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��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�������
�
7KLV� UHSRUW� KDV� EHHQ� SURGXFHG� E\� /DQGFDUH� 5HVHDUFK� 1HZ� =HDODQG� /LPLWHG� IRU� WKH� 1HZ�
=HDODQG�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��$OO�FRS\ULJKW�LV�WKH�SURSHUW\�RI�WKH�&URZQ�DQG�
DQ\�SXEOLFDWLRQ��UHSURGXFWLRQ��RU�DGDSWDWLRQ�RI�WKLV�UHSRUW�LV�VWULFWO\�SURKLELWHG�ZLWKRXW�SULRU�
SHUPLVVLRQ��
�
�
�



��
�

/DQGFDUH�5HVHDUFK�

&RQWHQWV�

�
6XPPDU\�)LQDO�5HSRUW������������������������������������������������������������������������������������������������������ ��

��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� 2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������� ��
��� 0HWKRGV ���������������������������������������������������������������������������������������������������������������������������� ��

���� 6WXG\�VLWH��)$&(�HQYLURQPHQW��DQG�H[SHULPHQWDO�WUHDWPHQWV �������������������������������� ��
���� /HDI�ELRFKHPLFDO�SURSHUWLHV ������������������������������������������������������������������������������������ ��
���� 3KRWRV\QWKHWLF�JDV�H[FKDQJH����������������������������������������������������������������������������������� ��
���� 3KRWRFKHPLFDO�FKORURSK\OO�IOXRUHVFHQFH����������������������������������������������������������������� ��
���� 6WDWLVWLFDO�DQDO\VLV ��������������������������������������������������������������������������������������������������� ��

��� 5HVXOWV����������������������������������������������������������������������������������������������������������������������������� ���
���� /HDI�ELRFKHPLFDO�SURSHUWLHV ���������������������������������������������������������������������������������� ���
���� 3KRWRV\QWKHWLF�JDV�H[FKDQJH��������������������������������������������������������������������������������� ���
���� 3KRWRFKHPLFDO�FKORURSK\OO�IOXRUHVFHQFH��������������������������������������������������������������� ���

��� 'LVFXVVLRQ����������������������������������������������������������������������������������������������������������������������� ���
��� &RQFOXVLRQV�DQG�)XWXUH�:RUN ���������������������������������������������������������������������������������������� ���

���� &RQFOXVLRQV ����������������������������������������������������������������������������������������������������������� ���
���� )XWXUH�ZRUN ����������������������������������������������������������������������������������������������������������� ���

��� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
�
�



��
�

/DQGFDUH�5HVHDUFK�

�
�
�
�
�
�



��
�

/DQGFDUH�5HVHDUFK�

6XPPDU\�)LQDO�5HSRUW�

�
3URMHFW�&RGH��� � &RQWUDFW�&&B0$)32/B����������������
�
%XVLQHVV�,QVWLWXWLRQ��� /DQGFDUH�5HVHDUFK�
�
3URJUDPPH�/HDGHU��� 'DYLG�:KLWHKHDG�
�
3URJUDPPH�7LWOH�� � &OLPDWH�FKDQJH�ULVNV�WR�SDVWRUDO�SURGXFWLRQ�V\VWHPV�� �
�
*RDO�� 7R�GHWHUPLQH�ZKHWKHU� DGGLWLRQDO� HYLGHQFH� VXSSRUWV� WKH� LQLWLDO� REVHUYDWLRQ� WKDW�1HZ�
=HDODQG¶V�SDVWRUDO�SURGXFWLRQ�V\VWHPV�PD\�KDYH�D�VXEVWDQWLDOO\�UHGXFHG�DELOLW\�WR�FRSH�ZLWK�
HQYLURQPHQWDO� VWUHVV� XQGHU� HOHYDWHG� &2�� FRQGLWLRQV� OLNHO\� WR� EH� HQFRXQWHUHG� ZLWK� JOREDO�
FKDQJH��
�
&RQWH[W�RI�WKH�SURMHFW��
$Q� LQLWLDO� VWXG\� DW�1HZ�=HDODQG¶V� RQO\� ORQJ�WHUP� HOHYDWHG�&2�� VLWH�� LQ� FROODERUDWLRQ�ZLWK�
$J5HVHDUFK��KDV�VKRZQ�WKDW�U\HJUDVV�VXIIHUV�VXEVWDQWLDOO\�LQFUHDVHG�OHYHOV�RI�VWUHVV�FRPSDUHG�
ZLWK� QRQ�HOHYDWHG�&2�� FRQGLWLRQV�� LQ� WKH�PDWXUH� SKDVH� RI� WKH� JURZWK� F\FOH� XQGHU� VORZHU�
JURZLQJ�DXWXPQ�FRQGLWLRQV��*XR�HW�DO���������7KDW�LV��KLJKHU�VWUHVV�OHYHOV�H[LVW�ZKHQ�GHPDQG�
IRU� SKRWRV\QWKHWLF� SURGXFWV� LV� ORZ�� 7KLV� KDV� UDLVHG� D� TXHVWLRQ� DERXW� KRZ� 1HZ� =HDODQG¶V�
IXWXUH�SDVWRUDO�SURGXFWLRQ�V\VWHPV�PD\�EHKDYH�ZKHQ�DOUHDG\�XQGHU�DGGLWLRQDO�HQYLURQPHQWDO�
VWUHVV� IURP� RWKHU� IDFWRUV� DVVRFLDWHG� ZLWK� FOLPDWH� FKDQJH� ±� SDUWLFXODUO\� GURXJKW� DQG�
WHPSHUDWXUH�H[WUHPHV��
�
$SSURDFK��
7R� KHOS� EHWWHU� XQGHUVWDQG� WKH� LVVXH� RI� HOHYDWHG� &2��LQGXFHG� VWUHVV�� ZH� DQDO\VHG� GDWD�
DYDLODEOH� IURP� DQ� LQLWLDO� VWXG\� RQ� WKUHH� JUDVV� VSHFLHV� XQGHU� WZR� QXWULHQW� WUHDWPHQWV� DW� DQ�
HOHYDWHG�&2��VLWH�LQ�WKH�86$��,W�ZDV�WKRXJKW�WKH�ORZHU�QXWULHQW�DYDLODELOLW\�LQ�RQH�WUHDWPHQW�
PLJKW� OHDG� WR� D� VPDOOHU� WRWDO� GHPDQG� IRU� SKRWRV\QWKHWLF� SURGXFWV�� DQG� WKXV� WR� LQLWLDWLRQ� RI�
&2��LQGXFHG�VWUHVV�HYHQ�ZKHQ�SODQWV�ZHUH�DFWLYHO\�JURZLQJ��
�
2XWFRPHV��
:H�IRXQG�WKDW��
•� /RQJ�WHUP� H[SRVXUH� WR� HOHYDWHG� &2�� DSSHDUV� WR� FRQIHU� QR� QHW� ORQJ�WHUP� DGYDQWDJH� WR�

RYHUDOO�SKRWRV\QWKHWLF�SHUIRUPDQFH�DW�WKH�86�VLWH�XQGHU�ORZ�QXWULHQW�FRQGLWLRQV��7KLV�LV�
FRQVLVWHQW� ZLWK� RWKHU� UHVXOWV� IURP� WKH� VLWH�� DQG� DOVR� ZLWK� 1HZ� =HDODQG� VWXGLHV� XQGHU�
HOHYDWHG�&2��EXW�ZLWK�FRQVLGHUDEO\�KLJKHU�QXWULHQW�DYDLODELOLW\���

•� *UDVVHV�DGDSWHG�WR�ORZHU�QXWULHQW�HQYLURQPHQWV�XQGHU�HOHYDWHG�&2��GR�QRW�VXIIHU�VWUHVV�
OHYHOV� EH\RQG� WKRVH� XQGHU� HLWKHU� QRQ�HOHYDWHG� &2�� FRQGLWLRQV� RU� KLJKHU� QXWULHQW�
FRQGLWLRQV��ZKHQ� DFWLYHO\� JURZLQJ�ZLWK� WKH� GHPDQG� IRU� SKRWRV\QWKHWLF� SURGXFWV� EHLQJ�
UHODWLYHO\�KLJK��WKH�FRQGLWLRQV�LQ�WKH�86�VWXG\����

•� 2YHUDOO�� WDNLQJ�DOVR� WKH�SUHYLRXV�1HZ�=HDODQG� VWXG\� �*XR�HW� DO�������� LQWR�DFFRXQW�� LW�
DSSHDUV�HQKDQFHG�VWUHVV�GXH�WR�HOHYDWHG�&2��LV�OLNHO\�WR�EH�SUHVHQW�RQO\�WRZDUGV�WKH�HQG�
RI� D� JURZWK� F\FOH�� LQ� WKH� PDWXUH� JURZWK� SKDVH�� ,W� LV� WKXV� QRW� H[SHFWHG� WR� EH� D� IDFWRU�
VLJQLILFDQWO\� OLPLWLQJ� IXWXUH�SDVWRUDO�SURGXFWLRQ��EHFDXVH�1HZ�=HDODQG�SDVWXUHV�DUH�QRW�
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/DQGFDUH�5HVHDUFK�

H[SHFWHG� WR� VSHQG� PXFK� WLPH� LQ� WKH� PDWXUH� JURZWK� SKDVH� �L�H�� WKH\� JHQHUDOO\� ZLOO� EH�
JUD]HG�DW�RU�EHIRUH�WKDW�SRLQW���

�
5HFRPPHQGDWLRQV�
)XWXUH� ZRUN�� ZKLFK� FRXOG� EH� FRPSOHWHG� DV� SDUW� RI� D� 3K'� RU� SRVWGRFWRUDO� SURMHFW�� VKRXOG�
FRQFHQWUDWH�RQ�GHWHUPLQLQJ��
•� $W�ZKDW�VWDJH�LQ�WKH�JURZWK�F\FOH�GRHV�HOHYDWHG�&2��LQGXFHG�VWUHVV�EHFRPH�DSSDUHQW�±�LQ�

SDUWLFXODU��FRXOG�LW�DIIHFW�SURGXFWLRQ�RI�VLODJH�RU�KD\�FURSV�WKDW�GHYHORS�IXUWKHU�LQWR�WKH�
PDWXUH�SKDVH�WKDQ�HQFRXQWHUHG�LQ�D�QRUPDO�JUD]LQJ�VLWXDWLRQ"�

•� ,V�WKH�FDSDFLW\�RI�JUDVVHV�WR�WROHUDWH�QRUPDO�HQYLURQPHQWDO�VWUHVV�GXULQJ�WKH�DFWLYH�SKDVH�
RI�WKH�JURZWK�F\FOH�DIIHFWHG�E\�WKH�SUHVHQFH�RI�HOHYDWHG�&2�"�&RXOG�UHGXFHG�GHPDQG�IRU�
SKRWRV\QWKHWLF� SURGXFWV� GXULQJ� HQYLURQPHQWDO� VWUHVV� LQLWLDWH� DGGLWLRQDO� HOHYDWHG� &2��
LQGXFHG�VWUHVV��DQG�UHVXOW�LQ�GDPDJH�WR�WKH�SODQW¶V�SKRWRV\QWKHWLF�V\VWHP"�

�
�
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��� ,QWURGXFWLRQ�

�
$Q� LQLWLDO� VWXG\� DW�1HZ�=HDODQG¶V� RQO\� ORQJ�WHUP� HOHYDWHG�&2�� VLWH�� LQ� FROODERUDWLRQ�ZLWK�
$J5HVHDUFK��KDV�VKRZQ�WKDW�U\HJUDVV�DSSHDUV�WR�VXIIHU�VXEVWDQWLDOO\�HQKDQFHG�OHYHOV�RI�VWUHVV�
FRPSDUHG�ZLWK� QRUPDO� FRQGLWLRQV�ZKHQ� JURZWK� VORZV� LQ� DXWXPQ� �*XR� HW� DO��������� 6WDWHG�
PRUH�SUHFLVHO\��HQKDQFHG�VWUHVV�OHYHOV�DSSHDU�ZKHQ�GHPDQG�IRU�SKRWRV\QWKHWLF�SURGXFWV�±�L�H��
SKRWRV\QWKHWLF� VLQN� GHPDQG�±� EHFRPHV� VPDOO� DV� WKH� U\HJUDVV� HQWHUV� WKH�PDWXUH� SDUW� RI� WKH�
JURZWK� F\FOH� IROORZLQJ� DQ� HDUOLHU� JUD]LQJ� HYHQW�� 7KLV� JRHV� VWURQJO\� DJDLQVW� WKH� SUHYDLOLQJ�
SDUDGLJP�WKDW�HOHYDWHG�&2��OHYHOV�HQFRXQWHUHG�XQGHU�JOREDO�FKDQJH�DUH�OLNHO\�WR�EH�EHQHILFLDO�
±�RU�DW� OHDVW�QHXWUDO�±�IRU�SODQW�JURZWK��7KH�1HZ�=HDODQG�UHVXOWV�DOVR�VXJJHVW�KLJKHU�VWUHVV�
OHYHOV�FRXOG�RFFXU�LI�QXWULHQW�DYDLODELOLW\�LV�OLPLWHG��DV�WKLV�ZRXOG�DOVR�EH�H[SHFWHG�WR�ORZHU�
WRWDO�VLQN�GHPDQG���
�
7KH�ILQGLQJ�WKDW�U\HJUDVV��DQG�TXLWH�SRVVLEO\�RWKHU�&��JUDVVHV��XQGHU�HOHYDWHG�&2��FRQGLWLRQV�
PD\� VXIIHU� IURP� VWUHVV�PRUH� ZKHQ� SKRWRV\QWKHWLF� VLQN� GHPDQG� LV� ORZ� UDLVHV� D� VLJQLILFDQW�
TXHVWLRQ�DERXW�WKH�IXWXUH�YLDELOLW\�RI�1HZ�=HDODQG¶V�WUDGLWLRQDO�SDVWRUDO�SURGXFWLRQ�V\VWHPV��
8QGHU�H[SHFWHG�IXWXUH�JOREDO�FKDQJH�±�HVSHFLDOO\�LQ�WKH�SUHVHQFH�RI�PRUH�VHYHUH�GURXJKW�DQG�
WHPSHUDWXUH�H[WUHPHV�±� LW�VHHPV�SRVVLEOH� WKH��SKRWRSURWHFWLYH��FDSDFLW\�RI�U\HJUDVV� WR�FRSH�
ZLWK� VWUHVV�PD\�EH� FRPSURPLVHG��2I� HTXDO� FRQFHUQ� LV� WKDW� FXUUHQW� HYLGHQFH� VXJJHVWV� �*XR�
HW�DO��������WKDW�U\HJUDVV�PD\�SRVVHVV�QR�JHQHWLF�HQFRGLQJ�WR�UHDFW�WR�ULVLQJ�&2��OHYHOV�DV�D�
�SKRWRSURWHFWLYH�� WKUHDW�� WKXV� OLPLWLQJ� RSSRUWXQLWLHV� IRU� DGDSWDWLRQ�� RU� DPHOLRUDWLRQ� RI� WKH�
LPSDFWV�RI�HOHYDWHG�&2��WKURXJK�SODQW�EUHHGLQJ��
�
,Q�WKLV�UHSRUW�ZH�H[DPLQH�SKRWRV\QWKHWLF�SHUIRUPDQFH�DQG�LQGLFDWRUV�RI�VWUHVV�OHYHOV�LQ�WKUHH�
JUDVV�VSHFLHV�DW�DQ�HOHYDWHG�&2��VLWH�LQ�WKH�86$��(YLGHQFH�LV�VRXJKW�WR�KHOS�EHWWHU�XQGHUVWDQG�
WKH� LVVXH�RI� HOHYDWHG�&2��LQGXFHG� VWUHVV�� DQG� WR� IXUWKHU� HVWDEOLVK�ZKHWKHU� LW� LV� OLNHO\� WR� EH�
LPSRUWDQW�LQ�UHODWLRQ�WR�1HZ�=HDODQG�SDVWRUDO�SURGXFWLRQ�V\VWHPV���
�
7KH� ZRUN� ZDV� FDUULHG� RXW� E\� -LDQPLQ� *XR� DQG� &UDLJ� 7URWWHU�� /DQGFDUH� 5HVHDUFK� IRU� WKH�
0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�EHWZHHQ�)HEUXDU\�DQG�-XQH�������
�

��� 2EMHFWLYHV�

�
7KH�JRDO�RI�WKH�SURMHFW�ZDV�WR��
�
•� 'HWHUPLQH� ZKHWKHU� DGGLWLRQDO� HYLGHQFH� VXSSRUWV� WKH� LQLWLDO� REVHUYDWLRQ� WKDW� 1HZ�

=HDODQG¶V�SDVWRUDO�SURGXFWLRQ�V\VWHPV�PD\�KDYH�D�VXEVWDQWLDOO\� UHGXFHG�DELOLW\� WR�FRSH�
ZLWK�HQYLURQPHQWDO� VWUHVV�XQGHU�HOHYDWHG�&2�� FRQGLWLRQV� OLNHO\� WR�EH�HQFRXQWHUHG�ZLWK�
JOREDO�FKDQJH��

�
�
�
�
�
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/DQGFDUH�5HVHDUFK�

7KH�REMHFWLYH�RI�WKH�SURMHFW�ZDV�WR��
�

•� 'HWHUPLQH�ZKHWKHU� H[WUD� HYLGHQFH� H[LVWV� WR� VXSSRUW� WKH� SUHOLPLQDU\� FRQFOXVLRQ�
�*XR�HW�DO��������WKDW�HOHYDWHG�&2��HQFRXQWHUHG�XQGHU�IXWXUH�JOREDO�FKDQJH�PD\�
LQ�VRPH�FLUFXPVWDQFHV�SODFH�JUDVVHV�XQGHU�DGGLWLRQDO�VWUHVV��E\��� �

•� &RPSOHWLQJ� SODQW� ELRFKHPLFDO� DQDO\VLV� RQ� H[LVWLQJ� GULHG� OHDI� VDPSOHV� IRU� WKUHH�
JUDVV�VSHFLHV�JURZQ�XQGHU�HOHYDWHG�&2��DQG�FRQWURO�FRQGLWLRQV�

•� 3URFHVVLQJ�� DQDO\VLQJ�� DQG� FRQWUDVWLQJ� H[LVWLQJ� SODQW� SKRWRV\QWKHWLF� DQG�
IOXRUHVFHQFH�ILHOG�GDWD�FROOHFWHG�IRU� WKUHH�JUDVV�VSHFLHV�XQGHU�HOHYDWHG�&2��DQG�
FRQWURO�FRQGLWLRQV�

•� &RPSOHWLQJ� D� EULHI� UHSRUW� VXPPDULVLQJ� WKH� ILQGLQJV� DQG� GDWD� IRU� WKH� SURMHFW��
SURYLGLQJ�D�FRPSDULVRQ�RI� UHVXOWV�ZLWK� WKH� ILQGLQJV� LQ�*XR�HW�DO�� ��������DQG� LI�
FRQVLVWHQW� HYLGHQFH� RI� HQKDQFHG� VWUHVV� OHYHOV� XQGHU� HOHYDWHG� &2�� LV� IRXQG��
GHYHORS�UHFRPPHQGDWLRQV�IRU�IXWXUH�ZRUN��

�

��� 0HWKRGV�

�
$EEUHYLDWLRQV��
�
$� &2��IL[DWLRQ�UDWH�
$PD[� SKRWRV\QWKHWLF�FDSDFLW\�
¨)�)P � 36,,�SKRWRFKHPLFDO�HIILFLHQF\�
)Y�)P� PD[LPXP�36,,�SKRWRFKHPLFDO�HIILFLHQF\�
134� QRQ�SKRWRFKHPLFDO�TXHQFKLQJ�
6/:� VSHFLILF�OHDI�ZHLJKW�
�
���� 6WXG\�VLWH��)$&(�HQYLURQPHQW��DQG�H[SHULPHQWDO�WUHDWPHQWV�
'DWD� IRU� WKLV� LQYHVWLJDWLRQ� ZHUH� DYDLODEOH� IRU� D� VWXG\� FRPSOHWHG� RQ� WKUHH� JUDVV� VSHFLHV�
�$JURS\URQ� UHSHQV�� .RHOHULD� FULVWDWD�� DQG�3RD� SUDWHQVLV�� DW� WKH� %LR&21� IUHH�DLU� HOHYDWHG�
&2�� VLWH�� 8QLYHUVLW\� RI� 0LQQHVRWD�� 0LQQHVRWD�� 86$�� 'HWDLOV� RI� VLWH� FRQGLWLRQV� DQG�
H[SHULPHQWDO�GHVLJQ�PD\�EH�IRXQG�LQ�/HH�HW�DO����������%ULHIO\��WKH�H[SHULPHQW�LV�D�VSOLW�SORW�
DUUDQJHPHQW� RI� WUHDWPHQWV� LQ� D� FRPSOHWHO\� UDQGRPLVHG� GHVLJQ�� 7KH� &2�� WUHDWPHQW� LV� WKH�
ZKROH�SORW�IDFWRU�DQG�LV�UHSOLFDWHG�WKUHH�WLPHV�DPRQJ�VL[�ULQJV�DW�D�FRQFHQWUDWLRQ�RI�����SSP��
7KH�VXESORW�IDFWRUV�DUH�VSHFLHV�DQG�QLWURJHQ�WUHDWPHQW��+DOI�RI�WKH�SORWV�UHFHLYH�DGGLWLRQV�RI�
QLWURJHQ�WR�DSSUR[LPDWHO\�GRXEOH�FXUUHQW�UDWHV�RI�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�DW�WKH�VLWH���
,Q�WKH�RWKHU�KDOI�RI�WKH�SORWV��WKH�DYDLODEOH�QLWURJHQ�LV�WKH�DPELHQW�DPRXQW�SUHVHQW�LQ�WKH�VRLO�
DW� WKH� VWDUW� RI� WKH� H[SHULPHQW�� 6SHFLHV� FRPSRVLWLRQ� LV� FRQWUROOHG� E\� KDQG�ZHHGLQJ� WKH�
H[SHULPHQW� �±�� WLPHV� SHU� JURZLQJ� VHDVRQ�� $OO� PHDVXUHPHQWV� ZHUH� PDGH� RQ� LQWDFW�� IXOO\�
H[SDQGHG�OHDYHV�EHWZHHQ���DQG���KRXUV�DIWHU�VXQULVH�RQ�FOHDU�GD\V�LQ�ODWH�0D\�DQG�HDUO\�-XQH�
������$W�WKLV�WLPH�RI�WKH�\HDU��DQG�XQGHU�WKH�FRQGLWLRQV�DW�WKH�VLWH��JURZWK�ZDV�H[SHFWHG�WR�EH�
�������������������������������������������������
�
�
��7KH�KLJKHU�QLWURJHQ�WUHDWPHQW�XQGHU�HOHYDWHG�&2��ZDV�QRW�PHDVXUHG�IRU�$JURS\URQ�UHSHQV��+RZHYHU��WKH�
SKRWRV\QWKHWLF�UHVSRQVH�RI�WKLV�VSHFLHV�WR�D�FKDQJH�LQ�QLWURJHQ�OHYHOV�XQGHU�HOHYDWHG�&2��LV�VLPLODU�WR�WKH�
UHVSRQVH�WR�QLWURJHQ�XQGHU�QRQ�HOHYDWHG�&2���7KXV�D�VPDOO�LQFUHDVH�LQ�$PD[��DQG�OLWWOH�FKDQJH�LQ�JV��DUH�H[SHFWHG��
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LQ� WKH�DFWLYH�SKDVH� �HTXLYDOHQW� WR� ODWH� VSULQJ�FRQGLWLRQV� LQ�1HZ�=HDODQG���ZLWK�JURZWK�DQG�
FDUERK\GUDWH� VLQNV� XQFRQVWUDLQHG� E\� RWKHU� WKDQ� DYHUDJH� QXWULHQW� FRQGLWLRQV� �ZKLFK� ZHUH�
VRPHZKDW� PRUH� FRQVWUDLQHG�� IRU� WKH� ORZHU� QLWURJHQ� WUHDWPHQW�� WKDQ� IRU� WKH� SUHYLRXV� 1HZ�
=HDODQG�VWXG\�E\�*XR�HW�DO�����������
�
���� /HDI�ELRFKHPLFDO�SURSHUWLHV�
(LJKW� IXOO\� H[SDQGHG� OHDYHV� ZHUH� WDNHQ� IURP� �±�� VDPSOH� SORWV�� /HDI� QLWURJHQ� DQG� FDUERQ�
FRQWHQW�ZHUH�GHWHUPLQHG�RQ�GULHG��JURXQG�PDWHULDO�XVLQJ�D�FRPEXVWLRQ�IXUQDFH��/(&2�&16�
������/(&2�&RUS���6W�-RVHSK��0LFKLJDQ��86$���6SHFLILF�OHDI�ZHLJKW��6/:��ZDV�GHWHUPLQHG�
IURP�WKH�DUHD�RI�OHDI�VHJPHQWV�PHDVXUHG�VRRQ�DIWHU�VDPSOLQJ��DQG�RYHQ�GU\�PDVV��
�
���� 3KRWRV\QWKHWLF�JDV�H[FKDQJH�
/HDI� &2�� IL[DWLRQ� UDWH� �$�� DQG� VWRPDWDO� FRQGXFWDQFH� �JV�� XQGHU� QDWXUDO� LUUDGLDQFH� ZHUH�
PHDVXUHG� LQ� WKH� PLGGOH� RI� WKH� GD\� XVLQJ� D� SRUWDEOH� JDV� DQDO\VLV� V\VWHP� �/L�&RU� ������
/LQFROQ��1(��HTXLSSHG�ZLWK�D�&2��FRQWURO�PRGXOH��0HDVXUHPHQWV�ZHUH�PDGH�RQ��±��IXOO\�
H[SDQGHG� OHDYHV� LQ� HDFK� RI� �±�� VDPSOH� SORWV�� /HDI� FXYHWWH� FRQGLWLRQV�ZHUH� FRQWUROOHG� IRU�
KXPLGLW\�� WHPSHUDWXUH� DQG� &2�� FRQFHQWUDWLRQ� WKDW� ZHUH� VLPLODU� WR� ILHOG� FRQGLWLRQV�� (DFK�
GHWHUPLQDWLRQ�ZDV�PDGH�ZKHQ�$�KDG�VWDELOLVHG��7KLV�SURFHVV�W\SLFDOO\�WRRN��±��PLQ��
�
7KH� UHVSRQVH� RI� &2�� IL[DWLRQ� WR� LQWHUFHOOXODU� &2�� SDUWLDO� SUHVVXUH� �$�&L� UHVSRQVH�� ZDV�
GHWHUPLQHG�XQGHU�VDWXUDWLQJ�OLJKW��SKRWRV\QWKHWLF�SKRWRQ�IOX[�GHQVLW\��33)'��RI������µPRO�
P��� V����� &XYHWWH� &2�� SDUWLDO� SUHVVXUH� �&D�� ZDV� LQFUHDVHG� LQ� ��� VWHSV� IURP� �� WR� ���� 3D��
0HDVXUHPHQWV�ZHUH�PDGH� DW� HDFK�&D� YDOXH�ZKHQ� JDV� H[FKDQJH� KDG� HTXLOLEUDWHG�� DW�ZKLFK�
SRLQW� WKH� FRHIILFLHQW� RI� YDULDWLRQ� �&9�� IRU� WKH� &2�� FRQFHQWUDWLRQ� GLIIHUHQWLDO� EHWZHHQ� WKH�
VDPSOH�DQG�UHIHUHQFH�DQDO\VHUV�ZDV�EHORZ������
�
7KH�YDOXHV�RI�OLJKW��DQG�&2��VDWXUDWHG�SKRWRV\QWKHWLF�FDSDFLW\��$PD[��ZHUH�FDOFXODWHG�XVLQJ�
3KRWRV\QWKHVLV�$VVLVWDQW� VRIWZDUH� �'XQGHH�6FLHQWLILF��'XQGHH��8.���ZKLFK� LV�EDVHG�RQ� WKH�
ELRFKHPLFDO�PRGHO�SURSRVHG�E\�)DUTXKDU�HW�DO���������DQG�VXEVHTXHQWO\�PRGLILHG�E\�6KDUNH\�
��������
�
���� 3KRWRFKHPLFDO�FKORURSK\OO�IOXRUHVFHQFH�
&KORURSK\OO� IOXRUHVFHQFH� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� XVLQJ� D� SXOVH�PRGXODWHG�
IOXRURPHWHU��0LQL�3$0��:DOW]��(IIHOWULFK��*HUPDQ\���0HDVXUHPHQWV�ZHUH�PDGH�RQ��±��IXOO\�
H[SDQGHG� OHDYHV� LQ� HDFK� RI� �±�� VDPSOH� SORWV�� 7KH� H[SHULPHQWDO� SURWRFRO� RI� *HQW\� HW� DO��
������� ZDV� IROORZHG�� 7KH� IUDFWLRQ� RI� DEVRUEHG� OLJKW� XWLOLVHG� LQ� HOHFWURQ� WUDQVSRUW� ZDV�
FDOFXODWHG�IURP�WKH�DFWXDO�36,,�SKRWRFKHPLFDO�HIILFLHQF\��)P
�±�)��)P
� �¨)�)P
��ZKHUH�)P
�LV�
WKH�ORZHUHG�PD[LPXP�\LHOG�GXULQJ�LOOXPLQDWLRQ�ZLWK�SKRWRV\QWKHWLFDOO\�DFWLYH�UDGLDWLRQ��DQG�
)� LV� WKH� IOXRUHVFHQFH� \LHOG� LQ� OLJKW�DGDSWHG� OHDYHV�� 7KH� SRWHQWLDO� 36,,� SKRWRFKHPLFDO�
HIILFLHQF\��)Y�)P��ZDV�REWDLQHG�IURP�WKH�UDWLR�RI�PD[LPDO�YDULDEOH�IOXRUHVFHQFH�WR�PD[LPDO�
IOXRUHVFHQFH�\LHOG� LQ�GDUN�DGDSWHG� OHDYHV��7KH�DPRXQW�RI� HQHUJ\�GLVVLSDWLRQ�DFWLYLW\� LQ� WKH�
SLJPHQW� EHG�ZDV� HVWLPDWHG� XVLQJ� WKH� QRQ�SKRWRFKHPLFDO� TXHQFKLQJ� �134�� RI� FKORURSK\OO�
IOXRUHVFHQFH��FDOFXODWHG�DV�)P�)P
�±����
�
���� 6WDWLVWLFDO�DQDO\VLV�
:KHUH�DSSURSULDWH��GDWD�DUH�UHSRUWHG�DV�PHDQV�ZLWK�VWDQGDUG�HUURUV��
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��� 5HVXOWV�

�
���� /HDI�ELRFKHPLFDO�SURSHUWLHV�
/HDI� ELRFKHPLFDO� SURSHUWLHV� DUH� JLYHQ� E\� VSHFLHV� LQ� 7DEOH� ��� DQG�PHDQ� UHODWLYH� FKDQJH� LQ�
SURSHUWLHV�ZLWK�YDULDWLRQ�LQ�&2��DQG�QXWULHQW� WUHDWPHQWV�LQ�7DEOH����0HDQ�IROLDU�1�FRQWHQWV�
ZHUH� OHVV� WKDQ� WKH�SUHYLRXV�1HZ�=HDODQG�VWXG\� �����PPRO�P���� FRQWURO�FRQGLWLRQV�� IRU� WKH�
ORZHU� 1� WUHDWPHQW� ����� PPRO� P����� DQG� VOLJKWO\� KLJKHU� IRU� WKH� KLJKHU� 1� WUHDWPHQW� �����
PPRO�P����� 0HDQ� OHDI� QLWURJHQ� �1�� FRQWHQW� GHFOLQHG� LQ� SODQWV� JURZQ� XQGHU� HOHYDWHG� &2��
UHODWLYH�WR�DPELHQW�&2���ZLWK�D�JUHDWHU�UHODWLYH�GHFOLQH�IRU�WKH�KLJKHU�1�WUHDWPHQW��7KLV�LV�D�
FRPPRQ�WUHQG� LQ�)$&(�VWXGLHV� �H�J��/HH�HW�DO��������*XR�HW�DO���������$V�H[SHFWHG��PHDQ�
OHDI� 1� FRQWHQW� DOVR� LQFUHDVHG� XQGHU� WKH� KLJKHU� 1� WUHDWPHQW�� +RZHYHU�� QHLWKHU� WKH� PHDQ�
LQFUHDVH�LQ�IROLDU�1�ZLWK�KLJKHU�1�WUHDWPHQW��QRU�WKH�PHDQ�GHFOLQH�LQ�1�FRQWHQW�ZLWK�HOHYDWHG�
&2���ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�ZKHQ�WKH�VSHFLHV�ZHUH�FRPELQHG�DV�D�JURXS���
�
0HDQ� VSHFLILF� OHDI�ZHLJKW� �6/:��ZDV� VOLJKWO\�JUHDWHU� LQ� OHDYHV�JURZQ�XQGHU�HOHYDWHG�&2��
UHODWLYH�WR�DPELHQW�&2���DOWKRXJK�WKLV�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�WKH�WKUHH�
VSHFLHV�DV�D�JURXS���
�
���� 3KRWRV\QWKHWLF�JDV�H[FKDQJH�
)LJXUH� �� SURYLGHV� D� FRPSDULVRQ� RI� PLGGD\� OHDI� SKRWRV\QWKHWLF� UDWH� �$�� DQG� VWRPDWDO�
FRQGXFWDQFH� �JV��� 9DOXHV� DUH� JLYHQ� E\� VSHFLHV� LQ� 7DEOH� ��� DQG� PHDQ� UHODWLYH� FKDQJH� LQ�
SURSHUWLHV�ZLWK� YDULDWLRQ� LQ� &2�� DQG� QXWULHQW� WUHDWPHQWV� LQ� 7DEOH� ��� 5DWHV� RI�$� WHQGHG� WR�
LQFUHDVH� ZLWK� HOHYDWHG� &2��� FRPSDUHG� ZLWK� WKRVH� XQGHU� DPELHQW� &2��� XQGHU� ORZ� 1�
FRQGLWLRQV��DQG� WR�GHFUHDVH�ZLWK�HOHYDWHG�&2��XQGHU�KLJKHU�1�FRQGLWLRQV�±� WKRXJK�QRQH�RI�
WKH� LQGLYLGXDO� FKDQJHV�ZDV� VWDWLVWLFDOO\� VLJQLILFDQW��:KHQ� WKH� VSHFLHV�ZHUH� FRPELQHG� DV� D�
JURXS�� WKH�RQO\�VLJQLILFDQW�HIIHFW�ZDV�WKDW�RI�HOHYDWHG�&2�� UHVXOWLQJ�LQ�D�ZHDNO\�VLJQLILFDQW�
GHFUHDVH��3�≤������LQ�$�XQGHU�WKH�KLJKHU�1�WUHDWPHQW���
�
6WRPDWDO�FRQGXFWDQFH��JV��VKRZHG�VLPLODU�WUHQGV�WR�WKRVH�IRU�$��)LJ�����7DEOHV���DQG�����7KDW�
LV�� YDOXHV� RI�JV� WHQGHG� WR� LQFUHDVH�ZLWK� HOHYDWHG�&2��� FRPSDUHG�ZLWK� WKRVH� XQGHU� DPELHQW�
&2���XQGHU�ORZ�1�FRQGLWLRQV��DQG�WR�GHFUHDVH�ZLWK�HOHYDWHG�&2��XQGHU�KLJKHU�1�FRQGLWLRQV�±�
WKRXJK�QRQH� RI� WKH� LQGLYLGXDO� FKDQJHV�ZDV� VWDWLVWLFDOO\� VLJQLILFDQW��:KHQ� WKH� VSHFLHV�ZHUH�
FRPELQHG�DV�D�JURXS��WKH�RQO\�VLJQLILFDQW�HIIHFW�ZDV�GXH�WR�WKH�FRPELQDWLRQ�RI�HOHYDWHG�&2��
XQGHU�D�KLJKHU�1�WUHDWPHQW��ZKLFK�UHVXOWHG�LQ�D�ZHDNO\�VLJQLILFDQW�GHFUHDVH��3�≤������LQ�JV��
�
3KRWRV\QWKHWLF� FDSDFLW\�� $PD[�� VKRZHG� SUDFWLFDOO\� QR� YDULDWLRQ� ZLWK� HOHYDWHG� &2�� RU� 1�
WUHDWPHQW� IRU� RWKHU� WKDQ�$JURS\URQ� UHSHQV��ZKLFK� H[KLELWHG� D�PHDQ� LQFUHDVH�ZLWK� HOHYDWHG�
&2�� XQGHU� ORZHU� 1� FRQGLWLRQV� �7DEOH� ���� +RZHYHU�� WKH� FKDQJH� ZDV� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW��QRU�ZDV�WKH�PHDQ�UHVSRQVH�IRU�WKH�VSHFLHV�DV�D�JURXS��7DEOH�����
�
�
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7DEOH���&RPSDULVRQ�RI�PHDQ�GLIIHUHQFHV�LQ�ELRFKHPLFDO��SKRWRV\QWKHWLF�DQG�SKRWRFKHPLFDO�
SURSHUWLHV�RI� OHDYHV� IRU� WKUHH�VSHFLHV�RI�JUDVVHV�JURZQ�DW�DPELHQW�DQG�HOHYDWHG�&2��SDUWLDO�
SUHVVXUHV� RI� ��� 3D� �$�� DQG� ��� 3D� �(��� UHVSHFWLYHO\�� IRU� ORZHU�1� �/1�� DQG� KLJKHU�1� �+1��
FRQGLWLRQV��5HVXOWV�DUH�H[SUHVVHG�DV�PHDQ�SHUFHQWDJH�FKDQJH�UHODWLYH�WR�WKH�YDOXH�DW�DPELHQW�
&2���IRU����/1��RU����+1�VSHFLHV����6(��
�
� /1����� +1�����
1LWURJHQ��PPRO�P���� í������ í�����
&DUERQ��PRO�P���� ���� í����
6/:��J�P���� ���� ����
$�� PRO�P���V���� ����� í������
$PD[�� PRO�P���V���� ������ ��������
JV��PRO���V���� ������ í�����
¨)�)P � ���� �����
)Y�)P� �������� ��������
134� í����� �����
�
�
���� 3KRWRFKHPLFDO�FKORURSK\OO�IOXRUHVFHQFH�
)LJXUH� �� VKRZV� WKH� OHDI� FKORURSK\OO� IOXRUHVFHQFH� SDUDPHWHUV� IRU� WKH� WKUHH� VSHFLHV� VWXGLHG��
9DOXHV�RI�¨)�)P �LQGLFDWH�WKH�HIILFLHQF\�RI�H[FLWDWLRQ�FDSWXUH�RI�36,,��RI�D�OHDI�DW������µPRO�
P���V���33)'�LQ�WKLV�FDVH���DQG�GLG�QRW�GLIIHU�VLJQLILFDQWO\�DPRQJ�VSHFLHV�XQGHU�DQ\�WUHDWPHQW�
RU�WUHDWPHQW�LQWHUDFWLRQ��7DEOH����7DEOH�����)RU�WKH�VSHFLHV�DV�D�JURXS��PHDQ�YDOXHV�RI�¨)�)P �
LQFUHDVHG�VOLJKWO\��EXW�QRW�VLJQLILFDQWO\��ZLWK�HOHYDWHG�&2���7KH�VDPH�RYHUDOO�SDWWHUQ�RI�D�ODFN�
RI� YDULDWLRQ� ZDV� DOVR� REVHUYHG� IRU� WKH� YDOXHV� RI� )Y�)P�� ZKLFK� LQGLFDWHV� WKH� SRWHQWLDO�
HIILFLHQF\�RI�H[FLWDWLRQ�FDSWXUH�E\�36,,�LQ�D�GDUN�DGDSWHG�OHDI��
�
)LJXUH���VKRZV�WKH�YDOXHV�RI�WKH�SDUDPHWHU�134�REWDLQHG�IRU�WKH�WKUHH�VSHFLHV�VWXGLHG��134�
LV�DQ� LQGLFDWRU�RI� WKH�DPRXQW�RI� WKHUPDO�HQHUJ\�GLVVLSDWLRQ� LQ� WKH�SLJPHQW�EHG��DQG�FDQ�EH�
LQWHUSUHWHG� DV� D� PHDVXUH� RI� WKH� GHPDQG� IRU� GLVVLSDWLRQ� RI� H[FHVV� OLJKW� HQHUJ\� ±� ZKLFK�
LQFUHDVHV�ZKHQ�SODQWV�EHFRPH�VWUHVVHG��'LIIHUHQFHV�EHWZHHQ�WUHDWPHQWV�ZHUH�QRW�VLJQLILFDQW�
IRU�DQ\�VSHFLHV��7DEOH�����QRU�IRU�WKH�VSHFLHV�DV�D�JURXS��
�
�
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)LJ�� �� &RPSDULVRQ� RI� OHDI� QHW� SKRWRV\QWKHWLF� UDWH� �$�� DQG� VWRPDWDO� FRQGXFWDQFH� �JV�� IRU�
OHDYHV�JURZQ�DW� DQ�DPELHQW�&2�� SDUWLDO�SUHVVXUH�RI����3D� �$��DQG�DQ�HOHYDWHG�&2�� SDUWLDO�
SUHVVXUH�RI����3D��(���XQGHU�ORZHU�1��/1��DQG�KLJKHU�1��+1��FRQGLWLRQV��5HVXOWV�DUH�PHDQV�
RI� PHDVXUHPHQWV� RQ� �±�� OHDYHV� LQ� HDFK� RI� �±�� SORWV�� IRU� HDFK� VSHFLHV� �$JU� ±�$JURS\URQ�
UHSHQV��.RH�±�.RHOHULD�FULVWDWD��3RD�±�3RD�SUDWHQVLV���)RU�$JURS\URQ�UHSHQV�� WKH�H[SHFWHG�
UHVSRQVH�WR�KLJKHU�QLWURJHQ�OHYHOV�XQGHU�HOHYDWHG�&2��LV�IRU�D�VPDOO�LQFUHDVH�LQ�$��DQG�D�VPDOO�
GHFUHDVH�LQ�JV��/HH�HW�DO���������
�
�
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)LJ�� �� &RPSDULVRQ� RI� DFWXDO� 36,,� SKRWRFKHPLFDO� HIILFLHQF\�� )�)P � PHDVXUHG� RQ� OLJKW�
DGDSWHG�OHDYHV��ZLWK�WKH�PD[LPXP�36,,�SKRWRFKHPLFDO�HIILFLHQF\��)Y�)P��PHDVXUHG�RQ�GDUN�
DGDSWHG�OHDYHV�±�DW�PLGGD\�IRU� WKH�SODQWV�JURZQ�DW�DPELHQW�&2��RI����3D��$��DQG�HOHYDWHG�
&2��RI����3D��(���XQGHU� ORZHU�QLWURJHQ��/1��DQG�KLJKHU�QLWURJHQ��+1��FRQGLWLRQV��5HVXOWV�
DUH� PHDQV� RI� PHDVXUHPHQWV� RQ� �±�� OHDYHV� LQ� HDFK� RI� �±�� SORWV�� IRU� HDFK� VSHFLHV� �$JU� ±�
$JURS\URQ�UHSHQV��.RH�±�.RHOHULD�FULVWDWD��3RD�±�3RD�SUDWHQVLV���
�
�
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)LJ����&RPSDULVRQ�RI�134�IRU�SODQWV�JURZQ�DW�DPELHQW�&2��RI����3D��$��DQG�HOHYDWHG�&2��
RI� ���3D� �(��� XQGHU� ORZHU� QLWURJHQ� �/1�� DQG� KLJKHU� QLWURJHQ� �+1�� FRQGLWLRQV��5HVXOWV� DUH�
PHDQV� RI� PHDVXUHPHQWV� RQ� �±�� OHDYHV� LQ� HDFK� RI� �±�� SORWV�� IRU� HDFK� VSHFLHV� �$JU� ±�
$JURS\URQ�UHSHQV��.RH�±�.RHOHULD�FULVWDWD��3RD�±�3RD�SUDWHQVLV�
�
�

��� 'LVFXVVLRQ�

�
,W� LV� ZHOO� GRFXPHQWHG� WKDW� LQFUHDVHG� &2�� HQKDQFHV� WKH� SKRWRV\QWKHWLF� UDWH� DQG� JURZWK� RI�
PRVW�&�� SODQWV� LQ� WKH� VKRUW� WHUP� �H�J��%RZHV�������$LQVZRUWK� HW� DO�� �������+RZHYHU�� LW� LV�
LQFUHDVLQJO\�DSSDUHQW�WKDW�WKH�H[WHQW�RI�WKLV�UHVSRQVH�LV�YDULDEOH��DQG�LWV�SHUVLVWHQFH�RYHU�WKH�
ORQJ�WHUP�LV�TXHVWLRQDEOH��H�J��)R\HU�������*ULIILQ�DQG�6HHPDQQ�������'UDNH�HW�DO��������/HH�
HW�DO���������7KH�SHUVLVWHQFH�RI�WKH�UHVSRQVH�LV�SDUWLFXODUO\�LQ�GRXEW�ZKHQ�WKHUH�LV�VLJQLILFDQW�
QXWULHQW� OLPLWDWLRQ� �5HLFK� HW� DO�� ������� DOWKRXJK� OLWWOH� UHVSRQVH� KDV� DOVR� EHHQ� REVHUYHG� LQ�
U\HJUDVV� LQ� 1HZ� =HDODQG� HYHQ� XQGHU� FRQGLWLRQV� ZKHUH� QXWULHQWV� DUH� QRW� H[SHFWHG� WR� EH�
VLJQLILFDQWO\�OLPLWLQJ�SURGXFWLRQ��1HZWRQ�HW�DO���������
�
7KH�UHVXOWV�IRU�SKRWRV\QWKHWLF�SHUIRUPDQFH�REWDLQHG�LQ�WKLV�VWXG\�DUH�ODUJHO\�FRQVLVWHQW�ZLWK�
WKH� VLJQLILFDQW� ERG\�RI�ZRUN� SXEOLVKHG� IRU� WKLV� VLWH��7KLV� LQGLFDWHV� WKDW� DGDSWDWLRQ� RI� SODQW�
V\VWHPV�WR�ORQJ�WHUP�H[SRVXUH�WR�HOHYDWHG�&2��UHVXOWV�LQ�OLWWOH�ORQJ�WHUP�QHW�SKRWRV\QWKHWLF�
UHVSRQVH��DQG�WKDW��
�
�
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•� 0HDQ� UDWHV� RI� OLJKW�VDWXUDWHG� OHDI� QHW� SKRWRV\QWKHVLV� �$�� VKRZ� OLWWOH� RYHUDOO�
FKDQJH� EHWZHHQ� DPELHQW� DQG� HOHYDWHG� &2�� FRQGLWLRQV�� 0HDQ� UDWHV� WHQGHG� WR�
LQFUHDVH� ZLWK� HOHYDWHG� &2�� IRU� ORZHU� QLWURJHQ� FRQGLWLRQV�� DQG� GHFUHDVH� XQGHU�
KLJKHU�QLWURJHQ�FRQGLWLRQV��EXW�WKH�FKDQJHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���

�
•� 0HDQ� YDOXHV� RI� SKRWRV\QWKHWLF� FDSDFLW\� �$PD[�� VKRZ� OLWWOH� RYHUDOO� FKDQJH�

EHWZHHQ� DPELHQW� DQG� HOHYDWHG� &2�� FRQGLWLRQV�� 0HDQ� UDWHV� LQFUHDVHG� VOLJKWO\�
ZLWK� HOHYDWHG�&2�� IRU� ORZHU� QLWURJHQ� FRQGLWLRQV�� DQG� GHFUHDVHG� VOLJKWO\� XQGHU�
KLJKHU�QLWURJHQ�FRQGLWLRQV��EXW�WKH�FKDQJHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��

�
•� 6WRPDWDO� FRQGXFWDQFH� VKRZHG� OLWWOH� RYHUDOO� UHVSRQVH� EHWZHHQ� DPELHQW� DQG�

HOHYDWHG� &2�� FRQGLWLRQV� IRU� WKLV� VWXG\�� 0HDQ� UHGXFWLRQV� RI� DERXW� ���� DUH�
XVXDOO\�VHHQ�LQ�ODUJHU�VWXGLHV�DW�WKH�VLWH��/HH�HW�DO���������,Q�WKLV�VWXG\�PHDQ�UDWHV�
WHQGHG�WR�LQFUHDVH�ZLWK�HOHYDWHG�&2��IRU�ORZHU�QLWURJHQ�FRQGLWLRQV��DQG�GHFUHDVH�
ZLWK� HOHYDWHG�&2�� XQGHU� KLJKHU� QLWURJHQ� FRQGLWLRQV�� EXW� WKH� FKDQJHV�ZHUH� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��

�
•� 0HDQ�IROLDU�QLWURJHQ�FRQWHQW�GHFOLQHG�XQGHU�HOHYDWHG�&2��FRQGLWLRQV��ERWK�LQ�WKH�

ORZHU� DQG� �VXEVWDQWLDOO\�� E\� ����� LQ� WKH� KLJKHU� QLWURJHQ� WUHDWPHQWV�� EXW� WKH�
FKDQJHV�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��0HDQ�UHGXFWLRQV� LQ�QLWURJHQ�FRQWHQW�RI�
XS� WR�DERXW������ WKRXJK�QRW� LQ�HYHU\�\HDU��KDYH�EHHQ�VHHQ� LQ�VDPSOLQJ�RYHU�D�
ZLGHU�UDQJH�RI�KHUEDFHRXV�VSHFLHV�DW�WKH�VLWH��/HH�HW�DO���������

�
*LYHQ�WKH�DERYH�FKDQJHV��LW�LV�QRW�VXUSULVLQJ�WKDW�PHDQ�ELRPDVV�SURGXFWLRQ�DW�WKH�VLWH�VKRZV�
QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�DPELHQW�DQG�HOHYDWHG�&2��FRQGLWLRQV��5HLFK�HW�DO���������$�
VLPLODUO\� LQVLJQLILFDQW� FKDQJH�� XQGHU� FRQVLGHUDEO\� KLJKHU� QXWULHQW� FRQGLWLRQV�� KDV� EHHQ�
REVHUYHG�IRU�ORQJ�WHUP�VWXGLHV�DW�WKH�1HZ�=HDODQG�SDVWRUDO�)$&(�VLWH��1HZWRQ�HW�DO���������
)XUWKHU� GLVFXVVLRQ� RQ� WKH� WUHQGV� LQ� SKRWRV\QWKHWLF� SHUIRUPDQFH�� IRU� D� ZLGHU� UDQJH� RI�
KHUEDFHRXV�VSHFLHV�DW�WKH�0LQQHVRWD�%LR&21�VLWH��FDQ�EH�IRXQG�LQ�/HH�DW�DO����������
�
7KH�QHZ�GDWD�RI�SULPDU\�LQWHUHVW�LQ�WKLV�SURMHFW�DUH�WKRVH�REWDLQHG�WKURXJK�PHDVXUHPHQW�RI�
FKORURSK\OO�IOXRUHVFHQFH��ZKLFK�KDV�QRW�SUHYLRXVO\�EHHQ�UHSRUWHG�IRU�WKH�0LQQHVRWD�%LR&21�
VLWH���:KHQ�SODQWV�DUH�QRW�DEOH�WR�XVH�DOO�LQFRPLQJ�OLJKW�HQHUJ\��WKH�H[FHVV�PXVW�EH�GLVVLSDWHG��
PXFK� RI� LW� YLD� WKH� [DQWKRSK\OO� F\FOH� ZKLFK� FRQYHUWV� H[FHVV� OLJKW� HQHUJ\� LQWR� KHDW� LQ� WKH�
SLJPHQW�EHG�RI� WKH�OHDI��7KH�SDUDPHWHU�134�LV�D�PHDVXUH�RI� WKLV�HQHUJ\�GLVVLSDWLRQ��:KHQ�
SODQWV�DUH�XQGHU�HQYLURQPHQWDO�VWUHVV��H�J��GURXJKW��DQG�UDWHV�RI�SKRWRV\QWKHVLV�DUH�ORZ��WKH�
GHPDQG�IRU�HQHUJ\�GLVVLSDWLRQ�LV�ODUJHU��DQG�134�LQFUHDVHV��3ODQWV�PD\�DOVR�UHVSRQG�LQ�WKH�
PHGLXP� WHUP� �GD\V� WR� ZHHNV�� E\� LQFUHDVLQJ� WKHLU� WRWDO� HQHUJ\� GLVVLSDWLYH� FDSDFLW\� �WKHLU�
SKRWRSURWHFWLYH�FDSDFLW\���'DPDJH�WR�WKH�SODQW¶V�SKRWRV\QWKHWLF�V\VWHP�±�HLWKHU�WHPSRUDU\�RU�
SHUPDQHQW�GHSHQGLQJ�RQ�WKH�VHYHULW\�DQG�SHUVLVWHQFH�RI�HQYLURQPHQWDO�VWUHVVRUV�±�FDQ�RFFXU�
LI� WKH� WRWDO�SKRWRSURWHFWLYH�FDSDFLW\�RI�SODQWV� LV� H[FHHGHG�� ,Q� WKLV� FDVH�YDOXHV�RI�PD[LPXP�
36,,� SKRWRFKHPLFDO� HIILFLHQF\� �)Y�)P�� PHDVXUHG� LQ� GDUN�DGDSWHG� OHDYHV� DUH� HLWKHU�
WHPSRUDULO\�� RU� SHUPDQHQWO\�� UHGXFHG� ±� WHUPHG� SKRWRLQKLELWLRQ� DQG� SKRWRGDPDJH��
UHVSHFWLYHO\���
�
6XUSULVLQJO\� OLWWOH� ZRUN� KDV� \HW� EHHQ� GRQH� RQ� WKH� FKDQJHV� LQ� OLJKW� HQHUJ\� GLVVLSDWLRQ� DQG�
SKRWRSURWHFWLYH� FDSDFLW\� RI� SODQWV� XQGHU� HOHYDWHG�&2�� FRQGLWLRQV��*XR� HW� DO�� ������� IRXQG�
WKDW�134�LQ�U\HJUDVV�ZDV�JUHDWO\�HQKDQFHG�XQGHU�HOHYDWHG�&2��GXULQJ�1HZ�=HDODQG�DXWXPQ�
JURZWK�FRQGLWLRQV��ZKHQ�WKH�GHPDQG�IRU�SKRWRV\QWKHWLF�SURGXFWV�ZDV�ORZ�LQ�PDWXUH�SDVWXUH�
�L�H�� ZKHQ� SDVWXUH�ZDV�ZHOO�UHFRYHUHG� IURP� WKH� SUHYLRXV� JUD]LQJ� HYHQW��� 7KH� VXEVWDQWLDOO\�



���
�

/DQGFDUH�5HVHDUFK�

ODUJHU� YDOXHV� RI� 134� REVHUYHG� XQGHU� WKHVH� FRQGLWLRQV� LPSO\� FRQVLGHUDEO\� LQFUHDVHG�
UHTXLUHPHQWV�IRU�SKRWRSURWHFWLRQ�±�L�H��WKH�VDPH�UHVSRQVH�DV�ZKHQ�SODQWV�DUH�XQGHU�VWUHVV��%\�
FRQWUDVW�� QR� VLJQLILFDQW� FKDQJHV� ZLWK� 134�ZHUH� REVHUYHG� LQ� WKH� 1HZ� =HDODQG� VWXG\� ZLWK�
HOHYDWHG� &2�� LQ� WKH� HDUO\� SDUW� RI� WKH� JURZWK� F\FOH�� VRRQ� DIWHU� JUD]LQJ� LQ� DXWXPQ�� ZKHQ�
GHPDQG� IRU� SKRWRV\QWKHWLF� SURGXFWV� ZDV� VWLOO� KLJK� DQG� WKH� DELOLW\� RI� WKH� SODQW� WR� VXSSO\�
SURGXFWV�ZDV�OLPLWHG�E\�UHGXFHG�OHDI�DUHD���
�
,Q� WKLV� VWXG\�� QR� FKDQJHV� LQ� 134� ZHUH� REVHUYHG� EHWZHHQ� FRQWURO� DQG� HOHYDWHG� &2��
WUHDWPHQWV��+RZHYHU��YDOXHV�RI�134�ZHUH�FRQVLGHUDEO\�ODUJHU�LQ�WKLV�%LR&21�VWXG\�±�PRUH�
WKDQ��� WLPHV� ODUJHU�±� WKDQ� WKRVH�IRXQG�IRU� WKH�1HZ�=HDODQG�VWXG\��7KH�UHDVRQV�IRU� WKLV�DUH�
TXDQWLWDWLYHO\�QRW�XQGHUVWRRG��DOWKRXJK�UDWHV�RI�ERWK�$�DQG�$PD[� LQ�WKH�%LR&21�VWXG\�ZHUH�
DERXW� ���� ORZHU� WKDQ� LQ� WKH� HDUOLHU� 1HZ� =HDODQG� VWXG\� DQG� VR� D� KLJKHU� GHPDQG� IRU�
SKRWRGLVVLSDWLRQ� DW� HTXLYDOHQW� OLJKW� OHYHOV� ZRXOG� EH� H[SHFWHG� �DQG� WKXV� KLJKHU� YDOXHV� RI�
134���8QIRUWXQDWHO\�LW�FRXOG�QRW�EH�GHWHUPLQHG�ZKHWKHU�WKH�WRWDO�SKRWRSURWHFWLYH�FDSDFLW\�±�
DQG�QRW�MXVW�WKH�SHUFHQWDJH�EHLQJ�XVHG�±�KDG�LQFUHDVHG�IRU�WKH�JUDVVHV�LQ�WKH�0LQQHVRWD�VWXG\��
DV�WKH�HTXLSPHQW�QHFHVVDU\�WR�GR�WKLV�ZDV�QRW�DYDLODEOH��+RZHYHU��LW�LV�XVXDO�IRU�SODQWV�WR�DW�
OHDVW�SDUWLDOO\�DGDSW�WR�ORZHUHG�QXWULHQW�FRQGLWLRQV�E\�LQFUHDVLQJ�WKH�WRWDO�SRRO�RI�[DQWKRSK\OO�
F\FOH�SURGXFWV��DQG�WKXV�LQFUHDVH�SKRWRSURWHFWLYH�FDSDFLW\��H�J��9HUKRHYHQ�HW�DO���������
�
7KH� UHVXOWV� RI� WKH� VWXG\� RQ� WKH� 0LQQHVRWD� JUDVVHV�� ZKLOH� QRW� FRQFOXVLYH� EHFDXVH�
PHDVXUHPHQWV� FRXOG� RQO\� EH� DFTXLUHG� XQGHU� JRRG� JURZWK� FRQGLWLRQV�� DUH� QRQHWKHOHVV�
FRQVLVWHQW�ZLWK�RXU�FXUUHQW�ZRUNLQJ�K\SRWKHVLV�IRU� WKH�PHFKDQLVP�RI�HOHYDWHG�&2��LQGXFHG�
µVWUHVV¶��7KDW�LV��D�UHTXLUHPHQW�IRU�LQFUHDVHG�SKRWRSURWHFWLRQ�RFFXUV�ZKHQ�VKRUW�WHUP�GHPDQG�
IRU�SKRWRV\QWKHWLF�SURGXFWV��UHODWLYH�WR�XQFRQVWUDLQHG�UDWHV�RI�SURGXFWLRQ�� LV� ORZ��,W�DSSHDUV�
WKDW�HYHQ�ZLWK�ORZHU�QXWULHQW�FRQGLWLRQV�XQGHU�HOHYDWHG�&2��WKHUH�UHPDLQV�D�ODUJHO\�EDODQFHG�
VWDWH� LQ� ZKLFK� WKH� UHGXFHG� UDWH� RI� SKRWRV\QWKHWLF� SURGXFWLRQ� WKDW� RFFXUV� UHPDLQV� ±� XQGHU�
RWKHUZLVH� JRRG� JURZWK� FRQGLWLRQV� ±� QRW� RQO\� OHVV� WKDQ� WKH� GHPDQG� IRU� SKRWRV\QWKHWLF�
SURGXFWV�EXW�DOVR�ZLWK�DQ\� LQFUHDVHG�SKRWRGLVVLSDWLYH�GHPDQG�DEOH� WR�EH�PHW��$V�VXFK�� WKH�
JUHDWHU� SKRWRV\QWKHWLF� HIILFLHQF\� DIIRUGHG� E\� HOHYDWHG� &2�� XQGHU� RWKHUZLVH� JRRG� JURZWK�
FRQGLWLRQV�GRHV�QRW�UHVXOW�LQ�D�UHTXLUHPHQW�IRU�SKRWRSURWHFWLRQ�WKDW�LV�XQDEOH�WR�PHW��DQG�VR�
µVWUHVV¶�LV�QRW�LQFUHDVHG��7KLV�UHVXOW�LV�HIIHFWLYHO\�WKH�VDPH�DV�WKDW�IRXQG�IRU�WKH�VDPH�JURZWK�
SKDVH�LQ�RXU�HDUOLHU�1HZ�=HDODQG�VWXG\���
�
7DNHQ�RYHUDOO�WR�GDWH��WKH�ILQGLQJV�IURP�WKH�0LQQHVRWD�DQG�1HZ�=HDODQG�VWXGLHV�FRQWLQXH�WR�
VXJJHVW�WKDW�HOHYDWHG�&2��LQGXFHG�VWUHVV�LV�XQOLNHO\�WR�EH�SUHVHQW�GXULQJ�WKH�DFWLYH�SDUW�RI�WKH�
JURZWK�F\FOH��RFFXUULQJ�RQO\�DV�D�VKRUW�WHUP�HIIHFW�ZLWKLQ�D�JURZWK�F\FOH�ZKHQ�JUDVVHV�DUH�
FORVH�WR�PDWXULW\��,W�WKHUHIRUH�VHHPV�XQOLNHO\�WR�SRVH�D�WKUHDW�WR�SDVWRUDO�SURGXFWLRQ�V\VWHPV��
VLQFH�SDVWXUHV�DUH�SXUSRVHIXOO\�PDQDJHG�WR�DYRLG�SURORQJHG�SHULRGV�LQ�D�PDWXUH�VWDWH��7KHUH�
GR� UHPDLQ�� KRZHYHU�� VHYHUDO� TXHVWLRQV� WR� EH� DQVZHUHG� EHIRUH� WKH� HIIHFW� FDQ� EH� FRPSOHWHO\�
GLVPLVVHG�DV�XQLPSRUWDQW��7KHVH�DUH��
�

•� $W� ZKDW� VWDJH� LQ� WKH� JURZWK� F\FOH� GRHV� HOHYDWHG� &2��LQGXFHG� VWUHVV� EHFRPH�
DSSDUHQW� ±� LQ� SDUWLFXODU�� FRXOG� LW� DIIHFW� SURGXFWLRQ� RI� VLODJH� RU� KD\� FURSV� WKDW�
GHYHORS� IXUWKHU� LQWR� WKH� PDWXUH� SKDVH� WKDQ� HQFRXQWHUHG� LQ� D� QRUPDO� JUD]LQJ�
VLWXDWLRQ"�

�
•� ,V� WKH� FDSDFLW\� RI� JUDVVHV� WR� WROHUDWH� QRUPDO� HQYLURQPHQWDO� VWUHVV�� GXULQJ� WKH�

DFWLYH� SKDVH� RI� WKH� JURZWK� F\FOH�� DIIHFWHG� E\� WKH� SUHVHQFH� RI� HOHYDWHG� &2�"�
&RXOG�UHGXFHG�GHPDQG�IRU�SKRWRV\QWKHWLF�SURGXFWV�GXULQJ�HQYLURQPHQWDO�VWUHVV�
LQLWLDWH� DGGLWLRQDO� HOHYDWHG� &2��LQGXFHG� VWUHVV�� DQG� UHVXOW� LQ� GDPDJH� WR� WKH�
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SODQW¶V�SKRWRV\QWKHWLF�V\VWHP"�
�
7KH�ODWWHU�TXHVWLRQ�DULVHV�EHFDXVH�ZDWHU�DQG�WHPSHUDWXUH�VWUHVV�LPSRVH�H[WUD�GHPDQGV�RQ�WKH�
SKRWRSURWHFWLYH� FDSDFLW\� RI� SODQWV�� EXW� LW� UHPDLQV� XQFOHDU� ZKHWKHU� UHGXFHG� GHPDQG� IRU�
SKRWRV\QWKHWLF�SURGXFWV�XQGHU�WKHVH�FLUFXPVWDQFHV�ZLOO�DOVR�LQLWLDWH�DGGLWLRQDO�HOHYDWHG�&2��
LQGXFHG�VWUHVV��
�

��� &RQFOXVLRQV�DQG�)XWXUH�:RUN�

�
���� &RQFOXVLRQV�
:KHQ�FRQVLGHULQJ�WKH�UHVXOWV�RI�WKLV�VWXG\�DORQJVLGH�WKRVH�RI�UHFHQW�1HZ�=HDODQG�ZRUN��*XR�
HW�DO���������LW�DSSHDUV�WKDW�HYHQ�ORZHUHG�QXWULHQW�FRQGLWLRQV�DUH�QRW�OLNHO\�WR�DIIHFW�WKH�ZD\�
JUDVVHV� UHVSRQG� WR� WKH� SRWHQWLDO� IRU� HOHYDWHG� &2��LQGXFHG� VWUHVV�� 2YHUDOO�� WKH� SUHVHQW�
HYLGHQFH�LV�WKDW�JUDVVHV�LQ�ERWK�ORZHU�DQG�KLJKHU�QXWULHQW�HQYLURQPHQWV�DGDSW�LQ�ZD\V�WKDW�GR�
QRW�LQFUHDVH�VWUHVV�OHYHOV�EH\RQG�SODQW�SKRWRSURWHFWLYH�FDSDFLW\�ZKHQ�DFWLYHO\�JURZLQJ��7KXV��
HOHYDWHG�&2��LQGXFHG�VWUHVV�ZRXOG�VHHP�WR�EH�D�IDFWRU�WKDW�LV�RQO\�HYLGHQW�±�LI�DW�DOO�±�LQ�WKH�
PDWXUH�SKDVH�RI�WKH�JURZWK�F\FOH��ZKHQ�GHPDQG�IRU�SKRWRV\QWKHWLF�SURGXFWV�LV�VPDOO��DQG�WKH�
SRWHQWLDO�IRU�VXSSO\�LV�ODUJH�GXH�WR�WKHUH�EHLQJ�D�ODUJH�OHDI�DUHD��
�
7KH�FRQGLWLRQV�DYDLODEOH�DW�WKH�WLPH�RI�WKH�0LQQHVRWD�VWXG\�GLG�QRW�DOORZ�H[DPLQDWLRQ�RI�WKH�
TXHVWLRQ�RI�ZKHWKHU� VWUHVV� OHYHOV�XQGHU�HOHYDWHG�&2��EHFRPH�VXEVWDQWLDOO\�HQKDQFHG� LQ� WKH�
PDWXUH� SDUW� RI� WKH� JURZWK� F\FOH��+RZHYHU�� LW�PD\� QRW� EH� HVSHFLDOO\� LPSRUWDQW� HYHQ� LI� WKLV�
GRHV�RFFXU��EHFDXVH�DJULFXOWXUDO�JUDVVODQGV�DUH�JHQHUDOO\�PDQDJHG�WR�DYRLG�SURORQJHG�SHULRGV�
LQ�WKH�PDWXUH�JURZWK�SKDVH��L�H��WKH\�DUH�JHQHUDOO\�JUD]HG�DW�RU�EHIRUH�WKDW�SRLQW��7KHUH�DUH��
QRQHWKHOHVV�� VHYHUDO� LVVXHV� WKDW� QHHG� WR� EH� FODULILHG� EHIRUH� &2��HOHYDWHG� VWUHVV� FDQ� EH�
GLVPLVVHG�DV�XQLPSRUWDQW��
�

•� ,V� WKHUH� DQ\� HIIHFW� RQ� SURGXFWLRQ� IRU� VLODJH� RU� KD\�� ZKHQ� JUDVVHV� PD\� VSHQG�
ORQJHU�LQ�D�PRUH�PDWXUH�SKDVH"�

�
•� ,V� WKH� FDSDFLW\� RI� JUDVVHV� WR� WROHUDWH� QRUPDO� HQYLURQPHQWDO� VWUHVV�� GXULQJ� WKH�

DFWLYH�SKDVH�RI�WKH�JURZWK�F\FOH��DIIHFWHG�E\�WKH�SUHVHQFH�RI�HOHYDWHG�&2�"�
�
���� )XWXUH�ZRUN�
�
7KH�LVVXHV�WKDW�\HW�QHHG�LQYHVWLJDWLRQ�DUH��
�

•� &DQ� IXUWKHU� ZRUN� FRQILUP� WKH� SUHOLPLQDU\� UHVXOWV� IRXQG� LQ� 1HZ� =HDODQG� WKDW�
HOHYDWHG�&2��LQGXFHG�VWUHVV�LV�SUHVHQW�ZKHQ�JUDVVHV�DSSURDFK�WKH�PDWXUH�JURZWK�
SKDVH"� 7KLV� LV� EHLQJ� LQYHVWLJDWHG� DV� SDUW� RI� FXUUHQW� ZRUN� IXQGHG� E\� WKH�
)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\��

�
•� $W� ZKDW� VWDJH� LQ� WKH� JURZWK� F\FOH� GRHV� HOHYDWHG� &2��LQGXFHG� VWUHVV� EHFRPH�

DSSDUHQW� ±� LQ� SDUWLFXODU�� FRXOG� LW� DIIHFW� SURGXFWLRQ� RI� VLODJH� RU� KD\� FURSV� WKDW�
GHYHORS� IXUWKHU� LQWR� WKH� PDWXUH� SKDVH� WKDQ� HQFRXQWHUHG� LQ� D� QRUPDO� JUD]LQJ�
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VLWXDWLRQ"�
�

•� ,V� WKH� FDSDFLW\� RI� JUDVVHV� WR� WROHUDWH� QRUPDO� HQYLURQPHQWDO� VWUHVV�� GXULQJ� WKH�
DFWLYH� SKDVH� RI� WKH� JURZWK� F\FOH�� DIIHFWHG� E\� WKH� SUHVHQFH� RI� HOHYDWHG� &2�"�
&RXOG�UHGXFHG�GHPDQG�IRU�SKRWRV\QWKHWLF�SURGXFWV�GXULQJ�HQYLURQPHQWDO�VWUHVV�
LQLWLDWH� DGGLWLRQDO� HOHYDWHG� &2��LQGXFHG� VWUHVV�� DQG� UHVXOW� LQ� GDPDJH� WR� WKH�
SODQW¶V�SKRWRV\QWKHWLF�V\VWHP"�

�

��� $FNQRZOHGJHPHQWV�

�
:H�DUH�JUDWHIXO�WR�$J5HVHDUFK�IRU�DFFHVV�WR�WKH�UHVHDUFK�VLWH�DQG�WR�$GULDQ�:DOFURIW��'DYLG�
:KLWHKHDG�DQG�&KULVWLQH�%H]DU�IRU�KHOSIXO�FRPPHQWV�WR�LPSURYH�WKH�UHSRUW��
�

��� 5HIHUHQFHV�

�
$LQVZRUWK�($��'DYH\�3$��+\PXV�*-��2VERUQ�&3��5RJHUV�$��%OXP�+��1|VEHUJHU�-��/RQJ�63�
������ ,V� VWLPXODWLRQ� RI� OHDI� SKRWRV\QWKHVLV� EH� HOHYDWHG� FDUERQ� GLR[LGH� FRQFHQWUDWLRQ�
PDLQWDLQHG�LQ�WKH�ORQJ�WHUP"�$�WHVW�ZLWK�/ROLXP�SHUHQQH�JURZQ�IRU����\HDUV�DW�WZR�QLWURJHQ�
IHUWLOL]DWLRQ� OHYHOV� XQGHU� IUHH� DLU� &2�� HQULFKPHQW� �)$&(��� 3ODQW�� &HOO�	�(QYLURQPHQW� ����
���±�����
�
%RZHV� *� ������ )DFLQJ� WKH� LQHYLWDEOH� ±� SODQWV� DQG� LQFUHDVLQJ� DWPRVSKHULF� &2��� $QQXDO�
5HYLHZ�RI�3ODQW�3K\VLRORJ\�DQG�3ODQW�0ROHFXODU�%LRORJ\��������±�����
�
'UDNH� %*�� *RQ]DOH[�0HLHU�0$�� /RQJ� 63� ������0RUH� HIILFLHQW� SODQWV�� D� FRQVHTXHQFH� RI�
ULVLQJ� DWPRVSKHULF�&2���$QQXDO�5HYLHZ�RI� 3ODQW� 3K\VLRORJ\� DQG�3ODQW�0ROHFXODU�%LRORJ\�
������±�����
�
)DUTXKDU�*'�� YRQ� &DHPPHUHU� 6�� %HUU\� -$� ������ $� ELRFKHPLFDO�PRGHO� RI� SKRWRV\QWKHWLF�
&2��DVVLPLODWLRQ�LQ�OHDYHV�RI�&��VSHFLHV��3ODQWD��������±����
�
)R\HU� &+� ������ )HHGEDFN� LQKLELWLRQ� RI� SKRWRV\QWKHVLV� WKURXJK� VRXUFH�VLQN� UHJXODWLRQ� LQ�
OHDYHV��3ODQW�3K\VLRORJ\�DQG�%LRFKHPLVWU\��������±�����
�
*HQW\� � %�� %ULDQWDLV� -0�� %DNHU� 15� ������ 7KH� UHODWLRQVKLS� EHWZHHQ� WKH� TXDQWXP� \LHOG� RI�
SKRWRV\QWKHWLF�HOHFWURQ� WUDQVSRUW�DQG�TXHQFKLQJ�RI�FKORURSK\OO� IOXRUHVFHQFH��%LRFKLPLFD�HW�
%LRSK\VLFD�$FWD��������±����
�
*ULIILQ�./��6HHPDQQ�-5�������3ODQWV��&2��DQG�SKRWRV\QWKHVLV�LQ�WKH���VW�FHQWXU\��&KHPLVWU\�
	�%LRORJ\�������±�����
�
*XR�-0��7URWWHU�&0��1HZWRQ�3&'�������,QLWLDO�REVHUYDWLRQV�RI�LQFUHDVHG�UHTXLUHPHQWV�IRU�
OLJKW�HQHUJ\�GLVVLSDWLRQ�LQ�U\HJUDVV��/ROLXP�SHUHQQH�/���ZKHQ�VRXUFH�VLQN�UDWLRV�EHFRPH�KLJK�
DW� D� QDWXUDOO\�JUD]HG� )UHH�$LU�&2�� (QULFKPHQW� �)$&(�� VLWH�� )XQFWLRQDO� 3ODQW�%LRORJ\� ����
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����±������
�
/HH�7'��7MRHONHU�0*��(OOVZRUWK�'6��5HLFK�3%�������/HDI� JDV� H[FKDQJH� UHVSRQVHV� RI� ���
SUDLULH� JUDVVODQG� VSHFLHV� WR� HOHYDWHG� &2�� DQG� LQFUHDVHG� QLWURJHQ� VXSSO\�� 1HZ� 3K\WRORJLVW�
��������±�����
�
1HZWRQ� 3&'�� $OODUG� 9�� &DUUDQ� 5$�� /LHIIHULQJ� 0� ������ ,PSDFWV� RI� HOHYDWHG� &2�� RQ�
JUDVVODQG�JUD]HG�E\�VKHHS��7KH�1HZ�=HDODQG�)$&(�H[SHULPHQW��,Q��1|VEHUJHU�-��/RQJ�63��
+HQGUH\�*5��6WLWW�0��1RUE\�5-��%OXP�+�HGV�0DQDJHG�HFRV\VWHPV�DQG�&2��� FDVH� VWXGLHV��
SURFHVVHV�DQG�SHUVSHFWLYHV��(FRORJLFDO�6WXGLHV�6HULHV��%HUOLQ��6SULQJHU��
�
5HLFK�3%��7LOPDQ�'��1DHHP�6��(OOVZRUWK�'6��.QRSV� -��&UDLQH� -��:HGLQ�'��7URVW� -� ������
6SHFLHV�DQG�IXQFWLRQDO�JURXS�GLYHUVLW\�LQGHSHQGHQWO\�LQIOXHQFH�ELRPDVV�DFFXPXODWLRQ�DQG�LWV�
UHVSRQVH�WR�&2��DQG�1��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�86$�����������±
�������
�
5HLFK�3%��+REELH�6��/HH�7��(OOVZRUWK�'��:HVW�-��7LOPDQ�'��.QRSV�-��1DHHP�6��7URVW�-�������
1LWURJHQ�OLPLWDWLRQ�FRQVWUDLQV�VXVWDLQDELOLW\�RI�HFRV\VWHP�UHVSRQVH�WR�&2���1DWXUH��������±
�����
�
6KDUNH\�7'������� 3KRWRV\QWKHVLV� LQ� LQWDFW� OHDYHV� RI�&�� SODQW� VSHFLHV�� SK\VLFV�� SK\VLRORJ\�
DQG�UDWH�OLPLWDWLRQV��%RWDQLFDO�5HYLHZ�������±�����
�
9HUKRHYHQ�$6��'HPPLJ�$GDPV�%��$GDPV� ,,,�:::�������(QKDQFHG� HPSOR\PHQW� RI� WKH�
[DQWKRSK\OO� F\FOH� DQG� WKHUPDO� HQHUJ\� GLVVLSDWLRQ� LQ� VSLQDFK� H[SRVHG� WR� KLJK� OLJKW� DQG� 1�
VWUHVV��3ODQW�3K\VLRORJ\��������±�����
�
�
�
�
�


