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,Q�WKLV�VWXG\�ZH�XVH�D�ZKROH�IDUP�ELR�HFRQRPLF�PRGHO�WR�DVVHVV�WKH�UROH�RI�VDOWODQG�SDVWXUHV�LQ
D�PL[HG�FURS�DQG�OLYHVWRFN�IDUPLQJ�V\VWHP���5HVXOWV�RI�WKH�DQDO\VLV�VKRZ�WKDW�VDOWODQG�SDVWXUHV
DUH�OLNHO\�WR�EH�SURILWDEOH�DFURVV�D�UDQJH�RI�VFHQDULRV�� �+RZHYHU�� WKH�RSWLPDO�DUHD� WR�HVWDEOLVK
ZLOO� YDU\� FRQVLGHUDEO\� DFFRUGLQJ� WR� VLWH� FKDUDFWHULVWLFV� DQG� PDUNHW� FRQGLWLRQV�� � .H\� SURILW
GULYHUV�IRU�WKH�VDOWODQG�SDVWXUH�V\VWHP�DUH�LGHQWLILHG�DQG�SULRULWLHV�IRU�IXWXUH�5	'�GLVFXVVHG�

,1752'8&7,21
7KH�SRWHQWLDO�EHQHILWV�RI�VDOWODQG�SDVWXUHV�DUH�ZHOO�GRFXPHQWHG���7KH\�LQFOXGH�UHGXFHG�UHFKDUJH
RI� ZDWHU� WDEOHV�� LPSURYHG� VRLO� VWUXFWXUH�� DQG� SURYLVLRQ� RI� IHHG� IRU� OLYHVWRFN� GXULQJ� OLPLWLQJ
SHULRGV�RI�WKH�\HDU��H�J��%DUUHWW�/HQQDUG�DQG�0DOFROP�������%ROW�������/OR\G���������+RZHYHU�
LQ� RUGHU� IRU� VDOWODQG� SDVWXUH� WR� EH� SURILWDEOH� WKHVH� EHQHILWV� PXVW� RXWZHLJK� WKH� FRVW� RI
HVWDEOLVKPHQW�� WKH� ULVN�RI�HVWDEOLVKPHQW� IDLOXUH�DQG� WKH�FRVW�RI� ORVW�RSSRUWXQLWLHV� WR�XQGHUWDNH
DOWHUQDWLYH�SUDFWLFHV�

:HLJKLQJ� XS� WKHVH� EHQHILWV� DQG� FRVWV� LV� QRW� VWUDLJKWIRUZDUG�� � 7KH� SURILWDELOLW\� RI� D� JUD]LQJ
V\VWHP�GHSHQGV�RQ�D�ODUJH�QXPEHU�RI�IDFWRUV�LQFOXGLQJ�SDVWXUH�JURZWK�UDWHV�DQG�JURZWK�SDWWHUQ�
SDVWXUH� TXDOLW\� DQG�SDODWDELOLW\�� WKH� FODVV� RI� OLYHVWRFN� DQG� SDWWHUQ� RI� JUD]LQJ�� DQG� WKH� FRVW� RI
HVWDEOLVKPHQW�DQG�PDLQWHQDQFH�� � ,Q�DGGLWLRQ��SURILWDELOLW\�FDQ�EH�DIIHFWHG�E\� LQWHUDFWLRQV�ZLWK
RWKHU� HQWHUSULVHV� RQ� WKH� IDUP�� � ([DPSOHV� RI� LPSRUWDQW� LQWHUDFWLRQV� LQFOXGH� GLVHDVH� EUHDNV�
QLWURJHQ�IL[DWLRQ��ZHHG�FRQWURO�RSSRUWXQLWLHV��JUDLQ�IHHGLQJ��VWXEEOH�JUD]LQJ�DQG�FRPSOHPHQWDU\
RU�FRPSHWLWLYH�PDFKLQHU\�XVDJH�

,Q�WKLV�DQDO\VLV�ZH�XVH�D�ZKROH�IDUP�ELR�HFRQRPLF�PRGHO�WR�H[DPLQH�WKH�UROH�DQG�SURILWDELOLW\
RI� VDOWODQG�SDVWXUHV� LQ�D�PL[HG�FURS�DQG� OLYHVWRFN� IDUPLQJ�V\VWHP�� �2XU�DLPV� LQ�GRLQJ�VR�DUH
WZRIROG�

��� 7R� GLVFXVV� KRZ� VDOWODQG� SDVWXUH� PLJKW� EHVW� EH� LQWHJUDWHG� LQWR� FXUUHQW� IDUPLQJ� V\VWHPV�

7KLV�SURYLGHV�D�UHIHUHQFH�SRLQW�IRU�FXUUHQW�H[WHQVLRQ�HIIRUWV��WKHUHE\�KHOSLQJ�WR�HQVXUH�WKDW
DSSURSULDWH�PHVVDJHV�DUH�GHOLYHUHG�WR�WKH�IDUPLQJ�FRPPXQLW\�

��� 7R� LGHQWLI\� WKH� NH\� SURILW� GULYHUV� RI� VDOWODQG� SDVWXUH� V\VWHPV�� DQG� WKH� VHQVLWLYH� DUHDV� IRU

IXWXUH� UHVHDUFK�� �7KLV� VKRXOG� DVVLVW� UHVHDUFKHUV� WR� IRFXV� HIIRUWV� LQ� DUHDV� WKDW� DUH� OLNHO\� WR
GHOLYHU�WKH�JUHDWHVW�EHQHILWV�WR�LQGXVWU\�



0(7+2'�2)�$1$/<6,6
'HVFULSWLRQ�RI�WKH�VWXG\�DUHD

7KH� IRFXV� IRU� WKLV� VWXG\� ZDV� WKH� PHGLXP� UDLQIDOO� EURDGDFUH� DJULFXOWXUH� GLVWULFWV� ZLWKLQ� WKH
:HVWHUQ�6RXWK�&RDVW�DQG�/RZHU�*UHDW�6RXWKHUQ�UHJLRQV�RI�:HVWHUQ�$XVWUDOLD���'U\ODQG�VDOLQLW\
LV�ZLGHVSUHDG�LQ�WKHVH�UHJLRQV��DQG�LV�IRUHFDVW�WR�H[SDQG�FRQVLGHUDEO\�E\�������1/:5$��������

$YHUDJH�IDUP�VL]H�LQ�WKH�VWXG\�DUHD�LV�DSSUR[LPDWHO\���������������KHFWDUHV��RI�ZKLFK�DERXW����
���� LV� VRZQ� WR� FURS� �PRVWO\�ZKHDW�� EDUOH\� DQG� FDQROD��� � 7KH� EDODQFH� LV� SDVWXUH� XVHG� WR� UXQ
VKHHS�IRU�ZRRO�DQG�PHDW�SURGXFWLRQ���&DWWOH�DUH�DOVR�JUD]HG�DQG�IRUP�DQ�LPSRUWDQW�SDUW�RI�VRPH
LQGLYLGXDO� EXVLQHVVHV�� �+RZHYHU�� DYHUDJH� FDWWOH� QXPEHUV� SHU� IDUP� DUH� YHU\� ORZ� �OHVV� WKDQ� ��
KHDG�SHU� IDUP���ZLWK� WKH� ODUJH� FDWWOH� SURGXFHUV� WHQGLQJ� WR� FRQFHQWUDWH� FORVHU� WR� WKH� FRDVW� DQG
DZD\�IURP�WKH�PDLQ�FURSSLQJ�]RQH� �$%6�������� � ,Q�DGGLWLRQ��PDQ\�FDWWOH�DUH� IHG� LQ� IHHGORWV�
)RU�WKHVH�UHDVRQV�FDWWOH�DUH�QRW�LQFOXGHG�LQ�WKLV�DQDO\VLV�

7KH� VWXG\� DUHD� UHFHLYHV� EHWZHHQ� ���� DQG� ���� PP� DYHUDJH� DQQXDO� UDLQIDOO�� RI� ZKLFK
DSSUR[LPDWHO\�WZR�WKLUGV�IDOOV�EHWZHHQ�0D\�DQG�2FWREHU���7KH�JURZLQJ�VHDVRQ�LV�IROORZHG�E\�D
VXPPHU� GURXJKW� XVXDOO\� ODVWLQJ� IURP� 1RYHPEHU� WR� 0DUFK�� � 7KLV� KLJKO\� VHDVRQDO� SDWWHUQ� RI
UDLQIDOO� KDV� LPSRUWDQW� LPSOLFDWLRQV� IRU� OLYHVWRFN� IHHG� VXSSO\�� � $YDLODELOLW\� RI� SDVWXUH� LV
SDUWLFXODUO\� WLJKW� LQ� WKH� ODWH�DXWXPQ�DQG�HDUO\�ZLQWHU�� �%\�FRQWUDVW�� WKH�VSULQJ� LV� W\SLILHG�E\�D
¨IOXVK©� RI� SDVWXUH� JURZWK� GXH� WR� UHODWLYHO\� ZDUP� ZHDWKHU� DQG� SOHQWLIXO� VRLO� PRLVWXUH�
&RQVHTXHQWO\��VXSSO\�RI�IHHG�WKURXJKRXW�WKH�\HDU�LV�YHU\�XQHYHQ�� �7KLV�IHDWXUH�RI� WKH�IDUPLQJ
V\VWHP�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�WKH�SURILWDELOLW\�RI�DOWHUQDWLYH�IHHG�VRXUFHV��DQG�WKH�WLPLQJ
RI�IHHG�VXSSO\�FDQ�EH�MXVW�DV�LPSRUWDQW�DV�WKH�DPRXQW�RI�IHHG�VXSSO\�

'HVFULSWLRQ�RI�0,'$6��0RGHO�RI�DQ�,QWHJUDWHG�'U\ODQG�$JULFXOWXUDO�6\VWHP�

,Q� WKLV� DQDO\VLV� ZH� DGDSWHG� WKH� 6RXWK� &RDVW� YHUVLRQ� RI� 0,'$6� �%DWKJDWH� ������ WR� LQFOXGH
VDOWODQG�SDVWXUH���0,'$6�LV�D�ZKROH�IDUP�PDWKHPDWLFDO�SURJUDPPLQJ�PRGHO�WKDW�GHVFULEHV�WKH
SK\VLFDO�� WHFKQLFDO�� ELRORJLFDO� DQG� PDQDJHULDO� DVSHFWV� RI� EURDGDFUH� FURSSLQJ� DQG� OLYHVWRFN
IDUPLQJ� V\VWHPV�� � 7KH� PRGHO� LQFOXGHV� FRPSRQHQWV� IRU� FURSV�� SDVWXUHV�� VKHHS�� VWXEEOH�� JUDLQ
IHHGLQJ��PDFKLQHU\�DQG�ILQDQFH���,W�LV�VWURQJO\�EDVHG�RQ�VRLO�W\SHV�DQG�URWDWLRQV��ZLWK�GLIIHUHQW
SURGXFWLRQ� ILJXUHV� IRU� HDFK� URWDWLRQ� RQ� HDFK� VRLO� W\SH�� � 7KH� PRGHO� VHOHFWV� VWUDWHJLHV� WKDW
PD[LPLVH�SURILWV�LQ�WKH�PHGLXP�WHUP��L�H��WKH�QH[W�����\HDUV�

7KH�6RXWK�&RDVW�0RGHO�UHSUHVHQWV�D�IDUP�RI������KHFWDUHV�LQ�WKH�PHGLXP�UDLQIDOO�]RQH�RI�WKH
6RXWK� &RDVW� ����� �� ���� PP��� � 7KLV� ]RQH� VWUHWFKHV� IURP� WKH� 6WLUOLQJ� 5DQJHV� LQ� WKH� ZHVW� WR
(VSHUDQFH�LQ�WKH�HDVW���3URGXFWLRQ�SDUDPHWHUV�LQ�WKH�PRGHO�IRU�FURSV��SDVWXUHV�DQG�OLYHVWRFN�DUH
UHSUHVHQWDWLYH� RI� D� W\SLFDO�� ZHOO� PDQDJHG�� IDUP� LQ� WKH� UHJLRQ�� � ,Q� WKLV� VWXG\� ZH� DGDSWHG� WKH
PRGHO�WR�UHSUHVHQW�D�IDUP�LQ�WKH�1RUWK�6WLUOLQJV�DUHD���$�PL[�RI�VRLO�W\SHV�W\SLFDO�RI�WKH�GLVWULFW
ZDV� DVVXPHG� �2YHUKHX�� SHUVRQDO� FRPPXQLFDWLRQ� ������ DQG� LQFOXGHV� ���� KD� RI� VDOLQH� VRLO� DV
RXWOLQHG�LQ�7DEOH���

7DEOH�����'HVFULSWLRQ�RI�VRLO�W\SHV�XVHG�LQ�WKH�DGDSWHG�YHUVLRQ�RI�WKH�6RXWK�&RDVW�0,'$6�

$UHD��KD� $UHD��KD�

:DWHUORJJLQJ�SURQH�GXSOH[ ��� 6DOLQH�VRLOV���KLJK�SURGXFWLYLW\ ��

0HGLXP�GHSWK�VDQGSODLQ�GXSOH[ ��� 6DOLQH�VRLOV���PRG�SURGXFWLYLW\ ��

'HHS�VDQGV �� 6DOLQH�VRLOV���ORZ�SURGXFWLYLW\ ��

*UH\�ORDPV�DQG�FOD\V ��� 6DOLQH�VRLOV���EDUH�VFDOG ��

$�IHDWXUH�RI�WKLV�VWXG\�LV�WKDW�VHYHUDO�FODVVHV�RI�VDOLQH�VRLO�DUH�UHSUHVHQWHG�� �7KLV�LV�VRPHWKLQJ
WKDW�KDV�EHHQ�DEVHQW�IURP�SUHYLRXV�VWXGLHV���,QFOXVLRQ�RI�VHYHUDO�FODVVHV�RI�VDOLQH�VRLOV�HQDEOHV
XV�WR�FUHDWH�D�¨JUDGLHQW©�RI�VDOLQLW\�UDQJLQJ�IURP�EDUH�VDOW�VFDOGV�QRW�FDSDEOH�RI�VXSSRUWLQJ�FURS



RU�SDVWXUH� WKURXJK� WR�KLJKO\�SURGXFWLYH�VDOLQH�FRXQWU\� WKDW� LV�RQO\�PLOGO\�DIIHFWHG�E\�VDOW�� � ,Q
GRLQJ� VR� LW� EHFRPHV� SRVVLEOH� WR� DVVHVV� WKH� LPSRUWDQW� WUDGH�RIIV� WKDW� IDUPHUV� ZLOO� IDFH� ZKHQ
GHFLGLQJ�ZKHWKHU� WR�HVWDEOLVK�D�VDOWODQG�SDVWXUH�V\VWHP�RU�FRQWLQXH�ZLWK�DQQXDO�FURSV�DQG���RU
SDVWXUH�

5HSUHVHQWDWLRQ�RI�WKH�VDOWODQG�SDVWXUH�V\VWHP

7KH�VDOWODQG�SDVWXUH� V\VWHP�UHSUHVHQWHG� LQ� WKLV�DQDO\VLV� FRQVLVWV�RI� DOOH\V�RI� VDOWEXVK� VSHFLHV�
ZLWK� D� PL[HG� VZDUG� RI� DQQXDO� VSHFLHV� JURZLQJ� LQ� WKH� LQWHU�URZ�� � )LJXUHV� IRU� SDVWXUH
FRPSRVLWLRQ��SURGXFWLRQ�DQG�TXDOLW\�ZHUH�GHULYHG�IURP�PHDVXUHPHQWV�PDGH�RQ�D�PLOGO\�VDOLQH
VLWH�QHDU�/DNH�*UDFH��'\QHV�DQG�1RUPDQ��XQSXEOLVKHG�GDWD���ZLWK�VRPH�DGMXVWPHQWV�DSSOLHG�WR
UHIOHFW�WKH�KLJKHU�UDLQIDOO�DQG�ORQJHU�JURZLQJ�VHDVRQ�RI�WKH�1RUWK�6WLUOLQJV�VWXG\�DUHD�

7KH� VDOWODQG�SDVWXUH� V\VWHP� FRXOG� EH� JUD]HG� RQFH� SHU� \HDU�� DW� DQ\� WLPH� GXULQJ� WKH� \HDU��7KH
TXDQWLW\�RI�IHHG�DYDLODEOH�IRU�JUD]LQJ�GHSHQGV�RQ�WKH�PRQWK�WKDW�LW�LV�JUD]HG��7DEOH������7KH�IHHG
DYDLODEOH�IRU�JUD]LQJ�IURP�WKH�VDOWEXVK�FRPSRQHQW�RQ�WKH�PRGHUDWH�DQG�ORZ�SURGXFWLYLW\�VDOLQH
VRLO�W\SHV�DUH�����DQG�����RI�WKRVH�VKRZQ�LQ�7DEOH���UHVSHFWLYHO\���/LNHZLVH��WKH�IHHG�RQ�RIIHU
ILJXUHV�IRU�WKH�DQQXDO�SDVWXUH�FRPSRQHQW�RQ�WKH�PRGHUDWH�DQG�ORZ�SURGXFWLYLW\�VDOLQH�VRLO�W\SHV
ZDV� DVVXPHG� WR� EH� ���� DQG� ����RI� WKH� ILJXUHV� VKRZQ� KHUH�� � 7KH� EDUH� VDOW� VFDOG� FRXQWU\� LV
DVVXPHG�WR�EH�XQJUD]HG�

7DEOH�����)HHG�DYDLODEOH�IRU�JUD]LQJ�DW�GLIIHUHQW�WLPHV�RI�WKH�\HDU��NLORJUDPV�RI�GU\�PDWWHU

SHU�KHFWDUH��IRU�WKH�KLJKO\�SURGXFWLYH�VDOLQH�VRLO�W\SH�

0D\ $XJXVW 1RYHPEHU )HEUXDU\

NJ�'0�KD NJ�'0�KD NJ�'0�KD NJ�'0�KD

6DOWEXVK ��� ��� ��� ���

9ROXQWHHU�JUDVV � ��� ��� ���

9ROXQWHHU�OHJXPH � �� �� ��

,PSURYHG�OHJXPH � ��� ���� ���

)HHG�YDOXH�DOVR�YDULHV�RYHU�WKH�VHDVRQ���WKH�KLJKHVW�TXDOLW\�IHHG�LV�DYDLODEOH�GXULQJ�ZLQWHU�DQG
VSULQJ�� ZLWK� D� VWHDG\� GHFOLQH� LQ� TXDOLW\� RYHU� VXPPHU� DQG� DXWXPQ� �7DEOH� ���� � )XUWKHU� GHWDLO
UHODWLQJ�WR�IHHG�DYDLODEOH�IRU�JUD]LQJ�DQG�IHHG�YDOXH�DVVXPSWLRQV�DUH�DYDLODEOH�E\�UHTXHVW�IURP
WKH�DXWKRUV�LQ�D�WHFKQLFDO�DSSHQGL[�

7DEOH� ��� � )HHG� YDOXH� RI� YDULRXV� SDVWXUH� FRPSRQHQWV� DW� GLIIHUHQW� WLPHV� RI� WKH� \HDU

�PHJDMRXOHV�SHU�NLORJUDP�RI�GU\�PDWWHU��

0D\ $XJXVW 1RYHPEHU )HEUXDU\

0-�NJ�'0 0-�NJ�'0 0-�NJ�'0 0-�NJ�'0

6DOWEXVK ��� ��� ��� ���

9ROXQWHHU�JUDVV � ���� ��� ���

9ROXQWHHU�OHJXPH � ���� ��� ���

,PSURYHG�OHJXPH � ���� ���� ���

&RVW�RI�HVWDEOLVKLQJ�DQG�PDLQWDLQLQJ�WKH�VDOWODQG�SDVWXUH�V\VWHP

)ROORZLQJ�*KDXUL�DQG�:HVWUXS��������ZH�DVVXPHG�D�FRQWUDFW�FKDUJH�RI�DSSUR[LPDWHO\������KD
WR�HVWDEOLVK�VDOWEXVK���$�IXUWKHU�����KD�ZDV�LQFOXGHG�WR�DOORZ�IRU�HVWDEOLVKPHQW�RI�DQ�LPSURYHG
OHJXPH� EDVHG� SDVWXUH�� EULQJLQJ� WKH� WRWDO� FRVW� RI� HVWDEOLVKPHQW� WR� �����KD� �7DEOH� ���� � $Q
DGMXVWPHQW�ZDV�PDGH� IRU� WKH� ULVN� RI� HVWDEOLVKPHQW� IDLOXUH� DQG� WKH� FRVW�ZDV� DPRUWLVHG� RYHU� �
\HDUV�DW�D�UHDO�LQWHUHVW�UDWH�RI�����7KH�WRWDO�FRVW�SHU�\HDU�ZDV�FDOFXODWHG�E\�DGGLQJ�WKH�FRVW�RI�DQ
DQQXDO� DSSOLFDWLRQ� RI� IHUWLOLVHU�� � 7KH� FRVWV� RI� HVWDEOLVKPHQW� DQG� WKH� DQQXDO� IHUWLOLVHU� RQ� WKH
PRGHUDWH�DQG� ORZ�SURGXFWLYLW\� VDOLQH� VRLO�ZHUH� VFDOHG�EDFN� WR� UHIOHFW� D�GHFUHDVHG� LQSXW� OHYHO�



7KH�FRVWV�ZH�KDYH�FDOFXODWHG�PD\�EH�DQ�XQGHUHVWLPDWH�EHFDXVH�VRPH�IDUPHUV�PD\�DOVR�QHHG�WR
DOORZ�IRU�WKH�FRVW�RI�QHZ�IHQFLQJ��QHZ�ZDWHU�VXSSOLHV��FOHDQLQJ�XS�RI�SDGGRFNV�DQG�HDUWKZRUNV
IRU�VXUIDFH�ZDWHU�PDQDJHPHQW�

7DEOH�����&RVWV�RI�HVWDEOLVKPHQW�DQG�PDLQWHQDQFH�RI�WKH�VDOWEXVK�SDVWXUH�V\VWHP�RQ�HDFK

VRLO�W\SH�

+LJK�SURGXFWLYLW\
VDOLQH�VRLO

0RG�SURGXFWLYLW\
VDOLQH�VRLO

/RZ�SURGXFWLYLW\
VDOLQH�VRLO

&RVW�RI�HVWDEOLVKPHQW����KD� ��� ��� ���

3UREDELOLW\�RI�VXFFHVV���� ��� �� ��

,QYHVWPHQW�/LIH�RI�VWDQG��\HDUV� � � �

5HDO�LQWHUHVW�UDWH���� � � �

$PRUWLVHG�FRVW����KD� �� �� ��

$QQXDO�IHUWLOLVHU�DSSOLFDWLRQ����KD� �� �� ��

7RWDO�DQQXDOLVHG�FRVW����KD� �� �� ��

&URS�SURGXFWLRQ�RQ�WKH�VDOLQH�VRLO�W\SHV

$Q�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�DVVHVVLQJ�WKH�YDOXH�RI�D�QHZ�HQWHUSULVH�LV�¨RSSRUWXQLW\�FRVW©��
WKDW� LV�� WKH� FRVW� RI� ORVW� RSSRUWXQLWLHV� WR�XQGHUWDNH� DOWHUQDWLYH� SUDFWLFHV�� � ,Q�PDQ\� VLWXDWLRQV� LW
UHPDLQV� IHDVLEOH� WR�FRQWLQXH�FURSSLQJ� VDOLQH� ODQG�� HVSHFLDOO\� WKDW�ZKLFK� LV�RQO\�PLOGO\� VDOLQH�
7KHUHIRUH�WKH�RSSRUWXQLW\�FRVW�RI�FURSSLQJ�PD\�EH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�DVVHVVLQJ
VDOWODQG�SDVWXUH���,QGLFDWLYH�\LHOGV�RI�ZKHDW�DQG�EDUOH\�RQ�WKH�WKUHH�VDOLQH�VRLO�W\SHV�DUH�VKRZQ
LQ�7DEOH�����$OO�\LHOGV�DUH�IRU�D�FURS�JURZQ�DIWHU�D�VLQJOH�\HDU�RI�PDQLSXODWHG�SDVWXUH�

7DEOH�����<LHOGV�RI�ZKHDW�DQG�EDUOH\�RQ�WKH�VDOLQH�VRLO�W\SHV��NLORJUDPV�SHU�KHFWDUH��ZKHQ

JURZQ�DIWHU�D�VLQJOH�\HDU�RI�PDQLSXODWHG�SDVWXUH�

+LJK�SURGXFWLYLW\
VDOLQH�VRLO

0RG�SURGXFWLYLW\
VDOLQH�VRLO

/RZ�SURGXFWLYLW\
VDOLQH�VRLO

NJ�KD NJ�KD NJ�KD

:KHDW ���� ���� ���

%DUOH\ ���� ���� ����

&RPPRGLW\�SULFH�DQG�FRVW�RI�SURGXFWLRQ�DVVXPSWLRQV

&RPPRGLW\� SULFHV� DVVXPHG� LQ� WKH� DQDO\VLV� DUH� GHULYHG� IURP� PHGLXP�WHUP� HVWLPDWHV� E\� WKH
$XVWUDOLD�%XUHDX�RI�$JULFXOWXUDO�DQG�5HVRXUFH�(FRQRPLFV��$%$5(����������$GMXVWPHQWV�ZHUH
DSSOLHG� WR� VRPH� RI� WKH� $%$5(� IRUHFDVWV� WR� UHIOHFW� GHYHORSPHQWV� LQ� GRPHVWLF� DQG� JOREDO
FRPPRGLW\�PDUNHWV�VLQFH�WKH�UHOHDVH�RI�WKH�IRUHFDVWV�LQ�0DUFK�RI�WKLV�\HDU���$�VXPPDU\�RI�SULFH
DVVXPSWLRQV�IRU�WKH�PDMRU�FRPPRGLWLHV�LV�SURYLGHG�LQ�7DEOH���

7DEOH�����3ULFH�DVVXPSWLRQV�IRU�WKH�PDMRU�FRPPRGLWLHV�

&RPPRGLW\ 3ULFH &RPPRGLW\ 3ULFH

:KHDW�$3: ��� :RRO ���
0DOWLQJ�EDUOH\ ��� 0HULQR�ODPEV ���
)HHG�EDUOH\ ��� 6KLSSHUV ��
/XSLQV ��� 0HULQR�KRJJHWV ��
&DQROD ��� &)$�HZHV ��


*UDLQ�SULFHV�DUH���W�SRRO��*67�H[F���ZRRO�SULFH�LV�F�NJ�JUHDV\�IRU���P�IOHHFH�ZRRO��PHULQR
ODPEV�DUH�F�NJ�':��VKLSSHUV��KRJJHWV�	�HZHV�DUH���KG�DW�VDOH\DUG�

&RVWV� RI� SURGXFWLRQ�ZHUH� EDVHG� RQ� FXUUHQW� UHWDLO� SULFHV� IRU� DJULFXOWXUDO� LQSXWV� REWDLQHG� E\� D
SKRQH� VXUYH\� RI� VHYHUDO� VXSSOLHUV� LQ� WKH� GLVWULFW�� � ,Q� YLHZ� RI� WKH� ODUJH� QXPEHU� RI� LQGLYLGXDO



LQSXWV� FRVWV� DQG� WKHLU� OLPLWHG� LQWHUHVW�� WKH\� DUH� QRW� SUHVHQWHG� KHUH� EXW� DUH� DYDLODEOH� IURP� WKH
DXWKRUV�LQ�D�WHFKQLFDO�DSSHQGL[�

5(68/76�$1'�',6&866,21
(FRQRPLF�YDOXH�RI�WKH�VDOWODQG�SDVWXUH�V\VWHP
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$UHD�RI�VDOWODQG�SDVWXUH��KD�
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6DOWODQG�SDVWXUH�RQ�PRGHUDWHO\�

SURGXFWLYH�VDOLQH�ODQG

6DOWODQG�SDVWXUH�RQ�ORZ�DQG�KLJKO\�

SURGXFWLYH�VDOLQH�ODQG

)LJXUH���� �&KDQJH� LQ�ZKROH�IDUP�SURILW�ZLWK�GLIIHUHQW�DUHDV�RI� VDOWODQG�SDVWXUH� �¨ZKROH�

IDUP�SURILW©�LV�SURILW�DW�IXOO�HTXLW\�EHIRUH�WD[��

3URILW�LV�PD[LPLVHG�ZKHQ�VDOWODQG�SDVWXUH�LV�JURZQ�RQ����KD�RI�WKH�WRWDO����KD�RI�VDOW�DIIHFWHG
ODQG� �)LJXUH� ���� � 7KH� JUHDWHVW� LQFUHDVH� LQ� SURILW� FRPHV� IURP� HVWDEOLVKLQJ� WKH� ILUVW� ��� KD� RI
VDOWODQG� SDVWXUH��ZKLFK� GHOLYHUV� DQ� LQFUHDVH� LQ�ZKROH�IDUP� SURILW� RI� DERXW� ������� �RU� ����KD
DYHUDJHG�RYHU�WKH����KD����%H\RQG�WKDW��WKHUH�LV�OLWWOH�GLIIHUHQFH�LQ�SURILW�EHWZHHQ����DQG�����KD
RI�VDOWODQG�SDVWXUH���7KH�UHDVRQ�IRU�WKLV�UHVXOW�LV�UHODWHG�WR�WKH�IDFW�WKDW�WKH�ILUVW����KD�DUH�JURZQ
RQ�WKH�PRGHUDWHO\�SURGXFWLYH�VDOLQH�ODQG��DV�DQQRWDWHG�LQ�)LJXUH������7KLV�VRLO�W\SH�LV�FDSDEOH�RI
SURGXFLQJ�D�UHDVRQDEO\�JRRG�VDOWODQG�SDVWXUH��\HW�GRHV�QRW�VXSSRUW�SURILWDEOH�DQQXDO�FURSV�DQG
SDVWXUH���,Q�RWKHU�ZRUGV��WKHUH�LV�PLQLPDO�RSSRUWXQLW\�FRVW�DVVRFLDWHG�ZLWK�HVWDEOLVKLQJ�VDOWODQG
SDVWXUH�RQ�WKLV�VRLO�W\SH�

2Q� WKH� RWKHU� KDQG�� WKH� KLJKO\� SURGXFWLYH� VDOLQH� VRLO� W\SH� LV� FDSDEOH� RI� SURGXFLQJ� SURILWDEOH
DQQXDO� FURSV� DQG� SDVWXUHV�� �$V� VXFK�� WKHUH� LV� D� FRQVLGHUDEOH� RSSRUWXQLW\� FRVW� DVVRFLDWHG�ZLWK
HVWDEOLVKLQJ� VDOWODQG� SDVWXUH� RQ� WKLV� VRLO� W\SH�� � 7KHUHIRUH� WKH� QHW� LQFUHDVH� LQ� SURILW� IURP
HVWDEOLVKLQJ�VDOWODQG�SDVWXUH�RQ�WKLV�VRLO�W\SH�LV�ORZ��HYHQ�WKRXJK�WKH�VZDUG�LV�KLJKO\�SURGXFWLYH�
7KH�SURILWDELOLW\�RI�HVWDEOLVKLQJ�VDOWODQG�SDVWXUH�RQ�WKH�ORZ�SURGXFWLYLW\�VDOLQH�ODQG�LV�DOVR�ORZ��
QRW�EHFDXVH�RI�RSSRUWXQLW\�FRVW��EXW�EHFDXVH�WKH�TXDOLW\�DQG�TXDQWLW\�RI�SDVWXUH�SURYLGHG�RQO\
MXVW�RIIVHWV�WKH�FRVW�RI�HVWDEOLVKPHQW�DQG�PDLQWHQDQFH�

+RZ�GRHV�WKH�VDOWODQG�SDVWXUH�ILW�LQWR�WKH�IDUPLQJ�V\VWHP"

7KH� JUD]LQJ� VWUDWHJ\� VHOHFWHG� E\� WKH� PRGHO� LQYROYHV� XWLOLVLQJ� WKH� VDOWODQG� VZDUG� IURP� ODWH
-DQXDU\� WKURXJK� WR� HDUO\� $SULO�� � 'XULQJ� WKLV� SHULRG� IHHG� DYDLODEOH� IURP� DQQXDO� SDVWXUHV� DQG
VWXEEOHV�LV�RI�ORZ�TXDOLW\�DQG�TXDQWLW\�DQG�ZLWKRXW�WKH�VDOWODQG�SDVWXUH�ODUJH�TXDQWLWLHV�RI�FHUHDO
JUDLQ�DQG�OXSLQV�DUH�UHTXLUHG�WR�VXVWDLQ�WKH�VKHHS��,QFOXGLQJ�WKH�VDOWODQG�SDVWXUH�V\VWHP�RQ�WKH



IDUP�UHGXFHV�WKH�TXDQWLW\�RI�VXSSOHPHQW�UHTXLUHG�DQG�LQFUHDVHV�WKH�QXPEHU�RI�VKHHS�WKDW�FDQ�EH
UXQ��7DEOH����

7DEOH� ��� � &KDQJH� LQ� VXSSOHPHQWDU\� IHHGLQJ� UHTXLUHPHQWV� DQG� VKHHS� QXPEHUV� ZLWK� WKH

LQFOXVLRQ�RI�VDOWODQG�SDVWXUH�

$UHD�RI�VDOWODQG�SDVWXUH
��KD�

$PRXQW�RI�VXSSOHPHQWDU\�JUDLQ
�NJ�'6(�

7RWDO�VKHHS�QXPEHUV
�'6(�

� �� �����

�� �� �����

��� � �����

��� � �����

7KH�H[WUD�VWRFN�FDQ�EH�FDUULHG�RQ�WKH�IDUP�EHFDXVH�WKH�VDOWODQG�SDVWXUH�LV�D�ORZHU�FRVW�VRXUFH�RI
IHHG� WKDQ� JUDLQ�� L�H�� WKHUH� LV� D� UHGXFWLRQ� LQ� WKH� FRVW� RI� FDUU\LQJ� VWRFN� WKURXJK� VXPPHU�� 7KLV
PDNHV�LW�SURILWDEOH�WR�LQFUHDVH�WKH�QXPEHU�RI�VWRFN�FDUULHG��ZKLFK�WKHQ�DOORZV�EHWWHU�XWLOLVDWLRQ
RI� WKH� WUDGLWLRQDO� SDVWXUHV� GXULQJ� ZLQWHU� DQG� VSULQJ�� � 7KH� RSSRUWXQLW\� WR� SURILWDEO\� LQFUHDVH
VWRFNLQJ� UDWH� LV� OLPLWHG� EHFDXVH� WKH� FRVW� RI� FDUU\LQJ� WKH� H[WUD� VWRFN� WKURXJK�ZLQWHU� EHJLQV� WR
RXWZHLJK�WKH�EHQHILWV�RI�WKH�H[WUD�VWRFN��HYHQ�WKRXJK�VXPPHU�LV�VWLOO�FKHDSHU����7KH�ILJXUHV�LQ
7DEOH��� DOVR� VKRZ�D� VOLJKW� GHFOLQH� LQ� VKHHS�QXPEHUV� DV� WKH� DUHD�RI� VDOWODQG�SDVWXUH� LQFUHDVHV
IURP�����WR�����KD���7KLV�LV�EHFDXVH�ZLWK�D�ODUJHU�DUHD�RI�VDOWODQG�SDVWXUH�WKH�PRGHO�VHOHFWHG�WR
LQFUHDVH�FURS�SURGXFWLRQ�RQ�WKH�QRQ�VDOLQH�VRLO�W\SHV�

:KHUH�GRHV�WKH�SURILW�FRPH�IURP"

7KH�LPSRUWDQW�IDFWRUV�WKDW�FRQWULEXWH�WR�WKH�SURILWDELOLW\�RI�D�VDOWODQG�SDVWXUH�V\VWHP�DUH�RXWOLQHG
LQ�WKH�SURILW�DQG�ORVV�VWDWHPHQWV�LQ�7DEOH�����7KH�WRWDO�QHW�EHQHILW�RI��������LV�FRPSULVHG�RI�WKH
VDYLQJV� UHODWHG� WR� UHGXFHG� VXSSOHPHQWDU\� IHHGLQJ� ����������� WKH� EHQHILWV� RI� KLJKHU�ZRRO� DQG
VKHHS� VDOHV� UHODWHG� WR� WKH� KLJKHU� VWRFN� QXPEHUV� ����������� WKH� KXVEDQGU\� FRVWV�� WKH� H[WUD
GHSUHFLDWLRQ�DQG�H[WUD�FDSLWDO�WLHG�XS�E\�FDUU\LQJ�WKH�H[WUD�VKHHS������������D�VOLJKW�LQFUHDVH�LQ
LQWHUHVW�HDUQHG���������D�UHGXFWLRQ�LQ�LQWHUHVW�SDLG���������DQG�DQ�LQFUHDVH�LQ�FRVWV�DVVRFLDWHG
ZLWK�HVWDEOLVKLQJ�DQG�PDLQWDLQLQJ�WKH�VDOWODQG�SDVWXUH�V\VWHP�����������

7DEOH�����&RPSDULVRQ�RI�SURILW�DQG�ORVV�VWDWHPHQWV�ZLWK�DQG�ZLWKRXW�VDOWODQG�SDVWXUH�

:LWKRXW�VDOWODQG
SDVWXUH����IDUP�

:LWK����KD�RI�VDOWODQG
SDVWXUH����IDUP�

'LIIHUHQFH
���IDUP�

*UDLQ�VDOHV ������� ������� �

:RRO�VDOHV ������� ������� �����

6KHHS�VDOHV ������ ������ �����

,QWHUHVW�UHFHLYHG�RQ�ZRUNLQJ�DFF� ����� ����� ��

7RWDO�UHYHQXH ������� ������� �����

&URS�	�SDVWXUH�FRVWV ������� ������� �����

6KHHS�KXVEDQGU\�	�UHSODFHPHQWV ������ ������ ���

6XSSOHPHQWDU\�IHHGLQJ ������ ����� ������

2YHUKHDGV ������ ������ �

,QWHUHVW�FKDUJHG�RQ�ZRUNLQJ�DFF� ����� ��� ����

7RWDO�FDVK�RSHUDWLQJ�FRVWV ������� ������� �����

&DVK�IORZ ������� ������� �����

PLQXV��'HSUHFLDWLRQ ������ ������ ��

PLQXV��2SSRUWXQLW\�FRVW�RI�FDSLWDO ������ ������ ���

3URILW�DW�IXOO�HTXLW\�EHIRUH�WD[ ������ ������ �����



)XUWKHU�DQDO\VLV�RI�WKH�QXPEHUV�LQ�7DEOH���DOORZV�XV�WR�DWWULEXWH�WKH�WRWDO�EHQHILWV�RI�WKH�VDOWODQG
SDVWXUH�V\VWHP�LQWR�VHYHUDO�FDWHJRULHV���7KLV�LV�VKRZQ�LQ�7DEOH���EHORZ�

7DEOH�����$WWULEXWLRQ�RI�WKH�WRWDO�EHQHILWV�RI�WKH�VDOWODQG�SDVWXUH�

$PRXQW���� 3HUFHQWDJH�RI�WRWDO
EHQHILW

%HQHILW�IURP�UHGXFHG�VXSSOHPHQWDU\�IHHGLQJ ����� ���
%HQHILW�IURP�LQFUHDVHG�VKHHS�QXPEHUV �����
 ���
%HQHILW�IURP�UHGXFHG�ILQDQFLQJ�FRVWV ���

 ��

7RWDO ����� ����

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


���������� ����

7KH� UHGXFHG� VXSSOHPHQWDU\� IHHGLQJ� SURYLGHV� DERXW� ����RI� WKH� WRWDO� EHQHILW�� LQFUHDVHG� VKHHS
QXPEHUV�SURYLGH�DERXW�����DQG�WKH�UHGXFWLRQ�LQ�ILQDQFLQJ�FRVWV�UHSUHVHQWV�WKH�UHPDLQLQJ����
6R�� IDUPHUV� DGRSWLQJ� VDOWODQG� SDVWXUH� FDQ� JHW� WKH� PDMRULW\� RI� WKH� EHQHILWV� ZLWKRXW� KDYLQJ� WR
LQFUHDVH�VKHHS�QXPEHUV�

:KDW�DUH�WKH�NH\�SURILW�GULYHUV�RI�VDOWODQG�SDVWXUH�V\VWHPV"

7KH�QXPEHUV�LQ�7DEOHV���DQG���KLJKOLJKW�FOHDUO\�ZKHUH�WKH�GLIIHUHQFHV�LQ�UHWXUQV�DUH�RFFXUULQJ
ZLWK� DQG�ZLWKRXW� VDOWODQG� SDVWXUH�� � +RZHYHU�� WKH\� VWLOO� OHDYH� XV� JXHVVLQJ� DV� WR� H[DFWO\� ZKDW
IDFWRUV�DUH�GULYLQJ�WKH�SURILW�DQG��PRUH�LPSRUWDQWO\��ZKDW�DUHDV�IDUPHUV�DQG�UHVHDUFKHUV�FRXOG�GR
ZHOO�WR�IRFXV�RQ�VR�DV�WR�EULQJ�DERXW�IXUWKHU�LPSURYHPHQWV�LQ�SURILWDELOLW\��L�H��LW�LV�GLIILFXOW�WR
LVRODWH�FDXVH�DQG�HIIHFW�IURP�7DEOHV���DQG���

6HQVLWLYLW\�DQDO\VLV�SURYLGHV�D�YDOXDEOH�WRRO�IRU�EHWWHU�LVRODWLQJ�NH\�SURILW�GULYHUV���$�VXPPDU\
RI�NH\�SURILW�GULYHUV�EDVHG�RQ�WKH�DVVXPSWLRQV�XVHG�LQ�WKLV�VWXG\�LV�SURYLGHG�LQ�)LJXUH�����(DFK
KRUL]RQWDO�EDU�UHSUHVHQWV�WKH�HIIHFW�RQ�SURILW�RI�D�IDYRXUDEOH�����FKDQJH�LQ�WKH�OLVWHG�IDFWRU�

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

6XPPHU�DXWXPQ�TXDOLW\

6XPPHU�DXWXPQ�)22

(VWDEOLVKPHQW�FRVWV

6KHHS�VDOH�SULFHV

:RRO�SULFHV

:LQWHU�VSULQJ�)22

:LQWHU�VSULQJ�TXDOLW\

&KDQJH�LQ�ZKROH�IDUP�SURILW����

)LJXUH�����.H\�SURILW�GULYHUV�IRU�WKH�VDOWODQG�SDVWXUH�V\VWHP�LQ�WKLV�VWXG\��¨)22©�LV�IHHG�RQ

RIIHU��



7KLV�DSSURDFK�SURYLGHV�D�YDOXDEOH�JXLGH�IRU�SULRULWLVLQJ�DFWLRQ��HLWKHU�PDQDJHULDO�RQ�WKH�SDUW�RI
D�IDUPHU�RU�UHVHDUFK�RQ�WKH�SDUW�RI�D�VFLHQWLVW�� �7KH�UHVXOWV�VKRZ�WKDW�LQFUHDVHG�IHHG�TXDOLW\�RU
IHHG� DYDLODEOH� IRU� JUD]LQJ� LQ� VXPPHU�DXWXPQ� LV� OLNHO\� WR� EH� YHU\� YDOXDEOH� DQG� FRXOG�ZDUUDQW
IXUWKHU� LQYHVWLJDWLRQ� LI� LQFUHDVHV� DUH� OLNHO\� WR� EH� DFKLHYHG�� � %\� FRQWUDVW�� KDYLQJ� H[WUD� IHHG
DYDLODEOH� IRU� JUD]LQJ� LQ�ZLQWHU� DQG� VSULQJ� LV� RI� ORZ�YDOXH� EHFDXVH� WKH� VDOWODQG� SDVWXUH� LV� QRW
JUD]HG�DW�WKLV�WLPH���+RZHYHU��WKLV�LV�QRW�WKH�VDPH�DV�VD\LQJ�WKDW�H[WUD�SURGXFWLRQ�LQ�ZLQWHU�DQG
VSULQJ� KDV� QR� YDOXH�� L�H�� H[WUD� SURGXFWLRQ� IURP� ZLQWHU� RU� VSULQJ� FRXOG� EH� GHIHUUHG� DQG� WKHQ
JUD]HG�LQ�VXPPHU�DQG�DXWXPQ��LQ�ZKLFK�FDVH�LW�ZRXOG�KDYH�PRGHUDWH�YDOXH�

:KHQ�XVLQJ�WKH�LQIRUPDWLRQ�LQ�)LJXUH���LW�LV�LPSRUWDQW�WR�UHDOLVWLFDOO\�DVVHVV�WKH�VFDOH�RI�FKDQJH
WKDW� LV� SRVVLEOH� IRU� HDFK� SDUDPHWHU�� � )RU� H[DPSOH�� DW� ILUVW� JODQFH� LW� DSSHDUV� WKDW� UHGXFLQJ
HVWDEOLVKPHQW�FRVWV�KDV�UHODWLYHO\�PLQRU�VFRSH�IRU�LPSURYLQJ�SURILW���+RZHYHU�LI�LW�ZHUH�SRVVLEOH
WR�VXUSDVV�����DQG�DFKLHYH�D�����UHGXFWLRQ�LQ�HVWDEOLVKPHQW�FRVWV�WKHQ�SURILWV�ZRXOG�LPSURYH
FRQVLGHUDEO\�� � ,Q� IDFW�� *KDXUL� DQG� :HVWUXS� ������� SUHVHQW� D� IDUPHU� FDVH� VWXG\� ZKHUH� FRVW
VDYLQJV�LQ�H[FHVV�RI������FRPSDUHG�WR�FRQWUDFWRU�UDWHV��KDYH�EHHQ�DFKLHYHG�

:RRO� DQG� VKHHS� SULFHV� DUH� UHODWLYHO\� PLQRU� SURILW� GULYHUV� IRU� WKH� SURILWDELOLW\� RI� DGRSWLQJ
VDOWODQG� SDVWXUHV�� � 7KLV� LV� H[SORUHG� IXUWKHU� LQ� )LJXUH� ��� ZKLFK� FKDUWV� WKH� ¨PDUJLQDO©�� RU
DGGLWLRQDO��YDOXH�RI�H[WUD�KHFWDUHV�RI�VDOWODQG�SDVWXUH�XQGHU�GLIIHUHQW�FRPELQDWLRQV�RI�ZRRO�DQG
VKHHS�SULFHV�
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$UHD�RI�VDOWODQG�SDVWXUH��KD�
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/RZ�ZRRO�	�VKHHS�SULFHV 6WDQGDUG�ZRRO�	�VKHHS�SULFHV +LJK�ZRRO�DQG�VKHHS�SULFHV

)LJXUH� ��� �0DUJLQDO� YDOXH� RI� VDOWODQG� SDVWXUH�ZLWK� GLIIHUHQW�ZRRO� DQG� VKHHS� VDOH� SULFHV

�¨VWDQGDUG©�SULFHV�DUH�WKRVH�SURYLGHG�LQ�7DEOH����¨ORZ©�	�¨KLJK©�SULFHV�IRU�ZRRO�DUH����

DQG������RI� WKH� VWDQGDUG�SULFHV� UHVSHFWLYHO\�� ¨ORZ©�	� ¨KLJK©� VKHHS� VDOH�SULFHV�DUH����

DQG������RI�WKH�VWDQGDUG�SULFHV�UHVSHFWLYHO\��

,Q� WKH� ORZ� SULFH� VFHQDULR� LW� LV� VWLOO� SURILWDEOH� WR� LQFOXGH� VDOWODQG� SDVWXUH� RQ� WKH� PRGHUDWHO\
SURGXFWLYH�VDOLQH�ODQG���+RZHYHU��DGGLWLRQDO�DUHD�RQ�WRS�RI�WKH�ILUVW����KD�OHDGV�WR�UHGXFWLRQV�LQ
SURILW�RI�EHWZHHQ�����DQG�����KD�� �7KHVH�UHVXOWV�KLJKOLJKW� WKDW�VDOWODQG�SDVWXUH�RQ�PRGHUDWHO\
SURGXFWLYH� VDOLQH� ODQG�ZLOO� OLNHO\� EH� WKH�PRVW� ¨UREXVW©� LQ� WHUPV� RI� SURILWDELOLW\� XQGHU� D�ZLGH
UDQJH� RI� VFHQDULRV�� � *URZLQJ� VDOWODQG� SDVWXUH� RQ� WKH� KLJKO\� SURGXFWLYH� VDOLQH� VRLO� LQFUHDVHV
SURILW�VOLJKWO\�LQ�VRPH�SULFH�VFHQDULRV�DQG�UHGXFHV�SURILW�VOLJKWO\�LQ�RWKHU�SULFH�VFHQDULRV�



&21&/86,216
7KH�UHVXOWV�RI�WKLV�DQDO\VLV�VKRZ�WKDW�VDOWODQG�SDVWXUHV�DUH�OLNHO\�WR�EH�SURILWDEOH�DFURVV�D�UDQJH
RI� VFHQDULRV��ZLWK� WKH� RSWLPDO� DUHD� YDU\LQJ� FRQVLGHUDEO\� DFFRUGLQJ� WR� VLWH� FKDUDFWHULVWLFV� DQG
PDUNHW�FRQGLWLRQV�� �7KH� ODUJHVW� LQFUHDVH� LQ�SURILW�FRQVLVWHQWO\�FDPH�IURP�HVWDEOLVKLQJ� VDOWODQG
SDVWXUH� RQ� ¨PRGHUDWHO\©� SURGXFWLYH� VDOLQH� VRLO� W\SHV�� L�H�� ODQG� WKDW� LV� WRR� VDOLQH� WR� SURGXFH
SURILWDEOH�DQQXDO�FURSV�DQG�SDVWXUHV��EXW�QRW�VR�VDOLQH�DV�WR�VHYHUHO\�LPSDFW�RQ�SURGXFWLRQ�IURP
WKH�VDOWODQG�SDVWXUH�V\VWHP�� �%\�FRQWUDVW��HVWDEOLVKLQJ�VDOWODQG�SDVWXUHV�RQ�¨KLJKO\©�SURGXFWLYH
VDOLQH� ODQG� LV�XQOLNHO\� WR�GHOLYHU� ODUJH�SURILWV�GXH� WR� WKH�RSSRUWXQLW\�FRVW�RI�DQQXDO�FURSV�DQG
SDVWXUHV�� �/LNHZLVH�� VDOLQH�VRLOV�RI� ¨ORZ©�SURGXFWLYLW\�GHOLYHUHG�RQO\�PRGHVW�JDLQV� LQ�SURILW�DW
EHVW�

7KHVH� UHVXOWV� VXJJHVW� WKDW� IDUPHUV�ZLOO� EH�EHVW� RII� E\� VWDUWLQJ� WR� HVWDEOLVK� VDOWODQG�SDVWXUH� RQ
PRGHUDWHO\� VDOLQH� FRXQWU\�� �$W� FXUUHQW� KLJK�ZRRO� DQG� VKHHS� SULFHV� WKHUH�PLJKW� DOVR� EH� VRPH
JDLQV�IURP�H[SDQGLQJ�VDOWODQG�SDVWXUH�LQWR�VDOLQH�FRXQWU\�RI�ORZ�DQG�KLJK�SURGXFWLYH�FDSDFLW\�
+RZHYHU��JURZHUV�FRQWHPSODWLQJ�VXFK�D�PRYH�QHHG�WR�EH�DZDUH�WKDW�WKLV�VWUDWHJ\�FRXOG�EDFNILUH
VKRXOG�WKHUH�EH�D�V\QFKURQLVHG�GRZQWXUQ�LQ�ZRRO�DQG�VKHHS�SULFHV���8QGHU�WKLV�PDUNHW�VFHQDULR�
VDOWODQG�SDVWXUH�LV�RQO\�OLNHO\�WR�EH�SURILWDEOH�RQ�PRGHUDWHO\�SURGXFWLYH�VDOLQH�VRLO�W\SHV�

6HQVLWLYLW\�DQDO\VLV�VKRZV�WKDW�WKH�SURILWDELOLW\�RI�VDOWODQG�SDVWXUHV�LV�KLJKO\�VHQVLWLYH�WR�VHYHUDO
NH\� IDFWRUV� VXFK� DV� VXPPHU�DXWXPQ� IHHG� YDOXH�� DPRXQW� RI� IHHG� DYDLODEOH� IRU� JUD]LQJ� LQ
VXPPHU�DXWXPQ�DQG�HVWDEOLVKPHQW�FRVWV���0HWKRGV�WR�EULQJ�DERXW�LPSURYHPHQWV�LQ�WKHVH�DUHDV
FRXOG�ZDUUDQW�IXUWKHU�LQYHVWLJDWLRQ�

,Q� DGGLWLRQ�� IXUWKHU� DQDO\VHV� RI� WKH� W\SH� XQGHUWDNHQ� KHUH� DUH� UHTXLUHG� WR� DGGUHVV� LPSRUWDQW
TXHVWLRQV�WKDW�UHPDLQ�XQDQVZHUHG���)RU�H[DPSOH�

x� :KHQ�VKRXOG�VDOWEXVK�EH�SODQWHG"��6KRXOG�LW�EH�SODQWHG�RQ�DQ�DUHD�WKDW�LV�LQ�WKH�SURFHVV�RI
JRLQJ�VDOLQH��EXW�FDQ�VWLOO�EH�FURSSHG"

x� :RXOG�LW�EH�SURILWDEOH�WR�JURZ�DQQXDO�FURSV�LQ�EHWZHHQ�DOOH\V�RI�VDOWEXVK"

x� :KDW� RWKHU� RSWLRQV� GR� ZH� KDYH� IRU� VDOWODQG� SDVWXUHV�� DQG� KRZ� GR� WKH\� FRPSDUH� WR� WKH
VDOWEXVK�DOOH\���DQQXDO�LQWHU�URZ�V\VWHP�VWXGLHG�KHUH"

x� :KDW�UROH�LV�WKHUH�IRU�VDOWODQG�SDVWXUH�LQ�VSHFLDOLVW�SULPH�ODPE�SURGXFWLRQ"

x� +RZ�ZRXOG�WKH�SUHVHQFH�RI�DQRWKHU�SHUHQQLDO�LQ�WKH�ODQGVFDSH��H�J��OXFHUQH��LPSDFW�RQ�WKH
UHODWLYH�SURILWDELOLW\�RI�VDOWODQG�SDVWXUH�V\VWHPV�DQG�YLFH�YHUVD"

$&.12:/('*(0(176
7KH�DXWKRUV�WKDQN�$QGUHZ�%DWKJDWH�DQG�'DYLG�3DQQHOO�IRU�KHOSIXO�FRPPHQWV�DQG�DGYLFH�RQ�WKH
DQDO\VLV�



5()(5(1&(6
$%$5(��������2XWORRN�WR����������$XVWUDOLDQ�&RPPRGLWLHV��������������

$%6�� ������ $JULFXOWXUDO� &HQVXV� 	� $JULFXOWXUDO� &RPPRGLW\� 6XUYH\�� $XVWUDOLDQ� %XUHDX� RI
6WDWLVWLFV��&DQEHUUD�

%DUUHWW�/HQQDUG�� (�*�� DQG� 0DOFROP�� &�9��� ������ 6DOWODQG� SDVWXUHV� LQ� $XVWUDOLD� �� D� SUDFWLFDO
JXLGH��'HSDUWPHQW�RI�$JULFXOWXUH��:HVWHUQ�$XVWUDOLD��6RXWK�3HUWK�

%DWKJDWH��$�'���������:KROH�IDUP�PRGHO�WR�RSWLPLVH�SURILW�RQ�6RXWK�&RDVW�IDUPV��)LQDO�5HSRUW
IRU�WKH�*UDLQV�5HVHDUFK�	�'HYHORSPHQW�&RUSRUDWLRQ��'HSDUWPHQW�RI�$JULFXOWXUH��:$�

%ROW��6���������6DOLQLVHG�UHVRXUFHV���D�QHFHVVLW\�DQG�DQ�RSSRUWXQLW\���,Q��3URFHHGLQJV�RI�WKH��WK

1DWLRQDO�3856/�&RQIHUHQFH��/DXQFHVWRQ�7DVPDQLD��������0DUFK�������SDJHV�������
&RQIHUHQFH�'HVLJQ��6DQG\�%D\�

*KDXUL�� 6�� DQG� :HVWUXS�� 7��� ������ 6DOWODQG� SDVWXUHV�� FKDQJLQJ� DWWLWXGHV� WRZDUG� VDOLQH� ODQG�
)DUPQRWH�1R����������'HSDUWPHQW�RI�$JULFXOWXUH��:$�

/OR\G��0�-���������&KDQJLQJ�DWWLWXGHV�WR�VDOWODQG���D�IDUPHU©V�SHUVSHFWLYH��,Q��3URFHHGLQJV�RI�WKH
�WK�1DWLRQDO�3856/�&RQIHUHQFH��/DXQFHVWRQ�7DVPDQLD��������0DUFK�������SDJHV����
����&RQIHUHQFH�'HVLJQ��6DQG\�%D\�

1/:5$�� ������ $XVWUDOLDQ� 'U\ODQG� 6DOLQLW\� $VVHVVPHQW� ������ H[WHQW�� LPSDFWV�� SURFHVVHV�
PRQLWRULQJ� DQG� PDQDJHPHQW� RSWLRQV�� 1DWLRQDO� /DQG� 	� :DWHU� 5HVRXUFHV� $XGLW�
&DQEHUUD�


