDOXHV�XVHG�VKRXOG�EH�
HYDOXDWHG�IRU�ELDV��
�
HYLGHQFH�DQG�XQFHUWDLQW\�
6HQVLWLYLW\�DQDO\VHV�KDYH�EHHQ�DSSOLHG�LQ�VHYHUDO�SDUW�
RI�WKLV�WKHVLV��,Q�VHQVLWLYLW\�DQDO\VLV��WKH�HIIHFWV�RI�
FKDQJLQJ�DVVXPSWLRQV�RQ�WKH�RXWFRPHV�DUH�VWXGLHG��
XVXDOO\�E\�FKDQJLQJ�RQH�PRGHO�SDUDPHWHU�DW�D�WLPH�
DQG�WKXV�VWXG\LQJ�WKH�HIIHFWV�RI�XQFHUWDLQW\�RI�RQH�
SDUDPHWHU�DW�D�WLPH��6RPHWLPHV�WKH�HIIHFWV�DUH�
VWXGLHG�RI�FKDQJLQJ�PRUH�WKDQ�RQH�SDUDPHWHU�DW�WKH�
VDPH�WLPH�LQ�RUGHU�WR�VWXG\�WKH�MRLQW�HIIHFW�RI�
XQFHUWDLQW\�DULVLQJ�IURP�VHYHUDO�SDUDPHWHUV�DQG�WKHLU�
LQWHUDFWLRQV��
,Q�FRPSOLFDWHG�PRGHOV�VXFK�DV�WKH�RQHV�XVHG�LQ�WKLV�
WKHVLV��LW�LV�QRW�IHDVLEOH�WR�IXOO\�H[SORUH�DOO�
LQWHUDFWLRQV�EHWZHHQ�YDULDWLRQV�LQ�SDUDPHWHUV��,W�LV�
PRUH�IHDVLEOH�WR�SHUIRUP�DQ�XQFHUWDLQW\�DQDO\VLV��,Q�
VXFK�DQ�DQDO\VLV��D�SUREDELOLW\�GLVWULEXWLRQ�LV�
DVVXPHG�IRU�HDFK�RI�WKH�SDUDPHWHUV�WKDW�DUH�WR�EH�
VXEMHFWHG�WR�VHQVLWLYLW\�DQDO\VLV��7KH�SUREDELOLW\�
GLVWULEXWLRQ�RI�D�SDUDPHWHU�UHSUHVHQWV�XQFHUWDLQW\�
FRQFHUQLQJ�WKDW�SDUDPHWHU��)RU�VLPSOHU�PRGHOV�LW�LV�
SRVVLEOH�WR�GHULYH�WKH�SUREDELOLW\�GLVWULEXWLRQ�RI�DQ�
RXWFRPH�PHDVXUH�IURP�WKH�GLVWULEXWLRQV�RQ�
DVVXPSWLRQV��)RU�PRUH�FRPSOLFDWHG�PRGHOV��WKH�
SUREDELOLW\�GLVWULEXWLRQ�RI�DQ�RXWFRPH�PHDVXUH�FDQ�
EH�DFFXUDWHO\�HVWLPDWHG�E\�VDPSOLQJ�IURP�WKH�
SUREDELOLW\�GLVWULEXWLRQV�RI�PRGHO�SDUDPHWHUV�DQG�
HYDOXDWLQJ�WKH�PRGHO�IRU�HDFK�VDPSOH��7KH�ULJRXU�RI�
WKH�XQFHUWDLQW\�DQDO\VLV�JLYHV�ULVH�WR�VHYHUDO�
TXHVWLRQV�FRQFHUQLQJ�XQFHUWDLQW\�LQ�PRGHOOLQJ�IRU�
GHFLVLRQ�VXSSRUW�WKDW�DUH�DOVR�DSSOLFDEOH�WR�DQ\�RWKHU�
IRUP�RI�VHQVLWLYLW\�DQDO\VLV��
7KHUH�LV�D�JHQHUDO�UHFRJQLWLRQ�WKDW�GHFLVLRQ�PDNHUV�
VKRXOG�EH�SURYLGHG�ZLWK�D�QRWLRQ�RQ�KRZ�XQFHUWDLQ�
H[SHFWHG�HIIHFWV�RI�D�GHFLVLRQ�DUH��HYHQ�LI�WKH�
GHFLVLRQ�PDNHU�LV�QRW�UHDGLO\�LQWHUHVWHG�LQ�VXFK�
LQIRUPDWLRQ��+RZHYHU��LW�LV�QRW�FOHDU�ZKDW�VKRXOG�EH�
WKH�UROH�RI�XQFHUWDLQW\�LQ�GHFLVLRQ�PDNLQJ��:KLOH�RQ�
WKH�RQH�KDQG�LW�FDQ�EH�DUJXHG�WKDW�D�GHFLVLRQ�VKRXOG�
EH�EDVHG�RQ�MXVW�WKH�H[SHFWHG�HIIHFWV��RQ�WKH�RWKHU�
KDQG�WKHUH�LV�WKH�DUJXPHQW�WKDW�XQFHUWDLQW\�LV�WR�EH�
DYRLGHG��,I�XQFHUWDLQW\�LV�WR�EH�DYRLGHG��WKH�TXHVWLRQ��
�

ULVHV��ZKDW�QHJDWLYH�YDOXH�LV�WR�EH�DWWULEXWHG�WR�
XQFHUWDLQW\"�,Q�RWKHU�ZRUGV��LI�WKHUH�LV�D�FKRLFH�
EHWZHHQ�D�GHFLVLRQ�IRU�VRPHWKLQJ�ZLWK�D�FHUWDLQ�FRVW�
HIIHFWLYHQHVV�WKHQ�KRZ�PXFK�PRUH�IDYRXUDEOH�VKRXOG�
WKH�H[SHFWHG�YDOXH�RI�DQ�DOWHUQDWLYH�ZLWK�OHVV�FHUWDLQ�
FRVW�HIIHFWLYHQHVV�EH"�6RPHWLPHV�WKH�GHVLUH�WR�DYRLG�
XQFHUWDLQW\�LV�GHVFULEHG�DV�DYRLGLQJ�ULVN��+RZHYHU��
LQ�GHFLVLRQ�VXSSRUW�ZKHUH�UHVXOWV�FRQFHUQ�WKH�EDODQFH�
EHWZHHQ�FRVWV�DQG�HIIHFWLYHQHVV��WKH�TXHVWLRQ�ULVHV�
ZKDW�ULVN�LV�WR�EH�DYRLGHG��
$V�ORQJ�DV�LW�LV�QRW�VXIILFLHQWO\�FOHDU�ZKDW�DFWXDO�
GHFLVLRQ�FULWHULRQ�ZLOO�EH�XVHG��LW�LV�QHLWKHU�FOHDU�ZKDW�
XQFHUWDLQW\�VKRXOG�EH�SUHVHQWHG��WKDW�RI�WKH�FRVW�
HIIHFWLYHQHVV�RI�RQH�SROLF\��WKH�PDUJLQDO�FRVW�
HIIHFWLYHQHVV�RI�RQH�VFUHHQLQJ�SROLF\�UHODWLYH�WR�D�
VOLJKWO\�OHVV�LQWHQVLYH�SROLF\��WKH�SROLF\�EHLQJ�3DUHWR�
RSWLPDO�UHODWLYH�WR�DOO�RWKHU�SRVVLEOH�SROLFLHV�RU�WKH�
SROLF\�WR�EH�SUHIHUUHG�DW�D�SDUWLFXODU�WKUHVKROG�IRU�
�PDUJLQDO��FRVW�HIIHFWLYHQHVV"�
,Q�XQFHUWDLQW\�DQDO\VLV��DOO�XQFHUWDLQW\�RQ�
DVVXPSWLRQV�LV�GHVFULEHG�LQ�WKH�VDPH�IRUPDW�RI�D�
SUREDELOLW\�GLVWULEXWLRQ��7KHVH�XQFHUWDLQWLHV�FDQ�
KRZHYHU�EH�RI�TXLWH�GLIIHUHQW�TXDOLW\��)RU�LQVWDQFH�LQ�
VFUHHQLQJ�HYDOXDWLRQ��WKHUH�LV�XQFHUWDLQW\�GXH�WR�
OLPLWHG�QXPEHUV�RI�REVHUYDWLRQV��WR�UHFHQW�
GHYHORSPHQWV�WKDW�FDQQRW�EH�REVHUYHG�LQ�D�VLWXDWLRQ�
ZLWK�ZLGHVSUHDG�VFUHHQLQJ�VR�WKDW�WKH\�FDQ�RQO\�EH�
HVWLPDWHG�ZLWK�DQ�XQFHUWDLQ�PRGHO�RQ�VFUHHQLQJ�
LQIOXHQFH��WR�IXWXUH�FKDQJHV�LQ�WKH�HSLGHPLRORJ\�RI�
WKH�GLVHDVH��WR�DFWXDO�VFUHHQLQJ�EHKDYLRXU�
�DWWHQGDQFH��LQWHUYDOV��IROORZ�XS���DQG�WR�RXWFRPHV�RI�
IXWXUH�QHJRWLDWLRQV�RQ�FRVWV��,W�LV�XQFOHDU�DV�WR�KRZ�
IDU�WKHVH�GLIIHUHQW�NLQGV�RI�XQFHUWDLQWLHV�VKRXOG�EH�
WUHDWHG�DV�EHLQJ�HTXLYDOHQW��
�
EDODQFLQJ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�DW�
KLJK�DJHV�
&KDSWHU���VKRZV�WKDW�ZKLOH�LQ�JHQHUDO�WKH�EDODQFH�
EHWZHHQ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�HIIHFWV�
RI�EUHDVW�FDQFHU�VFUHHQLQJ�LV�JRRG��ZKHQ�VFUHHQLQJ�LV�
DSSOLHG�LQ�KLJKHU�DJH�JURXSV��WKH�XQIDYRXUDEOH�KHDOWK�
HIIHFWV�PD\�HDVLO\�RXWZHLJK�WKH�IDYRXUDEOH�KHDOWK�
HIIHFWV��:H�KDYH�QRW�HVWLPDWHG�WKLV�EDODQFH�IRU�
VFUHHQLQJ�IRU�RWKHU�FDQFHUV��,I�HDUO\�GHWHFWLRQ�RI�
SURVWDWH�FDQFHU�KDV�D�VLPLODU�HIIHFW�DV�WKDW�RI�EUHDVW�
FDQFHU��WKHQ�WKH�EDODQFH�RI�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV�SUREDEO\�FKDQJHV�DW�HDUOLHU�DJH��
7KDW�LV�EHFDXVH�WKH�ORQJHU�VRMRXUQ�WLPH�RI�LQYDVLYH�
SURVWDWH�FDQFHU��SDUWLFXODUO\�DW�KLJKHU�DJHV��UHVXOWV�LQ�
GHWHFWLQJ�PRUH�FDQFHUV�WKDW�ZRXOG�QRW�KDYH�EHHQ�
GLDJQRVHG�ZLWKRXW�VFUHHQLQJ��DQG�LQ�PRUH�OLIH�\HDUV�
ZLWK�FDQFHU��&HUYLFDO�FDQFHU�DQG�FRORUHFWDO�FDQFHU�
KDYH�D�UHODWLYHO\�VKRUW�VRMRXUQ�WLPH�RI�LQYDVLYH�
FDQFHU��DQG�D�UHODWLYHO\�ORQJ�VRMRXUQ�WLPH�RI�
SUHFXUVRUV�RI�FDQFHU�E\�ZKLFK�LQYDVLYH�FDQFHU�FDQ�EH�
SUHYHQWHG��7KLV�FRPSOLFDWHV�WKH�VLWXDWLRQ�WRR�PXFK�
IRU�H[WUDSRODWLRQ�RI�RXU�ILQGLQJV�RQ�EUHDVW�FDQFHU�
VFUHHQLQJ��



���

�
HIIHFWLYHQHVV�DQG�FLUFXPVWDQFHV�
&KDSWHU����VKRZV�WKDW�VSHFLILF�ORFDO�FLUFXPVWDQFHV�
FDQ�LQIOXHQFH�FRVW�HIIHFWLYHQHVV�RI�VFUHHQLQJ�
SURJUDPPHV��+RZHYHU��VHYHUDO�0LVFDQ�HYDOXDWLRQV�
RI�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�GLIIHUHQW�FRXQWULHV�GLG�
QRW�UHVXOW�LQ�ZLGHO\�GLIIHUHQW�RXWFRPHV�DV�WR�WKH�
SUHIHUUHG�VFUHHQLQJ�SROLF\��)RU�LQVWDQFH�6SDLQ�KDV�D�
PXFK�ORZHU�EUHDVW�FDQFHU�ULVN�WKDQ�WKH�1HWKHUODQGV��
ZDUUDQWLQJ�OHVV�LQWHQVLYH�VFUHHQLQJ��0LVFDQ�
PRGHOOLQJ�ZDV�DSSOLHG�LQ�WZR�UHJLRQV�RI�6SDLQ��EXW�
WKHVH�UHJLRQV�KDG�D�PXFK�KLJKHU�EUHDVW�FDQFHU�ULVN�
WKDQ�WKH�DYHUDJH�IRU�6SDLQ��$SSDUHQWO\�UHJLRQV�ZLWK�
WKH�KLJKHVW�EUHDVW�FDQFHU�ULVN�WHQG�WR�EH�WKH�RQHV�
ZDQWLQJ�WR�VWDUW�D�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH�
VR�WKDW�SUHIHUUHG�SROLFLHV�DPRQJ�WKRVH�UHJLRQV�DUH�
YHU\�VLPLODU��
$PRQJ�UHJLRQV�ZLWK�D�VXEVWDQWLDO�VFUHHQLQJ�HIIRUW�IRU�
FHUYLFDO�FDQFHU��WKH�GLIIHUHQFHV�EHWZHHQ�VFUHHQLQJ�
SROLFLHV�DUH�TXLWH�ODUJH�DQG�WKH\�DUH�E\�QR�PHDQV�
MXVWLILHG�E\�GLIIHUHQFHV�LQ�ORFDO�FLUFXPVWDQFHV�RQ�
FRVW�HIIHFWLYHQHVV��2QH�PD\�ZRQGHU�LI�WKLV�
XQMXVWLILDEOH�GLYHUJHQFH�RI�VFUHHQLQJ�SROLFLHV�LV�GXH�
WR�D�ODFN�RI�ILUPQHVV�RI�WKH�HYLGHQFH�IRU�WKH�HIILFDF\�
RI�FHUYLFDO�FDQFHU�VFUHHQLQJ��0RUHRYHU��WKH�PDLQ�
UHJLRQDO�GLIIHUHQFHV�LQ�FHUYLFDO�FDQFHU�VFUHHQLQJ�
FRQFHUQ�WKH�KLJKHU�ULVN�LQ�GHYHORSLQJ�FRXQWULHV�OLNH�
,QGLD�DQG�%UD]LO�FRPSDUHG�WR�WKDW�LQ�ZHVWHUQ�
FRXQWULHV��3DUWLFXODUO\�LQ�KLJK�ULVN�UHJLRQV�KDUGO\�DQ\�
VFUHHQLQJ�WDNHV�SODFH��
�
IXWXUH�GHYHORSPHQWV�
7KH�HIIHFWV�RI�FDQFHU�VFUHHQLQJ�GHSHQG�RQ�D�UDWKHU�
FRPSOLFDWHG�SURFHVV�RI�GHYHORSPHQW�RI�WKH�FDQFHU�LQ�
TXHVWLRQ�DV�ZHOO�DV�RQ�VHYHUDO�FLUFXPVWDQFHV�LQ�ZKLFK�
WKH�VFUHHQLQJ�WDNHV�SODFH��$�TXDQWLWDWLYH�DVVHVVPHQW�
RI�FDQFHU�VFUHHQLQJ�LV�WKHUHIRUH�RQO\�SRVVLEOH�ZLWK�
WKH�DLG�RI�DQ�LQWHJUDWLYH�PRGHO��0LVFDQ�LV�DQ�H[DPSOH�
RI�VXFK�D�PRGHO��7KH�VWDWLVWLFDO�YDOLGLW\�RI�HVWLPDWHV�
IURP�VXFK�PRGHOV�LV�DV�\HW�QRW�YHU\�VDWLVIDFWRU\��
+RZHYHU��WKH�IRUPDO�GHVFULSWLRQ�RI�DOO�DVVXPSWLRQV�
DQG�WKH�PHFKDQLVP�E\�ZKLFK�HVWLPDWHV�IURP�WKH�
PRGHO�DUH�GHULYHG��LV�VXSHULRU�RYHU�DOWHUQDWLYH�
PHWKRGV��,VDDFV�DQG�)LW]JHUDOG�������EHFDXVH�LQ�
WKHRU\�LW�RSHQV�WKH�SRVVLELOLW\�WR�GLVFXVV�DQG�FULWLFLVH�
DOO�DVSHFWV�RI�WKH�DVVHVVPHQW��,Q�SUDFWLFH��WKH�IRUPDO�
GHVFULSWLRQ�RI�PRGHO�HVWLPDWHV�LV�DSSDUHQWO\�WRR�
LQWULFDWH�IRU�DSSURSULDWH�FULWLTXH�DQG�WKXV�WKH\�DUH�
UDWKHU�OLJKW�KHDUWOHGO\�HLWKHU�ILUPO\�DFFHSWHG�RU�
HTXDOO\�ILUPO\�UHMHFWHG��ODUJHO\�GHSHQGLQJ�RQ�
ZKHWKHU�WKH�HVWLPDWH�LV�LQ�DJUHHPHQW�ZLWK�WKH�
SHUVRQDO�SUHIHUHQFH�EDVHG�RQ�LQIRUPDO�HVWLPDWHV�WKDW�
DUH�QRW�OLDEOH�WR�GHWDLOHG�FULWLTXH��7KLV�SUDFWLFH�PD\�
LPSURYH�EHFDXVH�WKH�QXPEHU�RI�UHVHDUFK�JURXSV�WKDW�
LV�VHULRXVO\�ZRUNLQJ�RQ�WKLV�W\SH�RI�PRGHOOLQJ�LV�
LQFUHDVLQJ��JLYLQJ�PRUH�SRVVLELOLWLHV�IRU�FRPSHWLWLRQV�

DQG�PXWXDO�FULWLFLVP��7KHUH�DUH�DOVR�VLJQV�IRU�D�
VWURQJHU�LQWHUDFWLRQ�EHWZHHQ�PRGHO�GHYHORSPHQW�DQG�
HVWDEOLVKLQJ�HPSLULFDO�HYLGHQFH��
2XU�UHVHDUFK�JURXS�LV�FXUUHQWO\�GHYHORSLQJ�D�QHZ�
PRGHO�IRU�HYDOXDWLQJ�EUHDVW�FDQFHU�VFUHHQLQJ�WKDW�LV�
EHWWHU�DEOH�WR�H[SODLQ�LPSURYHPHQW�RI�SURJQRVLV�GXH�
WR�HDUO\�GHWHFWLRQ�DQG�WKDW�FDQ�EHWWHU�VHSDUDWH�WKH�
QDWXUDO�FRXUVH�RI�WKH�FDQFHU��WKH�EHKDYLRXU�RI�WKH�
ZRPDQ�ZLWK�WKH�FDQFHU�LQ�UHVSRQVH�WR�VLJQ�IURP�WKH�
GLVHDVH��DQG�WKH�HIIHFWV�RI�D�VFUHHQLQJ�SURJUDPPH��
7KLV�PRGHO�ZLOO�SURYLGH�D�EHWWHU�WRRO�WR�VWXG\�WKH�
LQIOXHQFH�RI�FKDQJHV�LQ�WKH�HDUOLQHVV�RI�GLDJQRVLV�
RXWVLGH�VFUHHQLQJ�RQ�WKH�HIIHFWLYHQHVV�RI�VFUHHQLQJ�
DQG�WKH�SRVVLEOH�HIIHFWV�RI�GHOD\�RI�GLDJQRVLV�GXH�WR�D�
SUHYLRXV�QHJDWLYH�VFUHHQLQJ��,Q�EUHDVW�FDQFHU�
VFUHHQLQJ�WKHUH�LV�DOVR�QHHG�IRU�PRUH�GHWDLOHG�
DQDO\VLV�RI�WKH�UDQGRPLVHG�WULDOV��SDUWLFXODUO\�ZLWK�
UHVSHFW�WR�WKH�HIIHFW�RI�VFUHHQLQJ�ZRPHQ�XQGHU�DJH�
����6XFK�DQDO\VLV�VKRXOG�RI�FRXUVH�LQFOXGH�WKH�
&DQDGLDQ�1%66�WULDO��
,Q�FHUYLFDO�VFUHHQLQJ�WKH�0LVFDQ�PRGHO�FDQ�EH�XVHG�
WR�HVWLPDWH�WKH�QDWXUDO�KLVWRU\�SDUDPHWHUV�RI�+39�
LQIHFWLRQV�WKDW�PD\�FDXVH�FHUYLFDO�FDQFHU��7KRXJK�WKH�
FDXVDO�UHODWLRQVKLS�EHWZHHQ�+39�LQIHFWLRQ�DQG�
FHUYLFDO�FDQFHU�KDV�EHHQ�ILUPO\�HVWDEOLVKHG�E\�QRZ��LW�
LV�VWLOO�QRW�FOHDU�ZKHWKHU�VRPH�IRUP�RI�+39�
VFUHHQLQJ�FDQ�EH�PRUH�HIILFLHQW�WKDQ�WKH�FXUUHQW�SDS�
WHVW��
7KH�0LVFDQ�PRGHO�IRU�SURVWDWH�FDQFHU�VFUHHQLQJ�ZLOO�
FRQWLQXH�WR�EH�XVHG�DV�DQ�DLG�WR�LQWHUSUHW�GDWD�IURP�
WKH�RQJRLQJ�WULDOV�DQG�SRSXODWLRQ�WUHQGV��DQG�ZLOO�EH�
XVHG�WR�KHOS�HVWLPDWH�WKH�EDODQFH�RI�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�KHDOWK�HIIHFWV�RI�VFUHHQLQJ��
7KH�0LVFDQ�PRGHO�IRU�FRORUHFWDO�FDQFHU�VFUHHQLQJ�
ZLOO�EH�XVHG�WR�KHOS�GHVLJQ�D�WULDO�LQ�WKH�1HWKHUODQGV��
7KLV�WULDO�GHVLJQ�LV�FRPSOLFDWHG�E\�WKH�FKRLFH�
EHWZHHQ�UDWKHU�GLIIHUHQW�VFUHHQLQJ�WHVWV�WKDW�HDFK�
ZRXOG�SHUKDSV�FDOO�IRU�GLIIHUHQW�VFUHHQLQJ�LQWHUYDOV�
DQG�VFUHHQLQJ�DJHV��:H�DUH�DOVR�LQWHQGLQJ�D�MRLQW�
DQDO\VLV�RI�WULDOV�WKDW�KDYH�DOUHDG\�EHHQ�SHUIRUPHG�LQ�
RWKHU�FRXQWULHV��JLYLQJ�DQ�RSSRUWXQLW\�WR�IXUWKHU�
GHYHORS�WKLV�PHWKRG�RI�DQDO\VLV�LQ�DQRWKHU�GLVHDVH�
WKDQ�EUHDVW�FDQFHU��
5HFHQW�GHYHORSPHQWV�LQ�WKH�SRVVLELOLWLHV�WR�GHWHFW�
OXQJ�FDQFHU�DQG�RI�LQIHFWLRQV�WKDW�PD\�FDXVH�VWRPDFK�
FDQFHU��PD\�OHDG�WR�FRQVLGHU�QHZ�VFUHHQLQJ�
SURJUDPPHV��7KH�GHFLVLRQ�IRU�VXFK�D�QHZ�VFUHHQLQJ�
SURJUDPPH�FDQ�EH�VXSSRUWHG�E\�IRU�LQVWDQFH�0LVFDQ�
PRGHOV��
0RGHOV�VXFK�DV�0LVFDQ�ZLOO�SUREDEO\�JDLQ�LQ�
LPSRUWDQFH�IRU�JDLQLQJ�UDWLRQDO�FRQWURO�RYHU�FRPSOH[�
GHFLVLRQ�VLWXDWLRQV�WKDW�DUH�LQHYLWDEOH�ZKHUH�FDQFHU�
VFUHHQLQJ�LV�DW�VWDNH�DQG�ZKHUH�WKH�DLP�LV�QRW�MXVW�WR�
PD[LPLVH�WKH�WDUJHWHG�HIIHFW��EXW�WR�UHDFK�WKH�EHVW�
EDODQFH�RI�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFW��
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6800$5<�
7KHUH�DUH�VHYHUDO�VWHSV�EHWZHHQ�HPSLULFDO�UHVHDUFK�
DQG�GHFLVLRQ�VXSSRUW�IRU�FDQFHU�VFUHHQLQJ��7KH�VWHSV�
RI�JDWKHULQJ�HYLGHQFH�IRU�HIILFDF\�RI�VFUHHQLQJ��
HYDOXDWLRQ�RI�XQFHUWDLQW\�RQ�HVWLPDWHV�IRU�SDUDPHWHUV�
DQG�HIIHFWV��VWULNLQJ�RI�WKH�EDODQFH�EHWZHHQ�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV��DQG�WKH�
HVWLPDWLRQ�RI�WKH�LQIOXHQFH�RI�ORFDO�FLUFXPVWDQFHV�
XQGHU�ZKLFK�VFUHHQLQJ�LV�DSSOLHG�RQ�WKH�HIIHFWV�RI�
FDQFHU�VFUHHQLQJ�DUH�DGYDQFHG�LQ�WKLV�WKHVLV�RQ�WKH�
EDVLV�RI�VHYHUDO�H[DPSOHV��0RVW�H[DPSOHV�FRQFHUQ�
WKH�DSSOLFDWLRQ�RI�WKH�PLFUR�VLPXODWLRQ�PRGHO�
0LVFDQ�WKDW�KDV�EHHQ�GHYHORSHG�SDUWLFXODUO\�IRU�WKH�
HYDOXDWLRQ�RI�HDUO\�GHWHFWLRQ�RI�FDQFHU��
�
JDWKHULQJ�HYLGHQFH�
,Q������DQ�RYHUYLHZ�RI�WKH�ILYH�6ZHGLVK�UDQGRPLVHG�
WULDOV�RQ�EUHDVW�FDQFHU�VFUHHQLQJ�ZDV�SXEOLVKHG��$W�
WKH�WLPH��WKHVH�WULDOV�ZHUH�FRQVLGHUHG�WR�EH�WKH�PRVW�
LPSRUWDQW�FRQWULEXWLRQ�WR�WKH�HYLGHQFH�IRU�HIILFDF\�RI�
EUHDVW�FDQFHU�VFUHHQLQJ��&KDSWHU���GHVFULEHV�D�MRLQW�
DQDO\VLV�RI�WKHVH�WULDOV�WKDW�DFFRXQWV�IRU�WKH�YDULDWLRQ�
LQ�FLUFXPVWDQFHV�EHWZHHQ�WKH�GLIIHUHQW�WULDOV��7KH�
DQDO\VLV�LV�DLPHG�DW�HVWLPDWLQJ�SDUDPHWHUV�RI�D�EUHDVW�
FDQFHU�PRGHO�WKDW�FDQ�EH�XVHG�IRU�H[WUDSRODWLRQ�RI�
WKH�HYLGHQFH�IURP�WKHVH�WULDOV�WR�RWKHU�VFUHHQLQJ�
VLWXDWLRQV��7KLV�FKDSWHU�DOVR�DGGUHVVHV�WKH�LVVXH�RI�
WKH�H[WHQW�WR�ZKLFK�WKH�REVHUYHG�EUHDVW�FDQFHU�
PRUWDOLW\�UHGXFWLRQ�DPRQJ�ZRPHQ�DJHG�\RXQJHU�WKDQ�
���\HDUV�DW�HQWU\�LQWR�WKH�WULDO�FDQ�EH�H[SODLQHG�E\�
VFUHHQLQJ�WKDW�ZDV�DSSOLHG�DW�DJHV�RYHU����\HDUV��,W�LV�
FRQFOXGHG�WKDW�WKH�LPSURYHPHQW�RI�SURJQRVLV�GXH�WR�
HDUO\�GHWHFWLRQ�LV�ODUJHU�WKDQ�DQ�HDUOLHU�HVWLPDWH�DQG�
WKDW�WKH�GDWD�SXEOLVKHG�WKXV�IDU�SRVVLEO\�LPSOLHG�WKDW�
WKH�HIILFDF\�RI�VFUHHQLQJ�ZRPHQ�\RXQJHU�WKDQ����
\HDUV�LV�YHU\�VPDOO��7KH�ODWWHU�FRQFOXVLRQ�SURYRNHG�
WKH�SXEOLFDWLRQ�RI�GDWD�VKRZLQJ�WKDW�WKH�DVVXPSWLRQV�
IURP�ZKLFK�WKDW�SRVVLELOLW\�ZDV�GHULYHG��ZHUH�QRW�
FRUUHFW��0RUH�UHFHQWO\��WKH�HYLGHQFH�IRU�HIILFDF\�RI�
EUHDVW�FDQFHU�VFUHHQLQJ�LQ�ZRPHQ�\RXQJHU�WKDQ����
\HDUV�KDV�EHFRPH�PXFK�VWURQJHU��+RZHYHU��WKH�
TXHVWLRQ�IRU�FRVW�HIIHFWLYHQHVV�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�LQ�\RXQJHU�ZRPHQ�VWLOO�DZDLWV�D�VXIILFLHQW�
DQVZHU��7KH�PRGHO�EDVHG�MRLQW�DQDO\VLV�DV�SUHVHQWHG�
LQ�FKDSWHU���FDQ�EH�UHJDUGHG�DV�FRPSOHPHQWDU\�WR�WKH�
PHWKRG�RI�PHWD�DQDO\VLV�LQ�ZKLFK�GLIIHUHQFHV�LQ�
FLUFXPVWDQFHV�DPRQJ�WULDOV�DQG�H[WUDSRODWLRQ�WR�RWKHU�
FLUFXPVWDQFHV�DUH�SUREOHPDWLF��EXW�WKDW�KDV�PXFK�
EHWWHU�VWDWLVWLFDO�YDOLGLW\��
(IILFDF\�RI�VFUHHQLQJ�LV�QRW�DOZD\V�HVWLPDWHG�IURP�
UDQGRPLVHG�WULDOV�EXW�FDQ�DOVR�EH�HVWLPDWHG�IURP�
REVHUYDWLRQDO�VWXGLHV��7KH�PRVW�DSSURSULDWH�PHWKRG�
IRU�WKDW�LV�D�FDVH�FRQWURO�GHVLJQ�ZLWK�DQ�DGDSWDWLRQ�WR�
DFFRXQW�IRU�WKH�IDFW�WKDW�VFUHHQLQJ�LV�QRW�SHUIRUPHG�
DIWHU�GLDJQRVLV�RI�WKH�GLVHDVH��&KDSWHU���LQYHVWLJDWHV�
ELDV�LQ�HVWLPDWHV�RI�PRUWDOLW\�UHGXFWLRQ�GXH�WR�
VFUHHQLQJ�ZKHQ�D�FDVH�FRQWURO�GHVLJQ�LV�XVHG��,W�
VKRZV�WKDW�DSSDUHQWO\�GLPLQXWLYH�GLIIHUHQFHV�LQ�

PDWFKLQJ�RI�FDVHV�DQG�FRQWUROV��DQG�LQ�WKH�FRXQWLQJ�
RI�H[SRVXUH�WR�VFUHHQLQJ��FDQ�OHDG�WR�VWURQJ�ELDV��
(YHQ�ZLWK�WKH�ULJKW�PDWFKLQJ�DQG�FRXQWLQJ�RI�
H[SRVXUH��DQ�LPSRUWDQW�DPRXQW�RI�ELDV�UHPDLQV�
EHFDXVH�WKH�DGDSWDWLRQ�IRU�H[FHSWLRQ�IURP�VFUHHQLQJ�
RI�SUHYDOHQW�FDVHV�LV�QRW�TXLWH�DFFXUDWH��)XUWKHUPRUH��
WKHUH�LV�SRVVLELOLW\�IRU�ELDV�GXH�WR�DVVRFLDWLRQ�
EHWZHHQ�SDUWLFLSDWLRQ�ZLWK�VFUHHQLQJ�DQG�ULVN�IRU�WKH�
GLVHDVH��7KHUHIRUH��FDVH�FRQWURO�VWXGLHV�VKRXOG�RQO\�
SOD\�D�OLPLWHG�UROH�LQ�WKH�HYDOXDWLRQ�RYHU�FDQFHU�
VFUHHQLQJ��
&KDSWHU���GHVFULEHV�DQ�LQYHVWLJDWLRQ�RI�DQ�DOWHUQDWLYH�
PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO�IURP�D�GLDJQRVLV�RI�
SURVWDWH�FDQFHU��7KLV�PHWKRG�LV�QRW�EDVHG�RQ�D�
SRSXODWLRQ�RI�GLDJQRVHG�FDVHV��EXW�RQ�FDVHV�RI�GHDWK�
RFFXUULQJ�GXULQJ�D�OLPLWHG�SHULRG�LQ�WLPH�WKDW�DUH�
IROORZHG�EDFN�WR�D�SUHFXUVLQJ�GLDJQRVLV�RI�SURVWDWH�
FDQFHU��,I�WKLV�PHWKRG�LV�DSSOLHG�WR�D�VWDEOH�VLWXDWLRQ��
LW�SURGXFHV�DFFXUDWH�UHVXOWV��EXW�LI�WKH�VLWXDWLRQ�
FKDQJHV�RYHU�WKH�FRXUVH�RI�WKH�VWXG\�SHULRG��IRU�
H[DPSOH�GXH�WR�DJHLQJ�RI�WKH�SRSXODWLRQ�RU�
LQWURGXFWLRQ�RI�VFUHHQLQJ��WKHQ�WKH�HVWLPDWH�ZLOO�EH�
FRQVLGHUDEO\�ELDVHG��
&KDSWHU���FRPSDUHV�VHYHUDO�PRUH�JHQHUDOO\�DFFHSWHG�
PHWKRGV�RI�HVWLPDWLQJ�VXUYLYDO��,W�VKRZV�WKDW�WKH�
PRVW�LPSRUWDQW�GLIIHUHQFHV�EHWZHHQ�HVWLPDWHV�IRU�QHW�
VXUYLYDO��DW�OHDVW�IRU�FRORUHFWDO�FDQFHU�DQG�SURVWDWH�
FDQFHU��DUH�GXH�WR�WKH�FKRLFH�IRU�HLWKHU�GLVHDVH�
VSHFLILF�RU�UHODWLYH�VXUYLYDO�������GLIIHUHQFH�LQ�
VXUYLYDO�SHUFHQWDJH�LQ�FRORUHFWDO�FDQFHU�DQG����LQ�
SURVWDWH�FDQFHU��DQG�WKH�FKRLFH�IRU�HLWKHU�LQFOXVLRQ�RU�
H[FOXVLRQ�RI�SHRSOH�ZLWK�PRUH�WKDQ�RQH�SULPDU\�
FDQFHU��DERXW����GLIIHUHQFH���'H�GLIIHUHQFHV�GXH�WR�
RWKHU�YDULDQWV�RI�HVWLPDWLRQ�ZHUH�HYHQ�VPDOOHU��
1HYHUWKHOHVV�LW�LV�UHFRPPHQGDEOH�WR�HYDOXDWH�D�
SDUWLFXODU�PHWKRG�RI�HVWLPDWLQJ�VXUYLYDO�IRU�ELDV��
�
HYLGHQFH�DQG�XQFHUWDLQW\�
,Q�WKH�8QLWHG�.LQJGRP�ZKHUH�ZRPHQ�DJHG�������DUH�
LQYLWHG�HYHU\�WKUHH�\HDUV�IRU�EUHDVW�FDQFHU�VFUHHQLQJ��
WKHUH�DSSHDUHG�WR�EH�D�UHODWLYHO\�KLJK�LQFLGHQFH�RI�
LQWHUYDO�FDQFHUV�LQ�WKH�WKLUG�\HDU�DIWHU�VFUHHQLQJ��7KLV�
UDLVHG�WKH�TXHVWLRQ�ZKHWKHU�WKH�VFUHHQLQJ�LQWHUYDO�
VKRXOG�EH�UHGXFHG�IURP�WKUHH�WR�WZR�\HDUV��&KDSWHU���
UHVHDUFKHV�ZKHWKHU�DSSO\LQJ�WKLV�KLJKHU�VFUHHQLQJ�
IUHTXHQF\�WR�WKH�%ULWLVK�PDVV�VFUHHQLQJ�SURJUDPPH�
IRU�EUHDVW�FDQFHU�LV�FRVW�HIIHFWLYH��7KH�HVWLPDWHG�FRVW�
SHU�OLIH�\HDU�JDLQHG�RI�WKLV�LQWHQVLILFDWLRQ�DSSHDUHG�WR�
EH�QRW�PXFK�KLJKHU�WKDQ�WKDW�RI�WKH�H[LVWLQJ�
SURJUDPPH��%XW�IURP�D�SHUVSHFWLYH�RI�FRVW�
HIIHFWLYHQHVV��LW�LV�HTXDOO\�UHFRPPHQGDEOH�WR�UDLVH�
WKH�ODVW�DJH�RI�LQYLWDWLRQ�IURP����WR����\HDUV��
&KDSWHU���FRPSDUHV�WKH�FRVW�HIIHFWLYHQHVV�RI�FHUYLFDO�
FDQFHU�VFUHHQLQJ�E\�F\WRORJLFDO�VPHDUV�ZLWK�
VFUHHQLQJ�E\�GLUHFW�YLVXDO�LQVSHFWLRQ�RI�WKH�FHUYL[��
7KLV�FRPSDULVRQ�LV�SDUWLFXODUO\�LQWHUHVWLQJ�IRU�
GHYHORSLQJ�FRXQWULHV�EHFDXVH�GLUHFW�LQVSHFWLRQ�LV�IDU�
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OHVV�FRVWO\�DQG�DOVR�GRHV�QRW�UHTXLUH�KLJKO\�
GHYHORSHG�WHFKQRORJLFDO�SURYLVLRQV��+RZHYHU�WKLV�
PHWKRG�RI�VFUHHQLQJ�LV�OHVV�VHQVLWLYH�IRU�
DEQRUPDOLWLHV�DQG�UHVXOW�LQWR�D�UDWKHU�ODUJH�
SHUFHQWDJH�RI�IDOVH�SRVLWLYHV�WKDW�UHTXLUH�IXUWKHU�
GLDJQRVLV��:KHQ�FRPSDULQJ�HTXDOO\�HIIHFWLYH�
VFUHHQLQJ�SURJUDPV��WKH�WRWDO�FRVW�DV�ZHOO�DV�
UHTXLUHPHQW�IRU�WHFKQRORJ\�LV�H[SHFWHG�WR�EH�KLJKHU�
WKDQ�ZLWK�DSSOLFDWLRQ�RI�WKH�SDS�VPHDU��+RZHYHU��
RWKHU�PHWKRGV�RI�YLVXDO�LQVSHFWLRQ�ZLWK�EHWWHU�WHVW�
FKDUDFWHULVWLFV��IRU�LQVWDQFH�DIWHU�WUHDWPHQW�RI�WKH�
FHUYL[�ZLWK�GLOXWHG�DFHWLF�DFLG�RU�ZLWK�DLG�RI�D�
J\QRVFRSH��DUH�SRVVLEO\�PRUH�FRVW�HIIHFWLYH�WKDQ�WKH�
SDS�VPHDU��
�
EDODQFLQJ�IDYRXUDEOH�DQG�XQIDYRXUDEOH�HIIHFWV�
&KDSWHU���LQYHVWLJDWHV�WKH�DJH�DW�ZKLFK�IXUWKHU�
LQYLWDWLRQV�IRU�EUHDVW�FDQFHU�VFUHHQLQJ�UHVXOW�LQ�PRUH�
XQIDYRXUDEOH�WKDQ�IDYRXUDEOH�KHDOWK�HIIHFWV��8QGHU�
YHU\�SHVVLPLVWLF�DVVXPSWLRQV�WKLV�XSSHU�DJH�LV�DW����
\HDUV��7KLV�UHVXOW�ZDV�DQ�LPSRUWDQW�UHDVRQ�IRU�WKH�
H[WHQGLQJ�WKH�FXUUHQW�'XWFK�QDWLRQDO�VFUHHQLQJ�
SURJUDPPH�IURP�XSSHU�DJH�RI�LQYLWDWLRQ�RI����WR����
\HDUV��8QGHU�OHVV�SHVVLPLVWLF�DVVXPSWLRQV��WKLV�
H[WHQVLRQ�LV�DOVR�HIILFLHQW�IURP�D�FRVW�HIIHFWLYHQHVV�
SHUVSHFWLYH��
&KDSWHU���FRQVLGHUV�ZKHWKHU�WKH�XQIDYRXUDEOH�HIIHFWV�
RI�EUHDVW�FDQFHU�VFUHHQLQJ�DW�KLJKHU�DJHV�FDQ�EH�
OLPLWHG�E\�D�ORQJHU�LQWHUYDO�EHWZHHQ�WKH�LQYLWDWLRQV�
IRU�VFUHHQLQJ��:KHQ�UHGXFLQJ�WKH�VFUHHQLQJ�LQWHUYDO��
PRVW�RI�WKH�DGGLWLRQDOO\�GHWHFWHG�FDQFHUV�KDYH�D�
UHODWLYHO\�VKRUW�SUHFOLQLFDO�VRMRXUQ�WLPH��(DUO\�
GHWHFWLRQ�RI�VXFK�FDQFHUV�FDQ�RIWHQ�SUHYHQW�PRUWDOLW\�
IURP�WKH�GLVHDVH��ZKLOH�LW�RQO\�UDUHO\�LQGXFHV�H[WUD�
LQFLGHQFH��7KDW
V�ZK\�XQIDYRXUDEOH�KHDOWK�HIIHFWV�
LQFUHDVH�OHVV�WKDQ�IDYRXUDEOH�KHDOWK�HIIHFWV�ZKHQ�
UHGXFLQJ�WKH�VFUHHQLQJ�LQWHUYDO��7KH�UDWLR�RI�
IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�HIIHFWV�WKHUHIRUH�
LV�QR�UHDVRQ�WR�DSSO\�D�ORQJHU�VFUHHQLQJ�LQWHUYDO�DW�
KLJKHU�DJHV��7KH�FRVW�SHU�OLIH�\HDU�JDLQHG�DUH�RI�
FRXUVH�VWLOO�KLJKHU�IRU�VFUHHQLQJ�ZLWK�KLJKHU�
IUHTXHQF\��
�
HIIHFWLYHQHVV�DQG�FLUFXPVWDQFHV�
&KDSWHU����GHVFULEHV�WKH�LPSRUWDQFH�RI�YDULRXV�
FLUFXPVWDQFHV�LQ�SURVSHFWLYH�HYDOXDWLRQ�RI�HIIHFWV�
DQG�FRVWV�RI�FDQFHU�VFUHHQLQJ��,W�GHVFULEHV�WKH�
LQIOXHQFH�RI�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�VXFK�DV�
OHYHO�RI�LQFLGHQFH��VWDJH�GLVWULEXWLRQ�DQG�VXUYLYDO�LQ�
WKH�VLWXDWLRQ�ZLWKRXW�VFUHHQLQJ��GHPRJUDSK\��WKH�
TXDOLW\�RI�WKH�VFUHHQLQJ�RIIHUHG��WKH�VFUHHQLQJ�
VFKHGXOH��WKH�VFUHHQLQJ�WKDW�KDV�DOUHDG\�EHHQ�DSSOLHG�
EHIRUH�WKHP�PRPHQW�RI�SURVSHFWLYH�HYDOXDWLRQ��WKH�
DWWHQGDQFH�WR�VFUHHQLQJ��WKH�FOLQLFDO�SUDFWLFH�RXWVLGH�
WKH�VFUHHQLQJ�SURJUDPPH��WKH�FRVWV�RI�GLDJQRVWLFV�
DQG�WKHUDS\��WKH�EDODQFH�RI�IDYRXUDEOH�DQG�
XQIDYRXUDEOH�HIIHFWV��DQG�WKH�UDWH�RI�WLPH�SUHIHUHQFH��

7KRXJK�WKH�GLIIHUHQFHV�LQ�FLUFXPVWDQFHV�RI�VFUHHQLQJ�
FDQ�EH�RI�JUHDW�LPSRUWDQFH�IRU�WKH�VHOHFWLRQ�RI�D�
SDUWLFXODU�VFUHHQLQJ�SROLF\��WKH\�VHHP�WR�KDYH�OLWWOH�
DVVRFLDWLRQ�ZLWK�GLIIHUHQFHV�LQ�VFUHHQLQJ�DV�DSSOLHG�
LQ�SUDFWLFH��
�
FRPSHOOLQJ�TXHVWLRQV�
'XULQJ�WKH�SHULRG�RI�VFUHHQLQJ��WKH�0DOP|�WULDO�RQ�
EUHDVW�FDQFHU�VFUHHQLQJ�VKRZHG�DURXQG�����PRUH�
EUHDVW�FDQFHUV�LQ�WKH�VFUHHQLQJ�DUP�WKDQ�LQ�WKH�
FRQWURO�DUP��7KLV�UDLVHG�WKH�TXHVWLRQ�ZKHWKHU�EUHDVW�
FDQFHU�VFUHHQLQJ�FDQ�FDXVH�VXEVWDQWLDO�
RYHUGLDJQRVHV��&KDSWHU����VKRZV�WKDW�GXULQJ�D�WULDO�
RQ�EUHDVW�FDQFHU�VFUHHQLQJ�PDQ\�PRUH�FDQFHUV�FDQ�EH�
GLDJQRVHG�WKDQ�LQ�WKH�FRQWURO�JURXS�ZKLOH�
QHYHUWKHOHVV�WKHUH�LV�RQO\�YHU\�OLPLWHG�H[WUD�
LQFLGHQFH�GXH�WR�VFUHHQLQJ��7KDW�LV�EHFDXVH�PRVW�RI�
WKHVH�FDVHV�DUH�GLDJQRVHG�HDUOLHU�LQ�ZRPHQ�ZKR�
ZRXOG�DOVR�EH�GLDJQRVHG�ZLWK�EUHDVW�FDQFHU�DW�D�ODWHU�
SRLQW�LQ�WLPH��6FUHHQLQJ�IRU�EUHDVW�FDQFHU�WKHUHIRUH�
FDXVHV�D�VXEVWDQWLDO�EXW�PRVWO\�WHPSRUDU\�LQFUHDVH�RI�
LQFLGHQFH��
&KDSWHU����GHVFULEHV�WKDW�WKH�VWDJH�GLVWULEXWLRQ�RI�
FDQFHUV�WKDW�DUH�GHWHFWHG�DW�UHSHDW�EUHDVW�FDQFHU�
VFUHHQLQJV�LV�QRW�PXFK�PRUH�IDYRXUDEOH�WKDW�WKDW�DW�
ILUVW�VFUHHQLQJV�ZKLOH�RQH�ZRXOG�H[SHFW�LW�WR�EH�PXFK�
PRUH�IDYRXUDEOH��6HYHUDO�PHFKDQLVPV�WKDW�PD\�FDXVH�
WKLV�GLIIHUHQFH�EHWZHHQ�REVHUYHG�DQG�GLIIHUHQFHV�LQ�
VWDJH�GLVWULEXWLRQ�DUH�FRQVLGHUHG��OLWWOH�FRUUHODWLRQ�
EHWZHHQ�VRMRXUQ�WLPHV�LQ�FRQVHFXWLYH�SUHFOLQLFDO�
GLVHDVH�VWDWHV��WKH�SUHVHQFH�RI�ODWHQW�FDQFHUV��GHOD\�RI�
V\PSWRPDWLF�GLDJQRVLV�GXH�WR�SDUWLFLSDWLRQ�ZLWK�
VFUHHQLQJ��DQG�ORZHU�WHVW�VHQVLWLYLW\�LQ�UHSHDW�
VFUHHQLQJV��7KH�ILUVW�WZR�PHFKDQLVPV�WRJHWKHU�FDQ�
RQO\�H[SODLQ�SDUW�RI�WKH�GLIIHUHQFH�ZKLOH�LW�VHHPV�
XQOLNHO\�WKDW�UHGXFWLRQ�RI�VHQVLWLYLW\�LV�RFFXUULQJ�LQ�
VR�PDQ\�VFUHHQLQJ�SURMHFWV��7KDW�OHDYHV�WKH�SRVVLEOH�
PHFKDQLVP�RI�IDOVH�UHDVVXUDQFH��$OVR�GXH�WR�WKLV�
ILQGLQJ�DQ�LQYHVWLJDWLRQ�LQWR�WKH�RFFXUUHQFH�RI�IDOVH�
UHDVVXUDQFH�LQ�WR�WKH�'XWFK�PDVV�VFUHHQLQJ�IRU�EUHDVW�
FDQFHU�KDV�EHHQ�VWDUWHG��
�
7KH�SUHYLRXV�RI�WKLV�VXPPDU\�DOUHDG\�SUHVHQWHG�
FRQFOXVLRQV�ZLWK�UHVSHFW�WR�WKH�WUDQVODWLRQ�RI�
HYLGHQFH�WR�SROLF\�PDNLQJ�WKDW�KDV�EHHQ�FODULILHG�LQ�
WKLV�WKHVLV��&KDSWHU����GLVFXVVHV�VRPH�LVVXHV�LQ�WKLV�
WUDQVODWLRQ�WKDW�QHHG�IXUWKHU�DQDO\VLV��5HPDLQLQJ�
TXHVWLRQV�DURXQG�XQFHUWDLQW\�DQDO\VLV�DUH�SRLQWHG�
RXW��DQG�WKH�EDODQFH�RI�IDYRXUDEOH�DQG�XQIDYRXUDEOH�
KHDOWK�HIIHFWV�LQ�VFUHHQLQJ�IRU�RWKHU�FDQFHU�WKDQ�WKDW�
RI�WKH�EUHDVW�LV�FRQVLGHUHG��,W�LV�H[SHFWHG�WKDW�WKH�
PHWKRGRORJ\�RI�HYDOXDWLQJ�FDQFHU�VFUHHQLQJ�ZLOO�
VKRZ�FRQVLGHUDEOH�IXUWKHU�GHYHORSPHQW��SDUWLFXODUO\�
ZLWK�UHVSHFW�WR�PRGHO�EDVHG�DQDO\VLV��WKXV�SRVVLEO\�
OHDGLQJ�WR�IXUWKHU�UDWLRQDOLVDWLRQ�RI�GHFLVLRQ�PDNLQJ�
RQ�FDQFHU�VFUHHQLQJ��

�
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6$0(19$77,1*�
(U�OLJJHQ�YHUVFKLOOHQGH�VWDSSHQ�WXVVHQ�HPSLULVFK�
RQGHU]RHN�HQ�RQGHUVWHXQLQJ�YDQ�EHVOXLWYRUPLQJ�RYHU�
NDQNHUVFUHHQLQJ��'H�VWDSSHQ�YDQ�KHW�YHU]DPHOHQ�YDQ�
GH�HYLGHQWLH�YRRU�HIIHFWLYLWHLW�YDQ�VFUHHQLQJ��KHW�
HYDOXHUHQ�YDQ�GH�RQ]HNHUKHLG�URQG�VFKDWWLQJHQ�YDQ�
SDUDPHWHUV�HQ�HIIHFWHQ��KHW�RSPDNHQ�YDQ�GH�EDODQV�
WXVVHQ�JXQVWLJH�HQ�RQJXQVWLJH�HIIHFWHQ�HQ�KHW�
VFKDWWHQ�YDQ�GH�LQYORHG�YDQ�GH�ORNDOH�
RPVWDQGLJKHGHQ�ZDDURQGHU�KHW�EHYRONLQJVRQGHU]RHN�
ZRUGW�XLWJHYRHUG�RS�GH�HIIHFWHQ�YDQ�NDQNHUVFUHHQLQJ�
ZRUGHQ�LQ�GLW�SURHIVFKULIW�QDGHU�XLWJHZHUNW�DDQ�GH�
KDQG�YDQ�HHQ�DDQWDO�YRRUEHHOGHQ��'H�PHHVWH�
YRRUEHHOGHQ�EHWUHIIHQ�HHQ�WRHSDVVLQJ�YDQ�KHW�PLFUR�
VLPXODWLHPRGHO�0LVFDQ�GDW�VSHFLDDO�RQWZLNNHOG�LV�
YRRU�GH�HYDOXDWLH�YDQ�YURHJH�RSVSRULQJ�YDQ�NDQNHU��
�
YHU]DPHOHQ�YDQ�HYLGHQWLH�
,Q������ZHUG�HHQ�RYHU]LFKW�JHSXEOLFHHUG�YDQ�GH�YLMI�
=ZHHGVH�JHUDQGRPLVHHUGH�WULDOV�RS�
ERUVWNDQNHUVFUHHQLQJ��'H]H�WULDOV�JROGHQ�RS�GDW�
PRPHQW�DOV�GH�EHODQJULMNVWH�ELMGUDJH�DDQ�GH�
HYLGHQWLH�YRRU�ERUVWNDQNHUVFUHHQLQJ��+RRIGVWXN���
EHVFKULMIW�HHQ�JH]DPHQOLMNH�DQDO\VH�YDQ�GH]H�WULDOV�
ZDDUELM�UHNHQLQJ�ZRUGW�JHKRXGHQ�PHW�GH�YDULDWLH�LQ�
RPVWDQGLJKHGHQ�WXVVHQ�GH�YHUVFKLOOHQGH�WULDOV��'H�
DQDO\VH�LV�JHULFKW�RS�KHW�DIOHLGHQ�YDQ�PRGHO�
SDUDPHWHUV�GLH�QRGLJ�]LMQ�YRRU�KHW�H[WUDSROHUHQ�YDQ�
GH�YHU]DPHOGH�HYLGHQWLH�QDDU�DQGHUH�
VFUHHQLQJVVLWXDWLHV��'LW�KRRIGVWXN�JDDW�RRN�LQ�RS�GH�
YUDDJ�LQ�KRHYHUUH�GH�ZDDUJHQRPHQ�
ERUVWNDQNHUVWHUIWHUHGXFWLH�ELM�YURXZHQ�GLH�ELM�KXQ�
VWDUW�YDQ�GHHOQDPH�DDQ�GH�VWXGLH�MRQJHU�GDQ����
ZDUHQ��YHUNODDUG�NDQ�ZRUGHQ�GRRU�VFUHHQLQJ�GLH�ODWHU�
KHHIW�SODDWVJHYRQGHQ�ZDQQHHU�]LM�RXGHU�GDQ����MDDU�
]LMQ��'H�FRQFOXVLHV�ZDUHQ�GDW�GH�SURJQRVHYHUEHWHULQJ�
WHQ�JHYROJH�YDQ�RQWGHNNLQJ�YDQ�ERUVWNDQNHU�GRRU�
VFUHHQLQJ�JURWHU�LV�GDQ�KHW�UHVXOWDDW�YDQ�HHQ�HHUGHUH�
VFKDWWLQJ�HQ�GDW�GH�RS�GDW�PRPHQW�JHSXEOLFHHUGH�
JHJHYHQV�GXLGGHQ�RS�GH�PRJHOLMNKHLG�YDQ�HHQ�]HHU�
JHULQJH�HIIHFWLYLWHLW�YDQ�VFUHHQLQJ�ELM�YURXZHQ�MRQJHU�
GDQ����MDDU��'H�ODDWVWH�FRQFOXVLH�OHLGGH�WRW�SXEOLFDWLH�
YDQ�HQNHOH�JHJHYHQV�GLH�DDQJDYHQ�GDW�GH�
YHURQGHUVWHOOLQJHQ�ZDDUXLW�GH]H�PRJHOLMNKHLG�ZHUG�
DIJHOHLG�QLHW�MXLVW�ZDUHQ��/DWHU�LV�GH�HYLGHQWLH�YRRU�
HIIHFWLYLWHLW�YDQ�ERUVWNDQNHUVFUHHQLQJ�ELM�YURXZHQ�
MRQJHU�GDQ����MDDU�VWHUN�WRHJHQRPHQ��'H�YUDDJ�QDDU�
GH�NRVWHQ�HIIHFWLYLWHLW�YDQ�ERUVWNDQNHUVFUHHQLQJ�ELM�
MRQJHUH�YURXZHQ�PRHW�HFKWHU�QRJ�YROGRHQGH�ZRUGHQ�
EHDQWZRRUG��'H�JHSUHVHQWHHUGH�PHWKRGH�YDQ�
JH]DPHQOLMNH�DQDO\VH�NDQ�JH]LHQ�ZRUGHQ�DOV�HHQ�
DDQYXOOLQJ�RS�GH�PHWD�DQDO\VH�DDQSDN�ZDDUELM�
YDULDWLH�LQ�RPVWDQGLJKHGHQ�WXVVHQ�YHUVFKLOOHQGH�WULDOV�
HQ�H[WUDSRODWLH�QDDU�DQGHUH�RPVWDQGLJKHGHQ�
SUREOHPDWLVFK�]LMQ��PDDU�ZDDUELM�GH�VWDWLVWLVFKH�
YDOLGLWHLW�YHHO�EHWHU�JHZDDUERUJG�LV��
%HKDOYH�GRRU�JHUDQGRPLVHHUG�RQGHU]RHN�ZRUGW�GH�
HIIHFWLYLWHLW�YDQ�VFUHHQLQJ�RRN�ZHO�JHVFKDW�RS�EDVLV�

YDQ�REVHUYDWLRQHOH�JHJHYHQV��'H�PHHVW�DDQJHZH]HQ�
PHWKRGH�GDDUYRRU�LV�HHQ�FDVH�FRQWURO�RQGHU]RHN�PHW�
HHQ�DDQSDVVLQJ�RP�UHNHQLQJ�WH�KRXGHQ�PHW�KHW�IHLW�
GDW�QD�HHQ�GLDJQRVH�YDQ�GH�]LHNWH�JHHQ�VFUHHQLQJ�
PHHU�SODDWVYLQGW��+RRIGVWXN���JDDW�QD�LQ�KRHYHUUH�
VFKDWWLQJHQ�YDQ�NDQNHUVWHUIWHUHGXFWLH�WHQ�JHYROJH�
YDQ�VFUHHQLQJ�YHUWHNHQG�ZRUGHQ�ZDQQHHU�JHEUXLN�
JHPDDNW�ZRUGW�YDQ�HHQ�FDVH�FRQWURO�
RQGHU]RHNVRS]HW��+HW�EOLMNW�GDW�RS�KHW�HHUVWH�JH]LFKW�
PLQLPDOH�YHUVFKLOOHQ�LQ�KHW�PDWFKHQ�YDQ�FDVHV�HQ�
FRQWUROV��HQ�LQ�KHW�WHOOHQ�YDQ�GH�EORRWVWHOOLQJ�DDQ�
VFUHHQLQJ��NXQQHQ�OHLGHQ�WRW�VWHUNH�YHUWHNHQLQJ��=HOIV�
ELM�GH�MXLVWH�PDWFKLQJ�HQ�WHOOLQJ�YDQ�EORRWVWHOOLQJ��
UHVWHHUW�HHQ�EHODQJULMNH�PDWH�YDQ�YHUWHNHQLQJ�GRRUGDW�
GH�DDQSDVVLQJ�YDQ�GH�FDVH�FRQWURO�RQGHU]RHNVRS]HW�
YRRU�QLHW�GHHOQDPH�YDQ�SUHYDOHQWH�JHYDOOHQ��QLHW�
JHKHHO�DFFXUDDW�LV��%RYHQGLHQ�LV�HU�GH�PRJHOLMNKHLG�
YDQ�YHUWHNHQLQJ�WHQ�JHYROJH�YDQ�HHQ�DVVRFLDWLH�
WXVVHQ�GHHOQDPH�DDQ�VFUHHQLQJ�HQ�ULVLFR�RS�GH�]LHNWH��
&DVH�FRQWURO�VWXGLHV�]RXGHQ�GHUKDOYH�PDDU�LQ�]HHU�
EHSHUNWH�PDWH�HHQ�URO�EHKRUHQ�WH�VSHOHQ�ELM�GH�
HYDOXDWLH�YDQ�NDQNHUVFUHHQLQJ��
+RRIGVWXN���EHVFKULMIW�HHQ�RQGHU]RHN�QDDU�HHQ�
DOWHUQDWLHYH�PHWKRGH�YDQ�KHW�VFKDWWHQ�YDQ�RYHUOHYLQJ�
QD�HHQ�GLDJQRVH�YDQ�SURVWDDWNDQNHU�ZDDUELM�LQ�SODDWV�
YDQ�XLW�WH�JDDQ�YDQ�HHQ�SRSXODWLH�JHGLDJQRVWLFHHUGH�
JHYDOOHQ��XLWJHJDDQ�ZRUGW�YDQ�VWHUIJHYDOOHQ�GLH�
JHGXUHQGH�HHQ�EHSDDOGH�SHULRGH�KHEEHQ�
SODDWVJHYRQGHQ�HQ�ZDDUELM�YHUYROJHQV�WHUXJJH]RFKW�
ZRUGW�QDDU�HHQ�YRRUDIJDDQGH�GLDJQRVH�YDQ�
SURVWDDWNDQNHU��:DQQHHU�GH]H�DOWHUQDWLHYH�PHWKRGH�
ZRUGW�WRHJHSDVW�LQ�HHQ�RQYHUDQGHUOLMNH�VLWXDWLH�OHYHUW�
GH]H�JRHGH�UHVXOWDWHQ��PDDU�ZDQQHHU�GH�VLWXDWLH�LQ�GH�
ORRS�YDQ�GH�VWXGLH�YHUDQGHUW��ELMYRRUEHHOG�GRRU�
YHUJULM]LQJ�YDQ�GH�EHYRONLQJ�RI�LQYRHULQJ�YDQ�
VFUHHQLQJ��RQWVWDDW�HHQ�EHODQJULMNH�PDWH�YDQ�
YHUWHNHQLQJ��
,Q�KRRIGVWXN���ZRUGHQ�HHQ�DDQWDO�PHHU�DOJHPHHQ�
JHDFFHSWHHUGH�PHWKRGHQ�YDQ�VFKDWWLQJ�YDQ�
RYHUOHYLQJ�YHUJHOHNHQ��+HW�EOHHN�GDW�GH�EHODQJULMNVWH�
YHUVFKLOOHQ�WXVVHQ�VFKDWWLQJHQ�YRRU�QHWWR�RYHUOHYLQJ��
DOWKDQV�ELM�GLNNH�GDUPNDQNHU�HQ�SURVWDDWNDQNHU���
YRRUWNRPHQ�XLW�GH�NHX]H�YRRU�]LHNWH�VSHFLILHNH�
RYHUOHYLQJ�RI�UHODWLHYH�RYHUOHYLQJ�������YHUVFKLO�LQ�
KHW�RYHUOHYLQJVSHUFHQWDJH�ELM�GLNNH�GDUPNDQNHU�HQ�
���ELM�SURVWDDWNDQNHU��HQ�YRRU�LQFOXVLH�RI�H[FOXVLH�
YDQ�SHUVRQHQ�PHW�PHHU�GDQ�ppQ�SULPDLUH�NDQNHU��FD��
���YHUVFKLO���'H�YHUVFKLOOHQ�WHQ�JHYROJH�YDQ�DQGHUH�
YDULDQWHQ�LQ�PHWKRGLHN�EOHNHQ�QRJ�NOHLQHU��+HW�
YHUGLHQW�QLHWWHPLQ�DDQEHYHOLQJ�GDW�GH�NHX]H�YRRU�HHQ�
EHSDDOGH�PHWKRGH�YDQ�VFKDWWHQ�YDQ�RYHUOHYLQJ�RS�
PRJHOLMNH�YHUWHNHQLQJ�ZRUGW�EHRRUGHHOG��
�
HYLGHQWLH�HQ�RQ]HNHUKHLG�
,Q�KHW�9HUHQLJG�.RQLQNULMN�ZDDU�YURXZHQ�YDQ�������
MDDU�RXG�LHGHUH���MDDU�ZRUGHQ�XLWJHQRGLJG�YRRU�
ERUVWNDQNHUVFUHHQLQJ��ZHUG�JHFRQVWDWHHUG�GDW�WLMGHQV�
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KHW�GHUGH�MDDU�QD�VFUHHQLQJ�EHWUHNNHOLMN�YHHO�
LQWHUYDONDQNHUV�YRRUNRPHQ��'DDURS�UHHV�GH�YUDDJ�RI�
WKH�VFUHHQLQJVLQWHUYDO�YHUNRUW�PRHW�ZRUGHQ�YDQ�GULH�
WRW�WZHH�MDDU��+RRIGVWXN���JDDW�LQ�RS�GH�YUDDJ�RI�KHW�
NRVWHQ�HIIHFWLHI�LV�RP�KHW�%ULWVH�
ERUVWNDQNVFUHHQLQJVSURJUDPPD�RS�GH]H�ZLM]H�WH�
LQWHQVLYHUHQ��'H�JHVFKDWWH�NRVWHQ�SHU�JHZRQQHQ�
OHYHQVMDDU�YDQ�HHQ�GHUJHOLMNH�LQWHQVLYHULQJ�]LMQ�QLHW�
YHHO�KRJHU�GDQ�GLH�YDQ�KHW�EHVWDDQGH�SURJUDPPD��
0DDU�YDQXLW�KHW�RRJSXQW�YDQ�NRVWHQ�HIIHFWLYLWHLW�LV�
HHQ�YHUKRJLQJ�YDQ�GH�ODDWVWH�OHHIWLMG�YDQ�
XLWQRGLJLQJHQ�YDQ����QDDU����MDDU�HYHQ]HHU�DDQ�WH�
EHYHOHQ��
+RRIGVWXN���YHUJHOLMNW�GH�NRVWHQ�HIIHFWLYLWHLW�YDQ�
EDDUPRHGHUKDOVNDQNHUVFUHHQLQJ�GRRU�PLGGHO�YDQ�
F\WRORJLVFKH�XLWVWULMNMHV�PHW�GLH�GRRU�PLGGHO�YDQ�
GLUHFWH�YLVXHOH�LQVSHFWLH�YDQ�GH�EDDUPRHGHUKDOV��
'H]H�YHUJHOLMNLQJ�LV�PHW�QDPH�LQWHUHVVDQW�YRRU�
RQWZLNNHOLQJVODQGHQ�RPGDW�GLUHFWH�LQVSHFWLH�YHHO�
PLQGHU�NRVWEDDU�LV�HQ�PLQGHU�KRRJ�RQWZLNNHOGH�
WHFKQLVFKH�YRRU]LHQLQJHQ�YHUJW��(FKWHU��GH]H�
VFUHHQLQJVPHWKRGH�PLVW�PHHU�DIZLMNLQJHQ�HQ�
UHVXOWHHUW�LQ�HHQ�WDPHOLMN�JURRW�SHUFHQWDJH�IRXW�
SRVLWLHYHQ�GLH�DDQ�QDGHUH�GLDJQRVWLHN�RQGHUZRUSHQ�
PRHWHQ�ZRUGHQ��]RGDW�GH�YHUZDFKWH�WRWDOH�NRVWHQ�HQ�
EHVODJ�RS�WHFKQRORJLH�KRJHU�]LMQ�GDQ�ELM�WRHSDVVLQJ�
YDQ�KHW�XLWVWULMNMH�ELM�HHQ�RQJHYHHU�HYHQ�HIIHFWLHI�
VFUHHQLQJVSURJUDPPD��(FKWHU��DQGHUH�YRUPHQ�YDQ�
YLVXHOH�LQVSHFWLH�PHW�EHWHUH�WHVWHLJHQVFKDSSHQ��
ZDDUELM�ELMYRRUEHHOG�GH�FHUYL[�HHUVW�PHW�ZDW�YHUGXQG�
D]LMQ]XXU�ZRUGW�EHKDQGHOG�RI�PHW�EHKXOS�YDQ�HHQ�
J\QRVFRRS�EHNHNHQ�ZRUGW��]LMQ�PRJHOLMN�ZHO�NRVWHQ�
HIIHFWLHI��
�
DIZHJLQJ�YDQ�JXQVWLJH�HQ�RQJXQVWLJH�HIIHFWHQ�
+RRIGVWXN���JDDW�QD�WRW�ZHONH�OHHIWLMG�YDQ�
XLWQRGLJLQJ�YRRU�ERUVWNDQNHUVFUHHQLQJ�GH�JXQVWLJH�
JH]RQGKHLGVHIIHFWHQ�PHHU�JHZLFKW�LQ�GH�VFKDDO�
OHJJHQ�GDQ�GH�RQJXQVWLJH��%LM�]HHU�SHVVLPLVWLVFKH�
YHURQGHUVWHOOLQJHQ�EOLMNW�GH]H�OHHIWLMGVJUHQV�WH�OLJJHQ�
ELM����MDDU��'H]H�XLWNRPVW�JROG�DOV�EHODQJULMNH�JURQG�
YRRU�GH�XLWEUHLGLQJ�YDQ�GH�ODDWVWH�XLWQRGLJLQJ�YRRU�
KHW�EHYRONLQJVRQGHU]RHN�YDQ����WRW����MDDU��%LM�PHHU�
ZDDUVFKLMQOLMNH�YHURQGHUVWHOOLQJHQ�LV�GH]H�XLWEUHLGLQJ�
YDQXLW�KHW�RRJSXQW�YDQ�NRVWHQ�HIIHFWLYLWHLW�RRN�
HIILFLsQW��
,Q�KRRIGVWXN���ZRUGW�RYHUZRJHQ�RI�GH�RQJXQVWLJH�
HIIHFWHQ�YDQ�ERUVWNDQNHUVFUHHQLQJ�RS�KRJHUH�OHHIWLMG�
EHSHUNW�NXQQHQ�ZRUGHQ�GRRU�YHUOHQJLQJ�YDQ�KHW�
LQWHUYDO�WXVVHQ�XLWQRGLJLQJHQ��%LM�KHW�YHUNRUWHQ�YDQ�
KHW�LQWHUYDO�ZRUGHQ�YRRUDO�PHHU�NDQNHUV�JHYRQGHQ�
PHW�HHQ�EHWUHNNHOLMN�NRUWH�SUHNOLQLVFKH�VFUHHQ�
GHWHFWHHUEDUH�GXXU��%LM�GH]H�NDQNHUV�OHLGW�YHUYURHJGH�
RQWGHNNLQJ�YDDN�WRW�YRRUNRPHQ�YDQ�VWHUIWH�WHQ�
JHYROJH�YDQ�GH]H�NDQNHU��HQ�PDDU�]HOGHQ�WRW�H[WUD�
LQFLGHQWLH�YDQ�ERUVWNDQNHU��'DDUGRRU�QHPHQ�GH�
RQJXQVWLJH�JH]RQGKHLGVHIIHFWHQ�LQ�YHUKRXGLQJ�WRW�GH�
JXQVWLJH�PLQGHU�VWHUN�WRH�ELM�YHUNRUWLQJ�YDQ�KHW�

LQWHUYDO��'H�YHUKRXGLQJ�WXVVHQ�JXQVWLJH�HQ�
RQJXQVWLJH�JH]RQGKHLGVHIIHFWHQ�LV�GXV�JHHQ�
DDQOHLGLQJ�RP�RS�KRJHUH�OHHIWLMG�HHQ�ODQJHU�
VFUHHQLQJVLQWHUYDO�WRH�WH�SDVVHQ��'H�NRVWHQ�SHU�
JHZRQQHQ�OHYHQVMDDU�]LMQ�YRRU�IUHTXHQWHU�VFUHHQLQJ�
XLWHUDDUG�ZHO�KRJHU�GDQ�YRRU�PLQGHU�LQWHQVLHI�
VFUHHQHQ��
�
HIIHFWLYLWHLW�HQ�RPVWDQGLJKHGHQ�
+RRIGVWXN����EHVFKULMIW�KHW�EHODQJ�YDQ�YHUVFKLOOHQGH�
RPVWDQGLJKHGHQ�ELM�SURVSHFWLHYH�HYDOXDWLH�YDQ�GH�
HIIHFWHQ�HQ�NRVWHQ�YDQ�NDQNHUVFUHHQLQJ��(U�ZRUGW�
LQJHJDDQ�RS�KHW�JURWH�EHODQJ�YDQ�HSLGHPLRORJLVFKH�
NHQPHUNHQ�]RDOV�LQFLGHQWLHQLYHDX��VWDGLXPYHUGHOLQJ�
HQ�RYHUOHYLQJ�LQ�GH�VLWXDWLH�]RQGHU�VFUHHQLQJ��GH�
GHPRJUDILH��GH�NZDOLWHLW�YDQ�GH�VFUHHQLQJ��KHW�
VFUHHQLQJVVFKHPD��GH�VFUHHQLQJ�GLH�DO�KHHIW�
SODDWVJHYRQGHQ�YRRU�KHW�PRPHQW�YDQ�SURVSHFWLHYH�
HYDOXDWLH��GH�RSNRPVW�ELM�VFUHHQLQJ��GH�NOLQLVFKH�
SUDNWLMN�EXLWHQ�KHW�VFUHHQLQJVSURJUDPPD��GH�NRVWHQ�
YDQ�YHUULFKWLQJHQ��GH�EDODQV�WXVVHQ�JXQVWLJH�HQ�
RQJXQVWLJH�HIIHFWHQ�HQ�GH�PDWH�YDQ�WLMGYRRUNHXU��
+RHZHO�GH�YHUVFKLOOHQ�LQ�RPVWDQGLJKHGHQ�YDQ�
VFUHHQLQJ�YDQ�JURRW�EHODQJ�NXQQHQ�]LMQ�YRRU�GH�
NHX]H�YDQ�HHQ�EHSDDOG�VFUHHQLQJVSURJUDPPD��OLMNHQ�
]H�EHWUHNNHOLMN�ZHLQLJ�WH�PDNHQ�WH�KHEEHQ�PHW�GH�
YHUVFKLOOHQ�LQ�ZHUNHOLMN�XLWJHYRHUGH�VFUHHQLQJ��
�
EHDQWZRRUGLQJ�YDQ�XUJHQWH�YUDJHQ�
'H�0DOP|�WULDO�RS�ERUVWNDQNHUVFUHHQLQJ�OLHW�]LHQ�GDW�
WLMGHQV�GH�SHULRGH�YDQ�VFUHHQLQJ�FD������PHHU�
ERUVWNDQNHUV�LQ�GH�JHVFUHHQGH�JURHS�ZHUGHQ�
JHYRQGHQ�GDQ�LQ�GH�FRQWUROH�JURHS��'LW�ULHS�GH�YUDDJ�
RS�RI�ERUVWNDQNVFUHHQLQJ�HHQ�JURWH�PDWH�YDQ�
RYHUGLDJQRVWLHN�YHURRU]DDNW��+RRIGVWXN����WRRQW�DDQ�
GDW�WLMGHQV�HHQ�WULDO�RS�ERUVWNDQNHUVFUHHQLQJ�LQ�GH�
JHVFUHHQGH�JURHS�EHWUHNNHOLMN�YHHO�PHHU�NDQNHUV�
JHYRQGHQ�NXQQHQ�ZRUGHQ�GDQ�LQ�GH�FRQWUROH�JURHS��
WHUZLMO�WRFK�VSUDNH�LV�YDQ�JHULQJH�H[WUD�LQFLGHQWLH�WHQ�
JHYROJH�YDQ�VFUHHQLQJ��+HW�JDDW�KLHUELM�QDPHOLMN�LQ�
GH�PHHVWH�JHYDOOHQ�RP�YHUYURHJLQJ�YDQ�GLDJQRVH�ELM�
YURXZHQ�ELM�ZLH�]RQGHU�VFUHHQLQJ�GLH�GLDJQRVH�RRN��
PDDU�SDV�RS�HHQ�ODWHU�WLMGVWLS�JHVWHOG�]RX�]LMQ��
6FUHHQLQJ�RS�ERUVWNDQNHU�YHURRU]DDNW�DOGXV�HHQ�
DDQ]LHQOLMNH�WLMGHOLMNH�YHUKRJLQJ�YDQ�GH�LQFLGHQWLH��
+RRIGVWXN����JDDW�LQ�RS�KHW�YHUVFKLMQVHO�GDW�GH�
VWDGLXPYHUGHOLQJ�YDQ�NDQNHUV�GLH�RSJHVSRRUG�
ZRUGHQ�ELM�YHUYROJVFUHHQLQJHQ�RS�ERUVWNDQNHU�QLHW�
YHHO�JXQVWLJHU�EOLMNW�WH�]LMQ�GDQ�ELM�HHUVWH�
VFUHHQLQJHQ��WHUZLMO�GH�YHUZDFKWLQJ�ZDV�GDW�GH]H�
YHHO�JXQVWLJHU�]RX�]LMQ��(U�ZRUGHQ�YHUVFKLOOHQGH�
PHFKDQLVPHQ�YRRU�KHW�YHUVFKLO�WXVVHQ�ZDDUQHPLQJ�
HQ�YHUZDFKWLQJ�RYHUZRJHQ��ZHLQLJ�FRUUHODWLH�WXVVHQ�
YHUEOLMIWLMGHQ�LQ�YHUVFKLOOHQGH�RSHHQYROJHQGH�
SUHNOLQLVFKH�]LHNWHVWDGLD��GH�DDQZH]LJKHLG�YDQ�
ODWHQWH�NDQNHUV��XLWVWHO�YDQ�GLDJQRVWLHN�RS�EDVLV�YDQ�
V\PSWRPHQ�WHQ�JHYROJH�YDQ�GHHOQDPH�DDQ�VFUHHQLQJ��
HQ�LQ�YHUYROJRQGHU]RHNHQ�DIJHQRPHQ�VHQVLWLYLWHLW�
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YDQ�GH�VFUHHQLQJ��'H�HHUVWH�WZHH�YDQ�GH]H�
PHFKDQLVPHQ�NXQQHQ�JH]DPHQOLMN�VOHFKWV�HHQ�GHHO�
YDQ�KHW�YHUVFKLO�YHUNODUHQ�HQ�KHW�ZHUG�
RQZDDUVFKLMQOLMN�JHDFKW�GDW�DIQDPH�YDQ�VHQVLWLYLWHLW�
LQ�]R�YHHO�VFUHHQLQJVSURMHFWHQ�HHQ�URO�VSHHOGH��
=RGRHQGH�UHVWHHUW�KHW�PRJHOLMNH�PHFKDQLVPH�YDQ�

RQWHUHFKWH�JHUXVWVWHOOLQJ
��0HGH�QDDU�DDQOHLGLQJ�YDQ�
GH]H�EHYLQGLQJ�LV�QX�HHQ�RQGHU]RHN�JHVWDUW�QDDU�
RQWHUHFKWH�JHUXVWVWHOOLQJ�GRRU�KHW�
EHYRONLQJVRQGHU]RHN�QDDU�ERUVWNDQNHU��
�
,Q�KHW�YRRUJDDQGH�]LMQ�DO�FRQFOXVLHV�JHSUHVHQWHHUG�
RYHU�YUDDJVWHOOLQJHQ�URQG�YHUWDOLQJ�YDQ�HYLGHQWLH�
QDDU�EHOHLG�ZDDURYHU�LQ�KHW�SURHIVFKULIW�PHHU�

KHOGHUKHLG�LV�YHUNUHJHQ��,Q�KRRIGVWXN����ZRUGHQ�HHQ�
DDQWDO�YUDDJVWXNNHQ�URQG�GH]H�YHUWDDOVODJ�EHVSURNHQ�
GLH�YHUGHUH�DQDO\VH�EHKRHYHQ��(U�ZRUGHQ�HQLJH�
UHVWHUHQGH�YUDJHQ�URQG�RQ]HNHUKHLGVDQDO\VH�
DDQJHUHLNW��HQ�GH�EDODQV�YDQ�GH�JXQVWLJH�HQ�
RQJXQVWLJH�JH]RQGKHLGVHIIHFWHQ�ELM�DQGHUH�
NDQNHUVFUHHQLQJ�GDQ�GLH�RS�ERUVWNDQNHU�ZRUGW�
EHSURNHQ��1DDU�YHUZDFKWLQJ�]DO�GH�PHWKRGRORJLH�
YRRU�GH�HYDOXDWLH�YDQ�NDQNHUVFUHHQLQJ�]LFK�QRJ�
DDQPHUNHOLMN�YHUGHU�RQWZLNNHOHQ��PHW�QDPH�RS�KHW�
JHELHG�YDQ�GH�PRGHOPDWLJH�DQDO\VH�YDQ�SUREOHPHQ��
ZDDUPHH�HHQ�YHUGHUH�UDWLRQDOLVHULQJ�YDQ�GH�
EHVOXLWYRUPLQJ�URQG�NDQNHUVFUHHQLQJ�NDQ�ZRUGHQ�
EHUHLNW��

�
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5()(5(1&(6�
$EUDKDPVVRQ��$���+��2��$GDPL��$��7DXEH��.��.LP��0��

=HOHQ��DQG�0��.XOOGRUII��������5H��/RQJ�WHUP�
VXUYLYDO�DQG�PRUWDOLW\�LQ�SURVWDWH�FDQFHU�WUHDWHG�
ZLWK�QRQFXUDWLYH�LQWHQW�>OHWWHU��FRPPHQW@��-�8URO�
�����������������

$QGHUVRQ��7��-���-��/DPE��3��'RQQDQ��)��(��$OH[DQGHU��
$��+XJJLQV��DQG�HW�DO��������&RPSDUDWLYH�
SDWKRORJ\�RI�EUHDVW�FDQFHU�LQ�D�UDQGRPLVHG�WULDO�RI�
VFUHHQLQJ��%U�-�&DQFHU�����������������

$QGHUVVRQ��,��������%UHDVW�FDQFHU�VFUHHQLQJ�LQ�0DOP|��
5HFHQW�5HVXOWV�&DQFHU�5HV�������������

$QGHUVVRQ��,���.��$VSHJUHQ��/��-DQ]RQ��7��/DQGEHUJ��.��
/LQGKROP��DQG�HW�DO��������0DPPRJUDSKLF�
VFUHHQLQJ�DQG�PRUWDOLW\�IURP�EUHDVW�FDQFHU��WKH�
0DOP|�PDPPRJUDSKLF�VFUHHQLQJ�WULDO��%0-�
�������������

$ULVWL]DEDO��1���&��&XHOOR��3��&RUUHD��7��&ROOD]RV��DQG�
:��+DHQV]DO��������7KH�LPSDFW�RI�YDJLQDO�
F\WRORJ\�RQ�FHUYLFDO�FDQFHU�ULVNV�LQ�&DOL��
&RORPELD��,QWHUQDWLRQDO�-��RI�&DQFHU���������

$XV��*���-��+XJRVVRQ��DQG�/��1RUOHQ��������/RQJ�WHUP�
VXUYLYDO�DQG�PRUWDOLW\�LQ�SURVWDWH�FDQFHU�WUHDWHG�
ZLWK�QRQFXUDWLYH�LQWHQW�>VHH�FRPPHQWV@��-�8URO�
�������3W�������������

%DLQHV��&��-��������7KH�&DQDGLDQ�1DWLRQDO�%UHDVW�
6FUHHQLQJ�6WXG\��D�SHUVSHFWLYH�RQ�FULWLFLVPV��$QQ�
,QWHUQ�0HG��������������

%DLQHV��&��-���DQG�$��%��0LOOHU��������0DPPRJUDSK\�
YHUVXV�FOLQLFDO�H[DPLQDWLRQ�RI�WKH�EUHDVWV��0RQRJU�
1DWO�&DQFHU�,QVW���������������

%DOGDXI��-��-���0��'UH\IXV��-��5LWWHU��3��0H\HU��DQG�(��
3KLOLSSH��������&HUYLFRJUDSK\��'RHV�LW�LPSURYH�
FHUYLFDO�FDQFHU�VFUHHQLQJ"�$FWD�&\WRO������������
�����

%&''3��������5HSRUW�RI�WKH�:RUNLQJ�*URXS�WR�
5HYLHZ�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH�$PHULFDQ�
&DQFHU�6RFLHW\�%UHDVW�&DQFHU�'HWHFWLRQ�
'HPRQVWUDWLRQ�3URMHFWV��-�1DWO�&DQFHU�,QVW����
�������������

%HGHOO��0��%���0��(��:RRG��'��&��/H]RWWH��6��0��
6HGODFHN��DQG�0��0��2UOHDQV��������'HOD\�LQ�
GLDJQRVLV�DQG�WUHDWPHQW�RI�EUHDVW�FDQFHU��
LPSOLFDWLRQV�IRU�HGXFDWLRQ��-�&DQFHU�(GXF����
�������������

%HHPVWHUERHU��3��0��0��������(YDOXDWLRQ�RI�VFUHHQLQJ�
SURJUDPPHV��6WXGLHV�RQ�EUHDVW�FDQFHU�DQG�SURVWDWH�
FDQFHU�>GLVVHUWDWLRQ@��'HSDUWPHQW�RI�3XEOLF�+HDOWK��
(UDVPXV�8QLYHUVLW\�5RWWHUGDP��5RWWHUGDP��

%HHPVWHUERHU��3��0��0���+��-��GH�.RQLQJ��3��*��
:DUPHUGDP��5��%RHU��(��6ZDUW��'LHUNV�0�/���DQG�
HW�DO��������3UHGLFWLRQ�RI�WKH�HIIHFWV�DQG�FRVWV�RI�
EUHDVW�FDQFHU�VFUHHQLQJ�LQ�*HUPDQ\��,QW�-�&DQFHU�
������������

%HUJHW��$��������,QIOXHQFH�RI�SRSXODWLRQ�VFUHHQLQJ�RQ�
PRUELGLW\�DQG�PRUWDOLW\�RI�FDQFHU�RI�WKH�XWHULQH�
&HUYL[�LQ�0DULER�$PW��'DQ�0HG�%XOO�����������
�����

%HUULQR��)��������3HUVRQDO�FRPPXQLFDWLRQ�RQ�VFUHHQLQJ�
H[SRVXUH�DQG�WKH�'3&3��

%HUULQR��)���*��*DWWD��0��'
$OWR��3��&URVLJQDQL��DQG�(��
5LEROL��������8VH�RI�FDVH�FRQWURO�VWXGLHV�LQ�
HYDOXDWLRQ�RI�VFUHHQLQJ�SURJUDPPHV��8,&&�
7HFKQRO�5HS�6HU�����������

%KDUJDYD��9��/���.��9HUPD��5��6KDUPD��6��%DWUD��DQG�3��
1��$QDQGDODNVKP\��������$�KRVSLWDO�EDVHG�VWXG\�
RQ�WKH�XVH�RI�SDUDPHGLFDO�SHUVRQQHO�IRU�FOLQLFDO�
GRZQVWDJLQJ�RI�FDQFHU�FHUYL[��,QGLDQ�-�0HG�5HV�
����������

%ODFN��5��-���)��%UD\��-��)HUOD\��DQG�'��0��3DUNLQ��������
&DQFHU�LQFLGHQFH�DQG�PRUWDOLW\�LQ�WKH�(XURSHDQ�
8QLRQ��FDQFHU�UHJLVWU\�GDWD�DQG�HVWLPDWHV�RI�
QDWLRQDO�LQFLGHQFH�IRU������>VHH�FRPPHQWV@�
>SXEOLVKHG�HUUDWXP�DSSHDUV�LQ�(XU�-�&DQFHU������
'HF������������@��(XU�-�&DQFHU�������������������

%ODQNV��5��*���6��0��0RVV��DQG�0��*��:DOOLV��������$�
FRPSDULVRQ�RI�WZR�YLHZ�DQG�RQH�YLHZ�
PDPPRJUDSK\�LQ�WKH�GHWHFWLRQ�RI�VPDOO�LQYDVLYH�
FDQFHUV��UHVXOWV�IURP�WKH�1DWLRQDO�+HDOWK�6HUYLFH�
EUHDVW�VFUHHQLQJ�SURJUDPPH��-�0HG�6FUHHQ���
�������������

%OHWWQHU��0���:��6DXHUEUHL��%��6FKOHKRIHU��7��
6FKHXFKHQSIOXJ��DQG�&��)ULHGHQUHLFK��������
7UDGLWLRQDO�UHYLHZV��PHWD�DQDO\VHV�DQG�SRROHG�
DQDO\VHV�LQ�HSLGHPLRORJ\��,QW�-�(SLGHPLRO����
���������

%RHU��5���+��-��GH�.RQLQJ��3��0��0��%HHPVWHUERHU��3��
*��:DUPHUGDP��DQG�)��+��6FKU|GHU��������$�
FRPSDULVRQ�RI�GLVHDVH�VSHFLILF�VXUYLYDO�RI�SDWLHQWV�
ZKR�GLHG�RI�DQG�ZKR�KDG�QHZO\�GLDJQRVHG�
SURVWDWH�FDQFHU��-�8URO��������������������
GLVFXVVLRQ������������

%RHU��5���+�-��GH�.RQLQJ��$��7KUHIDOO��3��:DUPHUGDP��
$��6WUHHW��DQG�HW�DO��������&RVW�HIIHFWLYHQHVV�RI�
VKRUWHQLQJ�VFUHHQLQJ�LQWHUYDO�RU�H[WHQGLQJ�DJH�
UDQJH�RI�1+6�EUHDVW�VFUHHQLQJ�SURJUDPPH��
FRPSXWHU�VLPXODWLRQ�VWXG\�>VHH�FRPPHQWV@��%0-�
��������������������

%RHU��5���+��-��GH�.RQLQJ��*��-��YDQ�YDQ�2RUWPDUVVHQ��
DQG�3�-��YDQ�GHU�0DDV��������,Q�VHDUFK�RI�WKH�EHVW�
XSSHU�DJH�OLPLW�IRU�EUHDVW�FDQFHU�VFUHHQLQJ��(XU�-�
&DQFHU���$�����������������

%RHU��5���*��-��YDQ�2RUWPDUVVHQ��DQG�+�-��GH�.RQLQJ��
������&RVW�HIIHFWLYHQHVV�RI�PDPPRJUDSK\�
VFUHHQLQJ��OHWWHU���UHSO\�5RVHQTXLVW�DQG�/LQGIRUV���
-$0$������������������

%RHU��5���3��:DUPHUGDP��DQG�+�-��GH�.RQLQJ��������
([WUD�LQFLGHQFH�FDXVHG�E\�PDPPRJUDSKLF�
VFUHHQLQJ�>OHWWHU@��/DQFHW����������

%R\HV��'��$���%��0RUULVRQ��(��*��.QR[��*��-��'UDSHU��
DQG�$��%��0LOOHU��������$�FRKRUW�VWXG\�RI�FHUYLFDO�
FDQFHU�VFUHHQLQJ�LQ�%ULWLVK�&ROXPELD��&OLQ�,QYHVW�
0HG���������

%UHNHOPDQV��&��7���-��0��YDQ�*RUS��3��+��3HHWHUV��DQG�
+��-��&ROOHWWH��������+LVWRSDWKRORJ\�DQG�JURZWK�
UDWH�RI�LQWHUYDO�EUHDVW�FDUFLQRPD��&KDUDFWHUL]DWLRQ�
RI�GLIIHUHQW�VXEJURXSV��&DQFHU�������������������
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%URZQ��%��:���&��%UDXQHU��DQG�0��&��0LQQRWWH��������
1RQFDQFHU�GHDWKV�LQ�ZKLWH�DGXOW�FDQFHU�SDWLHQWV��-�
1DWO�&DQFHU�,QVW������������������

%URZQ��0��/���DQG�/��)LQWRU��������&RVW�HIIHFWLYHQHVV�
RI�EUHDVW�FDQFHU�VFUHHQLQJ��SUHOLPLQDU\�UHVXOWV�RI�D�
V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��%UHDVW�&DQFHU�
5HVHDUFK�7UHDW�����������������

%XUQV��3��(��������)DOVH�QHJDWLYH�PDPPRJUDPV�GHOD\�
GLDJQRVLV�RI�EUHDVW�FDQFHU��1�(QJO�-�0HG�����
�������������

&DLUQV��-��$���DQG�0��0��YDQ�GHU�3RO��������6DYLQJ�
IXWXUH�OLYHV��$�FRPSDULVRQ�RI�WKUHH�GLVFRXQWLQJ�
PRGHOV��+HDOWK�(FRQ����������������

&DQWRU��6��%��������&RVW�HIIHFWLYHQHVV�DQDO\VLV��
H[WHQGHG�GRPLQDQFH��DQG�HWKLFV��D�TXDQWLWDWLYH�
DVVHVVPHQW��0HG�'HFLV�0DNLQJ�����������������

&DSODQ��/��6���DQG�.��-��+HO]OVRXHU��������'HOD\�LQ�
EUHDVW�FDQFHU��D�UHYLHZ�RI�WKH�OLWHUDWXUH��3XEOLF�
+HDOWK�5HY�������������������

&DSODQ��/��6���.��-��+HO]OVRXHU��6��6KDSLUR��0��1��
:HVOH\��DQG�%��.��(GZDUGV��������5HDVRQV�IRU�
GHOD\�LQ�EUHDVW�FDQFHU�GLDJQRVLV��3UHY�0HG����
�������������

&%6��������/LIH�WDEOHV�������DQG������������0QGVWDW�
%HYRON��&%6�����������������

&%6��������0DOH�GHDWKV�E\�FDXVH�RI�GHDWK�DQG�DJH�DQG�
DYHUDJH�PDOH�SRSXODWLRQ��������0QGVWDW�%HYRON�
�&%6����������������

&HOHQWDQR��'��'���$��&��.ODVVHQ��&��6��:HLVPDQ��DQG�1��
%��5RVHQVKHLQ��������&HUYLFDO�FDQFHU�VFUHHQLQJ�
SUDFWLFHV�DPRQJ�ROGHU�ZRPHQ��UHVXOWV�IURP�WKH�
0DU\ODQG�&HUYLFDO�&DQFHU�&DVH�&RQWURO�6WXG\��-�
&OLQ�(SLGHPLRO�����������������

&KDPEHUODLQ��-��������)LUPHU�HYLGHQFH�RQ�WKH�YDOXH�RI�
EUHDVW�VFUHHQLQJ���WKH�6ZHGLVK�RYHUYLHZ��(XU�-�
&DQFHU���$�����������������

&KDPEHUODLQ��-���6��0��0RVV��$��(��.LUNSDWULFN��0��
0LFKHOO��DQG�/��-RKQV��������1DWLRQDO�+HDOWK�
6HUYLFH�EUHDVW�VFUHHQLQJ�SURJUDPPH�UHVXOWV�IRU�
��������>SXEOLVFKHG�HUUDWXP�DSSHDUV�LQ�%0-�
��������������VHH�FRPPHQWV�%0-��������������
���@��%0-��������������

&KDQJ��+��5���%��&ROH��DQG�.��,��%ODQG��������
1RQSDOSDEOH�EUHDVW�FDQFHU�LQ�ZRPHQ�DJHG�������
\HDUV��D�VXUJHRQ
V�YLHZ�RI�EHQHILWV�IURP�VFUHHQLQJ�
PDPPRJUDSK\��0RQRJU�1DWO�&DQFHU�,QVW�
��������������

&KHQ��+��+���6��:��'XII\��/��7DEiU��DQG�1��(��'D\��
������0DUNRY�FKDLQ�PRGHOV�IRU�SURJUHVVLRQ�RI�
EUHDVW�FDQFHU��3DUW�,,��SUHGLFWLRQ�RI�RXWFRPHV�IRU�
GLIIHUHQW�VFUHHQLQJ�UHJLPHV��-�(SLGHPLRO�%LRVWDW���
�����������

&KHVVD��$�*���0�(��YDQ�GHQ�$NNHU�YDQ�0DUOH��*�-��YDQ�
2RUWPDUVVHQ��5��%RHU��0��YDQ�%DOOHJRRLMHQ��DQG�
-�'�)��+DEEHPD��VXEPLWWHG��8QFHUWDLQW\�DQDO\VLV�
RI�WKH�FRQVW�HIIHFWLYHQHVV�RI�FHUYLFDO�FDQFHU�
VFUHHQLQJ�SROLFLHV�XVLQJ�WKH�0LVFDQ�
PLFURVLPXODWLRQ�SURJUDP����

&KRGDN��*��:���5��$��7KLVWHG��*��6��*HUEHU��-��(��
-RKDQVVRQ��-��$GROIVVRQ��DQG�HW�DO��������5HVXOWV�

RI�FRQVHUYDWLYH�PDQDJHPHQW�RI�FOLQLFDOO\�ORFDOL]HG�
SURVWDWH�FDQFHU��1�(QJO�-�0HG������������������

&ODUNH��(��$���DQG�7��:��$QGHUVRQ��������'RHV�
VFUHHQLQJ�E\��3DS��VPHDUV�KHOS�SUHYHQW�FHUYLFDO�
FDQFHU"�/DQFHW���������������

&ROOHWWH��+��-��$���-��-��5RPEDFK��1��(��'D\��DQG�)��GH�
:DDUG��������(YDOXDWLRQ�RI�VFUHHQLQJ�IRU�EUHDVW�
FDQFHU�LQ�D�QRQ�UDQGRPLVHG�VWXG\��7KH�'20�
3URMHFW��E\�PHDQV�RI�D�FDVH�FRQWURO�VWXG\��/DQFHW�
��������������������

&RVWDQ]D��0��(��������%UHDVW�FDQFHU�VFUHHQLQJ�LQ�ROGHU�
ZRPHQ��&DQFHU�������6XSS�������������

&R[��%��������9DULDWLRQ�LQ�WKH�HIIHFWLYHQHVV�RI�EUHDVW�
VFUHHQLQJ�E\�\HDU�RI�IROORZ�XS��0RQRJU�1DWO�
&DQFHU�,QVW�������������

&R[��'�&���DQG�3��%D\EXWW��������0HWKRGV�IRU�
XQFHUWDLQW\�DQDO\VLV��D�FRPSDULWLYH�VXUYH\��5LVN�
$QDO\VLV������������

&URQLQ��.��$���'��/��:HHG��5��-��&RQQRU��DQG�3��&��
3URURN��������&DVH�FRQWURO�VWXGLHV�RI�FDQFHU�
VFUHHQLQJ��WKHRU\�DQG�SUDFWLFH��-�1DWO�&DQFHU�,QVW�
����������������

'DYH\�6PLWK��*���DQG�0��(JJHU��������0HWD�DQDO\VLV��
8QUHVROYHG�LVVXHV�DQG�IXWXUH�GHYHORSPHQWV��%PM�
��������������������

'DYH\�6PLWK��*���0��(JJHU��DQG�$��1��3KLOOLSV��������
0HWD�DQDO\VLV��%H\RQG�WKH�JUDQG�PHDQ"�%0-�����
������������������

'D\��1�(���6�'��:DOWHU��/��7DEiU��&�-�*��)DJHUEHUJ��DQG�
+�-�$��&ROOHWWH��������7KH�VHQVLWLYLW\�DQG�OHDG�
WLPH�RI�EUHDVW�FDQFHU�VFUHHQLQJ��D�FRPSDULVRQ�RI�
WKH�UHVXOWV�RI�GLIIHUHQW�VWXGLHV��,Q�6FUHHQLQJ�IRU�
EUHDVW�FDQFHU��HGLWHG�E\�1��(��'D\�DQG�$��%��
0LOOHU��7RURQWR��+DQV�+XEHU�3XEOLVKHUV��

GH�+DHV��-��&�-�0���+��-��GH�.RQLQJ��*��-��YDQ�
2RUWPDUVVHQ��+��0��(��YDQ�$JW��$��(��GH�%UX\Q��
DQG�3��-��YDQ�GHU�0DDV��������7KH�LPSDFW�RI�D�
EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPH�RQ�TXDOLW\�
DGMXVWHG�OLIH�\HDUV��,QW�-�&DQFHU�������������

GH�.RQLQJ��+�-��������7KH�HIIHFWV�DQG�FRVWV�RI�EUHDVW�
FDQFHU�VFUHHQLQJ�>GLVVHUWDWLRQ@��(UDVPXV�
8QLYHUVLW\�5RWWHUGDP��5RWWHUGDP��

GH�.RQLQJ��+��-���5��%RHU��3��*��:DUPHUGDP��3��0��0��
%HHPVWHUERHU��DQG�3��-��YDQ�GHU�0DDV������D��
4XDQWLWDWLYH�LQWHUSUHWDWLRQ�RI�DJH�VSHFLILF�
PRUWDOLW\�UHGXFWLRQV�IURP�WKH�6ZHGLVK�%UHDVW�
&DQFHU�6FUHHQLQJ�7ULDOV��-�1DWO�&DQFHU�,QVW����
����������������

GH�.RQLQJ��+��-���-��)UDFKHERXG��5��%RHU��$��/��
9HUEHHN��+��-��&ROOHWWH��-��+��+HQGULNV��%��0��YDQ�
,QHYHOG��$��(��GH�%UX\Q��DQG�3��-��YDQ�GHU�0DDV��
����E��1DWLRQ�ZLGH�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�7KH�
1HWKHUODQGV��VXSSRUW�IRU�EUHDVW�FDQFHU�PRUWDOLW\�
UHGXFWLRQ��1DWLRQDO�(YDOXDWLRQ�7HDP�IRU�%UHDVW�
&DQFHU�6FUHHQLQJ��1(7%���,QW�-�&DQFHU����
�������������

GH�.RQLQJ��+�-���-��$��YDQ�'RQJHQ��DQG�3�-��YDQ�GHU�
0DDV��������&KDQJHV�LQ�XVH�RI�EUHDVW�FRQVHUYLQJ�
WKHUDS\�LQ�\HDUV������������%U�-�&DQFHU���������
������



���

GH�.RQLQJ��+��-���%��0��YDQ�,QHYHOG��*��-��YDQ�
2RUWPDUVVHQ��-�&�-�0��GH�+DHV��+��-��$��&ROOHWWH��
DQG�HW�DO��������%UHDVW�FDQFHU�VFUHHQLQJ�DQG�FRVW�
HIIHFWLYHQHVV��SROLF\�DOWHUQDWLYHV��TXDOLW\�RI�OLIH�
FRQVLGHUDWLRQV�DQG�WKH�SRVVLEOH�LPSDFW�RI�XQFHUWDLQ�
IDFWRUV��,QW�-�&DQFHU�������������

'H�6XWWHU��3K��0��&RLELRQ��0��9RVVH��'��+HUWHQV��)��
+XHW��)��:HVOLQJ��0��:D\HPEHUJK��&��%RXUGRQ��
DQG�3K�$XWLHU��������$�PXOWLFHQWUH�VWXG\�
FRPSDULQJ�FHUYLFRJUDSK\�DQG�F\WRORJ\�LQ�WKH�
GHWHFWLRQ�RI�FHUYLFDO�LQWUDHSLWKHOLDO�QHRSODVLD��%U�-�
2EVWHW�*\QDHFRO������������������

'UXPPRQG��0�)���%��2
%ULHQ��*�/��6WRGGDUW��DQG�*�:��
7RUUDQFH��������0HWKRGV�IRU�WKH�HFRQRPLF�
HYDOXDWLRQ�RI�KHDOWK�FDUH�SURJUDPPHV�>VHFRQG�
HGLWLRQ@��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��

'XII\��6��:���/��7DEiU��*��)DJHUEHUJ��$��*DG��2��
*U|QWRIW��DQG�HW�DO��������%UHDVW�VFUHHQLQJ��
SURJQRVWLF�IDFWRUV�DQG�VXUYLYDO���UHVXOWV�IURP�WKH�
6ZHGLVK�WZR�FRXQW\�VWXG\��%U�-�&DQFHU���������
������

(DVWPDQ��3��������1&,�DGRSWV�QHZ�PDPPRJUDSK\�
VFUHHQLQJ�JXLGHOLQHV�IRU�ZRPHQ�>QHZV@��-�1DWO�
&DQFHU�,QVW�����������������

(EHOLQJ��.���DQG�3��1LVFKDQ��������6FUHHQLQJ�IRU�OXQJ�
FDQFHU��UHVXOWV�IURP�D�FDVH�FRQWURO�VWXG\��,QW�-�
&DQFHU�����������������

(FNKDUGW��6���)��%DGHOOLQR��DQG�*��3��0XUSK\��������
8,&&�PHHWLQJ�RQ�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�SUH�
PHQRSDXVDO�ZRPHQ�LQ�GHYHORSHG�FRXQWULHV��
*HQHYD�����6HSWHPEHU�����2FWREHU�������,QW�-�
&DQFHU���������

(GG\��'��0��������6FUHHQLQJ�IRU�FHUYLFDO�FDQFHU�>VHH�
FRPPHQWV@��$QQ�,QWHUQ�0HG������������������

(GHUHU��)���/�0��$[WHOO��DQG�6�-��&XWOHU��������7KH�
UHODWLYH�VXUYLYDO�UDWH��D�VWDWLVWLFDO�PHWKRGRORJ\��
1DWO�&DQFHU�,QVW�0RQRJU������������

(IURQ��%���DQG�5��7LEVKLUDQL��������$Q�LQWURGXFWLRQ�WR�
WKH�ERRWVWUDS��1HZ�<RUN��&KDSPDQ�	�+DOO��

(NHOXQG��5%��DQG�5'�7ROOLVRQ��������(FRQRPLFV��
%RVWRQ��/LWWOH��%URZQ�DQG�&RPSDQ\��

(OZRRG��-��0���%��&R[��DQG�$��.��5LFKDUGVRQ��������
7KH�HIIHFWLYHQHVV�RI�EUHDVW�FDQFHU�VFUHHQLQJ�E\�
PDPPRJUDSK\�LQ�\RXQJHU�ZRPHQ�>SXEOLVKHG�
HUUDWD�DSSHDU�LQ�2QOLQH�-�&XUU�&OLQ�7ULDOV������
0DU���'RF�1R����>����ZRUGV����SDUDJUDSKV@�DQG�
�����0DU����'RF�1R�����>����ZRUGV����
SDUDJUDSKV@@�>VHH�FRPPHQWV@��2QOLQH�-�&XUU�&OLQ�
7ULDOV�'RF�1R����>�������ZRUGV������SDUDJUDSKV@��

(OZRRG��-��0���DQG�:��3��0RRUHKHDG��������'HOD\�LQ�
GLDJQRVLV�DQG�ORQJ�WHUP�VXUYLYDO�LQ�EUHDVW�FDQFHU��
%U�0HG�-����������������

(VWqYH��-���(��%HQKDPRX��DQG�/��5D\PRQG��������
6WDWLVWLFDO�PHWKRGV�LQ�FDQFHU�UHVHDUFK��9RO��9,��
/\RQ��:+2�,$5&��

)DJHUEHUJ��*���/��%DOGHWRUS��2��*URQWRIW��%��
/XQGVWURP��-��&��0DQVRQ��DQG�%��1RUGHQVNMROG��
������(IIHFWV�RI�UHSHDWHG�PDPPRJUDSKLF�
VFUHHQLQJ�RQ�EUHDVW�FDQFHU�VWDJH�GLVWULEXWLRQ��
5HVXOWV�IURP�D�UDQGRPLVHG�VWXG\�RI��������ZRPHQ�
LQ�D�6ZHGLVK�FRXQW\��$FWD�5DGLRO�����������������

)HLJ��6��$���DQG�5��(��+HQGULFN��������5DGLDWLRQ�ULVN�
IURP�VFUHHQLQJ�PDPPRJUDSK\�RI�ZRPHQ�DJHG����
���\HDUV��0RQRJU�1DWO�&DQFHU�,QVW���������������

)HXHU��(��-���5��0��0HUULOO��DQG�%��-��+DQNH\��������
&DQFHU�VXUYHLOODQFH�VHULHV��,QWHUSUHWLQJ�WUHQGV�LQ�
SURVWDWH�FDQFHU���3DUW�,,��&DXVH�RI�GHDWK�
PLVFODVVLILFDWLRQ�DQG�WKH�UHFHQW�ULVH�DQG�IDOO�LQ�
SURVWDWH�FDQFHU�PRUWDOLW\��-�1DWO�&DQFHU�,QVW����
����������������

)OHWFKHU��6��:��������%UHDVW�FDQFHU�VFUHHQLQJ�DPRQJ�
ZRPHQ�LQ�WKHLU�IRUWLHV��DQ�RYHUYLHZ�RI�WKH�LVVXHV��
0RQRJU�1DWO�&DQFHU�,QVW�����������

)OHWFKHU��6��:���:��%ODFN��5��+DUULV��%��.��5LPHU��DQG�
6��6KDSLUR������D��5HSRUW�RI�WKH�,QWHUQDWLRQDO�
:RUNVKRS�RQ�6FUHHQLQJ�IRU�%UHDVW�&DQFHU��-�1DWO�
&DQFHU�,QVW��������������������

)OHWFKHU��6��:���:��%ODFN��5��+DUULV��%��.��5LPHU��DQG�
6��6KDSLUR������E��5HSRUW�RI�WKH�,QWHUQDWLRQDO�
:RUNVKRS�RQ�6FUHHQLQJ�IRU�%UHDVW�&DQFHU�>VHH�
FRPPHQWV@��-�1DWO�&DQFHU�,QVW��������������������

)RUUHVW��$��3���DQG�)��(��$OH[DQGHU��������$�TXHVWLRQ�
WKDW�ZLOO�QRW�JR�DZD\��DW�ZKDW�DJH�VKRXG�
PDPPRJUDSKLF�VFUHHQLQJ�EHJLQ"�-�1DWO�&DQFHU�
,QVW��������������������

)RUUHVW��$�3�0��������5HSRUW�WR�WKH�+HDOWK�0LQLVWHUV�RI�
(QJODQG��:DOHV��6FRWODQG�DQG�1RUWKHUQ�,UHODQG�E\�
D�:RUNLQJ�*URXS�FKDLUHG�E\�6LU�3DWULFN�)RUUHVW��
/RQGRQ��+HU�0DMHVWLHV�6WDWLRQDU\�2IILFH��

)RUUHVW��$��3��0���DQG�5��-��$LWNHQ��������
0DPPRJUDSK\�VFUHHQLQJ�IRU�EUHDVW�FDQFHU��$QQX�
5HY�0HG�������������

)RUUHVW��3��������%UHDVW�FDQFHU�VFUHHQLQJ��5HSRUW�WR�WKH�
+HDOWK�0LQLVWHUV�RI�(QJODQG��:DOHV��6FRWODQG�DQG�
1RUWKHUQ�,UHODQG�E\�D�ZRUNLQJ�JURXS�FKDLUHG�E\�
3URI��6LU�3DWULFN�)RUUHVW��/RQGRQ��+HU�0DMHVW\
V�
6WDWLRQHU\�2IILFH��

)UDFKHERXG��-���5��%RHU��%��0��YDQ�,QHYHOG��3��0��0��
%HHPVWHUERHU��$��/��0��9HUEHHN��DQG�HW�DO��������
/DQGHOLMNH�HYDOXDWLH�YDQ�EHYRONLQJVRQGHU]RHN�
QDDU�ERUVWNDQNHU�LQ�1HGHUODQG���9,��+HW�]HVGH�
HYDOXDWLH�UDSSRUW��(GLWHG�E\�5��(UDVPXV�
8QLYHUVLWHLW��8��8QLYHUVLWHLW�DQG�1��.DWK��
XQLYHUVLWHLW��5RWWHUGDP��/HWE��

)UDQNHO��6��'���(��$��6LFNOHV��%��1��&XUSHQ��5��$��
6ROOLWWR��6��+��2PLQVN\��DQG�+��%��*DOYLQ��������
,QLWLDO�YHUVXV�VXEVHTXHQW�VFUHHQLQJ�
PDPPRJUDSK\��FRPSDULVRQ�RI�ILQGLQJV�DQG�WKHLU�
SURJQRVWLF�VLJQLILFDQFH��$-5�$P�-�5RHQWJHQRO�
�������������������

)ULHGPDQ��*��'���5��$��+LDWW��4XHVHQEHUU\�&S��-U���-��9��
6HOE\��DQG�1��6��:HLVV��������3UREOHPV�LQ�
DVVHVVLQJ�VFUHHQLQJ�H[SHULHQFH�LQ�REVHUYDWLRQDO�
VWXGLHV�RI�VFUHHQLQJ�HIILFDF\��H[DPSOH�RI�
XULQDO\VLV�VFUHHQLQJ�IRU�EODGGHU�FDQFHU��-�0HG�
6FUHHQ����������������

)ULVFK��/��(���)��+��0LOQHU��DQG�'��*��)HUULV��������
1DNHG�H\H�LQVSHFWLRQ�RI�WKH�FHUYL[�DIWHU�DFHWLF�
DFLG�DSSOLFDWLRQ�PD\�LPSURYH�WKH�SUHGLFWLYH�YDOXH�
RI�QHJDWLYH�F\WRORJLF�VFUHHQLQJ�>VHH�FRPPHQWV@��-�
)DP�3UDFW�����������������



���

)ULVFKELHU��+�-���%�3��5REUD��:��+RHIINHQ��DQG�0�/��
'LHUNV��������0DPPRJUDSKLH�LQ�GHU�
.UHEVIUXHKHUNHQQXQJ��6WXWWJDUW��)HUGLQDQG�(QNH�
9HUODJ��

)ULVHOO��-���*��(NOXQG��/��+HOOVWU|P��8��*ODV��DQG�$��
6RPHOO��������7KH�6WRFNKROP�EUHDVW�FDQFHU�
VFUHHQLQJ�WULDO�����\HDU�UHVXOWV�DQG�VWDJH�DW�
GLVFRYHU\��%UHDVW�&DQFHU�5HV�7UHDW�����������

)ULVHOO��-���8��*ODV��/��+HOOVWU|P��DQG�$��6RPHOO��������
5DQGRPL]HG�PDPPRJUDSKLF�VFUHHQLQJ�IRU�EUHDVW�
FDQFHU�LQ�6WRFNKROP��%UHDVW�&DQFHU�5HV�7UHDW�
���������

*DIILNLQ��/���3�'��%OXPHQWKDO��-��0F*UDWK��DQG�=�0��
&KLUHQMH��������9LVXDO�LQVSHFWLRQ�ZLWK�DFHWLF�DFLG�
IRU�FHUYLFDO�FDQFHU�VFUHHQLQJ��WHVW�TXDOLWLHV�LQ�D�
SULPDU\�FDUH�VHWWLQJ��8QLYHUVLW\�RI�
=LPEDEZH�-+3,(*2�&HUYLFDO�&DQFHU�3URMHFW��
/DQFHW���������������������

*HRUJH��1��-��5��������1DWXUDO�KLVWRU\�RI�ORFDOLVHG�
SURVWDWLF�FDQFHU�PDQDJHG�E\�FRQVHUYDWLYH�WKHUDS\�
DORQH��/DQFHW�L����������

*LOO��7��0���DQG�5��,��+RUZLW]��������(YDOXDWLQJ�WKH�
HIILFDF\�RI�FDQFHU�VFUHHQLQJ��FOLQLFDO�GLVWLQFWLRQV�
DQG�FDVH�FRQWURO�VWXGLHV�>VHH�FRPPHQWV@��-�&OLQ�
(SLGHPLRO�����������������

*ODV]LRX��3���DQG�/��,UZLJ��������7KH�TXDOLW\�DQG�
LQWHUSUHWDWLRQ�RI�PDPPRJUDSKLF�VFUHHQLQJ�WULDOV�
IRU�ZRPHQ�DJHV��������0RQRJU�1DWO�&DQFHU�,QVW�
������������

*¡W]VFKH��3��&���DQG�2��2OVHQ��������,V�VFUHHQLQJ�IRU�
EUHDVW�FDQFHU�ZLWK�PDPPRJUDSK\�MXVWLILDEOH"�
/DQFHW���������������������

*U|QEHUJ��+��������3URVWDWH�FDQFHU��HSLGHPLRORJLFDO�
VWXGLHV�>GLVVHUWDWLRQ@��8PHD�8QLYHUVLW\��8PHD��

*XOOEHUJ��%���,��$QGHUVVRQ��/��-DQ]RQ��DQG�-��5DQVWDP��
������6FUHHQLQJ�PDPPRJUDSK\��/DQFHW����������

*XVWDIVVRQ��/���-��3RQWHQ��5��%HUJVWURP��DQG�+��2��
$GDPL��������,QWHUQDWLRQDO�LQFLGHQFH�UDWHV�RI�
LQYDVLYH�FHUYLFDO�FDQFHU�EHIRUH�F\WRORJLFDO�
VFUHHQLQJ��,QW�-�&DQFHU�����������������

+DEEHPD��-��'�)���6��-��GH�9ODV��$��3��3ODLVLHU��DQG�*��-��
YDQ�2RUWPDUVVHQ��������7KH�PLFURVLPXODWLRQ�
DSSURDFK�WR�HSLGHPLRORJLF�PRGHOLQJ�RI�KHOPLQWKLF�
LQIHFWLRQV��ZLWK�VSHFLDO�UHIHUHQFH�WR�
VFKLVWRVRPLDVLV��$P�-�7URS�0HG�+\J�������
6XSSO�����������

+DEEHPD��-��'�)���-�7K�1��/XEEH��*��-��YDQ�
2RUWPDUVVHQ��DQG�3��-��YDQ�GHU�0DDV��������$�
VLPXODWLRQ�DSSURDFK�WR�FRVW�HIIHFWLYHQHVV�DQG�FRVW�
EHQHILW�FDOFXODWLRQV�RI�VFUHHQLQJ�IRU�WKH�HDUO\�
GHWHFWLRQ�RI�GLVHDVH��(XU�-�2SHU�5HV�������������

+DEEHPD��-��'�)���*��-��YDQ�2RUWPDUVVHQ��-�7K�1��
/XEEH��DQG�3��-��YDQ�GHU�0DDV��������7KH�
0,6&$1�VLPXODWLRQ�SURJUDP�IRU�WKH�HYDOXDWLRQ�RI�
VFUHHQLQJ�IRU�GLVHDVH��&RPSXW�0HWKRGV�3URJUDPV�
%LRPHG���������������

+DEEHPD��-��'�)���*��-��YDQ�2RUWPDUVVHQ��'��-��YDQ�
3XWWHQ��-��7��/XEEH��DQG�3�-��YDQ�GHU�0DDV��������
$JH�VSHFLILF�UHGXFWLRQ�LQ�EUHDVW�FDQFHU�PRUWDOLW\�
E\�VFUHHQLQJ��DQ�DQDO\VLV�RI�WKH�UHVXOWV�RI�WKH�

+HDOWK�,QVXUDQFH�3ODQ�RI�*UHDWHU�1HZ�<RUN�6WXG\��
-�1DWO�&DQFHU�,QVW�����������������

+DNDPD��0���.��+ROOL��-��,VROD��2��3��.DOOLRQLHPL��$��
.lUNNlLQHQ��DQG�HW�DO��������$JJUHVVLYHQHVV�RI�
VFUHHQ�GHWHFWHG�EUHDVW�FDQFHUV��/DQFHW���������
�����

+DUULV��5��������9DULDWLRQ�RI�EHQHILWV�DQG�KDUPV�RI�
EUHDVW�FDQFHU�VFUHHQLQJ�ZLWK�DJH��0RQRJU�1DWO�
&DQFHU�,QVW���������������

+RVHN��5��6���:��'��)ODQGHUV��DQG�$��-��6DVFR��������
%LDV�LQ�FDVH�FRQWURO�VWXGLHV�RI�VFUHHQLQJ�
HIIHFWLYHQHVV��$P�-�(SLGHPLRO������������������

,VDDFV��'���DQG�'��)LW]JHUDOG��������6HYHQ�DOWHUQDWLYHV�
WR�HYLGHQFH�EDVHG�PHGLFLQH��%0-�����
�������������

-RKDQVVRQ��-��(���+��2��$GDPL��6��2��$QGHUVVRQ��5��
%HUJVWU|P��/��+ROPEHUJ��DQG�8��%��.UXVHPR��
������+LJK����\HDU�VXUYLYDO�UDWH�LQ�SDWLHQWV�ZLWK�
HDUO\��XQWUHDWHG�SURVWDWLF�FDQFHU��-$0$�����
����������������

.DSODQ��(�/���DQG�3��0HLHU��������1RQSDUDPHWULF�
HVWLPDWLRQ�IURP�LQFRPSOHWH�REVHUYDWLRQV��-�$P�
6WDW�$VVRF�������������

.RRSPDQVFKDS��0�$��������&RPSOHPHQWDU\�DQDO\VHV�
LQ�HFRQRPLF�HYDOXDWLRQ�RI�KHDOWK�FDUH�
>GLVVHUWDWLRQ@��(UDVPXV�8QLYHUVLW\�5RWWHUGDP��
5RWWHUGDP��

.RRSPDQVFKDS��0��$���*��-��YDQ�2RUWPDUVVHQ��+��0�(��
YDQ�$JW��0��YDQ�%DOOHJRRLMHQ��-��'�)��+DEEHPD��
DQG�-�7K�1��/XEEH��������&HUYLFDO�FDQFHU�
VFUHHQLQJ��DWWHQGDQFH�DQG�FRVW�HIIHFWLYHQHVV��,QW�-�
&DQFHU�����������������

.RSDQV��'��%������D��&DQDGLDQ�1DWLRQDO�%UHDVW�
6FUHHQLQJ�6WXG\�>OHWWHU@��/DQFHW����������������
�����

.RSDQV��'��%������E��1%66��RSSRUWXQLW\�WR�
FRPSURPLVH�WKH�SURFHVV��&0$-������������������

.RSDQV��'��%������F��$Q�RYHUYLHZ�RI�WKH�EUHDVW�FDQFHU�
VFUHHQLQJ�FRQWURYHUV\��0RQRJU�1DWO�&DQFHU�,QVW�
����������

/LEVWXJ��$��5���9��0RUDYDQ��DQG�6��(��$LWNHQ��������
5HVXOWV�IURP�WKH�2QWDULR�EUHDVW�VFUHHQLQJ�
SURJUDP�������������-�0HG�6FUHHQ��������������

/RHYH��)���5��%RHU��*��-��YDQ�2RUWPDUVVHQ��0��YDQ�
%DOOHJRRLMHQ��DQG�-��'�)��+DEEHPD��������7KH�
0,6&$1�&2/21�VLPXODWLRQ�PRGHO�IRU�WKH�
HYDOXDWLRQ�RI�FRORUHFWDO�FDQFHU�VFUHHQLQJ��&RPSXW�
%LRPHG�5HV�����������

0DF*UHJRU��-��(���6��0��0RVV��'��0��3DUNLQ��DQG�1��(��
'D\��������$�FDVH�FRQWURO�VWXG\�RI�FHUYLFDO�FDQFHU�
VFUHHQLQJ�LQ�QRUWK�HDVW�6FRWODQG��%0-����������
������

0F&DQQ��-���6��:DLW��%��6HUDGRXU��DQG�1��'D\��������$�
FRPSDULVRQ�RI�WKH�SHUIRUPDQFH�DQG�LPSDFW�RI�
EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDPPHV�LQ�(DVW�
$QJOLD��8�.��DQG�%RXFKHV�GX�5K{QH��)UDQFH��(XU�-�
&DQFHU�����������������

0HJHYDQG��(���/��'HQQ\��.��'HKDHFN��5��6RHWHUV��DQG�
%��%ORFK��������$FHWLF�DFLG�YLVXDOL]DWLRQ�RI�WKH�
FHUYL[��DQ�DOWHUQDWLYH�WR�F\WRORJLF�VFUHHQLQJ��
2EVWHW�*\QHFRO�����������������



���

0LFKDHOVRQ��-��6���(��+DOSHUQ��DQG�'��%��.RSDQV��������
%UHDVW�FDQFHU��FRPSXWHU�VLPXODWLRQ�PHWKRG�IRU�
HVWLPDWLQJ�RSWLPDO�LQWHUYDOV�IRU�VFUHHQLQJ��
5DGLRORJ\������������������

0LOOHU��$��%���&��-��%DLQHV��7��7R��DQG�&��:DOO��������
&DQDGLDQ�1DWLRQDO�%UHDVW�6FUHHQLQJ�6WXG\�����
%UHDVW�FDQFHU�GHWHFWLRQ�DQG�GHDWK�UDWHV�DPRQJ�
ZRPHQ�DJHG����WR����\HDUV��&DQ�0HG�$VVRF�-�����
����������������

0LOOHU��$��%���7��7R��&��-��%DLQHV��DQG�&��:DOO��������
7KH�&DQDGLDQ�1DWLRQDO�%UHDVW�6FUHHQLQJ�6WXG\��
XSGDWH�RQ�EUHDVW�FDQFHU�PRUWDOLW\��0RQRJU�1DWO�
&DQFHU�,QVW�������������

0RUJDQ��0�*���DQG�0��+HQULRQ��������8QFHUWDLQW\��$�
JXLGH�WR�GHDOLQJ�ZLWK�XQFHUWDLQW\�LQ�TXDQWLWDWLYH�
ULVN�DQG�SROLF\�DQDO\VLV��1HZ�<RUN��&DPEULGJH�
8QLYHUVLW\�3UHVV��

0RUULVRQ��$��6��������&DVH�GHILQLWLRQ�LQ�FDVH�FRQWURO�
VWXGLHV�RI�WKH�HIILFDF\�RI�VFUHHQLQJ��$P�-�
(SLGHPLRO��������������

0RVV��6��0��������&DVH�FRQWURO�VWXGLHV�RI�VFUHHQLQJ��,QW�
-�(SLGHPLRO�������������

1DQGDNXPDU��$���1��$QDQWKD��DQG�7��&��9HQXJRSDO��
������,QFLGHQFH��PRUWDOLW\�DQG�VXUYLYDO�LQ�FDQFHU�
RI�WKH�FHUYL[�LQ�%DQJDORUH��,QGLD��%U�-�&DQFHU����
���������������

1DWLRQDO�&DQFHU�,QVWLWXWH��'&3&��6XUYHLOODQFH�
3URJUDP��&DQFHU�6WDWLVWLFV�%UDQFK���������
6XUYHLOODQFH��(SLGHPLRORJ\��DQG�(QG�5HVXOWV�
�6((5��3URJUDP�SXEOLF�XVH�&'�520�������
�������UHOHDVHG�0D\�������EDVHG�RQ�WKH�$XJXVW�
�����6XEPLVVLRQ��%HWKHVGD��0'��1DWLRQDO�&DQFHU�
,QVWLWXWH��

1HDYH��/��0���%��+��0DVRQ��DQG�5��*��.D\��������'RHV�
GHOD\�LQ�GLDJQRVLV�RI�EUHDVW�FDQFHU�DIIHFW�VXUYLYDO"�
%UHDVW�&DQFHU�5HV�7UHDW�����������������

1H&D5H��������,QFLGHQFH�RI�FDQFHU�LQ�WKH�1HWKHUODQGV�
������8WUHFKW��1H&D5H��

1HQH��%��0���6��'HVKSDQGH��.��-D\DQW��$��0��%XGXNK��
3��6��'DOH��'��$��'HVKSDQGH��$��6��&KLZDWH��6��*��
0DOYL��6��'HRNDU��'��0��3DUNLQ��DQG�5��
6DQNDUDQDUD\DQDQ��������(DUO\�GHWHFWLRQ�RI�
FHUYLFDO�FDQFHU�E\�YLVXDO�LQVSHFWLRQ��D�SRSXODWLRQ��
EDVHG�VWXG\�LQ�UXUDO�,QGLD��,QW�-�&DQFHU������������
�����

1\VWU|P��/��DQG�/�*��/DUVVRQ��������5H��%UHDVW�FDQFHU�
VFUHHQLQJ�ZLWK�PDPPRJUDSK\�>OHWWHU@��/DQFHW�
���������������

1\VWU|P��/���/��(��5XWTYLVW��6��:DOO��$��/LQGJUHQ��0��
/LQGTYLVW��DQG�HW�DO��������%UHDVW�FDQFHU�VFUHHQLQJ�
ZLWK�PDPPRJUDSK\��RYHUYLHZ�RI�6ZHGLVK�
UDQGRPLVHG�WULDOV��3XEOLVKHG�HUUDWXP�DSSHDUV�LQ�
/DQFHW������1RY��������������������/DQFHW�����
����������������

2VKLPD��$���1��+LUDWD��7��8EXNDWD��.��8PHGD��DQG�,��
)XMLPRWR��������(YDOXDWLRQ�RI�D�PDVV�VFUHHQLQJ�
SURJUDP�IRU�VWRPDFK�FDQFHU�ZLWK�D�FDVH��FRQWURO�
VWXG\�GHVLJQ��,QW�-�&DQFHU�����������������

2WWHQ��-��'���-��$��YDQ�'LMFN��3��*��3HHU��+��6WUDDWPDQ��
$��/��9HUEHHN��DQG�0��0UDYXQDF��������/RQJ�
WHUP�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�1LMPHJHQ��7KH�

1HWKHUODQGV��WKH�QLQH�URXQGV�IURP����������-�
(SLGHPLRO�&RPPXQLW\�+HDOWK�����������������

3DFL��(���5��%RHU��0��=DSSD��+��-��GH�.RQLQJ��*��-��YDQ�
2RUWPDUVVHQ��(��&URFHWWL��DQG�HW�DO��������$�
PRGHO�EDVHG�SUHGLFWLRQ�RI�WKH�LPSDFW�RQ�UHGXFWLRQ�
LQ�PRUWDOLW\�E\�D�EUHDVW�FDQFHU�VFUHHQLQJ�
SURJUDPPH�LQ�WKH�FLW\�RI�)ORUHQFH��,WDO\��(XU�-�
&DQFHU���$��������������

3DOOL��'���0��5RVVHOOL�GHO�7XUFR��(��%XLDWWL��6��&DUOL��6��
&LDWWR��DQG�/��7RVFDQL��������$�FDVH�FRQWURO�VWXG\�
RI�WKH�HIILFDF\�RI�D�QRQ�UDQGRPL]HG�EUHDVW�FDQFHU�
VFUHHQLQJ�SURJUDP�LQ�)ORUHQFH��,WDO\���,QW�-�&DQFHU�
������������

3DUNLQ��'��0���&��6��0XLU��6��/��:KHODQ��<��7��*DR��-��
)HUOD\��DQG�-��3RZHOO��������&DQFHU�LQFLGHQFH�LQ�
ILYH�FRQWLQHQWV��9RO��9,��/\RQ��:+2�,$5&��

3HHU��3��*��0���-�$�$�0��YDQ�'LMFN��-�+�&�/��+HQGULNV��
5��+ROODQG��DQG�$��/��0��9HUEHHN��������$JH�
GHSHQGHQW�JURZWK�UDWH�RI�SULPDU\�EUHDVW�FDQFHU��
&DQFHU��������������������

3HHU��3��*��0���5��+ROODQG��-�+�&�/��+HQGULNV��0��
0UDYXQDF��DQG�$��/��0��9HUEHHN��������$JH�
VSHFLILF�HIIHFWLYHQHVV�RI�WKH�1LMPHJHQ�SRSXODWLRQ�
EDVHG�EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDP��
DVVHVVPHQW�RI�HDUO\�LQGLFDWRUV�RI�VFUHHQLQJ�
HIIHFWLYHQHVV�>VHH�FRPPHQWV@��-�1DWO�&DQFHU�,QVW�
����������������

3HUF\��&���9�9��+ROWHQ��DQG�&��0XLU��������
,QWHUQDWLRQDO�FODVVLILFDWLRQ�RI�GLVHDVHV�IRU�
RQFRORJ\�>�QG�HGLWLRQ@��*HQHYD��:+2��

3HUF\��&��/���%��$��0LOOHU��DQG�/��$��*ORHFNOHU�5LHV��
������(IIHFW�RI�FKDQJHV�LQ�FDQFHU�FODVVLILFDWLRQ�
DQG�WKH�DFFXUDF\�RI�FDQFHU�GHDWK�FHUWLILFDWHV�RQ�
WUHQGV�LQ�FDQFHU�PRUWDOLW\��$QQ�1�<�$FDG�6FL�
�����������GLVFXVVLRQ��������

3RUWD��0���0��*DOOpQ��1��0DODWV��DQG�-��3ODQDV��������
,QIOXHQFH�RI��GLDJQRVWLF�GHOD\��XSRQ�FDQFHU�
VXUYLYDO��DQ�DQDO\VLV�RI�ILYH�WXPRXU�VLWHV��-�
(SLGHPLRO�&RPPXQLW\�+HDOWK�����������������

5HJLVWUDU�*HQHUDO�RI�,QGLD��������656�%DVHG�$EULGJHG�
/LIH�7DEOHV����������2FFDVLRQDO�3DSHU�1R���RI�
������1HZ�'HOKL��2IILFH�RI�WKH�5HJLVWUDU�*HQHUDO��

5LFKDUGV��0��$���6��%UD\VKHU��:��0��*UHJRU\��DQG�5��
'��5XEHQV��������$GYDQFHG�EUHDVW�FDQFHU��XVH�RI�
UHVRXUFHV�DQG�FRVW�LPSOLFDWLRQV��%U�-�&DQFHU����
�������������

5REHUWV��0��0���)��(��$OH[DQGHU��7��-��$QGHUVRQ��8��
&KHWW\��3��7��'RQQDQ��DQG�HW�DO��������(GLQEXUJK�
WULDO�RI�VFUHHQVLQJ�IRU�EUHDVW�FDQFHU��PRUWDOLW\�DW�
VHYHQ�\HDUV��/DQFHW��������������

5XVVHOO��/��%���0��5��*ROG��-��(��6LHJHO��1��'DQLHOV��DQG�
0��&��:HLQVWHLQ��������7KH�UROH�RI�FRVW�
HIIHFWLYHQHVV�DQDO\VLV�LQ�KHDOWK�DQG�PHGLFLQH��
3DQHO�RQ�&RVW�(IIHFWLYHQHVV�LQ�+HDOWK�DQG�
0HGLFLQH�>VHH�FRPPHQWV@��-$0$���������������
������

6DO]PDQQ��3���.��.HUOLNRZVNH��DQG�.��3KLOOLSV��������
&RVW�HIIHFWLYHQHVV�RI�H[WHQGLQJ�VFUHHQLQJ�
PDPPRJUDSK\�JXLGHOLQHV�WR�LQFOXGH�ZRPHQ����WR�
���\HDUV�RI�DJH��$QQ�,QWHUQ�0HG��������������
�����



���

6DQNDUDQDUD\DQDQ��5���%��6K\DPDODNXPDU\��5��:HVOH\��
1��6UHHGHYL�$PPD��'��0��3DUNLQ��DQG�0��.��1DLU��
������9LVXDO�LQVSHFWLRQ�ZLWK�DFHWLF�DFLG�LQ�WKH�
HDUO\�GHWHFWLRQ�RI�FHUYLFDO�FDQFHU�DQG�SUHFXUVRUV�
>OHWWHU@��,QW�-�&DQFHU�����������������

6DQNDUDQDUD\DQDQ��5���5��:HVOH\��7��6RPDQDWKDQ��1��
'KDNDG��%��6K\DPDODNXPDU\��DQG�1��6��$PPD��
������9LVXDO�LQVSHFWLRQ�RI�WKH�XWHULQH�FHUYL[�DIWHU�
WKH�DSSOLFDWLRQ�RI�DFHWLF�DFLG�LQ�WKH�GHWHFWLRQ�RI�
FHUYLFDO�FDUFLQRPD�DQG�LWV�SUHFXUVRUV��&DQFHU����
����������������

6$6��������6$6�67$7�6RIWZDUH��WKH�3+5(*�
3URFHGXUH��9HUVLRQ����&DU\�1&��6$6�,QVWLWXWH�,QF��

6DVFR��$��-���1��(��'D\��DQG�6��'��:DOWHU��������&DVH�
FRQWURO�VWXGLHV�IRU�WKH�HYDOXDWLRQ�RI�VFUHHQLQJ��-�
&KURQ�'LV�����������������

6FKULMYHUV��&��7���-��:��:��&RHEHUJK��/��+��YDQ�GHU�
+HLMGHQ��DQG�-��3��0DFNHQEDFK��������
6RFLRHFRQRPLF�YDULDWLRQ�LQ�FDQFHU�VXUYLYDO�LQ�WKH�
VRXWKHDVWHUQ�1HWKHUODQGV�������������&DQFHU����
����������������

6FRWWLVK�&DQFHU�7KHUDS\�1HWZRUN��������6FRWWLVK�EUHDVW��
FDQFHU�DXGLW������DQG�������5HSRUW�WR�WKH�&KLHI�
6FLHQWLVW�DQG�&5$*��6FRWWLVK�&DQFHU�7KHUDS\�
1HWZRUN��

6HKJDO��$���9��6LQJK��6��%KDPEKDQL��DQG�8��.��/XWKUD��
������6FUHHQLQJ�IRU�FHUYLFDO�FDQFHU�E\�GLUHFW�
LQVSHFWLRQ��/DQFHW�����������������

6HOE\��-��9���*��'��)ULHGPDQ��&��3��4XHVHQEHUU\��-U���
DQG�1��6��:HLVV��������$�FDVH�FRQWURO�VWXG\�RI�
VFUHHQLQJ�VLJPRLGRVFRS\�DQG�PRUWDOLW\�IURP�
FRORUHFWDO�FDQFHU��1�(QJO�-�0HG�������������������

6KDSLUR��6���3��6WUD[��/��9HQHW��DQG�:��9HQHW��������
&KDQJHV�LQ���\HDU�EUHDVW�FDQFHU�PRUWDOLW\�LQ�D�
EUHDVW�FDQFHU�VFUHHQLQJ�SURJUDP��,Q�6HYHQWK�
1DWLRQDO�&DQFHU�&RQIHUHQFH�3URFHHGLQJV��
$PHULFDQ�&DQFHU�6RFLHW\��

6KDSLUR��6���:��9HQHW��3��6WUD[��/��9HQHW��DQG�5��
5RHVHU��������7HQ��WR�IRXUWHHQ�\HDU�HIIHFW�RI�
VFUHHQLQJ�RQ�EUHDVW�FDQFHU�PRUWDOLW\��-�1DWO�&DQFHU�
,QVW�����������������

6KDSLUR��6���:��9HQHW��3��6WUD[��/��9HQHW��DQG�5��
5RHVHU��������6HOHFWLRQ��IROORZ�XS��DQG�DQDO\VLV�LQ�
WKH�+HDOWK�,QVXUDQFH�3ODQ�6WXG\��D�UDQGRPL]HG�
WULDO�ZLWK�EUHDVW�FDQFHU�VFUHHQLQJ��1DWO�&DQFHU�,QVW�
0RQRJU�����������

6LHJHO��-��(���0��&��:HLQVWHLQ��/��%��5XVVHOO��DQG�0��5��
*ROG��������5HFRPPHQGDWLRQV�IRU�UHSRUWLQJ�FRVW�
HIIHFWLYHQHVV�DQDO\VHV��3DQHO�RQ�&RVW�
(IIHFWLYHQHVV�LQ�+HDOWK�DQG�0HGLFLQH�>VHH�
FRPPHQWV@��-$0$���������������������

6LQJK��9���$��6HKJDO��DQG�8��.��/XWKUD��������
6FUHHQLQJ�IRU�FHUYLFDO�FDQFHU�E\�GLUHFW�LQVSHFWLRQ��
%0-��������������

6PLWK��5��$��������6FUHHQLQJ�ZRPHQ�DJHG�������\HDUV��
ZKHUH�DUH�ZH�WRGD\"�-�1DWO�&DQFHU�,QVW����
����������������

6WUHHW��$�'���-��3RVQHWW��$�*��7KUHOIDOO��&�%�-��
:RRGPDQ��(��7ZHOYHV��(�+�,��)ULHGPDQ��DQG�HW�DO��
������(FRQRPLF�HYDOXDWLRQ�RI�SURSRVHG�FKDQJHV�WR�

WKH�EUHDVW�VFUHHQLQJ�SURJUDPPH��<RUN��+HDOWK�
(FRQRPLFV�&RQVRUWLXP��8QLYHUVLW\�RI�<RUN��

6XMDWKDQ��.���6��.DQQDQ��.��5��3LOODL��$��0DWKHZ��0��
-RVHSK��%��6\PDODNXPDUL��DQG�0��.��1DLU��������
,PSOLFDWLRQV�RI�J\QDHFRORJLFDO�DEQRUPDOLWLHV�LQ�
SUH�VHOHFWLRQ�FULWHULD�IRU�FHUYLFDO�VFUHHQLQJ��
SUHOLPLQDU\�HYDOXDWLRQ�RI������VXEMHFWV�LQ�VRXWK�
,QGLD��&\WRSDWKRORJ\��������������

7DEiU��/��������5H��TXDQWLWDWLYH�LQWHUSUHWDWLRQ�RI�DJH�
VSHFLILF�PRUWDOLW\�UHGXFWLRQV�IURP�WKH�6ZHGLVK�
EUHDVW�FDQFHU�VFUHHQLQJ�WULDOV��OHWWHU���UHVSRQVH�
.RQLQJ�GH��HW�DO���-�1DWO�&DQFHU�,QVW���������������

7DEiU��/���(��$NHUOXQG��DQG�$��*DG��������)LYH�\HDU�
H[SHULHQFH�ZLWK�VLQJOH�YLHZ�PDPPRJUDSK\�
UDQGRPL]HG�FRQWUROOHG�VFUHHQLQJ�LQ�6ZHGHQ��
5HFHQW�5HVXOWV�&DQFHU�5HV�������������

7DEiU��/���&��-��)DJHUEHUJ��$��*DG��/��%DOGHWRUS��/��+��
+ROPEHUJ��2��*URQWRIW��8��/MXQJTXLVW��%��
/XQGVWURP��-��&��0DQVRQ��DQG�*��(NOXQG��������
5HGXFWLRQ�LQ�PRUWDOLW\�IURP�EUHDVW�FDQFHU�DIWHU�
PDVV�VFUHHQLQJ�ZLWK�PDPPRJUDSK\��5DQGRPLVHG�
WULDO�IURP�WKH�%UHDVW�&DQFHU�6FUHHQLQJ�:RUNLQJ�
*URXS�RI�WKH�6ZHGLVK�1DWLRQDO�%RDUG�RI�+HDOWK�
DQG�:HOIDUH��/DQFHW������������

7DEiU��/���&�-�*��)DJHUEHUJ��DQG�1�(��'D\��������
(YDOXDWLRQ�RI�WKH�UHVXOWV��,Q�6FUHHQLQJ�IRU�EUHDVW�
FDQFHU��HGLWHG�E\�1��(��'D\�DQG�$��%��0LOOHU��
7RURQWR��+DQV�+XEHU�3XEOLVKHUV��

7DEiU��/���*��)DJHUEHUJ��+��+��&KHQ��6��:��'XII\��&��5��
6PDUW��DQG�HW�DO��������(IILFDF\�RI�EUHDVW�FDQFHU�
VFUHHQLQJ�E\�DJH��1HZ�UHVXOWV�IURP�WKH�6ZHGLVK�
7ZR�&RXQW\�7ULDO��&DQFHU��������������������

7DEiU��/���*��)DJHUEHUJ��1��(��'D\��DQG�/��+ROPEHUJ��
������:KDW�LV�WKH�RSWLPXP�LQWHUYDO�EHWZHHQ�
PDPPRJUDSKLF�VFUHHQLQJ�H[DPLQDWLRQV"��$Q�
DQDO\VLV�EDVHG�RQ�WKH�ODWHVW�UHVXOWV�RI�WKH�6ZHGLVK�
WZR�FRXQW\�EUHDVW�FDQFHU�VFUHHQLQJ�WULDO��%U�-�
&DQFHU�������������

7DEiU��/���*��)DJHUEHUJ��6��:��'XII\��DQG�1��'D\��
������7KH�6ZHGLVK�WZR�FRXQW\�WULDO�RI�
PDPPRJUDSKLF�VFUHHQLQJ�IRU�EUHDVW�FDQFHU��UHFHQW�
UHVXOWV�DQG�FDOFXODWLRQ�RI�EHQHILW��-�(SLGHPLRO�
&RPPXQLW\�+HDOWK�����������������

7DEiU��/���*��)DJHUEHUJ��6��:��'XII\��1��(��'D\��$��
*DG��DQG�2��*U|QWRIW��������8SGDWH�RI�WKH�
6ZHGLVK�WZR�FRXQW\�SURJUDP�RI�PDPPRJUDSKLF�
VFUHHQLQJ�IRU�EUHDVW�FDQFHU��5DGLRO�&OLQ�1RUWK�$P�
����������������

7KXUIMHOO��(��/���DQG�-��$�c��/LQGJUHQ��������
3RSXODWLRQ�EDVHG�PDPPRJUDSK\�VFUHHQLQJ�LQ�
6ZHGLVK�FOLQLFDO�SUDFWLFH��SUHYDOHQFH�DQG�
LQFLGHQFH�VUHHQLQJ�LQ�8SSVDOD�&RXQW\��5DGLRORJ\�
�����������������

YDQ�%DOOHJRRLMHQ��0������D��&RPSDULQJ�WKH�SUHGLFWLRQV�
RI�D�FHUYLFDO�FDQFHU�QDWXUDO�KLVWRU\�PRGHO�ZLWK�
LQFLGHQFH�DQG�PRUWDOLW\�WUHQGV�DIWHU�WKH�
LQWURGXFWLRQ�RI�VFUHHQLQJ��,Q�(IIHFWV�DQG�FRVWV�RI�
FHUYLFDO�FDQFHU�VFUHHQLQJ�>GLVVHUWDWLRQ@��HGLWHG�E\�
0��YDQ�%DOOHJRRLMHQ��5RWWHUGDP��(UDVPXV�
8QLYHUVLWHLW�5RWWHUGDP��



���

YDQ�%DOOHJRRLMHQ��0������E��(IIHFWV�DQG�FRVWV�RI�
FHUYLFDO�FDQFHU�VFUHHQLQJ�>GLVVHUWDWLRQ@��(UDVPXV�
8QLYHUVLW\�5RWWHUGDP��5RWWHUGDP��

YDQ�%DOOHJRRLMHQ��0���-��'�)��+DEEHPD��*��-��YDQ�
2RUWPDUVVHQ��0��$��.RRSPDQVFKDS��-�7K�1��
/XEEH��DQG�+��0��(��YDQ�$JW������D��3UHYHQWLYH�
SDS�VPHDUV��EDODQFLQJ�FRVWV��ULVNV�DQG�EHQHILWV��%U�
-�&DQFHU�������������

YDQ�%DOOHJRRLMHQ��0���0��$��.RRSPDQVFKDS��DQG�-��
'�)��+DEEHPD��������7KH�PDQDJHPHQW�RI�FHUYLFDO�
LQWUD�HSLWKHOLDO�QHRSODVLD��&,1���H[WHQVLYHQHVV�DQG�
FRVWV�LQ�7KH�1HWKHUODQGV��(XU�-�&DQFHU���$�
����������������

YDQ�%DOOHJRRLMHQ��0���0��$��.RRSPDQVFKDS��$��-��
6XEDQGRQR��$��-��6��7MRNURZDUGRMR��DQG�*��-��YDQ�
2RUWPDUVVHQ������E��&DUH�DQG�FRVWV�IRU�DGYDQFHG�
FHUYLFDO�FDQFHU��(XU�-�&DQFHU���$�����������������

YDQ�%DOOHJRRLMHQ��0���0��$��.RRSPDQVFKDS��*��-��YDQ�
2RUWPDUVVHQ��-��'�)��+DEEHPD��-�7K�1��/XEEH��
DQG�+��0��YDQ�$JW��������'LDJQRVWLF�DQG�
WUHDWPHQW�SURFHGXUHV�LQGXFHG�E\�FHUYLFDO�FDQFHU�
VFUHHQLQJ��(XU�-�&DQFHU�����������������

YDQ�%DOOHJRRLMHQ��0���0��(��YDQ�GHQ�$NNHU�YDQ�0DUOH��
3��*��:DUPHUGDP��&��-��0HLMHU��-��0��
:DOERRPHUV��DQG�-��'�)�+DEEHPD��������3UHVHQW�
HYLGHQFH�RQ�WKH�YDOXH�RI�+39�WHVWLQJ�IRU�FHUYLFDO�
FDQFHU�VFUHHQLQJ��D�PRGHO�EDVHG�H[SORUDWLRQ�RI�WKH�
�FRVW��HIIHFWLYHQHVV��%U�-�&DQFHU�����������������

YDQ�GHQ�$NNHU�YDQ�0DUOH��0��(���&��0��5HHS�YDQ�GHQ�
%HUJK��5��%RHU��$��'HO�0RUDO��1��$VFXQFH��DQG�+��
-��GH�.RQLQJ��������%UHDVW�FDQFHU�VFUHHQLQJ�LQ�
1DYDUUD��LQWHUSUHWDWLRQ�RI�D�KLJK�GHWHFWLRQ�UDWH�DW�
WKH�ILUVW�VFUHHQLQJ�URXQG�DQG�D�ORZ�UDWH�DW�WKH�
VHFRQG�URXQG��,QW�-�&DQFHU�����������������

YDQ�,QHYHOG��%��0���*��-��YDQ�2RUWPDUVVHQ��+��-��GH�
.RQLQJ��5��%RHU��DQG�3��-��YDQ�GHU�0DDV��������
+RZ�FRVW�HIIHFWLYH�LV�EUHDVW�FDQFHU�VFUHHQLQJ�LQ�
GLIIHUHQW�(&�FRXQWULHV"�(XU�-�&DQFHU���$�
����������������

9DQ�/H��/���)��)��%URHNKXL]HQ��5��-DQ]HU�6WHHOH��0��
%HKDU��DQG�7��6DPWHU��������$FHWLF�DFLG�
YLVXDOL]DWLRQ�RI�WKH�FHUYL[�WR�GHWHFW�FHUYLFDO�
G\VSODVLD��2EVWHW�*\QHFRO�����������������

YDQ�2RUWPDUVVHQ��*��-��������(YDOXDWLRQ�RI�PDVV�
VFUHHQLQJ�IRU�FDQFHU��D�PRGHO�EDVHG�DSSURDFK�
>GLVVHUWDWLRQ@��'HSDUWPHQW�RI�3XEOLF�+HDOWK��
(UDVPXV�8QLYHUVLW\�5RWWHUGDP��5RWWHUGDP��

YDQ�2RUWPDUVVHQ��*��-���-��'�)��+DEEHPD��-�7K�1��
/XEEH��DQG�3��-��YDQ�GHU�0DDV������D��$�PRGHO�
EDVHG�DQDO\VLV�RI�WKH�+,3�SURMHFW�IRU�EUHDVW�FDQFHU�
VFUHHQLQJ��,QW�-�&DQFHU�������������

YDQ�2RUWPDUVVHQ��*��-���-��'�)��+DEEHPD��DQG�0��YDQ�
%DOOHJRRLMHQ��������3UHGLFWLQJ�PRUWDOLW\�IURP�

FHUYLFDO�FDQFHU�DIWHU�QHJDWLYH�VPHDU�WHVW�UHVXOWV�
>VHH�FRPPHQWV@��%0-��������������

YDQ�2RUWPDUVVHQ��*��-���-��'�)��+DEEHPD��3��-��YDQ�GHU�
0DDV��+��-��GH�.RQLQJ��+��-��$��&ROOHWWH��DQG�HW�DO��
����E��$�PRGHO�IRU�EUHDVW�FDQFHU�VFUHHQLQJ��
&DQFHU�������������������

9HUEHHN��$��/��0���5��+ROODQG��)��6WXUPDQV��-�+�&�/��
+HQGULNV��0��0UDYXQDF��DQG�1��(��'D\��������
5HGXFWLRQ�RI�EUHDVW�FDQFHU�PRUWDOLW\�WKURXJK�PDVV�
VFUHHQLQJ�ZLWK�PRGHUQ�PDPPRJUDSK\��)LUVW�
UHVXOWV�RI�WKH�1LMPHJHQ�3URMHFW�������������/DQFHW�
��������������������

9HVVH\��0��������%UHDVW�FDQFHU�VFUHHQLQJ�������
(YLGHQFH�DQG�H[SHULHQFH�VLQFH�WKH�)RUUHVW�5HSRUW��
6KHIILHOG��'HSDUWPHQW�RI�+HDOWK�$GYLVRU\�
&RPPLWWHH��1+6�%UHDVW�6FUHHQLQJ�3URJUDPPH��

:DUPHUGDP��3��*���+�-��GH�.RQLQJ��5��%RHU��3��0��0��
%HHPVWHUERHU��0��/��'LHUNV��DQG�HW�DO��������
4XDQWLWDWLYH�HVWLPDWHV�RI�WKH�LPSDFW�RI�VHQVLWLYLW\�
DQG�VSHFLILFLW\�LQ�PDPPRJUDSKLF�VFUHHQLQJ�LQ�
*HUPDQ\��-�(SLGHPLRO�&RPPXQLW\�+HDOWK����
�������������

:HLQVWHLQ��0��&���-��(��6LHJHO��0��5��*ROG��0��6��
.DPOHW��DQG�/��%��5XVVHOO��������
5HFRPPHQGDWLRQV�RI�WKH�3DQHO�RQ�&RVW�
HIIHFWLYHQHVV�LQ�+HDOWK�DQG�0HGLFLQH��-$0$�����
����������������

:HLVV��1��6��������&RQWURO�GHILQLWLRQ�LQ�FDVH�FRQWURO�
VWXGLHV�RI�WKH�HIILFDF\�RI�VFUHHQLQJ�DQG�GLDJQRVWLF�
WHVWLQJ��$P�-�(SLGHPLRO������������������

:HLVV��1��6���DQG�'��/D]RYLFK��������&DVH�FRQWURO�
VWXGLHV�RI�VFUHHQLQJ�HIILFDF\��WKH�XVH�RI�SHUVRQV�
QHZO\�GLDJQRVHG�ZLWK�FDQFHU�ZKR�ODWHU�VXVWDLQ�DQ�
XQIDYRUDEOH�RXWFRPH��$P�-�(SLGHPLRO�����
�������������

:HLVV��1��6���%��0F.QLJKW��DQG�1��*��6WHYHQV��������
$SSURDFKHV�WR�WKH�DQDO\VLV�RI�FDVH�FRQWURO�VWXGLHV�
RI�WKH�HIILFDF\�RI�VFUHHQLQJ�IRU�FDQFHU��$P�-�
(SLGHPLRO������������������

:HVOH\��5���5��6DQNDUDQDUD\DQDQ��%��0DWKHZ��%��
&KDQGUDOHNKD��$��$\VKD�%HHJXP��DQG�1��6��
$PPD��������(YDOXDWLRQ�RI�YLVXDO�LQVSHFWLRQ�DV�D�
VFUHHQLQJ�WHVW�IRU�FHUYLFDO�FDQFHU��%U�-�&DQFHU����
�������������

:KLWPRUH��:��)���-U���-��$��:DUQHU��DQG�,��0��
7KRPSVRQ��-U��������([SHFWDQW�PDQDJHPHQW�RI�
ORFDOL]HG�SURVWDWLF�FDQFHU��&DQFHU�������������
������

:LOGKDJHQ��0��������&RVWV�DQG�HIIHFWV�RI�JHQHWLF�
VFUHHQLQJ�ZLWK�DSSOLFDWLRQ�WR�F\VWLF�ILEURVLV�DQG�
IUDJLOH�;�V\QGURPH�>GLVVHUWDWLRQ@��'HSDUWPHQW�RI�
3XEOLF�+HDOWK��(UDVPXV�8QLYHUVLW\�5RWWHUGDP��
5RWWHUGDP�
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$%287�7+(�&+$37(56�
7KH�IROORZLQJ�FKDSWHUV�KDYH�EHHQ�SXEOLVKHG�RU�DUH�
H[SHFWHG�WR�EH�SXEOLVKHG�HOVHZKHUH��VRPH�RI�WKHVH�
FKDSWHUV�KDYH�D�ILQDO�VHFWLRQ�
DGGLWLRQDO�GLVFXVVLRQ
�
WKDW�KDV�QRW�EHHQ�SXEOLVKHG�EHIRUH��
��� GH�.RQLQJ�+-��%RHU�5��:DUPHUGDP�3*��

%HHPVWHUERHU�30��YDQ�GHU�0DDV�3-��4XDQWLWDWLYH�
LQWHUSUHWDWLRQ�RI�DJH�VSHFLILF�PRUWDOLW\�
UHGXFWLRQV�IURP�WKH�6ZHGLVK�EUHDVW�FDQFHU�
VFUHHQLQJ�WULDOV��-�1DWO�&DQFHU�,QVW�
���������������������

��� &RQQRU�5-��%RHU�5��3URURN�3&��:HHG�'/��$Q�
LQYHVWLJDWLRQ�RI�GHVLJQ�DQG�ELDV�LVVXHV�LQ�FDVH�
FRQWURO�VWXGLHV�RI�FDQFHU�VFUHHQLQJ�XVLQJ�
PLFURVLPXODWLRQ��$P�-�(SLGHPLRO��>LQ�SUHVV@�

��� %RHU�5��GH�.RQLQJ�+-��%HHPVWHUERHU�30��
:DUPHUGDP�3*��6FKURHGHU�)+��$�FRPSDULVRQ�RI�
GLVHDVH�VSHFLILF�VXUYLYDO�RI�SDWLHQWV�ZKR�GLHG�RI�
DQG�ZKR�KDG�QHZO\�GLDJQRVHG�SURVWDWH�FDQFHU��-�
8URO����������������������

��� %RHU�5��YDQ�%DOOHJRRLMHQ�0��5LHV�/��/HJOHU�-��
)HXHU�5��+DEEHPD��-��$PELJXLWLHV�LQ�FDOFXODWLQJ�
FDQFHU�SDWLHQW�VXUYLYDO��WKH�VHHU�H[SHULHQFH�IRU�
FRORUHFWDO�DQG�SURVWDWH�FDQFHU��>VXEPLWWHG�IRU�
SXEOLFDWLRQ@�

��� %RHU�5��GH�.RQLQJ�+��7KUHOIDOO�$��:DUPHUGDP�
3��6WUHHW�$��)ULHGPDQ�(��HW�DO��&RVW�HIIHFWLYHQHVV�
RI�VKRUWHQLQJ�VFUHHQLQJ�LQWHUYDO�RU�H[WHQGLQJ�DJH�
UDQJH�RI�1+6�EUHDVW�VFUHHQLQJ�SURJUDPPH��
FRPSXWHU�VLPXODWLRQ�VWXG\��%0-�
����������������������

��� %RHU�5��0DUMROHLQ�YDQ�%DOOHJRRLMHQ��:LOOHP�-DQ�
0HHUGLQJ��9HHQD�6LQJK��$VKRN�6HKJDO��-��'LN�)��
+DEEHPD��8QDLGHG�YLVXDO�H[DPLQDWLRQ�YHUVXV�
3DS�VPHDUV�IRU�HDUO\�GHWHFWLRQ�RI�FHUYLFDO�FDQFHU��
>LQ�DEEUHYLDWHG�IRUP�LQ�SUHVV�LQ�SURFHHGLQJV�RI�
(XUJLQ������FRQJUHVV@�

��� %RHU�5��GH�.RQLQJ�+-��YDQ�2RUWPDUVVHQ�*-��YDQ�
GHU�0DDV�3-��,Q�VHDUFK�RI�WKH�EHVW�XSSHU�DJH�OLPLW�
IRU�EUHDVW�FDQFHU�VFUHHQLQJ��(XU�-�&DQFHU�
�������$�������������

��� %RHU�5��GH�.RQLQJ�+-��YDQ�GHU�0DDV�3-��$�
ORQJHU�EUHDVW�FDUFLQRPD�VFUHHQLQJ�LQWHUYDO�IRU�
ZRPHQ�DJH�ROGHU�WKDQ����\HDUV"�&DQFHU�
��������������������

����%RHU�5��GH�.RQLQJ�+��YDQ�%DOOHJRRLMHQ�0��YDQ�
GHU�0DDV�3��,PSRUWDQW�LQIOXHQFHV�RQ�
HIIHFWLYHQHVV�DQG�FRVWV�WR�EH�FRQVLGHUHG�LQ�WKH�
HYDOXDWLRQ�RI�FDQFHU�VFUHHQLQJ��>LQ�SUHVV�LQ��
4XDQWLWDWLYH�PHWKRGV�RI�HYDOXDWLRQ�RI�FDQFHU�
VFUHHQLQJ@�

����%RHU�5��:DUPHUGDP�3��GH�.RQLQJ�+��YDQ�
2RUWPDUVVHQ�*��([WUD�LQFLGHQFH�FDXVHG�E\�
PDPPRJUDSKLF�VFUHHQLQJ�>OHWWHU@��/DQFHW�
��������������������

����%RHU�5��GH�.RQLQJ�+��YDQ�2RUWPDUVVHQ�*��
:DUPHUGDP�3��YDQ�GHU�0DDV�3��6WDJH�
GLVWULEXWLRQ�DW�ILUVW�DQG�UHSHDW�H[DPLQDWLRQV�LQ�
EUHDVW�FDQFHU�VFUHHQLQJ��-�0HG�6FUHHQ�
�����������������
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�$%287�7+(�$87+25
5RE�%RHU�ZDV�ERUQ������LQ�9ODDUGLQJHQ��WKH�
1HWKHUODQGV��$IWHU�VHFRQGDU\�VFKRRO�FDOOHG�
DWKHQHXP�E�DW�WKH�2SHQEDUH�6FKROHQJHPHHQVFKDS�
SURI��&DVLPLU�IURP������WR�������DOVR�LQ�
9ODDUGLQJHQ��KH�PRYHG�WR�:DJHQLQJHQ�IRU�KLV�
VWXGLHV�LQWR�SODQW�SDWKRORJ\�DW�WKH�$JULFXOWXUDO�
8QLYHUVLW\��7KLV�VWXG\�ZDV�DFWXDOO\�ILQLVKHG�LQ������
EXW�GXH�WR�SDUWLFLSDWLRQ�LQ�WKH�GLUHFWLRQ�RI�WKH�
:DJHQLQJVH�6WXGHQWHQ�2UJDQLVDWLH��WKH�RIILFLDO�HQG�
RI�KLV�VWXGLHV�ZDV�QRW�XQWLO�������)URP������WR������
KH�ZRUNHG�IRU�WKH�)RXQGDWLRQ�RI�/LIH�6FLHQFHV�DQG��

6RFLHW\��WKHQ�LQ�/HLGHQ��DV�HGXFDWRU�GRFXPHQWDOLVW��
)URP������WR������KH�JRW�HGXFDWHG�DV�
V\VWHPV�
DQDO\VW
�DW�6$9$*�ZKLFK�OHG�WR�ZRUN�DV�SURJUDPPHU�
IRU�WKH�%LR�JHRJUDSKLF�,QIRUPDWLRQ�&HQWHU�RI�WKH�
0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW��DQG�
)LVKHULHV��,Q������KH�VWDUWHG�KLV�ZRUN�DV�
LQIRUPDWLFLDQ�VWDWLVWLFLDQ�DW�WKH�GHSDUWPHQW�RI�3XEOLF�
+HDOWK�RI�(UDVPXV�8QLYHUVLW\�5RWWHUGDP�ZKHUH�KH�LV�
VWLOO�ZRUNLQJ�RQ�WKH�HYDOXDWLRQ�RI�EUHDVW��FHUYLFDO��
FRORUHFWDO�DQG�SURVWDWH�FDQFHU�VFUHHQLQJ�



���



���

7+(6(6�
��� &DVH�FRQWURO�VWXGLHV�FDQ�QRW�SURYLGH�VXIILFLHQW�

HYLGHQFH�IRU�WKH�HIILFDF\�RI�HDUO\�GHWHFWLRQ�RI�
FDQFHU�

��� 0RVW�ZRPHQ�ZKR�XQGHUJR�VWURQJ�XQIDYRXUDEOH�
KHDOWK�HIIHFWV�RI�VFUHHQLQJ�IRU�FDQFHU�ZLOO�DVVXPH�
WKDW�WKH\�KDYH�EHQHILWHG�IURP�WKDW�VFUHHQLQJ�

��� 'R�QRW�WKH�VDPH�PDJQLWXGHV�DSSHDU�ODUJHU�WR�
\RXU�VLJKW�ZKHQ�QHDU��DQG�VPDOOHU�ZKHQ�DW�D�
GLVWDQFH"�7KH\�ZLOO�DFNQRZOHGJH�WKDW��$QG�WKH�
VDPH�KROGV�RI�WKLFNQHVV�DQG�QXPEHU��DOVR�
VRXQGV��ZKLFK�DUH�LQ�WKHPVHOYHV�HTXDO��DUH�
JUHDWHU�ZKHQ�QHDU��DQG�OHVVHU�ZKHQ�DW�D�GLVWDQFH��
7KH\�ZLOO�JUDQW�WKDW�DOVR��1RZ�VXSSRVH�KDSSLQHVV�
WR�FRQVLVW�LQ�GRLQJ�RU�FKRRVLQJ�WKH�JUHDWHU��DQG�LQ�
QRW�GRLQJ�RU�LQ�DYRLGLQJ�WKH�OHVV��ZKDW�ZRXOG�EH�
WKH�VDYLQJ�SULQFLSOH�RI�KXPDQ�OLIH"�:RXOG�QRW�
WKH�DUW�RI�PHDVXULQJ�EH�WKH�VDYLQJ�SULQFLSOH��RU�
ZRXOG�WKH�SRZHU�RI�DSSHDUDQFH"��3URWDJRUDV������
%&��3ODWR��

��� ,QFUHDVLQJ�WKH�IUHTXHQF\�RI�VFUHHQLQJ�IRU�EUHDVW�
FDQFHU��ZLWKLQ�UHDVRQDEOH�OLPLWV��UHVXOWV�LQ�D�OHVV�
IDYRXUDEOH�FRVW�HIIHFWLYHQHVV��EXW�LW�LPSURYHV�WKH�
UDWLR�RI�IDYRXUDEOH�DQG�XQIDYRXUDEOH�KHDOWK�
HIIHFWV��

��� 7KH�GHFLVLRQ�WR�GHILQH�WKH�'XWFK�PDVV�VFUHHQLQJ�
IRU�EUHDVW�FDQFHU�LQ�ZRPHQ�RI�DJH�������\HDUV�DV�
DQ�H[SHULPHQW�LV�EDVHG�RQ�D�PLVXQGHUVWDQGLQJ�
DQG�LV�WKHUHIRUH�D�YLRODWLRQ�RI�WKH�ODZ�RQ�SURSHU�
PHGLFDO�WUHDWPHQW��DUW�������EN���YDQ�KHW�
%XUJHUOLMN�:HWERHN��

��� $�IDOVH�EDODQFH�LV�DERPLQDWLRQ�WR�WKH�/25'��EXW�
D�MXVW�ZHLJKW�LV�KLV�GHOLJKW���3URYHUEV�������

��� 0HGLFDO�FRVWV�LQ�OLIH�\HDUV�JDLQHG�E\�WKH�
LQWHUYHQWLRQ�WKDW�LV�WR�EH�HYDOXDWHG�VKRXOG�QRW�EH�
LQFOXGHG�LQ�WKH�QXPHUDWRU�RI�WKH�FRVW�
HIIHFWLYHQHVV�UDWLR�

��� $�JHQHUDO�FXVWRP�RI�VLPXODWLRQ�LV�D�YLFH��2I�
VLPXODWLRQ�DQG�GLVVLPXODWLRQ��LQ��7KH�HVVD\V��
)UDQFLV�%DFRQ��������

��� 0RUH�SULRULW\�IRU�LGHQWLI\LQJ�LQHIIHFWLYH�PHGLFDO�
LQWHUYHQWLRQV�ZLOO�ERWK�LPSURYH�SXEOLF�KHDOWK�DQG�
FRQWULEXWH�WR�FRVW�FRQWDLQPHQW�RI�PHGLFDO�FDUH�

���� 7KH�FXUUHQW�SUHIHUHQFH�IRU�H[WUD�OLIH�\HDUV�RYHU�
EHWWHU�TXDOLW\�LQ�SUHVHQW�OLIH�\HDUV�LV�DSSURSULDWH�

����5HVLVWDQFH�RI�SODQWV�DJDLQVW�D�SDUWLFXODU�SDWKRJHQ�
LV�QRW�GXUDEOH�LI�LW�UHVXOWV�IURP�JHQHV�RI�RWKHU�
VSHFLHV�

���� 7KH�SUHVVXUH�WR�SXEOLVK�RU�SHULVK�FDQ�OHDG�WR�
XQGHVLUDEOH�GHOD\�LQ�DYDLODELOLW\�RI�UHVHDUFK�
UHVXOWV�

���� 6SHFWDFXODU�UHVXOWV�DUH�PRUH�OLNHO\�WR�DULVH�IURP�
EDG�UHVHDUFK�WKDQ�IURP�JRRG�UHVHDUFK�

���� 7KH�SUHVHQFH�RI�ERWK�VDIHU�VH[�SURPRWLRQ�
PDWHULDO�DV�ZHOO�DV�D�FLJDUHWWHV�YHQGLQJ�PDFKLQH�
LQ�WKH�FDIH�RI�WKH�&2&�5RWWHUGDP�LV�EDVHG�RQ�
ZURQJ�SULRULWLHV�

���� 7KH�WHUP�µELJ�EDQJ¶�LQFRUUHFWO\�VXJJHVWV�WKDW�
WKHUH�ZDV�VRPHWKLQJ�WR�KHDU�DW�WKH�WLPH�

���� 7KH�KLJK�SURILWV�PDGH�E\�VFLHQWLILF�SXEOLVKHUV�DUH�
EHLQJ�SDLG�E\�SXEOLF�PRQH\�WKURXJK�VFLHQWLILF�
OLEUDULHV�

���� ,I�PHQ�ZLOO�SHUPLW�WKHPVHOYHV�WR�WKLQN��DV�
UDWLRQDO�EHLQJV�RXJKW�WR�WKLQN��QRWKLQJ�FDQ�DSSHDU�
PRUH�ULGLFXORXV�DQG�DEVXUG��H[FOXVLYH�RI�DOO�
PRUDO�UHIOHFWLRQV��WKDQ�WR�EH�DW�WKH�H[SHQVH�RI�
EXLOGLQJ�QDYLHV��ILOOLQJ�WKHP�ZLWK�PHQ��DQG�WKHQ�
KDXOLQJ�WKHP�LQWR�WKH�RFHDQ��WR�WU\�ZKLFK�FDQ�
VLQN�HDFK�RWKHU�IDVWHVW��3HDFH��ZKLFK�FRVWV�
QRWKLQJ��LV�DWWHQGHG�ZLWK�LQILQLWHO\�PRUH�
DGYDQWDJH��WKDQ�DQ\�YLFWRU\�ZLWK�DOO�LWV�H[SHQVH��
%XW�WKLV��WKRXJK�LW�EHVW�DQVZHUV�WKH�SXUSRVH�RI�
QDWLRQV��GRHV�QRW�WKDW�RI�FRXUW�JRYHUQPHQWV��
ZKRVH�KDELWHG�SROLF\�LV�SUHWHQFH�IRU�WD[DWLRQ��
SODFHV��DQG�RIILFHV��7KH�ULJKWV�RI�PDQ��7KRPDV�
3DLQH��������

���� 7KH�ZRUOG�LV�IODW�

�


