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LQIRUPDWLRQ�RQ�3LQXV�UDGLDWD��UDGLDWD�SLQH��SODQWDWLRQV��5RZH�HW�DO������E���'RXJODV�ILU��3VHXGRWVXJD
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:LFKW��������UHFRPPHQGHG�WKDW�DIIRUHVWDWLRQ�LQ�6RXWK�$IULFD�VKRXOG�EH�UHVWULFWHG�WR�KLJK�UDLQIDOO�DUHDV
DV�SODQWDWLRQV�RI�LQGLJHQRXV�RU�H[RWLF�VSHFLHV�ZHUH�OLNHO\�WR�XVH�PRUH�ZDWHU�WKDQ�WKH�VFUXE���$�ODWHU�UHSRUW
E\�5\FURIW��������IRXQG�WKDW�SODQWLQJ�3��UDGLDWD�WKHUH�KDG�OLWWOH�HIIHFW�RQ�VWUHDPIORZV�RYHU�WKH�ILUVW���
\HDUV�RI�D�URWDWLRQ�

5HFHQWO\��DWWHQWLRQ�KDV�IRFXVHG�RQ�WKH�IROORZLQJ�FRQFHUQV�
� KDUYHVWLQJ�WUHHV�ZLOO�FDXVH�DFFHOHUDWHG�HURVLRQ�DQG�VHGLPHQWDWLRQ�SUREOHPV
� SODQWDWLRQV�DUH�D�PRQRFXOWXUH��ZKLFK�GHFUHDVHV�ELRGLYHUVLW\
� DFLGLILFDWLRQ�DQG�FRPSDFWLRQ�ZLOO�GHJUDGH�VRLO�TXDOLW\�
� VWUHDPV�ZLOO�GU\�XS�DIWHU�SODQWLQJ�IRUHVWV��HVSHFLDOO\�LQ�WKH�ORZ�IORZ�VHDVRQ�

+RZHYHU��WKHUH�LV�HYLGHQFH�WR�VKRZ�WKDW�IRU�IRUHVW�PDQDJHPHQW��LQ�JHQHUDO�
� HURVLRQ�DQG�VHGLPHQWDWLRQ�LVVXHV�DUH�VKRUW� WHUP�RQO\��DQG�ZKHQ�WDNHQ�RYHU�WKH�IXOO�URWDWLRQ�

SODQWDWLRQ�IRUHVWV�DUH�OHVV�GDPDJLQJ�WKDQ�RWKHU�ODQG�XVHV��H�J���0F/DUHQ�������3KLOOLSV�HW�DO�
�����

� SODQWDWLRQV�GR�VXVWDLQ�D�ZLGH�UDQJLQJ�ELRORJLFDO�GLYHUVLW\��H�J���$OOHQ�HW�DO��������/HGJDUG������
� FKDQJHV� WR� VRLO� TXDOLW\�PD\� EH� SRVLWLYH� �H�J��� 'DYLV�	� /DQJ� ������ DQG�PD\� RIWHQ� OHDG� WR

LPSURYHPHQWV�LQ�K\GURORJLFDO�SURSHUWLHV��5�-��-DFNVRQ��XQSXEOLVKHG�GDWD���

7KH�PDLQ�FRQFHUQ�UDLVHG�ZKHQ�SURSRVDOV�DUH�PDGH�WR�HVWDEOLVK�SODQWDWLRQ�IRUHVWV�LQ�WKH�KHDGZDWHUV�RI
FDWFKPHQWV�LV�WKDW�WKHUH�FRXOG�EH�GLPLQLVKHG�ZDWHU�\LHOGV���,Q�ZDWHU�VKRUW�DUHDV��FRQIOLFWV�FDQ�WKHQ�DULVH
EHWZHHQ�IRUHVWHUV�ZKR�QHHG�WR�µXVH¶�UDLQ�ZDWHU�WR�PHHW�WKH�ELRORJLFDO�QHHGV�RI�WUHHV�IRU�JURZWK��DQG
GRZQVWUHDP�XVHUV�ZKR�UHTXLUH�ZDWHU�IRU�PXQLFLSDO��VWRFN�ZDWHU�DQG�LUULJDWLRQ�VXSSOLHV��RU�WR�VXVWDLQ
PLQLPXP�OHYHOV�LQ�ULYHUV�IRU�UHFUHDWLRQ��RU�WR�PDLQWDLQ�LQ�VWUHDP�KDELWDWV��HVSHFLDOO\�DW�WLPHV�RI�VHDVRQDOO\
ORZ�IORZV���7KH�HFRQRPLF�EHQHILWV�RI�ZDWHU�WR�WUHH�JURZWK�KDYH�EHHQ�ZHOO�GHPRQVWUDWHG���)RU�H[DPSOH�
LW�KDV�EHHQ�HVWLPDWHG� LQ�DQ� LUULJDWLRQ�DQG� WUHH�JURZWK� WULDO� LQ�$XVWUDOLD� WKDW�D�����PP�LQFUHPHQW� LQ
DYDLODEOH�ZDWHU��EHWZHHQ�WKH�OLPLWV�RI�����DQG������PP��ZLOO�SURGXFH����P��KD�RI�PHUFKDQWDEOH�WLPEHU
DQQXDOO\� �&URPHU�HW� DO��������� �:DWHU�PDQDJHUV� WKHQ�KDYH� WKH�XQHQYLDEOH� WDVN�RI� DOORFDWLQJ� VFDUFH
UHVRXUFHV�WR�DOO�XVHUV���&RQIOLFWV�LQ�WKH�DOORFDWLRQ�SURFHVV�FDQ�OHDG�WR�OLWLJDWLRQ�LQ�WKH�(QYLURQPHQWDO
&RXUW�

7KH�GUDIW�1DWLRQDO�$JHQGD�IRU�6XVWDLQDEOH�0DQDJHPHQW�$FWLRQ�3ODQ��0I(�������VWDWHV�µ7KHUH�KDV�EHHQ



�

/DQGFDUH�5HVHDUFK

D�VXEVWDQWLDO�UHVHDUFK�HIIRUW�LQ�1HZ�=HDODQG�DQG�RYHUVHDV�RQ�VWXG\LQJ�WKH�LPSDFWV�RI�FKDQJLQJ�ODQG�XVH
RQ�ZDWHU�\LHOG��VXFK�DV�DIIRUHVWDWLRQ���7KLV�UHVHDUFK�LV�DW�D�SRLQW�ZKHUH�D�JXLGHOLQH�QHHGV�WR�EH�SURGXFHG�¶
7KLV�UHSRUW��DQG�RWKHUV�LQ�WKH�VHULHV��ZKLOH�DLPHG�DW�SURYLGLQJ�D�IRXQGDWLRQ�WR�UHGXFH�FRQIOLFWV�EHWZHHQ
ODQG�DQG�ZDWHU�PDQDJHUV��FRXOG�DVVLVW�LQ�WKH�SUHSDUDWLRQ�RI�VXFK�D�JXLGHOLQH�

��� 60)�3URMHFW�������/DQG�&RYHU�(IIHFWV�RQ�:DWHU�$YDLODELOLW\

:RUNVKRSV�LQ�1HOVRQ��0DUFK������VSRQVRUHG�E\�7DVPDQ�'LVWULFW�&RXQFLO��/DQGFDUH�5HVHDUFK��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\��5RZH�������DQG�5RWRUXD��0D\�������1HZ�=HDODQG�)RUHVW�5HVHDUFK
,QVWLWXWH��6LWH�0DQDJHPHQW�IRU�6XVWDLQDEOH�)RUHVWU\��LGHQWLILHG�WKDW�ZDWHU�UHVRXUFH�LVVXHV�ZHUH�VWLOO�LQ�WKH
IRUHIURQW�RI�WKH�OLVW�RI�FRQFHUQV�KHOG�E\�ODQG�PDQDJHUV��IRUHVWHUV��DJULFXOWXUDOLVWV��HWF����ZDWHU�UHVRXUFH
PDQDJHUV��UHJLRQDO�DQG�GLVWULFW�FRXQFLOV��DQG�RWKHU�ZDWHU�XVHUV��UHFUHDWLRQDOLVWV��HQYLURQPHQWDOLVWV��HWF���
'LVFXVVLRQ�ZLWK�SHRSOH�RXWVLGH�WKHVH�ZRUNVKRSV�LQGLFDWHG�WKDW�WKHVH�FRQFHUQV�ZHUH�KLJKO\�UHOHYDQW���7KH
SULQFLSDO�TXHVWLRQV�FRQIURQWLQJ�ZDWHU�UHVRXUFH�PDQDJHUV�ZHUH�
� :KDW�LV�WKH�HIIHFW�RI�D�SDUWLFXODU�ODQG�XVH�RQ�XVHDEOH�ZDWHU�UHVRXUFHV"
� +RZ�GR�,�DOORFDWH�VFDUFH�ZDWHU�UHVRXUFHV�ZKHQ�ODQG�XVH�FKDQJH�DIIHFWV�DYDLODELOLW\"
� :KDW�LQIRUPDWLRQ��UHVRXUFHV��DQG�WRROV�DUH�DYDLODEOH�WR�KHOS�PH�ZLWK�WKHVH�TXHVWLRQV"

,Q�������7DVPDQ�'LVWULFW�&RXQFLO�DQG�/DQGFDUH�5HVHDUFK�DSSOLHG�WR�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW¶V
6XVWDLQDEOH� 0DQDJHPHQW� )XQG� IRU� IXQGLQJ� WR� XQGHUWDNH� D� UHYLHZ� RI� DYDLODEOH� OLWHUDWXUH�� JDWKHU
K\GURORJLFDO�DQG�ODQG�XVH�GDWD�IURP�1HZ�=HDODQG�FDWFKPHQWV��DQG�WR�GHYHORS�D�GHFLVLRQ�VXSSRUW�UHVRXUFH
WR�HQDEOH�ZDWHU�DQG�ODQG�PDQDJHUV�WR�PDNH�PRUH�LQIRUPHG�GHFLVLRQV�RQ�ZDWHU�UHVRXUFH�DOORFDWLRQV���7KH
VXFFHVVIXO�DSSOLFDWLRQ�UHVXOWHG�LQ�WKLV�SURMHFW��60)������/DQG�&RYHU�(IIHFWV�RQ�:DWHU�$YDLODELOLW\�

��� 7KH�1HZ�=HDODQG�SODQWDWLRQ�IRUHVW�HVWDWH

:KHUHDV��WKUHH�GHFDGHV�DJR��FRQYHUVLRQ�RI�QDWLYH�IRUHVW�ZDV�WKH�QRUP�DQG�SODQWLQJ�RI�SDVWRUDO�ODQG�ZDV
QRW�IDYRXUHG��WKHUH�KDV�EHHQ�D�PDMRU�VZLWFK�LQ�UHFHQW�\HDUV�DV�D�UHVXOW�RI�FKDQJHV�LQ�*RYHUQPHQW�SROLF\�
$W���$SULO�������WKH�1HZ�=HDODQG�H[RWLF�IRUHVW�HVWDWH�FRYHUHG������PLOOLRQ�KHFWDUHV��P�KD������RI�1HZ
=HDODQG¶V�ODQG�DUHD���5DGLDWD�SLQH��3LQXV�UDGLDWD�'��'RQ��LV�WKH�QXPEHU�RQH�SODQWDWLRQ�VSHFLHV�JURZQ
FRPSULVLQJ�PRUH�WKDQ������P�KD��RYHU�����RI�WKH�WRWDO�SODQWDWLRQ�DUHD��1=),�XQGDWHG����)RU�D�FRPPHUFLDO
UDGLDWD�SLQH�SODQWDWLRQ��UDLQIDOO�PXVW�EH�DW�OHDVW�����PP�DQG�OHVV�WKDQ������PP�\HDU��%RRPVPD�	�+XQWHU
������DQG�PRVW�LV�JURZQ�EHORZ�DERXW������P�DOWLWXGH���'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��LV�WKH�QH[W
PRVW�VLJQLILFDQW�VSHFLHV�SODQWHG���������KD��DQG�LV�IRXQG�PDLQO\�LQ�WKH�ORZHU�6RXWK�,VODQG�RU�DW�KLJKHU
DOWLWXGHV��RIWHQ�DERYH������P����,QGHHG��'RXJODV�ILU�LV�EHFRPLQJ�LQFUHDVLQJO\�SRSXODU�LQ�WKH�6RXWK�,VODQG
ZKHUH�LW�UHSUHVHQWV�D�JURZLQJ�SHUFHQWDJH�RI�WKH�VRXWKHUQ�SODQWDWLRQ�HVWDWH��%HOWRQ�	�/DZ���������$ERXW
�������KD�RI�RWKHU�VSHFLHV�DUH�JURZQ��LQFOXGLQJ�HXFDO\SWV��1=),�XQGDWHG��

%HWZHHQ������DQG�������QHZ�H[RWLF�IRUHVW�SODQWDWLRQV�ZHUH�EHLQJ�HVWDEOLVKHG�DW�RYHU��������KD�SHU�\HDU�
SHDNLQJ�LQ������ZKHQ�DERXW��������KD�ZHUH�SODQWHG���5DWHV�KDYH�GURSSHG��KRZHYHU��DQG�WKH�SURYLVLRQDO
HVWLPDWH�IRU������ZDV�DERXW��������KD��1=),�XQGDWHG����0RVW�RI�WKH�QHZ�SODQWLQJV�DUH�LQWR�LPSURYHG
������DQG�XQLPSURYHG�������SDVWXUH��ZLWK�WKH�EDODQFH�LQWR�VFUXEODQG��������0$)�������

��� 6RXUFHV�RI�K\GURORJLFDO�GDWD
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5HYLHZV�RI�FDWFKPHQW�H[SHULPHQWV�IURP�ZRUOGZLGH�VXUYH\V�KDYH�EHHQ�SUHVHQWHG�E\�+LEEHUW��������DQG
%RVFK�	�+HZOHWW���������6WHGQLFN��������KDV�GRQH�D�VLPLODU�VWXG\�IRU�WKH�86$���5HYLHZV�E\�)DKH\
��������)DKH\�	�5RZH���������0F/DUHQ��������DQG�5RZH�HW�DO���������KDYH�D�1HZ�=HDODQG�IRFXV�ZKLOH
&RUQLVK��������SUHVHQWV�D�UHYLHZ�ZLWK�DQ�$XVWUDOLDQ�IRFXV�ZKLFK�LQFOXGHV�D�VLJQLILFDQW�VHFWLRQ�RQ�UDGLDWD
SLQH�

&DWFKPHQW�VWXGLHV�DW�*OHQGKX��2WDJR���0DLPDL��:HVW�&RDVW���'RQDOG�&UHHN�DQG�0RXWHUH��1HOVRQ��
$VKOH\��&DQWHUEXU\��DQG�3XUXNRKXNRKX��&HQWUDO�1RUWK�,VODQG��SURYLGH�WKH�EXON�RI�WKH�LQIRUPDWLRQ�RQ
WKH�K\GURORJ\�RI�1HZ�=HDODQG�IRUHVWV��EXW�IRU�UDGLDWD�SLQH�SODQWDWLRQV�RU�QDWLYH�IRUHVWV��QRW�'RXJODV�ILU
SODQWDWLRQV���$SDUW�IURP�0RXWHUH�DQG�$VKOH\��WKHVH�DUH�KLJKHU�UDLQIDOO�DUHDV�ZKHUH�FRQFHUQV�DERXW�ZDWHU
\LHOGV�DUH�QRW�KLJK���7KLV�LV�LQ�FRQWUDVW�WR��VD\��1HOVRQ�DQG�WKH�HDVW�FRDVWV�RI�ERWK�LVODQGV�ZKHUH�ZDWHU�LV
RIWHQ�VFDUFH�LQ�VXPPHU�DQG�WKH�PRVW�UHOHYDQW�GDWD�FRPH�IURP�VWXGLHV�DW�'RQDOG�&UHHN��0RXWHUH�DQG
$VKOH\�� �+\GURORJLFDO�VWXGLHV�DW�0DNDUD��:HOOLQJWRQ���3XNHWXUXD��1RUWKODQG���$VKOH\��0RXWHUH�DQG
3XUXNRKXNRKX�DUH�WKH�PDLQ�VRXUFHV�RI�SDVWXUH�FDWFKPHQW�GDWD�ZKLOH�*OHQGKX�SURYLGHV�LQIRUPDWLRQ�DERXW
QDWLYH�WXVVRFN�JUDVVODQGV��

7R�VXSSOHPHQW�WKH�1HZ�=HDODQG�UHSRUWV��LQIRUPDWLRQ�KDV�EHHQ�JDWKHUHG�IURP�RYHUVHDV���)RU�H[DPSOH�
SODQWDWLRQV�RI�UDGLDWD�SLQH�DUH�JURZQ�H[WHQVLYHO\�LQ�$XVWUDOLD��%RRPVPD�	�+XQWHU��������VRXWK�ZHVW
6RXWK�$IULFD��DQG�&KLOH���,Q�&KLOH�DORQH�WKHUH�ZHUH���P�KD�LQ�UDGLDWD�SLQH�LQ�������+XEHU�	�,URXPH
�������ZKLFK�LV�����PRUH�WKDW�WKH�1HZ�=HDODQG�UDGLDWD�SLQH�HVWDWH�LQ��������7R�D�OHVVHU�H[WHQW�SLQH
SODQWDWLRQV�KDYH�EHHQ�HVWDEOLVKHG�LQ�6SDLQ�DQG�DURXQG�WKH�0HGLWHUUDQHDQ���/LWWOH�LQIRUPDWLRQ�IURP�1HZ
=HDODQG�VWXGLHV�LV�DYDLODEOH�RQ�WKH�K\GURORJ\�RI�'RXJODV�ILU²ZKLFK��DOWKRXJK�D�QDWLYH�RI�1RUWK�$PHULFD�
FDQ�EH�IRXQG�LQ�VLJQLILFDQW�VL]HG�SODQWDWLRQV�LQ�$XVWUDOLD�DQG�(XURSH���$OVR��1HZ�=HDODQG�VWXGLHV�RQ
JRUVH��EUDFNHQ�DQG�ODUJH�FDWFKPHQWV�DUH�OLPLWHG�LQ�QXPEHU�DQG�WKHUH�DUH�VRPH�UHOHYDQW�VWXGLHV�IURP
RYHUVHDV�WKDW�FDQ�EH�FRQVLGHUHG�

7KXV��WKHUH�LV�SRWHQWLDOO\�D�ZHDOWK�RI�LQIRUPDWLRQ�WR�VXSSOHPHQW�WKDW�IRXQG�IURP�1HZ�=HDODQG�VRXUFHV�
6HDUFKHV�RI� WKH� OLWHUDWXUH� LQ�ZRUOGZLGH�GDWDEDVHV��PDLQO\�XVLQJ�&$%�$EVWUDFWV��ZHUH�FDUULHG�RXW� WR
LGHQWLI\�WKLV�DGGLWLRQDO�PDWHULDO�ZKLFK�KDV�EHHQ�FRPSLOHG�LQWR�WKH�WKUHH�ELEOLRJUDSKLHV��5RZH�HW�DO������D�
����E������F��

��� &DYHDWV�RQ�GDWD

,Q�FRPSLOLQJ�WKLV�UHSRUW��GLIIHULQJ�W\SHV�RI�GDWD�KDYH�EHHQ�H[WUDFWHG�IURP�WKH�RULJLQDO�GRFXPHQWV²WDEOHV�
ILJXUHV�DQG�WH[W���0DQ\�VWXGLHV�JLYH�GDWD�IRU�SHULRGV�RWKHU�WKDQ�RQH�\HDU�DQG�ZH�KDYH�DGMXVWHG�WKHVH�GDWD
WR�DQQXDOLVH�KH�LQIRUPDWLRQ��ZKHUH�WKH�WLPH�SHULRG�ZDV�OHVV�WKDQ�DERXW���PRQWKV�ZH�KDYH��JHQHUDOO\��QRW
XVHG�WKH�GDWD��DV�H[WUDSRODWLRQ�WR�RQH�\HDU�FRXOG�EH�VXVSHFW�EHFDXVH�RI�VHDVRQDO�UDLQIDOO�YDULDWLRQV���7KXV�
WKHUH�ZLOO�EH�HUURUV�LQKHUHQW�LQ�WKH�GDWD�SUHVHQWHG��KRSHIXOO\�QRW�VLJQLILFDQW�RQHV��EXW�LW�LV�FRQVLGHUHG�WKDW
WKHVH�ZLOO�EH�RI�PRUH�YDOXH�DGGHG�WR�WKH�RYHUDOO�GDWDVHW�WKDQ�LI�WKH\�KDG�EHHQ�OHIW�RXW�DOWRJHWKHU���,Q�VRPH
FDVHV��YDOXHV�KDYH�EHHQ�H[WUDFWHG�IURP�ILJXUHV��VR�LQDFFXUDFLHV�ZLOO�DOVR�RFFXU�KHUH�

)RU�VRPH�VWXGLHV�ZH�KDYH�PDGH�HVWLPDWHV�RI�PHDQ�FDQRS\�SDUDPHWHUV�ZKHUH�GDWD�DUH�JLYHQ�DV�D�UDQJH�IRU
PRUH�WKDQ�RQH�\HDU�EXW�WKH�K\GURORJ\�LV�JLYHQ�DV�DQQXDO�PHDQV���:KHUH�SDUDPHWHUV�DUH�JLYHQ�IRU�WKH�VWDUW
RU�HQG�FRQGLWLRQV��RU�IRU�RQH�\HDU�GXULQJ�D�VWXG\�ZLWK�QR�SURJUHVVLRQ�UHSRUWHG�WKURXJKRXW�WKH�VWXG\�DV
WKH�FDQRS\�FKDQJHV��WKHVH�FDQRS\�GDWD�DUH�XVHG�WKURXJKRXW�WKH�FRXUVH�RI�WKDW�ZRUN���,I�VWDQG�DJHV�DUH�QRW
JLYHQ�EXW�SODQWLQJ�GDWHV�DUH��ZH�KDYH�DVVXPHG�WKDW�WKH�DJH�WKH�\HDU�DIWHU�SODQWLQJ�LV�RQH�\HDU��ZKLFK
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LJQRUHV�WKH�DJH�RI�WKH�VHHGOLQJ�ZKHQ�SODQWHG��ZKLFK�PD\�EH����RU���\HDUV�ROG����,Q�VRPH�FDVHV��GDWD�IURP
PXOWL�\HDU�VWXGLHV�DUH�SUHVHQWHG�IRU�DOO�\HDUV�ZKHUH�JLYHQ�

:KHUH�GDWD�KDV�EHHQ�REWDLQHG�IURP�D�QXPEHU�RI�UHSRUWV�IURP�DQ�DXWKRU�V���D�SDUWLFXODU�HYHQW�LV�RQO\
SUHVHQWHG�RQFH�LQ�DQ\�VWDWLVWLFDO�UHODWLRQVKLS�RU�ILJXUH��

:H�KDYH�DOVR�PDGH�VRPH�FDOFXODWLRQV��VXFK�DV�GHWHUPLQLQJ�DFWXDO�YDOXHV�ZKHUH�SHUFHQWDJHV�DUH�JLYHQ�
PDNLQJ�HVWLPDWHV�RI�FDWFKPHQW�ORVVHV�IURP�SUHFLSLWDWLRQ�DQG�VWUHDPIORZ�YDOXHV��HWF���$Q\�HUURUV�PDGH
LQ�WKHVH�FDOFXODWLRQ�DUH�RXUV�DQG�FDQQRW�EH�DWWULEXWHG�EDFN�WR�WKH�RULJLQDO�DXWKRUV���%HIRUH�FLWLQJ�DQ\�RI
WKH� GDWD� LQ� WKLV� UHSRUW�� LW� LV� DGYLVDEOH� WR� VRXUFH� WKH� RULJLQDO� UHSRUWV� WR� YHULI\� WKH� LQIRUPDWLRQ� DQG
DVVXPSWLRQV�

��� $EEUHYLDWLRQV

%$ %DVDO�DUHD
'%+ 'LDPHWHU�DW�EUHDVW�KHLJKW�
(7 (YDSRWUDQVSLUDWLRQ
(9$3 (YDSRUDWLRQ�
,6& ,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\
,/ ,QWHUFHSWLRQ�ORVV�
�,/ ,QWHUFHSWLRQ�ORVV�DV�D�SHUFHQWDJH�RI�3�
/$, /HDI�DUHD�LQGH[�
0$3 0HDQ�DQQXDO�SUHFLSLWDWLRQ�
3771�RU�3 3UHFLSLWDWLRQ�� �UDLQIDOO�DQG�RU�VQRZIDOO�
6)/2 6WUHDPIORZ�� �UXQRII� �ZDWHU�\LHOG�
6) 6WHPIORZ
�6) 6WHPIORZ�DV�D�SHUFHQWDJH�RI�3
60 6RLO�PRLVWXUH
63+ 1XPEHU�RI�VWHPV�SHU�KHFWDUH
7) 7KURXJKIDOO
�7) 7KURXJKIDOO�DV�D�SHUFHQWDJH�RI�3
75$16 7UDQVSLUDWLRQ

���� 6WDWLVWLFDO�WHVWV

/LQHDU�UHJUHVVLRQ�DQDO\VHV�DQG�WKH�FDOFXODWLRQV�RI�FRQILGHQFH�OLPLWV�KDYH�EHHQ�FDUULHG�RXW�DIWHU�)UHHVH
���������2WKHU�VWDWLVWLFDO�IXQFWLRQV�XVHG�DUH�WKRVH�LQ�WKH�&RUHO�4XDWWUR�3UR�VSUHDGVKHHW�SDFNDJH���$OO
VLJQLILFDQFH�WHVWV�KDYH�EHHQ�DSSOLHG�DW�WKH�����OHYHO�

���� 8QLWV
$�SOHWKRUD�RI�XQLWV�DUH�XVHG�LQ�K\GURORJLFDO�VWXGLHV�DQG�UHSRUWV��HVSHFLDOO\�WKRVH�SUHGDWLQJ�WKH�PDMRU
FKDQJH�WR�6,�XQLWV�LQ�WKH�����V�DQG�����V�EXW�DOVR�LQFOXGLQJ�PDQ\�UHSRUWV�HPDQDWLQJ�IURP�WKH�8QLWHG
6WDWHV�WRGD\���6RPH�RI�WKH�GDWD�SUHVHQWHG�KHUH�PD\�VWLOO�EH�LQ�WKH�RULJLQDO�XQLWV��PRVW�KDYH�EHHQ�FRQYHUWHG�
EXW�WKHUH�DUH�VWLOO�PXOWLSOH�ZD\V�RI�SUHVHQWLQJ�YDOXHV��H�J���/�V�KD��P��V�KD��/�V�NP���DQG�PP�GD\�DOO
GHVFULEH�WKH�UDWH�RI�IORZ�IURP�D�VSHFLILF�FDWFKPHQW�DUHD�
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6RPH�FRQYHUVLRQV�WKDW�PD\�EH�XVHIXO�DUH�

��P��V�� ������/�V ��/�V� �������P��V

��PP� ����P��KD��� ��P��KD� �����PP

��PP�GD\� ��������/�V�KD ��/�V�KD� ������PP�GD\

��/�V�KD� �����/�V�NP� ��/�V�NP�� ������/�V�KD

��FIV�PLOH�� ��������/�V�KD��ZKHUH�FIV�LV�FXELF�IHHW�VHFRQG�
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�� 7KH�+\GURORJLFDO�&\FOH

7KH�1HZ�=HDODQG�FOLPDWH�LV�GRPLQDWHG�E\�PDULWLPH�LQIOXHQFHV�DV�DQWL�F\FORQHV�PRYHV�HDVWZDUGV�DFURVV
WKH�UHJLRQ�DW�URXJKO\�ZHHNO\�LQWHUYDOV���/RZ�SUHVVXUH�WURXJKV�VHSDUDWLQJ�WKH�DQWL�F\FORQHV�EULQJ�SHULRGV
RI�XQVHWWOHG�ZHDWKHU���1RUWKHUQ�GLVWULFWV�DUH�DOVR�EH�DIIHFWHG�E\�F\FORQHV�ZKLFK�RULJLQDWH�LQ�WURSLFDO�ZDWHUV
WR�WKH�QRUWK�DQG�QRUWKZHVW��5REHUWVRQ����������

(YDSRUDWLRQ� IURP�WKH�VHD�VXUIDFH� LV� WKH�PDMRU�VRXUFH�RI�SUHFLSLWDWLRQ�RYHU� WKH� ODQG� �)LJ�������� �7KH
K\GURORJLFDO�F\FOH�RYHU�ODQG�FDQ�EH�H[SUHVVHG�LQ�WKH�IRUP�RI�WKH�ZDWHU�EDODQFH��ZKLFK�FDQ�EH�ZULWWHQ�DV�

6)/2�
�3771����,/���75$16���(���*����°60 �����

ZKHUH�6)/2�LV�VWUHDPIORZ�RU�UXQRII��3771�LV�SUHFLSLWDWLRQ��,/�LV�LQWHUFHSWLRQ��75$16�LV�WUDQVSLUDWLRQ�
(�LV�HYDSRUDWLRQ�IURP�WKH�VRLO��*�LV�WKH�ORVV�WR�GHHS�JURXQGZDWHU�VWRUDJH��DQG�°60�LV�WKH�FKDQJH�LQ�VRLO
PRLVWXUH�VWRUDJH�RYHU�WKH�PHDVXUHPHQW�SHULRG�

,QWHUFHSWLRQ�LV�D� ORVV�RI�SUHFLSLWDWLRQ�WR�DQ\�V\VWHP�EHIRUH� LW�FDQ�EH�XWLOLVHG�E\�DQ\�FURS��LQFOXGLQJ
IRUHVWV��� � 7KLV� LV� HYDSRUDWLRQ� IURP� WKH� ZHW� YHJHWDWLRQ� FDQRS\� VWRUDJH�� DQG� FRQVLVWV� RI� H[WHQVLYH
HYDSRUDWLRQ�IURP�WKH�FDQRS\�ZKLOH�SUHFLSLWDWLRQ�LV�VWLOO�IDOOLQJ�DQG�WKDW�PRLVWXUH�KHOG�RQ�WKH�FDQRS\�DW
WKH�FHVVDWLRQ�RI�SUHFLSLWDWLRQ���7UDQVSLUDWLRQ�LV�HYDSRUDWHG�ZDWHU�WKDW�LV�H[WUDFWHG�IURP�WKH�VRLO�E\�WKH
YHJHWDWLRQ�DQG�LV�OLPLWHG�E\�WKH�VRLO�ZDWHU�FRQWHQW���6RPH�WUDQVSLUDWLRQ�WDNHV�SODFH�GXULQJ�D�SUHFLSLWDWLRQ
HYHQW� EXW� WKHUH� LV� HYLGHQFH� IURP� VDSIORZ�PHDVXUHPHQWV� WKDW� LW� LV� UHGXFHG�ZKLOH� WKH� FDQRS\� LV�ZHW
FRPSDUHG�WR�GU\�ZHDWKHU�FRQGLWLRQV���3UHFLSLWDWLRQ�WKDW�GUDLQV�WKURXJK�WKH�VRLO�WR�WKH�JURXQGZDWHU�VWRUH
PD\�EH�DYDLODEOH�IRU�VWUHDP�UXQRII�RU�ORVW�WR�GHHS�VWRUDJH��

)LJ�������7KH�K\GURORJLFDO�F\FOH�
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�� )RUHVWV�DQG�5DLQIDOO

7KDW�WKH�SUHVHQFH�RI�IRUHVWV�PLJKW�UHVXOW�LQ�LQFUHDVHG�UDLQIDOO�KDV�EHHQ�GHEDWHG�VLQFH�WKH���WK�FHQWXU\�DQG
FRQWULEXWHV�VLJQLILFDQWO\�WR�WKH�P\WKV�DQG�IRONORUH�FRQFHUQLQJ�ODQG�XVH�DQG�ZDWHU��3HQPDQ�������3HUHLUD
������������%UXLMQ]HHO�������&DOGHU���������3HUHLUD��������QRWHV�

7KH�ZRUOGZLGH�HYLGHQFH�WKDW�KLOOV�DQG�PRXQWDLQV�XVXDOO\�KDYH�PRUH�UDLQIDOO�DQG�PRUH�QDWXUDO
IRUHVWV�WKDQ�GR�DGMDFHQW�ORZODQGV�KDV�KLVWRULFDOO\�OHG�WR�FRQIXVLRQ�RI�FDXVH�DQG�HIIHFW���$OWKRXJK
WKH�SK\VLFDO�H[SODQDWLRQV�KDYH�EHHQ�NQRZQ�IRU�PRUH�WKDQ����\HDUV��WKH�LGHD�WKDW�IRUHVWV�FDXVH
RU�DWWUDFW�UDLQIDOO�KDV�SHUVLVWHG���7KH�P\WK�ZDV�FUHDWHG�PRUH�WKDQ�D�FHQWXU\�DJR�E\�IRUHVWHUV�LQ
GHIHQFH�RI�WKHLU�WUHHV�������7KH�P\WK�ZDV�ZULWWHQ�LQWR�WKH�WH[WERRNV�DQG�EHFDPH�DQ�DUWLFOH�RI�IDLWK
IRU�HDUO\�JHQHUDWLRQV�RI�IRUHVWHUV�

%DQGV�HW�DO���������PDNH�WKH�IROORZLQJ�SRLQWV�
)RUHVWV�DUH�DVVRFLDWHG�ZLWK�KLJK�UDLQIDOO��FRRO�VORSHV�RU�PRLVW�DUHDV���7KHUH�LV�VRPH�HYLGHQFH
WKDW�� RQ� D� FRQWLQHQWDO� VFDOH�� IRUHVWV� PD\� IRUP� SDUW� RI� D� K\GURORJLFDO� IHHGEDFN� ORRS� ZLWK
HYDSRUDWLRQ�FRQWULEXWLQJ�WR�IXUWKHU�UDLQIDOO���2Q�WKH�6RXWKHUQ�$IULFDQ�VXEFRQWLQHQW��WKH�PRLVWXUH
FRQWHQW�RI�DLU�PDVVHV�LV�GRPLQDWHG�E\�PDULQH�VRXUFHV��DQG�DIIRUHVWDWLRQ�ZLOO�KDYH�QHJOLJLEOH
LQIOXHQFH�RQ�UDLQIDOO�DQG�PDFURFOLPDWHV���7KH�GLVWULEXWLRQ�RI�IRUHVWV�LV�D�FRQVHTXHQFH�RI�FOLPDWH
DQG�VRLO�FRQGLWLRQV�²�QRW�WKH�UHYHUVH��

0RVW�UHVHDUFKHUV��H�J���3HQPDQ�������3HUHLUD�������������%DQGV�HW�DO��������%UXLMQ]HHO�������DPRQJVW
RWKHUV��FRQFOXGH�WKDW�JHQHUDOO\�WKHUH�LV�OLWWOH��LI�DQ\��HYLGHQFH�WKDW�IRUHVWV�FDQ�LQFUHDVH�UDLQIDOO���7KHUH�DUH
SRVVLEOH�H[FHSWLRQV�ZKHUH�IRUHVWV�FDQ�³VWULS´�PRLVWXUH�IURP�FORXGV�LQ�FRDVWDO�IRJ�EHOWV��3HQPDQ������
%UXLMQ]HHO�������DQG�FDQ�LQFUHDVH�VQRZ�VWRUDJH��3HQPDQ�������� �5HFHQW�ZRUN�XVLQJ�JOREDO�FOLPDWH
PRGHOV�KDV�VXJJHVWHG�WKHUH�PD\�EH�D�VOLJKW�LQFUHDVH�LQ�UDLQIDOO�EURXJKW�DERXW�E\�WKH�SUHVHQFH�RI�IRUHVWV�
EXW�LW�VHHPV�DV�WKRXJK�WKLV�QHHGV�WR�EH�DW�D�ODUJH�DUHDO�VFDOH��VD\�RI�WKH�$PD]RQ�%DVLQ�RU�WKH�6DKHO��EXW
LQ�DQ\�FDVH�ZLOO�EH�UHODWLYHO\�VPDOO�DQG�LV�OLNHO\�WR�EH�FRPSHQVDWHG�IRU�E\�LQFUHDVHG�HYDSRUDWLRQ��&DOGHU
��������&DOGHU��������DOVR�VWDWHV�$OWKRXJK�WKH�HIIHFWV�RI�IRUHVWV�RQ�UDLQIDOO�DUH�OLNHO\�WR�EH�UHODWLYHO\�VPDOO�
WKH\�FDQQRW�EH�WRWDOO\�GLVPLVVHG�IURP�D�ZDWHU�UHVRXUFHV�SHUVSHFWLYH��DQG�FRQFOXGHV��)XUWKHU�UHVHDUFK�LV
UHTXLUHG�WR�GHWHUPLQH�WKH�PDJQLWXGH�RI�WKH�HIIHFW��SDUWLFXODUO\�DW�WKH�UHJLRQDO�VFDOH�

��� &RQFOXVLRQ

1HZ�=HDODQG�ZHDWKHU�LV�VWURQJO\�FRQWUROOHG�E\�PDULWLPH�LQIOXHQFHV���7KHUHIRUH��LW�LV�KLJKO\�XQOLNHO\�WKDW
QDWLYH�DQG�SODQWDWLRQ�IRUHVWV�ZLOO�FDXVH�DQ�LQFUHDVH�LQ�UDLQIDOO�
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�� )RJ

&RWWRQ�	�$QWKHV��������GHILQH�IRJ�DV�RFFXUULQJ�ZKHQ�D�ODUJH�QXPEHU�RI�ZDWHU�GURSOHWV�DUH�VXVSHQGHG
LQ�DLU�FORVH�WR�LWV�VDWXUDWLRQ�SRLQW���$OWHUQDWLYHO\��IRJ�FDQ�EH�GHILQHG�DV�FORXG�ZLWK�LWV�EDVH�QHDU�WKH�JURXQG
VXUIDFH�

7KH�OLWHUDWXUH�VHDUFKHV�SURGXFHG�QR�LQIRUPDWLRQ�RQ�UDGLDWD�SLQH�SODQWDWLRQV�DQG�WKH�VLJQLILFDQFH�RI�IRJ
GHSRVLWLRQ���+RZHYHU��VWXGLHV�IURP�IRJ�SURQH�DUHDV�LQ�2UHJRQ�DQG�&DOLIRUQLD�VKRZHG�WKDW�WKH�FDSWXUH�RI
IRJ�E\�'RXJODV�ILU�IRUHVW��PDLQO\�ROG�JURZWK�IRUHVWV��FDQRSLHV�VLJQLILFDQWO\�HQKDQFHG�SUHFLSLWDWLRQ��RI
WKH�RUGHU�RI����±����PP�\HDU��$]HYHGR�	�0RUJDQ�������+DUU�������,QJZHUVHQ���������7KXV��LQ�D�IRJ�
SURQH�HQYLURQPHQW��IRUHVWV�GR�KDYH�WKH�SRWHQWLDO�WR�LQFUHDVH�SUHFLSLWDWLRQ�UHDFKLQJ�WKH�JURXQG��EXW�WKLV
LV�XQOLNHO\�WR�EH�D�VLJQLILFDQW�IDFWRU�LQ�WKH�ZDWHU�EDODQFH�RI�1HZ�=HDODQG�IRUHVWV�

,Q�1HZ�=HDODQG��&DPSEHOO�	�0XUUD\��������FDUULHG�RXW�D�ZHLJKLQJ�O\VLPHWHU�VWXG\�DW�*OHQGKX�LQ�XSODQG
HDVW�2WDJR���7KH�O\VLPHWHU�FRQWDLQHG�QDWLYH�VQRZ�WXVVRFNV�UHSUHVHQWDWLYH�RI�WKH�VXUURXQGLQJ�DUHD���)RUW\�
RQH�RI�����HYHQWV�PD\�KDYH�FRQWULEXWHG�IRJ� LQWHUFHSWLRQ�±� WKH� WRWDO�ZDV�DERXW����RI�SUHFLSLWDWLRQ�
$QRWKHU�2WDJR�VWXG\�QHDU�'XQHGLQ��&DPHURQ�HW�DO��������IRXQG�WKDW�IRJ�GHSRVLWLRQ�UDWHV�PD\�EH�RI�WKH
RUGHU�RI������PP�KRXU���+HUH��LW�LV�XQOLNHO\�WKDW�D�FKDQJH�LQ�ODQG�FRYHU�ZLOO�VLJQLILFDQWO\�FKDQJH�WKH
UXQRII�UHJLPH�E\�FKDQJLQJ�IRJ�GHSRVLWLRQ�UDWHV��PXFK�ODUJHU�FKDQJHV�DUH�WR�EH�H[SHFWHG�IURP�FKDQJHG
HYDSRUDWLRQ�UDWHV���([WUD�UXQRII�LV�HVWLPDWHG�WR�EH�QR�PRUH�WKDQ����RI�WRWDO�UDLQIDOO��)DKH\�HW�DO��������

��� &RQFOXVLRQ

2QO\�LQ�H[FHSWLRQDO�DUHDV�ZKHUH�IRJV�DUH�IUHTXHQW�LV�WKHUH�D�SRVVLELOLW\�WKDW�IRJ�PD\�EH�D�VLJQLILFDQW�IDFWRU
LQ�D�FDWFKPHQW�ZDWHU�EDODQFH�LQ�1HZ�=HDODQG�
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�� 'HZ

'HZ�DFFXPXODWHV�RQ�WKH�YHJHWDWLRQ�DQG�JURXQG�VXUIDFHV�ZKHQ�DLU�LV�FRROHG�WR�WKH�WHPSHUDWXUH�DW�ZKLFK
LW�UHDFKHV�VDWXUDWLRQ�

,Q�RQH�RI�WKH�IHZ�VWXGLHV�LQ�WKH�OLWHUDWXUH�RI�GHZ�DFFXPXODWLRQ�E\�WUHHV��)ULWVFKHQ�	�'RUDLVZDP\�������
PHDVXUHG�GHZ��DFFXPXODWLRQ�RQ�D�VLQJOH����P�WDOO�'RXJODV�ILU�WUHH�LQ�D�ZHLJKLQJ�O\VLPHWHU�DW�:DVKLQJWRQ
LQ�WKH�8QLWHG�6WDWHV�3DFLILF�1RUWKZHVW���'HZ�DFFXPXODWLRQ�RQ���FOHDU�GD\V�ZDV�HTXLYDOHQW�WR������DQG
�����PP�DQG�UHSUHVHQWHG����DQG������UHVSHFWLYHO\��RI�WKH�GDLO\�WUHH�HYDSRUDWLRQ���7KH\�IHOW�WKDW�XQGHU
WKH� FOLPDWLF� FRQGLWLRQV� H[SHULHQFHG� DW� WKH� VLWH�� GHZ� IRUPDWLRQ� FRXOG� SOD\� D� VLJQLILFDQW� SDUW� LQ� WKH
K\GURORJLF�EDODQFH�RI�'RXJODV�ILU�WUHHV�

7KH�O\VLPHWHU�VWXG\�RI�WKH�ZDWHU�UHODWLRQV�RI�VQRZ�WXVVRFN�E\�&DPSEHOO�	�0XUUD\��������DW�*OHQGKX�LQ
XSODQG�HDVW�2WDJR�UHFRUGHG����GHZ�HYHQWV���,Q�DOO�RI�WKHVH�HYHQWV��WKH�O\VLPHWHU�ORVW�ZHLJKW��LQGLFDWLQJ
WKDW�FRQGHQVDWLRQ�ZDV�QRW�UHFRUGHG�DV�D�ZHLJKW�JDLQ��

��� &RQFOXVLRQ

2QO\�LQ�H[FHSWLRQDO�DUHDV�ZKHUH�GHZ�RFFXUV�IUHTXHQWO\�LV�WKHUH�DQ\�SRVVLELOLW\�WKDW�LW�PD\�EH�D�VLJQLILFDQW
IDFWRU�LQ�D�FDWFKPHQW�ZDWHU�EDODQFH�LQ�1HZ�=HDODQG�
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�� ,QWHUFHSWLRQ�6WRUDJH�&DSDFLWLHV

,Q�WKH�ILUVW�VWDJH�RI�WKH�SURFHVV�RI�LQWHUFHSWLRQ��SUHFLSLWDWLRQ�QRW�SDVVLQJ�GLUHFWO\�WKURXJK�FDQRS\�JDSV�WR
WKH�JURXQG�LV�FROOHFWHG�E\�WKH�YHJHWDWLRQ�FDQRS\���:DWHU�LV�VWRUHG�RQ�WKH�YHJHWDWLRQ�VXUIDFHV�XQWLO�LW�IDOOV
RII�DW�GULS�SRLQWV�RQFH�WKDW�SDUW�RI�WKH�FDQRS\�LV�PRUH�RU�OHVV�VDWXUDWHG��RU�LW�LV�HYDSRUDWHG�EDFN�WR�WKH
DWPRVSKHUH�GXULQJ�RU�DIWHU�WKH�VWRUP�FHDVHV���7KH�FDQRS\�PD\�GU\�RXW�D�QXPEHU�RI�WLPHV�GXULQJ�D�VWRUP
LI�WKH�HYDSRUDWLRQ�UDWH�LV�JUHDWHU�WKDQ�WKH�SUHFLSLWDWLRQ�UDWH��

,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\��,6&��LV�WKH�DPRXQW�RI�SUHFLSLWDWLRQ�WKDW�FDQ�EH�KHOG�E\�WKH�YHJHWDWLRQ���,W
KDV�EHHQ�GHWHUPLQHG�LQ�D�QXPEHU�RI�ZD\V�LQFOXGLQJ�

� 7KH�WKUHVKKROG�YDOXH�RI�SUHFLSLWDWLRQ�EHORZ�ZKLFK�QR�WKURXJKIDOO�RFFXUV��5RJHUVRQ�	�%\UQHV
�����

� ([WUDSRODWLRQ�RI�WKH�XSSHU�HQYHORSH�RI�WKH�WKURXJKIDOO±SUHFLSLWDWLRQ�GDWD�SRLQWV�IRU�VWRUPV�!����
PP�WR�ILQG�,6&� �3771�DW�WKH�SRLQW�ZKHUH�7)� ����/H\WRQ�HW�DO�������

� ([WUDSRODWLRQ�RI�D�OLQH�RI�VORSH������VWHPIORZ�IUDFWLRQ��DORQJ�WKH�XSSHU�HQYHORSH�RI�D�SORW�RI
WKURXJKIDOO�DQG�SUHFLSLWDWLRQ�EDFN�WR�WKH�SRLQW�3771� ���ZKHUH�WKH�,6&�LV�FRQVLGHUHG�WR�EH�WKH
QHJDWLYH�WKURXJKIDOO�DPRXQW��*DVK�	�0RUWRQ�������3HDUFH�	�5RZH�������.HOOLKHU�HW�DO������E�

� ([WUDSRODWLRQ�RI�WKH�WKURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLS�WR�ILQG�WKH�DPRXQW�RI�UDLQ�UHTXLUHG
EHIRUH�WKURXJKIDOO�EHJLQV��L�H���,6&� �3771�ZKHUH�7)� ����5XWWHU�������5RZH������������������
6LQJK�������DQG�PDQ\�RWKHUV��

7DEOH�����OLVWV�WKRVH�YDOXHV�IRU�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�DYDLODEOH�IURP�WKH�OLWHUDWXUH�VHDUFKHV���,W
DSSHDUV�WKDW�WKH�'RXJODV�ILU�VWDQGV�KDYH�WKH�KLJKHVW�,6&�DW�DERXW��±��PP��QDWLYH�HYHUJUHHQ�IRUHVWV�DUH
QH[W�DW�DERXW���PP��DQG�SLQH�SODQWDWLRQV�KDYH�WKH�VPDOOHVW�,6&��RIWHQ�DERXW���PP�EXW�XS�WR�����PP���,W
LV�QRWHZRUWK\�WKDW�3HDUFH�	�5RZH��������DQG�5RZH��������FDOFXODWHG�,6&�IRU�WKH�VDPH�EHHFK�SRGRFDUS�
KDUGZRRG�VWDQG�DW�0DLPDL�QHDU�5HHIWRQ�RQ�WKH�:HVW�&RDVW��EXW�XVLQJ�PHWKRGV���DQG����UHVSHFWLYHO\��RYHU
WKH�VDPH�VDPSOLQJ�SHULRGV���7KH�GLIIHUHQFH�LQ�WKH�UHVXOWV��7DEOH������LQGLFDWHV�WKDW�HVWLPDWLQJ�,6&�LV�QRW
D�SUHFLVH�VFLHQFH��

7KH�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�RI�WKH�IRUHVW�IORRU�KDV�ODUJHO\�EHHQ�LJQRUHG���3XWXKHQD�	�&RUGHU\�������
KDYH�PHDVXUHG�IRUHVW�IORRU�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�RI�DERXW�����PP�IRU�UDGLDWD�SLQH�FRPSDUHG�WR
����PP�IRU�HXFDO\SW��

��� &RQFOXVLRQ

&DQRS\�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�WHQGV�WR�EH�RI�WKH�RUGHU�RI���PP�IRU�PRVW�RI�WKH�ZRRG\�YHJHWDWLRQ
W\SHV�OLVWHG�KHUH���)RUHVW�IORRU�,6&�LV�ODUJHO\�XQNQRZQ�
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7DEOH������,QWHUFHSWLRQ�VWRUDJH�FDSDFLWLHV��,6&��IRU�VRPH�YHJHWDWLRQ�W\SHV�IRXQG�LQ�1HZ�=HDODQG�H[RWLF
VSHFLHV�SODQWDWLRQV��QDWLYH�IRUHVW�DQG�VFUXE�VWDQGV��

9HJHWDWLRQ�W\SH $JH
�\HDU�

6WDQG�GHQVLW\
�63+�

,6&
�PP�

6RXUFH

5DGLDWD�SLQH� �� ���� � &URFNIRUG�	�5LFKDUGVRQ�����
5DGLDWD�SLQH� �� ��� %HOO�	�*DWHQE\�����
5DGLDWD�SLQH� � ��� ��� .HOOLKHU�HW�DO������E
5DGLDWD�SLQH� �� ��� ��� +XEHU�	�2\DU]XQ�����
5DGLDWD�SLQH� � ���� ��� 2\DU]XQ�HW�DO������
5DGLDWD�SLQH� � ��� ��� 2\DU]XQ�HW�DO������
5DGLDWD�SLQH� �� ��� ��� 2\DU]XQ�HW�DO������
5DGLDWD�SLQH� �� ��� ��� :KLWHKHDG�HW�DO������
'RXJODV�ILU �� ��� ��������� $XVVHQDF�	�%RXODQJHDW�����
'RXJODV�ILU �� ���� ��������� $XVVHQDF�	�%RXODQJHDW�����
'RXJODV�ILU �� ���� ��������� $XVVHQDF�	�%RXODQJHDW�����
'RXJODV�ILU �� ��� ����±���� %RXWHQ�HW�DO������
'RXJODV�ILU 0DWXUH ���±� .U\JLHU�����
'RXJODV�ILU �� ��� 5RELQV�����
0RXQWDLQ�EHHFK 0DWXUH ��� 5RZH�����
%HHFK�SRGRFDUS�
KDUGZRRG

0DWXUH � 5RZH�����

%HHFK�KDUGZRRG 0DWXUH � 5RZH�����
%HHFK�SRGRFDUS�
KDUGZRRG

0DWXUH � 3HDUFH�	�5RZH�����

.DQXND ��±�� � 5RZH�HW�DO�������
6QRZ�WXVVRFN 0DWXUH ��� &DPSEHOO�	�0XUUD\�����
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�� ,QWHUFHSWLRQ�±�7KURXJKIDOO

'XULQJ�WKH�LQWHUFHSWLRQ�SURFHVV��SUHFLSLWDWLRQ�LV�UHGLVWULEXWHG�E\�WKH�YHJHWDWLRQ�FDQRS\�VR�WKDW��
3UHFLSLWDWLRQ� �7KURXJKIDOO���6WHPIORZ���,QWHUFHSWLRQ�ORVV

7KURXJKIDOO� LV� WKDW�SRUWLRQ�RI�SUHFLSLWDWLRQ�� WKDW�UHDFKHV�WKH�JURXQG�HLWKHU�DV�GULS�IURP�D�YHJHWDWLRQ
FDQRS\�RU�DV�GLUHFW�IDOO�WKURXJK�D�FDQRS\�JDS���,W�LV�JHQHUDOO\�PHDVXUHG�XVLQJ�UDLQJDXJHV�RU�WURXJKV�RI
YDU\LQJ�GHVLJQV���

,Q�WKLV�VHFWLRQ��ZKHUH�SRVVLEOH��VWXGLHV�LGHQWLILHG�DV�GHWHUPLQLQJ�WKURXJKIDOO�E\�VLQJOH�WUHHV�KDYH�QRW�EHHQ
LQFOXGHG�DV�LW�LV�GLIILFXOW�WR�UHODWH�WKLV�WR�D�SODQWDWLRQ�ODQG�XVH�VLWXDWLRQ���1RQHWKHOHVV��VRPH�PD\�KDYH
EHHQ�LQDGYHUWHQWO\�LQFOXGHG�DV�VDPSOLQJ�PHWKRGV�ZHUH�QRW�DOZD\V�H[SOLFLW��

��� 5DGLDWD�SLQH

$QQXDO�WKURXJKIDOO�XQGHU�UDGLDWD�SLQH�FDQRSLHV�KDV�EHHQ�PHDVXUHG�LQ�PDQ\�VWXGLHV�ZRUOGZLGH���1HZ
=HDODQG�GDWD�DUH�OLVWHG�LQ�7DEOH������DQG�WKH�IXOO�GDWD�OLVWHG�LQ�$SSHQGL[������DUH�VXPPDULVHG�LQ�)LJ������
6RPH�GDWD�DUH�IRU�VWXGLHV�WKDW�KDYH�JRQH�RQ�IRU�PRUH�WKDQ�RQH�\HDU�DQG�GDWD�DUH�SURYLGHG�IRU�HDFK�\HDU�
ZKLOH�RWKHU�GDWD�DUH�DYHUDJHV�IRU�PRUH�WKDQ�RQH�\HDU���

1HZ�=HDODQG�PHDVXUHPHQWV�FRYHU�WKH�DQQXDO�SUHFLSLWDWLRQ�UDQJH�IURP�DERXW�����WR������PP���%RWK
$XVWUDOLDQ�DQG�&KLOHDQ�GDWD�RYHUODS�WKH�1HZ�=HDODQG�UDQJH��ZLWK�WKDW�IURP�$XVWUDOLD�H[WHQGLQJ�WKH
GDWDVHW�DW�WKH�ORZ�HQG�RI�WKH�SUHFLSLWDWLRQ�VFDOH�DQG�WKDW�IURP�&KLOH�DGGLQJ�LQIRUPDWLRQ�EH\RQG�WKH�XSSHU
HQG�RI�WKH�1HZ�=HDODQG�GDWDVHW��

7KH�KLJKO\�VLJQLILFDQW�OLQHDU�UHODWLRQVKLS�IRXQG�EHWZHHQ�WKURXJKIDOO�DQG�SUHFLSLWDWLRQ�XVLQJ�DOO�GDWD��)LJ�
����� LV� JLYHQ� DV� (TQ� ����� (TXDWLRQV� ���� WR� ���� JLYH� WKH� WKURXJKIDOO±SUHFLSLWDWLRQ� UHODWLRQVKLSV� IRU
$XVWUDOLD��1HZ�=HDODQG�DQG�&KLOH�GDWDVHWV��UHVSHFWLYHO\���'DWD�IURP�1HZ�=HDODQG�FRPSDUHG�ZLWK�&KLOH
RU�$XVWUDOLD�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU��WKH�����FRQILGHQFH�OLPLWV�RI�WKH�UHJUHVVLRQ
FRHIILFLHQWV�RYHUODS�DQG�VORSH�WHVW�)�YDOXHV�ZHUH�����IRU�$XVWUDOLD�1HZ�=HDODQG�DQG�����IRU�&KLOH�1HZ
=HDODQG�FRPSDULVRQV��UHVSHFWLYHO\��ZKLOH��)WDE������ ������)UHHVH���������7KH�$XVWUDOLD�&KLOH�UHODWLRQVKLS
FRXOG�EH�FRQVLGHUHG�GLIIHUHQW��KRZHYHU��DV�)� �����FI��)WDE������ �����

$OO 7)� ���������������������î�3 6(� �����U�� �������Q� ����SDLUV �����
$XVWUDOLD 7)� ������������������������î�3 6(� �����U�� �������Q� ����SDLUV �����
1HZ�=HDODQG 7)� ���������������������î�3 6(� ������U�� �������Q� ����SDLUV �����
&KLOH 7)� ���������������������î�3 6(� �����U�� �������Q� ����SDLUV �����
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7DEOH������7KURXJKIDOO�XQGHU�UDGLDWD�SLQH�FDQRSLHV�LQ�1HZ�=HDODQG�

6RXUFH /RFDWLRQ $JH
�\HDU�

%$
�P��KD�

'HQVLW\
�63+�

3771
�PP�

7)
�PP�

7)
���

%DNHU�HW�DO������ $XFNODQG �� �� ���� ��� ��� ��
%DNHU�HW�DO������ $XFNODQG �� ���� ���� ��� ��� ��
%DNHU�HW�DO������ $XFNODQG �� ���� ���� ��� ��� ��
%DNHU�HW�DO������ $XFNODQG �� ���� ���� ��� ��� ��
%DNHU�HW�DO������ $XFNODQG �� ���� ���� ��� ��� ��
'XQFDQ����� 1HOVRQ � ���� ���� ���� ��
'XQFDQ����� 1HOVRQ � ��� ���� ���� ��
'XQFDQ����� 1HOVRQ � ��� ��� ��� ��
'XQFDQ����� 1HOVRQ � ��� ��� ��� ��
)DKH\����� 2WDJR �� ��� ���� ���� ��� ��
)DKH\�HW�DO������ +RURUDWD �� �� ��� ��� ��� ��
-DFNVRQ����� $VKOH\ PL[HG ��� ��� ��
0F*UHJRU����� &HQWUDO�1, ��
:LOO�����D .DLQJDURD �� ��� ���� ���� ��
:LOO�����D .DLQJDURD �� ��� ���� ��� ��
:LOO�����E 5RWRUXD � ���� ���� ��� ��
:LOO�����E 5RWRUXD �� ��� ���� ��� ��
�0F*UHJRU¶V��������VWXG\�ZDV�IRU�D�QXPEHU�RI�VWRUPV�RQO\�DQG�FRXOG�QRW�EH�FRQYHUWHG�WR�DQ�DQQXDO�EDVLV�

)LJ�����DOVR�VKRZV�WKH�HUURU�EDQGV�LQ�ZKLFK�LW�LV�H[SHFWHG�WKDW�����RI�DOO�WKH�GDWD�SRLQWV�ZLOO�ILW���,W�FDQ
EH�VHHQ�SHUKDSV�PRUH�FOHDUO\�LQ�)LJ�������WKDW�IRU�DQ\�JLYHQ�DQQXDO�SUHFLSLWDWLRQ�DPRXQW��WKH�PHDVXUHG
YDOXHV�IDOO�LQWR�D�EDQG�DERXW�������PP�ZLGH�IURP�WKH�HVWLPDWH�XVLQJ�WKH�ZRUOGZLGH�UHODWLRQVKLS���7KXV�
IRU�DQ\�VWDQG�ZLWKRXW�PHDVXUHG�YDOXHV��WKH�WUXH�YDOXH�PD\�OLH�XS�WR�����PP�IURP�WKDW�SUHGLFWHG�E\�(TQ
����
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$QQXDO�SUHFLSLWDWLRQ��PP�
$XVWUDOLD 1HZ�=HDODQG
&KLOH 2WKHU
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�� ���� ����� ����� ����� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

)LJ�������7KH�UHODWLRQVKLS�EHWZHHQ�DQQXDO�WKURXJKIDOO�XQGHU�WKH�FDQRS\�RI�UDGLDWD�SLQH�SODQWDWLRQV�DQG
SUHFLSLWDWLRQ�XVLQJ�GDWD�IURP�VLWHV�WKURXJKRXW�WKH�ZRUOG���

)LJ�����5HVLGXDOV�IURP�PHDVXUHG�WKURXJKIDOO�YDOXHV�DQG�WKRVH�FDOFXODWHG�IURP�(TQ�����
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$WWHPSWV�WR�LPSURYH�WKH�ZRUOGZLGH�OLQHDU�UHODWLRQVKLS�E\�LQFOXGLQJ�VWDQG�DJH��$JH��(TQ������RU�EDVDO�DUHD
DV�D�PHDVXUH�RI�VWDQG�GHQVLW\��%$��(TQ������ LQ� WKH�SUHGLFWLRQ�HTXDWLRQV�SURYHG�XQVXFFHVVIXO�DV� WKH
UHJUHVVLRQ�FRHIILFLHQWV�IRU�WKHVH�DGGHG�YDULDEOHV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR���,W�LV�SRVVLEOH
WKDW�WKHVH�ZHUH�QRW�VLJQLILFDQW�UHODWLRQVKLSV�EHFDXVH�WKH�OHQJWK�RI�WLPH�IRU�WKH�WUHHV�WR�PDWXUH�LV�GLIIHUHQW
LQ�GLIIHUHQW�FRXQWULHV��H�J���URWDWLRQV�DUH�DERXW����\HDUV�LQ�1HZ�=HDODQG�DQG����\HDUV�LQ�6RXWK�$IULFD�
7R�WU\�DQG�RYHUFRPH�WKH�DJH�IDFWRU��DQG�EHFDXVH�WKHUH�LV�D�JUHDWHU�LQFUHDVH�LQ�ELRPDVV�RYHU�WKH�ILUVW���
\HDUV�RU�VR�DV�WKH�SODQWDWLRQ�JURZV�IURP�VHHGOLQJV�WRZDUGV�D�FORVHG�FDQRS\�VWDWH��DQ�DOWHUQDWLYH�UHJUHVVLRQ
HTXDWLRQ�ZDV�GHWHUPLQHG�IRU�WKH�VWDQGV�OHVV�WKDQ����\HDUV�ROG��$JH����(TQ��������$OWKRXJK�LQ�WKLV�LQVWDQFH
DQ�HIIHFW�ZDV�GHWHFWHG��WKH�RYHUDOO�UHJUHVVLRQ�ZDV�QRW�DV�JRRG�DV�WKH�RWKHU�HTXDWLRQV�DV�VKRZQ�E\�WKH�U�
YDOXHV��SRVVLEO\�EHFDXVH�WKLQQLQJ�DQG�SUXQLQJ�KDV�D�EDFNZDUGV�HIIHFW�RQ�ELRPDVV�IRU�DQ�LQFUHDVH�LQ�VWDQG
DJH��ZKLFK�LV�PRUH�VHQVLWLYH�LQ�WKLV�VPDOOHU�GDWDVHW�WKDQ�LQ�WKH�FRQWH[W�RI�D�ZKROH�URWDWLRQ��DV�VKRZQ�E\
(TQ�����

7)� ������������������������î�3771�������î�$JH 6(� �����U�� �������Q� ����SDLUV �����
7)� ����������������������î�3771��������î$JH�� 6(� �����U�� �������Q� ����SDLUV �����
7)� �����������������������î�3771������������î%$ 6(� �����U�� �������Q� ����SDLUV �����

:KHQ�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ��WKURXJKIDOO���7)��H[KLELWV�D�ZLGH�VFDWWHU�RI�SRLQWV��)LJ�
�����ZLWK�D�PHDQ�IRU�WKH�1HZ�=HDODQG�GDWD�RI���������FRPSDUHG�WR���������IRU�WKH�ZRUOGZLGH�GDWD�
/LQHDU� UHJUHVVLRQ�DQDO\VLV�VKRZHG� WKDW�RQO\�����RI� WKH�YDULDQFH� LQ� WKH�GDWD�FRXOG�EH�H[SODLQHG�E\
SUHFLSLWDWLRQ��ZKLFK�KDG�D�UHJUHVVLRQ�FRHIILFLHQW�RI�RQO\���������(TQ�������DOWKRXJK�WKLV�LV�VLJQLILFDQWO\
GLIIHUHQW�IURP�]HUR���'LYLGLQJ�WKH�GDWD�LQ�7DEOH�����LQWR�WZR�VHWV�DW�WKH�3771� ������PP�PDUN�JDYH�PHDQ
�7)�RI���������DQG����������IRU�WKH��������PP�DQG�!������PP�VDPSOHV��UHVSHFWLYHO\���7KHVH�PHDQ
�7)¶V�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�DQG�LQGLFDWH�WKDW�WKHUH�LV�QR�VLJQLILFDQW�WUHQG�ZKHQ
ZH�WU\�DQG�UHODWH�SHUFHQWDJH�WKURXJKIDOO�WR�SUHFLSLWDWLRQ�IRU�UDGLDWD�SLQH�VWDQGV�LQ�1HZ�=HDODQG�

��7)� ����������������������������î�3771 6(������U�� �������Q� ����SDLUV �����

$GGLQJ�EDVDO�DUHD�WR�WKH�DQDO\VLV�PDGH�D�VPDOO�LPSURYHPHQW�LQ�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�SHUFHQW
WKURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLS�ZLWK�U�� LQFUHDVLQJ�IURP������WR������� �$GGLQJ�DJH�FDXVHG�U�� WR
GHFUHDVH�IURP������WR��������1HLWKHU�UHJUHVVLRQ�FRHIILFLHQW�IRU�WKHVH�IDFWRUV�ZDV�GLIIHUHQW�IURP�]HUR�
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$QQXDO�SUHFLSLWDWLRQ��PP�

$XVWUDOLD 1HZ�=HDODQG
&KLOH 2WKHU

)LJ�������7KH�VDPH�GDWD�DV�LQ�)LJ�������EXW�ZLWK�UDGLDWD�SLQH�DQQXDO�WKURXJKIDOO�H[SUHVVHG�DV�D�SHUFHQWDJH
RI�DQQXDO�SUHFLSLWDWLRQ�

$�QXPEHU�RI�UHJUHVVLRQ�HTXDWLRQV�UHODWLQJ�WKURXJKIDOO�IRU�UDGLDWD�SLQH�VWDQGV�WR�SUHFLSLWDWLRQ�KDYH�EHHQ
QRWHG�LQ�WKH�OLWHUDWXUH��7DEOH��������7KH�UDQJH�LQ�OLQHDU�UHJUHVVLRQ�FRHIILFLHQWV�IRU�FDQRS\�WKURXJKIDOO
UHODWLRQVKLSV�OLVWHG�LQ�7DEOH�����LV�������WR������ZLWK�D�PHDQ�RI�������ZKLFK�LV�VOLJKWO\�KLJKHU�WKDQ�IRU�WKH
1HZ�=HDODQG�DQQXDO�UHODWLRQVKLS�LQ�(TQ�����
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7DEOH������7KH�UHODWLRQVKLS�EHWZHHQ�WKURXJKIDOO�DQG�SUHFLSLWDWLRQ�IRU�VRPH�UDGLDWD�SLQH�VWDQGV

6DPSOLQJ
UHJLPH

$JH
�\HDU�

6WDQG
GHQVLW\
�63+�

(TXDWLRQ 6RXUFH�DQG�&RPPHQW

6WRUP �� 7)� ������î�3771������� %ODNH�����
6WRUP � 7)� ������î�3771������� %ODNH������
6WRUP � ��� 7)� ������î�3771� .HOOLKHU�HW�DO������E��

1R�LQWHUFHSW�JLYHQ
6WRUP � ��� 6ODVK�7)�
������î�&DQRS\�7)� .HOOLKHU�HW�DO������E��

1R�LQWHUFHSW�JLYHQ
6WRUP ��� 7)� ������î�3771�������� 0F*UHJRU�������:LQWHU�RQO\
6WRUP ��� 6ODVK�7)
������î�&DQRS\�7)������ 0F*UHJRU�������:LQWHU�RQO\
'DLO\ �� ���� 7)� ������î�3771������ 3LHQDDU������
'DLO\ �� 7) ��������î&

�������������î3�&���î3771
3XWXKHQD�	�&RUGHU\�������
&DQRS\�IUDFWLRQ�����

:HHNO\ �� ��� 7)� �������î�3771�������� +XEHU�	�2\DU]XQ�����
:HHNO\ �� ���� 7)� �������î�3771������� /DQJIRUG�	�2¶6KDXJKQHVV\

����
:HHNO\ �� 7)� �������î�3771������� 6PLWK�����

,Q�WKHLU�VWXGLHV��0F*UHJRU��������DQG�.HOOLKHU�HW�DO�������E��VKRZ�WKHUH�FDQ�EH�VLJQLILFDQW�LQWHUFHSWLRQ
E\�VODVK�DQG�XQGHUVWRUH\���3XWXKHQD�	�&RUGHU\��������DOVR�QRWHG�WKDW�IRUHVW�IORRU�LQWHUFHSWLRQ�FDQ�EH
VLJQLILFDQW��ULVLQJ�WR�����RI�SUHFLSLWDWLRQ�DW�DJH����\HDUV�IRU�D�VWDQG�LQ�1HZ�6RXWK�:DOHV��

��� 'RXJODV�ILU

7KLUW\�RQH�VWXGLHV�ZHUH�LGHQWLILHG�WKDW�KDYH�GDWD�IRU�WKURXJKIDOO�XQGHU�'RXJODV�ILU�FDQRSLHV�EXW�RQO\
WKUHH�ZHUH�LQ�1HZ�=HDODQG��$SSHQGL[���������:LOO������D��WRRN�WKURXJKIDOO�PHDVXUHPHQWV�DV�SDUW�RI�D
QXWULHQW�F\FOLQJ�VWXG\�LQ�VHYHUDO�FRQLIHU�VWDQGV�DW�.DLQJDURD�)RUHVW�LQ�WKH�&HQWUDO�1RUWK�,VODQG��+RJJ�HW
DO���������PDGH�VKRUW�WHUP�PHDVXUHPHQWV�RI�WKURXJKIDOO�LQ�D�SODQWDWLRQ�QHDU�'XQHGLQ��DQG�)DKH\�HW�DO�
�������FDUULHG�RXW�D�FRPSDUDWLYH�VWXG\�ZLWK�UDGLDWD�SLQH�DW�+RURUDWD�LQ�0LG�&DQWHUEXU\��7DEOH��������
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�� ���� ����� ����� ����� �����
3UHFLSLWDWLRQ��PP�

3ODQWDWLRQ 1DWXUDO�IRUHVW

3ODQWDWLRQ���6XPPHU 3ODQWDWLRQ����\U

3ODQWDWLRQ���3RROHG�DQQXDO 3ODQWDWLRQ���3RROHG�VXPPHU

7DEOH������7KURXJKIDOO�XQGHU�'RXJODV�ILU�FDQRSLHV�LQ�1HZ�=HDODQG

6RXUFH /RFDWLRQ $JH
�\HDU�

+HLJKW
�P�

%$
�P��KD�

'HQVLW\
�63+�

3771
�PP�

7)
�PP�

7)
���

)DKH\�HW�DO������ +RURUDWD �� �� ��� ����� ����� ���� ���
)DKH\�HW�DO������ +RURUDWD �� �� ��� ���� ���� ���� ���
+RJJ�HW�DO������ 2WDJR �� �� ���� ���� ���� ���
:LOO�����D .DLQJDURD �� �� ����� ����� ���� ���
:LOO�����D .DLQJDURD �� �� ����� ����� ���� ���
�+RJJ�HW�DO���������PHDVXUHG����VWRUPV�RQO\�LQ�DQ�DUHD�RI�0$3�DERXW�����PP�

0DQ\�RI�WKH�RYHUVHDV�VWXGLHV�DUH�IRU�VKRUW�SHULRGV�DQG�WKXV�PD\�QRW�EH�VXLWDEOH�IRU�FRQYHUWLQJ�WR�DQQXDO
YDOXHV�ZLWKRXW�WKH�SUREDELOLW\�RI�LQWURGXFLQJ�VLJQLILFDQW�HUURUV���1RWZLWKVWDQGLQJ�WKHVH�FRQFHUQV��DOO�GDWD
DUH�VKRZQ�LQ�)LJ�������DQG�IRU�WKH�ROGHU�SODQWDWLRQ�VWDQGV�WKH�UHJUHVVLRQ�HTXDWLRQ�LV�JLYHQ�LQ�(TQ������

)LJ������ �7KURXJKIDOO�XQGHU�'RXJODV�ILU�FDQRSLHV���3UHFLSLWDWLRQ�IRU�WKH�VKRUW�WHUP�VWXGLHV�KDYH�EHHQ
FRQYHUWHG�RQ�D�SUR�UDWD�EDVLV�WR�DQQXDO�DPRXQWV���7KH�SRROHG�GDWD�DUH�ZKHUH�D�QXPEHU�RI�VWDQGV�KDYH�EHHQ
DYHUDJHG�DQG�QR�LQGLYLGXDO�VWDQG�GDWD�JLYHQ���'DWD�IRU�WKH�RQH�QDWXUDO�IRUHVW�DQG�WKH�RQH���\HDU�ROG�
SODQWDWLRQ�DUH�QRW�LQFOXGHG�LQ�WKH�UHJUHVVLRQ�OLQH���
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3UHFLSLWDWLRQ��PP�

,W�LV�QRWHZRUWK\�WKDW�(TQ�����KDV�D�PXFK�ORZHU�UHJUHVVLRQ�FRHIILFLHQW�WKDQ�LQ�(TQV�����WR�����IRU�UDGLDWD
SLQH���0RUHRYHU��D�FRPSDULVRQ�EHWZHHQ�(TQV�����DQG�����LQGLFDWHV�WKH�VORSHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW
�)� �����)WDE������ ��������7KLV�PHDQV�WKDW�WKH�FDQRS\�DUFKLWHFWXUH�RI�'RXJODV�ILU�VWDQGV��SRVVLEO\�FURZQ
GHQVLW\��DOORZV�PRUH�LQWHUFHSWLRQ�RI�SUHFLSLWDWLRQ�WKDQ�UDGLDWD�SLQH�SODQWDWLRQV���+RZHYHU��WKHUH�DUH�QR
LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�DVVHVVPHQWV�QRU�ELRPDVV�HVWLPDWHV�JLYHQ�IRU�WKH�'RXJODV�ILU�SODQWDWLRQV�WR
YHULI\�WKLV�

$OO�GDWD 7)� ������������������������î�3771 6(� �����U�� �������Q� ����SDLUV �����

:KLOH�����RI�WKH�YDULDQFH�LQ�WKH�GDWD�LV�H[SODLQHG�E\�(TQ������WKHUH�LV�VWLOO�D�ZLGH�VFDWWHU�RI�SRLQWV�DQG
WKURXJKIDOO�PHDVXUHPHQWV�ZLOO�JHQHUDOO\�IDOO�LQ�DQ�HQYHORSH�������PP�IURP�WKH�SUHGLFWLRQV�XVLQJ�(TQ����
�)LJV�����DQG������

)LJ�������5HVLGXDOV�EHWZHHQ�PHDVXUHG�WKURXJKIDOO�DQG�WKDW�FDOFXODWHG�XVLQJ�(TQ�����IRU�'RXJODV�ILU�

:KLOH�WKH�1HZ�=HDODQG�GDWD�IDOO�ZLWKLQ�WKH�VFDWWHU�LQ�)LJ������WKH�IRXU�GDWD�SRLQWV��DV�VKRZQ�ODWHU�LQ�)LJ�
�����H[KLELW�D�VWUDQJH�WUHQG�QRW�VKRZQ�E\�RWKHU�YHJHWDWLRQ�W\SHV���:H�FDQ�RQO\�VXUPLVH�WKDW�WKH�GDWD�SRLQWV
RI�:LOO������D��DUH�DQ�DEHUUDWLRQ�LQ�WKH�RYHUDOO�GDWDVHW��SHUKDSV�EHFDXVH�WKH�GDWD�DUH�DYHUDJHV�IURP�RQO\
WZR� WKURXJKIDOO� JDXJHV�� ZKLFK�ZHUH� QRW� UHSUHVHQWDWLYH� RI� WKH� SODQWDWLRQ� DV� D� ZKROH�� � 7KH� DYHUDJH
WKURXJKIDOO�IRU�WKH�ILYH�VWXGLHV�OLVWHG�LQ�7DEOH�����LV����������D�PHDQ�YDOXH�ORZHU�WKDQ�IRU�WKH�UDGLDWD�SLQH
GDWD�JLYHQ�HDUOLHU�EXW�WKH�FRQILGHQFH�OLPLWV�GR�RYHUODS��IRU�DOO�WKH�VWXGLHV�WKH�PHDQ�WKURXJKIDOO�ZDV�����
�����7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ��7)�DQG�HLWKHU�SUHFLSLWDWLRQ��U�� �������Q� ����SDLUV��RU�VWDQG
GHQVLW\��U�� �������Q� ����SDLUV��

2QO\�WZR�VWXGLHV��RQH�LQ�D�SODQWDWLRQ�DQG�RQH�LQ�D�QDWXUDO�IRUHVW��JDYH�UHODWLRQVKLSV�EHWZHHQ�VKRUW�WHUP
WKURXJKIDOO�DQG�SUHFLSLWDWLRQ��7DEOH��������7KH�VORSH�FRHIILFLHQWV�DUH�LQ�WKH�VDPH�UDQJH�DV�IRU�WKH�UDGLDWD
SLQH�VWXGLHV�DQG�WKDW�IRU�WKH�QDWXUDO�IRUHVW�VWDQG�LV�DW�WKH�WRS�RI�WKH�UDQJH��
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7DEOH������7KH�UHODWLRQVKLS�EHWZHHQ�WKURXJKIDOO�DQG�SUHFLSLWDWLRQ�IRU�WZR�'RXJODV�ILU�VWDQGV

6DPSOLQJ
UHJLPH

$JH
�\HDU�

6WDQG
GHQVLW\
�63+�

(TXDWLRQ 6RXUFH

:HHNO\ ����� ��� 7)� �������î�3771������� /DQJIRUG�	
2¶6KDXJKQHVV\�����

6XPPHU
VWRUPV

2OG
JURZWK

7)� �������î�3771������� 5RWKDFKHU�����

��� 1HZ�=HDODQG�QDWLYH�IRUHVWV

7KURXJKIDOO� XQGHU� QDWLYH� IRUHVW� FDQRSLHV� KDV� EHHQ� VWXGLHG� DW� VL[� ORFDWLRQV� �7DEOH� ����� DQG� WKH�GDWD
REWDLQHG�IURP�WKHVH�DUH�VKRZQ�LQ�)LJ��������7KH�WUHQG�LV�IRU�WKURXJKIDOO�WR�EH�VPDOOHU�XQGHU�WKH�QDWLYH
IRUHVW�FDQRSLHV� WKDQ�IRU�SLQH�SODQWDWLRQV�IRU�D�JLYHQ�DQQXDO�SUHFLSLWDWLRQ� WRWDO�� �(TXDWLRQ������KDV�D
UHJUHVVLRQ� HTXDWLRQ� FDOFXODWHG� XVLQJ� GDWD� IURP� WKH� VL[� VLWHV� DQG�� DOWKRXJK� D� VWDWLVWLFDOO\� VLJQLILFDQW
UHODWLRQVKLS�H[LVWV��U� ������FI��UWDE ���������WKHUH�LV�OLWWOH�YDOXH�LQ�XVLQJ�LW�IRU�SUHGLFWLRQ�SXUSRVHV�EHFDXVH
RI�WKH�KLJK�HUURU�OLPLWV�RQ�WKH�LQWHUFHSW�DQG�WKH�VORSH�FRHIILFLHQW��ZKLFK�LV�SDUWO\�D�UHIOHFWLRQ�RI�WKH�VPDOO
VDPSOH�VL]H�

7)� ���������������������������î�3771 6( ������U�� �������Q� ���SDLUV ������

7DEOH������$QQXDO�WKURXJKIDOO�XQGHU�1HZ�=HDODQG�QDWLYH�IRUHVW�FDQRSLHV

6RXUFH )RUHVW�W\SH 3771
�PP�

7)
�PP�

7)
���

0LOOHU����� +DUG�EHHFK ����� ���� ���
$OGULGJH�	�-DFNVRQ����� +DUG�EHHFK ����� ���� ���
5RZH����� %HHFK�KDUGZRRG ����� ����� ���
5RZH����� 0RXQWDLQ�EHHFK ����� ���� ���
5RZH����� %HHFK�SRGRFDUS�

KDUGZRRG
����� ����� ���

-DFNVRQ�	�$OGULGJH����� .aPDKL ����� ���� ���
�6XPPHU�RQO\

2Q�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�EDVLV��WKHVH�VWXGLHV�KDYH�DQ�DYHUDJH��7)�RI�����������7KHUH�LV�VRPH
VHDVRQDO� YDULDWLRQ� LQ� WKURXJKIDOO� XQGHU� EHHFK�SRGRFDUS�KDUGZRRG� IRUHVW� DW�0DLPDL� QHDU�5HHIWRQ� DV
WKURXJKIDOO�ZDV�����RI�SUHFLSLWDWLRQ�LQ�ZLQWHU�DQG�����LQ�VXPPHU��5RZH���������$W�'RQDOG�&UHHN�LQ
1HOVRQ�ZKHUH�SUHFLSLWDWLRQ�LV�ORZHU��PRQWKO\�WKURXJKIDOO�XQGHU�D�EHHFK�KDUGZRRG�IRUHVW�UDQJHG�EHWZHHQ
D�VXPPHU�PLQLPXP�RI�����DQG�D�ZLQWHU�PD[LPXP�RI������5RZH���������
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3UHFLSLWDWLRQ��PP�

6FUXE 1DWLYH�)RUHVW 3LQH 'RXJODV�)LU

)LJ������ �&DQRS\�WKURXJKIDOO� IRU�1HZ�=HDODQG�YHJHWDWLRQ�W\SHV�� �6FUXE�LQFOXGHV�JRUVH��PaQXND�DQG
NaQXND��DQG�WKH�QDWLYH�IRUHVW�W\SHV�DUH�WKRVH�OLVWHG�LQ�7DEOH�����

$�QXPEHU�RI�VWXGLHV�KDYH�UHSRUWHG�WKURXJKIDOO�DV�D�IXQFWLRQ�RI�SUHFLSLWDWLRQ�IRU�VKRUW�WLPH�SHULRGV��7DEOH
�����ZLWK�UHJUHVVLRQ�FRHIILFLHQWV�LQ�WKH�UDQJH������WR�������ZKLFK�PD\�UHIOHFW�WKH�GLYHUVLW\�RI�WKH�VWDQGV�

7DEOH������7KURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLSV�IRU�1HZ�=HDODQG�QDWLYH�IRUHVWV

6DPSOLQJ
UHJLPH

6WDQG (TXDWLRQ 6RXUFH�DQG�FRPPHQW

6WRUP +DUG�EHHFK 7)� �������î�3771������� $OGULGJH�	�-DFNVRQ�����
6WRUP .aPDKL 7)� �������î�3771������� -DFNVRQ�	�$OGULGJH�����
6WRUP 0RXQWDLQ�EHHFK 7)� ������î�3771������ 5RZH�������6XPPHU
6WRUP %HHFK�SRGRFDUS�

KDUGZRRG
7)� ������î�3771������� 5RZH�������:LQWHU

6WRUP %HHFK�SRGRFDUS�
KDUGZRRG

7)� ������î�3771������� 5RZH�������6XPPHU

6WRUP %HHFK�KDUGZRRG 7)� ������î�3771������� 5RZH�������:LQWHU
6WRUP %HHFK�KDUGZRRG 7)� ������î�3771������� 5RZH�������6XPPHU
:HHNO\ 1DWLYH 7)� ������î�3771������� %ODNH�����
0RQWKO\ %HHFK�KDUGZRRG 7)� ������î�3771������� 5RZH�������:LQWHU
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6WDQG (TXDWLRQ 6RXUFH�DQG�FRPPHQW

/DQGFDUH�5HVHDUFK

0RQWKO\ %HHFK�KDUGZRRG 7)� ������î�3771������ 5RZH�������6XPPHU

��� 6FUXEODQG�VSHFLHV

6WXGLHV�LQ�1HZ�=HDODQG�KDYH�EHHQ�FDUULHG�RXW�PDLQO\�RQ�JRUVH��NaQXND�DQG�PaQXND���7KH�FRPSLODWLRQ
KHUH��7DEOH������LQFOXGHV�GDWD�IURP�WZR�VWXGLHV�LQ�6SDLQ�RQ�JRUVH�

7DEOH���� 7KURXJKIDOO�XQGHU�VFUXE�VSHFLHV�FDQRSLHV�

6RXUFH 6FUXE�W\SH 3771
�PP�

7)
�PP�

7)
���

$OGULGJH�	�-DFNVRQ����� 0aQXND ����� ���� ���
%ODNH����� 0aQXND ����� ���� ���
5RZH�HW�DO������ .aQXND ����� ����� ���
(JXQMREL����� *RUVH ����� ���� ���
6RWR�	�'LD]�)LHUURV����� *RUVH ����� ���� ���
6RWR�	�'LD]�)LHUURV����� *RUVH ����� ���� ���
&DOYR�GH�$QWD�HW�DO������ *RUVH ���

)LJ������VKRZV�WKH�1HZ�=HDODQG�GDWD�ZKLFK�ILW�(TQ�������EDUHO\�QRW�VLJQLILFDQW�DW�WKH�����OHYHO�DV�U� 
������FI��UWDE ���������DQG�KDYH�D�PHDQ�WKURXJKIDOO�RI����������RI�SUHFLSLWDWLRQ���+RZHYHU��EHFDXVH�RI
WKH�ZLGH�FRQILGHQFH�OLPLW�RI�WKH�SDUDPHWHUV��WKH�VDPH�FRPPHQWV�DSSO\�ZLWK�UHVSHFW�WR�WKH�XWLOLW\�RI�WKLV
HTXDWLRQ�DV�IRU�WKH�QDWLYH�IRUHVW�VSHFLHV��

7)� ����������������������������î�3771 6(� ������U�� �������Q� ���SDLUV ������

7KHUH�DUH�DOVR�D�QXPEHU�RI�WKURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLSV�GHWHUPLQHG�IRU�WKHVH�VFUXE�VWXGLHV
�7DEOH������WKH�UHJUHVVLRQ�FRHIILFLHQWV�UDQJLQJ�IURP������WR�������D�PXFK�ORZHU�UDQJH�WKDQ�IRU�DOO�WKH
IRUHVW�VWDQGV�



��

/DQGFDUH�5HVHDUFK

7DEOH����� 7KURXJKIDOO�±�SUHFLSLWDWLRQ�UHODWLRQVKLS�IRU�VFUXEE\�YHJHWDWLRQ

6DPSOLQJ�UHJLPH 9HJHWDWLRQ�W\SH (TXDWLRQ 6RXUFH
6WRUP *RUVH 7)� ������î�3771������� $OGULGJH�����
6WRUP *RUVH 7)� ������î�3771������� %ODNH�����
6WRUP *RUVH 7)� ������î�3771������� 6RWR�	�'LD]�)LHUURV�����
6WRUP 0aQXND 7)� �������î�3771�������� $OGULGJH�	�-DFNVRQ�����
6WRUP 0aQXND 7)� �������î�3771�������� %ODNH�����
6WRUP 0aQXND 7)� ������î�3771������� %ODNH�����
6WRUP 1DWLYH�VFUXE 7)� ������î�3771������� %ODNH�����

��� &RPSDUDWLYH�VWXGLHV

$PRQJ�WKH�VWXGLHV�UHSRUWHG��WKHUH�DUH�RQO\�WZR�WKDW�FDQ�EH�FRQVLGHUHG�FRPSDUDWLYH�IRU�VSHFLHV�UHOHYDQW
WR�1HZ�=HDODQG�ZKHQ�PHDVXUHPHQWV�DUH�PDGH�LQ�WKH�GLIIHUHQW�VWDQGV�DW�WKH�VDPH�WLPH���7KURXJKIDOO�IURP
'RXJODV�ILU�DQG�UDGLDWD�SLQH�VWDQGV�KDV�EHHQ�PHDVXUHG�E\�/DQJIRUG�	�2¶6KDXJKQHVV\��������LQ�9LFWRULD
DQG� E\� )DKH\� HW� DO�� ������� LQ�0LG�&DQWHUEXU\� DW� +RURUDWD� �7DEOH� ������ � %RWK� VWXGLHV� LQGLFDWH� WKDW
WKURXJKIDOO�XQGHU�UDGLDWD�SLQH�LV�JUHDWHU�WKDQ�XQGHU�'RXJODV�ILU��

7DEOH� ���� � &RPSDUDWLYH� WKURXJKIDOO� VWXGLHV� �+RURUDWD�� )DKH\� HW� DO�� ������ 9LFWRULD�� /DQJIRUG� 	
2¶6KDXJKQHVV\������

'RXJODV�ILU 5DGLDWD�SLQH
$JH
�\HDUV�

3771
�PP�

7)
�PP�

7)
���

$JH
�\HDUV�

3771
�PP�

7)
�PP�

7)
���

+RURUDWD �� ���� ��� �� �� ��� ��� ��
+RURUDWD �� ��� ��� ��
9LFWRULD �� �� �� ��
9LFWRULD :HHNO\�7)� ������î3771������� :HHNO\�7)� ������î3771�������

��� &RQFOXVLRQV

$QQXDO�WKURXJKIDOO
$QQXDO�WKURXJKIDOO�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�LV�VKRZQ�LQ�7DEOH������IRU�ERWK�WKH�1HZ�=HDODQG�DQG
WKH�ZRUOGZLGH�GDWD��LQFOXGLQJ�1HZ�=HDODQG��GDWDVHWV���7KHUH�LV�OLWWOH�GLIIHUHQFH�LQ�WKH�FRPSDULVRQV�IRU
HDFK�YHJHWDWLRQ�W\SH�DV�WKH�FRQILGHQFH�OLPLWV�RYHUODS��EXW�LW�PXVW�EH�HPSKDVLVHG�WKDW�WKH�1HZ�=HDODQG
GDWD�DUH�D�VXEVHW�RI�WKH�ZRUOGZLGH�GDWD���7KHUH�LV�D�WHQGHQF\�IRU�WKURXJKIDOO�WR�EH�JUHDWHU�XQGHU�WKH�SLQH
VWDQGV�WKDQ�IRU�'RXJODV�ILU�RU�QDWLYH�IRUHVW��DQG�IRU�WKHUH�WR�EH�VPDOOHU�DPRXQWV�XQGHU�VFUXE��DOWKRXJK�KHUH
WKHUH�DUH�YHU\�ZLGH�FRQILGHQFH�OLPLWV�DERXW�WKH�PHDQ�
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7DEOH�������6XPPDU\�RI�WKURXJKIDOO�VWXGLHV��PHDQ�WKURXJKIDOO�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�ZLWK����
FRQILGHQFH�OLPLWV��DQG�WKH�QXPEHU�RI�GDWD�SRLQWV�JLYHQ�LQ�SDUHQWKHVHV�

6SHFLHV 1HZ�=HDODQG�VWXGLHV :RUOGZLGH
5DGLDWD�SLQH ����������� �����������
'RXJODV�ILU ���������� �����������
1DWLYH�IRUHVW ����������
6FUXE ����������� ����������

$QQXDO�WKURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLSV
7KHVH�UHODWLRQVKLSV�DUH�JLYHQ�LQ�7DEOH������IRU�WKH�ZRUOGZLGH�GDWD�IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU�DQG
IRU�1HZ�=HDODQG�GDWD� IRU�DOO�YHJHWDWLRQ� W\SHV�H[FHSW�'RXJODV� ILU� �ZKLFK�KDG� LQVXIILFLHQW�JRRG�GDWD
DYDLODEOH���WKH\�DUH�DOVR�SORWWHG�LQ�)LJ��������7KH�ZRUOGZLGH�UHJUHVVLRQ�UHODWLRQVKLSV�IRU�WKH�WZR�SODQWDWLRQ
VSHFLHV�DUH�VWDWLVWLFDOO\�GLIIHUHQW�IURP�HDFK�RWKHU���)RU�SUHGLFWLRQ�SXUSRVHV�WKH�HTXDWLRQV�KDYH�SRWHQWLDO
HUURUV�RI�DERXW�������PP�DERXW�WKH�SUHGLFWLRQ�IRU�DQ\�JLYHQ�DQQXDO�SUHFLSLWDWLRQ�UHJLPH��

7KH�UHJUHVVLRQ�FRHIILFLHQWV�IRU�WKH�QDWLYH�IRUHVW�DQG�VFUXE�UHODWLRQVKLSV�DUH�QRW�WKRVH�H[SHFWHG�LQ�WKH�UHDO
ZRUOG��EHLQJ�FORVH�WR�RU�JUHDWHU�WKDQ���DQG�ZLWK�H[WUHPHO\�ZLGH�FRQILGHQFH�OLPLWV��ZKLFK�LV�D�UHIOHFWLRQ
RQ�WKH�VPDOO�VDPSOH�VL]HV�DYDLODEOH�

7DEOH�������$QQXDO�WKURXJKIDOO±SUHFLSLWDWLRQ�UHODWLRQVKLSV�IRU�YHJHWDWLRQ�W\SHV�IRXQG�LQ�1HZ�=HDODQG

9HJHWDWLRQ�W\SH (TXDWLRQ
5DGLDWD�SLQH�±�ZRUOGZLGH 7)� ������������������������î�3 U�� �������Q� ����SDLUV
5DGLDWD�SLQH�±�1HZ�=HDODQG 7)� ������������������������î�3 U�� �������Q� ����SDLUV
'RXJODV�ILU�±�ZRUOGZLGH 7)� ������������������������î�3 U�� �������Q� ����SDLUV
1HZ�=HDODQG�QDWLYH�IRUHVW 7)� ���������������������������î�3 U��� �������Q� ���SDLUV
1HZ�=HDODQG�VFUXE 7)� ����������������������������î�3 U�� �������Q� ���SDLUV



��

/DQGFDUH�5HVHDUFK

��
����

�����
�����
�����
�����

$Q
QX

DO�
WKU

RX
JK

IDO
O��P

P�

�� ���� ����� ����� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

:RUOG�SLQH :RUOG�ILU 6FUXE

1DWLYH�IRUHVW 1=�SLQH

)LJ�������/LQHDU�UHJUHVVLRQ�UHODWLRQVKLSV�EHWZHHQ�DQQXDO�WKURXJKIDOO�DQG�SUHFLSLWDWLRQ���3LQH�LV�UDGLDWD�SLQH
DQG�ILU�LV�'RXJODV�ILU�
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�� ,QWHUFHSWLRQ�±�6WHPIORZ

6WHPIORZ�LV�JHQHUDOO\�E\�IDU�WKH�VPDOOHVW�FRPSRQHQW�RI�WKH�LQWHUFHSWLRQ�EDODQFH�DQG�LV�WKH�LQWHUFHSWHG
ZDWHU�WKDW�UHDFKHV�WKH�JURXQG�YLD�PRYHPHQW�GRZQ�WKH�VWHPV�RI�WUHHV�RU�VKUXEV��DOWKRXJK�LW�PD\�KDYH�DV
LWV�VRXUFH�GLUHFW�SUHFLSLWDWLRQ�RU�ZDWHU�PRYHPHQW�GRZQ�EUDQFKHV���:KLOH�WKURXJKIDOO�LV�PHDVXUHG�DV�WKH
RWKHU�PDLQ�FRPSRQHQW�RI�SUHFLSLWDWLRQ�UHDFKLQJ�WKH�JURXQG��VWHPIORZ�LV�RIWHQ�LJQRUHG�RU�DOORZDQFH�PDGH
�H�J��� )DKH\� ������ 5RZH� ������ DQG� PDQ\� RWKHUV��� � ,WV� LPSRUWDQFH� FRPHV� LQ� WKH� UHGLVWULEXWLRQ� RI
SUHFLSLWDWLRQ�ZKHUH�LW�FDQ�EH�FRQFHQWUDWHG�LQ�DQ�DUHD�LPPHGLDWHO\�VXUURXQGLQJ�WKH�WUXQN�DQG�EHLQJ�PDGH
DYDLODEOH�WR�WKH�WUHH�VKUXE���

:KHQ�PHDVXUHG��VWHPIORZ�LV�XVXDOO\�WUDSSHG�E\�QDUURZ�FROODUV�VHDOHG�WR�WKH�WUHH�WUXQNV�DQG�OHG�RII�LQWR
FRQWDLQHUV���7KH�PHDVXUHG�YROXPHV�PD\�EH�UHODWHG�WR�JURXQG�DUHD�RQ�WKH�EDVLV�RI��SORW�DUHD��WUHH�FDQRS\
SURMHFWLRQ��RU�VXPPHG�DFFRUGLQJ�WR�VWHP�VL]H�GLVWULEXWLRQV�IRU�D�JLYHQ�DUHD�

�����5DGLDWD�SLQH

2QO\�RQH� VWXG\� LQ�1HZ�=HDODQG�H[SOLFLWO\� UHSRUWV�PHDVXUHG� VWHPIORZ�ZLWK� UDLQIDOO� IRU� UDGLDWD�SLQH
SODQWDWLRQV��)DKH\�HW�DO��������VR�ZH�KDYH�WR�UHO\�RQ�$XVWUDOLDQ�����YDOXHV��DQG�&KLOHDQ�����YDOXHV�
LQIRUPDWLRQ�WR�SXW�WKLV�LQ�WKH�ZLGHU�FRQWH[W��)LJ�������GDWD�LQ�$SSHQGL[���������7KHVH�SRLQWV�ILW�(TQ����
ZKLFK�H[SODLQV�RQO\�����RI�WKH�YDULDQFH�LQ�WKH�GDWD�DQG�WKH\�KDYH�YHU\�ZLGH�����FRQILGHQFH�OLPLWV
UHIOHFWLQJ� WKH� VFDWWHU�RI� WKH�GDWD� �PRUH� WKDQ������PP�DERXW� WKH�FDOFXODWHG� OLQH� �)LJV�����DQG�������
,QFOXVLRQ�RI�VWDQG�GHQVLW\�LQWR�WKH�HTXDWLRQ�LPSURYHV�WKH�H[SODLQHG�YDULDQFH�E\����EXW�WKH�FRHIILFLHQW
RQ�63+�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��(TQ������

6)� ��������������������î�3771 6(� �����U�� �������Q� ����SDLUV �����
6)� ���������������������î�3771�������������[�63+ 6(� �����U�� �������Q� ����SDLUV �����

7KH�DYHUDJH�VWHPIORZ�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�LV��:RUOGZLGH�������������$XVWUDOLD������������
&KLOH�������������1HZ�=HDODQG��������7KH�RYHUDOO�JUHDWHU�VWHPIORZ�LQ�WKH�&KLOHDQ�GDWD�PD\�UHIOHFW�WKH
JHQHUDOO\�ZHWWHU�HQYLURQPHQWV�LQ�ZKLFK�PRVW�RI�WKH�GDWD�ZHUH�FROOHFWHG��)LJ�������

7KH�ORQH�1HZ�=HDODQG�YDOXH�ILWV�WKH�WUHQG�OLQH�LQ�(TQ�����DQG�VLWV�ZLWKLQ�WKH�SHUFHQW�VWHPIORZ�VFDWWHU�LQ
)LJ�����
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$XVWUDOLD 1HZ�=HDODQG &KLOH

�����
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�� ���� ����� ����� ����� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

)LJ�������6WHPIORZ�E\�UDGLDWD�SLQH�SODQWDWLRQV�LQ�$XVWUDOLD��&KLOH�DQG�1HZ�=HDODQG��

)LJ�������7KH�UHVLGXDOV�EHWZHHQ�PHDVXUHG�DQG�WKDW�FDOFXODWHG�E\�(TQ�����IRU�UDGLDWD�SLQH�SODQWDWLRQV
ZRUOGZLGH�
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$QQXDO�SUHFLSLWDWLRQ��PP�

$XVWUDOLD 1HZ�=HDODQG &KLOH

)LJ������7KH�VDPH�GDWD�DV�LQ�)LJ������EXW�WKLV�WLPH�ZLWK�VWHPIORZ�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ��

$�QXPEHU�RI�OLQHDU�UHODWLRQVKLSV�EHWZHHQ�VWHPIORZ�DQG�SUHFLSLWDWLRQ�KDYH�EHHQ�GHWHUPLQHG��7DEOH������
$OO�OLQHDU�UHODWLRQVKLS�H[FHSW�IRU�6PLWK��������KDYH�UHJUHVVLRQ�FRHIILFLHQWV�OHVV�WKDQ�DERXW������LQGLFDWLQJ
WKDW�VWHPIORZ�ZLOO�EH�OHVV�WKDQ�����RI�SUHFLSLWDWLRQ��PDNLQJ�DQ�DOORZDQFH�IRU�WKH�LQWHUFHSWV�FRXOG�ORZHU
WKLV�E\�DERXW��±���SHU�\HDU�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�HYHQWV�LQ�WKH�VWRUP�UHODWLRQVKLSV�

7DEOH������6WHPIORZ�SUHFLSLWDWLRQ�UHODWLRQVKLSV�IRU�UDGLDWD�SLQH�VWDQGV�IRU�VKRUW�WLPH�SHULRGV�

6DPSOLQJ
LQWHUYDO

$JH
�\HDU�

'HQVLW\
�63+�

(TXDWLRQ 6RXUFH

6WRUP � 6)� ������î�3771������� %ODNH�����
6WRUP �� 6)� ������î�3771������� %ODNH������
6WRUP � ��� 6)� ������î�3771������� .HOOLKHU�HW�DO������E
6WRUP � ��� 6)� ������î�3771������� .HOOLKHU�HW�DO������E
6WRUP �� 6)� ��������������î�ORJ3771 0\HUV�	�7DOVPD�����
6WRUP �� ��� 6)� ������î�3771������� :KLWHKHDG�HW�DO������
'DLO\ �� 6)� �������î�3771 3XWXKHQD�	�&RUGHU\�����
:HHNO\ �� ��� 6)� �������î�3771�������� +XEHU�	�2\DU]XQ������
:HHNO\ �� 6)� ������î�3771�������� 6PLWK�����
:HHNO\ ����� ���� 6)� �������î�3771������� /DQJIRUG�	�2¶6KDXJKQHVV\�����
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3UHFLSLWDWLRQ��PP�

3ODQWDWLRQ 3ODQWDWLRQ���6XPPHU

1=

����'RXJODV�ILU

6WHPIORZ�PHDVXUHG�XQGHU�WZR�'RXJODV�ILU�SODQWDWLRQV�E\�)DKH\�HW�DO��������LV�WKH�RQO\�SXEOLVKHG�1HZ
=HDODQG�GDWD�DQG�DSSHDUV�WR�EH�DW�WKH�ORZ�HQG�RI�WKH�UDQJH�IRU�'RXJODV�ILU�DV�VKRZQ�LQ�)LJ��������7KH
UHODWLRQVKLS�EHWZHHQ�VWHPIORZ�DQG�SUHFLSLWDWLRQ�LV�

6)� �������������������î�3771 6(� �����U�� �������Q� ����SDLUV �����
6)� ��������������������î�3771�������������[�63+ 6(� �����U�� �������Q� ����SDLUV �����

&RPSDULQJ�WKH�VWHPIORZ±SUHFLSLWDWLRQ�UHODWLRQV�IRU�UDGLDWD�SLQH��(TQ�������DQG�'RXJODV�ILU��(TQ�����
VKRZV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR��)VORSH �������)OHYHO �������)WDE �������

8QOLNH�UDGLDWD�SLQH��WKH�'RXJODV�ILU�GDWD�SUHVHQWHG�KHUH�KDYH�D�SRVLWLYH�UHODWLRQVKLS�ZLWK�VWDQG�GHQVLW\�DV
VKRZQ�E\�(TQ�������7KLV�LV�IXUWKHU�UHLQIRUFHG�E\�WKH��6)�VWHPIORZ�UHODWLRQVKLSV��ZKHUH�WKH�UHODWLRQVKLS
ZLWK�SUHFLSLWDWLRQ�LV�HVVHQWLDOO\�QRQ�H[LVWHQW��RQO\������RI�WKH�YDULDQFH�FRXOG�EH�H[SODLQHG�E\�WKH�GDWD��
7KHUH� LV� D� JRRG� UHODWLRQVKLS�ZLWK� VWDQG� GHQVLW\� DORQH� �(TQ� ����� )LJ�� ������ DQG� WKH� LQFOXVLRQ� RI� WKH
SUHFLSLWDWLRQ�WHUP�ZLWK�VWDQG�GHQVLW\�OHDGV�WR�D�PLQRU�LPSURYHPHQW�LQ�H[SODLQHG�YDULDQFH�EXW�DJDLQ�QR
VLJQLILFDQFH�FDQ�EH�DWWULEXWHG�WR�WKH�SUHFLSLWDWLRQ�WHUP��(TQ������

�6)� �����������������������î�63+ 6(� ������U�� �������Q� ����SDLUV �����
�6)� �����������������������î�63+���������������[�3771 6(� ������U�� �������Q� ����SDLUV �����

$V�D�SHUFHQWDJH�RI�DQQXDO�SUHFLSLWDWLRQ��DYHUDJH�VWHPIORZ�RQ�D�ZRUOGZLGH�EDVLV�LV��������������)DKH\�HW
DO�¶V��������GDWD�DUH������DQG������IRU�WKH�WZR�PHDVXUHG�VWDQGV�

)LJ�����6WHPIORZ�PHDVXUHG�LQ�D�QXPEHU�RI�'RXJODV�ILU�SODQWDWLRQV�
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6WDQG�GHQVLW\��VSK�

3ODQWDWLRQ 3ODQWDWLRQ���6XPPHU

1=

)LJ�����7KH�UHODWLRQVKLS�EHWZHHQ�VWDQG�GHQVLW\�DQG�VWHPIORZ�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�IRU�'RXJODV
ILU�VWDQGV�

2QO\�RQH�VWXG\�KDV�SUHVHQWHG�D�VKRUW�WHUP�UHODWLRQVKLS�EHWZHHQ�VWHPIORZ�DQG�SUHFLSLWDWLRQ��/DQJIRUG�	
2¶6KDXJKQHVV\���������7DEOH������

7DEOH������6KRUW�WHUP�VWHPIORZ±SUHFLSLWDWLRQ�UHODWLRQVKLSV�IRU�'RXJODV�ILU�DQG�1HZ�=HDODQG�YHJHWDWLRQ
VWXGLHV

9HJHWDWLRQ 6DPSOLQJ
LQWHUYDO

$JH
�\HDU�

'HQVLW\
�63+�

(TXDWLRQ 6RXUFH

'RXJODV�ILU :HHNO\ ��±�� ��� 6)� �������î�3771������� /DQJIRUG�	�2¶6KDXJKQHVV\
����

1DWLYH�IRUHVW 6WRUP 6)� ������î�3771������� %ODNH�����
.aPDKL 6WRUP 6)� �������î�3771������� -DFNVRQ�	�$OGULGJH�����
+DUG�EHHFK 6WRUP 6)� �������î�3771������� $OGULGJH�	�-DFNVRQ�����
0aQXND 6WRUP �� ������ 6)� �������î�3771������� $OGULGJH�	�-DFNVRQ�����
0aQXND 6WRUP 6)� �������î�3771�������� %ODNH�����
0aQXND 6WRUP 6)� ������î�3771������� %ODNH�����
1DWLYH�VFUXE 6WRUP 6)� ������î�3771������� %ODNH�����
*RUVH 6WRUP 6)� ������î�3771������� %ODNH�����

�����1HZ�=HDODQG�YHJHWDWLRQ
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$SDUW�IURP�WKH�)DKH\�HW�DO���������VWXG\�UHIHUUHG�WR�HDUOLHU��WKHUH�DUH�IHZ�VWHPIORZ�GDWD�DYDLODEOH�IRU�1HZ
=HDODQG�YHJHWDWLRQ���7KH�GDWD�SUHVHQWHG�LQ�WKH�OLWHUDWXUH�DUH�OLVWHG�LQ�7DEOH�����DQG�WKH�YDULDEOH�QDWXUH�RI
WKHVH� LV� VKRZQ� IXUWKHU� LQ� )LJ�� ���� DQG� E\� WKH� UDQJH� LQ� WKH� UHJUHVVLRQ� FRHIILFLHQWV� RI� WKH� VKRUW�WHUP
VWHPIORZ±SUHFLSLWDWLRQ�UHODWLRQVKLSV�LQ�7DEOH�������%HFDXVH�RI�WKLV�YDULDELOLW\�LW�LV�GLIILFXOW�WR�PDNH�DQ\
JHQHUDOLVDWLRQV�� DQG� LW�PD\�EH� WKDW� GLIIHULQJ�PHDVXUHPHQW� WHFKQLTXHV� DQG�PHWKRGV�RI� DWWULEXWLQJ� WKH
FROOHFWLRQV�WR�JURXQG�DUHDV�PD\�FRQWULEXWH�WR�VRPH�RI�WKH�YDULDELOLW\���+RZHYHU��WKH�DYHUDJH��6)�IRU�WKH
IRXU�QDWLYH�IRUHVW�VWDQGV�LQ�7DEOH�����LV�����DQG�IRU�WKH�WKUHH�VFUXE�VWDQGV�LV������EXW�IRU�ERWK�YHJHWDWLRQ
W\SHV�WKHUH�LV�D�YHU\�ZLGH�VSUHDG�RI�YDOXHV�

7DEOH������6WHPIORZ�IRU�1HZ�=HDODQG�YHJHWDWLRQ�FODVVHV

6RXUFH 9HJHWDWLRQ 3
�PP�

6)
�PP�

6)
���

%ODNH����� 0aQXND ����� ������ ����
$OGULGJH�	�-DFNVRQ����� 0aQXND ����� ������ �����
5RZH�HW�DO������ .aQXND ����� ����� ����
$OGULGJH�	�-DFNVRQ����� +DUG�EHHFK ����� ������ �����
5RZH����� 0RXQWDLQ�EHHFK ����� ����� ����
5RZH������ %HHFK�SRGRFDUS�KDUGZRRG ����� ����� ����
-DFNVRQ�	�$OGULGJH����� .aPDKL ����� ������ �����
)DKH\�HW�DO������ 5DGLDWD�SLQH ����� ����� ����
)DKH\�HW�DO������ 'RXJODV�ILU ����� ����� ����
)DKH\�HW�DO������ 'RXJODV�ILU ���� ����� ����
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3UHFLSLWDWLRQ��PP�

6FUXE 1DWLYH�)RUHVW
3LQH 'RXJODV�)LU

)LJ������0HDVXUHG�VWHPIORZ�IRU�VRPH�1HZ�=HDODQG�YHJHWDWLRQ�W\SHV�

��� &RPSDUDWLYH�VWXGLHV

$PRQJVW�WKH�VWXGLHV�UHSRUWHG��WKHUH�DUH�RQO\�WZR�WKDW�FDQ�EH�FRQVLGHUHG�FRPSDUDWLYH�IRU�VSHFLHV�UHOHYDQW
WR�1HZ�=HDODQG�ZKHQ�PHDVXUHPHQWV� DUH�PDGH� FRQFXUUHQWO\� LQ� WKH�GLIIHUHQW� VWDQGV�� �6WHPIORZ� IURP
'RXJODV�ILU�DQG�UDGLDWD�SLQH�VWDQGV�KDV�EHHQ�PHDVXUHG�E\�/DQJIRUG�	�2¶6KDXJKQHVV\��������LQ�9LFWRULD
DQG�E\�)DKH\�HW�DO���������LQ�0LG�&DQWHUEXU\�DW�+RURUDWD��7DEOH��������7KHVH�VWXGLHV�VXJJHVW�QR�FOHDU
WUHQG��

7DEOH� ���� � &RPSDUDWLYH� VWHPIORZ� VWXGLHV� �+RURUDWD�� )DKH\� HW� DO�� ������ 9LFWRULD�� /DQJIRUG� 	
2¶6KDXJKQHVV\������

'RXJODV�ILU 5DGLDWD�SLQH
$JH 6)� $JH 6)�

+RURUDWD �� ��� �� �
+RURUDWD �� ���
9LFWRULD �� ���� �� ����
9LFWRULD :HHNO\�6)� ������î3771�±����� :HHNO\�6)� ������î3771�±�����
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�����&RQFOXVLRQV
$QQXDO�VWHPIORZ

$QQXDO�VWHPIORZ�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�LV�VKRZQ�LQ�7DEOH�������6WHPIORZ�IURP�UDGLDWD�SLQH�DQG
'RXJODV�ILU�SODQWDWLRQV�LV�VLPLODU�DW�DERXW����RI�SUHFLSLWDWLRQ�IRU�WKH�ZRUOGZLGH�GDWD��WKH�IHZ�1HZ�=HDODQG
SODQWDWLRQV�KDYH�ORZHU�VWHPIORZ�WKDQ�WKLV�DYHUDJH���1HZ�=HDODQG�QDWLYH�IRUHVW�DQG�VFUXEODQG�GDWD�KDYH
YHU\�PXFK�KLJKHU�OHYHOV�DOWKRXJK�WKHUH�DUH�YHU\�ZLGH�H[WUHPHV�

7DEOH������0HDQ�SHUFHQWDJH�VWHPIORZ�IRU�1HZ�=HDODQG�YHJHWDWLRQ�FODVVHV

6SHFLHV :RUOGZLGH�VWXGLHV 1HZ�=HDODQG�VWXGLHV
5DGLDWD�SLQH ��������� ���
'RXJODV�)LU ��������� ���
1DWLYH�IRUHVW ��
6FUXE ��

$QQXDO�VWHPIORZ±SUHFLSLWDWLRQ�UHODWLRQVKLSV
5HODWLRQVKLSV�EHWZHHQ�VWHPIORZ�DQG�SUHFLSLWDWLRQ�KDYH�RQO\�EHHQ�HVWDEOLVKHG�IRU�WKH�ZRUOGZLGH�GDWDVHWV
IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU��DQG�WKH\�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW�IURP�HDFK�RWKHU���7RR�IHZ�1HZ
=HDODQG�GDWD�DUH�DYDLODEOH�IRU�RWKHU�VSHFLHV�WR�GHWHUPLQH�LI�PHDQLQJIXO�UHODWLRQVKLSV�H[LVW�

5DGLDWD�SLQH 6)� ��������������������������î�3771�
'RXJODV�ILU� 6)� �������������������������î�3771�

7KHUH�DUH� OLPLWDWLRQV� WR� WKH�XVH�RI� WKHVH�HTXDWLRQV� IRU�SUHGLFWLYH�SXUSRVHV� LQ� WKDW�SUHGLFWLRQV�KDYH�D
SRWHQWLDO�HUURU�RI������PP�IURP�WKH�HVWLPDWH�
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3UHFLSLWDWLRQ��PP�
$XVWUDOLD 1HZ�=HDODQG
&KLOH 2WKHU

��� ,QWHUFHSWLRQ�/RVV

,QWHUFHSWLRQ�ORVV�LV�QRW�D�PHDVXUHG�TXDQWLW\���,W�LV�IRXQG�E\�FDOFXODWLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�TXDQWLW\
RI� SUHFLSLWDWLRQ� RXWVLGH� WKH� FDQRS\� DQG� WKDW� UHDFKLQJ� WKH� JURXQG� DV� WKURXJKIDOO� �LQFOXGLQJ� GLUHFW
SUHFLSLWDWLRQ��DQG�VWHPIORZ���2IWHQ�WKH�ODWWHU�LV�QRW�PHDVXUHG�DQG�HVWLPDWHV�DUH�PDGH�H[SOLFLWO\���,Q�VRPH
FDVHV�VWHPIORZ�DSSHDUV�WR�EH�LJQRUHG��ZKLFK�ZRXOG�PHDQ�LQWHUFHSWLRQ�ORVV�LV�RYHUHVWLPDWHG���7KLV�UHSRUW
RQO\�FRQVLGHUV�GDWD�SUHVHQWHG� DV� LQWHUFHSWLRQ� ORVV�RU� FDOFXODWHG�E\�/.5�ZKHUH�ERWK� WKURXJKIDOO� DQG
VWHPIORZ�DUH�JLYHQ�E\�WKH�DXWKRU�V��

������5DGLDWD�SLQH

,QWHUFHSWLRQ�ORVV�LV�RQO\�UHSRUWHG�IURP�WKUHH�VWXGLHV�LQ�1HZ�=HDODQG��'XQFDQ�����������D��3HDUFH�HW�DO�
������ )DKH\� HW� DO�� ������ DQG� WKLV� LV� VXSSOHPHQWHG�PDLQO\� E\� VHYHQ� VWXGLHV� LQ� $XVWUDOLD� DQG�PDQ\
H[SHULPHQWV�LQ�&KLOH��$SSHQGL[���������$OO�GDWD�DUH�VKRZQ�LQ�)LJ�������DQG�DUH�ILWWHG�E\�WKH�OLQHDU�(TQ
������ZKLFK�H[SODLQV�RQO\�����RI�WKH�YDULDQFH�LQ�WKH�GDWD�� �$GGLWLRQ�RI�VWDQG�DJH�RU�GHQVLW\�GLG�QRW
LPSURYH�WKH�UHODWLRQVKLS�

,/� ��������������������î�3771 6(� �����U�� �������Q� ����SDLUV ������

$JDLQ��WKHUH�LV�TXLWH�D�UDQJH�LQ�WKH�GDWD�DV�GHPRQVWUDWHG�E\�WKH�ZLGH�FRQILGHQFH�OLPLWV�RQ�WKH�HTXDWLRQ
SDUDPHWHUV��WKH�����FRQILGHQFH�OLPLWV�LQ�)LJ��������DQG�E\�WKH�FDOFXODWHG�UHVLGXDOV�IURP�WKH�UHJUHVVLRQ�OLQH
�)LJ���������ZKLFK�DUH�LQ�D�EDQG�DERXW�������PP�DERXW�WKH�UHJUHVVLRQ�OLQH���7KLV�LV�VLPLODU�LQ�PDJQLWXGH
WR�WKH�UDQJH�LQ�WKURXJKIDOO�UHDGLQJV�EHFDXVH�LQWHUFHSWLRQ�ORVV�LV�DOPRVW�WKH�FRPSOHPHQW�RI�WKURXJKIDOO�
VWHPIORZ�WHQGV�WR�EH�PXFK�VPDOOHU�WKDQ�HLWKHU�RI�WKHVH�WHUPV���,Q�SHUFHQWDJH�WHUPV��KRZHYHU��WKH�VFDWWHU
LV�PXFK�JUHDWHU� EHFDXVH� LQWHUFHSWLRQ� ORVV� LV� JHQHUDOO\� VPDOOHU� WKDQ� WKURXJKIDOO�� �:KHQ� VHSDUDWHG�E\
FRXQWU\��WKH�1HZ�=HDODQG�GDWD�GLG�QRW�ILW�D�VLJQLILFDQW�UHODWLRQVKLS��QHLWKHU�VORSH�QRU�LQWHUFHSW�EHLQJ
VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR���

)LJ������$QQXDO�LQWHUFHSWLRQ�ORVV�±�SUHFLSLWDWLRQ�UHODWLRQVKLS�IRU�UDGLDWD�SLQH��
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3UHFLSLWDWLRQ��PP�

)LJ�������7KH�UHVLGXDOV�IURP�WKH�UHJUHVVLRQ�UHODWLRQVKLS�EHWZHHQ�LQWHUFHSWLRQ�ORVV�DQG�SUHFLSLWDWLRQ�IRU
UDGLDWD�SLQH��(TQ�������

$�QXPEHU�RI�UHJUHVVLRQ�UHODWLRQVKLSV�EHWZHHQ�LQWHUFHSWLRQ�ORVV�DQG�SUHFLSLWDWLRQ�KDYH�EHHQ�GHWHUPLQHG
DQG�WKHVH�DUH�OLVWHG�LQ�7DEOH�������*HQHUDOO\�WKH�LQWHUFHSWV�DUH�RI�WKH�RUGHU�RI�����WR������

7DEOH�������5HODWLRQVKLSV�EHWZHHQ�LQWHUFHSWLRQ�ORVV�DQG�SUHFLSLWDWLRQ�IRU�UDGLDWD�SLQH�VWDQGV�

6DPSOLQJ
UHJLPH

$JH
�\HDUV�

'HQVLW\
�63+�

(TXDWLRQ 6RXUFH

6WRUP ,/� �������î�3�������� %ODNH�����
6WRUP � ,/� ������î�3������� %ODNH�����
6WRUP �� ,/� ������î�3������� %ODNH�����
6WRUP �� ,/� �����î�3����� 0\HUV�	�7DOVPD�����
6WRUP � ��� ,/� ������î�3 .HOOLKHU�HW�DO������E��QR�LQWHUFHSW

JLYHQ
'DLO\ �� ���� ,/� ��������î�3������� 3LHQDDU�����
:HHNO\ �� ���� ,/� �������î�3������ /DQJIRUG�	�2¶6KDXJKQHVV\�����
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3UHFLSLWDWLRQ��PP�
$XVWUDOLD 1HZ�=HDODQG
&KLOH 2WKHU

)LJ������$QQXDO�LQWHUFHSWLRQ�ORVV�±�SUHFLSLWDWLRQ�UHODWLRQVKLS�IRU�UDGLDWD�SLQH��7KH�VDPH�GDWD�DV�LQ�)LJ�
�����EXW�WKLV�WLPH�H[SUHVVHG�DV�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�

,Q�WHUPV�RI�SHUFHQWDJHV�RI�SUHFLSLWDWLRQ��LQWHUFHSWLRQ�ORVV���,/��IRU�DOO�GDWD�DYHUDJHG���������������:KHQ
EURNHQ�GRZQ�E\�FRXQWU\�WKHVH�ZHUH��$XVWUDOLD��������������1HZ�=HDODQG��������������&KLOH�������������
DOO�FRXQWU\�PHDQV�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW�IURP�HDFK�RWKHU���7KHUH�ZDV�QR�UHODWLRQVKLS�ZLWK�VWDQG
GHQVLW\�RU�DJH��DQG�WKDW�ZLWK�SUHFLSLWDWLRQ��DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW��RQO\�H[SODLQHG�����RI�WKH
YDULDQFH�LQ�WKH�GDWD�DQG�KDG�ZLGH�FRQILGHQFH�OLPLWV�OLPLWLQJ�LWV�XVHIXOQHVV�DV�D�SODQQLQJ�WRRO��(TQ�������
7XUQHU�	�/DPEHUW��������REWDLQHG�VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ��,/�DQG�VWDQG�EDVDO�DUHD�ZLWK�RU
ZLWKRXW�SUHFLSLWDWLRQ���$Q�DQDO\VLV�KHUH�FRXOG�ILQG�QR�FRUUHODWLRQ��U�� ���������ZLWK�EDVDO�DUHD�DORQH��RU
LQ�WKH�FRPELQHG�UHODWLRQVKLS�ZKHUH�WKH�%$�FRHIILFLHQW�ZDV�QRW�GLIIHUHQW�IURP�]HUR�

�,/� ��������������������������î�3 6(� �������U�� �������Q� ����SDLUV ������

�����'RXJODV�ILU

'DWD�RQ�LQWHUFHSWLRQ�ORVV�LV�DYDLODEOH�IRU�RQH�1HZ�=HDODQG�VWXG\��)DKH\�HW�DO��������DQG�SODQWDWLRQV
PRVWO\� LQ� (XURSH� �)LJ�� ������� � 6RPH� GDWDVHWV� DUH� IRU� WKH� ZKROH� \HDU� DQG� RWKHUV� IRU� VXPPHU� RQO\�
5HJUHVVLRQ�UHODWLRQVKLSV�GHWHUPLQHG�IRU�WKH�VHSDUDWH�GDWDVHWV�ZHUH�QRW�GLIIHUHQW�IURP�HDFK�RWKHU��VR�D
VLQJOH�UHODWLRQVKLS�XVLQJ�DOO�GDWD�ZDV�IRXQG�EHWZHHQ�LQWHUFHSWLRQ�ORVV�DQG�SUHFLSLWDWLRQ��(TQ���������7KH
UHODWLRQVKLS�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKDW�IRU�UDGLDWD�SLQH��(TQ�������LQ�ERWK�VORSH�DQG�LQWHUFHSW�
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�� ���� ����� ����� �����
3UHFLSLWDWLRQ��PP�

3ODQWDWLRQ 1DWXUDO�IRUHVW

3ODQWDWLRQ���6XPPHU 1=

$GGLQJ�DJH�RU�VWDQG�GHQVLW\�SDUDPHWHUV�PDGH�OLWWOH�GLIIHUHQFH�WR�WKH�UHODWLRQVKLS��LQFUHDVLQJ�WKH�H[SODLQHG
YDULDQFH�E\�DERXW����

,/� ������������������î�3 6(� �����U�� �������Q� ����SDLUV ������

)LJ������,QWHUFHSWLRQ�ORVV�E\�'RXJODV�ILU�SODQWDWLRQV�DQG�D�QDWXUDO�IRUHVW�

2QO\�WZR�UHODWLRQVKLSV�EHWZHHQ�LQWHUFHSWLRQ�ORVV�DQG�VKRUW�WHUP�SUHFLSLWDWLRQ�ZHUH�IRXQG��DQG�WKHVH�DUH
OLVWHG�LQ�7DEOH������

7DEOH�������,QWHUFHSWLRQ�ORVV�±�SUHFLSLWDWLRQ�ORVV�IRU�WZR�'RXJODV�ILU�VWDQGV

6DPSOLQJ
UHJLPH

$JH
�\HDU�

'HQVLW\
�63+�

(TXDWLRQ 6RXUFH

:HHNO\ ��±�� ��� ,/� �������î�3������� /DQJIRUG�	�2¶6KDXJKQHVV\�����
0RQWKO\ ,O� �������������3 5XWWHU�HW�DO������

,QWHUFHSWLRQ�ORVV�IRU�WKH����VWXGLHV��)LJ��������DYHUDJHG���������������7KLV�LV�FRQVLGHUDEO\�KLJKHU�WKDQ�WKH
����HVWLPDWHG�IRU�UDGLDWD�SLQH�DQG�RQO\�D�OLWWOH�KLJKHU�WKDQ�WKH�WZR�1HZ�=HDODQG�VLWHV�DW�����DQG����
�)DKH\�HW�DO����������+RZHYHU��WKHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ��,/�DQG�HLWKHU�SUHFLSLWDWLRQ�RU�VWDQG
GHQVLW\��ZLWK�OHVV�WKDQ����RI�WKH�YDULDQFH�EHLQJ�H[SODLQHG�LQ�HDFK�FDVH�
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3UHFLSLWDWLRQ��PP�

3ODQWDWLRQ 1DWXUDO�IRUHVW

3ODQWDWLRQ���6XPPHU 1=
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V��
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�

�� ���� ����� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

1DWLYH�VFUXE 1DWLYH�IRUHVW
'RXJODV�ILU 5DGLDWD�SLQH

)LJ������,QWHUFHSWLRQ�ORVV�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�IRU�'RXJODV�ILU�

�����1HZ�=HDODQG�YHJHWDWLRQ

,QWHUFHSWLRQ�ORVV�IURP�1HZ�=HDODQG�QDWLYH�YHJHWDWLRQ�VWXGLHV�LV�VKRZQ�LQ�)LJ������DQG�OLVWHG�LQ�7DEOH������
WRJHWKHU�ZLWK�WKH�GDWD�IURP�SODQWDWLRQV�VKRZQ�SUHYLRXVO\���7KLV�OLVW�LQFOXGHV�RQH�YDOXH�IRU�VQRZ�WXVVRFN
ZKHUH�LQWHUFHSWLRQ�ORVV�ZDV�����RI�WKH������PP�SUHFLSLWDWLRQ��&DPSEHOO�	�0XUUD\���������$V�IRU�WKH
UDGLDWD�SLQH�GDWD�HDUOLHU��WKH�QDWLYH�IRUHVWV�VWXGLHV�GLG�QRW�VKRZ�D�VLJQLILFDQW�OLQHDU�UHODWLRQVKLS�EHWZHHQ
LQWHUFHSWLRQ�ORVV�DQG�SUHFLSLWDWLRQ�DOWKRXJK�WUHQG�OLQHV�DUH�VKRZQ�LQ�)LJ���������

)LJ��������,QWHUFHSWLRQ�ORVV�GDWD�IRU�1HZ�=HDODQG�YHJHWDWLRQ���1RWH�WKDW�WKH�WUHQG�OLQHV�VKRZQ�IRU�WKH�QDWLYH
IRUHVW�DQG�UDGLDWD�SLQH�VWDQGV�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�
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7DEOH�������,QWHUFHSWLRQ�ORVV�GDWD�IRU�D�QXPEHU�RI�1HZ�=HDODQG�YHJHWDWLRQ�W\SHV

6RXUFH 9HJHWDWLRQ 3
�PP�

,/
�PP�

,/
���

$OGULGJH�	�-DFNVRQ����� 0aQXND ����� ���� ���
5RZH�HW�DO������ .aQXND ����� ���� ���
%ODNH����� 0aQXND ����� ���� ���
-DFNVRQ�	�$OGULGJH����� .aPDKL ����� ���� ���
$OGULGJH�	�-DFNVRQ����� +DUG�EHHFK ����� ���� ���
5RZH����� %HHFK�KDUGZRRG ����� ���� ���
5RZH����� 0RXQWDLQ�EHHFK���VXPPHU ����� ���� ���
5RZH������ %HHFK�SRGRFDUS�KDUGZRRG ����� ���� ���
%DUJK������ %URDGOHDYHG�IRUHVW ����� ���� ���
-DFNVRQ����� %URDGOHDYHG�IRUHVW ����� ���� ���
3HWFK����� 1DWLYH�IRUHVW ����� ���� ���
3HWFK����� 1DWLYH�IRUHVW ����� ���� ���
)DKH\�HW�DO������ 'RXJODV�ILU ���� ���� ���
)DKH\�HW�DO������ 'RXJODV�ILU ���� ���� ���
3HDUFH�HW�DO������ 5DGLDWD�SLQH ����� ���� ���
'XQFDQ����� 5DGLDWD�SLQH ����� ���� ��
'XQFDQ�����D 5DGLDWD�SLQH ����� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ���� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ���� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ����� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ���� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ���� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ����� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ����� ���� ���
'XQFDQ�����D 5DGLDWD�SLQH ����� ���� ���
)DKH\�HW�DO������ 5DGLDWD�SLQH ���� ���� ���
&DPSEHOO�	�0XUUD\����� 6QRZ�WXVVRFN ����� ���� ���
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$QQXDO�SUHFLSLWDWLRQ��PP�

1DWLYH�VFUXE 1DWLYH�IRUHVW
'RXJODV�ILU 5DGLDWD�SLQH

2Q�D�SHUFHQWDJH�EDVLV��LQWHUFHSWLRQ�ORVV�IRU�1HZ�=HDODQG�VWDQGV�H[KLELWV�D�ZLGH�VFDWWHU�RI�SRLQWV��)LJ
��������,QWHUFHSWLRQ�ORVV�DSSHDUV�WR�EH�KLJKHVW�IURP�QDWLYH�VFUXE�VWDQGV�DW���������DOWKRXJK�WKDW�LV�QR
GLIIHUHQW�VWDWLVWLFDOO\�IURP�WKH�QDWLYH�IRUHVW�GDWD�������������,QWHUFHSWLRQ�ORVV�LV�ORZHVW�IURP�WKH�UDGLDWD
SLQH�VWDQGV�DW�������������EXW�WKLV�GDWDVHW�LV�GRPLQDWHG�E\����\HDUV¶�ZRUN�XS�WR�DJH����IURP�0RXWHUH�LQ
1HOVRQ�E\�'XQFDQ������D����,Q�VRPH�RI�WKHVH�\HDUV�WKH�VWDQG�KDG�DSSURDFKHG�FDQRS\�FORVXUH��RWKHU�GDWD
ZHUH�REWDLQHG�DIWHU�WZR�WKLQQLQJ�RSHUDWLRQV��

$�QXPEHU�RI�LQWHUFHSWLRQ�ORVV�±�SUHFLSLWDWLRQ�UHODWLRQVKLSV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�IRU�1HZ
=HDODQG�YHJHWDWLRQ�W\SHV���7DEOH�������

6HDVRQDO�YDULDWLRQV�KDYH�EHHQ�LGHQWLILHG�IRU�EHHFK�SRGRFDUS�KDUGZRRG�IRUHVWV�DW�0DLPDL�RQ�WKH�:HVW
&RDVW�ZKHUH�LQWHUFHSWLRQ�ORVV�ZDV�����LQ�VXPPHU�DQG�����LQ�ZLQWHU��5RZH���������6LPLODUO\�DW�'RQDOG
&UHHN�LQ�1HOVRQ��VHDVRQDO�YDULDWLRQ��(TQ�������ZDV�EHWZHHQ�SHDN�PRQWKO\�LQWHUFHSWLRQ�ORVV�RI�����LQ
VXPPHU�DQG�WKH�PLQLPXP�����LQ�ZLQWHU�IRU�D�EHHFK�KDUGZRRG�IRUHVW�ZKHUH�WKH�PHDQ�FDQRS\�HYDSRUDWLRQ
UDWH�ZDV������PP�KRXU�LQ�VXPPHU�DQG������PP�KRXU�LQ�ZLQWHU��5RZH�������

�,�5� ������[�>VLQ���;��������@������� ������

)LJ�������3HUFHQWDJH�LQWHUFHSWLRQ�ORVV�IRU�1HZ�=HDODQG�YHJHWDWLRQ�FODVVHV�
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7DEOH�������6WRUP�LQWHUFHSWLRQ�ORVV��SUHFLSLWDWLRQ�UHODWLRQVKLSV�

6DPSOLQJ�UHJLPH 9HJHWDWLRQ�FODVV (TXDWLRQ 6RXUFH
6WRUP 1DWLYH�IRUHVW ,/� �������î�3�������� %ODNH�����
6WRUP 1DWLYH�IRUHVW ,/� ������î�3������� %ODNH�����
6WRUP +DUG�EHHFK ,/� �������î�3������� $OGULGJH�	�-DFNVRQ

����
6WRUP .aPDKL ,/� �������î�3������� -DFNVRQ�	�$OGULGJH

����
6WRUP .DXUL ,/� ������î�3������� %ODNH�����
6WRUP�±�ZLQWHU %HHFK�KDUGZRRG ,/� ������î�3������� 5RZH�����
6WRUP�±�VXPPHU %HHFK�KDUGZRRG ,/� ������î�3������� 5RZH�����
0RQWKO\�±�ZLQWHU %HHFK�KDUGZRRG ,/� ������î�3������� 5RZH�����
0RQWKO\�±�VXPPHU %HHFK�KDUGZRRG ,/� ������î�3������ 5RZH�����
6WRUP 0RXQWDLQ�EHHFK ,/� �����î�3������� 5RZH�����
6WRUPV 0aQXND ,/� �������î�3������� $OGULGJH�	�-DFNVRQ

����
6WRUPV�!��PP 0aQXND ,/� �������î�3�������� %ODNH�����
6WRUPV 0aQXND ,/� ������î�3������� %ODNH�����
6WRUPV .aQXND ,/� ������î�3������ 5RZH�HW�DO������
6WRUP *RUVH ,/� �������î�3������� %ODNH�����
6WRUP *RUVH ,/� ������î�3������� %ODNH�����

�����%UDFNHQ�

1R�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�RQ�EUDFNHQ�RQO\�LQ�1HZ�=HDODQG���+RZHYHU��0F*UHJRU��������GRHV
SUHVHQW� VRPH� GDWD� RQ� LQWHUFHSWLRQ� E\� FRPELQHG� EUDFNHQ�ORJJLQJ� VODVK� LQ� WKH� FHQWUDO� 1RUWK� ,VODQG�
,QIRUPDWLRQ�IURP�WKH�8QLWHG�.LQJGRP�VKRZV�WKDW�

�� 2YHU���PRQWKV�LQ�VXPPHU�XQGHUVWRUH\�EUDFNHQ�LQWHUFHSWHG����PP���������RI�����PP�WKURXJKIDOO
IURP�D�4XHUFXV�FDQRS\��&DUOLVOH�HW�DO����������7KLV�ZDV������RI�WKH�DQQXDO�SUHFLSLWDWLRQ�

�� ,QWHUFHSWLRQ�ORVVHV�ZHUH�������RI�SUHFLSLWDWLRQ��3LWPDQ�	�3LWPDQ������
�� 2YHU���PRQWKV�ZLWK�SUHFLSLWDWLRQ�����PP��,/�ZDV�����PP��ZKLFK�ZDV�������IRU�WKH�SHULRG�DQG

����RI�WKH�DQQXDO�WRWDO��:LOOLDPV�HW�DO�������
�� 0D[LPXP�ZDWHU�VWRUDJH�ZDV��������;�/$,��3LWPDQ�������
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���� &RPSDUDWLYH�VWXGLHV

$PRQJ�WKH�VWXGLHV�UHSRUWHG��WKHUH�DUH�RQO\�WZR�WKDW�FDQ�EH�FRQVLGHUHG�FRPSDUDWLYH�IRU�VSHFLHV�UHOHYDQW
WR�1HZ�=HDODQG�ZKHQ�PHDVXUHPHQWV�DUH�PDGH�LQ�WKH�GLIIHUHQW�VWDQGV�DW�WKH�VDPH�WLPH���,QWHUFHSWLRQ�ORVV
HVWLPDWHV�IRU�'RXJODV�ILU�DQG�UDGLDWD�SLQH�VWDQGV�KDYH�EHHQ�PDGH�E\�/DQJIRUG�	�2¶6KDXJKQHVV\�������
LQ�9LFWRULD�DQG�E\�)DKH\�HW�DO���������LQ�0LG�&DQWHUEXU\�DW�+RURUDWD��7DEOH���������7KHVH�VWXGLHV�DOVR
VXJJHVW�WKDW�LQWHUFHSWLRQ�ORVV�LV�JUHDWHU�IURP�'RXJODV�ILU�VWDQGV�

7DEOH�������&RPSDUDWLYH�LQWHUFHSWLRQ�ORVV��VWXGLHV��+RURUDWD��)DKH\�HW�DO��������9LFWRULD��/DQJIRUG�	
2¶6KDXJKQHVV\������

'RXJODV�ILU 5DGLDWD�SLQH�
$JH ,/� $JH ,/�

+RURUDWD �� �� �� ��
+RURUDWD �� ��
9LFWRULD �� ���� �� ����
9LFWRULD :HHNO\�,/� ������î3771������� :HHNO\�,/� ������î3771�������

�����&RQFOXVLRQV

$QQXDO�LQWHUFHSWLRQ�ORVV
$QQXDO�LQWHUFHSWLRQ�ORVV�DV�D�SHUFHQWDJH�RI�SUHFLSLWDWLRQ�LV�VKRZQ�LQ�7DEOH��������,QWHUFHSWLRQ�ORVV��DW�DERXW
����RI� SUHFLSLWDWLRQ�� LV� VPDOOHVW� IURP� UDGLDWD� SLQH� DQG� WKH� RQH� WXVVRFN� JUDVVODQG� VLWH�� �'RXJODV� ILU
SODQWDWLRQV��1HZ�=HDODQG�QDWLYH�IRUHVWV�DQG�VFUXEODQG�GDWD�KDYH��RQ�DYHUDJH��VLPLODU�OHYHOV�RI�ORVVHV��DW
DERXW�����RI�3771����,Q�D�UDLQIDOO�UHJLPH�RI�DERXW������PP��WKHVH�OHYHOV�RI�ORVV�HTXDWH�WR�DERXW�����PP
IRU�UDGLDWD�SLQH�DQG�����PP�IRU�'RXJODV�ILU��QDWLYH�IRUHVW�DQG�VFUXEODQG�VSHFLHV���2YHUVHDV�VWXGLHV�KDYH
LQGLFDWHG�WKDW�LQWHUFHSWLRQ�ORVVHV�FRXOG�EH�DV�PXFK�DV�����RU�VR�RI�JURZLQJ�VHDVRQ�SUHFLSLWDWLRQ��

7DEOH�������0HDQ�DQQXDO�SHUFHQWDJH�LQWHUFHSWLRQ�ORVV�IRU�1HZ�=HDODQG�YHJHWDWLRQ�FODVVHV

6SHFLHV :RUOGZLGH 1HZ�=HDODQG
5DGLDWD�SLQH ���������� ����������
'RXJODV�ILU ���������� ����
1DWLYH�IRUHVW ������
6FUXE ������
7XVVRFN�JUDVVODQG ����
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$QQXDO�LQWHUFHSWLRQ�ORVV�±�SUHFLSLWDWLRQ�UHODWLRQVKLSV
5HODWLRQVKLSV�EHWZHHQ�DQQXDO�LQWHUFHSWLRQ�ORVV�DQG�DQQXDO�SUHFLSLWDWLRQ�KDYH�RQO\�EHHQ�HVWDEOLVKHG�IRU�WKH
ZRUOGZLGH�GDWDVHWV�IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU���7RR�IHZ�1HZ�=HDODQG�GDWD�DUH�DYDLODEOH�LQ�RWKHU
GDWDVHWV�WR�GHWHUPLQH�LI�PHDQLQJIXO�UHODWLRQVKLSV�DUH�SUHVHQW�

5DGLDWD�SLQH ,/� ������������������������î�3�
'RXJODV�ILU� ,/� �����������������������î�3�

$OWKRXJK�WKH\�DUH�VWDWLVWLFDOO\�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU��WKHUH�DUH�OLPLWDWLRQV�WR�WKH�XVH�RI
WKHVH�HTXDWLRQV�IRU�SUHGLFWLYH�SXUSRVHV�LQ�WKDW�SUHGLFWLRQV�KDYH�ODUJH�SRWHQWLDO�HUURUV��7DEOH������

3UHFLVLRQ
:H�FDQ�HVWLPDWH�WKH�PDJQLWXGH�RI�LQWHUFHSWLRQ�ORVV�IRU�WKH�DERYH�UHODWLRQVKLSV�DQG�DOVR�WKH�SRWHQWLDO�IRU
HUURU���7KHVH�DUH�OLVWHG�LQ�7DEOH�������ZKLFK�LQGLFDWHV�WKDW�LQWHUFHSWLRQ�ORVVHV�ZLOO�EH�JUHDWHU�LQ�SHUFHQWDJH
WHUPV�IRU�DUHDV�ZLWK�ORZHU�SUHFLSLWDWLRQ��DQG�WKDW�HUURUV�FDQ�EH�RI�WKH�RUGHU�����PP�RU�����

7DEOH�������3RWHQWLDO�HUURUV�LQ�HVWLPDWHV�RI�LQWHUFHSWLRQ�ORVV

$QQXDO�SUHFLSLWDWLRQ��PP� ��� ��� ���� ����
5DGLDWD�SLQH�LQWHUFHSWLRQ��PP����RI�3� ������� ������� ������� �������
3RWHQWLDO�HUURU��PP����RI�,/� ������� ������� ������� ��������
'RXJODV�ILU�LQWHUFHSWLRQ��PP����RI�3� ������� ������� ������� �������
3RWHQWLDO�HUURU��PP����RI�,/� ������� ������� ������� ��������
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��� ,QWHUFHSWLRQ�0RGHOV

$SDUW�IURP�VLPSOH�UHJUHVVLRQ�UHODWLRQVKLSV�EHWZHHQ�LQWHUFHSWLRQ�FRPSRQHQWV�DQG�SUHFLSLWDWLRQ�ZLWK�RU
ZLWKRXW�VWDQG�SDUDPHWHUV��D�QXPEHU�RI�SURFHVV�EDVHG�PRGHOV�RQ�LQWHUFHSWLRQ�KDYH�EHHQ�GHYHORSHG�VLQFH
WKH�ODWH�����V���5XWWHU�HW�DO���������SURGXFHG�RQH�RI�WKH�ILUVW�DQG�WKLV�ZDV�GHYHORSHG�IXUWKHU�E\�5XWWHU�HW
DO�����������7KHVH�PRGHOV�WHQG�WR�EH�GDWD�GHPDQGLQJ��QHHGLQJ�D�QXPEHU�RI�PLFURPHWHRURORJLFDO�SDUDPHWHUV
VXFK�DV�UDGLDWLRQ��VXUIDFH�WHPSHUDWXUH��YDSRXU�SUHVVXUH��DHURG\QDPLF�UHVLVWDQFH��HWF���ZKLFK�DUH�QRW�DOZD\V
UHDGLO\�DYDLODEOH�

7KH�DQDO\WLFDO�PRGHO�RI�*DVK��������LV�D�VLPSOLILFDWLRQ�RI�WKH�5XWWHU�PRGHO�DQG�KDV�EHHQ�XVHG�LQ�PDQ\
VWXGLHV�ZRUOGZLGH�DQG�LQ�1HZ�=HDODQG���3HDUFH�	�5RZH��������DSSOLHG�D�PRGLILFDWLRQ�RI�WKH�*DVK�PRGHO
WR�WKH�HYHUJUHHQ�EHHFK�SRGRFDUS�KDUGZRRG�IRUHVW�DW�0DLPDL��QHDU�5HHIWRQ�RQ�WKH�:HVW�&RDVW���+HUH��GDLO\
GDWD�ZHUH�XVHG�LQVWHDG�RI�VWRUP�GDWD�DQG�WKH�FDQRS\�LV�PXOWL�VWRUH\HG��VR�UHVXOWV�ZLWKLQ�����RI�PHDVXUHG
GDWD�ZHUH�FRQVLGHUHG�UHDVRQDEOH���8VH�RI�WKH�*DVK�PRGHO�E\�5RZH��������IRU�WKH�EHHFK�KDUGZRRG�IRUHVW
DW�'RQDOG�&UHHN�LQ�1HOVRQ�RYHU�RQH�\HDU�JDYH�UHVXOWV�ZLWKLQ����DQG����RI� WKH�PHDVXUHG�ORVVHV�IRU
VXPPHU� DQG�ZLQWHU�� UHVSHFWLYHO\�� � 3HDUFH� HW� DO�� ������� DOVR� XVHG�*DVK¶V�PRGHO� WR� GHPRQVWUDWH� WKDW
HYDSRUDWLRQ�RI� LQWHUFHSWHG�ZDWHU�IURP�WKH�FDQRS\�GXULQJ�WKH�QLJKW� LV�D�VLJQLILFDQW�SDUW�RI� WKH�RYHUDOO
LQWHUFHSWLRQ�ORVVHV���0F*UHJRU��������XVHG�WKH�PRGHO�LQ�D�VWXG\�RI�WKH�LQWHUFHSWLRQ�ORVV�IURP�WKH�EUDFNHQ
DQG�VODVK�XQGHUVWRU\�RI�D�SLQH�IRUHVW�DW�WKH�3XUXNRKXNRKX�%DVLQ�LQ�WKH�FHQWUDO�1RUWK�,VODQG�

$�FDQRS\�ZDWHU�EDODQFH�PRGHO�WKDW�KDV�LQWHUFHSWLRQ�DQG�HYDSRUDWLRQ�FRPSRQHQWV�KDV�EHHQ�GHYHORSHG�LQ
1HZ�=HDODQG��.HOOLKHU�HW�DO��������:KLWHKHDG�	�.HOOLKHU�����D������E��:KLWHKHDG�HW�DO����������7KLV
PRGHO�FRPELQHV�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ�IRU�HVWLPDWLQJ�WUDQVSLUDWLRQ�IURP�D�GU\�FDQRS\�DQG�WKH
5XWWHU�PRGHO�WR�HVWLPDWH�HYDSRUDWLRQ�IURP�WKH�ZHW�FDQRS\��LQWHUFHSWLRQ�ORVV����7KH�PRGHO�WKHQ�GHPDQGV
PDQ\�PLFURPHWHRURORJLFDO�GDWD�SDUDPHWHUV��
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��� 7UDQVSLUDWLRQ� �'U\�&DQRS\�(YDSRUDWLRQ

7KLV�VHFWLRQ�FRYHUV�WUDQVSLUDWLRQ�E\�YHJHWDWLRQ��VRPHWLPHV�FDOOHG�GU\�FDQRS\�HYDSRUDWLRQ���'DWD�LQFOXGHG
KHUH�DUH�PHDQW�WR�EH�IRU�GU\�ZHDWKHU�FRQGLWLRQV�RQO\��EXW�VRPH�ZHW�ZHDWKHU�GDWD�PD\�EH�LQFOXGHG�ZKHUH
QR�H[SOLFLW�PHQWLRQ�LV�PDGH�RI�ZHDWKHU�FRQGLWLRQV�LQ�WKH�RULJLQDO�WH[W��

$�YDULHW\�RI�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�PHDVXUH�WUDQVSLUDWLRQ�LQFOXGLQJ�VDS�IOX[��+DWWRQ�	�9HUWHVV\
������0LOOHU�������)DKH\�HW�DO���������PLFURPHWHRURORJ\��*UHHQZRRG�HW�DO��������6ZDQVRQ�������+DWWRQ
	�9HUWHVV\�������.HOOLKHU�HW�DO��������$UQHWK�HW�DO���������VRLO�ZDWHU�EDODQFH�FKDQJHV��-DFNVRQ������
3HDUFH�HW�DO���������DQG�O\VLPHWHUV��)ULWVFKHQ�HW�DO��������&DPSEHOO���������7KHVH�GLIIHULQJ�PHDVXUHPHQW
WHFKQLTXHV�PD\�LQWURGXFH�LQWR�WKH�GDWDVHW�DGGLWLRQDO��DQG�QRW�LQVXEVWDQWLDO��YDULDWLRQ�WKDW�LV�LQVWUXPHQW
UHODWHG���)RU�H[DPSOH��+DWWRQ�	�9HUWHVV\��������QRWHG�WKDW�VDSIORZ�WUDQVSLUDWLRQ�HVWLPDWHV�IRU�UDGLDWD�SLQH
WUHHV�ZHUH���±����JUHDWHU�WKDQ�HVWLPDWHV�REWDLQHG�XVLQJ�%RZHQ�5DWLR�HTXLSPHQW��DQG�&RKHQ�HW�DO��������
IRXQG�VDSIORZ�HVWLPDWHV�ZHUH���±����KLJKHU�WKDQ�HVWLPDWHV�IURP�D�SRURPHWHU�V\VWHP��

�����5HVLVWDQFHV

7KH�3HQPDQ�0RQWHLWK�PHWKRG�IRU�HVWLPDWLQJ�HYDSRUDWLRQ�IURP�GU\�FDQRSLHV�UHTXLUHV�HVWLPDWHV�RI�PLFUR�
PHWHRURORJLFDO�SDUDPHWHUV�VXFK�DV�UDGLDWLRQ��VXUIDFH�WHPSHUDWXUH��DQG�DHURG\QDPLF�UHVLVWDQFH���7DEOH�����
SUHVHQWV�VRPH�QHFHVVDU\�SDUDPHWHU�YDOXHV�IRU�PDNLQJ�HYDSRUDWLRQ�HVWLPDWHV�

7DEOH������ �$SSUR[LPDWH�SDUDPHWHU�YDOXHV�IRU�YDULRXV�YHJHWDWLRQ�VXUIDFHV�� �6RXUFH��3HDUFH�	�5RZH
��������0XUUD\�HW�DO���������

3DUDPHWHU 2SHQ�ZDWHU *UDVV 7XVVRFN )LHOG
FURS

)RUHVW

5RXJKQHVV�OHQJWK��P� ����� ���� ��� �
$HURG\QDPLF�UHVLVWDQFH�5V��V�P� ��� ��±��� � �� ���±��
6XUIDFH�UHVLVWDQFH�5D��V�P� � ��±�� ��� �� ��±���
5V�5D � ��� ��� ��

�����'DLO\�WUDQVSLUDWLRQ

1HZ�=HDODQG�VWXGLHV�JLYLQJ�GDLO\�WUDQVSLUDWLRQ�GDWD�IRU�UDGLDWD�SLQH�KDYH�EHHQ�SXEOLVKHG�E\�-DFNVRQ
��������.HOOLKHU�HW�DO����������:KLWHKHDG�	�.HOOLKHU������E���:KLWHKHDG�HW�DO����������$UQHWK�HW�DO��������
DQG�0LOOHU�HW�DO�����������)RU�WKH�PRVW�SDUW��WKH�GDWD�DUH�RQH�GD\�VSRW�YDOXHV�EXW�DYHUDJHV�RI�VHYHUDO�GD\V
VXSSOHPHQW�WKHVH�GDWD���)LJ�������LV�D�SORW�RI�WKH�GDWD�DYDLODEOH�DQG�WKLV�LV�VXSSOHPHQWHG�E\�WKRVH�IURP�D
QXPEHU�RI�$XVWUDOLDQ�VWXGLHV��DOO�GDWD�DUH�OLVWHG�LQ�$SSHQGL[�������



��

/DQGFDUH�5HVHDUFK

��
��
��
��
��

���
0H

DQ
�GD

LO\�
WUD

QV
SLU

DWL
RQ

���P
P�

�� �� �� �� �� ��� ���
0RQWK

1= $XV

)LJ��������'DLO\�WUDQVSLUDWLRQ�IRU�UDGLDWD�SLQH�VWDQGV�LQ�1HZ�=HDODQG�DQG�$XVWUDOLD�

)LJXUH������VKRZV�PLQLPXP�WUDQVSLUDWLRQ�RFFXUV�LQ�ZLQWHU�DW�DERXW����±����PP�GD\��ZKLFK�DJUHHV�ZLWK
JHQHUDOLVHG�GDWD�IRU�$VKOH\�)RUHVW��-DFNVRQ�	�5RZH�����D����*HQHUDOO\�WKH�DQQXDO�PD[LPXP�RFFXUV�LQ
VSULQJ�HDUO\� VXPPHU�DIWHU�ZKLFK� VRLO�PRLVWXUH�GHILFLWV� DIIHFW� WKH�DELOLW\�RI� WKH� WUHHV� WR�JHW�ZDWHU� IRU
HYDSRUDWLRQ���3HDUFH�HW�DO���������PHDVXUHG�WUDQVSLUDWLRQ�UDWHV�DW�0DQJDWX�)RUHVW�RI����PP�GD\�LQ�ZLQWHU
DQG����±����PP�GD\�LQ�VXPPHU�ZKHQ�VRLO�PRLVWXUH�ZDV�QRW�OLPLWLQJ��

7KH�ZLGH�YDULDWLRQ�LQ�WKH�YDOXHV�IRU�D�JLYHQ�WLPH�RI�WKH�\HDU�ZLOO�UHIOHFW��WKH�VRLO�PRLVWXUH�UHJLPH�DW�WKH
WLPH�RI�VDPSOLQJ���$V�DQ�H[DPSOH�RI�WKH�LQIOXHQFH�RI�VRLO�PRLVWXUH��*UHHQZRRG�HW�DO���������FDUULHG�RXW
OLQHDU�UHJUHVVLRQ�DQDO\VHV�RI�WKH�VRLO�ZDWHU�FRQWHQW�LQ�WKH�WRS���P�RI�WKH�VRLO�DQG�WUDQVSLUDWLRQ�EHWZHHQ
1RYHPEHU�DQG�0D\��DQG�EHWZHHQ�-XQH�DQG�2FWREHU��WKH�HTXDWLRQV�ZHUH�QRW�JLYHQ����)RU�REVHUYDWLRQV�LQ
WKH� GU\� VHDVRQ�� ���� RI� WKH� YDULDWLRQ� LQ� WKH� UHODWLRQVKLS�ZDV� DFFRXQWHG� IRU�� � ,Q� WKH�ZHW� VHDVRQ�� WKH
VLJQLILFDQW�UHJUHVVLRQ�VWLOO�DFFRXQWHG�IRU�����RI�WKH�YDULDWLRQ���7HVNH\�	�6KHULII��������QRWHG�WUDQVSLUDWLRQ
GURSSHG�IURP�����PP�GD\�LQ�ODWH�VSULQJ�WR�����PP�GD\�E\�WKH�HQG�RI�VXPPHU�DV�WKH�VRLO�GULHG�RXW���)HZ
GDWD�LQ�)LJ�������KDG�DVVRFLDWHG�VRLO�PRLVWXUH�GDWD�IRU�ZKLFK�DQ�DQDO\VLV�FRXOG�EH�FDUULHG�RXW��

$�VPDOO�QXPEHU�RI�PHDVXUHPHQWV�RI�GDLO\�WUDQVSLUDWLRQ�KDYH�EHHQ�UHSRUWHG�IRU�'RXJODV�ILU��0F1DXJKWRQ
	�%ODFN�������%ODFN�HW�DO��������.HOOLKHU�HW�DO��������*UDQLHU�������EXW�WKHUH�DUH�PRUH�ZKLFK�KDYH�EHHQ
VLPXODWHG�XVLQJ�YDULRXV�PRGHOV���7KH�PHDVXUHG�GDWD�DUH�JHQHUDOO\�IRU�WKH�1RUWKHUQ�+HPLVSKHUH�VXPPHU
DQG�FRYHU�WKH�UDQJH�IURP�����PP�GD\�XQGHU�ZHW�VRLO�DQG�VXQQ\�FRQGLWLRQV��0F1DXJKWRQ�	�%ODFN������
GRZQ�WR�DERXW���PP�ZKHQ�WKH�VRLO�KDV�GULHG�RXW�DQG�WKH�WUHHV�DUH�XQGHU�PRLVWXUH�VWUHVV��%ODFN�HW�DO��������
7KHVH�GDWD�DUH�ZLWKLQ�WKH�HQYHORSH�RI�WKH�UDGLDWD�SLQH�PHDVXUHPHQWV�DQG�DUH�DOVR�OLVWHG�LQ�$SSHQGL[������
'DLO\�WUDQVSLUDWLRQ�UDWHV�KDYH�DOVR�EHHQ�GHWHUPLQHG�IRU�WZR�6RXWK�,VODQG�EHHFK�IRUHVWV�LQ�1HZ�=HDODQG
�7DEOH�������
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7DEOH������'DLO\�WUDQVSLUDWLRQ�IRU�VRPH�1HZ�=HDODQG�YHJHWDWLRQ�FODVVHV

9HJHWDWLRQ�FODVV 3HULRG 7UDQVSLUDWLRQ
�PP�GD\�

6RXUFH�DQG�FRPPHQW

%HHFK�IRUHVW 0LG�0DUFK ���±��� .HOOLKHU�HW�DO������D��(GG\�FRUUHODWLRQ
%HHFK�IRUHVW -XQH±$XJXVW ���±��� %HQHFNH�	�(YDQV�������3RURPHWU\��UDLQ�

IUHH�GD\V
%HHFK�IRUHVW 'HFHPEHU±0DUFK ���±��� %HQHFNH�	�(YDQV�������3RURPHWU\��UDLQ�

IUHH�GD\V

2QH�FRPSDUDWLYH�VWXG\�ZDV�IRXQG�ZKHUH�PHDVXUHPHQWV�RI�WUDQVSLUDWLRQ�ZHUH�PDGH�IRU�GLIIHULQJ�YHJHWDWLRQ
FODVVHV�ZLWKLQ�GD\V�RI�HDFK�RWKHU�DQG�WKHVH�GDWD�DUH�JLYHQ�LQ�7DEOH�������'HQPHDG��������QR�ZRUN�ZDV
IRXQG�ZKHQ�GLIIHULQJ�YHJHWDWLRQ�FODVVHV�ZHUH�H[DPLQHG�FRQFXUUHQWO\�

7DEOH������&RPSDULVRQ�EHWZHHQ�GDLO\�WUDQVSLUDWLRQ�IRU�UDGLDWD�SLQH�DQG�ZKHDW�2FWREHU±1RYHPEHU���7KH
GDLO\�UDQJH�LV�JLYHQ�LQ�SDUHQWKHVHV�

9HJHWDWLRQ�FODVV 7UDQVSLUDWLRQ��PP�GD\�
:KHDW ��������±����
5DGLDWD�SLQH ��������±����

������6HDVRQDO�WUDQVSLUDWLRQ

0\HUV�	�7DOVPD��������SUHVHQW�RQH�RI�WKH�IHZ�VWXGLHV�ZLWK�VHDVRQDO�WUHQGV�IRU�WUDQVSLUDWLRQ�RI�UDGLDWD
SLQH���0RQWKO\�PHDQ�GDLO\�ZDWHU�XVH�� �HYDSRUDWLRQ��GDWD�DUH�JLYHQ�IRU�ILYH�VWDQGV�ZLWK�FRPELQDWLRQV�RI
LUULJDWLRQ�DQG�IHUWLOLVHU��LQFOXGLQJ�D�FRQWURO�VWDQG���'DWD�IRU�WKH�LUULJDWHG�DQG�QRQ�LUULJDWHG�VWDQGV�ZLWKRXW
IHUWLOLVHU�WUHDWPHQWV�DUH�VKRZQ�LQ�)LJ���������$OO�VWDQGV�ZHUH�VLPLODU�LQ�WKHLU�ZLQWHU�ZDWHU�XVH�UDWHV��DERXW
���±����PP�GD\��EXW�WKHUH�ZHUH�ZLGH�GLIIHUHQFHV�LQ�VXPPHU��WKH�IHUWLOLVHG�VWDQGV�UHDFKHG�PD[LPXP�UDWHV
RI�DERXW�����PP�GD\�FRPSDUHG�WR�DERXW�����PP�GD\�IRU�WKH�QRQ�IHUWLOLVHG�VWDQG��)LJ��������D�UHIOHFWLRQ
SUREDEO\�RI�JUHDWHU�ELRPDVV�DV�D�UHVXOW�RI�IHUWLOLVDWLRQ���7KH�WZR�OLQHV�LQ�)LJ�������VKRXOG�DSSUR[LPDWH�WKH
HQYHORSH�RI�WUDQVSLUDWLRQ�UDWHV�IRU�WKH�UDQJH�RI�VRLO�PRLVWXUH�IURP�ZHW�WR�GU\�FRQGLWLRQV�IRU�PRVW�VWDQGV�

$�VLPLODU�VWXG\�XQGHUWDNHQ�E\�6ZDQVRQ��������DW�:KDNDUHZDUHZD�QHDU�5RWRUXD�DOVR�SURYLGHG�GDWD�IRU
'RXJODV�ILU���6DSIORZ�PHDVXUHPHQWV�ZHUH�PDGH�IRU�UDGLDWD�SLQH�VWDQGV�ZLWK�IRXU�FRPELQDWLRQV�RI�DJHV�DQG
SODQWLQJ�GHQVLW\�DQG�IRU�WZR�'RXJODV�ILU�VWDQGV���)RU�UDGLDWD�SLQH��WKH�PHDQ�GDLO\�UDWHV�YDU\�IURP�DERXW��
PP�GD\�LQ�ZLQWHU�WR��±��PP�GD\�LQ�VSULQJ�ZKHQ�VRLO�PRLVWXUH�LV�VWLOO�KLJK��EHIRUH�GURSSLQJ�WR�ORZHU�OHYHOV
DV�WKH�VRLO�GULHG��)LJ����������2QH�RI�WKH�'RXJODV�ILU�VWDQGV�DSSUR[LPDWHG�WKH�UDGLDWD�SLQH�WUHQGV��EXW
DQRWKHU��ROG��ORZ�GHQVLW\�VWDQG�KDG�YHU\�ORZ�WUDQVSLUDWLRQ�YDOXHV��
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)LJ������� �5DQJH�LQ�PHDQ�GDLO\�ZDWHU�XVH�E\�LUULJDWHG�DQG�QRQ�LUULJDWHG�UDGLDWD�SLQH�VWDQGV� LQ�$&7�
$XVWUDOLD���'DWD�WDNHQ�IURP�D�JUDSK�LQ�0\HUV�	�7DOVPD���������

)LJ�������5DLQ�IUHH�GD\�WUDQVSLUDWLRQ�DW�:KDNDUHZDUHZD�)RUHVW��5RWRUXD�IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU
VWDQGV��FDOFXODWHG�IURP�6ZDQVRQ���������7KH�OHJHQG�LQGLFDWHV�DJH�VWDQG�GHQVLWLHV�ZLWK�'�UHSUHVHQWLQJ
'RXJODV�ILU��
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%HHFK 7XVVRFN 3LQH

7ZR�RWKHU�VWXGLHV�SUHVHQW�WUHQGV�IRU�PRQWKO\�WUDQVSLUDWLRQ�IURP�GLIIHULQJ�QDWLYH�YHJHWDWLRQ���%HQHFNH�	
(YDQV��������VWXGLHG�KDUG�EHHFK�IRUHVW�IRU���\HDU�DW�'RQDOG�&UHHN�LQ�1HOVRQ�DQG�&DPSEHOO�	�0XUUD\
�������LQYHVWLJDWHG�QDWLYH�VQRZ�WXVVRFN�WUDQVSLUDWLRQ�IRU����PRQWKV�DW�*OHQGKX�LQ�XSODQG�(DVW�2WDJR���7KH
WXVVRFN�GDWD�DUH�SUHVHQWHG�LQ�)LJXUH������ZLWK�WKDW�IRU�WKH�EHHFK�IRUHVW�EHLQJ�HVWLPDWHG�E\�/.5�IURP�D
ILJXUH�LQ�%HQHFNH�	�(YDQV¶�SDSHU���7UDQVSLUDWLRQ�WUHQGV�IURP�WKHVH�WZR�LQGLJHQRXV�FRPPXQLWLHV�DUH�RI
WKH�RUGHU�RI�KDOI�WKDW�IURP�D�GHQVH�\RXQJ�UDGLDWD�SLQH�VWDQG�DW�5RWRUXD��ZKLFK�KDG�WKH�KLJKHVW�WUDQVSLUDWLRQ
UDWH�RI�WKH�IRXU�VWDQGV�SUHVHQWHG�E\�6ZDQVRQ��������

*UHHQZRRG� HW� DO�� ������� PHDVXUHG� WUDQVSLUDWLRQ� IRU� �� GD\� LQ� HDFK� PRQWK� IRU� ��� PRQWKV�� � 7KHLU
WUDQVSLUDWLRQ�YDOXHV�ZHUH�KLJKHVW�IURP�-XO\�WR�1RYHPEHU��1RYHPEHU�SHDN�ZDV������PP�GD\��EHIRUH
IDOOLQJ�WR�JHQHUDOO\�OHVV�WKDQ���PP�GD\�IURP�)HEUXDU\�WR�0D\�

)LJ� ����� �0RQWKO\� WUDQVSLUDWLRQ� IRU� KDUG� EHHFK� IRUHVW� LQ�1HOVRQ� �%HQHFNH�	�(YDQV� ������� WXVVRFN
JUDVVODQGV�LQ�XSODQG�(DVW�2WDJR��&DPSEHOO�	�0XUUD\��������WRJHWKHU�ZLWK�WKDW�IURP�WKH�GHQVH���\HDU�ROG
VWDQG�RI�UDGLDWD�SLQH�RI�6ZDQVRQ��������VKRZQ�LQ�)LJ��������

$�QXPEHU�RI�VWXGLHV�SUHVHQW�WRWDOV�IRU�D�\HDU��7DEOH�������RU�JLYHQ�VHDVRQV��KRZHYHU�ORQJ�WKH\�DUH�GHILQHG�
�7DEOH�������
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7DEOH�������$QQXDO�WUDQVSLUDWLRQ�IRU�D�QXPEHU�RI�YHJHWDWLRQ�FODVVHV�

9HJHWDWLRQ /RFDWLRQ $JH
�\HDUV�

'HQVLW\
�63+�

7UDQVSLUDWLRQ
�PP�

3UHFLSLWDWLRQ
�PP�

6RXUFH

0HDVXUHG
5DGLDWD�SLQH� 5RWRUXD � ���� ��� ���� 6ZDQVRQ�����
5DGLDWD�SLQH� 5RWRUXD � ���� ��� ���� 6ZDQVRQ�����
5DGLDWD�SLQH� 5RWRUXD �� ���� ��� ���� 6ZDQVRQ�����
5DGLDWD�SLQH� 5RWRUXD �� ��� ��� ���� 6ZDQVRQ�����
5DGLDWD�SLQH� :HVW

$XVWUDOLD
�� ��� ��� ���� *UHHQZRRG�HW

DO������
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%HHFK�
KDUGZRRG�
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����

6QRZ�WXVVRFN� (DVW�2WDJR ��� ���� 3HDUFH�HW�DO�
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7DEOH�������7RWDO�VHDVRQDO�WUDQVSLUDWLRQ�E\�UDGLDWD�SLQH

9HJHWDWLRQ $JH 'HQVLW\ 3HULRG 7UDQVSLUDWLRQ 3UHFLSLWDWLRQ 6RXUFH
5DGLDWD�SLQH� �� ���� 2FWREHU±0D\ ��� ��� )DKH\�HW�DO������
5DGLDWD�SLQH �� ��� 2FWREHU±0D\ ��� ��� )DKH\�HW�DO������
5DGLDWD�SLQH� �� 1RYHPEHU±

)HEUXDU\
��� 7HVNH\�	�6KHULII

����

/LWWOH�LQIRUPDWLRQ�FDQ�EH�JOHDQHG�RQ�WUDQVSLUDWLRQ�IURP�EUDFNHQ�LQ�WKH�RYHUVHDV�OLWHUDWXUH��/RFNZRRG�HW�DO�
�������VKRZ�EUDFNHQ�FDQRS\�WUDQVSLUDWLRQ�WR�EH�XS�WR���PP�GD\��EXW�WKLV�YDULHV�GXULQJ�WKH�VHDVRQ�DV�OHDI
DUHD�LQGH[�FKDQJHV��QR�GDWD�ZHUH�JLYHQ�IRU�WKH�VHDVRQ���7KH\�DOVR�VKRZHG�WKDW�HYDSRUDWLRQ�IURP�WKH�OLWWHU
LV�LPSRUWDQW���3LWPDQ�	�3LWPDQ��������UHSRUWHG�PHDQ�GDLO\�HYDSRUDWLRQ�DQG�WUDQVSLUDWLRQ�RYHU�WKH�VXPPHU
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WR�EH������PP�GD\�ZLWK�D�GDLO\�PD[LPXP�RI���PP�GD\�IRU�D�EUDFNHQ�VWDQG�LQ�WKH�RSHQ���7KLV�ZDV�DERXW
ILYH� WLPHV� WKH� WUDQVSLUDWLRQ� IURP� D�PDLQO\� EUDFNHQ� IRUHVW� XQGHUVWRUH\��ZKLFK�PDGH� XS� D� VLJQLILFDQW
SURSRUWLRQ�RI�WKH�WRWDO�IRUHVW�WUDQVSLUDWLRQ��7DEOH�������5REHUWV�HW�DO���������

7DEOH�������7UDQVSLUDWLRQ�IURP�XQGHUVWRUH\�EUDFNHQ�DQG�IRUHVW�GXULQJ�D�QRUWKHUQ�VXPPHU�

����
)RUHVW�LQFOXGLQJ
XQGHUVWRUH\��PP�

%UDFNHQ
�PP�
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���
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$XJ��� ��� ���� ��
6HS��� ��� ���� ��
6HS��� ��� ���� ��
2FW��� ��� ���� ��

����6RXUFH��5REHUWV�HW�DO������

���� 8QGHUVWRUH\�WUDQVSLUDWLRQ

*UHHQZRRG� HW� DO�� �������QRWHG� WKDW� XQGHUVWRUH\�SDVWXUH� DGGHG� WUDQVSLUDWLRQ�RI� DERXW�����PP�GD\� LQ
2FWREHU��ZDV� ]HUR� LQ� GU\� VXPPHU�� EXW� DPRXQWHG� WR� ���PP�\HDU� RU� ���� RI� WKH� VWDQG� WUDQVSLUDWLRQ�
6LJQLILFDQW�XQGHUVWRUH\�WUDQVSLUDWLRQ�E\�EUDFNHQ�ZDV�QRWHG�E\�5REHUWV�HW�DO���������ZLWK�LQGLYLGXDO�GD\V
EHLQJ���±����RI�WKH�IRUHVW�WRWDO�

$W�.DLQJDURD�)RUHVW��XQGHUVWRUH\�WUDQVSLUDWLRQ�LQ�D���\HDU�ROG�VWDQG�RI�UDGLDWD�SLQH�ZDV�JUHDWHU��PHDVXULQJ
����PP��WKDQ�WKDW�IURP�WKH�IRUHVW�FDQRS\������PP��RYHU���GD\V�LQ�0DUFK��.HOOLKHU�HW�DO����������)URP�D
��\HDU�ROG�WKLQQHG�VWDQG��.HOOLKHU�HW�DO��PHDVXUHG�XQGHUVWRUH\�HYDSRUDWLRQ�RI�����PP�RYHU���GD\V�LQ�$SULO
ZKLFK��WKLV�WLPH��ZDV�OHVV�WKDQ�IRU�WKH�WUHHV�WKHPVHOYHV������PP���
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2WKHU�VWXGLHV��H�J���%ODFN�HW�DO����������.HOOLKHU�HW�DO���������DQG�$UQHWK�HW�DO����������GHPRQVWUDWH�VLPLODU
OHYHOV�RI�HYDSRUDWLRQ�IURP�WKH�XQGHUVWRUH\�DQG�IRUHVW�IORRU��EXW�KDYH�QRW�EHHQ�LQFOXGHG�KHUH�DV�WKH\�LQFOXGH
HYDSRUDWLRQ�LQ�DGGLWLRQ�WR�WUDQVSLUDWLRQ�

���� &RQFOXVLRQV

7UDQVSLUDWLRQ�UDWHV�YDU\�FRQVLGHUDEO\��ZLWK�DQQXDO�PLQLPD�RI�WKH�RUGHU�RI�����PP�GD\�LQ�ZLQWHU�IRU�UDGLDWD
SLQH�DQG�EHHFK�IRUHVW���7KH�WLPLQJ�RI�WKH�DQQXDO�PD[LPXP�YDOXHV�IRU�D�JLYHQ�YHJHWDWLRQ�FRYHU�RU�VLWH�LV
GHSHQGHQW�RQ�WKH�VRLO�PRLVWXUH�VWDWXV���3HDNV�FDQ�EH�DWWDLQHG�IURP�PLG�VSULQJ�WR�ODWH�VXPPHU�DV�ORQJ�DV
DYDLODEOH�VRLO�PRLVWXUH�LV�DGHTXDWH���'DLO\�WUDQVSLUDWLRQ�YDOXHV�IRU�UDGLDWD�SLQH�PD\�UHDFK��±��PP�GD\�LI
WKH�VRLOV�DUH�ZHOO�ZDWHUHG��EXW�FDQ�EH�OHVV�WKDQ���PP�GD\�WKURXJKRXW�PXFK�RI�WKH�VXPPHU�DQG�LQWR�DXWXPQ
DV� VRLO�PRLVWXUH� GHILFLWV� RFFXU�� �$YDLODEOH� GDWD� VKRZ� WUDQVSLUDWLRQ� IURP�EHHFK� IRUHVWV� FDQ� UHDFK� ���
PP�GD\��WXVVRFN�JUDVVODQG�XS�WR�����PP�GD\��DQG�EUDFNHQ�XS�WR���PP�GD\�

7UDQVSLUDWLRQ�E\�XQGHUVWRUH\�YHJHWDWLRQ��ZKHUH�SUHVHQW��FDQ�DOVR�EH�FRQVLGHUDEOH�UHDFKLQJ�OHYHOV�DERXW�WKDW
RI�WKH�WUHHV�WKHPVHOYHV�
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��� (YDSRUDWLRQ

,Q�WKLV�VHFWLRQ�ZH�FRQVLGHU�HYDSRUDWLRQ�ZKHUH�QR�GLVWLQFWLRQ�KDV�EHHQ�PDGH�EHWZHHQ�LQWHUFHSWLRQ�DQG
WUDQVSLUDWLRQ���7KHVH�DUH�PDLQO\�VWXGLHV�WKDW�KDYH�SURJUHVVHG�IRU�D�SHULRG�RI�D�IHZ�PRQWKV�WR�D�\HDU�RU�WZR�
DQG�DUH�GHULYHG�IURP�ZDWHU�EDODQFHV��7DEOH������VXPPDULVHV�PDQ\�RI�WKHVH�

�����3DVWXUH���UDGLDWD�SLQH�FRPSDULVRQ

+ROPHV�	�&ROYLOOH��������SUHVHQW�HYDSRUDWLRQ�GDWD�IURP�WKH�GU\�*DPELHU�3ODLQV�UHJLRQ�LQ�6RXWK�$XVWUDOLD
ZKHUH�DERXW�����PP�RI�WKH�����PP�DQQXDO�UDLQIDOO�IDOOV�EHWZHHQ�$SULO�DQG�'HFHPEHU���(VWLPDWHV�RI
HYDSRUDWLRQ��7DEOH�������IURP�WZR�UDGLDWD�SLQH�VWDQGV�VHYHUDO�NLORPHWUHV�DSDUW�����\HDUV�ROG�DQG�SODQWHG
DW������DQG�����VSK��DQG�SDVWXUH�ZHUH�PDGH�XVLQJ�SUHFLSLWDWLRQ�LQSXWV��VRLO�PRLVWXUH�FKDQJHV�DQG�GUDLQDJH
IURP�O\VLPHWHUV��WKH�GUDLQDJH�EHLQJ�ORZ�

7DEOH������(YDSRUDWLRQ�IURP�UDGLDWD�SLQH���WZR�VWDQGV��DQG�SDVWXUH�LQ�VRXWK�$XVWUDOLD��+ROPHV�	�&ROYLOOH
�����

3HULRG 5DGLDWD�SLQH 3DVWXUH
��0D\�±����6HS����� ������� ���
��$SULO�±���'HF����� ������� ���
���$SULO�±���6HS����� ������� ���

�����3DVWXUH�DQG�WXVVRFN�JUDVVODQG

,Q�WKH�:DLSRUL�FDWFKPHQW��2WDJR��)DKH\�HW�DO���������HVWLPDWHG�HYDSRUDWLRQ�IURP�D�SDVWXUH�VLWH�XVLQJ�WKH
3ULHVWOH\�7D\ORU�PHWKRG�DQG�WKHQ�FRPSDUHG�WKDW�ZLWK�ZDWHU�EDODQFH�HVWLPDWHV�IRU�WKH�WXVVRFN�*OHQGKX
FDWFKPHQW��*+����$QQXDO�HYDSRUDWLRQ�IURP�SDVWXUH�GHULYHG�IURP�*OHQGKX�FOLPDWH�GDWD�DW�����PP�ZDV
FORVH�WR�WKH�����PP�FDOFXODWHG�IRU�*+��WXVVRFN���7KH�VWXG\�VKRZHG�WKHUH�ZDV�OLWWOH�GLIIHUHQFH�EHWZHHQ
WKH�DQQXDO�HYDSRUDWLRQ�HVWLPDWHV�IRU�WKH�WZR�YHJHWDWLRQ�W\SHV�EXW�WKDW�SDVWXUH�H[WUDFWHG�PRUH�ZDWHU�LQ
VXPPHU�WKXV�GHOD\LQJ�WKH�UHFKDUJH�LQ�DXWXPQ�ZLQWHU���/RZ�IORZ�SHULRGV�WHQGHG�WR�EH�ORQJHU�DQG�UHDFK
ORZHU�OHYHOV�IRU�SDVWXUH�WKDQ�WXVVRFN�

,Q�&DQWHUEXU\�EXW�RQ�ERWK�LUULJDWHG�DQG�QRQ�LUULJDWHG�SORWV��0DUWLQ��������PHDVXUHG�ZDWHU�XVH�DQG�SDVWXUH
JURZWK�RQ�7HPSOHWRQ�VLOW�ORDP��7DEOH���������)URP�PHDVXUHPHQWV�LQ�WKH�WRS�����FP�RI�WKH�SURILOH�KH�IRXQG
WKDW�VRLO�ZDWHU�H[WUDFWLRQ�ZDV�PDLQO\�IURP�WKH�WRS���±���FP�RI�VRLO�DW�ORZ�ZDWHU�GHILFLWV���$V�WKH�VRLO�GULHG
XS��SURJUHVVLYHO\�PRUH�PRLVWXUH�ZDV�H[WUDFWHG�IURP�ORZHU�GHSWKV�DQG�HYDSRUDWLRQ�UDWHV�IHOO�
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7DEOH����� :DWHU�XVH�E\�SDVWXUH�DW�7HPSOHWRQ��&DQWHUEXU\�����±������IURP�0DUWLQ������

3HULRG 5DLQIDOO
�PP�

,UULJDWLRQ
�PP�

3HQPDQ�3(7
�PP�GD\�
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���������±
�������

�� ��� ��� � �

��������±�������� �� �� ��� ��� ���

�����$QQXDO�HYDSRUDWLRQ�WUHQGV�IRU�UDGLDWD�SLQH�

'DWD� IURP�%RVFK�	� YRQ�*DGRZ� ������� DQG� RWKHUV� UHSRUWHG� LQ�'\H� ������� JLYH� DQQXDO� HYDSRUDWLRQ
HVWLPDWHG�DV�SUHFLSLWDWLRQ�OHVV�VWUHDPIORZ�IURP�WKH�WKUHH�-RQNHUVKRHN�FDWFKPHQWV��DQG�3��SDWXOD�DQG
(�JUDQGLV�IURP�RWKHU�UHJLRQV���)LJ����������7KHVH�VKRZ�WKDW�IRU�WKH�UDGLDWD�SLQH�GDWD�HYDSRWUDQVSLUDWLRQ
UHDFKHV�D�PD[LPXP�DW�DERXW�PLG�URWDWLRQ�DQG�LV�LQ�WKH�RUGHU�RI�����±�����PP�SHU�DQQXP���7KHUH�LV�QR
VLPSOH�UHODWLRQVKLS�EHWZHHQ�DPRXQW�KDUYHVWHG�DQG�WKH�FKDQJH�LQ�HYDSRWUDQVSLUDWLRQ���$�VLPLODU�JUDSK�PD\
EH�DSSOLFDEOH�WR�WKH�1HZ�=HDODQG�VLWXDWLRQ�EXW�KHUH�WKH�URWDWLRQ�OHQJWKV�DUH�DERXW����UDWKHU�WKDQ����\HDUV�
7KLV�PD\�KDYH�WKH�HIIHFW�RI�VKRUWHQLQJ�WKH�SHULRG�DW�ZKLFK�WKH�FKDQJH�IODWWHQV�RXW�DQG�ZLOO�QHHG�WR�EH
WHVWHG�LQ�D�1HZ�=HDODQG�FDVH�VWXG\�
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<HDUV�VLQFH�SODQWLQJ

/DPEUHFKWVERV�% %RVERXNORRI
%LHVLHYOHL

)LJ��������&KDQJH�LQ�HYDSRUDWLRQ�� �SUHFLSLWDWLRQ�OHVV�VWUHDPIORZ��ZLWK�WLPH�VLQFH�SODQWLQJ��%RVERXNORRI�
%LHVLHYOHL�DQG�/DPEUHFKWVERV�%�ZHUH�SODQWHG�LQ������������DQG�������UHVSHFWLYHO\��

.QLJKW�	�:LOO��������XVHG�D�O\VLPHWHU�FRQWDLQLQJ�RQH�SLQH�WUHH�LQ�WKH�PLGVW�RI�D�SLQH�VWDQG�WR�PHDVXUH
GUDLQDJH�WKURXJK�WKH�VRLO�DQG�KHQFH�FDOFXODWH�HYDSRUDWLRQ�DV�WKH�GLIIHUHQFH�IURP�UDLQIDOO���7KH�WLPH�WUHQG
LV�SORWWHG�LQ�)LJ�������DQG�WKH�UHVXOWV�DUH�OLVWHG�LQ�7DEOH��������,W�DSSHDUV�WKDW�GUDLQDJH��ZKLFK�JHQHUDOO\
EHJDQ�LQ�0D\�DQG�FRQWLQXHG�WKURXJK�WR�1RYHPEHU��GHFUHDVHG�DIWHU�SODQWLQJ�WKH�WUHH��EXW�WKH�YDULDELOLW\
LV�VXFK�WKDW�LW�ZRXOG�EH�HDV\�WR�UHDG�LQWR�WKH�FKDQJHV�PRUH�WKDQ�LV�UHDO���,Q�\HDUV�����±�����VHHSDJH
DYHUDJHG�����PP�OHVV�WKDQ�WKH�HDUOLHU�SHULRG��EXW�UDLQIDOO�DOVR�DYHUDJHG�����PP�OHVV���(YDSRUDWLRQ�DIWHU
SODQWLQJ�DYHUDJHG������PP�HDFK�\HDU��EXW�WKLV�PD\�SRVVLEO\�KDYH�LQFUHDVHG�LQ�WKH�\HDUV�DIWHU�WKH�VWXG\
ILQLVKHG�DV�WKH�FDQRS\�DQG��KHQFH��LQWHUFHSWLRQ�DQG�WUDQVSLUDWLRQ�LQFUHDVHG���,I�ZH�DVVXPH�DQ�DYHUDJH
LQWHUFHSWLRQ�ORVV�RI�����RI�UDLQ��6HFWLRQ��������WKHQ�WUDQVSLUDWLRQ�LV�FDOFXODWHG�WR�EH������PP�\HDU�
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3UHFLSLWDWLRQ��PP�

(YDSRUDWLRQ 3UHFLSLWDWLRQ 'UDLQDJH

7DEOH�������/\VLPHWHU�GUDLQDJH�DQG�HYDSRUDWLRQ�XQGHU�D�\RXQJ�SLQH�VWDQG�DW�.DLQJDURD�)RUHVW���7KH�VWDQG
ZDV�SODQWHG�LQ������DQG�SUXQHG�DQG�WKLQQHG�LQ�����

<HDU 3UHFLSLWDWLRQ 'UDLQDJH� /RVVHV
����� �����
����� ����� ���� �����
����� ����� ���� ����
����� ����� ���� �����
����� �����
����� �����
����� ����� ���� �����
����� ����� ���� �����
����� ����� ��� �����
����� ����� ���� �����
����� ����� ���� �����
����� ����� ���� �����
����� ����� ��� �����

)LJ��������(YDSRUDWLRQ�DQG�GUDLQDJH�IURP�D�O\VLPHWHU�XQGHU�UDGLDWD�SLQH�VWDQG�DW�.DLQJDURD�)RUHVW��IURP
.QLJKW�	�:LOO������
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�����)RUHVW�IORRU�HYDSRUDWLRQ

)HZ�VWXGLHV�SUHVHQW�HYDSRUDWLRQ�IURP�WKH�JURXQG�XQGHU�IRUHVW�HYHQ�WKRXJK�LW�FDQ�EH�VLJQLILFDQW�

)RUHVW� IORRU� HYDSRUDWLRQ� UDWHV�XQGHU� D�'RXJODV� ILU� VWDQG�DYHUDJHG������PP�GD\� LQ�0DUFK� WR�$XJXVW
�HTXLYDOHQW�WR�6HSWHPEHU�WR�)HEUXDU\�IRU�1HZ�=HDODQG���6FKDDS�	�%RXWHQ�������DQG�WRWDOOHG�����PP�D
\HDU��DERXW�����RI�WKH�WRWDO�IRUHVW�HYDSRUDWLRQ��6FKDDS�HW�DO����������$UQHWK�HW�DO���������IRXQG�JURXQG
HYDSRUDWLRQ�DV�D�SHUFHQWDJH�RI�WRWDO�IRUHVW�HYDSRUDWLRQ�ZDV�����LQ�ODWH�VSULQJ������LQ�GU\�VXPPHU��DQG
��±����LQ�ZLQWHU�DQG�HDUO\�VSULQJ�LQ�D�ZHOO�ZDWHUHG�VRLO�XQGHU�D�UDGLDWD�SLQH�IRUHVW���8QGHU�DQ�XQGLVWXUEHG
EHHFK� IRUHVW� DW�0DUXLD�RQ� WKH�:HVW�&RDVW�� IRUHVW� IORRU� HYDSRUDWLRQ�DYHUDJHG�����RI� WKH� WRWDO� IRUHVW
HYDSRUDWLRQ�GXULQJ���GD\V�RI�YDULDEOH�ZHDWKHU�LQ�0DUFK��.HOOLKHU�HW�DO������D��

������(YDSRUDWLRQ�PRGHOV

,Q�DGGLWLRQ�WR�WKH�PRGHOV�PHQWLRQHG�LQ�6HFWLRQ����ZKHUH�ERWK�LQWHUFHSWLRQ�DQG�HYDSRUDWLRQ�ZHUH�LQFOXGHG�
/H�0DLWUH�	�9HUVIHOG��������KDYH�H[SORUHG�WKH�UHODWLRQVKLS�EHWZHHQ�IRUHVW�HYDSRUDWLRQ�DQG�VWDQG�JURZWK�
7KHLU�ZRUN�UHODWHG�WKH�IRUHVW�VLWH�LQGH[��6,�� �IQ�DJH��KHLJKW��RU�VWDQG�JURZWK��YROXPH��69�RU�EDVDO�DUHD�
%$�� �IQ�6,��KHLJKW��DJH��VWDQG�GHQVLW\��WR�WRWDO�HYDSRUDWLRQ�IRU�WKH�\HDU���7KH�PRGHOV�ZHUH�GLIIHUHQW�IURP
UHJLRQ� WR� UHJLRQ�DQG�DUH�PHDQW� WR�SURMHFW�PHDQ�HYDSRUDWLRQ� IURP�D�SODQWDWLRQ��QRW�HYDSRUDWLRQ� IRU�D
SDUWLFXODU�\HDU�DQG�LWV�ZDHWKHU���7KHUH�LV�D�SRWHQWLDO�IRU�HYDOXDWLQJ�GLIIHULQJ�SODQWDWLRQ�UHJLPHV��EXW�QRWH
WKDW�WKHUH�PD\�EH�EHWWHU�VWDQG�YDULDEOHV�WKDQ��IRU�H[DPSOH�KHLJKW�DQG�%$��ZKLFK�ZLOO�UHIOHFW�WKH�PDLQ
GULYHUV�RI�HYDSRUDWLRQ��H�J���OHDI�DUHD�DQG�ZDWHU�XVH�HIILFLHQF\�

$OVR�LQ�6RXWK�$IULFD��%RVFK�	�YRQ�*DGRZ��������XVHG�WKH�&KDSPDQ±5LFKDUGV�HTXDWLRQ��ZKLFK�LV�D
VLJPRLGDO�IXQFWLRQ��WR�PRGHO�WKH�FKDQJH�LQ�HYDSRUDWLRQ��(��� �UDLQIDOO���UXQRII��ZLWK�WLPH�DW�-RQNHUVKRHN�
7KH�PRGHO�LV�

(� �$���H�N�W�P�

ZKHUH�W�LV�WLPH�LQ�\HDUV�DQG�$��N�DQG�P�DUH�SDUDPHWHUV�GHILQLQJ�WKH�UHODWLRQVKLS���$��WKH�DPSOLWXGH��ZLOO
GHSHQG�RQ�WKH�RULJLQDO�YHJHWDWLRQ�EHIRUH�DIIRUHVWDWLRQ���3DUDPHWHUV�DUH�GHWHUPLQHG�E\�FXUYH�ILWWLQJ�DQG�FDQ
GLIIHU�PDUNHGO\�DV�LQ�7DEOH������

7DEOH������3DUDPHWHUV�IRU�WKH�&KDSPDQ±5LFKDUGV�HTXDWLRQ�IRU�HVWLPDWLQJ�HYDSRUDWLRQ�DIWHU�SODQWLQJ�DW
-RQNHUVKRHN�

&DWFKPHQW� $ N P
%RVERXNORRI ��� ����� �����
/DPEUHFKWVERV�% ��� ����� �����
%LHVLHYOHL ��� ����� ����

:KHQ�HYDSRUDWLRQ�ZDV�SORWWHG�DJDLQVW�\HDUV�DIWHU�SODQWLQJ��DOO�WKUHH�FDWFKPHQWV�WHQGHG�WR�DQ�XSSHU�OLPLW
�WKH�DV\PSWRWH��RI������PP��VXJJHVWLQJ�DQ�XSSHU�OLPLW�IRU�HYDSRWUDQVSLUDWLRQ��)LJ��������
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�����&RQFOXVLRQV

7KLV�VHFWLRQ�KDV�SUHVHQWHG�GDWD�IURP�D�QXPEHU�RI�YDULHG�VWXGLHV�� �,Q�D�GU\ODQG�HQYLURQPHQW�LQ�6RXWK
$XVWUDOLD�HYDSRUDWLRQ�IURP�ERWK�SDVWXUH�DQG�SLQH�IRUHVWV�LQ�ZLQWHU�DQG�VSULQJ�ZDV�ORZ��ZLWK�WKH�SLQHV�WKH
KLJKHU�RI�WKH�WZR�FODVVHV���(YDSRUDWLRQ�IURP�SDVWXUH�DQG�WXVVRFN�JUDVVODQG�LQ�2WDJR�ZDV�RI�WKH�RUGHU�RI
���±����PP�SHU�\HDU�DQG�WKDW�IURP�SLQHV�LQ�WKH�FHQWUDO�1RUWK�,VODQG�DW������PP�ZDV�KLJKHU�WKDW�IURP
6RXWK�$IULFD��ZKLFK�ZDV�RI�WKH�RUGHU�RI�����±�����PP�

(YDSRUDWLRQ�IURP�WKH�IRUHVW�IORRU�ZDV�D�VLJQLILFDQW�FRPSRQHQW�RI�IRUHVW�HYDSRUDWLRQ��UDQJLQJ�IURP����WR
����GHSHQGLQJ�RQ�WKH�WLPH�RI�WKH�\HDU�DQG�VRLO�PRLVWXUH�VWDWXV�



��

/DQGFDUH�5HVHDUFK

��� 6RLO�:DWHU�([WUDFWLRQ

7UDQVSLUDWLRQ�UDWHV�DUH�FRQWUROOHG�E\�WKH�DPRXQW�RI�ZDWHU�DYDLODEOH�WR�SODQWV�IURP�WKH�VRLO���,W�LV�JHQHUDOO\
DVVXPHG�WKDW�WUHHV�H[WUDFW�VRLO�PRLVWXUH�WR�D�JUHDWHU�GHSWK�WKDQ�SDVWXUH�DQG�WKLV�KDV�EHHQ�GHPRQVWUDWHG�LQ
D�QXPEHU�RI�VWXGLHV�� �7DEOH������ OLVWV� WKH�VRLO�GHSWKV�DW�ZKLFK� LW�KDV�EHHQ�REVHUYHG� WKDW�SODQWV�KDYH
H[WUDFWHG�ZDWHU�

7DEOH����� ([WUDFWLRQ�RI�VRLO�ZDWHU�E\�SLQH��SDVWXUH�DQG�OXFHUQH�ODQG�FRYHUV

/RFDWLRQ 6RLO�W\SH 9HJHWDWLRQ ([WUDFWDEOH
GHSWK
�FP�

3UHIHUUHG
GHSWK
�FP�

6RXUFH

&DQWHUEXU\
(\UHZHOO

6WRQ\�ORDP 5DGLDWD�SLQH ��� �� -DFNVRQ�	�5RZH
����D

&DQWHUEXU\
&KDQH\V

6DQG 5DGLDWD�SLQH� ��� -DFNVRQ�	�5RZH
����D

&DQWHUEXU\ (\UHZHOO�VWRQ\
VLOW�ORDP

3DVWXUH ��� WRS +D\PDQ�	
6WRFNHU�����

&DQWHUEXU\ :DNDQXL�FOD\
ORDP

/XFHUQH ��� ��� +D\PDQ�	
6WRFNHU�����

&DQWHUEXU\ 7HPSOHWRQ�VLOW
ORDP

3DVWXUH ���� ��±�� 0DUWLQ�����

:DLNDWR )ORRGSODLQ
ORDP\�VDQG

3DVWXUH ��� �� 0F$QHQH\�	
-XGG�����

:HOOLQJWRQ -XGJHIRUG�VLOW
ORDP

3DVWXUH ��� �� 3DUILWW�HW�DO�
����D

6RXWKHUQ
7DUDQDNL�

6WUDWIRUG�VLOW
ORDP

3DVWXUH ��� �� 3DUILWW�HW�DO�
����E

���� 6RLO�ZDWHU�GHILFLWV

,Q�WKHLU�SUHVHQWDWLRQ�RI�D�ZDWHU�EDODQFH�PRGHO�IRU�D�VRLO�XQGHU�SDVWXUH�QHDU�3DOPHUVWRQ�1RUWK��6FRWWHU�HW
DO���������UHSRUWHG�D�PD[LPXP�VRLO�ZDWHU�GHILFLW�RI�����PP�IRU�7RNRPDUX�VLOW�ORDP��L�H���D�JOH\HG�\HOORZ�
JUH\�HDUWK��� �+D\PDQ�	�6WRFNHU�������� LQYHVWLJDWHG�VRLO�ZDWHU�H[WUDFWLRQ�SDWWHUQV�XQGHU�SDVWXUH�DQG
OXFHUQH�XQGHU�LUULJDWLRQ�LQ�0LG�&DQWHUEXU\���7KHLU�VWXG\�SURYLGHV�LQIRUPDWLRQ�RQ�VRLO�ZDWHU�VWRUHV�DQG
H[WUDFWLRQ�RQ�(\UH�DQG�:DNDQXL�VRLOV��7DEOH����������)URP�PDQ\�VRXUFHV��:RRGZDUG�HW�DO���������KDYH
FRPSLOHG�ILHOG��7DEOH�������DQG�ODERUDWRU\��7DEOH�������PHDVXUHPHQWV�RI�ZDWHU�KROGLQJ�FDSDFLW\�IRU�VRLOV
UHSUHVHQWLQJ�WKH�PDLQ�IODWODQG�VRLO�RUGHUV�LQ�1HZ�=HDODQG�
7DEOH�������3URSHUWLHV����Z�Z��RI�VRLO�LQ�0LG�&DQWHUEXU\�LQYHVWLJDWHG�E\�+D\PDQ�	�6WRFNHU�������
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'HSWK
:DNDQXL (\UH

)LHOG�FDSDFLW\ :LOWLQJ�SRLQW )LHOG�FDSDFLW\ :LOWLQJ�SRLQW
�±���FP �� ���� ���� ���
�±���FP ���� ���� ���� ���
�±����FP ���� ��� ���� ���

7DEOH����� 0HDVXUHG�ZDWHU�KROGLQJ�FDSDFLW\��:+&��PP��LQ�WKH�WRS����FP�RI�VRPH�1HZ�=HDODQG
VRLOV��VHH�:RRGZDUG�HW�DO�������IRU�VRXUFHV�RI�WKH�GDWD�

6RLO�W\SH :+& 6RLO�W\SH :+&
-XGJHIRUG�VLOW�ORDP �� :DLNLZL�VLOW�ORDP ���
2WRNLD�VLOW�ORDP �� 7RNRPDUX�VLOW�ORDP ��
7RNRPDUX�VLOW�ORDP �� 2KDNHD�VLOW�ORDP ��
/LVPRUH�VWRQ\�VLOW�ORDP �� 6WUDWIRUG�VLOW�ORDP ���
+RURWLX�VDQG\�ORDP ��� +RURWLX�VDQG\�ORDP ���
7H�.RZKDL�FOD\�ORDP �� 7H�.RZKDL�VLOW�ORDP ���

7DEOH����� /DERUDWRU\�PHDVXUHPHQWV�RI�ZDWHU�KROGLQJ�FDSDFLW\��:+&��PP��LQ�WKH�WRS����FP�RI�VRPH
1HZ�=HDODQG�VRLOV��VHH�:RRGZDUG�HW�DO�������IRU�VRXUFHV�RI�WKH�GDWD�

6RLO�W\SH :+& 6RLO�W\SH :+&
7RNRPDUX�VLOW�ORDP �� 7RNRPDUX�VLOW�ORDP ��
7RNRPDUX�VLOW�ORDP ��� 3DUDKD�VLOW�ORDP ��
2WRNLD�VLOW�ORDP �� :DLNLZL�VLOW�ORDP ���
0DQJDSLUL�KHDY\�VLOW�ORDP �� 0RNRWXD�SHDW\�VLOW�ORDP ���
7DLWD�FOD\�ORDP �� -XGJHIRUG�VLOW�ORDP ��
-XGJHIRUG�VLOW�ORDP ��� 2KDXSR�VLOW�ORDP ���
+RURWLX�VDQG\�ORDP ��� 6WUDWIRUG�VLOW�ORDP ���
7LUDX�VLOW�ORDP ��� +DPLOWRQ�FOD\�ORDP ��
1DLNH�FOD\ �� 7H�.RZKDL�VLOW�ORDP ���
7H�.RZKDL�FOD\�ORDP �� +LPDWDQJL�VDQG ��

���� 6RLO�ZDWHU�GHILFLW�PRGHOV
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:RRGZDUG�HW�DO���������DOVR�UHYLVHG�WKH�WZR�OD\HU�VRLO�ZDWHU�EDODQFH�PRGHO�RI�6FRWWHU�HW�DO���������WR
SUHGLFW�VRLO�ZDWHU�VWDWXV�IRU�SDVWXUHV���7KH�6FRWWHU�HW�DO��PRGHO�UHTXLUHG�HVWLPDWHV�RI�DFWXDO�HYDSRWUDQV�
SLUDWLRQ��$(7���EXW�:RRGZDUG�HW�DO�¶V�PRGLILFDWLRQV�XVHG�DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLW\�LQ�SODFH�RI�WKH
HPSLULFDO�FRQVWDQWV�QHHG�WR�HVWLPDWH�$(7���,Q�WKLV�PRGHO��$(7�LV�FDOFXODWHG�DV�WKH�OHVVHU�RI�SRWHQWLDO
HYDSRWUDQVSLUDWLRQ��3(7��DQG�WRWDO�UHDGLO\�DYDLODEOH�ZDWHU��5$:��RQ�D�GDLO\�EDVLV���5$:�LV�GHILQHG�DV
DOO�WKH�ZDWHU�LQ�WKH�UDSLGO\�UHFKDUJHG�VXUIDFH�]RQH�SOXV�D�SURSRUWLRQ�RI�WKH�ZDWHU�LQ�WKH�UHPDLQGHU�RI�WKH
VRLO�SURILOH��:RRGZDUG�HW�DO���������

0LWFKHOO�	�&RUUHOO��������LQYHVWLJDWHG�WKH�FKDQJH�LQ�VRLO�PRLVWXUH�VWDWXV�DQG�JURXQGZDWHU�OHYHOV�DV�D
FRQVHTXHQFH�RI�DIIRUHVWDWLRQ�DQG�UHIRUHVWDWLRQ�LQ�6RXWK�$XVWUDOLD�ZKHQ�UDGLDWD�SLQH�ZDV�SODQWHG�LQWR
SDVWXUH�DQG�FOHDUIHOOHG�SODQWDWLRQ���)RU�SDUW�RI�WKH�VWXG\�SHULRG������±������PHDQ�DQQXDO�SUHFLSLWDWLRQ�ZDV
����PP�DQG�WKH�HTXLYDOHQW�SHULRG�SDQ�HYDSRUDWLRQ�ZDV������PP�\HDU��&KDQJHV�LQ�VRLO�ZDWHU�FRQWHQW��]�
ZHUH�GHWHUPLQHG�WR�EH�

]� �&����&��î�VLQ�D����&��î�FRV�D����&��î�UDLQ�UDWH���&��î�HYDSRUDWLRQ�UDWH
ZKHUH�D�LV�DQ�DQJXODU�IXQFWLRQ�RI�WLPH�RI�\HDU�DQG�PRQWKV�VLQFH�SODQWLQJ���3DUDPHWHUV�DUH�JLYHQ�IRU�WKH�WZR
VWDQGV�

�����&RQFOXVLRQV

:KLOH�WUHHV�DUH�FRQVLGHUHG�WR�H[WUDFW�PRLVWXUH�IURP�VRLOV�WR�JUHDWHU�GHSWKV�WKDQ�SDVWXUH��HYLGHQFH�GRHV
VKRZ�WKDW�SDVWXUH�FDQ�H[WUDFW�PRLVWXUH�RYHU�����FP�GRZQ�WKH�SURILOH�DQG�DW�VLPLODU�GHSWKV�WR�WUHHV���%RWK
WUHHV�DQG�SDVWXUH�SUHIHU�WR�H[WUDFW�PRLVWXUH�IURP�WKH�WRS����FP�RU�VR�RI�D�VRLO�SURILOH��KHQFH���OD\HU�PRGHOV
PD\�EH�EHVW�WR�UHSUHVHQW�FKDQJHV�LQ�VRLO�PRLVWXUH�

6RLO�ZDWHU�KROGLQJ�FDSDFLWLHV�DUH�YDULDEOH�DQG�WKH�WRS����FP�RI�D�SURILOH�FDQ�KROG�IURP����WR�����PP��
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��� *URXQGZDWHU

6HYHUDO� VWXGLHV� KDYH� VKRZQ� WKH� HIIHFW� RI� DIIRUHVWDWLRQ� RQ� XQFRQILQHG� JURXQGZDWHU� OHYHOV�� � ,Q� 6RXWK
$XVWUDOLD�LQ�D�UHJLRQ�ZLWK�DERXW����±����PP�RI�SUHFLSLWDWLRQ�SHU�\HDU��$OOLVRQ�	�+XJKHV��������LQIHUUHG
IURP�WULWLXP�PHDVXUHPHQWV�WKDW�WKHUH�ZDV�YLUWXDOO\�QR�UHFKDUJH�RI�JURXQGZDWHU�XQGHU�D�UDGLDWD�SLQH�IRUHVW�
+HUH�WKH�JURXQGZDWHU�WDEOH�LV�DW�D�GHSWK�RI�DERXW��±��P�EHORZ�WKH�JURXQG�VXUIDFH���,Q�DQRWKHU�VWXG\�LQ�WKH
VDPH�DUHD�&ROYLOOH�	�+ROPHV��������LQYHVWLJDWHG�YDULDWLRQV�LQ�JURXQGZDWHU�FRQWRXUV�EHQHDWK�IRUHVW�DQG
SDVWXUH�DQG�FRQFOXGHG�WKDW�WKHUH�ZDV�UHFKDUJH�XQGHU�WKH�IRUHVW�EXW�LW�ZDV�OHVV�WKDQ�KDOI�WKDW�XQGHU�SDVWXUH�
DYHUDJH�RYHU���\HDUV��0D\±'HFHPEHU��ZDV����PP�XQGHU�IRUHVW�FI�����PP�XQGHU�SDVWXUH�

,Q�VRXWKHDVWHUQ�$XVWUDOLD��WKHUH�ZHUH�ODUJH�GLIIHUHQFHV�LQ�WKH�GHSWK�WR�JURXQGZDWHU�WDEOH�EHWZHHQ�D�SDVWXUH
VLWH�DQG�D�UHFHQWO\�FOHDUIHOOHG�UDGLDWD�SLQH�VLWH��ZLWK�WKH�ODWWHU�EHLQJ�RYHU���P�ORZHU���5HFKDUJH�DW�WKH
FOHDUIHOOHG�VLWH�LQ�WKH�IROORZLQJ���\HDUV�UHVXOWHG�LQ�D�ULVH�RI�DERXW���P���$IIRUHVWDWLRQ�RI�ERWK�VLWHV�EHJDQ
WR�LPSDFW�RQ�JURXQGZDWHU�OHYHOV�DERXW��ò�\HDUV�DIWHU�SODQWLQJ��ZLWK�D���P�IDOO�RYHU�WKH�QH[W���\HDUV
�0LWFKHOO�	�&RUUHOO�������

,Q�:HVWHUQ�$XVWUDOLD��%DUL�	�6FKRILHOG��������PHDVXUHG�D�GHFOLQH�LQ�JURXQGZDWHU�OHYHO�RI�DERXW���P
UHODWLYH�WR�DQ�DGMDFHQW�SDVWXUH�VLWH�RYHU�D����\HDU�SHULRG�DIWHU�SODQWLQJ�DQ�DJURIRUHVWU\�UHJLPH�RI�PL[HG
3��UDGLDWD�DQG�3��SLQDVWHU������RI�WKH�DUHD��ILQDO�GHQVLWLHV���±����63+��LQ�DQ�DUHD�VXEMHFW�WR�VDOLQLVDWLRQ�
UDLQIDOO�ZDV����ORZHU�WKDQ�WKH�PHDQ�DQQXDO�UDLQIDOO�RI�DERXW�����PP��

,Q�D�VLPLODU�VWXG\��DOVR�LQ�:HVWHUQ�$XVWUDOLD��%HOO�HW�DO���������LQYHVWLJDWHG�WKH�HIIHFWV�RQ�JURXQGZDWHU
OHYHOV�RI�VHYHUDO�W\SHV�RI�UHIRUHVWDWLRQ�ZLWK�PL[HV�RI�UDGLDWD�SLQH�DQG�HXFDO\SW�±�DJURIRUHVWU\��ODQGVFDSH�
VWULS��HWF���$W�RQH�VLWH�DQQXDO�PLQLPXP�JURXQGZDWHU�OHYHOV�GURSSHG�XS�WR�����P�FRPSDUHG�WR�D�SDVWXUH�VLWH
RYHU�D���\HDU�SHULRG��FKDQJHV�DW�DQRWKHU�VLWH�ZHUH�JHQHUDOO\�QRW�DV�VLJQLILFDQW�

���� &RQFOXVLRQ

,Q�WKH�$XVWUDOLDQ�VFHQH��DIIRUHVWDWLRQ�ZDV�VKRZQ�WR�GHFUHDVH�QHDU�VXUIDFH��XQFRQILQHG�JURXQGZDWHU�WDEOHV
E\��±��P�LQ�XS�WR���\HDUV�
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��� 0LQLPXP�IORZV

0DQ\�PHDVXUHV�RI� ORZ� IORZV�DUH�XVHG� LQ� WKH� OLWHUDWXUH�� -DQXDU\���KRXUO\�GLVFKDUJH� DV� D� IXQFWLRQ�RI
WHPSHUDWXUH�RQ�UDLQOHVV�GD\V��%DQNV��������PHDQ�-DQXDU\���KRXUO\�GLVFKDUJH�RQ�UDLQOHVV�GD\V��%DQNV�	
.URPKRXW����������GD\�PLQLPXP�IORZV��)DKH\�	�:DWVRQ�������%ODFN�����������GD\�SHULRG�RI�ORZHVW
IORZ�LQ�D�\HDU��%RVFK��������FKDQJHV�LQ�IORZ�GXUDWLRQ�FXUYHV��'XQFDQ�������'RQV��������QR�IORZ�GD\V
�'XQFDQ������������D��IORZ�EHORZ�WKH����SHUFHQWLOH��'XQFDQ�������RU�D�VSHFLILF�YDOXH�VXFK�DV�����PP�GD\
�+DUU�HW�DO���������PRQWKO\�IORZV�EHORZ�WKH����SHUFHQWLOH��6FRWW�	�6PLWK��������GD\V�GXULQJ�ZKLFK�D
SUHFLSLWDWLRQ�LQGH[�ZDV�OHVV�WKDQ�����PP��.HSSHOHU�	�=LHPHU���������1HHGOHVV�WR�VD\��EHFDXVH�RI�WKHVH
GLIIHULQJ�PHDVXUHV��LW�LV�GLIILFXOW�WR�TXDQWLI\�DQG�FRPSDUH�DEVROXWH�FKDQJHV�ZLWK�ODQG�WUHDWPHQW��VR�WKH
LQIRUPDWLRQ�IURP�WKH�OLWHUDWXUH�LV�JLYHQ�DV�D�VHULHV�RI�FDVH�VWXGLHV�

�����&RPSDULVRQ�RI�SDVWXUH�ZLWK�UDGLDWD�SLQH�DW�0RXWHUH��1HOVRQ

7KH�QXPEHUV�RI�GD\V�ZLWK�]HUR�IORZ�ZHUH�FRPSDUHG�LQ�D�VWXG\�RI�WKUHH�SDVWXUH�FDWFKPHQWV�DQG�WKUHH
IRUHVWHG�FDWFKPHQWV��SLQHV�DJHG��±��\HDUV��DW�0RXWHUH��7DEOH������DIWHU�'XQFDQ�������WDEOH�����ZKLFK
VHHPV�WR�VKRZ�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�]HUR�IORZ�GD\V�RYHU�WKH���\HDUV�DQG�ZKLFK�ZDV�DVVXPHG�WR�EH
DIIRUHVWDWLRQ�UHODWHG���8QIRUWXQDWHO\��QR�GDWD�ZHUH�JLYHQ�IRU�WKH�FDOLEUDWLRQ�RU�LPPHGLDWH�SRVW�SODQWLQJ
SHULRG�WR�VHH�KRZ�PXFK�RI�WKH�WUHQGV�LQ�]HUR�IORZ�GD\V�DUH�FDWFKPHQW�RU�WUHDWPHQW�UHODWHG�������ZDV�WKH
VHFRQG�GULHVW�UDLQIDOO�\HDU�LQ�WKH����\HDUV�SUHVHQWHG�DQG�WKLV�PD\�EH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�WKH�ODUJH
QXPEHU�RI�]HUR�IORZ�GD\V�LQ�WKDW�\HDU���1RWZLWKVWDQGLQJ�WKLV��IORZ�GXUDWLRQ�FXUYHV�DUH�SUHVHQWHG�IRU�����
DQG������WKDW�VKRZ�WKHUH�LV�D�WHQGHQF\�LQ������IRU�WKH�IRUHVWHG�FDWFKPHQWV�WR�KDYH�ORZHU�IORZV�WKDQ�WKH
SDVWXUH�FDWFKPHQWV�PRUH�RIWHQ�WKDQ�ZKHQ�WKH\�ZHUH�LQ�JRUVH�RU�SDVWXUH�

7DEOH�������7KH�QXPEHUV�RI�]HUR�IORZ�GD\V�DW�0RXWHUH�FDWFKPHQWV��IURP�'XQFDQ������

3DVWXUH 5DGLDWD�SLQH
&DWFKPHQW � � �� 0HDQ � �� �� 0HDQ
���� �� �� � �� �� �� �� ��
���� ��� �� � �� ��� � �� ��
���� �� �� � �� ��� �� ��� ��
���� ��� ��� ��� ��� ��� ��� ��� ���

)URP�WKH�H[WHQGHG�0RXWHUH�GDWDVHW��'XQFDQ������D��UHSRUWHG�WKDW��ZKLOH�XQGHU�JRUVH��FDWFKPHQWV���	���
DYHUDJHG�����GD\V�RI�]HUR�IORZ�FRPSDUHG�WR�DQ�DYHUDJH�RI����GD\V�IRU�WKH�SDVWXUH�FDWFKPHQWV���	�����$IWHU
SODQWLQJ��WKH�SLQH�FDWFKPHQWV�KDG�VOLJKWO\�IHZHU�GD\V�ZLWK�]HUR�IORZ�WKDQ�WKH�SDVWXUH�FDWFKPHQWV��EXW�ZKHQ
WKH�FDQRS\�FORVHG��DJH��±����WKH\�KDG����GD\V�PRUH�WKDW�WKH����UHJLVWHUHG�IRU�WKH�SDVWXUH�FDWFKPHQWV�
$YHUDJHG�IORZ�GXUDWLRQ�FXUYHV�DOVR�VKRZHG�WKDW�IORZ�IURP�PDWXUH�SLQH�FDWFKPHQWV�ZDV�OHVV�WKDQ�WKDW�IURP
WKH�SDVWXUH�FDWFKPHQWV�IRU�PXFK�RI�WKH�WLPH��7DEOH�������
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7DEOH������$SSUR[LPDWH�SHUFHQWDJH�RI�WLPH�WKDW�IORZ�DW�WKH�0RXWHUH�FDWFKPHQWV�ZDV�OHVV�WKDQ���/�V�NP�

�HVWLPDWHG�IURP�ILJ���LQ�'XQFDQ�����D�

3HULRG 0HDQ�RI�SDVWXUH�FDWFKPHQWV 0HDQ�RI�PDWXUH�SLQH�FDWFKPHQWV
����±���� �� ��

�����$IIRUHVWDWLRQ�RI�SDVWXUH�ZLWK�UDGLDWD�SLQH�DW�3XUXNRKXNRKX��&HQWUDO�1RUWK�,VODQG

'RQV��������VKRZV�IORZ�GXUDWLRQ�FXUYHV�IRU�FDWFKPHQWV�DW�3XUXNRKXNRKX���\HDUV�EHIRUH�SODQWLQJ�WKH
3XUXNL�FDWFKPHQW�DQG�ZKHQ�WKH�WUHHV�ZHUH�DJHG��±���\HDUV���:KLOH�ORZ�IORZV�RFFXUUHG�PRUH�RIWHQ�DW�WKH
SDVWXUH� FDWFKPHQW� GXULQJ� WKH� ODWWHU� SHULRG�� WKH� FKDQJH� ZDV�PRUH�PDUNHG� DW� WKH� SODQWHG� FDWFKPHQW�
VXJJHVWLQJ�WKDW�SODQWLQJ�RI�WKH�SLQHV�KDV�GLPLQLVKHG�ORZ�VWUHDPIORZV���$SSUR[LPDWH�SHUFHQWLOHV�IRU�IORZ
EHORZ���/�V�NP��DUH�JLYHQ�LQ�7DEOH������

7DEOH������$SSUR[LPDWH�SHUFHQWDJH�RI�WLPH�ZKHQ�IORZ�DW�WKH�3XUXNRKXNRKX�FDWFKPHQWV�ZDV�OHVV�WKDW��
/�V�NP���HVWLPDWHG�IURP�ILJ���LQ�'RQV�������

3HULRG 3DVWXUH�FDWFKPHQW 3LQH�FDWFKPHQW 1DWLYH�IRUHVW
����±���� �� �� 1�$�
����±���� �� �� ��

�����$IIRUHVWDWLRQ�RI�SDVWXUH�DQG�VFUXE�DW�(VN�5LYHU��+DZNH¶V�%D\

7ZR�SDSHUV��%ODFN�������������FRPPHQW�RQ�HIIHFWV�RI�SODQWLQJ�LQ�WKH�(VN�5LYHU�FDWFKPHQW��ZKLFK�EHJDQ
LQ�WKH�����V�DW�:DLNRDX�)RUHVW�DQG�LV�QRZ�LQWR�LWV�WKLUG�URWDWLRQ���$QRWKHU�EXUVW�RI�SODQWLQJ�EHJDQ�LQ�����
DQG�FRQWLQXHG�WKURXJK�WR���������%\������DERXW�����RI�WKH��������KD�FDWFKPHQW�DERYH�WKH�:DLSXQJD
JDXJLQJ�VWDWLRQ�ZDV�LQ�SODQWDWLRQ�IRUHVWU\�DQG�DFFRUGLQJ�WR�%ODFN��������³YHJHWDWLRQ�KDV�QR�HIIHFW�RQ
EDVHIORZ��WKH�DIIRUHVWDWLRQ�RI�����RI�WKH�FDWFKPHQW�KDV�QRW�DIIHFWHG�WKH�FDWFKPHQW�GLVFKDUJH´�

%ODFN��������JLYHV�D�WLPH�OLQH�RI�DIIRUHVWDWLRQ�LQ�WKH�(VN�FDWFKPHQW�VLQFH��������$IWHU������������RI�WKH
(VN�FDWFKPHQW�ZDV�LQ�QHZ�SODQWDWLRQV�ZLWK����DIWHU��������6HYHQ�GD\�ORZ�IORZ�PHDVXUHPHQWV�DW�WKH�(VN
5LYHU�DW�:DLSXQJD�GXULQJ�VXPPHU� �'HFHPEHU� WR�)HEUXDU\������±��� WR�����±���DUH� OLVWHG� LQ�%ODFN
���������$�&R[�DQG�6WXDUW�WHVW�IRU�WUHQG��&RQRYHU�������E\�/.5�FRPSDUHG�WKH�IORZV�IRU�WKH�����±���WR
����±��� SHULRG� ZLWK� WKRVH� IURP� ����±��� WR� ����±��� DQG� QR� VLJQLILFDQW� WUHQG� ZDV� IRXQG�� HLWKHU
GLPLQLVKLQJ�RU�GHFUHDVLQJ���:KLOH�WKLV�PD\�VHHP�WR�EDFN�%ODFN¶V�FODLP��LW�LV�RQO\�D�WHVW�RI�WKH�HIIHFWV�RI
SODQWLQJ�IURP��VD\�������ZKLFK�PLJKW�EH�KDYLQJ�DQ�HIIHFW�E\�����±���ZKHQ�VWUHDPIORZ�PHDVXUHPHQWV
EHJDQ���'XULQJ�WKLV�SHULRG�RQO\����RI�WKH�FDWFKPHQW�ZDV�SODQWHG�XS�DQG�LW�LV�TXLWH�OLNHO\�WKDW�DQ\�HIIHFW
ZRXOG�QRW�EH�GHWHFWDEOH�IRU�WKLV�PDJQLWXGH�RI�ODQG�FRYHU�FKDQJH���,W�LV�FHUWDLQO\�QRW�D�WHVW�RI�WKH�HIIHFWV
RI�SODQWLQJ�����RI�WKH�FDWFKPHQW�DV�QR�IORZ�UHFRUGV�DUH�DYDLODEOH�IURP�WKH�����V�RU�VR�WR�HYDOXDWH�D
FKDQJH�IURP�]HUR�SODQWDWLRQ�VWDWXV���$QRWKHU�SRLQW�WR�QRWH�LV�WKDW�PXFK�RI�WKH�IORZ�IURP�WKH�(VN�FRPHV
IURP�KLJK�\LHOGLQJ�DUHDV�ZLWKRXW�SODQWDWLRQ�IRUHVWU\��DQG�WKLV�PD\�DOVR�PDVN�DQ\�FKDQJHV�
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*+� *+� *+��*+�

$�PRUH� YDOLG� WHVW�PLJKW� KDYH� EHHQ� D� FRPSDULVRQ�ZLWK� DQ� XQSODQWHG� FRQWURO� FDWFKPHQW� IRU� ����±��
RQZDUGV���7KLV�PD\�KDYH�EHHQ�D�PRUH�VHQVLWLYH�WHVW�DQG�VKRZQ�GLIIHUHQW�UHVXOWV��EXW�WKLV�LV�DOVR�XQOLNHO\
LQ�YLHZ�RI� WKH�VPDOO�FKDQJH�LQ�FDWFKPHQW�FRYHU�� �0RUH�GDWD�DUH�DOVR�UHTXLUHG�WR�YHULI\� WKH�H[WHQW�RI
SODQWLQJ�GXULQJ�WKLV�SHULRG�

�����$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG�LQ�2WDJR

$W�WKH�*OHQGKX�WXVVRFN�FDWFKPHQW��*+���WKH�PLQLPXP���GD\�ORZ�IORZV�DUH�RI�WKH�RUGHU�RI�����WR����
PP�GD\�LQ�PRVW�\HDUV���$IIRUHVWDWLRQ�RI�����RI�*+��DSSHDUV�WR�KDYH�KDG�DQ�HIIHFW�DERXW���\HDUV�DIWHU
SODQWLQJ��DQG�DW�DJHV���±���WKH�DYHUDJH�GHFUHDVH�ZDV������PP�GD\�ORZHU�WKDQ�SUHGLFWHG�IURP�*+���)DKH\
HW�DO���������RU�DERXW�����ORZHU��)LJ���������$VVXPLQJ�D�SURSRUWLRQDWH�FKDQJH��WKLV�IORZ�GHFUHDVH�LV
HTXLYDOHQW�WR������PP�GD\�IRU�SODQWLQJ�WKH�ZKROH�FDWFKPHQW�

)LJ�������/RZ�IORZ�FKDQJHV�DW�*OHQGKX�DV�D�UHVXOW�RI�����DIIRUHVWDWLRQ�RI�FDWFKPHQW�*+��LQ�������'DWD
IURP�)DKH\�	�:DWVRQ��������DQG�IURP�ILJ����LQ�)DKH\�HW�DO���������

�����$IIRUHVWDWLRQ�DIWHU�FRQYHUVLRQ�RI�QDWLYH�IRUHVW��'RQDOG�&UHHN��1HOVRQ

$W� WKLV� FDWFKPHQW� VXLWH�� QDWLYH� IRUHVWV� ZHUH� KDUYHVWHG� LQ� ����� DQG� ����� WR� HVWDEOLVK� WKH� HIIHFWV� RI
KDUYHVWLQJ�DQG�FRQYHUVLRQ�WR�SODQWDWLRQV�RQ�WKH�IORZ�UHJLPH���/RZ�IORZ�FRPSDULVRQV�DUH�FRPSOLFDWHG�KHUH
EHFDXVH�IORZ�DW�'&���WKH�FRQWURO�FDWFKPHQW��GULHV�XS�LQ�PRVW�\HDUV���:KHQ�WKLV�RFFXUUHG��WKH�PHDQ�IORZ
IRU�WKH���GD\V�SULRU�WR�IORZ�FHDVLQJ�ZDV�WDNHQ�DV�WKH�WHVW�GDWD���7KH���GD\�PLQLPXP�IORZ�URVH�E\�DERXW
���±����PP�GD\�FRPSDUHG�WR�WKH�QDWLYH�IRUHVW�FRQWURO�FDWFKPHQW�E\�WKH�VHFRQG�\HDU�DIWHU�KDUYHVWLQJ��)LJ�
�������)DKH\�	�-DFNVRQ���������2YHU�WKH�QH[W���\HDUV�RU�VR�WKH�PLQLPXP�IORZV�IHOO�WR�DERXW�QDWLYH�IRUHVW
OHYHOV���)ORZ�GHFUHDVHG�DIWHU�KDUYHVWLQJ�DQG�DSSHDUV�WR�KDYH�GHFOLQHG�IXUWKHU�LQ�ODWHU�\HDUV���,I������LV
WDNHQ�DV�WKH�EDVH�\HDU��LW�FDQ�EH�LQIHUUHG�IURP�)LJ������WKDW�DIIRUHVWDWLRQ�DW�'RQDOG�&UHHN�FRXOG�GHFUHDVH
��GD\�PLQLPXP�ORZ�IORZV�E\�DERXW����±����PP�GD\�
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)LJ�������'LIIHUHQFH�LQ�WKH���GD\�PLQLPXP�ORZ�IORZ��GDWD�H[WUDFWHG�IURP�)LJ����LQ�)DKH\�	�-DFNVRQ������

�����$IIRUHVWDWLRQ�RI�VFUXE�ZLWK�UDGLDWD�SLQH�DW�-RQNHUVKRHN��6RXWK�$IULFD

7ZR�HDUO\�UHSRUWV�IURP�WKH�-RQNHUVKRHN�FDWFKPHQWV�LQ�WKH�:HVWHUQ�&DSH�UHJLRQ�RI�6RXWK�$IULFD�UHSRUWHG
RQ� ORZ�IORZ�FKDQJHV� DV� D� UHVXOW� RI� DIIRUHVWDWLRQ�RI� I\QERV�� D� GU\� VFOHURSK\OOLF� VFUXE�� �8VLQJ�SDLUHG
FDWFKPHQWV��%DQNV��������GHWHUPLQHG�FKDQJHV�IURP�UHJUHVVLRQ�UHODWLRQVKLSV�RI�-DQXDU\���KRXUO\�GLVFKDUJH
DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�RQ�UDLQOHVV�GD\V�ZKHUHDV�%DQNV�	�.URPKRXW��������MXVW�XVHG�PHDQ�-DQXDU\
��KRXUO\�GLVFKDUJH�RQ� UDLQOHVV�GD\V�� �7DEOH������ LQGLFDWHV� WKDW� WKH�FKDQJHV�ZHUH�RI� WKH�RUGHU�RI����
PP�GD\�

7DEOH�������&KDQJHV�LQ�ORZ�IORZ�ZLWK�DIIRUHVWDWLRQ�RI�VFUXE�DW�-RQNHUVKRHN���'DWD�KDYH�EHHQ�FRQYHUWHG
WR������SODQWDWLRQ�E\�SURSRUWLRQ�DQG�FRPSDUHG�WR�FRQWURO�FDWFKPHQW�V��

&DWFKPHQW )RUHVWHG
���

$JH�DW�VWDUW
�\HDUV�

$JH�DW�ILQLVK
�\HDUV�

$UHD
�KD��

&KDQJH
�PP�GD\�

6RXUFH

%RVERXNORRI �� ���±��� ����±���� ���� ����� %DQNV�����
%LHVLHYOHL �� � ���±���� �� ����� %DQNV�����
%RVERXNORRI �� ���±��� ����±���� ���� ����� %DQNV	�.URPKRXW�����
%LHVLHYOHL �� � ���±���� �� ����� %DQNV	�.URPKRXW�����

7DNLQJ�WKH�ORZHVW�VWUHDPIORZ�PRQWKV��GHILQHG�DV�D�YDULDEOH�QXPEHU�RI�PRQWKV�HDFK�\HDU�EXW�ZLWK�IORZ
EHORZ� WKDW� H[SHFWHG� WZR� RU� WKUHH� WLPHV� D� \HDU�� 6PLWK� 	� 6FRWW� ������� UHSRUWHG� WKDW� ORZ� IORZ� LQ
/DPEUHFKWVERV�%�EHJDQ�WR�GHFOLQH���\HDUV�DIWHU�SODQWLQJ���7KHLU�UHVXOWV�DUH�FRQIXVLQJ�DV�³$W�VHYHQ�WR�HLJKW
\HDUV�DIWHU�DIIRUHVWDWLRQ�� ORZ�IORZ�ZDV�DSSUR[LPDWHO\���������PP��ORZHU�WKDQ�WKH�SUHGLFWHG�IRU�WKH
FDWFKPHQW´���7KH\�ZHQW�RQ�WR�VWDWH´�/RZ�IORZ�ZDV�IXUWKHU�UHGXFHG�RYHU�WKH�QH[W���\HDUV�WR�DOPRVW����
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RI�WKH�SUHGLFWHG�IORZ´��ZKLFK�LV�GLIILFXOW�WR�UHFRQFLOH�ZLWK�WKH�SUHYLRXV�VWDWHPHQW���,Q�QHLWKHU�LQVWDQFH�ZDV
WKH�QXPEHU�RI�PRQWKV�VWDWHG�

6FRWW�	�6PLWK��������SUHVHQWHG�HPSLULFDO�PRGHOV�IRU�SUHGLFWLQJ�WKH�UHGXFWLRQV�LQ�WRWDO�DQG�ORZ�IORZV
UHVXOWLQJ�IURP�DIIRUHVWDWLRQ���6LJPRLGDO�RU�H[SRQHQWLDO�VLJPRLGDO�UHODWLRQVKLSV�ZHUH�GHWHUPLQHG�RI�WKH
IRUP��

<� �$����%;Q��� RU <� �$����%HQ;�

ZKHUH�<� ���IORZ�UHGXFWLRQ��$� �DV\PSWRWH� �PD[LPXP�<��%�LQWHUFHSW��;� �SODQWDWLRQ�DJH�LQ�\HDUV��Q� 
H[SRQHQW���7KH\�IRXQG�LW�QHFHVVDU\�WR�VSOLW�WKH�UHVXOWV�LQWR�WZR�FODVVHV��RSWLPDO��GHHS�VRLOV�DQG�WURSLFDO
FOLPDWH��YV�VXE�RSWLPDO��VKDOORZ�VRLOV��OHVV�IDYRXUDEOH�FOLPDWH��DOWKRXJK�DW�-RQNHUVKRHN�WKH�HVWDEOLVKPHQW
RI�UDGLDWD�SLQH�ZDV�FRQVLGHUHG�WR�EH�LQWHUPHGLDWH�EHWZHHQ�WKH�H[WUHPHV�DV�WKHUH�ZDV�D�VKRUW�JURZLQJ
VHDVRQ�EXW�VRLOV�ZHUH�GHHS�DQG�PRGHUDWHO\�IHUWLOH���7DEOH������OLVWV�WKHLU�PRGHO�SDUDPHWHUV��

7DEOH�������3DUDPHWHUV�RI�WKH�6FRWW�	�6PLWK��������PRGHO�IRU�HVWLPDWLQJ�IORZ�UHGXFWLRQV�

*URZWK�]RQH 6WUHDPIORZ
YDULDEOH

0RGHO�W\SH $V\PSWRWH�$ ,QWHUFHSW�OQ% &RHIILFLHQW�Q

2SWLPDO $QQXDO�IORZ <� �$����%;Q� ����� ����� ������
2SWLPDO /RZ�IORZ <� �$����%;Q� ����� ����� ������
6XE�RSWLPDO $QQXDO�IORZ <� �$����%HQ;� ���� ����� ������
6XE�RSWLPDO /RZ�IORZ <� �$����%HQ;� ���� ����� ������

2EYLRXVO\�DV�SUHFLSLWDWLRQ�GRHV�QRW�ILJXUH�LQ�WKHVH�UHODWLRQVKLSV��WKH\�FDQ�RQO\�EH�FRQVLGHUHG�WR�JLYH�DQ
DYHUDJH�HIIHFW��

������+DUYHVWLQJ�'RXJODV�ILU�

+DUYHVWLQJ�RI�ROG�JURZWK�'RXJODV�ILU�IRUHVW�LQ�WKH�8QLWHG�6WDWHV�LV�OLNHO\�WR�KDYH�OLWWOH�VLPLODULW\�WR�WKH
KDUYHVWLQJ�RI�SODQWDWLRQ�VWDQGV�DV�LQ�1HZ�=HDODQG���1RWZLWKVWDQGLQJ�WKDW��+DUU�	�.U\JLHU��������IRXQG
WKHUH�ZDV�D�GHFUHDVH�LQ�WKH�DQQXDO�QXPEHU�RI�ORZ�IORZ�GD\V������FIV�PLOH�� ��������/�V�KD� ������PP�GD\�
DV�PLQLPXP�VWUHDPIORZ�LQFUHDVHG�����RYHU�WKH�ILUVW���\HDUV�DIWHU�D�FDWFKPHQW�ZDV�KDUYHVWHG�LQ�WKH�$OVHD
5LYHU�EDVLQ��2UHJRQ�&RDVW�5DQJH���$W�'HHU�&UHHN������FXW��WKH�HIIHFW�ZDV�RQO\�VLJQLILFDQW�LQ�WZR�RI�WKH
��\U�DIWHU�FXWWLQJ���$OVR�LQ�2UHJRQ��EXW�LQ�WKH�+�-�$QGUHZV�([SHULPHQWDO�:DWHUVKHGV�RQ�WKH�ZHVWHUQ�VORSHV
RI�WKH�2UHJRQ�&DVFDGH�5DQJH��UHPRYDO�RI�YHJHWDWLRQ�IURP�RQO\�����RI�D�����DFUH������KD�FDWFKPHQW�KDV
FDXVHG�D���±����LQFUHDVH�LQ�PLQLPXP�VWUHDPIORZ���)RU�D�����DFUH�����KD��FDWFKPHQW�LQ�ZKLFK�����RI
WKH�WUHHV�ZHUH�FXW��WKH�LQFUHDVH�LQ�ORZ�IORZ�ZDV������5RWKDFKHU��������:KLOH�WKLV�LQFUHDVH�LV�ODUJH�LQ
SHUFHQWDJH�WHUPV��LW�LV�TXLWH�VPDOO�EHLQJ�HTXLYDOHQW�WR�����±����PP�GD\�

)URP�FDWFKPHQW�VWXGLHV�DW�&DVSDU�&UHHN�LQ�QRUWK�ZHVWHUQ�&DOLIRUQLD�ZKHUH�����RI�WKH�YHJHWDWLRQ�ZDV
VHOHFWLRQ� FXW� DQG� UHPRYHG� IURP� 6RXWK� )RUN�� WKH� QXPEHU� RI� ORZ� IORZ� GD\V�� IORZ� �� ����� /�V�KD
������PP�GD\���GHFUHDVHG���������GD\V��RYHU���\HDUV�DQG�UHWXUQHG�WR�QRUPDO�DIWHU�WKDW��.HSSHOHU�	
=LHPHU�������� �6XPPHU�IORZ�FKDQJH�DPRXQWHG�WR�PLQRU�LQFUHDVHV�LQ�PLQLPXP�GLVFKDUJHV�DYHUDJLQJ
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�������/�V�KD�������PP�GD\��DW�6RXWK�)RUN��ZKLFK�ZDV�����KLJKHU�WKDQ�SUHWUHDWPHQW�OHYHOV��.HSSHOHU
��������.HSSHOHU�	�=LHPHU��������GHILQHG�WKH�ORZ�IORZ�VHDVRQ�E\�DQ�DQWHFHGHQW�SUHFLSLWDWLRQ�LQGH[��$3,L
 �.�î�$3,L�����3L��ZKHUH�3L� �SUHFLSLWDWLRQ�RQ�GD\�L��.��LV�D�UHFHVVLRQ�FRQVWDQW�� ����XVHG���������7KH
VHDVRQ�ZDV�GHILQHG�DV�WKH�SHULRG�EHWZHHQ�WKH�$3,�IDOOLQJ�EHORZ�DQG�WKHQ�H[FHHGLQJ�D�YDOXH�RI�����PP�

:KHUH�IORZV�DUH�YHU\�ORZ�LQ�VXPPHU��WKH�LQFUHDVHV�LQ�PLQLPXP�IORZ�DIWHU�KDUYHVWLQJ�DUH�ELJJHU�LQ�GU\
\HDUV�DQG�PD\�QRW�EH�QRWLFHDEOH�LQ�ZHW�\HDUV��5RWKDFKHU���������

������&RQFOXVLRQV

$IIRUHVWDWLRQ�E\�UDGLDWD�SLQH�OHDGV�WR�
� DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�GD\V�ZLWK�]HUR�IORZ�
� DQ�LQFUHDVH�LQ�WLPH�IORZ�LV�EHORZ�D�JLYHQ�ORZ�IORZ�WKUHVKROG
� D�GHFUHDVH�LQ�PLQLPXP���GD\�ORZ�IORZ�RI�WKH�RUGHU�RI������WR�����PP�GD\�

+DUYHVWLQJ�RI�'RXJODV�ILU�DQG�1HZ�=HDODQG�QDWLYH�IRUHVWV�OHDGV��LQ�WKH�VKRUW�WHUP��WR�
� DQ�LQFUHDVH�LQ�ORZ�IORZV�E\�XS�WR���O���PP�GD\
� D�GHFUHDVH�LQ�WKH�QXPEHU�RI�GD\V�ZKHQ�IORZ�LV�EHORZ�D�JLYHQ�ORZ�IORZ�WKUHVKROG�

7KH�PDJQLWXGH�RI�DQ\�JLYHQ�PHDVXUH�FDQ�EH�TXLWH�YDULDEOH�
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��� %DVHIORZV

%DVHIORZ�LV�WKDW�SDUW�RI�WKH�K\GURJUDSK�WKDW�LV�JHQHUDOO\�FRQVLGHUHG�WR�FRPH�IURP�D�JURXQGZDWHU�VWRUH
UDWKHU�WKDQ�DV�VWRUPIORZ��VXUIDFH�UXQRII�RYHU�WKH�JURXQG�VXUIDFH�RU�TXLFNIORZ�VXEVXUIDFH�IORZ�WKURXJK�WKH
XSSHU�VRLO�PDQWOH����

%DVHIORZ�DQG�WKH�UDWH�DW�ZKLFK�LW�UHFHGHV�KDV�EHHQ�VKRZQ�WR�EH�FRQWUROOHG�WR�D�ODUJH�H[WHQW�E\��JHRORJ\�
:DXJK������D��E��DQG�*UDQW��������KDYH�GHPRQVWUDWHG�WKDW�FDWFKPHQWV�ZLWK�VLPLODU�JHRORJ\�KDYH�VLPLODU
EDVHIORZ�UHFHVVLRQV�DQG��ZLWKLQ�D� UHJLRQ��FDWFKPHQWV�ZLWK�GLIIHULQJ�JHRORJ\�KDYH�GLIIHUHQW�EDVHIORZ
UHFHVVLRQV���7KH�SUREOHP�DV�IDU�DV�ODQG�XVH�FKDQJH�LV�FRQFHUQHG�LV�WR�GHWHFW�FKDQJHV�LQ�D�FDWFKPHQW�DV
ODQG�XVH�FKDQJH�WDNHV�SODFH���7KHUH�FDQ�EH�FRQVLGHUDEOH�YDULDWLRQ�LQ�ORZ�IORZV�IURP�\HDU�WR�\HDU�DQG�WKLV
UDQJH�PD\�EH�PRUH�WKDQ�DQ\�PHDVXUHDEOH�HIIHFW���7KH�TXHVWLRQ�DOVR�WR�EH�DVNHG�LV��ZKHQ�GRHV�WKH�HIIHFW
RI�D�YHJHWDWLRQ�FKDQJH�JHW�VXEVXPHG�E\�WKH�ODFN�RI�UDLQ�DQG�RQVHW�RI�GURXJKW"

0DQ\�PHWKRGV�DUH�WR�EH�IRXQG�LQ�K\GURORJLFDO�WH[WV�IRU�GHWHUPLQLQJ�WRWDO�EDVHIORZ��EXW�DOO�RI�WKHVH�DUH
DUELWUDU\�WR�VRPH�H[WHQW���2QH�FRPPRQO\�XVHG�PHWKRG�RI�IORZ�VHSDUDWLRQ�LQ�1HZ�=HDODQG�LV�WKDW�GHYHORSHG
E\�+HZOHWW�	�+LEEHUW� �������� � +HUH�� EDVHIORZ� LV� WKH� UHVLGXDO� DIWHU� VWRUPIORZ� �RIWHQ� UHIHUUHG� WR� DV
TXLFNIORZ��KDV�EHHQ�VHSDUDWHG�RXW��

7DEOH������ �&RPSDULVRQ�RI�EDVHIORZ� �%)�� IURP�GLIIHULQJ�YHJHWDWLRQ�FRYHUV�DV�GHWHUPLQHG�XVLQJ� WKH
+HZOHWW�	�+LEEHUW��������PHWKRG��DOO�YDOXHV�LQ�PLOOLPHWUHV����7KH�SHUFHQWDJH�ILJXUHV�LQ�EUDFNHWV�LV�WKH
SURSRUWLRQ�RI�WRWDO�VWUHDPIORZ�DV�EDVHIORZ���'DWD�IRU�6PLWK��������DUH�DYHUDJHV�RI�WZR�FDWFKPHQWV�ZLWK
HDFK�ODQG�XVH�

<HDUV 3DVWXUH 3LQH 1DWLYH�IRUHVW 6RXUFH
3 %) 3 %) 3 %)

3XUXNRKXNRKX � ���� ���
����

���� ���
����

���� ���
����

&RRSHU�	�7KRPVHQ
������SLQHV
��±��\HDUV�

3XUXNRKXNRKX � ���� ���
����

���� ���
����

���� ���
����

'RQV�������SLQHV��±��
\HDUV�

8SSHU
0DQJDZKDUD

� ���� ���
����

���� ���
����

3HWFK�����

1HOVRQ � ���� ���
����

���� ���
����

���� ���
����

0F.HUFKDU����������
��\HDUV��������\HDUV�

1RUWK
&DQWHUEXU\

� ��� ���
����

��� ���
����

-DFNVRQ�	�5RZH�����E
�PDWXUH�SLQHV�

2WDJR � ��� ���
����

���� ���
����

6PLWK������
�SLQHV��±���\HDUV�
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��
����
����
����
����
����
����

$Q
QX

DO�
ED

VH
IOR

Z�
�P

P�

���� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

3DVWXUH 3LQH 1DWLYH�)RUHVW

������%DVHIORZ�FRPSDULVRQV�EHWZHHQ�YHJHWDWLRQ�W\SHV

$QQXDO�EDVHIORZ�IURP�D�QXPEHU�RI�FRPSDUDWLYH�VWXGLHV�LQ�1HZ�=HDODQG�DUH�OLVWHG�LQ�7DEOH������
7KH�GDWD�RI�&RRSHU�	�7KRPVHQ��������KDYH�EHHQ�UHFDOFXODWHG�WR�PHHW�WKH�PRUH�XVXDO�GHILQLWLRQ��DV�WKH\
GHILQHG� EDVHIORZ� DV� WKH� VWUHDPIORZ� EHWZHHQ� VWRUP� HYHQWV�� �$SDUW� IURP� WKH�1RUWK�&DQWHUEXU\� VLWHV�
EDVHIORZ�JHQHUDOO\�PDNHV�XS�EHWZHHQ���� DQG�����RI� WRWDO� IORZ��ZLWK� WKH�KLJKHVW� DPRXQWV�EHLQJ� DW
3XUXNRKXNRKX� LQ� WKH�YROFDQLF�UHJLRQ�RI� WKH�FHQWUDO�1RUWK�,VODQG�� �5HODWLYH� WR�SUHFLSLWDWLRQ�DPRXQWV�
EDVHIORZ�LV�KLJKHVW�IURP�SDVWXUH�FDWFKPHQWV�UDQJLQJ�EHWZHHQ�����DQG�����RI�SUHFLSLWDWLRQ���8QGHU�SLQH�
EDVHIORZ�UDQJHV�EHWZHHQ����DQG�����RI�SUHFLSLWDWLRQ�DQG�RQ�DYHUDJH�FRPSDULQJ�VLWHV��RQO\�XVLQJ�'RQ¶V
3XUXNRKXNRKX�GDWD�DV�XVLQJ�&RRSHU�	�7KRPVHQ¶V�DV�ZHOO�ZRXOG�LQWURGXFH�D�ELDV��LV�����RI�WKDW�IURP
SDVWXUH���%DVHIORZ�IURP�QDWLYH�IRUHVW�LV�DOVR�ORZHU�WKDQ�IRU�SDVWXUH�DV�D�SURSRUWLRQ�RI�UDLQIDOO����±����
DQG�WKH�WKUHH�FRPSDUDEOH�VLWHV�DYHUDJH�����RI�WKDW�IURP�SDVWXUH�

7KHUH�DUH�QR�FRQVLVWHQW�WUHQGV�LQ�EDVHIORZ�LQ�YROXPH�RU�DV�D�SHUFHQWDJH�RI�VWUHDPIORZ�ZKHQ�FRPSDULQJ
YHJHWDWLRQ�W\SHV�DQG�WKHUH�DUH�RQO\�ZHDN�UHODWLRQVKLSV�EHWZHHQ�WKH�EDVHIORZ�IRU�WKH�SDVWXUH�DQG�QDWLYH
IRUHVW�FODVVHV�ZLWK�SUHFLSLWDWLRQ��)LJ��������

)LJ�������5HODWLRQVKLS�EHWZHHQ�EDVHIORZ�DQG�SUHFLSLWDWLRQ�IRU�SDVWXUH��SLQH�SODQWDWLRQV�DQG�QDWLYH�IRUHVWV�

�����$IIRUHVWDWLRQ�RI�ULSDULDQ�DUHDV��0RXWHUH

6PLWK��������KDV�GHPRQVWUDWHG�D�FKDQJH�LQ�EDVHIORZ�IROORZLQJ�WKH�SODQWLQJ�RI�D�ULSDULDQ�]RQH�LQ�D�VPDOO�
SUHYLRXVO\�IXOO\�SDVWXUHG�FDWFKPHQW�DW�0RXWHUH�LQ�1HOVRQ��7DEOH���������7KH�UHVXOW�RI�DIIRUHVWDWLRQ�ZDV
D�GHFUHDVH�LQ�WRWDO�IORZ��ZKLFK�ZDV�PDLQO\�EDVHIORZ�DV�WKHUH�ZDV�OLWWOH�FKDQJH�LQ�WKH�TXLFNIORZ�FRPSRQHQW�
7KHUH�DSSHDUV�WR�EH�LQFRQVLVWHQW�FDWFKPHQW�QXPEHULQJ�LQ�WKLV�SDSHU�FRPSDUHG�WR�WKH�GHILQLWLYH�QXPEHULQJ
LQ�:DOWHU��������DQG�WKRVH�XVHG�E\�'XQFDQ������������D���&��VKRXOG�EH�&��DQG�&��VKRXOG�EH�&���
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7DEOH�������3UHFLSLWDWLRQ�DQG�VWUHDPIORZ��PP���ZLWK�SHUFHQWDJHV�RI�UDLQIDOO�RU�VWUHDPIORZ�LQ�EUDFNHWV��DW
0RXWHUH��1HOVRQ�IURP�6PLWK���������6HH�WH[W�IRU�FRPPHQW�RQ�FDWFKPHQW�QXPEHULQJ

&DWFKPHQW�&� &DWFKPHQW�&�
3UHFLSLWDWLR
Q

6WUHDPIORZ %DVHIORZ 6WUHDPIORZ %DVHIORZ

����±���� ���� �������� �������� �������� ��������
����±���� ���� �������� �������� �������� �������

���� &RQFOXVLRQV

7KH�SURSRUWLRQ�RI�SUHFLSLWDWLRQ�DV�EDVHIORZ�UDQJHV�EHWZHHQ�
� SDVWXUH� ���DQG����
� SLQH� ���DQG����
� QDWLYH�IRUHVW ���DQG����

3LQH�FDWFKPHQW�EDVHIORZ�IURP�IRXU�FRPSDUDEOH�VLWHV�ZDV�����RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV�

1DWLYH�IRUHVW�FDWFKPHQW�EDVHIORZ�IURP�WKUHH�FRPSDUDEOH�VLWHV�ZDV�����RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV�

$IIRUHVWDWLRQ�RI�WKH�ULSDULDQ�VWULS�RI�RQH�0RXWHUH�FDWFKPHQW�UHGXFHG�EDVHIORZ�E\�DERXW�D�WKLUG�
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��� 6WRUP�3HDNV

�����$IIRUHVWDWLRQ�RI�SDVWXUH�DQG�JRUVH�LQ�1HZ�=HDODQG

$W�3XUXNL�LQ�WKH�FHQWUDO�1RUWK�,VODQG��VWRUPV�ZLWK�SHDN�IORZV�!���/�V�� ����/�V�NP���DW�WKH�FRQWURO�SDVWXUH
FDWFKPHQW�ZHUH�FRPSDUHG�WR�WKRVH�IURP�D�SLQH�SODQWHG�FDWFKPHQW�±�SHDN�IORZ� �LQVWDQWDQHRXV�SHDN�OHVV
WKH�EDVHIORZ�DW�VWDUW�RI�WKH�VWRUP���)URP�VKRUWO\�DIWHU�SODQWLQJ�ZKHQ��WKHUH�ZDV�D�UDSLG�UHJURZWK�RI�JUDVVHV
DQG�ZHHGV��WKH�SHDN�IORZV�GHFUHDVHG�XQWLO�DERXW�\HDU���ZKHQ�WKH�PHDQ�SHDN�IRU�D�\HDU�ZDV�DERXW�����RI
WKDW�SUHGLFWHG��'RQV���������7KLV�HVWLPDWHG�GHFUHDVH�PD\�KDYH�EHHQ�FRQIRXQGHG�E\�WKH�VPDOOHU�UDQJH�RI
HYHQWV�DIWHU�DIIRUHVWDWLRQ��ZKLFK�ZRXOG�WHQG�WR�PDNH�WKH�DYHUDJH�GHFUHDVH�JUHDWHU���7KHUH�DUH�QR�DFWXDO
IORZ�GDWD�JLYHQ�QRU�DQ�DQDO\VLV�IRU�GLIIHUHQW�VL]H�FODVVHV��

$W�0RXWHUH�WKH�JUHDWHVW�UHGXFWLRQ�LQ�IORRGV�SHDNV��GHILQHG�DV�SHDNIORZ�OHVV�EDVHIORZ�DW�WKH�VWDUW�RI�WKH
HYHQW��VLQFH�DIIRUHVWDWLRQ�ZDV�JUHDWHVW�IRU�VPDOO�VXPPHU�VWRUPV�DQG�JRW�SURJUHVVLYHO\�VPDOOHU�RYHU�WLPH�
���� DW� �±�� \HDUV�� ���� DW� �� \UV� DQG� ���� DW� �� \HDUV� �'XQFDQ� ������� � )ORRG� SHDNV� IURP� WKH� JRUVH
FDWFKPHQWV�SULRU�WR�EXUQLQJ�ZHUH�����OHVV�WKDQ�IRU�SDVWXUH�FDWFKPHQWV�DQG�ZHUH�VLPLODU�WR�WKRVH�IRU���
\HDU�ROG�SLQHV���$OO�IORRGV�ZHUH�OHVV�WKDQ�WKH�PHDQ�DQQXDO�IORRG�RI����/�V�KD���,Q�WKH�IROORZ�XS�SDSHU�
'XQFDQ������D��XVHG�D�/RJ�3HDUVRQ���H[WUHPH�YDOXH�GLVWULEXWLRQ�ILWWHG�WR�WKH�DQQXDO�PD[LPXP�VHULHV�
ZKLFK�VKRZV�WKDW�DIIRUHVWDWLRQ�KDV�UHGXFHG�IORRG�SHDNV�HYHQ�LQ�LQIUHTXHQW�VWRUPV���WKH�PHDQ�DQQXDO�IORRG
LV�UHGXFHG�����DQG�WKH������$(3�SHDNV�DYHUDJHV�DERXW�����RI�WKRVH�IURP�SDVWXUH���7KH�WLPLQJ�RI�ODUJH
HYHQWV�FDQ�HIIHFW�IORRG�SHDNV�ZLWK�$(3�a��������,I�WKHUH�LV�D�ODUJH�VRLO�PRLVWXUH�GHILFLW�WR�EH�RYHUFRPH�DW
WKH�VWDUW�RI�D�VWRUP��WKHQ�SHDNV�FDQ�VWLOO�EH�VPDOOHU�IURP�DIIRUHVWHG�FDWFKPHQWV�FRPSDUHG�WR�SDVWXUH�

6PLWK��������GHPRQVWUDWHG�D�FKDQJH�LQ�D�VPDOO�FDWFKPHQW�DW�0RXWHUH�LQ�ZKLFK�WKH�ULSDULDQ�VWULS�KDG�EHHQ
SODQWHG�LQ�UDGLDWD�SLQH���3HDN�IORZV�ZHUH�UHGXFHG�LQ�VPDOO�HYHQWV��EXW�PHGLXP�VL]HG�VWRUP�SHDNV�ZHUH�QRW
DIIHFWHG��

�����$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG

$IIRUHVWDWLRQ�RI�����RI�WKH�WXVVRFN�FRYHUHG�*+��FDWFKPHQW�DW�*OHQGKX�LQ�2WDJR�KDV�UHVXOWHG�LQ�GHFUHDVHG
IORRG�SHDNV�ZKHQ�FRPSDUHG�WR�WKH�*+��FRQWURO�FDWFKPHQW��7DEOH��������)DKH\�	�:DWVRQ�������)DKH\
	�-DFNVRQ���������6WRUPV�LQ�HDFK�IORZ�FODVV�ZHUH�GHWHUPLQHG�DW�*+��DQG�WKH�FRPSDULVRQ�IRXQG�ZLWK�*+��
7KHUH�VHHPV�WR�KDYH�EHHQ�D�VPDOO�UHGXFWLRQ�LQ�WKH�ILUVW���\HDUV�DIWHU�SODQWLQJ��EXW�WKLV�PD\�KDYH�EHHQ�D
UHVSRQVH�WR�WKH�SUH�SODQWLQJ�WUHDWPHQW�ZKHUH�WKH�FDWFKPHQW�ZDV�ULSSHG�DORQJ�WKH�SODQWLQJ�OLQHV�IRU�EHWWHU
HVWDEOLVKPHQW���7KH�FRQWLQXLQJ�WUHQGV�LQ�ODWHU�\HDUV�ZRXOG�EH�D�UHVSRQVH�WR�WUHH�JURZWK�ZKHUH�DOO�HYHQW
VL]H�FODVVHV�VKRZ�PRUH�WKDQ�����UHGXFWLRQV�ZLWK�RYHU�����LQ�WKH��±��/�V�KD�FODVV�
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7DEOH� ����� �0HDQ� VWRUP� SHDN� IORZV� IRU� YDULRXV� IORZ� FODVVHV� DW� *OHQGKX�� 2WDJR� EHIRUH� DQG� DIWHU
DIIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG���6RXUFHV��FODVVHV��±���DQG�!���/�V�KD�IURP�)DKH\�	�:DWVRQ��������
WRS�DQG�ERWWRP�OLQHV�WDNHQ�IURP�JUDSKV�LQ�)DKH\�	�-DFNVRQ��������

�±��/�V�KD �±���/�V�KD !����/�V�KD ��±���/�V�KD !���/�V�KD
3HULRG *+� *+� *+� *+� *+� *+� *+� *+� *+� *+�
����±���� ��� � ��� ��� �� ���� ���� ����
����±���� ��� ��� ���� ����
����±���� ��� ��� ���� ����
����±���� ��� ��� ���� ����
����±���� � ��� ��� ��� ���� ��� ���� �

�����&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�SODQWDWLRQV

&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�IRUHVW�DW�'RQDOG�&UHHN�LQ�1HOVRQ�OHG�WR�DQ�LQFUHDVH�LQ�SHDN�IORZV�LQ
WKH���\HDUV�DIWHU�KDUYHVWLQJ�DQG�WKHQ�SODQWLQJ�SLQHV�LQ�������7DEOH�������)DKH\�	�-DFNVRQ���������:KLOH
DOO�FDWFKPHQWV�KDG�VLPLODU�SHDN�IORZV�EHIRUH�PDQDJHPHQW��WKHVH�GRXEOHG�LQ�VL]H�LQ�WKH�WUHDWHG�FDWFKPHQWV
IRU�PRVW�IORZ�FODVVHV���$V�UHJURZWK�H[SDQGHG�DQG�WKH�SLQHV�PDWXUHG�WKHUH�ZDV�D�GURS�EDFN�WR�SUHWUHDWPHQW
OHYHOV�DW�DJHV���±�����7KLV�GURS�FRXOG�EH�FRQVLGHUHG�WR�EH�D�KDOYLQJ�RI�SHDN�IORZV�DIWHU�DIIRUHVWDWLRQ�
+RZHYHU��WKH�WUHQGV�LQ�WKH�KLJKHU�IORZ�FODVVHV�QHHG�WR�EH�WUHDWHG�ZLWK�VRPH�FDXWLRQ�DV�WKH�UHVXOWV�UHIOHFW
RQO\�RQH�VWRUP�LQ�PRVW�VL]H�FODVVHV�DQG�WKH�WLPLQJ�RI�WKDW�DQG�WKH�DVVRFLDWHG�DQWHFHGHQW�VRLO�PRLVWXUH
FRQGLWLRQV�FRXOG�EH�D�IDFWRU�LQ�GHWHUPLQLQJ�WKH�PDJQLWXGH�RI�WKH�FKDQJH�

7DEOH������0HDQ�VWRUP�SHDN�IORZV�IRU�YDULRXV�IORZ�FODVVHV�DW�'RQDOG�&UHHN��1HOVRQ�EHIRUH�DQG�DIWHU
FRQYHUVLRQ��LQ������RI�QDWLYH�IRUHVW�WR�SLQH�SODQWDWLRQV���6RXUFH���WDNHQ�IURP�JUDSKV�LQ�)DKH\�	�-DFNVRQ
���������1RWH�WKDW�LQ�HDFK�RI�WKH��±���DQG�!���/�V�KD�FODVVHV�WKHUH�ZDV�XVXDOO\�RQO\�RQH�VWRUP�LQ�HDFK
VDPSOLQJ�SHULRG�� WKH��±��/�V�KD�FODVV�KDG�ILYH�VWRUPV�H[FHSW� LQ� WKH�SUH�KDUYHVW�\HDUV�ZKHQ�RQO\�RQH
RFFXUUHG�

�±��/�V�KD �±��/�V�KD �±���/�V�KD !���/�V�KD
3HULRG '&� '&� '&� '&� '&� '&� '&� '&� '&� '&� '&� '&�
����±���� ��� � � � ��� � �� ���� �� ���� �� ��
����±���� � ��� ��� ��� �� ��� ���� ���� �� �� ���� ��
����±���� ��� ��� � � ��� � �� ���� ���� �� ���� ��

$� VLPLODU� VWXG\�ZDV� XQGHUWDNHQ� DW�0DLPDL� RQ� WKH�:HVW�&RDVW�ZKHUH� FDWFKPHQWV�0�� DQG�0��ZHUH
XQORJJHG��DQG�KDUYHVWLQJ�RI�0��������ORJJHG��DQG�0�������ORJJHG��WRRN�SODFH��7DEOH�������3HDUFH�HW�DO�
��������$V�DW�'RQDOG�&UHHN��SHDN�IORZV�LQFUHDVHG�LQ�WKH����RU�VR�PRQWKV�DIWHU�KDUYHVWLQJ�EXW�WKLV�WLPH�E\
DERXW������ZKLFK�SRVVLEO\�UHIOHFWHG�WKH�ZHWWHU�HQYLURQPHQW��
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7DEOH������3HUFHQWDJH�LQFUHDVH�LQ�IORRG�SHDNV�LQ�WKH�SHULRG�DIWHU�KDUYHVWLQJ�FDWFKPHQWV�0��DQG�0��DW�WKH
0DLPDL�FDWFKPHQWV��:HVW�&RDVW

0� 0� 0�
�±�����/�V�KD �� �� ��
���±�����/�V�KD � �� ��
! ������/�V�KD �� �� ��

/HLWFK�	�)OLQQ��������SUHVHQW�GDWD�IROORZLQJ�WKH�IHOOLQJ�RI�D�QDWLYH�HXFDO\SW�IRUHVW�DQG�LWV�UHSODFHPHQW�E\
UDGLDWD�SLQH�DW�&URSSHU�&UHHN�LQ�9LFWRULD��$XVWUDOLD�� �3HDN�IORZV�ZHUH�KLJKHU�DIWHU�FOHDULQJ�E\�DERXW
��±����LQ�WKH�KLJKHU�VWRUPV���+RZHYHU��WKHUH�ZHUH�GLIIHUHQFHV�DFFRUGLQJ�WR�VHDVRQ�LQ�WKDW�SHDNV�LQ�WKH
UHFKDUJH�VHDVRQ�ZHUH�VXEVWDQWLDOO\�JUHDWHU�WKDQ�H[SHFWHG�EHFDXVH�VRLOV�RQ�WKH�FOHDUHG�FDWFKPHQWV�KDG
KLJKHU�VRLO�PRLVWXUH�OHYHOV�WKDW�WKRVH�RQ�WKH�IRUHVWHG�FRQWURO�FDWFKPHQW�

�����+DUYHVWLQJ�RI�'RXJODV�ILU

7KHUH�DUH�PDQ\�VWXGLHV�IURP�WKH�8QLWHG�6WDWHV�GHVFULELQJ�WKH�HIIHFWV�RI�KDUYHVWLQJ�ROG�JURZWK�QDWLYH
IRUHVWV�EXW�WKHVH�PD\�QRW�EH�WRWDOO\�DSSOLFDEOH�WR�KDUYHVWLQJ�1HZ�=HDODQG�'RXJODV�ILU�SODQWDWLRQV���7KHUH
LV� VRPH�DSSOLFDWLRQ� WR�DIIRUHVWDWLRQ�E\�'RXJODV� ILU�RQFH�QHZ�FURSV�EHFRPH�HVWDEOLVKHG�� �7DEOH�����
VXPPDULVHV�VRPH�RI�WKH�UHVSRQVHV�

7KHUH�KDV�EHHQ�FRQVLGHUDEOH�GHEDWH�LQ�WKH�OLWHUDWXUH�RQ�WKH�FKDQJH�LQ�SHDN�IORZV�DIWHU�KDUYHVWLQJ�ROG�
JURZWK�'RXJODV�ILU�IRUHVWV���-RQHV�	�*UDQW�������7KRPDV�	�0HJDKDQ�������%HVFKWD�HW�DO��������-RQHV
������DQG�SXEOLVKHG�FRPPHQWV����7KHVH�VWXGLHV�UHYLHZ�WKH�OLWHUDWXUH�LQFOXGLQJ�VRPH�RI�WKH�ZRUN�OLVWHG�LQ
7DEOH�������SUHVHQW�QHZ�GDWD��UH�DQDO\VH�ROG�GDWD��DQG�RIWHQ�UHDFK�GLIIHULQJ�FRQFOXVLRQV���%RWK�VPDOO�DQG
ODUJH�FDWFKPHQWV�DUH�FRQVLGHUHG���7KH�UHDGHU�LV�UHIHUUHG�WR�WKHVH�UHIHUHQFHV�IRU�WKH�GLVFXVVLRQ���7KH�ZRUN
RI�&KHQJ�HW�DO���������LV�DQ�RGG�FDVH�DQG�WKH�UHVXOWV�DUH�DWWULEXWHG�WR�FKDQJHV�LQ�WKH�IORZ�PHFKDQLVPV�DW
WKDW�VLWH�
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7DEOH������&KDQJHV�LQ�SHDN�IORZV�DV�D�FRQVHTXHQFH�RI�KDUYHVWLQJ�ROG�JURZWK�'RXJODV�ILU�IRUHVWV�

)ORZV ��KDUYHVWHG ,QFUHDVH 6RXUFH
2UHJRQ�
+�-�$QGUHZV

5RDGHG������FXW�
EXUQHG

1LO 5RWKDFKHU�
����

2UHJRQ
&R\RWH�&UHHN

!�����/�V�KD �����FXW
����FXW
�����FXW

���
���
���

+DUU�HW�DO������

&DOLIRUQLD
&DVSDU�&UHHN
6RXWK�)RUN

%HWZHHQ
������DQG
����/�V�KD

�����FXW�RYHU���\HDUV ����
�1R�FKDQJH�IRU�SHDNV
!�����/�V�KD�

:ULJKW�HW�DO�
����

&DOLIRUQLD
&DVSDU�&UHHN
1RUWK�)RUN

!���/�V�KD �����FOHDUFXW�
3DUWLDO�FXW

���
���

=LHPHU�����

%ULWLVK
&ROXPELD

1R�VQRZ�
DQG�!��PP�3

����FXW�RYHU���\HDUV 1R�FKDQJH�LQ�VXPPHU�
0D[�������LQ�ZLQWHU�

*ROGLQJ�����

&DQDGD�
:HVW�&RDVW

a�����GHFUHDVH &KHQJ�HW�DO�
����

�����8UEDQLVDWLRQ

7KH�:DLUDX�&UHHN�RQ�WKH�1RUWK�6KRUH��$XFNODQG��KDV�FKDQJHG�IURP�EHLQJ�QHDUO\�����JUDVVODQG��IRUHVW�
VFUXE�DQG�VZDPS� LQ����� WR�����XUEDQ� LQ������ �:LOOLDPV�������� �)ORRG� OHYHOV� �DQG� WKHUHIRUH�SHDNV�
LQFUHDVHG�LQ�VL]H��DQG�WKH�LQFUHDVH�LQ�QXPEHU�RI�HYHQWV�ZDV�GLUHFWO\�UHODWHG�WR�WKH�EXLOW�XS�DUHD���7LPH�WR
SHDN�DQG�VWRUP�GXUDWLRQ�ERWK�GHFUHDVHG�ZLWK�XUEDQLVDWLRQ���

�����&RQFOXVLRQV

$IIRUHVWDWLRQ�OHDGV�WR�VWRUP�SHDN�UHGXFWLRQV�RI�WKH�RUGHU�RI���±����LQ�VPDOO��IUHTXHQW�VWRUPV�DQG�OHVVHU
EXW�VWLOO�VLJQLILFDQW�UHGXFWLRQV�LQ�ODUJHU�VWRUPV���7KH�FRQYHUVH�LV�WUXH�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVWV�RU�ROG�
JURZWK�'RXJODV�ILU�IRUHVWV��ZKHQ�SHDNV�PD\�GRXEOH��

7LPLQJ�LV�DOVR�LPSRUWDQW�DV�D�JLYHQ�VWRUP�IDOOLQJ�RQ�D�ZHW�FDWFKPHQW�PD\�KDYH�D�ODUJHU�FKDQJH�WKDQ�LI�WKH
VDPH�HYHQW�KDG�RFFXUUHG�RQ�D�GU\�FDWFKPHQW��

8UEDQLVDWLRQ�KDV�EHHQ�VKRZQ�WR�OHDG�WR�DQ��XQTXDQWLILHG��LQFUHDVH�LQ�IORRG�SHDNV�

��� 6WRUPIORZ
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6WRUPIORZ�LV�WKDW�SDUW�RI�WKH�VWUHDP�K\GURJUDSK�DERYH�DVVXPHG�EDVHIORZ�OHYHOV�GXULQJ�D�VWRUP���7KLV�LV
VRPHWLPHV�UHIHUUHG�WR�DV�TXLFNIORZ�HVSHFLDOO\�LI�WKH�+HZOHWW�	�+LEEHUW��������IORZ�VHSDUDWLRQ�PHWKRG�LV
XVHG��

�����&RPSDULVRQV�EHWZHHQ�YHJHWDWLRQ�W\SHV�
7DEOH������OLVWV�VWRUPIORZV�IURP�D�QXPEHU�RI�1HZ�=HDODQG�FDWFKPHQWV�ZKHUH�UHVXOWV�KDYH�EHHQ�SXEOLVKHG
IRU�WZR�RU�PRUH�ODQG�XVH�W\SHV��SDVWXUH��QDWLYH�IRUHVW�RU�UDGLDWD�SLQH�IRUHVW���7KH�WHQGHQF\�LV�IRU�SDVWXUH
WR�KDYH�WKH�JUHDWHU�VWRUPIORZ��QDWLYH�IRUHVW�WR�KDYH�WKH�VPDOOHVW�DPRXQW�RI�VWRUPIORZ�DQG�SLQH�SODQWDWLRQV
WR�EH�LQ�WKH�PLGGOH���7KHUH�LV��KRZHYHU��QR�LQGLFDWLRQ�RI�WKH�UHODWLYH�UHJLPHV�WKDW�PLJKW�KDYH�EHHQ�SUHVHQW
LI�WKH�SLQH�FDWFKPHQWV�KDG�VWLOO�EHHQ�LQ�SDVWXUH�RU�QDWLYH�EXVK���:H�KDYH�WR�DVVXPH�WKDW�WKH\�ZHUH�VLPLODU
DQG�WKDW�WKH�GLIIHUHQFHV�DUH�D�FRQVHTXHQFH�RI�DIIRUHVWDWLRQ�

7DEOH�������6WRUPIORZ�IURP�FRPSDUDWLYH�FDWFKPHQW�VWXGLHV���7KH�GDWD�RI�6PLWK��������DUH�DYHUDJHV�RI�WZR
FDWFKPHQWV�LQ�HDFK�ODQG�XVH���9DOXHV�LQ�EUDFNHWV�DUH�VWRUPIORZ�DV�SHUFHQWDJHV�RI�WRWDO�IORZ�

/RFDWLRQ <HDUV 3DVWXUH ([RWLF�IRUHVW 1DWLYH�IRUHVW 6RXUFH
3
�PP�

)ORZ
�PP�

3
�PP�

)ORZ
�PP�

3
�PP�

)ORZ
�PP�

3XUXNRKXNRKX � ���� ��
����

���� ��
����

���� ��
���

&RRSHU�	�7KRPVHQ�����

3XUXNRKXNRKX � ���� ��
����

���� ��
����

���� �
���

'RQV�����

7RSXQL��SDVWXUH�
.RNRSX��)RUHVW�

� ���� ���
���� ���

+LFNV�����

8SSHU
0DQJDZKDUD

� ���� ���
����

���� ���
����

3HWFK�����

1HOVRQ � ���� ���
����

���� ���
����

���� ���
����

0F.HUFKDU�����

1RUWK
&DQWHUEXU\

� ��� ��
����

��� ��
����

-DFNVRQ�	�5RZH�����E
�PDWXUH�SLQHV�

2WDJR � ��� ���
����

���� ��
����

6PLWK��������SLQHV���±��
\HDUV�ROG�

$SDUW�IURP�WKH�1RUWK�&DQWHUEXU\�VLWHV��VWRUPIORZ�PDNHV�XS�EHWZHHQ����DQG�����RI�WRWDO�IORZ�ZLWK�WKH
ORZHVW�DPRXQWV�EHLQJ�DW�3XUXNRKXNRKX�LQ�WKH�YROFDQLF�UHJLRQ�RI�WKH�FHQWUDO�1RUWK�,VODQG���5HODWLYH�WR
SUHFLSLWDWLRQ�DPRXQWV��VWRUPIORZ�LV�ORZHVW�IURP�SDVWXUH�FDWFKPHQWV��UDQJLQJ�EHWZHHQ����DQG�����RI
SUHFLSLWDWLRQ�� �8QGHU� SLQH�� VWRUPIORZ� UDQJHV� EHWZHHQ� ��� DQG� ����RI� SUHFLSLWDWLRQ� DQG� RQ� DYHUDJH
FRPSDULQJ�VLWHV��RQO\�XVLQJ�'RQ¶V�3XUXNRKXNRKX�GDWD��DV�XVLQJ�&RRSHU�	�7KRPVHQ¶V�DV�ZHOO�ZRXOG
LQWURGXFH�D�ELDV��LV�����RI�WKDW�IURP�SDVWXUH���6WRUPIORZ�IURP�QDWLYH�IRUHVW�LV�DOVR�ORZHU�WKDQ�IRU�SDVWXUH
DV�D�SHUFHQWDJH�RI�UDLQIDOO�����±�����DQG�WKH�WKUHH�FRPSDUDEOH�VLWHV�DYHUDJH�����RI�WKDW�IURP�SDVWXUH�
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7KHUH�DUH�QR�FRQVLVWHQW�WUHQGV�LQ�VWRUPIORZ�LQ�YROXPH�RU�DV�D�SHUFHQWDJH�RI�VWUHDPIORZ�ZKHQ�FRPSDULQJ
YHJHWDWLRQ�W\SHV�DQG�WKHUH�DUH�RQO\�ZHDN�UHODWLRQVKLSV�EHWZHHQ�WKH�EDVHIORZ�IRU�WKH�SDVWXUH�DQG�QDWLYH
IRUHVW�FODVVHV�ZLWK�SUHFLSLWDWLRQ��

������6WRUPIORZ�FKDQJHV�DIWHU�DIIRUHVWDWLRQ�RI�SDVWXUH
7DEOH������LQGLFDWHV�WKH�FKDQJH�LQ�VWUHDPIORZ�UHJLPH�WKDW�RFFXUUHG�IROORZLQJ�WKH�SODQWLQJ�RI�D�ULSDULDQ
]RQH�LQ�D�VPDOO��SUHYLRXVO\�IXOO\�SDVWXUHG�FDWFKPHQW�DW�0RXWHUH�LQ�1HOVRQ��6PLWK���������7KHUH�ZDV�OLWWOH
FKDQJH�LQ�WKH�TXLFNIORZ�FRPSRQHQW�DV�D�UHVXOW�RI�DIIRUHVWDWLRQ�LQ�WKH�ULSDULDQ�]RQH�ZLWK�WKH�GHFUHDVH�LQ
WRWDO�IORZ�EHLQJ�PDLQO\�EDVHIORZ���7KHUH�DSSHDUV�WR�EH�LQFRQVLVWHQW�FDWFKPHQW�QXPEHULQJ�LQ�WKLV�SDSHU
FRPSDUHG�WR�WKH�GHILQLWLYH�QXPEHULQJ�LQ�:DOWHU��������DQG�XVHG�E\�'XQFDQ������������D���&��VKRXOG�EH
&��DQG�&��VKRXOG�EH�&���

7DEOH�������6WRUPIORZ��PLOOLPHWUHV�±�ZLWK�SHUFHQWDJHV�RI�UDLQIDOO�RU�VWUHDPIORZ�LQ�EUDFNHWV��DW�0RXWHUH�
1HOVRQ��IURP�6PLWK���������6HH�WH[W�IRU�FRPPHQW�RQ�FDWFKPHQW�QXPEHULQJ�

&DWFKPHQW�&� &DWFKPHQW�&�
3UHFLSLWDWLRQ 6WUHDPIORZ 6WRUPIORZ 6WUHDPIORZ 6WRUPIORZ

����±���� ���� �������� ������� �������� �������
����±���� ���� �������� ������� �������� �������

������6WRUPIORZ�FKDQJHV�DIWHU�DIIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG
$W�*OHQGKX������RI�FDWFKPHQW�*+��ZDV�SODQWHG�ZLWK�UDGLDWD�SLQH�E\��������7KH�GLIIHUHQFHV�LQ�DQQXDO
VWRUPIORZV�IRU�RQH�SUH�WUHDWPHQW�\HDU�ZLWK�WKDW�ZKHQ�WKH�WUHHV�ZHUH�DJH���DUH�VKRZQ�LQ�7DEOH������DQG
D�FRPSDULVRQ�RI�PHDQ�HYHQW�VWRUPIORZV�IRU�SUHWUHDWPHQW�DQG�SRVW�FDQRS\�FORVXUH�SHULRGV�LV�JLYHQ�LQ�7DEOH
�������&RPSDUHG�WR�*+���WKH�DPRXQW�RI�VWRUPIORZ�DW�*+��KDV�GHFUHDVHG�VLQFH�SODQWLQJ��)DKH\�	�:DWVRQ
��������7KH�HYHQWV�LQ�WKH�VPDOOHVW�VL]H�FODVV�KDYH�KDG�WKH�ELJJHVW�GHFOLQH�LQ�SHUFHQWDJH�WHUPV�������ZLWK
D�����GHFOLQH�LQ�WKH�ODUJHVW�HYHQWV��)DKH\�	�-DFNVRQ�������

7DEOH�������6WRUPIORZ�FKDQJHV��PLOOLPHWUHV�±�ZLWK�SHUFHQWDJHV�RI�UDLQIDOO�RU�VWUHDPIORZ�LQ�EUDFNHWV��DW
*OHQGKX��2WDJR��)DKH\�	�:DWVRQ�������

&DWFKPHQW�*+� &DWFKPHQW�*+�
<HDU 3UHFLSLWDWLRQ 6WUHDPIORZ 4XLFNIORZ 6WUHDPIORZ 4XLFNIORZ
���� ���� �������� �������� �������� ��������
���� ���� �������� �������� �������� ��������
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7DEOH�������0HDQ�VWRUPIORZ��PP��IRU�HYHQWV�DW�FDWFKPHQWV�ZLWK�WXVVRFN�JUDVVODQG�DQG�SLQHV��±���\HDUV
ROG�DW�*OHQGKX��2WDJR��IURP�D�JUDSK�LQ�)DKH\�	�-DFNVRQ�������

����±���� ����±����
6L]H�FODVV 3DLUV *+� *+� 3DLUV *+� *+�
�±���PP �� ��� � �� � ���
��±���PP � �� �� �� �� �
��±���PP � �� �� � �� ��
!����PP � �� �� � �� ��

�����&KDQJHV�LQ�VWRUPIORZ�DIWHU�FRQYHUWLQJ�QDWLYH�IRUHVW�WR�SODQWDWLRQV
$�FRPSDULVRQ�RI�HYHQW�VWRUPIORZV�EHWZHHQ�WZR�FDWFKPHQWV�LQ�QDWLYH�IRUHVW�WKDW�ZHUH�KDUYHVWHG�DW�'RQDOG
&UHHN�LQ�1HOVRQ�DQG�DQ�XQORJJHG�FDWFKPHQW�VKRZHG�LQFUHDVHV�RI�DERXW�����LQ�WKH���\HDUV�IROORZLQJ
KDUYHVW�IRU�VWRUPV�LQ�WKH���±���PP�VL]H�FODVV���7KHUH�ZHUH�LQGLFDWLRQV�RI��VPDOOHU�SHUFHQWDJH�LQFUHDVHV
LQ�KLJKHU�IORZ�FODVVHV�EXW�WKH�VDPSOH�VL]HV�ZHUH�YHU\�VPDOO���$IWHU���±���\HDUV�RI�JURZWK�WKH�SDWWHUQV�ZHUH
VLPLODU�WR�WKH�SUH�KDUYHVW�SHULRG��)DKH\�	�-DFNVRQ�������
,Q�VPDOO�FDWFKPHQWV�DW�0DLPDL�RQ�WKH�:HVW�&RDVW��VWRUPIORZ�\LHOGV�LQFUHDVHG�LQ�WKH����PRQWKV�IROORZLQJ
KDUYHVWLQJ�RI�WKH�QDWLYH�IRUHVW���7DEOH������VKRZV�WKDW�PHDQ�VWRUPIORZ�\LHOGV�LQ�VL[�IORZ�FODVVHV�ZHUH
VLPLODU�IRU�WZR�XQWRXFKHG�FDWFKPHQWV��0��DQG�0���EXW�WKH�WZR�KDUYHVWHG�FDWFKPHQWV��0��DQG�0���KDG
FRQVLGHUDEO\�KLJKHU�\LHOGV���7KH�LQFUHDVHV�ZHUH�ODUJHVW�LQ�VPDOO�HYHQWV�DOWKRXJK�IRU�HYHQWV�JUHDWHU�WKDW���
PP�DW�0���0��TXLFNIORZ�ZDV�VWLOO�����JUHDWHU�

7DEOH�������6WRUPIORZ�\LHOGV�LQ�WKH����PRQWKV�DIWHU�KDUYHVWLQJ�FDWFKPHQWV�0��DQG�0��DW�0DLPDL��IURP
3HDUFH� HW� DO�� ������� �0�� DQG�0�� HYHQWV� DUH� SDLUHG� ZLWK� QDWLYH� IRUHVW� FDWFKPHQW�0���0�� DQG�0�
FRPSDULVRQV�DUH�IRU�WKH�QDWLYH�IRUHVW�

6L]H�FODVV 0� 0� 0� 0� 0� 0�
����±���� ���� ���� ���� ��� ���� ����
����±���� ���� ���� ���� ���� ���� ����
����±����� ��� ��� ��� ���� ��� ����
�����±����� ���� ���� ���� ���� ���� ����
����±����� ���� ���� ���� ���� ���� ����
! ����� ����� ����� ���� ����� ���� �����

+DUYHVWLQJ�D�HXFDO\SW�IRUHVW�LQ�9LFWRULD�DQG�SODQWLQJ�ZLWK�UDGLDWD�SLQH�OHG�WR�DQ�LQFUHDVH�LQ�VWRUPIORZ��DV
VKRZQ�E\�PDVV�FXUYH�DQDO\VLV�IRU�WKH���\HDUV�DIWHU�KDUYHVWLQJ��7KH�ELJJHVW�LQFUHDVH�ZDV�LQ�WKH�\HDU�DIWHU
KDUYHVWLQJ��EXW�WKH�QH[W���\HDUV�VWLOO�SURGXFHG�PRUH�VWRUPIORZ�WKDQ�ZRXOG�KDYH�EHHQ�H[SHFWHG�IURP�WKH
FRQWURO�FDWFKPHQW�IRU�XQORJJHG�FRQGLWLRQV�DQG�DQRWKHU�XQORJJHG�FDWFKPHQW��%UHQ�	�3DSZRUWK��������
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�����&RQFOXVLRQV
7KH�SURSRUWLRQ�RI�SUHFLSLWDWLRQ�DV�VWRUPIORZ�UDQJHV�EHWZHHQ�
� SDVWXUH� ���DQG����
� SLQH� ���DQG�����
� QDWLYH�IRUHVW �����DQG�����
3LQH�VWRUPIORZ�IURP�IRXU�FRPSDUDEOH�VLWHV�ZDV�����RI�WKDW�IURP�SDVWXUH�
1DWLYH�IRUHVW�VWRUPIORZ�IURP�WKUHH�FRPSDUDEOH�VLWHV�ZDV�����RI�WKDW�IURP�SDVWXUH�
$IIRUHVWDWLRQ�RI�WKH�ULSDULDQ�VWULS�RI�RQH�0RXWHUH�FDWFKPHQW�GLG�QRW�DIIHFW�VWRUPIORZ�
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��� $QQXDO�:DWHU�<LHOGV

������&RPSDULVRQV�EHWZHHQ�YHJHWDWLRQ�W\SHV�
7DEOH������OLVWV�DQQXDO�ZDWHU�\LHOGV�IURP�D�QXPEHU�RI�1HZ�=HDODQG�FDWFKPHQWV�ZKHUH�UHVXOWV�KDYH�EHHQ
SXEOLVKHG�IRU�WZR�RU�PRUH�ODQG�XVH�W\SHV��SDVWXUH��QDWLYH�IRUHVW�RU�UDGLDWD�SLQH�IRUHVW��

7DEOH�������:DWHU�\LHOGV�IURP�FRPSDUDWLYH�FDWFKPHQW�VWXGLHV���$OO�YDOXHV�LQ�PLOOLPHWUHV�

3HULRG 3DVWXUH ([RWLF�IRUHVW 1DWLYH�IRUHVW 6RXUFH
<HDUV 3 52 3 52 3 52

3XUXNRKXNRKX � ���� ��� ���� ��� ���� ��� &RRSHU�	�7KRPVHQ�����
3XUXNRKXNRKX � ���� ��� ���� ��� ���� ��� 'RQV�������

0DPDNX�3ODWHDX � ���� ��� ���� ���� 'HOO��������
8SSHU
0DQJDZKDUD

� ���� ��� ���� ��� 3HWFK�����

7DLWD � ���� ��� ���� ��� -DFNVRQ�������

7DLWD ��� ��� ��� 0F&ROO�HW�DO���������
0RXWHUH � ���� ��� ���� �� 'XQFDQ�����D��

.LNLZD��1HOVRQ � ���� ��� ����
����

���
���

���� ��� 0F.HUFKDU�����

:HVWODQG±
0DLPDL�0�

� ���� ���� ���� ���� 5RZH�	�3HDUFH�����

:HVWODQG�±
0DLPDL�0��

� ���� ���� ���� ���� 5RZH�	�3HDUFH�����

1RUWK
&DQWHUEXU\

� ��� ��� ��� ��� -DFNVRQ�	�5RZH�����E
�PDWXUH�SLQHV�

2WDJR � ���� ��� ���� ��� 6PLWK��������
/LGVGDOH��16:
3LQH�FDWFKPHQW��

��� ��� �� ��� ��� 6PLWK�HW�DO�������SLQHV
���\HDUV�ROG���

/LGVGDOH��16:
3LQH�FDWFKPHQW��

� ��� ��� ��� ��� 3LOJULP�HW�DO����������

1RWHV�
���&DWFKPHQWV�PD\�QRW�EH�ZDWHUWLJKW�RU�JHRPRUSKLF�DUHDV�PD\�QRW�UHIOHFW�WKH�K\GURORJLF�ERXQGDU\��6HH�WH[W
IRU�IXUWKHU�FRPPHQW
��3DVWXUH�FDWFKPHQW�KDV�����VFUXE
��'DWD�IRU�0RXWHUH�DUH�PHDQV�RI�WZR�SDVWXUH�FDWFKPHQWV�DQG�WKUHH�SLQH�FDWFKPHQWV
��2WDJR�GDWD�IURP�6PLWK��������DUH�WKH�DYHUDJHV�IURP�WZR�FDWFKPHQWV�LQ�HDFK�ODQG�XVH�
��$XVWUDOLDQ��16:��QDWLYH�IRUHVW� �HXFDO\SW
7KHUH�LV�VRPH�GRXEW�DV�WR�WKH�WUXH��DUHD�RI�WKH�SDVWXUH�FDWFKPHQW�DW�3XUXNRKXNRKX�DV�WKH�K\GURORJLF�DQG
JHRPRUSKLF�ERXQGDULHV�PD\�QRW�FRLQFLGH�EHFDXVH�RI�WKH�YROFDQLF�JHRORJ\�RI�WKH�UHJLRQ���+HQFH��\LHOGV
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���� ����� ����� ����� ����� �����
$QQXDO�SUHFLSLWDWLRQ��PP�

3DVWXUH 3LQH 1DWLYH

JLYHQ�KHUH�E\� �'RQV������� FRXOG�EH� LQ�HUURU�� �7KH�0DPDNX�3ODWHDX�PLJKW�SUHVHQW� VLPLODU�SUREOHPV�
$OWKRXJK�WKH�0DPDNX�GDWD�SUHVHQWHG�E\�'HOO��������IRU���\HDUV�ZHUH�FRQVLVWHQW�DW�HDFK�VLWH�DV�D�SHUFHQWDJH
RI�UDLQIDOO��WKHUH�ZHUH�PDMRU�FRQFHUQV�DERXW�WKH�ZDWHUWLJKWQHVV�RI�WKH�FDWFKPHQWV���)RU�H[DPSOH��DQQXDO
ZDWHU�\LHOGV�IURP�D�QDWLYH�IRUHVW�FDWFKPHQW�DQG�D�PL[HG�QDWLYH�H[RWLF�IRUHVWHG�FDWFKPHQW�ZHUH�����DQG
����RI�DQQXDO�SUHFLSLWDWLRQ��UHVSHFWLYHO\���,W�ZRXOG�EH�DQWLFLSDWHG�WKDW�WKHVH�VKRXOG�EH�VLPLODU��ZKLFK�EULQJV
LQWR�TXHVWLRQ�WKH�ZDWHUWLJKWQHVV�RI�WKH�FDWFKPHQWV���
1RWZLWKVWDQGLQJ� WKH� UHVHUYDWLRQV� DERYH�� IURP�7DEOH� ����� VWUHDPIORZ� IURP� SDVWXUH� DYHUDJHG� ���� RI
SUHFLSLWDWLRQ��UDQJH���±������IURP�SLQH�IRUHVW�LW�DYHUDJHG�����RI�SUHFLSLWDWLRQ��UDQJH���±������DQG�IURP
QDWLYH�IRUHVW�LW�DYHUDJHG�����RI�SUHFLSLWDWLRQ��UDQJH���±�������7KHUH�LV��KRZHYHU��QR�LQGLFDWLRQ�RI�WKH
UHODWLYH�UHJLPHV�WKDW�PLJKW�KDYH�EHHQ�SUHVHQW�LI�WKH�SLQH�FDWFKPHQWV�KDG�VWLOO�EHHQ�LQ�SDVWXUH�RU�QDWLYH�EXVK�
:H�KDYH�WR�DVVXPH�WKDW�WKH\�ZHUH�WKH�VDPH�DQG�WKDW�WKH�GLIIHUHQFHV�DUH�D�FRQVHTXHQFH�RI�DIIRUHVWDWLRQ���)RU
FRPSDUDEOH�FDWFKPHQWV��VWUHDPIORZ�IURP�SLQH�IRUHVW�ZDV�����RI�SDVWXUH�DQG�����RI�QDWLYH�IRUHVW��DQG
VWUHDPIORZ�IURP�QDWLYH�IRUHVW�ZDV�����RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV�
/LQHDU� UHJUHVVLRQ�DQDO\VHV�RQ� WKDW� VWUHDPIORZ�DQG�SUHFLSLWDWLRQ�GDWD� �)LJ��������SURYLGHG�VWDWLVWLFDOO\
VLJQLILFDQW�UHODWLRQVKLSV��(TQV������WR���������,Q�SUDFWLFH��WKHVH�UHODWLRQVKLSV�EHFRPH�XQXVHDEOH�EHFDXVH�WKH
FRQILGHQFH�OLPLWV�RQ�WKH�SDUDPHWHUV�DUH�VR�ODUJH���$�VHFRQG�IDFWRU�WR�FRQVLGHU�LV�VL]H�RI�WKH�UHJUHVVLRQ
FRHIILFLHQW��ZKLFK�LQ�DOO�FDVHV�FRXOG�EH�JUHDWHU�WKDW�����ZKHQ�WKH�FRQILGHQFH�OLPLWV�DUH�WDNHQ�LQWR�DFFRXQW
±�ZKLFK�ZRXOG�LPSO\�WKDW�RQFH�WKH�OLPLW�RI�WKH�LQWHUFHSW�ZDV�UHDFKHG��VWUHDPIORZ�JHQHUDWHG�FRXOG�EH�JUHDWHU
WKDQ� WKH� LQFLGHQW� SUHFLSLWDWLRQ�ZLWKRXW� HYHQ� FRQVLGHULQJ� FDWFKPHQW� HYDSRUDWLRQ� LQ� WKH�ZDWHU� EDODQFH
HTXDWLRQ���7KLV�SUREOHP�LV�OLNHO\�WR�EH�DQ�DUWHIDFW�RI�WKH�ORZ�VDPSOH�QXPEHUV�
3DVWXUH�VWUHDPIORZ� ��������������������������î�3771 Q� ����U�� ��������6(� ������ ������
3LQH�VWUHDPIORZ� ��������������������������î�3771 Q� ����U�� ��������6(� ����� ������
1DWLYH�IRUHVW�VWUHDPIORZ� ��������������������������î�3771 Q� ����U�� ��������6(� ����� ������
7KH�RYHUDOO�GDWDVHW�FDQ�EH�LQFUHDVHG�E\�LQFOXGLQJ�GDWD�IURP�D�QXPEHU�RI�VLQJOH�FDWFKPHQW�VWXGLHV�RI�SDVWXUH
DQG�QDWLYH�IRUHVW�VWUHDPIORZ��7DEOH���������7KH�DYHUDJH�VWUHDPIORZV�IURP�SDVWXUH�DQG�QDWLYH�IRUHVW�ZHUH
���� DQG� ����� UHVSHFWLYHO\�� DQG� WKH� QHZ� HTXDWLRQV� WKDW� VWLOO� KDYH� ZLGH� FRQILGHQFH� OLPLWV� DQG� KLJK
UHJUHVVLRQ�FRHIILFLHQWV�ZKLFK�DIIHFW�WKHLU�XVH�DV�SUHGLFWLRQ�HTXDWLRQV�DUH�
3DVWXUH�VWUHDPIORZ� ��������������������������î�3771 Q� �����U�� ��������6(� ������ ������
1DWLYH�IRUHVW�VWUHDPIORZ� ��������������������������î�3771 Q� �����U�� ��������6(� ����� ������

)LJ�������:DWHU�\LHOGV�IURP�1HZ�=HDODQG�FDWFKPHQWV���6HH�WH[W�IRU�FRPPHQW�RQ�WKH�SUHFLVLRQ�RI�WKH�OLQHV�

7DEOH�������:DWHU�\LHOGV�IURP�LQGLYLGXDO�FDWFKPHQWV�VWXGLHV���$OO�YDOXHV�LQ�PLOOLPHWUHV�
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<HDUV 3UHFLSLWDWLRQ 6WUHDPIORZ 6RXUFH
3DVWXUH
1RUWKODQG�±�3XNHZDHQJD �� ���� ��� 3HDUFH�	�0F.HUFKDU�����
$XFNODQG�±�0DQXNDX � ���� ��� 3HDUFH�	�0F.HUFKDU�����
7DUDUXD�±�7XDSHND � ���� ��� %DUJK�����
:HOOLQJWRQ�±�0DNDUD��� � ���� ��� 3HDUFH�	�0F.HUFKDU�����
1HOVRQ�±�0RXWHUH��� �� ���� ��� 3HDUFH�	�0F.HUFKDU�����
2WDJR�±�*OHQGKX� �� ���� ��� )DKH\�	�:DWVRQ��������
1DWLYH�IRUHVW
+DZNHV�%D\���1JDKHUH � ���� ���� 3HDUFH�	�0F.HUFKDU�����
7DUDUXD���%DOODQFH� � ���� ��� %DUJK�����
:HOOLQJWRQ�±�7DLWD�1R�� ���� ��� �� &ODULGJH��������
1HOVRQ�±�'RQDOG�&UHHN � ���� ��� 3HDUFH�HW�DO���������
:HVWODQG�±�0DLPDL � ���� ���� 3HDUFH�HW�DO���������
:HVWODQG�±�0DLPDL�0�� �� ���� ���� 5RZH�	�3HDUFH�����
:HVWODQG�±�0DLPDL�0� �� ���� ���� 5RZH�	�3HDUFH�����

1RWHV� ��7XVVRFN�JUDVVODQG
��'DWD�FRQYHUWHG�WR���\HDU�E\�SURSRUWLRQ��0HDQ�RI�WKUHH�FDWFKPHQWV
��0HDQ�RI�VL[�VPDOO�FDWFKPHQWV

$Q�HVWLPDWH�RI�DQQXDO�ZDWHU�\LHOGV�IURP�IRUHVW�DQG�SDVWXUH�FDWFKPHQWV�ZDV�PDGH�E\�5LGGHOO�	�0DUWLQ
���������7KH\�XVHG�DQQXDO�ZDWHU�\LHOG�GDWD�IURP����SDVWXUH�����QDWLYH�IRUHVW�DQG����SLQH�IRUHVW�FDWFKPHQWV
WKURXJKRXW�1HZ�=HDODQG�WR�PDNH�WKH�SUHGLFWLRQ�HTXDWLRQV������WR������WKDW�DUH�VKRZQ�LQ�)LJ�������
�
)RU�SDVWXUH�FDWFKPHQWV
6WUHDPIORZ� ������î�3771������ ������3771��������PP��Q� �����U� ��������6(� ������ ������
6WUHDPIORZ� �����î�3771������� ������3771�������PP��Q� �����U� ��������6(� ������ ������
)RU�IRUHVWHG�FDWFKPHQWV
6WUHDPIORZ� ������î�3771������ ������3771��������PP��Q� �����U� ��������6(� ������ ������
6WUHDPIORZ� ������î�3771������� ������3771��������PP��Q� �����U� ��������6(� ������ ������
5LGGHOO�	�0DUWLQ��������FRQFOXGHG�IURP�PHDQ�VWUHDPIORZ�YHUVXV�PHDQ�SUHFLSLWDWLRQ�SORWV�WKDW��
� SDVWXUH�FDWFKPHQWV�KDYH�D�JUHDWHU�UXQRII�WKDQ�IRUHVWHG�FDWFKPHQWV��DQG
� LQ� WKH�UDLQIDOO� UDQJH�ZKHUH�QDWLYH�IRUHVW�DQG�SLQH�SODQWDWLRQ�FDWFKPHQWV�RYHUODS�� UHODWLRQVKLSV

EHWZHHQ�UXQRII�DQG�UDLQIDOO�ZHUH�LQGLVWLQJXLVKDEOH�
:KLOH�WKH�UHVXOWV�VHHP�SODXVLEOH�WKH\�QHHG�WR�EH�WUHDWHG�ZLWK�FDXWLRQ�DV�YHU\�IHZ�RI�WKH�FDWFKPHQWV�XVHG
FRXOG�EH�FRQVLGHUHG�SDLUHG�FDWFKPHQWV�IRU�FRPSDULVRQ�SXUSRVHV�DQG�WKH�VWXG\�FRYHUV�D�ZLGH�UDQJH�RI
SUHFLSLWDWLRQ�UHJLPHV���7KH�UHJUHVVLRQ�FRHIILFLHQWV�IRU�WKH�KLJK�SUHFLSLWDWLRQ�UHJLPHV�EHLQJ�JUHDWHU�WKDQ����
DUH�DOVR�FDXVH�IRU�FRQFHUQ���7KH�VWDQGDUG�HUURUV�ZRXOG�WUDQVODWH�WR�����FRQILGHQFH�OLPLWV�RQ�WKH�HVWLPDWHG
PHDQ�<�YDOXHV�RI�DERXW������±����PP�
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$QQXDO�SUHFLSLWDWLRQ��PP�

)LJ�������6WUHDPIORZ�SUHGLFWLRQ�HTXDWLRQ�IURP�5LGGHOO�	�0DUWLQ�������

$�FRQWUDVWLQJ�VWXG\�E\�0F.HUFKDU�	�:DXJK��������KDG�HDUOLHU�FRPH�WR�GLIIHUHQW�FRQFOXVLRQV�� �7KH\
FDUULHG� RXW� D� UHJLRQDOLVDWLRQ� VWXG\� RI� DQQXDO� VWUHDPIORZ� XVLQJ� UHJUHVVLRQ� DQDO\VLV� RQ� GDWD� IURP� ��
FDWFKPHQWV�WKURXJKRXW�1HZ�=HDODQG���7KH�EHVW�SUHGLFWRUV�ZHUH�PHDQ�DQQXDO�SUHFLSLWDWLRQ�DQG�DYHUDJH
DOWLWXGH�� �&DWFKPHQW� DUHD� DQG�SHUFHQWDJH�RI� IRUHVW� FRYHU� KDG� UHJUHVVLRQ� FRHIILFLHQWV� QRW� VLJQLILFDQWO\
GLIIHUHQW�IURP�]HUR���7KH\�DOVR�VKRZHG�H[DPSOHV�RI�IORZ�GXUDWLRQ�FXUYHV�DQG�FRQFOXGHG�WKDW�DQQXDO�UDLQIDOO
KDG�D�GRPLQDQW�LQIOXHQFH�RQ�WKH�SDWWHUQV�REVHUYHG���%DVHIORZ�UHFHVVLRQV�ZHUH�SUHVHQWHG�IRU����FDWFKPHQWV
DQG�WKH�LPSRUWDQFH�RI�JHRORJ\�RQ�WKHVH�IORZV�ZDV�VWUHVVHG�

������$IIRUHVWDWLRQ�RI�SDVWXUH�VFUXE
1RUWKODQG�±�:DLZKLX

,Q������� ����RI� WKH� ����KD�:DLZKLX�5LYHU� FDWFKPHQW� LQ�1RUWKODQG� �����KD� LQ� VFUXE� DQG�����KD� LQ
LPSURYHG�SDVWXUH��ZDV�SODQWHG�LQ�UDGLDWD�SLQH��WKH�UHPDLQLQJ�����ZDV�UHWDLQHG�LQ�QDWLYH�IRUHVW���7KH�QDWLYH
IRUHVWHG�1JXQJXUX�5LYHU� FDWFKPHQW� ��� NP� WR� WKH� QRUWK�ZDV� XVHG� DV� WKH� EDVH� IRU� FRPSDULVRQV�� �7KH
:DLZKLX�FDWFKPHQW�LV�LQ�RQH�RI�WKH�ZHWWHU�UHJLRQV�RI�1HZ�=HDODQG�DQG�WKH�DQQXDO�UDLQIDOO�DYHUDJHV�DERXW
�����PP��:DXJK���������7KH�IDUP�ZDV�GHVWRFNHG��DQG�WKH�VFUXE�FUXVKHG�DQG�EXUQHG�EHIRUH�SODQWLQJ���,Q
WKH���\HDUV�DIWHU�ODQG�SUHSDUDWLRQ�IRU�SODQWLQJ�VWDUWHG�WKHUH�ZDV�DQ�DYHUDJH�GHFUHDVH�LQ�VWUHDPIORZ�RI����
PP�\HDU�DQG�WKLV�ZDV�DWWULEXWHG�WR�LQFUHDVHG�LQWHUFHSWLRQ�RI�SUHFLSLWDWLRQ�DV�WKH�JUDVV�EHFDPH�UDQN��:DXJK
��������
$�ODWHU�DQDO\VLV�E\�5RZH�	�-DFNVRQ��������GHWHUPLQHG�WKH�DQQXDO�VWUHDPIORZ±SUHFLSLWDWLRQ�UHODWLRQVKLS
IRU�WKH�SHULRG�EHIRUH�WUHDWPHQW�XQWLO���\HDUV�DIWHU�SODQWLQJ���7KLV�ZDV�XVHG�WR�HVWLPDWH�WKH�VWUHDPIORZ�UHJLPH
WKDW�ZRXOG�KDYH�RFFXUUHG�LI�WKHUH�KDG�QRW�EHHQ�SODQWLQJ�DQG�FRPSDUHG�LW�ZLWK�WKDW�UHFRUGHG�IURP�WKH�SODQWHG
FDWFKPHQW�� � ,W�ZDV� HVWLPDWHG� WKDW� SODQWLQJ� ����RI� WKH� FDWFKPHQW�ZRXOG� FRQWULEXWH� WR� D� UHGXFWLRQ� LQ
VWUHDPIORZ�RI�����PP�IRU������PP�SUHFLSLWDWLRQ�DQG�����PP�IRU������PP�SUHFLSLWDWLRQ��WKHVH�HTXDWH�WR
UHGXFWLRQV�RI�����DQG�����PP�IRU�D������FRQYHUVLRQ�IURP�SDVWXUH�VFUXE�WR�PDWXUH�SLQH�SODQWDWLRQ�

&HQWUDO�1RUWK�,VODQG�±�3XUXNL
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$�VQDSVKRW�RI�WKH�FKDQJHV�WR�WKH�VWUHDPIORZ�UHJLPH�ZLWK�DIIRUHVWDWLRQ�DW�3XUXNL�KDV�EHHQ�JLYHQ�HDUOLHU
�7DEOH�������'RQV�������&RRSHU�	�7KRPVHQ���������$�ZDWHU�EDODQFH�PRGHOOLQJ�DSSURDFK�XVLQJ�D�GDLO\
WLPH�VWHS�KDV�SURYLGHG�IXUWKHU�LQIRUPDWLRQ�IRU�WKH�PDWXUH�SLQH�SODQWDWLRQ��7DEOH�������5RZH�	�-DFNVRQ
��������7KH�SDVWXUH������±������$±%��DQG�IRUHVW������±������$±&��PRGHOV�SUHGLFWHG�DQQXDO�VWUHDPIORZ
ZHOO�IRU�3XUXNL�LQ�WKRVH�FRYHUV���7KLV�VXJJHVWV�WKDW�WKH�SUHGLFWHG�GLIIHUHQFHV�EHWZHHQ�WKH�SDVWXUH�DQG�SLQH�
IRUHVW�VWDWHV�RI�DERXW�����PP�\HDU�ZLOO�EH�FORVH�WR�UHDOLW\���'LIIHUHQFHV�JLYHQ�E\�&RRSHU�	�7KRPVHQ�������
DW�����PP�DQG�E\�'RQV��������DW�����PP�ZHUH�IRU�WUHHV�LQ�WKH�ILUVW�IHZ�\HDUV�RI�WKH�����±�����GDWDVHW
XVHG�E\�5RZH�	�-DFNVRQ��������DQG�PD\�EH�VPDOOHU�EHFDXVH�WKHUH�ZDV�ORZHU�DYHUDJH�UDLQIDOO�GXULQJ�WKHLU
VDPSOLQJ�SHULRGV�RU�DV�D�FRQVHTXHQFH�RI�WKH�WUHHV�EHLQJ�\RXQJHU�DOWKRXJK�WKH�FDQRS\�ZDV�FORVHG�

7DEOH� ����� � 0HDQ� DQQXDO� SUHFLSLWDWLRQ� DQG� VWUHDPIORZ� DW� 3XUXNL� DQG� WKH� FKDQJHV� UHVXOWLQJ� IURP
DIIRUHVWDWLRQ�RI�SDVWXUH�LQ������

&DOLEUDWLRQ�SHULRG
����±����

7UHDWPHQW�SHULRG
����±����

3UHFLSLWDWLRQ��PP� ���� ����
$��3XUXNL�VWUHDPIORZ��PP� ��� ���
%��3UHGLFWLRQV�IURP�SDVWXUH�PRGHO��PP� ��� ���
&��3UHGLFWLRQV�IURP�IRUHVW�PRGHO��PP� ��� ���
'LIIHUHQFH�$�%��ZLWK�VWDQGDUG
GHYLDWLRQ�

������ ���������

'LIIHUHQFH�$�&��ZLWK�VWDQGDUG
GHYLDWLRQ�

�������� ������

1HOVRQ�±�.LNLZD
+HZLWW�	�5RELQVRQ��������DQG�0F.HUFKDU��������SUHVHQW�GDWD�IURP�D�VXLWH�RI�FDWFKPHQWV�ORFDWHG�QHDU
.LNDZD�LQ�1HOVRQ��7DEOH���������7KH�ORQJHU�GDWDVHW��+HZLWW�	�5RELQVRQ�������EHJDQ���\HDUV�DIWHU�*UDKDP
&UHHN�ZDV�SODQWHG�� �7KHUHIRUH�WKHUH�LV�QR�HIIHFWLYH�FDOLEUDWLRQ�SHULRG���&KDQJHV�LQ�WKH�IORZ�UHJLPH�DW
*UDKDP�&UHHN�DSSHDU�WR�EH�SUHVHQW�DV�WKHUH�ZDV�PRUH�VWUHDPIORZ�WKDQ�IURP�WKH�SDVWXUH�FDWFKPHQW�LQ������
��\HDUV�DIWHU�SODQWLQJ��DQG�OHVV�IURP��������,Q�WKH�GULHU�\HDUV�������DQG�������WKHUH�LV�OLWWOH�GLIIHUHQFH
EHWZHHQ�DQ\�RI� WKH�YHJHWDWLRQ� W\SHV�� �7KHUH� LV�QR�FHUWDLQ� UHIHUHQFH�SRLQW� WR� LQGLFDWH� WKH�FRPSDUDWLYH
VLWXDWLRQ�ZKHQ�SODQWLQJ�RFFXUUHG��QRU�DUH�DQ\�UDLQIDOO�GDWD�JLYHQ�IRU�HDFK�FDWFKPHQW�WR�LQGLFDWH�ZKHWKHU
WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�FDWFKPHQWV�WKDW�PLJKW�DOORZ�D�IXOOHU�H[SODQDWLRQ�RI�WKH�WUHQGV�VHHQ���5DLQIDOO
GDWD�SORWWHG�LQ�)LJ������ZHUH�H[WUDFWHG�IURP�D�JUDSK�LQ�+HZHWW�	�5RELQVRQ��������E\�/.5�VR�WKHUH�PD\
EH�VRPH�HUURU�LQ�WKH�QXPEHUV��WKH\�DUH�DOVR�D�UHJLRQDO�DYHUDJH���2QH�\HDU�RI�GDWD�LQ�0F.HUFKDU�������
LQGLFDWHV� WKHUH� FRXOG� EH� GLIIHUHQFHV� RI� XS� WR� ��� PP� LQ� UDLQIDOO� EHWZHHQ� FDWFKPHQWV�� ZKLFK� ZLOO� EH
VLJQLILFDQW�LI�FKDQJHV�DUH�FRQVLGHUHG�LQ�WHUPV�RI�HYDSRUDWLRQ�DV�D�IXQFWLRQ�RI�SUHFLSLWDWLRQ�OHVV�VWUHDPIORZ�

7DEOH������.LNLZD�FDWFKPHQWV

&DWFKPHQW $UHD 9HJHWDWLRQ�DQG�0DQDJHPHQW
*UDKDP�&UHHN ����KD 5HYHUWLQJ�SDVWXUH������SODQWHG�LQ�H[RWLFV�GXULQJ�����±����
+XQWHUV�&UHHN ����KD 8QWRXFKHG�EHHFK�IRUHVW
.LNLZD�&UHHN ����KD 5RXJK�SDVWXUH�ZLWK�EUDFNHQ�DQG�SRFNHWV�RI�VFUXE
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<HDU

3DVWXUH�QDWLYH 3DVWXUH�SLQHV 5DLQIDOO
1DWLYH�IRUHVW 3LQH�IRUHVW 3DVWXUH

)LJ�������5DLQIDOO�DQG�VWUHDPIORZ�IRU� WKH�.LNLZD�FDWFKPHQWV��1HOVRQ�� �*UDKDP�&UHHN�ZDV�SODQWHG� LQ
����±�����

1HOVRQ�±�0RXWHUH
7KH� 0RXWHUH� FDWFKPHQWV� ZHUH� HVWDEOLVKHG� DV� SDUW� RI� WKH� ,QWHUQDWLRQDO� +\GURORJLFDO� 'HFDGH� �,+'�
SURJUDPPH�LQ�WKH�ODWH�����V��7KH�VPDOO�FDWFKPHQWV�������WR������KD��ZHUH�ORFDWHG�RQ�0RXWHUH�JUDYHOV�DERXW
��� NP� VRXWK�ZHVW� RI� 1HOVRQ�ZKHUH� WKH� DYHUDJH� SUHFLSLWDWLRQ� LV� DERXW� �����PP�\HDU�� PRUH� GHWDLOHG
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�'XQFDQ����������7DEOH������OLVWV�FDWFKPHQW�GDWD�GHULYHG�IURP�D�QXPEHU�RI
SDSHUV���7KH�HDUOLHVW�SXEOLVKHG�ZRUN�IURP�0RXWHUH�ZDV�SUHVHQWHG�E\�'XQFDQ��������

7DEOH������0RXWHUH�FDWFKPHQWV�LQIRUPDWLRQ��'XQFDQ�����D����������5HFRUGV�ZHUH�QRW�WDNHQ�EHWZHHQ�����
DQG�-XO\������DQG�FHDVHG�LQ�-XO\������

&DWFKPHQW�1R� � � �� � �� ��
$UHD ���� ���� ���� ���� ���� ����
)ORZ�UHFRUGV�EHJDQ ���� ���� ���� ���� ����
,QLWLDO�YHJHWDWLRQ 3DVWXUH 3DVWXUH 3DVWXUH *RUVH *RUVH *RUVH
,QWHUPHGLDWH
WUHDWPHQW

*RUVH�LQ
JXOOLHV
VSUD\HG
RXW�E\
����

*RUVH�LQ
JXOOLHV
VSUD\HG
RXW�E\
����

%XUQW
�����DQG
OLQH�GR]HG

%XUQW
����
0LVF��ODQG
WUHDWPHQW
WR�����

7R�SDVWXUH
LQ�����
'LVFHG
����

3ODQWHG� �������� ���� ���� ����
7KLQQHG ���� �����

����
�����
����

�����
����

)HOOHG ���� ���� ����

'XQFDQ��������SUHVHQWV�GDWD�XS�XQWLO���\HDUV�DIWHU�SODQWLQJ���%XUQLQJ�JRUVH�DQG�OLQH�GR]LQJ�FDWFKPHQW��
LQFUHDVHG�VWUHDPIORZ�IURP�WKDW�SUHGLFWHG�XVLQJ�FDOLEUDWLRQ�SHULRG�UHJUHVVLRQ�UHODWLRQVKLSV�E\�DERXW����
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<HDU3UHFLSLWDWLRQ &���IORZ

3UHGLFWHG�IORZ 'LIIHUHQFH

PP��VLPLODUO\�FOHDULQJ�FDWFKPHQW����UHVXOWHG�LQ�D�����PP�LQFUHDVH���6WUHDPIORZ�LQFUHDVHV�SHUVLVWHG�IRU
��\HDUV�DW�FDWFKPHQW���DQG�WKHQ�GURSSHG�EDFN�WR�OHYHOV�DERXW����PP�ORZHU�WKDQ�SUHGLFWHG�LQ�WKH�QH[W��
\HDUV��EXW�FDWFKPHQW����VKRZHG�OLWWOH�FKDQJH�IURP�SUHWUHDWPHQW�OHYHOV���$W�FDWFKPHQW����WKHUH�ZDV�DQ
LQFUHDVH�LQ�VWUHDPIORZ�DIWHU�FRQYHUWLQJ�VFUXE�WR�SDVWXUH��DQG�DJDLQ�DIWHU�SUH�SODQWLQJ�JURXQG�SUHSDUDWLRQ�
)URP�WKH�WKLUG�\HDU�DIWHU�SODQWLQJ�WKHUH�KDV�EHHQ�D�VWHDG\�GHFUHDVH�LQ�WKH�H[SHFWHG�VWUHDPIORZ�WR�DERXW
����PP�LQ��������2Q�D�VHDVRQ�EDVLV��LQ�WKH��±��\HDUV�DIWHU�SODQWLQJ��VWUHDPIORZ�ZDV�UHGXFHG�E\�PRUH�WKDQ
����LQ�PRVW�VHDVRQV�ZLWK�WKH�JUHDWHVW�UHGXFWLRQV�LQ�DEVROXWH�WHUPV�RFFXUULQJ�LQ�ZLQWHU���'XQFDQ�������
VKRZHG�WKDW�VWUHDPIORZ�KDG�OHYHOHG�RXW�DW�FDWFKPHQW������$�ODWHU�UHSRUW�FRYHUV�WKH�HIIHFWV�RI�WKH�IXOO�IRUHVW
URWDWLRQ��'XQFDQ�����D����$W�FDWFKPHQW�����)LJ��������WKH�SUHGLFWHG�GHSDUWXUH�IURP�SDVWXUH�ZDV�����PP
IURP�DJH���WR�DJH�����

)LJ������0RXWHUH�FDWFKPHQW����VWUHDPIORZ�DQG�WKH�FKDQJH�LQ�DQQXDO�VWUHDPIORZ�DV�D�FRQVHTXHQFH�RI
DIIRUHVWDWLRQ�RI�SDVWXUH�

+DUYHVWLQJ�LQ�PLG������OHG�WR�DQ�LQFUHDVH�LQ�VWUHDPIORZ��DV�FDQ�EH�VHHQ�LQ�)LJ�������IRU�FDWFKPHQW������7KH
ODUJHVW�HIIHFW�ZDV�LQ�WKH�VHFRQG�\HDU�DV�VRLO�PRLVWXUH�OHYHOV�KDG�WDNHQ�VRPH�WLPH�WR�UHFKDUJH���$W�WKLV�WLPH�
\LHOGV�IURP�FDWFKPHQWV���DQG���ZHUH�VLPLODU�WR�WKH�LQLWLDO�\HDUV�DIWHU�EXUQLQJ�DQG�SODQWLQJ��DQG�DW�FDWFKPHQW
���ZDV�VLPLODU�WR�WKDW�H[SHFWHG�LI�LW�KDG�VWLOO�EHHQ�LQ�SDVWXUH�

:HVW�$XVWUDOLD
2QH�$XVWUDOLDQ�VWXG\��%RUJ�HW�DO��������SUHVHQWV�GDWD�RQ�WKH�FKDQJH�LQ�VWUHDPIORZ�ZLWK�DIIRUHVWDWLRQ�RI
IDUPODQG� LQ� DQ� HIIRUW� WR� UHGXFH� VDOLQLW\� SUREOHPV�� �8QIRUWXQDWHO\�� IORZ� UHFRUGV� GLG� QRW� EHJLQ� XQWLO� D
VLJQLILFDQW�SDUW�RI�WKH�FDWFKPHQW������LQ�DGGLWLRQ�WR�WKH�����RI�IRUHVW�SUHVHQW��KDG�EHHQ�DIIRUHVWHG�LQ�HLWKHU
UDGLDWD�SLQH�RU�HXFDO\SWV���7KH�UDLQIDOO�LQ�WKH�UHJLRQ�DYHUDJHG�����PP�DQG��LQ�WKH�ILUVW���\HDUV�RI�GDWD
FROOHFWLRQ�ZKHQ� WKH� HVWDEOLVKPHQW� RI� WKH� WUHHV�ZRXOG� VWLOO� KDYH�KDG� OLWWOH� HIIHFW� RQ�GHFUHDVLQJ�\LHOGV�
VWUHDPIORZ�ZDV�����PP�RU�����RI�UDLQIDOO���2YHU�WKH�QH[W���\HDUV�WKHUH�ZDV�D�GHFUHDVHG�\LHOG�RI�DERXW����
PP��EXW�SXWWLQJ�WKLV�LQWR�FRQWH[W�LV�QRW�VWUDLJKWIRUZDUG�DV�SODQWLQJ�ZDV�VWLOO�FRQWLQXLQJ�DQG�WKH�SHUFHQWDJH
RI�WKH�FDWFKPHQW�VWRFNHG�DSSOLHG�WR�WKH�ZKROH�FDWFKPHQW��QRW�WKH�DUHD�DERYH�WKH�JDXJLQJ�VWDWLRQ��

�����$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG
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$�VHULHV�RI�SDSHUV�RXWOLQH�SURJUHVVLYH�FKDQJHV�DW�*OHQGKX�DV�D�FRQVHTXHQFH�RI�WKH�DIIRUHVWDWLRQ�RI�WKH
WXVVRFN�JUDVVODQG��H�J���3HDUFH�HW�DO����������)DKH\���������)DKH\�	�:DWVRQ���������)DKH\�	�-DFNVRQ
��������)DKH\�HW�DO�����������$ERXW���\HDUV�DIWHU�SODQWLQJ�����RI�FDWFKPHQW�*+��DQQXDO�VWUHDPIORZ�\LHOGV
EHJDQ�WR�GHFOLQH�DQG�IORZV�DYHUDJHG�DERXW�����PP�ORZHU�WKDQ�SUHGLFWHG�IURP�WUHH�DJHV��±���\HDUV��7DEOH
������)LJ����������7KLV�HTXDWHV�WR�DERXW�����PP�SHU�DQQXP�IRU�FRPSOHWHO\�SODQWLQJ�WKH�FDWFKPHQW�

7DEOH�������:DWHU�\LHOG�FKDQJHV�DW�*OHQGKX�IRU�����DIIRUHVWDWLRQ�RI�*+��������������GDWD�IURP�)DKH\
	�:DWVRQ�������������±�����GDWD�H[WUDFWHG�IURP�D�ILJXUH�LQ�)DKH\�HW�DO���������

<HDU 3UHFLSLWDWLRQ
�PP�

*+�
�PP�

*+�
�PP�

'LIIHUHQFH
�*+��*+��

5HGXFWLRQ
���

0DQDJHPHQW

���� ���� ��� ��� � � 7XVVRFN
���� ���� ��� ��� �� � 5LSSLQJ
���� ���� ��� ��� �� � 3ODQWLQJ
���� ���� ���� ���� ��� ��
���� ���� ��� ��� �� �
���� ��� ��� ��� �� �
���� ���� ��� ��� ��� ��
���� ���� ���� ��� �� �
���� ���� ��� ��� �� �
���� ���� ��� ��� ��� �� 3DUW�WKLQQHG
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
���� ���� ���� ��� ��� ��
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
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����� ����� ����� ����� ����� ����� ����� ����� ����� �����
<HDU

3UHFLSLWDWLRQ *+�
*+� �*+��*+��

)LJ������6WUHDPIORZ�DW�*OHQGKX�FDWFKPHQWV�*+���WXVVRFN��DQG�*+�������UDGLDWD�SLQH��DQG�WKH�GLIIHUHQFH
LQ�IORZ�ZLWK�WLPH�

�����$IIRUHVWDWLRQ�IURP�VFUXE
6RXWK�$XFNODQG�±�0RXPRXNDL�FDWFKPHQWV��+XQXD�5DQJH

$Q�H[SHULPHQWDO�SURJUDPPH�ZDV�HVWDEOLVKHG�LQ�WKH�+XQXD�5DQJHV�QHDU�$XFNODQG�LQ������ZKHQ�PRQLWRULQJ
EHJDQ�RQ�WKUHH�FDWFKPHQWV�LQ�QDWLYH�VFUXE��7DEOH��������%DUWRQ�������+HUDOG�������������%DUWRQ�	�&DUG
��������,Q�������WKH�YHJHWDWLRQ�ZDV�D�PL[WXUH�RI�IHUQV�DQG�QDWLYH�VFUXE�EXW�LQ�WKDW�\HDU�DOO�ODUJH�YHJHWDWLRQ
ZDV�IHOOHG��UHGXFLQJ�WKH�FRYHU�WR�EUDFNHQ�DQG�ORZ�VFUXE���,Q�0DUFK�������WKH�YHJHWDWLRQ�LQ�WKH�&HQWUDO�DQG
6RXWK�FDWFKPHQWV�ZDV�EXUQW�DQG�WKH�FDWFKPHQWV�ZHUH�SODQWHG�LQ�&U\SWRPHULD�MDSRQLFD�RU�3��UDGLDWD�GXULQJ
$XJXVW���7KHUH�DUH�VPDOO�ZHWODQGV�LQ�WKH�ORZHU�SDUW�RI�WKH�FDWFKPHQW��ZKLFK�ZHUH�QRW�SODQWHG�

7DEOH������&DWFKPHQW�SDUDPHWHUV�IRU�0RXPRXNDL�FDWFKPHQWV

&DWFKPHQW 9HJHWDWLRQ $UHD��KD� :HWODQG��KD�
1RUWK� &RQWURO�VFUXE ���� ����
&HQWUDO� &��MDSRQLFD� ����� ����
6RXWK� 3��UDGLDWD� ����� ����

5HOHDVH�FXWWLQJ�ZDV�FDUULHG�RXW�LQ�ERWK�FDWFKPHQWV�LQ������DQG�������DOVR�LQ������������DQG������LQ
&HQWUDO��DQG�SUXQLQJ�RI�6RXWK�WRRN�SODFH�LQ�'HFHPEHU�������-DQXDU\�������DQG�'HFHPEHU±-DQXDU\�����±
������WKLQQLQJ�WR�����63+�DOVR�WRRN�SODFH�DW�WKH�ODWWHU�GDWH���%\������WKH�XQGHUVWRUH\�XQGHU�GHQVH�UDGLDWD
SLQH�FDQRS\�ZDV�WKLQ�RU�QRQ�H[LVWHQW��&U\SWRPHULD�JURZWK�LQ�&HQWUDO�ZDV�QRW�DV�JRRG�DV�H[SHFWHG�DQG
JURXQGFRYHU�ZDV�GHQVH��DQG�GHQVH�VFUXE�KDG�DOVR�UHJHQHUDWHG�LQ�1RUWK�
+HUDOG��������������SUHVHQWHG�WKH�ILUVW�ORQJHU�WHUP�VWUHDPIORZ�GDWD�IRU�WKH�1RUWK�DQG�6RXWK�FDWFKPHQWV�
+LV�GDWD�DUH�IRU�D�VKRUWHU�SHULRG�DQG�DUH�VOLJKWO\�GLIIHUHQW�IURP�WKH�DQQXDO�VWUHDPIORZV�FDOFXODWHG�IURP�GDWD
LQ�%DUWRQ�	�&DUG���������7DEOH��������SRVVLEO\�KDYLQJ�EHHQ�DGMXVWHG�IRU�FOLPDWLF�YDULDWLRQV���$FFXPXODWHG
WRWDOV�GHULYHG�IURP�%DUWRQ�	�&DUG¶V��������GDWD�DQG�SORWWHG�LQ�)LJ������VKRZ�WKDW��FRPSDUHG�WR�WKH�FRQWURO
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$FFXPXODWHG�FRQWURO�IORZ��PP�

&HGDU 5DGLDWD ���

VFUXE�FDWFKPHQW��WKHUH�KDV�EHHQ�D�GHFUHDVH�LQ�VWUHDPIORZ�DIWHU�SODQWLQJ�FHGDU������PP�RYHU�WKH����\HDUV�
DQG�UDGLDWD�SLQH��D�WRWDO�RI������PP�RYHU�WKH����\HDUV²HTXLYDOHQW�WR�����PP�\HDU�RYHU�WKH�ODVW���\HDUV�
2QH�FRPSOLFDWLQJ�IDFWRU�LQ�WKHVH�DQDO\VHV��ZKLFK�ZLOO�HIIHFW�WKH�PDJQLWXGH�RI�DQ\�FKDQJH��LV�WKH�SRVVLELOLW\
WKDW�WKHUH�KDV�EHHQ�VRPH�FKDQJH�DW�WKH�FRQWURO�FDWFKPHQW�LQ�WKH�ILUVW�IHZ�\HDUV�RI�WKH�VWXG\�DV�WKH�VFUXE
UHFRYHUHG�IURP�WKH������FOHDULQJ�±�DQG�\LHOGV�ZLOO�GHFUHDVH�ZKLOH�WKLV�LV�KDSSHQLQJ���7KHUH�LV�D�VXJJHVWLRQ
WKDW�WKH�IORZV�LQ�WKH�UDGLDWD�SLQH�FDWFKPHQW�PD\�KDYH�VWDELOLVHG��EXW�DQ�H[WHQVLRQ�RI�WKH�UHFRUG�LV�QHFHVVDU\
WR�YHULI\�WKDW��)LJ��������

7DEOH������:DWHU�\LHOG�DW�+XQXD�DIWHU�%DUWRQ�	�&DUG��������

&RQWURO��1RUWK� 3�UDGLDWD��6RXWK� &��MDSRQLFD��&HQWUDO�
3UHFLSLWDWLRQ
�PP�

6WUHDPIORZ�
�PP�

3UHFLSLWDWLRQ
�PP�

6WUHDPIORZ
�PP�

3UHFLSLWDWLRQ
�PP�

6WUHDPIORZ
�PP�

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

)LJ������$FFXPXODWHG�IORZ�IRU�0RXPRXNDL�FDWFKPHQWV�����±�����
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HWH
U��P

P�

����� ����� ����� ����� ����� �����
<HDU

3UHFLSLWDWLRQ 3�UDGLDWD�IORZ
3UHGLFWHG 'LIIHUHQFH

)LJ������'LIIHUHQFH�EHWZHHQ�IORZ�DW�WKH�FRQWURO�FDWFKPHQW�DQG�WKH�UDGLDWD�SLQH�FDWFKPHQW�DW�0RXPRXNDL�
+XQXD�5DQJH

1HOVRQ�±�0RXWHUH
&DWFKPHQWV���DQG����DW�0RXWHUH�ZHUH�SODQWHG�RQ�ODQG�WKDW�KDG�SUHYLRXVO\�EHHQ�LQ�JRUVH��7DEOH�������
$QQXDO�VWUHDPIORZV�IURP�WKHVH�FDWFKPHQWV�DUH�VKRZQ�LQ�)LJV������DQG�������GDWD�IURP�'XQFDQ���������7KH
LPPHGLDWH�HIIHFWV�RI�FOHDULQJ�WKH�JRUVH�ZDV�DQ�LQFUHDVH�LQ�DQQXDO�VWUHDPIORZ�RI�DERXW�����PP�LQ�FDWFKPHQW
��DQG�����PP�LQ�FDWFKPHQW������7KH�UHVSRQVH�GLIIHUHQFHV�DUH�FRQVLGHUHG�VORSH�UHODWHG�DV�FDWFKPHQW���IDFHV
VRXWKHDVW�DQG�FDWFKPHQW����QRUWK�� �2YHU� WKH�FRXUVH�RI� WKH�QH[W���\HDUV��VWUHDPIORZ�GHFUHDVHG�WR�SUH�
WUHDWPHQW�OHYHOV�DV�WKH�SDVWXUH�JUDVVHV�DQG�WUHHV�JUHZ���$W�FDWFKPHQW���IURP�DJH���WR�����VWUHDPIORZ�ZDV
����PP�OHVV�WKDQ�ZKHQ�LW�ZDV�LQ�JRUVH�ZKLOH�DW�FDWFKPHQW����LW�ZDV����PP�OHVV�
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<HDU

3UHFLSLWDWLRQ &��)ORZ
3UHGLFWLRQ 'LIIHUHQFH

�����

��

����

�����

�����

3D
UDP

HWH
U��P

P�

����� ����� ����� ����� ����� ����� �����
<HDU

3UHFLSLWDWLRQ &���)ORZ
3UHGLFWHG�IORZ 'LIIHUHQFH

)LJ�������6WUHDPIORZ�IURP�0RXWHUH�FDWFKPHQW���LQ�ZKLFK�JRUVH�ZDV�EXUQHG�DQG�SODQWHG�LQ�UDGLDWD�SLQH�
'LIIHUHQFH�LV�SUHGLFWHG�VWUHDPIORZ�IRU�WKH�JRUVH�FRYHUHG�FDWFKPHQW�OHVV�WKH�PHDVXUHG�VWUHDPIORZ�

)LJ� ����� 6WUHDPIORZ� IURP�0RXWHUH� FDWFKPHQW� ��� LQ� ZKLFK� JRUVH� ZDV� EXUQHG� DQG� SODQWHG� LQ� SLQH�
'LIIHUHQFH�LV�SUHGLFWHG�VWUHDPIORZ�IRU�WKH�JRUVH�FRYHUHG�FDWFKPHQW�OHVV�WKH�PHDVXUHG�VWUHDPIORZ�
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-RQNHUVKRHN��6RXWK�$IULFD
7KH�-RQNHUVKRHN�FDWFKPHQWV�LQ�WKH�:HVWHUQ�&DSH�RI�6RXWK�$IULFD�KDYH�EHHQ�VWXGLHG�VLQFH�WKH�����V�ZKHQ
WKH�ILUVW�FDWFKPHQW�ZDV�FRQYHUWHG�IURP�WKH�VFOHURSK\OOLF�I\QERV�VFUXE�WR�UDGLDWD�SLQH���7DEOH������JLYHV�WKH
WUHDWPHQWV�DQG�FDWFKPHQW�SDUDPHWHUV�JOHDQHG�IURP�D�QXPEHU�RI�VRXUFHV��%DQNV�������YDQ�:\N������
%DQGV�HW�DO��������/H�0DLWUH�	�9HUVIHOG�������6FRWW�������

7DEOH� ����� � -RQNHUVKRHN� FDWFKPHQW� WUHDWPHQWV�� � %LHVLHYOHL� KDV� DIIRUHVWDWLRQ� WR� WKH� ULYHU� HGJH�� RWKHU
FDWFKPHQWV�KDYH�D����P����FKDLQ��ULSDULDQ�UHVHUYH�

&DWFKPHQW 5DLQIDOO
�PP�

1DWXUDO
UXQRII
�PP�

<HDU
3ODQWHG

)RUHVW
���

<HDUV
IHOOHG

:LOGILUH $UHD
�KD�

%RVERXNORRI ���� ��� ���� �� ����±���� ���� ���
%LHVLHYOHL ���� ��� ���� �� ��
7LHUNORRI ���� ���� ���� �� ���
/DPEUHFKWVERV�% ���� ��� ���� �� ��
/DPEUHFKWVERV�$ ���� ��� ���� �� ��
/DQJULYLHU ���� ���� 1RW � ���� ���

1R�SDSHU�REWDLQHG�FRQWDLQHG�D�FRQWLQXRXV�VHW�RI�SUHFLSLWDWLRQ�RU�VWUHDPIORZ�GDWD�IURP�WKH�VWDUW�RI�WKH
H[SHULPHQWV���)LJ������VKRZV�WKDW�VWUHDPIORZV�ZHUH�VWHDGLO\�GHFUHDVLQJ�DW�%RVERXNORRI�IURP�WKH�WLPH�WKH
/DPEUHFKWVERV�%�VWDWLRQ�ZDV�HVWDEOLVKHG��WKH�GLIIHUHQFH�/DPEUHFKWVERV�%�OHVV�%RVERXNORRI�ZDV�JHWWLQJ
ODUJHU�� �GDWD� IURP� %DQNV� 	� .URPKRXW� ������� � :KHQ� DYDLODEOH� GDWD� UHVXPHV� �IURP� 6FRWW� �����
/DPEUHFKWVERV�%�KDG�EHHQ�SODQWHG�DQG�WKH�WUHHV�ZHUH�QRZ����\HDUV�ROG�DQG�WKRVH�DW�%RVERXNORRI�ZHUH
DSSURDFKLQJ�KDUYHVWLQJ��DJH����\HDUV����)URP�WKHVH�GDWD�ZH�FRXOG�RQO\�VSHFXODWH�WKDW�WKH�KLJKHU�GHJUHH�RI
SODQWLQJ�DW�/DPEUHFKWVERV�%������RI�WKH�FDWFKPHQW�FI�������OHG�WR�D�JUHDWHU�FKDQJH�LQ�IORZ�WKURXJK
DIIRUHVWDWLRQ��KHQFH�WKH�/�%�OLQH�IDOOLQJ�EHORZ�WKH���OLQH�±�)LJ����������$V�%RVERXNORRI�ZDV�IHOOHG�EHWZHHQ
�����DQG������VWUHDPIORZ�LQFUHDVHG�DQG�WKH�FKDQJH�PD\�KDYH�EHHQ�OHYHOLQJ�RXW�LQ������ZKHQ�LW�ZDV
EXUQHG�E\�ZLOGILUH���7KH�DQDO\VLV�E\�6FRWW��������LQGLFDWHG�WKHUH�ZDV�D�VPDOOHU�LQFUHDVH�LQ�VWUHDPIORZ�DV
D�UHVXOW�RI�WKH�ZLOGILUH�WKDQ�WKHUH�KDG�EHHQ�DV�D�FRQVHTXHQFH�RI�KDUYHVWLQJ���
7KH�VXPPDU\�IURP�YDQ�:\N��������ZLWK�WKH�ORQJ�WHUP�FKDQJHV�LQ�VWUHDPIORZ�IROORZLQJ�DIIRUHVWDWLRQ�IRU
DOO�WKH�-RQNHUVKRHN�FDWFKPHQWV�LV�JLYHQ�LQ�7DEOH���������$QQXDO�UHGXFWLRQV�FDQ�EH�YDULDEOH�LQ�DQ�LQGLYLGXDO
\HDU��DQG�WKH�UHGXFWLRQ�FDQ�EH�RYHU�����PP�LQ�ZHWWHU�\HDUV��DERXW������PP�UDLQIDOO��
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<HDU

%RVERXNORRI /DPEUHFKWVERV�%
3UHFLSLWDWLRQ /�%

7DEOH�������6WUHDPIORZ�UHGXFWLRQ�DW�-RQNHUVKRHN��YDQ�:\N������

&DWFKPHQW $UHD
�KD�

)RUHVW
���

5DLQIDOO
�PP�

$JH�DW
VWDUW�RI
UHGXFWLRQ

$JH�DW�SHDN
UHGXFWLRQ

6WUHDPIORZ�UHGXFWLRQ
�PP�\HDU�

%RVERXNORRI ��� �� ���� � �� ����������EHWZHHQ
DJHV����DQG����

%LHVLHYOHL �� �� ���� � �� ����������EHWZHHQ
DJHV����DQG����

7LHUNORRI ��� �� ���� � ���� �PHDQ�EHWZHHQ
DJHV����DQG���

/DPEUHFKWVERV�% �� �� ���� � ����DIWHU�DJH���
/DPEUHFKWVERV�$ �� �� ���� � ����DIWHU�DJH��

)LJ������6WUHDPIORZ�IURP�/DPEUHFKWVERV�%�DQG�%RVERXNORRI�DW�-RQNHUVKRHN���(DUO\�GDWD�FDOFXODWHG�IURP
%DQNV�	�.URPKRXOW���������ODWHU�GDWD�IURP��6FRWW������

�����&RQYHUVLRQ�RI�QDWLYH�IRUHVW
1HOVRQ�±�'RQDOG�&UHHN

$W�'RQDOG�&UHHN�LQ�1HOVRQ��QDWLYH�IRUHVWHG�FDWFKPHQWV�ZHUH�FOHDUHG�DQG�SODQWHG�LQ�UDGLDWD�SLQH�LQ������
WKH�WUHDWPHQWV�DUH�JLYHQ�LQ�7DEOH������
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7DEOH��������7UHDWPHQWV�DSSOLHG�WR�WKH�'RQDOG�&UHHN�FDWFKPHQWV��1HOVRQ��IURP�)DKH\�	�-DFNVRQ������
�

'&� '&� '&� '&�
$UHD ���� ���� ���� �����
+DUYHVWHG ����������XVLQJ

WUDFWRU�EDVHG�PHWKRGV
1RQH�±�FRQWURO 6HOHFWLRQ�KDUYHVW ����±����������XVLQJ

FDEOH�V\VWHPV
%HIRUH�SODQW
SUHSDUDWLRQ

3DUW�EXUQHG
5RRWUDNHG�

1RQH

3ODQWHG 6HSW�����������63+ 6HSW�����������63+
7KLQQHG ������������63+ ������������63+

:DWHU�\LHOG�GLIIHUHQFHV�H[WUDFWHG�IURP�D�ILJXUH�LQ�)DKH\�	�-DFNVRQ��������DUH�VKRZQ�LQ�7DEOH�������DQG
)LJ���������,Q�WKH���\HDUV�DIWHU�����FOHDUIHOOLQJ�RI�'&��VWUHDPIORZ�LQFUHDVHG�����PP�\HDU�������DQG�DW
WKH�����FOHDUHG�'&��FDWFKPHQW� WKH�\LHOG�ZDV�����PP�\HDU�KLJKHU� ������� �7KHVH�DUH�SURSRUWLRQDOO\
HTXLYDOHQW�WR�����DQG�����PP�RQ�D������FOHDUIHOOLQJ�EDVLV��/.5����$IWHU�WKLV��WKHUH�ZDV�D�GHFOLQH�LQ�IORZV
WR�SUH�KDUYHVW�OHYHOV�DIWHU�DERXW���\HDUV��

7DEOH� ������� 'LIIHUHQFHV� LQ� DQQXDO� ZDWHU� \LHOG� �PP�� EHWZHHQ� FRQWURO� FDWFKPHQW� '&�� DQG� WUHDWHG
FDWFKPHQWV�'&��DQG�'&��
�

<HDU '&��OHVV�'&� '&��OHVV�'&�
���� �� ���
���� �� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� ��� ���
���� �� ���
���� �� ���
���� �� ��
���� ��� ���
���� �� ���
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PP

�

����� ����� ����� ����� ����� �����
<HDU

'&��OHVV�'&� '&��OHVV�'&�

)LJ�������� �'LIIHUHQFH�LQ�VWUHDPIORZ�EHWZHHQ�WKH�'RQDOG�&UHHN�FRQWURO�FDWFKPHQW��'&���DQG�WUHDWHG
FDWFKPHQWV�'&�������KDUYHVWHG��DQG�'&�������KDUYHVWHG��

:HVW�&RDVW�±�0DLPDL
$�VLPLODU�VWXG\�ZDV�EHJXQ�D�IHZ�\HDUV�HDUOLHU�WKDQ�WKH�'RQDOG�&UHHN�VWXG\��DW�0DLPDL�RQ�WKH�:HVW�&RDVW
�5RZH�HW�DO���������(DUO\�UHVXOWV�ZHUH�UHSRUWHG�E\�3HDUFH���������3HDUFH�HW�DO����������5RZH�	�)DKH\
�������������ZLWK�WKH�PDLQ�DQDO\VLV�RI�DQQXDO�\LHOGV�EHLQJ�UHSRUWHG�E\�5RZH�	�3HDUFH����������7KH�HLJKW
VPDOO��VWHHS��VRXWK�ZHVW�IDFLQJ�FDWFKPHQWV������±�����KD��ZHUH�PRQLWRUHG�IURP�������7ZR�FDWFKPHQWV
ZHUH�UHWDLQHG�DV�QDWLYH�PL[HG�HYHUJUHHQ�IRUHVW�DQG�WKH�UHVW�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�DQG�ODQG
SUHSDUDWLRQ�WHFKQLTXHV��FOHDUIHOOLQJ��VODVK�EXUQLQJ��KHUELFLGH�WUHDWPHQW��ULSDULDQ�SURWHFWLRQ��EHIRUH�EHLQJ
SODQWHG�ZLWK�3��UDGLDWD�EHWZHHQ������DQG�������7DEOH����������$QQXDO�UDLQIDOO�LV�RI�WKH�RUGHU�RI������PP�

7DEOH��������0DLPDL�FDWFKPHQWV��5HHIWRQ��'HFHPEHU������WR�1RYHPEHU�����

0� 0� 0� 0� 0� 0�� 0�� 0��
$UHD��KD� ���� ���� ���� ���� ���� ���� ���� ����
3UHWUHDWPHQW�UXQRII
������WR��������PP�

���� ���� 1�$ ���� 1�$ ���� ���� ����

<HDU�RI�KDUYHVW ���� 1�$ ���� ����±� ����±� ���� ����±� 1�$
([WUDFWLRQ�PHWKRG &DEOH &DEOH &DEOH 7UDFWRU &DEOH &DEOH
%XUQLQJ 1R ���� ���� ���� 1RQH ����
3ODQWLQJ ���� ���� ���� ���� ���� ����
5LSDULDQ�UHVHUYH���� 1R � � �� � �
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$Q�HDUO\�HVWLPDWH�RI�WKH�HIIHFWV�RI�KDUYHVWLQJ�0��DQG�0��ZDV�PDGH�E\�FRPSDULVRQ�ZLWK�0��DQG�0�
�3HDUFH�������3HDUFH�HW�DO����������(VWLPDWHV�RI�WKH�SUH�KDUYHVW�IORZV�ZHUH�PDGH�E\�UHJUHVVLRQ�DQDO\VLV
XVLQJ�0��DQG�0��GDWD�DV�QRQH�ZHUH�DYDLODEOH�IRU�0��DQG�0����7KHVH�ZHUH�XVHG�WR�ILQG�WKH�WUHDWPHQW
HIIHFWV��ZKLFK�ZHUH�����PP�\HDU�IRU�0��DQG�����PP�\HDU�IRU�0���WKH�VPDOOHU�LQFUHDVH�IRU�0��EHLQJ�D
UHVXOW�RI�LW�RQO\�EHLQJ�����KDUYHVWHG���$FWXDO�VWUHDPIORZ�GDWD�IRU�D�SHULRG�RI����PRQWKV�SRVW�KDUYHVW�LV�LQ
7DEOH�������

7DEOH�������6WUHDPIORZV�IRU�WKH����PRQWKV�DIWHU�KDUYHVWLQJ�0DLPDL�FDWFKPHQWV�0��DQG�0�
�

0��XQORJJHG 0�������ORJJHG 0��XQORJJHG 0������ORJJHG
5DLQIDOO ���� ���� ���� ����
6WUHDPIORZ ���� ���� ���� ����

,Q�WKH�PDLQ�FDWFKPHQW�H[SHULPHQW��LQFUHDVHV�LQ�VWUHDPIORZ�IROORZLQJ�KDUYHVWLQJ�ZHUH�YDULDEOH��EXW�LQ�WKH
\HDU�DIWHU�WUHDWPHQW�WKHUH�ZDV�DQ�LQFUHDVH�XVXDOO\�EHWZHHQ����±����PP��H[FHSW�IRU�RQH�WUHDWPHQW��0��
FOHDUIHOOLQJ��KHUELFLGH�DSSOLFDWLRQ��QR�ULSDULDQ�UHVHUYH��ZKHUH�WKH�LQFUHDVH�ZDV�����PP���7KH�FDWFKPHQWV
ZHUH�SODQWHG�ZLWK�3��UDGLDWD��EXW�UDSLG�FRORQLVDWLRQ�E\�EUDFNHQ��3WHULGLXP�HVFXOHQWXP��DQG�+LPDOD\DQ
KRQH\VXFNOH��/H\FHVWHULD�IRUPRVD��OHG�WR�D�UDSLG�GHFOLQH�LQ�VWUHDP�IORZ��ZKLFK�UHWXUQHG�WR�SUHWUHDWPHQW
OHYHOV�DIWHU�DQ�DYHUDJH�RI�DERXW���\HDUV���6WUHDPIORZ�\LHOGV�WKHQ�FRQWLQXHG�WR�GHFOLQH�IRU�DQRWKHU��±��\HDUV
EHIRUH�VWDELOLVLQJ�DW�D�OHYHO�DERXW�����PP�\HDU�ORZHU�WKDQ�SUHWUHDWPHQW�OHYHOV��DW�ZKLFK�WLPH�WKH�FDWFKPHQWV
KDG�D�GHQVH�EUDFNHQ�KRQH\VXFNOH�XQGHUVWRUH\�EHQHDWK���P�WDOO�3��UDGLDWD���$QQXDO�UDLQIDOO�DQG�VWUHDPIORZ
IRU�WKH�FDWFKPHQWV�DUH�OLVWHG�LQ�7DEOH�������DQG�WKH�GLIIHUHQFHV�EHWZHHQ�VWUHDPIORZ�IURP�WKH�WUHDWHG�DQG
FRQWURO�FDWFKPHQWV�VKRZLQJ�WKH�WUHQGV�DIWHU�KDUYHVWLQJ�DUH�VKRZQ�LQ�)LJ���������6LJQLILFDQW�UHJUHVVLRQ
UHODWLRQVKLSV�ZHUH�GHYHORSHG�IRU�GHWHUPLQLQJ�WKH�H[SHFWHG�GLPLQLVKLQJ�\LHOGV�DV�WKH�FDWFKPHQWV�UHFRYHUHG
DIWHU�WUHDWPHQW��EXW�WKHVH�ZHUH�YDULDEOH�DQG�LQFRQVLVWHQW�ZLWK�WKH�SHUFHLYHG�VHYHULW\�RI�WUHDWPHQW�

7DEOH�������5DLQIDOO��80�	�/0��DQG�VWUHDPIORZ�IRU�0DLPDL�FDWFKPHQWV��PP�

<HDU 0� 0� 0� 0�� 0�� 0�� /0 80
���� ���� ��� ��� ���� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
0HDQ ���� ���� ���� ����
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0� 0� 0�� 0�� /0

)LJ�������'LIIHUHQFH�EHWZHHQ�VWUHDPIORZ�PHDVXUHG�DW�0DLPDL�FRQWURO�FDWFKPHQWV��0��IRU�0��DQG�0��
0����IRU�0���DQG�0����DQG�WKH�WUHDWHG�FDWFKPHQWV�

$XVWUDOLD�±�&URSSHU�&UHHN��9LFWRULD
+RSPDQV�HW�DO����������/HLWFK�	�)OLQQ���������DQG�%UHQ�	�3DSZRUWK��������������SUHVHQW�GDWD�IROORZLQJ
WKH�IHOOLQJ�RI�D�QDWLYH�HXFDO\SW�IRUHVW�DQG�LWV�UHSODFHPHQW�E\�UDGLDWD�SLQH�SODQWDWLRQ���$QQXDO�UDLQIDOO�LV
DERXW������PP�DQG�VWUHDPIORZ�IURP�D�HXFDO\SW�FDWFKPHQW�LV�DERXW�����PP���6WUHDPIORZ�ZDV�DYDLODEOH
IRU���\HDUV�SULRU�WR�KDUYHVW�DQG���\HDUV�DIWHU�SODQWLQJ�UDGLDWD�SLQH�� �%UHQ�	�3DSZRUWK��������JLYH�WKH
LQFUHDVH�LQ�VWUHDPIORZ�IRU�WKH�\HDUV�DIWHU�SODQWLQJ�UHODWLYH�WR�WKH�SUH�KDUYHVW�FRQGLWLRQV���7KH�LQFUHDVH�LQ
IORZ� WKH� ILUVW� \HDU� DIWHU� KDUYHVWLQJ�ZDV� HVWLPDWHG� WR� EH� ����PP� �7DEOH� �������� � %\� \HDU� �� WKLV� KDG
GLPLQLVKHG� WR� DERXW� ����PP�PRUH� WKDW� WKH� QDWLYH� IRUHVW�� ZKLFK� LPSOLHV� D� GHFUHDVH� LQ� IORZ� WKURXJK
DIIRUHVWDWLRQ�RI�����PP���1R�DQQXDO�UDLQIDOO�GDWD�DUH�JLYHQ�

7DEOH�������(VWLPDWHG�DQQXDO�IORZ�LQFUHDVH�DIWHU�KDUYHVWLQJ�HXFDO\SW�IRUHVW�DW�&URSSHU�&UHHN��9LFWRULD�
$XVWUDOLD�

<HDU )ORZ�LQFUHDVH��PP�
� ���
� ���
� ��
� ���
� ���
� ���
� ���
� ��

$XVWUDOLD�±�/LGVGDOH��1HZ�6RXWK�:DOHV
$�QXPEHU�RI�SDSHUV�GHVFULEH�FKDQJHV�WKDW�KDYH�WDNHQ�SODFH�DW�/LGVGDOH�LQ�1HZ�6RXWK�:DOHV�DV�D�QXPEHU
RI�FDWFKPHQWV�ZHUH�FRQYHUWHG�LQWR�UDGLDWD�SLQH�SODQWDWLRQV��6PLWK�HW�DO��������3LOJULP�HW�DO��������3XWDKHQD
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����� ����� ����� ����� ����� ����� ����� �����
<HDU

(XF 3LQH
3LQH�(XF 3WWQ

	�&RUGHU\���������/LGVGDOH�KDV�WKH�ORQJHVW�SXEOLVKHG�GDWDVHW�RI�WKH�$XVWUDOLD�VWXGLHV�DQG��RI�WKH�SDSHUV
SXEOLVKHG��3XWXKHQD�	�&RUGHU\��������SURYLGH�WKH�PRVW�H[WHQVLYH�LQIRUPDWLRQ��ZLWK�FDWFKPHQW�/�������KD�
KDYLQJ�EHHQ�PRQLWRUHG�IRU����\HDUV�±����\HDUV�EHIRUH�DQG����\HDUV�DIWHU�WKH�FRQYHUVLRQ�RI�D�HXFDO\SW�IRUHVW
WR�UDGLDWD�SLQH���5DLQIDOO�LQ�WKH�UHJLRQ�DYHUDJHG�����PP�\HDU�DQG�UDQJHG�EHWZHHQ�����PP�DQG������PP
�)LJ����������$V�D�FRQVHTXHQFH�RI�KDUYHVWLQJ��VWUHDPIORZ�LV�HVWLPDWHG�WR�KDYH�LQFUHDVHG�E\�DERXW����
PP�\HDU���7KLV�LQFUHDVH�GLPLQLVKHG�RYHU�WKH�QH[W���\HDUV�VR�WKDW�\LHOGV�ZHUH�VLPLODU�WR�WKRVH�H[SHFWHG�IURP
D�HXFDO\SW�FDWFKPHQW�DQG�GHFUHDVHG�IXUWKHU�WKHUHDIWHU��VR�WKDW�IRU�WKH�ODVW���\HDUV�IORZV�DYHUDJHG����PP
OHVV�WKDQ�WKH�HXFDO\SW�DQG�DIIRUHVWDWLRQ�FRXOG�EH�VDLG�WR�FDXVH�D�GURS�LQ�VWUHDPIORZ�RI�DERXW�����PP�SHU
\HDU�LQ�WKDW�HQYLURQPHQW�

)LJ��������3UHFLSLWDWLRQ��VWUHDPIORZ�DQG�HYDSRUDWLRQ�IRU�/LGVGDOH�FDWFKPHQW�/����7KH�HXFDO\SW��IRUHVWHG
FDWFKPHQW�ZDV�KDUYHVWHG�LQ������DQG�SODQWHG�LQ�UDGLDWD�SLQH��

$XVWUDOLD�±�6WHZDUWV�&UHHN��9LFWRULD
1DQGDNXPDU�HW�DO���������UHSRUW�RQ�WKH�FRQYHUVLRQ�RI�D�HXFDO\SW�IRUHVW�WR�UDGLDWD�SLQH�SODQWDWLRQ�DW�6WHZDUWV
&UHHN�LQ�9LFWRULD���&DWFKPHQW���ZDV�FOHDUHG�RI�QDWLYH�IRUHVW�LQ�0D\������DQG�SODQWHG�LQ�$SULO��������$
FRPSDULVRQ�ZLWK�&DWFKPHQW���LQ�QDWLYH�HXFDO\SW�IRUHVW�VKRZV�DQ�LQFUHDVH�LQ�VWUHDPIORZ�DYHUDJLQJ����
PP�\HDU�LQ�WKH���\HDUV�DIWHU�FOHDULQJ��ZKLFK�GLPLQLVKHG�RYHU�WLPH��7DEOH��������
$�VXEVHTXHQW�SDSHU��1DQGDNXPDU�	�0HLQ�������JLYHV�PRUH�GHWDLOHG�GDWD��)LJ���������VKRZLQJ�DQ�LQFUHDVH
LQ�UXQRII�RI�DERXW�����PP�WKH�\HDU�DIWHU�KDUYHVWLQJ���7KLV�LQFUHDVHG�UXQRII�VORZO\�IHOO�RYHU�WKH�QH[W���
\HDUV�EDFN�WR�WKH�OHYHOV�RI�WKH�HXFDO\SW�IRUHVW��)LJ����������$�JHQHUDOLVHG��ILWWHG�HTXDWLRQ�IRU�WKH�LQFUHDVH
LQ�IORZ�DIWHU�W�\HDUV�DIWHU�WKH�PD[LPXP�LQFUHDVH�REVHUYHG�ZDV

�� �,PD[^������/W�/RJ�W�`
ZKHUH�,PD[�LV�WKH�PD[LPXP�LQFUHDVH�LQ�IORZ��XVHG�����PP��DQG�/W�LV�WKH�ORJ�RI�WLPH�LQ�\HDUV�IURP�WKH�\HDU
RI�PD[LPXP�LQFUHDVH�WR�WKH�\HDU�RI�]HUR�LQFUHDVH��������DQG�W� �WLPH�LQ�\HDUV�DIWHU�WKH�PD[LPXP�LQFUHDVH
����\HDUV��
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<HDU

7DEOH�������6WUHDPIORZ�IURP�6WHZDUWV�&UHHN�&DWFKPHQWV����QDWLYH�IRUHVW��DQG����SLQH�SODQWDWLRQ��

&DWFKPHQW�� &DWFKPHQW��
3HULRG &DWFKPHQW��

YHJHWDWLRQ
3UHFLSLWDWLRQ
�PP�

5XQRII
�PP�

3�5
�PP�

5XQRII
�PP�

3�5
�PP�

����±���� 1DWLYH�IRUHVW ���� ��� ��� ��� ���
����±���� 5HJHQHUDWLQJ�VFUXE

ZLWK�SLQH�VHHGOLQJV
���� ��� ��� ��� ���

����±���� 3LQH ���� ��� ��� ��� ���
����±���� 3LQH ���� ��� ��� ��� ���
����±���� 3LQH ���� ��� ��� ��� ���

)LJ���������&KDQJH�LQ�VWUHDPIORZ�DW�6WHZDUWV�&UHHN��9LFWRULD��DIWHU�KDUYHVWLQJ�LQ�������'DWD�H[WUDFWHG�RII
D�JUDSK�LQ�1DQGDNXPDU�	�0HLQ���������

�����6FUXE�WR�SDVWXUH
1RUWKODQG�±�3XNHWXUXD

$W�3XNHWXUXD�LQ�1RUWKODQG������KD�RI�PDQXND�VFUXEODQG�ZDV�EXUQHG�LQ�)HEUXDU\�������GLVF�FXOWLYDWHG�IRU
DERXW�D�\HDU�DQG�SODQWHG�LQ�SDVWXUH�EHWZHHQ�0DUFK�DQG�0D\��������*UD]LQJ�EHJDQ�LQ�-XO\��������%\�ZLQWHU
�����WKH�YHJHWDWLRQ�FRYHU�ZDV�����SDVWXUH�����QDWLYH�EXVK������JRUVH�EUDFNHQ�PDQXND�UHJHQHUDWLRQ�
(DUO\�VWUHDPIORZ�GDWD�SUHVHQWHG�E\�6FKRXWHQ��������DUH�OLVWHG�LQ�7DEOH�������
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�� ���� ���� �����������������������������
3UHFLSLWDWLRQ

3UH�WUHDWPHQW 7UHDWPHQW�RQ

7DEOH�������3UHFLSLWDWLRQ�DQG�UXQRII�DW�3XNHWXUXD�EHIRUH�DQG�DIWHU�VFUXE�FOHDUDQFH�LQ�����±�����
�6FKRXWHQ�������

<HDU 3UHFLSLWDWLRQ��PP� 5XQRII��PP�
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���

5HJUHVVLRQ�DQDO\VHV�E\�/.5�RQ�WKH�DQQXDO�SUHFLSLWDWLRQ±VWUHDPIORZ�GDWD�IRU�EHIRUH�WUHDWPHQW�DQG�WKH�QH[W
��\HDUV�SURGXFHG�KLJKO\�VLJQLILFDQW�UHODWLRQVKLSV��EXW�WKH\�FRXOG�QRW�EH�FRQVLGHUHG�GLIIHUHQW�EHFDXVH�WKH
FRQILGHQFH�OLPLWV�RQ�WKH�LQWHUFHSW�DQG�UHJUHVVLRQ�FRHIILFLHQWV�RYHUODSSHG��DQ�DUWHIDFW�RI�WKH�VPDOO�VDPSOH
VL]H���7KH�WZR�UHJUHVVLRQ�OLQHV�DUH�RIIVHW�E\�DERXW�����PP��)LJ����������ZKLFK�LV�D�ELW�KLJKHU�WKDQ�WKH����
PP�FKDQJH�IRU�WKH�VDPH�SHULRG�SUHGLFWHG�E\�UHJUHVVLRQ�IURP�VWUHDPIORZ�DW�WKH�2SDKL��D�VLPLODU�FDWFKPHQW
���NP�DZD\��:DXJK���������:KHQ�WKH�WUHDWPHQW�SRVW�WUHDWPHQW�ZDV�H[WHQGHG�WR���\HDUV��:DXJK�������
VXJJHVWHG�WKDW�VWUHDPIORZ�KDG�IDOOHQ�WR�DERXW�SUHWUHDWPHQW�OHYHOV��

)LJ��������5HODWLRQVKLS�EHWZHHQ�SUHFLSLWDWLRQ�DQG�VWUHDPIORZ�DW�3XNHWXUXD�EHIRUH�DQG�DIWHU�FRQYHUVLRQ�RI
VFUXE�WR�SDVWXUH



���

/DQGFDUH�5HVHDUFK

1HOVRQ�±�0RXWHUH
'XQFDQ� �����D�� SUHVHQWV� DQQXDO� VWUHDPIORZ� GDWD� IRU� FDWFKPHQW� ��� �VHH� 7DEOH� ����� IRU� FDWFKPHQW
SDUDPHWHUV���ZKLFK�ZDV� FRQYHUWHG� WR� SDVWXUH� IURP�JRUVH� DQG� ODWHU� SODQWHG� LQ� UDGLDWD� SLQH�� � )URP�KLV
SUHGLFWLRQ�HTXDWLRQ�WR�HVWLPDWH�FDWFKPHQW����VWUHDPIORZ�IURP�FRQWURO�FDWFKPHQW���VWUHDPIORZ��WKHUH�LV�D
GLIIHUHQFH�RI�DERXW������PP�LQ�WKH�ILUVW�\HDU�DIWHU�FOHDULQJ�RI�WKH�JRUVH��)LJ��������WKDW�FDQ�EH�DWWULEXWHG
WR�WKH�FOHDUDQFH�

�����6FUXE�WR�FURSSLQJ
$OVR�IURP�0RXWHUH�LV�WKH�RQO\�SXEOLVKHG�H[DPSOH�RI�WKH�HIIHFWV�RI�FURS�HVWDEOLVKPHQW�RQ�ZDWHU�\LHOG��6FDUI
������� �&DWFKPHQWV��� ���KD�� DQG��� �����KD��ZHUH�PDLQWDLQHG� LQ�SDVWXUH�DQG�ZHUH�PRE�VWRFNHG�ZKLOH
FDWFKPHQW����������KD��ZDV�FRQYHUWHG�IURP�JRUVH�WR�FXOWLYDWLRQ�DQG�FURSSLQJ�LQ�������
)URP�WKH�DQQXDO�VWUHDPIORZV�LQ�7DEOH��������WKH�WUHQG�LQ�VWUHDPIORZ�EHIRUH�DQG�DIWHU�FXOWLYDWLRQ�LV�VKRZQ
LQ�)LJ���������7KH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�SHULRGV�LQGLFDWHV�WKDW�VWUHDPIORZ�IURP�FURSSLQJ�LV�DERXW
����PP�PRUH�WKDQ�IURP�WKH�JRUVH�FRYHUHG�FDWFKPHQW���$IWHU�WUHDWPHQW�DW�&����WKHUH�ZDV�D�GHFUHDVH�LQ�WKH
QXPEHU�RI�GD\V�RI�IORZ������YV������ZKLOH�WKH�UHYHUVH�RFFXUUHG�DW�FRQWURO�FDWFKPHQW��������YV�����
)ORRG�SHDNV�LQFUHDVHG�DW�&���DIWHU�FXOWLYDWLRQ��EXW�IRU�SHDNV�LQ�H[FHVV�RI����PP�KRXU� ����/�V�KD��WKHUH
ZDV�OLWWOH�RU�QR�FKDQJH��ZKLFK�ZDV�LQWHUSUHWHG�DV�³LQGLFDWLQJ�WKDW�YHJHWDWLRQ�FRYHU�LV�UHODWLYHO\�LQHIIHFWLYH
LQ�UHGXFLQJ�SHDN�GLVFKDUJHV�GXULQJ�VHYHUH�VWRUPV´��6FDUI�������

7DEOH�������3UHFLSLWDWLRQ�DQG�UXQRII��PP��DW�0RXWHUH

<HDU &DWFKPHQW�� &DWFKPHQW�� &DWFKPHQW���
3UHFLSLWDWLRQ 5XQRII 3UHFLSLWDWLRQ 5XQRII 3UHFLSLWDWLRQ 5XQRII

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

��������GDWD��0D\�WR�'HFHPEHU�RQO\�
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<HDU

)LJ�������'LIIHUHQFH�EHWZHHQ�WKH�PHDQ�RI�WKH�DQQXDO�VWUHDPIORZ�DW�FDWFKPHQWV�&��DQG�&��DQG�VWUHDPIORZ
IURP�&���DW�0RXWHUH���&RQYHUVLRQ�IURP�JRUVH�WR�FURSSLQJ�WRRN�SODFH�LQ�������

�����3DVWXUH�PDQDJHPHQW
7KH�VXLWH�RI�VPDOO�H[SHULPHQWDO�FDWFKPHQWV�HVWDEOLVKHG�DW�0DNDUD�QHDU�:HOOLQJWRQ�LV�RQH�RI�RQO\�WZR
VWXGLHV� LQYHVWLJDWLQJ� WKH� HIIHFWV� RI� JUD]LQJ� SUDFWLFHV� RQ� VWUHDPIORZ� IURP�SDVWXUH� FDWFKPHQWV� LQ�1HZ
=HDODQG��7DEOH����������

7DEOH�������0DNDUD�FDWFKPHQW�WUHDWPHQWV�DQG�DQQXDO�ZDWHU�\LHOGV��PP�

&DWFKPHQWV *UD]LQJ
OHYHO

3DVWXUH�VWDWXV 0HDQ�DQQXDO
UXQRII��FDOLEUDWLRQ
SHULRG�

0HDQ�DQQXDO
UXQRII��HYDOXDWLRQ
SHULRG�

��	�� +DUG 8QLPSURYHG ��� ���
��	�� +DUG ,PSURYHG ��� ���
��	�� /D[ 8QLPSURYHG ��� ���
��	�� /D[ ,PSURYHG ��� ��

&RQFOXVLRQV�IURP�SDSHUV�E\�7RHEHV�HW�DO����������<DWHV���������������:LONLH�HW�DO���������ZHUH�WKDW�WKH
UHGXFWLRQV� LQ� IORZ�ZLWK� WUHDWPHQW�DV�SUHGLFWHG� IURP�D�FRQWURO�FDWFKPHQW� �FDWFKPHQWV���RU����ZHUH�DV
IROORZV�� � LPSURYHG� SDVWXUH�OD[�JUD]HG� ������� LPSURYHG� SDVWXUH�KDUG�JUD]HG� ������ XQLPSURYHG
SDVWXUH�KDUG�JUD]HG�������XQLPSURYHG�SDVWXUH�OD[�JUD]HG��������,Q�VWRUPV�RI�OHVV�WKDQ����PP��WKH�HIIHFW
ZDV� PRUH� VLJQLILFDQW� ZLWK� UHGXFWLRQV� LQ� UXQRII� RI� WKH� IROORZLQJ�� LPSURYHG� SDVWXUH�OD[�JUD]HG� ����
LPSURYHG�SDVWXUH�KDUG�JUD]HG������XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������XQLPSURYHG�SDVWXUH�OD[�JUD]HG
������,Q�VWRUPV�JUHDWHU�WKDW����PP��WKH�SLFWXUH�ZDV�QRW�DV�FOHDU�ZLWK�VRPH�WUHDWPHQWV�KDYLQJ�DQ�LQFUHDVH
LQ�IORZ��DQG�RQH�D�GHFUHDVH�
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�����)RUHVW�PDQDJHPHQW
1HZ�=HDODQG

7KLQQLQJ�RI�UDGLDWD�SLQH�FDWFKPHQWV�KDV�EHHQ�GHPRQVWUDWHG�WR�SURYLGH�D�WHPSRUDU\�UHVSLWH�WR�WKH�WUHQG�RI
GLPLQLVKLQJ�\LHOGV�DV�SODQWDWLRQV�EHFRPH�HVWDEOLVKHG���7KLV�LV�LOOXVWUDWHG�ZHOO�LQ�H[DPSOHV�VKRZQ�HDUOLHU
ZKHUH�WKH�'RQDOG�&UHHN�FDWFKPHQWV�LQ�1HOVRQ�ZHUH�WKLQQHG��±��\HDUV�DIWHU�SODQWLQJ�DQG�VWUHDPIORZ�URVH
DERXW�����PP�PRUH�WKDQ�H[SHFWHG��)LJ���������)DKH\�	�-DFNVRQ���������'XQFDQ������D��VXVSHFWHG�WKDW
WKLQQLQJ�RI�FDWFKPHQWV�DW�0RXWHUH�DOVR�KDG�DQ�HIIHFW�EXW�WKH�VHYHUH�GURXJKW�WKDW�RFFXUUHG�DW�WKH�VDPH�WLPH
FRPSOLFDWHG�WKH�LVVXH�

6RXWK�$IULFD
$�SDLUHG�FDWFKPHQW�PHWKRG�ZDV�XVHG�WR�WHVW�IRU�WKH�HIIHFWV�RI�WKLQQLQJ�RQ�WKH�ZDWHU�\LHOG�LQ�WKUHH�DIIRUHVWHG
FDWFKPHQWV�LQ�6RXWK�$IULFD��%LHVLHYOHL��-RQNHUVKRHN������DIIRUHVWHG�ZLWK�3��UDGLDWD����WKLQQLQJV����'XULQJ
DQG�DIWHU�WZR�VHSDUDWH�WKLQQLQJV��HDFK�RI�ZKLFK�UHPRYHG�URXJKO\�RQH�WKLUG�RI�WKH�VWHPV�LQ�D�PDWXULQJ�3�
UDGLDWD�SODQWDWLRQ�LQ�WKH�%LHVLHYOHL�FDWFKPHQW��DQQXDO�VWUHDPIORZ�LQFUHDVHG�E\�EHWZHHQ�����DQG����
���±���PP����7KHVH�LQFUHDVHV�SHUVLVWHG�IRU���DQG���\HDUV�DIWHU�WKH�WKLQQLQJ��UHVSHFWLYHO\��/HVFK�	�6FRWW
��������$�ILQDO�WKLQQLQJ�LQ�WKH�VDPH�FDWFKPHQW�UHPRYHG�RQO\�����RI�VWHPV�DW�DQ�DJH�RI����\HDUV���7KH
IROORZLQJ�\HDUV�������DQG�������ZHUH�ZHWWHU�WKDQ�DYHUDJH��DQG�UHGXFWLRQV�LQ�DQQXDO�VWUHDPIORZ�RI����
DQG�����ZHUH�UHFRUGHG�LQ�WKHVH���\HDUV�

������'RXJODV�)LU
:DWHU�\LHOGV�±�QDWXUDO�IRUHVWV

&KDQJHV�LQ�ZDWHU�\LHOGV�DV�D�FRQVHTXHQFH�RI�KDUYHVWLQJ�ROG�JURZWK�'RXJODV�ILU�IRUHVWV�LQ�1RUWK�$PHULFD
DUH�SUHVHQWHG� LQ� WKLV� VHFWLRQ� IRU� FRPSOHWHQHVV�� �$OWKRXJK�QRW�GLUHFWO\� FRPSDUDEOH� WR�KDUYHVWLQJ�1HZ
=HDODQG�SODQWDWLRQV��WKH�UHVXOWV�FRXOG�SURYLGH�DQ�LQGLFDWLRQ�RI�ZDWHU�XVH�E\�'RXJODV�ILU�� �7DEOH������
SUHVHQWV�DQQXDO�UXQRII�GDWD�IURP�D�QXPEHU�RI�VWXGLHV�IURP�'RXJODV�ILU�DQG�PL[HG�'RXJODV�ILU�IRUHVWV���

7DEOH�������$QQXDO�IORZV�IURP�SUHGRPLQDQWO\�'RXJODV�ILU�ZDWHUVKHGV�LQ�&DQDGD�DQG�WKH�8QLWHG�6WDWHV

&DWFKPHQW 3771
�PP�

52
�PP�

(7 3771���52
�PP�

6RXUFH

%ULWLVK�&ROXPELD
+DQH\�$

����
����

����
����

���
���

)HOOHU�	�.LPPLQV�����

%ULWLVK�&ROXPELD
+DQH\�& ���� ���� ����

)HOOHU�	�.LPPLQV�����

2UHJRQ
+-�$QGUHZV���

����
����

����
����

���
���

)UHGULNVHQ�����

2UHJRQ
+-�$QGUHZV��

���� ���� ��� +DUU�HW�DO�������
���\HDU�PHDQV

2UHJRQ�$OVHD��)O\QQ
2UHJRQ�$OVHD��1HHGOH
2UHJRQ�$OVHD��'HHU

����
����
����

����
����
����

���
���
���

+DUULV�����������

0DQ\�KDUYHVWLQJ�VWXGLHV�KDYH�EHHQ�GRQH�LQ�WKH�8QLWHG�6WDWHV�DQG�6WHGQLFN��������KDV�UHYLHZHG�WKH�DQQXDO
ZDWHU�\LHOG�FKDQJHV�IRXQG���7DEOH�������KDV�WKH�'RXJODV�ILU�VWXGLHV�OLVWHG�LQ�KLV�SDSHU���7KH�PD[LPXP
VWUHDPIORZ�LQFUHDVH�XVXDOO\�ZDV� LQ� WKH�ILUVW�\HDU�DIWHU�KDUYHVW�EXW� WKLV�VRPHWLPHV�KDSSHQHG� ODWHU�DV�D
UHIOHFWLRQ�RI�WKH�UDLQIDOO�UHJLPH�RYHU�WKDW�WLPH�SHULRG���7KH�GDWD�LQ�6WHGQLFN¶V�WDEOH�VRPHWLPHV�GLIIHU�IURP
RWKHU�DXWKRU¶V�LQWHUSUHWDWLRQV�DV�VKRZQ�LQ�VRPH�RI�WKH�PRUH�GHWDLOHG�GHVFULSWLRQV�ODWHU�LQ�WKLV�UHSRUW�
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7DEOH��������0D[LPXP�LQFUHDVH�LQ�VWUHDPIORZ�LQ�WKH�ILUVW�ILYH�\HDUV�DIWHU�KDUYHVWLQJ�'RXJODV�ILU�DQG
'RXJODV�ILU�PL[HG�IRUHVW��6WHGQLFN������

&DWFKPHQW $UHD 0$3
�PP�

6WUHDPIORZ
�PP�

��&XW 6WUHDPIORZ�LQFUHDVH
�PP�

&R\RWH�&UHHN��� �� ���� ��� �� ��
&R\RWH�&UHHN��� �� ���� ��� �� ���
&R\RWH�&UHHN��� �� ���� ��� ��� ���
)R[�&UHHN��� �� ���� ���� �� �
)R[�&UHHN��� �� ���� ���� �� �
'HHU�&UHHN ��� ���� ���� �� ���
1HHGOH%UDQFK �� ���� ���� �� ���
+-�$QGUHZV��� �� ���� ���� ��� ���
+-�$QGUHZV��� ��� ���� ���� �� ���
+-�$QGUHZV��� �� ���� ���� ��� ���
+-�$QGUHZV��� �� ���� ���� �� ���
+-�$QGUHZV���� �� ���� ���� ��� ���

+DUU�HW�DO���������UHSRUWHG�LQFUHDVHV�LQ�VWUHDPIORZ�DIWHU�ORJJLQJ�����\HDU�ROG�'RXJODV�ILU�LQ�WZR�VPDOO
ZDWHUVKHGV�DW�WKH�+�-�$QGUHZV�([SHULPHQWDO�)RUHVW�ZDWHUVKHGV�LQ�ZHVWHUQ�2UHJRQ���,QFUHDVHV�LQ�DQQXDO
ZDWHU�\LHOG�ZHUH�XS�WR�����PP�LQ�WKH�ILUVW�\HDUV�DIWHU�KDUYHVW���$YHUDJH�\LHOG�LQFUHDVHV�RI�WKH�ILUVW���\HDUV
ZHUH�����PP�LQ�D����KD�FOHDUIHOOHG�FDWFKPHQW��+-$���DQG�����PP�LQ�D������KD�FDWFKPHQW��+-$���ZKHUH
D�VKHOWHUZRRG�IHOOLQJ�UHPRYHG�����RI�EDVDO�DUHD���%RWK�FDWFKPHQWV�ZHUH�KDUYHVWHG�LQ������DQG�WKHQ�EXUQHG
LQ��������7KH�DQQXDO�VWUHDPIORZ�WRWDOV�DUH�VKRZQ�LQ�)LJ��������
$OVR�IURP�+-�$QGUHZV��+LFNV�HW�DO���������UHSRUWHG�WKDW�FOHDUIHOOLQJ�+-$���RYHU���\HDUV�IROORZHG�E\
EXUQLQJ�UHVXOWHG�LQ�LQFUHDVHG�ZDWHU�\LHOG�E\�XS�WR�����PP�\HDU�DYHUDJLQJ�����PP�IRU�WKH�ILUVW���\HDUV�
2YHU�WKH�QH[W���\HDUV�WKH�DYHUDJH�LQFUHDVH�ZDV�DERXW�����PP�DQG�ZDV�FRQWLQXLQJ�WR�VWD\�DW�DERXW�WKDW�OHYHO�
7KLV�ZDV�LQ�FRQWUDVW�WR�WKH�����SDWFK�FXW�DQG�EXUQLQJ�RSHUDWLRQ�LQ�+-$���ZKHUH�VWUHDPIORZ�\LHOG�LQFUHDVHG
XS�WR�����PP�\HDU�DQG�VWHDGLO\�IHOO�WRZDUGV�SUHKDUYHVW�OHYHOV�RYHU�WKH�QH[W����\HDUV���5RWKDFKHU�������
������KDG�SUHYLRXVO\�UHSRUWHG�HDUO\�SRVW�KDUYHVW�FKDQJHV��
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7DEOH�������6WUHDPIORZ��PP��DW�+-�$QGUHZV�H[SHULPHQWDO�ZDWHUVKHGV��+DUU�HW�DO����������+-$���ZDV
�����FOHDUIHOOHG�WKH�EXUQHG���+-$���KDG�����%$�UHPRYHG�DQG�WKHQ�EXUQHG��+-$����ZDV�QRW�WUHDWHG�

<HDU 3771��PP� +-$�� +-$�� +-$��
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ��� ���
���� ���� ���� ��� ����
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ��� ��� ���
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ��� ��� ���
���� ���� ���� ���� ����
���� ���� ���� ��� ����
0HDQ ���� ����

1RWHV��� �FOHDUFXW��� �VKHOWHUZRRG�FXW�

&R\RWH�&UHHN�H[SHULPHQWDO�ZDWHUVKHGV��2UHJRQ��KDYH�D�YHJHWDWLRQ�FRYHU�RI�PL[HG�FRQLIHUV�ZLWK�'RXJODV
ILU�� SLQHV� DQG� FHGDU�� D�PHDQ� DQQXDO� SUHFLSLWDWLRQ�RI� �����PP�� DQG�PHDQ� DQQXDO� UXQRII� IURP�FRQWURO
FDWFKPHQW�&&���RI�����PP���:KHQ�KDUYHVWHG��LQFUHDVHV�LQ�VWUHDPIORZ�XS�WR�����PP�ZHUH�PHDVXUHG�LQ�WKH
ILUVW���\HDUV�ZLWK�WKH�PDJQLWXGH�GHSHQGLQJ�RQ�DQQXDO�SUHFLSLWDWLRQ�DQG�GHJUHH�RI�KDUYHVW��7DEOH�������
�+DUU�HW�DO��������

7DEOH�������&KDQJHV�LQ�VWUHDPIORZ�DW�&R\RWH�&UHHN�DIWHU�KDUYHVWLQJ�'RXJODV�ILU��+DUU�HW�DO�������

&&�� &&�� &&��
$UHD��KD� ���� ���� ����
$UHD�KDUYHVWHG���� ��� �� ���
7\SH�RI�FXW 6KHOWHUZRRG�FXW������RI

%$�UHPRYHG�
3DWFKFXW &OHDU�FXW

,QFUHDVH�LQ�IORZ�\HDUV��±� ��±���PP ��±����PP ���±����PP
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,Q�DQRWKHU�2UHJRQ�VWXG\�DW�$OVHD��+DUULV��������������LQGLFDWHG�D�����PP�DYHUDJH�LQFUHDVH�LQ�VWUHDPIORZ
LQ�WKH�ILUVW���\HDUV�DIWHU�FOHDUFXWWLQJ�WKH�1HHGOH�%UDQFK�FDWFKPHQW�DQG�IRU�WKH�VDPH�SHULRG�RQO\�D����PP
LQFUHDVH�LQ�WKH�����FXW�'HHU�&UHHN���)ORZV�ZHUH�VWLOO�HOHYDWHG���\HDUV�DIWHU�KDUYHVW�

������0RGHOV�IRU�SUHGLFWLQJ�UHGXFWLRQV�LQ�IORZ�
6RXWK�$IULFD�±�-RQNHUVKRHN

6FRWW�	�6PLWK��������SUHVHQWHG�D�QXPEHU�RI�HPSLULFDO�PRGHOV�WR�SUHGLFW�UHGXFWLRQV�LQ�WRWDO�DQG�ORZ�IORZV
UHVXOWLQJ�IURP�DIIRUHVWDWLRQ���7KHVH�HTXDWLRQV�ZHUH�GHWHUPLQHG�IURP�SDLUHG�FDWFKPHQW�VWXGLHV�LQ�6RXWK
$IULFD��VRPH�IURP�WKH�DIIRUHVWDWLRQ�H[SHULPHQWV�DW�-RQNHUVKRHN���&XUYHV�ZHUH�DOVR�GHYHORSHG�WR�SUHGLFW
WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�XQGHU�RSWLPDO�DQG�VXE�RSWLPDO�JURZLQJ�FRQGLWLRQV��
7KH�FXUYHV�ZHUH�VLJPRLGDO�UHODWLRQVKLSV�IRU�WKH�SHUFHQW�UHGXFWLRQ�LQ�IORZ��DQG�ORZ�IORZ��ZLWK�WLPH�VLQFH
SODQWLQJ��

<� �$����%HQ;���� ���������������
ZKHUH�<� ���IORZ�UHGXFWLRQ��$� �DV\PSWRWH� �PD[LPXP�<��%�LQWHUFHSW��;� �SODQWDWLRQ�DJH�LQ�\HDUV��Q� 
H[SRQHQW���7KH�RSWLPDO�ODQG�FODVVHV�KDG�GHHS�VRLOV�DQG�D�WURSLFDO�FOLPDWH�FRPSDUHG�WR�WKH�VXE�RSWLPDO
FODVVHV�ZLWK�VKDOORZ�VRLOV�DQG��OHVV�IDYRXUDEOH�FOLPDWH�
7KHUH�ZDV�DQ�REYLRXV�SUHFLSLWDWLRQ�LQIOXHQFH�EXW�QR�GDWD�ZHUH�JLYHQ�WR�LVRODWH�WKLV�DV�WKHVH�SUHGLFWLRQV�ZHUH
IRU�DYHUDJH�FRQGLWLRQV���7KH�ORZ�IORZ�SHULRG�LV�WKRVH�PRQWKV�EHORZ�WKH���WK�SHUFHQWLOH�RI�PRQWKO\�IORZV
±�QRQH�LQ�VRPH�\HDUV�
$Q�DOWHUQDWLYH�PHWKRG�IRU�WKH�VDPH�UHJLRQ�KDG�EHHQ�SUHVHQWHG�HDUOLHU�E\�YDQ�:\N����������+H�SUHVHQWHG
D�VLPSOHU�OLQHDU�PRGHO�
4DGM� �4W���E�î�>�3771�3771PHDQ��RU��4F���4FPHDQ@ �������
ZKHUH 4DGM DGMXVWHG�VWUHDPIORZ�

4� DQQXDO�VWUHDPIORZ�RI�WUHDWHG�FDWFKPHQW
E UHJUHVVLRQ�FRQVWDQW
3771 DQQXDO�ZHLJKWHG�FDWFKPHQW�SUHFLSLWDWLRQ
3771PHDQ DQQXDO�PHDQ�ZHLJKWHG�FDWFKPHQW�SUHFLSLWDWLRQ
4F DQQXDO�VWUHDPIORZ�IURP�WKH�FRQWURO
4FPHDQ DQQXDO�PHDQ�VWUHDPIORZ�IURP�WKH�FRQWURO�

1HZ�=HDODQG�±�:HVW�&RDVW��0DLPDL
)RU�WKH�IRXU�KDUYHVWHG�QDWLYH�IRUHVW�FDWFKPHQWV�WKDW�ZHUH�UHSODQWHG�LQ�UDGLDWD�SLQH�DW�0DLPDL�RQ�WKH�:HVW
&RDVW��5RZH�	�3HDUFH��������ILWWHG�UHODWLRQVKLSV�EHWZHHQ�PHDVXUHG�VWUHDPIORZ�ZLWK�WLPH�VLQFH�SODQWLQJ
DQG�SUHFLSLWDWLRQ�RI�WKH�IRUP�

4� �D���E�[�ORJ<���F�[�3771� �������� ������
ZKHUH 4� �WKH�SUHGLFWHG�DQQXDO�VWUHDPIORZ

D��E�DQG�F�ZHUH�FRHIILFLHQWV
ORJ<� �ORJ���RI�WKH�\HDUV�VLQFH�SODQWLQJ��DQG
3771� �LV�D�SUHFLSLWDWLRQ�HVWLPDWH�

7KHUH�ZDV�D�ZLGH�UDQJH�LQ�WKH�FRHIILFLHQWV�GHWHUPLQHG��D�������WR�������E������WR�������F�������WR������
WKDW�UHIOHFWHG�WKH�LQKHUHQW�GLIIHUHQFHV�LQ�VWUHDPIORZ�IURP�WKH�VPDOO�FDWFKPHQWV�DQG�WKH�UDQJH�RI�WUHDWPHQWV
WKDW�ZHUH�DSSOLHG���7KHUH�ZDV��KRZHYHU���QR�FRUUHVSRQGHQFH�EHWZHHQ�WKH�VL]H�RI�WKH�FRHIILFLHQWV�DQG�WKH
SHUFHLYHG�GHJUHH�RI�VHYHULW\�RI�WKH�WUHDWPHQWV��
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������&RQFOXVLRQV
7KH�DQQXDO�ZDWHU�\LHOG�GDWD�SUHVHQWHG�LQ�6HFWLRQ������SURYLGH�D�FDXWLRQDU\�QRWH�WR�LQWHUSUHWDWLRQ�RI�QRQ�
SDLUHG�LQIRUPDWLRQ���$YHUDJH�DQQXDO�\LHOG�IURP�D�QXPEHU�RI�SDVWXUH�FDWFKPHQWV�WKURXJKRXW�1HZ�=HDODQG
DYHUDJHG� DERXW� ���� RI� DVVRFLDWHG� DQQXDO� SUHFLSLWDWLRQ�� IURP� SLQH� IRUHVWV� VWUHDPIORZ� ZDV� D� VLPLODU
SHUFHQWDJH��DQG�QDWLYH�IRUHVW�FDWFKPHQWV�DYHUDJHG�DERXW�����RI�SUHFLSLWDWLRQ���7KLV�LV�DQ�XQOLNHO\�VFHQDULR
DV�VWUHDPIORZ�IURP�SDVWXUH�FDWFKPHQWV�LV�JHQHUDOO\�KLJKHU�WKDQ�IRU�HTXLYDOHQW�IRUHVWHG�FDWFKPHQWV���:KHQ
SDLUHG�FDWFKPHQWV�DUH�FRQVLGHUHG��DQQXDO�VWUHDPIORZV�IURP�SLQH�IRUHVWHG�FDWFKPHQWV�DQG�QDWLYH�IRUHVWV
ZHUH�VLPLODU��DQG�ZHUH�����DQG������UHVSHFWLYHO\��RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV��
5HODWLRQVKLSV� EHWZHHQ� DQQXDO� VWUHDPIORZ� DQG� SUHFLSLWDWLRQ� IRU� FDWFKPHQWV� IURP� WKH� WKUHH� YHJHWDWLRQ
FODVVHV�� DOWKRXJK� VWDWLVWLFDOO\� VLJQLILFDQW�� KDG� YHU\�ZLGH� FRQILGHQFH� OLPLWV�PDNLQJ� WKHP�XQUHOLDEOH� LQ
SUDFWLFH�DQG��LQ�RQH�FDVH��LPSOLHG�WKDW�PRUH�VWUHDPIORZ�FRXOG�EH�JHQHUDWHG�WKDQ�DQ�LQFUHDVH�LQ�SUHFLSLWDWLRQ
LQSXW�FRXOG�SURYLGH��
6WUHDPIORZ�FKDQJHV�LPPHGLDWHO\�DIWHU�D�ODQG�XVH�FKDQJH�DW�RQH�RU�PRUH�RI�D�VHW�RI�SDLUHG�FDWFKPHQWV�DUH
SUHVHQWHG�LQ�7DEOH���������7KH�LQFUHDVHV�IROORZLQJ�KDUYHVWLQJ�QDWLYH�IRUHVW�ZHUH�WKH�ODUJHVW�EXW�WKHVH�ZHUH
JHQHUDOO\�IRU�ZHWWHU�DUHDV�WKDQ�IRU�VFUXE�PDQLSXODWLRQ���7ZR�GHFUHDVHV�LQ�IORZ�ZHUH�QRWHG��RQH�EHLQJ�VFUXE
FOHDUDQFH�� DQG�ERWK� FRXOG�EH� DWWULEXWHG� WR� LPSURYHG�SDVWXUH� HVWDEOLVKPHQW� DQG� LQFUHDVHG� LQWHUFHSWLRQ
SURFHVVHV��HVSHFLDOO\�DW�:DLZKLX�LQ�1RUWKODQG��

7DEOH� ������ (DUO\� DQQXDO� VWUHDPIORZ� \LHOG� FKDQJHV� DV� D� UHVXOW� RI� YHJHWDWLRQ� FKDQJH�� H[FOXGLQJ
DIIRUHVWDWLRQ�

&DWFKPHQW� 9HJHWDWLRQ�FKDQJH� 0$3�
�PP�

<HDUV� &KDQJH�LQ
VWUHDPIORZ
�PP�

(TXLYDOHQW�IRU
�����FKDQJH
�PP�

1RUWKODQG�±�:DLZKLX� ����VFUXE�EXUQHG
����JUD]LQJ�FHDVHG

���� � ���� �����

1RUWKODQG�±�3XNHWXUXD �����VFUXE�WR�SDVWXUH ���� � ���� ����
1HOVRQ�±�0RXWHUH�&�� �����JRUVH�WR�SDVWXUH ���� � ���� ����
1HOVRQ�±�0RXWHUH�&� �����JRUVH�FOHDUDQFH ���� � ���� ����
1HOVRQ�±�0RXWHUH�&�� �����JRUVH�FOHDUDQFH ���� � ���� ����
1HOVRQ�±�0RXWHUH�
PHDQ�RI�&��	�&�

�����JRUVH�WR
FURSSLQJ

���� � ���� ����

1HOVRQ�±�'RQDOG
&UHHN�'&�

����QDWLYH�IRUHVW
KDUYHVWLQJ

���� � ���� ����

1HOVRQ�±�'RQDOG
&UHHN�'&�

����QDWLYH�IRUHVW
KDUYHVWLQJ

���� � ���� ����

:HVW�&RDVW�±�0DLPDL
���FDWFKPHQWV�

��±�����KDUYHVWLQJ
QDWLYH�IRUHVW

���� � ����±��� ����±���

:HOOLQJWRQ�±�0DNDUD SDVWXUH�LPSURYHPHQW GHFUHDVH

$�QXPEHU�RI�SDLUHG�FDWFKPHQW�VWXGLHV�LQ�ZKLFK�RQH�KDG�SLQH�SODQWDWLRQV�HVWDEOLVKHG�DUH�VXPPDULVHG�LQ
7DEOH�������� �&RQYHUVLRQ�RI�QDWLYH�IRUHVW� WR�SLQH�SODQWDWLRQ�UHVXOWHG�LQ�D�GHFUHDVH�RI�����PP�\HDU�DW
0DLPDL�EXW�QR�UHDO�FKDQJHV�DW�'RQDOG�&UHHN�ZKHUH�WKH�HQYLURQPHQW�LV������PP�GULHU���:KHUH�VFUXE�KDV
EHHQ� FRQYHUWHG� WR� SLQH�SODQWDWLRQV� LQ�6RXWK�$IULFD� DQG�1HZ�=HDODQG�� WKHUH� KDYH�EHHQ�KLJKO\�YDULHG
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UHVSRQVHV�ZLWK�GHFUHDVHV�LQ�\LHOG�RI�EHWZHHQ�����DQG����PP�\HDU���$QQXDO�\LHOG�FKDQJHV�ZKHQ�SLQHV�ZHUH
SODQWHG�LQWR�SDVWXUH�ZHUH�����PP�DW�0RXWHUH������PP�DW�3XUXNL��DQG�DW�*OHQGKX�ZKHUH�WXVVRFN�JUDVVODQG
ZDV�SODQWHG�WKH�\LHOG�FKDQJH�ZDV�����PP�\HDU��

7DEOH��������$QQXDO�VWUHDPIORZ�\LHOG�FKDQJHV�DV�D�UHVXOW�RI�SODQWLQJ�SLQHV�

6LWH &RYHU�FKDQJH 3UHFLSLWDWLRQ
�PP�

&KDQJH�LQ
IORZ
�PP�

(TXLYDOHQW�IRU
�����FKDQJH
�PP�

&HQWUDO�1RUWK�,VODQG�±
3XUXNL

�����SDVWXUH�WR�SLQHV ���� ���� ����

1HOVRQ�±�0RXWHUH�&�� �����SDVWXUH�WR��±���
\HDU�ROG�SLQHV

���� ���� ����

2WDJR�±�*OHQGKX ����WXVVRFN�JUDVVODQG
WR�SLQHV

���� ���� ����

1RUWKODQG�±�:DLZKLX� ����VFUXE�WR�SLQHV
����SDVWXUH�WR�SLQHV

���� ���� ����

$XFNODQG�±
0RXPRXNDL

�����VFUXE�WR��±���
\HDU�ROG�SLQHV

���� ���� ����

1HOVRQ�±�0RXWHUH�&� �����JRUVH�WR��±���
\HDU�ROG�SLQHV

���� ���� ����

1HOVRQ�±�0RXWHUH�&�� �����JRUVH�WR��±���
\HDU�ROG�SLQHV

���� ��� ���

6RXWK�$IULFD�±�
%RVERXNORRI

����I\QERV�WR���±���
\HDU�ROG�SLQHV

���� ���� ����

6RXWK�$IULFD�±
%LHVLHYOHL

����I\QERV�WR���±���
\HDU�ROG�SLQHV

���� ���� ����

6RXWK�$IULFD�±
7LHUNORRI

����I\QERV�WR���±���
\HDU�ROG�SLQHV

���� ���� ����

6RXWK�$IULFD�±
/DPEUHFKWVERV�$

����I\QERV�WR����
\HDU�ROG�SLQHV

���� ���� ����

6RXWK�$IULFD�±
/DPEUHFKWVERV�%

����I\QERV�WR���
\HDU�ROG�SLQHV

���� ���� ����

1HOVRQ�±�'RQDOG�&UHHN
'&�

����QDWLYH�IRUHVW�WR
�����\HDU�ROG�SLQHV

���� � �

1HOVRQ�±�'RQDOG�&UHHN
'&�

����QDWLYH�IRUHVW�WR
�����\HDU�ROG�SLQHV

���� � �

:HVW�&RDVW�±�0DLPDL
���FDWFKPHQWV�

��±�����QDWLYH�IRUHVW
WR�����\HDU�ROG�SLQH

���� ����

7KLQQLQJ�D�SODQWDWLRQ�KDV�EHHQ�VKRZQ�WR�LQFUHDVH�VWUHDPIORZ�\LHOGV�E\�SHUKDSV�����PP�DW�'RQDOG�&UHHN
LQ�1HOVRQ��DQG�E\�XS�WR�����PP�LQ�6RXWK�$IULFD���7KHVH�HIIHFWV�ODVWHG�EHWZHHQ���DQG���\HDUV���
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7KHUH�DUH�QR�VWXGLHV�ZKHUH�'RXJODV�ILU�SODQWDWLRQV�KDYH�EHHQ�KDUYHVWHG��QRU�HVWDEOLVKHG�LQ�SDVWXUH���6HYHUDO
8QLWHG�6WDWHV� VWXGLHV�RQ� WKH� HIIHFWV�RI�KDUYHVWLQJ�ROG�JURZWK�'RXJODV� ILU� IRUHVWV�KDYH� LQGLFDWHG� IORZ
LQFUHDVHV�JHQHUDOO\�XS�WR�����PP�\HDU�IRU������KDUYHVWLQJ�EXW�LQFUHDVHV�RYHU�����PP�KDYH�EHHQ�UHFRUGHG�
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��� 5LSDULDQ�=RQHV�0DQDJHPHQW�

7KH�LPSRUWDQFH�RI�IRUHVW�PDQDJHPHQW�LQ�WKH�ULSDULDQ�]RQH�ZDV�FOHDUO\�GHPRQVWUDWHG�E\�6FRWW�	�/HVFK
�������� � 7KH� ZDWHU� \LHOG� JDLQV� REWDLQHG� IURP� FOHDUIHOOLQJ� ULSDULDQ� ]RQH� YHJHWDWLRQ� LQ� WKH� %LHVLHYOHL
FDWFKPHQW�DW�-RQNHUVKRHN�DPRXQWHG�WR������PP�KD�FOHDUHG��ZKLFK�HTXDWHG�WR�D�����LQFUHDVH�LQ�VWUHDPIORZ
IRU�FOHDULQJ�����RI�WKH�FDWFKPHQW���7KLV�FRPSDUHG�WR�D�JDLQ�RI�RQO\�����PP�KD�ZKHQ�WKH�QRQ�ULSDULDQ�]RQH
ZDV�FOHDUHG��D�����LQFUHDVH�LQ�FDWFKPHQW�UXQRII�IRU�����RI�WKH�FDWFKPHQW�KDUYHVWHG�
6PLWK��������KDV�GHPRQVWUDWHG�D�FKDQJH�LQ�VWUHDPIORZ�IROORZLQJ�WKH�SODQWLQJ�RI�D�ULSDULDQ�]RQH�LQ�D�VPDOO�
SUHYLRXVO\�IXOO\�SDVWXUHG�FDWFKPHQW�DW�0RXWHUH�LQ�1HOVRQ��7DEOH���������7KH�UHVXOW�RI�DIIRUHVWDWLRQ�ZDV�D
GHFUHDVH�LQ�WRWDO�IORZ�E\�DERXW�����ZKLFK�ZDV�PDLQO\�LQ�EDVHIORZ��DERXW����PP�\HDU��DV�WKHUH�ZDV�OLWWOH
FKDQJH�LQ�WKH�TXLFNIORZ�FRPSRQHQW�

�����&RQFOXVLRQ
3ODQWLQJ�WUHHV�LQ�WKH�ULSDULDQ�]RQH�FDQ�UHVXOW�LQ�GHFUHDVH�LQ�VWUHDPIORZV�DQG�WKH�GHFUHDVH�FDQ�EH�PXFK�ODUJHU
WKDQ�IRU�HTXLYDOHQW�SODQWLQJ�RQ�WKH�FDWFKPHQW�KLOOVLGHV�
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��� $QQXDO�:DWHU�<LHOGV�DW�D�/DUJH�6FDOH

)RU�WKLV�VHFWLRQ�D�WKUHVKKROG�RI�����NP���������KD��KDV�EHHQ�VHW�IRU�FRQVLGHUDWLRQ�DV�D�ODUJH�FDWFKPHQW��

���� 7DUDZHUD�5LYHU��1HZ�=HDODQG�
2YHU�����NP��RI�WKH�7DUDZHUD�FDWFKPHQW�DERYH�$ZDNDSRQJD������NP���LQ�WKH�FHQWUDO�1RUWK�LVODQG��1HZ
=HDODQG��ZDV�SODQWHG�LQ�SLQH�IRUHVW�EHWZHHQ������DQG�������'RQV���������������%HWZHHQ������DQG�����
DQQXDO��VXPPHU�DQG�ZLQWHU�7DUDZHUD�IORZV�VKRZHG�VLJQLILFDQW�UHGXFWLRQV�RI������P��V�������P��V�DQG����
P��V�UHVSHFWLYHO\���7KLV�VWUHDPIORZ�GHFUHDVH�LV�HTXLYDOHQW�WR�����PP�DQG�LV�JUHDWHU�WKDQ�D�GHFUHDVH�LQ
UDLQIDOO�RYHU�WKH�SHULRG�RI�����PP��
6LPSOH�IORZ�PRGHOV�IRU�WKH�7DUDZHUD��DQG�WZR�QHLJKERXULQJ�FDWFKPHQWV�WKDW�KDG�XQGHUJRQH�OLWWOH�ODQG�XVH
FKDQJH��.DLWXQD�DW�7H�0DWDL�RI�����NP��DQG�5DQJDWDLNL�DW�7H�7HNR�RI������NP����VKRZHG�WKDW�DERXW����
P��V�RI�WKH�UHGXFWLRQ������RI�WKH�PHDQ�IORZ�RYHU�WKH�FDOLEUDWLRQ�SHULRG��FRXOG�EH�DWWULEXWHG�WR�DIIRUHVWDWLRQ�
ZKLOH�WKH�UHPDLQGHU�ZDV�GXH�WR�GHFUHDVHG�UDLQIDOO���$�IORZ�UHGXFWLRQ�RI�����P��V�IORZ�LV�QHDUO\�����PP�\HDU
DQG�����PP�RYHU�WKH�DUHD�ZKLFK�KDV�FKDQJHG���7KH�UHGXFWLRQ�DWWULEXWHG�WR�DIIRUHVWDWLRQ�ZDV�LQ�DFFRUG�ZLWK
WKH�UHVXOWV�RI�VPDOO�FDWFKPHQW�VWXGLHV���

���� 0DVVDFKXVHWWV��86$
3DWULF� 	� *RXOG� ������� SUHVHQWHG� D� GLVFXVVLRQ� RQ� KRZ� FKDQJLQJ� ODQG�XVH� SDWWHUQV� LQ� VHYHUDO� ODUJH
ZDWHUVKHGV�LQ�0DVVDFKXVHWWV�IURP�WKH�PLG�WR�ODWH�����V�WR�WKH�����V�KDYH�DIIHFWHG�VWUHDPIORZ���7KHUH�DUH
QRQ�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVHV�DSSDUHQW�LQ�PDVV�FXUYHV�RI�DQQXDO�IORZV�WKDW�FRLQFLGH�ZLWK�VLJQLILFDQW
FKDQJHV�LQ�ODQG�XVH�SUDFWLFHV�DV�IDUPV�ZHUH�DEDQGRQHG�DQG�DOORZHG�WR�UHYHUW�WR�IRUHVW�XQWLO�WKH�����V���7KH
WUHQG�UHYHUVHG�LQ�WKH�����V�DQG�LV�DWWULEXWHG�WR�XUEDQLVDWLRQ���7KH�IORZ�FKDQJHV�WKDW�RFFXUUHG�DV�UHYHUVLRQ
IURP�DJULFXOWXUH�WR�IRUHVW�WRRN�SODFH�WRWDOOHG������PP�RYHU�WKH����\HDU�SHULRG��DQ�DYHUDJH����PP�ORVV�HDFK
\HDU��EXW�WKH�GHFUHDVHV�ZHUH�QRW�DSSDUHQW�XQWLO�DW�OHDVW�����RI�WKH�ZDWHUVKHGV�KDG�EHHQ�DOWHUHG���7KHUH�LV
QR�LQGLFDWLRQ�RI�WKH�DPRXQW�RI�UHYHUVLRQ�WKDW�KDV�RFFXUUHG�H[FHSW�WR�LQGLFDWH�WKDW�RQ�D�VWDWH�ZLGH�EDVLV�����
RI�WKH�ODQG�PLJKW�KDYH�EHHQ�LQ�IRUHVW�DW�WKH�EHJLQQLQJ�RI�WKH�FHQWXU\�DQG�����ZDV�IRUHVWHG�E\�WKH�����V�
QRU�LV�WKHUH�DQ�LQGLFDWLRQ�RI�WKH�IORZ�UHGXFWLRQ�DW�WKH�HQG�RI�WKH�SHULRG��

���� 6RXWK�HDVWHUQ�86$
7HQ�ZDWHUVKHGV�UDQJLQJ�LQ�DUHD�IURP������NP��WR��������NP��LQ�WKH�VRXWK�HDVWHUQ�86$�KDG�XQGHUJRQH
WUDQVIRUPDWLRQ�IURP�FXOWLYDWLRQ�WR�SDVWXUH�DQG�IRUHVW�LQ�WKH�����V��7ULPEOH�	�:HLULFK�������7ULPEOH�HW�DO�
��������7KH\�XVHG��DQQXDO�VWUHDPIORZ±UDLQIDOO�UHJUHVVLRQ�DQDO\VLV�IRU�HDUO\�DQG�ODWH�SHULRGV��JHQHUDOO\
ZLWKLQ�����±�����DQG�����±������DQG�GRXEOH�PDVV�DQDO\VLV�WR�GHWHUPLQH�FKDQJHV�LQ�VWUHDPIORZ�WKDW�FRXOG
EH�DWWULEXWHG�WR�DIIRUHVWDWLRQ���7KH�UHVXOWV�DUH�VKRZ�LQ�)LJ�������WRJHWKHU�ZLWK�D�WUHQG�OLQH�FDOFXODWHG�E\
/.5���$OWKRXJK�WKLV�OLQH�KDV�QR�VWDWLVWLFDO�VLJQLILFDQFH��WKH�DQDO\VLV�RQO\�H[SODLQHG����RI�WKH�YDULDWLRQ�LQ
WKH�GDWD��LW�GRHV�LQGLFDWH�WKH�RUGHU�RI�PDJQLWXGH�RI�FKDQJH�WKDW�FRXOG�EH�H[SHFWHG�IURP�D������FKDQJH�WR
IRUHVWU\��DQ�XQOLNHO\�VFHQDULR�FRQVLGHULQJ�WKDW�SDVWXUH�IDUPLQJ�DQG�XUEDQLVDWLRQ�PXVW�EH�VLJQLILFDQW�ODQG
XVHV�LQ�FDWFKPHQWV�WKLV�VL]H�



���

/DQGFDUH�5HVHDUFK

��
���
���
���
���

����
����

'H
FUH

DV
H�L

Q�V
WUH

DP
IOR

Z�
�P

P�

�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����
$UHD�DIIRUHVWHG����

)LJ������'HFUHDVHV�LQ�VWUHDPIORZ�ZLWK�DIIRUHVWDWLRQ�LQ�ODUJH�FDWFKPHQWV�LQ�WKH�VRXWK�HDVWHUQ�86$��GDWD
IURP�7DEOH���LQ�7ULPEOH	�:HLULFK���������7KH�WUHQG�OLQH�KDV�QR�VWDWLVWLFDO�VLJQLILFDQFH�EXW�ZDV�DGGHG�WR
LQGLFDWH�WKH�FKDQJH�WKDW�PLJKW�EH�H[SHFWHG�IRU������DIIRUHVWDWLRQ�

���� 6RXWK�$IULFD
,Q�WKH��������KD�4XHHQV�5LYHU�FDWFKPHQW��IRUHVWU\�H[SDQGHG�IURP�����WR�����RYHU�WKH�SHULRG�����±����
�3LWPDQ� ������� � $� GHFOLQH� LQ� FDWFKPHQW� VWUHDPIORZ� RI� DERXW� ���� PP�\HDU� DFFRPSDQLHG� WKH� UDWH� RI
DIIRUHVWDWLRQ�RI�����KD�\HDU���$W�\HDU�����WKH�FDWFKPHQW�VWUHDP�\LHOG�GHFUHDVH�ZDV�����PP�\HDU�IRU�D����
LQFUHDVH�LQ�DIIRUHVWDWLRQ��ZKLFK�LV�HTXLYDOHQW�WR�����PP�RYHU�WKH�DUHD�DIIRUHVWHG���1R�LQGLFDWLRQ�RI�WKH
DQQXDO�SUHFLSLWDWLRQ�UHJLPH�ZDV�JLYHQ�QRU�WKH�SUH�DIIRUHVWDWLRQ�YHJHWDWLRQ�FRYHU�

�����&RQFOXVLRQ
&KDQJHV�LQ�VWUHDPIORZ�LQ�ODUJH�FDWFKPHQWV�DV�D�FRQVHTXHQFH�RI�DIIRUHVWDWLRQ�KDYH�EHHQ�REVHUYHG�DW�D
QXPEHU�RI�ORFDWLRQV�WKURXJKRXW�WKH�ZRUOG���7KHUH�DUH�GLIILFXOWLHV�ZLWK�FRYHU�FKDQJHV�RYHU�WKH�ORQJ�WHUP�DV
WKHVH�DUH�JUDGXDO�DQG�HIIHFWV�FDQ�EH�GLIILFXOW�WR�GHWHFW��ERWK�LQ�ODQGFRYHU�DQG�LQ�VWUHDPIORZ�DQG�SUHFLSLWDWLRQ
WUHQGV²�GHFUHDVH�PLJKW�QRW�EH�GHWHFWDEOH�XQWLO�����RI�D�FDWFKPHQW�FRYHU�KDV�FKDQJHG���7UHQGV�RI�����WR
����PP�\HDU�KDYH�EHHQ�REVHUYHG��
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��� /RZ�)ORZV�DW�D�/DUJH�6FDOH

'XQFDQ������E��KDV�SUHVHQWHG�PHDQ�DQQXDO�ORZ�IORZV�IRU�WKH�0DQJDNDKLD�DERYH�7LWRNL���7KLV��������KD
FDWFKPHQW�KDV�XQGHUJRQH�DIIRUHVWDWLRQ�RI�����EHWZHHQ������DQG��������7KH�FKDQJHV�JLYHQ�DUH�LQ�7DEOH
�������7KH�SDSHU�GRHV�QRW�JLYH�UDLQIDOO�GDWD�EXW�VWDWHV�WKDW�³UDLQIDOO�GLIIHUHQFHV�EHWZHHQ�WKH�SHULRGV�DUH
XQOLNHO\�WR�EH�WKH�FDXVH�RI�WKH�WKLV�UHGXFWLRQ�LQ�PLQLPD´���,I�WKLV�LV�WUXH��WKH�LPSOLFDWLRQ�LV�D�GHFUHDVH�LQ
DQQXDO�PLQLPXP�IORZ�RI�����/�V��RU�������PP�GD\�ZKLFK�HTXDWHV�WR�������PP�IRU������SODQWLQJ�

7DEOH������0LQLPXP�ORZ�IORZV��/�V��IRU�WKH�0DQJDNDKLD�5LYHU�DERYH�7LWRNL

����±���� ����±����
0HDVXUHG�PHDQ�DQQXDO�ORZ�IORZ�/�V ���� ������������OHVV�
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��� 3HDN�)ORZV�DW�D�/DUJH�6FDOH

,Q�WKH�'HVFKXWHV�5LYHU�FDWFKPHQW�LQ�WKH�&DVFDGHV�0RXQWDLQV��:DVKLQJWRQ�6WDWH������RI�WKH��������KD�RI
PDLQO\�'RXJODV�ILU��ZHVWHUQ�KHPORFN�DQG�3DFLILF�VLOYHU�ILU�KHDGZDWHUV�ZHUH�FRQWLQXRXVO\�KDUYHVWHG�RYHU
���\HDUV��'XQFDQ���������$W�WKH�HQG�RI�WKH�VWXG\�����RI�WKH�FDWFKPHQW�ZDV������\HDUV�ROG�DQG�DOO�FOHDUFXWV
KDG�UHJHQHUDWHG�ZLWK�'RXJODV�ILU���6LPLODU�WHVWV�ZHUH�PDGH�ZLWK�DQRWKHU�FDWFKPHQW�WKDW�ZDV�QRW�KDUYHVWHG�
'XQFDQ�UHJUHVVHG�SHDN�IORZ�DJDLQVW�WRWDO�VWRUP�UDLQIDOO�IRU����VWRUP�HYHQWV�DQG�SORWWHG�UHVLGXDOV�DJDLQVW
WLPH�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�LQFUHDVLQJ�FOHDUFXW�DUHD�DQG�SHDN�IORZ�PDJQLWXGH���$�OLQHDU
UHODWLRQVKLS�JDYH�D�EHWWHU�U��WKDQ�D�SRZHU�UHODWLRQVKLS��EXW�OHVV�WKDQ�KDOI�WKH�YDULDQFH�FRXOG�EH�H[SODLQHG
E\�WKH�UHODWLRQVKLSV���1R�WUHQGV�FRXOG�EH�VHHQ�LQ�WKH�UHVLGXDOV��QRU�LQ�WKDW�RI�WKH�XQWUHDWHG�FDWFKPHQW���7KLV
LQGLFDWHG�WKDW�DW�WKLV�FDWFKPHQW�VFDOH�DQG�WKH�GLVWULEXWHG�SURJUHVVLYH�KDUYHVWLQJ�UHJLPH��QR�HIIHFWV�FRXOG
EH�GHWHFWHG�
%HWZHHQ������DQG������DERXW�����RI�WKH��������KD�:LOODPHWWH�5LYHU�FDWFKPHQW�LQ�2UHJRQ�ZDV�KDUYHVWHG
�/\RQV�	�%HVFKWD���������)RU����PDMRU�VWRUPV�RYHU�WKH�ODVW����\HDUV��WKH\�UHJUHVVHG�SHDN�IORZ��IORZV�!���
P��V� �����/�V�KD��DJDLQVW�WRWDO�VWRUP�UDLQIDOO�� �UDLQIDOO�RQ�WKH�GD\�RI�WKH�SHDN�DQG�WKH�WZR�SUHYLRXV�GD\V�
WR�JHW�

3HDN�IORZ��FXPHFV�� ������î�3UHFLSLWDWLRQ��PP��������� ������
2QO\�����RI�WKH�YDULDWLRQ�LQ�WKH�GDWD�ZDV�H[SODLQHG�E\�WKH�UHJUHVVLRQ��EXW�DQ�DQDO\VLV�RQ�WKH�UHVLGXDOV�IURP
WKH�UHJUHVVLRQ�VKRZHG�D�WLPH�WUHQG�WKDW�LQGLFDWHG�LQFUHDVLQJ�SHDN�IORZV���7KH�PDJQLWXGH�RI�WKH�LQFUHDVH�ZDV
QRW�JLYHQ�
$V�UHIHUUHG�WR�HDUOLHU��6HFWLRQ�����WKHUH�KDV�EHHQ�FRQVLGHUDEOH�GHEDWH�LQ�WKH�OLWHUDWXUH�RQ�WKH�FKDQJH�LQ�SHDN
IORZV�DIWHU�KDUYHVWLQJ�ROG�JURZWK�'RXJODV�ILU�IRUHVWV��%HVFKWD�HW�DO��������-RQHV�������-RQHV�	�*UDQW������
7KRPDV�	�0HJDKDQ�������DQG�SXEOLVKHG�FRPPHQWV��� �6RPH�ODUJH�FDWFKPHQWV�ZHUH�LQFOXGHG�LQ�WKRVH
VWXGLHV��ZKLFK�SUHVHQWHG�QHZ�GDWD��UH�DQDO\VHG�ROG�GDWD��DQG�RIWHQ�UHDFKHG�GLIIHULQJ�FRQFOXVLRQV���7KH
UHDGHU�LV�UHIHUUHG�WR�WKHVH�UHIHUHQFHV�IRU�WKH�GLVFXVVLRQ�
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��� 6XPPDU\�DQG�'LVFXVVLRQ

�����6XPPDU\
5HVHDUFK�LQWR�WKH�K\GURORJLF�UHJLPH�RI�FDWFKPHQWV�DQG�WKH�FKDQJHV�WKDW�IROORZ�DV�D�FRQVHTXHQFH�RI�ODQG�
FRYHU�FKDQJH�KDYH�EHHQ�REVHUYHG�VLQFH�DW�OHDVW�WKH�����V���7KH�PDJQLWXGH�RI�FKDQJH�WKDW�RFFXUV�IRU�D
VSHFLILF�ODQG�FRYHU�WUDQVLWLRQ�DQG�FOLPDWH��DQG�WKH�HIIHFWV�RQ�VSHFLILF�SDUWV�RI�WKH�K\GURORJLF�UHJLPH��KDYH
EHHQ�WKH�VXEMHFW�RI�FRQVLGHUDEOH�GHEDWH���&RQVLGHUDEOH�IRONORUH�DQG�P\WKV�DERXQG�FRQFHUQLQJ�ODQG�XVH�DQG
ZDWHU�� �:H�KDYH�HQGHDYRXUHG� LQ� WKLV� UHSRUW� WR�EULQJ� WRJHWKHU� LQIRUPDWLRQ� IURP�WKH�1HZ�=HDODQG�DQG
LQWHUQDWLRQDO�OLWHUDWXUH��IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU�RQO\��IDFWV�UHODWLQJ�WR�YHJHWDWLRQ�DQG�ZDWHU�XVH��DQG
WKH�HIIHFWV�RQ�VWUHDPIORZ�RI�ODQG�FRYHU�FKDQJHV��
,W�LV�KLJKO\�XQOLNHO\�LQ�WKH�1HZ�=HDODQG�FRQWH[W�WKDW�IRUHVWV�ZLOO�LQIOXHQFH�WKH�UDLQIDOO�UHJLPH��6HFWLRQ����
RU�WKDW�IRJ��6HFWLRQ����DQG�GHZ��6HFWLRQ����ZLOO�EH�VLJQLILFDQW�IDFWRUV�LQ�FDWFKPHQW�ZDWHU�EDODQFHV�
7KH�LQWHUFHSWLRQ�SURFHVV��6HFWLRQ����LV�WKH�PDMRU�IDFWRU�LQ�WKH�ZDWHU�EDODQFH�WKDW�LQIOXHQFHV�WRWDO�ZDWHU
\LHOGV�IURP�D�FDWFKPHQW���7KH�1HZ�=HDODQG�GDWD��D�VXEVHW�RI�WKH�ZRUOGZLGH�GDWD�VHW��VKRZV�WKDW�DQQXDO
WKURXJKIDOO�XQGHU�D�IRUHVW�FDQRS\�LV�ODUJHU�IRU�UDGLDWD�SLQH������RI�UDLQIDOO��WKDQ�IRU�'RXJODV�ILU�������RU
QDWLYH� IRUHVW� ������ �6HFWLRQ� ���� � 7KURXJKIDOO� XQGHU� VFUXE� FRYHU� LV� VPDOOHVW� DW� ���� RI� SUHFLSLWDWLRQ�
6WHPIORZ�LV�JHQHUDOO\�D�PLQRU�FRPSRQHQW�RI�WKH�LQWHUFHSWLRQ�SURFHVV��ZLWK�WKDW�IURP�UDGLDWD�SLQH�DQG
'RXJODV�ILU�SODQWDWLRQV�EHLQJ�DERXW����RI�SUHFLSLWDWLRQ���7KH�IHZ�1HZ�=HDODQG�VWXGLHV�KDYH�VWHPIORZ
DYHUDJLQJ�KLJKHU�WKDQ�WKLV�IRU�QDWLYH�IRUHVWV�������DQG�VFUXE�FRYHU��������6HFWLRQ������
,QWHUFHSWLRQ�ORVV��RU�ZHW�FDQRS\�HYDSRUDWLRQ���6HFWLRQ�����URXQGV�RXW�WKH�LQWHUFHSWLRQ�EDODQFH��EHLQJ�WKH
GLIIHUHQFH�EHWZHHQ�LQFLGHQW�SUHFLSLWDWLRQ�DQG�WKURXJKIDOO�VWHPIORZ���$JDLQ��WKH�DYHUDJH�RI�1HZ�=HDODQG
GDWD�LV�VLPLODU�WR�WKDW�IRXQG�ZRUOGZLGH�IRU�UDGLDWD�SLQH�DQG�'RXJODV�ILU���,QWHUFHSWLRQ�ORVV�IRU�UDGLDWD�SLQH
SODQWDWLRQV�DYHUDJHV�����RI�SUHFLSLWDWLRQ�ZKHUHDV�IRU�'RXJODV�ILU�SODQWDWLRQV�WKH�ORVV�LV������DQG�IRU�1HZ
=HDODQG�QDWLYH�IRUHVWV�DQG�VFUXE��WKH�ORVV�LV�DERXW�������)RU�WXVVRFN�JUDVVODQG�LQWHUFHSWLRQ�ORVV�KDV�EHHQ
PHDVXUHG�DW�����RI�SUHFLSLWDWLRQ��DQG�WKDW�E\�SDVWXUH�JUDVVHV�LV�YHU\�UDUHO\�PHDVXUHG�DQG�FRQVLGHUHG
QHJOLJLEOH���
7KURXJKIDOO��VWHPIORZ��DQG�KHQFH��LQWHUFHSWLRQ�ORVV�GDWD�ZHUH�KLJKO\�YDULDEOH��ZKLFK�SUREDEO\�UHIOHFWV�WKH
SUHFLSLWDWLRQ� UHJLPH� RI� WKH� VWXG\� ORFDWLRQV�� PHDVXUHPHQW� WHFKQLTXHV�� DQG� WKH� FKDUDFWHULVWLFV� RI� WKH
YHJHWDWLRQ�EHLQJ�VWXGLHG���7KXV��WKHUH�LV�D�SRWHQWLDO�IRU�FRQVLGHUDEOH�HUURU�LQ�PDNLQJ�HVWLPDWHV�IRU�D�JLYHQ
VWDQG���(VWLPDWHV�RI�SUHFLVLRQ�IRU�LQWHUFHSWLRQ�ORVV�LQGLFDWH�SRWHQWLDO�HUURU�RI�WKH�RUGHU�RI�����PP�RU�����
$�UDQJH�RI�LQWHUFHSWLRQ�PRGHOV�RI�YDU\LQJ�FRPSOH[LW\�KDV�EHHQ�GHYHORSHG��6HFWLRQ�����
7UDQVSLUDWLRQ��GU\�FDQRS\�HYDSRUDWLRQ��IRU�DQ\�JLYHQ�ODQG�FRYHU�YDULHV�ZLGHO\�IURP�VHDVRQ�WR�VHDVRQ�ZLWK
DQQXDO�PLQLPD�IRU�UDGLDWD�SLQH�DQG�QDWLYH�IRUHVW�EHLQJ�RI�WKH�RUGHU�RI�����PP�GD\�LQ�ZLQWHU��6HFWLRQ�����
6RLO�PRLVWXUH�VWDWXV�LV�D�PDMRU�FRQWUROOLQJ�IDFWRU�RQ�SHDN�UDWHV���'HSHQGLQJ�RQ�WKH�DYDLODEOH�VRLO�PRLVWXUH
VXSSO\��SHDN�UDWHV�LQ�WKH�DQQXDO�F\FOH�FDQ�RFFXU�DQ\WLPH�EHWZHHQ�PLG�VSULQJ�WR�ODWH�VXPPHU���,W�KDV�EHHQ
VKRZQ�WKDW�XQGHU�D�ZHOO�ZDWHUHG�VLWXDWLRQ�VXFK�DV�ZKHQ�LUULJDWLRQ�LV�DSSOLHG��HYDSRUDWLRQ�IURP�D�UDGLDWD
SLQH�VWDQG�FDQ�EH�DV�PXFK�DV��±��PP�GD\�LQ�VXPPHU��EXW�ZKHQ�VRLO�PRLVWXUH�LV�OLPLWHG�LW�PD\�EH�PXFK�OHVV
WKDQ���PP�GD\���%HHFK�IRUHVW�DQG�WXVVRFN�JUDVVODQG�FDQ�WUDQVSLUH�XS�WR�����PP�GD\��DQG�EUDFNHQ�XS�WR��
PP�GD\��8QGHUVWRUH\�YHJHWDWLRQ�FDQ�SOD\�D�VLJQLILFDQW�SDUW�LQ�WKH�WRWDO�IRUHVW�HYDSRUDWLRQ��6HFWLRQ�����
7KHUH�LV�DQ�DVVXPSWLRQ�WKDW�IRUHVWV�XVH�ZDWHU�IURP�PXFK�JUHDWHU�GHSWKV�WKDQ�SDVWXUH���7KHUH�LV�HYLGHQFH
IURP�1HZ�=HDODQG�VWXGLHV�WKDW�SDVWXUH�ZLOO�H[WUDFW�PRLVWXUH�IURP�RYHU�����PP�GRZQ�WKH�VRLO�SURILOH
DOWKRXJK� WKHUH� LV� SUHIHUHQWLDO� H[WUDFWLRQ� IURP� WKH� WRS� ��� FP�RU� VR�� �2QH� VWXG\� XQGHU� UDGLDWD� SLQH� LQ
&DQWHUEXU\�VKRZHG�VLPLODU�ZDWHU�XVH�SUHIHUHQFHV�WR�WKDW�IURP�SDVWXUH�DW�D�ORFDWLRQ�ZLWK�VLPLODU�VRLO�IHDWXUHV�
6RLO�ZDWHU�KROGLQJ�FDSDFLWLHV�DUH�YDULDEOH�DQG�IRU�1HZ�=HDODQG�VRLOV�FDQ�UDQJH�EHWZHHQ����DQG�����PP
�6HFWLRQ�������
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)HZ�VWXGLHV�SUHVHQW�WKH�HIIHFWV�RI�YHJHWDWLRQ�FKDQJH�RQ�ORZ�IORZV�DQG�PHDVXUHV�XVHG�DUH�GLYHUVH��6HFWLRQ
������$IIRUHVWDWLRQ�E\�UDGLDWD�SLQH�KDV�EHHQ�VKRZQ�WR�LQFUHDVH�WKH�QXPEHU�RI�]HUR�IORZ�GD\V�LQ�UHJLRQV
ZKHUH�VWUHDPV�DUH�HSKHPHUDO��LQFUHDVH�WKH�WLPH�IORZ�EHORZ�D�JLYHQ�ORZ�IORZ�WKUHVKROG��DQG�GHFUHDVH�WKH
PLQLPXP���GD\�ORZ�IORZ�RI�WKH�RUGHU�RI������WR�����PP�GD\���&RQYHUVHO\��KDUYHVWLQJ�RI�'RXJODV�ILU�DQG
1HZ�=HDODQG�QDWLYH�IRUHVWV�OHDGV��LQ�WKH�VKRUW�WHUP��WR�DQ�LQFUHDVH�LQ�ORZ�IORZV�E\�XS�WR���O���PP�GD\�DQG
D�GHFUHDVH�LQ�WKH�QXPEHU�RI�GD\V�ZKHQ�IORZ�LV�EHORZ�D�JLYHQ�ORZ�IORZ�WKUHVKROG��
$QQXDO�EDVHIORZ�IURP�1HZ�=HDODQG�FDWFKPHQWV�GHWHUPLQHG�XVLQJ�WKH�+HZOHWW�	�+LEEHUW��������PHWKRG
UDQJHV�EHWZHHQ�����DQG�����RI�SUHFLSLWDWLRQ��6HFWLRQ�������)RU�FRPSDUDEOH�FDWFKPHQWV��EDVHIORZ�IURP
SLQH� FDWFKPHQWV�ZDV� ���� RI� WKDW� IURP� SDVWXUH� FDWFKPHQWV�� � 6LPLODUO\�� QDWLYH� IRUHVW� FDWFKPHQWV� KDG
EDVHIORZ�����RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV���2QH�VWXG\�VKRZHG�WKDW�SODQWLQJ�WKH�ULSDULDQ�VWULS�LQ�D
SDVWXUH�FDWFKPHQW�UHGXFHG�EDVHIORZ�E\�DERXW�D�WKLUG���6HDVRQDO�EDVHIORZ�KDV�QRW�EHHQ�UHSRUWHG�
6WRUP�SHDN�UHGXFWLRQV�DWWULEXWHG�WR�DIIRUHVWDWLRQ�DUH�RI�WKH�RUGHU�RI���±����LQ�VPDOO��IUHTXHQW�VWRUPV�DQG
OHVVHU�EXW�VWLOO�VLJQLILFDQW�UHGXFWLRQV�LQ�ODUJHU�VWRUPV���7KH�FRQYHUVH�LV�WUXH�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVWV
RU�ROG�JURZWK�'RXJODV�ILU�IRUHVWV��ZKHQ�SHDNV�PD\�GRXEOH���7LPLQJ�LV�DOVR�LPSRUWDQW�DV�D�JLYHQ�VWRUP
IDOOLQJ� RQ� D�ZHW� FDWFKPHQW�PD\� KDYH� D� ODUJHU� FKDQJH� WKDQ� LI� WKH� VDPH� HYHQW� KDG� RFFXUUHG� RQ� D� GU\
FDWFKPHQW���8UEDQLVDWLRQ�KDV�EHHQ�VKRZQ�WR�OHDG�WR�DQ��XQTXDQWLILHG��LQFUHDVH�LQ�IORRG�SHDNV��6HFWLRQ�����
6WRUPIORZ��DOVR�FDOOHG�TXLFNIORZ��LV�WKH�GLIIHUHQFH�EHWZHHQ�WRWDO�VWUHDPIORZ�DQG�EDVHIORZ��DQG�UDQJHV
EHWZHHQ������DQG�����RI�SUHFLSLWDWLRQ��6HFWLRQ�������3LQH�VWRUPIORZ�IURP�IRXU�FRPSDUDEOH�VLWHV�ZDV����
RI�WKDW�IURP�SDVWXUH�ZKLOH�QDWLYH�IRUHVW�VWRUPIORZ�IURP�WKUHH�FRPSDUDEOH�VLWHV�DYHUDJHG�����RI�WKDW�IURP
SDVWXUH���$IIRUHVWDWLRQ�RI�WKH�ULSDULDQ�VWULS�RI�RQH�0RXWHUH�FDWFKPHQW�GLG�QRW�DIIHFW�VWRUPIORZ�
3XEOLVKHG�DQQXDO�VWUHDPIORZ�\LHOGV�DUH�DYDLODEOH�IRU�LQGLYLGXDO�DQG�SDLUHG�FDWFKPHQWV�ZLWK�GLIIHULQJ�ODQG
FRYHUV� WKURXJKRXW�1HZ�=HDODQG�� �7KHVH�DUH�JHQHUDOO\�VKRUW�WHUP�VQDSVKRWV�RI�XS�WR���\HDUV�GXUDWLRQ�
6LPSOH�DYHUDJLQJ�RI�QRQ�SDLUHG�GDWD�FDQ�UHVXOW�LQ�PLVOHDGLQJ�FRQFOXVLRQV���)RU�H[DPSOH��DQQXDO�VWUHDPIORZ
\LHOG�IURP�D�QXPEHU�RI�SDVWXUH�FDWFKPHQWV�WKURXJKRXW�1HZ�=HDODQG�DYHUDJHG�DERXW�����RI�DVVRFLDWHG
DQQXDO�SUHFLSLWDWLRQ���6WUHDPIORZ�IURP�SLQH�IRUHVWV�ZDV�D�VLPLODU�SHUFHQWDJH��DQG�WKDW�IURP�QDWLYH�IRUHVW
FDWFKPHQWV�DYHUDJHG�DERXW�����RI�SUHFLSLWDWLRQ���7KLV�LV�DQ�XQOLNHO\�VFHQDULR�DV�VWUHDPIORZ�IURP�SDVWXUH
FDWFKPHQWV�LV�JHQHUDOO\�KLJKHU�WKDQ�IRU�HTXLYDOHQW�IRUHVWHG�FDWFKPHQWV���5HODWLRQVKLSV�EHWZHHQ�VWUHDPIORZ
DQG�SUHFLSLWDWLRQ�IRU�D�JLYHQ�ODQG�FRYHU�XVLQJ�DYHUDJH�GDWD�IURP�FDWFKPHQWV�WKURXJKRXW�1HZ�=HDODQG�ZHUH
DOVR�VXVSHFW��DV�WKH�UHJUHVVLRQ�FRHIILFLHQWV�ZHUH�RIWHQ�JUHDWHU�WKDQ�����LPSO\LQJ�WKDW�DERYH�WKH�LQWHUFHSW
WKUHVKROG��PRUH�VWUHDPIORZ�ZDV�EHLQJ�JHQHUDWHG�WKDQ�ZDV�DYDLODEOH�IURP�SUHFLSLWDWLRQ�
:KHQ�SDLUHG�FDWFKPHQWV�DUH�FRQVLGHUHG��DQQXDO�VWUHDPIORZ�\LHOGV�IURP�SLQH�IRUHVWHG�FDWFKPHQWV�DQG�QDWLYH
IRUHVWV�ZHUH�VLPLODU��DQG�ZHUH�����DQG�����UHVSHFWLYHO\��RI�WKDW�IURP�SDVWXUH�FDWFKPHQWV��
3DLUHG�FDWFKPHQW�VWXGLHV�ZKHUH�VWUHDPIORZ�GDWD�DUH�DYDLODEOH�EHIRUH�DQG�DIWHU�RQH�FDWFKPHQW�XQGHUJRHV
D�FRYHU�FKDQJH�SURYLGH�WKH�PRVW�XVHIXO�LQIRUPDWLRQ���&KDQJHV�DUH�YDULDEOH��EXW�ZKHUH�VFUXE�KDV�EHHQ
FOHDUHG��LQLWLDO�VWUHDPIORZ�LQFUHDVHV�RI�XS�WR�����PP�\HDU�KDYH�EHHQ�UHFRUGHG��ZKLFK�LV�VLPLODU�WR�WKDW
UHSRUWHG�ZKHQ�QDWLYH�IRUHVWV�KDYH�EHHQ�KDUYHVWHG���7KDW�WKH�LQLWLDO�FKDQJHV�IROORZLQJ�VFUXE�FOHDUDQFH�DQG
IRUHVW�KDUYHVWLQJ�FDQ�EH�VLPLODU�LV�QRW�VXUSULVLQJ��DV�LQWHUFHSWLRQ�ORVVHV�DQG�WUDQVSLUDWLRQ�UDWHV�KDYH�EHHQ
VKRZQ�WR�EH�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH���0RVW�RI�WKH�VFUXE�FOHDUDQFH�VWXGLHV��PDLQO\�IURP�JRUVH�DW
0RXWHUH��KRZHYHU��GR�VKRZ�VPDOOHU�LQFUHDVHV�JHQHUDOO\�EHWZHHQ�����DQG�����PP�\HDU���+DUYHVWLQJ�ROG�
JURZWK�'RXJODV�ILU�IRUHVW�LQ�1RUWK�$PHULFD�JHQHUDOO\�LQGLFDWHG�LQFUHDVHV�XS�WR�����PP�\HDU�
7KH�FRQYHUVH�RFFXUV�DIWHU�DIIRUHVWDWLRQ�DQG��DJDLQ�� WKH� UHVXOWV�DUH�YDULDEOH�� �&RPSDUHG� WR�VFUXE��PLG�
URWDWLRQ�DJHG�SLQHV�WHQG�WR�KDYH�VWUHDPIORZ�\LHOGV�IURP�DERXW�����PP�WR�RYHU�����PP�ORZHU�ZKLFK�PD\
QRW�EH�WKH�UHVXOW�RI�LQWHUFHSWLRQ�FKDQJHV�DORQH���&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�DW�'RQDOG�&UHHN�LQ
1HOVRQ� VKRZHG� QR� GLIIHUHQFH� LQ� \LHOG�� EXW� DW�0DLPDL� RQ� WKH�:HVW� &RDVW�� ZKHUH� WKHUH� ZDV� D� GHQVH
XQGHUVWRUH\�RI�EUDFNHQ�DQG�KRQH\VXFNOH��VWUHDPIORZ�IURP�WKH�SODQWDWLRQ�ZDV�DERXW�����PP�ORZHU���7ZR
VWXGLHV�RI�DIIRUHVWDWLRQ�RI�SDVWXUH�VKRZHG�UHGXFHG�\LHOGV�RI�����DQG�����PP�\HDU�DQG�DIIRUHVWDWLRQ�RI
WXVVRFN�JUDVVODQG�D�UHGXFHG�\LHOG�RI�����PP�\HDU��
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7KLQQLQJ�RSHUDWLRQV�LQ�SODQWDWLRQV�KDYH�EHHQ�VKRZQ�WR�FDXVH�WHPSRUDU\���±��\HDUV��LQFUHDVHV�LQ�VWUHDPIORZ
RI�SHUKDSV���������PP�\HDU���3ODQWLQJ�ULSDULDQ�DUHDV�FDQ�DOVR�FDXVH�VXEVWDQWLDO�VWUHDPIORZ�UHGXFWLRQV
�6HFWLRQ�����
)HZ�VWXGLHV�KDYH�EHHQ�UHSRUWHG�RQ�WKH�HIIHFWV�RI�ODQG�FRYHU�FKDQJH�DW�ODUJH�FDWFKPHQW�VFDOHV��6HFWLRQ�����
&KDQJHV� LQ� VWUHDPIORZ� LQ� ODUJH� FDWFKPHQWV� DV� D� FRQVHTXHQFH� RI� DIIRUHVWDWLRQ� KDYH� EHHQ� REVHUYHG�
+RZHYHU��WKHUH�DUH�GLIILFXOWLHV�ZLWK�FKDQJHV�RYHU�WKH�ORQJ�WHUP�DV�WKHVH�DUH�RIWHQ�JUDGXDO�DQG�HIIHFWV�FDQ
EH�GLIILFXOW�WR�GHWHFW��ERWK�LQ�ODQG�FRYHU�DQG�LQ�VWUHDPIORZ�DQG�SUHFLSLWDWLRQ�WUHQGV²�FKDQJHV�PLJKW�QRW
EH�GHWHFWDEOH�XQWLO�����RI�D�FDWFKPHQW�FRYHU�KDV�EHHQ�DOWHUHG���7UHQGV�RI����±����PP�\HDU�KDYH�EHHQ
REVHUYHG���$W�WKH�ORZ�IORZ�HQG�RI�WKH�VFDOH��6HFWLRQ������SODQWLQJ�����RI�D�ODUJH�FDWFKPHQW�LQ�1RUWKODQG
GHFUHDVHG�IORZ�E\�������PP�GD\��RU�������PP�GD\�IRU�WKH�ZKROH�FDWFKPHQ���$W�WKH�SHDN�IORZ�VFDOH�6HFWLRQ
������WKH�RQO\�LQIRUPDWLRQ�DYDLODEOH�LV�IRU�KDUYHVWLQJ�ROG�JURZWK�'RXJODV�ILU�IRUHVWV��ZKHUH�FRQFOXVLRQV
KDYH�EHHQ�HTXLYRFDO�

�����'LVFXVVLRQ�RQ�DQQXDO�ZDWHU�\LHOGV
,Q�WKH�OLWHUDWXUH�WKHUH�DUH�VXEVWDQWLYH�UHYLHZV�RQO\�IRU�ZRUN�RQ�DQQXDO�ZDWHU�\LHOGV���,Q�WKH�ILUVW�RI�WKHVH�
+LEEHUW��������UHYLHZHG����FDWFKPHQW�H[SHULPHQWV�IURP�ZRUOGZLGH�VRXUFHV���+H�FRQFOXGHG�
� 5HGXFWLRQ�RI�IRUHVW�FRYHU�LQFUHDVHV�ZDWHU�\LHOG�
� (VWDEOLVKPHQW�RI�IRUHVW�FRYHU�RQ�VSDUVHO\�YHJHWDWHG�ODQG�GHFUHDVHV�ZDWHU�\LHOG�
� 5HVSRQVH�WR�WUHDWPHQW�LV�KLJKO\�YDULDEOH��DQG��IRU�WKH�PRVW�SDUW��XQSUHGLFWDEOH�
$�ODWHU�UHYLHZ�E\�%RVFK�	�+HZOHWW���������LQ�ZKLFK����FDWFKPHQW�H[SHULPHQWV�ZHUH�VXPPDULVHG��DFFHSWHG
WKH� ILUVW� WZR�RI� WKHVH� FRQFOXVLRQV�� �7KH\� GLG� QRW� DFFHSW� WKH� ³XQSUHGLFDELOLW\´� SDUW� RI�+LEEHUW¶V� WKLUG
FRQFOXVLRQ�DQG�PDGH�WKH�IROORZLQJ�SRLQWV�UHOHYDQW�KHUH�
� &RQLIHURXV�DQG�HXFDO\SW�FRYHU�W\SH�FDXVH�a�����PP�FKDQJHV�LQ�DQQXDO�ZDWHU�\LHOG�SHU�����FKDQJH

LQ�IRUHVW�FRYHU�FKDQJH�
� ����FKDQJHV�LQ�EUXVK�RU�JUDVVODQGV�VHHP�WR�UHVXOW�LQ�a����PP�FKDQJH�LQ�DQQXDO�\LHOG�
� (UURU�OLPLWV�FDQQRW�EH�VHW�RQ�WKHVH�FRHIILFLHQWV�
� 5HGXFWLRQV� LQ� IRUHVW� FRYHU� RI� OHVV� WKDQ� ���� DSSDUHQWO\� FDQQRW� EH� GHWHFWHG� E\� PHDVXULQJ

VWUHDPIORZ�
� 6WUHDPIORZ�UHVSRQVHV�WR�GHIRUHVWDWLRQ�RU�DIIRUHVWDWLRQ�GHSHQG�ERWK�RQ�WKH�UHJLRQ¶V�0$3�DQG�RQ

WKH�SUHFLSLWDWLRQ�IRU�WKH�\HDU�XQGHU�WUHDWPHQW�
� <LHOG�FKDQJHV�DUH�JUHDWHVW�LQ�KLJK�UDLQIDOO�DUHDV�
'DWD�SUHVHQWHG�LQ�WKLV�UHSRUW�IRU�FKDQJH�RI�IRUHVW�JHQHUDOO\�ILW�WKHVH�FRQFOXVLRQV��DOWKRXJK�WKDW�IRU�VFUXE
�a���PP�FKDQJH�LQ�VWUHDPIORZ�IRU�����FRYHU�FKDQJH��LV�ORZ���3DUW�RI�WKH�UHDVRQ�IRU�WKLV�LV�WKDW�1HZ
=HDODQG�VFUXEODQGV�WHQG�WR�KDYH�GHQVH�FRYHU�XQOLNH�PXFK�1RUWK�$PHULFDQ�VFUXEODQG�VWXGLHG��DQG�WKH�UDWH
RI�FKDQJH�PD\�EH�FORVHU�WR�a���PP�RU�PRUH�IRU�D�����FRYHU�FKDQJH�VXFK�DV�FOHDUDQFH���
0RVW�1HZ�=HDODQG�GDWD�UHSRUWHG�DUH�IRU�UHODWLYHO\�VKRUW�SHULRGV�IROORZLQJ�D�PDMRU�FKDQJH�LQ�FDWFKPHQW
FRYHU���7KHUHIRUH��HIIHFWV�DUH�UHODWHG�WR�WKH�GLVWXUEDQFH�UDWKHU�WKDQ�WR�ORQJ�WHUP�FKDQJHV���:RUN�LQ�6RXWK
$IULFD�UHSRUWHG�E\�&RUQLVK��������KDV�VKRZQ�WKDW�PDWXUH�SODQWDWLRQV�KDYH�D�VPDOOHU�HIIHFW�RQ�FDWFKPHQW
ZDWHU�\LHOGV�WKDQ�\RXQJ�IRUHVWV���,Q�RQH�H[DPSOH��ZDWHU�\LHOG�GHFUHDVHG�DIWHU�DIIRUHVWDWLRQ�RI�I\QERV�E\
UDGLDWD�SLQH�SHDNHG�DW�����PP�LQ�PLG�URWDWLRQ�DQG�GHFUHDVHG�WR�OHVV�WKDQ�����PP�DSSURDFKLQJ�KDUYHVW�
5HSRUWHG�1HZ�=HDODQG�ZRUN��)LJ��������'XQFDQ�������)LJ�������)DKH\�	�:DWVRQ�������)DKH\�HW�DO�������
VKRZ�\LHOG�FKDQJHV�OHYHOOLQJ�RXW�QHDU�PLG�URWDWLRQ�EXW�WKH�GDWD�ZHUH�QRW�DYDLODEOH�WR�VHH�LI�D�UHGXFWLRQ
ZRXOG�EH�DSSDUHQW�LQ�WKH�ODWH�URWDWLRQ�SHULRG���
2QH�DGGLWLRQDO�SRLQW�ZRUWK�QRWLQJ�LV�WKDW�YDULDWLRQV�LQ�DQQXDO�UXQRII�DVVRFLDWHG�ZLWK�YDULDWLRQV�RI�UDLQIDOO
FDQ�EH�FRQVLGHUDEO\�JUHDWHU�WKDW�WKH�UHGXFWLRQV�LQ�ZDWHU�\LHOG�WKDW�PLJKW�RFFXU�ZKHQ�JUDVVODQG�LV�DIIRUHVWHG�
HVSHFLDOO\�LQ�ORZHU�UDLQIDOO�UHJLRQV���&RQVWUDLQWV�RQ�ODQG�XVH��VXFK�DV�WKH�SURKLELWLRQ�RI�DIIRUHVWDWLRQ�LQ
LPSRUWDQW�ZDWHU�VXSSO\�DUHDV��RIIHU�UHVRXUFH�PDQDJHUV�RQO\�D�OLPLWHG�RSSRUWXQLW\�WR�LQIOXHQFH�ZDWHU�\LHOG�
PDQDJHPHQW�RI�ZDWHU�VWRUDJH�LV�UHTXLUHG�WR�EHWWHU�XWLOLVH�ZLQWHU�UXQRII��-DFNVRQ�	�5RZH�����E����
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��� $FNQRZOHGJHPHQWV

&KULVWLQH�%H]DU�DQG�:HQG\�:HOOHU�KDYH�KDG�WKH�XQHQYLDEOH�WDVNV�RI�HGLWLQJ�DQG�W\SLQJ�WKLV�UHSRUW�DQG�ZH
H[WHQG�RXU�VLQFHUH�WKDQNV�WR�WKHP�
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�� 5HIHUHQFHV

$OGULGJH��5����������7KURXJKIDOO�XQGHU�JRUVH��8OH[�HXURSDHXV��DW�7DLWD��1HZ�=HDODQG���1HZ�=HDODQG
-RXUQDO�RI�6FLHQFH��������±����
$OGULGJH��5���-DFNVRQ��5��-����������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�PDQXND��/HSWRVSHUPXP�VFRSDULXP��DW�7DLWD�
1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����
$OGULGJH��5���-DFNVRQ��5��-����������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�KDUG�EHHFK��1RWKRIDJXV�WUXQFDWD��DW�7DLWD�
1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����
$OOHQ��5���3ODWW��.���:LVHU��6����������%LRGLYHUVLW\�LQ�1HZ�=HDODQG�SODQWDWLRQV���1HZ�=HDODQG�)RUHVWU\
)HEUXDU\���������±���
$OOLVRQ��*�%���+XJKHV��0�:����������&RPSDULVRQ�RI�UHFKDUJH�WR�JURXQGZDWHU�XQGHU�SDVWXUH�DQG�IRUHVW�XVLQJ
HQYLURQPHQWDO�WULWLXP���-RXUQDO�RI�+\GURORJ\�������±���
$PH]DJD��,���$ULDV��$�*���'RPLQJR��0���(FKHDQGLD��$���2QDLQGLD��0����������$WPRVSKHULF�GHSRVLWLRQ�DQG
FDQRS\�LQWHUDFWLRQV�IRU�FRQLIHU�DQG�GHFLGXRXV�IRUHVWV�LQ�QRUWKHUQ�6SDLQ���:DWHU��$LU��DQG�6RLO�3ROOXWLRQ����
���±����
$UQHWK��$���.HOOLKHU��)�0���0F6HYHQ\��7�0���%\HUV��-�1����������)OX[HV�RI�FDUERQ�DQG�ZDWHU�LQ�D�3LQXV
UDGLDWD�IRUHVW�VXEMHFW�WR�VRLO�ZDWHU�GHILFLW���$XVWUDOLDQ�-RXUQDO�RI�3ODQW�3K\VLRORJ\��������±����
$XVVHQDF��*���%RXODQJHDW��&����������5DLQIDOO�LQWHUFHSWLRQ�DQG�DFWXDO�HYDSRWUDQVSLUDWLRQ�LQ�EURDGOHDYHG
�)DJXV� V\OYDWLFD�� DQG� FRQLIHURXV� �3VHXGRWVXJD�PHQ]LHVLL�� VWDQGV�� � �,QWHUFHSWLRQ� GHV� SUHFLSLWDWLRQV� HW
HYDSRWUDQVSLUDWLRQ�UHHOOH�GDQV�GHV�SHXSOHPHQWV�GH�IHXLOOX��)DJXV�V\OYDWLFD�/���HW�GH�UHVLQHX[��3VHXGRWVXJD
PHQ]LHVLL��0LUE��)UDQFR�����$QQDOHV�GHV�6FLHQFHV�)RUHVWLHUHV�������±����
$XVVHQDF��*���*UDQLHU��$����������(IIHFWV�RI�WKLQQLQJ�RQ�ZDWHU�VWUHVV�DQG�JURZWK�LQ�'RXJODV�ILU���&DQDGLDQ
-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����
$]HYHGR��-��0RUJDQ��'�/����������)RJ�SUHFLSLWDWLRQ�LQ�FRDVWDO�&DOLIRUQLD�IRUHVWV���(FRORJ\���������±�����
%DNHU�� 7�*��� $WWLZLOO�� 3�0�� � ������ � )OX[HV� RI� HOHPHQWV� LQ� UDLQ� SDVVLQJ� WKURXJK� IRUHVW� FDQRSLHV� LQ
6RXWK�(DVWHUQ�$XVWUDOLD���%LRJHRFKHPLVWU\������±���
%DNHU��7�*���+RGJNLVV��3�'���2OLYHU��*�5����������$FFHVVLRQ�DQG�F\FOLQJ�RI�HOHPHQWV�LQ�D�FRDVWDO�VWDQG�RI
3LQXV�UDGLDWD�'�'RQ�LQ�1HZ�=HDODQG���3ODQW�DQG�6RLO��������±����
%DNHU��7�*���2OLYHU��*�5���+RGJNLVV��3�'����������'LVWULEXWLRQ�DQG�F\FOLQJ�RI�QXWULHQWV�LQ�3LQXV�UDGLDWD�DV
DIIHFWHG�E\�SDVW�OXSLQ�JURZWK�DQG�IHUWLOL]HU���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��������±����
%DQGV��'�3���%RVFK��-�0���/DPE��$�-���5LFKDUGVRQ��'�0���YDQ�:LOJHQ��%�:���YDQ�:\N��'�%���9HUVILHOG�
'�%�� � ������ � -RQNHUVKRHN� )RUHVWU\� 5HVHDUFK� &HQWUH� 3DPSKOHW� ����� )RUHVWU\� %UDQFK�� 'HSDUWPHQW� RI
(QYLURQPHQW�$IIDLUV���3UHWRULD�
%DQNV��&�+����������7KH�K\GURORJLFDO�HIIHFWV�RI�ULSDULDQ�DQG�DGMRLQLQJ�YHJHWDWLRQ���)RUHVWU\�LQ�6RXWK�$IULFD
�����±���
%DQNV��&�+���.URPKRXW��&����������7KH�HIIHFW�RI�DIIRUHVWDWLRQ�ZLWK�3LQXV�UDGLDWD�RQ�VXPPHU�EDVHIORZ�DQG
WRWDO�DQQXDO�GLVFKDUJH�IURP�-RQNHUVKRHN�FDWFKPHQWV���)RUHVWU\�LQ�6RXWK�$IULFD����������
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%DUJK��%�-���������2XWSXW�RI�ZDWHU��VXVSHQGHG�VHGLPHQW�DQG�SKRVSKRUXV�DQG�QLWURJHQ�IRUPV�IURP�D�VPDOO
IRUHVWHG�FDWFKPHQW���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����
%DUJK��%�-���������2XWSXW�RI�ZDWHU��VXVSHQGHG�VHGLPHQW�DQG�SKRVSKRUXV�DQG�QLWURJHQ�IRUPV�IURP�D�VPDOO
DJULFXOWXUDO�FDWFKPHQW���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����
%DUL��0�$���6FKRILHOG��1�-����������(IIHFWV�RI�DJURIRUHVWU\�SDVWXUH�DVVRFLDWLRQV�RQ�JURXQG�ZDWHU�OHYHO�DQG
VDOLQLW\���$JURIRUHVWU\�6\VWHPV�������±���
%DUWRQ��,�/���������7KH�SUDFWLFH�RI�IRUHVWU\�ZLWKLQ�$XFNODQG
V�RSHUDWLQJ�ZDWHU�FDWFKPHQWV��3URFHHGLQJV�
1HZ�=HDODQG�(FRORJLFDO�6RFLHW\�������±���
%DUWRQ��,�/��&DUG��-�+����������$�FRPSDULVRQ�RI�YHJHWDWLRQ�PDVV��VSHFLHV�DQG�UXQRII�RQ�WKUHH�H[SHULPHQWDO
FDWFKPHQWV� LQ� WKH�+XQXD�5DQJHV�$XFNODQG�5HJLRQDO�$XWKRULW\� )RUHVWU\� 6HFWLRQ� �:DWHU�'HSDUWPHQW
7HFKQLFDO�5HSRUW�1R�*�����XQSXEOLVKHG��
%HOO��)�&���*DWHQE\��0�7���������(IIHFWV�RI�H[RWLF�VRIWZRRG�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG���:DWHU�5HVHDUFK
)RXQGDWLRQ�RI�$XVWUDOLD�%XOOHWLQ�1R����������S�
%HOO��5�:���6FKRILHOG��1�-���/RK��,�&���%DUL��0�$����������*URXQGZDWHU�UHVSRQVH�WR�UHIRUHVWDWLRQ�LQ�WKH
'DUOLQJ�5DQJH�RI�:HVWHUQ�$XVWUDOLD���-RXUQDO�RI�+\GURORJ\���������±����
%HOWRQ��0���/DZ��*���������3ODQWLQJ¶V�XS�DQG�ILU¶V�IO\LQJ���1HZ�=HDODQG�)RUHVW�,QGXVWULHV�����������±���
%HQHFNH��8���(YDQV��*���������*URZWK�DQG�ZDWHU�XVH�LQ�1RWKRIDJXV�WUXQFDWD��KDUG�EHHFK��LQ�WHPSHUDWH�KLOO
FRXQWU\��1HOVRQ��1HZ�=HDODQG���,Q��<DQJ�+DQ[L��:DQJ�=KDQ��-HIIHUV��-�5�1���:DUG��3�$��HG���7KH�WHPSHUDWH
IRUHVW�HFRV\VWHP���,QVWLWXWH�RI�7HUUHVWULDO�(FRORJ\��*UDQJH�RYHU�6DQGV��8QLWHG�.LQJGRP��3S�����±����
%HVFKWD��5�/���3\OHV��0�5���6NDXJVHW��$�(���6XUIOHHW��&�*����������3HDNIORZ�UHVSRQVHV�WR�IRUHVW�SUDFWLFHV
LQ�WKH�ZHVWHUQ�&DVFDGHV�RI�2UHJRQ��86$���-RXUQDO�RI�+\GURORJ\���������±����
%ODFN��5�'����������(VN�FDWFKPHQW���)RUHVW�GHYHORSPHQW�DQG�LWV�HIIHFW�RQ�WKH�ZDWHU�UHVRXUFH���1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��7DXSR���������8QSXEOLVKHG�
%ODFN��5����������(VN�5LYHU�FDWFKPHQW�²�WKH�LQIOXHQFH�RI�OLWKRORJ\�DQG�ODQG�XVH�RQ�ZDWHU�\LHOG�� �,Q�
+HQULTXHV�� 3�� � HG�� � 6XVWDLQDEOH� ODQG� PDQDJHPHQW�� � 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��1RYHPEHU��������3S�����±����
%ODFN��7�$���7DQ��&�6���1Q\DPDK��-�8�� ������� �7UDQVSLUDWLRQ� UDWH�RI�'RXJODV� ILU� WUHHV� LQ� WKLQQHG�DQG
XQWKLQQHG�VWDQGV���&DQDGLDQ�-RXUQDO�RI�6RLO�6FLHQFH��������±����
%ODNH��*�-����������0HDVXUHPHQW�RI�LQWHUFHSWLRQ�ORVV�LQ�WHDWUHH���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG����
���
%ODNH��*�-����������,QWHUFHSWLRQ�DQG�SK\WRPRUSKRORJ\���1HZ�=HDODQG�0LQLVWU\�RI�:RUNV��:DWHU�DQG�6RLO
&RQVHUYDWLRQ�+\GURORJLFDO�5HVHDUFK�3URJUHVV�5HSRUW�1R��������S���8QSXEOLVKHG��
%ODNH��*�-����������7KH�LQWHUFHSWLRQ�SURFHVV���,Q��&KDSPDQ��7�*��HG���3UHGLFWLRQ�LQ�FDWFKPHQW�K\GURORJ\�
$XVWUDOLDQ�$FDGHP\�RI�6FLHQFHV��3S����±���
%RRPVPD��'�%���+XQWHU��,�5����������(IIHFWV�RI�ZDWHU��QXWULHQWV�DQG�WKHLU�LQWHUDFWLRQV�RQ�WUHH�JURZWK��DQG
SODQWDWLRQ�IRUHVW�PDQDJHPHQW�SUDFWLFHV�LQ�$XVWUDODVLD��D�UHYLHZ���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW����
���±����
%RUJ��+���%HOO��5�:���/RK��,�&����������6WUHDPIORZ�DQG�VWUHDP�VDOLQLW\�LQ�D�VPDOO�ZDWHU�VXSSO\�FDWFKPHQW
LQ�6RXWKZHVW�:HVWHUQ�$XVWUDOLD�DIWHU�UHIRUHVWDWLRQ���-RXUQDO�RI�+\GURORJ\���������±����
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%RVFK��-�0����������7UHDWPHQW�HIIHFWV�RQ�DQQXDO�DQG�GU\�SHULRG�VWUHDPIORZ�DW�&DWKHGUDO�3HDN���6RXWK
$IULFDQ�)RUHVW�-RXUQDO��������±���
%RVFK��-�0���+HZOHWW��-�'����������$�UHYLHZ�RI�FDWFKPHQW�H[SHULPHQWV�WR�GHWHUPLQH�WKH�HIIHFW�RI�YHJHWDWLRQ
FKDQJHV�RQ�ZDWHU�\LHOG�DQG�HYDSRWUDQVSLUDWLRQ���-RXUQDO�RI�+\GURORJ\������±���
%RVFK��-�0���YRQ�*DGRZ��.����������5HJXODWLQJ�DIIRUHVWDWLRQ�IRU�ZDWHU�FRQVHUYDWLRQ�LQ�6RXWK�$IULFD��6RXWK
$IULFDQ�)RUHVWU\�-RXUQDO��������±���
%RXWHQ��:���+HLPRYDDUD��7�-���7LNWDN��$����������6SDWLDO�SDWWHUQV�RI�WKURXJKIDOO�DQG�VRLO�ZDWHU�G\QDPLFV
LQ�D�'RXJODV�ILU�VWDQG���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����
%RXWHQ��:���6FKDDS��0�*���$HUWV��-���9HUPHWWHQ��$�:�0����������0RQLWRULQJ�DQG�PRGHOOLQJ�FDQRS\�ZDWHU
VWRUDJH�DPRXQWV�LQ�VXSSRUW�RI�DWPRVSKHULF�GHSRVLWLRQ�VWXGLHV���-RXUQDO�RI�+\GURORJ\���������±����
%UHQ��/�-���3DSZRUWK��0����������(DUO\�ZDWHU�\LHOG�HIIHFWV�RI�FRQYHUVLRQ�RI�VORSHV�RI�D�HXFDO\SW�IRUHVW
FDWFKPHQW�WR�UDGLDWD�SLQH�SODQWDWLRQ���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����
%UHQ��/�-���3DSZRUWK��0����������+\GURORJLF�HIIHFWV�RI�FRQYHUVLRQ�RI�VORSHV�RI�D�HXFDO\SW�IRUHVW�FDWFKPHQW
WR�UDGLDWD�SLQH�SODQWDWLRQ��$XVWUDOLDQ�)RUHVWU\�������±����
%UXLMQ]HHO��/�$����������+\GURORJ\�RI�PRLVW�WURSLFDO�IRUHVWV�DQG�HIIHFWV�RI�FRQYHUVLRQ��$�VWDWH�RI�NQRZOHGJH
UHYLHZ���81(6&2�,QWHUQDWLRQDO�+\GURORJLFDO�3URJUDPPH���3DULV�������S�
&DOGHU��,�5���������7KH�%OXH�5HYROXWLRQ���/DQG�XVH�DQG�LQWHJUDWHG�ZDWHU�UHVRXUFHV�PDQDJHPHQW���/RQGRQ�
(DUWKVFDQ�3XEOLFDWLRQV������S�
&DOYR�GH�$QWD��5�1���3D]��*�$���'LD]�)LHUURV��9�)���������1XHYRV�GDWRV�VREUH�OD�LQIOXHQFLD�GH�OD�YHJHWDFLRQ
HQ� OD� IRUPDFLRQ� GHO� VXHOR� HQ�*DOLFLD�� ,�� ,QWHUFHSWDFLRQ� GH� OD� SUHFLSLWDFLRQ�� �$QDOHV� GH� (GDIRORJLD� \
$JURELRORJLD�;;;������±�����
&DPHURQ��&�6���0XUUD\��'�/��� )DKH\��%�'��� -DFNVRQ��5�0���.HOOLKHU�� )�0��� )LVKHU��*�:�� ������ � )RJ
GHSRVLWLRQ�LQ�D�WDOO�WXVVRFN�JUDVVODQG��6RXWK�,VODQG��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\���������±����
&DPSEHOO�� '�,�� � ������ � (QHUJ\� EDODQFH� DQG� WUDQVSLUDWLRQ� IURP� WXVVRFN� JUDVVODQG� LQ� 1HZ� =HDODQG�
%RXQGDU\�/D\HU�0HWHRURORJ\��������±����
&DPSEHOO��'�,���0XUUD\��'�/����������:DWHU�EDODQFH�RI�VQRZ��WXVVRFN�JUDVVODQG�LQ�1HZ�=HDODQG���-RXUQDO
RI�+\GURORJ\���������±����
&DUOLVOH��$���%URZQ��$�+�)���:KLWH��(�-���������7KH�QXWULHQW�FRQWHQW�RI�WUHH�VWHP�IORZ�DQG�JURXQG�IORUD�OLWWHU
DQG�OHDFKDWHV�LQ�D�VHVVLOH�RDN��4XHUFXV�SHWUDHD��RDN�ZRRGODQG���-RXUQDO�RI�(FRORJ\��������±����
&KHQJ��-�'���%ODFN��7�$���GH�9ULHV��-���:LOOLQJWRQ��5�3���*RRGHOO��%�&����������7KH�HYDOXDWLRQ�RI�LQLWLDO
FKDQJHV�LQ�SHDN�VWUHDPIORZ�IROORZLQJ�ORJJLQJ�RI�D�ZDWHUVKHG�RQ�WKH�ZHVW�FRDVW�RI�&DQDGD���,QWHUQDWLRQDO
$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����
&ODULGJH�� *�*�&�� � ������ � 6WXGLHV� LQ� HOHPHQW� EDODQFHV� LQ� D� VPDOO� FDWFKPHQW� DW� 7DLWD�� 1HZ� =HDODQG�
,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ��������±����
&RKHQ��<���.HOOLKHU��)�0���%ODFN��7�$����������'HWHUPLQDWLRQ�RI�VDS�IORZ�LQ�'RXJODV�ILU�WUHHV�XVLQJ�WKH�KHDW
SXOVH�WHFKQLTXH���&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����
&ROH��'�:���-RKQVRQ��'�:����������$WPRVSKHULF�VXOIDWH�DGGLWLRQV�DQG�FDWLRQ�OHDFKLQJ�LQ�D�'RXJODV�ILU
HFRV\VWHP���:DWHU�5HVRXUFHV�5HVHDUFK��������±����
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&ROYLOOH��-�6���+ROPHV��-�:����������:DWHU�WDEOH�IOXFWXDWLRQV�XQGHU�IRUHVW�DQG�SDVWXUH�LQ�D�NDUVWLF�UHJLRQ�RI
VRXWKHUQ�$XVWUDOLD���-RXUQDO�RI�+\GURORJ\�������±���
&RQRYHU��:�-���������3UDFWLFDO�QRQ�SDUDPHWULF�VWDWLVWLFV���1HZ�<RUN��-RKQ�:LOH\������S�
&RRSHU��$�%���7KRPVHQ��&�(����������1LWURJHQ�DQG�SKRVSKRUXV�LQ�VWUHDPZDWHUV�IURP�DGMDFHQW�SDVWXUH��SLQH�
DQG�QDWLYH�IRUHVW�FDWFKPHQWV���1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±����
&RUQLVK��3�0����������7KH�HIIHFWV�RI�UDGLDWD�SLQH�SODQWDWLRQ�HVWDEOLVKPHQW�DQG�PDQDJHPHQW�RQ�ZDWHU�\LHOGV
DQG�ZDWHU�TXDOLW\²D�UHYLHZ���7HFKQLFDO�3DSHU��)RUHVWU\�&RPPLVVLRQ�RI�1HZ�6RXWK�:DOHV�1R�����
&RWWRQ��:�5���$QWKHV��5�$���������6WRUP�DQG�FORXG�G\QDPLFV��&DOLIRUQLD��$FDGHPLF�3UHVV�
&URFNIRUG��5�+���.KDQQD��3�.����������&KHPLVWU\�RI�WKURXJKIDOO��VWHPIORZ�DQG�OLWWHUIDOO�LQ�IHUWLOL]HG�DQG
LUULJDWHG�3LQXV�UDGLDWD���+\GURORJLFDO�3URFHVVHV���������±�����
&URFNIRUG��5�+���5LFKDUGVRQ��'�3���������3DUWLWLRQLQJ�RI�UDLQIDOO�LQ�D�HXFDO\SW�IRUHVW�DQG�SLQH�SODQWDWLRQ
LQ�6RXWKHDVWHUQ�$XVWUDOLD��,9�7KH�UHODWLRQVKLS�RI�LQWHUFHSWLRQ�DQG�FDQRS\�VWRUDJH�FDSDFLW\��WKH�LQWHUFHSWLRQ
RI�WKHVH�IRUHVWV��DQG�WKH�HIIHFW�RQ�LQWHUFHSWLRQ�RI�WKLQQLQJ�WKH�SLQH�SODQWDWLRQ���+\GURORJLFDO�3URFHVVHV���
���±����
&URPHU��5�1���7RPSNLQV��'���%DUU��1�-����������,UULJDWLRQ�RI�3LQXV�UDGLDWD�ZLWK�ZDVWH�ZDWHU��7UHH�JURZWK
LQ�UHVSRQVH�WR�WUHDWPHQW���$XVWUDOLDQ�)RUHVW�5HVHDUFK�������±���
'DYLGVRQ��-����������6SDWLDO�YDULDWLRQ�LQ�VRLO�PRLVWXUH�XQGHU�HXFDO\SWV�DQG�SLQH�VWDQGV���%6F�)RU��+RQV�
7KHVLV��$18��&DQEHUUD������S�
'DYLV��0�5���/DQJ��0�+����������,QFUHDVHG�QXWULHQW�DYDLODELOLW\�LQ�WRSVRLOV�XQGHU�FRQLIHUV�LQ�WKH�6RXWK
,VODQG�KLJK�FRXQWU\���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±����
'HOO��3�0����������7KH�HIIHFW�RI�DIIRUHVWDWLRQ�RQ�WKH�ZDWHU�UHVRXUFHV�RI�WKH�0DPDNX�3ODWHDX�UHJLRQ���06F
7KHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��1=�
'HQPHDG��2�7�� �������&RPSDUDWLYH�PLFURPHWHRURORJ\�RI�D�ZKHDW�ILHOG�DQG�D�IRUHVW�RI�3LQXV�UDGLDWD�
$JULFXOWXUDO�0HWHRURORJ\�������±����
'RQV��$����������5HVXOWV�IURP�WKH�3XUXNRKXNRKX�ODQG�XVH�EDVLQ�DQG�WKHLU�DSSOLFDWLRQ�WR�ZDWHU�DQG�VRLO
PDQDJHPHQW���,Q��:DWHUV�RI�WKH�:DLNDWR���+DPLOWRQ��1=��8QLYHUVLW\�RI�:DLNDWR���3S����±����
'RQV�� $�� � ������ � 7KH� HIIHFW� RI� ODUJH�VFDOH� DIIRUHVWDWLRQ� RQ� 7DUDZHUD� 5LYHU� IORZV�� � 1HZ� =HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK���������8QSXEOLVKHG��
'RQV��$����������7KH�HIIHFW�RI�ODUJH�VFDOH�DIIRUHVWDWLRQ�RQ�7DUDZHUD�5LYHU�IORZV���-RXUQDO�RI�+\GURORJ\
�1HZ�=HDODQG��������±���
'RQV��$����������+\GURORJ\�DQG�VHGLPHQW�UHJLPH�RI�D�SDVWXUH��QDWLYH�IRUHVW��DQG�SLQH�IRUHVW�FDWFKPHQW�LQ
WKH�&HQWUDO�1RUWK�,VODQG��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±����
'UDDLMHUV��*�3�-���YDQ�(N��5���0HLMHUV��5�� ������� �5HVHDUFK�RQ� WKH� LPSDFW�RI� IRUHVW�VWDQG�VWUXFWXUH�RQ
DWPRVSKHULF�GHSRVLWLRQ���(QYLURQPHQWDO�3ROOXWLRQ��������±�����
'XQFDQ��0�-����������7KH�LPSDFW�RI�DIIRUHVWDWLRQ�RQ�VPDOO�FDWFKPHQW�K\GURORJ\�LQ�0RXWHUH�+LOOV��1HOVRQ�
,Q��/DQG�XVH�LQ�UHODWLRQ�WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ��1=���1HOVRQ�&DWFKPHQW�%RDUG��3S����±���
'XQFDQ��0�-����������7KH�HIIHFWV�RI�SODQWLQJ�SLQHV�RQ�ZDWHU�\LHOG�LQ�1HOVRQ���1HZ�=HDODQG�+\GURORJLFDO
6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��
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'XQFDQ��0�-�������D���+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�SDVWXUH�DQG�JRUVH�WR�SLQH�SODQWDWLRQ��DQG�IRUHVW
KDUYHVWLQJ��1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
'XQFDQ��0�-�������E��3UHGLFWLQJ�WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�WKH�0DQJDNDKLD�FDWFKPHQW�
1RUWKODQG���1HZ�=HDODQG�0HWHRURORJLFDO�DQG�+\GURORJLFDO�6\PSRVLXP��1RYHPEHU�������&KULVWFKXUFK�
�8QSXEOLVKHG�����S�
'XQFDQ��6�+����������3HDN�VWUHDP�GLVFKDUJH�GXULQJ�WKLUW\�\HDUV�RI�VXVWDLQHG�WLPEHU�PDQDJHPHQW�LQ�WZR�ILIWK
RUGHU�ZDWHUVKHGV�LQ�:DVKLQJWRQ�6WDWH���1RUWKZHVW�6FLHQFH��������±���
'\H��3�-����������&OLPDWH��IRUHVW�DQG�VWUHDPIORZ�UHODWLRQVKLSV�LQ�6RXWK�$IULFDQ�DIIRUHVWHG�FDWFKPHQWV�
&RPPRQZHDOWK�)RUHVWU\�5HYLHZ�������±���
(JXQMREL��-�.���������(FRV\VWHP�SURFHVVHV�LQ�D�VWDQG�RI�8OH[�HXURSDHXV�/���,,���7KH�F\FOLQJ�RI�FKHPLFDO
HOHPHQWV�LQ�WKH�HFRV\VWHP���-RXUQDO�RI�(FRORJ\��������±����
)DKH\�� %�'�� � ������ � 7KURXJKIDOO� DQG� LQWHUFHSWLRQ� RI� UDLQIDOO� LQ� D� VWDQG� RI� UDGLDWD� SLQH�� � -RXUQDO� RI
+\GURORJ\��1HZ�=HDODQG�������±���
)DKH\��%�'����������+\GURORJLFDO�LPSDFWV�RI�DIIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQGV��*OHQGKX�)RUHVW��2WDJR�
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��7DXSR���������8QSXEOLVKHG��
)DKH\��%����������7KH�HIIHFW�RI�SODQWDWLRQ�IRUHVWU\�RQ�ZDWHU�\LHOG�LQ�1HZ�=HDODQG���1HZ�=HDODQG�)RUHVWU\
������±���
)DKH\��%���-DFNVRQ��5����������+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�QDWLYH�IRUHVWV�DQG�JUDVVODQGV�WR�SLQH
SODQWDWLRQV��6RXWK�,VODQG��1HZ�=HDODQG���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\�������±���
)DKH\��%���-DFNVRQ��5���5RZH��/�.����������+\GURORJLFDO�HIIHFWV�RI�DIIRUHVWDWLRQ�DQG�SDVWXUH�LPSURYHPHQW
LQ�PRQWDQH� JUDVVODQGV�� 6RXWK� ,VODQG��1HZ�=HDODQG�� � ,Q�� 6DVVD��.�� HG�� (QYLURQPHQWDO� IRUHVW� VFLHQFH�
'RUGUHFKW���.OXZHU�$FDGHPLF�3XEOLVKHUV��3S�����±����
)DKH\��%���0XUUD\��'�/���-DFNVRQ��5�0���������'HWHFWLQJ�IRJ�GHSRVLWLRQ�WR�WXVVRFN�E\�O\VLPHWU\�DW�6ZDS
6XPPLW�QHDU�'XQHGLQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±�����
)DKH\�� %�'��� 5RZH�� /�.�� � ������ � /DQG�XVH� LPSDFWV�� ,Q��0RVOH\��0�3�� HG��:DWHUV� RI� 1HZ� =HDODQG�
:HOOLQJWRQ��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\���3S�����±����
)DKH\��%�'���:DWVRQ��$�-����������+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�WXVVRFN�JUDVVODQG�WR�SLQH�SODQWDWLRQ�
2WDJR��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�������±���
)DKH\��%���:DWVRQ��$���3D\QH��-���������:DWHU�ORVV�IURP�SODQWDWLRQV�RI�'RXJODV�ILU�DQG�UDGLDWD�SLQH�RQ�WKH
&DQWHUEXU\�3ODLQV��6RXWK�,VODQG��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
)DUUHOO�� (�3��� &XPPLQV�� 7��� &ROOLQV�� -�)��� %HLHU�� &��� %ODQFN�� .��� %UHGHPHLHU��0��� GH� 9LVVHU�� 3�+�%��
.UHXW]HU��.���5DVPXVVHQ��/���5RWKH��$���6WHLQEHUJ��1����������$�FRPSDULVRQ�RI�VLWHV�LQ�WKH�(;0$1�SURMHFW�
ZLWK�UHVSHFW� WR�DWPRVSKHULF�GHSRVLWLRQ�DQG� WKH�FKHPLFDO�FRPSRVLWLRQ�RI� WKH�VRLO�VROXWLRQ�DQG�IROLDJH�
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW������±����
)HOOHU��0�&����������:DWHU�EDODQFHV�LQ�(XFDO\SWXV�UHJQDQV��(XFDO\SWXV�REOLTXD��DQG�3LQXV�UDGLDWD� LQ
9LFWRULD���$XVWUDOLDQ�)RUHVWU\��������±����
)HOOHU��0�&���.LPPLQV��-�3����������&KHPLFDO�FKDUDFWHULVWLFV�RI�VPDOO�VWUHDPV�QHDU�+DQH\�LQ�VRXWKZHVWHUQ
%ULWLVK�&ROXPELD���:DWHU�5HVRXUFHV�5HVHDUFK��������±����
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)UHGULNVHQ��5�/���������1XWULHQW�EXGJHW�RI�D�'RXJODV�ILU�IRUHVW�RQ�DQ�H[SHULPHQWDO�ZDWHUVKHG�LQ�ZHVWHUQ
2UHJRQ���,Q��)UDQNOLQ��-�)���'HPSVWHU��/�-���:DULQJ��5�+��HG���5HVHDUFK�RQ�FRQLIHURXV�IRUHVW�HFRV\VWHPV�
)LUVW�\HDU�SURJUHVV�LQ�WKH�&RQLIHURXV�)RUHVW�%LRPH��86�,%3���3RUWODQG��2UHJRQ��86'$�)RUHVW�6HUYLFH�
3DFLILF�1RUWKZHVW�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ����3S�����±����
)UHHVH��)����������(OHPHQWDU\�VWDWLVWLFDO�PHWKRGV�IRU�IRUHVWHUV���8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH
)RUHVW�6HUYLFH�$JULFXOWXUH�+DQGERRN����������S�
)ULWVFKHQ��/�-���'RUDLVZDP\��3����������'HZ��DQ�DGGLWLRQ�WR�WKH�K\GURORJLF�EDODQFH�RI�'RXJODV�ILU���:DWHU
5HVRXUFHV�5HVHDUFK��������±����
)ULWVFKHQ��/�-���+VLD��-���'RUDLVZDP\��3����������(YDSRWUDQVSLUDWLRQ�RI�D�'RXJODV�ILU�GHWHUPLQHG�ZLWK�D
ZHLJKLQJ�O\VLPHWHU���:DWHU�5HVRXUFHV�5HVHDUFK��������±����
*DVK��-�+�&����������$Q�DQDO\WLFDO�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�E\�IRUHVWV���4XDUWHUO\�-RXUQDO�RI�WKH�5R\DO
0HWHRURORJLFDO�6RFLHW\��������±���
*DVK��-�+�&���0RUWRQ��$�-����������7KH�DSSOLFDWLRQ�RI�WKH�5XWWHU�PRGHO�WR�WKH�HVWLPDWLRQ�RI�WKH�LQWHUFHSWLRQ
ORVV�IURP�7KHWIRUG�)RUHVW��-RXUQDO�RI�+\GURORJ\�������±���
*ROGLQJ��'�/���������&KDQJHV�LQ�VWUHDPIORZ�SHDNV�IROORZLQJ�WLPEHU�KDUYHVW�RI�D�FRDVWDO�%ULWLVK�&ROXPELD
ZDWHUVKHG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����
*UDQLHU��$����������(YDOXDWLRQ�RI�WUDQVSLUDWLRQ�LQ�D�'RXJODV�ILU�VWDQG�E\�PHDQV�RI�VDS�IORZ�PHDVXUHPHQWV�
7UHH�3K\VLRORJ\�������±�����
*UDQW��3�-����������/RZ�IORZ�FKDUDFWHULVWLFV�RQ�WKUHH�URFN�W\SHV�RI�WKH�(DVW�&RDVW��DQG�WKH�WUDQVODWLRQ�RI
VRPH�UHSUHVHQWDWLYH�EDVLQ�GDWD���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
*UHHQZRRG��(�$�1���%HUHVIRUG�� -�'���%DUWOH�� -�5�� � ������ � (YDSRUDWLRQ� IURP�YHJHWDWLRQ� LQ� ODQGVFDSHV
GHYHORSLQJ�VHFRQGDU\�VDOLQLW\�XVLQJ�WKH�YHQWLODWHG�FKDPEHU�WHFKQLTXH���,,,��(YDSRUDWLRQ�IURP�D�3��UDGLDWD
WUHH�DQG�WKH�VXUURXQGLQJ�SDVWXUH�LQ�DQ�DJURIRUHVWU\�SODQWDWLRQ���-RXUQDO�RI�+\GURORJ\��������±����
+DUU��5�'����������)RJ�GULS�LQ�WKH�%XOO�5XQ�0XQLFLSDO�:DWHUVKHG��2UHJRQ���:DWHU�5HVRXUFHV�%XOOHWLQ����
���±����
+DUU��5�'���)UHGULNVHQ��5�/���5RWKDFKHU��-����������&KDQJHV�LQ�VWUHDPIORZ�IROORZLQJ�WLPEHU�KDUYHVW�LQ
VRXWKZHVWHUQ�2UHJRQ���86�'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH�5HVHDUFK�3DSHU�31:����������S�
+DUU��5�'���.U\JLHU��-�7����������&OHDUFXW�ORJJLQJ�DQG�ORZ�IORZV�LQ�2UHJRQ�FRDVWDO�ZDWHUVKHGV���2UHJRQ
6WDWH�8QLYHUVLW\��)RUHVW�5HVHDUFK�/DERUDWRU\�5HVHDUFK�1RWH�1R��������S�
+DUU��5�'���/HYQR��$���0HUVHUHDX��5����������6WUHDPIORZ�FKDQJHV�DIWHU�ORJJLQJ�����\HDU�ROG�'RXJODV�ILU
LQ�WZR�VPDOO�ZDWHUVKHGV���:DWHU�5HVRXUFHV�5HVHDUFK��������±����
+DUULV��'�'�� ������� �+\GURORJLF�FKDQJHV�DIWHU�FOHDUFXW�ORJJLQJ�LQ�D�VPDOO�2UHJRQ�FRDVWDO�ZDWHUVKHGV�
-RXUQDO�RI�5HVHDUFK�RI�WKH�86�*HRORJLFDO�6XUYH\�������±����
+DUULV��'�'�� � ������ �+\GURORJLF� FKDQJHV� DIWHU� ORJJLQJ� LQ� WZR� VPDOO�2UHJRQ�FRDVWDO�ZDWHUVKHGV�� �86
*HRORJLFDO�6XUYH\�:DWHU�VXSSO\�3DSHU�����������S�
+DWWRQ��7�-���9HUWHVV\��5�$����������7UDQVSLUDWLRQ�RI�SODQWDWLRQ�3LQXV�UDGLDWD�HVWLPDWHG�E\�WKH�KHDW�SXOVH
PHWKRG�DQG�WKH�%RZHQ�UDWLR���+\GURORJLFDO�3URFHVVHV�������±����
+D\PDQ��-�0���6WRFNHU��5�9����������6RLO�ZDWHU�H[WUDFWLRQ�SDWWHUQV�XQGHU�SDVWXUH�DQG�OXFHUQH�RQ�WZR�VRLO
W\SHV�LQ�0LG�&DQWHUEXU\���3URFHHGLQJV��$JURQRP\�6RFLHW\�RI�1HZ�=HDODQG�������±���
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+HQULFL��0���������7KH�WUDQVSLUDWLRQ�RI�6RXWK�$IULFDQ�SODQW�DVVRFLDWLRQV��3DUW�,,,���,QGLJHQRXV�DQG�H[RWLF
WUHHV�LQ�WKH�'UDNHQVEHUJ�DUHD���6FLHQWLILF�%XOOHWLQ��'HSDUWPHQW�RI�$JULFXOWXUH��6RXWK�$IULFD��1R�����������S�
+HUDOG��-����������7KH�LQIOXHQFH�RI�DIIRUHVWDWLRQ�LQ�UDGLDWD�SLQH�RQ�WKH�UXQRII�RI�D�VPDOO�FDWFKPHQW�LQ�WKH
+XQXD�5DQJHV��$XFNODQG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�����������S�
+HUDOG��-�5����������&KDQJHV�LQ�VWUHDPIORZ�LQ�D�VPDOO�GUDLQDJH�EDVLQ�IROORZLQJ�DIIRUHVWDWLRQ�LQ�UDGLDWD�SLQH�
06F��7KHVLV���8QLYHUVLW\�RI�$XFNODQG��1=�
+HXYHOGRS��-���0LWVFKHUOLFK��*���.XQVWOH��(����������7KURXJKIDOO��VWHPIORZ�DQG�LQWHUFHSWLRQ�ORVV�LQ�'RXJODV
ILU�VWDQGV�RQ�VRXWK�DQG�QRUWK�VORSHV���$OOJHPHLQH�)RUVW�XQG�-DJG]HLWXQJ���������±����
+HZLWW��$�0���5RELQVRQ��$����������0RXWHUH�JUDYHOV�ODQG�XVH���$�VWXG\�RI�FRPSDUDWLYH�ZDWHU��\LHOGV�
8QSXEOLVKHG�W\SHVFULSW�
+HZOHWW��-�'���+LEEHUW��$�5����������)DFWRUV�DIIHFWLQJ�WKH�UHVSRQVH�RI�VPDOO�ZDWHUVKHGV�WR�SUHFLSLWDWLRQ�LQ
KXPLG�DUHDV���,Q��6RSSHU��:�(���/XOO��+�:��HG��,QWHUQDWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��1HZ�<RUN�
3HUJDPRQ�3UHVV���3S�����±����
+LEEHUW��$�5����������)RUHVW�WUHDWPHQW�HIIHFWV�RQ�ZDWHU�\LHOG���,Q��6RSSHU��:�(���/XOO��+�:��HG��,QWHUQDWLRQDO
6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��1HZ�<RUN��3HUJDPRQ�3UHVV���3S������±����
+LFNV��%�%���+\VRQ��3���0RRUH��&�-����������$�VWXG\�RI�HGG\�IOX[HV�RYHU�D�IRUHVW���-RXUQDO�RI�$SSOLHG
0HWHRURORJ\�������±����
+LFNV��%�-���%HVFKWD��5�/���+DUU��5�'�� �������/RQJ�WHUP�FKDQJHV� LQ� VWUHDPIORZ� IROORZLQJ� ORJJLQJ� LQ
ZHVWHUQ�2UHJRQ�DQG�DVVRFLDWHG�ILVKHULHV�LPSOLFDWLRQV��:DWHU�5HVRXUFHV�%XOOHWLQ��������±�����
+LFNV��'�0����������'LIIHUHQFHV�LQ�VXVSHQGHG�VHGLPHQW�\LHOG�IURP�EDVLQV�HVWDEOLVKHG�LQ�SDVWXUH�DQG�H[RWLF
IRUHVW���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��
+RJJ��6�(���0XUUD\��'�/���0DQO\��%�-�)����������0HWKRGV�RI�HVWLPDWLQJ�WKURXJKIDOO�XQGHU�D�IRUHVW���1HZ
=HDODQG�-RXUQDO�RI�6FLHQFH��������±����
+ROPHV��-�:���&ROYLOOH��-�6����������)RUHVW�K\GURORJ\�LQ�D�NDUVWLF�UHJLRQ�RI�VRXWKHUQ�$XVWUDOLD���-RXUQDO�RI
+\GURORJ\�������±���
+ROPHV��-�:���2OV]\F]ND��%����������(YDSRUDWLRQ�RI�VXUIDFH�ZDWHU�IURP�WKH�IROLDJH�RI�DQ�LVRODWHG�WUHH���7KH
)LUVW�1DWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��������0HOERXUQH����±���0D\��,QVWLWXWLRQ�RI�(QJLQHHUV�
$XVWUDOLD�1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ�������3S����±���
+RSPDQV��3���)OLQQ��'�:���)DUUHOO��3�:����������1XWULHQW�G\QDPLFV�RI�IRUHVWHG�FDWFKPHQWV�LQ�VRXWKHDVWHUQ
$XVWUDOLD� DQG� FKDQJHV� LQ�ZDWHU� TXDOLW\� DQG� QXWULHQW� H[SRUWV� IROORZLQJ� FOHDULQJ�� �)RUHVW�(FRORJ\� DQG
0DQDJHPHQW��������±����
+RXGLMN��$�/�)�0���5RHORIV��-�*�0���������'HSRVLWLRQ�RI�DFLGLI\LQJ�DQG�HXWURSKLFDWLQJ�VXEVWDQFHV�LQ�'XWFK
IRUHVWV���$FWD�%RWDQLFD�1HHUODQGLFD��������±�����
+XEHU��$���,URXPH��$���������9DULDELOLW\�RI�DQQXDO�UDLQIDOO�SDUWLWLRQLQJ�IRU�GLIIHUHQW�VLWHV�DQG�IRUHVW�FRYHUV
LQ�&KLOH���-RXUQDO�RI�+\GURORJ\��������±���
+XEHU��$���2\DU]XQ��&����������1HW�SUHFLSLWDWLRQ�DQG�LQWHUFHSWLRQ�LQ�D�PDWXUH�IRUHVW�RI�3LQXV�UDGLDWD�
�3UHFLSLWDFLRQ�QHWD�H�LQWHUFHSFLRQ�HQ�XQ�ERVTXH�DGXOWR�GH�3LQXV�UDGLDWD��'�'RQ�����%RVTXH������±���
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+XEHU��$�:���2\DU]XQ��&�(����������$QQXDO�YDULDWLRQV�LQ�SUHFLSLWDWLRQ��VWHPIORZ�DQG�LQWHUFHSWLRQ�LQ�D
PDWXUH�3LQXV�UDGLDWD�VWDQG����9DULDFLRQHV�DQQXDOHV�HQ�SUHFLSLWDFLRQ��HVFXUULPLHQWR�H�LQWHUFHSFLRQ�HQ�XQ
ERVTXH�DGXOWR�GH�3LQXV�UDGLDWD����7XUULDOED��������±����
,QJZHUVHQ��-�%����������)RJ�GULS��ZDWHU�\LHOG�DQG�WLPEHU�KDUYHVWLQJ�LQ�WKH�%XOO�5XQ�PXQLFLSDO�ZDWHUVKHG�
2UHJRQ���:DWHU�5HVRXUFHV�%XOOHWLQ��������±����
-DFNVRQ��5�-����������:DWHU�DQG�HQHUJ\�EDODQFHV�RI�IRUHVW�DQG�JUDVVODQG�DW�7DLWD���3DSHU�SUHVHQWHG�WR�1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�RQ�:DWHU�5HVRXUFHV��8QLYHUVLW\�RI�:DLNDWR��1RYHPEHU������
-DFNVRQ��5�-��������&DWFKPHQW�K\GURORJ\�DQG�VRPH�RI�LWV�SUREOHPV���1HZ�=HDODQG�'HSDUWPHQW�RI�6FLHQWLILF
DQG�,QGXVWULDO�5HVHDUFK�,QIRUPDWLRQ�6HULHV�������±���
-DFNVRQ��5�-����������(YDSRUDWLRQ�IURP�SDVWXUH�DQG�UDGLDWD�SLQH�IRUHVW�DW�$VKOH\��&DQWHUEXU\��1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��
-DFNVRQ��5�-���������+\GURORJ\�RI�UDGLDWD�SLQH�DQG�SDVWXUH�FDWFKPHQWV��$VKOH\��&DQWHUEXU\��1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK����������8QSXEOLVKHG��
-DFNVRQ��5�-���$OGULGJH��5���������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�NDPDKL��:HLQPDQQLD�UDFHPRVD��DW�7DLWD��1HZ
=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±����
-DFNVRQ��5�-���5RZH��/�.�������D���6RLO�ZDWHU�GHILFLW�HIIHFWV�RQ�ZDWHU�XVH�DQG�JURZWK�RI�3��UDGLDWD�LQ
&DQWHUEXU\�� 1HZ� =HDODQG�� � ,8)52� 6����� 6XEMHFW� *URXS�:RUNVKRS� $EVWUDFWV� ³)RUHVWV� DW� WKH� OLPLW�
(QYLURQPHQWDO�FRQVWUDLQWV�RQ�IRUHVW�IXQFWLRQ´��6NXNX]D��6RXWK�$IULFD��0D\������
-DFNVRQ�� 5�-��� 5RZH�� /�.�� � ����E�� � (IIHFWV� RI� UDLQIDOO� YDULDELOLW\� DQG� ODQG� XVH� RQ� VWUHDPIORZ� DQG
JURXQGZDWHU�UHFKDUJH�LQ�D�UHJLRQ�ZLWK�VXPPHU�ZDWHU�GHILFLWV��&DQWHUEXU\��1HZ�=HDODQG����WK�6FLHQWLILF
$VVHPEO\�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV��5DEDW��3RVWHU�3URFHHGLQJV���3S����±���
-RQHV��-�$����������+\GURORJLF�SURFHVVHV�DQG�SHDN�GLVFKDUJH�UHVSRQVH�WR�IRUHVW�UHPRYDO��UHJURZWK��DQG
URDGV� LQ� ��� VPDOO� H[SHULPHQWDO� EDVLQV�� ZHVWHUQ� &DVFDGHV�� 2UHJRQ�� �:DWHU� 5HVRXUFHV� 5HVHDUFK� ���
����±������
-RQHV��-�$���*UDQW��*�(���������3HDN�IORZ�UHVSRQVHV�WR�FOHDU�FXWWLQJ�DQG�URDGV�LQ�VPDOO�DQG�ODUJH�EDVLQV�
ZHVWHUQ�&DVFDGHV��2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK��������±�����
.HOOLKHU��)�0���%ODFN��7�$���3ULFH��'�7�� ������� �(VWLPDWLQJ� WKH�HIIHFWV�RI�XQGHUVWRU\� UHPRYDO� IURP�D
'RXJODV�ILU�IRUHVW�XVLQJ�D�WZR�OD\HU�FDQRS\�HYDSRWUDQVSLUDWLRQ�PRGHO���:DWHU�5HVRXUFHV�5HVHDUFK����
����±�����
.HOOLKHU��)�0���.RVWQHU��%�0�0���+ROOLQJHU��'�<���%\HUV��-�1���+XQW��-�(���0F6HYHQ\��7�0���0HVHUWK��5��
:HLU��3�/���6FKXO]H��(�'�������D���(YDSRUDWLRQ��[\OHP�VDS�IORZ��DQG�WUHH�WUDQVSLUDWLRQ�LQ�D�1HZ�=HDODQG
EURDG�OHDYHG�IRUHVW���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\�������±���
.HOOLKHU��)�0���:KLWHKHDG��'���0F$QHQH\��.�-���-XGG��0�-����������3DUWLWLRQLQJ�HYDSR�WUDQVSLUDWLRQ�LQWR
WUHH�DQG�XQGHUVWRUH\�FRPSRQHQWV�LQ�WZR�\RXQJ�3LQXV�UDGLDWD�'�'RQ�VWDQGV�� �$JULFXOWXUDO�DQG�)RUHVW
0HWHRURORJ\��������±����
.HOOLKHU��)�0���:KLWHKHDG��'���3ROORFN��'�6�������E���5DLQIDOO�LQWHUFHSWLRQ�E\�WUHHV�DQG�VODVK�LQ�D�\RXQJ
3LQXV�UDGLDWD�'�'RQ�VWDQG���-RXUQDO�RI�+\GURORJ\���������±����
.HSSHOHU��(�7���������7KH�VXPPHU�IORZ�DQG�ZDWHU�\LHOG�UHVSRQVH�WR�WLPEHU�KDUYHVW���,Q��=LHPHU��5�5�
�7HFKQLFDO�&RRUGLQDWRU��3URFHHGLQJV�RI�WKH�FRQIHUHQFH�RQ�FRDVWDO�ZDWHUVKHGV��7KH�&DVSDU�&UHHN�VWRU\�
86'$�)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO�5HSRUW�36:�*75��������±���
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.HSSHOHU��(�7���=LHPHU��5�5����������/RJJLQJ�HIIHFWV�RQ�VWUHDPIORZ��ZDWHU�\LHOG�DQG�VXPPHU�ORZ�IORZV
DW�&DVSDU�&UHHN�LQ�1RUWKZHVWHUQ�&DOLIRUQLD���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����
.QLJKW��3�-���:LOO��*�0����������$�ILHOG�O\VLPHWHU�WR�VWXG\�ZDWHU�PRYHPHQW�DQG�QXWULHQW�FRQWHQW�LQ�D�SXPLFH
VRLO�XQGHU�3LQXV�UDGLDWD�IRUHVW���,,�'HHS�VHHSDJH�DQG�QXWULHQW�OHDFKLQJ�LQ�WKH�ILUVW����\HDUV�RI�WUHH�JURZWK�
1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±����
.UHXW]HU�� .��� %HLHU�� &��� %UHGHPHLHU��0��� %ODQFN�� .��� &XPPLQV�� 7��� )DUUHOO�� (�3��� /DPPHUVGRUI�� 1��
5DVPXVVHQ��/���5RWKH��$���GH�9LVVHU��3�+�%���:HLV��:���:HLE�7���;X��<�-����������$WPRVSKHULF�GHSRVLWLRQ
DQG�VRLO�DFLGLILFDWLRQ�LQ�ILYH�FRQLIHURXV�IRUHVW�HFRV\VWHPV��D�FRPSDULVRQ�RI�WKH�FRQWURO�SORWV�RI�WKH�(;0$1
VLWHV���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW���������±����
.U\JLHU��-�7����������&RPSDUDWLYH�ZDWHU�ORVV�RI�'RXJODV�ILU�DQG�2UHJRQ�ZKLWH�RDN���:DWHU�5HVRXUFHV
,QVWLWXWH��2UHJRQ�6WDWH�8QLYHUVLW\��3URMHFW�FRPSOHWLRQ�UHSRUW��:����������2:55������5(*����
/DQJIRUG��.�-���2
6KDXJKQHVV\��3�-��HG���������$�VWXG\�RI�FDQRS\�LQWHUFHSWLRQ�LQ�QDWLYH�IRUHVWV�DQG�FRQLIHU
SODQWDWLRQV���0HOERXUQH�DQG�0HWURSROLWDQ�%RDUG�RI�:RUNV��9LFWRULD�5HSRUW�1R��00%:�:������
/HGJDUG��1���������1DWLYH�ELUGV�LQ�6RXWK�,VODQG�KLJK�FRXQWU\�H[RWLF�FRQLIHUV���1HZ�=HDODQG�)RUHVWU\�
)HEUXDU\���������±���
/HLWFK��&�-���)OLQQ��'�:����������+\GURORJLFDO�HIIHFWV�RI�FOHDULQJ�QDWLYH�IRUHVW�LQ�1RUWKHDVW�9LFWRULD��WKH
ILUVW���\HDUV���$XVWUDOLDQ�)RUHVW�5HVHDUFK��������±����
/H�0DLWUH��'�&���9HUVIHOG��'�%����������)RUHVW�HYDSRUDWLRQ�PRGHOV��UHODWLRQVKLSV�EHWZHHQ�VWDQG�JURZWK�DQG
HYDSRUDWLRQ���-RXUQDO�RI�+\GURORJ\���������±����
/HVFK��:���6FRWW��'�)����������7KH�UHVSRQVH�LQ�ZDWHU�\LHOG�WR�WKH�WKLQQLQJ�RI�3LQXV�UDGLDWD��3LQXV�SDWXOD
DQG�(XFDO\SWXV�JUDQGLV�SODQWDWLRQV���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��������±����
/H\WRQ��/���5H\QROGV��(�5�&���7KRPSVRQ��)�%����������5DLQIDOO�LQWHUFHSWLRQ�LQ�IRUHVW�DQG�PRRUODQG���,Q�
6RSSHU��:�(���/XOO��+�:��HG��,QWHUQDWLRQDO�V\PSRVLXP�RQ�IRUHVW�K\GURORJ\���1HZ�<RUN��3HUJDPRQ�3UHVV�
3S�����±�����
/RFNZRRG��-�*���/\DOO��'�.���0F'RQDOG��$�7���1DGHQ��3�6���6PLWK��5�7���������:DWHU�EDODQFH�VWXGLHV�LQ
PRRUODQG�EUDFNHQ�ZLWK�UHIHUHQFH�WR�WKH�FKDQJHV�IROORZLQJ�EUDFNHQ�FOHDUDQFH���%UDFNHQ��HFRORJ\��ODQGXVH
DQG�FRQWURO�WHFKQRORJ\��&DUQIRUWK��(QJODQG��3DUWKHQRQ�3XEOLFDWLRQV��3S�����±����
/\RQV��-�.���%HVFKWD��5�/����������/DQGXVH��IORRGV��DQG�FKDQQHO�FKDQJHV���8SSHU�0LGGOH�)RUN�:LOODPHWWH
5LYHU��2UHJRQ������±��������:DWHU�5HVRXUFHV�5HVHDUFK��������±����
0$)��0LQLVWU\�RI�$JULFXOWXUH�	�)LVKHULHV����������$�QDWLRQDO�H[RWLF�IRUHVW�GHVFULSWLRQ�DV�DW���$SULO������
:HOOLQJWRQ��1=��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��
0DUWLQ��5�-���������0HDVXUHPHQW�RI�ZDWHU�XVH�DQG�SDVWXUH�JURZWK�RQ�7HPSOHWRQ�VLOW�ORDP���1HZ�=HDODQG
-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±����
0F$QHQH\��.�-���-XGG��0���������3DVWXUH�SURGXFWLRQ�DQG�ZDWHU�XVH�PHDVXUHPHQWV�LQ�WKH�FHQWUDO�:DLNDWR�
1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK������±���
0F&ROO��5�+�6���:KLWH��(���*LEVRQ��$�5��������3KRVSKRUXV�DQG�QLWUDWH�UXQRII�LQ�KLOO�SDVWXUH�DQG�IRUHVW
FDWFKPHQWV��7DLWD��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±����
0F*UHJRU�� .�5�� � ������ � ,QWHUFHSWLRQ� ORVV� IURP� WKH� EUDFNHQ� DQG� VODVK� XQGHUVWRU\� RI� D� SLQH� IRUHVW�
3XUXNRKXNRKX�%DVLQ��1HZ�=HDODQG���06F�7KHVLV��8QLYHUVLW\�RI�$XFNODQG��
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0F.HUFKDU��$�,����������+\GURORJLFDO�FKDUDFWHULVWLFV�RI�ODQG�XVH�FDWFKPHQWV�LQ�WKH�1HOVRQ�DUHD���,Q��/DQG
XVH�LQ�UHODWLRQ�WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ��1=���1HOVRQ�&DWFKPHQW�%RDUG��3S�����±����
0F.HUFKDU��$�,���:DXJK��-�5����������)DFWRUV�DIIHFWLQJ�WKH�ZDWHU�\LHOG�IURP�QDWXUDO�FDWFKPHQWV�LQ�1HZ
=HDODQG���1HZ�=HDODQG�'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�,QIRUPDWLRQ�6HULHV���������±����
0F/DUHQ��3�� ������� �(QYLURQPHQWDO� HIIHFWV�RI�SODQWHG� IRUHVWV� LQ�1HZ�=HDODQG�� �1HZ�=HDODQG�)RUHVW
5HVHDUFK�,QVWLWXWH�%XOOHWLQ������1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH���5RWRUXD������S�
0F1DXJKWRQ��.�*���%ODFN��7�$����������$�VWXG\�RI�HYDSRWUDQVSLUDWLRQ�IURP�D�'RXJODV�ILU�IRUHVW�XVLQJ�WKH
HQHUJ\�EDODQFH�DSSURDFK���:DWHU�5HVRXUFHV�5HVHDUFK�������±����
0I(��0LQLVWU\�IRU�WKH�(QYLURQPHQW����������1DWLRQDO�DJHQGD�IRU�VXVWDLQDEOH�PDQDJHPHQW�DFWLRQ�SODQ�
:HOOLQJWRQ��1=��0LQLVWU\�IRU�WKH�(QYLURQPHQW�
0LOOHU��%�-���������'HYHORSPHQW�RI�ZDWHU�XVH�PRGHOV�IRU�GU\ODQG�3LQXV�UDGLDWD�DJURIRUHVWU\�V\VWHPV���3K'
7KHVLV��/LQFROQ�8QLYHUVLW\��1=��
0LOOHU�� %�-��� &OLQWRQ�� 3�:��� %XFKDQ�� *�'��� 5REVRQ�� $�%�� � ������ � 7UDQVSLUDWLRQ� UDWHV� DQG� FDQRS\
FRQGXFWDQFH�RI�3�� UDGLDWD� JURZLQJ�ZLWK�GLIIHUHQW�SDVWXUH� XQGHUVWRULHV� LQ� DJURIRUHVWU\� V\VWHPV�� �7UHH
3K\VLRORJ\��������±����
0LOOHU��5�%���������3ODQW�QXWULHQWV�LQ�KDUG�EHHFK���,,,���7KH�F\FOH�RI�QXWULHQWV���1HZ�=HDODQG�-RXUQDO�RI
6FLHQFH�������±����
0LOOHW��0�5�2�� ������� �(YDSRUDWLRQ�DQG�UDLQIDOO� LQVLGH�DQG�RXWVLGH�D�IRUHVW�� �&RPPRQZHDOWK�)RUHVWU\
%XUHDX��$XVWUDOLD��/HDIOHW�1R���������S�
0LWFKHOO�� %�$��� &RUUHOO�� 5�/�� � ������ � 7KH� VRLO� ZDWHU� UHJLPH� LQ� D� \RXQJ� UDGLDWD� SLQH� SODQWDWLRQ� LQ
6RXWKHDVWHUQ�$XVWUDOLD���1HZ�)RUHVWV�������±����
0LWVFKHUOLFK��*���0ROO��:���.XQVWOH��(���0DXUHU��3����������5HVHDUFK�RQ�HFRORJ\�DQG�\LHOG�LQ�SXUH�DQG
PL[HG� VWDQGV�� 3DUW� ,9�� 3UHFLSLWDWLRQ�� VWHPIORZ� DQG� VRLO� PRLVWXUH�� �(UWUDJVNXQGOLFK�RNRORJLVFKH
XQWHUVXFKXQJHQ�LP�UHLQ�XQG�PLVFKEHVWDQG���3DUW�,9��1LHGHUVFKODJ��VWDPPDEODXI�XQG�ERGHQIHXFKWRJNHLW�
$OOJHPHLQH�)RUVW��XQG�-DJG]HLWXQJ�������±���
0LWVFKHUOLFK��*���0ROO��:����������6WXGLHV�RQ�SUHFLSLWDWLRQ�DQG�VRLO�PRLVWXUH�LQ�VRPH�FRQLIHU�DQG�KDUGZRRG
VWDQGV� QHDU� )UHLEXUJ�L�� %U�� 3DUW� ,�� 3UHFLSLWDWLRQ�� � �8QWHUVXFKXQJHQ� XEHU� GLH� QLHGHUVFKODJV� XQG
ERGHQIHXFKWLJNHLWVYHUKDOWQLVVH�LQ�HLQLJHQ�QDGHO��DQG�ODXEKRO]EHVWDQGHQ�LQ�GHU�QDKH�YRQ�)UHLEXUJ�%U���7HLO
,��1LHGHUVFKODJVYHUKDOWQLVVH�����$OOJHPHLQH�)RUVW��XQG�-DJG]HLWXQJ���������±���
0RRUH�� &�)�� � ������ (GG\� IOX[� PHDVXUHPHQWV� DERYH� D� SLQH� IRUHVW�� �4XDUWHUO\� -RXUQDO� RI� WKH� 5R\DO
0HWHRURORJLFDO�6RFLHW\���������±����
0XUUD\��'�/���-DFNVRQ��5�0���&DPSEHOO��'�,���)DKH\��%�'���������3UHGLFWLQJ�HIIHFWV�RI�PRGLI\LQJ�VQRZ
WXVVRFN�JUDVVODQG��,Q��$OOHQ��5�*���+RZHOO��7�$���3UXLWW��:�2���:DOWHU��,�$���-HQVHQ��0�(��HG���/\VLPHWHUV
IRU� HYDSRWUDQVSLUDWLRQ� DQG� HQYLURQPHQWDO� PHDVXUHPHQWV�� $PHULFDQ� 6RFLHW\� RI� &LYLO� (QJLQHHUV�� � 3S�
���±����
0\HUV��%�-���7DOVPD��7����������6LWH�ZDWHU�EDODQFH�DQG�WUHH�ZDWHU�VWDWXV�LQ�LUULJDWHG�DQG�IHUWLOLVHG�VWDQGV�RI
3LQXV�UDGLDWD���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�������±���
1DQGDNXPDU��1���0HLQ��5�*���������$QDO\VLV�RI�SDLUHG�FDWFKPHQW�GDWD�IRU�VRPH�RI�WKH�K\GURORJLF�HIIHFWV
RI�ODQG�XVH�FKDQJH���+\GURORJ\�DQG�:DWHU�5HVRXUFHV�6\PSRVLXP��1HZFDVWOH�������,QVWLWXWLRQ�RI�(QJLQHHUV
$XVWUDOLD�1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ��������3S����±���
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1DQGDNXPDU��1���0HLQ��5�*���'XQLQ�� )�;�� � ������&DWFKPHQW� HYDSRUDWLRQ� IURP�JUDVVODQG� DQG� IRUHVW�
,QWHUQDWLRQDO�+\GURORJ\�DQG�:DWHU�5HVRXUFHV�6\PSRVLXP��3HUWK�������,QVWLWXWLRQ�RI�(QJLQHHUV��$XVWUDOLD�
3S�����±����
1=),��8QGDWHG���)DFWV�DQG�ILJXUHV�������������:HOOLQJWRQ��1HZ�=HDODQG�)RUHVW�,QGXVWU\�
2\DU]XQ��&�(���+XEHU��$�:���9DVTXH]��6�*����������:DWHU�EDODQFH�LQ�WKUHH�3LQXV�UDGLDWD�SODQWDWLRQV��,�
5HGLVWULEXWLRQ�RI�WKH�SUHFLSLWDWLRQ����%DODQFH�KLGULFR�HQ�WUHV�SODQWDFLRQHV�GH�3LQXV�UDGLDWD�,��UHGLVWULEXFLRQ
GH�ODV�SUHFLSLWDFLRQHV����%RVTXH�����±���
3DUILWW��5�/���-RH��(�1���&RRN��)�-�������D���:DWHU�XVH�DQG�SDVWXUH�JURZWK�RQ�-XGJHIRUG�VLOW�ORDP���1HZ
=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±����
3DUILWW��5�/���5REHUWV��$�+�&���7KRPVRQ��1�$���&RRN��)�-�� �����E�� �:DWHU�XVH�� LUULJDWLRQ��DQG�SDVWXUH
SURGXFWLRQ�RQ�6WUDWIRUG�VLOW�ORDP���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±����
3DWULF��-�+���*RXOG��(�0���������6KLIWLQJ�ODQGXVH�DQG�WKH�HIIHFWV�RQ�ULYHU�IORZ�LQ�0DVVDFKXVHWWV���-RXUQDO
RI�WKH�$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ�������±���
3HDUFH��$�-����������:DWHU�\LHOG�FRQVHTXHQFHV�RI�YHJHWDWLRQ�FKDQJHV���,Q��/DQG�XVH�LQ�UHODWLRQ�WR�ZDWHU
TXDQWLW\�DQG�TXDOLW\���1HOVRQ��1=��1HOVRQ�&DWFKPHQW�%RDUG��3S�����±����
3HDUFH��$�-���0F.HUFKDU��$�,����������8SVWUHDP�JHQHUDWLRQ�RI�VWRUP�UXQRII���,Q��3K\VLFDO�K\GURORJ\��WKH
1HZ�=HDODQG�H[SHULHQFH���:HOOLQJWRQ��1=��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\���3S�����±����
3HDUFH��$�-���2¶/RXJKOLQ��&�/��� -DFNVRQ��5�-���=KDQJ��;�%�� � ������ �5HIRUHVWDWLRQ�� � RQ�VLWH� HIIHFWV�RQ
K\GURORJ\�DQG�HURVLRQ��HDVWHUQ�5DXNXPDUD�UDQJH��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO
6FLHQFHV�3XEOLFDWLRQ���������±����
3HDUFH��$�-���2¶/RXJKOLQ��&�/���5RZH��/�.���������+\GURORJLF�UHJLPH�RI�VPDOO�XQGLVWXUEHG�EHHFK�IRUHVW
FDWFKPHQWV��1RUWK�:HVWODQG���1HZ�=HDODQG�'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�,QIRUPDWLRQ
6HULHV���������±����
3HDUFH��$�-���5RZH��/�.���������,QWHUFHSWLRQ��HYDSRUDWLRQ�DQG�ZDWHU�XVH�E\�IRUHVWV���3URFHHGLQJV��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�������3S�����±����
3HDUFH��$�-���5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�LQ�D�PXOWL�VWRULHG��HYHUJUHHQ�PL[HG�IRUHVW��(VWLPDWHV
XVLQJ�*DVK¶V�DQDO\WLFDO�PRGHO���-RXUQDO�RI�+\GURORJ\��������±���
3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/����������(IIHFWV�RI�FOHDUIHOOLQJ�DQG�VODVK�EXUQLQJ�RQ�ZDWHU�\LHOG
DQG� VWRUP� K\GURJUDSKV� LQ� HYHUJUHHQ� PL[HG� IRUHVWV�� 1HZ� =HDODQG�� � ,QWHUQDWLRQDO� $VVRFLDWLRQ� RI
+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ����������±����
3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/���������+\GURORJLF�UHJLPH�RI�XQGLVWXUEHG�PL[HG�HYHUJUHHQ
IRUHVWV��6RXWK�1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±����
3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/���������+\GURORJ\�RI�PLG�DOWLWXGH�WXVVRFN�JUDVVODQGV��8SSHU
:DLSRUL�FDWFKPHQW��,,�:DWHU�EDODQFH��IORZ�GXUDWLRQ�DQG�VWRUP�UXQRII���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�
������±��
3HDUFH��$�-���5RZH��/�.���6WHZDUW��-�%���������1LJKWWLPH��ZHW�FDQRS\�HYDSRUDWLRQ�UDWHV�DQG�WKH�ZDWHU
EDODQFH�RI�DQ�HYHUJUHHQ�PL[HG�IRUHVW���:DWHU�5HVRXUFHV�5HVHDUFK��������±����
3HQPDQ�� +�/�� � ������ � 9HJHWDWLRQ� DQG� K\GURORJ\�� � &RPPRQZHDOWK� %XUHDX� RI� 6RLOV� 7HFKQLFDO
&RPPXQLFDWLRQ������+DUSHQGHQ�8�.�
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3HUHLUD��+�&����������/DQG�XVH�DQG�ZDWHU�UHVRXUFHV���&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�������S�
3HUHLUD��+�&����������3ROLF\�DQG�SUDFWLFH�LQ�WKH�PDQDJHPHQW�RI�WURSLFDO�ZDWHUVKHGV���&RORUDGR��:HVWYLHZ
3UHVV�
3HWFK��5�$����������6WXGLHV�RI�VRXUFH�DUHD�K\GURORJ\�XQGHU�LQGLJHQRXV�IRUHVW�DQG�SDVWRUDO�DJULFXOWXUH�LQ
WKH�+DSXDRNH�5DQJH��1RUWK� ,VODQG��1HZ�=HDODQG�� �8QSXEOLVKHG�3K'�7KHVLV��8QLYHUVLW\�RI�:DLNDWR�
+DPLOWRQ��1=�
3KLOOLSV��&�-���0DUGHQ��0���3HDUFH��$�-����������(IIHFWLYHQHVV�RI�UHIRUHVWDWLRQ�DQG�FRQWURO�RI�ODQGVOLGLQJ
GXULQJ�ODUJH�F\FORQLF�VWRUPV���3URFHHGLQJV��;,;�:RUOG�,8)52�&RQJUHVV��0RQWUHDO��$XJXVW��������'LYLVLRQ
���9ROXPH����3S�����±����
3LHQDDU��/��9����������5DLQIDOO�LQWHUFHSWLRQ�LQ�\RXQJ�3LQXV�UDGLDWD����5HHQYDORQGHUVNHSSLQJ�GHXU�
Q�MRQJ
RSVWDQG�YDQ�3LQXV�UDGLDWD��'�'RQ����%RVERX�LQ�6XLG�$IULND������±���
3LOJULP��'�+���'RUDQ��'�*���5RZERWWRP��,�$���0DFND\��6�0���7MHQGDQD��-����������:DWHU�EDODQFH�DQG�UXQRII
FKDUDFWHULVWLFV�RI�PDWXUH�DQG�FOHDUHG�SLQH�DQG�HXFDO\SW�FDWFKPHQWV�DW�/LGVGDOH��1HZ�6RXWK�:DOHV���7KH
)LUVW�1DWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��������0HOERXUQH����±���0D\��,QVWLWXWLRQ�RI�(QJLQHHUV�
$XVWUDOLD�1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ�������3S�����±����
3LWPDQ��-�,���������5DLQIDOO�LQWHUFHSWLRQ�E\�EUDFNHQ�LQ�RSHQ�KDELWDWV�±�UHODWLRQV�EHWZHHQ�OHDI�DUHD�LQGH[�
FDQRS\�VWRUDJH�DQG�GUDLQDJH�UDWH���-RXUQDO�RI�+\GURORJ\���������±����
3LWPDQ��-�,���3LWPDQ��5�0���������7UDQVSLUDWLRQ�DQG�HYDSRUDWLRQ�IURP�EUDFNHQ��3WHULGLXP�DTXLOLQXP�/�
.XKQ��LQ�RSHQ�KDELWDWV���%UDFNHQ��HFRORJ\��ODQGXVH�DQG�FRQWURO�WHFKQRORJ\��&DUQIRUWK��(QJODQG��3DUWKHQRQ
3XEOLFDWLRQV��3S�����±����
3LWPDQ��:�9���������7UHQGV�LQ�VWUHDPIORZ�GXH�WR�XSVWUHDP�ODQG�XVH�FKDQJHV���-RXUQDO�RI�+\GURORJ\����
���±����
3XWXKHQD��:�0���&RUGHU\��,����������(VWLPDWLRQ�RI�LQWHUFHSWLRQ�FDSDFLW\�RI�WKH�IRUHVW�IORRU���-RXUQDO�RI
+\GURORJ\���������±����
3XWXKHQD��:�0���&RUGHU\��,���������6RPH�K\GURORJLFDO�HIIHFWV�RI�FKDQJLQJ�IRUHVW�FRYHU�IURP�HXFDO\SWV�WR
3LQXV�UDGLDWD���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±���
5LGGHOO��-�0��0DUWLQ��*�1����������(VWLPDWLQJ�DQQXDO�ZDWHU�\LHOGV�IURP�IRUHVW�DQG�SDVWXUH�FDWFKPHQWV���1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��$XFNODQG����������8QSXEOLVKHG��
5RELQV��3�&����������$�PHWKRG�RI�PHDVXULQJ�WKH�DHURG\QDPLF�UHVLVWDQFH�WR�WKH�WUDQVSRUW�RI�ZDWHU�YDSRXU
IURP�IRUHVW�FDQRSLHV���-RXUQDO�RI�$SSOLHG�(FRORJ\��������±���
5REHUWV��-���3\PDU��&�)���:DOODFH��-�6���3LWPDQ��5�0����������6HDVRQDO�FKDQJHV�LQ�OHDI�DUHD��VWRPDWDO�DQG
FDQRS\�FRQGXFWDQFHV�DQG�WUDQVSLUDWLRQ�IURP�EUDFNHQ�EHORZ�D�IRUHVW�FDQRS\���-RXUQDO�RI�$SSOLHG�(FRORJ\
�������±����
5REHUWVRQ���1�*���������7KH�FOLPDWH�RI�1HZ�=HDODQG���,Q��0F/LQWRFN��$�+���(G����$�'HVFULSWLYH�$WODV�RI
1HZ�=HDODQG���*RYHUQPHQW�3ULQWHU��:HOOLQJWRQ���S��±���
5RJHUVRQ��7�/���%\UQHV��:�5����������1HW�UDLQIDOO�XQGHU�KDUGZRRGV�DQG�UHG�SLQH�LQ�&HQWUDO�3HQQV\OYDQLD�
:DWHU�5HVRXUFHV�5HVHDUFK������±����
5RWKDFKHU��-����������1HW�SUHFLSLWDWLRQ�XQGHU�D�'RXJODV�ILU�IRUHVW���)RUHVW�6FLHQFH�������±����
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5RWKDFKHU��-����������6WUHDPIORZ�IURP�VPDOO�ZDWHUVKHGV�RQ�WKH�ZHVWHUQ�VORSH�RI�WKH�&DVFDGH�5DQJH�RI
2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK�������±����
5RWKDFKHU��-����������,QFUHDVHV�LQ�ZDWHU�\LHOG�IROORZLQJ�FOHDU�FXW�ORJJLQJ�LQ�WKH�3DFLILF�1RUWKZHVW���:DWHU
5HVRXUFHV�5HVHDUFK�������±�����
5RWKDFKHU��-���������5HJLPHV�RI�VWUHDPIORZ�DQG�WKHLU�PRGLILFDWLRQ�E\�ORJJLQJ���,Q��.U\JLHU��-�7���+DOO��-�'�
HG��)RUHVW�ODQG�XVHV�DQG�VWUHDP�HQYLURQPHQW��&RUYDOOLV���2UHJRQ�6WDWH�8QLYHUVLW\��3S����±���
5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�PRXQWDLQ�EHHFK���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH���
��±���
5RZH�� /�.�� � ������ 5DLQIDOO� LQWHUFHSWLRQ� E\� D� EHHFK�KDUGZRRG�SRGRFDUS� IRUHVW� QHDU� 5HHIWRQ�� 1RUWK
:HVWODQG�1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�DQ�HYHUJUHHQ�EHHFK�IRUHVW��1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI
+\GURORJ\��������±����
5RZH��/�.��� )DKH\��%�'�� � ������ � 7KH�0DLPDL� K\GURORJLFDO� VWXG\�� 6RPH� FRQFOXVLRQV� WHQ� \HDUV� DIWHU
KDUYHVWLQJ� LQGLJHQRXV� IRUHVWV�� � 1HZ� =HDODQG� +\GURORJLFDO� 6RFLHW\� 6\PSRVLXP�� 'XQHGLQ�� �����
�8QSXEOLVKHG��
5RZH��/�.���)DKH\��%�'���������+\GURORJ\�DQG�ZDWHU�FKHPLVWU\�FKDQJHV�DIWHU�KDUYHVWLQJ�VPDOO��LQGLJHQRXV
IRUHVW�FDWFKPHQWV��:HVWODQG��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ
�����3S�����±����
5RZH��/�.����������3URFHHGLQJV��/DQG�XVH�FKDQJH�DQG�ZDWHU�UHVRXUFHV�LPSDFWV�WHFKQLFDO�ZRUNVKRS�����±��
0DUFK�������5LFKPRQG��1HOVRQ���/DQGFDUH�5HVHDUFK�1HZ�=HDODQG��7DVPDQ�'LVWULFW�&RXQFLO��1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\��
5RZH��/�.���)DKH\��%�'���-DFNVRQ��5�-�������D��+\GURORJ\�RI�'RXJODV�ILU�SODQWDWLRQV�IRUHVWV��$Q�DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�0LQLVWU\�IRU
WKH�(QYLURQPHQW��:HOOLQJWRQ�
5RZH��/���)DKH\��%���-DFNVRQ��5���'XQFDQ��0����������(IIHFWV�RI�ODQG�XVH�RQ�IORRGV�DQG�ORZ�IORZV����,Q�
0RVOH\��0�3��� 3HDUVRQ�� &�3�� HG�� � )ORRGV� DQG� GURXJKWV�� WKH�1HZ�=HDODQG� H[SHULHQFH�� �1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ���3S����±����
5RZH��/�.���-DFNVRQ��5�-���������7KH�LQIOXHQFH�RI�DIIRUHVWDWLRQ�E\�3LQXV�UDGLDWD�RQ�VWUHDPIORZV�DYDLODEOH
IRU�PXQLFLSDO�DQG�LUULJDWLRQV�XVHV�����WK�+\GURORJ\�DQG�:DWHU�5HVRXUFHV�6\PSRVLXP�3URFHHGLQJV��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ��3S�����±����
5RZH��/�.���-DFNVRQ��5�-���)DKH\��%�'������E��7KH�K\GURORJ\�RI�3LQXV�UDGLDWD�SODQWDWLRQV��$Q�DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�0LQLVWU\�IRU
WKH�(QYLURQPHQW��:HOOLQJWRQ�
5RZH�� /�.��� -DFNVRQ�� 5�-��� )DKH\�� %�'�� � ����F�� � 1HZ� =HDODQG� ODQG�XVH� K\GURORJ\�� $Q� DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�0LQLVWU\�IRU
WKH�(QYLURQPHQW��:HOOLQJWRQ�
5RZH��/�.���0DUGHQ��0���5RZDQ��'����������,QWHUFHSWLRQ�DQG�WKURXJKIDOO�LQ�D�UHJHQHUDWLQJ�VWDQG�RI�NDQXND
�.XQ]HD�HULFRLGHV�YDU��HULFRLGHV���(DVW�&RDVW�UHJLRQ��1RUWK�,VODQG��1HZ�=HDODQG��DQG�LPSOLFDWLRQV�IRU�VRLO
FRQVHUYDWLRQ��-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
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5RZH��/�.���3HDUFH��$�-����������+\GURORJ\�DQG�UHODWHG�FKDQJHV�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVW�FDWFKPHQWV
DQG� HVWDEOLVKLQJ�3LQXV� UDGLDWD� SODQWDWLRQV�� � 3DUW� ��� 7KH� QDWLYH� IRUHVW� ZDWHU� EDODQFH� DQG� FKDQJHV� LQ
VWUHDPIORZ�DIWHU�KDUYHVWLQJ���+\GURORJLFDO�3URFHVVHV�������±�����
5RZH��/�.���3HDUFH��$�-���2
/RXJKOLQ��&�/����������+\GURORJ\�DQG�UHODWHG�FKDQJHV�DIWHU�KDUYHVWLQJ�QDWLYH
IRUHVW�FDWFKPHQWV�DQG�HVWDEOLVKLQJ�3LQXV�UDGLDWD�SODQWDWLRQV��3DUW����,QWURGXFWLRQ�WR�VWXG\���+\GURORJLFDO
3URFHVVHV��������±���
5XLWHU�� -�+�� � ������ �7KH�ZDWHU� UHODWLRQV� RI�3LQXV� UDGLDWD� ��'�'RQ�� LQ� WKH� ORZHU� VRXWK� HDVW� RI� 6RXWK
$XVWUDOLD���06F�7KHVLV��8QLYHUVLW\�RI�$GHODLGH��$XVWUDOLD�
5XWWHU�� $�-�� � ������ � 6WXGLHV� LQ� WKH� ZDWHU� UHODWLRQV� RI� 3LQXV� V\OYHVWULV� LQ� SODQWDWLRQ� FRQGLWLRQV�� ,�
0HDVXUHPHQWV�RI�UDLQIDOO�DQG�LQWHUFHSWLRQ���-RXUQDO�RI�(FRORJ\��������±����
5XWWHU��$�-���.HUVKDZ��.�$���5REELQV��3�&���0RUWRQ��$�-����������$�SUHGLFWLYH�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ
LQ�IRUHVWV���$JULFXOWXUDO�0HWHRURORJ\�������±����
5XWWHU��$�-���0RUWRQ��$�-���5RELQV��3�&����������$�SUHGLFWLYH�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�LQ�IRUHVWV��,,�
*HQHUDOL]DWLRQ�RI�WKH�PRGHO�DQG�FRPSDULVRQ�ZLWK�REVHUYDWLRQV�LQ�VRPH�FRQLIHURXV�DQG�KDUGZRRG�VWDQGV�
-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����
5\FURIW��+�%����������+\GURORJLFDO�UHVHDUFK�LQ�6RXWK�$IULFDQ�IRUHVWU\������WR��������*RYHUQPHQW�3ULQWHU�
3UHWRULD��3����
6FDUI��)�� ������� �+\GURORJLFDO�HIIHFWV�RI�FXOWXUDO�FKDQJHV�DW�0RXWHUH�H[SHULPHQWDO�EDVLQ�� �-RXUQDO�RI
+\GURORJ\��1HZ�=HDODQG��������±����
6FKDDS��0�*���%RXWHQ��:�� ������� �)RUHVW� IORRU�HYDSRUDWLRQ� LQ�D�GHQVH�'RXJODV� ILU� VWDQG�� �-RXUQDO�RI
+\GURORJ\��������±����
6FKDDS��0�*���%RXWHQ��:���9HUVWUDWHQ��-�0����������)RUHVW�IORRU�ZDWHU�FRQWHQW�G\QDPLFV�Q�D�'RXJODV�ILU
VWDQG���-RXUQDO�RI�+\GURORJ\���������±����
6FKRXWHQ��&�-�-�+���������2ULJLQ�DQG�RXWSXW�RI�VXVSHQGHG�DQG�GLVVROYHG�PDWHULDO�IURP�D�FDWFKPHQW�LQ
1RUWKODQG��1HZ�=HDODQG���ZLWK�SDUWLFXODU�UHIHUHQFH�WR�PDQ�LQGXFHG�FKDQJHV���3XEOLFDWLHV�YDQ�KHW�)\VLFK
*HRJUDILVFK�HQ�%RGHPNXQGLJ�/DERUDWRULXP�YD�GH�8QLYHUVLWHLW�YDQ�$PVWHUGDP�1R�������
6FRWW�� '�)�� � ������ � 7KH� FRQWUDVWLQJ� HIIHFWV� RI�ZLOGILUH� DQG� FOHDUIHOOLQJ� RQ� WKH� K\GURORJ\� RI� D� VPDOO
FDWFKPHQW���+\GURORJLFDO�3URFHVVHV��������±����
6FRWW��'�)���/HVFK��:���������7KH�ZDWHU�\LHOG�JDLQV�REWDLQHG�IURP�FOHDUIHOOLQJ�ULSDULDQ�]RQH�YHJHWDWLRQ�
3URF���WK�6RXWK�$IULFDQ�1DWLRQDO�+\GURORJ\�6\PSRVLXP��*UDKDPVWRZQ��6HSW��������5HSRUWHG�LQ�'\H
�������
6FRWW��'�)���6PLWK��5�(����������3UHOLPLQDU\�HPSLULFDO�PRGHOV�WR�SUHGLFW�UHGXFWLRQV�LQ�WRWDO�DQG�ORZ�IORZV
UHVXOWLQJ�IURP�DIIRUHVWDWLRQ���:DWHU�6$��������±����
6FRWWHU��'�5���&ORWKLHU��%�(���7XUQHU��0�$���������7KH�VRLO�ZDWHU�EDODQFH�LQ�D�IUDJLDTXDOI�DQG�LWV�HIIHFW�RQ
SDVWXUH�JURZWK�LQ�FHQWUDO�1HZ�=HDODQG���$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������±����
6LQJK��%����������7KH�HIIHFW�RI�UDLQIDOO�FKDUDFWHULVWLFV�DQG�SRVW�ZHWWLQJ�V\QRSWLF�FRQGLWLRQV�RQ�HYDSRUDWLRQ
UDWHV�IURP�D�ZHWWHG�KDUGZRRG�FDQRS\���&OLPDWRORJLFDO�%XOOHWLQ�������±���
6PHWKXUVW��3�-���1DPELDU��(�.�6����������'LVWULEXWLRQ�RI�FDUERQ�DQG�QXWULHQWV�DQG�IOX[HV�RI�PLQHUDO�QLWURJHQ
DIWHU�FOHDU�IHOOLQJ�D�3LQXV�UDGLDWD�SODQWDWLRQ���&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK���������±�����
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6PLWK��&�0����������5LSDULDQ�DIIRUHVWDWLRQ�HIIHFWV�RQ�ZDWHU�\LHOGV�DQG�ZDWHU�TXDOLW\�LQ�SDVWXUH�FDWFKPHQWV�
-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\��������±����
6PLWK��-�/�+����������([RWLF�IRUHVWV�DQG�UXQRII���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�������±����
6PLWK��0�.����������7KURXJKIDOO�VWHPIORZ�DQG�LQWHUFHSWLRQ�LQ�SLQH�DQG�HXFDO\SW�IRUHVW��$XVWUDOLDQ�)RUHVWU\
�������±����
6PLWK��0�.���:DWVRQ��.�.���3LOJULP��'�+����������$�FRPSDUDWLYH�VWXG\�RI�WKH�K\GURORJ\�RI�UDGLDWD�SLQH
DQG� HXFDO\SW� IRUHVWV� DW� /LGVGDOH�� 1HZ� 6RXWK�:DOHV�� �&LYLO� (QJLQHHULQJ� 7UDQVDFWLRQV�� ,QVWLWXWLRQ� RI
(QJLQHHUV��$XVWUDOLD�������±���
6PLWK��3�-�7����������9DULDWLRQ�RI�ZDWHU�\LHOG�IURP�FDWFKPHQWV�XQGHU�LQWURGXFHG�SDVWXUH�JUDVV�DQG�H[RWLF
IRUHVW��(DVW�2WDJR���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG���������±����
6PLWK��5�(���6FRWW��'�)����������7KH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�YDULRXV�UHJLRQV�RI�6RXWK�$IULFD�
:DWHU�6$��������±����
6RWR��%���'LD]�)LHUURV��)����������6RLO�ZDWHU�EDODQFH�DV�DIIHFWHG�E\�WKURXJKIDOO�LQ�JRUVH��8OH[�HXURSDHXV
/���VKUXEODQG�DIWHU�EXUQLQJ���-RXUQDO�RI�+\GURORJ\���������±������/RFDWLRQ�����
6WHGQLFN��-�'���������0RQLWRULQJ�WKH�HIIHFWV�RI�WLPEHU�KDUYHVW�RQ�DQQXDO�ZDWHU�\LHOG���-RXUQDO�RI�+\GURORJ\
�������±���
6ZDQVRQ��5�+����������7UDQVSLUDWLRQ�SRWHQWLDO�RI�FRQWRUWD��UDGLDWD�SLQH�DQG�'RXJODV�ILU�IRU�GH�ZDWHULQJ�LQ
PDVV�ZDVWLQJ�FRQWURO���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����
7HVNH\��5�2���6KHULII��'�:����������:DWHU�XVH�E\�3LQXV�UDGLDWD�WUHHV�LQ�D�SODQWDWLRQ��7UHH�3K\VLRORJ\����
���±����
7KLVWOHWKZDLWH��5�-���������)RUHVWV�DQG�ZDWHU�VXSSO\�LQ�WKH�&RWWHU�FDWFKPHQW���3K'�7KHVLV��$18��&DQEHUUD�
$XVWUDOLD�
7KRPDV��5�%���0HJDKDQ��:�)����������3HDN�IORZ�UHVSRQVHV�WR�FOHDU�FXWWLQJ�DQG�URDGV�LQ�VPDOO�DQG�ODUJH
EDVLQV��ZHVWHUQ�&DVFDGHV��2UHJRQ��$�VHFRQG�RSLQLRQ���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����
7RHEHV��&���6FDUI��)���<DWHV��0�(�� ������� �(IIHFWV�RI�FXOWXUDO�FKDQJHV�RQ�0DNDUD�H[SHULPHQWDO�EDVLQ�
+\GURORJLFDO�DQG�DJULFXOWXUDO�SURGXFWLRQ�HIIHFWV�RI�LPSURYLQJ�LQWHQVLYHO\�JUD]HG�VPDOO�FDWFKPHQWV��%XOOHWLQ
RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�6FLHQWLILF�+\GURORJ\�������±����
7ULPEOH��6�:���:HLULFK��)�+���������5HIRUHVWDWLRQ�UHGXFHV�VWUHDPIORZ�LQ�WKH�VRXWKHVWHUQ�8QLWHG�6WDWHV�
-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ��������±����
7ULPEOH��6�:���:HLULFK��)�+���%RDJ��%�/���������5HIRUHVWDWLRQ�DQG�WKH�UHGXFWLRQ�RI�ZDWHU�\LHOG�LQ�WKH
VRXWKHUQ�3LHGPRQW�VLQFH�FLUFD��������:DWHU�5HVRXUFHV�5HVHDUFK��������±���
7XUQHU��-���/DPEHUW��0�-���������)RUHVW�ZDWHU�XVDJH�DQG�LQWHUDFWLRQV�ZLWK�QXWULWLRQ�RI�3��UDGLDWD���$FWD
(FRORJLFD�(FRORJLD�3ODQWDUXP������±���
YDQ�(N��5���'UDDLMHUV��*�3�-���������(VWLPDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ�DQG�FDQRS\�H[FKDQJHV�IRU�WKUHH
FRPPRQ�WUHH�VSHFLHV�LQ�7KH�1HWKHUODQGV���:DWHU��$LU��DQG�6RLO�3ROOXWLRQ�������±���
YDQ�:\N��'�%����������6RPH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�VWUHDPIORZ�LQ�WKH�:HVWHUQ�&DSH�3URYLQFH��6RXWK
$IULFD���:DWHU�6$�������±���
:DOWHU��.���������,QGH[�WR�K\GURORJLFDO�UHFRUGLQJ�VLWHV�LQ�1HZ�=HDODQG���1,:$�7HFKQLFDO�UHSRUW���������S�
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:DXJK��-�5�������D��%DVHIORZ�UHFHVVLRQV�DV�DQ�LQGH[�RI�UHSUHVHQWDWLYHQHVV�LQ�WKH�K\GURORJLFDO�UHJLRQV�RI
1RUWKODQG��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEO������3S�����±����
:DXJK��-�5�������E��7KH�UHODWLRQ�EHWZHHQ�VXPPHU�ORZ�IORZV�DQG�JHRORJ\�LQ�1RUWKODQG��1HZ�=HDODQG�
:DWHU�DQG�6RLO�'LYLVLRQ��1HZ�=HDODQG�0LQLVWU\�RI�:RUNV��0LVF��3XEO�1R���������S�
:DXJK��-�5����������+\GURORJLFDO�HIIHFWV�RI�WKH�HVWDEOLVKPHQW�RI�IRUHVWV���,Q��/DQG�XVH�LQ�UHODWLRQ�WR�ZDWHU
TXDQWLW\�DQG�TXDOLW\���1HOVRQ��1=��1HOVRQ�&DWFKPHQW�%RDUG��3S�����±����
:KLWHKHDG��'���.HOOLKHU��)�0�������D���0RGHOLQJ�WKH�ZDWHU�EDODQFH�RI�D�VPDOO�3LQXV�UDGLDWD�FDWFKPHQW�
7UHH�3K\VLRORJ\������±���
:KLWHKHDG��'���.HOOLKHU��)�0�������E���$�FDQRS\�ZDWHU�EDODQFH�PRGHO�IRU�D�3LQXV�UDGLDWD�VWDQG�EHIRUH�DQG
DIWHU�WKLQQLQJ���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±����
:KLWHKHDG��'���.HOOLKHU��)�0���+REEV��-�)�)���%URZQOLH��5�.���*RGIUH\��0�-�6����������$�PRGHO�RI�WKH
FDQRS\�ZDWHU� IRU� D�3LQXV� UDGLDWD� VWDQG� EHIRUH� DQG� DIWHU� WKLQQLQJ�� � 3URFHHGLQJV�� )RXUWK�$XVWUDODVLDQ
&RQIHUHQFH�RQ�+HDW�DQG�0DVV�7UDQVIHU��&KULVWFKXUFK��0D\�������3S�����±����
:KLWHKHDG��'���.HOOLKHU��)�0���/DQH��3�0���3ROORFN��'�6����������6HDVRQDO�SDUWLWLRQLQJ�RI�HYDSRUDWLRQ
EHWZHHQ�WUHHV�DQG�XQGHUVWRUH\�LQ�D�ZLGHO\�VSDFHG�3LQXV�UDGLDWD�VWDQG���-RXUQDO�RI�$SSOLHG�(FRORJ\����
���±����
:LFKW��&�/����������)RUHVWU\�DQG�ZDWHU�VXSSOLHV�LQ�6RXWK�$IULFD���%XOOHWLQ��'HSDUWPHQW�RI�$JULFXOWXUH�
6RXWK�$IULFD�1R�����
:LONLH��'�5���'L[LH��5�&���<DWHV��0�(����������(IIHFWV�RI�VRPH�ODQG�PDQDJHPHQW�SUDFWLFHV�RQ�WKH�K\GURORJ\
RI�VPDOO�FDWFKPHQWV�����WK�1HZ�=HDODQG�6FLHQFH�&RQJUHVV��&RQVHUYDWLRQ�VXE�VHFWLRQ��$XFNODQG��������3S�
��±���
:LOO��*�0�������D���1XWULHQW�UHWXUQ�LQ�OLWWHU�DQG�UDLQIDOO�XQGHU�VRPH�H[RWLF�FRQLIHU�VWDQGV�LQ�1HZ�=HDODQG�
1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����
:LOO��*�0�������E���6RLO�PRLVWXUH�DQG�VRLO�WHPSHUDWXUH�VWXGLHV�XQGHU�UDGLDWD�SLQH��:KDNDUHZDUHZD�)RUHVW�
����±�������1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����
:LOOLDPV��$�*���.HQW��0���7HUQDQ��-�/���������4XDQWLW\�DQG�TXDOLW\�RI�EUDFNHQ�WKURXJKIDOO��VWHPIORZ�DQG
OLWWHUIORZ�LQ�D�'DUWPRRU�FDWFKPHQW��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±����
:LOOLDPV��3�:���������,PSDFW�RI�XUEDQL]DWLRQ�RQ�WKH�K\GURORJ\�RI�:DLUDX�&UHHN��1RUWK�6KRUH��$XFNODQG�
-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
:RRGZDUG��6�-�5���%DUNHU��'�-���=\VNRZVNL��5�)����������$�SUDFWLFDO�PRGHO�IRU�SUHGLFWLQJ�VRLO�ZDWHU�GHILFLW
LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����
:ULJKW��.�$���6HQGHN��.�+���5LFH��5�0���7KRPDV��5�%����������/RJJLQJ�HIIHFWV�RQ�VWUHDPIORZ��VWRUP�UXQRII
DW�&DVSDU�&UHHN�LQ�QRUWKZHVWHUQ�&DOLIRUQLD���:DWHU�5HVRXUFHV�5HVHDUFK���������±������
<DWHV��0�(����������0DNDUD�([SHULPHQWDO�6WDWLRQ²SUHOLPLQDU\�UHVXOWV���6RLO�DQG�:DWHU������±���
<DWHV�� 0�(�� � ������ � (IIHFWV� RI� FXOWXUDO� FKDQJH� DW� 0DNDUD� ([SHULPHQWDO� 6WDWLRQ�� +\GURORJLFDO� DQG
DJULFXOWXUDO�SURGXFWLRQ�HIIHFWV�RI�WZR�OHYHOV�RI�JUD]LQJ�RQ�XQLPSURYHG�DQG�LPSURYHG�VPDOO�FDWFKPHQWV�
-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�������±���
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=LHPHU��5�5���������)ORRGLQJ�DQG�VWRUPIORZV���,Q��=LHPHU��5�5���7HFKQLFDO�&RRUGLQDWRU��3URFHHGLQJV�RI
WKH�FRQIHUHQFH�RQ�FRDVWDO�ZDWHUVKHGV��7KH�&DVSDU�&UHHN�VWRU\���86'$�)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO
5HSRUW�36:�*75������3S����±���


