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���([HFXWLYH�6XPPDU\b

7KLV SURMHFW ZDV PDQGDWHG E\ 6(('68%&� DQGZDV WR EH FRPSOHWHG DV SDUW RI RXU ILQDO SURMHFW IRUb b b b b b b b b b b b b b b b b b b
5(6������6RFLR�HFRORJLFDO�V\VWHPV��b

$V WKH 8QLYHUVLW\ RI %ULWLVK &ROXPELD LV JURZLQJ� LW ZDQWV WR H[SDQG DQG UHYLYH LWV LQIUDVWUXFWXUH�b b b b b b b b b b b b b b b b
,Q WKH SDVW� WKLV PLJKW KDYH EHHQ GRQH DW WKH H[SHQVH RI RWKHU QRQ�HFRQRPLF FDSLWDO WKDW VWLOO KROGVb b b b b b b b b b b b b b b b b b
YDOXH IRU PDQ\ RI WKH VWDNHKROGHUV SUHVHQW RQ WKH FDPSXV� &XUUHQWO\� 8%& 9DQFRXYHU GRHV QRWb b b b b b b b b b b b b b b
KDYH D IUDPHZRUN WR VXSSRUW GHFLVLRQV WKDW FDQ LQWHJUDWH WKH HFRORJLFDO� VRFLDO� DQG FXOWXUDO YDOXHVb b b b b b b b b b b b b b b
RI WKH ELRGLYHUVLW\ �DQG UHVXOWLQJ HFRV\VWHP VHUYLFHV� SUHVHQW RQ FDPSXV� :LWK WKLV SURMHFW� ZHb b b b b b b b b b b b b b
DLPHG WR UHYLHZ GLIIHUHQW ELRGLYHUVLW\ YDOXDWLRQ IUDPHZRUNV WR UHIOHFW RQ KRZ WKH\ FDQ EH DSSOLHGb b b b b b b b b b b b b b b
LQ WKH 8%& FRQWH[W DQG WR SURSRVH D WRROER[ DV D VWDUWLQJ SRLQW IRU GHFLVLRQ�PDNHUV� 8OWLPDWHO\�b b b b b b b b b b b b b b b b
ZH�KRSH�WKDW�RXU�ZRUN�FDQ�FRQWULEXWH�WR�OD\�WKH�IRXQGDWLRQ�RI�D�IXWXUH�ELRGLYHUVLW\�SROLF\�DW�8%&�bb

7KH ILUVW VHFWLRQV RI WKH UHSRUW IRFXV RQ ZRUNLQJ GHILQLWLRQV DQG WKH SUREOHP FRQWH[W� IROORZHG E\b b b b b b b b b b b b b b b b
DQ LQ�GHSWK OLWHUDWXUH UHYLHZ� )RU WKH OLWHUDWXUH UHYLHZ� ZH DSSURDFKHG WKH SUREOHP RI YDOXDWLRQb b b b b b b b b b b b b b
RI ELRGLYHUVLW\ IURP IRXU GLIIHUHQW SHUVSHFWLYHV� ��� ODQGVFDSH HFRV\VWHP UHODWLRQV� SUHIHUHQFHVb b b b b b b b b b b
DQG LPSOLFDWLRQV� ��� FXOWXUDO DQG VRFLDO GLPHQVLRQV RI ELRGLYHUVLW\� ��� XUEDQ V\VWHPèV UROH LQb b b b b b b b b b b b b b
ELRGLYHUVLW\ DQG HFRV\VWHP VHUYLFHV� DQG ��� HFRQRPLF YDOXDWLRQ RI ELRGLYHUVLW\� )RU HDFK VHFWLRQb b b b b b b b b b b b b
LQ WKH OLWHUDWXUH UHYLHZ� ZH SUHVHQW FDVH VWXGLHV WKDW FDQ LOOXVWUDWH KRZ WKH IUDPHZRUNV FDQ EHb b b b b b b b b b b b b b b b
XVHG WR DVVHVV WKH HFRORJLFDO� VRFLDO DQG FXOWXUDO YDOXHV RI QDWXUDO DVVHWV� 7KHQ� ZH SUHVHQW KRZ WKHb b b b b b b b b b b b b b b b b
YDOXDWLRQ RI ELRGLYHUVLW\ ILWV ZLWKLQ WKH 8%& EUDQGLQJ� :H DOVR GLVFXVV DQG UHYLHZ WKH GLIIHUHQWb b b b b b b b b b b b b b b
SODQV DQG SROLFLHV WKDW DOUHDG\ H[LVW DW 8%& DQG KRZ D IUDPHZRUN IRU ELRGLYHUVLW\ YDOXDWLRQ FRXOGb b b b b b b b b b b b b b b b
ILW ZLWKLQ WKRVH RU DGG YDOXH� )LQDOO\� ZH PDNH UHFRPPHQGDWLRQV WR DSSO\ WKH GLIIHUHQWb b b b b b b b b b b b b b
IUDPHZRUNV�LQ�WKH�8%&�FRQWH[W�bb

5HJDUGLQJ RXU UHFRPPHQGDWLRQV� IRU WKH YDOXDWLRQ RI VRFLDO DQG FXOWXUDO ELRGLYHUVLW\ DW 8%&� ZHb b b b b b b b b b b b b b
VXJJHVW D PL[HG�PHWKRG DSSURDFK E\ XVLQJ VXUYH\V RU TXHVWLRQQDLUHV WR JDWKHU LQIRUPDWLRQ IURPb b b b b b b b b b b b b
D ODUJH QXPEHU RI FRPPXQLW\ PHPEHUV DQG IRFXV JURXSV WR FROOHFW PRUH QXDQFHG GDWD�b b b b b b b b b b b b b b
$GGLWLRQDOO\� ZH DOVR UHFRPPHQG WKDW WKH UROH RI ELRGLYHUVLW\ LQ WKH HFRV\VWHP VWUXFWXUH EHPDGHb b b b b b b b b b b b b b b
FHQWUDO WR EULQJ PXOWL�VWDNHKROGHUV WR FRPPRQ GHFLVLRQV� 0RUHRYHU� WR SXW D PRQHWDU\ YDOXH RQb b b b b b b b b b b b b b
ELRGLYHUVLW\ DQG WR XQGHUVWDQG RSSRUWXQLW\ FRVW� ZH SURSRVH WKH FRPSOHWLRQ RI D ODUJH VFDOHb b b b b b b b b b b b b b
GLVFUHWH FKRLFH H[SHULPHQW VXUYH\ WKDW ZRXOG UHYHDO WKH 8%& FRPPXQLW\èV ZLOOLQJQHVV WR SD\ IRUb b b b b b b b b b b b b b
ELRGLYHUVLW\�b

b b

�b
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���,QWURGXFWLRQ��%DFNJURXQG�DQG�'HILQLWLRQVb

�����:KDW�LV�%LRGLYHUVLW\"b
7KURXJKRXW WKLV UHSRUW� ZH ZLOO EH UHO\LQJ RQ WKH GHILQLWLRQ RI ELRGLYHUVLW\ DV RXWOLQHG E\ WKH 81b b b b b b b b b b b b b b b b b
&RQYHQWLRQ RI %LRORJLFDO 'LYHUVLW\� êç%LRORJLFDO GLYHUVLW\è PHDQV WKH YDULDELOLW\ DPRQJ OLYLQJb b b b b b b b b b b
RUJDQLVPV IURP DOO VRXUFHV LQFOXGLQJ� LQWHU DOLD� WHUUHVWULDO� PDULQH DQG RWKHU DTXDWLF HFRV\VWHPVb b b b b b b b b b b b b
DQG WKH HFRORJLFDO FRPSOH[HV RI ZKLFK WKH\ DUH SDUW� WKLV LQFOXGHV GLYHUVLW\ ZLWKLQ VSHFLHV�b b b b b b b b b b b b b b
EHWZHHQ�VSHFLHV�DQG�RI�HFRV\VWHPV�ë��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��������S����b

�����:KDW�LV�(FRV\VWHP�6HUYLFHV"b
7KLV UHSRUW ZLOO DSSO\ WKH 0LOOHQQLXP (FRV\VWHP $VVHVVPHQWV GHILQLWLRQ RI (FRV\VWHP 6HUYLFHV�b b b b b b b b b b b b
ê(FRV\VWHP VHUYLFHV DUH WKH EHQHILWV SHRSOH REWDLQ IURP HFRV\VWHPV� 7KHVH LQFOXGH SURYLVLRQLQJ�b b b b b b b b b b b b
UHJXODWLQJ� DQG FXOWXUDO VHUYLFHV WKDW GLUHFWO\ DIIHFW SHRSOH DQG VXSSRUWLQJ VHUYLFHV QHHGHG WRb b b b b b b b b b b b b
PDLQWDLQ�WKH�RWKHU�VHUYLFHV�ë��$OFDPR�HW�DO���������S�����b

%LRGLYHUVLW\ PD\ XQGHUSLQ RU UHJXODWH HFRV\VWHP VHUYLFHV� RU EH DQ HFRV\VWHP VHUYLFH LWVHOI� EXWb b b b b b b b b b b b b b
WKH�WZR�DUH�QRW�LQWHUFKDQJHDEOH��6HGGRQ�HW�DO���������b

�����:K\�9DOXDWLRQ"bb
:K\ LV LW LPSRUWDQW DQG QHFHVVDU\ WR LQWHJUDWH WKH YDOXH RI ELRGLYHUVLW\ LQWR GHFLVLRQ�PDNLQJ"b b b b b b b b b b b b b b
$FFRUGLQJ WR 6HGGRQ HW DO� ������� V\VWHPV ZLWK KLJKHU OHYHOV RI ELRGLYHUVLW\ DUH PRUH VWDEOH DQGb b b b b b b b b b b b b b b b
UHVLOLHQW WR FKDQJHV� HQDEOLQJ WKHP WR FRQWLQXH WR SURYLGH WKH YDULRXV YDOXHV DQG VHUYLFHV WKDWb b b b b b b b b b b b b b b
VRFLHWLHV GHSHQG RQ� (YLGHQFH FRQWLQXHV WR VXJJHVW WKDW ELRGLYHUVLW\ LV LPSRUWDQW IRU DFKLHYLQJb b b b b b b b b b b b b
VXVWDLQDEOH GHYHORSPHQW DQG IRU SURYLGLQJ FULWLFDO VHUYLFHV DQG FRQGLWLRQV QHFHVVDU\ IRU KXPDQb b b b b b b b b b b b
ZHOO�EHLQJ��6HGGRQ�HW�DO���������b

'HFLVLRQ�PDNLQJ WHQGV WR OHDYH RXWb b b b b
ELRGLYHUVLW\ FRPSOHWHO\� SDUWO\b b b
EHFDXVH LW LV VR FRPSOH[ WRPHDVXUHb b b b b b b
DQG YDOXH� 7KHUH LV QR XQLYHUVDO RUb b b b b b b
VWDQGDUG DSSURDFK WR LQWHJUDWLQJb b b b
ELRGLYHUVLW\ LQWR GHFLVLRQ�PDNLQJb b b
SURFHVVHV� EXW UDWKHU D IUDPHZRUNb b b b b
WKDW LQWHJUDWHV D GLYHUVLW\ RIb b b b b
YDOXDWLRQ DSSURDFKHV PD\ EHb b b b
EHWWHU VXLWHG WR HQFRPSDVV WKHb b b b b
UDQJH RI VHUYLFHV WKDW ELRGLYHUVLW\b b b b b
FDQ�EH�YDOXHG�IRU�b
b

)LJXUH ��� 7KH YDOXH RI ELRGLYHUVLW\ WR KXPDQb b b b b b b b
ZHOOEHLQJ LV VXEMHFW WR SROLF\ LQIOXHQFH �VRXUFH�b b b b b b b
6HGGRQ�HW�DO���������S����b

7KH IROORZLQJ UHSRUW ZLOO SUHVHQW DQ RYHUYLHZ RI WKH GLYHUVH PHWKRGV DQG DSSURDFKHV WKDW KDYHb b b b b b b b b b b b b b b
EHHQ XVHG WR YDOXH ELRGLYHUVLW\ DQG UHFRPPHQG D IHZ DSSURDFKHV WKDW 8%& 9DQFRXYHU FDQb b b b b b b b b b b b b b
LQWHJUDWH�LQWR�LWV�IXWXUH�GHFLVLRQ�PDNLQJ�b b

�b
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���3UREOHP�&RQWH[Wb

&XUUHQWO\� YDOXHV VXUURXQGLQJ ELRGLYHUVLW\ DQG HFRV\VWHP VHUYLFHV DUH QRW ZHOO UHSUHVHQWHG LQb b b b b b b b b b b b
GHFLVLRQ�PDNLQJ DW 8%&9DQFRXYHU LQ UHJDUG WR VXVWDLQDEOH XUEDQ GHVLJQ DQG GHYHORSPHQW� 7KLV LVb b b b b b b b b b b b b b
UHVXOWLQJ�LQ�QDWXUDO�DVVHWV�WKDW�DUH�ODUJHO\�XQUHFRJQL]HG��ERWK�IRU�WRGD\�DQG�IRU�WKH�IXWXUH�bb

�����9LVLRQb

$ IUDPHZRUN WKDW FDQ SURYLGH HQWU\ SRLQWV IRU GLYHUVH GLVFLSOLQHV�SDUWLHV WR HQJDJH LQ H[LVWLQJb b b b b b b b b b b b b b
WHFKQLTXHV�SUDFWLFHV RI ELRGLYHUVLW\ YDOXDWLRQ DQG HQDEOH WKH LQWHJUDWLRQ RI ELRGLYHUVLW\ YDOXDWLRQb b b b b b b b b b b
LQWR�GHFLVLRQ�PDNLQJ�SURFHVVHV�VXUURXQGLQJ�IXWXUH�GHYHORSPHQW�DW�8%&�bb

�����6FRSH�DQG�6FDOHb

:H DFNQRZOHGJH WKDW WKH 8QLYHUVLW\ RI %ULWLVK &ROXPELD 3RLQW *UH\ FDPSXV LV RQ WKH WUDGLWLRQDO�b b b b b b b b b b b b b b b
DQFHVWUDO DQG XQFHGHG ODQG RI WKH �[ɹPŧȟNɹŧ\̞ŧP �0XVTXHDP 3HRSOH� 9DOXDWLRQ RI ELRGLYHUVLW\b b b b b b b b b b b b
WKURXJK�WKH�LQGLJHQRXV�OHQV�RI�WKH�0XVTXHDP�3HRSOH�LV�RXWVLGH�WKH�VFRSH�RI�WKLV�SURMHFW�bb

7KLV SURMHFW ZLOO VSHFLILFDOO\ FRQVLGHU YDOXDWLRQ IUDPHZRUNV WKDW DUH DSSOLFDEOH WR 8%&9DQFRXYHU�b b b b b b b b b b b b b
7KLV�LQFOXGHV�WKH�XQLYHUVLW\�FDPSXV�EXW�GRHV�QRW�LQFOXGH�WKH�8QLYHUVLW\�(QGRZPHQW�/DQGV�b

�����3URMHFW�$SSURDFKb

:H KDYH XQGHUWDNHQ D OLWHUDWXUH UHYLHZ RI GLIIHUHQW HFRQRPLF DQG QRQ�HFRQRPLF YDOXDWLRQb b b b b b b b b b b b
PHWKRGV IRU ELRGLYHUVLW\� DQDO\]H WKH GLIIHUHQW VWUHQJWKV DQG OLPLWDWLRQV RI GLIIHUHQW YDOXDWLRQb b b b b b b b b b b b
PHWKRGV� D SURMHFW IRU 8%&èV ELRGLYHUVLW\ DQG PDNH UHFRPPHQGDWLRQV IRU DFWLRQ� GDWD JDSV�b b b b b b b b b b b b b
SRWHQWLDO SDUWQHUVKLSV� DQG IRU IXWXUH UHVHDUFK WR LQIRUP GHFLVLRQ�PDNLQJ DURXQG VXVWDLQDEOHb b b b b b b b b b b
XUEDQ�GHVLJQ�DQG�GHYHORSPHQW�b

b

b

b b

�b
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���/LWHUDWXUH�5HYLHZVb

:H KDYH FRQGXFWHG D OLWHUDWXUH UHYLHZ FRPSULVLQJ WKH VWDWH RI NQRZOHGJH LQ WKH DFDGHPLF DQGb b b b b b b b b b b b b b b
JUH\ OLWHUDWXUH� 7KLV VHFWLRQ GHWDLOV RXU ILQGLQJV LQ IRXU UHLQIRUFLQJ DYHQXHV LQ WKH YDOXDWLRQ RIb b b b b b b b b b b b b b b
ELRGLYHUVLW\� SUHVHQWHG KHUH LQ WKH IROORZLQJ RUGHU� /DQGVFDSH DQG (FRV\VWHP� 6RFLDO DQG &XOWXUDOb b b b b b b b b b b b b
'LPHQVLRQV��8UEDQ�6\VWHPV��DQG�(FRQRPLF�9DOXDWLRQ�b

�����/DQGVFDSH�DQG�(FRV\VWHP�5HODWLRQV��3UHIHUHQFHV�DQG�,PSOLFDWLRQVb

([DPLQLQJ WKH VRFLR�HFRQRPLF� ELRORJLFDO� DQG FXOWXUDO DVSHFWV RI ODQGVFDSHV LV LQKHUHQWO\ VXEMHFWb b b b b b b b b b b b
WR WKH SHUVSHFWLYHV DQG OHQVHV RI WKH EHKROGHU� ,Q DQ HIIRUW WR SURSHUO\ FRQWH[WXDOL]H WKH VWUDWHJLFb b b b b b b b b b b b b b b b
ODQGVFDSH� VFKRODUV� FRQVHUYDWLRQLVWV� IRUHVW UHVRXUFH PDQDJHUV� DQG XUEDQ SODQQHUV KDYHb b b b b b b b b b
UHSHDWHGO\ GHPRQVWUDWHG WKH LPSRUWDQFH DQG EHQHILWV RI H[DPLQLQJ XVHU UHODWLRQV DQGb b b b b b b b b b b
SUHIHUHQFHV WR ODQGVFDSHV �&£FHUHV HW DO�� ����� &OHPHQW 	 &KHQJ� ����� 'HDULQJHU� �����b b b b b b b b b b b b b
*DUF¯D�/ORUHQWH�HW�DO���������+HU]RJ�HW�DO���������.DOWHQERUQ�	�%MHUNH�������b

)RU WKH SXUSRVHV RI YDOXDWLRQ� WKH VDPH RXWFRPH KDV EHHQ GHPRQVWUDWHG� %\ FRQWH[WXDOL]LQJ WKHb b b b b b b b b b b b b b
DFWRU�XVHU VWUDWHJLF ODQGVFDSH� GHFLVLRQ�PDNHUV KDYH EHHQ DEOH WR JDLQ FULWLFDO LQVLJKW LQWRb b b b b b b b b b b b
DFWRU�ODQGVFDSH G\QDPLFV� ZKDW GULYHV XVHU SUHIHUHQFHV� DQG DUHDV RI UHODWLRQDO�SUHIHUHQWLDOb b b b b b b b b b
RYHUODS DQG�RU FRQWHQWLRQ �&OHPHQW 	 &KHQJ� ����� .DOWHQERUQ 	 %MHUNH� ������ 7KH HPSKDVLVb b b b b b b b b b b b b
EHLQJ H[DPLQLQJ DQG HOLFLWLQJ SHUVSHFWLYHV WKDW ZRXOG QRW RWKHUZLVH RFFXU ZLWKLQ FRQYHQWLRQDOb b b b b b b b b b b b
GHFLVLRQ�PDNLQJ�JURXSV��:LONLQVRQ�HW�DO���������b

%\ DQG ODUJH� WKLV KDV EHHQ DFFRPSOLVKHG XVLQJ VXUYH\ WHFKQLTXHV DQG HQJDJLQJ GLYHUVH DFWRUb b b b b b b b b b b b b b
JURXSV LQ GHFLVLRQ PDNLQJ� 3DUWLFLSDWRU\� FROODERUDWLYH PHWKRGV VXFK DV SXEOLF PHHWLQJV�b b b b b b b b b b b
V\PSRVLXPV� VROLFLWDWLRQ RI ZULWWHQ RU YHUEDO FRPPHQWV ZHUH XVHG WR DFTXLUH LQWLPDWH NQRZOHGJHb b b b b b b b b b b b b
RQ VSHFLILF DUHDV DQG LVVXHV IURP SDUWLFLSDWLQJ LQ DFWRU JURXSV �&OHPHQW 	 &KHQJ� ����� 'HDULQJHU�b b b b b b b b b b b b b b b
������ +RZHYHU� &OHPHQW 	 &KHQJ ������ RXWOLQHG WKDW WKLV DSSURDFK GLG QRW DGGUHVV WKHb b b b b b b b b b b b b b
SHUFHSWLRQV� SUHIHUHQFHV� DQG UHODWLRQV RI WKH VLOHQW PDMRULW\ DQG WKH UHVXOWLQJ LQIRUPDWLRQ LVb b b b b b b b b b b b b
KLJKO\ VXEMHFWLYH WR WKH SDUWLFLSDWLQJ JURXSV DQG VWXG\ VWUXFWXUH �+HUPDQV HW DO�� ������ 0XOWLSOHb b b b b b b b b b b b b b
VWXGLHV LQFOXGHG ODUJH UDQGRP VDPSOH VXUYH\V WR DVVHVV RYHUDOO SRSXODWLRQ SUHIHUHQFHV DQGb b b b b b b b b b b b
UHODWLRQV LQ DGGLWLRQ WR SDUWLFLSDWRU\ PHWKRGV �&OHPHQW 	 &KHQJ� ����� .DOWHQERUQ 	 %MHUNH�b b b b b b b b b b b b b
������ 9DULRXV JURXSV FRQGXFWHG DGDSWLYH� GHOLEHUDWLYH SURFHVVHV ZKHUH LQIRUPDWLRQ ZDVb b b b b b b b b b
JDWKHUHG DQG WKHQ UHYLHZHG�H[FKDQJHG DPRQJ JURXSV WR FULWLFDOO\ UH�H[DPLQH SHUVSHFWLYHV DQGb b b b b b b b b b b
XQGHUVWDQGLQJV� :KLFK SURYLGHG VLWXDWHG DQG HYROYLQJ IHHGEDFN IURP HLWKHU VHOHFWHG JURXSV RUb b b b b b b b b b b b
WKH JHQHUDO SRSXODWLRQ �GHSHQGLQJ RQ PHWKRGRORJ\� �*DUF¯D�/ORUHQWH HW DO�� ����� +HUPDQV HW DO��b b b b b b b b b b b b b
������ +RZHYHU� ZLWK HLWKHU GHVLJQ� WKH GHOLEHUDWLYH SURFHVV ZDV VXEMHFW WR WKH VDPH GUDZEDFNVb b b b b b b b b b b b b b
RI LWV URRW PHWKRGRORJ\ �UDQGRP�VHOHFWLYH� WKDW DXWKRUV HLWKHU DFNQRZOHGJHG RU DLPHG WRb b b b b b b b b b b b
PLQLPL]H�WKURXJK�DGGLWLRQDO��FRPSOHPHQWDU\�PHWKRGV�bb

b

b

�b
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)LJXUH ��� 0HWKRGRORJ\ RI GHOLEHUDWLYH SURFHVV GHVLJQ IRU HYDOXDWLRQ RI SUHIHUHQFHV IRU ULYHU PDQDJHPHQW� $GDSWHG IURP+HUPDQV HW DO��b b b b b b b b b b b b b b b b b b b
�����bb

6WUXFWXUHG LQWHUYLHZV H[DPLQLQJ ERWK SUHIHUHQFHV DQG XVHU WUDLWV FRQFOXGHG WKDW ODQGVFDSHb b b b b b b b b b b
SUHIHUHQFHV FDQ EH FRUUHODWHG WR XVHU
V IDPLOLDULW\� WKHLU RFFXSDWLRQ� DQG OLIHVW\OH �'HDULQJHU�b b b b b b b b b b b b
������ ZLWK VWURQJ SRVLWLYH HIIHFW EHWZHHQ UHVSRQGHQW
V SODFH DWWDFKPHQW DQG OHYHO RI VXSSRUW IRUb b b b b b b b b b b b b b
ODQGVFDSH FRQVHUYDWLRQ �*DUF¯D�/ORUHQWH HW DO�� ������ *URXSV ZHUH ODUJHO\ LQ DJUHHDQFH RQ WKHb b b b b b b b b b b b b
SRODU H[WUHPHV RI ZKDW ZDV GHHPHG �YHU\ DWWUDFWLYH� DQG �YHU\ XJO\� EXW ZHUH XOWLPDWHO\ GLYLGHGb b b b b b b b b b b b b b b
RQ WKH LQ�EHWZHHQ �'HDULQJHU� ������ 'HVSLWH WKLV� WKHUH ZDV DQ RYHUDOO WUHQG RI ZKDW WKH IHDWXUHVb b b b b b b b b b b b b b b b
RI�ODQGVFDSHV�GHHPHG�DWWUDFWLYH�ZHUH�EHWZHHQ�DQG�DPRQJ�JURXSV��.DOWHQERUQ�	�%MHUNH��������b

7KH VFRUH RI �DWWUDFWLYHQHVV� ZDV QRW HYDOXDWHG DV ZKDW ORRNV JRRG WR DQ LQGLYLGXDO RU JURXS �VHHb b b b b b b b b b b b b b b b b
)LJXUH � DERYH� GDP UDQNHG �UG�� $WWUDFWLYHQHVV ZDV KLJKO\ FRQWH[WXDO� ZKHUH PXOWL�IXQFWLRQDOb b b b b b b b b b b b
ODQGVFDSHV VFRUHG KLJKHU LQ WHUPV RI �DWWUDFWLYHQHVV� ZLWK FOHDU DVVRFLDWLRQV EHWZHHQ ODQGVFDSHVb b b b b b b b b b b b
WKDW SURYLGHG PXOWLSOH HFRV\VWHP VHUYLFHV DQG SUHIHUUHG ODQGVFDSH YLHZV �*DUF¯D�/ORUHQWH HW DO��b b b b b b b b b b b b
������ +RZHYHU� LW VKRXOG EH SRLQWHG RXW WKDW DOWKRXJK RYHUDOO VFRUHV ZHUH KLJKHU IRUb b b b b b b b b b b b b b
PXOWLIXQFWLRQDO ODQGVFDSHV� VSHFLILFDOO\ ZKLFK ODQGVFDSHV ZHUH KLJKHU� GHSHQGHG RQ WKH ODQGVFDSHb b b b b b b b b b b
UHODWLRQVKLSV�RI�WKH�LQGLYLGXDO�RU�JURXS��*DUF¯D�/ORUHQWH�HW�DO���������+HU]RJ�HW�DO���������b

�b



,17(*5$7('�9$/8$7,21�2)�%,2',9(56,7<b
�

6WXGLHV H[DPLQLQJ UHODWLRQVKLSV IRXQG WKDW JHRJUDSK\ DQG VRFLR�GHPRJUDSK\ RI VRFLDO DFWRUVb b b b b b b b b b b
ZHUH LQGLFDWLYH RI UHODWLRQDO DQG SUHIHUHQWLDO GLVFUHSDQFLHV EHWZHHQ DFWRU JURXSV �.DOWHQERUQ 	b b b b b b b b b b b b
%MHUNH� ������ 7KLV ILQGLQJ SURPSWV NH\ FRQVLGHUDWLRQV RI HTXLW\ DQG �PLV�UHSUHVHQWDWLRQb b b b b b b b b b b
VXUURXQGLQJ GHFLVLRQ PDNLQJ �7DNHGD 	 5ºSNH� ������ (YDOXDWLRQ RI WKHVH GLVFUHSDQFLHVb b b b b b b b b b b
VXJJHVWHG �KRWVSRWV� ZKHUH YDOXH RULHQWDWLRQV� SUHIHUHQFHV� DQG ODQG UHODWLRQV LQGLFDWH SRWHQWLDOb b b b b b b b b b b
FRQIOLFWV DPRQJ DQG EHWZHHQ JURXSV �&OHPHQW 	 &KHQJ� ������ 7KH SUHVHQFH RI ZKLFK VXJJHVWHGb b b b b b b b b b b b b b
SRLQWV RI LQWHUYHQWLRQ ZKHUH SDUWLFLSDWRU\ DQG FROODERUDWLYH PHWKRGV DFURVV YHUWLFDO DQGb b b b b b b b b b b
KRUL]RQWDO VWUDWD FRXOG DPHOLRUDWH XQUHDOL]HG FRQIOLFW DQG GLVSURSRUWLRQDWH HIIHFWV �&OHPHQW 	b b b b b b b b b b b
&KHQJ��������b
b
7KH OLWHUDWXUH FRQFOXGHV WKDW WKH DERYH DSSURDFKHV WR WKH FRQWH[WXDOL]DWLRQ RI VRFLDO�HFRORJLFDOb b b b b b b b b b b b
V\VWHPV FUHDWH SDWKZD\V WR EDODQFH HFRORJLFDO� VRFLR�HFRQRPLF� DQG FXOWXUDO DVSHFWV RI ODQGVFDSHVb b b b b b b b b b b b
DQG WKHLU UHVSHFWLYH HFRV\VWHP VHUYLFHV �*DUF¯D�/ORUHQWH HW DO�� ������ $OWKRXJK QR WHFKQLTXH LV DOOb b b b b b b b b b b b b b
LQIRUPDWLYH DQG PXOWLSOH WHFKQLTXHV DQG PHWKRGRORJLHV DUH UHTXLUHG WR SDLQW D EURDGHU SLFWXUH RIb b b b b b b b b b b b b b
ERWK�WKH�HFRORJLFDO�DQG�VWUDWHJLF�ODQGVFDSHV�bb
b

&DVH�6WXG\������ �7KH�UROH�RI�PXOWL�IXQFWLRQDOLW\�LQ�VRFLDO�SUHIHUHQFHV�WRZDUG�VHPL�DULG�UXUDOb
ODQGVFDSHV��$Q�HFRV\VWHP�VHUYLFH�DSSURDFK���*DUF¯D�/ORUHQWH�HW�DO��������b

$XWKRUV DLPHG WR DQDO\]H WKH UHODWLRQVKLS EHWZHHQ ODQGVFDSH SUHIHUHQFHV DQG ODQGVFDSHb b b b b b b b b b b
PXOWLIXQFWLRQDOLW\� 'DWD ZHUH FROOHFWHG LQ WKUHH SKDVHV� ILUVW ZDV WKH LGHQWLILFDWLRQ DQGb b b b b b b b b b b b
FDWHJRUL]DWLRQ RI ODQGVFDSH XQLWV IURP H[LVWLQJ UHVHDUFK� ZKHUHLQ �� SKRWRV ZHUH VHOHFWHG HDFKb b b b b b b b b b b b b
WR UHSUHVHQW D XQLW� 7KH VHFRQG ZDV WKH DVVHVVPHQW RI SUHIHUHQFHV WKURXJK UDQGRP SRSXODWLRQb b b b b b b b b b b b b b
VDPSOLQJ WR FRYHU D ZLGH UDQJH RI EDFNJURXQGV DQG LQWHUHVWV� XVLQJ ERWK XVH DQG QRQ�XVHb b b b b b b b b b b b b b b
SUHIHUHQFHV �XVLQJ WKH ZLOOLQJQHVV WR SD\�� /DVWO\� GHOLEHUDWLYH DQG SDUWLFLSDWLYH SURFHVVHV ZHUHb b b b b b b b b b b b
FUHDWHG WR HQJDJH DQ H[SHUW IRFXV JURXS IURP GLIIHUHQW GLVFLSOLQHV LQ LGHQWLI\LQJ HFRV\VWHPb b b b b b b b b b b b b
VHUYLFHV WKDW DUH SURYLGHG IRU HDFK HFRV\VWHP� (FRV\VWHP VHUYLFHV ZHUH GLVWLQJXLVKHG LQWRb b b b b b b b b b b b
SURYLVLRQLQJ� UHJXODWLQJ� DQG FXOWXUDO VHUYLFHV� DV ZHOO DV HDFK ODQGVFDSH� DVVLJQHG D YDOXH RQ Db b b b b b b b b b b b b b b
ODQG�XVH LQWHQVLW\ JUDGLHQW� 5HVSRQGHQWVè SUHIHUHQFHV ZHUH WKHQ DQDO\]HG DQG FRPSDUHG ZLWKb b b b b b b b b b b
H[SHUWèV FRQVHQVXV RQ ODQGVFDSH IXQFWLRQDOLW\� &OHDU DVVRFLDWLRQV ZHUH QRWHG EHWZHHQ IDYRXULWHb b b b b b b b b b b
ODQGVFDSHV DQG HFRV\VWHPV WKDW KDG GLYHUVLILHG HFRV\VWHP VHUYLFHV� 5HVXOWV VKRZHG YHU\b b b b b b b b b b b
VSHFLILF� GHWDLOHG LQIRUPDWLRQ RQ WKH SUHIHUHQFHV RI D JHQHUDO SRSXODFH �)LJXUH �� ZKLOVWb b b b b b b b b b b b b
SURYLGLQJ PDQDJHUV ZLWK XVHIXO LQIRUPDWLRQ RQ XVH�QRQ�XVH SUHIHUHQFHV� HFRV\VWHP VHUYLFHV�b b b b b b b b b b
DQG�ODQG�XVH�LQWHQVLW\�bb

�b
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b

)LJXUH ��� 'HPRQVWUDWHV XVHU UHODWLRQV EDVHG RQ IRFXV JURXSV ZLWK YDULRXV ODQGVFDSHV DQG WKHLU UHVSHFWLYH HFRV\VWHP VHUYLFHb b b b b b b b b b b b b b b b b
FDWHJRULHV� /DQGVFDSH SUHIHUHQFHV DUH RUGHUHG IURP KLJKO\ SUHIHUUHG �WRS� WR OHDVW SUHIHUUHG �ERWWRP�� $GDSWHG IURPb b b b b b b b b b b b b b b
�*DUF¯D�/ORUHQWH�HW�DO���������bb

b

b b

�b
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�����&XOWXUDO�DQG�6RFLDO�'LPHQVLRQV�RI�%LRGLYHUVLW\b

$V VFKRODUV DQG SUDFWLWLRQHUV LQ WKH 6RFLDO�(FRORJLFDO 6\VWHPV ILHOG KDYH HPSKDVL]HG� QDWXUH DQGb b b b b b b b b b b b b
SHRSOH DUH QRW GLFKRWRPRXV V\VWHPV� UDWKHU� VRFLDO DQG HFRORJLFDO V\VWHPV DUH LQWULQVLFDOO\ OLQNHGb b b b b b b b b b b b b
�)DELQ\L HW DO�� ����� )RONH HW DO�� ����� +ROOLQJ� ����� �� -XVW DV SHRSOH KDYH WKH SRWHQWLDO WRb b b b b b b b b b b b b b b b b b
LQIOXHQFH ELRGLYHUVLW\ ZLWKLQ DQ HFRV\VWHP� WKH ORVVHV DQG JDLQV RI ELRGLYHUVLW\ FDQ DOVRb b b b b b b b b b b b b
VLJQLILFDQWO\ LPSDFW SHRSOH� ERWK SRVLWLYHO\ DQG QHJDWLYHO\ �*ULIILWKV HW DO�� ������ ,W LV LQVXIILFLHQWb b b b b b b b b b b b b b
WR DWWHPSW WR DVVHVV DQG PDQDJH HQYLURQPHQWDO UHVRXUFHV XVLQJ RQO\ ELRORJLFDO RU HFRQRPLFb b b b b b b b b b b b b
LQIRUPDWLRQ� DV LW ZRXOG LJQRUH DQ LPSRUWDQW HOHPHQW RI WKH V\VWHP� 7KHUHIRUH� WKH FXOWXUDO DQGb b b b b b b b b b b b b b b
VRFLDO GLPHQVLRQV RI ELRGLYHUVLW\ DUH FULWLFDO FRPSRQHQWV WR LQFOXGH ZLWKLQ D ELRGLYHUVLW\ YDOXDWLRQb b b b b b b b b b b b b
DSSURDFK �/DXULOD�3DQW HW DO�� ������ 'HVSLWH WKLV� VRFLR�FXOWXUDO SHUVSHFWLYHV DUH RIWHQ RYHUORRNHGb b b b b b b b b b b b
ZLWKLQ�HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ�DQG�PDQDJHPHQW�SURFHVVHV��+DXVPDQQ�HW�DO���������b

,Q RUGHU WR XQGHUVWDQG DQG PHDVXUH WKH FXOWXUDO DQG VRFLDO GLPHQVLRQV RI ELRGLYHUVLW\� DQb b b b b b b b b b b b b b
HFRV\VWHP VHUYLFHV IUDPHZRUN LV FRPPRQO\ XVHG� 6FKRODUV KDYH XVHG HFRV\VWHP VHUYLFHV DV Db b b b b b b b b b b b b
EULGJH WR LQWHJUDWLQJ VRFLDO YDOXHV DQG GLPHQVLRQV LQWR HFRORJLFDO XQGHUVWDQGLQJV� DVVHVVPHQWV�b b b b b b b b b b b
DQG PDQDJHPHQW �&KDQ HW DO�� ����� 'LD] HW DO�� ����� &£FHUHV HW DO�� ������:KLOH WKHUH DUH IODZVb b b b b b b b b b b b b b b b b b
LQ XVLQJ DQ HFRV\VWHPV VHUYLFHV IUDPHZRUN� QRWDEO\ LWV KLVWRULF LQDELOLW\ WR DFFRXQW IRUb b b b b b b b b b b b b
VRFLR�FXOWXUDO YDOXHV WKDW DUH LQWDQJLEOH DQG�RU QRQ�PDWHULDO VXFK DV VSLULWXDO RU VHQVH RI SODFHb b b b b b b b b b b b b b
YDOXHV �)UDVHU HW DO�� ����� +DXVPDQQ HW DO�� ������ LW LV FKDOOHQJLQJ WR ILQG H[DPSOHV LQ WKHb b b b b b b b b b b b b b b b b
OLWHUDWXUH WKDW DVVHVVHV WKH VRFLR�FXOWXUDO YDOXHV RI ELRGLYHUVLW\ ZLWKRXW VRPH DSSOLFDWLRQ RI DQb b b b b b b b b b b b b
HFRV\VWHPV�VHUYLFHV�IUDPHZRUN��IRU�H[FHSWLRQV��VHH�*ULIILWKV�HW�DO���������b

&KDOOHQJLQJ WKRXJK LW PD\ EH� VHYHUDO VWXGLHV KDYH DWWHPSWHG WR SURYLGH IUDPHZRUNV DQGb b b b b b b b b b b b b
DSSURDFKHV WR JXLGH WKH DVVHVVPHQW RI FXOWXUDO DQG VRFLDO GLPHQVLRQV RI ELRGLYHUVLW\� 4XDQWLWDWLYHb b b b b b b b b b b b b
DQG TXDOLWDWLYH WRROV KDYH EHHQ XVHG� DOWKRXJK WKH FRQVHUYDWLRQ OLWHUDWXUH KDV QRWHG WKDW Db b b b b b b b b b b b b b
PL[HG�PHWKRG DSSURDFK WKDW DSSOLHV ERWK LQWHUSUHWLYLVW� DV ZHOO DV SRVLWLYLVW WRROV� LV PRUHb b b b b b b b b b b b b
HIIHFWLYH LQ XQGHUVWDQGLQJ WKH VRFLR�FXOWXUDO YDOXDWLRQ RI ELRGLYHUVLW\ �)UDVHU HW DO�� ������ 6RPH RIb b b b b b b b b b b b b b
WKH PRVW FRPPRQPHWKRGV XVHGZLWKLQ WKH OLWHUDWXUH LQFOXGH �LQ QR SDUWLFXODU RUGHU� IRFXV JURXSV�b b b b b b b b b b b b b b b
VHPL�VWUXFWXUHG LQWHUYLHZV� VXUYH\V�TXHVWLRQQDLUHV� YDOXH�EDVHG LQGH[HV� SKRWRJUDSK\ DQG VRFLDOb b b b b b b b
PHGLD� DQG JHRVSDWLDO PDSSLQJ� 6WXGLHV WKDW KDYH DSSOLHG WKHVHPHWKRGV DUH VXPPDUL]HG LQ 7DEOHb b b b b b b b b b b b b b
�� DORQJ ZLWK VSHFLILF QRWHV IRU DSSO\LQJ HDFKPHWKRG LQ WKH 8%&9DQFRXYHU FRQWH[W� 1RWH WKDW WKHb b b b b b b b b b b b b b b b b
PDMRULW\�RI�VWXGLHV�GLG�QRW�RQO\�DSSO\�RQH�PHWKRG�EXW�LQVWHDG�XVHG�D�FRPELQDWLRQ�RI�WZR�RU�PRUH�b

7DEOH�����6XPPDU\�RI�PHWKRGV�WR�PHDVXUH�WKH�VRFLDO�DQG�FXOWXUDO�GLPHQVLRQV�RI�ELRGLYHUVLW\b

0HWKRGb 6DPSOH�XVDJHb 1RWHV�IRU�8%&�9DQFRXYHUb

)RFXV�JURXSVb �&£FHUHV�HW�DO��������b Ɣ )RFXV�JURXSV�FRXOG�EH�VHSDUDWHG�E\�GLIIHUHQW�VRFLDOb
DFWRUV��LQFOXGLQJ�FRXOG�EH�VWXGHQWV��IDFXOW\��VWDII��HWF�b

Ɣ $�YHU\�FRPPRQ�ZD\�LQ�WKH�OLWHUDWXUH�WR�LGHQWLI\b
VRFLDO�FXOWXUDO�YDOXHV���RIWHQ��YDOXHV�DUH�UHYHDOHGb
WKURXJK�VRFLDO�LQWHUDFWLRQ�b

Ɣ (QDEOHV�WKH�SDUWLFLSDWLRQ�RI�PRUH�VWDNHKROGHUV�DQGb
VRFLDO�DFWRUV�WKDQ�LQWHUYLHZV��DQG�PRUH�QXDQFHG�GDWDb
WKDQ�TXHVWLRQQDLUHV�b

�)UDVHU�HW�DO��������b

�$VDK�	�%ODKQD�������b

�*ULIILWKV�HW�DO��������b

�b
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0HWKRG��FRQWèG�b 6DPSOH�XVDJHb 1RWHV�IRU�8%&�9DQFRXYHUb

,QWHUYLHZVb �&£FHUHV�HW�DO��������b Ɣ 2IIHUV�PRUH�LQ�GHSWK�DQG�SHUVRQDO�LQIRUPDWLRQ�WKDQb
IRFXV�JURXSV�IRU�TXHVWLRQQDLUHV�b

Ɣ +RZ�WR�VHOHFW�SDUWLFLSDQWV�WR�LQWHUYLHZ�ZRXOG�EH�Db
FKDOOHQJH���WLPH�FRQVXPLQJ��DQG�QHHG�WR�OLPLW�WKHb
QXPEHU�RI�SDUWLFLSDQWV�b

�)UDVHU�HW�DO��������b

6XUYH\V�RUb
4XHVWLRQQDLUHVb

�$VDK�	�%ODKQD�������b Ɣ $�TXHVWLRQQDLUH�WKDW�LV�FR�GHVLJQHG�ZLWK�VWDNHKROGHUVb
LV�RQH�ZD\�WR�HOLFLW�D�ZLGHU�UHVSRQVH�WKDQ�RQO\�XVLQJb
IRFXV�JURXSV�RU�LQWHUYLHZV�b�*ULIILWKV�HW�DO��������b

�*NDUJNDYRX]L��+DONRV��	b
0DWVLRUL�������b

9DOXH�EDVHGb
,QGH[HVb

�)UDVHU�HW�DO��������b Ɣ 8VHIXO�IRU�SXWWLQJ�PHWULFV�DQG�QXPEHUV�RQb
VRFLDO�FXOWXUDO�YDOXDWLRQ�b

�6XQ�HW�DO��������b

�*NDUJNDYRX]L��+DONRV��	b
0DWVLRUL�������b

�6KHUURXVH�HW�DO��������b

3KRWRJUDSK\�DQGb
6RFLDO�0HGLDb

�2WHURV�5R]DV�HW�DO��������b Ɣ $Q�LQWHUHVWLQJ�ZD\�WR�LQYROYH�SDUWLFLSDQWV�LQ�WKHb
UHVHDUFK�SURFHVV��JHW�VWXGHQWV�WR�WDNH�SKRWRV�RI�WKHb
ODQGVFDSHV�RU�SDUWV�RI�8%&�WKH\�YDOXH�PRVW�b�6XQ�HW�DO��������b

*HRVSDWLDOb
0DSSLQJ�WRROVb

�&£FHUHV�HW�DO��������b Ɣ 6R�PXFK�JHRVSDWLDO�GDWD�WKDW�LV�UHDGLO\�DYDLODEOH�DWb
8%&���RSSRUWXQLW\�WR�OHYHUDJH�WKDW�GDWD�b

Ɣ 0HWKRG�WR�YLVXDOL]H�VRFLDO�FXOWXUDO�YDOXDWLRQ��DQG�DOLJQb
ZLWK�H[LVWLQJ�GHYHORSPHQW�VWUDWHJLHV�WRROV�b

�6XQ�HW�DO��������b

�)UDVHU�HW�DO��������b

�6KHUURXVH�HW�DO��������b

b b

��b
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7KH IROORZLQJ WZR ER[HV RXWOLQH VSHFLILF FDVH VWXGLHV WKDW XVH XQLTXH WRROV WR PHDVXUH VRFLDO DQGb b b b b b b b b b b b b b b b
FXOWXUDO�YDOXHV�RI�ELRGLYHUVLW\�DQG�HFRV\VWHP�VHUYLFHV�b

&DVH�6WXG\����8VLQJ�3KRWRJUDSK\�WR�8QGHUVWDQG�5HVLGHQWVè�6RFLDO�9DOXHV�LQ�DQ�8UEDQ�3DUNb

,Q WKLV VWXG\ E\ 6XQ HW DO� ������� WKH DXWKRUV XVHG SKRWRJUDSK\ DQG *,6 WR VWUHQJWKHQ WKHLUb b b b b b b b b b b b b b b b b
XQGHUVWDQGLQJ RI WKH VRFLDO YDOXHV RI XUEDQ HFRV\VWHP VHUYLFHV WKDW DUH SURYLGHG E\ D ZHWODQGb b b b b b b b b b b b b b b
SDUN LQ 6KDQJKDL� 7KH SDUWLFLSDQWV ZHUH LQVWUXFWHG WR WDNH SKRWRV DW WKH SDUN RI DQ\WKLQJ WKDWb b b b b b b b b b b b b b b b
SRVLWLYHO\ DIIHFWHG WKHLU H[SHULHQFH� 3DUWLFLSDQWV DOVR ILOOHG RXW D SRVW�H[SHULHQFH VXUYH\ WKDWb b b b b b b b b b b b
LQFRUSRUDWHG VHYHUDO VRFLDO YDOXH W\SHV� DHVWKHWLF� HGXFDWLRQDO� UHFUHDWLRQDO� KLVWRULF�b b b b b b b b b
OLIH�VXVWDLQLQJ� DQG WKHUDSHXWLF� 7KH DXWKRUV WKHQ DQDO\]HG WKH SKRWRV DQG XVHG WKH 6RFLDOb b b b b b b b b b b b b
9DOXHV IRU (FRV\VWHP 6HUYLFHV �6RO9(6� PDSSLQJ WRRO WR FDOFXODWH D VSDWLDOO\�RULHQWDWHG YDOXHb b b b b b b b b b b b
LQGH[��VHH�&DVH�6WXG\���IRU�PRUH�LQIRUPDWLRQ�DERXW�6RO9(6��b

7KH UHVXOWV VKRZHG WKDW WKH SDUN VXFFHVVIXOO\ SURYLGHV DHVWKHWLF� ELRGLYHUVLW\� DQGb b b b b b b b b b b
OLIH�VXVWDLQLQJ YDOXHV� EXW GRHV QRW SURYLGH VWURQJ HGXFDWLRQDO RU KLVWRULF YDOXHV E\ YLVLWRUV� 7KHb b b b b b b b b b b b b b
XVH RI SKRWRJUDSKV HQDEOHG WKH DXWKRUV WR HIIHFWLYHO\ GRFXPHQW WKH UHDO�WLPH SHUFHSWLRQV DQGb b b b b b b b b b b b b
RQ�VLWH H[SHULHQFHV RI WKH SDUWLFLSDQWV� LQ FRPSDULVRQ WR DVNLQJ SDUWLFLSDQWV WR WKLQN EDFN WRb b b b b b b b b b b b b b
WKHLU H[SHULHQFH E\ UHVSRQGLQJ WR TXHVWLRQQDLUHV RU HQJDJLQJ LQ LQWHUYLHZV RU IRFXV JURXSVb b b b b b b b b b b b b
DIWHU WKH\ H[SHULHQFH WKH SDUN� 7KLV LV DQ LQWHUHVWLQJ H[SORUDWLRQ RI D VRPHZKDW PRUHb b b b b b b b b b b b b b
XQFRQYHQWLRQDO�YDOXDWLRQ�PHWKRG�b

b

&DVH�6WXG\����6RFLDO�9DOXHV�IRU�(FRV\VWHP�6HUYLFHV��6RO9(6�b

6RFLDO 9DOXHV IRU (FRV\VWHP 6HUYLFHV �6RO9(6� �KWWS���VROYHV�FU�XVJV�JRY�� ZDV GHYHORSHG E\ WKHb b b b b b b b b b b
8QLWHG 6WDWHV *HRORJLFDO 6XUYH\ �86*6� LQ ���� �6KHUURXVH HW DO�� ������ 6RO9(6 KHOSV WR DVVHVV�b b b b b b b b b b b b b b b
PDS� DQG TXDQWLI\ WKH SHUFHLYHG VRFLDO YDOXHV RI HFRV\VWHP VHUYLFHV� LQFOXGLQJ FXOWXUDO YDOXHV�b b b b b b b b b b b b b
E\ FDOFXODWLQJ D TXDQWLWDWLYH� ���SRLQW� YDOXHPHWULF �D ê9DOXH ,QGH[ë� XVLQJ ERWK QRQ�VSDWLDO DQGb b b b b b b b b b b b b b
VSDWLDO�UHVSRQVHV�WR�SXEOLF�YDOXH�DQG�SUHIHUHQFH�VXUYH\V�b

6RO9(6 ZRUNV ZLWK $UF*,6 �DQG VRRQ� 4*,6�� LV IUHH WR GRZQORDG DQG XVH� DQG FDQ EH FRPELQHGb b b b b b b b b b b b b b b b b
DQG OD\HUHG ZLWK HQYLURQPHQWDO VSDWLDO GDWD� ,QGH[ YDOXHV FDQ EH FRPSDUHGZLWKLQ DQG EHWZHHQb b b b b b b b b b b b b b
VXUYH\ VXEJURXSV� IDFLOLWDWLQJ WKH UHIOHFWLRQ RI GLIIHULQJ LQWHUHVWV DQG QHHGV DFURVV VRFLDO DFWRUb b b b b b b b b b b b b
JURXSV� ,W LV DQ LQWHUHVWLQJ DQG XVHIXO WRRO WR TXDQWLI\ WKH VRFLDO YDOXHV RI HFRV\VWHP VHUYLFHV LQ Db b b b b b b b b b b b b b b b b b
QRQ�PRQHWDU\ IUDPH DQG WR YLVXDOL]H KRZ VRFLDO YDOXHV H[LVW DQG FKDQJH DFURVV D ODQGVFDSH�b b b b b b b b b b b b b b
6LQFH LWV GHYHORSPHQW LQ ����� LW KDV EHHQ XVHG WR PDS WKH VRFLDO YDOXHV RI HFRV\VWHP VHUYLFHVb b b b b b b b b b b b b b b b b
RI QDWLRQDO SDUNV� ZDWHUVKHGV� DQG RWKHU ODQGVFDSHV LQ WKH 8QLWHG 6WDWHV� $XVWUDOLD� 3HUX� &KLQD�b b b b b b b b b b b b b b
-DSDQ��DQG�.RUHD�b

b

b b

��b

http://solves.cr.usgs.gov/
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�����8UEDQ�6\VWHPèV�5ROH�LQ��%LRGLYHUVLW\��(FRV\VWHP�6HUYLFHVb

7KLV VHFWLRQ H[SORUHV WKH OLQN EHWZHHQ WKH EXLOW HQYLURQPHQW DQG ELRGLYHUVLW\� 7KH EXLOWb b b b b b b b b b b b b
HQYLURQPHQW LQFOXGHV DOO PDQ�PDGH VWUXFWXUHV DQG FXOWXUDO ODQGVFDSHV WKDW PDGH XS D VRFLHW\b b b b b b b b b b b b b
FRQVLVWLQJ RI WKH SK\VLFDO� QDWXUDO� HFRQRPLF� VRFLDO DQG FXOWXUDO FDSLWDO �+ROOQDJHO� ������ 7KHb b b b b b b b b b b b b
XUEDQL]DWLRQ SURFHVV KDV GHVWUR\HG DQG IUDJPHQWHG WKH QDWXUDO HFRV\VWHP� FUHDWLQJ D IXQFWLRQDOO\b b b b b b b b b b b b
GLVWLQFWLYH EXLOW HQYLURQPHQW HFRV\VWHP PDGH XS RI ERWK QDWLYH DQG QRQ�QDWLYH ELRGLYHUVLW\b b b b b b b b b b b b
FRPSRQHQWV �0¾OOHU HW DO�� ������ &RQVHUYLQJ ELRGLYHUVLW\ LV QRW VLPSO\ VHWWLQJ DVLGH XQGHYHORSHGb b b b b b b b b b b b b
ODQG� WKH LQWHUDFWLRQ EHWZHHQ WKH QDWXUDO DQG EXLOW HQYLURQPHQW LV G\QDPLF DQG UHTXLUHV ZKROHb b b b b b b b b b b b b b
V\VWHP�WKLQNLQJ��+RVWHWOHU�HW�DO���������b

,Q WKH GLVFXVVLRQ EHWZHHQ WKH çEXLOW HQYLURQPHQWèb b b b b b b
DQG QDWXUDO HQYLURQPHQW� WKH UHODWLRQDO GHILQLWLRQb b b b b b
RI çEXLOW HQYLURQPHQWè ZLOO PRUH SUHFLVHO\ EHb b b b b b b
XQGHUVWRRG DV D �V\VWHP�� )RU FODULW\� WKH çEXLOWb b b b b b b b
HQYLURQPHQWè LV GLVFXVVHG DV DQ XUEDQ V\VWHP� $Qb b b b b b b b
XUEDQ V\VWHP FDQ EH FRQFHSWXDOL]HG DV RI D FLW\b b b b b b b b b
�)LJXUH �� ZKHUH HQHUJ\ DQG UHVRXUFH DUHb b b b b b b
FRQYHUWHG WR SURGXFH ZDVWH DQG SROOXWLRQ� LQb b b b b b b
ZKLFK LW DOVR FRQVLVWV RI PXOWLOHYHO VXEV\VWHPV� LH�b b b b b b b b
D WUDIILF V\VWHP LQ WKH FLW\ FRQVLVWV RI FDUVb b b b b b b b b
�VXEV\VWHP� WKDW FRQVXPHV IXHO DQG SURGXFHb b b b b b
PRELOLW\� ZKHUHE\ D FDU DOVR FRQVLVWV RI D EDWWHU\b b b b b b b b b
V\VWHP �VXEV\VWHP FRPSRQHQW� ZLWKLQ LWVHOIb b b b b
ZKLFK XVHV ZDWHU IRU HOHFWULFLW\ RXWSXWb b b b b b
�+DUDOGVVRQ��������bb

)LJXUH ��� $ FDU EDWWHU\ LV D VXEV\VWHP RI D YHKLFOH� DQG YHKLFOHV DUH Db b b b b b b b b b b b b b b
VXEV\VWHP�RI�WKH�FLW\�WUDIILF���VRXUFH��+DUDOGVVRQ��������S�����b

7R KDYH DQ HIILFLHQW V\VWHP DQDO\VLV� LW LV LPSRUWDQW WR UHFRJQL]H WKDW PRVW RI WKH GHFLVLRQ�PDNLQJb b b b b b b b b b b b b b b b
SURFHVV LV WDNLQJ SODFH ZLWKLQ WKH XUEDQ V\VWHP �+ROOQDJHO� ����� EHFDXVH LW LV KRZ WKH XUEDQb b b b b b b b b b b b b b b b
V\VWHP ZRUNV WKDW ZLOO LQIOXHQFH WKH SHUIRUPDQFH RI WKH HFRV\VWHPV� 8UEDQ V\VWHPV KDQGOH DQGb b b b b b b b b b b b b b
SURFHVV UHVRXUFHV DQG SURGXFH SURGXFWV� VHUYLFHV� DQGZDVWHV� 7KH ZD\ XUEDQ V\VWHPVZRUNPDGHb b b b b b b b b b b b b b
FLWLHV WKH DJJORPHUDWLRQ RI FRPSOH[ LQWHUDFWLRQV EHWZHHQ LQWHUQDO DQG H[WHUQDO V\VWHPV DV ZHOO DVb b b b b b b b b b b b b b
WKHLU FXPXODWLYH HIIHFWV �6DVVHQ� ������ +XPDQV DV D SRSXODWLRQ LQ WKH XUEDQ V\VWHP DUH WKHb b b b b b b b b b b b b b b
FRQVXPHUV RI WKH HFRV\VWHP VHUYLFHV LV DOVR WKH ELRGLYHUVLW\ WKDW VXSSRUWV WKH SURYLVLRQ RIb b b b b b b b b b b b b b
HFRV\VWHP VHUYLFHV� LH� ODQGVFDSH GHVLJQ WKDW SURYLGHV FXOWXUDO VHUYLFHV� ZKLFK FDQ EH FRQWULEXWHGb b b b b b b b b b b b b
E\ WKH HWKQLF GLYHUVLW\ RI WKH SRSXODWLRQ� 7KDW WR VD\� DOWHULQJ WKH ZD\ DQ XUEDQ V\VWHP ZRUNVb b b b b b b b b b b b b b b b b
FRXOG�RSWLPL]H�WKH�VXVWDLQDELOLW\�RI�ELRGLYHUVLW\�WKDW�VXSSRUWV�LW��2SRNX��������bb

:H KDYH HVWDEOLVKHG HDUOLHU WKDW WKH KHDOWK DQG DEXQGDQFH RI ELRGLYHUVLW\ �VXEV\VWHP FRPSRQHQW�b b b b b b b b b b b b b
ZLOO VXSSRUW WKH SURYLVLRQ RI HFRV\VWHP VHUYLFHV WR VXVWDLQ KXPDQZHOOEHLQJ �6HGGRQ HW DO�� ������b b b b b b b b b b b b b b b
8QIRUWXQDWHO\� WKH HIIHFW RI WKH H[SDQVLRQ RI WKH XUEDQ V\VWHP RIWHQ FRQWULEXWHV WR WKH ORVV RIb b b b b b b b b b b b b b b b
ELRGLYHUVLW\ �)RUHVWHU 	 0DFKOLVW� ������ ZKLOH WKH UHODWLRQVKLS EHWZHHQ ODQG�XVH FKDQJH DQGb b b b b b b b b b b b
ELRGLYHUVLW\�ORVVHV�LV�KDUGO\�XQGHUVWRRG�HPSLULFDOO\��GH�&KD]DO�	�5RXQVHYHOO��������bb b

��b
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$OWKRXJK WKH DSSUHFLDWLRQ RI ELRGLYHUVLW\ LV EURDGO\ DFFHSWHG� LW LV XQGHUPLQHG� IRU LQVWDQFH� WKHb b b b b b b b b b b b b b
LQGLUHFW KHDOWK YDOXH ORVW LQ HFRQRPLF YDOXDWLRQ� LH� WKH WKHUDSHXWLF HIIHFWV RI XUEDQ WUHHV� RU WKHb b b b b b b b b b b b b b b b
RXWEUHDN RI LQIHFWLRXV GLVHDVH GXH WR DOWHUDWLRQ LQ ELRGLYHUVLW\ HTXLOLEULD �%URZQ 	 *UDQW� �����b b b b b b b b b b b b b b
*ULIR 	 5RVHQWKDO� ������ 5HFRJQL]LQJ WKH LPSRUWDQFH RI ELRGLYHUVLW\ GRHV QRW OHDG WR DQ XUEDQb b b b b b b b b b b b b b b
V\VWHP GHFLVLRQ RQ FRQVHUYLQJ ELRGLYHUVLW\ PRUH DSSDUHQW LI LWV YDOXDWLRQ IDLOV WR FRQVROLGDWH LQWRb b b b b b b b b b b b b b
PDLQVWUHDP DFFRXQWLQJ IUDPHZRUN� ,Q WKH GHFLVLRQ FRQWH[W IRU HFRV\VWHP YDOXDWLRQV� WKHb b b b b b b b b b b
PRQHWDU\ YDOXHV IRU DZDUHQHVV�UDLVLQJ� HFRQRPLF DFFRXQWLQJ� SULRULW\�VHWWLQJ� LQFHQWLYH GHVLJQ�b b b b b b b b b
DQG OLWLJDWLRQ DUH RIWHQ IRUHJURXQGHG DJDLQVW WKH XQGHUO\LQJ YDOXHV �%DUWRQ HW DO�� ����� SS�b b b b b b b b b b b b b b
���å�����bb

7KH YDOXDWLRQ RI ELRGLYHUVLW\ LQ UHODWLRQ WR WKH XUEDQ V\VWHP LV OLPLWHG ZKLFKPDQ\ FXUUHQW VWXGLHVb b b b b b b b b b b b b b b b
DUH EDVHG RQ WKH YDOXDWLRQ RI WKH HFRV\VWHP VHUYLFHV LQVWHDG�0DQ\ HFRV\VWHP VHUYLFHV YDOXDWLRQb b b b b b b b b b b b b b
XVHG IRU XUEDQ JRYHUQDQFH LQFUHDVLQJO\ GHPDQGV VSDWLRWHPSRUDOO\ ULFK DQG PXOWLVFDODU DQDO\VLV�b b b b b b b b b b b
ZKLFK FDQ EH DOVR FRVWO\ WR SURGXFH �*µPH]�%DJJHWKXQ HW DO�� ������ 6RPH RI WKH PDLQVWUHDPb b b b b b b b b b b b b b b
PRQHWDU\ PHWKRGV XVHG IRU XUEDQ HFRV\VWHP VHUYLFHV YDOXDWLRQV LQFOXGH KHGRQLF SULFLQJ� WUDYHOb b b b b b b b b b b b
FRVW� DYRLGHG FRVW �SURGXFWLRQ RU GDPDJH IXQFWLRQV�� UHSODFHPHQW FRVW DQG VWDWHG SUHIHUHQFHb b b b b b b b b b b b
�*µPH]�%DJJHWKXQ 	 %DUWRQ� ������ ��0RUH HFRQRPLF YDOXDWLRQ VHH QH[W VHFWLRQ RI WKLV UHSRUW���b b b b b b b b b b b b b
5HYLHZV RI KXQGUHGV RI VWXGLHV RQ XUEDQ V\VWHPV PDUNHGO\ FRQFOXGHG ZLWK DQWLFLSDWHGb b b b b b b b b b b b
LQFRPSUHKHQVLRQ� HVSHFLDOO\ WKH NQRZOHGJH JDS LQ ELRORJLFDO DQG FXOWXUDO FRPSOH[LW\ �%RW]DW HW DO��b b b b b b b b b b b b b
������*µPH]�%DJJHWKXQ�	�%DUWRQ��������+XEDFHN�	�.URQHQEHUJ��������b

&DVH�6WXG\����9DOXDWLRQ�RI�XUEDQ�HFRV\VWHP�VHUYLFHV�GLIIHUV�E\�VWDNHKROGHUV�SHUVSHFWLYHb

,W LV ZRUWK QRWLQJ WKH YDOXDWLRQ RI WKH XUEDQ HFRV\VWHP VHUYLFHV GLIIHUV LQ PHWKRGV GHSHQGLQJ RQb b b b b b b b b b b b b b b b
WKH VWDNHKROGHUèV SHUVSHFWLYH� +XEDFHN DQG .URQHQEHUJ ������ V\QWKHVL]H ��� ZRUNV RIb b b b b b b b b b b
OLWHUDWXUH RQ XUEDQ V\VWHPV LQWR ILYH EURDG FDWHJRULHV� PRGHOOLQJ VWXGLHV� JRYHUQDQFH� WRROV�b b b b b b b b b b b b
HFRQRPLFV DQG VRFLDO� :LWK GLIIHUHQW SHUVSHFWLYHV DQG IRFXVHV RQ DVVHVVLQJ XUEDQ HFRV\VWHPb b b b b b b b b b b b
VHUYLFHV IRU GHFLVLRQ PDNLQJ \LHOGV D P\ULDG RI YDOXHV� D GLUHFW FRUUHODWLRQ EHWZHHQ GLIIHUHQWb b b b b b b b b b b b b b
YDOXDWLRQ LV DOPRVW LPSRVVLEOH� LH� SDWKZD\ RULHQWHG SROLF\ LQVWUXPHQW YHUVXV FRVW�EHQHILWb b b b b b b b b b b
DQDO\VLV� 7KH IROORZLQJ FKDUW H[DPLQHV WKH /LYLQJ0HOERXUQH� 8UEDQ )RUHVW 6WUDWHJ\ WKURXJK WKHb b b b b b b b b b b b b
OHQV RI +XEDFHN DQG .URQHQEHUJ ������èV ILYH SHUVSHFWLYHV WR VKRZ WKH REYLRXV PLVPDWFK LQb b b b b b b b b b b b b b
YDOXDWLRQ�PHWULFV�b

&DWHJRU\b 0RGHOOLQJ�VWXGLHVb *RYHUQDQFHb 7RROVb (FRQRPLFVb 6RFLDOb

3HUVSHFWLYHb (QYLURQPHQWDOb
6FLHQFHbb

(FRV\VWHPb
0DQDJHPHQWb

8UEDQ�3ODQQLQJb
6XSSRUWb

(FRQRPLFb 6RFLDO�6FLHQFHb

)RFXV�b
0HWKRGVb

(FRV\VWHPb
FRPSRQHQWV�b
W\SHV��LQWHUDFWLRQVb

,QVWLWXWLRQDOb
VWUXFWXUH��SROLF\b
LQVWUXPHQWV�b
DQDO\WLFDO�WRROVb

$�SK\VLFDO�WRRO�b
PRGHOOLQJ�WRROV�b
VSDWLDO�DQGb
DQDO\WLFDOb
IUDPHZRUNb

9DOXDWLRQ�VWXGLHV�b
FRVW�EHQHILWb
DQDO\VHV��HFRQRPLFb
FRQVHTXHQFHVb

6RFLDOb
EHKDYLRXU�b
SHUFHSWLRQ�DQGb
QRUPVbb

/LYLQJb
0HOERXUQHb
6WUDWHJ\��b
ELRGLYHUVLW\b
PHWULFVb

&DQRS\�PDSSLQJb
DQG�ELUG�VSHFLHVb
KDELWDW�OLNHOLKRRGb
PRGHOOLQJb

3HUFHQWDJH�RI�WUHHb
FDQRS\�FRYHUb
WDUJHW��VSHFLHVb
GLYHUVLW\b

(FRORJLFDOb
FRQQHFWLYLW\�JXLOGb
SODQQLQJb

7KH�PDUNHW�YDOXHb
RI�KRQH\b
SURGXFWLRQ�IURPb
EHHV��UHYHQXH�IURPb
SDUN�WRXULVWVb

$FFHVV�WRb
QDWXUH�IRUb
SK\VLFDO�DQGb
PHQWDO�KHDOWKb

)LJXUH ��� $QDO\]LQJ /LYLQJ 0HOERXUQH� 8UEDQ )RUHVW 6WUDWHJ\ YDOXDWLRQ PHWULFV �7KH 1DWXUH &RQVHUYDQF\ 	 5HVLOLHQW 0HOERXUQH�b b b b b b b b b b b b b b b b
������XVLQJ�WKH�W\SRORJ\�DGDSWHG�IURP�+XEDFHN�DQG�.URQHQEHUJ�������èV�ILYH�SHUVSHFWLYHV�RI�XUEDQ�HFRV\VWHP�VHUYLFHV�bb

��b



,17(*5$7('�9$/8$7,21�2)�%,2',9(56,7<b
�

2QH RI WKH FULWLFDO PLVVLQJ FRQQHFWLRQV LQ YDOXLQJ HFRV\VWHP VHUYLFHV LV WKH �êVFDQW NQRZOHGJH RQb b b b b b b b b b b b b b b
KRZ WKH\ DUH SURGXFHG� PDLQWDLQHG� DQG DIIHFWHG E\ D V\VWHP RU DELRWLF FKDQJHV DQG KRZ WKH\ DUHb b b b b b b b b b b b b b b b b
UHODWHG WR OHYHOV RI ELRGLYHUVLW\ë ��GH *URRW HW DO�� ����� S� ���� ,W LV KLJKO\ FDXWLRQHG WKDW WDUJHWLQJ Db b b b b b b b b b b b b b b b b b b
VSHFLILF HFRV\VWHP VHUYLFH YDOXH ZRXOG QHJOHFW LWV RWKHU DWWULEXWHV LQ WKH XQGHUSLQQLQJb b b b b b b b b b b b
ELRGLYHUVLW\ VWUXFWXUH DQG IXQFWLRQLQJ LQ WKH HFRV\VWHP� WKXV LW LV EHWWHU WR HPEHG ELRGLYHUVLW\ LQb b b b b b b b b b b b b b b
WKH FRUH RI DOO LQWHUDFWLQJ HFRV\VWHP FRPSRQHQWV WKDW FRQQHFW D FROOHFWLRQ RI YDOXHV �&DYDQDJK HWb b b b b b b b b b b b b b b
DO���������bb

&DVH�6WXG\����0DSSLQJ�HFRV\VWHP�VHUYLFHV�FDSDFLW\��IORZ�DQG�GHPDQGb

2QH ZD\ WR LQWHJUDWH HFRORJLFDO DQG FXOWXUDO YDOXHV LQ ODQG XVH SODQQLQJ LV WKH XVH RI HFRV\VWHPb b b b b b b b b b b b b b b b b
VHUYLFHV PDSSLQJ WKDW LQFRUSRUDWHG FDSDFLW\� IORZ DQG GHPDQG� 7KLV HFRV\VWHP VHUYLFHV VSDWLDOb b b b b b b b b b b b
VWXG\ DQDO\]HV WKH YDOXHV IRU RXWGRRU UHFUHDWLRQ DQG DLU SXULILFDWLRQ WR LQIRUP XUEDQ SODQQLQJb b b b b b b b b b b b b b
SROLF\ LQ %DUFHORQD �%DUµ HW DO�� ������ 7KLV VSDWLDO PRGHOOLQJ WRRO SUHVHQWV D FRPSUHKHQVLYHb b b b b b b b b b b b b b
SLFWXUH RI WKH HFRV\VWHP VHUYLFHV GHOLYHU\ WKDW HQFRPSDVVHV VRFLDO DQG HFRORJLFDO GLPHQVLRQVb b b b b b b b b b b b
IRU�PHDQLQJIXO�SROLF\�FRQVLGHUDWLRQ�bb

b
)LJXUH ��� &DSDFLW\� IORZ� GHPDQG DQG XQVDWLVILHG GHPDQG PDSV� XUEDQ�UXUDO JUDGLHQWV FKDUW IRU DLU SXULILFDWLRQ DQG RXWGRRUb b b b b b b b b b b b b b b b b
UHFUHDWLRQ�UHODWLYH�WR�DQG�IURP�WKH�XUEDQ�FRUH��VRXUFH��%DUµ�HW�DO���������SS����������b

b
,QVWHDG RI D OLQHDU YDOXDWLRQ� DOWHUQDWLYH DSSURDFKHV IRU HIIHFWLYH XUEDQ ELRGLYHUVLW\ FRQVHUYDWLRQb b b b b b b b b b b b
DUH�RIWHQ�DGYRFDWHG��KHUH�DUH�WKUHH�H[DPSOHV�bb

�� 1R VLQJOH UDQNLQJ RI HQYLURQPHQWDO JRDOV XVLQJ SXEOLF GHULYHG YDOXHV �HFRQRPLF� FXOWXUDO�b b b b b b b b b b b b
DQG DHVWKHWLF� ZLOO EH DGHTXDWH WR SURWHFW ELRGLYHUVLW\� D KLHUDUFKLFDO DSSURDFK FDQ SUHYHQWb b b b b b b b b b b b b
D�SROLF\�JULGORFN��1RUWRQ�	�8ODQRZLF]���������5HIHU�WR�FDVH�VWXG\����b

�� 5HFRJQL]LQJ WKH QHRFODVVLFDO HFRQRPLVWVè IDLOXUH WR PHDVXUH HFRORJLFDO VFDUFLW\ LQ QDWXUDOb b b b b b b b b b b
VWRFNV� 6DVVHQ ������ SURSRVHV WKH HFRORJLFDO�HFRQRPLF PRGHO ZKHUHE\ KXPDQV PXVW OLYHb b b b b b b b b b b
RQ�QDWXUDO�LQFRPH�SURGXFHG�E\�WKH�UHPDLQLQJ�QDWXUDO�FDSLWDO�bb

�� )RU FR�EHQHILFLDO SXUVXLW� YDOXDWLRQ RQ WKH SRWHQWLDO KHDOWK EHQHILWV IURP LQYHVWPHQW LQb b b b b b b b b b b b
QDWXUDO FDSLWDO FRXOG DWWUDFW IXQGLQJ FRQWULEXWLRQV IURP RWKHUZLVH XQOLNHO\ VRXUFHV� )RUb b b b b b b b b b b
LQVWDQFH� OLQNLQJ WKH EHQHILW RI WUHH SODQWLQJ WR KHDOWK EHQHILWV WR VHFXUH IXQGLQJ IURP KHDOWKb b b b b b b b b b b b b b b
VHFWRUV�IRU�SURPRWLQJ�D�KHDOWKLHU�HQYLURQPHQW��5HIHU�WR�FDVH�VWXG\����b

b
b
b

��b
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&DVH�6WXG\����+LHUDUFK\�RI�OHJLVODWLRQ�DQG�SDWKZD\�WR�GHFLVLRQ�PDNLQJ�DSSURDFK�b

7KH�6WDWH�RI�9LFWRULDèV�0DULQH�DQG�&RDVWDO�3ROLF\�XVHV�D�SDWKZD\�DSSURDFK�WR�PDNH�ELRGLYHUVLW\b
FRQVHUYDWLRQ�SURWHFWHG�E\�WKH�OHJLVODWLRQ�IURP�KDUPIXO�GHYHORSPHQW�SODQQLQJ�bb

b
)LJXUH�����3ODQQLQJ�DQG�GHFLVLRQ�SDWKZD\�GHYHORSHG�WR�SULRULWL]H�HQYLURQPHQW�SURWHFWLRQ�IURP�KDUPIXO�GHYHORSPHQW���VRXUFH��7KHb
VWDWH�RI�9LFWRULD�������b

b

&DVH�6WXG\����/LQNLQJ�FR�EHQHILFLDO�SXUVXLW�IRU�LQQRYDWLYH�IXQGLQJ�VWUHDPVb

/LQNLQJ WKH EHQHILW RI LQFUHDVHG XUEDQ IRUHVWU\ WR WKH RYHUDOO KHDOWK RXWFRPH WR VHFXUH IXQGLQJb b b b b b b b b b b b b b b
IURP KHDOWK VHFWRUV IRU SURPRWLQJ D KHDOWKLHU HQYLURQPHQW� DQ H[DPSOH IURP WKH /LYLQJb b b b b b b b b b b b b
0HOERXUQH 8UEDQ )RUHVW 6WUDWHJ\� 9DOXLQJ WKH SRWHQWLDO EHQHILW WUDQVIHU FRXOG VHFXUH IXQGLQJb b b b b b b b b b b b
IURP�RWKHUZLVH�XQOLNHO\�VWDNHKROGHUV�b

b
)LJXUH ��� ,QQRYDWLYH IXQGLQJ VWUHDPV LQ WKH /LYLQJ 0HOERXUQH 8UEDQ )RUHVW 6WUDWHJ\ �VRXUFH� 7KH 1DWXUH &RQVHUYDQF\ 	 5HVLOLHQWb b b b b b b b b b b b b b b b b b
0HOERXUQH��������S������b

b b

��b
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�����(FRQRPLF�9DOXDWLRQ�RI�%LRGLYHUVLW\b

,W LV XQDUJXDEOH WKDW QDWXUDO FDSLWDO DQG HFRV\VWHP VHUYLFHV KROG DQ HQRUPRXV HFRQRPLF YDOXH� Db b b b b b b b b b b b b b b
YDOXH WKDW FDQ HYHQ EH VDLG WR EH LQILQLWH �&RVWDQ]D� ������ ,Q WKHLU VHPLQDO SDSHU� &RVWDQ]D HW DO�b b b b b b b b b b b b b b b b b b
������ HVWLPDWHG WKH DQQXDO YDOXH RI WKH ZRUOG HFRV\VWHP VHUYLFHV DW 86��� WULOOLRQ �LQ ����b b b b b b b b b b b b b b b
86���b

�������:K\�VKRXOG�ZH�GR�HFRQRPLF�YDOXDWLRQ"b
7KH YDOXDWLRQ RI HFRV\VWHP VHUYLFHV FDQ EH WKRXJKW RI DV XQGHVLUDEOH EHFDXVH LW IHHOV FUDVV WR SXWb b b b b b b b b b b b b b b b b
D SULFH RQ VXFK êLQWDQJLEOHVë FRQFHSWV RU EHFDXVH FRQVHUYDWLRQ RI HFRV\VWHPV VKRXOG EH SXUHO\b b b b b b b b b b b b b b
PRUDO �&RVWDQ]D� ������ 7KDW EHLQJ VDLG� &RVWDQ]D ������ DUJXHG WKDW PRUDO DQG HFRQRPLFb b b b b b b b b b b b b
DUJXPHQWV DUH QRW PXWXDOO\ H[FOXVLYH DQG WKDW ZH FDQ UHIOHFW RQ ERWK LQ SDUDOOHO� 7KHUHIRUH�b b b b b b b b b b b b b b b
GLVPLVVLQJ WKH HFRQRPLF YDOXDWLRQ RI ELRGLYHUVLW\ RQPRUDO KLJK JURXQG LV QRW UHFRPPHQGHG� %RWKb b b b b b b b b b b b b b
WKH�IUDPHZRUNV�GLVFXVVHG�DERYH�DQG�HFRQRPLF�IUDPHZRUNV�FDQ�EH�FRQVLGHUHG�VLPXOWDQHRXVO\�b
b
+HUH DUH D IHZ FRQFUHWH UHDVRQV DV WR ZK\ ZH VKRXOG XVH HFRQRPLF YDOXDWLRQ �3DVFXDO HW DO��b b b b b b b b b b b b b b b b b
������b

��b &UHDWH�PDUNHWV�IRU�QDWXUDO�DVVHWV�DQG�DGGUHVV�PDUNHW�IDLOXUHV�b
��b 8QGHUVWDQG�DQG�DSSUHFLDWH�WKH�RSSRUWXQLW\�FRVW�b
��b 0D\�EH�XVHIXO�IRU�JRYHUQPHQWV�WR�GHVLJQ�ELRGLYHUVLW\�DQG�FRQVHUYDWLRQ�SROLFLHV�b

b
,Q EULHI� WKH HFRQRPLF YDOXDWLRQ RI ELRGLYHUVLW\ LV GHVLUDEOH IRU DQ LQVWLWXWLRQ OLNH 8%& EHFDXVH LWb b b b b b b b b b b b b b b b
FDQ DOORZ GHFLVLRQ�PDNHUV WR FRPSDUH WKH YDOXH RI FKDQJH LQ ELRGLYHUVLW\ ZLWK WKH YDOXH RIb b b b b b b b b b b b b b b
DOWHUQDWLYH�RSWLRQV��H�J��LQYHVWPHQW�SURMHFWV���1XQHV�	�YDQ�GHQ�%HUJK��������b
�
�������9DOXDWLRQ�7HFKQLTXHV�
7KH JRDO RI HFRQRPLF YDOXDWLRQ LV WR H[SOLFLWO\ VWDWH WUDGH�RIIV �%DUWNRZVNL� ����� DQG WR FRQYH\b b b b b b b b b b b b b b b
LQIRUPDWLRQ WR VRFLHW\ DERXW WKH VFDUFLW\ RI UHVRXUFHV �3DVFXDO HW DO�� ������ (FRV\VWHPV DUH VFDUFHb b b b b b b b b b b b b b b
LQ HFRQRPLF WHUPV EHFDXVH WKHLU FRQVHUYDWLRQ FDUULHV DQ RSSRUWXQLW\ FRVW �3DVFXDO HW DO�� ������b b b b b b b b b b b b b b
7KDW EHLQJ VDLG� HFRQRPLF YDOXDWLRQ RI HFRV\VWHPV LV XQGHQLDEO\ DQ DQWKURSRFHQWULF DSSURDFKb b b b b b b b b b b b
VLQFH HFRV\VWHPV DUH YLHZHG DV WRROV WR LPSURYH KXPDQ ZHOO�EHLQJ �%DUWNRZVNL� ������ 7KURXJKb b b b b b b b b b b b b
HFRQRPLF YDOXDWLRQ� ZH FDQ PHDVXUH WKH YDOXH RI PDUJLQDO FKDQJHV LQ WKH VXSSO\ RI HQYLURQPHQWDOb b b b b b b b b b b b b b b
JRRGV�DQG�VHUYLFHV��3DVFXDO�HW�DO���������%DUWNRZVNL��������b

$OWKRXJK QRW WKH RQO\ YDOXDWLRQ SDUDGLJP� PRVW HFRQRPLF YDOXDWLRQ RI HFRV\VWHPV DUH EDVHG RQb b b b b b b b b b b b b b
WKH WRWDO HFRQRPLF YDOXDWLRQ IUDPHZRUN FRQFHSW �7(9� �5DQGDOO ������ ZKLFK LV GHILQHG DV WKH VXPb b b b b b b b b b b b b b b
RI WKH YDOXHV RI DOO VHUYLFH IORZV JHQHUDWHG E\ QDWXUDO FDSLWDO QRZ DQG LQ WKH IXWXUH �3DVFXDO HW DO�b b b b b b b b b b b b b b b b b b b
������ 7KH LGHD WKDW HFRV\VWHPV KDYH XVH YDOXH DQG QRQ�XVH YDOXH WKDW VWHPV IURP WKHLU H[LVWHQFHb b b b b b b b b b b b b b b b
IRU IXWXUH JHQHUDWLRQV GDWHV EDFN WR .UXWLOODèV SDSHU FDOOHG &RQVHUYDWLRQ UHFRQVLGHUHG �������b b b b b b b b b b b b
&RQFHSWXDOO\� WKH WRWDO HFRQRPLF YDOXH DWWULEXWHG WR DQ HFRV\VWHP FDQ EH VHHQ LQ )LJXUH ��b b b b b b b b b b b b b b b
0HWD�DQDO\VHV KDYH VKRZQ WKDW LQGLUHFW XVH�YDOXH LV WKH PRVW HFRQRPLFDOO\ YDOXDEOH DVSHFW RIb b b b b b b b b b b b b
ELRGLYHUVLW\ �&RVWDQ]D HW DO�� ����� GXH WR LWV LPSDFW RQ HFRV\VWHP VHUYLFHV �)DUQVZRUWK HW DO��b b b b b b b b b b b b b b b
������ )RU PRUH GHWDLOV� WKH ILIWK FKDSWHU RI 7KH (FRQRPLFV RI (FRV\VWHPV DQG %LRGLYHUVLW\ �7((%�b b b b b b b b b b b b b b b
�.XPDU��������JLYHV�H[DPSOHV�IRU�HDFK�RI�WKHVH�XVH�DQG�QRQ�XVH�YDOXHV�b

��b
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bb
)LJXUH�����7RWDO�(FRQRPLF�9DOXH�IUDPHZRUN�IRU�HFRV\VWHPV�DQG�ELRGLYHUVLW\��$GDSWHG�IURP�3DVFXDO�HW�DO���������DQG�%DUWNRZVNL��������b

:H ZLOO IRFXV RQ HFRQRPLF YDOXDWLRQ WKURXJK VWDWHG SUHIHUHQFH DSSURDFKHV WKDW KDYH WKHb b b b b b b b b b b b b
SRWHQWLDO WR FDSWXUH ERWK XVH DQG QRQ�XVH YDOXHV �3DVFXDO HW DO�� ������ 7KH JRDO RI WKHVHPHWKRGVb b b b b b b b b b b b b b b b b
LV WR VLPXODWH D PDUNHW DQG GHPDQG IRU HFRV\VWHP VHUYLFHV WKURXJK VXUYH\V RQ WKHRUHWLFDOb b b b b b b b b b b b b b
FKDQJHV LQ WKH SURYLVLRQ RI HFRV\VWHP VHUYLFHV �3DVFXDO HW DO�� ������ 9DOXHV DUH DWWULEXWHG WRb b b b b b b b b b b b b b b
QDWXUDO DVVHWV WKURXJK SHRSOHèV ZLOOLQJQHVV WR SD\ �:73� IRU WKH VHUYLFHV WKDW HPHUJH IURP WKHb b b b b b b b b b b b b b b
DVVHWV �3DVFXDO HW DO�� ������ (FRQRPLF YDOXHV DUH KRZHYHU QRW GHILQLWLYH �%DUWNRZVNL� ����� EXWb b b b b b b b b b b b b b
UDWKHU KHWHURJHQHRXV LQ VSDFH DQG WLPH DQG GHSHQGHQW RQ VRFLR�HFRQRPLF FRQWH[WV �%DUELHU HW DO��b b b b b b b b b b b b b b
������b

7KH PRVW XVHG W\SHV RI VWDWHG SUHIHUHQFH VXUYH\V IRU WKH YDOXDWLRQ RI ELRGLYHUVLW\ DQG HFRV\VWHPb b b b b b b b b b b b b b b
VHUYLFHV�DUH�b

�b &RQWLQJHQW 9DOXDWLRQ �&9��� 5HVSRQGHQWV DUH DVNHG WKURXJK TXHVWLRQQDLUHV KRZ PXFK WKH\b b b b b b b b b b b
ZRXOG�EH�ZLOOLQJ�WR�SD\�WR�LQFUHDVH�WKH�SURYLVLRQ�RI�HFRV\VWHP�VHUYLFH��3DVFXDO�HW�DO���������b

�b 'LVFUHWH &KRLFH ([SHULPHQW �&(��� 5HVSRQGHQWV DUH SUHVHQWHGZLWK D OLVW RI PXOWLSOH PXWXDOO\b b b b b b b b b b b b b
H[FOXVLYH FKRLFHV DVVRFLDWHG ZLWK D YDOXH DQG WKH\ KDYH WR VWDWH WKHLU SUHIHUHQFH DPRQJ WKHb b b b b b b b b b b b b b b
FKRLFHV��+R\RV���������7KHUH�LV�D�WUDGH�RII�EHWZHHQ�HDFK�FKRLFH��LELG��b

%LRGLYHUVLW\ LV D PXOWL�OHYHO FRQFHSW �RUJDQLVPV� WD[RQRPLF� FRPPXQLW\� WKDW FDQ EH PHDVXUHG LQb b b b b b b b b b b b b
YDULRXV ZD\V �H�J� VWUXFWXUDO GLYHUVLW\� IXQFWLRQDO GLYHUVLW\� �)DUQVZRUWK HW DO�� ������ 7KH UROH RIb b b b b b b b b b b b b b
ELRGLYHUVLW\ LQ WKH HFRV\VWHP VHUYLFH IUDPHZRUN LV VWLOO XQFOHDU �$WNLQVRQ HW DO�� ������ DQG PRUHb b b b b b b b b b b b b b b
JHQHUDOO\� PRVW SHRSOH GR QRW KDYH D JUDVS RQ WKHPHDQLQJ RI WKH ELRGLYHUVLW\ FRQFHSW� 7KHUHIRUH�b b b b b b b b b b b b b b b b
VRPH VFKRODUV WKLQN WKDW WKH YDOXH RI ELRGLYHUVLW\ FDQ RQO\ EH FDSWXUHG WKURXJK SUR[LHVb b b b b b b b b b b b b b
�%DUWNRZVNL HW DO�� ������ %DUWNRZVNL HW DO� ������ FODVVLILHG ELRGLYHUVLW\ SUR[LHV ZLWKLQ VL[b b b b b b b b b b b b b
DWWULEXWH FDWHJRULHV� QXPEHUV� VSHFLHV� JHQHWLFV� IXQFWLRQV� KDELWDWV DQG DEVWUDFW� 7KH\ IRXQG WKDWb b b b b b b b b b b b
WKH WZR PRVW VDWLVIDFWRU\ DSSURDFKHV ZHUH IXQFWLRQV �HPSKDVL]LQJ WKH UROHV UDWKHU WKDQ WKHb b b b b b b b b b b b b
FRPSRQHQWV��DQG�JHQHWLFV��FDUULHU�RI�WKH�RSWLRQ�YDOXH��IXWXUH�XWLOLW\��bb

b b

��b
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,Q WKHLU UHVSRQVH DUWLFOH WR %DUWNRZVNL HW DO� ������� )DUQVZRUWK HW DO� ������ GLVDJUHHG ZLWK WKHb b b b b b b b b b b b b b b b
FRQFOXVLRQ RQ SUR[LHV DQG VWDWHG WKH LPSRUWDQFH RI YDOXLQJ ELRGLYHUVLW\ DQG QRW MXVW YDOXLQJ WKHb b b b b b b b b b b b b b b
SUHVHUYDWLRQ RI SHUFHLYHG ELRGLYHUVLW\ DWWULEXWHV �FDOOHG QDWXUDOQHVV�� 7KLV LV WR VD\ WKDW VFLHQWLVWVb b b b b b b b b b b b b
IURP GLIIHUHQW EDFNJURXQGV GR QRW QHFHVVDULO\ DJUHH RQ KRZ WR DFFXUDWHO\ TXDQWLI\ WKH YDOXH RIb b b b b b b b b b b b b b b
ELRGLYHUVLW\� ,Q WKHLU FORVLQJ UHPDUNV� )DUQVZRUWK HW DO� ������ FRQFOXGHG WKDW PRUH UHVHDUFK RQb b b b b b b b b b b b b b
WKH UHODWLRQVKLS EHWZHHQ HFRV\VWHP VHUYLFHV DQG ELRGLYHUVLW\ LV QHHGHG WR XOWLPDWHO\ LPSURYHb b b b b b b b b b b b
YDOXDWLRQ�WHFKQLTXHV�bb

+HUH DUH VRPH FDVH VWXGLHV WKDW FRXOG EH YDOXDEOH LQ WKH 8%& FRQWH[W LQ WHUPV RI YDOXLQJb b b b b b b b b b b b b b b b b
ELRGLYHUVLW\�DQG�JUHHQ�VSDFHV�PRUH�JHQHUDOO\�b

&DVH�6WXG\����7KH�YDOXH�RI�JUHHQ�ZDOOV�WR�XUEDQ�ELRGLYHUVLW\b

&ROOLQV HW DO� ������ FRQGXFWHG D VWXG\ LQ 6RXWKDPSWRQ &LW\ LQ WKH 8�.� DWWHPSWLQJ WR FDSWXUHb b b b b b b b b b b b b b b b
WKH YDOXH RI JUHHQZDOOV IRU WKH SRSXODWLRQ� 7KLV ZDV GRQH DV D FDVH VWXG\ LQ SDUWQHUVKLS ZLWK WKHb b b b b b b b b b b b b b b b b b b
FLW\ FRXQFLO IROORZLQJ WKHLU LQWHUHVW LQ WKH LPSOHPHQWDWLRQ RI JUHHQ ZDOOV LQ WKLV GHQVHO\b b b b b b b b b b b b b b
SRSXODWHG�FLW\�b
bb
7KH DXWKRUV XVHG D FKRLFH H[SHULPHQW VXUYH\ ZLWK IRXU GLIIHUHQW SROLFLHV GHVFULEHG LQ VLPSOHb b b b b b b b b b b b b b
WHUPV� 7KH SROLFLHV LQFOXGHG WZR JUHHQ ZDOOV FKRLFHV� RQH OLYLQJ ZDOO FKRLFH� DQG RQH VWDWXV TXRb b b b b b b b b b b b b b b b
FKRLFH� )RU HDFK FKRLFH� WKH RQO\ DWWULEXWHV GHVFULEHGZHUH WKH LPSDFW RQ XUEDQ ELRGLYHUVLW\ DQGb b b b b b b b b b b b b b b
WKH FRVW RI WKH SURMHFW SHU KRXVHKROG SHU \HDU� :KHQ DQVZHULQJ WKH VXUYH\� UHVSRQGHQWV ZHUHb b b b b b b b b b b b b b b
JLYHQ YLVXDO DLGV RI WKH SURSRVHG SURMHFWV DQG D VHFWLRQ H[SODLQHG WKH LPSDFWV RI JUHHQZDOOV RQb b b b b b b b b b b b b b b b b
ELRGLYHUVLW\�DQG�VXEVHTXHQW�EHQHILWV�b
bb
7KH UHVXOWV VKRZHG WKDW SHRSOH ZHUH ZLOOLQJ WR SD\ DURXQG e�� WR e�� IRU D JUHHQ ZDOO DQGb b b b b b b b b b b b b b b b b b
DURXQG e�� IRU D OLYLQJ ZDOO SHU KRXVHKROG SHU \HDU� :KHQ DJJUHJDWLQJ WKHVH VFHQDULRV IRU WKHb b b b b b b b b b b b b b b b
HQWLUH UHJLRQ� LW UHSUHVHQWHG DQ DJJUHJDWHG DQQXDO :73 RI e��� PLOOLRQ IRU D OLYLQJ ZDOO WKDWb b b b b b b b b b b b b b b b
ZRXOG�LQFUHDVH�ELRGLYHUVLW\�DQG�e����PLOOLRQ�IRU�D�JUHHQ�ZDOO�bb
bb
)LQDOO\� DQ LQWHUHVWLQJ ILQGLQJ IURP WKLV UHVHDUFK ZDV WKDW SHRSOH ZKR NQHZ ZKDW ELRGLYHUVLW\b b b b b b b b b b b b b b
UHSUHVHQWHG�SULRU�WR�WKH�VXUYH\�ZHUH�VLJQLILFDQWO\�PRUH�OLNHO\�WR�FKRRVH�WKH�OLYLQJ�ZDOO�RSWLRQ�bb

b

&DVH�6WXG\����$�JHQHULF�PDUJLQDO�YDOXH�IXQFWLRQ�IRU�QDWXUDO�DUHDVb

.RHWVH HW DO� ������ XVHG D FKRLFH H[SHULPHQW VXUYH\ WR FUHDWH DPRGHO XVLQJPXOWLSOH YDULDEOHVb b b b b b b b b b b b b b b b
WKDW ZRXOG DVVLJQ D JHQHULF YDOXH WR QDWXUDO DUHDV LQ WKH 1HWKHUODQGV� 7KHLU LQFHQWLYH WRb b b b b b b b b b b b b b b
JHQHUDWH WKLV PDUJLQDO YDOXH IXQFWLRQ ZDV WR JLYH SROLF\PDNHUV D WRRO WR DFNQRZOHGJH WKHb b b b b b b b b b b b b b
WUDGH�RIIV�DJDLQVW�WKH�FRVW�RI�FRQVHUYDWLRQ�b
bb
7KH\ GHVLJQHG WKHLU VXUYH\ LQ D ZD\ WKDW GLG QRW UHIHU WR D VSHFLILF VLWH RU DUHD� 7KH DWWULEXWHVb b b b b b b b b b b b b b b b b b b
XVHG LQFOXGHG WKH VL]H DQG W\SH RI WKH DUHD� WKH GLVWDQFH WR WKH QDWXUDO DUHD DV ZHOO DV WKHb b b b b b b b b b b b b b b b b b b
DFFHVVLELOLW\ IRU UHFUHDWLRQDO XVH� 7KH DQQXDO PXQLFLSDO WD[ LQFUHDVH DVVRFLDWHG ZLWK D SURMHFWb b b b b b b b b b b b b
ZDV DOVR DQ DWWULEXWH� 7KH DWWULEXWHV ZHUH GHVFULEHG LQ GHWDLO WR WKH UHVSRQGHQWV DQG SLFWXUHVb b b b b b b b b b b b b b b
ZHUH�XVHG�WR�UHSUHVHQW�WKH�QDWXUDO�DUHDV�b
bb

��b
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7KH UHVXOWV VKRZHG WKDW WKHUH ZHUH VWURQJ GHFUHDVLQJ UHWXUQV WR VL]H� ZKLFKPHDQW WKDW D ELJJHUb b b b b b b b b b b b b b b b
DUHD KDG D ORZHU SHU KHFWDUH YDOXH WKDQ VPDOOHU DUHDV� $OVR� WKH DXWKRUV IRXQG WKDW LQDFFHVVLEOHb b b b b b b b b b b b b b b b
DUHDV�KDG�QR�YDOXH�IRU�FRQVXPHUV�DW�DOO�b
(TXDWLRQ � LV WKH PRGHO WKDW FDQ EH XVHG WR FDOFXODWH WKH :73 IRU QDWXUDO DUHDV LQ WKHb b b b b b b b b b b b b b b b b b
1HWKHUODQGV EDVHG RQ WKH VXUYH\ UHVXOWV� 7KH ,�� DUH HTXDO WR �ZKHQ WKH QDWXUDO DUHDV KDYH WKHb b b b b b b b b b b b b b b b b b
FKDUDFWHULVWLFV�GHVFULEHG�LQ�WKH�EUDFNHWV�b
bb
(TXDWLRQ�����:LOOLQJQHVV�WR�3D\�LQ�(XUR�SHU�KRXVHKROG�SHU�\HDU�IRU�QDWXUDO�DUHDV�b

b
2WKHU QRWDEOH ILQGLQJV LQFOXGHG D KLJKHU ZLOOLQJQHVV WR SD\ IRU SHRSOH ZLWK KLJKHU HGXFDWLRQ�b b b b b b b b b b b b b b
)LQDOO\� SHRSOH WKDW GR QRW UHFUHDWH LQ QDWXUDO DUHDV ZHUH QRW VHQVLWLYH WR WKH GLIIHUHQFHV LQ W\SHb b b b b b b b b b b b b b b b b
DQG�VL]H�RI�WKH�DUHDV��EXW�PRUH�VHQVLWLYH�WR�WD[�LQFUHDVHV�b

b

&DVH�6WXG\�����(FRQRPLF�YDOXDWLRQ�RI�JUHHQ�DQG�EOXH�QDWXUH�LQ�FLWLHV��$�PHWD�DQDO\VLVb

%RFNDUMRYD HW DO� ������ SHUIRUPHG D PHWD�DQDO\VLV RI HFRQRPLF YDOXHV RI QDWXUH LQ FLWLHVb b b b b b b b b b b b b b
IRFXVHG RQ :73 HVWLPDWHV IURP VWDWHG SUHIHUHQFH VWXGLHV WKDW FDSWXUHG ERWK XVH DQG QRQ�XVHb b b b b b b b b b b b b b
YDOXHV� 7KLV PHWD�DQDO\VLV LQFOXGHG �� VWXGLHV IURP DURXQG WKH ZRUOG� 7KH\ EXLOW D PRGHO WRb b b b b b b b b b b b b b b
HVWLPDWH�WKH�GROODU�YDOXH��LQ������86�GROODUV��RI�D�KHFWDUH�RI�XUEDQ�QDWXUH�SHU�\HDU�b

7KH\ IRXQG WKDW WKH DYHUDJH YDOXH RI �KD RI QDWXUH LQ WKH FLW\ ZDV DURXQG 86����� SHU \HDU EXWb b b b b b b b b b b b b b b b b b b
86����� �KD�\HDU LI LW ZDV HOLFLWHG WKURXJK FKRLFH H[SHULPHQW� 7KH\ DOVR IRXQG WKDW SDUNV KDYHb b b b b b b b b b b b b b b
D PXFK KLJKHU YDOXH WKDQ RWKHU QDWXUDO DUHDV DW 86������� SHU KD SHU \HDU� /LNH LQ WKH SUHYLRXVb b b b b b b b b b b b b b b b b b
FDVH VWXG\� WKH\ IRXQG GHFUHDVLQJ UHWXUQV WR WKH VL]H RI D QDWXUDO DUHD� ,QFRPH ZDV DOVRb b b b b b b b b b b b b b b b
VLJQLILFDQWO\ UHODWHG WR:73� $ �� LQFUHDVH LQ LQFRPH \LHOGHG DURXQG D ���� LQFUHDVH LQ:73 IRUb b b b b b b b b b b b b b b b b
QDWXUH� $GGLWLRQDOO\� LQ GHQVHO\ SRSXODWHG DUHDV� WKH SHU KD QDWXUH YDOXH ZDV KLJKHU WKDQ LQb b b b b b b b b b b b b b b
VSDUVHO\�SRSXODWHG�DUHDV�b

%RFNDUMRYD HW DO� ������ DOVR FUHDWHG D (XURSH VSHFLILF PRGHO WKDW VKRZHG RYHUDOO KLJKHUb b b b b b b b b b b b b b
DYHUDJH YDOXHV IRU QDWXUH GXH WR WKH KLJKHU LQFRPH� 7KHVH KLJKHU YDOXHV ZRXOG OLNHO\ EH VLPLODUb b b b b b b b b b b b b b b b
WR�YDOXHV�WKDW�FRXOG�EH�FDOFXODWHG�LQ�D�FLW\�OLNH�9DQFRXYHU�bb

b

b b

��b
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���%LRGLYHUVLW\�(YDOXDWLRQ�LQ�WKH�8%&�FRQWH[Wb

����8%&�%UDQGLQJb

)RU 8%&� QRW RQO\ GRHV ELRGLYHUVLW\ DQG QDWXUDO DUHDV KROG YDOXH IRU WKH HFRV\VWHP VHUYLFHV WKH\b b b b b b b b b b b b b b b b
SURYLGH WR WKH FDPSXV DQG VXUURXQGLQJ FRPPXQLWLHV� EXW WKH\ DOVR KDYH D YDOXH DV D êJUHHQ EUDQGëb b b b b b b b b b b b b b b b b
WR DWWUDFW DQG UHWDLQ VWXGHQWV IURP DURXQG WKH ZRUOG� $V DQ H[DPSOH� WKH &LW\ RI 9DQFRXYHU KDVb b b b b b b b b b b b b b b b b
GHPRQVWUDWHG WKH VWUHQJWK RI KDYLQJ D êJUHHQ FLW\ EUDQGë� ZKLFK ZDV YDOXHG DW ��� ELOOLRQ LQb b b b b b b b b b b b b b b b
-DQXDU\ ���� �%DXP� ������ +RZHYHU� WKH NH\ WR KDYLQJ D VXFFHVVIXO EUDQG LV DXWKHQWLFLW\ �5\DQ�b b b b b b b b b b b b b b b
������ 8%& FDQQRW EH VHHQ DV EHLQJ RSSRUWXQLVWLF LQ LWV HIIRUW WR SURPRWH ELRGLYHUVLW\ RQ FDPSXV�b b b b b b b b b b b b b b b b
,I WKH XQLYHUVLW\ WUXO\ FDUHV DERXW QDWXUDO FRQVHUYDWLRQ LVVXHV� WKHQ WKH EUDQGLQJ ZLOO FRPH E\b b b b b b b b b b b b b b b
LWVHOI�b
b
%LRGLYHUVLW\ DQG QDWXUDO DUHDV DUH HPSKDVL]HG WKURXJKRXW ERWK 8%&èV SURVSHFWLYH XQGHUJUDGXDWHb b b b b b b b b b b
ZHEVLWH �\RX�XEF�FD� DQG 8%&èV SULPDU\ ZHEVLWH �XEF�FD�� )LJXUH �� DQG �� DUH WZR VFUHHQVKRWVb b b b b b b b b b b b b b
WKDW GHPRQVWUDWH KRZ 8%& KDV LQWHJUDWHG LWV ODQGVFDSH DQG IRFXV RQ VXVWDLQDELOLW\ ZLWKLQ LWV RZQb b b b b b b b b b b b b b b
SURPRWLRQDO�PHVVDJLQJ�b

b

)LJXUH������6FUHHQVKRW�RI�8%&èV�SURVSHFWLYH�XQGHUJUDGXDWH�ZHEVLWH��\RX�XEF�FD���KLJKOLJKWLQJ�LWV�UHFRJQLWLRQ�DV�WKH�ê���PRVW�EHDXWLIXOb
XQLYHUVLW\�LQ�&DQDGDë��DVVHVVHG�0DUFK������������KWWSV���\RX�XEF�FD�XEF�OLIH�YDQFRXYHU���b

��b

https://you.ubc.ca/ubc-life/vancouver/
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b

)LJXUH������6FUHHQVKRW�RI�8%&èV�ZHEVLWH��XEF�FD���KLJKOLJKWLQJ�LWV�UHFRJQLWLRQ�DV�WKH�ê�VW�LQ�&OLPDWH�$FWLRQë�DQG�ê�VW�LQ�6XVWDLQDEOH�&LWLHVb
DQG�&RPPXQLWLHVë�XQGHU�WKH�7LPHV�+LJKHU�(GXFDWLRQ��7+(��8QLYHUVLW\�,PSDFW�5DQNLQJV��DVVHVVHG�0DUFK����������b
KWWSV���ZZZ�XEF�FD�DERXW�RXU�SODFH�KWPO��b

6HYHUDO RI WKH WRS IDFLOLWLHV WKDW 8%&9DQFRXYHU KLJKOLJKWV RQ WKHLU ZHEVLWH DUH WLHG WR ELRGLYHUVLW\b b b b b b b b b b b b b b b b
DQG�JUHHQ�VSDFHV���LQFOXGLQJ�b

Ɣ 7KH�%HDW\�%LRGLYHUVLW\�0XVHXPb
Ɣ 7KH�8%&�%RWDQLFDO�*DUGHQ�DQG�&HQWUH�IRU�3ODQW�5HVHDUFKb
Ɣ 7KH�8%&�)DUP�æ�WKH�RQO\�ZRUNLQJ�IDUP�LQ�WKH�FLW\�RI�9DQFRXYHUb
Ɣ 1LWREH�0HPRULDO�*DUGHQbb

%LRGLYHUVLW\ SOD\V D UROH LQ WKH UHWHQWLRQ RI VWXGHQWV DV ZHOO� $ UHFHQW 6(('6 SURMHFW IRXQG WKDW RIb b b b b b b b b b b b b b b b b b
WKH YDULRXV IDFWRUV WKDW LQIOXHQFH UHFUXLWPHQW DQG UHWHQWLRQ RI XQLYHUVLW\ VWXGHQWV� SODFH SOD\V Db b b b b b b b b b b b b b
VLJQLILFDQW UROH DW 8%& 9DQFRXYHU� ZLWK JUHHQ VSDFHV EHLQJ RI SDUWLFXODU LPSRUWDQFH IRU VWXGHQWb b b b b b b b b b b b b b
UHWHQWLRQ �-� .HZ� SHUVRQDO FRPPXQLFDWLRQ� 0DUFK ��WK� ������ ,Q UHVSRQVH WR WKHVH ILQGLQJV� WKHb b b b b b b b b b b b b b
SURMHFW DXWKRUV UHFRPPHQGHG WKDW 8%& 9DQFRXYHU GLUHFWV UHVRXUFHV WR FUHDWH D JUHDWHU YDULHW\b b b b b b b b b b b b b
RI JUHHQ VSDFHV RQ FDPSXV� SUHVHUYH DQG HQKDQFH SHUFHSWLRQV DQG FRQQHFWLRQV WR WKHVH JUHHQb b b b b b b b b b b b b b
VSDFHV DQG RWKHU QDWXUDO DVVHWV� DQG XVH WKHP WR HQKDQFH HGXFDWLRQDO DQG VRFLDO RSSRUWXQLWLHV �-�b b b b b b b b b b b b b b b
.HZ��SHUVRQDO�FRPPXQLFDWLRQ��0DUFK���WK��������bb

b b

��b

https://www.ubc.ca/about/our-place.html
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����5HOHYDQW�3ODQV�DQG�3ROLFLHVb

$ ELRGLYHUVLW\ YDOXDWLRQ IUDPHZRUN ZRXOG QRW EH RXW RI SODFH LQ WKH 8%& GHFLVLRQ�PDNLQJ DQGb b b b b b b b b b b b b b b
SODQQLQJ FRQWH[W� ,Q DGGLWLRQ WR DQ XSFRPLQJ %LRGLYHUVLW\ 3ODQ� WKHUH DUH PXOWLSOH SODQV DQGb b b b b b b b b b b b b b
SROLFLHV WKDW KDYH EHHQ SXEOLVKHG DQG SXW LQ SODFH WKDW DUH UHOHYDQW WR WKH ELRGLYHUVLW\ DQG QDWXUDOb b b b b b b b b b b b b b b b b
DUHDV DW 8%& 9DQFRXYHU� DQG WKDW FRXOG SURYLGH VRPH IRXQGDWLRQDO MXVWLILFDWLRQ IRU WKHb b b b b b b b b b b b b
LQWHJUDWLRQ RI D ELRGLYHUVLW\ YDOXDWLRQ IUDPHZRUN� 7KHVH SODQV DQG SROLFLHV DUH LQFOXGHG DQGb b b b b b b b b b b b b
VXPPDUL]HG�LQ�7DEOH���b

7DEOH����8%&�SODQV�DQG�SROLFLHV�UHOHYDQW�WR�WKH�LQWHJUDWLRQ�RI�ELRGLYHUVLW\�YDOXDWLRQ�b

3ODQ�3ROLF\b 5HOHYDQF\�WR�%LRGLYHUVLW\b
9DOXDWLRQb

(YLGHQFH�IURP�WH[Wb

*UHHQ�%XLOGLQJb
$FWLRQ�3ODQb

7KH�JRDO�RI�WKLV�SODQ�LV�WRb
SRVLWLYHO\�LPSDFW�8%&èV�KXPDQb
DQG�QDWXUDO�V\VWHPV��7KH�SODQb
VSHFLILFDOO\�LQFOXGHV�ELRGLYHUVLW\b
DV�RQH�RI�LWV�HLJKW�FRPSRQHQWb
DUHDV�b

ê%\�������8%&èV�EXLOGLQJV�ZLOO�PDNH�QHW�SRVLWLYHb
FRQWULEXWLRQV�WR�KXPDQ�DQG�QDWXUDO�V\VWHPV�ë��S���b

7KH�WZR�FRPSRQHQW�JRDOV�XQGHU�%LRGLYHUVLW\�DUH�b
ê>�@�8%&�ZLOO�GHYHORS�KLJKO\�IXQFWLRQLQJ�ODQGVFDSHVb
DW�WKH�EXLOGLQJ�DQG�VLWH�VFDOHV�WR�FRQWULEXWH�WRb
ELRGLYHUVLW\�DQG�QDWXUDO�HFRV\VWHP�SURFHVVHV�b
>�@�8%&�ZLOO�HQJDJH�FDPSXV�WHDFKLQJ�DQG�UHVHDUFKb
RSSRUWXQLWLHV�WR�HQKDQFH�ELRGLYHUVLW\�PDQDJHPHQWb
FDSDFLW\ë��S�����b

/DQG�8VH�3ODQb 7KH�ZD\�8%&�PDQDJHV�LWVb
QDWXUDO�DVVHWV�DQG�ELRGLYHUVLW\�LVb
JURXQGHG�LQ�LWV�PDQDJHPHQW�RIb
WKH�ODQG��7KH�YLVLRQ�WKDW�WKLV�SODQb
GHVFULEHV�LQFOXGHV�D�FDPSXV�WKDWb
YDOXHV�QDWXUDO�VSDFHV�DQGb
LQWHJUDWHV�WKHP�LQWR�RWKHU�SDUWVb
RI�FDPSXV�OLIH��*RDOV�FHQWUHGb
DURXQG�ê(FRORJ\ë�DUH�LQFOXGHGb
WKURXJKRXW�WKH�SODQ�b

/DQG�8VH�LV�VSOLW�LQWR�WKUHH�PDLQb
FDWHJRULHV��RQH�RI�ZKLFK�EHLQJb
ê*UHHQ�$FDGHPLFë��ZKLFKb
LQFOXGHV�RSHQ�DUHDV�WKDW�VXSSRUWb
ODQG�EDVHG�WHDFKLQJ��UHVHDUFK�b
HWF��,W�H[SOLFLWO\�GHQRWHV�ZKLFKb
JUHHQVSDFHV�DUH�WR�EHb
PDLQWDLQHG�DQG�SURWHFWHG�IURPb
GHYHORSPHQW�b

7KH�SODQV�YLVLRQ�VWDWHPHQW�LQFOXGHV�GLUHFW�SKUDVLQJb
UHODWHG�WR�QDWXUDO�DUHDV�DQG�HFRORJ\�LQFOXGLQJ�b
ê7KH�FRPPXQLW\�LV�SODQQHG��GHVLJQHG��FRQVWUXFWHGb
DQG�LQKDELWHG�ZLWK�UHVSHFW�IRU�WKH�ODQG�DQG�LWVb
SDWWHUQV��QDWXUDO��FXOWXUDO��DQG�KLVWRULFDO��7KHb
FRPPXQLW\�KDUPRQL]HV�ZLWK�LWV�VHWWLQJ�DQG�LWVb
DFDGHPLF�FRUH��5HVLGHQWV��VWDII�DQG�VWXGHQWV�MRLQ�LQb
VWHZDUGVKLS�IRU�WKH�HQYLURQPHQW�LQFOXGLQJb
3DFLILF�6SLULW�5HJLRQDO�3DUNë��S����bb

ê7KLV�YLVLRQ�LV�DERXW�D�XQLYHUVLW\�FRPPXQLW\��DQGb
DGMDFHQW�SDUN��WKDW�VWULYHV�WR�EDODQFH�HFRORJLFDOb
KHDOWK��HFRQRPLF�YLDELOLW\��DQG�FRPPXQLW\è��S����b

,QFOXGHG�ZLWKLQ�WKH�1HLJKERXUOLQHVV�REMHFWLYHV�DUH�bb
ê,QWHU�UHODWHG�ODQG�XVH�DQG�WUDQVSRUWDWLRQ�V\VWHPVb
ZLOO�EH�PDQDJHG�WR�PLWLJDWH�WKH�DGYHUVH�LPSDFW�RQb
DGMDFHQW�DUHDV��/LQNDJHV�EHWZHHQ�RSHQ�VSDFHV�DQGb
QDWXUDO�DUHDV�RQ��DQG�RII�VLWH�ZLOO�EH�LQFOXGHG�ë��S����b

b

b

��b

https://planning.ubc.ca/sites/planning.ubc.ca/files/images/planning-services/policies-plans/3128_UBC_GreenBuildingActionPlan_v6_lowres.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/images/planning-services/policies-plans/3128_UBC_GreenBuildingActionPlan_v6_lowres.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/documents/planning-services/policies-plans/01-Land%20Use%20Plan-2015.pdf
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7HFKQLFDOb
*XLGHOLQHV�RQb
H[WHULRUb

7KHVH�JXLGHOLQHV�RXWOLQHb
WHFKQLFDO�LQVWUXFWLRQV�IRU�KRZ�WRb
FDUH�IRU�DQG�PDQDJH�8%&èVb
YDULRXV�H[WHULRU�IHDWXUHV�b
LQFOXGLQJ�WKH�SODQWV�DQG�JUHHQb
VSDFHV�WKDW�PDNH�XS�WKH�EXON�RIb
8%&�ELRGLYHUVLW\�b

*XLGHOLQHV�WKDW�UHIHU�WR�WKH�PDLQWHQDQFH�RI�FDPSXVb
SODQWV�LQFOXGH�bb
ê0DLQWHQDQFH�VKDOO�LQFOXGH�DOO�PHDVXUHV�QHFHVVDU\b
WR�PDLQWDLQ�SODQWV�LQ�D�YLJRURXV��KHDOWK\��QRUPDOb
JURZLQJ�FRQGLWLRQ��SURYLGLQJ�DQ�DSSHDUDQFHb
FKDUDFWHULVWLF�RI�WKHLU�VSHFLHV�DQG�DSSURSULDWH�WRb
WKHLU�VXUURXQGLQJV����6HFWLRQ�����������S����b
ê1RWH�WKDW�XVH�RI�WR[LF�FKHPLFDO�SHVWLFLGHV�IRUb
FRVPHWLF�SXUSRVHV�LV�VXVSHQGHG�RQ�8%&�&DPSXVëb
�6HFWLRQ�����������S����b

&OLPDWH�$FWLRQb
3ODQ�����b

&OLPDWH�DFWLRQ�LV�LQWULQVLFDOO\b
OLQNHG�WR�ELRGLYHUVLW\��6HYHUDO�RIb
WKH�JRDOV�RXWOLQHG�LQ�WKLV�SODQb
UHODWH�WR�WKH�ELRGLYHUVLW\�DW�8%&�b
HVSHFLDOO\�WKRVH�UHIHUULQJ�WRb
PHDVXULQJ�FDUERQ�ZLWKLQ�WUHHV�b

&OLPDWH�DFWLRQ�LV�DOVR�FRQQHFWHGb
WR�8%&èV�EUDQG�DV�Db
VXVWDLQDELOLW\�OHDGHU��$V�QRWHGb
RQ�WKH�&OLPDWH�$FWLRQ�3ODQb
ZHEVLWH��ê:H�FRPPLW�RXU�HQWLUHb
FRPPXQLW\��LQFOXGLQJ�RXU�ODQG�b
DVVHWV�DQG�XWLOLWLHV��WRb
VXVWDLQDELOLW\�UHVHDUFK��WHDFKLQJb
DQG�OHDUQLQJë�b

,QFOXGHG�XQGHU�WKH�FR�EHQHILWV�RI�FOLPDWH�DFWLRQ�b
ê%ROVWHULQJ�8%&èV�LQWHUQDWLRQDOO\�UHFRJQL]HGb
UHSXWDWLRQ�DQG�OHDGHUVKLS�LQ�FOLPDWH�DFWLRQ�DQGb
VXVWDLQDELOLW\�LQ�RSHUDWLRQV�DQG�WKH�DFDGHP\ë��S����b

&RPSOHPHQWDU\�RSSRUWXQLWLHV�IRU�IXWXUHb
FRQVLGHUDWLRQ�LQFOXGH��ê5HVHDUFK�8%&èV�WUHHb
LQYHQWRU\�DQG�FDOFXODWH�WKH�DPRXQW�RI�FDUERQb
VHTXHVWUDWLRQ�WKDW�WKH\�DFFRXQW�IRU�SHU�\HDU�b
([SORUH�RSSRUWXQLWLHV�WR�GHGXFW�WKH�DPRXQW�RIb
FDUERQ�WKDW�LV�EHLQJ�VHTXHVWHUHG�E\�WUHHV�ZLWKLQb
QRQ�GHVLJQDWHG�DUHDV��L�H��SDUNV��WR�EH�XVHG�DV�Db
FUHGLW�WRZDUGV�FDUERQ�RIIVHWV�ë��S�����b

9DQFRXYHUb
&DPSXV�3ODQb

8%&èV�9DQFRXYHU�&DPSXV�3ODQb
DOLJQV�ZLWK�DQG�IDOOV�XQGHU�8%&èVb
/DQG�8VH�3ODQ��,W�LQFOXGHVb
VSHFLILF�JRDOV�DQG�FRQVLGHUDWLRQVb
WKDW�UHODWH�WR�ELRGLYHUVLW\�b

2QH�RI�WKH�ILYH�VWUDWHJLHVb
RXWOLQHG�LQ�WKH�SODQ�LV�WRb
ê5HGLVFRYHU�8%&èV�VHQVH�RIb
SODFH�DQG�QDWXUDO�ZHVW�FRDVWb
EHDXW\ë��&DPSXV�3ODQ�6\QRSVLV�b
S������7KH�LPSRUWDQFH�RI�QDWXUHb
DQG�HFRORJLFDO�JRDOV�DUHb
HPSKDVL]HG�WKURXJKRXW�WKH�SODQ�b

7KH�SODQV�ê5HGLVFRYHUHG�6HQVH�RI�3ODFHë�JRDO�LV�RQHb
RI�WKH�PRVW�GLUHFWO\�UHODWHG�WR�ELRGLYHUVLW\��:LWKLQb
WKH�&DPSXV�3ODQ�6\QRSVLV��WKLV�JRDO�RXWOLQHV�WKHb
IROORZLQJ�REMHFWLYHV�b
ê$FFHQWXDWLQJ�WKH�1DWXUDO�:HVW�&RDVW�6HWWLQJ��7KHb
ZHVW�FRDVW�VHWWLQJ�RI�8%&èV�9DQFRXYHU�FDPSXV�ZLOOb
EH�IHDWXUHG�E\�HPSKDVL]LQJ�WKH�IRUHVW�VHWWLQJ�DORQJb
ZLWK�WKH�FDPSXVè�ZHVWHUQ�HGJH�DQG�GHVLJQLQJb
VWURQJ�LQGRRU�RXWGRRU�UHODWLRQVKLSV�EHWZHHQ�QHZb
EXLOGLQJV�DQG�WKHLU�VXUURXQGLQJV��&HOHEUDWHG�YLHZVb
ZLOO�EH�FDSWXUHG�WKURXJK�DW�JUDGH�YLHZSRLQWV�DQGb
E\�VWUDWHJLFDOO\�ORFDWLQJ�VRPH�VRFLDO�VSDFHV�RQ�WKHb
XSSHU�IORRUV�RI�EXLOGLQJV�DQG�WKH�PL[HG�XVH�KXEV�ëb
�&DPSXV�3ODQ�6\QRSVLV��S��������b

ê,PSURYLQJ�WKH�3XEOLF�5HDOP��8%&èV�9DQFRXYHUb
FDPSXV�LV�ZHOO�NQRZQ�IRU�LWV�ODQGVFDSH����$V�QHZb
IDFLOLWLHV�DUH�GHYHORSHG�DQG�WKH�JUHHQZD\V�DUHb
FRPSOHWHG��PRUH�VSDFH�FDQ�EH�DGGHG�WR�WKHb
QHWZRUN��,PSOHPHQWDWLRQ�RI�WKH�3XEOLF�5HDOP�3ODQb
FDSLWDO�LPSURYHPHQWV�RYHU�WKH�QH[W����\HDUV�ZLOOb
EULQJ�UHQHZHG�EHDXW\��YLVLELOLW\�DQG�FRKHVLYHQHVVb
WR�WKH�FDPSXV�ë��&DPSXV�3ODQ�6\QRSVLV��S�����b

b

��b

http://www.technicalguidelines.ubc.ca/Division_32/2018_Division_32_Tech_Guidelines.pdf
http://www.technicalguidelines.ubc.ca/Division_32/2018_Division_32_Tech_Guidelines.pdf
http://www.technicalguidelines.ubc.ca/Division_32/2018_Division_32_Tech_Guidelines.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/documents/planning-services/policies-plans/CAP_Report1.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/documents/planning-services/policies-plans/CAP_Report1.pdf
https://planning.ubc.ca/planning-development/policies-and-plans/campus-land-use-planning/vancouver-campus-plan
https://planning.ubc.ca/planning-development/policies-and-plans/campus-land-use-planning/vancouver-campus-plan
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,QWHJUDWHGb
6WRUPZDWHUb
0DQDJHPHQWb
3ODQb

7KLV�SODQèV�REMHFWLYH�LV�WRb
PDQDJH�VWRUPZDWHU�RQ�FDPSXVb
LQ�D�ZD\�WKDW�SUHYHQWV�IORRGLQJb
ZKLOH�DOVR�UHVSRQGLQJ�WRb
HFRORJLFDO�QHHGV��6HYHUDO�RI�WKHb
VWUDWHJLHV�WKLV�SODQ�RXWOLQHV�KDYHb
EHHQ�GHVLJQHG�LQ�D�ZD\�WR�DOVRb
FRQVLGHU�ELRGLYHUVLW\��DQG�LWVb
RYHUDOO�JRDO�LV�WR�PDQDJHb
VWRUPZDWHU�ZKLOH�DOVR�LPSURYLQJb
WKH�HQYLURQPHQW�E\b
LQFRUSRUDWLQJ�D�êQDWXUDO�V\VWHPVb
DSSURDFKë�b

:LWKLQ�WKH�H[HFXWLYH�VXPPDU\��WKH�IROORZLQJb
SDVVDJHV�DUH�IHDWXUHG�b
ê2SSRUWXQLWLHV�H[LVW�DQG�DUH�VWURQJO\�VXSSRUWHG�E\b
WKH�8QLYHUVLW\��WR�WDNH�D�QDWXUDO�V\VWHPV�DSSURDFKb
IRU�VWRUPZDWHU�KDQGOLQJ��0HDVXUHV�VXFK�DV�JUHHQb
URRIV��FLVWHUQV��GHWHQWLRQ�IDFLOLWLHV��ELRVZDOHV��UDLQb
JDUGHQV��HWF���DUH�FRQVLGHUHG�SDUW�RI�WKH�VROXWLRQ�ëb
�S����b
b
ê7KH�SXUSRVH�RI�WKLV�,QWHJUDWHG�6WRUPZDWHUb
0DQDJHPHQW�3ODQ��,603��LV�WR�FRQVLGHU�WKHb
FRPSOHWH�UDLQZDWHU�F\FOH�DQG�RXWOLQH�VWRUPZDWHUb
PDQDJHPHQW�WDFWLFV�WKDW�DLP�WR�LPSURYH�WKH�ORFDOb
HQYLURQPHQW��PLWLJDWH�ULVN��DQG�PDLQWDLQ�ZLOGOLIHb
DQG�WKHLU�KDELWDWV�ë��S����b

:DWHU�$FWLRQb
3ODQbb

7KH�RYHUDUFKLQJ�JRDO�RI�WKLV�SODQb
LV�WR�PDQDJH�ZDWHU�XVH�LQ�D�ZD\b
WKDW�DOLJQV�ZLWK�8%&èVb
VXVWDLQDELOLW\�JRDOV���WKLVb
LQFOXGHV�HQYLURQPHQWDO�JRDOV�b
ZKLFK�LV�UHOHYDQW�WR�ELRGLYHUVLW\�b
b
2I�WKH�ILYH�NH\�DFWLRQ�DUHDV�WKLVb
SODQ�LGHQWLILHV��RQH�LV�ê/DQGVFDSHb
DQG�LUULJDWLRQë��7KH�JRDOV�DQGb
VWUDWHJLHV�RXWOLQHG�XQGHU�WKLVb
DFWLRQ�DUHD�KDYH�LPSOLFDWLRQV�IRUb
ELRGLYHUVLW\�PDQDJHPHQW�DVb
WKH\�UHODWH�WR�EXLOGLQJ�D�PRUHb
UHVLOLHQW�ODQGVFDSH�DQGb
YHJHWDWLRQ�V\VWHPV�RQ�FDPSXVb
WKURXJK�LUULJDWLRQ�DQGb
GURXJKW�PDQDJHPHQW�b

8QGHU�WKH�ê/DQGVFDSH�DQG�LUULJDWLRQë�DFWLRQ�DUHD�b
WKH�FRQWH[W�SURYLGHG�LV�DV�IROORZV�b
ê:LWK�DQWLFLSDWHG�LPSDFWV�RI�FOLPDWH�FKDQJH��WKHVHb
GURXJKW�SHULRGV�ZLOO�FRQWLQXH�RU�LQFUHDVH��UHVXOWLQJb
LQ�PRUH�VWUHVV�RQ�SODQWV�DQG�SRWHQWLDO�ORVV�RI�VRIWb
ODQGVFDSH�DVVHWV��*RLQJ�IRUZDUG��WKH�DFWLRQVb
LGHQWLILHG�KHUH�FDQ�SURYLGH�JXLGDQFH�IRU�WKHb
WUDQVLWLRQ�WR�D�ODQGVFDSH�WKDW�LV�EHWWHU�DGDSWHG�WRb
WKHVH�FKDQJLQJ�FRQGLWLRQV�DQG�OHVV�GHSHQGHQW�RQb
SRWDEOH�ZDWHU�IRU�LUULJDWLRQ��7KLV�WUDMHFWRU\�ZLOOb
LQFUHDVH�ODQGVFDSH�UHVLOLHQF\��UHGXFH�WKH�ORVV�RIb
SODQWV�GXH�WR�GURXJKW�VWUHVV��DQG�UHGXFH�RYHUDOOb
LUULJDWLRQ�ZDWHU�GHPDQGV��/DQGVFDSHV�FDQ�EHb
FODVVLILHG�WR�LGHQWLI\�êSULRULW\ë�DUHDV�WKDW�ZLOO�PHHW�Db
KLJKHU�VWDQGDUG�RI�LUULJDWLRQ��PDLQWHQDQFH�DQGb
DHVWKHWLFV��DQG�XQGHUXWLOL]HG�LUULJDWHG�JUDVV�DUHDVb
FRXOG�EH�UHWURILWWHG�ZLWK�GURXJKW�UHVLVWDQWb
ODQGVFDSLQJ�ë��S�����b

b

b b

��b

https://planning.ubc.ca/sites/planning.ubc.ca/files/images/UBC_ISMP_Final2017.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/images/UBC_ISMP_Final2017.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/images/UBC_ISMP_Final2017.pdf
https://planning.ubc.ca/sites/planning.ubc.ca/files/images/UBC_ISMP_Final2017.pdf
https://planning.ubc.ca/sustainability/sustainability-action-plans/water-action-plan
https://planning.ubc.ca/sustainability/sustainability-action-plans/water-action-plan


,17(*5$7('�9$/8$7,21�2)�%,2',9(56,7<b
�

���5HFRPPHQGDWLRQ�7RROER[b

/DQGVFDSH�DQG�(FRV\VWHP�'LPHQVLRQb

7R FRQWH[WXDOL]H VWUDWHJLF GHFLVLRQ PDNLQJ ZLWK UHVSHFW WR KXPDQ�ODQGVFDSH LQWHUDFWLRQV� WKHUHb b b b b b b b b b b
DUH YDVW FRPELQDWLRQV RI DSSURDFKHV DQG PHWKRGRORJLHV GHSHQGLQJ RQ VRFLDO�HFRORJLFDO KLVWRU\�b b b b b b b b b b b
SODFHPHQW� FXUUHQW SROLWLFDO FOLPDWH� HWF� +RZHYHU� D IHZ NH\ LQVLJKWV WKDW KDYH EHHQ FRPPRQb b b b b b b b b b b b b b
DFURVV�WKH�OLWHUDWXUH�b

(QVXULQJ WKH �PHDQLQJIXO SDUWLFLSDWLRQ RI DFWRUV DQG JURXSV RXWVLGH RI FRQYHQWLRQDO GHFLVLRQb b b b b b b b b b b b
PDNLQJ ZKLOVW EHLQJ FRJQL]DQW RI SRZHU G\QDPLFV� FURVV�FXOWXUDO GLDORJXH� DQG GLIIHUHQWb b b b b b b b b b b
HSLVWHPRORJLHV�b

8WLOL]LQJ ERWK �LQWHQVLYH� VPDOO� IRFXVHG VXUYH\V DQG �EURDG� UDQGRP� JHQHUDOL]HG VXUYH\V WR JHWb b b b b b b b b b b b b
LQVLJKWIXO� JURXS�VSHFLILF LQIRUPDWLRQ� ZKLOVW KHDULQJ IURP WKH VLOHQW PDMRULW\ DQG DVVHVVLQJb b b b b b b b b b b
JHQHUDO�SRSXODWLRQ�VHQWLPHQWV�UHVSHFWLYHO\�bb

:KR LV LQFOXGHG DQG WKH VWUXFWXUH RI VXUYH\V ZLOO KDYH YHU\ VLJQLILFDQW UHVXOWV RQ VWXG\ RXWFRPHV�b b b b b b b b b b b b b b b b
8WLOL]LQJ D �PL[HG EDFNJURXQG H[SHUW IRFXV JURXSV LQ GHOLEHUDWLYH SURFHVVHV FDQ SURYLGHb b b b b b b b b b b b
EDFNJURXQG LQIRUPDWLRQ EHIRUH FRQGXFWLQJ SUHIHUHQFH DQG UHODWLRQDO VXUYH\V� $JDLQ DVVHVVLQJb b b b b b b b b b
FRQWH[W RXWVLGH RI WKH ERG\ RI NQRZOHGJH RI GHFLVLRQ�PDNHUV LV FULWLFDO IRU YLHZLQJ WKH VFRSH RIb b b b b b b b b b b b b b b b
WKH�SUREOHP�WKURXJK�DOWHUQDWLYH�OHQVHV�DQG�SHUVSHFWLYHV�b

&UHDWH DQ �LQFOXVLYH IUDPHZRUN IRU GLIIHUHQW GHILQLWLRQV DQG XQGHUVWDQGLQJV ZKHQ HQJDJLQJ LQb b b b b b b b b b b b
FURVV�FXOWXUDO�DFWRU�GLDORJXH�b
b

6RFLDO�DQG�&XOWXUDO�9DOXDWLRQb

,Q RUGHU WR HQVXUH VRFLDO DQG FXOWXUDO YDOXHV RI ELRGLYHUVLW\ DUH LQWHJUDWHG LQWR 8%& 9DQFRXYHUèVb b b b b b b b b b b b b b b
GHFLVLRQ�PDNLQJ FRQWH[W� ZH UHFRPPHQG DSSO\LQJ D �PL[HG�PHWKRG DSSURDFK WKDW FRPELQHV ERWKb b b b b b b b b b b
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV�b

4XDQWLWDWLYH PHWKRGV WKDW ZH UHFRPPHQG LQFOXGH ERWK �TXHVWLRQQDLUHV�VXUYH\V DQG �PDSSLQJb b b b b b b b b b
�H�J�� XVLQJ WKH 6RO9(6 WRRO�� 6XUYH\V ZRXOG HQDEOH D ZLGH UDQJH DQG D ODUJH QXPEHU RI 8%&b b b b b b b b b b b b b b b b b
FRPPXQLW\ PHPEHUV WR SDUWLFLSDWH LQ WKH SURFHVV DQG DUH UHODWLYHO\ VLPSOH WR FLUFXODWH� 6SDWLDOb b b b b b b b b b b b b b
PDSSLQJ LV YLVXDO DQG HQJDJLQJ� DOLJQV ZLWK H[LVWLQJ PHWKRGV RI SODQQLQJ DQG GHFLVLRQ�PDNLQJ DWb b b b b b b b b b b b b b
8%&� DQG ZRXOG EH DEOH WR OHYHUDJH WKH ODUJH DPRXQW RI JHRVSDWLDO GDWD WKDW DOUHDG\ H[LVWV IRU WKHb b b b b b b b b b b b b b b b b b
8%&�9DQFRXYHU�FDPSXV�b

$V IRU TXDOLWDWLYH PHWKRGV� ZH UHFRPPHQG WKH XVH RI �IRFXV JURXSV DV WKH\ RIIHU D JRRGb b b b b b b b b b b b b b b b
FRPELQDWLRQ RI ERWK QXDQFH LQ GDWD DQG ODUJHU VDPSOH VL]HV� DQG DUH XVHIXO IRU XQGHUVWDQGLQJb b b b b b b b b b b b b b b
YDOXHV IURP D GLYHUVLW\ RI VRFLDO DFWRUV �H�J�� FDQ VHW XS IRFXV JURXSV IRU VWXGHQWV� IDFXOW\� DQG VWDIIb b b b b b b b b b b b b b b b b b
VHSDUDWHO\��bb

:H DOVR UHFRPPHQG WKDW 8%& 9DQFRXYHU SD\V SDUWLFXODU DWWHQWLRQ WR WKH �VHQVH RI SODFH DV D NH\b b b b b b b b b b b b b b b b b
VRFLR�FXOWXUDO YDOXH WR LQWHJUDWH LQWR GHFLVLRQ�PDNLQJ� 6HQVH RI SODFH UHSUHVHQWV WKH ZD\ SHRSOHb b b b b b b b b b b b b
SHUFHLYH DQG LQWHUSUHW WKHLU HQYLURQPHQW� DQG D VWURQJ DQG SRVLWLYH VHQVH RI SODFH ZLWKLQ Db b b b b b b b b b b b b b b
FRPPXQLW\ KDV EHHQ VKRZQ WR GULYH WRXULVWV WR YLVLW FHUWDLQ ORFDWLRQV� WR LQFUHDVH SURGXFWLYLW\� DQGb b b b b b b b b b b b b b b
WR VWUHQJWKHQ VRFLDO FDSLWDO� DPRQJ RWKHU EHQHILWV �+DXVPDQQ HW DO�� ������ 'XH WR 8%&b b b b b b b b b b b b b b

��b
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9DQFRXYHUèV LGHQWLW\ DQG EUDQG DV D SODFH RI OHDUQLQJ� DQG WKH JRDO WR DWWUDFW DQG UHWDLQ FRPPXQLW\b b b b b b b b b b b b b b b b b
PHPEHUV� WKH VHQVH RI SODFH LV FULWLFDO WR FRQVLGHU LQ DQ\ VXVWDLQDEOH GHYHORSPHQW GHFLVLRQ� $V WKLVb b b b b b b b b b b b b b b b
LV H[SOLFLWO\ UHFRJQL]HG ZLWKLQ 8%&èV 9DQFRXYHU &DPSXV SODQ� ZLWK ê5HLQIRUFLQJ 6HQVH RI 3ODFHëb b b b b b b b b b b b b
LQFOXGHG DV D NH\ JRDO �VHH 7DEOH � IRU PRUH GHWDLOV�� WKH JURXQGZRUN UHTXLUHG WR VXSSRUW WKLVb b b b b b b b b b b b b b b b b
IRFXV�LV�DOUHDG\�LQ�SODFH�b
b

8UEDQ�6\VWHP�9DOXDWLRQb

2QH ZD\ WR VROYH D FRPSOH[ V\VWHP SUREOHP LV WR FRQVWUXFW D V\VWHP DQDO\VLV E\ PRGHOOLQJ Db b b b b b b b b b b b b b b b b
FDXVDO ORRS GLDJUDP�� ,QWHUYHQWLRQ XVLQJ PHDVXUHV LQ PRGLI\LQJ EHKDYLRXU ZLOO OHYHU D FKDQJH LQb b b b b b b b b b b b b b
WKH�V\VWHP�IHHGEDFN�ORRS�WR�DFKLHYH�WKH�GHVLUHG�RXWFRPH��+DUDOGVVRQ��������bb

0DSSLQJ DQG VSDWLDO DQDO\VLV FDQ EH HIIHFWLYH LQ EULQJLQJ WRJHWKHU D P\ULDG RI SHUVSHFWLYHVb b b b b b b b b b b b b b
�HFRORJ\� JRYHUQDQFH� SODQQLQJ� HFRQRPLF DQG VRFLDO� IRU PHDQLQJIXO YDOXDWLRQ EH\RQG GRPLQDQWb b b b b b b b b b b
YDOXHV�bb

(IIHFWLYH ELRGLYHUVLW\ FRQVHUYDWLRQ DW 8%& UHOLHV RQ ELRGLYHUVLW\ DV D FDXVDO YDULDEOH ZLWKLQ WKHb b b b b b b b b b b b b b
HFRV\VWHP VHUYLFHV YDOXDWLRQ IRU VXVWDLQDEOH GHYHORSPHQW RXWFRPHV� �&HQWUDOL]LQJ WKH UROH RIb b b b b b b b b b b
ELRGLYHUVLW\ LQ WKH HFRV\VWHP VWUXFWXUH DQG IXQFWLRQLQJ YDOXDWLRQ LV SLYRWDO LQ EULQJLQJb b b b b b b b b b b b
FRPPRQDOLW\ LQWR PXOWL�VWDNHKROGHUV GHFLVLRQ PDNLQJ æ VHH &DYDQDJK HW DO� ������ IRU WKHb b b b b b b b b b b b b
FRQFHSWXDO GLDJUDP� )RU LQVWDQFH� WKH YDOXDWLRQ RI XUEDQ WUHHV QHHGV WR WDNH LQWR DFFRXQW WKHb b b b b b b b b b b b b b b
ELRGLYHUVLW\��VRLO�KHDOWK��FRPSOHPHQWDU\�VSHFLHV��ZDWHU�DQG�QXWULHQW�ORDGV��WKDW�VXVWDLQV�WKHP�bb

/HYHUDJH RI SROLF\ WRROV VXFK DV D KLHUDUFKLFDO DSSURDFK FDQ VDIHJXDUG GLIILFXOW YDOXDWLRQ WUDGHRIIVb b b b b b b b b b b b b b
LQ PRQHWDU\ YDOXDWLRQ� �,QQRYDWLYH IXQGLQJ PHFKDQLVPV OLNH EHQHILW WUDQVIHU FRXOG IDYRXUb b b b b b b b b b b
ELRGLYHUVLW\�YDOXDWLRQ�DW�LQYHVWPHQW�DYHQXHV�bb
b

(FRQRPLF�9DOXDWLRQb

8OWLPDWHO\� ILQGLQJ RQH VSHFLILF SUR[\ WR YDOXH ELRGLYHUVLW\ DW 8%& LV QRW QHFHVVDULO\ D ZRUWKZKLOHb b b b b b b b b b b b b b b
H[HUFLVH� $V %DUWNRZVNL HW DO� ������ HPSKDVL]H� QR VLQJOH SUR[\ LV SHUIHFW IRU ELRGLYHUVLW\b b b b b b b b b b b b b b
YDOXDWLRQ� )URP RXU FRQYHUVDWLRQ ZLWK 8%& HPSOR\HHV� WKH LPSRUWDQW DVSHFW RI WKLV YDOXDWLRQb b b b b b b b b b b b b
SURFHVV LV EHLQJ DEOH WR SXW D PRQHWDU\ YDOXH RQ QDWXUDO DUHDV� HYHQ VPDOO RQHV� LQ RUGHU WR VKRZb b b b b b b b b b b b b b b b b b b
WKH�RSSRUWXQLW\�FRVW�RI�UHPRYLQJ�QDWXUH�WR�EXLOG�LQIUDVWUXFWXUHV�b
b
,I 8%& LV ORRNLQJ WR SXW DQ HFRQRPLF YDOXH RQ ELRGLYHUVLW\� ZH ZRXOG� WKHUHIRUH� UHFRPPHQGb b b b b b b b b b b b b b b
KDYLQJ D EURDGHU DSSURDFK OHVV IRFXVHG RQ WKH FRQFHSW RI ELRGLYHUVLW\ LWVHOI DQG PRUH RQ QDWXUDOb b b b b b b b b b b b b b b b
DUHDV LQ WKH ODUJHU VHQVH� :H VXJJHVW WKDW 8%& FRQGXFW D �ODUJH VFDOH GLVFUHWH FKRLFH H[SHULPHQWb b b b b b b b b b b b b b b b
VXUYH\ �ZLWK PXOWLSOH DWWULEXWHV VXFK DV W\SH RI QDWXUDO DUHD� VL]H� DFFHVVLELOLW\� DQG FRVW VLPLODU WRb b b b b b b b b b b b b b b b
WKH ZRUN RI .RHWVH HW DO� ������� (DFK DWWULEXWH ZRXOG KDYHPXOWLSOH OHYHOV�:LWK WKLV GDWD� LW ZRXOGb b b b b b b b b b b b b b b b b b
EH SRVVLEOH WR EXLOG D �8%& VSHFLILF YDOXDWLRQ PRGHO �WKDW FRXOG SXW VSHFLILF YDOXHV RQ D UDQJH RIb b b b b b b b b b b b b b b b b b
QDWXUDO DUHDV DURXQG WKH 8%& 9DQFRXYHU &DPSXV� :LWK WKLV PRGHO LQ KDQG� WKH RSSRUWXQLW\ FRVWb b b b b b b b b b b b b b b
RI�QHZ�LQIUDVWUXFWXUH�SURMHFWV�FRXOG�EH�ZHLJKWHG�E\�GHFLVLRQ�PDNHUV�bb
b b

��b
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���&RQFOXVLRQb

7KH VWDWH RI WKH OLWHUDWXUH GUDZV LQWR OLJKW PDQ\ FRPSOH[ DQG FKURQLF SUREOHPV DVVRFLDWHG ZLWKb b b b b b b b b b b b b b b
LQWHJUDWLQJ ELRGLYHUVLW\ YDOXDWLRQ LQWR GHFLVLRQ�PDNLQJ� DQG ZKLOH WKHUH LV D GLYHUVLW\ RI SRVVLEOHb b b b b b b b b b b b b
PHWKRGV WR DSSURDFK WKLV WDVN� WKHUH LV QR XQLYHUVDO RU VWDQGDUGPHWKRG� 7KLV UHSRUW RIIHUV LQVLJKWb b b b b b b b b b b b b b b b
RQ VHYHUDO PHWKRGV DFURVV PXOWLSOH GLVFLSOLQHV DQG SHUVSHFWLYHV WR YDOXDWLRQ� LQFOXGLQJ ODQGVFDSHb b b b b b b b b b b b
DQG�HFRV\VWHP�UHODWLRQV��VRFLR�FXOWXUDO�GLPHQVLRQV��XUEDQ�V\VWHPV��DQG�HFRQRPLF�DSSURDFKHV�b
b
%LRGLYHUVLW\ YDOXDWLRQ FDQ EH FRQGXFWHG WKURXJK HFRORJLFDO� VRFLDO� FXOWXUDO� DQG HFRQRPLF IUDPHV�b b b b b b b b b b b b
,Q RUGHU WR IXOO\ DFFRXQW IRU WKH YDOXH RI ELRGLYHUVLW\ LQWR GHFLVLRQ�PDNLQJ� D GLYHUVLW\ RIb b b b b b b b b b b b b b b
DSSURDFKHV WKDW EULQJ LQ SHUVSHFWLYHV IURP DOO RI WKHVH IUDPHV LV UHTXLUHG� 7UDGHRIIV DUH DQb b b b b b b b b b b b b b b
LQKHUHQW SDUW RI GHFLVLRQ PDNLQJ DQG ODQG XVH SODQQLQJ� KRZHYHU XVLQJ RQO\ D VLPSOLILHG QXPHULFDOb b b b b b b b b b b b b b b
DSSURDFK PDVNV WKH FRPSOH[LW\ RI WKH SUREOHP DQG GLVWDQFHV WKH GHFLVLRQ�PDNHU ZLWK WKHb b b b b b b b b b b b b
FRQVHTXHQFHV DQG RXWFRPHV� 'LYHUVLILHG HFRORJLFDO� SROLWLFDO� FXOWXUDO� DQG VRFLHWDO ODQGVFDSHV DWb b b b b b b b b b b
8%&�9DQFRXYHU�GHPDQG�HTXDOO\�GLYHUVH�DSSURDFKHV�bb
b
,Q DGGLWLRQ WR WKHVH DSSURDFKHV� ZH ZRXOG VXJJHVW FRQGXFWLQJ GHHSHU UHVHDUFK LQ FORVHb b b b b b b b b b b b b
FROODERUDWLRQ ZLWK WKH 0XVTXHDP 3HRSOH WR LQFOXGH WKHLU WUDGLWLRQDO HFRORJLFDO NQRZOHGJH LQ WKHb b b b b b b b b b b b b
YDOXDWLRQ ELRGLYHUVLW\ IUDPHZRUNV� 7KHLU XQLTXH SHUVSHFWLYH RQ ELRGLYHUVLW\ FRXOG XQIRUWXQDWHO\b b b b b b b b b b
QRW�EH�DGGUHVVHG�ZLWKLQ�WKLV�SURMHFW�bb
b
,QWHJUDWLQJ WKH YDOXH RI ELRGLYHUVLW\ LQWR GHFLVLRQ�PDNLQJ DW 8%&9DQFRXYHU ZLOO WKHUHIRUH QRW EHb b b b b b b b b b b b b b
D VLPSOH WDVN� EXW LW LV DQ LPSRUWDQW RQH� %LRGLYHUVLW\ SOD\V D FULWLFDO UROH LQ V\VWHP UHVLOLHQF\�b b b b b b b b b b b b b b b b b
XQGHUSLQV WKH HFRV\VWHP VHUYLFHV WKDW KXPDQZHOOEHLQJ UHOLHV RQ� DQG LV D QHFHVVDU\ FRQVLGHUDWLRQb b b b b b b b b b b b b b
LQ WKH SXUVXLW RI VXVWDLQDEOH GHYHORSPHQW� $GGLWLRQDOO\� ERWK VXVWDLQDELOLW\ DQG WKH EHDXWLIXOb b b b b b b b b b b b
QDWXUDO FKDUDFWHULVWLFV RI &DQDGDèV ZHVW FRDVW DUH FRUH SLOODUV RI 8%& 9DQFRXYHUèV EUDQGLQJ DQGb b b b b b b b b b b b b b
IHDWXUH SURPLQHQWO\ WKURXJKRXW 8%&èV H[LVWLQJ GHYHORSPHQW SODQV DQG SROLFLHV� 7KH LQWHJUDWLRQ RIb b b b b b b b b b b b
ELRGLYHUVLW\ YDOXDWLRQ LQWR GHFLVLRQ�PDNLQJ GRHV QRW RQO\ DOLJQ ZHOO ZLWK WKH LQVWLWXWLRQèV JRDOV DQGb b b b b b b b b b b b b b
YLVLRQ�IRU�WKH�IXWXUH��EXW�LW�PD\�EH�QHFHVVDU\�WR�PDLQWDLQ�LWV�LGHQWLW\�b
bb
7KLV UHSRUW SURYLGHV D WRROER[� ZLWK D VHOHFWLRQ RI UHFRPPHQGHG PHWKRGV DQG DSSURDFKHV� WRb b b b b b b b b b b b b b
HQDEOH WKH LQWHJUDWLRQ RI ELRGLYHUVLW\ YDOXDWLRQ ZLWKLQ GHYHORSPHQW GHFLVLRQ�PDNLQJ DW 8%&b b b b b b b b b b b
9DQFRXYHU� ,W LV RXU KRSH WKDW IXWXUH IUDPHZRUNV� LQLWLDWLYHV� SODQV� DQG VWXGLHV ZLOO ILQG XVH LQ WKLVb b b b b b b b b b b b b b b b b
V\QWKHVLV�WR�PDNH�HWKLFDO��HTXLWDEOH�GHFLVLRQV�DV�8%&�FRQWLQXHV�WR�JURZ��GHYHORS��DQG�OHDG�b
b

b b

��b
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���5HIHUHQFHVb

$OFDPR��-���%HQQHWW��(��0���	�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��3URJUDP������������(FRV\VWHPV�DQGb
KXPDQ�ZHOO�EHLQJ��$�IUDPHZRUN�IRU�DVVHVVPHQW���:DVKLQJWRQ��'&��,VODQG�3UHVV�b

$WNLQVRQ��*���%DWHPDQ��,���	�0RXUDWR��6����������5HFHQW�DGYDQFHV�LQ�WKH�YDOXDWLRQ�RI�HFRV\VWHPb
VHUYLFHV�DQG�ELRGLYHUVLW\���2[IRUG�5HYLHZ�RI�(FRQRPLF�3ROLF\��������������å���b
KWWSV���GRL�RUJ���������R[UHS�JUV���b

$VDK��6��7���	�%ODKQD��'��-����������,QYROYLQJ�6WDNHKROGHUVè�.QRZOHGJH�LQ�&R�GHVLJQLQJ�6RFLDOb
9DOXDWLRQV�RI�%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYLFHV��,PSOLFDWLRQV�IRU�'HFLVLRQ�0DNLQJ�b
(FRV\VWHPV���KWWSV���GRL�RUJ���������V�����������������bb

%DUELHU��(��%���%DXPJ¦UWQHU��6���&KRSUD��.���&RVWHOOR��&���'XUDLDSSDK��$���+DVVDQ��5���ð�3HUULQJV��&�b
��������7KH�9DOXDWLRQ�RI�(FRV\VWHP�6HUYLFHV��,Q�6��1DHHP��'��%XQNHU��$��+HFWRU��0��/RUHDX�b
	�&��3HUULQJV��(GV�����%LRGLYHUVLW\��(FRV\VWHP�)XQFWLRQLQJ��DQG�+XPDQ�:HOOEHLQJ��$Q�(FRORJLFDOb
DQG�(FRQRPLF�3HUVSHFWLYH���SS�����å������2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�b

%DUWNRZVNL��%�����������(FRQRPLF�YDOXDWLRQ�RI�ELRGLYHUVLW\��DQ�LQWHUGLVFLSOLQDU\�FRQFHSWXDO�SHUVSHFWLYH��b
/RQGRQ��5RXWOHGJH���KWWSV���GRL�RUJ����������������������b

%DUWNRZVNL��%���/LHQKRRS��1���	�+DQVM¾UJHQV��%����������&DSWXULQJ�WKH�FRPSOH[LW\�RI�ELRGLYHUVLW\��$b
FULWLFDO�UHYLHZ�RI�HFRQRPLF�YDOXDWLRQ�VWXGLHV�RI�ELRORJLFDO�GLYHUVLW\���(FRORJLFDO�(FRQRPLFV��b
�������å�����KWWSV���GRL�RUJ���������M�HFROHFRQ������������b

%DUµ��)���3DORPR��,���=XOLDQ��*���9L]FDLQR��3���+DDVH��'���	�*µPH]�%DJJHWKXQ��(����������0DSSLQJb
HFRV\VWHP�VHUYLFH�FDSDFLW\��IORZ�DQG�GHPDQG�IRU�ODQGVFDSH�DQG�XUEDQ�SODQQLQJ��$�FDVHb
VWXG\�LQ�WKH�%DUFHORQD�PHWURSROLWDQ�UHJLRQ���/DQG�8VH�3ROLF\������������å����b
KWWSV���GRL�RUJ���������M�ODQGXVHSRO������������b

%DXP��(�����������:ULWWHQ�HYLGHQFH�RI�(GJDU�%DXP��%UDQG�)LQDQFH��&DQDGD��,QF���5HWULHYHG�IURPb
KWWSV���YDQFRXYHU�FD�ILOHV�FRY�(YLGHQFH�(GJDU�%DXP�9DQFRXYHU�EUDQG�YDOXDWLRQ�SGIb

%RFNDUMRYD��0���%RW]HQ��:��-��:���	�.RHWVH��0��-����������(FRQRPLF�YDOXDWLRQ�RI�JUHHQ�DQG�EOXHb
QDWXUH�LQ�FLWLHV��$�PHWD�DQDO\VLV���(FRORJLFDO�(FRQRPLFV���������$XJXVW���������������b
KWWSV���GRL�RUJ���������M�HFROHFRQ������������b

%RW]DW��$���)LVFKHU��/��.���	�.RZDULN��,����������8QH[SORLWHG�RSSRUWXQLWLHV�LQ�XQGHUVWDQGLQJ�OLYHDEOHb
DQG�ELRGLYHUVH�FLWLHV��$�UHYLHZ�RQ�XUEDQ�ELRGLYHUVLW\�SHUFHSWLRQ�DQG�YDOXDWLRQ���*OREDOb
(QYLURQPHQWDO�&KDQJH������������å������KWWSV���GRL�RUJ���������M�JORHQYFKD������������b

%URZQ��&���	�*UDQW��0����������%LRGLYHUVLW\�DQG�+XPDQ�+HDOWK��:KDW�5ROH�IRU�1DWXUH�LQ�+HDOWK\b
8UEDQ�3ODQQLQJ"��%XLOW�(QYLURQPHQW���������������å����b
KWWSV���GRL�RUJ���������EHQY��������������b

&£FHUHV��'��0���7DSHOOD��(���4X«WLHU��)���	�'¯D]��6����������7KH�VRFLDO�YDOXH�RI�ELRGLYHUVLW\�DQGb
HFRV\VWHP�VHUYLFHV�IURP�WKH�SHUVSHFWLYHV�RI�GLIIHUHQW�VRFLDO�DFWRUV���(FRORJ\�DQG�6RFLHW\��b
��������KWWSV���GRL�RUJ���������(6�������������bb

��b

https://doi.org/10.1093/oxrep/grs007
https://doi.org/10.1007/s10021-019-00405-6
https://doi.org/10.4324/9781315175911
https://doi.org/10.1016/j.ecolecon.2015.02.023
https://doi.org/10.1016/j.landusepol.2016.06.006
https://vancouver.ca/files/cov/Evidence-Edgar-Baum-Vancouver-brand-valuation.pdf
https://doi.org/10.1016/j.ecolecon.2019.106480
https://doi.org/10.1016/j.gloenvcha.2016.04.008
https://doi.org/10.2148/benv.2005.31.4.326
https://doi.org/10.5751/ES-07297-200162


,17(*5$7('�9$/8$7,21�2)�%,2',9(56,7<b
�

&DYDQDJK��5��'���%URV]HLW��6���3LOOLQJ��*��0���*UDQW��6��0���0XUSK\��(��-���	�$XVWHQ��0��&���������b
9DOXLQJ�ELRGLYHUVLW\�DQG�HFRV\VWHP�VHUYLFHV��$�XVHIXO�ZD\�WR�PDQDJH�DQG�FRQVHUYH�PDULQHb
UHVRXUFHV"��3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�%��%LRORJLFDO�6FLHQFHV�������������������������b
KWWSV���GRL�RUJ���������UVSE����������b

&KDQ��.��0��$���*XHUU\��$��'���%DOYDQHUD��3���.ODLQ��6���6DWWHUILHOG��7���%DVXUWR��;���ð�:RRGVLGH��8�b
��������:KHUH�DUH�&XOWXUDO�DQG�6RFLDO�LQ�(FRV\VWHP�6HUYLFHV"�$�)UDPHZRUN�IRUb
&RQVWUXFWLYH�(QJDJHPHQW��%LR6FLHQFH������������å����b
KWWSV���GRL�RUJ���������ELR������������bb

&OHPHQW��-��0���	�&KHQJ��$��6����������8VLQJ�DQDO\VHV�RI�SXEOLF�YDOXH�RULHQWDWLRQV��DWWLWXGHV�DQGb
SUHIHUHQFHV�WR�LQIRUP�QDWLRQDO�IRUHVW�SODQQLQJ�LQ�&RORUDGR�DQG�:\RPLQJ���$SSOLHG�*HRJUDSK\��b
�����������å������KWWSV���GRL�RUJ���������M�DSJHRJ������������b

&ROOLQV��5���6FKDDIVPD��0���	�+XGVRQ��0��'����������7KH�YDOXH�RI�JUHHQ�ZDOOV�WR�XUEDQ�ELRGLYHUVLW\�b
/DQG�8VH�3ROLF\������������å������KWWSV���GRL�RUJ���������M�ODQGXVHSRO������������b

&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\���������7KH�8QLWHG�1DWLRQV�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��b
�(QWHUHG�LQWR�IRUFH����'HFHPEHU��������5HWULHYHG�IURPb
KWWSV���ZZZ�FEG�LQW�GRF�OHJDO�FEG�HQ�SGIb

&RVWDQ]D��5���'è$UJH��5���'H�*URRW��5���)DUEHU��6���*UDVVR��0���+DQQRQ��%���ð�9DQ�'HQ�%HOW��0���������b
7KH�YDOXH�RI�WKH�ZRUOGèV�HFRV\VWHP�VHUYLFHV�DQG�QDWXUDO�FDSLWDO���1DWXUH���������������b
���å������KWWSV���GRL�RUJ���������������D�b

'HDULQJHU��-��$����������0HDVXULQJ�3UHIHUHQFHV�IRU�1DWXUDO�/DQGVFDSHV���$6&(�-�8UEDQ�3ODQQ�'HYb
'LY���������������å�����KWWSV���FHGE�DVFH�RUJ�&('%VHDUFK�UHFRUG�MVS"GRFNH\ �������b

GH�&KD]DO��-���	�5RXQVHYHOO��0��'��$����������/DQG�XVH�DQG�FOLPDWH�FKDQJH�ZLWKLQ�DVVHVVPHQWV�RIb
ELRGLYHUVLW\�FKDQJH��$�UHYLHZ���*OREDO�(QYLURQPHQWDO�&KDQJH���������������å����b
KWWSV���GRL�RUJ���������M�JORHQYFKD������������b

GH�*URRW��5��6���)LVKHU��%���&KULVWLH��0���$URQVRQ��-���%UDDW��/���+DLQHV�<RXQJ��5���*RZG\��-���0DOWE\��(��b
1HXYLOOH��$���3RODVN\��6���3RUWHOD��5���	�5LQJ��,����������,QWHJUDWLQJ�WKH�HFRORJLFDO�DQG�HFRQRPLFb
GLPHQVLRQV�LQ�ELRGLYHUVLW\�DQG�HFRV\VWHP�VHUYLFH�YDOXDWLRQ��,Q��7KH�(FRQRPLFV�RI�(FRV\VWHPVb
DQG�%LRGLYHUVLW\��7((%���(FRORJLFDO�DQG�(FRQRPLF�)RXQGDWLRQV���SS���å�����(DUWKVFDQ��5RXWOHGJH�b
KWWSV���OLEUDU\�ZXU�QO�:HE4XHU\�ZXUSXEV�������b

'¯D]��6���4X«WLHU��)���&£FHUHV��'��0���7UDLQRU��6��)���3«UH]�+DUJXLQGHJX\��1���%UHW�+DUWH��0��6���ðb
3RRUWHU��/����������/LQNLQJ�IXQFWLRQDO�GLYHUVLW\�DQG�VRFLDO�DFWRU�VWUDWHJLHV�LQ�D�IUDPHZRUN�IRUb
LQWHUGLVFLSOLQDU\�DQDO\VLV�RI�QDWXUHèV�EHQHILWV�WR�VRFLHW\��3URFHHGLQJV�RI�WKH�1DWLRQDOb
$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�������������å����b
KWWSV���GRL�RUJ���������SQDV�����������bb

)DELQ\L��0���(YDQV��/���	�)RDOH��6��-����������6\QWKHVLV��SDUW�RI�D�6SHFLDO�)HDWXUH�RQ�([SORULQJb
6RFLDO�(FRORJLFDO�5HVLOLHQFH�WKURXJK�WKH�/HQV�RI�WKH�6RFLDO�6FLHQFHV��&RQWULEXWLRQV��&ULWLFDOb
5HIOHFWLRQV��DQG�&RQVWUXFWLYH�'HEDWH�6RFLDO�HFRORJLFDO�V\VWHPV��VRFLDO�GLYHUVLW\��DQG�SRZHU�b
LQVLJKWV�IURP�DQWK���(FRORJ\�DQG�6RFLHW\���������������b
KWWSV���GRL�RUJ���������(6�������������bb

��b

https://doi.org/10.1098/rspb.2016.1635
https://doi.org/10.1525/bio.2012.62.8.7
https://doi.org/10.1016/j.apgeog.2010.10.001
https://doi.org/10.1016/j.landusepol.2017.02.025
https://www.cbd.int/doc/legal/cbd-en.pdf
https://doi.org/10.1038/387253a0
https://cedb.asce.org/CEDBsearch/record.jsp?dockey=0008536
https://doi.org/10.1016/j.gloenvcha.2008.09.007
https://library.wur.nl/WebQuery/wurpubs/401249
https://doi.org/10.1073/pnas.1017993108
https://doi.org/10.5751/ES-07029-190428
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)DUQVZRUWK��.��'���$GHQXJD��$��+���	�GH�*URRW��5��6����������7KH�FRPSOH[LW\�RI�ELRGLYHUVLW\��$b
ELRORJLFDO�SHUVSHFWLYH�RQ�HFRQRPLF�YDOXDWLRQ���(FRORJLFDO�(FRQRPLFV�������������å����b
KWWSV���GRL�RUJ���������M�HFROHFRQ������������b

)RONH��&���+DKQ��7���2OVVRQ��3���	�1RUEHUJ��-����������$GDSWLYH�*RYHUQDQFH�RI�6RFLDO�(FRORJLFDOb
6\VWHPV���$QQXDO�5HYLHZ�RI�(QYLURQPHQW�DQG�5HVRXUFHV���������������å����b
KWWSV���GRL�RUJ���������DQQXUHY�HQHUJ\�����������������bb

)RUHVWHU��'��-���	�0DFKOLVW��*��(����������0RGHOLQJ�+XPDQ�)DFWRUV�7KDW�$IIHFW�WKH�/RVV�RIb
%LRGLYHUVLW\���&RQVHUYDWLRQ�%LRORJ\����������������å�����b
KWWSV���GRL�RUJ���������M�������������������������[b

)UDVHU��-��$���'LDEDW«��0���1DUPDK��:���%HDYRJXL��3���*XLODYRJXL��.���GH�)RUHVWD��+���	�-XQTXHLUD��$��%�b
��������&XOWXUDO�YDOXDWLRQ�DQG�ELRGLYHUVLW\�FRQVHUYDWLRQ�LQ�WKH�8SSHU�*XLQHD�IRUHVW��:HVWb
$IULFD��(FRORJ\�DQG�6RFLHW\����������KWWSV���GRL�RUJ���������(6�������������bb

*DUF¯D�/ORUHQWH��0���0DUW¯Q�/µSH]��%���,QLHVWD�$UDQGLD��,���/µSH]�6DQWLDJR��&��$���$JXLOHUD��3��$���	b
0RQWHV��&����������7KH�UROH�RI�PXOWL�IXQFWLRQDOLW\�LQ�VRFLDO�SUHIHUHQFHV�WRZDUG�VHPL�DULGb
UXUDO�ODQGVFDSHV��$Q�HFRV\VWHP�VHUYLFH�DSSURDFK���(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\�������å�����b
���å������KWWSV���GRL�RUJ���������M�HQYVFL������������b

*NDUJNDYRX]L��$���+DONRV��*���	�0DWVLRUL��6����������$VVHVVLQJ�YDOXHV��DWWLWXGHV�DQG�WKUHDWV�WRZDUGVb
PDULQH�ELRGLYHUVLW\�LQ�D�*UHHN�FRDVWDO�SRUW�FLW\�DQG�WKHLU�LQWHUUHODWLRQVKLSV��2FHDQ�DQGb
&RDVWDO�0DQDJHPHQW������6HSWHPEHU�����������å����b
KWWSV���GRL�RUJ���������M�RFHFRDPDQ������������bb

*µPH]�%DJJHWKXQ��(���	�%DUWRQ��'��1����������&ODVVLI\LQJ�DQG�YDOXLQJ�HFRV\VWHP�VHUYLFHV�IRU�XUEDQb
SODQQLQJ���(FRORJLFDO�(FRQRPLFV������������å����b
KWWSV���GRL�RUJ���������M�HFROHFRQ������������b

*µPH]�%DJJHWKXQ��(���*UHQ������%DUWRQ��'��1���/DQJHPH\HU��-���0F3KHDUVRQ��7���2è)DUUHOO��3��b
$QGHUVVRQ��(���+DPVWHDG��=���	�.UHPHU��3����������8UEDQ�(FRV\VWHP�6HUYLFHV��,Q�7��(OPTYLVW�b
0��)UDJNLDV��-��*RRGQHVV��%��*¾QHUDOS��3��-��0DUFRWXOOLR��5��,��0F'RQDOG��6��3DUQHOO��0�b
6FKHZHQLXV��0��6HQGVWDG��.��&��6HWR��	�&��:LONLQVRQ��(GV�����8UEDQL]DWLRQ��%LRGLYHUVLW\�DQGb
(FRV\VWHP�6HUYLFHV��&KDOOHQJHV�DQG�2SSRUWXQLWLHV���SS�����å������6SULQJHU�1HWKHUODQGV�b
KWWSV���GRL�RUJ��������������������������B��b

*ULIILWKV��9��)���%XOO��-��:���%DNHU��-���,QILHOG��0���5RH��'���1DOZDQJD��'���ð�0LOQHU�*XOODQG��(��-���������b
,QFRUSRUDWLQJ�ORFDO�QDWXUH�EDVHG�FXOWXUDO�YDOXHV�LQWR�ELRGLYHUVLW\�1R�1HW�/RVV�VWUDWHJLHV�b
:RUOG�'HYHORSPHQW����������������KWWSV���GRL�RUJ���������M�ZRUOGGHY������������b

*ULIR��)���	�5RVHQWKDO��-���(GV������������*OREDO�(QYLURQPHQWDO�'HJUDGDWLRQ�DQG�%LRGLYHUVLW\�/RVV�b
,PSOLFDWLRQV�IRU�+XPDQ�+HDOWK��,Q��%LRGLYHUVLW\�DQG�KXPDQ�KHDOWK���SS�������,VODQG�3UHVV�b

+DUDOGVVRQ��+�����������,QWURGXFWLRQ�WR�V\VWHP�WKLQNLQJ�DQG�FDXVDO�ORRS�GLDJUDPV���/XQG�8QLYHUVLW\�b
KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SURILOH�+RHUGXUB+DUDOGVVRQ�SXEOLFDWLRQ����������B,QWURG
XFWLRQBWRBV\VWHPBWKLQNLQJBDQGBFDXVDOBORRSBGLDJUDPV�OLQNV��EFFHHG�������I�G�G��H���
,QWURGXFWLRQ�WR�V\VWHP�WKLQNLQJ�DQG�FDXVDO�ORRS�GLDJUDPV�SGIb

��b

https://doi.org/10.1016/j.ecolecon.2015.10.003
https://doi.org/10.1146/annurev.energy.30.050504.144511
https://doi.org/10.1046/j.1523-1739.1996.10041253.x
https://doi.org/10.5751/ES-08738-210336
https://doi.org/10.1016/j.envsci.2012.01.006
https://doi.org/10.1016/j.ocecoaman.2018.09.008
https://doi.org/10.1016/j.ecolecon.2012.08.019
https://doi.org/10.1007/978-94-007-7088-1_11
https://doi.org/10.1016/j.worlddev.2019.104858
https://www.researchgate.net/profile/Hoerdur_Haraldsson/publication/258261003_Introduction_to_system_thinking_and_causal_loop_diagrams/links/5bcceed6458515f7d9d01e81/Introduction-to-system-thinking-and-causal-loop-diagrams.pdf
https://www.researchgate.net/profile/Hoerdur_Haraldsson/publication/258261003_Introduction_to_system_thinking_and_causal_loop_diagrams/links/5bcceed6458515f7d9d01e81/Introduction-to-system-thinking-and-causal-loop-diagrams.pdf
https://www.researchgate.net/profile/Hoerdur_Haraldsson/publication/258261003_Introduction_to_system_thinking_and_causal_loop_diagrams/links/5bcceed6458515f7d9d01e81/Introduction-to-system-thinking-and-causal-loop-diagrams.pdf
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+DXVPDQQ��$���6ORWRZ��5���%XUQV��-��.���	�'L�0LQLQ��(����������7KH�HFRV\VWHP�VHUYLFH�RI�VHQVH�RIb
SODFH��%HQHILWV�IRU�KXPDQ�ZHOO�EHLQJ�DQG�ELRGLYHUVLW\�FRQVHUYDWLRQ��(QYLURQPHQWDOb
&RQVHUYDWLRQ������������å������KWWSV���GRL�RUJ���������6����������������bb

+HUPDQV��&���+RZDUWK��5��%���1RRUGHZLHU��7���	�(ULFNVRQ��-��'����������&RQVWUXFWLQJ�SUHIHUHQFHV�LQb
VWUXFWXUHG�JURXS�GHOLEHUDWLYH�SURFHVVHV���'HOLEHUDWLYH�(FRORJLFDO�(FRQRPLFV��2[IRUG�8QLYHUVLW\b
3UHVV��2[IRUG��8.�����å�����KWWS���ZZZ�XYP�HGX�aMGHULFNV�SXEV�'HOLEHUDWLYH((�&K���SGIb

+HUQ£QGH]�0RUFLOOR��0���3OLHQLQJHU��7���	�%LHOLQJ��&����������$Q�HPSLULFDO�UHYLHZ�RI�FXOWXUDOb
HFRV\VWHP�VHUYLFH�LQGLFDWRUV���(FRORJLFDO�,QGLFDWRUV������������å����b
KWWSV���GRL�RUJ���������M�HFROLQG������������bb

+HU]RJ��7��5���+HUEHUW��(��-���.DSODQ��5���	�&URRNV��&��/����������&XOWXUDO�DQG�GHYHORSPHQWDOb
FRPSDULVRQV�RI�ODQGVFDSH�SHUFHSWLRQV�DQG�SUHIHUHQFHV���(QYLURQPHQW�DQG�%HKDYLRU�����������b
���å������KWWSV���GRL�RUJ�������������������������b

+ROOQDJHO��(����������5HVLOLHQFH�HQJLQHHULQJ�DQG�WKH�EXLOW�HQYLURQPHQW���%XLOGLQJ�5HVHDUFK�	b
,QIRUPDWLRQ���������������å������KWWSV���GRL�RUJ�����������������������������b

+ROOLQJ��&�6����������6LPSOLI\LQJ�WKH�FRPSOH[��7KH�SDUDGLJPV�RI�HFRORJLFDO�IXQFWLRQ�DQG�VWUXFWXUH�b
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK����������å����b
KWWSV���GRL�RUJ�����������������������������bb

+RVWHWOHU��0���$OOHQ��:���	�0HXUN��&����������&RQVHUYLQJ�XUEDQ�ELRGLYHUVLW\"�&UHDWLQJ�JUHHQb
LQIUDVWUXFWXUH�LV�RQO\�WKH�ILUVW�VWHS���/DQGVFDSH�DQG�8UEDQ�3ODQQLQJ����������������å����b
KWWSV���GRL�RUJ���������M�ODQGXUESODQ������������b

+R\RV��'����������7KH�VWDWH�RI�WKH�DUW�RI�HQYLURQPHQWDO�YDOXDWLRQ�ZLWK�GLVFUHWH�FKRLFHb
H[SHULPHQWV���(FRORJLFDO�(FRQRPLFV����������������å�����b
KWWSV���GRL�RUJ���������M�HFROHFRQ������������b

+XEDFHN��.���	�.URQHQEHUJ��-����������6\QWKHVL]LQJ�GLIIHUHQW�SHUVSHFWLYHV�RQ�WKH�YDOXH�RI�XUEDQb
HFRV\VWHP�VHUYLFHV���/DQGVFDSH�DQG�8UEDQ�3ODQQLQJ��������������å��b
KWWSV���GRL�RUJ���������M�ODQGXUESODQ������������b

.DOWHQERUQ��%��3���	�%MHUNH��7����������$VVRFLDWLRQ�EHWZHHQ�HQYLURQPHQWDO�YDOXH�RULHQWDWLRQV�DQGb
ODQGVFDSH�SUHIHUHQFHV���/DQGVFDSH�DQG�8UEDQ�3ODQQLQJ�������������å���b
KWWSV���GRL�RUJ���������6��������������������b

.RHWVH��0��-���9HUKRHI��(��7���	�%UDQGHU��/��0����������$�JHQHULF�PDUJLQDO�YDOXH�IXQFWLRQ�IRU�QDWXUDOb
DUHDV���$QQDOV�RI�5HJLRQDO�6FLHQFH���������������å����b
KWWSV���GRL�RUJ���������V����������������b

.UXWLOOD��-��9����������&RQVHUYDWLRQ�UHFRQVLGHUHG���7KH�$PHULFDQ�(FRQRPLF�5HYLHZ���������������å����b
KWWSV���ZZZ�MVWRU�RUJ�VWDEOH��������bb

/DXULOD�3DQW��0���/HKLNRLQHQ��$���8XVLWDOR��/���	�9HQHVM¦UYL��5����������+RZ�WR�YDOXH�ELRGLYHUVLW\�LQb
HQYLURQPHQWDO�PDQDJHPHQW"�(FRORJLFDO�,QGLFDWRUV�������å���b
KWWSV���GRL�RUJ���������M�HFROLQG������������bb

��b

https://doi.org/10.1017/S0376892915000314
http://www.uvm.edu/~jdericks/pubs/DeliberativeEE-Ch.2.pdf
https://doi.org/10.1016/j.ecolind.2013.01.013
https://doi.org/10.1177/0013916500323002
https://doi.org/10.1080/09613218.2014.862607
https://doi.org/10.1016/0377-2217(87)90091-9
https://doi.org/10.1016/j.landurbplan.2011.01.011
https://doi.org/10.1016/j.ecolecon.2010.04.011
https://doi.org/10.1016/j.landurbplan.2012.10.010
https://doi.org/10.1016/S0169-2046(01)00243-2
https://doi.org/10.1007/s00168-016-0795-0
https://www.jstor.org/stable/1815368
https://doi.org/10.1016/j.ecolind.2015.02.034
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