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9RO�������1R���� 7KH�$PHULFDQ�1DWXUDOLVW� 'HFHPEHU������
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0$5.�$��0&3((.W� $1'�52%(57�'��+2/7W�
:��.��.HOORJJ�%LRORJLFDO�6WDWLRQ��0LFKLJDQ�6WDWH�8QLYHUVLW\��+LFNRU\�&RUQHUV��0LFKLJDQ�������
DQG�$UFKEROG�%LRORJLFDO�6WDWLRQ��3�2�� ������/DNH�3ODFLG��)ORULGD��������W0XVHXP�RI�1DWXUDO�

+LVWRU\��8QLYHUVLW\�RI�.DQVDV��/DZUHQFH��.DQVDV�������

6XEPLWWHG�)HEUXDU\�����������5HYLVHG�'HFHPEHU�����������$FFHSWHG�'HFHPEHU����������

$EVWUDFW��8VLQJ� D�VLPSOH�WZR�SDWFK�PRGHO��ZH�H[DPLQH�KRZ�SDWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO�
YDULDWLRQ�LQ�FDUU\LQJ�FDSDFLWLHV�DIIHFW�QDWXUDO�VHOHFWLRQ�RQ�GLVSHUVDO��7KH�VL]H�RI�WKH�SRSXODWLRQ�
LQ�HDFK�SDWFK�LV�UHJXODWHG�VHSDUDWHO\��DFFRUGLQJ�WR�D�GLVFUHWH�JHQHUDWLRQ�ORJLVWLF�HTXDWLRQ��DQG�
LQGLYLGXDOV�GLVSHUVH�IURP�HDFK�SDWFK�DW�SURSHQVLWLHV�GHWHUPLQHG�E\�WKHLU�JHQRW\SH��:H�FRQVLGHU�
JHQRW\SHV�WKDW�H[SUHVV�WKH�VDPH�GLVSHUVDO�SURSHQVLWLHV�LQ�ERWK�SDWFKHV�DQG�JHQRW\SHV�WKDW�
H[SUHVV�SDWFK�VSHFLILF�GLVSHUDO�SURSHQVLWLHV��&RQWUDU\�WR�SUHYLRXV�DQDO\VHV��RXU�UHVXOWV�VKRZ�
WKDW�VRPH�OHYHO�RI�GLVSHUVDO�LV�IDYRUHG�E\�VHOHFWLRQ�XQGHU�DOPRVW�DOO�UHJLPHV�RI�KDELWDW�YDULDELOLW\��
LQFOXGLQJ�D�VSDWLDOO\�YDU\LQJ�DQG�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQW��)XUWKHUPRUH��WZR�YHU\�GLI��
IHUHQW�SRO\PRUSKLVPV�DUH�IDYRUHG�XQGHU�GLIIHUHQW�FRQGLWLRQV��:KHQ�FDUU\LQJ�FDSDFLWLHV�YDU\�
VSDWLDOO\�EXW�QRW�WHPSRUDOO\��DQ\�QXPEHU�RI�JHQRW\SHV�ZLWK�SDWFK�VSHFLILF�GLVSHUVDO�SURSHQVLWLHV�
LQ�UDWLRV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�FDUU\LQJ�FDSDFLWLHV�FDQ�FRH[LVW��7KLV�UHVXOW�
H[WHQGV�SUHYLRXV�DQDO\VHV�WR�VKRZ�WKDW�GLVSHUVDO�LV�IDYRUHG�LQ�VXFK�DQ�HQYLURQPHQW�LI�LQGLYLGXDOV�
FDQ�DOWHU�GLVSHUVDO�SURSHQVLWLHV�LQ�UHVSRQVH�WR�HQYLURQPHQWDO�FXHV��,Q�FRQWUDVW��ZKHQ�FDUU\LQJ�
FDSDFLWLHV�YDU\�ERWK�VSDWLDOO\�DQG�WHPSRUDOO\�EXW�GLIIHU�LQ�PHDQ�RU�YDULDQFH��D�SRO\PRUSKLVP�RI�
RQO\�WZR�JHQRW\SHV��D�KLJK�GLVSHUVDO�DQG�D�QR�GLVSHUVDO�JHQRW\SH��LV�IDYRUHG�ZKHQ�WKH�RQO\�
JHQRW\SHV�SRVVLEOH�DUH�RQHV�H[SUHVVLQJ�WKH�VDPH�GLVSHUVDO�SURSHQVLW\�LQ�ERWK�SDWFKHV��+RZHYHU��
WKLV�GLPRUSKLVP�FDQ�EH�LQYDGHG�DQG�UHSODFHG�E\�RQH�JHQRW\SH�ZLWK�D�SDUWLFXODU�FRPELQDWLRQ�RI�
SDWFK�VSHFLILF�GLVSHUVDO�SURSHQVLWLHV�LQ�D�UDWLR�DOVR�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�
DYHUDJH�SRSXODWLRQ�VL]HV��:H�GLVFXVV�D�QXPEHU�RI�WHVWDEOH�SUHGLFWLRQV�WKLV�PRGHO�VXJJHVWV�DERXW�
WKH�DPRXQWV�RI�SKHQRW\SLF�DQG�JHQHWLF�YDULDWLRQ�LQ�GLVSHUVDO�FKDUDFWHUV�WKDW�DUH�H[SHFWHG�ERWK�
ZLWKLQ�DQG�EHWZHHQ�SRSXODWLRQV��DQG�WKH�GHJUHH�WR�ZKLFK�WKH�H[SUHVVLRQ�RI�SKHQRW\SLF�FKDUDF��
WHUV�DIIHFWLQJ�GLVSHUVDO�SURSHQVLW\�VKRXOG�EH�VHQVLWLYH�WR�HQYLURQPHQWDO�FRQGLWLRQV��7KH�PRGHO�
DOVR�VXJJHVWV�QRYHO�PHFKDQLVPV�IRU�FRH[LVWHQFH�EHWZHHQ�FRPSHWLQJ�VSHFLHV�LQ�YDU\LQJ�HQYLURQ��
PHQWV��

7KH�ILWQHVV�RI�DQ�RUJDQLVP�LV�GHWHUPLQHG�MRLQWO\�E\�LWV�SKHQRW\SH�DQG�WKH�HQYL��
URQPHQW�LW�H[SHULHQFHV��WKH�WHUP�HQYLURQPHQW�KHUH�HQFRPSDVVHV�WKH�IXOO�SDQRSO\�
RI�IDFWRUV�WKDW�FDQ�LQIOXHQFH�ELUWK�DQG�GHDWK�UDWHV��%HFDXVH� WKH�HQYLURQPHQW�
YDULHV�DFURVV�VSDFH�DQG�WKURXJK�WLPH��ILWQHVV�OLNHZLVH�ZLOO�YDU\�LQ�VSDFH�DQG�WLPH��
'LVSHUVDO��WKH�PRYHPHQW�RI�LQGLYLGXDOV�EHWZHHQ�SRSXODWLRQV��PRGLILHV�WKH�DUUD\�
RI�HFRORJLFDO�FRQGLWLRQV�WKDW�D�JHQRW\SH�PD\�H[SHULHQFH��7HPSOHWRQ�DQG�5RWKPDQ�
������DQG�FDQ�EH�YLHZHG�DV�DQ�H[DPSOH�RI�D�EHW�KHGJLQJ�VWUDWHJ\��6HJHU�DQG�

W�3UHVHQW�DGGUHVV��'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��'DUWPRXWK�&ROOHJH��+DQRYHU��1HZ�+DPS��
VKLUH��������

$P��1DW��������9RO�������SS�������������
"� �����E\�7KH�8QLYHUVLW\�RI�&KLFDJR��������������������������������$OO�ULJKWV�UHVHUYHG��
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%URFNPDQQ�������3KLOOLSL�DQG�6HJHU��������7KH�RXWFRPH�RI�QDWXUDO�VHOHFWLRQ�RQ�
GLVSHUVDO�FKDUDFWHUV�VKRXOG�WKXV�UHIOHFW�WKH�VSDWLRWHPSRUDO�YDULDELOLW\�RI�WKH�HQYL��
URQPHQW��
'LVSHUVDO�FDQ�DOVR�LQIOXHQFH�ORFDO�SRSXODWLRQ�VL]H�DQG�VWDELOLW\��9DQFH� ������

+ROW�������DQG�WKHUHE\�DOWHU�WKH�VHOHFWLYHO\�UHOHYDQW�HQYLURQPHQW��*LYHQ�WKDW�
ILWQHVVHV�DUH�GHQVLW\�GHSHQGHQW��WKH�IOX[�RI�GLVSHUVHUV�LQWR�DQG�RXW�RI�D�SRSXODWLRQ�
VKRXOG�DIIHFW�UHDOL]HG�ILWQHVVHV�LQ�WKDW�SRSXODWLRQ��7KHUHIRUH��D�IXOO�DQDO\VLV�RI�
WKH�HYROXWLRQ�RI�GLVSHUVDO�PXVW�VLPXOWDQHRXVO\�H[DPLQH�VSDWLRWHPSRUDO�YDULDWLRQ�
LQ�HFRORJLFDO�FRQGLWLRQV�DQG�WKH�GHPRJUDSKLF�FRQVHTXHQFHV�RI�GLVSHUVDO�RQ�SRSX��
ODWLRQ�VL]H��
3UHYLRXV�ZRUNHUV�KDYH�LGHQWLILHG�VHYHUDO�FLUFXPVWDQFHV�IDYRULQJ�GLVSHUVDO��IRU�

D�GHWDLOHG�UHYLHZ�VHH�-RKQVRQ�DQG�*DLQHV��������&RPSHWLWLYH�LQWHUDFWLRQV�DPRQJ�
UHODWLYHV�FDQ�IDYRU�D�QRQ]HUR�GLVSHUVDO�UDWH�EHWZHHQ�SDWFKHV��HYHQ�LQ�D�VSDWLDOO\�
DQG�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQW��+DPLOWRQ�DQG�0D\�������&RPLQV�HW�DO��
������&RPLQV�������0RWUR�����D������E��������)UDQN��������$V\PPHWULFDO�FRP��
SHWLWLYH�LQWHUDFWLRQV��H�J���GRPLQDQFH�UHODWLRQV�DPRQJ�LQGLYLGXDOV��FDQ�SURPRWH�
GLVSHUVDO�LQ�D� WHPSRUDOO\�FRQVWDQW�EXW�VSDWLDOO\�YDU\LQJ�HQYLURQPHQW��3XOOLDP�
�������+RZHYHU��LI�LQWHUDFWLRQV�RFFXU�PDLQO\�DPRQJ�QRQNLQ�DQG�QR�DV\PPHWULFDO�
FRPSHWLWLYH�LQWHUDFWLRQV�H[LVW��SUHYLRXV�VWXGLHV�VXJJHVW�WKDW�D�FRPELQDWLRQ�RI�
VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�LV�QHHGHG�IRU�QRQ]HUR�GLVSHUVDO�UDWHV�WR�EH�IDYRUHG�
�*DGJLO�������5RII�������/HYLQ�HW�DO���������3RSXODWLRQ�JHQHWLF�PRGHOV�RI�VHOHFWLRQ�
LQ�PXOWLSDWFK�HQYLURQPHQWV�LQGLFDWH�WKDW�LI�DOOHOLF�ILWQHVVHV�DUH�WHPSRUDOO\�FRQ��
VWDQW�EXW�GLIIHUHQW�DOOHOHV�DUH�IDYRUHG�LQ�GLIIHUHQW�SDWFKHV��DOOHOHV�IRU�UHGXFHG�
GLVSHUVDO�FDQ�DOZD\V�LQYDGH��VHH��H�J���%DONDX�DQG�)HOGPDQ�������7HDJXH�������
$VPXVVHQ�������/LEHUPDQ�DQG�)HOGPDQ��������(FRORJLFDO�PRGHOV�DOVR�VXJJHVW�
WKDW�LQGLYLGXDOV�VKRXOG�QRW�GLVSHUVH�LQ�VSDWLDOO\�YDU\LQJ�EXW�WHPSRUDOO\�FRQVWDQW�
HQYLURQPHQWV��+DVWLQJV�������+ROW��������
$QLPDOV�DQG�SODQWV�H[KLELW�D�EURDG�VSHFWUXP�RI�GLVSHUVDO�VWUDWHJLHV��7KH�VLP��

SOHVW�GLVSHUVDO�VWUDWHJ\�LV�IRU�LQGLYLGXDOV�WR�GLVSHUVH�DW�FRQVWDQW�SHU�FDSLWD�UDWHV��
UHJDUGOHVV�RI�WKH�HQYLURQPHQW��DQ�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJ\��7KLV�KDV�EHHQ�
WKH�NLQG�RI�GLVSHUVDO�VWUDWHJ\�H[DPLQHG�LQ�PRVW�SUHYLRXV�DQDO\VHV�RI�WKH�HYROXWLRQ�
RI�GLVSHUVDO��$W�WKH�RWKHU�H[WUHPH��DQ�RUJDQLVP�FRXOG�KDYH�D�KLJKO\�IOH[LEOH�
GLVSHUVDO�UXOH��ZKLFK�LV�VHQVLWLYH�WR�KDELWDW�W\SH��ORFDO�SRSXODWLRQ�VL]H��DQG�RWKHU�
SUHGLFWRUV�RI�ORFDO�ILWQHVV��D�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJ\��
,Q�WKLV�DUWLFOH��ZH�FRQVLGHU�WKH�HYROXWLRQ�RI�D�VLPSOH�FRQGLWLRQDO�VWUDWHJ\��LQ�

ZKLFK�WKH�SHU�FDSLWD�GLVSHUVDO�UDWH�RI�D�JLYHQ�JHQRW\SH�GHSHQGV�VROHO\�RQ�KDELWDW�
W\SH��EXW�QRW�GHQVLW\��HWF���D� VLPSOH�IRUP�RI�SKHQRW\SLF�SODVWLFLW\��2XU�IRFXV�LV�
RQ�KRZ�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�LQ�SRSXODWLRQ�VL]HV�LQIOXHQFHV�WKH�HYROXWLRQ�
RI�GLVSHUVDO��JLYHQ�WKDW�ORFDO�ILWQHVVHV�DUH�GHQVLW\�GHSHQGHQW��DQG�RQ�FRPSDULQJ�
WKH�VXFFHVV�RI�XQFRQGLWLRQDO�DQG�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��,Q�FRQWUDVW�WR�
SUHYLRXV�VWXGLHV��RXU�UHVXOWV�LQGLFDWH�WKDW�GLVSHUVDO�FDQ�EH�IDYRUHG�HYHQ�LQ�VSD��
WLDOO\�YDU\LQJ�EXW�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQWV��0RUHRYHU��VXEVWDQWLDOO\�GLI��
IHUHQW�W\SHV�RI�GLVSHUVDO�SRO\PRUSKLVPV�FDQ�GHYHORS�XQGHU�GLIIHUHQW�UHJLPHV�RI�
VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ��$�QRYHO�SUHGLFWLRQ�WR�HPHUJH�LV�WKDW�DQ�LQYHUVH�
FRUUHODWLRQ�DFURVV�VSDFH�VKRXOG�H[LVW�EHWZHHQ�ORFDO�SRSXODWLRQ�DEXQGDQFH�DQG�
ORFDO�GLVSHUVDO�UDWH��
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)RU�VLPSOLFLW\��FRQVLGHU�DQ�DVH[XDO�VSHFLHV�ZLWK�GLVFUHWH�JHQHUDWLRQV�RFFXS\LQJ�
WZR�SDWFKHV�FRXSOHG�E\�GLVSHUVDO��7KH�WRWDO�SRSXODWLRQ�LV�FRPSULVHG�RI�D�QXPEHU�
RI�JHQRW\SHV�WKDW�GLIIHU�RQO\�LQ�WKHLU�SURSHQVLW\�WR�PRYH�EHWZHHQ�SDWFKHV��:H�
ODEHO�HDFK�JHQRW\SH�E\�LWV�SURSHQVLW\�WR�GLVSHUVH��7KH�OLIH�F\FOH�FRQVLVWV�RI�WZR�
FRQVHFXWLYH�VWDJHV��SRSXODWLRQ�JURZWK�DQG�UHJXODWLRQ�ZLWKLQ�HDFK�SDWFK��DQG�GLV��
SHUVDO�EHWZHHQ�SDWFKHV��/HW�QL�N�W��EH�WKH�QXPEHU�RI�LQGLYLGXDOV�RI�JHQRW\SH�N��N�
 � ��������������G��� ���G��LQ�SDWFK�L��L� � ������DW�WKH�EHJLQQLQJ�RI�JHQHUDWLRQ�W��WKH�
WRWDO�SRSXODWLRQ�VL]H�LQ�SDWFK�L�LV�1L�W�� � (�QL�N�W���)ROORZLQJ�SRSXODWLRQ�UHJXODWLRQ�
EXW�EHIRUH�GLVSHUVDO��WKH�WRWDO�SRSXODWLRQ�VL]H�LQ�SDWFK�L�LV�JLYHQ�E\�WKH�H[SRQHQ��
WLDO�ORJLVWLF�PRGHO��0RUDQ�������5LFNHU�������&RRN�������0D\�DQG�2VWHU�������

1
�W��  � H[S�UL�W�� �� ^���� >1M�W�,.M�W�@`�� �� 1L�W��� ����

ZKHUH�UL�W��DQG�.L�W��DUH��UHVSHFWLYHO\��WKH�LQWULQVLF�JURZWK�UDWH�DQG�WKH�FDUU\LQJ�
FDSDFLW\�LQ�SDWFK�L�DW�WLPH�W��%HFDXVH�DOO�JHQRW\SHV�DUH�DVVXPHG�WR�EH�LGHQWLFDO�
ZLWKLQ�SDWFKHV��WKH�SURSRUWLRQV�RI�JHQRW\SHV�LQ�SDWFK�L�EHIRUH�DQG�DIWHU�SRSXODWLRQ�
UHJXODWLRQ�DUH�WKH�VDPH��9DULDWLRQ�LQ�SRSXODWLRQ�VL]H�LV�GULYHQ�E\�VSDWLDO�DQG�
WHPSRUDO�YDULDWLRQ�LQ�FDUU\LQJ�FDSDFLWLHV��DQG�EHFDXVH�ILWQHVVHV�DUH�GHQVLW\��
GHSHQGHQW��WKLV�LQGXFHV�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�LQ�ILWQHVV��
7KH�OLIH�F\FOH�LV�FRPSOHWHG�E\�GLVSHUVDO��7KH�SURSRUWLRQ�RI�LQGLYLGXDOV�RI�D�

JLYHQ�JHQRW\SH�ERUQ�LQ�SDWFK�L�WKDW�GLVSHUVHV�WR�SDWFKM�HDFK�JHQHUDWLRQ�LV�DVVXPHG�
WR�EH�D�FRQVWDQW��PLM�L��M�  � ��������F�PLM�
� ����1R�LQGLYLGXDOV�GLH�GXULQJ�GLVSHUVDO��
)RU�JHQRW\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��0���  � 0����ZKHUHDV�IRU�
JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��0������0����,Q�WKH�$SSHQGL[��ZH�
RXWOLQH�WKH�HIIHFWV�RI�DOWHULQJ�WKHVH�DVVXPSWLRQV�DERXW�GLVSHUVDO��
,Q�RXU�QXPHULFDO�VWXGLHV�RI�WKH�HYROXWLRQDU\�G\QDPLFV�RI�WKLV�V\VWHP��SRSXOD��

WLRQ�VL]HV�DUH�UHFRUGHG�DV�UHDO�QXPEHUV�WR�D�SUHFLVLRQ�RI����VLJQLILFDQW�GLJLWV�WR�
UHGXFH�VDPSOLQJ�HUURU��,QLWLDO�SRSXODWLRQ�VL]H�LQ�HDFK�SDWFK�LV�VHW�HTXDO�WR�WKH�
PHDQ�FDUU\LQJ�FDSDFLW\�RI�WKDW�SDWFK��
:H�FRQVLGHU�IRXU�GLVWLQFW�SDWWHUQV�RI�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�LQ�FDUU\LQJ�

FDSDFLWLHV��&KHVVRQ��������D�VSDWLDOO\�DQG�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQW��WKDW�
LV��.,�W��  � .��W�� � N��D�WHPSRUDOO\�YDU\LQJ�EXW�VSDWLDOO\�FRQVWDQW�HQYLURQPHQW��
WKDW�LV��.,�W��  � .��W�� � N�W���ZKHUH�N�W��LV�GUDZQ�IURP�D�QRUPDO�GLVWULEXWLRQ��D�
VSDWLDOO\�YDU\LQJ�EXW�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQW��WKDW�LV��.��W�� � N��DQG�
.��W�� � N��ZKHUH�N�� ��N���DQG�D�VSDWLDOO\�DQG�WHPSRUDOO\�YDU\LQJ�HQYLURQPHQW��
WKDW�LV��.,�W��  � NO�W��DQG�.��W�� � N��W���ZKHUH�NO�W��DQG�N��W��DUH�GUDZQ�HDFK�
JHQHUDWLRQ�IURP�D�ELYDULDWH�QRUPDO�GLVWULEXWLRQ��:H�DOWHU�WKH�GLVWULEXWLRQV�RI�N��W��
DQG�N��W��LQ�PHDQ�DQG�YDULDQFH��:H�DOVR�YDU\�WKH�GHJUHH�RI�ZLWKLQ�JHQHUDWLRQ�
FRUUHODWLRQ�EHWZHHQ�N��W��DQG�N��W��E\�GUDZLQJ�N��W��DQG�N��W��HDFK�JHQHUDWLRQ�IURP�
D�ELYDULDWH�GLVWULEXWLRQ�ZLWK�D�VSHFLILHG�FRUUHODWLRQ�EXW�ZLWKRXW�VHULDO�DXWRFRUUHOD��
WLRQV��:H�H[DPLQH�RQO\�WKH�UDQJH�RI�YDULDWLRQ�LQ�FDUU\LQJ�FDSDFLWLHV�LQ�ZKLFK�WKH�
SRSXODWLRQ�LQ�D�SDWFK�ZLOO�QRW�EH�GULYHQ�WRWDOO\�H[WLQFW��L�H���YDULDQFHV�IRU�ZKLFK�
WKH�SUREDELOLW\�RI�NL�W���� ��LV�H[WUHPHO\�VPDOO���7KHUHIRUH��VHOHFWLRQ�RQ�GLVSHUVDO�
FDXVHG�E\�RXWULJKW�SRSXODWLRQ�H[WLQFWLRQ�LV�QRW�SDUW�RI�RXU�VWXG\��8QLIRUP��QRU��
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PDO��DQG�ORJQRUPDO�GLVWULEXWLRQV�RI�FDUU\LQJ�FDSDFLW\�DOO�JLYH�TXDOLWDWLYHO\�VLPLODU�
UHVXOWV��VR�ZH�SUHVHQW�RQO\�UHVXOWV�XVLQJ�D�QRUPDO�GLVWULEXWLRQ�IRU�NL�W���
)RU�HDFK�VHW�RI�HQYLURQPHQWDO�FRQGLWLRQV��ZH�DVVXPH�WKDW�WKH�SRSXODWLRQ�LV�

LQLWLDOO\�FRPSULVHG�RI����JHQRW\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�
VSDQ�WKH�UDQJH�RI�SRWHQWLDO�GLVSHUVDO�SURSHQVLWLHV����������� LQ����LQWHUYDOV��
�7KH����JHQRW\SH�LV�DSSUR[LPDWHG�ZLWK�D������GLVSHUVDO�SURSHQVLW\��KHUHDIWHU�
UHIHUUHG�WR�DV�WKH����� JHQRW\SH��JLYHQ�WKDW�LW�LV�ELRORJLFDOO\�XQUHDVRQDEOH�WR�
DVVXPH�WKDW�GLVSHUVDO�LV�FRPSOHWHO\�LPSRVVLEOH���$OO�JHQRW\SHV�DUH�LQLWLDOO\�HTXDOO\�
DEXQGDQW�LQ�HDFK�SDWFK��$IWHU�PDQ\��!�������� JHQHUDWLRQV�ZH�DVN�ZKHWKHU�RQH�
JHQRW\SH�LV�QHDU�IL[DWLRQ�RU�ZKHWKHU�WKH�SRSXODWLRQ�LV�FRQYHUJLQJ�WRZDUG�D�SRO\��
PRUSKLF�HTXLOLEULXP��:H�WKHQ�UXQ�QHZ�VLPXODWLRQV�LQ�ZKLFK�WKH�VXFFHVVIXO�GLV��
SHUVDO�W\SHV�FRPSHWH�SDLUZLVH�DJDLQVW�WKH�IXOO�UDQJH�RI�FORQHV��
+DYLQJ�GHWHUPLQHG�WKH�HYROXWLRQDULO\�VWDEOH�VWDWH�RI�WKH�SRSXODWLRQ�DQG�JLYHQ�

WKH�LPSOLFLW�FRQVWUDLQW�WKDW�GLVSHUVDO�LV�DQ�XQFRQGLWLRQDO�VWUDWHJ\��ZH�WKHQ�LQWUR��
GXFH��SDLUZLVH��WKH�IXOO�UDQJH�RI�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��
8QGHU�PDQ\�FRQGLWLRQV��D�ODUJH�VHW�RI�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWH��
JLHV�FDQ�FRH[LVW�ZLWK�WKH�VXFFHVVIXO�JHQRW\SHV�KDYLQJ�XQFRQGLWLRQDO�GLVSHUVDO�
VWUDWHJLHV��)XUWKHUPRUH��VRPH�VXEVHW�FDQ�RIWHQ�FRPSOHWHO\�GLVSODFH�DOO�RWKHU�JH��
QRW\SHV��:H�LGHQWLI\�ERWK�WKH�VHW�WKDW�FDQ�FRH[LVW�ZLWK�VXFFHVVIXO�JHQRW\SHV�
KDYLQJ�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DQG�WKH�VXEVHW�WKDW�ZLOO�GULYH�DOO�RWKHUV�
H[WLQFW��

5(68/76�

:H�ILUVW�VXPPDUL]H�WKRVH�PRGLILFDWLRQV�LQ�WKH�PRGHO�DQG�SDUDPHWHU�FRPELQD��
WLRQV�WKDW�KDYH�QR�TXDOLWDWLYH�HIIHFWV�RQ�WKH�RXWFRPHV��,Q�PRGHO����VSDWLDO�DQG�
WHPSRUDO�YDULDWLRQ�LQ�UL�W��RYHU�UDQJHV�SUHFOXGLQJ�FKDRWLF�G\QDPLFV��UL�W���� �������
KDYH�QR�TXDOLWDWLYH�HIIHFW�RQ�WKH�UHVXOWV��DQG�VR�UO�W�� � U��W�� � �����LQ�DOO�WKH�
DQDO\VHV�GHVFULEHG�EHORZ��HOVHZKHUH�ZH�ZLOO�GHVFULEH�WKH�FRQVHTXHQFHV�RI�FKD��
RWLF�SRSXODWLRQ�G\QDPLFV�IRU�WKH�HYROXWLRQ�RI�GLVSHUVDO���8VLQJ�GHQVLW\�GHSHQGHQW�
PRGHOV�GLIIHUHQW�IURP�HTXDWLRQ�����GRHV�QRW�DIIHFW�WKH�TXDOLWDWLYH�RXWFRPH��QRU�
GRHV�FKDQJLQJ�WKH�WHPSRUDO�RUGHULQJ�RI�GLVSHUVDO�DQG�SRSXODWLRQ�UHJXODWLRQ��)L��
QDOO\��ZH�QHYHU�REVHUYHG�D�FDVH�LQ�ZKLFK�WKH�RXWFRPH�GHSHQGV�RQ�LQLWLDO�FRQGL��
WLRQV��2XU�SULQFLSDO�ILQGLQJV��VXPPDUL]HG�LQ�WDEOH����DUH�GHVFULEHG�PRUH�IXOO\�LQ�
WKH�IROORZLQJ�VHFWLRQV��

6SDWLDOO\�DQG�7HPSRUDOO\�&RQVWDQW�(QYLURQPHQW�

0DQ\�JHQRW\SHV�FDQ�FRH[LVW�DW�QHXWUDO�HTXLOLEULD�ZLWK�VSDWLDOO\�DQG�WHPSRUDOO\�
FRQVWDQW�FDUU\LQJ�FDSDFLWLHV��)RU�WKH�VHW�RI�JHQRW\SHV�ZLWK�XQFRQGLWLRQDO�GLV��
SHUVDO�VWUDWHJLHV�DW�WKLV�QHXWUDOO\�VWDEOH�HTXLOLEULXP��HDFK�JHQRW\SH�KDV�HTXDO�
UHODWLYH�IUHTXHQFLHV�LQ�WKH�WZR�SDWFKHV��$OWHULQJ�WKH�UHODWLYH�IUHTXHQFLHV�RI�JHQR��
W\SHV�FDXVHV� WKH�V\VWHP�WR�FRPH�WR�DQRWKHU�HTXLOLEULXP��EXW�QR�JHQRW\SH�LV�
H[FOXGHG��
:KHQ�RQH�JHQRW\SH�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�RU�PDQ\�JHQRW\SHV�

WKDW�DOO�KDYH�JUHDWHU�GLVSHUVDO�SURSHQVLWLHV�IURP�WKH�VDPH�SDWFK��L�H���DOO�ZLWK�PLM���
PML��DUH�LQWURGXFHG�LQWR�SRSXODWLRQV�GRPLQDWHG�E\�D�VHW�RI�XQFRQGLWLRQDO�GLVSHUVDO�
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VWUDWHJLHV�DW�HTXLOLEULXP��WKH�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DO��
ZD\V�JR�H[WLQFW��7KH�UHDVRQ�LV�WKDW�ELDVHG�GLVSHUVDO�SXVKHV�WKH�SRSXODWLRQ�VL]H�
LQ�RQH�SDWFK�SHUSHWXDOO\�DERYH�.�DQG�WKH�RWKHU�SHUSHWXDOO\�EHORZ�.��+RZHYHU��
JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�FRH[LVW�ZLWK�HDFK�RWKHU�DQG�ZLWK�
JHQRW\SHV�KDYLQJ�XQFRQGLWLRQDO�VWUDWHJLHV�LI�WZR�RU�PRUH�JHQRW\SHV�DUH�LQWUR��
GXFHG��VXFK�WKDW�VRPH�FORQHV�KDYH�P����� 0���ZKLOH�RWKHUV�KDYH�0���!� 0����
$JDLQ��WKH�V\VWHP�FRPHV�WR�D�QHXWUDOO\�VWDEOH�HTXLOLEULXP��ZLWK�HTXDO�QXPEHUV�
RI�LQGLYLGXDOV�OHDYLQJ�ERWK�SDWFKHV�HDFK�JHQHUDWLRQ��

7HPSRUDOO\�9DW\LQJ�EXW�6SDWLDOO\�&RQVWDQW�(QYLURQPHQW�
7KH�DERYH�UHVXOWV�DUH�XQFKDQJHG�ZKHQ�.V�YDU\�WKURXJK�WLPH�EXW�UHPDLQ�XQL��

IRUP�DFURVV�VSDFH��WKDW�LV��.��W��  � .��W�� � N�W���

6SDWLDOO\�9DU\LQJ�EXW�7HPSRUDOO\�&RQVWDQW�(QYLURQPHQW�
:KHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�SDWFKHV�YDU\�VSDWLDOO\�EXW�QRW�WHPSR��

UDOO\�DQG�RQO\�JHQRW\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DUH�SUHVHQW��VH��
OHFWLRQ�GULYHV�WKH�SRSXODWLRQ�WRZDUG�WKH�ORZHVW�DFFHVVLEOH�SURSHQVLW\��L�H���0L��
 � P�O� ������,QFUHDVLQJ�WKH�GLIIHUHQFH�EHWZHHQ�.��DQG�.��LQFUHDVHV�WKH�UDWH�DW�
ZKLFK�WKLV�JHQRW\SH�DSSURDFKHV�IL[DWLRQ��
$�JHQRW\SH�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�FDQ�LQYDGH�SRSXODWLRQV�IL[HG�

IRU�D�JHQRW\SH�KDYLQJ�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�QHDU�]HUR��LI�WKH�LQYDGHU�
VDWLVILHV�WKH�LQHTXDOLW\�

P���0���
a���.��.�� ����

�ILJ���$���)XUWKHUPRUH��LI�JHQRW\SHV�ZLWK�GLVSHUVDO�SURSHQVLWLHV�VDWLVI\LQJ�WKH�
HTXDOLW\�LQ�HTXDWLRQ�����DUH�SUHVHQW��DOO�RWKHU�JHQRW\SHV�QRW�VDWLVI\LQJ�WKLV�HTXDOLW\�
JR�H[WLQFW��$Q\�QXPEHU�RI�JHQRW\SHV�VDWLVI\LQJ�WKLV�HTXDOLW\�FDQ�FRH[LVW�LQ�WKH�
HTXLOLEULXP��ZLWK�HDFK�JHQRW\SH�KDYLQJ�HTXDO�UHODWLYH�IUHTXHQFLHV�LQ�WKH�WZR�
SDWFKHV��7KLV�OLQH�RI�HTXLOLEULXP�SDVVHV�WKURXJK�WKH�RULJLQ��L�H���0L��  � 0��� �
������DQG�KDV�D�VORSH�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�FDUU\LQJ�FDSDFLWLHV�
�0��� � �.��.��P�����ILJ���$���7KLV�HTXLOLEULXP�OLQH�FDQ�EH�GHULYHG�DQDO\WLFDOO\�
IRU�D�FRQWLQXRXV�WLPH�YHUVLRQ�RI�WKLV�PRGHO�E\�LQFOXGLQJ�FRQGLWLRQDO�GLVSHUVDO�
VWUDWHJLHV�LQ�WKH�PRGHO�H[DPLQHG�E\�+ROW���������6XFFHVVIXO�JHQRW\SHV�KDYH�KLJK�
GLVSHUVDO�SURSHQVLWLHV�IURP�WKH�ORZ�.�SDWFK�DQG�ORZ�GLVSHUVDO�SURSHQVLWLHV�IURP�
WKH�KLJK�.�SDWFK��
7KH�HTXLOLEULXP�OLQH�IRU�WKLV�SRO\PRUSKLVP�UHIOHFWV�WKH�IDFW�WKDW�DQ�LQFUHPHQWDO�

FKDQJH�LQ�SRSXODWLRQ�VL]H�LQ�WKH�ORZ�.�SDWFK�WHQGV�WR�KDYH�JUHDWHU�LPSDFW�RQ�
ILWQHVV�WKDQ�GRHV�DQ�HTXDO�FKDQJH�LQ�WKH�KLJK�.�SDWFK��&RQVLGHU�WKH�ILWQHVV�FRQVH��
TXHQFHV�RI�GLVSHUVDO�ZKHQ�ERWK�SDWFKHV�DUH�DW�WKHLU�FDUU\LQJ�FDSDFLWLHV��)LJXUH�
O%�SUHVHQWV�WKH�DYHUDJH�ILWQHVVHV�RI�WKH�IXOO�UDQJH�RI�JHQRW\SHV��HDFK�UHVSHFWLYHO\�
DW�IL[DWLRQ��*HQRW\SHV�DERYH�WKH�HTXLOLEULXP�OLQH�GLVSHUVH�UHODWLYHO\�PRUH�LQGLYLG��
XDOV�WR�WKH�ORZ�.�SDWFK�HDFK�JHQHUDWLRQ��L�H���P��.,�!� 0L���.����ZKLFK�FDXVHV�WKH�
SRSXODWLRQ�LQ�WKH�KLJK�.�SDWFK�WR�EH�EHORZ�DQG�WKH�SRSXODWLRQ�LQ�WKH�ORZ�.�SDWFK�
WR�EH�DERYH�WKHLU�UHVSHFWLYH�FDUU\LQJ�FDSDFLWLHV���+DVWLQJV�>����@�ILUVW�SRLQWHG�WKLV�
RXW�IRU�0L��  � 0����VHH�DOVR�+ROW������DQG�&RKHQ�DQG�/HYLQ��������5HGXFHG�
GLVSHUVDO�LQWR�WKH�ORZ�.�SDWFK�LV�WKXV�IDYRUHG��PRVW�GLVSHUVHUV�DUH�PRYLQJ�LQWR�
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),*�� ���7KH�VXFFHVV�RI�JHQRW\SHV�ZKHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�SDWFKHV�YDU\�
VSDWLDOO\�EXW�QRW�WHPSRUDOO\��,Q�DOO�VLPXODWLRQV�XVHG�WR�JHQHUDWH�WKLV�ILJXUH��.�� �����DQG�.��
 �����$��7KH�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�FDQ�LQYDGH�SRSXODWLRQV�RI�
WKH�����JHQRW\SH��0���  � 0��� � ��������$OO�VLPXODWLRQV�EHJLQ�ZLWK�WKH�����JHQRW\SH�DW�D�
UHODWLYH�IUHTXHQF\�RI������LQ�ERWK�SDWFKHV�DQG�WKH�LQYDGLQJ�JHQRW\SH�DW������LQ�ERWK�SDWFKHV��
$OO�JHQRW\SHV�EHORZ�WKH�HTXLOLEULXP�OLQH��ODEHOHG�0���  � �.��.��P����LQFUHDVH�LQ�IUHTXHQF\�
DQG�FRPH�WR�DQ�HTXLOLEULXP�ZLWK�ERWK�JHQRW\SHV�FRH[LVWLQJ��$OO�JHQRW\SHV�DERYH�WKLV�OLQH�
FDQQRW�LQYDGH��$Q\�JHQRW\SH�RQ�WKLV�HTXLOLEULXP�OLQH�ZLOO�LQYDGH�DQG�GULYH�H[WLQFW�DQ\�
FRPELQDWLRQ�RI�JHQRW\SHV�QRW�RQ�WKH�OLQH��$Q\�QXPEHU�RI�JHQRW\SHV�KDYLQJ�GLVSHUVDO�SURSHQ��
VLWLHV�DORQJ�WKLV�OLQH�ZLOO�FRH[LVW��%��7KH�DYHUDJH�ILWQHVV�RI�JHQRW\SHV�ZKHQ�HDFK�LV�DW�IL[DWLRQ�
LQ�WKH�WZR�SDWFKHV�XQGHU�WKHVH�FRQGLWLRQV��7KH�HTXLOLEULXP�OLQH�LV�JLYHQ�LQ�WKH�P�����0��� SODQH��
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WKH�ORZ�.�SDWFK�ZLWK�GHWULPHQWDO�ILWQHVV�FRQVHTXHQFHV��DQG�WKLV�LV�QRW�RIIVHW�E\�
WKH�ILWQHVV�JDLQV�REWDLQHG�E\�LQGLYLGXDOV�PRYLQJ�LQWR�WKH�KLJK�.�SDWFK��ILJ��L%���
&RQYHUVHO\��JHQRW\SHV�EHORZ�WKH�HTXLOLEULXP�OLQH�GLVSHUVH�UHODWLYHO\�PRUH�LQGL��
YLGXDOV�WR�WKH�KLJK�.�SDWFK�HDFK�JHQHUDWLRQ��P��.���� P��.����ZKLFK�FDXVHV�WKH�
SRSXODWLRQ�LQ�WKH�KLJK�.�SDWFK�WR�EH�DERYH�DQG�WKH�SRSXODWLRQ�LQ�WKH�ORZ�.�SDWFK�
WR�EH�EHORZ�WKHLU�UHVSHFWLYH�FDUU\LQJ�FDSDFLWLHV��+HUH��WKH�PDMRULW\�RI�GLVSHUVHUV�
DUH�DOVR�PRYLQJ�LQWR�D�SDWFK�ZLWK�GHWULPHQWDO�ILWQHVV�FRQVHTXHQFHV��+RZHYHU��
KLJKHU�ILWQHVVHV�FDQ�EH�JDLQHG�E\�GLVSHUVLQJ�PRUH�LQGLYLGXDOV�LQWR�WKH�ORZ�.�SDWFK�
EHFDXVH�RI�WKH�JUHDWHU�ILWQHVV�UHZDUGV�WKHUH�UHODWLYH�WR�WKH�ILWQHVV�FRVWV�LQ�WKH�
KLJK�.�SDWFK��7KHUHIRUH��LQFUHDVHG�GLVSHUVDO�LQWR�WKH�ORZ�.�SDWFK�LV�IDYRUHG��ILJ��
�%���&RQFRUGDQW�ZLWK�FKDQJHV�LQ�WKH�UHODWLYH�IUHTXHQFLHV�RI�WKH�GLVSHUVDO�VWUDWH��
JLHV��SRSXLODWLRQ�VL]HV�ZLOO�VKLIW�LQ�HDFK�SDWFK��$OO�GLVSHUVDO�VWUDWHJLHV�DORQJ�WKH�
HTXLOLEULXP�OLQH��WKH�ULGJH�RI�WKH�DGDSWLYH�VXUIDFH��KDYH�HTXDO�ILWQHVV��EHFDXVH�
HTXDO�QXPEHUV�RI�LQGLYLGXDOV�PRYH�LQWR�DQG�RXW�RI�ERWK�SDWFKHV�HDFK�JHQHUDWLRQ�
�L�H���P��.�� �P��.��IRU�DOO�JHQRW\SHV�RQ�WKH�HTXLOLEULXP�OLQH���DQG�HDFK�SDWFK�
LV�GHPRJUDSKLFDOO\�EDODQFHG�ZLWK�WKH�QXPEHU�RI�LQGLYLGXDOV�LQ�D�SDWFK�HTXDOLQJ�
WKH�ORFDO�FDUU\LQJ�FDSDFLW\��7KHVH�FRQVLGHUDWLRQV�VXJJHVW�WKDW�WKH�(66� RI�WKH�
SRSXODWLRQ�VKRXOG�EH�DORQJ�WKLV�OLQH��

6SDWLDOO\�DQG�7HPSRUDOO\�9DU\LQJ�(QYLURQPHQW�

.V�ZLWK�HTXDO�PHDQV�DQG�YDULDQFHV��:KHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�
SDWFKHV�YDU\�ERWK�VSDWLDOO\�DQG�WHPSRUDOO\�LQ�DQ�XQFRUUHODWHG�IDVKLRQ�DQG�ZLWK�
HTXDO�PHDQV�DQG�YDULDQFHV��WKH�JHQRW\SH�ZLWK�0��� � 0��� � �����LV�DOZD\V�ID��
YRUHG��$�GLVSHUVDO�SURSHQVLW\�RI�����LV�IDYRUHG�EHFDXVH�SRSXODWLRQ�VL]HV�LQ�ERWK�
SDWFKHV�KDYH�HTXDO�SUREDELOLWLHV�LQ�DQ\�JLYHQ�JHQHUDWLRQ�RI�EHLQJ�DERYH�.�ZKLOH�
WKH�RWKHU�SDWFK�LV�EHORZ�.��
(YHQ�VPDOO�DPRXQWV�RI�WHPSRUDO�YDULDWLRQ�IDYRU�GLVSHUVDO�LQ�VXFK�DQ�HQYLURQ��

PHQW��7R�DVVHVV�WKH�JHQHUDOLW\�RI�WKLV�UHVXOW��ZH�UDQ�VLPXODWLRQV�ZLWK�YDULRXV�
GHJUHHV�RI�FRUUHODWLRQ�EHWZHHQ�WKH�.V�DQG�GLIIHUHQW�DPRXQWV�RI�YDULDQFH�LQ�WKH�
.V��1HLWKHU�RI�WKHVH�DOWHU�WKH�RXWFRPH�RI�VHOHFWLRQ��EXW�ERWK�GR�DIIHFW�WKH�VWUHQJWK�
RI�VHOHFWLRQ��0DNLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�
SDWFKHV�PRUH�QHJDWLYH�FDXVHV�WKH�JHQRW\SH�ZLWK�0���  � 0���  � �����WR�DSSURDFK�
IL[DWLRQ�PRUH�TXLFNO\��ILJ���$���D�QHJDWLYH�FRUUHODWLRQ�LQFUHDVHV�WKH�LQWHQVLW\�RI�
VHOHFWLRQ�RQ�GLVSHUVDO�E\�LQFUHDVLQJ�WKH�SUREDELOLW\�WKDW�RQH�SDWFK�LV�DERYH�ZKLOH�
WKH�RWKHU�SDWFK�LV�EHORZ�.���2QO\�LQ�WKH�OLPLW�RI�D�SHUIHFW�SRVLWLYH�FRUUHODWLRQ�
EHWZHHQ�WKH�FDUU\LQJ�FDSDFLWLHV�LV�WKHUH�QR�VHOHFWLRQ�RQ�GLVSHUVDO���6LPLODUO\��
LQFUHDVLQJ�YDULDQFH�LQ�WKH�.V�DOVR�OHDGV�WR�PRUH�UDSLG�IL[DWLRQ��ILJ���%���LQFUHDVHG�
YDULDQFH�PDJQLILHV�WKH�DYHUDJH�ILWQHVV�JDLQV�DQG�GHFUHPHQWV�RI�GLVSHUVDO�ZKHQ�
SRSXODWLRQV�DUH�UHVSHFWLYHO\�EHORZ�DQG�DERYH�WKHLU�.V���2QO\�LQ�WKH�OLPLW�RI�QR�
YDULDQFH�LQ�FDUU\LQJ�FDSDFLWLHV�LV�WKHUH�QR�VHOHFWLRQ�RQ�GLVSHUVDO���
.V�ZLWK�GLIIHUHQW�PHDQV�EXW�HTXDO�YDULDQFHV��,I� WKH�PHDQ�FDUU\LQJ�FDSDFLWLHV�

RI�WKH�WZR�SDWFKHV�GLIIHU��WKH�JHQRW\SH�ZLWK�0���  � 0���  � �����LV�QR�ORQJHU�
IDYRUHG��:KHQ�RQO\�VHWV�RI�JHQRW\SHV�KDYLQJ�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�
DUH�FRQVLGHUHG��SRSXODWLRQV�HYROYH�WRZDUG�D�SHUVLVWHQW�SRO\PRUSKLVP�FRQVLVWLQJ�
RI� �����0���  � 0���  � �������DQG������0���  � 0���  � ������GLVSHUVDO�JHQRW\SHV�
�WDEOH�����7KH����� JHQRW\SH�LV�PRUH�FRPPRQ�LQ�WKH�KLJKHU�PHDQ�FDUU\LQJ��
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),*�����7KH� FRQVHTXHQFHV�RI�DOWHULQJ�WKH�FRUUHODWLRQV�EHWZHHQ�DQG�WKH�YDULDQFHV�RI�WKH�
FDUU\LQJ�FDSDFLWLHV�RI�WZR�SDWFKHV�WKDW�KDYH�WKH�VDPH�PHDQ�FDUU\LQJ�FDSDFLWLHV��$��7KH�
UHODWLYH�IUHTXHQFLHV�RI�WKH����JHQRW\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DIWHU�������
JHQHUDWLRQV�IRU�VLPXODWLRQV�XVLQJ�GLIIHUHQW�FRUUHODWLRQV�EHWZHHQ�WKH�FDUU\LQJ�FDSDFLWLHV��,Q�
WKHVH�VLPXODWLRQV�ERWK�SDWFKHV�KDYH�FDUU\LQJ�FDSDFLW\�PHDQV�RI��������YDULDQFHV�RI��������
DQG�WKH�VSHFLILHG�FRUUHODWLRQ�HDFK�JHQHUDWLRQ��%��7KH�UHODWLYH�IUHTXHQFLHV�RI�WKH����JHQRW\SHV�
ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DIWHU�������JHQHUDWLRQV�IRU�VLPXODWLRQV�XVLQJ�GLIIHUHQW�
YDULDQFHV�LQ�WKH�FDUU\LQJ�FDSDFLWLHV��%RWK�SDWFKHV�KDYH�FDUU\LQJ�FDSDFLW\�PHDQV�RI�������DQG�
FRUUHODWLRQV�RI������7KH�WZR�SDWFKHV�KDYH�WKH�VDPH�YDULDQFHV�LQ�DQ\�JLYHQ�VLPXODWLRQ��7KH�
PHDQV�RI�����VLPXODWLRQ�UXQV�IRU�HDFK�FRUUHODWLRQ�DQG�HDFK�YDULDQFH�DUH�SUHVHQWHG��

FDSDFLW\�SDWFK��DQG�WKH�����JHQRW\SH�LV�PRUH�FRPPRQ�LQ�WKH�ORZHU�PHDQ�FDUU\��
LQJ�FDSDFLW\�SDWFK��WDEOH�����,QFUHDVLQJ�WKH�GLIIHUHQFH�LQ�PHDQ�.V�EHWZHHQ�WKH�
WZR�SDWFKHV�LQFUHDVHV�WKH�UHODWLYH�DEXQGDQFHV�RI�WKH�ORZ�GLVSHUVDO�FORQH��WDEOH�����
$�EURDG�UDQJH�RI�JHQRW\SHV�KDYLQJ�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�FDQ�LQYDGH�

WKLV�SRO\PRUSKLVP��$Q�H[DPSOH�LV�SUHVHQWHG�LQ�ILJXUH����0RVW�JHQRW\SHV�ZLWK�
0����� 0���FDQ�LQYDGH�WKH�SRO\PRUSKLVP��DVVXPLQJ�.��!� .���ZKHUH�.L�LV�WKH�
PHDQ�.�IRU�SDWFK�L���RI�WKRVH�ZLWK�0����� P����RQO\�D�VPDOO�UDQJH�RI�JHQRW\SHV�
ZLWK�YHU\�ORZ�RU�YHU\�KLJK�GLVSHUVDO�SURSHQVLWLHV�FDQQRW�LQYDGH�WKH�SRO\PRUSKLVP�
�H�J���ILJ������DQG�WKHVH�UDQJHV�LQFUHDVH�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�FDU��
U\LQJ�FDSDFLWLHV�LQFUHDVH��,Q�FRQWUDVW��DOPRVW�DOO�JHQRW\SHV�ZLWK�0���!�0���FDQQRW�
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127(��&DUU\LQJ�FDSDFLW\�YDULDQFHV� � ������DQG�FRUUHODWLRQV� ������IRU�DOO�VLPXODWLRQV�FRQVLGHUHG�
LQ�WKLV�WDEOH��7KH�PHDQ�FDUU\LQJ�FDSDFLWLHV�DUH�JLYHQ�LQ�WKH�ILUVW�WZR�FROXPQV�RI�WKH�WDEOH��
�7KH�UHODWLYH�IUHTXHQFLHV�RI�WKH����� DQG�����JHQRW\SHV�LQ�WKH�SRO\PRUSKLVP�ZKHQ�RQO\�JHQR��

W\SHV�KDYLQJ�XQFRQGLWLRQDO�GLVSHUDO�VWUDWHJLHV�DUH�FRQVLGHUHG��
W�7KH�GLVSHUVDO�SURSHQVLWLHV�RI�WKH�JHQRW\SH�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�ZRXOG�JR�WR�

IL[DWLRQ�XQGHU�WKHVH�FRQGLWLRQV��

LQYDGH�WKH�SRO\PRUSKLVP��RQO\�D�YHU\�VPDOO�UDQJH�RI�JHQRW\SHV�ZLWK�0���RQO\�
VOLJKWO\�ODUJHU�WKDQ�0���DQG�ZLWK�ERWK�QHDU������FDQ�LQYDGH��H�J���ILJ������DQG�WKLV�
UDQJH�GHFUHDVHV�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDQ�FDUU\LQJ�FDSDFLWLHV�LQFUHDVHV��
2I�WKRVH�JHQRW\SHV�WKDW�FDQ�LQYDGH�WKH�SRO\PRUSKLVP��RQH�GULYHV�DOO�RWKHUV�

H[WLQFW��WDEOH�����7KH�UDWLR�RI�WKH�GLVSHUVDO�SURSHQVLWLHV�RI�WKLV�HYROXWLRQDULO\�
VWDEOH�VWUDWHJ\��(66��LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWLR�RI�WKH�PHDQ�FDUU\LQJ�
FDSDFLWLHV�RI�WKH�WZR�SDWFKHV��L�H���P���P��� �.O.����$�VLPLODU�UHODWLRQ�GHVFULEHV�
WKH�OLQH�RI�HTXLOLEULXP�LQ�VSDWLDOO\�YDU\LQJ�EXW�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQWV�
�HT��>�@��ILJ������+RZHYHU��ZLWK�WHPSRUDO�YDULDWLRQ�LPSRVHG�RQ�SHUVLVWHQW��DYHUDJH��
VSDWLDO�YDULDWLRQ��WKH�SRSXODWLRQ�EHFRPHV�PRQRPRUSKLF�IRU�D� SDUWLFX��
ODU�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJ\��,QFUHDVLQJ�WKH�YDULDQFHV�RI�WKH�.V�RU�PDNLQJ�
WKH�FRUUHODWLRQ�EHWZHHQ�WKH�.V�PRUH�QHJDWLYH�GRHV�QRW�DOWHU�ZKLFK�LV�WKH�ZLQ��
QLQJ�VWUDWHJ\��IRU�D�JLYHQ�GLIIHUHQFH�LQ�WKH�PHDQ�.V��EXW�GRHV�LQFUHDVH�WKH�UDWH�
DW�ZKLFK�WKLV�VWUDWHJ\�DSSURDFKHV�IL[DWLRQ��:KHQ�WKH�VXFFHVVIXO�JHQRW\SH�LV�
IL[HG��GLVSHUVDO�KDV�QR�HIIHFW�RQ�ORFDO�SRSXODWLRQ�GHQVLW\��ZKLFK�RQ�WKH�DYHUDJH�
HTXDOV�.��
.V�ZLWK�GLIIHUHQW�YDULDQFHV�EXW�HTXDO�PHDQV��$QDORJRXV� UHVXOWV�DUH�REWDLQHG�

ZKHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�SDWFKHV�KDYH�WKH�VDPH�PHDQ�EXW�GLIIHUHQW�
YDULDQFHV��EHFDXVH�DYHUDJH�SRSXODWLRQ�VL]H�WHQGV�WR�EH�VPDOOHU�LQ�WKH�SDWFK�ZLWK�
WKH�ODUJHU�YDULDQFH��9DQFH��������+RZHYHU��GLIIHUHQFHV�LQ�YDULDQFHV�KDYH�PXFK�
VPDOOHU�HIIHFWV�RQ�WKH�RXWFRPH�WKDQ�GR�GLIIHUHQFHV�LQ�PHDQV��)RU�H[DPSOH��ZKHQ�
WKH�FDUU\LQJ�FDSDFLWLHV�RI�ERWK�SDWFKHV�KDYH�PHDQV�RI�������EXW�WKH�YDULDQFH�LV�
����IRU�SDWFK���DQG�������IRU�SDWFK����WKH�UHODWLYH�IUHTXHQFLHV��FRPELQLQJ�ERWK�
SDWFKHV��LQ�WKH�UHVXOWLQJ�SRO\PRUSKLVP��ZKHQ�RQO\�JHQRW\SHV�ZLWK�0��� � 0���DUH�
FRQVLGHUHG��DUH������IRU�WKH����� JHQRW\SH�DQG������IRU�WKH�����W\SH��8QGHU�
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),*�����7KH�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�FDQ�LQYDGH�WKH�SRO\PRU��
SKLVP�RI�JHQRW\SHV��L�H�������DQG�����JHQRW\SHV��ZKHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�
SDWFKHV�YDU\�VSDWLDOO\�DQG�WHPSRUDOO\�EXW�KDYH�GLIIHUHQW�PHDQ�FDUU\LQJ�FDSDFLWLHV��,Q�WKH�
VLPXODWLRQV�XVHG�WR�JHQHUDWH�WKLV�ILJXUH��WKH�FDUU\LQJ�FDSDFLW\�IRU�SDWFK���KDV�PHDQ�RI������
DQG�SDWFK���KDV�PHDQ�RI�����&DUU\LQJ�FDSDFLW\�YDULDQFHV�DUH�����IRU�ERWK�SDWFKHV��$OO�
VLPXODWLRQV�EHJLQ�ZLWK�D�JHQRW\SH�KDYLQJ�0���  � 0���  � ������DW�D�UHODWLYH�IUHTXHQF\�RI�������
LQ�SDWFK���DQG������LQ�SDWFK����D�JHQRW\SH�KDYLQJ�0��� � 0��� � �����DW�D�UHODWLYH�IUHTXHQF\�
RI�������LQ�SDWFK���DQG������LQ�SDWFK����WKHVH�DUH�WKH�JHQRW\SHV�DW�WKHLU�SRO\PRUSKLF�HTXLOLE��
ULXP�LQ�WKH�WZR�SDWFKHV���DQG�WKH�LQYDGLQJ�JHQRW\SH�DW������LQ�ERWK�SDWFKHV��$OO�JHQRW\SHV�
EHORZ�WKH�FXUYHG��WKLFN�OLQH�FDQ�LQYDGH�WKH�SRO\PRUSKLVP�DQG�FRPH�WR�DQ�HTXLOLEULXP��
*HQRW\SHV�DERYH�WKH�FXUYHG��WKLFN�OLQH�FDQQRW�LQYDGH�WKH�SRO\PRUSKLVP��7KH�JHQRW\SH�
LGHQWLILHG�E\�WKH�FORVHG�FLUFOH� �0���  � ������0���  � �����XQGHU�WKHVH�FRQGLWLRQV�>WDEOH��@��
GLVSODFHV�DOO�RWKHUV�DQG�JRHV�WR�IL[DWLRQ��UHJDUGOHVV�RI�LQLWLDO�SRSXODWLRQ�FRPSRVLWLRQ��

WKHVH�VDPH�FRQGLWLRQV��WKH�JHQRW\SH�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�ZLOO�
GULYH�DOO�RWKHUV�H[WLQFW�KDV�0��� � �����DQG�0��� � ������

',6&866,21�

,Q�RXU�PRGHO��VHOHFWLRQ�IRU�GLVSHUVDO�RFFXUV�ZKHQHYHU�WKHUH�LV�YDULDWLRQ�LQ�
ILWQHVV�EHWZHHQ�SDWFKHV��FI��%XOO�HW�DO���������)LWQHVV�GLIIHUHQFHV�EHWZHHQ�SDWFKHV�
FDQ�EH�JHQHUDWHG�HLWKHU�E\�WKH�H[WHUQDO�HQYLURQPHQW��H[SUHVVHG�LQ�RXU�PRGHO�DV�
IOXFWXDWLRQV�LQ�ORFDO�FDUU\LQJ�FDSDFLWLHV��RU�E\�ELDVHV�LQ�GLVSHUVDO�WKDW�SXVK�ORFDO�
SRSXODWLRQ�VL]HV�DZD\�IURP�ORFDO�FDUU\LQJ�FDSDFLWLHV��6HOHFWLRQ�WHQGV�WR�HTXLOL��
EUDWH�UHDOL]HG�ILWQHVVHV�DFURVV�VSDFH��:KHWKHU�VHOHFWLRQ�OHDGV�WR�PRQRPRUSKLVP�
RU�SRO\PRUSKLVP�IRU�GLVSHUVDO�LV�GHWHUPLQHG�E\�DQ�LQWHUDFWLRQ�EHWZHHQ�HQYLURQ��
PHQWDO�FRQGLWLRQV�DQG�WKH�W\SHV�RI�VWUDWHJLHV�SUHVHQW�LQ�WKH�SRSXODWLRQV��XQFRQGL��
WLRQDO�RU�FRQGLWLRQDO���
'LVSHUDO�LV�D�QHXWUDO�FKDUDFWHU�LI�WKH�HQYLURQPHQW�LV�XQLIRUP�DFURVV�VSDFH�

�ZKHWKHU�RU�QRW�WKH�HQYLURQPHQW�YDULHV�LQ�WLPH���XQOHVV�DOO�JHQRW\SHV�ZLWK�FRQGL��
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WLRQDO�GLVSHUVDO�VWUDWHJLHV�KDYH�KLJKHU�GLVSHUVDO�SURSHQVLWLHV�IURP�WKH�VDPH�SDWFK��
7KLV�VHHPV�XQOLNHO\�DV�D�JHQHUDO�UXOH��VR�ZH�FRQFOXGH�WKDW�HFRORJLFDO�YDULDWLRQ�
DIIHFWLQJ�DOO�SDWFKHV�LQ�D�UHJLRQ�VLPLODUO\��H�J���VHDVRQDO�RU�\HDUO\�FOLPDWLF�
FKDQJHV��LV�LUUHOHYDQW�WR�WKH�HYROXWLRQ�RI�GLVSHUVDO��
'LVSHUVDO�LV�IDYRUHG�LQ�DOO�RWKHU�UHJLPHV�RI�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ��WDEOH�

����:KHQ�WKH�PHDQV�DQG�YDULDQFHV�RI�FDUU\LQJ�FDSDFLWLHV�DUH�HTXDO��LQGLYLGXDOV�
GLVSHUVLQJ�XQLIRUPO\��0��� � 0��� � ������DUH�IDYRUHG��7KLV�UHVXOW�LV�TXDOLWDWLYHO\�
FRQVLVWHQW�ZLWK�SUHYLRXV�VWXGLHV��ZKLFK�DVVXPH�GLIIHUHQW�PRGHOV�RI�SRSXODWLRQ�
UHJXODWLRQ��*DGJLO�������5RII�������/HYLQ�HW�DO��������DQG�GLIIHUHQW�PHWKRGV�IRU�
JHQHUDWLQJ�YDULDELOLW\�LQ�HFRORJLFDO�FRQGLWLRQV��H�J���ORFDO�H[WLQFWLRQV��9DQ�9DOHQ�
������&RPLQV�HW�DO��������&RPLQV��������
:H�DOVR�ILQG�WKDW�GLVSHUVDO�EHWZHHQ�SDWFKHV�FDQ�EH�IDYRUHG�LQ�D�VSDWLDOO\�YDU\��

LQJ�EXW�WHPSRUDOO\�FRQVWDQW�HQYLURQPHQW��LI�RUJDQLVPV�FDQ�H[SUHVV�FRQGLWLRQDO�
GLVSHUVDO�VWUDWHJLHV��%\�FRQWUDVW��SUHYLRXV�VWXGLHV�KDYH�FRQVLGHUHG�RQO\�XQFRQGL��
WLRQDO�GLVSHUVDO�VWUDWHJLHV�DQG�FRQFOXGH�WKDW�]HUR�GLVSHUVDO�LV�WKH�(66��H�J���%DO��
NDX�DQG�)HOGPDQ�������7HDJXH�������$VPXVVHQ�������+DVWLQJV�������+ROW�������
/LEHUPDQ�DQG�)HOGPDQ��������:LWKRXW�WHPSRUDO�KHWHURJHQHLW\��WKH�SRSXODWLRQ�
FDQ�FRQVLVW�RI�DQ\�PL[�RI�VWUDWHJLHV�DORQJ�WKH�HTXLOLEULXP�OLQH�VXFK�WKDW�WKH�UDWLR�
RI�WKH�FRQGLWLRQDO�GLVSHUVDO�SURSHQVLWLHV�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UDWLR�RI�
ORFDO�FDUU\LQJ�FDSDFLWLHV��HT��>�@��ILJ������&RKHQ�DQG�/HYLQ��������DOVR�ILQG�WKDW�LQ�
VSDWLDOO\�KHWHURJHQHRXV�HQYLURQPHQWV�QR�RQH�IL[HG�GLVSHUVDO�UDWH�PD\�EH�HYROX��
WLRQDULO\�VWDEOH�EXW�UDWKHU�PDQ\�GLVSHUVDO�W\SHV�FDQ�LQYDGH�DQG�FRH[LVW��2XU�
PRGHO�VXJJHVWV�WKDW�WKH�FRH[LVWLQJ�GLVSHUVDO�W\SHV�DUH�D�QRQUDQGRP�VXEVHW�RI�WKH�
SRVVLEOH�W\SHV��
2XU�PRGHO�DOVR�SUHGLFWV�WZR�H[WUHPHV�RI�GLVSHUVDO�SRO\PRUSKLVP��WKHVH�SRO\��

PRUSKLVPV�RQO\�DULVH�LQ�VSDWLDOO\�KHWHURJHQHRXV�HQYLURQPHQWV��$�FRQWLQXXP�RI�
GLVSHUVDO�VWUDWHJLHV��GLVFXVVHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��LV�H[SHFWHG�LI�FDUU\LQJ�
FDSDFLWLHV�YDU\�VSDWLDOO\�EXW�QRW�WHPSRUDOO\��+RZHYHU��D�SRO\PRUSKLVP�RI�WZR�
GLVFUHWH�GLVSHUVDO�W\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�FDQ�H[LVW�ZKHQ�
FDUU\LQJ�FDSDFLWLHV�YDU\�VSDWLDOO\�DQG�WHPSRUDOO\�DQG�KDYH�GLIIHUHQW�PHDQV�RU�
YDULDQFHV��7KH�H[SUHVVLRQ�RI�GLVSHUVDO�FKDUDFWHUV�E\�LQGLYLGXDOV�LQ�WKH�FRQWLQXRXV�
SRO\PRUSKLVP�VKRXOG�EH�VHQVLWLYH�WR�HQYLURQPHQWDO�FRQGLWLRQV�DVVRFLDWHG�ZLWK�
GLIIHUHQW�SDWFK�W\SHV��L�H���D�FRQGLWLRQDO�VWUDWHJ\���ZKHUHDV�WKH�H[SUHVVLRQ�RI�
GLVSHUVDO�FKDUDFWHUV�LQ�WKH�GLPRUSKLVP�VKRXOG�VKRZ�OLWWOH�VHQVLWLYLW\�WR�HQYLURQ��
PHQWDO�FRQGLWLRQV��L�H���DQ�XQFRQGLWLRQDO�VWUDWHJ\���$OVR��VSHFLHV�GLVSOD\LQJ�WKHVH�
WZR�SRO\PRUSKLVPV�VKRXOG�GLIIHU�JUHDWO\�LQ�SRSXODWLRQ�VWUXFWXUH��7KH�SKHQRW\SLF�
DQG�JHQHWLF�YDULDWLRQ�IRU�GLVSHUVDO�FKDUDFWHUV�LQ�D�VSHFLHV�ZLWK�D�FRQWLQXRXV�SRO\��
PRUSKLVP�VKRXOG�EH�ODUJH�ZLWKLQ�SDWFKHV�EXW�VPDOO�EHWZHHQ�SDWFKHV��,Q�FRQWUDVW��
WKH�SKHQRW\SLF�DQG�JHQHWLF�YDULDWLRQ�IRU�GLVSHUVDO�FKDUDFWHUV�LQ�D�VSHFLHV�KDYLQJ�
D�GLPRUSKLVP�VKRXOG�EH�VPDOO�ZLWKLQ�SDWFKHV�EXW�ODUJH�EHWZHHQ�SDWFKHV��
7KH�GLPRUSKLVP�LV�YXOQHUDEOH�WR�LQYDVLRQ�E\�SKHQRW\SLFDOO\�SODVWLF�JHQRW\SHV��

DQG�JLYHQ�WKH�FRPSOHWH�UDQJH�RI�SRWHQWLDO�YDULDWLRQ�LQ�ORFDO�GLVSHUVDO�SURSHQVLWLHV��
WKH�SRSXODWLRQ�HYROYHV�WRZDUG�D�PRQRPRUSKLVP�RI�D�VLQJOH�FRQGLWLRQDO�GLVSHUVDO�
VWUDWHJ\��$�VSHFLHV�ZLWK�WKLV�SKHQRW\SLFDOO\�SODVWLF�GLVSHUVDO�VWUDWHJ\�ZLOO�VXSHU��
ILFLDOO\�UHVHPEOH�D�VSHFLHV�KDYLQJ�WKH�GLPRUSKLVP��7KLV�W\SH�RI�VSHFLHV�FDQ�EH�
GLVFULPLQDWHG�IURP�WKH�GLPRUSKLVP�E\�QRWLQJ�WKDW�D�VSHFLHV�RI�WKLV�SKHQRW\SLFDOO\�
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SODVWLF�W\SH�VKRXOG�KDYH�OLWWOH�JHQHWLF�YDULDWLRQ�LQ�GLVSHUVDO�FKDUDFWHUV�ERWK�ZLWKLQ�
DQG�EHWZHHQ�SRSXODWLRQV��DQG�H[SUHVVLRQ�RI�WKHVH�FKDUDFWHUV�VKRXOG�EH�VHQVLWLYH�
WR�HQYLURQPHQWDO�FRQGLWLRQV��
'LVSHUVDO�SRO\PRUSKLVPV�DUH�IRXQG�LQ�PDQ\�SODQWV�DQG�DQLPDOV��VHHG�GLPRU��

SKLVPV�LQ�SODQWV��VHH��H�J���.ROOHU�DQG�5RWK�������%DNHU�DQG�2
'RZG�������
9HQDEOH�DQG�/HYLQ�����D������E��ZLQJ�GLPRUSKLVPV�LQ�LQVHFWV��UHYLHZHG�LQ�+DU��
ULVRQ�������5RII�������FRQWLQXRXV�VHHG�SRO\PRUSKLVPV��9HQDEOH�HW�DO��������FRQ��
WLQXRXV�ZLQJ�SRO\PRUSKLVPV�LQ�LQVHFWV��'HVHQGHU��������,W�LV�GLIILFXOW�WR�UHODWH�
WKHVH�LQWULJXLQJ�H[DPSOHV�LQ�GHWDLO�WR�RXU�PRGHO�EHFDXVH�NH\�GDWD�DUH�W\SLFDOO\�
XQDYDLODEOH��)RU�H[DPSOH��ZLQJOHVV�DQG�ZLQJHG�PRUSKV�RI�D�O\JDHLG�EXJ��+RUYDWK��
LROXV�JLEELFROOLV��EUHHG�WUXH�RYHU�D�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV�LQ�WKH�ODER��
UDWRU\�DQG�WKXV�PD\�UHSUHVHQW�D�WUXO\�GLPRUSKLF�VSHFLHV��EXW�RQO\�DQHFGRWDO�
HYLGHQFH�FRQFHUQLQJ�KDELWDW�VWDELOLW\�DQG�WKH�OHYHO�RI�D�SRSXODWLRQ�GLIIHUHQWLDWLRQ�
LV�DYDLODEOH��6ROEUHFN��������7KH�H[SUHVVLRQ�RI�GLVSHUVDO�FKDUDFWHUV�LV�RIWHQ�QRW�
LQIOH[LEOH�EXW�UDWKHU�LV�LQIOXHQFHG�E\�HQYLURQPHQWDO�IDFWRUV�LQ�D�QXPEHU�RI�DSSDU��
HQWO\�GLPRUSKLF�VSHFLHV��+DUULVRQ�������5RII��������7KXV��PDQ\�RI�WKHVH�VSHFLHV�
PD\�QRW�EH�WUXO\�GLPRUSKLF��VLQFH�VXEVWDQWLDO�YDULDWLRQ�LQ�GLVSHUVDO�FKDUDFWHUV�
ZLWKLQ�HDFK�GHILQHG�PRUSK�LV�RIWHQ�SUHVHQW��:DONHU�DQG�6LYHQVNL��������3HUKDSV��
WKHVH�VSHFLHV�LOOXVWUDWH�KRZ�D�SKHQRW\SLFDOO\�SODVWLF�JHQRW\SH�WHQGV�WR�VXSSODQW�
D�GLVSHUVDO�GLPRUSKLVP��%\�IRFXVLQJ�DWWHQWLRQ�RQ�WKH�UHODWLRQVKLSV�DPRQJ�NH\�
YDULDEOHV��RXU�PRGHO�VXJJHVWV�D�IUDPHZRUN�IRU�IXWXUH�ZRUN�RQ�WKHVH�SRO\PRU��
SKLVPV��
6SHFLHV�PD\�QRW�FRQIRUP�SHUIHFWO\�WR�WKH�SUHGLFWLRQV�RI�WKLV�PRGHO�EHFDXVH�WKH�

HYROXWLRQ�RI�GLVSHUVDO�FKDUDFWHUV�LV�RIWHQ�LQIOXHQFHG�E\�WKH�HYROXWLRQ�RI�RWKHU�
FKDUDFWHUV��)RU�H[DPSOH��GLVSHUVDO�FKDUDFWHUV�DUH�RIWHQ�FRUUHODWHG�ZLWK�FKDUDFWHUV�
IRU�OLYLQJ�LQ�D�VHDVRQDO�HQYLURQPHQW��VXFK�DV�GRUPDQF\�DQG�GLDSDXVH��'LQJOH�
������9HSVDODLQHQ�������9HQDEOH�DQG�/DZORU�������/HYLQ�HW�DO��������9HQDEOH�
�������DQG�ZLWK�RWKHU�OLIH�KLVWRU\�SDUDPHWHUV��VXFK�DV�JURZWK�UDWH�DQG�IHFXQGLW\�
�5RII�������������=HUD�DQG�5DQNLQ��������6XFK�UHODWLRQVKLSV�FRXOG�JUHDWO\�VKLIW�WKH�
RXWFRPH�RI�HYROXWLRQ�DZD\�IURP�WKDW�H[SHFWHG�ZKHQ�RQO\�VHOHFWLRQ�RQ�GLVSHUVDO�LV�
RSHUDWLQJ��
$�VWULNLQJ��HPSLULFDOO\�WHVWDEOH�SUHGLFWLRQ�WR�HPHUJH�LV�WKDW�ORFDO�SRSXODWLRQ�

VL]HV�DQG�WKH�SURSRUWLRQV�RI�ORFDO�SRSXODWLRQV�WKDW�GLVSHUVH�VKRXOG�EH�QHJDWLYHO\�
FRUUHODWHG�LI�SRSXODWLRQV�DUH�DW�ERWK�WKHLU�HYROXWLRQDU\�DQG�GHPRJUDSKLF�HTXLOLEULD�
DQG�LI�ILWQHVVHV�DUH�GHQVLW\�GHSHQGHQW��,Q�RWKHU�ZRUGV��LQGLYLGXDO�WXUQRYHU�EH��
FDXVH�RI�GLVSHUVDO�VKRXOG�EH�JUHDWHVW�LQ�ORZ�GHQVLW\�SRSXODWLRQV��7KLV�LV�WUXH�
UHJDUGOHVV�RI�ZKHWKHU�RQH�FRQVLGHUV�XQFRQGLWLRQDO�RU�FRQGLWLRQDO�GLVSHUVDO�VWUDWH��
JLHV��7KH�VWUHQJWK�RI�WKLV�UHODWLRQVKLS�VKRXOG�DOVR�LQFUHDVH�ZLWK�LQFUHDVLQJ�GLIIHU��
HQFHV�LQ�ORFDO�FDUU\LQJ�FDSDFLWLHV��
2XU�UHVXOWV�FRPSOHPHQW�WKRVH�REWDLQHG�E\�3XOOLDP���������ZKR�FRQVLGHUV�D�

PRGHO�LQ�ZKLFK�LQGLYLGXDOV�DFWLYHO\�VHOHFW�ZKLFK�KDELWDW�WR�RFFXS\�DQG�PXVW�
FKRRVH�EHWZHHQ�KDELWDWV�WKDW�FDQ�PDLQWDLQ�SRSXODWLRQV�ZLWKRXW�LPPLJUDWLRQ�
�VRXUFH�KDELWDWV��DQG�KDELWDWV�LQ�ZKLFK�SRSXODWLRQV�FDQ�RQO\�EH�PDLQWDLQHG�E\�
FRQWLQXDO�LPPLJUDWLRQ��VLQN�KDELWDWV���,QGLYLGXDOV�EUHHGLQJ�LQ�VRXUFH�KDELWDWV�SUR��
GXFH�PRUH�RIIVSULQJ�WKDQ�QHFHVVDU\�WR�UHSODFH�WKHPVHOYHV��ILWQHVV�!� ������EXW�
LQGLYLGXDOV�EUHHGLQJ�LQ�VLQN�KDELWDWV�GR�QRW�SURGXFH�HQRXJK�RIIVSULQJ�WR�UHSODFH�
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WKHPVHOYHV��ILWQHVV��� ������,Q�ERWK�3XOOLDP
V��������DQG�RXU�PRGHOV�ODUJH�VHJPHQWV�
RI�SRSXODWLRQV�LQ��JRRG��KDELWDWV��VRXUFH�KDELWDWV�RU�KLJK�FDUU\LQJ�FDSDFLW\�KDEL��
WDWV��ZLOO�QRW�GLVSHUVH��ZKLOH�PDQ\�LQGLYLGXDOV�LQ��EDG��KDELWDWV��VLQN�KDELWDWV�RU�
ORZ�FDUU\LQJ�FDSDFLW\�KDELWDWV��ZLOO�GLVSHUVH�HDFK�JHQHUDWLRQ��(YDOXDWLQJ�ZKHWKHU�
WKH�KDELWDW�VSHFLILF�GHPRJUDSKLF�UDWHV�IRXQG�LQ�EDG�KDELWDWV�FDQ�VXSSRUW�D�SRSXOD��
WLRQ�ZLWKRXW�FRQWLQXDO�LPPLJUDWLRQ�LV�UHTXLUHG�WR�VHSDUDWH�WKHVH�WZR�PRGHOV��3XO��
OLDP��������

'LVSHUVDO�DQG�6SHFLHV�&RH[LVWHQFH�

%HFDXVH�RXU�PRGHO�GHDOV�ZLWK�DVH[XDO�JHQRW\SHV��LW�FDQ�DOVR�EH�LQWHUSUHWHG�DV�
D�PRGHO�RI�FRPSHWLWLRQ�EHWZHHQ�WZR�RU�PRUH�VSHFLHV�WKDW�DUH�LGHQWLFDO�H[FHSW�LQ�
WKHLU�SURSHQVLW\�WR�GLVSHUVH��0RQRPRUSKLVP�FRUUHVSRQGV�WR�FRPSHWLWLYH�H[FOX��
VLRQ��,Q�NHHSLQJ�ZLWK�SUHYLRXV�ZRUN�RQ�HFRORJLFDO�YDULDELOLW\�DQG�VSHFLHV�FRH[LV��
WHQFH��&KHVVRQ��������������ZH�ILQG�WKDW�WHPSRUDO�YDULDWLRQ�E\�LWVHOI�GRHV�QRW�
QHFHVVDULO\�IRVWHU�FRH[LVWHQFH��+RZHYHU��FRXSOLQJ�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQ�
FDQ�SHUPLW�FRH[LVWHQFH�LI�HDFK�VSHFLHV�H[SUHVVHV�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWH��
JLHV��8QGHU�WKHVH�FRQGLWLRQV��D�ORZ�GLVSHUVLQJ�VSHFLHV�GRPLQDWHV�KLJK�FDUU\LQJ��
FDSDFLW\�SDWFKHV��ZKHUHDV�D�KLJK�GLVSHUVLQJ�VSHFLHV�GRPLQDWHV�ORZ�FDUU\LQJ��
FDSDFLW\�SDWFKHV��WDEOH�����$�XVHIXO�UXOH�RI�WKXPE�IRU�VWDEOH�FRH[LVWHQFH�LQ�
GHWHUPLQLVWLF�PRGHOV�RI�LQWHUVSHFLILF�FRPSHWLWLRQ�LV�WKDW�HDFK�VSHFLHV�PXVW�H[HUW�
GHQVLW\�GHSHQGHQFH�PRUH�VWURQJO\�RQ�LWVHOI�WKDQ�RQ�LWV�FRPSHWLWRU��,Q�RXU�V\VWHP�
XQGHU�WKHVH�FRQGLWLRQV��HDFK�VSHFLHV�LV�QXPHULFDOO\�GRPLQDQW�LQ�D�GLIIHUHQW�SDWFK��
7KHUHIRUH��HDFK�VSHFLHV�H[SHULHQFHV�FRPSHWLWLRQ�IURP�LWV�RZQ�NLQG�PRUH�WKDQ�
IURP�WKH�RWKHU��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�UXOH�RI�WKXPE��,Q�PDQ\�GLVFXVVLRQV�
RI�WKH�UROH�RI�GLVSHUVDO�LQ�FRPPXQLW\�HFRORJ\��H�J���LQ�VXFFHVVLRQDO�G\QDPLFV���D�
WUDGH�RII�LV�DVVXPHG�EHWZHHQ�GLVSHUVDO�DQG�FRPSHWLWLYH�DELOLW\�VR�WKDW�GLVSHUVDO�
DOORZV�RQH�VSHFLHV�WR�VHHN�RXW�WHPSRUDU\�UHIXJHV�IURP�D�VXSHULRU�FRPSHWLWRU��
+RZHYHU��RXU�PRGHO�GRHV�QRW�DVVXPQH�WKLV�EHFDXVH�DOO�LQGLYLGXDOV�DUH�FRPSHWL��
WLYHO\�LGHQWLFDO�ZLWKLQ�SDWFKHV��$Q�RSHQ�TXHVWLRQ�IRU�IXWXUH�ZRUN�ZLWK�PXOWLSOH��
SDWFK�PRGHOV�LV�WR�GHWHUPLQH�KRZ�PDQ\�VSHFLHV�WKDW�GLIIHU�RQO\�LQ�GLVSHUVDO�
EHKDYLRU�FDQ�FRH[LVW��VHH�.LVKLPRWR��������

$GDSWDWLRQ�DQG�'LVSHUVDO�

$OWKRXJK�RXU�PRGHO�GRHV�QRW�DGGUHVV�KRZ�DGDSWDWLRQV�DIIHFWLQJ�ZLWKLQ�SDWFK�
ILWQHVVHV�DQG�WKRVH�DIIHFWLQJ�GLVSHUVDO�PLJKW�FRHYROYH��LW�LV�UHDVRQDEOH�WR�H[SHFW�
VRPH�LPSRUWDQW�UHODWLRQVKLSV��FI��/HYLQV��������,I�ODUJH��FRQVLVWHQW�GLIIHUHQFHV�LQ�
HFRORJLFDO�FRQGLWLRQV�H[LVW�EHWZHHQ�SDWFKHV�DQG�WKH�HQYLURQPHQW�LV�WHPSRUDOO\�
FRQVWDQW��GLIIHUHQW�DGDSWDWLRQV�DUH�OLNHO\�WR�EH�IDYRUHG�LQ�GLIIHUHQW�SDWFKHV��$�
VSHFLHV�LQ�ZKLFK�LQGLYLGXDOV
�DUH�ZHOO�DGDSWHG�WR�RQH�SDWFK�W\SH�ZLOO�KDYH�D�KLJK�
FDUU\LQJ�FDSDFLW\�LQ�WKDW�SDWFK�W\SH�EXW�D�ORZ�FDUU\LQJ�FDSDFLW\�LQ�WKH�RWKHU��7KLV�
VFHQDULR�DOVR�VHOHFWV�IRU�WKH�HYROXWLRQ�RI�ORZ�GLVSHUVDO�UDWHV�RXW�RI�WKH�SDWFK�W\SH�
WR�ZKLFK�WKH�VSHFLHV�LV�ZHOO�DGDSWHG��KLJK�.�SDWFKHV��DQG�KLJK�GLVSHUVDO�UDWHV�RXW�
RI�SDWFK�W\SHV�WR�ZKLFK�WKH�VSHFLHV�LV�QRW�ZHOO�DGDSWHG��ORZ�.�SDWFKHV��LI�WKH�
VSHFLHV�FDQ�H[SUHVV�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��RU�IRU�QR�GLVSHUVDO�EHWZHHQ�
SDWFKHV�LI�WKH�VSHFLHV�FDQ�H[SUHVV�RQO\�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��WKLV�
VWXG\�DQG�UHIHUHQFHV�FLWHG�DERYH���,Q�WKH�OLPLW�RI�QR�GLVSHUVDO��VHOHFWLRQ�WDNHV�

This content downloaded from 137.82.80.191 on Thu, 12 Dec 2013 17:45:31 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


����� 7+(�$0(5,&$1�1$785$/,67�

SODFH�LQGHSHQGHQWO\�ZLWKLQ�WKH�WZR�SDWFKHV��:LWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV��
E\�FRQWUDVW��VHOHFWLRQ�LV�OLNHO\�WR�EH�ELDVHG�WRZDUG�WKH�KLJK�.�SDWFK��
&RQYHUVHO\��ZKHQ�WKH�HFRORJLFDO�FRQGLWLRQV�LQ�SDWFKHV�IOXFWXDWH�LQ�WLPH�DQG�

VSDFH�DQG�WKH�UDQJHV�RI�IOXFWXDWLRQV�IRU�WKH�SDWFKHV�EURDGO\�RYHUODS��JHQHUDOLVW�
DGDSWDWLRQV�WKDW�DUH�VXFFHVVIXO�RYHU�WKH�UDQJH�RI�HFRORJLFDO�FRQGLWLRQV�H[SHUL��
HQFHG�LQ�WKH�SDWFKHV�VKRXOG�EH�IDYRUHG��/HYLQV�������0DF$UWKXU�������)HOVHQ��
VWHLQ��������7KHVH�HFRORJLFDO�FRQGLWLRQV�DOVR�IDYRU�KLJK�GLVSHUVDO�SURSHQVLWLHV��
8QGHU�WKHVH�FRQGLWLRQV��VHOHFWLRQ�IDYRUV�VLPLODU�DGDSWDWLRQV�LQ�HDFK�SDWFK�DQG�
GLVSHUVDO�RI�WKHVH�DGDSWDWLRQV�WR�HYHU\�SDWFK��ZKLFK�FDXVHV�SRSXODWLRQ�GLIIHUHQWLD��
WLRQ�WR�EH�PXFK�OHVV�OLNHO\��
)URP�WKLV�SUHOLPLQDU\�FRQVLGHUDWLRQ��D�FRUUHODWLRQ�DSSHDUV�WR�H[LVW�EHWZHHQ�

WKH�PHFKDQLVPV�DIIHFWLQJ�SRSXODWLRQ�GLIIHUHQWLDWLRQ�LQ�PRUSKRORJLFDO��SK\VLRORJL��
FDO��DQG�EHKDYLRUDO�FKDUDFWHUV�GHWHUPLQLQJ�HFRORJLFDO�SHUIRUPDQFH��L�H���ILWQHVV��
ZLWKLQ�GLIIHUHQW�SDWFKHV�DQG�WKH�HYROXWLRQ�RI�FKDUDFWHUV�DIIHFWLQJ�JHQH�IORZ�EH��
WZHHQ�SDWFKHV��+ROW��������WKH�GLVSHUVDO�UDWHV�WKDW�PRVW�IDFLOLWDWH�DGDSWLYH�HYROX��
WLRQ�XQGHU�GLIIHUHQW�HFRORJLFDO�FRQGLWLRQV��/HYLQV�������DSSHDU�WR�EH�WKH�GLVSHUVDO�
UDWHV�WKDW�ZLOO�XVXDOO\�HYROYH��2EYLRXVO\��PRGHOV�WKDW�LQFRUSRUDWH�PRUH�H[SOLFLW�
HFRORJLFDO�DQG�JHQHWLF�DVVXPSWLRQV�DUH�QHHGHG�WR�DGGUHVV�WKH�HFRORJLFDO�DQG�HYR��
OXWLRQDU\�LQWHUSOD\�EHWZHHQ�WKH�DGDSWDWLRQV�IDYRUHG�XQGHU�GLIIHUHQW�HFRORJLFDO�
FRQGLWLRQV�DQG�WKH�VSUHDG�RI�JHQHV�WKDW�FRGH�IRU�WKHVH�DGDSWDWLRQV�WKURXJKRXW�WKH�
UDQJH�RI�D�VSHFLHV��6XFK�PRGHOV�ZLOO�SURYLGH�D�EDVLV�IRU�FRXSOLQJ�HYROXWLRQDU\�
WKHRULHV�RI�DGDSWDWLRQ�DQG�SRSXODWLRQ�GLIIHUHQWLDWLRQ��VHH��H�J���:ULJKW
V�>����@�
VKLIWLQJ�EDODQFH�WKHRU\��WR�HFRORJLFDO�WKHRULHV�RI�SRSXODWLRQ�G\QDPLFV�DQG�VSHFLHV�
FRH[LVWHQFH��

$&.12:/('*0(176�

-��0��%URZQ��0��6��*DLQHV��7��*HWW\��6��.DOLV]��5��/��0XPPH��%��LI�XUQEHUJHU��
5��%��5RRW��'��$��7KLHGH��(��(��:HUQHU��DQG�WZR�DQRQ\PRXV�UHYLHZHUV�SURYLGHG�
YDOXDEOH�FRPPHQWV�RQ�YDULRXV�GUDIWV�RI�WKLV�DUWLFOH��:H�DUH�HVSHFLDOO\�JUDWHIXO�WR�
-��6HJHU�IRU�VXJJHVWLQJ�WKDW�ZH�H[SDQG�WKH�VFRSH�RI�WKLV�DUWLFOH�LQ�D�QXPEHU�RI�
ZD\V��0�$�0��ZLVKHV�WR�DFNQRZOHGJH�WKH�VXSSRUW�RI�D�1DWLRQDO�6FLHQFH�)RXQGD��
WLRQ�JUDGXDWH�IHOORZVKLS��D�%DUQHWW�5RVHQEHUJ�IHOORZVKLS��DQG�DQ�$UFKEROG�SRVW��
GRFWRUDO�IHOORZVKLS��5�'�+�� ZLVKHV�WR�WKDQN�WKH�8QLYHUVLW\�RI�.DQVDV�IRU�ILQDQ��
FLDO�VXSSRUW��7KLV�LV�FRQWULEXWLRQ�����RI�WKH�:��.�� .HOORJJ�%LRORJLFDO�6WDWLRQ��

$33(1',;�
(92/87,21� $6680,1*� $/7(51$7,9(� ',63(56$/� 6<1'520(6�

:H�FRQVLGHU�WZR�RWKHU�GLVSHUVDO�V\QGURPHV�EHVLGHV�WKH�WZR�SDWFK��VWHSSLQJ�VWRQH�PRGHO�
GLVFXVVHG�LQ�WKH�ERG\�RI�WKLV�DUWLFOH��KHUHDIWHU�UHIHUUHG�WR�DV�V\QGURPH�����6\QGURPH���LV�
RQH�LQ�ZKLFK�GLVSHUVHUV�IURP�ERWK�SDWFKHV�ILUVW�HQWHU�D�GLVSHUVDO�SRRO��DQG�LQGLYLGXDOV�LQ�
WKLV�SRRO�DUH�WKHQ�UHGLVWULEXWHG�HTXDOO\�WR�WKH�WZR�SDWFKHV��+HUH��DQG�LQ�WKH�WKLUG�V\QGURPH�
GHVFULEHG�EHORZ��WKH�SURSRUWLRQ�RI�LQGLYLGXDOV�RI�D�JHQRW\SH�WKDW�GLVSHUVH�IURP�SDWFK�L�
LQWR�WKH�GLVSHUVDO�SRRO��S��ZLOO�EH�GHQRWHG�E\�PLS��L� � ��������F�PLS�F� ����7KLV�V\QGURPH�
FDQ�EH�WKRXJKW�RI�DV�UHSUHVHQWLQJ�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�WZR�SDWFKHV�FRYHU�HTXDO�
DUHDV��DQG�VR�GLVSHUVHUV�OHDYLQJ�WKH�GLVSHUVDO�SRRO�KDYH�HTXDO�FKDQFHV�RI�HQWHULQJ�HLWKHU�
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SDWFK��:H�FRQVLGHU�JHQRW\SHV�ZLWK�POS� � P�S�DQG�ZLWK�POS����P�S��6\QGURPH���LV�RQH�
LQ�ZKLFK�GLVSHUVHUV�IURP�ERWK�SDWFKHV�ILUVW�HQWHU�D�GLVSHUVDO�SRRO��DQG�LQGLYLGXDOV�LQ�WKLV�
SRRO�DUH�WKHQ�UHGLVWULEXWHG�WR�WKH�WZR�SDWFKHV�LQ�SURSRUWLRQ�WR�WKHLU�FDUU\LQJ�FDSDFLWLHV��
7KLV�V\QGURPH�FDQ�EH�WKRXJKW�RI�DV�UHSUHVHQWLQJ�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�DUHDV�FRYHUHG�
E\�WKH�WZR�SDWFKHV�DUH�SURSRUWLRQDO�WR�WKHLU�FDUU\LQJ�FDSDFLWLHV��DQG�VR�GLVSHUVHUV�OHDYLQJ�
WKH�GLVSHUVDO�SRRO�ILQG�WKH�WZR�SDWFKHV�LQ�SURSRUWLRQ�WR�WKHLU�FDUU\LQJ�FDSDFLWLHV��:H�
H[DPLQH�WKHVH�WKUHH�GLVSHUVDO�V\QGURPHV�EHFDXVH�ZH�IHHO�WKH\�EUDFNHW�D�ODUJH�UDQJH�RI�
WKH�SRWHQWLDO�V\QGURPHV��7KH�WKUHH�V\QGURPHV�XVXDOO\�KDYH�VLPLODU�FRQVHTXHQFHV�IRU�WKH�
HYROXWLRQ�RI�GLVSHUVDO��EXW�XQGHU�VRPH�FRQGLWLRQV�WKH�GLIIHUHQW�GLVSHUVDO�V\QGURPHV�FDXVH�
VXEVWDQWLDO�GLIIHUHQFHV�LQ�WKH�RXWFRPH�RI�VHOHFWLRQ��:H�KLJKOLJKW�WKHVH�GLIIHUHQFHV�KHUH��

63$7,$/� $1'� 7(0325$//<� &2167$17� (19,5210(17�

$QDO\VHV�XVLQJ�HDFK�RI�WKH�WKUHH�GLVSHUVDO�V\QGURPHV�JLYH�VLPLODU�UHVXOWV�XQGHU�WKHVH�
FRQGLWLRQV��6HH�WKH�5HVXOWV�VHFWLRQ��

7(0325$//<� 9$5<,1*� %87� 63$7,$//<� &2167$17� (19,5210(17�

$QDO\VHV�XVLQJ�HDFK�RI�WKH�WKUHH�GLVSHUVDO�V\QGURPHV�JLYH�VLPLODU�UHVXOWV�XQGHU�WKHVH�
FRQGLWLRQV��6HH�WKH�5HVXOWV�VHFWLRQ��

63$7,$//<� 9$5<,1*� %87� 7(0325$//<� &2167$17� (19,5210(17�

5HVXOWV�RI�DQDO\VHV�XVLQJ�WKH�GLVSHUVDO�V\QGURPH�LQ�ZKLFK�GLVSHUVHUV�OHDYLQJ�WKH�GLV��
SHUVDO�SRRO�HQWHU�WKH�WZR�SDWFKHV�ZLWK�HTXDO�IUHTXHQF\��V\QGURPH����DUH�VLPLODU�WR�UHVXOWV�
RI�DQDO\VHV�XVLQJ�WKH�GLUHFW�GLVSHUVDO�V\QGURPH��V\QGURPH�����
,Q�FRQWUDVW��UHVXOWV�RI�DQDO\VHV�XVLQJ�WKH�GLVSHUVDO�V\QGURPH�LQ�ZKLFK�GLVSHUVHUV�OHDYLQJ�

WKH�GLVSHUVDO�SRRO�HQWHU�WKH�WZR�SDWFKHV�LQ�SURSRUWLRQ�WR�WKH�SDWFKHV
�FDUU\LQJ�FDSDFLWLHV�
�V\QGURPH����DUH�VWULNLQJO\�GLIIHUHQW��1R�VHOHFWLRQ�RQ�GLVSHUVDO�SURSHQVLWLHV�RFFXUV�ZLWK�
WKLV�GLVSHUVDO�V\QGURPH�XQGHU�WKHVH�FRQGLWLRQV��%HFDXVH�GLVSHUVHUV�DUH�UHGLVWULEXWHG�WR�
WKH�WZR�SDWFKHV�LQ�SURSRUWLRQ�WR�WKH�FDUU\LQJ�FDSDFLWLHV�HDFK�JHQHUDWLRQ��SRSXODWLRQ�VL]HV�
DQG�FRQVHTXHQWO\�ILWQHVVHV�LQ�WKH�WZR�SDWFKHV�DUH�XVXDOO\�QRW�DOWHUHG�E\�GLVSHUVDO��&RQVH��
TXHQWO\��GLVSHUVDO�LV�D�QHXWUDO�FKDUDFWHU�XQGHU�PRVW�FRPELQDWLRQV�RI�GLVSHUVDO�SURSHQVLWLHV��

63$7,$//<� $1'� 7(0325$//<� 9$5<,1*� (19,5210(17�

:KHQ�WKH�FDUU\LQJ�FDSDFLWLHV�RI�WKH�WZR�SDWFKHV�YDU\�ERWK�VSDWLDOO\�DQG�WHPSRUDOO\�DQG�
WKHLU�PHDQV�DQG�YDULDQFHV�DUH�HTXDO��WKH�JHQRW\SH�ZLWK�P�S� � 0�S� � �����LV�DOZD\V�
IDYRUHG�IRU�ERWK�GLVSHUVDO�V\QGURPHV���DQG����5HPHPEHU�WKDW�WKH�JHQRW\SH�ZLWK�L���  �

0�� � �����LV�DOZD\V�IDYRUHG�ZLWK�WKH�GLUHFW�GLVSHUVDO�V\QGURPH��V\QGURPH����EHFDXVH�RI�
WKH�HTXDO�SUREDELOLWLHV�RI�ILWQHVV�JDLQV�DQG�ORVVHV�LQ�HDFK�SDWFK��&RPSOHWH�GLVSHUVDO�LQWR�
WKH�GLVSHUVDO�SRRO�LV�IDYRUHG�XQGHU�WKHVH�FRQGLWLRQV�EHFDXVH�GLVSHUVHUV�DUH�UHGLVWULEXWHG�
EDFN�WR�WKH�WZR�SDWFKHV�LQ�URXJKO\�HTXDO�IUHTXHQFLHV�HDFK�JHQHUDWLRQ�IRU�ERWK�V\QGURPHV�
�DOZD\V�LQ�HTXDO�IUHTXHQFLHV�IRU�V\QGURPH���DQG�RQ�WKH�DYHUDJH�IRU�V\QGURPH�����$V�DQ�
H[DPSOH��FRQVLGHU�WKH�JHQRW\SH�ZLWK�P�S� 0�S�  � ������+DOI�RI�WKH�LQGLYLGXDOV�RI�WKLV�
W\SH�PRYH�LQWR�WKH�GLVSHUVDO�SRRO��EXW�RQ�WKH�DYHUDJH�KDOI�RI�WKRVH�LQGLYLGXDOV�DUH�UHWXUQHG��
7KHUHIRUH��WKH�DFWXDO�GLVSHUVDO�SURSRUWLRQ�RI�LQGLYLGXDOV�WKDW�PRYH�WR�WKH�RWKHU�SDWFK�LV�
������7KH�RQO\�JHQRW\SH�WKDW�FDQ�DFKLHYH�DQ�DFWXDO�GLVSHUVDO�SURSRUWLRQ�RI������LV�WKH�W\SH�
KDYLQJP���  � 0���  � ������

:KHQ�WKH�FDUU\LQJ�FDSDFLWLHV�YDU\�ERWK�VSDWLDOO\�DQG�WHPSRUDOO\�DQG�KDYH�GLIIHUHQW�
PHDQV��SRO\PRUSKLVPV�DUH�DOVR�IDYRUHG�XVLQJ�GLVSHUVDO�V\QGURPHV���DQG���ZKHQ�RQO\�
W\SHV�ZLWK�XQFRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�DUH�FRQVLGHUHG��+RZHYHU��JHQRW\SHV�ZLWK�
PLS� � 0�S�  � ������DQG�P�S� � 0�S�  � �����DUH�PDLQWDLQHG�LQ�SRO\PRUSKLVPV�XQGHU�ERWK�
GLVSHUVDO�V\QGURPHV��7KH�UDQJHV�RI�JHQRW\SHV�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�
FDQ�LQYDGH�SRO\PRUSKLVPV�XQGHU�WKHVH�WZR�GLVSHUVDO�V\QGURPHV�DUH�VLPLODU�WR�WKH�UDQJHV�
WKDW�FDQ�LQYDGH�SRO\PRUSKLVPV�XQGHU�WKH�GLUHFW�GLVSHUVDO�V\QGURPH��H�J���ILJ������7KH�
JHQRW\SH�ZLWK�FRQGLWLRQDO�GLVSHUVDO�VWUDWHJLHV�WKDW�FDQ�GULYH�DOO�RWKHUV�H[WLQFW�IRU�D�JLYHQ�
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VHW�RI�FRQGLWLRQV�XQGHU�V\QGURPH���KDV�GLVSHUVDO�SURSHQVLWLHV�VLPLODU�WR�WKH�PRVW�VXFFHVV��
IXO�W\SH�XQGHU�V\QGURPH����H�J���WDEOH�����$SSDUHQWO\��QR�JHQRW\SH�ZLWK�FRQGLWLRQDO�GLV��
SHUVDO�VWUDWHJLHV�LV�XQLIRUPO\�VXSHULRU�WR�DOO�RWKHUV�IRU�D�JLYHQ�VHW�RI�FRQGLWLRQV�XQGHU�
V\QGURPH����

/,7(5$785(� &,7('�

$VPXVVHQ��0��$�� ������(YROXWLRQ�RI�GLVSHUVDO�LQ�GHQVLW\�UHJXODWHG�SRSXODWLRQV��D�KDSORLG�PRGHO��
7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�������������

%DNHU��*��$���DQG�'��-��2
'RZG�� ������(IIHFWV�RI�SDUHQW�SODQW�GHQVLW\�RQ�WKH�SURGXFWLRQ�RI�DFKHQH�
W\SHV�LQ�WKH�DQQXDO�+\SRFKRHULV�JODEUD��-RXUQDO�RI�(FRORJ\�������������

%DONDX��%��-���DQG�0��:��)HOGPDQ��������6HOHFWLRQ�IRU�PLJUDWLRQ�PRGLILFDWLRQ��*HQHWLFV�������������
%XOO��-��-���&�� 7KRPSVRQ��'�� 1J��DQG�5��0RRUH�� ������$�PRGHO�IRU�QDWXUDO�VHOHFWLRQ�RI�JHQHWLF�

PLJUDWLRQ��$PHULFDQ�1DWXUDOLVW��������������
&KHVVRQ��3��/�� ������&RH[LVWHQFH�RI�FRPSHWLWRUV�LQ�VSDWLDOO\�DQG�WHPSRUDOO\�YDU\LQJ�HQYLURQPHQWV��

D�ORRN�DW�WKH�FRPELQHG�HIIHFWV�RI�GLIIHUHQW�VRUWV�RI�YDULDELOLW\��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�
������������
������(QYLURQPHQWDO�YDULDWLRQ�DQG�WKH�FRH[LVWHQFH�RI�VSHFLHV��3DJHV���������LQ�-��'LDPRQG�
DQG�7��-��&DVH��HGV��&RPPXQLW\�HFRORJ\��+DUSHU�	�5RZ��1HZ�<RUN��

&RKHQ��'��� DQG�6��$��/HYLQ�� ������'LVSHUDO�LQ�SDWFK\�HQYLURQPHQWV��WKH�HIIHFWV�RI�WHPSRUDO�DQG�
VSDWLDO�VWUXFWXUH��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�����������

&RPLQV��+��1��������(YROXWLRQDU\�VWDEOH�VWUDWHJLHV�IRU�ORFDOL]HG�GLVSHUVDO�LQ�WZR�GLPHQVLRQV��-RXUQDO�
RI�7KHRUHWLFDO�%LRORJ\�������������

&RPLQV��+�� 1���:��'�� +DPLOWRQ��DQG�5��0��0D\��������(YROXWLRQDU\�VWDEOH�GLVSHUVDO�VWUDWHJLHV��
-RXUQDO�RI�7KHRUHWLFDO�%LRORJ\�������������

&RRN��/��0��������2VFLOODWLRQ�LQ�WKH�VLPSOH�ORJLVWLF�JURZWK�PRGHO��1DWXUH��/RQGRQ�����������
'HVHQGHU��.�� ������+HULWDELOLW\�RI�ZLQJ�GHYHORSPHQW�DQG�ERG\�VL]H�LQ�D�FDUDELG�EHHWOH��3RJRQXV�

FKDOFHXV�0DUVKDP��DQG�LWV�HYROXWLRQDU\�VLJQLILFDQFH��2HFRORJLD��%HUOLQ��������������
'LQJOH��+�� ������0LJUDWLRQ�DQG�GLDSDXVH�LQ�WURSLFDO��WHPSHUDWH��DQG�LVODQG�PLONZHHG�EXJV��3DJHV�

��������LQ�+��'LQJOH��HG��(YROXWLRQ�RI�LQVHFW�PLJUDWLRQ�DQG�GLDSDXVH��6SULQJHU��1HZ�<RUN��
)HOVHQVWHLQ��-��������([FXUVLRQV�DORQJ�WKH�LQWHUIDFH�EHWZHHQ�GLVUXSWLYH�DQG�VWDELOL]LQJ�VHOHFWLRQ��

*HQHWLFV�������������
)UDQN��6��$��������'LVSHUVDO�SRO\PRUSKLVPV�LQ�VXEGLYLGHG�SRSXODWLRQV��-RXUQDO�RI�7KHRUHWLFDO�%LRORJ\�

�������������
*DGJLO��0��������'LVSHUVDO��SRSXODWLRQ�FRQVHTXHQFHV�DQG�HYROXWLRQ��(FRORJ\�������������
+DPLOWRQ��:��'���DQG�5��0��0D\��������'LVSHUVDO�LQ�VWDEOH�KDELWDWV��1DWXUH��/RQGRQ���������������
+DUULVRQ��5��*��������'LVSHUVDO�SRO\PRUSKLVPV�LQ�LQVHFWV��$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�6\VWHPDWLFV�

�����������
+DVWLQJV��$��������&DQ�VSDWLDO�YDULDWLRQ�DORQH�OHDG�WR�VHOHFWLRQ�IRU�GLVSHUVDO"�7KHRUHWLFDO�3RSXODWLRQ�

%LRORJ\�������������
+ROW��5��'�� ������3RSXODWLRQ�G\QDWQLFV�LQ�WZR�SDWFK�HQYLURQPHQWV��VRPH�DQRPDORXV�FRQVHTXHQFHV�

RI�DQ�RSWLPDO�KDELWDW�GLVWULEXWLRQ��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�������������
������3RSXODWLRQ�G\QDPLFV�DQG�HYROXWLRQDU\�SURFHVVHV��WKH�PDQLIROG�UROHV�RI�KDELWDW�VHOHFWLRQ��
(YROXWLRQDU\�(FRORJ\������������

-RKQVRQ��0��/��� DQG�0��6��*DLQHV��������(YROXWLRQ�RI�GLVSHUVDO��WKHRUHWLFDO�PRGHOV�DQG�HPSLULFDO�
WHVWV�XVLQJ�ELUGV�DQG�PDPPDOV��$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�6\VWHPDWLFV�������������

.LVKLPRWR��.�� ������&RH[LVWHQFH�RI�DQ\�QXPEHU�RI�VSHFLHV�LQ�WKH�/RWND�9ROWHUUD�FRPSHWLWLYH�V\VWHP�
RYHU�WZR�SDWFKHV��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�������������

.ROOHU��'���DQG�1��5RWK��������6WXGLHV�RQ�WKH�HFRORJLFDO�DQG�SK\VLRORJLFDO�VLJQLILFDQFH�RI�DPSKLFDUS\�
LQ�*\PQDUUKHQD�PLFUDQWKD��&RPSRVLWDH���$PHULFDQ�-RXUQDO�RI�%RWDQ\�����������

/HYLQ��6��$���'��&RKHQ��DQG�$��+DVWLQJV��������'LVSHUVDO�VWUDWHJLHV�LQ�SDWFK\�HQYLURQPHQWV��7KHRUHWL��
FDO�3RSXODWLRQ�%LRORJ\�������������

/HYLQV��5��������7KH�WKHRU\�RI�ILWQHVV�LQ�D�KHWHURJHQHRXV�HQYLURQPHQW��,9��7KH�DGDSWLYH�VLJQLILFDQFH�
RI�JHQH�IORZ��(YROXWLRQ�������������
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��������(YROXWLRQ�LQ�FKDQJLQJ�HQYLURQPHQWV��3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ��1�-��
/LEHUPDQ��8���DQG�0��:��)HOGPDQ��������7KH�UHGXFWLRQ�SULQFLSOH�IRU�JHQHWLF�PRGLILHUV�RI�WKH�PLJUD��

WLRQ�UDWH��3DJHV���������LQ�0��:��)HOGPDQ��HG��0DWKHPDWLFDO�HYROXWLRQDU\�WKHRU\��3ULQFHWRQ�
8QLYHUVLW\�3UHVV��3ULQFHWRQ��1�-��

0DF$UWKXU��5��+�� ������*HRJUDSKLFDO�HFRORJ\��3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ��1�-��
0D\��5��0���DQG�*��)��2VWHU��������%LIXUFDWLRQV�DQG�G\QDPLF�FRPSOH[LW\�LQ�VLPSOH�HFRORJLFDO�PRGHOV��

$PHULFDQ�1DWXUDOLVW��������������
0RUDQ��3��$��3��������6RPH�UHPDUNV�RQ�DQLPDO�SRSXODWLRQ�G\QDPLFV��%LRPHWULFV������������
0RWUR��8�� ����D��2SWLPDO�UDWHV�RI�GLVSHUVDO��,��+DSORLG�SRSXODWLRQV��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�

������������
����E��2SWLPDO�UDWHV�RI�GLVSHUVDO��,,�� 'LSORLG�SRSXODWLRQV��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�
������������
������2SWLPDO�UDWHV�RI�GLVSHUVDO��,,,��3DUHQW�RIIVSULQJ�FRQIOLFW��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�
������������

3KLOOLSL��7���DQG�-��6HJHU��+HGJLQJ�RQH
V�HYROXWLRQDU\�EHWV��UHYLVLWHG��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�
���������

3XOOLDP��+��5�� ������6RXUFHV��VLQNV��DQG�SRSXODWLRQ�UHJXODWLRQ��$PHULFDQ�1DWXUDOLVW��������������
5LFNHU��:��(�� ������6WRFN�DQG�UHFUXLWPHQW��-RXUQDO�RI�WKH�)LVKHULHV�5HVHDUFK�%RDUG�RI�&DQDGD�

������������
5RII��'��$��������3RSXODWLRQ�VWDELOLW\�DQG�WKH�HYROXWLRQ�RI�GLVSHUVDO�LQ�D�KHWHURJHQHRXV�HQYLURQPHQW��

2HFRORJLD��%HUOLQ��������������
������7KH�FRVW�RI�EHLQJ�DEOH�WR�IO\��D�VWXG\�RI�ZLQJ�SRO\PRUSKLVP�LQ�WZR�VSHFLHV�RI�FULFNHWV��
2HFRORJLD��%HUOLQ������������
������7KH�HYROXWLRQ�RI�ZLQJ�GLPRUSKLVP�LQ�LQVHFWV��(YROXWLRQ���������������

6HJHU��-���DQG�+��-��%URFNPDQQ��������:KDW�LV�EHW�KHGJLQJ"�2[IRUG�6XUYH\V�LQ�(YROXWLRQDU\�%LRORJ\�
�����������

6ROEUHFN��&�� ������:LQJ�DQG�IOLJKW�PXVFOH�SRO\PRUSKLVP�LQ�D�O\JDHLG�EXJ��+RUYDWKLROXV�JLEELFROOLV��
GHWHUPLQDQWV�DQG�OLIH�KLVWRU\�FRQVHTXHQFHV��(FRORJLFDO�(QWRPRORJ\�������������

7HDJXH��5��������$�PRGHO�RI�PLJUDWLRQ�PRGLILFDWLRQ��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�����������
7HPSOHWRQ��$��5���DQG�(�� '�� 5RWKPDQ��������(YROXWLRQ�LQ�ILQH�JUDLQHG�HQYLURQPHQWV��,,�� +DELWDW�

VHOHFWLRQ�DV�D�KRPHRVWDWLF�PHFKDQLVP��7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�������������
9DQFH��5��5��������7KH�HIIHFW�RI�GLVSHUVDO�RQ�SRSXODWLRQ�VL]H�LQ�D�WHPSRUDOO\�YDU\LQJ�HQYLURQPHQW��

7KHRUHWLFDO�3RSXODWLRQ�%LRORJ\�������������
9DQ�9DOHQ��/�� ������*URXS�VHOHFWLRQ�DQG�WKH�HYROXWLRQ�RI�GLVSHUVDO��(YROXWLRQ�������������
9HQDEOH��'�� /�� ������7KH� HYROXWLRQDU\�HFRORJ\�RI�VHHG� KHWHURPRUSKLVP��$PHULFDQ�1DWXUDOLVW�

�������������
9HQDEOH��'�� /��� DQG�/�� /DZORU��������'HOD\HG�JHUPLQDWLRQ�DQG�GLVSHUVDO�LQ�GHVHUW�DQQXDOV��HVFDSH�

LQ�VSDFH�DQG�WLPH��2HFRORJLD��%HUOLQ��������������
9HQDEOH��'�� /��� DQG�'�� /HYLQ�� ����D��(FRORJ\�RI�DFKHQH�GLPRUSKLVP�LQ�+HWHURWKHFD�ODWLIROLD��,��

$FKHQH�VWUXFWXUH��JHUPLQDWLRQ�DQG�GLVSHUVDO��-RXUQDO�RI�(FRORJ\�������������
����E��(FRORJ\�RI�DFKHQH�GLPRUSKLVP�LQ�+HWHURWKHFD�ODWLIROLD��,,�� 'HPRJUDSKLF�YDULDWLRQ�
ZLWKLQ�SRSXODWLRQV��-RXUQDO�RI�(FRORJ\�������������

9HQDEOH��'�� /���$��%XLUTXH]��*��&RUUDO��(��0RUDOHV��DQG�)�� (VSLQRVD�� ������7KH�HFRORJ\�RI�VHHG�
KHWHURPRUSKLVP�LQ�+HWHURVSHUPD�SLQQDWXP�LQ�FHQWUDO�0H[LFR��(FRORJ\�����������

9HSVDODLQHQ��.�� ������:LQJ�GLPRUSKLVP�DQG�GLDSDXVH�LQ�*HUULV��GHWHUPLQDWLRQ�DQG�DGDSWLYH�VLJQLIL��
FDQFH��3DJHV���������LQ�+��'LQJOH��HG��(YROXWLRQ�RI�LQVHFW�PLJUDWLRQ�DQG�GLDSDXVH��6SULQJHU��
1HZ�<RUN��

:DONHU��7��-���DQG�-��0��6LYHQVNL��������:LQJ�GLPRUSKLVP�LQ�ILHOG�FULFNHWV��2UWKRSWHUD��*U\OOLGDH��
*U\OOXV���$QQDOV�RI�WKH�(QWRPRORJLFDO�6RFLHW\�RI�$PHULFD�����������

:ULJKW��6�� ������(YROXWLRQ�DQG�WKH�JHQHWLFV�RI�SRSXODWLRQV��9RO�����8QLYHUVLW\�RI�&KLFDJR�3UHVV��
&KLFDJR��

=HUD��$��-���DQG�0��$��5DQNLQ��������:LQJ�GLPRUSKLVP�LQ�*U\OOXV�UXEHQV��JHQHWLF�EDVLV�RI�PRUSK�
GHWHUPLQDWLRQ�DQG�IHUWLOLW\�GLIIHUHQFHV�EHWZHHQ�PRUSKV��2HFRORJLD��%HUOLQ��������������

$VVRFLDWH�(GLWRU��-RQ�6HJHU�
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