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� 6KLIWLQJ�FXOWLYDWLRQ�SUDFWLFHV�DUH�UHJDUGHG�DV�WKH�PRVW�LPSRUWDQW�DJULFXOWXUDO�ODQG�XVH�LQ�WKH�PDUJLQDO�XSODQGV�RI �
6DUDZDN�IRU�WKH�OLYHOLKRRG�RI �WKH�UXUDO�FRPPXQLWLHV��,Q�UHVSRQVH�WR�YDULRXV�VRFLR�HFRQRPLF�FRQVHTXHQFHV��SUHYLRXV�
SUDFWLFHV� RQ� WUDGLWLRQDO� IRUP� RI � VKLIWLQJ� FXOWLYDWLRQ� ZHUH� DOWHUHG� LQWR� PXFK� VHGHQWDU\� IDUPLQJ� SUDFWLFHV�� 6RLO�
SURGXFWLYLW\�WR�VXVWDLQ�ULFH�\LHOG�XQGHU�FXUUHQW�LQWHQVLILHG�IRUPV�RI �VKLIWLQJ�FXOWLYDWLRQ�VKRXOG�EH�RI �SULPH�LPSRUWDQFH�
IRU�IRRG�VHFXULW\�DPRQJ�WKH�ORFDO�FRPPXQLW\�DW�WKH�PDUJLQDO�XSODQGV�RI �6DUDZDN��7KHUHIRUH��WKLV�VWXG\�ZDV�FRQGXFWHG�
WR�FKDUDFWHUL]H�VRLO�SURSHUWLHV�LQIOXHQFHG�E\�WKH�FXUUHQW�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ�SUDFWLFHV�DW�6DEDO�XSODQG�DUHD��
6DUDZDN��$ORQJ�ZLWK� WKH� XVH� RI � DJURFKHPLFDOV�� VKLIWLQJ� FXOWLYDWLRQ� DW� 6DEDO� DUHD�ZDV� FRQGXFWHG� WKURXJK� VLQJOH�
FXOWLYDWLRQ�SUDFWLFHV�����WR����\HDUV�RI �IDOORZ�SHULRG�DQG�D�F\FOH�RI �ULFH�FXOWLYDWLRQ��DQG�PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV����
WR���\HDUV�RI �IDOORZ�SHULRG�DQG�WZR�F\FOHV�RI �ULFH�FXOWLYDWLRQ���%HIRUH�EXUQLQJ�SUDFWLFHV��VRLO�S+�ZDV�KLJKO\�DFLGLF�
�UDQJHG�IURP������WR�������LQ�VLQJOH�FXOWLYDWLRQ�VLWHV��ZKLOH�PXOWLSOH�FXOWLYDWLRQ�VLWHV�VKRZHG�OHVV�DFLGLF�QDWXUH��VRLO�S+�
UDQJHG�IURP������WR�������ZLWK�UHODWLYHO\�KLJK�VHFRQGDU\�PDFURQXWULHQW�FRQWHQWV��HVSHFLDOO\�VRLO�H[FKDQJHDEOH�0J�DQG�
&D��1R�VLJQLILFDQW�REVHUYDWLRQ�ZDV�IRXQG�DIWHU�EXUQLQJ�SUDFWLFH�LQ�7RWDO�&�DQG�7RWDO�1�RI �WKH�VRLOV�DW�ERWK�VLWHV��7KH�
OHYHO�RI � VRLO� H[FKDQJHDEOH�EDVHV� �.��0J�DQG�&D�� DQG�DYDLODEOH�3� LQFUHDVHG� DIWHU� WKH�EXUQLQJ�SUDFWLFHV� LQ� VLQJOH�
FXOWLYDWLRQ�IDUPODQGV��ZKLOH�PXOWLSOH�FXOWLYDWLRQ�VLWHV�VKRZHG�ORZHU�WR�QR�LQFUHDVH�LQ�H[FKDQJHDEOH�EDVHV�DQG�DYDLODEOH�
3��SDUWO\�DWWULEXWHG�WR�WKH�OLPLWHG�VXSSO\�RI �QXWULHQWV�IURP�WKH�DERYHJURXQG�ELRPDVV��$IWHU�WKH�KDUYHVWLQJ�RI �ULFH��VRLOV�
DW�ERWK�VLWHV�WHQGHG�WR�EH�PRUH�DFLGLF�DQG�ORZHU�LQ�PDFURQXWULHQW�FRQWHQWV��.��0J�DQG�&D���SULPDULO\�DVFULEDEOH�WR�FURS�
XSWDNH�GXULQJ�WKH�FXOWLYDWLRQ�SHULRG��7KH�DYHUDJH�\LHOG�RI �ULFH�LQ�VLQJOH�FXOWLYDWLRQ�VLWHV�DQG�PXOWLSOH�FXOWLYDWLRQ�VLWHV�
ZHUH�����NJ�KD�DQG�����NJ�KD��UHVSHFWLYHO\��2XU�ILQGLQJV�VXJJHVWHG�WKDW�WKH�XVDJH�RI �DJURFKHPLFDOV��SDUWLFXODUO\�
IHUWLOL]HUV�LQ�PXOWLSOH�FXOWLYDWLRQ�VLWHV�DUH�QHFHVVDU\�IRU�VXVWDLQLQJ�ULFH�\LHOG�WR�UHVWRUH�WKH�GHSOHWHG�PDFURQXWULHQWV�
�HVSHFLDOO\�.��0J�DQG�&D��DIWHU�VXFFHVVLYH�FXOWLYDWLRQ��

� .H\ZRUGV��,QWHQVLYH��PDFURQXWULHQWV��VKLIWLQJ�FXOWLYDWLRQ��VRLO�FKDUDFWHULVWLFV��XSODQG�ULFH�ILHOG��XSODQG�6DUDZDN
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6KLIWLQJ� FXOWLYDWLRQ� LV� DQ� ROG�� SULPLWLYH� DQG�
SUHGRPLQDQW� ODQG�XVH� V\VWHP� LQ� UHPRWH�
PRXQWDLQRXV� DUHDV� RI �PDQ\� UHJLRQV� DFURVV� WKH�
JOREH��)RU�GHFDGHV��WKH�'D\DN�WULEH��LQFOXGLQJ�WKH�
,EDQV
� DQG� WKH� %LGD\XKV
� LQ� 6DUDZDN� SUDFWLFHV�
VKLIWLQJ�FXOWLYDWLRQ�RI �XSODQG�ULFH�DV�WKHLU�VRXUFH�
RI �VWDSOH�IRRG��.OHLQPDQ�HW�DO���������7HQJ��������
UHSRUWHG� WKDW� WKH� DQQXDO� UDWH� DW� ZKLFK� ODQG� LV�
FOHDUHG�E\�WKH�ORFDO�SHRSOH�LQ�6DUDZDN�UDQJHV�IURP�
�������WR���������KD�RU�����WR������RI �WKH�WRWDO�
ODQG�DUHDV��ZKLOH�����[��� �KD�RU�����RI �WKH�VWDWH�

�

ODQG�LV�HLWKHU�XQGHUXVHG�RU�KDG�EHHQ�XVHG�DW�OHDVW�
RQFH� IRU� VKLIWLQJ� FXOWLYDWLRQ�� 6XFK� DJULFXOWXUDO�
V\VWHP�FRXOG�EH� UHJDUGHG�DV�HFRORJLFDOO\� VRXQG�
DQG� VXVWDLQDEOH� XQGHU� WKH� FRQGLWLRQ� RI � ORZ�
SRSXODWLRQ� GHQVLW\�� SRRU� VRLO� IHUWLOLW\� DQG�
LQDFFHVVLELOLW\� WR�PDUNHW� �)R[� HW� DO�� ������0HUW]�
������,FNRZLW]�������1LHOVRQ�HW�DO��������
,Q� UHFHQW� GHFDGHV�� VFDUFLW\� RI � DUDEOH� ODQG�

UHVRXUFHV�GXH�WR�SRSXODWLRQ�H[SDQVLRQ�DQG�XUEDQ�
GHYHORSPHQW� UHVXOWHG� LQ� JUDGXDO� DOWHUDWLRQ� RI �
WUDGLWLRQDO�VKLIWLQJ�FXOWLYDWLRQ�SUDFWLFHV��,W�LV�VDLG�
WKDW�FXUUHQW�IRUP�RI �VKLIWLQJ�FXOWLYDWLRQ�SUDFWLFH�
LV�LQWHQVLILHG�ZLWK�WKH�VKRUWHQLQJ�RI �IDOORZ�OHQJWK��
ORQJHU� FXOWLYDWLRQ� SHULRG� DQG� LQFRUSRUDWLRQ� RI �
DJURFKHPLFDOV�� HVSHFLDOO\� IHUWLOL]HUV� LQ� WKHLU�
�&RUUHVSRQGLQJ�DXWKRU��VKHU\OVRR\LQJ#JPDLO�FRP
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IDUPLQJ�SUDFWLFHV��,FKLNDZD�������.HQGDZDQJ�HW�
DO� HW�DO��������:DVOL� ��������,Q�UHDOLW\��VRPH�IDUPHUV�
FRQWLQXRXVO\�FXOWLYDWH�XSODQG�ULFH�DW�WKH�VDPH�ODQG�
IRU� IHZ� F\FOHV�� 6KRUWHQHG� IDOORZ� SHULRG� FDXVHG�
LQVXIILFLHQW�UHFRYHU\�RI �YHJHWDWLRQ�DQG�VRLOV�IRU�
WKH� QH[W� FXOWLYDWLRQ�� LQGLUHFWO\� UHVXOWLQJ� WR� WKH�
GHFUHDVLQJ�FURS�SURGXFWLYLW\��LQFUHDVLQJ�SHVW�DQG�
GLVHDVH� FDVHV� DQG� GHFOLQLQJ� RI � VRLO� IHUWLOLW\��
$GGLWLRQDOO\�� DSSOLFDWLRQV� RI � DJURFKHPLFDOV�
HVSHFLDOO\� IHUWLOL]HUV� DQG� SHVWLFLGHV� DUH� ZLGHO\�
SUDFWLFHG� E\� WKH� ORFDO� IDUPHUV� SDUWO\� GXH� WR�
VXEVLG\� VFKHPH� SURYLGHG� E\� ORFDO� JRYHUQPHQW�
DJHQFLHV�� $V� WKH� PRGLILFDWLRQ� LQ� WKH� FXUUHQW�
LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ�SUDFWLFH�UHPDLQHG�
XQDSSUHKHQGHG�LQ�6DUDZDN�HVSHFLDOO\�LQ�WKH�DVSHFW�
RI � VRLO� DJURHFRORJ\�� WKHUH� LV� D� QHHG� WR� REWDLQ�
IXQGDPHQWDO� LQIRUPDWLRQ� RQ� WKH� VXLWDELOLW\� RI �
FXUUHQW� VWDWH� RI � PRGLILHG� VKLIWLQJ� FXOWLYDWLRQ�
SUDFWLFHV� WRZDUG� VXVWDLQLQJ� WKH� OLYHOLKRRG� DQG�
VXEVLVWHQFH� RI � WKH� ORFDO� IDUPHUV� LQ� WKH� XSODQG�
DJURHFRV\VWHP�RI �6DUDZDN�
)HZ� VWXGLHV� ZHUH� FRQGXFWHG� PDLQO\� RQ� WKH�

HIIHFW�DQG�LPSDFWV�RI �VKLIWLQJ�FXOWLYDWLRQ�WR�VRLO�
HFRV\VWHPV� �&UDPE�������)XQDNDZD� ��������HW� DO
.HQGDZDQJ� �� ������ 7DQDND� �� ������HW� DO HW� DO

HW�DO HW�DO HW�(WVXNR� ��������.HQGDZDQJ� ��������%UXXQ�
DO� HW� DO�� ������ :DVOL� � ������� 6RPH� UHVHDUFKHUV�
UHSRUWHG� RQ� WKH� FXUUHQW� SUDFWLFHV� LQYROYLQJ�
VKRUWHU�IDOORZ�SHULRG�DQG�FRQWLQXRXV�FXOWLYDWLRQ�
IRU�IHZ�F\FOHV�LQ�6DUDZDN��.HQGDZDQJ� ��������HW�DO
%UXXQ�H ��������:DVOL� ���������,Q�DGGLWLRQ��W�DO HW�DO
'DOOH� DQG� GH� %ORLV� ������� SRLQWHG� RXW� WKDW�
UHGXFWLRQ�RI �IDOORZ�F\FOHV�FDXVHG�D�GHFOLQH�LQ�QRQ�
FURS�SODQW�UHVRXUFHV�HVSHFLDOO\�LQ�SLRQHHU�VSHFLHV�
DQG� DQ� LQFUHDVH� LQ� VKRUW�OLYHG� ZHHG\� VSHFLHV��
+RZHYHU�� QRQH� RI � WKHLU� VWXGLHV� GLVFXVVHG� WKH�
RXWFRPH�RI �UHFHQW�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ��
ZLWK� VSHFLDO� UHIHUHQFH� WR� VRLO� SK\VLFRFKHPLFDO�
DVSHFWV� XQGHU� GLIIHUHQW� VWDJHV� RI � VKLIWLQJ�
FXOWLYDWLRQ� F\FOHV�� 3UHVHQW� VWXG\� LV� QHFHVVDU\� WR�
REWDLQ�WKH�EDVHOLQH�LQIRUPDWLRQ�RQ�VRLO�IHUWLOLW\�DV�
RQH�RI �WKH�SULPDU\�LQGLFDWRU�RI �VXVWDLQLQJ�XSODQG�
DJULFXOWXUH� SURGXFWLYLW\�� VRLO� UHVRXUFHV�� VHOI�
VXEVLVWHQFH� DQG� OLYHOLKRRG� RI � WKH� XSODQG�
FRPPXQLWLHV� LQ� 6DUDZDN�� 7KXV�� WKLV� VWXG\� ZDV�
DLPHG� WR� FKDUDFWHUL]H� VRLO� SK\VLFRFKHPLFDO�
SURSHUWLHV� XQGHU� FXUUHQW� LQWHQVLILHG� VKLIWLQJ�
FXOWLYDWLRQ�SUDFWLFHV�DW�6DEDO�XSODQG�DUHD��6DUDZDN��
3UHYLRXVO\��.HQGDZDQJ� � ������� VWXGLHG� VRLO�HW� DO�
IHUWLOLW\�LQ�WKLV�DUHD�EDVHG�RQ�FRQYHQWLRQDO�VKLIWLQJ�
FXOWLYDWLRQ�SUDFWLFHV��7KH\�FRQFOXGHG�WKDW�VRLOV�DW�
6DEDO�DUHD�ZHUH�QDWXUDOO\�LQIHUWLOH�DQG�GLIILFXOW�IRU�

WKH� IDUPHUV� WR� VXVWDLQ� ULFH� SURGXFWLRQ� WKURXJK�
WUDGLWLRQDO�IRUP�RI �VKLIWLQJ�FXOWLYDWLRQ�SUDFWLFHV�
XQGHU�VXFK�VRLO�FRQGLWLRQ�
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6WXG\�$UHD

� 7KH�VWXG\�ZDV�FRQGXFWHG�DW�6DEDO�XSODQG�DUHD�
������
����µ� 1�� ������
����µ� (��� 6DUDZDN��
0DOD\VLD�DV�VKRZQ�LQ�)LJXUH���
� 7KH�VWXG\�DUHD�FRQVLVWHG�RI �PDLQO\�XQGXODWLQJ�
KLOOV�ZKLFK�H[WHQGHG�WR�VWHHS�DQG�PRXQWDLQRXV�
.OLQJNDQJ� UDQJH�ZKHUH� LW�PHHWV� WKH� ERUGHU� RI �
.DOLPDQWDQ�� ,QGRQHVLD�� 6DEDO� LV� ORFDWHG� DERXW�
����NP�IURP�VRXWK�HDVW�RI �.XFKLQJ�&LW\�DQG�LV�
DFFHVVLEOH� E\� .XFKLQJ�6UL� $PDQ� FHQWUDO� URDG��
/RFDO� FRPPXQLWLHV� UHVLGHG� LQ� WKH� VWXG\� DUHD�
DUH� PDLQO\� RI � ,EDQ� RULJLQ� IRU� DSSUR[LPDWHO\�
���� \HDUV�� 7KH� FOLPDWH� FRQGLWLRQ� RI � WKH� VWXG\�
DUHD� LV� WURSLFDO� FOLPDWH� ZLWK� D� PHDQ� DQQXDO�
WHPSHUDWXUH� RI � DSSUR[LPDWHO\� ����� �&� DQG�
QHJOLJLEOH�PRQWKO\�YDULDWLRQ�WKURXJKRXW�WKH�\HDU�
�0HWHRURORJLFDO�'HSDUWPHQW��������7KH�DYHUDJH�
PHDQ�SUHFLSLWDWLRQ�LV�DERXW�������PP�REWDLQHG�
IURP� WKH� QHDUHVW�ZHDWKHU� VWDWLRQ� ORFDWHG� DW� 6UL�
$PDQ� $LUSRUW� �0HWHRURORJLFDO� 'HSDUWPHQW�
�������6RLOV�LQ�WKH�VWXG\�DUHD�ZHUH�GHULYHG�IURP�
QRQ�FDOFDUHRXV� VHGLPHQWDU\� URFN� FRQVLVWLQJ� RI �
ILQH� DQG� ZKLWLVK� VDQGVWRQH� ZKLFK� LV� IXUWKHU�
F O D V V L I L HG � L Q WR � 2[\DTX L F � R U � 6SRG L F �
4XD U W ] L S V DPPHQ W V � E D V HG � RQ � 86'$�
&ODVVLILFDWLRQ� 6\VWHP� �%XWW� ������ 6RLO� 6XUYH\�
6WDII � ������� 0RVW� RI � WKH� YLOODJHUV� DUH� IDUPHUV�
FXOWLYDWLQJ�VXEVLVWHQFH�FURSV�VXFK�DV�XSODQG�ULFH��
IUXLWV�DQG�YHJHWDEOHV�DV�ZHOO�DV�RWKHU�FDVK�FURSV�
L�H��UXEEHU��SHSSHU�DQG�RLO�SDOP�

6LWH� 6HOHFWLRQ� DQG� $JURQRPLF� 3UDFWLFHV� LQ�
5HODWLRQ�WR�8SODQG�5LFH�&XOWLYDWLRQ

� )LHOG�VXUYH\�ZDV�FRQGXFWHG�IURP�$XJXVW������
WR�0DUFK�������3ULRU�WR�VRLO�VDPSOLQJ��FRPPXQLW\�
VXUYH\�YLD�5DSLG�5XUDO�$SSUDLVDO��55$��DSSURDFK�
ZDV�FRQGXFWHG�WR�FROOHFW�EDVHOLQH�LQIRUPDWLRQ�RQ�
IDPLO\� EDFNJURXQG�� ODQG�XVH� KLVWRU\� DQG� FURS�
PDQDJHPHQW� SUDFWLFHV�� 'HVLUDEOH� VLWHV� ZHUH�
VHOHFWHG� EDVHG� RQ� WKH� DYDLODELOLW\� RI � IDUPODQGV�
ZLWK�VKLIWLQJ�FXOWLYDWLRQ�L�H��VLQJOH�FXOWLYDWLRQ�DQG�
PXOWLSOH� FXOWLYDWLRQ� SUDFWLFHV�� 6LQJOH� FXOWLYDWLRQ�
SUDFWLFH�UHIHUV�WR�WKH�ORQJ�IDOORZ�SHULRG�ZLWK�VKRUW�
FXOWLYDWLRQ� SHULRG�� 0XOWLSOH� FXOWLYDWLRQ� SUDFWLFH�

��

6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ



FXOWLYDWLRQ� RU� LQ� PXOWLSOH� FXOWLYDWLRQ� SUDFWLFHV��
)HUWLOL]HUV�ZHUH� DSSOLHG�XQGHU� VLQJOH� FXOWLYDWLRQ�
SUDFWLFHV�� 8QOLNH� UHVHDUFK� UHVXOWV� UHSRUWHG�
SUHYLRXVO\�LQ�7DQDND� ������D��DW�0XMRQJ�5LYHU�HW�DO�
DUHD�� SUHYLRXV� FRQYHQWLRQDO� VLQJOH� F\FOH� RI �
VKLIWLQJ� FXOWLYDWLRQ� LQYROYHG� QR� IHUWLOL]HUV�
DSSOLFDWLRQ��&RPSRXQG�1�3�.� �����������������
DQG� XUHD� ������ ZHUH� FRPPRQO\� XVHG� LQ� ERWK�
FXOWLYDWLRQ� SUDFWLFHV�� 7KH� DSSOLFDWLRQ� UDWH� RI �
IHUWLOL]HUV�JHQHUDOO\�YDULHG�DPRQJ�WKH�KRXVHKROG�
ZLWK�DQ�DYHUDJH�DSSOLFDWLRQ�UDWH�RI �����NJ�KDSHU�

�

F\FOH�IRU�VLQJOH�FXOWLYDWLRQ�VLWHV�DQG�����NJ�KD�SHU�
F\FOH�IRU�PXOWLSOH�FXOWLYDWLRQ�VLWHV��JLYLQJ�ULVH�WR�
DYHUDJH�1�3�.�����������NJ�KD�\HDU�DQG�1�3�.�
���������� NJ�KD�\HDU� IRU� VLQJOH� DQG� PXOWLSOH�
XSODQG�ULFH�FXOWLYDWLRQ��UHVSHFWLYHO\��,Q�DGGLWLRQ��
KHUELFLGHV�DQG�SHVWLFLGHV�ZHUH�FRPPRQO\�DSSOLHG�
LQ� ERWK� FXOWLYDWLRQ� SUDFWLFHV� GXULQJ� ODQG�
SUHSDUDWLRQ�DQG�ULFH�IDUPLQJ�SHULRG��%DVHG�RQ�WKH�
IDUPHUV
�H[SHULHQFH��DJURFKHPLFDOV�UHTXLUHPHQWV�
XQGHU� PXOWLSOH� FXOWLYDWLRQ� VLWHV� ZHUH� JHQHUDOO\�
KLJKHU�FRPSDUHG�WR�VLQJOH�FXOWLYDWLRQ�VLWHV�GXH�WR�
IDFWRUV�VXFK�DV�ZHHGV�DQG�SHVW�LQIHVWDWLRQ��7KXV��
PXOWLSOH� FXOWLYDWLRQ� VLWHV� ZHUH� UHJDUGHG� DV�
LQWHQVLILHG�LQ�WHUPV�RI �UHGXFWLRQ�RI �IDOORZ�DJH��
ODERULRXV�IDUP�ZRUN�PDLQWHQDQFH�DQG�KLJKHU�UDWH�
RI �DJURFKHPLFDOV�DSSOLFDWLRQ�

UHIHUV� WR� WKH� VKRUW� IDOORZ� SHULRG� ZLWK� ORQJ�
FXOWLYDWLRQ� SHULRG�� )DUPHUV
� SHUFHSWLRQ� RQ� VLWH�
VXLWDELOLW\� IRU� ULFH� FXOWLYDWLRQ� LV� EDVHG� RQ� WKHLU�
WUDGLWLRQDO� NQRZOHGJH�� W\SLFDOO\� WKURXJK� VRLO�
REVHUYDWLRQ� DQG� YHJHWDWLRQ� FRPSRVLWLRQ�RI � WKH�
GHVLUHG� ODQGV�� $FFHVVLELOLW\� DQG� ORFDWLRQ� RI � WKH�
IDUPODQGV�ZHUH�SDUWLFXODUO\�LPSRUWDQW�LQ�IDUPHU
V�
GHFLVLRQ�IRU�VLWH�VHOHFWLRQ�
� 2YHUDOO�� D� WRWDO� RI � �� VLWHV� IRU� ERWK� VLQJOH�
FXOWLYDWLRQ� IDUPODQGV� �Q�  � ��� DQG� PXOWLSOH�
FXOWLYDWLRQ�IDUPODQGV��Q� ����ZHUH�VHOHFWHG�DIWHU�
LQWHUYLHZV��7KH�VORSH�JUDGLHQWV�IRU�DOO�VWXG\�VLWHV�
UDQJHG�IURP����WR�����ZLWK�HOHYDWLRQ�UDQJHG�IURP�
���WR����P�DERYH�VHD�OHYHO��/DQG�XVH�KLVWRU\�RI �DOO�
VWXG\�VLWHV�ZDV�LOOXVWUDWHG�LQ�7DEOH���
� 6LQJOH�FXOWLYDWLRQ�VLWHV�ZHUH�IDOORZHG�IRU����WR�
��� \HDUV�� ZKLOH� PXOWLSOH� FXOWLYDWLRQ� VLWHV� KDG�
VKRUWHU� IDOORZ� SHULRG� RI � �� WR� �� \HDUV� ZLWK�
FRQWLQXRXV� FXOWLYDWLRQ� IRU� WZR� F\FOHV�� WKXV�
LQWHQVLILHG��)DUPODQGV�VL]H�XVXDOO\�GHSHQGHG�RQ�
WKH�QXPEHUV�RI �IDPLO\�PHPEHUV�DQG�DYDLODELOLW\�
RI � PDQSRZHU� LQ� PDQDJLQJ� WKH� IDUPODQGV�� $W�
6DEDO�DUHD��WKH�IDUPODQG�VL]HV�UDQJHG�IURP������WR�
�����KD�ZLWK�DQ�DYHUDJH�RI ������KD JURFKHPLFDOV���$
VXFK� DV� IHUWLOL]HUV� DQG� SHVWLFLGHV� VXEVLGL]HG� E\�
JRYHUQPHQW� DJHQFLHV� ZHUH� ZLGHO\� XVHG� LQ� WKH�
FXUUHQW� IDUPLQJ� SUDFWLFHV�� HLWKHU� LQ� VLQJOH�
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6RLO�6DPSOLQJ�DQG�$QDO\VLV

� 6RLO� VDPSOHV� ZHUH� FROOHFWHG� DW� �� GLIIHUHQW�
SKDVHV� RI � D� W\SLFDO� VKLIWLQJ� FXOWLYDWLRQ� F\FOH��
QRWDEO\�EHIRUH�EXUQLQJ��%%��RI �GULHG�YHJHWDWLRQ�
DIWHU�ODQG�FOHDULQJ��$XJXVW���DIWHU�EXUQLQJ��$%��RI �
WKH� GULHG� YHJHWDWLRQ� �6HSWHPEHU�� DQG� DIWHU�
KDUYHVWLQJ��$+��RI �XSODQG�ULFH��)HEUXDU\��LQ������
DQG�������UHVSHFWLYHO\��7KH�\LHOG�RI �XSODQG�ULFH�LQ�
HDFK� IDUPODQG� DW� VLQJOH� DQG�PXOWLSOH� VLWHV�ZHUH�
UHFRUGHG� DV� ZHOO�� &RPSRVLWH� VRLO� VDPSOHV� ZHUH�
FROOHFWHG�ZLWKLQ�WZR�ZHHNV
�SHULRG�RI �HDFK�SKDVH�
DW�VRLO�GHSWK�RI ���²����FP�DQG����²����FP�IURP�
WKUHH�UDQGRP�SRLQWV�ZLWKLQ�WKH�VDPH�ORFDWLRQ�DW�
WKH� IDUPODQG� DUHD�� 2Q� WKH� RWKHU� KDQG�� FRUH�
VDPSOHV������FP ��ZHUH�FROOHFWHG�IURP�WKH�VDPH�

�

GHSWK� LQ� WULSOLFDWHV� IRU� VRLO� EXON� GHQVLW\�
GHWHUPLQDWLRQ��&RPSRVLWH�VRLO�VDPSOHV�FROOHFWHG�
ZHUH�DLU�GULHG�DQG�FUXVKHG�WR�SDVV�WKURXJK�VLHYHV�
ZLWK� ��PP�PHVK� IRU� WKH� GHWHUPLQDWLRQ�RI � VRLO�
SK\VLFRFKHPLFDO�SURSHUWLHV�
� 6RLO�S+��+ 2��ZDV�GHWHUPLQHG�LQ�ZDWHU��6RLO��

S+��.&O� LQ��0�.&O�ZDV�GHWHUPLQHG�LQ�D�VRLO�WR��
VROXWLRQ�UDWLR�RI �����XVLQJ�JODVV�HOHFWURGH�PHWKRG��
(OHFWULFDO�FRQGXFWLYLW\� �(&��ZDV�PHDVXUHG�DIWHU�
WKH�S+��+ 2��PHDVXUHPHQW�XVLQJ�(&�PHWHU��7RWDO��

&�LV�GHWHUPLQHG�E\�ORVV�RQ�LJQLWLRQ�PHWKRG��'HDQ�
�������7RWDO�1�ZDV�GHWHUPLQHG�E\�.MHOGDKO�DFLG�
GLJHVWLRQ�DQG�PHDVXUHG�E\�FRORULPHWHU�PHWKRG��
&RQWHQWV�RI �H[FKDQJHDEOH�EDVHV�DQG�WKH�&DWLRQ�
([FKDQJH� &DSDFLW\� �&(&�� ZHUH� PHDVXUHG�
UHVSHFWLYHO\��DIWHU�VXFFHVVLYH�H[WUDFWLRQ�XVLQJ��0�
DPPRQLXP�DFHWDWH�DGMXVWHG�WR�S+�����DQG�����
1D&O�� &RQWHQWV� RI � H[FKDQJHDEOH� EDVHV� ZHUH

GHWHUPLQHG� XVLQJ� $WRPLF� $EVRUSWLRQ�
6SHFWURSKRWRPHWU\��$$6��IRU�&D��0J��.�DQG�1D�
�&ROHPDQ� HW� DO�� ������� ([FKDQJHDEOH�$O� DQG�+�
ZHUH� H[WUDFWHG� ZLWK� �0� .&O� IURP� S+� �.&O��
ILOWUDWHV�� ([FKDQJH� DFLGLW\� �$O�+�� ZDV�
GHWHUPLQHG� XVLQJ� WLWUDWLRQ�PHWKRG� ZLWK� ����0�
1D2+�� &RQWHQW� RI � H[FKDQJHDEOH� $O� ZDV�
GHWHUPLQHG� ZLWK� ����0� +&O�� &RQWHQW� RI �
H[FKDQJHDEOH�+�ZDV�FDOFXODWHG�DV�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�YDOXHV�RI �WKH�H[FKDQJH�DFLGLW\�DQG�
H[FKDQJHDEOH�$O��$YDLODEOH�3�ZDV�TXDQWLILHG�XVLQJ�
%UD\�,,�PHWKRG��.XR��������,Q�%UD\�,,�PHWKRG��
VRLO� VDPSOHV� ZHUH� H[WUDFWHG� ZLWK� H[WUDFWLQJ�
VROXWLRQ�FRQVLVWHG�RI ��0�1+ )�DQG����0�+&O���

&RORU�GHYHORSLQJ�UHDJHQW�ZDV�WKHQ�DGGHG�LQWR�WKH�
H[WUDFW��$YDLODEOH�SKRVSKRUXV�ZDV�GHWHUPLQHG�E\�
D E V R U E D Q F H � P H D V X U HPHQ W � Z L W K � 89 �
VSHFWURSKRWRPHWHU� DW� ZDYHOHQJWK� RI � ���� QP�
�%UD\�	�.XUW]�������� �3DUWLFOH�VL]H�GLVWULEXWLRQ�
ZDV� GHWHUPLQHG� XVLQJ� SLSHWWH�PHWKRG�ZLWK� WKH�
DVVLVWDQFH�RI � VRLO� WH[WXUDO� FODVV� �*HH�	�%DXGHU�
������� ZKLOH� VRLO� KDUGQHVV� ZDV� PHDVXUHG� E\�
<DPDQDND�W\SH�SXVK�FRQH�SHQHWURPHWHU�

'DWD�$QDO\VHV

� $OO� VWDWLVWLFDO� DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�
6366�9HUVLRQ�����6366�,QF���IRU�FRPSDULVRQ�RI �
VRLO� SK\VLFRFKHPLFDO� SURSHUWLHV� EHWZHHQ� VLQJOH�
DQG�PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV�XVLQJ�6WXGHQW
V�
W�7HVWV�� 5HODWLRQVKLSV� DPRQJ� \LHOG� DQG� IDOORZ�
SHULRG�� IHUWLOL]HUV� DSSOLHG� DV� ZHOO� DV� VRLO�
SK\VLFRFKHPLFDO� SURSHUWLHV� ZHUH� FRPSXWHUL]HG�
XVLQJ�3HDUVRQ
V�&RUUHODWLRQ�&RHIILFLHQWV�

��

6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ

7DEOH���/DQG�XVH�KLVWRU\�RI �WKH�VHOHFWHG�VWXG\�VLWHV

1RWH��5� �XSODQG�ULFH�FXOWLYDWLRQ���������� �IDOORZ�SHULRG
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6RLO� 3K\VLFRFKHPLFDO� 3URSHUWLHV� XQGHU�
6KLIWLQJ�&XOWLYDWLRQ�DW�WKH�6WXG\�$UHD�

� 7DEOH���SUHVHQWHG�WKH�DYHUDJH�YDOXHV�RI �VXUIDFH�
DQG�VXEVXUIDFH�VRLO�SK\VLFRFKHPLFDO�SURSHUWLHV�DW�
GLIIHUHQW� VWDJHV� RI � VKLIWLQJ� FXOWLYDWLRQ� F\FOH� LQ�
UHODWLRQ� WR� VLQJOH� FXOWLYDWLRQ� DQG� PXOWLSOH�
FXOWLYDWLRQ�SUDFWLFHV�DW�6DEDO�DUHD�
� $W� DOO� VWDJHV�� QR� VXEVWDQWLDO� GLIIHUHQFHV�ZHUH�
REVHUYHG�IRU�DYHUDJH�VXUIDFH�DQG�VXEVXUIDFH�VRLO�
SURSHUWLHV�EHWZHHQ�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�
VLWHV�� ,W� LV� QRWHZRUWK\� WKDW� WKH� GLVFXVVLRQ� RI �
FXUUHQW�VWXG\�ZDV�PDLQO\�IRFXVHG�RQ�WKH�VXUIDFH�
VRLO�OD\HU����²����FP��UDWKHU�WKDQ�RQ�WKH�VXEVXUIDFH�
VRLO� OD\HU� ����²����FP��� �7KH�HIIHFW�RI �EXUQLQJ�
SUDFWLFH�ZDV�QRW�GLVWLQFW� DW� WKH� VXEVXUIDFH� OD\HU�
�.XPDGD�HW�DO��������.\XPD�HW�DO��������7DQDND�HW�
DO��������.HQGDZDQJ�HW�DO��������.HQGDZDQJ�HW�DO��
������� +RZHYHU�� WKH� SURSHUWLHV� RI � WKH� VXEVRLO�
OD\HU� VKRXOG� EH� REWDLQHG� WR� FODULI\� LI � DQ\�
V LJQLI LFDQW � FKDQJHV� LQ � WHUPV� RI � VRL O �
SK\VLFRFKHPLFDO�SURSHUWLHV�ZHUH�REVHUYHG�XQGHU�
FXUUHQW� LQWHQVLILHG�PXOWLSOH� FXOWLYDWLRQ�SUDFWLFHV�
DGDSWHG�E\�WKH�ORFDO�IDUPHUV�DW�WKH�VWXG\�DUHD�
� HW� DO�3UHYLRXV� VWXG\� E\� .HQGDZDQJ� � �������
UHSRUWHG� WKDW� WKH� VRLOV� DW� 6DEDO� DUHD� ZHUH�
FKDUDFWHUL]HG�E\�UHODWLYHO\�VDQG\�WH[WXUH�DQG�ORZ�
QXWULHQW�FRQWHQWV�� �6RLO�2UJDQLF�0DWWHU��620��LQ�
WKH�VXUIDFH�VRLOV�ZDV�YLVLEOH��PDLQO\�FRPSRVHG�RI �
FRDUVH� IUDJPHQWV� RI � SODQW� GHEULV�� ZKLOH� FOD\�
PLQHUDO� FRPSRVLWLRQ� ZDV� GRPLQDWHG� E\� NDROLQ�
PLQHUDOV�� DQG� WR� D� OHVVHU� H[WHQW� E\� TXDUW]�
�.HQGDZDQJ� �������HW�DO�
� 6RLO� S+� �+ 2�� XQGHU� VLQJOH� FXOWLYDWLRQ� VLWHV��

ZHUH� DFLGLF� �UDQJLQJ� IURP� ����� WR� ������ EHIRUH�
EXUQLQJ� SUDFWLFHV�� ZKLOH� VRLO� S+� �+ 2�� YDOXH��

VKRZHG�DQ�LQFUHDVH�WR�WKH�UDQJH�IURP������WR������
DIWHU�EXUQLQJ�SUDFWLFHV� �7DEOH�����/DWHU�� VRLO�S+�
�+ 2��GHFUHDVH�VOLJKWO\�WR�WKH�UDQJH�RI ������WR�������

DIWHU�KDUYHVWLQJ�RI � WKH�XSODQG� ULFH�� ,Q�FRQWUDVW��
VRLO� S+� �+ 2�� XQGHU� PXOWLSOH� FXOWLYDWLRQ� VLWHV��

VKRZHG�JUDGXDO�GHFUHDVH�ZLWK�WKH�DYHUDJH�RI ������
DW�EHIRUH�EXUQLQJ�WR������DIWHU�EXUQLQJ�DQG�IXUWKHU�
GHFUHDVH� WR� ����� DIWHU� KDUYHVWLQJ� VWDJHV�� %HIRUH�
EXUQLQJ�SUDFWLFH�VLJQLILFDQWO\�ORZHU�VRLO�S+��+ 2���

YDOXHV� LQ� VLQJOH� FXOWLYDWLRQ� VLWHV� GXH� WR� WKH�
YLJRURXV�XSWDNH�RI �EDVLF�FDWLRQV�E\�WKH�H[LVWLQJ�
YHJHWDWLRQ� GXULQJ� IDOORZ� SHULRG� �7DQDND� HW� DO��
������:DVOL�HW�DO���������0XOWLSOH�FXOWLYDWLRQ�VLWHV�
ZLWK�ORZHU�IDOORZ�SHULRG�ZHUH�OHVV�DFLGLF�LQGLFDWLQJ�

WKH� UHPQDQW�DVK�HIIHFWV� IURP�SUHYLRXV�EXUQLQJ�
SUDFWLFHV� DQG� IHUWLOL]HUV� UHVLGXHV� IURP� SUHYLRXV�
\HDU�� $IWHU� EXUQLQJ� SUDFWLFHV�� VRLO� S+� �+ 2���

VKRZHG�DQ� LQFUHDVH� IURP������ WR������ DW� VLQJOH�
FXOWLYDWLRQ�VLWHV�FRPSDUHG�WR�PXOWLSOH�FXOWLYDWLRQ�
VLWHV�� PDLQO\� FDXVHG� E\� GLUHFW� HIIHFW� RI � DVK�
DGGLWLRQ� LQWR� WKH� VXUIDFH� VRLO�� 9DULRXV� VWXGLHV�
UHSRUWHG� WKDW� EXUQLQJ� SUDFWLFH� VLJQLILFDQWO\�
LQFUHDVHV�VRLO�S+�GXH�WR�DFLG�QHXWUDOL]LQJ�FDSDFLW\�
RI �DVK��1\H�	�*UHHQODQG�������.\XPD�HW�DO��������
$UPDQGR�HW�DO���������,Q�FRQWUDVW��VXFK�HIIHFW�ZDV�
QRW�REVHUYHG�LQ�PXOWLSOH�FXOWLYDWLRQ�VLWHV�DIWHU�WKH�
EXUQLQJ�SUDFWLFH��6KRUWHQLQJ�RI �IDOORZ�SHULRG�LQ�
PXOWLSOH� FXOWLYDWLRQ� VLWHV� KDV� OHG� WR� SRRU�
YHJHWDWLRQ� UHJURZWK��ZKLFK� LQ� WXUQ� OLPLWLQJ� WKH�
DVK�LQSXW�WR�VRLOV�GXULQJ�EXUQLQJ�WR�DOOHYLDWH�VRLO�
DFLGLW\� �:DVOL� HW� DO�� ������� 6RLO� S+� �+ 2�� ZDV��

IXUWKHU� DFLGLILHG� DIWHU� WKH� KDUYHVWLQJ� SKDVH� LQ�
ERWK�FXOWLYDWLRQV��6RLO�DFLGLW\�ZDV�PDLQO\�FDXVHG�
E\�WKH�UHPRYDO�RI �EDVLF�FDWLRQV�LQ�WKH�VRLOV�IURP�
WKH�XSWDNH�RI �WKH�XSODQG�ULFH�FURSV��7XODSKLWDN�HW�
DO�� ������*DIXU� HW� DO�� ������ %LVZDV� HW� DO�� �������
+RZHYHU��LW�FDQ�EH�REVHUYHG�WKDW�VRLO�DFLGLW\�ZDV�
PRUH�SURQRXQFHG�LQ�PXOWLSOH�FXOWLYDWLRQ�VLWHV�GXH�
WR� WKH� GHSOHWLRQ� RI � QXWULHQWV� DIWHU� WKH� VHFRQG�
F\FOH�RI �XSODQG�ULFH�FURSSLQJ�
� ,Q�RXU�VWXG\��VRLO�7RWDO�&�DQG�7RWDO�1�YDULHG�
ZLGHO\� DPRQJ� WKH� VWDJHV� XQGHU� ERWK� W\SHV� RI �
FXOWLYDWLRQ�SUDFWLFHV��,Q�WKH�VXUIDFH�OD\HU��7RWDO�&�
RI �WKH�VRLO�UDQJHG�IURP������J�NJ�WR������J�NJ��
ZKLOH�7RWDO�1�RI �WKH�VRLO�UDQJHG�IURP������J�NJ�WR�
�����J�NJ��3UHVHQW�VWXGLHV�VKRZHG�QR�UHPDUNDEOH�
FKDQJHV�LQ�7RWDO�&�DQG�7RWDO�1�RI �WKH�VRLO�DIWHU�
EXUQLQJ� SUDFWLFH� DW� ERWK� VLQJOH� DQG� PXOWLSOH�
FXOWLYDWLRQ�VLWHV��,Q�IDFW��WKH�FRQWHQWV�RI �7RWDO�&�
DQG� 7RWDO� 1� LQ� PRVW� VLQJOH� DQG� PXOWLSOH�
FXOWLYDWLRQ�VLWHV��GHFUHDVHG�DIWHU�EXUQLQJ�SUDFWLFHV�
ZKLFK� LV� LQ� DJUHHPHQW�ZLWK� UHVXOWV�RI �SUHYLRXV�
ILQGLQJV��(ZHO�HW�DO��������$QGULHVVH�	�6FKHOKDDV�
������ +|OVFKHU� HW� DO�� ������ *DIXU� HW� DO�� ������
7DQDND� HW� DO�� ������� 8QOLNH� WKRVH� UHSRUWHG� E\�
YDULRXV� UHVHDUFKHUV� �1\H� 	� *UHHQODQG� ������
.\XPD� HW� DO�� ������ 7XODSKLWDN� HW� DO�� �������
VLJQLILFDQW�LQFUHDVH�LQ�7RWDO�&�DQG�7RWDO�1�RI �WKH�
VRLO�ZHUH� XVXDOO\� IRXQG� DIWHU� EXUQLQJ�SUDFWLFHV��
6HYHUDO�VLWHV��ERWK�VLQJOH�DQG�PXOWLSOH��VKRZHG�D�
VOLJKW� LQFUHDVH� RI � 7RWDO� &� DQG� 7RWDO� 1� DIWHU�
EXUQLQJ�� ,Q� WKHLU� VWXG\� DW� 1RUWKHDVW� 7KDLODQG��
.\XPD� DQG� 3DLULQWUD� ������� LQYHVWLJDWHG� WKDW�
EXUQLQJ� UHVXOWHG� LQ� SDUWLDOO\� FDUERQL]HG� OLWWHU�
DGGHG�LQWR�WKH�VRLO��+RZHYHU��RXU�VWXG\�VKRZHG�
WKDW�WKH�&�1�UDWLR�LQ�DOO�ERWK�VLQJOH�DQG�PXOWLSOH�
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6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ

7DEOH��� 6XUIDFH�DQG�VXEVXUIDFH�VRLO�SK\VLFRFKHPLFDO�SURSHUWLHV�XQGHU�GLIIHUHQW�VWDJHV�RI �VKLIWLQJ�FXOWLYDWLRQ�F\FOH�LQ�VLQJOH�
FXOWLYDWLRQ�DQG�PXOWLSOH�FXOWLYDWLRQ�IDUPODQGV

1RWH�� 'DWD�LQ�WKLV�WDEOH�DUH�SUHVHQWHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ�
������������
� �6LJQLILFDQW��S���������GLIIHUHQFHV�EHWZHHQ�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV�DW�GLIIHUHQW�VWDJHV�RI�VKLIWLQJ�FXOWLYDWLRQ�F\FOH�

�D�� �E �F �G
� 6& � �6LQJOH�&XOWLYDWLRQ��0& � �0XOWLSOH�&XOWLYDWLRQ��(&(& � �(IIHFWLYH�&(&��VXP�RI �H[FKDQJHDEOH�EDVHV�DQG�H[FKDQJHDEOH�$O��%DVH�VDW � �VXP�RI �

�H
H[FKDQJHDEOH�EDVHV�LQ�SHUFHQW�RI �&(&��$O�VDW � �H[FKDQJHDEOH�$O�LQ�SHUFHQW�RI �(&(&

I
� +DUGQHVV �ZDV�PHDVXUHG�XVLQJ�<DPDQDND�W\SH�SXVK�FRQH�SHQHWURPHWHU

FXOWLYDWLRQ� VLWHV� WHQGHG� WR� HLWKHU� UHPDLQ�
XQFKDQJHG�RU�GHFUHDVH�DIWHU�EXUQLQJ�� LQGLFDWLQJ�
WKDW� OLPLWHG� RU� QR� IUHVK� �SDUWLDOO\� FDUERQL]HG��
SODQW� PDWHULDOV� ZHUH� DGGHG� LQWR� WKH� VRLOV�� $V�
UHSRUWHG� E\� .HQGDZDQJ� HW� DO�� �������� LQ� VDQG\�
WH[WXUHG� VRLOV�� IUDJPHQWV� RI � 620� ZDV� QRW�
DEVRUEHG� RQWR� RU� FORVHO\� DVVRFLDWHG� ZLWK� VRLO�

SDUWLFOHV��EXW�RFFXUUHG�DV�PLQHUDO�SDUWLFOHV�ZKLFK�
PLJKW�EH�ZDVKHG�DZD\�GXULQJ�WKH�UDLQIDOO�DIWHU�WKH�
EXUQLQJ�SUDFWLFHV��2XU� VWXG\�ZDV� VXSSRUWHG�E\�
WKLV� REVHUYDWLRQ� DV� WKH� VDQG� FRQWHQWV� ZHUH�
QHJDWLYHO\�FRUUHODWHG�ZLWK�WKH�DPRXQW�RI �7RWDO�&�
�U� ���������S���������DQG�7RWDO�1��U� ���������S���
�������)LJ�����
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� )URP� RXU� ILHOG� REVHUYDWLRQ�� WKH� DPRXQW� RI �
LQFRPSOHWHO\�EXUQW��FKDUUHG�EUDQFKHV�DQG�VWHPV�
RI �\RXQJ�DQG�PDWXUH�WUHHV�OHIW�GLVWULEXWHG�RYHU�WKH�
ILHOG� LQ� VLQJOH� FXOWLYDWLRQ� VLWHV� ZHUH� REVHUYDEOH�
�)LJ�����
� <RXQJ�WUHHV�VWRUH�UHODWLYHO\�PRUH�QXWULHQWV�LQ�
OHDYHV�DQG�EUDQFKHV��ZKHUHDV�PDWXUH�WUHHV�VWRUH�
PRUH� QXWULHQWV� LQ� WKH� VWHP� DQG� ODUJH� EUDQFKHV�
�.\XPD� ��������7KH�EUDQFKHV�DQG�VWHPV�IURP�HW�DO�
WKH� IHOOLQJ� GLG� QRW� EXUQ� FRPSOHWHO\�� VXJJHVWLQJ�
WKDW� VRPH�RI � WKH� QXWULHQWV�ZKLFK� VWRUHG� LQ� WKH�
SODQW�PDWHULDOV�ZHUH�QRW�UHOHDVHG�FRPSOHWHO\�LQWR�
WKH�VRLOV��6XFK�FRQGLWLRQ�UHVXOWHG�LQ�QR�UHPDUNDEOH�
FKDQJHV�LQ�WKH�OHYHOV�RI �&�DQG�1�FRQWHQWV�LQ�VLQJOH�
FXOWLYDWLRQ�VLWHV�� DOWKRXJK� WKH� IDOORZ�SHULRG�ZDV�
ORQJHU�DV�FRPSDUHG�WR�PXOWLSOH�FXOWLYDWLRQ�VLWHV��
$GGLWLRQDOO\��GHFUHDVLQJ�7RWDO�&�DQG�7RWDO�1�RI �
VRLO�FRXOG�EH�DVFULEHG�WR�WKH�ORVW�7RWDO�&�DQG�1�RI �
VRLO� WKURXJK� YRODWLOL]DWLRQ� WR� WKH� DWPRVSKHUH�
ZKHQ�ODUJH�TXDQWLWLHV�RI �IXHO�ZHUH�FRQVXPHG�DW�
WKH�VXUIDFH�OD\HU��*LDUGLQD� ��������7KHUHIRUH��HW�DO�
VRLO�RUJDQLF�1�PLJKW�EH� ORVW� WR� WKH�DWPRVSKHUH�
GXULQJ�WKH�WKHUPDO�R[LGDWLRQ�RI �RUJDQLF�PDWWHU�LQ�
WKH�IRUP�RI �R[LGL]HG�1�JDVHV�DQG�1 ��UHVXOWLQJ�WR��

ORZHU�WRWDO�1�OHYHOV�LQ�WKH�VRLOV�HYHQ�DIWHU�EXUQLQJ�
SUDFWLFHV��5DLVRQ��������$QGULHVVH�DQG�6FKHOKDDV�
�������DOVR�SRLQWHG�RXW�WKDW�&�GLVDSSHDUV�IDVWHU�
WKDQ�1�XQGHU�KLJK�WHPSHUDWXUH��$V�WKH�OHYHOV�RI �
VRLO�7RWDO�&�DQG�7RWDO�1�GLG�QRW�VKRZ�VLJQLILFDQW�
LQFUHDVH� DIWHU� EXUQLQJ� SUDFWLFHV�� LW� FDQ� EH�
SUHGLFWHG� WKDW� WKH� VRXUFH�RI �1� IRU� ULFH� JURZWK�
PDLQO\�VXSSOLHV�WKURXJK�WKH�LQRUJDQLF�IRUP�IURP�
FKHPLFDO�IHUWLOL]HUV��UDWKHU�WKDQ�WKH�ELRPDVV�IURP�
WKH�EXUQW�YHJHWDWLRQ��$IWHU�KDUYHVWLQJ�RI �FURSV��
7RWDO�&�DQG�1�JHQHUDOO\�GHFUHDVHG�DW�WKH�HQG�RI �
WKH�FXOWLYDWLRQ�F\FOH�DW�ERWK�VLQJOH�DQG�PXOWLSOH�
FXOWLYDWLRQ�VLWHV��0XFK�RI �WKH�GHFOLQH�LQ�VRLO�7RWDO�

&� DQG� 7RWDO� 1� PD\� EH� DWWULEXWHG� WR� WKH�
GHFRPSRVLWLRQ�RI �XQKXPLILHG�PDWHULDOV��1\H�	�
*UHHQODQG� ������� WKRXJK� HURVLRQ� DQG� FURS�
XSWDNH�GHFUHDVH�WKH�OHYHO�RI �VRLO�7RWDO�&�DQG�7RWDO�
1�DV�ZHOO�DV�WKH�HQG�RI �WKH�KDUYHVWLQJ�F\FOH�
� &RQWHQW�RI � DYDLODEOH�3�DW� WKH� VXUIDFH� VRLO� LQ�
PXOWLSOH� FXOWLYDWLRQ� VLWHV� ZHUH� JHQHUDOO\� KLJKHU�
ZLWK� D� ZLGH� YDULDWLRQ� DV� FRPSDUHG� WR� VLQJOH�
FXOWLYDWLRQ�VLWHV��2QH�RI �WKH�PXOWLSOH�FXOWLYDWLRQ�
VLWHV�VKRZHG�DQ�H[WUHPHO\�KLJK�YDOXH�RI �DYDLODEOH�
3� ZKLFK� ZDV� ������ PJ� 3�NJ� EHIRUH� EXUQLQJ�
SUDFWLFH��6XFK�FRQGLWLRQ�FRXOG�EH�DWWULEXWHG�WR�WKH�
XQXVHG�SRUWLRQ�RI �3�DGGHG�E\�DVKHV�RU�WKH�VRLO�
VDPSOHV� PLJKW� KDYH� EHHQ� FROOHFWHG� IURP� WKH�
SRLQWV� ZKHUH� ODUJH� DPRXQWV� RI � EXUQW� ELRPDVV�
DFFXPXODWHG� RU� FKHPLFDO� IHUWLOL]HUV� KDG� EHHQ�
DSSOLHG��:DVOL�HW�DO���������6LPLODU�WR�VRLO�7RWDO�1��
VRLO�DYDLODEOH�3�GLG�QRW�VKRZ�UHPDUNDEOH�FKDQJHV�
DIWHU�EXUQLQJ�SUDFWLFHV�DW�VLQJOH�FXOWLYDWLRQ�VLWHV��
2Q� WKH� RWKHU� KDQG�� PXOWLSOH� FXOWLYDWLRQ� VLWHV�
VKRZHG�GHFUHDVH�RI � VRLO� DYDLODEOH�3� OHYHOV� DIWHU�
EXUQLQJ�SUDFWLFHV��&RQWUDU\�WR�VWXGLHV�UHSRUWHG�E\�
RWKHU�UHVHDUFKHUV��1DNDQR�������7XODSKLWDN�HW�DO��
������� DYDLODEOH� 3� RI � VRLO� GLG� QRW� SHDN� DIWHU�
EXUQLQJ� SKDVH� LQ� ERWK� VLQJOH� DQG� PXOWLSOH�
FXOWLYDWLRQ�IDUPODQGV��$V�FKDUUHG�SODQW�ELRPDVV�
ZDV�OHIW�GLVWULEXWHG�LQ�WKH�ILHOG��WKH�3�QXWULHQW�ZDV�
QRW�VXIILFLHQW�WR�UHOHDVH�IURP�WKH�EXUQLQJ�SURFHVV��
6XEVHTXHQWO\�� OHYHOV� RI � DYDLODEOH� 3� RI � WKH� VRLO�
GHFUHDVHG�DIWHU�WKH�KDUYHVWLQJ�RI �ULFH�FURSV�DW�WKH�
HQG�RI �WKH�F\FOHV�SDUWO\�DWWULEXWHG�WR�FURS�XSWDNH�
DQG�ORVV�WKURXJK�OHDFKLQJ�DV�ZHOO�DV�HURVLRQ��,Q�
PXOWLSOH�FXOWLYDWLRQ�VLWHV��WKH�FRQWHQWV�RI �DYDLODEOH�
3� LQ�VXUIDFH�VRLO�ZHUH�UHODWLYHO\�KLJKHU�DIWHU�WKH�
VHFRQG� F\FOHV�� VXJJHVWLQJ� WKDW� H[FHVV� DQG�
LPPRELOH� 3� IURP� WKH� IHUWLOL]HUV� PLJKW� EH�
DFFXPXODWHG� LQ� WKHVH� IDUPODQGV� XQGHU�

)LJXUH���5HODWLRQVKLS�DPRQJ�VDQG�DQG�7RWDO�&��J�NJ��DQG�7RWDO�1��J�NJ��DIWHU�EXUQLQJ�DW�WKH�VXUIDFH�VRLOV



��

6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ

FRQWLQXRXV� FXOWLYDWLRQ� SUDFWLFHV�� $V� IRU�
VXEVXUIDFH�OD\HU��WKH�VRLO�DYDLODEOH�3�FRQWHQWV�LQ�
ERWK�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�VLWHV�GLG�QRW�
YDU\� IURP�HDFK�RWKHU�DIWHU�KDUYHVWLQJ�SUDFWLFHV��
JHQHUDOO\�ZLWKLQ�WKH�UDQJH�RI �����PJ�3�NJ�WR�����
PJ�3�NJ�
� %HIRUH� WKH� EXUQLQJ� SUDFWLFH�� PXOWLSOH�
FXOWLYDWLRQ� VLWHV� VKRZHG� KLJKHU� OHYHOV� RI �
H[FKDQJHDEOH� EDVHV� �.�� 0J� DQG� &D��� JHQHUDOO\�
UDQJHG�IURP������WR������FPRO �NJ��SULPDULO\�GXH�F

WR� UHPQDQW� DVK� HIIHFWV� DQG� QXWULHQWV� IURP� WKH�
SUHYLRXV�FXOWLYDWLRQV��$IWHU�EXUQLQJ�SUDFWLFH��WKH�
VRLO� H[FKDQJHDEOH� EDVHV� �.�� 0J� DQG� &D�� ZHUH�
LQFUHDVHG�WR�D�UDQJH�RI ������WR������FPRO �NJ�LQ�F

VLQJOH�FXOWLYDWLRQ�SUDFWLFH�IURP�D�UDQJH�RI ��������
�����FPRO �NJ��EHIRUH�EXUQLQJ�SUDFWLFH��GXH�WR�WKH�F

UHOHDVH� RI � QXWULHQWV� IURP� GULHG� YHJHWDWLRQ�
ELRPDVV�GXULQJ�EXUQLQJ��%XUQLQJ�XVXDOO\�OHDGV�WR�
DFFXPXODWLRQ�RI �SRWDVK�ZKLFK�FRQWULEXWHV�WR�WKH
UHOHDVH�RI �PDFURQXWULHQWV�QHHGHG�E\�SODQWV�� L�H��
SRWDVVLXP� FDOFLXP� DQG� PDJQHVLXP� �1\H� 	��
*UHHQODQG�������'ULHVVHQ� ��������.\XPD� �HW�DO HW�DO�
������� 0XOWLSOH� FXOWLYDWLRQ� VLWHV� VKRZHG� OLWWOH�
YDULDWLRQV�LQ�H[FKDQJHDEOH�EDVHV��.��0J�DQG�&D��
DIWHU� EXUQLQJ� SUDFWLFHV�� /HYHOV� RI � H[FKDQJHDEOH�
EDVHV��.��0J�DQG�&D��VOLJKWO\�LQFUHDVHG�DW�VHYHUDO�
VLWHV� FRPSDUHG� WR� VLQJOH� FXOWLYDWLRQ� VLWHV��
+HUEDFHRXV� SODQW� LQGLFDWLQJ� LQIHUWLOH� ODQG� VXFK�
DVODODQJ� �,PSHUDWD� F\OLQGULFD�� XVXDOO\�SUHGRPLQDWHV�
DIWHU� D� VKRUW� IDOORZ�SHULRG�RI � OHVV� WKDQ��� \HDUV�
�7DQDND�HW�DO������E��:DVOL�HW�DO���������UHVXOWLQJ�LQ�
WKH� UHVWULFWHG� VXSSO\� RI � QXWULHQWV� LQWR� WKH� VRLOV�
IURP�WKH�EXUQLQJ�RI �WKH�DERYHJURXQG�ELRPDVV��
$IWHU�WKH�KDUYHVWLQJ�RI �ULFH�FURSV��WKH�OHYHOV�RI �
H[FKDQJHDEOH�EDVHV�GHFUHDVHG�UDSLGO\��VXJJHVWLQJ�
WKDW� WKH� LQSXW� RI � EDVHV� WKURXJK� DVK� HIIHFW� DQG

VXEVHTXHQW�IHUWLOL]HUV�DSSOLFDWLRQ�ZDV�GHSOHWHG�DW�
ERWK� IDUPODQGV��6HYHUDO�QXWULHQWV�PLJKW�EH� ORVW�
LQWR� WKH� HQYLURQPHQW� WKURXJK� YRODWLOL]DWLRQ��
UXQRII � DQG� OHDFKLQJ� WKURXJKRXW� WKH� F\FOH� DIWHU�
EXUQLQJ�SUDFWLFHV��WKH�UHPDLQLQJ�RQHV�ZHUH�XVHG�
E\�WKH�ULFH�FURSV�GXULQJ�FXOWLYDWLRQ��$W�WKH�HQG�RI �
WKH� F\FOH� �$+��� VLQJOH� FXOWLYDWLRQ� VLWHV� VKRZHG�
KLJKHU�OHYHOV�RI �EDVHV�FRQWHQW�DV�FRPSDUHG�WR�WKH�
VRLOV�DW�WKH�VWDJH�RI �EHIRUH�EXUQLQJ�SUDFWLFH��%%���
$OWKRXJK�IHUWLOL]HUV�LQSXW�PLJKW�DIIHFW�WKH�OHYHOV�
RI �EDVHV�DW�WKH�HQG�RI �WKH�F\FOH��DQRWKHU�UHDVRQ�
FRXOG�EH�DVFULEDEOH�WR�WKH�H[LVWLQJ�RI �UHPQDQW�DVK�
HIIHFWV� GXULQJ� FXOWLYDWLRQ� SHULRG� �1\H� 	�
*UHHQODQG�������-XR�	�0DQX�������(WVXNR�HW�DO��
������� &RQYHUVHO\�� WKH� OHYHOV� RI � VXUIDFH� DQG�
VXEVXUIDFH� VRLO� H[FKDQJHDEOH� EDVHV� DW� VRPH�
PXOWLSOH�FXOWLYDWLRQ�VLWHV�ZHUH�ORZHUHG�DW�WKH�HQG�
RI �WKH�F\FOH��$+��DV�FRPSDUHG�WR�EHIRUH�EXUQLQJ
SUDFWLFHV��%%���6XFK�FRQGLWLRQ�LQGLFDWHG�WKDW�WKH�
DYDLODEOH�QXWULHQWV�PLJKW�QRW�EH�VXIILFLHQW�IRU�QH[W�
FXOWLYDWLRQ� DIWHU� WZR� FRQVHFXWLYH� F\FOHV� RI �
FXOWLYDWLRQ�� 7KXV�� WKH� IDUPHU� VKRXOG� FRQVLGHU�
ZKHWKHU�WR�PRYH�WR�DQRWKHU�IDUPODQG�RU�LQFUHDVH�
WKH� DPRXQW� RI � IHUWLOL]HUV� DSSOLFDWLRQ� DV� WKH�
DPRXQW�RI �QXWULHQW�VXSSO\�E\�WKH�DERYHJURXQG�
ELRPDVV� FRXOG� EH� OLPLWHG� DIWHU� WZR� F\FOHV� RI �
FXOWLYDWLRQ�

5LFH�3URGXFWLYLW\�XQGHU�&XUUHQW�,QWHQVLILHG�
3UDFWLFH�RI �6KLIWLQJ�&XOWLYDWLRQ

� ,Q� JHQHUDO�� WKH� \LHOG� RI � ERWK� VLQJOH� DQG�
PXOWLSOH� FXOWLYDWLRQ� SUDFWLFHV� YDULHG� ZLGHO\�
DPRQJ� WKH� VWXG\� VLWHV�� 7KH� \LHOG� RI � VLQJOH�
FXOWLYDWLRQ�VLWHV�UDQJHG�IURP�����NJ�KD�WR�������
NJ�KD�ZLWK� DQ� DYHUDJH� RI � ���� NJ�KD��0XOWLSOH�

)LJXUH��� &KDUUHG�EUDQFKHV�RI �\RXQJ�DQG�ROG�YHJHWDWLRQV�VFDWWHUHG�RYHU�WKH�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQV�XSODQG�ULFH�IDUPV



FXOWLYDWLRQ� VLWHV� UDQJHG� IURP� ��� NJ�KD� WR� ����
NJ�KD�ZLWK�DQ�DYHUDJH�RI �����NJ�KD��7HQJ��������
UHSRUWHG� WKDW� WKH� \LHOG� IURP� WUDGLWLRQDO� VKLIWLQJ�
FXOWLYDWLRQ� SUDFWLFH� RI � XSODQG� ULFH� LQ� 6DUDZDN�

�
UDQJHG� IURP�����NJ KD WR�������NJ KD�ZLWK� DQ�� �
DYHUDJH�\LHOG�RI �����NJ KD��7KXV�� �VWXG\�� FXUUHQW
VKRZHG�ORZHU�\LHOG�DV�FRPSDUHG� �WKRVH�UHSRUWHG�WR
E\�7HQJ���������,W�ZDV�QRWLFHDEOH�WKDW�QR�PDMRU�
UHODWLRQVKLS�ZDV�IRXQG�EHWZHHQ�ULFH�\LHOG�DQG�VRLO�
SURSHUWLHV� � WKH� VWXG\� DUHD� �GDWD� QRW� VKRZQ���LQ
)LJXUH� ��D�� VKRZHG� WKH� UHODWLRQVKLS� EHWZHHQ�
XSODQG� ULFH� \LHOG� DQG� WKH� � SHULRG� XQGHU�IDOORZ
FXUUHQW�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV��
,Q�VLQJOH�FXOWLYDWLRQ�VLWHV��D� �\LHOG�RI �XSODQG�KLJKHU
ULFH� �REVHUYHG�XQGHU� �IDOORZ�OHQJWK� �ZDV ORQJHU IURP
��� WR� ��� \HDUV � � \LHOG� RI � XSODQG� ULFH� �� /RZHU ZDV
REVHUYHG�XQGHU�WKH� �IDOORZ�OHQJWK�RI ����WR�VKRUWHU
���\HDUV�� LFH�\LHOG�XQGHU�PXOWLSOH�FXOWLYDWLRQ�VLWHV�5
ZLWK� �SHULRG�RI ���WR���\HDUV� �DOPRVW�IDOORZLQJ ZDV
VLPLODU� WR� VLQJOH� FXOWLYDWLRQ� VLWHV� ZLWK� �IDOORZLQJ
SHULRG� RI � ��� WR� ��� \HDUV�� 2Q� WKH� RWKHU� KDQG��
)LJXUH���E��VKRZHG�WKH�UHODWLRQVKLS�EHWZHHQ�\LHOG�
DQG�IHUWLOL]HUV�DSSOLHG�SHU�F\FOH�XQGHU�VLQJOH�DQG�
PXOWLSOH� FXOWLYDWLRQ� VLWHV�� $OWKRXJK� WKH� UDWH� RI �
IHUWLOL]HUV� DSSOLFDWLRQ� XQGHU�PXOWLSOH� FXOWLYDWLRQ�
VLWHV�ZHUH� VOLJKWO\� KLJKHU� WKDQ� VLQJOH� FXOWLYDWLRQ�
VLWHV�� WKH�XSODQG� ULFH�SURGXFWLRQ�XQGHU�PXOWLSOH�
FXOWLYDWLRQ�VLWHV�ZDV�VWLOO�ORZHU�WKDQ�WKDW�RI �VLQJOH�
FXOWLYDWLRQ� VLWHV�� 6LQJOH� FXOWLYDWLRQ� UHTXLUHG�
PLQLPDO� DPRXQW� RI � IHUWLOL]HUV� L�H�� OHVV� WKDQ� ����
NJ�KD� WR�SURGXFH� WKH�\LHOG�RI �PRUH� WKDQ�������
NJ�KD��FRQVLGHULQJ�WKH�IDOORZ�SHULRG�RI �PRUH�WKDQ�
���\HDUV��6XFK� VXJJHVW �WKDW�FRQGLWLRQ�OHDGV�WR� LRQV
DJURFKHPLFDOV��HVSHFLDOO\� �DSSOLFDWLRQ� UH�IHUWLOL]HUV D
FUXFLDO� WR� VXVWDLQ� ULFH� SURGXFWLRQ� XQGHU� �VKRUW
IDOORZ�SHULRG�RI �PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV�

� $V� ILQGLQJ� QHZ� IDUPODQGV� ZLWK� ORQJ� IDOORZ�
SHULRG� LV� UDWKHU� GLIILFXOW�� PXOWLSOH� FXOWLYDWLRQ�
SUDFWLFHV� ZLWK� WKH� DSSURSULDWH� XVH� RI �
DJURFKHPLFDOV� FRXOG� EH� RQH� RI � WKH� RSWLRQV� WR�
VXVWDLQ� WKH� ULFH� SURGXFWLRQ� RQ� WKH� VWXG\� DUHD��
$GGLWLRQDOO\�� 620� SOD\V� DQ� LPSRUWDQW� UROH� DV�
QXWULHQW� UHVHUYRLU� LQ� GHWHUPLQLQJ� VRLO� SURGXF�
WLYLW\��IXUWKHU�LQYHVWLJDWLRQV�VKRXOG�KLJKOLJKW�WKH�
G\QDPLFV�RI �620�DQG�VRLO�PLFURELDO�HFRORJLFDO�
DVSHFWV� XQGHU� SUHVHQW� LQWHQVLILHG� PXOWLSOH�
FXOWLYDWLRQ�SUDFWLFHV��HVSHFLDOO\�DIWHU�WKH�EXUQLQJ�
SUDFWLFHV�� 2Q� WKH� RWKHU� KDQG�� FRPSUHKHQVLYH�
QXWULHQW� PDQDJHPHQW� SODQ� LQYROYLQJ� ERWK�
FKHPLFDO�DQG�RUJDQLF�IHUWLOL]HUV�ZLWK�VXLWDEOH�VRLO�
FRQVHUYDWLRQ� SUDFWLFHV� FDQ� EH� LQWURGXFHG� LQWR�
FXUUHQW� LQWHQVLILHG� VKLIWLQJ� FXOWLYDWLRQ� WRZDUGV�
VXVWDLQLQJ�WKH�ULFH�SURGXFWLRQ�DW�WKH�VWXG\�DUHD�

&21&/86,216

� &XUUHQW� VKLIWLQJ� FXOWLYDWLRQ� KDV� EHHQ�
LQWHQVLILHG� WKURXJK� PXOWLSOH� F\FOHV� FXOWLYDWLRQ�
ZLWK�WKH�VKRUWHQLQJ�RI �IDOORZ�SHULRG�DQG�XVH�RI �
DJURFKHPLFDOV�DW�XSODQG�6DEDO�DUHD��7KHUH�ZHUH�
QR� PDMRU� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� VRLO�
SURSHUWLHV�DPRQJ�VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�
VLWHV� DW� DOO� VWDJHV� RI � VKLIWLQJ� FXOWLYDWLRQ� F\FOHV�
ZLWKLQ�WKH�VXUIDFH�DQG�VXEVXUIDFH�OD\HU��H[FHSW�IRU�
VRLO�S+��+ 2���6XUIDFH�VRLO�S+��+ 2��XQGHU�VLQJOH�� �

FXOWLYDWLRQ� VLWHV� LQFUHDVHG� DIWHU� WKH� EXUQLQJ�
SUDFWLFH�DQG�GHFUHDVHG�DIWHU�WKH�KDUYHVWLQJ�RI �WKH�
XSODQG�ULFH��6XUIDFH�VRLO�S+��+ 2��XQGHU�PXOWLSOH�

FXOWLYDWLRQ�VLWHV�ZHUH�DFLGLILHG�IURP�WKH�EHJLQQLQJ�
XQWLO�WKH�HQG�RI �WKH�F\FOHV��7RWDO�&�DQG�VRLO�7RWDO�
1� RI � WKH� VRLO� GLG� QRW� VLJQLILFDQWO\� GLIIHUHQW�

)LJXUH��� 5HODWLRQVKLS�DPRQJ�XSODQG�ULFH�\LHOG�DQG��D��IDOORZ�SHULRG�DQG��E��IHUWLOL]HUV�DSSOLHG�SHU�F\FOH�RI �FXOWLYDWLRQ��XQGHU�
VLQJOH�DQG�PXOWLSOH�FXOWLYDWLRQ�VLWHV

%,27523,$�9RO�����1R���������

��



EHWZHHQ�RQH�DQRWKHU�DW�ERWK�VLQJOH�DQG�PXOWLSOH�
FXOWLYDWLRQ� VLWHV�� 7KH� DPRXQW� RI � H[FKDQJHDEOH�
PDFURQXWULHQWV��.��0J�DQG�&D��DW�WKH�VXUIDFH�DQG�
VXEVXUIDFH� VRLOV� DW� PXOWLSOH� FXOWLYDWLRQ� VLWHV�
VKRZHG�GHFUHDVLQJ� WUHQGV�RI �QXWULHQWV� FRQWHQWV�
DIWHU�VXEVHTXHQW�F\FOHV�RI �FXOWLYDWLRQ�DV�FRPSDUHG�
WR�VLQJOH�FXOWLYDWLRQ�VLWHV��&RQWLQXRXV�FXOWLYDWLRQ�
ZLWKRXW�SURSHU�QXWULHQW�PDQDJHPHQW � ��SODQ FRXOG
UHVXOW�LQ�GHSOHWLRQ �RI �VRLO ��DQG�H[KDXVWLRQ �DYDLODEOH
PDFURQXWULHQW� FRQWHQWV�� 7KH� IXQFWLRQ� RI � WKH�
IDOORZ� SHULRG� KDV� EHHQ� VXEVWLWXWHG� E\� WKH�
DJURFKHPLFDOV�VXFK�DV�IHUWLOL]HUV�DQG�KHUELFLGHV�LQ�
VXVWDLQLQJ� WKH� FURS� \LHOG��$SSURSULDWH� XVDJH�RI �
DJURFKHPLFDOV�FRXOG�EH�DQ�RSWLRQ�WR�VXVWDLQ�WKH�
ULFH� SURGXFWLRQ� IRU� WKH� ORFDO� SHRSOH� XQGHU�
PXOWLSOH�FXOWLYDWLRQ�SUDFWLFHV�

$&.12:/('*(0(176

� 7KLV�VWXG\�ZDV�SDUWLDOO\�IXQGHG�E\�*UDQW�LQ�DLG�
RI � -DSDQ� 0DOD\VLDQ� $VVRFLDWLRQ� �-0$���
0\%UDLQ��� �0\0DVWHU��� 0LQLVWU\� RI � (GXFDWLRQ�
0DOD\VLD�� DV� ZHOO� DV� =DPDODK� *UDGXDWH�
6FKRODUVKLS�DQG�6SHFLDO�)XQG�IRU�3K'�6WXGHQWV�
�*UDQW� 1R�� )���'33������������������ IURP�
8QLYHUVLWL� 0DOD\VLD� 6DUDZDN� �81,0$6��� :H�
WKDQN�WKH�ORFDO�SHRSOH�DW�6DEDO�DUHD��HVSHFLDOO\�0U�
(NLQ� (PSDWL� IRU� WKH� KRVSLWDOLW\� DQG� NLQG�
DVVLVWDQFH�GXULQJ�ILHOG�YLVLWDWLRQ�

5()(5(1&(6

$QGULHVVH�-3��6FKHOKDDV�50��������$�PRQLWRULQJ�VWXGLHV�RQ�
QXWULHQW�F\FOHV�LQ�VRLOV�XVHG�IRU�VKLIWLQJ�FXOWLYDWLRQ�
XQGHU� YDULRXV� FOLPDWLF� FRQGLWLRQV� LQ� WURSLFDO�$VLD��
,,,��7KH�HIIHFWV�RI �ODQG�FOHDULQJ�WKURXJK�EXUQLQJ�RQ�
IHUWLOLW\�OHYHO��$JULF�(FRV\VW�(QYLURQ�����������

$UPDQGR�61/��'DUZLQ�:$��-DFNLH�20��������)LQH�URRW�
PLQHUDOLVDWLRQ��VRLO�RUJDQLF�PDWWHU�DQG�H[FKDQJHDEOH�
FDWLRQ�G\QDPLFV�LQ�VODVK�DQG�EXUQ�DJULFXOWXUH�LQ�WKH�
VHPL�DULG�QRUWKHDVW�%UD]LO��$JULF�(FRV\VW�(QYLURQ�
�����������

%LVZDV�$��$ODJPLU�0��+DTXH�606��2VPDQ�.7��������6WXG\�
RQ�VRLOV�XQGHU�VKLIWLQJ�FXOWLYDWLRQ�DQG�RWKHU�ODQG�XVH�
FDWHJRULHV� LQ�&KLWWDJRQJ�+LOO�7UDFWV��%DQJODGHVK��-�
)RUHVW�5HV����������

%UD\�5+ �.XUW]�/7��������'HWHUPLQDWLRQ�RI �WRWDO��RUJDQLF��
DQG�DYDLODEOH�IRUPV�RI �SKRVSKRUXV�LQ�VRLOV��6RLO�6FL�
���������

%UXXQ�7%��0HUW]�2��(OEHUOLQJ�%��������/LQNLQJ�\LHOGV�RI �
XSODQG� ULFH� LQ� VKLIWLQJ� FXOWLYDWLRQ� WR� IDOORZ� OHQJWK�

DQG�VRLO�SURSHUWLHV�� ���������$JULF�(FRV\VW�(QYLURQ
���

%UXXQ�7%��GH�1HHUJDDUG�$��/DZUHQFH�'��=LHJOHU�$3��������
(QYLURQPHQWDO� FRQVHTXHQFHV� RI � WKH� GHPLVH� LQ�
VZLGGHQ� FXOWLYDWLRQ� LQ� 6RXWKHDVW� $VLD�� &DUERQ�
VWRUDJH�DQG�VRLO�TXDOLW\��+XP�(FRO�����������

%XWW�*��������6HPL�GHWDLOHG�VLWH�HYDOXDWLRQ�RI �6DEDO�)RUHVW�
5HVHUYH � 1RUWKHUQ� +DOI�� � 6DUDZDN� �0<��� )RUHVW�
'HSDUWPHQW�6DUDZDN�

&ROHPDQ� 17�� :HHG� 6%�� 0F&UDNHQ� 5-�� ������ &DWLRQ�
H[FKDQJH� FDSDFLW\� DQG� H[FKDQJHDEOH� FDWLRQV� LQ�
3LHGPRQW�VRLOV�RI �1RUWK�&DUROLQD��6RLO�6FL�6RF�$P�-�
���������

&UDPE� $ � ������ 6KLIWLQJ� FXOWLYDWLRQ� DQG� UHVRXUFH�5 �
GHJUDGDWLRQ� LQ� 6DUDZDN�� 3HUFHSWLRQ� DQG� SROLFLHV��
%RUQHR�5HV�%XOO����������

'DOOH�63 ��GH�%ORLV�6 ��������6KRUWHU�IDOORZ�F\FOHV�� �>,QWHUQHW@
DIIHFW�WKH�DYDLODELOLW\�RI �QRQFURS�SODQW�UHVRXUFHV�LQ�D�
VKLIWLQJ� FXOWLYDWLRQ� V\VWHP�� (FRORJ\� DQG� 6RFLHW\��
>FLWHG� ����� 1RY� �@�� ������� $YDLODEOH ��� IURP
KWWS���ZZZ�HFRORJ\DQGVRFLHW\�RUJ�YRO���LVV��DUW
��

'HDQ�:(��������'HWHUPLQDWLRQ�RI �FDUERQDWH�DQG�RUJDQLF�
PDWWHU� LQ� FDOFDUHRXV� VHGLPHQWV� DQG� VHGLPHQWDU\�
URFNV� E\� ORVV� RQ� LJQLWLRQ�� FRPSDULVRQ�ZLWK� RWKHU�
PHWKRGV��-�6HG�3HWURO ����������

'ULHVVHQ�3��%XXUPDQ�0��3HUPDGK\�3��������7KH�LQIOXHQFH�
RI � VKLIWLQJ� FXOWLYDWLRQ� RQ� D� ´SRG]ROLFµ� VRLO� IURP�
&HQWUDO� .DOLPDQWDQ�� %RJRU� �,'��� 6RLO� 5HVHDUFK�
,QVWLWXWH�

(WVXNR�:��6DNXUDL�.��2NDED\DVKL�<��/DVD\�1��$ORXQVDZDW�
&��������6RLO�IHUWLOLW\�DQG�IDUPLQJ�V\VWHPV�LQ�D�VODVK�
DQG� EXUQ� FXOWLYDWLRQ� DUHD� RI � 1RUWKHUQ� /DRV�� -�
6RXWKHDVW�$VLDQ�6WXG��� ��������

(ZHO�-��%HULVK�&��%URZQ�%��3ULQFH�1 �5DLFK�-� ������6ODVK�� �
DQG�EXUQ�LPSDFW�RQ�D�&RVWD�5LFDQ�ZHW�IRUHVW�VLWH��
(FRORJ\��� ��������

)R[�-��7UXRQJ�'0��5DPER�$7��7X\HQ�$7��&XF�13 �/HLV]�6���
������6KLIWLQJ�FXOWLYDWLRQ�� �QHZ�ROG�SDUDGLJP�IRU�$
PDQDJLQJ�WURSLFDO�IRUHVWV��%LR 6FL��� ������� �

)XQDNDZD� 6�� 7DQDND� 6�� .DHZNKRQJNKD� 7�� +DWWRUL� 7��
<RQHED\DVKL�.��������3K\VLFRFKHPLFDO�SURSHUWLHV�
RI � WKH�VRLOV�DVVRFLDWHG�ZLWK�VKLIWLQJ�FXOWLYDWLRQ� LQ�
1RUWKHUQ�7KDLODQG�ZLWK�VSHFLDO�UHIHUHQFH�WR�IDFWRUV�
GHWHUPLQLQJ�VRLO�IHUWLOLW\��6RLO�6FL�3ODQW�1XWU��������
���

*DIXU� $�� %RUJJDDUG� 2.�� -HQVHQ� -5�� 3HWHUVRQ� 5�� ������
&KDQJHV� LQ� VRLO� QXWULHQW� FRQWHQW� XQGHU� VKLIWLQJ�
FXOWLYDWLRQ� LQ� WKH� &KLWWDJRQJ� +LOO� 7UDFWV� RI �
%DQJODGHVK��'DQ�-�*HRJU�����������

*HH� *:�� %DXGHU� -:�� ������ 3DUWLFOH�VL]H� DQDO\VLV�� ,Q��
.OXWH�$��HGLWRU��0HWKRGV�RI �6RLO�$QDO\VLV��3DUW����
0DGLVRQ� �86��� $PHULFDQ� 6RFLHW\� RI � $JURQRP\�
�$6$��DQG�6RLO�6FLHQFH�6RFLHW\�RI �$PHULFD��666$���
S�����������

6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ
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*LDUGLQD� &3�� 6DQIRUG� 3/��'vFNHUVPLWK� ,&�� -DUDPLOOR�9-��
������7KH�HIIHFWV�RI �VODVK�DQG�EXUQLQJ�RQ�HFRV\VWHP�
QXWULHQWV�GXULQJ�ODQG�SUHSDUDWLRQ�SKDVH�RI �VKLIWLQJ�
FXOWLYDWLRQ�� �����������6RLO�6FL�3ODQW�1XWU�

+|OVFKHU�'��/XGZLJ�%��0ROOHU�5)��)ROVWHU�+��������'\QDPLF�
RI �VRLO�FKHPLFDO�SDUDPHWHUV�LQ�VKLIWLQJ�DJULFXOWXUH�LQ�
(DVWHUQ�$PD]RQ�� �����������$JULF�(FRV\VW�(QYLURQ

,FKLNDZD�0�������� � DPRQJ� VHFRQGDU\� IRUHVWV�5HODWLRQVKLS
DQG�UHVRXUFH�XVH�DQG�DJULFXOWXUH��DV� �E\�WKH�SUDFWLVHG
,EDQ�RI �6DUDZDN��(DVW�0DOD\VLD��7URSLFV�����������

,FNRZLW]�$��������6KLIWLQJ�FXOWLYDWLRQ�DQG�GHIRUHVWDWLRQ�LQ�
WURSLFDO� $IULFD�� ULWLFDO� UHIOHFWLRQV�� 'HY� &KDQJH�F
�� ���������

-XR�$65��0DQX�$��������&KHPLFDO�G\QDPLFV�LQ�VODVK�DQG�
EXUQ�DJULFXOWXUH��$JULF�(FRV\VW�(QYLURQ����������

.HQGDZDQJ� --��7DQDND�6�� ,VKLKDUD� -��6KLEDWD�.��6DEDQJ� -��
1LQRPL\D�,��������(IIHFWV�RI �VKLIWLQJ�FXOWLYDWLRQ�RQ�
VRLO� HFRV\VWHPV� LQ� 6DUDZDN�� 0DOD\VLD�� ODVK� DQG�6
EXUQLQJ�DW�%DODL�5LQJLQ�DQG�6DEDO�H[SHULPHQWDO�VLWHV�
DQG�HIIHFW�RQ�VRLO�RUJDQLF�PDWWHU��6RLO�6FL�3ODQW�1XWU�
����������

.HQGDZDQJ --��7DQDND�6��6KLEDWD�.��<RVKLGD�1��6DEDQJ�-���
1LQRPL\D� ,�� 6DNXUDL� .�� ������ (IIHFWV� RI � VKLIWLQJ�
FXOWLYDWLRQ�RQ�VRLO�HFRV\VWHPV�LQ�6DUDZDN��0DOD\VLD��
,,,��5HVXOWV�RI �EXUQLQJ�SUDFWLFH�DQG�FKDQJHV�LQ�VRLO�
RUJDQLF� PDWWHU� DW� � DQG� � H[SHULPHQWDO�1LDK %DNDP
VLWHV��6RLO�6FL�3ODQW�1XWU�����������

.OHLQPDQ�3-$��3LPHQWHO�'��%U\DQW�5%��������7KH�HFRORJLFDO�
VXVWDLQDELOLW\� RI � VODVK� DQG� EXUQ� DJULFXOWXUH��$JULF�
(FRV\VW�(QYLURQ�����������

.XPDGD�.��2KWD� 6�� $UDL� 6��.LWDPXUD�0�� ,PDL�.�� ������
&KDQJHV�LQ�VRLO�RUJDQLF�PDWWHU�DQG�QLWURJHQ�IHUWLOLW\�
GXULQJ� WKH� VODVK�DQG�EXUQ�DQG�FURSSLQJ�SKDVHV� LQ�
H[SHULPHQWDO�VKLIWLQJ�FXOWLYDWLRQ��6RLO�6FL�3ODQW�1XWU�
����������

.XR�6��������3KRVSKRUXV��,Q � '/ �$/��� 6SDUNV� ��3DJH +HOPNH�
3$� /RHSSHUW�5+��6ROWDQSRXU�31��7DEDWDEDL�0$���
«�6XPQHU�0(��H VGLWRU ��0HWKRGV�RI �6RLO�$QDO\VLV��
3DUW� �� ²� &KHPLFDO� 0HWKRGV�� 0DGLVRQ� �� 6RLO��86�
6FLHQFH� 6RFLHW\� RI � $PHULFD� �,QF�� DQG� $PHULFDQ�
6RFLHW\�RI �$JURQRP\��,QF���S�����������

.\XPD � �� . � 3DLULQWUD� &�� ������ 6KLIWLQJ� FXOWLYDWLRQ � $Q�
H[SHULPHQWDO�DW�1DP�3KURP��1RUWKHDVW�7KDLODQG��
DQG� LWV� LPSOLFDWLRQV� IRU� XSODQG� IDUPLQJ� LQ� WKH�
PRQVRRQ� WURSLFV � )DFXOW\� RI �� .\RWR� �-3���
$JULFXOWXUH��.\RWR�8QLYHUVLW\�

.\XPD RI�.��7XODSKLWDN�7��3DLULQWUD�&��������&KDQJHV� �VRLO�
IHUWLOLW\� DQG� WLOWK� XQGHU� VKLIWLQJ� FXOWLYDWLRQ�� ,��
*HQHUDO�GHVFULSWLRQ�RI � VRLO� DQG�HIIHFW�RI �EXUQLQJ�
DQG�VRLO�FKDUDFWHULVWLFV��6RLO�6FL�3ODQW�1XWU��������
���

0HUW]�2 �������7KH�UHODWLRQVKLS�EHWZHHQ�IDOORZ�OHQJWK�DQG��
FURS� \LHOGV� LQ� VKLIWLQJ� FXOWLYDWLRQ�� $� UHWKLQNLQJ��
$JURIRU�6\V �����������W

0HWHRURORJLFDO�'HSDUWPHQW�������:HDWKHU� DWD������������G
.XFKLQJ��0<��� �0HWHRURORJLFDO�'HSDUWPHQW

1DNDQR�.�������� �VWXG\�RI �VZLGGHQ�DJULFXOWXUH�DW�(FRORJLFDO
D�YLOODJH� LQ�1RUWKHUQ�7KDLODQG�� �$VLDQ�-�6RXWKHDVW
6WXG�����������

1LHOVRQ�8��0HUW]�2�� �*7��������7KH�UDWLRQDOLW\�RI �1RZHJ
VKLIWLQJ� FXOWLYDWLRQ� V\VWHPV�� /DERXU� SURGXFWLYLW\�
UHYLVLWHG��+XP�(FRO��� �������

1\H�3+��*UHHQODQG�'-��������&RPPRQZHDOWK�EXUHDX�RI �
VRLOV��)DUQKDP��8.���&RPPRQZHDOWK�$JULFXOWXUDO�
%XUHDX�

1\H� 3+��*UHHQODQG�'-�� ������ &KDQJHV� LQ� WKH� VRLO� DIWHU�
FOHDULQJ�WURSLFDO�IRUHVW��3ODQW�DQG�6RLO�;;,��������
���

5DLVRQ�5-��������0RGLILFDWLRQ�RI �WKH�VRLO�HQYLURQPHQW�E\�
YHJHWDWLRQ� ILUHV�� ZLWK� SDUWLFXODU� UHIHUHQFH� WR�
QLWURJHQ� WUDQVIRUPDWLRQV�� $� UHYLHZ�� 3ODQW� 6RLO�
����������

6RLO�6XUYH\�6WDII �������6RLO� D[RQRP\ �$� DVLF� \VWHP�RI �� W � E V
V F P L VRLO� ODVVLILFDWLRQV�IRU� DNLQJ�DQG� QWHUSUHWLQJ� RLO�
V � � �86�XUYH\V� :DVKLQJWRQ �� 8QLWHG� 6WDWHV�
'HSDUWPHQW�RI �$JULFXOWXUH�

7DQDND� 6�� )XQDNDZD� 6�� .DHZNKRQJNKD� 7�� +DWWRUL� 7��
<RQHED\DVKL� .�� ������ 6RLO� HFRORJLFDO� VWXG\� RQ�
G\QDPLFV� RI � .�� 0J� DQG� &D� DQG� VRLO� DFLGLW\� LQ�
VKLIWLQJ� FXOWLYDWLRQ� LQ� QRUWKHUQ�7KDLODQG�� 6RLO� 6FL�
3ODQW�1XWU�����������

7DQDND�6��$QGR�7�� �6�� �&��.DHZNKRQJNKD�)XQDNDZD 6XNKUXQ
7�� 6DNXUDL� .�� ������ (IIHFW� RI � EXUQLQJ� RQ� VRLO�

PLQHUDOLVDWLRQRUJDQLF� PDWWHU� FRQWHQW� DQG� 1� �
XQGHU�VKLIWLQJ�FXOWLYDWLRQ�V\VWHP�RI �.DUHQ�SHRSOH�

�LQ� QRUWKHUQ� 7KDLODQG � 6RLO� 6FL� 3ODQW� 1XWU� ���
�������

7DQDND�6��.HQGDZDQJ�--��,VKLKDUD�-��6KLEDWD�.��.RX�$��-HH�
$�� � ������ 7KH� HIIHFWV� RI � VKLIWLQJ�«� 6DNXUDL� .�
FXOWLYDWLRQ�RQ�VRLO�HFRV\VWHPV�LQ�6DUDZDN��0DOD\VLD��
,,�&KDQJHV�LQ�VRLO�FKHPLFDO�SURSHUWLHV�DQG�UXQRII �
ZDWHU�DW�%DODL�5LQJLQ�DQG�6DEDO�H[SHULPHQWDO�VLWHV��
6RLO�6FL�3ODQW�1XWU�����������

7DQDND�6��:DVOL�0(��6HPDQ�/��-HH�$��.HQGDZDQJ�--��6DNXUDL�
.�� 0RURRND� <�� ����D�� (FRORJLFDO� VWXG\� RQ� VLWH�
VHOHFWLRQ� IRU� VKLIWLQJ� FXOWLYDWLRQ� E\� WKH� ,EDQ� RI �
6DUDZDN��0DOD\VLD��$�FDVH�VWXG\�LQ�WKH�0XMRQJ�5LYHU�
DUHD��7URSLFV�����������

7DQDND�6��:DVOL�0(��6HPDQ�/��-HH�$��.HQGDZDQJ�--��6DNXUDL�
. �0RURRND�<������ ��6RLO�SURSHUWLHV�RI �VHFRQGDU\�� E
IRUHVWV� XQGHU� VKLIWLQJ� FXOWLYDWLRQ� E\� WKH� ,EDQ� RI �
6DUDZDN�� 0DOD\VLD� LQ� UHODWLRQ� WR� YHJHWDWLRQ�
FRQGLWLRQ��7URSLFV��� ��������

7HQJ� 6& � ������ 6KLIWLQJ� XOWLYDWLRQ� RI � LOO� DGL� ²� $�� F K S
WUDGLWLRQDO� HWKRG� RI � WLOL]LQJ� DQG� DQDJLQJ�P X P
QDWXUDO�VRLO� HUWLOLW\�IRU�ULFH� URGXFWLRQ�LQ�6DUDZDN��I S
.XFKLQJ� �0<�� � RI �� $JULFXOWXUH� 'HSDUWPHQW
6DUDZDN�

7XODSKLWDN 7��3DLULQWUD�&��.\XPD�.��������&KDQJHV�LQ�VRLO��
IHUWLOLW\� DQG� WLOWK� XQGHU� VKLIWLQJ� FXOWLYDWLRQ�� ,,��
&KDQJHV�LQ�VRLO�QXWULHQW�VWDWXV��6RLO�6FL�3ODQW�1XWU�
����������
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:DVOL�0(��7DQDND�6��.HQGDZDQJ�--��6HPDQ�/��8QDQJ�%��/DW�
-��« ������9HJHWDWLYH�FRQGLWLRQV�DQG�VRLO��6DNXUDL�.��
IHUWLOLW\� RI � IDOORZ� ODQGV� XQGHU� LQWHQVLILHG� VKLIWLQJ�
FXOWLYDWLRQ�V\VWHPV�LQ�6DUDZDN��0DOD\VLD��7URSLFV�����
��������

:DVOL�0(��7DQDND�6��.HQGDZDQJ�--��$EGX�$��/DW�-��������
6RLOV�DQG�YHJHWDWLRQ�FRQGLWLRQ�RI �QDWXUDO�IRUHVW�DQG�
VHFRQGDU\�IDOORZ�IRUHVWV�ZLWKLQ�%DWDQJ�$L�1DWLRQDO�
3DUN� ERXQGDU\�� 6DUDZDN�� 0DOD\VLD�� .XURVKLR� 6FL�
���������

6RLO�FKDUDFWHULVWLFV�XQGHU�LQWHQVLILHG�VKLIWLQJ�FXOWLYDWLRQ
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