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6H\HG�$KPDG�5H]D�6DHLGL�+RVVHLQL�����0RVWDID�7DKHULDQ��� DQG $EGROPDMLG�0RKDPPDGLDQ���
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$EVWUDFW

%ULQH�HIIOXHQWV�DUH�FRPPRQO\�GLVFKDUJHG�LQWR�ZDWHU�ERGLHV�WKURXJK�GLIIXVHUV�DQG�PD\�FDXVH�DOPRVW�SHUPDQHQW�
DGYHUVH�HIIHFWV�RQ�PDULQH�KDELWDWV��6LQFH�WKH�H[WHQVLRQ�RI�VXFK�QHJDWLYH�HIIHFWV�FORVHO\�GHSHQGV�RQ�WKH�IHDWXUHV�
RI� WKH�RXWIDOO�GLIIXVHUV�� LW� LV�HVVHQWLDO� WR�SUHGLFW� WKH�PL[LQJ�EHKDYLRU�RI� WKH� MHWV�IRU GLIIHUHQW� W\SHV�RI�GLIIXVHUV��
$OWKRXJK� VLQJOH�SRUW� GLVFKDUJHV� DUH� WKHRUHWLFDOO\� VXSHULRU� LQ� WHUPV� RI� PL[LQJ� HIILFLHQF\�� FXUUHQWO\�� PXOWLSRUW�
GLIIXVHUV� DUH� IUHTXHQWO\� DSSOLHG� GXH� WR� WKH� OLPLWDWLRQV� LQ� SUDFWLFDO� SURMHFWV�� 7KH�PL[LQJ� EHKDYLRU� RI�PXOWLSRUW
GLVFKDUJHV� FRPSDUHG� WR� VLQJOH�SRUW� RQHV� LV�PXFK�PRUH� FRPSOLFDWHG� EHFDXVH� RI� WKH� FRPSOH[�PHFKDQLVPV�
UHVXOWLQJ IURP�MHW�LQWHUDFWLRQ�DQG�WKH�&RDQGD�HIIHFW��0RVW�RI�WKH�QXPHULFDO�VWXGLHV�RQ�GLVFKDUJHV�KDYH�IRFXVHG�
RQ�VLQJOH�SRUW� GLVFKDUJHV��DQG� OHVV�DWWHQWLRQ�KDV�EHHQ�JLYHQ� WR� WKH�PXOWLSOH� MHWV��$OVR�� WKH� OLPLWHG�DYDLODEOH�
QXPHULFDO� VWXGLHV� RQ� WKH� PXOWLSRUW� GLIIXVHUV� KDYH� DSSOLHG� WKH� 5H\QROGV�DYHUDJHG� 1DYLHU�6WRNHV� �5$16��
WXUEXOHQFH�PRGHOV��,Q�WKLV�VWXG\��WKH�GLOXWLRQ�DQG�JHRPHWULFDO�FKDUDFWHULVWLFV�RI�WKH�PXOWLSOH���R LQFOLQHG�GHQVH�
MHWV� ZHUH� QXPHULFDOO\� LQYHVWLJDWHG� LQ� GHWDLO� XVLQJ� WKH� ODUJH� HGG\� VLPXODWLRQ� �/(6�� DSSURDFK� ZLWK� WKH�
6PDJRULQVN\� VXEJULG�VFDOH� �6*6�� PRGHO�� 7KH� /(6� SUHGLFWLRQV� IRU� WKH� LPSDFW� SRLQW� ORFDWLRQ�� LPSDFW� SRLQW�
GLOXWLRQ��DQG� WHUPLQDO� ULVH�KHLJKW�ZHUH�FRPSDUHG� WR� WKH�H[LVWLQJ�PHDVXUHPHQWV� LQ� WKH� OLWHUDWXUH��7KH� UHVXOWV�
VKRZHG�WKDW�WKH�/(6�RXWFRPHV�ZHUH�LQ JRRG�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�GDWD��DQG�WKH�/(6�DSSURDFK�ZDV�
IRXQG�WR�EH�D�UHOLDEOH�WRRO�IRU�WKH�LQYHVWLJDWLRQ�RI�PXOWLSRUW�GLIIXVHUV��7KH�PHUJLQJ�SURFHVV�RI�GLVFKDUJHV�ZDV�
DOVR�VWXGLHG�EDVHG�RQ�WKH�SUHVHQWHG PRGHO�

.H\ZRUGV� /DUJH�HGG\�VLPXODWLRQV��1HJDWLYHO\�EXR\DQW�MHWV��0XOWLSRUW�GLIIXVHUV��7XUEXOHQFH�PRGHOLQJ��0L[LQJ�
FKDUDFWHULVWLFV

�� ,1752'8&7,21

,PSURSHU�UHOHDVH�RI�GHQVH�ZDVWHZDWHUV�LQWR�ZDWHU�ERGLHV�FDXVHV�DGYHUVH�HQYLURQPHQWDO�HIIHFWV��'HQVH�
HIIOXHQWV�DUH�FRPPRQO\�GLVFKDUJHG�LQWR�ZDWHU�ERGLHV�WKURXJK�RXWIDOO�GLIIXVHUV�DV�KLJKO\�WXUEXOHQW� MHWV��2XWIDOO�
GLVFKDUJHV DUH�PDLQO\�HPSOR\HG�WR SURYLGH�UDSLG�PL[LQJ��WKHUHE\�SURWHFWLQJ PDULQH�KDELWDW� 7KH�PL[LQJ�SURFHVV�
RI�WKH�GLVFKDUJHV�LV VLJQLILFDQWO\�DIIHFWHG�E\ WKH�IHDWXUHV�RI�WKH�GLIIXVHUV �<DQ�DQG�0RKDPPDGLDQ� ������/DL�HW�
DO�� �������7KHUHIRUH��WKH�VWXG\�RI�WKH�PL[LQJ�SURFHVV�RI�WKH�GLVFKDUJHV�IRU GLIIHUHQW�W\SHV�RI�GLIIXVHUV�FDQ�EH RI�
LQWHUHVW��DV�LW�FDQ�SURYLGH XVHIXO LQVLJKWV IRU�RXWIDOO�GHVLJQ�SXUSRVHV�

:DVWHZDWHUV�PD\�EH�GLVFKDUJHG�LQWR�WKH�VHDV�DQG�RFHDQV�DV�VLQJOH�SRUW�RU�PXOWL�SRUW GLIIXVHUV�FRQVLGHULQJ�
GLIIHUHQW� IDFWRUV� LQ� SUDFWLFDO� SURMHFWV� VXFK� DV� HIIOXHQW� IORZ� UDWH� EXGJHW� OLPLW�� DQG� HQYLURQPHQWDO� UHJXODWRU\�
GHPDQGV��$OWKRXJK�D�IUHH�PL[�RI�VLQJOH�MHWV�ZLWK�WKH�VXUURXQGLQJ�ZDWHU FDXVHV�WKHP WR�EH�VXSHULRU�LQ�WHUPV�RI�
WKH�PL[LQJ�EHKDYLRU��KLJK�ZDVWHZDWHU�IORZ�UDWHV PD\ UHTXLUH�PXOWLSOH�SRUW�GLIIXVHUV �/\X�HW�DO�� ������:DQJ�DQG�
'DYLGVRQ� ������� DV� DSSOLHG LQ�3HUWK�� %RVWRQ��6\GQH\�� DQG�0HOERXUQH� $V�PXOWLSOH� MHWV� DUH� GLVFKDUJHG�� MHW�
LQWHUDFWLRQ�DQG�WKH�&RDQGD�HIIHFW OHDG�WR DQ�LQWULFDWH�PHFKDQLVP��ZKLFK�VLJQLILFDQWO\�DIIHFWV�WKH�JHRPHWULFDO�DQG�
PL[LQJ� FKDUDFWHULVWLFV� RI� WKH� MHWV� 7KHUHIRUH�� WKH� VWXG\� RI� WKH�PL[LQJ� SURFHVV� RI�PXOWLSOH� MHWV�PD\� EH�PRUH�
FRPSOLFDWHG� DQG GLIIHUV� IURP� WKH� VLQJOH� RQHV�� KLJKOLJKWLQJ� WKH� LPSRUWDQFH� RI� D� VHSDUDWH� VWXG\� RQ PXOWLSRUW�
GLIIXVHUV� 8QOLNH�VLQJOH�GHQVH�GLVFKDUJHV��WKH�PL[LQJ�EHKDYLRU�RI�PXOWLSOH�GHQVH�GLVFKDUJHV KDV DWWUDFWHG OHVV�
DWWHQWLRQ LQ�SULRU�UHVHDUFK�

0RVW� RI� WKH� SUHYLRXV� VWXGLHV� RQ� PXOWLSOH� MHWV� KDYH� EHHQ� FRQGXFWHG� H[SHULPHQWDOO\� �;X� HW� DO�� ������
6KULYDVWDYD�HW�DO�� ������$EHVVL�HW�DO�� ������$EHVVL�DQG�5REHUWV� ������0DUWL�HW�DO�� ������$GDPV� �������ZKLFK�
KDYH�VLJQLILFDQWO\�VKHG�OLJKW�RQ�WKH�PL[LQJ�SURFHVV�RI�PXOWLSOH�MHWV� +RZHYHU��H[SHULPHQWDO�PHDVXUHPHQWV�DUH�
H[SHQVLYH�DQG�WLPH�FRQVXPLQJ�RSWLRQV�IRU�WKH�VWXG\�RI�PXOWLSOH�MHWV� ,QWHJUDO�HQWUDLQPHQW�PRGHOV�KDYH�DOZD\V�
EHHQ�DQ�DOWHUQDWLYH�PHWKRG�IRU�WKH�VWXG\�RI�WKH�PL[LQJ�FKDUDFWHULVWLFV�RI�MHWV��0DQ\�FRPPHUFLDO�WRROV��H�J��80��
�)ULFN� �������&RUH-HW��-LUND� �������DQG�-HW/DJ��/HH�DQG�&KX� ������/HH�HW�DO�� ������ IRU�WKH�DVVHVVPHQW�RI�
MHW�PL[LQJ�SURFHVV�KDYH�EHHQ�GHVLJQHG�EDVHG�RQ� WKHVH�PRGHOV��7KH� LQWHJUDO�PRGHOV�DUH� IRUPHG�EDVHG�RQ�
VLPSOLILHG�PDVV�DQG�PRPHQWXP�HTXDWLRQV��7DKHULDQ�DQG�0RKDPPDGLDQ� �������DQG�WKH\�FDQQRW�UHVROYH�WKH�
&RDQGD� HIIHFW� DQG� UH�HQWUDLQPHQW� �7DKHULDQ� DQG� 0RKDPPDGLDQ� ������ %DXP� DQG� *LEEHV� ������ 7KH�
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LQFDSDELOLW\� RI� FDSWXULQJ� WKH�&RDQGD�HIIHFW�PD\�EH� DQ� LPSRUWDQW� GHILFLHQF\� RI� WKHVH�PRGHOV�ZKHQ� WKH\� DUH�
HPSOR\HG� IRU� WKH LQYHVWLJDWLRQ� RI�PXOWLSOH� MHWV VLQFH� MHW�PHUJLQJ� FRPELQHG�ZLWK� WKH�&RDQGD HIIHFW� GLPLQLVK
WHUPLQDO�ULVH�KHLJKW�DQG�GLOXWLRQ RI�GLVFKDUJHV �5REHUWV� ������$EHVVL�DQG�5REHUWV� ������ ,Q�SUHYLRXV�VWXGLHV��
PDMRU�GLVFUHSDQFLHV�IRU�WKH�HVWLPDWLRQ�RI�GHQVH�MHWV¶�WHUPLQDO�ULVH�KHLJKW�DQG�GLOXWLRQ�ZHUH�IRXQG��ZKHUH�&RUH-HW��
-HW/DJ��DQG�80� WRROV�ZHUH�HPSOR\HG�IRU�WKH�VLPXODWLRQV��3DORPDU�HW�DO�� ������

&RPSXWDWLRQDO� IOXLG�G\QDPLFV� �&)'��PRGHOLQJ�FRQVLGHUV� OHVV�VLPSOLI\LQJ�DVVXPSWLRQV�FRPSDUHG� WR� WKH�
HQWUDLQPHQW� LQWHJUDO�PRGHOV� �%DXP�DQG�*LEEHV� �������DQG� LWV�DSSOLFDWLRQ� LQ� WKH�SUHGLFWLRQ�RI� WKH� MHW�PL[LQJ�
SURFHVV� KDV� LQFUHDVHG LQ� WKH� ODVW� WZR� GHFDGHV �7DKHULDQ� HW� DO�� ������ +RZHYHU�� &)'�PRGHOLQJ� KDV� EHHQ�
OLPLWHGO\ HPSOR\HG�IRU�WKH�SUHGLFWLRQ�RI�PXOWLSRUW�GLIIXVHUV��,WV�DSSOLFDWLRQ�IRU�PXOWLSOH�MHWV�PD\�EH�OLPLWHG�WR�VRPH�
VWXGLHV�FRQGXFWHG�LQ�UHFHQW�\HDUV��ZKLFK�KDYH�PDLQO\�DSSOLHG WKH�5H\QROGV�DYHUDJHG�1DYLHU�6WRNHV��5$16��
WXUEXOHQFH�PRGHOV� 2QH� VWXG\� LQYHVWLJDWHG� WKH�PL[LQJ� EHKDYLRU� RI�PXOWLSOH� EXR\DQW� MHWV� XVLQJ� WZR� GLIIHUHQW�
PRGHOV�LQFOXGLQJ�DQ�HGG\�YLVFRVLW\ PRGHO��(90��DQG�D�&250,;�PRGHO DQG�VKRZHG�WKDW�WKH�(90 ZDV�VXSHULRU�
LQ�WHUPV�RI�FDSWXULQJ�WKH�FKDQJHV�RI�SOXPHV¶�GHSWK�DORQJ�WKH�WUDMHFWRU\ �7DQJ�HW�DO�� ������ $�UHFHQW�VWXG\��%DXP�
DQG�*LEEHV� ����� DSSOLHG� N�Z VKHDU� VWUHVV� WUDQVSRUW� �667��PRGHO� WR� LQYHVWLJDWH� WKH� GLOXWLRQ� SURSHUWLHV� RI�
PXOWLSOH� LQFOLQHG� GHQVH� MHWV� LQ� FURVV�IORZ�� DQG� YDOLGDWHG� WKH� SHUIRUPDQFH� RI� WKH� PRGHO� DJDLQVW� ILHOG�
PHDVXUHPHQWV��$QRWKHU�VWXG\��<DQ�DQG�0RKDPPDGLDQ� ����� HYDOXDWHG�WKH�PL[LQJ�FKDUDFWHULVWLFV�RI�PXOWLSOH�
LQFOLQHG�GHQVH�MHWV��HPSOR\LQJ�WKH�UH�QRUPDOL]DWLRQ�JURXS��51*��DQG�VWDQGDUG�N�H WXUEXOHQFH�PRGHOV��,W�ZDV�
VKRZQ�WKDW� WKH�SUHGLFWLRQV�RI� WHUPLQDO�ULVH�KHLJKW�DQG� LPSDFW�SRLQW�GLOXWLRQ�ZHUH� LQ JRRG�DJUHHPHQW�ZLWK�WKH�
H[SHULPHQWDO�PHDVXUHPHQWV�REWDLQHG�E\�$EHVVL�DQG�5REHUWV ��������7KH�51*�N�H PRGHO�FRXOG�SURYLGH�PRUH�
DFFXUDWH� UHVXOWV��ZLWK� OHVV� WKDQ���� HUURU��FRPSDUHG� WR� WKH�VWDQGDUG�N�H PRGHO��RYHU���� HUURU� 0RUHRYHU��
PXOWLSOH�YHUWLFDO�MHWV�ZHUH�QXPHULFDOO\�PRGHOHG�XVLQJ�GLIIHUHQW�5$16�PRGHOV�LQ�DQRWKHU�VWXG\ �<DQ�HW�DO�� �������
DQG� LW�ZDV�FRQFOXGHG� WKDW� WKH�51*�N�H PRGHO�RXWSHUIRUPHG� WKH�VWDQGDUG�N�Z�� N�Z �667���DQG�VWDQGDUG�N�H
WXUEXOHQFH�PRGHOV�

$FFRUGLQJ�WR�WKH�SUHVHQWHG�UHYLHZ�DQG�WKH�DXWKRUV¶�NQRZOHGJH� PXOWLSOH�GHQVH�GLVFKDUJHV�KDYH�QRW�EHHQ�
\HW�VLPXODWHG�HPSOR\LQJ WKH ODUJH�HGG\�VLPXODWLRQ �/(6� DSSURDFK��7KH�UHDVRQ�PD\�EH�WKH�KLJK�FRPSXWDWLRQDO�
FRVW�DQG�FRQYROXWLRQ ZKHQ�LW�FRPHV�WR�WKH�VLPXODWLRQ�RI�WKH�FRPSOH[�JHRPHWU\�RI�PXOWLSOH�MHWV��+RZHYHU��DV�WKH�
ODUJH�FRKHUHQW�HGGLHV�DUH�GLUHFWO\�UHVROYHG�LQ�WKH�/(6�DSSURDFK��LW�LV�H[SHFWHG�WKDW�WKLV�PRGHO SURYLGHV PRUH�
DFFXUDWH�SUHGLFWLRQV��FRPSDUHG�WR�WKH�5$16�PRGHOV��,W�FDQ�DOVR�SURYLGH PRUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�IORZ�
ILHOG DQG�HGG\�VWUXFWXUHV��7KHUHIRUH��WKH�SUHVHQW�VWXG\�HPSOR\V�WKH�6PDJRULVQN\�/(6�PRGHO�IRU�WKH�SUHGLFWLRQ�
RI�WKH�PL[LQJ�EHKDYLRU�RI�PXOWLSOH�LQFOLQHG�GHQVH�MHWV DQG�HYDOXDWHV LWV�SUHGLFWLRQ�FDSDELOLWLHV�E\�FRPSDULQJ�WKH�
UHVXOWV�DJDLQVW�WKH�DYDLODEOH�H[SHULPHQWDO�PHDVXUHPHQWV� 7KH�YDOLGDWHG�PRGHO�LV�IXUWKHU XWLOL]HG�IRU�WKH VWXG\�
RI�WKH�MHW�PHUJLQJ SURFHVV�

�� 0(7+2'2/2*<

��� 0XOWLSOH�-HWV�$QDO\VLV

)LJXUH�� LOOXVWUDWHV WKH�VFKHPDWLF�SODQ DQG�VLGH YLHZV RI�PXOWLSOH� LQFOLQHG�GHQVH�GLVFKDUJHV��7KH� LQLWLDO�
YHUWLFDO�PRPHQWXP�IOX[�RI�WKH�MHWV�PRYHV�WKHP�XSZDUG�WR�D�PD[LPXP�KHLJKW��ZKLFK�LV�FDOOHG�WKH�WHUPLQDO�ULVH�
KHLJKW��\W��$ORQJ�WKH�XSZDUG�PRYHPHQW RI�MHWV��WKH�HQWUDLQPHQW�DQG�QHJDWLYH�EXR\DQF\�FRQWLQXRXVO\�GLPLQLVK�
WKH�LQLWLDO�PRPHQWXP��DQG�WKHUH�LV�DOPRVW�QR�WUDFH�RI�WKH�LQLWLDO�YHUWLFDO�PRPHQWXP�DQ\PRUH DW�\W� %H\RQG�WKLV
SRLQW�� WKH� MHWV�PRYH�GRZQZDUG�DQG� ILQDOO\� LPSDFW� WKH�ERWWRP�ERXQGDU\�DW� WKH� LPSDFW� SRLQW� ORFDWLRQ�� [L�� 7KH�
GLOXWLRQ�DW�WKLV�SRLQW�LV�UHIHUUHG�WR�DV WKH�LPSDFW�SRLQW�GLOXWLRQ��6L� 7KHVH�SDUDPHWHUV�DUH�WKH�PRVW�LPSRUWDQW�RQHV�
ZKLOH�LQYHVWLJDWLQJ�WKH�RXWIDOO�V\VWHPV�DV WKH\�DUH�HVVHQWLDO IRU�GHVLJQ�SXUSRVHV� 7KH�YDOXHV�RI�WKHVH�IDFWRUV�
DUH� QXPHULFDOO\� FDOFXODWHG XVLQJ� WKH� /(6� DSSURDFK DQG� FRPSDUHG� WR� WKH� H[SHULPHQWV� RQ� WKH� ��R PXOWLSOH�
LQFOLQHG�GHQVH�MHWV�FRQGXFWHG�E\�$EHVVL�HW�DO���������WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�/(6�PRGHO�

)LJXUH��� 6FKHPDWLF�SODQ�DQG�VLGH�YLHZV RI�PXOWLSOH�GHQVH�MHWV

��� *RYHUQLQJ�(TXDWLRQV
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,Q�WKH�/(6�DSSURDFK��ODUJH�DQG�VPDOO�HGGLHV�DUH�GLVWLQJXLVKHG�XVLQJ�D�VSDWLDO�ILOWHU��WKH�XQVWHDG\�QDWXUH�RI�
ODUJH�HGGLHV� LV�GLUHFWO\�FRPSXWHG��ZKLOH� WKH�VPDOO�HGGLHV�DUH�PRGHOHG��7KH�ILOWHUHG�1DYLHU�6WRNHV�HTXDWLRQV�
LQFOXGLQJ�FRQWLQXLW\�DQG�PRPHQWXP�HTXDWLRQV�FDQ�EH�SUHVHQWHG�IRU�DQ�LQFRPSUHVVLEOH�IOXLG�DV�(TV��>�@ DQG�>�@��
UHVSHFWLYHO\�

߲ሺݑതሻ

ݔ߲
ൌ Ͳ

>�@

߲ሺݑതሻ

ݐ߲

߲൫ݑതݑത൯

ݔ߲
ൌ െ

ͳ

ߩ

ҧ߲

ݔ߲
 ɋ

߲ଶݑത 
ݔ߲ݔ߲

െ
߲߬

ݔ߲

>�@

ZKHUH� തݑ �� ��ݐ ɋ�� DQG� ҧ DUH WKH� ILOWHUHG� YHORFLW\ ILHOG� WLPH� NLQHPDWLF� YLVFRVLW\�� DQG ILOWHUHG� SUHVVXUH� ILHOG��
UHVSHFWLYHO\��$OVR� ߬ LQGLFDWHV�WKH�VXEJULG�VFDOH��6*6� VWUHVVHV�ZKLFK�FDQ�EH�GHILQHG�DV�IROORZV�

߬ ൌ ఫതതതതതݑపݑ െ തݑതݑ >�@

,Q�WKH�SUHVHQW�VWXG\��WKH�6PDJRULQVN\�6*6�PRGHO�ZDV�DGRSWHG��7KH�6PDJRULQVN\�PRGHO�HVWLPDWHV�WKH�
6*6�VWUHVV�WHQVRU�IRU�DQ�LQFRPSUHVVLEOH�IORZ�DV�EHORZ�

߬
ௌீௌ ൌ െʹɊ௧ ሚܵ >�@

ZKHUH� ሚܵ LV�WKH�UDWH�RI�VWUDLQ�WHQVRU�IRU�WKH�UHVROYHG�VFDOH��7KH�XQNQRZQ�WHUP�RI�6*6�HGG\�YLVFRVLW\��Ɋ௧��FDQ�
EH�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQV�

Ɋ௧ ൌ ௦οሻܥሺߩ
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ZKHUHܥ�௦ LV�WKH�6PDJRULQVN\�FRQVWDQW DQG�ο LV�WKH�/(6�ILOWHU�VL]H�

��� &RPSXWDWLRQDO�6HWXS

$V�WKH�H[SHULPHQWV�ZHUH�FRQGXFWHG�EDVHG�RQ�WKH�GLIIHUHQW�QXPEHUV�RI�SRUWV��WKH�FRPSXWDWLRQDO�GRPDLQ�
ZDV�FRQVLGHUHG�WR�LQFOXGH�WKUHH�SRUWV��7KHVH�SRUWV�FRXOG�EH�WKH�UHSUHVHQWDWLYHV�RI�DOO�SRVVLEOH�MHWV�RQ�D�GLIIXVHU�
VLQFH�WKH�VLGH�SODQHV�RI�WKH�GRPDLQ�ZHUH�FRQVLGHUHG�DV�V\PPHWU\�SODQHV��ZKLFK�FRXOG�PLUURU�WKH�IORZ�ILHOG�RI�
WKH� GRPDLQ�� %RXQGDU\� FRQGLWLRQV� SOD\� D� VLJQLILFDQW� UROH� LQ� WKH� VWDELOLW\� DQG� DFFXUDF\� RI� IOXLG� QXPHULFDO�
FDOFXODWLRQV��7KH�VLPXODWLRQ�GRPDLQ�ZDV�VWUXFWXUHG�XVLQJ�VHYHQ�SODQHV� LQFOXGLQJ� WKH LQOHW��EDFN�ZDOO��RXWOHW��
DWPRVSKHUH�� ORZHU�ZDOO��DQG�WZR�VLGH�SODQHV��VHH�)LJXUH�����7KH�ERXQGDU\�FRQGLWLRQV�DW�WKH�EDFN�DQG�ORZHU�
ZDOOV�ZHUH�VHW� WR�VOLS�� WKH�DWPRVSKHUH�DQG�RXWOHW�SODQHV�WR�]HUR�JUDGLHQWV��DQG�VLGH�SODQHV�WR�WKH�V\PPHWU\�
SODQH� $OVR��D IL[HG�YDOXH�RI�YHORFLW\�ZDV�DVVLJQHG�WR�WKH�LQOHWV� 7KH�VWUXFWXUHG�PHVK��ZKLFK�ZDV�XVHG�IRU�WKH�
GLVFUHWL]DWLRQ�RI�WKH�FRQWLQXRXV�GRPDLQ��LV�VKRZQ�LQ�)LJXUH��� 7KH�FHOO�VL]HV�ZHUH�VHW�WR�EH�PXFK�VPDOOHU�DW�WKH�
ORFDWLRQV�FORVH�WR�WKH�QR]]OHV�FRPSDUHG�WR�RWKHU�DUHDV�VR�WKDW� WKH\�FRXOG�FDSWXUH�WKH�YHORFLW\�DQG�SUHVVXUH�
ILHOGV�EHWWHU� 7KH�GHWDLOHG�VLPXODWLRQ�SDUDPHWHUV�DQG�GRPDLQ�FKDUDFWHULVWLFV�DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH����6LPXODWLRQ�SDUDPHWHUV
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����� ,$+5��8VHG�ZLWK�SHUPLVVLRQ���,661�/����������

)LJXUH��� &RPSXWDWLRQDO�GRPDLQ��PHVK�VHWXS��DQG�ERXQGDU\�FRQGLWLRQV

7KH�ILQLWH�YROXPH�PHWKRG��)90��ZDV�DGRSWHG�IRU�VROYLQJ�WKH�SUHVHQWHG�HTXDWLRQV��DQG�DQ�RSHQ�VRXUFH�
FRGH�2SHQ)2$0 ZDV�XWLOL]HG�WR�SHUIRUP�WKH�VLPXODWLRQV��7KH�WZR/LTXLG0L[LQJ)RDP�VROYHU��ZKLFK�LV�D�WUDQVLHQW�
VROYHU�IRU�PXOWLSKDVH�IOXLGV��LQ�2SHQ)2$0�VRIWZDUH�ZDV�XVHG�WR�VROYH�WKH�1DYLHU�6WRNHV�HTXDWLRQV� 7KLV�VROYHU�
KDV�EHHQ�DGRSWHG�IRU� WKH�VLPXODWLRQ�RI�YDULRXV� IORZ�ILHOGV� LQ�SUHYLRXV�VWXGLHV��<DQ�HW�DO�� ������-LDQJ�HW�DO��
������<DQ�DQG�0RKDPPDGLDQ� ������/L�HW�DO�� ������=KDQJ�HW�DO�� ������+�/DL�HW�DO�� �������7KH�(XOHU�VFKHPH�
ZDV�XWLOL]HG� WR�GLVFUHWL]H� WKH� WHPSRUDO� WHUP� *DXVV� OLQHDU� VFKHPH�ZDV�DGRSWHG� IRU� WKH�GLVFUHWL]DWLRQ�RI� WKH�
JUDGLHQW� DQG� /DSODFLDQ� WHUPV�� *DXVV� XSZLQG�� *DXVV� 9DQOHHU�� DQG� *DXVV� OLQHDU� VFKHPHV� ZHUH� DSSOLHG� WR�
GLVFUHWL]H�WKH�GLYHUJHQFH�WHUPV� 7KH�WLPH�VWHS�ZDV�FRQVLGHUHG�WR�EH�DGMXVWDEOH�GXULQJ�WKH�VLPXODWLRQ�EDVHG�RQ�
WKH�FRXUDQW�QXPEHU��DQG�WKH�PD[LPXP�FRXUDQW�QXPEHU�ZDV�VHW�WR�����WR�SURYLGH�VPDOO�WLPH�VWHSV� 7KH�RXWFRPHV�
ZHUH�H[WUDFWHG�EDVHG�RQ�WLPH�DYHUDJLQJ�RYHU�WKH�UDQJH�RI���V�WR����V�VLQFH�WKH�UHVXOWV�ZHUH IRXQG�WR�EH�VWDEOH�
DIWHU���V�DQG�WKH�IORZ�ZDV�IXOO\�GHYHORSHG� 7KH�VLPXODWLRQ�ZDV�SHUIRUPHG�LQ�WKH�DGYDQFHG�UHVHDUFK�FRPSXWLQJ�
�$5&��FHQWHU RI�&RPSXWH�&DQDGD��DQG����SURFHVVRUV�ZHUH�HPSOR\HG�IRU�SDUDOOHO�VLPXODWLRQV���

�� 5(68/76�$1'�',6&866,21

7KH�6PDJRULVN\�/(6�SUHGLFWLRQV�ZHUH�FRPSDUHG�WR�WKH�H[SHULPHQWDO�PHDVXUHPHQWV�FRQGXFWHG�E\�$EHVVL�
DQG� 5REHUWV ������� 7DEOH� �� GHPRQVWUDWHV� WKH� PRGHO� SUHGLFWLRQV� DQG� PHDVXUHPHQWV� IRU� WKH� LPSDFW� SRLQW�
ORFDWLRQ��[L���LPSDFW�SRLQW�GLOXWLRQ��VL���DQG�WHUPLQDO�ULVH�KHLJKW��\W�� &RQVLGHULQJ�WKH�HUURUV��WKH�/(6�SUHGLFWLRQV�
ZHUH� LQ�JRRG�DJUHHPHQW�ZLWK� WKH�H[SHULPHQWDO�GDWD��7KH�HUURU� IRU� WKH�JHRPHWULFDO�FKDUDFWHULVWLFV�RI�PXOWLSOH�
GHQVH�MHWV�ZDV�OHVV�WKDQ������DQG�LW�ZDV�OHVV�WKDQ����IRU�WKH�LPSDFW�SRLQW�GLOXWLRQ��

7DEOH����&RPSDULVRQ�RI�H[SHULPHQWDO�DQG�QXPHULFDO�UHVXOWV
(;3(5,0(1$/�

5(68/76

180(5,&$/�

35(',&7,216
(5525���

,03$&7�32,17�/2&$7,21��&0� ����� ����� ���
,03$&7�32,17�',/87,21 �� ����� ����

7(50,1$/ 5,6( +(,*+7 �&0� ���� ���� ����

&RQFHQWUDWLRQ�FRQWRXUV�DW� WKH�VLGH�YLHZ�RI� WKH�PLGGOH� MHW�DUH�VKRZQ�LQ�)LJXUH ���ZKHUH &��GHQRWHV�WKH�
LQLWLDO� FRQFHQWUDWLRQ� &� VLJQLILHV� WKH� ORFDO� FRQFHQWUDWLRQ� RI� WKH� GLVFKDUJHV�� DQG� &�&�� LV� WKH� QRUPDOL]HG�
FRQFHQWUDWLRQ� ,Q�WKH�DVFHQGLQJ�SKDVH��WKH�YHUWLFDO�FRPSRQHQW�RI�WKH�LQLWLDO�PRPHQWXP�UHVXOWHG LQ�WKH�XSZDUG�
PRYHPHQW�RI WKH� MHWV��$V�WKH�GLVFKDUJHV�ZHUH GHQVH� MHWV�� WKH�QHJDWLYH�EXR\DQF\�FRQWLQXRXVO\�KLQGHUHG�WKLV�
PRPHQWXP��$W� WKH�HQG�RI� WKLV�SKDVH�� WKHUH�ZDV�QR� WUDFH�RI� LW��DQG� WKH� MHWV�VWDUWHG� WR� WXUQ�GRZQZDUG�� ,Q� WKH�
GHVFHQGLQJ�SKDVH��WKH�QHJDWLYH�EXR\DQF\�ZDV GRPLQDQW��DQG�WKLV�IRUFH PRYHG WKH�MHWV�GRZQZDUG�XQWLO� WKH\�
LPSLQJHG WR�WKH�ERWWRP�ERXQGDU\� 7KH�FRQWRXUV�VKRZ�WKDW�WKH�FRQFHQWUDWLRQ�FRQWLQXRXVO\�GHFUHDVHG�DORQJ�WKH�
WUDMHFWRU\��DQG�WKH�ORZHU�KDOI�RI�WKH�MHWV�H[SDQGHG PRUH�ZLGHO\�FRPSDUHG�WR�WKH�XSSHU�KDOI�

$V�GLVFXVVHG�LQ�$EHVVL�DQG�5REHUWV���������WKH�PXOWLSOH�MHWV�FRPSDUHG�WR�WKH�VLQJOH�RQHV�KDYH�D�UHGXFHG�
WHUPLQDO�ULVH�KHLJKW�DQG�LPSDFW�SRLQW�ORFDWLRQ��ZKLFK�KDYH�URRWV�LQ�WKH�MHW�PHUJLQJ�DQG�&RDQGD�HIIHFWV� )LJXUH���
YLVXDOL]HV�WKH�LQZDUG�EHQGLQJ�RI�PXOWLSOH�MHWV��VXEVHTXHQWO\�UHVXOWLQJ LQ�D�UHGXFHG�LPSDFW�SRLQW�ORFDWLRQ�

$WPRVSKHUH

2XWOHW

/RZHU�ZDOO

6\PPHWU\%DFN�ZDOO

,QOHWV
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)LJXUH��� 7LPH�DYHUDJHG�FRQFHQWUDWLRQ�FRQWRXUV�DW�WKH�FHQWUDO�SODQH

)LJXUH���GHPRQVWUDWHV�WKH�FRQFHQWUDWLRQ�ILHOGV�DW�GLIIHUHQW�FURVV�VHFWLRQV��FRYHULQJ�WKH�ORFDWLRQV�FORVH�WR�
WKH�SRUWV�DQG�GRZQVWUHDP�DUHDV��7KHVH�FURVV�VHFWLRQV�FRXOG�SURYLGH�DQ�LQVLJKW�LQWR WKH�MHW�PHUJLQJ�SURFHVV�
$W�WKH�ORFDWLRQV�FORVH�WR�WKH�QR]]OHV��H�J��;�') ������WKH�GLVFKDUJHV�ZHUH�QRW�H[SDQGHG�HQRXJK�WR�PHUJH��DQG�
WKH\�ZHUH�DOPRVW�OLNH�VHSDUDWH�MHWV��7KH�FRQFHQWUDWLRQ�DW�WKH�FHQWHU�RI�WKH�MHWV�ZDV YHU\�KLJK��,Q�IDUWKHU DUHDV�
IURP�WKH�SRUWV� H�J��;�') ���� VKHDU�VWUHVVHV�RQ�WKH�HGJHV�RI WKH�MHWV�FDXVHG WKH�HQWUDLQPHQW�RI�WKH�DPELHQW�
ZDWHU��6XEVHTXHQWO\��WKH�FRQFHQWUDWLRQ�GHFUHDVHG�DQG�WKH�MHWV�H[SDQGHG��+RZHYHU��DW�WKLV�GLVWDQFH��WKH�MHWV�
EDUHO\� LQWHUDFWHG� ZLWK� HDFK� RWKHU� VLQFH� WKH\� ZHUH� QRW� VWLOO� GLIIXVHG� HQRXJK WR� PHUJH� )DUWKHU� DZD\�� H�J��
;�') ����� WKH�MHWV�ZHUH�PXFK�PRUH�GLIIXVHG�DQG�MHW�PHUJLQJ�RFFXUUHG� 7KH�FRQFHQWUDWLRQV DW�WKH�MHWV¶�FHQWHUV�
DQG�WKH�VSDFH�EHWZHHQ�WKH�MHWV�ZHUH DOPRVW�LGHQWLFDO��DQG�WKHUH�ZDV�OLWWOH IUHVKZDWHU�EHWZHHQ�WKH�MHWV��7KH�MHW�
PHUJLQJ�OHDGV�WR�WKH�IRUPDWLRQ�RI�D�YLUWXDOO\�LPSHQHWUDEOH�ZDOO�WKDW�KLQGHUV WKH�HQWUDLQPHQW�RI�VXUURXQGLQJ�ZDWHU�
WR�LQQHU�VXUIDFHV�DQG�LQWHQVLILHV�WKH�&RDQGD�HIIHFW��UHVXOWLQJ�LQ�VKDUS�LQZDUG�EHQGLQJ�RI�WKH�MHWV �$EHVVL�DQG�
5REHUWV� ������ $IWHU�WKH�LPSDFW�SRLQW��H�J��;�') ������WKH�VHSDUDWH�MHWV�ZHUH�LQGLVWLQJXLVKDEOH�

�;�') ����� �;�') ����

�;�') ����� �;�') �����

)LJXUH��� &RQFHQWUDWLRQ�ILHOGV�DW�YDULRXV�QRQ�GLPHQVLRQDO�GLVWDQFHV�IURP�WKH�QR]]OHV
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����� ,$+5��8VHG�ZLWK�SHUPLVVLRQ���,661�/����������

�� &21&/86,216

7KH�PDLQ�REMHFWLYH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�SUHGLFWLRQ�FDSDELOLWLHV�RI�WKH�/(6�DSSURDFK�IRU�
PXOWLSOH�GHQVH�MHWV��7KH�PXOWLSOH���R LQFOLQHG�GHQVH�MHWV�ZHUH�QXPHULFDOO\�VLPXODWHG�HPSOR\LQJ�/(6�ZLWK�WKH�
6PDJRULVN\�6*6�PRGHO��IRU�WKH�ILUVW�WLPH��7KH�/(6�SUHGLFWLRQV�IRU�LPSDFW�SRLQW�ORFDWLRQ��LPSDFW�SRLQW�GLOXWLRQ��
DQG�WHUPLQDO�ULVH�KHLJKW�ZHUH�FRPSDUHG�DJDLQVW�WKH�H[LVWLQJ�H[SHULPHQWDO�GDWD��7KH�PRGHO�ZDV�IXUWKHU�HPSOR\HG�
WR�LQYHVWLJDWH�WKH�MHW�PHUJLQJ�SURFHVV��ZKLFK�LV�RI VLJQLILFDQW�LPSRUWDQFH LQ�WKH�VWXG\�RI�PXOWLSRUW�GLIIXVHUV� 7KH
UHVXOWV�VKRZHG�WKDW�WKH�/(6�PRGHO�FRXOG�SUHGLFW�JHRPHWULFDO�DQG�GLOXWLRQ�SURSHUWLHV�RI�WKH�PXOWLSOH�GHQVH�MHWV�
ZLWK�HUURUV�OHVV�WKDQ�����DQG�����UHVSHFWLYHO\��7KHUHIRUH��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�/(6�DSSURDFK�FDQ�EH�
D�UHOLDEOH�WRRO�IRU�WKH�SUHGLFWLRQ�RI�WKH�PL[LQJ�EHKDYLRU�RI�PXOWLSRUW�GLIIXVHUV� 7KH�PHUJLQJ�SURFHVV�ZDV�GLVFXVVHG�
WKURXJK�WKH�YLVXDOL]DWLRQ�RI GLIIHUHQW�FURVV�VHFWLRQV��

�� $&.12:/('*0(17

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�DGYDQFHG�UHVHDUFK�FRPSXWLQJ��$5&��FHQWHU�RI�&RPSXWH�&DQDGD �D�
QRW�IRU�SURILW�RUJDQL]DWLRQ��IRU�SURYLGLQJ�WKH�FRPSXWDWLRQDO�UHVRXUFHV�XVHG�LQ�WKLV�VWXG\� 7KH�UHVHDUFK�RI�$�0��
ZDV�VXSSRUWHG�E\�1DWXUDO�6FLHQFHV�DQG�(QJLQHHULQJ�5HVHDUFK�&RXQFLO�RI�&DQDGD��16(5&��

�� 5()(5(1&(6�

$EHVVL��2���5REHUWV��3�-�:����������0XOWLSRUW�GLIIXVHUV�IRU�GHQVH�GLVFKDUJH�LQ�IORZLQJ�DPELHQW�ZDWHU� -RXUQDO�RI�
+\GUDXOLF�(QJLQHHULQJ� $PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(��������������������

$EHVVL�� 2��� DQG� 5REHUWV�� 3�-�:�� �������� 0XOWLSRUW� 'LIIXVHUV� IRU� 'HQVH� 'LVFKDUJHV� -RXUQDO� RI� +\GUDXOLF�
(QJLQHHULQJ��$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(��������������������

$GDPV�� (�(�� ������� 6XEPHUJHG� PXOWLSRUW� GLIIXVHUV� LQ� VKDOORZ� ZDWHU� ZLWK� FXUUHQW �'RFWRUDO� GLVVHUWDWLRQ��
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��

%DXP��0�-���DQG�*LEEHV��%�� ��������)LHOG�6FDOH�1XPHULFDO�0RGHOLQJ�RI�D�'HQVH�0XOWLSRUW 'LIIXVHU�2XWIDOO� LQ�
&URVVIORZ� -RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ�������������������

)ULFN��:�(����������9LVXDO�3OXPHV�PL[LQJ�]RQH�PRGHOLQJ�VRIWZDUH��(QYLURQPHQWDO�0RGHOOLQJ�	�6RIWZDUH�������
������������

+XDL��:�;���/L��=�:���4LDQ��=�'���=HQJ��<�+���+DQ��-���	�3HQJ��:�4����������1XPHULFDO�VLPXODWLRQ�RI�KRUL]RQWDO�
EXR\DQW�ZDOO�MHW� -RXUQDO�RI�+\GURG\QDPLFV� �������������

-LDQJ�� 0��� /DZ�� $�:�.��� DQG� /DL�� $�&�+�� �������� 7XUEXOHQFH� FKDUDFWHULVWLFV� RI� ���� LQFOLQHG� GHQVH� MHWV�
(QYLURQPHQWDO�)OXLG�0HFKDQLFV��6SULQJHU�1HWKHUODQGV�����������±���

-LUND��*�+�� �������� ,QWHJUDO�0RGHO� IRU� 7XUEXOHQW�%XR\DQW� -HWV� LQ�8QERXQGHG�6WUDWLILHG� )ORZV��3DUW� ,�� 6LQJOH�
5RXQG�-HW� (QYLURQPHQWDO�)OXLG�0HFKDQLFV���������±���

-RVHSK�:�/HH��%�+���0HPEHU��$���DQG�&KHXQJ��9����������*HQHUDOL]HG�/DJUDQJLDQ�0RGHO�IRU�%XR\DQW�-HWV�LQ�
&XUUHQW� -RXUQDO� RI� (QYLURQPHQWDO� (QJLQHHULQJ�� $PHULFDQ� 6RFLHW\� RI� &LYLO� (QJLQHHUV� �$6&(��� ��������
����±�����

/DL��$�&���=KDR��%���/DZ��$�:�.���	�$GDPV��(�(����������$�QXPHULFDO�DQG�DQDO\WLFDO�VWXG\�RI�WKH�HIIHFW�RI�DVSHFW�
UDWLR�RQ�WKH�EHKDYLRU�RI�D�URXQG�WKHUPDO� (QYLURQPHQWDO�)OXLG�0HFKDQLFV� ��������������

/HH��-�+�:���&KX��9���	�&KX��9�+��������� 7XUEXOHQW�MHWV�DQG�SOXPHV��D�/DJUDQJLDQ�DSSURDFK �9RO������6SULQJHU�
6FLHQFH�	�%XVLQHVV�0HGLD�

/L��<���*HQJ��;���:DQJ��+���=KXDQJ��;���DQG�2X\DQJ��-����������6LPXODWLQJ�WKH�IURQWDO�LQVWDELOLW\�RI�ORFN�H[FKDQJH�
GHQVLW\�FXUUHQWV�ZLWK GLVVLSDWLYH�SDUWLFOH�G\QDPLFV� 0RGHUQ�3K\VLFV�/HWWHUV�%�����������±��

/\X��6���6HR��,�:���	�.LP��<�'����������([SHULPHQWDO�LQYHVWLJDWLRQ�RQ�EHKDYLRU�RI�PXOWLSOH�YHUWLFDO�EXR\DQW�MHWV�
GLVFKDUJHG�LQWR�D�VWDJQDQW�DPELHQW� .6&(�-RXUQDO RI�&LYLO�(QJLQHHULQJ� �����������������

0DUWL��&�/���$QWHQXFFL��-�3���'DYLG�/XNHWLQD��2NHO\��3���,PEHUJHU��-���DQG�$VFH��0����������1HDU�)LHOG�'LOXWLRQ�
&KDUDFWHULVWLFV�RI�D�1HJDWLYHO\�%XR\DQW�+\SHUVDOLQH�-HW�*HQHUDWHG�E\�D�'HVDOLQDWLRQ�3ODQW� -RXUQDO�RI�
+\GUDXOLF�(QJLQHHULQJ��$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(�������������±���

3DORPDU��3���/DUD��-���DQG�/RVDGD��,����������1HDU�ILHOG�EULQH�GLVFKDUJH�PRGHOLQJ�SDUW����9DOLGDWLRQ�RI�FRPPHUFLDO�
WRROV� 'HVDOLQDWLRQ���������±���

5REHUWV��3�-�:����������1HDU�ILHOG�IORZ�G\QDPLFV�RI�FRQFHQWUDWH�GLVFKDUJHV�DQG�GLIIXVHU�GHVLJQ� (QYLURQPHQWDO�
6FLHQFH�DQG�(QJLQHHULQJ �6XEVHULHV��(QYLURQPHQWDO�6FLHQFH���.OXZHU�$FDGHPLF�3XEOLVKHUV�����±����

6KULYDVWDYD�� ,��� 	� $GDPV�� (�(�� �������� 0L[LQJ� RI� WHH� GLIIXVHUV LQ� VKDOORZ� ZDWHU� ZLWK� FURVVIORZ�� $� QHZ�
ORRN� -RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� �����������������

7DKHULDQ�� 0��� DQG� 0RKDPPDGLDQ�� $�� �������� %XR\DQW� -HWV� LQ� &URVV�)ORZV�� 5HYLHZ�� 'HYHORSPHQWV�� DQG�
$SSOLFDWLRQV� -RXUQDO�RI�0DULQH�6FLHQFH�DQG�(QJLQHHULQJ��0XOWLGLVFLSOLQDU\�'LJLWDO�3XEOLVKLQJ�,QVWLWXWH��������
���

7DKHULDQ��0���6DHLGL�+RVVHLQL��6�$�5���DQG�0RKDPPDGLDQ��$����������2YHUYLHZ�RI�RXWIDOO�GLVFKDUJH�PRGHOLQJ�
ZLWK�D�IRFXV�RQ�WXUEXOHQFH�PRGHOLQJ�DSSURDFKHV� $GYDQFHV�LQ�)OXLG�0HFKDQLFV��0RGHOLQJ�DQG�6LPXODWLRQ��
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HGLWHG�E\�=HLGDQ��'���=KDQJ��/���GD�6LOYD��(�*���DQG�0HUNHU���-��6LQJDSRUH��6SULQJHU�1DWXUH��$FFHSWHG�
7DQJ��+�6���3DLN��-���6RWLURSRXORV��)���DQG�.KDQJDRQNDU��7����������7KUHH�'LPHQVLRQDO�1XPHULFDO�0RGHOLQJ�RI�

,QLWLDO�0L[LQJ�RI�7KHUPDO�'LVFKDUJHV�DW�5HDO�/LIH�&RQILJXUDWLRQV� -RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ����������
����±�����

:DQJ��+�-���DQG�'DYLGVRQ��0�-����������-HW�,QWHUDFWLRQ�LQ�D�6WLOO�$PELHQW�)OXLG� -RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ��
$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��$6&(��������������±����

;X��=���2WRR��(���&KHQ��<���	�'LQJ��+�����������'�3,9�0HDVXUHPHQW�RI�7ZLQ�%XR\DQW�-HWV�LQ�:DY\�&URVV�)ORZ�
(QYLURQPHQW��:DWHU�������������

<DQ�� ;��� *KRGRRVLSRXU�� %��� DQG�0RKDPPDGLDQ�� $�� �������� 7KUHH�'LPHQVLRQDO� 1XPHULFDO� 6WXG\� RI�0XOWLSOH�
9HUWLFDO�%XR\DQW�-HWV�LQ�6WDWLRQDU\�$PELHQW�:DWHU� -RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ�������������������

<DQ��;���DQG�0RKDPPDGLDQ��$�� ��������1XPHULFDO�PRGHOLQJ�RI�PXOWLSOH� LQFOLQHG�GHQVH� MHWV�GLVFKDUJHG� IURP�
PRGHUDWHO\�VSDFHG�SRUWV� :DWHU �6ZLW]HUODQG���������� ��±���

=KDQJ��6��� -LDQJ��%���/DZ��$�:�.���DQG�=KDR��%�� ��������/DUJH�HGG\�VLPXODWLRQV�RI����� LQFOLQHG�GHQVH� MHWV�
(QYLURQPHQWDO�)OXLG�0HFKDQLFV��6SULQJHU�1HWKHUODQGV������������±����


