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-HKRYi�/RXUHQoR�-XQLRU

(FRORJLD�IXQFLRQDO�GH�FRPXQLGDGHV�DUEyUHDV�DPELHQWDOPHQWH�
GLYHUVDV���DFHVVDQGR�GULYHUV�ILWRILVLRQ{PLFRV��ILQJHUSULQWV�GH�

PXGDQoDV�FOLPiWLFDV�H�QLFKR�HFROyJLFR

)XQFWLRQDO (FRORJ\�RI�HQYLURQPHQWDOO\�GLYHUVH�WURSLFDO�WUHH
FRPPXQLWLHV��'ULYHUV�RI�IRUHVW�SK\VLRJQRP\��7UDLW�EDVHG�GULYHU�

WKHRU\��DQG�HFRORJLFDO�QLFKH

$�'LVVHUWDWLRQ�6XEPLWWHG�WR�WKH�3RVWJUDGXDWH�3URJUDP�RI�

9HJHWDO� %LRORJ\� IURP� WKH� +XPDQLWLHV� DQG� 1DWXUDO�

6FLHQFHV�&HQWUH��IURP�WKH�)HGHUDO�8QLYHUVLW\�RI�(VSLULWR�

6DQWR�� LQ� SDUWLDO� IXOILOOPHQW� RI� WKH� UHTXLUHPHQWV� IRU� WKH�

GHJUHH�RI�'RFWRU�RI�3KLORVRSK\ LQ�YHJHWDO�ELRORJ\�

$UHD�RI�FRQFHQWUDWLRQ��3ODQW 3K\VLRORJ\�

$GYLVRU��3URI����'U�� &DPLOOD�5R]LQGR�'LDV�0,ODQH]

&R�DGLYLVRU��3URI��'U� %ULDQ�-RVHSK�(QTXLVW

&R�DGLYLVRU��3URI��'U� /XFLDQD�'LDV�7KRPD]
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'DGRV�,QWHUQDFLRQDLV�GH�&DWDORJDomR�QD�SXEOLFDomR��&,3�
�%LEOLRWHFD�6HWRULDO�GR�&HQWUR�GH�&LrQFLDV�+XPDQDV�H�1DWXUDLV�GD�

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��(6��%UDVLO�

/RXUHQoR�-XQLRU��-HKRYi�������
/���H (FRORJLD�IXQFLRQDO�GH�FRPXQLGDGHV�DUEyUHDV�

DPELHQWDOPHQWH�GLYHUVDV���DFHVVDQGR�GULYHUV�ILWRILVLRQ{PLFRV��
ILQJHUSULQWV�GH�PXGDQoDV�FOLPiWLFDV�H�QLFKR�HFROyJLFR  �
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&RRULHQWDGRU��/XFLDQD�'LDV�7KRPD]�
7HVH��'RXWRUDGR�HP�%LRORJLD�9HJHWDO��± 8QLYHUVLGDGH�

)HGHUDO�GR�(VStULWR�6DQWR��&HQWUR�GH�&LrQFLDV�+XPDQDV�H�
1DWXUDLV�

���5HVWLQJDV�����'LYHUVLGDGH�YHJHWDO�����0XGDQoDV�
FOLPiWLFDV�����(FRORJLD�IXQFLRQDO��,��0LODQH]��&DPLOOD�5R]LQGR�
'LDV��,,��(QTXLVW��%ULDQ�-RVHSK��,,,��7KRPD]��/XFLDQD�'LDV��,9
8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��&HQWUR�GH�&LrQFLDV�
+XPDQDV�H�1DWXUDLV��9��7tWXOR�
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7UDLW�EDVHG�(FRORJ\�RI�HQYLURQPHQWDOO\�GLYHUVH�WURSLFDO�SODQW�
FRPPXQLWLHV��'ULYHUV�RI�IRUHVW�SK\VLRJQRP\��7UDLW�EDVHG�GULYHU�

WKHRU\��DQG�ZRRG�DQDWRP\
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'LVVHUWDWLRQ�6XEPLWWHG� WR� WKH�3RVWJUDGXDWH�3URJUDP�RI�9HJHWDO�%LRORJ\� IURP� WKH�

+XPDQLWLHV�DQG�1DWXUDO�6FLHQFHV�&HQWUH�� IURP� WKH�)HGHUDO�8QLYHUVLW\�RI�(VSLULWR

6DQWR��LQ�SDUWLDO�IXOILOOPHQW�RI�WKH�UHTXLUHPHQWV�IRU�WKH�GHJUHH�RI�'RFWRU�RI�3KLORVRSK\�

LQ�YHJHWDO�ELRORJ\�

$SSURYHG�RQ�$XJXVW���WK��������

0HPEHUV�RI�WKH�'LVVHUWDWLRQ�&RPPLWWHH͗�
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�ƌ͘�'ĞƌĂůĚŽ�ZŽŐĠƌŝŽ�&ĂƵƐƚŝŶŝ��ƵǌǌƵŽů Ͳ h&�^
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�ƌ͘ �ƌŝĐĂ�EĞǁŵĂŶ ʹ hŶŝǀĞƌƐŝƚǇ�ŽĨ �ƌŝǌŽŶĂ
�ǆƚĞƌŶĂů�ĐŽŵŵŝƚƚĞĞ ŵĞŵďĞƌƐ
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�ƌ͘ ^ĐŽƚƚ�^ĂůĞƐŬĂ ʹ hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƌŝǌŽŶĂ
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,�GHGLFDWH�WKLV�WKHVLV�LQ�PHPRU\�RI�P\�IDWKHU�LQ�ODZ��2UODQGLQR�(GXDUGR�3LQ��ZKRP�

SDVVHG�DZD\�LQ�WKH�ILUVW�ZHHN�RI�P\�VDQGZLFK�3K�'� DW�WKH�8QLYHUVLW\�RI�$UL]RQD���

<RX�ZLOO�EH�LQ�RXU�KHDUWV�IRUHYHU�
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7R�WKH 33*%9 E\�WKH�RSSRUWXQLW\�WR�SHUIRUP� WKLV�SURMHFW��DQG�WR�&$3(6�E\�ERWK�

JUDQWV�ZKLFK�VXSSRUWHG�PH�GXULQJ�P\�GRFWRUDWH�LQ�%UD]LO�DQG�DEURDG�

7R�P\�DGYLVRU��&DPLOOD�5R]LQGR�'LDV�0LODQH]��IRU�WKH�VXSSRUW�DQG�IRU�EHOLHYLQJ LQ�

P\�DELOLW\�WR H[HFXWH�WKLV�SURMHFW�

7R�/XFLDQD�'LDV�7KRPD]��E\�WKH�VXSSRUW�GXULQJ�WKH�IRUHVW�LQYHQWRU\�

7R�*HUDOGR�5RJpULR�)DXVWLQL�&X]]XRO�IRU�KHOSLQJ�PH�LQ�DOO�EXUHDXFUDWLF�SURFHGXUHV�

DQG�SDSHUZRUN�QHHGHG�WR�H[HFXWH�P\�GRFWRUDWH�DEURDG�

,�DP�GHHSO\�JUDWHIXO�WR�'U��%ULDQ (QTXLVW��IRU�JLYLQJ�PH�WKH�RSSRUWXQLW\�RI�PDNLQJ�

SDUW�RI�KLV� ODE� WHDP��$OO�KLV�DGYLFHV�KDYH�EHHQ�HVVHQWLDO� IRU� WKH�H[HFXWLRQ�RI� WKLV�

SURMHFW��7KDQNV�IRU�KHOSLQJ�PH�WR�VHH�IXUWKHU�

7R�P\�IDPLO\��DQG�LQ�VSHFLDO�P\�ZLIH�-RFLPDUD�GRV�6DQWRV�3LQ�/RXUHQoR� 0\�SDUWQHU�

LQ�OLIH�DQG�LQ�WKH�ILHOGZRUNV� 7KDQN�\RX� KRQH\�

0\�GHHSHVW�JUDWLWXGH�WR�P\�IULHQGV�IRU�WKH�FROODERUDWLRQ�GXULQJ�P\�UHVHDUFK��7KDQNV��

2EHUGDQ�3HUHLUD�� -RVp�0DQRHO��'RXJODV�7LQRFR��)HOLSH�0DFKL� )DELDQR�9ROSRQL��

'DQLHO\ +LUDWD�� DQG� 7HyILOR 5RGULJR IRU� WKH� ILHOG� ZRUN� SDUWQHUVKLS�� DQG� 1HOVRQ�

7DYDUH]�IRU�VKDULQJ�KLV�H[SHULHQFH�DERXW�PDNLQJ�D�3K�'� DEURDG��

7KDQN� \RX�� %ULDQ�0DLWQHU �0DVWHU� RI� ³IRU� ORRSV´�� 'DQLOR� 1HYHV�� (ULFD�1HZPDQ��

9DQHVVD� %X]]DUG�� 6HDQ�0LFKDOHW]� %HQMDPLQ� %ORQGHU�� -XOLH�0HVVLHU DQG� DOO� WKH�

(QTXLVW�ODE�IRONV�ZKLFK�VRPHKRZ�KHOSHG�GXULQJ�WKH�H[HFXWLRQ�RI�WKLV�SURMHFW�

,¶P�JUDWHIXO�IRU�WKH�VXSSRUW�RI�.L\RPL�0RULQR�DQG�0DOFROP�+XJKHV IRU�WKH�RSSRUWXQLW\�

WR�GHYHORS�P\�ZRRG�DQDWRP\�SURMHFW�LQ�WKH 7UHH�ULQJ�/DERUDWRU\�

0DQ\�WKDQNV�IRU�DOO�FROOHDJXHV�DQG�FROODERUDWRUV�ZKLFK�PDGH�WKLV�SURMHFW�EHFRPH�

WUXH�

(TXLSSHG�ZLWK�KLV�ILYH�VHQVHV��PDQ�H[SORUHV�WKH�XQLYHUVH�DURXQG�KLP�DQG�FDOOV�
WKH�DGYHQWXUH�6FLHQFH��

(GZLQ�3RZHOO�+XEEOH
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5HFRJQL]HG�E\�LWV�KLJK�HQYLURQPHQWDO�GLYHUVLW\��WKH�3DXOR�&HVDU�9LQKD�6WDWH�3DUN�

�3(3&9��LV�D�PRGHO�V\VWHP�WR WKH�VWXG\�RI�HQYLURQPHQWDO�JUDGLHQWV�HIIHFW�RYHU�SODQW�

FRPPXQLWLHV�� SURYLGLQJ� WKH DVVHVV� WR� WLPHO\� HFRORJLFDO� TXHVWLRQV� UHODWHG� WR� WKH

FRH[LVWHQFH WKHRULHV��WKH LPSDFW�RI�FOLPDWH�FKDQJH�LQ�IRUHVWV��DQG�WR�DVVHVV�VHYHUDO�

K\SRWKHVHV UHODWHG�WR�SODQW�K\GUDXOLFV� 7KH�XVH�RI�QRYHO�HFRORJLFDO�WKHRULHV�UHFHQWO\�

FUHDWHG� �7UDLW�EDVHG� GULYHU� WKHRU\� DQG� WKH� PXOWLGLPHQVLRQDO� K\SHUYROXPH�� PD\�

SURYLGH� D� EHWWHU� XQGHUVWDQGLQJ� DERXW� WKH� LPSDFW� RI� FOLPDWH� FKDQJH� RYHU� WKH�

ELRGLYHUVLW\�DQG� WKH�DVVHPEO\�PHFKDQLVPV�VWUXFWXULQJ� WKH�ELRGLYHUVLW\� LQ� IRUHVWV��

:H�VHWXS����SORWV����WR����PHWHUV��LQ�D�SDWFK�RI�UHVWLQJD IURP�3(3&9�WR�GHVFULEH�

WKH� WD[RQRPLF� FRPSRVLWLRQ� RI� WKH� VWXG\� DUHD�� )URP� -DQXDU\� WR� 0D\� ����� ZH�

FROOHFWHG� OHDYHV� DQG� EUDQFKHV� WR� SHUIRUP� WKH� WUDLW�EDVHG� HFRORJ\� VXUYH\�� :H�

FROOHFWHG� VHYHUDO� VRLO� VDPSOHV� RI� HDFK� SORW� WR� TXDQWLI\� VHYHUDO� SK\VLFRFKHPLFDO�

SDUDPHWHUV�DQG�WKH�VRLO�KXPLGLW\��0RUHRYHU��WKH�ZDWHU�WDEOH�GHSWK�ZDV�PHDVXUHG��

$OO� WKH� HQYLURQPHQWDO� SDUDPHWHUV� ZHUH� XVHG� WR� XQGHUVWDQG� WKH� UHVWLQJD IRUHVW�

IXQFWLRQLQJ�� :H� FROOHFWHG�� VSHFLILF� OHDI� DUHD�� OHDI� GU\� PDWWHU� FRQWHQW�� VWRPDWDO�

GHQVLW\��OHDI�WKLFNQHVV��SODQW�KHLJKW�DQG�GLDPHWHU�DW�WKH�EUHDVW�KHLJKW��[\OHP�GHQVLW\��

PHDQ�[\OHP�DUHD��SRWHQWLDO�K\GUDXOLF�FRQGXFWLYLW\��.V���EHQGLQJ�UHVLVWDQFH��EHQG���

YHVVHO� JURXSLQJ� LQGH[�� VROLWDU\� YHVVHO� IUDFWLRQ�� DQG� SURSRUWLRQV� RI� ILEHUV��

SDUHQFK\PD� DQG� FRQGXFWLYH� DUHD�� 7KH� GDWDVHW� ZDV� DQDO\]HG� WKURXJK� QRYHO�

HFRORJLFDO�WRROV�DQG�WKHRU\�± K\SHUYROXPH�DQDO\VLV�DQG�WKH�WUDLW�EDVHG�GULYHU�WKHRU\��

7KH�RXWFRPHV�VKRZ�WKDW�WKH�ZDWHU�WDEOH�GHSWK��:7��LV�WKH�PDLQ�GULYHU�RI� UHVWLQJD

VSHFLHV�GLVWULEXWLRQ��DQG�VRLO�FRDUVHQHVV�DQG�:7 DUH�WKH�PDLQ�GULYHUV�RI�UHVWLQJD

IRUHVW�SK\VLRJQRP\��$OXPLQXP�KDG�D�QHJDWLYH�HIIHFW�RQ�IRUHVW�ELRPDVV��:H�VXJJHVW�

WKDW�VDOLQLW\�H[HUWV�DQ�LPSRUWDQW�UROH�LQ�WKH�UHVWLQJD IRUHVW�IXQFWLRQLQJ��7KH�PRPHQWV�

RI� WUDLW� GLVWULEXWLRQ� VKRZ� D� WUDQVLWLRQ� LQ� WKH� IXQFWLRQDO� FRPSRVLWLRQ� WKH� SODQW�

FRPPXQLWLHV�� UDQJLQJ�IURP�VHWXS�RI� WUDLWV�RI�FRQVHUYDWLYH�VWUDWHJLHV��GULHU�VLWH�� WR�

DFTXLVLWLYH� WUDLWV� VHWXS� �IORRGDEOH� FRPPXQLWLHV��� 7KH� IRUHVWV� ZRRG� DQDWRP\�

FRPSRVLWLRQ�YDULDWLRQ�DORQJ�WKH�ZDWHU�DYDLODELOLW\�JUDGLHQW�LV�FRQVLVWHQW�WR�WKH�VDIHW\�

HIILFLHQF\�WUDGHRII�SURSRVHG�E\�WKH�FRHUFLRQ�WHQVLRQ�WKHRU\��:H�VXJJHVWHG�D�QHZ�

PRGHO�H[SODLQ�WKH�.V�YDULDQFH��ZKLFK�LV�EDVHG�RQ�%LWWHQFRXUW�HW�DO���������PRGHO��

:H�FRQFOXGH�WKDW�UHVWLQJD LV�D�PRGHO�V\VWHP�WR�DVVHVV�WKH�HIIHFW�RI�HQYLURQPHQWDO�



JUDGLHQWV�DQG�WKH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�WKH�IRUHVW�IXQFWLRQLQJ��5HVWLQJD RI�

3(3&9�LV�DQ�XQLTXH�QDWXUDO�ODERUDWRU\�WR�DVVHVV�WLPHO\�HFRORJLFDO�TXHVWLRQV�

.H\�ZRUGV��&OLPDWH�FKDQJH��3ODQW�FRPPXQLW\�HFRORJ\��7UDLW�EDVHG�GULYHU�WKHRU\��

:RRG�DQDWRP\��7UDLW�EDVHG�HFRORJ\�
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5HFRQKHFLGR� SHOD� VXD� DPSOD� GLYHUVLGDGH� DPELHQWDO� H� ILWRILVLRQ{PLFD� VXJHUH�VH�

TXH R�SDUTXH�HVWDGXDO�3DXOR�&HVDU�9LQKD��3(3&9��VHMD�XP DPELHQWH�PRGHOR�SDUD�

VH�DYDOLDU�R�LPSDFWR�GDV�PXGDQoDV�FOLPiWLFDV�VREUH�D�ELRGLYHUVLGDGH��EHP�FRPR�

WHVWDU�DV� WHRULDV�GD�FRH[LVWrQFLD��H[�� WHRULD�GH�QLFKRV�H� WHRULD�QHXWUD���2�XVR�GH�

IHUUDPHQWDV�UHFHQWHPHQWH�FULDGDV�QD�FLrQFLD�HFROyJLFD��FRPR�D�WHRULD�GH�GULYHUV�

GH� FDUDFWHUtVWLFDV� H� R� KLSHUYROXPH� PXOWLGLPHQVLRQDO�� SRGHP� FRQWULEXLU� SDUD� D�

PHOKRU�FRPSUHHQVmR�GR�LPSDFWR�GDV�PXGDQoDV�FOLPiWLFDV�VREUH�D�ELRGLYHUVLGDGH�

H�DV�IRUoDV�HVWUXWXUDQWHV�GD�ELRGLYHUVLGDGH��)RUDP�PRWDGDV����SDUFHODV�SDUD�VH�

UHDOL]DU� R� OHYDQWDPHQWR� IORUtVWLFR� H� ILWRVVRFLROyJLFR� GH�XP� WUHFKR�GD� UHVWLQJD GR�

SDUTXH�3(3&9 SDUD� D� GHFULomR� GD� FRPSRVLomR� WD[RQ{PLFD� GD� iUHD� GH� HVWXGR��

'XUDQWH�RV�PrVHV�GH�-DQHLUR�D�PDLR�GH������IRUDP�IHLWDV�FROHWDV�GH�UDPRV�H�IROKDV�

SDUD�RV�HVWXGRV�GH�HFRORJLD�IXQFLRQDO��)RUDP�FROHWDGDV�DPRVWUDV�GH�VROR�SDUD�D�

TXDQWLILFDomR�GH�GLYHUVRV�SDUkPHWURV�ItVLFR�TXtPLFRV�H�TXDQWLILFDomR�GD�XPLGDGH��

$OpP�GLVVR��R�OHQoRO�IUHiWLFR�IRL�PHGLGR��7RGRV�HVVHV�SDUkPHWURV�DPELHQWDLV�IRUDP�

XOWLOL]DGRV� SDUD� VH� FRPSUHHQGHU� R� IXQFLRQDPHQWR� GDV� IORUHVWDV� HVWXGDGDV�� 2V�

VHJXLQWHV�DWULEXWRV�IXQFLRQDLV�IRUDP�FROHWDGRV��iUHD�IROLDU�HVSHFtILFD��FRQWH~GR�GH�

PDWpULD�VHFD�GD�IROKD��GHQVLGDGH�HVWRPiWLFD��HVSHVVXUD�GD�IROKD��DOWXUD�H�GLkPHWUR�

D� DOWXUD� GR� SHLWR�� GHQVLGDGH� GR� [LOHPD�� iUHD� PpGLD� GR� [\OHPD�� FRQGXFWLYLGDGH�

KLGUiXOLFD� SRWHQFLDO �.V��� UHVLVWrQFLD� DR� HQYHUJDPHQWR� �EHQG��� LQGLFH� GH�

DJUXSDPHQWR�GH�YDVRV��IUDomR�GH�YDVRV�VROLWiULRV��SURSRUomR�GH�SDUrQTXLPD��ILEUDV�

H�GH�iUHD�FRQGXWLYD��2�FRQMXQWR�GH�GDGRV�IRL�DQDOLVDGR�D�SDUWLU�GH�IHUUDPHQWDV�H�

WHRULDV�UHFHQWHV�QD�FLrQFLD�HFROyJLFD�± DQiOLVHV�KLSHUYROXPHV�H�D�WHRULD�GH�GULYHUV

GH�FDUDFWHUtVWLFDV�IXQFLRQDLV��2V�UHVXOWDGRV�UHYHODUDP�TXH�D�SURIXQGLGDGH�GR�OHQoRO�

IUHiWLFR�p�R�IDWRU�GHWHUPLQDQWH�GD�GLVWULEXLomR�GDV�HVSpFLHV�GH� UHVWLQJD H�TXH�RV�

SULQFLSDLV�GULYHUV GD�ILWRILVLRQRPLD�GDV�IORUHVWDV�GH�UHVWLQJD VmR�D�JUDQXORPHWULD�H�

R� OHQoRO� IUHiWLFR�� 2� DOXPtQLR� WHP� LPSDFWR� QHJDWLYR� VREUH� D� ELRPDVVD� GDV�

FRPXQLGDGHV�HVWXGDGDV��6XJHULPRV�TXH�D�VDOLQLGDGH�H[HUoD�XP�SDSHO�LPSRUWDQWH�

QR� IXQFLRQDPHQWR� GR� ELRPD� UHVWLQJD�� 2V� UHVXOWDGRV� GRV�PRPHQWRV� HVWDWtVWLFRV�

PRVWUDP� XPD� WUDQVLomR� QD� FRPSRVLomR� IXQFLRQDO� GDV� FRPXQLGDGHV� GH� SODQWDV�

HVWXGDGDV�� YDULDQGR� GH� HVWUDWpJLDV� FRQVHUYDWLYDV� �UHJL}HV� PDLV� VHFDV�� D�

HVWUDWpJLDV� DTXLVLWLYDV� �UHJL}HV� PDLV� ~PLGDV��� $� DQiOLVH� GD� FRPSRVLomR� GH�

FDUDFWHUHV�DQDW{PLFRV�GD�PDGHLUD�DR�ORQJR�GR�JUDGLHQWH�GH�XPLGDGH�VHJXLX�FRP�



PXLWD� SUHFLVmR� R� WUDGHRII� HQWUH� VHJXUDQoD� H� HILFLrQFLD� QR� WUDQVSRUWH� GH� iJXD�

SURSRVWR�SHOD�WHRULD�GD�FRHVmR�WHQVmR��6XJHULPRV�XP�QRYR�PRGHOR�WHyULFR�SDUD�D�

H[SOLFDomR�GD�YDULDomR�GR�.V��PRGLILFDQGR�R�PRGHOR�GH�FRQILJXUDo}HV�GH�HVSDoRV�

GH� XVR� GD� PDGHLUD� SURSRVWR� SRU� %LWWHQFRXUW� HW� DO� �������� &RQFOXtPRV� TXH� DV�

FRPXQLGDGHV� GH� UHVWLQJD VmR� DPELHQWHV�PRGHORV� SDUD� R� HVWXGR� GH� JUDGLHQWHV�

DPELHQWDLV� H� GR� HIHLWR� GDV� PXGDQoDV� FOLPiWLFDV� VREUH� R� IXQFLRQDPHQWR� GDV�

IORUHVWDV�� 7UDWD�VH� GH� XP� ODERUDWyULR� QDWXUDO� ~QLFR� SDUD� VH� DFHVVDU� TXHVW}HV�

RSRUWXQDV�QD�FLrQFLD�HFRORJLD�

3DODYUDV�FKDYH�� 0XGDQoDV� FOLPiWLFDV�� (FRORJLD� GH� FRPXQLGDGHV�� 7UDLW�EDVHG�

GULYHU�WKHRU\� $QDWRPLD�GD�PDGHLUD��(FRORJLD�IXQFLRQDO�



/,67�2)�),*85(6

&KDSWHU �

)LJXUH �� 6WXG\� DUHD� ORFDWLRQ� DW� 3DXOR� &HVDU� 9LQKD� VWDWH� SDUN� �3(3&9�� ± (6��

%UDVLO������������������������������������������������������������������������������������������������������������������������

)LJXUH����0HDQ�DQG�YDULDQFH�RI�WKH�WUDLW�YDOXHV�������������������������������������������������������

)LJXUH �� 6NHZQHVV�DQG�NXUWRVLV�RI�WKH�WUDLW�YDOXHV� �����������������������������������������������

)LJXUH �� 3ULQFLSDO�FRPSRQHQWV�DQDO\VLV��3&$��RQG�K\SHUYROXPH�FHQWURLG�DQDO\VLV��

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

%R[�� 6SHFLHV�VKLIWLQJ�LQ�WKH�PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH������������������������

)LJXUH 6���7UDLW�SUHGLFWLRQ�SURFHGXUH� ���������������������������������������������������������������������

)LJXUH 6���3&$�DQDO\VLV�DW�WKH�LQGLYLGXDO�OHYHO� ������������������������������������������������������

)LJXUH 6���6SHFLHV�VKLIWLQJ�LQ�WKH�PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH ����������������

)LJXUH�6���&XUYD�GH�GLVWULEXLomR�GH�WUDoRV�IXQFLRQDLV�QR�QtYHO�GDV�HVSpFLHV�H�GDV�

FRPXQLGDGHV� ����������������������������������������������������������������������������������������������������������

)LJXUH 6���6FKHPH�SUHGLFWLQJ�WKH�FOLPDWH�FKDQJH�LPSDFW�RYHU�WKH�WUDLW�GLVWULEXWLRQ��

7UDLW�GULYHU�WKHRU\ ���������������������������������������������������������������������������������������������������

&KDSWHU �

)LJXUH ���6WXG\�DUHD�ORFDWLRQ�DW�3DXOR�&HVDU�9LQKD�VWDWH�SDUN��3(3&9��± (6��%UDVLO�

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

)LJXUH �� 3LHFHZLVH 6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ �6(0�� ��������������������������������������

)LJXUH ���(QYULURQPHQWDO�GULYHUV�RI�IRUHVW�SK\VLRJQRP\�DQG�WUDLW�FRPSRVLWLRQ� ������

)LJXUH 6���6RLO�FRDUVHQHVV�DQG�ZDWHU�UHWHQWLRQ�FDSDFLW\�YDULDWLRQ�DORQJ�WKH�ZDWHU�

JUDGLHQW�� �����������������������������������������������������������������������������������������������������������������

)LJXUH 6���6KLIWLQJ�RI�WKH�SK\VLFRFKHPLFDO�VRLO�SURSHUWLHV�DORQJ�WKH�ZDWHU�JUDGLHQW

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

)LJXUH 6���7UDLW�FRPSRVLWLRQ�VKLIWLQJ�DORQJ�WKH ZDWHU�JUDGLHQW ��������������������������������

)LJXUH 6���&KL�VTXDUHG�4�4�SORWV�RI�HDFK�YDULDEOH�LQFOXGHG�LQWR�WKH�6(0 DQDO\VLV

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



&KDSWHU �

)LJXUD����6WXG\�DUHD�ORFDWLRQ�DW�3DXOR�&HVDU�9LQKD VWDWH�SDUN��3(3&9� ± (6��%UDVLO�

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

)LJXUD��� 6HWXSV�RI�ZRRG�VSDFH�XVH�YDULDWLRQ�DORQJ�WKH�ZDWHU�WDEOH�GHSWK�JUDGLHQW�

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

)LJXUD����&RPPXQLW\�ZHLJKHG�PHDQ�DQG�YDULDQFH�RI�WKH�ZRRG�DQDWRP\�WUDLWV������

)LJXUH����:RRG�DQDWRP\�PLFURVFRSLF�SKRWRV���������������������������������������������������������

)LJXUH� 6��� 6SHFLHV�OHYHO� VHWXSV� RI� ZRRG� VSDFH�XVH� � )LEHU� DQG� QRQ�FRQGXFWLYH�

DUHD�� ����������������������������������������������������������������������������������������������������������������������

)LJXUH�6���6SHFLHV�OHYHO�VHWXSV�RI�ZRRG�VSDFH�XVH� � FRQGXFWLYH�DUHD�DQG�PHDQ�

FHOO�VL]H�� ����������������������������������������������������������������������������������������������������������������

)LJXUH�6���6SHFLHV�OHYHO�SRWHQWLDO�FRQGXFWLYLW\��.V��DQG�ILEHU�ZDOO�WKLFNQHVV���������

)LJXUH� 6��� &RPPXQLW\� ZHJKHG� PHDQ� DQG� YDULDQFH� RI� ILEHU� DQG� YHVVHO�ZDOO�

WKLFNQHVV� ���������������������������������������������������������������������������������������������������������������

)LJXUH�6���9HVVHO�ZDOO�WKLFNQHVV�FRUUHODWLRQV�ZLWK�ILEHU�FRQWHQW�DQG�PD[LPXP�FHOO�

VL]H� ������������������������������������������������������������������������������������������������������������������������

)LJXUH�6���:RRG�WUDLWV�VKLIWLQJ�RI�WKH�ZLGH�VSUHDG�VSHFLHV RFFXULQJ DORQJ�WKH�ZDWHU�

WDEOH�JUDGLHQW����������������������������������������������������������������������������������������������������������

)LJXUH�6���+HLJKW��YHVVHO�VL]H��DQG�ZDWHU�WDEOH�GHSWK�FRYDULDWLRQ�� �����������������������



/,67�2)�7$%/(6

&KDSWHU �

7DEOH �� )RUZDUG�VHOHFWLRQ�DQDO\VLV�WR�WKH�GULYHUV�RI�VSHFLHV�GLVWULEXWLRQ� ��������������

7DEOH 6���3&$�/RDGLQJV� ����������������������������������������������������������������������������������������

7DEOH 6���6SHFLHV�OLVW� ���������������������������������������������������������������������������������������������

&KDSWHU �

7DEOH �� )RUZDUG� VHOHFWLRQ� DQDO\VLV� WR� WKH� VHOHFWLRQ� RI� WKH� GULYHUV� RI� IRUHVW�

SK\VLRJQRP\�DQG�WUDLW�FRPSRVLWLRQ� ������������������������������������������������������������������������

&KDSWHU��

7DEOH �� 3HDUVRQ�FRUUHODWLRQ�EHWZHHQ�WUDLWV�DQG�ZDWHU�WDEOH�GHSKW������������������������



7$%/(�2)�&217(176

,1752'8&7,21������������������������������������������������������������������������������������������ ��

YƵĞƐƚŝŽŶƐ�ʹ �ŚĂƉƚĞƌ�ϭ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴ

YƵĞƐƚŝŽŶƐ�ʹ �ŚĂƉƚĞƌ�Ϯ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴ

YƵĞƐƚŝŽŶƐ�ʹ �ŚĂƉƚĞƌ�ϯ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴ

0$,1�2%-(&7,9( ��������������������������������������������������������������������������������������� ��

63(&,),&�2%-(&7,9(6 ����������������������������������������������������������������������������� ��

5()(5(1&(����������������������������������������������������������������������������������������������� ��

&+$37(5� �� ± $66(66,1*� 7+(� 75$,7�%$6('� '5,9(5� 7+(25<� ,1�

(19,5210(17$//<�',9(56(�7523,&$/�3/$17�&20081,7,(6 ������� ��

$%675$&7�������������������������������������������������������������������������������������������������� ��

,1752'8&7,21������������������������������������������������������������������������������������������ ��

�ƐƐĞƐƐŝŶŐ�ƐĞǀĞƌĂů�ƉƌŽŵŝŶĞŶƚ�ĂƐƐƵŵƉƚŝŽŶƐ�ĂŶĚ�ƉƌĞĚŝĐƚŝŽŶƐ�ŽĨ�dƌĂŝƚ��ƌŝǀĞƌ�dŚĞŽƌǇ�;d�dͿ Ϯϰ

0$7(5,$/�$1'�0(7+2'6������������������������������������������������������������������������ ��

^ƚƵĚǇ��ƌĞĂ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲ

^Žŝů�ĂŶĂůǇƐŝƐ�ĂŶĚ�ǀĂƌŝĂďůĞƐ�ƐĞůĞĐƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳ

dƌĂŝƚƐ�ŵĞĂƐƵƌĞŵĞŶƚƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴ

dƌĂŝƚ�ƉƌĞĚŝĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵ

WƌŝŶĐŝƉĂů�ĐŽŵƉŽŶĞŶƚƐ�ĂŶĂůǇƐŝƐ�;W��Ϳ�ĂŶĚ�ƐƉĞĐŝĞƐ�ŚǇƉĞƌǀŽůƵŵĞ�ĐĞŶƚƌŽŝĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬ

5(68/76����������������������������������������������������������������������������������������������������� ��

',6&866,21����������������������������������������������������������������������������������������������� ��

$87+25¶6�&2175,%87,216 �������������������������������������������������������������������� ��

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

5()(5(1&(6��������������������������������������������������������������������������������������������� ��

6833/(0(17$5<�0$7(5,$/������������������������������������������������������������������� ��

�ƉƉĞŶĚŝǆ�^ϭ�ʹ dƌĂŝƚƐ�ƉƌĞĚŝĐƚŝŽŶ�ƉƌŽĐĞĚƵƌĞ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϮ

�ƉƉĞŶĚŝǆ�^Ϯ�ʹ W���ůŽĂĚŝŶŐƐ�ĂŶĚ�ƐƉĞĐŝĞƐ�ƐŚŝĨƚŝŶŐ�ŝŶ�ƚǁŽͲĚŝŵĞŶƐŝŽŶĂů�ĐĞŶƚƌŽŝĚ�ƐƉĂĐĞ ͘͘͘͘ ϱϮ

�ƉƉĞŶĚŝǆ�^ϯ�Ͳ ^ŚĂƉĞƐ�ŽĨ�ƚŚĞ�ƚƌĂŝƚƐ�ĚŝƐƚƌŝďƵƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϯ

5()(5(1&(6��������������������������������������������������������������������������������������������� ��

/2$',1*6 �������������������������������������������������������������������������������������������������� ��

,PSRUWDQFH�RI�FRPSRQHQWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϳ



&+$37(5� �� ± '5,9(56�2)� )25(67� 3+<6,2*120<�$1'� )81&7,21$/�

&20326,7,21� ,1� (19,5210(17$//<� ',9(56(� &2$67$/� 3/$17�

&20081,7,(6�)520�$7/$17,&�)25(67 ���������������������������������������������� ��

$%675$&7�������������������������������������������������������������������������������������������������� ��

,1752'8&7,21������������������������������������������������������������������������������������������ ��

0$7(5,$/�$1'�0(7+2'6������������������������������������������������������������������������ ��

dĂǆŽŶŽŵŝĐ�ƐƵƌǀĞǇ�ĂŶĚ�ĂďŽǀĞ�ŐƌŽƵŶĚ�ďŝŽŵĂƐƐ�ĂŶĂůǇƐŝƐ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϭ

^Žŝů�ĂŶĂůǇƐŝƐ�ĂŶĚ�ǀĂƌŝĂďůĞƐ�ƐĞůĞĐƚŝŽŶ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϮ
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,1752'8&7,21

7KH� WHUP� UHVWLQJD KDV� EHHQ� GLIIHUHQWO\� GHILQHG� LQ WKH VFLHQWLILF� OLWHUDWXUH��

ZKHUH�ZH�FDQ�ILQG�WKH�JHRORJLFDO�GHVFULSWLRQ�RI�WKH�SK\VLF�HQYLURQPHQW��68*8,2��

0$57,1������� DQG WKH�HFRORJLFDO�GHILQLWLRQ�DGRSWHG�LQ�WKLV�VWXG\��ZKLFK�FRQVLGHUV�

UHVWLQJD DV�WKH�³FRDVWDO�SODQW�FRPPXQLWLHV�PDUJLQDOO\�ORFDOL]HG�LQ�WKH�$WODQWLF�IRUHVW�

GRPDLQ´ �$5$8-2�� ������ 6&$5$12�� ������� H[KLELWLQJ� WKH� KLJKHVW� WD[RQRPLF�

VLPLODULW\� WR� WKH� FRUH� $WODQWLF� IRUHVW� HFRV\VWHP LQ� FRPSDULVRQ� WR� RWKHU� KDELWDWV

�1(9(6�HW�DO���������

7KH�UHVWLQJD IRUHVWV�DUH�ODUJHO\�GLVWULEXWHG�DORQJ�WKH�%UD]LOLDQ�(DVW�FRDVW��,WV�

JHRORJLFDO� RULJLQ� LV� UHFHQW� �4XDWHUQDU\�� DQG� LV� UHPDUNDEOH� IRU� WKH� VWURQJ�PDULQH�

WUDQVJUHVVLRQ� DQG� DFFXPXODWLRQ� RI� FU\VWDOOLQH� VHGLPHQWV�� ZKLFK� FUHDWHG� D�

FRQVSLFXRXV�VRLO�PRVDLFLVP�DORQJ�D�VOLJKWO\�ZDYHG�UHOLHI��68*8,2��0$57,1���������

6XFK� D� KLJK� VRLO� KHWHURJHQHLW\� XQGHUOLHV� D� KLJK� GLYHUVLW\� RI� SODQW� FRPPXQLWLHV�

FORVHO\�GLVWULEXWHG��VKRZLQJ�VHYHUDO�W\SHV�SK\VLRJQRPLHV�UDQJLQJ�IURP�KHUEDFHRXV�

SODQWV� WR� IRUHVW WUHHV� RYHU� WKDQ� ��� PHWHUV� KHLJKW�� ZKLFK� FUHDWH� DQ� LQWHUHVWLQJ�

FRPSOH[�RI�PRVDLF�YHJHWDWLRQ �8/(��������

6XFK�DQ�LQWULJXLQJ�GLYHUVLW\�RI�SODQW�FRPPXQLWLHV LV�UHODWHG�WR D�KLJK�VSHFLHV�

VXEVWLWXWLRQ�DVVRFLDWHG�WR�VWHHS�HQYLURQPHQWDO�JUDGLHQWV��DV�ILUVWO\�REVHUYHG�E\�8OH�

�������LQ�WKH�FRDVW�RI�5LR�GH�-DQHLUR�6WDWH��5HVWLQJD LV�D�XQLTXH�V\VWHP�IRU�VWXGLHV�

UHODWHG� WR� WKH� HIIHFW� RI HQYLURQPHQWDO� JUDGLHQWV� LQ SODQW FRPPXQLWLHV�� ZKLFK�

SRWHQWLDOO\� FDQ� SURYLGH� LPSRUWDQW� LQVLJKWV� IRU� QHZ� K\SRWKHVLV� DQG� SHUVLVWHQW�

HFRORJLFDO� TXHVWLRQV�� DV� WKRVH� UHODWHG� WR WKH� FRH[LVWHQFH� WKHRULHV�� HFRV\VWHP�

IXQFWLRQLQJ� PHFKDQLVPV�RI�FRPPXQLW\�DVVHPEO\��GLYHUVLW\ PDLQWHQDQFH��DQG�WKH�

LPSDFW�RI�WKH�FOLPDWH�FKDQJH�LQ�IRUHVWV�

7KHUHE\�� WKLV� VWXG\� KDV� WKH� PDLQ� JRDO� RI� DGGUHVV� TXHVWLRQV� UHODWHG� WR�

IXQGDPHQWDO�WKHRULHV�LQ�HFRORJ\��EULQJLQJ�QHZ�LQVLJKWV�DERXW�HFRORJLFDO�SURFHVVHV�

RFFXUULQJ�DW�ILQH�VSDWLDO�E\�WKH�DVVHVV�RI�WLPHO\�HFRORJLFDO�WKHRULHV�DQG�DSSURDFKHV��

DV� WKH� WUDLW�EDVHG� GULYHU� WKHRU\� �(148,67� HW� DO��� ����� DQG� Q�GLPHQVLRQDO�

K\SHUYROXPHV��%/21'(5�HW�DO�������D��

7KLV�GRFWRUDWH�SURMHFW�LV�VWUXFWXUHG�LQWR�IRXU�PDLQ�D[HV�����)RUHVW�LQYHQWRU\�WR�

LGHQWLI\�WKH�SODQW�VSHFLHV�DQG�DVVHVV�WKH�WD[RQRPLF�FRPPXQLWLHV�FRPSRVLWLRQ�DORQJ�
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WKH�VRLO�JUDGLHQWV�����6RLO�DQDO\VLV�WR�GHWHUPLQH�WKH�SK\VLFRFKHPLFDO�VRLO�SDUDPHWHUV�

UHODWHG�WR�QXWULHQWV�DQG�ZDWHU�DYDLODELOLW\�����7UDLW�EDVHG�HFRORJ\ VXUYH\�WR�GHVFULEH�

WKH WUDLW� FRPSRVLWLRQ� RI� WKH� FRPPXQLWLHV DORQJ� WKH� VRLO� JUDGLHQWV� DQG� WKH� WUDLWV�

GLVWULEXWLRQV�DW�FRPPXQLW\�DQG�VSHFLHV�OHYHO��DQG����ZRRG�DQDWRP\�VXUYH\�WR�DVVHVV

WKH�ZRRG�WLVVXH�YDULDWLRQ�DORQJ�VRLO�ZDWHU�DYDLODELOLW\�JUDGLHQW�

6HYHUDO�TXHVWLRQV�DUH�DGGUHVVHG�E\ HDFK�FKDSWHU�

4XHVWLRQV�± &KDSWHU �

�� :KDW�WKH�PDLQ�HQYLURQPHQWDO�GULYHU�RI�VSHFLHV�GLVWULEXWLRQ�VKLIWV"�

�� 'RHV� SODQW� FRPPXQLWLHV¶� WUDLW� FRPSRVLWLRQ� FKDQJHV� DORQJ� WKH�

HQYLURQPHQWDO�JUDGLHQW"�

�� 'R� VSHFLHV� SKHQRW\SHV� VKLIW� LQ� WUDLW� VSDFH� WR� PDWFK� WKH� HQYLURQPHQWDO�

FRQGLWLRQV"�

�� KRZ�ZLGH�VSUHDG�VSHFLHV�VKLIW�DORQJ�WKH�PXOWLGLPHQVLRQDO�WUDLW�VSDFH"�

�� :KDW�HQYLURQPHQWDO�GULYHUV�DQG�HFRORJLFDO�SURFHVVHV�FDQ�EH�XQYHLOHG�E\�

WKH�VKDSH�RI�WKH�WUDLWV�GLVWULEXWLRQ"�$UH�WKHUH�HYLGHQFHV�RI�FOLPDWH�FKDQJH�

GULYHUV�LQ�UHVWLQJD SODQW�FRPPXQLWLHV"�

4XHVWLRQV ± &KDSWHU �

�� :KDW�WKH�PDLQ�HQYLURQPHQWDO�GULYHUV�RI�IXQFWLRQDO�FRPSRVLWLRQ�LQ�UHVWLQJD

IRUHVWV"�

�� +RZ� WKH�PRVW� LPSRUWDQW� HQYLURQPHQWDO� GULYHUV� LQIOXHQFH� UHVWLQJD IRUHVW�

SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ"

4XHVWLRQV�± &KDSWHU �

�� :KDW�K\GUDXOLF�WUDLWV�FRUUHODWHV�ZLWK�WKH�YDULDQFH�LQ�.V"�

�� +RZ�WKH�ZDWHU�DYDLODELOLW\�JUDGLHQW�DIIHFWV�WKH�ZRRG�DQDWRP\�WUDLWV�DQG�

WKH�VHWXSV�RI�ZRRG�VSDFH�XVH"�

�� +RZ� WKH� FRPPXQLWLHV� ZRRG� WUDLW� FRPSRVLWLRQ� LV� DIIHFWHG� E\� WKH�

HFRORJLFDO�SURFHVVHV"

0$,1�2%-(&7,9(

8VH�WKH�HQYLURQPHQWDOO\�GLYHUVH�UHVWLQJD SODQW�FRPPXQLWLHV�RI�WKH�3(3&9�WR�

WHVW� VHYHUDO HFRORJLFDO� K\SRWKHVHV� PDGH� E\ WKH� WUDLW�EDVHG� GULYHU� WKHRU\�� WKH�
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FRH[LVWHQFH� WKHRULHV� DQG� FRQWULEXWH WR� WKH� FXUUHQW� GLVFXVVLRQ� DERXW� WKH� VDIHW\�

HIILFLHQF\�K\GUDXOLF�WUDGHRII�DV�DQ�LPSRUWDQW�PHFKDQLVP�LQ�SODQW�HFRORJ\�

63(&,),&�2%-(&7,9(6

� 'HWHUPLQH� WKH� HQYLURQPHQWDO� GULYHUV� RI� VSHFLHV� GLVWULEXWLRQ� DQG� WUDLW�

FRPSRVLWLRQ�

� $VVHVV�WKH�VKLIWLQJ�RI�WUDLW�FRPSRVLWLRQ�DORQJ�WKH�ZDWHU�DYDLODELOLW\�JUDGLHQW�

� $VVHVV�WKH�HFRORJLFDO�SURFHVVHV�VWUXFWXULQJ�WKH�UHVWLQJD SODQW�FRPPXQLWLHV�

� /RRN� IRU� ILQJHUSULQWV�RI�FOLPDWH�FKDQJH�RU�HQYLURQPHQWDO�JUDGLHQW�HIIHFW�RQ�

WUDLW�GLVWULEXWLRQ�

� 7HVW� WKH� HQYLURQPHQWDO�PDWFKLQJ� K\SRWKHVLV� E\� WKH� LQWUDVSHFLILF� WUDLW�

YDULDELOLW\�RI�UHVWLQJD SODQW�VSHFLHV�

� 7HVW WKH %LWWHQFRXUW�HW�DO� �������PRGHO EDVHG�RQ�K\GUDXOLF�VDIHW\�HIILFLHQF\�

WUDGHRII�

5()(5(1&(

$5$8-2�� '�� 6�� '�� GH�� $QiOLVH� IORULVWLFD� H� ILWRJHRJUiILFD� GDV� 5HVWLQJDV� GR�

HVWDGR�GR�5LR�GH�-DQHLUR��������8)5-��������

%/21'(5��%���/$0$11$��&���9,2//(��&���(148,67��%�� -��7KH�1�'LPHQVLRQDO�

+\SHUYROXPH��*OREDO�(FRORJ\�DQG�%LRJHRJUDSK\��Y������Q�����S�����±���� ������

(148,67�� %�� -��� 125%(5*�� -��� %216(5�� 6�� 3��� 9,2//(�� &��� :(%%�� &�� 7���

+(1'(5621�� $��� 6/2$7�� /�� /��� 6$9$*(�� 9�� 0�� 6FDOLQJ� IURP� 7UDLWV� WR�

(FRV\VWHPV��'HYHORSLQJ�D�*HQHUDO�7UDLW�'ULYHU�7KHRU\�YLD�,QWHJUDWLQJ�7UDLW�

%DVHG�DQG�0HWDEROLF�6FDOLQJ�7KHRULHV�����HG��>V�O�@�(OVHYLHU�/WG���������Y����

1(9(6��'��0���'(;7(5��.��*���3(11,1*721��5��7���9$/(17(��$��6��0���%8(12��

0��/���(,6(1/2+5��3��9���)217(6��0��$��/���0,5$1'$��3��/��6���025(,5$��6��

1��� 5(=(1'(�� 9�� /��� 6$,7(5�� )�� =��� 2/,9(,5$�),/+2�� $�� 7�� 'LVVHFWLQJ D�

%LRGLYHUVLW\�+RWVSRW��7KH�,PSRUWDQFH�RI�(QYLURQPHQWDOO\�0DUJLQDO�+DELWDWV� LQ� WKH�

$WODQWLF�)RUHVW�'RPDLQ�RI�6RXWK�$PHULFD��'LYHUVLW\�DQG�'LVWULEXWLRQV��Y������Q�����

S�����±�����������

6&$5$12��)��5��3ODQW�&RPPXQLWLHV�DW�WKH�3HULSKHU\�RI�WKH�$WODQWLF�5DLQ )RUHVW��

5DUH�6SHFLHV�%LDV� DQG� ,WV�5LVNV� IRU�&RQVHUYDWLRQ��%LRORJLFDO�&RQVHUYDWLRQ�� Y��

����� Q�� ��� S�� ����±������ ������ 'LVSRQtYHO� HP��
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�KWWS���G[�GRL�RUJ���������M�ELRFRQ������������!�

68*8,2�� .��� 0$57,1�� /�� *HRPRUIRORJLD� GDV� UHVWLQJDV�� �$&,(63�� (G��� ,Q�� �R

6LPSRVLR� GH� HFRVVLVWHPD� GD� FRVWD� VXO� H� VXGHVWH� EUDVLOHLUD�� HVWUXWXUD�� IXQomR� H�

PDQHMR��$JXDV�GH�/LQGyLD�63��$QDLV����$JXDV�GH�/LQGyLD�63��������

8/(��(��'LH�9HJHWDWLRQ� YRQ�&DER�)ULR� DQ�'HU�.XVWH� YRQ�%UDVLOLHQ��%RWDQLVFKH�

-DKUE�FKHU� I�U�6\VWHPDWLN�� 3IODQ]HQJHVFKLFKWH� XQG�3IODQ]HQJHRJUDSKLH�� Y��

����Q�����S�����±�����������
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&+$37(5 ��± $VVHVVLQJ�WKH�WUDLW�EDVHG�GULYHU�WKHRU\�LQ�HQYLURQPHQWDOO\�

GLYHUVH�WURSLFDO�SODQW�FRPPXQLWLHV

5XQQLQJ�KHDG��6KDSLQJ�WKH�WUDLW�GLVWULEXWLRQ�RI�WURSLFDO�SODQW�VSHFLHV�DQG�SODQW�

FRPPXQLWLHV

$XWKRUV��-HKRYi�/RXUHQoR�-XQLRU�����%ULDQ�-��(QTXLVW������&DPLOOD�5R]LQGR�'LDV�

0LODQH]����/XFLDQD�'LDV�7KRPD]�

��8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

3URJUDPD�GH�3yV�JUDGXDomR�HP�%LRORJLD�9HJHWDO��9LWyULD��(6��%UDVLO

��'HSDUWPHQW�RI�(FRORJ\�DQG�(YROXWLRQDU\�%LRORJ\��8QLYHUVLW\�RI�$UL]RQD��7XFVRQ��

$=

��7KH�6DQWD�)H�,QVWLWXWH��6DQWD�)H��10��86$

��8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

+HUEiULR�9,(6��9LWyULD��(6��%UDVLO

&RUUHVSRQGLQJ�DXWKRU��-HKRYi�/RXUHQoR�-XQLRU�

�MHKRYDORXUHQFR#HPDLO�DUL]RQD�HGX�

.H\ZRUGV��7UDLW�GULYHU�WKHRU\��WUDLW�GLVWULEXWLRQ��SODQW�DVVHPEO\��VSHFLHV�ULFKQHVV��

ZDWHU�DYDLODELOLW\�JUDGLHQW��SODQW�DVVHPEO\��LQWUDVSHFLILF�YDULDWLRQ��FOLPDWH�FKDQJH�

-RXUQDO�RI�VXEPLVVLRQ��-RXUQDO�RI�(FRORJ\
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$%675$&7

���'HVSLWH�RI�WKH�PDQ\�VWXGLHV�XVLQJ�WUDLW�EDVHG�DSSURDFK�WR�DVVHVV�WKH�LPSDFW�RI�

HQYLURQPHQWDO�JUDGLHQWV�LQ�IRUHVW�WUDLW�FRPSRVLWLRQ��WKH�UHODWLYH�UROH�RI��L��LQWUDVSHFLILF�

YDULDWLRQ�LQ�FRPPXQLW\ DVVHPEO\���LL��PLFURFOLPDWLF�RU�ILQH�VFDOH�DELRWLF�YDULDWLRQ�LQ�

VKDSLQJ� ORFDO� WUDLW�GLYHUVLW\� UHPDLQ�SRRUO\�XQGHUVWRRG��7R�DGYDQFH�XQGHUVWDQGLQJ�

ZH� WHVWHG�VHYHUDO�DVVXPSWLRQV�DQG�SUHGLFWLRQV�RI�7UDLW�'ULYHU�7KHRU\� �7'7���:H�

TXDQWLILHG�WKH�VKDSH�RI�WUDLW�GLVWULEXWLRQV�UHODWHG�WR�WUHH�FDUERQ��QXWULHQW�HFRQRPLFV�

DQG�VWHP�K\GUDXOLFV�DFURVV�D�VPDOO�VFDOH�EXW�VWHHS�JUDGLHQW�RI�VRLO�ZDWHU�DYDLODELOLW\�

���:H�XWLOL]HG�D�XQLTXH�DQG�VWHHS�HQYLURQPHQWDO�JUDGLHQW�LQ�WKH�%UD]LOLDQ� UHVWLQJD

$WODQWLF� IRUHVW� FRPPXQLWLHV� WKDW� VSDQV� D� YHU\� VKRUW� VSDWLDO� GLVWDQFH� ����� ����

PHWHUV���:H�FROOHFWHG�OHDI�DQG�ZRRG�VDPSOHV�RI�WUHH�VSHFLHV�DFURVV����SDWFKHV�RI�

UHVWLQJD IRUHVW��)XUWKHUPRUH��WR�GHWHFW�LI�VSHFLHV�GLUHFWLRQDOO\�VKLIW�LQ�QLFKH�VSDFH��

ZH�DQDO\]HG�VSHFLHV�FRPSRVLWLRQ�LQ�PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH�

��� 'HVSLWH� VKRUW� JHRJUDSKLF� GLVWDQFHV�� ZH� REVHUYH� ODUJH� VKLIWV� LQ� VSHFLHV�

UHSODFHPHQW� DQG� LQWUDVSHFLILF� YDULDWLRQ� UHIOHFWHG� E\� D� GLUHFWLRQDO� VKLIW� LQ� SODQW�

IXQFWLRQ��&RQVLVWHQW�ZLWK� 7'7��ZH� REVHUYH� �L�� GHFUHDVLQJ�PHDQ� DQG� YDULDQFH� RI�

VHYHUDO�OHDI�FDUERQ�DQG�QXWULHQW�HFRQRPLF�WUDLWV�DV�ZHOO�DV�VWHP�K\GUDXOLF�WUDLWV���LL��

SHDNHG� WUDLW� GLVWULEXWLRQV� LQGLFDWLQJ� VWURQJ� IXQFWLRQDO� FRQYHUJHQFH�� DQG� �LLL�� WUDLW�

GLVWULEXWLRQV� WKDW�DUH�DOVR�VNHZHG� LQ�GLUHFWLRQV� WKDW�DUH�FRQVLVWHQW�ZLWK�D�VKLIWLQJ�

IRUHVW�UHVSRQGLQJ�WR�UHFHQW�KRWWHU�DQG�GULHU�FRQGLWLRQV�

���6\QWKHVLV��2EVHUYHG�VSHFLHV�UHSODFHPHQWV�DORQJ�WKH�ZDWHU�WDEOH�JUDGLHQW�DQG�

LQWHUVSHFLILF�PHDVXUHV�RI� IXQFWLRQDO�GLYHUVLW\� �FRPPXQLW\�NXUWRVLV�DQG�VNHZQHVV��

DUH� FRQVLVWHQW� ZLWK� VWURQJ� SKHQRW\SH�HQYLURQPHQWDO� PDWFKLQJ� RI� SODQW� FDUERQ��

QXWULHQW�� DQG� K\GUDXOLF� VWUDWHJLHV�� :H� REVHUYH� HQYLURQPHQWDO� ILOWHULQJ� LQ� ERWK�

H[WUHPLWLHV�RI�WKH�JUDGLHQW��VHOHFWLQJ�IRU�DFTXLVLWLYH��ZHW��WR�FRQVHUYDWLYH��GU\��VHWXS�

RI� WUDLWV�� 6LPLODUO\�� VSHFLHV� WKDW� VSDQ� WKH� HQWLUH� ZDWHU� DYDLODELOLW\� JUDGLHQW� DUH�

FKDUDFWHUL]HG� E\� GLUHFWLRQDO� LQWUDVSHFLILF� VKLIWV� LQ� PXOWL�WUDLW� VSDFH� WKDW� PLUURU�

LQWHUVSHFLILF� VKLIWV�� 6WURQJ� HQYLURQPHQWDO� JUDGLHQWV� DFURVV� VKRUW� VSDWLDO� VFDOHV�

SURYLGH� XQLTXH� V\VWHPV� WR� DFFXUDWHO\� DVVHVV� DVVHPEO\� SURFHVVHV� DQG� DGGUHVV�

ORQJ�KHOG�DVVXPSWLRQV�DQG�WLPHO\�K\SRWKHVLV�SUHGLFWHG�E\�HFRORJLFDO�WKHRU\�
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$�FHQWUDO�FKDOOHQJH�LQ�HFRORJ\�LV�XQGHUVWDQGLQJ�DQG�SUHGLFWLQJ�WKH�UHVSRQVH�

RI�FRPPXQLWLHV�WR�FKDQJLQJ�FOLPDWHV��SDVW��SUHVHQW��DQG�IXWXUH��7KH�XVH�RI�QDWXUDO�

JUDGLHQWV� WR�XQGHUVWDQG�KRZ�ELRORJLFDO�GLYHUVLW\� UHVSRQVHV� WR�FOLPDWH�KDV�D� ORQJ�

KLVWRU\� �&/(0(176��+$1621��:($9(5��������*$86(��������+87&+,1621��

������� 2EVHUYHG� HFRORJLFDO� VKLIWV� DORQJ� HQYLURQPHQWDO� JUDGLHQWV� �VXFK� DV�

WHPSHUDWXUH�� ZDWHU� DYDLODELOLW\�� HWF��� FDQ� UHIOHFW� HYROXWLRQDU\� DGDSWDWLRQ�� SODVWLF�

VKLIWV�LQ�SKHQRW\SHV��DQG�UHVSRQVHV�WR�PXOWLSOH�VWUHVVRUV�RYHU�D�UDQJH�RI�FRQGLWLRQV�

�32/(&+29È�� %$5721�� ������ 5,(6&+�� 3/$7+�� %,(5%$&+�� �������

1RQHWKHOHVV�� GLVHQWDQJOLQJ� DQG� GHGXFLQJ� WKH� PHFKDQLVPV� WKDW� GULYH� VKLIWV� LQ�

ELRORJLFDO� GLYHUVLW\� UHPDLQV� D� IXQGDPHQWDO� SUREOHP� �+8%%(//�� ������ 0&*,//��

������$'/(5��+,//(5,6/$0%(56��/(9,1(���������

,Q�WKLV SDSHU� ZH�DVVHVV�WZR�FHQWUDO�FRQFHSWV� LQ�WUDLW�EDVHG�HFRORJ\��)LUVW��

ZH� XWLOL]H� UHFHQW� WKHRUHWLFDO� DGYDQFHV� WR� DVVHVV� WKH� LPSRUWDQFH� RI� SKHQRW\SH�

HQYLURQPHQW�PDWFKLQJ� DQG� HFRORJLFDO� ILOWHULQJ� IRU� RSWLPDO� SKHQRW\SHV� RQ� GULYLQJ�

FRPPXQLW\� FRPSRVLWLRQ� �:(672%<��:5,*+7�� �������6HFRQG��ZH�DVVHVV� LI� WKH�

³ILQJHUSULQWV´� RI� FOLPDWLF� FKDQJHV� DVVRFLDWHG� ZLWK� LQFUHDVHG� WHPSHUDWXUHV� DUH�

UHYHDOHG�LQ�FRPPXQLW\�WUDLW�GLVWULEXWLRQV� 7R�PDNH�SURJUHVV�RQ�WKLV�IURQW��ZH�IRFXV�

RQ�WUDLWV�WKDW�DUH�SURSRVHG�WR�EH�OLQNHG�WR�GLIIHUHQFHV�LQ�HFRORJLFDO�DQG�HYROXWLRQDU\�

VWUDWHJLHV�� 6SHFLILFDOO\�� WKH� OHDI�KHLJKW�VHHG� �/+6�� VWUDWHJ\� VFKHPH� KDV� EHHQ�

SURSRVHG�WR�FDSWXUH�WKH�VWUDWHJ\�RI�VHHG�SODQW�VSHFLHV�WKURXJK�WKUHH�WUDLW�UHODWHG�

LQGHSHQGHQW� GLPHQVLRQV� RI� HFRORJLFDO� YDULDWLRQ� �:(672%<�� ������� 9DULDWLRQ� LQ�

YHJHWDWLYH�JURZWK��FRPSHWLWLYH�DELOLW\�DQG UHJHQHUDWLYH�SURFHVVHV��FDQ�EH�DVVHVVHG�

E\�VSHFLILF�OHDI�DUHD��6/$��OLJKW�FDSWXULQJ�DUHD�GHSOR\HG�SHU�GU\�PDVV�DOORFDWHG���

SODQW�FDQRS\�KHLJKW�DW�PDWXULW\��DQG�VHHG�PDVV��

7UDLW�EDVHG� HFRORJ\� KDV� PDLQO\� IRFXVHG� RQ� WUDLW�FOLPDWH� OLQNDJHV� E\�

DVVHVVLQJ�KRZ�PHDQ�HQYLURQPHQWDO�FRQGLWLRQV�ZLWKLQ�FRPPXQLWLHV� �.5$)7�HW�DO���

����� LQIOXHQFH�WKH�PHDQ�FRPPXQLW\�SKHQRW\SH��7KLV�LV�FRQVLGHUHG�WKH�³PHDQ�ILHOG´�

DSSURDFK�DSSOLHG�DW�D�ORFDO�VFDOH��7UDLW�EDVHG�HFRORJ\�KDV�ODUJHO\�WUHDWHG�REVHUYHG�

FRPPXQLW\�WUDLW�YDULDWLRQ�DV�UHIOHFWLQJ�LQWHUQDO�QLFKH�SDUWLWLRQLQJ�GULYHQ�E\�VSHFLHV�

LQWHUDFWLRQV� �.(''<�� ������ :(,+(5�� .(''<�� ������ :5,*+7�� 5(,&+��
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:(672%<�� ������� +RZHYHU�� YDULDWLRQ� LQ� HQYLURQPHQWDO� ILOWHULQJ� KDV� DOVR� EHHQ�

VKRZQ�WR�RSHUDWH�ZLWKLQ�FRPPXQLWLHV� �$'/(5�HW�DO���������� ,QFUHDVLQJO\��VHYHUDO�

VWXGLHV�KDYH�HPSKDVL]HG� WKDW�D�PHDQ�ILHOG�DSSURDFK QHJOHFWV� WKH� LPSRUWDQFH�RI�

LQWUDVSHFLILF�YDULDWLRQ� �,79��ZLWKLQ� WKH�FRPPXQLW\� �9,2//( HW�DO����������VHWWLQJ�D�

OLPLW�RQ�WKH�JHQHUDOLW\�RI�UHVXOWLQJ�HFRORJLFDO�LQIHUHQFHV��7KH�LPSRUWDQFH�RI�,79�LQ�

HFRORJLFDO� VWXGLHV� LV� XQGHQLDEOH�� GXH� WR� LWV� FRQWULEXWLRQ� WR� IXQFWLRQDO� GLYHUVLW\�

PDLQWHQDQFH��6,()(57�HW�DO���������5266�HW DO�������� DQG�FRPPXQLW\�DVVHPEO\�

SURFHVVHV� �&251:(//�� $&.(5/<�� ������ -81*� HW� DO��� ������� 1RQHWKHOHVV��

DVVHVVLQJ�WKH�UHVSRQVHV�RI�ERWK�LQWUD� DQG�LQWHUVSHFLILF�YDULDWLRQ�FRXOG�KHOS�LGHQWLI\�

WKH�VWUHQJWK�DQG�JHQHUDOLW\�RI�FRUH�DVVXPSWLRQV�DQG�SUHGLFWLRQV�RI�WUDLW�EDVHG�WKHRU\�

IRU�KRZ�FRPPXQLWLHV�DVVHPEOH�DFURVV�JUDGLHQWV��DQG�KRZ JOREDO�ZDUPLQJ�DIIHFWV�

GLYHUVLW\�DQG�HFRV\VWHP�IXQFWLRQLQJ�DV�ZHOO�

5HFHQWO\��(QTXLVW�HW�DO���(148,67�HW�DO����������������EXLOGLQJ�RQ�WKH�ZRUN�

RI�1RUEHUJ�DQG�FROOHDJXHV��125%(5*�HW�DO����������LQWURGXFHG�7UDLW�'ULYHU�7KHRU\�

WR� OLQN KRZ�YDULDWLRQ� LQ� LQWHU�DQG�LQWUDVSHFLILF�YDULDELOLW\� LQ�HFRORJLFDO�FRPPXQLWLHV�

FDQ�EH�OLQNHG�WR�WKH�SHUIRUPDQFH�RI�LQGLYLGXDOV�DFURVV�HQYLURQPHQWDO�JUDGLHQWV��7UDLW�

'ULYHU�7KHRU\� �RU�7'7��JRHV�EH\RQG� WKH�PHDQ� ILHOG� OLPLWV� �9,2//(�HW� DO��� ������

(148,67� HW� DO��� ����� DQG� SURSRVHV� WKH� LQYHVWLJDWLRQV� RI� WKH� IXQFWLRQDO� WUDLWV�

GLVWULEXWLRQ�E\�LWV�GHFRPSRVLWLRQ�LQWR�WKH�ILUVW�IRXU�FHQWUDO�VWDWLVWLFDO�PRPHQWV��PHDQ��

YDULDQFH�� VNHZQHVV�� DQG NXUWRVLV � WR� DVVHVV� WKH� GULYHUV� DQG� G\QDPLFV� RI� WUDLW�

GLVWULEXWLRQ�LQ�VSDFH�DQG�WLPH�

$VVHVVLQJ�VHYHUDO�SURPLQHQW�DVVXPSWLRQV�DQG�SUHGLFWLRQV�RI�7UDLW�'ULYHU�7KHRU\�

�7'7�

$FFRUGLQJ�WR�7'7�DVVXPSWLRQV��WKH�PHDQ YDOXH�DOORZV�XV�WR�XQGHUVWDQG�KRZ�

IXQFWLRQDO�WUDLWV�VKLIW�DV�WKH�HQYLURQPHQW�DOWHUV�WKH�RSWLPDO�WUDLW�YDOXHV��7KH�YDULDQFH

SURYLGHV� LQIRUPDWLRQ� DERXW� HFRORJLFDO� SURFHVVHV� DIIHFWLQJ� WUDLW� VSDFH� ZLGHQHVV��

'HFUHDVLQJ�YDULDQFH�FDQ�EH�FDXVHG�E\�HQYLURQPHQWDO� ILOWHULQJ�DQG�RU�FRPSHWLWLYH�

H[FOXVLRQ��ZKHUHDV�FRPSHWLWLYH�QLFKH�GLVSODFHPHQW�� LPPLJUDWLRQ�DQG�RU� WHPSRUDO�

YDULDWLRQ� LQ� WKH� RSWLPXP� WUDLW� YDOXH� FDXVH� WKH� LQFUHDVH RI� YDULDQFH�� .XUWRVLV

PHDVXUHV� WKH� SHDNLQHVV� RI� WKH� WUDLW� GLVWULEXWLRQ�� SURYLGLQJ� LQIRUPDWLRQ� DERXW�

FRPPXQLW\�OHYHO HFRORJLFDO� SURFHVVHV�� 7'7� SUHGLFWV� WKDW� D� PRUH� SHDNHG� DQG�

SRVLWLYH�GLVWULEXWLRQ�UHIOHFWV�FRPSHWLWLYH�H[FOXVLRQ�RU�KDELWDW�ILOWHULQJ��9DOXHV�FORVH�
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WR������DUH�UHODWHG�WR�D�XQLIRUP�WUDLW�GLVWULEXWLRQ�DQG�HYHQ�QLFKH�SDUWLWLRQLQJ��ZKLOH�

PRUH�QHJDWLYH�YDOXHV�UHIOHFW�WKH�FRH[LVWHQFH�RI�FRQWUDVWLQJ�HFRORJLFDO�VWUDWHJLHV��

7UDLW� 'ULYHU� 7KHRU\� DOVR� PDNHV� D� VHULHV� RI� SUHGLFWLRQV� FRQFHUQLQJ� WKH�

G\QDPLFDO�UHVSRQVH�RI�FRPPXQLWLHV�WR�HQYLURQPHQWDO�FKDQJH�DV�YLHZHG�WKURXJK�WKH�

VKDSH�RI� WUDLW�GLVWULEXWLRQV��6SHFLILFDOO\�� LQ�D�VKLIWLQJ�FRPPXQLW\��7'7�SUHGLFWV�DQ�

LQFUHDVH�RI�VNHZQHVV DQG�RU�WKH�LPSRUWDQFH�RI�UDUH�VSHFLHV�RU�UDUH�WUDLWV�DGYDQWDJH�

LQ� ORFDO� FRH[LVWHQFH�� )RU� H[DPSOH�� LI� SKHQRW\SH�HQYLURQPHQW�PDWFKLQJ� LV VWURQJ��

WKHQ�FOLPDWH�FKDQJH��H�J���YLD�LQFUHDVHV�LQ�WHPSHUDWXUH�DQG�RU�GURXJKW��ZLOO�FDXVH�

FRPPXQLW\� WUDLW� GLVWULEXWLRQV� WR� WUDFN� WKH HQYLURQPHQW� GXH� WR� GHFUHDVLQJ�

SHUIRUPDQFH� RU� ILWQHVV� RI� WKH� H[LVWLQJ� GRPLQDQW� SKHQRW\SHV� DQG� LQFUHDVLQJ�

SHUIRUPDQFH�RU�ILWQHVV�RI�VRPH�FXUUHQWO\�UDUH�SKHQRW\SHV��(148,67�HW�DO���������

�������$V�WKLV�VKLIW�RFFXUV��DQ�LQFUHDVH�LQ�WKH�VNHZQHVV�LV�H[SHFWHG��UHIOHFWLQJ�D�ODJ�

LQ� WLPH� DV LQGLYLGXDOV� ZLWK� QHZO\� PDODGDSWLYH� WUDLWV� VORZO\� GHFOLQH� LQ� IUHTXHQF\��

7KXV� HQYLURQPHQWDO� FKDQJH� �H�J��� FOLPDWH� ZDUPLQJ�GURXJKW� ZLOO� FDXVH� D� WUDLW�

GLVWULEXWLRQ� WR� VKLIW� XSZDUG� RU� GRZQZDUG� DORQJ� WKH� JUDGLHQW�� DQG� WKH� DVVRFLDWHG�

ODJJLQJ� WDLO� ZLOO� H[KLELW� QHJDWLYH�� RU� SRVLWLYH VNHZQHVV UHODWLYH� WR� WKH� LQLWLDO�

GLVWULEXWLRQ��UHVSHFWLYHO\�

%\� DQDO\]LQJ� WKH� WUDLW� GLVWULEXWLRQ�� RQH� FDQ� UHFDVW� HFRORJLFDO� WKHRULHV� WKDW�

PDNH�GLIIHULQJ�K\SRWKHVHV�DERXW�ZKDW�LQIOXHQFHV�WKH�VKDSH�RI�WUDLW�GLVWULEXWLRQV�DQG�

WKH� HFRV\VWHP� IXQFWLRQLQJ�� 7KHVH� K\SRWKHVHV� LQFOXGH� SKHQRW\SH±HQYLURQPHQW�

PDWFKLQJ�� DELRWLF� ILOWHULQJ�� VWUHQJWK� RI� ORFDO� ELRWLF� IRUFHV� YLD� WUDLW� YDULDQFH� DQG�

NXUWRVLV��WKH�FRPSHWLWLYH�DELOLW\�KLHUDUFK\�K\SRWKHVLV��DQG�RWKHUV��(148,67�HW�DO���

������� ,Q� D� FRPSOHPHQWDU\� WHVW� IRU� WKH� SKHQRW\SH�HQYLURQPHQW� PDWFKLQJ�

K\SRWKHVLV��ZH�DOVR�DVVHVVHG�VSHFLHV�ORFDWLRQ�LQ�D�PXOWLGLPHQVLRQDO�WUDLW�VSDFH�E\�

K\SHUYROXPH�DQDO\VLV��%/21'(5�HW�DO�������D���ZKLFK�LV�D�IHDVLEOH�ZD\�WR�FROODSVH�

PXOWL�WUDLW�GDWDVHWV�LQWR�D�VLPSOHU�IUDPHZRUN��DOORZLQJ�XV�WR�GHWHFW�SRVVLEOH�VKLIWLQJ�

RI�VSHFLHV�HFRW\SHV�LQ�WUDLW�VSDFH�

:H� DVVHVVHG� 7'7� E\� TXDQWLI\LQJ� VSHFLHV� DQG� FRPPXQLW\� OHYHO� WUDLW�

GLVWULEXWLRQV�DFURVV�D�VWHHS�HQYLURQPHQWDO�JUDGLHQW�WKDW�VSDQV�D�VKRUW�JHRJUDSKLF�

GLVWDQFH��7KLV�XQLTXH�V\VWHP�DOORZV�XV� WR�DVVHVV�VHYHUDO�FRUH�DVVXPSWLRQV�DQG�

SUHGLFWLRQV� RI� 7'7�� :H� WHVWHG� VSHFLHV� ORFDWLRQ� DQG� SKHQRW\SHV� VKLIWLQJ� LQ�

PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH�DORQJ�WKH�HQYLURQPHQWDO�JUDGLHQW��WR�DGGUHVV�

WKH� IROORZLQJ� TXHVWLRQV�� ��� :KDW� WKH� PDLQ� HQYLURQPHQWDO� GULYHU� RI� VSHFLHV�

GLVWULEXWLRQ�VKLIWV"����'RHV�SODQW�FRPPXQLWLHV¶�WUDLW�FRPSRVLWLRQ�FKDQJHV�DORQJ�WKH�
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HQYLURQPHQWDO�JUDGLHQW"����'R�VSHFLHV�SKHQRW\SHV�VKLIW�LQ�WUDLW�VSDFH�WR�PDWFK�WKH�

HQYLURQPHQWDO� FRQGLWLRQV"� ��� KRZ� GR� ZLGHVSUHDG� VSHFLHV� VKLIW� DORQJ�

PXOWLGLPHQVLRQDO� WUDLW� VSDFH"� ��� :KDW� HQYLURQPHQWDO� GULYHUV� DQG� HFRORJLFDO�

SURFHVVHV� FDQ� EH� XQYHLOHG� E\� WKH� VKDSH� RI� WKH� WUDLW� GLVWULEXWLRQV"� ��� ,V� WKHUH�

HYLGHQFH�RI�FOLPDWH�FKDQJH�GULYHUV�LQ�UHVWLQJD SODQW�FRPPXQLWLHV"

0$7(5,$/�$1'�0(7+2'6

6WXG\�$UHD

/RFDWHG�EHWZHHQ�WKH�FRRUGLQDWHV������
������
6�DQG������
������
:��3DXOR�

&HVDU�9LQKD 6WDWH�3DUN��3(3&9��LQ�(VSLULWR�6DQWR�6WDWH��)LJV��$�DQG�%��KROGV�D�

SURPLQHQW� SRVLWLRQ� EHWZHHQ� RWKHUV� UHVWLQJD IRUHVWV�� IRU� LWV� KLJK� HQYLURQPHQWDO�

KHWHURJHQHLW\��ZKHUH����SODQW�FRPPXQLWLHV�VSUHDG�RXW�VLGH�E\�VLGH�DORQJ�QDUURZ�

HQYLURQPHQWDO� JUDGLHQWV� �3(5(,5$�� ������� 3(3&9� LV� FKDUDFWHUL]HG� E\� D�

FRQVSLFXRXV�VRLOV�PRVDLFLVP�DQG�D�UHOLHI�VOLJKWO\�ZDYHG��ZKLFK�FUHDWHG�FRQGLWLRQV�

IRU� WKH� RFFXUUHQFH� RI� ORZHU� VLWHV� ZLWK� RUJDQLF� DQG� VKDOORZ� VRLOV� �IORRGDEOH� DQG�

SHUPDQHQWO\� IORRGHG�DUHDV��DQG�XSSHU�VLWHV��QRQ�IORRGDEOH�RU�GULHU�DUHDV��ZKHUH�

ZHOO�GUDLQHG�VDQG\�VRLOV�SUHGRPLQDWH�

$OO�WKLV�VLQJXODU�HQYLURQPHQWDO�YDULDELOLW\�PDNHV�UHVWLQJD D�PRGHO�V\VWHP�WR�

DGGUHVV� WLPHO\� TXHVWLRQV� DQG� K\SRWKHVHV� IURP� (FRORJ\�� DV� WKRVH� UHODWHG� WR�

FRPPXQLW\� DVVHPEO\� SURFHVVHV� �.(''<�� ������ 678%%6�� :,/621�� ������

&251:(//�� 6&+:,/.�� $&.(5/<�� ����� DQG� WKH� LPSRUWDQFH� RI� LQWUDVSHFLILF�

YDULDWLRQ�LQ�D�FRPPXQLW\�OHYHO�FRQWH[W� �-81*�HW�DO���������%2/1,&.�HW�DO���������

9,2//(�HW�DO���������92/)�HW�DO����������EHVLGHV�RI�SURYLGLQJ�DQ�XQLTXH�RSSRUWXQLW\�

WR� WHVW� WKH� FRH[LVWHQFH� WKHRULHV� �+87&+,1621�� ������ 0$&$57+85�� /(9,16��

������+8%%(//������� DQG�WKH�HIIHFW�RI�WKH�FOLPDWH�FKDQJH LQ�D�ZLGH�GLYHUVLW\�RI�

HQYLURQPHQWDOO\�FRQWUDVWLQJ�SODQW�FRPPXQLWLHV��MXVW�REVHUYHG�DW�ODUJHU�VSDWLDO�VFDOHV�

�H�J��UHJLRQDO�VFDOH��

7KH�VWXG\�DUHD��)LJ���&��FRPSULVHV�D�VKRUW�IORRGLQJ�JUDGLHQW�WUDQVLWLRQ��ZKHUH�

ZH� VHWXS ��� SORWV RI� �� [� ��� PHWHUV� DFURVV� WKUHH� W\SHV� RI� IRUHVWV�� IORRGDEOH��

LQWHUPHGLDWH��DQG�GULHU�IRUHVWV��ZKHUH�DOO�WUHHV�ZLWK�GLDPHWHU�DW�WKH�EUHDVW�KLJK��GEK��

��FP� ZHUH� WDJJHG� DQG� KDG� KHLJKW� DQG� GEK� PHDVXUHG�� $V� WKH� UHVWLQJD SODQW�

FRPPXQLWLHV�DUH�FORVHO\�GLVWULEXWHG� WKH�ILQH�VFDOH�GLVWULEXWLRQ�RI�WKH�SORWV�DOORZHG�
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XV�WR�SUHFLVHO\�WUDFN�WKH�HIIHFW�RI�WKH�VWURQJ�DQG�FRQWLQXRXV�VRLO�JUDGLHQWV����������

�����PHWHUV��LQ�IRUHVW�WD[RQRP\�DQG�WUDLW�FRPSRVLWLRQ��)RU�VLPSOLFLW\��HDFK�SORW�ZDV�

GHILQHG� DV� D� SODQW� FRPPXQLW\�� 7KH� PDSV� ZHUH� GUDZQ� E\� XVLQJ� WKH� PDSWRROV

�%,9$1'�� /(:,1�.2+�� ����� DQG� UDVWHU� SDFNDJH� �+,-0$16�� ����� LQ� WKH� 5�

6WDWLVWLFDO�(QYLURQPHQW�

6RLO�DQDO\VLV�DQG�YDULDEOHV�VHOHFWLRQ

:H�FROOHFWHG� ILYH�VRLO�VDPSOHV�SHU�FRPPXQLW\�DW����FP�GHHS��ZKLFK�ZHUH�

KRPRJHQL]HG�LQ�WKH�ILHOG�WR�SURGXFH�RQH�FRPSRXQG�VRLO�VDPSOH�IRU�WKH�TXDQWLILFDWLRQ�

RI� QXWULWLRQDO� DQG� SK\VLFRFKHPLFDO� VRLO� FRPSRVLWLRQ� IURP� WKH� ��� FRPPXQLWLHV��

6HYHUDO� SDUDPHWHUV� ZHUH� GHWHUPLQHG� E\� WKH� DQDO\VLV�� LQFOXGLQJ� FRDUVHQHVV�

�SURSRUWLRQ�RI�ILQH�DQG�FRDUVH�VDQG��VLOW��DQG FOD\���QXWULHQWV��3��.��1D��&D��0J��$O��

+�$O� >SRWHQWLDO� DFLGLW\@�� =Q�� 0Q�� &X� DQG� %��� 2UJDQLF� 0DWWHU� �20��� S+�� 6RGLXP�

6DWXUDWLRQ�,QGH[��66,���&DWLRQ�H[FKDQJH�FDSDFLW\��&(&��DQG�EDVH�VDWXUDWLRQ��%6���

IROORZLQJ�WKH�%UD]LOLDQ�$JULFXOWXUDO�5HVHDUFK�&RUSRUDWLRQ SURWRFRO��'21$*(0$�HW�

DO���������

,Q�DGGLWLRQ��ZH�FDOFXODWHG�WKH�VRLO�ZDWHU�UHWHQWLRQ�FDSDFLW\�RU�ILHOG�FDSDFLW\�

�)&��IRU�HDFK�SODQW�FRPPXQLW\��)LUVW��ZH�FROOHFWHG�WZR�VRLO�VDPSOHV�����FP�GHHS��

SHU�FRPPXQLW\�XVLQJ�IOH[LEOH�SLSHV�WR�UHPRYH�WKH�VRLO�OD\HU�LQ�D�ZD\�WR�SUHVHUYH�WKH�

LQWHJULW\�RI�LWV�VWUXFWXUH��7KHQ��ZH�VOLFHG�WKH�SLSHV�DQG�OHIW�RQH�SLSH�WLS�RSHQHG�WR�

LQWURGXFH�WKH�ZDWHU�DQG�LQVWDOOHG�D�ILQH�QHW�LQ�WKH�RWKHU�WLS�WR�UHWDLQ�WKH�VRLO�DQG�DOORZ�

WKH�ZDWHU�IORZ�GXULQJ�WKH� ODE�H[SHULPHQW��ZKLFK�FRQVLVWHG�LQ�FDUHIXOO\� LQWURGXFLQJ�

ZDWHU�ZLWKLQ� WKH�SLSH�XQWLO� WKH�VRLO�H[FHHG� LWV�PD[LPXP�ZDWHU� UHWHQWLRQ�FDSDFLW\��

:KHQ�WKH�ZDWHU�VWRSSHG�WR�OHDN��WKH�VDPSOHV�ZHUH�ZHLJKHG LQ�D�EDODQFH��GULHG�LQ�

DQ�RYHQ�DW� ��� &�� DQG�ZHLJKWHG�XQWLO� UHDFK�RXW� D� FRQVWDQW�ZHLJKW�� 7KH�)&�ZDV�

GHWHUPLQHG� IROORZLQJ� HTXDWLRQ�� )&� � �:HW� VRLO� ± 'U\� VRLO��:HW� VRLO�� DFFRUGLQJ� WR�

'RQDJHPD�HW�DO���������

7KH�ZDWHU�WDEOH�GHSWK��:7��ZDV�GLUHFWO\�PHDVXUHG�LQ�WKH�IORRGDEOH�DUHDV�E\�

GLJJLQJ�VKDOORZ�KROHV�LQ�WKH�VRLO��7KHQ��ZH�PHDVXUHG�WKH�VORSH YDULDQFH�WRZDUG�WKH�

LQWHUPHGLDWH�DQG�GU\�SORWV��WDNLQJ�WKH�:7�RI�WKH�QHDUE\�IORRGDEOH�DUHD�DV�UHIHUHQFH��

7KLV�ZD\��ZH�HVWLPDWHG�WKH�:7�RI�WKH�LQWHUPHGLDWH�DQG�WKH�GU\�SORWV�DFFRUGLQJ�WR�

WKH YDULDQFH�GHWHFWHG�DORQJ�WKH�VRLO�VORSH�
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7KH�ILWWLQJ�RI�WKH�PRVW�LPSRUWDQW�HQYLURQPHQWDO�YDULDEOHV�ZDV�SHUIRUPHG�YLD�

JHQHUDOL]HG�DGGLWLYH�PRGHOV��*$0��DQG�JHQHUDOL]HG�OLQHDU�PRGHOV��*/0��IROORZLQJ�

WKH�VFULSW�SURYLGHG�E\�1HYHV�HW�DO����������ZKLFK�FRPSULVHV�LQ����WKH�H[FOXVLRQ�RI�

VSHFLHV� IRXQG� DW� D� VLQJOH� VLWH�� ��� WKH� +HOOLQJHU� WUDQVIRUPDWLRQ� RI� WKH� ELQDU\�

SUHVHQFH�DEVHQFH�GDWD��/(*(1'5(��*$//$*+(5������������D�IRUZDUG�VHOHFWLRQ�

PHWKRG�RI�HQYLURQPHQWDO�YDULDEOH�IRU�UHGXQGDQF\�DQDO\VLV��5'$���DQG����DGGLWLRQDO�

DQG�SURJUHVVLYH�HOLPLQDWLRQ�RI�FROOLQHDU�YDULDEOHV�EDVHG�RQ�WKHLU�YDULDQFH�LQIODWLRQ�

IDFWRU� �9,)�� DQG� HFRORJLFDO� UHOHYDQFH�� XQWLO� PDLQWDLQLQJ� RQO\� WKRVH� ZLWK� 9,)���

�48,11��.(28*+��3(75$,7,6��������

3ODQW�VSHFLHV�FRPSRVLWLRQ�PDWULFHV�ZHUH�UHGXFHG�WR� WZR GLPHQVLRQV XVLQJ�

QRQ�PHWULF�PXOWLGLPHQVLRQDO�VFDOLQJ��10'6���2UGLQDWLRQV�ZHUH�EDVHG�RQ�VSHFLHV�

UHODWLYH� DEXQGDQFH�� IROORZLQJ� WKH� VLQJOH� VLWH� VSHFLHV� H[FOXVLRQ� DQG� +HOOLQJHU�

WUDQVIRUPDWLRQ�� DV� SUHYLRXVO\� GHVFULEHG�� &RPPXQLWLHV� ZHUH� FRPSDUHG� E\� WKH�

6LPSVRQ�VLPLODULW\�LQGH[��WKXV��WKH�VKLIWLQJ�DFURVV�WKH�10'6�D[HV�LV�JLYHQ�WR�WKH�

GLVVLPLODULW\�FDXVHG�E\�WKH�VSHFLHV�UHSODFHPHQW��7KH�DQDO\VLV�UHDFKHG�RXW��������

RI�VWUHVV� :H�DQDO\]HG�WKH�VKLIWLQJ� LQ� WD[RQRP\�DQG�WUDLW�FRPPXQLW\�FRPSRVLWLRQ�

DFURVV�WKH�:7�JUDGLHQW�

7KH�*$0��*/0��10'6��DQG RUGLQDWLRQ�DQDO\VLV�ZHUH�FRQGXFWHG� LQ� WKH�5�

VWDWLVWLFDO�HQYLURQPHQW�� XVLQJ� WKH�SDFNDJHV�YHJDQ� �2.6$1(1�HW�DO����������DQG�

UHFOXVWHU��'$332572�HW�DO���������

7UDLWV�PHDVXUHPHQWV

7KH�VDPSOLQJ�RI�WKH�OHDI�DQG�ZRRG�WUDLWV�ZDV�SHUIRUPHG�LQ�RYHU�WKDQ�����RI�

PRVW�DEXQGDQW�VSHFLHV��DFFRUGLQJ�WR�WKH�VSHFLHV�DEXQGDQFH�WDEOH�FDOFXODWHG�IURP

WKH�IRUHVW�LQYHQWRU\�ZH�SHUIRUPHG�ZLWKLQ�WKH�VWXG\�DUHD��6�0��7DEOH�6��� 7R�PDLQWDLQ�

WKH� FRQVLVWHQF\� RI� VDPSOLQJ� HIIRUW�� ZH� NHSW WKH� VLPLODU� QXPEHU� RI� �� LQGLYLGXDOV�

VDPSOHG�SHU�VSHFLHV��DQG�SHU�HQYLURQPHQW��7KXV��LI�WKH�VSHFLHV�RFFXUV�LQ�RQH��WZR�

RU� WKUHH� VLWHV�� ZH� FROOHFWHG� ��� ��� RU� ��� LQGLYLGXDOV�� WR� GHWHFW� WKH� ILQH�VFDOH

HQYLURQPHQWDO�LQIOXHQFH�RQ�VSHFLHV�IXQFWLRQDO�WUDLWV�FRPSRVLWLRQ�

:H�VHOHFWHG�SODQW�KHLJKW��+���VSHFLILF�OHDI�DUHD��6/$���OHDI�GU\�PDWWHU�FRQWHQW�

�/'0&��DQG�ZRRG�GHQVLW\��:'� EHFDXVH�KDYH�EHHQ�KLJKOLJKWHG�WKHLU�OLQN�WR�PDMRU�
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HFRORJLFDO�VWUDWHJ\�D[HV��:(672%<��������:5,*+7�HW DO���������&+$9(�HW�DO���

�������0RUHRYHU��ZH�DOVR�PHDVXUHG�OHDI�WKLFNQHVV��/7��DQG�VWRPDWDO�GHQVLW\��6'���

JLYHQ� WKHLU� FRPPRQO\� UHODWHG� OLQN�ZLWK� SK\VLRORJLFDO� UHVSRQVHV� WR� HQYLURQPHQWDO�

VWUHVVHV�� DV�ZDWHU� VKRUWDJH� �(/�6+$5.$:<��&2&.��3,/$5�� ������ /$0%(56��

&+$3,1�� 3216�� ������� $OO� SURFHGXUH� IROORZHG� WKH� QHZ� KDQGERRN SURWRFRO� IRU�

VWDQGDUGL]HG�WUDLW�PHDVXUHPHQWV��3e5(=�+$5*8,1'(*8<�HW�DO���������

7KH�OHDI�SODQW�WUDLWV�ZHUH�EDVHG�RQ�WKUHH�OHDYHV�SHU�LQGLYLGXDO��DQG�WKH�VDPH�

WZLJV� ZHUH� XVHG� WR� FROOHFW� VDPSOH� IRU�:'�PHDVXUHPHQWV�� %RWK� OHDI� DQG� ZRRG�

VDPSOHV�ZHUH�SUHYLRXVO\�K\GUDWHG�DQG�NHSW�LQ�WKH�IULGJH�RYHUQLJKW�IRU����KRXUV��:H�

PHDVXUHG�OHDI�DUHD��ZHW�ZHLJKW��DQG GU\�ZHLJKW�WR�FDOFXODWH�6/$�DQG�/'0&��7KH�

ZRRG�YROXPH�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�ZDWHU�GLVSODFHPHQW�PHWKRG��&+$9(��

�������ZLWK�WKH�VXSSRUW�RI�D�KLJK�SUHFLVLRQ�EDODQFH��$IWHU�WKDW��WKH�WZLJV�ZHUH�GULHG�

LQ�DQ�RYHQ�DW����&�DQG�ZHLJKWHG�WR�GHWHUPLQH�:'�E\�ZRRG�GU\�PDVV�SHU�ZRRG�

YROXPH��J�FP���

7KH�VWRPDWDO�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�E\�WKH�OHDI�LPSULQWLQJ�PHWKRG�

�:,/621��386(<��2772���������ZKLFK�FRQVLVW�LQ�SXVKLQJ�WKH�OHDI�VXUIDFH�DJDLQVW�

D�GURS�RI�F\DQRDFU\ODWH�DGKHVLYH��VXFK�D�ZD\�WR�OHDYH�D�WKLQ�OD\HU�ZKHUH�WKH� OHDI�

VXUIDFH�VWD\�SULQWHG�� ,Q�VXFK�SULQWHG�OD\HU� LV�SRVVLEOH�WR�DFFRXQW� WKH�QXPEHU�DQG�

PHDVXUH� WKH� VWRPDWDO� VL]H� RU� RWKHU� VWUXFWXUHV� RQ� OHDI� VXUIDFH�� ,Q� WKLV� VWXG\� ZH�

DQDO\]HG� ERWK� ORZHU� DQG� XSSHU� OHDYHV� VXUIDFHV�� EXW� WKH� DFFRXQWLQJV MXVW� ZHUH�

SHUIRUPHG�LQ�WKH�ORZHU�VXUIDFH��DV�DOO�VSHFLHV�H[KLELWHG�DED[LDO�SDWWHUQ�RI�VWRPDWD�

ORFDWLRQ��:H�XVHG�D�PLFURVFRSH�ZLWK�D�FDPHUD�FRXSOHG DQG�WRRN�SKRWRV�LQ����WLPHV�

RI� PDJQLILFDWLRQ�� ZKLFK� ZHUH� DQDO\]HG� LQ� WKH� VRIWZDUH 769LHZ� YHUVLRQ� ��������

�7XFVHQ�,PDJLQJ�7HFKQRORJ\�&R��/WG���)X]KRX��)XMLDQ��&KLQD��

7UDLW�SUHGLFWLRQ�SURFHGXUH

$V�ZH�PHDVXUHG�WKH�KHLJKW�RI�DOO�LQGLYLGXDOV�UHSRUWHG�LQ�WKH�IRUHVW�LQYHQWRU\��

ZH�XVHG�WKDW�LQIRUPDWLRQ�IRU�WKH�WUDLW�SUHGLFWLRQ�SURFHGXUH��7KXV��IRU�HDFK�VSHFLHV��

ZH�XVHG�WKH�WUDLWV�YDOXHV�FROOHFWHG�LQ�WKH�VDPH�VLWH�RI�RFFXUUHQFH�RI�WKH�LQGLYLGXDOV�

XQGHU�WUDLW�SUHGLFWLRQ��IORRGDEOH��LQWHUPHGLDWH��DQG�GU\�VLWH���:H�WRRN�WKH�DGYDQWDJH�

RI�WKH�NQRZQ�FRUUHODWLRQV�EHWZHHQ�WKH�UHIHUHQFH�WUDLW��H�J��KHLJKW��DQG�WKH�SUHGLFWHG�

WUDLW��H�J��6/$���7KH�ERXQGDULHV�RI�WUDLW�YDULDWLRQ�XQGHU�SUHGLFWLRQ�ZHUH�OLPLWHG�WR�WKH�
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����RI� FRQILGHQFH� LQWHUYDO� LQIRUPHG� E\� WKH� OLQHDU� UHJUHVVLRQ��:H�FRPSDUHG� WKH�

SUHGLFWHG� WUDLW� PHDQ�YDOXHV� ZLWK� WKH� WUDGLWLRQDO� FRPPXQLW\�ZHLJKWHG PHDQ� WUDLW�

YDOXHV� �)LJ�� ����ZKLFK� LV� FDOFXODWHG�E\� WKH�VSHFLHV� WUDLWV�PHDQ�ZHLJKWHG�E\� WKHLU�

DEXQGDQFHV�LQ�HDFK FRPPXQLW\��0RUH�GHWDLOHG�LQIRUPDWLRQ�DQG�WKH�5�VFULSW�XVHG�LQ�

WUDLW�SUHGLFWLRQV�LV�SURYLGHG�LQ�WKH�VXSSOHPHQWDO�PDWHULDO��6�0����ZKLFK�LV�DYDLODEOH�

LQ�WKH�RQOLQH�YHUVLRQ�RI�WKLV�DUWLFOH�

3ULQFLSDO�FRPSRQHQWV�DQDO\VLV��3&$��DQG�VSHFLHV�K\SHUYROXPH�FHQWURLG

7KH�WUDLW�GDWDVHW��6/$��/'0&��:'��6'��DQG�+�YDOXHV��ZDV�FROODSVHG�LQWR�WKH�

3&$�VSDFH��IROORZLQJ�WKH�VFRUH�H[WUDFWLRQ�RI�WKH�3&$��DQG�3&$���ZKLFK�ZHUH�XVHG�

WR�PDNH� WKH� K\SHUYROXPH� DQDO\VLV� �%/21'(5� HW� DO��� ����E��� 7KLV� SURFHGXUH� LV�

VXJJHVWHG�WR�PXOWLGLPHQVLRQDO�GDWDVHW WR�DYRLG�LVVXHV�UHODWHG�WR�WKH�ORZ�QXPEHU�RI�

REVHUYDWLRQ� SHU� VSHFLHV�� DQG� WR� RSWLPL]H� WKH� WLPH� VSHQW� LQW� WKH� K\SHUYROXPH�

FDOFXODWLRQV�� DV�ZHOO� �%/21'(5���������:H�PDGH� WKH�K\SHUYROXPH�DQDO\VLV� IRU�

HDFK�HFRW\SH�� WKDW� LV�� IRU�HDFK�VSHFLHV� LQ�HDFK VLWH� �IORRGDEOH�� LQWHUPHGLDWH��DQG�

GU\���DQG�WKHQ�ZH�H[WUDFWHG�WKH�K\SHUYROXPH�FHQWURLG��WR�ILQG�WKH�VSHFLHV�FHQWURLG�

SRVLWLRQ�LQWR�WKH�K\SHUYROXPH�VSDFH�

0RUHRYHU��WKH�3&$�ZDV�H[HFXWHG�E\�FHQWHULQJ�DQG�VFDOLQJ�WKH�VFRUH�

YDOXHV��DV�WKH�WUDLWV�HQWHULQJ�WKH�K\SHUYROXPH�DQDO\VLV�PXVW�EH�FRPSDUDEOH�DQG�

XQFRUUHODWHG �%/21'(5�HW�DO�������E���7KH�K\SHUYROXPH�DQDO\VLV�ZHUH�SHUIRUPHG�

LQ�WKH�K\SHUYROXPH�SDFNDJH��%/21'(5�HW�DO�������D��
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5(68/76

:H� VDPSOHG� ���� LQGLYLGXDOV� IURP� ��� VSHFLHV� DQG� ��� JHQHUD�� GLVWULEXWHG�

ZLWKLQ����IDPLOLHV��0\UWDFHDH�������)DEDFHDH������5XELDFHDH ����DQG�6DSRWDFHDH�

����ZHUH� WKH�EHVW� UHSUHVHQWHG IDPLOLHV��$� ODUJH� IUDFWLRQ�RI� WKH� WUHHV�HQFRXQWHUHG�

ZHUH�LGHQWLILHG�WR�JHQXV�DQG�VSHFLHV�OHYHO��������DQG�D�ORZHU�SURSRUWLRQ�ZHUH�MXVW�

LGHQWLILHG�DW�WKH�IDPLO\ OHYHO������VHH�WKH�VSHFLHV�OLVW�SURYLGHG�LQ�WDEOH 60��$SSHQGL[�

6����'HVSLWH�WKH�FORVH�SK\VLFDO�GLVWDQFH�EHWZHHQ�WKH�IRUHVW�W\SHV����������PHWHUV���

ZH� MXVW� IRXQG� VL[� VSHFLHV� RFFXUULQJ� LQ� DOO� WKUHH� IRUHVW� W\SHV� �(PPRWXP� QLWHQV��

3URWLXP� LFLFDULED��3VHXGRERPED[�JUDQGLIORUD��7DSLULUD�JXLDQHQVLV��$VSLGRVSHUPD�

S\ULFROOXP� DQG &\QRSKDOOD�IOH[XRVD��

7KH�IRUZDUG�VHOHFWLRQ�SURFHGXUH�UHWDLQHG� MXVW� IRXU�HQYLURQPHQWDO�YDULDEOHV�

�:7�� %�� 0J�� FRDUVH� VDQG��� H[SODLQLQJ� ������� RI� WKH� YDULDWLRQ� LQ� WUHH� VSHFLHV�

FRPSRVLWLRQ��WKDW�LV������UHPDLQHG�XQH[SODLQHG��7DEOH�����7KH�VKLIWLQJ�DFURVV�WKH�

10'6�D[HV� �)LJV� �'�DQG (�� LV� JLYHQ� WR� WKH� GLVVLPLODULW\� FDXVHG�E\� WKH� VSHFLHV�

UHSODFHPHQW��&RPPXQLWLHV�ZHUH�PDLQO\�VHSDUDWHG�LQ�10'6�VSDFH�E\�ZDWHU�UHODWHG

VRLO�SDUDPHWHUV��:7�DQG�FRDUVH�VDQG��

7KH�IORRGDEOH�VLWH�KDV�D�ORZHU�VSHFLHV�ULFKQHVV�WKDQ�GU\�VLWH��6�0���WDEOH�6���

DQG�WKHUH�LV�D�FOHDU�VSHFLHV�UHSODFHPHQW�LQWR�WKH�ILUVW�WKUHH�PHWHUV�RI�:7�YDULDWLRQ�

�)LJ���%��� WKDW� LV��FRPPXQLWLHV� LQ�WKH�H[WUHPLWLHV�RI� WKH�JUDGLHQW�DUH�PRUH�GLVWLQFW�

�)LJ�� �$�� DQG� IORRGLQJ� H[HUWV� D� VWURQJHU� HQYLURQPHQWDO� ILOWHULQJ� RQ� FRPPXQLWLHV¶�

WD[RQRPLF�GLYHUVLW\� WKDQ�GR�GULHU�FRQGLWLRQV��)RU�VLPSOLFLW\��ZH�FKRRVH� WKH�ZDWHU�

WDEOH� GHSWK� �:7�� DV� WKH� PDLQ� HQYLURQPHQWDO� YDULDEOH� EHFDXVH� LW� ZDV� WKH� PRVW�

7DEOH��� (QYLURQPHQWDO�YDULDEOHV�VHOHFWHG�DIWHU�IRUZDUG�VHOHFWLRQ�DQDO\VLV�

9DULDEOH DGM��5��FXP� ǻ$,& ) 9,)

:DWHU�WDEOH�GHSWK��ZW� ������� ������� ���� ����

0DJQHVLXP��0J� ������� ������� ���� ����

%RURQ��%� ������� ������� ���� ����

&RDUVH�VDQG ������� ������� ���� ����

*RRGQHVV�RI�ILW� RI� WKH� SUHGLFWRU� YDULDEOHV� ZDV� DVVHVVHG� WKURXJK� DGMXVWHG� FRHIILFLHQWV� RI�

GHWHUPLQDWLRQ��$NDLNH�LQIRUPDWLRQ�FULWHULRQ��$,&���)�YDOXHV�DQG�VLJQLILFDQFH�WHVWV��S��������LQ�DOO�

FDVHV���9,)��YDULDQFH�LQIODWLRQ�IDFWRU��REWDLQHG XVLQJ�WKH�U�VTXDUHG�YDOXH�RI�WKH�UHJUHVVLRQ�RI�RQH�

YDULDEOH�DJDLQVW�DOO�RWKHU�H[SODQDWRU\�YDULDEOHV��DGM��5� FXP�� �FXPXODWLYH�DGMXVWHG�FRHIILFLHQW�RI�

FRUUHODWLRQ�



ϯϮ

H[SOLFDWLYH�YDULDEOH�RI�VSHFLHV�GLVWULEXWLRQ�DQG�SHUIRUPHG�WKH�EHVW�ILWWLQJ�UHJUHVVLRQ�

PRGHOV�ZLWK�DOO�UHVSRQVH�YDULDEOHV�HYDOXDWHG�LQ�WKLV�VWXG\�

$OO�PHDQ�WUDLW�YDOXHV�VKLIWHG�IURP�IORRGDEOH�WR�GU\�FRPPXQLWLHV��H[KLELWLQJ�D�

WUHQG�RI�LQFUHDVH�LQ�/'0&��6'��:'�DQG�/7��DQG�GHFUHDVH�LQ�+�DQG�6/$��)LJ���$���

([FHSW�IRU�/7��WKH�FRPPXQLW\�ZHLJKWHG�PHDQV��&:0��DQG�PHDQ�SUHGLFWHG�YDOXHV�

)LJXUH�����D��6WXG\�VLWH�FRQVLVWLQJ�RI�D�VWHHS�K\GURORJLFDO�JUDGLHQW�ORFDWHG�LQ�(VSLULWR�6DQWR�

6WDWH��(6��� %UD]LO���E� 3DXOR�&HVDU�9LQKD�6WDWH�3DUN�DQG�VWXG\�DUHD�ORFDWLRQ��UHG�GRW����F��'HWDLOHG�

PDS�RI�WKH�VWXG\�DUHD��VKRZLQJ�WKH����SORWV�FRPPXQLWLHV�WKDW�VSDQV�D�JUDGLHQW�a����������PHWHUV

IURP�IORRGDEOH�IRUHVW��ż���LQWHUPHGLDWH��Ƒ��DQG�GU\��¨��IRUHVW�FRPPXQLWLHV��7KH�YDULDWLRQ�LQ�V\PERO�

FRORU�PHDVXUHV�WKH�PDJQLWXGH�RI�FRPPXQLW\�VKLIW�LQ�VSHFLHV�FRPSRVLWLRQ�DORQJ�WKH�10'6�D[LV�

�ILUVW� FRPSRQHQW� HLJHQYDOXHV�� GXH� WR� WKH� GLVVLPLODULW\� FDXVHG� E\� WKH� VSHFLHV� UHSODFHPHQW��

FDOFXODWHG� E\� 6LPSVRQ� LQGH[�� �G�� &RPPXQLWLHV� WD[RQRPLF� FRPSRVLWLRQ� VKLIWV� DFURVV� WKH�

K\GURORJLFDO�JUDGLHQW�IURP�WKH�IORRGDEOH�WR�GU\�VLWHV��XQYHLOLQJ�D�VWHHS�VSHFLHV�UHSODFHPHQW�DORQJ�

WKH�ZDWHU�WDEOH�JUDGLHQW��DVVRFLDWHG�ZLWK�WKH�VKLIWLQJ�RI�WUDLW�FRPSRVLWLRQ��



ϯϯ

ILWWHG�FORVHO\��7KH�GULHU�FRQGLWLRQV�FDXVHG�WKH�YDULDQFH�UHGXFWLRQ�RI�+�DQG�6/$��DQG�

WKH� LQFUHDVLQJ�RI� �/'0&�DQG�6'�YDULDQFH� �)LJ�� �%���)HZ� WUDLWV� VKRZHG� WUHQG�RI�

FKDQJLQJ�VNHZQHVV�DORQJ�WKH�JUDGLHQW��)LJ������([FHSWLRQV�IRU�/7��ZKLFK�WHQGHG�WR�

EH�PRUH�SRVLWLYHO\�VNHZHG��DQG�WKH�FRPPXQLWLHV�:'�DQG�/'0&�YDOXHV�GLVWULEXWLRQ�

KDG�QHJDWLYH�VNHZQHVV��%RWK�SRVLWLYH��6/$�DQG�+��DQG�QHJDWLYH��/'0&�DQG�:'��

VNHZQHVV� DUH� FRQVLVWHQW� ZLWK� WKH� D� K\SRWKHVLV� RI� GLUHFWLRQDO� VKLIWLQJV� RI� WUDLWV�

GLVWULEXWLRQ� WRZDUG� GULHU� HQYLURQPHQWDO� FRQGLWLRQV� RZQHG� WR� FOLPDWH� FKDQJH�

�(148,67�HW�DO����������0RUHRYHU��WKH�NXUWRVLV�YDOXH�IRU�DOO�WUDLWV�ZHUH�SRVLWLYH��)LJ��

����UHYHDOLQJ�WKDW��LQ�JHQHUDO��WKH�GLVWULEXWLRQ�RI�WUDLW�YDOXHV�RI�DOO�LQGLYLGXDOV�ZLWKLQ�

FRPPXQLWLHV�DUH�FOXVWHUHG�LQWR�D�WLQ\�IUDFWLRQ�RI�DYDLODEOH�WUDLW�VSDFH��7KH�PRUH�GU\�



ϯϰ

FRPPXQLWLHV�WHQG�WR�EH�PRUH�FOXVWHUHG�ZLWK�PRUH�SRVLWLYH�NXUWRVLV�YDOXHV�IRU�/7�DQG�

:'�YDOXHV�WKDQ�WKRVH�IURP�IORRGDEOH�FRPPXQLWLHV�

)LJXUH��� 7HVWV�RI�WZR�DVVXPSWLRQV�RI�7UDLW�'ULYHU�7KHRU\��6NHZQHVV� DQG�NXUWRVLV�RI�KHLJKW��OHDI�

GU\�PDWWHU�FRQWHQW��/'0&���OHDI�WKLFNQHVV��/7���VWRPDWDO�GHQVLW\��6'���VSHFLILF�OHDI�DUHD��6/$���

DQG�ZRRG�GHQVLW\��:'��RI����SODQW�FRPPXQLWLHV�IURP�IORRGDEOH��ż���LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��

VLWHV� DORQJ� WKH� ZDWHU� WDEOH� JUDGLHQW�� 6WDWLVWLFDOO\� VLJQLILFDQW� ���� S�YDOXH������� RU� PDUJLQDOO\�

VLJQLILFDQW��PV��>S�YDOXH ���@� ,I�SKHQRW\SH�HQYLURQPHQW�PDWFKLQJ�LV�VWURQJ�WKHQ�HQYLURQPHQWDO�

FKDQJH��H�J���FOLPDWH�ZDUPLQJ�GURXJKW� ZLOO�FDXVH�D�WUDLW�GLVWULEXWLRQ�WR�VKLIW�XSZDUG��RU�GRZQZDUG��

DFURVV�WKH�JUDGLHQW��)LJXUH�����WKHQ�WKH�PHDQ�WUDLW�YDOXH�RI�WKH�FRPPXQLW\�ZLOO�DOVR�VKLIWV�XSZDUG�

�RU�GRZQZDUG��DQG�WKH�DVVRFLDWHG�ODJJLQJ�WDLO�ZLOO�H[KLELW�QHJDWLYH��RU�SRVLWLYH��VNHZQHVV UHODWLYH�

WR�WKH�LQLWLDO�GLVWULEXWLRQ�



ϯϱ

7KH�ILUVW�DQG�VHFRQG�SULQFLSDO�FRPSRQHQWV��)LJ���$��H[SODLQHG�������RI�WUDLW�

YDULDWLRQ��7KLV�YDULDWLRQ�LV�PDLQO\�GXH�WR�YDULDWLRQ�LQ�/'0&��ORDGLQJV��������DQG�:'�

�ORDGLQJV� �������� H[KLELWLQJ� WKH�PRVW� QHJDWLYH� YDOXHV�� DQG� 6/$� �ORDGLQJV� ������

H[SUHVVLQJ� WKH�PRVW�SRVLWLYH� YDOXHV�� �+HLJKW� ��������ZDV� WKH�PRVW�SRVLWLYH�DQG�

GHWHUPLQDQW�ORDGLQJ�WUDLW�DORQJ�WKH�3&$���DQG�VWRPDWDO�GHQVLW\�RU�6'�H[SUHVVLQJ�D�

QHJDWLYH� ORDGLQJ�����������7KH�WUDLWV�YDOXHV�GLVWULEXWLRQ�RI�HYHU\�VLQJOH� LQGLYLGXDO�

WUHH� ZLWKLQ� WKH� 3&$� VSDFH� �)LJ�� �$�� KLJKOLJKWV� WKDW� LQGLYLGXDOV� IURP� WKH� PRUH�

IORRGDEOH� VLWHV� �EODFN� V\PEROV�� DUH� VKLIWHG�PRUH� LQ� WKH� 6/$� UHJLRQ� RI� WKH� 3&$��

ZKHUHDV�WKRVH�LQGLYLGXDOV�IURP�WKH�GULHU�VLWHV��ZKLWH�V\PEROV��DUH�PDLQO\�SODFHG�LQ�

WKH�TXDGUDQW�RI�WKH�WUDLW�3&$�VSDFH�LQIOXHQFHG�PRUH�E\�YDULDWLRQ�LQ�/'0&��/7��DQG�

6'��,QGLYLGXDOV�DUH�DOVR�VHJUHJDWHG�LQ�LQ�3&$�VSDFH�E\�ERG\�VL]H��3&����7KH�WDOOHU�

)LJXUH����$ � 3ULQFLSDO�FRPSRQHQWV�DQDO\VLV��3&$��RI�VSHFLILF�OHDI�DUHD��6/$���KHLJKW��+���ZRRG�

GHQVLW\��:'���OHDI�GU\�PDWWHU�FRQWHQW��/'0&���DQG�VWRPDWDO�GHQVLW\��6'��IURP�����LQGLYLGXDO�WUHHV�

ZLWKLQ� ��� VSHFLHV��% DQG�& ± 3RVLWLRQV� RI� VSHFLHV� K\SHUYROXPH� FHQWURLG�� VKRZLQJ� VSHFLDOLVW�

VSHFLHV� IURP� WKH� IORRGDEOH� �GDUN� JUD\��� LQWHUPHGLDWH� �JUD\�� DQG� GU\� �ZKLWH�� VLWHV�� *HQHUDOLVW�

VSHFLHV� HFRW\SHV� �UHG�� KDYH� D� ZLGHU� VSDWLDO� GLVWULEXWLRQ�� RFFXUULQJ� LQ� WZR� RU� WKUHH� VLWHV��

+\SHUYROXPH�FHQWURLGV�ZHUH�H[WUDFWHG�IURP�K\SHUYROXPH DQDO\VLV�XVLQJ�WKH�3&$�VFRUHV�RI�WKH�

ILUVW� DQG�VHFRQG�SULQFLSDO� FRPSRQHQWV��'RWWHG� OLQHV� LQGLFDWH� WKH�PHDQ�K\SHUYROXPH�FHQWURLGV�

IURP� HDFK� VLWH�� H[KLELWLQJ� WKH� GLUHFWLRQDO� VKLIWLQJ�� IORRGDEOH�LQWHUPHGLDWH�GU\� VLWHV� �GDUN�

JUD\�JUD\�ZKLWH��



ϯϲ

RQHV�DUH�PDLQO\�IURP�IORRGDEOH�DQG�LQWHUPHGLDWH�VLWHV��ZKHUHDV�VPDOOHU�LQGLYLGXDOV�

DUH�PRVWO\�IURP�WKH�GU\�VLWH�

6SHFLHV�UHVWULFWHG�WR�RQH�RU�D�IHZ�ORFDWLRQV�DORQJ�WKH�JUDGLHQW�DSSHDU�WR�KDYH�

ZHOO�GHILQHG�QLFKH� VSDFH�SRVLWLRQV�� )RU� H[DPSOH�� VSHFLHV� UHVWULFWHG� WR� HLWKHU� WKH�

IORRGDEOH�DQG�GU\�VLWHV�WHQG�WR�EH IRXQG�LQ�WKH�H[WUHPLWLHV�RI�WUDLW�VSDFH��H[KLELWLQJ�

SRVLWLYH� DQG�QHJDWLYH� FHQWURLG� YDOXHV�� UHVSHFWLYHO\� �)LJV� �%� DQG�&��� ,Q� FRQWUDVW��

ZLGHO\�VSUHDG�VSHFLHV��UHG�EDUV��H[KLELW�ZLGHU�GLVWULEXWLRQ�DORQJ�ERWK�FHQWURLG�D[LV�

RI� 3&�� DQG� 3&��� 6XFK� UHVXOW� KLJKOLJKWV� WKH� UROH� RI� LQWUDVSHFLILF� YDULDWLRQ� LQ� WKH�

REVHUYHG�VKLIW�RI�WUDLW�FRPSRVLWLRQ�DW�FRPPXQLW\�OHYHO��)LJV��$�DQG������)LJ���'��DQG�

%R[� �� 6SHFLHV� GLVWULEXWLRQ� DORQJ� WKH� K\SHUYROXPH� VSDFH�� $UURZV� LQGLFDWH� VSHFLHV� HFRW\SHV�

VKLIWLQJ�DORQJ�WKH�WZR�GLPHQVLRQV�RI�WKH�K\SHUYROXPH��IROORZLQJ�WKH�VKLIW�LQ�WKH�VLWH�PHDQ�FHQWURLG�

�VROLG�DQG�GRWWHG�OLQHV��DFURVV�IORRGDEOH��EOXH���LQWHUPHGLDWH��JUHHQ��DQG�GU\��UHG��VLWHV��7KH�ILUVW�

3&$�FRPSRQHQW�LV�UHODWHG�WR�/'0&��:'��DQG�6/$��ZKHUHDV�WKH�VHFRQG�FRPSRQHQW�LV�UHODWHG�WR�

+� DQG�6'� �VHH� )LJ�� �$� DQG�6�0��� WDEOH� 6���� 7KH� QXPEHU� RI� LQGLYLGXDOV�ZLWKLQ� WKH� VSHFLHV� LV�

UHSUHVHQWHG�E\�WKH�FLUFOH�VL]H�DQG�WKH�VSHFLHV�RFFXUULQJ�LQ�PRUH�WKDQ�RQH�VLWH�DUH�LGHQWLILHG�E\�

QXPEHUV�LQ�EROG�IRQW����± $��IUD[LQLIROLD����± &��EUDVLOLHQVH����± (��QLWHQV����± (��HGXOLV����± *��

VFKRWLDQD����± *��RSSRVLWH����± ,��ODXULQD����± 3��KHSWDSK\OOXP����± 3��LFLFDULED�����± 3��JUDQGLIORUD��

���± 6��JODQGXODWXP�����± 6��VHOORL�����± 6��DPDUD�����± 6��JOREXOLIHUD�����± 7��FDVVLQRLGHV�����±

7��JXLDQHQVLV�����± &��DUERUHVFHQV�����± %��WHWUDSK\OOD�����± &��JXD]XPLIROLD�����± &��IOH[XRVD��

���± .��DOERSXQFWDWD�����± (��EDKLHQVLV�����± (XJHQLD�VS������± 0��FHVWULIROLD�����± 0��YHQXORVD��

���± 0��EHUJLDQD�����± 0��IORULEXQGD�����± 2��QRWDWD�����± 2FRWHD�VS�����± 3��FRHORPDWLFD�����±

5��JUDQGLIORUD�����± 5��UHWLFXODWD�����± 5��FDSL[DEHQVLV�����± 6��V\FRFDSXP�����± &��VDOLJQD�����±

(��SHQWDSK\OOD�����± =� JODEUD�����± $��WULSOLQHUYLD�



ϯϳ

WKH�FRPPXQLW\�WUDLW�FRPSRVLWLRQ�UHFHLYHG�D�JUHDWHU�FRQWULEXWLRQ�RI�VSHFLHV�HFRW\SHV�

VKLIWLQJ� LQ� WUDLW� VSDFH�� $� ELGLPHQVLRQDO RYHUYLHZ� RI� VSHFLHV� FHQWURLG� SRVLWLRQ� LQ�

K\SHUYROXPH� VSDFH� LV� SURYLGHG� LQ� WKH� ER[� ��� ZKLFK� VKRZV� VSHFLHV� VKLIWLQJ� LQ� D�

PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH�E\�WKH�FKDQJLQJ�RI�VSHFLILF�WUDLWV�RU�VHWXSV�RI�

WUDLWV�

',6&866,21

7KH� :7� ZDV� UHYHDOHG� WR� EH� WKH� PRVW� LPSRUWDQW� GULYHU� RI� FKDQJLQJ� LQ�

FRPPXQLWLHV¶�WD[RQRPLF�FRPSRVLWLRQ�RI�UHVWLQJD��WDEOH�����7KH�VHQVLWLYLW\�WR�:7�ZDV�

DOVR�REVHUYHG�LQ�SODQW�FRPPXQLWLHV�IURP�$PD]RQLDQ�EDVLQ��6&+,(77,�HW�DO��������

DQG�0DJQDJR� HW� DO�� ������� SUHYLRXVO\� UHSRUWHG� WKH� FKDQJLQJ� RI� UHVWLQJD IRUHVWV�

VWUXFWXUH�DQG�GLYHUVLW\�DORQJ�IORRGLQJ�JUDGLHQW��7KH�VSHFLHV�UHSODFHPHQW��)LJ���'��

ZDV�IROORZHG�E\�WKH�VKLIWLQJ�RI�WKH�FRPPXQLW\�WUDLW�FRPSRVLWLRQ��7RZDUG�WKH�GU\�HQG�

RI� WKH� JUDGLHQW�� FRPPXQLWLHV� UHYHDOHG� D� WUHQG� RI� WUDQVLWLRQ� IURP� DFTXLVLWLYH�

�IORRGDEOH��WR�FRQVHUYDWLYH��GU\��VWUDWHJLHV�RI�UHVRXUFH�XVH��:5,*+7�HW�DO���������

&+$9(�HW�DO���������� LQFUHDVLQJ�/'0&��/7��DQG :'�DQG�GHFUHDVLQJ�6/$�DQG�+�

PHDQ�YDOXHV� �)LJ���$���:'�KDV�DOVR�EHHQ� UHODWHG� WR�VRLO�ZDWHU�DYDLODELOLW\� IRU� LWV�

FRUUHODWLRQ� WR� WKH�ZRRG� K\GUDXOLF� WUDLWV� �+$&.(�HW� DO��� ������+$&.(�� ������� DV�

GHQVHU� ZRRGV� ZLWK� VPDOO� [\OHP� YHVVHOV� DQG� KLJK� ILEHU� FRQWHQW� VKRXOG� EH�PRUH�

PHFKDQLFDOO\�UHVLVWDQW�WR�LPSORVLRQ�LQ�VWURQJ�QHJDWLYH�ZDWHU�SRWHQWLDOV�IRXQG�LQ�GULHU�

HQYLURQPHQWV��6:(1621��=$0%5$12���������6LPLODUO\��KLJKHU�VWRPDWDO�GHQVLW\�

�6'��VHHPV�WR�EH�UHODWHG�WR�WKH�SODQW�ZDWHU�XVH�VWUDWHJ\�E\�D�ILQHU�FRQWURO�RI�WKH�OHDI�

WUDQVSLUDWLRQ� �(/�6+$5.$:<��&2&.��3,/$5�� ������� ,QWHUHVWLQJO\�� KLJK�6'�ZDV�

UHSRUWHG�IRU�[HULF�VSHFLHV��'81/$3��67(77/(5��������3($5&(�HW�DO����������DQG�

RXU�UHVXOWV�VKRZ�WKH�LQFUHDVLQJ�RI�6'�WRZDUG�WKH�GU\�FRPPXQLWLHV��)LJ������ZKLFK�

PD\�FRQWULEXWH�WR�WKH�RQJRLQJ�GLVFXVVLRQ�DERXW�WKH�6'�UROH�LQ�VDYLQJ�RU�OX[XU\�ZDWHU�

FRQVXPSWLRQ�E\�OHDYHV��*$/0e6�HW�DO���������

6HYHUDO� HQYLURQPHQWDO� GULYHUV� KDYH� EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH� IRU�

FRQVWUDLQLQJ WUDLW�YDULDQFH� DV�HOHYDWLRQDO�JUDGLHQWV��6,'(6�HW�DO���������$61(5�HW�

DO��� ������� KLJK� VRODU� UDGLDWLRQ�� DQG� WKH� VKRUWDJH� RI� ZDWHU� DQG� VRLO� QXWULHQWV�

�&251:(//��$&.(5/<��������.$7$%8&+,�HW�DO����������6HYHUH�HQYLURQPHQWDO

FRQGLWLRQV�DV�WKRVH�IRXQG�LQ�ERWK�H[WUHPLWLHV�RI�WKH�:7�JUDGLHQW�SURGXFHG�ILOWHULQJ�

HIIHFWV��.(''<������� RQ�GLIIHUHQW�WUDLWV��)LJ������UHGXFLQJ�WKH�YDULDQFH�LQ�6/$�DQG�



ϯϴ

+� �GULHU� SORWV�� DQG� /'0&� DQG� 6'� �ZHWWHU� SORWV��� &RQVHTXHQWO\�� ZHW� DQG� GU\�

FRPPXQLWLHV�KDYH�KLJKHU�GLYHUVLW\�RI�UHVRXUFH�DFTXLVLWLRQ�DQG�FRQVHUYDWLYH�WUDLWV��

UHVSHFWLYHO\�

6XFK�VKLIW� LQ� WUDLW�FRPSRVLWLRQ�VHWXSV�ZLWK�HFRORJLFDO�VWUDWHJLHV�SDWWHUQV� LQ�

DVVRFLDWLRQ�WR�WKH�VSHFLHV�UHSODFHPHQW��)LJ���'��ZDV�HDUOLHU�UHSRUWHG�E\�&RUQZHOO�

DQG�$FNHUO\��������LQ�OLJKW�DQG�ZDWHU�JUDGLHQWV��DQG�E\�.DWDEXFKL�HW�DO���������LQ�

ZDWHU�DQG�VRLO�IHUWLOLW\�JUDGLHQWV��7KH�HQYLURQPHQWDO�FRQVWUDLQWV IRXQG�LQWR�WKH�VWXG\�

DUHD�VHHPV� WR�H[HUW� WZR�PDMRUV�HIIHFWV� LQ� WKH� UHVWLQJD SODQW�VSHFLHV�GLVWULEXWLRQ��

)LUVW��FRQILQLQJ�WKH�OHDVW�SODVWLF�VSHFLHV��DV�WKH�VSHFLHV�RQO\�ORFDWHG�LQ�IORRGDEOH�RU�

GULHU�VLWHV�ZHUH�PDLQO\�SODFHG�LQ�WKH�H[WUHPLWLHV�RI�ERWK�K\SHUYROXPH�FHQWURLG�D[LV�

�)LJ���%���6HFRQG��ZLGHVSUHDG�VSHFLHV�DUH�FRPSHOOHG�WR�YDU\�WKHLU�VHWXS�RI�WUDLWV�WR�

ILW� WKH� FKDQJHV� LQ� WKH� HQYLURQPHQWDO� FRQGLWLRQV� DFURVV� WKH� VWURQJ� HQYLURQPHQWDO�

JUDGLHQW��&RQVHTXHQWO\��VXFK�VSHFLHV�SURGXFH�SKHQRW\SHV�ZKLFK�ILOO�LQ�D�ODUJH�UDQJH�

RI� WKH�QLFKH�VSDFH��K\SHUYROXPH�D[HV��)LJ���%��DQG &���VKLIWLQJ�GHHSO\�DORQJ�WKH�

PXOWLGLPHQVLRQDO�K\SHUYROXPH�VSDFH��%R[����

7KHVH�UHVXOWV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�DQDO\]LQJ�WKH�LQWUDVSHFLILF�YDULDWLRQ�

LQ�D�PXOWL�WUDLW�DSSURDFK��DV�WKH�VSHFLHV�VHHPV�WR�UHDFK�RXW�WKHLU�IXQFWLRQDO�RSWLPDOLW\�

E\�WKH�YDULDWLRQ�RI�VSHFLILF�WUDLWV�LQ�D�PXOWLYDULDWH�FRQWH[W��086&$5(//$��85,$57(��

�������,Q�DGGLWLRQ��WKH�OHDI�DQG�ZRRG�WUDLWV�DUH�QRW�OLPLWHG�WR�WKH�HFRQRPLFV�VSHFWUXP

�/$8*+/,1�� ����� DQG SURYLGH� D� ZLGH� YDULHW\ RI� HFRORJLFDO� VWUDWHJLHV� E\� WKH�

FRPELQDWLRQ�RI�GLIIHUHQW�VHWXSV RI� WUDLWV��ZKLFK�DOORZ�WUHH�VSHFLHV� WR�DGMXVW� WR� WKH�

HQYLURQPHQW��UHIOHFWLQJ�WKHLU�VSDWLDO�GLVWULEXWLRQ�DFURVV�HQYLURQPHQWDO�JUDGLHQWV��7KH�

FDSDFLW\�RI� D� VSHFLHV� WR�SURGXFH�PXOWLSOH�SKHQRW\SHV� LV�RZHG� WR� WKH�SKHQRW\SLF�

SODVWLFLW\��'(:,77��6,+��:,/621���������ZKLFK�ZDV�DOVR�UHIOHFWHG�LQ�D�GLUHFWLRQDO�

VKLIWLQJ� RI� WKH� VKDSH� RI� VSHFLHV� WUDLW� GLVWULEXWLRQ�� VLPLODU WR� WKH� REVHUYHG DW�

FRPPXQLW\�OHYHO��6�0��)LJ��6����

$FFRUGLQJ� WR� 7'7�� UHIOHFWLQJ� VHOHFWLRQ� DQG� HFRORJLFDO� ILOWHULQJ� IRU� RSWLPDO�

SKHQRW\SHV�� ORFDO� FRPPXQLW\� WUDLW� GLVWULEXWLRQV� ZLOO� WHQG� WRZDUG� D� XQLPRGDO�

GLVWULEXWLRQ� DQG� PRUH� ³SHDN\´� GLVWULEXWLRQV�� UHIOHFWLQJ� VWURQJ� ORFDO� VRUWLQJ� DQG�

FRQYHUJHQFH�GRPLQDQFH�RI�RSWLPDO�WUDLW�YDOXHV��SRVLWLYH�NXUWRVLV���(148,67 HW�DO��

�������������2XU�DQDO\VHV�LQGHHG�DUH�FRQVLVWHQW�ZLWK�VXFK�SUHGLFWLRQV�ZLWK�SRVLWLYH�

NXUWRVLV�EHLQJ�VHHQ�IRU�DOO�WUDLWV��$OWKRXJK�WKHVH�H[SHFWDWLRQV�SDUWLDOO\�ILWWHG�WKH�7'7�

H[SHFWDWLRQ� RI� XQLPRGDOLW\� RI� WUDLW� GLVWULEXWLRQ�� DV� VRPH� FRPPXQLWLHV� SUHVHQWHG�

ELPRGDO�VKDSHV��6�0��)LJ��6����VXJJHVWLQJ�WKH�VHOHFWLRQ�RI�PRUH�WKDQ�RQH�VWUDWHJ\�



ϯϵ

LQ�WKH�UHVWLQJD FRPPXQLWLHV��2Q�WKH�RWKHU�KDQG��WKH�GLUHFWLRQDOLW\�RI�WKH�VKLIWLQJ�LQ�

WUDLW� FRPSRVLWLRQ� LV� FRQVLVWHQW� ZLWK� WKH� HFRORJLFDO� ILOWHULQJ� VHOHFWLRQ� IRU� RSWLPDO�

SKHQRW\SHV��(148,67�HW�DO����������

6LPLODUO\�WR�(QTXLVW�HW�DO����������WKH�VKDSHV�RI�FRPPXQLW\�WUDLW�GLVWULEXWLRQ�

ZHUH� FKDUDFWHUL]HG� E\� KLJKO\� SRVLWLYH� NXUWRVLV� �)LJ�� ���� LQGLFDWLQJ� VWURQJ�

FRQYHUJHQFH�RI�IXQFWLRQDO�VWUDWHJLHV�ZLWKLQ�D�JLYHQ�FRPPXQLW\�ZLWK�D�KLJK�QXPEHU�

RI�VSHFLHV�RU�LQGLYLGXDOV�VKDUH�VLPLODU�WUDLW�YDOXHV�ZLWKLQ�WKH�FRPPXQLWLHV��(148,67�

HW�DO���������*5266�HW�DO����������6XFK�FRQJHVWHG�WUDLW�VSDFH�PD\�EH�WKH�UHVXOW�RI�

VWURQJ�HQYLURQPHQWDO�ILOWHULQJ�DQG�RU�FRPSHWLWLYH�GRPLQDQFH�RI�LQGLYLGXDOV�ZLWK�WUDLWV�

FORVHU�WR�WKH�RSWLPXP�YDOXH��(148,67�HW�DO����������,QWHUHVWLQJO\��ERWK�/7�DQG�:'�

WUDLWV�GLVWULEXWLRQ�SUHVHQWHG�D�WUHQG�RI�EHFRPLQJ�PRUH�SHDNHG�WRZDUG�WKH�GU\�HQG�RI�

WKH�JUDGLHQW��ZKLFK�XOWLPDWHO\�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�VSHFLHV�ILQHO\�DGMXVW�VXFK�

WUDLWV�LQ�GULHU�HQYLURQPHQWV�

7'7� PDNHV� WZR� PDMRU� DVVXPSWLRQV� DERXW� VNHZHG� WUDLW� GLVWULEXWLRQV��

DVVXPLQJ�WKDW�DV\PPHWULHV�FRXOG�EH�FDXVHG�E\ ���WKH�PRVW�VLJQLILFDWLYH�FRQWULEXWLRQ�

RI�UDUH�VSHFLHV�RU�UDUH�WUDLW�YDOXHV�WR�WKH�FRPPXQLW\�FRPSRVLWLRQ��(148,67�HW�DO���

�������RU����DQ�RQJRLQJ�RU�UHFHQW�GLUHFWLRQDO�VKLIWLQJ�LQ�FRPPXQLW\�WUDLW�FRPSRVLWLRQ�

GXH�WR� WKH�FKDQJLQJ� LQ�DQ�HQYLURQPHQWDO�GULYHU��H�J��GURXJKW�E\�FOLPDWH�FKDQJH���

UHVXOWLQJ� LQ�HLWKHU�SRVLWLYH�RU�QHJDWLYH�VNHZHG� WUDLW�GLVWULEXWLRQ�GHSHQGLQJ�RQ� WKH�

GLUHFWLRQ�WKDW�FRPPXQLWLHV�VKLIW�WKHLU�PHDQ�WUDLWV�YDOXHV�WR�WUDFN�WKH�HQYLURQPHQWDO�

FKDQJLQJ� �(148,67� HW� DO��� ������� )RU� LQVWDQFH�� XQGHUVWRU\� VSHFLHV� DV�&\DWKHD�

SKDOHUDWD �)LJ���%��GHSLFWV�WKH�ILUVW�VNHZQHVV�DVVXPSWLRQ��DV�WKLV�VSHFLHV�FRQWULEXWH�

ZLWK�H[WUHPH�6/$�YDOXHV��ZKLFK�UHVXOWHG�LQ�PRUH�SRVLWLYH�VNHZHG�6/$�GLVWULEXWLRQ�

LQ�IORRGDEOH�FRPPXQLWLHV�ZKHUH�WKLV�VSHFLHV�LV�SUHVHQW��)LJ���$��

2XU�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�DQRWKHU�VHW�RI�G\QDPLFDO�SUHGLFWLRQV�IRU�KRZ�

FRPPXQLWLHV� UHVSRQG� WR� FOLPDWH� FKDQJH�� $FFRUGLQJ� WR� 7'7� LI� UHFHQW� GLUHFWLRQDO�

ZDUPLQJ�DQG�RU�LQFUHDVH�LQ�GURXJKWV�LV�LQIOXHQFLQJ�WKH�VSHFLHV�FRPSRVLWLRQ�RI�WKHVH�

IRUHVWV�WKHQ�ZH�ZRXOG�H[SHFW�WR�VHH�GLUHFWLRQDO�VKLIW�LQ�VSHFLHV�FRPSRVLWLRQ�UHIOHFWHG�

LQ�WKH�WUDLW�GLVWULEXWLRQV��,Q�D�VKLIWLQJ�FOLPDWH��FRPPXQLW\�WUDLW�GLVWULEXWLRQV�ZLOO�VKLIW�

UHIOHFWLQJ�D�VKLIW�LQ�WKH�RSWLPDO�WUDLW�YDOXH��EXW�WKH�PHDQ�ZLOO�ODJ�EHKLQG�WKH�RSWLPDO�

SKHQRW\SH��,Q�WKH�FDVH�ZKHUH�WKH�PHDQ�FRPPXQLW\�WUDLW� LQFUHDVHV DV�GLVWDQFH�WR�

WKH�ZDWHU� WDEOH�DOVR� LQFUHDVH��ZH�ZRXOG�H[SHFW� WKDW�ZLWK�ZDUPLQJ�GXH� WR�FOLPDWH�

FKDQJH�� WUDLW� GLVWULEXWLRQV� ZLOO� EH� FKDUDFWHUL]HG� E\� QHJDWLYH VNHZQHVV� DV� WKH�

FRPPXQLW\�VKLIWV� WR� WKH�QHZ�RSWLPDO� WUDLW�YDOXH��6HH�VFKHPH� LQ�6�0��)LJ��6���� ,Q�



ϰϬ

FRQWUDVW��LI�WKH�PHDQ�FRPPXQLW\�WUDLW�LV�REVHUYHG�WR�GHFUHDVH�DFURVV�WKH�ZDWHU�WDEOH�

JUDGLHQW� WKHQ� ZDUPLQJ� ZRXOG� OHDG� WR� FRPPXQLWLHV� FKDUDFWHUL]HG� E\� SRVLWLYH�

VNHZQHVV��7KXV��WKH�VNHZQHVV�RI�WKH�WUDLW�GLVWULEXWLRQ�FDQ�UHIOHFW�VKLIWLQJ�RSWLPD�DQG�

SDVW� FKDQJH�� ,Q� VXP�� WKH� KLJKHU� WUDLW� PRPHQWV� RI� FRPPXQLWLHV� DUH� H[SHFWHG� WR�

GHYLDWH�LQ�D�GLUHFWLRQ�WKDW�LV�GLFWDWHG�E\�WKH�XQGHUO\LQJ�UHODWLRQVKLSV�ZLWK�DFFHVV�WR�

ZDWHU�

7KHVH� IRUHVWV� DSSHDU� WR� KDYH� H[SHULHQFHG� XQSUHFHGHQWHG� GURXJKW� DQG�

LQFUHDVHG�WHPSHUDWXUHV��*LYHQ WKH�FORVH�PDWFKLQJ�EHWZHHQ�IRUHVW�IXQFWLRQDO�WUDLWV�

DQG� WKH� K\GURORJLFDO� JUDGLHQW� ZH� ZRXOG� SUHGLFW� WKDW� UHFHQW� GLUHFWLRQDO� VKLIWV� LQ�

FOLPDWH� �DVVRFLDWHG� ZLWK� ZDWHU� VXSSO\� DQG� GURXJKW�� ZRXOG� GLUHFWLRQDOO\� VKLIW� WKH�

IXQFWLRQDO�FRPSRVLWLRQ�RI�WKHVH�IRUHVWV� ,QGHHG��MXVW�SUHYLRXV�WR�WKH�ILHOG�VDPSOLQJ�

LQ� ������ WKLV� UHJLRQ� H[SHULHQFHG� XQSUHFHGHQWHG� GURXJKW� DQG� DERYH� DYHUDJH�

WHPSHUDWXUHV�GXULQJ������DQG�������7KHVH�ZHUH�WKH�GULHVW�\HDUV�UHFRUGHG�LQ�WKH�

SDVW����\HDUV��1REUH�HW�DO����������

)XUWKHU�� WKHUH� KDV� DOVR� EHHQ� D� ORQJ�WHUP� GHFDGDO� LQFUHDVH�GHFUHDVH� LQ�

WHPSHUDWXUH�DQG�GURXJKW��&OLPDWH:L]DUG� �*,59(7=�HW�DO�������� VKRZV� WKDW� WKLV�

DUHD�KDV�H[SHULHQFHG�KLJK�UDWHV�RI�FKDQJH�LQ�PHDQ�DQQXDO�WHPSHUDWXUH�RYHU�WKH�

ODVW����\HDUV��0RUHRYHU�� WKLV� UHJLRQ� LV�FRQVLGHUHG�D�KRWVSRW�RI�FOLPDWH�FKDQJH� LQ�

6RXWK� $PHULFD� �7255(6�� 0$5(1*2�� ������� ZKLFK� LV� H[SHFWHG� WR� H[SHULHQFH�

VHYHUH�LQFUHDVHV�LQ�WHPSHUDWXUH��DERYH���&��DQG�GURXJKW HYHQWV�LQ�WKH�XSFRPLQJ�

GHFDGHV� �672&.(5� HW� DO��� ������ 9$1� 2/'(1%25*+� HW� DO��� ������ 7255(6��

0$5(1*2�� ������0$5(1*2� HW� DO��� ������� 6XFK� REVHUYHG� GLUHFWLRQDO� VKLIWV� LQ�

FOLPDWH�DVVRFLDWHG�ZLWK�ZDWHU�VXSSO\�ZRXOG�LPSO\�WKDW�WKHVH�UHVWLQJD IRUHVWV�PD\�EH�

FXUUHQWO\�UHVSRQGLQJ�

6HYHUDO�WUDLWV�GR�LQGHHG�H[KLELW�SDWWHUQV�RI�UHODWLYH�PHDQ�DQG�VNHZQHVV�WKDW�

DUH�FRQVLVWHQW�ZLWK�WUDLW�GLVWULEXWLRQV�WUDFNLQJ�UHFHQW�FOLPDWH�ZDUPLQJ��)LJ������7KLV�

VWULNLQJ� UHVXOW� LV� FRQVLVWHQW� ZLWK� WKH� K\SRWKHVLV� WKDW� UHFHQW� FOLPDWH� FKDQJH� LV�

FXUUHQWO\� FDXVLQJ� IRUHVWV� WR� VKLIW� WKHLU� HQWLUH WUDLW� GLVWULEXWLRQV� LQ� WKH� GLUHFWLRQ� RI�

VKLIWLQJ�FOLPDWHV��)RU�H[DPSOH�� WKH�REVHUYHG�VNHZHG�GLVWULEXWLRQV� IRU�6/$�DQG�+�

�WZR�WUDLWV�ZKRVH�PHDQ�FRPPXQLW\�WUDLW�YDOXHV�DUH�QHJDWLYHO\�DVVRFLDWHG�ZLWK�GHSWK�

WR�WKH�ZDWHU�WDEOH��H[KLELWV�SRVLWLYH�VNHZQHVV��,Q�FRQWUDVW��/'0&�DQG�:'��WZR�WUDLWV�

WKDW� DUH� SRVLWLYHO\� DVVRFLDWHG� ZLWK� GHSWK� WR� WKH� ZDWHU� WDEOH�� H[KLELW� QHJDWLYH�

VNHZQHVV�YDOXHV���6XFK�VLJQDWXUHV� LQ�WKH�KLJKHU�PRPHQWV�RI� WKH�WUDLW�GLVWULEXWLRQ�

DUH�FRQVLVWHQW�ZLWK�WKH�H[SHFWDWLRQ�WKDW�IRUHVWV�DUH�FXUUHQWO\�GLUHFWLRQDOO\�VKLIWLQJ�LQ�
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WKHLU�WUDLW�FRPSRVLWLRQ LQ�UHVSRQVH�WR�WKH�GHFUHDVLQJ�RI�UDLQIDOO�DQG�WKH�LQFUHDVLQJ�RI�

WKH� WHPSHUDWXUH�� SRVVLEO\� GULYHQ� E\� WKH� FOLPDWH� FKDQJH� 1RWZLWKVWDQGLQJ� WKDW�� D�

ORQJ�WHUP�VWXG\�ZLWK�SHULRGLF�WD[RQRPLF�FHQVXV�DQG�WUDLW�FROOHFWLRQ�LV�QHHGHG�WR�WHVW�

LI� VXFK� VNHZHG�SDWWHUQV� DUH� FRQVLVWHQW�ZLWK� WKH� VKLIWLQJ� RI� WKH� FRPPXQLWLHV¶� WUDLW�

FRPSRVLWLRQ� WRZDUG� GULHU� DQG� ZDUPHU� HQYLURQPHQWDO� FRQGLWLRQV�� 7KXV�� DOO� SODQWV�

LQFOXGHG�LQ�WKLV�VWXG\�ZHUH�WDJJHG��ZLWK�WKH�LQWHQWLRQ�RI�SHUIRUP�D�ORQJ�WHUP�VWXG\�

WR�WUDFN�WKH�SRVVLEOH�HIIHFW�RI�FOLPDWH�FKDQJLQJ LQ�WUDLW�FRPPXQLW\�FRPSRVLWLRQ�DORQJ�

WKH�WLPH�

/RFDO�VFDOH VWXGLHV� LQ�KLJKO\�GLYHUVH�HQYLURQPHQWV� OLNH� UHVWLQJD KDELWDW�DUH�

WLPHO\� WR� DFFXUDWHO\� DVVHVV� WKH� PLFURFOLPDWH� GULYHUV� RI� WUDLW� GLYHUVLW\�� ZKRVH�

XQGHUVWDQGLQJ� VWLOO� UHPDLQV� VXSHUILFLDO� LQ� (FRORJ\� �67$5.� HW� DO��� �������

,PSOHPHQWLQJ�PLFURVFDOH�VWXGLHV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�HQYLURQPHQWDO�JUDGLHQWV�

DQG�FOLPDWH�FKDQJLQJ�RYHU�GLYHUVLW\�PD\�SURYLGH�D�PRUH�IHDVLEOH�ZD\�WR�WUDFN�FOLPDWH�

FKDQJLQJ�DQG�DQVZHU�WLPHO\�HFRORJLFDO�TXHVWLRQV�UHJDUGLQJ�WR�GLYHUVLW\��EHVLGHV�RI�

SURYLGH� DQ� DFFXUDWH� YLHZ� RI� HFRORJLFDO� SURFHVVHV� DQG� QLFKH�EDVHG� IRUFHV�

VWUXFWXULQJ�HFRORJLFDO�FRPPXQLWLHV�

,Q� WKLV� VWXG\��ZH� XVHG� D� VWURQJ� ORFDO� JUDGLHQW� DV� HYLGHQFH� WKDW� ILQH�VFDOH

SURFHVVHV� FDQ� GULYH� WUHH� FRPPXQLW\� IXQFWLRQDO� FRPSRVLWLRQ� DQG� GLYHUVLW\�� 2XU�

UHVXOWV�SURYLGH�HYLGHQFH� IRU�D�VWURQJ� UROH�RI� �L��SKHQRW\SH�HQYLURQPHQW�PDWFKLQJ�

DQG��LL�� IXQFWLRQDO�FRQYHUJHQFH�LQ�VKDSLQJ�WKH�FRPSRVLWLRQ�RI� WURSLFDO� IRUHVWV�DQG�

LQIOXHQFLQJ� WKHLU� VSHFLHV�GLVWULEXWLRQ�DQG� WUDLW� FRPSRVLWLRQ��2XU� UHVXOWV�DOVR�VKRZ�

WKDW� WKH� GLUHFWLRQDO� VKLIW� LQ� VSHFLHV� FRPSRVLWLRQ� LV� PLUURUHG� E\� D� VWURQJ� VKLIW� LQ�

HFRORJLFDO�VWUDWHJLHV�UHIOHFWHG�E\�NH\�WUDLWV�DVVRFLDWHG�ZLWK�FDUERQ�DQG�ZDWHU�XVH�

VWUDWHJLHV� �DV� DOVR� VLPLODUO\� REVHUYHG� E\� &RUQZHOO� DQG� $FNHUO\� ������� DORQJ� D�

WRSRJUDSKLF�JUDGLHQW�RI�ZDWHU�DYDLODELOLW\���

7KH�PRPHQWV�DQDO\VLV�UHYHDOHG�WKH�SRVVLEOH�HFRORJLFDO�SURFHVVHV�RFFXUULQJ�

DFURVV� WKH� :7� JUDGLHQW�� ZKLFK� SURPRWHG� WKH� VKLIWLQJ� DQG� ILOWHULQJ� RI� WKH� SODQW�

FRPPXQLWLHV¶�WUDLW�FRPSRVLWLRQ��UDQJLQJ�IURP�DFTXLVLWLYH��IORRGDEOH��WR�FRQVHUYDWLYH�

�GU\�� VHWXS� RI� WUDLWV�� ,Q� DGGLWLRQ�� WKH� VNHZQHVV� RXWFRPH� VXJJHVWV� WKH� REVHUYHG�

LQFUHDVH� LQ� WHPSHUDWXUH� DQG� RFFXUUHQFH� RI� GURXJKW� LV� OLNHO\� DOUHDG\� LQIOXHQFLQJ�

UHVWLQJD SODQW�FRPPXQLWLHV�DV�UHIOHFWHG�LQ�REVHUYHG�VKLIW� LQ�WUDLW�GLVWULEXWLRQV��2XU�

UHVXOWV� DUH� FRQVLVWHQW� ZLWK� WKH� 7'7� K\SRWKHVLV� RI� DQ� RQJRLQJ� LQFUHDVH LQ�

WHPSHUDWXUH�DQG�WKH�GURXJKW��PDWFKLQJ�WKH�FOLPDWH�SDWWHUQV�REVHUYHG�DORQJ�WKH�ODVW�

GHFDGHV�LQ�WKH�6RXWKHDVW�UHJLRQ�RI�%UD]LO�
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$87+25¶6�&2175,%87,216

-/-�DQG�&5'�GHVLJQHG�WKH�SURMHFW��/'7�JDYH�VXSSRUW�WR�WKH�WD[RQRP\�VXUYH\�

DQG�SODQW�VSHFLHV�LGHQWLILFDWLRQ��-/-�DQDO\]HG�WKH�GDWD��-/-�DQG�%-(�OHG�WKH�ZULWLQJ�

RI� WKH� PDQXVFULSW�� $OO� DXWKRUV� FRQWULEXWHG� FULWLFDOO\� WR� WKH� GUDIWV� DQG� JDYH� ILQDO�

DSSURYDO�IRU�SXEOLFDWLRQ�

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

7KLV�ZRUN�ZDV� FRQGXFWHG� GXULQJ� D� YLVLWLQJ� VFKRODU� SHULRG� DW� 8QLYHUVLW\� RI�

$UL]RQD��VSRQVRUHG�E\�WKH�%UD]LOLDQ�)HGHUDO�$JHQF\�IRU�6XSSRUW�DQG�(YDOXDWLRQ�RI�

*UDGXDWH�(GXFDWLRQ��&$3(6�� 3'6(�SURJUDP�JUDQW�Q������������������������:H�

DUH�JUDWHIXO�IRU�WKH�ILHOG�ZRUN�VXSSRUW�RI�2EHUGDQ�3HUHLUD��DQG�WKH�SUHFLRXV�DGYLFHV�

RI�(GXDUGR�$��0DWWRV�DQG�0D\DUD�$VVLV�LQ�WKH�LQLWLDOV�VWHSV�RI�WKLV�VWXG\��:H�DUH�

DOVR� JUDWHIXO� IRU� WKH� ILHOG� ZRUN� DVVLVWDQFH� RI� 'RXJODV� 7�� :DQGHNRNHQ�� )HOLSH�

%DUUHWR��)DELDQR�9ROSRQL��-RFLPDUD�6��3��/RXUHQoR��1LOWRQ�(��2OLYHLUD )LOKR��5RGULJR�

7KHyILOR�� -RVp� 0�� /�� *RPHV�� DQG� 'DQLHOO\� KLUDWD�� :H� WKDQN� (ULFD� 1HZPDQ� IRU�

FRPPHQWV�RQ�WKLV�PDQXVFULSW��7KH�DXWKRUV�GHFODUH�QR�FRQIOLFWV�RI�LQWHUHVW�

6XSSOHPHQWDU\�0DWHULDO

$GGLWLRQDO�6XSSRUWLQJ�,QIRUPDWLRQ�PD\�EH�IRXQG�LQ�WKH�RQOLQH�YHUVLRQ�RI�WKLV�

DUWLFOH�

$SSHQGL[�6���7UDLW�SUHGLFWLRQ

$SSHQGL[�6�� 3&$ ORDGLQJV�DQG�VSHFLHV�VKLIWLQJ�LQ�WZR�GLPHQVLRQDO�FHQWURLG�VSDFH

$SSHQGL[�6�� 6KDSHV�RI�WKH�WUDLWV�GLVWULEXWLRQ

&RGLQJ� 3UHGBWUDLW�5�IXQFWLRQ�DQG�WH[W�ILOH�VFULSW�IRU�WKH�WUDLW�SUHGLFWLRQV
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5()(5(1&(6

$'/(5��3��%��� )$-$5'2��$���./(,1+(66(/,1.��$��5���.5$)7��1�� -��%�� 7UDLW�

%DVHG�7HVWV�RI�&RH[LVWHQFH�0HFKDQLVPV��(FRORJ\�/HWWHUV��Y������Q������S������±

������������

$'/(5�� 3�� %��� +,//(5,6/$0%(56�� -��� /(9,1(�� -�� 0�� $� 1LFKH� IRU� 1HXWUDOLW\��

(FRORJ\�/HWWHUV��Y������Q�����S����±�����������

$61(5��*��3���0$57,1��5��(���$1'(5621��&��%���.5<6721��.���9$8*+1��1���

.1$33�� '�� (��� %(17/(<�� /�� 3��� 6+(1.,1�� $��� 6$/,1$6�� 1��� 6,1&$�� )���

783$<$&+,�� 5��� 48,63(� +8$<3$5�� .��� 02172<$� 3,//&2�� 0��� &&25,�

È/9$5(=�� )�� '��� 'Ë$=�� 6��� (148,67�� %�� -��� 0$/+,�� <�� 6FDOH� 'HSHQGHQFH� RI�

&DQRS\� 7UDLW� 'LVWULEXWLRQV� DORQJ� D� 7URSLFDO� )RUHVW� (OHYDWLRQ� *UDGLHQW�� 1HZ�

3K\WRORJLVW��Y�������Q�����S�����±�����������

%,9$1'��5���/(:,1�.2+��1��PDSWRROV��7RROV�IRU�5HDGLQJ�DQG�+DQGOLQJ�6SDWLDO�

2EMHFWV��������� 'LVSRQtYHO�HP���KWWSV���FUDQ�U�SURMHFW�RUJ�SDFNDJH PDSWRROV!�

%/21'(5��%���/$0$11$��&���9,2//(��&���(148,67��%�� -��7KH�1�'LPHQVLRQDO�

+\SHUYROXPH��*OREDO�(FRORJ\�DQG�%LRJHRJUDSK\��Y������Q�����S�����±�����������

%2/1,&.��'��,���$0$5$6(.$5(��3���$5$Ò-2��0��6���%h5*(5��5���/(9,1(��-��

0���129$.��0���58'2/)��9��+��:���6&+5(,%(5��6��-���85%$1��0��&���9$66(85��

'��$��:K\�,QWUDVSHFLILF�7UDLW�9DULDWLRQ�0DWWHUV� LQ�&RPPXQLW\�(FRORJ\��7UHQGV�LQ�

(FRORJ\�DQG�(YROXWLRQ��Y������Q�����S�����±�����������

&+$9(�� -�� 0HDVXULQJ� :RRG� 'HQVLW\� IRU� 7URSLFDO� )RUHVW� 7UHHV�� S�� �±��� ������

'LVSRQtYHO�HP���KWWS���FKDYH�XSV�WOVH�IU�FKDYH�ZRRG�GHQVLW\�SURWRFRO�SGI!�

&+$9(��-���&220(6��'���-$16(1��6���/(:,6��6��/���6:(1621��1��*���=$11(��

$��(��7RZDUGV�D�:RUOGZLGH�:RRG�(FRQRPLFV�6SHFWUXP��(FRORJ\�/HWWHUV��Y������Q��

���S�����±�����������

&/(0(176�� )�� (��� +$1621�� +�� &��� :($9(5�� -�� (�� 3ODQW� FRPSHWLWLRQ�� DQ�

DQDO\VLV� RI� FRPPXQLW\� IXQFWLRQV�� &DUQHJLH� LQVWLWXWLRQ� RI� :DVKLQJWRQ��

3XEOLFDWLRQQR�� ����>:DVKLQJWRQ@&DUQHJLH� LQVWLWXWLRQ� RI� :DVKLQJWRQ�� � ������ �

'LVSRQtYHO�HP���ILOH���FDWDORJ�KDWKLWUXVW�RUJ�5HFRUG����������!�

&251:(//��:��.���$&.(5/<��'��'��&RPPXQLW\�$VVHPEO\�DQG�6KLIWV�LQ�3ODQW�7UDLW�

'LVWULEXWLRQV�DFURVV�DQ�(QYLURQPHQWDO�*UDGLHQW� LQ�&RDVWDO�&DOLIRUQLD��(FRORJLFDO�

0RQRJUDSKV��Y������Q�����S�����±�����������

&251:(//��:��.���6&+:,/.��'��:���$&.(5/<��'��'��$�7UDLW�%DVHG�7HVW� IRU�
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+DELWDW�)LOWHULQJ��&RQYH[�+XOO�9ROXPH��6RXUFH��(FRORJ\�(FRORJ\��Y����� Q�������S��

����±������������'LVSRQtYHO�HP���KWWS���ZZZ�MVWRU�RUJ�VWDEOH���������!�

'$332572��/���5$0$==277,��0���)$7725,1,��6���9,/$��5���7$/$9(5$��*���+�/��

'(11,6��5��5HFOXVWHU��2UGLQDWLRQ�PHWKRGV�IRU�WKH�DQDO\VLV�RI�EHWD�GLYHUVLW\�

LQGLFHV��������� 'LVSRQtYHO�HP���KWWSV���FUDQ�U�SURMHFW�RUJ�SDFNDJH UHFOXVWHU!�
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3���*g7=(1%(5*(5��/���+5È=6.é��=���-$1(ý(.��â���./,0(â29È��-���/(3â��-���

â(%(/Ë.29È��/���9/$6$7È��7���'(�%(//2��)��(IIHFWV�RI�/RQJ� DQG�6KRUW�7HUP�

0DQDJHPHQW�RQ� WKH�)XQFWLRQDO�6WUXFWXUH�RI�0HDGRZV� WKURXJK�6SHFLHV�7XUQRYHU�

DQG�,QWUDVSHFLILF�7UDLW�9DULDELOLW\��2HFRORJLD��Y�������Q�����S�����±���� ������

:(,+(5��(���.(''<��3��$��$VVHPEO\�5XOHV��1XOO�0RGHOV�� DQG�7UDLW�'LVSHUVLRQ��

1HZ�4XHVWLRQV�IURP�2OG�3DWWHUQV��2LNRV��Y������Q�����S�������������'LVSRQtYHO�HP��

�KWWS���ZZZ�MVWRU�RUJ�VWDEOH��������"RULJLQ FURVVUHI!�

:(672%<��0��$�/HDI�+HLJKW�6HHG��/+6��3ODQW�(FRORJ\�6WUDWHJ\�6FKHPH��3ODQW�

DQG�6RLO��Y�������Q�����S�����±�����������

:(672%<��0���:5,*+7��,��-��/DQG�3ODQW�(FRORJ\�RQ�WKH�%DVLV�RI�)XQFWLRQDO�7UDLWV��

7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��Y������Q�����S�����±�����������

:,/621��&��/���386(<��3��/���2772��%��(��3ODQW�(SLGHUPDO�6HFWLRQV�DQG ,PSULQWV�

8VLQJ�&\DQRDFU\ODWH�$GKHVLYHV��&DQDGLDQ�-RXUQDO�RI�3ODQW�6FLHQFH�� Y�� ���� Q��

-XO\��S�����±�����������

:5,*+7�� ,�� -���5(,&+��3��%���:(672%<��0��6WUDWHJ\�6KLIWV� LQ�/HDI�3K\VLRORJ\��

6WUXFWXUH�DQG�1XWULHQW�&RQWHQW�EHWZHHQ�6SHFLHV�RI�+LJK�DQG�/RZ�5DLQIDOO��DQG�+LJK�

DQG�/RZ�1XWULHQW�+DELWDWV��)XQFWLRQDO�(FRORJ\��Y������S�����±�����������

:5,*+7�� ,�� -��� 5(,&+�� 3� %���:(672%<�� 0��� $&.(5/<�� '�� '��� %$58&+�� =���

%21*(56�� )���&$9(1'(5�%$5(6�� -���&+$3,1��7��� &251(/,66(1�� -��+��&���

',(0(5��0���)/(;$6��-���*$51,(5��(���*5220��3��.���*8/,$6��-���+,.26$.$��

.���/$0217��%��%���/((��7���/((��:���/86.��&���0,'*/(<��-��-���1$9$6� 0��/���

1,,1(0(76��h���2/(.6<1��-���26$'$��+���32257(5��+���322/��3���35,25��/���

3<$1.29��9��,���5280(7��&���7+20$6��6��&���7-2(/.(5��0��*���9(1(./$$6��

(�� -��� 9,//$5��5��7KH�:RUOGZLGH� /HDI� (FRQRPLFV�6SHFWUXP��1DWXUH�� Y�� ����� Q��

������S�����±�����������
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6833/(0(17$5< 0$7(5,$/

6KDSLQJ� WKH� WUDLW� GLVWULEXWLRQ� RI� DOSKD� DQG� EHWD� FRPSRQHQWV� RI�
HQYLURQPHQWDOO\�GLYHUVH�WURSLFDO�SODQW�FRPPXQLWLHV

-HKRYi�/RXUHQoR�-XQLRU��%ULDQ�-��(QTXLVW� &DPLOOD�5R]LQGR�'LDV�0LODQH]� /XFLDQD�

'LDV�7KRPD]

&RUUHVSRQGLQJ�DXWKRU��-HKRYi�/RXUHQoR�-XQLRU

�MHKRYDORXUHQFR#HPDLO�DUL]RQD�HGX�

&RQWHQWV

�� )LJXUH� 6��([SODQDWLRQ� RI� WKH� WUDLW� SUHGLFWLRQ� SURFHGXUH� E\� WKH� SUHGBWUDLW�

IXQFWLRQ�DQG�WHVW�RI�WKH�SUHGLFWLRQ�DFFXUDF\�

�� )LJXUH� 6�� 3ULQFLSDO� FRPSRQHQWV� DQDO\VLV� �3&$�� RI� LQGLYLGXDO� WUHHV� WUDLW�

YDOXHV�

�� 7DEOH�6� 3&$�ORDGLQJV�

�� )LJXUH�6� 6SHFLHV�VKLIWLQJ�LQ�ELGLPHQVLRQDO�K\SHUYROXPH�VSDFH�

�� )LJXUH�6��6KDSH�RI�WKH�WUDLWV�GLVWULEXWLRQ�DW�VSHFLHV�DQG�FRPPXQLW\�OHYHO�

�� )LJXUH�6��6FKHPH�RI 7'7�SUHGLFWLRQ� � WUDLW�GLVWULEXWLRQ�VKLIWLQJ�E\�FOLPDWH�

FKDQJH�

�� 7DEOH�6��6SHFLHV�OLVW�E\�VLWH�RI�RFFXUUHQFH�



ϱϮ

$SSHQGL[�6��± 7UDLWV�SUHGLFWLRQ�SURFHGXUH

:H� WHVWHG� WKH� IXQFWLRQ� ZH� PDGH� IRU� WKH� WUDLW� SUHGLFWLRQ� E\� SURYLGLQJ� VL[�

GLIIHUHQW�VLPXODWHG�GDWDVHWV�FRQWDLQLQJ�ILYH�YDOXHV�RI�KHLJKW�DQG�VSHFLILF�OHDI�DUHD�

�6/$���VLPXODWLQJ�ILYH�LQGLYLGXDO�WUHHV��(DFK�GDWDVHW�YDULDWH�LQ�FRUUHODWLRQ�VWUHQJWK�

�IURP�����WR������E\�NHHSLQJ�WKH�KHLJKW�FRQVWDQW�DQG�FKDQJLQJ�WKH�6/$�YDOXHV��

:H�LWHUDWH�WKH�SUHGLFWLRQ������WLPHV�XVLQJ�WKH�VDPH�KHLJKW�YDOXHV�WR�VHH�ZKDW�6/$�

YDOXHV�FRXOG�EH�IRXQG�E\�WKH�SUHGLFWLRQ�

7KH� UHVXOWV� RI� ����� SUHGLFWLRQV� �ILJ�� ��� VKRZV� WKDW� WKH� XQFHUWDLQW\� RI� WKH�

SUHGLFWHG�YDOXHV�LQFUHDVHV�DV�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�EDVHG��KHLJKW��DQG�WKH�

SUHGLFWHG�WUDLW��H�J��6/$��GHFUHDVHV��,Q�KLJKHU�FRUUHODWLRQ��WKH�SUHGLFWHG�WUDLW�YDOXHV�

PDWFK�FORVHO\�WKH�H[SHFWHG�6/$�YDOXHV���������������������DQG�����FP��J���,Q�DQ\�

VWUHQJWK�RI�FRUUHODWLRQ�� WKH� WUDLW�SUHGLFWLRQ� LV� OLPLWHG�ZLWKLQ� WKH�FRQILGHQFH� LQWHUYDO�

LQIRUPHG�E\�WKH�OLQHDU�UHJUHVVLRQ�RI�WKH�SUHGLFWLRQ�PRGHO��ILJ������DYRLGLQJ�WUDLW�YDOXHV�

YDULDWH� LQGHILQLWHO\�� 7KH� VFKHPH� LQ� WKH� ILJXUH� �� �$� DQG�%�� GHSLFWV� WKH� SUHGLFWLRQ�

PRGHO�� VKRZLQJ� KRZ� LW� FRQVWUDLQWV� WKH� WUDLW� SUHGLFWLRQ� ZLWKLQ� D� NQRZQ� UDQJH� RI�

YDULDWLRQ�

$SSHQGL[�6��± 3&$�ORDGLQJV�DQG�VSHFLHV�VKLIWLQJ�LQ�WZR�GLPHQVLRQDO�FHQWURLG�

VSDFH

:H�LQFOXGHG�WKH�6/$��/'0&��6'��+�DQG�:'�YDOXHV�RI�DOO�LQGLYLGXDOV�LQWR�WKH�

SULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$���7KH�UHVXOWV��ILJ����DQG�7DEOH����VKRZ�WKH�ILUVW�

3&$�D[LV�LV�PDLQO\�UHODWHG�WR�OHDI�GU\�PDWWHU�FRQWHQW��/'0&���ZRRG�GHQVLW\��:'���

DQG�VSHFLILF�OHDI�DUHD��6/$���ZKHUHDV�WKH�VHFRQG�3&$�D[LV�LV�UHODWHG�WR�WKH�YDULDWLRQ�

LQ� KHLJKW� �+�� DQG� VWRPDWDO� GHQVLW\� �6'��� 7KH� ILUVW� DQG� VHFRQG�3&$�FRPSRQHQWV�

VXPPHG�XS�DQ�DFFXPXODWLYH�SURSRUWLRQ�RI��������7KXV��ZH�FROODSVHG�WKH�ILYH�WUDLWV�

LQIRUPDWLRQ�LQWR�WKH�WZR�3&$�D[LV��IROORZLQJ�WKH�VFRUH�H[WUDFWLRQ��ZKLFK�ZHUH�XVHG�

WR� PDNH� WKH� K\SHUYROXPH� DQDO\VLV� �%/21'(5� HW� DO��� ������� 7KLV� SURFHGXUH� LV�

VXJJHVWHG�WR�PXOWLGLPHQVLRQDO�GDWDVHW WR�DYRLG�LVVXHV�UHODWHG�WR�WKH�ORZ�QXPEHU�RI�

REVHUYDWLRQV SHU� VSHFLHV�� DQG� WR� RSWLPL]H� WKH� WLPH� VSHQW� LQWR� WKH� K\SHUYROXPH�

FDOFXODWLRQV��DV�ZHOO��:H�PDGH�WKH�K\SHUYROXPH�DQDO\VLV�IRU�HDFK�HFRW\SH��WKDW�LV��

IRU� HDFK� VSHFLHV� LQ� D� JLYHQ� VLWH� �IORRGDEOH�� LQWHUPHGLDWH�� DQG�GU\��� DQG� WKHQ�ZH�



ϱϯ

H[WUDFWHG� WKH�K\SHUYROXPH�FHQWURLG�� WR� ILQG� WKH�VSHFLHV�FHQWURLG�SRVLWLRQ� LQWR� WKH�

K\SHUYROXPH�VSDFH�

:LGH�VSUHDG�VSHFLHV�VKLIWHG�GHHSO\� LQ�QLFKH�VSDFH� �ILJ������H[KLELWLQJ�KLJK�

SODVWLFLW\�� ,W� LV� LQWHUHVWLQJ� QRWLFH� WKDW� WKH� VSHFLHV� DGMXVW� GLIIHUHQWO\� WR� ILW� WKH�

HQYLURQPHQWDO�FRQGLWLRQV��7RZDUG�WKH�GU\�HQG�RI�WKH�JUDGLHQW��7DSLULUD�JXLDQHQVLV

VKLIWV� DORQJ� WKH� VHFRQG� FHQWURLG� D[LV�� GHFUHDVLQJ� WKH� ERG\� VL]H� DQG� LQFUHDVLQJ�

VWRPDWDO�GHQVLW\��3VHXGRERPED[�JUDQGLIORUXP�� LQ�WXUQ��VKLIW�GHHSO\�DORQJ�WKH�ILUVW�

FHQWURLG�D[LV�� LQFUHDVLQJ� WKH�ZRRG�GHQVLW\�DQG�/'0&�� ,W� LV� LQWHUHVWLQJ�QRWLFH� WKDW�

0LFURSKROLV� YHQXORVD KDV� DQ� LPSRUWDQW� UHGXFWLRQ� LQ� QXPEHU� RI� LQGLYLGXDOV� LQ� WKH�

WUDQVLWLRQ�IURP�LQWHUPHGLDWH�WR�GU\�VLWH��VXJJHVWLQJ�WKDW�WKLV�VSHFLHV�KDV�D�HFRORJLFDO�

SUHIHUHQFH�LQWHUPHGLDU\�WR�ZHW�DQG�GU\�HQYLURQPHQWDO�FRQGLWLRQ��VXFK�DV�*XDSLUD�

RSSRVLWD�� DQG� 5XGJHD� UHWLFXODWD�� ZKLOH� (PPRWXP� QLWHQV VHHPV� WR� KDYH� D�

SUHIHUHQFH�IRU�GULHU�DQG�ZHOO�GUDLQHG HQYLURQPHQWV�

$SSHQGL[�6��� 6KDSHV RI�WKH�WUDLWV�GLVWULEXWLRQ

,Q� JHQHUDO�� WKH� DQDO\VLV� RI� WKH� VKDSH� RI� WKH� WUDLWV� GLVWULEXWLRQ� UHYHDOV� D�

GLUHFWLRQDO� VKLIWLQJ� DORQJ� WKH� JUDGLHQW�� ERWK� DW� VSHFLHV� DQG� FRPPXQLW\� OHYHO�� )RU�

LQVWDQFH�� WRZDUG� WKH� GULHU� HQYLURQPHQW�� WKHUH� LV� D� WUHQG�RI� LQFUHDVLQJ� WKH�/'0&�

YDOXHV��WKXV��DV�WKH�FRPPXQLW\�OHYHO�VKDSH�RI�/'0&�YDOXHV�GLVWULEXWLRQV�VKLIW�WR�WKH�

ULJKW�VLGH�DORQJ�WKH�ZDWHU�WDEOH�JUDGLHQW��ZLGH�VSUHDG�VSHFLHV��DV�3URWLXP�LFLFDULED��

IROORZ� WKH� VDPH� WUHQG�� VKLIWLQJ� WKH� /'&0� YDOXHV� GLVWULEXWLRQ� WR� DGMXVW� WR� WKH�

HQYLURQPHQWDO�FRQGLWLRQV��ILJ���$��

7KH�FXUYHV�RI�WUDLWV�GLVWULEXWLRQ��ILJ�����GHSLFW�WKH�DV\PPHWU\�GLVFXVVHG�LQ�WKH�

PDLQ�WH[W�RI�WKH�DUWLFOH��6/$��6'�DQG +�DUH�SRVLWLYHO\�VNHZHG��ULJKW�WDLO���ZKLOH�:'�

DQG�/'0&�DUH�QHJDWLYHO\�VNHZHG��OHIW�WDLO���:H�REVHUYH�WKH�ELPRGDO�VKDSH�RI�PDQ\�

WUDLWV� GLVWULEXWLRQ�� 7KH� ELPRGDOLW\� PD\� UHIOHFW� WKH� FRH[LVWHQFH� RI� FRQWUDVWLQJ�

VWUDWHJLHV� ZLWKLQ� WKH� SODQW� FRPPXQLWLHV�� E\�PXOWLSOH� RSWLPDO� WUDLW� YDOXHV�� RU�PD\�

UHIOHFW�WKH�FRPPXQLW\�UHVSRQVH�WR�UHFHQW�HQYLURQPHQWDO�FKDQJH��ZKLFK�PD\�UHVXOW�

LQ� WKH� FRQWLQXHG� SUHVHQFH� RI� LQGLYLGXDOV�ZLWK� RSWLPDO� WUDLW� YDOXHV� IRU� WKH� KLVWRULF�

HQYLURQPHQW��(148,67�HW�DO���������



ϱϰ

7KH�ELPRGDO�FXUYHV�RI�/'0&�DQG�KHLJKW�LQ�IORRGDEOH�FRPPXQLWLHV�VHHPV�WR�

GHSLFW�WKH�7'7�K\SRWKHVLV�DERXW�WKH�FRH[LVWHQFH�RI FRQWUDVWLQJ�VWUDWHJLHV��7KH�OLJKW�

JUDGLHQW�SURGXFHG�E\�WKH�ZLGHU�YDULDWLRQ� LQ�SODQW�KHLJKW� LQ� IORRGDEOH�FRPPXQLWLHV�

�ILJ�����PDLQ�WH[W�RI� WKH�DUWLFOH��VHHPV�WR�FRQWULEXWH�WR�WKH�FRH[LVWHQFH�RI�VSHFLHV�

ZLWK� FRQWUDVWLQJ� VWUDWHJLHV� WR� OLJKW� UHTXLUHPHQWV�� UHVXOWLQJ� LQ� WKH� RFFXUUHQFH� RI�

DEXQGDQW�SODQW� VSHFLHV� LQ� WKH�XQGHUVWRU\� �&\DWKHD�SKDOHUDWD�� DQG�FDQRS\�VWUDWD�

�&DORSK\OOXP�EUDVLOLHQVH���ZKLFK�H[HUWV�D�VWURQJ�FRQWULEXWLRQ�IRU�FRQWUDVWLQJ�/'0&�

DQG�KHLJKW�YDOXHV�ZLWKLQ�WKH IORRGDEOH SODQW�FRPPXQLWLHV�

5()(5(1&(6

%/21'(5��%���/$0$11$��&���9,2//(��&���(148,67��%��-��7KH�1�'LPHQVLRQDO�

+\SHUYROXPH��*OREDO�(FRORJ\�DQG�%LRJHRJUDSK\��Y������Q�����S�����±�����������

(148,67��%��-���125%(5*��-���%216(5��6��3���9,2//(��&���:(%%��&��7���

+(1'(5621��$���6/2$7��/��/���6$9$*(��9��0��6FDOLQJ�IURP�7UDLWV�WR�

(FRV\VWHPV��'HYHORSLQJ�D�*HQHUDO�7UDLW�'ULYHU�7KHRU\�YLD�,QWHJUDWLQJ�7UDLW�

%DVHG�DQG�0HWDEROLF�6FDOLQJ�7KHRULHV�����HG��>V�O�@�(OVHYLHU�/WG���������Y����



ϱϱ

)LJXUH�6���3UHGBWUDLW IXQFWLRQ�VHWV�WKH�XSSHU�DQG�ORZHU�ERXQGDULHV�RI�WKH�WUDLW�UDQJH�

WR�EH�SUHGLFWHG��D��DQG�WKH�SUHGLFWLRQ��E��LV�PDGH�ZLWKLQ�WKH������FRQILGHQFH�LQWHUYDO�

SURYLGHG�E\�WKH�OLQHDU�UHJUHVVLRQ��JUHHQ�OLQH���IRU�HYHU\�VLQJOH�YDOXH��,Q�WKLV�H[DPSOH��

6/$�ZDV�SUHGLFWHG�E\�WKH�YDOXHV�RI�KHLJKW��:H�LWHUDWHG������WUDLW�SUHGLFWLRQV��F��E\�

WKH� SUHGBWUDLW� IXQFWLRQ� XVLQJ� GDWDVHWV� ZLWK� GLIIHUHQW� FRUUHODWLRQ� ����� WR� �����

EHWZHHQ�WKH�SUHGLFWHG�WUDLW��H�J��KHLJKW��DQG�WKH�WUDLW�XVHG�IRU�WKH�SUHGLFWLRQV��H�J��

6/$���7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�UHDO�YDOXHV��ZKLFK�VKRXOG�EH�PDWFKHG�LQ�DQ�

DFFXUDWH�SUHGLFWLRQ�



ϱϲ

)LJXUH�6�� 3ULQFLSDO�FRPSRQHQWV�DQDO\VLV��3&$��RI�VSHFLILF�OHDI�DUHD��6/$���KHLJKW�

�+���ZRRG�GHQVLW\��:'���OHDI�GU\�PDWWHU�FRQWHQW��/'0&���DQG�VWRPDWDO�GHQVLW\��6'��

IURP�����LQGLYLGXDO�WUHHV�ZLWKLQ����VSHFLHV��7KH�ILUVW�3&$�FRPSRQHQW�LV�UHODWHG�WR�

/'0&��:'�DQG 6/$��ZKHUHDV�WKH�VHFRQG�FRPSRQHQW�LV�UHODWHG�WR�+�DQG�6'��VHH�

WDEOH����



ϱϳ

7DEOH�6���/RDGLQJV�RI�KHLJKW��+���VSHFLILF�OHDI�DUHD��6/$���OHDI�GU\�PDWWHU�FRQWHQW�

�/'0&���VWRPDWDO�GHQVLW\��6'��DQG�ZRRG�GHQVLW\��:'��IURP�����LQGLYLGXDOV�DFURVV�

WKH�JUDGLHQW�RI�ZDWHU WDEOH�GHSWK�DQG�WKH�LPSRUWDQFH�RI�HDFK�SULQFLSDO�FRPSRQHQW��

VKRZLQJ� VWDQGDUG� GHYLDWLRQ� �6W'HY��� 3URSRUWLRQ� RI� YDULDQFH� DQG� FXPXODWLYH�

SURSRUWLRQ�

/RDGLQJV

7UDLWV &RPS�� &RPS�� &RPS�� &RPS�� &RPS��

+�P� ± ����� ������ ������ ±

6/$ ���� ������ ������ ����� �����

/'0& ������ ± ± ���� ������

6' ������ ������ ������ ������ �����

:' ������ ± ����� ������ ±

,PSRUWDQFH�RI�FRPSRQHQWV

6W'HY ����� ����� ����� ����� �����

3URS��RI�9DULDQFH ����� ����� ����� ����� �����

&XP�3URSRUWLRQ ����� ����� ����� ����� �



ϱϴ

)LJXUH� 6�� 6SHFLHV� K\SHUYROXPH� FHQWURLGV� IRU� WKH� VFRUHV� RI� WKH� 3&$� ILUVW� DQG�

VHFRQG�SULQFLSDO�FRPSRQHQWV��$UURZV�LQGLFDWH�VSHFLHV�HFRW\SHV�VKLIWLQJ�DORQJ�WKH�

WZR�GLPHQVLRQV�RI�WKH�K\SHUYROXPH��IROORZLQJ�WKH�VKLIWLQJ�LQ�WKH�VLWH�PHDQ�FHQWURLG�

�VROLG�DQG�GRWWHG�OLQHV� DFURVV�IORRGDEOH��EOXH���LQWHUPHGLDWH��JUHHQ��DQG�GU\��UHG��

VLWHV�� 7KH� ILUVW� 3&$� FRPSRQHQW� LV� UHODWHG� WR� /'0&��:'� DQG 6/$��ZKHUHDV� WKH�

VHFRQG� FRPSRQHQW� LV� UHODWHG� WR� +� DQG� 6'� �VHH� ILJ�� �� DQG� WDEOH� ���� 6SHFLHV�

DEXQGDQFH�LV�UHSUHVHQWHG�E\�WKH�FLUFOH�VL]H�DQG�WKH�VSHFLHV�RFFXUULQJ�LQ�PRUH�WKDQ�

RQH�VLWH�DUH�LGHQWLILHG�E\�QXPEHUV�LQ�EROG�IRQW����� $��IUD[LQLIROLD����� &��EUDVLOLHQVH��

�� � (��QLWHQV���� � (��HGXOLV���� � *��VFKRWLDQD���� � *��RSSRVLWD���� �,�� ODXULQD���� � 3��

KHSWDSK\OOXP����� 3��LFLFDULED������ 3��JUDQGLIORUD������ 6��JODQGXODWXP������ 6��VHOORL��

���� 6��DPDUD������ 6��JOREXOLIHUD������ 7��FDVVLQRLGHV������ 7��JXLDQHQVLV������ &��

DUERUHVFHQV�� ��� � %�� WHWUDSK\OOD�� ��� � &�� JXD]XPLIROLD�� ��� � &�� IOH[XRVD�� ��� � .��

DOERSXQFWDWD�� ��� � (�� EDKLHQVLV�� ��� � (XJHQLD�VS��� ��� � 0�� FHVWULIROLD�� ��� � 0��

YHQXORVD������ 0�EHUJLDQD������ 0��IORULEXQGD������ 2��QRWDWD�����± 2FRWHD�VS������

3��FRHORPDWLFD������ 5��JUDQGLIORUD������ 5��UHWLFXODWD������ 5��FDSL[DEHQVLV������ 6��

V\FRFDSXP������ &��VDOLJQD������ (��SHQWDSK\OOD������ =��JODEUD������ $��WULSOLQHUYLD�



ϱϵ

)LJXUH�6�� 6KDSH�RI�WKH�WUDLWV�GLVWULEXWLRQ�DW�VSHFLHV�DQG�FRPPXQLW\�OHYHO��VKRZLQJ��

D��VSHFLILF�OHDI�DUHD��6/$���DQG�OHDI�GU\�PDWWHU�FRQWHQW��/'0&���E��KHLJKW��+���DQG�

VWRPDWDO�GHQVLW\��6'���F��ZRRG�GHQVLW\��:'���DQG�OHDI�WKLFNQHVV��/7��

�D�
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)LJXUH�6�� �&RQWLQXHG�

�E�



ϲϭ

)LJXUH�6�� �&RQWLQXHG�

�F�



ϲϮ

)LJXUH�6�� 6FKHPH�VKRZLQJ�WKH�VKLIWLQJ�LQ�WUDLW�GLVWULEXWLRQ�GULYHQ�E\�WKH�LQFUHDVLQJ�

RI�WKH�GURXJKW��WHPSHUDWXUH��DQG�WKH�ZDWHU�WDEOH�GLVWDQFH�IURP�WKH�VRLO�VXUIDFH��:7���

7KH�GHHSHQLQJ�RI�WKH�:7�LV�RZQHG�WR�WKH�LQFUHDVLQJ�LQ�WKH�VRLO�VORSH�DQG�LV�SUHGLFWHG�

WR� RFFXU DV� WKH� UHVXOW� RI� WKH� GURXJKW�� DV� ZHOO�� ,Q� WKLV� H[DPSOH�� 7'7� SUHGLFWV� D�

QHJDWLYHO\�VNHZHG�GLVWULEXWLRQ�RI�/'0&�YDOXHV�
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7DEOH�6���6SHFLHV�OLVW�E\�VLWH�RI�RFFXUUHQFH��IORRGDEOH��LQWHUPHGLDWH�DQG�GU\���7KH�

ZDWHU�WDEOH�GHSWK�YDULDWLRQ�LV�VKRZHG�EHORZ�WR�WKH�VLWH�QDPHV��DQG�VSHFLHV�ULFKQHVV�

RI�HDFK�VLWH�DQG�ERWDQ\�IDPLO\�LV�GHVFULEHG�ZLWKLQ�WKH�SDUHQWKHVLV�

7D[RQ
6LWHV

)OR ����
���������P

,QW ����
���������P

'U\ ����
���������P

$QDFDUGLDFHDH����

7DSLULUD�JXLDQHQVLV�$XEO� ; ; ;

$QQRQDFHDH����

$QQRQD�VS� ;

$QQRQD�VS� ;

;\ORSLD�VHULFHD�$�6W��+LO� ;

$SRF\QDFHDH����

$VSLGRVSHUPD SRO\QHXURQ 0�OO�$UJ� ;

$VSLGRVSHUPD S\ULFROOXP�0�OO�$UJ� ; ; ;

5DXYROILD�JUDQGLIORUD�0DUW��H[�$�'&� ; ;

$TXLIROLDFHDH����

,OH[�VS� ; ;

$UDOLDFHDH����

6FKHIIOHUD�VHOORL��0DUFKDO��)URGLQ�	�)LDVFKL ; ;

$UHFDFHDH����

$VWURFDU\XP DFXOHDWLVVLPXP �6FKRWW��%XUUHW ;

(XWHUSH�HGXOLV�0DUW� ; ;

*HRQRPD�VFKRWWLDQD�0DUW� ;

%LJQRQLDFHDH����

-DFDUDQGD�SXEHUXOD�&KDP� ;

7DEHEXLD�FDVVLQRLGHV��/DP���'&� ;

%XUVHUDFHDH����

3URWLXP�KHSWDSK\OOXP��$XEO���0DUFKDQG ; ;

3URWLXP�LFLFDULED��'&���0DUFKDQG ; ; ;

&DFWDFHDH����

%UDVLOLRSXQWLD EUDVLOLHQVLV �:LOOG���$�%HUJHU ;

&DORSK\OODFHDH����

&DORSK\OOXP EUDVLOLHQVH &DPEHVV� ;

.LHOPH\HUD�DOERSXQFWDWD�6DGGL ;

&DSSDUDFHDH����

&\QRSKDOOD�IOH[XRVD��/���-�3UHVO ; ; ;

&HODVWUDFHDH����

0D\WHQXV�FHVWULIROLD�5HLVVHN ;

&KU\VREDODQDFHDH����

&RXHSLD�RYDWLIROLD�%HQWK� ; ;

&OXVLDFHDH����

&OXVLD�VSLULWX�VDQFWHQVLV�*�0DUL]�	�%�:HLQEHUJ ;

*DUFLQLD�EUDVLOLHQVLV�0DUW� ;

6\PSKRQLD�JOREXOLIHUD�/�I� ; ;

&RPEUHWDFHDH����

%XFKHQDYLD WHWUDSK\OOD �$XEO���5�$�+RZDUG ;
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7HUPLQDOLD�FDWDSSD /� ;

&\DWKHDFHDH����

&\DWKHD�SKDOHUDWD 0DUW� ;

(ODHRFDUSDFHDH����

6ORDQHD�JXLDQHQVLV��$XEO���%HQWK� ; ;

(U\WKUR[\ODFHDH����

(U\WKUR[\OXP�VS� ; ;

(XSKRUELDFHDH����

$OFKRUQHD�WULSOLQHUYLD��6SUHQJ���0�OO��$UJ� ;

6DSLXP�JODQGXODWXP �9HOO���3D[ ;

)DEDFHDH����

$QGLUD�IUD[LQLIROLD %HQWK� ; ;

,QJD�FDSLWDWD 'HVY� ;

,QJD�IDJLIROLD:LOOG��H[�%HQWK� ;

,QJD�ODXULQD��6Z���:LOOG� ;

,QJD�VS� ;

/HSWRORELXP�ELMXJXP��6SUHQJ���9RJHO

=ROOHUQLD�JODEUD��6SUHQJ���<DNRYOHY ; ;

/DPLDFHDH����

9LWH[�SRO\JDPD�&KDP� ; ;

/DXUDFHDH ���

&U\SWRFDU\D�VDOLJQD�0H] ; ;

,QGHW ;

2FRWHD�QRWDWD��1HHV�	�0DUW���0H] ; ;
5KRGRVWHPRQRGDSKQH� FDSL[DEHQVLV� -�%�� %DLWHOOR� 	� &RH�
7HL[� ;

/HJXPLQRVDH����

,QGHW ;

0DOSLJKLDFHDH����

%\UVRQLPD EDKLDQD:�5��$QGHUVRQ ;

%\UVRQLPD�VHULFHD�'&� ;

0DOYDFHDH����

(ULRWKHFD�SHQWDSK\OOD��9HOO��	�.�6FKXP���$��5RE\QV ; ; ;

3VHXGRERPED[�JUDQGLIORUXP��&DY���$��5RE\QV ; ; ;

0HODVWRPDWDFHDH����

0LFRQLD�DPRHQD�7ULDQD� ;

0HOLDFHDH����

*XDUHD�PDFURSK\OOD�9DKO ;

0HWWHQLXVDFHDH ���

(PPRWXP�QLWHQV��%HQWK���0LHUV ; ; ;

0RUDFHDH����

)LFXV�VS� ;

)LFXV�VS� ; ;

)LFXV�VS� ; ;

)LFXV�VS�� ;

0\UWDFHDH�����

%OHSKDURFDO\[ VDOLFLIROLXV �.XQWK��2�%HUJ ;

&DPSRPDQHVLD�JXD]XPLIROLD��&DPEHVV���2�%HUJ ;

(XJHQLD�DVWULQJHQV�FI�&DPEHVV� ;
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(XJHQLD�EDKLHQVLV�'&� ; ;

(XJHQLD�SXQLFLIROLD��.XQWK��'&� ;

(XJHQLD�URVWUDWD�2�%HUJ ;

(XJHQLD�VS� ; ;

(XJHQLD�VS� ;

,QGHW ;

0DUOLHUHD�REVFXUD�2�%HUJ ;

0\UFLD�EHUJLDQD�2�%HUJ ;

0\UFLD�QHHVLDQD�'&� ;

0\UFLD�UDFHPRVD��2�%HUJ��.LDHUVN� ; ;

0\UFLDULD�IORULEXQGD��+�:HVW�H[�:LOOG���2�%HUJ ;

1HRPLWUDQWKHV�REWXVD�6REUDO�	�=DPERP ;

3OLQLD�ULYXODULV��&DPEHVV���5RWPDQ ;

1\FWDJLQDFHDH����

*XDSLUD�RSSRVLWD��9HOO���5HLW] ; ;

2ODFDFHDH����

&DWKHGUD�UXEULFDXOLV�0LHUV ;

3HUDFHDH����

3HUD�JODEUDWD��6FKRWW��3RHSS��H[�%DLOO� ; ;

3RO\JRQDFHDH����

&RFFRORED�DUERUHVFHQV��9HOO���5�$�+RZDUG ;

3ULPXODFHDH����

0\UVLQH�VS� ; ;

5XELDFHDH����

$PDLRXD JXLDQHQVLV $XEO� ;

,QGHW ;

3V\FKRWULD�VS� ;

5XGJHD�UHWLFXODWD�%HQWK� ; ;

6LPLUD�VS� ; ;

5XWDFHDH����

5DXLD�QRGRVD��(QJO���.DOOXQNL ; ;

6DOLFDFHDH����

&DVHDULD�VS� ;

6DSLQGDFHDH����

&XSDQLD�HPDUJLQDWD�&DPEHVV� ;

6DSRWDFHDH����

0LFURSKROLV�YHQXORVD��0DUW��	�(LFKOHU��3LHUUH ; ;

3RXWHULD�FRHORPDWLFD�5L]]LQL ; ;

3RXWHULD�FXVSLGDWD��$�'&���%DHKQL ; ;

6LGHUR[\ORQ�REWXVLIROLXP��5RHP��	�6FKXOW���7�'�3HQQ� ;

6LPDURXEDFHDH����

6LPDED�FXQHDWD�$�6W��+LO��	�7XO� ;

6LPDURXED�DPDUD�$XEO� ;
6RODQDFHDH����

6RODQXP�V\FRFDUSXP�0DUW��	�6HQGWQ� ; ;

7KHDFHDH����

/DSODFHD�IUXWLFRVD��6FKUDG���.REXVNL ;

7K\PHODHDFHDH����

'DSKQRSVLV�VS� ;
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8UWLFDFHDH����

&HFURSLD�SDFK\VWDFK\D�7UpFXO ;
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&+$37(5 ��± 'ULYHUV�RI�IRUHVW�SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ�LQ�

HQYLURQPHQWDOO\�GLYHUVH�FRDVWDO�SODQW�FRPPXQLWLHV�IURP�$WODQWLF�IRUHVW

5XQQLQJ�KHDG��'ULYHUV�RI� UHVWLQJD IRUHVW�SK\VLRJQRP\�DQG� IXQFWLRQLQJ�DFURVV�D�

IORRGLQJ�JUDGLHQW

$XWKRUV� -HKRYi� /RXUHQoR� -XQLRU����� %ULDQ� -�� (QTXLVW��� � -RVH� $�� 9HQWXUD�����

&DPLOOD� 5R]LQGR� 'LDV� 0LODQH]�� � /XFLDQD� 'LDV� 7KRPD]��� 'RXJODV� 7LQRFR�

:DQGHNRNHQ�

��8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

3URJUDPD�GH�3yV�JUDGXDomR�HP�%LRORJLD�9HJHWDO��9LWyULD��(6��%UDVLO

� 'HSDUWPHQW�RI�(FRORJ\�DQG�(YROXWLRQDU\�%LRORJ\��8QLYHUVLW\�RI�$UL]RQD��7XFVRQ��

$=

� 7KH�6DQWD�)H�,QVWLWXWH��6DQWD�)H��10��86$

� ,QVWLWXWR�&DSL[DED�GH�3HVTXLVD��$VVLVWrQFLD�7pFQLFD�H�([WHQVmR�5XUDO��9LWyULD��
(6��%UDVLO

� 8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

+HUEiULR�9,(6��9LWyULD��(6��%UDVLO

.H\ZRUGV��$ERYH�JURXQG�ELRPDVV��VRLO�JUDGLHQWV��VRLO�SODQW�UHODWLRQVKLS��VDOLQLW\��

$OXPLQXP��ZDWHU�DYDLODELOLW\��QXWULHQWV��WURSLFDO�SODQW�FRPPXQLWLHV�

-RXUQDO�RI VXEPLVVLRQ� (FRORJ\
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$%675$&7

%DFNJURXQG� 7KH� $WODQWLF IRUHVW HFRV\VWHP� KDV� VXIIHUHG� VHYHUH� GHIRUHVWDWLRQ�

DORQJ�WKH�ODVW�GHFDGHV�DQG�LWV�IDVW�GHFUHDVLQJ�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�VWXG\LQJ�

WKH�UHPQDQWV�RI�LWV�VHYHUDO�KDELWDWV��DV�UHVWLQJD SODQW�FRPPXQLWLHV��7KH�DVVHVVPHQW�

RI�WKH�HQYLURQPHQWDO�GULYHUV�RI�IRUHVW�SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ�FDQ�

SURYLGH�D�EHWWHU�XQGHUVWDQGLQJ�DERXW�WKH�UHVWLQJD IRUHVW�IXQFWLRQLQJ��JLYLQJ�VXSSRUW�

IRU� SUHVHUYDWLRQ� DQG� UHVWRUDWLRQ� RI� WKHVH� IUDJLOH� DQG� GLYHUVH� KDELWDWV�� VWLOO�

LQVXIILFLHQWO\�XQGHUVWRRG��:H�DQDO\]HG�VHYHUDO�VRLO�SDUDPHWHUV�WR�LGHQWLI\�WKH�PRVW�

LPSRUWDQW� HQYLURQPHQWDO� GULYHUV� RI� UHVWLQJD IRUHVWV� SK\VLRJQRP\� DQG� IXQFWLRQDO�

FRPSRVLWLRQ�

0HWKRGV� :H� SHUIRUPHG� D� IRUHVW� LQYHQWRU\� LQ� ��� SDWFKHV� RI� UHVWLQJD SODQW�

FRPPXQLWLHV��ZKHUH�ZH� WDJJHG�DQG�PHDVXUHG�KHLJKW�DQG�GLDPHWHU�DW� WKH�EUHDVW�

KHLJKW� �GEK�� RI� DOO� SODQWV�ZLWK� GEK����FP��:H�DOVR� FROOHFWHG�ZRRG� VDPSOHV� DQG�

OHDYHV�IURP�DURXQG�����PRVW�DEXQGDQW�SODQW�VSHFLHV�WR�DVVHVV�WKH�$*%�DQG�WKH�

FRPPXQLW\�ZHLJKWHG�VSHFLILF�OHDI�DUHD��6/$���UHVSHFWLYHO\��:H�PHDVXUHG�WKH�ZDWHU�

WDEOH� GHSWK� DQG� FROOHFWHG� VRLO� VDPSOHV� WR� TXDQWLI\� ��� SK\VLFRFKHPLFDO� VRLOV�

SDUDPHWHUV��:H�DQDO\]HG�WKH�GDWDVHW�E\�JHQHUDOL]HG�DGGLWLYH�PRGHOV��*$0��DQG�

SLHFHZLVH� VWUXFWXUDO� HTXDWLRQ� PRGHOV� �6(0�� WR� GHWHUPLQH� WKH� PRVW� LPSRUWDQW�

HQYLURQPHQWDO�GULYHUV�DQG�LWV�HIIHFWV�RQ�IRUHVW�SK\VLRJQRP\�DQG�WUDLW�FRPSRVLWLRQ�

5HVXOWV��:DWHU� WDEOH�GHSWK�� VRLO� FRDUVHQHVV�� SRWHQWLDO� DFLGLW\�� VRGLXP�VDWXUDWLRQ�

LQGH[� �66,�� DQG� $OXPLQXP�ZHUH� LQFOXGHG� LQWR� WKH� EHVW�PRGHOV� H[SODLQLQJ� $*%��

KHLJKW��EDVDO�DUHD��DQG�6/$�GLVWULEXWLRQ��7KH�LQFUHDVLQJ�RI�ZDWHU�WDEOH�GHSWK��FRDUVH�

VDQG� DQG $OXPLQXP�VRLO�FRQFHQWUDWLRQ�DORQJ�WKH�JUDGLHQW�QHJDWLYHO\�LPSDFWHG�WKH�

IRUHVW� WUDLW�FRPSRVLWLRQ��ZKHUHDV�6RGLXP�KDG�D�SRVLWLYH�HIIHFW�RQ�$*%�DQG�SODQW�

KHLJKW�

&RQFOXVLRQ� 6RLO� SDUDPHWHUV� UHODWHG� WR�ZDWHU�DYDLODELOLW\� �:7�DQG�FRDUVH�VDQG��

SOD\�D�PRUH�VLJQLILFDQW� UROH� LQ� WKH� IRUHVW� IXQFWLRQDO�FRPSRVLWLRQ��7KH� UHVXOWV�DOVR�

VXJJHVW� WKDW� 1D� LV� DQ� LPSRUWDQW� FRPSRQHQW� IRU� WKH� UHVWLQJD IRUHVWV� IXQFWLRQLQJ��

$PRQJ� WKH� ��� HQYLURQPHQWDO� SDUDPHWHUV� DQDO\]HG�� ZDWHU� DYDLODELOLW\� UHODWHG�

SDUDPHWHUV� �ZDWHU� WDEOH� GHSWK� DQG� FRDUVH� VDQG��� IROORZHG� E\� SRWHQWLDO� DFLGLW\�

�+�$O���6RGLXP�VDWXUDWLRQ�LQGH[��66,��DQG�$OXPLQXP�DUH�WKH�PRVW�LPSRUWDQW�GULYHUV�

RI�UHVWLQJD SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ�
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,1752'8&7,21

7KH�$WODQWLF�IRUHVW�KDV�VXSSRUWHG�WKH�GHYHORSPHQW�RI�WKH�%UD]LOLDQ�VRFLHW\��

SURYLGLQJ� IRRG�� K\GULF� UHVRXUFHV� IRU� HOHFWULFLW\� SURGXFWLRQ� DQG� GULQNLQJ� ZDWHU� WR�

WKUHH�IRXUWKV� RI� WKH�%UD]LOLDQ� SRSXODWLRQ� �-2/<� HW� DO��� �������1RWZLWKVWDQGLQJ� LWV�

LPSRUWDQFH��WKH�$WODQWLF�IRUHVW� LV�RQH�RI�WKH�PRVW�LPSDFWHG�%UD]LOLDQ�HFRV\VWHPV��

ZKRVH�GHIRUHVWDWLRQ�UHVXOWHG�LQ�D�UHGXFWLRQ�ZKLFK�UDQJHV�IURP����WR��������RI�LWV�

RULJLQDO�FRYHU��5,%(,52�HW�DO����������6XFK�D� ODUJH�GHJUDGDWLRQ� LV�WKH�UHVXOW�RI�D�

ORQJ� KLVWRU\� RI� GLVWXUEDQFH�� VWDUWLQJ� IURP� WKH� ORJJLQJ� RI� WKH� 3DX�%UD]LO� WUHH�

�&DHVDOSLQLD�HFKLQDWD��RYHU�WKDQ�����\HDUV�DJR��IROORZHG�E\�WKH�H[SDQVLRQ�RI�WKH�

ODQG�XVH�IRU�DJULFXOWXUH��7$%$5(//,�HW�DO����������FDWWOH�UDQFKLQJ��DQG�(XFDO\SWXV�

SODQWDWLRQV�IRU�SDSHU�SURGXFWLRQ��7255(6��$/9(6��'(�2/,9(,5$���������

0RUHRYHU��DOO WKH�VWDWH�FDSLWDOV�IURP�6RXWK��6RXWKHDVW�DQG�1RUWKHDVW�UHJLRQV�

RI�%UD]LO�DUH�ZLWKLQ� WKH�$WODQWLF� IRUHVW�GRPDLQ� �7255(6��$/9(6��'(�2/,9(,5$��

������-2/<�HW�DO����������7KH�XUEDQ�H[SDQVLRQ�KDV FDXVHG�WKH�IDVW�UHGXFWLRQ�RI�WKH�

FRDVWDO�$WODQWLF�IRUHVW�KDELWDWV��DV�UHVWLQJD IRUHVWV��6&$5$12���������ZKLFK�KDYH�

EHHQ�VHYHUHO\�LPSDFWHG�E\�WKH�YHJHWDWLRQ�UHPRYDO�IRU�KRXVLQJ�FRQVWUXFWLRQ��FKDQJH�

RI�LWV�RULJLQDO�VXEVWUDWH��DQG�VHOHFWLYH�UHPRYDO�RI�VSHFLHV�RI�HFRQRPLF�LPSRUWDQFH�

�52&+$�HW�DO����������*LYHQ�WKH�IDVW�GHJUDGDWLRQ�RI�WKH�FRDVWDO�SODQW�FRPPXQLWLHV��

WKH�PRVW�SDUW�RI�WKLV�KDELWDW�LV�H[SHFWHG�WR�EH�ORVW��EHLQJ�FRQILQHG�WR�HYHQ�VPDOOHU�

UHPQDQWV� DORQJ� WKH� %UD]LOLDQ� FRDVW� �52&+$� HW� DO��� ������ '(� &$59$/+2��

6201(5��$//(1��������

7KH� UHVWLQJD IRUHVW� FRPSULVHV� RQH� RI� WKH� PRVW� HQYLURQPHQWDOO\� GLYHUVH�

KDELWDWV� RI� $WODQWLF� IRUHVW� �6&$5$12�� ������� 6XFK� HQYLURQPHQWDO� GLYHUVLW\� LV�

DWWULEXWHG� WR� WKH� FRQVSLFXRXV� VRLOV� PRVDLFLVP� DQG� WRSRJUDSKLF� YDULDWLRQ� LQ�

FRQVHTXHQFH�RI�WKH�UHFHQW�WUDQVJUHVVLYH�DQG�UHJUHVVLYH�HYHQWV�IURP�WKH�4XDWHUQDU\�

�68*8,2��0$57,1���������7KH�WRSRJUDSK\�DIIHFWV�WKH�ZDWHU�IORZ�ZKLFK�WHQGV�WR�

DFFXPXODWH�LQ�ORZHU�VLWHV�ZLWK�RUJDQLF�VRLOV�DQG�VKDOORZ�ZDWHU�WDEOH�GHSWK��IORRGDEOH�

RU�SHUPDQHQWO\�IORRGHG�IRUHVWV���ZKLOH�XSSHU�VLWHV��QRQ�IORRGDEOH�DUHDV��H[KLELW�ZHOO�

GUDLQHG� VDQG\� VRLOV�� FUHDWLQJ� FRQWLQXRXV� VRLO� JUDGLHQWV� RI� ZDWHU� DQG� QXWULHQWV�

DYDLODELOLW\�

,Q� (VSLULWR� 6DQWR� 6WDWH�� WKH� UHVWLQJD� RI� 3DXOR� &HVDU� 9LQKD� 6WDWH� SDUN�

�3(3&9�� ILJ�� �%�� DFFRXQWV� ZLWK� DQ� LPSUHVVLYH� HQYLURQPHQWDO� YDULDELOLW\�� ZKHUH�

VHYHUDO� SODQW� FRPPXQLWLHV� DUH� GLVFUHWHO\� GLVWULEXWHG� VLGH�E\�VLGH�� LQFUHDVLQJ� LQ�
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VWUXFWXUDO� FRPSOH[LW\� IURP� WKH� VKRUH� WR� WKH� FRQWLQHQW� �3(5(,5$�� ������ $66,6��

3(5(,5$��7+20$=���������UDQJLQJ�IURP�VKUXEV�WR�WUHH�FRPPXQLWLHV�RYHU�WKDQ����

PHWHUV� KHLJKW�� 7KH� FDXVHV� RI� VXFK� UHPDUNDEOH� FKDQJH� LQ� UHVWLQJD SODQW�

FRPPXQLWLHV¶�SK\VLRJQRP\�KDV�EHHQ�D�ORQJ�VWDQGLQJ�TXHVWLRQ�DQG�LV�DWWULEXWHG�WR�

VHYHUDO� HQYLURQPHQWDO� YDULDEOHV�� DV� VRLO� QXWULHQWV� �/285(1d2� -81,25��

&8==82/���������VDOLQLW\��/285(1d2�-81,25�HW DO����������RUJDQLF�PDWWHU�DQG�

$OXPLQXP�VDWXUDWLRQ��52'5,*8(6�HW�DO����������VRLO�WH[WXUH�DQG�ZDWHU�WDEOH�GHSWK�

�&223(5�HW�DO����������+RZHYHU��D�PRUH�SRZHUIXO�WHVW�WR�DVVHVV�WKH�PRVW�LPSRUWDQW�

GULYHUV�RI�UHVWLQJD IRUHVWV�SK\VLRJQRP\�DQG�WUDLW�FRPSRVLWLRQ UHPDLQV�WR�EH�PDGH�

+DYH� EHHQ� VXJJHVWHG� WKH� LPSRUWDQFH� RI� ZDWHU� WDEOH� GHSWK� DQG�

PLFURWRSRJUDSK\� LQ� UHVWLQJD IRUHVW� VWUXFWXUH�� IRU� GULYLQJ GHHS� FKDQJHV� LQ�

SK\VLFRFKHPLFDO�VRLO�SURSHUWLHV��DV�QXWULHQWV�FRQWHQW��EDVH�VDWXUDWLRQ��DFLGLW\��FDWLRQ�

H[FKDQJH�FDSDFLW\��RUJDQLF�PDWWHU�DQG�$OXPLQXP�VDWXUDWLRQ��'(�$/0(,'$�-5�HW�

DO����������ZKLFK�VXSSRVHGO\�FRQVWUDLQW�UHVWLQJD SODQWV�JURZWK��0$548(6��6,/9$��

/,(%6&+���������6XFK�FRQGLWLRQV�PD\�EH�H[HUWLQJ�D�VWURQJ�HQYLURQPHQWDO�ILOWHULQJ�

RYHU�WKH�IRUHVW�WD[RQRPLF�FRPSRVLWLRQ��VHOHFWLQJ�VSHFLHV�DGDSWHG�WR�JURZ�LQ�VRLOV�

SRRU�LQ�QXWULHQWV��DQG�ZLWK�D�UHFRJQL]HG�FDSDFLW\�RI�$OXPLQXP�WROHUDQFH��%5,7(=�HW�

DO�������D������E��

)XUWKHUPRUH��WKH�SRURXV�UHVWLQJD VRLOV�UHVXOW�LQ�ORZ�VRLO�IHUWLOLW\�DQG�ORZ�ZDWHU�

UHWHQWLRQ�FDSDFLW\��&223(5�HW�DO����������ZKLFK�PD\�LPSRVH�LPSRUWDQW�FRQVWUDLQWV�

WR� SODQW� ELRPDVV� SURGXFWLYLW\� �/$0%(56�� &+$3,1�� 3216�� ������� ,Q� VXFK�

FRQGLWLRQV��SODQWV�H[KLELW�PRUH�FRQVHUYDWLYH�VWUDWHJLHV��DV�VPDOO�ERG\�VL]H�DQG�ORZ�

VSHFLILF� OHDI� DUHD� �&251:(//�� $&.(5/<�� ������ .$7$%8&+,� HW� DO��� �������

SURGXFLQJ�WKLFN�DQG�VFOHURPRUSKLF�OHDYHV�ZLWK�DQ�LQFUHDVHG�ORQJHYLW\��:5,*+7�HW�

DO���������/$0%(56��&+$3,1��3216���������DV�W\SLFDOO\�IRXQG�LQ� UHVWLQJD SODQW�

VSHFLHV� �0$178$12�� %$5526�� 6&$5$12�� ������ '(� $*8,$5�',$6��

<$0$0272��'(�025$(6�&$6752��������0(/2�-Ò1,25��7255(6�%2(*(5��

������3,1('2�HW�DO���������

7KH�LQFUHDVLQJ�RI�VRLO�VDOW�FRQFHQWUDWLRQ�WRZDUG�WKH�FRDVW�DQG�WKH�LQIOXHQFH�

RI� WKH�VDOLQH�VSUD\�E\� WKH�SUR[LPLW\� WR� WKH�RFHDQ� �*5,)),7+6��������PD\�EH�DQ�

LPSRUWDQW�GULYHU�RI� VSHFLHV�GLVWULEXWLRQ�RI�$WODQWLF� IRUHVW�HFRV\VWHP��DV�ZHOO��7KH�

LQFUHDVLQJ�RI�WKH�VDOW�FRQFHQWUDWLRQ�LQ�WKH�VRLO�FRXOG�EH�ILOWHULQJ�WKH�IXQFWLRQDO�DQG�

WD[RQRPLF� FRPSRVLWLRQ� RI� FRDVWDO� SODQW� FRPPXQLWLHV�� VHOHFWLQJ� VSHFLHV� ZLWK� VDOW�

WROHUDQW�WUDLWV��DV�KLJK�OHDI PDVV�SHU�DUHD��WKLFNHU�OHDYHV��DQG�D�UHPDUNDEOH�FDSDFLW\�
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RI� VDOW� H[FOXVLRQ� �32257(5� HW� DO��� ������� 0RUHRYHU�� DV� VDOLQLW\� ZDV� UHFHQWO\�

UHSRUWHG�DV� WKH�H[SODQDWRU\�SUHGLFWRU�RI� UHVWLQJD IRUHVW� ORFDWLRQ� LQ�FRPSDULVRQ� WR�

RWKHU�$WODQWLF�IRUHVW�PDUJLQDO�KDELWDWV��1(9(6�HW�DO����������ZH�EHOLHYH�WKDW�VDOW�PD\�

EH�SOD\LQJ�D�UROH�LQ�WKH�IXQFWLRQLQJ�RI�WKLV�V\VWHP�

*LYHQ�WKH�KLJK�VSHFLHV�ULFKQHVV��H[WUHPHO\�KLJK�OHYHO�RI�HQGHPLVP�DQG�WKH�

VPDOO�IUDFWLRQ�RI�WKH�RULJLQDO�IRUHVW�FRYHU��KDYH�EHHQ�LQFUHDVLQJ�WKH�XQGHUVWDQGLQJ�

RI�SULRULWL]H�WKH�SUHVHUYDWLRQ�RI�$WODQWLF�IRUHVW�KDELWDWV��6&$5$12��������-2/<�HW�

DO����������ZKLFK�DUH�UDQNHG�DPRQJ�WKH�WRS�ILYH�KRWVSRWV RI�ELRGLYHUVLW\�LQ�WKH�ZRUOG�

�0\HUV� HW� DO�� ������� 7KH� IHZ� VWXGLHV� DGGUHVVLQJ� UHVWLQJD SODQW�VRLO� UHODWLRQVKLS�

KLJKOLJKWV� WKH� QHFHVVLW\� D� PRUH� GHWDLOHG� VWXG\� DERXW� WKH� GULYHUV� RI� WKH� IRUHVW�

SK\VLRJQRP\� DQG� IXQFWLRQDO� FRPSRVLWLRQ�� ZKLFK� PD\� DOORZ� XV� WR� DVVHVV� WKH�

IXQFWLRQLQJ�RI�WKHVH�KLJKO\�GLYHUVH�DQG�WKUHDWHQHG�SODQW�FRPPXQLWLHV��

7KXV�� ZH� DVVHVVHG� ��� HQYLURQPHQWDO� YDULDEOHV� LQ� ��� UHVWLQJD SODQW�

FRPPXQLWLHV�WR�DGGUHVV�WKH�IROORZLQJ�TXHVWLRQV�����:KDW�WKH�PDLQ�HQYLURQPHQWDO�

GULYHUV� RI� IXQFWLRQDO� FRPSRVLWLRQ� LQ� UHVWLQJD IRUHVWV"� ���+RZ� WKH�PRVW� LPSRUWDQW�

HQYLURQPHQWDO� GULYHUV� LQIOXHQFH� UHVWLQJD IRUHVW� SK\VLRJQRP\� DQG� IXQFWLRQDO�

FRPSRVLWLRQ"

0$7(5,$/�$1'�0(7+2'6

7D[RQRPLF�VXUYH\�DQG�DERYH�JURXQG ELRPDVV DQDO\VLV

/RFDOL]HG� LQ�*XDUDSDUL�PXQLFLSDOLW\�RI�(VSLULWR�6DQWR�6WDWH�± %UD]LO��3DXOR�

&H]DU�9LQKD 6WDWH�3DUN��ILJ���$��FRRUGLQDWHV������
������
6�DQG������
������
:��

LV� DQ� HQYLURQPHQWDOO\� GLYHUVH� UHVWLQJD SURWHFWHG� DUHD�� ZKHUH� 3HUHLUD� �������

UHSRUWHG� ��� ZHOO�GHILQHG� SODQW� FRPPXQLWLHV�� UDQJLQJ� IURP� VPDOO� VKUXEV� WR� WUHH�

FRPPXQLWLHV��7KH�UHJLRQ�LV�FKDUDFWHUL]HG�E\�D�FRQVSLFXRXV�VRLO�PRVDLFLVP�DQG�D�

VOLJKWO\�ZDYHG�UHOLHI��ZKLFK�FUHDWH�PLFURHQYLURQPHQWDO�FRQGLWLRQV�IRU�WKH�RFFXUUHQFH�

RI�VWHHS�IORRGLQJ�JUDGLHQWV��ZKHUH�SODQW�VSHFLHV�VSUHDG�RXW�IURP�IORRGDEOH�VLWHV�ZLWK�

RUJDQLF�VRLOV��WR�XSSHU�VLWHV�ZLWK�ZHOO�GUDLQHG�VDQG\�VRLOV�

7KH�VWXG\�DUHD��ILJ���%��FRPSULVHV�D�VKRUW�IORRGLQJ�JUDGLHQW�WUDQVLWLRQ��ZKHUH�

ZH� VHW� XS ��� SORWV� ��� [� ��� PHWHUV�� DFURVV� WKUHH� W\SHV� RI� IRUHVWV�� IORRGDEOH��

LQWHUPHGLDWH��DQG�GULHU�IRUHVWV��ILJ���&���DQG�DOO�WUHHV�ZLWK�GLDPHWHU�DW�WKH�EUHDVW�KLJK�
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�GEK����FP�ZHUH�WDJJHG�DQG�KDG�KHLJKW�DQG�GEK�PHDVXUHG��7KH�FORVH�VSDWLDO�VFDOH�

RI�FRPPXQLWLHV�DOORZHG�XV�WR�SUHFLVHO\�WUDFN�WKH�VWURQJ�FRQWLQXRXV�IORRGLQJ�JUDGLHQW�

��������������PHWHUV���LQFUHDVLQJ�WKH�VDPSOLQJ�DFFXUDF\�LQ�GHWHFWLQJ WKH�HIIHFW RI�

VRLO�JUDGLHQWV�LQ�ZRRG�DQG�OHDI�WUDLWV�IRUHVW�FRPSRVLWLRQ�

:H�HVWLPDWHG�WKH�DERYH�JURXQG�ELRPDVV�E\�WKH�&KDYH
V�SDQWURSLFDO�PRGHOV�

XVLQJ�WKH�FRPSXWH$*%�IXQFWLRQ�SURYLGHG�E\�WKH�%,20$66�U�SDFNDJH� �&+$9(�HW�

DO��������� ZKLFK�UHTXLUHV�KHLJKW��GEK�DQG�ZRRG GHQVLW\�GDWD��:H�FROOHFWHG�ZRRG�

VDPSOHV�IURP�ILYH�LQGLYLGXDOV�SHU�VSHFLHV�DQG�SHU�VLWH��IORRGDEOH��LQWHUPHGLDWH�DQG�

GU\�� WR� DFFXUDWHO\� GHWHUPLQH� WKH� ZRRG� GHQVLW\� RI� HDFK� VSHFLHV� LQ� HDFK� VSHFLILF�

HQYLURQPHQWDO� FRQGLWLRQ�� $URXQG� ���� RI� WKH�PRVW� DEXQGDQW� SODQW� VSHFLHV� ZHUH�

VDPSOHG��7KH�VDPSOHV�ZHUH�SUHYLRXVO\�K\GUDWHG�IRU����KRXUV��DQG�WKH�ZRRG�YROXPH�

ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�ZDWHU�GLVSODFHPHQW�PHWKRG �&+$9(�������� ZLWK�

WKH�VXSSRUW�RI�D�KLJK�SUHFLVLRQ�EDODQFH��$IWHUZDUGV��ZH�GULHG�WKH�VDPSOHV�LQ�DQ�RYHQ�

DW���&�DQG�ZHLJKWHG��7KH�:'�ZDV�GHWHUPLQHG�E\�GLYLGLQJ�WKH�ZRRG�GU\�PDVV�E\�

LWV�YROXPH��J�FP���

:H�GHWHUPLQHG�WKH�:'�RI�WKH�����OHVV�DEXQGDQW�SODQW�VSHFLHV�E\�XVLQJ�D�

KLHUDUFKLFDO�DSSURDFK��ZKLFK�FRPSULVHG�LQ�WDNLQJ�DV�UHIHUHQFH�WKH�PHDQ�:'�YDOXH�

IRU�WKH�JHQXV�RU�IDPLO\�UHODWHG�VSHFLHV��ZKRVH�RFFXUUHQFH�PDWFKHG�WKH�VDPH�VLWH�

RU�HQYLURQPHQWDO�FRQGLWLRQ��,I�WKH�VSHFLHV�KDG�QR�VLPLODU�JHQXV�RU�IDPLO\�LQ�WKH�VWXG\�

DUHD��WKH�:'�ZDV�WDNHQ�E\�WKH�JHW:RRG'HQVLW\�IXQFWLRQ�IURP�%,20$66�SDFNDJH

�&+$9(� HW� DO��� ������ XVLQJ� �6RXWK$PHULFD7URS�� DV� WKH� ³UHJLRQ´� DUJXPHQW�� )RU�

VLPSOLFLW\��HDFK�SORW�ZDV�GHILQHG�DV�D�SODQW�FRPPXQLW\��7KH�PDSV�ZHUH�GUDZQ�E\�

XVLQJ�WKH�PDSWRROV �%,9$1'��/(:,1�.2+��������DQG�UDVWHU�SDFNDJH��+,-0$16��

������LQ�WKH�5�6WDWLVWLFDO�(QYLURQPHQW�

6RLO�DQDO\VLV�DQG�YDULDEOHV�VHOHFWLRQ

:H�FROOHFWHG� ILYH�VRLO�VDPSOHV�SHU�FRPPXQLW\�DW����FP�GHHS��ZKLFK�ZHUH�

KRPRJHQL]HG�LQ�WKH�ILHOG�WR�SURGXFH�RQH�FRPSRXQG�VRLO�VDPSOH�IRU�WKH�TXDQWLILFDWLRQ�

RI� QXWULWLRQDO� DQG� SK\VLFRFKHPLFDO� VRLO� FRPSRVLWLRQ� IURP� WKH� ��� FRPPXQLWLHV��

6HYHUDO� SDUDPHWHUV� ZHUH� GHWHUPLQHG� E\� WKH� VRLO� DQDO\VLV�� LQFOXGLQJ� FRDUVHQHVV�

�SURSRUWLRQ�RI�ILQH�DQG�FRDUVH�VDQG��VLOW��DQG FOD\���QXWULHQWV��3��.��1D��&D��0J��$O��

+�$O� >VROXEOH� DOXPLQXP@�� =Q��0Q�� &X� DQG� %��� RUJDQLF�PDWWHU� �20��� S+�� 6RGLXP�
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VDWXUDWLRQ�LQGH[��66,���$OXPLQXP�VDWXUDWLRQ�LQGH[��P���EDVH�VDWXUDWLRQ��%6���EDVH�

VDWXUDWLRQ�LQGH[��9���HIIHFWLYH�FDWLRQ�H[FKDQJH�FDSDFLW\��&(&��DQG�FDWLRQ�H[FKDQJH�

FDSDFLW\�LQ�D�S+�RI����7���IROORZLQJ�WKH�%UD]LOLDQ�$JULFXOWXUDO�5HVHDUFK�&RUSRUDWLRQ�

SURWRFRO��'21$*(0$�HW�DO���������

,Q�DGGLWLRQ��ZH�FDOFXODWHG�WKH�VRLO�ZDWHU�UHWHQWLRQ�FDSDFLW\�RU�ILHOG�FDSDFLW\�

�)&��IRU�HDFK�SODQW�FRPPXQLW\��)LUVW��ZH�FROOHFWHG�WZR�VRLO�VDPSOHV�����FP�GHHS��

SHU�FRPPXQLW\�XVLQJ�IOH[LEOH�SLSHV�WR�UHPRYH�WKH�VRLO�OD\HU�LQ�D�ZD\�WR�SUHVHUYH�WKH�

LQWHJULW\�RI�LWV�VWUXFWXUH��7KHQ��ZH�VOLFHG�WKH�SLSHV�DQG�OHIW�RQH�SLSH�WLS�RSHQHG�WR�

LQWURGXFH�WKH�ZDWHU�DQG�LQVWDOOHG�D�ILQH�QHW�LQ�WKH�RWKHU�WLS�WR�UHWDLQ�WKH�VRLO�DQG�DOORZ�

WKH�ZDWHU�IORZ�GXULQJ�WKH� ODE�H[SHULPHQW��ZKLFK�FRQVLVWHG�LQ�FDUHIXOO\� LQWURGXFLQJ�

ZDWHU�ZLWKLQ� WKH�SLSH�XQWLO� WKH�VRLO�H[FHHG� LWV�PD[LPXP�ZDWHU� UHWHQWLRQ�FDSDFLW\��

:KHQ�WKH�ZDWHU�VWRSSHG�WR�OHDN��WKH�VDPSOHV�ZHUH�ZHLJKWHG LQ�D�EDODQFH��GULHG�LQ�

DQ�RYHQ�DW����&��DQG�GDLO\�ZHLJKWHG�XQWLO�UHDFK�RXW�D�FRQVWDQW�ZHLJKW��7KH�)&�ZDV�

GHWHUPLQHG� IROORZLQJ� HTXDWLRQ�� )&� � �:HW� VRLO� ± 'U\� VRLO��:HW� VRLO�� DFFRUGLQJ� WR�

'RQDJHPD�HW�DO���������

7KH�ZDWHU�WDEOH�GHSWK��:7��ZDV�GLUHFWO\�PHDVXUHG�LQ�WKH�IORRGDEOH�DUHDV�E\�

GLJJLQJ� VKDOORZ�KROHV� LQ� WKH� VRLO��ZKHQ�QHFHVVDU\�� )RU� WKH� LQWHUPHGLDWH� DQG�GU\�

SORWV��ZH�PHDVXUHG�WKH�VORSH�YDULDQFH��WDNLQJ�WKH�:7�RI�WKH�QHDUE\�IORRGDEOH�DUHD�

DV�D�UHIHUHQFH��7KLV�ZD\��ZH�HVWLPDWHG�WKH�:7�RI�WKH�LQWHUPHGLDWH�DQG�WKH�GU\�SORWV�

DFFRUGLQJ�WR�WKH�YDULDQFH�GHWHFWHG�DORQJ�WKH�VRLO�VORSH�

7KH�VHOHFWLRQ�RI�WKH�PRVW�LPSRUWDQW�HQYLURQPHQWDO�YDULDEOHV�UHODWHG�WR�$*%��

6/$�� KHLJKW� DQG� %$� GLVWULEXWLRQ� ZDV� SHUIRUPHG� YLD� JHQHUDOL]HG� DGGLWLYH�PRGHOV�

�*$0��DQG�JHQHUDOL]HG�OLQHDU�PRGHOV��*/0��IROORZLQJ�WKH�VFULSW�SURYLGHG�E\�1HYHV�

HW�DO����������ZKLFK�FRPSULVHG�LQ����D�IRUZDUG�VHOHFWLRQ�PHWKRG�RI�HQYLURQPHQWDO�

YDULDEOH�IRU�UHGXQGDQF\�DQDO\VLV��5'$������DGGLWLRQDO�DQG�SURJUHVVLYH�HOLPLQDWLRQ�RI�

FROOLQHDU� YDULDEOHV� EDVHG� RQ� WKHLU� YDULDQFH� LQIODWLRQ� IDFWRU� �9,)�� DQG� HFRORJLFDO�

UHOHYDQFH��XQWLO�PDLQWDLQLQJ�RQO\�WKRVH�ZLWK�9,)�� �48,11��.(28*+��3(75$,7,6��

������ 7KH�*$0��*/0��10'6��DQG RUGLQDWLRQ�DQDO\VLV�ZHUH�FRQGXFWHG� LQ� WKH�5�

VWDWLVWLFDO� HQYLURQPHQW�� XVLQJ� WKH� SDFNDJHV� YHJDQ �2.6$1(1�HW� DO��� ����� DQG�

UHFOXVWHU �'$332572�HW�DO���������

7R�DVVHVV�WKH�HIIHFW�RI�WKH�PRVW�LPSRUWDQW�HQYLURQPHQWDO�GULYHUV�LQ�IRUHVW�WUDLW�

FRPSRVLWLRQ�� ZH� SHUIRUPHG� SLHFHZLVH� VWUXFWXUDO� HTXDWLRQ� PRGHOV� �6(0� DQG�

LQGHSHQGHQW� HIIHFWV� DQDO\VLV �*5$&(� HW� DO��� ������ WDNLQJ� WKH� VHWXS� RI�

HQYLURQPHQWDO�YDULDEOHV�VHOHFWHG�LQ�*$0�DQDO\VLV�IRU�HDFK�UHVSRQVH�YDULDEOH��$*%��
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6/$��%$�DQG KHLJKW���:H�IROORZHG�WKH�VFULSW�SURYLGHG�E\�0LFKDOHW]�HW�DO����������7KH�

3LHFHZLVH�6(0�DQDO\VLV� LV�SHUIRUPHG�ZLWK�$,&�PRGHO�VHOHFWLRQ �6+,3/(<��������

DQG�LV�PRUH�DGHTXDWH�WKDQ�WUDGLWLRQDO�6(0�DQDO\VLV�IRU�VPDOO�GDWDVHWV��FRQWDLQLQJ�

QRQ�LQGHSHQGHQW� REVHUYDWLRQV� RI� PXOWLYDULDWH� QRQ�QRUPDOO\� GLVWULEXWHG� YDULDEOHV

�0,&+$/(7=��.(5.+2))��(148,67�������� DV�REVHUYHG�LQ�RXU�GDWDVHWV�IRU�$*%��

KHLJKW� DQG� %$� �6�0��� ILJ�6����:H� XVHG� SLHFHZLVH6(0� �/()&+(&.�� ����� DQG�

KLHU�SDUW��:$/6+��1$//<������� SDFNDJHV�IRU�5�VRIWZDUH�HQYLURQPHQW��5�&25(�

7($0��������
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5(68/76

([FHSW�IRU�FOD\��DOO�SK\VLFDO�VRLO�SURSHUWLHV�VKLIWHG�GHHSO\�DORQJ�WKH�:7��7KHUH�

LV�DQ� LQFUHDVLQJ�RI� FRDUVH�VDQG��ZKHUHDV� ILQH�VDQG�DQG�VLOW�SURSRUWLRQ�GHFUHDVH�

WRZDUG�WKH�GULHU�HQG�RI�WKH�JUDGLHQW��UHGXFLQJ�WKH�VRLO�ZDWHU�UHWHQWLRQ�FDSDFLW\��6�0���

ILJ��6����6RLOV�EHFRPH�LPSRYHULVKHG�LQ�QXWULHQWV��=Q��$O��1D��&D��&X��620��&(&��

6%��+�$O�DQG�$6,��WRZDUG�GULHU�HQYLURQPHQWV��DV�ZHOO��([FHSWLRQV�DUH�3��0Q��DQG %�

ZKLFK�LQFUHDVHG�VOLJKWO\��'HVSLWH�WKH�WUHQG�RI�GHFUHDVLQJ�LQ�VRLO�DFLGLW\�WRZDUG�WKH�

GULHU�FRPPXQLWLHV��KLJKHU�S+�DQG�ORZHU�+�$O���DOO�FRPPXQLWLHV�SUHVHQWHG�VWURQJO\�

DFLG�VRLOV��3K����

$FFRUGLQJ� WR� WKH� *$0� DQG� 6(0� DQDO\VLV� �WDEOH� ��� ILJ�� �� DQG� ILJ�� ���� WKH

IXQFWLRQDO� FRPSRVLWLRQ�ZDV� SULPDU\ DIIHFWHG� E\� VRLO SDUDPHWHUV� UHODWHG� WR�ZDWHU�

DYDLODELOLW\��ZW�DQG�FRDUVH�VDQG���ZKHUHDV�VRLO�QXWULHQWV��ILJ���G���DQG�$O��1D��DQG

+�$O� �ILJ��E�� KDG� D� VHFRQGDU\� UROH� RQ� WKH� UHVSRQVH� YDULDEOHV�� ,QWHUHVWLQJO\��

7DEOH� �� (QYLURQPHQWDO� YDULDEOHV� UHODWHG� WR� DERYH� JURXQG� ELRPDVV� �$*%���

KHLJKW��VSHFLILF�OHDI�DUHD��6/$���DQG�EDVDO�DUHD�

$*%�a DGM��5��FXP� ǻ$,& ) 3U�!)�

&RDUVH�VDQG ����� ������ ����� �����

6RGLXP�6DWXUDWLRQ�,QGH[ ����� ������ ���� �����

�$OO�YDULDEOHV! �����

+HLJKW�a

&RDUVH�6DQG ����� ������ ������ �����

6DWXUDWLRQ�6RGLXP�,QGH[ ����� ������ ������ �����

�$OO�YDULDEOHV! �����

6/$�a

:DWHU�WDEOH�GHSWK��ZW� ����� ������ ������ �����

�$OO�YDULDEOHV! �����

%DVDO�$UHD�a

&RDUVH�6DQG ����� ������ ������ �����

+���$O ����� ������ ����� �����

$O�� ����� ������ ����� �����

�$OO�YDULDEOHV! �����

:H� DVVHVVHG� JRRGQHVV�RI�ILW� RI� WKH� SUHGLFWRU� YDULDEOHV� WKURXJK� DGMXVWHG� FRHIILFLHQWV� RI�

GHWHUPLQDWLRQ��$NDLNH�LQIRUPDWLRQ�FULWHULRQ��$,&���)�YDOXHV�DQG�VLJQLILFDQFH�WHVWV��S��������LQ�DOO�

FDVHV���9,)��YDULDQFH�LQIODWLRQ�IDFWRU��REWDLQHG�XVLQJ�WKH�U�VTXDUHG�YDOXH�RI�WKH�UHJUHVVLRQ�RI�RQH�

YDULDEOH�DJDLQVW�DOO�RWKHU�H[SODQDWRU\�YDULDEOHV��DGM��5� FXP�� FXPXODWLYH�DGMXVWHG�FRHIILFLHQW�RI�

FRUUHODWLRQ�
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HOHPHQWV�XVXDOO\� WR[LF� �$OXPLQXP��RU� VWUHVVIXO� IRU�SODQWV� �6RGLXP��ZHUH�VHOHFWHG

LQWR�WKH�PRGHOV��WDEOH�����%DVDO�DUHD��+HLJKW��DQG $*%�ZHUH�QHJDWLYHO\�LPSDFWHG�E\�

FRDUVH�VDQG�VRLO�FRQWHQW��ILJ��D��F�DQG�E���+RZHYHU��6RGLXP�VDWXUDWLRQ�LQGH[��66,��

KDG�D�SRVLWLYH�HIIHFW�RQ�$*%�DQG�KHLJKW��ILJ��D���E��DQG �D���3RWHQWLDO�DFLGLW\��+�$O��

KDG�D�SRVLWLYH�HIIHFW�RQ WKH�EDVDO DUHD��%$���GHVSLWH�LWV�LQIOXHQFH�RQ�WKH�LQFUHDVLQJ�

RI�$O�VRLO�DYDLODELOLW\��ZKLFK�QHJDWLYHO\�LPSDFWHG�%$��ILJ��F�DQG��D��

6/$� ZDV� PDLQO\� DIIHFWHG� E\� :7�� ZKLFK� FRPSULVHG� D� ODUJH� DPRXQW� RI�

H[SODLQHG� YDULDWLRQ� LQ� 6/$� � ���� RI� ������� FRQVLGHULQJ� WKH� ��� HQYLURQPHQWDO�

YDULDEOHV�XVHG�LQ�WKH�JOREDO�WHVW�RI�WKH�IRUZDUGHG�VHOHFWLRQ�VWHS�LQ�WKH�*$0�DQDO\VLV�

�WDEOH�����,Q�JHQHUDO��WKH�PRGHOV�H[SODLQHG�D�KLJK�SURSRUWLRQ�RI�WKH�YDULDWLRQ�LQ�$*%�

�������� %$����������DQG�SODQW�KHLJKW���������

)LJXUH����$ ± 3DXOR�&HVDU�9LQKD�6WDWH�3DUN�DQG�VWXG\�DUHD�ORFDWLRQ��UHG�GRW���% ± 'HWDLOHG�PDS�

RI�WKH�VWXG\�DUHD��VKRZLQJ�WKH����SORWV�FRPPXQLWLHV�GLVWULEXWLRQ�DFURVV�IORRGDEOH��ż���LQWHUPHGLDWH�

�Ƒ���DQG�GU\��¨��VLWHV�RI�WZR�DVVXPSWLRQV�RI�7UDLW�'ULYHU�7KHRU\��6NHZQHVV� DQG�NXUWRVLV�RI�KHLJKW��

OHDI� GU\�PDWWHU� FRQWHQW� �/'0&��� OHDI� WKLFNQHVV� �/7��� VWRPDWDO� GHQVLW\� �6'��� VSHFLILF� OHDI� DUHD�

�6/$���DQG�ZRRG�GHQVLW\��:'��RI����SODQW�FRPPXQLWLHV�IURP�IORRGDEOH��ż���LQWHUPHGLDWH��Ƒ���DQG�

GU\��¨��VLWHV�DORQJ�WKH�ZDWHU�WDEOH�JUDGLHQW��6WDWLVWLFDOO\�VLJQLILFDQW�����S�YDOXH�������RU�PDUJLQDOO\�

VLJQLILFDQW��PV��>S�YDOXH ���@�

�D� �E�



ϳϳ

;ĚͿ

;ĐͿ

;ďͿ

;ĂͿ

)LJXUH��� 6LPSOLILHG�PRGHOV�REWDLQHG�E\�SLHFHZLVH�VWUXFWXUDO�HTXDWLRQ�PRGHOV��6(0���XVLQJ�WKH�

HQYLURQPHQWDO�YDULDEOH�VHOHFWHG� LQ�WKH�IRUZDUGHG�VHOHFWLRQ�DQDO\VLV��WDEOH�����:H�H[SORUHG�WKH�

PRVW� LPSRUWDQW� GULYHUV� RI� �D�� $*%�� �E�� KHLJKW�� �F�� %$� DQG� �G�� 6/$� IURP� ��� UHVWLQJD SODQW�

FRPPXQLWLHV��6RGLXP�HIIHFW�RYHU�$*%�ZDV�PDUJLQDOO\�VLJQLILFDQW� �PV���SUHVHQWLQJ�D�S�YDOXH� �

��������1RWLFH�WKDW�ZDWHU�WDEOH�GHSWK��ZW��KDV�D�SUHGRPLQDQW�HIIHFW�RQ�6/$��DQG�WKH�UHVW�RI�DOO�WKH�

RWKHU����HQYLURQPHQWDO�YDULDEOHV�SURYLGHG�LQ�*$0�DQDO\VLV��WDEOH����H[KLELWHG�D�ORZHU�IUDFWLRQ�RI�

H[SODQDWLRQ�RQ�$*%�YDULDWLRQ�



ϳϴ

;ĐͿ

)LJXUH��� 'ULYHUV�RI�DERYH�JURXQG�ELRPDVV��$*%���EDVDO�DUHD��%$���VSHFLILF�OHDI�DUHD��6/$���DQG�

KHLJKW� LQ� ��� UHVWLQJD� SODQW� FRPPXQLWLHV�� 3LHFHZLVH� VWUXFWXUDO� HTXDWLRQ�PRGHO� VHOHFWLRQ� YLD� G�

VHSDUDWLRQ� DQG� $NDLNH¶V� LQIRUPDWLRQ� FULWHULRQ� �/()&+(&.�� ������ 6+,3/(<�� ������� ZKLFK�

SURGXFHG� WKH�PRGHOV� LQ� ILJXUH���� WKH�SDUWLDO�FRUUHODWLRQV�RI�GLUHFW�HIIHFWV� �D���DQG� WKH�VHSDUDWH�

LQGHSHQGHQW�HIIHFWV�DQDO\VLV��F���7KH�ZDWHU�WDEOH�KDV�D�GLUHFW�DQG�SUHYDOHQW�HIIHFW�RQ�6/$��E��

;ĂͿ ;ďͿ



ϳϵ

',6&866,21

7RZDUG� WKH� GU\� HQYLURQPHQWV� WKH� VRLOV�EHFRPH�PRUH� VDQG\��ZHOO�GUDLQHG�

�6�0���ILJ��6���DQG�SRRUHU�LQ�620��=Q��$O��1D��&D�DQG�&X��ZKHUHDV�3��0Q�DQG %�VRLO�

FRQWHQW� LQFUHDVHV�VOLJKWO\� �6�0��� ILJ��6����6XFK�QXWULWLRQDO� LPSRYHULVKPHQW� WRZDUG�

GU\�FRPPXQLWLHV�KDYH�EHHQ�UHODWHG�WR�WKH�KLJKHU OHDFKLQJ�RI�QXWULHQWV�LQ�ZHOO�GUDLQHG�

VRLOV� RI� UHVWLQJD SODQW� FRPPXQLWLHV� �/285(1d2� -81,25�� &8==82/�� ������

0$*1$*2�HW� DO��� ������� DV� WH[WXUDO� FKDUDFWHULVWLFV� DUH� KLJKO\� DVVRFLDWHG� WR� WKH�

UHWHQWLRQ�RI�VRLO�QXWULHQW�LQ�UHVWLQJD VRLOV��&223(5�HW�DO����������)XUWKHUPRUH��EDVHV�

VDWXUDWLRQ��%6��ORZHU�WKDQ�����6�0���ILJ�6���LQGLFDWH�ORZ�QXWULWLRQDO�UHVHUYH�LQWR�WKH�

VRLO��ZKLFK�LV�HYHQ�PRUH�LPSRYHULVKHG�LQ�UHVWLQJD VRLOV�E\�WKH�KLJK�UDLQIDOO�DQG�WKH�

VDQG\�VRLO�WH[WXUH��UHVXOWLQJ�LQ�KLJK�$OXPLQXP�VDWXUDWLRQ��52'5,*8(6�HW�DO���������

'HVSLWH�WKH�VOLJKW�FKDQJLQJ�LQ�S+�DFURVV�WKH�JUDGLHQW��DOO�VRLOV�DUH�VWURQJO\�

DFLG� �6�0��� ILJ�� 6���� H[KLELWLQJ� S+���� %HORZ� WKLV� OHYHO� RI� S+� WKHUH� LV� D� VHYHUH�

GHSOHWLRQ�RI WKH�DYDLODELOLW\�RI�HVVHQWLDO�QXWULHQWV�DV�1��3��.��&D�DQG�0J��KRZHYHU��

DV�D�KLJKHU�FRQFHQWUDWLRQ�RI�+\GURJHQ�FDWLRQV� LQ� WKH�VRLO�PRGHVWO\� LQFUHDVHV� WKH�

QXWULHQWV� LQSXW�E\� LQFUHDVLQJ�ZHDWKHULQJ� UDWHV�RI� VRLO� RUJDQLF�PDWWHU� �/$0%(56��

&+$3,1�� 3216�� ������� IORRGDEOH� FRPPXQLWLHV� PD\� WDNH� DGYDQWDJH� RI� KLJKHU�

DFLGLW\� LQ� RUJDQLF� VRLOV�� E\� WKH� UHOHDVLQJ� RI� 1LWURJHQ� FRPSRXQGV� IURP� 620��

H[SODLQLQJ�WKH�SRVLWLYH�HIIHFW�RI�SRWHQWLDO�DFLGLW\��+�$O��RQ�IRUHVW�EDVDO�DUHD��ILJ���&�

DQG��$���0RUHRYHU��IORRGLQJ�LPSRVHV DQR[LF�FRQGLWLRQV�WR�WKH�VRLO��ZKLFK�UHGXFH�WKH�

PLFURELDO� GHFRPSRVLWLRQ� DFWLYLW\�� GHOD\LQJ� WKH� QXWULHQWV� UHOHDVLQJ� IURP� 620�

�)5,'0$1���������6XFK� ORZ� UDWH�RI�GHFRPSRVLWLRQ� LV�DSSRLQWHG� WR� IDYRU�D�PRUH�

HIILFLHQW� DEVRUSWLRQ� RI� QXWULHQWV� E\� SODQW� URRW� V\VWHPV�� ZKLFK� PD\� HQKDQFH� WKH�

QXWULHQW�XVH� LQ� UHVWLQJD SODQW�FRPPXQLWLHV� �%21,/+$�HW�DO��������� DQG� LQIOXHQFH�

SODQW�VSHFLHV�GLVWULEXWLRQ��'(�$/0(,'$�-5�HW�DO���������

+RZHYHU�� ZH� GLG� QRW� ILQG� HYLGHQFH WR� VXSSRUW� D� SULPDU\� UROH� RI� 620� LQ�

FRPPXQLWLHV¶�WUDLW�FRPSRVLWLRQ��WDEOH�����7KH�PRVW�H[SOLFDWLYH�VRLO�YDULDEOHV�IRU�$*%��

6/$��EDVDO�DUHD��DQG KHLJKW�ZHUH�WKRVH�UHODWHG�WR�WKH�ZDWHU�WDEOH�GHSWK�DQG�VRLO�

GUDLQDJH��:7�DQG�FRDUVH�VDQG���ZKHUHDV�620�ZDV QRW�VHOHFWHG�LQWR�WKH�PRGHOV�

�WDEOH�����DQG�6RGLXP�VDWXUDWLRQ�LQGH[��66,��DQG�$OXPLQXP�KDG�D�ORZHU�H[SODQDWRU\�

SRZHU�DQG�LQGHSHQGHQW�HIIHFWV�RQ�WUDLW�FRPSRVLWLRQ��WDEOH���DQG�ILJ���E���7KXV��ZDWHU�

DYDLODELOLW\�UHODWHG�VRLO�SDUDPHWHUV��:7�DQG�FRDUVHQHVV��VHHP�WR�KDYH�D�NH\�UROH�LQ�



ϴϬ

WKH�WUDLW�FRPSRVLWLRQ�RI�VXFK�V\VWHPV��ZKLOH�66,�DQG�$O�VHHP�WR�H[HUW�D�FRDGMXWDQW�

UROH�

,Q�DQ�LQWHUHVWLQJ�GLVFXVVLRQ�DERXW QXWULHQW�HVVHQWLDOLW\��6XEEDUDR�HW�DO��������

GHILQH� IXQFWLRQDO� QXWULHQW� DV� ³DQ� HOHPHQW� WKDW� LV� HVVHQWLDO� IRU� PD[LPDO� ELRPDVV�

SURGXFWLRQ� RU� FDQ� UHGXFH� WKH� FULWLFDO� OHYHO� RI� DQ� HVVHQWLDO� HOHPHQW� E\� SDUWLDOO\�

UHSODFLQJ� LW� LQ�DQ�HVVHQWLDO�PHWDEROLF�SURFHVV´�DQG�SUHVHQW�VHYHUDO�DUJXPHQWV� WR�

FRQVLGHU�1D�DV�D�IXQFWLRQDO�QXWULHQW��,Q�FRQGLWLRQV�RI�VRLO�QXWULHQWV�VKRUWDJH�RU�HYHQ�

LQ� KLJK� 1D� VRLO� FRQWHQW�� 1D� FDQ� UHSODFH� .� JLYHQ� WKHLU� FKHPLFDO� VLPLODULW\�� E\�

FRPSHWLWLRQ� IRU� WKH�VDPH�DEVRUSWLRQ�VLWHV� LQ� WKH�SODQW� URRW V\VWHP�DQG�DVVXPLQJ�

VRPH� .�UHODWHG� PHWDEROLF� IXQFWLRQV�� DV� RVPRWLFLXP IRU� FHOO� HQODUJHPHQW� DQG�

DFFRPSDQ\LQJ�FDWLRQ�IRU�ORQJ�GLVWDQFH�WUDQVSRUW��68%%$5$2�HW�DO���������

7KXV��FLUFXPVWDQFHV�RI�KLJK�1D�VRLO� FRQWHQW�DV�ZH� IRXQG� �66,!������ DQG

1D!���J�NJ�± 6�0���ILJ��6����DQG�LWV�SRVLWLYH�HIIHFW�RQ�$*%�DQG�KHLJKW��ILJXUHV��D��

�E��DQG �D��VXJJHVW�WKDW�1D�PD\�EH�H[HUWLQJ�D�YLWDO�UROH�LQ�UHVWLQJD SODQWV�QXWULWLRQ��

SRVVLEO\�VXSSOHPHQWLQJ�WKH�QXWULWLRQDO�ODFN�RI�.�VRLO�FRQWHQW��IRU�LQVWDQFH��6�0���ILJ��

6����0RUHRYHU��DV�VDOLQLW\�ZDV�UHFHQWO\�UHSRUWHG�WR�GLVWLQJXLVK�UHVWLQJD IRUHVWV�IURP�

RWKHUV�HQYLURQPHQWDOO\�PDUJLQDO�KDELWDWV�RI�$WODQWLF�)RUHVW��1(9(6�HW�DO����������LW�

VHHPV�UHDVRQDEOH�WR�WKLQN�WKDW�1D�FRXOG�SOD\�D�UROH�LQ�WKH�V\VWHP�IXQFWLRQLQJ�

7KH�DOXPLQXP�VRLO� FRQWHQW� LQ� WKH�VWXG\�DUHD� �ILJ�����H[KLELWHG�HYHQ�KLJKHU�

YDOXHV� �!�FPRO�NJ�� WKDQ� SUHYLRXVO\� UHSRUWHG� E\� HDUOLHU� VWXGLHV� LQ� UHVWLQJD SODQW�

FRPPXQLWLHV��0$*1$*2�HW�DO���������52'5,*8(6�HW�DO���������0(/2�-Ò1,25��

7255(6�%2(*(5�� ������� 7KH� LQFUHDVLQJ� RI� VRLO� $O� VROXELOLW\� DQG� DYDLODELOLW\� LV�

UHODWHG�WR�WKH�LQFUHDVLQJ RI�VRLO�DFLGLW\��/$0%(56��&+$3,1��3216���������ZKLFK�

ZDV�WKH�WUHQG�WRZDUG�WKH�ZHW�HQG�RI�WKH�IORRGLQJ�JUDGLHQW��6�0���ILJ�6����ZKHUH�VRLOV�

DUH� VWURQJO\� DFLG�� UHDFKLQJ� RXW� S+�  � ����� 0RUHRYHU�� WKH� SRWHQWLDO� DFLGLW\� �+�$O��

H[KLELWHG�D�SRVLWLYH�HIIHFW�RQ�$O�VRLO�FRQWHQW��ZKLFK�LQ�WXUQ�SURGXFHG�D�QHJDWLYH�HIIHFW�

RQ� %$� �ILJ�� �E��� 7KLV� ILQGLQJ� LV� VXSSRUWHG� E\� WKH� VFLHQWLILF� OLWHUDWXUH�� DV� WKH�

FRPELQDWLRQ� RI� ORZHU� S+� ������� DQG� KLJKHU� $O� VRLO� FRQFHQWUDWLRQ� UHVXOWV� LQ� WR[LF�

FRQGLWLRQ�IRU�WKH�PRVW�SDUW RI�SODQWV��FRQVWUDLQLQJ�VKRRW�DQG�URRW�JURZWK��DQG�WKH�

XSWDNH� RI� VHYHUDO� HVVHQWLDO� QXWULHQWV�� DV� ZHOO� �86� (19,5210(17$/�

3527(&7,21�$*(1&<��������%2-Ï548(=�48,17$/�HW�DO���������

,Q�RWKHU�KDQG��WKH�DSSOLFDWLRQ�RI�$O�FDQ�VWLPXODWH�WKH�XSWDNH�RI�1��3�DQG�.�LQ�

QDWLYH�SODQWV��26$.,��:$7$1$%(��7$'$12���������HQKDQFLQJ�WKH�JURZWK�LQ�VRPH�

QDWLYH�SODQW�VSHFLHV�WKDW�KDYH�DGDSWHG�WR�DFLG�VRLOV�E\�H[FOXVLRQ�RU�DFFXPXODWLRQ�RI�



ϴϭ

$O��:$7$1$%(��26$.,���������DV�UHSRUWHG�IRU�7DSLULUD�JXLDQHQVLV �%5,7(=�HW�DO���

����D� DQG�)DUDPHD�PDUJLQDWD �%5,7(=�HW�DO�������E���VSHFLHV�XVXDOO\� IRXQG� LQ�

UHVWLQJD IRUHVWV��2WKHU�EHQHILWV�RI�$O�LQ�DGDSWHG�SODQWV�LQFOXGH�LQFUHDVLQJ�GHIHQVH�

DJDLQVW� SDWKRJHQV�� DOOHYLDWLRQ� RI� DELRWLF� VWUHVV�� LQFUHDVHG� PHWDEROLVP� DQG�

DQWLR[LGDQW�DFWLYLW\��%2-Ï548(=�48,17$/�HW�DO���������

7KH�DFFXPXODWLRQ�RI�$OXPLQXP�LQ�OHDYHV�DQG�VHHGV��DQG�WKH�SRVLWLYH�HIIHFW�

RI�WKH�VRLO�H[FKDQJHDEOH�DOXPLQXP�LQ�SODQW�VXUYLYDQFH KDYH�EHHQ�UHSRUWHG�LQ�VRPH�

QDWLYH�SODQWV�IURP�&HUUDGR�HFRV\VWHP��+$5,'$6$1���������ZKLFK�VKDUHV�VHYHUDO�

SODQW�VSHFLHV�ZLWK�UHVWLQJD IRUHVWV��DV�WKRVH�ZH�IRXQG�LQ�RXU�VWXG\�DUHD�± 7DSLULUD�

JXLDQHQVLV�� &DORSK\OOXP� EUDVLOLHQVH�� 3URWLXP� KHSWDSK\OOXP�� 0\UFLD� URVWUDWD��

;\ORSLD� VHULFHDH�� $OFKRUQHD� WULSOLQHUYLD�� 3VHXGRERPED[� JUDQGLIORUD�� (PPRWXP�

QLWHQV�� 3HUD� JODEUDWD�� $PDLRXD� JXLDQHQVLV�� DQG� &HFURSLD� SDFK\VWDFK\D

�/2815(d2�-81,25�HW�DO� ������LQ�SUHS���7KH�VLPLODULW\�RI�ERWK�V\VWHPV�UHJDUGLQJ�

WR�WKH�KLJK�$OXPLQXP�VRLO�FRQWHQW�DQG�WKH�FR�RFFXUUHQFH�RI�VHYHUDO�SODQW�VSHFLHV�

VXJJHVW�WKH�LPSRUWDQFH�RI�WKH�$OXPLQXP�DIIHFWLQJ�WKH�FRPSRVLWLRQ�RI�VRPH�%UD]LOLDQ

HFRV\VWHPV��DV�$WODQWLF�IRUHVW�DQG�&HUUDGR�

,Q� JHQHUDO�� WKH� IRUHVWV� ZHUH� GLIIHUHQWO\� DIIHFWHG� E\� VRLO� SDUDPHWHUV� ZKLFK�

FRYDULDWH�ZLWK�VRLO�WH[WXUH��VXFK�D�ZD\�WKDW�FRDUVH�VDQG�LQ�FRYDULDWLRQ�ZLWK�1D��$O��

DQG�DFLGLW\�LQIOXHQFHG�IRUHVW�SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ��$*%��KHLJKW��

EDVDO�DUHD�DQG�6/$���7KH�VHOHFWLRQ�RI�66,� LQ� WKH�*$0�DQDO\VLV� �WDEOH����DQG� LWV�

SRVLWLYH� UHODWLRQVKLS�ZLWK�$*%�DQG�KHLJKW� �ILJXUHV���DQG����VXJJHVW� WKDW�6RGLXP�

FRXOG�EH�SOD\LQJ�D�VHFRQGDU\� �ILJ���E��EXW�QRW� OHVV�YLWDO� UROH� LQ� WKH� IXQFWLRQLQJ�RI�

UHVWLQJD SODQW�FRPPXQLWLHV�

,W� LV�ZRUWK� LW� WR�PHQWLRQ�WKDW�GHVSLWH�RI� WKH�VHYHUDO�HQYLURQPHQWDO�YDULDEOHV�

XVHG� LQ� WKLV� VWXG\� DQG� WKH� KLJK� OHYHO� RI� UHWDLQHG� H[SODQDWLRQ� IRU� DOO� UHVSRQVH�

YDULDEOHV��WDEOH����DGM��5� FXP��UDQJLQJ�IURP�����WR�������D�FRQVLGHUDEOH�DPRXQW�

RI�YDULDWLRQ�UHPDLQHG�XQH[SODLQHG������WR�������7KHVH�VXJJHVW�WKH�H[LVWHQFH�RI�

RWKHU� IDFWRUV� EH\RQG� WKH� SK\VLFRFKHPLFDO� VRLO� SURSHUWLHV� LQIOXHQFLQJ� IRUHVW�

SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ��KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�WKH�ELRWLF�

LQWHUDFWLRQV��DV�FRPSHWLWLRQ��*$5%,1�HW�DO�������� DQG�IDFLOLWDWLRQ��*$5%,1�HW�DO���

������� ZKRVH� LQYHVWLJDWLRQ� FRXOG� EH� ZLGHQLQJ� RXU� FRPSUHKHQVLRQ� DERXW� WKH�

IXQFWLRQLQJ�RI�WKLV�WKUHDWHQHG�$WODQWLF�IRUHVW�KDELWDW�
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6XSSOHPHQWDU\�0DWHULDO

$GGLWLRQDO�6XSSRUWLQJ�,QIRUPDWLRQ�PD\�EH�IRXQG�LQ�WKH�RQOLQH�YHUVLRQ�RI�WKLV�

DUWLFOH�

)LJXUH�6���6RLO�FRDUVHQHVV��ILHOG�FDSDFLW\��)&��DQG�VRLO�RUJDQLF�PDWWHU��620��

YDULDWLRQ�DFURVV�ZDWHU�WDEOH�JUDGLHQW�

)LJXUH�6���6RLO�SK\VLFRFKHPLFDO�SDUDPHWHUV�YDULDWLRQ�DFURVV�WKH�ZDWHU�WDEOH�

JUDGLHQW

)LJXUH�6� $ERYH�JURXQG�ELRPDVV��$*%���FRPPXQLW\�ZHLJKWHG�VSHFLILF�OHDI�

DUHD��6/$���+HLJKW�DQG�EDVDO�DUHD��%$��GLVWULEXWLRQV�DORQJ�WKH�ZDWHU� WDEOH�GHSWK�

JUDGLHQW�

)LJXUH�6� &KL�6TXDUH�4�4�SORW�RI�WKH�YDULDEOHV�IURP�HDFK�HTXDWLRQ�PRGHO�

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

7KLV�ZRUN�ZDV�FRQGXFWHG�GXULQJ�D�YLVLWLQJ�VFKRODU�SHULRG�DW�WKH�8QLYHUVLW\ RI�$UL]RQD��

VSRQVRUHG�E\�WKH�%UD]LOLDQ�)HGHUDO�$JHQF\�IRU�6XSSRUW�DQG�(YDOXDWLRQ�RI�*UDGXDWH�

(GXFDWLRQ��&$3(6�� 3'6(�SURJUDP�JUDQW�Q�����������������������

5()(5(1&(6

$66,6��$��0��GH��3(5(,5$��2��-���7+20$=��/� '��)LWRVVRFLRORJLD�GH�8PD�)ORUHVWD�

GH� 5HVWLQJD� 1R� 3DUTXH� (VWDGXDO� 3DXOR� &pVDU� 9LQKD�� 6HWLED�� 0XQLFtSLR� GH�

*XDUDSDUL��(6���5HYLVWD�%UDVLOHLUD�GH�%RWkQLFD��Y������Q�����S�����±�����������

%,9$1'��5���/(:,1�.2+��1��PDSWRROV��7RROV�IRU�5HDGLQJ�DQG�+DQGOLQJ�6SDWLDO�

2EMHFWV��������� 'LVSRQtYHO�HP���KWWSV���FUDQ�U�SURMHFW�RUJ�SDFNDJH PDSWRROV!�

%2-Ï548(=�48,17$/�� (��� (6&$/$17(�0$*$f$�� &��� (&+(9$55Ë$�

0$&+$'2�� ,��� 0$57Ë1(=�(67e9(=��0�� $OXPLQXP�� D� )ULHQG� RU� )RH� RI� +LJKHU�

3ODQWV�LQ�$FLG�6RLOV��)URQWLHUV�LQ�3ODQW�6FLHQFH��Y�����Q��2FWREHU��������'LVSRQtYHO�

HP���KWWS���MRXUQDO�IURQWLHUVLQ�RUJ�DUWLFOH���������ISOV������������IXOO!�

%21$1��*��%��)RUHVWV�DQG�&OLPDWH�&KDQJH��)RUFLQJV��)HHGEDFNV��DQG�WKH�&OLPDWH�
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52&+$�� &��� %(5*$//2�� +��� 9$1� 6/8<6�� 0��� $/9(6�� 0��� -$0(/�� &�� 7KH�

5HPQDQWV�RI�5HVWLQJD�+DELWDWV� LQ� WKH�%UD]LOLDQ�$WODQWLF�)RUHVW�RI�5LR�GH�-DQHLUR�

6WDWH�� %UD]LO�� +DELWDW� /RVV� DQG� 5LVN� RI� 'LVDSSHDUDQFH�� %UD]LOLDQ� -RXUQDO� RI�

%LRORJ\�� Y�� ���� Q�� ��� S�� ���±����� ������ 'LVSRQtYHO� HP��

�KWWS���ZZZ�VFLHOR�EU�VFLHOR�SKS"VFULSW VFLBDUWWH[W	SLG 6�����

�����������������	OQJ HQ	WOQJ HQ!�

52'5,*8(6��-���),/+2��$���&$6$*5$1'(��-��&���%21,/+$��5��0���52%(572��
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0��6RLO�4XDOLW\�RI�5HVWLQJD�)RUHVW ��2UJDQLF�0DWWHU�DQG�$OXPLQXP�6DWXUDWLRQ��Y������

S��������������

6&$5$12��)��5��3ODQW�&RPPXQLWLHV�DW�WKH�3HULSKHU\�RI�WKH�$WODQWLF�5DLQ�)RUHVW��

5DUH�6SHFLHV�%LDV� DQG� ,WV�5LVNV� IRU�&RQVHUYDWLRQ��%LRORJLFDO�&RQVHUYDWLRQ�� Y��

����� Q�� ��� S�� ����±������ ������ 'LVSRQtYHO� HP��

�KWWS���G[�GRL�RUJ���������M�ELRFRQ������������!�

6+(,/��'���085',<$562��'��+RZ�)RUHVWV�$WWUDFW�5DLQ��$Q�([DPLQDWLRQ�RI�D�1HZ�

+\SRWKHVLV�� %LR6FLHQFH�� Y�� ���� Q�� ��� S�� ���±����� ������ 'LVSRQtYHO� HP��

�KWWSV���DFDGHPLF�RXS�FRP�ELRVFLHQFH�DUWLFOH�

ORRNXS�GRL���������ELR�������������!�

6+,3/(<��%��7KH�$,&�0RGHO�6HOHFWLRQ�0HWKRG�$SSOLHG� WR�3DWK�$QDO\WLF�0RGHOV�

&RPSDUHG� 8VLQJ� D� '� 6HSDUDWLRQ� 7HVW� $XWKRU� �� V� ��� %LOO� 6KLSOH\� 6WDEOH� 85/ௗ��

+WWS���:ZZ�-VWRU�2UJ�6WDEOH���������� 5()(5(1&(6� /LQNHG� 5HIHUHQFHV� $UH�

$YDLODEOH�RQ�-6725�IRU�7KLV�$UWLFOHௗ��7KH�$,&��(FRORJ\��Y������Q�����S�����±�����

������

68%%$5$2�� *�� 9��� ,72�� 2��� %(55<�� :�� /��� :+((/(5�� 5�� 0�� 6RGLXP� � $�

)XQFWLRQDO�3ODQW�1XWULHQW��&ULWLFDO�5HYLHZV�LQ�3ODQW�6FLHQFHV��Y������Q�����S�����±

�����������

68*8,2�� .��� 0$57,1�� /�� *HRPRUIRORJLD� GDV� UHVWLQJDV�� �$&,(63�� (G��� ,Q�� �R

6LPSRVLR� GH� HFRVVLVWHPD� GD� FRVWD� VXO� H� VXGHVWH� EUDVLOHLUD�� HVWUXWXUD�� IXQomR� H�

PDQHMR��$JXDV�GH�/LQGyLD�63��$QDLV����$JXDV�GH�/LQGyLD�63��������

7$%$5(//,�� 0��� 3,172�� /�� 3��� 6,/9$�� -�� 0�� &��� +,527$�� 0�� 0��� %('Ç�� /�� &��

'HVDILRV� H� 2SRUWXQLGDGHV� 3DUD� D� &RQVHUYDomR� 'D� %LRGLYHUVLGDGH� 1D� 0DWD�

$WOk1WLFD�%UDVLOHLUD��0HJDGLYHUVLGDGH��Y�����Q�����S�����±�����������

7255(6��+���$/9(6��+���'(�2/,9(,5$��0��$��6mR�3DXOR�3HUL�8UEDQ�'\QDPLFV��

6RPH� 6RFLDO� &DXVHV� DQG� (QYLURQPHQWDO� &RQVHTXHQFHV�� (QYLURQPHQW� DQG�

8UEDQL]DWLRQ��Y������Q�����S�����±�����������

86� (19,5210(17$/� 3527(&7,21� $*(1&<�� $SSHQGL[� �ௗ�� 86� (3$�

(FRORJLFDO�6RLO�6FUHHQLQJ�/HYHO�IRU�$OXPLQLXP��>V�O��V�Q�@��

:$/6+�� &��� 1$//<�� 5�� 0�� 1�� KLHU�SDUW�� +LHUDUFKLFDO� 3DUWLWLRQLQJ�� ������ �

'LVSRQtYHO�HP���KWWSV���FUDQ�U�SURMHFW�RUJ�ZHE�SDFNDJHV�KLHU�SDUW�LQGH[�KWPO!�

:$7$1$%(��7���26$.,��0��&RPPXQLFDWLRQV� LQ�6RLO�6FLHQFH�DQG�3ODQW�$QDO\VLV�

0HFKDQLVPV� RI� $GDSWDWLRQ� WR�+LJK� $OXPLQXP�&RQGLWLRQ� LQ� 1DWLYH� 3ODQW� 6SHFLHV�

*URZLQJ�LQ�$FLG�6RLOVௗ��$�5HYLHZ��Q��6HSWHPEHU�������S����±����������
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:5,*+7�� ,�� -��� 5(,&+�� 3�� %���:(672%<�� 0��� $&.(5/<�� '�� '��� %$58&+�� =���

%21*(56�� )���&$9(1'(5�%$5(6�� -���&+$3,1��7��� &251(/,66(1�� -��+��&���

',(0(5��0���)/(;$6��-���*$51,(5��(���*5220��3��.���*8/,$6��-���+,.26$.$��

.���/$0217��%��%���/((��7���/((��:���/86.��&���0,'*/(<��-��-���1$9$6��0��/���

1,,1(0(76��h���2/(.6<1��-���26$'$��+���32257(5��+���322/��3���35,25��/���

3<$1.29��9��,���5280(7��&���7+20$6��6��&���7-2(/.(5��0��*���9(1(./$$6��

(�� -��� 9,//$5��5��7KH�:RUOGZLGH� /HDI� (FRQRPLFV�6SHFWUXP��1DWXUH�� Y�� ����� Q��

������S�����±�����������
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6833/(0(17$5< 0$7(5,$/

'ULYHUV�RI�IRUHVW�SK\VLRJQRP\�DQG�IXQFWLRQDO�FRPSRVLWLRQ�LQ�

HQYLURQPHQWDOO\�GLYHUVH�FRDVWDO�SODQW�FRPPXQLWLHV�IURP�$WODQWLF�IRUHVW

-HKRYi�/RXUHQoR�-XQLRU��%ULDQ�-��(QTXLVW� -RVH�$��9HQWXUD��&DPLOOD�5R]LQGR�'LDV�

0LODQH]� /XFLDQD�'LDV�7KRPD]��'RXJODV�7LQRFR�:DQGHNRNHQ

&RUUHVSRQGLQJ�DXWKRU��-HKRYi�/RXUHQoR�-XQLRU�

�MHKRYDORXUHQFR#HPDLO�DUL]RQD�HGX�

&RQWHQWV

)LJXUH�6��6RLO�FRDUVHQHVV��ILHOG�FDSDFLW\��)&��DQG�VRLO�RUJDQLF�PDWWHU��620��

YDULDWLRQ�DFURVV�ZDWHU�WDEOH�JUDGLHQW��)ORRGDEOH��ż���LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��

VLWHV�

)LJXUH�6��6RLO� FKHPLFDO� SURSHUWLHV� YDULDWLRQ� DFURVV� WKH�ZDWHU� WDEOH� JUDGLHQW��

VKRZLQJ�PDFURQXWULHQWV��PLFURQXWULHQWV��DFLGLW\��S+���FDWLRQ�H[FKDQJH�FDSDFLW\�

�&(&���EDVH�VDWXUDWLRQ��%6���SRWHQWLDO�DFLGLW\�UHODWHG�WR�+\GURJHQ�DQG�$OXPLQXP�

�+�$O���$OXPLQXP�VDWXUDWLRQ�LQGH[��P���6RGLXP�VDWXUDWLRQ�LQGH[��66,��

)LJXUH�6� $ERYH�JURXQG�ELRPDVV��$*%���FRPPXQLW\�ZHLJKWHG�VSHFLILF�OHDI�DUHD�

�6/$��� +HLJKW� DQG� EDVDO� DUHD� �%$�� GLVWULEXWLRQV� DORQJ� WKH� ZDWHU� WDEOH� GHSWK�

JUDGLHQW�

)LJXUH�6� &KL�6TXDUH�4�4�SORW�RI�WKH�YDULDEOHV�IURP�HDFK�HTXDWLRQ�PRGHO��$*%�

a�FRDUVH�VDQG���66,��$���KHLJKW�a�FRDUVH�VDQG���66,��%���%$�a�FRDUVH�VDQG���

+B$O���$O���&���DQG�6/$�a�ZDWHU�WDEOH��'��

7DEOH�6��6SHFLHV�OLVW�E\�VLWH�RI�RFFXUUHQFH�



ϵϭ

)LJXUH�6�� 6RLO�FRDUVHQHVV��ILHOG�FDSDFLW\��)&��DQG�VRLO�RUJDQLF�PDWWHU��620��

YDULDWLRQ�DFURVV�ZDWHU�WDEOH�JUDGLHQW��&RPPXQLWLHV�IURP�IORRGDEOH��ż���

LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��VLWHV�



ϵϮ

)LJXUH�6�� 6RLO�FKHPLFDO�SURSHUWLHV�YDULDWLRQ�DFURVV�WKH�ZDWHU�WDEOH�JUDGLHQW��

VKRZLQJ�PDFURQXWULHQWV��PLFURQXWULHQWV��DFLGLW\��S+���FDWLRQ�H[FKDQJH�FDSDFLW\�

�&(&���EDVH�VDWXUDWLRQ��%6���DFLGLW\�UHODWHG�WR�+\GURJHQ�DQG�$OXPLQXP��+�$O���

$OXPLQXP�VDWXUDWLRQ�LQGH[��P�� 6RGLXP�VDWXUDWLRQ�LQGH[��66,���3ORWV�IURP�

IORRGDEOH��ż���LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��VLWHV��



ϵϯ

)LJXUH�6�� $ERYH�JURXQG�ELRPDVV��$*%���FRPPXQLW\�ZHLJKWHG�VSHFLILF�OHDI�DUHD�

�6/$���+HLJKW�DQG�EDVDO�DUHD��%$��GLVWULEXWLRQV�DORQJ�WKH�ZDWHU�WDEOH�GHSWK�

JUDGLHQW��$OO�FRUUHODWLRQV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��S�YDOXH����������(DFK�GRW�

UHSUHVHQWV�RQH�RI�WKH����FRPPXQLWLHV�IURP�)ORRGDEOH��ż���LQWHUPHGLDWH��Ƒ���DQG�

GU\��¨��VLWHV�

ZϮс�Ϭ͘ϯϳ ZϮс�Ϭ͘ϴϬ

ZϮс�Ϭ͘ϱϮ ZϮс�Ϭ͘ϯϵ
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)LJXUH�6�� &KL�6TXDUH�4�4�SORW�RI�WKH�YDULDEOHV�IURP�HDFK�HTXDWLRQ�PRGHO��$*%�

a�FRDUVH�VDQG���66,��$���KHLJKW�a�FRDUVH�VDQG���66,��%���%$�a�FRDUVH�VDQG���

+B$O���$O���&���DQG�6/$�a�ZDWHU�WDEOH��'���([FHSW�IRU�WKH�PRGHO�'��DOO�WKH�PRGHOV�

VKRZ�D�GHSDUWXUH�IURP�PXOWLYDULDWH�QRUPDOLW\�

0XOWLYDULDWH�QRQ�QRUPDOLW\�LV�VKRZHG�E\�0DUGLD¶V�WHVW�IRU�YDULDEOHV�IURP�PRGHO�$�

�3VNHZ  ��������3NXUWRVLV  ��������PRGHO�%��3VNHZ  �������3NXUWRVLV  ��������DQG�PRGHO�&�

�3VNHZ  ������[��������3NXUWRVLV  ������[��������7KH�YDULDEOHV�IURP�WKH�PRGHO�'�

SUHVHQWHG�PXOWLYDULDWH�QRUPDOLW\��3VNHZ  �������3NXUWRVLV  ��������6WDWLVWLFDO�WHVWV�

ZHUH�FRQGXFWHG�XVLQJ�WKH�SDFNDJH�091 �.25.0$=�HW�DO������� LQ�WKH�VWDWLVWLFDO�

VRIWZDUH�5��5�&25(�7($0��������

;�Ϳ ;�Ϳ

;�Ϳ ;�Ϳ
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&$3,78/2�� ± 7KH�7UDLW�EDVHG�(FRORJLFDO�:RRG�$QDWRP\��XQYHLOLQJ�WKH�

VKLIWLQJ�RI�DQDWRPLFDO�ZRRG�WUDLWV�DQG�VHWXSV�RI�ZRRG�VSDFH�XVH�DORQJ�D�

VWHHS�JUDGLHQW�RI�ZDWHU�DYDLODELOLW\�

5XQQLQJ�KHDG��6KLIWLQJ�LQ WKH ZRRG�WUDLW�FRPSRVLWLRQ�RI�WURSLFDO�SODQW�FRPPXQLWLHV�

DORQJ�D�VWHHS�ZDWHU�DYDLODELOLW\�JUDGLHQW

$XWKRUV� -HKRYi� /RXUHQoR� -XQLRU����� %ULDQ� -�� (QTXLVW���� � -XOLD�6RQVLQ���&DPLOOD�

5R]LQGR�'LDV�0LODQH]��� /XFLDQD�'LDV�7KRPD]�

��8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

3URJUDPD�GH�3yV�JUDGXDomR�HP�%LRORJLD�9HJHWDO��9LWyULD��(6��%UDVLO

� 'HSDUWPHQW�RI�(FRORJ\�DQG�(YROXWLRQDU\�%LRORJ\��8QLYHUVLW\�RI�$UL]RQD��7XFVRQ��

$=

� 7KH�6DQWD�)H�,QVWLWXWH��6DQWD�)H��10��86$

� 8QLYHUVLGDGH�GH�%UDVtOLD��'HSDUWDPHQWR�GH�%RWkQLFD

� 8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�6DQWR��'HSDUWDPHQWR�GH�&LrQFLDV�%LROyJLFDV��

+HUEiULR�9,(6��9LWyULD��(6��%UDVLO

&RUUHVSRQGLQJ�DXWKRU��-HKRYi�/RXUHQoR�-XQLRU�

�MHKRYDORXUHQFR#HPDLO�DUL]RQD�HGX�

.H\ZRUGV��(QYLURQPHQWDO�JUDGLHQW��6DIHW\�HIILFLHQF\�WUDGHRII� 7UDLW�EDVHG�HFRORJ\�

:DWHU�DYDLODELOLW\��:RRG�DQDWRP\�

-RXUQDO�RI�VXEPLVVLRQ� 1HZ�3K\WRORJLVW
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$%675$&7

�� %DFNJURXQG�� 2YHUFRPH� WKH� VSHFLHV�OHYHO� SDUDGLJP� LV� FKDOOHQJLQJ� WR� WKH�

HFRORJLFDO� ZRRG� DQDWRP\�� 7KH� FRPPXQLW\�ZHLJKHG� PHWULFV� DUH� ZHOO�HVWDEOLVKHG�

DSSURDFKHV� LQ� WUDLW�EDVHG� HFRORJ\ WR DGGUHVV� VHYHUDO� HFRORJLFDO� TXHVWLRQV� LQ�

RQJRLQJ� GLVFXVVLRQV� DERXW� SODQW� K\GUDXOLFV�� ZLGHQLQJ� WKH� SHUVSHFWLYHV� LQ� ZRRG�

DQDWRP\�VXUYH\��:H�DVVHVVHG�WKH�ZRRG�WUDLW�FRPSRVLWLRQ�RI����SODQW�FRPPXQLWLHV�

DORQJ�D� VWURQJ�JUDGLHQW� RI� VRLO�ZDWHU� DYDLODELOLW\� WR� WHVW� VHYHUDO� K\SRWKHVHV� IURP�

%LWWHQFRXUW�HW�DO� �������DERXW�WKH�VHWXSV�RI�ZRRG�VSDFH�XVH�DQG�LWV�FRUUHODWLRQ�WR�

WKH�YDULDELOLW\�LQ�WKH�[\OHP�VSHFLILF�SRWHQWLDO�K\GUDXOLF�FRQGXFWLYLW\��.V���0RUHRYHU��

ZH�GLVFXVV�WKH�IXQFWLRQDOLW\�RI�VHYHUDO�ZRRG�DQDWRP\�WUDLWV�

�� 0HWKRGV��:H�FROOHFWHG�EUDQFKHV�RI� WKH�����PRVW�DEXQGDQW� WUHH�VSHFLHV� ����

VSHFLHV�� IURP� ��� HQYLURQPHQWDOO\� GLYHUVH� WURSLFDO� SODQW� FRPPXQLWLHV��:H� VOLFHG��

VWDLQHG��VDIUDQLQ���WRRN�PLFURVFRSLF�SKRWRV�����WLPHV�RI�PDJQLWXGH� DQG�DQDO\]HG�

WKH�ZRRG�DQDWRP\�RI�����ZRRG�VDPSOHV��:H�FDOFXODWHG� WKH�FRPPXQLW\�ZHLJKHG�

PHWULFV�WR�DVVHVV�WKH�VKLIWLQJ�RI�VHYHUDO�ZRRG�DQDWRP\�WUDLWV�DORQJ�D�VWHHS�VRLO�ZDWHU�

DYDLODELOLW\�JUDGLHQW�

�� 5HVXOWV�� 7KH� VWURQJ� ZDWHU� DYDLODELOLW\� JUDGLHQW� DOORZHG� XV� WR� DVVHVV� GHHS�

FKDQJHV� LQ� ZRRG� DQDWRP\� WUDLWV�� PDWFKLQJ� VHYHUDO� H[SHFWDWLRQV� IURP� WKH� ZRRG�

DQDWRP\�OLWHUDWXUH��7RZDUG�G\HU�FRQGLWLRQV��WKHUH�DUH�UHGXFWLRQV�LQ�.V��YHVVHO�VL]H��

YHVVHO� VROLWDU\� IUDFWLRQ�� DQG� WKH� VSDFH� RFFXSLHG� E\� QRQ�FRQGXFWLYH� WLVVXHV� �H�J��

SDUHQFK\PD��� ZKHUHDV� ILEHU� DUHD�� EHQGLQJ� UHVLVWDQFH�� FHOO�JURXSLQJ�� DQG� FHOO�

GHQVLW\�LQFUHDVHG��7KH�YDULDQFH�LQ�.V�ZDV�ZHOO�FRUUHODWHG�WR�ILEHU�ZDOO�WKLFNQHVV�DQG�

WKH�YDULDQFH�LQ�FHOO�VL]H�DQG�FRQGXFWLYH�DUHD�

���&RQFOXVLRQ��:H� SURSRVH�D� QHZ�PRGHO EDVHG� RQ�%LWWHQFRXUW�HW� DO� ������� WR�

H[SODLQ�WKH�KLJK�YDULDQFH�LQ�.V�SUHVHQWHG�SUHYLRXVO\�E\�*OHDVVRQ�HW�DO� ��������:H�

GLG� QRW� ILQG� HYLGHQFHV� WKDW� WKH� YDULDQFH� LQ� .V� LV� UHODWHG� WR� WKH� YDULDQFH� LQ�

SDUHQFK\PD� SURSRUWLRQ�� :H� VXJJHVW� WKDW� WKLQ�ZDOOHG� ILEHUV ZLWK� ZDWHU� VWRUDJH�

FDSDFLW\��H�J��VHSWDWH�ILEHUV��PD\�EH�LQFUHDVLQJ�WKH�HIILFLHQF\�RI�ZDWHU�WUDQVSRUW�LQ�

VSHFLHV�RFFXUULQJ� LQ�KLJK�ZDWHU�SRWHQWLDO��XOWLPDWHO\�SURGXFLQJ�³LQHIILFLHQW´� ORZ�.V�

VSHFLHV��7KH�YDULDELOLW\�LQ�FHOO�VL]H��FRQGXFWLYH�DUHD��DQG�SURSRUWLRQ�RI�VHSWDWH�ILEHUV�

PD\�DOVR�SURGXFH�GLIIHUHQW�VHWXSV�RI�ZRRG�VSDFH�XVH�DQG�H[SODLQ�WKH�YDULDQFH�LQ�

.V�
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,1752'8&7,21

2YHUFRPH� WKH� WUDGLWLRQDO� VSHFLHV�OHYHO� SDUDGLJP� LV� FKDOOHQJLQJ� WR� WKH�

(FRORJLFDO�:RRG�$QDWRP\��(:$���'HVSLWH�ZHOO�VXFFHHG�LQ�GHYHORSLQJ PHWKRGV�WR�

DGGUHVV�HFRORJLFDO�TXHVWLRQV��%((&.0$1���������WKH�(:$�PD\�WDNH�DGYDQWDJH�

RI� XVLQJ� PRUH� TXDQWLWDWLYH� DQG� YHUVDWLOH� DSSURDFKHV� IURP� WUDLW�EDVHG� HFRORJ\��

ZLGHQLQJ� WKH� HFRORJLF� KLHUDUFKLFDO� OHYHOV� RI� LWV� DSSOLFDWLRQ� DQG� LQFUHDVLQJ� LWV�

SUHGLFWLYH�SRZHU�WR�DQVZHU�HFRORJLFDO�TXHVWLRQV�

7KH�ZRRG�WUDLWV�DUH�FRQVLGHUHG�LPSRUWDQW�VRXUFH�RI�LQIRUPDWLRQ�DERXW�SODQW�

HQYLURQPHQW�UHODWLRQVKLS�DQG�FDQ�EH�SRWHQWLDOO\�XVHG�LQ�SUHGLFWLYH�PRGHOV�WR�DVVHVV�

WLPHO\� HFRORJLFDO� TXHVWLRQV�� DV� WKH� LPSDFW� RI� WKH� FOLPDWH� FKDQJH� RQ� SODQW�

FRPPXQLWLHV�ZRUOG�ZLGH��%((&.0$1���������'HVSLWH�EHLQJ�FUHDWHG�WR�WD[RQRPLF�

LGHQWLILFDWLRQ� SXUSRVH�� VHYHUDO� ZRRG� WUDLWV� NQRZQ� LQ� ZRRG� DQDWRP\� OLWHUDWXUH�

�&200,77((��������%$$6�HW�DO�������D� DQG� LQ� UHFHQW� UHYLHZV� �&5,9(//$52��

:,('(1+2()7��58)),1$772������� PDWFK�IXQFWLRQDO�WUDLWV�GHILQLWLRQ�RI�9LROOH HW�

DO� ��������ZKLFK�FRQVLGHU�³$Q\�WUDLW�ZKLFK�LPSDFWV�ILWQHVV�LQGLUHFWO\�YLD�LWV�HIIHFWV�RQ�

JURZWK��UHSURGXFWLRQ�DQG�VXUYLYDO´��

+RZHYHU��WKH�FKRLFH�RI�WKH�ZRRG�WUDLWV�WR�DFFHVV�SODQW�HFRORJLFDO�VWUDWHJLHV�

DORQJ� JUDGLHQWV� PXVW� EH� PDGH� ZLWK� FDUH �)2851,(5� HW� DO��� ������ %HHFNPDQ�

�������SUHVHQWV D�GHWDLOHG�GLVFXVVLRQ�DERXW�WKH�PXOWLSOLFLW\�RI�ZRRG�DQDWRPLFDO�WUDLWV�

DQG� WKHLU� SRWHQWLDO� IXQFLRQDOLW\�� DQG� VXJJHVW� D� ZLGH� GLYHUVLW\� RI� WUDLWV� DQG� WKHLU�

SRWHQWLDO�DSSOLFDWLRQ�WR�DGGUHVV�WLPHO\�HFRORJLFDO�TXHVWLRQV��DV�WKRVH�UHODWHG�WR�WKH�

LPSDFW�RI�HQYLURQPHQWDO�FKDQJLQJ�RQ�IRUHVW�WUDLW�FRPSRVLWLRQ�

7KH�XVH�RI�FRPPXQLW\�HFRORJ\�DSSURDFKHV��DV�FRPPXQLW\�ZHLJKHG�PHWULFV��

SURYLGH�IHDVLEO\�ZD\�WR�DGGUHVV�VHYHUDO�K\SRWKHVHV�LQ�HFRORJLFDO�ZRRG�DQDWRP\��

7KH�ZHLJKHG�PHWULFV�DUH�XQGHUSLQQHG�E\�WKH�³PDVV�UDWLR´�K\SRWKHVLV��ZKLFK�VWDWHV�

WKH� SUHYDOHQW� LQIOXHQFH� RI� WKH�PRVW� DEXQGDQW� VSHFLHV� RYHU� WKH� VXERUGLQDWH� DQG�

WUDQVLHQW�LQ�DVVHVVLQJ�HFRV\VWHP�IXQFWLRQV��*5,0(���������

6XFK�DVVXPSWLRQ�KDV�D�LPSOLFLW\�FRQFHSW�RI�HQYLURQPHQWDO�RSWLPDOLW\��ZKHUH�

VSHFLHV�UHODWLYH�DEXQGDQFH�LV�PHGLDWHG�E\�WKHLU�WUDLWV��WKDW�LV��³FRPPXQLW\�DVVHPEO\�

E\�WUDLW�VHOHFWLRQ´��6+,3/(<��9,/(��*$51,(5���������,Q D�DGYDQFHG�VWDQGLQJ�SRLQW��

WKH� ZHLJKHQLQJ� SURFHGXUH�PD\� EH� H[WHQG� WR� WKH� RWKHUV� VWDWLVWLFDO� PRPHQWV�� DV�

YDULDQFH�� VNHZQHVV� DQG NXUWRVLV �(148,67� HW� DO��� ������ $61(5� HW� DO��� �������



ϵϴ

LQFUHDVLQJ�WKH�SRWHQWLDO�RI�WKLV�DQDO\VLV�LQ�GHVFULEH�HFRORJLFDO�SURFHVVHV�RI�LQWHUHVW�

LQ�HFRORJ\�DQG�PHGLDWHG�E\�ZRRG�DQDWRP\�WUDLWV�

)ROORZLQJ�D�UHFHQW�GLVFXVVLRQ�RI�(QTXLVW�HW�DO� ��������WKH�³+RO\�*UDLO´�RI�WKH�

WUDLW�EDVHG�HFRORJ\��DQG�WKH�WUDLW�EDVHG�HFRORJLFDO�ZRRG�DQDWRP\��KDV�WR�EH�WKH�XVH�

RI� IXQFWLRQDO� WUDLWV�� UDWKHU� WKDQ VSHFLHV� LGHQWLWLHV�� ZKLFK� DUH� EHWWHU� SUHGLFWRUV� RI�

FRPPXQLW\�DQG�HFRV\VWHP�G\QDPLFV� LQ� WKH�FRQWH[W�RI� WKH�HQYLURQPHQWDO�FKDQJH�

�'Ë$=��&$%,'2��������',$=�HW�DO���������68',1*��*2/'67(,1��������

:H� DUJXH� WKDW� E\� FRPPXQLW\� ZHLJKHG� PHWULFV� RQH� FDQ� LQYHVWLJDWH� WKH�

FRUUHODWLRQ� EHWZHHQ�ZRRG� WUDLWV�� WHVW� DQG� SURSRVH� K\SRWKHVHV� LQ�ZRRG� DQDWRP\�

DERXW�K\GUDXOLF�WUDLWV��GLVFXVV�WKH�HFRORJLFDO�IXQFWLRQV�RI�WKH�ZRRG�WUDLWV��DQG�VFDOH�

XS�IURP�RUJDQ�WR�HFRV\VWHP�IXQFWLRQLQJ�WR�DFFHVV�WKH�HFRORJLFDO�SURFHVV��LQWHUQDO�

DQG�H[WHUQDO�ILOWHUV��VWUXFWXULQJ�ZRRG�WUDLW�FRPSRVLWLRQ�LQ�SODQW�FRPPXQLWLHV�

6HYHUDO� LQWHUHVWLQJ� K\SRWKHVLV� WHVWHG� LQ� WKLV� SDSHU� FRPH� IURP� D� UHFHQW�

GLVFXVVLRQ��%,77(1&2857��3(5(,5$��2/,9(,5$��������*/($621�HW�DO��������

DERXW� WKH�H[LVWHQFH�RI�D� WUDGHRII�EHWZHHQ�SURWHFWLQJ�FRQGXLWV�DJDLQVW�HPEROLVPV�

DQG� WKH�HIILFLHQF\�RI�ZDWHU� WUDQVSRUW�E\�SODQWV� �',;21��:5,*+7��������7<5((��

����� ± 7KH�VDIHW\�HIILFLHQF\�WUDGHRII��6(7���7KLV�PD\�EH�DQ�LPSRUWDQW�PHFKDQLVP�

LQ� SODQW� HFRORJ\� DQG� HYROXWLRQ�� DV�PRUH� HIILFLHQW� SODQWV� ZLWK� KLJK� .V� DQG� ZLGHU�

YHVVHOV�DUH� OLQNHG� WR� IDVW�JURZLQJ�VWUDWHJLHV� �32257(5�HW�DO���������� XOWLPDWHO\�

LQIOXHQFLQJ�SODQW�SODQW� LQWHUDFWLRQV� �H�J�� OLJKW� FRPSHWLWLRQ���ZKHUHDV� VDIHW\� SODQWV�

ZLWK� ORZ� .V� DQG� VPDOOHU� YHVVHOV� VKRXOG� EH�PRUH� UHVLVWDQW� WR� WKH� HQYLURQPHQWDO�

VWUHVV�LPSRVHG�E\�WKH�ZDWHU�GHILFLW��%$$6�HW�DO�������E���%RWK�VWUDWHJLHV�PD\�EH�WKH�

FRQVHTXHQFH� RI� GLYHUJHQW� IRUFHV� DFWLQJ� DORQJ� WKH� HYROXWLRQDU\� KLVWRU\� RI� SODQWV�

�63(55<��������

*OHDVRQ�HW�DO���������FRPSDUHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�WZR�FRQGXLW�

OHYHO� WUDLWV� ± K\GUDXOLF� FRQGXFWLYLW\� �.V�� NJ� P�� 03D�� V���� DQG� VDIHW\� ± LQ� D�

UHPDUNDEOH�GDWDVHW��FRPSULVLQJ�����DQJLRVSHUPV DQG����J\PQRVSHUP�VSHFLHV��DQG�

UHSRUWHG�QR�VSHFLHV�ZLWK�KLJK�HIILFLHQF\�DQG�KLJK�VDIHW\�LQ�K\GUDXOLF�V\VWHP��ZKLFK�

VXSSRUW�WKH�LGHD�RI�D�6(7��+RZHYHU��WKH�ILQGLQJ�RI�PDQ\�VSHFLHV�ZLWK�ORZ�.V��ORZ�

HIILFLHQF\�� DQG� VDIHW\�� UHVXOWHG� LQ� D� ZHDN� FRUUHODWLRQ� EHWZHHQ� VXFK� 6(7� WUDLWV��

FKDOOHQJLQJ�WKH�XQGHUVWDQGLQJ�RI�WKH�[\OHP�HYROXWLRQ�E\�WKH�6(7�PHFKDQLVP�

,Q�LQWHUHVWLQJ�FRPPHQWV�RQ�*OHDVRQ�HW�DO���������ILQGLQJV��%LWWHQFRXUW�HW�DO��

�������SURSRVHG�WR�UHYLVLW�WKH�³HIILFLHQF\´�GHILQLWLRQ�RI�.V�DVVXPHG�E\�*OHDVRQ�DQG�

FROOHDJXHV��ZKLFK�LV�EDVHG�RQ�ZDWHU�WUDQVSRUW�± ³DPRXQW�RI�ZDWHU�WUDQVSRUWHG�E\�D�



ϵϵ

JLYHQ�[\OHP�DUHD´ � WR�D�GHILQLWLRQ�EDVHG�RQ�VSDFH�XVH�HIILFLHQF\�± ³HIILFLHQF\�RI�

ZRRG� VSDFH� XVH� DOORFDWHG� WR� WKH� YHVVHOV´�� 7KXV�� LI� .V� FDQ� EH� XQGHUVWRRG� DV� D�

PHDVXUHPHQW� RI� K\GUDXOLF� VSDFH� XVH� HIILFLHQF\�� WKH� .V� YDULDELOLW\� KDV� WR� EH�

XQGHUVWRRG� EDVHG� RQ� WKH� IDFWRUV� WKDW� OLPLW� RU� DIIHFW� WKH� ZRRG� VSDFH� XVH�

�%,77(1&2857�� 3(5(,5$�� 2/,9(,5$�� ������� 7KHVH� VDPH� DXWKRUV� H[SOLFLWO\�

DIILUP� WKDW� WKH� ³VSDFH�DOORFDWLRQ� WR�FRQGXLWV� WKXV�QHFHVVDULO\�FRQIOLFWV�ZLWK�VSDFH�

DOORFDWLRQ� WR�SDUHQFK\PD�� ILEHUV�DQG�FHOO�ZDOOV´�� DQG� WKH�.V�YDULDELOLW\� VKRXOG�EH�

LQYHVWLJDWHG�XQGHU�WKLV�SHUVSHFWLYH�

$FFRUGLQJ� WR� WKH� ZRRG� VSDFH�XVH� PRGHO� SURSRVHG� E\� %LWWHQFRXUW� HW� DO��

�������� WKHUH� LV�D� OLPLW�DQG�QRW�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�K\GUDXOLF�VDIHW\�DQG

VSDFH�XVH�HIILFLHQF\��ZKLFK�FRXOG�EH�H[SODLQHG�E\� WZR�ZD\V����� WKH�ZRRG�VSDFH�

FRQVWUDLQHG� E\� ILEHUV� DQG� FHOO�ZDOO� WKLFNQHVV�� *LYHQ� WKDW� K\GUDXOLF� VDIHW\� SODQWV�

XQGHU�PRUH� QHJDWLYH� ZDWHU� SRWHQWLDOV�PXVW� WR� GHDO� ZLWK� WKH� WUHQG� RI� WKH� YHVVHO�

LPSORVLRQ�� WKH� UHVLVWDQFH� WR� WKH� LQQHU� PHFKDQLFDO� VWUHVV� LV� SURYLGHG� E\� WKLFNHU�

FRQGXLW�FHOO�ZDOOV��+$&.(�HW�DO�������� DQG�RU�WKH�LQFUHDVHG�WUDQVYHUVH�ILEHU�DUHD�

�-$&2%6(1������������WKH�SDUHQFK\PD�VSDFH�XVH��$V�SDUHQFK\PD�LV�FRQVLGHUHG�

D�VRXUFH RI�ZDWHU�PRUH�DFFHVVLEOH�WR�WKH�OHDYHV��ZKLFK�FDQ�EXIIHU�SODQWV�DJDLQVW�WKH�

ZDWHU�VWUHVV�± UHILOOLQJ�K\SRWKHVLV��=:,(1,(&.,��+2/%522.������� ± D�SODQW�ZLWK�

KLJK�SDUHQFK\PD�FRQWHQW�DQG�ORZ�.V�FRXOG�DOVR�EH�DVVRFLDWHG�ZLWK�ORZ�K\GUDXOLF�

VDIHW\�� DV� SDUHQFK\PD� FRXOG� LQFUHDVH� WKH�ZDWHU� WUDQVSRUW� HIILFLHQF\� XQGHU� QRQ�

VWHDG\�VWDWH�FRQGLWLRQV�

7KXV��%LWWHQFRXUW�HW�DO� �������SURSRVH�WKDW�VXFK�YDULDELOLW\�RI�.V�LQ�KLJK�ZDWHU�

SRWHQWLDOV�IRXQG�E\�*OHDVRQ�HW�DO���������FRXOG�EH�H[SODLQHG�E\�WKH�YDULDQFH�LQ�WKH�

ZRRG�VSDFH�XVH��ZKHUH�FRQGXLWV��FRQGXFWLYH�DUHD�DQG�IUHTXHQF\�RI�YHVVHOV��DQG�

SDUHQFK\PD� FRXOG� EH� YDULDWLQJ� IUHHO\�� DOORZHG� E\� WKH� VPDOOHU� LQQHU� PHFKDQLFDO�

VWUHVV��JLYHQ�WKH�VPDOOHU�VSDFH�RFFXSLHG�E\�WKH�ILEHUV�DQG�FHOO�ZDOOV�

+HUH�� ZH� WHVWHG� WKH� K\SRWKHVLV� PDGH� E\� WKH� PRGHO� RI� %LWWHQFRXUW� DQG�

FROOHDJXHV��DQG�DVVHVVHG�WKH�VKLIWLQJ�RI�VHYHUDO�K\GUDXOLF�WUDLWV�E\�WKH�FRPPXQLW\�

ZHLJKHG�PHDQ�DQG�YDULDQFH��WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�����:KDW�K\GUDXOLF�

WUDLWV�FRUUHODWHV�ZLWK�WKH�YDULDQFH�LQ�.V"����+RZ�WKH�ZDWHU�DYDLODELOLW\�JUDGLHQW�DIIHFWV�

WKH� ZRRG� DQDWRP\� WUDLWV� DQG� WKH� VHWXSV� RI� ZRRG� VSDFH�XVH"� ��� +RZ� WKH�

FRPPXQLWLHV�ZRRG�WUDLW�FRPSRVLWLRQ�LV�DIIHFWHG�E\�WKH�HFRORJLFDO�SURFHVVHV"



ϭϬϬ

0$7(5,$/�$1'�0(7+2'6

6DPSOLQJ�SURFHGXUH

:H�FROOHFWHG�EUDQFKHV�RI���� WUHH�VSHFLHV�RU� WKH�����PRVW�DEXQGDQW� WUHH�

VSHFLHV� DW� WKH� 3DXOR� &HVDU� 9LQKD� VWDWH� SDUN� �3(3&9�� VWXG\� DUHD� �ILJ�� ����:H�

FROOHFWHG�DW� OHDVW� WKUHH� LQGLYLGXDOV� �EUDQFK��SHU� VSHFLHV�DQG�SHU�HQYLURQPHQW�� WR�

NHHS� WKH� VDPSOLQJ� FRQVLVWHQF\� DQG� GHWHFW� WKH� ILQH� VFDOH� LQIOXHQFH� RI� WKH�

HQYLURQPHQWDO�JUDGLHQW�RYHU�WKH�ZRRG�WUDLW�FRPSRVLWLRQ��+RZHYHU��ZH�FROOHFWHG�D�

VPDOO� QXPEHU� RI� LQGLYLGXDOV� IURP� 6RODQXP� V\FRFDUSXP �Q ���� %XFKHQDYLD�

WHWUDSK\OOD�� DQG� &DPSRPDQHVLD� JXD]XPLIROLD �Q ���� JLYHQ� WKHLU� UDULW\� RU� ORZ�

IUHTXHQF\��:H�VWDEOLVKHG�D�SDWWHUQ� LQ�VDPSOLQJ�VWUDWHJ\� UHJDUGLQJ� WR� WKH�EUDQFK�

SRVLWLRQ�DORQJ� WKH� LQGLYLGXDO�� WKH�SRVLWLRQ�DORQJ� WKH�EUDQFK�� WKH�EUDQFK�GLDPHWHU��

DQG�LWV�PDWXULW\��7KXV��ZH�FROOHFWHG�DGXOW�WUHHV�ILUVW�EDVDO�EUDQFK�ZLWK�DSSUR[LPDWHO\�

VLPLODU�GLDPHWHU��������������FP��ZLWKRXW�WKH�EDUN���

)LJXUH����$� 3DXOR�&HVDU�9LQKD�VWDWH�SDUN��3(3&9��DQG WKH�VWXG\�DUHD��UHG�GRW��ORFDOL]HG�LQ�

WKH� (VStULWR� 6DQWR� 6WDWH� �%��� 'HWDLOHG� PDS� RI� WKH� VWXG\� DUHD� �&��� VKRZLQJ� WKH� ���

SORWV�FRPPXQLWLHV�WKDW�VSDQV�D�JUDGLHQW�a����������PHWHUV�IURP�)ORRGDEOH��ż���LQWHUPHGLDWH�

�Ƒ���DQG�GU\��¨��IRUHVW�FRPPXQLWLHV�



ϭϬϭ

7KLV�GDWDVHW� LV�SDUW�RI�DQ�HDUOLHU�VWXG\� LQYHVWLJDWLQJ�ZRRG�GHQVLW\�DQG� OHDI�

WUDLWV�FRPSRVLWLRQ�RI� UHVWLQJD IRUHVWV� �/285(1d2�-81,25 HW�DO�������� LQ�SUHS���

ZKLFK� LQFOXGHV�WKH�GHWHUPLQDWLRQ�RI� WKH�ZDWHU�WDEOH�GHSWK�JUDGLHQW�DQG�WKH�IRUHVW�

LQYHQWRU\�ZKHUH�DOO�LQGLYLGXDO�SODQWV�ZLWK�GLDPHWHU�DW�WKH�EUHDVW�KHLJKW��GEK�����FP�

ZHUH�PHDVXUHG�WKH�KHLJKW�DQG�GEK��:H�H[FOXGHG�D�IHUQ��&\DWKHD�SKDOHUDWD��DQG�

WZR� SDOPV� VSHFLHV� �(XWHUSH� HGXOLV DQG� *HRQRPD� VFKRWWLDQD�� IURP� WKLV� ZRRG�

DQDWRP\�VWXG\�

:RRG�DQDWRP\�DQDO\VLV

:H�SUHYLRXVO\�ERLOHG�WKH�VDPSOHV�WR�PDNH�HDV\�WKH�FXWWLQJ�SURFHGXUH��:H�

SURGXFHG�PLFURVHFWLRQV�RI���±����P�WKLFNQHVV��DV�VDPSOHV�WKLFNHU�WKDQ�����P�FDQ�

LQSXW�YDULDQFH�LQ�VRPH�DQDWRPLFDO�IHDWXUHV��PDNLQJ�GLIILFXOW�WR�GLIIHUHQWLDWH�WKLQ�WR�

WKLFN�ZDOOHG� FHOOV�� IRU� LQVWDQFH� �921�$5;�HW� DO��� ������� 7KH�PLFURVHFWLRQV�ZHUH�

SURGXFHG�ZLWK�WKH�VOHGJH�PLFURWRPH�*6/��PLFURWRPH��ZKLFK�SURGXFHV�KLJK�TXDOLW\�

WKLQ�VHFWLRQV� DQG� LW� LV� HDV\� WR� KDQGOH� �*b571(5�� /8&&+,1(77,��

6&+:(,1*58%(5��������

:H�GLG�QRW�VHW�XS�VHPL�SHUPDQHQW�RU�SHUPDQHQW�KLVWRORJLFDO�VOLGHV��ZKLFK�

VSHHG�XS�WKH�ZRRG�DQDWRP\�DQDO\VLV��7KXV��WKH�WKLQ�VHFWLRQ�ZHUH�G\HG�LQ�6DIUDQLQ�

�����DQG�SODFHG� LQ�KLVWRORJLFDO�VOLGHV� IRU� WKH� LPDJH�FDSWXUH��XVLQJ�D�PLFURVFRSH�

FRXSOHG�ZLWK�D�KLJK�UHVROXWLRQ�FDPHUD��:H�WRRN�VHYHUDO�PLFURVFRSLF�SKRWRV�IURP�

WKH�SLWK�WR�WKH�PDUJLQ�RI�WKH�EUDQFK�VDPSOH�DW����WLPHV�RI PDJQLWXGH��7KH�LPDJHV�

ZHUH� VWLWFKHG� ZLWK� WKH� 37*XL� VRIWZDUH� �1HZ� +RXVH� ,QWHUQHW� 6HUYLFHV� %�9���

5RWWHUGDP�� 1/��� ZKLFK� LV� UHFRPPHQGHG� IRU� SURGXFLQJ� GLVWRUWLRQ�IUHH� FRPSRVLWH�

LPDJHV��921�$5;�HW�DO���������

7KH�ILQDO�FRPSRVLWH� LPDJHV�ZHUH�DQDO\]HG� LQ� WKH�IUHHO\�DYDLODEOH�VRIWZDUH�

52;$6������921�$5;��&$55(5���������ZKLFK�LV�VSHFLDOL]HG�IRU�TXDQWLWDWLYH�ZRRG�

DQDWRP\� DQDO\VLV� DQG� SURYLGHV� VHYHUDO� SDUDPHWHUV� RI� HFRORJLFDO� LQWHUHVW� �921�

$5;���������DV�YHVVHO�GHQVLW\��QR�PP�����YHVVHO�JURXSLQJ�LQGH[��QR�JURXS���YHVVHO�

VROLWDU\�IUDFWLRQ������YHVVHO�ZDOO�WKLFNQHVV���P���DQG�PHDQ�YHVVHO�VL]H���P���

2WKHUV� SDUDPHWHUV� LQFOXGHG� LQ� WKLV� VWXG\� DUH� ;\OHP�VSHFLILF� SRWHQWLDO�

K\GUDXOLF�FRQGXFWLYLW\��.V��>NJ�P���03D���V��@���.K�;$��ZKHUH�³.K´�LV�WKH�DFFXPXODWHG�

3RWHQWLDO�K\GUDXOLF�FRQGXFWLYLW\�DV�DSSUR[LPDWHG�E\�3RLVHXLOOH
V�ODZ�DQG�DGMXVWHG�WR�



ϭϬϮ

HOOLSWLFDO�WXEHV��DQG�³;$´�LV�WKH�[\OHP�DUHD��PP����2YHUDOO�PHDQ�EHQGLQJ�UHVLVWDQFH�

LQGH[��%HQG���>W�E@���ZKHUH�³W´�LV�WKH�GRXEOH�FHOO�ZDOO�WKLFNQHVV�DQG�³E´�WKH�OHQJWK�RI�

WKH�VDPH�FHOO ZDOO��+$&.(�HW�DO���������

7KH�SURSRUWLRQ�RI�ILEHUV�DQG�SDUHQFK\PD������DQG�ILEHU�ZDOO�WKLFNQHVV���P��

ZHUH�FDOFXODWHG�LQ�WKH�,PDJH�3UR�3OXV����0HGLD�&\EHUQHWLFV��6LOYHU�6SULQJ��(8$���

:H�FDOO�SDUHQFK\PD�SURSRUWLRQ�E\�³QRQ�FRQGXFWLYH�DUHD´��ZKLFK�LQFOXGH�D[LDO�DQG�

UDGLDO�SDUHQFK\PD�

&RPPXQLW\�ZHLJKHG�PHWULFV

:H�FDOFXODWHG� WKH�FRPPXQLW\�ZHLJKWHG�PHDQ� �&:0��HT��$��DQG�YDULDQFH�

�&:9��HT��%��IRU�HDFK�RI�WKH����SORWV��RU�SODQW�FRPPXQLWLHV��IRU�VLPSOLFLW\��LQ�WKLV�

VWXG\�� 7KH� FDOFXODWLRQV� ZHUH�PDGH� E\� WKH� VSHFLHV� WUDLW� YDOXHV� ZHLJKWHG� E\� WKH�

VSHFLHV�DEXQGDQFH��DFFRUGLQJ�WR�WKH�HTXDWLRQV�

����ǡ � ൌ σ ǡ݇ܣ ݆ Ǥ ݇ݖ

ୀଵ

����ǡ � ൌ  ǡ݇ܣ ݆ Ǥ ሺ ݇ݖ


ୀଵ
െ ����ǡ �ሻ

ʹ

ZKHUH� QM LV� WKH� QXPEHU� RI� VSHFLHV� VDPSOHG� LQ� SORW� M�� $N�M LV� WKH� UHODWLYH�

DEXQGDQFH�RI�VSHFLHV�N�LQ�SORW�M��DQG�]N LV�WKH�PHDQ�YDOXH�RI�VSHFLHV�N�

;�Ϳ

;�Ϳ



ϭϬϯ

5(68/76

7KH�ZRRG�WUDLW�FRPSRVLWLRQ�ZDV�GHHSO\�DIIHFWHG�E\�WKH�ZDWHU�WDEOH�JUDGLHQW��

DQG�WKH�VHWXSV�RI�ZRRG�VSDFH�XVH�H[KLELWHG�FRQVLVWHQW� WUHQGV�E\�FKDQJLQJ�ILEHU��

QRQ�FRQGXFWLYH� �SDUHQFK\PD��� DQG� FRQGXFWLYH� �YHVVHOV�� FURVV�VHFWLRQDO� DUHD�

SURSRUWLRQV��7RZDUG�WKH�GULHU�HQG�RI�WKH�JUDGLHQW��ILEHU�SURSRUWLRQ�LQFUHDVHV��ZKLOH�

FRQGXFWLYH� DQG�QRQ�FRQGXFWLYH� DUHD� GHFUHDVH� �ILJ�� �D��� 7KH� YDULDQFH� LQ�.V�ZDV�

)LJXUH�����D� 6HWXSV�YDULDWLRQ�RI�ZRRG�VSDFH�XVH�DORQJ�WKH�ZDWHU�WDEOH�JUDGLHQW�E\�WKH�VKLIWLQJ�

RI� ILEHUV�� FRQGXFWLYH� �YHVVHO� OXPHQ�� DQG� QRQ�FRQGXFWLYH� DUHD� �SDUHQFK\PD�� LQ� ��� SODQW�

FRPPXQLWLHV���E� FRPPXQLW\�ZHLJKHG�YDULDQFH��&:9��RI�SRWHQWLDO�K\GUDXOLF�FRQGXFWLYLW\��.V��

LQ� UHODWLRQ� WR� WKH� &:9� RI� FRQGXFWLYH� DUHD� �[\OHP� OXPHQ��� PHDQ� FHOO�VL]H� �YHVVHOV��� QRQ�

FRQGXFWLYH�DUHD��DQG�ILEHU�DUHD���F� 0RGHO�PRGLILHG�IURP�%LWWHQFRXUW�HW�DO� ���������G� 3RVLWLYH�

FRUUHODWLRQ� EHWZHHQ� ILEHU�ZDOO�WKLFNQHVV�DQG�.V� �ERWK�YDULDQFH�DQG�PHDQ��DW�KLJKHU�ZDWHU�

SRWHQWLDO��,Q�WKH�IORRGDEOH�FRPPXQLWLHV� ZH�QRWLFH�WKH�SUHVHQFH�RI�WKLQ�ZDOOHG�ILEHUV�ZLWK�ODUJHU�

OXPHP��ILJ�����VHSWDWH�ILEHUV���ZKLFK�FRXOG�EH�VXUURJDWLQJ�WKH�SDUHQFK\PD�IXQFWLRQV�RI�ZDWHU�

VWRUDJH�� DOORZLQJ� .V� WR� YDULDWH�� 6WDWLVWLFDOO\� VLJQLILFDQW� ���� S�YDOXH������ )ORRGDEOH� �ż���

LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��IRUHVW�FRPPXQLWLHV�



ϭϬϰ

FRUUHODWHG� WR�YHVVHO�VL]H�DQG�FRQGXFWLYH�DUHD�YDULDQFH��DQG�XQFRUUHODWHG� WR�QRQ�

FRQGXFWLYH�DUHD��SDUHQFK\PD��DQG�FHOO�ZDOO�WKLFNQHVV��ILJ���E���7KXV��ZH�SURSRVH�D�

QHZ�PRGHO�IRU�.V�YDULDQFH��ILJ���F��EDVHG�RQ�WKH�PRGHO�RI�%LWWHQFRXUW�HW�DO���������

)URP� WKH� ZHWWHU WR� WKH� GULHU� FRPPXQLWLHV� ZH� QRWLFH� VWURQJ� WUHQGV� RI�

LQFUHDVLQJ� YHVVHO�GHQVLW\�� EHQG� DQG� YHVVHO� JURXSLQJ� LQGH[�� ZKHUHDV� .V�� PHDQ�

YHVVHO�VL]H� DQG� YHVVHO� VROLWDU\� IUDFWLRQ� GHFUHDVHG �)LJ�� �D��� 7KH� FKDQJHV� LQ� WKH�

DQDWRPLFDO�IHDWXUHV�FDQ�EH�HDVLO\�REVHUYHG�LQ�WKH�PLFURVFRSLF�SKRWRV�RI�WKH�PRVW�
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)LJXUH����&RPPXQLW\�ZHLJKHG�PHDQ��D��DQG�YDULDQFH��E��RI�.V��FHOO�GHQVLW\��UHVLVWDQFH�WR�WKH�

EHQGLQJ��%HQG�� YHVVHO�JURXSLQJ�LQGH[��PHDQ�YHVVHO�VL]H��0&$���DQG�YHVVHO�VROLWDU\�IUDFWLRQ�

DORQJ�WKH�ZDWHU�WDEOH�GHSWK�JUDGLHQW��6WDWLVWLFDOO\�VLJQLILFDQW�����S�YDOXH�������)ORRGDEOH��ż���

LQWHUPHGLDWH��Ƒ���DQG�GU\��¨��IRUHVW�FRPPXQLWLHV�



ϭϬϱ

DEXQGDQW�VSHFLHV�IRU�HDFK�IRUHVW��ILJ�����,�,,,��D�F���0RUHRYHU��3��JUDQGLIORUXP�KDV�D�

FRQVSLFXRXV� FKDQJLQJ� LQ� ILEHU� SURSRUWLRQ�� DQG� 7�� JXLDQHQVLV H[KLELW� FKDQJHV� LQ�

YHVVHO�ZDOO�WKLFNQHVV�DQG�ILEHU�OXPHQ��ILJ�����G�H��

7KH�FRPPXQLW\�ZHLJKHG�YDULDQFH�RI�FHOO�GHQVLW\��EHQG��DQG�YHVVHO�JURXSLQJ�

LQGH[�KDG�D�WUHQG�RI� LQFUHDVLQJ� WRZDUG� WKH�GU\�HQG�RI� WKH�JUDGLHQW��ZKLOH�.V�DQG�

PHDQ�FHOO�DUHD�H[KLELWHG�DQ�RSSRVLWH�WUHQG �ILJ���E���9HVVHO�VROLWDU\�IUDFWLRQ�YDULDQFH�

ZDV�ZHDNO\�FRUUHODWHG�WR�WKH�ZDWHU�WDEOH�JUDGLHQW�

6SHFLHV�OHYHO� DQDO\VLV� DQG� DGGLWLRQDO� GLVFXVVLRQ� FDQ� EH� DVVHVVHG� LQ� WKH�

VXSSOHPHQWDU\�PDWHULDO�RI�WKLV�DUWLFOH��DYDLODEOH�LQ�WKH�RQ�OLQH�YHUVLRQ�

,

)LJXUH����)ORRGDEOH�IRUHVW��,���D�± &DORSK\OOXP�EUDVLOLHQVH��E�± 6\PSKRQLD�JOREXOLIHUD��F�±

7DEHEXLD�FDVVLQRLGHV��G�± 3VHXGRERPED[�JUDQGLIORUXP��H�± 7DSLULUD�JXLDQHQVLV��,QWHUPHGLDWH�

IRUHVW� �,,��� D� ± 0LFURSKROLV� YHQXORVD�� E� ± *XDUHD� PDFURSK\OOD�� F� ± 3URWLXP� LFLFDULED�� G� ±

3VHXGRERPED[�JUDQGLIORUXP��H�± 7DSLULUD�JXLDQHQVLV��'U\HU�IRUHVW��,,,���D�± (PPRWXP�QLWHQV��

E�± 5XGJHD�UHWLFXODWD��F�± 3RXWHULD�FRHORPDWLFD��G�± 3VHXGRERPED[�JUDQGLIORUXP��H�± 7DSLULUD�

JXLDQHQVLV��1RWLFH�WKH�IUHTXHQF\�DQG�YHVVHO�GLDPHWHU�GHFUHDVLQJ�WRZDUG�WKH�GULHU�VLWH�ZKHQ�

FRPSDULQJ�WKH�VSHFLHV��DQG�WKH�LQWUDVSHFLILF�YDULDWLRQ�RI�7��JXLDQHQVLV DQG�3��JUDQGLIORUXP��

0RUHRYHU��ILEHU�ZDOO�WKLFNQHVV�RI�7��JXLDQHQVLV LQFUHDVHV�WRZDUG�WKH�GU\HU�IRUHVW��7KH�WKLFN�

PDUN�DW�WKH�ERWWRP�RI�HDFK�ILJXUH�UHSUHVHQWV������P��$UURZV�LQGLFDWH�JURZWK�ULQJV�
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)LJXUH�����&RQWLQXHG��
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',6&866,21

7KH�ZHLJKHG�PHWULFV�DOORZHG�XV�WR�DVVHVV�WKH�LQIOXHQFH�RI�WKH�HQYLURQPHQWDO�

JUDGLHQW� LQ�WKH�FRPPXQLWLHV¶�ZRRG�WUDLW�FRPSRVLWLRQ��VKRZLQJ�WR�EH�DQ�LQWHUHVWLQJ�

DOWHUQDWLYH�WR�WKH�WUDGLWLRQDO�VSHFLHV�OHYHO�DSSURDFK�LQ�WKH�HFRORJLFDO�ZRRG�DQDWRP\��

7KH�HQYLURQPHQWDO�JUDGLHQW�RI�ZDWHU�DYDLODELOLW\�SURGXFHG�DQ� LQWHUHVWLQJ�UDQJH�RI�

VHWXSV�RI�ZRRG�VSDFH�XVH��ILJ���D���7RZDUG�WKH�GU\�HQG�RI�WKH�JUDGLHQW��WKHUH�LV�DQ�

LQFUHDVLQJ�RI� ILEHU�FRQWHQW��ZKLFK�ZDV�EDODQFHG�E\� WKH�GHFUHDVLQJ�RI�FRQGXFWLYH�

DUHD��YHVVHO�OXPHQ��DQG�QRQ�FRQGXFWLYH�DUHD��SDUHQFK\PD���VXJJHVWLQJ�D�OLPLWLQJ�

UHODWLRQVKLS�RI�WKH�ZRRG�VSDFH�XVH��%,77(1&2857��3(5(,5$��2/,9(,5$��������

,Q�DQRWKHU�XQGHUVWDQGLQJ�RI�WKH�OLPLWLQJ�UHODWLRQVKLS�K\SRWKHVLV��%LWWHQFRXUW�

HW� DO� ������� SURSRVH� DQ� H[SODQDWLRQ� IRU� WKH� YDULDWLRQ� RI� .V� LQ� ZRRG� SODQWV�

�*/($621� HW� DO��� ����� EDVHG� RQ� WKH� YDULDQFH� RI� WKH� SDUHQFK\PD� VSDFH�XVH��

$FFRUGLQJ�WR�WKLV�LGHD��LQ�KLJKHU�ZDWHU�SRWHQWLDO��OHVV�VSDFH�QHHGV�WR�EH�DOORFDWHG�WR�

WKH� WLVVXHV� UHODWHG� WR�PHFKDQLFDO� VXSSRUW� �ILEHU� DQG� FHOO�ZDOO��� ZKLFK� UHGXFH� WKH�

LQQHU�PHFKDQLFDO�VWUHVV�LQ�WKH�ZRRG�VSDFH�DQG�FUHDWH�PRUH�VSDFH�DYDLODEOH�WR�RWKHU�

WLVVXHV�� $VVXPLQJ� WKH� LQYDULDELOLW\� RI� YHVVHO�VL]H� DQG� SLW� WUDLWV�� LI� OHVV� VSDFH� LV�

DOORFDWHG�WR�FRQGXLWV�DQG�PRUH�LV�DOORFDWHG�WR�SDUHQFK\PD��WKH�.V�YDOXH�FRXOG�EH�

UHGXFHG�� 7KXV�� D� UDQJH� RI� VSDFH�XVH� VHWXSV� FRXOG� SURGXFH� GLIIHUHQW� .V� YDOXHV��

H[SODLQLQJ�LWV�KLJK�YDULDQFH�LQ�KLJK�ZDWHU�SRWHQWLDO�

+RZHYHU��ZH�GLGQ¶W�ILQG�VXSSRUW�IRU�WKLV�K\SRWKHVLV��JLYHQ�WKH�XQFRUUHODWLRQ�

EHWZHHQ�WKH�YDULDQFH�LQ�SDUHQFK\PD�DQG�.V��ZKLFK�ZDV�FRUUHODWHG�WR�WKH�ILEHU�ZDOO�

WKLFNQHVV� LQ� IORRGDEOH� IRUHVW� �ILJ�� �G�� DQG� WKH� YDULDQFH� LQ�0HDQ� YHVVHO�VL]H� DQG�

FRQGXFWLYH�DUHD��ILJ���E���,Q�IDFW��YHVVHO�VL]H�VHHPV�WR�EH�D�KLJKO\�YDULDEOH�WUDLW�DW�

WKH� LQGLYLGXDO� �ILJ�� ��� DQG� VSHFLHV�OHYHO� �VHH� ILJ�� 6���� LQ� VXS��PDWHULDO��� ZKLFK� LV�

FRUURERUDWHG�E\�WKH�OLWHUDWXUH��35(6721�HW�DO���������

)XUWKHUPRUH��WKH�VWURQJ�FRUUHODWLRQ�EHWZHHQ�WKH�.V�YDULDQFH�DQG�WKH�ILEHU�

ZDOO�WKLFNQHVV�VXJJHVWV�WKH�SUHVHQFH�RI�WKLQ�ZDOOHG�VHSWDWH�ILEHUV�LQ�IORRGDEOH�IRUHVW�

�ILJ���D���ZKLFK�KDV�EHHQ�UHSRUWHG�DV�VXUURJDWH�RI WKH�D[LDO�SDUHQFK\PD�IXQFWLRQV�

�H�J�� YHVVHOV� ZDWHU�UHILOOLQJ�� LQ� VRPH� WURSLFDO� IDPLOLHV� �:+((/(5�� %$$6��

52'*(56������� DQG� LW� LV�KLJKO\�SUHVHQW� LQ�VHYHUDO�$WODQWLF�IRUHVW�SODQW�VSHFLHV�

�62)),$77,�HW�DO�������� IURP�KXPLG�DUHDV� �$/9(6��$1*<$/266<�$/)2162��

�������$�KLJKHU�SURSRUWLRQ�RI�WKLQ�ZDOOHG�ILEHUV�PD\�LQFUHDVH�WKH�ZDWHU�FDSDFLWDQFH�

DQG�WKH�HIILFLHQF\�RI�WKH�K\GUDXOLF�V\VWHP��GHVSLWH�WKH�ORZ�.V�RI�WKHVH�VXSSRVHGO\�



ϭϬϴ

³LQHIILFLHQW´�SODQWV��*/($621�HW�DO����������2XU�ILQGLQJV�VXJJHVW�WKDW�WKH�YDULDQFH�

LQ�.V�REVHUYHG�E\�*OHDVRQ�HW�DO� �������PD\�EH�DOVR�UHODWHG�WR�WKH�SUHVHQFH�RI�WKH�

WKLQ�ZDOOHG� VHSWDWH� ILEHUV� DQG� WKH� YDULDQFH� LQ� YHVVHO�VL]H� DQG� FRQGXFWLYH� DUHD��

ZKRVH�YDULDELOLW\�FRXOG�SURYLGH�VHYHUDO�VHWXSV�RI�ZRRG�VSDFH�XVH�ZLWK�GLIIHUHQW�.V�

YDOXHV��ILJ���F��

7KH�&:0�DQDO\VLV� VKRZHG� D� VSHFWUXP�RI� YDULDWLRQ� DORQJ� WKH�ZDWHU� WDEOH�

GHSWK�FRQVLVWHQW�WR�WKH�K\GUDXOLF�VDIHW\�HIILFLHQF\�WUDGHRII��6(7���UDQJLQJ�IURP�PRUH�

HIILFLHQW� WR� PRUH� VDIHW\� VWUDWHJLHV� RI� ZDWHU� WUDQVSRUW� E\� WKH� [\OHP�� DV� ZHWWHU�

FRPPXQLWLHV�H[KLELWHG�KLJKHU�.V��ODUJHU�YHVVHO�VL]H��ILJ���D���PRUH�FRQGXFWLYH�DUHD��

DQG� ORZHU� ILEHU� FRQWHQW� �ILJ�� �D��� ZKHUHDV� GULHU� FRPPXQLWLHV� H[KLELWHG� RSSRVLWH�

WUHQGV�� 7KLV� VKLIWLQJ� RI� ZRRG� WUDLW� FRPSRVLWLRQ� LV� PLUURUHG� E\� WKH� VSHFLHV�

UHSODFHPHQW� �ILJ�� 6�E� LQ� 6XS�� 0DWHULDO�� DORQJ� WKH� HQYLURQPHQWDO� JUDGLHQW�

�/285(1d2�-81,25�HW�DO��������± LQ�SUHS���PDWFKLQJ�WKH�UHVXOWV�RI�D�UHFHQW�VWXG\�

DORQJ�D�IORRGLQJ�JUDGLHQW�LQ�FHQWUDO�$PD]{QLD��&260(�HW�DO����������

)XUWKHUPRUH�� WKHUH� LV� DQ� LQFUHDVLQJ� LQ� WUHH� KHLJKW� �DQG� VSHFLILF� OHDI� DUHD��

WRZDUG�WKH�ZHW�HQG�RI� WKH�JUDGLHQW��/285(1d2�-81,25 HW�DO��������± LQ�SUHS���

VXJJHVWLQJ�WKDW�ODUJHU�YHVVHOV�LQ�IORRGDEOH�FRPPXQLWLHV�PD\�EH�PLQLPL]LQJ�WKH�FRVWV�

DVVRFLDWHG� ZLWK� WKH� UHVLVWDQFH� LQ� WKH� K\GUDXOLF� V\VWHP�� HQDEOLQJ� SODQWV� WR� KDYH�

ODUJHU�ERG\�VL]HV��:(67��%52:1��(148,67������� �ILJ�6���

$FFRUGLQJ�WR�WKH�6(7��WKH�HIILFLHQF\�LQ�WUDQVSRUW�ZDWHU�VKRXOG�WUDGHRII�ZLWK�

WKH�VDIHW\�LQ�WKH�ZDWHU�WUDQVSRUW��DV�ODUJHU�YHVVHOV�LQFUHDVH�ERWK�WKH�DPRXQW�RI�ZDWHU�

WUDQVSRUWHG� WR� WKH� OHDYHV� DQG� WKH� ULVN� RI� FDYLWDWLRQ�� FDXVLQJ� WKH� IDLOXUH� RI� WKH�

K\GUDXOLF� E\� WKH� DLU� VHHGLQJ� LQWR� WKH�ZDWHU� FROXPQ� �7<5((�� ������ -$&2%6(1��

�������7KH�6(7�PD\�UHSUHVHQW�DQ�LPSRUWDQW�PHFKDQLVP�LQ�WKH�SODQW�HYROXWLRQ�DQG�

HFRORJ\� �63(55<�� ������ %$$6� HW� DO��� ����E��� JLYHQ� WKDW� SODQWV� ZRXOG� WHQG� WR�

RSHUDWH�LQ�WKH�OLPLW�RI�WKH�HIILFLHQF\�DQG�VDIHW\�

2WKHU� LQWHUHVWLQJ� UHVXOWV�ZHUH� WKH� LQFUHDVLQJ� RI� WKH� EHQGLQJ� UHVLVWDQFH� RI�

YHVVHO�ZDOO� WR� LPSORVLRQ�� FHOO�GHQVLW\�� DQG� YHVVHO� JURXSLQJ� WRZDUG� WKH� GULHU�

FRPPXQLWLHV��ZKHUHDV�YHVVHO�VROLWDU\�IUDFWLRQ�GHFUHDVHG��ILJ���D���,Q�JHQHUDO��ODUJHU�

YHVVHOV�DUH�DVVRFLDWHG�ZLWK�ORZHU�YHVVHO�GHQVLWLHV��DQG�WKLV�UHODWLRQVKLS�LV�GLFWDWHG�

E\�WKH�OLPLWLQJ�UHODWLRQVKLS�LQ�WKH�XVH�RI�WKH�[\OHP�VSDFH��6&+8/'7�HW�DO����������

+RZHYHU��WKH�LQFUHDVLQJ�RI�YHVVHO�GHQVLW\�KDYH�EHHQ�UHODWHG�WR�WKH�VDIHW\�LQ�ZDWHU�

WUDQVSRUW��DV�FORVHO\�VSDFHG�YHVVHOV�PD\�HQKDQFH�FRQGXFWLYLW\�DQG�WKH�VSUHDG�RI�



ϭϬϵ

HPEROLVP�ZKHQ� FDYLWDWLRQ� RFFXUV� �+$&.(� HW� DO��� ������ 35(6721� HW� DO��� ������

+$&.(��-$&2%6(1��35$77��������

6LPLODUO\�� D� KLJKHU� YHVVHO� JURXSLQJ� DQG� WKH� FRQVHTXHQW� ORZHU� IUDFWLRQ� RI�

VROLWDU\�YHVVHOV��ILJ���D��PD\�LQFUHDVH�WKH�K\GUDXOLF�LQWHJUDWLRQ��UHGXFLQJ�WKH ULVN�RI�

FDYLWDWLRQ�E\�WKH�UHGXQGDQF\�RI�SDWKZD\V�LQ�WKH�VDSZRRG��921�$5;��.8())(5��

)217,���������7KH�YHVVHO�JURXSLQJ�PHWULFV�DUH�SRWHQWLDOO\�LPSRUWDQW�K\GUDXOLF�WUDLW�

LQ�DQJLRVSHUPV��921�$5;��.8())(5��)217,���������SDUWLFXODUO\�IRU�WKH�UHVHDUFK�

LQ� WUDLW�EDVHG� HFRORJ\� DVVHVVLQJ� HQYLURQPHQWDO� JUDGLHQWV� DQG� WKH� LPSDFW� RI� WKH�

FOLPDWH�FKDQJH�

7KH� FRPPXQLW\�ZHLJKHG� YDULDQFH� LV� D� VWDQGDUG DSSURDFK� LQ� WUDLW�EDVHG�

HFRORJ\��/$925(/�HW�DO�� ������5,&277$��025(77,��������6,'(6�HW�DO���������

(148,67�HW�DO����������ODUJHO\�XVHG�WR�XQGHUVWDQG�KRZ�FRPPXQLW\�WUDLW�FRPSRVLWLRQ�

LV�DIIHFWHG�E\�HFRORJLFDO�SURFHVVHV��ZKLFK�FDQ�OLPLW�RU�LQFUHDVH�WKH�WUDLW�YDULDQFH��DV�

WKH� UHVXOW� RI� WKH� HQYLURQPHQWDO� ILOWHULQJ� �.(''<�� ����� DQG� OLPLWLQJ� VLPLODULW\�

�0$&$57+85��/(9,16���������IRU�LQVWDQFH�

7KH�GHFUHDVLQJ�RI� WKH�YDULDQFH� LQ�.V�DORQJ�WKH�ZDWHU� WDEOH�GHSWK�JUDGLHQW�

�ILJ���E��FRUURERUDWHV�WKH�GLVFXVVLRQV�SUHVHQWHG�VR�IDU��ZKLFK�KDYH�VKRZQ�D�KLJKHU�

YDULDQFH�LQ�ZHWWHU�FRPPXQLWLHV��ZKLOH�GULHU�FRQGLWLRQV�LPSRVHG�D�ILOWHULQJ�HIIHFW�RQ�

.V��VXJJHVWLQJ D�VHOHFWLRQ�IRU�VWUDWHJLHV�RI�LQFUHDVHG�VDIHW\�LQ�WKH�ZDWHU�WUDQVSRUW�

�ORZ�.V���/LNHZLVH��WKH�YHVVHO�VL]H�RI�SODQWV�LQ�GULHU�FRPPXQLWLHV�WHQGV�H[KLELW�OHVV�

YDULDQFH� �ILJ�� �E� DQG� ���� DV� VPDOOHU� YHVVHOV� UHGXFH� WKH� ULVN� WR� WKH� FDYLWDWLRQ��

�35(6721�HW�DO���������+$&.(��-$&2%6(1��35$77��������

,QWHUHVWLQJO\�� WKH� YDULDQFH� LQ� EHQGLQJ� UHVLVWDQFH� RI� [\OHP�ZDOO�� YHVVHO�

JURXSLQJ��DQG�GHQVLW\�H[KLELW�DQ�LQFUHDVLQJ�WRZDUG�WKH�GU\�HQG�RI�WKH�JUDGLHQW��ILJ��

�E���WKDW�LV��VSHFLHV�LQ�GULHU�FRQGLWLRQV�VHHPV�WR�KDYH�GLIIHUHQW�DUUDQJHPHQWV�LQ�WKH�

[\OHP� DUFKLWHFWXUH�� ZKLFK� FRXOG� UHSUHVHQW� GLIIHUHQW� ZHOO�VXFFHHG� HFRORJLFDO�

VWUDWHJLHV� WR� FRSH� ZLWK� WKH� ZDWHU� GHILFLW� LQVWHDG� RI� D� GRPLQDQW� VWUXFWXUDO�

DUUDQJHPHQW��&260(�HW�DO���������

,Q� FRQWUDVW�� WKH� VDPH� WUDLWV� LQ� WKH� IORRGDEOH� FRPPXQLWLHV� DUH� YLUWXDOO\�

LQYDULDEOH��ILJ���D���ZKLFK�PD\�UHSUHVHQW�WKDW�PRUH�HIILFLHQW�K\GUDXOLF�VWUDWHJ\�KDYH�

EHHQ� HQYLURQPHQWDOO\� ILOWHUHG�� VXFK� D� ZD\� WKDW� IORRGDEOH� FRPPXQLWLHV� KDYH�

LQYDULDEO\�ORZ�EHQGLQJ�UHVLVWDQFH��FHOO�GHQVLW\�DQG�YHVVHO�JURXSLQJ��ILJ���E���6XFK�

DQ� LQYDULDQFH� LQ� WUDLW� YDOXHV�PD\� UHSUHVHQW� RSWLPDO� SKHQRW\SH IRU� ILWQHVV� DQG�RU�



ϭϭϬ

JURZWK� UDWH� �125%(5*�HW�DO����������DQG� WKH�H[WHUQDO� ILOWHUV�ZRXOG�SURPRWH� WKH�

FRQYHUJHQFH�RI�WUDLW�YDOXHV�DURXQG�WKLV�RSWLPXP�SKHQRW\SH��9,2//(�HW�DO���������

7KH�VKLIWLQJ�RI� WKH� WUDLW�PHDQ�YDOXHV�DQG� WKH�FRQVWUDLQLQJ�RI� WUDLW�YDULDQFH�

VXJJHVW� WKH� HIIHFW� RI� WKH H[WHUQDO� ILOWHULQJ� VHOHFWLQJ� IRU� GLIIHUHQW� SKHQRW\SHV�

�6:(1621�� (148,67�� ������ 63$62-(9,&�� 68',1*�� ������ DORQJ� WKH�

HQYLURQPHQWDO�JUDGLHQW�DQG�WKH�6(7�D[LV��:H�VXJJHVW�WKH�OLPLWLQJ�RI�WKH�YHVVHO�VL]H�

YDULDQFH� PD\� SURYLGH� D� VDIHW\� K\GUDXOLF� V\VWHP� E\� VWUDWHJLFDOO\� SUHYHQWLQJ� WKH�

SURGXFWLRQ�RI�ODUJHU�YHVVHOV��ZKLFK�UHGXFH�WKH�ULVN�RI�FDYLWDWLRQ��,Q�RWKHU�KDQG��WKH�

OLPLWLQJ� RI� WKH� YDULDQFH� LQ� YHVVHO� JURXSLQJ�DQG�GHQVLW\� LQ� IORRGDEOH� FRPPXQLWLHV�

VXJJHVWV� D� VWUDWHJ\� IRU� D� PRUH� HIILFLHQW� ZDWHU� WUDQVSRUW�� DV� [\OHP SURGXFHV�
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63(55<��-��6��(YROXWLRQ�RI�:DWHU�7UDQVSRUW�DQG�;\OHP�6WUXFWXUH�$XWKRU���V����-RKQ�

6���6SHUU\�6RXUFHௗ��,QWHUQDWLRQDO�-RXUQDO�RI�3ODQW�6FLHQFHV���9RO���������1R� ��6����

(YROXWLRQ�RI�)XQFWLRQDO�7UDLWV�LQ�3ODQWV���0D\���������3S���6����6����3XEOLVKHG�E\ௗ��

7KH�8QLYHUVLW\�2I��Y�������Q��0D\�������������

68',1*�� .�� 1��� *2/'67(,1�� /�� 7HVWLQJ� WKH� +RO\� *UDLO� )UDPHZRUN�� 8VLQJ�

)XQFWLRQDO�7UDLWV�WR�3UHGLFW�(FRV\VWHP�&KDQJH��1HZ�3K\WRORJLVW��Y�������S�����±

�����������

7<5((��0��7��7KH�&RKHVLRQ�7HQVLRQ�7KHRU\�RI�6DS�$VFHQW��&XUUHQW�&RQWURYHUVLHV��

-RXUQDO�RI�([SHULPHQWDO�%RWDQ\��Y������Q������S������±������������'LVSRQtYHO�HP��

�KWWSV���DFDGHPLF�RXS�FRP�M[E�DUWLFOH�ORRNXS�GRL���������M[E�����������!�

9,2//(��&���(148,67��%��-���0&*,//��%��-���-,$1*��/���$/%(57��&��+���+8/6+2)��

&���-81*��9���0(66,(5��-��7KH�5HWXUQ�RI�WKH�9DULDQFH��,QWUDVSHFLILF�9DULDELOLW\�LQ�

&RPPXQLW\�(FRORJ\��7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��Y������Q�����S�����±�����

������

921�$5;��*��52;$6�����5HIHUHQFH�0DQXDO��Q��$SULO��S���±�����������

921�$5;��*���&$55(5��0��5R[DV��$�1HZ�7RRO�WR�%XLOG�&HQWXULHV�/RQJ�7UDFKHLG�

/XPHQ� &KURQRORJLHV� LQ� &RQLIHUV��'HQGURFKURQRORJLD�� Y�� ���� Q�� ��� S�� ���±�����

������'LVSRQtYHO�HP���KWWS���G[�GRL�RUJ���������M�GHQGUR������������!�

921� $5;�� *��� &5,9(//$52�� $��� 35(1',1�� $�� /��� ý8)$5�� .��� &$55(5�� 0��

4XDQWLWDWLYH�:RRG�$QDWRP\²3UDFWLFDO�*XLGHOLQHV��)URQWLHUV�LQ�3ODQW�6FLHQFH��Y��



ϭϭϲ

��� Q�� -XQH�� S�� �±���� ������ 'LVSRQtYHO� HP��

�KWWS���MRXUQDO�IURQWLHUVLQ�RUJ�$UWLFOH���������ISOV������������DEVWUDFW!�

921�$5;��*���.8())(5��&���)217,��3��4XDQWLI\LQJ�3ODVWLFLW\�LQ�9HVVHO�*URXSLQJ�

� $GGHG�9DOXH�IURP�WKH�,PDJH�$QDO\VLV�7RRO�52;$6��,$:$�-RXUQDO��Y������Q�����S��

���±�����������

:(67��*��%���%52:1��-��+���(148,67��%��-��$�*HQHUDO�0RGHO�IRU�WKH�6WUXFWXUH�

DQG�$OORPHWU\� RI� 3ODQW� 9DVFXODU�6\VWHPV��1DWXUH�� Y�� ����� Q�� ������ S�� ���±�����

������

:+((/(5��(��$���%$$6��3���52'*(56��6��9DULDWLRQV�LQ�'LFRW�:RRG�$QDWRP\��$�

*OREDO�$QDO\VLV�%DVHG RQ�WKH�,QVHGHZRRG�'DWDEDVH��,$:$�-RXUQDO��Y������Q�����S��

���±�����������

=:,(1,(&.,��0��$���+2/%522.��1��0��&RQIURQWLQJ�0D[ZHOO¶V�'HPRQ��%LRSK\VLFV�

RI�;\OHP�(PEROLVP�5HSDLU��7UHQGV� LQ�3ODQW�6FLHQFH�� Y�� ����Q�� ���� S�����±�����

������



ϭϭϳ

6833/(0(17$5<�0$7(5,$/

7KH� 7UDLW�EDVHG� (FRORJLFDO� :RRG� $QDWRP\�� XQYHLOLQJ� WKH� VKLIWLQJ� RI�
DQDWRPLFDO�ZRRG�WUDLWV�DQG�VHWXSV�RI�ZRRG�VSDFH�XVH�DORQJ�D�VWHHS�JUDGLHQW�
RI�ZDWHU�DYDLODELOLW\

-HKRYi� /RXUHQoR� -XQLRU�� %ULDQ� -�� (QTXLVW�� -XOLD� 6RQVLQ�� &DPLOOD� 5R]LQGR� 'LDV�

0LODQH]� /XFLDQD�'LDV�7KRPD]

&RUUHVSRQGLQJ�DXWKRU��-HKRYi�/RXUHQoR�-XQLRU�
�MHKRYDORXUHQFR#HPDLO�DUL]RQD�HGX�

&RQWHQWV

�� )LJXUH�6�� 6SHFLHV VHWXSV�RI ZRRG�VSDFH XVHG�E\�ILEHU�DQG�QRQ�FRQGXFWLYH�

DUHD��SDUHQFK\PD��

�� )LJXUH� 6�� 6SHFLHV VHWXSV� RI ZRRG� VSDFH XVHG� E\� FRQGXFWLYH� DUHD� DQG�

PHDQ�FHOO�VL]H�

�� )LJXUH�6�� 6SHFLHV�OHYHO�YDOXHV�RI�SRWHQWLDO�FRQGXFWLYLW\��.V��DQG�YHVVHO�ZDOO�

WKLFNQHVV�

�� )LJXUH�6�� 7UDLWV�RI�WKH ZLGH�VSUHDG�VSHFLHV�VKLIWLQJ�DORQJ�WKH�HQYLURQPHQWDO�

JUDGLHQW�

�� 7DEOH�6�� &RUUHODWLRQ�EHWZHHQ�WUDLWV�DQG�WKH�ZDWHU�WDEOH�JUDGLHQW�

�� )LJXUH�6�� &RPPXQLW\�ZHLJKHG�PHDQV�DQG�YDULDQFH�YDOXHV�RI�YHVVHO�DQG�

ILEHU�ZDOO�WKLFNQHVV�DORQJ�WKH�JUDGLHQW�

�� )LJXUH�6�� 9HVVHO�ZDOO�WKLFNQHVV��YHVVHO�VL]H��DQG�ILEHU�FRQWHQW�UHODWLRQ�

�� )LJXUH�6�� +HLJKW��YHVVHO�VL]H��DQG�ZDWHU�WDEOH�GHSWK�FRYDULDWLRQ�

�� 7DEOH�6�� /LVW�RI�VSHFLHV�XVHG�LQ�WKH�ZRRG�DQDWRP\�VXUYH\�



ϭϭϴ

$SSHQGL[�6� ± %R[SORW VKRZLQJ�VHYHUDO�VHWXSV�RI�ZRRG�VSDFH�XVH�E\�VSHFLHV�DQG�

HQYLURQPHQW�

,Q�JHQHUDO��IORRGDEOH�VSHFLHV�KDYH�OHVV�ILEHU�FRQWHQW��ILJ��6����WKLQQHU�ILEHU�ZDOO

�ILJ��6����PRUH�SDUHQFK\PD�QRQ�FRQGXFWLYH� DUHD� �ILJ��6����PRUH� FRQGXFWLYH�DUHD�

DQG� ZLGHU� YHVVHOV� �ILJ�� 6���� DQG� WKLQQHU� ILEHU�ZDOO�� ZKHUHDV� VSHFLHV� IURP� GU\HU�

FRPPXQLWLHV�H[KLELW�RSSRVLWH�WUHQGV��0RUHRYHU��WKH�PHDQ�VLWH�YDOXHV�UHSUHVHQWHG�

E\�WKH�FRORUHG�OLQHV�ZDV�FDOFXODWHG�E\�WKH�PHDQ�YDOXH�RI�WKH����FRPPXQLW\�ZHLJKHG�

PHDQV� LQ� HDFK� VLWH�� VKRZLQJ� WKHVH� VKLIWLQJ� DOVR� RFFXUV� DW� VLWH�OHYHO�� ZKLFK� ZDV�

WUDFNHG�PDLQO\�E\�WKH�PRVW�DEXQGDQW�VSHFLHV�

$SSHQGL[�6� ± 7KH�LQWUDVSHFLILF�YDULDWLRQ�RI�WKH�ZLGH�VSUHDG�VSHFLHV

:H� DVVHVVHG� WKH� LQWUDVSHFLILF� YDULDWLRQ� RI� WKH� IRXU� ZLGHO\�VSUHDG� VSHFLHV�

RFFXUULQJ�WKURXJKRXW�WKH�IORRGLQJ�JUDGLHQW�DQG�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VSHFLHV�

UHSODFHPHQW� DQG� WKH� FRPPXQLW\�OHYHO� VKLIWLQJ� RI� WKH� ZRRG� WUDLW� FRPSRVLWLRQ� WR�

DGGUHVV� WZR�PDMRU� TXHVWLRQV��'RHV� LQWUDVSHFLILF� YDULDWLRQ�PLUURU� WKH� FRPPXQLW\�

OHYHO�FKDQJLQJ�DORQJ�WKH�HQYLURQPHQWDO�JUDGLHQW"�:KDW�H[SODLQ�WKH�VKLIWLQJ�RI�WKH�

WUDLW�FRPSRVLWLRQ�DORQJ�WKH�HQYLURQPHQWDO�JUDGLHQW"

-XVW�(��QLWHQV DQG�3��JUDQGLIORUXP H[KLELWHG�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�LQ�

WUDLW�FRPSRVLWLRQ�DORQJ�WKH�JUDGLHQW��WUDFNLQJ�WKH�FKDQJHV�DW�FRPPXQLW\�OHYHO�LQ�WKH�

PRVW�SDUW�RI�WKH�FDVHV��7RZDUG�WKH�GU\�HQG�RI�WKH�JUDGLHQW��(��QLWHQV LQFUHDVH�FHOO�

GHQVLW\�� YHVVHO�ZDOO� WKLFNQHVV��DQG�YHVVHO�JURXSLQJ��ZKLOH�YHVVHO�VROLWDU\� IUDFWLRQ�

DQG�QRQ�FRQGXFWLYH�DUHD��SDUHQFK\PD��GHFUHDVH��ILJ��6�D�DQG�7DEOH�����)LEHU�DUHD�

VKRZHG� DQ� XQH[SHFWHG� DQG� VOLJKW� GHFUHDVLQJ�� 7KH� ILEHU� DUHD� DQG� YHVVHO�ZDOO�

WKLFNQHVV� RI�3�� JUDQGLIORUXP�� LQ� WXUQ�� VWHHSO\� LQFUHDVHV� WRZDUG� GU\HU� FRQGLWLRQV��

UHGXFLQJ� WKH� VSDFH� DYDLODEOH� IRU� SDUHQFK\PD� �ILJ�� 6�D��� ZKLFK� FDQ� EH� HDVLO\�

REVHUYHG�LQ�WKH�PLFURVFRSLF�SKRWRV��ILJ�����PDLQ�WH[W��

3ODQW�VSHFLHV�FRPSRVLWLRQ�PDWULFHV�ZHUH�UHGXFHG�WR�RQH�GLPHQVLRQ�XVLQJ�QRQ�

PHWULF� PXOWLGLPHQVLRQDO� VFDOLQJ� �10'6��� 2UGLQDWLRQV� ZHUH� EDVHG� RQ� VSHFLHV�

UHODWLYH� DEXQGDQFH�� IROORZLQJ� WKH� VLQJOH� VLWH� VSHFLHV� H[FOXVLRQ� DQG� +HOOLQJHU�

WUDQVIRUPDWLRQ��DFFRUGLQJ�WR�WKH�VFULSW�SURYLGH�E\�1HYHV�DQG�FROOHDJXHV �1(9(6�HW�

DO����������&RPPXQLWLHV�ZHUH�FRPSDUHG�E\�WKH�6LPSVRQ�VLPLODULW\�LQGH[��WKXV��WKH�

VKLIWLQJ�DFURVV�WKH�10'6�D[HV�LV�JLYHQ�WR�WKH�GLVVLPLODULW\�FDXVHG�E\�WKH�VSHFLHV�

UHSODFHPHQW��



ϭϭϵ

:H�XVHG� WKH� ILUVW�10'6�D[LV�ZKLFK� LV� SUHGRPLQDQWO\� UHODWHG� WR� WKH� VSHFLHV�

UHSODFHPHQW�DORQJ�WKH�ZDWHU�WDEOH�GHSWK�JUDGLHQW��/285(1d2 -81,25��HW�DO�������

± LQ�SUHS���7KH�ILUVW�10'6�D[LV�ZDV�FRPSDUHG�WR�WKH�VKLIWLQJ�RI�ZRRG�DQDWRP\�WUDLWV�

DQDO\]HG� LQ� WKLV� VWXG\�� 7KH� DQDO\VLV� UHDFKHG� RXW� ������� RI� VWUHVV DQG� ZDV�

SHUIRUPHG� LQ� WKH� 5� VWDWLVWLFDO� HQYLURQPHQW� �5� &25(� 7($0�� ������� XVLQJ� WKH�

SDFNDJHV�YHJDQ��2.6$1(1�HW�DO����������DQG�UHFOXVWHU��'$332572�HW�DO���������

([FHSW�IRU�YHVVHO�JURXSLQJ��WKH�VKLIWLQJ�RI�WKH�ZRRG�WUDLWV�LV�GULYHQ�E\�WKH�VSHFLHV�

UHSODFHPHQW�JUDGLHQW��ILJ��6�E��

$SSHQGL[� 6� ± 9HVVHO�ZDOO� WKLFNQHVV�� ILEHU� FRQWHQW�� DQG� PD[LPXP� FHOO�VL]H�

FRUUHODWLRQ

)LEHUV�DUH�QRW�WKH�RQO\�SRVVLEOH�ZD\�WR�LQFUHDVH�WKH�VDIHW\�DJDLQVW�LPSORVLRQ�

LQ�FRQGXLWV��7KLFNHU�YHVVHO�ZDOO�LQ�ZLGHU�YHVVHOV�FDQ�SURYLGH�DQ�LPSRUWDQW�SDWKZD\�

WR�SUHYHQW�YHVVHO�FROODSVH� �$/9(6��$1*<$/266<�$/)2162������� ZKHQ�ILEHU�

FRQWHQW�LV�ORZ��H�J��LQ�KLJK�.V�SODQWV���VXFK�D�ZD\�LV�UHDVRQDEOH�WR�WKLQN�LQ�D�WUDGHRII�

EHWZHHQ�ILEHU�SURSRUWLRQ�DQG�YHVVHO�ZDOO�WKLFNQHVV�DORQJ�WKH�6(7�JUDGLHQW�

7RZDUG�ZHWWHU�FRPPXQLWLHV��WKHUH�LV�DQ�LQFUHDVLQJ�RI�YHVVHO�ZDOO�WKLFNQHVV�

�ILJ��6���DQG�VL]H��ZKLOH�ILEHU�SURSRUWLRQ�GHFUHDVHV��ILJ�����PDLQ�WH[W���$FFRUGLQJ�WR�

WKLV�LGHD��KLJKHU�ILEHU�FRQWHQW�SURYLGHV�PRUH�SURWHFWLRQ�DJDLQVW�WKH�YHVVHO�LPSORVLRQ��

HQDEOLQJ�SODQWV�WR�SURGXFH�WKLQQHU�YHVVHO�ZDOO��+RZHYHU��WKH�ORZHU�ILEHU�FRQWHQW�LQ�

ZRRGV�ZLWK�ODUJHU�YHVVHOV�PDNHV�QHHGHG�D�WKLFNHU�FHOO�ZDOO�WR�SURWHFW�ODUJHU�YHVVHO�

DJDLQVW�LPSORVLRQ��ILJ��6���

5()(5(1&(

$/9(6��(��6���$1*<$/266<�$/)2162��9��(FRORJLFDO�7UHQGV�LQ�WKH�:RRG�
$QDWRP\�RI�6RPH�%UD]LOLDQ�6SHFLHV�����$[LDO�3DUHQFK\PD��5D\V�DQG�)LEUHV��
,$:$�MRXUQDO��Y������Q�����S�����±�����������'LVSRQtYHO�HP��
�KWWS���ZZZ�DFDGHPLD�HGX���������(FRORJLFDOBWUHQGVBLQBWKHBZRRGBDQDWRP\BRI
BVRPHB%UD]LOLDQBVSHFLHV�B��B*URZWKBULQJVBDQGBYHVVHOV!�

'$332572��/���5$0$==277,��0���)$7725,1,��6���9,/$��5���7$/$9(5$��*���
+�/��'(11,6��5��5HFOXVWHU��2UGLQDWLRQ�PHWKRGV�IRU�WKH�DQDO\VLV�RI�EHWD�
GLYHUVLW\�LQGLFHV����������'LVSRQtYHO�HP���KWWSV���FUDQ�U�
SURMHFW�RUJ�SDFNDJH UHFOXVWHU!�

1(9(6��'��0���'(;7(5��.��*���3(11,1*721��5��7���9$/(17(��$��6��0���



ϭϮϬ

%8(12��0��/���(,6(1/2+5��3��9���)217(6��0��$��/���0,5$1'$��3��/��6���
025(,5$��6��1���5(=(1'(��9��/���6$,7(5��)��=���2/,9(,5$�),/+2��$��7��
'LVVHFWLQJ�D�%LRGLYHUVLW\�+RWVSRW��7KH�,PSRUWDQFH�RI�(QYLURQPHQWDOO\�0DUJLQDO�
+DELWDWV�LQ�WKH�$WODQWLF�)RUHVW�'RPDLQ�RI�6RXWK�$PHULFD��'LYHUVLW\�DQG�
'LVWULEXWLRQV��Y������Q�����S�����±�����������

2.6$1(1��-���%/$1&+(7��)��*���)5,(1'/<��0���.,1'7��5���/(*(1'5(��3���
0&*/,11��'���0,1&+,1��3��5���2¶+$5$��5��%���6,03621��*��/���62/<026��3���
67(9(16��0��+��+���6=2(&6��(���:$*1(5��+��2UGLQDWLRQ�PHWKRGV��GLYHUVLW\�
DQDO\VLV�DQG�RWKHU�IXQFWLRQV�IRU�FRPPXQLW\�DQG�YHJHWDWLRQ�HFRORJLVWV��������
��'LVSRQtYHO�HP���KWWSV���FUDQ�U�SURMHFW�RUJ�ZHE�SDFNDJHV�YHJDQ�LQGH[�KWPO!�

5�&25(�7($0��5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�
FRPSXWLQJ9LHQQD��$XVWULD5�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ������������
'LVSRQtYHO�HP���KWWSV���ZZZ�U�SURMHFW�RUJ�!�



ϭϮϭ

)LJXUH�6�� 6SHFLHV�OHYHO� VHWXSV� RI�ZRRG� VSDFH XVHG�E\� ILEHU� DQG� QRQ�FRQGXFWLYH� DUHD�

�SDUHQFK\PD�� LQ�IORRGDEOH��EOXH��� LQWHUPHGLDWH��JUHHQ���DQG�GU\��UHG��VLWHV��&RORUHG�OLQHV�

DUH�WKH�VLWH�PHDQV�FDOFXODWHG�E\�WDNLQJ�WKH����&:0�RU�SODQW�FRPPXQLWLHV�E\�LQ�HDFK�VLWH�

6SHFLHV� $OFKRUQHD� WULSOLQHUYLD �$/&75,���$QGLUD� IUD[LQLIROLD �$1'75,���$VSLGRVSHUPD�S\ULFROOXP �$633<5���%XFKHQDYLD�

WHWUDSK\OOD �%8&7(7��� &DORSK\OOXP� EUDVLOLHQVH �&$/2%5$��� &DPSRPDQHVLD� JXD]XPLIROLD �&$0*8$��� &RFFRORED�

DUERUHVFHQV �&2&$5%��� &U\SWRFDULD� VDOLJQD �&5<6$/��� &\QRSKDOOD� IOH[XRVD �&<1)/(��� (PPRWXP� QLWHQV �(021,7���

(ULRWHFD� SHQWDSK\OOD �(5,27(7��� (XJHQLD� EDKLHQVLV �(8*%$+��� *XDUHD� PDFURSK\OOD �*8$0$&��� *XDSLUD� RSSRVLWH

�*8$232��� ,QJD� ODXULQD �,1*/$8��� .HLHOPH\HUD� DOERSXQFWDWD �.(,$/%���0D\WHQXV� FHVWULIROLD �0$<7&(6���0LFURSKROLV�

YHQXORVD �0,&9(1���0\UFLD� EHUJLDQD �0<5%(5���0\UFLDULD� IORULEXQGD �0<5)/2���2FRWHD� QRWDWD �2&2127��� 3RXWHULD�

FRHORPDWLFD �328&2(��� 3URWLXP� KHSWDSK\OOXP �352+(3��� 3URWLXP� LFLFDULED �352,&,��� 3VHXGRERPED[� JUDQGLIORUXP

�36(8*5$��� 5DXYROILD� JUDQGLIORUD �5$8*5$��� 5KRGRVWHPRQRGDSKQH� FDSL[DEHQVLV �52'&$3��� 5XGJHD� UHWLFXODWD

�58'5(7���6DSLXP�JODQGXODWXP �6$3*/$���6FKHIIOHUD�VHOORL �6&+6(/���6LPDURXED�DPDUD �6,0$0$���6RODQR�V\FRFDUSXP

�62/6<&���6\PSKRQLD�JOREXOLIHUD �6<0*/2���7DEHEXLD�FDVVLQRLGHV �7$%&$6���7DSLULUD�JXLDQHQVLV �7$3*8,���DQG�=ROOHUQLD�

JODEUD �=2/*/$��



ϭϮϮ

)LJXUH�6�� 6SHFLHV�OHYHO� VHWXSV� RI�ZRRG� VSDFH� XVHG�E\� FRQGXFWLYH� DUHD� DQG�PHDQ� FHOO� VL]H� LQ�

IORRGDEOH��EOXH���LQWHUPHGLDWH��JUHHQ���DQG�GU\��UHG��VLWHV��&RORUHG�OLQHV�DUH�WKH�VLWH�PHDQV�FDOFXODWHG�

E\�WDNLQJ�WKH����&:0�RU�SODQW�FRPPXQLWLHV�E\�LQ�HDFK�VLWH�

6SHFLHV� $OFKRUQHD� WULSOLQHUYLD �$/&75,���$QGLUD� IUD[LQLIROLD �$1'75,���$VSLGRVSHUPD�S\ULFROOXP �$633<5���%XFKHQDYLD�

WHWUDSK\OOD �%8&7(7��� &DORSK\OOXP� EUDVLOLHQVH �&$/2%5$��� &DPSRPDQHVLD� JXD]XPLIROLD �&$0*8$��� &RFFRORED�

DUERUHVFHQV �&2&$5%��� &U\SWRFDULD� VDOLJQD �&5<6$/��� &\QRSKDOOD� IOH[XRVD �&<1)/(��� (PPRWXP� QLWHQV �(021,7���

(ULRWHFD� SHQWDSK\OOD �(5,27(7��� (XJHQLD� EDKLHQVLV �(8*%$+��� *XDUHD� PDFURSK\OOD �*8$0$&��� *XDSLUD� RSSRVLWH

�*8$232��� ,QJD� ODXULQD �,1*/$8��� .HLHOPH\HUD� DOERSXQFWDWD �.(,$/%���0D\WHQXV� FHVWULIROLD �0$<7&(6���0LFURSKROLV�

YHQXORVD �0,&9(1���0\UFLD� EHUJLDQD �0<5%(5���0\UFLDULD� IORULEXQGD �0<5)/2���2FRWHD� QRWDWD �2&2127��� 3RXWHULD�

FRHORPDWLFD �328&2(��� 3URWLXP� KHSWDSK\OOXP �352+(3��� 3URWLXP� LFLFDULED �352,&,��� 3VHXGRERPED[� JUDQGLIORUXP

�36(8*5$��� 5DXYROILD� JUDQGLIORUD �5$8*5$��� 5KRGRVWHPRQRGDSKQH� FDSL[DEHQVLV �52'&$3��� 5XGJHD� UHWLFXODWD
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