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��� ,QWURGXFWLRQ

n ��� %DFNJURXQG

7KH�QXPEHU�RI�PRWRU�YHKLFOHV�DYDLODEOH�WR�D�KRXVHKROG�KDV�D�PDMRU�LPSDFW�RQ�WKH�WUDYHO
EHKDYLRU� RI� WKH�PHPEHUV� RI� WKH� KRXVHKROG�� � $V� D� UHVXOW�� PDQ\� PHWURSROLWDQ� SODQQLQJ
RUJDQL]DWLRQV�KDYH�LQFRUSRUDWHG�PRGHOV�RI�KRXVHKROG�YHKLFOH�DYDLODELOLW\�RU�DXWRPRELOH
RZQHUVKLS�LQWR�WKHLU� WUDYHO�IRUHFDVWLQJ�PRGHO�V\VWHPV�� �7KLV�UHSRUW�VXPPDUL]HV�WKH�FXU�
UHQW�VWDWH�RI�WKH�SUDFWLFH�LQ�PRGHOLQJ�YHKLFOH�DYDLODELOLW\���,Q�WKH�SDVW��WKHVH�PRGHOV�ZHUH
PRVW�IUHTXHQWO\�ODEHOHG�DXWR�RZQHUVKLS�PRGHOV��EXW�PRUH�UHFHQWO\�WKH�WHUP�YHKLFOH�DYDLO�
DELOLW\�KDV�EHHQ�XVHG�IRU�WZR�UHDVRQV���)LUVW�RI�DOO��KRXVHKROG�YHKLFOH�DYDLODELOLW\��D�PHDV�
XUH� RI� WKH� WRWDO� QXPEHU� RI� PRWRU� YHKLFOHV� DYDLODEOH� IRU� XVH� E\� KRXVHKROG� PHPEHUV
�LQFOXGLQJ�ERWK�SDVVHQJHU� FDUV� DQG� WUXFNV�RZQHG�� OHDVHG�� DQG�RU�SURYLGHG�E\� HPSOR\�
HUV���LV�OLNHO\�WR�EH�PRUH�FORVHO\�UHODWHG�ZLWK�WKH�OHYHO�RI�KRXVHKROG�PRELOLW\�WKDQ�WKH�PRUH
OLPLWHG�KRXVHKROG�DXWR�RZQHUVKLS�PHDVXUH���6HFRQGO\��GDWD�RQ�YHKLFOH�DYDLODELOLW\�LV�FRO�
OHFWHG�LQ�WKH�GHFHQQLDO�8�6��&HQVXV�UDWKHU�WKDQ�DXWR�RZQHUVKLS�

7KH�WHUP�DXWR�RZQHUVKLS�KDV�VRPHWLPHV�EHHQ�XVHG�E\�WUDYHO�PRGHOHUV�DQG�IRUHFDVWHUV�LQ
LWV� VWULFW� VHQVH� WR� LQFOXGH� RQO\� D� FRQVLGHUDWLRQ� RI� WKH� QXPEHU� RI� DXWRPRELOHV� DFWXDOO\
RZQHG�E\�KRXVHKROG�PHPEHUV��DQG�VRPHWLPHV�LQ�D�PRUH�JHQHULF�VHQVH�WR� LQFOXGH�DGGL�
WLRQDO�PRWRUL]HG�YHKLFOHV��VXFK�DV�SLFNXS�WUXFNV�DQG�PRWRUF\FOHV��DQG� WR� LQFOXGH� OHDVHG
YHKLFOHV�DQG�YHKLFOHV�DYDLODEOH� WR�KRXVHKROG�PHPEHUV�EXW�RZQHG�E\�RWKHUV��PRVW�RIWHQ
HPSOR\HUV���7KH�WHUP�YHKLFOH�DYDLODELOLW\�LV�GHILQHG�WR�LQFOXGH�HDFK�RI�WKHVH�W\SHV�RI�YHKL�
FOHV�H[SOLFLWO\���6LQFH�WKHVH�WZR�WHUPV�KDYH�QRW�DOZD\V�EHHQ�XVHG�SUHFLVHO\��LW�LV�VRPHWLPHV
GLIILFXOW�WR�GHWHUPLQH�WKH�H[DFW�GHILQLWLRQ�XVHG�LQ�WKH�PRGHO�IRU�D�SDUWLFXODU�PHWURSROLWDQ
DUHD�� �)RU�WKLV�UHDVRQ��LQ�RXU�VXPPDULHV�RI�H[LVWLQJ�PRGHOV��ZH�ZLOO�XVH�WKH�VDPH�WHUPL�
QRORJ\�ZKLFK�KDV�EHHQ�XVHG�LQ�PRGHO�GRFXPHQWDWLRQ��DQG�LQ�RXU�JHQHUDO�GLVFXVVLRQ��ZH
ZLOO�XVH�WKH�FXUUHQWO\�DFFHSWHG�SUHFLVH�WHUPLQRORJ\��YHKLFOH�DYDLODELOLW\�

7KLV� UHSRUW� SURYLGHV� H[DPSOHV� RI� D� QXPEHU� RI� W\SHV� RI� YHKLFOH� DYDLODELOLW\�PRGHOV� DQG
VSHFLILHV� WKHLU� GDWD� VRXUFHV�� H[SODQDWRU\� YDULDEOHV�� DQG� GHWDLOV� RI� WKHLU� LPSOHPHQWDWLRQ�
(DFK� H[DPSOH� PRGHO� LV� DOVR� HYDOXDWHG�� ERWK� UHODWLYH� WR� DOWHUQDWLYH� PRGHOV� DQG� ZLWK
UHVSHFW�WR�WKH�W\SHV�RI�DSSOLFDWLRQV�E\�032V�DQG�VWDWHZLGH�SODQQHUV�IRU�ZKLFK�WKH�PRGHO
LV�EHVW�VXLWHG�

7KLV� VHFWLRQ� RI� WKH� UHSRUW� SURYLGHV� DQ� LQWURGXFWLRQ� WR� YHKLFOH� DYDLODELOLW\� PRGHOLQJ�
GHDOLQJ�ZLWK�LWV�LPSRUWDQFH�DQG�WKH�UDQJH�RI�PRGHO�W\SHV�� �6HFWLRQ�����IRFXVHV�RQ�H[DP�
SOHV�RI�EDVLF�SUDFWLFH�E\�8�6��WUDQVSRUWDWLRQ�SODQQHUV��LQFOXGLQJ�HDUO\�DJJUHJDWH�DQG�FURVV�
FODVVLILFDWLRQ�PRGHOV�DQG�D�UHFHQW�YHKLFOH�DYDLODELOLW\�FKRLFH�PRGHO�EDVHG�FRPSOHWHO\�RQ
&HQVXV�GDWD���6HFWLRQ�����GHDOV�ZLWK�H[DPSOHV�RI�PRUH�DGYDQFHG�SUDFWLFH��LQFOXGLQJ�PRG�
HOV�ZKLFK�DUH�EDVHG�RQ�KRXVHKROG�VXUYH\�GDWD�DQG�RU�LQFOXGH�DGGLWLRQDO�YDULDEOHV�VXFK
DV� WUDQVLW� DQG� KLJKZD\� DFFHVVLELOLW\� DQG� SHGHVWULDQ� HQYLURQPHQW� YDULDEOHV�� � 6HFWLRQ����
GLVFXVVHV�LQQRYDWLYH�DSSURDFKHV��W\SLFDOO\�QRW�\HW�LQ�SURGXFWLRQ�XVH� LQ�UHJLRQDO�PRGHOV�
LQFOXGLQJ� PRGHOV� ZKLFK� FRPELQH� YHKLFOH� DYDLODELOLW\� DQG� YHKLFOH� W\SH� FKRLFH�� DQG
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G\QDPLF�PRGHOV�ZKLFK�IRFXV�RQ�YHKLFOH�DFTXLVLWLRQ�DQG�VFUDSSDJH�UDWKHU�WKDQ�VROHO\�RQ
YHKLFOH�DYDLODELOLW\���7KHVH�LQQRYDWLYH�DSSURDFKHV�SURYLGH�H[DPSOHV�RI�WKH�VWDWH�RI�WKH�DUW
UDWKHU� WKDQ� VWDWH�RI� WKH�SUDFWLFH� LQ�YHKLFOH� DYDLODELOLW\�PRGHOLQJ�DQG� WKXV�KHOS� WR� VKRZ
KRZ� WKH� VWDWH� RI� WKH� SUDFWLFH�PD\� FKDQJH� LQ� WKH� IXWXUH�� � )LQDOO\�� 6HFWLRQ����� SURYLGHV� D
FRQFOXGLQJ�VXPPDU\�RI�WKH�HQWLUH�UHSRUW�

n ��� 7KH�,PSRUWDQFH�RI�9HKLFOH�$YDLODELOLW\�0RGHOLQJ

9HKLFOH� DYDLODELOLW\� LV� D� SDUWLFXODUO\� FULWLFDO� YDULDEOH� LQ� ERWK� WULS� JHQHUDWLRQ� DQG� PRGH
FKRLFH�PRGHOV���7KLV�KRXVHKROG�FKDUDFWHULVWLF�FDQ�DOVR�KDYH�LQGLUHFW�HIIHFWV�RQ�WULS�GLVWUL�
EXWLRQ�DQG�RQ�KRXVHKROG�ORFDWLRQ�FKRLFHV���%HFDXVH�YHKLFOH�DYDLODELOLW\�LV�D�IDFWRU�LQ�HDFK
RI�WKH�PDMRU�VWHSV�RI�WUDYHO�IRUHFDVWLQJ�H[FHSW�KLJKZD\�DQG�WUDQVLW�DVVLJQPHQW��LW�VKRXOG
EH�PRGHOHG�H[SOLFLWO\�DV�SDUW�RI�WKH�WRWDO�WUDYHO�IRUHFDVWLQJ�SURFHVV���(DFK�RI�WKH�HIIHFWV�RI
YHKLFOH�DYDLODELOLW\�RQ�WUDYHO�DQG�ORFDWLRQ�SDWWHUQV�LV�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

7ULS�*HQHUDWLRQ�¥�,Q�PDQ\�XUEDQ�DUHDV�LW�KDV�EHHQ�IRXQG�WKDW��ZKHQ�FRQWUROOLQJ�IRU�WKH
QXPEHU�RI�SHUVRQV��KRXVHKROGV�ZLWK�PRUH�YHKLFOHV�JHQHUDWH�PRUH�SHUVRQ� WULSV�� �7KLV� LV
QRW� VXUSULVLQJ� VLQFH� WKH� LQFUHDVHG� DYDLODELOLW\� RI� D� YHKLFOH� OHDGV� WR� PRUH� WULSPDNLQJ
RSSRUWXQLWLHV�� � ,Q� DGGLWLRQ�� VLQFH� DXWR� WUDYHO� LV� JHQHUDOO\� IDVWHU� WKDQ� RWKHU�PRGHV�� DXWR
RZQHUV�PD\�KDYH�PRUH�WLPH�LQ�ZKLFK�WR�SHUIRUP�DFWLYLWLHV�ZKLFK�UHTXLUH�WUDYHO�� �:KLOH
WKHUH�LV�VRPH�LQGLFDWLRQ�WKDW�WKH�JUHDWHU�QXPEHU�RI�WULSV�IRU�KRXVHKROGV�ZLWK�KLJKHU�YHKL�
FOH� DYDLODELOLW\� LQ� VRPH� DUHDV� PD\� EH� GXH� WR� XQGHUUHSRUWLQJ� RI� ZDON� WULSV�� ZKLFK� DUH
KLJKHU� LQ� KRXVHKROGV�ZLWK� IHZHU� YHKLFOHV�� WKHUH� VWLOO� VHHPV� WR� EH� D� FRUUHODWLRQ� EHWZHHQ
YHKLFOH�DYDLODELOLW\�DQG�WULS�JHQHUDWLRQ���2QH�UHDVRQ�PD\�EH�WKDW�YHKLFOH�DYDLODELOLW\�PD\
EH�D�SUR[\�YDULDEOH�IRU�LQFRPH��DQG�KRXVHKROGV�ZLWK�KLJKHU�LQFRPH�OHYHOV�WHQG�WR�PDNH
PRUH�WULSV�

0RGH�&KRLFH�¥�9HKLFOH�DYDLODELOLW\�YDULDEOHV�KDYH�SURYHQ�WR�EH�KLJKO\�VLJQLILFDQW�LQGLFD�
WRUV�LQ�PRGH�FKRLFH�PRGHOV��WKHUH�LV�FOHDUO\�D�UHODWLRQVKLS�EHWZHHQ�YHKLFOH�DYDLODELOLW\�DQG
PRGH�FKRLFH���2IWHQ��WKH�VWURQJHVW�LQGLFDWRU�RI�ZKHWKHU�DXWR�RU�WUDQVLW�ZLOO�EH�XVHG�LV�QRW
UHODWLYH�WUDYHO� WLPHV�RU�FRVWV��EXW�WKH�YHKLFOH�DYDLODELOLW\� OHYHO�RI� WKH�WUDYHOHU�DQG�RU�WKH
WUDYHOHU’V� KRXVHKROG�� � 7KLV� LV� SDUWLFXODUO\� WUXH� IRU� KRXVHKROGV� ZKLFK� KDYH� QR� YHKLFOHV
DYDLODEOH���,W�LV�JHQHUDOO\�DFFXUDWH�WR�DVVXPH�WKDW�QR�WULSV�PDGH�E\�WKHVH�KRXVHKROGV�ZLOO
EH�DXWR�GULYHU�WULSV���6LQFH�DXWR�GULYHUV�DUH�RIWHQ�WKH�PRVW�IUHTXHQWO\�FKRVHQ�WUDYHO�PRGH
IRU� WKH�UHJLRQ�DV�D�ZKROH�� WKH� WUDYHO�EHKDYLRU�RI�QR�YHKLFOH�KRXVHKROGV�GLIIHUV�YHU\� VLJ�
QLILFDQWO\�IURP�WKDW�RI�WKH�W\SLFDO�KRXVHKROG�LQ�WKH�UHJLRQ�

9HKLFOH�DYDLODELOLW\�PHDVXUHV�VXFK�DV�YHKLFOHV�SHU�KRXVHKROG��SHUVRQ�� OLFHQVHG�GULYHU��RU
ZRUNHU�KDYH�DOO� EHHQ�XVHG� LQ�PRGH� FKRLFH�PRGHOV� WR� UHIOHFW�QRW�RQO\� WKH�GLIIHUHQFHV� LQ
PRGH� FKRLFH� IRU� QR�YHKLFOH� KRXVHKROGV�� EXW� DOVR� WKH� GLIIHUHQFHV� DV� YHKLFOH� DYDLODELOLW\
LQFUHDVHV�� � ,Q� DGGLWLRQ�� QRQOLQHDULWLHV� DUH� RIWHQ� FDSWXUHG� E\� XVLQJ� GXPP\� RU� LQGLFDWRU
YDULDEOHV�EDVHG�RQ�FRPSDULVRQV�RI� WKH�QXPEHUV�RI�YHKLFOHV�DYDLODEOH�DQG�WKH�QXPEHU�RI
SHUVRQV�� GULYHUV�� RU� ZRUNHUV� LQ� WKH� KRXVHKROG�� � 7KHVH� YDULDEOHV� KHOS� WR� GLIIHUHQWLDWH
EHWZHHQ�KRXVHKROGV�ZLWK�VRPH�OHYHO�RI�‘FRPSHWLWLRQ’ �IRU�WKH�XVH�RI�WKH�OLPLWHG�QXPEHU�RI
YHKLFOHV�DQG�RWKHU�KRXVHKROGV�LQ�ZKLFK�HDFK�OLFHQVHG�GULYHU�KDV�FRQWLQXRXV�DFFHVV�WR�RQH
RU�PRUH�YHKLFOHV���+RXVHKROG�YHKLFOH�DYDLODELOLW\�OHYHOV�DUH�DOVR�VRPHWLPHV�XVHG�DV�D�EDVLV
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IRU�PRGH�FKRLFH�PRGHO�VWUDWLILFDWLRQ���:KHQ�WKLV�VWUDWHJ\�LV�XVHG��VHSDUDWH�PRGHOV�PD\�EH
GHYHORSHG� IRU� GLIIHUHQW� YHKLFOH� DYDLODELOLW\� OHYHOV�� HDFK� SRWHQWLDOO\� ZLWK� LWV� RZQ� VHW� RI
DYDLODEOH�PRGHV��H[SODQDWRU\�YDULDEOHV��DQG�HVWLPDWHG�FRHIILFLHQWV���$OWHUQDWLYHO\��D�VLQJOH
PRGH�FKRLFH�PRGHO�PD\�EH�DSSOLHG�VHSDUDWHO\�WR�JURXSV�RI� WULSV��EHWZHHQ�JLYHQ�RULJLQV
DQG�GHVWLQDWLRQV��FODVVLILHG�E\�WKH�YHKLFOH�DYDLODELOLW\�OHYHO�RI�WKH�WULSPDNHUV’ �KRXVHKROGV�
7KLV�DSSURDFK�ZLOO�SURYLGH�PRUH�DFFXUDWH�SUHGLFWLRQV�WKDQ�WKRVH�REWDLQHG�XVLQJ�DYHUDJH
YHKLFOH�DYDLODELOLW\�YDOXHV�IRU�WRWDO�RULJLQ�GHVWLQDWLRQ�WUDYHO�

7ULS�'LVWULEXWLRQ�¥�:KHQ�JUDYLW\�PRGHOV��WKH�PRVW�FRPPRQ�WULS�GLVWULEXWLRQ�SURFHGXUHV�
DUH�XVHG�ZLWK�HLWKHU�KLJKZD\�WUDYHO�WLPHV�RU�FRPSRVLWH�KLJKZD\�DQG�WUDQVLW�LPSHGDQFHV�
WKH� WUDYHOHU’V� FKRLFH� RI� GHVWLQDWLRQ� LV� QRW� UHODWHG� WR� YHKLFOH� DYDLODELOLW\�� � 7KLV� LJQRUHV�
KRZHYHU��WKH�SRVVLELOLW\�WKDW�WUDYHOHUV�ZLWK�YHKLFOHV�DYDLODEOH�DUH�PRUH�OLNHO\�WR�XVH�WKHVH
YHKLFOHV�WR�WUDYHO� WR� ORFDWLRQV�ZKLFK�FDQQRW�EH�UHDFKHG�E\�WUDQVLW��ZDONLQJ��RU�ELF\FOLQJ�
7KLV�SRVVLELOLW\�FDQ�EH�LQFOXGHG�LQ�WULS�GLVWULEXWLRQ�PRGHOV�LQ�D�QXPEHU�RI�ZD\V�

• ,Q�WKH�JUDYLW\�PRGHO��XVLQJ�DQ�LPSHGDQFH�YDULDEOH��VXFK�DV�D�ORJVXP��GHULYHG�IURP�D
PRGH�FKRLFH�PRGHO�ZKLFK�LQFOXGHV�YHKLFOH�DYDLODELOLW\�YDULDEOHV�� VR� WKDW�DOO�YDULDEOHV
DIIHFWLQJ�PRGH�FKRLFH�ZLOO�DOVR�DIIHFW�WULS�GHVWLQDWLRQ�FKRLFH�

• 8VLQJ�D�ORJLW�GHVWLQDWLRQ�FKRLFH�PRGHO�ZLWK�ORJVXPV�IURP�D�ORJLW�PRGH�FKRLFH�PRGHO
DV�D�FRPSRVLWH�LPSHGDQFH�YDULDEOH��SOXV�DGGLWLRQDO�YDULDEOHV�PHDVXULQJ�WKH�DWWUDFWLYH�
QHVV�RI�DOWHUQDWLYH�GHVWLQDWLRQV�

• 8VLQJ�D�FRPELQHG�ORJLW�PRGHO�RI�GHVWLQDWLRQ�DQG�PRGH�FKRLFH��RU

• 8VLQJ�VHSDUDWH�PRGHOV�RI�GHVWLQDWLRQ�FKRLFH�IRU�KRXVHKROGV�KDYLQJ�GLIIHUHQW�OHYHOV�RI
YHKLFOH�DYDLODELOLW\�

,I�DQ\�RI�WKHVH�VWUDWHJLHV�DUH�XVHG��WKHQ�YHKLFOH�DYDLODELOLW\�ZLOO�KDYH�DQ�LQGLUHFW�RU�VHFRQ�
GDU\�HIIHFW�RQ�GHVWLQDWLRQ�FKRLFH�

+RXVHKROG�/RFDWLRQ�&KRLFHV�¥�/DQG�XVH�DOORFDWLRQ�PRGHOV�VXFK�DV�'5$0�(03$/�W\SL�
FDOO\�ORFDWH�QHZ�KRXVHKROGV�DQG�UHORFDWH�H[LVWLQJ�KRXVHKROGV�XVLQJ�D�JUDYLW\�W\SH�SURFH�
GXUH�WR�GHWHUPLQH�UHVLGHQFH�ORFDWLRQV�UDWKHU�WKDQ�WULS�DWWUDFWLRQ�ORFDWLRQV���$V�LQ�WKH�FDVH
RI�WKH�VLPSOHVW�W\SH�RI�JUDYLW\�PRGHO�IRU�GHVWLQDWLRQ�FKRLFH��WKHVH�SURFHGXUHV�DUH�XVXDOO\
QRW�DIIHFWHG�E\�KRXVHKROGV’ �YHKLFOH�DYDLODELOLW\�OHYHOV�� �+RZHYHU��LI�DQ\�RI� WKH�VWUDWHJLHV
OLVWHG�DERYH�IRU�GHVWLQDWLRQ�FKRLFH�PRGHOV�DUH�DOVR�XVHG�DV�SDUW�RI� WKH�KRXVHKROG�DOORFD�
WLRQ� PRGHO�� WKHQ� YHKLFOH� DYDLODELOLW\� ZLOO� DOVR� KDYH� DQ� LQGLUHFW� RU� VHFRQGDU\� HIIHFW� RQ
KRXVHKROG� ORFDWLRQ� FKRLFHV�� �0RGHOV� IRUPXODWHG� LQ� WKLV�ZD\�ZLOO� FDSWXUH� WKH� LQFUHDVHG
OLNHOLKRRG�� IRU� H[DPSOH�� WKDW�KRXVHKROGV�ZLWK� IHZHU� YHKLFOHV� DYDLODEOH�ZLOO� �UH�ORFDWH� LQ
DUHDV�LQ�ZKLFK�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�OHYHOV�RI�WUDQVLW�DQG�KLJKZD\�VHUYLFH�DUH�PRUH
SRVLWLYH��RU�OHVV�QHJDWLYH��WKDQ�WKH�DYHUDJH�GLIIHUHQFH�LV�
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n ��� 7KH�5DQJH�RI�9HKLFOH�$YDLODELOLW\�0RGHO�7\SHV

2YHU�WKH�SDVW����\HDUV��D�ZLGH�YDULHW\�RI�GLIIHUHQW�YHKLFOH�DYDLODELOLW\�PRGHOV�KDYH�EHHQ
GHYHORSHG�� DQG�PDQ\� RI� WKHVH� W\SHV� DUH� VWLOO� LQ� XVH� LQ� RQH� RU� PRUH�PHWURSROLWDQ� DUHD
PRGHO� V\VWHPV�� � $GGLWLRQDO� PRGHOLQJ� VWUDWHJLHV� KDYH� UHFHQWO\� EHHQ� WHVWHG� LQ� UHVHDUFK
HQYLURQPHQWV�DQG�VKRZ�SURPLVH�RI�SURYLGLQJ�PRUH�DGYDQFHG�PRGHOV�IRU�SUDFWLFDO�DSSOL�
FDWLRQ� LQ� WKH� IXWXUH�� � 7KLV� VHFWLRQ� LGHQWLILHV� WKH�PDMRU� GLIIHUHQFHV� LQ� WKHVH�PRGHOV� DQG
SURYLGHV�DQ�RYHUYLHZ�RI�WKH�FODVVLILFDWLRQ�XVHG�LQ�WKH�UHPDLQGHU�RI�WKLV�UHSRUW�WR�JURXS�D
QXPEHU�RI�H[DPSOHV�RI�GLIIHULQJ�YHKLFOH�DYDLODELOLW\�PRGHOV�

����� 6WDWH�RI�WKH�3UDFWLFH�9HUVXV�6WDWH�RI�WKH�$UW

7KH�ILUVW�DQG�PRVW�JHQHUDO�PRGHO�FKDUDFWHULVWLF� LV�ZKHWKHU�D� VSHFLILF�YHKLFOH�DYDLODELOLW\
PRGHO� UHSUHVHQWV� WKH� VWDWH� RI� WKH� WUDYHO� IRUHFDVWLQJ� SUDFWLFH� RU� WKH� VWDWH� RI� WKH� YHKLFOH
DYDLODELOLW\� PRGHOLQJ� DUW�� � 6WDWH� RI� WKH� SUDFWLFH� PRGHOV� DUH� GHILQHG� KHUH� DV� DOO� PRGHOV
ZKLFK�KDYH�EHHQ�¥�RU�VRRQ�ZLOO�EH�¥�LQFRUSRUDWHG�LQWR�WKH�‘VWDQGDUG’ �UHJLRQDO�WUDYHO�IRUH�
FDVWLQJ�V\VWHP�RI�D�8�6��PHWURSROLWDQ�DUHD��RU� LQWR�D� VWDWHZLGH� WUDYHO�PRGHO�� �$OO�RI� WKH
PRGHOV�SUHVHQWHG�LQ�6HFWLRQV�����DQG�����DUH�VWDWH�RI�WKH�SUDFWLFH�PRGHOV�� �7KH�PRGHOV�LQ
6HFWLRQ����� DUH� VWDWH� RI� WKH� DUW�PRGHOV�ZKLFK� LQFOXGH� H[WHQGHG� IHDWXUHV� VXFK� DV� YHKLFOH
W\SH�FKRLFH�DQG�WKH�PRGHOLQJ�RI�YHKLFOH�DYDLODELOLW\�G\QDPLFV�� �7KHVH�PRGHOV� UHSUHVHQW
UHVHDUFK� H[SORUDWLRQV� IRU� LPSURYHG� IXWXUH� UHJLRQDO� PRGHOV� RU� PRUH� GHWDLOHG� PRGHOLQJ
DSSURDFKHV� RULHQWHG� WR� RWKHU� IRUHFDVWLQJ� UHTXLUHPHQWV�� VXFK� DV� WKH� SUHGLFWLRQ� RI� IXWXUH
YHKLFOH�W\SH�PL[HV�LQ�UHVSRQVH�WR�FOHDQ�DLU�DQG�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�

����� 6WDWLF�9HUVXV�'\QDPLF�0RGHOV

$�VHFRQG�JHQHUDO�PRGHO�FKDUDFWHULVWLF� LV�ZKHWKHU�D�VSHFLILF�YHKLFOH�DYDLODELOLW\�PRGHO� LV
GHVLJQHG�WR�SUHGLFW� VWDWLF�RU�G\QDPLF�EHKDYLRU�� � 6WDWLF�PRGHOV�SUHGLFW� WKH�YHKLFOH�DYDLO�
DELOLW\�DW�D�VLQJOH�SRLQW�LQ�WLPH���WKH�DYHUDJH�RU�H[SHFWHG�QXPEHU�RI�YHKLFOHV�DYDLODEOH�WR�D
KRXVHKROG� DW� WKH� JLYHQ� WLPH�� RU� WKH� SUREDELOLW\� WKDW� D� KRXVHKROG�ZLOO� KDYH� DYDLODEOH� D
VSHFLILHG�QXPEHU�RI�YHKLFOHV�DW� WKH�JLYHQ� WLPH�� �$OO�PRGHOV� FXUUHQWO\� LQ�XVH� LQ� UHJLRQDO
WUDYHO�IRUHFDVWLQJ�V\VWHPV�DUH�VWDWLF�PRGHOV�

'\QDPLF�PRGHOV�SUHGLFW� WKH�FKDQJH� LQ�YHKLFOH�DYDLODELOLW\� OHYHOV�EHWZHHQ� WZR�SRLQWV� LQ
WLPH���ZKHWKHU�D�VLQJOH�KRXVHKROG�RU�D�JURXS�RI�VLPLODU�KRXVHKROGV�ZLOO�UHGXFH�WKH�QXP�
EHU� RI� YHKLFOHV� DYDLODEOH�� FRQWLQXH� WR� KDYH� DYDLODEOH� WKH� VDPH� QXPEHU� RI� YHKLFOHV�� RU
DFTXLUH�DQ�DGGLWLRQDO�YHKLFOH���'\QDPLF�PRGHOV�DUH�VRPHWLPHV�ODEHOHG�WUDQVDFWLRQ�PRGHOV�
WKH\�SUHGLFW�YHKLFOH�VDOHV��VFUDSSDJHV��WUDGHV��DQG�SXUFKDVHV�DQG�SURYLGH�HVWLPDWHV�RI�WKH
OHYHOV� RI� YHKLFOH� DYDLODELOLW\� LQ� WKH� IRUHFDVW� \HDU� LQ� WHUPV� RI� FKDQJHV� IURP� D� EDVH� \HDU�
$OWKRXJK�G\QDPLF�PRGHOV� VKRZ�SURPLVH� IRU� IXWXUH� DSSOLFDWLRQ� LQ� DFWLYLW\�EDVHG� WUDYHO
IRUHFDVWLQJ� V\VWHPV��QRQH�RI� WKHVH�PRGHOV� LV� FXUUHQWO\�XVHG� LQ� DQ�032’V� UHJLRQDO� IRUH�
FDVWLQJ�V\VWHP�
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����� $OWHUQDWLYH�'DWD�6RXUFHV

9HKLFOH� DYDLODELOLW\� PRGHOV� KDYH� EHHQ� GHYHORSHG� XVLQJ� D� QXPEHU� RI� GLIIHUHQW� GDWD
VRXUFHV���,Q�PRVW�FDVHV��WKH�VDPH�ORFDO�WUDYHO�VXUYH\�GDWD�XVHG�WR�GHYHORS�PRGHOV�ZKLFK
SUHGLFW� WUDYHO�SDWWHUQV�KDYH�DOVR�EHHQ�XVHG� WR�GHYHORS�YHKLFOH�DYDLODELOLW\�PRGHOV�� � ,Q�D
QXPEHU� RI� FDVHV�� KRZHYHU�� &HQVXV� GDWD�� HLWKHU� WKH� &HQVXV� 7UDQVSRUWDWLRQ� 3ODQQLQJ
3DFNDJH��&733��RU�WKH�3XEOLF�8VH�0LFURGDWD�6DPSOH��3806���KDV�EHHQ�XVHG��SDUWLFXODUO\
LQ�UHJLRQV�LQ�ZKLFK�QR�WUDYHO�VXUYH\�GDWD�H[LVW�RU�WKH�PRVW�UHFHQW�GDWD�KDV�EHFRPH�RXW�RI
GDWH�� �%RWK�&HQVXV�GDWD� VRXUFHV�KDYH� OLPLWDWLRQV�ZKHQ� FRPSDUHG� WR� ORFDO� WUDYHO� VXUYH\
GDWD���7KH�&733�GDWD�DUH�RQO\�UHSRUWHG�DV�DJJUHJDWLRQV�IRU�JHRJUDSKLFDO�DUHDV�RI�YDULRXV
VL]HV��ZKLOH�WKH�3806�GDWD�SURYLGHV�LQGLYLGXDO�KRXVHKROG�UHFRUGV�ZLWKRXW�GHWDLOHG�ORFD�
WLRQDO� LQIRUPDWLRQ�� �7KXV��ZKLOH� WKH�3806�GDWD�KDYH�EHHQ�XVHG� LQ�D�QXPEHU�RI�YHKLFOH
DYDLODELOLW\�PRGHOLQJ�HIIRUWV��QRQH�RI�WKH�PRGHOV�EDVHG�VROHO\�RQ�WKLV�GDWD�VRXUFH�LQFOXGH
YDULDEOHV�VSHFLILF�WR�WKH�WUDIILF�DQDO\VLV�]RQHV�LQ�ZKLFK�WKH�KRXVHKROGV�DUH�ORFDWHG�

7KH�WKLUG�GDWD�VRXUFH�IRU�YHKLFOH�DYDLODELOLW\�PRGHOV�LV�WUDYHO�VXUYH\�GDWD�FROOHFWHG�IRU�D
VHTXHQFH�RI�\HDUV�¥�SDQHO�VXUYH\V�LQ�ZKLFK�GDWD�DUH�FROOHFWHG�IURP�WKH�VDPH�VHW�RI�KRXVH�
KROGV�DW�WZR�RU�PRUH�SRLQWV�LQ�WLPH���7KLV�W\SH�RI�GDWD�LV�UHTXLUHG�WR�GHYHORS�WKH�WUDQVDF�
WLRQ� PRGHOV� GLVFXVVHG� DERYH�� � 2QO\� RQH� SDQHO� VXUYH\� KDV� EHHQ� FRPSOHWHG� E\� D� 8�6�
PHWURSROLWDQ�DUHD��LQ�6HDWWOH���+RZHYHU��WKLV�GDWD�VRXUFH�KDV�QRW�\HW�EHHQ�XVHG�WR�HVWLPDWH
DQ\�YHKLFOH�DYDLODELOLW\�PRGHOV���3DQHO�VXUYH\�GDWD�KDYH�EHHQ�XVHG��KRZHYHU��LQ�RQH�RI�WKH
UHVHDUFK�RULHQWHG�YHKLFOH�DYDLODELOLW\�PRGHOLQJ�HIIRUWV�GLVFXVVHG�LQ�6HFWLRQ�����

$�YDOXDEOH�GDWD�VRXUFH�ZKLFK�FDQ�EH�XVHG�WR�YDOLGDWH�YHKLFOH�DYDLODELOLW\�PRGHO�UHVXOWV�LV
VWDWH�PRWRU�YHKLFOH�GHSDUWPHQW�ILOHV���,Q�PRVW�VWDWHV��YHKLFOH�UHJLVWUDWLRQV�FDQ�EH�REWDLQHG
E\�YHKLFOH� FODVV�� JHRJUDSK\� �H�J��� FRXQW\��� \HDU� RI� UHJLVWUDWLRQ�� DQG� YHKLFOH� DJH�� �0RGHO
UHVXOWV�VKRXOG�PDWFK�WKHVH�GDWD�ZHOO��EXW�FDXWLRQ�PXVW�EH�H[HUFLVHG�DV�PDQ\�YHKLFOHV�DUH
UHJLVWHUHG�DW�GLIIHUHQW�DGGUHVVHV�WKDQ�KRPHV��H�J���FRPSDQ\�FDUV��

����� 'DWD�$JJUHJDWLRQ�/HYHO

9HKLFOH� DYDLODELOLW\�PRGHOV� FDQ� HLWKHU� EH� GHYHORSHG� XVLQJ� REVHUYDWLRQV� RI� GLVDJJUHJDWH
GDWD� DW� WKH� LQGLYLGXDO� KRXVHKROG� OHYHO�� RU� DJJUHJDWH� GDWD� DW� WKH� ]RQDO� RU� GLVWULFW� OHYHO�
0RGHOV�EDVHG�RQ�&HQVXV�GDWD�VXFK�DV�WKH�&733�PXVW�EH�GHYHORSHG�DW�WKH�DJJUHJDWH�OHYHO�
DQG�DJJUHJDWH�GDWD�EDVHG�RQ� WUDYHO� VXUYH\V� LQ� WKH�SDVW�SURYLGHG� WKH�EDVLV� IRU�DOO� WUDYHO
PRGHO�GHYHORSPHQW���7KH�XVH�RI�GLVDJJUHJDWH�KRXVHKROG�OHYHO�GDWD�LV�QRZ�PRVW�FRPPRQ�
HLWKHU�IURP�WUDYHO�VXUYH\V�RU�IURP�WKH�&HQVXV�3806�GDWD���0RGHOV�EDVHG�RQ�GLVDJJUHJDWH
GDWD�DUH�SUHIHUUHG�EHFDXVH�WKH\�UHWDLQ�PXFK�PRUH�H[SODQDWRU\�SRZHU�WKDQ�FDQ�EH�GHWHU�
PLQHG� IURP�]RQDOO\� DJJUHJDWHG�DYHUDJHV�� �7KH� IRFXV�RI� WKH�PRGHOV� VXPPDUL]HG� LQ� WKLV
UHSRUW� LV� RQ�PRGHOV� EDVHG� RQ� GLVDJJUHJDWH� GDWD�� EXW� DQ� H[DPSOH� RI� D�PRGHO� EDVHG� RQ
DJJUHJDWH�GDWD�LV�SUHVHQWHG�LQ�6HFWLRQ�����

����� $OWHUQDWLYH�0RGHO�6WUXFWXUHV

2YHU� WKH� SDVW� ��� \HDUV� WKH� PRVW� SUHGRPLQDQW� PDWKHPDWLFDO� PRGHO� VWUXFWXUHV� KDYH
FKDQJHG�IURP�UHJUHVVLRQ�PRGHOV�WR�FURVV�FODVVLILFDWLRQ�PRGHOV�WR� ORJLW�DQG�SURELW�FKRLFH
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PRGHOV�� � 7KLV� VHTXHQFH� LV� UHIOHFWHG� LQ� WKH� RUGHU� RI� PRGHO� SUHVHQWDWLRQ� LQ� 6HFWLRQV����
WKURXJK�������7KH�VSHFLILFDWLRQV�RI�HDFK�RI�WKHVH�PDWKHPDWLFDO�VWUXFWXUHV�DUH�DOVR�GLVFXVVHG
DV� WKH�PRGHOV� DUH� SUHVHQWHG�� � ,Q� JHQHUDO�� UHJUHVVLRQ�PRGHOV� KDYH� EHHQ� GHYHORSHG�ZLWK
DJJUHJDWH� ]RQDO� GDWD� DQG� FURVV�FODVVLILFDWLRQ�PRGHOV�ZLWK� GLVDJJUHJDWH� KRXVHKROG� GDWD
VXPPHG�IRU�YDULRXV�FRPELQDWLRQV�RI�FODVVLILFDWLRQ�YDULDEOHV�� �7KHVH�W\SHV�RI�PRGHOV�DUH
SUHVHQWHG�LQ�6HFWLRQV������0LOZDXNHH��DQG������'HWURLW��

7KH� 6HDWWOH� PRGHO� SUHVHQWHG� LQ� 6HFWLRQ����� FRPELQHV� WZR� PRGHO� IRUPV�¥� FURVV�
FODVVLILFDWLRQ�DQG�DQ�DJJUHJDWH�ORJLVWLF�UHJUHVVLRQ�VWUXFWXUH�� �7KH�FURVV�FODVVLILFDWLRQ�SRU�
WLRQ�LV�EDVHG�RQ�GLVDJJUHJDWH�3806�GDWD�DQG�WKH�UHJUHVVLRQ�SRUWLRQ�RQ�DJJUHJDWH�&HQVXV
GDWD�DW�WKH�]RQDO�OHYHO�

%RWK�ORJLW�DQG�SURELW�FKRLFH�PRGHOV�KDYH�EHHQ�GHYHORSHG�XVLQJ�GLVDJJUHJDWH�GDWD���7ZR
W\SHV�RI� ORJLW�PRGHOV�KDYH�EHHQ�GHYHORSHG�� �6WDQGDUG�PXOWLQRPLDO� ORJLW� �01/��PRGHOV
DVVXPH�WKDW�HDFK�KRXVHKROG�FRQVLGHUV�HDFK�DYDLODEOH�YHKLFOH�DYDLODELOLW\�OHYHO�VLPXOWDQH�
RXVO\�DQG�FKRRVHV�LWV�RZQ�OHYHO�EDVHG�RQ�PD[LPL]LQJ�LWV�H[SHFWHG�XWLOLW\���0RGHOV�KDYLQJ
WKH�01/�VWUXFWXUH�KDYH�EHFRPH�WKH�PRVW�FRPPRQ�LQ�UHFHQW�\HDUV��VL[�H[DPSOHV�DUH�SUR�
YLGHG�LQ�6HFWLRQV�����WKURXJK�����

2UGHUHG�UHVSRQVH�ORJLW��25/��PRGHOV�DUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�KRXVHKROGV�PDNH
VHSDUDWH� GHFLVLRQV� FRQFHUQLQJ� ZKHWKHU� WR� KDYH� DYDLODEOH� HDFK� KLJKHU� OHYHO� RI� YHKLFOHV�
7KXV��KRXVHKROGV�ILUVW�GHFLGH�ZKHWKHU�WKH\�ZLOO�QRW�KDYH�DQ\�YHKLFOHV�RU�ZLOO�KDYH�DW�OHDVW
RQH�YHKLFOH���1H[W��LI�WKH\�FKRRVH�WR�KDYH�DW�OHDVW�RQH�YHKLFOH��WKH\�GHFLGH�ZKHWKHU�WR�KDYH
RQH�YHKLFOH�RU�PRUH�WKDQ�RQH���7KLV�SURFHVV�FRQWLQXHV�XQWLO�WKH�GHFLVLRQ�KDV�EHHQ�PDGH�WR
KDYH�D�VSHFLILF�OHYHO�RI�YHKLFOH�DYDLODELOLW\���7KH�'953&�PRGHO�GLVFXVVHG�LQ�6HFWLRQ�����LV
DQ�H[DPSOH�RI�WKH�25/�PRGHO�VWUXFWXUH�� �3URELW�PRGHOV�SURYLGH�DQ�DOWHUQDWLYH�PHDQV�RI
PRGHOLQJ�RUGHUHG� UHVSRQVH�EHKDYLRU��RU�RI�GHFLGLQJ�KRZ� WKH�KRXVHKROG�ZLOO� FKDQJH� LWV
YHKLFOH�DYDLODELOLW\�GXULQJ�D�VSHFLILHG�WLPH�SHULRG�

����� $OWHUQDWLYH�7\SHV�RI�([SODQDWRU\�9DULDEOHV

$OO�YHKLFOH�DYDLODELOLW\�PRGHOV�XVH�YDULDEOHV�GHVFULELQJ�KRXVHKROG�FKDUDFWHULVWLFV��VXFK�DV
QXPEHU� RI� SHUVRQV�� QXPEHU� RI� ZRUNHUV�� DQG� DQQXDO� KRXVHKROG� LQFRPH�� � 0DQ\� DOVR
LQFOXGH�GHPRJUDSKLF�DQG�ODQG�XVH�FKDUDFWHULVWLFV�RI� WKH�]RQH�LQ�ZKLFK�WKH�KRXVHKROG�LV
ORFDWHG��VXFK�DV�HPSOR\PHQW�GHQVLW\�DQG�DUHD� W\SH� �&%'��XUEDQ��VXEXUEDQ�RU� UXUDO�� IRU
H[DPSOH����,Q�UHFHQW�\HDUV��PRGHOV�KDYH�EHHQ�GHYHORSHG�LQ�ZKLFK�WKH�]RQDO�YDULDEOHV�KDYH
EHHQ�H[WHQGHG�WR�LQFOXGH�PHDVXUHV�RI�WKH�TXDOLW\�RI�WKH�SHGHVWULDQ�HQYLURQPHQW�DQG�WKH
DFFHVVLELOLW\�RI�HPSOR\PHQW�DQG�RU�UHWDLO�IDFLOLWLHV�IURP�WKH�KRXVHKROG’V�]RQH�ZKHQ�WUDY�
HOLQJ�HLWKHU�E\�WUDQVLW�RU�E\�DXWR���,Q�JHQHUDO��WKLV�SURJUHVVLRQ�LQ�WKH�QXPEHUV�RI�W\SHV�RI
YDULDEOHV�XVHG� LV� UHIOHFWHG� LQ� WKH�RUGHU�RI�SUHVHQWDWLRQ� LQ�6HFWLRQV����� WKURXJK������ � 6HF�
WLRQ����� VSHFLILFDOO\� GHDOV�ZLWK�PRGHOV� KDYLQJ� SHGHVWULDQ� HQYLURQPHQW� DQG� DFFHVVLELOLW\
YDULDEOHV�



9HKLFOH�$YDLODELOLW\�0RGHOLQJ

�

��� %DVLF�3UDFWLFH

7KH�PRGHOV�SUHVHQWHG�DV�H[DPSOHV�RI�WKH�EDVLF�PHWKRGV�RI�IRUHFDVWLQJ�YHKLFOH�DYDLODELOLW\
DUH� HLWKHU� GHYHORSHG� XVLQJ� DJJUHJDWH� �]RQDO�OHYHO�� GDWD� RU� LQFOXGH� RQO\� KRXVHKROG� DQG
]RQDO�GHPRJUDSKLF�DQG�ODQG�XVH�GDWD���7KHVH�PRGHOV�UHSUHVHQW�D�UDQJH�RI�VRSKLVWLFDWLRQ
ZLWK�UHVSHFW�WR�WKHLU�VWUXFWXUHV�¥�IURP�OLQHDU�LQ�SDUDPHWHUV�UHJUHVVLRQ�WR�FURVV�FODVVLILFDWLRQ
DQG�PXOWLQRPLDO� ORJLW�� � $� FRPPRQ� FKDUDFWHULVWLF�� KRZHYHU�� LV� WKDW� HDFK�ZDV� HVWLPDWHG
VROHO\� XVLQJ� HLWKHU� WUDYHO� VXUYH\� GDWD� RU� &HQVXV� GDWD�� � 7KHVH� PRGHOV� WKHUHIRUH� UHIOHFW
PLQLPDO�GDWD� FROOHFWLRQ� UHTXLUHPHQWV� IRU� YHKLFOH� DYDLODELOLW\�PRGHOV�� DQG�PLQLPDO�GDWD
SURFHVVLQJ�SULRU�WR�PRGHO�HVWLPDWLRQ���7KHVH�FKDUDFWHULVWLFV�PDNH�WKH�EDVLF�SUDFWLFH�PRG�
HOV�DGYDQWDJHRXV�IRU�032V�ZLWK�YHU\�OLPLWHG�GDWD�FROOHFWLRQ�DQG�PRGHO�HVWLPDWLRQ�EXGJ�
HWV�� � 7KHVH� ORZ� FRVWV�� KRZHYHU�� DUH� RIIVHW� E\� VLJQLILFDQW� OLPLWDWLRQV� LQ� WKH� H[SODQDWRU\
YDULDEOHV�ZKLFK�FDQ�EH�LQFOXGHG�LQ�WKH�PRGHOV�¥�GLIIHUHQFHV�IURP�]RQH�WR�]RQH�LQ�DFFHVVL�
ELOLW\�E\�ZDON�� WUDQVLW��DQG�DXWR�PRGHV�FDQQRW�EH� LQFOXGHG� LQ� WKH�EDVLF�SUDFWLFH�PRGHOV�
7KHUH� DUH� DGGLWLRQDO� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� ZKLFK� DUH� VSHFLILF� WR� HDFK� RI� WKH
PRGHOV��WKHVH�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VXEVHFWLRQV�

n ��� $Q�$JJUHJDWH�0RGHO�¥�0LOZDXNHH

����� 'HVFULSWLRQ

7KH�6RXWKHDVWHUQ�:LVFRQVLQ�5HJLRQDO�3ODQQLQJ�&RPPLVVLRQ�XVHV�D� OLQHDU�LQ�SDUDPHWHUV
UHJUHVVLRQ�PRGHO�WR�HVWLPDWH�]RQDO�DYHUDJH�DXWRPRELOH�DYDLODELOLW\�E\�]RQH��� �7KH�PRGHO
ZDV�GHYHORSHG�XVLQJ�D�FRPELQDWLRQ�RI�&HQVXV�GDWD�DQG�032�ODQG�XVH�GDWD�DW�WKH�]RQDO
OHYHO�� � 7KH� H[SODQDWRU\� YDULDEOHV� XVHG� LQ� WKH�PRGHO� DUH� DYHUDJH� KRXVHKROG� LQFRPH� �LQ
WKRXVDQGV�RI�GROODUV���DYHUDJH�QXPEHU�RI�SHUVRQV�LQ�KRXVHKROGV��DQG�KRXVHKROG�GHQVLW\�
GHILQHG�DV�WKH�QXPEHU�RI�KRXVHKROGV�SHU�GHYHORSHG�JURVV�UHVLGHQWLDO�DFUH���7ZR�HTXDWLRQV
ZHUH� HVWLPDWHG�� RQH� IRU� WKH� FHQWUDO�SRUWLRQV�RI� WKH�PRVW�XUEDQL]HG� FRXQW\� LQ� WKH� VWXG\
DUHD��DQG�WKH�RWKHU�IRU�WKH�UHPDLQGHU�RI�WKH�UHJLRQ���7KHVH�WZR�HTXDWLRQV�DUH�

&HQWUDO�0LOZDXNHH�&RXQW\

$YHUDJH�QXPEHU�RI�DXWRV�DYDLODEOH�SHU�KRXVHKROG� 
���������$YHUDJH�KRXVHKROG�LQFRPH�LQ���������¥�������

�����������������������������������������������������
�6RXWKHDVWHUQ�:LVFRQVLQ�5HJLRQDO�3ODQQLQJ�&RPPLVVLRQ��7UDYHO�6LPXODWLRQ�0RGHOV�IRU�WKH�0LOZDXNHH
(DVW�:HVW�&RUULGRU�7UDQVLW�6WXG\��0D\������
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5HPDLQGHU�RI�5HJLRQ

$YHUDJH�QXPEHU�RI�DXWRV�DYDLODEOH�SHU�KRXVHKROG� 
�������OQ�$YHUDJH�KRXVHKROG�LQFRPH�LQ���������¥��������OQ�+RXVHKROG�GHQVLW\���
��������3HUVRQV�SHU�KRXVHKROG��¥������

7KHVH�HTXDWLRQV�FRXOG�EH�REWDLQHG�XVLQJ�VWDQGDUG�OLQHDU�UHJUHVVLRQ�SURFHGXUHV�LQ�VWDWLVWL�
FDO�SDFNDJHV�DIWHU�FRPSXWLQJ�HDFK�RI�WKH�YDULDEOHV�DQG��LQ�WKH�FDVH�RI�WKH�LQFRPH�DQG�GHQ�
VLW\�YDULDEOHV�LQ�WKH�VHFRQG�HTXDWLRQ��FRQYHUWLQJ�WR�QDWXUDO�ORJDULWKPV���$SSOLFDWLRQ�RI�WKH
PRGHO� WR�REWDLQ� IXWXUH� IRUHFDVWV� UHTXLUHV� WKH�XVH�RI� DQDO\VLV�\HDU� HVWLPDWHV�RI� WKH� LQGH�
SHQGHQW�YDULDEOHV���+RXVHKROG�VL]HV�DQG�GHQVLWLHV�FDQ�EH�FRPSXWHG�IURP�WKH�032’V�]RQDO
IRUHFDVWV�RI�SRSXODWLRQ��KRXVHKROGV��DQG�UHVLGHQWLDO�ODQG���,Q�0LOZDXNHH’V�FDVH��IRUHFDVWV
RI� DYHUDJH� KRXVHKROG� LQFRPHV� E\� ]RQH� PXVW� EH� PDGH� VSHFLILFDOO\� IRU� XVH� LQ� WKH� DXWR
DYDLODELOLW\�PRGHO�

,Q�0LOZDXNHH��DGGLWLRQDO�SURFHVVLQJ�RI�WKH�IRUHFDVWHG�DYHUDJH�DXWR�DYDLODELOLWLHV�E\�]RQH
LV�UHTXLUHG�WR�FRQYHUW�WR�WKH�QXPEHUV�RI�KRXVHKROGV�ZLWK�]HUR��RQH��RU�WZR�RU�PRUH�DXWRV
DYDLODEOH�� DV� UHTXLUHG� IRU� LQSXW� WR� WKH� UHJLRQ’V� WULS� SURGXFWLRQ� PRGHOV�� � 7KHVH� FURVV�
FODVVLILFDWLRQ�PRGHOV�UHTXLUH�HVWLPDWHV�RI�WKH�QXPEHU�RI�KRXVHKROGV�LQ�HDFK�RI�WKH�WZHOYH
FHOOV�GHILQHG�E\�DXWR�DYDLODELOLW\�OHYHO�������RU����IRU�IRXU�KRXVHKROG�VL]H�FDWHJRULHV���������
RU����RU���RU�PRUH�SHUVRQV����%DVH�\HDU�WUDYHO�VXUYH\�GDWD�ZHUH�XVHG�WR�HVWLPDWH�UHODWLRQ�
VKLSV�EHWZHHQ�WKH�IROORZLQJ�SUREDELOLWLHV�DQG�WKH�DYHUDJH�KRXVHKROG�VL]HV�DQG�QXPEHU�RI
DXWRV�DYDLODEOH�

• 7KH�SUREDELOLW\�RI�D�VSHFLILHG�DXWR�DYDLODELOLW\�OHYHO�LQ�HDFK�]RQH�

• 7KH�SUREDELOLW\�RI�D�VSHFLILHG�KRXVHKROG�VL]H�LQ�HDFK�]RQH��DQG

• 7KH�SUREDELOLW\�RI�D�VSHFLILHG�KRXVHKROG�VL]H��JLYHQ�D�VSHFLILHG�DXWR�DYDLODELOLW\� OHYHO
LQ�WKH�HQWLUH�UHJLRQ�

7KHVH� SUREDELOLWLHV� DUH� WKHQ� XVHG� WR� VXEGLYLGH� WKH� WRWDO� KRXVHKROGV� LQ� D� ]RQH� LQWR� WKH
UHTXLUHG�JURXSV�RI�KRXVHKROGV�

����� (YDOXDWLRQ

7KH�0LOZDXNHH�PRGHO�KDV�WKH�DGYDQWDJH�RI�XVLQJ�D�OLPLWHG�QXPEHU�RI�GDWD�VRXUFHV��DOO�DW
WKH�]RQDO�OHYHO�RI�DJJUHJDWLRQ���7KHVH�VRXUFHV�LQFOXGH�WKH�UHJLRQ’V�PRVW�UHFHQW�WUDYHO�VXU�
YH\� ������� DQG� WKH� FRUUHVSRQGLQJ� �����&HQVXV�GDWD�� � 7KH�PRGHO� LV� UHODWLYHO\� VLPSOH� WR
HVWLPDWH� XVLQJ� VWDQGDUG� VWDWLVWLFDO� SDFNDJHV�� � ,W� LQFOXGHV� DV� H[SODQDWRU\� YDULDEOHV
KRXVHKROG� DQG� ]RQDO� FKDUDFWHULVWLFV�ZKLFK� LQWXLWLYHO\� DUH� FRUUHFWO\� UHODWHG� WR� WKH� OLNHOL�
KRRG�RI�KRXVHKROG�DXWR�DYDLODELOLW\�� �7KH�PRGHO�FDQ�EH�DSSOLHG�HDVLO\� LQ�D�VSUHDGVKHHW�
GDWDEDVH�PDQDJHPHQW�SURJUDP�� VLPSO\�SURJUDPPHG�VWDQG�DORQH�SURFHGXUH�� RU�GLUHFWO\
LQ�WKH�]RQDO�GDWD�PDQLSXODWLRQ�SRUWLRQV�RI�VRPH�WUDYHO�IRUHFDVWLQJ�SDFNDJHV�

7KH�GLVDGYDQWDJHV� RI� WKH�PRGHO� DUH� WKDW� LW� GRHV� QRW� H[SOLFLWO\� LQFOXGH� DQ\�PHDVXUHV� RI
]RQDO�DFFHVVLELOLW\�RU�WKH�SHGHVWULDQ�HQYLURQPHQW�� �7KHVH� IDFWRUV��DPRQJ�RWKHUV��DFFRXQW
IRU�WKH�QHHG�IRU�VHSDUDWH�HTXDWLRQV�IRU�WKH�FHQWUDO�SRUWLRQ�RI�WKH�VWXG\�DUHD�DQG�DOO�RWKHU
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DUHDV��EXW�GLVFRQWLQXLWLHV�DUH�OLNHO\�WR�H[LVW�LQ�WKH�IRUHFDVWV�IRU�]RQHV�RQ�WKH�WZR�VLGHV�RI
WKH� OLQH�GLYLGLQJ� WKH� DUHDV� LQ�ZKLFK� HDFK� HTXDWLRQ� LV� WR�EH� DSSOLHG�� � %HFDXVH� DJJUHJDWH
]RQDO�GDWD�ZHUH�XVHG�IRU�PRGHO�HVWLPDWLRQ��WKH�PRGHO�SDUDPHWHUV�DUH�OLNHO\�WR�EH�DSSUR�
SULDWH�IRU�IRUHFDVWLQJ�DW�WKH�]RQDO�OHYHO��EXW�ELDVHG�WRZDUG�]HUR�FRPSDUHG�WR�WKH�H[SHFWHG
SDUDPHWHUV�RI�D�FRUUHVSRQGLQJ�KRXVHKROG�EDVHG�PRGHO���$V�D�UHVXOW��WKH�PRGHO’V�HODVWLFL�
WLHV� ZLOO� XQGHUHVWLPDWH� KRXVHKROG�OHYHO� VHQVLWLYLWLHV� RI� DXWR� DYDLODELOLW\� WR� WKH�PRGHO’V
H[SODQDWRU\� YDULDEOHV�� � )LQDOO\�� WKH� VWDWLVWLFDOO\� HVWLPDWHG� PRGHO� GRHV� QRW� SURYLGH� WKH
YDULDEOHV�UHTXLUHG�IRU�LQSXW�WR�WKH�WULS�JHQHUDWLRQ�SURFHVV���$GGLWLRQDO�SURFHGXUHV��EDVHG
RQ�REVHUYHG�EDVH�\HDU�]RQDO�DQG�UHJLRQDO�SUREDELOLW\�GLVWULEXWLRQV�RI�DXWR�DYDLODELOLW\�DQG
KRXVHKROG�VL]H�VKDUHV��PXVW�EH�XVHG�WR�FRQYHUW�WKH�UHVXOWV�RI�WKH�HVWLPDWHG�PRGHOV�WR�WKH
IRUP�UHTXLUHG�IRU�VXEVHTXHQW�IRUHFDVWLQJ�VWHSV�

7KH�VLPSOLFLW\�RI�WKH�0LOZDXNHH’V�FRUH�DXWR�DYDLODELOLW\�PRGHO�OHQGV�LWVHOI�IRU�XVH�LQ�DUHDV
ZLWK�YHU\�OLPLWHG�IXQGV�DYDLODEOH�IRU�GDWD�FROOHFWLRQ��VLQFH�&HQVXV�GDWD�FDQ�EH�XVHG��DQG
PRGHO� GHYHORSPHQW�� �+RZHYHU�� WKH� XVH� RI� 3806� GDWD�� DV� GLVFXVVHG� LQ� 6HFWLRQ�����¥� RU
DOWHUQDWLYHO\� WUDYHO� VXUYH\� GDWD� LI� WKH\� DUH� DYDLODEOH�¥� WR� GHYHORS� FURVV�FODVVLILFDWLRQ� RU
ORJLW� FKRLFH�PRGHOV�PD\� EH� D� SUHIHUDEOH�PRGHO� GHYHORSPHQW� VWUDWHJ\�� � 7KLV� DOWHUQDWLYH
ZRXOG�LQYROYH�EDVLFDOO\�WKH�VDPH�OHYHO�RI�GDWD�SUHSDUDWLRQ�HIIRUW�ZLWK�RQO\�VOLJKWO\�PRUH
FRPSOH[�VWDWLVWLFDO�HVWLPDWLRQ�SURFHGXUHV���7KH�UHVXOWLQJ�PRGHO�ZRXOG�UHIOHFW�WKH�GHVLUHG
KRXVHKROG�OHYHO�VHQVLWLYLWLHV�DQG�FRXOG�DOVR�SURYLGH�WKH�GHWDLOHG�EUHDNGRZQ�RI�KRXVHKROGV
E\�KRXVHKROG�VL]H�DQG�DXWR�DYDLODELOLW\�OHYHOV�UHTXLUHG�LQ�WKH�WULS�JHQHUDWLRQ�PRGHOV�

7KH�YDULDEOHV� LQFOXGHG� LQ� WKH�0LOZDXNHH�PRGHO� DUH� OLPLWHG� E\� WKHLU� H[FOXVLRQ� RI�ZDON�
KLJKZD\�DQG�WUDQVLW�DFFHVVLELOLW\�PHDVXUHV��EXW�WKHVH�YDULDEOHV�PD\�QRW�EH� LPSRUWDQW� LQ
VPDOOHU�UHJLRQV�ZKLFK�KDYH�UHODWLYHO\�KRPRJHQHRXV�XUEDQ�GHVLJQ�FKDUDFWHULVWLFV��PLQLPDO
OHYHOV�RI�WUDQVLW�VHUYLFH��DQG�ORZ�KLJKZD\�FRQJHVWLRQ�OHYHOV���2QO\�DV�WKHVH�FKDUDFWHULVWLFV
DUH�YLRODWHG�ZLOO�WKH�LQFOXVLRQ�RI�WKH�DGGLWLRQDO�YDULDEOHV�EH�LPSRUWDQW�

n ��� %DVLF�3UDFWLFH�'LVDJJUHJDWH�0RGHOV

����� $�&URVV�&ODVVLILFDWLRQ�0RGHO�¥�'HWURLW

'HVFULSWLRQ

,Q� D� PRGHO� ZKLFK� LV� FXUUHQWO\� EHLQJ� XSGDWHG�� WKH� 6RXWKHDVW� 0LFKLJDQ� &RXQFLO� RI
*RYHUQPHQWV��6(0&2*��HVWLPDWHG�YHKLFOH�DYDLODELOLW\�XVLQJ�VHWV�RI�HPSLULFDO�FXUYHV�IRU
WKH�IUDFWLRQ�RI�KRXVHKROGV�RZQLQJ�]HUR��RQH��WZR�DQG�WKUHH�RU�PRUH�YHKLFOHV�DV�D�IXQFWLRQ
RI�KRXVHKROG� LQFRPH� OHYHO� ���� FDWHJRULHV���� � 7KH� FXUYHV� DUH� VWUDWLILHG� E\�KRXVHKROG� VL]H
�RQH��WZR��DQG�WKUHH�RU�PRUH�SHUVRQV��DQG�E\�UHVLGHQFH�]RQH�DUHD�W\SH��&LW\�RI�'HWURLW�RU
RWKHU��� �7KH�FXUYHV�ZHUH�GHULYHG�IURP�WDEXODWLRQV�SURYLGHG�LQ�WKH�SXEOLVKHG�VXPPDULHV

�����������������������������������������������������
�6RXWKHDVW�0LFKLJDQ�&RXQFLO�RI�*RYHUQPHQWV��6RXWKHDVW�0LFKLJDQ�7UDYHO�)RUHFDVWLQJ�3URFHVV��'HWURLW�
2FWREHU������
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RI�WKH�8�6��&HQVXV’V������$QQXDO�+RXVLQJ�6XUYH\��$+6��GDWD�IRU�WKH�'HWURLW�PHWURSROLWDQ
UHJLRQ�� �$OWKRXJK� WKHVH� WDEXODWLRQV� UHSUHVHQW� DJJUHJDWLRQV� RI� WKH� EDVLF� KRXVHKROG� GDWD
FROOHFWHG�LQ�WKH�KRXVLQJ�FHQVXV��WKH�UHVXOWLQJ�IUDFWLRQV�RI�KRXVHKROGV�E\�YHKLFOH�DYDLODELO�
LW\� OHYHO� DUH� HVVHQWLDOO\� DYHUDJH� IUDFWLRQV� FDOFXODWHG� IURP� VXPPDWLRQV� RI� WKH� LQGLYLGXDO
KRXVHKROG�UHVSRQVHV�LQ�HDFK�RI�WKH����FHOOV�GHILQHG�DERYH�

9HKLFOH�RZQHUVKLS�LQ�WKH�6(0&2*�PRGHO�WHQGV�WR�LQFUHDVH�ZLWK�KRXVHKROG�LQFRPH��ZLWK
KRXVHKROG�VL]H��DQG�ZLWK�VXEXUEDQ�YHUVXV�XUEDQ�ORFDWLRQ���7KH�KLJKHVW�]HUR�YHKLFOH�IUDF�
WLRQ�RFFXUV� IRU�RQH�SHUVRQ�KRXVHKROGV� LQ� WKH� ORZHVW� LQFRPH�JURXS� OLYLQJ� LQ� WKH�&LW\�RI
'HWURLW���(YHQ�LQ�VXEXUEDQ�]RQHV��KRZHYHU��WKH�IRXU�ORZHVW�LQFRPH�JURXSV�KDYH�IUDFWLRQV
RI�KRXVHKROGV�ZLWK�]HUR�YHKLFOH�RZQHUVKLS�RI�PRUH�WKDQ�VL[�SHUFHQW�

6(0&2*� XVHV� LWV� YHKLFOH� DYDLODELOLW\� FXUYHV� WR� SUHGLFW� WKH� QXPEHU� RI� KRXVHKROGV� SHU
]RQH��JLYHQ�]RQDO�KRXVHKROG�WRWDOV��DW�HDFK�YHKLFOH�DYDLODELOLW\�OHYHO�LQ�HDFK�RI����KRXVH�
KROG�FDWHJRULHV�GHILQHG�E\�KRXVHKROG�VL]H� �RQH�� WZR�� WKUHH�� IRXU��DQG� ILYH�RU�PRUH��DQG
LQFRPH�UDQJH��LQFRPH�TXLQWLOHV����7KH�QXPEHU�RI�KRXVHKROGV�LQ�HDFK�FDWHJRU\�LV�HVWLPDWHG
XVLQJ�FRQGLWLRQDO�SUREDELOLWLHV�EDVHG�RQ������&HQVXV�GDWD�DQG�PDUJLQDO�KRXVHKROG�WRWDOV
SURYLGHG�E\�6(0&2*’V�VPDOO�DUHD� ODQG�XVH�DQG�GHPRJUDSKLF�IRUHFDVWLQJ�SURFHVV�� �7KH
UHVXOWV�DUH�UHFRPELQHG�LQWR����FDWHJRULHV��EDVHG�RQ�KRXVHKROG�VL]H�DQG�YHKLFOH�DYDLODELOLW\
�L�H���WKH�LQFRPH�GLPHQVLRQ�LV�FROODSVHG����7KHVH����FDWHJRULHV�DUH�WKHQ�DYDLODEOH�DV�LQSXW
WR�WULS�JHQHUDWLRQ��SHUVRQ�WULSV�E\�SXUSRVH��XVLQJ�KRPH�EDVHG� WULS�SURGXFWLRQ�UDWHV�SHU
KRXVHKROG�FURVV�FODVVLILHG�E\�KRXVHKROG�VL]H�DQG�YHKLFOH�DYDLODELOLW\���7KHVH�VWHSV�DUH�SHU�
IRUPHG� E\� VWDQG�DORQH� SURJUDPV� ZKLFK� LQFRUSRUDWH� ERWK� YHKLFOH� DYDLODELOLW\� DQG� WULS
JHQHUDWLRQ�IRUHFDVWLQJ�

(YDOXDWLRQ

7KH�6(0&2*�PRGHO�LOOXVWUDWHV�ERWK�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�EDVLF�SUDFWLFH�
2Q�WKH�SRVLWLYH�VLGH��WKH�PRGHO�LV�VWUDLJKWIRUZDUG�DQG�UHTXLUHV�RQO\�D�VLQJOH�GDWD�VRXUFH
ZKLFK�LV�UHDGLO\�DYDLODEOH�IRU�DOO�PHWURSROLWDQ�DUHDV��LI�QRW�IURP�WKH�$+6�LWVHOI��WKHQ�IURP
WKH�GHFHQQLDO�&733�RU�3806�&HQVXV�GDWD���7KH�PRGHO�FDSWXUHV�WKH�ORQJ�UHFRJQL]HG�SUL�
PDU\� UHODWLRQVKLS� EHWZHHQ� KRXVHKROG� LQFRPH� DQG� KRXVHKROG� DXWR� RZQHUVKLS�� � 2Q� WKH
QHJDWLYH�VLGH��WKH�PRGHO�LJQRUHV�JHQGHU�RI�WKH�KRXVHKROG�KHDG��ZRUNIRUFH�SDUWLFLSDWLRQ�
DQG�DJH�GLVWULEXWLRQ��ZKLFK�KDYH�FRQWULEXWHG�VLJQLILFDQWO\�WR�WKH�UHFHQW�JURZWK�LQ�YHKLFOH
RZQHUVKLS���$OVR��WKH�PRGHO�UHOLHV�RQ�WKH�FLW\�VXEXUE�GLVWLQFWLRQ�DV�D�FUXGH�SUR[\�IRU�WKH
FRPELQHG� HIIHFWV� RI� IDFWRUV� DV� GLYHUVH� DV� VRFLRHFRQRPLF� VWDWXV�� ODQG� XVH� SDWWHUQV�� WKH
TXDOLW\�RI� WUDQVLW� VHUYLFH�DQG� WKH�DFFHVVLELOLW\� LW�SURYLGHV� WR� MREV�DQG�VKRSSLQJ�� DQG� WKH
TXDOLW\�RI� WKH�SHGHVWULDQ�HQYLURQPHQW�� �&RQVLGHULQJ�KRZ�HDFK�RI� WKHVH�DVSHFWV�RI�XUEDQ
VRFLDO�DQG�HFRQRPLF�VWUXFWXUH�DUH�FKDQJLQJ��LW�LV�OLNHO\�WKDW�VXFK�D�PRGHO�ZRXOG�EH�SURQH
WR�GULIW�IDUWKHU�IURP�UHDOLW\�DV�WKH�EDVH�\HDU�IRU�DQDO\VLV�RU�WKH�IRUHFDVW�\HDU�EHFRPH�PRUH
UHPRYHG�IURP�WKH�FDOLEUDWLRQ�\HDU���$PRQJ�RWKHU�WKLQJV��WKLV�LPSOLHV�WKDW�IUHTXHQW�UHFDOL�
EUDWLRQ�RI�WKH�PRGHO�RQ�XS�WR�GDWH�GDWD�ZRXOG�EH�KLJKO\�GHVLUDEOH�

$V�LQ�WKH�FDVH�RI�WKH�0LOZDXNHH�PRGHO��WKH�'HWURLW�PRGHO�OHQGV�LWVHOI�IRU�XVH�LQ�DUHDV�ZLWK
YHU\�OLPLWHG�IXQGV�DYDLODEOH�IRU�GDWD�FROOHFWLRQ��VLQFH�&HQVXV�GDWD�FDQ�EH�XVHG��DQG�PRGHO
GHYHORSPHQW���,W�SURYLGHV�D�PHWKRG�RI�UHIOHFWLQJ�WKH�FXUUHQW�SDWWHUQV�RI�YHKLFOH�DYDLODELO�
LW\� DV� WKH\� YDU\� E\� KRXVHKROG� LQFRPH�� KRXVHKROG� VL]H�� DQG� DUHD� W\SH�� DQG� SURYLGHV
GLUHFWO\�WKH�VKDUHV�RI�KRXVHKROGV�E\�YHKLFOH�DYDLODELOLW\�OHYHO�IUHTXHQWO\�UHTXLUHG�IRU�WULS
JHQHUDWLRQ���)LQDOO\��DV�IRU�WKH�0LOZDXNHH�PRGHO��LI�WKH�PLVVLQJ�DFFHVVLELOLW\�YDULDEOHV�GR
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QRW�YDU\�VLJQLILFDQWO\�LQ�WKH�VWXG\�DUHD��WKHQ�WKH�ODFN�RI�WKHVH�YDULDEOHV�LQ�WKH�PRGHO�ZLOO
QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�DFFXUDF\�RI�WKH�YHKLFOH�DYDLODELOLW\�IRUHFDVWLQJ�SURFHVV�

����� $�/RJLW�0RGHO�%DVHG�RQ�3806�'DWD�¥�1HZ�+DPSVKLUH

'HVFULSWLRQ

,Q�D�SDSHU�SXEOLVKHG� LQ�������3XUYLV�H[SORUHG� WKH�XVHIXOQHVV�RI� WKH�3806�GDWD� VHW�DV�D
EDVLV�IRU�HVWLPDWLQJ�ORJLW�FKRLFH�PRGHOV�RI�DXWRPRELOH�RZQHUVKLS����+H�GHPRQVWUDWHG�WKH
FRQVLVWHQF\� RI� ORJLW� FKRLFH� PRGHOV� EDVHG� RQ� 3806� DQG� KRXVHKROG� VXUYH\� GDWD�
FRQFOXGLQJ�WKDW�WKH�3806�GDWD�DUH�XVHIXO�IRU�PHWURSROLWDQ�DUHDV�DQG�VWDWHV�ZKLFK�GR�QRW
KDYH�DFFHVV�WR�UHFHQW�KRXVHKROG�WUDYHO�VXUYH\�GDWD���+H�DOVR�LGHQWLILHV�WKH�PDMRU�ZHDNQHVV
RI�WKLV�DSSURDFK�¥�DQ�LQDELOLW\�WR�LQFOXGH�]RQDO�YDULDEOHV�RU�DFFHVVLELOLW\�PHDVXUHV� LQ�WKH
PRGHOV�EHFDXVH�WKH�LQGLYLGXDO�KRXVHKROGV�SURYLGHG�LQ�WKH�3806�GDWD�DUH�QRW�LGHQWLILHG
E\�WKHLU�ORFDWLRQ�H[FHSW�DW�WKH�OHYHO�RI�GLVWULFWV�LQFOXGLQJ�DW�OHDVW���������SHUVRQV�� �7KXV�
WKH�3806�GDWD�VRXUFH�LV�FKDUDFWHUL]HG�DV�D� ‘VHFRQG�EHVW’ �GDWD�VHW�IRU�DXWRPRELOH�RZQHU�
VKLS�PRGHO�GHYHORSPHQW�ZKLFK�FDQQRW�FRPSOHWHO\�VXEVWLWXWH�IRU�GDWD�IURP�D�FRPSUHKHQ�
VLYH�KRXVHKROG�WUDYHO�VXUYH\�

7KH�1HZ�+DPSVKLUH�VWDWHZLGH�SODQQLQJ�VWXG\�YHKLFOH�DYDLODELOLW\�PRGHO� LV�DQ�H[DPSOH
RI� WKH� XVH� RI� WKH� 3806� GDWD� VHW� IRU� WKLV� SXUSRVH��� � 7KH� VWDWHZLGH� PRGHOLQJ� SURFHVV
LQFOXGHG� D� ������KRXVHKROG� WUDYHO� VXUYH\� FRQGXFWHG� LQ� ����� WR� REWDLQ� GDWD� IURP� DOO
UHJLRQV�RI� WKH� VWDWH�� �+RZHYHU�� FRPSDULVRQV�RI� WKH� UHVSRQVHV�ZLWK�&733�GDWD� LQGLFDWHG
WKDW�KRXVHKROGV�ZLWK�QR�ZRUNHUV��ORZ�LQFRPHV��DQG�RU�QR�YHKLFOHV�DYDLODEOH�DUH�VLJQLIL�
FDQWO\�XQGHUUHSUHVHQWHG�LQ�WKH�VXUYH\���3DUWLFXODUO\�EHFDXVH�WKHUH�DUH�WRR�IHZ�KRXVHKROGV
ZLWK�QR�YHKLFOHV�DYDLODEOH��LW�ZDV�QRW�SRVVLEOH�WR�HVWLPDWH�VDWLVIDFWRU\�ORJLW�FKRLFH�PRGHOV
RI� YHKLFOH� DYDLODELOLW\�XVLQJ� WKH� WUDYHO� VXUYH\�GDWD�� � 7KXV�� LW�ZDV�QHFHVVDU\� WR� UHVRUW� WR
3806�GDWD�DV�D�‘VHFRQG�EHVW’ �EDVLV�IRU�YHKLFOH�DYDLODELOLW\�PRGHOLQJ���+RZHYHU��VLQFH�WKH
FRHIILFLHQWV�UHODWHG�WR�VWDWHZLGH�]RQHV��VXFK�DV�SRSXODWLRQ�GHQVLW\�DQG�HPSOR\PHQW�GHQ�
VLW\��LQ�WKH�PRGHOV�EDVHG�RQ�WKH�KRXVHKROG�GDWD�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�
LW�DSSHDUV�WKDW�WKHVH�PHDVXUHV�KDYH�OLWWOH�HIIHFW�RQ�WKH�H[SODQDWRU\�SRZHU�RI�WKH�PRGHOV�
7KLV� VXJJHVWV� WKDW� IRU�1HZ�+DPSVKLUH�� 3806�EDVHG�PRGHOV�ZLWKRXW� WKHVH� ]RQDO� YDUL�
DEOHV�PD\�EH�MXVW�DV�DFFXUDWH�DV�WKH�KRXVHKROG�VXUYH\�EDVHG�PRGHOV�FRXOG�KDYH�EHHQ�

7KH�$/2*,7�SURJUDP�ZDV�XVHG�WR�HVWLPDWH�D�ORJLW�FKRLFH�PRGHO�XVLQJ�WKH��������KRXVH�
KROGV� LQ� WKH�1HZ�+DPSVKLUH�3806�$� ILYH�SHUFHQW� VDPSOH�� �7KH� VWDQGDUG� ORJLW�PDWKH�
PDWLFDO�IRUP�XVHG�LV�WKH�IROORZLQJ�

�����������������������������������������������������
�&�/�� 3XUYLV�� “8VLQJ� ����� &HQVXV� 3XEOLF� 8VH� 0LFURGDWD� 6DPSOH� WR� (VWLPDWH� 'HPRJUDSKLF� DQG
$XWRPRELOH�2ZQHUVKLS�0RGHOV�” �7UDQVSRUWDWLRQ�5HVHDUFK�5HFRUG������������

�1��-RQQDODJDGGD�DQG�.��7LHUQH\��1HZ�+DPSVKLUH�6WDWHZLGH�3ODQQLQJ�6WXG\�9HKLFOH�$YDLODELOLW\�0RGHO�
&DPEULGJH�6\VWHPDWLFV��,QF���-XQH����������
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3URE�Q�  WKH�SUREDELOLW\�WKDW�D�JLYHQ�KRXVHKROG�ZLOO�RZQ�Q�YHKLFOHV��Q� �����������QPD[�
H  WKH�EDVH�RI�1DSHULDQ�ORJDULWKPV
QPD[  WKH�ODUJHVW�YHKLFOH�DYDLODELOLW\�FDWHJRU\
8Q��8L  WKH�XWLOLW\�RI�RZQLQJ�Q�RU�L�KRXVHKROG�VSHFLILF�YHKLFOHV

7KH�XWLOLWLHV��XQ��DUH�GHILQHG�DV�

U b b Xn n nj nj
j

nv

= +
=

∑0
1

ZKHUH�

EQ�  D�VWDWLVWLFDOO\�HVWLPDWHG�FRQVWDQW�DVVRFLDWHG�ZLWK�KDYLQJ�Q�YHKLFOHV
EQM  D�VWDWLVWLFDOO\�HVWLPDWHG�FRHIILFLHQW�LQGLFDWLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�YDUL�

DEOH�;QM�RQ�WKH�XWLOLW\�RI�YHKLFOH�DYDLODELOLW\�OHYHO�Q
;QM  D�YDULDEOH�VSHFLILF�WR�WKH�JLYHQ�KRXVHKROG�RU�WKH�KRXVHKROG’V�]RQH�RI�UHVLGHQFH

7KH�1HZ�+DPSVKLUH�PRGHO�HVWLPDWHV�WKH�SUREDELOLWLHV�RI�D�KRXVHKROG�KDYLQJ�]HUR��RQH�
WZR��WKUHH��RU�IRXU�RU�PRUH�YHKLFOHV���7KH�H[SODQDWRU\�YDULDEOHV�DQG�HVWLPDWHG�FRHIILFLHQWV
DUH�SURYLGHG� LQ�7DEOH������ �7KH� VWURQJHVW�YDULDEOH� LV� WKH�QDWXUDO� ORJDULWKP�RI�KRXVHKROG
LQFRPH�� EXW� HDFK� RI� WKH� KRXVHKROG� YDULDEOHV� LV� KLJKO\� VLJQLILFDQW�� � ,W� ZDV� SRVVLEOH� WR
LQFOXGH� RQH� ORFDWLRQDO� YDULDEOH�� DQ� XUEDQ� DUHD� LQGLFDWRU�� EHFDXVH� RQH� RI� WKH� 380$
GLVWULFWV�LQ�1HZ�+DPSVKLUH�LV�FRPSOHWHO\�XUEDQL]HG�

(YDOXDWLRQ

7KH�1HZ�+DPSVKLUH�PRGHO�GHPRQVWUDWHV�WKH�XVHIXOQHVV�RI�WKH�3806�GDWD�VHW�DV�D�VXS�
SOHPHQW� WR�� RU� VXEVWLWXWH� IRU�� WUDYHO� VXUYH\� GDWD�� � 'LVDJJUHJDWH� FKRLFH� PRGHOV� FDQ� EH
GHYHORSHG�XVLQJ�WKLV�GDWD�VRXUFH�DV�ORQJ�DV�QR�]RQDO�EDVHG�YDULDEOHV�DUH�LQFOXGHG�LQ�WKH
PRGHO���7KH�UHVXOWLQJ�PRGHO�SURYLGHV�D�UREXVW�PHDQV�RI�HVWLPDWLQJ�YHKLFOH�DYDLODELOLW\�DW
WKH�KRXVHKROG�RU�]RQDO�OHYHO���,Q�WKH�1HZ�+DPSVKLUH�FDVH��SUHOLPLQDU\�PRGHOV�EDVHG�RQ
WKH�LQVXIILFLHQW�WUDYHO�VXUYH\�GDWD�VXJJHVWHG�WKDW�]RQDO�YDULDEOHV�ZRXOG�QRW� LQFUHDVH�WKH
ILQDO� PRGHO’V� H[SODQDWRU\� SRZHU�� WKLV� LQGLFDWLRQ� LV� FRQVLVWHQW� ZLWK� WKH� UHODWLYHO\� ORZ
SRSXODWLRQ�DQG�HPSOR\PHQW�GHQVLWLHV�DQG�WKH�PLQLPDO� LPSRUWDQFH�RI� WUDQVLW�DV�D� WUDYHO
PRGH� WKURXJKRXW�1HZ�+DPSVKLUH�� �:KHUH� FRQGLWLRQV� VXFK�DV� WKHVH� H[LVW�� ORJLW�PRGHOV
EDVHG�RQ�WKH�3806�GDWD�UHSUHVHQW�D�GHVLUDEOH�YHKLFOH�DYDLODELOLW\�PRGHOLQJ�VWUDWHJ\�GXH
WR�WKH�DYDLODELOLW\�RI�WKH�UHTXLUHG�GDWD�DQG�WKH�UHODWLYH�HDVH�RI�PRGHO�GHYHORSPHQW���7KHVH
PRGHOV�KDYH�DQ�DGYDQWDJH�RYHU�FURVV�FODVVLILFDWLRQ�PRGHOV�EDVHG�RQ�WKH�VDPH�GDWD�VRXUFH
LQ�WKDW�QR�DUWLILFLDO�VHJPHQWDWLRQ�RI�FRQWLQXRXV�YDULDEOHV�VXFK�DV�KRXVHKROG�LQFRPH�LQWR
FDWHJRULHV�LV�UHTXLUHG�
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7DEOH������6SHFLILFDWLRQ�RI�WKH�1HZ�+DPSVKLUH�9HKLFOH�$YDLODELOLW\�0RGHO

9HKLFOH�$YDLODELOLW\�/HYHO

=HUR 2QH 7ZR 7KUHH )RXU�RU�0RUH

9DULDEOH &RHIILFLHQW W�VWDWLVWLF &RHIILFLHQW W�VWDWLVWLF &RHIILFLHQW W�VWDWLVWLF &RHIILFLHQW W�VWDWLVWLF &RHIILFLHQW W�VWDWLVWLF

$OWHUQDWLYH�VSHFLILF
FRQVWDQW

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

3HUVRQV�SHU�KRXVHKROG � ��� ������ ��� ������ ���� ������ ���� ����� ����

:RUNHUV�SHU�KRXVHKROG � ��� ������ ��� ����� ���� ����� ���� ����� ����

/Q�+RXVHKROG�LQFRPH� � ��� ������ ���� ����� ���� ����� ���� ����� ����

6LQJOH�IDPLO\�GZHOOLQJ
GXPP\

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

8UEDQ�DUHD�GXPP\ � ��� ������� ���� ������� ���� ������ ����� ������ ����
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��� $GYDQFHG�3UDFWLFH

(DFK�RI�WKH�YHKLFOH�DYDLODELOLW\�PRGHOV�VHOHFWHG�DV�DQ�H[DPSOH�RI�FXUUHQW�DGYDQFHG�SUDF�
WLFH�E\�032V�DQG�VWDWH�'27V� LV�EDVHG�QRW�RQO\�RQ�KRXVHKROG� FKDUDFWHULVWLFV� DQG�]RQDO
YDULDEOHV� VXFK� DV� GHQVLWLHV� DQG� DUHD� W\SH�� EXW� DOVR� RQ� DGGLWLRQDO� YDULDEOHV� ZKLFK� DUH
UHODWHG�WR�WKH�WUDQVSRUWDWLRQ�IDFLOLWLHV�DQG�VHUYLFHV�DYDLODEOH�WR�WKH�UHVLGHQWV�RI�D�SDUWLFXODU
]RQH���,Q�WKH�DGYDQFHG�PRGHOV�FXUUHQWO\�LQ�XVH��WKHVH�DGGLWLRQDO�YDULDEOHV�LQFOXGH�HLWKHU
PRGH�VSHFLILF�PHDVXUHV� RI� DFFHVVLELOLW\��PHDVXUHV� RI� WKH� TXDOLW\� RI� WKH� SHGHVWULDQ� HQYL�
URQPHQW��RU�ERWK�

$FFHVVLELOLW\�PHDVXUHV�XVXDOO\� FRPELQH� LQIRUPDWLRQ� RQ� WKH�GLVWULEXWLRQ� RI� SRVVLEOH� WULS
DWWUDFWLRQV� DURXQG� D� ]RQH� DQG� LQIRUPDWLRQ� RQ� WKH� WUDYHO� WLPHV� RU� JHQHUDOL]HG� FRVWV
UHTXLUHG�WR�UHDFK�WKH�IXOO� VHW�RI�DYDLODEOH�GHVWLQDWLRQV� IRU� WUDYHOHUV�RQ�D�VSHFLILHG�PRGH�
7KH�PRVW�W\SLFDO�DFFHVVLELOLW\�PHDVXUH�XVHG�LQ�YHKLFOH�DYDLODELOLW\�PRGHOLQJ�LV�WKH�IUDFWLRQ
RI�WRWDO�UHJLRQDO�HPSOR\PHQW�ZKLFK�FDQ�EH�UHDFKHG�ZLWKLQ�D�VSHFLILHG�WUDQVLW�WUDYHO�WLPH�¥
���PLQXWHV��IRU�H[DPSOH���,Q�VRPH�FDVHV��D�VLPLODU�PHDVXUH�EDVHG�RQ�KLJKZD\�WUDYHO�WLPHV
LV�DOVR�XVHG���$Q�DOWHUQDWLYH�DFFHVVLELOLW\�PHDVXUH�LV�WKH�VXPPDWLRQ�RI�WKH�H[SRQHQWLDWHG
ORJLW� GHVWLQDWLRQ� FKRLFH�PRGHO� XWLOLWLHV� IRU� D� VSHFLILHG� WUDYHO�PRGH� DQG� DOO� GHVWLQDWLRQV�
%RWK�RI�WKHVH�PHDVXUHV�LQFUHDVH�DV�PRUH�SRWHQWLDO�WULS�DWWUDFWLRQV�DUH�ORFDWHG�QHDUHU�WR�WKH
UHVLGHQFH�]RQH�DQG�DV� OHYHOV�RI�VHUYLFH�E\�WKH�VSHFLILHG� WUDYHO�PRGH�DUH� LQFUHDVHG�� �)XU�
WKHUPRUH��LI�WKH�DFFHVVLELOLW\�PHDVXUHV�IRU�WUDQVLW�LQFUHDVH��WKH�QHHG�IRU�DXWRPRELOHV��DQG
WKXV� KRXVHKROG� YHKLFOH� DYDLODELOLW\�� ZLOO� WHQG� WR� GHFUHDVH�� � &RQYHUVHO\�� LI� DFFHVVLELOLW\
PHDVXUHV�IRU�KLJKZD\�WULSV�LQFUHDVH��KRXVHKROGV�PD\�EH�PRUH�OLNHO\�WR�REWDLQ�DGGLWLRQDO
YHKLFOHV�WR�UHDFK�WKH�DYDLODEOH�DWWUDFWLRQV�PRUH�FRQYHQLHQWO\�

$FFHVVLELOLW\� PHDVXUHV� DUH� RI� QHFHVVLW\� FRPSOH[� YDULDEOHV� EDVHG� RQ� D� FRPELQDWLRQ� RI
DWWUDFWLRQ�GDWD��XVXDOO\�HPSOR\PHQW��LQ�DOO�]RQHV�RI�WKH�VWXG\�DUHD�DQG�RQ�PRGH�VSHFLILF
OHYHOV�RI�VHUYLFH�EHWZHHQ�WKH�UHVLGHQFH�]RQH�DQG�DOO�RWKHU�]RQHV���&RPSXWLQJ�WKHVH�PHDV�
XUHV� UHTXLUHV� REWDLQLQJ� VNLPPHG� OHYHO�RI�VHUYLFH� PDWULFHV� XQGHU� VSHFLILHG� FRQGLWLRQV
�IUHH�IORZ�YHUVXV� ORDGHG�KLJKZD\�QHWZRUNV��RU�PLGGD\�YHUVXV�SHDN�SHULRG� WUDQVLW� VHUY�
LFHV�� IRU� H[DPSOH��� FRPELQLQJ� WKHVH�PDWULFHV� ZLWK� ]RQDO� DWWUDFWLRQ� GDWD�� DQG� VXPPLQJ
RYHU�DOO�DWWUDFWLRQ�]RQHV�IRU�HDFK�UHVLGHQFH�]RQH�

0HDVXUHV� RI� WKH� TXDOLW\� RI� WKH�SHGHVWULDQ� HQYLURQPHQW� DOVR� UHTXLUH� VLJQLILFDQW� HIIRUW� WR
REWDLQ�� �7KH�PHDVXUHV�XVHG� WR�GDWH� FRYHU� D�ZLGH� UDQJH�� � 6RPH�DUH� VXEMHFWLYH� UDWLQJV�RI
SHGHVWULDQ�WUDYHO�DPHQLWLHV�DV�UHIOHFWHG�LQ�EXLOGLQJ�VHWEDFN�GLVWDQFHV��VLGHZDON�DYDLODELO�
LW\�� DQG� WKH� HDVH�RI� FURVVLQJ� VWUHHWV�� �2WKHUV� DUH�EDVHG�RQ� DQ� DQDO\VLV� RI� VWUHHW� QHWZRUN
FRQQHFWLYLW\�SHUIRUPHG�XVLQJ�D�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP���$OO�DUH�GHVLJQHG�WR�SUR�
YLGH�D�PHDVXUH�RI�WKH�GHJUHH�WR�ZKLFK�WULS�DWWUDFWLRQV�FDQ�EH�UHDFKHG�E\�ZDONLQJ�UDWKHU
WKDQ�GULYLQJ���0RGHO�HVWLPDWLRQ�UHVXOWV�VKRZ��DV�H[SHFWHG��WKDW�YHKLFOH�DYDLODELOLW\�OHYHOV
WHQG�WR�EH�ORZHU�LQ�]RQHV�ZKLFK�KDYH�KLJKHU�OHYHOV�RI�SHGHVWULDQ�WUDYHO�DPHQLWLHV�

7KH�VXEVHFWLRQV�ZKLFK�IROORZ�GHVFULEH�WKUHH�PRGHOV�ZKLFK�LQFOXGH�DFFHVVLELOLW\�YDULDEOHV
DV�ZHOO� DV� KRXVHKROG� DQG� ]RQDO� YDULDEOHV� �6HFWLRQ������� DQG� WZR�PRGHOV�ZKLFK� LQFOXGH
ERWK� DFFHVVLELOLW\� DQG� SHGHVWULDQ� HQYLURQPHQW� YDULDEOHV� �6HFWLRQ������� � :LWKLQ� HDFK� RI
WKHVH�VXEVHFWLRQV��WKH�PRGHOV�DUH�GLVFXVVHG�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�ZHUH�GHYHORSHG�
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n ��� $GYDQFHG�0RGHOV�ZLWK�7UDQVLW�DQG�RU�+LJKZD\
$FFHVVLELOLW\�9DULDEOHV

����� 7KH������07&�/RJLW�0RGHOV

'HVFULSWLRQ

7KH�HDUOLHVW�ORJLW�DXWR�RZQHUVKLS�PRGHOV�LQFRUSRUDWHG�LQWR�D�UHJLRQDO�PRGHO�V\VWHP�ZHUH
WKH�0HWURSROLWDQ�7UDQVSRUWDWLRQ�&RPPLVVLRQ’V�PRGHOV�GHYHORSHG� IRU� WKH�6DQ�)UDQFLVFR
%D\�DUHD�LQ���������7ZR�PRGHOV�ZHUH�GHYHORSHG�XVLQJ�D�FRPELQDWLRQ�RI�WUDYHO�VXUYH\�GDWD�
KLJKZD\�DQG� WUDQVLW�QHWZRUN� OHYHO�RI�VHUYLFH�GDWD�� DQG�]RQDO� ODQG�XVH��SRSXODWLRQ�� DQG
HPSOR\PHQW�GDWD���7KH�WZR�PRGHOV�LQFOXGHG�RQH�WR�SUHGLFW�VKDUHV�RI�KRXVHKROGV�ZLWKRXW
ZRUNHUV�RZQLQJ�]HUR��RQH��DQG�WZR�RU�PRUH�DXWRV��DQG�RQH�WR�SUHGLFW�WKH�VDPH�VKDUHV�IRU
KRXVHKROGV�ZLWK�ZRUNHUV�� �'HWDLOV�RI� WKH�ZRUNHU�KRXVHKROG�PRGHO�DUH�GLVFXVVHG� LQ� WKLV
VHFWLRQ�

7KH�07&�ZRUNHU�KRXVHKROG�DXWR�RZQHUVKLS�PRGHO� LV�DSSOLHG�DIWHU�WKH�ZRUN�WULS�DWWUDF�
WLRQ� ]RQH� RI� WKH� KRXVHKROG’V� SULPDU\�ZRUNHU� KDV� EHHQ� SUHGLFWHG� DQG� EHIRUH� WKH�PRGH
FKRLFH�RI� WKLV� WULS� LV�SUHGLFWHG�� �7KLV� VKLIW� IURP� WKH�QRUPDO� VHTXHQFH�RI� HVWLPDWLQJ�DXWR
RZQHUVKLS�EHIRUH� WULS�JHQHUDWLRQ�DQG�GHVWLQDWLRQ�FKRLFH�DOORZV� WKH�PRGHO� WR� UHIOHFW� WKH
FKDUDFWHULVWLFV�RI�HDFK�DYDLODEOH�PRGH�IRU�WKH�FKRVHQ�GHVWLQDWLRQ�RI�WKH�WULS�WR�ZRUN���7KXV�
LI�WUDQVLW�LV�QRW�DYDLODEOH�IRU�WKLV�ZRUN�WULS��WKH�KRXVHKROG�ZLOO�EH�PRUH�OLNHO\�WR�FKRRVH�WR
RZQ�PRUH�DXWRV��FRQYHUVHO\��LI�JRRG�WUDQVLW�VHUYLFH�LV�DYDLODEOH�DQG�SDUNLQJ�FRVWV�DUH�KLJK�
IHZHU�DXWRV�DUH�OLNHO\�WR�EH�FKRVHQ�

7KH�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO�DUH�WKH�IROORZLQJ�

• +RXVHKROG�VL]H�

• 5HPDLQLQJ�KRXVHKROG�LQFRPH�DIWHU�KRXVLQJ��DXWR�RZQHUVKLS��DQG�FRPPXWLQJ�H[SHQVHV
IRU�WKH�ZRUN�WULS�KDYH�EHHQ�WDNHQ�LQWR�DFFRXQW�

• :KHWKHU�RU�QRW�WKH�KRXVHKROG�OLYHV�LQ�D�VLQJOH�IDPLO\�GHWDFKHG�KRXVLQJ�XQLW�

• (PSOR\PHQW�GHQVLW\�LQ�WKH�UHVLGHQFH�]RQH�

• 7KH�UHODWLYH�DFFHVVLELOLW\�E\� WUDQVLW�YHUVXV�GULYH�DORQH�DQG�VKDUHG�ULGH�PRGHV� IRU� WKH
WULS�WR�ZRUN��DQG

• 7KH� UHODWLYH� DFFHVVLELOLW\� E\� WUDQVLW� YHUVXV� DXWR� IRU� DOO� VKRSSLQJ� WULSV� PDGH� E\� WKH
KRXVHKROG�

�����������������������������������������������������
�&DPEULGJH� 6\VWHPDWLFV�� ,QF��� 7UDYHO� 0RGHO� 'HYHORSPHQW� 3URMHFW�� � 3KDVH� �� )LQDO� 5HSRUW�� 9ROXPH� ��
'HWDLOHG�0RGHO�'HVFULSWLRQV��&DPEULGJH��0DVVDFKXVHWWV��-XQH������
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7KH�UHODWLYH�DFFHVVLELOLW\�IRU�WKH�FKRVHQ�ZRUN�WULS�LV�GHILQHG�PRUH�H[SOLFLWO\�DV�D�UDWLR�RI
WKH�H[SRQHQWLDWHG�XWLOLW\�RI� WKH�WUDQVLW�PRGH�WR�WKH�VXP�RI� WKH�H[SRQHQWLDWHG�XWLOLWLHV�RI
WKH�GULYH� DORQH�DQG� VKDUHG� ULGH�PRGHV� IRU� WKH� FKRVHQ�ZRUN� WULS� EHWZHHQ� WKH� UHVLGHQFH
]RQH�DQG�WKH�HPSOR\PHQW�]RQH���)RU�WKH�VKRSSLQJ�DFFHVVLELOLW\�YDULDEOH��WKH�GHILQLWLRQ�LV
WKH�UDWLR�RI�WKH�GHQRPLQDWRU�RI�D�WUDQVLW�VSHFLILF�VKRSSLQJ�GHVWLQDWLRQ�FKRLFH�PRGHO�WR�WKH
GHQRPLQDWRU�RI�DQ�DXWR�VSHFLILF�VKRSSLQJ�GHVWLQDWLRQ�FKRLFH�PRGHO���,Q�ERWK�FDVHV��WKHVH
GHVWLQDWLRQ� FKRLFH� GHQRPLQDWRUV� DUH� FRQGLWLRQDO� RQ� WKH� DXWR� RZQHUVKLS� OHYHO� RI� WKH
DOWHUQDWLYH�

7DEOH�����SUHVHQWV� WKH�HVWLPDWLRQ� UHVXOWV� IRU� WKH� ORJLW�ZRUNHU�KRXVHKROG�DXWR�RZQHUVKLS
PRGHO�� �7KH�YDULDEOHV�EDVHG�RQ�KRXVHKROG�FKDUDFWHULVWLFV�¥� LQFRPH��KRXVHKROG�VL]H��DQG
WKH�VLQJOH�IDPLO\�GXPP\�YDULDEOH�IRU�WKH�WZR�RU�PRUH�DXWR�DOWHUQDWLYH�¥�DUH�WKH�PRVW�VLJ�
QLILFDQW�YDULDEOHV�� �$OWKRXJK� WKH�]RQDO�DQG�DFFHVVLELOLW\�YDULDEOHV�DUH�JHQHUDOO\� OHVV� VLJ�
QLILFDQW�� WKHLU� VLJQV� DJUHH� ZLWK� LQWXLWLRQ� DQG� SURYLGH� WKH� GHVLUHG� VHQVLWLYLW\� RI� DXWR
RZQHUVKLS� WR� WKH� UHODWLYH� VHUYLFH� OHYHOV� E\� PRGH� IRU� WKH� FKRVHQ� ZRUN� WULS� DQG� IRU� DOO
SRWHQWLDO� VKRSSLQJ� WULS� GHVWLQDWLRQV�� DQG� DOVR� WR� WKH� GLVWULEXWLRQ� RI� UHWDLO� DQG� VHUYLFH
HPSOR\PHQW�WKURXJKRXW�WKH�PHWURSROLWDQ�DUHD���7KURXJK�WKH�DFFHVVLELOLW\�YDULDEOHV��DXWR
RZQHUVKLS� LV�DOVR� LQGLUHFWO\� UHODWHG� WR� DGGLWLRQDO�YDULDEOHV� VXFK�DV� WKH�SUR[LPLW\�RI� WKH
UHVLGHQFH�]RQH�WR�WKH�&HQWUDO�%XVLQHVV�'LVWULFW�DQG�ZRUNHUV�SHU�KRXVHKROG�

'XH�WR�WKH�FRPSOH[LW\�RI� WKH�DFFHVVLELOLW\�YDULDEOHV�DQG�WKH�QHHG�IRU�GDWD� IURP�PXOWLSOH
VRXUFHV�� WKH�GDWD�SUHSDUDWLRQ�SURFHVV� IRU� WKH�07&�PRGHO�ZDV�H[WHQVLYH�� �7KH� ILQDO� HVWL�
PDWLRQ�GDWD� ILOH�FRQVLVWHG�RI�����KRXVHKROGV�� �2QFH� WKH�HVWLPDWLRQ�GDWD� ILOH�ZDV�DVVHP�
EOHG��SUHGHFHVVRU�SURJUDPV�WR�WKH�$/2*,7�HVWLPDWLRQ�SDFNDJH�FRXOG�EH�UXQ�HIILFLHQWO\�WR
SURYLGH�VWDWLVWLFDO�HVWLPDWHV�RI� WKH�PRGHO’V�SDUDPHWHUV�� �)RUHFDVWLQJ�ZLWK� WKH�PRGHO�FDQ
EH�GRQH�DW�WKH�]RQDO�OHYHO�ZLWK�KRXVHKROGV�JURXSHG�E\�WKHLU�QXPEHU�RI�ZRUNHUV�DQG�E\
WKH�PRGH�RI� WUDYHO� WR�ZRUN�RI� WKH�KHDG�RI�KRXVHKROG�� �$OO�RI� WKH� UHTXLUHG�YDULDEOHV� DUH
SURYLGHG�E\�SULRU�PRGHO�RXWSXWV��E\�VXEVHTXHQW�PRGHO�XWLOLWLHV��RU�E\�WKH�UHJLRQ’V� ODQG
XVH�DQG�GHPRJUDSKLF�IRUHFDVWLQJ�SURFHVV�

(YDOXDWLRQ

7KH�07&�PRGHO�KDV�D�QXPEHU�RI�DGYDQWDJHV���LW�LV�HVWLPDWHG�XVLQJ�GLVDJJUHJDWHG�KRXVH�
KROG� GDWD�� LW� SUHGLFWV� SUREDELOLWLHV� RI� RZQLQJ� YDULRXV� DXWR� RZQHUVKLS� OHYHOV�� DQG� LW
LQFOXGHV� D�ZLGH� UDQJH� RI� YDULDEOHV�ZKLFK� DIIHFW� DXWR� RZQHUVKLS�� LQFOXGLQJ� DFFHVVLELOLW\
PHDVXUHV�ZKLFK�FRPELQH�WKH�ORFDWLRQV�RI�SRWHQWLDO�GHVWLQDWLRQV�DQG�WKH�DXWR�DQG�WUDQVLW
WUDYHO�WLPHV�UHTXLUHG�WR�UHDFK�WKHVH�GHVWLQDWLRQV���)XUWKHUPRUH��DXWR�RZQHUVKLS�LV�SUHGL�
FDWHG�RQ�WKH�FKRVHQ�ZRUN�SODFH�RI� WKH�SULPDU\�ZRUNHU�� �$OO�RI� WKHVH�FKDUDFWHULVWLFV�SUR�
YLGH�D�ULFK�PRGHO�ZKLFK�LV�VHQVLWLYH�WR�D�ZLGH�UDQJH�RI�SROLF\�RSWLRQV�

7KH�PRGHO�GRHV�KDYH��KRZHYHU��D�QXPEHU�RI�RIIVHWWLQJ�FRVWV�RU� OLPLWDWLRQV�� �7KH�KLJKHVW
DXWR� RZQHUVKLS� OHYHO� LQFOXGHG� LV� WZR� RU� PRUH� YHKLFOHV�� PRUH� PRGHUQ� PRGHOV� LQVWHDG
LQFOXGH�WZR��WKUHH��DQG�IRXU�RU�PRUH�YHKLFOH�DOWHUQDWLYHV���&RPSDUHG�ZLWK�PRGHOV�EDVHG
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7DEOH���� 6SHFLILFDWLRQ�RI�WKH������07&�:RUNHU�+RXVHKROG
$XWR�2ZQHUVKLS�0RGHO

)RU�]HUR�DXWR�KRXVHKROGV�
8���� ��������OQ�5,1&��������������50&������������56+'�

)RU�RQH�DXWR�KRXVHKROGV�
8���� ����������������OQ�5,1&��������������50&������������56+'��¥����������56'(16�¥

��������3++�����������6)'

)RU�WZR�RU�PRUH�DXWR�KRXVHKROGV�
8����� ����������������OQ�5,1&��������������50&������������56+'��¥����������56'(16�¥

��������3++����������6)'

ZKHUH�

8�Q�  8WLOLW\�RI�DXWR�RZQHUVKLS�OHYHO�Q

5,1&Q  5HPDLQLQJ�LQFRPH�RI�D�KRXVHKROG�RZQLQJ�Q�DXWRV��DIWHU�UHGXFWLRQV�RI�KRXVHKROG�
LQFRPH�WR�DFFRXQW�IRU�H[SHFWHG�ZRUN�WULS�FRVWV��SHU�SHUVRQ�DQQXDO�FRVWV��DQG�DYHUDJH
DQQXDO�FRVWV�RI�RZQLQJ�Q�DXWRV�������GROODUV�

50&Q  5DWLR�RI�WKH�H[SRQHQWLDWHG�XWLOLWLHV�RI�WKH�SULPDU\�ZRUNHU�PRGH�FKRLFH�PRGHO��WUDQVLW
RYHU�DXWR��IRU�D�KRXVHKROG�RZQLQJ�Q�DXWRV

56+'Q  5DWLR�RI�WKH�GHQRPLQDWRUV�RI�WKH�PRGH�VSHFLILF�VKRS�WULS�GHVWLQDWLRQ�FKRLFH�PRGHO�
�WUDQVLW�RYHU�DXWR��IRU�D�KRXVHKROG�RZQLQJ�Q�DXWRV

56'(16  (PSOR\PHQW�GHQVLW\�IRU�UHWDLO�DQG�VHUYLFH�HPSOR\HHV�LQ�WKH�KRXVHKROG’V�UHVLGHQFH�
]RQH��HPSOR\HHV�SHU�DFUH�

3++  +RXVHKROG�VL]H��SHUVRQV�SHU�KRXVHKROG�

6)'  6LQJOH� IDPLO\� GZHOOLQJ� GXPP\� YDULDEOH�¥� RQH� LI� WKH� KRXVHKROG� UHVLGHV� LQ� D� VLQJOH
IDPLO\�GZHOOLQJ��]HUR�RWKHUZLVH
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VLPSO\�RQ�WUDYHO�VXUYH\�RU�&HQVXV�GDWD��SUHSDUDWLRQ�RI�DQ�HVWLPDWLRQ�GDWD�VHW�IRU�WKH�07&
PRGHO�LV�YHU\�GLIILFXOW���,QFRUSRUDWLRQ�RI�WKH�PRGHO�LQ�WKH�WUDYHO�IRUHFDVWLQJ�SURFHVV�LV�DOVR
GLIILFXOW�� � LQSXWV� DUH� UHTXLUHG� IURP�ERWK�D�PRGH� FKRLFH�PRGHO� DQG� D�GHVWLQDWLRQ� FKRLFH
PRGHO��WKH�PRGHO�PXVW�EH�SUHFHGHG�E\�D�SURFHGXUH�ZKLFK�GLYLGHV�WRWDO�KRXVHKROGV�LQWR
WKRVH�ZLWK�DQG�ZLWKRXW�ZRUNHUV��DQG�D�QXPEHU�RI�FRPSOH[�YDULDEOHV�PXVW�EH�FRPSXWHG�

$OWKRXJK� WKH�07&�PRGHO�ZDV� D�PDMRU� SLRQHHULQJ� VWHS�ZKHQ� LW�ZDV� GHYHORSHG�� VXEVH�
TXHQW�HIIRUWV�KDYH�VKRZQ�WKDW�VRPHZKDW�PRUH�VLPSOH�DQG�‘ WUDQVSDUHQW’ �YHKLFOH�DYDLODELO�
LW\� PRGHOV� ZLOO� SURYLGH� QHDUO\� DOO� RI� LWV� DGYDQWDJHV� ZKLOH� DYRLGLQJ� PDQ\� RI� LWV
GLVDGYDQWDJHV���,Q�DGGLWLRQ��WKHVH�PRGHOV�FDQ�SURYLGH�DGGLWLRQDO�DGYDQWDJHV�VXFK�DV�WKH
LQFOXVLRQ�RI�SHGHVWULDQ�HQYLURQPHQW�YDULDEOHV�� �7KH�07&�PRGHO� FRQWLQXHV� WR�EH�XVHIXO�
KRZHYHU��DV�D�JXLGH� WR�VWUDWHJLHV� IRU� LQFRUSRUDWLQJ�DGGLWLRQDO� IDFWRUV� LQWR� IXWXUH�YHKLFOH
DYDLODELOLW\�PRGHOV�LI�WKH�PRUH�FXUUHQW�PRGHOV�DUH�IRXQG�WR�ODFN�HIIHFWV�VXFK�DV�GLIIHUHQFHV
LQ� YHKLFOH� RZQHUVKLS� GXH� WR� YDULDWLRQV� LQ� ZRUN� ORFDWLRQV�� WR� FRPPXWLQJ� DQG� SDUNLQJ
FRVWV��DQG�WR�WKH�DYDLODELOLW\�RI�VKRSSLQJ�GHVWLQDWLRQV�ZKLFK�FDQ�EH�UHDFKHG�E\�WUDQVLW�

����� 7KH������3RUWODQG�/RJLW�0RGHO

'HVFULSWLRQ

7KH�0HWURSROLWDQ�6HUYLFH�'LVWULFW� LQ�3RUWODQG��2UHJRQ��0HWUR��GHYHORSHG� LWV� LQLWLDO� ORJLW
FKRLFH�PRGHO�LQ���������7KH�PRGHO�KDV�IRXU�DOWHUQDWLYHV���]HUR��RQH��WZR��DQG�WKUHH�RU�PRUH
YHKLFOHV�SHU�KRXVHKROG���7KH�XWLOLW\�IXQFWLRQV�IRU�HDFK�DOWHUQDWLYH�DUH�VKRZQ�LQ�7DEOH�����
7KH�PRGHO�LV�HVWLPDWHG�XVLQJ�KRXVHKROG�VXUYH\�GDWD�VXSSOHPHQWHG�ZLWK�DQ�DFFHVVLELOLW\
YDULDEOH� ZKLFK� LQFRUSRUDWHV� ]RQDO� HPSOR\PHQW� DQG� WUDQVLW� OHYHO�RI�VHUYLFH� GDWD�� � 7KH
H[SODQDWRU\� YDULDEOHV� REWDLQHG� IURP� WKH� VXUYH\� GDWD� DUH� KRXVHKROG� VL]H�� KRXVHKROG
LQFRPH�FODVV� �IRXU�FDWHJRULHV���DQG�ZRUNHUV�SHU�KRXVHKROG�� �7KH�DFFHVVLELOLW\�YDULDEOH� LV
GHILQHG� DV� WKH� QXPEHU� RI� HPSOR\PHQW� RSSRUWXQLWLHV� ZKLFK� FDQ� EH� UHDFKHG� ZLWKLQ� ��
PLQXWHV�RI�WUDQVLW�WLPH�IURP�WKH�UHVLGHQFH�]RQH���$IWHU�WKH�FRQVLGHUDEOH�HIIRUW�UHTXLUHG�WR
DVVHPEOH� WKH� DFFHVVLELOLW\� YDULDEOHV�� HVWLPDWLRQ� RI� WKH�PRGHO�ZDV� VWUDLJKWIRUZDUG� XVLQJ
WKH� $/2*,7� HVWLPDWLRQ� SDFNDJH�� � 7KH� UHVXOWLQJ� PRGHO� SURYLGHV� WKH� H[SHFWHG� SRVLWLYH
UHODWLRQVKLSV�EHWZHHQ�HDFK�RI�WKH�KRXVHKROG�YDULDEOHV�DQG�DXWR�RZQHUVKLS�OHYHOV�� �$OVR�
DXWR� RZQHUVKLS�GHFUHDVHV� DV� WUDQVLW� DFFHVVLELOLW\� LQFUHDVHV��PLUURULQJ� WKH� REVHUYHG�GDWD
IRU�3RUWODQG��ZKHUH� WKH� IUDFWLRQ�RI�KRXVHKROGV�RZQLQJ�]HUR�FDUV�GHFUHDVHV� IURP����SHU�
FHQW� LQ�WKH�&%'�����SHUFHQW� LQ�WKH�UHPDLQGHU�RI� WKH�&LW\�RI�3RUWODQG��DQG� OHVV� WKDQ�IRXU
SHUFHQW�LQ�WKH�UHPDLQGHU�RI�WKH�VWXG\�DUHD�

0HWUR�DSSOLHV�LWV�YHKLFOH�RZQHUVKLS�PRGHO�DW�D�PDUNHW�VHJPHQW�OHYHO�LQ�HDFK�WUDIILF�DQDO\�
VLV�]RQH�� �7KHUH�DUH����VHJPHQWV�SHU�]RQH�EDVHG�RQ�VSHFLILF�YDOXHV�RI�HDFK�RI� WKH�KRXVH�
KROG�YDULDEOHV�LQFOXGHG�LQ�WKH�PRGHO��ZLWK�IRXU�OHYHOV�IRU�HDFK�YDULDEOH���)RU�DSSOLFDWLRQ�
WKH�DFFHVVLELOLW\�YDULDEOH�LV�GHILQHG�XVLQJ�WUDQVLW�OHYHO�RI�VHUYLFH�GDWD�ZKLFK�YDULHV�DV�WKH
KLJKZD\�VSHHGV�YDU\���,WHUDWLRQ�IURP�KLJKZD\�DVVLJQPHQW�DQG�WUDQVLW�VNLPPLQJ�EDFN�WR

�����������������������������������������������������
�0HWURSROLWDQ� 6HUYLFH� 'LVWULFW�� 7UDYHO� )RUHFDVWLQJ� 0HWKRGRORJ\� 5HSRUW�� :HVWVLGH� /LJKW� 5DLO� 3URMHFW�
3RUWODQG��2UHJRQ��6HSWHPEHU������
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7DEOH���� 6SHFLILFDWLRQ�RI�WKH������3RUWODQG�0HWUR
$XWR�2ZQHUVKLS�0RGHO

)RU�]HUR�DXWR�KRXVHKROGV�
8� ������¥��������++6,=(�¥��������:25.(5&/�¥��������,1&20(&/��

�����������727$/��7

)RU�RQH�DXWR�KRXVHKROGV�
8� ������¥��������++6,=(�¥��������:25.(5&/�¥��������,1&20(&/��

�����������727$/��7

)RU�WZR�DXWR�KRXVHKROGV�
8� ������¥��������++6,=(�¥��������:25.(5&/�¥��������,1&20(&/��

�����������727$/��7

)RU�WKUHH�RU�PRUH�DXWR�KRXVHKROGV�
8� �

ZKHUH�

8  8WLOLW\
++6,=(  1XPEHU�RI�SHUVRQV�LQ�KRXVHKROG
:25.(5&/  1XPEHU�RI�ZRUNHUV�LQ�KRXVHKROG
,1&20(&/  ��LI�KRXVHKROG�LQFRPH����������

��LI�KRXVHKROG�LQFRPH�!���������DQG���������
��LI�KRXVHKROG�LQFRPH�!���������DQG���������
��LI�KRXVHKROG�LQFRPH�!��������

727$/��7  1XPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�WUDYHO�WLPH�YLD�WKH�WUDQVLW�PRGH
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WKH� DXWR� RZQHUVKLS�PRGHO� LV� UHTXLUHG� WR� HQVXUH� WKDW� FRQVLVWHQW� WUDQVLW� WLPHV� DQG� DXWR
RZQHUVKLS�OHYHOV�DUH�XVHG�WKURXJKRXW�WKH�IRUHFDVWLQJ�SURFHVV�

(YDOXDWLRQ

7KH� ����� 3RUWODQG�PRGHO� UHSUHVHQWV� WKH� VWDWH� RI� WKH� DUW� RI� GLVDJJUHJDWH� PRGHOV� ZKLFK
LQFOXGH�DFFHVVLELOLW\�YDULDEOHV���&RPSDUHG�WR�WKH�HDUOLHU�07&�PRGHO��LWV�VLPSOHU�YDULDEOHV
JUHDWO\�IDFLOLWDWH�PRGHO�HVWLPDWLRQ�DQG�DSSOLFDWLRQ�� �1R�LQSXWV�IURP�RWKHU�WUDYHO�PRGHOV
DUH�UHTXLUHG���7KH�WUDQVLW�OHYHOV�RI�VHUYLFH�DUH��KRZHYHU��UHTXLUHG�IURP�VXEVHTXHQW�PRGHO
DSSOLFDWLRQ�VWHSV�� �7KH�PRGHO�GRHV� UHIOHFW� WKH� LPSDFWV�RI� WUDQVLW�DYDLODELOLW\� DQG� VHUYLFH
OHYHOV� RQ� WKH� QHHG� IRU�� DQG� WKH� OLNHOLKRRG� RI�� KLJKHU� OHYHOV� RI� YHKLFOH� DYDLODELOLW\�� � 7KH
PRGHO�GRHV�QRW�LQFOXGH�WKH�HIIHFWV�RI�GLIIHUHQFHV�LQ�SHGHVWULDQ�DPHQLWLHV�RQ�YHKLFOH�DYDLO�
DELOLW\��EXW� WKHVH�DGGLWLRQDO�YDULDEOHV�KDYH�VXEVHTXHQWO\�EHHQ�DGGHG� WR� WKH�PRUH� UHFHQW
3RUWODQG�PRGHO��DV�GLVFXVVHG�LQ�6HFWLRQ�������� �$QRWKHU�GLVDGYDQWDJH�RI�WKH�PRGHO�LV�WKH
ODFN�RI�DQ\�QRQDFFHVVLELOLW\�]RQDO�YDULDEOHV��VXFK�DV�SRSXODWLRQ�DQG�HPSOR\PHQW�GHQVLW\
PHDVXUHV�

7KH������3RUWODQG�PRGHO� VWUXFWXUH� LV� UHFRPPHQGHG�DV� D� XVHIXO� VWDUWLQJ�SRLQW� IRU� RWKHU
DUHDV�ZKR�KDYH�WUDYHO�VXUYH\�GDWD��ZLVK�WR�EHJLQ�WKH�GHYHORSPHQW�RI�GLVDJJUHJDWH�YHKLFOH
DYDLODELOLW\�PRGHOV� IRU� WKH� ILUVW� WLPH��DQG�GR�QRW�ZLVK� WR�GHYHORS�RU� LQFOXGH�SHGHVWULDQ
HQYLURQPHQW� YDULDEOHV�� � 7KH� PRGHO� LQFOXGHV� RQO\� VWUDLJKWIRUZDUG� KRXVHKROG� YDULDEOHV
DQG�WKH�VLPSOHVW�W\SH�RI�DFFHVVLELOLW\�YDULDEOH���7KHQ��RQFH�WKLV�EDVLF�ORJLW�PRGHO�LQFOXGLQJ
DFFHVVLELOLW\�KDV�EHHQ�GHYHORSHG��H[WHQVLRQV�FDQ�EH�H[SORUHG� WR� LQFOXGH�]RQDO�YDULDEOHV�
KLJKZD\�DV�ZHOO�DV�WUDQVLW�DFFHVVLELOLW\�YDULDEOHV��SHGHVWULDQ�HQYLURQPHQW�YDULDEOHV��DQG
YDULDEOHV� WR� LQKLELW� WKH� SUHGLFWLRQ� RI� PRUH� YHKLFOHV� SHU� KRXVHKROG� WKDQ� SHUVRQV� SHU
KRXVHKROG�

����� 7KH�6HDWWOH�&RPELQHG�&URVV�&ODVVLILFDWLRQ�5HJUHVVLRQ�0RGHO

'HVFULSWLRQ

7KH�3XJHW�6RXQG�5HJLRQDO�&RXQFLO�KDV�UHFHQWO\�LPSOHPHQWHG�D�YHKLFOH�DYDLODELOLW\�PRGHO
ZKLFK�LQFOXGHV�DFFHVVLELOLW\�YDULDEOHV�DQG�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�3806�GDWD�DQG
&733�GDWD���7KH�PRGHO�LV�GHYHORSHG�DQG�DSSOLHG�LQ�WZR�VWDJHV���,Q�WKH�ILUVW�VWDJH��3806
GDWD� DUH� XVHG� WR� GHYHORS� FURVV�WDEXODWLRQV� RI� KRXVHKROGV� E\� 380$� GLVWULFW�� ZLWK� WKH
GLPHQVLRQV�RI�KRXVHKROG�VL]H��LQFRPH�JURXS��QXPEHU�RI�ZRUNHUV��DQG�YHKLFOHV�DYDLODEOH�
7KHVH� FURVV�WDEXODWLRQV� DUH� WKHQ� DSSOLHG� WR� HDFK� ]RQH� ZLWKLQ� WKH� 380$�� IRU� ZKLFK� D
FURVV�WDE� RI� KRXVHKROGV� E\� WKH� ILUVW� WKUHH� YDULDEOHV� LV� DYDLODEOH� IURP� WKH�&733�GDWD�� WR
SURYLGH�DQ�LQLWLDO�HVWLPDWH�RI�KRXVHKROGV�E\�YHKLFOH�DYDLODELOLW\�OHYHO���,Q�HIIHFW��WKLV�VWDJH
LQYROYHV�XVLQJ�380$�DYHUDJH�YHKLFOH�DYDLODELOLW\�YDOXHV�IRU�HDFK�FHOO�RI� WKH�]RQH�EDVHG
WDEOHV�WR�HVWLPDWH�KRXVHKROGV�E\�YHKLFOH�DYDLODELOLW\�OHYHO�LQ�HDFK�RI�WKHVH�FHOOV�

7KH�VHFRQG�VWDJH�RI�PRGHO�HVWLPDWLRQ�DQG�DSSOLFDWLRQ�LQWURGXFHV�WKUHH�DFFHVVLELOLW\�YDUL�
DEOHV�� � $IWHU� DQ� H[KDXVWLYH� VHW� RI� WHVWV�� WKH� ILQDO� GHILQLWLRQV� RI� WKH� VHOHFWHG� YDULDEOHV
GHILQHG�IRU�WKH�]RQH�RI�UHVLGHQFH�ZHUH�WKH�IROORZLQJ�
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• 7KH�QXPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�ZDON�WLPH��FRXQWHG�DW�WKHLU�ZRUNSODFHV��

• 7KH�QXPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�SHDN�WUDQVLW�WLPH��DQG

• 7KH�QXPEHU�RI�HPSOR\HHV�ZLWKLQ�VL[�PLOHV��ZLWK�GLVWDQFHV�PHDVXUHG�RQ�WKH�KLJKZD\
QHWZRUN�

7DEOH�����SURYLGHV�WKH�HTXDWLRQV�HVWLPDWHG�XVLQJ�OLQHDU�LQ�SDUDPHWHUV�UHJUHVVLRQ�RI�]RQDO
GDWD� WR� REWDLQ� WKH� VHFRQG� VWDJH� RI� WKH� 6HDWWOH�PRGHO�� � 7KH� GHSHQGHQW� YDULDEOHV� LQ� HDFK
HTXDWLRQ�UHSUHVHQW�WKH�FKDQJH�LQ�XWLOLW\�GXH�WR�GLIIHUHQFHV�LQ�DFFHVVLELOLW\�OHYHOV�IURP�]RQH
WR�]RQH�ZLWKLQ�DQ\�SDUWLFXODU�380$�DUHD���7KUHH�DFFHVVLELOLW\�PHDVXUHV�DUH�XVHG��HDFK�LV
VSHFLILF�WR�RQH�RI�WKH�IROORZLQJ�PRGHV�RI�WUDYHO���ZDON��WUDQVLW��DQG�KLJKZD\���)UDFWLRQV�RI
]HUR�� DQG� RQH�YHKLFOH� KRXVHKROGV� LQFUHDVH� DV� ZDON� DQG� WUDQVLW� DFFHVVLELOLWLHV� LQFUHDVH�
ZKLOH� WKRVH� RI� WZR�� DQG� WKUHH�RU�PRUH�YHKLFOH� KRXVHKROGV� GHFUHDVH�� DV� H[SHFWHG�� � 7KH
UHVXOWV�IRU�WKH�HPSOR\PHQW�LQWHQVLW\�YDULDEOH�DUH�PL[HG��KRZHYHU��ZLWK�GHFUHDVHV�IRU�WKH
ORZHVW�DQG�KLJKHVW�YHKLFOH�DYDLODELOLW\�OHYHOV�DQG�LQFUHDVHV�IRU�WKH�PLGGOH�OHYHOV�

$Q�LQFUHPHQWDO�ORJLW�SURFHGXUH�LV�XVHG�WR�DSSO\�WKH�HVWLPDWHG�DFFHVVLELOLW\�EDVHG�FKDQJHV
LQ�XWLOLWLHV�WR�WKH�ILUVW�VWDJH�HVWLPDWHV�RI�YHKLFOH�DYDLODELOLW\�SUREDELOLWLHV���7KH�UHVXOWV�DUH
UHYLVHG�]RQH�VSHFLILF�SUREDELOLWLHV�RI�KRXVHKROG’V�RZQLQJ�HDFK�RI� WKH�DOWHUQDWLYH�YHKLFOH
DYDLODELOLW\�OHYHOV�

(YDOXDWLRQ

7KH� 6HDWWOH� PRGHO� UHSUHVHQWV� YHKLFOH� DYDLODELOLW\� PRGHO� GHYHORSPHQW� DW� WKH� DJJUHJDWH
OHYHO� ZKLFK� PDNHV� PD[LPXP� XVH� RI� WKH� LQIRUPDWLRQ� DYDLODEOH� LQ� &HQVXV� GDWD� IRU� D
UHJLRQ�¥� KRXVHKROGV� E\� W\SH� ZLWKLQ� 380$V� DQG� KRXVHKROGV� E\� ]RQH�� � ,Q� DGGLWLRQ�� LW
FDSWXUHV� DFFHVVLELOLW\� HIIHFWV� DW� WKH� ]RQDO� OHYHO�� � 7KXV�� QR� VXUYH\� GDWD� DUH� UHTXLUHG� DQG
PD[LPXP�XVH� LV�PDGH�RI�&HQVXV�� ]RQDO�GHPRJUDSKLF�� DQG� WUDQVSRUWDWLRQ� V\VWHP� LQIRU�
PDWLRQ�� �$V�D� UHVXOW�� WKH�PRGHO� LV� DQ� H[DPSOH�RI� RQH�RI� WKH�PRVW� DGYDQFHG�DSSURDFKHV
ZKLFK�FDQ�EH�WDNHQ�WR�YHKLFOH�DYDLODELOLW\�PRGHOLQJ�ZKHQ�QR�ORFDO�VXUYH\�GDWD�DUH�DYDLO�
DEOH�� � 7KH� PRGHO� LQFOXGHV� D� IXOO� UDQJH� RI� KRXVHKROG� FKDUDFWHULVWLF� DQG� PRGH�VSHFLILF
DFFHVVLELOLW\�YDULDEOHV�

7KH� PRGHO’V� SULPDU\� OLPLWDWLRQ� LV� WKDW� LW� LV� EDVHG� RQ� DJJUHJDWLRQV� RI� KRXVHKROG� GDWD
UDWKHU� WKDQ�RQ� LQIRUPDWLRQ� IRU� LQGLYLGXDO�KRXVHKROGV�� �$V� LQ� DOO� DJJUHJDWH�PRGHOV�� WKLV
LQWURGXFHV� WKH� SRVVLELOLW\� RI� DJJUHJDWLRQ� ELDV� ZKLFK� IDLOV� WR� HVWLPDWH� WKH� WUXH� HIIHFW� RI
FKDQJHV�LQ�WKH�LQGHSHQGHQW�YDULDEOHV�RQ�KRXVHKROGV’ �YHKLFOH�DYDLODELOLW\�GHFLVLRQV���7KXV�
LI�VXUYH\�GDWD�DUH�DYDLODEOH��WKH\�LGHDOO\�ZRXOG�EH�XVHG�WR�HVWLPDWH�FKRLFH�PRGHOV�KDYLQJ
DOO�RI�WKH�YDULDEOHV�LQFOXGHG�LQ�WKH�6HDWWOH�PRGHO���$�VHFRQG��DQG�SUREDEO\�OHVV�LPSRUWDQW�
OLPLWDWLRQ�RI� WKH�6HDWWOH�PRGHO� LV� WKH� ODFN�RI�SHGHVWULDQ�HQYLURQPHQW�YDULDEOHV�� �$�ZDON
DFFHVVLELOLW\�YDULDEOH� LV� LQFOXGHG��EXW� WKH�PHDVXUH�XVHG� LV�QRW� VHQVLWLYH� WR� WKH�TXDOLW\�RI
WKH� SHGHVWULDQ� HQYLURQPHQW�� � 7KH� ILQDO� YHU\� PLQRU� OLPLWDWLRQ� RI� WKH� PRGHO� LV� WKDW� DQ
DSSUR[LPDWLRQ�RI�WKH�ORJLW�PRGHO�PDWKHPDWLFDO�VWUXFWXUH�LV�PDGH�WR�IDFLOLWDWH�WKH�HVWLPD�
WLRQ� RI� D� PRGHO� XVLQJ� DJJUHJDWH� ]RQDO� VKDUHV�� � 7KLV� DSSUR[LPDWLRQ� LV� HTXLYDOHQW� WR
DVVXPLQJ�WKDW�WKH�QHW�HIIHFW�RI�WKH�DFFHVVLELOLW\�YDULDEOHV��UHODWLYH�WR�WKH�ILUVW�VWDJH�HVWLPD�
WLRQ�UHVXOWV��LV�QR�FKDQJH�LQ�WKH�GHQRPLQDWRU�RI�WKH�ORJLW�VKDUH�PRGHO�
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7DEOH���� 6SHFLILFDWLRQ�RI�WKH�6HDWWOH
$XWR�2ZQHUVKLS�0RGHO

)RU�]HUR�DXWR�KRXVHKROGV�

8���� ¥�����������������ORJ�:DON�$FFHVV������������ORJ�7UDQVLW�$FFHVV��¥
��������ORJ�(PSOR\PHQW�,QWHQVLW\�

)RU�RQH�DXWR�KRXVHKROGV�

8���� ¥�����������������ORJ�:DON�$FFHVV������������ORJ�7UDQVLW�$FFHVV���
��������ORJ�(PSOR\PHQW�,QWHQVLW\�

)RU�WZR�DXWR�KRXVHKROGV�

8���� �������¥���������ORJ�:DON�$FFHVV��¥���������ORJ�7UDQVLW�$FFHVV���
��������ORJ�(PSOR\PHQW�,QWHQVLW\�

)RU�WKUHH�RU�PRUH�DXWR�KRXVHKROGV�

8����� �������¥���������ORJ�:DON�$FFHVV��¥���������ORJ�7UDQVLW�$FFHVV��¥
��������ORJ�(PSOR\PHQW�,QWHQVLW\�

ZKHUH�

8�Q�  7KH�XWLOLW\�RI�WKH�FKDQJH�IURP�3(Q��WKH�‘ ILUVW�FXW’ �HVWLPDWHG�SHUFHQWDJH
RI�KRXVHKROGV�LQ�D�]RQH�ZLWK�Q�YHKLFOHV�DYDLODEOH��WR�32Q��WKH�REVHUYHG
SHUFHQWDJH�RI�KRXVHKROGV�ZLWK�Q�YHKLFOHV�DYDLODEOH��REWDLQHG�IURP�&733
GDWD

:DON�$FFHVV  1XPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�ZDON�WLPH�IURP�WKH�UHVLGHQFH
]RQH

7UDQVLW�$FFHVV  1XPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�WUDYHO�WLPH�E\�WUDQVLW�LQ�WKH
SHDN�SHULRG�IURP�WKH�UHVLGHQFH�]RQH

(PSOR\PHQW�,QWHQVLW\  3URSRUWLRQ�RI�WKH�WRWDO�UHJLRQ’V�HPSOR\HHV�ZLWKLQ�VL[�PLOHV�RI�WKH�
UHVLGHQFH�]RQH
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n ��� $GYDQFHG�0RGHOV�ZLWK�3HGHVWULDQ�(QYLURQPHQW
9DULDEOHV

����� 7KH������3RUWODQG�/RJLW�0RGHO

'HVFULSWLRQ

$V� SDUW� RI� WKH� 0DNLQJ� WKH� /DQG� 8VH�7UDQVSRUWDWLRQ�$LU� 4XDOLW\� &RQQHFWLRQ� SURMHFW
�/875$4���WKH�0HWURSROLWDQ�6HUYLFH�'LVWULFW�LQ�3RUWODQG��2UHJRQ��0HWUR��DQG�WKH�SURMHFW
FRQVXOWDQWV� FRRSHUDWHG� WR� H[SDQG� WKH� ORJLW� FKRLFH� PRGHO� GLVFXVVHG� LQ� 6HFWLRQ������� WR
LQFOXGH�UHYLVHG�LQFRPH�YDULDEOHV��D�PHDVXUH�RI�UHWDLO�DFWLYLW\�QHDU�WKH�KRXVHKROG�ORFDWLRQ�
DQG�SHGHVWULDQ� HQYLURQPHQW� YDULDEOHV��� � 7KH� UHYLVHG�PRGHO� LV� VKRZQ� LQ� 7DEOH������ � 7KH
DGGLWLRQDO� YDULDEOHV� �EH\RQG� WKRVH� LQ� WKH� PRGHO� GLVFXVVHG� LQ� 6HFWLRQ�������� DUH� WKH
IROORZLQJ�

• 1XPEHU�RI�UHWDLO�HPSOR\HHV�ZRUNLQJ�ZLWKLQ�RQH�PLOH�RI�WKH�KRXVHKROG�

• $� UHYLVHG� IRUPXODWLRQ� RI� WKH� LQFRPH� YDULDEOH� WR� SURYLGH� PRUH� IOH[LELOLW\� LQ� YHKLFOH
DYDLODELOLW\�PRGHOLQJ��DQG

• $�SHGHVWULDQ�HQYLURQPHQW�IDFWRU��GLVFXVVHG�EHORZ�

7KH�SHGHVWULDQ� HQYLURQPHQW� IDFWRU� �3()�� UHSUHVHQWV� D� FRPSRVLWH�PHDVXUH� RI� WKH�SHGHV�
WULDQ�IULHQGOLQHVV�RI�HDFK�DQDO\VLV�]RQH���,W�ZDV�GHYHORSHG�LQ�DFNQRZOHGJPHQW�RI�WKH�IDFW
WKDW�D�QXPEHU�RI�IDFWRUV�DW�WKH�QHLJKERUKRRG�DQG�VWUHHW�OHYHO�DIIHFW�LQGLYLGXDOV’ �ZLOOLQJ�
QHVV�DQG�DELOLW\�WR�FKRRVH�WKH�ZDON�PRGH�IRU�YDULRXV�WULS�SXUSRVHV���7KH�3()�LV�GHYHORSHG
E\�DVVHVVLQJ�IRXU�GLIIHUHQW�SDUDPHWHUV�IRU�HDFK�]RQH�

• (DVH�RI�VWUHHW�FURVVLQJV�

• 6LGHZDON�FRQWLQXLW\�

• 6WUHHW�FRQQHFWLYLW\��DQG

• 7RSRJUDSK\�

'XH� WR� WLPH�FRQVWUDLQWV�� UHODWLYHO\�TXDOLWDWLYH�DSSURDFKHV�ZHUH�XVHG� WR� DVVLJQ�YDOXHV� WR
HDFK�YDULDEOH�LQ�HDFK�]RQH���7KH�YDOXHV�ZHUH�LQWHJHUV�UDQJLQJ�IURP�RQH�WR�WKUHH��UDQJLQJ
IURP�SRRU�WR�JRRG�IRU�HDFK�YDULDEOH���7KH�ILQDO�3()�ZDV�GHILQHG�DV�WKH�XQZHLJKWHG�VXP�RI
WKH�IRXU�]RQDO�YDOXHV��UDQJLQJ�IURP���WR����

�����������������������������������������������������
�0HWURSROLWDQ�6HUYLFH�'LVWULFW��7KH�3KDVH�,,,�7UDYHO�'HPDQG�)RUHFDVWLQJ�0RGHO���$�6XPPDU\�RI�,QSXWV�
$OJRULWKPV��DQG�&RHIILFLHQWV��3RUWODQG��2UHJRQ��-XQH���������
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7DEOH���� 6SHFLILFDWLRQ�RI�WKH������3RUWODQG
9HKLFOH�$YDLODELOLW\�0RGHO

)RU�]HUR�DXWR�KRXVHKROGV�
8���� ¥������¥��������++6,=(�¥��������:5.5&/����������,1&20�����������,1&20���

����������5(7�0���������������727$/��7�����������3()

)RU�RQH�DXWR�KRXVHKROGV�
8���� ������¥��������++6,=(�¥��������:5.5&/����������,1&20�����������,1&20���

�������,1&20��������������5(7�0���������������727$/��7�����������3()

)RU�WZR�DXWR�KRXVHKROGV�
8���� ������¥��������++6,=(�¥��������:5.5&/����������,1&20�����������,1&20���

��������,1&20��������������5(7�0���������������727$/��7�����������3()

)RU�WKUHH�RU�PRUH�DXWR�KRXVHKROGV�
8���� ����

ZKHUH�

8�Q�  8WLOLW\�WR�D�KRXVHKROG�RI�RZQLQJ�Q�DXWRV
++6,=(  1XPEHU�RI�SHUVRQV�LQ�WKH�KRXVHKROG
:5.5&/  1XPEHU�RI�ZRUNHUV�LQ�WKH�KRXVHKROG
,1&20Q  'XPP\�YDULDEOH�HTXDO�WR�RQH�LI�WKH�KRXVHKROG�LQFRPH�OHYHO�LV�Q
5(7�0  1XPEHU�RI�UHWDLO�HPSOR\HHV�ORFDWHG�ZLWKLQ�RQH�PLOH
727$/��7  1XPEHU�RI�HPSOR\HHV�ZLWKLQ����PLQXWHV�RI�WUDYHO�WLPH�YLD�WKH�WUDQVLW�PRGH
3()  3HGHVWULDQ�HQYLURQPHQW�IDFWRU
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$V�VKRZQ�LQ�7DEOH������WKH�PRGHO�EDVHG�RQ�WKH�QHZ�YDULDEOHV�FRQWLQXHV�WR�LQGLFDWH�SRVL�
WLYH�FRUUHODWLRQV�EHWZHHQ�DXWR�RZQHUVKLS�DQG� LQFRPH��ZRUNHUV��DQG�SHUVRQV�SHU�KRXVH�
KROG���,Q�DGGLWLRQ��DXWR�RZQHUVKLS�GHFOLQHV�DV�UHWDLO�LQWHQVLW\�LQFUHDVHV�RU�WKH�SHGHVWULDQ
HQYLURQPHQW� LPSURYHV�� �7KH�UHYLVHG�PRGHO�SHUIRUPV�VOLJKWO\�EHWWHU� IRU� WKH�PRVW�SHGHV�
WULDQ�IULHQGO\�DQG�OHDVW�SHGHVWULDQ�IULHQGO\�DUHDV��HVSHFLDOO\� LQ�SUHGLFWLQJ� WKH�QXPEHU�RI
]HUR�FDU�KRXVHKROGV�

(YDOXDWLRQ

$OWKRXJK�SDUWLFXODUO\�XVHIXO�LQ�HVWLPDWLQJ�WKH�LPSDFWV�RI�XUEDQ�GHVLJQ�FRQFHSWV�VXFK�DV
QHRWUDGLWLRQDO� QHLJKERUKRRGV� RQ� YHKLFOH� DYDLODELOLW\� DQG� WUDIILF� OHYHOV�� WKH� H[SDQGHG
3RUWODQG�PRGHO�DOVR�GHPRQVWUDWHV�KRZ�QRQPRWRUL]HG�WUDYHO�EHKDYLRU�FDQ�EH�UHIOHFWHG�LQ�D
YHKLFOH�DYDLODELOLW\�PRGHO���7KLV�LV�GRQH�ZLWKRXW�DVVXPLQJ�WKDW�SHGHVWULDQ�WUDYHO�LV�HVVHQ�
WLDOO\� XELTXLWRXV�� RU� WKDW� WKH� SHGHVWULDQ� HQYLURQPHQW� KDV� QR� LPSDFW� RQ� YHKLFXODU� WULS�
PDNLQJ�RU�YHKLFOH�DYDLODELOLW\���,Q�3RUWODQG’V�FDVH��D�VLPSOLILHG�'HOSKL�DSSURDFK�ZDV�XVHG
WR�REWDLQ�DJUHHG�XSRQ�YDOXHV�RI�WKH�IRXU�FRPSRQHQWV�RI�WKH�3()�ZLWK�D�PLQLPXP�DPRXQW
RI�HIIRUW���0RUH�GHWDLOHG�TXDOLWDWLYH�DSSURDFKHV�FDQ�DOVR�EH�XVHG�WR�PHDVXUH�VWUHHW�ZLGWKV
DQG�REVHUYH�WUDIILF�DQG�SHGHVWULDQ�VLJQDO�WLPLQJ�� WDEXODWH�VLGHZDON�FRQWLQXLW\�FKDUDFWHU�
LVWLFV�� HYDOXDWH� EORFN� VL]HV�� DQG�PHDVXUH� ODQG� VORSHV�� � 6RPH� VWUDWHJ\� VKRXOG� EH�XVHG� WR
PHDVXUH�SHGHVWULDQ�FRQGLWLRQV�DQG� WR� LQFRUSRUDWH� WKHVH�YDULDEOHV� LQWR� WKH�YHKLFOH� DYDLO�
DELOLW\�PRGHO�LQ�DQ\�UHJLRQ�ZKHUH�ZDONLQJ�LV�D�YLDEOH�PRGH�RI�WUDYHO��DQG�RU�ZKHUH�WKH
SHGHVWULDQ�HQYLURQPHQW�YDULHV�VLJQLILFDQWO\�GXH�WR�GLIIHUHQFHV�LQ�VWUHHW�ZLGWKV��VLGHZDON
FRQWLQXLW\��ORFDO�VWUHHW�FRQWLQXLW\��DQG�KLOOLQHVV�

����� 7KH�3KLODGHOSKLD�2UGHUHG�5HVSRQVH�/RJLW�0RGHO

'HVFULSWLRQ

,Q� D� UHFHQW� YHKLFOH� DYDLODELOLW\� PRGHOLQJ� HIIRUW� SHUIRUPHG� IRU� WKH� 'HODZDUH� 9DOOH\
5HJLRQDO�3ODQQLQJ�&RXQFLO��DOWHUQDWLYH�PRGHO�VWUXFWXUHV�ZHUH�WHVWHG����,Q�DGGLWLRQ��D�FRP�
ELQDWLRQ�RI�GDWD� VRXUFHV�ZHUH�XVHG�� � KRXVHKROG� VXUYH\�GDWD�� ]RQDO� VRFLRHFRQRPLF�GDWD�
KLJKZD\�DQG�WUDQVLW�DFFHVVLELOLW\�YDULDEOHV�EDVHG�RQ�FRPELQDWLRQV�RI�]RQDO�DQG�WUDQVSRU�
WDWLRQ� QHWZRUN� GDWD�� DQG� SHGHVWULDQ� HQYLURQPHQW� IDFWRUV� GHYHORSHG� DW� WKH� ]RQDO� OHYHO�
7KH�UHVXOWLQJ�PRGHO�UHSUHVHQWV�DQ�H[WHQVLRQ�RI� WKH�DGYDQFHG�IHDWXUHV�RI� WKH�6HDWWOH�DQG
����� 3RUWODQG� PRGHOV� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQV� DQG� FDQ� EH� SUHVHQWHG� E\
GHVFULELQJ�WKHVH�H[WHQVLRQV�

7KH�ILUVW�H[WHQVLRQ�RI�WKH�3RUWODQG�PRGHO�LQYROYHG�WKH�HVWLPDWLRQ�RI�WZR�PRGHO�VWUXFWXUHV�
PXOWLQRPLDO�ORJLW��01/��DQG�RUGHUHG�UHVSRQVH�ORJLW��25/��� �)LJXUH�����VKRZV�WKHVH�WZR
VWUXFWXUHV�� � 7KH�01/� VWUXFWXUH� LV� FRQVLVWHQW�ZLWK� WKH� DVVXPSWLRQ� WKDW� HDFK� KRXVHKROG
PDNHV�D�RQH�WLPH�FKRLFH�RI� WKH�QXPEHU�RI�YHKLFOHV� WR�KDYH�� �7KH�25/�VWUXFWXUH��RQ� WKH
RWKHU�KDQG��DVVXPHV� WKDW�KRXVHKROGV�DUULYH�DW� WKHLU� FXUUHQW�YHKLFOH�DYDLODELOLW\� OHYHO�E\

�����������������������������������������������������
�&DPEULGJH� 6\VWHPDWLFV�� ,QF���(QKDQFHPHQW� RI�'953&’V�7UDYHO� 6LPXODWLRQ�0RGHOV�� � 7DVN� ����9HKLFOH
$YDLODELOLW\�0RGHO��3KLODGHOSKLD��3HQQV\OYDQLD��$SULO������
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Figure 3.1 Alternative Vehicle Availability Model Structures -  
 Philadelphia Model
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Multinomial Logit Structure
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PDNLQJ�D�VHTXHQFH�RI�GHFLVLRQV�� �ILUVW�ZKHWKHU�RU�QRW�WR�KDYH�D�YHKLFOH�� WKHQ�ZKHWKHU�WR
KDYH�RQH�YHKLFOH�RU�PRUH�WKDQ�RQH��HW�FHWHUD���$W�HDFK�VWDJH��LI�WKH�ORZHU�OHYHO�RI�YHKLFOH
DYDLODELOLW\�LV�VHOHFWHG��WKH�SURFHVV�LV�FRQFOXGHG�DQG�WKH�KRXVHKROG�KDV�PDGH�LWV�FXUUHQW
FKRLFH�RI�YHKLFOH�DYDLODELOLW\� OHYHO�� �)ROORZLQJ� WKH�XVXDO�SUDFWLFH�� WKH�HQWLUH�01/�PRGHO
FDQ� EH� HVWLPDWHG� LQ� D� VLQJOH� VWDWLVWLFDO� HVWLPDWLRQ� VWHS�� � (VWLPDWLRQ� RI� WKH� 25/�PRGHO�
KRZHYHU�� LQYROYHV�HVWLPDWLQJ�RQH�OHVV�PRGHO�WKDQ�WKH�WRWDO�QXPEHU�RI�DOWHUQDWLYHV� �IRXU
VXEPRGHOV� LQ� WKH� FDVH� RI� WKH� 3KLODGHOSKLD�PRGHO��� � 7KH� ILUVW� HVWLPDWLRQ� XVHV� DOO� KRXVH�
KROGV�� EHFDXVH� DOO� KRXVHKROGV� FKRRVH� WR� KDYH� HLWKHU� ]HUR� RU� RQH� RU�PRUH� YHKLFOHV�� � )RU
HDFK� VXEVHTXHQW� HVWLPDWLRQ�KRZHYHU�� WKH� REVHUYDWLRQV� DUH� OLPLWHG� WR� RQO\� WKRVH� KRXVH�
KROGV�ZKLFK� FKRRVH� RQH� RI� WKH� WZR� DOWHUQDWLYHV� DYDLODEOH�� � RQH� RU� WZR� RU�PRUH�� WZR� RU
WKUHH�RU�PRUH��HW�FHWHUD�

7KH� VHFRQG� H[WHQVLRQ� LQYROYHG� FRPELQLQJ� KLJKZD\� DQG� WUDQVLW� DFFHVVLELOLW\� YDULDEOHV
VLPLODU�WR�WKRVH�XVHG�LQ�WKH�6HDWWOH�PRGHO�ZLWK�SHGHVWULDQ�HQYLURQPHQW�YDULDEOHV�VLPLODU
WR� WKRVH� LQFOXGHG� LQ� WKH������3RUWODQG�PRGHO�� �:LWK�UHVSHFW� WR� WKH�SHGHVWULDQ�YDULDEOHV�
WKH�VDPH�HVWLPDWLRQ�VWUDWHJ\�ZDV�XVHG�WR�REWDLQ�]RQDO�YDOXHV�RI�IRXU�YDULDEOHV���2QH�YDUL�
DEOH�ZDV�FKDQJHG��KRZHYHU�� � VLQFH�KLOOLQHVV� LV�QRW�D� VLJQLILFDQW� IDFWRU� LQ�3KLODGHOSKLD��D
PHDVXUH�EDVHG�RQ�WKH�W\SLFDO�EXLOGLQJ�VHWEDFNV�LQ�D�]RQH�UHSODFHG�WKH�WRSRJUDSK\�PHDV�
XUH� XVHG� LQ� 3RUWODQG�� � $QRWKHU� FKDQJH� LQ� WKH� GHILQLWLRQ� RI� WKH� 3()� ZDV� WKH� XVH� RI� D
ZHLJKWHG� VXP�RI� WKH� WKUHH� FRPSRQHQWV� EDVHG� RQ� QRQPRWRUL]HG�PRGH� FKRLFH�PRGHOLQJ
UHVXOWV�ZKLFK� LQGLFDWHG� WKDW� WKH� IROORZLQJ� UHODWLYH�ZHLJKWV� VKRXOG� EH� WKRVH� LQFOXGHG� LQ
WKH�GHILQLWLRQ�RI�WKH�3()�YDULDEOH�

3()� ������6LGHZDON�$YDLODELOLW\���������(DVH�RI�6WUHHW�&URVVLQJV��
������%XLOGLQJ�6HWEDFNV

7KH� IRXUWK� SHGHVWULDQ� YDULDEOH�� VWUHHW� FRQQHFWLYLW\�� ZDV� OHVV� QHJDWLYHO\� FRUUHODWHG� ZLWK
YHKLFOH�DYDLODELOLW\�WKDQ�WKH�WKUHH�UHPDLQLQJ�YDULDEOHV�

7KH� ILQDO� H[WHQVLRQ� LQYROYHG� WKH� XVH� RI� GXPP\�YDULDEOHV� WR� UHIOHFW� WKH� XQOLNHOLKRRG� RI
KRXVHKROGV�FKRRVLQJ�WR�KDYH�PRUH�WKDQ�RQH�YHKLFOH�SHU�SHUVRQ�LQ�WKH�KRXVHKROG���7KHVH
YDULDEOHV�ZHUH�VHW�WR�RQH�LQ�D�SDUWLFXODU�DOWHUQDWLYH�LI�WKH�QXPEHU�RI�YHKLFOHV�LQ�WKH�DOWHU�
QDWLYH� �WKUHH�� IRU� H[DPSOH�� H[FHHGHG� WKH� QXPEHU� RI� SHUVRQV� LQ� WKH� KRXVHKROG� �WZR�� IRU
H[DPSOH��

%HFDXVH� WKH� WZR�PRGHO� VWUXFWXUHV� FRXOG�QRW�EH�FRPSDUHG�VWDWLVWLFDOO\�DW� WKH�PRGHO�HVWL�
PDWLRQ�VWDJH�� LW�ZDV�QHFHVVDU\�QRW�RQO\� WR� HVWLPDWH�ERWK� VWUXFWXUHV�� EXW� DOVR� WR� FRQGXFW
GLVDJJUHJDWH�DQG�DJJUHJDWH�YDOLGDWLRQ�IRU�ERWK�PRGHOV�EHIRUH�VHOHFWLQJ�WKH�RQH�ZKLFK�EHVW
UHSOLFDWHV�WKH�REVHUYHG�GDWD���,Q�WKH�3KLODGHOSKLD�FDVH��DOWKRXJK�WKH�WZR�PRGHOV�ERWK�SHU�
IRUPHG�YHU\�ZHOO��WKH�25/�VWUXFWXUH�KDG�D�VPDOO�EXW�FRQVLVWHQWO\�KLJKHU�OHYHO�RI�DFFXUDF\�
7KXV�� LW�ZDV� VHOHFWHG� IRU� LQFOXVLRQ� LQ� WKH� XSGDWHG� 3KLODGHOSKLD� UHJLRQDO�PRGHO� V\VWHP�
7DEOH����� VXPPDUL]HV� HDFK� RI� WKH� IRXU� VXEPRGHOV� ZKLFK� PDNH� XS� WKH� FRPSOHWH� 25/
PRGHO�� � $V� GHVLUHG�� WKH� PRGHO� LQFOXGHV� YDULDEOHV� UHIOHFWLQJ� KRXVHKROG�� ]RQDO� GHQVLW\�
SHGHVWULDQ�HQYLURQPHQW��DFFHVVLELOLW\��DQG�SHUVRQV�SHU�KRXVHKROG�GXPP\�YDULDEOHV���7KH
VWURQJHVW� YDULDEOHV� DUH� WKH� QDWXUDO� ORJDULWKP� RI� KRXVHKROG� LQFRPH� �IRXQG� WR� SURYLGH� D
EHWWHU� VWDWLVWLFDO� ILW� WKDQ� LQFRPH� LQ� GROODUV� ZLWKRXW� DQ\� WUDQVIRUPDWLRQ��� ZRUNHUV� SHU
KRXVHKROG��DQG�WKH�YHKLFOHV�SHU�SHUVRQ�GXPPLHV���$UHD�W\SH��&%'��XUEDQ��VXEXUEDQ�DQG
UXUDO��GXPP\�YDULDEOHV�ZHUH�DOVR�WHVWHG�EXW�ZHUH�QRW�QHHGHG���7KLV�LV�D�GHVLUHG�RXWFRPH�
WKHVH�VRPHZKDW�DUELWUDU\�]RQDO�FODVVLILFDWLRQV�DUH�UHSODFHG�LQ�WKH�PRGHO�ZLWK�PRUH�TXDQ�
WLWDWLYH�GHQVLW\�DQG�DFFHVVLELOLW\�YDULDEOHV�
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7DEOH���� 6SHFLILFDWLRQ�RI�WKH�3KLODGHOSKLD
9HKLFOH�$YDLODELOLW\�0RGHO

9HKLFOH�$YDLODELOLW\�'HFLVLRQ�

9DULDEOH ���� ���� ���� ����

3HUVRQV�SHU�+RXVHKROG ������ ������ ¥ ������
��� ��� ¥ ���

:RUNHUV�SHU�+RXVHKROG ������ ������ ����� ������
��� ��� ��� ���

3RSXODWLRQ�'HQVLW\� ¥������� ¥������� ¥ ¥
��� ��� ¥ ¥

(PSOR\HG�3HUVRQ�'HQVLW\� ¥ ¥ ¥������� ¥�������
¥ ¥ ��� ���

/Q�+RXVHKROG�,QFRPH�� ����� ����� ������ ������
���� ���� ��� ���

3HGHVWULDQ�(QYLURQPHQW� ¥������ ¥������ ¥ ¥
��� ��� ¥ ¥

7UDQVLW�+LJKZD\�$FFHVV�5DWLR� ¥����� ¥����� ¥������ ¥
��� ��� ��� ¥

3HUVRQV�/HVV�WKDQ�9HKLFOHV� ¥ ¥����� ¥������ ¥������
¥ ��� ��� ���

$OWHUQDWLYH�VSHFLILF�&RQVWDQW ¥������ ¥����� ¥����� ¥�����
��� ��� ��� ���

1XPEHU�RI�2EVHUYDWLRQV ����� ����� ����� ���

5KR�VTXDUHG�ZLWK�UHVSHFW�WR�]HUR ����� ����� ����� �����

1RWHV�

� (DFK�FROXPQ�UHSUHVHQWV�D�VXEPRGHO�KDYLQJ�WKH�WZR�DOWHUQDWLYHV�VKRZQ���([FHSW�IRU�WKH�ILUVW�PRGHO��HDFK�LV
FRQGLWLRQDO�RQ�DW� OHDVW� WKH� VPDOOHU�QXPEHU�RI�YHKLFOHV�EHLQJ�DYDLODEOH�� � ,Q�DGGLWLRQ�� LQ�HDFK� VXEPRGHO� WKH
XWLOLW\�RI�WKH�ILUVW�DOWHUQDWLYH�HTXDOV�]HUR��DQG�WKH�XWLOLW\�RI�WKH�VHFRQG�LV�DV�GHILQHG�LQ�WKH�FROXPQ���(DFK�FHOO
RI� WKH� WDEOH� FRQWDLQV� WKH� HVWLPDWHG� FRHIILFLHQW� �LI� DQ\�� LQ� WKH� WRS� URZ�� DQG� WKH� HVWLPDWHG� W�VWDWLVWLF� LQ� WKH
ERWWRP�URZ���7�VWDWLVWLFV�JUHDWHU�WKDQ������LQGLFDWH�VWDWLVWLFDOO\�VLJQLILFDQW�FRHIILFLHQWV�DW�WKH����SHUFHQW�FRQ�
ILGHQFH�OHYHO�

� 7KH�XQLWV�DUH�SHUVRQV�SHU�DFUH�DQG�WRWDO�HPSOR\HG�SHUVRQV�SHU�DFUH�
� 7KLV�YDULDEOH�LV�WKH�QDWXUDO�ORJDULWKP�RI�DQQXDO�KRXVHKROG�LQFRPH�LQ�WKRXVDQGV�RI������GROODUV�
� 7KLV�YDULDEOH�LV�D�ZHLJKWHG�VXP�RI�WKH�IRXU�SHGHVWULDQ�HQYLURQPHQW�DVVHVVPHQW�PHDVXUHV�GLVFXVVHG�LQ�WKH
WH[W���7KH�YDOXH�RI�WKH�VXP�LV�LQ�WKH�UDQJH������WR������

� 7KLV�YDULDEOH�LV�WKH�UDWLR�RI�WKH�SHUFHQWDJH�RI�WRWDO�UHJLRQDO�HPSOR\PHQW�ZKLFK�FDQ�EH�UHDFKHG�LQ����PLQXWHV
E\� WUDQVLW� IURP� WKH� RULJLQ� ]RQH� WR� WKH�SHUFHQWDJH�RI� WRWDO� UHJLRQDO� HPSOR\PHQW� WKDW� FDQ�EH� UHDFKHG� LQ� ��
PLQXWHV�E\�KLJKZD\�IURP�WKH�RULJLQ�]RQH�

� 7KHVH� YDULDEOHV� HTXDO� �� LI� WKH� QXPEHU� RI� SHUVRQV� LQ� WKH� KRXVHKROG� LV� OHVV� WKDQ� WKH�PLQLPXP�QXPEHU� RI
YHKLFOHV�LQ�WKH�DOWHUQDWLYH��DQG���RWKHUZLVH�
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(YDOXDWLRQ

7KH� 3KLODGHOSKLD�PRGHO� FRQWDLQV� WKH� IXOO� UDQJH� RI� GHVLUHG� YDULDEOHV� H[SHFWHG� WR� DIIHFW
YHKLFOH�DYDLODELOLW\�� � ,WV�VWUXFWXUH�ZDV�VHOHFWHG�DIWHU� WHVWLQJ�ERWK�25/�DQG�01/�DOWHUQD�
WLYHV�� � )RU� UHJLRQV� ZKLFK� KDYH� KRXVHKROG� WUDYHO� VXUYH\� GDWD�� D� WUDQVLW� V\VWHP� ZKLFK
SURYLGHV�D�VXIILFLHQW�OHYHO�RI�VHUYLFH�WR�DWWUDFW�QRQFDSWLYH�ULGHUV��DQG�VLJQLILFDQW�YDULDWLRQV
LQ�WKH�SHGHVWULDQ�HQYLURQPHQW�E\�]RQH��WKLV�W\SH�RI�DGYDQFHG�YHKLFOH�DYDLODELOLW\�PRGHO
VKRXOG�EH�FRQVLGHUHG�ZKHQ�QHZ�PRGHOV�DUH�WR�EH�GHYHORSHG�

7KHUH�DUH�D�QXPEHU�RI�SRWHQWLDO�OLPLWDWLRQV�RI�WKH�3KLODGHOSKLD�PRGHO��KRZHYHU���,Q�IXWXUH
PRGHO�GHYHORSPHQW�HIIRUWV��DGGLWLRQDO�PRGHO�VWUXFWXUHV�FRXOG�DOVR�EH�WHVWHG�¥�WZR�SRVVL�
ELOLWLHV�DUH�D�QHVWHG�ORJLW�VWUXFWXUH��ZKLFK�ZDV�DWWHPSWHG�IRU�WKH�3KLODGHOSKLD�PRGHO��EXW
ZRXOG�QRW�FRQYHUJH�WR�D�VWDEOH�VHW�RI�FRHIILFLHQWV��DQG�D�SURELW�RUGHUHG�UHVSRQVH�VWUXFWXUH�
$OVR��PRUH�REMHFWLYHO\�PHDVXUHG�SHGHVWULDQ�HQYLURQPHQW�YDULDEOHV� FRXOG�EH�GHYHORSHG�
SRVVLEO\�XVLQJ�D�*,6�V\VWHP�WR�GHWHUPLQH�PRUH�GHWDLOHG�YHUVLRQV�RI�WKH�FRPSRQHQWV�RI�WKH
3()�YDULDEOH���)LQDOO\��PRUH�LQFOXVLYH�DFFHVVLELOLW\�YDULDEOHV�ZLWKRXW�DUELWUDU\�WLPH�FXWRIIV
FRXOG�EH�EDVHG�RQ� ORJVXP�YDULDEOHV�REWDLQHG�IURP�ORJLW�PRGH�FKRLFH�DQG�RU�GHVWLQDWLRQ
FKRLFH�PRGHOV�
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��� ,QQRYDWLYH�$SSURDFKHV

7KH� PRGHOV� GLVFXVVHG� LQ� 6HFWLRQV����� DQG� ���� SURYLGH� D� EURDG� UDQJH� RI� DOWHUQDWLYH
DSSURDFKHV� WR� YHKLFOH� DYDLODELOLW\� PRGHOLQJ� IRU� FRQVLGHUDWLRQ� E\� 032V� DQG� VWDWHZLGH
PRGHO�GHYHORSHUV�� �'HSHQGLQJ�PDLQO\� RQ�GDWD� DYDLODELOLW\� DQG� WKH�QHHG� WR� LQFRUSRUDWH
DFFHVVLELOLW\�DQG�SHGHVWULDQ� HQYLURQPHQW� IDFWRUV� LQ� WKH� IRUHFDVWV� IRU� D�SDUWLFXODU� UHJLRQ�
PRGHOHUV�FDQ�FKRRVH�D�GHYHORSPHQW�VWUDWHJ\�ZKLFK�ZLOO�SURYLGH�IRU�WKH�FXUUHQW�QHHGV�IRU
YHKLFOH�DYDLODELOLW\�IRUHFDVWLQJ�ZLWKLQ�DQ\�VWDWH�RI�WKH�SUDFWLFH�WUDYHO�IRUHFDVWLQJ�SURFHVV�
,I�� RQ� WKH�RWKHU�KDQG��QHZ�DSSURDFKHV� WR� UHJLRQDO�PRGHOLQJ� VXFK�DV� DFWLYLW\�EDVHG� V\V�
WHPV� DQG�RU� SUHGLFWLQJ� YHKLFOH� IOHHW� FRPSRVLWLRQV� DUH� IRUHVHHQ�� WKHQ� PRUH� GHWDLOHG
KRXVHKROG�PRGHOLQJ��LQFOXGLQJ�JUHDWHU�GHWDLO�RQ�YHKLFOH�DYDLODELOLW\��YHKLFOH�W\SH�FKRLFH�
DQG�YHKLFOH�XVDJH�ZLOO�SUREDEO\�EH�UHTXLUHG���7KLV�VHFWLRQ�GLVFXVVHV�H[DPSOHV�RI�LQQRYD�
WLYH�DSSURDFKHV�ZKLFK�KDYH�EHHQ�WDNHQ�WR�DGGUHVV�LVVXHV�VXFK�DV�WKHVH���7KHVH�LQQRYDWLYH
DSSURDFKHV� KDYH� QRW� UHDFKHG� WKH� VWDJH� RI� FRPSOHWH� LPSOHPHQWDWLRQ�ZLWKLQ� VWDWH� RI� WKH
SUDFWLFH� PRGHO� V\VWHPV�� LQVWHDG�� WKH\� KDYH� EHHQ� GHYHORSHG� LQ� WKH� DFDGHPLF� UHVHDUFK
FRPPXQLW\� WR� DGGUHVV� LVVXHV� RI� YHKLFOH� IOHHW� FRPSRVLWLRQ�� XVDJH�� DQG� HQHUJ\� UHTXLUH�
PHQWV��RU�WR�H[SORUH�WKH�SRWHQWLDO�RI�XVLQJ�KRXVHKROG�SDQHO�VXUYH\�GDWD��LQIRUPDWLRQ�FRO�
OHFWHG�IURP�WKH�VDPH�VHW�RI�KRXVHKROGV�DW�WZR�RU�PRUH�SRLQWV�LQ�WLPH��DQG�VWDWHG�SUHIHUHQFH
VXUYH\�GDWD�WR�GHYHORS�PRUH�GHWDLOHG�DFWLYLW\�WUDYHO�IRUHFDVWLQJ�SURFHGXUHV���([DPSOHV�RI
UHFHQW�ZRUN�LQ�ERWK�RI�WKHVH�DUHDV�DUH�GLVFXVVHG�LQ�WKH�VXEVHFWLRQV�ZKLFK�IROORZ�

n ��� 9HKLFOH�7\SH�&KRLFH�0RGHOV

����� 'HVFULSWLRQ

,Q�������.HQQHWK�7UDLQ�SXEOLVKHG�WKH�UHVXOWV�RI�KLV�GHYHORSPHQW�RI�D�FRPELQHG�PRGHO�RI
KRXVHKROG�YHKLFOH�DYDLODELOLW\�DQG�YHKLFOH�W\SH�FKRLFH����7KLV�PRGHO�LV�EDVHG�RQ�D�QDWLRQDO
VDPSOH� RI� ������ KRXVHKROGV� FRQGXFWHG� LQ� ������ ZKLFK� LQFOXGHV� VRFLRHFRQRPLF� GDWD�
GHWDLOHG�YHKLFOH�W\SH�GDWD��YHKLFOH�XVDJH�LQIRUPDWLRQ��YHKLFOH�SXUFKDVH�DQG�VDOH�LQIRUPD�
WLRQ�� DQG� D� RQH�GD\� WULS� GLDU\� IRU� HDFK� KRXVHKROG� PHPEHU�� � 7KLV� VXUYH\� GDWD� ZDV
VXSSOHPHQWHG�E\�LQIRUPDWLRQ�RQ�WKH�FKDUDFWHULVWLFV�RI�PRUH�WKDQ�������PDNHV�DQG�PRGHOV
RI� ���������� YLQWDJH� YHKLFOHV�� LQFOXGLQJ� SK\VLFDO� GLPHQVLRQV�� RSHUDWLQJ� FKDUDFWHULVWLFV
DQG�FRVWV��UHSDLU�UHFRUGV��SULFHV��DQG�IXHO�HIILFLHQF\���,QIRUPDWLRQ�RQ�WKH�SRSXODWLRQ�RI�WKH
KRXVHKROG’V�PHWURSROLWDQ�DUHD�DQG�WKH�QXPEHU�RI�WUDQVLW�WULSV�LQ�WKH�UHJLRQ�ZDV�DOVR�XVHG�

7KH�RYHUDOO�VWUXFWXUH�RI�WKH�DXWR�RZQHUVKLS�DQG�XVH�PRGHO�LQ�VKRZQ�LQ�)LJXUH�������7KH�ILUVW
FRPSRQHQW�LV�D�YHKLFOH�TXDQWLW\�RU�DXWR�RZQHUVKLS�VXEPRGHO�ZKLFK�LQFOXGHV�KRXVHKROG

�����������������������������������������������������
�.��7UDLQ��4XDOLWDWLYH�&KRLFH�$QDO\VLV��7KHRU\��(FRQRPHWULFV��DQG�DQ�$SSOLFDWLRQ�WR�$XWRPRELOH�'HPDQG�
0,7�3UHVV��&DPEULGJH��0DVVDFKXVHWWV�������
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0 vehicles 1 vehicle 2+ vehicles

Number of vehicles

Class/vintage of vehicle 
(make/model choice is 

implicit)

Class/vintage of  pair of 
vehicles (make/model 

choice is implicit)

Annual VMT
Annual VMT in each 

vehicle

Proportion of VMT that 
is work/nonwork, 

intracity/nonintracity

Proportion of VMT in 
each vehicle that is 

work/nonwork, 
intracity/nonintracity

Auto Ownership and Use Model

Figure 4.1 Structure of Train’s Auto Ownership and Use Model

Source:  K. Train, Qualitative Choice Analysis:  Theory, Econometrics, and an Application to Automobile  
 Demand, MIT Press, Cambridge, Massachusetts, 1986.
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VRFLRHFRQRPLF�DQG�UHJLRQDO�WUDQVLW�XVDJH�YDULDEOHV���7KH�ODWWHU�VHUYHV�D�VLPLODU�SXUSRVH�WR
WKH�WUDQVLW�DFFHVVLELOLW\�YDULDEOHV�XVHG�LQ�VRPH�RI�WKH�PRGHOV�GLVFXVVHG�LQ�6HFWLRQ�������,Q
DGGLWLRQ�� WKH� RZQHUVKLS�PRGHO� LQFOXGHV� D� YDULDEOH� EDVHG� RQ� WKH� DYHUDJH� XWLOLW\� RI� WKH
KRXVHKROG’V�YHKLFOH�FODVV�DQG�YLQWDJH�FKRLFH�VXEPRGHO���7KHVH�VXEPRGHOV�DUH�VSHFLILF�WR
WKH� QXPEHU� RI� YHKLFOHV� RZQHG� E\� WKH� KRXVHKROG� �RQH� RU� WZR� RU� PRUH�� DQG� LQFOXGH
YDULDEOHV�UHIOHFWLQJ�SXUFKDVH�SULFH��RSHUDWLQJ�FRVW��VKRXOGHU�URRP�� OXJJDJH�VSDFH��KRUVH�
SRZHU�� YHKLFOH� DJH�� DQG� YHKLFOH� W\SH� �SDVVHQJHU� FDU�� SLFNXS�� RU� YDQ��� � $GGLWLRQDO
VXEPRGHOV��QRW�UHOHYDQW�LQ�WKH�UHJLRQDO�PRGHOLQJ�FRQWH[W��GHDO�ZLWK�DQQXDO�YHKLFOH�PLOHV
RI�WUDYHO��907��SHU�YHKLFOH�DQG�WKH�VSOLW�RI�907�LQWR�ZRUN�DQG�QRQZRUN�FRPSRQHQWV�

7KH�VSHFLILFDWLRQ�RI�WKH�DXWR�RZQHUVKLS�VXEPRGHO�LV�LQFOXGHG�LQ�7DEOH�������7KH�FRHIILFLHQW
RI�WKH�DYHUDJH�XWLOLW\�RI�WKH�FODVV�YLQWDJH�VXEPRGHO���������LV�KLJKO\�VLJQLILFDQW��LQGLFDWLQJ
WKDW� WKH� WUDGHRIIV�EHWZHHQ�GLIIHUHQW�YHKLFOH� FODVVHV� DQG�YLQWDJHV� DUH�PXFK�PRUH� FORVHO\
UHODWHG�ZLWKLQ� D� JLYHQ� YHKLFOH� RZQHUVKLS� OHYHO� WKDQ� LV� WKH� MRLQW� WUDGHRII� RI� QXPEHU� RI
YHKLFOHV�DQG�YHKLFOH�W\SH�

����� (YDOXDWLRQ

%\�SURYLGLQJ�D� OLQNDJH�EHWZHHQ�DXWR�RZQHUVKLS��YHKLFOH� FODVV� DQG�YLQWDJH�� DQG�YHKLFOH
XVDJH�� WKH�7UDLQ�PRGHO� V\VWHP�KDV� WKH� IRUP�RI� D�PXOWLSO\�QHVWHG� ORJLW�PRGHO� LQ�ZKLFK
HDFK�RI�WKHVH�FKRLFHV�LV�DQ�LQWHUUHODWHG�KRXVHKROG�GHFLVLRQ���7KHVH�LQWHUUHODWLRQVKLSV�SUR�
YLGH�D�PRUH�DFFXUDWH�PHDQV�RI�UHSUHVHQWLQJ�WKH�KRXVHKROG’V�YHKLFOH�RZQHUVKLS�DQG�XVDJH
FKRLFH�SURFHVV��RQH�WKDW�JRHV�EH\RQG�WKH�UHTXLUHPHQWV�RI�FXUUHQW�UHJLRQDO�PRGHOV���+RZ�
HYHU�� DV� IXWXUH� UHJLRQDO� PRGHOV� ZKLFK� LQFOXGH� DGGLWLRQDO� FRPSRQHQWV� RI� KRXVHKROG
DFWLYLWLHV� DUH� GHYHORSHG�� WKH� LPSRUWDQFH� RI� YHKLFOH� W\SH� PRGHOLQJ� DV� ZHOO� DV� YHKLFOH
RZQHUVKLS�PRGHOLQJ�LV�H[SHFWHG�WR�LQFUHDVH�

n ��� '\QDPLF�0RGHOV�RI�9HKLFOH�$YDLODELOLW\

����� 'HVFULSWLRQ

$V�DQ�DOWHUQDWLYH�WR�HVWLPDWLQJ�KRZ�PDQ\�YHKLFOHV�DUH�DYDLODEOH�WR�D�KRXVHKROG�DW�D�JLYHQ
SRLQW�LQ�WLPH��PRGHOV�FDQ�EH�GHYHORSHG�WR�SUHGLFW�KRZ�KRXVHKROGV�ZLOO�FKDQJH�WKHLU�YHKL�
FOH�DYDLODELOLW\�DV�WKH�KRXVHKROG�FKDQJHV��LWV�YHKLFOHV�JHW�ROGHU��WKH�WUDQVSRUWDWLRQ�V\VWHP
FKDQJHV��DQG�ERWK�YHKLFXODU�RSHUDWLQJ�FRVWV�DQG�SXUFKDVH�FRVWV�FKDQJH�� �0RGHOV�RI� WKLV
W\SH�UHTXLUH�WLPH�VHULHV�GDWD�IRU�HVWLPDWLRQ��DQG�W\SLFDOO\�DOVR� LQFOXGH�YHKLFOH� W\SH�FRQ�
VLGHUDWLRQV�DV� LQ�WKH�7UDLQ�PRGHO�� �+RXVHKROG�SDQHO�VXUYH\V��FRQGXFWHG�DW� WZR�RU�PRUH
SRLQWV� LQ�WLPH��DUH�UHTXLUHG�IRU�WKHVH�PRGHOV�� � ,Q�DGGLWLRQ��EHFDXVH�G\QDPLF�PRGHOV�DUH
RIWHQ� FRQFHUQHG� ZLWK� KRZ� DXWR� RZQHUVKLS� SDWWHUQV� ZLOO� FKDQJH� DV� QHZ� YHKLFOH� W\SHV
EHFRPH�DYDLODEOH��LQIRUPDWLRQ�PD\�DOVR�EH�UHTXLUHG�RQ�KRZ�KRXVHKROGV�ZLOO�UHVSRQG�WR
QHZ� YHKLFOH� W\SHV�� � 6WDWHG�SUHIHUHQFH� VXUYH\V� DUH� GHVLJQHG� WR� REWDLQ� LQIRUPDWLRQ� RQ
K\SRWKHWLFDO�FKRLFHV�LQ�H[SHULPHQWDO�GHVLJQV�ZKLFK�IDFLOLWDWH�WKH�GHWHUPLQDWLRQ�RI�WUDGH�
RIIV�EHWZHHQ�MRLQWO\�YDU\LQJ�FKDUDFWHULVWLFV�RI�WKHVH�QRW�\HW�DYDLODEOH�FKRLFHV�
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7DEOH���� 6SHFLILFDWLRQ�RI�7UDLQ’V�9HKLFOH�4XDQWLW\�6XEPRGHO

([SODQDWRU\�9DULDEOH
(VWLPDWHG
&RHIILFLHQW W�VWDWLVWLF

�� /RJ�RI�KRXVHKROG�LQFRPH��HQWHULQJ�RQH�YHKLFOH�DOWHUQDWLYH ���� ����

�� /RJ�RI�KRXVHKROG�LQFRPH��HQWHULQJ�WZR�YHKLFOH�DOWHUQDWLYH ���� ����

�� 1XPEHU�RI�ZRUNHUV�LQ�KRXVHKROG��HQWHULQJ�RQH�YHKLFOH
DOWHUQDWLYH

���� ����

�� 1XPEHU�RI�ZRUNHUV�LQ�KRXVHKROG��HQWHULQJ�WZR�YHKLFOH
DOWHUQDWLYH

���� ����

�� /RJ�RI�QXPEHU�RI�PHPEHUV�LQ�KRXVHKROG��HQWHULQJ�RQH�YHKLFOH
DOWHUQDWLYH

����� ����

�� /RJ�RI�QXPEHU�RI�PHPEHUV�LQ�KRXVHKROG��HQWHULQJ�WZR�YHKLFOH
DOWHUQDWLYH

����� ����

�� $QQXDO�QXPEHU�RI�WUDQVLW�WULSV�SHU�FDSLWD�LQ�KRXVHKROG’V�DUHD�RI
UHVLGHQFH��HQWHULQJ�RQH�YHKLFOH�DOWHUQDWLYH

¥������ ����

�� $QQXDO�QXPEHU�RI�WUDQVLW�WULSV�SHU�FDSLWD�LQ�KRXVHKROG’V�DUHD�RI
UHVLGHQFH��HQWHULQJ�WZR�YHKLFOH�DOWHUQDWLYH

¥������ ����

�� $YHUDJH�XWLOLW\�LQ�FODVV�YLQWDJH�FKRLFH ����� ����

��� $OWHUQDWLYH�VSHFLILF�FRQVWDQW�IRU�RQH�YHKLFOH�DOWHUQDWLYH ¥���� ����

��� $OWHUQDWLYH�VSHFLILF�FRQVWDQW�IRU�WZR�YHKLFOH�DOWHUQDWLYH ¥���� ����

0RGHO���PXOWLQRPLDO�ORJLW��ILWWHG�E\�PD[LPXP�OLNHOLKRRG�PHWKRG�
$OWHUQDWLYHV������QR�YHKLFOHV�����RQH�YHKLFOH�����WZR�YHKLFOHV�
1XPEHU�RI�REVHUYDWLRQV�������
/RJ�OLNHOLKRRG�DW�]HUR���¥�������
/RJ�OLNHOLKRRG�DW�FRQYHUJHQFH���¥�������

6RXUFH� .��7UDLQ��4XDOLWDWLYH�&KRLFH�$QDO\VLV���7KHRU\��(FRQRPHWULFV��DQG�DQ�$SSOLFDWLRQ�WR�$XWRPRELOH
'HPDQG��0,7�3UHVV��&DPEULGJH��0DVVDFKXVHWWV�������
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$�ORQJ�WHUP�KRXVHKROG�DFWLYLW\�DQG�WUDQVSRUWDWLRQ�SDQHO�VXUYH\�KDV�EHHQ�SHUIRUPHG�IRU
VRPH�WLPH�LQ�WKH�1HWKHUODQGV�DQG�D�QXPEHU�RI�UHVHDUFKHUV�KDYH�DQDO\]HG�LWV�UHVXOWV�DQG
H[SORUHG�LQQRYDWLYH�ZD\V�LQ�ZKLFK�WKH�DGGLWLRQDO�LQIRUPDWLRQ�SURYLGHG�LQ�WKHVH�VXUYH\V
FDQ�EH�XVHG�WR�GHYHORS�PRUH�GHWDLOHG�PRGHOV�RI�KRXVHKROG’V�DFWLYLWLHV�DQG�WUDYHO�SDWWHUQV�
,Q�WKH�8QLWHG�6WDWHV��WKH�RQO\�032�EDVHG�VXUYH\�LQ�ZKLFK�GDWD�KDYH�EHHQ�FROOHFWHG�IRU�D
QXPEHU�RI�SRLQWV� LQ� WLPH� LV� WKH�3XJHW� 6RXQG�5HJLRQDO�&RXQFLO�SDQHO� VXUYH\�� �7KH�GDWD
SURYLGHG� E\� WKLV� VXUYH\� KDYH� EHHQ� DQDO\]HG� H[WHQVLYHO\� E\� DFDGHPLF� UHVHDUFKHUV� DQG
XVHG�IRU�D�QXPEHU�RI�H[SORUDWLRQV�RI�DFWLYLW\�EDVHG�UHJLRQDO�PRGHO�V\VWHPV���6LPLODU�SDQHO
VXUYH\V�FRQGXFWHG�E\�QRQ�032�DJHQFLHV�KDYH�DOVR�EHHQ�XVHG�WR�SURYLGH�WKH�EHKDYLRUDO
LQSXW� WR�PRUH�GHWDLOHG�YHKLFOH�DYDLODELOLW\�DQG�XVDJH�PRGHOLQJ�HIIRUWV�� �7KH� VLWXDWLRQ� LV
YHU\�VLPLODU�ZLWK�UHVSHFW�WR�WKH�FROOHFWLRQ�DQG�XVDJH�RI�VWDWHG�SUHIHUHQFH�GDWD���7KLV�W\SH
RI� LQIRUPDWLRQ�ZDV� UHFHQWO\� FROOHFWHG� DV� SDUW� RI� 3RUWODQG�0HWUR’V� ����� KRXVHKROG� VXU�
YH\LQJ�SURFHVV��EXW�KDV�QRW�\HW�EHHQ�XVHG�IRU�UHJLRQDO�PRGHO�GHYHORSPHQW�

$Q� H[DPSOH� RI� G\QDPLF� PRGHOV� RI� YHKLFOH� DYDLODELOLW\� DQG� YHKLFOH� W\SH� FKRLFH� LV� WKH
PRGHO�GHYHORSPHQW�SODQ�SUHVHQWHG�LQ�D������SDSHU�E\�%URZQVWRQH��%XQFK��DQG�*RORE���
7KH\�GHVFULEH�WKH�XVH�RI�D�SHUVRQDO�YHKLFOH�SDQHO�VXUYH\�ZKLFK�LQFOXGHV�VWDWHG�SUHIHUHQFH
FRPSRQHQWV�WR�GHYHORS�D�YHKLFOH�IRUHFDVWLQJ�V\VWHP�PDGH�XS�RI�D� ODUJH�QXPEHU�RI�VXE�
PRGHOV�� LQFOXGLQJ�D�XVHG�FDU�DQG�VFUDSSDJH�PRGHO�DQG�D�SHUVRQDO�YHKLFOH�PRGHO�ZKLFK
HVWLPDWHV�IRU�D�QXPEHU�RI�SRLQWV�LQ�WLPH�KRZ�FKDQJHV�LQ�WKH�KRXVHKROG��LQ�HQHUJ\�FRVWV��LQ
YHKLFOH�FRVWV��DQG�LQ�YHKLFOH�W\SH�DYDLODELOLW\�ZLOO�DIIHFW�YHKLFOH�SXUFKDVHV�DQG�XWLOL]DWLRQ�
)LJXUH����� SURYLGHV� DQ� RYHUYLHZ� RI� WKH� FRPSRQHQWV� RI� WKLV� SHUVRQDO� YHKLFOH� VXEPRGHO�
7KH� VWDWHG�SUHIHUHQFH� VXUYH\�GHVLJQHG� WR� VXSSRUW� WKLV�PRGHO�GHYHORSPHQW�SURFHVV�ZDV
FDUULHG� RXW� LQ� WZR�ZDYHV� LQ� ����� DQG� ������ � 7KLV� VXUYH\� SURYLGHV� LQIRUPDWLRQ�� DW� ERWK
SRLQWV� LQ� WLPH�� RQ�KRXVHKROG� VWUXFWXUH�� YHKLFOH� LQYHQWRU\�� KRXVLQJ� FKDUDFWHULVWLFV�� EDVLF
HPSOR\PHQW�DQG�FRPPXWLQJ� IRU�DOO� DGXOWV�� WKH�QH[W�H[SHFWHG�YHKLFOH� WUDQVDFWLRQ��DQG�D
VWDWHG�SUHIHUHQFH� FRPSRQHQW�ZKLFK� H[SORUHV� WKH� FKRLFH� RI� K\SRWKHWLFDO� YHKLFOHV� ZKLFK
LQFOXGH�ERWK�FOHDQ�IXHO�DQG�JDVROLQH�IXHOHG�DOWHUQDWLYHV�

����� (YDOXDWLRQ

7KH�GHYHORSPHQW�RI�H[SDQGHG�PRGHOV�RI�YHKLFOH�SXUFKDVHV�DQG�VDOHV�RU�VFUDSSDJH��DQG
YHKLFOH� XWLOL]DWLRQ�� ZLOO� UHSUHVHQW� PDMRU� H[WHQVLRQV� LQ� GDWD� UHTXLUHPHQWV�� GHYHORSPHQW
WLPH��DQG�GHYHORSPHQW�FRVWV�IRU�PRGHOV�UHODWHG�WR�KRXVHKROG�YHKLFOHV���7KHVH�H[WHQVLRQV�
KRZHYHU��ZLOO�EH�UHTXLUHG�LQ�WKH�IXWXUH�LI�IXOO\�G\QDPLF�DFWLYLW\�EDVHG�WUDYHO�PRGHOV�DUH
WR�EH�GHYHORSHG�� �3DQHO�VXUYH\�GDWD�ZLOO�EH�UHTXLUHG�WR�SURYLGH�LQIRUPDWLRQ�RQ�FKDQJHV
RYHU�WLPH��DQG�VWDWHG�SUHIHUHQFH�GDWD�ZLOO�EH�UHTXLUHG�LI�WKH�PRGHOV�DUH�WR�EH�PDGH�VHQVL�
WLYH� WR�QHZ�YHKLFOH� W\SHV�VXFK�DV�FOHDQ�IXHO�YHKLFOHV�� �$V�032V�DQG�VWDWHZLGH�SODQQHUV
SURMHFW� WKH� HYROXWLRQ� RI� WKHLU� PRGHOV� WR� LQFRUSRUDWH� LQFUHDVLQJ� OHYHOV� RI� DFWLYLW\� IRUH�
FDVWLQJ�LQ�WKH�IXWXUH�� WKH\�PXVW�DOVR�SODQ�IRU�GHYHORSLQJ�PXFK�PRUH�GHWDLOHG�PRGHOV�RI
YHKLFOH�DYDLODELOLW\�DQG�XVDJH�

�����������������������������������������������������
��'�� %URZQVWRQH�� '�� %XQFK� DQG� 7�� *RORE�� $� 'HPDQG� )RUHFDVWLQJ� 6\VWHP� IRU� &OHDQ�)XHO� 9HKLFOHV�
SUHVHQWHG�DW�WKH�2(&'�FRQIHUHQFH�RQ�)XHO�(IILFLHQW�DQG�&OHDQ�0RWRU�9HKLFOHV��0DUFK������
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Figure 4.2 Structure of Dynamic Personal Vehicle Submodel

Current Vehicle Holdings Current Household Structure

A.  Update Household 
Sociodemographic 

Structure

B.  Transaction This 
Period?

Update Household Vehicle 
Holdings D.  Vehicle Utilization Model

C.  Household Vehicle 
Transaction Model

Yes

No

Source:  D. Brownstone, D. Bunch and T. Golob.  A Demand Forecasting System for Clean-Fuel Vehicles,  
 presented at the OECD conference on Fuel Efficient and Clean Motor Vehicles, March 1994.
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��� 5HSRUW�6XPPDU\

$� QXPEHU� RI� DSSURDFKHV� KDYH� EHHQ� WDNHQ� WR� YHKLFOH� DYDLODELOLW\� PRGHOLQJ� E\
WUDQVSRUWDWLRQ� SODQQHUV� DQG� UHVHDUFKHUV� DW� PHWURSROLWDQ� SODQQLQJ� RUJDQL]DWLRQV�� VWDWH
GHSDUWPHQWV� RI� WUDQVSRUWDWLRQ�� DQG� DFDGHPLF� UHVHDUFK� XQLWV�� � $OWKRXJK� WKH� QXPEHU� RI
YHKLFOHV�DYDLODEOH�WR�D�KRXVHKROG�LV�QRW�DOZD\V�SUHGLFWHG�H[SOLFLWO\�DV�SDUW�RI�WKH�UHJLRQDO
WUDYHO�IRUHFDVWLQJ�SURFHVV�E\�032V��ZKHQ�LW�LV��WKH�PRVW�FRPPRQ�DSSURDFK�LV�WR�IRUHFDVW
LW�DV�D� IXQFWLRQ�RI�RWKHU�VRFLRHFRQRPLF�YDULDEOHV�� �7KH�PRVW�FRPPRQ�YDULDEOHV�XVHG�DUH
KRXVHKROG� LQFRPH�� VL]H�� DQG� ORFDWLRQ�� EXW� DGGLWLRQDO� KRXVHKROG� FKDUDFWHULVWLFV� DQG
ORFDWLRQDO�GHVFULSWRUV�DUH�DOVR�RIWHQ�XVHG���0RGHOV�RI�WKLV�W\SH�UHSUHVHQW�WKH�EDVLF�SUDFWLFH
DGRSWHG� E\� 032V� DW� WKH� FXUUHQW� WLPH�� WKH\� FDQ� W\SLFDOO\� EH� GHYHORSHG� XVLQJ� HLWKHU
&HQVXV� RU� WUDYHO� VXUYH\� GDWD� XVLQJ� D� QXPEHU� RI�PRGHO� HVWLPDWLRQ�PHWKRGV�� � OLQHDU�LQ�
SDUDPHWHUV�UHJUHVVLRQ�XVLQJ�]RQDOO\�DJJUHJDWHG�GDWD��FURVV�FODVVLILFDWLRQ�DQDO\VHV�RI�GDWD
VHWV�ZLWK�LQGLYLGXDO�KRXVHKROGV�DV�WKH�EDVLF�XQLW��DQG�FKRLFH�PRGHOV��W\SLFDOO\�ZLWK�D�ORJLW
VWUXFWXUH�� EDVHG� RQ� LQGLYLGXDO� KRXVHKROG� REVHUYDWLRQV�� � 0RGHOV� RI� WKHVH� W\SHV� DUH
UHODWLYHO\� HDV\� WR� GHYHORS�� WKHLU� PDMRU� OLPLWDWLRQ� LV� WKDW� WKH\� SURYLGH� QR� H[SOLFLW
UHSUHVHQWDWLRQ� RI� GLIIHUHQFHV� LQ� WUDQVSRUWDWLRQ� VHUYLFHV� DQG� WKHLU� LPSDFWV� RQ� YHKLFOH
DYDLODELOLW\�

7KH� GLVWLQJXLVKLQJ� FKDUDFWHULVWLF� RI� DGYDQFHG� SUDFWLFH� YHKLFOH� DYDLODELOLW\� PRGHOV� LV� WKDW
WKH\� LQFOXGH� QRW� RQO\� KRXVHKROG� VRFLRHFRQRPLF� DQG� ORFDWLRQDO� YDULDEOHV�� EXW� DOVR
YDULDEOHV�ZKLFK�DUH�UHODWHG�WR�WKH�HDVH�RI�SHGHVWULDQ�WUDYHO��DQG�RU�WR�WKH�WUDQVSRUWDWLRQ
IDFLOLWLHV� DQG� VHUYLFHV� DYDLODEOH� WR� HDFK� KRXVHKROG�� � 3HGHVWULDQ� HQYLURQPHQW� YDULDEOHV
W\SLFDOO\� UHIOHFW� IDFWRUV� VXFK� DV� WKH� HDVH� RI� VWUHHW� FURVVLQJ�� EXLOGLQJ� VHWEDFNV�� VLGHZDON
FRQWLQXLW\��VWUHHW�FRQQHFWLYLW\��DQG�WRSRJUDSK\�DW�WKH�]RQDO�OHYHO���0RGHOV�ZKLFK�LQFOXGH
WKHVH� YDULDEOHV� VKRZ� WKH� QHJDWLYH� UHODWLRQVKLS�ZKLFK� H[LVWV� EHWZHHQ� WKH� TXDOLW\� RI� WKH
SHGHVWULDQ�HQYLURQPHQW�DQG�WKH�OHYHO�RI�YHKLFOH�DYDLODELOLW\���9DULDEOHV�UHODWHG�WR�KLJKZD\
DQG� WUDQVLW� V\VWHP� FKDUDFWHULVWLFV� DUH� W\SLFDOO\� DFFHVVLELOLW\� PHDVXUHV� VXFK� DV� WKH
SHUFHQWDJH�RI�UHJLRQDO� WRWDO�HPSOR\PHQW�RU�RI� UHJLRQDO� UHWDLO�HPSOR\PHQW�ZKLFK�FDQ�EH
UHDFKHG�E\�D�VWDWHG�PRGH�RI�WUDYHO�ZLWKLQ�D�VSHFLILHG�QXPEHU�RI�PLQXWHV���$OWHUQDWLYHO\�
DFFHVVLELOLW\�PHDVXUHV�FDQ�EH�GHULYHG�IURP�PRGH�FKRLFH�PRGHOV���%HFDXVH�WKHVH�DGGLWLRQDO
YDULDEOHV� GHSHQG� RQ� ERWK� ]RQDO� DQG� WUDQVSRUWDWLRQ� QHWZRUN� FKDUDFWHULVWLFV�� WKH\
FRPSOLFDWH�WKH�YHKLFOH�DYDLODELOLW\�PRGHO�GHYHORSPHQW�DQG�DSSOLFDWLRQ�SURFHVV��EXW�WKH\
DOVR�SURYLGH�D�PHDQV�RI�LQFOXGLQJ�WKH�REVHUYHG�OLQNDJH�EHWZHHQ�WUDQVSRUWDWLRQ�OHYHOV�RI
VHUYLFH�DQG�YHKLFOH�DYDLODELOLW\���7KHVH�PRGHOV�UHIOHFW�WKH�LQFUHDVHV�LQ�YHKLFOH�DYDLODELOLW\
ZLWK�LPSURYHG�KLJKZD\�V\VWHPV��DQG�WKH�GHFUHDVHV�ZLWK�LPSURYHG�WUDQVLW�V\VWHPV�

,Q� DGGLWLRQ� WR� WKH� EDVLF� DQG� DGYDQFHG� SUDFWLFH� PRGHOV� SUHVHQWO\� LQ� XVH� E\� 032V�� D
QXPEHU� RI� LQQRYDWLYH� DSSURDFKHV� WR� YHKLFOH� DYDLODELOLW\�PRGHOLQJ� KDYH� EHHQ� H[SORUHG� E\
WUDQVSRUWDWLRQ�UHVHDUFKHUV���$�QXPEHU�RI�WKHVH�DSSURDFKHV�SURYLGH�H[WHQVLRQV�RI�FXUUHQW
SUDFWLFH�ZKLFK�DUH�OLNHO\�WR�EH�XVHIXO�LQ�FRQQHFWLRQ�ZLWK�KRXVHKROG�PLFURVLPXODWLRQ�DQG
DFWLYLW\�PRGHOLQJ�LQ�WKH�IXWXUH�DV�WKHVH�H[WHQVLRQV�EHJLQ�WR�UHSODFH�FXUUHQW�WUDQVSRUWDWLRQ
IRUHFDVWLQJ� SURFHGXUHV�� � ([DPSOHV� RI� WKHVH� LQQRYDWLYH� DSSURDFKHV� LQFOXGH� YHKLFOH� W\SH
FKRLFH�PRGHOV� DQG�G\QDPLF�PRGHOV�RI�YHKLFOH� DYDLODELOLW\�� �9HKLFOH� W\SH� FKRLFH�PRGHOV
GHDO� QRW� RQO\�ZLWK� WKH� QXPEHU� RI� YHKLFOHV� DYDLODEOH� WR� D� KRXVHKROG�� EXW� DOVR�ZLWK� WKH
FKDUDFWHULVWLFV� RI� WKHVH� YHKLFOHV�� � 7KH\� SURYLGH� D� PHDQV� RI� IRUHFDVWLQJ� WKH� LPSDFWV� RI
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IXWXUH� FKDQJHV� LQ� YHKLFOH� WHFKQRORJ\� VXFK� DV� HOHFWULF�SRZHUHG� DXWRV� DQG� VPDOOHU��PRUH
IXHO�HIILFLHQW� YHKLFOHV�� � '\QDPLF� PRGHOV� RI� YHKLFOH� DYDLODELOLW\� H[SOLFLWO\� LQFOXGH
KRXVHKROGV’ �GHFLVLRQ�PDNLQJ�SURFHVV�ZLWK�UHVSHFW� WR�YHKLFOH�VFUDSSDJH�DQG�SXUFKDVH� LQ
UHVSRQVH�QRW�RQO\�WR�WKH�QXPEHU�DQG�DJH�RI�WKHLU�H[LVWLQJ�YHKLFOHV��EXW�DOVR�WR�FKDQJHV�LQ
KRXVHKROG�FKDUDFWHULVWLFV�VXFK�DV�KRXVHKROG�VL]H��QXPEHU�RI�ZRUNHUV��QXPEHU�RI�OLFHQVHG
GULYHUV��DQG�KRXVHKROG�LQFRPH���%RWK�RI�WKHVH�W\SHV�RI�PRGHOV�SUHVHQW�QHZ�FKDOOHQJHV�LQ
WHUPV� RI� WKHLU� GDWD� UHTXLUHPHQWV� DQG�PRGHO� FRPSOH[LW\�� EXW� DOVR� SURYLGH� WKH� DELOLW\� WR
DQVZHU�QHZ�NLQGV�RI�TXHVWLRQV� FRQFHUQLQJ�KRXVHKROG�DFWLYLW\� DQG� WUDYHO� EHKDYLRU�� DQG
WKH�LPSDFWV�RI�WKLV�EHKDYLRU�RQ�WKH�RSHUDWLRQ�RI�IXWXUH�WUDQVSRUWDWLRQ�V\VWHPV�


