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‹ �/ DQGFDUH�5 HVHDUFK�1 HZ�=HDODQG�/ WG�� � � � ��
�
1 R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\ �FRS\ ULJKW�PD\ �EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\ �IRUP�RU�E\ �
DQ\ �PHDQV��JUDSKLF��HOHFWURQLF�RU�PHFKDQLFDO��LQFOXGLQJ�SKRWRFRS\ LQJ��UHFRUGLQJ��WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\ VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
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&RQWHQWV�

�
6XPPDU\ ��������������������������������������������������������������������������������������������������������������������������� � �

� �� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� � �
� �� %DFNJURXQG����������������������������������������������������������������������������������������������������������������������� � �
� �� 2 EMHFWLYHV������������������������������������������������������������������������������������������������������������������������� � �
� �� 0 HWKRGV���������������������������������������������������������������������������������������������������������������������������� � �
� �� 5HVXOWV����������������������������������������������������������������������������������������������������������������������������� � � �

� �� � ' HYHORSPHQWDO�VWDJHV�DQG�VSHFLHV������������������������������������������������������������������������ � � �
� �� � %LRPDVV�FDUERQ�DFFXPXODWLRQ�ZLWK�WLPH��������������������������������������������������������������� � � �

� �� ' LVFXVVLRQ����������������������������������������������������������������������������������������������������������������������� � � �
� �� &RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������� � � �
� �� 5HFRPPHQGDWLRQV����������������������������������������������������������������������������������������������������������� � � �
� �� $ FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� � � �
� � �� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� � � �
�
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6XP P DU\ �

�
3URMHFW�DQG�&OLHQW�
7KLV�ZRUN�ZDV�FRPSOHWHG�IRU�4 XHHQ�&KDUORWWH�: LOGHUQHVV�3DUN�DW�&DSH�-DFNVRQ��XVLQJ�IXQGV�
VXSSOLHG�E\ �WKH�' HSDUWPHQW�RI�&RQVHUYDWLRQ¶V�%LRGLYHUVLW\ �$ GYLFH�) XQG��7KH�RZQHUV�RI�
4 XHHQ�&KDUORWWH�: LOGHUQHVV�3DUN�UHWLUHG�WKH�ODQG�IURP�JUD] LQJ�LQ�� � � � �DQG�KDYH�VLQFH�
PDQDJHG�WKH�3DUN�IRU�ELRGLYHUVLW\ �JDLQ��7KH�VHUYLFH�RI�FDUERQ�VHTXHVWUDWLRQ�LV�FRLQFLGHQW�
ZLWK�ELRGLYHUVLW\ �JDLQ��7KH�RZQHUV�ZDQW�WR�PDQDJH�WKH�VXFFHVVLRQ�IURP�H[ RWLF�SDVWXUH�
WKURXJK�WDXKLQX�WR�EURDGOHDYHG�IRUHVW�LQ�D�PDQQHU�WKDW�PD[ LPLVHV�ERWK�ELRGLYHUVLW\ �DQG�
FDUERQ�JDLQ��/ DQGFDUH�5HVHDUFK�KDV�DSSUR[ LPDWHG�WKH�IRUHVW�VXFFHVVLRQ�DW�&DSH�-DFNVRQ�IURP�
H[ LVWLQJ�ROG�JURZWK�UHPQDQWV�DQG�YDULRXVO\ �DJHG�VWDQGV�RI�UHJHQHUDWLQJ�VKUXEODQG��: H�WKHQ�
FDOFXODWH�FKDQJHV�LQ�ELRPDVV�FDUERQ�GXULQJ�WKH�VXFFHVVLRQ��7KH�VXFFHVVLRQ�ZDV�FRYHUHG�RQO\ �
DV�IDU�DV�D�EURDGOHDYHG±WDZD�FDQRS\ ��DJHG�F��� � � �\ HDUV�RI�VXFFHVVLRQ����
�
2 EMHFWLYHV�
· � 7R�GRFXPHQW�FKDQJHV�LQ�ZRRG\ �VSHFLHV�FRPSRVLWLRQ�DORQJ�D�VKUXEODQG±IRUHVW�

VXFFHVVLRQDO�JUDGLHQW��
· � 7R�HVWLPDWH�ELRPDVV�FDUERQ�FRQVHTXHQFHV�RI�WUDQVLWLRQV�EHWZHHQ�VKUXEODQG�DQG�IRUHVW�

W\ SHV�GXULQJ�WKLV�HDUO\ �VXFFHVVLRQ��
· � 7R�VXJJHVW�PDQDJHPHQW�RSWLRQV�IRU�FRQWLQXLQJ�WKH�SURJUHVVLRQ�RI�WKH�VXFFHVVLRQ�IRU�

PD[ LPXP�FDUERQ�DQG�ELRGLYHUVLW\ �JDLQV��
�
0 DLQ�) LQGLQJV�
· � 7KH�DSSUR[ LPDWH�VWDJHV�RI�WKH�VXFFHVVLRQ�ZHUH��WDXKLQX�VKUXEODQG� PDKRH�DQG�ILYH�

ILQJHU�VKUXEODQG� NRKHNRKH�IRUHVW� EURDGOHDYHG�WDZD�IRUHVW���
· � * LYHQ�WKH�RFFXUUHQFH�RI�SRGRFDUS�VHHGOLQJV�DIWHU�WKH�WDXKLQX�RQO\ �VWDJH�LW�VHHPV�

UHDVRQDEOH�WR�H[ SHFW�WKDW�VFDWWHUHG�SRGRFDUSV�PLJKW�DJDLQ�HPHUJH�LQ�WKH�IXWXUH�DV�D�
FRPSRQHQW�RI�DQ�RWKHUZLVH�EURDGOHDYHG�IRUHVW�FDQRS\ ���

· � 7KH�PHDQ�QXPEHU�RI�ZRRG\ �VSHFLHV�LQ�SORWV�FKDQJHG�OLWWOH�GXULQJ�WKH�VXFFHVVLRQ�EXW�WKH�
UDWLR�RI�LQGLJHQRXV�H[ RWLF�YDVFXODU�VSHFLHV�LQFUHDVHG�SOXV�D�GUDPDWLF�VKLIW�IURP�FURZQ�
FRYHU�RI�DOPRVW�H[ FOXVLYHO\ �WDXKLQX�RU�WDXKLQX±P QXND�WR�PL[ HG�FURZQ�FRYHU�RI�PDKRH±
WDZD�DQG�VRPH�SXNDWHD�ZDV�REVHUYHG���

· � %LRPDVV��DQG�FRQVHTXHQW�FDUERQ��VWRUDJH�LQFUHDVHG�GXULQJ�WKH�SURJUHVVLRQ�RI�WKH�
VXFFHVVLRQ�DOWKRXJK�WKH�PRVW�UDSLG�UDWHV�RI�VHTXHVWUDWLRQ�ZHUH�REVHUYHG�DW�F��� � �\ HDUV�RI�
WKH�VXFFHVVLRQ��F��� �W�&2 � �KD�\ U���0 HDQ�FDUERQ�VWRFN��DERYH��DQG�EHORZ�JURXQG�OLYH�
SRROV�DQG�OLWWHU��ZDV�� � � �W�&2 � �KD�DW�WKH�XOWLPDWH�VWDJH�RI�PHDVXUHG�VXFFHVVLRQ�
�EURDGOHDYHG�IRUHVW���7KLV�KDG�WDNHQ�DSSUR[ LPDWHO\ �� � � �\ HDUV��JLYLQJ�D�PHDQ�DQQXDO�
LQFUHPHQW�RI�� �� �W�&2 � �KD�RYHU�WKLV�SHULRG���

�
5 HFRP P HQGDWLRQV�
· � 7KDW�ZLOG�DQLPDO�FRQWURO�LV�PDLQWDLQHG��HVSHFLDOO\ �WDUJHWLQJ�JRDWV�DQG�SLJV��WR�HQVXUH�

UDSLG�SURJUHVVLRQ�RI�WKH�VXFFHVVLRQ�DQG�PD[ LPXP�JDLQV�RI�FDUERQ��
· � 7KDW�SHUPDQHQW�VDPSOH�SORWV�DUH�UHPHDVXUHG�LQ�� �\ HDUV¶�WLPH�WR�HQDEOH�DVVHVVPHQW�RI�WKH�

DGHTXDF\ �RI�ZLOG�DQLPDO�FRQWURO��
· � 7KDW�WKH�RZQHUV�UHPDLQ�YLJLODQW�IRU�ZLQGEORZQ�SLQH�VHHGOLQJV��SDUWLFXODUO\ �RQ�RSHQ�VLWHV��
�
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� �� ,QWURGXFWLRQ�

%URDGOHDYHG�IRUHVWV�DUH�WKRXJKW�WR�FRYHU�F��� � � �RI�WKH�1 HZ�=HDODQG�ODQG�DUHD��1 HZVRPH�
� � � � � ��7KH\ �DUH�RQH�RI�WKH�LQGLJHQRXV�IRUHVW�FODVVHV�WKDW�KDYH�VXIIHUHG�WKH�PRVW�FRQYHUVLRQ�WR�
QRQ�LQGLJHQRXV�YHJHWDWLRQ�LQ�UHFHQW�\ HDUV��: DONHU�HW�DO��� � � � � ��&RDVWDO�DUHDV�DUH�SDUWLFXODUO\ �
XQGHU�UHSUHVHQWHG��ODUJHO\ �DV�D�UHVXOW�RI�ODQG�FOHDUDQFHV�IRU�RWKHU�SXUSRVHV��+RZHYHU��WKH�
RSSRUWXQLW\ �QRZ�H[ LVWV�IRU�SULYDWH�ODQGRZQHUV�WR�LQFUHDVH�DUHDV�RI�WKHVH�IRUHVWV��JLYHQ�WKH�
LQFUHDVLQJ�PDUNHW�IRU�FDUERQ�FUHGLWV�LQ�QHZ�SHUPDQHQW�IRUHVWV���
�
7KH�RZQHUV�RI�4 XHHQ�&KDUORWWH�: LOGHUQHVV�3DUN�UHWLUHG�WKH�ODQG�IURP�JUD] LQJ�LQ�� � � � �DQG�
KDYH�VLQFH�PDQDJHG�WKH�3DUN�IRU�ELRGLYHUVLW\ �JDLQ��' XULQJ�WKH�SURFHVV�RI�IRUHVW�VXFFHVVLRQ�
IURP�SDVWXUH�WR�WDOO�IRUHVW�D�FRLQFLGHQW�VHUYLFH�RI�FDUERQ�VHTXHVWUDWLRQ�LV�SURYLGHG��7KH�
RZQHUV�ZDQW�WR�PDQDJH�WKH�VXFFHVVLRQ�IURP�H[ RWLF�SDVWXUH�WKURXJK�WDXKLQX�WR�WDOO�IRUHVW�LQ�D�
PDQQHU�WKDW�PD[ LPLVHV�ERWK�ELRGLYHUVLW\ �DQG�FDUERQ�JDLQ��7KH�SURSHUW\ �DV�D�ZKROH�LV�WKRXJKW�
WR�EH�LQ�WKH�SURFHVV�RI�UHYHUVLRQ�WR�D�PRVDLF�RI�WDOO�IRUHVW�W\ SHV��EXW�SUHGRPLQDQWO\ �FRDVWDO�
EURDGOHDYHG�IRUHVW��6RPH�SDUWV�ZLOO�SUREDEO\ �FRQWDLQ�DQ�HPHUJHQW�SRGRFDUS�WLHU��ZLWK�WKH�
SRWHQWLDO�WR�FRQIHU�DGGLWLRQDO�EDVDO�DUHD��/ XVN�� � � � � �DQG�FRQVHTXHQW�FDUERQ�VWRUDJH���
�
7KH�SXUSRVH�RI�WKLV�VWXG\ �LV�WR�TXDQWLI\ �JDLQV�LQ�ERWK�ELRGLYHUVLW\ �DQG�FDUERQ�DORQJ�D�IRUHVW�
VXFFHVVLRQ�IURP�WDXKLQX��2 ]RWKDPQXV�OHSWRSK\ OOXV��VKUXEODQG�WR�FRDVWDO�EURDGOHDYHG�IRUHVW��
* LYHQ�WKH�DYDLODELOLW\ �RI�VWDQGV�DW�GLIIHUHQW�VWDJHV�RI�IRUHVW�VXFFHVVLRQ�RQ�WKH�RQH�SURSHUW\ ��
ZH�KDYH�DVVXPHG�H[ LVWLQJ�VWDQGV�RI�GLIIHUHQW�FRPSRVLWLRQ�UHSUHVHQW�GLIIHUHQW�VWDJHV�RQ�WKH�
VDPH�VXFFHVVLRQDO�SDWKZD\ ��: H�VDPSOHG�YHJHWDWLRQ�DQG�FDUERQ�VWRUHG�LQ�SORWV�UHSUHVHQWLQJ�
GLIIHUHQW�VWDJHV�RI�WKH�SUHGLFWHG�VXFFHVVLRQ�DV�IDU�DV�EURDGOHDYHG�IRUHVW��$ OWKRXJK�LW�LV�QRW�
FHUWDLQ�WKDW�ROGHU�VWDQGV�SRVVHVV�WKH�VDPH�VXFFHVVLRQDO�KLVWRU\ �DV�WKH�\ RXQJHU�VWDQGV��QRU�WKDW�
WKH�FXUUHQW�\ RXQJ�VWDQGV�ZLOO�SURJUHVV�WR�WKH�IRUHVWV�IRXQG�LQ�WKH�ROGHU�VWDQGV��WKH�VXEVWLWXWLRQ�
RI�VSDFH�IRU�WLPH�LV�DFFHSWDEOH�LQ�WKH�DEVHQFH�RI�ORQJ�WHUP�HFRORJLFDO�PRQLWRULQJ��) LQHJDQ�
� � � � � ��7KH�SRWHQWLDO�IRU�LQFUHDVLQJ�FDUERQ�VWRUDJH�WKURXJK�WKH�DGGLWLRQ�RI�D�SRGRFDUS�WLHU�LV�
QRW�FRQVLGHUHG�KHUH���
�

� �� %DFNJURXQG�

) ROORZLQJ�1 HZ�=HDODQG¶V�UDWLILFDWLRQ�RI�WKH�. \ RWR�3URWRFRO��GHYHORSPHQW�RI�D�3HUPDQHQW�
) RUHVW�6LQN�,QLWLDWLYH��3) 6,� ��DQG�QRZ�DQ�( PLVVLRQV�7UDGLQJ�6FKHPH��( 76���WKH�UHTXLUHPHQW�
IRU�GHWDLOHG�NQRZOHGJH�RI�WKH�UDWHV�RI�FDUERQ�DFFXPXODWLRQ�DFURVV�D�UDQJH�RI�IRUHVW�W\ SHV�DQG�
WHPSRUDO�VFDOHV�KDV�EHFRPH�DQ�LPSHUDWLYH��,I�1 HZ�=HDODQG�ODQGRZQHUV�VLJQ�XS�WR�WKH�3) 6,�
ZLWK�LQGLJHQRXV�IRUHVW�SURMHFWV��WKH\ �DFKLHYH�D�VLJQLILFDQW�ODQG�XVH�FKDQJH�WKDW�DFKLHYHV�
JUHHQKRXVH�JDV��ELRGLYHUVLW\ ��VRLO�VWDELOLW\ �DQG�ZDWHU�TXDOLW\ �EHQHILWV��' HWDLOHG�NQRZOHGJH�RI�
FDUERQ�DQG�ELRGLYHUVLW\ �JDLQ�LV�UHTXLUHG�IRU�SURMHFWV�ZLWK�VKUXEODQG�WR�IRUHVW�VXFFHVVLRQDO�
SDWKZD\ V��ERWK�IRU�SULYDWH�ODQGRZQHUV�DQG�KROGHUV�RI�&RQVHUYDWLRQ�ODQG��+RZHYHU��YHU\ �OLWWOH�
GDWD�FXUUHQWO\ �H[ LVW�RQ�KRZ�FDUERQ�DQG�ELRGLYHUVLW\ �FKDQJH�GXULQJ�WKHVH�VXFFHVVLRQV��
�
7KH�0 LQLVWU\ �IRU�WKH�( QYLURQPHQW��0 I( � �KDV�VHW�XS�D�QDWLRQDO�FDUERQ�PRQLWRULQJ�V\ VWHP�
�/ DQG�8 VH�&DUERQ�$ QDO\ VLV�6\ VWHP��/ 8 &$ 6��WR�PRQLWRU�� �\ HDUO\ �FKDQJHV�LQ�FDUERQ�VWRUDJH�
LQ�LQGLJHQRXV�IRUHVWV�DQG�VKUXEODQGV��EXW�LW�ZLOO�EH�VRPH�\ HDUV�EHIRUH�DQ�LQGLFDWLRQ�RI�
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WHPSRUDO�FKDQJHV�LQ�FDUERQ�VWRUDJH�ZLWK�IRUHVW�VXFFHVVLRQ�ZLOO�EH�DYDLODEOH��( YHQ�PRUH�
XQFHUWDLQ�LV�ZKHWKHU�WKH�GDWD�RQ�FKDQJH�LQ�ELRGLYHUVLW\ �ZLOO�EH�DQDO\ VHG���
�
7KH�( %( ; � � Š�SURMHFW�RI�/ DQGFDUH�5HVHDUFK�KDV�GHYHORSHG�SURWRFROV�IRU�PHDVXUHPHQW�RI�
ELRGLYHUVLW\ �JDLQ�DQG�FDUERQ�VWRUDJH�LQ�UHJHQHUDWLQJ�LQGLJHQRXV�IRUHVW�DW�WKH�VFDOH�RI�
LQGLYLGXDO�ODQGKROGLQJV��7KDW�SURWRFRO�UHOLHV�RQ�DOORPHWULF� �LQIRUPDWLRQ�IRU�PDQ\ �LQGLJHQRXV�
VKUXE�DQG�WUHH�VSHFLHV�WR�TXDQWLI\ �ELRPDVV�FDUERQ��: H�KDYH�SUHYLRXVO\ �FDOFXODWHG�WKH�UDWH�RI�
FDUERQ�DFFXPXODWLRQ�LQ�VWDQGV�RI�UHJHQHUDWLQJ�WDXKLQX�VKUXEODQG��EXW�WKH�WUDMHFWRU\ �RI�ERWK�
ELRGLYHUVLW\ �DQG�FDUERQ�VWRUDJH�GXULQJ�VXFFHVVLRQDO�WUDQVLWLRQ�IURP�WDXKLQX�VKUXEODQG�WR�
EURDGOHDYHG�IRUHVW�UHPDLQV�XQFOHDU���
�
7KLV�VWXG\ �RI�ELRGLYHUVLW\ �FKDQJH�DQG�DERYH�JURXQG�OLYH�ELRPDVV�DFFXPXODWLRQ�WKURXJK�WKH�
ILUVW�FHQWXU\ �RI�D�WDXKLQX�VXFFHVVLRQ�WKURXJK�WR�EURDGOHDYHG�WDZD�IRUHVW�DWWHPSWV�WR�ILOO�WKDW�
LQIRUPDWLRQ�JDS��
�

� �� 2 EMHFWLYHV�

�
· � 7R�GRFXPHQW�FKDQJHV�LQ�ZRRG\ �VSHFLHV�FRPSRVLWLRQ�DORQJ�D�VKUXEODQG±IRUHVW�

VXFFHVVLRQDO�JUDGLHQW��
· � 7R�HVWLPDWH�ELRPDVV�FDUERQ�FRQVHTXHQFHV�RI�WUDQVLWLRQV�EHWZHHQ�VKUXEODQG�DQG�IRUHVW�

W\ SHV�GXULQJ�WKLV�HDUO\ �VXFFHVVLRQ��
· � 7R�VXJJHVW�PDQDJHPHQW�RSWLRQV�IRU�FRQWLQXLQJ�WKH�SURJUHVVLRQ�RI�WKH�VXFFHVVLRQ�IRU�

PD[ LPXP�FDUERQ�DQG�ELRGLYHUVLW\ �JDLQV��
�

� �� 0 HWKRGV�

�
$ �ILHOG�VWXG\ �ZDV�XQGHUWDNHQ�FRPSDULQJ�UHJHQHUDWLQJ�VWDQGV�DW�GLIIHUHQW�VWDJHV�RI�WUDQVLWLRQ�
IURP�WDXKLQX�VKUXEODQG�WR�WDOOHU�IRUHVW�LQ�RUGHU�WR�SUHGLFW�FKDQJHV�LQ�ELRGLYHUVLW\ �DQG�FDUERQ�
VWRUDJH�ZLWK�WLPH��5HJHQHUDWLQJ�IRUHVW�DW�4 XHHQ�&KDUORWWH�: LOGHUQHVV�3DUN�VLWXDWHG�DW�&DSH�
-DFNVRQ�LQ�WKH�0 DUOERURXJK�6RXQGV��( � � � � � � � �1 � � � � � � � � �ZDV�VHOHFWHG�IRU�WKH�VWXG\ ��$ ERXW�
� � � �RI�WKH�SURSHUW\ �LV�FRYHUHG�E\ �HDUO\ �VXFFHVVLRQDO�WDXKLQX��WDXKLQX�N QXND��. XQ]HD�
HULFRLGHV��DQG�WDXKLQX�P QXND��/ HSWRVSHUPXP�VFRSDULXP��VKUXEODQGV��7KH�EHJLQQLQJV�RI�
IRUHVW�UHJHQHUDWLRQ�ZLWKLQ�WKHVH�VKUXEODQGV�DUH�UHSUHVHQWHG�E\ �\ RXQJ�P KRH��0 HOLF\ WXV�
UDPLIORUXV���ILYH�ILQJHU��3VHXGRSDQD[ �DUERUHXV���NDLNRPDNR��3HQQDQWLD�FRU\ PERVD���
FDEEDJH�WUHH��&RUG\ OLQH�DXVWUDOLV���NDZDNDZD��0 DFURSLSHU�H[ FHOVXP��DQG�PDPDNX��&\ DWKHD�
PHGXOODULV���DOUHDG\ �RYHUWRSSLQJ�WKH�VKUXEV�LQ�SODFHV��7KH�UHPDLQGHU�RI�WKH�SURSHUW\ �LV�D�PL[ �
RI�UHPQDQW�WDOO�IRUHVW��F��� � � � ��SDUWLFXODUO\ �DW�KLJKHU�HOHYDWLRQV��VHUDO�EURDGOHDYHG�IRUHVW��F��
� � � � �DQG�URFN�RXWFURSV��VDOW�WXUIV��FRDVWDO�FOLIIV�DQG�VHWWOHPHQW��* UD] LQJ�VWRFN�ZDV�PRVWO\ �
UHPRYHG�LQ�WKH�HDUO\ �� � � � V�ZLWK�FRQVHTXHQW�UDSLG�UHJHQHUDWLRQ�RI�WDXKLQX���
�

�������������������������������������������������
�
� �) XQFWLRQV�UHODWLQJ�SODQW�ELRPDVV�WR�HDVLO\ �PHDVXUHG�SDUDPHWHUV�VXFK�DV�VKUXE�KHLJKW��YROXPH��RU�SHUFHQW�FRYHU��
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: H�KDYH�DVVXPHG�WKDW�H[ LVWLQJ�ROG�JURZWK�IRUHVW�V�DW�WKH�VRXWKHUQ�HQG�RI�WKH�SURSHUW\ �JLYH�D�
UHDVRQDEOH�LQGLFDWLRQ�RI�WKH�OLNHO\ �IXWXUH�IRUHVW�RQ�WKH�UHVW�RI�WKH�SURSHUW\ ��7KH�XSSHU�VORSHV�
RI�-DFNVRQ¶V�+HDG��DERYH�DERXW�� � � �P �D�V�O���KDYH�FORXG�IRUHVW�ZLWK�D�PL[ �RI�UHG�EHHFK�
�1RWKRIDJXV�IXVFD���EODFN�EHHFK��1 ��VRODQGUL���N PDKL��: HLQPDQQLD�UDFHPRVD���+DOO¶V�WWDUD�
�3RGRFDUSXV�KDOOLL���EURDGOHDI��* ULVHOLQLD�OLWWRUDOLV���PLUR��3UXPQRSLW\ V�IHUUXJLQHD���DQG�
VRPH�VRXWKHUQ�UW��0 HWURVLGHURV�XPEHOODWD���%HQHDWK�WKH�FDQRS\ �DUH�VRIW�WUHH�IHUQ��&\ DWKHD�
VPLWKLL���KRURSLWR��3VHXGRZLQWHUD�FRORUDWD�DQG�3��D[ LOODULV���FOLPELQJ�UW�VSHFLHV�
�0 HWURVLGHURV�IXOJHQV��0 ��GLIIXVD�DQG�0 ��SHUIRUDWD���FURZQ�IHUQ��%OHFKQXP�GLVFRORU��DQG�
ILOP\ �IHUQV��+ \ PHQRSK\ OOXP�VSS��LQFOXGLQJ�NLGQH\ �IHUQ�±�7ULFKRPDQHV�UHQLIRUPH���%HORZ�
WKLV�HOHYDWLRQ�DUH�H[ SDQVHV�RI�VHFRQGDU\ �IRUHVW�FRQWDLQLQJ�D�KDQGIXO�RI�ROG�ULPX�� ' DFU\ GLXP�
FXSUHVVLQXP���PDWD��3UXPQRSLW\ V�WD[ LIROLD��DQG�PLUR�ZLWK�VRPH�SURJHQ\ ��2 Q�WKH�ULGJH�FUHVW�
DQG�RQ�VSXUV�ODUJH�N QXND�DUH�GRPLQDQW��DQG�WKHUH�DUH�DUHDV�LQ�ZKLFK�LQDND�� ' UDFRSK\ OOXP�
ORQJLIROLXP��DQG�WUHH�KHEH��+HEH�SDUYLIORUD��DUH�ORFDOO\ �SUHYDOHQW��2 WKHUZLVH��WKH�IRUHVW�LV�
FRPSRVHG�RI�D�PL[ �RI�EURDGOHDYHG�WUHHV��7DZD��%HLOVFKPLHGLD�WDZD��GRPLQDWHV�VRPH�
UHODWLYHO\ �VKHOWHUHG�VLWHV��EXW�HOVHZKHUH�LV�PLQJOHG�ZLWK�P KRH��ZKLWH\ ZRRG���NRKHNRKH��
QNDX��5KRSDORVW\ OLV�VDSLGD���KQDX��( ODHRFDUSXV�GHQWDWXV���SLJHRQZRRG��+HG\ FDU\ D�
DUERUHD���SXNDWHD��/ DXUHOLD�QRYDH�]HODQGLDH���NDUDND��&RU\ QRFDUSXV�ODHYLJDWXV���DNLUDKR�
�2 OHDULD�SDQLFXODWD���SXND��* ULVHOLQLD�OXFLGD���EURDGOHDI�NDSXND��WWRNL��$OHFWU\ RQ�H[ FHOVXP���
KHNHWDUD��2 OHDULD�UDQL���FDEEDJH�WUHH��ODQFHZRRG��3VHXGRSDQD[ �FUDVVLIROLXV���P SRX�
�0 \ UVLQH�DXVWUDOLV���PDPDNX��SRQJD��&\ DWKHD�GHDOEDWD��DQG�NDLNRPDNR��. LHNLH��) UH\ FLQHWLD�
EDQNVLL���FOLPELQJ�UW�VSHFLHV�DQG�VXSSOHMDFN��5LSRJRQXP�VFDQGHQV��DUH�DEXQGDQW�LQ�VRPH�
SODFHV��. DZDNDZD��UDQJLRUD��%UDFK\ JORWWLV�UHSDQGD��DQG�YDULRXV�JURXQG�IHUQV�FRPSULVH�WKH�
GRPLQDQW�XQGHUVWRUH\ �JURXQG�FRYHU��ZLWK�WUHH�VHHGOLQJV�EHFRPLQJ�HVWDEOLVKHG�QRZ�WKDW�
DQLPDO�QXPEHUV�KDYH�EHHQ�ORZHUHG��
�
3UHGLFWHG�VXFFHVVLRQ�WUDMHFWRULHV�IRU�WKH�0 DUOERURXJK�6RXQGV�KDYH�EHHQ�SUHYLRXVO\ �GHVFULEHG�
�: DVVLOLHII�� � � � � ��,W�LV�DQWLFLSDWHG�WKDW�EURDGOHDYHG�IRUHVW�ZLOO�UHVXOW�ZLWKLQ�D�IHZ�GHFDGHV�
DQG�LQ�WKH�ORQJHU�WHUP�SRGRFDUSV�DQG�EHHFKHV�PD\ �UH�HVWDEOLVK��7KLV�VWXG\ �IRFXVHV�RQ�WKH�
ILUVW�FHQWXU\ �RI�WKH�VXFFHVVLRQ�WKURXJK�WR�EURDGOHDYHG�IRUHVW��LQ�RUGHU�WR�UHFRPPHQG�SULRULWLHV�
IRU�LPPHGLDWH�PDQDJHPHQW�RI�WKH�VXFFHVVLRQ��3ORWV�ZHUH�WKHUHIRUH�HVWDEOLVKHG�LQ�D�UDQJH�RI�
GHYHORSPHQW�VWDJHV�IURP�WDXKLQX�GRPLQDWHG�VKUXEODQG�WKURXJK�WR�EURDGOHDYHG±WDZD�IRUHVW��
3HUPDQHQW�VDPSOH�SORWV��363V��ZHUH�SODFHG�VHQVX�$ OOHQ��� � � � ��� � � � � �WR�DOORZ�IXWXUH�
UHPHDVXUHPHQW�DQG�WUDFNLQJ�RI�ELRGLYHUVLW\ �DQG�FDUERQ�FKDQJHV��363V��� � �î �� � �P��ZHUH�
FRQVWUXFWHG�ZLWKLQ�UHSUHVHQWDWLYH�VWDQGV�RI�HDFK�RI�IRXU�GHYHORSPHQWDO�VWDJHV��LQ�VWDQGV�RI�
VLPLODU�VORSH��H[ SRVXUH�DQG�DOWLWXGH��) LYH�SORWV�ZHUH�PHDVXUHG�LQ�VWDJH�$ ��WZR�SORWV�ZHUH�
PHDVXUHG�DW�VWDJH�%��WZR�SORWV�ZHUH�PHDVXUHG�DW�VWDJH�&��WKUHH�SORWV�ZHUH�PHDVXUHG�LQ�VWDJH�
' ��7KH�VWDJHV�FDQ�EH�GHVFULEHG�DV�IROORZV���
�
( DUO\ �JURZWK�WDXKLQX��XVXDOO\ �LQFOXGHV�VRPH�P QXND�DOVR���ZLWK�H[ RWLF�JUDVV�VSHFLHV�DV�WKH�
PDLQ�JURXQG�FRYHU��7DXKLQX�LV�JHQHUDOO\ �XS�WR�F��� �P�LQ�KHLJKW�ZLWK�GLDPHWHU�DW�EUHDVW�KHLJKW�
�GEK��RI�OHVV�WKDQ�� �FP��2 WKHU�ZRRG\ �VSHFLHV�DUH�DEVHQW��) LJ��� � ��
6WDQGV�SUHGRPLQDQWO\ �RI�ILYH�ILQJHU�DQG�\ RXQJ�NRKHNRKH�ZLWK�RFFDVLRQDO�RFFXUUHQFHV�RI�
RWKHU�EURDGOHDYHG�VKUXEV�DQG�WUHHV��) LJ��� � ��
0 DWXUH�NRKHNRKH�ZLWK�VRPH�NDUDND��NDLNRPDNR�DQG�SLJHRQZRRG��) LJ��� � ��
0 L[ HG�EURDGOHDYHG�IRUHVW�ZLWK�WDZD��KQDX�DQG�SXNDWHD��XS�WR�� � �FP�GEK��DV�WDOOHVW�FDQRS\ �
WUHHV��) LJ��� � ��
�
7KLV�LV�WKRXJKW�WR�DSSUR[ LPDWH�WKH�VXFFHVVLRQ�IRU�PRVW�RI�WKH�SURSHUW\ �LQ�TXHVWLRQ��,W�VKRXOG�
EH�QRWHG�WKDW�NRKHNRKH�PD\ �SHUVLVW�DV�WKH�GRPLQDQW�VSHFLHV�RI�WKH�ODWH�VXFFHVVLRQDO�VWDJH�LQ�
SDUWV�RI�WKH�RXWHU�0 DUOERURXJK�6RXQGV��,Q�WKRVH�LQVWDQFHV�VWDJH�( �ZRXOG�EH�GRPLQDWHG�E\ �
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NRKHNRKH�EXW�LQFOXGH�WDZD��SXND��SXNDWHD��QNDX��KQDX�DQG�SRGRFDUSV��7KLV�ZLOO�OLNHO\ �RFFXU�
LQ�VRPH�SDUWV�RI�WKLV�SURSHUW\ �DOVR�EXW�WKLV�DOWHUQDWLYH�SDWKZD\ �LV�QRW�FRQVLGHUHG�KHUH��
�
7KH�DJH�RI�VWDJH�$ �ZDV�LQIHUUHG�IURP�ODQGRZQHU�UHFRUGV��DQG�IRU�VWDJHV�%±' �LQFUHPHQW�FRUHV�
ZHUH�WDNHQ�IURP�WZR�RU�WKUHH�RI�WKH�ELJJHVW�H[ DPSOHV�RI�WKH�GRPLQDQW�WUHH�VSHFLHV�RQ�HDFK�
SORW��5LQJ�FRXQWV�ZHUH�ODWHU�PDGH�LQ�RUGHU�WR�HVWLPDWH�WUHH�DJH�IRU�HDFK�VWDQG��7UHH�DJHV�ZHUH�
DGGHG�WR�WKH�HVWLPDWHG�DJH�RI�WKH�SUHFHGLQJ�VWDQG��DIWHU�DOORZLQJ�IRU�VRPH�RYHUODS�LQ�SUHVHQFH�
RI�LQGLYLGXDO�WUHHV��LQ�RUGHU�WR�FRQVWUXFW�D�FXPXODWLYH�DJH�RI�WKH�VXFFHVVLRQ��$ SSUR[ LPDWH�
VXFFHVVLRQ�DJH�LV�WKHUHIRUH�WKH�DJH�RI�WUHHV�LQ�WKH�GHYHORSPHQWDO�VWDJH�SOXV�WKH�DJH�RI�WKH�
SUHYLRXV�VWDJH��
�

�
�
) LJ��� �( DUO\ �VXFFHVVLRQDO�VWDQG�RI�WDXKLQX�DQG�P QXND�ZLWK�VRPH�H[ RWLF�JUDVV�VSHFLHV��
' HYHORSPHQW�VWDJH�$ ��
�
�
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�
�
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�
) LJ��� �6WDQG�RI�VPDOO�WUHHV�SUHGRPLQDQWO\ �FRPSRVHG�RI�\ RXQJ�NRKHNRKH�DQG�ILYH�ILQJHU��
' HYHORSPHQW�VWDJH�%��
�
�
�
�
�
�
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�
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�
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�
�
) LJ��� �0 DWXUH�NRKHNRKH�DQG�NDUDND�IRUHVW��' HYHORSPHQW�VWDJH�&��
�
�
�

�
�
) LJ��� �0 DWXUH�EURDGOHDYHG�IRUHVW�FRPSULVLQJ�NRKHNRKH��WDZD��KQDX�DQG�SXNDWHD��
' HYHORSPHQW�VWDJH�' ��
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$ �VLQJOH�SORW�ZDV�DOVR�SODFHG�LQ�DQ�DUHD�WKDW�KDG�EHHQ�IHQFHG�IURP�GHHU��SLJV�DQG�JRDWV�DQG�
DOORZHG�UHJHQHUDWH�IRU�F��� � �\ HDUV��7KLV�SORW�VKRZHG�D�UDSLG�UDWH�RI�VXFFHVVLRQ�SURJUHVVLRQ�WR�
EURDGOHDYHG�VKUXE�VSHFLHV�DQG�LV�WKRXJKW�WR�UHVHPEOH�WKH�SUHGLFWHG�WUDQVLWLRQ�IURP�FXUUHQW�
VWDJH�$ ��JLYHQ�WKH�QRZ�LQWHQVLYH�HIIRUWV�RI�ZLOG�DQLPDO�FRQWURO�RQ�WKH�SURSHUW\ ��
�

�
�
) LJ��� �$ UHD�IHQFHG�IURP�GHHU��SLJ�DQG�JRDW�EURZVLQJ�IRU�F��� � �\ HDUV��7DXKLQX�VWDQGV�DUH�
VWDUWLQJ�WR�EH�RYHUWDNHQ�E\ �EURDGOHDYHG�VKUXE�VSHFLHV�VXFK�DV�P KRH�DQG�ILYH�ILQJHU���
�
�
: LWKLQ�HDFK�SORW��D�5HFFH��µUHFRQQDLVVDQFH¶��GHVFULSWLRQ��$ OOHQ�� � � � � �ZDV�FRPSOHWHG��$ V�
ZHOO�DV�SK\ VLFDO�DWWULEXWHV�RI�D�SORW�WKH�5HFFH�UHFRUGV�DOO�YDVFXODU�SODQWV�IRXQG�RQ�WKH�SORW�
DORQJ�ZLWK�WKHLU�FRYHU�DQG�KHLJKW���
�
6RLO�VDPSOHV�ZHUH�DOVR�WDNHQ�IRU�VWDQGV�RI�GHYHORSPHQWDO�VWDJHV�%�' ��$ �VDPSOH�RI�PLQHUDO�
VRLO�RQO\ �ZDV�FROOHFWHG�RXWVLGH�WKH�SORW�DW�� �P�IURP�HDFK�RI�WKH�IRXU�FRUQHUV�LQ�D�
SUHGHWHUPLQHG�GLUHFWLRQ��7KH�IRXU�VDPSOHV�ZHUH�EXONHG��PL[ HG�DQG�WKHQ�VXEVDPSOHG��7KH�
VXEVDPSOH�ZDV�RYHQ�GULHG�WR�FRQVWDQW�PDVV�DW�� � ƒ&��WKHQ�DQDO\ VHG�IRU�WRWDO�FDUERQ��QLWURJHQ�
DQG�SKRVSKRUXV��: LWKRXW�PHDVXUHV�RI�EXON�GHQVLW\ �RI�VRLOV�WKHVH�GDWD�FDQQRW�EH�XVHG�WR�
FDOFXODWH�WRWDO�VRLO�FDUERQ�EXW�WKH\ �ZHUH�XVHG�WR�LQGLFDWH�UHODWLYH�VWDQG�IHUWLOLW\ ���
�
363V�ZHUH�IXUWKHU�GLYLGHG�LQWR�� �î �� �P�VXE�SORWV�WR�HQDEOH�HDVH�RI�ELRPDVV�GHWHUPLQDWLRQ��
) RU�WKH�WDXKLQX�RQO\ �VWDJH��SORWV�ZHUH�WUHDWHG�DV�µFRQWLQXRXV�FRYHU¶�RI�VKUXEE\ �YHJHWDWLRQ�
DQG�WKHUHIRUH�D�PHDQ�KHLJKW�DQG�SHUFHQW�FRYHU�ZDV�HVWLPDWHG�IRU�HDFK�VXE�SORW���
�
) RU�GHYHORSPHQWDO�VWDJHV�%±' �DOO�WUHHV�ODUJHU�WKDQ�� �� �FP�GEK�ZHUH�WDJJHG�DQG�WKHLU�
GLDPHWHUV�PHDVXUHG��+HLJKWV�ZHUH�DOVR�HVWLPDWHG�WR�DOORZ�IRU�DOORPHWULF�FDOFXODWLRQ�RI�SODQW�
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ELRPDVV��6WHPV�� �� �� �FP�GEK�ZHUH�WUHDWHG�DV�µFRQWLQXRXV�FRYHU¶�DQG�D�PHDQ�YDOXH�RI�KHLJKW�
FDOFXODWHG�IRU�HDFK�VXE�SORW�DORQJ�ZLWK�SHUFHQW�FRYHU��
�
$ ERYH�JURXQG�ELRPDVV��$* %��RI�FRQWLQXRXV�FRYHU�ZDV�FDOFXODWHG�DIWHU�&RRPHV�HW�DO��� � � � � � ��
�
$* %� �™�VKUXE�GHQVLW\ �î �YROXPH��
�
$ ERYH�JURXQG�ELRPDVV��$* %��RI�LQGLYLGXDO�VWHPV�ZDV�FDOFXODWHG�XVLQJ�DQ�DOORPHWULF�IRUPXOD�
SUHYLRXVO\ �GHVLJQHG�IRU�XVH�DFURVV�D�UDQJH�RI�1 HZ�=HDODQG�IRUHVW�DQG�VKUXEODQG�VSHFLHV�
�&RRPHV�HW�DO��� � � � � ��
�
�
�
7KH�FRQVWDQW�S�LQGLFDWHV�ZRRG�GHQVLW\ ��DQG�YDULHV�E\ �VSHFLHV�DQG�ORFDWLRQ��: RRG�GHQVLW\ �
YDOXHV�ZHUH�SURYLGHG�E\ �. ��-HQNLQV�DQG�' ��&RRPHV��SHUV��FRPP����RU�IURP�+LQGV�	 �5HLG�
�� � � � � ��9 DOXHV�IRU�WKH�RWKHU�FRQVWDQWV�XVHG�ZHUH�FRQVLVWHQW�DFURVV�VSHFLHV�DQG�ZHUH�DV�
IROORZV��
�
D� � �� � ( � � � �� � � H� � �� � �
E� � �� � � �� � � I� � �� � � � �
F� � �� � � � �� � � J� � �� � �
G� � �� � �
�
%HORZ�JURXQG�ELRPDVV�ZDV�FDOFXODWHG�DV�D�FRQVWDQW�� � � �RI�DERYH�JURXQG�ELRPDVV��3KLOOLSV�
	 �: DWVRQ�� � � � � ��/ LWWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP�� �� �P � �TXDGUDWV�RXWVLGH�HDFK�RI�WKH�IRXU�
FRUQHUV�DQG�FRQYHUWHG�WR�FDUERQ�VWRFNV�XVLQJ�WKH�PHWKRG�RI�&RRPHV�HW�DO��� � � � � � ��
�
%LRPDVV�YDOXHV�ZHUH�FRQYHUWHG�WR�FDUERQ�XVLQJ�D�PXOWLSOLHU�RI�� �� ��
�

� �� 5 HVXOWV�

�
� �� � ' HYHORSP HQWDO�VWDJHV�DQG�VSHFLHV�

7DXKLQX�GRPLQDWHG�VWDQGV�DW�GHYHORSPHQW�VWDJH�$ ��7DXKLQX�VWDQGV�DUH�WKRXJKW�WR�SHUVLVW�IRU�
PRUH�WKDQ�� � �\ HDUV�DOWKRXJK�ODWHU�VXFFHVVLRQDO�VSHFLHV�DUH�DW�OHDVW�HTXDOO\ �LPSRUWDQW�E\ �� � �
\ HDUV��DV�ORQJ�DV�EURZVLQJ�DQLPDOV�DUH�H[ FOXGHG��) LJ��� � ��6XEVHTXHQW�GHYHORSPHQWDO�VWDJHV�
ZHUH�DSSUR[ LPDWHG�DW�� � ±� � � �\ HDUV��7DEOH�� � ���
�
7DEOH�� �$ JH�RI�GRPLQDQW�WUHHV�LQ�HDFK�RI�IRXU�GHYHORSPHQWDO�VWDJHV�RI�D�WDXKLQX�EURDGOHDYHG�
IRUHVW�VXFFHVVLRQ�SOXV�LQGLFDWLYH�VXFFHVVLRQ�DJH��0 HDQ�QXPEHU�RI�ZRRG\ �VSHFLHV�SHU�SORW�LV�
JLYHQ�ZLWK�RQH�VWDQGDUG�HUURU�RI�WKH�PHDQ��
6WDJH� $ JH�RI�GRPLQDQW�WUHHV�LQ�VWDQGV� ,QGLFDWLYH�VXFFHVVLRQ�DJH� 1 R��RI�ZRRG\ �VSHFLHV�

$ � � � � � � � �“ �� �

%� � � � � � � � � �“ �� �

&� � � � � � � � � �“ �� �

' � � � � � � � � � � �“ �� �

JHE I'%+G'%+F'%++W'%+DS$*% ��������� � ++-=
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�
,Q�DGGLWLRQ�WR�WDXKLQX��� � �ZRRG\ �VSHFLHV�ZHUH�UHFRUGHG�GXULQJ�WKH�VWXG\ ��7RWDO�QXPEHU�RI�
ZRRG\ �VSHFLHV�FKDQJHG�OLWWOH�GXULQJ�WKH�FRXUVH�RI�WKH�VXFFHVVLRQ�DOWKRXJK�WKH�PDMRU�ZRRG\ �
FRPSRQHQWV�FKDQJHG�GUDPDWLFDOO\ ��( DUO\ �VWDJH�VXFFHVVLRQDO�ZRRG\ �FRYHU�ZDV�GRPLQDWHG�E\ �
WDXKLQX�ZLWK�D�UHDVRQDEOH�SHUFHQW�FRYHU�RI�P QXND��,QGLJHQRXV�ELRGLYHUVLW\ ��DV�LQGLFDWHG�E\ �
WKH�UDWLR�RI�LQGLJHQRXV�H[ RWLF�YDVFXODU�SODQW�VSHFLHV�LQFUHDVHG�GUDPDWLFDOO\ �IURP�WKH�LQLWLDWLRQ�
RI�WKH�VXFFHVVLRQ�WR�ODWHU�VWDJHV��) LJ��� � ��,W�DSSHDUV�DV�LI�LQGLJHQRXV�GLYHUVLW\ �JDLQ�VWDELOLVHV�
DURXQG�� � �\ HDUV��VWDJH�&��EXW�WKH�YDULDELOLW\ �LQ�WKH�UDWLR�RI�LQGLJHQRXV�H[ RWLF�SODQWV�SUHFOXGHV�
D�GHILQLWLYH�FRQFOXVLRQ��
�

�

�

� �

� �

� �

� �
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) LJ��� �5DWLR�RI�LQGLJHQRXV�H[ RWLF�YDVFXODU�SODQW�VSHFLHV�IRU�HDFK�GHYHORSPHQWDO�VWDJH�RI�D�
WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ��
�
$ OO�RI�WKH�SORWV�WKDW�ZHUH�VDPSOHG�IRU�VRLO�IHUWLOLW\ �KDG�UHODWLYHO\ �KLJK�OHYHOV�RI�WRWDO�QLWURJHQ�
DQG�SKRVSKRUXV��7DEOH�� � ��7KH�SORW�ZLWK�WKH�ROGHVW�LQGLYLGXDOV��µ3ORW�� ¶��ZDV�DOVR�WKH�PRVW�
IHUWLOH��KDYLQJ�KLJKHU�OHYHOV�RI�QLWURJHQ�DQG�SKRVSKRUXV�WKDQ�DQ\ �RI�WKH�RWKHU�SORWV��6DPSOHV�
ZHUH�QRW�WDNHQ�LQ�SORWV�RI�GHYHORSPHQWDO�VWDJH�$ ��
�
7DEOH�� �0 HDQ�VRLO�QXWULHQW�FRQFHQWUDWLRQV�IRU�HDFK�RI�WKUHH�GHYHORSPHQWDO�VWDJHV�RI�D�
WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ��9 DOXHV�DUH�JLYHQ�ZLWK�RQH�VWDQGDUG�HUURU�ZKHUH�WKHUH�
ZDV�PRUH�WKDQ�RQH�VDPSOH�IRU�D�JLYHQ�GHYHORSPHQWDO�VWDJH��
' HYHORSPHQWDO�
VWDJH�

0 HDQ�&��� � � 0 HDQ�1 ��� � � 0 HDQ�3�� � � � 1 �3�

%� � �� �“ �� �� � � �� � �“ �� �� � � � �� � �“ �� �� � � � �� �

&� � �� � � �� � � � �� � � � �� �

' � � �� �“ �� �� � � �� � �“ �� �� � � � �� � �“ �� �� � � � �� �

µ3ORW�� ¶� � � �� � � �� � � � �� � � � �� �

�
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7KH�PDKRH�ILYH�ILQJHU�VWDJH�RI�WKH�VXFFHVVLRQ�ZDV�WKH�GHQVHVW�VWDJH�RI�WKH�VXFFHVVLRQ�EXW�
NRKHNRKH�GHQVLW\ �SHDNHG�DW�WKH�QH[ W�VWDJH��7DEOH�� � ��&RPELQHG�GHQVLWLHV�RI�EURDGOHDYHG�
VSHFLHV�SUHVXPDEO\ �LQFUHDVHG�GXULQJ�EURDGOHDYHG�IRUHVW�HVWDEOLVKPHQW�WKHQ�GHFUHDVHG�ZLWK�
VXFFHVVLRQDO�GHYHORSPHQW��' XULQJ�WKH�XOWLPDWH�VWDJH�RI�EURDGOHDYHG�VXFFHVVLRQ�WKH�PRVW�
IUHTXHQWO\ �RFFXUULQJ�WUHH�VSHFLHV�ZDV�SLJHRQZRRG���
�
7DEOH�� �0 HDQ�GHQVLW\ ��VWHPV�KD��RI�DOO�WUHHV�PHDVXUHG�LQ�HDFK�GHYHORSPHQWDO�VWDJH�RI�D�
WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ���
�
� ' HYHORSPHQWDO�VWDJH�

6SHFLHV� $ 
 � %� &� ' �

%HLOVFKPLHGLD�WDZD��WDZD�� � � � � � � � � �“ �� � � �

&RSURVPD�OXFLGD� � � � �“ �� � � � � � �

&RSURVPD�UREXVWD� � � � �“ �� � � � � � �

&RUG\ OLQH�DXVWUDOLV��FDEEDJH�
WUHH��

� � � �“ �� � �
� �

� � �“ �� � �

&RU\ QRFDUSXV�ODHYLJDWXV�
�NDUDND��

� � � � � � �“ �� � � � � � �“ �� � �

&\ DWKHD�GHDOEDWD��VLOYHU�IHUQ�� � � � �“ �� � � � � � �

' \ VR[ \ OXP�VSHFWDELOH�
�NRKHNRKH��

� � � � � �“ �� � � � � � � � � �“ �� � � � � � � � �“ �� � � �

( ODHRFDUSXV�GHQWDWXV��KQDX�� � � � � � � �“ �� �

* ULVHOLQLD�OLWWRUDOLV�
�EURDGOHDI��

� � � � � � � � �“ �� � � �

+HEH�SDUYLIORUD��WUHH�KHEH�� � � � � �“ �� � � � � � � �

+HG\ FDU\ D�DUERUHD�
�SLJHRQZRRG��

� � � � �“ �� � � � � � � �“ �� � � � � � � � �“ �� � � �

. XQ]HD�HULFRLGHV��N QXND�� � � � � � � � �“ �� � �

/ DXUHOLD�QRYDH�]HODQGLDH�
�SXNDWHD��

� � � � � � � �“ �� � �

/ HSWRVSHUPXP�VFRSDULXP�
�P QXND��

� � � �“ �� � � � � �

/ HXFRSRJRQ�IDVFLFXODWXV�
�PLQJLPLQJL��

� � � � �“ �� � � � � � � �

0 DFURSLSHU�H[ FHOVXP�
�NDZDNDZD��

� � � � � �“ �� � � � � �“ �� � �

0 HOLF\ WXV�UDPLIORUXV��P KRH�� � � � � �“ �� � � � �“ �� � � � � � �“ �� � � �

0 HWURVLGHURV�IXOJHQV�
�FOLPELQJ�UW��

� � � � � � � �“ �� � �

0 \ UVLQH�DXVWUDOLV��P SRX�� � � � � �“ �� � � � � � � � �“ �� � �

2 OHDULD�SDQLFXODWD��DNLUDKR�� � � � � �“ �� � � � � � �

2 OHDULD�UDQL��KHNHWDUD�� � � � � � � � �“ �� � �
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� ' HYHORSPHQWDO�VWDJH�

6SHFLHV� $ 
 � %� &� ' �

3HQQDQWLD�FRU\ PERVD�
�NDLNRPDNR��

� � � �“ �� � � � � �“ �� � � �“ �� �

3UXPQRSLW\ V�IHUUXJLQHD�
�PLUR��

� � � � � � �“ �� �

3VHXGRSDQD[ �DUERUHXV�� ILYH�
ILQJHU��

� � � � � �“ �� � � � � � � � �

5KRSDORVW\ OLV�VDSLGD��QNDX�� � � � � � � � �“ �� � �

7RWDO� � � � � � � � � � � � � � � � �


 �1 R�WUHH�VKUXE�GHQVLWLHV�PHDVXUHG�RQ�VWDJH�$ ��

�
� �� � %LRP DVV�FDUERQ�DFFXP XODWLRQ�ZLWK�WLP H�

/ LYH�ELRPDVV�FDUERQ��WRWDO�RI�DERYH��DQG�EHORZ�JURXQG��UDQJHG�IURP�� �� �W�&2 � �KD�LQ�VWDJH�$ �
WR�� � � �� �W�&2 � �KD�LQ�VWDJH�' ��7DEOH�� � ��%LRPDVV�LQFUHDVHG�ZLWK�GHYHORSPHQW�VWDJH�DV�WKH�
ODWHU�VXFFHVVLRQDO�VSHFLHV�DUH�JHQHUDOO\ �ODUJHU�VWDWXUHG��) LJ��� � ��7DXKLQX�LV�WKH�ELJJHVW�
FRQWULEXWRU�WR�VWDQG�ELRPDVV�DW�VWDJH�$ ��%\ �GHYHORSPHQWDO�VWDJH�%�WKH�EURDGOHDYHG�VSHFLHV�
GRPLQDWH��DQG�DOWKRXJK�NRKHNRKH�LV�D�PDMRU�FRQWULEXWRU�WKH�RWKHU�VSHFLHV�WRJHWKHU�DUH�VWLOO�
UHVSRQVLEOH�IRU�PRUH�ELRPDVV��. RKHNRKH¶V�GRPLQDQFH�SHDNV�DW�VWDJH�&�DQG�WKHQ�GHFOLQHV�LQ�
' �ZKHQ�D�WDZD±P KRH�FDQRS\ �FRH[ LVWV�ZLWK�RWKHU�EURDGOHDYHG�WUHHV��
�
$ QQXDO�VHTXHVWUDWLRQ�UDWHV�IRU�UHJHQHUDWLQJ�EURDGOHDYHG�IRUHVW��LQFOXGLQJ�DERYH��DQG�EHORZ�
JURXQG�FDUERQ��OLWWHU��DYHUDJHG�� �� �W�&2 � �KD�RYHU�� � � �\ HDUV�DQG�SHDNHG�VRPHWLPH�DURXQG�� � �
\ HDUV�DW�F��� �W�&2 � �KD��) LJ��� � ��7KH�LQGLFDWHG�SRWHQWLDO�UDWH�IRU�WKH�ILUVW�� � �\ HDUV�RI�D�
VXFFHVVLRQ�IUHH�IURP�EURZVLQJ�DQLPDOV�ZDV�PXFK�JUHDWHU�DW�F��� � �W�&2 � �KD��
�
7DEOH�� �0 HDQ�OLYH�ELRPDVV�FDUERQ��W�&2 � �KD��IRU�PDMRU�ZRRG\ �VSHFLHV�RI�HDFK�
GHYHORSPHQWDO�VWDJH�RI�D�WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ��/ LYH�ELRPDVV�LQFOXGHV�
DERYH�JURXQG�DQG�EHORZ�JURXQG�SRROV�RQO\ ��7KH�VXPPHG�ELRPDVV�LV�VKRZQ�“ �RQH�VWDQGDUG�
HUURU�RI�WKH�PHDQ��

6WDJH� 7DXKLQX� 0 KRH� . RKHNRKH� 3LJHRQZRRG� 7DZD� 2 WKHU�VSS�� 6XPPHG�ELRPDVV�

$ � � �� � � � � � � � � � � � � �� �“ �� �� �

%� � �� � � �� � � � �� � � � �� � � � � � �� � � � � �� �“ �� � �� �

&� � �� � � � �� � � � � �� � � � �� � � � � � �� � � � � �� �“ �� � �� �

' � � �� � � � � �� � � �� � � � �� � � � � �� � � � � �� � � � � �� �“ �� � �

�
�
�
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) LJ��� �0 HDQ�OLYH�ELRPDVV�FDUERQ�VWRFNV��W�&2 � �KD��IRU�HDFK�GHYHORSPHQWDO�VWDJH�RI�D�
WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ��( UURU�EDUV�UHSUHVHQW�RQH�VWDQGDUG�HUURU�RI�WKH�PHDQ��
7KH�VLQJOH�RXWO\ LQJ�SRLQW�LQGLFDWHV�ELRPDVV�FDUERQ�RQ�WKH�RQH�SORW�IURP�ZKLFK�JUD] LQJ�
DQLPDOV�KDYH�EHHQ�H[ FOXGHG��

6XFFHVVLRQ�DJH��\ UV�

� � � � � � � � � � � �
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�
) LJ��� �6HTXHVWUDWLRQ�RI�FDUERQ��W�&2 � �KD�\ U��DQG�VXFFHVVLRQ�DJH�DW�GLIIHUHQW�VWDJHV�RI�IRUHVW�
GHYHORSPHQW�RI�D�WDXKLQX�EURDGOHDYHG�IRUHVW�VXFFHVVLRQ��7KH�VLQJOH�RXWO\ LQJ�SRLQW�LQGLFDWHV�
SRWHQWLDO�VHTXHVWUDWLRQ�UDWH�RQ�WKH�RQH�SORW�IURP�ZKLFK�JUD] LQJ�DQLPDOV�KDYH�EHHQ�H[ FOXGHG��
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� �� ' LVFXVVLRQ�

�
) URP�H[ LVWLQJ�F��� � � �\ HDU�ROG�UHPQDQWV�DQG�VWDQGV�DW�YDULRXV�VWDJHV�RI�UHJHQHUDWLQJ�VKUXEODQG�
ZH�KDYH�DSSUR[ LPDWHG�WKH�IRUHVW�VXFFHVVLRQ�DW�&DSH�-DFNVRQ�DQG�FDOFXODWHG�FKDQJHV�LQ�
ELRPDVV�FDUERQ�GXULQJ�WKH�VXFFHVVLRQ��7KH�VXFFHVVLRQ�ZDV�FRYHUHG�RQO\ �DV�IDU�DV�D�
EURDGOHDYHG±WDZD�FDQRS\ ��7KH�RULJLQDO�FRQWLQXRXV�IRUHVW�FRYHU�DW�&DSH�-DFNVRQ�ZDV�
SUREDEO\ �VSOLW�DORQJ�DOWLWXGH�DQG�IHUWLOLW\ �JUDGLHQWV�EHWZHHQ�EHHFK�IRUHVW�DQG�SRGRFDUS±
EURDGOHDYHG�IRUHVW��EXW�YHJHWDWLRQ�DQG�VRLO�ZLOO�KDYH�EHHQ�PRGLILHG�FRQVLGHUDEO\ �E\ �KXPDQ�
LQWHUIHUHQFH��FOHDULQJ��EXUQLQJ��DQG�JUD] LQJ��RYHU�WKH�SDVW�F��� � � � �\ HDUV��( YLGHQFH�RI�IRUPHU�
SRGRFDUS±EURDGOHDYHG�IRUHVW�H[ LVWV�DV�D�IUDJPHQW�VLWXDWHG�RQ�' HSDUWPHQW�RI�&RQVHUYDWLRQ�
ODQG�WKDW�ERUGHUV�WKH�SURSHUW\ �DW�6KLS¶V�&RYH��5HG�DQG�KDUG�EHHFK�IRUHVW�ZRXOG�PRVW�OLNHO\ �
KDYH�RFFXSLHG�WKH�XSSHU�VORSHV�RI�WKH�SURSHUW\ �ZLWK�EURDGOHDYHG�IRUHVW�GRPLQDWLQJ�WKH�ORZHU�
DQG�PRUH�IHUWLOH�VORSHV��FRPSOHWH�ZLWK�HPHUJHQW�ULPX�� ' DFU\ GLXP�FXSUHVVLQXP���PDWD�
�3UXPQRSLW\ V�WD[ LIROLD���WWDUD��3RGRFDUSXV�WRWDUD��DQG�NDKLNDWHD�� ' DFU\ FDUSXV�
GDFU\ GLRLGHV���$ OWKRXJK�EHHFK�IRUHVW�RFFXUV�RQ�-DFNVRQ�+HDG�QR�EHHFK�WUHHV�ZHUH�REVHUYHG�
LQ�RU�QHDU�SORWV�RQ�WKH�UHVW�RI�WKH�SURSHUW\ ��' XH�WR�WKH�YHU\ �VORZ�UDWH�RI�UHLQYDVLRQ�E\ �EHHFK�
HOVHZKHUH�ZH�GR�QRW�H[ SHFW�EHHFK�WR�EHFRPH�D�IHDWXUH�RI�WKH�IRUHVW�FRPSRVLWLRQ���
�
3DUN�DQG�: DOOV��� � � � � �LQGLFDWH�WKDW�WKH�VSHFLHV�FRPSRVLWLRQ�RI�HDUO\ �VWDJHV�RI�0 DUOERURXJK�
6RXQGV�VXFFHVVLRQV�JRYHUQV�WKH�IROORZLQJ�VHUDO�VWDJHV�DQG�WKDW�D�ZLGH�YDULHW\ �RI�VXFFHVVLRQDO�
WUDMHFWRULHV�RFFXU��GHSHQGHQW�RQ�WRSRJUDSK\ ��IHUWLOLW\ �DQG�VHHG�DYDLODELOLW\ ��0 XFK�RI�WKH�
SURSHUW\ �OLHV�EHORZ�� � � �P �EXW�WKH�ZHVWHUQ�IODQN�H[ SHULHQFHV�YHU\ �VWURQJ�ZHVWHUO\ �ZLQGV�WR�
WKH�H[ WHQW�WKDW�WKH�YHJHWDWLRQ�LV�ZLQG�VKRUQ�LQ�SODFHV�DQG�H[ SHFWHG�WR�SURFHHG�WR�WDOOHU�IRUHVW�
RQO\ �YHU\ �VORZO\ �DQG�XS�WR�D�GLPLQXWLYH�VWDWXUH��3RGRFDUS�VSHFLHV�IUHTXHQWO\ �JURZ�LQ�
DVVRFLDWLRQ�ZLWK�N QXND��%UD\ �� � � � ��$ OOHQ�HW�DO��� � � � � ��DOWKRXJK�LW�PD\ �WDNH�XS�WR�� � � �\ HDUV�
IRU�WKH�SRGRFDUSV�WR�GRPLQDWH��( VOHU�	 �$ VWULGJH�� � � � ��0 ROOR\ �� � � � � ��3RGRFDUS±EURDGOHDYHG�
IRUHVWV�DUH�LQGLFDWHG�DV�SRWHQWLDO�HQG�SRLQWV�RI�D�P QXND±WDXKLQX�VXFFHVVLRQ��3DUN�	 �: DOOV�
� � � � � ��+RZHYHU��DV�IDU�DV�ZH�DUH�DZDUH��WKHUH�KDYH�EHHQ�QR�SXEOLVKHG�VWXGLHV�RI�SRGRFDUS�
VXFFHVVLRQ�WKURXJK�WDXKLQX��* LYHQ�WKH�RFFXUUHQFH�RI�SRGRFDUS�VHHGOLQJV�DIWHU�WKH�WDXKLQX�
RQO\ �VWDJH�LW�VHHPV�UHDVRQDEOH�WR�H[ SHFW�WKDW�VFDWWHUHG�SRGRFDUSV�PLJKW�DJDLQ�HPHUJH�DV�D�
FRPSRQHQW�RI�DQ�RWKHUZLVH�EURDGOHDYHG�IRUHVW�FDQRS\ ���
�
,W�VKRXOG�EH�QRWHG�WKDW�WKH�VXFFHVVLRQ�DFWXDOO\ �EHJDQ�ZLWK�H[ RWLF�JUDVV�VSHFLHV�VR�PDMRU�JDLQV�
LQ�LQGLJHQRXV�ELRGLYHUVLW\ �RFFXUUHG�GXULQJ�WKH�SURFHVV�RI�FRQYHUVLRQ�WR�WDXKLQX�VKUXEODQG��
$ OUHDG\ �DW�WKH�HDUOLHVW�VWDJHV�RI�VXFFHVVLRQ��F��� �\ HDUV�IURP�SDVWXUH�RQO\ ��ZH�IRXQG�D�ODUJH�
QXPEHU�RI��LQGLJHQRXV��ZRRG\ �VSHFLHV�SUHVHQW��7KH�RYHUDOO�QXPEHU�RI�ZRRG\ �VSHFLHV�GLG�QRW�
LQFUHDVH�GXULQJ�WKH�VXFFHVVLRQ�WR�WDOO�IRUHVW�DOWKRXJK�WKH�UDWLR�RI�LQGLJHQRXV�H[ RWLF�YDVFXODU�
SODQW�VSHFLHV�LQFUHDVHG��7KLV�PLUURUV�WKH�UHVXOW�RI�D�SUHYLRXV�LQWHQVLYH�VWXG\ �RI�VHFRQGDU\ �
VXFFHVVLRQ�LQ�ORZODQG�0 DUOERURXJK�6RXQGV�ZKHUH�WKH�ELJJHVW�VKLIW�ZDV�LQ�ZRRG\ �VSHFLHV�
FRPSRVLWLRQ�UDWKHU�WKDQ�DEVROXWH�QXPEHU�RI�VSHFLHV��: DVVLOLHII�� � � � � ���
�
: H�IRXQG�LQGLUHFW�HYLGHQFH�IRU�DQLPDO�LQIOXHQFH�RI�WKH�VXFFHVVLRQ�DQG�UHFRPPHQG�WKDW�
FRQWURO�RI�ZLOG�DQLPDOV��SDUWLFXODUO\ �JRDWV�DQG�SLJV��LV�FRQWLQXHG��$ W�RQH�VLWH�LQ�
GHYHORSPHQWDO�VWDJH�&��) LJ��� � �ZH�IRXQG�D�FRPSOHWH�DEVHQFH�RI�XQGHUVWRUH\ �VSHFLHV��
: DVVLOLHII�� � � � � � �DOVR�QRWHG�D�VLPLODU�FRQFHQWUDWLRQ�RI�IROLDJH�QHDU�WKH�PHDQ�FDQRS\ �KHLJKW�
RI�WKH�VWDQG�LQ�VHUDO�YHJHWDWLRQ��ZLWK�VKUXE�XQGHUVWRUH\ �RQO\ �VWDUWLQJ�� � �\ HDUV�DIWHU�
GLVWXUEDQFH��: KLOH�LQ�RXU�VWXG\ �WKLV�ZLOO�EH�GXH��LQ�SDUW��WR�WKH�URFN\ �WHUUDLQ�DQG�KLJK�GHQVLW\ �
RI�NRKHNRKH��ZH�DOVR�VXJJHVW�WKDW�PXFK�RI�WKH�XQGHUVWRUH\ �KDV�EHHQ�UHPRYHG�E\ �PDPPDOLDQ�
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EURZVHUV�VXFK�DV�JRDWV��SLJV�DQG�PD\ EH�HYHQ�SRVVXPV��: H�DOVR�REVHUYHG�WKDW�VWDQGV�RI�
UHJHQHUDWLQJ�WDXKLQX�UHDFKHG�D�VWDJH�RI�FR�GRPLQDQFH�ZLWK�EURDGOHDYHG�VSHFLHV��) LJ��� � �
VLJQLILFDQWO\ �HDUOLHU�ZKHUH�WKHVH�VWDQGV�KDG�EHHQ�IHQFHG�WR�H[ FOXGH�LQWURGXFHG�EURZVLQJ�
PDPPDOV��GHHU��JRDWV�DQG�SLJV���: H�DOVR�FRQVLGHU�WKDW�WKH�UHODWLYHO\ �RSHQ�XQGHUVWRUH\ �
REVHUYHG�LQ�WKH�ODWHVW�VWDJH�RI�WKH�VXFFHVVLRQ�PHDVXUHG�KHUH��) LJ��� � �RFFXUV�DV�D�UHVXOW�RI�
EHLQJ�FORVH�WR�PDLQ�URXWHV�IRU�JRDWV��&RQWURO�RI�WKH�LQWURGXFHG�EURZVLQJ�VSHFLHV�VKRXOG�EH�D�
KLJK�SULRULW\ �IRU�PDQDJHPHQW�WR�DOORZ�D�JRRG�UDWH�RI�SURJUHVVLRQ�RI�WKH�IRUHVW�VXFFHVVLRQ��: H�
SUHGLFW�WKDW�UDWHV�RI�ERWK�ELRGLYHUVLW\ �DQG�FDUERQ�JDLQ�ZLOO�EH�VORZHG�ZLWKRXW�VXFK�FRQWURO��
3LJV�DQG�JRDWV�KDYH�EHHQ�SUHYLRXVO\ �UHSRUWHG�DV�WKH�LQWURGXFHG�PDPPDOV�ZLWK�JUHDWHVW�
LPSDFW�RQ�WKH�6RXQGV�YHJHWDWLRQ��SDUWLFXODUO\ �WKH�EURDGOHDYHG�IRUHVWV��: DOOV�� � � � � ��
) RUWXQDWHO\ ��SRVVXP�QXPEHUV�DUH�UHODWLYHO\ �ORZ�JLYHQ�WKDW�WKH\ �DUH�SRWHQWLDOO\ �GHYDVWDWLQJ�WR�
WKH�EURDGOHDYHG�IRUHVWV��HVSHFLDOO\ �NRKHNRKH��7KH\ �HDW�WKH�IORZHU�EXGV��IUXLW��DQG�VHHGOLQJV��
1 XPEHUV�DUH�GHFOLQLQJ�RQ�WKH�SHQLQVXOD�VR�ZH�SUHGLFW�DQ�LQFUHDVH�LQ�WKH�QXPEHUV�RI�QDWLYH�
ELUGV��1 NDX�SDOPV�DQG�LQWURGXFHG�WDJDVDVWH��&KDPDHF\ WLVXV�SDOPHQVLV��RQ�WKH�SURSHUW\ �
DWWUDFW�NHUHU�DQG�LW�LV�WKRXJKW�WKHUH�LV�DGHTXDWH�VHHG�VRXUFH�RI�WKH�ODUJH�VHHGHG�SRGRFDUS�
VSHFLHV��H�J��PLUR��PDWD��ZLWKLQ�NHUHU�IO\ LQJ�UDQJH�IRU�DGHTXDWH�GLVSHUVDO�RI�WKH�VSHFLHV�WKDW�
PD\ �HYHQWXDOO\ �FRH[ LVW�ZLWK�WDZD�DQG�WKH�RWKHU�EURDGOHDYHG�VSHFLHV��
�
7KH�SHDN�UDWH�RI�VHTXHVWUDWLRQ��F��� �W�&2 � �KD��DW�F��� � �\ HDUV�LV�YHU\ �VLPLODU�WR�WKH�DYHUDJH�
UDWHV��� � � �W�&2 � �KD��UHSRUWHG�IRU�UHJHQHUDWLQJ�P QXND�DQG�N QXND�VKUXEODQG�HOVHZKHUH�
�7URWWHU�HW�DO��� � � � � ��+RZHYHU��7URWWHU�HW�DO��� � � � � � �QRWH�D�VXVWDLQHG�UDWH�RI�DFFXPXODWLRQ�XS�
XQWLO�DSSUR[ LPDWHO\ �� � �\ HDUV�RI�P QXND�N QXND�VXFFHVVLRQ��: H�ILQG�HYLGHQFH�RI�D�UHODWLYHO\ �
UDSLG�GHFOLQH�LQ�VHTXHVWUDWLRQ�UDWH�DURXQG�� � �\ HDUV�DIWHU�WKH�LQLWLDWLRQ�RI�WKH�VXFFHVVLRQ�IURP�
H[ RWLF�SDVWXUH��$ OWKRXJK�D�GHFOLQLQJ�UDWH�LV�SUHGLFWHG�IRU�IRUHVWV�DSSURDFKLQJ�D�VWDEOH�VWDWH�
�+DOO�� � � � � ��WKH�GHFOLQH�REVHUYHG�LQ�WKH�FXUUHQW�VWXG\ �LV�OLNHO\ �WR�EH�SDUWLDOO\ �H[ SODLQHG�E\ �WKH�
HDUO\ �VXFFHVVLRQDO�VWDJH�FXUUHQWO\ �H[ SHULHQFLQJ�D�GLIIHUHQW�OHYHO�RI�ZLOG�DQLPDO�FRQWURO�WR�WKH�
ODWHU�VWDJHV�WKDW�DUH�D�SURGXFW�RI�SUHYLRXV�PDQDJHPHQW��ZLWK�OLWWOH�RU�QR�ZLOG�DQLPDO�FRQWURO�
DQG�GRPHVWLF�VWRFN�DFFHVV���: H�DOVR�VWUHVV�WKDW�HVWLPDWHV�RI�VXFFHVVLRQDO�DJH�DUH�PHUHO\ �
LQGLFDWLYH��DQG�WKDW�PRUH�VDPSOHV�DUH�UHTXLUHG�DW�WKH�ODWHU�VWDJHV��SDUWLFXODUO\ �WKH�SHQXOWLPDWH�
RQH��WR�LQFUHDVH�WKH�DFFXUDF\ �RI�WKH�ELRPDVV�SUHGLFWLRQV���
�
7KH�ELRPDVV�FDUERQ�YDOXHV�UHSRUWHG�IRU�PDWXUH�EURDGOHDYHG�IRUHVW�LQ�WKH�FXUUHQW�VWXG\ �DUH�
FRPSDUDEOH�WR�WKRVH�UHSRUWHG�IRU�EURDGOHDYHG�IRUHVWV�HOVHZKHUH��,I�EHORZ�JURXQG�ELRPDVV�LV�
H[ FOXGHG�WR�FRPSDUH�ZLWK�SXEOLVKHG�YDOXHV��ZH�PHDVXUHG�� � � �W�&2 � �KD�FRPSDUHG�ZLWK�
DYHUDJH�ELRPDVV�FDUERQ�YDOXHV�RI�F��� � � �W�&2 � �KD�IRU�µ) 6� �±�EURDGOHDYHG�IRUHVW�DQG�VFUXE¶�
�7DWH�HW�DO��� � � � � �DQG�F��� � � �W�&2 � �KD�IRU�µPDKRH�SLJHRQZRRG�IRUHVW¶��+DOO�HW�DO��� � � � � ��
7KRVH�DUH�DYHUDJH�YDOXHV�IURP�DFURVV�WKH�FRXQWU\ ��DQG�OLNHO\ �UHSUHVHQW�VWDQGV�WKDW�DUH�ROGHU��
RQ�DYHUDJH��WKDQ�WKH�RQHV�PHDVXUHG�KHUH��$ GGLWLRQDOO\ ��WKH�ELRPDVV�RI�VWDQGV�PHDVXUHG�LQ�RXU�
VWXG\ �UHSUHVHQWV�WKH�OHJDF\ �RI�SDVW�PDQDJHPHQW�DFWLRQV�DQG�LV�OLNHO\ �WR�LQFUHDVH�ZLWK�WLPH��
,QGHHG��: DVVLOLHII�� � � � � � �DOVR�QRWHG�OHJDF\ �HIIHFWV�RI�SUHYLRXV�GLVWXUEDQFH�LQ�UHJHQHUDWLQJ�
VWDQGV��FRPSDUHG�ZLWK�XQGLVWXUEHG�IRUHVWV��VRPH�� � �\ HDUV�IROORZLQJ�GLVWXUEDQFH��,QWHQVLYH�
DQLPDO�FRQWURO��DQG�UHPRYDO�RI�GRPHVWLF�VWRFN��RQO\ �EHJDQ�DSSUR[ LPDWHO\ �� � �\ HDUV�DJR�VR�LW�
VHHPV�OLNHO\ �WKDW�HYHQ�WKH�ROGHVW�EURDGOHDYHG�VWDJH�ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�ELRPDVV��
5HPHDVXUHPHQW�RI�WKHVH�363V�VKRXOG�FRQILUP�ZKHWKHU�RU�QRW�WKLV�LV�WUXH��1 HZ�EURDGOHDYHG�
IRUHVW�VWDQGV�DULVLQJ�IURP�WKH�FXUUHQW�VXFFHVVLRQ�RI�WDXKLQX�PD\ �DOVR�KROG�DGGLWLRQDO�ELRPDVV�
WKURXJK�H[ SHULHQFLQJ�DQ�XQLPSHGHG�VXFFHVVLRQ�DV�D�UHVXOW�RI�FXUUHQW�LQWHQVLYH�DQLPDO�FRQWURO�
PHDVXUHV���
�



� � �
�

/ DQGFDUH�5HVHDUFK�

� �� &RQFOXVLRQV�

�
,QGLJHQRXV�ZRRG\ �VSHFLHV�LQFUHDVH�GXULQJ�D�WDXKLQX�VXFFHVVLRQ�WR�EURDGOHDYHG�IRUHVW�DW�&DSH�
-DFNVRQ�LQ�WKH�0 DUOERURXJK�6RXQGV��7KLV�LV�PRVW�REYLRXV�DV�DQ�LQFUHDVH�LQ�WKH�UDWLR�RI�
LQGLJHQRXV�H[ RWLF�SODQW�VSHFLHV��LQFUHDVHG�LQGLJHQRXV�FURZQ�FRYHU�DQG�DOVR�ELRPDVV��0 RVW�
LQGLJHQRXV�ZRRG\ �VSHFLHV�DUH�SUHVHQW�HYHQ�LQ�WKH�HDUOLHVW�VWDJH�RI�WKH�VXFFHVVLRQ�DV�VPDOO�
VHHGOLQJV�XQGHU�D�SUHGRPLQDQWO\ �WDXKLQX�RU�D�WDXKLQX±P QXND�FDQRS\ ��7KH�VXFFHVVLRQDO�
WUDMHFWRU\ �DSSHDUV�WR�SURJUHVV�IURP�WDXKLQX�WR�SUHGRPLQDQWO\ �P KRH±ILYH�ILQJHU�VKUXEODQG�WR�
NRKHNRNH�IRUHVW�DQG�HYHQWXDOO\ �PL[ HG�EURDGOHDI±WDZD�IRUHVW��* LYHQ�WKH�LQFLGHQFH�RI�VFDWWHUHG�
SRGRFDUS�VHHGOLQJV�LW�VHHPV�OLNHO\ �WKDW�RFFDVLRQDO�SRGRFDUS�WUHHV�ZLOO�RQH�GD\ �UH�HPHUJH�
DERYH�WKH�EURDGOHDYHG�FDQRS\ ���
�
$ QQXDO�FDUERQ�DFFXPXODWLRQ�SHDNV�DW�DURXQG�� � �\ HDUV�RI�WKH�VXFFHVVLRQ�DW�F��� �W�&2 � �KD��7KH�
PHDQ�UDWH�RI�VHTXHVWUDWLRQ�RYHU�F��� � � �\ HDUV�RI�VXFFHVVLRQ�ZDV�� �� �W�&2 � �KD��
�

� �� 5 HFRP P HQGDWLRQV�

�
· � 7KDW�ZLOG�DQLPDO�FRQWURO�LV�PDLQWDLQHG��HVSHFLDOO\ �WDUJHWLQJ�JRDWV��SLJV�DQG�SRVVXPV��WR�

HQVXUH�UDSLG�SURJUHVVLRQ�RI�WKH�VXFFHVVLRQ�DQG�PD[ LPXP�JDLQV�RI�FDUERQ�
· � 7KDW�363V�DUH�UHPHDVXUHG�LQ�� �\ HDUV¶�WLPH�WR�HQDEOH�DVVHVVPHQW�RI�WKH�DGHTXDF\ �RI�ZLOG�

DQLPDO�FRQWURO�
· � 7KDW�WKH�RZQHUV�UHPDLQ�YLJLODQW�IRU�ZLQGEORZQ�SLQH�VHHGOLQJV��DOUHDG\ �WKH�VRXUFH�RI�D�

ODUJH�HFRORJLFDO�SUREOHP�LQ�PXFK�RI�WKH�0 DUOERURXJK�6RXQGV�SDUWLFXODUO\ �RQ�RSHQ�VLWHV�
�

� �� $ FNQRZOHGJHP HQWV�

�
) XQGLQJ�IRU�WKLV�VWXG\ �ZDV�SURYLGHG�E\ �WKH�' HSDUWPHQW�RI�&RQVHUYDWLRQ�YLD�WKH�%LRGLYHUVLW\ �
$ GYLFH�) XQG��: H�DOVR�WKDQN�0 DUOERURXJK�' LVWULFW�&RXQFLO�IRU�ILQDQFLDO�VXSSRUW�RI�* HRII�
: DOOV��: H�DFNQRZOHGJH�WKH�RSHUDWLRQDO�VXSSRUW�RI�' 2 &��3LFWRQ��IRU�WUDQVSRUW�DQG�RQJRLQJ�
VXSSRUW�RI�WKH�SURMHFW�LQ�JHQHUDO��5R\ �* URVH���7KDQN�\ RX�DOVR�WR�0 LNH�$ YLVV�� ' 2 &��IRU�
ZRUNLQJ�ZLWK�XV�LQ�WKH�ILHOG��
�
) LQDOO\ ��ZH�JLYH�VLQFHUH�WKDQNV�WR�5RQ��* HUU\ ��7UXG\ �DQG�7LJJHU�0 DUULRWW�IRU�WKHLU�KDUG�ZRUN�
RQ�SORWV��FRQVLVWHQWO\ �KLJK�VWDQGDUG�RI�FDUH�RQ�RXU�YLVLWV��DQG�ZLWKRXW�ZKRP�WKLV�
H[ WUDRUGLQDU\ �UHVWRUDWLRQ�SURMHFW�ZRXOG�QRW�H[ LVW��
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/ DQGFDUH�5HVHDUFK�

�

� � �� 5 HIHUHQFHV�

�
$ OOHQ�5%�� � � � ��5HFFH��$ Q�LQYHQWRU\ �PHWKRG�IRU�GHVFULELQJ�1 HZ�=HDODQG�YHJHWDWLRQ��) 5,�

%XOOHWLQ�� � � ��&KULVWFKXUFK��) RUHVW�5HVHDUFK�,QVWLWXWH���
$ OOHQ�5%�� � � � ��$ �SHUPDQHQW�SORW�PHWKRG�IRU�PRQLWRULQJ�FKDQJHV�LQ�LQGLJHQRXV�IRUHVWV��D�

ILHOG�PDQXDO��&KULVWFKXUFK��0 DDQDNL�: KHQXD�±�/ DQGFDUH�5HVHDUFK���
$ OOHQ�5%��3DUWULGJH�75��/ HH�: * ��( IIRUG�0 �� � � � ��( FRORJ\ �RI�. XQ] HD�HULFRLGHV��$ ��5LFK���-��

7KRPSVRQ��N QXND���LQ�HDVW�2 WDJR��1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�%RWDQ\ �� � ��
� � � ±� � � �

%UD\ �-5 �� � � � ��7KH�XVH�RI�KLVWRULFDO�YHJHWDWLRQ�G\ QDPLFV�LQ�LQWHUSUHWLQJ�SUHKLVWRULFDO�
YHJHWDWLRQ�FKDQJH��-RXUQDO�RI�WKH�5R\ DO�6RFLHW\ �RI�1 HZ�=HDODQG�� � ��� � � � � � � ��

&RRPHV�' $ ��$ OOHQ�5%��6FRWW�1 $ ��* RXOGLQJ�&��%HHWV�3�� � � � ��' HVLJQLQJ�V\ VWHPV�WR�PHDVXUH�
FDUERQ�VWRFNV�LQ�IRUHVWV�DQG�VKUXEODQGV��) RUHVW�( FRORJ\ �DQG�0 DQDJHPHQW�� � � ��� � ±� � � ��

( VOHU�$ ( ��$ VWULGJH�--�� � � � ��7HD�WUHH��/ HSWRVSHUPXP��FRPPXQLWLHV�RI�WKH�: DLWDNHUH�UDQJH��
$ XFNODQG��1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�%RWDQ\ �� � ��� � � ±� � � ��

) LQHJDQ�%�� � � � ��) RUHVW�VXFFHVVLRQ��1 DWXUH�� � � ��� � � ±� � � ��
+DOO�* 0 -�� � � � ��0 LWLJDWLQJ�DQ�RUJDQLVDWLRQ¶V�FDUERQ�HPLVVLRQV�E\ �QDWLYH�IRUHVW�UHJHQHUDWLRQ��

( FRORJLFDO�$ SSOLFDWLRQV�� � ��� � � � ±� � � � ��
+DOO�* 0 -��: LVHU�6. ��$ OOHQ�5%��%HHWV�3��* RXOGLQJ�&-�� � � � ��6WUDWHJLHV�WR�HVWLPDWH�QDWLRQDO�

IRUHVW�FDUERQ�VWRFNV�IURP�LQYHQWRU\ �GDWD��WKH�� � � � �1 HZ�=HDODQG�EDVHOLQH��* OREDO�
&KDQJH�%LRORJ\ �� ��� � � � � � � ��

+LQGV�+9 ��5HLG�-6�� � � � ��) RUHVW�WUHHV�DQG�WLPEHUV�RI�1 HZ�=HDODQG��1 HZ�=HDODQG�) RUHVW�
6HUYLFH�%XOOHWLQ�� � ��

/ XVN��&+ �� � � � ��%DVDO�DUHD�LQ�D�1 HZ�=HDODQG�SRGRFDUS�EURDGOHDYHG�IRUHVW��DUH�FRQLIHURXV�
DQG�DQJLRVSHUP�FRPSRQHQWV�LQGHSHQGHQW"�1 HZ�=HDODQG�-RXUQDO�RI�%RWDQ\ �� � ��� � � ±
� � � ��

0 ROOR\ ��%3-��� � � � ��0 DQXND�DQG�NDQXND��,Q��5 ��. QR[ ��( G���1 HZ�=HDODQG
V�1 DWXUH�+HULWDJH��
9 RO��� �SW��� � �+DPO\ QV�SS��� � � � � � � � � ��

1 HZVRPH�3) -�� � � � ��7KH�YHJHWDWLYH�FRYHU�RI�1 HZ�=HDODQG��: DWHU�DQG�6RLO�0 LVFHOODQHRXV�
3XEOLFDWLRQ�� � � ��: HOOLQJWRQ��1 DWLRQDO�: DWHU�DQG�6RLO�&RQVHUYDWLRQ�$ XWKRULW\ ���

3DUN�* 1 ��: DOOV�* < �� � � � ��7KH�SULQFLSOHV�RI�UHJHQHUDWLRQ�DQG�VXFFHVVLRQ�LQ�WKH�0 DUOERURXJK�
6RXQGV��1 HOVRQ��%RWDQ\ �' LYLVLRQ��' 6,5 ��XQSXEO��UHSRUW���/ LQFROQ��/ DQGFDUH�5HVHDUFK�
/ LEUDU\ ���

3KLOOLSV�&��: DWVRQ�$ -�� � � � ��6WUXFWXUDO�WUHH�URRW�UHVHDUFK�LQ�1 HZ�=HDODQG��D�UHYLHZ���
/ DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV�� ��� � � � ��

7DWH�. 5 ��* LOWUDS�' -��&OD\ GRQ�--��1 HZVRPH�3) ��$ WNLQVRQ�$ ( ��7D\ ORU�0 ' ��/ HH�5�� � � � ��
2 UJDQLF�FDUERQ�VWRFNV�LQ�1 HZ�=HDODQG
V�WHUUHVWULDO�HFRV\ VWHPV��-RXUQDO�RI�WKH�5R\ DO�
6RFLHW\ �RI�1 HZ�=HDODQG�� � ��� � � ±� � � ��

7URWWHU�&��7DWH�. ��6FRWW�1 ��7RZQVHQG�-��: LOGH�+ ��/ DPELH�6��0 DUGHQ�0 ��3LQNQH\ �7�� � � � ��
$ IIRUHVWDWLRQ�UHIRUHVWDWLRQ�RI�1 HZ�=HDODQG�PDUJLQDO�SDVWXUH�ODQGV�E\ �LQGLJHQRXV�
VKUXEODQGV��WKH�SRWHQWLDO�IRU�. \ RWR�IRUHVW�VLQNV��$ QQDOV�RI�) RUHVWU\ �6FLHQFH�� � ��� � � ±
� � � ��

: DOOV�* < �� � � � ��7KH�YHJHWDWLRQ�RI�WKH�0 DUOERURXJK�6RXQGV��1 HOVRQ��%RWDQ\ �' LYLVLRQ��' 6,5 ��
�XQSXEO��UHSRUW���/ LQFROQ��/ DQGFDUH�5HVHDUFK�/ LEUDU\ ���

: DONHU�6��3ULFH�5��5XWOHGJH�' ��6WHSKHQV�577��/ HH�: * �� � � � ��5HFHQW�ORVV�RI�LQGLJHQRXV�
FRYHU�LQ�1 HZ�=HDODQG��1 HZ�=HDODQG�-RXUQDO�RI�( FRORJ\ �� � ��� � � ±� � � ��



� � �
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/ DQGFDUH�5HVHDUFK�

: DVVLOLHII�0 �� � � � ��6HFRQGDU\ �VXFFHVVLRQ�LQ�WKH�ORZODQG�IRUHVWV�RI�WKH�0 DUOERURXJK�6RXQGV�
0 DULWLPH�3DUN��8 QSXEOLVKHG�3K' �WKHVLV��9 LFWRULD�8 QLYHUVLW\ �RI�: HOOLQJWRQ��� � � �S��


