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FRQVHQW�RI�WKH�FRS\ULJKW�KROGHU�
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&RQWHQWV

,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ��� %DFNJURXQG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
60)�3URMHFW�������/DQG�&RYHU�(IIHFWV�RQ�:DWHU�$YDLODELOLW\ � � � � � � � � � � � � � � � � � � � � �
7KH�1HZ�=HDODQG�SODQWDWLRQ�IRUHVW�HVWDWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
6RXUFHV�RI�K\GURORJLFDO�GDWD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7KLV�ELEOLRJUDSK\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ��� .H\ZRUG�,QGLFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ��� %LEOLRJUDSK\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

6HFWLRQ����� $GGLWLRQDO�5HIHUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

6HFWLRQ��� $FNQRZOHGJHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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,QWURGXFWLRQ

3URMHFW�������/DQG�&RYHU�(IIHFWV�RQ�:DWHU�$YDLODELOLW\�LV�IXQGHG�E\�D�JUDQW�IURP�WKH�0LQLVWU\�IRU�WKH
(QYLURQPHQW¶V�6XVWDLQDEOH�0DQDJHPHQW�)XQG���7KH�SXUSRVH�RI�WKH�SURMHFW�LV�WR�SURYLGH�LQIRUPDWLRQ�DQG
WRROV�WKDW�ZLOO�DVVLVW�ZDWHU�DQG�ODQG�PDQDJHUV�LQ�PDNLQJ�WKH�EHVW�DOORFDWLRQV�RI�ZDWHU�UHVRXUFHV�IRU�DOO�HQG�
XVHUV�

$�VHULHV�RI�ELEOLRJUDSKLHV�DUH�SODQQHG�DV�SDUW�RI�WKH�SURMHFW�WR�SURYLGH�LQIRUPDWLRQ�RQ�K\GURORJLFDO�GDWD
IRU�3LQXV�UDGLDWD��UDGLDWD�SLQH��SODQWDWLRQV��'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��IRUHVWV�DQG�SODQWDWLRQV�
DQG�1HZ�=HDODQG�ODQG�XVH�VWXGLHV�

7KLV�UHSRUW�FRQWDLQV�LQIRUPDWLRQ�SHUWDLQLQJ�SULPDULO\�WR�3��UDGLDWD�SODQWDWLRQV�DQG�LV�GLYLGHG�LQWR�IRXU
VHFWLRQV���

� 6HFWLRQ���SURYLGHV�WKH�EDFNJURXQG�WR�WKH�SURMHFW�

� 6HFWLRQ����WKH�FRORXUHG�VHFWLRQ��LV�GHVLJQHG�WR�EH�D�TXLFN�UHIHUHQFH�SRLQW�WR�DQ\�WRSLF���,W�OLVWV
NH\ZRUGV�XQGHU�IRXU�WRSLF�DUHDV��K\GURORJLFDO�WRSLFV��YHJHWDWLRQ�FRPSDULVRQV��ODQG�XVH�FKDQJHV�
DQG�FRXQWU\�RI�RULJLQ��DQG�LQFOXGHV�FLWDWLRQV�UHOHYDQW�WR�HDFK�NH\ZRUG�

� 6HFWLRQ���LV�WKH�ELEOLRJUDSK\�RI�UHOHYDQW�VFLHQWLILF�SDSHUV�DQG�UHSRUWV���(DFK�FLWDWLRQ�JHQHUDOO\
LQFOXGHV�DQ�DEVWUDFW�DQG�IXUWKHU�FRPPHQW�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG���&LWDWLRQV�DUH�SUHVHQWHG�LQ
DOSKDEHWLFDO�RUGHU�RI�DXWKRUV��DQG�WKHQ�E\�\HDU�RI�SXEOLFDWLRQ�

� 6HFWLRQ� �� LV� D� UHIHUHQFH� OLVW� RI�� �D�� FLWDWLRQV� UHIHUUHG� WR� LQ� WKH� GRFXPHQW� EXW� QRW� LQFOXGHG� LQ
6HFWLRQ�����E��XQSXEOLVKHG�FRQWUDFW�UHSRUWV��DQG��F��WHUULWRULDO�DXWKRULW\�UHSRUWV���7KHVH�UHIHUHQFHV
DUH�QRW�DQQRWDWHG�EXW�DUH�LQFOXGHG�IRU�FRPSOHWHQHVV��
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6HFWLRQ��� %DFNJURXQG

7KHUH�DUH�ZRUOGZLGH�FRQFHUQV�WKDW�LQFUHDVHG�HVWDEOLVKPHQW�RI�SODQWDWLRQV�RI�H[RWLF�IRUHVW�VSHFLHV�IRU
ZRRG�ILEUH�SURGXFWLRQ��HLWKHU�DV�D�UHVXOW�RI�FRQYHUVLRQ�RI�QDWLYH�IRUHVWV�DQG�VFUXEODQGV�RU�DIIRUHVWDWLRQ
RI�SDVWXUH�DQG�QDWLYH�JUDVVODQGV��PD\�KDYH�D�GHWULPHQWDO�HIIHFW�RQ�WKH�HQYLURQPHQW���1HZ�=HDODQG�LV�QR
GLIIHUHQW�WR�PRVW�RWKHU�FRXQWULHV�LQ�WKLV�UHJDUG���$WWHQWLRQ�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�RIWHQ�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���: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
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� GRFXPHQW�� 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
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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

$W���$SULO�������WKH�1HZ�=HDODQG�H[RWLF�IRUHVW�HVWDWH�FRYHUHG������P�KD�����RI�1HZ�=HDODQG¶V�ODQG�DUHD�
3LQXV�UDGLDWD�'��'RQ�LV�WKH�QXPEHU�RQH�SODQWDWLRQ�VSHFLHV�JURZQ�FRPSULVLQJ�PRUH�WKDQ������P�KD��RYHU
����RI�WKH�WRWDO�SODQWDWLRQ�DUHD��1=),�XQGDWHG����3LQXV�UDGLDWD�LV�FRPPHUFLDOO\�JURZQ�PDLQO\�LQ�UDLQIDOO
UHJLPHV� EHWZHHQ� ���� PP� DQG� ����� PP�\HDU�� DQG� 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���$ERXW��������KD�RI�RWKHU�VSHFLHV�DUH
JURZQ��LQFOXGLQJ�HXFDO\SWV��1=),�XQGDWHG��

%HWZHHQ������DQG�������QHZ�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�RQ�SDVWXUH�ODQG�ERWK
LPSURYHG��DERXW������DQG�XQLPSURYHG��DERXW�������ZLWK�WKH�EDODQFH�LQ�VFUXEODQG��������0$)�������

6RXUFHV�RI�K\GURORJLFDO�GDWD

&DWFKPHQW�VWXGLHV�DW�*OHQGKX��2WDJR���0DLPDL��:HVW�&RDVW���'RQDOG�&UHHN�DQG�0RXWHUH��1HOVRQ��
$VKOH\��&DQWHUEXU\��DQG�3XUXNRKXNRKX��&HQWUDO�1RUWK�,VODQG��SURYLGH�WKH�EXON�RI�WKH�LQIRUPDWLRQ�RQ
WKH�K\GURORJ\�RI�1HZ�=HDODQG�IRUHVWV��EXW�IRU�3LQXV�UDGLDWD�SODQWDWLRQV�RU�QDWLYH�IRUHVWV��QRW�'RXJODV
ILU�SODQWDWLRQV���$SDUW�IURP�0RXWHUH�DQG�$VKOH\��WKHVH�DUH�KLJKHU�UDLQIDOO�DUHDV�ZKHUH�FRQFHUQV�DERXW
ZDWHU�\LHOGV�DUH�QRW�KLJK���7KLV�LV�LQ�FRQWUDVW�WR��VD\��1HOVRQ�DQG�WKH�HDVW�FRDVWV�RI�ERWK�LVODQGV�ZKHUH
ZDWHU�LV�RIWHQ�VFDUFH�LQ�VXPPHU�DQG�WKH�PRVW�UHOHYDQW�GDWD�FRPHV�IURP�VWXGLHV�DW�'RQDOG�&UHHN��0RXWHUH
DQG�$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���5HYLHZV�E\�)DKH\�	�5RZH���������0F/DUHQ��������DQG�5RZH�HW�DO��������
VXPPDULVH�VRPH�RI�WKHVH�VWXGLHV��

7KLV�ELEOLRJUDSK\

7KLV�ELEOLRJUDSK\�IRFXVHV�RQ�3��UDGLDWD�DQG�LV�RQH�RI�D�VHULHV�EHLQJ�SUHSDUHG�IRU�WKH�SURMHFW���)XUWKHU
UHSRUWV�LQ�WKLV�VHULHV�SHUWDLQ�WR�RWKHU�ODQG�FRYHUV���5HSRUW�1R�����5RZH�HW�DO������D��LV�D�ELEOLRJUDSK\�RI
WKH�K\GURORJ\�RI�'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL����1HZ�=HDODQG�VWXGLHV�RQ�WKH�K\GURORJ\�RI�RWKHU
ODQG�XVHV�FDQ�EH�IRXQG�LQ�5HSRUW�1R�����5RZH�HW�DO������E��

3ODQWDWLRQV�RI�3��UDGLDWD�DUH�DOVR�JURZQ�H[WHQVLYHO\�LQ�$XVWUDOLD��%RRUVPD�	�+XQWHU���������VRXWK�ZHVW
6RXWK�$IULFD��DQG�&KLOH���,Q�&KLOH��IRU�H[DPSOH��WKHUH�ZHUH���P�KD�LQ�3��UDGLDWD�LQ�������+XEHU�	�,URXPH
��������7R�D�OHVVHU�H[WHQW�SODQWDWLRQV�KDYH�EHHQ�HVWDEOLVKHG�LQ�6SDLQ�DQG�DURXQG�WKH�0HGLWHUUDQHDQ���7KXV�
WKHUH� LV� SRWHQWLDOO\� D� ZHDOWK� RI� LQIRUPDWLRQ� WR� VXSSOHPHQW� WKDW� IRXQG� IURP�1HZ� =HDODQG� VRXUFHV�
7KHUHIRUH��WKH�ELEOLRJUDSK\�KDV�EHHQ�FRPSLOHG�IURP�SDSHUV�DQG�UHSRUWV�REWDLQHG�IURP�VHDUFKHV�RI�WKH
OLWHUDWXUH�LQ�ZRUOGZLGH�GDWDEDVHV��PDLQO\�XVLQJ�&$%�$EVWUDFWV��WR�VXSSOHPHQW�WKRVH�DYDLODEOH�IURP�1HZ
=HDODQG�UHVHDUFK��LQFOXGLQJ�WKRVH�LQ�WKH�DXWKRUV¶�DUFKLYHV�
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6RPH�VWXGLHV�UHSRUW�RQ�WKH�GLIIHUHQFHV�LQ�ZDWHU�\LHOG�EHWZHHQ�SLQH�FRYHUHG�FDWFKPHQWV�DQG�WKRVH�ZLWK
RWKHU�YHJHWDWLRQ�FRYHUV��H�J���LQGLJHQRXV�IRUHVWV��JUDVVODQGV��DQG�SDVWXUH��ZKLOH�RWKHUV�IRFXV�RQ�SURFHVVHV
VXFK�DV�LQWHUFHSWLRQ�RU�WUDQVSLUDWLRQ��7KH�ELEOLRJUDSK\¶V�IRFXV�LV�K\GURORJ\��ZDWHU�TXDOLW\�DQG�RWKHU
DVSHFWV�DUH�OLVWHG�RQO\�ZKHQ�WKHVH�DFFRPSDQLHG�XVHIXO�K\GURORJLFDO�GDWD�
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6HFWLRQ��� .H\ZRUG�,QGLFHV
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&URFNIRUG��5�+��HW�DO�������
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'HZDU��5�&�������
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)HOOHU��0�&�������
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+ROPHV��-�:���6LQFODLU��-�$�������
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0LWFKHOO��%�$���&RUUHOO��5�/�������
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0\HUV��%�-���7DOVPD��7�������
1DQGDNXPDU��1���0HLQ��5�*�������
1DQGDNXPDU��1���0HLQ��5�*���'XQLQ��)�;�������
3LOJULP��'�+��HW�DO�������
3RRN��(�:���0RRUH��3�+�5���+DOO�7�������D

3RRN��(�:���0RRUH��3�+�5���+DOO�7�������E
3XWXKHQD��:�0���&RUGHU\��,�������
3XWXKHQD��:�0���&RUGHU\��,�������
5LFKPRQG��,�&�������
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6KHULII��'�:��HW�DO�������
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6PLWK��0�.���:DWVRQ��.�.���3LOJULP��'�+�������
7HVNH\��5�2���6KHULII��'�:�������
7KLVWOHWKZDLWH��5�-�������
7V\NLQ��(���/DXUHQVRQ��(�0���:X��$�<�.�������
:URQVNL��(�������

&KLOH
$JXLODU��-�*���$UUDX��$�,�������
+XEHU��$���(OOLHV��$���2\DU]XQ��&�������
+XEHU��$���,URXPH��$�������
+XEHU��$���/RSH]��'�������
+XEHU��$���2\DU]XQ��&�������
+XEHU��$���2\DU]XQ��&�������
+XEHU��$���2\DU]XQ��&�������
+XEHU��$���2\DU]XQ��&���(OOLHV��$�������
,URXPH��$�������
,URXPH��$�������
2WHUR��'�/��HW�DO�������
2\DU]XQ��&�(��HW�DO�������
6DXQLHU��5���%XUVFKHO��3�������

1HZ�=HDODQG
$UQHWK��$��HW�DO�������
$UQHWK��$��HW�DO�������
%DNHU��7�*���+RGJNLVV��3�'���2OLYHU��*�5�������
%DNHU��7�*���2OLYHU��*�5���+RGJNLVV��3�'�������
%DUWRQ��,�/��&DUG��-�+�������
%HHWV��3�1���%URZQOLH��5�.�������
%ODFN��5�'������
%ODFN��5�������
%ODNH��*�-�������
%ODNH��*�-�������
%RRPVPD��'�%���+XQWHU��,�5�������
%URZQOLH��5�.���.HOOLKHU��)�0�������
&DOGHU��,�5�������
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&RRSHU��$�%���7KRPVHQ��&�(�������
'HOO��3�0�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������D
'XQFDQ��0�-�������E
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%�������
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%�'���-DFNVRQ��5�-�������
)DKH\��%�'���-DFNVRQ��5�-�������D�
)DKH\��%�'���-DFNVRQ��5�-�������E
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������D
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������E
)DKH\��%�'���5RZH��/�.�������
)DKH\��%�'���:DWVRQ��$�-�������
)DKH\��%���:DWVRQ��$���3D\QH��-�������
*UD\QRWK��(�������
+HUDOG��-�������
+HUDOG��-�������
+HZLWW��$�0���5RELQVRQ��$�������D
+HZLWW��$�0���5RELQVRQ��$�������E
+LFNV��'�0�������
-DFNVRQ��'�6��HW�DO�������
-DFNVRQ��5�-�������
-DFNVRQ��5�-�������D
-DFNVRQ��5�-�������E
-DFNVRQ��5�-�������
-DFNVRQ��5�-���)DKH\��%�'�������
-DFNVRQ��5�-���0DUGHQ��0���3D\QH��-�������
-DFNVRQ��5�-���3D\QH��-�������
-DFNVRQ��5�-���5RZH��/�.�������
-DFNVRQ��5�-���5RZH��/�.�������D
-DFNVRQ��5�-���5RZH��/�.�������E
.HOOLKHU��)�0��HW�DO�������
.HOOLKHU��)�0��HW�DO�������
.QLJKW��3�-���:LOO��*�0�������
/HYHWW��0�3�������
0F*UHJRU��.�5�������
0F.HUFKDU��$�,�������

0F0XUWULH��5�(��HW�DO�������
0LOOHU��%�-�������
0LOOHU��%�-��HW�DO�������
3HDUFH��$�-��HW�DO�������
5LGGHOO��-�0���0DUWLQ��*�1�������
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5RZH��/�.���)DKH\��%�'�������
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YDQ�:\N��'�%�������
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:LFKW��&�/�������

6SDLQ
$PH]DJD��,��HW�DO�������
&DOYR��5�1���3D]��*�$���'LD]�)LHUURV��9�)�������
2QDLQGLD��0��HW�DO�������

8QLWHG�6WDWHV
*UDK��5�)���:LOVRQ��&�&�������

:RUOGZLGH�
%RVFK��-�0���+HZOHWW��-�'�������
&RUQLVK��3�0�������
/DQJIRUG��.�-���2
6KDXJKQHVV\��3�-�������D
7XUQHU��-���/DPEHUW��0�-�������
:LFKW��&�/�������"



��

/DQGFDUH�5HVHDUFK



��

/DQGFDUH�5HVHDUFK

6HFWLRQ��� %LEOLRJUDSK\�

&LWDWLRQV�DUH�OLVWHG�LQ�DOSKDEHWLFDO�RUGHU�RI�DXWKRU�V���WKHQ�E\�GDWH���,I�D�FLWDWLRQ�KDV�QR�DQQRWDWLRQV��WKH
SDSHU�PD\�RU�PD\�QRW�KDYH�EHHQ�VFDQQHG�EXW�LV�VWLOO�OLVWHG�DV�EHLQJ�RI�SRVVLEOH�UHOHYDQFH�WR�WKH�VXEMHFW�

0DQ\�RI�WKH�DEVWUDFWV�LQFOXGHG�KHUH�FRPH�GLUHFWO\�IURP�OLWHUDWXUH�VHDUFKHV��EXW�WKH\�FDQ�EH�GLIIHUHQW�IURP
WKH�DEVWUDFWV�LQ�WKH�SDSHUV���:KHUH�NQRZQ��&$%�$EVWUDFWV�$FFHVVLRQ��$1��QXPEHUV�DUH�JLYHQ���2WKHU
DQQRWDWLRQV�H[WUDFWHG�IURP�WKH�SDSHUV��LQGLFDWHG�E\�µ&RPPHQW¶��DUH�FRQVLGHUHG�E\�WKH�DXWKRUV�RI�WKLV
UHSRUW� WR� EH� LPSRUWDQW� UHOHYDQW� LQIRUPDWLRQ�� � $EVWUDFWV� PD\� KDYH� EHHQ� VKRUWHQHG� WR� RQO\� LQFOXGH
LQIRUPDWLRQ�RI�UHOHYDQFH�WR�WKLV�VWXG\�

:KHUH�D�SK\VLFDO�FRS\�RI�D�SDSHU�KDV�EHHQ�REWDLQHG��D�ORFDWLRQ�UHIHUHQFH�VXFK�DV�5�����RU�/.5�LQGLFDWHV
WKH�UHIHUHQFH�QXPEHU�LQ�WKH�FROOHFWLRQ�RI�/LQGVD\�5RZH���µ1RW�VLJKWHG¶�PHDQV�WKH�UHSRUW�ZDV�QRW�IRXQG
LQ�WKH�1HZ�=HDODQG�OLEUDU\�V\VWHP��

7DEOHV�LQ�WKLV�UHSRUW�DUH�/.5¶V�YHUVLRQ�RI�GDWD�H[WUDFWHG�IURP�WKH�SDSHUV�OLVWHG�DQG�PD\�QRW�EH�WKH�VDPH
DV�WKRVH�IRXQG�LQ�WKH�RULJLQDO�SDSHUV���,Q�WKH�DEVHQFH�RI�WDEOHV��GDWD�KDYH�VRPHWLPHV�EHHQ�H[WUDFWHG�IURP
ILJXUHV�DQG��WKHUHIRUH��PD\�QRW�EH�HQWLUHO\�DFFXUDWH���:KLOH�FDUH�KDV�EHHQ�WDNHQ�WR�HQVXUH�WKH�LQIRUPDWLRQ
SUHVHQWHG� KHUH� LV� DFFXUDWH�� LW� LV� WKH� UHVSRQVLELOLW\� RI� WKH� XVHU� WR� HQVXUH� WKDW� WKH� WUDQVFULSWLRQV� DQG
LQWHUSUHWDWLRQV�PDGH�DUH�FRUUHFW��DQG�UHOHYDQW�WR�D�SDUWLFXODU�VLWXDWLRQ���2QO\�SXEOLFDWLRQV�LQ�(QJOLVK�RU
(QJOLVK�DQQRWDWLRQV��DEVWUDFWV�DQG�FDSWLRQV�KDYH�EHHQ�VFUXWLQLVHG�IXOO\�

$� VXPPDU\� WDEOH�PRGLILHG� IURP� WKDW� EHORZ�KDV� EHHQ� XVHG�ZLWK�PDQ\� FLWDWLRQV� WR� SURYLGH� D� TXLFN
UHIHUHQFH�WR�WKH�WKUXVW�RI�WKH�UHSRUW��DQG�D�JXLGH�WR�WKH�SODQWDWLRQ�SDUDPHWHUV���$�QHJDWLYH�DJH�LPSOLHV�SUH�
SODQWLQJ�RU�FDOLEUDWLRQ�GDWD�DUH�DYDLODEOH�

&RXQWU\� 'XUDWLRQ� 5HSRUW�/RFDWLRQ�
6SHFLHV�&RPSDULVRQ�
/DQG�8VH�&KDQJH�
6WDQG�7\SH��3ODQWDWLRQ 6WDQG�'HQVLW\� %DVDO�$UHD�
+HLJKW� 'LDPHWHU� 5DLQIDOO�
.H\ZRUGV�

:KHUH�QHFHVVDU\��LPSHULDO�XQLWV�KDYH�EHHQ�FRQYHUWHG�WR�PHWULF�HTXLYDOHQWV�
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$EEUHYLDWLRQV

$EEUHYLDWLRQV�XVHG�E\�/.5�LQ�WKH�WDEOHV�DQG�&RPPHQWV��PD\�EH�LQ�ORZHUFDVH�RU�XSSHUFDVH�

%$ %DVDO�DUHD 52 5XQRII�� �VWUHDPIORZ� �ZDWHU�\LHOG�
'%+ 'LDPHWHU�DW�EUHDVW�KHLJKW� 6) 6WHPIORZ
( (YDSRUDWLRQ� 606RLO�PRLVWXUH
(7 (YDSRWUDQVSLUDWLRQ 63+ 1XPEHU�RI�VWHPV�SHU�KHFWDUH
,/ ,QWHUFHSWLRQ�ORVV� 7) 7KURXJKIDOO
/$, /HDI�DUHD�LQGH[� 75$16 7UDQVSLUDWLRQ
0$3 0HDQ�DQQXDO�SUHFLSLWDWLRQ� <U <HDU�V�
3771 3UHFLSLWDWLRQ

$JXLODU��-�*���$UUDX��$�,����������,PSDFWR�GHO�PDQHMR�GH�SODQWDFLRQHV�VREUH�HO�DPELHQWH�ILVLFR�
(IIHFW�RI�SODQWDWLRQ�PDQDJHPHQW�RQ�WKH�SK\VLFDO�HQYLURQPHQW���%RVTXH������±����

&RXQWU\��&KLOH 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��(XFDO\SW�SODQWDWLRQV
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV���(YDSRUDWLRQ��,QWHUFHSWLRQ��5HYLHZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
7KLV�UHYLHZ�VXPPDULVHV�WKH�PDLQ�HQYLURQPHQWDO�LPSDFWV�RI�3��UDGLDWD�DQG�HXFDO\SW��(XFDO\SWXV

VSS��� SODQWDWLRQ� SURMHFWV� LQ� &KLOH� RQ� WKH� SK\VLFDO� HQYLURQPHQW�� DQG� SURSRVHV� VRPH� JXLGHOLQHV� IRU
PLWLJDWLRQ���6LWH�SUHSDUDWLRQ��URDG�FRQVWUXFWLRQ��DQG�JURXQG�EDVHG�ORJJLQJ��LQFOXGLQJ�ORJ�VNLGGLQJ�DQG
PDFKLQHU\�GLVSODFHPHQWV��DUH�WKH�RSHUDWLRQV�WKDW�FDXVH�WKH�PDMRU�LPSDFWV�RQ�WKH�SK\VLFDO�HQYLURQPHQW�
7KH�PDLQ�LPSDFWV�RQ�VRLO�DUH�FRPSDFWLRQ��GLVSODFHPHQW��HURVLRQ�E\�ZDWHU��DQG�QXWULHQW�GHSOHWLRQ���0DMRU
LPSDFWV� RQ� K\GURORJ\� DUH� GLVWXUEDQFHV� LQ� WKH� K\GURORJLF� EDODQFH� DV� D� FRQVHTXHQFH� RI� FKDQJHV� LQ
LQWHUFHSWLRQ��HYDSRWUDQVSLUDWLRQ�DQG�VXUIDFH�UXQRII��DQG�SK\VLFR�FKHPLFDO�ZDWHU�TXDOLW\�� �0LWLJDWLRQ
JXLGHOLQHV�DFFRUGLQJ�WR�WKH�IUDJLOLW\�RI�WKH�UHJLRQDO�WHUUDLQ�DUH�RULHQWHG�WRZDUG�FRPSUHKHQVLYH�SODQQLQJ
DQG�WKH�XVH�RI�PRUH�DSSURSULDWH�HVWDEOLVKPHQW�DQG�KDUYHVWLQJ�WHFKQLTXHV��

&RPPHQW
4XRWHV�VRPH�DQQXDO�SHUFHQWDJH�LQWHUFHSWLRQ�GDWD�������������������EXW�QR�UDLQIDOO�RU�VWDQG�GDWD�WR�JR
ZLWK�LW��VR�WKH�GDWD�DUH�RI�OLPLWHG�XVH�
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$OOLVRQ��*�%���+XJKHV��0�:����������&RPSDULVRQ�RI�UHFKDUJH�WR�JURXQGZDWHU�XQGHU�SDVWXUH�DQG
IRUHVW�XVLQJ�HQYLURQPHQWDO�WULWLXP���-RXUQDO�RI�+\GURORJ\�������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ��2FWREHU������	
)HEUXDU\�����

5HSRUW�/RFDWLRQ��5����

6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO��0$3����±����PP
.H\ZRUGV���*URXQGZDWHU

&$%�$EVWUDFWV�$1����������

&RPPHQW�
6DPH�ORFDWLRQ��*DPELHU�3ODLQV��VRXWKHUQ�$XVWUDOLD��DV�+ROPHV�	�&ROYLOOH����������8VHG�WULWLXP�FRQWHQW
RI�WKH�XSSHU����FP�RI�WKH�JURXQGZDWHU�DTXLIHU�WR�HVWLPDWH�JURXQGZDWHU�UHFKDUJH���7KHUH�LV�YLUWXDOO\�QR
UHFKDUJH�WR�JURXQGZDWHU�XQGHU�IRUHVW�LQ�WKLV�ORFDOLW\�������PP�\U��XQGHU�SDVWXUH�UHFKDUJH�LV����PP�\U�

$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��������±����

&RXQWU\��6SDLQ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW�SODQWDWLRQ��2DN�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������RU������63+
+HLJKW����DQG����P 5DLQIDOO������±�����PP�\U
.H\ZRUGV��,QWHUFHSWLRQ��1XWULHQW�F\FOLQJ

&$%�$EVWUDFWV�$1���������
7KH�HIIHFW�RI� IRUHVW�FDQRS\�RQ� WKH�FKHPLFDO�FRPSRVLWLRQ�RI� WKURXJKIDOO�ZDV�VWXGLHG� LQ� IRXU

IRUHVWV�� WZR� ���\U�ROG� FRQLIHURXV� SODQWDWLRQV� RI� 3�� UDGLDWD� �DW� 3RVDGHUR� DQG� 0DQ]DQDO�� DQG� WZR
����\U�ROG�GHFLGXRXV�IRUHVWV��4XHUFXV�UREXU�DW�'XUDQJR��DQG�4��UXEUD�DW�2URELR��QHDU�%LOEDR��%L]NDLD��
LQ�WKH�%DVTXH�&RXQWU\�RI�QRUWKHUQ�6SDLQ�GXULQJ���\U��-XO\������±�-XQH��������7KH�VWXG\�DUHDV�DUH�VXEMHFW
WR�GLIIHUHQW�OHYHOV�RI�SROOXWLRQ��0DQ]DQDO�VXIIHUV�IURP�LQGXVWULDO�SROOXWLRQ�PDLQO\�RI�62����DQG�12����DQG
'XUDQJR�KDV�LQGXVWULDO�DQG�DJULFXOWXUDO�SROOXWLRQ�PDLQO\�RI�1+���DQG�62�����ZKLOH�WKH�RWKHU�WZR�VLWHV
DUH�QRW�QHDU�SROOXWDQW�VRXUFHV��

7KH�VWXG\�SUHVHQWV�GDWD�RQ�EXON�SUHFLSLWDWLRQ�DQG�WKURXJKIDOO��DQG�RQ�WKH�TXDQWLWLHV�RI�LQRUJDQLF
1��1+�����12�����62�����&D����0J����1D���.��DQG�&O��UHDFKLQJ�WKH�IRUHVW�IORRU��7KH�QXWULHQW�LQSXW�WR
WKH�IRUHVW�IORRU�GLIIHUHG�ZLWKLQ�WKH�VWXG\�VLWHV��7KH�FDSDFLW\�IRU�QHXWUDOLVDWLRQ�RI�WKH�GHSRVLWLRQ�ZDV�EHWWHU
LQ�GHFLGXRXV�IRUHVW�WKDQ�LQ�FRQLIHURXV�IRUHVW��/HDFKLQJ�LQ�DVVRFLDWLRQ�ZLWK�WKH�FDQRS\�ZDVKRII�ZHUH�WKH
PRVW�VLJQLILFDQW�VRXUFHV�RI�EDVH�FDWLRQV�LQ�WKURXJKIDOO�LQ�ERWK�W\SHV�RI�IRUHVW��'HVSLWH�WKH�SROOXWLRQ�OHYHOV
LQ�0DQ]DQDO�DQG�'XUDQJR�QR�HIIHFW�RQ�WUHH�OHDYHV�ZDV�REVHUYHG�GXULQJ�WKH�VWXG\�SHULRG��
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&RPPHQW
3LQHV
3RVDGHUR� $JH� ���\U� �����63+� PHDQ�KHLJKW���P� ����RI�JURXQG�FRYHU
0DQ]DQDO� ���\U �����63+ �������� �����P ���
2DNV� ����\U

,QWHUFHSWLRQ�GDWD
3771��PP� 7)��PP� 7)����

3�UDGLDWD�3RVDGHUR ���� ��� ��
3�UDGLDWD�0DQ]DQDO ���� ��� ��

2DN�'XUDQJR ���� ���� ��
2DN�2URELD ���� ���� ��

&RQLIHUV�KDYH�JUHDWHU�LQWHUFHSWLRQ��L�H���OHVV�WKURXJKIDOO��WKDQ�RDNV�

$UQHWK��$���.HOOLKHU��)�0���0F6HYHQ\��7�0���%\HUV��-�1���������:DWHU�XVH�HIILFLHQF\�RI�D�GU\ODQG
3LQXV�UDGLDWD�SODQWDWLRQ���1HZ�=HDODQG�0HWHRURORJLFDO�DQG�+\GURORJLFDO�6\PSRVLXP��&KULVWFKXUFK
��������8QSXEOLVKHG�

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ�����GD\V�LQ���\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
+HLJKW����P 5DLQIDOO������PP
.H\ZRUGV��(YDSRUDWLRQ

&RPPHQW
'XULQJ�WKH�FRXUVH�RI�WKH�VWXG\��WKH�IRUHVW�HYDSRUDWLRQ�UDWH�GHFOLQHG�IURP�����PP�GD\����±���1RYHPEHU�
WR�����PP�GD\����±���-DQXDU\��WR�����PP�GD\����±���0DUFK��WR�����PP�GD\����±���-XO\����*URXQG
HYDSRUDWLRQ�ZDV���±����RI�WKH�WRWDO�H[FHSW�ZKHQ�WKH�JURXQG�ZDV�IUR]HQ�LQ�ZLQWHU�

$UQHWK��$���.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\� ���
���±����

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ���±��G����WLPHV�RYHU
���PRQWKV

5HSRUW�/RFDWLRQ��5����

6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+�WKLQQHG�WR�����63+
+HLJKW������P 5DLQIDOO������PP�\U
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
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6HDVRQDO�&2���)&2���DQG�ZDWHU��(��IOX[HV�ZHUH�PHDVXUHG�E\�HGG\�FRYDULDQFH��LQ�DQ���\U�ROG
3��UDGLDWD�SODQWDWLRQ�LQ�1HZ�=HDODQG�VXEMHFW�WR�JURZLQJ�VHDVRQ�VRLO�ZDWHU�GHILFLW��$YHUDJH�UDWHV�RI�)&2�
DQG� (� ZHUH� KLJKHVW� LQ� VSULQJ� ����� PPRO�P��G� DQG� ���� PRO�P��G�� UHVSHFWLYHO\�� ZKHQ� WKH� DELRWLF
HQYLURQPHQW�ZDV�PRVW�IDYRXUDEOH�IRU�VXUIDFH�FRQGXFWDQFH�DQG�SKRWRV\QWKHVLV��'XULQJ�VXPPHU��IOX[HV
ZHUH�LPSHGHG�E\�VRLO�ZDWHU��WKHWD��GHILFLW�DQG�ZHUH�HTXDO�WR�RU�VPDOOHU�WKDQ�GXULQJ�ZLQWHU��)&2�� ���
PPRO�P��G� LQ� VXPPHU� DQG� ���� PPRO�P��G� LQ� ZLQWHU�� (�  � ��� DQG� ��� PRO�P��G�� UHVSHFWLYHO\��� 2Q
SDUWLFXODUO\�KRW�DQG�GU\�GD\V��UHVSLUDWLRQ�H[FHHGHG�SKRWRV\QWKHWLF�XSWDNH�DQG�WKH�HFRV\VWHP�ZDV�D�QHW
FDUERQ�VRXUFH��3RUWUD\LQJ�WKH�XQGHUO\LQJ�ELRFKHPLVWU\�RI�SKRWRV\QWKHVLV��GD\WLPH�KDOI�KRXUO\�)&2�
LQFUHDVHG�ZLWK�TXDQWXP�LUUDGLDQFH�DEVRUEHG�E\�WKH�FDQRS\��4DEV��IROORZLQJ�D�QRQ�VDWXUDWLQJ��UHFWDQJXODU
K\SHUEROD��([FHSW� IRU�ZLQWHU�� WKLV� UHODWLRQ�ZDV� YDULDEOH�� LQFOXGLQJ� K\VWHUHVLV� DWWULEXWDEOH� WR� GLXUQDO
YDULDWLRQ�LQ�DLU�VDWXUDWLRQ�GHILFLW��'���'DLO\�HFRV\VWHP���)&2���4DEV�DQG�(�ZHUH�LQYHUVHO\�SURSRUWLRQDO
WR�PD[LPXP�GDLO\�'��EXW�LQ�WKH�FDVHV�RI�)&2��DQG�)&2��4DEV�RQO\�DIWHU�VRLO�PRLVWXUH�GHILFLW�EHFDPH
HVWDEOLVKHG��&RQVHTXHQWO\��DV�WKH�WUHH�JURZLQJ�VHDVRQ�SURJUHVVHG��HFRV\VWHP�FDUERQ�VHTXHVWUDWLRQ�ZDV
VWURQJO\�OLPLWHG�E\�WKH�FR�RFFXUUHQFH�RI�KLJK�'�DW�ORZ�WKHWD�

&RPPHQW�
%DOPRUDO�)RUHVW��1RUWK�&DQWHUEXU\���6WDUW����\U�ROG��+7�����P�������63+��/$,�������)LQLVK�����\U�ROG�
����63+��/$,�������&ORVHG�FDQRS\�WKURXJKRXW���9HU\�VWRQ\�VDQG\�ORDP�VRLOV���0$3�����PP���'HF�±0DU�
����PP�

)RU�ZHOO�ZDWHUHG�VRLOV��WKH�WRWDO�IRUHVW�HYDSRUDWLRQ�UDWH�ZDV�����PP�G�LQ�ZLQWHU������PP�G�LQ�VXPPHU�
UDQJH�����WR�����PP�G���$V�WKH�VRLO�GULHG�RXW�DQG�DWPRVSKHULF�GHPDQG�LQFUHDVHG��(�GHFOLQHG�WR���PP�G�

7KHUH�ZDV�FRQVLGHUDEOH�HYDSRUDWLRQ�IURP�WKH�JURXQG���2I�WRWDO�(��LW�ZDV�����LQ�ODWH�VSULQJ������LQ�GU\
VXPPHU������LQ�ZLQWHU��DQG�����LQ�HDUO\�VSULQJ�

%DNHU��7�*���$WWLZLOO��3�0����������)OX[HV�RI�HOHPHQWV�LQ�UDLQ�SDVVLQJ�WKURXJK�IRUHVW�FDQRSLHV�LQ
6RXWK�(DVWHUQ�$XVWUDOLD���%LRJHRFKHPLVWU\����������

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SW��IRUHVW�DQG�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ���±���\ 6WDQG�'HQVLW\��9DULHV %DVDO�$UHD��9DULHV
+HLJKW��9DULHV 5DLQIDOO�������PP�\U
.H\ZRUGV��,QWHUFHSWLRQ��1XWULHQW�F\FOLQJ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�$EVWUDFW
7KH�HOHPHQWDO�FRQWHQW�RI�UDLQIDOO��EXON�GHSRVLWLRQ���WKURXJKIDOO�DQG�VWHPIORZ�ZDV�PHDVXUHG�LQ

3��UDGLDWD�DQG�(XFDO\SWXV�IRUHVWV�LQ�*LSSVODQG��9LFWRULD���$FFHVVLRQV�LQ�UDLQIDOO��PJ�P���\U��DYHUDJHG�
RUJDQLF�&������12�

��1�����1+�
��1�����WRWDO�1������.�������1D��������&D���������DQG�0J���������7KH

PHDQ�S+�RI�UDLQIDOO�ZDV�������&RQFHQWUDWLRQV�RI�DOO�HOHPHQWV�ZHUH�JUHDWHU�LQ�WKURXJKIDOO�WKDQ�LQ�UDLQIDOO�
DQG�JHQHUDOO\�JUHDWHU�LQ�VWHPIORZ�WKDQ�LQ�WKURXJKIDOO���+RZHYHU��S+�RI�SLQH�WKURXJKIDOO�ZDV�KLJKHU�WKDQ
WKDW�RI�UDLQIDOO��DQG�S+�RI�HXFDO\SW�WKURXJKIDOO�ZDV�ORZHU�WKDQ�WKDW�RI�UDLQIDOO���7KHUH�ZDV�D�QHW�HIIOX[�RI
LQRUJDQLF�1� IURP� SLQH� FURZQV� WR� UDLQIDOO�� ZKLOVW� LQ� HXFDO\SWV� WKHUH� ZDV� JHQHUDOO\� QHW� VRUSWLRQ� RI
LQRUJDQLF�1�IURP�UDLQIDOO��,Q�ERWK�VSHFLHV�RUJDQLF�1�ZDV�OHDFKHG�IURP�WKH�FURZQV�DQG�WKH�QHW�HIIOX[�RI
WRWDO�1�IURP�HXFDO\SW�FURZQV�����PJ�P��\U��DYHUDJHG�RQH�TXDUWHU�RI� WKDW� LQ�SLQHV�� � ,QFUHDVHV� LQ� WKH
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RUJDQLF�&�FRQWHQW�RI�WKURXJKIDOO�UHODWLYH�WR�UDLQIDOO�LQ�HXFDO\SWV�ZHUH��±��WLPHV�WKRVH�LQ�SLQHV��,QFUHDVHV
LQ�WKH�FRQWHQW�RI�RWKHU�HOHPHQWV�LQ�WKURXJKIDOO�ZHUH�FRPSDUDEOH�LQ�SLQHV�DQG�HXFDO\SWV�DQG�ZLWKLQ�WKH
UDQJHV� .�� ���±������ 1D�� ���±������ &D��� ���±���� DQG� 0J��� ���±���� PJ�P��� \U�� � +RZHYHU�
HQULFKPHQW� RI� &D��� PD\� KDYH� EHHQ� GXH� WR� GXVW� WUDSSHG� LQ� WKH� FDQRSLHV�� � 6WHPIORZ� FRQWULEXWHG
VLJQLILFDQWO\�WR�WKH�WRWDO�DPRXQWV�RI�HOHPHQWV�UHDFKLQJ�WKH�IRUHVW�IORRU�LQ�ZDWHU�

&RPPHQW
*LSSVODQG��$XVWUDOLD���)XOO\�VWRFNHG��FORVHG�FDQRS\���(��REOLTXD�DQG�(��VLHEHUL�VWDQGV�ZHUH�QDWLYH�IRUHVW�
(��UHJQDQV�ZDV�D�SODQWDWLRQ�

,QWHUFHSWLRQ�GDWD�IRU�6(�$XVWUDOLD
6LWH 6SHFLHV $JH 63+ %$

�P��KD�
+7
�P�

3771
�PP�

7)
�PP����

6)
�PP����

,/
�PP����

$ 3��UDGLDWD �� ��� �� �� ��� ����������
$ (��UHJQDQV �� ��� �� �� ��� ����������
% 3��UDGLDWD �� ��� �� �� ��� ��������� �������� ����������
%¶ (��REOLTXD ��±�� ��� �� �� ���� ��������� ��������� ����������
& 3��UDGLDWD �� ��� �� �� ��� ����������
& (��VLHEHUL �� ���� �� �� ��� ����������
' 3��UDGLDWD �� ���� �� �� ��� ��������� �������� ����������
' (��REOLTXD ��±�� ��� �� �� ��� ��������� ��������� ����������
� �PHDQ�RI���\U�RI�PHDVXUHPHQWV

$W�VLPLODU�ORFDWLRQV��3��UDGLDWD�KDG�ORZHU�WKURXJKIDOO��KLJKHU�VWHPIORZ�DQG�KLJKHU�LQWHUFHSWLRQ�ORVV�WKDQ
HXFDO\SWV

%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��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 5DLQIDOO��0$3������PP
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO�

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�DEVWUDFW
7KH�DFFHVVLRQ�DQG�F\FOLQJ�RI�HOHPHQWV�LQ�D����\HDU�ROG�FRDVWDO�VWDQG�RI�3��UDGLDWD�ZDV�PHDVXUHG

IRU���\U���7KH�HOHPHQW�FRQWHQWV��PJ�P��\U��RI�EXON�SUHFLSLWDWLRQ�DQG�WKURXJKIDOO�UHVSHFWLYHO\�ZHUH��12��1
��������1+��1�����������RUJDQLF�1�����������1D�������������.������������&D�����������0J�����������
2I� WKH� LQFUHDVH� LQ� HOHPHQWDO� FRQWHQW� RI� UDLQZDWHU� EHQHDWK� WKH� IRUHVW� FDQRS\� ���� �1+��1��� ���
�RUJDQLF�1�������1D��������.��������&D��DQG������0J��ZDV�DWWULEXWHG�WR�OHDFKLQJ��WKH�UHPDLQGHU�WR
ZDVKLQJ�RI�DHURVROV�ILOWHUHG�IURP�WKH�DWPRVSKHUH�E\�WKH�YHJHWDWLRQ���7KH�FDQRS\�DEVRUEHG�DSSUR[LPDWHO\
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���PJ�P��\U�RI�12��1���/LWWHUIDOO�ZDV�WKH�PDMRU�SDWKZD\�IRU�WKH�DERYH�JURXQG�ELRJHRFKHPLFDO�F\FOH�RI
1��������&D�������DQG�0J��������DQG�OHDFKLQJ�ZDV�WKH�PDMRU�������SDWKZD\�IRU�.�

&RPPHQW
:RRGKLOO�)RUHVW��$XFNODQG���0RQWKO\�VDPSOHV��WKURXJKIDOO�JDXJHV�PRYHG�HDFK�PRQWK���2QH�\HDU�RI�GDWD�

3771� �����PP��7)� ����������PP������RI�3����
6WHPIORZ�ZDV�QRW�PHDVXUHG�

%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� ���
���±����

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD��6HH�EHORZ
+HLJKW��6HH�EHORZ 5DLQIDOO������PP�\U
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&RPPHQW
:RRGKLOO�)RUHVW��$XFNODQG�����\U�ROG�������63+��VWDELOLVHG�VDQG�GXQH���6WXG\�SHULRG����PRQWKV�

6WDQG�FKDUDFWHULVWLFV
&RQWURO�SORW /XSLQ )HUWLOLVHU /XSLQ�IHUWLOLVHU

+W��P� ���� ���� ���� �����
%$�P��KD ���� ���� ���� ����

3771� �����PP
7KURXJKIDOO�
&RQWURO� ����PP������
/XSLQ ����PP������
)HUWLOLVHU ����PP������
/XSLQ�IHUWLOLVHU ����PP��������7KLV�SORW�KDG�JUHDWHU�QHHGOH�PDVV
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%DQGV��'�3���%RVFK�� -�0���/DPE��$�-���5LFKDUGVRQ��'�0���YDQ�:LOJHQ��%�:���YDQ�:\N��'�%��
9HUVILHOG��'�%���8QGDWHG���-RQNHUVKRHN�)RUHVWU\�5HVHDUFK�&HQWUH���)RUHVWU\�%UDQFK��'HSDUWPHQW
RI�(QYLURQPHQW�$IIDLUV�SDPSKOHW�����

&RXQWU\��6RXWK�$IULFD 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�DJH�YDULHV
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
*LYHV�D�GHVFULSWLRQ�RI�-RQNHUVKRHN�UHVHDUFK�DQG�WKH�IROORZLQJ�VXPPDU\

6WUHDPIORZ�UHGXFWLRQ�DW�-RQNHUVKRHN��YDULRXV�DJHG�VWDQGV
&DWFKPHQW $UHD

�KD�
5DLQIDOO
�PP�

1DWXUDO�UXQRII
�PP�

$IIRUHVWDWLRQ
�\HDU�����

6WUHDPIORZ�UHGXFWLRQ
�PP�\U�

%RVERXNORRI ��� ���� ��� ��������� ����#����\U
���� �PHDQ�WR���

%LHVLHYOHL �� ���� ��� ��������� ����#����\U
���� �PHDQ�WR���

7LHUNORRI ��� ���� ���� ��������� ����#����\U
���� �PHDQ���±��

/DPEUHFKWVERV�% �� ���� ��� ��������� ���� �PHDQ��±��

%DQNV��&�+����������7KH�K\GURORJLFDO�HIIHFWV�RI�ULSDULDQ�DQG�DGMRLQLQJ�YHJHWDWLRQ���)RUHVWU\�LQ
6RXWK�$IULFD������±���

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5�����
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�DJH�YDULHV
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

3DUW�$XWKRU¶V�$EVWUDFW
'HWDLOV� DUH� JLYHQ� RI� WKH� PHWKRG� HPSOR\HG� LQ� DQDO\VLQJ� WKH� GLXUQDO� IOXFWXDWLRQV� IURP� WKH

VWUHDPIORZ�UHFRUGV�LQ�FRQMXQFWLRQ�ZLWK�WHPSHUDWXUH�UHFRUGV�WR�REWDLQ�FRUUHODWHG�GDWD�RQ�WKH�FRQVXPSWLYH
XVH�RI�ZDWHU�E\�WKH�QDWXUDO�YHJHWDWLRQ�DQG�ULSDULDQ�DQG�DGMRLQLQJ�SODQWLQJV�RI�3��UDGLDWD�DV�LW�DIIHFWV
GLVFKDUJH���(YLGHQFH�RI�D�UHGXFWLRQ�LQ�VXPPHU�EDVHIORZ�DQG�D�GHFUHDVH�LQ�DEVROXWH�GDLO\�YDSRXU�ORVVHV
GXH�WR�DIIRUHVWDWLRQ�LV�JLYHQ��
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&RPPHQW
$IIRUHVWDWLRQ�DW�-RQNHUVKRHN�ZLWK�3��UDGLDWD�IURP�I\QERV� �VFOHURSK\OO�VFUXE

&DWFKPHQW�GHWDLOV�ZLWK�DJH�RI�SODQWDWLRQV�
&DWFKPHQW ���� ���� ���� ���� ���� ���� 3��UDGLDWD

)RUHVW����
$UHD�
�KD�IURP�YDULRXV
VRXUFHV�

%RVERXNORRI � � �� �� �� �� �� ���������
%LHVLHYOHL � � �� �� �� �� ��
7LHUNORRI � � �� �� �� ���
/DPEUHFKWVERV�% � � �� �� ��
/DPEUHFKWVERV�$ � � �� ��
/DQJULYLHU � � ���
1RWHV��
%LHVLHYOHL�KDV�DIIRUHVWDWLRQ�WR�ULYHUV�HGJH���5HVW�KDYH�D����P����FKDLQ��ULSDULDQ�UHVHUYH�
/DQJULYLHU�ZDV�WR�EH�D�FRQWURO�FDWFKPHQW�EXW�ZDV�VZHSW�E\�ZLOGILUH�LQ�����
$UHDV�LQ�SDUHQWKHVHV�FRPH�IURP�GLIIHUHQW�VRXUFHV�DQG�ZHUH�QRW�XVHG�LQ�WKH�FDOFXODWLRQV

,Q�WKH�VXPPHU�GU\�SHULRG�JHW�GLXUQDO�IOXFWXDWLRQV�LQ�VWUHDPIORZ�²���KRXU�ODJ�EHWZHHQ�KLJKHVW�GD\WLPH
WHPSHUDWXUH� DQG� ORZHVW� VWUHDPIORZ� DQG� EHWZHHQ�PLQLPXP� WHPSHUDWXUH� DQG�PD[LPXP� VWUHDPIORZ�
6XJJHVWV�WKDW�WKH�GLXUQDO�YDULDWLRQ�LV�GXH�WR�XVH�RI�ULSDULDQ�]RQH�ZDWHU�E\�YHJHWDWLRQ�²�XVXDOO\�I\QERV
VFUXE�

3UHVHQWHG�GDWD�IRU�GLIIHUHQFHV�LQ�IORZ�OHYHOV���'LIIHUHQFHV�LQ�WKH�IORZ�YV�WHPSHUDWXUH�UHJUHVVLRQV��KLV
7DEOH� �� DQG� )LJXUH� ��� LQGLFDWH� FKDQJHV� RQ� IORZ� EHWZHHQ� ����±�� DQG� ����±��� � 1RWH� WKH� FRQWURO
FDWFKPHQW¶V�IORZ�KDG�LQFUHDVHG���7KXV��RQ�D������SODQWHG�EDVLV��WKHVH�GLIIHUHQFHV�VKRZ�WKDW�IRU�-DQXDU\
UDLQOHVV�GD\V�GDLO\�IORZ�GURSSHG������PP�G�DW�%RVERXNORRI�DQG������PP�G�DW�%LHVLHYOHL�²�OHVV�DW�WKH
ROGHU�FDWFKPHQW�DOWKRXJK�KHUH�WKH�GLPLQLVKLQJ�IORZ�HIIHFW�PD\�KDYH�DOUHDG\�EHJXQ�

&KDQJHV�LQ�ORZ�IORZ�ZLWK�DIIRUHVWDWLRQ�DW�-RQNHUVKRHN
&DWFKPHQW ��3�

UDGLDWD
IRUHVW

$JH
����±�

$JH
����±�

$UHD��KD�
�YDULRXV
VRXUFHV�

&KDQJH�LQ
IORZ
�FXVHFV�

&KDQJH
LQ�IORZ�
�PP�

&KDQJH�IRU
�����IRUHVW
�PP�

%RVERXNORRI �� ���±��� ����±���� ��������� ����� ����� �����
%LHVLHYOHL �� � ���±���� �� ����� ����� �����
7LHUNORRI � � ��� ��� ����
/DQJULYLHU � � ��� ����� ����
1RWHV��
%LHVLHYOHL�KDV�DIIRUHVWDWLRQ�WR�ULYHUV�HGJH���5HVW�KDYH����P����FKDLQ��ULSDULDQ�UHVHUYH�
$UHDV�LQ�SDUHQWKHVHV�FRPH�IURP�GLIIHUHQW�VRXUFHV�DQG�ZHUH�QRW�XVHG�LQ�WKH�FDOFXODWLRQV
&DOFXODWLRQV�LQ�WKH�ODVW�FROXPQ�DUH�E\�/.5�
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%DQNV��&�+���.URPKRXW��&�� � ������ �7KH� HIIHFW� RI� DIIRUHVWDWLRQ�ZLWK�3LQXV� UDGLDWD�RQ� VXPPHU
EDVHIORZ�DQG�WRWDO�DQQXDO�GLVFKDUJH�IURP�-RQNHUVKRHN�FDWFKPHQWV���)RUHVWU\�LQ�6RXWK�$IULFD���
������

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�DJH�YDULHV
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

$XWKRUV¶�$EVWUDFW
6WUHDPIORZ� GDWD� IURP� WZR� DIIRUHVWHG� DQG� IRXU� XQDIIRUHVWHG� H[SHULPHQWDO� FDWFKPHQWV� DW

-RQNHUVKRHN�)RUHVW�UHVHDUFK�VWDWLRQ�DUH�XVHG�LQ�D�FRYDULDQFH�DQDO\VLV�WR�GHWHUPLQH�WKH�HIIHFW�RQ�VXPPHU
EDVHIORZ�DQG�WRWDO�DQQXDO�GLVFKDUJH�RI�UHSODFLQJ�WKH�QDWXUDO�FRYHU�E\�DIIRUHVWDWLRQ�ZLWK�3��UDGLDWD�

7KH�UHVXOWV�VKRZ�D�VLJQLILFDQW��SURJUHVVLYH�GHFUHDVH�LQ�WKH�VWUHDP�GLVFKDUJH�IURP�WKH�DIIRUHVWHG
FDWFKPHQWV�� �7KH�GHFUHDVH�RFFXUV� IURP�\HDUV��� WR����DIWHU� DIIRUHVWDWLRQ�� DQG� VXEVHTXHQWO\� WKH� IORZ
UHPDLQV�UHODWLYHO\�FRQVWDQW�EXW�DW�D�ORZHU�OHYHO�WKDQ�SULRU�WR�DIIRUHVWDWLRQ�

7KHUH�LV�DOVR�VRPH�HYLGHQFH�WKDW�FRPSOHWH�SURWHFWLRQ�RI�WKH�XQDIIRUHVWHG�FDWFKPHQWV�PD\�OHDG
WR� D� FKDQJH� LQ� WKHLU� VWUHDPIORZ� UHJLPH�� � 7KH� FRQFOXVLRQV� VXSSRUW� WKH� JHQHUDO� K\SRWKHVLV� WKDW� WKH
K\GURORJLFDO�HIIHFW�RI�YHJHWDWLRQ�LV�SURSRUWLRQDO�WR�LWV�GHQVLW\�

&RPPHQW
7KLV�SDSHU�UHSRUWV�VRPH�RI�WKH�GDWD�SUHVHQWHG�LQ�%DQNV��������EXW�LQ�GLIIHUHQW�IRUP���&KDQJHV�LQ�-DQ�
EDVHIORZ�RQ�GU\�GD\V�IRU�WKH�WZR�SHULRGV�KDYH�EHHQ�DGMXVWHG�WR�D�FRQVWDQW�OHYHO�IRU�7LHUNORRI�

&KDQJHV�LQ�ORZ�IORZ�ZLWK�DIIRUHVWDWLRQ
&DWFKPHQW ��3�

UDGLDWD
IRUHVW

$JH
����±�

$JH
����±�

$UHD��KD�
�YDULRXV
VRXUFHV�

&KDQJH
LQ�IORZ
�FXVHFV�

&KDQJH�LQ
IORZ
�PP�

&KDQJH�IRU
�����IRUHVW
�PP�

%RVERXNORRI �� ���±��� ����±���� ��������� ������ ����� �����
%LHVLHYOHL �� � ���±���� �� ����� ����� �����
7LHUNORRI � � ��� � �
/DQJULYLHU � � ��� � �
1RWH��&DOFXODWLRQV�LQ�WKH�ODVW�FROXPQ�DUH�E\�/.5

0RQWKO\�IORZV�JURXSHG�E\���\U�SHULRGV�DQG�UHJUHVVHG�DJDLQVW�7LHUNORRI�VKRZHG�WUHQGV�RI�GHFUHDVLQJ�IORZ
DW�%RVERXNORRI��DQG�%LHVLHYOHL�EXW�QRW�DW�/DQJULYLHU�7KH�GHFUHDVH�LV�PDLQO\�EHWZHHQ�\HDUV���DQG����DIWHU
DIIRUHVWDWLRQ� DQG� UHPDLQV� VWHDG\� WKHUHDIWHU� DW� D� ORZHU� OHYHO� WKDQ�SULRU� WR� DIIRUHVWDWLRQ�� �7KHUH�ZHUH
FRPSOLFDWLRQV�LQ�WKDW�WKH�WZR�FDWFKPHQWV�DW�/DPEUHFKWVERV�VKRZHG�FKDQJHV�DV�ZHOO²LQFUHDVHG�IORZ
FRPSDUHG�WR�7LHUNORRI���3HUKDSV�WKH�LQFOXVLRQ�RI�UDLQIDOO�GDWD�PD\�KDYH�KHOSHG�WR�HOXFLGDWH�VRPH�RI�WKH
GLIIHUHQFHV�
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$QQXDO� IORZV��LQ�PLOOLPHWHUV�FDOFXODWHG�XVLQJ�DUHDV�IURP�YDULRXV�VRXUFHV��VKRZ�PDUNHG�GLIIHUHQFHV
EHWZHHQ�FDWFKPHQWV��ZKLFK�DUH�LQ�GLIIHUHQW�VWDWHV�RI�DIIRUHVWDWLRQ�

$QQXDO�IORZV
/DQJULYLHU %LHVLHYOHL 7LHUNORRI %RVERXNORRI /DPEUHFKWVERV�$ /DPEUHFKWVERV

%
0DU��µ�� ����� ���� ����� ����
0DU��µ�� ����� ���� ����� ����
0DU�¶�� ����� ���� ���� ����
0DU��µ�� ����� ���� ���� ����
0DU��µ�� ����� ���� ���� ���� ��� ����
0DU��µ�� ����� ���� ���� ���� ���� ����
0DU�µ�� ����� ���� ���� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ���� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ����� ���� ���� ����
0DU��µ��� ����� ���� ���� ���� ���� ����
0DU��µ��� ����� ���� ���� ���� ���� ����

%DUL��0�$���6FKRILHOG��1�-����������(IIHFWV�RI�DJURIRUHVWU\�SDVWXUH�DVVRFLDWLRQV�RQ�JURXQG�ZDWHU
OHYHO�DQG�VDOLQLW\���$JURIRUHVWU\�6\VWHPV�������±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SW�SODQWDWLRQV��3LQH�VSHFLHV��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO������PP�\U
.H\ZRUGV��*URXQGZDWHU

&$%�$EVWUDFWV�$1���������
6WUHDP�DQG�ODQG�VDOLQLVDWLRQ�EURXJKW�DERXW�E\�ULVLQJ�JURXQGZDWHU�OHYHOV�GXH�WR�WKH�FOHDULQJ�RI

QDWLYH�IRUHVW�IRU�DJULFXOWXUDO�GHYHORSPHQW�LV�D�PDMRU�HQYLURQPHQWDO�DQG�UHVRXUFH�SUREOHP�LQ�:HVWHUQ
$XVWUDOLD�DQG�VHYHUDO�RWKHU�VHPLDULG�UHJLRQV�RI�WKH�ZRUOG��2QH�SRWHQWLDO�DSSURDFK�WR�UHFODPDWLRQ�ZLWK
VLPXOWDQHRXV�HFRQRPLF�EHQHILWV�LV�WKH�HVWDEOLVKPHQW�RI�D�VLOYRSDVWRUDO�V\VWHP��7R�GHWHUPLQH�WKH�HIIHFWV
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RI� VXFK� D� V\VWHP� � RQ�JURXQGZDWHU� OHYHO� DQG� VDOLQLW\�� WZR� H[SHULPHQWV�ZHUH� FDUULHG�RXW� LQ�:HVWHUQ
$XVWUDOLD��,Q�([SHULPHQW�,�WKH�VLOYRSDVWRUDO�V\VWHP�VWXGLHG�ZDV�RI�PL[HG�SLQH�VSHFLHV��3��UDGLDWD�DQG�3�
SLQDVWHU��SODQWHG�DV�VL[�EORFNV�DQG�(XFDO\SWXV�FDPDOGXOHQVLV�SODQWHG�DV�RQH�EORFN�LQ�������7KH�WUHHV
FRYHUHG�����RI�WKH�FOHDUHG�DUHD�DQG�DIWHU�WKUHH�WKLQQLQJV�KDG�D�ILQDO�VWHP�GHQVLW\�RI��������KD�LQ������
2YHU�WKH�SHULRG�����±����JURXQGZDWHU�OHYHOV�GHFOLQHG�E\�����P�UHODWLYH�WR�JURXQGZDWHU�OHYHOV�EHQHDWK
D�QHDUE\�SDVWXUH�VLWH��,Q�([SHULPHQW�,,�WKH�VLOYRSDVWRUDO�V\VWHP�VWXGLHG�ZDV�RI�PL[HG�HXFDO\SW�VSHFLHV��(�
VDUJHQWLL��(��ZDQGRR��(��FDPDOGXOHQVLV�DQG�(��FDORSK\OOD��SODQWHG�DV�IRXU�EORFNV�LQ�������7KH�WUHHV
FRYHUHG�����RI�WKH�IDUPODQG�DQG�DIWHU�WZR�WKLQQLQJV�KDG�D�ILQDO�GHQVLW\�RI����±����VWHPV�KD�LQ������
2YHU�WKH�SHULRG�����±����WKH�\HDUO\�PLQLPXP�JURXQGZDWHU�OHYHO�GHFOLQHG�E\�����P�UHODWLYH�WR�D�QHDUE\
SDVWXUH�VLWH��7KH�VDOLQLW\�RI�WKH�JURXQGZDWHU�EHQHDWK�WKH�VLOYRSDVWRUDO�WUHDWPHQWV�GHFUHDVHG�E\���DQG����
UHVSHFWLYHO\��LQ�([SHULPHQWV�,�DQG�,,��ZKLFK�ZDV�FRQWUDU\�WR�VRPH�HDUO\�H[SHFWDWLRQV��,W�LV�VXJJHVWHG�WKDW
WKH�GHVLJQ�RI�VLOYRSDVWRUDO�SORWV�IRU�FRQWUROOLQJ�VDOLQH�JURXQGZDWHU�WDEOHV�QHHGV�IXUWKHU�HYDOXDWLRQ�ZLWK
UHVSHFW�WR�VSHFLHV��VWHP�GHQVLWLHV�DQG�SURSRUWLRQ�RI�FOHDUHG�DUHD�SODQWHG��

%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��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��&RQLIHU��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
$Q� H[SHULPHQWDO� SURJUDPPH� ZDV� HVWDEOLVKHG� LQ� WKH� +XQXD� 5DQJHV� QHDU� $XFNODQG� LQ� ����� ZKHQ
PRQLWRULQJ�EHJDQ�RQ�WKUHH�FDWFKPHQWV�LQ�QDWLYH�VFUXE���,Q�������WZR�ZHUH�FOHDUHG�DQG�EXUQHG�DQG�WKHQ
SODQWHG�LQ�&XSUHVVXV�MDSRQLFD�RU�3��UDGLDWD���7KHUH�DUH�VPDOO�ZHWODQGV�LQ�WKH�ORZHU�SDUW�RI�WKH�FDWFKPHQW�
ZKLFK�ZHUH�QRW�SODQWHG�

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

7KH�IROORZLQJ�WDEOH�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�XQSODQWHG�DUHD�DQG�DVVXPHV�WKH�ZHWODQG�SHUIRUPV�WKH
VDPH�EHIRUH�DQG�DIWHU�SODQWLQJ��IORZ�FDOFXODWHG�IURP�WRWDO�YROXPHV�E\�/.5��
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:DWHU�\LHOG�DW�+XQXD�
&RQWURO 3�UDGLDWD

3UHFLSLWDWLRQ
�PP�

6WUHDPIORZ�
�PP�

3UHFLSLWDWLRQ
�PP�

6WUHDPIORZ
�PP�

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

%HHWV�� 3�1��� %URZQOLH�� 5�.�� � ������ 3XUXNL� H[SHULPHQWDO� FDWFKPHQW�� VLWH�� FOLPDWH�� IRUHVW
PDQDJHPHQW��DQG�UHVHDUFK���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ�

&$%�$EVWUDFWV�$1���������
0XOWLGLVFLSOLQDU\� UHVHDUFK� KDV� EHHQ� XQGHUWDNHQ� DW� WKH� 3XUXNRKXNRKX� H[SHULPHQWDO� EDVLQ�

SDUWLFXODUO\�LQ�WKH�3XUXNL�FDWFKPHQW�RYHU�WKH�SDVW����\U��7KLV�SHULRG�FRYHUV�WKH�FRQYHUVLRQ�RI�3XUXNL�IURP
SDVWXUH� WR�3��UDGLDWD�� WKH�GHYHORSPHQW�RI� WKH� WUHHV� WR�FDQRS\�FORVXUH��DQG�WKH�HIIHFWV�RI�GLIIHUHQWLDO
LQWHQVLWLHV�RI�WKLQQLQJ�RQ�JURZWK�WR�WKH�PLGGOH�RI�WKH�URWDWLRQ��3XUXNL�LV�D����KD�FDWFKPHQW�ORFDWHG�DW�WKH
VRXWKHUQ�HQG�RI�WKH�3DHURD�5DQJH�LQ�WKH�FHQWUDO�1RUWK�,VODQG�RI�1HZ�=HDODQG��DW�����P�DOWLWXGH��7KH
UK\ROLWLF�SXPLFH�VRLO��SUHYLRXVO\�XQGHU� U\H�JUDVV�FORYHU�SDVWXUH�DQG� UHJXODUO\� WUHDWHG�ZLWK� IHUWLOLVHU�
SURYLGHV�DPSOH�PRLVWXUH�DQG�QXWULHQWV�IRU�3��UDGLDWD�JURZWK�XQGHU�WKH�FOLPDWLF�FRQGLWLRQV�������PP�RI
HYHQO\� GLVWULEXWHG� UDLQIDOO� DQQXDOO\�� �� *-�P�� RI� VRODU� LUUDGLDQFH� DQQXDOO\�� DQG� DYHUDJH� PRQWKO\
WHPSHUDWXUHV�RI�EHWZHHQ��(�DQG���(&��3XUXNL�ZDV�XQLIRUPO\�SODQWHG�ZLWK�3��UDGLDWD�DW������VWHPV�KD
LQ�������DQG�WUHHV�LQ�WKH�LQGLYLGXDO�VXEFDWFKPHQWV��7DKL��5XD�DQG�7RUX��ZHUH�SURJUHVVLYHO\�SUXQHG�WR����
P�KHLJKW�DQG�WKLQQHG�WR����������DQG�����VWHPV�KD�UHVSHFWLYHO\�E\�������ZLWK�IXUWKHU�WKLQQLQJ�LQWHQGHG�
$�SDUW�RI�5XD�ZDV�OHIW�XQWKLQQHG�DV�D�FRQWURO��,Q�FORVHG�FDQRS\�VWDQGV�SHULRGLF�YROXPH�LQFUHPHQW�DWWDLQV
���P��KD�S�D��7KH�UHPRYDO�RI�EHWZHHQ�KDOI�DQG�WKUHH�TXDUWHUV�RI�WKH�WUHH�EDVDO�DUHD�HYHU\���WR���\U�UHGXFHG
YROXPH�LQFUHPHQW� WR�EHWZHHQ����DQG����P��KD�S�D���EXW� WKLV� LV� OLNHO\� WR� LQFUHDVH�ZKHQ�PDQDJHPHQW
WKLQQLQJ�LV�FRPSOHWHG�DQG�WKH�VWDQG�OHDI�DUHD�FDQ�LQFUHDVH�XQLQWHUUXSWHG�WR�XQWKLQQHG�OHYHOV��

&RPPHQW
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3URYLGHV�IRUHVW�VWDQG�DQG�FOLPDWH�LQIRUPDWLRQ�UHOHYDQW�WR�WKH�K\GURORJLFDO�VWXGLHV�PDGH�E\�RWKHUV�

%HOO��)�&���*DWHQE\��0�7����������(IIHFWV�RI�H[RWLF�VRIWZRRG�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG���:DWHU
5HVHDUFK�)RXQGDWLRQ�RI�$XVWUDOLD�%XOOHWLQ�1R����������S�

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW�IRUHVW�SODQWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�����\U�RU��±��\U 6WDQG�'HQVLW\��9DULHV %DVDO�$UHD��9DULHV
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��:DWHU�\LHOG

&RPPHQW
:HVW�RI�6\GQH\����FDWFKPHQWV�DW�/LGVGDOH�6WDWH�)RUHVW�UDQJLQJ�LQ�DUHD�IURP�����WR�����KD�
3ODQWHG������RU�������KHQFH���±���\HDU�ROG��%$�����±�����P��KD��KHLJKW���±���P�
<RXQJ�SLQHV� �PL[������SODQWLQJ�����P�KLJK�

,QWHUFHSWLRQ�����±�������PRQWKV�
5DLQIDOO
�PP�

6WHPIORZ
�PP�

7KURXJKIDOO
�PP�

,QWHUFHSWLRQ�ORVV
�PP�

(XFDO\SW ��� � ��� ��
� ��� � �� ��

3LQHV ��� �� ��� ��
� ��� � �� ��

,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�IRU�ERWK�YHJHWDWLRQ�FODVVHV�ZDV�HVWLPDWHG�DW�����PP�

7RWDO�UXQRII�'HFHPEHU������±�0DUFK�����
5DLQIDOO
�PP�

0HDQ�UXQRII�SLQHV
���FDWFKPHQWV�
�PP�

0HDQ�UXQRII�HXFDO\SWV
���FDWFKPHQWV�
�PP�

5XQRII�\RXQJ�SLQHV
���FDWFKPHQW�
�PP�

���� ��� ��� ���
5XQRII�UDLQIDOO���� �� �� ��
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%HOO��5�:���6FKRILHOG��1�-���/RK��,�&���%DUL��0�$����������*URXQGZDWHU�UHVSRQVH�WR�UHIRUHVWD�WLRQ
LQ�WKH�'DUOLQJ�5DQJH�RI�:HVWHUQ�$XVWUDOLD���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SWV��3LQHV
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO������PP�\U
.H\ZRUGV��*URXQGZDWHU

&$%�$EVWUDFWV�$1����������$XWKRUV¶�$EVWUDFW
5HSODFHPHQW�RI�GHHS�URRWHG�SHUHQQLDO�YHJHWDWLRQ�ZLWK�DQQXDO�FURSV�DQG�SDVWXUHV�KDV�OHG�WR�ULVLQJ

JURXQGZDWHU�WDEOHV�DQG�WUDQVSRUW�RI�SUHYLRXVO\�VWRUHG�VDOWV�WR�VWUHDPV�LQ�VRXWK�ZHVW�:HVWHUQ�$XVWUDOLD�
7ULDOV� WR� GHWHUPLQH� WKH� SRWHQWLDO� RI� UHIRUHVWDWLRQ� VWUDWHJLHV� WR� UHYHUVH� WKLV� SURFHVV� E\� ORZHULQJ� WKH
JURXQGZDWHU�WDEOH�ZHUH�FRPPHQFHG�LQ������

5HVXOWV�DUH�UHSRUWHG�IURP�VL[�H[SHULPHQWDO�VLWHV�IRU�WKH�SHULRG�����±�����7KH�VL[�VLWHV�ZHUH�DW�WZR
ORFDWLRQV��)O\QQ
V�)DUP�DQG�6WHQH
V�)DUP��HDFK�HVWDEOLVKHG�ZLWK�WKUHH�W\SHV�RI�SODQWLQJV��)O\QQ
V�)DUP
KDG� ���� D� ODQGVFDSH� SODQWLQJ� RI�(XFDO\SWXV� ZDQGRR��(�� FDPDOGXOHQVLV��3�� SLQDVWHU� DQG�3�� UDGLDWD
HVWDEOLVKHG� LQ� ����� DW� ���� VWHPV�KD�� ���� D� KLOOVORSH� SODQWLQJ� RI� (�� ZDQGRR� DQG� (�� FDPDOGXOHQVLV
HVWDEOLVKHG�LQ�����±���DW������VWHPV�KD��DQG�����DQ�DJURIRUHVWU\��VLOYRSDVWRUDO��SODQWLQJ�ZLWK�3��UDGLDWD�
3��SLQDVWHU�DQG�(��FDPDOGXOHQVLV�HVWDEOLVKHG�DW��������������VWHPV�KD�LQ�������DQG�JUD]HG�E\�VKHHS�
6WHQH
V�)DUP�KDG�����VWULS�SODQWLQJV�RI�(��FDPDOGXOHQVLV��(��JOREXOXV��(��ZDQGRR��3��UDGLDWD�DQG�3�
SLQDVWHU�HVWDEOLVKHG�LQ�����±���DW������VWHPV�KD������YDOOH\�SODQWLQJV�RI�(��ZDQGRR��(��UXGLV�DQG�(�
FDPDOGXOHQVLV�HVWDEOLVKHG�LQ������DW�����VWHPV�KD��DQG�����DQ�DUERUHWXP�RI����(XFDO\SWXV�DQG���3LQXV
VSS��HVWDEOLVKHG�LQ������DW�����VWHPV�KD���'LIIHUHQW�SURSRUWLRQV�RI�WKH�DUHDV�ZHUH�FOHDUHG�DQG�SODQWHG�DW
HDFK�VLWH��DQG�WKLQQLQJ�ZDV�GRQH�RYHU�WKH�FRXUVH�RI�WKH�VWXG\���'HVSLWH�WKH�PHDQ�DQQXDO�UDLQIDOO�RI�WKH
H[SHULPHQWDO�SHULRG�EHLQJ�����EHORZ�WKH�����±���PHDQ��JURXQGZDWHU�OHYHOV�XQGHU�SDVWXUH�URVH�E\�XS
WR�����P���7KH�FKDQJH�LQ�JURXQGZDWHU�OHYHOV�EHQHDWK�UHIRUHVWDWLRQ�UDQJHG�IURP�D�����P�LQFUHDVH�WR�D���P
GHFUHDVH�UHODWLYH�WR�WKH�JURXQG�VXUIDFH���*URXQGZDWHU�OHYHOV�XQGHU�UHIRUHVWDWLRQ�LQ�DOO�FDVHV�GHFUHDVHG
UHODWLYH� WR� JURXQGZDWHU� OHYHOV� XQGHU� SDVWXUH�� � 7KH�PDJQLWXGH� RI� WKLV� UHGXFWLRQ� LQFUHDVHG� ZLWK� WKH
SURSRUWLRQ�RI�FOHDUHG�DUHD�UHIRUHVWHG�DQG�ZLWK�WKH�FURZQ�FRYHU�RI�WKH�UHIRUHVWDWLRQ���7KH�VDOLQLW\�RI�WKH
ZDWHU�WDEOH�GHFUHDVHG�E\�����XQGHU�UHIRUHVWDWLRQ�DQG�E\�����XQGHU�SDVWXUH�RYHU�WKH�SHULRG�����±���

&RPPHQW
3ODQWLQJ�ZDV�FDUULHG�RXW�LQ�DUHDV�OLNHO\�WR�KDYH�WKH�JUHDWHVW�HIIHFW�²�LQWHQVLYHO\�QHDU�DQG�XSVORSH�RI
VWUHDPOLQHV�RU�H[WHQVLYHO\�DV�DJURIRUHVWU\�

%ODFN��5�'����������(VN�FDWFKPHQW���)RUHVW�GHYHORSPHQW�DQG�LWV�HIIHFW�RQ�WKH�ZDWHU�UHVRXUFH���1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��7DXSR���������8QSXEOLVKHG�

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��UHYHUWLQJ�SDVWXUH�
.H\ZRUGV��/RZ�IORZ
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&RPPHQW
&RPSOHPHQWV� %ODFN� ������� LQ� WKDW� WKHUH� LV� D� GLDJUDP� RI� DQQXDO� SODQWLQJV� LQ� WKH� (VN� FDWFKPHQW�
+\GURORJLFDO�GDWD�OLPLWHG�WR�PRQWKO\�GLVFKDUJH�UDLQIDOO��LQ�/�V�PP��UDWLR�IRU�'HF�±-DQ��HDFK�\HDU�

%ODFN��5����������(VN�5LYHU�FDWFKPHQW�²�WKH�LQIOXHQFH�RI�OLWKRORJ\�DQG�ODQG�XVH�RQ�ZDWHU�\LHOG���,Q�
+HQULTXHV�� 3�� � �(G��� � 6XVWDLQDEOH� /DQG�0DQDJHPHQW�� � 7KH� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��1RYHPEHU��������S���±����

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��UHYHUWLQJ�SDVWXUH�
.H\ZRUGV��/RZ�IORZ

&RPPHQW
6KRZV�JHRORJ\�KDV�D�VLJQLILFDQW�HIIHFW�RQ�FDWFKPHQW�ORZ�IORZ�
6WDWHV�WKDW�YHJHWDWLRQ��DIIRUHVWDWLRQ������RI�WKH�FDWFKPHQW��KDV�QR�HIIHFW�RQ�EDVHIORZ���'RHV�QRW�SURYLGH
WKH�WLPH�IUDPH�DQG�H[WHQW�RI�DIIRUHVWDWLRQ�JLYHQ�DQG�KRZ�LW�FKDQJHV�DQG�RYHUODSV�ZLWK�WKH�K\GURORJLFDO
GDWD�WR�EDFN�XS�WKDW�VWDWHPHQW���3ODQWDWLRQV�KDG�EHHQ�HVWDEOLVKHG�E\������EXW�WKH�IORZ�GDWD�DUH�IURP������
7DEXODWHV�PLQLPXP�VXPPHU�PRQWK�IORZV�EXW�SUHVHQWV�QR�WUHQG�DQDO\VHV�
6HH�%ODFN��������IRU�VRPH�IRUHVW�SODQWLQJ�GDWD�

%ODNH��*�-����������,QWHUFHSWLRQ�DQG�SK\WRPRUSKRORJ\���1HZ�=HDODQG�0LQLVWU\�RI�:RUNV��:DWHU
DQG�6RLO�&RQVHUYDWLRQ�+\GURORJLFDO�5HVHDUFK�3URJUHVV�5HSRUW�1R�������S���8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�FRPSDULVRQV��(YHUJUHHQ�QDWLYH�IRUHVW��6FUXEODQG
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
*LYHV�GDWD�DV�VWRUP�EDVHG�UHJUHVVLRQ�UHODWLRQVKLSV�IRU�D�QXPEHU�RI�1HZ�=HDODQG�VLWHV�

:KDNDUHZDUHZD��5RWRUXD�²�3��UDGLDWD
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ�������� U� �������

3XNHWXUXD�%DVLQ��1RUWKODQG��²�0DQXND�²�VWRUPV�!���PP�
WKURXJKIDOO� ��� �������î�SUHFLSLWDWLRQ�������� U� �������
VWHPIORZ� ��� �������î�SUHFLSLWDWLRQ�������� U� �������
QHW�SUHFLSLWDWLRQ��� �������î�SUHFLSLWDWLRQ�������� U� �������
LQWHUFHSWLRQ�ORVV��� �������î�SUHFLSLWDWLRQ�������� U� �������

2WXWLUD��7DXSR�²�UHJHQHUDWLQJ�QDWLYH�IRUHVW
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ�������� U� �������

0RXWHUH��1HOVRQ�²�JRUVH
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LQWHUFHSWLRQ�ORVV��� �������î�SUHFLSLWDWLRQ�������� 
)LWWHG�E\�H\H


%ODNH��*�-����������7KH�LQWHUFHSWLRQ�SURFHVV���,Q��&KDSPDQ��7�*���(G����3UHGLFWLRQ�LQ�FDWFKPHQW
K\GURORJ\���$XVWUDOLDQ�$FDGHP\�RI�6FLHQFHV��3S����±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�FRPSDULVRQ��(YHUJUHHQ�QDWLYH�IRUHVW��6FUXEODQG
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
*LYHV�GDWD�DV�UHJUHVVLRQ�UHODWLRQVKLSV�IRU�D�QXPEHU�RI�1HZ�=HDODQG�VLWHV��ERWK�:DWHU�DQG�6RLO�'LYLVLRQ
SURMHFWV�DQG�SXEOLVKHG�GDWD��$OGULGJH�������$OGULGJH�	�-DFNVRQ�������������)DKH\�������-DFNVRQ�	
$OGULGJH������5RZH���������7KH�DVVXPSWLRQ�LV�WKDW�WKHVH�DUH�VWRUP�EDVHG�EXW�WKLV�QHHGV�WR�EH�YHULILHG
E\�ORRNLQJ�DW�WKH�RULJLQDO�VWXGLHV��ZKHUH�SRVVLEOH�

7KH�:DWHU�	�6RLO�'LYLVLRQ�GDWD�DUH�DQ�XSGDWH�RI�%ODNH��������

7URXQVRQ�3DUN��1RUWKODQG�²�NDXUL�IRUHVW
WKURXJKIDOO���������� �������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������� �������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV�� �������î�SUHFLSLWDWLRQ������� U� ������

3XNHWXUXD�%DVLQ��1RUWKODQG��²�0DQXND�²�VWRUPV�!���PP�
WKURXJKIDOO��������� �������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ �������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ��������� U� �������

:KDNDUHZDUHZD��5RWRUXD�²�3��UDGLDWD�SODQWHG�����
WKURXJKIDOO��������� �������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ �������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ������� U� �������

:KDNDUHZDUHZD��5RWRUXD�²�3��UDGLDWD�SODQWHG�����
WKURXJKIDOO��������� �������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ �������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ������� U� �������

2WXWLUD��7DXSR�²�UHJHQHUDWLQJ�QDWLYH�IRUHVW
WKURXJKIDOO���������� �������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������� �������î�SUHFLSLWDWLRQ�������� U� �������
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ������� U� �������

0RXWHUH��1HOVRQ�²�JRUVH
WKURXJKIDOO���������� �������î�SUHFLSLWDWLRQ������� U� �������
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VWHPIORZ������������� �������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ������� U� ������

$WWHPSWHG�WR�JLYH�DQ�HVWLPDWH�IRU�LQWHUFHSWLRQ�E\�WXVVRFN�JUDVVODQG�XVLQJ�DUWLILFLDO�ZHWWLQJ�WHFKQLTXHV�

%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��������±����

&RXQWU\��1HZ�=HDODQG��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5��
.H\ZRUGV��5HYLHZ��7UHH�JURZWK

&$%�$EVWUDFWV�$1���������$XWKRUV¶�DEVWUDFW
7KH� DPRXQW� DQG� GLVWULEXWLRQ� RI� UDLQIDOO� WKURXJKRXW� WKH� \HDU� LV� XVHG� WR� KLJKOLJKW� FOLPDWLF

GLIIHUHQFHV�EHWZHHQ�$XVWUDOLD�DQG�1HZ�=HDODQG���3ODQWDWLRQ�IRUHVW�JURZWK��SUHGRPLQDQWO\�3��UDGLDWD��LV
VWURQJO\�LQIOXHQFHG�E\�ERWK�DYDLODEOH�PRLVWXUH�DQG�QXWULHQWV��3UDFWLFHV�VXFK�DV�FXOWLYDWLRQ�DQG�PRXQGLQJ
�EHGGLQJ��DUH�XVHG�RQ�ZHW�VLWHV��ZKHUHDV�FXOWLYDWLRQ��ULSSLQJ��ZHHG�FRQWURO��PXOFKLQJ�DQG�KHDYLHU�WKLQQLQJ
UHJLPHV�DUH�UHFRPPHQGHG�IRU�GU\�VLWHV��

0DQDJHPHQW�RI�QXWULHQWV�WR�LPSURYH�JURZWK�LQFOXGHV�VRPH�RI�WKH�SUDFWLFHV�OLVWHG�DERYH��ZKLFK
HQKDQFH�PRLVWXUH�UHODWLRQVKLSV��1XWULHQW�FRQVHUYDWLRQ�PHDVXUHV�DQG�VHOHFWLRQ�RI�SODQWLQJ�VWRFN�ZLWK�EHWWHU
URRW�V\VWHPV�WR�H[SORUH�WKH�VRLO�DUH�VXJJHVWHG�DV�PHWKRGV�WR�LPSURYH�JURZWK��DORQJ�ZLWK�GLUHFW�DSSOLFDWLRQ
RI�QXWULHQWV�LQ�IHUWLOLVHU��VHZDJH�HIIOXHQWV�DQG�ZDVWHV��

5HVSRQVHV�WR�D�TXHVWLRQQDLUH�GLVWULEXWHG�WR�WKH�PDMRU�IRUHVWU\�HQWHUSULVHV�LQ�$XVWUDODVLD�VKRZHG
WKDW�SUDFWLFHV�ZLWK�YHU\�FRQVSLFXRXV�EHQHILWV��H�J���ZHHG�FRQWURO��KDG�JHQHUDOO\�EHHQ�DFFHSWHG��EXW�WKH
OHDG�WLPH�IRU�LPSOHPHQWDWLRQ�RI�SRVLWLYH�UHVHDUFK�DQG�GHYHORSPHQW�ZDV�VWLOO�H[FHVVLYH��$�QXPEHU�RI�RWKHU
SURPLVLQJ�SUDFWLFHV��H�J���P\FRUUKL]DO�LQRFXODWLRQ�RI�QXUVHULHV��KDG�RQO\�UHFHLYHG�PLQLPDO�RU�DW�EHVW�D
PRGHUDWH�DFFHSWDQFH�E\�PDQDJHUV��

,Q�UHYLHZLQJ�WKH�SRVLWLYH�HIIHFW�RI�UHFHQW�UHVHDUFK�RQ�PDQDJHPHQW�SUDFWLFHV��LW�LV�VXJJHVWHG�WKDW
PRUH�LQIRUPDWLRQ�RQ�WKH�LQWHUDFWLRQ�RI�PRLVWXUH�DYDLODELOLW\�DQG�QXWULWLRQ�DORQJ�ZLWK�GHWDLOHG�UHVHDUFK�RQ
ERWK�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RI�FXOWLYDWLRQ�LV�UHTXLUHG��3RWHQWLDO�EHQHILWV�IURP�XVH�RI�ZDVWHV�DQG
HIIOXHQWV�ZLWKLQ�IRUHVWV�WR�VXSSO\�ERWK�ZDWHU�DQG�QXWULHQWV�ZLOO�HQVXUH�WKH�GHYHORSPHQW�RI�WKLV�SUDFWLFH�
([SHULPHQWV�VKRXOG�EH�GHVLJQHG�WR�H[SORUH�WKH�LQWHUDFWLRQV�EHWZHHQ�JHQHWLFDOO\�LPSURYHG�VWRFN��VLWHV�DQG
FXOWXUDO�WUHDWPHQWV��DV�ZHOO�DV�SK\VLRORJLFDO�SURFHVVHV�GHWHUPLQLQJ�JURZWK��

&RPPHQW
8VHIXO�LQIRUPDWLRQ�RQ�GLVWULEXWLRQ�RI�SODQWDWLRQV�DQG�UHTXLUHPHQWV�IRU�VXFFHVVIXO�JURZWK�
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%RUJ��+���%HOO��5�:���/RK��,�&����������6WUHDPIORZ�DQG�VWUHDP�VDOLQLW\�LQ�D�VPDOO�ZDWHU�VXSSO\
FDWFKPHQW�LQ�6RXWKZHVW�:HVWHUQ�$XVWUDOLD�DIWHU�UHIRUHVWDWLRQ���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW�SODQWDWLRQ��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ��±��\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO��0$3�����PP�\U
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�)������
,Q�WKH�PLG�����V��KLJK�VDOLQLWLHV�GHYHORSHG�LQ�WKH�3DGEXU\�UHVHUYRLU�DV�D�UHVXOW�RI�FRQYHUVLRQ�RI

����RI�LWV�����KD�FDWFKPHQW�IURP�QDWLYH�IRUHVW�WR�IDUPODQG�LQ�SUHYLRXV�GHFDGHV���%HWZHHQ������DQG�����
VRPH�����RI�WKH�IDUPODQG�ZDV�SODQWHG�ZLWK�3��UDGLDWD�DQG�(XFDO\SWXV�JOREXOXV���0RVW�RI�WKH�VORSHV�ZHUH
UHIRUHVWHG� EXW� RQO\� VRPH� RI� WKH� YDOOH\V�� *DXJLQJ� VWDWLRQ� VWXGLHV� IURP� ����� WR� ����� DUH� UHSRUWHG�
5HIRUHVWDWLRQ�UHVXOWHG�LQ�VXEVWDQWLDO�UHGXFWLRQV�LQ�VWUHDPIORZ�DQG�LQ�VDOW�GLVFKDUJH�IURP�WKH�FDWFKPHQW�
KRZHYHU��UHGXFWLRQ�LQ�VWUHDPIORZ�RXWZHLJKHG�WKDW�RI�VDOW�DQG�VWUHDP�VDOLQLW\�LQFUHDVHG��$QQXDO�UDLQIDOO
IRU�WKH�VWXG\�ZDV�OHVV�WKDQ�WKH�ORQJ�WHUP�DYHUDJH���,W�LV�VXJJHVWHG�WKDW�LQ�FDWFKPHQWV�ZKHUH�DUHDV�WKDW
GLVFKDUJH�PRVW�ZDWHU�DUH�GLIIHUHQW�IURP�WKRVH�WKDW�GLVFKDUJH�PRVW�VDOW��UHIRUHVWDWLRQ�RI�WKH�ODWWHU�FRXOG
UHGXFH�RYHUDOO�VWUHDP�VDOLQLWLHV�

&RPPHQW
6WXG\�ZLWKLQ�WKH�������KD�%DOLQJXS�%URRN�FDWFKPHQW��VRXWK�ZHVW�:HVWHUQ�$XVWUDOLD���$UHD�DERYH�WKH
JDXJLQJ�VWDWLRQ�ZDV������KD�

$ERXW�����RI�WKH�FDWFKPHQW�ZDV�LQ�QDWLYH�IRUHVWV�DW�WKH�VWDUW�RI�WKH�SURMHFW���������DSSUR[LPDWHO\����
RI�WKH�FDWFKPHQW�ZDV�SODQWHG�LQ���������ZLWK�DQRWKHU�����LQ�������DERXW����ZDV�FOHDUHG�LQ������DQG
UHSODQWHG�LQ��������$ERXW�����RI�WKH�SODQWLQJV�ZHUH�HXFDO\SW�EXW��IRU�WKH�SXUSRVHV�RI�WKHVH�FRPPHQWV�
DUH�FRQVLGHUHG�WR�KDYH�VLPLODU�LQIOXHQFHV�RQ�VWUHDPIORZ�WR�3��UDGLDWD�

3LQHV�ZHUH�SODQWHG�DW�����±�����63+�DQG�WKLQQHG�DIWHU���\U�WR����±������(XFDO\SWV�ZHUH�SODQWHG�DW����
63+���9DOOH\V�ZHUH�QRW�SODQWHG�

$OWKRXJK�VWUHDPIORZ�PHDVXUHPHQWV�GLG�QRW�EHJLQ�XQWLO�������VWUHDPIORZ�VHHPHG�WR�EH�VWDEOH�ZLWK�UHVSHFW
WR�7KRPVRQ�%URRN���������KD��RU�UDLQIDOO�GDWD�DV�VKRZQ�E\�UHJUHVVLRQ�UHODWLRQVKLSV��DOWKRXJK�RQO\���GDWD
SDLUV����%RUJ�HW�DO��SUHGLFWLRQV�ZHUH�DQ�DYHUDJH�IURP�WKHVH�UHODWLRQVKLSV�DQG�WKDW�IURP�DQRWKHU�VWUHDP
�/XGORZ�5LYHU�������KD��� �7KHUH�DUH�VLJQV�WKDW�IORZ�ZDV�GHFUHDVLQJ�DERXW���������\U�DIWHU�SODQWLQJ�
5DLQIDOO�RYHU�WKH�SHULRG�ZDV�EHORZ�DYHUDJH������PP��VR�WKH�GLIIHUHQFH�FRXOG�EH�ODUJHU�WKDQ�VKRZQ�KHUH�
,I�ZHLJKW� LV�JLYHQ�WR� WKH�UHODWLRQVKLS�ZLWK�%DOLQJXS�UDLQIDOO��SODQWLQJ�����RI� WKH�FDWFKPHQW�ZLWK�3�
UDGLDWD�KDV�GHFUHDVHG�IORZ�E\�DERXW����PP����([WUDSRODWLQJ�WKLV�WR�D�\HDU�RI�QRUPDO�UDLQIDOO�JLYHV�DQ
GHFUHDVH�RI�����PP��DQG�IXUWKHU�WR������SODQWLQJ�JLYHV�DQ�HVWLPDWHG�GHFUHDVH�RI�DERXW�����PP���/.5�

%RVFK��-�0���+HZOHWW��-�'����������$�UHYLHZ�RI�FDWFKPHQW�H[SHULPHQWV�WR�GHWHUPLQH�WKH�HIIHFW�RI
YHJHWDWLRQ�FKDQJHV�RQ�ZDWHU�\LHOG�DQG�HYDSRWUDQVSLUDWLRQ���-RXUQDO�RI�+\GURORJ\������±���
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&RXQWU\��:RUOGZLGH 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��&RQLIHUV��(XFDO\SW�IRUHVWV��1DWLYH�GHFLGXRXV�IRUHVWV��1DWLYH�HYHUJUHHQ
IRUHVWV��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ
.H\ZRUGV��(YDSRUDWLRQ��5HYLHZ��:DWHU�\LHOG

&$%�$EVWUDFWV
7KLV�VXPPDU\�DQG�UHYLHZ�RI����FDWFKPHQW�H[SHULPHQWV�VKRZV�WKDW�DFFXPXODWHG�LQIRUPDWLRQ�RQ

WKH�HIIHFW�RI�YHJHWDWLRQ�FKDQJHV�RQ�ZDWHU�\LHOG�FDQ�EH�XVHG�IRU�SUDFWLFDO�SXUSRVHV���7KH�GLUHFWLRQ�RI
FKDQJH� LQ� ZDWHU� \LHOG� IROORZLQJ� IRUHVW� RSHUDWLRQV� FDQ� EH� SUHGLFWHG� ZLWK� IDLU� DFFXUDF\� VLQFH� QR
H[SHULPHQWV��ZLWK�WKH�H[FHSWLRQ�RI�SHUKDSV�RQH��KDYH�UHVXOWHG�LQ�UHGXFWLRQV�LQ�ZDWHU�\LHOG�ZLWK�UHGXFWLRQV
LQ�FRYHU��RU�LQFUHDVHV�LQ�\LHOG��ZLWK�LQFUHDVHV�LQ�FRYHU���7KH�DSSUR[LPDWH�PDJQLWXGH�RI�FKDQJHV�FDQ�DOVR
EH�HVWLPDWHG���3LQH�DQG�HXFDO\SW�IRUHVW�W\SHV�FDXVH�RQ�DYHUDJH����PP�FKDQJH�LQ�ZDWHU�\LHOG�SHU����
FKDQJH�LQ�FRYHU�DQG�GHFLGXRXV�KDUGZRRG�DQG�VFUXE�a���DQG����PP��UHVSHFWLYHO\���0D[LPXP�FKDQJHV
RI�����PP�ZHUH�H[SHULHQFHG�DW�&RZHHWD��1RUWK�&DUROLQD���$Q�DVVLPLODWLRQ�RI�WKH�FROOHFWLYH�H[SHULPHQWDO
UHVXOWV�VKRZV�WKDW�PRUH�FDUHIXO�GHVLJQ�DQG�H[SDQVLRQ�RI�H[SHULPHQWV�WR�FHUWDLQ�UDLQIDOO�UHJLRQV�ZRXOG
DXJPHQW�VWDWLVWLFDO�LQIHUHQFH�

%RVFK��-�0���YRQ�*DGRZ��.�� ������� �5HJXODWLQJ�DIIRUHVWDWLRQ� IRU�ZDWHU�FRQVHUYDWLRQ� LQ�6RXWK
$IULFD��6RXWK�$IULFDQ�)RUHVWU\�-RXUQDO��������±���

&RXQWU\��6RXWK�$IULFD 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������

&RPPHQW
-RQNHUVKRHN��&KDQJH�LQ�HYDSRUDWLRQ�� �UDLQIDOO���UXQRII��ZLWK�WLPH�LV�H[SUHVVHG�E\�D�&KDSPDQ±5LFKDUGV
HTXDWLRQ��ZKLFK�LV�D�VLJPRLGDO�IXQFWLRQ�

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

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

:KHQ�(�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��



��

/DQGFDUH�5HVHDUFK

*RHV�RQ�WR�XVH�OLQHDU�SURJUDPPLQJ�WR�RSWLPLVH�DQQXDO�VWUHDPIORZ�DQG�PHDQ�DQQXDO�WLPEHU�\LHOGV�IURP
VXEFDWFKPHQW�DV�D�WRRO�IRU�ZDWHU�PDQDJHPHQW���7KLV�FDQ�LQYROYH�FKRLFH�RI�VSHFLHV��URWDWLRQ��DOORZDEOH
UHGXFWLRQ�LQ�IORZ�HWF�

%UHQ��/�-���3DSZRUWK��0����������(DUO\�ZDWHU�\LHOG�HIIHFWV�RI�FRQYHUVLRQ�RI�VORSHV�RI�D�HXFDO\SW
IRUHVW�FDWFKPHQW�WR�UDGLDWD�SLQH�SODQWDWLRQ���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5�
6SHFLHV�&RPSDULVRQ��(XFDO\SW�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
�
$XWKRUV¶�$EVWUDFW

%HWZHHQ� ����� DQG� ����� WKH�ZDWHU� \LHOG� IURP� WKUHH� VPDOO�� FRQWLJXRXV�� IRUHVWHG� FDWFKPHQWV
FDUU\LQJ�VLPLODU�YHJHWDWLRQ�LQ�VRXWK�HDVWHUQ�$XVWUDOLD�ZDV�PHDVXUHG���7KHVH�ZHUH�ORFDWHG�LQ�KXPLG��VWHHS
IRRWKLOO�DUHDV�VXEMHFW�WR�D�PDMRU�SODQWDWLRQ�SURJUDPPH���$W�WKH�SURMHFW�VWDUW�DOO�FDWFKPHQWV�FDUULHG�PDWXUH�
QDWXUDO�HXFDO\SW�IRUHVW���,Q�WKHLU�QDWXUDO�VWDWH�WKH�FDWFKPHQWV�H[KLELWHG�VLPLODU�DQQXDO�K\GURORJLF�YDULDWLRQ
DQG�ZDWHU�\LHOGV��ZLWK�D�SURQRXQFHG�ORZ�IORZ�SHULRG�LQ�VXPPHU�DQG�DXWXPQ��DQG�KLJK�IORZV�LQ�ZLQWHU
DQG�VSULQJ���2QH�FDWFKPHQW��&OHP�&UHHN��ZDV�FRQYHUWHG�IURP�QDWLYH�HXFDO\SW�IRUHVW�WR�3��UDLGDWD�E\
FOHDULQJ��EXUQLQJ��DQG�SODQWLQJ�LQ�'HFHPEHU��������$����P�EXIIHU�ZDV�UHWDLQHG�DORQJ�WKH�VWUHDP���7KH
WUHDWPHQW�LQFUHDVHG�WKH�ZDWHU�\LHOG�RI�WKH�FDWFKPHQW�E\�XS�WR�����0/�KD��D�����LQFUHDVH�RQ�DYHUDJH���7KH
DFWXDO� \LHOG� LQFUHDVH� YDULHG� IURP� \HDU� WR� \HDU�� DQG� DSSHDUHG� WR� GHFOLQH� VORZO\�ZLWK� WLPH� IURP� WKH
FRQYHUVLRQ���0RVW�RI�WKH�LQFUHDVH�ZDV�DV�LQFUHDVHG�VWRUP�IORZ�LQ�WKH�HDUO\�SDUW�RI�ZLQWHU���7KH�UHODWLRQ
EHWZHHQ� WKH� VWRUP� IORZ�� FDXVDO� UDLQIDOO�� DQG� DQWHFHGHQW� IORZ� GLG� QRW� DSSHDU� WR� EH� FKDQJHG� E\� WKH
WUHDWPHQW��VXJJHVWLQJ�WKDW�PRVW�RI�WKH�VWRUP�IORZ�UHVSRQVH�LV�DWWULEXWDEOH�WR�LQFUHDVHG�FDWFKPHQW�ZHWQHVV
DW�WKH�HQG�RI�WKH�GU\�VXPPHU�SHULRG�

&RPPHQW
,Q�$SULO������3��UDGLDWD�ZDV�SODQWHG�LQ�WKH����KD�&OHP�&UHHN�DIWHU�QDWLYH�HXFDO\SWV�KDG�EHHQ�FOHDUHG�DQG
EXUQHG��H[FHSW�IRU�D�ULSDULDQ�VWULS���:HHG�FRQWURO�DIWHU�SODQWLQJ�ZDV�ZLWK�KH[D]LQRQH���$QQXDO�UDLQIDOO� 
�����PP���'DWD�IURP�SODQWLQJ�WR�0D\�������FRQWURO� �HXFDO\SW�FDWFKPHQWV��%HWV\�DQG�(OOD����'XULQJ
����±����DIWHU�WKH�LQLWLDO�LQFUHDVH�LQ�VWUHDPIORZ�DIWHU�KDUYHVWLQJ��VWUHDPIORZ�VHHPHG�WR�GLPLQLVK�DV�WKH
WUHHV�JUHZ��FDOFXODWHG�E\�UHJUHVVLRQ�IURP�D�FRQWURO�FDWFKPHQW����7KHUH�ZDV�DOVR�D�WUHQG�LQ�GHFUHDVLQJ
DQQXDO�UDLQIDOO�RYHU�WKLV�SHULRG�EXW�WKLV�PD\�QRW�EH�D�IDFWRU�LQ�WKH�GHFUHDVLQJ�VWUHDPIORZ���7KHUH�ZDV�QR
FOHDU� WUHQG�LQ�VWRUP�IORZ�UHGXFWLRQ�ZLWK�JURZWK�RI� WKH�SLQHV�� �(DUO\�ZLQWHU�VWRUPV�ZHUH� ODUJHU�DIWHU
KDUYHVWLQJ��ZHWWHU�VRLO�FRQGLWLRQV�DQG�WKH�GLIIHUHQWLDO�GLVDSSHDUHG�DV�ZLQWHU�SURJUHVVHG��

'DLO\�UHJUHVVLRQ�RI�&OHP�&UHHN�RQ�(OOD�&UHHN�VWUHDPIORZ�XVHG�WR�JHW�WRWDO�LQFUHDVH�DW�&OHP�IROORZLQJ
KDUYHVWLQJ���+RZHYHU�QRW�JLYHQ��RQO\�WKH�LQFUHDVH�LQ�IORZ�



��
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%UHQ��/�-���3DSZRUWK��0����������+\GURORJLF�HIIHFWV�RI�FRQYHUVLRQ�RI�VORSHV�RI�D�HXFDO\SW�IRUHVW
FDWFKPHQW�WR�UDGLDWD�SLQH�SODQWDWLRQ��$XVWUDOLDQ�)RUHVWU\�������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5�
6SHFLHV�&RPSDULVRQ��(XFDO\SW�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
%HWZHHQ� ����� DQG� ����� D�PXOWLSOH� FDWFKPHQW� SURMHFW�ZDV� FRQGXFWHG� LQ� WKH� KHDGZDWHUV� RI

&URSSHU�&UHHN�����NP�VRXWK�ZHVW�RI�0\UWOHIRUG��9LFWRULD����7KLV�XVHG�WKUHH�FDWFKPHQWV�UDQJLQJ�LQ�VL]H
IURP����WR�����KD���'XULQJ�VXPPHU�DQG�DXWXPQ�WKH�VWUHDPV�FDUULHG�D�ORZ��RU�]HUR��IORZ���1RUPDOO\�
KHDY\�UDLQV�LQ�ODWH�DXWXPQ�RU�HDUO\�ZLQWHU�OHG�WR�KLJKHU�IORZV�XQWLO�PLG�VSULQJ���)ORZV�WKHQ�UHFHGHG�WR�ORZ
VXPPHU�IORZV���,Q�VXPPHU�D�FOHDU�GLXUQDO�YDULDWLRQ�ZDV�DSSDUHQW���)ORZV�UHDFKHG�D�PD[LPXP�DERXW
PLGQLJKW�DQG�D�PLQLPXP�DERXW�PLGGD\���$OO�WKUHH�VWUHDPV�KDG�VLPLODU�ZDWHU�\LHOGV�ZKLOH�WKHLU�FDWFKPHQW
FDUULHG�QDWLYH�IRUHVW�DQG�ZKHQ�VWUHDP�IORZV�ZHUH�KLJK���'XULQJ�VXPPHU�DQG�DXWXPQ�WZR�RI�WKH�VWUHDPV
ZRXOG�GU\�XS�� OLPLWLQJ�WKHLU�XWLOLW\�DV�µFRQWURO�FDWFKPHQWV¶�� �&OHP�&UHHN�ZDV�FRQYHUWHG�IURP�QDWLYH
HXFDO\SW�IRUHVW�WR�3��UDGLDWD�LQ�'HFHPEHU��������$����P�EXIIHU�ZDV�UHWDLQHG�DORQJ�WKH�VWUHDP���7KH�ZDWHU
\LHOG�RI�WKH�WUHDWHG�FDWFKPHQW�LQFUHDVHG�E\�XS�WR�����PP�SHU�DQQXP�DQG�YDULHG�IURP�\HDU�WR�\HDU���0RVW
RI�WKLV�LQFUHDVH�ZDV�DV�LQFUHDVHG�VWRUP�IORZ�LQ�WKH�HDUO\�SDUW�RI�WKH�KLJK�IORZ�SHULRG���7KLV�ZDV�GXH�WR
JUHDWHU� VORSH�ZDWHU� VWRUDJH� EHFDXVH� RI� UHGXFHG� HYDSRWUDQVSLUDWLRQ� IURP� WKH� VORSH� YHJHWDWLRQ�� � 7KH
WUHDWPHQW�FDXVHG�D�VPDOO�LQFUHDVH�LQ�WKH�DPSOLWXGH�RI�WKH�REVHUYHG�GLXUQDO�YDULDWLRQ���7KLV�VXJJHVWHG
HQKDQFHG� WUDQVSLUDWLRQ� IURP� WKH� VWUHDP� YHJHWDWLRQ� GXH� WR� LQFUHDVHG� JURXQGZDWHU� UHFKDUJH� WR� WKH
ERWWRP�ODQG�RI�WKH�FDWFKPHQW���$IWHU���\U�WKH�UHVSRQVH�LV�GLPLQLVKLQJ���7KH�SURMHFW�ZDV�HQGHG�DV�DQ
HFRQRP\�PHDVXUH�LQ������

&RPPHQW
,Q�$SULO������3��UDGLDWD�ZDV�SODQWHG�LQ�WKH����KD�&OHP�&UHHN�DIWHU�HXFDO\SWV�KDG�EHHQ�FOHDUHG�DQG
EXUQHG��H[FHSW�IRU�D�ULSDULDQ�VWULS���:HHG�FRQWURO�DIWHU�SODQWLQJ�ZDV�ZLWK�KH[D]LQRQH���$QQXDO�UDLQIDOO� 
�����PP���'DWD�IURP�SODQWLQJ�WR�0D\�������FRQWURO� �HXFDO\SW�FDWFKPHQWV��%HWV\�DQG�(OOD����'XULQJ
����±����DIWHU�WKH�LQLWLDO�LQFUHDVH�LQ�VWUHDPIORZ�DIWHU�KDUYHVWLQJ��VWUHDPIORZ�VHHPHG�WR�GLPLQLVK�DV�WKH
WUHHV�JUHZ��FDOFXODWHG�E\�UHJUHVVLRQ�IURP�D�FRQWURO�FDWFKPHQW����7KHUH�ZDV�DOVR�D�WUHQG�LQ�GHFUHDVLQJ
DQQXDO�UDLQIDOO�RYHU�WKLV�SHULRG�EXW�WKLV�PD\�QRW�EH�D�IDFWRU�LQ�WKH�GHFUHDVLQJ�VWUHDPIORZ���7KHUH�ZDV�QR
FOHDU�WUHQG�LQ�VWRUP�IORZ�UHGXFWLRQ�ZLWK�JURZWK�RI�WKH�SLQHV�

0DLQ�ZDWHU�\LHOG�VWRU\�DV�IRU�%UHQ�	�3DSZRUWK��������DQG�QR�PRUH�GDWD�DV�WKH�H[SHULPHQW�ZDV�VWRSSHG�
3URYLGHV�UHVLGXDOV�DIWHU�KDUYHVWLQJ�DQG�VKRZV�GHFUHDVH�ZLWK�SODQWDWLRQ�HVWDEOLVKPHQW���'RHV�ORRN�DW�
UHFHVVLRQV��GLXUQDO�YDULDWLRQ��VWRUP�IORZ�HIIHFWV²PDVV�FXUYHV�DQG�KLVWRJUDPV�RI���RI�WRWDO�5��

6DPH�GLDJUDPV�DV�IRU�%UHQ�	�3DSZRUWK��������

%URZQOLH��5�.���.HOOLKHU��)�0����������3XUXNL�IRUHVW�FOLPDWH��0HDVXUHPHQW�WHFKQLTXHV��'DWD�EDVH�
3UHOLPLQDU\�DQDO\VHV���1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�1R�����������SS�



��
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&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��7UHH�JURZWK

&$%�$EVWUDFWV�$1����������
$� PHWHRURORJLFDO� GDWDEDVH� ZDV� FRQVWUXFWHG� IURP� PHDVXUHPHQWV� PDGH� LQ� WKH� 3XUXNL�5XD

VXEFDWFKPHQW�RI�WKH�3XUXNRKXNRKX�([SHULPHQWDO�%DVLQ��1HZ�=HDODQG��EHWZHHQ������DQG�������%HWZHHQ
�����DQG������WKH�YHJHWDWLRQ�FKDQJHG�IURP�WDOO�FRDUVH�SDVWXUH�ZLWK�ZLGHO\�VSDFHG�3��UDGLDWD�VHHGOLQJV
WR�D�FORVHG�FDQRS\�IRUHVW��7KH�WUHHV�ZHUH�WKLQQHG�DQG�SUXQHG�LQ�������ZLWK�FDQRS\�FORVXUH�EHLQJ�REWDLQHG
DJDLQ�LQ�������0HDVXUHPHQW�WHFKQLTXHV�DQG�GDWD�SURFHVVLQJ�DQG�UHWULHYDO�DUH�GHVFULEHG��

&RPPHQW�
3URYLGHV�IRUHVW�VWDQG�LQIRUPDWLRQ�UHOHYDQW�WR�WKH�K\GURORJLFDO�VWXGLHV�PDGH�E\�RWKHUV�

&DOGHU��,�5���������:DWHU�XVH�E\�IRUHVWV�DW�WKH�SORW�DQG�FDWFKPHQW�VFDOH���&RPPRQZHDOWK�)RUHVWU\
5HYLHZ�������±��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��1DWLYH�WXVVRFN�JUDVVODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR�����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�WKH�UHVXOWV�RI�XVLQJ�DQ�,QVWLWXWH�RI�+\GURORJ\��8�.���PRGHO�WR�SUHGLFW�WKH�FKDQJHV�LQ�IORZ�WKDW
ZHUH�REVHUYHG�DV�D�UHVXOW�RI�DIIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG�DW�WKH�*OHQGKX�FDWFKPHQWV�

&DOYR��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�;;;������±�����

&RXQWU\��6SDLQ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��&LWHG�LQ
7XUQHU�	�/DPEHUW�������

6WDQG�7\SH��3ODQWDWLRQ�²����\U %DVDO�$UHD�������P��KD 5DLQIDOO�������PP
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
3UHFLSLWDWLRQ������PP��7KURXJKIDOO�����PP��6WHPIORZ�����PP��,QWHUFHSWLRQ�ORVV�����PP



��
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&ROYLOOH��-�6���+ROPHV��-�:����������:DWHU�WDEOH�IOXFWXDWLRQV�XQGHU�IRUHVW�DQG�SDVWXUH�LQ�D�NDUVWLF
UHJLRQ�RI�VRXWKHUQ�$XVWUDOLD���-RXUQDO�RI�+\GURORJ\�������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ�9DULHV
.H\ZRUGV��*URXQGZDWHU

&$%�$EVWUDFWV�$1����������
�
&RPPHQW
1RZ�GHWHUPLQHV�WKDW�DW�VLWHV�LQ�VRXWKHUQ�$XVWUDOLD�WKHUH�LV�UHFKDUJH�XQGHU�ERWK�SDVWXUH�DQG�IRUHVWV�EXW�WKDW
WKH�ODWWHU�LV�KDOI�WKH�IRUPHU���

<HDU 5DLQ��0D\±'HF�
�PP�

/\VLPHWHU�UHFKDUJH��JUDVV�
�PP�

5HFKDUJH�XQGHU�IRUHVW
�PP�

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

&RQWUDVWV�ZLWK�ZRUN�E\�+ROPHV�	�&ROYLOOH��������DQG�WKDW�RI�$OOLVRQ�	�+XJKHV���������ZKLFK�LQGLFDWHG
WKDW�WKHUH�ZRXOG�EH�QR�UHFKDUJH�XQGHU�HLWKHU�ODQG�FRYHU�

&RRSHU��$�%���7KRPVHQ��&�(����������1LWURJHQ�DQG�SKRVSKRUXV�LQ�VWUHDPZDWHUV�IURP�DGMDFHQW
SDVWXUH��SLQH��DQG�QDWLYH�IRUHVW�FDWFKPHQWV�� �1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU
5HVHDUFK��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5�
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\����������63+
.H\ZRUGV���:DWHU�TXDOLW\��:DWHU�\LHOG��

&RPPHQW
3ULPDULO\� D� SDSHU� RQ� ZDWHU� TXDOLW\� RI� VWUHDPV� GUDLQLQJ� WKUHH� GLIIHULQJ� ODQG� XVHV� DW� 3XUXNRKXNRKX
FDWFKPHQWV�LQ�WKH�FHQWUDO�1RUWK�,VODQG���'RHV�FRQWDLQ�OLPLWHG�ZDWHU�EDODQFH�LQIRUPDWLRQ���6WRUP��IORZ
\LHOGV�ORZHVW�XQGHU�QDWLYH�IRUHVW�EXW�WRWDO�\LHOG�ORZHVW�XQGHU�SLQH�

6WUHDPIORZ�VXPPDU\
���� ����



��
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3DVWXUH 3LQH 1DWLYH
IRUHVW

3DVWXUH 3LQH 1DWLYH
IRUHVW

3771��PP� ���� ���� ���� ���� ���� ����
6WRUP�IORZ��PP� ��� ��� �� ��� �� ��
%DVH�IORZ��PP� ��� ��� ��� ��� ��� ���
4XLFNIORZ��PP� ��� �� �� �� �� �
7RWDO�IORZ��PP� ��� ��� ��� ��� ��� ���
 6WRUP�IORZ�GHWHUPLQHG�E\�+HZOHWW�	�+LEEHUW��������VHSDUDWLRQ�

&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�����

&RXQWU\��:RUOG�ZLGH 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��0DQ\�VSHFLHV��(XFDO\SWV��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU��)RUHVW�PDQDJHPHQW
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��/RZ�IORZ��5HYLHZ��6WRUP�IORZ��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
$�FRPSUHKHQVLYH�UHYLHZ�RI�WKH�HIIHFWV�RI�3��UDGLDWD�HVWDEOLVKPHQW�DQG�PDQDJHPHQW�RQ�ZDWHU

\LHOG�DQG�ZDWHU�TXDOLW\�LQ�$XVWUDOLD��7KH�PRVW�LPSRUWDQW�K\GURORJLF�SURFHVVHV�WKDW�FRQWULEXWH�WR�XOWLPDWH
K\GURORJLF�GLIIHUHQFHV�EHWZHHQ�YHJHWDWLRQ�W\SHV�DUH�RXWOLQHG��7KH�SURFHVVHV�WKDW�GHWHUPLQH�WKH�UHODWLYH
K\GURORJLFDO�EHKDYLRXU�RI�SLQH�SODQWDWLRQV��3��UDGLDWD�LQ�$XVWUDOLD�DQG�1HZ�=HDODQG�DQG�3��SDWXOD�LQ
6RXWK�$IULFD���HXFDO\SW��(XFDO\SWXV�VSS���IRUHVWV�LQ�$XVWUDOLD�DQG�JUDVVODQGV�LQ�$XVWUDOLD�DUH�FRQVLGHUHG
LQ�PRUH�GHWDLO��5HFHQW�UHVHDUFK�VXJJHVWV�WKDW�WKH�FRPSOHWH�DIIRUHVWDWLRQ�ZLWK�3��UDGLDWD�RI�FOHDUHG�SDVWXUH
DUHDV�LQ�$XVWUDOLD�LV�OLNHO\�WR�UHVXOW�LQ�PD[LPXP�UHGXFWLRQV�LQ�DQQXDO�ZDWHU�\LHOG�RI�!����PP�ZKHUH
DQQXDO�SUHFLSLWDWLRQ�!�����PP��DFWXDO�UHGXFWLRQV�ZLOO�GHSHQG�RQ�SUHFLSLWDWLRQ�UHFHLYHG�DQG�WKH�DJH�RI
WKH�VWDQGV��%DVHIORZ�LQ�VWUHDPV�LQ�VXFK�DIIRUHVWHG�DUHDV�PD\�GHFUHDVH�VLJQLILFDQWO\��DQG�VRPH�SHUHQQLDO
VWUHDPV�PD\�EHFRPH�HSKHPHUDO��SDUWLFXODUO\�LQ�GU\�\HDUV��6XVSHQGHG�VHGLPHQW�DQG�WXUELGLW\�DUH�WKH�PRVW
ZLGHVSUHDG�SROOXWDQWV�RI�VWUHDPZDWHU�LQ�3��UDGLDWD�SODQWDWLRQV��SDUWLFXODUO\�LQ�DUHDV�RI�KLJKHU�SUHFLSLWDWLRQ
VXFK�DV�WKH�1HZ�6RXWK�:DOHV�WDEOHODQGV��7KH�LPSRVLWLRQ�RI�YDULRXV�FRQWUROV�WR�PLQLPLVH�VWUHDPZDWHU
VHGLPHQW�LQFUHDVHV�LV�QRZ�VWDQGDUG�SUDFWLFH�LQ�PDQ\�SODQWDWLRQV��EXW�WXUELGLW\�OHYHOV�UHPDLQ�JUHDWHU�WKDQ
LQ�PDQDJHG�EURDGOHDYHG�IRUHVWV��

&RPPHQW
$PRQJVW�WKH�PDQ\�JUDSKV�WDEOHV��WZR�VKRZ�WKH�WUHQGV�RI�ODUJHU�GHFUHDVHV�LQ�VWUHDPIORZ�ZLWK�LQFUHDVLQJ
DQQXDO�SUHFLSLWDWLRQ�LQ�SDVWXUH�DIIRUHVWDWLRQ�VWXGLHV�DQG�WKH�FKDQJH�LQ�ZDWHU�\LHOG�ZLWK�SODQWDWLRQ�DJH�
7KLV�LQFOXGHV�D�UHGXFWLRQ�RI�WKH�GHFUHDVH�LQ�VWUHDPIORZ�RQFH�6RXWK�$IULFDQ�SODQWDWLRQV�JURZ�SDVW�WKH�PLG�
URWDWLRQ�DJH�RI����\U��URWDWLRQV�KHUH�DUH�RIWHQ�JUHDWHU�WKDQ����\U��

&URFNIRUG��5�+���.KDQQD��3�.����������&KHPLVWU\�RI�WKURXJKIDOO��VWHPIORZ�DQG�OLWWHUIDOO�LQ�IHUWLOL]HG
DQG�LUULJDWHG�3LQXV�UDGLDWD���+\GURORJLFDO�3URFHVVHV���������±�����



��

/DQGFDUH�5HVHDUFK

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5�
/DQG�8VH�&KDQJH��,UULJDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\��9DULHV %DVDO�$UHD��9DULHV
.H\ZRUGV��,QWHUFHSWLRQ��1XWULHQW�F\FOLQJ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
7KH�FKHPLFDO�LQSXWV�E\�UDLQIDOO��WKURXJKIDOO�DQG�VWHPIORZ�ZHUH�VWXGLHG�LQ�D�SLQH�SODQWDWLRQ�LQ

3LHUFHV�&UHHN�)RUHVW��&DQEHUUD��$XVWUDOLD���7KUHH�WUHDWPHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��D�FRQWURO��&��DQG
WZR�IHUWLOLVHU�WUHDWPHQWV��)²WZR�DSSOLFDWLRQV�RI�PL[HG�IHUWLOLVHUV�DW�KLJK�UDWHV��DQG�,/²DSSOLFDWLRQ�RI
D�FRPSOHWH�OLTXLG�IHUWLOLVHU�ZLWK�LUULJDWLRQ��VR�DV�WR�UHPRYH�QXWULHQW�DQG�ZDWHU�UHVWULFWLRQV�WR�JURZWK���7KH
DSSOLFDWLRQ� UDWHV�RI�QXWULHQWV�ZHUH�KLJKHU� IRU� ,/� WKDQ�)�� �1HW� LQSXWV�RI� HOHPHQWV� LQ� WKURXJKIDOO� DQG
VWHPIORZ��REWDLQHG�E\�VXEWUDFWLQJ�WKH�DPRXQWV�LQ�WKH�UDLQIDOO��ZHUH�FRPSDUHG�IRU�GLIIHUHQW�WUHDWPHQWV�
)RU�FDWLRQV��&D��0J��1D�DQG�.���WKH�WUHDWPHQW�HIIHFW�RQ�OHDFKLQJ�E\�WKURXJKIDOO�DQG�VWHPIORZ�ZDV�,/�!
)�!�&��EXW�WKH�)�WR�&�GLIIHUHQFHV�ZHUH�JUHDWHU�IRU�WKURXJKIDOO�WKDQ�VWHPIORZ���7KH�HIIHFWV�ZHUH�DOPRVW
HQWLUHO\�GXH�WR�LQFUHDVHV�LQ�FRQFHQWUDWLRQ��UDWKHU�WKDQ�WKH�DPRXQW�RI�UDLQIDOO�EHFRPLQJ�WKURXJKIDOO�RU
VWHPIORZ���7KH�FRQFHQWUDWLRQ�RI�1��DV�1+��RU�12���LQ�WKURXJKIDOO�RU�VWHPIORZ�FRXOG�EH�ORZHU�RU�KLJKHU
WKDQ�LQ�UDLQIDOO��LQGLFDWLQJ�QHW�UHPRYDO�RU�OHDFKLQJ��UHVSHFWLYHO\���1HW�UHPRYDO�RFFXUUHG�IRU�PRVW�UDLQIDOO
HYHQWV�IRU�WKH�FRQWURO�WUHDWPHQW��IRU�D�VXEVWDQWLDO�QXPEHU�RI�HYHQWV�IRU�WUHDWPHQW�)��EXW�IRU�IHZ�HYHQWV�IRU
WUHDWPHQW� ,/�� � 7KH� DPPRQLXP� LRQ� ZDV� SUHIHUHQWLDOO\� UHPRYHG� IURP� WKURXJKIDOO�� DQG� QLWUDWH� IURP
VWHPIORZ���7UDQVIHUV�RI�.�DQG�WRWDO�1�E\�OLWWHUIDOO��WKURXJKIDOO�DQG�VWHPIORZ�ZHUH�DOVR�VWXGLHG���7KH
SURSRUWLRQV�RI�.�DQG�1�EHLQJ�WUDQVIHUUHG�E\�WKHVH�SURFHVVHV�VKRZHG�OLWWOH�GLIIHUHQFH�EHWZHHQ�WUHDWPHQWV�
WKH�RYHUDOO�YDOXHV�IRU�.�EHLQJ�����E\�WKURXJKIDOO�����E\�VWHPIORZ�DQG�����E\�OLWWHUIDOO���,Q�FRQWUDVW�WKH
WUDQVIHU�RI�1�ZDV�GRPLQDWHG�E\�OLWWHUIDOO��������ZLWK�����E\�WKURXJKIDOO�DQG����E\�VWHPIORZ���

&RPPHQW�
3ODQWHG�������WUHDWHG�VLQFH�������VWXG\�SHULRG�-XQH������±�-XO\����
6DPSOHG����HYHQWV� �����RI�UDLQIDOO�EHWZHHQ�-XQH������DQG�-XO\��������
,W�LV�XQFOHDU�ZKDW�WKH�UDLQIDOO�UHJLPH�ZDV��EXW�IURP�VWDWHPHQWV�LQ�WKH�SDSHU�LW�DSSHDUV�WR�KDYH�DYHUDJHG
����PP�D�\HDU�

6WDQG�FKDUDFWHULVWLFV
&RQWURO��&� )HUWLOLVHG��)� ,UULJDWHG�DQG�IHUWLOLVHG��,/�

����
63+ ��� ��� ���
0HDQ�KHLJKW��P� ��� ��� ���
%$��P��KD� ���� ���� ��
)ROLDJH��W�KD� ���� ���� ���

����
0HDQ�KHLJKW��P� ���� ���� ����
%$��P��KD� �� ���� ����
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)ROLDJH��W�KD� ���� ���� ����

,QWHUFHSWLRQ�EDODQFH
7UHDWPHQW 7KURXJKIDOO

���
6WHPIORZ
���

,QWHUFHSWLRQ
���

& �� ��� ����
) �� ��� ����
,) �� ��� ����

,I�ZH�DVVXPH�UDLQIDOO�����PP�\U�WKHQ�
7UHDWPHQW 7KURXJKIDOO

�PP�
6WHPIORZ
�PP�

,QWHUFHSWLRQ
�PP�

& ��� �� ���
) ��� �� ���
,) ��� �� ���

&DOFXODWLRQV�E\�/.5

&URFNIRUG��5�+���5LFKDUGVRQ��'�3����������)DFWRUV�DIIHFWLQJ�WKH�VWHPIORZ�\LHOG�RI�D�GU\�VFOHURSK\OO
HXFDO\SW�IRUHVW��D�3LQXV�UDGLDWD�SODQWDWLRQ�DQG�LQGLYLGXDO�WUHHV�ZLWKLQ�WKH�IRUHVWV���&6,52��,QVWLWXWH
RI� 1DWXUDO� 5HVRXUFHV� DQG� (QYLURQPHQW�� 'LYLVLRQ� RI� :DWHU� 5HVRXUFHV� 5HVHDUFK�� 7HFKQLFDO
0HPRUDQGXP�����������S�

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+�EXW�WKLQQHG %DVDO�$UHD�����P��KD�
'LDPHWHU�������FP
.H\ZRUGV��6WHPIORZ

&$%�$EVWUDFWV�$1�)������
$���\U�VWXG\�ZDV�PDGH�RI�VWHPIORZ�LQ�D�HXFDO\SW�IRUHVW��PDLQ�VSHFLHV�(XFDO\SWXV�URVVLL��(�

PDQQLIHUD��(��PDFURUK\QFKD�DQG�(��PHOOLRGRUD��DQG�DQ�DGMDFHQW�3��UDGLDWD�SODQWDWLRQ�LQ�WKH�8SSHU�<DVV
5HSUHVHQWDWLYH�%DVLQ��1HZ�6RXWK�:DOHV��7KH�VWHPIORZ�\LHOG�RI�3��UDGLDWD�ZDV�����WLPHV�WKDW�RI�WKH
HXFDO\SWV�� DQG�ZDV� QRW� UHODWHG� WR� VWDQG� GHQVLW\� RU'%+��ZKLFK�ZHUH� VLPLODU� IRU� WKH� WZR� VWDQGV��(�
PDFURUK\QFKD�KDG�D�ORZ�\LHOG�GXH�WR�LWV�WKLFN�DEVRUSWLYH�EDUN��ZKLOH�WKH�ORZ�\LHOG�RI�(��PDQQLIHUD�ZDV
GXH�WR�WKH�GULS�SRLQWV�FDXVHG�E\�GHWDFKLQJ�EDUN��,W�LV�VXJJHVWHG�WKDW�3��UDGLDWD�KDV�D�KLJKHU�\LHOG�DV�LW�KDV
IHZHU�WUXQN�GULS�SRLQWV��GXH�WR�WKH�PRUH�YHUWLFDO�WUXQNV��FRXSOHG�ZLWK�OHVV�K\GURSKRELF�EDUN�

&RPPHQW
8SSHU�<DVV�9DOOH\��QHDU�&DQEHUUD��
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*HQHUDO�VWDQG�FKDUDFWHULVWLFV���3LQH�SODQWHG�LQ��������,Q������WKHUH�ZDV������63+��%$������P��KD��'%+
�����FP���3UXQHG�WR���P�SULRU�WR�������WKLQQHG�ODWH������
7KUHH�SORWV�����î���P�

6WHPIORZ�XQGHU�WKH�SLQH�ZDV�������RI�����PP�EXW�WKLV�LV�RQO\�D�IUDFWLRQ�RI�WKH�VWRUPV�RYHU�WKH�����\U
RI�WKH�VWXG\�

&URFNIRUG��5�+���5LFKDUGVRQ��'�3�������D���3DUWLWLRQLQJ�RI�UDLQIDOO�LQ�D�HXFDO\SW�IRUHVW�DQG�SLQH
SODQWDWLRQ�LQ�6RXWKHDVWHUQ�$XVWUDOLD��,�7KURXJKIDOO�PHDVXUHPHQW�LQ�D�HXFDO\SW�IRUHVW��HIIHFW�RI
PHWKRG�DQG�VSHFLHV�FRPSRVLWLRQ���+\GURORJLFDO�3URFHVVHV�������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
$���\U�HYHQW�EDVHG�VWXG\�RI�SDUWLWLRQLQJ�RI�UDLQIDOO�LQWR�WKURXJKIDOO��VWHPIORZ��DQG�LQWHUFHSWLRQ

ZDV�FRQGXFWHG�LQ�D�GU\�VFOHURSK\OO�HXFDO\SW�IRUHVW��PDMRU�VSHFLHV�(XFDO\SWXV�URVVLL��(��PDQQLIHUD��(�
PDFURUK\QFKD�DQG�(��PHOOLRGRUD��DQG�3��UDGLDWD�SODQWDWLRQ���7KH�UHVXOWLQJ�LQIRUPDWLRQ�ZLOO�EH�RI�XVH�IRU
SURFHVV�PRGHOOLQJ���6WHPIORZ�ZDV�LQIOXHQFHG�E\�HYHQW�W\SH��UDLQ�DQJOH�KDYLQJ�D�PDMRU�HIIHFW��DQG�WKH
\LHOGV�RI�WKH�GLIIHUHQW�VSHFLHV�DUH�FRPSDUHG���7UHH�FKDUDFWHULVWLFV�WKDW�LQIOXHQFHG�VWHPIORZ�\LHOGV�DUH
RXWOLQHG�DQG�GLVFXVVHG�� �7KH�FDQRS\�VWRUDJH�FDSDFLW\�RI� WKH�HXFDO\SW�IRUHVW�ZDV�GHWHUPLQHG�DQG�WKH
LQIOXHQFH�RI�VSHFLHV�FRPSRVLWLRQ�LV�VKRZQ���7KH�OLNHO\�LQIOXHQFH�RI�FOLPDWH�YDULDWLRQ�LV�GLVFXVVHG���7KH
FDQRS\�VWRUDJH�FDSDFLW\�LV�FRPSDUHG�ZLWK�WKH�LQWHUFHSWLRQ�YDOXHV�HVWLPDWHG�IRU�FRQWLQXRXV�HYHQWV�RI
YDULRXV�VL]HV���7KH�LQWHUFHSWLRQ�RI�WKH�HXFDO\SW�IRUHVW�DQG�WKH�SLQH�SODQWDWLRQ�DUH�FRPSDUHG�RQ�DQ�HYHQW
EDVLV�IRU�HYHQW�VL]H�FODVVHV�DQG�RQ�DQ�DQQXDO�EDVLV���7KH�FRPSDUDWLYH�LQWHUFHSWLRQV�IRU�FRQWLQXRXV�HYHQWV
DUH� DOVR� GLVFXVVHG�� ZKLOH� WKH� HIIHFW� RI� WKLQQLQJ� WKH� SLQH� SODQWDWLRQ� RQ� WKURXJKIDOO�� VWHPIORZ�� DQG
LQWHUFHSWLRQ�LV�VKRZQ���7KH�K\GURORJLFDO�FRQVHTXHQFHV�RI�WKLV�VWXG\�DUH�WKDW�PRUH�LQIRUPHG�MXGJHPHQW
FDQ�EH�PDGH�DERXW�WHFKQLTXHV�IRU�PHDVXUHPHQW�RI�WKURXJKIDOO��WUHH�VWUXFWXUDO�FKDUDFWHULVWLFV��VSHFLHV
UHODWHG��FDQ�PRUH�DGHTXDWHO\�EH�FRQVLGHUHG�ZKHQ�VHOHFWLQJ�WUHHV�IRU�PHDVXUHPHQWV�RI�VWHPIORZ��DQG�WKH
VWHPIORZ�\LHOGV�FDQ�LQ�VRPH�FDVHV�EH�EHWWHU�XQGHUVWRRG�IURP�WKH�LQIRUPDWLRQ�DERXW�HIIHFW�RI�HYHQW�W\SH�
7KLV�SDSHU�GHDOV�ZLWK�WKH�LQIOXHQFH�RI�PHDVXUHPHQW�PHWKRG��VSHFLHV�FRPSRVLWLRQ��DQG�WUHH�FKDUDFWHULVWLFV
RQ�WKH�HVWLPDWLRQ�RI�WKURXJKIDOO�LQ�WKH�HXFDO\SW�IRUHVW���7KH�VLWH�LV�QHDU�&DQEHUUD����(6�����((���ZLWK
DQQXDO�UDLQIDOO�DERXW�����PP���7ZR�PHWKRGV�RI�PHDVXULQJ�WKURXJKIDOO�DUH�FRPSDUHG��UDQGRPO\�SODFHG�
����PP�GLDPHWHU�F\OLQGULFDO��VWDQGDUG��DQG����PP��VTXDUH�RSHQLQJ�ZHGJH�W\SH��SODVWLF��JDXJHV��DQG
UDQGRPO\�SODFHG����î������P�WURXJKV���'HVSLWH�WKH�KLJK�SODFHPHQW�GHQVLW\�����±����KD���WKURXJKIDOO
HVWLPDWHV�IURP�JDXJHV�KDG�KLJK�YDULDQFH�DQG�ZHUH�FRQVLVWHQWO\�OHVV�WKDQ�WKRVH�RI�WKH�WURXJKV��ZKLFK�KDG
D�WRWDO�RSHQLQJ�HTXLYDOHQW�WR������VWDQGDUG�UDLQJDXJHV�SHU�KHFWDUH���/RFDO�FRQFHQWUDWLRQ�RI�VWHPIORZ�LQWR
GULS�SRLQWV�SURYLGHG�E\�GHWDFKLQJ�EDUN�SLHFHV�RI�RQH�VPRRWK�EDUNHG�VSHFLHV��(��PDQQLIHUD��LV�EHOLHYHG
WR�EH�WKH�SULQFLSDO�FDXVH�RI�WKH�ORZHU�FROOHFWLRQ�DQG�JUHDWHU�YDULDQFH�RI�WKH�JDXJHV���7KH�ORZ�OHDI�DUHD
LQGH[�������DQG�ODUJH�ZRRG�DUHD�RI�WKH�IRUHVW�WRJHWKHU�ZLWK�SHQGXORXV�YHUWLFDO�KDELW�RI�WKH�OHDYHV�DOVR
FRQWULEXWHG�� � 7KH� SUHVHQFH� RI� (�PDQQLIHUD� LV� VKRZQ� WR� VXEVWDQWLDOO\� DIIHFW� WKH� UHODWLYH� YDOXHV� RI
WKURXJKIDOO� DV�PHDVXUHG�E\� WURXJKV�DQG�JDXJHV�� �7KH�SODVWLF� UHFHLYHUV�ZHUH� IRXQG� WR�XQGHUHVWLPDWH
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UDLQIDOO�RU�WKURXJKIDOO�UHODWLYH�WR�WKH�VWDQGDUG�JDXJHV��SDUWLFXODUO\�IRU�ILQH�GURS�UDLQIDOO�LQ�PXOWLSHULRG
HYHQWV��

&RPPHQW
7KLV�SDSHU�GRHV�QRW�FRQVLGHU�3��UDGLDWD���+RZHYHU��LW�GRHV�JLYH�VWDQG�GHWDLOV�SHUWLQHQW�WR�RWKHU�SDSHUV�E\
WKH�VDPH�DXWKRUV���+HQFH��LWV�LQFOXVLRQ�KHUH�

8SSHU�<DVV�9DOOH\��QHDU�&DQEHUUD��
*HQHUDO�VWDQG�FKDUDFWHULVWLFV���3LQH�SODQWHG�������LQ������KDYH������63+��%$������P��KD��'%+������FP�
3UXQHG�WR���P�SULRU�WR�������WKLQQHG�ODWH������
7KUHH�SORWV�����î���P

3UH�WKLQQLQJ�GDWD�IRU�WKH�3��UDGLDWD�SORWV
3ORW 6WHP�'HQVLW\

�63+�
0HDQ�'%+
�FP�

0HDQ�%$
�P��WUHH�

$ �� ���� ������
% �� ���� ������
& �� ���� ������

&URFNIRUG��5�+��5LFKDUGVRQ��'�3�������E���3DUWLWLRQLQJ�RI�UDLQIDOO�LQ�D�HXFDO\SW�IRUHVW�DQG�SLQH
SODQWDWLRQ� LQ� VRXWKHDVWHUQ� $XVWUDOLD�� ,,�� 6WHPIORZ� DQG� IDFWRUV� DIIHFWLQJ� VWHPIORZ� LQ� D� GU\
VFOHURSK\OO�HXFDO\SW�IRUHVW�DQG�D�3LQXV�UDGLDWD�SODQWDWLRQ���+\GURORJLFDO�3URFHVVHV�������±�����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ�����\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO������PP
.H\ZRUGV��6WHPIORZ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
6WHPIORZ�RI�D�GU\�VFOHURSK\OO�HXFDO\SW�IRUHVW�DQG�D�QHDUE\�3��UDGLDWD�SODQWDWLRQ�ZDV�VWXGLHG�RQ

D�UDLQIDOO�HYHQW�EDVLV��7KH�VWHPIORZ�\LHOGV�RI�WKH�IRUHVWV�DUH�TXDQWLILHG��FRPSDUHG��DQG�SUHVHQWHG�RQ�DQ
DQQXDO�EDVLV� IRU���\U��<LHOGV�RI� WKH� LQGLYLGXDO�HXFDO\SW�VSHFLHV� �(XFDO\SWXV�URVVLL��(��PDQQLIHUD��(�
PDFURUK\QFKD�DQG�(��PHOOLRGRUD��DUH�FRPSDUHG�DQG�WKH�WUHH�FKDUDFWHULVWLFV�UHVSRQVLEOH�IRU�WKH�\LHOG
GLIIHUHQFHV�DUH�GLVFXVVHG��7KH�LQIOXHQFH�RI�HYHQW�VL]H��W\SH��DQG�VHDVRQ�RQ�VWHPIORZ�DUH�DOVR�VKRZQ�
5DLQIDOO�DQJOH�LV�VKRZQ�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�VWHPIORZ�\LHOG��

&RPPHQW
3LQH����WUHHV�SORW����SORWV���6WHPIORZ�SHU�KD�H[WUDSRODWHG�IURP�UHJUHVVLRQ�RI�VWHPIORZ�ZLWK�%$�RI�WKH
PHDVXUHG�WUHHV�WR�DOO�WUHHV���&RUUHODWLRQ�FRHIILFLHQW�RI�6) �IQ�%$��ZDV������������IRU�'%+�UHODWLRQVKLS�

)RU����HYHQWV��3771� �����PP��6)� ������PP� �������RI�UDLQIDOO�DQG�ZDV�����WLPHV�WKDW�IRU�HXFDO\SW�
7RWDO�SHULRG�UDLQIDOO�ZDV������PP�LQ�QHDUO\���\U� �a�����PP�\HDU� �EHORZ�DYHUDJH�
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&DOFXODWHG�D�VWHPIORZ�IDFWRU�6))� �/��FDWFK�P�%$�PP�UDLQIDOO� �����

6WHPIORZ�E\�VWRUP�FODVV
6L]H�FODVV 1XPEHU 0HDQ�UDLQIDOO

�PP�
6)�DV���RI
UDLQIDOO

���±��� �� ��� ����
���±��� �� � ����
���±��� �� ��� ����
���±���� �� ��� ���
����±���� �� ���� ���
����±���� � ���� ����
����±���� �� ���� ����
����±���� � ���� ����
!���� � ���� ��

&URFNIRUG��5�+���5LFKDUGVRQ��'�3�������F��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�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SWV
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ�����\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO������PP�\U
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
$�VWXG\�RI�SDUWLWLRQLQJ�RI�UDLQIDOO�LQWR�WKURXJKIDOO��VWHPIORZ��DQG�LQWHUFHSWLRQ�ZDV�FRQGXFWHG�LQ

D�GU\�VFOHURSK\OO�HXFDO\SW�IRUHVW��(XFDO\SWXV�URVVLL��(��PDQQLIHUD��(��PDFURUK\QFKD�DQG�(��PHOOLRGRUD�
DQG�DQ�DGMDFHQW�SLQH��3��UDGLDWD��SODQWDWLRQ�RYHU�D�SHULRG�RI���\U��RQ�D�UDLQIDOO�HYHQW�EDVLV��7KH�IROORZLQJ
WKUHH� LVVXHV� DUH� GLVFXVVHG����� WKH� UHODWLRQVKLS� EHWZHHQ� FDQRS\� VWRUDJH� FDSDFLW\� DQG� LQWHUFHSWLRQ� RI
FRQWLQXRXV�HYHQWV�� ���� LQWHUFHSWLRQ�� WKURXJKIDOO�� DQG� VWHPIORZ��DQG� ���� WKH�HIIHFW�RQ� LQWHUFHSWLRQ�RI
WKLQQLQJ�WKH�SLQH�SODQWDWLRQ��
����� 7KH� FDQRS\� VWRUDJH� FDSDFLW\�LQWHUFHSWLRQ� LQWHUDFWLRQ� IRU� WKH� HXFDO\SW� IRUHVW� ZDV� DVVHVVHG� E\
FRPSDULQJ�D�JUDYLPHWULF�HVWLPDWH�RI�FDQRS\�VWRUDJH�ZLWK�LQWHUFHSWLRQ��7KH�PD[LPXP�SRVVLEOH�YDOXH�IRU
FDQRS\�VWRUDJH�FDSDFLW\�ZDV�IRXQG�WR�EH�D�VPDOO�SURSRUWLRQ�RI�LQWHUFHSWLRQ�IRU�HYHQWV�RI�DOO�VL]HV��7KLV
VXJJHVWV�WKDW�HYDSRUDWLRQ�RI�LQWHUFHSWHG�ZDWHU�GXULQJ�WKH�FRQWLQXRXV�HYHQWV�ZDV�UHVSRQVLEOH�IRU�PRVW�RI
WKH�LQWHUFHSWLRQ��7KLV�
ZLWKLQ�HYHQW
�HYDSRUDWLRQ�DSSHDUV�WR�EH�UHVSRQVLEOH�DOVR�IRU�WKH�QHW�UDLQIDOO�HVWLPDWH
RI�FDQRS\�VWRUDJH�FDSDFLW\�EHLQJ�IRXU�WLPHV�WKH�JUDYLPHWULF�YDOXH��)RU�WKH�SLQHV�WKH�UHJUHVVLRQ�HVWLPDWH
ZDV�PRUH�FORVHO\�UHODWHG�WR�LQWHUFHSWLRQ��
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�����,QWHUFHSWLRQ��WKURXJKIDOO��DQG�VWHPIORZ�RI�WKHVH�IRUHVWV�ZHUH�PHDVXUHG�IRU���\U��'DWD�DUH�SUHVHQWHG
IRU�HDFK�\HDU�ZLWK�RYHUDOO�DYHUDJH�LQWHUFHSWLRQ�EHLQJ��������RI�SUHFLSLWDWLRQ�IRU�WKH�HXFDO\SW�IRUHVW�DQG
�������IRU�WKH�SLQH�SODQWDWLRQ��7RSRJUDSK\�DQG�UDLQIDOO�HYHQW�W\SH�DUH�FRQVLGHUHG�LQ�WKH�FRPSDULVRQ�
6SHFLHV�FRPSRVLWLRQ�DQG�WUHH�W\SH�DUH�FRQVLGHUHG�ZKHQ�FRPSDULQJ�WKHVH�UHVXOWV�ZLWK�SXEOLVKHG�VWXGLHV
IURP�VLPLODU�IRUHVW�W\SHV�LQ�VRXWK�HDVWHUQ�$XVWUDOLD��7KH�SHULRGLF��DQQXDO��YDULDWLRQV�RI�LQWHUFHSWLRQ�LQ
WKLV�DQG�WKH�RWKHU�VWXGLHV�PDNHV�FRPSDULVRQ�GLIILFXOW��
�����7KH�HIIHFW�RI�WKLQQLQJ�RQ�WKH�WKURXJKIDOO��VWHPIORZ��DQG�LQWHUFHSWLRQ�LQ�D�3��UDGLDWD�SODQWDWLRQ�LV
H[DPLQHG��7KURXJKIDOO�LQFUHDVHG��LQWHUFHSWLRQ�GHFUHDVHG�EXW�QRW�LQ�SURSRUWLRQ�WR�WKH�UHPRYHG�ELRPDVV�
VWHPIORZ�GHFUHDVHG�RQ�DQ�DUHD�EDVLV��EXW� LQFUHDVHG�RQ�D�SHU� WUHH�EDVLV��$�SRVLWLYH� UHODWLRQVKLS�ZDV
HVWDEOLVKHG�EHWZHHQ�LQWHUFHSWLRQ�DQG�VWHPIORZ�LQ�WKH�WKLQQHG�SODQWDWLRQ�EXW�QRW�LQ�WKH�XQWKLQQHG��5HDVRQV
IRU�WKLV�DUH�VXJJHVWHG��7KH�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKRVH�UHSRUWHG�IURP�VLPLODU�H[SHULPHQWV�LQ�RWKHU
IRUHVWV��7KH�SHULRGLF�YDULDWLRQ�LQ�LQWHUFHSWLRQ�DQG�HUURUV�LQKHUHQW�LQ�LWV�HVWLPDWLRQ�VXJJHVW�WKDW�FDXWLRQ
VKRXOG�EH�H[HUFLVHG�ZKHQ�XVLQJ�DYHUDJH�LQWHUFHSWLRQ�ILJXUHV�LQ�ZDWHU�EDODQFH�VWXGLHV��

&RPPHQW
8VLQJ�/H\WRQ�HW�DO���������DQG�5XWWHU�HW�DO���������PHWKRG��,6&� �QHJDWLYH�LQWHUFHSW�RI�UHJUHVVLRQ�OLQH
RI�JURVV�SUHFLSLWDWLRQ�ZLWK�QHW�UDLQIDOO�IRU�FRQWLQXRXV�HYHQWV���)RU�SLQH�,6&� �����PP��IRU�HXFDO\SW����
PP�

&RPSDULVRQ�ZLWK�HXFDO\SW� �VDPH�HYHQWV�DQG�QRW�RQ�DQ�DQQXDO�EDVLV�
5DLQIDOO
�PP�

7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ�ORVV
PP����

3LQH ��� ��������� ������� ���������
(XFDO\SW ��� ��������� ������� ��������
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,QWHUFHSWLRQ�E\�3��UDGLDWD�IRU�VWRUP�FODVVHV
(YHQW�FODVV 1XPEHU�RI

HYHQWV
0HDQ�UDLQIDOO
�PP�

0HDQ�,/
�PP�

0HDQ�,/
���

���� �� ��� ���� ��
���±��� �� ��� ���� ��
���±��� �� ��� ���� ��
���±���� � ��� ���� ��
����±���� �� ���� ���� ��
����±���� � ���� ���� ��
����±���� �� ���� ���� ��
!���� � ���� ���� �

(IIHFW�RI�WKLQQLQJ

3UH�WKLQQHG 63+ ���� PHDQ�'%+��FP� ���� %$ �����P��KD
7KLQQHG ����� ���� ����

6HOHFWHG����VLPLODU�HYHQWV�EHIRUH�DQG�DIWHU�WKLQQLQJ� �FRPSDULQJ�GDWD�����\U�DSDUW

3UH�WKLQQLQJ� ���ZLQWHU����VSULQJ����VXPPHU�HYHQWV��PHDQ�HYHQW�VL]H� ������PP
3RVW�WKLQQLQJ� ����DXWXPQ����ZLQWHU����VSULQJ����VXPPHU��PHDQ�HYHQW�VL]H� ������PP

3UH�WKLQQLQJ 5)� �����PP 7)� �����PP������� 6)� ����PP����� ,/� ����PP������
3RVW�WKLQQLQJ �������������PP �������������PP������ �����������PP����� ����������PP������

)RU�RYHU�����UHGXFWLRQ�LQ�ELRPDVV���VWHPV�WR�����RI�RULJLQDO�QXPEHU��%$�����EXW�����\U�ODWHU�WKDW�WKH
SUH�WKLQQHG�GDWD��,/�GHFUHDVHG�RQO\������6)�E\�����DQG�7)�LQFUHDVHG�E\�����

'LIIHUHQFHV�PXVW�EH�UHODWHG�WR�FKDQJHV�LQ�PHWKRG�RI�LQWHUFHSWLRQ���:KHUHDV�LQ�WKH�SUH�WKLQQLQJ�SHULRG�LW
ZRXOG� KDYH� EHHQ� DW� WKH� FDQRS\� FURZQ�� QRZ� WKH� FURZQ� LQWHUFHSWLRQ� ����� RI� RULJLQDO�� LV� EHLQJ
VXSSOHPHQWHG�E\�WKDW�RI�WKH�VLGHV�RI�WUHHV�DV�DQJOHG�UDLQ�SHQHWUDWHV�WKH�FDQRS\�JDSV�

&URFNIRUG��5�+���5LFKDUGVRQ��'�3���6DJHPDQ��5����������&KHPLVWU\�RI�UDLQIDOO��WKURXJKIDOO�DQG
VWHPIORZ�LQ�D�HXFDO\SW�IRUHVW�DQG�D�SLQH�SODQWDWLRQ�LQ�6RXWK�(DVWHUQ�$XVWUDOLD������6WHPIORZ�DQG
WRWDO�LQSXWV���+\GURORJLFDO�3URFHVVHV�������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW�IRUHVW
6WDQG�7\SH��3ODQWDWLRQ�����\U
+HLJKW�����P 'LDPHWHU�����FP
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.H\ZRUGV��1XWULHQW�F\FOLQJ��6WHPIORZ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
6RPH�IDFWRUV�DIIHFWLQJ�VWHPIORZ�FKHPLVWU\�ZHUH�H[DPLQHG�LQ�D�GU\�VFOHURSK\OORXV�HXFDO\SW�IRUHVW

DQG�D�3��UDGLDWD�SODQWDWLRQ�LQ�D�FDWFKPHQW�WKDW�ZDV�SDUW�RI�WKH�8SSHU�<DVV�5HSUHVHQWDWLYH�%DVLQ��(1(
RI� &DQEHUUD�� 7KH� GU\� VFOHURSK\OORXV� IRUHVW� �PDMRU� VSHFLHV� (XFDO\SWXV� URVVLL�� (�� PDQQLIHUD�� (�
PDFURUK\QFKD��(��PHOOLRGRUD��XQGHU�VWXG\�KDG�XQGHUJRQH�UHJURZWK�DIWHU�SDUWLDO�FOHDUDQFH�DQG�VHYHUH
GLVWXUEDQFH� ��±��� \U� DJR��7KH� SLQH� SODQWDWLRQ�ZDV� HVWDEOLVKHG� LQ� D� FOHDUHG� DUHD� RI� IRUHVW� LQ� �����
6WHPIORZ�ZDV� FROOHFWHG� RYHU� WKH� SHULRG�0DUFK� ����� WR�1RYHPEHU� ������ DIWHU� UDLQIDOO� HYHQWV�� DQG
FRYHULQJ� ERWK� GHEDUNLQJ� DQG� LQWHU�GHEDUNLQJ� VHDVRQV�� )RU� HYHQWV� RI� VLPLODU� VL]H�� WKH� DPRXQW� DQG
IUHTXHQF\� RI� DQWHFHGHQW� UDLQIDOO� ZHUH� LPSRUWDQW� IRU� ERWK� IRUHVWV�� %DUN� W\SH� ZDV� LPSRUWDQW� IRU� WKH
HXFDO\SWV��DV�ZDV�WKH�GHEDUNLQJ�VHDVRQ�IRU�WKH�VPRRWK�EDUNHG�VSHFLHV��&RUUHODWLRQV�IRU�WUHH�EDVDO�DUHD�YV
FRQFHQWUDWLRQ�ZHUH� HVWDEOLVKHG� IRU� WKH�SLQHV� DQG� WKUHH� HXFDO\SW� VSHFLHV� �(�� URVVLL��(��PDQQLIHUD��(�
PDFURUK\QFKD���2Q�DYHUDJH��VWHPIORZ�ZDV�UHVSRQVLEOH�IRU�����RI�WKH�QXWULHQW�LQSXW�IRU�WKH�HXFDO\SWV�DQG
����IRU�WKH�SLQHV��)RU�WKH�SLQHV��WKH�FDWLRQ�FRPSRVLWLRQ�ZDV�GRPLQDWHG�E\�1D�DQG�.��(XFDO\SW�VWHPIORZ
ZDV�GRPLQDWHG�E\�.��7KH�UHODWLYH�LQSXWV�RI�LQRUJDQLF�QLWURJHQ�DQG�WKH�PDMRU�FDWLRQV�DUH�SUHVHQWHG�IRU�WKH
SLQHV�DQG�WKH�IRXU�PDMRU�HXFDO\SW�VSHFLHV��7KHUH�ZDV�D�QHW�XSWDNH�RI�1+��1�E\�WKH�SLQHV�DQG�D�UHOHDVH
RI�12��1��)RU�WKH�HXFDO\SWV��ERWK�ZHUH�UHOHDVHG�E\�DOO�VSHFLHV��H[FHSW�IRU�(��PHOOLRGRUD�ZKLFK�DEVRUEHG
12��1��(�� URVVLL� GRPLQDWHG� QLWURJHQ� UHOHDVH��$SDUW� IURP�(��PHOOLRGRUD�� WKH� S+�RI� VWHPIORZ�RI� DOO
HXFDO\SW�VSHFLHV�DQG�SLQHV�ZDV�OHVV�WKDQ�WKDW�RI�UDLQIDOO��7KH�S+�YDOXHV�IRU�(��PHOOLRGRUD�DQG�UDLQIDOO�ZHUH
VLPLODU��7KH�FKHPLFDO�FRQFHQWUDWLRQ�RI�VWHPIORZ�VDPSOHV�WDNHQ�GXULQJ�HYHQWV�ZDV�JUHDWO\�LQIOXHQFHG�E\
WKH�LQWHQVLW\�DQG�FRQWLQXLW\�RI�WKH�UDLQIDOO��DQG�GLIIHUHQW�HXFDO\SW�VSHFLHV�ZHUH�LQIOXHQFHG�LQ�GLIIHUHQW
ZD\V��7KH�UHODWLYH�FKHPLFDO�LQSXWV�RI�UDLQIDOO��WKURXJKIDOO�DQG�VWHPIORZ�RI�WKH�SULQFLSDO�FDWLRQV��&D��0J�
1D��DQG�.��ZHUH�YHU\�YDULDEOH��HYHQ�EHWZHHQ�HYHQWV�RI�VLPLODU�WRWDO�UDLQIDOO��7KH�WRWDO�FDWLRQ�DYHUDJH
LQSXWV�LQ�J�KD�SHU�PP�UDLQIDOO�ZHUH��IRU�WKH�HXFDO\SWV��UDLQIDOO�������������WKURXJKIDOO������������DQG
VWHPIORZ������������DQG�IRU�WKH�SLQHV��UDLQIDOO�������������WKURXJKIDOO������������DQG�VWHPIORZ����
�������7KXV��RQ�DYHUDJH��WKURXJKIDOO�PDGH�WKH�PDMRU�FRQWULEXWLRQ��EXW�LQ�LQGLYLGXDO�HYHQWV�RI�VLPLODU�VL]H�
UDLQIDOO�LQSXW�FRXOG�EH���±����RI�WKH�WRWDO�IRU�WKH�HXFDO\SWV�DQG���±����IRU�WKH�SLQHV��7KHUH�ZDV�DOVR
D�VXEVWDQWLDO�YDULDWLRQ� LQ� WKH�FDWLRQ�FRPSRVLWLRQ�RI�DOO� WKUHH�FRPSRQHQWV�� ,W�ZDV�SRVVLEOH� WR�PDNH�D
UHDVRQDEOH� DVVHVVPHQW� RI� WKH� SUREDEOH� WKURXJKIDOO� DQG� VWHPIORZ� LQSXWV� E\� FRQVLGHULQJ� DQWHFHGHQW
FRQGLWLRQV��VHDVRQ��DG�FHUWDLQ�HYHQW�FKDUDFWHULVWLFV�VXFK�DV�WKH�LQWHQVLW\�DQG�UDLQ�DQJOH��)RU�WKH�HXFDO\SW
IRUHVW��WKH�VXPPHU�GHEDUNLQJ�RI�WKH�VPRRWK�EDUNHG�VSHFLHV�DIIHFWHG�WKH�FRQFHQWUDWLRQ�DQG�YROXPH�RI�ERWK
WKURXJKIDOO�DQG�VWHPIORZ��)RU�UDLQIDOO��KRZHYHU��DVVHVVPHQW�RI�OLNHO\�LQSXWV�ZDV�QRW�SRVVLEOH�H[FHSW�IRU
VRPH�PDULQH�LQIOXHQFHG�HDVWHUO\�HYHQWV��

&RPPHQWV
6WHPIORZ�ZDV��������RI�UDLQIDOO�
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&URPHU��5�1���7RPSNLQV��'���%DUU��1�-����������,UULJDWLRQ�RI�3LQXV�UDGLDWD�ZLWK�ZDVWH�ZDWHU��7UHH
JURZWK�LQ�UHVSRQVH�WR�WUHDWPHQW���$XVWUDOLDQ�)RUHVW�5HVHDUFK�������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��,UULJDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��7UHH�JURZWK

$XWKRUV¶�$EVWUDFW
,UULJDWLRQ�RI� D����\U�ROG� VWDQG�RI� VLWH�TXDOLW\�9� LQ� VRXWK�HDVW�9LFWRULD�ZLWK� VHZDJH�HIIOXHQW

VXEVWDQWLDOO\�LQFUHDVHG�SURGXFWLYLW\�VXFK�WKDW�WKH�VWDQG�DFKLHYHG�VLWH�TXDOLW\�,�LQ�WKH�VHFRQG�\HDU���(DFK
LQFUHPHQW�RI�����PP�RI�ZDWHU��EHWZHHQ�WKH�OLPLWV�RI�����DQG������PP��SURGXFHG�DQ�H[WUD����P��KD�RI
PHUFKDQWDEOH�WLPEHU�DQQXDOO\��WKH�HIIHFWV�EHLQJ�DWWULEXWDEOH�DOPRVW�HQWLUHO\�WR�WKH�ZDWHU�UDWKHU�WKDQ�WR�WKH
QXWULHQWV�SUHVHQW���,Q�LUULJDWHG�SORWV��PRQWKO\�GLDP��LQFUHPHQW�ZDV�FRUUHODWHG�ZLWK�VRODU�UDGLDWLRQ�DQG
ZDWHU�VXSSOLHG�GXULQJ�WKH�SHULRG��7KHVH�UHODWLRQV�ZHUH�OHVV�PDUNHG�LQ�QRQ�LUULJDWHG�SORWV�ZKHUH�ZDWHU
VWRUHG�LQ�WKH�VRLO�EHFDPH�LPSRUWDQW�WR�VXEVHTXHQW�JURZWK��DQG�SHULRGV�RI�GURXJKW�UHGXFHG�WKH�LQIOXHQFH
RI�VRODU�UDGLDWLRQ�
�
&RPPHQW��
,QFOXGHG�EHFDXVH�RI�WKH�UHVSRQVH�RI�WUHHV�WR�WKH�DGGHG�ZDWHU�

'DYLGVRQ�� -�� � ������ � 6SDWLDO� YDULDWLRQ� LQ� VRLO� PRLVWXUH� XQGHU� HXFDO\SWV� DQG� SLQH� VWDQGV�
%6F�)RU��+RQV��7KHVLV��$18��&DQEHUUD������S�

&RXQWU\��$XVWUDOLD 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��&LWHG�LQ
7XUQHU�	�/DPEHUW�������

6SHFLHV�&RPSDULVRQ��(XFDO\SW�IRUHVW
6WDQG�7\SH��3ODQWDWLRQ����\U %DVDO�$UHD�������P��KD
.H\ZRUGV��,QWHUFHSWLRQ��7KURXJKIDOO

&RPPHQW
.RZDQ��$&7��7ZR�VLWHV���)RU�3��UDGLDWD���3UHFLSLWDWLRQ�����PP��WKURXJKIDOO�����PP������
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'HOO��3�0����������7KH�HIIHFW�RI�DIIRUHVWDWLRQ�RQ�WKH�ZDWHU�UHVRXUFHV�RI�WKH�0DPDNX�3ODWHDX�UHJLRQ�
06F�7KHVLV��8QLYHUVLW\�RI�:DLNDWR�

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ�YDU\�XS�WR����\U
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�UDLQIDOO�DQG�UXQRII�WRWDOV�IRU�FDWFKPHQWV�LQ�WKH�0DPDNX�3ODWHDX���*HRORJ\�²�LJQLPEULWHV�LQ
ZKLFK�WKH�MRLQWLQJ�FRQWUROV�GUDLQDJH���)ORZ�LV�H[WUHPHO\�YDULDEOH

����±�� ����±�� ����±��
3771 6)

PP����
3771 6)

PP����
3771 6)

PP����
1DWLYH�IRUHVW ���� �������� ���� �������� ���� ��������
([RWLF�IRUHVW ���� ������� ���� ������� ���� �������
([RWLF�QDWLYH ���� ������� ���� ������� ���� �������
3DVWXUH��������
IRUHVW������

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

7KHUH� DUH� TXHVWLRQV� RYHU� WKH� JHRORJLFDO� LQIOXHQFHV� RQ� VSULQJV�JURXQGZDWHU� IORZV� GLVDSSHDULQJ� DQG
UHDSSHDULQJ�LQ�WKH�FDWFKPHQWV���1RWHG�WKDW�DV�ZHOO�DV�IRU�WRWDO�IORZV��TXLFNIORZ��YHU\�VPDOO��DQG�SHDN
IORZV�FRXOG�QRW�EH�UHODWHG�WR�WKH�GLIIHULQJ�YHJHWDWLRQ�W\SHV���(DFK�FDWFKPHQW¶V�WRS����IORZV�ZHUH�VLPLODU�

'HQPHDG��2�7���������&RPSDUDWLYH�PLFURPHWHRURORJ\�RI�D�ZKHDW�ILHOG�DQG�D�IRUHVW�RI�3LQXV�UDGLDWD�
$JULFXOWXUDO�0HWHRURORJ\�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����ZHHNV�²�VSULQJ 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��&URS
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
+HLJKW������P
.H\ZRUGV��(YDSRUDWLRQ

&RPPHQW
/(� �/�ODWHQW�KHDW�RI�HYDSRUDWLRQ�RI�ZDWHU�DQG�(�HYDSRUDWLRQ�UDWH
ZKHDW� ��GD\V�PHDQ�/(� �����FDO�FP�

SLQH ��GD\V � �����FDO�FP�
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)URP�'XQLQ�	�0DFND\�������������FDO�FP�� �����PP��WKHUHIRUH�/(�RQ�LQGLYLGXDO�GD\V�UDQJHG�IURP����
WR�����PP

'HZDU��5�&�� ������� �$�VLPSOH�PRGHO�RI� OLJKW�DQG�ZDWHU�XVH�HYDOXDWHG�IRU�3LQXV�UDGLDWD�� �7UHH
3K\VLRORJ\��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\�� %DVDO�$UHD��
.H\ZRUGV��0RGHO

&$%�$EVWUDFW�$1�����������$XWKRU¶V�$EVWUDFW
$Q�H[LVWLQJ�PRGHO�RI�OLJKW�DQG�ZDWHU�XVH�E\�FURSV��5(6&$3��ZDV�DGDSWHG�DQG�HYDOXDWHG�IRU

WUHHV��,Q�WKH�PRGHO��JURZWK�RQ�DQ\�JLYHQ�GD\�LV�GHWHUPLQHG�HLWKHU�E\�WKH�DPRXQW�RI�LQWHUFHSWHG�UDGLDWLRQ
�E\�PHDQV�RI�WKH�OLJKW�XWLOLVDWLRQ�FRHIILFLHQW��HSVLORQ��RU�E\�WKH�PD[LPXP�UDWH�RI�ZDWHU�H[WUDFWLRQ�E\�URRWV
�D�IXQFWLRQ�RI�URRW�ELRPDVV�DQG�VRLO�ZDWHU�FRQWHQW���,Q�HLWKHU�FDVH��WUDQVSLUDWLRQ�DQG�JURZWK�DUH�UHODWHG
E\�WKH�ZDWHU�XVH�HIILFLHQF\��T���ZKLFK�LV� LQYHUVHO\�SURSRUWLRQDO� WR� WKH�GDLO\�PHDQ�VDWXUDWLRQ�YDSRXU
SUHVVXUH�GHILFLW� �'��� �7KH�PRGHO�ZDV�DSSOLHG� WR� WZR�3�� UDGLDWD� VWDQGV� �FRQWURO��&�DQG� IHUWLOLVHG��)�
JURZLQJ�QHDU�&DQEHUUD��$XVWUDOLD��XVLQJ�GDWD�FROOHFWHG�GXULQJ�WKH�%LRORJ\�RI�)RUHVW�*URZWK�H[SHULPHQW
�����±�����)RU�ERWK�VWDQGV��SUHGLFWHG�DQG�PHDVXUHG�VRLO�ZDWHU�FRQWHQWV�ZHUH�LQ�FORVH�DJUHHPHQW��U��!�����
RYHU�D���\U�SHULRG�LQYROYLQJ�VHYHUDO�ZHW�GU\�F\FOHV��7KH�SDUDPHWHU�FRPELQDWLRQ�HSVLORQ�T'�ZDV�HVWLPDWHG
WR�EH������DQG������NJ�+�2��0-�WRWDO����N3D���IRU�WKH�&�DQG�)�VWDQGV��UHVSHFWLYHO\��%HFDXVH�RI�WKH�FORVH
SK\VLRORJLFDO� OLQN� EHWZHHQ�ZDWHU� XVH� DQG�&2�� XSWDNH�� WKH� UHVXOWV� VXJJHVW� WKDW� WUHH� JURZWK�PD\� EH
UHDOLVWLFDOO\�VLPXODWHG�E\�VLPSOH�PRGHOV�EDVHG�RQ�FRQVHUYDWLYH�YDOXHV�IRU�HSVLORQ�DQG�T'��

&RPPHQW
8VHV�WKH�5(6&$3�PRGHO��5(6RXUFH�&$3WXUH���0RQWHLWK���������WR�SUHGLFW�WUHH�JURZWK���&RPELQHG�ZLWK
D�ZDWHU�EDODQFH�PRGHO�LW�KDV�VRLO�PRLVWXUH�DV�D�FRQWUROOLQJ�IDFWRU���3UHGLFWHG�VRLO�ZDWHU�FORVH�WR�PHDVXUHG
VRLO�ZDWHU�YDOXHV�

'RQV��$����������3XUXNRKXNRKX�ODQG�XVH�EDVLQ�²�D�UHSRUW�RQ�WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU
\LHOG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP���������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
6KRZV� LQ� ILJXUHV� WKH� FKDQJH� LQ� DQQXDO� DQG� VHDVRQDO� ZDWHU� \LHOG� DW� 3XUXNL� GHWHUPLQHG� E\

UHJUHVVLRQ�UHODWLRQVKLS�IURP�D�SDVWXUH�FRQWURO�FDWFKPHQW���'HFUHDVHV�VWDUWHG�DV�HDUO\�DV�WKH�\HDU�DIWHU
UHOHDVH�VSUD\LQJ�WKH�SDVWXUH�DQG�SODQWLQJ�WKH�3��UDGLDWD�VHHGOLQJV��D�UHIOHFWLRQ�RI�WKH�UHFRYHU\�RI�WKH�JUDVV
²�/.5����
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%\�\HDU����WKH�DQQXDO�UHGXFWLRQ�ZDV�DV�PXFK�DV���/�V���������:LQWHU�UHGXFWLRQV�ZHUH���/�V�������DQG
LQ�VXPPHU�ZHUH�OHVV�WKDQ��/�V�EXW�����RI�IORZ�

'RQV��$����������5HVXOWV�IURP�WKH�3XUXNRKXNRKX�ODQG�XVH�EDVLQ�DQG�WKHLU�DSSOLFDWLRQ�WR�ZDWHU�DQG
VRLO�PDQDJHPHQW���,Q��:DWHUV�RI�WKH�:DLNDWR���8QLYHUVLW\�RI�:DLNDWR���3S����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

$XWKRU¶V�$EVWUDFW
7KH�3XUXNRKXNRKX�ODQG�XVH�EDVLQ��VLWXDWHG�PLGZD\�EHWZHHQ�5RWRUXD�DQG�7DXSR�LV�GHVFULEHG�

WRJHWKHU�ZLWK�DQ�RXWOLQH�RI�VRPH�UHVXOWV�FRQFHUQLQJ�WKH�K\GURORJLFDO�HIIHFW�RI�DIIRUHVWDWLRQ�RI�SDVWXUH�
$IWHU���\U�RI�WUHH�JURZWK�WKHUH�KDYH�EHHQ�VXEVWDQWLDO�UHGXFWLRQV�LQ�WKH�DQQXDO��VHDVRQDO�DQG�SHDN�IORZV
IURP�WKH�VPDOO�DIIRUHVWHG�FDWFKPHQW��ZKLFK�LQGLFDWH�EHQHILFLDO�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�JXOO\�HURVLRQ�
VKHHW�HURVLRQ�DQG�VRLO�FUHHS�EXW�GHWULPHQWDO�HIIHFWV�RQ�VXPPHU�ZDWHU�VXSSO\�DQG�SROOXWLRQ�GLOXWLRQ�

&RPPHQW
3ODQWHG������DW������63+�EXW�WKHUH�KDG�EHHQ�YLJRURXV�UHJURZWK�RI�JUDVVHV�DQG�ZHHGV���7KLQQLQJ�EHJDQ
$SULO������ZLWK�WKH�HDVWHUQ�VXEFDWFKPHQW�GRZQ�WR�����63+�DQG�SUXQHG�WR���P���&HQWUDO�VXEFDWFKPHQW
ZDV�VLPLODUO\�WUHDWHG�LQ�0D\�������

)ORZ�UHGXFWLRQ���\U�DIWHU�SODQWLQJ�ZDV�����/�V� �����RI�WKH�SUHGLFWHG�\LHOG� �����PP�RI�a�����PP�����
UDLQIDOO���:LQWHU�VKRZHG�WKH�JUHDWHVW�DEVROXWH�GHFUHDVH�EXW�VXPPHU�WKH�JUHDWHVW�SURSRUWLRQDO�GHFUHDVH��

3HDN�IORZV��EDVHG�RQ�WKRVH�IURP�WKH�FRQWURO�FDWFKPHQW�WKDW�ZHUH�JUHDWHU�WKDW����/�V�KD��KDG�GHFUHDVHG
E\�����E\�������DQG�DIWHU�WKLQQLQJ�LQ������E\�����

'RQV��$����������7KH�HIIHFW�RI�ODUJH�VFDOH�DIIRUHVWDWLRQ�RQ�7DUDZHUD�5LYHU�IORZV���1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK���������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�²�YDULDEOH�DJHV
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
2YHU�����NP��RI�WKH�7DUDZHUD�FDWFKPHQW������NP���LQ�WKH�FHQWUDO�1RUWK�LVODQG��1HZ�=HDODQG�

ZDV�SODQWHG�LQ�SLQH�IRUHVW�EHWZHHQ������DQG��������7KLV�FKDQJH�KDV�DIIHFWHG�IORZ�RI�WKH�5LYHU�7DUDZHUD�
%HWZHHQ������DQG������DQQXDO��VXPPHU�DQG�ZLQWHU�7DUDZHUD�IORZV�VKRZHG�VLJQLILFDQW�UHGXFWLRQV�RI�����
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P��V�������P��V�DQG�����P��V�UHVSHFWLYHO\���6LPSOH�IORZ�PRGHOV�IRU�WKH�7DUDZHUD��DQG�WZR�QHLJKERXULQJ
FDWFKPHQWV�WKDW�KDG�XQGHUJRQH�OLWWOH�ODQG�XVH�FKDQJH��VKRZHG�WKDW�DERXW�����P��V�RI�WKHVH�UHGXFWLRQV�
����RI�WKH�PHDQ�IORZ�RYHU�WKH�FDOLEUDWLRQ�SHULRG��FRXOG�EH�DWWULEXWHG�WR�DIIRUHVWDWLRQ��ZKLOH�WKH�UHPDLQGHU
ZDV�GXH�WR�GHFUHDVHG�UDLQIDOO���7KH�UHGXFWLRQ�DWWULEXWHG�WR�DIIRUHVWDWLRQ�ZDV�LQ�DFFRUG�ZLWK�WKH�UHVXOWV�RI
VPDOO�FDWFKPHQW�VWXGLHV�

'RHV�QRW�VKRZ�GDWD�

'RQV��$�� � ������ �7KH� HIIHFW� RI� ODUJH�VFDOH� DIIRUHVWDWLRQ� RQ�7DUDZHUD�5LYHU� IORZV�� � -RXUQDO� RI
+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�²�YDULDEOH�DJHV
.H\ZRUGV��:DWHU�\LHOG

$XWKRU¶V�$EVWUDFW
2YHU�����NP��RI�WKH�7DUDZHUD�FDWFKPHQW������NP���LQ�WKH�FHQWUDO�1RUWK�LVODQG��1HZ�=HDODQG�

ZDV�SODQWHG�LQ�SLQH�IRUHVW�EHWZHHQ������DQG��������7KLV�FKDQJH�KDV�DIIHFWHG�IORZ�RI�WKH�5LYHU�7DUDZHUD�
%HWZHHQ������DQG������DQQXDO��VXPPHU�DQG�ZLQWHU�7DUDZHUD�IORZV�VKRZHG�VLJQLILFDQW�UHGXFWLRQV�RI�����
P��V�������P��V�DQG�����P��V�UHVSHFWLYHO\���6LPSOH�IORZ�PRGHOV�IRU�WKH�7DUDZHUD��DQG�WZR�QHLJKERXULQJ
FDWFKPHQWV�WKDW�KDG�XQGHUJRQH�OLWWOH�ODQG�XVH�FKDQJH��VKRZHG�WKDW�DERXW�����P��V�RI�WKHVH�UHGXFWLRQV�
����RI�WKH�PHDQ�IORZ�RYHU�WKH�FDOLEUDWLRQ�SHULRG��FRXOG�EH�DWWULEXWHG�WR�DIIRUHVWDWLRQ��ZKLOH�WKH�UHPDLQGHU
ZDV�GXH�WR�GHFUHDVHG�UDLQIDOO���7KH�UHGXFWLRQ�DWWULEXWHG�WR�DIIRUHVWDWLRQ�ZDV�LQ�DFFRUG�ZLWK�WKH�UHVXOWV�RI
VPDOO�FDWFKPHQW�VWXGLHV�

&RPPHQW
7KH�RQO\�ODUJH�VFDOH�VWXG\�RI�ODQG�XVH�FKDQJH�LQ�1HZ�=HDODQG���$IIRUHVWDWLRQ�KDV�WDNHQ�SODFH�EHWZHHQ
�����DQG��������6WUHDPIORZ�UHFRUGV�ZHUH�DYDLODEOH�IRU�FRPSDULVRQ�IRU�XS�WR����\U�SUH�SODQWLQJ�
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'RQV��$�� � ������ �+\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
�������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5�
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 5DLQIDOO�������PP�\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�$EVWUDFW
7KH�K\GURORJ\�DQG�VHGLPHQW�UHJLPH�RI�D������NP��SDVWXUH�������NP��SLQH��3��UDGLDWD��IRUHVW��DQG

�����NP��QDWLYH��SRGRFDUS�EURDGOHDYHG��IRUHVW�FDWFKPHQW�ZHUH�FRPSDUHG��7KH�KLJKO\�SHUPHDEOH�SXPLFH
VRLOV�RI�WKHVH�FDWFKPHQWV�UHVXOWHG�LQ�JHQHUDOO\�ORZ�DQQXDO�VWRUPIORZ�\LHOGV������±�����RI�JURVV�UDLQIDOO�
DQG�FRQVHTXHQWO\�ORZ�DQQXDO�VHGLPHQW�\LHOGV�����±�����W�NP��S�D����7KH�SDVWXUH�FDWFKPHQW�KDG�WKH�KLJKHVW
DYHUDJH�IORZV��KLJKHVW�SHDN�IORZ�UDWHV��DQG�JUHDWHVW�VWRUPIORZ�\LHOGV��EXW�ORZHVW�HYDSRUDWLYH�ORVVHV��7KH
SDVWXUH�FDWFKPHQW�DOVR�UHFRUGHG�WKH�PD[LPXP�LQVWDQWDQHRXV�VHGLPHQW�FRQFHQWUDWLRQV�DQG�WKH�PD[LPXP
LQVWDQWDQHRXV�VHGLPHQW�GLVFKDUJHV��7KH�SLQH�IRUHVW�FDWFKPHQW�KDG�WKH�ORZHVW�DQQXDO�DYHUDJH�IORZV��ORZHVW
ORZ�IORZV��DQG�ORZHVW�LQVWDQWDQHRXV�VHGLPHQW�FRQFHQWUDWLRQV�DQG�GLVFKDUJHV��EXW�HYDSRUDWLYH�ORVVHV�ZHUH
VLPLODU�WR�WKRVH�IURP�WKH�QDWLYH�IRUHVW�FDWFKPHQW��7KH�QDWLYH�IRUHVW�FDWFKPHQW�KDG�WKH�ORZHVW�VWRUPIORZ
\LHOGV��ORZHVW�SHDN�IORZV��DQG�KLJKHVW�ORZ�IORZV��6RPH�RI�WKH�GLIIHUHQFHV�LQ�K\GURORJLF�UHVSRQVHV�IURP
WKH�QDWLYH�IRUHVW�FDWFKPHQW�FRXOG�EH�H[SODLQHG�E\�GUDLQDJH�GHQVLW\�UDWKHU�WKDQ�ODQG�XVH��

&RPPHQW
3XUXNL�DW�3XUXNRKXNRKX���&ORVHG�FDQRS\�E\������

6RPH�SUREOHPV�ZLWK�GHOLQHDWLQJ�FDWFKPHQW�ERXQGDULHV�LQ�WKLV�YROFDQLF�WHUUDLQ���7KHUH�LV�VRPH�GRXEW�RYHU
WKH�DUHD�RI�SDVWXUH�FDWFKPHQW�DV�LW�KDV�EHHQ�DGMXVWHG�WR�����RI�WKH�WRSRJUDSKLF�DUHD�WR�PHHW�VLPLODU
52�5)�UDWLRV�IRU�RWKHU�SDVWXUH�FDWFKPHQWV�IRU�HVWLPDWLQJ�ZDWHU�\LHOGV��EXW�QRW�IRU�VWRUP�IORZV���,W�VKRXOG
EH�QRWHG�WKDW�LQ�WKLV�UHJLRQ��VWUHDPIORZV�DUH�H[WUHPHO\�YDULDEOH�LQ�SURSRUWLRQ�WR�UDLQIDOO�DV�WKH�SXPLFH
FRXQWU\�VXUIDFH�WRSRJUDSK\�PD\�EHDU�OLWWOH�UHODWLRQVKLS�WR�WKH�K\GURORJLF�ERXQGDULHV�ZLWK�WUDQVIHUV�IURP
FDWFKPHQW�WR�FDWFKPHQW²WKHUH�LV�HYLGHQFH�IRU�IUDFWXUHG�EDVHPHQW�URFN�LQ�WKH�SDVWXUH�FDWFKPHQW�

7KHUH�DUH�QR�FRPSDUDEOH�GDWD�JLYHQ�LQ�WKLV�VWXG\�IRU�WKH�SUH�SODQWLQJ�SHULRG�WR�HQDEOH�FKDQJHV�LQ�WKH
UHJLPHV�WR�EH�HVWLPDWHG�FRPSDUHG���,W�LV�D�VWUDLJKW�FRPSDULVRQ�EHWZHHQ�GLIIHULQJ�ODQG�XVHV�

,QWHUFHSWLRQ�ORVV�DVVXPHG�WR�EH������XQSXEOLVKHG�GDWD����)URP�IORZ�GXUDWLRQ�FXUYHV��DIIRUHVWDWLRQ�RI�D
SDVWXUH�FDWFKPHQW�DSSHDUV�WR�KDYH�UHVXOWHG�LQ�ORZHU�SHDN�IORZV�DQG�ORZ�IORZV²D�UHVXOW�RI�LQFUHDVHG
LQWHUFHSWLRQ�DQG�GHFUHDVHG�QHW�UDLQIDOO�� �6WRUP�IORZV�ZHUH������DQG����RI�UDLQIDOO�IRU�WKH�SLQH�DQG
SDVWXUH�FDWFKPHQWV��UHVSHFWLYHO\�
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:DWHU�EDODQFH²PHDQ�RI���\U
3DVWXUH 3LQH 1DWLYH�IRUHVW

$UHD��KD� �� �� ��
3WWQ��PP� ���� ���� ����
6WRUP�IORZ��PP���+	+� ��������� �������� ���������
'HOD\HG�IORZ��PP� ��� ��� ���
7RWDO�IORZ��PP� ��� ��� ���
(YDSRWUDQVSLUDWLRQ��PP� ��� ���� ����
*URXQGZDWHU�ORVV��PP� ��� ��� ���
,QWHUFHSWLRQ 1�$ �����î�3� 

����PP
�����î�3� 
����PP

 3UREOHPV�ZLWK�GHOLQHDWLQJ�WKH�FDWFKPHQW�K\GURORJLF�ERXQGDU\
 +HZOHWW�	�+LEEHUW��������VHSDUDWLRQ��9DOXHV�LQ�SDUHQWKHVHV�DUH�SHUFHQWDJHV�RI�SUHFLSLWDWLRQ�
 ,QWHUFHSWLRQ�E\�SLQH�IURP�XQSXEOLVKHG�GDWD��1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH��DQG�DVVXPHG

WR�EH�WKH�VDPH�IRU�QDWLYH�IRUHVW�

'XQFDQ�� +�3��� /DQJIRUG�� .�-��� 2¶6KDXJKQHVV\�� 3�-�� � ������ � $� FRPSDUDWLYH� VWXG\� RI� FDQRS\
LQWHUFHSWLRQ���,QVWLWXWLRQ�RI�(QJLQHHUV��$XVWUDOLD��1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ����������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��&RQLIHUV��'RXJODV�ILU��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ�XQNQRZQ�DJH
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
&RUDQGHUUN��9LFWRULD���6HH�/DQJIRUG�	�2¶6KDXJKQHVV\��������IRU�VWDQG�LQIRUPDWLRQ�

:HHNO\�VDPSOLQJ�
7)� �3771�î�������	�����
6)� �3771�î�������	�����
,/� �3771�î�������������
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,QWHUFHSWLRQ�VXPPDU\
7KURXJKIDOO�
���

6WHPIORZ�
���

,QWHUFHSWLRQ�ORVV
���

0L[HG�VSHFLHV ���� ����� ����
+D]HO ���� �� ����
0DWXUH�DVK ���� ����� ����
5HJURZWK�DVK �� ����� ����
0XVN ����
5HGZRRG ���� ����� ����
3��UDGLDWD �� ���� ����
'RXJODV�ILU �� ���� ����

1RWH�
5DLQIDOO�DPRXQWV�DUH�QRW�JLYHQ�LQ�WKLV�SDSHU�
7KURXJKIDOO� LV�JUHDWHU�IRU�3��UDGLDWD� WKDQ�XQGHU�UHGZRRG�DQG�'RXJODV�ILU�EXW� OHVV�WKDQ�WKH�HXFDO\SW
VSHFLHV�
6WHPIORZ�E\�SLQHV�ZDV�JUHDWHU�WKDQ�DOO�VSHFLHV�H[FHSW�'RXJODV�ILU�
,QWHUFHSWLRQ�ORVV�E\�SLQHV�ZDV�KDOI�WKDW�RI�UHGZRRG������WKDW�RI�'RXJODV�ILU��ORZHU�WKDQ�WZR�DQG�KLJKHU
WKDQ�WZR�HXFDO\SW�VWDQGV�

'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�&DWFKPHQW�%RDUG��1HOVRQ�
3S����±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH��6FUXEODQG��*RUVH�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO�������PP
.H\ZRUGV��,QWHUFHSWLRQ��/RZ�IORZ��6WHPIORZ��6WRUP�IORZ��7KURXJKIDOO��:DWHU�\LHOG

$XWKRU¶V�$EVWUDFW
�����������,Q������3��UDGLDWD�ZHUH�SODQWHG�
�D� GLUHFWO\�RQ�D�SDVWXUH�FDWFKPHQW
�E� LQ�DQRWKHU�FDWFKPHQW�DIWHU�JRUVH�ZDV�EXUQW�DQG�OLQHGR]HG��DQG
�F� LQ�D�IXUWKHU�FDWFKPHQW�DIWHU�JRUVH�ZDV�EXUQW��ODWHU�GLVFHG�DQG���PRQWKV�KDG�HODSVHG�
7KUHH�FRQWURO�FDWFKPHQWV�UHPDLQHG�LQ�SDVWXUH�LQ�����±���

)RU�WKH���PRQWKV�IROORZLQJ�EXUQLQJ�WKHUH�ZDV�DQ�LQFUHDVH�RI����������PP��DQG�����������PP�
IURP�WKH�FDWFKPHQWV�SUHYLRXVO\�LQ�JRUVH��E�DQG�F�DERYH��UHVSHFWLYHO\��DQG�LQFUHDVH�IORZ�SHUVLVWHG���DQG
��\U�DIWHU�SODQWLQJ�UHVSHFWLYHO\���7KHUH�ZDV�QR�LQFUHDVH�IURP�WKH�SDVWXUH�DIWHU�SODQWLQJ���+RZHYHU��E\�����



��

/DQGFDUH�5HVHDUFK

WKH�UXQRII�IURP�WKH�WZR�FDWFKPHQWV�SUHYLRXVO\�RQ�JRUVH�KDG�UHGXFHG�E\���������PP��DQG�������PP�
UHVSHFWLYHO\��DQG�IURP�WKH�FDWFKPHQW�SUHYLRXVO\�LQ�SDVWXUH�KDG�UHGXFHG�E\���������PP��

7KH�PHDQ�UXQRII�IURP�WKH�WKUHH�SLQH�FDWFKPHQWV�ZDV�FRPSDUHG�ZLWK�WKH�PHDQ�UXQRII�IURP�WKH
WKUHH�SDVWXUH�FDWFKPHQWV�RQ�D�TXDUWHUO\�EDVLV�RYHU�WKH�SHULRG������WR������DQG�WKH�UXQRII�IURP�WKH�SLQH
FDWFKPHQWV�ZDV�DOPRVW�LQYDULDEO\�OHVV�WKDQ�KDOI�WKDW�IURP�SDVWXUH�FDWFKPHQWV���7KH�JUHDWHVW�GLIIHUHQFH
LQ�UXQRII�EHWZHHQ�SLQHV�DQG�SDVWXUH�FDWFKPHQWV�RFFXUUHG�LQ�WKH�-XO\±6HSWHPEHU�TXDUWHUV�EHFDXVH�PRVW
UXQRII�RFFXUV�WKHQ���+RZHYHU��ZKHQ�WKLV�GLIIHUHQFH�LV�H[SUHVVHG�DV�D�SHUFHQWDJH�RI�UXQRII�IURP�SDVWXUH
FDWFKPHQWV��WKH�JUHDWHVW�SHUFHQWDJH�GLIIHUHQFH�RFFXUV�LQ�RWKHU�TXDUWHUV�

'XULQJ������DQG������WKHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�GD\V�RI�]HUR�IORZ��EXW�LQ�����
DQG������WKHUH�ZDV�QR�IORZ�IURP�SLQH�FDWFKPHQWV�IRU��ò�DQG���PRQWK��UHVSHFWLYHO\��ZKLOH�WKHUH�ZDV�VWLOO
IORZ�IURP�WKH�SDVWXUH�FDWFKPHQWV���)RU�PRVW�RI�WKH�ORZ�IORZ�SHULRG�UXQRII�IURP�SLQH�FDWFKPHQWV�ZDV�KDOI
WKDW�IURP�SDVWXUH�

)ORRG�SHDNV�DQG�YROXPHV�IURP�WKH�SLQH�FDWFKPHQWV�LQ������ZHUH�RQ�DYHUDJH�����ORZHU�WKDQ
WKRVH�IURP�SDVWXUH�FDWFKPHQWV���)ORRG�SHDNV�IURP�JRUVH�FDWFKPHQWV�EHIRUH�WKH\�ZHUH�EXUQW�������DQG
������ZHUH�RQ�DYHUDJH�����ORZHU�WKDQ�WKRVH�IURP�WKH�SDVWXUH�FDWFKPHQWV���,Q�WKH�VDPH�\HDUV��IORRG�SHDNV
IURP�WKH�SDVWXUH�FDWFKPHQWV�WKDW�ZHUH�ODWHU�SODQWHG�LQ�SLQHV�ZHUH����JUHDWHU�WKDW�WKH�DYHUDJH�IURP�WKH
RWKHU�SDVWXUH�FDWFKPHQWV���7KXV�WKH�JRUVH�DQG�SLQH�UHGXFHG�IORRG�SHDNV�E\�D�VLPLODU�DPRXQW�

3UHFLSLWDWLRQ�JDXJHV�XQGHU�WKH�SLQH�FDQRS\�VKRZ�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�UXQRII�IURP�SLQH
DQG�SDVWXUH�FDWFKPHQWV�LV�HTXDO�WR�WKH�DPRXQW�RI�SUHFLSLWDWLRQ�LQWHUFHSWHG�E\�WKH�SLQH�WUHHV�

&RPPHQW
6DPH�FDWFKPHQWV�DV�LQ�'XQFDQ������D�E��ZLWK�WKH�DGGLWLRQ�RI�FDWFKPHQW�����DQRWKHU�SDVWXUH�FDWFKPHQW�
&RYHUV�VHDVRQDO�UXQRII��IORRG�SHDNV��ORZ�IORZ��DQG�LQWHUFHSWLRQ��LQFOXGLQJ�FKDQJHV�GXH�WR�WKLQQLQJ�

$Q�LQWHUFHSWLRQ�VWXG\�ZDV�ORFDWHG�LQ�FDWFKPHQW�����3ODQWHG�DIWHU�SDVWXUH�GLVFHG�LQ�����DW������63+�
WKLQQHG���������\U�ROG�WUHHV��WR�����63+�DQG�SUXQHG�WR�����P���&DQRS\�FORVXUH�E\�����

3UH�WKLQQLQJ����\U�ROG�WUHHV� ,/� �����RI�3771�� �����PP�RI�0$3�
3RVW�WKLQQLQJ ,/� ����RI�3771� �����UHGXFWLRQ�LQ�,/�IRU�����UHGXFWLRQ�LQ�VWHP

QXPEHUV�

'DWD�EHORZ�LV�RII�)LJXUH����IRU�WUHHV�XS�WR�DJHG���\U

0RXWHUH�FDWFKPHQW����LQWHUFHSWLRQ�GDWD
$JH 7)� 6)� ,/�

� �� � �
��3UH�WKLQQLQJ �� � ��
��3RVW�WKLQQLQJ �� � �
� �� � ��
� �� � ��
� �� � ��

'XQFDQ��0�-�� � ������ � 7KH� HIIHFWV� RI� SODQWLQJ� SLQHV� RQ� ZDWHU� \LHOG� LQ� 1HOVRQ�� � 1HZ� =HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH��6FUXEODQG��*RUVH�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO�������PP
.H\ZRUGV���/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
0RXWHUH��1HOVRQ���$Q�XSGDWH�RI�'XQFDQ��������ZLWK�DQ�DGGLWLRQDO���\U�RI�GDWD�

,Q������3��UDGLDWD�ZHUH�SODQWHG�
�D� GLUHFWO\�RQ�D�SDVWXUH�FDWFKPHQW
�E� LQ�DQRWKHU�FDWFKPHQW�DIWHU�JRUVH�ZDV�EXUQW�DQG�OLQHGR]HG��DQG
�F� LQ�D�IXUWKHU�FDWFKPHQW�DIWHU�JRUVH�ZDV�EXUQW��ODWHU�GLVFHG�DQG���PRQWKV�KDG�HODSVHG�
7KUHH�FRQWURO�FDWFKPHQWV�UHPDLQHG�LQ�SDVWXUH�LQ�����±���

6LQFH������ZDWHU�XVH�E\�WKH�SLQHV�KDG�OHYHOHG�RII���%\�������UXQRII�UHGXFWLRQ�IURP�WKH�WZR�FDWFKPHQWV
SUHYLRXVO\�LQ�JRUVH������DQG�����DQG�IURP�WKH�RQH�SUHYLRXVO\�LQ�SDVWXUH�������ZHUH�VPDOOHU�WKDQ�JLYHQ
LQ�'XQFDQ����������1RWHV�WKDW�IRU�����±�����WKH�VHDVRQDO�\LHOG�IURP�WKH�SLQH�FDWFKPHQWV�ZDV�LQYDULDEO\
OHVV�WKDQ�KDOI�WKDW�IURP�WKH�SDVWXUH�FDWFKPHQW��WKH�PDJQLWXGH�EHLQJ�JUHDWHU�LQ�WKH�-XO\±6HSWHPEHU�TXDUWHU
ZKHQ�IORZ�LV�JUHDWHVW�EXW�RWKHU�TXDUWHUV�KDG�WKH�JUHDWHVW�SHUFHQWDJH�FKDQJH�

)LYH�DQG���\HDUV�DIWHU�SODQWLQJ�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�GD\V�RI�]HUR�IORZ�LQ�WKH��SLQH�DQG
SDVWXUH�FDWFKPHQWV���)RU�WKH�\HDUV���WR����DIWHU�SODQWLQJ��WKHUH�ZHUH����GD\V�ZLWK�QR�IORZ�LQ�WKH�SLQH�DQG
SDVWXUH�FDWFKPHQWV�ZLWK�DQ�H[WUD����GD\V�ZLWKRXW�IORZ�LQ�WKH�SLQH�FDWFKPHQWV�

%HWZHHQ������DQG�������IORRG�SHDNV�DQG�TXLFNIORZ�YROXPHV�IURP�WKH�SLQH�FDWFKPHQWV�ZHUH�RQO\����
DQG�����RI�WKDW�IURP�WKH�SDVWXUH�FDWFKPHQW���1RWHV�WKDW�EHIRUH�EHLQJ�EXUQHG��IORRG�SHDNV�LQ�WKH�JRUVH
FDWFKPHQWV�ZHUH�����RI�WKRVH�LQ�WKH�SDVWXUH�FDWFKPHQW��D�VLPLODU�HIIHFW�WR�WKDW�RI�WKH�SLQHV��

'XQFDQ��0�-���������'RHV�SODQWLQJ�SLQHV�UHGXFH�JURXQGZDWHU�UHFKDUJH"��1HZ�=HDODQG�+\GURORJLFDO
6RFLHW\�6\PSRVLXP��1HOVRQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH��6FUXEODQG��*RUVH�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ��±���\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO�������PP
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
0RXWHUH�FDWFKPHQWV��1HOVRQ�
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0RQLWRUHG�VRLOV�PRLVWXUH�IURP�������WUHHV�DJH���\U��WR��������8VHG�D�QHXWURQ�SUREH�DQG�KDG�WKUHH�DFFHVV
WXEHV�LQ�HDFK�RI�WKH�SDVWXUH�DQG�WZR�SLQH�FDWFKPHQWV�

7KHUH�ZHUH�QR�GDWD�IURP�WKH�SUHWUHDWPHQW�SHULRG�RU�IRU�WKH�ILUVW���\U�RI�WUHH�JURZWK�VR�WKH�UHIHUHQFH�SRLQW
ZDV��������6RLO�PRLVWXUH�IURP�WKH�SLQHV�FDWFKPHQW���ZDV�DOZD\V�EHORZ�WKDW�RI�WKH�SDVWXUH��JRW�ODUJHU�XQWLO
DJH���\U�DQG� WHQGHG� WR� UHPDLQ�DW�D�FRQVWDQW� ORZHU� OHYHO� WKHUHDIWHU�� � ,Q�SLQHV�FDWFKPHQW����� WKH� VRLO
PRLVWXUH�GHILFLWV�ZHUH�VLPLODU�DW�WKH�VWDUW�RI�WKH�VDPSOLQJ�SHULRG�DQG��GHFOLQHG�XS�XQWLO�\HDU���WR�D�FRQVWDQW
GHILFLW�H[FHSW�IRU�PDUNHG�UHVSRQVHV�WR�WKLQQLQJ�

$�SORW�RI�PHDQ�PRQWKO\�VRLO�ZDWHU�SRWHQWLDO�GHILFLWV�IRU�����±�����VKRZV�WKH�SLQH�FDWFKPHQWV�WR�EH�LQ
GHILFLW�ORQJHU��'HFHPEHU�WR�-XQH�FRPSDUHG�WR�)HEUXDU\�WR�0D\��DQG�E\�D�JUHDWHU�DPRXQW���:KHQ�WKHUH
ZDV�D�VXUSOXV��WKDW�LQ�WKH�SLQHV�ZDV�VPDOOHU�WKDQ�IRU�WKH�SDVWXUH�FDWFKPHQW��
�

'XQFDQ��0�-�������D���+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�SDVWXUH�DQG�JRUVH�WR�SLQH�SODQWDWLRQ��DQG
IRUHVW�KDUYHVWLQJ��1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��3DVWXUH��6FUXEODQG��JRUVH�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U� 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO�������PP
.H\ZRUGV��,QWHUFHSWLRQ��/RZ�IORZ��6WHPIORZ��6WRUP�IORZ��7KURXJKIDOO��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�$EVWUDFW
7KH�K\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�KLOO�FRXQWU\�SDVWXUH�DQG�WDOO�GHQVH�JRUVH�>8OH[�HXURSDHXV@

WR�3��UDGLDWD�SODQWDWLRQ�DQG�VXEVHTXHQW�IHOOLQJ�RI�WKH�PDWXUH�IRUHVW�DUH�H[DPLQHG�XVLQJ�GDWD�FROOHFWHG
IURP�ILYH�VPDOO�����±����KD��FDWFKPHQWV�LQ�0RXWHUH�*UDYHO�KLOO�FRXQWU\�QHDU�%ULJKWZDWHU��1HOVRQ��1HZ
=HDODQG�� $IWHU� D� ��\U� FDOLEUDWLRQ� SHULRG� RQH� SDVWXUH� FDWFKPHQW� DQG� WZR� WDOO� GHQVH� PDWXUH� JRUVH
FDWFKPHQWV�ZHUH�SODQWHG�DW�D�GHQVLW\�RI������WUHHV�KD�LQ����������7KH�WUHHV�ZHUH�SUXQHG�DQG�WKLQQHG�DW
YDULRXV�WLPHV�XQWLO�LQ������DOO�FDWFKPHQWV�ZHUH�VWRFNHG�DW�����WUHHV�KD��7KH�WUHHV�ZHUH�IHOOHG�LQ�WKH�ZLQWHU
RI��������$QQXDO�ZDWHU�\LHOG�LQFUHDVHG�E\����±����PP�\U�LQ�WKH���\U�DIWHU�WKH�JRUVH�FDWFKPHQWV�ZHUH
FXOWLYDWHG�RU�OLQH�GR]HG�IRU�SODQWLQJ��:DWHU�\LHOG�UHGXFHG�WR�SUHSODQWLQJ�YDOXHV��±��\U�DIWHU�SODQWLQJ��2YHU
WKH�QH[W��±��\U�DQQXDO�ZDWHU�\LHOG�FRQWLQXHG�WR�GHFOLQH��DV�WKH�FDQRS\�FORVHG��7KHUHDIWHU�DQQXDO�ZDWHU
\LHOGV�ZHUH�UHODWLYHO\�FRQVWDQW�ZLWK�VRPH�UHVSRQVH�WR�DQQXDO�UDLQIDOO�YDULDWLRQ�DQG�VLOYLFXOWXUDO�SUDFWLFHV�
7KHVH�ZDWHU�\LHOGV�DYHUDJHG����PP�\U�OHVV�WKDQ�ZRXOG�EH�H[SHFWHG�IURP�JRUVH��:DWHU�\LHOGV�LQ�WKH
IRUPHU�SDVWXUH�FDWFKPHQW�VWDUWHG�WR�UHGXFH���\U�DIWHU�SODQWLQJ�DQG�EH\RQG���\U�DYHUDJHG�����PP�\U�OHVV
WKDQ� H[SHFWHG� IURP� SDVWXUH�� )RXU� PRQWKV� DIWHU� FOHDU�IHOOLQJ�� ZKHQ� VRLO� PRLVWXUH� OHYHOV� KDG� EHHQ
UHSOHQLVKHG��UXQRII�UDWHV�KDG�LQFUHDVHG�DQG�ZHUH�JUHDWHU�WKDQ�WKRVH�IURP�SDVWXUH��,Q�WKH�ILUVW�DQG�VHFRQG
\HDUV�DIWHU�KDUYHVW�IORZV�LQFUHDVHG��±���PP�\U�DQG����±����PP�\U��UHVSHFWLYHO\��DERYH�WKRVH�H[SHFWHG
IURP�3��UDGLDWD��WR�\LHOG�LQ�WKH�VHFRQG�\HDU�IORZV�VLPLODU�WR�WKRVH�H[SHFWHG�IURP�EDUH�ODQG��

7KH� VPDOO� FDWFKPHQWV�ZHUH�DOO� HSKHPHUDO�� DQG� WKRVH�ZLWK�JRUVH�RU�3�� UDGLDWD� FRYHU� FDQ�EH
H[SHFWHG�WR�EH�GU\�IRU���PRQWKV�SHU�\HDU�PRUH�WKDQ�SDVWXUH�FDWFKPHQWV��:KHQ�DOO�FDWFKPHQWV�DUH�IORZLQJ�
3��UDGLDWD�RU�JRUVH�FDWFKPHQWV�KDYH�OHVV�WKDQ�KDOI�WKH�IORZ�H[SHFWHG�IURP�SDVWXUH�FDWFKPHQWV��

3HDNV�RI�IUHVKHV�IURP�3��UDGLDWD�JRUVH�FDWFKPHQWV�DUH�����RI�WKRVH�IURP�SDVWXUH�FDWFKPHQWV��$V
DQQXDO�IORRG�H[FHHGDQFH�SUREDELOLW\��$(3��GHFUHDVHV�WKH�GLIIHUHQFH�LQ�IORRG�VL]H�DOVR�GHFUHDVHV�XQWLO�IRU
$(3V�RI������IORRG�SHDNV�IURP�3��UDGLDWD�JRUVH�FDWFKPHQW�DYHUDJH�KDOI�RI�WKRVH�IURP�SDVWXUH�FDWFKPHQWV�
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7KH�GLIIHUHQFHV�LQ�UXQRII�EHWZHHQ�3��UDGLDWD�DQG�SDVWXUH�FDWFKPHQWV�DUH�SULPDULO\�DWWULEXWHG�WR�JUHDWHU
LQWHUFHSWLRQ�E\�WKH�3��UDGLDWD�WUHHV�DQG�JUHDWHU�VRLO�PRLVWXUH�VWRUDJH�SRWHQWLDO�XQGHU�3��UDGLDWD�EHFDXVH
RI�WKHLU�JUHDWHU�URRWLQJ�GHSWK��

&RPPHQW�
0RXWHUH��VWXG\�FRYHUV�D�IXOO�URWDWLRQ�DOWKRXJK�WKHUH�DUH�D�FRXSOH�RI�JDSV�LQ�WKH�UHFRUG���3LQHV�ZHUH�SODQWHG
LQ�ODQG�IURP�SDVWXUH�RU�JRUVH���0$3������PP��DQG�UDQJHV�IURP����PP�LQ�)HEUXDU\�WR�����PP�LQ�$XJXVW�

5XQRII�IRU�YDULRXV�SHULRGV
3HULRG 5DLQIDOO

�PP�
&�
SDVWXUH

&��SDVWXUH &��SLQHV�[
JRUVH

&���SLQHV�[
JRUVH

&���SLQHV�[
SDVWXUH

&RQWURO
����±����

���� ��� ��� ��� ��� ���

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

,QWHUFHSWLRQ�GDWD�
3RVW�WKLQQLQJ�KHUH�LV�DIWHU�WKH�VHFRQG�WKLQQLQJ�WR�����63+�LQ�0DUFK������0RXWHUH�&���[�7DEOH��
)LUVW�WKLQQLQJ�SUXQLQJ�ZDV�-XO\������ZKHQ�WKH�WUHHV�ZHUH�UHGXFHG�WR�����63+

0RXWHUH�FDWFKPHQW����LQWHUFHSWLRQ�GDWD
<HDU $JH

�\U�
3771
�PP�

&���,/�3UH�WKLQQLQJ
�PP�����

&���,/�3RVW�WKLQQLQJ
�PP�����

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

6HDVRQDO�HIIHFW���,/�$XWXPQ�����:LQWHU�����6SULQJ�����6XPPHU�������1RWH��WKLV�WUHQG�LV�RSSRVLWH�WR
'RQDOG�&UHHN��6RXWK�1HOVRQ��GDWD�IRU�QDWLYH�HYHUJUHHQ�IRUHVW��5RZH���������
6WHPIORZ������IRU������63+�������IRU�����63+��DQG������IRU�����63+�



��

/DQGFDUH�5HVHDUFK

'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�����S����8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��SDVWXUH�VFUXE�
.H\ZRUGV��/RZ�IORZ

&RPPHQW
0DQJDNDKLD� DERYH�7LWRNL²���� NP��� �%HWZHHQ� ����� DQG� ������ ���� XQGHUZHQW� DIIRUHVWDWLRQ� IURP
XQGHYHORSHG�SDVWXUH�DQG�VFUXE�WR�3��UDGLDWD²PRVWO\�EHIRUH�������

7R�TXRWH�
³$Q�DQQXDO�ORZ�IORZ�VHULHV������±������ZLWKRXW�SLQHV�ZDV�FRQVWUXFWHG�E\�LQFUHDVLQJ�IORZ�RQ

D�SUR�UDWD�EDVLV�EDVHG�RQ�WKH�DUHD�RI�SLQHV�DQG�WKH�RULJLQDO�YHJHWDWLRQ�DQG�WKH�SHUFHQWDJH�FKDQJH�LQ�IORZ
DVVRFLDWHG�ZLWK�WKDW�ODQGXVH�FKDQJH���0LQLPXP�VHULHV�ZHUH�FRQVWUXFWHG�LQ�D�VLPLODU�ZD\�RQ�WKH�EDVLV�RI
WKH�FXUUHQW�OHYHO�RI�SLQH�SODQWLQJ�DQG�RU�IXWXUH�SUHGLFWHG�OHYHOV�RI�SLQH�SODQWLQJ�WR�JLYH�D�OLVW�RI�HVWLPDWHG
PHDQ�DQQXDO�PLQLPD�IURP�FDWFKPHQWV�ZLWK�FXUUHQW�DQG�SUHGLFWHG�DUHDV�RI�SLQH�IRUHVW���

)ORZ�KDV�EHHQ�PHDVXUHG�DW�0DQJDNDKLD�DW�*RUJH�VLWH�VLQFH������DQG�QRW�XQWLO������FRXOG�WKH
IORZV�KDYH�EHHQ�DIIHFWHG�E\�FRQYHUWLQJ�FDWFKPHQW�FRYHU�WR�SLQHV���7KH�PHDQ�DQQXDO�ORZ�IORZ�����±����
ZDV������/�V�DQG�IRU�����±�����ZDV�������OHVV�DW������/�V���$QQXDO�UDLQIDOO�GDWD�LQGLFDWHV�WKDW�UDLQIDOO
GLIIHUHQFHV�EHWZHHQ�WKH�SHULRGV�DUH�XQOLNHO\�WR�EH�WKH�FDXVH�RI�WKLV�UHGXFWLRQ�LQ�PLQLPD���&DOFXODWLRQ�RI
WKH�PLQLPD�VLQFH�SODQWLQJ�EDVHG�RQ�WKH�DUHD�DQG�ODQGXVH�RI�ODQG�FRQYHUWHG�WR�SLQHV�DQG�WKH�1HZ�=HDODQG
ZLGH�DYHUDJH�K\GURORJLFDO�HIIHFWV�RI�WKRVH�FKDQJHV��HVWLPDWHV�WKH�����±�����PHDQ�DQQXDO�ORZ�IORZ�WR
EH������/�V�������OHVV�WKDQ�WKH�SUH�SODQWLQJ�PLQLPD�RI������/�V��� �7KLV�HVWLPDWH�LV�FORVH�WR����/�V
GLIIHUHQW��WKH�PHDVXUHG�PHDQ�DQQXDO�PLQLPD�IRU�WKH�VDPH�SHULRG�´



��

/DQGFDUH�5HVHDUFK

'XQLQ��)�;���0DFND\��6�0����������(YDSRUDWLRQ�RI�HXFDO\SW�DQG�FRQLIHURXV�IRUHVW�FRPPXQLWLHV���,Q�
2
/RXJKOLQ��(�0���%UHQ��/�-���(GV����)LUVW�1DWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\���,QVWLWXWH�RI
(QJLQHHUV�$XVWUDOLD��1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ���������±���

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ�$JHV�YDU\
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�$EVWUDFW
,QWHUFHSWLRQ�DQG�WUDQVSLUDWLRQ�ORVVHV�IURP�HXFDO\SW�DQG�FRQLIHURXV�IRUHVW�V\VWHPV�ZHUH�UHYLHZHG

DV�D�EDVLV�WR�FRPSDUH�HYDSRUDWLYH�ORVVHV�E\�WKH�GLIIHUHQW�FRPPXQLWLHV��,QWHUFHSWLRQ�ORVVHV�IURP�FRQLIHURXV
IRUHVW�XQGHU�QRUPDO�PDQDJHPHQW�ZHUH�JUHDWHU�WKDQ�WKRVH�IURP�HXFDO\SW�IRUHVW�GXH�PDLQO\�WR�WKH�ODUJHU
OHDI�DUHD�DVVRFLDWHG�ZLWK�FRQLIHUV��7KH�GLIIHUHQFH�LQ�LQWHUFHSWLRQ�ORVV�ZDV�HVWLPDWHG�DV�EHLQJ�HTXLYDOHQW
WR�EHLQJ�DERXW�����RI�DQQXDO�UDLQIDOO��6LPLODULW\�LQ�WUDQVSLUDWLRQ�EHWZHHQ�FRPPXQLWLHV�ZDV�REVHUYHG�ERWK
RQ�DQ�KRXUO\�DQG�DQQXDO�EDVLV��+RZHYHU��RQ�WKH�DQQXDO�VFDOH��GLIIHUHQFHV�FDQ�H[LVW�LQ�WKH�SDWWHUQV�RI
WUDQVSLUDWLRQ�HYHQ�WKRXJK�DQQXDO�WRWDOV�ZHUH�FRPSDUDEOH��7KLV�RFFXUUHG�LQ�VXEKXPLG�HQYLURQPHQWV�ZLWK
SHULRGV�RI�VRLO�ZDWHU�VWUHVV��7KH�OHDI�DUHD�RI�HXFDO\SW�FRPPXQLWLHV�IOXFWXDWHG�RQ�D�VHDVRQDO�VFDOH�UHVXOWLQJ
LQ�D�GLIIHUHQW�SDWWHUQ�RI�WUDQVSLUDWLRQ�G\QDPLFV�IURP�WKDW�RI�3��UDGLDWD�SODQWDWLRQV�ZLWK�D�FKDUDFWHULVWLFDOO\
KLJK�DQG�VWDEOH�OHDI�DUHD��7KH�LPSOLFDWLRQV�RI�WKH�GLIIHULQJ�SDWWHUQV�ZHUH�H[SORUHG�WR�H[SODLQ�JUHDWHU�SODQW
SURGXFWLRQ�LQ�SLQH�SODQWDWLRQV�WKDQ�LQ�HXFDO\SW�FRPPXQLWLHV��$�PRGHO�RI�YDSRXU�ORVV�IURP�3��UDGLDWD�ZDV
GHYHORSHG� WR� VWLPXODWH� WKH� FRQVHTXHQFHV� RI� FRQYHUWLQJ� HXFDO\SW� IRUHVW� WR� SLQH� SODQWDWLRQ��5HDOLVWLF
VROXWLRQV�IRU�LQFUHDVHG�YDSRXU�ORVV�IURP�SLQH�RYHU�HXFDO\SW�FRPPXQLWLHV�ZHUH�FODLPHG�ZLWK�DQ�HVWLPDWHG
GLIIHUHQFH�EHWZHHQ����DQG�����PP�SHU�\HDU�LQ�WZR�FDVH�VWXGLHV�DW�/LGVGDOH�DQG�%DWHPDQV�%D\��1�6�:�

&RPPHQW�
'LVFXVVHV�D�QXPEHU�RI�$XVWUDOLDQ�VWXGLHV�DOUHDG\�FRYHUHG�LQ�WKLV�ELEOLRJUDSK\�

'\H�� 3�-�� � ������ � &OLPDWH�� IRUHVW� DQG� VWUHDPIORZ� UHODWLRQVKLSV� LQ� 6RXWK� $IULFDQ� DIIRUHVWHG
FDWFKPHQWV���&RPPRQZHDOWK�)RUHVWU\�5HYLHZ�������±���

&RXQWU\��6RXWK�$IULFD 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SWV��3LQHV��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV�DJHV�
.H\ZRUGV��(YDSRUDWLRQ��5HYLHZ��:DWHU�\LHOG

&RPPHQW
5HYLHZV� LQIRUPDWLRQ� IURP� -RQNHUVKRHN� �LQ� RWKHU� UHIHUHQFHV� KHUH���&DWKHGUDO� 3HDN� DQG� RWKHU� 6RXWK
$IULFDQ�VWXGLHV���1R�GHWDLO�RQ�LQWHUFHSWLRQ�ORVVHV�



��

/DQGFDUH�5HVHDUFK

)DKH\��%�'����������7KURXJKIDOO�DQG�LQWHUFHSWLRQ�RI�UDLQIDOO�LQ�D�VWDQG�RI�UDGLDWD�SLQH���-RXUQDO�RI
+\GURORJ\��1HZ�=HDODQG�������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ²���\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 'LDPHWHU�����FP
.H\ZRUGV��,QWHUFHSWLRQ��7KURXJKIDOO

$XWKRU�$EVWUDFW
6RPH�LQWHUFHSWLRQ�YDOXHV�DUH�GHWHUPLQHG�IRU�3��UDGLDWD�LQ�WKH�6LOYHUVWUHDP�FDWFKPHQW��2WDJR�

%RWK�QHW�UDLQIDOO�DQG�SDWWHUQ�RI�WKURXJKIDOO�DUH�FRUUHODWHG�ZLWK�D�QXPEHU�RI�IDFWRUV���,QGLYLGXDO�VWRUP�WRWDO
DSSHDUV�WR�EH�WKH�PDLQ�IDFWRU�LQ�GHWHUPLQDWLRQ�RI�WKURXJKIDOO�DQG�LQWHUFHSWLRQ�ORVV�

2YHU�WKH���PRQWK�UHFRUGLQJ�SHULRG�D�WRWDO�UDLQIDOO�RI�����PP�ZDV�PHDVXUHG�LQ�WKH�RSHQ���2I�WKLV
WRWDO��RQ�WKH�DYHUDJH��RQO\����������PP��UHDFKHG�WKH�IRUHVW�IORRU�DV�WKURXJKIDOO�����������PP��EHLQJ
DWWULEXWHG�WR�WKH�DYHUDJH�LQWHUFHSWLRQ�ORVV���6WHPIORZ�ZDV�DFFRXQWHG�IRU�E\�WKH��������PP�HVWLPDWH�
GHILFLW�

&RPPHQW
7KURXJKIDOO�ZDV�KLJKHU�LQ�VWRUPV�ZLWK�QR�ZLQG��DQG�LQ�ODUJHU�UDLQIDOO�HYHQWV�

7KURXJKIDOO�DQG�LQWHUFHSWLRQ�ORVV�ZLWK�VWRUP�VL]H
6WRUP�VL]H��PP� 7KURXJKIDOO�� ,QWHUFHSWLRQ�ORVV��
�±��� �� ��
���±��� �� ��
���±���� �� ��
����±���� �� ��
����±���� �� ��

)DKH\��%�'����������+\GURORJLFDO�LPSDFWV�RI�DIIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQGV��*OHQGKX�)RUHVW�
2WDJR���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��7DXSR���������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�JUDVVODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 5DLQIDOO��0$3������PP�\U
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG�

&RPPHQW
'HVFULEHV�WKH�*OHQGKX�FDWFKPHQWV�DQG�WUHDWPHQWV���,Q�WKH�ILUVW���\U�DIWHU�SODQWLQJ�����RI�*+��

WKH�RQO\�K\GURORJLFDO�FKDQJH�QRWLFHG�ZDV�D�UHGXFWLRQ�LQ�WKH�SURSRUWLRQ�RI�TXLFNIORZ���)URP�DERXW���\U



��

/DQGFDUH�5HVHDUFK

DIWHU�SODQWLQJ��PRQWKO\�VWUHDPIORZ�\LHOGV�IURP�*+��ZHUH�OHVV�WKDQ�IURP�WKH�FRQWURO�FDWFKPHQW�LQ�WXVVRFN
JUDVVODQG�DPRXQWLQJ�WR�D�UHGXFWLRQ�RI�DERXW�����PP�\U�RU�����RI�WKH�IORZ���

3HDN�IORZV�ZHUH�UHGXFHG�LQ�WKH��WK�\HDU���)RU�WKH�IORZ�FODVV��±���/�V�KD��WKH�DYHUDJH�SHDN�IORZ
IURP�WKH�SODQWHG�FDWFKPHQW�ZDV�����ORZHU�WKDQ�IURP�WKH�WXVVRFN�FDWFKPHQW�FRPSDUHG�WR����OHVV�LQ�WKH
SUHWUHDWPHQW�SHULRG���$�VPDOOHU�UHGXFWLRQ�ZDV�QRWHG�LQ�WKH�IORZ�FODVV�!����/�V�KD������FRPSDUHG�WR���
LQ�WKH�SUHWUHDWPHQW�SHULRG�

)DKH\��%����������7KH�HIIHFW�RI�SODQWDWLRQ�IRUHVWU\�RQ�ZDWHU�\LHOG�LQ�1HZ�=HDODQG���1HZ�=HDODQG
)RUHVWU\�������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�QDWLYH�IRUHVW��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ�DJHV�YDU\�
.H\ZRUGV��/RZ�IORZ��5HYLHZ��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������

$XWKRU�$EVWUDFW
7KLV�SDSHU�GLVFXVVHV�WKH�K\GURORJLFDO�FRQVHTXHQFHV�RI�FRQYHUWLQJ�ODQG�LQ�QDWLYH�IRUHVW��VFUXE�

WXVVRFN�JUDVVODQG��DQG�SDVWXUH�WR�SODQWDWLRQ�IRUHVWU\��DQG�WKH�LPSDFWV�RI�KDUYHVWLQJ�DQG�UH�HVWDEOLVKLQJ
D�WUHH�FURS���)RUHVWV�LQIOXHQFH�ZDWHU�\LHOG�DQG�DVVRFLDWHG�VWUHDPIORZ�UHVSRQVHV�WKURXJK�LQFUHDVHG�FDQRS\
LQWHUFHSWLRQ�RI�UDLQIDOO���7KXV�DIIRUHVWDWLRQ�RI�SDVWXUH�PD\�UHGXFH�ZDWHU�\LHOG�E\���±�����±���\U�DIWHU
SODQWLQJ���)RU�WXVVRFN�JUDVVODQGV�WKH�UHGXFWLRQ�LV�EHWZHHQ����DQG�������$�VLPLODU�SHUFHQWDJH�UHGXFWLRQ
FDQ�EH�H[SHFWHG�LQ�ORZ�IORZV���6WRUP�TXLFNIORZV�DQG�IORRG�SHDNV�FDQ�IDOO�E\�RYHU�������6LOYLFXOWXUDO
SUDFWLFHV��VXFK�DV�XQGHUVWRUH\�FRQWURO�DQG�VSUHDGLQJ�WKH�WLPH�RI�SODQWLQJ��KDYH�WKH�SRWHQWLDO�WR�DXJPHQW
ZDWHU�\LHOG�

)RUHVW�KDUYHVWLQJ�LQ�PRGHUDWH�WR�KLJK�UDLQIDOO�DUHDV�FDQ�FDXVH�D���±����LQFUHDVH�LQ�ZDWHU�\LHOG�IRU��±�
\U�DIWHU�FOHDUIHOOLQJ�� �<LHOGV� VKRXOG� UHWXUQ� WR�SUH�KDUYHVWLQJ� OHYHOV�ZLWKLQ��±��\U��GHSHQGLQJ�RQ� WKH
VLOYLFXOWXUDO�UHJLPH�DGRSWHG���0HDQ�IORRG�SHDNV�FDQ�ULVH�E\�XS�WR�������+RZHYHU��WKH�K\GURORJLFDO�LPSDFW
PXVW�EH�YLHZHG�ZLWKLQ�WKH�FRQWH[W�RI�WKH�DUHD�KDUYHVWHG�FRPSDUHG�ZLWK�WKH�WRWDO�IRUHVW�DUHD���,I�WKH�IRUPHU
LV�VPDOO�LQ�FRPSDULVRQ��DQ\�ORFDO�LQFUHDVHV�LQ�ZDWHU�\LHOG�DQG�IORRG�UHVSRQVH�PD\�EH�TXLFNO\�DWWHQXDWHG�

&RPPHQW
5HYLHZV�D�QXPEHU�RI�1HZ�=HDODQG�VWXGLHV�GLVFXVVHG�HOVHZKHUH�KHUH�



��

/DQGFDUH�5HVHDUFK

)DKH\��%�'����������,QWHUFHSWLRQ�ORVV�E\�VWDQGV�RI�'RXJODV�ILU�DQG�UDGLDWD�SLQH�QHDU�+RURUDWD��0LG�
&DQWHUEXU\���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��1DSLHU���������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��'RXJODV�ILU
6WDQG�7\SH��3ODQWDWLRQ�����\U
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
,QWHUFHSWLRQ�E\�3��UDGLDWD�DQG�'RXJODV�ILU�VWDQGV�

3��UDGLDWD�
���\U

'RXJODV�ILU
���\U

'RXJODV�ILU
���\U

6WDQG�GHQVLW\��63+� ��� ���� ���
5DLQIDOO��PP� ��� ��� ���
7KURXJKIDOO��PP� ��� ��� ���
6WHPIORZ��PP� �� �� ��
,QWHUFHSWLRQ�ORVV���� �� �� ��

)DKH\��%�'����������,QWHUFHSWLRQ�ORVV�E\�VWDQGV�RI�'RXJODV�ILU�DQG�UDGLDWD�SLQH��6RXWK�,VODQG��1HZ
=HDODQG���,8)52�:RUOG�&RQJUHVV�������$XJXVW�������.XDOD�/XPSXU��)RUHVWV�DQG�6RFLHW\��7KH
5ROH�RI�5HVHDUFK�3RVWHU�$EVWUDFWV�9RO��������±����

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��'RXJODV�ILU�
6WDQG�7\SH��3ODQWDWLRQ�����\U
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
5DLQIDOO�IRU�WKH���PRQWKV�ZDV�����PP���

,QWHUFHSWLRQ�ORVV�IRU�3��UDGLDWD�DQG�'RXJODV�ILU�VWDQGV�
3��UDGLDWD�
���\U

'RXJODV�ILU
���\U

'RXJODV�ILU
���\U

6WDQG�GHQVLW\��63+� ��� ���� ���
,QWHUFHSWLRQ�ORVV���� �� �� ��



��

/DQGFDUH�5HVHDUFK

)DKH\��%���-DFNVRQ��5����������+\GURORJLFDO�HIIHFWV�RI�FRQYHUWLQJ�LQGLJHQRXV�IRUHVWV�DQG�JUDVVODQGV
WR�SLQH�SODQWDWLRQV��%LJ�%XVK�DQG�*OHQGKX�H[SHULPHQWDO�FDWFKPHQWV���1HZ�=HDODQG�0HWHRURORJLFDO
DQG�+\GURORJLFDO�6\PSRVLXP��&KULVWFKXUFK���������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ��������\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
%LJ�%XVK�)RUHVW��1HOVRQ�
,Q�WKH���\U�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVW� LQ�WZR�FDWFKPHQWV��DYHUDJH�DQQXDO�\LHOGV�LQFUHDVHG�E\����
�����DQG�������������3HDN�IORZV�LQ�DOO�VWRUP�FODVVHV�LQFUHDVHG�DIWHU�KDUYHVWLQJ���±��/�V�KD�E\�����DQG
������±���/�V�KD�E\�����DQG������4XLFNIORZV�UHVSRQGHG�VLPLODUO\�EXW�ZHUH�PRUH�VXEGXHG���<LHOGV�ZHUH
EDFN�DW�SUHWUHDWPHQW�OHYHOV�DIWHU���\U��WKLV�EHLQJ�GHOD\HG�E\�LQFUHDVHV�DIWHU�WKLQQLQJ�RSHUDWLRQV���6WRUP
SHDN�IORZV�DQG�TXLFNIORZV�WRRN����\U�WR�UHWXUQ�WR�SUHWUHDWPHQW�OHYHOV���,Q�WKH���\U�DIWHU�KDUYHVW��ORZIORZV
ZHUH��±��WLPHV�WKDW�RI�WKH�FRQWURO�FDWFKPHQW�EXW�KDG�UHWXUQHG�WR�SUHWUHDWPHQW�OHYHOV�DIWHU���\U�

*OHQGKX��2WDJR²����SODQWHG�
7KHUH�ZDV�QR�GLIIHUHQFH�LQ�\LHOG�IRU�WKH���\U�DIWHU�SODQWLQJ�D�WXVVRFN�FDWFKPHQW���,Q�WKH��±���\HDU�SHULRG
DIWHU�SODQWLQJ�\LHOGV�ZHUH�UHGXFHG�E\�����PP������RI�WKH�UXQRII�DW�WKH�FRQWURO�FDWFKPHQW���7KH�PHDQ
PLQLPXP���GD\�ORZ�IORZV�VKRZHG�D�UHGXFWLRQ�RI������PP�GD\�DQG�SHDN�IORZV�KDG�UHGXFHG�E\���±���
GHSHQGLQJ�RQ�WKH�IORZ�FODVV�VL]H��

)DKH\��%���-DFNVRQ��5�������D���+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�QDWLYH�IRUHVWV�DQG�JUDVVODQGV
WR�SLQH�SODQWDWLRQV��6RXWK�,VODQG��1HZ�=HDODQG���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\�������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ��������\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR�����\U 5DLQIDOO��%LJ�%XVK������PP�\U��*OHQGKX������PP�\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
&KDQJHV�LQ�ZDWHU�\LHOG��IORRG�K\GURORJ\��DQG�ORZ�IORZ�FDXVHG�E\�UHSODFLQJ�LQGLJHQRXV�IRUHVWV

DQG�JUDVVODQGV�ZLWK�FRPPHUFLDO�VRIWZRRGV�KDYH�EHHQ�LQYHVWLJDWHG�LQ�1HZ�=HDODQG�VLQFH�WKH�PLG�����V�
7KH�ORQJ�WHUP�UHVXOWV�RI�WZR�RI�WKHVH�VWXGLHV�DUH�GLVFXVVHG�KHUH���

7KH� ILUVW� GHDOV� ZLWK� WKH� FRQYHUVLRQ� RI� PL[HG� HYHUJUHHQ� IRUHVW� WR� SLQH� SODQWDWLRQ� LQ� WKH
QRUWKZHVWHUQ�6RXWK�,VODQG���$IWHU�D���\U�FDOLEUDWLRQ�SHULRG�RQH�FDWFKPHQW�ZDV�OHIW�DV�WKH�FRQWURO��'&��
DQG�WKH�RWKHU�WZR�FDWFKPHQWV�ZHUH�KDUYHVWHG�LQ�������RQH�E\�VNLGGHU��'&���DQG�WKH�RWKHU�E\�KDXOHU
�'&����DQG�SODQWHG�LQ�SLQHV�VKRUWO\�WKHUHDIWHU���)RU�WKH�ILUVW���\U�DIWHU�KDUYHVWLQJ�WKH�DYHUDJH�DQQXDO
GLIIHUHQFH�LQ�ZDWHU�\LHOGV�EHWZHHQ�'&��DQG�'&��ZDV�����PP��������DQG�EHWZHHQ�'&��DQG�'&��ZDV



��

/DQGFDUH�5HVHDUFK

����PP��������ZKLFK�HTXDWHV�WR�DQ�DQQXDO�LQFUHDVH�RI�����PP��������UHVSHFWLYHO\��ZKHQ�FRPSDUHG�ZLWK
WKH�FDOLEUDWLRQ�SHULRG���3ODQWLQJ�WKH�KDUYHVWLQJ�DUHDV�FDXVHG�WKH�ZDWHU�\LHOG�IURP�ERWK�FDWFKPHQWV�WR
UHWXUQ�WR�SUH�KDUYHVWLQJ�OHYHOV�ZLWKLQ���\U��DQG�DQ�HVWLPDWHG�UHGXFWLRQ�LQ�UXQRII�RI�����PP�ZLWKLQ���\U
DW�'&����0HDQ�IORRG�SHDNV�LQFUHDVHG�DIWHU�KDUYHVWLQJ��HVSHFLDOO\�IRU�VPDOO�DQG�PHGLXP�VWRUPV�RQ�WKH
VNLGGHU�ORJJHG�FDWFKPHQW����±��������7KH�UHVSRQVH�RI�WKH�VWRUP�TXLFNIORZV�WR�KDUYHVWLQJ�ZDV�VLPLODU
EXW�PXFK�PRUH�VXEGXHG���/RZ�IORZV�DOVR�LQFUHDVHG�DIWHU�KDUYHVWLQJ���7UHH�JURZWK�EURXJKW�VWRUP�SHDN
IORZV��TXLFNIORZV��DQG�ORZ�IORZV�EDFN�WR�WKH�OHYHOV�RI�WKRVH�LQ�WKH�RULJLQDO�EHHFK�IRUHVW�ZLWKLQ����\U���

7KH�VHFRQG�VWXG\�H[DPLQHV�WKH�LPSDFW�RI�FRQYHUWLQJ�WXVVRFN�JUDVVODQGV�WR�SLQH�SODQWDWLRQV�XVLQJ
GDWD� FROOHFWHG� IURP� WZR� FDWFKPHQWV� LQ� WKH� HDVWHUQ�XSODQGV�RI� VRXWKHUQ�1HZ�=HDODQG�� �$IWHU� D� ��\U
FDOLEUDWLRQ�SHULRG������±������RQH�FDWFKPHQW�ZDV�SODQWHG�LQ�SLQHV�RYHU�����RI�LWV�DUHD�DQG�WKH�RWKHU�ZDV
OHIW�LQ�WXVVRFN���%\������WKH�GLIIHUHQFH�LQ�DQQXDO�ZDWHU�\LHOG�IURP�WKH�SODQWHG�FDWFKPHQW�ZDV�����PP�
DQG�EHWZHHQ������DQG������LW�DYHUDJHG�����PP������RI�WRWDO�UXQRII�IURP�WKH�FRQWURO����'LIIHUHQFHV�LQ
ORZ�IORZV��UHSUHVHQWHG�E\�WKH�PLQLPXP�DQQXDO���GD\�PHDQ��VKRZHG�D�VLPLODU�WUHQG��DQG�VXJJHVW�WKDW�LQ
GU\� SHULRGV�� DIIRUHVWDWLRQ� RI� WXVVRFN� JUDVVODQGV� FDQ� UHGXFH�ZDWHU� \LHOGV� E\� �����PP�GD\�� � +LJKHU
LQWHUFHSWLRQ�ORVVHV�IURP�LQFUHDVHG�FDQRS\�HYDSRUDWLRQ�LV�EHOLHYHG�WR�EH�WKH�PDLQ�UHDVRQ�IRU�WKH�UHGXFWLRQ
LQ�ZDWHU�\LHOG���$IWHU���±���\U�RI�WUHH�JURZWK�PHDQ�IORRG�SHDNV�KDG�IDOOHQ�EHWZHHQ����DQG������DQG
TXLFNIORZV�KDG�GHFUHDVHG�E\�DERXW�����

&RPPHQW�
*LYHV�FKDQJHV�LQ�ZDWHU�\LHOGV�EXW�QR�GDWD�RQ�DQQXDO�IORZV�XQGHU�DQ\�RI�WKH�YHJHWDWLRQ�UHJLPHV��

%LJ�%XVK²&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�SODQWDWLRQ
/RZ�IORZV��SHDNIORZV�DQG�\LHOGV�DOO�LQFUHDVHG�DIWHU�KDUYHVWLQJ�WKH�QDWLYH�IRUHVW���,Q�WKH���\U�DIWHU����
FOHDUIHOOLQJ�RI�'&��VWUHDPIORZ�LQFUHDVHG�����PP�\HDU�������DQG�DW�WKH�����FOHDUHG�'&��WKH�\LHOG�ZDV
����PP�\HDU� KLJKHU� ������� � �7KHVH� DUH� SURSRUWLRQDOO\� HTXLYDOHQW� WR� ���� DQG� ����PP�RQ� D� ����
FOHDUIHOOLQJ�EDVLV²/.5����$IWHU�WKLV��WKHUH�ZDV�D�GHFOLQH�LQ�IORZV�WR�SUH�KDUYHVW�OHYHOV�DIWHU�DERXW���\U�

/RZ�IORZ�FRPSDULVRQ�DUH�GLIILFXOW�DV�'&���WKH�FRQWURO�FDWFKPHQW��GULHV�XS�LQ�VRPH�\HDUV���+RZHYHU�WKHUH
ZHUH�LQFUHDVHV�LQ�WKH���GD\�PLQLPXP�IORZ�XS�WR������PP�GD\�DW�'&��DIWHU�KDUYHVWLQJ�DQG�WKLV�KDG
GHFOLQHG�WR�QDWLYH�IRUHVW�OHYHOV�E\�DERXW����\U�DIWHU�SODQWLQJ�

*OHQGKX²$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG�DW�*+�
$QQXDO�IORZV�EHJDQ�WR�GLPLQLVK�DERXW���\U�DIWHU�SODQWLQJ�DQG�VHHPHG�WR�DSSURDFK�D�VWDEOH�OHYHO�RI�DERXW
����PP�ORZHU�WKDQ�WKH�WXVVRFN�FDWFKPHQW�DIWHU�DERXW���\U���7KLV�ZDV�IRU�D�FDWFKPHQW�SODQWHG�RYHU����
RI�LWV�DUHD�

/RZ�IORZV��%HWZHHQ������DQG�������WKH�PLQLPXP���GD\�ORZ�IORZ�DW�*+��DYHUDJHG�����PP�GD\�ORZHU
������WR������PP�UDQJH���*+��UDQJH�ZDV�����WR���PP�GD\�LQ�QHDUO\�DOO�\HDUV�

3HDNIORZV�� )RXU� VL]H� FODVVHV� �!� �� /�V�KD��� ����±����� KDG� IHZHU� VWRUP� DW�*+�� WKDQ� DW�*+��� � )RU
FRPSDUDEOH�VWRUPV�LQ�WKH�VL]H�FODVVHV�DW�*+��VWRUPV�ZHUH�UHGXFHG�DW�*+��E\�DQ�DYHUDJH�����LQ��±��
����LQ��±�������VWRUPV�������LQ���±����DQG�����LQ�!���/�V�KD�VL]H�FODVVHV�

6WRUP�TXLFNIORZ��LQ�IRXU�FODVVHV�DERYH���PP��PHDQ�\LHOGV�ZHUH�UHGXFHG����WR�����FRPSDUHG�WR�*+��
DQG�WKHUH�ZHUH�OHVVHU�HYHQWV�LQ�HDFK�VL]H�FODVV�
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/DQGFDUH�5HVHDUFK

)DKH\��%�'���-DFNVRQ��5�-�������E���(QYLURQPHQWDO�HIIHFWV�RI�IRUHVWU\�DW�%LJ�%XVK�)RUHVW��6RXWK
,VODQG��1HZ�=HDODQG��,��&KDQJHV�LQ�ZDWHU�FKHPLVWU\���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�����
��±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFW�$XWKRU�DEVWUDFW
7KLV�VWXG\�FRQVLGHUV�VKRUW�WHUP��LPPHGLDWH�SRVW�KDUYHVWLQJ��DQG�ORQJ�WHUP��IRUHVW�HVWDEOLVKPHQW�

FKDQJHV�LQ�ZDWHU�FKHPLVWU\��EDVH�FDWLRQV��WRWDO�1��DQG�WRWDO�3��LQ�VWUHDPIORZ�IURP�WKUHH�H[SHULPHQWDO
FDWFKPHQWV�LQ�%LJ�%XVK�)RUHVW��FHQWUDO�1HOVRQ���2QH��'&���KDV�EHHQ�OHIW�LQ�EHHFK�SRGRFDUS�IRUHVW�DV�WKH
FRQWURO� ������KD��� � ,Q� ����� FDWFKPHQW�'&�� ������KD��ZDV� VNLGGHU�ORJJHG� DQG�'&�� �������KD��ZDV
KDXOHU�ORJJHG���,Q�'&���FRQFHQWUDWLRQV�RI�WKH�GRPLQDQW�FDWLRQ��1D���URVH�IURP�D�SUHWUHDWPHQW�PHDQ�RI
�����PJ�/�WR�D�PD[LPXP�RI���PJ�/��WKHQ�GHFOLQHG�WR������PJ�/����\U�DIWHU�KDUYHVWLQJ���)RU�.���WKH
SUH�WUHDWPHQW�PHDQ�FRQFHQWUDWLRQ�ZDV������PJ�/��ULVLQJ�WR�D�PD[LPXP�RI�����PJ�/��EXW���\U�ODWHU�KDG
IDOOHQ�WR�D�PHDQ�RI������PJ�/���)OXFWXDWLRQV�LQ�FRQFHQWUDWLRQV�RI�&D���DQG�0J���ZHUH�VPDOOHU���6LPLODU
SDWWHUQV� RI� FKDQJH�ZHUH� UHFRUGHG� DW� '&��� � 7RWDO� 1� FRQFHQWUDWLRQV� DW� '&�� LQFUHDVHG� ��±��� WLPHV
FRPSDUHG�ZLWK�WKH�FRQWURO��EXW�VHOGRP�H[FHHGHG���PJ�/��DQG�ZHUH�FORVH�WR�SUHWUHDWPHQW�OHYHOV���\U�DIWHU
KDUYHVWLQJ�� �7KH� UHVSRQVH� RI� WRWDO� 3�ZDV� VLPLODU� EXW�PRUH� VXEGXHG�� �&DWLRQ� \LHOGV� RYHU� WKH� SHULRG
����±�����IRU�'&��DQG�'&��ZHUH�GRXEOH�WKDW�RI�WKH�FRQWURO�������NJ�KD�\U����7RWDO�1�\LHOGV������±����
NJ�KD�DW�WKH�FRQWURO��ZHUH�PXFK�ORZHU�WKDQ�WKRVH�IRU�FDWLRQV���$W�'&��WKH\�LQFUHDVHG�E\�XS�WR�DQ�RUGHU
RI�PDJQLWXGH� DIWHU� KDUYHVWLQJ�� DQG�ZHUH� VWLOO� �±�� WLPHV�KLJKHU� WKDQ� WKH� FRQWURO� �� \U� ODWHU�� �7RWDO�3
�����±�����NJ��KD�\U�DW�WKH�FRQWURO��LQFUHDVHG��±��WLPHV�DIWHU�KDUYHVWLQJ���5DLQIDOO�FKHPLVWU\�GDWD�IURP
RWKHU�VLWHV�VXJJHVW�DQ�DSSUR[LPDWH�EDODQFH�EHWZHHQ�FDWLRQ�DQG�QXWULHQW�LQSXWV�DQG�RXWSXWV�IRU�XQGLVWXUEHG
EHHFK�SRGRFDUS� IRUHVW�� � 5HFHQW� VKRUW�WHUP� PRQLWRULQJ� VXJJHVWV� WKDW� FDWLRQ� DQG� QXWULHQW� \LHOGV� LQ
VWUHDPIORZ�IURP�SLQH�SODQWDWLRQV�DW�PLG�URWDWLRQ�ZLOO�EH�FRPSDUDEOH�WR�WKRVH�IURP�PDWXUH�EHHFK�SRGRFDUS
IRUHVW���<LHOGV�RI�WRWDO�1�LQ�WKH�ILUVW�IHZ�\HDUV�DIWHU�KDUYHVWLQJ�ZHUH�FRPSDUDEOH�WR�RU�OHVV�WKDQ�WKRVH
UHFRUGHG�IRU�SDVWXUH�

&RPPHQW�
6KRZV�DQQXDO�ZDWHU�\LHOGV�IRU�WKH�WKUHH�FDWFKPHQWV�IRU�����±������WKHLU�)LJ��������,QFUHDVH�LQ�ZDWHU�\LHOG
DIWHU�FOHDUIHOOLQJ�WKH�QDWLYH�IRUHVW�DUH�DSSDUHQW�DQG�WKLV�EHJLQV�WR�GHFOLQH�DIWHU�DERXW���\U�DV�WKH�3��UDGLDWD
FURS�JURZV���+RZHYHU��WKH�PDLQ�WKUXVW�RI�WKH�SDSHU�GLVFXVVHV�ZDWHU�TXDOLW\�FKDQJHV�



��

/DQGFDUH�5HVHDUFK

)DKH\��%���-DFNVRQ��5���5RZH��/�.�������D���+\GURORJLFDO�HIIHFWV�RI�ODQG�XVH�FKDQJH�LQ�WKH�XSSHU
:DLSRUL� FDWFKPHQW�� HDVW� 2WDJR�� � 0HWHRURORJLFDO� 6RFLHW\� RI� 1HZ� =HDODQG� DQG� 1HZ� =HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ���1DWLYH�JUDVVODQG��3DVWXUH�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
$W�*OHQGKX��EHWZHHQ���DQG����\U�DIWHU�SODQWLQJ�����RI�D�WXVVRFN�FDWFKPHQW�VWUHDPIORZ�\LHOGV�KDG�IDOOHQ
E\�DQ�DYHUDJH�RI�����PP�������RI�VWUHDPIORZ�IURP�WKH�FRQWURO�FDWFKPHQW���0LQLPXP�DQQXDO���GD\�ORZ
IORZV�KDG�IDOOHQ������PP�GD\������RI�WKDW�DW�WKH�FRQWURO�FDWFKPHQW�

'DWD�IURP�*OHQGKX�ZDV�XVHG�LQ�D�GDLO\�ZDWHU�EDODQFH�PRGHO�WR�VKRZ�WKDW�LI�WKH�SODQWDWLRQ�DUHD�RI�WKH
XSSHU�:DLSRUL�FDWFKPHQW�ZDV�FRQYHUWHG�WR�SDVWXUH�RU�UHWXUQHG�WR�WXVVRFN�JUDVVODQG��ZDWHU�\LHOGV�ZRXOG
LQFUHDVH�E\����DQG����UHVSHFWLYHO\�

)DKH\��%���-DFNVRQ��5���5RZH��/�.�� �����E�� �+\GURORJLFDO�HIIHFWV�RI�DIIRUHVWDWLRQ�DQG�SDVWXUH
LPSURYHPHQW� LQ� PRQWDQH� JUDVVODQGV�� 6RXWK� ,VODQG�� 1HZ� =HDODQG�� � ,Q�� 6DVVD�� .�� �(G��
(QYLURQPHQWDO�)RUHVW�6FLHQFH��.OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW���3����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ���1DWLYH�JUDVVODQG��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
$W�*OHQGKX����\HDUV�DIWHU�SODQWLQJ�����RI�*+���DQQXDO�VWUHDPIORZ�KDG�IDOOHQ�E\�����PP�DQG�EHWZHHQ
��DQG����\U�DIWHU�SODQWLQJ�\LHOGV�KDG�IDOOHQ�E\�DQ�DYHUDJH�RI�����PP�������RI�VWUHDPIORZ�IURP�WKH
FRQWURO�FDWFKPHQW�

0LQLPXP�DQQXDO���GD\�ORZ�IORZV�KDG�IDOOHQ������PP�GD\������RI�WKDW�DW�WKH�FRQWURO�FDWFKPHQW��EHWZHHQ
���DQG����\HDUV�DIWHU�SODQWLQJ�

$�PRGHO�ZDV�XVHG�WR�HVWLPDWH�FKDQJHV�OLNHO\�WR�RFFXU�LI�WKHUH�ZHUH�ODQG�XVH�FKDQJHV�LQ�WKH�:DLSRUL
FDWFKPHQW²������KD�RI�ZKLFK�����LV�LQ�WXVVRFN�JUDVVODQG������LQ�SDVWXUH�GHSOHWHG�WXVVRFN�ODQG�����
SODQWDWLRQ�IRUHVW���,I�WKH�IRUHVW�ZDV�QRW�SUHVHQW��UXQRII�ZRXOG�EH����KLJKHU�LI�WKH�ODQG�KDG�EHHQ�RULJLQDOO\
LQ�SDVWXUH�DQG����KLJKHU�LI�RULJLQDOO\�LQ�WXVVRFN�



��

/DQGFDUH�5HVHDUFK

)DKH\��%�'���5RZH��/�.����������/DQG�XVH�LPSDFWV���&K�����LQ�0RVOH\��0�3���(G���:DWHUV�RI�1HZ
=HDODQG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ���3S�����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��5HYLHZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

&RPPHQW
5HYLHZV�PDQ\� RI� WKH�1HZ�=HDODQG� VWXGLHV� RQ� WKH� HIIHFWV� RI� ODQG�XVH� FKDQJH� RQ� WKH� K\GURORJ\� RI
FDWFKPHQWV��

)DKH\��%�'���:DWVRQ��$�-����������+\GURORJLFDO�LPSDFWV�RI�FRQYHUWLQJ�WXVVRFN�JUDVVODQG�WR�SLQH
SODQWDWLRQ��2WDJR��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�������±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��1DWLYH�JUDVVODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���±��\U 6WDQG�'HQVLW\��,QLWLDOO\������63+�
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

&$%�DEVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7KH� K\GURORJLFDO� LPSDFWV� ZHUH� VWXGLHG� RI� FRQYHUWLQJ� OLJKWO\� JUD]HG� PLG�DOWLWXGH� WXVVRFN

JUDVVODQG�WR�3��UDGLDWD�SODQWDWLRQ��XVLQJ�GDWD�FROOHFWHG�IURP�WZR�PHGLXP�VL]HG�FDWFKPHQWV�LQ�XSODQG�HDVW
2WDJR��$IWHU�D���\U�FDOLEUDWLRQ�SHULRG������KD�RI�RQH�FDWFKPHQW������KD��ZHUH�SODQWHG�DW������VWHPV�KD
LQ�������1R�FKDQJH�LQ�ZDWHU�\LHOG�ZDV�REVHUYHG�XQWLO�ODWH�������,Q�������DQQXDO�UXQRII�IURP�WKH�SODQWHG
FDWFKPHQW�ZDV�����PP�OHVV�WKDQ�WKDW�IURP�WKH�DGMDFHQW�FRQWURO�WXVVRFN�FDWFKPHQW������KD���7KH�VDPH
ZDV�WUXH�LQ�������UHSUHVHQWLQJ�D�����UHGXFWLRQ�LQ�ZDWHU�\LHOG�HDFK�\HDU��6LWH�SUHSDUDWLRQ�EHIRUH�SODQWLQJ
KDG�D�PXFK�HDUOLHU�HIIHFW�RQ�WKH�TXLFNIORZ�FRPSRQHQW�RI�DQQXDO�UXQRII��FDXVLQJ�LW�WR�GHFUHDVH�E\�DERXW
���LQ�������7KH�SHDN�IORZ�UDWHV�RI�VPDOO�VWRUPV������/�V�KD��ZHUH�PRVW�DIIHFWHG�E\�DIIRUHVWDWLRQ�DQG
VKRZHG�DQ�DYHUDJH�UHGXFWLRQ�RI�XS�WR�����IRU�WKH�����±���SHULRG��6WRUP�TXLFNIORZ�YROXPHV�VKRZHG�D
����UHGXFWLRQ�RYHU�WKH�VDPH�SHULRG��)ORZ�GXUDWLRQ�FXUYH�DQDO\VLV�VXJJHVWHG�WKDW�OHVV�ZDWHU�LV�QRZ�EHLQJ
UHOHDVHG�DV�ORZ�IORZ�VWRUDJH�LQ�WKH�SODQWHG�FDWFKPHQW�WKDQ�LQ�WKH�FRQWURO�FDWFKPHQW��*UHDWHU�LQWHUFHSWLRQ
ORVV�WKURXJK�LQFUHDVHG�HYDSRUDWLRQ�UDWHV�IURP�D�ZHWWHG�IRUHVW�FDQRS\�LV�EHOLHYHG�WR�EH�WKH�PDLQ�UHDVRQ
IRU�UHGXFHG�ZDWHU�\LHOGV�DIWHU�DOPRVW���\U�RI�WUHH�JURZWK��
�
&RPPHQW
$�����KD�WXVVRFN�JUDVVODQG�FDWFKPHQW�ZDV�ULSSHG�DQG�SODQWHG�ZLWK�3�UDGLDWD�VHHGOLQJV�LQ������DIWHU��
\U�RI�FDOLEUDWLRQ�GDWD�������RI�WKH�FDWFKPHQW�ZDV�SODQWHG²ULSDULDQ�DUHDV�DQG�ZHWODQGV�ZHUH�H[FOXGHG�
7KH�GHFOLQH�LQ�IORZ�EHFDPH�PDQLIHVW�LQ������

:DWHU�\LHOG�FKDQJHV�DW�*OHQGKX�IRU�����DIIRUHVWDWLRQ�RI�*+�
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<HDU 3UHFLSLWDWLRQ
�PP�

*+�
�PP�

*+�
�PP�

'LIIHUHQFH
�*+��*+��

5HGXFWLRQ
���

���� ���� ��� ��� � �
���� ���� ��� ��� �� �
���� ���� ��� ��� �� �
���� ���� ���� ���� ��� ��
���� ���� ��� ��� �� �
���� ��� ��� ��� �� �
���� ���� ��� ��� ��� ��
���� ���� ���� ��� �� �
���� ���� ��� ��� �� �
���� ���� ��� ��� ��� ��
���� ���� ��� ��� ��� ��
0HDQ ���� ��� ���

&RPSDULVRQ�EHWZHHQ�VWRUP�IORZV�LQ�WKH�!���/�V�KD�VL]H�FODVV�DW�WKH�FRQWURO�FDWFKPHQW�VKRZHG�D�UHGXFWLRQ
LQ�WKH�SODQWHG�FDWFKPHQW�

/RZ�IORZV�PD\�EH�VKRZLQJ�VLJQV�RI�UHGXFWLRQ�LQ�IORZ�

)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�����
������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��'RXJODV�ILU
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+� %DVDO�$UHD�����P��KD
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW

,Q�DGGLWLRQ�WR�WKH�LQWHUFHSWLRQ�PHDVXUHPHQWV�PDGH��HLJKW�PRQWKV��2FWREHU�WR�0D\��RI�WUDQVSLUDWLRQ�GDWD
GHULYHG�IURP�VDSIORZ�PHDVXUHPHQWV�DUH�DYDLODEOH�
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6WDQG�SDUDPHWHUV�DQG�LQWHUFHSWLRQ�YDOXHV��&DQWHUEXU\��1HZ�=HDODQG
3��UDGLDWD 'RXJODV�ILU 'RXJODV�ILU

$JH��\HDUV� �� �� ��
+HLJKW��P� �� �� ��
6WRFNLQJ��63+� ��� ���� ���
0HDQ�'%+��FP� �� �� ��
%DVDO�DUHD��P��KD� �� �� ��
6DSZRRG�DUHD��P��KD� �� �� �
*URVV�SUHFLSLWDWLRQ��PP� ���� ���� ����
7KURXJKIDOO��PP� ���� ���� ���
7KURXJKIDOO���� �� �� ��
6WHPIORZ��PP� �� �� ��
6WHPIORZ���� ��� � ���
,QWHUFHSWLRQ�ORVV��PP� ��� ��� ���
,QWHUFHSWLRQ�ORVV���� �� �� ��

(VWLPDWHG�ZDWHU�EDODQFH��PP���3��UDGLDWD�DQG�'RXJODV�ILU��2FWREHU�WR�0D\
���\U�ROG�3��UDGLDWD ���\U�ROG�'RXJODV�ILU ���\U�ROG�'RXJODV�ILU

*URVV�UDLQIDOO ��� ��� ���
,QWHUFHSWLRQ ��� ��� ���
7UDQVSLUDWLRQ ��� ��� ���
8QGHUVWRU\�HYDSRUDWLRQ �� � ��
7RWDO�ORVVHV ��� ��� ���
$YDLODEOH�IRU�UHFKDUJH ��� ��� ��

)HOOHU��0�&����������1XWULHQW�PRYHPHQW�LQWR�VRLOV�EHQHDWK�HXFDO\SW�DQG�H[RWLF�FRQLIHU�IRUHVWV�LQ
VRXWKHUQ�FHQWUDO�9LFWRULD���$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\�������±�����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��(XFDO\SWV��'RXJODV�ILU�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�GHQVLW\�������63+
+HLJKW�����P 'LDPHWHU�������FP
.H\ZRUGV��6RLO�ZDWHU�

&$%�$EVWUDFWV�$1�������������
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$ERYH�JURXQG�QXWULHQW�UHWXUQ�WR�WKH�VRLO�ZDV�HVWLPDWHG�E\�VWXG\LQJ�IRUHVW�IORRU�OHDFKDWHV�IRU��
\U�LQ�WZR�HXFDO\SW�IRUHVWV��(XFDO\SWXV�REOLTXD��DQG�(��UHJQDQV��DQG�WZR�QHDUE\�FRQLIHU�SODQWDWLRQV��3�
UDGLDWD�DQG�3VHXGRWVXJD�PHQ]LHVLL��QHDU�1DUEHWKRQJ�LQ�VRXWKHUQ�FHQWUDO�9LFWRULD��)RUHVW�IORRU�OHDFKDWH
YROXPHV�ZHUH� UHFRUGHG�DQG� VDPSOHV�ZHUH�DQDO\VHG� IRU�S+�DQG�SRWDVVLXP�� VRGLXP��PDJQHVLXP�DQG
FDOFLXP�FRQFHQWUDWLRQV��7KH�YROXPH�RI�IRUHVW�IORRU�OHDFKDWH�ZDV�JUHDWHU�LQ�WKH�HXFDO\SWXV��7KLV�ZDV
DWWULEXWHG�WR�JUHDWHU�LQWHUFHSWLRQ�ORVVHV�RI�ZDWHU�E\�WKH�FRQLIHUV��,Q�HDFK�RI�WKH�IRXU�IRUHVW�W\SHV��OHDFKDWH
DFLGLW\�ZDV�KLJKHVW�LQ�VSULQJ�DQG�DXWXPQ�DQG�ORZHVW�LQ�VXPPHU��&DWLRQ�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�LQ
DXWXPQ�DQG�ORZHU�LQ�VSULQJ��7KLV�EHKDYLRXU�ZDV�DWWULEXWHG�WR�FKDQJHV�LQ�FOLPDWH�DQG�LQ�UDWHV�RI�OLWWHU
GHFRPSRVLWLRQ��&DWLRQ�TXDQWLWLHV�HQWHULQJ�WKH�VRLO�LQ�OHDFKDWHV�VKRZHG�QR�SURQRXQFHG�VHDVRQDO�YDULDWLRQV
EXW�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�(��REOLTXD�WKDQ�LQ�3��UDGLDWD��*UHDWHU�TXDQWLWLHV�RI�DFLG�ZHUH�DGGHG�WR
WKH�VRLO�XQGHU�3��UDGLDWD��7KH�3��UDGLDWD�VRLO�FRQWDLQHG�ORZHU�TXDQWLWLHV�RI�H[FKDQJHDEOH�FDWLRQV�WKDQ�WKH
(��REOLTXD�VRLO�EXW�WKH�3��PHQ]LHVLL�VRLO�GLG�QRW�DSSHDU�WR�EH�GHSOHWHG�LQ�H[FKDQJHDEOH�FDWLRQV��

&RPPHQW�
)RUHVW�IORRU�OHDFKDWH��9LFWRULD
0D\±'HF������ ���� -DQ±-XO������

5DLQ��PP� ��� ��� ���
(��UHJQDQV��"� ��� ��� ���
(�REOLTXD��"� ��� ��� ���
3��UDGLDWD��"� �� �� ���
3��PHQ]LHVLL��"� �� ±� ±�

5DLQIDOO�VLWH�LV���NP�DZD\�
/HDFKDWH�YDOXHV�ZHUH�JLYHQ�DV�YROXPHV�LQ�FHQWLPHWUHV�EXW�WKLV�LV�LQFRQVLVWHQW�ZLWK�WKH�UDLQIDOO�
7UHQG�LV��(5�a�(2�!�35�!�30�

)HOOHU��0�&����������:DWHU�EDODQFHV�LQ�(XFDO\SWXV�UHJQDQV��(XFDO\SWXV�REOLTXD��DQG�3LQXV�UDGLDWD
LQ�9LFWRULD���$XVWUDOLDQ�)RUHVWU\��������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SWV
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�������P��KD
+HLJKW����±���P 'LDPHWHU�����FP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1����������

&RPPHQW
6)�LV�QRW�D�IXQFWLRQ�RI�'%+���WRRN�DYHUDJH�YROXPH�RI�VWHPIORZ�SHU�WUHH�DQG�PXOWLSOLHG�LW�E\�63+�
6DPSOLQJ�ZDV�PRQWKO\�ZKHQ�WKH�FROOHFWRUV�ZHUH�UHORFDWHG���)RUHVW�IORRU�OHDFKDWH����DQG������IRUHVW�IORRU
LQWHUFHSWLRQ���DQG�����
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,QWHUFHSWLRQ
<HDU�� <HDU��

PP � PP �
5DLQIDOO ���� ����
7KURXJKIDOO ��� �� ��� ��
6WHPIORZ �� � �� �
,QWHUFHSWLRQ�ORVV ��� �� ��� ��
)RUHVW�IORRU�LQWHUFHSWLRQ �� � ��� �
)RUHVW�IORRU�OHDFKDWH ��� �� ��� ��

7KURXJKIDOO�LV�OHVV�WKDQ�IRU�HXFDO\SW�DQG�VWHPIORZ�LV�JUHDWHU�

)RUUHU��-�%����������7KH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�WKH�VWUHDPIORZ�VSHFWUD�RI�-RQNHUVKRHN�VWUHDPV�
)RUHVWU\�LQ�6RXWK�$IULFD�1R�������±����

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�8S�WR����\U
.H\ZRUGV��6WUHDPIORZ

&$%�$EVWUDFWV�$1����������
�
&RPPHQW
-RQNHUVKRHN
7KLV�KLJKO\�PDWKHPDWLFDO�SDSHU�SXUSRUWV�WR�VKRZ�WKDW�WKH�VWUHDPIORZ�VSHFWUXP�IRU�%RVERXNORRI�ZKHQ
WUHHV�DUH���±���\U�LV�VLPLODU�WR�WKDW�IRU�%LHVLHYOHL���±���\U��EXW�GLIIHUV�IURP�WKDW�DW�7LHUNORRI�����WR���
\U�ROG��L�H���PRUH�RU�OHVV�LQ�I\QERV�VFUXE��
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*UDK��5�)���:LOVRQ��&�&����������6RPH�FRPSRQHQWV�RI�UDLQIDOO�LQWHUFHSWLRQ���-RXUQDO�RI�)RUHVWU\����
���±�����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��6KUXE
6WDQG�7\SH��3RWWHG�VHHGOLQJV
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
6SUD\HG�ZDWHU�RQ�SRWWHG�3��UDGLDWD�VHHGOLQJV�WR�GHWHUPLQHG�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\��,6&��ZKLFK
UDQJHG�EHWZHHQ������DQG���PP�

*UD\QRWK��(�� ������� �/RQJ�WHUP�HIIHFWV�RI� ORJJLQJ�SUDFWLFHV�LQ�VWUHDPV�LQ�*ROGHQ�'RZQV�6WDWH
)RUHVW�� 1HOVRQ�� � ,Q��+D\HV�� -�:��� 'DYLV�� 6�)�� �(GV��� � 3URFHHGLQJV� RI� WKH� )LVKHULHV�� )RUHVWU\
&RQIHUHQFH��)HEUXDU\�������0$)�)UHVKZDWHU�)LVKHULHV�&HQWUH��1HZ�=HDODQG�)UHVKZDWHU�)LVKHULHV
5HSRUW�1R������3S���±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��'RXJODV�ILU��1DWLYH�HYHUJUHHQ�IRUHVW��3LQHV
/DQGXVH�FKDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
7KLV�LV�DQ�XSGDWH�RI�*UD\QRWK��������LQ�ZKLFK�IRXU�FDWFKPHQWV�ZHUH�VWXGLHG�LQ�*ROGHQ�'RZQV�)RUHVW�
1HOVRQ���&RPSDULVRQV�DUH�PDGH�EHWZHHQ�YLVLWV�LQ�����±���DQG�-DQXDU\�DQG�0DUFK�������WKH������YLVLWV
EHLQJ�GXULQJ�D�GURXJKW�EHJLQQLQJ�LQ�1RYHPEHU������

0DNHV�D�FRPPHQW�WKDW�LQ�-DQXDU\������VWUHDPIORZV�LQ�/RQJ�*XOO\��D�JDXJHG�FRQWURO�FDWFKPHQW��ZHUH
VLPLODU�WR�WKRVH�LQ�����±������EXW�REVHUYHG�WKDW�LQ�5RXJK¶QV�DQG�*LOEHUW�&UHHN�ORQJ�VHFWLRQV�RI�WKH
VWUHDPEHG�ZHUH�GU\��
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*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\����
���±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��6LQJOH�WUHH����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD����P��KD
+HLJKW�����P 5DLQIDOO��0$3�����PP
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&RPPHQW
3771�PDLQO\�ZLQWHU�� �3DVWXUH� LQ�ZLQWHU�DQG�JUD]HG�RYHU�GU\�VXPPHU�� �6DPSOHG�RQH����P�WUHH�DQG
HQFORVHG�LQ�D�YHQWLODWHG�FKDPEHU�DQG�D�SDVWXUH�SORW��DOVR�ZLWKLQ�D�FKDPEHU��IRU�RQH����KRXU�SHULRG�HYHU\
PRQWK���(YDSRUDWLRQ�UDQJHG�IURP�����PP�GD\�LQ�$SULO±-XQH�WR�����PP�GD\�LQ�6HSWHPEHU���&I�SDVWXUH����
LQ�WKH�GU\�VHDVRQ�WR�����PP�GD\�LQ�2FWREHU���7RWDO�HYDSRUDWLRQ�IURP�WKH�WUHH��SDVWXUH�DQG�VRLO�FDQ�DFFRXQW
IRU�DOO�SUHFLSLWDWLRQ�

+DWWRQ��7�-���9HUWHVV\��5�$����������7UDQVSLUDWLRQ�RI�SODQWDWLRQ�3LQXV�UDGLDWD�HVWLPDWHG�E\�WKH�KHDW
SXOVH�PHWKRG�DQG�WKH�%RZHQ�UDWLR���+\GURORJLFDO�3URFHVVHV�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����GD\V 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ���\U
+HLJKW�������P
.H\ZRUGV��7UDQVSLUDWLRQ
�
&$%�$EVWUDFWV�$1�����������$XWKRUV¶�DEVWUDFW

7KH�KHDW�SXOVH�PHWKRG�ZDV�XVHG�WR�HVWLPDWH�VWDQG�WUDQVSLUDWLRQ�IURP�D�3��UDGLDWD�SODQWDWLRQ�LQ
VRXWKHDVWHUQ�$XVWUDOLD�RYHU�D�SHULRG�RI���GD\V���7KH�GLXUQDO�SDWWHUQ�RI�VDSIORZ�ZDV�UHODWHG�WR�QHW�UDGLDWLRQ
ZLWK�D�WLPH�ODJ�RI�DERXW�����KRXUV���'HVSLWH�KLJK�VRLO�PRLVWXUH�OHYHOV��VDSIORZ�GLG�QRW�NHHS�XS�ZLWK
HYDSRUDWLYH� GHPDQG� LQ� WKH� DIWHUQRRQ�� � 6DSIORZ� HVWLPDWHV� RI� WUDQVSLUDWLRQ� H[FHHGHG� HVWLPDWHV� IRU
HYDSRUDWLRQ�EDVHG�RQ�%RZHQ�UDWLR�PHDVXUHPHQWV�IRU�DOO���GD\V�RI�WKH�VWXG\�

&RPPHQW
7KLQQHG���\U�ROG�3��UDGLDWD��PHDQ�KHLJKW������P��VSDUVH�JURXQG�FRYHU���$YHUDJH�JURXQG�DUHD�SHU�VDPSOHG
WUHH� ������P����6DPSOHG���GD\V����±���2FWREHU��������6DSIORZ�WUDQVSLUDWLRQ�DW������WR������PP�GD\
FRPSDUHG�WR�%RZHQ�UDWLR�HVWLPDWHV�RI������WR������PP�GD\
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+HUDOG��-���������7KH�LQIOXHQFH�RI�DIIRUHVWDWLRQ�LQ�UDGLDWD�SLQH�RQ�WKH�UXQRII�RI�D�VPDOO�FDWFKPHQW
LQ�WKH�+XQXD�5DQJHV��$XFNODQG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�����������S�

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�GDWD�IRU�WKH�FRQWURO�DQG�3��UDGLDWD�FDWFKPHQWV�DW�+XQXD���7KLV�LV�D�VKRUWHU�GDWD�VHW�WKDQ�LQ�%DUWRQ
	�&DUG��������DQG�WKH�YDOXHV�DUH�VOLJKWO\�GLIIHUHQW���SRVVLEO\�DGMXVWHG�IRU�FOLPDWH�DQG�ZHWODQG�DUHDV���7KH
DIIRUHVWHG�FDWFKPHQW�ZDV�SDUW�FOHDUHG�������EXUQW������DQG�SODQWHG�LQ������

3UHFLSLWDWLRQ�DQG�UXQRII�IRU�0RXPRXNDL�FDWFKPHQWV�

<HDU
3UHFLSLWDWLRQ
�PP��

&RQWURO�FDWFKPHQW
UXQRII��PP�

$IIRUHVWHG
FDWFKPHQW
UXQRII��PP�

&RQWURO�
DIIRUHVWHG
UXQRII��PP�

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

�&DOFXODWHG�E\�/.5

7KH�ODVW�FROXPQ�LQ�WKH�WDEOH�LQGLFDWHV�WKDW�IORZV�ZHUH�GLPLQLVKLQJ���\U�DIWHU�SODQWLQJ�WKH�SLQH�VHHGOLQJV�
7KHUH�DUH�DOVR�JUDSKV�RI�VHDVRQDO�FKDQJHV�LQ�IORZ�ZLWK�WLPH�EXW�QR�GDWD�DUH�SURYLGHG�WR�YHULI\�WKH�WUHQGV
DQG�FRQFOXVLRQV���

6RPH�RI�WKH�DGMXVWPHQWV�PDGH�WR�WKH�IORZ�GDWD�IRU�FOLPDWH�DQG�WLPH�WUHQGV�PD\�QHHG�WR�EH�UHYLVLWHG�
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+HUDOG��-�5����������&KDQJHV�LQ�VWUHDPIORZ�LQ�D�VPDOO�GUDLQDJH�EDVLQ�IROORZLQJ�DIIRUHVWDWLRQ�LQ
UDGLDWD�SLQH���06F��7KHVLV���8QLYHUVLW\�RI�$XFNODQG�

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
6DPH�GDWDVHW�DV�+HUDOG����������3UHVHQWV�PRQWKO\�GDWD�DV�ZHOO�DV�DQQXDO�ZDWHU�EDODQFH���

6WUHDPIORZ� LQFUHDVHG� ���� IROORZLQJ� FOHDULQJ� RI� WKH� YHJHWDWLRQ� LQ� SUHSDUDWLRQ� IRU� SODQWLQJ�� � $IWHU
DIIRUHVWDWLRQ� VWUHDPIORZ�GHFUHDVHG����PP�\HDU�XQWLO� DIWHU���\HDUV�RI� IRUHVW� JURZWK� VWUHDPIORZ�KDG
GHFUHDVHG�WR�����RI�WKDW�LQ�WKH�FDOLEUDWLRQ�SHULRG���$W�WKH�VDPH�WLPH�VXPPHU�VWUHDPIORZ�KDG�GHFUHDVHG
WR�����RI�WKH�SUH�KDUYHVW�SHULRG�

+HQULFL��0�������"��7KH�WUDQVSLUDWLRQ�RI�6RXWK�$IULFDQ�SODQW�DVVRFLDWLRQV��3DUW�,,,��,QGLJHQRXV�DQG
H[RWLF�WUHHV�LQ�WKH�'UDNHQVEHUJ�DUHD���6FLHQWLILF�%XOOHWLQ�RI�WKH�'HSDUWPHQW�RI�$JULFXOWXUH��6RXWK
$IULFD�1R����������S�

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��&RQLIHUV��(XFDO\SW
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
3DSHU�QRW�VLJKWHG�EXW�WKH�DEVWUDFW�LPSOLHV�WKDW�SLQHV�GLG�QRW�XVH�DV�PXFK�ZDWHU�E\�WUDQVSLUDWLRQ�DV�RWKHU
LQWURGXFHG�WUHHV�DQG�WKDW�WKH\�FRXOG�QRW�DIIHFW�ZDWHU�VXSSOLHV�

+HZLWW��$�0���5RELQVRQ��$�������D���0RXWHUH�JUDYHOV�ODQG�XVH�� �$�VWXG\�RI�FRPSDUDWLYH�ZDWHU
\LHOGV���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�FRPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ���WR���\U
.H\ZRUGV��:DWHU�\LHOG
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&RPPHQW
3UHVHQWV�GDWD�IURP�WKH�.LNLZD�VXLWH�RI�FDWFKPHQWV��1HOVRQ�
*UDKDP�&UHHN SODQWHG�LQ�H[RWLFV�IURP�SDVWXUH
+XQWHUV�&UHHN EHHFK�IRUHVW�FRQWURO
.LNLZD�&UHHN SDVWXUH�FRQWURO

2Q�DQ�DQQXDO�EDVLV�WKHUH�ZDV�QR�PDMRU�FKDQJH�LQ�VWUHDPIORZ�\LHOG�DW�*UDKDP�&UHHN�LQ�WKH�SHULRG�ZKHQ
WUHHV�ZHUH�DJHG���WR���\U���+RZHYHU��RYHU�D���PRQWK�VXPPHU�SHULRG�*UDKDP�VWUHDPIORZ�GHFOLQHG�IURP
�����RI�+XQWHUV� WR�����RI�+XQWHUV�ZKLOH�DW�.LNLZD� WKH�VXPPHU� IORZ�UHPDLQHG� LQ� WKH���±����RI
+XQWHUV�UDQJH���1R�GDWD�JLYHQ�WR�EDFN�XS�WKHVH�VWDWHPHQWV�

+HZLWW��$�0���5RELQVRQ��$�������E���0RXWHUH�JUDYHOV�ODQG�XVH���$�VWXG\�RI�FRPSDUDWLYH�ZDWHU
\LHOGV���8QSXEOLVKHG�W\SHVFULSW�

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�FRPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���WR���\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
$�PRUH�H[WHQVLYH�YHUVLRQ�RI�+HZLWW�	�5RELQVRQ������D��

3UHVHQWV�GDWD�IURP�WKH�.LNLZD�VXLWH�RI�FDWFKPHQWV��1HOVRQ�
*UDKDP�&UHHN ����KD SODQWHG�LQ�H[RWLFV�IURP�����
+XQWHUV�&UHHN ����KD EHHFK�IRUHVW
.LNLZD�&UHHN ����KD SDVWXUH

3DSHU�LQFOXGHV�VRPH�RI�WKH�IRUHVW�PDQDJHPHQW�KLVWRU\���
0RVW�RI�WKH�IRUHVW�ZDV�SODQWHG�LQ������DQG������DQG�WKLQQLQJ�RFFXUUHG�LQ�VRPH�FRPSDUWPHQWV�LQ�����
DQG��������
7KH�GDWD�LQ�WKHVH�WDEOHV�EHJLQ���\U�DIWHU�WKH�PDMRULW\�RI�WKH�.LNLZD�ZDV�SODQWHG���7KHUHIRUH�WKHUH�LV�QR
HIIHFWLYH�FDOLEUDWLRQ�SHULRG���&KDQJHV�LQ�WKH�IORZ�UHJLPH�VKRXOG�EH�DSSDUHQW�LQ�WKH�ODVW�SDUW�RI�WKH�GDWD
VHW�EXW�WKHUH�LV�QR�FHUWDLQ�UHIHUHQFH�SRLQW�WR�LQGLFDWH�WKH�FRPSDUDWLYH�VLWXDWLRQ�ZKHQ�SODQWLQJ�RFFXUUHG�
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$QQXDO�UXQRII��PP��IURP�.LNLZD�VXLWH��1HOVRQ
+XQWHUV *UDKDP .LNDZD 5DLQIDOO

���� ��� ��� ��� ����
���� ��� ��� ��� ����
���� ��� ��� ��� ����
���� ��� ��� ��� ����
���� ��� ��� ��� ����
0HDQ ��� ���

 5DLQIDOO�GDWD�ZHUH�H[WUDFWHG�RII�D�JUDSK�E\�/.5�VR�WKHUH�ZLOO�EH�VRPH�HUURU�LQ�WKHVH�QXPEHUV�

7UHQGV�LQ�DQQXDO�UXQRII�DIWHU�SODQWLQJ�DUH�QRW�FRQFOXVLYH�
�

6XPPHU��'HFHPEHU±0DUFK��UXQRII��PP��IURP�.LNLZD�VXLWH��1HOVRQ
+XQWHUV *UDKDP .LNDZD

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

1R�VXPPHU�RQO\�UDLQIDOO�GDWD�DUH�JLYHQ���7KHUH�DSSHDUV�WR�EH�D�GRZQZDUGV�WUHQG�LQ�VXPPHU�IORZ�LQ�WKH
SODQWHG�FDWFKPHQW�

+HZOHWW��-�'���%RVFK��-�0����������7KH�GHSHQGHQFH�RI�VWRUP�IORZV�RQ�UDLQIDOO�LQWHQVLW\�DQG�YHJHWDO
FRYHU�LQ�6RXWK�$IULFD���-RXUQDO�RI�+\GURORJ\��������±����

&RXQWU\��6RXWK�$IULFD�� 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��&RQLIHUV��(XFDO\SW��1DWLYH�*UDVVODQG��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 5DLQIDOO��0$3������DQG������PP
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
3UHVHQWV�GDWD�IRU�%RVERXNORRI�DQG�/DQJULYLHU��
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6WRUP�IORZV�LQ�VFUXE�DQG�IRUHVW�FDWFKPHQWV
9HJHWDWLRQ 0$

3771
�PP�

0$
52
�PP�

(YHQWV�!
���PP

0HDQ
VWRUP
�PP�

0HDQ�VWRUP
IORZ
�PP�

0HDQ
SHDNIORZ
/�V�KD

%RVERXNORRI �����\U
3��UDGLDWD

���� ��� ��� �� � ���

/DQJULYLHU )\QERV ���� ���� ��� �� ���� ���
1RWHV��
/DQJULYLHU�KDV�XSSHU�����RFFXSLHG�E\�SUHFLSLWRXV�VDQGVWRQH�FOLIIV�ZLWK�OLWWOH�RU�QR�YHJHWDWLRQ�RU�ZDWHU
VWRUDJH��LV�YHU\�UHVSRQVLYH��DQG�LV�DW\SLFDO�FRPSDUHG�WR�WKH�RWKHU�VHYHQ�FDWFKPHQWV�VWXGLHG�
6WRUP�IORZ� �+HZOHWW�	�+LEEHUW��������TXLFNIORZ
6WRUP�IORZV� �IQ��6WRUP�UDLQIDOO��LQLWLDO�IORZ�UDWH��VWRUP�GXUDWLRQ��PD[�����PLQ�UDLQIDOO�LQWHQVLW\��
3HDNIORZV� �IQ��6WRUP�UDLQIDOO��LQLWLDO�IORZ�UDWH��PD[�����PLQ�UDLQIDOO�LQWHQVLW\��
&DUULHG�RXW�OLQHDU�UHJUHVVLRQ�DQDO\VLV�RQ�WKH�ORJDULWKPV�RI�WKH�YDULDEOHV�

&RQFOXGHG�
+RXUO\�UDLQIDOO�LQWHQVLW\�DFFRXQWHG�IRU����RI�WRWDO�YDULDWLRQ�LQ�VWRUP�IORZ�DQG�a����LQ�SHDN�IORZV
$IIRUHVWDWLRQ�KDG�OLWWOH�LPSRUWDQFH�RQ�IORRG�ZDWHU�GLVFKDUJH�
6WRUP�IORZ�ORZ���RI�UDLQIDOO

+LFNV��%�%���+\VRQ��3���0RRUH��&�-����������$�VWXG\�RI�HGG\�IOX[HV�RYHU�D�IRUHVW���-RXUQDO�RI�$SSOLHG
0HWHRURORJ\�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����GD\V�LQ�0D\�	�2FWREHU 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ���\U
+HLJKW�����P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������
&RPPHQW
0HDVXUHG�IOX[HV�RI�KHDW�DQG�ZDWHU�DERYH�D�3��UDGLDWD�FDQRS\���)RU�WKH�2FWREHU�PHDVXUHPHQW�SHULRG��WKH
DYHUDJH�HYDSRUDWLRQ�ZDV�HTXLYDOHQW�WR������PP��P\�FDOFXODWLRQV��

+LFNV��'�0����������'LIIHUHQFHV�LQ�VXVSHQGHG�VHGLPHQW�\LHOG�IURP�EDVLQV�HVWDEOLVKHG�LQ�SDVWXUH�DQG
H[RWLF�IRUHVW����1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��6WRUPIORZ��:DWHU�TXDOLW\
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&RPPHQW
:KLOVW�D�SDSHU�DERXW�VHGLPHQW�\LHOGV��JLYHV�WKH�IROORZLQJ�IRU�1RUWKODQG�FDWFKPHQWV�

7RSXQL�����KD��LQ�H[RWLF�IRUHVW )RU�����±�������0$3� ������PP�	�4XLFNIORZ� �����PP�
.RNRSX������KD��LQ�SDVWXUH )RU�����±�������0$3� ������PP�	�4XLFNIORZ� �����PP�

+ROPHV��-�:���&ROYLOOH��-�6����������2Q�WKH�ZDWHU�EDODQFH�RI�JUDVVODQG�DQG�IRUHVW���7UDQVDFWLRQV���WK
,QWHUQDWLRQDO�&RQJUHVV�RI�6RLO�6FLHQFH��$GHODLGH��$XVWUDOLD���9RO��,����±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ 6WDQG�'HQVLW\�������	�����63+
.H\ZRUGV��(YDSRUDWLRQ��*URXQGZDWHU

&RPPHQW
3UHVHQWV�GDWD�RQ�ZDWHU�XVH�E\�3��UDGLDWD�IRUHVW�DQG�JUDVVODQG�EXW�QR�UDLQIDOO�LQIRUPDWLRQ�LV�JLYHQ���'DWD
DYHUDJHG�IRU�WZR�IRUHVW�VWDQGV�������63+�FORVHG�FDQRS\�DQG�D�WKLQQHG�VWDQG�RI�����63+���'UDLQDJH�WR
ZDWHU�WDEOH�XQGHU�JUDVVODQG�UDQJHV�EHWZHHQ����DQG�����PP�SHU�\HDU��XQGHU�IRUHVW�ZDV�QLO�

(YDSRUDWLRQ��LQ�PP��FDOFXODWHG�XVLQJ�D�ZDWHU�EDODQFH�HTXDWLRQ�IRU�WKH�ZLQWHU�SHULRG

<HDU *UDVVODQG )RUHVW (YDSRUDWLRQ�HTXLYDOHQW�RI
UDGLDWLRQ�RYHU�JUDVVODQG�

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

+ROPHV��-�:���&ROYLOOH��-�6����������)RUHVW�K\GURORJ\�LQ�D�NDUVWLF�UHJLRQ�RI�VRXWKHUQ�$XVWUDOLD�
-RXUQDO�RI�+\GURORJ\�������±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\�������	�����63+
.H\ZRUGV��(YDSRUDWLRQ��*URXQGZDWHU

3DUW�$XWKRUV¶�$EVWUDFW�
(YDSRUDWLRQ�ZDV�PHDVXUHG�LQ�VWDQGV�RI�3��UDGLDWD�LQ�VRXWKHUQ�$XVWUDOLD���������7KH�SUHGRPLQDQWO\

ZLQWHU�UDLQIDOO�RI�DERXW�����PP�ZDV�DOPRVW�DOO�HYDSRUDWHG�E\�HDUO\�VXPPHU�DQG�WKHUHIRUH�QR�UHFKDUJH
RI�WKH�ORFDO�DTXLIHU��E\�GHHS�LQILOWUDWLRQ��RFFXUUHG�EHQHDWK�WKH�IRUHVW�
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7KH�HYDSRUDWLRQ�IURP�IRUHVW�GXULQJ�ZLQWHU�DQG�VSULQJ�ZDV�XS�WR�����WLPHV�WKDW�IURP�JUDVVODQG�
7KHUH�ZDV�QR�VRLO�PRLVWXUH�VWUHVV�GXULQJ�WKLV�SHULRG�EXW�DQ�H[SODQDWLRQ�LV�QHHGHG�IRU�WKH�VXSSO\�RI�HQHUJ\
XVHG�LQ�IRUHVW�HYDSRUDWLRQ�

7KH�IRUHVW�DOEHGR�LV�OHVV�WKDQ�WKDW�RI�WKH�SDVWXUH�EXW�WKH�H[WUD�UDGLDWLRQ�HQHUJ\�DEVRUEHG�E\�WKH
IRUHVW�LV�LQVXIILFLHQW�WR�H[SODLQ�DOO�WKH�LQFUHDVH�RI�HYDSRUDWLRQ�

$GYHFWLRQ�RI�VHQVLEOH�KHDW�IURP�WKH�QHLJKERXULQJ�JUDVVODQG�LV�VRPHWLPHV�VXIILFLHQW�WR�H[SODLQ
WKH�JUHDWHU�HYDSRUDWLRQ�IURP�WKH�IRUHVWV���,W�LV�WKRXJKW�WKDW�VXEVLGHQFH�RI�FRQWLQHQWDO�DLU�PDVVHV�VXSSOLHV
DQ�DSSUHFLDEOH�FRPSRQHQW�RI�WKH�HQHUJ\�EXGJHW���$OVR��DGYHFWLRQ�IURP�WKH�6RXWKHUQ�2FHDQ�PD\�VXSSO\
HQHUJ\�WR�WKLV�SDUW�RI�VRXWKHUQ�$XVWUDOLD�GXULQJ�ZLQWHU�DQG�HDUO\�VSULQJ�

+ROPHV��-�:���2OV]\F]ND��%����������(YDSRUDWLRQ�RI�VXUIDFH�ZDWHU�IURP�WKH�IROLDJH�RI�DQ�LVRODWHG
SLQH�WUHH���7KH�)LUVW�1DWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��������0HOERXUQH���,QVWLWXWLRQ�RI
(QJLQHHUV��$XVWUDOLD��1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ��������±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ��$XJ�	�'HF����� 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH���6LQJOH���\U�ROG�WUHH�LQ�ZHLJKLQJ�O\VLPHWHU�SRW
+HLJKW������P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�6�������

$XWKRUV¶�$EVWUDFW
7KH� UDWH� RI� HYDSRUDWLRQ��ZKHQ� WKH� IROLDJH�ZDV�ZHW�� DQG� WKH� WUDQVSLUDWLRQ� DORQH�� GXULQJ� GU\

ZHDWKHU��ZHUH�PHDVXUHG�ZLWK�WKH�DLG�RI�D�ZHLJKLQJ�O\VLPHWHU��7KH�WUHH�ZDV�D�VROLWDU\�SLQH��3��UDGLDWD�
WKDW�KDG�JURZQ�LQ�D�O\VLPHWHU�SRW�IRU�DERXW���\U��7KH�ZDWHU�ORVV�UDWH�ZDV�XS�WR�WKUHH�WLPHV�JUHDWHU��ZKHQ
WKH�FDQRS\�ZDV�ZHW��WKDQ�WKH�WUDQVSLUDWLRQ�UDWH�ZKHQ�WKH�FDQRS\�ZDV�GU\��7KUHH�GHQGURPHWHUV�DWWDFKHG
WR�WKH�VWHP�RI�WKH�WUHH�JDYH�GLXUQDO�VKULQNLQJ�DQG�VZHOOLQJ�UHFRUGV�WKDW�FDQ�EH�XVHG�WR�GHULYH�LQGLUHFW
DVVHVVPHQWV� RI� WUDQVSLUDWLRQ� UDWH� DQG� WR� SDUWLWLRQ� HYDSRUDWLRQ� EHWZHHQ� ORVV� RI� VXUIDFH� ZDWHU� DQG
WUDQVSLUDWLRQ��

&RPPHQW
8VHG�D� VLQJOH�� LVRODWHG�� WUHH�RQ�D�ZHLJKLQJ� O\VLPHWHU�� ���\U�ROG������P� WDOO��XQOLPLWHG�DYDLODEOH� VRLO
PRLVWXUH�

6LQJOH�WUHH�HYDSRUDWLRQ
$XJXVW����� 'HFHPEHU�����

'DLO\�HYDSRUDWLRQ ���±����PP ���±����PP
0HDQ ���� ���
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+ROPHV�� -�:���6LQFODLU�� -�$�� � ������:DWHU�\LHOG� IURP�VRPH�DIIRUHVWHG� FDWFKPHQWV� LQ�9LFWRULD�
+\GURORJ\�	�:DWHU�5HVRXUFHV�6\PSRVLXP��%ULVEDQH��1RYHPEHU�������3S�����±����

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV 5DLQIDOO������WR������PP
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW�
8VHV� SORW� RI� HYDSRUDWLRQ� � � UDLQIDOO�UXQRII�� YHUVXV� UDLQIDOO� WR� GHOLQHDWH� DQ� HQYHORSH� ZLWK� IRUHVWHG
FDWFKPHQWV�DW�WKH�XSSHU�ERXQG�DQG�JUDVVODQG�FDWFKPHQWV�WKH�ORZHU�ERXQG���0DLQO\�HXFDOS\W�FDWFKPHQWV
DOWKRXJK� VRPH� KDYH� H[WHQVLYH� SDVWXUH�� � 'DWD� VHW� LQFOXGHV� YDOXHV� IRU� WZR� 3�� UDGLDWD� VWXGLHV� ZLWK
HYDSRUDWLRQ�GHULYHG�IURP�ZDWHU�EDODQFHV���7KLV�SURYLGHV�DQ�RSSRUWXQLW\�WR�PDNH�DQ�DVVHVVPHQW�RI�WKH
OLNHO\� HIIHFWV� RI� DIIRUHVWDWLRQ� RQ� VWUHDPIORZ�� � ,V� OLJKW� RQ� GHWDLO� RI� WKH� ODQG� FRYHU� IRU�PDQ\� RI� WKH
FDWFKPHQWV�XVHG�

+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��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR���\U
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�)������

$XWKRUV¶�$EVWUDFW
1XWULHQW�LQSXWV�LQ�UDLQIDOO��DQG�VWUHDPZDWHU�FKHPLVWU\�DQG�TXDOLW\��ZHUH�PHDVXUHG�IURP�0D\�����

WR�$SULO������DW�WKUHH�IRUHVWHG�FDWFKPHQWV�LQ�9LFWRULD��6WUHDPZDWHU�FKHPLVWU\�ZDV�LQIOXHQFHG�E\�VWURQJ
VHDVRQDO� IOXFWXDWLRQV� LQ� VWUHDPIORZ��<HDUO\� LQSXW�H[SRUW�EDODQFHV� IRU�1D��.��&D��0J�DQG�&O�YDULHG
VXEVWDQWLDOO\�DQG�ZHUH�KLJKO\�FRUUHODWHG�ZLWK�UXQRII��7KLV�XQGHUOLQHV�WKH�LPSRUWDQFH�RI�VDPSOLQJ�D�ZLGH
UDQJH� RI� FOLPDWLF� YDULDWLRQ� WR� GHULYH� PHDQLQJIXO� EDODQFHV�� &OHDULQJ� QDWLYH� HXFDO\SW� IRUHVW� IRU� WKH
HVWDEOLVKPHQW�RI�3��UDGLDWD�ZDV�IRXQG�WR�KDYH�OLWWOH�HIIHFW�RQ�VWUHDPZDWHU�TXDOLW\��WKXV�GHPRQVWUDWLQJ�WKH
HIIHFWLYHQHVV�RI�D����P�ZLGH�EXIIHU� VWULS� UHWDLQHG�RQ�ERWK�VLGHV�RI� WKH� VWUHDP�FKDQQHO��2QO\�PLQRU
FKDQJHV�LQ�VWUHDPZDWHU�FKHPLVWU\�ZHUH�REVHUYHG��KRZHYHU��H[SRUWV�RI�QXWULHQWV�DQG�VXVSHQGHG�VROLGV
ZHUH�VLJQLILFDQWO\�KLJKHU�EHFDXVH�RI�LQFUHDVHG�GLVFKDUJH�IROORZLQJ�FOHDULQJ��([SRUWV�RI�PRVW�QXWULHQWV
UHWXUQHG�WR�SUHWUHDWPHQW�OHYHOV�ZLWKLQ����PRQWKV�DIWHU�FOHDULQJ��1XWULHQW�ORVVHV�LQ�VWUHDPZDWHU�ZHUH�VPDOO
ZKHQ�FRPSDUHG�ZLWK�ORVVHV�GXH�WR�EXUQLQJ�WKH�FOHDUHG�YHJHWDWLRQ��%DODQFHV�IRU�1D�ZHUH�XVHG�WR�HVWLPDWH
QXWULHQW�LQSXWV�IURP�JHRORJLFDO�ZHDWKHULQJ��,W�ZDV�FRQFOXGHG�WKDW�LQSXWV�RI�&D�DUH�SUREDEO\�WRR�ORZ�WR
HQVXUH�DGHTXDWH�VXSSO\�RI�&D�IRU�VXFFHVVLYH�URWDWLRQV�RI�3��UDGLDWD��DQG�IXWXUH�PDQDJHPHQW�SUDFWLFHV
VKRXOG�DLP�DW�FRQVHUYLQJ�WKLV�QXWULHQW�



��

/DQGFDUH�5HVHDUFK

&RPPHQW
5HSRUWV���\U�SUH�KDUYHVW�DQG���\U�SRVW�KDUYHVW�DQQXDO�UXQRII�IURP�WKH�&URSSHU�&UHHN�H[SHULPHQW���1RWHV
VXEVWDQWLDO�LQFUHDVHV�LQ�\LHOG�DW�&OHP�&UHHN�FRPSDUHG�WR�(OOD�&UHHN�DIWHU�KDUYHVWLQJ�

&URSSHU�&UHHN�FDWFKPHQWV
:DWHU�\HDU�WR
���$SULO�RI

3UHFLSLWDWLRQ
�PP�

(OOD�UXQRII
�PP�

&OHP�UXQRII
�PP�

&OHP�(OOD
�PP�

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

�3RVW�KDUYHVW

+XEHU��$���(OOLHV��$���2\DU]XQ��&����������&RPSDUDWLYH�UHVHDUFK�RQ�WKH�ZDWHU�EDODQFH�EHWZHHQ�D
3LQXV�UDGLDWD�VWDQG��'��'RQ��DQG�SDVWXUH�ODQG�LQ�VRXWKHUQ�&KLOH����9HUJOHLFKVXQWHUVXFKXQJ�XEHU
GLH�:DVVHUELODQ]�HLQHV�3LQXV�UDGLDWD�%HVWDQGHV�XQG�HLQHU�:HLGHODQGIODFKH�LQ�6XGFKLOH����=HLWVFKULIW
IXU�.XOWXUWHFKQLN�XQG�/DQGHQWZLFNOXQJ��������±�����

&RXQWU\��&KLOH 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��1RW�6LJKWHG
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1����������
7KH�ZDWHU�EDODQFH�RI�D�3��UDGLDWD�VWDQG�ZDV�FRPSDUHG�ZLWK�WKDW�RI�D�SDVWXUH�RQ�DQ��$QGHSWLF�

2UWKR[LF�3DOHKXPXOW�LQ�VRXWKHUQ�&KLOH��:DWHU�SRWHQWLDO�ZDV�PHDVXUHG�XS�WR�D�GHSWK�RI�����P�DQG�UHODWHG
WR�LQSXW�IURP�SUHFLSLWDWLRQ�WR�REWDLQ�WKH�ZDWHU�FRQWHQW��(YDSRWUDQVSLUDWLRQ�DQG�LQILOWUDWLRQ�ZHUH�FDOFXODWHG
IURP�WKH�ZDWHU�EDODQFH��7KH�DQQXDO�ZDWHU�FRQVXPSWLRQ�RI�WKH�SDVWXUH�ZDV�����PP�FRPSDUHG�ZLWK�����
PP�XQGHU�IRUHVW��:KLOH�WKH�URRW�]RQH�XQGHU�SDVWXUH�GULHG�RXW�FRPSOHWHO\�GXULQJ�WKH�YHJHWDWLRQ�SHULRG�
QR�GU\LQJ�RXW�RFFXUUHG�LQ�DQ\�VRLO�OD\HU�XQGHU�IRUHVW��*URXQGZDWHU�UHFKDUJH�ZDV�OHVV�XQGHU�IRUHVW�WKDQ
XQGHU�SDVWXUH��



��

/DQGFDUH�5HVHDUFK

+XEHU��$���,URXPH��$���������9DULDELOLW\�RI�DQQXDO�UDLQIDOO�SDUWLWLRQLQJ�IRU�GLIIHUHQW�VLWHV�DQG�IRUHVW
FRYHUV�LQ�&KLOH���-RXUQDO�RI�+\GURORJ\��������±���

&RXQWU\��&KLOH 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��&RQLIHUV��'RXJODV�ILU��(XFDO\SWV��1DWLYH�HYHUJUHHQ�IRUHVW
6WDQG�7\SH��3ODQWDWLRQV�YDULRXV�DJHV
.H\ZRUGV���,QWHUFHSWLRQ��5HYLHZ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
'DWD�IURP����UHVHDUFK�SORWV�DW�QLQH�UHVHDUFK�VLWHV�WKURXJKRXW�&KLOH�DUH�VXPPDULVHG���,W�LQFOXGHV�GDWD
SUHVHQWHG�LQ�SDSHUV�LQFOXGHG�LQ�WKLV�ELEOLRJUDSK\��VRPH�WKDW�ZHUH�XQREWDLQDEOH��WRJHWKHU�ZLWK�QHZ�GDWD�
'DWD�DUH�SUHVHQWHG�RQ�DQ�DQQXDO�EDVLV��QRW�DOZD\V�D�FDOHQGDU�\HDU��DQG�IRU�HDFK�\HDU��VWXGLHG�

7KH�IROORZLQJ�WDEOH�VXPPDULVHV�SDUWV�RI�WKHLU�WDEOHV���DQG���
/RFDWLRQ
)RUHVW�W\SH

'HQVLW\
63+

%$
P��KD

$JH
�<U�

3771
�PP�

7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ
ORVV
PP����

9DOGLYLD�3��UDGLDWD� ��� �� �� ���� ��������� �������� ��������
�� ���� ��������� �������� ��������
�� ���� ��������� �������� ��������
�� ���� ��������� �������� ��������
�� ���� ��������� �������� ��������
�� ���� ��������� �������� ��������
�� ���� �������� ������� ��������

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

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

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



��

/RFDWLRQ
)RUHVW�W\SH

'HQVLW\
63+

%$
P��KD

$JH
�<U�

3771
�PP�

7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ
ORVV
PP����

/DQGFDUH�5HVHDUFK

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

+XHLFROOD���$OHUFH ���� �� a��� ���� ��������� ������� ��������
+XHLFROOD��
%URDGOHDI

��� ���� a��� ���� ��������� �������� ��������

0DULTXLQD�%URDGOHDI ��� Q�D� a����
���

���� ��������� ������ ���������

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

1DFLPLHQWR
3��UDGLDWD�

���� Q�D� �� ���� ��������� ������ ��������

��� �� ���� ��������� ������ ��������
1DFLPLHQWR
1RWKRIDJXV�REOLTXD�

���� Q�D a���
��

���� ��������� ������ ��������

&ROOLSXOOL�3��UDGLDWD� ��� ���� �� ���� �������� ������ ��������
�� ���� ��������� ������ ��������

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

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

��� ��� � ���� �������� ������ ��������
&ROOLSXOOL�(�QLWHQV� ���� ���� � ���� �������� ������ ��������

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



��

/RFDWLRQ
)RUHVW�W\SH

'HQVLW\
63+

%$
P��KD

$JH
�<U�

3771
�PP�

7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ
ORVV
PP����

/DQGFDUH�5HVHDUFK

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

��� ���� � ���� �������� ������ ��������
0DODOFDKHXOOR
'RXJODV�ILU

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

0DODOFDKHXOOR
%URDGOHDI

��� �� a�� ���� �������� ������� ��������

/RV�$QJHOHV���
3��UDGLDWD

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

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

/RV�$QJHOHV���
3�UDGLDWD

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

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

$QDO\VHV�ZHUH�FDUULHG�RXW�RQ�FRQLIHUV��3��UDGLDWD��'RXJODV�ILU�DQG�$OHUFH��DQG�EURDGOHDYHG�IRUHVWV�
7KURXJKIDOO�IRU�FRQLIHUV�ZDV�EHWZHHQ�����DQG�����RI�SUHFLSLWDWLRQ��IRU�EURDGOHDYHV�WKH�UDQJH�ZDV����
WR�������7KURXJKIDOO�ZDV��RQ�DYHUDJH��KLJKHU�IRU�FRQLIHUV�WKDQ�IRU�EURDGOHDYHV�EXW�WKH�GLIIHUHQFHV�ZHUH
QRW�VWDWLVWLFDOO\�GLIIHUHQW�

$OO�GDWD 7KURXJKIDOO� �����������������î�3771�U� ������
&RQLIHUV 7KURXJKIDOO� �����������������î�3771�U� ������
%URDGOHDYHV 7KURXJKIDOO� �����������������î�3771� U� ������

6WHPIORZ�UDQJHG�EHWZHHQ���DQG�����RI�SUHFLSLWDWLRQ�IRU�FRQLIHUV��EHWZHHQ���DQG����IRU�EURDGOHDYHV�ZLWK
WKH�GLIIHUHQFHV�EHLQJ�VLJQLILFDQW�

&RQLIHUV 6WHPIORZ� ����������������î�3771� U� ������
%URDGOHDYHV 6WHPIORZ� ����������������î�3771� U� ������

,QWHUFHSWLRQ�ORVV�ZDV�XS�WR������PP�LQ�D�EURDGOHDYHG�IRUHVW��ZLWK�WKH�FRQLIHUV�KDYLQJ�D�PD[LPXP�RI����
PP���7KH�UDQJH�ZDV���±����RI�SUHFLSLWDWLRQ�IRU�FRQLIHUV�DQG���±����IRU�EURDGOHDYHV���7KH�GLIIHUHQFH
EHWZHHQ�WKH�WZR�VWDQGV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�

&RQLIHUV ,QWHUFHSWLRQ�ORVV� ����������������î�3771� U� ������
%URDGOHDYHV ,QWHUFHSWLRQ�ORVV� ���������������î�3771� U� ������



��
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+XEHU��$���/RSH]��'����������&KDQJHV�LQ�WKH�PRLVWXUH�EDODQFH�FDXVHG�E\�FOHDU�IHOOLQJ�DQ�DGXOW�VWDQG
RI�3LQXV�UDGLDWD�LQ�9DOGLYLD��&KLOH����&DPELRV�HQ�HO�EDODQFH�KLGULFR�SURYRFDGRV�SRU�WDOD�UDVD�GH�XQ
URGDO�DGXOWR�GH�3LQXV�UDGLDWD��'��'RQ���9DOGLYLD��&KLOH����%RVTXH�������±���

&RXQWU\��&KLOH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�JUDVVODQG
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6RLO�ZDWHU

&$%�$EVWUDFW�$1����������
&RPSDULVRQV�ZHUH�PDGH�RI�WKH�VHDVRQDO�DQG�VSDWLDO�YDULDWLRQ�RI�VRLO�PRLVWXUH�FRQWHQW��P�F���DQG

ZDWHU�FRQVXPSWLRQ�LQ�DQ�DGXOW�VWDQG��SODQWDWLRQ��RI�3��UDGLDWD����\U�ROG��EHIRUH�DQG�DIWHU�FOHDU�IHOOLQJ�LQ
-XQH� ������ DQG� DOVR� LQ� QDWXUDO� JUDVVODQG� �$JURVWLV� FDSLOODULV� DQG�+ROFXV� ODQDWXV��� 6RLO� P�F�� ZDV
GHWHUPLQHG�E\�D�QHXWURQ�SUREH� WR�D�GHSWK�RI�����FP��DQG�HYDSRWUDQVSLUDWLRQ�ZDV�FDOFXODWHG�E\� WKH
PRLVWXUH�EDODQFH�HTXDWLRQ��:DWHU�UHVHUYHV�LQ�WKH�VRLO�GXULQJ�VXPPHU�FKDQJHG�WR�D�GHSWK�RI�����FP�LQ�WKH
VWDQG��EXW�RQO\�WR�����FP�LQ�WKH�JUDVVODQG�DQG�LQ�WKH�IHOOHG�DUHD��%HWZHHQ�-XO\������DQG�0D\������
HYDSRWUDQVSLUDWLRQ�DQG�LQWHUFHSWLRQ�ZDV������PP�LQ�WKH�VWDQG��WKLV�ZDV�����JUHDWHU�WKDQ�LQ�JUDVVODQG�
ZKLFK�LQ�WXUQ�ZDV�����PRUH�WKDQ�LQ�WKH�IHOOHG�DUHD��(YDSRWUDQVSLUDWLRQ�GXULQJ�WKLV�SHULRG�ZDV�HTXLYDOHQW
WR�������RI�WKH�WRWDO�SUHFLSLWDWLRQ�IRU�WKH�VWDQG�DQG�������IRU�WKH�JUDVVODQG��$QQXDO�SHUFRODWLRQ�LQ�WKH
SHULRG�-XO\������WR�-XQH������ZDV�����PP�IRU�WKH�VWDQG��DQG������DQG������PP�IRU�WKH���\U�DIWHU�IHOOLQJ�
DV�DJDLQVW�����������DQG������PP��UHVSHFWLYHO\��LQ�WKH�JUDVVODQG��

&RPPHQW
$FFRUGLQJ�WR�WDEOH���LQ�WKH�SDSHU��3771� ������PP��ZKLFK�GRHV�QRW�FRPSXWH�ZLWK�WKH�QXPEHUV�JLYHQ
DERYH���+RZHYHU�������DQG������UDLQIDOOV�ZHUH������DQG������PP��DQG�WKH�]RQH�DYHUDJH�LV������PP�
*LYHV�WDEOHV�RI�PRQWKO\�SUHFLSLWDWLRQ��DQG�ZDWHU�FRQVXPSWLRQ�E\�(7�IRU�WKH�3��UDGLDWD�IRUHVW�DQG�IRU�D
SUDLULH�

+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
�����±���

&RXQWU\��&KLOH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO



��
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&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7KH�PRQWKO\��VHDVRQDO�DQG�DQQXDO�GLVWULEXWLRQV�RI�WKH�LQWHUFHSWLRQ��QHW�SUHFLSLWDWLRQ��WKURXJKIDOO

DQG�VWHPIORZ�ZDV�VWXGLHG�LQ�DQ�DGXOW�IRUHVW�RI�SODQWDWLRQ�3��UDGLDWD��LQ�WKH�SUR[LPLW\�RI�9DOGLYLD��&KLOH�
GXULQJ�����±���

7KH�UDLQIDOO�LQWHUFHSWHG�E\�WKH�FURZQV�DQG�VWHPV�UHDFKHG�DQ�DQQXDO�DYHUDJH�RI���������7KH�ZDWHU
WKDW�UHDFKHG�WKH�VXUIDFH�RI�WKH�IRUHVW�VRLO�LV�FRQVWLWXWHG�����E\�WKURXJKIDOO�DQG�����E\�VWHPIORZ���7KHVH
YDOXHV�IOXFWXDWHG�PRQWKO\�GHSHQGLQJ�RQ�WKH�UDLQIDOO�FKDUDFWHULVWLFV���7KH�LQWHUFHSWLRQ�GHFUHDVHV�WR�YDOXHV
ORZHU�WKDQ�����ZKHQ�WKH�SUHFLSLWDWLRQ�UHDFK�YDOXHV�RYHU����PP��

,W�ZDV�HVWDEOLVKHG�WKDW�DSSUR[LPDWHO\�����PP�RI�UDLQ�DUH�QHFHVVDU\�WR�VDWXUDWH�WKH�FDSDFLW\�RI
ZDWHU�UHWHQWLRQ�RI�WKH�FURZQV���%HVLGHV��LW�ZDV�GHWHUPLQHG�WKDW�WKH�VWHPIORZ�PDQLIHVW�LWVHOI�DIWHU���PP
RI�SUHFLSLWDWLRQ��ZKLFK�LV�D�TXDQWLW\�QHFHVVDU\�WR�VDWXUDWH�ZLWK�ZDWHU�WKH�VWHP�EDUNV�

5HJUHVVLRQ�HTXDWLRQV�ZHUH�FDOFXODWHG�IRU�QHW�SUHFLSLWDWLRQ��WKURXJKIDOO�DQG�VWHPIORZ�RQ�D�ZHHNO\
EDVLV�

&RPPHQW
,QWHUFHSWLRQ�������3771������E\�WKURXJKIDOO�DQG�����E\�VWHPIORZ�
,I�3771�!����PP��WKHQ�,������
&URZQ�VDWXUDWLRQ�QHHGV�����PP�RI�UDLQ��VWHP�VDWXUDWLRQ���PP�

3771�QHW � �������î�3771�������� U� ������
6) � �������î�3771�������� U� ������
7)� � �������î�3771�������� U� ������

3771� ������PP��7)� ������PP��6)� �����PP��3771�QHW� ������PP��,/� �����PP

+DV�WDEXODWHG�PRQWKO\�WRWDOV�DV�ZHOO�

+XEHU��$���2\DU]XQ��&����������)DFWRUV�UHJXODWLQJ�LQWHUFHSWLRQ�LQ�D�PDWXUH�3LQXV�UDGLDWD�VWDQG�
�)DFWRUHV�UHJXODGRUHV�GH�OD�LQWHUFHSWDFLRQ�HQ�XQ�ERVTXH�DGXOWR�GH�3LQXV�UDGLDWD��'��'RQ�����%RVTXH
�����±���

&RXQWU\��&KLOH 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�����������
7KH�LQIOXHQFH�RI�LQWHQVLW\�DQG�GXUDWLRQ�RI�SUHFLSLWDWLRQ��ZLQG�VSHHG�DQG�VDWXUDWLRQ�GHILFLW�RI�WKH

DLU�RQ�LQWHUFHSWLRQ�ZDV�VWXGLHG�LQ�D����\U�ROG�VWDQG�QHDU�9DOGLYLD��&KLOH��7KH�DPRXQW�RI�ZDWHU�QHFHVVDU\
WR�VDWXUDWH�WKH�FURZQV�RI�WKH�WUHHV�VKRZHG�YDULDWLRQ�EHWZHHQ�����DQG�����PP��GHSHQGLQJ�RQ�WKH�YDOXH�RI
WKH�UDLQIDOO�LQWHQVLW\��



���
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&RPPHQW
5HODWLRQVKLSV�EHWZHHQ�LQWHUFHSWLRQ�DQG�SUHFLSLWDWLRQ�LQWHQVLW\

,� �������î�3771�������� U� ������ 3771� �����WR�����PP�KRXU ���HYHQWV
,� �������î�3771�������� U� ������ 3771� �����WR�����PP�KRXU ��
,� �������î�3771�������� U� ������ 3771� �����WR�����PP�KRXU ��
,� �������î�3771�������� U� ������ 3771� �!�����PP�KRXU� �
:LQG�VSHHG�ZDV�DOVR�D�IDFWRU���$W�KLJK�ZLQG�VSHHGV��LQWHUFHSWLRQ�ZDV�UHGXFHG��

+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��������±����

&RXQWU\��&KLOH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3������PP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7HPSRUDO�YDULDWLRQV�RI�WKH�GLIIHUHQW�FRPSRQHQWV�RI�WKH�UHGLVWULEXWLRQ�RI�UDLQIDOO�LQ�WKURXJKIDOO�

VWHPIORZ�DQG�LQWHUFHSWLRQ�ZHUH�TXDQWLILHG�DQG�DQDO\VHG�LQ�D�PDWXUH�3��UDGLDWD�VWDQG�LQ�VRXWKHUQ�&KLOH�
'XULQJ�WKH�SHULRG�VWXGLHG������±�����ZDWHU�LQSXW�GXH�WR�WKURXJKIDOO�DQG�VWHPIORZ�UHSUHVHQWHG����������
DQG�����������UHVSHFWLYHO\�RI�WKH�LQFLGHQWDO�SUHFLSLWDWLRQ��,QWHUFHSWLRQ�ORVV�ZDV�HVWLPDWHG�DV�����������
7KHUHIRUH��WKH�DPRXQW�RI�ZDWHU�HIIHFWLYHO\�UHDFKLQJ�WKH�VXUIDFH�ZDV�HTXLYDOHQW�WR�����������RI�WKH�WRWDO
DQQXDO�SUHFLSLWDWLRQ��/RVVHV�GXH�WR�LQWHUFHSWLRQ�VKRZHG�D�ODUJH�YDULDWLRQ��ZLWK�YDOXHV�IOXFWXDWLQJ�IURP
�����WR�������RI�WKH�DQQXDO�SUHFLSLWDWLRQ��7KH�LQWHUFHSWLRQ�E\�WKH�IRUHVW�ZDV��WKHUHIRUH��PDLQO\�UHJXODWHG
E\�WHPSRUDO�GLVWULEXWLRQ�DQG�E\�WKH�DPRXQW�DQG�LQWHQVLW\�RI�SUHFLSLWDWLRQ��

&RPPHQW
,QWHUFHSWLRQ�LQ�D�PDWXUH�3��UDGLDWD�VWDQG��&KLOH
<HDU 3771 7) 6) ,/
���� ���� ���� ��� ���
���� ���� ���� ��� ���
���� ���� ���� ��� ���
���� ���� ���� ��� ���
���� ���� ���� ��� ���
���� ���� ���� ��� ���
���� ���� ��� ��� ���
0HDQ ���� ���� ��� ���
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$QQXDO�UHODWLRQVKLSV�
7)� �������î�3771��������
6)� �������î�3771��������

+XEHU��$���2\DU]XQ��&���(OOLHV��$�� ��������:DWHU�EDODQFH�LQ�WKUHH�3��UDGLDWD�SODQWDWLRQV�DQG�D
PHDGRZ��,,��6RLO�PRLVWXUH�DQG�HYDSRWUDQVSLUDWLRQ����%DODQFH�KLGULFR�HQ�WUHV�SODQWDFLRQHV�GH�3LQXV
UDGLDWD�\�XQD�SUDGHUD��,,��+XPHGDG�GHO�VXHOR�\�HYDSRWUDQVSLUDFLRQ����%RVTXH������±���

&RXQWU\��&KLOH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�JUDVVODQG
6WDQG�7\SH��3ODQWDWLRQ���	����\U 6WDQG�'HQVLW\��9DULRXV 5DLQIDOO��0$3������PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6RLO�ZDWHU

&$%�$EVWUDFWV�$1����������
,Q� FRQWLQXHG�ZRUN� LQ�&KLOH�� LW�ZDV� IRXQG� WKDW� GXULQJ� WKH� VXPPHU� VRLO�ZDWHU� UHVHUYHV�ZHUH

FRQVLGHUDEO\�GHSOHWHG�GRZQ�WR�D�GHSWK�RI�����FP�LQ�WKH�SODQWDWLRQV��DQG�GRZQ�WR�����FP�LQ�D�QDWXUDO
$JURVWLV�WHQXLV�+ROFXV�ODQDWXV�PHDGRZ��(YDSRWUDQVSLUDWLRQ�����2FW�������WR����$SU��������ZDV������
�����DQG�����PP�UHVSHFWLYHO\�LQ�WKH�WKUHH�SODQWDWLRQV��DQG�����PP�IRU�WKH�PHDGRZ�����2FW��WR����$SU���
(YDSRWUDQVSLUDWLRQ� DPRXQWHG� WR� ���� RI� WKH� QHW� DQQXDO� SUHFLSLWDWLRQ� LQ� WKH� ���\U�ROG� DQG� ��\U�ROG
SODQWDWLRQV��DQG�WR�����LQ�D���\U�ROG�VLOYRSDVWRUDO�SODQWDWLRQ��IRU�WKH�PHDGRZ�LW�ZDV�RQO\������

&RPPHQW
3�UDGLDWD����\U������63+�����P�WDOO��%$������P��KD�DQG�DYHUDJH�GLDPHWHU����FP
3�UDGLDWD���\U������63+��IDUP�PDQDJHPHQW�� �DJUR�IRUHVWU\���%$������P��KD�DQG�'%+����FP
3�UDGLDWD��\U�������63+��%$������P��KD�DQG�DYHUDJH�GLDPHWHU����FP
0$3� ������PP
+DV�VRLO�PRLVWXUH�GDWD�VR�XVHG�LQ�(7�FDOFXODWLRQV�DV�(7� �QHW�3771���FKDQJH�LQ�60

3��UDGLDWD�,QWHUFHSWLRQ�DQG�HYDSRUDWLRQ���&KLOH
3771
�PP�

3771�QHW
�PP�

,171
�PP�

(7
�PP�

��6HSWHPEHU������WR���6HSWHPEHU�����
���\U ���� ����� ���
��\U�WUDGLWLRQDO ���� ����� ���
��\U�DJUR�IRUHVWU\ ���� ����� ���
PHDGRZ ���� ����� �
��2FWREHU������WR����$SULO�����
���\U ��� ���� ��� ����
��\U�WUDGLWLRQDO ��� ���� ��� ����
��\U�DJUR�IRUHVWU\ ��� ���� �� ���
PHDGRZ ��� ���� � �����
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6KRZHG�VRLO�ZDWHU�FRQWHQW�SURILOHV�IRU�WKH�WKUHH�IRUHVWU\�VWDQGV�ZHUH�VLPLODU�WR�HDFK�RWKHU�WKURXJKRXW�WKH
\HDU��EXW�ZHUH�ORZHU�WKDQ�WKH�PHDGRZ�IURP�1RYHPEHU�WR�$SULO��UHDFKLQJ�D�PD[LPXP����±����PP�ORZHU
LQ�)HEUXDU\±0DUFK�

,URXPH��$�� ������� �$VVHVVPHQW�RI� UXQRII�DQG� VXVSHQGHG� VHGLPHQW�\LHOG� LQ�D�SDUWLDOO\� IRUHVWHG
FDWFKPHQW�LQ�VRXWKHUQ�&KLOH���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\��&KLOH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ��SDUWO\�IRUHVWHG�ZLWK��±��\U�WUHHV 5DLQIDOO�������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
7KH�EDVLF�GDWD�ZHUH�����VSRW�PHDVXUHPHQWV�RI�VWUHDP�VWDJH�DW���GD\�LQWHUYDOV�GXULQJ�UDLQOHVV�SHULRGV�DQG
�±��GD\V�GXULQJ�WKH�UDLQ\�VHDVRQ�DQG�WKHQ�FRQYHUWHG�WR�GLVFKDUJH�XVLQJ�VWDJH±GLVFKDUJH�UHODWLRQVKLS�
7KHUH�ZDV�QR�FRQWLQXRXV�UHFRUGLQJ��

���KD������QDWLYH�IRUHVW������3��UDGLDWD������JUDVVODQG
5XQRII�IRU�����±���ZDV�HVWLPDWHG�WR�EH������PP�RI������PP�3771�²�PRQWKO\�\LHOGV�DUH�JLYHQ�
7KHUH�LV�DOVR�LQIRUPDWLRQ�RQ�HVWLPDWHG�VHGLPHQW�\LHOGV�

,URXPH��$����������3UHFLSLWDWLRQ��UXQRII�DQG�VXVSHQGHG�VHGLPHQW�\LHOG�LQ�D�FDWFKPHQW�QHDU�9DOGLYLD�
&KLOH����3UHFLSLWDFLRQ��HVFRUUHQWLD�\�SURGXFFLRQ�GH�VHGLPHQWRV�HQ�VXVSHQVLRQ�HQ�XQD�FXHQFD�FHUFDQD
D�9DOGLYLD��&KLOH����%RVTXH��������±���

&RXQWU\��&KLOH 'XUDWLRQ������±��	�����±� 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ��SDUWO\�IRUHVWHG 5DLQIDOO�������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
$�FRPSDUDWLYH�DQDO\VLV�ZDV�PDGH�RI�SUHFLSLWDWLRQ��UXQRII�DQG�VXVSHQGHG�VHGLPHQW�\LHOG�IRU�WZR

���PRQWK�SHULRGV��UHSUHVHQWLQJ�DQ�DYHUDJH�\HDU�DQG�D�GU\�\HDU��LQ�D�FDWFKPHQW�RI����KD�QHDU�9DOGLYLD�
&KLOH��7KH�FDWFKPHQW�DUHD�FRQVLVWHG�RI�����QDWLYH�IRUHVW��1RWKRIDJXV�REOLTXD��1��GRPEH\L��'ULP\V
ZLQWHUL��� ����3�� UDGLDWD� �SODQWHG� ����±����� DQG� WKH� UHPDLQLQJ� ����PHDGRZODQG�� 7KH� UHVXOWV� DUH
SUHVHQWHG�LQ�WDEOHV�DQG�JUDSKV��
�
&RPPHQW
8SGDWHV� ,URXPH� �������� �7KH� ����±�����GDWD� DUH� ���� VSRW�PHDVXUHPHQWV� RI� VWDJH� KHLJKW� DW� ��GD\
LQWHUYDOV� GXULQJ� UDLQOHVV� SHULRGV� DQG� �±�� GD\�LQWHUYDOV� GXULQJ� WKH� UDLQ\� VHDVRQ�� � )URP� -XO\� �����
PHDVXUHPHQWV�DUH�FRQWLQXRXV�������±���ZDV�DQ�DYHUDJH�\HDU������±�����D�GU\�\HDU�

5XQRII�IRU�����±���ZDV������PP�RI������PP�3771��IRU�����±����������PP�RI������PP�3771�
0RQWKO\�PHDQ�VWUHDP�GLVFKDUJHV�DQG�VHGLPHQW�\LHOGV�DUH�JLYHQ�
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-DFNVRQ�� '�6��� -DFNVRQ�� (�$��� *LIIRUG�� +�+�� � ������ � 6RLO� ZDWHU� LQ� GHHS� 3LQDNL� VDQGV�� VRPH
LQWHUDFWLRQV�ZLWK�WKLQQHG�DQG�IHUWLOLVHG�3LQXV�UDGLDWD���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH
�������±�����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ��±���\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6RLO�ZDWHU�

&$%�$EVWUDFWV�$1�)�������
,Q� DQ� H[SHULPHQW� LQ�:RRGKLOO� 6WDWH� )RUHVW��1HZ�=HDODQG�� VWXG\LQJ� WKH� HIIHFWV� RI� WKLQQLQJ�

IHUWLOLVHU�DSSOLFDWLRQ�DQG�WKH�SUHVHQFH�RI�/XSLQXV�DUERUHXV��SORWV�WUHDWHG�ZLWK�ERWK�OXSLQ�DQG�IHUWLOLVHU�KDG
PXFK�JUHDWHU�YRO��LQFUHPHQW�WKDQ�FRQWUROV����±����PRUH�RYHU����\U���'HSOHWLRQ�RI�VRLO�ZDWHU�E\�WKHVH
VWDQGV�ZDV� DOVR�PXFK� JUHDWHU�� DQG� FRXOG� FDXVH� FULWLFDOO\� ORZ� VRLO� ZDWHU� SRWHQWLDO� ���� EDUV� RU� OHVV�
WKURXJKRXW�WKH�SURILOH�GXULQJ�ODWH�VXPPHU�DQG�DXWXPQ��&ULWLFDO�GHSOHWLRQ�GLG�QRW�RFFXU�LQ�SORWV�ZLWKRXW
OXSLQ�RU�IHUWLOLVHU��

'XULQJ� WKH� ILUVW� �� \U� �XS� WR� FDQRS\� FORVXUH�� GLIIHUHQFHV� LQ� VWRFNLQJ� SURGXFHG� WKH�PRVW� VLJQLILFDQW
GLIIHUHQFHV�LQ�VRLO�PRLVWXUH��EXW�RQO\�LQ�WKH�WRS�PHWUH��7KLQQLQJ�JUHDWO\�UHGXFHG�VRLO�ZDWHU�GHSOHWLRQ�
SDUWLFXODUO\�LQ�SORWV�ZLWK�IHUWLOLVHU��EXW�WKHVH�HIIHFWV�GLPLQLVKHG�DIWHU��±��\U�DQG�ZHUH�LQVLJQLILFDQW�DIWHU
��\U��$IWHU�FDQRS\�FORVXUH�WKH�HIIHFWV�RI�IHUWLOLVHU�EHJDQ�WR�RYHULGH�WKRVH�RI�VWRFNLQJ�DQG�SURGXFHG�VRLO
PRLVWXUH�GLIIHUHQFHV�GRZQ�WR��±��P��'LIIHUHQFHV�LQ�VRLO�ZDWHU�VWRUDJH�EHWZHHQ�H[WUHPHV�RI�WUHDWPHQW
DPRXQWHG�WR�DSSUR[������PP�RI�UDLQIDOO�DW�PLGZLQWHU���

&RPPHQW
,QLWLDO�VWRFNLQJ������63+�ZLWK�VRPH�SORWV�WKLQQHG�WR�����������DQG�����63+���

-DFNVRQ��5�-����������(YDSRUDWLRQ�IURP�SDVWXUH�DQG�UDGLDWD�SLQH�IRUHVW�DW�$VKOH\��&DQWHUEXU\��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��ZDWHU�\LHOG

&RPPHQW
����� 3UHFLSLWDWLRQ�����PP��3LQH�FDWFKPHQW�UXQRII����PP��3DVWXUH�FDWFKPHQW�UXQRII�����PP�
����� 3UHFLSLWDWLRQ�����PP��1R�VLJQLILFDQW�UXQRII�IURP�HLWKHU�FDWFKPHQW�

3DVWXUH�FDWFKPHQW� :KHQ�VRLO�PRLVWXUH�ZDV�DGHTXDWH��HYDSRUDWLRQ�IROORZHG�3HQPDQ�3(�����PP�GD\
6HSWHPEHU�WR�����PP�GD\�LQ�'HFHPEHU���'HFOLQHG�UDSLGO\�ZKHQ�VRLO�PRLVWXUH�GHILFLW�UHDFKHG����PP�
0D[LPXP�6:'� �����PP�
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3LQH�FDWFKPHQW���7UDQVSLUDWLRQ�������PP�GD\�LQ�1RYHPEHU�'HFHPEHU�IDOOLQJ�WR�����P�GD\�LQ�ODWH�VXPPHU�
:LQWHU�UDWHV�����WR�����PP�GD\���,QWHUFHSWLRQ�FRQWULEXWHG�����RI�WKH�WRWDO�HYDSRUDWLRQ�

-DFNVRQ��5�-�������D���7KH�HIIHFWV�RQ�VRLO�ZDWHU�RI�FRQYHUVLRQ�IURP�EHHFK�SRGRFDUS�IRUHVW�WR�SLQH
SODQWDWLRQ���3URFHHGLQJV��6RLO�'\QDPLFV�DQG�/DQG�8VH�6HPLQDU��%OHQKHLP���������1HZ�=HDODQG
6RFLHW\�RI�6RLO�6FLHQFH�DQG�1HZ�=HDODQG�6RLO�&RQVHUYDWRUV�$VVRFLDWLRQ��3S�����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ�
6SHFLHV�&RPSDULVRQ���1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ��±��\U 6WDQG�'HQVLW\� %DVDO�$UHD�
.H\ZRUGV��6RLO�ZDWHU

$XWKRU¶V�$EVWUDFW
$W�%LJ�%XVK�6WDWH�)RUHVW��VRXWK�1HOVRQ��WKH�K\GURORJLFDO�UHJLPH�RI�VPDOO�FDWFKPHQWV�LV�EHLQJ

LQYHVWLJDWHG�WR�DVVHVV�WKH�LPSDFW�RI�FRQYHUVLRQ�IURP�EHHFK�SRGRFDUS�IRUHVW�WR�SODQWDWLRQV�RI�3��UDGLDWD�
6RLO�ZDWHU�PHDVXUHPHQWV�ZHUH�PDGH�LQ�XQGLVWXUEHG�EHHFK�SRGRFDUS�IRUHVW�DQG�LQ�D�QHDUE\�FDWFKPHQW�WKDW
KDG�EHHQ�FOHDUIHOOHG�DQG�UHFHQWO\�SODQWHG�ZLWK�3��UDGLDWD���:KHUHDV�WUDQVSLUDWLRQ�E\�WKH�XQGLVWXUEHG�IRUHVW
FDXVHG�GHSOHWLRQ�RI�VRLO�ZDWHU�VWRUDJH�E\�DOPRVW�����PP�LQ�VXPPHU��LQ�WKH�ILUVW�\HDU�DIWHU�FOHDUIHOOLQJ
OLWWOH�VRLO�GU\LQJ�RFFXUUHG���([FHSW�RQ�WKH�ILUVW�GD\�DIWHU�ZHWWLQJ�E\�UDLQIDOO��UDWHV�RI�HYDSRUDWLRQ�IURP�EDUH
IRUHVW�VRLO�ZHUH�ORZ�DV�D�UHVXOW�RI�UHVWULFWHG�ZDWHU�PRYHPHQW�WKURXJK�WKH�XSSHU�RUJDQLF�VRLO�KRUL]RQV�
/RZ�VXPPHU�HYDSRUDWLRQ�UHVXOWV�LQ�D�PXFK�ODUJHU�VXUSOXV�RI�ZDWHU�GUDLQLQJ�WR�VWUHDPV�LQ�VXPPHU�IURP
FOHDUIHOOHG� FDWFKPHQWV� WKDQ� IURP� XQGLVWXUEHG� IRUHVW� FDWFKPHQWV�� � $IWHU� WKH� ILUVW� \HDU�� UHJURZWK� RI
YHJHWDWLRQ�LQFUHDVHG�VXPPHU�VRLO�GU\LQJ��LQLWLDOO\�DW�RQO\�D�VPDOO�SURSRUWLRQ�RI�VLWHV��EXW�DW�DOO�VLWHV�E\
WKH��WK�\HDU�DIWHU�FOHDUIHOOLQJ�

-DFNVRQ��5�-�������E��+\GURORJ\�RI�UDGLDWD�SLQH�DQG�SDVWXUH�FDWFKPHQWV��$VKOH\��&DQWHUEXU\��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ���PL[HG�DJHV���±������±�����±���\U
.H\ZRUGV��6WRUPIORZ��7KURXJKIDOO��:DWHU�\LHOG

&RPPHQW
7KURXJKIDOO�PHDVXUHG�RYHU���\HDU�ZDV�����RI�SUHFLSLWDWLRQ��
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$QQXDO�UDLQIDOO�DQG�UXQRII�IRU�$VKOH\�FDWFKPHQWV
<HDU 5DLQIDOO

�PP�
5XQRII��PP� 4XLFNIORZ��PP�
3DVWXUH 3LQHV 3DVWXUH 3LQHV

���� ��� ��� �� �� ��
���� ��� � � � �
���� ��� ��� �� �� ��
���� ���� ��� �� �� ��
���� ��� � � Q�D� Q�D�

�8QWLO�2FWREHU�����
�,QFOXGHV�DQ�HVWLPDWH�IRU�PLVVLQJ�GDWD�LQ�WKH�ODUJHVW�HYHQW�

-DFNVRQ��5�-����������)RUHVW�PDQDJHPHQW�HIIHFWV�RQ�VWUHDP�IORZ�DQG�ZDWHU�TXDOLW\�LQ�1HZ�=HDODQG�
,Q��+D\HV��-�:���'DYLV��6�)���(GV��3URFHHGLQJV�RI�WKH�)LVKHULHV�)RUHVWU\�&RQIHUHQFH��&KULVWFKXUFK�
)HEUXDU\��������1HZ�=HDODQG�)UHVKZDWHU�)LVKHULHV�5HSRUW�1R���������±���

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG�

&RPPHQW
%ULHIO\�UHYLHZV�ZRUN�FDUULHG�RXW�LQ�1HZ�=HDODQG

-DFNVRQ��5�-���)DKH\��%�'���������)RUHVW�KDUYHVWLQJ�DQG�IORRG�K\GURORJ\�RI�VPDOO�FDWFKPHQWV���1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��1HOVRQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVWV
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��6WRUPIORZ

&RPPHQW
+DUYHVWLQJ�EHHFK�KDUGZRRG�IRUHVW�JDYH�LQFUHDVHV�LQ�ERWK�IORRG�SHDNV�DQG�TXLFNIORZ�GHSWKV���,Q�WKH���\U
DIWHU�KDUYHVWLQJ�WKHUH�ZDV�D���IROG�LQFUHDVH�LQ�WKH�QXPEHU�RI�IORRG�SHDNV�!���/�V�KD���,Q�ZLQWHU��ZKHQ�VRLOV
ZHUH�ZHW�LQ�DOO�FDWFKPHQWV��GLIIHUHQFHV�LQ�IORRG�SHDNV�DQG�TXLFNIORZ�EHWZHHQ�WKH�XQGLVWXUEHG�QDWLYH
IRUHVW�DQG�WKH�KDUYHVWHG�FDWFKPHQWV�ZHUH�VPDOO��EXW�WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�DW�WKH�HQG�RI�D�GU\
VXPPHU��WKH�GLIIHUHQFHV�GHSHQGLQJ�RQ�WKH�DQWHFHGHQW�FVRLO�FRQGLWLRQV�
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-DFNVRQ��5�-���0DUGHQ��0���3D\QH��-����������,PSDFW�RI�FOHDUIHOOLQJ�UDGLDWD�SLQH�IRUHVWV�RQ�VRLO�ZDWHU
DW� $VKOH\� DQG� 0DQJDWX�� � 1HZ� =HDODQG� +\GURORJLFDO� 6RFLHW\� 6\PSRVLXP�� *LVERUQH�� �����
�8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ����DQG����\U
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
'LVFXVVHV�WKH�LPSDFW�RI�GU\�VXPPHU�SUH�KDUYHVW�FRQGLWLRQV�RQ�WKH�UHFKDUJH�RI�VRLO�PRLVWXUH�VWRUHV�LQ�WKH
ZLQWHUV� IROORZLQJ� KDUYHVWLQJ�� DQG� KRZ� ORZ�ZLQWHU� UDLQV� DIWHU� KDUYHVWLQJ�PD\� QRW� UHFKDUJH� WKH� VRLO
PRLVWXUH�VWRUH�ZLWK�WKH�UHVXOW�WKDW�WKH�GHILFLW�FDQ�FDUU\�RQ�WR�WKH�QH[W�VSULQJ�VXPPHU�

1RWHV�WKDW�UDLQIDOO�LQWHUFHSWLRQ�E\�WKH�IRUHVW�FDQRSLHV�ZDV�DERXW�����RI�SUHFLSLWDWLRQ�

-DFNVRQ��5�-���3D\QH��-���������+\GURORJ\�RI�EHHFK�DQG�SLQH�IRUHVW�FDWFKPHQWV��%LJ�%XVK��1HOVRQ�
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVWV
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
7KH�ZDWHU�EDODQFH�IRU�WKH�QDWLYH�EHHFK�IRUHVW�LV�

3UHFLSLWDWLRQ������PP��5XQRII�����PP��,QWHUFHSWLRQ�����PP��7UDQVSLUDWLRQ�����PP��*URXQGZDWHU�ORVV
����PP�

$QQXDO�ZDWHU�\LHOG�LQFUHDVH�IRU�WKH�ILUVW���\U�DIWHU�KDUYHVWLQJ�ZDV�����PP�\U�� �7KHUH�ZDV�D�GHFOLQH
EHWZHHQ�\HDUV���DQG���ZLWK�D�WHPSRUDU\�LQFUHDVH�DV�D�UHVXOW�RI�WKLQQLQJ���)RU�\HDUV��±���DIWHU�KDUYHVWLQJ
WKH�ZDWHU�\LHOG�DQG�IORRG�UHVSRQVHV�ZHUH�FORVH�WR�WKDW�H[SHFWHG�IURP�WKH�SUHWUHDWPHQW�GDWD�LQGLFDWLQJ
HYDSRUDWLRQ�LV�DERXW�WKH�VDPH�IRU�WKH�WZR�IRUHVW�W\SHV���2YHU�WKH����\U�VLQFH�KDUYHVW��WKH�DGGLWLRQDO�UXQRII
GXH�WR�KDUYHVWLQJ�LV������PP���,W�ZRXOG�UHTXLUH�JUHDWO\�LQFUHDVHG�HYDSRUDWLRQ�RYHU�WKH�UHVW�RI�WKH�URWDWLRQ
�����PP�\U��IRU�WKH�RYHUDOO�\LHOG�RI�WKH�SLQH�SODQWDWLRQ�WR�IDOO�EHORZ�WKDW�RI�WKH�XQGLVWXUEHG�EHHFK�IRUHVW�
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-DFNVRQ��5�-���5RZH��/�.����������)ORRG�K\GURORJ\�RI�VPDOO�FDWFKPHQWV�LQ�1RWKRIDJXV�IRUHVWV�DQG
3LQXV� UDGLDWD� SODQWDWLRQV�� 6RXWK� ,VODQG�� 1HZ� =HDODQG�� � +\GURORJ\� DQG� :DWHU� 5HVRXUFHV
6\PSRVLXP�������:DWHU�DQG�WKH�(QYLURQPHQW���:UHVW�3RLQW�+RWHO�&DVLQR�+REDUW��7DVPDQLD
������0D\��3S�����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVWV
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��6WRUPIORZ

$XWKRUV¶�DEVWUDFW
&DWFKPHQW�H[SHULPHQWV�DVVHVVLQJ�IRUHVW�KDUYHVWLQJ�DW�WZR�VLWHV�ZLWK�VLPLODU�QDWXUDO�IRUHVW�DQG

VRLOV��EXW�GLIIHULQJ�LQ�DQQXDO�UDLQIDOO�������DQG������PP��DUH�FRPSDUHG���'DWD�IRU�VWRUP�HYHQWV�VPDOOHU
WKDW� WKH� PHDQ� DQQXDO� IORRG� SURYLGH� GLUHFW� HYLGHQFH� RI� WKH� FRQWULEXWLRQV� RI� VRLO� ZDWHU� VWRUDJH� DQG
LQWHUFHSWLRQ�WR�WKH�GLIIHULQJ�ORVVHV�ZKHQ�YHJHWDWLRQ�FRYHU�FKDQJHV���,QWHUFHSWLRQ�LV�DOZD\V�LPSRUWDQW��EXW
VRLO�ZDWHU�VWRUDJH�LV�LPSRUWDQW�LQ�ODUJH�HYHQWV�RQO\�LQ�D�IHZ�VXPPHU�PRQWKV�DW�WKH�GULHU�VLWH�

-DFNVRQ��5�-���5RZH��/�.�������D���6RLO�ZDWHU�GHILFLW�HIIHFWV�RQ�ZDWHU�XVH�DQG�JURZWK�RI�3��UDGLDWD
LQ�&DQWHUEXU\��1HZ�=HDODQG���,8)52�

&RXQWU\��1HZ�=HDODQG�� 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��6RLO�:DWHU

&RPPHQW
&RPSDUHV�ORZ�UDLQIDOO��HDVWHUQ�6RXWK�,VODQG�VLWHV�DW�$VKOH\��(\UHZHOO�DQG�&KDQH\V�)RUHVW�VLWHV���
7UDQVSLUDWLRQ�DW�$VKOH\�)RUHVW�LV�ORZ�LQ�ZLQWHU�������PP�GD\��DQG�UHDFKHV�����PP�GD\�LQ�VXPPHU�RI�VRLO
ZDWHU�LV�QRW�OLPLWLQJ���7UDQVSLUDWLRQ�LV�XVXDOO\�OLPLWHG�E\�VRLO�PRLVWXUH�VXSSO\�ODWH�LQ�WKH�VXPPHU��EXW�WKH
OLPLWDWLRQV�FDQ�EH�LQ�IRUFH�DV�HDUO\�DV�6HSWHPEHU�LI�ZLQWHU�UDLQIDOO�IDLOV�WR�UHFKDUJH��WKH�VRLO�ZDWHU�VWRUDJH�

$W�(\UHZHOO��H[WUDFWLRQ�RI�VRLO�ZDWHU�ZDV�LQ�WKH�WRS����FP�ZLWK�VPDOOHU�FRQWULEXWLRQV�IURP�DV�IDU�DV����
P�GHHS���7RWDO�ZDWHU�H[WUDFWLRQ�ZDV�LQ�WKH�UDQJH���±����PP��

$W�&KDQH\V�)RUHVW�ZKHUH�WUHH�JURZWK�DQG�WUDQVSLUDWLRQ�DUH�XQUHVWULFWHG�E\�ZDWHU�VXSSO\������PP�RI
PRLVWXUH�ZDV�H[WUDFWHG�EHWZHHQ�6HSWHPEHU�DQG�'HFHPEHU��������0RVW�RI�WKH�ZDWHU�VXSSO\�XSWDNH�ZDV
IURP�MXVW�DERYH�WKH�ZDWHU�WDEOH�DV�WKH�XSSHU�����P�RI�VDQG�UHWDLQV�RQO\����PP�RI�DYDLODEOH�ZDWHU�IRU�WKH
WUHHV�
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-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����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ���PL[HG�DJHV���±������±�����±���\U
.H\ZRUGV��(YDSRUDWLRQ��:DWHU�\LHOG

&RPPHQW
0D[LPXP�HYDSRUDWLRQ�YDOXHV�IRU� WKH�SDVWXUH�FDWFKPHQW�ZHUH�FORVH� WR�3HQPDQ�3(�YDOXHV�� �0RQWKO\
PD[LPXP�YDOXHV�IRU�FORVHG�FDQRS\�SLQH�IRUHVWV�DSSUR[LPDWHG�����î�3(��3HQPDQ����)RU�PXFK�RI�WKH�WLPH
LQ�VXPPHU�WUDQVSLUDWLRQ�LV�FRQWUROOHG�E\�VRLO�ZDWHU�VXSSO\�DQG�(JUDVV�DQG�(IRUHVW�DUH�VLPLODU�

$QQXDO�UDLQIDOO�DQG�UXQRII�IRU�$VKOH\�FDWFKPHQWV
<HDU 5DLQIDOO

�PP�
5XQRII��PP� 4XLFNIORZ��PP�
3DVWXUH 3LQHV 3DVWXUH 3LQHV

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

7KLV� WDEOH� VKRZV� WKDW� LQ� DQ� HQYLURQPHQW� VXFK� DV�$VKOH\�� YDULDWLRQV� LQ�ZDWHU� \LHOG� DVVRFLDWHG�ZLWK
YDULDWLRQV�LQ�UDLQIDOO�DUH�PXFK�JUHDWHU�WKDQ�WKH�UHGXFWLRQV�LQ�ZDWHU�\LHOG�ZKHQ�JUDVVODQG�LV�FRQYHUWHG�WR
IRUHVW���&RQVWUDLQWV�RQ�ODQG�XVH�RIIHU�UHVRXUFH�PDQDJHUV�RQO\�D�OLPLWHG�RSSRUWXQLW\�WR�LQIOXHQFH�ZDWHU
\LHOG�²�PDQDJHPHQW�RI�ZDWHU�VWRUDJH�LV�UHTXLUHG�WR�EHWWHU�XWLOLVH�ZLQWHU�UXQRII�

.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\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����GD\V��0DUFK����� 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ���	���\U 6WDQG�'HQVLW\��6HH�EHORZ
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ�

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
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7KH�WUHH�DQG�XQGHUVWRUH\�FRPSRQHQWV�RI�ODWHQW�KHDW�IOX[�GHQVLW\��/(��LQ�WZR�\RXQJ�3��UDGLDWD
VWDQGV�LQ�.DLQJDURD�)RUHVW��QHDU�5RWRUXD��1HZ�=HDODQG��ZHUH�PHDVXUHG�RQ����DQG����0DUFK�������ZKHQ
WKHUH�ZDV�QR�VRLO�ZDWHU�GHILFLW��&RQWULEXWLQJ�/(�IURP�XQGHUVWRUH\��/(X��DQG�WUHHV��/(W��ZDV�HVWLPDWHG
XVLQJ�VPDOO�ZHLJKLQJ�O\VLPHWHUV�DQG�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ��UHVSHFWLYHO\��,Q�ERWK�VWDQGV��WKH
GDLO\�FRQWULEXWLRQ�RI�/(X�WR�IRUHVW�/(�ZDV�FRQVLGHUDEOH��/(X�ZDV�QHDUO\�HTXDO�WR�/(W�LQ�WKH���\U�ROG
VWDQG��ZKLFK�KDG�QRW�EHHQ�SUXQHG�RU�WKLQQHG�VLQFH�HVWDEOLVKPHQW���EXW�LQ�WKH�QHDUE\���\U�ROG�VWDQG��/(X
ZDV�����OHVV�WKDQ�/(W��,Q�WKH���\U�ROG�VWDQG��WKH�SUHVHQFH�RI�ZRRG\�GHEULV�IURP�SUXQLQJ�DQG�WKLQQLQJ
RSHUDWLRQV�FRYHULQJ�DSSUR[������RI�WKH�XQGHUVWRUH\�ZDV�UHVSRQVLEOH�IRU�WKH�FRPSDUDWLYH�UHGXFWLRQ�LQ
/(X��(TXLOLEULXP�/(X�ZDV�HVWLPDWHG�LQ�WKH���\U�ROG�VWDQG�DQG�RYHUDOO�ZDV�����OHVV�WKDQ�PHDVXUHG�/(X�
9HUWLFDO�ZLQG�VWDWLVWLFV��GHWHUPLQHG�QHDU�JURXQG�OHYHO�LQ�WKH�UHODWLYHO\�RSHQ���\U�ROG�VWDQG��LQGLFDWHG�WKDW
JXVWV�UHJXODUO\�SHQHWUDWHG�IURP�DERYH�WKH�IRUHVW�WR�WKH�XQGHUVWRUH\��7KHVH�UHVXOWV�VXJJHVW�WKDW�IRUHVW
PDQDJHPHQW� HIIHFWV� RQ� WKH� DYDLODEOH� HQHUJ\� DQG� WXUEXOHQFH� UHJLPHV� EHORZ� WKH� WUHH� FDQRS\� FDQ� EH
LPSRUWDQW�GHWHUPLQDQWV�RI�/(X��

&RPPHQW
+DXSDSD��.DLQJDURD�)RUHVW��
3��UDGLDWD����\HDU�ROG����P�WDOO������63+��SUXQHG�WR���P�
3��UDGLDWD����\HDU�ROG������P�WDOO�������63+��WUHH�FURZQ�DUHD�IUDFWLRQ������QRQ�HYDSRUDWLYH�VXUIDFH�����
RSHQ�XQGHUVWRUH\�����
6RLO�ZDWHU�QRW�OLPLWLQJ�
��\U�ROG���FOHDU�GD\�WUDQVSLUDWLRQ�IURP�WUHHV� ������PP��XQGHUVWRUH\� �������WRWDO� �����
��\U�ROG���FOHDU�GD\�WUDQVSLUDWLRQ�IURP�WUHHV� ������PP��XQGHUVWRUH\� �������WRWDO� �����

.HOOLKHU��)�0���:KLWHKHDG��'���3ROORFN��'�6����������5DLQIDOO�LQWHUFHSWLRQ�E\�WUHHV�DQG�VODVK�LQ�D
\RXQJ�3LQXV�UDGLDWD�'�'RQ�VWDQG���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�����63+
+HLJKW����P
.H\ZRUGV��,QWHUFHSWLRQ��6RLO�ZDWHU��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
5DLQIDOO�LQWHUFHSWLRQ�ZDV�PHDVXUHG�IURP�1RYHPEHU������WR�'HFHPEHU������LQ�D���\U�ROG�3�

UDGLDWD�VWDQG�LQ�1HZ�=HDODQG�SUXQHG�DQG�WKLQQHG�LQ������WR�����VWHPV�KD��7ZR�WKLUGV�RI�WKH�WUHHV�ZHUH
KLJK�SUXQHG�WR��±��P�LQ�-XO\�������ZLWK�VODVK�IURP�SUXQLQJ�DQG�WKLQQLQJ�FRYHULQJ�DERXW�����RI�WKH
JURXQG��$�WRWDO�RI������PP�RI�UDLQ�ZDV�UHFRUGHG�LQ�����GD\V��&DQRS\�DQG�VODVK�WKURXJKIDOO�DQG�VWHPIORZ
IRU�KLJK��DQG�ORZ�SUXQHG�WUHHV�ZHUH�PHDVXUHG��7KH�SUHGRPLQDQFH�RI�FRQYHFWLYH�UDWKHU�WKDQ�UDGLDWLYH
HQHUJ\�GHWHUPLQLQJ�ZHW�FDQRS\�HYDSRUDWLRQ�UDWHV�ZDV�LQGLFDWHG�E\�WKH�GXUDWLRQ�WLPHV�RI�FDQRS\�ZHWQHVV
DQG�HYDSRUDWLRQ�EHLQJ�GLYLGHG�DOPRVW�HTXDOO\�EHWZHHQ�GD\�DQG�QLJKW��7KH�HIIHFW�RI�UDLQIDOO�LQWHUFHSWLRQ
RQ�WKH�IRUHVW�ZDWHU�EDODQFH�ZDV�H[DPLQHG�XVLQJ�D�ELRSK\VLFDO�ZDWHU�EDODQFH�PRGHO�ZLWK�SDUDPHWHUV
GHULYHG�IURP�VWDQG�PHDVXUHPHQWV��$QQXDO�HYDSRUDWLRQ�RI�UDLQIDOO�LQWHUFHSWHG�E\�WKH�WUHH�FDQRS\�PRGHOOHG
ZLWK� WKH� 3HQPDQ� HTXDWLRQ� ZDV� RQO\� ��� ����� PP�� RI� UDLQIDOO�� 7KLV� ZDV� DWWULEXWHG� ODUJHO\� WR� DQ
XQGHUHVWLPDWLRQ�RI�ZHW�WUHH�FDQRS\�HYDSRUDWLRQ�GXULQJ����GD\V�RI�KLJKHU�LQWHQVLW\�UDLQ�ZKHQ�GDLO\�IDOOV
H[FHHGHG����PP��)RU�WKH�UHPDLQLQJ�����UDLQ�GD\V��PRGHOOHG�ZHW�WUHH�FDQRS\�HYDSRUDWLRQ�ZDV�JHQHUDOO\
FORVH�WR�WKH�PHDVXUHG�����RI�UDLQIDOO��0RGHOOHG�DQQXDO�ZHW�FDQRS\�HYDSRUDWLRQ�HPDQDWLQJ�IURP�VODVK
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ZDV�����PP������RI�UDLQIDOO���0RGHOOHG�DQQXDO�WUHH�WUDQVSLUDWLRQ�DQG�XQGHUVWRUH\�HYDSRUDWLRQ�GXULQJ
ILQH�SHULRGV�ZHUH�����DQG�����PP��UHVSHFWLYHO\��$QQXDO�VRLO�GUDLQDJH�ZDWHU�\LHOG�ZDV�����PP��7KHVH
UHVXOWV�VXJJHVW�D�SRVVLEOH�LQFUHDVH�LQ�DQQXDO�ZDWHU�\LHOG�RI�WKH�RUGHU�RI����RI�UDLQIDOO�����PP�IRU�WKH
PRGHOOLQJ�SHULRG��LQ�WKH�VHFRQG�\HDU�DIWHU�WKLQQLQJ�DQG�SUXQLQJ��

&RPPHQW
+DXSDSD��.DLQJDURD�)RUHVW���7UHHV�SUXQHG�WR���P��FDQRS\�RFFXSLHG������RI�JURXQG�DUHD���7KLQQHG�DW�DJH
��DQG�SUXQHG�WR���P���$W�DJH���WZR�WKLUGV�ZHUH�KLJK�SUXQHG�WR��±��P���

3771������PP������HYHQWV������GD\V������KRXUV� �����RI�WKH�VWXG\�SHULRG���7UHH�LQWHUFHSWLRQ�ZDV
������6ODVK�FRYHUHG�����RI�JURXQG�DQG�LQWHUFHSWHG�����RI�UDLQIDOO���2QH�VLGHG�/$,�����

:HWQHVV�VHQVRUV�VKRZHG�WKH�FDQRS\�ZDV�ZHW�IRU�����RI�WKH�WLPH���7KHUH�ZDV�DQ�HTXDO�SUREDELOLW\�RI
UDLQIDOO�IRU�DQ\�KRXU�DQG�HPSKDVLVHG�LPSRUWDQFH�RI�QLJKWWLPH�LQWHUFHSWLRQ�DQG�HYDSRUDWLRQ�

&DQRS\�VWRUDJH�FDSDFLW\��WUHHV�����PP��JURXQG�DUHD�EDVLV��DQG������PP�OHDI�DUHD�EDVLV�������DQG�����PP
IRU�VODVK

6WHPIORZ� ������î�3771�������� ORZ�SUXQHG�WUHHV� � U��� �������3771�!���PP
6WHPIORZ� ������î�3771�������� KLJK�SUXQHG�WUHHV U�� �������3771�!���PP

)URP�)LJ�����ZH�FDQ�JHW�DQ�DSSUR[LPDWH�HVWLPDWH��E\�/.5��IRU�
&DQRS\�WKURXJKIDOO� 7)F� ������î�3771���""
6ODVK�WKURXJKIDOO����� 7)V� ������î�7)F���""�

������� ������î�3771���""
,QWHUFHSWV�""�ZHUH�QRW�GHWHUPLQHG�E\�/.5

&DQRS\�,QWHUFHSWLRQ� ������î�3771���""� U�� ������
6ODVK�LQWHUFHSWLRQ� ������î�3771���"" U�� �����

,QWHUFHSWV�""�ZHUH�QRW�JLYHQ�

6ODVK�LQWHUFHSWLRQ� �����RI�WRWDO�LQWHUFHSWLRQ

6KRZV���\U�RI�WUHQGV�RI�VRLO�ZDWHU�VWDWXV���IOXFWXDWLRQV�UDQJHG�DERXW�����PP

.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�������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��2QH�WUHH�IURP�DJH���LQ�D�ILHOG�O\VLPHWHU 6WDQG�'HQVLW\��9DULHV
.H\ZRUGV��6RLO�ZDWHU



���
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&RPPHQW
2QH�WUHH�LQ�D�GUDLQLQJ�O\VLPHWHU�VXUURXQGHG�E\�SODQWDWLRQ���3ODQWHG������������63+�""����&DQRS\�FORVXUH
E\��������,Q������ORZ�SUXQHG�DQG�WKLQQHG�WR������63+���,Q�������%$����P��KD��PHDQ�GLDPHWHU������FP�
���P�WDOO�

:K\� VXFK� ELJ� ORVVHV�ZKHQ� WKHUH�ZDV� QR� YHJHWDWLRQ� LQ� \HDUV� �±�� �� HYDSRUDWLRQ� IURP� EDUH� VRLO� DQG
VXEVWDQWLDO�VXUIDFH�UXQRII"""

1RWHG�LQ�\HDUV��±���VHHSDJH�DYHUDJHG�����PP�OHVV�WKDQ�WKH�HDUOLHU�SHULRG���,I�DVVXPH��,/� �����RI�UDLQ�
75$16�FDOFXODWHG�DV�����PP�\HDU���'UDLQDJH�JHQHUDOO\�EHJLQV�0D\�DQG�FRQWLQXHV�WKURXJK�WR�1RYHPEHU�

'UDLQDJH�IURP�O\VLPHWHU
3UHFLSLWDWLRQ 'UDLQDJH� /RVVHV

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

/DQJIRUG��.�-���2
6KDXJKQHVV\�� 3�-�� � ����D�� � 6RPH� HIIHFWV� RI� IRUHVW� FKDQJH� RQ�ZDWHU� YDOXHV�
$XVWUDOLDQ�)RUHVWU\��������±���

&RXQWU\��:RUOGZLGH 5HSRUW�/RFDWLRQ��5���
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG

&RPPHQW
5HYLHZV�D�ORW�RI�ZRUOGZLGH�GDWD�DQG�WKDW�LQ�$XVWUDOLD���PDLQO\�HXFDO\SWV�
5HSRUWV�GDWD�IURP�)	7%��������IRU�WKH�&RWWHU�5LYHU�QHDU�&DQEHUUD�
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6WXG\���
&RPSW��������KD��FOHDUIHOOHG�3��UDGLDWD�VWDQG��3771������PP��6WUHDPIORZ�����PP� �������RI�3771
&RPSW��������KD�����\U�ROG��3771������PP��6WUHDPIORZ�����PP� �������RI�3771
6WDWHG�WKDW�VWUHDPIORZ�LQFUHDVHV�IURP�����RI�UDLQIDOO�WR�����RI�UDLQIDOO���,�KDYH�WR�DVVXPH�WKDW�SUH�
KDUYHVW�VWUHDPIORZ�ZHUH�VLPLODU�IRU�&RPSDUWPHQWV����DQG������QRW�VWDWHG�

6WXG\���
6WUHDPIORZ�IURP�����DQG����\U�ROG�SLQHV�FDWFKPHQWV�������RI�3771��ZHUH�ORZHU�WKDQ�IRU�HXFDO\SW
FDWFKPHQWV���7KURXJKIDOO�LQ�WKH�GHQVH�XQWKLQQHG�VWDQGV�VKRZHG�LQWHUFHSWLRQ�FRXOG�EH���±����RI�UDLQIDOO�
,Q�WKLQQHG�VWDQGV���LQWHUFHSWLRQ�ORVVHV�ZHUH�ORZHU�DQG�VWUHDPIORZ�ZDV�����RI�UDLQIDOO���KLJKHU�WKDQ�IURP
D�VLPLODU�FDWFKPHQWV�LQ�HXFDO\SWV���

/DQJIRUG��.�-���2
6KDXJKQHVV\��3�-����(GLWRUV������E���$�VWXG\�RI�FDQRS\�LQWHUFHSWLRQ�LQ�QDWLYH
IRUHVWV�DQG�FRQLIHU�SODQWDWLRQV���0HOERXUQH�DQG�0HWURSROLWDQ�%RDUG�RI�:RUNV��9LFWRULD�5HSRUW�1R�
00%:�:������

&RXQWU\��$XVWUDOLD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/DQGFDUH
/LEUDU\

6SHFLHV�&RPSDULVRQ��&RQLIHUV��'RXJODV�ILU��(XFDO\SW��6FUXE
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�����P��KD�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�)������
,Q�9LFWRULD��$XVWUDOLD��QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�LQWHUFHSWLRQ�ZHUH�IRXQG�EHWZHHQ�ROG�JURZWK

(XFDO\SWXV�UHJQDQV��PL[HG�HXFDO\SW�IRUHVW�DQG�3��UDGLDWD��,QWHUFHSWLRQ�RI������UHJURZWK�(��UHJQDQV�ZDV
ORZHU�WKDQ�WKDW�RI�PDWXUH�(��UHJQDQV��,QWHUFHSWLRQ�RI�3RPDGHUULV�DVSHUD�ZDV�VLJQLILFDQWO\�ORZHU�ZKLOH
WKDW�RI�6HTXRLD�VHPSHUYLUHQV�DQG�3VHXGRWVXJD�PHQ]LHVLL�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�PDWXUH�(�
UHJQDQV���

&RPPHQW
6DPH�VWDQGV�DV�IRU�'XQFDQ�HW�DO���������
3ODQWHG�������0HDVXUHG����������P�WDOO��%$����P��KD�������63+��SUXQHG�WR�����P��
����REVHUYDWLRQV�IRU�7)���'DWD�FROOHFWLRQ�ZHHNO\�DQG�WKH�ODVW�GD\�RI�WKH�PRQWK���HDUO\������WR�0D\������
7)� �3771�î�������������
6)� �3771�î�������������
,/� �3771�î�������������
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,QWHUFHSWLRQ�UHVXOWV�IURP�9LFWRULD
7KURXJKIDOO

���
6WHPIORZ���� ,QWHUFHSWLRQ�ORVV����

0L[HG�VSHFLHV ���� ��� ����
+D]HO ���� �� ����
0DWXUH�DVK ���� ��� ����
5HJURZWK�DVK �� ��� ����
0XVN ����
5HGZRRG ���� ��� ����
3��UDGLDWD �� ���� ����
'RXJODV�ILU �� ���� ����

7XUQHU�	�/DPEHUW��������JLYH�WKH�IROORZLQJ�DWWULEXWHG�WR�WKLV�SDSHU�SRVVLEO\�IURP�WKH�PLFURILFKH�
$JH�����3771�����PP��7)�����PP����������6)�����PP�����������7)�6)������,/�����PP
�������

7KLV�GRHV�QRW�FRPSXWH�ZLWK�WKH�DERYH�WDEOH���,QGLFDWLRQV�IURP�'XQFDQ�HW�DO���������LV�WKDW�7)�VKRXOG
EH�����PP� ��������$QG������î������������î������ ��������/.5����$UH�WKHVH�WKH�VDPH�VWDQGV""

/HLWFK��&�-���)OLQQ��'�:����������+\GURORJLFDO�HIIHFWV�RI�FOHDULQJ�QDWLYH�IRUHVW�LQ�1RUWKHDVW�9LFWRULD�
WKH�ILUVW���\HDUV���$XVWUDOLDQ�)RUHVW�5HVHDUFK��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

$XWKRUV¶�$EVWUDFW
$�VPDOO��VWHHSO\�VORSLQJ��IRUHVWHG�FDWFKPHQW�������KD��LQ�QRUWK�HDVW�9LFWRULD�ZDV�FOHDUHG�RI�LWV

QDWLYH�YHJHWDWLRQ��H[FHSW�IRU�D����P�VWULS�RQ�HLWKHU�VLGH�RI�WKH�SHUHQQLDO�VWUHDP��DQG�WKH�GHEULV�ZDV
EURDGFDVW�EXUQW�EHIRUH�SODQWLQJ�ZLWK�3��UDGLDWD����&OHDULQJ�FDXVHG�YDULDEOH�LQFUHDVHV�LQ�DQQXDO�UXQRII�LQ
WKH�ILUVW���\U�DIWHU�WUHDWPHQW��ZLWK�WKH�PDJQLWXGH�RI�WKH�LQFUHDVHV�GHSHQGHQW�RQ�WKH�DPRXQW�DQG�GLVWULEXWLRQ
RI�WKH�UDLQIDOO���$QQXDO�UXQRII�ZDV�����PP�RU�����KLJKHU�WKDQ�H[SHFWHG�LQ�WKH�ILUVW�\HDU�DIWHU�FOHDULQJ�
����PP�������KLJKHU�LQ�WKH�VHFRQG�\HDU�DQG����PP�������KLJKHU�LQ�WKH�WKLUG�\HDU���,Q�WKLV�ORFDOLW\�
WKHUHIRUH��LQLWLDO�LQFUHDVHV�LQ�DQQXDO�UXQRII�RI�EHWZHHQ����DQG�����PP�FDQ�EH�H[SHFWHG��ZLWK�LQFUHDVHV
RI� F����� PP� EHLQJ� PRVW� OLNHO\� LQ� \HDUV� RI� DYHUDJH� UDLQIDOO� �F������ PP��� � $QDO\VLV� RI� SUH�� DQG
SRVW�WUHDWPHQW�VWRUP�K\GURJUDSK�GDWD�VKRZHG�WKDW�WKH�FOHDULQJ�FDXVHG�D�VLJQLILFDQW�RYHUDOO�LQFUHDVH�LQ
SHDN� IORZV��ZLWK� WKH� VL]H� RI� WKH� LQFUHDVH� GHSHQGHQW� RQ� WKH�PRLVWXUH� VWDWXV� RI� WKH� FDWFKPHQW� VRLOV�
6XEVWDQWLDO�LQFUHDVHV��WZR�IROG��LQ�SHDN�IORZV�ZHUH�PHDVXUHG�GXULQJ�WKH�SRVW�VXPPHU�UHFKDUJH�SKDVH�
+RZHYHU��ZKHQ�FDWFKPHQW�VRLOV�ZHUH�PRLVW�LQ�ZLQWHU�VSULQJ��WKH�SHULRG�ZKHQ�PRVW�IORRGLQJ�RFFXUV��SHDN
IORZV�RI�FOHDUHG�FDWFKPHQWV�ZHUH�QRW�VXEVWDQWLDOO\�GLIIHUHQW��������IURP�XQGLVWXUEHG�FDWFKPHQWV���7KH
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UHVXOWV�LQGLFDWH�WKDW�RYHUODQG�IORZ�KDG�OLWWOH�LQIOXHQFH�RQ�WKH�VWRUP�K\GURJUDSKV�RI�WKHVH�VWHHSO\�VORSLQJ
FDWFKPHQWV�HLWKHU�EHIRUH�RU�DIWHU�FOHDULQJ���7KHVH�UHVXOWV�DUH�VSHFLILF�WR�VLWHV�ZLWK�VLPLODU�FKDUDFWHULVWLFV
WR�WKRVH�RI�WKH�VWXG\�DUHD�

&RPPHQW
)RU�WKLV�ELEOLRJUDSK\��WKH�ILUVW���\U�RI�GDWD�IROORZLQJ�SODQWLQJ�3��UDGLDWD�LQ�&OHP�&UHHN��ZKLFK�KDG�EHHQ
FOHDUIHOOHG�IURP�QDWLYH�HXFDO\SW�IRUHVW��DUH�JLYHQ���6OLJKW�YDULDWLRQV�RQ�GDWD�LQ�+RSPDQV�HW�DO���������

&OHP�&UHHN
<HDU 5DLQIDOO

�PP�
5XQRII
�PP�

3UHGLFWHG�52
�PP�

'HYLDWLRQ�
���

����±�� ���� ��� ��� ����
����±�� ���� �� �� �����
����±�� ���� ��� ��� ����
����±�� ���� ��� ��� ���
����±�� ���� ��� ��� �
3RVW�WUHDWPHQW
����±�� ���� ��� ��� ����
����±�� ���� ���� ���� ����
����±�� ��� �� �� ����

3HDN�IORZV�LQFUHDVHG�PDUNHGO\�LQ�VXPPHU�EXW�QRW�VXEVWDQWLDOO\�LQ�ZLQWHU�²�VRLO�PRLVWXUH�GLIIHUHQFHV�LQ
WKDW�XQGHU�IRUHVW�LQ�ZLQWHU�ZDV�VWLOO�ZHW�

/H�0DLWUH��'�&���9HUVIHOG��'�%����������)RUHVW�HYDSRUDWLRQ�PRGHOV��UHODWLRQVKLSV�EHWZHHQ�VWDQG
JURZWK�DQG�HYDSRUDWLRQ���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��6RXWK�$IULFD� 5HSRUW�/RFDWLRQ��5�
6SHFLHV�&RPSDULVRQ��(XFDO\SWV��3LQHV��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��0RGHO��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7KH� UHODWLRQVKLSV� EHWZHHQ� IRUHVW� VWDQG� VWUXFWXUH�� JURZWK� DQG� HYDSRUDWLRQ�ZHUH� DQDO\VHG� WR

GHWHUPLQH�ZKHWKHU�IRUHVW�HYDSRUDWLRQ�FDQ�EH�HVWLPDWHG�IURP�VWDQG�JURZWK�GDWD��7KLV�DSSURDFK�SHUPLWV
UDSLG�DVVHVVPHQW�RI�WKH�SRWHQWLDO�LPSDFWV�RI�DIIRUHVWDWLRQ�RQ�WKH�ZDWHU�UHJLPH��7KH�EDVLV�IRU�WKLV�DSSURDFK
LV�WKDW��D��JURZWK�UDWHV�DUH�GHWHUPLQHG�E\�ZDWHU�DYDLODELOLW\�DQG�OLPLWHG�E\�WKH�PD[LPXP�ZDWHU�H[WUDFWLRQ
SRWHQWLDO��DQG��E��VWDQG�HYDSRUDWLRQ�LV�SURSRUWLRQDO�WR�ELRPDVV�DQG�ELRPDVV�LQFUHPHQW��7KH�UHODWLRQVKLSV
EHWZHHQ�VWDQG�JURZWK�DQG�HYDSRUDWLRQ�ZHUH�PRGHOOHG�IRU�VHWV�RI�GDWD�IURP�HLJKW�DIIRUHVWHG�FDWFKPHQWV
LQ�6RXWK�$IULFD�ZKHUH�HVWLPDWHV�RI�ERWK�JURZWK�DQG�HYDSRUDWLRQ�ZHUH�DYDLODEOH��7KH�VSHFLHV�SODQWHG�ZHUH
3��UDGLDWD�DQG�3��FDQDULHQVLV����FDWFKPHQW���3��UDGLDWD������3��SDWXOD�����DQG�(XFDO\SWXV�JUDQGLV������7KH



���
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SUHGLFWHG�PHDQ�HYDSRUDWLRQ��RYHU�SHULRGV�RI�VHYHUDO�\HDUV��ZDV�JHQHUDOO\�ZLWKLQ�����RI�WKH�PHDVXUHG
PHDQ�DQQXDO�HYDSRUDWLRQ��UDLQIDOO�PLQXV�VWUHDPIORZ��ZKHQ�WKH�PRGHO�IURP�RQH�FDWFKPHQW�ZDV�DSSOLHG
WR�RWKHU�FDWFKPHQWV�SODQWHG�ZLWK�WKH�VDPH�VSHFLHV��7KH�UHVLGXDO�HYDSRUDWLRQ��DIWHU�ILWWLQJ�WKH�PRGHOV��ZDV
FRUUHODWHG�ZLWK�UDLQIDOO��DERYH�DYHUDJH�UDLQIDOO�UHVXOWHG�LQ�DERYH�DYHUDJH�HYDSRUDWLRQ��7KLV�UHODWLRQVKLS
FRXOG�EH�XVHG�WR�GHULYH�HVWLPDWHV�IRU�GU\�DQG�ZHW�\HDUV��$QDO\VHV�XVLQJ�WKH�PRGHOV�SURYLGHG�DGGLWLRQDO
HYLGHQFH�WKDW�(��JUDQGLV�PD\�EH�GHSOHWLQJ�JURXQGZDWHU�UHVHUYHV�LQ�FDWFKPHQWV�ZKHUH�LWV�URRWV�FDQ�UHDFK
WKH�ZDWHU�WDEOH��7KH�PRGHOV�DUH�GHVLJQHG�WR�EH�LQWHJUDWHG�LQWR�D�SODQWDWLRQ�PDQDJHPHQW�V\VWHP��ZKLFK
XVHV�D�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP�IRU�VSDWLDO�DQDO\VLV�DQG�PRGHOOLQJ��7KH�XVH�RI�UHDGLO\�DYDLODEOH
JURZWK�SDUDPHWHUV�DV�SUHGLFWRU�YDULDEOHV�PD\�UHGXFH�GHSHQGHQFH�RQ�LQWULFDWH�SURFHVV�EDVHG�PRGHOV��7KLV
LV�VHHQ�DV�DQ�HIILFLHQW�ZD\�RI�H[WUDSRODWLQJ�H[LVWLQJ�FDWFKPHQW�GDWD�²�UHIOHFWLQJ�WKH�LPSDFWV�RI�IRUHVWU\
RQ�ZDWHU�VXSSOLHV�DFURVV�D�UDQJH�RI�VLWHV��FOLPDWLF�]RQHV�DQG�VSHFLHV��7KH�DSSURDFK�KDV�WKH�SRWHQWLDO�IRU
IXUWKHU�GHYHORSPHQW��HVSHFLDOO\�LQ�GHDOLQJ�ZLWK�ORZ�IORZV�DQG�IDVWHU�JURZLQJ�VSHFLHV��

&RPPHQW
6WDQGV�IURP�IRXU�UHJLRQV�
3UHGLFWV�HYDSRUDWLRQ� �UDLQIDOO�OHVV�UXQRII�LQ�D�ZDWHU�\HDU�IURP�VWDQG�JURZWK���8WLOLVHV�VLWH�LQGH[��6,�� 
IQ�DJH��KHLJKW��RU�VWDQG�JURZWK��YROXPH��69�RU�EDVDO�DUHD��%$�� �IQ�6,��KHLJKW��DJH��VWDQG�GHQVLW\����7RWDO
VWDQG�HYDSRUDWLRQ� �WUDQVSLUDWLRQ�DQG�LQWHUFHSWLRQ�IRU�WKH�K\GURORJLFDO�\HDU���5DLQIDOO�ZDV�WDNHQ�IURP�WKH
PRVW�UHSUHVHQWDWLYH�JDXJH��
0RGHOV�ZHUH�GLIIHUHQW�IURP�UHJLRQ�WR�UHJLRQ���&RXOG�DOVR�EH�XVHG�WR�FDOFXODWH�HYDSRUDWLRQ�IRU�D�JLYHQ�\HDU
RQ�WKH�EDVLV�RI�GHYLDWLRQ�IURP�PHDQ�UDLQIDOO���0RGHOV�DUH�WR�SURMHFW�PHDQ�HYDSRUDWLRQ�IURP�D�SODQWDWLRQ�
QRW�HYDSRUDWLRQ�IRU�D�SDUWLFXODU�\HDU���3RWHQWLDO�IRU�HYDOXDWLQJ�GLIIHULQJ�SODQWDWLRQ�UHJLPHV�EXW�QRWH�WKDW
WKHUH�PD\�EH�EHWWHU�VWDQG�YDULDEOHV�WKDQ��IRU�H[DPSOH�KHLJKW�DQG�%$��ZKLFK�ZLOO�UHIOHFW�WKH�PDLQ�GULYHUV
RI�HYDSRUDWLRQ��H�J���OHDI�DUHD�DQG�ZDWHU�XVH�HIILFLHQF\�

-RQNHUVKRHN�3��UDGLDWD�FDWFKPHQWV
6WURQJ�FRUUHODWLRQV�EHWZHHQ�UDLQIDOO�DQG�HYDSRUDWLRQ� � �UDLQIDOO� OHVV� UXQRII�� IRU� WKH�IRXU�FDWFKPHQWV
DQDO\VHG�EXW�GRHV�QRW�VKRZ�WKH�GDWD��KRZHYHU�
*HQHUDOO\�SRRU�UHODWLRQVKLSV�EHWZHHQ�(7�DQG�%$�RI�WKH�IRUP�(7� �$�î��%$���Q
%HWWHU�IRU�SHUFHQWDJH�(7�UDLQIDOO�RI�WKH�IRUP�3&(7� �$���E�î�OQ�YROXPH����RU�3&(W� �$���E�î��%$���

/HVFK��:���6FRWW��'�)����������7KH�UHVSRQVH�LQ�ZDWHU�\LHOG�WR�WKH�WKLQQLQJ�RI�3LQXV�UDGLDWD��3LQXV
SDWXOD�DQG�(XFDO\SWXV�JUDQGLV�SODQWDWLRQV���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��������±����

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW��3LQHV
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
7KH�SDLUHG�FDWFKPHQW�PHWKRG�ZDV�XVHG�WR�WHVW�IRU�WKH�HIIHFWV�RI�WKLQQLQJ�RQ�WKH�ZDWHU�\LHOG�LQ

WKUHH�DIIRUHVWHG�FDWFKPHQWV�LQ�6RXWK�$IULFD��%LHVLHYOHL��-RQNHUVKRHN������DIIRUHVWHG�ZLWK�3��UDGLDWD���
WKLQQLQJV���:HVWIDOLD�FDWFKPHQW�'�������DIIRUHVWHG�ZLWK�(XFDO\SWXV�JUDQGLV����WKLQQLQJV���DQG�&DWKHGUDO
3HDN�&,,������DIIRUHVWHG�ZLWK�3LQXV�SDWXOD����WKLQQLQJ���'XULQJ�DQG�DIWHU�WZR�VHSDUDWH�WKLQQLQJV��HDFK
RI�ZKLFK�UHPRYHG�URXJKO\�RQH�WKLUG�RI�WKH�VWHPV�LQ�D�PDWXULQJ�3��UDGLDWD�SODQWDWLRQ�LQ�WKH�%LHVLHYOHL
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FDWFKPHQW��DQQXDO�VWUHDPIORZ�LQFUHDVHG�E\�EHWZHHQ����DQG��������±���PP���7KHVH�LQFUHDVHV�SHUVLVWHG
IRU���DQG���\U�DIWHU�WKH�WKLQQLQJ��UHVSHFWLYHO\��$�ILQDO�WKLQQLQJ�LQ�WKH�VDPH�FDWFKPHQW�UHPRYHG�RQO\����
RI� VWHPV� DW� DQ� DJH� RI� ��� \U�� 7KH� IROORZLQJ� \HDUV� ������ DQG� ������ZHUH�ZHWWHU� WKDQ� DYHUDJH�� DQG
UHGXFWLRQV�LQ�DQQXDO�VWUHDPIORZ�RI����DQG�����ZHUH�UHFRUGHG�LQ�WKHVH���\U��$W�:HVWIDOLD�FDWFKPHQW�'
DQG� &DWKHGUDO� 3HDN� &,,�� WKH� K\GURORJLFDO� WUHQGV� ZHUH� HQWLUHO\� GRPLQDWHG� E\� WKH� UDSLGO\� GHFOLQLQJ
VWUHDPIORZ�FDXVHG�E\�WKH�GHYHORSLQJ�(��JUDQGLV�DQG�3��SDWXOD�SODQWDWLRQV��UHVSHFWLYHO\��$Q\�VDYLQJV�LQ
ZDWHU�XVH�WKDW�PD\�KDYH�UHVXOWHG�IURP�WKH�WKLQQLQJ�RI�WKHVH�SODQWDWLRQV�ZHUH�LQVXIILFLHQW�WR�DIIHFW�WKH
GRZQZDUG�WUHQG�LQ�DQQXDO�VWUHDPIORZ��7KLQQLQJV�PD\�KDYH�KDG�D�PLQRU�HIIHFW�RI�GHOD\LQJ�RU�UHGXFLQJ
WKH�GHVLFFDWLRQ�RI�WKHVH�FDWFKPHQWV�EXW�VXFK�HIIHFWV�FRXOG�QRW�EH�DVVHVVHG�GXH�WR�QDWXUDO�YDULDELOLW\�DQG
WKH�OLPLWHG�UHVROXWLRQ�RI�WKH�SDLUHG�FDWFKPHQW�PHWKRG��7KH�WUHQGV�LQ�WRWDO�ZDWHU�\LHOG�IURP�WKH�FDWFKPHQWV
ZHUH�JHQHUDOO\�PLUURUHG�LQ�WKH�GU\�VHDVRQ�VWUHDPIORZ��DQG�WKHUH�ZHUH�QR�VWURQJ�LQGLFDWLRQV�WKDW�WKLQQLQJ
HIIHFWV�DUH�OLQNHG�WR�D�SDUWLFXODU�VHDVRQ��
�
&RPPHQW
3UHGLFWLRQV�DUH�EDVHG�RQ�ZHHNO\�SHULRGV�DQG�VXPPHG�IRU�DQQXDO�RU�ORZ�IORZ�VHDVRQ����PRQWKV��WRWDOV�
&DOLEUDWLRQ�SHULRGV�ZHUH���RU���\U�SULRU�WR�WKLQQLQJ�DQG�FKDQJHV�DVVHVVHG�IRU�VHTXHQWLDO���\HDU�SHULRGV
IROORZLQJ�WKLQQLQJ�

7KLQQLQJ�GLG�SURGXFH�DGGLWLRQDO�VWUHDPIORZ�IRU���RU���\U�DIWHU�WKH�RSHUDWLRQ�EXW�LQ�RYHUDOO�\LHOGV�RQO\�
$Q\�FKDQJH�WR�WKH�ORZ�VHDVRQ�IORZ�VHHPHG�WR�EH�VXEVXPHG�LQ�WKH�FKDQJH�RI�IORZ�FDXVHG�E\�D�UDSLGO\
JURZLQJ�SODQWDWLRQ�

$W�%LHVLHYOHL�LQFUHDVHV�LQ�IORZ�DIWHU�WKLQQLQJ�WHQGHG�WR�EH�EHWZHHQ���DQG�����PP�\U���,Q�WKH�GU\�VHDVRQ�
FKDQJHV�ZHUH�EHWZHHQ�����DQG������PP��

/HYHWW��0�3���������$VSHFWV�RI�QXWULHQW�F\FOLQJ�LQ�VRPH�LQGLJHQRXV�DQG�H[RWLF�IRUHVWV�LQ�:HVWODQG�
1HZ�=HDODQG���3K'�7KHVLV��/LQFROQ�&ROOHJH��8QLYHUVLW\�RI�&DQWHUEXU\�

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/LQFROQ�8QLYHUVLW\
6SHFLHV�FRPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��1XWULHQW�&\FOLQJ��7KURXJKIDOO��

&RPPHQW
,QFOXGHG�KHUH�IRU�FRPSOHWHQHVV�EXW�WKHUH�DSSHDUV�WR�EH�D�IXQGDPHQWDO�SUREOHP�ZLWK�WKH�GDWD��PRVW�OLNHO\
WKH�UDLQIDOO�XVHG���7KH�UHVXOWV�FRQFOXGHG�WKDW�WKURXJKIDOO�XQGHU�KDUG�EHHFK�DQG����\U�ROG�3��UDGLDWD�ZHUH
VLPLODU�DQG�WKDW�LQWHUFHSWLRQ�E\����\U�ROG�3��UDGLDWD�DQG�SRGRFDUS�KDUGZRRG�VWDQGV�ZDV����DQG����
UHVSHFWLYHO\��



���

/DQGFDUH�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��

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ��0DUFK�$XJXVW 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ� 6WDQG�'HQVLW\������63+ +HLJKW�����P
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��

&RPPHQW
&DQRS\�
7KURXJKIDOO�����RI�3771��RQ�D�VWRUP�EDVLV�7)�
�	�������������î�3771
6WHPIORZ������RI�SUHFLSLWDWLRQ�²�VWHPIORZ�EDVHG�RQ�FURZQ�SURMHFWLRQ�DUHD���RQ�D�VWRUP�EDVLV�
6)�
���������������î�3771
,QWHUFHSWLRQ�ORVV�����RI�3771��RQ�D�VWRUP�EDVLV�,/�
���������������î�3771

8QGHUVWRU\�
&RQVLVWHG�RI�EUDFNHQ�������DQG�VODVK������
7KURXJKIDOO�����RI�FDQRS\�WKURXJKIDOO��RQ�D�VWRUP�EDVLV�7)�
�	��������������î�XQGHUVWRU\�3771
%UDFNHQ�VWHPIORZ�������RI�XQGHUVWRU\�SUHFLSLWDWLRQ��RQ�D�VWRUP�EDVLV�6)�
���������������î�XQGHUVWRU\
3771
,QWHUFHSWLRQ�ORVV�������RI�XQGHUVWRU\�SUHFLSLWDWLRQ��RQ�D�VWRUP�EDVLV�,/�
���������������î�3771
0RGHOOHG�WKH�SDUWLWLRQLQJ�RI�UDLQIDOO�XVLQJ�WKH�*DVK��������LQWHUFHSWLRQ�PRGHO�

0F.HUFKDU��$�,����������+\GURORJLFDO�FKDUDFWHULVWLFV�RI�ODQG�XVH�FDWFKPHQWV�LQ�WKH�1HOVRQ�DUHD�
,Q��/DQG�XVH�LQ�UHODWLRQ�WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\�� �1HOVRQ�&DWFKPHQW�%RDUG��1HOVRQ��3S�
���±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�FRPSDULVRQ��'RXJODV�ILU���1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3LQHV��6FUXEODQG
/DQGXVH�FKDQJH��)RUHVW�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
'DWD�IURP�ILYH�1HOVRQ�FDWFKPHQWV�DUH�UHSRUWHG�

/RQJ�*XOO\ ����KD�FRQWURO�FDWFKPHQW�ZLWK��LQ�-XO\�������DERXW�����HYHUJUHHQ�QDWLYH�IRUHVW�
�������\U�ROG�&RUVLFDQ�SLQH�DQG�����RSHQ�DUHDV�	�URDGV�

5RXJK¶QV�&UHHN ����KD�FDWFKPHQW������LQ�3��UDGLDWD�LQ�����������E\�������1RWH�WKDW�WKLV�LV�QRW
WKH�VDPH�VDPSOLQJ�SRVLWLRQ�XVHG�E\�*UD\QRWK��������������

*UDKDP�&UHHN ����KD��5HYHUWLQJ�SDVWXUH�FRQYHUWHG�WR�H[RWLF�IRUHVW�LQ�����
+XQWHUV�*XOO\ ����KD��8QWRXFKHG�EHHFK�IRUHVW
.LNLZD ����KD��5RXJK�SDVWXUH�ZLWK�EUDFNHQ�DQG�SRFNHWV�RI�VFUXE

���PRQWKV�RI�GDWD�²�0DUFK������WR�)HEUXDU\�����
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:DWHU�EDODQFH�IRU�VHOHFWHG�1HOVRQ�FDWFKPHQWV������±��
0DUFK
±0D\

-XQH±
$XJXVW

6HSWHPEHU±
1RYHPEHU

'HFHPEHU±
)HEUXDU\

7RWDO

5RXJK¶Q 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ
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���
���

���
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*UDKDP 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ
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+XQWHUV 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ

���
��

���
���

���
���

���
��

����
���
���

.LNLZD 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ
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(YDSRUDWLRQ� �SUHFLSLWDWLRQ���UXQRII

'XULQJ�WKLV�\HDU��DQQXDO�\LHOGV�IURP�WKH�IRXU�FDWFKPHQWV�LQ�GLIIHULQJ�YHJHWDWLRQ�FRYHUV�ZHUH�VLPLODU�
6HDVRQDOO\�\LHOGV�ZHUH�PRUH�YDULDEOH�

+\GURJUDSK�VHSDUDWLRQ��1HOVRQ�&DWFKPHQWV������±����
6WUHDPIORZ
�PP�

4XLFNIORZ
�PP�����

'HOD\HG�IORZ
�PP�����

5RXJK¶Q ��� �������� ��������
*UDKDP ��� �������� ��������
+XQWHUV ��� �������� ��������
.LNLZD ��� �������� ��������

4XLFNIORZ��GHWHUPLQHG�XVLQJ�WKH�+HZOHWW�	�+LEEHUW��������PHWKRG��ZDV�VLPLODU�EHWZHHQ�WKH�FDWFKPHQWV
UDQJLQJ�EHWZHHQ����DQG�����RI�WRWDO�VWUHDPIORZ�
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0F0XUWULH��5�(���/DQGVEHUJ��-�-����������8VLQJ�D�VLPXODWLRQ�PRGHO�WR�HYDOXDWH�WKH�HIIHFWV�RI�ZDWHU
DQG� QXWULHQWV� RQ� WKH� JURZWK� DQG� FDUERQ� SDUWLWLRQLQJ� RI� 3LQXV� UDGLDWD�� � )RUHVW� (FRORJ\� DQG
0DQDJHPHQW������±��

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��,UULJDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��0RGHO��6RLO�ZDWHU��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW

7KH�PRGHO�%,20$66�ZDV�GHYHORSHG�GXULQJ�WKH�
%LRORJ\�RI�)RUHVW�*URZWK
�SURMHFW��,W�FDOFXODWHV
ZDWHU�DQG�FDUERQ�EDODQFHV�RI�WUHH�VWDQGV��3DUDPHWHUV�IRU�WKH�PRGHO�ZHUH�HVWLPDWHG�XVLQJ�GDWD�IURP�D�ZLGH
UDQJH�RI�ZDWHU�DQG�QXWULWLRQDO�FRQGLWLRQV�ZKLFK�ZHUH�LPSRVHG�RQ�SORWV�LQ�D�VWDQG�RI�3��UDGLDWD�JURZLQJ
QHDU�&DQEHUUD��$XVWUDOLD��7KH�WUHDWPHQWV�FDXVHG�FRQVLGHUDEOH�GLIIHUHQFHV�LQ�WUHH�JURZWK��1HW�SULPDU\
SURGXFWLRQ��133��ZDV�HVWLPDWHG�IURP�WRWDO�&2��XSWDNH�E\�WKH�VWDQG��PLQXV�UHVSLUDWLRQ�UDWHV�RI�FRPSRQHQW
SDUWV�RI�WUHHV��&2��XSWDNH�ZDV�FDOFXODWHG�IURP�LQWHUFHSWHG�UDGLDWLRQ�DQG�SKRWRV\QWKHWLF�SURSHUWLHV�RI
IROLDJH�� %HFDXVH� RI� FORVH� VLPLODULWLHV� EHWZHHQ� SURFHVVHV� LQYROYHG� LQ� WUDQVSLUDWLRQ� DQG�&2�� XSWDNH�
H[FHOOHQW�FRUUHVSRQGHQFH��U� ����±������EHWZHHQ�FDOFXODWHG�DQG�PHDVXUHG�GDLO\�VRLO�ZDWHU�EDODQFHV��RYHU
��\U��JDYH�FRQILGHQFH�LQ�WKH�WRWDO�&2��XSWDNH�FDOFXODWLRQV��7KHUH�ZHUH�GLIIHUHQFHV�LQ�UHODWLRQV�EHWZHHQ
133�DQG�DERYH�JURXQG�SURGXFWLRQ�LQ�LUULJDWHG�WUHHV��ZKHUH�LQWHUQDO�QXWULHQW�OHYHOV�IHOO�VLJQLILFDQWO\�
FRPSDUHG�ZLWK�WUHHV�LQ�RWKHU�WUHDPHQWV��133�ZDV�SDUWLWLRQHG�WR�IROLDJH��VWHPV�DQG�URRWV�XVLQJ�WKHVH
UHODWLRQV� WR�HVWLPDWH�SDUWLWLRQLQJ�FRHIILFLHQWV��$ERYH�JURXQG�SURGXFWLRQ�ZDV���±����RI�133�� VWHP
JURZWK�ZDV�DERXW�����DQG�URRW�JURZWK�YDULHG�IURP����WR�����RI�133��ZLWK�WKH�KLJKHU�YDOXH�LQ�WKH
LUULJDWHG��ORZ�QXWULHQW��WUHDWPHQW��&RUUHVSRQGHQFH�EHWZHHQ�REVHUYHG�DQG�VLPXODWHG�JURZWK�SDWWHUQV�RI
WUHHV���SDUWLFXODUO\�WKRVH�RI�VWHP�DQG�IROLDJH�²�ZDV�H[FHOOHQW��LQGLFDWLQJ�WKDW�%,20$66�FDQ�UHSURGXFH
GLIIHUHQFHV�LQ�JURZWK�FDXVHG�E\�ZDWHU�DQG�IHUWLOLW\��

&RPPHQW
$QRWKHU�SDSHU�GHVFULELQJ�WKH�%,20$66�PRGHO���3URYLGHV�LQGLFDWLRQV�RQ�LWV�SHUIRUPDQFH�E\�FRPSDULQJ
PHDVXUHG�DQG�PRGHOOHG�VRLO�PRLVWXUH�GDWD���)RU�D�FRQWURO�SORW��VRLO�PRLVWXUH�LQ�WKH�WRS���P�RI�WKH�SURILOH
UDQJHG�EHWZHHQ�����DQG�����PP�������PP�VHHPV�WR�EH�WKH�ORZHU�OLPLW�IRU�VRLO�ZDWHU�H[WUDFWLRQ�E\�WKH
WUHHV�

0F0XUWULH�� 5�(��� /HXQLQJ�� 5��� 7KRPSVRQ��:�$���:KHHOHU�� $�0�� � ������ � $�PRGHO� RI� FDQRS\
SKRWRV\QWKHVLV� DQG�ZDWHU�XVH� LQFRUSRUDWLQJ�D�PHFKDQLVWLF� IRUPXODWLRQ�RI� OHDI�&2�� H[FKDQJH�
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW������±��

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5����
6WDQG�W\SH��3ODQWDWLRQ�
/DQG�8VH�&KDQJH��,UULJDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��0RGHO��6RLO�ZDWHU��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
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$�PRGHO�RI� WKH� FDUERQ�XSWDNH� DQG�ZDWHU�EDODQFH�RI� IRUHVW� VWDQGV� LV� GHVFULEHG��ZKLFK� LV� DQ
HQKDQFHPHQW� RI� WKH�%,20$66�PRGHO��'DWD� DUH� SUHVHQWHG� WR� VXSSRUW� DQ� HPSLULFDO� UHODWLRQ� OLQNLQJ
VWRPDWDO�FRQGXFWDQFH��SKRWRV\QWKHVLV��UHODWLYH�KXPLGLW\�DQG�DPELHQW�&2��FRQFHQWUDWLRQ��7KH�PRGHO�ZDV
DSSOLHG�WR�VWDQGV�RI�3��UDGLDWD�VXEMHFW�WR�H[WUHPHV�RI�ZDWHU�DQG�QXWULHQW�DYDLODELOLW\��6LPXODWHG�ZDWHU
VWRUDJH�LQ�WKH�URRW�]RQH�DJUHHG�ZLWK�PHDVXUHPHQWV�FRQGXFWHG�RYHU�D���\U�SHULRG��6LPXODWHG�DQG�PHDVXUHG
VHDVRQDO�SDWWHUQV�RI�ZDWHU�XVH�UHDFKHG�PD[LPXP�UDWHV�RI�DSSUR[LPDWHO\���PP�GD\�LQ�VXPPHU�IRU�LUULJDWHG
VWDQGV�ZLWK�SURMHFWHG�OHDI�DUHD�LQGLFHV�RI�DSSUR[LPDWHO\����6LPXODWHG�DQQXDO�QHW�SKRWRV\QWKHVLV��QHW
SKRWRUHVSLUDWLRQ�DQG�GD\WLPH�IROLDU�UHVSLUDWLRQ��UDQJHG�IURP�DSSUR[LPDWHO\����W�&�KD�IRU�FRQWURO�VWDQGV
WR�DSSUR[LPDWHO\����W�&�KD�IRU�LUULJDWHG�DQG�IHUWLOLVHG�VWDQGV��

&RPPHQW
8VHV�WKH�%LRPDVV�PRGHO�WR�VLPXODWH�HYDSRUDWLRQ�IURP�IRUHVW�VWDQGV��VRPH�IHUWLOLVHG�DQG�VRPH�LUULJDWHG�
LQ�WKH�%LRORJ\�RI�)RUHVW�*URZWK�H[SHULPHQWV�QHDU�&DQEHUUD�

7UDQVSLUDWLRQ�UDQJHG�EHWZHHQ�����DQG�����PP�IRU�QRQ�LUULJDWHG�VWDQGV�ZLWK�VHYHUH�ZDWHU�OLPLWDWLRQV�WR
����� WR� �����PP� IRU� WKH� LUULJDWHG� VWDQGV�ZLWK� QR� OLPLWDWLRQV�� � 6RLO� YROXPHWULF�ZDWHU� FRQWHQW�ZDV
VLPXODWHG�ZHOO�DQG�UDQJHG�IURP������LQ�ZLQWHU�GRZQ�WR�������LQ�WKH�PHDVXUHG���P�VRLO�SURILOH��

:KLOH�WKH�LUULJDWHG�VWDQGV�KDG�-DQXDU\�PHDQ�GDLO\�WUDQVSLUDWLRQ�UDWHV�DSSURDFKLQJ���PP�GD\��WKH�ZDWHU
OLPLWHG�VWDQGV�KDG�YDOXHV�RI�DERXW�����PP�GD\���,Q�-XO\�DOO�VWDQGV�KDG�UDWHV�DERXW���PP�GD\��LQFUHDVLQJ
WR�RYHU���PP�GD\�LQ�2FWREHU�EXW�GLYHUJHQFHV�RFFXUUHG�DIWHU�WKDW�DV�VRLO�PRLVWXUH�OLPLWDWLRQV�WRRN�HIIHFW�

0F0XUWULH��5�(���5RRN��'�$���.HOOLKHU��)�0����������0RGHOOLQJ�WKH�\LHOG�RI�3LQXV�UDGLDWD�RQ�D�VLWH
OLPLWHG�E\�ZDWHU�DQG�QLWURJHQ���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�������±��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ��±���\U 6WDQG�'HQVLW\��9DULRXV
+HLJKW����±���P 'LDPHWHU����±���FP
.H\ZRUGV��(YDSRUDWLRQ��0RGHO��6RLO�ZDWHU

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$�SURFHVV�EDVHG�PRGHO�LV�GHVFULEHG�DQG�DSSOLHG�WR�D�UDQJH�RI�3��UDGLDWD�VWDQGV���±���\U�ROG�

JURZLQJ�RQ�VWDELOLVHG�VDQG�GXQHV�LQ�D�VWRFNLQJ�;�IHUWLOLVHU�H[SHULPHQW�LQ�:RRGKLOO�6WDWH�)RUHVW��1HZ
=HDODQG��7KH�PRGHO�UHTXLUHV�LQSXWV�RI�GDLO\�ZHDWKHU�GDWD��PD[LPXP�DQG�PLQLPXP�DLU�WHPSHUDWXUHV�DQG
UDLQIDOO���SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�VLWH��ORQJLWXGH��ODWLWXGH��URRW�]RQH�GHSWK�DQG�UHODWLRQ�EHWZHHQ
URRW�]RQH�VRLO�PDWULF�SRWHQWLDO�DQG�YROXPHWULF�ZDWHU�FRQWHQW��DQG�FURS��VWRFNLQJ��FURZQ�GLPHQVLRQV�DQG
OHDI�DUHD�LQGH[��DQG�FURS�SK\VLRORJLFDO�SDUDPHWHUV��H�J���PD[LPXP�VWRPDWDO�FRQGXFWDQFH���7KH�PRGHO
ZDV�XVHG�WR�VLPXODWH�FRPSRQHQWV�RI�IRUHVW�ZDWHU�EDODQFH�DQG�DQQXDO�QHW�SKRWRV\QWKHVLV�IRU�D�GHILQHG�FURS
FDQRS\�DUFKLWHFWXUH��6LPXODWHG�GDLO\�URRW�]RQH�ZDWHU�VWRUDJH�LQ�ERWK�RSHQ�DQG�FORVHG�FDQRS\�VWDQGV
JHQHUDOO\� DJUHHG� ZLWK� PRQWKO\� PHDVXUHPHQWV� PDGH� RYHU� D� FRPSOHWH� \HDU�� 6LPXODWHG� QHW� DQQXDO
SKRWRV\QWKHVLV� UDQJHG� IURP� ��� WR� ��� W�KD� &�� DQG� FRPSDULVRQ� ZLWK� PHDVXUHG� VWHP�YROXPH� DQQXDO
LQFUHPHQWV�RI���±���P��KD�RYHU�WKH�VDPH�WLPH�SHULRGV�UHVXOWHG�LQ�D�VWURQJ�SRVLWLYH�FRUUHODWLRQ��5DWLRV
RI�VWHP�YROXPH�LQFUHPHQW�WR�QHW�SKRWRV\QWKHVLV�VXJJHVWHG�WKDW�IHUWLOLVHG�DQG�XQIHUWLOLVHG�VWDQGV�KDG�D���
DQG������UHVSHFWLYHO\��DOORFDWLRQ�RI�&�WR�VWHP�JURZWK��6LPXODWLRQV�XVLQJ�ZHDWKHU�GDWD�IRU�D�GU\�\HDU�ZLWK
����PP�\U�UDLQIDOO�LQGLFDWHG�WKDW�DQQXDO�QHW�SKRWRV\QWKHVLV�DQG�WUDQVSLUDWLRQ�RI�IXOO\�VWRFNHG�VWDQGV�ZHUH
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UHGXFHG�E\����DQG������UHVSHFWLYHO\��FRPSDUHG�ZLWK�WKRVH�LQ�D�ZHW�\HDU�ZLWK������PP�\U�UDLQIDOO�
2SHUDWLRQDO�DSSOLFDWLRQV�RI�WKH�PRGHO�WR�IRUHVW�PDQDJHPHQW�LQ�TXDQWLI\LQJ�HQYLURQPHQWDO�UHTXLUHPHQWV
IRU�VWDQG�JURZWK�DQG�H[DPLQLQJ�VLOYLFXOWXUDO�DOWHUQDWLYHV�DUH�GLVFXVVHG��
�
&RPPHQW
'LVFXVVLRQ�RQ�DQG�DQ�H[SODQDWLRQ�RI�WKH�%,20$66�PRGHO���
'DWD�IURP�:RRGKLOO�)RUHVW��$XFNODQG�²�³VRLO´�LV�����VDQG�����VLOW���)RUHVW�VWDQGV�KDYH�D�UDQJH�RI
VWRFNLQJV�DQG�IHUWLOLVHU�WUHDWPHQWV�

6KRZV�JUDSKV�RI�VRLO�ZDWHU�FRQWHQW�FKDQJHV�WKURXJKRXW���\HDU�LQ�WKH�WRS������P�RI�VRLO������WR����PP
LQ�0DUFK�ULVLQJ�WR�DERXW�����PP�LQ�-XO\�ZLWK�UHFKDUJH���

$OVR�SUHGLFWV�WKH�HIIHFW�RI�WKLQQLQJ�RQ�HYDSRUDWLRQ���,Q�D�\HDU�RI�DYHUDJH�������PP��UDLQIDOO��GURSSLQJ
WKH�/$,�IURP���WR���UHGXFHV�ZDWHU�XVH�IURP�DERXW������WR�����PP�\U��GDWD�H[WUDFWHG�IURP�JUDSK�VR
DFFXUDF\""�

0LOOHU��%�-���������'HYHORSPHQW�RI�ZDWHU�XVH�PRGHOV�IRU�GU\ODQG�3LQXV�UDGLDWD�DJURIRUHVWU\�V\VWHPV�
3K'�7KHVLV��/LQFROQ�8QLYHUVLW\��

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��3ODQWDWLRQ����\U
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��0RGHO

&RPPHQW
,QFOXGHG�IRU�FRPSOHWHQHVV�

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\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ���WR���\U 6WDQG�'HQVLW\��9DULRXV
+HLJKW����±���P 'LDPHWHU����±���FP 5DLQIDOO�
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
0HDVXUHPHQWV�ZHUH�GRQH�ZKHQ�WKH�WUHHV�ZHUH�DERXW��ò�\U�ROG�DW�(\UHZHOO�)RUHVW�DW������63+�DQG�DERXW
�ò�\U�ROG�DW�����63+�DW�/LQFROQ���*URXQG�YHJHWDWLRQ�YDULHG�DQG�LUULJDWLRQ�ZDV�DSSOLHG�DW�VRPH�(\UHZHOO
SORWV���7UHH�KHLJKWV�YDULHG�FRQVLGHUDEO\�EHWZHHQ�SORWV��IURP�����P�WR�����P�DW�WKH�VWDUW�RI�WKH�H[SHULPHQWV�
7UDQVSLUDWLRQ�UDWHV�YDULHG�EHWZHHQ�WUHDWPHQWV�UDQJLQJ�IURP���WR���PP��GD\�
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0LOOHW��0�5�2�� � ������ �(YDSRUDWLRQ� DQG� UDLQIDOO� LQVLGH� DQG� RXWVLGH� D� IRUHVW�� �&RPPRQZHDOWK
)RUHVWU\�%XUHDX��$XVWUDOLD��/HDIOHW�1R������SS�����

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5������DEVWUDFW�RQO\�
6WDQG�7\SH��3ODQWDWLRQ����YDULRXV
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��7KURXJKIDOO

&RPPHQW
7KH�DEVWUDFW�QRWHV�WKDW�HYDSRUDWLRQ�IURP�D�IUHH�ZDWHU�VXUIDFH�ZLWKLQ�WZR�IRUHVW�VWDQGV�ZDV�������DQG
������RI�WKDW�RXWVLGH�WKH�IRUHVW��

'DWD�LQ�DEVWUDFW�VXSSOHPHQWHG�E\�WKH�IROORZLQJ�LQIRUPDWLRQ�LQ�7XUQHU�	�/DPEHUW�������

,QWHUFHSWLRQ�GDWD�²�$&7
:KHUH 'XUDWLRQ

\U
$JH
\U

%$
P��K
D

3UHFLSLWDWLRQ
�PP�

7KURXJKIDOO
�PP�

7KURXJKIDOO
���

6WURPOR��$&7 �� ��� ���� ��� ���� ���
:HVWERXUQH��$&7 �� ��±�� ���� ���� ���

0LWFKHOO��%�$���&RUUHOO��5�/����������7KH�VRLO�ZDWHU�UHJLPH�LQ�D�\RXQJ�UDGLDWD�SLQH�SODQWDWLRQ�LQ
6RXWKHDVWHUQ�$XVWUDOLD���1HZ�)RUHVWV�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��5HIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ��±��\U 6WDQG�'HQVLW\�������63+
.H\ZRUGV��(YDSRUDWLRQ��*URXQGZDWHU��6RLO�ZDWHU

&$%�$EVWUDFWV�$1�)�������$XWKRUV¶�$EVWUDFW
7KH�VRLO�ZDWHU�UHJLPH�IURP�SODQWLQJ�WR�DJH���\U�EHQHDWK�SODQWDWLRQV�RI�3��UDGLDWD�RQ�ILUVW��DQG

VHFRQG�URWDWLRQ�VLWHV�LQ�6RXWK�$XVWUDOLD�KDV�EHHQ�VWXGLHG�E\�PHDVXULQJ�FKDQJHV�LQ�ZDWHU�WDEOH�GHSWK�DQG
VRLO�FRQWHQW��%RWK�SODQWDWLRQV�UHFHLYHG�LQWHQVLYH�PDQDJHPHQW��ZKLFK�SURGXFHG�YHU\�KLJK�JURZWK�UDWHV�
0DJQLWXGH��DQG�WR�D�OHVVHU�H[WHQW�GXUDWLRQ��RI�JURXQGZDWHU�SHDNV�GHFUHDVHG�IURP�SODQWLQJ��DQG�E\�WKH�WLPH
SODQWDWLRQV�ZHUH���\U�ROG�WKH�ZLQWHU�ULVH�ZDV�QHJOLJLEOH��:LWKLQ���\U�RI�SODQWLQJ��VRLO�ZDWHU�LQ�WKH�XSSHU
��P�ZDV�ODUJHO\�GHSOHWHG�GXULQJ�VXPPHU�SHULRGV��DQG�E\�WKH��WK�VXPPHU�DYDLODEOH�ZDWHU�WR���P�GHSWK
ZDV�H[KDXVWHG��$�PRGHO�UHODWLQJ�FKDQJH�LQ�ZDWHU�FRQWHQW�WR�WLPH�IURP�SODQWLQJ�DQG�FXPXODWLYH�UDLQIDOO
H[SODLQHG�RYHU�����RI�WKH�YDULDWLRQ�LQ�ZDWHU�FRQWHQW��'DLO\�FKDQJHV�LQ�ZDWHU�FRQWHQW��ZKLFK�YDULHG�IURP
����WR�����PP�IURP�ZLQWHU�WR�VXPPHU��UHODWHG�VWURQJO\�WR�UDLQIDOO�EXW�ZHDNO\�WR�SDQ�HYDSRUDWLRQ��1R
UHODWLRQVKLS�EHWZHHQ�HYDSRWUDQVSLUDWLRQ�DQG�VRLO�ZDWHU�FRQWHQW�ZDV�IRXQG��$�UDSLG�HDUO\�GHSOHWLRQ�RI�VRLO
ZDWHU�WKURXJK�YLJRURXV�SODQWDWLRQ�JURZWK�UHVXOWLQJ�IURP�LQWHQVLYH�VLOYLFXOWXUH�ZDV�REVHUYHG��7KLV�FRXOG
FDXVH�SUREOHPV�LQ�VXVWDLQLQJ�UDSLG�JURZWK�UDWHV�EH\RQG�FDQRS\�FORVXUH��ZKHUH�DFFHVV�WR�JURXQGZDWHU�LV
QRW�SRVVLEOH��$�MXGLFLRXV�EDODQFH�RI�IHUWLOLVDWLRQ�DQG�FURS�GHQVLW\��UHODWHG�WR�VLWH�FKDUDFWHULVWLFV��ZRXOG
EH�QHFHVVDU\�WR�DFKLHYH�RSWLPXP�SURGXFWLYLW\�
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&RPPHQW
2YHU�����\U��0$3�����PP��HYDSRUDWLRQ������PP���)RU�SDUW�RI�WKH�VWXG\�SHULRG������±������0$3����
PP��SDQ�HYDSRUDWLRQ������PP�
3ODQWLQJ�ZDV�LQWR�SDVWXUH���5��DQG�FOHDUIHOOHG�SODQWDWLRQ���5����*URXQGZDWHU�WDEOH�URVH�LQ�WKH���\U�DIWHU
WKH�ROGHU�SODQWDWLRQ�ZDV�FOHDUIHOOHG�E\�DERXW�����P�LQ�ZLQWHU�EXW�VWDUWHG�WR�IDOO�DIWHU�WKH�QH[W�\HDU�IRU�WKH
QH[W���\U���,Q�WKH�H[�JUDVVODQG�FDWFKPHQW�IDOOV�ZHUH�VLPLODU�

5HODWHG�FKDQJH�LQ�VRLO�ZDWHU�FRQWHQW��]��DV�
]� �&R���&��î�VLQ�D����F��î�FRV�D����&��î�UDLQ�UDWH���&��î�HYDSRUDWLRQ�UDWH
D�LV�DQ�DQJXODU�IXQFWLRQ�RI�WLPH�RI�\HDU�DQG�PRQWKV�VLQFH�SODQWLQJ�
3DUDPHWHUV�DUH�JLYHQ�IRU�WZR�VWDQGV�

0\HUV��%�-�� ������� �(IIOXHQW� ORDGLQJ�UDWHV� IRU� LUULJDWHG�SODQWDWLRQV�²�D�ZDWHU�EDODQFH�PRGHO�
$XVWUDOLDQ�)RUHVWU\�������±���

&RXQWU\��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5��
.H\ZRUGV��0RGHO��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�$EVWUDFW
'LVSRVDO�RI�PXQLFLSDO�DQG�LQGXVWULDO�HIIOXHQWV�WR�ULYHUV�LV�D�PDMRU�VRXUFH�RI�ULYHU�SROOXWLRQ�LQ

$XVWUDOLD��6LQFH�DQ�LQFUHDVLQJO\�SRSXODU�DOWHUQDWLYH�IRU�UHGXFLQJ�GLVFKDUJH�RI�QXWULHQWV�WR�ULYHUV�DQG
SURPRWLQJ�ZRRG�SURGXFWLRQ�LV�WR�XVH�HIIOXHQWV�WR�LUULJDWH�WUHH�SODQWDWLRQV��WKHUH�LV�D�VWURQJ�GHPDQG�IRU
DFFXUDWH�LQIRUPDWLRQ�RQ�WKH�ZDWHU�DQG�QXWULHQW�FRQVXPSWLRQ�RI�HIIOXHQW�LUULJDWHG�SODQWDWLRQV��$Q�HPSLULFDO
ZDWHU�EDODQFH�PRGHO�RI�LUULJDWHG�SODQWDWLRQV��:$7/2$'��ZDV�GHYHORSHG�XVLQJ�GDWD�IRU�JURZWK�DQG
ZDWHU�XVH�RI�3��UDGLDWD�SODQWDWLRQV�WUHDWHG�ZLWK�D�ZLGH�UDQJH�RI�ZDWHU�DQG�QXWULHQW�VXSSOHPHQWV�RYHU��
\U�LQ�$XVWUDOLDQ�&DSLWDO�7HUULWRU\��7KH�FHQWUDO�ELRORJLFDO�SDUDPHWHU�LV�WKH�DPRXQW�RI�IROLDJH�FDUULHG�E\
WKH� WUHHV�� ZKLFK� DIIHFWV� WKURXJKIDOO� DQG� VWHPIORZ�� WKH� WUDQVSLUDWLRQ� UDWH� RI� WKH� WUHHV� DQG� WKH
HYDSRWUDQVSLUDWLRQ�UDWH�RI�WKH�SDVWXUH�JUDVV�RU�XQGHUVWRUH\��7KH�PRGHO�FDOFXODWHV�WKH�PRQWKO\�DPRXQW�RI
HIIOXHQW� WKDW�FDQ�EH�DSSOLHG� WR�D�SODQWDWLRQ� LQ�D�JLYHQ�FOLPDWH�IURP�SODQWLQJ� WR�FDQRS\�FORVXUH�ZLWK
PLQLPDO�ULVN�RI�LQFUHDVLQJ�QXWULHQW�FRQWDPLQDWLRQ�WR�ZDWHUZD\V��,W�FDOFXODWHV�WKH�DUHD�UHTXLUHG�WR�WUHDW�D
JLYHQ�YROXPH�RI�HIIOXHQW�DQG�WKH�DPRXQW�RI�ZLQWHU�VWRUDJH�UHTXLUHG��
�
&RPPHQW
'HVFULEHV�WKH�:$7/2$'�PRGHO��ZKLFK�KDV�D�FRPSRQHQW�IRU�HVWLPDWLQJ�DPRXQWV�RI�LUULJDWLRQ�WKDW�FDQ
EH�DSSOLHG���,QWHUFHSWLRQ�IRU�WKH�DYHUDJH�HYHQW�LV�FDOFXODWHG�DV�LQWHUFHSWLRQ����� �������������0��ZKHUH
0�LV�WKH�FDQRS\�PDVV�RI�WKH�IRUHVW�LQ�W�KD�²�WKLV�UHODWLRQVKLS�FDQ�EH�DSSOLHG�RQ�D�PRQWKO\�WLPH�VWHS���7KH
PRGHO�FDOFXODWHV�(�IURP�SDQ�HYDSRUDWLRQ�DQG�FURS�IDFWRUV���(IIOXHQW�ORDGLQJ�UDWHV��FDQRS\�JURZWK��URWDWLRQ
DQG�ZLQWHU�VWRUDJH�UHTXLUHPHQWV�DUH�DOVR�IDFWRUHG�LQ�WR�WKH�PRGHO��
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0\HUV��%�-���7DOVPD��7����������6LWH�ZDWHU�EDODQFH�DQG�WUHH�ZDWHU�VWDWXV�LQ�LUULJDWHG�DQG�IHUWLOLVHG
VWDQGV�RI�3LQXV�UDGLDWD���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�������±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��,UULJDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���±���\U
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
6RLO�ZDWHU�FRQWHQW�DQG�SUH�GDZQ�QHHGOH�ZDWHU�SRWHQWLDO�ZHUH�PHDVXUHG�DW���ZHHN�LQWHUYDOV�IRU

��\U�LQ�D�ILHOG�VWXG\�RI�WKH�LQWHUDFWLRQ�RI�ZDWHU�DQG�QXWULHQWV�LQ�FRQWUROOLQJ�JURZWK�RI�����WR����\HDU�ROG
3��UDGLDWD�QHDU�&DQEHUUD��$XVWUDOLD��*URZWK�RQ�WKH�VKDOORZ�ORZ�IHUWLOLW\�GXSOH[�VRLO�ZDV�OLPLWHG�E\�ERWK
QXWULHQW�DQG�ZDWHU�GHILFLHQFLHV��7KH����FP�GHHS�$�KRUL]RQ��ZKLFK�FRQWDLQHG�DERXW�����RI�WKH�ILQH�URRW
V\VWHP��KDG�D�SODQW�DYDLODEOH�ZDWHU��3$:��KROGLQJ�FDSDFLW\�RI�DERXW���±���PP�RU�DERXW���GD\V�VXSSO\
DW�SHDN�VXPPHU�WUDQVSLUDWLRQ�UDWHV��$ERXW�����RI�WRWDO�DQQXDO�SUHFLSLWDWLRQ�ZDV�XQDYDLODEOH�WR�WKH�WUHHV
EHFDXVH�RI�FDQRS\�DQG�OLWWHU�LQWHUFHSWLRQ�ORVVHV�������DQG�UXQRII������UHVXOWLQJ�IURP�GLVVLPLODULW\�LQ
VHDVRQDO�GLVWULEXWLRQ�RI�SUHFLSLWDWLRQ�DQG�SRWHQWLDO�ZDWHU�XVH��1HW�FDQRS\�LQWHUFHSWLRQ�ZDV�����RI�DQQXDO
UDLQIDOO�DQG�OLWWHU�XQGHUVWRUH\�LQWHUFHSWLRQ�ZDV�����1HW�LQWHUFHSWLRQ�ZDV�VWURQJO\�DIIHFWHG�E\�VL]H�RI
UDLQIDOO�HYHQW�GXULQJ�LQGLYLGXDO�VWRUPV��UDQJLQJ�IURP�PRUH�WKDQ�����RI�D���PP�HYHQW�WR�OHVV�WKDQ����
RI�D����PP�HYHQW��+RZHYHU��VWDQG�EDVDO�DUHD�ZDV�WKH�PDLQ�VRXUFH�RI�YDULDWLRQ�LQ�DQQXDO�QHW�FDQRS\
LQWHUFHSWLRQ��YDU\LQJ�IURP�����RI�WRWDO�SUHFLSLWDWLRQ�DW�D�EDVDO�DUHD�RI����P��KD�WR�����DW����P��KD�

7UHHV�DSSHDUHG�WR�H[WUDFW�VRLO�ZDWHU�EHORZ�WKH�FRQYHQWLRQDOO\�DFFHSWHG�ZLOWLQJ�SRLQW�������03D�
DQG�SURJUHVVLYHO\�GULHG�RXW�WKH�SURILOH�WR�DW�OHDVW���P�GHSWK��UHVXOWLQJ�LQ�JURZWK�EHLQJ�UHVWULFWHG�E\�ZDWHU
GHILFLHQF\��:DWHU�DYDLODELOLW\�ZDV�D�PRUH�LPSRUWDQW�GHWHUPLQDQW�RI�ZDWHU�XVH�WKDQ�ZDV�FDQRS\�VL]H��EXW
LQ�QRQ�ZDWHU�OLPLWHG�VWDQGV�DQQXDO�WUDQVSLUDWLRQ�YDULHG�GLUHFWO\�ZLWK�IROLDJH�PDVV�DQG�YDULHG�EHWZHHQ�����
WR������ WLPHV�SDQ�HYDSRUDWLRQ��6HYHQW\�SHUFHQW�RI�DQQXDO�ZDWHU�XVH�RFFXUUHG� LQ� WKH���PRQWKV� IURP
2FWREHU�WR�0DUFK�LQFOXVLYH��'LIIHUHQFHV�LQ�ZDWHU�XVH�EHWZHHQ�VWDQGV�ZHUH�ODUJHVW�LQ�VXPPHU�EHFDXVH�RI
PD[LPXP�GLIIHUHQFHV�LQ�ZDWHU�DYDLODELOLW\�DQG�PD[LPXP�IROLDJH�PDVV�DW�WKDW�WLPH��$W�VRLO�ZDWHU�FRQWHQWV
DERYH�����3$:��SUH�GDZQ�QHHGOH�ZDWHU�SRWHQWLDO�ZDV�LQGHSHQGHQW�RI�VRLO�ZDWHU�FRQWHQW��EXW�LW�LQFUHDVHG
ZLWK�LQFUHDVLQJ�VRLO�WHPSHUDWXUH�DQG�IROLDU�QLWURJHQ�FRQFHQWUDWLRQ��%HORZ�����3$:��SUH�GDZQ�SRWHQWLDO
GHFUHDVHG�OLQHDUO\�ZLWK�GHFOLQLQJ�VRLO�ZDWHU�FRQWHQW��

&RPPHQW
a���\U�ROG�3��UDGLDWD������63+��!����P�WDOO��!����FP�'%+��&DQRS\�FORVXUH�QRW�FRPSOHWH�LQ�WZR�RI�WKH
WKUHH�VWDQGV�
5DLQIDOO����±�����PP��1R�LQGLFDWLRQ�RI�WKH�UDLQIDOO�IRU�WKH���\U�KHUH�
2YHU���\U��QHW�FDQRS\�LQWHUFHSWLRQ�ZDV�������RI�3771��DQG�UDQJHG�IURP����WR�����IRU�WKUHH�VWDQGV�
+LJKHU�������LQ�LQWHUPLWWHQW�DQG�PXOWLSOH�HYHQWV��������LQ�VLQJOH�XQLQWHUUXSWHG�HYHQWV���
6� ������RI�3771
,� �����î�3771������

6� �������������î�ORJ�3771

)RU�DQ�DYHUDJH�HYHQW�� ,� �������������î�%$�
DQG ,� ��������������î�0� ZKHUH�0� �DQQXDO�DYHUDJH�IROLDJH�PDVV�
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,Q� WKH� LUULJDWHG�VWDQGV��PHDQ�GDLO\�ZDWHU�XVH�SHDNHG�LQ�VXPPHU�DW����� WR�����PP�GD\�GHSHQGLQJ�RQ
WUHDWPHQW� DQG�GURSSHG� WR����±����PP�GD\� LQ�ZLQWHU�� �7KH�QRQ�LUULJDWHG� VWDQGV�SHDNHG�DW� DERXW����
PP�GD\�LQ�1RYHPEHU�DQG�GURSSHG�WR�DERXW�����PP�GD\�LQ�ODWH�VXPPHU�DQG�ZLQWHU�EXW�ZDV�FRQWUROOHG
E\�VRLO�ZDWHU�FRQWHQW���7KH�DPRXQWV�RI�ZDWHU�XVHG�E\�WKH�QRQ�LUULJDWHG�VWDQG�ZDV�FRQWUROOHG�E\�DQQXDO
HIIHFWLYH�3���,Q�VSULQJWLPH�ZDWHU�XVH�E\�LUULJDWHG�VWDQGV�ZDV����±����PP�GD\�

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����������±���

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�FRPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�RI�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����±���\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
6WHZDUWV�&UHHN�&DWFKPHQW��9LFWRULD���&DWFKPHQW��� �QDWLYH�IRUHVW�FRQWURO��FDWFKPHQW���FOHDUHG�QDWLYH
IRUHVW�LQ�0D\������DQG�SODQWHG�LQ�$SULO������

7KHUH�ZDV�DQ�LQFUHDVH�LQ�UXQRII�DIWHU�KDUYHVWLQJ�ZKLFK�LQ�WKHLU�)LJ����LV�DERXW�����PP�UHDFKHG�WKH�\HDU
DIWHU�KDUYHVWLQJ��XQOLNH�D�FRQYHUVLRQ�IURP�QDWLYH�IRUHVW�WR�SDVWXUH�LQ�ZKLFK�WKH�SHDN�LQFUHDVH�ZDV���\U
DIWHU�KDUYHVWLQJ����+RZHYHU��D�JHQHUDOLVHG��ILWWHG�HTXDWLRQ�IRU�WKH�LQFUHDVH�LQ�IORZ�DIWHU�W�\U�DIWHU�WKH
PD[LPXP�LQFUHDVH�REVHUYHG�ZDV

�� �,PD[�^�������/W��/RJ�W`
ZKHUH� ,PD[�LV�WKH�PD[LPXP�LQFUHDVH�LQ�IORZ�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

)RU�6WHZDUWV�&UHHN����WKH�ILWWHG�HTXDWLRQ�JDYH�WLPH�WR�PD[LPXP�LQFUHDVH�RI���\U��PD[LPXP�IORZ�LQFUHDVH
RI�����PP��DQG�/W�RI�����DQG�7� �WLPH�EHWZHHQ�WUHDWPHQW�DQG�]HUR�LQFUHDVH�RI����\U��

1DQGDNXPDU��1���0HLQ��5�*���'XQLQ��)�;�� �������&DWFKPHQW�HYDSRUDWLRQ�IURP�JUDVVODQG�DQG
IRUHVW�� � ,QWHUQDWLRQDO�+\GURORJ\� DQG�:DWHU�5HVRXUFHV�6\PSRVLXP��3HUWK� ������ ,QVWLWXWLRQ� RI
(QJLQHHUV��$XVWUDOLD�1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ�����±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�FRPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ
6WDQG�7\SH��3ODQWDWLRQ�����WR����\U
.H\ZRUGV��:DWHU�\LHOG
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&RPPHQW
6WHZDUWV�&UHHN�&DWFKPHQW��9LFWRULD���&DWFKPHQW��� �QDWLYH�IRUHVW�FRQWURO��FDWFKPHQW���FOHDUHG�QDWLYH
IRUHVW�LQ�0D\������DQG�SODQWHG�LQ�$SULO������

&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 ���� ��� ��� ��� ���

7KHUH�ZDV�DQ�LQFUHDVH�LQ�UXQRII�DIWHU�KDUYHVWLQJ�ZKLFK�GLPLQLVKHG�EDFN�WR�SUHWUHDWPHQW�OHYHOV��DERXW����
OHVV�WKDQ�FDWFKPHQW����ZKHQ�WKH�WUHHV�ZHUH�PRUH�WKDQ����\U�ROG�

2QDLQGLD��0���*RQ]DOH]��$���$PH]DJD��,���(FKHDQGLD��$���'RPLQJR��0����������1XWULHQW�IORZ�LQ
SUHFLSLWDWLRQ�DQG�WKURXJKIDOO�LQ�3LQXV�UDGLDWD�IRUHVWV����)OXMR�GH�QXWULHQWHV�D�WUDYHV�GHO�DJXD�GH
OOXYLD�\�ODYDGR�GH�FRSD�HQ�ERVTXHV�GH�3LQXV�UDGLDWD�'��'RQ����6WXGLD�2HFRORJLFD���±�������±����

&RXQWU\��6SDLQ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��,QWHUFHSWLRQ��1XWULHQW�F\FOLQJ

&$%�$EVWUDFWV�$1����������
$QDO\VHV�ZHUH�PDGH�RYHU���\U�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�SUHFLSLWDWLRQ�DQG�WKURXJKIDOO

LQ�WZR�SODQWDWLRQV�RI�3��UDGLDWD����\U�ROG�QHDU�%LOEDR��,Q�RQH�SODQWDWLRQ�OHVV�DIIHFWHG�E\�DWPRVSKHULF
SROOXWLRQ� WKH� QHW� LQIORZ� RI� QXWULHQWV� LQ� WKH� WKURXJKIDOO� ZDV� FORVHO\� UHODWHG� WR� WKH� DPRXQWV� LQ� WKH
SUHFLSLWDWLRQ��EXW�LQ�WKH�RWKHU�SODQWDWLRQ�PRUH�DIIHFWHG�E\�SROOXWLRQ�WKLV�UHODWLRQVKLS�DSSOLHG�RQO\�IRU�3E
DQG�1+���'LIIHUHQFHV�EHWZHHQ�WKH�WZR�SODQWDWLRQV�DUH�GLVFXVVHG��LQ�WKH�OLJKW�RI�VWXGLHV�HOVHZKHUH�LQ
(XURSH��
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2WHUR��'�/���&RQWUHUDV��-�$���%DUUDOHV��0�/����������(QYLURQPHQWDO�HIIHFWV�RI�UHSODFLQJ�QDWLYH�IRUHVW
ZLWK�SODQWDWLRQV��D�VWXG\�LQ�IRXU�PLFURFDWFKPHQWV�LQ�WKH�3URYLQFH�RI�9DOGLYLD����(IHFWRV�DPELHQWDOHV
GHO�UHHPSOD]R�GH�ERVTXH�QDWLYH�SRU�SODQWDFLRQHV��HVWXGR�HQ�FXDWUR�PLFURFXHQFDV�LQ�OD�3URYLQFLD
GH�9DOGLYLD�����&LHQFLD�H�,QYHVWLJDFLRQ�)RUHVWDO�������±����

&RXQWU\��&KLOH 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ���	����\U
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1���������
7KH�HIIHFW�RQ�ZDWHU�TXDOLW\�DQG�\LHOG�RI�UHSODFLQJ�QDWLYH�IRUHVW�ZLWK�3��UDGLDWD�SODQWDWLRQV�ZDV

VWXGLHG�LQ�IRXU�EDVLQV�LQ�WKH�&HQWUDO�9DOOH\�RI�9DOGLYLD�3URYLQFH��&KLOH��'DWD�RQ�UDLQIDOO��GLVFKDUJH�DQG
VHGLPHQW�SURGXFWLRQ�ZHUH�FROOHFWHG�IRU����PRQWKV��-DQXDU\������WR�0D\��������$YHUDJH�ZDWHU�\LHOG�IURP
WKH�EDVLQ�ZLWK�QDWLYH�YHJHWDWLRQ�ZDV�XS�WR�����JUHDWHU�WKDQ�WKH�\LHOG�IURP�EDVLQV�ZLWK�SODQWDWLRQV�LQ
VHDVRQV�ZLWK�ORZ�UDLQIDOO��EXW�WKLV�ZDV�UHYHUVHG�LQ�VHDVRQV�ZLWK�KLJK�UDLQIDOO��6HGLPHQW�\LHOG�ZDV�JUHDWHU
LQ�EDVLQV�ZLWK�SODQWDWLRQV��

&RPPHQW
5HVXOWV�PXVW�EH�WUHDWHG�ZLWK�FDXWLRQ�DV�WKH\�DUH�EDVHG�RQ����VSRW�PHDVXUHPHQWV�RI�VWUHDPIORZ�XVLQJ
IORDWV�

3771�LQ�����������PP�����������PP�WR�0D\��WRWDO�IRU����PRQWKV�����PP�

1DWLYH�IRUHVW�IORZ�����JUHDWHU�WKDQ�SLQHV�LQ�ORZ�UDLQIDOO�VHDVRQ�������/�V�NP�

1R�VLJQLILFDQW�GLIIHUHQFH�LQ�IORZV�LQ�WKH�KLJK�IORZ�VHDVRQ��!���/�V�NP�

/RZ�IORZV�������/�V�NP���PRUH�IUHTXHQW�������LQ�SLQHV�WKDQ�QDWLYHV������

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�����±���

&RXQWU\��&KLOH 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ���	����\U 6WDQG�'HQVLW\��6HH�EHORZ %DVDO�$UHD��6HH�EHORZ
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
0HDVXUHPHQWV�ZHUH�PDGH�RI�WKURXJKIDOO��VWHPIORZ�DQG�LQWHUFHSWLRQ�LQ�WKUHH�SODQWDWLRQV�LQ�&KLOH�

�������\U�ROG������VWHPV�KD��������\U�ROG��FRQYHQWLRQDO�PDQDJHPHQW�������VWHPV�KD��DQG�������\U�ROG�
VLOYRSDVWRUDO�PDQDJHPHQW������VWHPV�KD��3UHFLSLWDWLRQ�UHDFKLQJ�WKH�VRLO��L�H���WKURXJKIDOO���VWHPIORZ��ZDV
�������DQG�����UHVSHFWLYHO\�RI�WKH�LQFLGHQW�SUHFLSLWDWLRQ��LQWHUFHSWLRQ�ORVV�ZDV�HVWLPDWHG�DW��������DQG
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����UHVSHFWLYHO\��&DQRS\�VWRUDJH�FDSDFLW\�ZDV����������DQG�����PP�UHVSHFWLYHO\��DQG�WKH�DPRXQW�RI
SUHFLSLWDWLRQ�UHTXLUHG�WR�LQLWLDWH�VWHPIORZ�ZDV����������DQG�����PP��UHVSHFWLYHO\��6WHPIORZ�RQ�LQGLYLGXDO
WUHHV�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�FURZQ�DUHD��

&RPPHQW
���PRQWKV�RI�GDWD
3��UDGLDWD����\U�ROG������63+����P�WDOO��%$������P��KD�DQG�DYJH�GLDPHWHU����FP
3��UDGLDWD���\U�ROG������63+��IDUP�PDQDJHPHQW�� �DJUR�IRUHVWU\���%$������P��KD�DQG�PHDQ�GEK����FP
3��UDGLDWD���\U�ROG�������63+���%$������P��KD�DQG�DYHUDJH�GLDPHWHU����FP
0HDQ�DQQXDO�3771� ������PP
*LYHV�GDWD�IRU�PRQWKO\�WRWDOV�DQG�IRU�WKH�WRWDO�SHULRG�

,QWHUFHSWLRQ�GDWD�-XO\������WR�0DUFK�����
6WDQG 3771

�PP�
7)

�PP�����
6)

�PP����
,171

�PP�����
���\U�ROG ���� ��������� �������� ��������
��\U��WUDGLWLRQDO� ���� ��������� �������� ��������
��\U�DJURIRUHVWU\ ���� ��������� �������� �������

3URYLGHV�UHODWLRQVKLSV�EHWZHHQ�7)�RU�67�RU�,171�DQG�UDLQ�GXUDWLRQ�IRU�GLIIHUHQW�LQWHQVLW\�FODVVHV
&DQRS\�VWRUDJH�FDSDFLW\� ����������DQG�����PP�IRU������W�	��D�VWDQGV��UHVSHFWLYHO\�

2EWDLQHG�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�FDQRS\�FRYHULQJ�DQG�LQWHUFHSWLRQ���,Q�ZLQWHU��ZKHQ�WKURXJKIDOO
DQG�VWHPIORZ�LQFUHDVH��WKH�DEVROXWH�DPRXQW�RI�LQWHUFHSWLRQ�LQFUHDVHG�EXW�UHODWLYH�DPRXQWV�GHFUHDVHG�

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���������±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��7UDQVSLUDWLRQ��:DWHU�\LHOG

&RPPHQW
,QWHUFHSWLRQ�����RI�UDLQIDOO� �a�����PP�\U�
6WDQG�WUDQVSLUDWLRQ�ZDV�GHWHUPLQHG�DV�WKH�UHVLGXDO�RI�WKH�VRLO�ZDWHU�EDODQFH�IRU���ZHHN�SHULRGV�XVLQJ�7)
DV�UDLQ�LQSXW�DQG�QHW�60�VWRUDJH�FKDQJHV���6XPPHU�WUDQVSLUDWLRQ�LV����±����PP�GD\�ZKHQ�60�LV�QRW
OLPLWLQJ��F�I��3ULHVWOH\�7D\ORU��±����PP�GD\�IRU�SDVWXUH�ZLWK�60�QRW�OLPLWHG���
7UDQVSLUDWLRQ�IURP�0D\�WR�$XJXVW�ZDV����PP�GD\���
$QQXDO�WUDQVSLUDWLRQ�WRWDO�a����PP�
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+HQFH�HYDSRUDWLRQ�LV������PP�IRU������PP�UDLQ�ZKLFK�LPSOLHV�VWUHDPIORZ� �����PP���3DVWXUH�HVWLPDWH
IRU�(�XVLQJ�WKH�3ULHVWOH\�7D\ORU�PHWKRG�LV�����PP�\U�LPSO\LQJ�VWUHDPIORZ� �����PP���$IIRUHVWDWLRQ
ZRXOG�WKHUHIRUH�UHGXFH�VWUHDPIORZ�E\�����PP�a������

3LHQDDU��/��9����������5DLQIDOO�LQWHUFHSWLRQ�LQ�\RXQJ�3LQXV�UDGLDWD����5HHQYDORQGHUVNHSSLQJ�GHXU

Q�MRQJ�RSVWDQG�YDQ�3LQXV�UDGLDWD��'�'RQ����%RVERX�LQ�6XLG�$IULND����±���

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�������P��KD
+HLJKW� 'LDPHWHU�����FP����±����FP�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
-RQNHUVKRHN��0$3������PP����3ODQWHG�������6WXG\�$SULO������WR�0DUFK������
*URVV�UDLQIDOO������PP�RQ�����UDLQGD\V

7KURXJKIDOO�� 'DLO\�7)� ������î�3771�������PP
,QWHUFHSWLRQ�ORVV�� 'DLO\�,/� ��������î�3771�������PP

3771������PP� �7)������PP���������6)�����PP���������,/�����PP������

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����������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ��5HIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����\U�� 6WDQG�'HQVLW\��9DULHV 5DLQIDOO��0$3�����PP�
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�6������
�
$XWKRUV¶�$EVWUDFW

5HVXOWV�DUH�SUHVHQWHG�RI�DQDO\VHV�RI�UXQRII�FKDUDFWHULVWLFV�DQG�HYDSRWUDQVSLUDWLRQ�HVWLPDWHV�RI�WZR
SDLUV�RI�VPDOO�FDWFKPHQWV�XQGHU�3��UDGLDWD�DQG�QDWLYH�HXFDO\SW�IRUHVW�DW�/LGVGDOH������NP�QRUWK�ZHVW�RI
6\GQH\��7KUHH�RI�WKH�FDWFKPHQWV�ZHUH�FOHDUHG�LQ�HDUO\�������&RPSDULVRQV�RI�DQQXDO�DQG�PRQWKO\�UXQRII
YROXPHV�VKRZHG� WKDW� WKH� UXQRII� IURP� WKH�SLQH�FDWFKPHQWV�ZDV�FRQVLGHUDEO\� OHVV� WKDQ� WKDW� IURP� WKH
HXFDO\SW� FDWFKPHQWV�� 7KH� UDWLRV� RI� WKH� DYHUDJH� IORZV� YDULHG� VHDVRQDOO\� IURP� DERXW� ���±���� LQ
-DQXDU\�)HEUXDU\�WR����±����GXULQJ�ODWH�DXWXPQ�WR�HDUO\�VSULQJ��7KH�VKRUW�SRVW��FOHDULQJ�UHFRUGV�LQGLFDWHG
LQFUHDVHV�LQ�UXQRII��ZLWK�ODUJHU�LQFUHDVHV�IRU�WKH�SLQH�WKDQ�WKH�HXFDO\SW�IRUHVW��:DWHU�EDODQFH�VWXGLHV�JDYH
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VLPLODU�HYDSRWUDQVSLUDWLRQ�HVWLPDWHV�IRU�WKH�WZR�IRUHVW�W\SHV��GHVSLWH�FRQVLGHUDEOH�GLIIHUHQFHV�LQ�UXQRII
DQG�LQ�ELRPDVV�SURGXFHG��/DUJH�YDULDWLRQV�LQ�HYDSRWUDQVSLUDWLRQ�IURP�ERWK�IRUHVW�W\SHV�UHVXOWHG�IURP
GLIIHUHQW�VHDVRQDO�SDWWHUQV�RI�UDLQIDOO���

&RPPHQW
7KUHH�SLQH�FDWFKPHQWV�ZHUH�SODQWHG�LQ������DIWHU�FOHDULQJ�WZR�FDWFKPHQWV�ZLWK������SODQWHG�SLQHV�DQG
RQH�ZLWK���±���\HDU�ROG�HXFDO\SW�VWDQG��

3UHFOHDULQJ��3LQH�DW�/LGVGDOH���KDG�VWUHDPIORZ������RI�HXFDO\SW�DW�/LGVGDOH���
3RVW�FOHDULQJ��6WRUP�UXQRII�LQ�ODUJHU�HYHQWV�PRUH�WKDQ�GRXEOHG�DIWHU�FOHDULQJ�

:DWHU�EDODQFH
3
�PP�

,
�PP�

1HWW�7)
�PP�

6WUHDPIORZ
�PP�

(
�PP�

3UH�KDUYHVW�����±����
3LQH�/� ��� �������� �������� ������ ��������
(XFDO\SW�/� ��� ������ ������� ������� �������
3UH�KDUYHVW�����±����
3LQH�/� ��� �������� �������� �������� ��������
(XFDO\SW�/� ��� ������ ������� ������� �������
3RVW�KDUYHVW�����±����
3LQH�/� ��� ����� ��������� �������� ��������
(XFDO\SW�/� ��� ���� �������� ������� �������
(XFDO\SW�/� ��� ������ ������� ������� �������

�,QWHUFHSWLRQ�HVWLPDWHG
(�LV�GHWHUPLQHG�DV�WKH�UHVLGXDO�LQ�WKH�ZDWHU�EDODQFH�HTXDWLRQ�

$OWKRXJK�UDLQIDOO�ZDV�VLPLODU�IRU�WKH�ILUVW�WZR�SHULRGV��WKH�ODWWHU�KDG�JUHDWHU�UXQRII�UHIOHFWLQJ�D�KLJKHU
LQFLGHQFH�RI�ODUJH�VWRUPV�JLYLQJ�JUHDWHU�UXQRII���6RLO�PRLVWXUH�OHYHOV�ZHUH�DOVR�KLJKHU��DQG�WKHUH�ZHUH
GLIIHUHQW�WLPH�SDWWHUQV�RI�UDLQ�IDOOLQJ���)ORZ�GXUDWLRQV�VKRZHG�D�PXFK�VPDOOHU�QXPEHU�RI�]HUR�IORZ�GD\V
LQ�WKH�VHFRQG�SHULRG��

'LIIHUHQFH�LQ�LQWHUFHSWLRQ�EHWZHHQ�WKH�SLQHV�DQG�HXFDO\SWV�FRXOG�H[SODLQ�WKH�GLIIHUHQFH�LQ�UXQRII�EHWZHHQ
WKH�VSHFLHV�IRU�WKH�ILUVW�WZR�SHULRGV���(�LV�VLPLODU�IRU�WKH�WZR�VSHFLHV�
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3RRN��(�:���0RRUH��3�+�5���+DOO�7�������D���5DLQIDOO�LQWHUFHSWLRQ�E\�WUHHV�RI�3LQXV�UDGLDWD�DQG
(XFDO\SWXV�YLPLQDOLV�LQ�D������PP�UDLQIDOO�DUHD�RI�6RXWKHDVWHUQ�1HZ�6RXWK�:DOHV��,���*URVV�ORVVHV
DQG�WKHLU�YDULDELOLW\���+\GURORJLFDO�3URFHVVHV�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��6LQJOH�WUHH
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
,QWHUFHSWLRQ� ORVV�� ,�� ZDV� GHWHUPLQHG� E\� FRQWLQXRXV� FRQFXUUHQW� PHDVXUHPHQWV� RI� FDQRS\

SUHFLSLWDWLRQ�EDODQFHV�RI�D�PDWXUH�VHHG�RUFKDUG�WUHH�RI�3��UDGLDWD�DQG�D�GRPLQDQW�WUHH�RI�(XFDO\SWXV
YLPLQDOLV�DW�D�PRXQWDLQRXV�KLJK�UDLQIDOO�VLWH������P�DOWLWXGH��LQ�7DOODJDQGD�6WDWH�)RUHVW�RI�WKH�8SSHU
6KRDOKDYHQ�&DWFKPHQW��$SSUR[LPDWH�FDQRS\�VWRUDJH�FDSDFLW\��6F��RI�WKH�SLQH�ZDV����/��DQG�WKDW�RI�WKH
HXFDO\SW�ZDV������/��*URVV�SLQH�,�ZDV�������DQG�HXFDO\SW�,�ZDV������RI�WRWDO�LQFLGHQW�UDLQIDOO�RYHU�D
SHULRG�RI����PRQWKV��-XQH������WR�'HFHPEHU��������7KH�H[SRQHQWLDO�PRGHO�WKDW�SURYLGHG�WKH�EHVW�ILW�WR
RYHUDOO�GDWD�UHODWLQJ�,�WR�JURVV�UDLQIDOO�ZDV�RI�JRRG�SUHFLVLRQ�IRU�WKH�SLQH��U�� �������EXW�UDWKHU�SRRU
SUHFLVLRQ�IRU�WKH�HXFDO\SW��U�� ��������$�FRQVLVWHQW�SDWWHUQ�LQ�LQWHUFHSWLRQ�GDWD�RI�WKH�WZR�FDQRS\�W\SHV
VXJJHVWHG�WKDW�YDULDWLRQ�LQ�,�ZDV�UHODWHG�WR�FKDQJH�LQ�SHUYDVLYH�FRQGLWLRQV�LQIOXHQFLQJ�UDWHV�RI�HYDSRUDWLRQ
IURP�ZHW�FDQRSLHV�GXULQJ�UDLQIDOO��0XOWLSOH�UHJUHVVLRQ�DQDO\VHV�FRQILUPHG�WKDW�IDFWRUV�VXFK�DV�UDLQIDOO
LQWHQVLW\� DQG�ZLQGVSHHG�H[SODLQHG� VRPH�RI� WKH�YDULDWLRQ� LQ� HXFDO\SW� ,� EXW� OLWWOH� LQ�SLQH� ,��1HJDWLYH
HXFDO\SW�,�DQG�FRUUHVSRQGLQJ�ORZ�YDOXHV�RI�SLQH�,�RYHU�D�ZLGH�UDQJH�RI�ZHHNO\�JURVV�UDLQIDOO��XS�WR���
PP��VXJJHVW� WKDW�FDSWXUH�RI�ZLQG�ERUQH�SUHFLSLWDWLRQ��FORXG��PLVW��RU�IRJ��KDG�DOVR�FRPSOLFDWHG�WKH
FDQRS\�SUHFLSLWDWLRQ�EDODQFHV��

&RPPHQW
6LQJOH� WUHH� VWXG\�� � 5HOHYDQFH� WR� D� SODQWDWLRQ� LV� TXHVWLRQDEOH� DV� WKHUH� DUH� ODUJH� GLIIHUHQFHV� LQ� WKH
DHURG\QDPLFV�RI�WKH�WZR�HQYLURQPHQWV�

3RRN��(�:���0RRUH��3�+�5���+DOO��7�������E���5DLQIDOO�LQWHUFHSWLRQ�E\�WUHHV�RI�3LQXV�UDGLDWD�DQG
(XFDO\SWXV�YLPLQDOLV�LQ�D������PP�UDLQIDOO�DUHD�RI�6RXWKHDVWHUQ�1HZ�6RXWK�:DOHV��,,��LQIOXHQFH�RI
ZLQG�ERUQH�SUHFLSLWDWLRQ���+\GURORJLFDO�3URFHVVHV�������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1������������$XWKRUV¶�$EVWUDFW
$QDO\VHV�ZHUH�PDGH�RI�WKH�FRQFXUUHQW�FDQRS\�SUHFLSLWDWLRQ�EDODQFHV�RI�D�VHHG�RUFKDUG�SLQH�DQG

D�PDWXUH� IRUHVW� HXFDO\SW�GXULQJ�SURWUDFWHG� UDLQIDOOV� VHOHFWHG� IRU� WKHLU� UHSUHVHQWDWLRQ�RI� WKH� UDQJH�RI
YDULDWLRQ�HQFRXQWHUHG�LQ�WKH�WZR�FDQRS\�W\SHV�DW�7DOODQJDQGD�6WDWH�)RUHVW������P�DOWLWXGH��LQ�WKH�8SSHU
6KRDOKDYHQ�9DOOH\��$OWKRXJK�WKHLU�FDQRS\�VWRUDJH�FDSDFLWLHV�ZHUH�ZLGHO\�GLIIHUHQW�WKHUH�ZDV�FRQVLVWHQW
LQWHUFHSWLRQ�EHKDYLRXU�LQ�WKH�SLQH�DQG�WKH�HXFDO\SW�LQ�DOO�HYHQWV��'HWDLOHG�ZHDWKHU�GDWD�DQG�WKH�WLPH
FRXUVHV�RI�LQWHUFHSWLRQ�ORVV�SURYLGHG�FLUFXPVWDQWLDO�HYLGHQFH�IRU�D�YDU\LQJ�DQG��DW�WLPHV��VXEVWDQWLDO
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LQIOXHQFH�RI�FORXG�RU�PLVW�GHSRVLWLRQ�RQ�WKH�FDQRS\�SUHFLSLWDWLRQ�EDODQFHV�GXULQJ�UDLQIDOO�WKDW�PDGH�D
VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�YDULDWLRQ�LQ�UDLQIDOO�LQWHUFHSWLRQ�GDWD��0HDQ�HYDSRUDWLRQ�UDWHV�IURP�WKH
VDWXUDWHG�FDQRSLHV�GXULQJ�UDLQIDOO�YDULHG�IURP�������PP�KU�WR������PP�KU�LQ�WKH�SLQH��DQG�IURP������
PP�KU�WR������PP�KU�LQ�WKH�HXFDO\SW��7KH�LPSOLFDWLRQV�RI�FORXG�FDSWXUH�GXULQJ�UDLQIDOO�IRU�VWXGLHV�RI
UDLQIDOO�LQWHUFHSWLRQ�LQ�IRUHVWV�RI�VRXWK�HDVWHUQ�$XVWUDOLD�DUH�GLVFXVVHG��

&RPPHQW�
6LQJOH� WUHH� VWXG\�� � 5HOHYDQFH� WR� D� SODQWDWLRQ� LV� TXHVWLRQDEOH� DV� WKHUH� DUH� ODUJH� GLIIHUHQFHV� LQ� WKH
DHURG\QDPLFV�RI�WKH�WZR�HQYLURQPHQWV�

3XWXKHQD��:�0���&RUGHU\��,����������(VWLPDWLRQ�RI�LQWHUFHSWLRQ�FDSDFLW\�RI�WKH�IRUHVW�IORRU���-RXUQDO
RI�+\GURORJ\���������±����

&RXQWU\��$XVWUDOLD 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW��1DWLYH�JUDVVODQG
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 5DLQIDOO��0$3�����PP
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
0HWKRGV�RI�PHDVXULQJ�LQWHUFHSWLRQ�FDSDFLW\�RI�WKH�XQGHUVWRUH\��JUDVVHV��DQG�OLWWHU�OD\HU�ZHUH

GHYHORSHG�WR�HVWLPDWH�WKH�IRUHVW�IORRU�LQWHUFHSWLRQ�FDSDFLW\�RI�D����\U�ROG�3��UDGLDWD�SODQWDWLRQ�DQG�D
QDWLYH�GU\�VFOHURSK\OO�(XFDO\SWXV�IRUHVW�LQ�$XVWUDOLD��,QWHUFHSWLRQ�E\�YDULRXV�W\SHV�RI�IRUHVW�IORRU�ZHUH
PHDVXUHG�LQ�WKH�ODERUDWRU\�XVLQJ�D�WHFKQLTXH�RI�DSSO\LQJ�DUWLILFLDO�UDLQ�WR�XQGLVWXUEHG�VDPSOHV�RI�WKH
IRUHVW�IORRU��7KHVH�ODERUDWRU\�H[SHULPHQWV�VHSDUDWHO\�PHDVXUHG�WKH�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�RI�WKH
SLQH�QHHGOH�PDW��WKH�OHDI�WZLJ�EDUN�GHEULV�PDW�LQ�WKH�(XFDO\SWXV�IRUHVW��DQG�WKH�XQGHUVWRUH\��JUDVVHV���7KH
UHVXOWV� VKRZHG� WKDW� WKH� LQWHUFHSWLRQ� VWRUDJH� FDSDFLW\� RI� DOO� FRPSRQHQWV� RI� WKH� IRUHVW� IORRU� RI� ERWK
YHJHWDWLRQ�W\SHV�ZHUH�SURSRUWLRQDO�WR�WKH�PDVV�SHU�XQLW�DUHD�RI�IRUHVW�IORRU�FRYHU��,W�ZDV�DOVR�VKRZQ�WKDW
WKH�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�RI�WKH�SLQH�QHHGOH�PDW�DQG�WKH�OHDI�WZLJ�EDUN�GHEULV�PDW�XQGHU�HXFDO\SW
ZHUH� SURSRUWLRQDO� WR� WKH� WKLFNQHVV� RI� WKH� VXUIDFH� GHEULV�� )RU� VWDQGLQJ� JUDVVHV� WKH� FDSDFLW\� ZDV
SURSRUWLRQDO�WR�WKH�SHUFHQWDJH�RI�JURXQG�FRYHU��7KHVH�ODERUDWRU\�UHVXOWV�ZHUH�WKHQ�XVHG�WR�HVWLPDWH�WKH
IRUHVW�IORRU�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�RI�WZR�H[SHULPHQWDO�FDWFKPHQWV�HDFK�FRYHUHG�E\�RQH�RI�WKH�WZR
IRUHVW� W\SHV�� ,Q� HDFK� FDVH� WKH� IRUHVW� IORRU�ZDV� H[WUHPHO\� KHWHURJHQHRXV�� DQG� VR� D� ODUJH� QXPEHU� RI
XQGLVWXUEHG�VDPSOHV�ZHUH�H[DPLQHG��$SSUR[LPDWH�IRUHVW�IORRU�LQWHUFHSWLRQ�FDSDFLW\�RI�WKH�SLQH�FDWFKPHQW
ZDV�����PP�DQG�RI�(XFDO\SWXV�ZDV�����PP��7KH�FRQWULEXWLRQ�RI�OHDI�OLWWHU��VWHP�DQG�EUDQFK�OLWWHU��DQG
JUDVV�YHJHWDWLRQ�WR�WKH�RYHUDOO�LQWHUFHSWLRQ�FDSDFLW\�ZDV�VLPLODU�IRU�ERWK�FDWFKPHQWV�DW�������DQG�����
UHVSHFWLYHO\��
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3XWXKHQD��:�0���&RUGHU\�� ,�� � ������ 6RPH�K\GURORJLFDO� HIIHFWV� RI� FKDQJLQJ� IRUHVW� FRYHU� IURP
HXFDO\SWV�WR�3LQXV�UDGLDWD���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�RI�RQH�IRUHVW�W\SH�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO������PP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��:DWHU�\LHOG

$XWKRUV¶�$EVWUDFW
$�VWXG\�RI�WKH�K\GURORJLFDO�HIIHFWV�RI�FOHDULQJ�D�FDWFKPHQW�FRYHUHG�E\�QDWLYH��GU\�VFOHURSK\O

HXFDO\SW�IRUHVW��DQG�UHSODQWLQJ�LW�ZLWK�D�3��UDGLDWD�SODQWDWLRQ�ZDV�XQGHUWDNHQ���7KH�SXUSRVH�RI�WKLV�VWXG\
ZDV�WR�H[DPLQH�WKH�HIIHFWV�RI�YHJHWDWLRQ�VSHFLHV�FKDQJH�DQG�JURZWK�UDWHV�RQ�VWUHDPIORZ�

7KH�ZDWHU�EDODQFH�RI�WKH�WZR�IRUHVWV�ZDV�REVHUYHG�IRU�D����\U�SHULRG�����\U�EHIRUH�DQG����\U�DIWHU
WKH�IRUHVW�FRQYHUVLRQ���'DWD�RQ�SUHFLSLWDWLRQ��FDQRS\�LQWHUFHSWLRQ��IRUHVW�IORRU�LQWHUFHSWLRQ�DQG�ZDWHU
\LHOG��FRPELQHG�ZLWK�DQDO\VLV�RI�WKH�UDWH�RI�YHJHWDWLYH�JURZWK�DQG�GHYHORSPHQW�RI�WKH�IRUHVW�IORRU�OLWWHU�
HQDEOHG�LQYHVWLJDWLRQV�RI�WKH�HIIHFWV�RI�IRUHVW�FRQYHUVLRQ�RQ�WKH�ZDWHU�EDODQFH�FRPSRQHQWV�IRU�WKH�ZKROH
SHULRG������±������� �7KH�DJH�RI�D�3��UDGLDWD�SODQWDWLRQ�GXULQJ� WKH�ILUVW����\U�RI� LWV�JURZWK�JUHDWO\
DIIHFWHG�WKH�VWUHDPIORZ�DQG�RWKHU�ZDWHU�EDODQFH�FRPSRQHQWV���)RU�WKH�ILUVW���\U�DIWHU�IRUHVW�FRQYHUVLRQ�
WKH�UDWH�RI�HYDSRWUDQVSLUDWLRQ�DQG�VWUHDPIORZ�FKDQJHG�FRPSOHWHO\���7UDQVSLUDWLRQ�DQG�WKH�HYDSRUDWLRQ�RI
LQWHUFHSWHG�UDLQIDOO�FHDVHG�DIWHU�WKH�IRUHVW�ZDV�FOHDUHG���7KH�FKDQJHV�LQ�WKH�ILUVW���\U�ZHUH�IROORZHG�E\�D
IXUWKHU�WUDQVIRUPDWLRQ�RI�WKH�ZKROH�HYDSRWUDQVSLUDWLRQ�SURFHVV�DV�WKH�SLQH�SODQWDWLRQ�GHYHORSHG���$�WUHQG
RI�LQFUHDVLQJ�HYDSRWUDQVSLUDWLRQ�DQG�FDQRS\�DQG�IRUHVW�IORRU�LQWHUFHSWLRQ�ORVVHV�DV�WKH�FDQRS\�JUHZ��ZLWK
GHFUHDVHV� LQ� UXQRII�� ZDV� IROORZHG� E\� DQ� HTXLOLEULXP� VLWXDWLRQ� LQ� ZKLFK� VWUHDPIORZ�� DQG� WKH
HYDSRWUDQVSLUDWLRQ�IURP�VRLO�ZDWHU�VWRUDJH�ZHUH�VPDOOHU�WKDQ�IRU�WKH�QDWLYH�IRUHVW�

&RPPHQW
/LGVGDOH�FDWFKPHQW�/��������±���LQ�HXFDO\SW������±�����3��UDGLDWD���&OHDUHG�)HE��������EXUQW�$SULO
������SODQWHG�ZLQWHU�������3UXQHG�WR���P�ODWH�������
5DLQIDOO����PP������UDLQGD\V��UDQJH�����PP��������WR������PP��������

'DLO\�VWHPIORZ� ���\U�ROG�SLQH� 6)� �������î�5) F�I��HXFDO\SW� �������î�3771
'DLO\�WKURXJKIDOO ���\U�ROG�SLQH� 6)� �����������&��������î�H[S�������î�5)�&�����î�3771
'DLO\�WKURXJKIDOO HXFDO\SW� 6)� ������������&�������H[S������5)�&���3771

ZKHUH�&� �IUDFWLRQ�RI�FDQRS\�FRYHU� ������IRU�HXFDO\SW�DQG������IRU����\U�ROG�SLQH

&DQRS\�LQWHUFHSWLRQ�LQ�ILJXUH���*LYHV�D�IRUHVW�IORRU�LQWHUFHSWLRQ�DV�ZHOO�²�ULVHV�WR�����
&DQRS\�LQWHUFHSWLRQ�UHDFKHV�DERXW�����IRU�GU\�\HDU� �����PP�DW�\HDU���
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/LGVGDOH�$QQXDO�'DWD

<HDU
5DLQIDOO
�PP�

(XFDO\SW
6WUHDPIORZ
PHDVXUHG
�PP�

(XFDO\SW
6WUHDPIORZ
HVWLPDWHG
�PP�

3��UDGLDWD
6WUHDPIORZ
PHDVXUHG
�PP�

'LIIHUHQFH
3��UDGLDWD��
(XFDO\SW
�PP�
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5LFKPRQG�� ,�&�� � ������ � 6WUHDPIORZ� DQG� ZDWHU� TXDOLW\� IROORZLQJ� SLQH� HVWDEOLVKPHQW� LQ� WKH
'RQQ\EURRN�6XQNODQG���)RUHVWV�'HSDUWPHQW�:HVWHUQ�$XVWUDOLD�5HVHDUFK�3DSHU�1R���������SS�

&RXQWU\��$XVWUDOLD 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�RI�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�DQ�)������
6WUHDPIORZ�LQFUHDVHG�DIWHU�FOHDULQJ�RI�(XFDO\SWXV�PDUJLQDWD�DQG�SODQWLQJ�RI�3��UDGLDWD��EXW�WKHUH

ZHUH�QR�VLJQLILFDQW�FKDQJHV�LQ�ZDWHU�TXDOLW\��

5LGGHOO�� -�0���0DUWLQ�� *�1�� � ������ � (VWLPDWLQJ� DQQXDO� ZDWHU� \LHOGV� IURP� IRUHVW� DQG� SDVWXUH
FDWFKPHQWV���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��$XFNODQG����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
8VHG�DQQXDO�ZDWHU�\LHOG�GDWD�IURP����SDVWXUH�����QDWLYH�IRUHVW�DQG����SLQH�IRUHVW�FDWFKPHQWV��

&RQFOXGHG�IURP�PHDQ�UXQRII�YHUVXV�PHDQ�SUHFLSLWDWLRQ�SORWV�WKDW��
3DVWXUH�FDWFKPHQWV�KDYH�D�JUHDWHU�UXQRII�WKDQ�IRUHVWHG�FDWFKPHQWV�
,Q�WKH�UDLQIDOO�UDQJH�ZKHUH�QDWLYH�IRUHVW�DQG�SLQH�SODQWDWLRQ�FDWFKPHQWV�RYHUODS��UHODWLRQVKLSV�EHWZHHQ
UXQRII�DQG�UDLQIDOO�ZHUH�LQGLVWLQJXLVKDEOH�

)RU�SDVWXUH�FDWFKPHQWV
52� ������î�3771������ 3��������PP Q� ��� U� ������
52� �����î�3771������� 3�! ������PP Q� ��� U� ������

)RU�IRUHVWHG�FDWFKPHQWV
52� ������î�3771������ 3��������PP Q� ��� U� ������
52� ������î�3771������� 3�! ������PP Q� ��� U� ������
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5RZH��/�.����������)RUHVWU\�DQG�ZDWHU�UHVRXUFHV���&DWFKPHQW�&RQQHFWLRQV��/DQGFDUH�5HVHDUFK�
/LQFROQ������±�

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�GDWD�DQG�GLVFXVVHV�LQ�JHQHUDO�WHUPV�REVHUYHG�FKDQJHV�LQ�VWUHDPIORZV�IROORZLQJ�DIIRUHVWDWLRQ�LQ
WKH�IROORZLQJ�UHJLRQV��:DLZKLX��1RUWKODQG���2WDJR��&DQWHUEXU\��DQG�(DVW�&RDVW�1RUWK�,VODQG���1RWHV�WKDW
LQ�UHJLRQV�ZLWK�DQQXDO�UDLQIDOO�DERXW�����PP��WKHUH�ZLOO�EH�OLWWOH�GLIIHUHQFH�LQ�IORZV�IURP�SDVWXUH�DQG�SLQH
IRUHVWHG�FDWFKPHQWV���,Q�IDFW��WKHUH�PD\�EH�QR�IORZ�IURP�HLWKHU���$OVR�FKDQJHV�LQ�IORZV�DV�SDUWV�RI�ODUJH
FDWFKPHQWV�DUH�SODQWHG�PD\�QRW�EH�GHWHFWDEOH�

5RZH��/�.���)DKH\��%�'����������7KH�0DLPDL�K\GURORJLFDO�VWXG\��6RPH�FRQFOXVLRQV�WHQ�\HDUV�DIWHU
KDUYHVWLQJ�LQGLJHQRXV�IRUHVWV�� �1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ�������
�8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
0HDQ�DQQXDO�UDLQIDOO� /0������PP��80������PP�
0HDQ�DQQXDO�UXQRII� 0�������PP��0��������PP�IRU�QDWLYH�IRUHVW� �����RI�UDLQIDOO�

$IWHU�KDUYHVWLQJ��ILUVW�\HDU�LQFUHDVHV�IRU�WKH�IRXU�WUHDWHG�FDWFKPHQWV�ZHUH�JHQHUDOO\�LQ�WKH�UDQJH����±���
PP���7KUHH�ZDV�D�UDSLG�GHFUHDVH�LQ�WKH�H[WUD�UXQRII�LQ�WKH���\U�DIWHU�KDUYHVWLQJ�ZLWK�SUROLILF�UHJURZWK�DQG
DIWHU���\U�LW�ZDV�EDFN�WR�SUHWUHDWPHQW�OHYHOV�

$OVR�SUHVHQWV�GDWD�RQ�ZDWHU�TXDOLW\�DVSHFWV�
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5RZH��/�.���)DKH\��%�'����������+\GURORJ\�DQG�ZDWHU�FKHPLVWU\�FKDQJHV�DIWHU�KDUYHVWLQJ�VPDOO�
LQGLJHQRXV�IRUHVW�FDWFKPHQWV��:HVWODQG��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO
6FLHQFHV�3XEOLFDWLRQ�1R�����������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ�����WR����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$IWHU�D����WR���\U�FDOLEUDWLRQ�SHULRG��IRXU�RI�VL[�VPDOO�������WR������KD��FDWFKPHQWV�RQ�WKH�ZHVW

FRDVW�RI�1HZ�=HDODQG
V�6RXWK�,VODQG�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�WUHDWPHQWV��FOHDU�IHOOLQJ��
ULSDULDQ�UHVHUYH��EXUQLQJ�RU�VSUD\LQJ�ZLWK�GHVLFFDQW��DQG�WKHQ�ZHUH�SODQWHG�ZLWK�3��UDGLDWD��6WUHDPIORZ
\LHOGV�LQFUHDVHG�DIWHU�WUHDWPHQW�XS�WR�����PP�\U��EXW�LQFUHDVHV�ZHUH�QRW�LQ�WKH�RUGHU�H[SHFWHG�IURP�D
UDQNLQJ�RI�WUHDWPHQW�VHYHULW\��$IWHU�DERXW���\U�RI�YHJHWDWLRQ�UHJURZWK��VWUHDPIORZ�VHHPHG�WR�VWDELOLVH�DW
D�OHYHO�DERXW�����PP�\U�OHVV�WKDQ�WKDW�EHIRUH�WUHDWPHQW��7KH�EXUQW�FDWFKPHQWV�KDG�WKH�ODUJHVW�LQLWLDO
LQFUHDVHV�LQ�VWUHDPZDWHU�HOHFWULFDO�FRQGXFWLYLW\�DQG�FDWLRQ�DQG�12��FRQFHQWUDWLRQV��EXW��DSDUW�IURP�.�
WKHVH�UHWXUQHG�WR�SUH�WUHDWPHQW�OHYHOV�LQ�DERXW���\U��8QEXUQW�FDWFKPHQWV�ZLWK�ULSDULDQ�UHVHUYHV�ZHUH�OHDVW
DIIHFWHG��$IWHU�WUHDWPHQW��FDWLRQ�\LHOGV�ZHUH�KLJKHVW�IRU�WKH�FDWFKPHQW�ZLWK�WKH�ODUJHVW�UXQRII�DPRXQWV�

5RZH��/���)DKH\��%���-DFNVRQ��5���'XQFDQ��0����������(IIHFWV�RI�ODQG�XVH�RQ�IORRGV�DQG�ORZ�IORZV�
&K�����LQ�0RVOH\��0�3���3HDUVRQ��&�3���(GV����)ORRGV�DQG�'URXJKWV��WKH�1HZ�=HDODQG�([SHULHQFH�
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ���3S����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��/RZ�IORZ��5HYLHZ��6WRUP�IORZ

&RPPHQW
5HYLHZV�PDQ\�RI�WKH�1HZ�=HDODQG�VWXGLHV�RQ�WKH�HIIHFWV�RI�ODQG�XVH�FKDQJH�RQ�WKH�K\GURORJ\�RI�1HZ
=HDODQG�FDWFKPHQWV��
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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�������±�����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
6L[�VPDOO��VWHHS��VRXWK�ZHVW�IDFLQJ�FDWFKPHQWV������±�����KD��KDYH�EHHQ�PRQLWRUHG�LQ�:HVWODQG�

1HZ�=HDODQG�VLQFH�������7ZR�FDWFKPHQWV�ZHUH�UHWDLQHG�DV�QDWLYH�PL[HG�HYHUJUHHQ�IRUHVW�DQG�WKH�UHVW
ZHUH� VXEMHFWHG� WR� YDULRXV� KDUYHVWLQJ� DQG� ODQG� SUHSDUDWLRQ� WHFKQLTXHV� �FOHDU�� IHOOLQJ�� VODVK� EXUQLQJ�
KHUELFLGH�WUHDWPHQW��ULSDULDQ�SURWHFWLRQ��EHIRUH�EHLQJ�SODQWHG�ZLWK�3��UDGLDWD�EHWZHHQ������DQG������
7KH����\U�ZDWHU�EDODQFH�IRU�WKH�QDWLYH�IRUHVW�FDWFKPHQWV�ZDV��UDLQ� �VWUHDP�IORZ���LQWHUFHSWLRQ�ORVV��
WUDQVSLUDWLRQ���VHHSDJH� ������PP� ������PP�������PP�������PP�������PP��� ,Q� WKH�\HDU�DIWHU
WUHDWPHQW� VWUHDP� IORZ�JHQHUDOO\� LQFUHDVHG�E\����±����PP�� H[FHSW� IRU� RQH� WUHDWPHQW� �FOHDU�IHOOLQJ�
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�SUH�WUHDWPHQW�OHYHOV�DIWHU
DQ� DYHUDJH� RI� DERXW� �� \U�� 6WUHDP� IORZ� \LHOGV� WKHQ� FRQWLQXHG� WR� GHFOLQH� IRU� DQRWKHU� �±�� \U� EHIRUH
VWDELOLVLQJ�DW�D�OHYHO�DERXW�����PP�\U�ORZHU�WKDQ�SUH�WUHDWPHQW�OHYHOV��$W�WKLV�WLPH�WKH�FDWFKPHQWV�KDG
D�GHQVH�EUDFNHQ�KRQH\VXFNOH�XQGHUVWRUH\�EHQHDWK���P�WDOO�3��UDGLDWD��

&RPPHQW
'DWD�IURP�WKH�0DLPDL�FDWFKPHQWV��QHDU�5HHIWRQ��:HVW�&RDVW��
0��DQG�0���ZHUH�UHWDLQHG�LQ�QDWLYH�EHHFK�SRGRFDUS�KDUGZRRG�IRUHVW��WKH�RWKHUV�ZHUH�FOHDU�IHOOHG��DQG
FDEOH�ORJJHG�ZLWK��0���0����RU�ZLWKRXW�ULSDULDQ�UHVHUYHV��DQG�EXUQHG��0���0����RU�QRW�EXUQHG�EHIRUH
SODQWLQJ�

5DLQIDOO��80�	�/0��DQG�UXQRII�IRU�0DLPDL�FDWFKPHQWV��PP�
<HDU 0� 0� 0� 0�� 0�� 0�� /0 80
���� ���� ��� ��� ���� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
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���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
0HDQ ���� ���� ���� ����

&RQWURO�FDWFKPHQWV�0��DQG�0��

5HJUHVVLRQ�UHODWLRQVKLS�GHWHUPLQHG�XVLQJ�WKH�DERYH�GDWD�ZHUH�
0��� ������������������������������î�80� U�� �����
0���� ������������������������������î�/0�� U�� �����
0��� �������������������������������î�0��� U�� �����

:DWHU�EDODQFH�LQ�PP�
5DLQIDOO� � 5XQRII���,QWHUFHSWLRQ���7UDQVSLUDWLRQ���6HHSDJH

0� ���� ���� ��� ��� ���
0�� ���� ���� ��� ��� ���

'HWHUPLQHG�D�ZDWHU�EDODQFH�PRGHO�ZLWK�
,/�� �����î�>VLQ��������î�'������@�������
ZKHUH ,/�� �LQWHUFHSWLRQ�ORVV�DV�D�SHUFHQWDJH�RI�UDLQIDOO�IRU�D�JLYHQ�PRQWK��'�LV�WKH�QXPEHU�RI�GD\V

VLQFH���-DQXDU\�����IRU�-DQXDU\�����IRU�)HEUXDU\����������DQG����LV�WKH�YDOXH�RI�WKH�SKDVH�VKLIW�RI
WKH�FDOFXODWHG�VLQH�ZDYH�

7UDQV� �����î�>VLQ��������î�'������@������
ZKHUH�WUDQV� �WUDQVSLUDWLRQ�IRU�D�UDLQIUHH�GD\�������PP�RI�UDLQ��

+DUYHVWLQJ�
$IWHU�KDUYHVWLQJ��VWUHDPIORZ�LQFUHDVHV�ZHUH�YDULDEOH�DQG�QRW�WKDW�H[SHFWHG�IURP�WKH�SHUFHLYHG�VHYHULW\
RI�WKH�RSHUDWLRQV���,Q�WKH�ILUVW�\HDU�DIWHU�KDUYHVWLQJ�WKH�LQFUHDVHV�ZHUH�JHQHUDOO\�LQ�WKH�UDQJH����±����PP�
EXW�ZDV� ����PP� DW�0��� WKH�PRVW� VHYHUH� WUHDWPHQW�� �9DU\LQJ� DQQXDO� UDLQIDOO� LQ� WKH� \HDU� IROORZLQJ
WUHDWPHQW�GLG�DIIHFW�WKH�PDJQLWXGH�RI�WKH�LQFUHDVHV���%HFDXVH�UDLQIDOO�LV�KLJK��a�����PP�\U���UHGXFWLRQ
RI�LQWHUFHSWLRQ�DORQH�FDQ�HDVLO\�DFFRXQW�IRU�WKHVH�LQFUHDVHV�

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�VHYHULW\�RI
WUHDWPHQW���$QQXDO�UXQRII�\LHOGV�IURP�WKH�FDWFKPHQWV�ZHUH�JHQHUDOO\�EDFN�WR�SUHWUHDWPHQW�OHYHOV�DIWHU��±�
\U�DQG�GLG�GHFOLQH�WR�DERXW����PP�PRQWK�ORZHU�WKDQ�SUHWUHDWPHQW�OHYHOV���7KLV�ZDV�DWWULEXWHG�WR�GHQVH
EUDFNHQ�KRQH\VXFNOH�UHJURZWK�DV�ZHOO�DV�WUHH�JURZWK�
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5RZH��/�.���3HDUFH��$�-���2
/RXJKOLQ��&�/����������+\GURORJ\�DQG�UHODWHG�FKDQJHV�DIWHU�KDUYHVWLQJ
QDWLYH�IRUHVW�FDWFKPHQWV�DQG�HVWDEOLVKLQJ�3LQXV�UDGLDWD�SODQWDWLRQV��3DUW����,QWURGXFWLRQ�WR�VWXG\�
+\GURORJLFDO�3URFHVVHV��������±���

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU

&$%�$EVWUDFWV�$1������������$XWKRUV¶�$EVWUDFWV
7KH�K\GURORJ\�RI�HLJKW�VPDOO�FDWFKPHQWV������±�����KD��KDV�EHHQ�PRQLWRUHG�LQ�:HVWODQG��1HZ

=HDODQG�VLQFH�������7ZR�RI�WKHVH�FDWFKPHQWV�ZHUH�OHIW�LQ�LQGLJHQRXV�EHHFK�SRGRFDUS��KDUGZRRG�IRUHVW
DQG�WKH�UHVW�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�DQG�ODQG�SUHSDUDWLRQ�WUHDWPHQWV�EHIRUH�EHLQJ�SODQWHG
ZLWK�3�� UDGLDWD��7KLV�SDSHU� LQWURGXFHV�D� VHULHV�RI�SDSHUV�RQ� WKH�K\GURORJ\�RI� WKH� LQGLJHQRXV� IRUHVW
FDWFKPHQWV�DQG�WKH�FKDQJHV�WKDW�RFFXUUHG�DIWHU�WUHDWPHQW��7KH�FDWFKPHQWV��H[SHULPHQWDO�SURJUDPPH�
FOLPDWH�RI�WKH�DUHD�DQG�WKH�UDLQIDOO�UHJLPH�H[SHULHQFHG�EHWZHHQ������DQG������DUH�GHVFULEHG��

&RPPHQW
3URYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�0DLPDL�FDWFKPHQWV�LQ�1RUWK�:HVWODQG��1HZ�=HDODQG�

�
5XLWHU��-�+����������7KH�ZDWHU�UHODWLRQV�RI�3LQXV�UDGLDWD���'�'RQ��LQ�WKH�ORZHU�VRXWK�HDVW�RI�6RXWK
$XVWUDOLD���06F�7KHVLV��8QLYHUVLW\�RI�$GHODLGH�

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��&LWHG�LQ�
7XUQHU�DQG�/DPEHUW�������

6WDQG�7\SH��3ODQWDWLRQ����WR����\U %DVDO�$UHD�������P��KD
.H\ZRUGV���,QWHUFHSWLRQ��7KURXJKIDOO

&RPPHQW
7KHUH�ZHUH����VWDQGV��WKHUHIRUH�WKH�GDWD�PXVW�EH�DYHUDJHV�
��±���\U�ROG�VWDQGV��DYHUDJH�3771�����PP��7)�����PP�

5\FURIW��+�%����������+\GURORJLFDO�UHVHDUFK�LQ�6RXWK�$IULFDQ�IRUHVWU\������WR��������*RYHUQPHQW
3ULQWHU��3UHWRULD��3S����

&RXQWU\��6RXWK�$IULFD� 5HSRUW�/RFDWLRQ��5������$EVWUDFW�RQO\�
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV



���
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*HQHUDO�SURJUHVV�LQ�K\GURORJLFDO�UHVHDUFK�LQ�6RXWK�$IULFD�LV�UHSRUWHG���7KH�LQIOXHQFH�RI�UHSODFLQJ
QDWLYH�VFOHURSK\OO�VKUXEV�E\�D�SODQWDWLRQ�RI�3��UDGLDWD��QRZ����\U�ROG��LV�H[DPLQHG��DQG�LW�LV�VKRZQ�WKDW
VWUHDP�GLVFKDUJH�KDV�QRW�EHHQ�VLJQLILFDQWO\�DIIHFWHG�E\�WKH�WUHDWPHQW���$�FULWLFDO�UHYLHZ�RI�WKH�PHWKRGV
RI�LQYHVWLJDWLRQ�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�WKHVH�DUH�VDWLVIDFWRU\��EXW�LW�LV�FRQVLGHUHG�WKDW�WKH�LQIOXHQFH
RI�YDULDWLRQV�LQ�UDLQIDOO�RQ�VWUHDPIORZ�VKRXOG�LQ�IXWXUH�EH�VWXGLHG�PRUH�LQWHQVLYHO\�

6DXQLHU��5���%XUVFKHO��3���HW�DO����������(IIHFW�RI�D�VWDQG�RI�3LQXV�UDGLDWD�RQ�VRPH�HFRORJLFDO�IDFWRUV�
,��6RODU�UDGLDWLRQ��OLJKW��DQG�VRLO�WHPSHUDWXUH��,,��$LU�WHPSHUDWXUH��VRLO�PRLVWXUH��DQG�HYDSRUDWLRQ�
,,,��,QWHUFHSWLRQ�DQG�VWHPIORZ���,Q�$FWDV�9�-RUQDGDV�)RUHVWDOHV��/RV�$QJHOHV�������$VRFLDFLRQ
&KLOHQD�GH�,QJHQLHURV�)RUHVWDOHV��6DQWLDJR��>����@��3S����±���

&RXQWU\��&KLOH" 5HSRUW�/RFDWLRQ��1RW�6LJKWHG
.H\ZRUGV��,QWHUFHSWLRQ

6FRWW��'�)����������7KH�K\GURORJLFDO�HIIHFWV�RI�ILUH�LQ�6RXWK�$IULFDQ�PRXQWDLQ�FDWFKPHQWV���-RXUQDO
RI�+\GURORJ\���������±����

&RXQWU\��6RXWK�$IULFD 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW��6FUXEODQG
/DQG�8VH�&KDQJH��)LUH
6WDQG�7\SH��3ODQWDWLRQ���	����\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO��9DULHV
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$XWKRU¶V�$EVWUDFW
6WUHDPIORZ� DQG� LWV� VWRUP�IORZ� HOHPHQWV� LQ� IRXU� FDWFKPHQWV� ZHUH� DQDO\VHG� E\� WKH� SDLUHG

FDWFKPHQW�PHWKRG�IRU�D�UHVSRQVH�WR�ILUH���3ULRU�WR�EXUQLQJ��WZR�RI�WKH�FDWFKPHQWV�ZHUH�YHJHWDWHG�ZLWK
RYHU�PDWXUH�I\QERV���WKH�LQGLJHQRXV�VFUXE�YHJHWDWLRQ�RI�WKH�VRXWK�ZHVWHUQ�&DSH��6RXWK�$IULFD���RQH�ZDV
DIIRUHVWHG�ZLWK�3��UDGLDWD�DQG�WKH�IRXUWK�ZLWK�(XFDO\SWXV�IDVWLJLDWD���2QH�RI�WKH�I\QERV�FDWFKPHQWV�ZDV
EXUQHG�LQ�D�SUHVFULEHG�ILUH�LQ�WKH�ODWH�GU\�VHDVRQ���7KH�RWKHU�FDWFKPHQWV�EXUQHG�LQ�ZLOGILUHV�

1HLWKHU�RI�WKH�I\QERV�FDWFKPHQWV�VKRZHG�FKDQJHV�LQ�VWRUPIORZ���$QQXDO�WRWDO�IORZ�LQFUHDVHV�RI
DURXQG�����ZHUH�LQ�DJUHHPHQW�ZLWK�PRGHO�SUHGLFWLRQV��EHLQJ�UHODWHG�WR�WKH�UHGXFWLRQV�LQ�WUDQVSLUDWLRQ
DQG�LQWHUFHSWLRQ���7KH�PDQQHU�RI�VWUHDPIORZ�JHQHUDWLRQ�DSSHDUHG�WR�KDYH�UHPDLQHG�XQDOWHUHG�GHVSLWH�WKH
SUHVHQFH�RI�VRPH�ZDWHU�UHSHOOHQF\�LQ�WKH�VRLOV�DQG�FRQVHTXHQW�RYHUODQG�IORZ�LQ�VRPH�VWHHS�PLGVORSH�VLWHV�

7KH�WZR�WLPEHU�SODQWDWLRQ�FDWFKPHQWV�H[SHULHQFHG�ODUJH�DQG�VLJQLILFDQW�LQFUHDVHV�LQ�VWRUPIORZV
DQG�VRLO�ORVVHV��ZKLOH�WRWDO�IORZ�LQFUHDVHG�E\�����LQ�WKH�SLQH�FDWFKPHQW�DQG�GHFUHDVHG�PDUJLQDOO\�LQ�WKH
HXFDO\SW�FDWFKPHQW���7KH�SDWWHUQ�RI�WKH�VWRUPIORZ�LQFUHDVHV�ZDV�VLPLODU�LQ�ERWK�FDVHV���$IWHU�ILUH��VWRUP
K\GURJUDSKV�ZHUH�KLJKHU�DQG�VWHHSHU�WKRXJK�WKHLU�GXUDWLRQ�ZDV�OLWWOH�FKDQJHG���7KH�UHVSHFWLYH�ILUVW�\HDU
LQFUHDVH�LQ�WKH�SLQH�DQG�HXFDO\SW�FDWFKPHQWV�ZHUH������DQG�������IRU�SHDN�GLVFKDUJH�������DQG����
IRU�TXLFNIORZ�YROXPH��DQG������DQG������IRU�VWRUP�UHVSRQVH�UDWLR���7KHVH�ILUH�HIIHFWV�DUH�FRQVLGHUHG
WR�EH�GXH�WR�FKDQJHV�LQ�VWRUPIORZ�JHQHUDWLRQ�FRQVLVWHQW�ZLWK�DQ�LQFUHDVHG�GHOLYHU\�RI�RYHUODQG�IORZ
�VXUIDFH�UXQRII��WR�WKH�VWUHDP�FKDQQHO���7KLV�ZDV�FDXVHG��LQ�SDUW��E\�UHGXFHG�LQILOWUDWLRQ�UHVXOWLQJ�IURP
ZDWHU�UHSHOOHQFH�LQ�WKH�VRLOV�RI�WKH�EXUQHG�FDWFKPHQWV���2YHUDOO�WKH�K\GURORJLFDO�HIIHFWV�RI�ILUH�DUH�UHODWHG
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WR� QXPHURXV� LQWHUDFWLYH� IDFWRUV�� LQFOXGLQJ� WKH� GHJUHH� RI� VRLO� KHDWLQJ�� WKH� YHJHWDWLRQ� W\SH� DQG� VRLO
SURSHUWLHV�

&RPPHQW
$W�%RVERXNORRI�DIWHU�WKH���\U�ROG�3��UDGLDWD�ZDV�EXUQHG��DQQXDO�ZDWHU�\LHOG�LQFUHDVHG�E\����PP�LQ�WKH
ILUVW�\HDU�

6FRWW��'��)����������7KH�FRQWUDVWLQJ�HIIHFWV�RI�ZLOGILUH�DQG�FOHDUIHOOLQJ�RQ�WKH�K\GURORJ\�RI�D�VPDOO
FDWFKPHQW���+\GURORJLFDO�3URFHVVHV��������±����

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5�
/DQG�8VH�&KDQJH��)LUH��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ�DJHV�YDU\
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$XWKRU¶V�$EVWUDFW
$�ZLOGILUH�LQ�DQ�DIIRUHVWHG�UHVHDUFK�FDWFKPHQW�SUHVHQWHG�WKH�UDUH�RSSRUWXQLW\�WR�FRPSDUH�WKH

K\GURORJLFDO�HIIHFWV�RI�ZLOGILUH�ZLWK�WKH�HIIHFWV�RI�FOHDU�IHOOLQJ�LQ�WKH�VDPH�FDWFKPHQW�LQ�WKH�-RQNHUVKRHN
9DOOH\�� LQ� WKH� VRXWK�ZHVWHUQ�:HVWHUQ�&DSH�3URYLQFH�RI�6RXWK�$IULFD��7KH� WLPEHU�SODQWDWLRQ��ZKLFK
RFFXSLHV�����RI�WKH���NP��FDWFKPHQW��KDG�EHHQ�FOHDU�IHOOHG�DQG�UHSODQWHG�WR�3��UDGLDWD�URXJKO\���\U
EHIRUH�WKH�ILUH��7KH�HIIHFWV�RI�WKH�WZR�WUHDWPHQWV�RQ�WRWDO�IORZ��VWRUP�IORZ�DQG�TXLFN�IORZ�YROXPHV��SHDN
GLVFKDUJH�DQG�VWRUP�UHVSRQVH�UDWLR�ZHUH�GHWHUPLQHG�E\�PHDQV�RI�PXOWLSOH�UHJUHVVLRQ�DQDO\VLV��HPSOR\LQJ
WKH�GXPP\�YDULDEOH�PHWKRG�WR�WHVW�IRU�WKH�VLJQLILFDQFH�RI�WUHDWPHQWV��%RWK�FOHDU�IHOOLQJ�DQG�ZLOGILUH
FDXVHG�VLJQLILFDQW�LQFUHDVHV�LQ�DOO�WKH�VWUHDP�IORZ�YDULDEOHV�DQDO\VHG��%XW�WKH�FOHDU�IHOOLQJ�HIIHFW�ZDV
GRPLQDWHG�E\�ODUJH�LQFUHDVHV�LQ�WRWDO�IORZ������RYHU���\U���RI�ZKLFK�VWRUP�IORZ�DQG�TXLFN�IORZ�YROXPHV
IRUPHG�RQO\�PLQRU�SDUWV��$IWHU�WKH�ZLOGILUH��E\�FRQWUDVW��LQFUHDVHV�LQ�WRWDO�IORZ�ZHUH�VPDOO�������EXW�WKH
VWRUP�IORZ�LQFUHDVHV�ZHUH�WKUHH��WR�IRXU�IROG�LQ�WKH�ILUVW�\HDU�DQG�URXJKO\�GRXEOH�LQ�WKH�VHFRQG�\HDU��7KH
ZLOGILUH�FDXVHG�ILUH�LQGXFHG�ZDWHU�UHSHOOHQF\�LQ�WKH�VRLOV��ZKLFK�OHG�WR�RYHUODQG�IORZ�RQ�PLG�VORSH�VLWHV�
ZKHUH� VRLO� LQILOWUDELOLW\�QRUPDOO\� IDU� H[FHHGV� ORFDO� UDLQIDOO� LQWHQVLWLHV�� ,W� LV� DUJXHG� WKDW� WKHVH� UHVXOWV
VXSSRUW� WKH� K\SRWKHVLV� WKDW� VWUHDP�IORZ� JHQHUDWLRQ� SURFHVVHV�ZHUH� FKDQJHG� E\� WKH�ZLOGILUH� LQ� WKDW
RYHUODQG�IORZ�PDGH�D�GLUHFW�FRQWULEXWLRQ�WR�VWRUP�IORZV��EXW�WKDW�FOHDU�IHOOLQJ�KDG�QR�VXFK�HIIHFW��

&RPPHQW
%RVERXNORRI������SODQWDWLRQ��ZDV�KDUYHVWHG�DW���±���\U���7KH�FDWFKPHQW�ZDV�UHSODQWHG�EXW�ZDV�EXUQHG
E\�ZLOGILUH�LQ������DW�WUHH�DJHV��±��\U���7KH�FRQWURO�FDWFKPHQW�LV�/DPEUHFKWVERV�%�DW�DJH����\U�ZKHQ�WKH
ILUH�WRRN�SODFH�
,Q�WKH�IROORZLQJ�ILJXUH��HYDSRUDWLRQ�LV�3771���52�
+DUYHVWLQJ�HIIHFWV�
&OHDUIHOOLQJ�RFFXUUHG�����±������SODQWLQJ�WRRN�SODFH�ZLWKLQ����PRQWKV��SUHWUHDWPHQW�SHULRG�ZDV�FKRVHQ
DV�����±����SRVW�WUHDWPHQW�ZDV�DIWHU�����FOHDUHG� �����±�������

6WRUP�IORZ�YROXPHV�LQFUHDVHG��TXLFNIORZ�EDVHIORZ���TXLFNIORZ�YROXPHV�DQG�SHDNIORZV�LQFUHDVHG�
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+DUYHVWLQJ�HIIHFWV
����±���� ���� ,QFUHDVH

���
���� ,QFUHDVH

���
:HHNO\�52��PP� ���� ��� �� ��� ���
6WRUP�IORZ��PP� ��� ��� �� ��� ��
4XLFNIORZ��PP� ��� ��� �� ��� ��
3HDN�IORZ��PP�GD\� ��� ��� �� ��� ��

1RWHG�WKDW�DQ�LQFUHDVH�LQ�VWUHDPIORZ�ZDV�ILUVW�REVHUYHG�ZKHQ�OHVV�WKDQ�KDOI�WKH�SODQWDWLRQ�KDG�EHHQ�IHOOHG�
L�H���DERXW�����RI�WKH�FDWFKPHQW���%HWZHHQ������DQG�������WKH�DYHUDJH�DQQXDO�LQFUHDVH�ZDV�����PP
��������%\�������ZDWHU�\LHOG�ZDV�DSSURDFKLQJ�SUHWUHDWPHQW�OHYHOV�EXW�ZDV�VWLOO�JUHDWHU�

)LUH�HIIHFWV�
7KH�SUH�ILUH�FDOLEUDWLRQ�SHULRG�ZDV�VHOHFWHG�DV�WKH���\U�EHIRUH�WKH�EXUQ�DQG�WKH�WUHDWPHQW�SHULRG�ZDV�WKH
��\U�DIWHU�WKH�EXUQ�

:LOGILUH�HIIHFWV
3UH�ILUH ���� ,QFUHDVH

���
���� ,QFUHDVH

���
:HHNO\�52��PP� ��� ���� �� ���� ��
6WRUP�IORZ��PP� ��� ��� �� ��� ��
4XLFNIORZ��PP� ��� ��� ��� ��� ��
3HDN�IORZ��PP�GD\� ��� ���� ��� ���� ���

$QQXDO�VWUHDPIORZ�LQFUHDVHG����PP�������DQG����PP�������LQ�WKH���\U�DIWHU�EXUQLQJ�

6FRWW��'�)���6PLWK��5�(����������3UHOLPLQDU\�HPSLULFDO�PRGHOV�WR�SUHGLFW�UHGXFWLRQV�LQ�WRWDO�DQG�ORZ
IORZV�UHVXOWLQJ�IURP�DIIRUHVWDWLRQ���:DWHU�6$��������±����

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ��±���\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1���������$XWKRUV¶�$EVWUDFW
0DWKHPDWLFDO�PRGHOV�WR�SUHGLFW�UXQRII�UHGXFWLRQV�GXH�WR�DIIRUHVWDWLRQ�DUH�SUHVHQWHG��7KH�PRGHOV

DUH� LQWHQGHG� WR� DLG� GHFLVLRQ�PDNHUV� DQG� SODQQHUV�ZKR� QHHG� WR� HYDOXDWH� WKH� ZDWHU� UHTXLUHPHQWV� RI
FRPSHWLQJ� ODQG� XVHV� DW� D� GLVWULFW� RU� UHJLRQDO� VFDOH�� )LYH� DIIRUHVWDWLRQ� FDWFKPHQW� H[SHULPHQWV� ZHUH
DQDO\VHG�E\�WKH�SDLUHG�FDWFKPHQW�PHWKRG�WR�GHWHUPLQH�WKH�UHGXFWLRQV�LQ�ERWK�WRWDO��DQQXDO��DQG�ORZ�IORZV�
7KH�SHUFHQWDJH�UHGXFWLRQ�LQ�IORZ�DIWHU�DIIRUHVWDWLRQ�ZLWK�ERWK�(XFDO\SWXV�JUDQGLV��3LQXV�SDWXOD��RU�3�
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UDGLDWD�ZDV�GHWHUPLQHG�IRU�HDFK�SRVW�WUHDWPHQW�\HDU�UHODWLYH�WR�WKH�H[SHFWHG�IORZ�EDVHG�RQ�D�FDOLEUDWLRQ
UHODWLRQVKLS�ZLWK�DQ�XQWUHDWHG��FRQWURO��FDWFKPHQW��&XUYHV�ZHUH�ILWWHG�WR�WKHVH�GDWD�SRLQWV�WR�SUHGLFW�WKH
HIIHFWV�RI�DIIRUHVWDWLRQ�XQGHU�RSWLPDO�DQG�VXE�RSWLPDO�JURZLQJ�FRQGLWLRQV��(XFDO\SW�SODQWDWLRQV�GHSOHWHG
ERWK�WRWDO�DQG�ORZ�IORZV�VRRQHU�DQG�LQ�ODUJHU�TXDQWLWLHV�WKDQ�SLQH�VWDQGV��

&RPPHQW
3UHVHQWV��DPRQJVW�RWKHU�VWXGLHV��GDWD�IURP�WKH�-RQNHUVKRHN�/DPEUHFKWVERV�%�FDWFKPHQW�������KD�����
3��UDGLDWD��IRU�IORZ�UHGXFWLRQV�LQ�WKH����\U�DIWHU�SODQWLQJ�²�%RVERXNORRI��������KD������PDWXUH�3
UDGLDWD��LV�WKH�FRQWURO�
0$3������YV������PP��0$5�����YV�����PP��
*LYHV�VLJPRLGDO�UHODWLRQVKLSV�IRU�WKH���UHGXFWLRQ�LQ�IORZ��DQG�ORZ�IORZ��ZLWK�WLPH�VLQFH�SODQWLQJ�
<� �$����%HQ;��ZKHUH�<� ���IORZ�UHGXFWLRQ��$� �DV\PSWRWH� �PD[LPXP�<��%�LQWHUFHSW��;� �SODQWDWLRQ
DJH�LQ�\HDUV��Q� �H[SRQHQW���$OVR�VSOLWV�ODQG�LQWR�WZR�FODVVHV��RSWLPDO��GHHS�VRLOV�DQG�WURSLFDO�FOLPDWH��YV
VXE�RSWLPDO��VKDOORZ�VRLOV��OHVV�IDYRXUDEOH�FOLPDWH�

2EYLRXV�SUHFLSLWDWLRQ�HIIHFW�EXW�QR�GDWD�JLYHQ�WR�LVRODWH�WKLV���7KH�ORZ�IORZ�SHULRG�LV�WKRVH�PRQWKV�EHORZ
WKH���WK�SHUFHQWLOH�RI�PRQWKO\�IORZV�²�QRQH�LQ�VRPH�\HDUV�

6KHULII��'�:���0DWWD\��-�3���0F0XUWULH��5�(����������0RGHOLQJ�SURGXFWLYLW\�DQG�WUDQVSLUDWLRQ�RI
3LQXV�UDGLDWD��FOLPDWLF�HIIHFWV���7UHH�3K\VLRORJ\��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ�YDULRXV
.H\ZRUGV��0RGHO��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
,W�KDV�EHHQ�UHSRUWHG�WKDW�VWHP�YROXPH�JURZWK�RI�3��UDGLDWD�LQFUHDVHG�����WLPHV�DV�IDVW�LQ�WUHHV

ORFDWHG�QHDU�0W�*DPELHU��VRXWK�HDVWHUQ�6RXWK�$XVWUDOLD��WKDQ�LQ�WUHHV�ORFDWHG�LQ�RWKHU�SDUWV�RI�VRXWKHUQ
$XVWUDOLD��H�J���&DQEHUUD��UHFHLYLQJ�VLPLODU�DPRXQWV�RI�UDLQIDOO�� LW�ZDV�IXUWKHU�K\SRWKHVLVHG�WKDW� WKLV
GLIIHUHQFH�PD\�EH�GXH�WR�DFFHVV�WR�DTXLIHU�ZDWHU��$Q�DOWHUQDWLYH�K\SRWKHVLV�LV�WKDW�WKH�YDULDWLRQ�UHVXOWV
IURP�GLIIHUHQFHV�LQ�WHPSHUDWXUH�DQG�KXPLGLW\�RI�WKH�WZR�UHJLRQV��,Q�RUGHU�WR�GLVWLQJXLVK�EHWZHHQ�WKHVH
WZR�K\SRWKHVHV��DQ�HVWLPDWH�ZDV�PDGH�RI�QHW�FDUERQ�DVVLPLODWLRQ�DQG�WUDQVSLUDWLRQ�IRU�WKH�WZR�UHJLRQV
ZLWK�WZR�PRGHOV��%,20$66�0RGHO����DQG�D�PRGLILHG�YHUVLRQ��0RGHO����LQ�ZKLFK�UHVSRQVH�IXQFWLRQV�IRU
FDUERQ�DVVLPLODWLRQ�DQG�OHDI�FRQGXFWDQFH�ZHUH�UHSODFHG�ZLWK�WKRVH�GHULYHG�IURP�ILHOG�JDV�H[FKDQJH�GDWD
FROOHFWHG�DW�0W��*DPELHU��6LPXODWHG�FDUERQ�JDLQ�ZDV�FRPSDUHG�ZLWK�WKH�3��UDGLDWD�GDWD�IRU�0W�*DPELHU�
5HJLRQDO�GLIIHUHQFHV�LQ�FOLPDWH�UHVXOWHG�LQ�D�����JUHDWHU�VLPXODWHG�DQQXDO�WUDQVSLUDWLRQ�DW�&DQEHUUD�WKDQ
DW�0W�*DPELHU�EXW�RQO\�VPDOO�GLIIHUHQFHV�LQ�VLPXODWHG�SURGXFWLYLW\��LQGLFDWLQJ�WKDW�FOLPDWLF�GLIIHUHQFHV
GLG�QRW�DFFRXQW�IRU�WKH�UHSRUWHG�GLIIHUHQFHV�LQ�SURGXFWLYLW\��:LWK�0RGHO����VLPXODWHG�DQQXDO�QHW�FDUERQ
JDLQ�DQG�DQQXDO�LQFUHDVH�LQ�VWHP�ELRPDVV�ZHUH�JUHDWHU�DW�&DQEHUUD�WKDQ�DW�0W�*DPELHU��ZKHUHDV�0RGHO
��LQGLFDWHG�D�VLPLODU�DQQXDO�QHW�FDUERQ�JDLQ�DQG�DQQXDO�VWHP�ELRPDVV�LQFUHDVH�LQ�ERWK�UHJLRQV��

&RPPHQW
8VHG�WZR�YHUVLRQV�RI�WKH�%LRPDVV�PRGHO�WR�VLPXODWH�WUDQVSLUDWLRQ�IRU�VLWHV�DW�0W�*DPELHU�DQG�&DQEHUUD
XVLQJ����\U�RI�FOLPDWH�UHFRUGV�

6LPXODWHG�WUDQVSLUDWLRQ
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0$3��PP� 7UDQVSLUDWLRQ��PP�
0W�*DPELHU ��� ����RU������
&DQEHUUD ��� ����RU����

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�����
����±�����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�������P��KD�
+HLJKW����±���P 'LDPHWHU����±���FP
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
7KH�HIIHFWV�RI�FOHDU�IHOOLQJ�DQG�VODVK�UHPRYDO�RQ�WKH�GLVWULEXWLRQ�RI�RUJDQLF�PDWWHU�DQG�QXWULHQWV�

IOX[HV�RI�PLQHUDO�1��DQG�VRLO�ZDWHU�DQG�WHPSHUDWXUH�ZHUH�VWXGLHG�LQ�D����\U�ROG�3��UDGLDWD�SODQWDWLRQ�RQ
D�VDQG\�SRG]RO�QHDU�0RXQW�*DPELHU��6RXWK�$XVWUDOLD��IURP������WR�������6ODVK��OLWWHU�DQG�WKH�WRS����FP
RI�VRLO�FRPELQHG�FRQWDLQHG������NJ1�KD��RI�ZKLFK�VODVK�DQG�OLWWHU�FRQWDLQHG����DQG������UHVSHFWLYHO\�
'XULQJ�WKH�ILUVW����PRQWKV�DIWHU�FOHDU�IHOOLQJ��VRLO�ZDWHU�FRQWHQW�LQ�WKH�FOHDU�IHOOHG�DUHD�ZDV�XS�WR����
JUHDWHU�WKDQ�LQ�WKH�XQFXW�SODQWDWLRQ��EXW�WKHUH�ZHUH�RQO\�PLQRU�GLIIHUHQFHV�LQ�VRLO�WHPSHUDWXUH��6ODVK
UHPRYDO�GHFUHDVHG�WKH�ZDWHU�FRQWHQW�RI�OLWWHU��EXW�KDG�OLWWOH�HIIHFW�RQ�VRLO�ZDWHU�FRQWHQW�RU�WHPSHUDWXUH�
,Q�WKH�XQFXW�SODQWDWLRQ��1�PLQHUDOLVHG�LQ�OLWWHU�DQG�VRLO�ZDV�FRPSOHWHO\�WDNHQ�XS�E\�WKH�WUHHV��)ROORZLQJ
FOHDU�IHOOLQJ��UDWHV�RI�1�PLQHUDOLVDWLRQ�LQFUHDVHG�LQ�OLWWHU�DIWHU���PRQWKV��DQG�LQ�VRLO�DIWHU����PRQWKV��EXW
FKDQJHV�ZHUH�OHVV�SURQRXQFHG�ZLWK�VODVK�UHPRYDO��$IWHU�FOHDU�IHOOLQJ��LQFUHDVHG�PLQHUDOLVDWLRQ�DQG�WKH
DEVHQFH�RI�WUHHV��QR�XSWDNH��OHG�WR�LQFUHDVHG�FRQFHQWUDWLRQV�RI�PLQHUDO�1�LQ�ERWK�OLWWHU�DQG�VRLO��������
RI�ZKLFK�ZDV�OHDFKHG�EHORZ����FP�VRLO�GHSWK�SULRU�WR�UHSODQWLQJ��'HVSLWH�OHDFKLQJ��FRQFHQWUDWLRQV�RI
PLQHUDO�1�DIWHU�FOHDU�IHOOLQJ�UHPDLQHG�JUHDWHU�WKDQ�WKRVH�LQ�WKH�XQFXW�SODQWDWLRQ�IRU�DW�OHDVW���\U��

&RPPHQW
6RXWK�$XVWUDOLD
23� �ROG�SODQWDWLRQ�ZLWK�D�VLJQLILFDQW�XQGHUVWRUH\�RI�3��UDGLDWD�VHHGOLQJV�
,Q�WKH�IROORZLQJ�WDEOH��,/�ZDV�FDOFXODWHG�E\�/.5�DV�3771���7KURXJKIDOO��������î�3771�DV�DQ�DOORZDQFH
IRU�VWHPIORZ

,QWHUFHSWLRQ
3771
�PP�

7)�23
�PP�

,/�23
�PP�

(�23
�PP�

(�&OHDUHG
�PP�

��� ��� ��� ��� ���

(YDSRUDWLRQ�²� ZKDW� LV� LW"� � 'RHV� LW� LQFOXGH� VRLO� HYDSRUDWLRQ�� LQWHUFHSWLRQ� ORVV�� RU� LV� LW� HVWLPDWHG
WUDQVSLUDWLRQ"
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6PLWK��&�0����������5LSDULDQ�DIIRUHVWDWLRQ�HIIHFWV�RQ�ZDWHU�\LHOGV�DQG�ZDWHU�TXDOLW\�LQ�SDVWXUH
FDWFKPHQWV���-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW

0RXWHUH�FDWFKPHQWV���������KD�����������KD��DQG���������KD��
)URP������WR������WKH�WKUHH�FDWFKPHQWV�ZHUH�JUD]HG���$IWHU�������&��FRQWLQXHG�WR�EH�JUD]HG�DV�D�FRQWURO
FDWFKPHQW���,Q�$XJXVW�������D���±���P�VWULS�HQFORVLQJ�WKH�VWUHDP�FKDQQHO�DQG�ORZHU�VORSHV�ZDV�IHQFHG
RII�LQ�&��DQG�&��DQG�SODQWHG�DW������63+�LQ�3��UDGLDWD���,Q�ODWH������WKH�WUHHV�ZHUH�WKLQQHG�WR�����63+
²�OLJKW�JUD]LQJ�ZDV�DOORZHG�XQGHU�WKH�WUHHV�XQWLO�PLG������

3UHFLSLWDWLRQ�DQG�UXQRII��PP��DW�0RXWHUH��1HOVRQ
&DWFKPHQW�&� &DWFKPHQW�&�

3UHFLSLWDWLRQ 5XQRII 4XLFNIORZ 'HOD\HG�IORZ 5XQRII 4XLFNIORZ 'HOD\HG�IORZ
����±���� ���� ��� �� ��� ��� �� ���
����±���� ���� ��� �� ��� ��� �� ��

+\GURJUDSK�VHSDUDWLRQ�XVHG�WKH�PHWKRG�RI�+HZOHWW�	�+LEEHUW����������7KH�RULJLQDO�7DEOH���E\�6PLWK�DOVR
JLYHV�WKH�UDQJH�DQG�VWDQGDUG�GHYLDWLRQV���6WUHDPIORZ�LV�UHGXFHG�DIWHU�SLQH�HVWDEOLVKPHQW�LQ�WKH�ULSDULDQ
]RQH���4XLFNIORZ�ZDV�RQO\�VOLJKWO\�ORZHU�EXW�ZDV�DQ�LQFUHDVHG�SURSRUWLRQ�RI�WRWDO�IORZ�DV�GHOD\HG�IORZ
GHFUHDVHG�PRUH�� �1RWH� WKDW� WKH� SRVW�WUHDWPHQW� SHULRG� LQFOXGHV� D� IHZ�\HDUV�ZKHQ�QR� HIIHFWV�ZLOO� EH
QRWLFHDEOH�DV�WKH�SLQHV�ZLOO�EH�WRR�VPDOO�DQG�WKH�XVH�RI�PHDQV�FRXOG�EH�PLVOHDGLQJ�ZLWK�UHVSHFW�WR�WKH
DFWXDO�FKDQJH��
7KH�SDSHU�GRHV�VKRZ�WKDW�LQ�VRPH�\HDUV�EHWZHHQ������DQG�������DQQXDO�UXQRII�ZDV�UHGXFHG��4)�GHFOLQHG
E\�EHWZHHQ����DQG������DQG�GHOD\HG�IORZ�ZDV�UHGXFHG���3HDN�IORZV�ZHUH�UHGXFHG�LQ�VPDOO�HYHQWV��EXW
PHGLXP�VL]HG�VWRUP�SHDNV�ZHUH�QRW�DIIHFWHG��

*LYHV�WKH�GHYLDWLRQV�RI�&��VHDVRQDO�GDWD�IURP�WKDW�SUHGLFWHG�IURP�&��XVLQJ�UHJUHVVLRQ�UHODWLRQVKLSV���7KH
VHDVRQDO�UDLQIDOO�LV�JLYHQ�EXW�QR�IORZ�GDWD�IRU�HLWKHU�FDWFKPHQW���

6PLWK��-�/�+����������([RWLF�IRUHVWV�DQG�UXQRII���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�������±����

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG
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&RPPHQW
(DUOLHVW�UHIHUHQFH�LQ�WKLV�ELEOLRJUDSK\�RQ�WKH�HIIHFWV�RI�IRUHVWV�RQ�ZDWHU�\LHOG�LQ�1HZ�=HDODQG�
0DUDPDUXD�H[RWLF�IRUHVW�ZLWK������KD�LQ�3��UDGLDWD�RI������KD�WRWDO���1RWHV�H[SHULHQFH�RI�IDUPHUV�WKDW
D�FUHHN�LQ�WKLV�IRUHVW�XVHG�WR�IORRG�UHJXODUO\�ZDVKLQJ�RXW�EULGJHV�ZKLOH�LQ�PDQXND�VFUXE���WKH�IORRGV�DUH
JHWWLQJ�SURJUHVVLYHO\�VPDOOHU��
$OVR�LQ�7DLUXD��D�ZDWHU�VXSSO\�SXW�LQ����\U�SUHYLRXVO\�LQ�EUDFNHQ�DQG�PDQXND�LV�DOPRVW�FRPSOHWHO\�GULHG
XS���3��UDGLDWD�ZDV�SODQWHG�DERXW�WKH�VDPH�WLPH�

6PLWK��0�.����������7KURXJKIDOO�VWHPIORZ�DQG�LQWHUFHSWLRQ�LQ�SLQH�DQG�HXFDO\SW�IRUHVW��$XVWUDOLDQ
)RUHVWU\��������±����

&RXQWU\��$XVWUDOLD 'XUDWLRQ����ò�\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ�����\U %DVDO�$UHD�����P��KD
+HLJKW�����P
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������
�
&RPPHQW
/LGVGDOH
3LQH��FDWFKPHQW����FURZQ�GHQVLW\�LQGH[� ���
(XFDO\SW��FDWFKPHQW����PDWXUH�QDWLYH�HXFDO\SW�IRUHVW�������P�WDOO��%$������P��KD�

:HHNO\�PHDVXUHPHQWV��FRQYHUWHG�IURP�LQFKHV�WR�PP�
3LQH�
7)� ���������������î�3771
6)� ���������������î�3771
3771� ������PP� 7)�6)� ������PP� ,/ ����PP� ������RI�3771

(XFDO\SW�
7)� ���������������î�3771
6)� ���������������î�3771

3771� �����PP� 7)�6)� ������PP� ,/ ����PP� ������RI�3771

$QDO\VHV�ZLWK�VWRUP�GXUDWLRQ��PHDQ�PRQWKO\�DLU�WHPS���PRQWKO\�SDQ�HYDSRUDWLRQ�LQ�PXOWLSOH�UHJUHVVLRQV
ZHUH�QRQ��RU�MXVW�VLJQLILFDQW�



���

/DQGFDUH�5HVHDUFK

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�������±���

&RXQWU\��$XVWUDOLD 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW
6WDQG�7\SH��3ODQWDWLRQ�����\U %DVDO�$UHD�����P��KD
+HLJKW�����P
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1����?�������
�
&RPPHQW

6WXG\�DUHD�DV�IRU�6PLWK����������,QWHUFHSWLRQ�UHODWLRQVKLSV�DV�IRU�6PLWK��������
3LQH�HXFDO\SW�WKURXJKIDOO�UHODWLRQVKLSV�DUH�VLJQLILFDQWO\�GLIIHUHQW�DW������SUREDELOLW\�

:DWHU�EDODQFH����PRQWKV�DW�/LGVGDOH�
3LQH�&DWFKPHQW�� (XFDO\SW�&DWFKPHQW��

3��PP� ���� ����
,/��PP� ��� ���
1HW�3��PP� ���� ����
52��PP� ��� ���
60�FKDQJH��PP� �� ��
(7��PP� ���� ����

6PLWK��3�-�7����������9DULDWLRQ�RI�ZDWHU�\LHOG�IURP�FDWFKPHQWV�XQGHU�LQWURGXFHG�SDVWXUH�JUDVV�DQG
H[RWLF�IRUHVW��(DVW�2WDJR���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG���������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��3DVWXUH
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG�

&$%�$EVWUDFWV�$1�6�������$XWKRU¶V�$EVWUDFW
(LJKW�\HDUV
�GDWD�IURP�FDWFKPHQWV�LQ�2WDJR��WZR�XQGHU�LQWURGXFHG�JUDVV�FRYHU�DQG�WZR�XQGHU

H[RWLF�IRUHVW�FRYHU��3��UDGLDWD�DORQH�DQG�3��UDGLDWD�ZLWK�3��QLJUD���ZHUH�DQDO\VHG�IRU�QHW�GLIIHUHQFHV�LQ
DQQXDO�\LHOGV��TXLFNIORZ�YROXPHV��GHOD\HG�IORZ�DQG�UHFHVVLRQV��3DVWXUH�FDWFKPHQWV�FRQVLVWHQWO\�\LHOGHG
PRUH�ZDWHU�LQ�DOO�IDFHWV�RI�WKH�IORZ�UHJLPH�ZKHQ�FRPSDUHG�WR�H[RWLF�IRUHVW�FDWFKPHQWV��(YHQ�IRU�VWRUPV
ZLWK�KLJK�UHWXUQ�SHULRGV��XS�WR�����\U��FDXVLQJ�VLPXOWDQHRXV�UDLQIDOO�RYHU�DOO�FDWFKPHQWV�� WKH�IRUHVW
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FDWFKPHQWV�\LHOGHG�OHVV�UXQRII��5HFHVVLRQ�FXUYHV�RI�DOO�FDWFKPHQWV�VKRZHG�VLPLODU�FKDUDFWHULVWLFV��EXW
JUDVV� FDWFKPHQWV� FRQVLVWHQWO\� \LHOGHG� PRUH� ZDWHU� GXULQJ� UHFHVVLRQ� SHULRGV� EHFDXVH� WKH\� DOZD\V
FRPPHQFHG�DW�KLJKHU�GLVFKDUJHV���

&RPPHQW
:DWHU�\HDU�6HSW�±$XJ���/RZ�LQWHQVLW\���±�PP�KRXU��ORQJ�GXUDWLRQ���±��GD\V��VWRUPV�
&RPSDUDWLYH�VWXG\�DV�QR�FRQWURO�SHULRG�GDWD�

$QQXDO�\LHOGV�DW�1RUWK�2WDJR

.LQWRUH 9ROOZHLOOHUEXUQ -XUD 6WRUP
3DVWXUH 3DVWXUH 3�UDGLDWD�	�

3��QLJUD
3�UDGLDWD

����KD ����KD ����KD ����KD
3771 52 ( 52 ( 3771 52 ( 52 (

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

4XLFNIORZ

3DVWXUH���.LQWRUH�����PP� �����RI�52�RU�����RI�3771��9ROOZHLOOHUEXUQ�����PP� ������52�DQG����
RI�3771�
)RUHVW��-XUD�����PP� �����RI�52�QV����RI�3771��6WRUP�����PP� �����RI�52�DQG����RI�3771�
)ORZ�GXUDWLRQ�FXUYHV�KLJKHU�IRU�SDVWXUH�WKDW�IRUHVW�DV�DUH�PDVWHU�UHFHVVLRQ�FXUYHV
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6PLWK��5�(���6FRWW��'�)����������7KH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�YDULRXV�UHJLRQV�RI�6RXWK
$IULFD���:DWHU�6$��������±����

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��(XFDO\SW��3LQHV��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV
.H\ZRUGV���/RZ�IORZ

&$%�$EVWUDFWV�$XWKRUV¶�$EVWUDFW�
,W�PD\�EH�H[SHFWHG�WKDW�DIIRUHVWDWLRQ�KDV�WKH�JUHDWHVW�UHODWLYH�LPSDFW�RQ�DQQXDO�VWUHDPIORZ�GXULQJ

WKH�ORZ�IORZ�SHULRGV�SULRU�WR�WKH�ILUVW�UDLQV�RI�WKH�QH[W�VHDVRQ���$�SDLUHG�FDWFKPHQW�DSSURDFK�ZDV�XVHG
WR�TXDQWLI\�WKH�HIIHFW�RI�DIIRUHVWDWLRQ�ZLWK�ERWK�SLQHV�DQG�HXFDO\SWV�RQ�WKH�ORZ�IORZV�RI�ILYH�FDWFKPHQWV
LQ�WKH�ZLQWHU�DQG�VXPPHU�UDLQIDOO�UHJLRQV�RI�6RXWK�$IULFD���'XPP\�YDULDEOH�DQDO\VHV�ZHUH�XVHG�WR�WHVW
WKH�VLJQLILFDQFH�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�GXULQJ�HDFK�\HDU�DIWHU�WUHDWPHQW���$IIRUHVWDWLRQ�ZDV�IRXQG
WR�KDYH�D�KLJKO\�VLJQLILFDQW�HIIHFW�RQ�ORZ�IORZV�LQ�DOO�ILYH�FDWFKPHQW�H[SHULPHQWV��ZLWK�ORZ�IORZV�EHLQJ
UHGXFHG�E\�XS�WR�D������LQ�VRPH�FDVHV���7KH�HIIHFW�RI�DIIRUHVWDWLRQ�JHQHUDOO\�DSSHDUHG�WR�EH�PRUH�PDUNHG
IRU�HXFDO\SW�SODQWLQJV�WKDQ�IRU�SLQHV��DQG�ZDV�PDQLIHVW�DW�DQ�HDUOLHU�VWDJH�DIWHU�DIIRUHVWDWLRQ���)RU�VRPH
FDWFKPHQWV��0RNREXODDQ�$�DQG�%��WKHVH�GLIIHUHQFHV�EHFDPH�LUUHOHYDQW�DV�DIIRUHVWDWLRQ�ZLWK�ERWK�SLQHV
DQG�HXFDO\SWV�HYHQWXDOO\�FDXVHG�WKH�VWUHDPV�WR�GU\�XS�

&RPPHQW
5HIHUV�WR�RWKHU�LQGLFHV�RI�ORZ�IORZ�����GD\�SHULRG�RI�ORZHVW�IORZ�LQ�D�\HDU��%RVFK��������GD\V�EHORZ�D
IL[HG�OHYHO�RI�����PP�GD\��+DUU�HW�DO����������7RRN�D�GLIIHUHQW�DSSURDFK���0RQWKO\�ORZ�IORZ�FXWRII�ZDV
FKRVHQ�WR�LQFOXGH��±��RI�WKH�GULHVW�PRQWKV�HDFK�\HDU� ����PP�IRU�/DPEUHFKWVERV�%�DQG�%RVERXNORRI
� �FRQWURO�DQG�����LQ�3��UDGLDWD��UHVSHFWLYHO\��������SODQWHG��VWDQG�WKLQQHG�WKUHH�WLPHV����\U�FDOLEUDWLRQ
SHULRG���0$3������PP������EHWZHHQ�$SULO�DQG�6HSWHPEHU�

/RZ�IORZ�PRGHO�XVHG�ZDV�� OQ�<� �OQ��D����E�OQ�;�
<� �SUHGLFWHG�IORZ�LQ�WUHDWHG�FDWFKPHQW��;� �PRQWKO\�IORZ�LQ�FRQWURO�FDWFKPHQW

)RU�/DPEUHFKWVERV�%� OQ��D�� �������E� ������

5HGXFWLRQV�JLYHQ�IRU�HDFK�\HDU�DUH�VOLJKWO\�GLIIHUHQW�WR�6FRWW�	�6PLWK¶V�YDOXHV�

6LJQLILFDQW�IORZ�UHGXFWLRQ�IURP��WK�\HDU�RI�WUHDWPHQW������RU����PP�ORZHU�LQ��±��\U��DW����\U�ZDV����
ORZHU�WKDQ�SUHGLFWHG�IORZV���7KH�TXHVWLRQ�QRW�DQVZHUHG�LV�µRYHU�KRZ�PDQ\�PRQWKV"¶����RU���RU��"��7KH
LQIHUHQFH�IURP�WKHLU�)LJ����LV�WKDW�DW�DJH����WKH�IORZ�UHGXFWLRQ�LV�DERXW����PP�PRQWK�RU�����PP�GD\��DW
DJH���LW�LV�DERXW���PP�PRQWK� ������PP�GD\�
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6ZDQVRQ��5�+����������7UDQVSLUDWLRQ�SRWHQWLDO�RI�FRQWRUWD��UDGLDWD�SLQH�DQG�'RXJODV�ILU�IRU�GH�
ZDWHULQJ�LQ�PDVV�ZDVWLQJ�FRQWURO���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ
��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��'RXJODV�ILU��3LQHV
6WDQG�7\SH��3ODQWDWLRQ�YDULRXV�DJHV 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
7UDQVSLUDWLRQ�PHDVXUHG�E\�VDSIOX[�LQ�3��UDGLDWD��3��FRQWRUWD�DQG�'RXJODV�ILU�DW�:KDNDUHZDUHZD�DQG�IRU
D�QXPEHU�RI�DJH�DQG�GHQVLW\�FODVVHV�²�EDVHG�RQ�RQH�VHW�RI�PRUQLQJ�DQG�DIWHUQRRQ�PHDVXUHPHQWV�HDFK
PRQWK�IRU�D�\HDU�
$VVXPHG�RQO\�KDG�WUDQVSLUDWLRQ�RQ�GD\V�ZLWK�����PP�SUHFLSLWDWLRQ

0RQWKO\�WUDQVSLUDWLRQ
$SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF -DQ )HE 0DU <HDU

3��UDGLDWD
��\U������63+ �� �� �� �� �� �� ��� �� ��� ��� �� ��� ���
��\U������63+ �� �� �� �� �� �� �� �� ��� ��� �� �� ���
���\U������63+ �� �� �� �� �� �� ��� �� ��� ��� �� �� ���
���\U�����63+ �� �� �� �� �� �� �� �� ��� ��� �� �� ���
'RXJODV�ILU
���\U������63+ �� �� � �� �� �� ��� �� ��� ��� �� �� ���
���\U�����63+ � � � � � � �� �� �� �� �� �� ���
3��FRQWRUWD
���\U������63+ �� �� � �� � �� �� �� �� ��� �� �� ���
���\U�����63+ �� � � � � � �� �� �� �� �� �� ���
���\U�����63+ �� � � �� � � �� �� �� �� �� �� ���
3771 ��� �� ��� �� ��� ��� �� ��� ��� �� ��� �� ����
5DLQIUHH�GD\V �� �� �� �� �� �� �� �� �� �� �� ��

1RWH�������63+�VWDQG�ZDV�SDUW�RI������63+�EXW�WKLQQHG�LQ�0DUFK�SULRU�WR�PHDVXUHPHQWV
3��UDGLDWD�����±�����!!�3��FRQWRUWD����±����!��'RXJODV�ILU����±����

7KH�VDS�IOX[�RI�WKH�WKLQQHG�WUHHV�H[FHHGHG�WKDW�RI�WKH�XQWKLQQHG�DV�JUHDWHU�60�DYDLODEOH���EXW�WRWDO�\LHOG
LQ�PP�ZDV�VWLOO�OHVV�
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&RPPHQWV�WKDW�VDS�IOX[�LQ�3��UDGLDWD�GHFUHDVHV�ZLWK�DJH�DQG�VWDELOLVHV�DW���±���FP��FP��KU���7KLV�UDWH
ZDV�DOVR�IRXQG�IRU�3��FRQWRUWD�DQG�SRVVLEO\�ZLWK�'RXJODV�ILU���0LJKW�EH�D�IXQFWLRQ�RI�JURZWK�UDWH�VXFK
DV�WKH�SRLQW�RI�LQIOH[LRQ�RI�WKH�VLJPRLGDO�JURZWK�FXUYH��

7HVNH\�� 5�2��� 6KHULII�� '�:�� � ������ � :DWHU� XVH� E\� 3LQXV� UDGLDWD� WUHHV� LQ� D� SODQWDWLRQ�� 7UHH
3K\VLRORJ\��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5�
6WDQG�7\SH��3ODQWDWLRQ����\U 5DLQIDOO��0$3�����PP
.H\ZRUGV��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
7KH�UHODWLRQVKLS�EHWZHHQ�VRLO�ZDWHU�DYDLODELOLW\�DQG�WUDQVSLUDWLRQDO�ZDWHU�ORVV�ZDV�H[DPLQHG��LQ

WKH�FDVH�RI�D�SODQWDWLRQ�LQ�ZKLFK�WUHHV�FRXOG�SRWHQWLDOO\�EH�SHQHWUDWLQJ�WR�DQ��XQFRQILUPHG��DTXLIHU�DW
GHSWKV� RI� �±��� P�� ,W� ZDV� K\SRWKHVLVHG� WKDW� D� FORVH� UHODWLRQ� EHWZHHQ� VRLO� ZDWHU� DYDLODELOLW\� DQG
WUDQVSLUDWLRQDO�ZDWHU�ORVV�ZRXOG�LQGLFDWH�WKDW�PRVW�WUDQVSLUHG�ZDWHU�ZDV�FRPLQJ�IURP�WKH�VRLO�UDWKHU�WKDQ
JURXQGZDWHU��ZKHUHDV�D�SRRU�FRUUHODWLRQ�ZRXOG�EH�LQGLFDWLYH�RI�VXEVWDQWLDO�ZDWHU�XVH�IURP�ORZHU�VRLO
GHSWKV��7KH�KHDW�SXOVH�YHORFLW\�WHFKQLTXH�ZDV�XVHG�WR�HVWLPDWH�WUDQVSLUDWLRQDO�ZDWHU�XVH�RI�WUHHV�LQ�DQ
H[SHULPHQWDO����\HDU�ROG�3��UDGLDWD�SODQWDWLRQ�QHDU�:DQGLOR��DERXW����NP�1��RI�0W�*DPELHU��6RXWK
$XVWUDOLD�GXULQJ�D���PRQWK�SHULRG�IURP�1RYHPEHU������ WR�0DUFK�������VSULQJ�VXPPHU���)HUWLOLVHU
DSSOLFDWLRQ�DQG�RWKHU�VLOYLFXOWXUDO�WUHDWPHQWV�GXULQJ�WKH�ILUVW���\U�RI�WKH�SODQWDWLRQ�SURGXFHG�WUHHV�YDU\LQJ
LQ�'%+�IURP�������WR�������P��ZLWK�OHDI�DUHDV�UDQJLQJ�IURP����WR�����P���'DLO\�ZDWHU�XVH�ZDV�JUHDWHU
IRU� ODUJH� WUHHV� WKDQ� IRU� VPDOO� WUHHV�� EXW� WUDQVSLUDWLRQ� SHU� XQLW� OHDI� DUHD�ZDV� QHDUO\� LGHQWLFDO�� 'DLO\
WUDQVSLUDWLRQ� ZDV� KLJKO\� FRUUHODWHG� ZLWK� DYDLODEOH� VRLO� ZDWHU� LQ� WKH� XSSHU� ��P� RI� VRLO� DQG� ZHDNO\
FRUUHODWHG�ZLWK�LUUDGLDQFH�DQG�DLU�WHPSHUDWXUH��)RU�WKH�VWDQG������KD���HVWLPDWHG�UDWHV�RI�WUDQVSLUDWLRQ
UDQJHG�IURP����� WR�����PP�GD\� LQ�ZHW�DQG�GU\�VRLO�FRQGLWLRQV�� UHVSHFWLYHO\��7RWDO�ZDWHU�XVH�E\� WKH
SODQWDWLRQ�GXULQJ�WKH���PRQWK�VWXG\�SHULRG�ZDV�����PP��:DWHU�WUDQVSLUHG�E\�WKH�WUHHV�ZDV�DERXW�WKUHH
WLPHV�WKDW�H[WUDFWHG�IURP�WKH�XSSHU���P�RI�VRLO��/DUJH�WUHHV�H[WUDFWHG�ZDWHU�IURP�WKH�VDPH�VRLO�YROXPH
DV�VPDOO�WUHHV�DQG�GLG�QRW�H[KLELW�D�JUHDWHU�SRWHQWLDO�WR�H[WUDFW�ZDWHU�IURP�GHHSHU�VRLO�ZKHQ�WKH�XSSHU
KRUL]RQV�EHFRPH�GU\��

&RPPHQW
1HDU�0RXQW�*DPELHU��6RXWK�$XVWUDOLD���/$,�����

7UDQVSLUDWLRQ�ZDV�QRW�UHODWHG�GLUHFWO\�WR�GLDPHWHU��ODUJH�WUHHV�GLG�XVH�PRUH�ZDWHU�WKRXJK��)RU�GLIIHUHQW�
VL]HG�WUHHV�WUDQVSLUDWLRQ�ZDV�SURSRUWLRQDO�WR�OHDI�DUHD���6RLO�PRLVWXUH��QRW�3$5�RU�DLU�WHPSHUDWXUH��ZDV�WKH
PRVW�LPSRUWDQW�IDFWRU�DIIHFWLQJ�WUDQVSLUDWLRQ�
7UDQVSLUDWLRQ�UDQJH�ZDV������PP�GD\�LQ�ODWH�VSULQJ�WR������PP�GD\�DW�WKH�HQG�RI�VXPPHU���7RWDO�ZDWHU
XVH�RYHU�WKH�����GD\V�ZDV�����PP�DQG�����PP�ZDV�ZLWKGUDZQ�IURP�WKH�WRS���P�RI�WKH�VRLO���7KHUHIRUH
����PP�KDG�WR�FRPH�IURP�VRLO�ZDWHU�EHORZ���P�GHSWK�RU�WKH�DTXLIHU�RU�ERWK�
6XJJHVWV�WKDW�ZDWHU�DYDLODEOH�DW�GHSWK�LV�RQO\�XVHG�ZKHQ�WKDW�LQ�WKH�WRS���P�LV�OLPLWHG���$W�WKH�HQG�RI
VXPPHU�WKH�VRLO�ZDV�YHU\�GU\�������P��P����,I�PHDQ�PLQLPXP�WUDQVSLUDWLRQ�RI�����PP�GD\�LV�WDNHQ�DV
WKH�GDLO\�FRQWULEXWLRQ�IURP�EHORZ���P�RU�WKH�DTXLIHU��WKLV�ZRXOG�DFFRXQW�IRU�����RI�WKH�����PP�H[WUD
ZDWHU�H[WUDFWHG�



���

/DQGFDUH�5HVHDUFK

7KLVWOHWKZDLWH��5�-���������)RUHVWV�DQG�ZDWHU�VXSSO\�LQ�WKH�&RWWHU�FDWFKPHQW���3K'�7KHVLV��$18�
&DQEHUUD�

&RXQWU\��$XVWUDOLD� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��&LWHG�LQ�7XUQHU
DQG�/DPEHUW�������

6WDQG�7\SH��3ODQWDWLRQ����\U %DVDO�$UHD�������P��KD
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
7KUHH�&RWWHU�5LYHU�FDWFKPHQWV��$&7�
3771� ������PP��7)� �����PP��&RUUHFWHG�IURP�RWKHU�GDWD���ZDV�JLYHQ�DV�����PP���������6)����PP�
��������,/����� ����

7V\NLQ��(���/DXUHQVRQ��(�0���:X��$�<�.����������+\GURORJLF�HIIHFWV�RI�UHSODFHPHQW�RI�HXFDO\SW
IRUHVW�E\�SDVWXUH�DQG�SLQHV���7KH�)LUVW�1DWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��0HOERXUQH�
��±���0D\���,QVWLWXWLRQ�RI�(QJLQHHUV�$XVWUDOLD�1DWLRQDO�&RQIHUHQFH�3XEOLFDWLRQ������3S�����±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��(XFDO\SW
/DQG�8VH�&KDQJH��&RQYHUVLRQ�RI�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ�����WR����\U 6WDQG�'HQVLW\� 5DLQIDOO������±�����PP
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�$EVWUDFW
+\GURORJLF�GDWD�KDYH�EHHQ�FROOHFWHG�RQ�IRXU�VPDOO�FDWFKPHQWV�DW�6WHZDUWV�&UHHN��9LFWRULD��VLQFH

�����LQ�DQ�H[SHULPHQW�WR�H[DPLQH�WKH�K\GURORJLF�HIIHFWV�RI�UHSODFLQJ�HXFDO\SW�IRUHVW�E\�SDVWXUH�DQG�E\
SLQH�IRUHVW��$QDO\VHV�RI�PRQWKO\�UXQRII�ZHUH�XQGHUWDNHQ�XVLQJ�D�FRQFHSWXDO�VWDWLVWLFDO�PRGHOOLQJ�PHWKRG�
,W�ZDV�GHWHUPLQHG�WKDW�PRQWKO\�UXQRIIV�PRUH�WKDQ�GRXEOHG�IRU�WKH�ILUVW���\U�DIWHU�WKH�ODQG�XVH�FKDQJH
ZKLOH�WKH�YHJHWDWLRQ�FRYHU�ZDV�VSDUVH��,Q�WKH�QH[W��±��\U��DV�WKH�YHJHWDWLRQ�RQ�FOHDUHG�DUHDV�EHFDPH�EHWWHU
HVWDEOLVKHG��D�UHGXFWLRQ�RI�WKH�UXQRII�RFFXUUHG�WR�D�OHYHO�DERXW�����DERYH�WKH�RULJLQDO��SUHWUHDWPHQW�OHYHO�

&RPPHQW�
&DWFKPHQWV�HVWDEOLVKHG�LQ��������7UHDWPHQWV�LPSOHPHQWHG�RQ�&$��DQG�&$��LQ�������&$��IURP�HXFDO\SW
WR�EDUH�JURXQG�SRRU�JUDVV�FRYHU�DQG�WR�SDVWXUH�LQ������DQG�&$��SODQWHG�DIWHU�SORXJKLQJ�LQ��������&$�
DQG�&$��LQ�HXFDO\SW�IRUHVW�

0RGHO�XVHG�LV�D�VWDWLVWLFDO�IXQFWLRQ�WR�FDOFXODWH�PRQWKO\�UXQRII�EDVHG�RQ�WKH�PRQWKO\�UDLQIDOOV�LQ�XS�WR��
SUHFHGLQJ�PRQWKV���$OWKRXJK�XVHIXO�IRU�VWDEOH�YHJHWDWLRQ�FRQGLWLRQV��WKH�WHFKQLTXH�LV�QRW�UHDOO\�DSSOLFDEOH
IRU�FKDQJLQJ�ODQG�XVH�VXFK�DV�FOHDULQJ�DQG�DIIRUHVWDWLRQ��EXW�ZLOO�SURYLGH�D�SUHGLFWLRQ�IRU�WKH�RULJLQDO
FRYHU�IURP�ZKLFK�FKDQJH�FDQ�EH�DVVHVVHG�E\�GLIIHUHQFH�ZLWK�UHDO�PHDVXUHG�GDWD���)RU�WKH�HXFDO\SW�WR�SLQHV
FKDQJH��WKH�DYHUDJH�DQQXDO�GLIIHUHQFH�ZDV�DQ�LQFUHDVH�RI�����PP�\U�RYHU�WKH���\U�VLQFH�FOHDULQJ�
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7XUQHU��-���/DPEHUW��0�-�� ������� �)RUHVW�ZDWHU�XVDJH�DQG�LQWHUDFWLRQV�ZLWK�QXWULWLRQ�RI�3LQXV
UDGLDWD���$FWD�(FRORJLFD�(FRORJLD�3ODQWDUXP������±���

&RXQWU\��:RUOGZLGH 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1�)�������$XWKRUV¶�$EVWUDFW
5DLQIDOO�LQWHUFHSWLRQ�VWXGLHV�LQ�3��UDGLDWD�SODQWDWLRQV�KDYH�EHHQ�UHYLHZHG�DQG�D�PRGHO�GHYHORSHG

WR�UHODWH�WKH�SHUFHQWDJH�RI�LQWHUFHSWHG�UDLQIDOO�WR�VWDQG�GHQVLW\�DQG�DQQXDO�SUHFLSLWDWLRQ���,W�ZDV�HVWLPDWHG
IURP� WKLV�PRGHO� WKDW� LQ�PDUJLQDO� UDLQIDOO� DUHDV��ZKHUH� SKRVSKDWLF� IHUWLOLVHU� WUHDWPHQWV� KDYH� JUHDWO\
VWLPXODWHG�JURZWK��UDLQIDOO�UHDFKLQJ�WKH�IRUHVW�IORRU�ZDV�UHGXFHG�IURP�����PP�SHU�DQQXP�WR�����PP�SHU
DQQXP�LQ�DQ�DYHUDJH�UDLQIDOO�\HDU���,Q�WKH�IHUWLOLVHG�VWDQG��WKLQQLQJ�DOORZHG�D�IXUWKHU�����PP�SHU�DQQXP
WR�UHDFK�WKH�IRUHVW�IORRU���,W�ZDV�FRQFOXGHG�WKDW�VWXGLHV�RQ�WKH�LPSDFW�RI�LQWHQVLYH�IRUHVW�PDQDJHPHQW�RQ
3��UDGLDWD�ZDWHU�XVDJH�DUH�UHTXLUHG�

&RPPHQW
5HYLHZV����VWXGLHV��DOO�UHIHUHQFHG�KHUH�EXW�PDQ\�SDSHUV�WKHVHV�XQREWDLQDEOH��

'HWHUPLQHG�WKH�UHODWLRQVKLS�
,���� �����������������î�%$� U�� ��������Q� ���

DQG
,���� ������������������î�%$������������î�3771 U�� ��������Q� ���

YDQ�GHU�=HO��'�:����������7KH�HIIHFW�RI�D�WKLQQLQJ�RQ�IORZ�LQ�D�-RQNHUVKRHN�VWUHDP���)RUHVWU\�LQ
6RXWK�$IULFD�������±���

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5�����
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������WR�����63+
+HLJKW�������P 'LDPHWHU�������FP 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$XWKRUV¶�$EVWUDFW
$QDO\VLV�RI�VWUHDP�IORZ�ILJXUHV�VKRZ�D�����LQFUHDVH�LQ�IORZ�DIWHU�����RI�WKH�3��UDGLDWD�WUHHV

LQ� D� IXOO\� DIIRUHVWHG� FDWFKPHQW�ZHUH� UHPRYHG� ��� \U� DIWHU� SODQWLQJ�� � 6WXG\� RI� DQQXDO� YDSRXU� ORVVHV
LQGLFDWHV� WKDW�PRVW� RI� WKH� LQFUHDVH� LQ� IORZ� LV� GXH� WR� OHVV� WUDQVSLUDWLRQ� WDNLQJ� SODFH�� � 7KLV� HIIHFW� LV
PDLQWDLQHG�IRU�DW�OHDVW���\U�DIWHU�WKH�WKLQQLQJ�SURFHVV�

&RPPHQW
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%LHVLHYOHL������SODQWHG�LQ�3��UDGLDWD�DW������63+�LQ��������7KLQQHG������WR�����63+��DQG�LQ������WR
����63+���/DPEUHFKWVERV�$� �FRQWURO�LQ�I\QERV
'HWHUPLQHG�D�PRQWKO\�VWUHDPIORZ�UHODWLRQVKLS��%� ���������������/$���������PP�
DQG� IRXQG� IRU� WKH� LPPHGLDWH� SHULRG� DIWHU� WKLQQLQJ� WKDW� WKHUH� ZHUH� VLJQLILFDQW� GHYLDWLRQV� IURP� WKLV
UHJUHVVLRQ�
$OVR�D�FRPSDULVRQ�RI�WKH���KRXUO\�DYHUDJH�VWUHDPIORZV�IRU�-DQXDU\�RYHU�����±���ZDV�YDVWO\�GLIIHUHQW
IURP�WKDW�IRU������DQG�WKDW�WKHUH�ZDV�DQ�DYHUDJH�QHWW�LQFUHDVH�LQ�VWUHDPIORZ�RI�������
2Q�DQ�DQQXDO�EDVLV��WKHUH�ZDV�D�GHFUHDVH�LQ�DQQXDO�YDSRXU�ORVVHV�RI�����

YDQ�:\N��'�%����������6RPH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�VWUHDPIORZ�LQ�WKH�:HVWHUQ�&DSH�3URYLQFH�
6RXWK�$IULFD���:DWHU�6$�������±���

&RXQWU\��6RXWK�$IULFD� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��6FUXEODQG��I\QERV�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���9DULHV 6WDQG�'HQVLW\�������63+��WKLQQHG���RU���WLPHV�WR�ILQDO�����WR

����63+
.H\ZRUGV��:DWHU�\LHOG 5DLQIDOO�������±������PP

&$%�$EVWUDFWV�$1�6�������
5HVXOWV�RI�D�PXOWLSOH�FDWFKPHQW�H[SHULPHQW�DUH�UHSRUWHG�LQ�ZKLFK�WKH�LQIOXHQFH�RI�DIIRUHVWDWLRQ

ZLWK�3��UDGLDWD�RQ�VWUHDPIORZ�ZDV�PRQLWRUHG�IURP������WR�������:KHUH�����RI�WKH�FDWFKPHQW�ZDV
DIIRUHVWHG�VWUHDPIORZ�GHFUHDVHG�E\�����PP�IURP�DQ�LQLWLDO�����PP�D�RYHU�D�SHULRG�RI����WR����\U��:LWK
����DIIRUHVWDWLRQ��VWUHDPIORZ�GHFOLQHG�E\�����PP�IURP�����PP�D�RYHU�D�SHULRG�RI����WR����\U��$UHD
DIIRUHVWHG��WRWDO�ELRPDVV�DQG�UDLQIDOO�DSSHDU�WR�KDYH�LQIOXHQFHG�WKH�PDJQLWXGH�RI�UHGXFWLRQV���

&RPPHQW
-RQNHUVKRHN�FDWFKPHQWV�

(VWLPDWHG�WKH�UHGXFWLRQ�LQ�VWUHDPIORZ�E\�VXEWUDFWLQJ�DQ�DGMXVWHG�YDOXH�IURP�WKH�PHDQ�EHIRUH�WUHDWPHQW�

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

'HFUHDVHV�LQ�VWUHDPIORZ�ZHUH�QRWHG��LQ�\HDUV�DIWHU�DIIRUHVWDWLRQ�����%RVERXNORRI������DIIRUHVWHG����
/DPEUHFKWVERV�%����������%LHVLHYOHL����������7LHUNORRI�������DQG���/DPEUHFKWVERV�$���������6HHPV
DV�WKRXJK�WKH�ELJJHU�WKH�WUHDWPHQW�WKH�VRRQHU�\RX�VHH�DQ�HIIHFW�²�7LHUNORRI�WKH�H[FHSWLRQ�EXW�WKHUH�ZDV
��\U�RI�XQXVXDOO\�KHDY\�UDLQ�DIWHU�WUHDWPHQW�
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5HGXFWLRQV�SHDNHG�DW����\U�IRU�%RVERXNORRI�DQG����\U�IRU�%LHVLHYOHL�DQG�UHPDLQHG�VWHDG\�DSDUW�IURP
DQQXDO�YDULDWLRQ�GXH�WR�DQQXDO�UDLQIDOO�YDULDWLRQ���6DPSOH�SHULRGV�WRR�VKRUW�DW�WKH�RWKHU�FDWFKPHQWV�WR
GHILQH�WKLV��

0HDQ�GHFUHDVH�EHWZHHQ���DQG����DW�%RVERXNORRI� �����PP�\U��RI�����PP��� �����IRU�������/.5�
0HDQ�GHFUHDVH�EHWZHHQ���DQG����DW�%LHVLHYOHL� �����PP�\U��RI�����PP��� �����IRU�������/.5�
0HDQ�GHFUHDVH�VWDELOLVHG�DIWHU����\U�DW�7LHUNORRI�DW�����PP�\U� �����IRU�����
0HDQ�GHFUHDVH�VWDELOLVHG�DIWHU����\U�DW�/DPEUHFKWVERV�%�DW�����PP�\U��RI����PP��� �����IRU������
/.5�
$QQXDO�UHGXFWLRQV�FDQ�EH�YDULDEOH�LQ�DQ�LQGLYLGXDO�\HDU��DQG�WKH�UHGXFWLRQ�FDQ�EH�RYHU�����LQ�ZHWWHU�\U
�a�����PP�UDLQIDOO��

:DXJK��-�5����������+\GURORJLFDO�HIIHFWV�RI�WKH�HVWDEOLVKPHQW�RI�IRUHVWV���,Q��/DQG�XVH�LQ�UHODWLRQ
WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ�&DWFKPHQW�%RDUG��3S�����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV�²�\RXQJ
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG

&RPPHQW
5HYLHZV�SUHOLPLQDU\� ILQGLQJV�RI�D�QXPEHU�RI� VWXGLHV�SUHVHQWHG� LQ� WKLV�ELEOLRJUDSK\�� �$OVR� LQFOXGHV
VFUXEODQG�WR�SDVWXUH�FRQYHUVLRQV�DQG�WKH�HIIHFWV�RI�GLIIHUHQW�SDVWXUH�JUD]LQJ�RSWLRQV�

0RXWHUH��*RUVH�WR�3��UDGLDWD��&DWFKPHQWV���DQG����YV����DV�FRQWURO���0RXWHUH����3��UDGLDWD�SODQWHG�LQWR
SDVWXUH���7KHVH�DUH�XSGDWHG�E\�'XQFDQ������D�E��

:DLZKLX�LQ�1RUWKODQG������RI�D�QDWLYH�HYHUJUHHQ�IRUHVW�SDVWXUH�VFUXE��FDWFKPHQW�ZDV�FRQYHUWHG�WR�3�
UDGLDWD�IRUHVW������\U�XQGHU�IRUHVW�SDVWXUH�����PRQWKV�VFUXE�FOHDULQJ�DQG�EXUQLQJ����\U�RI�SLQHV�DQG�UDQN
JUDVV�
'HVWRFNLQJ�OHDG�WR�DQ�GHFUHDVH�LQ�UXQRII�DQG�WKLV�FRQWLQXHG�WKURXJK�WKH�HDUO\�\HDUV�RI�SLQH�JURZWK��
DWWULEXWHG�WR�LQFUHDVHG�LQWHUFHSWLRQ�E\�UDQN�JUDVV�

3XUXNRKXNRKX�3XUXNL��$�VLPLODU�VWRU\�WR�WKDW�IRU�WKH�:DLZKLX�²�UDQN�JUDVV�LQ�WKH�\RXQJ�SLQHV�ZDV�WKH
SUREDEOH�FDXVH�RI�WKH�LQLWLDO�IORZ�GHFUHDVHV�
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:HOOV��/�3���%ODNH��*�-���������,QWHUFHSWLRQ�FKDUDFWHULVWLFV�RI�VRPH�FHQWUDO�1RUWK�,VODQG�YHJHWDWLRQ
DQG�WKHLU�JHRJUDSKLFDO�VLJQLILFDQFH���3URFHHGLQJV��6HYHQWK�*HRJUDSK\�&RQIHUHQFH��+DPLOWRQ���3S�
���±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��6FUXEODQG��QDWLYH�
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
3URYLGHV�JUDSKV�RI�LQWHUFHSWLRQ�ORVV�LQ�WKH�ILUVW����PLQXWHV�RI�D�VWRUP��D�PHDVXUH�RI�LQWHUFHSWLRQ�FDSDFLW\�
DJDLQVW� UDLQIDOO� LQWHQVLW\� DQG�SHUFHQWDJH� LQWHUFHSWLRQ� ORVV� YV� DFFXPXODWLQJ� VWRUP�SUHFLSLWDWLRQ� IRU� D
QXPEHU�RI�VWRUPV�IRU�ERWK�WKH����\U�ROG�SLQHV�DW�:KDNDUHZDUHZD��QHDU�5RWRUXD��DQG�QDWLYH�VFUXE�DW
2WXWLUD��

:KLWHKHDG��'����������:$702'���D�PHDQV�RI�SUHGLFWLQJ�ZDWHU�XVH�E\�IRUHVWV���:KDW
V�1HZ�LQ
)RUHVW�5HVHDUFK�1R����������SS�

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
.H\ZRUGV��0RGHO

&$%�$EVWUDFWV�$1����������
:$702'� LV� D� FRPSXWHU�PRGHO� EHLQJ� GHYHORSHG� E\� WKH� )RUHVW�5HVHDUFK� ,QVWLWXWH� RI�1HZ

=HDODQG�WR�SUHGLFW�WKH�HIIHFWV�RI�D�ZLGH�YDULHW\�RI�PDQDJHPHQW�SURSRVDOV�RQ�ZDWHU�DYDLODELOLW\�IURP�IRUHVW
FDWFKPHQWV��7KH�PRGHO�FDQ�DOUHDG\�EH�XVHG�WR�VLPXODWH�ORQJ�WHUP�ZDWHU�XVH�DQG�GUDLQDJH�IURP�3��UDGLDWD
IRUHVWV� IRU� PDQ\� GLIIHUHQW� PDQDJHPHQW� SUHVFULSWLRQV�� %HFDXVH� :$702'� KDV� EHHQ� EDVHG� RQ� WKH
SURFHVVHV�ZKLFK�DIIHFW�WKH�RYHUDOO�ZDWHU�EDODQFH�ZLWKLQ�D�IRUHVW��LWV�XVH�LV�QRW�UHVWULFWHG�WR�D�SDUWLFXODU�VLWH�

:KLWHKHDG��'���.HOOLKHU�� )�0�� � ����D�� �0RGHOLQJ� WKH�ZDWHU� EDODQFH� RI� D� VPDOO�3LQXV� UDGLDWD
FDWFKPHQW���7UHH�3K\VLRORJ\������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 5DLQIDOO�������PP
.H\ZRUGV��0RGHO��:DWHU�EDODQFH��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$Q�KRXUO\�ELRSK\VLFDO�PRGHO�ZDV�XVHG�WR�FDOFXODWH�ZDWHU�EDODQFH�RYHU�D�SHULRG�RI���\U�IRU�DQ

����KD����\U�ROG�3��UDGLDWD�IRUHVW�LQ�FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��&RPSRQHQWV�RI�WKH�PRGHO�ZHUH
WUDQVSLUDWLRQ� IURP� WKH� GU\� WUHH� FDQRS\�� HYDSRUDWLRQ� IURP� WKH� SDUWLDOO\� ZHW� WUHH� FDQRS\� DQG� VWHPV�
HYDSRUDWLRQ�IURP�WKH�XQGHUVWRUH\�DQG�VRLO��DQG�GUDLQDJH�IURP�D�VLQJOH�OD\HU�URRW�]RQH��0RGHO�LQSXWV�ZHUH
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KRXUO\�ZHDWKHU�GDWD��QHW�UDGLDWLRQ��DLU�DQG�ZHW�EXOE�WHPSHUDWXUHV��ZLQGVSHHG��DQG�UDLQIDOO���WUHH�VWDQG
FKDUDFWHULVWLFV��DYHUDJH�KHLJKW��WUHH�QXPEHU��OHDI�DUHD�LQGH[���SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�VLWH��URRW�]RQH
GHSWK��UHODWLRQ�EHWZHHQ�URRW�]RQH�PDWULF�SRWHQWLDO�DQG�YROXPHWULF�ZDWHU�FRQWHQW��UHODWLRQ�EHWZHHQ�UDWH�RI
GUDLQDJH�IURP�WKH�URRW�]RQH�DQG�YROXPHWULF�ZDWHU�FRQWHQW��DQG�DUHD�RI�RSHQ�VWUHDP�FKDQQHOV���$�VXEPRGHO
RI�WKH�UHVSRQVH�RI�VWRPDWDO�FRQGXFWDQFH�WR�DLU�VDWXUDWLRQ�GHILFLW�DQG�URRW�]RQH�PDWULF�SRWHQWLDO�ZDV�DOVR
UHTXLUHG��7UHH�WUDQVSLUDWLRQ������PP�\U��RU�����RI�DQQXDO�UDLQIDOO��ZDV�D�GRPLQDQW�FRPSRQHQW�RI�WKH
FDWFKPHQW� ZDWHU� EDODQFH�� (VWLPDWHG� HYDSRUDWLRQ� IURP� ZHW� WUHH� FDQRS\� ZDV� ���� PP�\U� ������
(YDSRUDWLRQ�IURP�WKH�XQGHUVWRUH\�ZDV�PXFK�OHVV��DPRXQWLQJ�WR����PP�\U������DQG�DQ�LQFUHDVH�LQ�ZDWHU
VWRUDJH�IRU� WKH�����P�URRW�]RQH�GHSWK�ZDV�HVWLPDWHG� WR�EH����PP�\U�������(VWLPDWHG�GDLO\�UDWHV�RI
GUDLQDJH�JHQHUDOO\�DJUHHG�ZHOO�ZLWK�PHDVXUHPHQWV�RI�VWUHDPIORZ��DOWKRXJK�HVWLPDWHG�DQQXDO�GUDLQDJH
�����PP�\U�������H[FHHGHG�PHDVXUHG�VWUHDPIORZ������PP�\U���6LJQLILFDQFH�RI�WKH�UHVXOWV�LV�GLVFXVVHG
LQ�UHODWLRQ�WR�FORVXUH�RI�WKH�K\GURORJLF�EDODQFH��

&RPPHQW
3XUXNL���5XD�����KD��/$,�DOO�VXUIDFHV������
3771������PP�RQ�����GD\V��
0RGHO�UHTXLUHV�KRXUO\�FOLPDWH�GDWD��WUHH�VWDQG�FKDUDFWHULVWLFV��DQG�VRLO�SK\VLFDO�GDWD
6WUHDPIORZ�ZDV�PHDVXUHG�DQG�XVHG�WR�FKHFN�WKH�RWKHU�PRGHOOHG�RXWSXWV�²�LQWHUFHSWLRQ��WUDQVSLUDWLRQ�
GUDLQDJH�

:DWHU�EDODQFH�RI����\U�3��UDGLDWD�DW�3XUXNL
0RQWK 3771 ,QWHUFHSWLRQ 7UHH

WUDQVSLUDWLRQ
8QGHUVWRUH\�
HYDSRUDWLRQ�

6RLO
'UDLQDJH

6WUHDPIORZ

�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
��� ���� ��� ��� �� ��� ���
��� ��� ��� ��� ��� ��� ���
��� ��� ��� ���� ��� �� ��
�� ���� ��� ���� ��� �� ��
�� ��� ��� ��� ��� �� ��
�� ���� ��� ��� �� �� ��
�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
�� ��� �� ��� �� ��� ���
7RWDO ����� ���� ���� ��� ���� ����
��UDLQ ���� ��� ��� �� ���

(YDSRUDWLYH�ORVVHV� ������PP��GUDLQDJH�����PP�FI��VWUHDPIORZ�RI�����PP��UDLQ� �����



���

/DQGFDUH�5HVHDUFK

:KLWHKHDG��'���.HOOLKHU��)�0�������E���$�FDQRS\�ZDWHU�EDODQFH�PRGHO�IRU�D�3LQXV�UDGLDWD�VWDQG
EHIRUH�DQG�DIWHU�WKLQQLQJ���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+�WKLQQHG�WR�����63+
+HLJKW������P
.H\ZRUGV��,QWHUFHSWLRQ��0RGHO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$�PRGHO� RI�ZDWHU� EDODQFH� IRU� D� FRQLIHURXV� IRUHVW� FDQRS\� LV� GHVFULEHG�ZKLFK� FRPELQHV� WKH

3HQPDQ±0RQWHLWK�HTXDWLRQ�WR�HVWLPDWH�WUDQVSLUDWLRQ�IURP�WKH�GU\�FDQRS\��(W��DQG�WKH�5XWWHU�PRGHO�RI
LQWHUFHSWLRQ�WR�HVWLPDWH�HYDSRUDWLRQ�IURP�WKH�FDQRS\�DQG�VWHPV�ZHWWHG�E\�UDLQIDOO��(L���(YDSRUDWLRQ�IURP
WKH�XQGHUVWRUH\�DQG�IRUHVW�IORRU��(X��HVWLPDWHG�IURP�WKH�DYDLODEOH�HQHUJ\�GHWHUPLQHG�IURP�UDGLDWLRQ
DWWHQXDWLRQ�E\�WKH�WUHH�FDQRS\��LV�DOVR�LQFOXGHG��7KH�PRGHO�ZDV�DSSOLHG�WR�DQ����\U�ROG�3��UDGLDWD�VWDQG
DW�/RQJPLOH��5RWRUXD��1HZ�=HDODQG��EHIRUH�DQG�DIWHU�WKLQQLQJ�LQ�������3DUDPHWHUV�LQ�WKH�PRGHO�ZHUH
GHWHUPLQHG�IRU�WKH�XQWKLQQHG�VWDQG��DQG�FKDQJHV�LQ�WKH�SDUDPHWHUV�IROORZLQJ�WKLQQLQJ�ZHUH�HVWLPDWHG
IURP�FKDQJHV�LQ�WUHH�QXPEHU�SHU�XQLW�DUHD�DQG�OHDI�DUHD�LQGH[��/$,���7KH�PRGHO�ZDV�YDOLGDWHG�XVLQJ��L�
LQGHSHQGHQW� PHDVXUHPHQWV� RI� (W� IURP� WUHHV� JURZLQJ� LQ� ZHLJKLQJ� O\VLPHWHUV� ZLWKLQ� WKH� VWDQG�� �LL�
HVWLPDWHV�RI�HYDSRUDWLRQ�IURP�WKH�FDQRS\��QRW�LQFOXGLQJ�WKH�VWHPV��(LF��IURP�PHDVXUHPHQWV�RI�UDLQIDOO�
WKURXJKIDOO�DQG�VWHPIORZ��DQG��LLL��PHDVXUHPHQWV�RI�(X��7KH�PRGHO�DOVR�VKRZV�JRRG�DJUHHPHQW�ZLWK
PHDVXUHPHQWV�RI�WKH�GXUDWLRQ�RI�WUHH�FDQRS\�ZHWQHVV�DQG�(W�IURP�D�GU\LQJ�FDQRS\�DIWHU�UDLQIDOO��7KH
PRGHO�ZDV�XVHG�WR�HVWLPDWH�WKH�DQQXDO�FRPSRQHQWV�RI�FDQRS\�ZDWHU�EDODQFH�IRU�WKH�XQWKLQQHG�DQG�WKLQQHG
VWDQGV�GXULQJ�D�\HDU�ZLWK�KLJK��ZHOO�GLVWULEXWHG�UDLQIDOO�������PP���ZKHQ�WKHUH�ZDV�QR�VXPPHU�GURXJKW
SHULRG��)RU�WKH�XQWKLQQHG�VWDQG��PRGHOOHG�DQQXDO�(W��(L�DQG�(X�ZHUH����������DQG����PP��UHVSHFWLYHO\�
ZLWK� WKH� QHW� DPRXQW� RI�ZDWHU� DGGHG� WR� WKH� VRLO� VWRUDJH� �1�� EHLQJ� ����PP��7KLQQLQJ� UHVXOWHG� LQ� D
VLJQLILFDQW�UHGXFWLRQ�������LQ�PRGHOOHG�DQQXDO�(W��VOLJKWO\�OHVV�WKDQ�WKH�GHFUHDVH�LQ�/$,��������7KH
GHFUHDVH�LQ�PRGHOOHG�DQQXDO�(L�������ZDV�PXFK�VPDOOHU�WKDQ�WKH�GHFUHDVH�LQ�/$,��7KHVH�UHVXOWV�DUH
GLVFXVVHG�LQ�UHODWLRQ�WR�WKH�VLJQLILFDQFH�RI�FDQRS\�VWUXFWXUH�LQ�GHWHUPLQLQJ�HYDSRUDWLYH�ORVVHV�IURP�IRUHVW
FDQRSLHV�DQG�WKH�QHW�DGGLWLRQ�RI�ZDWHU�WR�VWRUDJH�LQ�WKH�VRLO��'XULQJ�WKH�\HDU�IROORZLQJ�WKLQQLQJ��WKH�PRGHO
LQGLFDWHG�DQ�LQFUHDVH�LQ�1�RI�����PP������RI�JURVV�UDLQIDOO���,PSOLFDWLRQV�IRU�PDQDJLQJ�WKH�ZDWHU�\LHOG
IURP�IRUHVW�FDWFKPHQWV�DUH�GLVFXVVHG��

&RPPHQW
7KLV�SDSHU�LV�DQ�XSGDWH�RI�:KLWHKHDG�HW�DO���������EHORZ�EXW�D�GLIIHUHQW�UDLQIDOO�SHULRG�ZDV�XVHG�IRU�WKH
PRGHO�RXWSXW�
&RPELQHV�3HQPDQ±0RQWHLWK�ZLWK�5XWWHU�DQG�*DVK�PRGHO�FRPSRQHQWV�
0RGHOV�GLIIHUHQFHV�EXW�QR�DSSDUHQW�YDOLGDWLRQ�E\�ILHOG�PHDVXUHPHQW�

:KDNDUHZDUHZD��/RQJPLOH���5RWRUXD���3ODQWHG�������
,Q����������63+�����P�WDOO��/$,��DOO�VXUIDFHV��������QR�XQGHUVWRUH\��FORVHG�FDQRS\
6HSW�������WKLQQHG�WR�����63+�����P�WDOO��/$,����FURZQ�FRYHU�����RI�JURXQG������JURXQG�FRYHUHG�E\
GHEULV���:HOO�ZDWHUHG�



���

/DQGFDUH�5HVHDUFK

0RGHOOHG�FDQRS\�ZDWHU�EDODQFH
8QWKLQQHG 7KLQQHG

3UHFLSLWDWLRQ��PP� ���� ����
7UHH�WUDQVSLUDWLRQ��PP����� �������� ��������
7UHH�LQWHUFHSWLRQ��PP����� �������� ��������
8QGHUVWRUH\�LQWHUFHSWLRQ��PP����� ������ ��������
%DODQFH�WR�6RLO�0RLVWXUH��PP����� �������� ��������
/RVVHV��PP����� �������� ��������

: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�����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+�WKLQQHG�WR�����63+
+HLJKW������P
.H\ZRUGV��,QWHUFHSWLRQ��0RGHO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW
/RQJPLOH�VWDQG�DW�:KDNDUHZDUHZD��5RWRUXD��
6WRUP�VWHPIORZ�� 6)� ������î�3771�������
6WRUP�WKURXJKIDOO��JXHVVWLPDWHG�IURP�H\HEDOOHG���ILW�WKURXJK�JUDSKHG�GDWD�E\�/.5�

7)� ������î�3771����
,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�HVWLPDWHG�WR�EH�����PP�

6HOHFWHG�WUDQVSLUDWLRQ�YDOXHV�IRU���GU\�GD\�LQ�JLYHQ�PRQWKV�
3UH�WKLQQLQJ�� 'HFHPEHU�����PP $SULO�����PP -XO\�����PP 6HSWHPEHU�����PP
3RVW�WKLQQLQJ�� -DQXDU\�����PP $SULO�����PP -XO\�����PP 2FWREHU�����PP

7KH�PRGHO�LV�VKRZQ�WR�ZRUN�ZHOO�IRU�ERWK�SUH��DQG�SRVW�WKLQQLQJ�ZHW�DQG�GU\�FDQRS\�HYDSRUDWLRQ�ZKHQ
DGMXVWHG�IRU�WKH�GHFUHDVH�LQ�OHDI�DUHD�



���

/DQGFDUH�5HVHDUFK

6LPXODWHG�ZDWHU�EDODQFH������ZLWK�DQQXDO�UDLQIDOO�RI������PP
8QWKLQQHG 7KLQQHG
PP � PP �

7UHH�FDQRS\�WUDQVSLUDWLRQ ��� �� ��� ��
7UHH�FDQRS\�HYDSRUDWLRQ ��� �� ��� ��
8QGHUVWRUH\�HYDSRUDWLRQ �� � ��� ��
1HW�DGGLWLRQ�WR�VRLO�PRLVWXUH ��� �� ��� ��

: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\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\������63+
+HLJKW������P 5DLQIDOO�������PP
.H\ZRUGV��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
7UHH�WUDQVSLUDWLRQ��(W��DQG�XQGHUVWRUH\�HYDSRUDWLRQ��(X��ZHUH�PHDVXUHG�KRXUO\�RQ��±��ILQH�GD\V

GXULQJ����SHULRGV�WKURXJKRXW�D�\HDU�LQ�D�3��UDGLDWD�SODQWDWLRQ�LQ�.DLQJDURD�)RUHVW��1HZ�=HDODQG��7KHUH
ZHUH�����VWHPV�KD�DQG�����RI�KHUEDFHRXV�XQGHUVWRUH\�YHJHWDWLRQ�DQG�IRUHVW�IORRU�ZDV�FRYHUHG�E\�GHDG
VWHPV��EUDQFKHV�DQG�IROLDJH�IURP�HDUOLHU�WKLQQLQJ�DQG�SUXQLQJ�RSHUDWLRQV��$QQXDO�UDLQIDOO�ZDV������PP
DQG�WUHHV�DQG�XQGHUVWRUH\�YHJHWDWLRQ�ZHUH�VXSSOLHG�DGHTXDWHO\�ZLWK�ZDWHU�WKURXJKRXW�WKH�\HDU��'DWD�DUH
SUHVHQWHG�DQG�GLVFXVVHG�RQ�UHODWLRQV�EHWZHHQ�VWRPDWDO�FRQGXFWDQFH��DLU�VDWXUDWLRQ�GHILFLW�DERYH�WKH�IRUHVW
FDQRS\��LQFLGHQW�TXDQWXP�IOX[�GHQVLW\��IROLDJH�GHYHORSPHQW��QLJKW�IURVW��WUHH�FDQRS\�OHDI�DUHD�LQGH[�
FDQRS\�FRQGXFWDQFH��DQG�DYHUDJH�GDLO\�WUDQVPLWWDQFH�RI�VKRUWZDYH�UDGLDWLRQ�WKURXJK�WKH�WUHH�FDQRS\��7KH
FRPELQDWLRQ�RI�ZHDWKHU�YDULDEOHV��FKDQJHV�LQ�VWRPDWDO�FRQGXFWDQFH��LQFUHDVLQJ�OHDI�DUHD�LQGH[�DQG�WKH
UHODWLRQ�EHWZHHQ�(X�DQG�DYDLODEOH�HQHUJ\�OHG�WR�WKH�IUDFWLRQ�(W��(W���(X��UHPDLQLQJ�URXJKO\�FRQVWDQW
WKURXJKRXW�WKH�\HDU�ZLWK�DQ�DYHUDJH�RI�������

&RPPHQW
6DPH�VWDQG�DV�.HOOLKHU�HW�DO���������DW�+DXSDSD�
7UDQVSLUDWLRQ�UDQJHG�EHWZHHQ�����PP�GD\�ZLQWHU�DQG������PP�GD\�ODWH�VXPPHU
8QGHUVWRUH\�HYDSRUDWLRQ�UDQJHG�IURP�����PP�WR�����PP�LQ�HDUO\�VXPPHU



���

/DQGFDUH�5HVHDUFK

:LFKW�� &�/�� � ������ � )RUHVWU\� DQG� ZDWHU� VXSSOLHV� LQ� 6RXWK� $IULFD�� � %XOOHWLQ�� 'HSDUWPHQW� RI
$JULFXOWXUH��6RXWK�$IULFD�1R����

&RXQWU\��6RXWK�$IULFD� 5HSRUW�/RFDWLRQ��5�������$EVWUDFW�RQO\
.H\ZRUGV��5HYLHZ��ZDWHU�\LHOG

&RPPHQW
$� FRPSUHKHQVLYH� UHYLHZ� RI� WKH� K\GURORJ\� RI� 6RXWK� $IULFD�� WKH� LQIOXHQFH� RI� ODQG�PDQDJHPHQW� RQ
K\GURORJ\��DQG�VSHFLILF�VWXGLHV�RQ�IRUHVWU\�DQG�WKH�HIIHFWV�RQ�ZDWHU�VXSSOLHV�

:LFKW��&�/�������"��7LPEHU�DQG�ZDWHU���6RXWK�$IULFDQ�)RUHVWU\�-RXUQDO������±���

&RXQWU\��:RUOGZLGH� 5HSRUW�/RFDWLRQ��5����
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
5HYLHZV�D�QXPEHU�RI�VWXGLHV�RQ�WKH�HIIHFWV�RI�IRUHVWU\�RQ�ZDWHU�\LHOG��
1RWHV�WKDW�DW�-RQNHUVKRHN�����\U�DIWHU�FRQYHUWLQJ�D�I\QERV�FRYHUHG�FDWFKPHQW�WR�3��UDGLDWD��ZDWHU�\LHOG
KDG�GHFUHDVHG�E\�����DQG�����PP��UDLQIDOO�DERXW������PP�

7KHUH�ZHUH�UHVWULFWLRQV�RQ�DIIRUHVWDWLRQ�ZLWKLQ����P�RI�VWUHDPEDQNV�DQG����P�RI�WKH�PDUJLQV�RI�PDUVKHV�
3RLQWV�RXW�WKDW�WKLV�PHDVXUH�EHFRPHV�LQHIIHFWLYH�LI�GHQVH�YHJHWDWLRQ�LV�DOORZHG�WR�GHYHORS�QDWXUDOO\�LQ
WKHVH�DUHDV�

:LOO��*�0����������5HPRYDO�RI�PLQHUDO�QXWULHQWV�IURP�WUHH�FURZQV�E\�UDLQ���1DWXUH��/RQGRQ������
�����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�������PRQWKV 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
3771����PP��7)����PP��7)�������1RYHPEHU������WR�-XQH�����



���

/DQGFDUH�5HVHDUFK

:LOO��*�0�������D���1XWULHQW�UHWXUQ�LQ�OLWWHU�DQG�UDLQIDOO�XQGHU�VRPH�H[RWLF�FRQLIHU�VWDQGV�LQ�1HZ
=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6SHFLHV�&RPSDULVRQ��&RQLIHUV��'RXJODV�ILU��3LQHV
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\������63+ +HLJKW�������P
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&RPPHQW
.DLQJDURD�)RUHVW��7ZR�UDLQ�FROOHFWRUV������LQ�JODVV�IXQQHOV��DW�HDFK�VLWH���
3��UDGLDWD����±����FURZQ�FRYHU
'RXJODV�ILU�����\U�ROG�����P�WDOO�������63+�������FURZQ�FRYHU��

7KURXJKIDOO�DW�.DLQJDURD
5DLQIDOO
�PP�

7KURXJKIDOO
�PP�

7KURXJKIDOO
���

3��UDGLDWD��\HDU�� ���� ���� ��
3��UDGLDWD��\HDU�� ���� ��� ��
'RXJODV�ILU�\HDU�� ���� ��� ��
'RXJODV�ILU�\HDU�� ���� ��� ��

:LOO�� *�0�� � ����E�� � 6RLO�PRLVWXUH� DQG� VRLO�WHPSHUDWXUH� VWXGLHV� XQGHU� UDGLDWD� SLQH�
:KDNDUHZDUHZD�)RUHVW������±�������1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH���3ODQWDWLRQ���\U�UHJHQHUDWLRQ�	����\U�
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
:KDNDUHZDUHZD��5RWRUXD��

��\U�ROG�UHJHQHUDWLQJ�VWDQG�DIWHU�FOHDUIHOOLQJ�������63+�������P�WDOO�
���\U�ROG�VWDQG�ZLWK�QR�PDQDJHPHQW�EXW�PRUWDOLW\�UHGXFHG�VWRFNLQJ�WR�����63+�����P�WDOO�

3UHFLSLWDWLRQ�IRU���\U�ZDV������PP���\U�WKURXJKIDOO�����PP�����\U�WKURXJKIDOO�����PP�



���

/DQGFDUH�5HVHDUFK

:LOO��*�0����������6RLO�PRLVWXUH�DQG�WHPSHUDWXUH�VWXGLHV�XQGHU�UDGLDWD�SLQH��.DLQJDURD�)RUHVW�
����±�������1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH���3ODQWDWLRQ����WR����\U 'HQVLW\�����63+
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
.DLQJDURD�)RUHVW
7KLV�DSSHDUV�WR�EH�WKH�VDPH�VWDQG�EXW�ZLWK�VOLJKWO\�GLIIHUHQW�VDPSOLQJ�SHULRGV�DV�IRU�WKH�.DLQJDURD�3�
UDGLDWD�VWDQG�LQ�:LOO������D��

7KURXJKIDOO�XQGHU�3��UDGLDWD�DW�.DLQJDURD
3UHFLSLWDWLRQ
�PP�

7KURXJKIDOO
�PP�

���� ���� ����
���� ���� ���

:URQVNL��(����������$�PRGHO�RI�FDQRS\�GU\LQJ���$JULFXOWXUDO�:DWHU�0DQDJHPHQW��������±����

&RXQWU\��$XVWUDOLD� 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5��
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
+HLJKW������P
.H\ZRUGV��(YDSRUDWLRQ��0RGHO

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�$EVWUDFW
$�RQH�GLPHQVLRQDO�GLIIXVLRQ�PRGHO�RI�FDQRS\�GU\LQJ�DSSOLHG�WR�D�3��UDGLDWD�IRUHVW�LQ�6RXWK

$XVWUDOLD�\LHOGHG�HYDSRWUDQVSLUDWLRQ�UDWHV�ORZHU�WKDQ�WKRVH�REVHUYHG��7KH�GLVFUHSDQF\�LQGLFDWHG�HLWKHU
WKDW� WKHUH� ZDV� JUHDWHU� LQWHUFKDQJH� EHWZHHQ� WKH� DERYH�� DQG� ZLWKLQ�FDQRS\� DLUIORZ� WKDQ� FDOFXODWHG
DVVXPLQJ� ORFDO�GLIIXVLRQ��RU� WKDW� VWRPDWDO� UHVLVWDQFH�ZDV� UHGXFHG�ZKHQ� WKH�FDQRS\�ZDV�ZHW�� ,W�ZDV
FRQFOXGHG�WKDW�WKH�QHW�LQWHUFHSWLRQ�ORVV�GXULQJ�FDQRS\�GU\LQJ�ZDV�DSSUR[������RI�WKH�WRWDO�ORVV���

<XQXVD�� ,�$�0��� 0HDG�� '�-��� 3ROORFN�� .�0��� /XFDV�� 5�-�� � ������ � 3URFHVV� VWXGLHV� LQ� D� 3LQXV
UDGLDWD�SDVWXUH�DJURIRUHVWU\�V\VWHP�LQ�D�VXEKXPLG�WHPSHUDWH�HQYLURQPHQW���,���:DWHU�XVH�DQG�OLJKW
LQWHUFHSWLRQ�LQ�WKH�WKLUG�\HDU���$JURIRUHVWU\�6\VWHPV��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
.H\ZRUGV��,QWHUFHSWLRQ
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&$%�$EVWUDFWV�$1����������
6RLO�PRLVWXUH� VWRUDJH��HYDSRWUDQVSLUDWLRQ� �(7��DQG� OLJKW� LQWHUFHSWLRQ�ZHUH�GHWHUPLQHG� LQ�DQ

DJURIRUHVWU\� WULDO�QHDU�/LQFROQ��1HZ�=HDODQG��FRQVLVWLQJ�RI�3��UDGLDWD�JURZQ�RYHU� ����FRQWURO� �EDUH
JURXQG�������U\HJUDVV�FORYHUV��/ROLXP�SHUHQQH�7ULIROLXP�VSS��������OXFHUQH��0HGLFDJR�VDWLYD���DQG����
U\HJUDVV�RQO\��GXULQJ�WKH�WKLUG�JURZLQJ�VHDVRQ�EHWZHHQ������DQG�������,Q�WKH�SHULRG�ZKHQ�UDLQIDOO�ZDV
IUHTXHQW� DQG� H[FHHGHG� WKH� HYDSRUDWLYH� GHPDQG� �(SRW���(7� DQG�GHSOHWLRQ�RI� VRLO�PRLVWXUH�ZHUH� QRW
DIIHFWHG�E\� WKH�JURXQG� FRYHU� WUHDWPHQWV��'XULQJ� VXPPHU�ZKHQ� UDLQIDOO�ZDV� OHVV� IUHTXHQW�� EXW�ZLWK
PRLVWXUH� UHDGLO\� DYDLODEOH� LQ� WKH� VRLO� SURILOH�� (7� ZDV� DVVRFLDWHG� ZLWK� WKH� SODQW� FDQRS\�� DQG� ZDV
VLJQLILFDQWO\�KLJKHU�IRU�WKH�SDVWXUH�JURXQG�FRYHUV�WKDQ�IRU�WKH�FRQWURO��7KH�PRUH�UDSLG�JURZWK�E\�OXFHUQH
FDXVHG�KLJKHU�(7�LQ�WKLV�JURXQG�FRYHU�WKDQ�LQ�WKH�U\HJUDVV�FORYHU�JURXQG�FRYHU�LQ�ZKLFK�WKH�SDVWXUH�ZDV
VORZ�JURZLQJ��$W�WKH�HQG�RI�WKH�VWXG\�SHULRG��WRWDO�(7�ZDV�LQ�WKH�IROORZLQJ�RUGHU��OXFHUQH������PP��!
U\HJUDVV�FORYHU������PP��!�FRQWURO������PP���(7�ZDV�GRPLQDWHG�E\�SDVWXUH�WUDQVSLUDWLRQ��(S��GXULQJ
PRVW�RI�WKH�JURZLQJ�VHDVRQ��EXW�E\�WUHH�WUDQVSLUDWLRQ��(W��LQ�ZLQWHU�ZKHQ�ODUJH�SDUWV�RI�WKH�SDVWXUH�FDQRS\
ZDV�VKDGHG��(S�ZDV�DOZD\V�DW�OHDVW�����KLJKHU�IRU�OXFHUQH�WKDQ�IRU�U\HJUDVV�FORYHU�DV�D�UHVXOW�RI�D�JUHDWHU
UDGLDWLRQ�LQWHUFHSWHG�E\�WKH�IRUPHU��7KH�IUDFWLRQ�RI�LQFRPLQJ�UDGLDWLRQ�LQWHUFHSWHG�E\�WKH�WUHH�FURZQV�ZDV
LQ�WKH�IROORZLQJ�RUGHU��FRQWURO�!�U\HJUDVV�!�U\HJUDVV�FORYHU�!�OXFHUQH��$W�WKH�HQG�RI�WKH���\U�SHULRG��WKH
IUDFWLRQ�RI�LQWHUFHSWHG�UDGLDWLRQ�ZDV������JUHDWHU�IRU�FRQWURO�WKDQ�IRU�WKH�OXFHUQH�JURXQG�FRYHU��7KH
FRQWURO�SURGXFHG�WKH�ODUJHVW�WUHH�FURZQV���WKHVH�ZHUH�DOPRVW�WZLFH�WKH�VL]H�RI�WKH�WUHH�FURZQV�LQ�WKH
OXFHUQH�JURXQG�FRYHU��ZKLFK�KDG�WKH�VPDOOHVW�WUHHV��$FFRUGLQJO\��WKH�WUHHV�LQ�WKH�FRQWURO�LQWHUFHSWHG�PRUH
UDGLDWLRQ�DQG�UDLQIDOO��ZLWK�WKH�IRUPHU�EHLQJ�ORVW�WR�HYDSRUDWLRQ��WKDQ�WKH�WUHHV�LQ�WKH�SDVWXUH��7KH�IUDFWLRQV
RI� UDGLDWLRQ� LQWHUFHSWHG� DQG� (7� DFFRXQWHG� IRU� E\� WKH� WUHHV� DQG� SDVWXUHV� ZHUH� DVVRFLDWHG� ZLWK� WKH
SURSRUWLRQ�RI�WKH�SORW�DUHD�WKH\�RFFXSLHG�

&RPPHQW
$JUR�IRUHVWU\�WULDO��SDVWXUH�ZLWK�3��UDGLDWD�DW������63+��

3UHFLSLWDWLRQ�����PRQWKV�� �����PP
,QWHUFHSWLRQ�E\�WUHHV���WR��������EXW�UHODWLYH�WR�ZKDW�²�WUHH�DUHD�RU�SORW�DUHD"
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6HFWLRQ�����$GGLWLRQDO�5HIHUHQFHV

�D��5HIHUHQFHV�

�&LWDWLRQV�ZLWKLQ�WKH�GRFXPHQW�WKDW�DUH�QRW�LQFOXGHG�LQ�6HFWLRQ���

$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\���������±���

%RVFK��-�0����������7UHDWPHQW�HIIHFWV�RQ�DQQXDO�DQG�GU\�SHULRG�VWUHDPIORZ�DW�&DWKHGUDO�3HDN���6RXWK
$IULFDQ�)RUHVWU\�-RXUQDO��������±���

'DYLV��0�5���/DQJ��0�+����������,QFUHDVHG�QXWULHQW�DYDLODELOLW\�LQ�WRSVRLOV�XQGHU�FRQLIHUV�LQ�WKH�6RXWK
,VODQG�KLJK�FRXQWU\���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±����

)	7%����������$QQXDO�5HSRUW�IRU�����������)RUHVWU\�DQG�7LPEHU�%XUHDX�

*DVK��-�-����������$Q�DQDO\WLFDO�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�E\�IRUHVWV���4XDUWHUO\�-RXUQDO�RI�WKH�5R\DO
0HWHRURORJLFDO�6RFLHW\������������

*UD\QRWK��(����������(IIHFWV�RI�ORJJLQJ�RQ�VWUHDP�HQYLURQPHQWV�DQG�IDXQDV�LQ�1HOVRQ���1HZ�=HDODQG
-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK�������±����

+DUU��5�'���/HYQR��$���0HUVHUHDX��5����������6WUHDPIORZ�FKDQJHV�DIWHU�ORJJLQJ�����\HDU�ROG�'RXJODV�IRU
LQ�WZR�VPDOO�ZDWHUVKHGV���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

+HZOHWW��-�'���+LEEHUW��-����������)DFWRUV�DIIHFWLQJ�WKH�UHVSRQVH�RI�VPDOO�ZDWHUVKHGV�WR�SUHFLSLWDWLRQ�LQ
KXPLG� DUHDV�� � ,Q�� 6RSSHU��:�(��� /XOO�� +�:�� �(GV�� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� )RUHVW� +\GURORJ\�
3HUJDPRQ�3UHVV���1HZ�<RUN���3S�����±����

-DFNVRQ��5�-���$OGULGJH��5����������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�NDPDKL��:HLQPDQQLD�UDFHPRVD��DW�7DLWD�
1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±����

/HGJDUG��1���������1DWLYH�ELUGV�LQ�6RXWK�,VODQG�KLJK�FRXQWU\�H[RWLF�FRQLIHUV���1HZ�=HDODQG�)RUHVWU\�
)HEUXDU\���������±���



���
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/H\WRQ��/���5H\QROGV��(�5�&���7KRPSVRQ��)�%����������5DLQIDOO�LQWHUFHSWLRQ�LQ�IRUHVW�DQG�PRRUODQG���,Q�
6RSSHU��:�(���/XOO��+�:���(GV��,QWHUQDWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��3HUJDPRQ�3UHVV���1HZ
<RUN���3S�����±�����

0F/DUHQ��3����������(QYLURQPHQWDO�(IIHFWV�RI�3ODQWHG�)RUHVWV�LQ�1HZ�=HDODQG���1HZ�=HDODQG�)RUHVW
5HVHDUFK�,QVWLWXWH�%XOOHWLQ�1R�������1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH���5RWRUXD�����S�

0RQWHLWK��-�/���������+RZ�GR�FURSV�PDQLSXODWH�ZDWHU�VXSSO\�DQG�GHPDQG"��3KLORVRSKLFDO�7UDQVDFWLRQV
RI�WKH�5R\DO�6RFLHW\��/RQGRQ��$��0DWKHPDWLFDO�DQG�3K\VLFDO�6FLHQFHV���������±����

0$)����������$�1DWLRQDO�([RWLF�)RUHVW�'HVFULSWLRQ�DV�DW���$SULO��������0LQLVWU\�RI�$JULFXOWXUH�DQG
)LVKHULHV���:HOOLQJWRQ�

0I(����������1DWLRQDO�$JHQGD�IRU�6XVWDLQDEOH�0DQDJHPHQW�$FWLRQ�3ODQ���0LQLVWU\�IRU�WKH�(QYLURQPHQW�
:HOOLQJWRQ�

1=),���8QGDWHG���)DFWV�DQG�)LJXUHV�������������1HZ�=HDODQG�)RUHVW�,QGXVWU\���:HOOLQJWRQ�

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�������±����

5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�PRXQWDLQ�EHHFK���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH
�����±���

5RZH��/�.����������5DLQIDOO�LQWHUFHSWLRQ�E\�DQ�HYHUJUHHQ�EHHFK�IRUHVW��1HOVRQ��1HZ�=HDODQG���-RXUQDO
RI�+\GURORJ\��������±����

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��7KH�K\GURORJ\�RI�'RXJODV�ILU�SODQWDWLRQV��$Q�DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG�FRQWUDFW�UHSRUW�/&���������IRU
WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ�

5RZH��/���)DKH\��%���-DFNVRQ��5���'XQFDQ��0����������(IIHFWV�RI�ODQGXVH�RQ�IORRGV�DQG�ORZ�IORZV���&K�
�� LQ��0RVOH\��0�3���3HDUVRQ��&�3�� �(GV��� �)ORRGV�DQG�GURXJKWV�� WKH�1HZ�=HDODQG�H[SHULHQFH�� �1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ��3S����±����

5RZH��/�.��� -DFNVRQ��5�-��� )DKH\��%�'�� � ����E�� �1HZ�=HDODQG� ODQG�XVH�K\GURORJ\�� �$Q� DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG�FRQWUDFW�UHSRUW�/&���������IRU
WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ��

5XWWHU�� $�-��� .HUVKDZ�� .�$��� 5REELQV�� 3�&��� 0RUWRQ�� $�-�� � ������ � $� SUHGLFWLYH� PRGHO� RI� UDLQIDOO
LQWHUFHSWLRQ�LQ�IRUHVWV���$JULFXOWXUDO�0HWHRURORJ\�������±����
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�E��8QSXEOLVKHG�&RQWUDFW�5HSRUWV

%DNHU��0�$���)HQHPRU��$����������(IIHFWV�RI�SLQH�SODQWDWLRQV�RQ�FDWFKPHQW�ZDWHU�\LHOG��7DVPDQ�)RUHVWU\
SURSRVDO���1HOVRQ�0DUOERURXJK�5HJLRQDO�&RXQFLO��5HVRXUFH�3ODQQLQJ�'LUHFWRUDWH�FRQVXOWDQF\�UHSRUW�IRU
7DVPDQ�)RUHVWU\�/WG�

'XQFDQ��0�-����������5HODWLRQVKLS�RI�ODQG�XVH�WR�JURXQGZDWHU�UHFKDUJH�DW�0RXWHUH�5HVHDUFK�&HQWUH�
1,:$�)UHVKZDWHU�'LYLVLRQ�UHSRUW�IRU�7DVPDQ�'LVWULFW�&RXQFLO�

'XQFDQ��0�-����������%ODFNELUG�9DOOH\�IORZ�DXJPHQWDWLRQ���1,:$�&KULVWFKXUFK�0LVFHOODQHRXV�UHSRUW
QR�����IRU�7DVPDQ�)RUHVWU\�/WG�

'XQFDQ��0�-����������(IIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG�IRU�WKH�:DLKRSDL�DQG�6RXWKHUQ�9DOOH\�DUHDV�
:DLUDX�FDWFKPHQW��0DUOERURXJK���1,:$�FOLHQW�UHSRUW�QR�&+&������

)DKH\��%�'�������D���3RWHQWLDO�LPSDFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�QRUWK�HDVW�2WDJR��,QYHVWLJDWLRQ
DQG�FRPPHQW���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&���������IRU�2WDJR�5HJLRQDO�&RXQFLO�

)DKH\��%�'�� �����E�� �:DWHU�\LHOGV� IURP� WKH�'HHS�6WUHDP�DQG�'HHS�&UHHN� FDWFKPHQWV�����±�����
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU�'XQHGLQ�&LW\�&RXQFLO�

)DKH\��%�'���-DFNVRQ��5�-����������/RZ�IORZ�LQYHVWLJDWLRQ�RI�WKH�:DLNRXDLWL�&DWFKPHQW���8QSXEOLVKHG
/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&�������IRU�'XQHGLQ�&LW\�&RXQFLO�

)DKH\��%�'���-DFNVRQ��5�-����������5HYLHZ�RI�DIIRUHVWDWLRQ�LPSDFWV�RQ�ZDWHU�\LHOG�DQG�ORZ�IORZ��DQG
UHFRPPHQGDWLRQV� IRU� IXUWKHU�ZRUN�� �8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW� UHSRUW�/&��������IRU
&DQWHUEXU\�5HJLRQDO�&RXQFLO�

+DOO��0�-�0����������$�UHYLHZ�RI�ZDWHU�UHODWHG�UHVHDUFK�LQ�WKH�1HOVRQ�DQG�0DUOERURXJK�UHJLRQV���$�UHSRUW
IRU�7DVPDQ�)RUHVWU\�/WG�

-DFNVRQ��5�-����������7DUDZHUD�5LYHU�IORZ�DQDO\VLV��D�FULWLFDO�UHYLHZ���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK
FRQWUDFW�UHSRUW�/&��������IRU�7DVPDQ�)RUHVWU\�/WG�

-DFNVRQ��5�-����������1HOVRQ�0DUOERURXJK�)RUHVWU\�0RQLWRULQJ�&ROOHFWLYH�)RUHVW�0RQLWRULQJ�3URMHFW�
8QSXEOLVKHG� /DQGFDUH� 5HVHDUFK� FRQWUDFW� UHSRUW� /&��������� IRU� 1HOVRQ�0DUOERURXJK� )RUHVWU\
0RQLWRULQJ�&ROOHFWLYH�

-DFNVRQ��5�-����������+\GURORJ\�DQG�K\GUDXOLFV�UHYLHZ�IRU�WKH�3LDNR�5LYHU�VFKHPH�GLIIHUHQWLDO�UDWLQJ
SURMHFW��6WRUP�UXQRII�IURP�IRUHVW�DQG�SDVWXUH���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&����
IRU�(QYLURQPHQW�:DLNDWR��

-DFNVRQ��5�-���)DKH\��%�'���������:DWHU�XVH�E\�IRUHVWV�LQ�ZDWHU�VKRUW�UHJLRQV�� � �8QSXEOLVKHG�)RUHVW
5HVHDUFK�,QVWLWXWH�FRQWUDFW�UHSRUW�):(������IRU�0LQLVWU\�RI�)RUHVWU\�3ROLF\�'LYLVLRQ��:HOOLQJWRQ�

-DFNVRQ�� 5�-��� )DKH\�� %�'��� 3KLOOLSV�� &�-�� � ������ � ,PSDFWV� RI� FOHDUIHOOLQJ� RQ�ZDWHU� \LHOG� DQG� IORRG
K\GURORJ\��'RQDOG�&UHHN�FDWFKPHQWV��%LJ�%XVK�6WDWH�)RUHVW��VRXWKZHVW�1HOVRQ��DQG�UHYLHZ�RI�FKDQJHV
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LQ�VRLO�VWUHQJWK�DV�WUHHV�GHFD\���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&������IRU�7DVPDQ
)RUHVWU\��1HOVRQ��/WG�

3KLOOLSV��&�-���&RNHU��5�-�� ������� �6RLO�DQG�ZDWHU�LPSDFWV�RI�VPDOO�FRXSH�KDUYHVWLQJ�LQ�EHHFK�IRUHVW�
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU�3LQH�3ODQ�1HZ�=HDODQG�/WG�

5RZH��/�.���0DUGHQ��0����������6HGLPHQWDWLRQ�SURFHVVHV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\�
.DLQJDURD�)RUHVW��5HSRUW�����6XPPDU\�RI�GDWD�FROOHFWHG�XQWLO�0DUFK������DQG�WKH�ILHOG�LQVSHFWLRQ�RI�0D\
�������8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&���������IRU�)RUHVWU\�&RUSRUDWLRQ�RI�1HZ
=HDODQG�/WG�

5RZH��/�.����������&RPPHQW�RQ�ZDWHU�\LHOG�DQG�RWKHU�LVVXHV�DULVLQJ�IURP�WKH�SURSRVHG�GHYHORSPHQW�RI
D� SLQH� IRUHVW��'�	� -�%HD]OH\� SURSHUW\��+RNLDQJD�� �8QSXEOLVKHG�/DQGFDUH�5HVHDUFK� FRQWUDFW� UHSRUW
/&��������IRU�-HVSHUVHQ��$VNHOXQG�	�3DUWQHUV��

5RZH��/�.�� ������� �:DLSDRD�FDWFKPHQW�VWUHDPIORZ�DQDO\VLV��0DQJDWX�5LYHU��8SHU�:DLSDRD�5LYHU�
:DLQJDURPLD�5LYHU��:DLSDRD�5LYHU�DW�.DQDNDQDLD��7H�$UDL�5LYHU���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK
FRQWUDFW�UHSRUW�/&��������IRU�*LVERUQH�'LVWULFW�&RXQFLO�

5RZH��/�.����������&KULVWFKXUFK�&LW\�&RXQFLO�VOXGJH�PDQDJHPHQW�SURMHFW���)LQDO�UHSRUW�RQ�WKURXJKIDOO
VWXG\��&KDQH\V�DQG�(\UHZHOO�)RUHVWV���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU
:RRGZDUG�&O\GH��1�=���/WG�

5RZH�� /�.�� � ������ � $IIRUHVWDWLRQ� LQ� WKH� 0DFNHQ]LH� %DVLQ�� � &RPPHQW� RQ� K\GURORJLFDO� LPSDFWV�
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU�0LQLVWU\�RI�)RUHVWU\��:HOOLQJWRQ�

:KLWHKHDG��'���)DKH\��%�'����������$Q�LQLWLDO�DVVHVVPHQW�RI�WKH�LPSDFW�RI�IRUHVWU\�RQ�WKH�ZDWHU�UHVRXUFHV
RI�WKH�0DFNHQ]LH�&RXQWU\���8QSXEOLVKHG�1HZ�=HDODQG�)RUHVW�5HVHDUFK�FRQWUDFW�UHSRUW�IRU�(OHFWULFLW\
&RUSRUDWLRQ�RI�1HZ�=HDODQG�/WG�

�F��7HUULWRULDO�$XWKRULW\�5HSRUWV

$XFNODQG�5HJLRQDO� &RXQFLO�� � ����D�� � /RVV� RI�ZDWHU� IURP�3LQXV� UDGLDWD�0RXPRXNDL� H[SHULPHQWDO
FDWFKPHQWV���)LOH���������

$XFNODQG�5HJLRQDO�&RXQFLO�������E��(IIHFW�RI�3LQXV�UDGLDWD�RQ�FDWFKPHQW�UXQRII�²�+XQXD�FDWFKPHQWV�
)LOH���������

(QYLURQPHQW�%D\�RI�3OHQW\����������7DUDZHUD�5LYHU�IORZ�DQDO\VLV��(QYLURQPHQW�UHSRUW������E\�/LSLQJ
3DQJ�

(QYLURQPHQW�&DQWHUEXU\����������5HYLHZ�RI�WKH�'XQFDQ�PRGHO�IRU�DVVHVVLQJ�WKH�LPSDFWV�RI�DIIRUHVWDWLRQ
RQ�ZDWHU�\LHOG���5HSRUW�QR��8������

1RUWKODQG�5HJLRQDO�&RXQFLO����������$XSRXUL�3HQLQVXOD�ZDWHU�UHVRXUFHV�DVVHVVPHQW�

1RUWKODQG�5HJLRQDO�&RXQFLO����������$XSRXUL�8SGDWH������ZLWK�XSGDWHG�SORWV�WR�0DUFK������
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/DQGFDUH�5HVHDUFK

2WDJR�5HJLRQDO�&RXQFLO����������7DLHUL�5LYHU�FDWFKPHQW�PRQLWRULQJ�UHSRUW���5HSRUW�QR����������

2WDJR�5HJLRQDO�&RXQFLO����������1RUWK�DQG�FRDVWDO�ULYHU�FDWFKPHQWV�PRQLWRULQJ�UHSRUW��

2WDJR�5HJLRQDO�&RXQFLO����������&OXWKD�5LYHU�FDWFKPHQW�PRQLWRULQJ�UHSRUW��

7DVPDQ�'LVWULFW�&RXQFLO����������$IIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG�SROLF\�SDSHU�GLVWULFW�UHYLHZ�
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/DQGFDUH�5HVHDUFK

6HFWLRQ�����$FNQRZOHGJHPHQWV

)XQGLQJ�IRU�WKH�SUHSDUDWLRQ�RI�WKLV�UHSRUW�ZDV�SURYLGHG�E\�WKH�0LQLVWHU�IRU�WKH�(QYLURQPHQW¶V�6XVWDLQDEOH
0DQDJHPHQW�)XQG��ZKLFK�LV�DGPLQLVWHUHG�E\�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW���)LQDQFLDO�VXSSRUW�IRU�WKH
SURMHFW�LV�DOVR�VXSSOLHG�E\�&LW\�)RUHVWV�/WG��'XQHGLQ��(QYLURQPHQW�&DQWHUEXU\��(QYLURQPHQW�6RXWKODQG�
+DZNH¶V�%D\�5HJLRQDO�&RXQFLO��+RUL]RQV�PZ��0DUOERURXJK�'LVWULFW�&RXQFLO�� DQG�7DVPDQ�'LVWULFW
&RXQFLO���7KH�DVVLVWDQFH�RI�WKH�PHPEHUV�RI�WKH�3HHU�5HYLHZ�3DQHO��0��'XQFDQ��*��+RUUHOO��3��0RVOH\�
DQG�*��:RRG��LV�JUDWHIXOO\�DFNQRZOHGJHG�


