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6XGLRQR�����6XUMRQR�+DGL�6XWMDK\R���1XUKHQL�:LMD\DQWR���3XUQDPD�+LGD\DW���	�5DFKPDQ�.XUQLDZDQ�

�'RFWRUDO�3URJUDP�RI�1DWXUDO�5HVRXUFH�DQG�(QYLURQPHQW�0DQDJHPHQW��,QVWLWXW�3HUWDQLDQ�%RJRU

-O��5��3DMDMDUDQ�%DUDQDQJVLDQJ��%RJRU������
�3RVWJUDGXDWH�3URJUDP��,QVWLWXW�3HUWDQLDQ�%RJRU

-O��.DPSHU�.DPSXV�,3%�'UDPDJD��%RJRU������
�3ODQW�3URWHFWLRQ�'HSDUWPHQW��)DFXOW\�RI�$JULFXOWXUH��/DPSXQJ�8QLYHUVLW\

-O��3URI��'U��6XPDQWUL�%URGMRQHJRUR�1R����%DQGDU�/DPSXQJ������

(�PDLO��VXGLRQR����#JPDLO�FRP

$%675$&7

9HJHWDWLRQ� GLYHUVLW\� DQG� LQWHQVLW\�RI� SODQW� SHVWV� DQG�GLVHDVHV� LQ� WZR�SRO\FXOWXUH� V\VWHPV� LQ�7DQJJDPXV�'LVWULFW��7KH

YHJHWDEOH�FURS�PDQDJHPHQW�FDQQRW�EH�VHSDUDWHG�IURP�LQIHVWDWLRQ�RI�SODQW�SHVW�DQG�GLVHDVH�ZKLFK�LQIOXHQFHV�WKH�TXDOLW\�DQG

TXDQWLW\�RI�FURS�\LHOG��7KH�SHVW�RUJDQLVP�GHYHORSPHQW�LV�LQIOXHQFHG�E\�DJURHFRV\VWHP��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�ZDV�WR

DQDO\]H�YHJHWDWLRQ�GLYHUVLW\�DQG�LQWHQVLW\�RI�SHVW�DQG�GLVHDVH�LQ�7DQJJDPXV�'LVWULFW��0HWKRGV�XVHG�LQ�WKLV�UHVHDUFK�ZHUH

DQDO\VLV�RI�YHJHWDWLRQ�GLYHUVLW\�EDVHG�RQ�6KDQQRQ�LQGH[��SHUFHQWDJH�RI�SHVWV�GDPDJH�DQG�GLVHDVHV�LQFLGHQFH��7KH�UHVXOWV

VKRZHG�WKDW�WKH�YHJHWDWLRQ�GLYHUVLW\�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\�ZHUH����SODQW�VSHFLHV�ZLWK�GLYHUVLW\�LQGH[�RI������

ZKLOH�LQ�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�WKHUH�ZHUH����SODQW�VSHFLHV�ZLWK�GLYHUVLW\�LQGH[�RI������DQG�ERWK�RI�WKHVH�LQGLFHV

ZHUH� OHVV� WKDQ��� �+¶� �� ����7KH� SHUFHQWDJH� RI� SHVWV�GDPDJH� LQ� WKH� SRO\FXOWXUH� RI� DJULFXOWXUH� ODUJHU� WKDQ� SRO\FXOWXUH� RI

DJURIRUHVWU\�W\SRORJ\�UDQJLQJ�IURP�������WR��������DQG�������WR��������UHVSHFWLYHO\��:KLOH�WKH�LQFLGHQFH�RI�GLVHDVH�LQ

SRO\FXOWXUH�RI�DJULFXOWXUH�UDQJLQJ�IURP�������XS�WR������DQG�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�������XS�WR��������

.H\�ZRUGV��SRO\FXOWXUH�RI�DJULFXOWXUH��SRO\FXOWXUH�RI�DJURIRUHVWU\��6KDQQRQ�,QGH[

$%675$.

.HDQHNDUDJDPDQ� YHJHWDVL� GDQ� LQWHQVLWDV� KDPD� GDQ� SHQ\DNLW� WDQDPDQ� VD\XUDQ� SDGD� GXD� VLVWHP� SROLNXOWXU� GL

.DEXSDWHQ�7DQJJDPXV��3HQJHORODDQ� WDQDPDQ�VD\XUDQ� WLGDN� WHUOHSDV�GDUL�DGDQ\D�JDQJJXDQ�ROHK�RUJDQLVPH�SHQJJDQJJX

WDQDPDQ�\DQJ�EHUGDPSDN�WHUKDGDS�NXDOLWDV�GDQ�NXDQWLWDV�SURGXNVL�VD\XUDQ�\DQJ�GDODP�SHUNHPEDQJDQ�RUJDQLVPH�WHUVHEXW

GLSHQJDUXKL�ROHK�DJURHNRVLVWHP��7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�PHQJDQDOLVLV�NHDQHNDUDJDPDQ�YHJHWDVL�WXPEXKDQ�GDQ�EHVDUQ\D

VHUDQJDQ�KDPD�GDQ�SHQ\DNLW�WDQDPDQ�SDGD�WDQDPDQ�VD\XUDQ�GL�.DEXSDWHQ�7DQJJDPXV��0HWRGH�SHQHOLWLDQ�\DQJ�GLJXQDNDQ

\DLWX�DQDOLVLV�NHDQHNDUDJDPDQ�YHJHWDVL�EHUGDVDUNDQ�LQGHN�6KDQQRQ��SHUVHQWDVH�VHUDQJDQ�KDPD�GDQ�NHMDGLDQ�SHQ\DNLW���+DVLO

SHQHOLWLDQ�PHQXQMXNNDQ�NHDQHNDUDJDP�YHJHWDVL�GL�WLSRORJL�SROLNXOWXU�SHUWDQLDQ�WHUFDWDW����VSHFLHV�WXPEXKDQ�GHQJDQ�LQGHN

NHDQHNDUDJDPDQ�YHJHWDVL�VHEHVDU�������VHGDQJNDQ�SDGD�WLSRORJL�SROLNXOWXU�DJURIRUHVWUL�WHUFDWDW����VSHFLHV�WXPEXKDQ�GHQJDQ

LQGHN�NHDQHNDUDJDPDQ�VHEHVDU�VHEHVDU������\DQJ�NHGXDQ\D�OHELK�NHFLO�GDUL����+¶�������,QWHQVLWDV�VHUDQJDQ�KDPD�GDQ�NHMDGLDQ

SHQ\DNLW�WDQDPDQ�SDGD�WLSRORJL�SROLNXOWXU�SHUWDQLDQ�OHELK�EHVDU�GLEDQGLQJNDQ�SROLNXOWXU�DJURIRUHVWUL�GHQJDQ�NLVDUDQ�KDPD

VHEHVDU�������VDPSDL��������EHUEDQGLQJ�������VDPSDL��������GDQ�SHQ\DNLW�DQWDUD�������VDPSDL������EHUEDQGLQJ������

VDPSDL��������

.DWD�NXQFL��LQGHNV�6KDQRQ��SROLNXOWXU�SHUWDQLDQ��SROLNXOWXU�DJURIRUHVWUL

,1752'8&7,21

$Q� DJULFXOWXUDO� W\SRORJ\� RU� ODQGVFDSH� KDV

GLIIHUHQW�DHVWKHWLFDO�TXDOLWLHV�IURP�RQH�WR�DQRWKHU��7KLV

GHSHQGV� RQ� GLYHUVLW\� RI� SODQW� W\SHV� WR� FXOWLYDWH�

3RO\FXOWXUH�RI�DJULFXOWXUH�DQG�DJURIRUHVWU\�DUH�H[DPSOHV

RI�GLIIHUHQFHV�RI�DJULFXOWXUDO�GLYHUVLW\�W\SHV��7KHVH�WZR

W\SHV�RI�FXOWXUH�KDYH�UROHV�QRW�RQO\�DW�SURGXFWLRQ�DVSHFWV�

EXW�DOVR�LQ�RWKHU�HQYLURQPHQW�DVSHFWV�LQFOXGLQJ�GLYHUVLW\

RI�SHVWV� DQG�SODQW�SDWKRJHQV��'LYHUVLW\��ZKLFK� LV�DOO

FRPSRVLWLRQV� RI� W\SHV� RI� SODQWV�� DQLPDOV�� DQG

PLFURRUJDQLVPV�LQWHUDFWLQJ�LQ�D�SDUWLFXODU�HFRV\VWHP�LV
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YHU\�LQIOXHQWLDO�LQ�GHWHUPLQLQJ�DJULFXOWXUH�SURGXFWLYLW\

OHYHO��'LYHUVLW\� LQ� DQ� DJULFXOWXUDO� ODQGVFDSH� DWWUDFWV

DWWHQWLRQV� IURP�PDQ\�H[SHUWV��EHFDXVH� LW� FRQWULEXWHV

VLJQLILFDQWO\� WR� WKH� DJULFXOWXUH� SURGXFWLYLW\�� IRRG

VXVWDLQDELOLW\��ILQDQFLDO�SURILW��DQG�FRQVHUYDWLRQ�RI�QDWXUH

�/LX�HW�DO���������

3ODQW�GLYHUVLW\�LQ�DQ�DJURHFRV\VWHP�FDQ�UHGXFH

WKH� HIIHFWV� RI�SHVW� DQG�GLVHDVHV� WKURXJK� VRPH�ZD\V

ERWK�LQGLYLGXDOO\�DQG�LQ�FRPELQDWLRQV��LQFOXGLQJ�VRPH

HIIHFWV�RI�SHVW�RSSUHVVLRQ�LQ�YLVXDO�DQG�SHVW�VPHOOLQJ

ZD\V��GLVRUGHUV�LQ�SHVW�OLIH�F\FOHV��UHGXFLQJ�LQRFXOXPV

EHFDXVH�WKHUH�LV�QR�KRVW�SODQW��DQWDJRQLVW�PHFKDQLVP�

WKH�SODQW�SK\VLRORJ\�UHVLVWDQFH�EHFDXVH�VXIILFLHQF\�RI

SODQW� QXWULHQWV�� QDWXUDO� SUHGDWRU� FRQVHUYDWLRQ�� DQG

DJULFXOWXUDO�ODQGVFDSH�HIIHFWV�VXFK�DV�SK\VLFDO�EDUULHUV

DQG�PLFUR� FOLPDWH� FKDQJHV� �5DWQDGDVV�HW� DO��� ������

*OREDO�SUDFWLFHV�RI�GLYHUVLW\�DUH�IDPLOLDU�WR�DJULFXOWXUH

SHRSOH��EHFDXVH�WKH�DJULFXOWXUH�DFWLYLW\�FRYHULQJ�������

DUHDV�LQ�WKH�ZRUOG�LV�DQ�LPSRUWDQW�DFWLYLW\�LQIOXHQFLQJ

GLYHUVLW\�

7KHUH� LV� D� FRUUHODWLRQ� EHWZHHQ� DJURHFRV\VWHP

GLYHUVLW\�DQG�SHVW�GLVHDVH�LQFLGHQFH�ZLWK�LQGLFDWRUV�VXFK

DV�OHYHO�RI�SHVWV�GLVHDVH�LQFLGHQFH��ORZ�SURGXFWLYLW\��DQG

SHVWLFLGH�UHVLGXH��6RPH�UHVHDUFK�UHVXOWV�VKRZHG�WKDW

DJURFKHPLFDO� WUHDWPHQWV� �HVSHFLDOO\� SHVWLFLGH� DQ

IHUWLOL]HU��KDG�FDXVHG�SUREOHP�VRFLDO�DQG�HQYLURQPHQWDO

FKDQJHV��$OWLHUL�HW�DO���������$OWLHUL��������6FKHUUHW�DO��

������� $JULFXOWXUDO� DQG� IRUHVWU\� HQYLURQPHQW

PDQDJHPHQWV� DUH� NH\V� IRU� FRQVHUYDWLRQ� RI� GLYHUVLW\

ZKLFK�VLJQLILFDQWO\�LPSURYH�ULFKQHVV�DQG�DEXQGDQFHV

RI�VSHFLHV��ZKLOH�WUHH�DEOH�WR�UHGXFH�DEOH�WR�LPSURYH

SHVW��SDWKRJHQ�LQFLGHQFH��DQG�DOVR�WR�SURYLGH�HFRORJ\

VHUYLFHV�LQ�VWUHQJWKHQLQJ�EHQHILFLDO�LQVHFWV��%DWDU\�HW

DO���������7RPEDFN�HW�DO���������$OXMD�HW�DO���������

$JULFXOWXUH�V\VWHPV�LQ�GHYHORSLQJ�FRXQWULHV�ZLWK

UHODWLYHO\�VPDOO�VL]HV�RI�ODQG�SURYLGH�RSSRUWXQLWLHV�WR

UHGXFH�HIIHFWV�RI�SHVW�DQG�GLVHDVH�WKURXJK�SUDFWLFHV�RI

LQFUHDVH� GLYHUVLW\��7KLV�PHWKRG� LV� YHU\� LPSRUWDQW� LQ

FRQGXFWLQJ�VXVWDLQDEOH�DJULFXOWXUH�V\VWHP��6LPRQ�HW�DO��

������0XQLDSSDQ�	�+HLQULFKV���������7KH�REMHFWLYH�RI

SHVW� PDQDJHPHQW� LV� WR� FRQWULEXWH� DJULFXOWXUH

VXVWDLQDELOLW\�ZLWK�VRPH�GLIIHUHQW�DVSHFWV�VXFK�DV�IRRG

VXVWDLQDELOLW\��EDODQFHG�UHODWLRQVKLS�EHWZHHQ�KXPDQ�DQG

HFRV\VWHP�� DQG� HFRV\VWHP� FRQVHUYDWLRQ�� 7KH

DJURHFRV\VWHP� GLYHUVLILFDWLRQ� HIIRUWV� RIWHQ� UHGXFH

QHJDWLYH�HIIHFWV�RI�PRGHUQ�DJULFXOWXUH�RU�DJULFXOWXUDO

LQGXVWU\� �7LPSUDVHUW� HW� DO��� ������*XUU�HW� DO��� �����

6DYDU\� HW� DO��� �������$JULFXOWXUH� ODQGVFDSH� LV

UHSUHVHQWDWLRQ�RI�KDELWDW�LQFOXGLQJ�SODQWV��IRUHVWV��ZHW

ODQGV��DQG�JUDVV�ODQG��7KH�GLYHUVLW\�RI�YHJHWDWLRQ�FDQ

VHUYH�WKH�G\QDPLFV�RI�SHVW�DQG�QDWXUDO�HQHP\��3KLOSRWW�

������

7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�ZDV�WR�DQDO\]H�WKH

YHJHWDWLRQ�GLYHUVLW\�DQG�WKH�GDPDJH�RI�SHVWV�DQG�WKH

LQFLGHQFH� RI� GLVHDVH� YHJHWDEOH� FURS� LQ�7DQJJDPXV

'LVWULFW�/DPSXQJ�3URYLQFH�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�6LWH��7KLV�UHVHDUFK�ZDV�FRQGXFWHG�LQ�*LVWLQJ�DQG

6XPEHUHMR�6XEGLVWULFW��7DQJJDPXV�'LVWULFW�/DPSXQJ

3URYLQFH�DQG�/DERUDWRU\�RI�3ODQW�3HVWV�DQG�'LVHDVH�RI

)DFXOW\�RI�$JULFXOWXUH��/DPSXQJ�8QLYHUVLW\��IURP�0DUFK

WR�1RYHPEHU������

5HVHDUFK� 3URFHGXUH�� 'DWD� LQ� WKLV� UHVHDUFK� ZHUH

YHJHWDWLRQ�GLYHUVLW\��GDPDJH�RI�SHVWV�DQG�WKH�GLVHDVH�RI

LQFLGHQFH� LQ� VRPH�YHJHWDEOH� FURSV� LQ�SRO\FXOWXUH� RI

DJULFXOWXUH�DQG�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJLHV�

7KLV�UHVHDUFK�XVHG�TXDGUDQW�VDPSOLQJ�WHFKQLTXH�

7KH� UHVHDUFK� ORFDWLRQV�ZHUH� WDNHQ� SXUSRVLYHO\� WR

UHSUHVHQW�W\SRORJ\�RI�WKH�UHJLRQV�L�H��WKH�SRO\FXOWXUH�ZLWK

FURS��SRO\FXOWXUH�RI�DJULFXOWXUH��DQG�SRO\FXOWXUH�ZLWK

IRUHVW� WUHH� �SRO\FXOWXUH� RI� DJURIRUHVWU\��� )URP� HDFK

W\SRORJ\��ILYH�ZHUH�VHOHFWHG�ZKHUH�SORW�����P���)URP

HDFK�SORW�WKH�IROORZLQJ�YDULDEOH�ZHUH�REVHUYHG����SODQW

VSHFLHV�DQG�QXPEHUV�����YHJHWDWLRQ�GLYHUVLW\�����LQWHQVLW\

RI� SHVWV� GDPDJH�� DQG� ��� LQFLGHQFH� RI� GLVHDVH�� 7KH

YHJHWDWLRQ�GLYHUVLW\�ZDV�GHWHUPLQHG�XVLQJ�6KDQQRQ¶V

LQGH[��6KDQQRQ�DQG�:LHQQHU�LQ�/XGZLJ�	�5H\QROGV�

������DV�IROORZV�

:LWK�

+¶  �6KDQQRQ¶V��GLYHUVLW\��LQGH[��RI��YHJHWDWLWRQ��LQ

������������VDPSOHG�SORW

QL  �1XPEHU�RI�VSHFLHV�LQ�SORW

Q  �7RWDO�QXPEHU�RI�SODQW�LQ�SORW

V  �7RWDO�QXPEHU�RI�SODQW�VSHFLHV�REVHUYHG�LQ�WKH

�������������SORW

7KH�YDOXH�RI�GLYHUVLW\�LQGH[�LV�GHILQHG�DV�IRORZ

����+¶�!����LQGLFDWHV�KLJK�GLYHUVLW\�KLJK������+¶�����+¶��

��LQGLFDWHV�PRGHUDWH�GLYHUVLW\��DQG�����+¶�����LQGLFDWHV

ORZ�GLYHUVLW\��0DVRQ�	�0F'RQDOG��������

7KH� LQWHQVLW\� RI� SODQW� SHVW� DQG� LQFLGHQFH� RI

GLVHDVHLQ�HDFK�VDPSDOHG�SORW�ZDV�GHWHUPLQHG�ZLWK�WKH

IROORZLQJ�HTXDWLRQ�
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3��� �,QWHQVLW\�RI�SHVW�GDPDJH�RU�GLVHDVH�LQFLGHQFH

Q���� �1XPEHUV�RI�SODQWV�GDPDJHG�E\�SHVWV�RU�GLVHDVH�LQ

SORW

1��� �7RWDO�QXPEHUV�RI�SODQWV�REVHUYHG�LQ�SORW

5(68/76�$1'�',6&866,21

7KH� UHVHDUFK�ZDV� FRQGXFWHG� LQ�*LVWLQJ�$WDV

9LOODJH��*LVWLQJ�%DZDK�9LOODJH�RI�*LVWLQJ�6XEGLVWULFW��DQG

:RQRKDUMR�9LOODJH��6XPEHU�0X\R�9LOODJH��6LPSDQJ

.DQDQ�9LOODJH�RI�6XPEHUHMR�6XEGLVWULFW�LQ�7DQJJDPXV

'LVWULFW��/DPSXQJ�3URYLQFH��7KH�VLWH�FDQ�EH�UHDFKHG�LQ

������KRXUV�E\�FDU�IURP�WKH�3URYLQFH�FDSLWDO�%DQGDU

/DPSXQJ��7KLV�VLWH�DW����������P�DERYH�WKH�VHD�OHYHO

�DVO�� ZLWK� DLU� WHPSHUDWXUH� UDQJHV� RI� ������ R&�

*HRJUDSKLFDOO\�7DQJJDPXV�'LVWULFW�LV�ORFDWHG�DW�������¶�

������¶�HDVW�ORQJLWXGH�DQG�����¶�����¶�VRXWK�ODWLWXGH�

ZLWK� IODW� WR�ZDY\� WRSRJUDSKLHV�� 7KH�PRVW� FRPPRQ

YHJHWDWLRQ�W\SHV�LQ�WKHVH�UHJLRQV�DUHD�DQQXDO�SODQWV�VXFK

DV�ULFH�DQG�KRUWLFXOWXUHV�DQG�SHUHQQLDO�SODQWV�VXFK�DV

FDFDR�DQG�FRIIHH��7KHUH�LV�D�FRQVHUYDWLRQDO�IRUHVW� LQ

WKH�7DQJJDPXV�PRXQWDLQ�VORSHV�DQG�WKLV�LV�LQWHJUDWHG�WR

&RQVHUYDWLRQDO�)RUHVW�0DQDJHPHQW�8QLW��RU�.3+/��RI

1RUWK�.RWD�$JXQJ�DUHD��/DPSXQJ�3URYLQFH��7KH�IRUHVW

VLWH�LV�ORFDWHG�LQ�WKH�YLFLQLW\�RI�ORFDO�VWDWH�FURS�DUHD�DQG

WKH�VLWH�LV�PDQDJHG�MRLQWO\�E\�WKH�ORFDO�FRPPXQLW\�DQG

ORFDO�JRYHUPHQW�LQL�IRUP�FRPPXQLW\�IRUHVW�RU�SXEOLF

IRUHVW��RU�+NP���7KLV�SXEOLF�IRUHVW�KDV�SRRU�URDG�DFFHV�

,W�RQO\�IRRWSDWKV�ZKHUH�IDUPHUV�FDQ�ZDON�DORQJ�RU�GULYH

WKHLU�PRWRUF\OH��0HDQZKLOH�WKH�DJULFXOWXUDO�ILHOGV�LQ�WKH

VLWHZLWK� UHODWLYHO\� IODW� WRSRJUDSK\�ZHUH� RZQHG� DQG

FXOWLYDWHG�E\�ORFDO�IDUPHUV��,QIUDVWUXFWXUHV�OLNH�URDGV�

GUDLQDJHV��LUULJDWLRQ��DQG�HOHFWULFLW\�DUH�DYDLODEOH�LQ�WKLV

DJULFXOWXUDO�SDUW�RI�WKH�VLWH��7KH�VXPPDU\�RI�UHVHDUFK

VLWH�SUHVHQWHG�LQ�7DEOH���

7DEOH����6XPPDU\�RI�LQIRUPDWLRQ�DEDRXW�UHVHDUFK�VLWH

3ORW� 9LOODJHV�
/RFDWLRQ�&RRUGLQDWH��*36�� (OHYDWLRQ�

�DVO��0��
.LQGV�RI�SODQWV�

6RXWK�ODWLWXGH� (DVW�ORQJLWXGH�

�� *LVWLQJ�%DZDK��

*LVWLQJ�

��Û���¶������� ���Û���¶������� ���� &KLOL��FDEEDJH��PXQJ�EHDQ��

JUHHQ�PXVWDUG��HJJSODQW��WRPDWR��
�� 6LPSDQJ�.DQDQ��

6XPEHUHMR�

��Û���
������� ���Û���
������� ���� &KLOL��PXQJ�EHDQ��FDEEDJH��ULFH�

�� 6XPEHU�0XO\R��

6XPEHUHMR�

��Û���
������� ���Û���
������� ���� &KLOL��PXQJ�EHDQ��HJJSODQW��ULFH��

EXUIORZHU�WUHH��SDSD\D��EDQDQD���

FKLQDEHUU\�

�� :RQRKDUMR��

6XPEHUHMR�

��Û���
������� ���Û���
������� ���� 7RPDWR��FDEEDJH��PXQJ�EHDQ��

\DUGORQJ�EHDQ��FKLOL��HJJSODQW��

ULFH��FRFRQXW��FKLQDEHUU\�
�� *LVWLQJ�$WDV���

*LVWLQJ�

��Û���
������� ���Û���
������� ���� 7RPDWR��FORYH��EDQDQD��FRFRQXW��

FKLQDEHUU\��QXWPHJ��SDSD\D�

�� *LVWLQJ�3HUPDL���

*LVWLQJ�

��Û���
������� ���Û���
������� ���� (JJSODQW��EXUIORZHU�WUHH��ZKLWH�

WHDN��QXWPHJ��SDSD\D��FDFDR��

UXEEHU��FKLQDEHUU\��FRIIHH�

�� *LVWLQJ�$WDV���

*LVWLQJ�

��Û���
������� ���Û���
������� ���� &KLOL��FDEEDJH��WRPDWR��JUHHQ�

PXVWDUG��QXWPHJ��EDQDQD��

PDKRJDQ\��FRIIHH��ELWWHU�EHDQ��

WHDN��FKLQDEHUU\��DYRFDGR�

�� *LVWLQJ�$WDV���

*LVWLQJ�

��Û���
������� ���Û���
������� ���� *UHHQ�PXVWDUG��ZHOVK�RQLRQ��

FDEEDJH��FKLOL��UXEEHU��EDQDQD��

EDPERR��FDFDR��FRIIHH��

FKLQDEHUU\��SDSD\D�

�� *LVWLQJ�$WDV���

*LVWLQJ�

��Û���
������� ���Û���
������� ���� &KLOL��FDEEDJH��JUHHQ�PXVWDUG��

EDQDQD��PDKRJDQ\��FKLQDEHUU\��

ZKLWH�OHDG�WUHH��PHGDQJ��SXOH�
��� *LVWLQJ�$WDV���

*LVWLQJ�

��Û���
������� ������
������� ���� &DEEDJH��HJJSODQW��ZHOVK�RQLRQ��

EDQDQD��SHD��PDKRJDQ\��SXOH��

FRIIHH��VXJDU�SDOP��DYRFDGR��

SDSD\D�

�
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7KH�DYHUDJH� DLU� WHPSHUDWXUH�ZHUH������R&� DQG

���R&�IRU�SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\�DQG�IRU

SRO\FXOWXUH� RI� DJURIRUHVWU\� W\SRORJ\�ZLWK� UHODWLYH

KXPLGLW\�RI�������DQG�������UHVSHFWLYHO\�

9HJHWDWLRQ� 'LYHUVLW\�� 7KHUH� ZHUH� ��� VSHFLHV� LQ

SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\�ZLWK��������LQGLYLGXDO

SODQWV��7DEOH�����6KDQQRQ¶V�GLYHUVLW\�LQGH[�VKRZHG�WKH

SRO\FXOWXUH�RI�DJULFXOWXUH�ZDV�+¶���������2QO\�LQ�*LVWLQJ

%DZDK�9LOODJH�WKDW�+¶�!����6KDQQRQ¶V�GLYHUVLW\�LQGH[�LQ

DOO�SRO\FXOWXUH�RI�DJULFXOWXUH�SORW�ZDV�������7KLV�YDOXH

LQGLFDWHG�WKDW�WKH�GLYHUVLW\�LQ�WKHVH�UHJLRQV�ZDV�ORZ�

7KH�ORZHU�WKH�GLYHUVLW\�LQGH[�LV�LQ�D�SDUWLFXODU�ORFDWLRQ�

WKHQ�WKH�ORZHU�WKH�SURGXFWLYLW\�

7KHUH�ZHUH����VSHFLHV�ZLWK�������LQGLYLGXDO�SODQWV

LQ� SRO\FXOWXUH� RI� DJURIRUHVWU\� ILHOG�� WKH\� ZHUH

YHJHWDEOHV� VXFK� DV�PXQJ� EHDQ�� QXWPHJ�� DQG� JUHHQ

PXVWDUG�� DQG� SODQWV� VXFK� DV� NKDLOHQGUD��PLQGL�� DQG

PDKRJDQ\��6KDQQRQ¶V�GLYHUVLW\�LQGH[�LQ�DOO�SRO\FXOWXUH

RI�DJULFXOWXUH�SORW�ZDV�������,Q�DGGLWLRQ��LQ�WKH�SRO\FXOWXUH

RI�DJURIRUHVWU\�ORFDWLRQV�WKHUH�ZHUH�RWKHU�SODQW�W\SHV

VXFK�DV�ELWWHU�EHDQ��FRIIHH��QXWPHJ��UDQWL��DQG�SDSD\D

�7DEOH�����7KH� GLYHUVLW\� LQGH[� LQ� WKLV� SRO\FXOWXUH� RI

DJURIRUHVWU\� W\SRORJ\�ZDV�XQGHU��� �+�������DQG� WKLV

LQGLFDWHG�WKDW�WKHVH�ORFDWLRQV�KDG�ORZ�GLYHUVLW\��0DVRQ

	�0F'RQDOG���������+RZHYHU��WKH�GLYHUVLW\�LQGH[�RI

SRO\FXOWXUH� RI� DJURIRUHVWU\� VLWH� ZDV� KLJKHU� WKDQ

SRO\FXOWXUH�RI�DJULFXOWXUH�VLWH�������!��������7DEOH����

$W�OHDVW��WKHVH�ORZ�GLYHUVLW\�LQGH[�QHHG�VHULRXV�DWWHQWLRQ�

QRW�RQO\�ERWK�LQ�HFRORJ\�DQG�HFRQRP\�FRQVLGHUDWLRQV�

EXW� DVOR� IRU� WKHLU� H[LVWHQFHV� DQG�PDQDJHPHQW� RI

VXVWDLQDELOLW\�

7KH�YHJHWDWLRQ�GLYHUVLW\� LQGH[� LQ� WKH� UHVHDUFK

ORFDWLRQV�YDULHV�EXW�XQGHU����+¶������DQG�WKLV�LQGLFDWHV�D

ORZ�GLYHUVLW\��7KLV�ORZ�GLYHUVLW\�PDNHV�LW�VXVFHSWLEOH�WR

SHVW�LQWHQVLW\�RU�GLVHDVH�LQFLGHQFH��,QFUHDVLQJ�KDELWDW

GLYHUVLW\�FDQ� LQFUHDVH�DEXQGDQFH�RI�QDWXUDO�HQHPLHV

DQG�WKHLU�HIIHFWLYHQHVV�WR�RYHUFRPH�WKH�SHVW��+LJKHUSODQW

GLYHUVLW\�SURYLGH�DOWHUQDWLYH�KRVWV��QHFWDUV�DQG�SROOHQV

IRU�DGXOW�SDUDVLWRLGV�DQG�SUHGDWRUV��SURWHFW�QHVWV�DQG

PDLQWDLQ�SHVW�SRSXODWLRQ�LQ�ORZHU�QXPEHU��$OWLHUL��������

3HVWV� 'DPDJH� &KDUDWHULVWLF� DQG� 9HJHWDWLRQ

'LYHUVLW\�,QGH[��7KH�SHVWV�GDPDJH�UDWH�LQ�YHJHWDEOHV

ZLWK�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�ZDV�DYHUDJHO\

ORZHU�WKDQ�SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\��7KH�SHVWV

IRXQG�ZHUH�GLDPRQGEDFN�PRWK��3OXWHOOD�VS����DSKLGV

�$SKLV� VS����ZKLWHIO\� �%HPLVLD� VS���� FDEEDJH� FOXVWHU

FDWHUSLOODU� �&URFLGRORPLD� VS���� IUXLW� IO\� �%DFWURFHUD

VS����FRUQ�HDUZRUP��+HOLFRYHUSD�VS����DQG�DUP\ZRUPV

�6SRGRSWHUD�VS���LQ�FDEEDJH�KDV�KLJKHVW�SHVWV�GDPDJH

LQWHQVLW\�RI��������ZKLOH�ZKLWH�PXVWDUG�RQO\�KDG�RQH

W\SH�RI�SHVW��GLDPRQG�EDFN�PRWK��3OXWHOOD�VS����ZLWK

�����SHVWV�GDPDJH��7DEOH����

3HVWV� GDPDJH� LQWHQVLW\� RQ� SRO\FXOWXUH� RI

DJURIRUHVWU\�W\SRORJ\�ZDV�ORZHU�WKDQ�WKDW�SRO\FXOWXUH

RI�DJULFXOWXUH�W\SRORJ\��&KLOL�DQG�WRPDWR�KDG�KLJKHVW

SHVWV�GDPDJH�LQWHQVLW\��������DQG���������ZKLOH�JUHHQ

PXVWDUG� DQG� FXUUDQW� WRPDWR� �UDPSDL�� KDG� QR� SHVWV

GDPDJH��$�SRVVLEOH�UHDVRQ�IRU�WKH�ORZHU�SHVWV�GDPDJH

�

/RFDWLRQ�FRGH� 9LOODJH��6XE�GLVWULFW�
,QGLYLGXDO�

QXPEHUV��

3ODQW�VSHFLHV�

QXPEHUV�

3ODQW�GLYHUVLW\�,QGH[�

�+
��

3RO\FXOWXUH�RI�DJULFXOWXUH�SORW� � � �

$�� *LVWLQJ�%DZDK��*LVWLQJ� ������� �� �����

$�� 6LPSDQJ�.DQDQ��6XPEHUHMR� ������� �� �����

$�� 6XPEHU�0XO\R��6XPEHUHMR� ������� �� �����

$�� :RQRKDUMR��6XPEHUHMR� ������� �� �����

$�� *LVWLQJ�$WDV��*LVWLQJ� ������� �� �����

� 7RWDO� ��������� ��� �����

3RO\FXOWXUH�RI�DJURIRUHVWU\�SORW� � � �

)�� *LVWLQJ�3HUPDL��*LVWLQJ� ������ �� �����

)�� *LVWLQJ�$WDV��*LVWLQJ� ������� �� �����

)�� *LVWLQJ�$WDV��*LVWLQJ� ������� �� �����

)�� *LVWLQJ�$WDV��*LVWLQJ� ������ �� �����

)�� *LVWLQJ�$WDV��*LVWLQJ� ������� �� �����

� 7RWDO� ������� ��� �����

7DEOH����3ODQW�DQG�GLYHUVLW\�LQGH[�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�DQG�DJURIRUHVWU\�W\SRORJLHV�LQ�7DQJJDPXV�'LVWULFW
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7DEOH���&URS�SHVW�GDPDJH�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�DQG�DJURIRUHVWU\�W\SRORJLHV�LQ�7DQJJDPXV�'LVWULFW

/RFDWLRQ�FRGH� 7\SH�RI�SODQW� .LQGV�RI�SHVWV� 6SHFLHV� 3HVWV�GDPDJH�����

3RO\FXOWXUH�RI�DJULFXOWXUH� � �

$�� :KLWH�PXVWDUG� 'LDPRQGEDFN�PRWK� 3OXWHOOD�VS�� ����

� 0XQJ�EHDQ� �� �� �

� &KLOL�� �� �� �

�� &XUUDQW�WRPDWR� �� �� �

$�� <DUGORQJ�EHDQ� $SKLGV� $SKLV�VS�� �����

� � 3RG�ERUHU� /HSLGRSWHUD� �����

� &KLOL� :KLWHIO\� %HPLVLD�VS�� �����

$�� (JJSODQW�� �� �� ��

� 0XQJ�EHDQ� 'LDPRQGEDFN�PRWK� 3OXWHOOD�VS�� �����

� � &DEEDJH�FOXVWHU�FDWHUSLOODU� &URFLGRORPLD�VS�� �����

$�� &DEEDJH� 'LDPRQGEDFN�PRWK� 3OXWHOOD�VS�� �����

� � &DEEDJH�FOXVWHU�FDWHUSLOODU� &URFLGRORPLD�VS� �����

� *UHHQ�PXVWDUG� �� �� �

� &KLOL� $SKLGV� $SKLV�VS�� �����

�� �� :KLWHIO\� %HPLVLD�VS�� �����

$�� 7RPDWR� )UXLW�IO\� %DFWURFHUD�VS�� �����

� � &RUQ�HDUZRUP� +HOLFRYHUSD�VS�� �����

� � :KLWHIO\� %HPLVLD�VS�� �����

�� 2QLRQ�OHDI� �� �� ��

3RO\FXOWXUH�RI�DJURIRUHVWU\� � �

)�� 0XQJ�EHDQ� 'LDPRQGEDFN�PRWK� 3OXWHOOD�VS�� ����

� � � � �

)�� &XUUDQW�WRPDWR� �� �� ��

�� *UHHQ�PXVWDUG� �� �� ��

)�� 7RPDWR� :KLWHIO\� %HPLVLD�VS�� ����

� � &RUQ�HDUZDUP� +HOLFRYHUSD�VS�� ����

�� �� )UXLW�IO\� %DFWURFHUD�VS�� �����

)�� &XUUDQW�WRPDWR� $UP\ZRUPV� 6SRGRSWHUD�VS�� ����

�� �� &RUQ�HDUZRUP� +HOLFRYHUSD�VS�� ����

)�� &KLOL� 7ULSV� 7ULSV�VS�� ����

� � $UP\ZRUPV� 6SRGRSWHUD�VS�� �����

� � :KLWHIO\� %HPLVLD�VS�� �����

�
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RQ�SRO\FXOWXUH�RI�DJURIRUHVWU\�ZDV�WKDW�DJURHFRV\VWHP

PLJKW�EH�VWDEOH�VR�WKDW�LW�ZDV�DEOH�WR�IDFLOLWDWH�EHWWHU

DFWLYLWLHV�RI�QDWXUDO�HQHPLHV�ZKLFK�LQ�HQDEOH�WKHP�FRQWURO

DQG�PDLQWDLQ�SHVW�SRSXODWLRQ�DW�ORZ�QXPEHU�

7KH� GLIIHUHQFHV� RI� VHDVRQV� DQG� SRSXODWLRQ

G\QDPLFV�LQIOXHQFH�LQVHFWV�LQ�GLIIHUHQW�KDELWDWV�ZKLFK

FKDQJH�RYHU�WLPH�DQG�DFFRUGLQJ�WR�GHYHORSPHQW�VWDJHV

�7HRGRUH�HW� DO��� �������1DWXUDO� YHJHWDWLRQ� LV� DEOH� WR

SURPRWH�QDWXUDO�HQHP\�GLYHUVLW\�ZLWK�YDU\LQJ�HIIHFWV�

WKH�VDPH�DJURHFRV\VWHP�FDQ�H[SODLQ�VRPH�SHVWV�ZKLFK

DUH�PRUH� LQIOXHQWLDO� WKDQ� RWKHUV� LQ� D�PRUH� FRPSOH[

ODQGVFDSH��+HQUL�HW�DO���������

7KH�DJURIRUHVWU\�ODQGVFDSH�SHUVSHFWLYH�HQDEOHV

NQRZOHGJH�WUDQVIHU�EHWZHHQ�IDUPHUV�RQ�DJURQRP\�DQG

HFRORJ\� LQ� SDUWLFLSDWLYH� DSSURDFK� WR� KHOS� GULYLQJ� D

PDQDJHPHQW�ZKLFK� EDODQFHV� HFRQRP\� DQG� HFRORJ\

QHHGV� �7VFKDUQWNH� HW� DO��� ������� 3RO\FXOWXUH� RI

DJULFXOWXUH�UHGXFHV�HFRORJLFDO�VXVWDLQDELOLW\�RI�ODQG�XVH

V\VWHP��ZKLOH�HQYLURQPHQW�FKDQJH�DQG�H[WUHPH�FOLPDWH

UHTXLUH�KLJKHU�TXDOLW\�UHVSRQVHV�WKDQ�HYHU��$GDSWDWLRQ

VWUDWHJLHV�WR�HQYLURQPHQW�FKDQJHV�VXFK�DV�FXOWLYDWLQJ

VKDG\� WUHHV� DQG� ILHOG� FRQYHUVLRQ� W\SH� DUH� FRPPRQ

SUDFWLFHV�WR�LPSURYH�VXVWDLQDELOLW\�DJDLQVW�HQYLURQPHQW

FKDQJHV��3RO\FXOWXUH�RI�DJULFXOWXUH�SDWWHUQ�LQ�D�ZLGH

RYHUOD\�LV�D�JRRG�IRU�SODQW�JURZWK�DQG�GHYHORSPHQW�DV

ZHOO�DV�IRU�SHVW�PLJUDWLRQ�IURP�RQH�SODFH�WR�DQRWKHU��$

XQLIRUPHG� FXOWLYDU� LQ� D�ZLGH� ILHOG� FUHDWHV� WKH� VDPH

VLWXDWLRQV�ZLWK�HIIHFWV�RI�LQWHUDFWLRQV�RI�SHVW��SDWKRJHQ�

DQG�SODQW�JURZWK��$OWLHUL�	�1LFKROODV��������

7KH�YHJHWDWLRQ�GLYHUVLW\�LQGH[�LQ�SRO\FXOWXUH�RI

DJULFXOWXUH�V\VWHP�UDQJHG������������ZKLOH�LQ�SRO\FXOWXUH

RI�DJURIRUHVWU\�V\VWHP�WKH�YHJHWDWLDRQ�GLYHUVLW\�LQGH[

UDQJHG������������7DEOH�����7KH�GLYHUVLW\�LQGH[�YDOXH�LV

ORZHU� WKDQ� FULWHULD� WR� XVH�� XQGHU� �� �+¶�� ���� /RZHU

GLYHUVLW\� LQGH[� YDOXH�PHDQV� ORZHU� SURGXFWLYLW\� DV

LQGLFDWLRQV� RI� VHYHUH� HFRORJ\�SUHVVXUH� DQG� XQVWDEOH

HFRV\VWHP��0DVRQ�	�0F'RQDOG��������VXJJHVWV�WKDW

LQ�GLYHUVLW\�LQGH[�YDOXH�LV�ORZHU�WKDQ����LW�PHDQV�ORZ

GLYHUVLW\��,I�LW�LV�DURXQG������LW�PHDQV�PRGHUDWH�GLYHUVLW\�

DQG�PRUH�WKDQ���PHDQV�KLJK�GLYHUVLW\��7KH�ORZ�GLYHUVLW\

LQGH[�LQ�WKH�ORFDWLRQV�DUH�FDXVHG�E\�WKH�IDFWV�WKDW�WKH

ILHOG� LV� FRQWLQXDOO\�SODQWHG��ZLWK� ORZ� VXSSO\� RI� VRLO

QXWULHQWV�� H[FHVVLYH� VXQ� UD\V�� DQG� IHZ�ZDWHU� VXSSO\�

ZKLFK�PDNH�WUHHV�DUH�GLIILFXOW�WR�JURZ�LQ�WKHVH�DUHDV�

&KDUDWHULVWLF�RI�'LVHDVH�,QFLGHQFH�DQG�9HJHWDWLRQ

'LYHUVLW\� ,QGH[�� 7KH� GLVHDVH� LQFLGHQFH� UDWH� LQ

SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\�YDULHV�EHWZHHQ���

WR�������SDWKRJHQ�LQIHFWLRQ�RI�&ROOHWRWULFKXP�VS��DQG

$OWHUQDULD�VS��FDXVHG������GLVHDVH�LQFLGHQFH�HVSHFLDOO\

LQ�PXQJ�EHDQ��7KH� LQIHFWLRQV� DUH�ZDV� ORZ� LQ�ZKLWH

PXVWDUG��FDEEDJH��HJJSODQW��FKLOL��DQG�WKHLU�SDWKRJHQV

DUH�(UZLQLD�VS���3ODVPLGLRSKRUD�VS���DQG�&HUVRVSRUD

VS��7KH�RQO\�YHJHWDEOH�FURS�IUHH�IURP�GLVHDVH�LV�OHHN�

DQG�WKH�KLJKHVW�UDWH�RI�GLVHDVH�RFFXUUHG�LQ�WRPDWR�

7KH� GLVHDVH� LQFLGHQFH� LQ� YHJHWDEOH� FURS� LQ

SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�LV� ORZHU�WKDQ�LQ

SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\�UDQJH�������WR�����

YHUVXV�������WR���������7KH�KLJKHVW�GLVHDVH�LQFLGHQFH

LV�LQ�WRPDWR�DQG�FKLOL��ZKLOH�WKH�ORZHVW�LV�LQ�FXUUDQW�WRPDWR

YHJHWDEOH��7DEOH����

(DFK�W\SRORJ\�KDV�GLIIHUHQW�GLYHUVLW\�LQGH[�DQG

GLVHDVH�LQFLGHQFH�UDWH�DQG�SRO\FXOWXUH�RI�DJURIRUHVWU\

KDYH� KLJKHU� GLYHUVLW\� LQGH[� WKDQ� SRO\FXOWXUH� RI

7DEOH����9HJHWDWLRQ�GLYHUVLW\�LQGH[��+¶��DQG�SHVWV�GDPDJH�SHUFHQWDJH�IRU�YHJHWDEOH�FURS�LQ�7DQJJDPXV�'LVWULFW

/RFDWLRQ�FRGH� 9LOODJH��6XE�GLVWULFW�
9HJHWDWLRQ�GLYHUVLW\�LQGH[�

�+
��

5DQJHV�RI�SHVW�GDPDJH�

����

3RO\FXOWXUH�RI�DJULFXOWXUH� � �

$�� *LVWLQJ�%DZDK��*LVWLQJ� ����� ����������

$�� 6LPSDQJ�.DQDQ��6XPEHUHMR� ����� ������������

$�� 6XPEHU�0XO\R��6XPEHUHMR� ����� ������������

$�� :RQRKDUMR��6XPEHUHMR� ����� ������������

$�� *LVWLQJ�$WDV��*LVWLQJ� ����� ������������

3RO\FXOWXUH�RI�DJURIRUHVWU\�� � �

)�� *LVWLQJ�3HUPDL��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� �����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� �����������

�
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7DEOH����7\SHV�GLVHDVHV�DQG�LQFLGHQFH�LQ�VRPH�YHJHWDEOH�FURSV�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�DQG�DJURIRUHVWU\

W\SRORJLHV�LQ�7DQJJDPXV�'LVWULFW

/RFDWLRQ�

FRGH�
.LQGV�RI�SODQW� 'LVHDVH� 3DWKRJHQ�

'LVHDVH�

LQFLGHQFH�

����

3RO\FXOWXUH�RI�DJULFXOWXUH��� � �

$�� :KLWH�PXVWDUG� /HDI�EOLJKW� (UZLQLD�VS�� �����

� � &OXEURRW� 3ODVPRGLRSKRUD�VS�� �����

� � /HDI�VSRWV� ;DQWKRPRQDV�VS�� �����

� 0XQJ�EHDQ� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� �������

� � %ODFN�VSRW�OHDI� $OWHUQDULD�VS�� �������

� &KLOL� /HDI�FXUO� &XUO\�YLUXV� �����

� � <HOORZ�OHDI� *HPLQL�YLUXV� �����

�� &XUUDQW�WRPDWR� �� �� ��

$�� <DUGORQJ�EHDQ� %ODFN�VSRW�OHDI� 8URP\FHV�VS�� ������

� &RZSHD�ZLWFKHV�EURRP� &RZSHD�ZLWFKHV�EURRP�YLUXV� �����

� &KLOL� $QWKUDFQRVH�� &ROOHWRWULFKXP�VS�� �������

�� �� /HDI�FXUO� &XUO\�YLUXV� �������

$�� (JJSODQW� /HDI�VSRW� &HUFRVSRUD�VS�� �����

� � :DWHU�PROGV� 3K\WRSKWKRUD�VS�� �����

� 0XQJ�EHDQ� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� ������

�� �� %ODFN�VSRW�OHDI� 8URP\FHV�VS�� ������

$�� &DEEDJH� /HDI�VSRW� &HUFRVSRUD�VS�� �����

� � &OXEURRW� 3ODVPRGLRSKRUD�VS�� �����

� *UHHQ�PXVWDUG� &OXEURRW� 3ODVPRGLRSKRUD�VS�� �����

� � /HDI�EOLJKW� (UZLQLD�VS�� �����

� &KLOL� /HDI�FXUO� &XUO\�YLUXV� ������

�� �� <HOORZ�OHDI� *HPLQL�YLUXV� ������

$�� 7RPDWR� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� ������

� � /HDI�VSRWV� &HUFRVSRUD�VS�� ������

� � 6RIW�URW� 3K\WRSKWKRUD�VS�� �������

�� /HHN� �� (UZLQLD�VS�� ��

3RO\FXOWXUH�RI�DJURIRUHVWU\�� � �

)�� 0XQJ�EHDQ� %ODFN�VSRW�OHDI� 8URP\FHV�VS�� �����

)�� &XUUDQW�WRPDWR� �� �� ��

�� *UHHQ�PXVWDUG� /HDI�EOLJKW� (UZLQLD�VS�� �����

)�� 7RPDWR� /HDI�VSRW� &HUFRVSRUD�VS�� ������

� � %ODFN�VSRW�OHDI� 8URP\FHV�VS�� ������

�� �� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� ������

)�� &XUUDQW�WRPDWR� /HDI�VSRW� &HUFRVSRUD�VS�� ������

�� �� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� �����

)�� &KLOL� $QWKUDFQRVH� &ROOHWRWULFKXP�VS�� ������

� � <HOORZ�OHDI� *HPLQL�YLUXV� �����

�� �� /HDI�FXUO� &XUO\�YLUXV�� �����

�
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DJULFXOWXUH� �7DEOH� ����7KH� SRO\FXOWXUH�RI� DJULFXOWXUH

W\SRORJ\�LV�SRWHQWLDOO\�PRUH�VXVFHSWLEOH�WR�GLVHDVH�WKDQ

WKH�SRO\FXOWXUH�RI�DJURIRUHVWU\��7KH�DJURIRUHVWU\�SDWWHUQ

LQIOXHQFHV�RQ�SHVW�DQG�GLVHDVH�DUH�QRW�RQO\�GHSHQGLQJ

RQ� WKH� W\SHV� RI� SODQWV�� EXW� DOVR� GHSHQGLQJ�RQ� RWKHU

IDFWRUV�LQFOXGLQJ�NLQGV�RI�SHVWV��SHVW�SUHIHUHQFHV��DQG

PLFUR�FOLPDWH��7RPOLQVRQ�HW�DO���������3XPDULQR�HW�DO��

�������6WUXFWXUH�DQG�ODQGVFDSH�KHWHURJHQHLW\�WHQGV�WR

LQIOXHQFH�GLVHDVH�G\QDPLFV�DQG�GLVWULEXWLRQV�DQG�WKH\

IXQFWLRQ� DV� LQKLELWRUV� WR� OLPLW� SDWKRJHQ� GLVWULEXWLRQ

�3ODQWHJHQHVW�	�)DEUH��������

&21&/86,21

7KH� FRQFOXVLRQV� RI� WKLV� UHVHDUFK� DUH� WKDW� WKH

YHJHWDWLRQ�GLYHUVLW\�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�W\SRORJ\

ZHUH����SODQW�VSHFLHV�ZLWK�GLYHUVLW\�LQGH[�RI�������ZKLOH

LQ�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�WKHUH�ZHUH���

SODQW�VSHFLHV�ZLWK�GLYHUVLW\�LQGH[�RI�������DQG�ERWK�RI

WKHVH�LQGLFHV�ZHUH�OHVV�WKDQ����+¶�������7KH�SHUFHQWDJH

RI�SHVWV�GDPDJH�LQ�WKH�SRO\FXOWXUH�RI�DJULFXOWXUH�ODUJHU

WKDQ�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\�WKH�UDQJH�RI

�����WR��������DQG������WR��������DQG�WKH�LQFLGHQFH

GLVHDVH�LQ�SRO\FXOWXUH�RI�DJULFXOWXUH�UDQJHG�IURP�����

XS�WR������DQG�SRO\FXOWXUH�RI�DJURIRUHVWU\�W\SRORJ\

�����XS�WR��������

$&.12:/('*0(17

:H�WKDQN�WKH�PDMRUV�RI�3ODQW�3URWHFWLRQ��)DFXOW\

RI�$JULFXOWXUH��/DPSXQJ�8QLYHUVLW\�IRU�VXSSRUWLQJ�WKLV

UHVHDUFK�DQG�IRU�SURYLGLQJ�IDFLOLWLHV�WR�GR�ODERUDWRULXP

DQDO\VLV�

5()(5(1&(6

$OWLHUL�0$�� /HWRXUQHDX� '.�� 	� 5LVFK� 6-�� �����

9HJHWDWLRQ�GLYHUVLW\�DQG�LQVHFW�SHVW�RXWEUHDNV�

&ULWLFDO�5HYLHZV�LQ�3ODQW�6FLHQFHV�����������±

����

$OWLHUL�0$�	�1LFKROOV�� ������$JURHFRORJ\� DQG� WKH

6HDUFK� IRU� D� 7UXO\� 6XVWDLQDEOH�$JULFXOWXUH�

8QLWHG� 1DWLRQV� (QYLURQPHQW� 3URJUDPPH�

0H[LFR�

$OWLHUL�0$��������(WKQRVFLHQFH�DQG�ELRGLYHUVLW\��NH\

HOHPHQWV� LQ� WKH� GHVLJQ� RI� VXVWDLQDEOH� SHVW

PDQDJHPHQW� V\VWHPV� IRU� VPDOO� IDUPHUV� LQ

GHYHORSLQJ�FRXQWULHV��$JU��(FRV\VW��(QYLURQ�����

���±����

$OWLHUL�0$��������7KH�HFRORJLFDO�UROH�RI�ELRGLYHUVLW\�LQ

DJURHFRVLVWHPV��$JU�� (FRV\VW�� (QYLURQ��������

��±���

$OXMD�0��6LYLQVNL�-��'ULHVFKH�59��'DGGD�$$��	�*XLOOHQ

/��������3HVW�PDQDJHPHQW�WKURXJK�WURSLFDO�WUHH

FRQVHUYDWLRQ��%LRGLYHUV��&RQVHUY�� ������� ���±

����

%DWDU\�3��%DOGL�$��.OHLMQ�'��	�7VFKDUQWNH�7�� �����

/DQGVFDSH�PRGHUDWHG� ELRGLYHUVLW\� HIIHFWV� RI

DJULHQYLURQPHQWDO�PDQDJHPHQW��D�PHWD�DQDO\VLV�

3URF��%LRO��6FL�����������������±�����

+HQUL�'&��-RQHV�2��7VLDWWDORV�$��7KHEDXOW�(��6H\PRXU

&/��	�9DQ�9RHQ�)-)��������1DWXUDO�YHJHWDWLRQ

EHQHILWV�V\QHUJLVWLF�FRQWURO�RI�WKH�WKUHH�PDLQ�LQVHFW

7DEOH����9HJHWDWLRQ�GLYHUVLW\�LQGH[��+¶��DQG�GLVHDVH�LQFLGHQFH�LQ�YHJHWDEOH�FURS�LQ�7DQJJDPXV�'LVWULFW

/RFDWLRQ�FRGH� 9LOODJH��VXE�GLVWULFW�
9HJHWDWLRQ�GLYHUVLW\�LQGH[�

�+
��

5DQJHV�RI�GLVHDVH�LQFLGHQFH

����

3RO\FXOWXUH�RI�DJULFXOWXUH� � �

$�� *LVWLQJ�%DZDK��*LVWLQJ� ����� ���������

$�� 6LPSDQJ�.DQDQ��6XPEHUHMR� ����� ���������

$�� 6XPEHU�0XO\R��6XPEHUHMR� ����� �����������

$�� :RQRKDUMR��6XPEHUHMR� ����� �����������

$�� *LVWLQJ�$WDV��*LVWLQJ� ����� ����������

3RO\FXOWXUH�RI�DJURIRUHVWU\��� � �

)�� *LVWLQJ�3HUPDL��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� �����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� ����������

)�� *LVWLQJ�$WDV��*LVWLQJ� ����� �����������

�
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DQG�SDWKRJHQ�SHVWV�RI�D� IUXLW�FURS�LQ�6RXWKHUQ

$IULFD��-��$SSO��(FRO�������������±�����

*XUU�*0��:UDWWHQ�6'��	�/XQD�-0��������0XOWL�IXQFWLRQ

DJULFXOWXUDO�ELRGLYHUVLW\��SHVW�PDQDJHPHQW�DQG

RWKHU�EHQHILWV��%DVLF�$SSO��(FRO��������±����

/LX�<��'XDQ�0��	�<X�=��������$JULFXOWXUDO�ODQGVFDSHV

DQG�ELRGLYHUVLW\�LQ�&KLQD��$JUL��(FRV\VW��(QYLURQ�

�������±���

/XGZLJ� -$�	� -)� 5H\QROGV� -)�� ������ 6WDWLVWLFDO

(FRORJ\�� DQ�3ULPHU�0HWKRGV� DQG�&RPSXWLQJ�

-RKQ�:LOH\�DQG�6RQV�,QF��1HZ�<RUN�

0DVRQ�&)�	�0F'RQDOG�60��������2WWHUV��(FRORJ\

DQG�&RQVHUYDWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV�

&DPEULGJH�

0XQLDSSDQ�5��'LUHFWRU� 3��	� +HLQULFKV�($�� �����

%LRGLYHUVLW\� DQG� LQWHJUDWHG� SHVW�PDQDJHPHQW�

ZRUNLQJ�WRJHWKHU�IRU�D�VXVWDLQDEOH�IXWXUH��&URS

3URW���������±����

3KLOSRWW�60��������%LRGLYHUVLW\�DQG�SHVW�FRQWURO�VHUYLFHV�

5HIHUHQFH� 0RGXOH� LQ� /LIH� 6FLHQFHV

(QF\FORSHGLD�RI�%LRGLYHUVLW\�������±����

3ODQWHJHQHVW�0��0D\�&/��	�)DEUH�)��������/DQGVFDSH

HSLGHPLRORJ\� RI� SODQW� GLVHDVHV�� -�� 5�� 6RF�

,QWHUIDFH������������±����

3XPDULQRD�/��6LOHVKLE�*:��*ULSHQEHUJF�6��.DDUWLQHQD

5��%DUULRVE�(��0XFKDQHG�01��0LGHJDH�&��	

-RQVVRQD�0��������(IIHFWV�RI�DJURIRUHVWU\�RQ�SHVW�

GLVHDVH�DQG�ZHHG�FRQWURO��D�PHWD�DQDO\VLV��%DVLF

$SSO��(FRO������������±����

5DWQDGDVV�$��)HUQDQGHV�3��$YHOLQR�-��	�+DELE�5�������

3ODQW� VSHFLHV� GLYHUVLW\� IRU� VXVWDLQDEOH

PDQDJHPHQW� RI� FURS� SHVWV� DQG� GLVHDVHV� LQ

DJURHFRV\VWHPV��D�UHYLHZ��$JURQ��6XVWDLQ��'HY�

����������±����

6DYDU\�6��+RUJDQ�)��:LOORFTXHW�/��	�+HRQJ�.�/�������

$� UHYLHZ� RI� SULQFLSOHV� IRU� VXVWDLQDEOH� SHVW

PDQDJHPHQW�LQ�ULFH��&URS�3URW��������±���

6FKHUU� 6-� 	� 0F1HHO\� -$�� ������ %LRGLYHUVLW\

FRQVHUYDWLRQ� DQG� DJULFXOWXUDO� VXVWDLQDELOLW\�

WRZDUGV� D� QHZ� SDUDGLJP� RI� µHFRDJULFXOWXUH¶

ODQGVFDSHV��3KLORV�7UDQV��5��6RF��/RQG��%��%LRO�

6FL����������±����

6LPRQ�6��%RXYLHU�-&��'HEUDV�-)��	6DXSKDQRU�%�������

'LYHUVLW\� DQG� SHVW� PDQDJHPHQW� LQ� RUFKDUG

V\VWHPV��$�UHYLHZ��$JURQ��6XVWDLQ��'HY���������±

����

7HRGRUR�$�� .OHLQ�$0�� 	� 7VFKDUQWNH� 7�� �����

(QYLURQPHQWDOO\�PHGLDWHG�FRIIHH�SHVW�GHQVLWLHV

LQ� UHODWLRQ� WR� DJURIRUHVWU\�PDQDJHPHQW�� XVLQJ

KLHUDUFKLFDO�SDUWLWLRQLQJ�DQDO\VHV��$JU��(FRV\VW�

(QYLURQ�������±�������±����

7LPSUDVHUW�6��'DWWD�$��	�5DQDPXNKDDUDFKFKL�6/�������

)DFWRUV�GHWHUPLQLQJ�DGRSWLRQ�RI�LQWHJUDWHG�SHVW

PDQDJHPHQW� E\� YHJHWDEOH� JURZHUV� LQ�1DNKRQ

5DWFKDVLPD�3URYLQFH��7KDLODQG��&URS�3URW�����

��±���

7RPEDFN�')��5HVOHU� /0��.HDQH�5(�� 3DQVLQJ�(5�

$QGUDGH�$-��	�:DJQHU�$&��������&RPPXQLW\

VWUXFWXUH��ELRGLYHUVLW\��DQG�HFRV\VWHP�VHUYLFHV�LQ

WUHHOLQH�ZKLWHEDUN�SLQH�FRPPXQLWLHV��SRWHQWLDO

LPSDFWV�IURP�D�QRQ�QDWLYH�SDWKRJHQ��)RUHVWV���

�±���

7RPOLQVRQ�,���3RWWHU�&��	�%D\OLVV�+��������0DQDJLQJ

WUHH�SHVWV�DQG�GLVHDVHV�LQ�XUEDQ�VHWWLQJV��WKH�FDVH

RI�RDN�SURFHVVLRQDU\�PRWK�LQ�/RQGRQ������������

8UEDQ�)RU��8UEDQ�*UHH�����������±����

7VFKDUQWNH�7��&ORXJK�<��%KDJZDW�6$��%XFKRUL�'��)DXVW

+��+HUWHO�'��+ROVFNHU�'��-XKUEDQGW�-��.HVVOHU

0��3HUIHFWR�,��6FKHUEHU�&��6FKRWK�*��9HOGNDPS

(��	�:DQJHU�7&��������0XOWLIXQFWLRQDO�VKDGH�

WUHH� PDQDJHPHQW� LQ� WURSLFDO� DJURIRUHVWU\

ODQGVFDSHV�D�UHYLHZ��$SSO��(FRO������������±����


