
$FWD�&KLP��6ORY���������������������

�-� %HULþQLN�9UERYãHN� )� 3LFKOPD\HU� .� %ORFKEHUJHU� =� -HUDQ� -� 0DUVHO��,VRWRSLF DQDO\VLV RI VXOSKXU«

����

,62723,&�$1$/<6,6�2)�68/3+85�,1�7+(�$66(660(17�2)�62��

(0,66,21�6285&(6�

-XOLMD�%HULþQLN�9UERYãHN�
D
�)ULHGULFK�3LFKOPD\HU�

E
�.DUO�%ORFKEHUJHU�

E
�=YRQND�

-HUDQ�
F
DQG�-RåH�0DUVHO

G

D(5,&R 9HOHQMH� ,QVWLWXWH IRU (FRORJLFDO 5HVHDUFK� ���� 9HOHQMH� 6ORYHQLD
EgVWHUUHLFKLVFKHV )RUVFKXQJV]HQWUXP 6HLEHUVGRUI� $����� 6HLEHUVGRUI� $XVWULD

F
-� 6WHIDQ ,QVWLWXWH� ���� /MXEOMDQD� 6ORYHQLD

G
)DFXOW\ RI &KHPLVWU\ 	 &KHPLFDO 7HFKQRORJ\� 8QLYHUVLW\ RI /MXEOMDQD� ���� /MXEOMDQD� 6ORYHQLD

5HFHLYHG������������

$EVWUDFW�
5HSRUWHG KHUHLQ LV WKH LVRWRSLF FRPSRVLWLRQ RI VXOSKXU LQ 1RUZD\ VSUXFH QHHGOHV� OLFKHQV
DQG VRLOV IURP WZR ZHOO�GHILQHG FOLPDWLF UHJLRQV LQ 6ORYHQLD� 7KH âDOHN 9DOOH\ DQG WKH
=DVDYMH UHJLRQ� 7KH VDPSOHV DUH IURP GLVWLQFW ORFDWLRQV LQ WKHVH UHJLRQV� ZKHUH WKH LPSDFW RI

62� RQ YHJHWDWLRQ LV ZHOO GRFXPHQWHG� ,Q ERWK UHJLRQV� WKH PDLQ VRXUFH RI 62� SROOXWLRQ LV

IURP WKHUPDO SRZHU VWDWLRQV� 7KH LVRWRSLF PHDVXUHPHQWV RI 1RUZD\ VSUXFH QHHGOHV ZHUH

FRPSOHPHQWHG ZLWK G
��
6�DQDO\VHV RI FRDOV �OLJQLWH DQG EURZQ FRDO� DQG 62� LQ VWDFN�JDVHV

IURP WZR WKHUPDO SRZHU SODQWV� WR FRUUHODWH 62� SROOXWLRQ ZLWK D VSHFLILF HPLVVLRQ VRXUFH�

5HIHUHQFH VDPSOHV RI 62� IURP DQ XQSROOXWHG UHJLRQ �7KH 7ULJODY 1DWLRQDO 3DUN� ZHUH

FROOHFWHG IRU FRPSDULVRQ� 7R HOXFLGDWH WKH WXUQ RYHU RI 62� IURP VRXUFH WR VSUXFH QHHGOHV

YLD DLU DQG�RU VRLO� FKDUDFWHULVWLF VRLOV DQG OLFKHQV �+\SRJ\PQLD SK\VRGHV� ZHUH VDPSOHG�

7KH VXOSKXU LQ WKH VDPSOHV ZDV FRQYHUWHG E\ FRPEXVWLRQ LQ D VPDOO R[\JHQ ERPE �3DUU

,QVWUXPHQW� WR VXOSKDWH� SUHFLSLWDWHG DV %D62� DQG WKH G
��
6 YDOXHV PHDVXUHG XVLQJ DQ

LVRWRSH UDWLR PDVV VSHFWURPHWHU FRXSOHG RQ�OLQH WR DQ HOHPHQWDO DQDO\VHU� 7KH G
��
6 YDOXHV

GHPRQVWUDWH RQO\ D FORVH UHODWLRQVKLS EHWZHHQ HQYLURQPHQWDO 62� DQG OLFKHQV� &RUUHODWLRQ

EHWZHHQ D SDUWLFXODU HPLVVLRQ VRXUFH DQG WKH DSSDUHQW LPSDFW RQ YHJHWDWLRQ IURP WKH G
��
6

YDOXHV LV QRW VWUDLJKWIRUZDUG�

,QWURGXFWLRQ���

$OWKRXJK��VXOSKXU�LV�DQ�LPSRUWDQW�PDFUR�HOHPHQW�LQ�WKH�IRUHVW�HFRV\VWHP��EHLQJ�DQ�

HVVHQWLDO� HOHPHQW� IRU�SODQW�DQG�VRLO�PLFURRUJDQLVPV�� WKHUH� LV�QRZ�FRQYLQFLQJ�HYLGHQFH�

WKDW� IRUHVW� GHFOLQH� LV� PDLQO\� FDXVHG� E\� 62� SROOXWLRQ�� 2�� � DQG� UHODWHG� FRPSRXQGV��

6XOSKXU� RULJLQDWHV� IURP� ERWK� QDWXUDO� DQG� DQWKURSRJHQLF� VRXUFHV��2I� WKH� ODWWHU�� HLJKW\�

ILYH�SHU�FHQW�RI� WKH�VXOSKXU�HPLWWHG���PDLQO\�DV�62�� ��GHULYHV� IURP�WKH�FRPEXVWLRQ�RI�

FRDO� DQG� RLO�� ZKLOH� WKH� PDMRULW\� RI� WKH� UHPDLQLQJ� ILIWHHQ� SHU� FHQW� LV� IURP� LQGXVWULDO�

VRXUFHV��� 7KH� WZR� PDLQ� VRXUFHV� RI� VXOSKXU� LQ� WKH� IRUHVW� HFRV\VWHP� DUH� IURP� WKH�

DWPRVSKHUH� DQG� WKH� VRLO�� $PRQJ� WKH� JDVHRXV� LQSXWV� RI� VXOSKXU�� 62�� FRQWULEXWHV� WKH�

PDMRU�SDUW����
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6WDEOH� VXOSKXU� LVRWRSHV� DUH� ZLGHO\� XVHG� WR� VWXG\� VXOSKXU� G\QDPLFV� LQ� GLIIHUHQW�

HFRV\VWHPV���1DWXUDOO\�RFFXUULQJ�6XOSKXU�KDV�IRXU�VWDEOH�LVRWRSHV�ZLWK�PDVVHV������������

DQG����RI�ZKLFK���6�DQG���6�DUH�WKH�PRVW�DEXQGDQW����6�UHSUHVHQWV����������DQG���6������

���� 7KH� LQSXW� RI� VXOSKXU� LQWR� WKH� HFRV\VWHP� FDQ� FDXVH� VLJQLILFDQW� FKDQJHV� LQ� WKH� 6�

LVRWRSLF� FRPSRVLWLRQ� RI� WKH� SHGR��� K\GUR�� DQG� DWPRVSKHUH� DV� D� UHVXOW� RI� WKH� FRPSOH[�

PHFKDQLVPV�� SK\VLFDO�� FKHPLFDO� DQG� ELRORJLFDO� SURFHVVHV�� WKDW� DIIHFW� VXOSKXU� WXUQRYHU�

GXULQJ� LWV� SDWKZD\� IURP� VRXUFH� WR� LWV� XSWDNH�� 7KLV� SKHQRPHQRQ� LV� NQRZQ� DV� LVRWRSLF�

IUDFWLRQDWLRQ� DQG� DOEHLW� � VPDOO�� WKHVH� YDULDWLRQV� FDQ� EH� FKDUDFWHULVWLF� RI� D� SDUWLFXODU�

HPLVVLRQ��� %HFDXVH� LW� LV� HDVLHU� WR� FRPSDUH� LVRWRSLF� UDWLRV� LQ� WZR� VDPSOHV� WKDQ� LW� LV� WR�

PHDVXUH�WKH�DEVROXWH�DEXQGDQFHV�LQ�DQ\�RQH�VDPSOH��WKH�H[SUHVVLRQ�G��6��LQ�Å���ZKLFK�

LV�WKH�UDWLR�RI���6���6�UHODWLYH�WR�DQ�LQWHUQDWLRQDO�VWDQGDUG��WKH�&DQ\RQ�'LDEOR�PHWHRULWH���

LV�XVHG�WR�VWXG\�VXOSKXU�LVRWRSH�YDULDWLRQV�LQ�QDWXUH��)RU�PDQ\�UHDVRQV��WKH�,QWHUQDWLRQDO�

$WRPLF� (QHUJ\� $JHQF\� �9LHQQD�� LQWURGXFHG� DQG� GLVWULEXWHG� DQ� $J�6� VWDQGDUG� ZLWK� D�

GHILQHG� G��6� YDOXH� RI� ���� ���Å�� $W� DQ\� VSHFLILF� VLWH�� WKH� GLIIHUHQFHV� LQ� G��6� FDQ� EH�

PHDVXUHG�ZLWK�D�SUHFLVLRQ�EHORZ�����SHU�PLO���

,Q�WKH�SUHVHQW�ZRUN�ZH�DLP�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLSV�EHWZHHQ�G��6�YDOXHV��62��

OHYHOV� DQG� IRUHVW� GHFOLQH� LQ� WZR� SROOXWHG� UHJLRQV� LQ� 6ORYHQLD�� WKH� âDOHN� 9DOOH\� DQG�

=DVDYMH�UHJLRQ��,Q�ERWK�UHJLRQV��WKH�GRPLQDQW�VRXUFHV�RI�62��SROOXWLRQ�DUH�WKH�7KHUPDO�

3RZHU�3ODQWV�DW�âRãWDQM�DQG�7UERYOMH��UHVSHFWLYHO\��7R�GR�WKLV�ZH�PHDVXUHG�WKH�LVRWRSLF�

FRPSRVLWLRQ� RI� VXOSKXU� LQ� OLJQLWH�� EURZQ� FRDO�� FKLPQH\�VWDFN� JDVHV�� VSUXFH� QHHGOHV�

�FXUUHQW�\HDU�QHHGOHV����\HDU�ROG�QHHGOHV���VRLOV��IRXU�OD\HUV���DLU��3RNOMXND�SODWHDX���:H�

WKHQ� FRPSDUHG� WKHVH�YDOXHV� WR� WKH� LVRWRSLF� FRPSRVLWLRQ�RI� VDPSOHV� FROOHFWHG� IURP� WKH�

7ULJODY� 1DWLRQDO� 3DUN�� ZKLFK� ZDV� FKRVHQ� DV� DQ� H[DPSOH� RI� DQ� XQSROOXWHG� UHJLRQ��

%HFDXVH� WKH� YDULDWLRQV� LQ� FKHPLFDO� FRPSRVLWLRQ� DQG� WLVVXH� DOWHUDWLRQV� PDNH� OLFKHQV�

VHQVLWLYH�ELRORJLFDO� LQGLFDWRUV�RI� UHJLRQDO� WUHQGV� LQ�DPELHQW�62��SROOXWLRQ�DQG�EHFDXVH�

DUERUHDO�OLFKHQV�DUH�QHYHU�LQ�FRQWDFW�ZLWK�VRLO��WKH\�DUH�XVHIXO�IRU�DVVHVVLQJ�DWPRVSKHULF�

62��LPSDFW��)RU�WKLV�UHDVRQ�ZH�FROOHFWHG�VSHFLPHQV�RI�WKH�OLFKHQ�+\SRJ\PQLD�SK\VRGHV�

�/��� 1\O��� DQG� H[SRVHG� WKHP� WR� WKH� HQYLURQPHQWV� XQGHU� VWXG\�� )LQDOO\�� VLQFH� WKH�

SURGXFWLRQ�RI�JOXWDWKLRQH��*6+�� LQ�1RUZD\�VSUXFH�QHHGOHV� LV� UHODWHG�WR�HQYLURQPHQWDO�
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FRQFHQWUDWLRQV�RI�62��
��ZH�GHFLGHG�WR� LVRODWH�*6+�IURP�1RUZD\�VSUXFH�QHHGOHV�RI�WKH�

VDPH�RULJLQ�DQG�PHDVXUH�WKH�G��6�YDOXHV�RQ�D�PROHFXODU�OHYHO��

�

([SHULPHQWDO�

6DPSOLQJ�DQG�VDPSOH�SUHSDUDWLRQ�

6RLO�VDPSOHV��:H�FROOHFWHG�VRLO�VDPSOHV�LQ�6HSWHPEHU�������:H�ILUVW�VHSDUDWHG�WKH�

VRLO�SURILOH�LQWR�WZR�RUJDQLF�OD\HUV��2OI��2K��DQG�WZR�PLQHUDO�OD\HUV��$���� FP��$����� FP���

(DFK�OD\HU�ZDV�GULHG�DW����q&�DQG�VLHYHG����PP���7KH�VDPSOH�ZDV�WKHQ�PL[HG�ZLWK�DQ�

(VFKND�PL[WXUH�LQ�D�UDWLR�����DQG�LJQLWHG�DW�����q&�WR�FRQYHUW�WKH�VXOSKXU�WR�VXOSKDWH���

ZKLFK�ZDV�WKHQ�GLVVROYHG�LQ�KRW�GHLRQLVHG�ZDWHU��

6SUXFH�QHHGOHV��6DPSOHV�ZHUH�KDUYHVWHG�IURP�1RUZD\�VSUXFH�WUHHV��3LFHD�DELHV��/���

NDUVWHQ��LQ�6HSWHPEHU������IURP�DOO�WKUHH�VLWHV��7ZLJV�ZHUH�FXW�IURP�WKH�OLJKW�FURZQ�RI�

ILYH� WUHHV�DW� HDFK� ORFDWLRQ��7KH�QHHGOHV�ZHUH� IUR]HQ� LQ� OLTXLG�QLWURJHQ�� O\RSKLOLVHG�DQG�

JURXQG� WR� D� SRZGHU�� 7KH� VXOSKXU�ZDV� FRQYHUWHG� E\� FRPEXVWLRQ� LQ� D� VPDOO� 3DUU� �����

R[\JHQ� ERPE� �3DUU� ,QVWUXPHQW�� WR� VXOSKDWH� IROORZLQJ� WKH� SURFHGXUH� GHVFULEHG� LQ� WKH�

OLWHUDWXUH���

&RDO�� 6DPSOHV� RI� OLJQLWH� DQG� EURZQ� FRDO�ZHUH� FROOHFWHG� IURP� WKH�7KHUPDO�3RZHU�

3ODQWV� DW� âRãWDQM� DQG�7UERYOMH�� UHVSHFWLYHO\��7KH� VXOSKXU�� OLNH� WKDW� IRU� VSUXFH�QHHGOHV��

ZDV�FRQYHUWHG�E\�FRPEXVWLRQ�WR�VXOSKDWH��

&KLPQH\�VWDFN�JDVHV��6DPSOHV� IURP�ERWK�7KHUPDO�3RZHU�3ODQWV�ZHUH�REWDLQHG�E\�

WUDSSLQJ�WKH�62��LQ�D�K\GURJHQ�SHUR[LGH�VROXWLRQ��

$LU�VDPSOHV��7KH�VDPSOLQJ�VLWH�IRU�DLU�DW�WKH�7ULJODY�1DWLRQDO�3DUN�ZDV�WKH�3RNOMXND�

SODWHDX�� ,Q� WKLV� LQVWDQFH� 62[� LQ� WKH� DPELHQW� DLU� ZDV� WUDSSHG� RQ� DONDOLQH� LPSUHJQDWHG�

JODVV�ILEUH�ILOWHUV���

/LFKHQV��:H� FROOHFWHG� VSHFLPHQV� RI� WKH� /LFKHQ�+\SRJ\PQLD� SK\VRGHV� �/��� 1\O���

IURP�WKH�UHIHUHQFH�VDPSOLQJ�VLWHV�IRU�62��PRQLWRULQJ��6SRGQMD�.RPLVLMD��7DEOH����DQG�

H[SRVHG�WKHP�IRU�VL[�PRQWKV�WR�WKH�HQYLURQPHQWV�DW�WKH�JLYHQ�VDPSOLQJ�VLWHV��:H�WKHQ�

IROORZHG�WKH�VDPH�VDPSOH�SUHSDUDWLRQ�SURFHGXUH�DV�IRU�WKH�VSUXFH�QHHGOHV��

�

�
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6�LVRWRSLF�DQDO\VLV�

,VRWRSLF� DQDO\VLV� LQYROYHG� SUHFLSLWDWLQJ� WKH� VXOSKXU� �VXOSKDWH�� LQ� WKH� VDPSOHV�� DV�

%D62��� ZKLFK� ZDV� WKHQ� EXUQHG� LQ� DQ� HOHPHQWDO� DQDO\VHU� WR� 62��� VHSDUDWHG� XVLQJ� D�

SDFNHG� JDV� FROXPQ� DQG� WKH� ��6� DQG� ��6� FRQFHQWUDWLRQ� GHWHUPLQHG� XVLQJ� D� )LQQLJDQ�

LVRWRSH�UDWLR�PDVV�VSHFWURPHWHU���)URP�WKHVH�YDOXHV��ZH��FDOFXODWHG�G��6��UHODWLYH�WR�WKH�

&DQRQ�'LDEOR�PHWHRULWH�LQWHUQDWLRQDO�VWDQGDUG��XVLQJ�WKH�H[SUHVVLRQ��

����������G��6���G��6�VDPSOH ����G
��6���G��6�VWDQGDUG

������������������G��6� ����������������������������������������������������������Å�

�G��6���G��6�VWDQGDUG

7R�LVRODWH�JOXWDWKLRQH��*6+�������J�RI�O\RSKLOLVHG�VSUXFH�QHHGOHV�ZHUH�GLVVROYHG�LQ�

����PO�RI�GLVWLOOHG�ZDWHU��7KH� VROXWLRQ�ZDV� LQMHFWHG�RQWR� D�SUHSDUDWLYH�+3/&�FROXPQ�

�6SKHULVRUE�2'6����PP������[����PP��DQG�VHSDUDWHG�XVLQJ�D�JUDGLHQW�HOXWLRQ�RI�������

7)$� LQ�+�2�DQG�������7)$� LQ�+�2��0H&1���������'HWHFWLRQ�ZDV�SHUIRUPHG�ZLWK�DQ�

89�'LRGH�DUUD\�GHWHFWRU�DQG�D�)LQQLJDQ�764�PDVV�VSHFWURPHWHU�XQGHU�(6,�FRQGLWLRQV��

�

5HVXOWV���� ��

)LJXUHV�������VKRZ�WKH�DYHUDJH�G��6�YDOXHV�LQ�WKH�VDPSOHV�IURP�WKH�WKUHH�VDPSOLQJ�

VLWHV��7KH�G��6�IRU�OLFKHQV�DUH�JLYHQ�LQ�7DEOH����7KH�VWDQGDUG�GHYLDWLRQ��UHSURGXFLELOLW\��

LV��������Å�

6DPSOLQJ VLWH $UHD GG
��
6 �Å �

=DYRGQMH $IIHFWHG E\ 733 âRãWDQM ���

9HOLNL YUK $IIHFWHG E\ 733 âRãWDQM ���

$IIHFWHG E\ 733 âRãWDQM ���

3RGYRORYMHN � ���

8þHMD � ���

6SRGQMD .RPLVLMD � ���

7DEOH����0HDQ�G��6�YDOXHV� LQ� WKH� OLFKHQ�+\SRJ\PQLD�SK\VRGHV� �/���1\O���H[SRVHG�

IRU���PRQWKV�LQ�GLIIHUHQW�HQYLURQPHQWV��773� �7KHUPDO�3RZHU�3ODQW��

� ��� 5HIHUHQFH VLWH RQ WKH ERUGHU RI WKH âDOHN 9DOOH\
� ��� 5HIHUHQFH VLWH QHDU WKH 7ULJODY 1DWLRQDO 3DUN
� ��� /LFKHQV IURP DQ XQSROOXWHG DUHD �6SRGQMD .RPLVLMD� WUDQVIHUUHG WR WKH JLYHQ VLWHV IRU D SHULRG RI

� PRQWKV
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)LJ�����0HDQ�G��6�YDOXHV�LQ�WKH�DUHD�XQGHU�WKH�LQIOXHQFH�RI�WKH�7UERYOMH�3RZHU�3ODQW�
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)URP� WKH� UHVXOWV� �)LJV�� �� DQG� ��� WKH� LVRWRSLF� IUDFWLRQDWLRQ� RI� VXOSKXU� GXULQJ� WKH�

EXUQLQJ�RI�OLJQLWH�LQ�WKH�âRãWDQM�3RZHU�3ODQW�IDOOV�ZLWKLQ�WKH�PHDVXUHG�XQFHUWDLQW\��ZKLOH�

WKH�LVRWRSLF�IUDFWLRQDWLRQ�IURP�EXUQLQJ�RI�EURZQ�FRDO�LQ�WKH�7UERYOMH�3RZHU�3ODQW�OHDGV�

WR� DQ� HQULFKPHQW� RI� ��6�� (YHQ� DIWHU� UHSHDWHG� PHDVXUHPHQWV�� WKH� VDPH� HIIHFW� ZDV�

REVHUYDEOH��ZKLFK�PHDQV� WKDW� WKLV� GLIIHUHQFH� FDQQRW� EH� H[SODLQHG� LQ� WHUPV� RI� UHDFWLRQ�

NLQHWLFV��,Q�ERWK�SROOXWHG�DUHDV��WKH�G��6�YDOXH�LQ�1RUZD\�VSUXFH�QHHGOHV�LQFUHDVHV�ZLWK�

DJH��XQOLNH�LQ�WKH�QHHGOHV�IURP�WKH�7ULJODY�1DWLRQDO�3DUN�ZHUH�WKHUH�LV�QR�LQFUHDVH��)LJ��

���� 7KH� G��6� YDOXH� LQ� WKH� VRLO� DW� DOO� WKUHH� VLWHV� LQFUHDVHV� ZLWK� GHSWK� EXW� LV� PRUH�

SURQRXQFHG�LQ�WKH�SROOXWHG�DUHDV��,Q�WKH�1RUZD\�VSUXFH�QHHGOHV�WKH�G��6�YDOXH�ZDV�OHVV�

SRVLWLYH�WKDQ�LQ�WKH�DPELHQW�62��DQG�LQ�WKH�VRLO�LQ�WKH�WZR�SROOXWHG�DUHDV��ZKHUHDV��LQ�WKH�

7ULJODY�1DWLRQDO�3DUN�WKH�G��6�LQ�VSUXFH�QHHGOHV� LV�VLPLODU� WR� WKDW� LQ� WKH�VRLO��7KH�G��6�

YDOXHV� LQ� WKH� OLFKHQ�+\SRJ\PQLD� SK\VRGHV� �/��� 1\O��� H[KLELWV� DQ� DVVXPHG� FDXVH�DQG�

HIIHFW�UHODWLRQVKLS��L�H���WKH�G��6�YDOXHV�!��Å��LQ�WKH�VSHFLPHQV�H[SRVHG�WR�DPELHQW�62��

RULJLQDWLQJ�IURP�WKH�âRãWDQM�3RZHU�3ODQW� �G��6�|�����Å��LQGLFDWH�D�GLUHFW� LPSDFW�IURP�

WKH�HPLVVLRQ�VRXUFH��
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7KH�FRQWHQW�RI�*6+�LQ�WKH�1RUZD\�VSUXFH�QHHGOHV�LV�PXFK�ORZHU�WKDQ�WKDW�VWDWHG�LQ�

WKH� OLWHUDWXUH��ZKLFK�IRU�D�VHOHFWHG�VDPSOH� LV�DERXW���PJ�PO��7KLV�PHDQV�WKDW� WR� LVRODWH�

����PJ�RI�*6+�����PJ�6��IRU�LVRWRSLF�DQDO\VLV�XVLQJ�SUHSDUDWLYH�+3/&��DSSUR[LPDWHO\�

����K�ZRUNLQJ�WLPH�DQG�PRUH�WKDQ����OLWUHV�RI�0H&1�LV�UHTXLUHG��

�

'LVFXVVLRQ�

,Q�WKH�SUHVHQFH�RI�KLJKHU�62��FRQFHQWUDWLRQV�LQ�DLU��IRU�H[DPSOH�LQ�WKH�DUHDV�DIIHFWHG�

E\� WKH�âRãWDQM�DQG�7UERYOMH�3RZHU�3ODQWV��SODQWV�DUH�H[SHFWHG�WR�XVH�ERWK�DWPRVSKHULF�

DQG�VRLO�VXOSKXU�IRU�WKHLU�PHWDEROLVP��$Q�DVVXPHG�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�EHWZHHQ�

WKH�DYHUDJH�62��OHYHOV�DQG�LWV�LVRWRSLF�FRPSRVLWLRQ�VKRXOG�EH�UHIOHFWHG�LQ�DOWHUDWLRQV�RI�

6�FRQWDLQLQJ� FRPSRXQG� LQ� SODQWV� DQG� WKHLU� LVRWRSLF� FRPSRVLWLRQ��1HYHUWKHOHVV�� VSUXFH�

QHHGOHV�VKRZ�OHVV�SRVLWLYH�G��6�YDOXHV�WKDQ�ERWK�SRWHQWLDO�VRXUFHV��7KLV�PLJKW�EH�GXH�WR�

6�LVRWRSH� IUDFWLRQDWLRQ� GXULQJ� 6�XSWDNH� DQG�RU� PHWDEROLVP�� OHDGLQJ� WR� FRPSRXQGV�

HQULFKHG� � LQ���6��8QOLNH� OLFKHQV�ZKRVH�G��6�YDOXHV� UHIOHFW� WKRVH�RI�DPELHQW�62�� LQ� WKH�

DLU��VSUXFH�QHHGOHV�H[KLELW�YDOXHV�ORZHU�WKDQ�DLU�DQG�VRLO�DW�WKH�VDPH�VLWH��LQGLFDWLQJ�WKH�

PL[LQJ� RI� VXOSKXU� IURP� WZR� GLVWLQFW� VRXUFHV� �EHGURFN� DQG� DWPRVSKHUH�� DQG�RU�

SURQRXQFHG�LVRWRSH�IUDFWLRQDWLRQ�LQ�VRLO��$V�H[SHFWHG��WKH�G��6�LQ�WKH�OLFKHQV�H[SRVHG�WR�

GLIIHUHQW� HQYLURQPHQWDO� FRQGLWLRQV� VKRZ� D� KLJKHU� FRUUHODWLRQ� EHWZHHQ� HQYLURQPHQWDO�

62� DQG�D�SDUWLFXODU�HPLVVLRQ�VRXUFH��3RZHU�3ODQW�DW�âRãWDQM���

�

$OO�VLWHV�H[KLELW�D�VPDOO�GHFUHDVH� LQ�G��6�IURP�WRSVRLO� WR�PLQHUDO�VRLO��7KLV�FDQ�EH�

H[SODLQHG�E\�WKH�IDFW�WKDW�LQ�QRQVDOLQH�XSSHU�VRLO�KRUL]RQV��PRUH�WKDQ�����RI�VXOSKXU�LV�

LQ�RUJDQLF�IRUP����(YHQ�DW�H[WUHPHO\�KLJK�62��GHSRVLWLRQ��VXOSKXU�DSSHDUV�WR�EH�F\FOHG�

WKURXJK� DQ� RUJDQLF� SRRO� LQ� WKH� VRLO�� ,Q� DGGLWLRQ�� XQOHVV� WKH� PHDQ� UHVLGHQFH� WLPH� RI�

VXOSKXU�LQ�WKH�VRLO�LV�JUHDWHU�WKDQ�WKH�WLPH�VFDOH�RI�WKH�62��SROOXWLRQ��WKH�SRVLWLYH�G
��6�LQ�

VRLO�PD\�UHIOHFW�QDWXUDO�VXOSKXU��

�

&RQFOXVLRQV���

(VWDEOLVKLQJ� D� FDXVH� DQG� HIIHFW� UHODWLRQVKLS� EHWZHHQ� D� SDUWLFXODU� 62�� HPLVVLRQ�

VRXUFH�DQG�WKH�DSSDUHQW�LPSDFW�RQ�YHJHWDWLRQ�IURP�WKH�G��6�YDOXH�LV�QRW�VWUDLJKWIRUZDUG��

7KH� DFFXPXODWLRQ� RI� VXOSKXU� LQ� YHJHWDWLRQ� LV� FRPSOH[� DQG� ZH� FDQ� ILQG� QR� GLUHFW�
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FRUUHODWLRQ� EHWZHHQ� WKH� G��6� YDOXH� LQ� VSUXFH� QHHGOHV� DQG� VWDFN�JDVHV�� QRW� HYHQ� LQ� WKH�

VXUURXQGLQJ� RI� D� JLYHQ� HPLVVLRQ� VRXUFH�� 'HVSLWH� WKLV�� WKH� GLIIHUHQFHV� LQ� G��6� YDOXHV�

EHWZHHQ�FKLPQH\�VWDFN�62��DQG�VXOSKXU�LQ�VSUXFH�QHHGOHV�DQG�LQ�VRLOV�LV�VLJQLILFDQW�IRU�

ERWK� UHJLRQV�� 7KH� G
��6� YDOXHV� GHPRQVWUDWH� RQO\� D� FORVH� UHODWLRQVKLS� EHWZHHQ�

HQYLURQPHQWDO�62� DQG�OLFKHQV��XSWDNH�RI�62� IURP�DLU����

�

,Q�WKLV�LQVWDQFH��WKH�DVVXPSWLRQ�WKDW�GHWHUPLQLQJ�G��6�YDOXHV�RQ�D�PROHFXODU�OHYHO�LQ�

VSUXFH� QHHGOHV� UHIOHFW� WKH� LVRWRSLF� FRPSRVLWLRQ� RI� WKH� VXUURXQGLQJ� 62�

��� FDQ� QRW� EH�

SURYHG�E\�PHDVXULQJ�WKH�G��6�RI�*6+��7KH�ORZ�FRQFHQWUDWLRQ�RI�*6+�LQ�VSUXFH�QHHGOHV�

PDNHV� WKH� LVRODWLRQ� RI� WKLV� FRPSRXQG� IRU� G��6� PHDVXUHPHQWV� LPSUDFWLFDO�� *HQHUDOO\��

IXWXUH�DGYDQFHV� LQ�DSSO\LQJ�VWDEOH� LVRWRSH� WHFKQLTXHV�RQ�D�PROHFXODU� OHYHO�ZLOO� ODUJHO\�

GHSHQG� RQ� WKH� DELOLW\� RI� LQVWUXPHQWDWLRQ� WR� PHDVXUH� � PLFURJUDP� DPRXQWV� RI� RUJDQLF�

VXOSKXU��

�

$FNQRZOHGJHPHQWV��

:H� DUH� JUDWHIXO� WR� WKH� 0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� RI� 6ORYHQLD� IRU�

VXSSRUWLQJ� WKLV� ZRUN�� :H� ZRXOG� DOVR� OLNH� WR� WKDQN� 6�� äLJRQ� �/DERUDWRU\� IRU�

JHRFKHPLVWU\��-��6WHIDQ�,QVWLWXWH��/MXEOMDQD��IRU�KLV�DVVLVWDQFH�LQ�VDPSOH�SUHSDUDWLRQ�DQG�

'UV��6��/RMHQ�DQG�1��2JULQF�IRU�WKHLU�KHOSIXO�GLVFXVVLRQV��

5HIHUHQFHV�
�� &� )� &XOOLV� 0� 0� +LUVFKOHU� $WPRV� (QYLURQ� ����� ��� ����������

�� +� 5� .URXVH� $� 9� *ULQHQNR �(GV��� 6WDEOH ,VRWRSHV� 1DWXUDO DQG $QWKURSRJHQLF 6XOSKXU LQ WKH

(QYLURQPHQW� :LOH\� &KLFKHVWHU� ����

�� :� (� :LQQHU� -� '� %HZOH\� +� 5� .URXVH� +� 0� %URZQ� 2HFRORJLD� ����� ��� �������

�� 6� (� /LQGEHUJ� *� 0�/RZHWW� '� '� 5LFKWHU� '� :� -RKQVRQ� 6FLHQFH ����� ���� �������

�� (� %HUPDGLQJHU � '� *ULOO � +� *XWWHQEHUJHU� 3K\WRQ ����� ��� �������

�� $670 ' ���� ± ��� $QQXDO ERRN RI $670 VWDQGDUGV ����� ������ �������

�� <� $ULNDZD DQG $� 6DVDNL� $QDO� 6FLHQFHV� ����� �� �������

�� 8� 'DHPPJHQ� /� *UXHQKDJH� +� -� -lJHU� /DQGVFKDIWVRHNRORJLVFKHV 0HVVHQ XQG $XVZHUW �����

������� ������

�� )� 3LFKOPD\HU� .� %ORFKEHUJHU� )UHVHQLXV =� $QDO� &KHP� ����� ���� ��������

��� 7� :� %RXWWRQ� 6� <DPDVDNL� 0DVV 6SHFWURPHWU\ RI 6RLOV� 0DUFHO 'HNNHU ,QF�� 1HZ <RUN� ����

��� %� $� 7UXVW�� %� )U\� 3ODQW� &HOO DQG (QYLURQPHQW ����� ��� ����������
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3RY]HWHN�

9 Y]RUFLK SUHPRJRY� GLPQLK SOLQRY� VPUHNRYLK LJOLF LQ WDO L] GYHK RQHVQDåHQLK SRGURþMLK
�âDOHãND GROLQD LQ =DVDYMH� VPR PHULOL L]RWRSVNR VHVWDYR åYHSOD �G��6�� =D SULPHUMDYR VPR
PHULOL Y]RUFH ]UDND LQ WDO L] SRGURþMD 7ULJODYVNHJD QDURGQHJD SDUND� 'D EL SRMDVQLOL SUHQRV
62� Y LJOLFH VPUHNH SUHNR ]UDND LQ�DOL WDO� VPR PHULOL G��6 YUHGQRVWL Y ]QDþLOQLK GUHYHVQLK
OLãDMLK LQ WOHK� äYHSOR Y WUGQLK Y]RUFLK VPR V VHåLJRP Y NLVLNX� L] ]UDND SD QHSRVUHGQR
SUHWYRULOL Y %D62� LQ QDWR Y 62� WHU YUHGQRVW G

��6 L]PHULOL ] PDVQLP VSHNWURPHWURP�
0HGWHP NR MH SUL OLãDMLK RSD]QD NRUHODFLMD PHG G

��6 YUHGQRVWPL ]D RNROLãNL 62� SD MH YSOLY
QD G��6 YUHGQRVWL Y LJOLFDK VPUHNH PDQM L]UD]LW�

�


