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7KLV� UHSRUW�KDV�EHHQ� UHSURGXFHG�E\�/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/LPLWHG� IRU� WKH�1HZ�=HDODQG
0LQLVWU\�IRU�WKH�(QYLURQPHQW���7KLV�ZRUN�LV�FRS\ULJKW���7KH�FRS\LQJ��DGDSWLRQ��RU�LVVXLQJ�RI�WKLV�ZRUN
WR�WKH�SXEOLF�RQ�D�QRQ�SURILW�EDVLV�LV�ZHOFRPHG���1R�RWKHU�XVH�RI�WKLV�ZRUN�LV�SHUPLWWHG�ZLWKRXW�WKH�SULRU
FRQVHQW�RI�WKH�FRS\ULJKW�KROGHU�
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/DQGFDUH�5HVHDUFK

&RQWHQWV

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

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

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

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

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

6HFWLRQ��� $FNQRZOHGJHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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/DQGFDUH�5HVHDUFK

,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
WR�DVVLVW�ZDWHU�DQG�ODQG�PDQDJHUV�PDNH�WKH�EHVW�DOORFDWLRQV�RI�ZDWHU�UHVRXUFHV�IRU�DOO�HQG�XVHUV�

:LWKLQ�WKH�SURMHFW��D�VHULHV�RI�ELEOLRJUDSKLHV�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�K\GURORJLFDO�GDWD�IRU�'RXJODV�ILU
�3VHXGRWVXJD�PHQ]LHVLL��IRUHVWV�DQG�SODQWDWLRQV��UDGLDWD�SLQH��3LQXV�UDGLDWD��SODQWDWLRQV��DQG�1HZ�=HDODQG
ODQG�XVH�VWXGLHV�

7KLV�UHSRUW�FRQWDLQV�LQIRUPDWLRQ�SHUWDLQLQJ�SULPDULO\�WR�'RXJODV�ILU�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�OLVW�RI�FLWDWLRQV�UHIHUHQFHG�LQ�WKH�GRFXPHQW�EXW�QRW�LQFOXGHG�LQ�6HFWLRQ���
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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�IRUHVWV�DUH�SODQWHG��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��0LQLVWU\�IRU�WKH�(QYLURQPHQW��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�µ� �7KLV� GRFXPHQW�� DQG�RWKHUV� LQ� WKH� VHULHV��ZKLOH� DLPHG� DW� SURYLGLQJ� D
IRXQGDWLRQ�WR�UHGXFH�FRQIOLFWV�EHWZHHQ�ODQG�DQG�ZDWHU�PDQDJHUV��FRXOG�EH�XVHG�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"
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/DQGFDUH�5HVHDUFK

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

1HZ�=HDODQG�SODQWDWLRQ�IRUHVWV

$W���$SULO�������H[RWLF�IRUHVWV�FRYHUHG������P�KD�RU����RI�1HZ�=HDODQG¶V�ODQG�DUHD���$W��������KD�����RI
WKH�H[RWLF�IRUHVW�HVWDWH���'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��LV�WKH�PRVW�VLJQLILFDQW�VSHFLHV�SODQWHG�DIWHU�3�
UDGLDWD��DQG�LV�IRXQG�PDLQO\�LQ�WKH�ORZHU�6RXWK�,VODQG�RU�DW�KLJKHU�DOWLWXGHV��RIWHQ�DERYH������P���'RXJODV
ILU� LV�EHFRPLQJ�LQFUHDVLQJ�SRSXODU�LQ�WKH�6RXWK�,VODQG�DQG�LV�LQFUHDVLQJ�DV�D�SHUFHQWDJH�RI�WKH�VRXWKHUQ
SODQWDWLRQ�HVWDWH��%HOWRQ�	�/DZ�������

$ERXW��������KD�RI�RWKHU�VSHFLHV��LQFOXGLQJ�HXFDO\SWV��DUH�DOVR�JURZQ��1=),�XQGDWHG��

%HWZHHQ������DQG�������QHZ�H[RWLF�IRUHVW�SODQWDWLRQV�ZHUH�EHLQJ�HVWDEOLVKHG�DW�RYHU��������KD�SHU�\HDU�
SHDNLQJ�LQ������ZKHQ�DERXW��������KD�ZHUH�SODQWHG���5DWHV�KDYH�GURSSHG��KRZHYHU��DQG�WKH�SURYLVLRQDO
HVWLPDWH�IRU������ZDV�DERXW��������KD��1=),�XQGDWHG����0RVW�RI�WKH�QHZ�SODQWLQJV�DUH�RQ�LPSURYHG������
DQG�XQLPSURYHG�������SDVWXUH��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�$VKOH\��WKHVH�DUH�KLJKHU�UDLQIDOO�DUHDV�ZKHUH�FRQFHUQV�DERXW�ZDWHU�\LHOGV�DUH�QRW�KLJK�
7KLV�LV�LQ�FRQWUDVW�WR�1HOVRQ�DQG�WKH�HDVW�FRDVWV�RI�ERWK�LVODQGV�ZKHUH�ZDWHU�LV�RIWHQ�VFDUFH�LQ�VXPPHU�DQG
WKH�PRVW�UHOHYDQW�GDWD�FRPH�IURP�VWXGLHV�DW�'RQDOG�&UHHN��0RXWHUH�DQG�$VKOH\���+\GURORJLFDO�VWXGLHV�DW
0DNDUD��:HOOLQJWRQ���3XNHWXUXD��1RUWKODQG���$VKOH\��0RXWHUH�DQG�3XUXNRKXNRKX�DUH�WKH�PDLQ�VRXUFHV�RI
SDVWXUH�FDWFKPHQW�GDWD�ZKLOH�*OHQGKX�SURYLGHV�LQIRUPDWLRQ�DERXW�QDWLYH�WXVVRFN�JUDVVODQGV���5HYLHZV�E\
)DKH\�	�5RZH���������0F/DUHQ��������DQG�5RZH�HW�DO���������VXPPDULVH�VRPH�RI�WKHVH�VWXGLHV��

7KLV�ELEOLRJUDSK\

7KLV�ELEOLRJUDSK\��60)������5HSRUW�1R����IRFXVHV�RQ�'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��DQG�LV�RQH�RI�D
VHULHV�EHLQJ�SUHSDUHG�IRU�WKH�SURMHFW���5HSRUW�1R�����5RZH�HW�DO������D��LV�D�ELEOLRJUDSK\�RI�WKH�K\GURORJ\
RI�3LQXV�UDGLDWD���1HZ�=HDODQG�VWXGLHV�RQ�WKH�K\GURORJ\�RI�RWKHU�ODQG�XVHV�FDQ�EH�IRXQG�LQ�5HSRUW�1R���
�5RZH�HW�DO������E��

9HU\�OLWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKH�K\GURORJ\�RI�'RXJODV�ILU�IURP�1HZ�=HDODQG�VWXGLHV���$OWKRXJK�D
QDWLYH�RI�1RUWK�$PHULFD��'RXJODV�ILU�FDQ�EH�IRXQG�LQ�VLJQLILFDQW�VL]HG�SODQWDWLRQV�LQ�$XVWUDOLD�DQG�(XURSH�
7KXV�� WKHUH� LV�SRWHQWLDOO\�D�ZHDOWK�RI� LQIRUPDWLRQ�WR�VXSSOHPHQW� WKDW�IRXQG�IURP�1HZ�=HDODQG�VRXUFHV�
7KHUHIRUH�� WKLV�ELEOLRJUDSK\�KDV�EHHQ� FRPSLOHG� IURP�SDSHUV� DQG� UHSRUWV�REWDLQHG� IURP�VHDUFKHV� RI� WKH
OLWHUDWXUH�LQ�ZRUOGZLGH�GDWDEDVHV��PDLQO\�XVLQJ�&$%�$EVWUDFWV��WR�VXSSOHPHQW�WKH�IHZ�DYDLODEOH�IURP�1HZ
=HDODQG�UHVHDUFK��LQFOXGLQJ�WKRVH�LQ�WKH�DXWKRUV¶�DUFKLYHV�

$�QXPEHU�RI�WKH�VWXGLHV�UHSRUW�RQ�WKH�GLIIHUHQFHV�LQ�ZDWHU�\LHOG�EHWZHHQ�'RXJODV�ILU�FRYHUHG�FDWFKPHQWV�DQG



�

/DQGFDUH�5HVHDUFK

WKRVH�ZLWK�RWKHU�YHJHWDWLRQ�FRYHUV��H�J���LQGLJHQRXV�IRUHVWV��JUDVVODQGV��DQG�SDVWXUH��ZKLOH�RWKHUV�IRFXV�RQ
SURFHVVHV�VXFK�DV�LQWHUFHSWLRQ�RU�WUDQVSLUDWLRQ���7KH�IRFXV�RI�WKH�ELEOLRJUDSK\�LV�K\GURORJ\��DQG�SDSHUV�RQ
ZDWHU�TXDOLW\�DQG�RWKHU�DVSHFWV�DUH�OLVWHG�RQO\�ZKHQ�WKHVH�DFFRPSDQLHG�XVHIXO�K\GURORJLFDO�GDWD�
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6HFWLRQ��� .H\ZRUG�,QGLFHV

.H\ZRUGV�KDYH�EHHQ�XVHG�WR�SURYLGH�D�TXLFN�UHIHUHQFH�WR�UHOHYDQW�FLWDWLRQV��7KHLU�VHOHFWLRQ��FDUULHV�D�GHJUHH
RI�VXEMHFWLYLW\��DQG�WKH\�KDYH�EHHQ�NHSW�WR�D�PLQLPXP�WR�DYRLG�D�SUROLIHUDWLRQ�RI�WHUPV�

+\GURORJLFDO�7RSLFV
'HZ
(YDSRUDWLRQ 7RWDO�HYDSRUDWLRQ��L�H���HYDSRWUDQVSLUDWLRQ
)RJ
,QWHUFHSWLRQ 5DLQIDOO� DQG� VQRZIDOO� LQWHUFHSWLRQ� LQFOXGLQJ�DOO�RU� VRPH�RI� WKURXJKIDOO�
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)DKH\��%���-DFNVRQ��5�������
6WHGQLFN��-�'�������

&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
%RVFK��-�0���+HZOHWW��-�'�������
)DKH\��%���-DFNVRQ��5�������
6WHGQLFN��-�'�������

)LUH
+HOYH\��-�'�������

)RUHVW�PDQDJHPHQW
$XVVHQDF��*���%RXODQJHDW��&�������
$XVVHQDF��*���*UDQLHU��$�������
$XVVHQDF��*���*UDQLHU��$���1DXG��5�������
$XVVHQDF��*���*UDQLHU��$���1DXG��5�������
%HVFKWD��5�/��HW�DO�������
%ODFN��7�$�������
%ODFN��7�$���.HOOLKHU��)�0�������
%ODFN��7�$���7DQ��&�6���1Q\DPDK��-�8�������
&DQWRUH��9���,RYLQR��)�������
&LQQLUHOOD��6���,RYLQR��)���3HUQLROD���*��
7HUVDUXROR��$�0�������
&RKHQ��<���.HOOLKHU��)�0���%ODFN��7�$�������
*UDQLHU��$�������
-RQHV��-�$�������
-RQHV��-�$���*UDQW��*�(�������
.HOOLKHU��)�0���%ODFN��7�$���3ULFH��'�7�������
/HDI��&�)�������
1Q\DPDK��-�8���%ODFN��7�$�������
6SLWWOHKRXVH��'�/���%ODFN��7�$�������
YDQ�:LMN�HW�DO�������

+DUYHVWLQJ
%HVFKWD��5�/��HW�DO�������
%RVFK��-�0���+HZOHWW��-�'�������
&KHQJ��-�'���%ODFN��7�$���GH�9ULHV��-��
:LOOLQJWRQ��5�3���*RRGHOO��%�&�������
&OLQH��5�*���+DXSW��+�)���&DPSEHOO��*�6�������
*ROGLQJ��'�/�������
+DUU��5�'�������
+DUU��5�'�������
+DUU��5�'�������
+DUU��5�'�������

+DUU��5�'��HW�DO�������
+DUU��5�'��HW�DO�������
+DUU��5�'���.U\JLHU��-�7�������
+DUU��5�'���/HYQR��$���0HUVHUHDX��5�������
+DUU��5�'���0F&RULVRQ��)�0�������
+DUULV��'�'�������
+DUULV��'�'�������
+LFNV��%�-���%HVFKWD��5�/���+DUU��5�'�������
,QJZHUVHQ��-�%�������
-RQHV��-�$�������
-RQHV��-�$���*UDQW��*�(�������
.HSSHOHU��(�7�������
.HSSHOHU��(�7���=LHPHU��5�5�������
0DUWLQ��,�/���7LQQH\��(�5�������
5DR��6�9�1�������
5RWKDFKHU��-�������
5RWKDFKHU��-�������
5RWKDFKHU��-�������
5RWKDFKHU��-��������
6WHGQLFN��-�'�������
7KRPDV��5�%���0HJDKDQ��:�)�������
:ULJKW��.�$��HW�DO�������
=LHPHU��5�5�������
=LHPHU��5�5�������

,QVHFW�GDPDJH
+HOYH\��-�'���7LHGHPDQQ��$�5�������
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&RXQWU\�RI�2ULJLQ�,QGH[
$XVWUDOLD
'XQFDQ��+�3��HW�DO�������
)HOOHU��0�&�������
/DQJIRUG��.�-���2
6KDXJKQHVV\��3�-�������

&DQDGD
%ODFN��7�$�������
%ODFN��7�$���.HOOLKHU��)�0�������
%ODFN��7�$���7DQ��&�6���1Q\DPDK��-�8�������
&KHQJ��-�'��HW�DO�������
&RKHQ��<���.HOOLKHU��)�0���%ODFN��7�$�������
)HOOHU��0�&���.LPPLQV��-�3�������
*LOHV��'�*��HW�DO�������
*ROGLQJ��'�/�������
.HOOLKHU��)�0���%ODFN��7�$���3ULFH��'�7�������
0F1DXJKWRQ��.�*���%ODFN��7�$�������
1Q\DPDK��-�8���%ODFN��7�$�������
6SLWWOHKRXVH��'�/�������
6SLWWOHKRXVH��'�/���%ODFN��7�$�������
6SLWWOHKRXVH��'�/���%ODFN��7�$�������

(QJODQG
)RXUW��'�)���+LQVRQ��:�+�������
.LWFKLQJ��5�������
5XWWHU��$�-���0RUWRQ��$�-���5RELQV��3�&�������

)UDQFH
$XVVHQDF��*���%RXODQJHDW��&�������
$XVVHQDF��*���*UDQLHU��$�������
$XVVHQDF��*���*UDQLHU��$���1DXG��5�������
$XVVHQDF��*���*UDQLHU��$���1DXG��5�������
)RUJHDUG��)���*ORDJXHQ��-�&���7RXIIHW��-�������
*UDQLHU��$�������
*UDQLHU��$���%DGHDX��9���%UHGD��1�������

*HUPDQ\
%DUQHU��-���.UDKO��:���5RVHQVWRFN��$�������
+HXYHOGRS��-��HW�DO�������
.XQVWOH��(���0LWVFKHUOLFK��*�������
0LWVFKHUOLFK��*��HW�DO�������
0LWVFKHUOLFK��*���0ROO��:�������

,WDO\
%RUJKHWWL��0���9HQGUDPLQ��*�*�������
&DQWRUH��9���,RYLQR��)�������
&LQQLUHOOD��6��HW�DO�������

1HZ�=HDODQG
)DKH\��%�'�������
)DKH\��%���-DFNVRQ��5�������
)DKH\��%���:DWVRQ��$���3D\QH��-�������
+RJJ��6�(���0XUUD\��'�/���0DQO\��%�-�)�������
6ZDQVRQ��5�+�������
:LOO��*�0�������

7KH�1HWKHUODQGV
%RVYHOG��)�&���%RXWHQ��:�������
%RXWHQ��:���+HLPRYDDUD��7�-���7LNWDN��$�������
%RXWHQ��:��HW�DO�������
'UDDLMHUV��*�3�-���YDQ�(N��5���0HLMHUV��5�������
)DUUHOO��(�3��HW�DO�������
+RXGLMN��$�/�)�0���5RHORIV��-�*�0�������
.UHXW]HU��.��HW�DO��������
6FKDDS��0�*���%RXWHQ��:�������
6FKDDS��0�*��HW�DO�������
7LNWDN��$���%RXWHQ��:�������
YDQ�(N��5���'UDDLMHUV��*�3�-�������
YDQ�:LMN�HW�DO�������

8QLWHG�6WDWHV
$]HYHGR��-���0RUJDQ��'�/�������
%HVFKWD��5�/��HW�DO�������
&OLQH��5�*���+DXSW��+�)���&DPSEHOO��*�6�������
&ROH��'�:���-RKQVRQ��'�:�������
)UHGULNVHQ��5�/�������
)ULWVFKHQ��/�-���'RUDLVZDP\��3�������
)ULWVFKHQ��/�-���+VLD��-���'RUDLVZDP\��3�������
*HVVHO��6�3���&ROH��'�:�������
+DUU��5�'�������
+DUU��5�'�������
+DUU��5�'�������
+DUU��5�'�������
+DUU��5�'��HW�DO�������
+DUU��5�'��HW�DO�������
+DUU��5�'���.U\JLHU��-�7�������
+DUU��5�'���/HYQR��$���0HUVHUHDX��5�������
+DUU��5�'���0F&RULVRQ��)�0�������
+DUULV��'�'�������
+DUULV��'�'�������
+HOYH\��-�'�������
+HOYH\��-�'���7LHGHPDQQ��$�5�������
+HQGHUVRQ��*�6��HW�DO�������
+LFNV��%�-���%HVFKWD��5�/���+DUU��5�'�������
,QJZHUVHQ��-�%�������
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-RQHV��-�$�������
-RQHV��-�$���*UDQW��*�(�������
.HSSHOHU��(�7�������
.HSSHOHU��(�7���=LHPHU��5�5�������
.OLQH��-�5��HW�DO�������
.U\JLHU��-�7�������
/HDI��&�)�������
0DUWLQ��,�/���7LQQH\��(�5�������
5LKD��6�-���&DPSEHOO��*�6�������
5DR��6�9�1�������
5RWKDFKHU��-�������
5RWKDFKHU��-�������
5RWKDFKHU��-�������
5RWKDFKHU��-�������
5RWKDFKHU��-��������
6FKRZDOWHU��7�'�������
6WHGQLFN��-�'�������
7KRPDV��5�%���0HJDKDQ��:�)�������
:ULJKW��.�$��HW�DO�������
=LHPHU��5�5�������
=LHPHU��5�5�������

:RUOGZLGH
%RVFK��-�0���+HZOHWW��-�'�������

8QNQRZQ
%DXPJDUWQHU��$�������
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6HFWLRQ�����%LEOLRJUDSK\

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

0DQ\�RI�WKH�DEVWUDFWV�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�YHUVLRQV�RI
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�FRUUHFW��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�

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

1RWH��$�QHJDWLYH�DJH�LPSOLHV�SUH�SODQWLQJ�RU�FDOLEUDWLRQ�GDWD�DUH�DYDLODEOH
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$EEUHYLDWLRQV

$EEUHYLDWLRQV�XVHG�LQ�WKH�WDEOHV�DQG�&RPPHQWV��PD\�EH�LQ�ORZHUFDVH�RU�XSSHUFDVH��DUH�

%$ %DVDO�DUHD�
'%+ 'LDPHWHU�DW�EUHDVW�KHLJKW�
( (YDSRUDWLRQ
(7 (YDSRWUDQVSLUDWLRQ
,/ ,QWHUFHSWLRQ�ORVV
/$, /HDI�DUHD�LQGH[
0$3 0HDQ�DQQXDO�SUHFLSLWDWLRQ
3771C 3UHFLSLWDWLRQ
52 5XQRII�� �VWUHDPIORZ� �ZDWHU�\LHOG�
6) 6WHPIORZ
60 6RLO�PRLVWXUH
63+ 1XPEHU�RI�VWHPV�SHU�KHFWDUH
7) 7KURXJKIDOO
75$16 7UDQVSLUDWLRQ
<U <HDU�V�

8QLWV

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

$XVVHQDF�� *��� %RXODQJHDW�� &�� � ������ � 5DLQIDOO� LQWHUFHSWLRQ� DQG� DFWXDO� HYDSRWUDQVSLUDWLRQ� LQ
EURDGOHDYHG� �)DJXV� V\OYDWLFD�� DQG� FRQLIHURXV� �3VHXGRWVXJD� PHQ]LHVLL�� VWDQGV�� � �,QWHUFHSWLRQ� GHV
SUHFLSLWDWLRQV�HW�HYDSRWUDQVSLUDWLRQ�UHHOOH�GDQV�GHV�SHXSOHPHQWV�GH�IHXLOOX��)DJXV�V\OYDWLFD�/���HW�GH
UHVLQHX[��3VHXGRWVXJD�PHQ]LHVLL��0LUE��)UDQFR�����$QQDOHV�GHV�6FLHQFHV�)RUHVWLHUHV�������±����

&RXQWU\��)UDQFH 'XUDWLRQ������\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\��6HH�EHORZ %DVDO�$UHD��6HH�EHORZ�
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO�

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�VXPPDU\
,QWHUFHSWLRQ�DQG�HYDSRWUDQVSLUDWLRQ�ZHUH�DVVHVVHG�LQ�DQ����\U�ROG�'RXJODV�ILU�VWDQG�������VWHPV�KD��

WKUHH� ���\U�ROG�'RXJODV� ILU� VWDQGV� ������ ����� DQG� ����� VWHPV�KD�� DQG� DQ� ���\U�ROG� EHHFK� VWDQG� ����
VWHPV�KD���,Q�ZLQWHU��LQWHUFHSWLRQ�ZDV����RI�WKH�UDLQIDOO�LQ�WKH�EHHFK�VWDQG�YV����±����LQ�WKH����\U�ROG
'RXJODV�ILU�VWDQGV��,Q�VXPPHU��LQWHUFHSWLRQ�LQFUHDVHG�LQ�WKH�EHHFK�VWDQG��������EXW�UHPDLQHG�FRQVWDQW�LQ�WKH
'RXJODV� ILU� VWDQG�� ,Q� VSULQJ�EHIRUH� IOXVKLQJ��EHHFK�VWDQG�HYDSRWUDQVSLUDWLRQ�ZDV� ORZHU� WKDQ� WKDW�RI� WKH
'RXJODV�ILU�VWDQG��EXW�ZDV�WKH�VDPH�LQ�VXPPHU��7KH�HYDSRWUDQVSLUDWLRQ�RI�WKH�ORZHU�GHQVLW\�'RXJODV�ILU�VWDQG
ZDV�ORZHU�WKDQ�WKDW�RI�WKH�RWKHUV������YV�������
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&RPPHQW
,W�DSSHDUV�WKDW�WKH�ZLQWHU�GDWD�TXRWHG�LQ�WKH�DEVWUDFW�DUH�IRU���PRQWK��2FWREHU��DQG�VXPPHU�IRU�RQH�PRQWK
�-XO\��

,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�
'RXJODV�ILU�IRU����\U�DQG�����63+� ���������PP�
'RXJODV�ILU�IRU����\U�DQG������63+� ����������PP�
'RXJODV�ILU�IRU����\U�DQG������63+� ����������PP�
%HHFK�IRU����\U�DQG�����63+ ����������PP�

:DWHU�EDODQFH����-XO\�WR����2FWREHU�����
6WDQG 3771

�PP�
7)
�PP�

6)
�PP�

,/
�PP�

(7
�PP�

3RWHQWLDO�(7
�PP�

(7�3(7

'RXJODV�ILU
����63+

��� �� � �� ��� ��� ����

'RXJODV�ILU
�����63+

��� �� �� �� ��� ��� ����

'RXJODV�ILU
�����63+

��� �� �� �� ��� ��� ����

'RXJODV�ILU
�����63+

��� �� �� �� ��� ��� ����

%HHFK�
����63+�

��� ��� � �� ��� ��� ����

1RWHV�GHFUHDVLQJ�WKURXJKIDOO��LQFUHDVLQJ�VWHPIORZ�DQG�PRUH�RU�OHVV�FRQVWDQW�LQWHUFHSWLRQ�ZLWK�VWDQG�GHQVLW\�

6KRZV�GDWD�IRU�D�QXPEHU�RI�VWXGLHV�UHODWLQJ�LQWHUFHSWLRQ�WR�VWDQG�DJH��KLV�)LJ�����

$XVVHQDF��*���*UDQLHU��$�� � ������ �(IIHFWV� RI� WKLQQLQJ�RQ�ZDWHU� VWUHVV� DQG�JURZWK� LQ�'RXJODV� ILU�
&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����

&RXQWU\��)UDQFH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
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�

&RPPHQW
7KLV�LV�WKH�VDPH�VWDQG�DV�WKDW�LQ�$XVVHQDF�HW�DO����������������ZKLFK�ZDV�WKLQQHG�DW�DJH����\U�LQ��������7KH
VWDQG�ZDV�WKLQQHG��DOWHUQDWH�URZV�ZHUH�WDNHQ�RXW��LQ�)HEUXDU\��������7KLV�SDSHU�UHSRUWV�PHDVXUHPHQWV�RI
JURZWK�DQG�VRLO�ZDWHU�GXULQJ���\U�DIWHU�WKLQQLQJ���7KHVH�DUH�QRW�IXOO�\HDUV�RI�UDLQIDOO�DV�0$3�LV�DERXW�����PP�
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5DLQIDOO�LQ������ZDV�KLJK�LQWHQVLW\��LQ������LW�ZDV�OLJKW�KHQFH�WKH�GLIIHUHQFHV�LQ�WKH�SHUFHQWDJHV�OLVWHG�
µ7KLQQLQJ�UHVXOWHG�LQ�D�����LQFUHDVH�LQ�(7�LQ��������7KLV�HIIHFW�UDSLGO\�YDQLVKHG�DQG��LQ���������\U�DIWHU
WKLQQLQJ��WKH�(7�RI�WKH���VWDQGV�ZDV�QHDUO\�VLPLODU¶�

7KH�VRLO�ZDWHU�GDWD�VKRZ�D�JUDGXDO�GHFOLQH� LQ� WKH�GLIIHUHQFH�EHWZHHQ� WKH�FRQWURO�DQG� WKLQQHG�VLWHV� WKDW
HPHUJHG�D�IHZ�PRQWKV�DIWHU�WKLQQLQJ���7RWDO�HYDSRWUDQVSLUDWLRQ�IURP�WKH�WKLQQHG�VWDQG�ZDV������RI�WKDW�IURP
WKH�FRQWURO�LQ�WKH�VXPPHU��-XQH±2FWREHU��RI������DQG�WKLV�UDWLR�LQFUHDVHG�HDFK�\HDU�UHDFKLQJ������LQ������
9DULDELOLW\�RI�VRLO�ZDWHU�ZDV�KLJK�LQ�WKH�WKLQQHG�VWDQG�LQ�������EXW�E\������LW�KDG�GHFUHDVHG�WR�HTXDO�WKH
FRQWURO�LQGLFDWLQJ�WKDW�URRWV�RI�WKH�UHPDLQLQJ�WUHHV�QRZ�IXOO\�RFFXSLHG�WKH�VLWH�

,QWHUFHSWLRQ�LQ���±���\U�ROG�'RXJODV�ILU
6WDQG 3771

�PP�
7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ�PP
���

8QWKLQQHG����� ��� �������� ������� ��������
7KLQQHG����� ��� �������� ������ ��������
8QWKLQQHG����� ��� �������� ������� ��������
7KLQQHG���� ��� �������� ������� ��������
8QWKLQQHG���� �� ������� ����� �������
7KLQQHG����� �� ������� ����� �������

(YDSRUDWLRQ�IURP���±���\HDU�ROG�'RXJODV�ILU
3HULRG 3UHFLSLWDWLRQ

�PP�
(7�XQWKLQQHG
�PP�

(7�WKLQQHG�
�PP�

(7�WKLQQHG�
(7�XQWKLQQHG

���-XO\�±���2FW������ ��� ��� ��� ����
���-XQH�±����6HSW����� ��� ��� ��� ����
��-XQH�±����6HSW����� ��� ��� ��� ����
��-XO\�±����2FW������ ��� ��� ��� ����
���-XQH�±����$XJ������ �� ��� ��� ����

µ7KLQQLQJ�UHVXOWHG�LQ�D�����LQFUHDVH�LQ�(7�LQ��������7KLV�HIIHFW�UDSLGO\�YDQLVKHG�DQG��LQ���������\U�DIWHU
WKLQQLQJ��WKH�(7�RI�WKH���VWDQGV�ZDV�QHDUO\�VLPLODU¶�



��

/DQGFDUH�5HVHDUFK

$XVVHQDF��*���*UDQLHU��$��1DXG��5����������,QIOXHQFH�RI�WKLQQLQJ�RQ�JURZWK�DQG�ZDWHU�EDODQFH�RI�D
\RXQJ�SODQWDWLRQ�RI�'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��0LUE���)UDQFR����,QIOXHQFH�G
XQH�HFODLUFLH�VXU
OD�FURLVVDQFH�HW�OH�ELODQ�K\GULTXH�G
XQ�MHXQH�SHXSOHPHQW�GH�'RXJODV��3VHXGRWVXJD�PHQ]LHVLL��0LUE��
)UDQFR�����&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����

&RXQWU\��)UDQFH 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������DQG������63+ %DVDO�$UHD�����DQG����P��KD�
+HLJKW�������P 'LDPHWHU�������FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV
$����\U�ROG�'RXJODV�ILU�SODQWDWLRQ�QHDU�1DQF\��)UDQFH��ZDV�WKLQQHG�WR�DOWHUQDWH�URZV��7KH�LQFLGHQW

OLJKW�UHDFKLQJ�JURXQG�OHYHO�ZDV�LQFUHDVHG�IURP�OHVV�WKDQ����LQ�WKH�FRQWURO�WR������LQ�WKH�WKLQQHG�VWDQG��OLJKW
UHDFKLQJ�WKH�FURZQ�EDVHV�ZDV�LQFUHDVHG�IURP����WR��������(IIHFWV�RQ�WHPSHUDWXUH�DQG�YDSRXU�SUHVVXUH�ZHUH
VOLJKW��7KLQQLQJ�UHGXFHG�LQWHUFHSWLRQ�RI�SUHFLSLWDWLRQ�IURP�������WR��������HYDSRWUDQVSLUDWLRQ�ZDV�UHGXFHG
E\��������2QH�\U�DIWHU�WKLQQLQJ��WKH�%$�RI�WKH�WKLQQHG�VWDQG�ZDV������WKDW�RI�WKH�XQWKLQQHG�VWDQG��,Q�WKH
WKLQQHG�VWDQG��IROLDJH�GU\�ZW��LQ�WKH�ORZHU�ZKRUOV�RI�WKH�FURZQ�ZDV���±����JUHDWHU�WKDQ�LQ�WKH�XQWKLQQHG
VWDQG�EHFDXVH�RI�IHZHU�ROG�QHHGOHV�GURSSLQJ��

&RPPHQW

,QWHUFHSWLRQ�LQ����\U�ROG�'RXJODV�ILU�²���PRQWKV
6WDQG 3771

�PP�
7KURXJKIDOO
PP����

6WHPIORZ
PP����

,QWHUFHSWLRQ�PP
���

8QWKLQQHG ��� �������� ������� ��������
7KLQQHG ��� �������� ������ ��������

:DWHU�EDODQFH����-XQH�±���2FWREHU
6WDQG 3771

PP
,/
PP

60�FKDQJH
PP

(75
PP

8QWKLQQHG ��� �� ��� ���
7KLQQHG ��� �� ��� ���

(75� �3UHFLSLWDWLRQ�PLQXV�FKDQJH�LQ�VRLO�PRLVWXUH



��

/DQGFDUH�5HVHDUFK

$XVVHQDF�� *��� *UDQLHU�� $��� 1DXG�� 5�� � ������ � 6\VWHPDWLF� WKLQQLQJ� LQ� D� \RXQJ� 'RXJODV� ILU� VWDQG�
PLFURFOLPDWLF�FKDQJHV�DQG�HIIHFWV�RQ�JURZWK����(FODLUFLH�V\VWHPDWLTXH�GDQV�XQ�MHXQH�SHXSOHPHQW�GH
'RXJODV��PRGLILFDWLRQV�PLFURFOLPDWLTXHV�HW�LQIOXHQFHV�VXU�OD�FURLVVDQFH����5HYXH�)RUHVWLHUH�)UDQFDLVH�
�������±����

&RXQWU\��)UDQFH 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������DQG������63+ %DVDO�$UHD�����DQG����P��KD�
+HLJKW�������P 'LDPHWHU�������FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO�

&$%�$EVWUDFWV
7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�$PDQFH�6WDWH�)RUHVW�LQ�D����\U�ROG�'RXJODV�ILU�VWDQG��$�V\VWHPDWLF

WKLQQLQJ� LQ� )HE�� ����� UHPRYHG� RQH� URZ� LQ� WZR�� ZLWK� RQH� SORW� OHIW� XQWKLQQHG� DV� D� FRQWURO�� 7KLQQLQJ
FRQVLGHUDEO\�LQFUHDVHG�JLUWK�LQFUHPHQW�IURP�WKH�ILUVW�JURZLQJ�VHDVRQ�DIWHU�WKLQQLQJ��7KLV�ZDV�DVVRFLDWHG�ZLWK
LQFUHDVHG� SKRWRV\QWKHWLF� SURGXFWLYLW\�� UHVXOWLQJ� IURP� D� ���� LQFUHDVH� LQ� IROLDJH� DQG� DQ� LQFUHDVHG
SKRWRV\QWKHWLF�UDWH�LQ�QHHGOHV�WKDW�KDG�SUHYLRXVO\�EHHQ�LQ�WKH�VKDGH��2SHQLQJ�RI�WKH�FDQRS\�LQFUHDVHG�E\��
P�WKH�]RQH�RI�LOOXPLQDWLRQ�IDYRXUDEOH�WR�SKRWRV\QWKHVLV��*URZWK�ZDV�VLJQLILFDQWO\�LQFUHDVHG�WKURXJKRXW�WKH
JURZLQJ�VHDVRQ��DV�D�UHVXOW�RI�LQFUHDVHG�OLJKW�DQG�D�FRQVLGHUDEOH�LPSURYHPHQW�LQ�WKH�ZDWHU�VXSSO\��LQFUHDVHG
LQWHUFHSWLRQ�DQG�ZDWHU�UHVHUYHV���7KLQQLQJ�SDUWLFXODUO\�HQFRXUDJHG�WKH�JURZWK�RI�FRGRPLQDQW�WUHHV�

&RPPHQW
$OWKRXJK�QRW�H[SOLFLW�LQ�WKH�DEVWUDFW��GDWD�DUH�SURYLGHG�RQ�LQWHUFHSWLRQ�DQG�HYDSRUDWLRQ��WKH�VDPH�GDWD�DV�LQ
WKH�WDEOHV�LQ�$XVVHQDF�HW�DO����������

$]HYHGR�� -�� 0RUJDQ�� '�/�� � ������ � )RJ� SUHFLSLWDWLRQ� LQ� FRDVWDO� &DOLIRUQLD� IRUHVWV�� � (FRORJ\� ���
����±�����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ�����GD\V 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��&RQLIHUV
6WDQG�7\SH��9DULRXV�DJHG�IRUHVWV
.H\ZRUGV��)RJ

&RPPHQW
,QFOXGHG�IRU�FRPSOHWHQHVV���8S�WR�����PP�RI�WKURXJKIDOO�FROOHFWHG�IURP�IRJ�



��

/DQGFDUH�5HVHDUFK

%DUQHU��-���.UDKO��:���5RVHQVWRFN��$����������:LQWHU�VRLO�PRLVWXUH�XQGHU�-DSDQHVH�ODUFK�DQG�'RXJODV
ILU���$OOJHPHLQH�)RUVW]HLWXQJ��������±�����

&RXQWU\��*HUPDQ\ 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�&RPSDULVRQ��&RQLIHUV
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��,QWHUFHSWLRQ��6RLO�ZDWHU

&$%�$EVWUDFWV�$1����������
%ULHIO\�GHVFULEHV�WKH�K\GURORJLFDO�UHVHDUFK�DUHD�QHDU�)UHLEXUJ�DQG�GLVFXVVHV�ILUVW�UHVXOWV�RI�D�VWXG\

LQ�ZKLFK�ZLQWHU�VRLO�PRLVWXUH�VWRUDJH�DQG�LQILOWUDWLRQ�ZHUH�FRPSDUHG�IRU����\U�ROG�'RXJODV�ILU�DQG�-DSDQHVH
ODUFK�HVWDEOLVKHG�DW���î���P��VSDFLQJ�RQ�FRPSDUDEOH�VLWHV��7RWDO�ZLQWHU�SUHFLSLWDWLRQ��LQWHUFHSWLRQ��HYDSRUDWLRQ
IURP�WKH�JURXQG��DQG�VHHSDJH��GHWHUPLQHG�E\�O\VLPHWHU�FI��)�$�����1R��������ZHUH�PHDVXUHG��(YDOXDWLRQ
DIWHU�WKH�HQG�RI�VQRZ�PHOW�VKRZHG�WKDW�WKH�ODUFK��DOWKRXJK�WKH�FDQRS\�ZDV�PRUH�FORVHG�WKDQ�WKDW�RI�WKH
'RXJODV�ILU��ZDV�K\GURORJLFDOO\�VXSHULRU��6RLO�VHHSDJH�ZDV�XS�WR�WKUHH�WLPHV�WKDW�LQ�'RXJODV�)LU��LQ�ZKLFK�WKH
HYHUJUHHQ�EUDQFKHV�LQWHUFHSWHG�PXFK�VQRZ��0RUSKRORJLFDO�GLIIHUHQFHV�EHWZHHQ�UDFHV��EUDQFKLQJ�DQJOH�HWF��
DIIHFWHG�QRW�RQO\�VQRZ�LQWHUFHSWLRQ�DQG�ZLQWHU�VRLO�PRLVWXUH��EXW�DOVR�VXPPHU�LQWHUFHSWLRQ�DQG�HYDSRUDWLRQ
IURP�WKH�JURXQG��

%DXPJDUWQHU��$����������(YDSRWUDQVSLUDWLRQ�LQ�WKH�IRUHVW����9HUGXQVWXQJ�LP�:DOGH����,Q��*XQWKHU��.�
+���&RPSLOHU���)RUHVWV�DQG�ZDWHU��GHYHORSPHQW�DQG�SUHVHQW�SRVLWLRQ����:DOG�XQG�:DVVHU���(QWZLFNOXQJ
XQG�6WDQG���6FKULIWHQUHLKH�GHV�'HXWVFKHQ�9HUEDQGHV�IXU�:DVVHUZLUWVFKDIW�XQG�.XOWXUEDX�������±���

&RXQWU\��8QNQRZQ 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1������������
$�GHVFULSWLRQ�RI�WKH�FRQWULEXWLRQV�RI�WUDQVSLUDWLRQ�IURP�WUHHV��HYDSRUDWLRQ�RI�UDLQIDOO�LQWHUFHSWHG�E\

WUHH�FURZQV�DQG�HYDSRUDWLRQ�IURP�WKH�IRUHVW�IORRU�DQG�JURXQG�IORUD��%HHFK�DQG�'RXJODV�ILU�ORVH�OLWWOH�ZDWHU
E\�WUDQVSLUDWLRQ��ZKHUHDV�ELUFK�DQG�RDN�ORVH�D�PXFK�ODUJHU�DPRXQW��(YDSRUDWLRQ�RI�LQWHUFHSWHG�ZDWHU�LV�ORZHU
LQ�EURDGOHDYHV�WKDQ�FRQLIHUV��)RUHVWV�KDYH�D�KLJKHU�WRWDO�HYDSRWUDQVSLUDWLRQ�WKDQ�ODQG�XVHG�IRU�RWKHU�SXUSRVHV�

&RPPHQW
1RW�VLJKWHG�EXW�PD\�FRQWDLQ�XVHIXO�GDWD�



��

/DQGFDUH�5HVHDUFK

%HVFKWD��5�/���3\OHV��0�5���6NDXJVHW��$�(���6XUIOHHW��&�*����������3HDNIORZ�UHVSRQVHV�WR�IRUHVW�SUDFWLFHV
LQ�WKH�ZHVWHUQ�&DVFDGHV�RI�2UHJRQ��86$���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
:HVWHUQ�&DVFDGHV��2UHJRQ���6PDOO�FDWFKPHQWV��+-�$QGUHZV�:DWHUVKHGV�������KD�����FRQWURO��DQG��������KD��
6L[�ODUJH����±����NP���FDWFKPHQWV��

7KLV�SDSHU�LV�RQH�RI�D�QXPEHU�RI�SDSHUV��-RQHV�	�*UDQW�������7KRPDV�	�0HJDKDQ�������-RQHV�������DQG
SXEOLVKHG�FRPPHQWV��GHEDWLQJ�WKH�UHVSRQVHV�RI�FDWFKPHQW�SHDN�IORZV�WR�IRUHVW�PDQDJHPHQW��

,Q�WKH�VPDOO�FDWFKPHQWV��SHDNIORZ�LQFUHDVHV�ZHUH�GHSHQGHQW�XSRQ�SHDNIORZ�PDJQLWXGH��ZHUH���±����IRU���
\U�UHFXUUHQFH�LQWHUYDOV�HYHQWV�DQG��±���IRU���\U�HYHQWV�

)RU�WKH�ODUJH�FDWFKPHQWV��UHVXOWV�ZHUH�PL[HG���+DOI�WKH�DQDO\VHV�JDYH�VLJQLILFDQW�UHVXOWV��EXW�WKH�H[SODLQHG
YDULDQFH�GXH�WR�KDUYHVWLQJ�ZDV�RQO\��±���

%ODFN��7�$����������(YDSRWUDQVSLUDWLRQ�IURP�'RXJODV�ILU�VWDQGV�H[SRVHG�WR�VRLO�ZDWHU�GHILFLWV���:DWHU
5HVRXUFHV�5HVHDUFK��������±������

&RXQWU\��&DQDGD 'XUDWLRQ��-XQH�±�$XJXVW�IRU���\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������DQG�����63+
+HLJKW���±���P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$XWKRUV¶�$EVWUDFWV
7KH�UDWH�RI�HYDSRWUDQVSLUDWLRQ�IURP�WKLQQHG�DQG�XQWKLQQHG�VWDQGV�RI�'RXJODV�ILU�ZDV�PHDVXUHG�XVLQJ

HQHUJ\� DQG� ZDWHU� EDODQFH� PHWKRGV�� � $W� KLJK� YDOXHV� RI� VRLO� ZDWHU� VWRUDJH� LQ� WKH� URRW� ]RQH� WKH
HYDSRWUDQVSLUDWLRQ�UDWH�ZDV�DSSUR[LPDWHO\�����RI�WKH�HTXLOLEULXP�HYDSRUDWLRQ�UDWH���%HORZ�D�FULWLFDO�YDOXH
RI�VRLO�ZDWHU�VWRUDJH�WKH�UDWLR�RI�WKH�HYDSRWUDQVSLUDWLRQ�UDWH�WR�WKH�HTXLOLEULXP�HYDSRUDWLRQ�UDWH��(�(HT�WHQGHG
WR�GHFUHDVH�OLQHDUO\�ZLWK�GHFUHDVLQJ�VRLO�ZDWHU�VWRUDJH���7KH�FULWLFDO�YDOXHV�RI�VRLO�ZDWHU�VWRUDJH�LQ�WKH�URRW
]RQH�ZHUH������DQG�����FP�IRU�WKH�WKLQQHG�DQG�XQWKLQQHG�VWDQG��UHVSHFWLYHO\���%HORZ�WKHVH�FULWLFDO�VWRUDJH
YDOXHV��WKHUH�ZDV�DSSUR[LPDWHO\�����FP�RI�ZDWHU�UHPDLQLQJ�LQ�ERWK�URRW�]RQHV�WKDW�ZDV�H[WUDFWDEOH�E\�WKH
WUHHV���7KH�UHODWLRQVKLS�EHWZHHQ�(�(HT�DQG�WKH�IUDFWLRQ�RI�H[WUDFWDEOH�ZDWHU�LQ�WKH�URRW�]RQH�IRU�ERWK�VWDQGV
ZDV�YHU\�VLPLODU�IRU�VXQQ\�GD\V���,Q�WKLV�UHODWLRQVKLS��(�(HT�EHJDQ�WR�GHFUHDVH�ZKHQ�WKHUH�ZDV�DSSUR[LPDWHO\
����RI�WKH�H[WUDFWDEOH�ZDWHU�UHPDLQLQJ�LQ�WKH�URRW�]RQHV�RI�ERWK�VWDQGV�



��

/DQGFDUH�5HVHDUFK

&RPPHQW
0HDVXUHPHQWV�ZHUH�PDGH�DW�WKH�XQWKLQQHG�VLWH�LQ������DQG�DW�WKH�WKLQQHG�VLWH�LQ������
6RLOV�ZHUH�XS�WR����FP�GHHS�RYHU�VDQGVWRQH��

$W�WKH�EHJLQQLQJ�RI�D�GU\�VSHOO�����-XQH��GDLO\�(7�DW�VLWH����WKLQQHG��ZDV��±��PP�GD\�DQG�IHOO�WR������±�����
PP�GD\�E\�HQG�RI�-XO\���7KH�SUHYLRXV�\HDU�(7�IRU�D�FRPSDUDEOH�SHULRG��WKH�ILUVW����GD\V�DIWHU�UDLQ��DW�WKH�VLWH
���XQWKLQQHG��VWDQG�ZDV�ORZHU�EXW�WKH�ZHDWKHU�ZDV�FORXGLHU���7KH�UDWLRV�RI�ODWHQW�KHDW�IOX[�WR�QHW�UDGLDWLRQ
IRU�WKH����GD\V�DIWHU�UDLQ�DW�WKH�WZR�VLWHV�ZHUH�VLPLODU��VLWH���DW�����DQG�VLWH���DW�����

%ODFN��7�$���.HOOLKHU��)�0����������3URFHVVHV�FRQWUROOLQJ�XQGHUVWRUH\�HYDSRWUDQVSLUDWLRQ���3KLORVRSKLFDO
7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ�6HULHV�%��%LRORJLFDO�6FLHQFHV���������±�����

&RXQWU\��&DQDGD 'XUDWLRQ���-XO\±6HSWHPEHU 5HSRUW�/RFDWLRQ��5��
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�����63+
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
8QGHUVWRUH\�RIWHQ�DFFRXQWV�IRU�D�VLJQLILFDQW�SURSRUWLRQ�RI�IRUHVW�HYDSRWUDQVSLUDWLRQ��7KH�UROH�LV

GLVFXVVHG�RI�XQGHUVWRUH\�UDGLDWLRQ�UHJLPH��DQG�DHURG\QDPLF�DQG�VWRPDWDO�FRQGXFWDQFH�FKDUDFWHULVWLFV�RI�WKH
XQGHUVWRUH\�LQ�XQGHUVWRUH\�HYDSRWUDQVSLUDWLRQ��9DOXHV�RI�WKH�0F1DXJKWRQ��-DUYLV�SDUDPHWHU�20(*$�IRU
XQGHUVWRUH\�LQ�WZR�PLG�URWDWLRQ�'RXJODV�ILU�VWDQGV�LQGLFDWH�FRQVLGHUDEOH�FRXSOLQJ�EHWZHHQ�XQGHUVWRUH\�DQG
DWPRVSKHUH�DERYH�WKH�RYHUVWRUH\��+RZHYHU��VWURQJHU�FRXSOLQJ�EHWZHHQ�RYHUVWRUH\�DQG�DWPRVSKHUH�DFFRXQWV
IRU�WKH�REVHUYDWLRQ�WKDW�WKH�IUDFWLRQ�RI�VWDQG�HYDSRWUDQVSLUDWLRQ�RULJLQDWLQJ�DW�WKH�XQGHUVWRUH\�LQFUHDVHV�DV
ZDWHU�YDSRXU�SUHVVXUH�GHILFLW�LQFUHDVHV�DQG�WKH�VRLO�GULHV��$SSURDFKHV�WR�GHVFULELQJ�WKH�SURFHVV�RI�HYDSRUDWLRQ
IURP�WKH�IRUHVW�IORRU�DUH�DOVR�GLVFXVVHG��7KH�UHVXOWV�RI�XQGHUVWRUH\�UHPRYDO�H[SHULPHQWV�VKRZ�VPDOO�GHFUHDVHV
LQ�VWDQG�HYDSRWUDQVSLUDWLRQ�DQG�URRW�]RQH�VRLO�ZDWHU�FRQWHQW��EXW�VLJQLILFDQW�LQFUHDVHV�LQ�WUDQVSLUDWLRQ�DQG
JURZWK�RI�WKH�WUHHV��

&RPPHQW

0RGHOOHG�FRPSRQHQWV�RI�ZDWHU�EDODQFH�²����-XO\�WR���6HSWHPEHU
2YHUVWRUH\ 8QGHUVWRUH\

8QGHUVWRUH\ 7UDQVSLUDWLRQ
���

,QWHUFHSWLRQ
���

7UDQVSLUDWLRQ
���

,QWHUFHSWLRQ
���

6RLO
���

7RWDO
�PP�

3UHVHQW �� �� �� ��� ��� ��
5HPRYHG �� �� ² ² ��

1RWHG�WKDW�µUDWKHU�WKDQ�DQ�DFFXPXODWLRQ�RI�PRLVWXUH�LQ�WKH�URRW�]RQH�DV�D�UHVXOW�RI�XQGHUVWRUH\�UHPRYDO��PRVW
RI�WKH�DGGLWLRQDO�ZDWHU�ZDV�WDNHQ�XS�E\�WKH�WUHHV�¶



��

/DQGFDUH�5HVHDUFK

%ODFN��7�$���7DQ��&�6���1Q\DPDK��-�8����������7UDQVSLUDWLRQ�UDWH�RI�'RXJODV�ILU�WUHHV�LQ�WKLQQHG�DQG
XQWKLQQHG�VWDQGV���&DQDGLDQ�-RXUQDO�RI�6RLO�6FLHQFH��������±����

&RXQWU\��&DQDGD 'XUDWLRQ��-XQH�²�$XJXVW�IRU���\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������DQG�����63+
+HLJKW���±���P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1������������
$�SURFHGXUH�LV�GHVFULEHG�IRU�HVWLPDWLQJ�WKH�WUDQVSLUDWLRQ�UDWH�RI�WUHHV�LQ�VWDQGV�ZLWK�XQGHUVWRUH\

YHJHWDWLRQ��7KH�SURFHGXUH�FRPELQHV�VRLO�ZDWHU�EDODQFH�PHDVXUHPHQWV�RI�VWDQG�HYDSRWUDQVSLUDWLRQ�UDWH�ZLWK
D�VLPSOH�YDSRXU�GLIIXVLRQ�PRGHO�WKDW�UHTXLUHV�RFFDVLRQDO�LQWHQVLYH�PHDVXUHPHQWV�RI�VWRPDWDO�FRQGXFWDQFH
RI�WKH�WUHHV�DQG�XQGHUVWRUH\�YHJHWDWLRQ��:HHNO\�DYHUDJH�WUDQVSLUDWLRQ�UDWHV�RI����\U�ROG�'RXJODV�ILU�WUHHV�LQ
D� WKLQQHG�VWDQG�GXULQJ�VXQQ\�ZHDWKHU� LQ�-XO\�UDQJHG�IURP������/�WUHH�GD\�ZKHQ�WKHWD�H�� WKH�IUDFWLRQ�RI
H[WUDFWDEOH�VRLO�ZDWHU�UHPDLQLQJ�LQ�WKH�URRW�]RQH��ZDV������WR�����/�WUHH�GD\�ZKHQ�WKHWD�H�ZDV�������7KH
WUDQVSLUDWLRQ�UDWH�RI�WUHHV�LQ�WKH�WKLQQHG�VWDQG��ZKLFK�FRQWDLQHG�D�VDODO�XQGHUVWRUH\��ZDV�YHU\�VLPLODU�WR�WKDW
LQ�D�QHDUE\�XQWKLQQHG�VWDQG�ZLWK�YLUWXDOO\�QR�XQGHUVWRUH\�YHJHWDWLRQ��$V�WKHWD�H�GHFUHDVHG�IURP�VOLJKWO\�PRUH
WKDQ�����WR�VOLJKWO\�OHVV�WKDQ������WKH�IUDFWLRQ�RI�HYDSRWUDQVSLUDWLRQ�IURP�WKH�WKLQQHG�VWDQG�GXH�WR�WKH�VDODO
XQGHUVWRUH\�LQFUHDVHG�IURP�DSSUR[LPDWHO\����WR������&RPSHWLWLRQ�IRU�VRLO�ZDWHU�E\�WKH�XQGHUVWRUH\�ZDV
FRQVLGHUHG�WR�EH�D�FRQWULEXWLQJ�UHDVRQ�ZK\�WUHH�GLDPHWHU�JURZWK�LQ�WKH�WKLQQHG�VWDQG�ZDV�RQO\�VOLJKWO\�JUHDWHU
WKDQ�LQ�WKH�XQWKLQQHG�VWDQG�

&RPPHQW
6DPH�VWDQG�DV�%ODFN��������
0HDVXUHPHQWV�ZHUH�PDGH�DW�WKH�XQWKLQQHG�VLWH�LQ������DQG�DW�WKH�WKLQQHG�VLWH�LQ�������7KLQQLQJ�RFFXUUHG
LQ������WR�0D\������
6RLOV�ZHUH�XS�WR����FP�GHHS�RYHU�VDQGVWRQH��

0HDQ�GDLO\�VWDQG��LQFOXGLQJ�XQGHUVWRUH\��DQG�WUHH�HYDSRUDWLRQ
3HULRG 1HW�UDGLDWLRQ

�PP�
6WDQG�HYDSRUDWLRQ
�PP�

(V�5Q 7UHH�HYDSRUDWLRQ
�/�WUHH�

(W�5Q

�����8QWKLQQHG
��±���-XO\ ��� ��� ��� ���� ���� ����
���-XO\±��$XJ� ��� ��� ��� ���� ���� ����
�±���$XJ� ��� ��� ��� ���� ���� ����
��±���$XJ� ��� ��� � ��� ��� ���
�����7KLQQHG
�±��-XO\ ��� ��� ��� ���� ���� ����
�±���-XO\ ��� ��� ��� ���� ���� ����



��

3HULRG 1HW�UDGLDWLRQ
�PP�

6WDQG�HYDSRUDWLRQ
�PP�

(V�5Q 7UHH�HYDSRUDWLRQ
�/�WUHH�

(W�5Q

/DQGFDUH�5HVHDUFK

��±���-XO\ ��� ��� ��� ���� �� ����
��±���-XO\ ��� ��� ��� ���� ��� ����
���-XO\±��$XJ� ��� ��� ��� ���� ��� ����

�LV�WKH�IUDFWLRQ�RI�H[WUDFWDEOH�ZDWHU�UHPDLQLQJ�LQ�WKH�URRW�]RQH�

7UDQVSLUDWLRQ�RI� LQGLYLGXDO� WUHHV� LQ� WKH� WKLQQHG�VWDQG�ZLWK� WKLFN�XQGHUVWRUH\�ZDV�VLPLODU� WR� WKRVH� LQ� WKH
XQWKLQQHG�VWDQG�ZLWK�YLUWXDOO\�QR�XQGHUVWRUH\���7KH�WKLQQHG�VWDQG�KDG�JUHDWHU�HYDSRUDWLRQ�EHFDXVH�RI�JUHDWHU
UDGLDWLRQ�DQG�DOVR�WKH�KLJK�������FRQVXPSWLRQ�E\�WKH�VDODO�XQGHUVWRUH\�

%RUJKHWWL��0��9HQGUDPLQ��*�*����������6HDVRQDO�FKDQJHV�RI�VRLO�DQG�SODQW�ZDWHU�UHODWLRQV�LQ�'RXJODV
ILU�IRUHVW���$FWD�2HFRORJLFD��2HFRORJLD�3ODQWDUXP�������±����

&RXQWU\��,WDO\ 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�������P��KD
+HLJKW������P 5DLQIDOO��0$3������PP
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1������������
0HDVXUHPHQWV�RI�VDSZRRG�UHODWLYH�ZDWHU��5V��FRQWHQW�DQG�VRLO�ZDWHU�SRWHQWLDO��SVLV��ZHUH�SHUIRUPHG

WKURXJKRXW� WKH� ����� JURZLQJ� VHDVRQ� LQ� D� ���\U�ROG� 'RXJODV� ILU� SODQWDWLRQ� LQ� WKH� $SHQQLQHV�� ,WDO\�
(YDSRWUDQVSLUDWLRQ��WZLJ�ZDWHU�SRWHQWLDO��SVLW��DQG�VWRPDWDO�FRQGXFWDQFH�ZHUH�PHDVXUHG�SHULRGLFDOO\��)URP
$SULO�WR�6HSW��5V�GHFUHDVHG�IURP������WR��������ZKLFK�FRUUHVSRQGV�WR�D�ZDWHU�GHSOHWLRQ�RI�����PP��,Q�WKH
VDPH�SHULRG�SVLV�GHFUHDVHG�IURP��������WR��������03D�EHWZHHQ����DQG����FP�GHSWK��%HWZHHQ�0D\�DQG
6HSW��WKH�FRQWULEXWLRQ�RI�VDSZRRG�ZDWHU�VWRUDJH�WR�HYDSRWUDQVSLUDWLRQ�ZDV�������7KH�PD[LPXP�FRQWULEXWLRQ
IURP�VDSZRRG�ZDWHU�VWRUDJH�WR�HYDSRWUDQVSLUDWLRQ���������RFFXUUHG�EHWZHHQ�PLG��DQG�HQG�$XJ��$Q�LQFUHDVH
RI�5V�RI�������ZDV�REVHUYHG�EHWZHHQ�PLG��DQG�HQG�-XQH��3UHGDZQ�WZLJ�ZDWHU�SRWHQWLDO��SVLS��YDULHG�IURP
�������03D� LQ�PLG�-XQH� WR��������03D�DW� WKH�HQG�RI�6HS���ZLWK�D�PD[LPXP�YDOXH�RI��������03D� LQ
PLG�-XO\��2YHU�PRVW�RI�WKH�VDPSOLQJ�SHULRG�SVLV�ZDV�FRQVLGHUDEO\�JUHDWHU�WKDQ�SVLS��SVLW�ZDV�DOZD\V�ORZHU
LQ�WKH�XSSHU�FURZQ�OHYHO��,Q�JHQHUDO�SVLW�GHFUHDVHG�GXULQJ�WKH�PRUQLQJ��UHDFKLQJ�D�PLQLPXP�YDOXH�DURXQG
QRRQ��DQG�LQFUHDVHG�GXULQJ�WKH�DIWHUQRRQ��1R�WKUHVKROG�OHYHO�RI�SVLW�IRU�VWRPDWDO�FORVXUH�RFFXUUHG��HYHQ�ZKHQ
SVLW�ZDV�DV�ORZ�DV������03D��

&RPPHQW�
2Q�DYHUDJH�(7�ZDV�����PP�GD\�EHWZHHQ�-XOLDQ�GD\V�����DQG�����



��

/DQGFDUH�5HVHDUFK

%RVFK�� -�0���+HZOHWW�� -�'�� � ������ �$� UHYLHZ�RI� FDWFKPHQW� H[SHULPHQWV� WR�GHWHUPLQH� WKH� HIIHFW� RI
YHJHWDWLRQ�FKDQJHV�RQ�ZDWHU�\LHOG�DQG�HYDSRWUDQVSLUDWLRQ���-RXUQDO�RI�+\GURORJ\������±���

&RXQWU\��:RUOGZLGH 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��&RQLIHUV��(XFDO\SW�IRUHVWV��1DWLYH�GHFLGXRXV�IRUHVWV��1DWLYH�HYHUJUHHQ�IRUHVWV�
6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ��+DUYHVWLQJ
.H\ZRUGV��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�

%RVYHOG��)�&���%RXWHQ��:���������(YDOXDWLRQ�RI�WUDQVSLUDWLRQ�PRGHOV�ZLWK�REVHUYDWLRQV�RYHU�D�'RXJODV
ILU�IRUHVW���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\���������±����

&RXQWU\��7KH�1HWKHUODQGV 'XUDWLRQ�����GU\�GD\V 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+
'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��0RGHOV��7UDQVSLUDWLRQ

&RPPHQW
7KH�VWDQG�KDG�DQ�/$,�RI������7HVWHG�-DUYLV���������0RQWHLWK��������DQG�3ULHVWOH\�7D\ORU�PRGHOV

DJDLQVW�HGG\�FRUUHODWLRQ�GDWD�IUR����GU\�GD\V�LQ�$SULO�WR�6HSWHPEHU��

µ7KH�-DUYLV�IRUPXODWLRQ�DQG�WKH�0RQWHLWK�IRUPXODWLRQ�SHUIRUPHG�DOPRVW�HTXDOO\�ZHOO�������������7KH�3ULHVWOH\�
7D\ORU�PRGHO�SHUIRUPHG�VRPHZKDW�ZRUVH�ZKLFK�ZDV�WR�EH�H[SHFWHG�JLYHQ�WKH�ODFN�RI�FDQRS\�UHVSRQVH�LQ
VXFK�D�IRUPXODWLRQ�¶



��

/DQGFDUH�5HVHDUFK

%RXWHQ��:���+HLPRYDDUD��7�-��� 7LNWDN��$�� � ������ � 6SDWLDO� SDWWHUQV� RI� WKURXJKIDOO� DQG� VRLO�ZDWHU
G\QDPLFV�LQ�D�'RXJODV�ILU�VWDQG���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\��7KH�1HWKHUODQGV 'XUDWLRQ������\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+
'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��6RLO�ZDWHU��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
7KH� VSDWLDO�SDWWHUQV�RI� WKURXJKIDOO� DQG� VRLO�SK\VLFDO�SURSHUWLHV�ZHUH�DVVHVVHG�DW� WKH�$&,)251

UHVHDUFK�ORFDWLRQ�QHDU�*DUGHUHQ��7KH�1HWKHUODQGV��0HDVXUHG�VSDWLDO�SDWWHUQV�RI�ZDWHU�XSWDNH�ZHUH�UHODWHG�WR
PHDVXUHG�WKURXJKIDOO�SDWWHUQV�DURXQG�'RXJODV�ILU�WUHHV��SDUWLFXODUO\�LQ�GU\�PRQWKV��7KH�RQH�GLPHQVLRQDO�VRLO
ZDWHU�PRGHO�6:,)��6RLO�:DWHU�LQ�)RUHVWHG�(FRV\VWHPV���ZKLFK�LV�XVHG�WR�GHVFULEH�YHUWLFDO�ZDWHU�IORZ�DQG
URRW�ZDWHU�XSWDNH�LQ�WKH�XQVDWXUDWHG�VRLO�]RQH��ZDV�PRGLILHG�WR�D�TXDVL�WKUHH�GLPHQVLRQDO�PRGHO�DOORZLQJ
SUHIHUHQWLDO�ZDWHU�XSWDNH�IURP�ZHW�VLWHV��7KH�PRGHO�ZDV�XVHG�WR�GHVFULEH�WKH�LPSDFW�RI�VSDWLDO�SDWWHUQV�RQ�WKH
VSDWLDO�GLVWULEXWLRQ�RI�VRLO�ZDWHU�G\QDPLFV�LQ�WHUPV�RI�ZDWHU�FRQWHQWV��SUHVVXUH�KHDGV��URRW�ZDWHU�XSWDNH�DQG
YHUWLFDO�IOX[HV��7KH�UHVXOWV�VXJJHVWHG�WKDW�WKH�VSDWLDO�GLVWULEXWLRQ�RI�\HDUO\�ZDWHU�XSWDNH�DQG�SHUFRODWLRQ�IOX[HV
ZDV�VWURQJO\�LQIOXHQFHG�E\�WKURXJKIDOO�SDWWHUQV�DQG�VRLO�ZDWHU�FRQWHQWV�ZHUH�SULPDULO\�GHSHQGHQW�RQ�VRLO
SK\VLFDO�SURSHUWLHV��

&RPPHQW
,QWHUFHSWLRQ�ORVVHV�DUH�DV�KLJK�DV�����RI�3771���6WHPIORZ�ZDV�QHYHU�REVHUYHG�

%RXWHQ��:���6FKDDS��0�*���$HUWV��-���9HUPHWWHQ��$�:�0����������0RQLWRULQJ�DQG�PRGHOOLQJ�FDQRS\
ZDWHU� VWRUDJH�DPRXQWV� LQ� VXSSRUW�RI� DWPRVSKHULF�GHSRVLWLRQ� VWXGLHV�� � -RXUQDO�RI�+\GURORJ\�����
���±����

&RXQWU\��7KH�1HWKHUODQGV 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
&DQRS\�ZDWHU�VWRUDJH�DPRXQWV�ZHUH�PHDVXUHG�ZLWK�D�V\VWHP�EDVHG�RQ�WKH�DWWHQXDWLRQ�RI�D�������*+]

PLFURZDYH�VLJQDO��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�D�'RXJODV�ILU�SODQWDWLRQ�LQ�7KH�1HWKHUODQGV��(YHU\���PLQ�
YHUWLFDO�VFDQV�ZHUH�PDGH��RYHU�D�SHULRG�RI���PRQWKV��$�SK\VLFDOO\�EDVHG�PXOWL�OD\HU�LQWHUFHSWLRQ�PRGHO�ZLWK
HPSLULFDO�SDUDPHWHUV�ZDV�FDOLEUDWHG�XVLQJ�D�QRQ�OLQHDU�RSWLPLVDWLRQ�WHFKQLTXH��7KH�FDOLEUDWHG�PRGHO�ZDV
FDSDEOH�RI�H[SODLQLQJ�XS�WR�����RI�WKH�PHDVXUHG�YDULDQFH�RI�ZDWHU�VWRUDJH�DPRXQWV�IRU�DQ�LQGHSHQGHQW
YDOLGDWLRQ�SHULRG�ZKHQ�XVLQJ�RQ�VLWH�PHDVXUHPHQWV�RI�PHWHRURORJLFDO�YDULDEOHV��7KH�SHUIRUPDQFH�GHFUHDVHG
WR�����ZKHQ�RWKHU�LQSXW�VHWV�ZHUH�XVHG�IRU�WKLV�SHULRG��7KHVH�ZHUH�QHFHVVDU\�WR�H[WUDSRODWH�WKH�UHVXOWV�WR
ORQJHU�WLPH�VHULHV�UHTXLUHG�IRU�HYDOXDWLQJ�FDQRS\�UHVLVWDQFHV�LQ�WKH�VWXG\�RI�GHSRVLWLRQ�RI�DLUERUQH�SROOXWDQWV�

&RPPHQW



��

/DQGFDUH�5HVHDUFK

&DQRS\�LQWHUFHSWLRQ�VWRUDJH�FDSDFLW\�ZDV�FDOFXODWHG�WR�EH�LQ�WKH�UDQJH������WR������PP�

'RHV� QRW� JLYH� DFWXDO�PHDVXUHG� WKURXJKIDOO�� � +RZHYHU�� VKRZV� WKH� ILW� RI� VLPXODWHG� Y�PHDVXUHG�ZHHNO\
WKURXJKIDOO� DPRXQWV�� � 6WDWHV� WKDW� WKH� VLPXODWHG� DPRXQWV� PDWFK� WKH� PHDVXUHG� DPRXQWV� �WKH� UHJUHVVLRQ
UHODWLRQVKLS�ZDV�QRW�GLIIHUHQW�IURP�WKH�����OLQH��WKHUHIRUH�WKH�IROORZLQJ�WDEOH�VKRXOG�EH�FORVH�WR�UHDO�YDOXHV�
7KH�LQWHUFHSWLRQ�PRGHO�GHYHORSHG�KHUH�H[SODLQV�RYHU�����RI�WKH�YDULDWLRQ�LQ�WKH�ZHHNO\�WKURXJKIDOO�GDWD�
7KH�WZR�VHWV�RI�GDWD�FRUUHVSRQG�WR�XVLQJ�GLIIHUHQW�UHIHUHQFH�UDLQJDXJHV���

6LPXODWHG�WKURXJKIDOO�IRU����\U�'RXJODV�ILU
&OHDULQJ
UDLQJDXJH

7RZHU
UDLQJDXJH

$OO�YDOXHV

3UHFLSLWDWLRQ��PP� ��� ��� ����
7KURXJKIDOO��PP� ��� ��� ���
7)�3771���� �� �� ��

&DQWRUH��9���,RYLQR��)����������7KLQQLQJ�HIIHFWV�RQ�VRLO�PRLVWXUH�LQ�'RXJODV�ILU�VWDQGV�LQ�WKH�&RDVW
5DQJH��&DODEULD�����(IIHWWL�GHL�GLUDGDPHQWL�VXOO
XPLGLWD�GHO�VXROR�LQ�SRSRODPHQWL�GL�GRXJODVLD�GHOOD
&DWHQD�&RVWLHUD��&DODEULD�����,QFUHPHQWR�GHOOD�SURGX]LRQH�GL�OHJQR�FRQ�VSHFLH�DJUDULH�H�IRUHVWDOL�D
UDSLGR� DFFUHVFLPHQWR�� 6RWWRSURJHWWR� 
&RQLIHUH
� >FRRUGLQDWHG� E\� &LDQFLR�� 2�@�� $QQDOL� GHOO
,VWLWXWR
6SHULPHQWDOH�SHU�OD�6HOYLFROWXUD�������±����

&RXQWU\��,WDO\ 'XUDWLRQ��7ZR�VXPPHUV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6RLO�ZDWHU

&$%�$EVWUDFWV�$1������������
5HODWLRQV�EHWZHHQ�GLIIHUHQW�WKLQQLQJ�UHJLPHV�²�FRQWURO�������WUHHV�KD���WKUHH�LQWHQVLWLHV�RI�VHOHFWLYH

WKLQQLQJ��HTXLYDOHQW�WR�+DUW�%HFNLQJ�UDWLRV��������DQG������V\VWHPDWLF�WKLQQLQJ����URZ�RXW�RI�����DQG�PL[HG
V\VWHPDWLF�VHOHFWLYH�WKLQQLQJ���DQG�VRLO�PRLVWXUH�GXULQJ�WKH�SHULRG�RI�VXPPHU�GURXJKW�ZHUH�LQYHVWLJDWHG�
7KLQQLQJ�ZDV�FDUULHG�RXW�LQ�0D\������RI�D����\HDU�ROG�'RXJODV�ILU�VWDQG�VLWXDWHG�LQ�DQ�H[SHULPHQWDO�IRUHVW
QHDU�&RVHQ]D��6��,WDO\�����±�����P�DOWLWXGH��:��IDFLQJ��VDQG\�VRLOV���6RLO�PRLVWXUH�GHILFLWV�ZHUH�PHDVXUHG
LQ�-XQH±2FWREHU������DQG�������,Q�JHQHUDO��UHVXOWV�VKRZHG�WKDW�VHOHFWLYH�WKLQQLQJ�LPSURYHG�VRLO�PRLVWXUH�
FRPSDUHG�ZLWK�FRQWURO�RU�V\VWHPDWLFDOO\�WKLQQHG�SORWV��PHDQ�VRLO�PRLVWXUH�FRQWHQW�ZDV�EHWZHHQ����DQG����
JUHDWHU��$�KRUL]RQ��LQ������DQG�������UHVSHFWLYHO\��



��

/DQGFDUH�5HVHDUFK

&KHQJ��-�'���%ODFN��7�$���GH�9ULHV��-���:LOOLQJWRQ��5�3���*RRGHOO��%�&����������7KH�HYDOXDWLRQ�RI�LQLWLDO
FKDQJHV� LQ� SHDN� VWUHDPIORZ� IROORZLQJ� ORJJLQJ� RI� D� ZDWHUVKHG� RQ� WKH� ZHVW� FRDVW� RI� &DQDGD�
,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����

&RXQWU\��&DQDGD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ�
6WDQG�7\SH��1DWXUDO�IRUHVW 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
8%&�5HVHDUFK�)RUHVW�:DWHUVKHGV���DQG���DW�+DQH\���'RXJODV�ILU�RQH�RI�IRXU�PDLQ�VSHFLHV�

/RRNHG�DW�SHDN�IORZ��3)��PD[LPXP�IORZ�OHVV�LQLWLDO�EDVHIORZ��P��VHF�NP��DQG�WLPH�WR�SHDN��73��KRXUV��DIWHU
KDUYHVWLQJ�ZDWHUVKHG���

%HIRUH�ORJJLQJ
73�� ������������������î�73� Q� ��� U�� �������
3)�� ������������������î�3)� Q� ��� U�� �������

$IWHU�ORJJLQJ
73�� ������������������î�73� Q� ��� U�� �������
3)�� ������������������î�3)� Q� ��� U�� �������

)ORZ�SDUDPHWHUV�EHIRUH�DQG�DIWHU�FOHDU�FXWWLQJ
7LPH�WR�SHDN

�KRXUV�
3HDN�IORZ
�P��VHF�NP��

:DWHUVKHG�� :DWHUVKHG�� :DWHUVKHG�� :DWHUVKHG��
0HDQ�EHIRUH ���� ���� ����� �����
5DQJH�EHIRUH ���±���� ���±���� �����±����� �����±�����
0HDQ�DIWHU ���� ���� ����� �����
0HDQ�EHIRUH ���±���� ���±���� �����±����� �����±�����

,Q�ERWK�FDVHV�WKH�FKDQJHV�LQ�VORSH�DUH�VLJQLILFDQWO\�GLIIHUHQW�²�LQWHUFHSWV�ZHUH�QRW�WHVWHG���7KHVH�FKDQJHV
ZHUH� FRQWUDU\� WR�PRVW� VWXGLHV� DV� WKHUH�ZDV� DQ� LQFUHDVH� LQ� WLPH� WR� SHDN� DQG� D� GHFUHDVH� RI� SHDN� IORZV�
$WWULEXWHG�WKLV�WR�D�FKDQJH�LQ�IORZ�SDWKZD\V�DV�WKH�K\GURJUDSKV�ZHUH�IODWWHQHG��ZHUH�XQDEOH�WR�WHVW�IRU
VWRUPIORZ�YROXPHV��DV�WKH�GLVWXUEDQFHV�RQ�ZDWHUVKHG���ZRXOG�QRW�KDYH�EHHQ�IDYRXUDEOH�WR�FDXVH�WKH�FKDQJHV
REVHUYHG�
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&LQQLUHOOD��6���,RYLQR��)���3HUQLROD���*���7HUVDUXROR��$�0����������(IIHFW�RI�WKLQQLQJ�RQ�VRLO�PRLVWXUH
FRQWHQW�� � �(IILFDFLD� GHL� GLUDGDPHQWL� VXOOD� ULVHUYD� LGULFD� GHO� VROR��� 3URJHWWR� ILQDOL]]DWR� 0$)

$UERULFROWXUD�GD�OHJQR
��VRWWRSURJHWWR�
&RQLIHUH
��$QQDOL�GHOO
,VWLWXWR�6SHULPHQWDOH�SHU�OD�6HOYLFROWXUD�
�����±���

&RXQWU\��,WDO\ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�&RPSDULVRQ��3LQH�VSHFLHV
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6RLO�ZDWHU�

&$%�$EVWUDFWV�$1������������
6WXGLHV�ZHUH�XQGHUWDNHQ� LQWR� WKH�HIIHFW�RI� VWDQG� WKLQQLQJ�RQ� VRLO�PRLVWXUH�FRQWHQW� LQ����\U�ROG

'RXJODV�ILU�VWDQGV��DQG�LQ�����WR����\HDU�ROG�&DODEULDQ�SLQH��3LQXV�QLJUD�YDU��FDODEULFD��VWDQGV��ORFDWHG�RQ
GLIIHUHQW� VRLO� W\SHV� LQ� &DODEULD� �WKH� &RDVW� 5DQJH�� SUH�6LOD�� 6LOD� *UDQGH� DQG� 6LOD� *UHFD��� 6�� ,WDO\�
0HDVXUHPHQWV�ZHUH�WDNHQ�EHWZHHQ�-XQH�DQG�2FWREHU�LQ������������DQG�������IRU�D�'RXJODV�ILU�LQ�WKH�&RDVW
5DQJH��DQG�LQ������IRU�DOO�RWKHU�VWDQGV��,Q������DQG������WKH�JUDYLPHWULF�PHWKRG�ZDV�XVHG�WR�GHWHUPLQH�VRLO
PRLVWXUH�FRQWHQW��,Q�������LQ�FRQWUDVW��WKH�WLPH�GRPDLQ�UHIOHFWRPHWU\��7'5��WHFKQLTXH�ZDV�HPSOR\HG��)RU
DOO�VLWHV��GDWD�FROOHFWHG�LQ�XQWKLQQHG�SORWV�ZHUH�FRPSDUHG�WR�WKRVH�IURP�SORWV�WKDW�KDG�EHHQ�WKLQQHG�IURP
EHORZ�VHYHUDO�\HDUV�SUHYLRXVO\�WR�GLIIHUHQW�JUDGHV��OLJKW��PHGLXP��KHDY\�DQG��IRU�WKH�&DODEULDQ�SLQH�VWDQG
LQ�WKH�3UH�6LOD�RQO\��YHU\�KHDY\�WKLQQLQJ��5HVXOWV�LQGLFDWH�WKDW�WKH�PRUH�LQWHQVH�WKH�WKLQQLQJ��WKH�JUHDWHU�WKH
HIIHFW�RQ�VRLO�PRLVWXUH�FRQWHQW��7KH�JUHDWHVW�GLIIHUHQFHV�ZHUH�REVHUYHG�EHWZHHQ�KHDY\LO\�DQG�YHU\�KHDYLO\
WKLQQHG�SORWV��0HDQ�SHUFHQWDJH�LQFUHDVHV��E\�YROXPH��RI�VRLO�ZDWHU�IRU�WKHVH�WZR�H[WUHPH�WKLQQLQJ�JUDGHV
ZHUH�IURP���WR����IRU�VXUIDFH�VRLO�OD\HUV��DQG�IURP���WR�����IRU�GHHSHU�VRLO�KRUL]RQV��'DWD�IURP�WKH�'RXJODV
ILU�VWDQG�DOVR�LQGLFDWH�WKDW�WKLV�WKLQQLQJ�HIIHFW�LV�UHWDLQHG�RYHU�WLPH�

&OLQH��5�*���+DXSW��+�)���&DPSEHOO��*�6����������3RWHQWLDO�ZDWHU�\LHOG�UHVSRQVH�IROORZLQJ�FOHDUFXW
KDUYHVWLQJ� RQ�QRUWK� DQG� VRXWK� VORSHV� LQ�QRUWKHUQ� ,GDKR�� �86'$�)RUHVW� 6HUYLFH�5HVHDUFK�3DSHU�
,QWHUPRXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�1R��,17����������S�

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV��6RLO�ZDWHU

&$%�$EVWUDFWV�$1������������
7RWDO�SUHFLSLWDWLRQ��QHW�SUHFLSLWDWLRQ��WKDW�ZKLFK�SHUFRODWHG�WKURXJK�WKH�VQRZSDFN�RU�HQWHUHG�WKH�VRLO

DV�WKH�VQRZSDFN�PHOWHG���SRWHQWLDO�HYDSRWUDQVSLUDWLRQ�DQG�VRLO�ZDWHU�FRQWHQWV�ZHUH�PRQLWRUHG�LQ�����±��
LQ�SORWV�LQ�WKH�IRUHVW�DQG�LQ�VPDOO�DUHDV�FOHDU�IHOOHG�LQ������DQG������RQ��D��D�VRXWK�IDFLQJ�VORSH�ZLWK�DQ
RYHUVWRUH\�SUHGRPLQDQWO\�RI�'RXJODV�ILU�ZLWK���±����FURZQ�FORVXUH�DQG��E��D�QRUWK�IDFLQJ�VORSH�ZLWK�DQ
RYHUVWRUH\�SUHGRPLQDQWO\�RI�7VXJD�KHWHURSK\OOD�ZLWK���±�����FURZQ�FORVXUH��2Q�VRPH�RI�WKH�FOHDU�IHOOHG
SORWV�WKH�YHJHWDWLRQ�ZDV�LQ�WKH�SURFHVV�RI�UHFRYHULQJ�DQG�RQ�RWKHUV�WKH�YHJHWDWLYH�FRYHU�ZDV�UHPRYHG��7KH



��
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QRUWK�IDFLQJ�UHYHJHWDWHG�SORW�KDG�WKH�ORZHVW�UDWH�RI�HYDSRWUDQVSLUDWLRQ�RI�DOO�WKH�UHYHJHWDWHG�RU�IRUHVWHG�SORWV
LQ�-XQH±$XJ���ZKHQ�WKH�VRLO�SURILOHV�FRQWDLQHG�OHDVW�ZDWHU��0LQLPXP�VRLO�ZDWHU�FRQWHQW�ZDV�JUHDWHU�RQ�WKH
1���WKDQ�RQ�WKH�VRXWK�IDFLQJ�VORSH��WKDW�RI�WKH�UHYHJHWDWHG�SORW�ZDV�JUHDWHU�WKDQ�WKDW�RI�WKH�IRUHVWHG�SORW�RQ
WKH�QRUWK�IDFLQJ�VORSH��ZKHUHDV�RQ�WKH�VRXWK�IDFLQJ�VORSH�WKH�ZDWHU�FRQWHQWV�LQ�WKH�UHYHJHWDWHG�DQG�IRUHVWHG
SORWV�ZHUH�HTXDO��7KH�QRUWK�IDFLQJ�FOHDU�IHOOLQJ�VKRZHG�DQ�LQFUHDVH�RI������FP�RI�WRWDO�SHUFRODWH�FRPSDUHG
ZLWK�WKH�IRUHVWHG�SORW�ZKLOH�WKH�VRXWK�IDFLQJ�FOHDU�IHOOLQJ�VKRZHG�DQ�LQFUHDVH�RI�RQO\�����FP��/HVV�VQRZ
VWRUDJH�DQG�O\VLPHWHU�SHUFRODWH�RFFXUUHG�LQ�WKH�QRUWK�IDFLQJ�IRUHVW�WKDQ�LQ�WKH�VRXWK�IDFLQJ�IRUHVW��

&RPPHQW
0RVWO\�D�UHVSRQVH�WR�GLIIHULQJ�VQRZ�DFFXPXODWLRQV�RQ�SORWV�LQ�XQFXW�IRUHVWV�DQG�IRUHVW�FOHDU�FXWV�

&RKHQ��<���.HOOLKHU��)�0���%ODFN��7�$����������'HWHUPLQDWLRQ�RI�VDS�IORZ�LQ�'RXJODV�ILU�WUHHV�XVLQJ�WKH
KHDW�SXOVH�WHFKQLTXH���&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����

&RXQWU\��&DQDGD 'XUDWLRQ����GD\V�LQ�-XO\±6HSW 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$�PRGLILHG�KHDW�SXOVH�WHFKQLTXH�ZDV�XVHG�WR�GHWHUPLQH�YROXPHWULF�VDS�IORZ�LQ���±���P�WDOO�WUHHV�LQ

WKH�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�5HVHDUFK�)RUHVW��/DERUDWRU\�FDOLEUDWLRQ�RI� WKH�KHDW�SXOVH� WHFKQLTXH�
DFFRPSOLVKHG�E\�SDVVLQJ�ZDWHU�WKURXJK�����î����PP�VWHP�VHFWLRQV�ZLWK�D�JDV�SUHVVXUH�DSSDUDWXV��VKRZHG
DQ�XQGHUHVWLPDWLRQ�RI�WKH�DFWXDO�ZDWHU�IORZ�UDWH�E\������8VLQJ�D���WKHUPLVWRU�WHPSHUDWXUH�VHQVLQJ�SUREH
LQVHUWHG�UDGLDOO\�WR�D�GHSWK�RI����PP��ILHOG�PHDVXUHPHQWV�RI�VDS�IOX[�GHQVLW\�ZHUH�IRXQG�WR�FKDQJH�ZLWK�GHSWK
LQWR� WKH� VDSZRRG�� 6LPXOWDQHRXV� PHDVXUHPHQWV� XVLQJ� WKH� WHPSHUDWXUH�VHQVLQJ� SUREHV� LQVHUWHG� LQ� WKUHH
D]LPXWKDO�GLUHFWLRQV����������DQG����(��VKRZHG�JRRG�DJUHHPHQW�GXULQJ�WKH�GD\WLPH�LQ�WKUHH�WUHHV��ZKLOH�LQ
DQRWKHU�WUHH�WKH�UDWLR�RI�WKH�WKUHH�VDS�IOX[�GHQVLWLHV�JUDGXDOO\�FKDQJHG�GXULQJ�WKH�GD\WLPH��+RXUO\�YDOXHV�RI
VDS�IORZ�UDWH�LQ�WZR�GLIIHUHQW�WUHHV��REWDLQHG�XVLQJ�WKH�ODERUDWRU\�FDOLEUDWLRQ�IDFWRU��ZHUH����DQG�����ODUJHU
WKDQ�FRUUHVSRQGLQJ�IROLDU�WUDQVSLUDWLRQ�UDWHV�HVWLPDWHG�XVLQJ�PHDVXUHPHQWV�RI�VWRPDWDO�FRQGXFWDQFH��WUHH�OHDI
DUHD�DQG�YDSRXU�SUHVVXUH�GHILFLW��8VLQJ�D�PLFURSURFHVVRU�EDVHG�GDWD�DFTXLVLWLRQ�V\VWHP��WKH�WHFKQLTXH�ZDV
VXFFHVVIXOO\�XVHG�WR�PRQLWRU�WKH�FRXUVH�RI�VDS�IORZ�UDWH�RYHU�D���PRQWK�SHULRG�

&RPPHQW
���\U�ROG�VWDQG�������63+�������P�WDOO��'%+������FP�
/DWH�6HSWHPEHU��FOHDU�GD\��WUDQVSLUDWLRQ�����PP�GD\���3UHYLRXV�GDWD�IURP�WKLV�VWDQG���\U�HDUOLHU�LQGLFDWHG
WUDQVSLUDWLRQ� ���� WR� ����PP�GD\� RQ� D� FOHDU� GD\�� �1RWHG� VDSIORZ�PHDVXUHPHQWV�ZHUH� ODUJHU� WKDQ� IROLDU
WUDQVSLUDWLRQ�
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&ROH��'�:���-RKQVRQ��'�:����������$WPRVSKHULF�VXOIDWH�DGGLWLRQV�DQG�FDWLRQ�OHDFKLQJ�LQ�D�'RXJODV�ILU
HFRV\VWHP���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��6HFRQG�JURZWK
.H\ZRUGV��7KURXJKIDOO��:DWHU�TXDOLW\

&RPPHQW
0HDQ�RI���\U�GDWD�
$QQXDO�3771� ������PP��7)� �����PP��EHQHDWK�IRUHVW�IORRU� �����PP��EHQHDWK�$�KRUL]RQ� �����PP�
EHORZ�%�KRUL]RQ� �����PP�

'UDDLMHUV��*�3�-���YDQ�(N��5���0HLMHUV��5����������5HVHDUFK�RQ�WKH�LPSDFW�RI�IRUHVW�VWDQG�VWUXFWXUH�RQ
DWPRVSKHULF�GHSRVLWLRQ���(QYLURQPHQWDO�3ROOXWLRQ��������±�����

&RXQWU\���7KH�1HWKHUODQGV 'XUDWLRQ��$SULO�±�-XO\ 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ���±���\U"
+HLJKW����±���P
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFWV
'U\�DQG�ZHW�GHSRVLWLRQ�RQWR����IRUHVW�VWDQGV�LQ�FHQWUDO�1HWKHUODQGV�LQ�UHODWLRQ�WR�VWDQG�VWUXFWXUH�ZDV

VWXGLHG�E\�VDPSOLQJ�WKURXJKIDOO�DQG�EXON�SUHFLSLWDWLRQ��1LQH�PHDVXUHPHQW�VLWHV�ZHUH�VLWXDWHG�LQ�'RXJODV�ILU
VWDQGV�����LQ�3LQXV�V\OYHVWULV�DQG����LQ�4XHUFXV�UREXU�VWDQGV��$OO�VWDQGV�ZHUH�VLWXDWHG�ZLWKLQ�D�UDGLXV�RI����
NP�WR�DVVXUH�D�PRUH�RU�OHVV�HTXDO�DLU�SROOXWLRQ�ORDG��,Q�HDFK�VWDQG��GHWDLOHG�IRUHVW�VWUXFWXUH�LQYHQWRULHV�ZHUH
PDGH�WR�GHWHUPLQH�DHURG\QDPLF�URXJKQHVV��FROOHFWLQJ�HIILFLHQF\�DQG�VXUIDFH�DUHD�SDUDPHWHUV��0HDVXUHPHQWV
FRYHUHG�D���PRQWK�SHULRG��$SULO±-XO\��������)LUVW�UHVXOWV�VKRZHG�UHODWLYHO\�KLJK�WKURXJKIDOO�GHSRVLWLRQ�LQ
'RXJODV�ILU�VWDQGV��/RZHVW�WKURXJKIDOO�IOX[HV�ZHUH�UHFRUGHG�IRU�4��UREXU�DQG�LQWHUPHGLDWH�YDOXHV�IRU�3�
V\OYHVWULV�VWDQGV��7KHUH�ZHUH�LQGLFDWLRQV�RI�D�UHODWLYHO\�VWURQJ�FDQRS\�H[FKDQJH�LQ�4��UREXU�VWDQGV�GXULQJ�WKH
PHDVXUHPHQW�SHULRG��0DQ\�UHVXOWV�IURP�IRUHVW�VWDQG�VWUXFWXUH�LQYHQWRULHV�DUH�QRW�\HW�DYDLODEOH��+RZHYHU��D
VWURQJ�UHODWLRQ�ZDV�REVHUYHG�EHWZHHQ�WKURXJKIDOO�GHSRVLWLRQ�LQ�'RXJODV�ILU�VWDQGV�DQG�WRWDO�FURZQ�YROXPH�

&RPPHQW
7KURXJKIDOO�

3771
�PP�

7KURXJKIDOO
'RXJODV�ILU

7KURXJKIDOO
3LQXV�V\OYHVWULV

7KURXJKIDOO
4XHUFXV�UREXU

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

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

6SHFLHV�&RPSDULVRQ��&RQLIHUV��(XFDO\SWV��3LQXV�UDGLDWD��6FUXEODQG
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�������P
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
&RUDQGHUUN��9LFWRULD��
:HHNO\�VDPSOLQJ�
7)� �3771�î�������������
6)� �3771�î�������������
,/�� �3771�î�������������

,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�ZDV�VPDOOHU�IRU�'RXJODV�ILU�WKDQ�XQGHU�UHGZRRG��3��UDGLDWD�DQG�HXFDO\SW�VSHFLHV�EXW�VWHPIORZ
ZDV�JUHDWHU�
,QWHUFHSWLRQ�ORVV�E\�'RXJODV�ILU�ZDV�OHVV�WKDQ�WKDW�RI�UHGZRRG�EXW�JUHDWHU�WKDQ�WKDW�RI�DOO�RWKHU�VSHFLHV�



��
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)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��1RY��±�$XJ�� 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3LQXV�UDGLDWD�
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���� �� �� ��

)DKH\��%���-DFNVRQ��5����������+\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�	�±���\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�GHDOW�ZLWK�WKH�FRQYHUVLRQ�RI�PL[HG
HYHUJUHHQ�IRUHVW��GRPLQDWHG�E\�EHHFK��1RWKRIDJXV�WUXQFDWD�DQG�1��IXVFD��WR�SLQH��3��UDGLDWD�ZLWK�VRPH
'RXJODV�ILU��SODQWDWLRQ�LQ�1:�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����
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
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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[DPLQHG�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�
,QFOXGHG�RQO\�EHFDXVH�D�PLQRU�DPRXQW�RI�'RXJODV�ILU�KDG�EHHQ�SODQWHG�DW�RQH�VLWH���*LYHV�FKDQJHV�LQ�ZDWHU
\LHOGV�EXW�QR�GDWD�RQ�DQQXDO�IORZV�XQGHU�DQ\�RI�WKH�YHJHWDWLRQ�UHJLPHV��

%LJ�%XVK�²�&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�SODQWDWLRQ
/RZ�IORZV��SHDNIORZV�DQG�\LHOGV�DOO�LQFUHDVHG�DIWHU�KDUYHVWLQJ�WKH�QDWLYH�IRUHVW���,Q�WKH���\U�DIWHU�����FOHDU�
IHOOLQJ�RI�'&��VWUHDPIORZ�LQFUHDVHG�����PP�\U�������DQG�DW�WKH�����FOHDUHG�'&��WKH�\LHOG�ZDV�����PP�\U
KLJKHU����������7KHVH�DUH�SURSRUWLRQDOO\�HTXLYDOHQW�WR�����DQG�����PP�RQ�D������FOHDU�IHOOLQJ�EDVLV�²
/.5����$IWHU�WKLV��WKHUH�ZDV�D�GHFOLQH�LQ�IORZV�WR�SUHKDUYHVW�OHYHOV�DIWHU�DERXW���\U�
/RZ�IORZ�FRPSDULVRQV�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�

*OHQGKX�²�$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG�DW�*+�
$QQXDO�IORZV�EHJDQ�WR�GLPLQLVK�DERXW���\U�DIWHU�SODQWLQJ�DQG�VHHPHG�WR�DSSURDFK�D�VWDEOH�OHYHO�RI�DERXW����
PP�ORZHU�WKDQ�WKH�WXVVRFN�FDWFKPHQW�DIWHU�DERXW���\U���7KLV�ZDV�IRU�D�FDWFKPHQW�SODQWHG�RYHU�����RI�LWV�DUHD�
/RZ�IORZV��%HWZHHQ������DQG�������WKH�PLQLPXP���GD\�ORZ�IORZ�DW�*+��DYHUDJHG�����PP�GD\�ORZHU������
WR������PP�UDQJH���*+��UDQJH�ZDV�����WR���PP�GD\�LQ�QHDUO\�DOO�\HDUV�
3HDNIORZV��IRXU�VL]H�FODVVHV��!���/�V�KD���7KHUH�ZHUH�IHZHU�VWRUPV�DW�*+��WKDQ�DW�*+��LQ�����±�������)RU
FRPSDUDEOH�VWRUPV�LQ�WKH�VL]H�FODVVHV�DW�*+���VWRUPV�ZHUH�UHGXFHG�DW�*+��E\�DQ�DYHUDJH�����LQ��±������
LQ��±�������VWRUPV�������LQ���±����DQG�����LQ�!���/�V�KD�VL]H�FODVVHV�
6WRUP�TXLFNIORZ��LQ�IRXU�FODVVHV�DERYH���PP��PHDQ�\LHOGV�ZHUH�UHGXFHG����WR�����FRPSDUHG�WR�*+���DQG
WKHUH�ZHUH�OHVVHU�HYHQWV�LQ�HDFK�VL]H�FODVV�
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)DKH\��%���:DWVRQ��$���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��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\��YDULRXV %DVDO�$UHD��YDULRXV
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW

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���� �� �� ��

(LJKW�PRQWKV��2FWREHU�WR�0D\��RI�WUDQVSLUDWLRQ�GDWD�GHULYHG�IURP�VDSIORZ�PHDVXUHPHQWV�DUH�DYDLODEOH�
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(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 ��� ��� ��

)DUUHOO��(�3���&XPPLQV��7���&ROOLQV��-�)���%HLHU��&���%ODQFN��.���%UHGHPHLHU��0���GH�9LVVHU��3�+�%��
.UHXW]HU��.���5DVPXVVHQ��/���5RWKH��$���6WHLQEHUJ��1����������$�FRPSDULVRQ�RI�VLWHV�LQ�WKH�(;0$1
SURMHFW��ZLWK�UHVSHFW�WR�DWPRVSKHULF�GHSRVLWLRQ�DQG�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VRLO�VROXWLRQ�DQG
IROLDJH���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW������±����

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�������������$XWKRUV¶�$EVWUDFWV
)RUHVW�VWDQGV��WKURXJKIDOO�DQG�WKH�FRPSRVLWLRQ�RI�WKH�VRLO�VROXWLRQ�LQ�VL[�FRQLIHURXV�IRUHVW�SODQWDWLRQV

LQ�(XURSH�ZHUH�FRPSDUHG�DV�SDUW�RI�WKH�(;0$1�SURMHFW��(;SHULPHQWDO�0$1LSXODWLRQ�RI�IRUHVW�HFRV\VWHPV
LQ� (XURSH��� ZKLFK� ZDV� HVWDEOLVKHG� WR� TXDQWLI\� ELRJHRFKHPLFDO� F\FOHV� DQG� WKH� HIIHFWV� RI� DWPRVSKHULF
GHSRVLWLRQ�RQ�FRQLIHURXV�IRUHVW�HFRV\VWHPV��7KH�VLWHV�DUH��.ORVWHUKHGH��'HQPDUN��3LFHD�DELHV���.RRWZLMN
�'RXJODV�ILU��DQG�+DUGHUZLMN��3LQXV�V\OYHVWULV���1HWKHUODQGV��+RJOZDOG�DQG�6ROOLQJ��3��DELHV���*HUPDQ\��DQG
%DOO\KRRO\��3��DELHV���5HSXEOLF�RI�,UHODQG��(YHQ�WKRXJK�WKH�(;0$1�VWDQGV�DQG�VLWHV�DUH�EURDGO\�VLPLODU�
WKH\�UHSUHVHQW�D�ZLGH�UDQJH�RI�FOLPDWLF�FRQGLWLRQV�DQG�OHYHOV�RI�SROOXWDQW�GHSRVLWLRQ��7KH�(;0$1�SURMHFW
LQFRUSRUDWHV�WUHDWPHQW�RI�IRUHVW�SORWV�DQG�LQ�WKLV�SDSHU�WKH�XQWUHDWHG�FRQWURO�SORWV�DUH�FRPSDUHG��7KH�UHVXOWV
VKRZ�PDUNHG�GLIIHUHQFHV�LQ�LRQLF�FRPSRVLWLRQ�RI�ZDWHU�EHWZHHQ�VLWHV��PRVW�FOHDUO\�H[SUHVVHG�LQ�WKURXJKIDOO
IOX[HV��$W�WKH�*HUPDQ�DQG�'XWFK�VLWHV��LRQLF�LQSXWV�GHPRQVWUDWH�D�VWURQJ�KXPDQ�LQIOXHQFH��7KURXJKIDOO�DW�WKH
'DQLVK�DQG�,ULVK�VLWHV�LV�GRPLQDWHG�E\�LRQV�RI�PDULQH�RULJLQ��+\GURJHQ�LRQV�DUH�QRW�WKH�PRVW�LPSRUWDQW
FDWLRQV�LQ�SUHFLSLWDWLRQ�DW�DQ\�VLWH��DQG�DW�RQO\�RQH�VLWH��6ROOLQJ��ZDV�WKH�K\GURJHQ�LRQ�IOX[�LQ�WKURXJKIDOO
JUHDWHU�WKDQ�LQ�SUHFLSLWDWLRQ��7KH�LQIOXHQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�VRLO�ZDWHU
LV�YHU\�HYLGHQW�IRU�PRVW�PDMRU�LRQV��([FHSWLRQV�WR�WKLV�DUH�DPPRQLXP�DQG�QLWUDWH��WKH�FRPSOH[LW\�RI�ZKRVH
EHKDYLRXU� GHPRQVWUDWHV� WKH� QHHG� IRU� JUHDWHU� XQGHUVWDQGLQJ� RI� QLWURJHQ� WUDQVIRUPDWLRQ� DQG� XSWDNH� LQ
FRQLIHURXV�IRUHVW�HFRV\VWHPV��

&RPPHQW
(;0$1�SURMHFW��'RHV�JLYH�LQIRUPDWLRQ�IRU�RWKHU�VSHFLHV�LQ�RWKHU�FRXQWULHV���1RW�JLYHQ�KHUH�DV�SUHFLSLWDWLRQ
UHJLPHV�ZLOO�EH�GLIIHUHQW�
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��\U�PHDQ�DQQXDO�3771�����PP��7KURXJKIDOO�����PP�
6WHPIORZ�GRHV�QRW�DSSHDU�WR�KDYH�EHHQ�PHDVXUHG�

)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��3LQXV�UDGLDWD��
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�GHQVLW\�������63+
+HLJKW�����P 'LDPHWHU�������FP
.H\ZRUGV��6RLO�ZDWHU�

&$%�$EVWUDFWV�$1������������
$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��3LQXV�UDGLDWD
DQG�'RXJODV�ILU��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\SWV��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�'RXJODV�ILU�VRLO�GLG�QRW�DSSHDU�WR
EH�GHSOHWHG�LQ�H[FKDQJHDEOH�FDWLRQV�

&RPPHQW�
)RUHVW�IORRU�OHDFKDWH��9LFWRULD

0D\±'HF����� ���� -DQ±-XO�����
5DLQ��PP� ��� ��� ���
(��UHJQDQV��XQLWV"� ��� ��� ���
(�REOLTXD��XQLWV"� ��� ��� ���
3��UDGLDWD��XQLWV"� �� �� ���
'RXJODV�ILU��XQLWV"� �� ±� ±�

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�
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)HOOHU�� 0�&��� .LPPLQV�� -�3�� � ������ � &KHPLFDO� FKDUDFWHULVWLFV� RI� VPDOO� VWUHDPV� QHDU� +DQH\� LQ
VRXWKZHVWHUQ�%ULWLVK�&ROXPELD���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��&DQDGD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��5HJURZWK�IRUHVW�����\U
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
)ORZV�ZHUH�PHDVXUHG�IURP�WZR�ZDWHUVKHGV�

$QQXDO�IORZV�IURP�ZDWHUVKHGV�LQ�%ULWLVK�&ROXPELD
����±���� ����±����

&DWFKPHQW $UHD
�KD�

3771
�PP�

52
�PP�

(7 3771���52
�PP�

3771
�PP�

52
�PP�

(7 3771���52
�PP�

$ ���� ���� ���� ��� ���� ���� ���
& �� ���� ���� ����

7KHUH�LV�DVVXPHG�WR�EH�D�JURXQGZDWHU�IORZ�RI�EHWZHHQ�����DQG�����PP�\U�SDVVLQJ�XQGHU�WKH�ZHLUV�

)RUJHDUG��)���*ORDJXHQ��-�&���7RXIIHW��-����������,QWHUFHSWLRQ�RI�SUHFLSLWDWLRQ�DQG�VXSSO\�RI�PLQHUDOV
WR�WKH�VRLO�E\�UDLQIDOO�DQG�UDLQ�ZDWHU�OHDFKDWHV�LQ�DQ�$WODQWLF�EHDFK�IRUHVW�DQG�LQ�VRPH�FRQLIHURXV
VWDQGV�LQ�%ULWWDQ\����,QWHUFHSWLRQ�GHV�SUHFLSLWDWLRQV�HW�DSSRUW�DX�VRO�G
HOHPHQWV�PLQHUDX[�SDU�OHV�HDX[
GH�SOXLH�HW�OHV�SOXYLROHVVLYDWV�GDQV�XQH�KHWUDLH�DWODQWLTXH�HW�GDQV�TXHOTXHV�SHXSOHPHQWV�UHVLQHX[�HQ
%UHWDJQH����$QQDOHV�GHV�6FLHQFHV�)RUHVWLHUHV�������±���

&RXQWU\��)UDQFH 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��&RQLIHUV��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 'LDPHWHU�����FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1������������
0HDVXUHPHQWV�ZHUH�WDNHQ�LQ�HLJKW�FRQLIHURXV�VWDQGV�RI�GLIIHUHQW�VSHFLHV�DQG�LQ�D�PDWXUH�EHHFK�VWDQG

GXULQJ������������DQG�������7KH�LQWHUFHSWLRQ�VWXG\�ZDV�FRQWLQXHG�LQ������DQG������LQ�VHYHQ�GHYHORSPHQWDO
VWDJHV��IURP�WKLFNHW�WR�PDWXUH�WLPEHU��RI�WKH�EHHFK�IRUHVW��,QWHUFHSWLRQ�E\�FRQLIHUV�ZDV�JUHDWHU�WKDQ�WKDW�RI
EHHFK�IRU�WKH�VDPH�EDVDO�DUHD�SHU�KHFWDUH��7KH�DPRXQW�RI�LQWHUFHSWLRQ�E\�WKH�EHHFK�ZDV�GHSHQGHQW�RQ�VWDQG
VWUXFWXUH�DQG�QRW�DJH��7KH�DPRXQW�RI�LQWHUFHSWLRQ�E\�FRQLIHUV�YDULHG�VHDVRQDOO\��EHLQJ�ORZHU�LQ�VSULQJ�DQG
VXPPHU��ZKHUHDV�IRU�EHHFK�WKHUH�ZDV�QR�UHODWLRQ�WR�VHDVRQ��WKLV�LV�H[SODLQHG�E\�VHDVRQDO�GLIIHUHQFHV�LQ�WKH
W\SH�RI�UDLQIDOO�FDQFHOOLQJ�RXW�FDQRS\�GLIIHUHQFHV�LQ�EHHFK��5DLQIDOO�FDUULHG�PRUH�1D�LQ�WKH�ZLQWHU��VHDVRQDO
YDULDWLRQV�ZHUH�QRW�GHWHFWHG�IRU�RWKHU�HOHPHQWV��5DLQIDOO�VXSSOLHG����NJ�KD�RI�PLQHUDO�HOHPHQWV�DQQXDOO\�
7KURXJKIDOO�KDG�D�JUHDWHU�FRQFHQWUDWLRQ�RI�PLQHUDOV�WKDQ�UDLQIDOO��WKH�FRQFHQWUDWLRQ�YDU\LQJ�DFFRUGLQJ�WR
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PLQHUDO�HOHPHQWV�DQG�VSHFLHV��$QQXDO�PLQHUDO�VXSSO\�E\�WKURXJKIDOO�ZDV�JUHDWHU�IRU�EHHFK�IRUHVW������NJ�KD�
WKDQ�IRU�FRQLIHURXV�IRUHVW������±����NJ�KD���0LQHUDOV�LQ�VWHPIORZ�ZHUH����NJ�KD�IRU�EHHFK�����±���NJ�KD�IRU
FRQLIHUV��

&RPPHQW
0RQWKO\�LQWHUFHSWLRQ�IRU�'RXJODV�ILU�UDQJHG�IURP������WR�������ZLWK�D�PHDQ�RYHU���\U�RI���������7KLV�ZDV
VLPLODU�WR�WKUHH�SLQHV�DQG�DQ�$ELHV�VWDQG��OHVV�WKDQ�WZR�3LFHD�VSHFLHV�EXW�JUHDWHU�WKDQ�IRU�7VXJD���,QWHUFHSWLRQ
E\�)DJXV�V\OYDWLFD�ZDV�FRQVLGHUDEO\�ORZHU�DW�DERXW���±�����

,W�ZDV�VWDWHG�WKHUH�ZDV�D�VHDVRQDO�HIIHFW�ZLWK�KLJKHU�LQWHUFHSWLRQ�ORVVHV�LQ�ZLQWHU���7KH�QRUPDO�H[SHULHQFH
LQGLFDWHV�WKLV�LV�WKH�ZURQJ�ZD\�DURXQG���:RXOG�EH�XVHIXO�WR�VHH�WKH�DFWXDO�GDWD�DQG�QRW�MXVW�SHUFHQWDJHV�WR
FRQILUP�WKLV���1R�UDLQIDOO�GDWD�ZHUH�JLYHQ�WR�H[WHQG�WKH�DQDO\VLV�RI�WKLV�GDWD�VHW�IXUWKHU�

)RXUW��'�)���+LQVRQ��:�+����������:DWHU�UHODWLRQV�RI�WUHH�FURSV��D�FRPSDULVRQ�EHWZHHQ�&RUVLFDQ�3LQH
DQG�'RXJODV�ILU�LQ�VRXWK�HDVW�(QJODQG���-RXUQDO�RI�$SSOLHG�(FRORJ\�������±����

&RXQWU\��(QJODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ�
6SHFLHV�&RPSDULVRQ��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�������P��KD�
+HLJKW�������P
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1���������
)XUWKHU�ZRUN�>FI��)�$�����1R�����@��WKH�DQQXDO�F\FOH�RI�ZDWHU�PRYHPHQW�KDV�EHHQ�VWXGLHG�RYHU�ILYH

JURZLQJ�VHDVRQV�LQ�DGMDFHQW�VHPL�PDWXUH�VWDQGV�RI�&RUVLFDQ�3LQH�DQG�'RXJODV�ILU��JURZLQJ�RQ�GHHS�SRURXV
VRLOV�LQ�%UDPVKLOO�)RUHVW��+DPSVKLUH��3HULRGV�RI�VRLO�ZDWHU�GHILFLW�LQ�WKH�WZR�VWDQGV�KDYH�EHHQ�LGHQWLILHG�IURP
UHFRUGV�RI�J\SVXP�EORFN�UHVLVWDQFH�PHDVXUHPHQWV�RI�VRLO�PRLVWXUH�WHQVLRQ��5DLQIDOO�RYHU�WKLV�SHULRG�KDV�EHHQ
HTXDWHG�ZLWK�WRWDO�HYDSRUDWLRQ�DQG�FRPSDUHG�ZLWK�YDOXHV�RI�RSHQ�ZDWHU�HYDSRUDWLRQ�FDOFXODWHG�IURP�FOLPDWLF
UHFRUGV��(VWLPDWHV�KDYH�EHHQ�PDGH�RI�ZDWHU�XVH�E\�WKH� WZR�VSHFLHV��DQG�WKH�VLWH�IDFWRUV�DIIHFWLQJ�WKHVH
HVWLPDWHV�%,2/2*<�2'&��������KDYH�EHHQ�H[DPLQHG��,W�LV�FRQFOXGHG�WKDW�&RUVLFDQ�3LQH��ZKLFK�GULHV�WKH
VRLO�PRUH�GHHSO\�DQG�LQWHQVHO\�WKDQ�'RXJODV�ILU��XVHV�PRUH�ZDWHU�GXULQJ�WKH�SHULRG�RI�GHILFLW��7KH�FDXVHV�RI
WKHVH�GLIIHUHQFHV�DUH�QRW�IXOO\�XQGHUVWRRG��EXW�LW�LV�SRVVLEOH�WKDW�ZLQG�PD\�LQWHUDFW�ZLWK�WKH�GLVWLQFWLYH�FDQRS\
VWUXFWXUH�DQG�OHDI�SDWWHUQ�RI�WKH�VSHFLHV�DQG�WKHUHE\�DIIHFW�WUDQVSLUDWLRQ��WKRXJK�WKH�UDWHV�RI�ORVV�RI�LQWHUFHSWHG
UDLQIDOO�VHHP�WR�EH�VLPLODU��7KHUH�PD\�EH�GLIIHUHQFHV�LQ�WKH�UDWH�RI�XSWDNH�RI�ZDWHU�DV�DIIHFWHG�E\�URRWLQJ
SDWWHUQ��DQG�LQ�LWV�VXEVHTXHQW�PRYHPHQW�WR�WKH�WUDQVSLULQJ�VXUIDFHV��DQG�WKH�HIIHFWV�RI�WKH�EUDFNHQ�XQGHUVWRUH\
DQG�KXPXV�OD\HUV�VKRXOG�DOVR�EH�FRQVLGHUHG��

&RPPHQW
5HVXOWV�VXJJHVW�WKDW�HYDSRUDWLRQ�ZDV�OHVV�IURP�'RXJODV�ILU�SODQWDWLRQ�FRPSDUHG�WR�WKH�&RUVLFDQ�SLQH��SHUKDSV
E\�����
1RW�DEOH�WR�GHWHUPLQH�UDWHV�IURP�WKH�GDWD�SUHVHQWHG�

)UHGULNVHQ��5�/�� �������1XWULHQW�EXGJHW�RI�D�'RXJODV�ILU� IRUHVW�RQ�DQ�H[SHULPHQWDO�ZDWHUVKHG� LQ
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ZHVWHUQ�2UHJRQ���,Q��)UDQNOLQ��-�)���'HPSVWHU��/�-���:DULQJ��5�+��HG���5HVHDUFK�RQ�&RQLIHURXV�)RUHVW
(FRV\VWHPV��)LUVW�\HDU�SURJUHVV� LQ�WKH�&RQLIHURXV�)RUHVW�%LRPH��86�,%3�� �86'$�)RUHVW�6HUYLFH� �
3DFLILF�1RUWKZHVW�)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ���3RUWODQG�2UHJRQ���3S�����±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��2OG�JURZWK�IRUHVW²����\U
.H\ZRUGV��1XWULHQW�F\FOLQJ��:DWHU�\LHOG

&RPPHQW
$QGUHZV�([SHULPHQWDO�)RUHVW��2UHJRQ���:DWHUVKHG�QR�"�������KD

6WUHDPIORZ�
<HDU ���� ����
5DLQIDOO ���� ����
6WUHDPIORZ ���� ����

)ULWVFKHQ��/�-���'RUDLVZDP\��3����������'HZ��DQ�DGGLWLRQ�WR�WKH�K\GURORJLF�EDODQFH�RI�'RXJODV�ILU�
:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ����GD\V 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��6LQJOH�WUHH�LQ�D�O\VLPHWHU�LQ�D�UHJHQHUDWLQJ�a����\U�VWDQG
+HLJKW�����P
.H\ZRUGV��'HZ��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������
$� VWXG\� ZDV� PDGH� RI� WKH� K\GURORJLF� EDODQFH� RI� D� VLQJOH� 'RXJODV� ILU� WUHH� �KHLJKW� ��� P�� >LQ

:DVKLQJWRQ@��E\�PHDQV�RI�D�ZHLJKLQJ�O\VLPHWHU�IRU�WZR�FOHDU�GD\V�LQ�0D\�������7KH�UHVXOWV�LQGLFDWHG�GHZ
DFFXPXODWLRQV�RI�����DQG������OLWUHV�IRU�WKH�WZR�GD\V��ZKLFK�UHSUHVHQW����DQG�����UHVSHFWLYHO\�RI�WKH�WRWDO
HYDSRUDWLRQ� IURP� WKH� WUHH�� 6LQFH� WKH� GHZ� ZDV� UHFRUGHG� DV� D� ZHLJKW� LQFUHDVH�� LWV� VRXUFH� PXVW� EH� WKH
DWPRVSKHUH��,Q�WKH�3DFLILF�1RUWKZHVW��FRQGLWLRQV�DUH�IDYRXUDEOH�IRU�GHZ�IRUPDWLRQ�GXULQJ�PRVW�RI�WKH�VXPPHU
DQG�DXWXPQ��DQG�WKXV�GHZ�IRUPDWLRQ�FRXOG�SOD\�D�ODUJH�SDUW�LQ�WKH�K\GURORJLF�EDODQFH�RI�ILU�IRUHVWV��

&RPPHQW
7KHVH�GDLO\�WRWDOV�DUH�HTXLYDOHQW�WR������DQG������PP��FI��HYDSRUDWLRQ� ������DQG������PP�GD\��UHVSHFWLYHO\�
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)ULWVFKHQ��/�-���+VLD��-���'RUDLVZDP\��3����������(YDSRWUDQVSLUDWLRQ�RI�D�'RXJODV�ILU�GHWHUPLQHG�ZLWK
D�ZHLJKLQJ�O\VLPHWHU���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ������GD\V�RYHU���\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��6LQJOH�WUHH�LQ�D�O\VLPHWHU�LQ�D�UHJHQHUDWLQJ�a����\U�VWDQG
+HLJKW�����P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������
7KH�HYDSRWUDQVSLUDWLRQ��(7��RI�D����P�'RXJODV�ILU�LQ�D�ZHLJKLQJ�O\VLPHWHU�ORFDWHG�RQ�WKH�&HGDU

5LYHU�ZDWHUVKHG�QHDU�6HDWWOH��:DVKLQJWRQ��ZDV�GHWHUPLQHG�GXULQJ�WKH�VXPPHU�DQG�IDOO�RI�������������DQG
������$YHUDJH�(7�UDWHV�IURP�WKH�DUHD�RI�WKH�FURZQ�SURMHFWLRQ�ZHUH�����PP�GD\�RU������JDO��GD\�LQ����������
PP�GD\�LQ�������DQG�����PP�GD\�LQ�������7KH�UDQJH�IRU�PRQWKO\�SHULRGV�ZDV����±����PP�GD\��'XULQJ������
(7�ZDV�����RI�SUHFLSLWDWLRQ�SOXV�LUULJDWLRQ��3���,���DQG�HYDSRUDWLRQ�RI�LQWHUFHSWLRQ��L��ZDV�����RI�(7�
&RPSDUDEOH�YDOXHV�IRU������ZHUH�����DQG�����DQG�IRU������ZHUH�����DQG������7KH�ORZHU�(7��3���,�
YDOXHV�LQ������DQG������ZHUH�DVVRFLDWHG�ZLWK�VRLO�PRLVWXUH�GHSOHWLRQ�VWXGLHV�DQG�ORQJHU�SHULRGV�RI�FOHDU
VNLHV��7KH�UHODWLYHO\�KLJK�L�(7�SHUFHQWDJHV�VXJJHVW�WKH�QHHG�IRU�PRUH�LQWHUFHSWLRQ�VWXGLHV��3UREOHPV�VXFK�DV
LUULJDWLRQ��GUDLQDJH��OLVWLQJ��ZLQG��UDLQIDOO�LQWHUFHSWLRQ��DQG�WKH�WUDQVODWLRQ�RI�GDWD�WR�DQ�DUHD�EDVLV�WKDW�DUH
DVVRFLDWHG�ZLWK�ODUJH�SODQWV�LQ�O\VLPHWHUV�DUH�GLVFXVVHG��

&RPPHQW
6WHPIORZ�ZDV�VPDOO�DQG�LJQRUHG�

*HVVHO�� 6�3���&ROH��'�:�� � ������ � ,QIOXHQFH� RI� UHPRYDO� RI� IRUHVW� FRYHU� RQ�PRYHPHQW� RI�ZDWHU� DQG
DVVRFLDWHG� HOHPHQWV� WKURXJK� VRLO�� � -RXUQDO� $PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ�� 1HZ� <RUN� ���
����±������

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ� 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��3ODQWDWLRQ�²����\U %DVDO�$UHD��
.H\ZRUGV��6RLO�ZDWHU

&$%�$EVWUDFWV�$1��������
$�VWXG\�RI��D��D����\HDU�ROG�'RXJODV�ILU�SODQWDWLRQ��%$�����VT��IW��DFUH��FURZQ�GHQVLW\������LQ�WKH

&HGDU�5LYHU�YDOOH\��:DVKLQJWRQ��RQ�D�JUDYHOO\��ORDP\��H[FHVVLYHO\�GUDLQHG�VDQG��DQG��E��D�UHFHQWO\�FOHDU�
IHOOHG�SORW�RI�WKH�VDPH�VWDQG��XVLQJ�DQ�DXWRPDWLFDOO\�UHFRUGLQJ�V\VWHP�RI�VPDOO�VFDOH�WHQVLRQ�O\VLPHWHUV��7KHLU
FROOHFWLRQ�SODWHV�����VT��LQ��LQ�VL]H��ZHUH�SODFHG��D����LQ��EHORZ�WKH�IRUHVW�IORRU��DQG��E�����LQ��EHORZ��L�H��EHORZ
WKH�PDLQ� URRWLQJ� ]RQH��&D�� �����RI� WRWDO� SUHFLSLWDWLRQ�ZDV� UHFRUGHG� DW� ���� LQ� �D��� DQG� FD�� ���� LQ� �E��
UHSUHVHQWLQJ������LQ��RI�ZDWHU�LQ�WKH�VWXG\�\HDU��0RYHPHQW�RI�HOHPHQWV��OHDFKDWHV���DW�����DQG�����UHVSHFWLYHO\�
LQFUHDVHG�LQ��E��DV�IROORZV��LQ�OE��DFUH�\HDU���1��IURP������WR�����DQG������WR�������.�������WR��������DQG�����
WR�������DQG�&D�������WR�������DQG������WR�������EXW�LQ�QR�FDVH�GLG�WKH�DPRXQW�DW�����H[FHHG�����RI�WKH�WRWDO
FRQWHQW�RI� WKH� VRLO� �������� IRU�1���7KH� LQFUHDVH� LQ� UHOHDVH�ZDV�JUHDWHVW� LPPHGLDWHO\� DIWHU� FOHDU� IHOOLQJ�
0RYHPHQW�RI�HOHPHQWV�ZDV�JUHDWHVW�DW�WKH�EHJLQQLQJ�RI�WKH�ZHW�VHDVRQ�LQ�6HSW��DQG�2FW���DQG�IOXFWXDWHG�PRVW
IRU�&D��>&I��)�$�����1R�������@�
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*LOHV��'�*���%ODFN��7�$���6SLWWOHKRXVH��'�/����������'HWHUPLQDWLRQ�RI�JURZLQJ�VHDVRQ�VRLO�ZDWHU�GHILFLWV
RQ�D�IRUHVWHG�VORSH�XVLQJ�ZDWHU�EDODQFH�DQDO\VLV���&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������±����

&RXQWU\��&DQDGD 'XUDWLRQ��0D\�WR�'HF�IRU���\U 5HSRUW�/RFDWLRQ��5����
6WDQG�7\SH��(YHQ�DJHG�VWDQG����\U 6WDQG�'HQVLW\��9DULDEOH %DVDO�$UHD��9DULDEOH
5DLQIDOO��0$3������PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��0RGHO��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
&RHIILFLHQWV�IRU�WKH�FDOFXODWLRQ�RI�VRLO�ZDWHU�EDODQFH�FRPSRQHQWV�DW�VHYHQ�VLWHV�RQ�D�IRUHVWHG��PRVWO\

���\U�ROG�'RXJODV�ILU��VORSH�RQ�9DQFRXYHU�,V��ZHUH�GHWHUPLQHG�XVLQJ�RQO\�PHDVXUHPHQWV�RI�GDLO\�VRODU
LUUDGLDQFH��PD[LPXP�DQG�PLQLPXP�DLU�WHPS��DQG�UDLQIDOO��DQG�ZHHNO\�URRW�]RQH�VRLO�ZDWHU�FRQWHQW�GXULQJ
D���\U�SHULRG������±�����6LWH�SDUDPHWHUV�UHTXLUHG�ZHUH�URRW�]RQH�GHSWK��VRLO�ZDWHU�UHWHQWLRQ�FKDUDFWHULVWLFV�
DQG�UDLQIDOO�LQWHUFHSWLRQ�FRHIILFLHQWV��%DVHG�RQ�GD\WLPH�QHW�UDGLDWLRQ��WKH�3ULHVWOH\�7D\ORU�HYDSRWUDQVSLUDWLRQ
FRHIILFLHQW��DOSKD��ZDV�IRXQG�WR�EH��������������ZKLFK�LV�VLPLODU�WR�YDOXHV�UHSRUWHG�LQ�RWKHU�FRQLIHU�IRUHVW
VWXGLHV��*URZLQJ�VHDVRQ�ZDWHU�GHILFLW�LQFUHDVHG�ZLWK�GHFUHDVLQJ�URRW�]RQH�ZDWHU�VWRUDJH�FDSDFLW\��ZKLFK�ZDV
PDLQO\�D�IXQFWLRQ�RI�URRW�]RQH�GHSWK��$�FRPSDULVRQ�EHWZHHQ�VLWHV�DW�KLJK�DQG�ORZ�DOWLWXGHV�RQ�WKH�VORSH
VKRZHG�����\U�VLWH�LQGLFHV�UDQJLQJ�IURP����WR����P�FRUUHODWLQJ��DV�DQ�LQYHUVH�OLQHDU�IXQFWLRQ��ZLWK�JURZLQJ
VHDVRQ�VRLO�ZDWHU�GHILFLWV�RI������PP��LQ�WKH�GULHU�\HDU�RI�������RU������PP��LQ��������$QQXDO�EDVDO�DUHD
LQFUHPHQWV�FRUUHODWHG�ZLWK�VRLO�ZDWHU�GHILFLWV�DQG�ZLWK�JURZLQJ�VHDVRQ�WUDQVSLUDWLRQ��ERWK�IRU�WKH�VWXG\�SHULRG
DQG�ZKHQ�ERWK�YDULDEOHV�ZHUH�DYHUDJHG�RYHU�WKH�ODVW����\U�

&RPPHQW
7KH�VHYHQ�SORWV�FRYHUHG�D�WUDQVHFW�IURP�YHU\�[HULF�WR�K\JULF�VRLO�PRLVWXUH�FODVVHV�

*URZLQJ�VHDVRQ�ZDWHU�EDODQFH�²�DYHUDJH�RI���SORWV��/.5�
<HDU 3UHFLSLWDWLRQ

�PP�
6RLO�ZDWHU�GHILFLW
�PP�

7UDQVSLUDWLRQ
�PP�

,QWHUFHSWLRQ
�PP�

6RLO�PRLVWXUH
FKDQJHV��PP�

���� ��� �� ��� �� ���
���� ��� �� ��� �� ���
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*ROGLQJ�� '�/�� � ������&KDQJHV� LQ� VWUHDPIORZ� SHDNV� IROORZLQJ� WLPEHU� KDUYHVW� RI� D� FRDVWDO� %ULWLVK
&ROXPELD�ZDWHUVKHG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����

&RXQWU\��&DQDGD 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW
5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
3DLUHG�FDWFKPHQWV�H[SHULPHQW��FRQWURO�FDWFKPHQW�����KD��WUHDWPHQW�FDWFKPHQW�����KD������RI�WKH�FDWFKPHQW
KDUYHVWHG�RYHU���\U�
8VHG�PDVV�FXUYH�DQDO\VLV�WR�GHWHUPLQH�FKDQJH�RI�SHDN�IORZV�IRU�QRQ�VQRZPHOW�DQG�VQRZPHOW�VWRUPV�ZLWK
!��PP�RI�SUHFLSLWDWLRQ���7KH�\HDUV�ZHUH�QRW�LGHQWLILHG�WR�ORRN�DW�WKH�UHVSRQVHV�LQ�PRUH�GHWDLO���7KH�VLJQLILFDQW
LQFUHDVH�LQ�DFFXPXODWHG�ZLQWHU�SHDNV�ZDV�PXFK�JUHDWHU�WKDW�WKH�LQFUHDVH�LQ�DFFXPXODWHG�VXPPHU�SHDNV�
+RZHYHU�WKLV�ZDV�PDWFKHG�E\�VLPLODU�LQFUHDVHV�LQ�DFFXPXODWHG�SHDN�IORZV�IURP�WKH�FRQWURO�FDWFKPHQW���7KH
FKDQJHV��WKHUHIRUH��DUH�DQ�DUWLIDFW�RI�D�FKDQJLQJ�SUHFLSLWDWLRQ�UHJLPH��
0DNHV�WKH�SRLQW�WKDW�KDUYHVWLQJ�������RI�WKH�FDWFKPHQW�KDV�UHVXOWHG�LQ�¶DQ�LQFUHDVH�LQ�WUHDWPHQW�LQGXFHG�SHDN
ZLQWHU�IORZV�WR�D�PD[LPXP�RI�������EXW�QR�VLJQLILFDQW�FKDQJH�LQ�SHDN�VXPPHU�IORZV¶��'RHV�QRW�SUHVHQW�WKH
GDWD�WKRXJK�

*UDQLHU�� $�� � ������ � (YDOXDWLRQ� RI� WUDQVSLUDWLRQ� LQ� D� 'RXJODV�ILU� VWDQG� E\� PHDQV� RI� VDS� IORZ
PHDVXUHPHQWV���7UHH�3K\VLRORJ\�������±�����

&RXQWU\��)UDQFH 'XUDWLRQ������GD\V 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������	������63+ %DVDO�$UHD�����	������P��KD�
+HLJKW�������P
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
6DS� IORZ�ZDV� FDOFXODWHG� IURP� WKH� WHPSHUDWXUH� GLIIHUHQFH�EHWZHHQ� WZR�SUREHV� LQVHUWHG� LQWR� WKH

VDSZRRG��RQH�RI�ZKLFK�ZDV�KHDWHG��0HDVXUHPHQWV�ZHUH�UHFRUGHG�KRXUO\�IURP����0D\�WR����6HS�������RQ
ILYH�WUHHV�HDFK�LQ�FRQWURO�DQG�WKLQQHG�SORWV�LQ�D����\U�ROG�VWDQG�LQ�WKH�IRUHVW�RI�$PDQFH��QHDU�1DQF\��)UDQFH�
9DULDWLRQ�LQ�VDS�IORZ�EHWZHHQ�WUHHV�GHSHQGHG�RQ�FURZQ�FODVV��2Q�D�VXQQ\�GD\��WRWDO�WUDQVSLUDWLRQ�ZDV�����
����DQG������/�GD\�IRU�VXSSUHVVHG��DYHUDJH�DQG�GRPLQDQW�WUHHV��UHVSHFWLYHO\��7UDQVSLUDWLRQ�HVWLPDWHG�E\�VDS
IORZ� IHOO� EHORZ� SRWHQWLDO� HYDSRWUDQVSLUDWLRQ�ZKHQ� DYDLODEOH� VRLO� ZDWHU� GHFUHDVHG� WR� EHORZ� ���� RI� LWV
PD[LPXP�YDOXH��6DS�IORZ�PHDVXUHPHQWV�JDYH�WUDQVSLUDWLRQ�YDOXHV�VLPLODU�WR�WKRVH�REWDLQHG�E\�WKH�ZDWHU
EDODQFH�PHWKRG��

&RPPHQW



��

/DQGFDUH�5HVHDUFK

8QWKLQQHG�VWDQG� PD[LPXP�WUDQVSLUDWLRQ�UDWH�����PP�GD\
7KLQQHG�VWDQG� PD[LPXP�WUDQVSLUDWLRQ�UDWH�����PP�GD\

7RWDO�VHDVRQDO�WUDQVSLUDWLRQ�IURP�-XOLDQ�GD\�����WR�����6RXWKHUQ�+HPLVSKHUH�HTXLYDOHQW�LV�����WR����� ����
PP�	�����PP�IRU�XQWKLQQHG�DQG�WKLQQHG�SORWV��
:KHQ�WKHUH�LV�OLWWOH�ZDWHU�VWUHVV�� (� ���������������î�3(7� U�� �������
ZKHUH�3(7� �GDLO\�SRWHQWLDO�HYDSRWUDQVSLUDWLRQ
7UHHV�EHFDPH�ZDWHU�VWUHVVHG�ZKHQ�UHODWLYH�H[WUDFWDEOH�ZDWHU��5(:��ZDV��������LQ�WKH�ILUVW����FP�RI�VRLO�
6KRZV�UHODWLRQVKLS�EHWZHHQ�DFWXDO�DQG�SRWHQWLDO�HYDSRWUDQVSLUDWLRQ�DJDLQVW�5(:�

*UDQLHU��$���%DGHDX��9���%UHGD��1����������0RGHOOLQJ�WKH�ZDWHU�EDODQFH�LQ�IRUHVW�VWDQGV����0RGHOLVDWLRQ
GH�ELODQ�K\GULTXH�GHV�SHXSOHPHQWV�IRUHVWLHUV����5HYXH�)RUHVWLHUH�)UDQFDLVH�����1XPHUR�VSHFLDO����±���

&RXQWU\��)UDQFH 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW
.H\ZRUGV��0RGHO

&$%�$EVWUDFWV�$1����������
$Q�LWHUDWLYH�PRGHO�LV�GHVFULEHG��ZKLFK�ZDV�XVHG�WR�VLPXODWH�ZDWHU�EDODQFH�LQ�IRUHVW�WUHHV��XVLQJ�GDWD

IRU�4XHUFXV�SHWUDHD��)DJXV�V\OYDWLFD� DQG�'RXJODV� ILU� VWDQGV� LQ�)UDQFH��7KH�PRGHO� LOOXVWUDWHV� WKH�FORVH
UHODWLRQVKLS�EHWZHHQ�SUHFLSLWDWLRQ��VRLO�ZDWHU�EDODQFH��ZDWHU�VWUHVV�DQG�LQFUHPHQW�IRU�IRUHVW�WUHHV��

+DUU��5�'����������)RUHVW�SUDFWLFHV�DQG�VWUHDPIORZ�LQ�ZHVWHUQ�2UHJRQ���,Q��6\PSRVLXP�RQ�:DWHUVKHG
0DQDJHPHQW���86'$�)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO�5HSRUW�31:�*75����

&RXQWU\���8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��2OG�JURZWK�IRUHVW
.H\ZRUGV���+DUYHVWLQJ��:DWHU�\LHOG

&RPPHQW
1RW�LQ�1HZ�=HDODQG���6RPH�LQIRUPDWLRQ�SUHVHQWHG�LQ�6WHGQLFN�������



��

/DQGFDUH�5HVHDUFK

+DUU��5�'����������6WUHDPIORZ�DIWHU�SDWFK�FXWWLQJ�LQ�WKH�%XOO�5XQ�ZDWHUVKHGV���86'$�)RUHVW�6HUYLFH
5HVHDUFK�3DSHU�31:�����

&RXQWU\���8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��2OG�JURZWK�IRUHVW
.H\ZRUGV���+DUYHVWLQJ��:DWHU�\LHOG

&RPPHQW
1RW�LQ�1HZ�=HDODQG�

+DUU��5�'����������)RJ�GULS�LQ�WKH�%XOO�5XQ�0XQLFLSDO�:DWHUVKHG��2UHJRQ���:DWHU�5HVRXUFHV�%XOOHWLQ
�������±����

&RXQWU\���8QLWHG�6WDWHV 'XUDWLRQ������ZHHNV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW�DQG����\U�ROG�VHFRQG�JURZWK
+HLJKW��2OG�JURZWK���±���P��6HFRQG�JURZWK��±����P
.H\ZRUGV��)RJ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�������������$XWKRU
V�DEVWUDFW�
1HW�SUHFLSLWDWLRQ�XQGHU�ROG�JURZWK�'RXJODV�ILU�IRUHVW�WRWDOOHG������PP�GXULQJ�D����ZN�SHULRG�LQ

����±��������PP�PRUH�WKDQ�LQ�DGMDFHQW�DUHDV�FOHDU�IHOOHG����\U�HDUOLHU��([SUHVVLRQ�RI�GDWD�RQ�D�IXOO�ZDWHU
\HDU�EDVLV�DQG�DGMXVWPHQW�RI�JURVV�SUHFLSLWDWLRQ�IRU�ORVVHV�GXH�WR�UDLQIDOO�LQWHUFHSWLRQ�VXJJHVWHG�WKDW�IRJ�GULS
FRXOG�KDYH�DGGHG�����PP�RI�ZDWHU�WR�WRWDO�SUHFLSLWDWLRQ�GXULQJ�D�\HDU�ZKHQ�SUHFLSLWDWLRQ�PHDVXUHG�LQ�D
QHDUE\�FOHDULQJ�ZDV������PP��7KXV�VWDQGDUG�UDLQ�JDXJHV�LQVWDOOHG�LQ�RSHQ�DUHDV�ZKHUH�IRJ�LV�FRPPRQ�PD\
EH�FROOHFWLQJ�XS� WR����� OHVV�SUHFLSLWDWLRQ� WKDQ�ZRXOG�EH� FROOHFWHG� LQ� WKH� IRUHVW��7LPEHU�KDUYHVW� LQ� WKH
ZDWHUVKHG� FRXOG� LQ� WKH� ORQJ� WHUP� UHGXFH� DQQXDO� ZDWHU� \LHOG� DQG�� PRUH� LPSRUWDQWO\�� UHGXFH� VXPPHU
VWUHDPIORZ�E\�UHGXFLQJ�IRJ�GULS��

&RPPHQW
,QFOXGHG�IRU�LQWHUHVW�DV�HQKDQFHG�SUHFLSLWDWLRQ�WKURXJK�IRJ�LQWHUFHSWLRQ�LV�QRW�D�PDMRU�IDFWRU�LQ�1HZ�=HDODQG
VWXGLHV�

+DUU��5�'����������(IIHFWV�RI�FOHDUFXWWLQJ�RQ�UDLQ�RQ�VQRZ�UXQRII�LQ�:HVWHUQ�2UHJRQ��$�QHZ�ORRN�DW
ROG�VWXGLHV��:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\���8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW�DQG�XS�WR���±���\U�ROG�UHJURZWK
.H\ZRUGV���6WRUP�IORZ



��
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&RPPHQW
7KH�SDSHU�UHSRUWV�RQ�UDLQ�RQ�VQRZ�HYHQWV��ZKLFK�RFFXU�LQ�PDQ\�86�VLWXDWLRQV���'DWD�DUH�UHSRUWHG�IRU�+-
$QGUHZV�([SHULPHQWDO�)RUHVW�ZDWHUVKHGV�+-$��������DQG�����5HYLHZV�DQG�XSGDWHV�VWXGLHV�E\�5RWKDFKHU
�������DQG�+DUU�	�0F&RULVRQ����������5HVXOWV�IURP�RQH�XSGDWHG�VWXG\��5RWKDFKHU¶V��µVXJJHVW�WKDW�FOHDU�FXW
ORJJLQJ�KDV�DOWHUHG�VQRZ�DFFXPXODWLRQ�DQG�PHOW�HQRXJK�WR�KDYH�LQFUHDVHG�WKH�VL]H�RI�SHDN�IORZV�FDXVHG�E\
VQRZPHOW�GXULQJ�UDLQIDOO�¶��7KH�RWKHU�XSGDWHG�VWXG\�ZDV�OHVV�FRQFOXVLYH���+H�DOVR�FDXWLRQV�µ&DUH�PXVW�EH�XVHG
LQ�VHOHFWLQJ�SXEOLVKHG�UHSRUWV�WR�VXSSRUW�D�SDUWLFXODU�SRVLWLRQ�LQ�WKH�ORJJLQJ�VQRZPHOW�TXHVWLRQ�¶

+DUU��5�'���)UHGULNVHQ��5�/���5RWKDFKHU��-����������&KDQJHV�LQ�VWUHDPIORZ�IROORZLQJ�WLPEHU�KDUYHVW
LQ�VRXWKZHVWHUQ�2UHJRQ���86�'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH�5HVHDUFK�3DSHU�31:�����
���S�

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��0L[HG�IRUHVW 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUPIORZ��:DWHU�\LHOG

&RPPHQW
&R\RWH�&UHHN�H[SHULPHQWDO�ZDWHUVKHGV��2UHJRQ���9HJHWDWLRQ�LV�PL[HG�FRQLIHUV�ZLWK�'RXJODV�ILU��SLQHV�DQG
FHGDU���0L[HG�DJHV���

0HDQ�3771������PP��PHDQ�DQQXDO�UXQRII�IURP�FRQWURO��&&���� �����PP������
,QFUHDVH�LQ�VWUHDPIORZ�DIWHU�KDUYHVWLQJ���+LJKHVW�LQFUHDVHV�LQ�ZLQWHU�DQG�DXWXPQ�EXW�ELJJHVW�SHUFHQWDJH
LQFUHDVHV�LQ�VXPPHU��DW�&&��������PP� �������DQG�VSULQJ���/DUJHVW�LQFUHDVHV�ZHUH�LQ�ZHWWHU�\HDUV�ZKHQ�RI
OHDVW�EHQHILW�WR�GRZQVWUHDP�XVHUV�
$�UHGXFWLRQ�LQ�WKH�IORZ�LQFUHDVH�ZDV�QRWLFHDEOH�WKH�WKLUG�\HDU�
3HDN�IORZV�������/�VHF�KD��LQFUHDVHG�DIWHU�KDUYHVWLQJ�²�WKH�FKDQJH�ZDV�WHVWHG�XVLQJ�UHJUHVVLRQ�UHODWLRQVKLSV
ZLWK�WKH�FRQWURO�FDWFKPHQW�GDWD�

&KDQJHV�DW�&R\RWH�&UHHN�DIWHU�KDUYHVWLQJ�'RXJODV�ILU�
&&�� &&�� &&��

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

%$�UHPRYHG�
3DWFKFXW &OHDU�FXW

,QFUHDVH�LQ�IORZ�\HDUV��±� �±��PP �±���PP ��±���PP



��
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+DUU��5�'���+DUSHU��:�&���.U\JLHU��-�7���+VLHK��)�6����������&KDQJHV�LQ�VWRUP�K\GURJUDSKV�DIWHU�URDG
EXLOGLQJ�DQG�FOHDU�FXWWLQJ�LQ�WKH�2UHJRQ�&RDVW�5DQJH���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��0L[HG�IRUHVW�ZLWK�'RXJODV�ILU� 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
$OVHD�:DWHUVKHG�6WXG\��2UHJRQ�

$OVHD�ZDWHUVKHG�WUHDWPHQWV
'HHU
&UHHN

'&�VXE�
ZDWHUVKHG��

'&�VXE�
ZDWHUVKHG��

'&�VXE�
ZDWHUVKHG��

1HHGOH
%UDQFK

)O\QQ
&UHHN

$UHD��KD� ��� �� �� �� �� ���
7UHDWHG��KD� �������� �������� ��������� �������� �������� �
9HJHWDWLRQ
'RXJODV�ILU��

�� " " " " ��

8VHG� UDLQ\� VHDVRQ� VWRUP� HYHQWV� RQO\� DQG�+HZOHWW�	�+LEEHUW� �������PHWKRG� RI� IORZ� VHSDUDWLRQ�� �'DWD
VHSDUDWHG� E\� VHDVRQ� �6HSWHPEHU±1RYHPEHU�  � DXWXPQ� UHFKDUJH� SHULRG� 	� 'HFHPEHU±0DUFK�  � ZLQWHU
UHFKDUJHG�SHULRG����)RU�VRPH�DQDO\VHV�WKH�GDWD�ZHUH�VHSDUDWHG�ZKHQ�DQWHFHGHQW�VWRUP�EDVHIORZ�UHDFKHG�����
/�V�KD��

6WRUP�SHDNV��$Q�LQFUHDVH�DIWHU�URDGLQJ�ZDV�REVHUYHG�RQO\�DW�'&��ZKHUH�URDGV�RFFXSLHG�����RI�WKH�DUHD�²
�����/�V�KD���$IWHU�KDUYHVWLQJ��DYHUDJH�VWRUP�SHDN�LQFUHDVHV�ZHUH��'&������������/�V�KD�DQG�����/�V�KD�LQ
DXWXPQ�DQG�ZLQWHU��UHVSHFWLYHO\��'&�����������/�V�KD�LQ�DXWXPQ��1HHGOH�%UDQFK�����������DQG�����/�V�KD
LQ�DXWXPQ�DQG�ZLQWHU��UHVSHFWLYHO\�

6WRUP�YROXPHV��2QO\�DW�1HHGOH�%UDQFK�LQ�DXWXPQ�GLG�VWRUP�YROXPHV��TXLFNIORZ���EDVHIORZ�GXULQJ�WKH
VWRUP��LQFUHDVH²WRWDO�IRU�WKH�SHULRG� ����PP�

4XLFNIORZ��&KDQJHV�ZHUH�YDULDEOH���7KHUH�ZDV�D�GHFUHDVH�DW�'HHU�&UHHN�DIWHU�URDG�EXLOGLQJ��DXWXPQ�DQG
ZLQWHU�DQG�DJDLQ�DIWHU�KDUYHVWLQJ��DXWXPQ��DQG�DQ�LQFUHDVH�DW�1HHGOH�%UDQFK�DIWHU�KDUYHVWLQJ��LQ�DXWXPQ�

'HOD\HG�IORZ��9ROXPHV�JHQHUDOO\�LQFUHDVHG�DIWHU�URDGLQJ�DQG�DW�DOO�VLWHV�DIWHU�KDUYHVWLQJ



��
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+DUU��5�'���.U\JLHU��-�7����������&OHDUFXW�ORJJLQJ�DQG�ORZ�IORZV�LQ�2UHJRQ�FRDVWDO�ZDWHUVKHGV���2UHJRQ
6WDWH�8QLYHUVLW\��)RUHVW�5HVHDUFK�/DERUDWRU\�5HVHDUFK�1RWH�1R��������S�

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��0L[HG�IRUHVW�ZLWK�����\U�'RXJODV�ILU� 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ

&$%�$EVWUDFWV�$1�����������
&OHDU�IHOOLQJ�WKH�ZKROH�RI�RQH�FDWFKPHQW��FRYHUHG�ZLWK�SXUH�DQG�PL[HG�VWDQGV�RI�'RXJODV�ILU�DQG

$OQXV�UXEUD��LQ�WKH�$OVHD�5LYHU�EDVLQ�PDUNHGO\�GHFUHDVHG�WKH�QXPEHU�RI�GD\V�ZLWK�PLQLPXP�VWUHDPIORZ
GXULQJ�WKH�QH[W���\U��DQG�KHQFH�LQFUHDVHG�WKH�DYHUDJH�PLQLPXP�VWUHDPIORZ�E\�FD�������7KH�GLIIHUHQFHV
RFFXUUHG�LQ�WKH�VSULQJ�DQG�DXWXPQ�DQG�RFFDVLRQDOO\�DIWHU�VXPPHU�VWRUPV��1R�WUHQG�WRZDUGV�WKH�IORZ�YDOXHV
UHFRUGHG�EHIRUH�ORJJLQJ�ZDV�HYLGHQW�DW�WKH�HQG�RI�WKH�SHULRG��$�VPDOOHU�HIIHFW�ZDV�REVHUYHG�LQ�D�VHFRQG
FDWFKPHQW�RI�ZKLFK�����ZDV�IHOOHG��D�WKLUG�FDWFKPHQW�ZDV�XVHG�DV�D�FRQWURO�

&RPPHQW
$OVHD�:DWHUVKHG�6WXG\��2UHJRQ�

8VHG�D�UHJUHVVLRQ�UHODWLRQVKLS�RQ�WKH�DQQXDO�QXPEHU�RI�ORZ�IORZ�GD\V������FIV�PLOH�� ��������/�V�KD� 
��������PP�GD\��

$W�'HHU�&UHHN������FXW��WKH�HIIHFWV�ZDV�RQO\�VLJQLILFDQW�LQ���RI�WKH���\U�DIWHU�FXWWLQJ��

+DUU��5�'���/HYQR��$���0HUVHUHDX��5����������6WUHDPIORZ�FKDQJHV�DIWHU�ORJJLQJ�����\HDU�ROG�'RXJODV
ILU�LQ�WZR�VPDOO�ZDWHUVKHGV���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\���8QLWHG�6WDWHV 'XUDWLRQ� 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH������\U�ROG�IRUHVW
.H\ZRUGV���/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������
)HOOLQJ�LQ�WZR�VPDOO�FDWFKPHQW�DUHDV�LQ�ZHVWHUQ�2UHJRQ�LQFUHDVHG�DQQXDO�ZDWHU�\LHOG�E\�XS�WR����FP

LQ�WKH�ILUVW�\HDU�DIWHU�KDUYHVW��$YHUDJH�\LHOG�LQFUHDVHV�RI�WKH�ILUVW���\U�ZHUH����FP�LQ�D����KD�FOHDU�IHOOHG
FDWFKPHQW� DQG����FP� LQ�D������KD�FDWFKPHQW�ZKHUH�D� VKHOWHUZRRG� IHOOLQJ� UHPRYHG�����RI�EDVDO� DUHD�
,QFUHDVHG�VXPPHU�VWUHDPIORZV�ZHUH�LQGLFDWHG�E\�PDQ\�IHZHU�ORZ�IORZ�GD\V��HVSHFLDOO\�LQ�WKH�FOHDU�IHOOHG
FDWFKPHQW��1HLWKHU� WKH� VL]H� QRU� WKH� WLPLQJ� RI� SHDN� IORZV� FKDQJHG� VLJQLILFDQWO\� DIWHU� ORJJLQJ� LQ� HLWKHU
FDWFKPHQW��



��
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&RPPHQW
+-�$QGUHZV�([SHULPHQWDO�)RUHVW�ZDWHUVKHGV�+-$������DQG���

6WUHDPIORZ��PP��DW�H[SHULPHQWDO�ZDWHUVKHGV
<HDU 3771��PP� +-$�� +-$�� +-$��
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ��� ���
���� ���� ���� ��� ����
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ��� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ��� ��� ���
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ����
���� ���� ��� ��� ���
���� ���� ���� ���� ����
���� ���� ���� ��� ����

+-$�� &OHDU�FXW�VXPPHU�����
+-$�� 6KHOWHUZRRG�FXW������RI�%$�UHPRYHG��VXPPHU�����
$QDO\VLV�XVLQJ�UHJUHVVLRQV�ZLWK�FRQWURO�+-$���

$W�+-$����VWUHDPIORZ�LQFUHDVH�LQ�WKH�ILUVW�\HDU�DIWHU�ORJJLQJ�ZDV�����PP�DQG�DYHUDJHG�����PP�LQ�WKH�ILUVW
��\U��+-$���DYHUDJHG�DQ�LQFUHDVH�RI�����PP�LQ�WKH�ILUVW���\U�DIWHU�ORJJLQJ�

/RZ�IORZ�GD\V� �GD\V�ZLWK�PHDQ�VWUHDPIORZ�OHVV�WKDQ�������/�V�KD���1RZ�KDYH�IHZHU�ORZ�IORZ�GD\V�WKDQ
SUHGLFWHG�E\�UHJUHVVLRQ�DQDO\VLV�

6WRUP�IORZV�
&RXOG�QRW�GHWHFW�D�FKDQJH�LQ�SHDN�IORZV�JUHDWHU�WKDW�����/�V�KD�QRU�LQ�WKH�WLPLQJ�RI�WKH�SHDNV�



��
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&KDQJHV�LQ�WLPLQJ�VWRUP�SHDNV�DIWHU�ORJJLQJ
3UH�ORJJLQJ 3RVW�ORJJLQJ
1R��RI
SHDNV

7LPH�GLIIHUHQFH
�KRXUV�

1R��RI
SHDNV

7LPH�GLIIHUHQFH
�KRXUV�

W

+-$�� �� ��� � ��� ������
+-$�� �� ���� � ��� �����

+DUU��5�'���0F&RULVRQ��)�0����������,QLWLDO�HIIHFWV�RI�FOHDU�ORJJLQJ�RQ�VL]H�DQG�WLPLQJ�RI�SHDN�IORZV�LQ
D�VPDOO�ZDWHUVKHG�LQ�:HVWHUQ�2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK�������±���

&RXQWU\���8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW�DQG�XS�WR���±���\U�ROG�UHJURZWK
.H\ZRUGV���6WRUP�IORZ

&RPPHQW
7KH�SDSHU�UHSRUWV�ILUVW�\HDU�DIWHU�ORJJLQJ�HYHQWV���7KH�GDWD�LPSOLHG�UHGXFWLRQV�LQ�VWRUP�SHDNV�DQG�LQFUHDVHV
LQ�WLPH�WR�SHDNV���7KH�GDWD�KDYH�EHHQ�UHYLHZHG�DQG�XSGDWHG�E\�+DUU��������ZLWK�GLIIHULQJ�FRQFOXVLRQV�

+DUULV��'�'����������+\GURORJLF�FKDQJHV�DIWHU�FOHDUFXW�ORJJLQJ�LQ�D�VPDOO�2UHJRQ�FRDVWDO�ZDWHUVKHGV�
-RXUQDO�RI�5HVHDUFK�RI�WKH�86�*HRORJLFDO�6XUYH\������±����

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��0L[HG�IRUHVW�ZLWK�'RXJODV�ILU������WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
$OVHD�:DWHUVKHG�6WXG\��2UHJRQ���1HHGOH�%UDQFK�FOHDU�FXW���
/LVWV�DQQXDO�VWUHDPIORZ�IRU�WKH����\U�DQG�LPSOLHV�DQ�LQFUHDVH�LQ�VWUHDPIORZ�RI�RYHU����LQFKHV������PP��

3HDN�IORZV�RYHU� ���FIV�PLOHV��� �����/�V�NP���PD\�KDYH�VKRZQ�DQ�LQFUHDVH�EXW�LW�ZDV�QRW�VWDWLVWLFDOO\
VLJQLILFDQW�²�VPDOO�VDPSOH�VL]H�WKH�UHDVRQ""

/RZ�IORZV�²�XVHG�6HSWHPEHU�� �6RXWKHUQ�+HPLVSKHUH�0DUFK��PLQLPXP�²�UHVXOWV�DV�IRU�SHDN�IORZV�



��

/DQGFDUH�5HVHDUFK

+DUULV��'�'���������+\GURORJLF�FKDQJHV�DIWHU�ORJJLQJ�LQ�WZR�VPDOO�2UHJRQ�FRDVWDO�ZDWHUVKHGV���86
*HRORJLFDO�6XUYH\�:DWHU�VXSSO\�3DSHU�����������S�

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��0L[HG�IRUHVW�ZLWK�'RXJODV�ILU�����WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
$OVHD�:DWHUVKHG�6WXG\��2UHJRQ���8SGDWHV�+DUULV��������DQG�LQFOXGHV�'HHU�&UHHN�

&KDQJHV�DIWHU�KDUYHVWLQJ�DW�$OVHD
'HHU�&UHHN 1HHGOH�%UDQFK

$QQXDO�UXQRII��PP����� ������ ��������
3HDN�IORZ��/�V�KD������ �������� ���������
/RZ�IORZ��/�V�KD������ ������� �

7KLV�SDSHU�GRHV�QRW�LQGLFDWH�WKH�GHJUHH�RI�KDUYHVWLQJ���)URP�+DUU�HW�DO���������LW�DSSHDUV�WKDW�'HHU�&UHHN�ZDV
����KDUYHVWHG�DQG�1HHGOH�&UHHN�ZDV�����KDUYHVWHG�

*LYHV�D�WDEOH�RI�DQQXDO�\LHOGV�IRU�WKH�WZR�WUHDWHG�FDWFKPHQWV�DQG�)O\QQ�&UHHN��WKH�FRQWURO�FDWFKPHQW���1R
UDLQIDOO�GDWD�IRU�WKH�SRVW�KDUYHVW�SHULRG�

+HOYH\��-�'����������)LUVW�\HDU�HIIHFWV�RI�ZLOGILUH�RQ�ZDWHU�\LHOG�DQG�VWUHDP�WHPSHUDWXUH���,Q��&VDOODQ\�
6�&���0F/DXJKOLQ��7�*���6WULIIOHU��:�'��HG���:DWHUVKHGV�LQ�7UDQVLWLRQV���$PHULFDQ�:DWHU�5HVRXUFHV
$VVRFLDWLRQ���8UEDQD��,OO���3S�����±����

&RXQWU\��8QLWHG�6WDWHV� 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��)LUH
6WDQG�7\SH��0DWXUH�PL[HG�IRUHVW�ZLWK�'RXJODV�ILU
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
(QWLDW�([SHULPHQWDO�)RUHVW��:DVKLQJWRQ�

7KUHH�FDWFKPHQWV�ZHUH�YLUWXDOO\������EXUQHG���)LUVW�\HDU�LQFUHDVHV�LQ�VWUHDPIORZ�RYHU�WKDW�SUHGLFWHG�ZHUH
��������DQG����PP���



��

/DQGFDUH�5HVHDUFK

+HOYH\��-�'���7LHGHPDQQ��$�5����������(IIHFWV�RI�GHIROLDWLRQ�E\�'RXJODV�ILU�WXVVRFN�PRWK�RQ�WLPLQJ�DQG
TXDQWLW\�RI�VWUHDPIORZ���8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH�)RUHVW�6HUYLFH��3DFLILF�1RUWKZHVW
)RUHVW�DQG�5DQJH�([SHULPHQW�6WDWLRQ�5HVHDUFK�1RWH�31:����������S�

&RXQWU\���8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��,QVHFW�GDPDJH
6WDQG�7\SH��2OG�JURZWK�IRUHVW
.H\ZRUGV���:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������
6WUHDPIORZ�GDWD�IURP�WKUHH�ZDWHUVKHGV�LQ�WKH�%OXH�0RXQWDLQV�RI�2UHJRQ�ZHUH�DQDO\VHG�IRU�FKDQJHV

LQ� DQQXDO� UXQRII�� VXPPHU� UXQRII� DQG� SHDN� GLVFKDUJH� IROORZLQJ� GHIROLDWLRQ� E\�2UJ\LD� SVHXGRWVXJDWD
�0F'XQQ���LQ������DQG�������$QQXDO�UXQRII�IURP�WKH�8PDWLOOD�5LYHU�ZDWHUVKHG�LQ������ZDV������FP�JUHDWHU
WKDQ�WKH�SUHGLFWHG�YDOXH�DQG�����FP�JUHDWHU�WKDQ�WKH�HQG�SRLQW�����FRQILGHQFH�EDQG�IRU�WKH�EDVHOLQH�GDWD�
1R�FKDQJHV�LQ�UXQRII�ZHUH�GHWHFWHG�RQ�WKH�1RUWK�RU�6RXWK�)RUN�RI�WKH�:DOOD�:DOOD�5LYHU��'HIROLDWLRQ�ZDV
PRUH�H[WHQVLYH�RQ�WKH�8PDWLOOD�GUDLQDJH��

&RPPHQW
,QFOXGHG�IRU�LQWHUHVW�²�WKH�HIIHFW�ZRXOG�EH�VLPLODU�WR�SUXQLQJ���([WHQW�RI�GHIROLDWLRQ�QRW�VWDWHG�LQ�WKH�DEVWUDFW�

+HQGHUVRQ��*�6���6ZDQN��:�7���:DLGH��-�%���*ULHU��&�&����������1XWULHQW�EXGJHWV�RI�$SSDODFKLDQ�DQG
&DVFDGH�UHJLRQ�ZDWHUVKHGV��D�FRPSDULVRQ���)RUHVW�6FLHQFH��������±�����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH������\U�ROG�JURZWK�IRUHVW�ZLWK���±���P�KLJK�'RXJODV�ILU�
.H\ZRUGV��1XWULHQW�F\FOLQJ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������
3UHFLSLWDWLRQ� LQSXWV� DQG� VWUHDPIORZ�RXWSXWV� RI�1��&D��.��0J�DQG�1D�ZHUH� FRPSDUHG� IRU� WKUHH

ZDWHUVKHGV��$QGUHZV�:DWHUVKHG�����DOW�����±����P��LQ�2UHJRQ��GRPLQDQW�YHJHWDWLRQ�'RXJODV�ILU��XSSHU
VORSHV��ZLWK�7VXJD�KHWHURSK\OOD��PLGGOH�DQG�ORZHU�VORSHV���&RZHHWD�:DWHUVKHG�����DOW�����±�����P��LQ
1RUWK�&DUROLQD��GRPLQDWHG�E\�4XHUFXV�VSS��ZLWK�&DU\D�VSS��DQG�$FHU�UXEUXP��:DONHU�%UDQFK�:DWHUVKHG
�DOW�����±����P��LQ�HDVWHUQ�7HQQHVVHH��GRPLQDWHG�E\�4XHUFXV�DQG�&DU\D�VSS��ZLWK�VPDOO�QXPEHUV�RI�3LQXV
YLUJLQLDQD��3��HFKLQDWD��DQG�/LULRGHQGURQ�WXOLSLIHUD��,QSXWV�RI�1�YDULHG�E\�QHDUO\����IROG��EXW�1+��1�DQG
12��1�RXWSXW�ZDV�VPDOO��JLYLQJ�D�QHW�DFFXPXODWLRQ��&DWLRQ�RXWSXW�ZDV�PRUH�YDULDEOH�WKDQ�LQSXW�DQG�UHODWHG
WR�EHGURFN�RI�WKH�ZDWHUVKHG��'DWD�DUH�DOVR�WDEXODWHG�IRU�ELRPDVV�GLVWULEXWLRQ�LQ�YHJHWDWLRQ�DQG�IRUHVW�IORRU�
DQG�GLVWULEXWLRQ��F\FOLQJ�DQG�ORVVHV�RI�1��.��DQG�&D��&RPSDULVRQV�RI�ORVVHV�ZLWK�FRPSDUWPHQW�VL]HV�DQG
DQQXDO�WUDQVIHUV�VKRZV�WKDW�DOO�WKUHH�HFRV\VWHPV�ZHUH�HIIHFWLYHO\�UHWDLQLQJ�DQG�UHF\FOLQJ�WKHVH�QXWULHQWV�
GLIIHUHQFHV�LQ�F\FOLQJ�SDWWHUQV�EHWZHHQ�FRQLIHURXV�DQG�EURDGOHDYHG�IRUHVWV�DUH�GLVFXVVHG��

&RPPHQW
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/DQGFDUH�5HVHDUFK

2QO\�:DWHUVKHG����DW�+�-�$QGUHZV�([SHULPHQWDO�)RUHVW��2UHJRQ��LV�FRQVLGHUHG�KHUH�²�WKH�RWKHUV�DUH�RQ�WKH
HDVW�FRDVW�DQG�GR�QRW�KDYH�'RXJODV�ILU��

3UHFLSLWDWLRQ������PP��6WUHDPIORZ������PP�����\U�RI�GDWD�

+HXYHOGRS��-���0LWVFKHUOLFK��*���.XQVWOH��(����������7KURXJKIDOO��VWHPIORZ�DQG�LQWHUFHSWLRQ�ORVV�LQ
'RXJODV�ILU�VWDQGV�RQ�VRXWK�DQG�QRUWK�VORSHV���$OOJHPHLQH�)RUVW�XQG�-DJG]HLWXQJ���������±����

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

&$%�$EVWUDFWV�$1������������
,Q�RUGHU�WR�FKHFN�ZKHWKHU�LQWHUFHSWLRQ�YDOXHV�RI���±����IRXQG�RQ�D�VWHHS�VRXWKHUQ�VORSH�LQ�DQ�HDUOLHU

VWXG\�>FI��)$���������@�ZHUH�UHSUHVHQWDWLYH�IRU�'RXJODV�ILU�VWDQGV�DJHG���±���\U��VLPLODU�PHDVXUHPHQWV�ZHUH
PDGH�LQ������DQG�������D��LQ�D����\U�ROG�VWDQG�RQ�D�VRXWKHUQ�VORSH�DQG��E��LQ�D�QHDU�E\����\U�ROG�VWDQG�RQ
D� JHQWOH� QRUWKHUQ� VORSH�� ERWK� LQ� )UHLEXUJ� GLVWULFW�� 6FKZDU]ZDOG�� ,Q� ������ D� \HDU� RI� DERYH�DYHUDJH
SUHFLSLWDWLRQ��SUHFLSLWDWLRQ�DERYH�WKH�FDQRS\�ZDV�OHVV�IRU��D��WKDQ�IRU��E���LQ�������D�UDWKHU�GU\�\HDU��WKHUH�ZDV
OLWWOH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VLWHV��7KURXJKIDOO�LQ��E��ZDV�����LQ�ERWK�\HDUV��LQ��D��LW�ZDV�����LQ�����
DQG�RQO\�����LQ�������6WHPIORZ�ZDV�RQO\����LQ��D��LQ�ERWK�\HDUV��DQG���DQG����LQ��E��LQ������DQG�����
UHVSHFWLYHO\��:LQG�LV�WKRXJKW�WR�EH�RQH�RI�WKH�IDFWRUV�DIIHFWLQJ�LQWHUFHSWLRQ�GLIIHUHQWO\�LQ�GLIIHUHQW�FRQGLWLRQV�
,W�LV�VXJJHVWHG�WKDW�LQ�ZDUP��UDWKHU�GU\�\HDUV��VWDQGV�H[SRVHG�WR�ZLQG�GU\�TXLFNO\��VR�WKDW�LQWHUFHSWLRQ�ORVVHV
EHFRPH� KLJKHU�� ZKLOH� LQ� FRRO�� ZHW� \HDUV�� PRUH� ZDWHU� LV� VKDNHQ� IURP� WKH� FURZQV� RI� WKH� WUHHV�� VR� WKDW
LQWHUFHSWLRQ�EHFRPHV�OHVV��

&RPPHQW
$Q�XSGDWH�RQ�0LWVFKHUOLFK�	�0ROO�������

5DLQIDOO�LQWHUFHSWLRQ��PP��DQG����E\�'RXJODV�ILU�RQ�QRUWK�DQG�VRXWK�VORSHV
6RXWK 1RUWK

<HDU 3771 7) 6) ,171 3771 7) 6) ,171
��������WR�������� ��� ���
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&RPELQLQJ�WKH�WZR�\HDUV�JDYH�WKH�VDPH�SHUFHQWDJH�LQWHUFHSWLRQ�ORVVHV�IRU�ERWK�VORSHV�

+LFNV��%�-���%HVFKWD��5�/���+DUU��5�'���������/RQJ�WHUP�FKDQJHV�LQ�VWUHDPIORZ�IROORZLQJ�ORJJLQJ�LQ
ZHVWHUQ�2UHJRQ�DQG�DVVRFLDWHG�ILVKHULHV�LPSOLFDWLRQV��:DWHU�5HVRXUFHV�%XOOHWLQ��������±�����
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/DQGFDUH�5HVHDUFK

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQGXVH�FKDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW�����WR����\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
+-�$QGUHZV�&DWFKPHQWV���:6���FOHDU�IHOOHG�RYHU���\U�WKHQ�EXUQHG��:6���XQFXW�FRQWURO��:6�������SDWFK�FXW
DQG�SDWFKHV�EXUQHG�LQ���\U�
:6�����,QFUHDVHG�ZDWHU�\LHOG��XS�WR�����PP�\U���2YHU�WKH���\U�DIWHU�EXUQLQJ�WKLV�GURSSHG�WR�DERXW�����PP
DERYH�SUHKDUYHVW�OHYHOV�ZKHUH�LW�VWD\HG�IRU�WKH�QH[W����\U�
:6�����,QFUHDVHG�ZDWHU�\LHOG��XS�WR�����PP�\U���2YHU�WKH����\U�DIWHU�WUHDWPHQW�WKH�LQFUHDVH�DYHUDJHG�DERXW
����PP�\U�DERYH�SUHKDUYHVW�OHYHOV�DQG�KDV�VWD\HG�DERXW����PP�KLJKHU�RYHU�WKH�QH[W����\U�

7KHUH�DUH�REYLRXV�ZHW�DQG�GU\�\HDU�HIIHFWV�VXSHULPSRVHG�RYHU�WKHVH�WUHQGV�EXW�QR�UDLQIDOO�GDWD�WR�ORRN�DW�WKHVH
LQ�GHWDLO�

$XJXVW�VWUHDPIORZV�DUH�WKH�ORZHVW�IRU�WKH�\HDU�DQG�DW�:6���WKHVH�DUH�HOHYDWHG�DERYH�SUHWUHDWPHQW�OHYHOV�E\
XS�WR����PP�DQG�DYHUDJH���PP�KLJKHU�XQWLO���\U�DIWHU�EXUQLQJ�ZKHQ�WKH\�GURS�WR�DERXW���PP�ORZHU�WKDQ
EHIRUH�KDUYHVWLQJ���$W�:6����$XJXVW�VWUHDPIORZV�KDYH�JHQHUDOO\�UHPDLQHG�KLJKHU�WKDQ�SUHWUHDWPHQW�OHYHOV�
WKH�LQFUHDVH�EHLQJ�VXVWDLQHG���\U�ORQJHU�WKDQ�IRU�:6����

+RJJ��6�(���0XUUD\��'�/���0DQO\��%�-�)����������0HWKRGV�RI�HVWLPDWLQJ�WKURXJKIDOO�XQGHU�D�IRUHVW���1HZ
=HDODQG�-RXUQDO�RI�6FLHQFH��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 5DLQIDOO��0$3��a����PP
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������
7KUHH�JDXJH�QHWZRUNV��VWDWLRQDU\������FP�� URYLQJ������FP�DQG� WURXJK�����[����FP���FROOHFWHG

WKURXJKIDOO�>7)@�IURP����VWRUPV�LQ�D���KD�VWDQG�RI����\U�ROG�'RXJODV�ILU��QHDU�'XQHGLQ��7KH�WKUHH�QHWZRUNV
JDYH�HTXDOO\�SUHFLVH�HVWLPDWHV�RI�PHDQ�7)�RYHU�WKH����VWRUPV��EXW�WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ
VWRUPV��

&RPPHQW
���VWRUPV
7RWDO�3771������PP��7KURXJKIDOO������PP������

+RXGLMN��$�/�)�0���5RHORIV��-�*�0���������'HSRVLWLRQ�RI�DFLGLI\LQJ�DQG�HXWURSKLFDWLQJ�VXEVWDQFHV�LQ
'XWFK�IRUHVWV���$FWD�%RWDQLFD�1HHUODQGLFD��������±�����



��
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&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ�YDU\�EHWZHHQ����DQG����\U
.H\ZRUGV��7KURXJKIDOO�

&$%�$EVWUDFWV�$1����������
,Q� RUGHU� WR� LGHQWLI\� DQG� TXDQWLI\� WKH� DFLGLI\LQJ� DQG� HXWURSK\LQJ� VXEVWDQFHV� WKDW� FRQWULEXWH� WR

DWPRVSKHULF�GHSRVLWLRQ�LQ�'XWFK�FRQLIHURXV�IRUHVWV��3LQXV�QLJUD�YDU��PDULWLPD��3��V\OYHVWULV��'RXJODV�ILU��
RSHQ�ILHOG�SUHFLSLWDWLRQ�DQG�WKURXJKIDOO�ZDWHU�ZHUH�VDPSOHG�PRQWKO\�DW����ORFDWLRQV�LQ�7KH�1HWKHUODQGV�RYHU
DQ����PRQWK�SHULRG��6SDWLDO�YDULDWLRQ�ZDV�VWXGLHG�E\�FRPSDULQJ�FKHPLFDO�FRPSRVLWLRQ�RI�GHSRVLWLRQ�LQ
IRUHVWV�RI�IRXU�UHJLRQV��:LWKLQ�IRUHVWV��WKURXJKIDOO�IOX[HV�RI�GLIIHUHQW�WUHH�VSHFLHV�ZHUH�FRPSDUHG��,Q�WKLV
SDSHU��GHSRVLWLRQ�IOX[HV�RI�VXOSKXULF�DQG�QLWURJHQRXV�FRPSRXQGV�DUH�HPSKDVLVHG��0RVW�IRUHVWHG�DUHDV�LQ�7KH
1HWKHUODQGV�UHFHLYHG�KLJK�DQQXDO�ORDGV�RI�QLWURJHQRXV������NPRO�1�KD��DQG�SRWHQWLDOO\�DFLGLI\LQJ������NPRO
+�KD��FRPSRXQGV��3DUWLFXODUO\��GHSRVLWLRQ�RI�DPPRQLXP�DQG�VXOSKDWH�ZDV�KLJK��QRW�RQO\� LQ�DUHDV�ZLWK
LQWHQVLYH�DJULFXOWXUDO�DFWLYLWLHV��EXW�WKURXJKRXW�WKH�FRXQWU\��5HJLRQDO�GLIIHUHQFHV�LQ�GHSRVLWLRQ�DSSHDUHG�WR
EH�UHODWLYHO\�VPDOO��:LWK�WKH�H[FHSWLRQ�RI�WKH�WZR�FRDVWDO�ORFDWLRQV��GHSRVLWLRQ�VKRZHG�OLWWOH�VSDWLDO�YDULDWLRQ�
,Q�WKH�FRDVWDO�UHJLRQ�ORDGV�RI�QLWURJHQRXV�DQG�SRWHQWLDOO\�DFLGLI\LQJ�FRPSRXQGV�ZHUH�ORZHU�WKDQ�HOVHZKHUH
LQ�WKH�FRXQWU\��*HQHUDOO\�KLJKHU�WKURXJKIDOO�IOX[HV�ZHUH�PHDVXUHG�LQ�'RXJODV�ILU�VWDQGV�WKDQ�LQ�SLQH�VWDQGV�
7KH�ODUJHU�VXUIDFH�DUHD�RI�'RXJODV�ILU�SUREDEO\�DFFRXQWV�IRU�HQKDQFHG�GU\�GHSRVLWLRQ��,Q�VXPPHU��WKURXJKIDOO
IOX[HV�ZHUH�JHQHUDOO\�VPDOOHU�WKDQ�LQ�ZLQWHU��

&RPPHQW
7KLV�WDEOH�LV�D�VXPPDU\�DV�SUHVHQWHG�ZLWK�SHUFHQWDJHV�DGGHG�E\�/.5���,W¶V�EDVHG�RQ����ORFDWLRQV�

7KURXJKIDOO��PP�DQG����IRU�YDULRXV�VWDQGV
5HJLRQ 3771 'RXJODV�ILU� &RUVLFDQ�SLQH 6FRWV�SLQH
&RDVWDO ��� ±� �������� ��������
1RUWKHUQ ���� �������� �������� ��������
&HQWUDO ���� �������� �������� ��������
6RXWKHUQ ���� �������� �������� ��������
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,QJZHUVHQ�� -�%�� � ������ � )RJ� GULS�� ZDWHU� \LHOG� DQG� WLPEHU� KDUYHVWLQJ� LQ� WKH� %XOO� 5XQ�PXQLFLSDO
ZDWHUVKHG��2UHJRQ���:DWHU�5HVRXUFHV�%XOOHWLQ��������±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVW
.H\ZRUGV��)RJ��:DWHU�\LHOG

$XWKRUV¶�$EVWUDFWV
$QDO\VLV�RI�UHFHQW�VWUHDPIORZ�GDWD�IURP�WKH�)R[�&UHHN�([SHULPHQWDO�:DWHUVKHGV�LQ�WKH�%XOO�5XQ

0XQLFLSDO�:DWHUVKHG��2UHJRQ��LQGLFDWHV�D�VLJQLILFDQW�UHFRYHU\�IURP�WKH�LPSDFWV�RQ�VXPPHU�ZDWHU�\LHOG�GXH
WR�D�ORVV�RI�IRJ�GULS�XSRQ�WLPEHU�KDUYHVWLQJ���0HDVXUDEOH�LPSDFWV�DQG�WKHLU�DVVRFLDWHG�UHFRYHU\�DUH�RQO\
QRWDEOH�GXULQJ�WKH�PRQWKV�RI�-XQH�DQG�-XO\���5HFRYHU\�EHJLQV�DERXW���RU���\U�IROORZLQJ�KDUYHVW��SRVVLEO\�GXH
WR�UHQHZHG�IRJ�GULS�IURP�SUROLILF�UHYHJHWDWLRQ���:DWHUVKHG�SRVLWLRQLQJ�ZLWK�UHVSHFW�WR�SUHYDLOLQJ�ZHDWKHU
V\VWHPV�DQG�WKH�H[WHQW�RI�EXUQLQJ�RU�UHPRYDO�RI�VODVK�DQG�UHVLGXDO�YHJHWDWLRQ�GXULQJ�ORJJLQJ�DSSHDU�WR�EH
LPSRUWDQW�IDFWRUV�LQ�SUHGLFWLQJ�WKH�LPSDFW�RI�IRJ�GULS�UHGXFWLRQ�DVVRFLDWHG�ZLWK�SODQQHG�KDUYHVW���$SSDUHQWO\�
RQFH�WKH�WHPSRUDU\�UHGXFWLRQ�LQ�VXPPHU�\LHOG�LV�RIIVHW�E\�UHQHZHG�IRJ�GULS��WKH�H[SHFWHG�LQFUHDVH�LQ�\LHOG
GXH�WR�GHFUHDVHG�HYDSRWUDQVSLUDWLRQ�FDQ�EH�REVHUYHG���5HGLVWULEXWLRQ�RI�IRJ�GULS�PD\�EH�D�PDMRU�IDFWRU�LQ�WKH
PHDVXUHPHQW�RI�ORFDO�LQWHUFHSWLRQ�DQG�ZDWHU�\LHOG���

&RPPHQW
$Q�XQXVXDO�FDVH�QRW�OLNHO\�WR�EH�IRXQG�LQ�1HZ�=HDODQG�EXW�OLVWHG�IRU�FRPSOHWHQHVV�

-RQHV��-�$����������+\GURORJLF�SURFHVVHV�DQG�SHDN�GLVFKDUJH�UHVSRQVH�WR�IRUHVW�UHPRYDO��UHJURZWK��DQG
URDGV�LQ����VPDOO�H[SHULPHQWDO�EDVLQV��ZHVWHUQ�&DVFDGHV��2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK����
����±������

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
7KLV�SDSHU�LV�RQH�RI�D�QXPEHU�RI�SDSHUV��-RQHV�	�*UDQW�������7KRPDV�	�0HJDKDQ�������DQG�SXEOLVKHG
FRPPHQWV��GHEDWLQJ�WKH�UHVSRQVHV�RI�FDWFKPHQW�SHDN�IORZV�WR�IRUHVW�PDQDJHPHQW���)RXU������FOHDU�FXW
FDWFKPHQWV��WZR�����FOHDU�FXW��DQG�IRXU���±����SDWFK�FXW���0RVW�RI�WKHVH�ZHUH�GRPLQDWHG�E\�PDWXUH�WR�ROG�
JURZWK�'RXJODV�ILU�

9DULRXV�HYHQW�FODVVHV�ZHUH�XVHG��VHDVRQ��VPDOO��ODUJH��UDLQ�RQO\��UDLQ�RQ�VQRZ��HWF���5RDGLQJ��KDUYHVWLQJ��DQG
UHJURZWK� HIIHFWV� ZHUH� ORRNHG� IRU�� � *HQHUDOO\� ORRNHG� DW� SUHWUHDWPHQW�� DQG� GHFDGDO� SRVW�WUHDWPHQW� GDWD�
%HFDXVH�RI�WKH�ZLGH�UDQJLQJ�VWXG\��VHH�WKH�SDSHU�IRU�GHWDLOHG�UHVXOWV���,Q�JHQHUDO��WKHUH�ZHUH�VLJQLILFDQW
LQFUHDVHV�RI�YDU\LQJ�PDJQLWXGHV�DIWHU�KDUYHVWLQJ��DQG�DIWHU�URDGLQJ��EXW�QRW�LQ�DOO�FDWFKPHQWV�



��
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-RQHV��-�$���*UDQW��*�(�� �������3HDN�IORZ�UHVSRQVHV�WR�FOHDU�FXWWLQJ�DQG�URDGV�LQ�VPDOO�DQG�ODUJH
EDVLQV��ZHVWHUQ�&DVFDGHV��2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK��������±�����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�IRUHVW 6WDQG�'HQVLW\��YDULRXV
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
7KLV�SDSHU�LV�RQH�RI�D�QXPEHU�RI�SDSHUV��7KRPDV�	�0HJDKDQ�������-RQHV�������DQG�SXEOLVKHG�FRPPHQWV�
GHEDWLQJ�WKH�UHVSRQVHV�RI�FDWFKPHQW�SHDN�IORZV�W�R�IRUHVW�PDQDJHPHQW��

7KUHH�VPDOO�FDWFKPHQWV�DW�+-�$QGUHZV���VL[�ODUJHU�FDWFKPHQWV��

µ)RUHVW�KDUYHVWLQJ�LQFUHDVHG�SHDN�GLVFKDUJHV�E\�DV�PXFK�DV�����LQ�VPDOO�EDVLQV�DQG������LQ�ODUJH�EDVLQV
RYHU�WKH�SDVW����\HDUV���7KHVH�LQFUHDVHV�DUH�DWWULEXWDEOH�WR�FKDQJHV�ERWK�LQ�IORZ�URXWLQJ�GXH�WR�URDGV�DQG�LQ
ZDWHU�EDODQFH�GXH�WR�WUHDWPHQW�HIIHFWV�DQG�YHJHWDWLRQ�VXFHVVLRQ�¶

.HOOLKHU��)�0���%ODFN��7�$���3ULFH��'�7����������(VWLPDWLQJ�WKH�HIIHFWV�RI�XQGHUVWRU\�UHPRYDO�IURP�D
'RXJODV�ILU�IRUHVW�XVLQJ�D�WZR�OD\HU�FDQRS\�HYDSRWUDQVSLUDWLRQ�PRGHO���:DWHU�5HVRXUFHV�5HVHDUFK����
����±�����

&RXQWU\��&DQDGD 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH���)RUHVW�PDQDJHPHQW
6WDQG�7\SH�����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P
.H\ZRUGV��(YDSRUDWLRQ��0RGHO

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
:�-��6KXWWOHZRUWK
V��������GHYHORSPHQW�RI�WKH�3HQPDQ�0RQWHLWK�HYDSRUDWLRQ�HTXDWLRQ�IRU�PXOWLOD\HU�

SDUWLDOO\�ZHW�IRUHVW�FDQRSLHV�ZDV�PRGLILHG�IRU�DSSOLFDWLRQ�WR�WKH�K\SRVWRPDWRXV�FDQRSLHV�RI�'RXJODV�ILU�DQG
VDODO� >*DXOWKHULD� VKDOORQ@�� 7KLV� WKHRU\� ZDV� FRPELQHG� ZLWK� VWDQGDUG� KRXUO\� PLFURPHWHRURORJLFDO
PHDVXUHPHQWV��HGG\�GLIIXVLYH��ERXQGDU\�OD\HU�DQG�VWRPDWDO�UHVLVWDQFH�IXQFWLRQV��DQG�FDQRS\�DQG�URRW�]RQH
ZDWHU� EDODQFH� HTXDWLRQV� WR� FDOFXODWH� HYDSRWUDQVSLUDWLRQ� UDWHV� �(�� IURP� D� 'RXJODV� ILU� IRUHVW� ZLWK� VDODO
XQGHUVWRUH\�RYHU�H[WHQGHG�SHULRGV�GXULQJ�WZR�JURZLQJ�VHDVRQV��&DOFXODWHG�YDOXHV�RI�(�DJUHHG�WR�ZLWKLQ����
PP�GD\�RI�YDOXHV�GHWHUPLQHG�XVLQJ�%RZHQ�UDWLR�HQHUJ\�EDODQFH�PHDVXUHPHQWV��7KH�FRXUVHV�RI�DYHUDJH�URRW
]RQH�YROXPHWULF�ZDWHU�FRQWHQW��WKHWD��FDOFXODWHG�IRU�WZR�H[WHQGHG�SHULRGV�DJUHHG�ZHOO�ZLWK�QHXWURQ�SUREH
PHDVXUHPHQWV��6DODO�XQGHUVWRUH\�UHPRYDO�UHVXOWHG�LQ�PHDVXUHG�YDOXHV�RI�WKHWD�EHLQJ�RQO\�����±�����P��P�

KLJKHU�RYHU� WKH� WZR�SHULRGV�� LQ�FORVH�DJUHHPHQW�ZLWK�FDOFXODWLRQV��7KLV�FRUUHVSRQGHG� WR�FDOFXODWHG� WUHH
WUDQVSLUDWLRQ�UDWHV�EHLQJ�����PP�GD\�KLJKHU�RQ�DYHUDJH��GXULQJ�WKH�VHFRQG�KDOI�RI�ERWK�SHULRGV��7KHVH�KLJKHU
UDWHV�ZHUH�FRQILUPHG�E\�VWRPDWDO�UHVLVWDQFH�PHDVXUHPHQWV��
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.HSSHOHU��(�7���������7KH�VXPPHU�IORZ�DQG�ZDWHU�\LHOG�UHVSRQVH�WR�WLPEHU�KDUYHVW���,Q��=LHPHU��5�5�
�7HFKQLFDO�&RRUGLQDWRU��3URFHHGLQJV�RI�WKH�FRQIHUHQFH�RQ�FRDVWDO�ZDWHUVKHGV��7KH�&DVSDU�&UHHN�VWRU\�
86'$�)RUHVW�6HUYLFH�*HQHUDO�7HFKQLFDO�5HSRUW�36:�*75��������±���

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��6HFRQG�JURZWK�ZLWK�UHGZRRGV�
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
$�FRQWLQXDWLRQ�RI�WKH�&DVSDU�&UHHN�VWRU\���

$IWHU�6RXWK�)RUN�ZDV�VHOHFWLRQ�FXW��ZDWHU�\LHOGV�LQFUHDVHG�E\�D�PD[LPXP�RI�����PP�LQ�WKH��WK�\HDU�DIWHU
KDUYHVWLQJ���,QFUHDVHG�\LHOGV�ZHUH�REVHUYHG�IURP�WKH��QG�\HDU�DIWHU�KDUYHVWLQJ�DQG�DYHUDJHG����PP�\U���1RUWK
)RUN�ZDV�����ORJJHG�DQG�WKHUH�ZDV�D�\LHOG�LQFUHDVH�RI�����PP�E\�WKH��WK�\HDU�DIWHU�ORJJLQJ�ZLWK�DQ�DYHUDJH
LQFUHDVH�RI�����RU����PP�EHJLQQLQJ�WKH��QG�\HDU�DIWHU�ORJJLQJ�

$W�6RXWK�&UHHN�WKHUH�ZHUH�LQFUHDVHG�VXPPHU�\LHOGV�IRU���\U�DIWHU�ORJJLQJ�DIWHU�ZKLFK�WKH\�IHOO�WR�SUHWUHDWPHQW
OHYHOV���6XPPHU�IORZ�LQFUHDVH�DPRXQWHG�WR�PLQRU�LQFUHDVHV�LQ�PLQLPXP�GLVFKDUJHV�DYHUDJLQJ��������/�V�KD
DW�6RXWK�)RUN�DQG�������/�V�KD�DW�1RUWK�)RUN�EXW�WKHVH�ZHUH�����DQG������KLJKHU�WKDQ�SUHWUHDWPHQW�OHYHOV�

.HSSHOHU��(�7���=LHPHU��5�5����������/RJJLQJ�HIIHFWV�RQ�VWUHDPIORZ��ZDWHU�\LHOG�DQG�VXPPHU�ORZ�IORZV
DW�&DVSDU�&UHHN�LQ�1RUWKZHVWHUQ�&DOLIRUQLD���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��6HFRQG�JURZWK 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
6WUHDPIORZ�GDWD�IRU�D����\HDU�SHULRG�ZHUH�DQDO\VHG�WR�GHWHUPLQH�WKH�HIIHFWV�RI�VHOHFWLYH�WUDFWRU

KDUYHVWLQJ�RI�VHFRQG�JURZWK�'RXJODV�ILU�DQG�UHGZRRG�IRUHVW�RQ�WKH�YROXPH��WLPLQJ��DQG�GXUDWLRQ�RI�ORZ�IORZV
DQG�DQQXDO�ZDWHU�\LHOG�LQ�QRUWK�ZHVWHUQ�&DOLIRUQLD���7KH�IORZ�UHVSRQVH�WR�ORJJLQJ�ZDV�KLJKO\�YDULDEOH���6RPH
RI�WKLV�YDULDELOLW\�ZDV�FRUUHODWHG�ZLWK�DQWHFHGHQW�SUHFLSLWDWLRQ�FRQGLWLRQV���6WDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHV
LQ�VWUHDPIORZ�ZHUH�GHWHFWHG�IRU�ERWK�WKH�DQQXDO�SHULRG�DQG�WKH�ORZ�IORZ�VHDVRQ���5HODWLYH�LQFUHDVHV�LQ�ZDWHU
\LHOG�ZHUH�JUHDWHU�IRU�WKH�VXPPHU�ORZ�IORZ�SHULRG�WKDQ�IRU�DQQXDO�IORZV��EXW�WKHVH�VXPPHU�IORZ�LQFUHDVHV
JHQHUDOO\�GLVDSSHDUHG�ZLWKLQ���\U�

&RPPHQW
&DWFKPHQWV�VWXGLHV�ZHUH�1RUWK�DQG�6RXWK�)RUNV�RI�&DVSDU�&UHHN�������RI�WKH�YHJHWDWLRQ�ZDV�UHPRYHG�IURP
6RXWK�)RUN�

$�ORZ�IORZ�VHDVRQ�ZDV�GHILQHG�E\�DQ�DQWHFHGHQW�SUHFLSLWDWLRQ�LQGH[��$3,L� �.�î�$3,L�����3L�ZKHUH



��
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3L� �SUHFLSLWDWLRQ�RQ�GD\�L��.��LV�D�UHFHVVLRQ�FRQVWDQW�� ����XVHG���������7KH�VHDVRQ�ZDV�GHILQHG�DV�WKH�SHULRG
ZKHQ�WKH�$3,�IHOO�EHORZ�DQG�H[FHHGHG�D�YDOXH�RI�����PP���7KH�VWDUW�GDWHV�FRUUHVSRQGHG�ZLWK�D�IORZ�RI�DERXW
�����/�V�KD�

)ORZ�LQFUHDVHV���������WR�����������PP�LQ�WKH���\U�DIWHU�KDUYHVWLQJ��ORZ�IORZV�LQFUHDVHG����WR�������7KH
QXPEHU�RI�ORZ�IORZ�GD\V��IORZ��������/�V�KD��GHFUHDVHG���������GD\V��RYHU���\U�DQG�UHWXUQHG�WR�QRUPDO�DIWHU
WKDW�
3HUIRUPHG�PXOWLSOH�UHJUHVVLRQ�DQDO\VHV�RQ�D�UDQJH�RI�IORZ�DQG�SUHFLSLWDWLRQ�YDULDEOHV�

.LWFKLQJ��5����������:DWHU�XVH�E\�WUHH�SODQWDWLRQV���-RXUQDO�RI�+\GURORJ\�������±���

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1���������
:DWHU�EDODQFHV�LQ�VL[�SODQWDWLRQV�LQ�(QJODQG�ZHUH�LQYHVWLJDWHG���D��'RXJODV�ILU�DQG��E��&RUVLFDQ�3LQH

DW�%UDPVKLOO��+DQWV���DQG�DW�5HQGOHVKDP��6XIIRON��DQG��F��6LWND�VSUXFH�DQG��G��D�&RULVFDQ�SLQH�6FRWVSLQH
PL[WXUH�DW�%XUOH\��+DQWV��6RLO�PRLVWXUH�ZDV�DVVHVVHG�E\�WKH�QHXWURQ�SUREH�WHFKQLTXH�DQG�SHUFRODWLRQ�ZDV
HVWLPDWHG�GXULQJ�WKH�HDUO\�ZLQWHU��WR�PLQLPLVH�DEVROXWH�HUURUV�LQ�HVWLPDWHV�RI�HYDSRUDWLRQ���7KH�PHDQ�YDOXH
IRU�WKH�UDWLR�RI�HYDSRUDWLRQ�RI�SLQHV�WR�WKDW�IURP�RSHQ�ZDWHU�ZDV�������������WKH�KLJKHVW�YDOXH�UHFRUGHG�ZDV
�������)������LQ��G���DQG�WKH�ORZHVW�������������LQ��F���

&RPPHQW
7KLV�FRPPHQW�RQO\�FRPSDUHV�'RXJODV�ILU�ZLWK�&RUVLFDQ�SLQH�DW�WKH�VDPH�ORFDOLWLHV���1R�VWDQG�LQIRUPDWLRQ
JLYHQ���(YDSRUDWLRQ�IURP�WKH�WZR�VSHFLHV�ZDV�VLPLODU�LQ�ZLQWHU�DW�WKH�VDPH�ORFDOLW\�EXW�WKHUH�ZHUH�FRQIOLFWLQJ
FRPSDULVRQV�LQ�VXPPHU�

/RFDOLW\ 6SHFLHV 'D\V 3771
�PP�

&KDQJH�LQ�60
�PP�

(VWLPDWHG
(��PP�

5DWH
�PP�GD\�

$XWXPQ %UDPVKLOO 'RXJODV�ILU �� ��� �� �� ���
%UDPVKLOO &RUVLFDQ�SLQH ��� ��� �� �� ���
5HQGOHVKDP 'RXJODV�ILU �� �� ���� �� ���
5HQGOHVKDP &RUVLFDQ�SLQH �� �� ���� �� ���

6XPPHU %UDPVKLOO 'RXJODV�ILU ��� ��� ���� ��� ���
%UDPVKLOO &RUVLFDQ�SLQH ��� ��� ���� ��� ���
5HQGOHVKDP 'RXJODV�ILU ��� ��� � ��� ���
5HQGOHVKDP &RUVLFDQ�SLQH ��� ��� ���� ��� ���



��

/DQGFDUH�5HVHDUFK

.OLQH��-�5���5HHG��.�/���:DULQJ��5�+���6WHZDUW��0�/����������)LHOG�PHDVXUHPHQW�RI�WUDQV�SLUDWLRQ�LQ
'RXJODV�ILU���-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����PRQWK 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV���7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1�����������
7UDQVSLUDWLRQ�UDWHV�RI�'RXJODV�ILU�WUHHV�ZHUH�PHDVXUHG�LQ�WKH�ILHOG��XVLQJ�WULWLDWHG�ZDWHU��+72��DV�D

WUDFHU�IRU�ZDWHU��6LWHV�ZHUH�ORFDWHG�LQ�WKH�&HGDU�5LYHU�ZDWHUVKHG�QHDU�6HDWWOH��:DVKLQJWRQ�DQG�LQ�WKH�$QGUHZV
([SHULPHQWDO�)RUHVW�QHDU�(XJHQH��2UHJRQ��7UDQVSLUDWLRQ�UDWHV�UDQJHG�IURP�����/�GD\�LQ�D�VPDOO�WUHH�WR����
O�GD\�LQ�D�ODUJH�ROG�JURZWK�WUHH�RQ�WKH�2UHJRQ�VLWH��$�UHODWLRQVKLS�EHWZHHQ�WUDQVSLUDWLRQ�UDWH�DQG�VDSZRRG
FURVV�VHFWLRQDO�DUHD�RI�WUHHV�ZDV�IRXQG�WKDW�ZRXOG�SHUPLW�H[WHQVLRQ�RI�LQGLYLGXDO�WUHH�PHDVXUHPHQWV�WR�IRUHVW
SRSXODWLRQV��7KH�+72�PHDVXUHPHQWV��OLQNHG�WR�FXUUHQW�SK\VLFDO�WKHRULHV�RI�HYDSRWUDQVSLUDWLRQ��SHUPLW�WKH
FRPSXWDWLRQ�RI�DFWXDO�GDLO\�WUDQVSLUDWLRQ�UDWHV�IRU�LQGLYLGXDO�WUHHV�RU�DUHDV�RI�IRUHVW��7KH�PHWKRG�DOORZV�GLUHFW
PHDVXUHPHQWV�RI�ZDWHU�ORVV�IURP�IRUHVWV�LQ�VLWXDWLRQV�ZKHUH�O\VLPHWHU�LQVWDOODWLRQ�ZRXOG�EH�LPSUDFWLFDO��

&RPPHQW
'LG�QRW�XSVFDOH�IURP�WKH�WUHH�WR�IRUHVW�EDVLV�

.UHXW]HU��.���%HLHU��&���%UHGHPHLHU��0���%ODQFN��.���&XPPLQV��7���)DUUHOO��(�3���/DPPHUVGRUI��1��
5DVPXVVHQ�� /��� 5RWKH�� $��� GH� 9LVVHU�� 3�+�%���:HLV��:���:HLE�7��� ;X�� <�-�� � ������ � $WPRVSKHULF
GHSRVLWLRQ�DQG�VRLO�DFLGLILFDWLRQ�LQ�ILYH�FRQLIHURXV�IRUHVW�HFRV\VWHPV��D�FRPSDULVRQ�RI�WKH�FRQWURO�SORWV
RI�WKH�(;0$1�VLWHV���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW���������±����

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ���\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������
7KH� ILYH� VLWHV�RI� WKH�(;0$1�SURMHFW� LQ� ,UHODQG��'HQPDUN��7KH�1HWKHUODQGV�� DQG�QRUWKHUQ�DQG

VRXWKHUQ�*HUPDQ\��DOO�3LFHD�DELHV�SODQWDWLRQV�H[FHSW�IRU�WKH�'XWFK�VLWH�ZKLFK�LV�D�'RXJODV�ILU�SODQWDWLRQ�
ZHUH�FRPSDUHG�UHJDUGLQJ��D��WKH�PDULQH�DQG�DQWKURSRJHQLF�FRPSRQHQWV�RI�GHSRVLWLRQ���E��WKH�DFLGLILFDWLRQ
RI�VRLO�DQG�FRQVHTXHQFHV�IRU�$O�VWDWXV��DQG��F��WKH�QLWUDWH�ORDG�RI�VHHSDJH��7KH�PDULQH�GHSRVLWLRQ�GHFUHDVHV
ZLWK�GHFUHDVLQJ�UDWHV�IURP�WKH�FRDVW�LQODQG��,W�YDQLVKHV�DW�D�GLVWDQFH�RI�PRUH�WKDQ�����NP�IURP�WKH�VHD��7KH
PDMRU�SDUW�RI�VHD�VDOW�LQSXW�WKH�FRQLIHU�SODQWDWLRQV�LV�GXH�WR�GU\�GHSRVLWLRQ��6HD�VDOW�0J���LQ�WKURXJKIDOO�QHDU
WKH�FRDVW�E\�IDU�H[FHHGV�WKH�GHPDQG�RI�WUHHV��7KH�DQWKURSRJHQLF�GHSRVLWLRQ�RI�1�DQG�6�DW�WKH�,ULVK�VLWH�LV
DERXW������DQG�DW�WKH�'DQLVK�VLWH�DERXW�����RI�WKDW�DW�WKH�LQODQG�VLWHV��$W�WKH�,ULVK�VLWH��WKH�DQWKURSRJHQLF
GHSRVLWLRQ�LV��±��WLPHV�WKDW�RI�WKH�SUHLQGXVWULDO�GHSRVLWLRQ��1+���SUHYDLOV�DW�DOO�VLWHV�DV�WKH�DFLG�FRPSRQHQW
LQ�WKURXJKIDOO��FRQWUROOLQJ�WKH�S+�YDOXHV�WKDW�YDU\�EHWZHHQ�����DQG������,Q�GUDLQDJH�ZDWHU�OHDYLQJ�WKH�URRW
]RQH��WKH�PHDQ�S+�YDOXHV�YDU\�RQO\�EHWZHHQ�����DQG������3URWRQ�EXGJHWV�IRU�WKH�IRUHVW�IORRU�KDYH�VKRZQ�WKDW
1�WXUQRYHU�GRPLQDWHV�DV�D�SURWRQ�VRXUFH�DW�WKH�LQODQG�VLWHV��ZKHUHDV�DW�WKH�FRDVWDO�VLWHV�WKH�GRPLQDQW�VRXUFH
UHVXOWV�IURP�WKH�SURGXFWLRQ�RI�RUJDQLF�DFLGV��7KH�PDLQ�SURWRQ�VLQN�LV�GXH�WR�+��RXWSXW��3URWRQ�EXGJHWV�IRU
WKH�WRWDO�URRW�]RQH�LQGLFDWH�WKDW�DQ�LPSRUWDQW�SURWRQ�JDLQ�LV�FDXVHG�DW�PRVW�VLWHV�E\�SURWRQ�H[FUHWLRQ�RI�WKH
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URRWV�LQ�FRQQHFWLRQ�ZLWK�EDVH�FDWLRQ�XSWDNH��,Q�DGGLWLRQ��DW�VRPH�VLWHV�� WKH�UHOHDVH�DQG�RXWSXW�RI�62���
DSSHDUV�WR�EH�D�FRQVLGHUDEOH�SURWRQ�VRXUFH��$W�DOO�VLWHV��EXIIHULQJ�DQG�RXWSXW�RI�$O�UHSUHVHQW�WKH�PDLQ�SURWRQ
VLQN��7KH�$O�VROXELOLW\�RI�HDFK�OD\HU�RI�WKH�(;0$1�VLWHV�ZDV�FRPSDUHG�ZLWK�WKH�VROXELOLW\�RI�D�V\QWKHWLF
JLEEVLWH��$O�VDWXUDWLRQ�H[LVWV�RQO\�DW�WKH�ORZHU�ERXQGDU\�RI�WKH�PDLQ�URRW�]RQH��,Q�WKH�VRLO�OD\HUV�DERYH��WKHUH
LV�DQ�XQGHUVDWXUDWLRQ�WKDW�LV�ODUJHVW�DW�WKH�KXPXV�OD\HU�HIIOX[��7KH�UHODWLRQVKLS�EHWZHHQ�$O�GLVVROYHG�DQG�$O
DGVRUEHG��ERWK�H[SUHVVHG�LQ�FDWLRQ�SHUFHQWDJHV��LV�UDWKHU�ZHDN�IRU�WKH�FRDVWDO�VLWHV�LQ�FRQWUDVW�WR�WKH�LQODQG
VLWHV��7KH� LPSRUWDQFH�RI� WKH� LRQLF�VWUHQJWK�HIIHFW�RI�VHD�VDOW� LQSXW� LV�GLVFXVVHG�ZLWK�UHVSHFW� WR� WKH�GHHS
UHDFKLQJ�$O�VDWXUDWLRQ�DQG�DFLGLILFDWLRQ�RI�WKH�VRLOV��0RGHUDWH�WR�VWURQJ�$O�VWUHVV�LV�LQGLFDWHG�DW�DOO�VLWHV�LQ
WKH�PLQHUDO�VRLO��7KH�QLWUDWH�ORDG�RI�WKH�VHHSDJH�ZDWHU�GHSHQGV�RQ�WKH�1�VWDWXV�RI�WKH�HFRV\VWHPV�UDWKHU�WKDQ
RQ�1�GHSRVLWLRQ�ZKHQ�WKH�WKURXJKIDOO�H[FHHGV����NJ�1�KD�\U��$Q�DWWHPSW�ZDV�PDGH�WR�FODVVLI\�WKH�(;0$1
VLWHV�ZLWK�UHVSHFW�WR�WKH�1�VWDWXV�ZLWK�WKH�DLG�RI�WKH�1�IOX[�JUDGLHQW�E\�GHSWK��

&RPPHQW
(;0$1�SURMHFW��.RRWZLMN� VLWH� LQ�7KH�1HWKHUODQGV�� �'RHV� JLYH� LQIRUPDWLRQ� IRU� RWKHU� VSHFLHV� LQ� RWKHU
FRXQWULHV���1RW�JLYHQ�KHUH�DV�SUHFLSLWDWLRQ�UHJLPHV�ZLOO�EH�GLIIHUHQW���6HH�)DUUHOO�HW�DO���������IRU�GHWDLOV�RI
WKH�VWDQGV�

7KUHH�\HDU�PHDQ�DQQXDO�3771�����PP��7KURXJKIDOO�����PP�� ����
6WHPIORZ�GRHV�QRW�DSSHDU�WR�KDYH�EHHQ�PHDVXUHG�

.U\JLHU��-�7����������&RPSDUDWLYH�ZDWHU�ORVV�RI�'RXJODV�)LU�DQG�2UHJRQ�:KLWH�2DN���:DWHU�5HVRXUFHV
,QVWLWXWH��2UHJRQ�6WDWH�8QLYHUVLW\��3URMHFW�FRPSOHWLRQ�UHSRUW��:����������2:55������5(*����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�FRPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�������������
$�ZDWHU�EXGJHW�ZDV�GHWHUPLQHG�IRU�SXUH��IXOO\�VWRFNHG�VWDQGV�RI��D��'RXJODV�ILU�DQG��E��4XHUFXV

JDUU\DQD�IURP�PHDVXUHPHQWV�RI�JURVV�SUHFLSLWDWLRQ�LQ�RSHQLQJV��WKURXJKIDOO��DQG�VRLO�ZDWHU�FKDQJHV��3RWHQWLDO
ZDWHU�ORVV�ZDV�PHDVXUHG�RQ�SORWV�LUULJDWHG�IRU�RQH�VXPPHU��DQG�SODVWLF�EDUULHUV�ZHUH�LQVWDOOHG�XQGHU�WKH
FDQRS\�DQG�LQ�WKH�VRLO�IRU���\U�WR�SHUPLW�HDUO\�VSULQJ�DQG�ZLQWHU�PHDVXUHPHQWV��,QWHUFHSWLRQ�VWRUDJH�ZDV�����
LQFKHV��LQ�ZLQWHU��DQG������LQFKHV��LQ�VXPPHU��IRU��D���DQG������LQFKHV��OHDIOHVV��DQG������LQFKHV��LQ�OHDI��IRU
�E���0HDQ� LQWHUFHSWLRQ� ORVVHV������DQG������ZHUH��� LQFKHV�������IRU� �D���DQG��� LQFKHV��������IRU� �E��
&RPSXWHG�K\GUDXOLF�JUDGLHQWV�LQGLFDWHG�GRZQZDUG�PRYHPHQW�LQ�WKH�VRLO�SURILOH�XQGHU��E��IRU�D�ORQJHU�SHULRG
LQ�WKH�VSULQJ��
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.XQVWOH��(���0LWVFKHUOLFK��*����������3KRWRV\QWKHVLV��WUDQVSLUDWLRQ�DQG�UHVSLUDWLRQ�LQ�D�PL[HG�VWDQG�LQ
WKH�%ODFN�)RUHVW��,9��%DODQFH����3KRWRV\QWKHVH��7UDQVSLUDWLRQ�XQG�$WPXQJ�LQ�HLQHP�0LVFKEHVWDQG�LP
6FKZDU]ZDOG��,9��7HLO��%LODQ]���$OOJHPHLQH�)RUVW�XQG�-DJG]HLWXQJ���������±����

&RXQWU\��*HUPDQ\ 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6SHFLHV�FRPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1�������������
>6HH�)$���������@�1HW�SKRWRV\QWKHVLV�ZDV�FDOFXODWHG�IRU�OLJKW�DQG�VKDGHG�FURZQV�RI�'RXJODV�ILU��SLQH

>3LQXV�V\OYHVWULV@��EHHFK�>)DJXV�V\OYDWLFD@�DQG�ELUFK�>%HWXOD�VSS�@��)RU�'RXJODV�ILU�DQG�SLQH��DFFRXQW�ZDV
WDNHQ�RI�QHHGOH�DJH��&RUUHFWLRQV�IRU�D]LPXWK�ZHUH�PDGH�DV�WKH�JDV�H[FKDQJH�FKDPEHUV�ZHUH�RQ�WKH�VRXWK�VLGH
RI�WKH�FURZQV��3URGXFWLRQ�SHU�WUHH�ZDV�HVWLPDWHG�IURP��±���IHOOHG�VDPSOH�WUHHV�IRU�HDFK�VSHFLHV��/HDI�PDVV
DQG�EUDQFK�DQG�VWHP�VXUIDFH�DUHD�ZHUH�PHDVXUHG�IRU�OLJKW�DQG�VKDGHG�FURZQV��5HVSLUDWLRQ�SHU�GLDPHWHU
VTXDUHG�ZDV�HVWLPDWHG�IRU�VWHPV�DQG�EUDQFKHV��7KHVH�YDOXHV�ZHUH�XVHG�WR�FDOFXODWH�WRWDO�ELRPDVV�SURGXFWLRQ
SHU�KHFWDUH�DQG�VWHP�DQG�EUDQFK�ELRPDVV�SURGXFWLRQ��5HVXOWV�FRUUHVSRQGHG�FORVHO\�ZLWK�WKRVH�REWDLQHG�E\
GLIIHUHQW�PHWKRGV�LQ�RWKHU�VWDQGV��$QQXDO�WUDQVSLUDWLRQ�UDWHV�ZHUH�HVWLPDWHG�IRU�'RXJODV�ILU�DQG�SLQH�DQG�WKH
ZDWHU� EDODQFH� ZDV� FDOFXODWHG� IURP� GDWD� RQ� SUHFLSLWDWLRQ� DQG� LQWHUFHSWLRQ� DQG� DVVHVVHG� YDOXHV� RI� VRLO
HYDSRUDWLRQ��7KH�UHVXOWV�LQGLFDWHG�D�ORZ�UDWH�RI�LQILOWUDWLRQ�����±����PP��LQ�\RXQJ��YLJRURXVO\�JURZLQJ
VWDQGV�RQ�D�VXQQ\�VRXWKHUQ�VORSH�

/DQJIRUG��.�-���2
6KDXJKQHVV\��3�-����(GLWRUV���������$�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��(XFDO\SWV��3LQXV�UDGLDWD��6FUXEODQG
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�������P
.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�3LQXV�UDGLDWD��,QWHUFHSWLRQ�RI������UHJURZWK�(��UHJQDQV�ZDV
ORZHU�WKDQ�WKDW�RI�PDWXUH�(��UHJQDQV��,QWHUFHSWLRQ�RI�3RPDGHUULV�DVSHUD�ZDV�VLJQLILFDQWO\�ORZHU�ZKLOH�WKRVH
RI�6HTXRLD�VHPSHUYLUHQV�DQG�'RXJODV�ILU�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�PDWXUH�(��UHJQDQV�

&RPPHQW
6DPH�VWDQGV�DV�IRU�'XQFDQ�HW�DO���������

����REVHUYDWLRQV�IRU�7)���'DWD�FROOHFWLRQ�ZHHNO\�DQG�WKH�ODVW�GD\�RI�WKH�PRQWK�IURP�HDUO\������WR�0D\������
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7)� �3771�î�������������
6)� �3771�î�������������
,/� �3771�î�������������

,QWHUFHSWLRQ�UHVXOWV�IURP�9LFWRULD
7KURXJKIDOO���� 6WHPIORZ���� ,QWHUFHSWLRQ�ORVV����

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

/HDI��&�)����������:DWHUVKHG�PDQDJHPHQW�LQ�WKH�5RFN\�0RXQWDLQ�VXEDOSLQH�]RQH��WKH�VWDWXV�RI�RXU
NQRZOHGJH���86'$�)RUHVW�6HUYLFH�5HVHDUFK�3DSHU��5RFN\�0RXQWDLQ�)RUHVW�DQG�5DQJH�([SHULPHQW
6WDWLRQ�50���������S�

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV��5HYLHZ

&$%�$EVWUDFWV�$1�������������
'HVFULEHV�WKH�PDQDJHPHQW�RI�FDWFKPHQWV�LQ�WKH�VXEDOSLQH�]RQH�RI�:\RPLQJ��&RORUDGR�DQG�1HZ

0H[LFR��D�]RQH�FKDUDFWHULVHG�E\�VWDQGV�RI�3LQXV�FRQWRUWD��3LFHD�HQJHOPDQQLL�$ELHV�ODVLRFDUSD��'RXJODV�ILU
DQG�3RSXOXV�WUHPXORLGHV���DQG�FRQVLGHUV�WKH�IRUHVW�K\GURORJ\�RI�WKH�DUHD�LQ�GHWDLO��,Q�SDUWLFXODU�WKH�DXWKRU
UHYLHZV�DQG�GLVFXVVHV��D��ILHOG�VWXGLHV�RQ�WKH�HIIHFWV�RI�GLIIHUHQW�FDWFKPHQW�PDQDJHPHQW�SUDFWLFHV�RQ�WKH
DFFXPXODWLRQ�DQG�PHOWLQJ�RI�VQRZ��DQG�RQ�VXEVHTXHQW�UXQRII��DQG��E��VLPXODWLRQ�PRGHOV�IRU�SUHGLFWLQJ�WKH
K\GURORJLFDO�HIIHFWV�RI�ORJJLQJ�DQG�PRGLILFDWLRQ�RI�WKH�ZHDWKHU��5HOHYDQW�OLWHUDWXUH�LV�UHYLHZHG��UHTXLUHPHQWV
IRU�IXUWKHU�UHVHDUFK�DUH�HPSKDVLVHG��DQG�UHFRPPHQGDWLRQV�DUH�PDGH�IRU�DSSO\LQJ�SULQFLSOHV�RI�FDWFKPHQW
PDQDJHPHQW�LQ�ODQG�XVH�SODQQLQJ��

&RPPHQW
1RW�VLJKWHG

0DUWLQ��,�/���7LQQH\��(�5����������/RJJLQJ�LQ�:HVW�&RDVW�ZDWHUVKHG�VKRZV�QR�HIIHFW�RQ�DUHD
V�ZDWHU
\LHOG���7LPEHUPDQ�������±����
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&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�IRUHVW
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
3UHVHQWV�GDWD�RQ�DUHDV�ORJJHG������±�����DQQXDO�SUHFLSLWDWLRQ������LQ���DQG�UXQRII��DQG�RQ�WKH���

FODVVHV�RI�FRYHU�LQ�KHPORFN�'RXJODV�ILU�IRUHVW�RI�WKH����VT��PLOH�EDVLQ�RI�WKH�1DVHOOH�5LYHU��:DVK���WR�VKRZ
WKDW�FRQVHUYDWLYH�ORJJLQJ�KDG�D�QHJOLJLEOH�LQIOXHQFH�RQ�ZDWHU�\LHOG�DQG�EDVH�IORZ��7KHVH�UHVXOWV�DUH�DVFULEHG
WR�WKH�KHDY\�UDLQIDOO��PRGHUDWH�FOLPDWH�DQG�JRRG�VRLOV��SHUPLWWLQJ�UDSLG�UHJURZWK��DQG�WR�WKH�VPDOO�DUHDV
DQQXDOO\�ORJJHG�DYHUDJLQJ�����DFUHV�RU�����RI�WKH�ZKROH�

&RPPHQW
1RW�VLJKWHG�²�QRW�LQ�1HZ�=HDODQG�

0F1DXJKWRQ��.�*���%ODFN��7�$����������$�VWXG\�RI�HYDSRWUDQVSLUDWLRQ�IURP�D�'RXJODV�ILU�IRUHVW�XVLQJ
WKH�HQHUJ\�EDODQFH�DSSURDFK���:DWHU�5HVRXUFHV�5HVHDUFK�������±����

&RXQWU\��&DQDGD 'XUDWLRQ�����GD\V²-XO\ 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ�²�\RXQJ�����P�KLJK
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1�������������
(QHUJ\�EDODQFH�PHDVXUHPHQWV�RI�HYDSRWUDQVSLUDWLRQ�DUH�UHSRUWHG�IRU�D�\RXQJ�SODQWDWLRQ�RI�'RXJODV

ILU��FD������P�KLJK��LQ�%ULWLVK�&ROXPELD��IRU�DQ����GD\�SHULRG�LQ�-XO\������ZKHQ�VRLO�PRLVWXUH�ZDV�QRW
OLPLWLQJ��3HDN�GDLO\�HYDSRWUDQVSLUDWLRQ� UDWHV�FKDUDFWHULVWLFDOO\�RFFXUUHG��±��KRXUV�DIWHU� VRODU�QRRQ��DQG
HYDSRWUDQVSLUDWLRQ�VKRZHG�D�VKRUW�WHUP�LQGHSHQGHQFH�IURP�QHW�UDGLDWLRQ��7KLV�EHKDYLRXU�LV�LQWHUSUHWHG�DV
EHLQJ�D�FRQVHTXHQFH�RI�WKH�FDQRS\�URXJKQHVV��'DLO\�HYDSRWUDQVSLUDWLRQ�DQG�QHW�UDGLDWLRQ�ZHUH��KRZHYHU��ZHOO
FRUUHODWHG�� 9DOXHV� RI� VXUIDFH� GLIIXVLRQ� UHVLVWDQFH� FDOFXODWHG� IURP�0RQWHLWK
V� FRPELQDWLRQ� IRUPXOD� DUH
SUHVHQWHG��WKHUH�ZHUH�ODUJH�GD\�WR�GD\�GLIIHUHQFHV�LQ�GD\WLPH�YDOXHV��&RPSDULVRQ�RI�HYDSRWUDQVSLUDWLRQ
PHDVXUHPHQWV�ZLWK�D�SRWHQWLDO�HYDSRUDWLRQ� IRUPXOD� IRU�ZHW�VXUIDFHV�GHYHORSHG�E\�3ULHVWOH\�DQG�7D\ORU
VXJJHVW�WKDW�HYDSRUDWLRQ�RI�LQWHUFHSWHG�PRLVWXUH�SURFHHGV�����PRUH�UDSLGO\�WKDQ�GRHV�HYDSRWUDQVSLUDWLRQ
IURP�DQ�XQZHWWHG�FDQRS\��

&RPPHQW
(DYSRUDWLRQ�UDQJHG�EHWZHHQ������DQG������PP�GD\�

0LWVFKHUOLFK��*���0ROO��:���.XQVWOH��(���0DXUHU��3����������5HVHDUFK�RQ�HFRORJ\�DQG�\LHOG�LQ�SXUH�DQG
PL[HG� VWDQGV�� 3DUW� ,9�� 3UHFLSLWDWLRQ�� VWHPIORZ� DQG� VRLO� PRLVWXUH�� �(UWUDJVNXQGOLFK�RNRORJLVFKH
XQWHUVXFKXQJHQ� LP� UHLQ�XQG� PLVFKEHVWDQG�� � 3DUW� ,9�� 1LHGHUVFKODJ�� VWDPPDEODXI� XQG
ERGHQIHXFKWRJNHLW���$OOJHPHLQH�)RUVW��XQG�-DJG]HLWXQJ�������±���
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&RXQWU\��*HUPDQ\ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��7KLQQHG�SODQWDWLRQV�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ

&$%�$EVWUDFWV�$1�����������
7KLV�SDSHU�LV�LQ�VHYHQ�SDUWV������6LWXDWLRQ��VRLO�DQG�VWDQG�FKDUDFWHULVWLFV������:LQG��WRWDO�UDGLDWLRQ�DQG

OLJKW�ZLWKLQ�WKH�VWDQG������7HPSHUDWXUH������3UHFLSLWDWLRQ��VWHP�IORZ�DQG�VRLO�PRLVWXUH������5HODWLYH�KXPLGLW\�
HYDSRUDWLRQ�DQG�&2��FRQWHQW�RI�WKH�DLU������2QVHW�DQG�WHUPLQDWLRQ�RI�>UDGLDO@�JURZWK��GLDPHWHU�YDULDWLRQV��DQG
DQQXDO�GLDPHWHU�JURZWK��DQG�����+HLJKW�JURZWK�DQG�LQFUHPHQW�SHU�KHFWDUH��,W�GLVFXVVHV�WKH�ILUVW�WZR�\HDUV

UHVXOWV�RI�D�UHVHDUFK�SURMHFW�RQ�PLFURFOLPDWH�DQG�JURZWK�LQ�WZR�'RXJODV�ILU�VWDQGV��DJHG�FD�����\U��QHDU
)UHLEXUJ� >FI�� )�$�� ���1R�� ����@�� DQG� LQ� D�PL[HG� VWDQG�� W\SLFDO� IRU� WKH� VLWH�� RI� ���\U�ROG� SLQH�ZLWK� DQ
XQGHUVWRUH\�RI�RDN�DQG�EHHFK��7KHUH�ZHUH�RQO\�PLQRU�GLIIHUHQFHV�LQ�DLU�DQG�VRLO�WHPSHUDWXUHV�DQG�U�K��EHWZHHQ
WKH�WZR�WKLQQLQJ�UHJLPHV�RI�'RXJODV�ILU��JUHDWHU�GLIIHUHQFHV�LQ�UHODWLYH�LOOXPLQDWLRQ��ZLQG�DQG�HYDSRUDWLRQ�
DQG�FRQVLGHUDEOH�GLIIHUHQFHV�LQ�LQWHUFHSWLRQ�DQG�VWHPIORZ��'LIIHUHQFHV�EHWZHHQ�WKH�'RXJODV�ILU�VWDQGV�DQG
WKH�PL[HG�VWDQG�ZHUH�PXFK�JUHDWHU��7KHUH�ZDV�PXFK�OHVV�LQWHUFHSWLRQ�LQ�WKH�ODWWHU��EXW�VRLO�PRLVWXUH�LQ�WKH
WKUHH�VWDQGV�GLIIHUHG�RQO\�VOLJKWO\��,Q�'RXJODV�ILU��GLDPHWHU�DQG�KHLJKW�GHYHORSPHQW��VWXGLHG�LQ�VRPH�GHWDLO�
DSSHDUHG�WR�EH�UHODWHG�WR�WHPSHUDWXUH�LQ�0D\��DQG�WR�SUHFLSLWDWLRQ�ODWHU��&XUUHQW�YROXPH�LQFUHPHQW�LQ�'RXJODV
ILU�ZDV�DERXW�WZLFH�WKDW�RI�WKH�PL[HG�VWDQG��DQG�P�D�L��ZDV�DOVR�QHDUO\�WZLFH�DV�JUHDW�

&RPPHQW
3UHVHQWV�D�UHYLHZ�WDEOH�RI�SUH������LQWHUFHSWLRQ�DQG�VWHPIORZ�GDWD��DV�SHUFHQWDJHV��IRU�3��V\OYHVWULV��)DJXV
VSS���$ELHV�SHFWLQDWD��3LFHD�DELHV��7VXJD�KHWHURSK\OOD��DQG�'RXJODV�ILU�

6WHPIORZ�ZDV������LQ�WKH�KHDYLO\�WKLQQHG�VWDQG�DQG������LQ�WKH�OLJKWO\�WKLQQHG�VWDQG�
,QWHUFHSWLRQ�ORVV�ZDV�����LQ�WKH�KHDYLO\�WKLQQHG�VWDQG�DQG�����LQ�WKH�OLJKWO\�WKLQQHG�VWDQG�

0LWVFKHUOLFK��*���0ROO��:�� ������� �6WXGLHV�RQ�SUHFLSLWDWLRQ�DQG�VRLO�PRLVWXUH� LQ�VRPH�FRQLIHU�DQG
KDUGZRRG�VWDQGV�QHDU�)UHLEXUJ�L��%U��3DUW�,��3UHFLSLWDWLRQ����8QWHUVXFKXQJHQ�XEHU�GLH�QLHGHUVFKODJV
XQG� ERGHQIHXFKWLJNHLWVYHUKDOWQLVVH� LQ� HLQLJHQ� QDGHO� � DQG� ODXEKRO]EHVWDQGHQ� LQ� GHU� QDKH� YRQ
)UHLEXUJ�%U���7HLO�,��1LHGHUVFKODJVYHUKDOWQLVVH�����$OOJHPHLQH�)RUVW��XQG�-DJG]HLWXQJ���������±���

&RXQWU\��*HUPDQ\ 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�FRPSDULVRQV��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQV�²�YDULRXV
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&$%�$EVWUDFWV�$1����������
$���\U�VWXG\�RI�WKURXJKIDOO�DQG�VWHPIORZ�LQ�HLJKW�'RXJODV�ILU�VWDQGV�DJHG���WR����\U��XQWKLQQHG�DQG

YDULRXVO\�WKLQQHG��D����\U�EHHFK�VWDQG��DQG�D�6FRWV�SLQH�VWDQG�ZLWK�EHHFK�RDN�XQGHUVWRUH\�>FI��)�$�����1R�
����@��5HVXOWV�DUH�VKRZQ�LQ�WDEOHV�DQG�JUDSKV��([FOXGLQJ�D���\U�VWDQG��LQWHUFHSWLRQ�LQ�'RXJODV�ILU�YDULHG�IURP
���WR������LQ�WKH�EHHFK�LW�ZDV������DQG�LQ�WKH�PL[HG�VWDQG������



��
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&RPPHQW
7KURXJKIDOO�ZDV� JUHDWHU� LQ� VXPPHU� WKDQ�ZLQWHU�� �7KLQQLQJ�PD\�KDYH� LQFUHDVHG� WKURXJKIDOO� E\��±����
6WHPIORZ�UDQJHG�EHWZHHQ���DQG�����RI�UDLQIDOO�IRU�WKH�'RXJODV�ILU�VWDQGV��ZDV�����IRU�WKH�EHHFK�VWDQG�DQG
���IRU�WKH�6FRWV�SLQH�VWDQG�

1Q\DPDK��-�8���%ODFN��7�$����������5DWHV�DQG�SDWWHUQV�RI�ZDWHU�XSWDNH�LQ�D�'RXJODV�ILU�IRUHVW���6RLO
6FLHQFH�6RFLHW\�RI�$PHULFD�-RXUQDO��������±����

&RXQWU\��&DQDGD 'XUDWLRQ��7ZR�VXPPHUV 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\��6HH�EHORZ
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1�����������
$�VWXG\�LQ��D��WKLQQHG�VWDQGV������VWHPV�KD��DQG��E��XQWKLQQHG�VWDQGV�������VWHPV�KD��RI����\U�ROG

'RXJODV�ILU�LQ�%ULWLVK�&ROXPELD�GXULQJ�WKH�VXPPHU�RI������DQG�������'DWD�DUH�SUHVHQWHG�VKRZLQJ��VRLO
SK\VLFDO�DQG�K\GURORJLFDO�SURSHUWLHV��URRW�ELRPDVV��VRLO�PRLVWXUH�WHQVLRQ��YROXPHWULF�ZDWHU�FRQWHQW�DQG�ZDWHU
IOX[��DQG�GLVWULEXWLRQ�RI�ZDWHU�XSWDNH�E\�URRWV��DW�GLIIHUHQW�GHSWKV��GXULQJ�D���ZHHN�GU\LQJ�SHULRG��DQG�GHULYHG
YDOXHV�IRU�URRW�]RQH�GHSOHWLRQ�DQG�QHW�PRYHPHQW�RI�ZDWHU��DQG�HYDSRWUDQVSLUDWLRQ��7KH�]RQH�RI�PD[LPXP
ZDWHU�XSWDNH�PRYHG�JUDGXDOO\�GRZQZDUG�DV�WKH�VRLO�GULHG��:DWHU�IOX[�DW�WKH�ERWWRP�RI�WKH�URRW�]RQH�FKDQJHG
IURP� GRZQZDUG� WR� XSZDUG� GXULQJ� -XO\�� EXW� DPRXQWV� ZHUH� VPDOO� DQG� QHYHU� PRUH� WKDQ� ���� RI� WKH
HYDSRWUDQVSLUDWLRQ�UDWH��(YDSRWUDQVSLUDWLRQ�HVWLPDWHV�E\�WKH�ZDWHU�EDODQFH�DQG�%RZHQ�PLFURPHWHRURORJLFDO
HQHUJ\�EDODQFH�PHWKRGV�ZHUH�VLPLODU��:DWHU�ZLWKGUDZDO�IURP�VWHP�VWRUDJH�DFFRXQWHG�IRU�RQO\����RI�WRWDO
HYDSRWUDQVSLUDWLRQ�LQ��D��GXULQJ�WKH�GU\LQJ�SHULRG��

&RPPHQW
'DLO\�HYDSRWUDQVSLUDWLRQ��PP�

�����3HULRG 7KLQQHG�VWDQG �����3HULRG 8QWKLQQHG�VWDQG
��±���-XO\ ��� �±��-XO\ ���
��±���-XO\ ��� �±���-XO\ ���
���-XO\�±���$XJ ��� ��±���-XO\ �
�±���$XJ ��� ��±���-XO\ ���
��±���$XJ � ���-XO\�±���$XJ ���

5DR��6�9�1�� ������� �0RGHOLQJ�WKH�HIIHFW�RI�SDUWLDO� IRUHVW�FXWWLQJ�RQ�VWUHDP�IORZ�� �9DQ�9LJ\DQ����
��±����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��+DUYHVWLQJ
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6WDQG�7\SH��1DWXUDO�IRUHVW�
.H\ZRUGV��6WRUPIORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�������������
)RUHVW�K\GURORJ\�VWXGLHV�RIWHQ�XVH�WZR�RU�PRUH�VLPLODU�ZDWHUVKHGV��ZLWK�RQH�RI�WKHP�VHUYLQJ�DV�D

FRQWURO��WR�HYDOXDWH�WKH�HIIHFWV�RI�YDULRXV�SUDFWLFHV�RQ�VWUHDPIORZ��'DWD�IURP�WZR�VPDOO�IRUHVWHG�ZDWHUVKHGV
WKDW�ZHUH�SDUWLDOO\�KDUYHVWHG��KHOLFRSWHU�ORJJHG��DQG�DQ�XQGLVWXUEHG�FRQWURO�ZDWHUVKHG�ZHUH�XVHG�LQ�WKLV
VWXG\��WKH�GDWD�DYDLODEOH�IRU�SUH��DQG�SRVW�IHOOLQJ�SHULRGV�YDULHG�LQ�WKH�WZR�FDVH�VWXGLHV��7KH�ZDWHUVKHGV�DUH
ORFDWHG�LQ�WKH�6LOYHU�&UHHN�VWXG\�DUHD�LQ�6:�,GDKR��8QLWHG�6WDWHV��DQG�WKH�IRUHVW�ZDV�PL[HG�SRQGHURVD�SLQH
>3LQXV�SRQGHURVD@�DQG�'RXJODV�ILU���7LPEHU�KDUYHVWLQJ�RQ�����RI�WKH�DUHD��UHPRYDO�RI�����RI�WKH�EDVDO�DUHD�
LQ�������DQG�����RI�WKH�DUHD��UHPRYDO�RI�����RI�WKH�EDVDO�DUHD��LQ�������KDG�RQO\�VPDOO�HIIHFWV�RQ�VHOHFWHG
VWUHDPIORZ�SDUDPHWHUV�DQG�WKHVH�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��7KHUHIRUH��D�GHWHUPLQLVWLF��SK\VLFDOO\�EDVHG
DQG�GLVWULEXWHG�PRGHO�ZDV�XVHG�DV�D�PHWKRG�WR�HVWLPDWH�WKH�HIIHFWV�RI�KDUYHVWLQJ�RQ�VWUHDPIORZ��7KH�PRGHO
UHVXOWV�LQGLFDWH�D�VPDOO�LQFUHDVH�LQ�ZDWHU�\LHOG��7KH�SUHGLFWHG�VQRZPHOW�K\GURJUDSKV�DOVR�VKRZHG�LQFUHDVHV
LQ�SHDN�VWUHDPIORZV�DQG�DQ�DGYDQFH�RI�SHDN�IORZ�HDUOLHU�LQ�WKH�PHOW�VHDVRQ�

5LKD��6�-���&DPSEHOO��*�6����������(VWLPDWLQJ�ZDWHU�IOX[HV�LQ�'RXJODV�ILU�SODQWDWLRQV��&DQDGLDQ�-RXUQDO
RI�)RUHVW�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��6HFRQG�JURZWK�IRUHVWV���	���\U
.H\ZRUGV��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1�)�������
$�PRGHO�ZDV�GHYHORSHG�WR�HVWLPDWH�ZDWHU�IOX[HV�LQ�'RXJODV�ILU�SODQWDWLRQV�XVLQJ�GDLO\�PHDVXUHPHQWV

RI� SUHFLSLWDWLRQ� DQG�PD[LPXP� DQG�PLQLPXP� DLU� WHPSHUDWXUHV�� 6RLO� ZDWHU� IORZ�ZDV�PRGHOOHG� XVLQJ� D
RQH�GLPHQVLRQDO�ILQLWH�HOHPHQW�VROXWLRQ�WR�WKH�5LFKDUGV�HTXDWLRQ��ZLWK�SUHFLSLWDWLRQ�DQG�URRW�XSWDNH�RI�ZDWHU
LQFOXGHG�DV�VRXUFH�DQG�VLQN�WHUPV��6RLO�K\GUDXOLF�SURSHUWLHV�YDULHG�DV�D�IXQFWLRQ�RI�GHSWK��5RRW�XSWDNH�RI
ZDWHU�ZDV�EDVHG�RQ�DQ�DQDORJXH�ZDWHU�XSWDNH�PRGHO�PRGLILHG�WR�LQFOXGH�URRW�UHVLVWDQFH�DQG�F\OLQGULFDO�IORZ
RI�ZDWHU��3RWHQWLDO�HYDSRWUDQVSLUDWLRQ�ZDV�FDOFXODWHG�DVVXPLQJ�WKDW�OHDI�DQG�DLU�WHPSHUDWXUH�GLG�QRW�GLIIHU�DQG
WKDW�VWRPDWDO�FRQGXFWDQFH�ZDV�GHSHQGHQW�RQ�WKH�YDSRXU�GHQVLW\�GHILFLW�RI�WKH�DLU��0RGHO�YDOLGLW\�ZDV�WHVWHG
E\�FRPSDULQJ�SUHGLFWLRQV��FDOFXODWHG�E\�FRPSXWHU��ZLWK�ILHOG�PHDVXUHPHQWV�RI�VRLO�ZDWHU�FRQWHQW�PDNH�LQ
WKH�VXPPHU�RI������DW�WZR�ORFDWLRQV�LQ�ZHVWHUQ�:DVKLQJWRQ��,Q�JHQHUDO��WKH�PRGHO�SUHGLFWHG�WKH�REVHUYHG
GU\LQJ�RI� WKH� VRLO��$VSHFWV�RI� WKH� VLPXODWHG�ZDWHU�EXGJHW� IRU� WKHVH�'RXJODV� ILU� VWDQGV�FRQVLGHUHG�PRVW
VLJQLILFDQW�ZHUH������WKH�XVH�RI�VRLO�VWRUHG�ZDWHU�IRU�WUDQVSLUDWLRQ�LQ�WKH�VXPPHU������WKH�QHW�IOX[�RI�ZDWHU�LQWR
WKH�URRW�]RQH�IURP�GHHSHU�LQ�WKH�VRLO�GXULQJ�WKH�VXPPHU������WKH�GHSHQGHQFH�RI�ZDWHU�UHDFKLQJ�WKH�VRLO�LQ�WKH
VXPPHU�RQ�WKH�LQWHQVLW\�RI�UDLQIDOO������WKH�ODUJH�SHUFHQWDJH�RI�WKH�WRWDO�WUDQVSLUDWLRQ�WKDW�RFFXUUHG�LQ�VSULQJ
DQG�IDOO��DQG�����WKH�ODUJH�DPRXQW�RI�ZDWHU�PRYLQJ�RXW�RI�WKH�VRLO�SURILOH�LQ�WKH�ZLQWHU��

&RPPHQW
6LPXODWHG�ZDWHU�EDODQFHV

)OX[HV��PP� ��\U�ROG ��\U�ROG
3UHFLSLWDWLRQ ���� ����
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,QWHUFHSWLRQ ��� ���
7UDQVSLUDWLRQ ��� ���
5XQRII � ���

5RWKDFKHU��-����������1HW�SUHFLSLWDWLRQ�XQGHU�D�'RXJODV�ILU�IRUHVW���)RUHVW�6FLHQFH�������±����

&RXQWU\��8QLWHG�6WDWHV� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��2OG�JURZWK������\U�	�D�����\U�VWDQG 5DLQIDOO��0$3������PP
.H\ZRUGV��7KURXJKIDOO�

&$%�$EVWUDFWV�$1���������
$�VWXG\�FDUULHG�RXW�RYHU���\U�LQ�����\U�ROG�VWDQGV�LQ�WKH�:DVKLQJWRQ±2UHJRQ�UHJLRQ�VKRZHG�WKDW

����RI�WKH�YDULDWLRQ�LQ�WKURXJKIDOO��7��GXULQJ�WKH�VXPPHU��0D\±6HSW���ZDV�H[SODLQHG�E\�D�OLQHDU�UHODWLRQ
ZLWK�VWRUP�VL]H��'XULQJ�WKLV�SHULRG��7�DPRXQWHG�WR�����RI�JURVV�SUHFLSLWDWLRQ��3���UHDFKLQJ�����LQ�VWRUPV
RI�!���LQ��UDLQIDOO��6WDQG�GHQVLW\��UDQJLQJ�IURP����WR������KDG�VRPH�LQIOXHQFH�RQ�LQWHUFHSWLRQ��VWHPIORZ
�������RI�3��ZDV�QHJOLJLEOH��$�ZHLJKWHG�PHDQ�UHJUHVVLRQ�IURP�WKHVH�SORWV��FKRVHQ�DV�WKH�PRVW�XVHIXO�IRU
SUHGLFWLQJ�WKH�ORFDO�VXPPHU�WKURXJKIDOO��LV�7 �������î�3���������6XPPHU�VWRUPV�EDVLV���&RUUHODWLRQV�IRU
ZLQWHU�7�ZHUH�QRW�GHWHUPLQHG��7�LQFUHDVHG�DW�WKLV�VHDVRQ�WR�D�PHDQ�RI��������

&RPPHQW
7KH�IROORZLQJ�GDWD�DUH�FRQYHUWHG�IURP�LPSHULDO�PHDVXUHPHQWV���$PRXQWV�RI�SUHFLSLWDWLRQ�ZHUH�QRW�VWDWHG�

3ORW��� ���PRQWKV�3771� ������PP��7KURXJKIDOO� ������PP��������6WHPIORZ���PP��������
)RU���ò�VXPPHUV� 7KURXJKIDOO� �������RI�SUHFLSLWDWLRQ
)RU���ZLQWHUV 7KURXJKIDOO� �������RI�SUHFLSLWDWLRQ

)RU���ò�VXPPHUV��DYHUDJH�WKURXJKIDOO�RI�VL[�SORWV� �����RI�3771�
)RU�VXPPHU�VWRUPV�RQO\��7 �������î�3�������
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5RWKDFKHU��-����������6WUHDPIORZ�IURP�VPDOO�ZDWHUVKHGV�RQ�WKH�ZHVWHUQ�VORSH�RI�WKH�&DVFDGH�5DQJH�RI
2UHJRQ���:DWHU�5HVRXUFHV�5HVHDUFK�������±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�QDWXUDO�IRUHVW 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�$EVWUDFW
6WUHDPIORZ�IURP�VPDOO�ZDWHUVKHGV�RQ�WKH�ZHVWHUQ�VORSHV�RI�WKH�2UHJRQ�&DVFDGH�5DQJH�LV�VWURQJO\

LQIOXHQFHG�E\�D�PDULWLPH�FOLPDWH��ZHW�ZLQWHUV�DQG�GU\�VXPPHUV����$OWKRXJK�DQQXDO�SUHFLSLWDWLRQ�LV�KLJK����
LQFKHV�LQ�WKH�VWXG\�DUHD���RYHUODQG�IORZ�LV�DOPRVW�XQNQRZQ���3HDN�IORZV�UHVXOW�ODUJHO\�IURP�VXEVXUIDFH�IORZ
DQG�XQGHU�FRQGLWLRQV�LQ�ZKLFK�ERWK�UHWHQWLRQ�DQG�GHWHQWLRQ�UHVHUYRLUV�DUH�DOPRVW�ILOOHG�GXULQJ�H[WHQGHG
SHULRGV�RI�ORZ�LQWHQVLW\�UDLQIDOO���8QGHU�WKHVH�FRQGLWLRQV��YHJHWDWLRQ�DSSHDUV�WR�H[HUW�D�PLQLPXP�LQIOXHQFH
RQ�KLJK�VWUHDPIORZ���/RZHVW�VWUHDPIORZ�RFFXUV�IURP�ODWH�$XJXVW�WR�PLG�1RYHPEHU�DQG�PD\�IROORZ�D�����WR
����GD\�SHULRG�ZLWK�OLWWOH�RU�QR�UDLQ���7KH�GHQVH�YHJHWDWLRQ�RI�WKLV�SDUW�RI�WKH�'RXJODV�ILU�UHJLRQ�DSSHDUV�WR
H[HUW�LWV�PDMRU�LQIOXHQFH�DW�VXFK�WLPHV���5HPRYDO�RI�YHJHWDWLRQ�IURP�RQO\�����RI�D�����DFUH�ZDWHUVKHG�KDV
FDXVHG�D���±����LQFUHDVH�LQ�PLQLPXP�VWUHDPIORZ���2Q�D�����DFUH�ZDWHUVKHG�RQ�ZKLFK�����RI�WKH�WUHHV�ZHUH
FXW��WKH�LQFUHDVH�LQ�ORZ�IORZ�ZDV�����

&RPPHQW
+�-�$QGUHZV�:DWHUVKHGV�����DQG���
3UHGRPLQDQWO\�ZLQWHU�UDLQIDOO�RQ�D�ZHW�FDWFKPHQW� ������PP�\U�

$W�ZDWHUVKHG����52� �������î�3771�������PP���0$3� ������PP�KDV�52� ������PP���)RU�WKH�VDPH
UDLQIDOO��:DWHUVKHGV���DQG���\LHOG������DQG������PP�

3RVW�KDUYHVW�
:6�������URDGHG��OHIW�IRU���\U�DQG�WKHQ�����KDUYHVWHG�DQG�EXUQHG��VKRZHG�QR�LQFUHDVH�LQ�SHDN�IORZV�DIWHU
URDGLQJ� RU� DIWHU� ORJJLQJ�� � ��±���� LQFUHDVH� LQ�PLQLPXP� IORZV� RYHU� �� \U�ZLWK� ���� WKH� ILUVW� \HDU� DIWHU
KDUYHVWLQJ�EHLQJ�QR�JUHDWHU�WKDQ�WKH�IRXUWK�\HDU�DIWHU�URDGLQJ��

:6���KDUYHVWHG�RYHU�D�QXPEHU�RI�\HDUV���/RZ�IORZV�LQFUHDVHG�����DIWHU�����FXW��DQG�����WKH�QH[W�\HDU
ZKHQ�����FXW���7KH�LQFUHDVHV�DUH�HTXLYDOHQW�WR������WR�����PP�GD\�

5RWKDFKHU��-����������,QFUHDVHV�LQ�ZDWHU�\LHOG�IROORZLQJ�FOHDU�FXW�ORJJLQJ�LQ�WKH�3DFLILF�1RUWKZHVW�
:DWHU�5HVRXUFHV�5HVHDUFK�������±�����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�QDWXUDO�IRUHVW������WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG



��
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&$%�$EVWUDFWV�$1��������
6WXGLHV�LQ�WKUHH�VPDOO�FDWFKPHQW�DUHDV�LQ�'RXJODV�ILU�IRUHVWV�>FI��)�$�����1R������@�WKDW�KDG�EHHQ

SDWFK�FXW��PRUH�H[WHQVLYHO\�FOHDU�IHOOHG��RU�OHIW�XQGLVWXUEHG��VXJJHVW�WKDW�LQFUHDVHV�LQ�ZDWHU�\LHOG�DUH�URXJKO\
SURSRUWLRQDO�WR�WKH�SURSRUWLRQ�RI�WKH�DUHD�FOHDUHG��,Q�WKH�KLJK�SUHFLSLWDWLRQ�UHJLRQ�RI�WKH�2UHJRQ�&DVFDGHV�
FOHDU�IHOOLQJ�FDQ�LQFUHDVH�ZDWHU�\LHOG�E\����LQ��\U��PRVW�RI�WKH�LQFUHDVH�RFFXUULQJ�EHWZHHQ�2FW��DQG�0DUFK�
EXW�WKHUH�ZHUH�QR�QRWLFHDEOH�FKDQJHV�LQ�VWRUP�IORZ��DQG�VRPH�RI�WKH�ORZ�IORZ�ODWH�VXPPHU�LQFUHDVHV�ZHUH
LPSRUWDQW��2Q�ODUJH�FDWFKPHQWV�PDQDJHG�IRU�VXVWDLQHG�\LHOG�WKH�LQFUHDVHV�PLJKW�EH�ODUJHO\�REVFXUHG��7KH
GXUDWLRQ�RI�ORJJLQJ�HIIHFWV��HIIHFW�RI�UHJURZWK��HWF��DUH�EULHIO\�GLVFXVVHG�

&RPPHQW

7UHDWPHQWV�DW�+�-�$QGUHZV�([SHULPHQWDO�)RUHVW��2UHJRQ��
&RQWURO 3DWFK�FXW &OHDUHG

$UHD��KD� �� ��� ��
&XWWLQJ���� � �� ���

'RHV�QRW�SURGXFH�DFWXDO�IORZV�\LHOGV�EXW�VKRZV�SUHGLFWHG�FKDQJHV�

�����FOHDU�FXW��1RWHG�DQ�LQFUHDVH�LQ�\LHOG�ZKHQ�RYHU�����FXW���7KH���\U�DIWHU�EXUQLQJ�KDG�LQFUHDVHG�\LHOGV
RI�����PP���6HDVRQDO�LQFUHDVHV�ZHUH�VLJQLILFDQW���%LJJHVW�ZHUH�LQ�DXWXPQ�GXULQJ�WKH�ILUVW�PDMRU�UDLQV���1R
QRWLFHDEOH�FKDQJH�LQ�IORRG�SHDNV�LQ�WKH�ELJJHVW�VWRUPV���

3DWFK�FXW��\LHOG�LQFUHDVH�RI�DERXW�����WR�����PP�

5RWKDFKHU��-�� �������5HJLPHV�RI�VWUHDPIORZ�DQG�WKHLU�PRGLILFDWLRQ�E\�ORJJLQJ�� �,Q��.U\JLHU��-�7��
+DOO�-�'���HGV���)RUHVW�/DQG�8VHV�DQG�6WUHDP�(QYLURQPHQW��2UHJRQ�6WDWH�8QLYHUVLW\��&RUYDOOLV���3S�
��±���

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�QDWXUDO�IRUHVW�������WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
+�-�$QGUHZV�([SHULPHQWDO�)RUHVW��2UHJRQ���3URYLGHV�PXFK�RI�WKH�VDPH�GDWD�DV�5RWKDFKHU����������'RHV�QRW
SURGXFH�DFWXDO�IORZV�\LHOGV�EXW�VKRZV�SUHGLFWHG�FKDQJHV���
*HQHUDOO\�LQFUHDVHG�IORZ�DIWHU�KDUYHVWLQJ��QR�FKDQJH�LQ�ODUJHU�IORRG�SHDNV��LQFUHDVHG�PLQLPXP�IORZV
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5RWKDFKHU��-���������'RHV�KDUYHVW�LQ�ZHVW�VORSH�'RXJODV�ILU�LQFUHDVH�SHDN�IORZ�LQ�VPDOO�VWUHDPV�"�86'$
)RUHVW�6HUYLFH�5HVHDUFK�3DSHU�31:�������

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�QDWXUDO�IRUHVW�
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
1RW�IRXQG�LQ�WKH�1HZ�=HDODQG�OLEUDU\�V\VWHP

5XWWHU��$�-���0RUWRQ��$�-���5RELQV��3�&����������$�SUHGLFWLYH�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�LQ�IRUHVWV�
,,��*HQHUDOL]DWLRQ�RI�WKH�PRGHO�DQG�FRPSDULVRQ�ZLWK�REVHUYDWLRQV�LQ�VRPH�FRQLIHURXV�DQG�KDUGZRRG
VWDQGV��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�FRPSDULVRQ��&RQLIHUV��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��,QWHUFHSWLRQ��0RGHO��6WHPIORZ

&$%�$EVWUDFWV�$1������������$XWKRU�VXPPDU\�
$�SUHYLRXVO\�SXEOLVKHG�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�E\�IRUHVWV�ZDV�JHQHUDOLVHG��DQG�HODERUDWHG�WR

HQDEOH�VHSDUDWH�FDOFXODWLRQ�RI�WKURXJKIDOO�DQG�VWHPIORZ��&DOFXODWHG�PHDQ�LQWHUFHSWLRQ�ORVV�SHU�PRQWK�ZDV
ZLWKLQ�����RI�WKH�REVHUYHG�PHDQV��IRU�SHULRGV�RI�IURP���WR����PRQWKV��LQ�3LQXV�QLJUD��'RXJODV�ILU��3LFHD
DELHV� DQG�&DUSLQXV� EHWXOXV�� ,Q� DQ� ROG� FRSSLFH� RI�4XHUFXV� UREXU� PHDQ�PRQWKO\� LQWHUFHSWLRQ� ORVV�ZDV
XQGHUHVWLPDWHG�E\�����DQG�LQ�DUWLILFLDOO\�GHIROLDWHG�SORWV�LQ�WKH�VDPH�FRSSLFH��E\������7KH�FRUUHODWLRQ
FRHIILFLHQW�EHWZHHQ�REVHUYHG�DQG�FDOFXODWHG�PRQWKO\�WRWDOV�RI�LQWHUFHSWLRQ�ORVV�ZDV�DERXW�����LQ�ILYH�RI�WKH
VWDQGV�DQG������LQ�WKH�GHIROLDWHG�4��UREXU��7KH�DELOLW\�RI�WKH�PRGHO�WR�DFFRXQW�IRU�GLIIHUHQFHV�LQ�LQWHUFHSWLRQ
ORVV�EHWZHHQ�GLIIHUHQW�VSHFLHV�LQ�WKH�VDPH�FOLPDWH��EHWZHHQ�WKH�OHDI\�DQG�OHDIOHVV�FRQGLWLRQ�LQ�GHFLGXRXV
VWDQGV��DQG�IRU�VWHPIORZ�DQG�HYDSRUDWLRQ�IURP�WUXQNV��LV�GLVFXVVHG��

&RPPHQW
8VHV�D�PRGLILFDWLRQ�RI�WKH�5XWWHU�HW�DO���������PRGHO�
&RUVLFDQ�SLQH�DQG�'RXJODV�ILU�VWDQGV�ZHUH�DGMDFHQW��WKH�RWKHUV�VRPH�GLVWDQFH�DZD\�

6WHPIORZ�QHJOLJLEOH�LQ�&RUVLFDQ�SLQH�������RI�JURVV�SUHFLSLWDWLRQ�IRU�'RXJODV�ILU���
)RU�'RXJODV�ILU��FDQRS\�VWRUDJH�LV�����PP��WUXQN�VWRUDJH�LV�����PP
2Q�D�PRQWKO\�EDVLV��
'RXJODV�ILU ,/� ��������������î�3771�
&RUVLFDQ�3LQH ,/� ��������������î�3771�
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,QWHUFHSWLRQ�E\�'RXJODV�ILU�DQG�RWKHU�VSHFLHV
6WDQG 0HDQ�PRQWKO\�UDLQIDOO

�PP�
,QWHUFHSWLRQ�ORVV
�PP�

,QWHUFHSWLRQ�ORVV
���

&RUVLFDQ�SLQH ���� ����� ��
'RXJODV�ILU� ���� ���� ��
1RUZD\�VSUXFH ���� ���� ��
+RUQEHDP ���� ����� ��
2DN��FRQWURO� ���� ���� ��
2DN��GHIROLDWHG� ���� ��� ��

6FKDDS��0�*���%RXWHQ��:����������)RUHVW�IORRU�HYDSRUDWLRQ�LQ�D�GHQVH�'RXJODV�ILU�VWDQG���-RXUQDO�RI
+\GURORJ\��������±����

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ�����GD\V�LQ���\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ���\U� 6WDQG�'HQVLW\������63+ %DVDO�$UHD�������P��KD�
+HLJKW�����P 5DLQIDOO��0$3�����PP�
.H\ZRUGV��(YDSRUDWLRQ

&$%�$EVWUDFWV�$1������������$XWKRUV¶�$EVWUDFW
)RUHVW�IORRU�HYDSRUDWLRQ�ZDV�PHDVXUHG�ZLWK�DQ�DFFXUDWH�ZHLJKLQJ�O\VLPHWHU�GXULQJ����GD\V�LQ�HDUO\

VSULQJ�DQG�VXPPHU�LQ�D�GHQVH�'RXJODV�ILU�VWDQG�LQ�FHQWUDO�1HWKHUODQGV��7KH�3HQPDQ�0RQWHLWK�DSSURDFK�ZDV
XVHG�WR�PRGHO�WKH�HYDSRUDWLRQ�UDWHV�DV�ZHOO�DV�WKH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�IRUHVW�IORRU�VXUIDFH�DQG�DLU
DW���P�KHLJKW��9DOXHV�RI�UHVLVWDQFH�SDUDPHWHUV�ZHUH�VOLJKWO\�GLIIHUHQW�ZKHQ�WKH�3HQPDQ�0RQWHLWK�PRGHO�ZDV
RSWLPLVHG�IRU�PHDVXUHG�HYDSRUDWLRQ�UDWHV�RU�IRU�PHDVXUHG�WHPSHUDWXUH�GLIIHUHQFHV��7KHVH�GLVFUHSDQFLHV�ZHUH
SDUWO\�GXH�WR�ILHOG�YDULDELOLW\�LQ�IRUHVW�IORRU�ZDWHU�FRQWHQWV�EXW�DOVR�EHFDXVH�WKH�DSSURDFK�FRQVLGHUHG�WKH�IRUHVW
IORRU�WR�EH�LVRWKHUPDO��:LWK�WKH�DSSURSULDWH�SDUDPHWHU�VHWV��WKH�PRGHO�ZDV�DEOH�WR�SUHGLFW�PHDVXUHG�KRXUO\
IRUHVW� IORRU� HYDSRUDWLRQ� UDWHV� DQG� VXUIDFH� WHPSHUDWXUH� G\QDPLFV� VDWLVIDFWRULO\�� 7KH� 3HQPDQ�0RQWHLWK
YHQWLODWLRQ�WHUP�GRPLQDWHV�RYHU�WKH�DYDLODEOH�HQHUJ\�WHUP�LQ�WKH�IRUHVW�VWXGLHG��$V�D�UHVXOW�WKH�HYDSRUDWLRQ
IOX[�LV�PDWFKHG�E\�DQ�DOPRVW�HTXDO�VHQVLEOH�KHDW�IOX[�EXW�LQ�RSSRVLWH�GLUHFWLRQ��)RUHVW�IORRU�ZDWHU�FRQWHQW
G\QDPLFV�KDYH�D�VWURQJ�FRQWURO�RYHU�WKH�HYDSRUDWLRQ�IOX[��6SDWLDO�YDULDELOLW\�LQ�IRUHVW�IORRU�ZDWHU�FRQWHQWV
FDXVH�WKH����GD\�DYHUDJH�IRUHVW�IORRU�HYDSRUDWLRQ�WR�UDQJH�IURP������PP�GD\�LQ�D�GU\�SDUW�RI�WKH�IRUHVW�WR
����PP�GD\�LQ�D�ZHW�SDUW�ZLWK������PP�GD\�DV�D�VLWH�UHSUHVHQWDWLYH�YDOXH��



��

/DQGFDUH�5HVHDUFK

6FKDDS��0�*���%RXWHQ��:���9HUVWUDWHQ��-�0����������)RUHVW�IORRU�ZDWHU�FRQWHQW�G\QDPLFV�Q�D�'RXJODV
ILU�VWDQG���-RXUQDO�RI�+\GURORJ\���������±�����

&RXQWU\��7KH�1HWKHUODQGV� 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��(YDSRUDWLRQ��6RLO�ZDWHU

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7KH�K\GURORJ\�RI�WKH�IRUHVW�IORRU�ZLWKLQ�D�KRPRJHQHRXV�'RXJODV�ILU��IRUHVW�LQ�7KH�1HWKHUODQGV�ZDV

FRQVLGHUHG�� 7LPH� GRPDLQ� UHIOHFWRPHWU\� PHDVXUHPHQWV� VKRZHG� WKDW� IRUHVW� IORRU� ZDWHU� FRQWHQWV� KDG
FRQVLGHUDEOH�VSDWLDO�YDULDELOLWLHV�EXW�VLPLODU�WHPSRUDO�G\QDPLFV��6LPSOH�OLQHDU�UHODWLRQV�FRXOG�EH�XVHG�WR
WUDQVODWH�IRUHVW�IORRU�ZDWHU�FRQWHQW�G\QDPLFV�IURP�RQH�VLWH�LQ�D�IRUHVW�WR�DQRWKHU��)RUHVW�IORRU�HYDSRUDWLRQ
UDWHV�ZHUH�FDOFXODWHG�XVLQJ�D�SUHYLRXVO\�GHYHORSHG�IRUHVW�IORRU�HYDSRUDWLRQ�PRGHO�DQG�D�\HDU�RI�VRLO�ZDWHU
DQG�PLFURPHWHRURORJLFDO�GDWD��)RU�D�UHODWLYHO\�ZHW�VLWH�ZLWKLQ�WKH�VWDQG�WKH�FDOFXODWHG�HYDSRUDWLRQ�UDWH�ZDV
����PP�\U��IRU�D�PRUH�UHSUHVHQWDWLYH�VLWH�����PP�\U��DQG�IRU�D�GU\�VLWH����PP�\U��7KHVH�DPRXQWV�UDQJHG
EHWZHHQ� �� DQG� ���� RI� WKH� WRWDO� \HDUO\� IRUHVW� HYDSRWUDQVSLUDWLRQ�� 7RJHWKHU� ZLWK� WKURXJKIDOO� UDWHV� DQG
WUDQVSLUDWLRQ�UDWHV��WKHVH�IRUHVW�IORRU�HYDSRUDWLRQ�UDWHV�VHUYHG�DV�ERXQGDU\�FRQGLWLRQV�WR�D�VRLO�ZDWHU�PRGHO
ZLWK�ZKLFK�IRUHVW�IORRU�DQG�PLQHUDO�VRLO�ZDWHU�FRQWHQW�G\QDPLFV�ZHUH�VLPXODWHG��7KH�VLPXODWLRQV�VKRZHG
WKDW�WKURXJKIDOO�DQG�GUDLQDJH�G\QDPLFV�GHWHUPLQHG�WKH�IRUHVW�IORRU�ZDWHU�FRQWHQW�G\QDPLFV�LQ�ZHW�FRQGLWLRQV�
,Q�GU\�SHULRGV��IRUHVW�IORRU�HYDSRUDWLRQ�DQG��WR�D�OHVVHU�H[WHQW��URRW�ZDWHU�XSWDNH��GHWHUPLQHG�IRUHVW�IORRU
ZDWHU�FRQWHQW� G\QDPLFV�� 7KH� VDPH� VLPXODWLRQV� VKRZHG� WKDW� ���� RI� WKH� IRUHVW� IORRU� HYDSRUDWLRQ� ZDV
UHSOHQLVKHG�E\�FDSLOODU\�ULVH�IURP�WKH�PLQHUDO�VRLO��

6FKRZDOWHU��7�'����������7KURXJKIDOO�YROXPH�DQG�FKHPLVWU\�DV�DIIHFWHG�E\�SUHFLSLWDWLRQ�YROXPH��VDSOLQJ
VL]H��DQG�GHIROLDWLRQ�LQWHQVLW\���*UHDW�%DVLQ�1DWXUDOLVW�������±���

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6WDQG�7\SH��3ODQWDWLRQ���\U�
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������$XWKRU¶V�$EVWUDFW
7KURXJKIDOO�DQG�VWHPIORZ�DUH�LPSRUWDQW�FRPSRQHQWV�RI�K\GURORJLF�SURFHVVHV�LQ�IRUHVWV��EXW�UHODWLYH

FRQWULEXWLRQV� RI� PXOWLSOH� IDFWRUV�� LQFOXGLQJ� SUHFLSLWDWLRQ� YROXPH�� SODQW� VL]H�� DQG� KHUELYRU\�� RQ
WKURXJKIDOO�VWHPIORZ�KDYH�QRW�EHHQ� UHSRUWHG��7KLV�SDSHU� UHSRUWV� WKH� UHODWLYH� LQIOXHQFHV�RI�SUHFLSLWDWLRQ
YROXPH���±����/�P����VDSOLQJ�VL]H�����±����FP�GLDPHWHU�DW�URRW�FROODU������±�����NJ�FDOFXODWHG�GU\�IROLDJH
PDVV���DQG�PDQLSXODWHG�KHUELYRU\���±����IROLDJH�UHPRYDO��RQ�WKURXJKIDOO�YROXPH�DQG�1��.��DQG�&D�IOX[HV
DV�HYDOXDWHG�ZLWK�VWHSZLVH�PXOWLSOH�UHJUHVVLRQ�LQ�D�\RXQJ�'RXJODV�ILU�HFRV\VWHP�DW�$QGUHZV�)RUHVW��2UHJRQ�
8QLWHG�6WDWHV��3UHFLSLWDWLRQ�YROXPH�H[SODLQHG�PRVW�YDULDWLRQ�LQ�WKURXJKIDOO�YROXPH��5�� ��������+HUELYRU\
DQG�VDSOLQJ�VL]H�HDFK�KDG�VLJQLILFDQW�EXW�PLQRU�HIIHFWV�RQ�WKURXJKIDOO�YROXPH�DQG�QXWULHQW�IOX[HV��7KH�GDWD
LQGLFDWHG�WKDW�KHUELYRUH�HIIHFWV��ZKLOH�VLJQLILFDQW��DUH�PDVNHG�E\�SUHFLSLWDWLRQ�LQ�WKLV�ZHW�HFRV\VWHP��:LGHU
UDQJHV�LQ�VDSOLQJ�VL]H�DQG�KHUELYRU\�DQG�RU�GULHU�FRQGLWLRQV�ZHUH�FRQVLGHUHG�OLNHO\�WR�LPSURYH�LQWHUSUHWDWLRQ
RI�WKHLU�LQIOXHQFH�RQ�WKURXJKIDOO�YROXPH�DQG�FKHPLVWU\�

&RPPHQW
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+�-�$QGUHZV�:DWHUVKHG����
7KURXJKIDOO�UHIHUV�WR�WKH�DPRXQW�RI�ZDWHU�FROOHFWHG�XQGHU�WKH�VDSOLQJ�FURZQ�DQG�DV�VWHPIORZ��DQG�GRHV�QRW
WDNH�LQWR�DFFRXQW�GLUHFW�SUHFLSLWDWLRQ�WKURXJK�FDQRS\�JDSV�DV�LV�QRUPDOO\�GRQH���1RWKLQJ�KHUH�FRQYHUWV�WKH
GDWD�WR�PHDQLQJIXO�µWKURXJKIDOO¶�RQ�D�VWDQG�EDVLV�

6SLWWOHKRXVH��'�/���������5HODWLQJ�IRUHVW�PHWHRURORJ\�WR�WKH�IRUHVWHU���,8)52��<XJRVODYLD��������9RO
�����±��

&RXQWU\��&DQDGD 5HSRUW�/RFDWLRQ��5--
.H\ZRUGV��(YDSRUDWLRQ��0RGHO

&RPPHQW
$�GLVFXVVLRQ� RI� WKH� QHHG�� SUREOHPV� DQG� VROXWLRQV� LQ� SURYLGLQJ�PHWHRURORJLFDO� LQIRUPDWLRQ� IRU

IRUHVWHUV�ZLWK�H[DPSOHV�RI�WKHLU�VXFFHVVHV���8VLQJ�HYDSRWUDQVSLUDWLRQ�PRGHOV�LV�RQH�H[DPSOH�LOOXVWUDWLQJ�KRZ
GLIIHULQJ�PRGHOV�DUH�XVHG�WR�VXLW�WKH�FLUFXPVWDQFHV�

µ7KH�PRGHOLQJ�RI�HYDSRWUDQVSLUDWLRQ�LV�DQ�RYHUVWXGLHG�DVSHFW�RI�IRUHVW�DQG�DJULFXOWXUDO�PHWHRURORJ\���7KH
OLWHUDWXUH�DERXQGV�ZLWK�HYDSRWUDQVSLUDWLRQ�PRGHOV��PRVW�RI�ZKLFK�DUH�EDVLFDOO\�WKH�VDPH���$SDUW�IURP�VSHFLILF
SUREOHPV� VXFK� DV� ZLWKLQ�FDQRS\� IORZ� DQG� HYDSRUDWLRQ�� DQG� WKH� FRXSOLQJ� RI� WKH� VXUIDFH� DQG� SODQHWDU\
ERXQGDU\�OD\HUV��WKH�PDLQ�SUREOHP�OLQHV�LQ�DSSO\LQJ�WKH�PRGHOV�LQ�IRUHVW�PDQDJHPHQW���:H�KDYH�DWWDFNHG�WKH
SUREOHP�E\�XVLQJ�WZR�W\SHV�RI�PRGHOV���(DFK�KDV�LWV�XVHV�DQG�QHLWKHU�LV�H[SHFWHG�WR�ZRUN�LQ�DOO�VLWXDWLRQV�¶

7KH�ILUVW�PRGHO�LV�IRU�OLPLWHG�GDWD�DQG�RQH�WR�VL[�GD\�WLPH�VWHSV�DQG�XVLQJ�D�FURS�IDFWRU�²�IRU�DQ�H[DPSOH
VHH�*LOHV�HW�DO�����������7KH�RWKHU�PRGHO�LV�EDVHG�RQ�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ��KDV�H[SOLFLW�/$,�DQG
VWRPDWDO�UHVLVWDQFH��DQG�KDV�EHHQ�XVHG�E\�.HOOLKHU�HW�DO���������

6SLWWOHKRXVH��'�/���%ODFN��7�$����������'HWHUPLQDWLRQ�RI�IRUHVW�HYDSRWUDQVSLUDWLRQ�XVLQJ�%RZHQ�UDWLR
DQG�HGG\�FRUUHODWLRQ�PHDVXUHPHQWV���-RXUQDO�RI�$SSOLHG�0HWHRURORJ\��������±����

&RXQWU\��&DQDGD 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��0RGHO

&$%�$EVWUDFWV�$1������������
5DWHV�RI�HYDSRWUDQVSLUDWLRQ�IURP�D����P�KLJK�'RXJODV�ILU�IRUHVW�RQ�WKH�VRXWK�ZHVW�FRDVW�RI�%ULWLVK

&ROXPELD�ZHUH�REWDLQHG�E\�PHDQV�RI�WKH�HQHUJ\�EDODQFH�%RZHQ�UDWLR�PHWKRG�DQG�DQ�HQHUJ\�EDODQFH�HGG\
FRUUHODWLRQ�PHWKRG��,Q�WKH�IRUPHU�PHWKRG��WKH�%RZHQ�UDWLR�ZDV�PHDVXUHG�ZLWK�UHYHUVLQJ�GLRGH�SV\FKURPHWHUV�
,Q�WKH�ODWWHU��WKH�VHQVLEOH�KHDW�IOX[�ZDV�REWDLQHG�E\�HGG\�FRUUHODWLRQ�DQDO\VLV�RI�GDWD�REWDLQHG�IURP�D�IDVW
UHVSRQVH�WKHUPLVWRU�DQG�*LOO�DQHPRPHWHUV�PRXQWHG�KRUL]RQWDOO\�DQG�DW����GHJUHHV�IURP�WKH�YHUWLFDO��7KH
JHQHUDOO\�ORZ�ZLQG�VSHHG�DERYH�WKH�IRUHVW�UHVXOWHG�LQ�RFFDVLRQDO�VWDOOLQJ�RI�WKH�DQHPRPHWHUV�DQG�PDGH�WKH
REWDLQLQJ�RI�DGHTXDWH�HGG\�FRUUHODWLRQ�GDWD�GLIILFXOW��6SHFWUDO�DQDO\VLV�RI�WKH�HGG\�FRUUHODWLRQ�GDWD�LQGLFDWHV
WKDW�D�VLJQLILFDQW�IUDFWLRQ�RI�WKH�VHQVLEOH�KHDW�IOX[�ZDV�DW�ORZ�IUHTXHQFLHV��7KH�H[SHULPHQW�VXJJHVWV�WKDW�DQ
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HGG\�FRUUHODWLRQ�V\VWHP�XVLQJ�PHFKDQLFDO�DQHPRPHWHUV�LV�QRW�VXLWDEOH�IRU�H[WHQGHG�ZDWHU�EDODQFH�VWXGLHV�RI
IRUHVWV�ZKHUH�ORZ�ZLQG�VSHHGV�SUHGRPLQDWH��

6SLWWOHKRXVH��'�/���%ODFN��7�$����������$�JURZLQJ�VHDVRQ�ZDWHU�EDODQFH�PRGHO�DSSOLHG�WR�WZR�'RXJODV
ILU�VWDQGV���:DWHU�5HVRXUFHV�5HVHDUFK���������±�����

&RXQWU\��&DQDGD 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ��������	����\U 6WDQG�'HQVLW\�������DQG�����63+
+HLJKW����	������P
.H\ZRUGV��(YDSRUDWLRQ��0RGHO

&$%�$EVWUDFWV�$1������������$XWKRUV¶�$EVWUDFW
7KH� IRUHVW� ZDWHU�EDODQFH�PRGHO� SUHVHQWHG� UHTXLUHV� RQO\� GDLO\� VRODU� UDGLDWLRQ�� PD[LPXP� DQG

PLQLPXP�DLU�WHPSHUDWXUH��DQG�UDLQIDOO�DV�WKH�LQSXW�ZHDWKHU�GDWD��6LWH�SDUDPHWHUV�DUH�URRW�]RQH�GHSWK��VRLO
ZDWHU�UHWHQWLRQ�DQG�GUDLQDJH�FKDUDFWHULVWLFV��HVWLPDWHG�FDQRS\�OHDI�DUHD�LQGH[��DQG�WKH�FRHIILFLHQWV�RI�WKH
HYDSRWUDQVSLUDWLRQ�DQG�UDLQIDOO�LQWHUFHSWLRQ�VXEPRGHOV��7KH�HYDSRWUDQVSLUDWLRQ�VXEPRGHO�FDOFXODWHV�WKH�IRUHVW
HYDSRWUDQVSLUDWLRQ�UDWH�DV�WKH�OHVVHU�RI�HQHUJ\�OLPLWHG�DQG�VRLO�OLPLWHG�UDWHV��7KH�IRUPHU�LV�FDOFXODWHG�IURP
WKH����KRXU�QHW�UDGLDWLRQ�DQG�WKH�ODWWHU�IURP�WKH�IUDFWLRQ�RI�H[WUDFWDEOH�ZDWHU�LQ�WKH�URRW�]RQH��6RODU�UDGLDWLRQ
DQG�DLU�WHPSHUDWXUH�DUH�XVHG�WR�FDOFXODWH�QHW�UDGLDWLRQ��,QWHUFHSWLRQ�LV�FDOFXODWHG�IURP�WKH�GDLO\�UDLQIDOO��7KH
URRW�]RQH�LV�WUHDWHG�DV�D�VLQJOH�OD\HU�ZLWK�GUDLQDJH�FDOFXODWHG�DV�D�IXQFWLRQ�RI�WKH�URRW�]RQH�ZDWHU�FRQWHQW�
:DWHU�GHILFLWV�DQG�WKH�PDWULF�SRWHQWLDO�RI�WKH�URRW�]RQH�DUH�XVHG�WR�LQGLFDWH�WUHH�ZDWHU�VWUHVV��7KH�PRGHO�ZDV
WHVWHG�RQ�WZR�'RXJODV�ILU�VWDQGV�RI�GLIIHUHQW�VWDQG�GHQVLW\�DQG�OHDI�DUHD�LQGH[��7KH�FRHIILFLHQWV�XVHG�LQ�WKH
HYDSRWUDQVSLUDWLRQ�VXEPRGHO�ZHUH�IRXQG�WR�EH�WKH�VDPH�IRU�ERWK�VWDQGV��,W�ZDV�DOVR�IRXQG�WKDW�RYHU�����RI
WKH�JURZLQJ�VHDVRQ�UDLQIDOO�ZDV�ORVW�WKURXJK�LQWHUFHSWLRQ��

&RPPHQW
0RGHOOHG�LQWHUFHSWLRQ��
6LWH����DJH����XQWKLQQHG��PLG�-XQH�WR�PLG�$XJXVW�����RI�3771��DPRXQW�QRW�VWDWHG��
6LWH���DJHV����DQG�����WKLQQHG��0D\�WR�6HSWHPEHU�2FWREHU����DQG�����RI�3771��DPRXQW�QRW�VWDWHG��

:KHQ�WUHHV�DUH�QRW�XQGHUJRLQJ�VRLO�PRLVWXUH�VWUHVV��LQ�PLG�VXPPHU�(�LV�DERXW���PP�GD\�EXW�GURSV�WR�DERXW
����PP�GD\�DV�PRLVWXUH�VWUHVV�LQFUHDVHV�
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6WHGQLFN��-�'�� �������0RQLWRULQJ� WKH�HIIHFWV�RI� WLPEHU�KDUYHVW�RQ�DQQXDO�ZDWHU�\LHOG�� �-RXUQDO�RI
+\GURORJ\��������±���

&RXQWU\��86$ 5HSRUW�/RFDWLRQ��5��
6SHFLHV�&RPSDULVRQ��&RQLIHUV��1DWLYH�GHFLGXRXV�IRUHVW��3LQHV��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ��+DUYHVWLQJ
6WDQG�7\SH��1DWXUDO�	�UHJURZWK�IRUHVW
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG

&RPPHQW
5HYLHZV�SDLUHG�FDWFKPHQW�VWXGLHV�LQ�WKH�86$�DQG�XSGDWHV�+HZOHWW�	�+LEEHUW��������DQG�%RVFK�	�+HZOHWW
���������,QFOXGHV�WKH�ZRUN�RI�+DUU��5RWKDFKHU�DQG�+DUULV�ZKLFK�DUH�OLVWHG�HOVHZKHUH�LQ�WKLV�UHSRUW���6HH�WKH
SDSHU�WR�JHW�EDFN�WR�WKH�DSSURSULDWH�RULJLQDO�GDWD

,QFUHDVH�LQ�VWUHDPIORZ�DIWHU�KDUYHVWLQJ�'RXJODV�ILU�DQG�'RXJODV�ILU�PL[HG�IRUHVW
&DWFKPHQW $UHD 0$3

�PP�
6WUHDPIORZ
�PP�

��&XW 6WUHDPIORZ�LQFUHDVH
�PP�

&R\RWH�&UHHN��� �� ���� ��� �� ��
&R\RWH�&UHHN��� �� ���� ��� �� ���
&R\RWH�&UHHN��� �� ���� ��� ��� ���
)R[�&UHHN��� �� ���� ���� �� �
)R[�&UHHN��� �� ���� ���� �� �
'HHU�&UHHN ��� ���� ���� �� ���
1HHGOH%UDQFK �� ���� ���� �� ���
+-�$QGUHZV��� �� ���� ���� ��� ���
+-�$QGUHZV��� ��� ���� ���� �� ���
+-�$QGUHZV��� �� ���� ���� ��� ���
+-�$QGUHZV��� �� ���� ���� ��� ���
+-�$QGUHZV���� �� ���� ���� ��� ���
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6ZDQVRQ��5�+����������7UDQVSLUDWLRQ�SRWHQWLDO�RI�FRQWRUWD��UDGLDWD�SLQH�DQG�'RXJODV�ILU�IRU�GH�ZDWHULQJ
LQ�PDVV�ZDVWLQJ�FRQWURO���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��5����
6SHFLHV�&RPSDULVRQ��3LQXV�UDGLDWD��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ�YDULRXV�DJHV 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
7UDQVSLUDWLRQ�PHDVXUHG�E\�VDS�IOX[�LQ�3��UDGLDWD��3��FRQWRUWD�DQG�'RXJODV�)LU�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�����±�����

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�
3��UDGLDWD�����±�����PP�!!�3��FRQWRUWD����±����PP�!��'RXJODV�ILU����±����PP�
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&RPPHQWV�WKDW�VDS�IOX[�LQ�3��UDGLDWD�GHFUHDVHV�ZLWK�DJH�DQG�VWDELOLVHV�DW���±���FP��FP��KRXU���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��

7KRPDV��5�%���0HJDKDQ��:�)����������3HDN�IORZ�UHVSRQVHV�WR�FOHDU�FXWWLQJ�DQG�URDGV�LQ�VPDOO�DQG�ODUJH
EDVLQV��ZHVWHUQ�&DVFDGHV��2UHJRQ��$�VHFRQG�RSLQLRQ���:DWHU�5HVRXUFHV�5HVHDUFK����������±�����

&RXQWU\��8QLWHG�6WDWHV 5HSRUW�/RFDWLRQ��5����
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��2OG�JURZWK�IRUHVWV
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
5H�HYDOXDWHV� WKH�ZRUN�RI�-RQHV�	�*UDQW� �������KDYLQJ�FULWLFLVHG� WKHLU�PHWKRGV�� �&RQVLGHUV� WKUHH�VPDOO
FDWFKPHQWV�DW�+-�$QGUHZV�DQG�VL[�ODUJHU�FDWFKPHQWV��

µ:H�FRXOG�QRW�GHWHFW�DQ\�HIIHFWV�RI�FXWWLQJ�RQ�SHDNIORZV�LQ�RQH�RI�WKH�ODUJH�EDVLQ�SDLUV��DQG�UHVXOWV�ZHUH
LQFRQFOXVLYH�LQ�WKH�RWKHU�WZR�ODUJH�EDVLQ�SDLUV�¶

µ3HDN�IORZV�ZHUH�LQFUHDVHG�XS�WR�����IRU�WKH�VPDOOHVW�SHDN�HYHQWV�RQ�WKH�FOHDU�FXW�ZDWHUVKHG�DQG�XS�WR����
IRU�WKH�VPDOOHVW�HYHQWV�LQ�WKH�URDGHG�DQG�SDWFK�FXW�ZDWHUVKHG���3HUFHQWDJH�WUHDWPHQW�HIIHFWV�GHFUHDVHG�DV�IORZ
HYHQW�VL]H�LQFUHDVHG�DQG�ZHUH�QRW�GHWHFWDEOH�IRU�IORZV�ZLWK���\U�UHWXUQ�LQWHUYDOV�RU�JUHDWHU�RQ�HLWKHU�WUHDWHG
ZDWHUVKHG���7UHDWPHQW�HIIHFWV�GHFUHDVHG�RYHU�WLPH�EXW�ZHUH�VWLOO�IRXQG�DIWHU����\U�RQ�WKH�FOHDU�FXW�ZDWHUVKHG
EXW�RQO\�IRU����\U�RQ�WKH�SDWFK�FXW�DQG�URDGHG�ZDWHUVKHG�´

7LNWDN��$���%RXWHQ��:����������6RLO�ZDWHU�G\QDPLFV�DQG�ORQJ�WHUP�ZDWHU�EDODQFHV�RI�D�'RXJODV�ILU�VWDQG
LQ�WKH�1HWKHUODQGV���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��0RGHO��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
6HDVRQDO�G\QDPLFV�RI�VRLO�ZDWHU��WKH�DQQXDO�ZDWHU�EDODQFHV�RYHU�D�SHULRG�RI����\U������±����DQG�WKH

IUHTXHQF\�RI�RFFXUUHQFH�RI�H[WUHPH�ZDWHU�VKRUWDJH�ZHUH�TXDQWLILHG�ZLWK�WKH�PRGHO�
6:,)
�IRU�D�'RXJODV�ILU
VWDQG�RQ�D�VDQG\�VRLO�LQ�WKH�FHQWUDO�1HWKHUODQGV��7KH�VWDQG�ZDV����\U�ROG�DW�WKH�EHJLQQLQJ�RI�������7KH
K\GURORJLFDO�LQIRUPDWLRQ�ZDV�QHHGHG�IRU�HYDOXDWLQJ�WKH�LPSDFW�RI�DLU�SROOXWLRQ�DQG�ZDWHU�VKRUWDJH�RQ�IRUHVW
JURZWK��DQG�WR�FDOFXODWH�FKHPLFDO�EXGJHWV��0HDVXUHPHQWV�QHFHVVDU\�IRU�PRGHO�SDUDPHWHULVDWLRQ�LQFOXGHG
UDLQIDOO��WKURXJKIDOO��WUDQVSLUDWLRQ��VRLO�ZDWHU�FRQWHQW�DQG�VRLO�ZDWHU�SUHVVXUH�KHDG��7KHVH�GDWD�ZHUH�DYDLODEOH
IRU���\U��)RU�WKH�SHULRG�ZLWKRXW�PHDVXUHPHQWV��WKURXJKIDOO�DQG�SRWHQWLDO�HYDSRWUDQVSLUDWLRQ�ZHUH�FDOFXODWHG
IURP�V\QRSWLF�ZHDWKHU�GDWD�ZLWK�DQ�HPSLULFDO�PRGHO��7KH�HIIHFW�RI�XVLQJ�V\QRSWLF�ZHDWKHU�GDWD�LQVWHDG�RI
GHWDLOHG�RQ�VLWH�PHDVXUHG�GDWD�ZDV�DQDO\VHG��7KH�UHVXOWV�VKRZHG�WKDW�DIWHU�FDOLEUDWLRQ�RI�WKH�HPSLULFDO�PRGHO
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WKH�VLPXODWHG�DQQXDO�ZDWHU�EDODQFH�DQG�VHDVRQDO�VRLO�ZDWHU�G\QDPLFV�ZHUH�ZHOO�GHVFULEHG�ZLWK�V\QRSWLF
ZHDWKHU�GDWD�DV�ZHOO�DV�ZLWK�GHWDLOHG�RQ�VLWH�PHDVXUHG�GDWD��7KH�PRGHOOHG�DQQXDO�ZDWHU�EDODQFHV�IRU�WKH
SHULRG�����±���DUH�SUHVHQWHG�DV�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV��0HGLDQ�YDOXHV�RI�WKH�PDMRU�WHUPV�RI�WKH
ZDWHU�EDODQFH�DQG�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�H[WUHPH�ZDWHU�VKRUWDJH�ZHUH�GHULYHG�IURP�WKHVH�GLDJUDPV�
$QQXDO�PHGLDQ�SUHFLSLWDWLRQ�ZDV�����PP��FDOFXODWHG�PHGLDQ�LQWHUFHSWLRQ�ORVV�����PP��PHGLDQ�WUDQVSLUDWLRQ
����PP��PHGLDQ�VRLO�ZDWHU�HYDSRUDWLRQ����PP�DQG�PHGLDQ�YHUWLFDO�GUDLQDJH�DW�����FP�GHSWK�����PP��7KH
VXP�RI�WKH�PDMRU�ORVVHV�ZDV�QRW�HTXDO�WR�PHGLDQ�DQQXDO�SUHFLSLWDWLRQ�DV�WKH�PHGLDQ�YDOXHV�RI�WKH�LQGLYLGXDO
WHUPV�PD\�RFFXU�LQ�GLIIHUHQW�\HDUV��7UDQVSLUDWLRQ�VKRZV�VPDOOHU�YDULDWLRQV�������EHWZHHQ�WKH�\HDUV�WKDQ
WKURXJKIDOO� ������ DQG� YHUWLFDO� GUDLQDJH� ��������$OWKRXJK� WKH�PHGLDQ� YDOXH� RI� WUDQVSLUDWLRQ� UHGXFWLRQ
UHVXOWLQJ� IURP� ZDWHU� VWUHVV� ZDV� ORZ� ������ VRPH� \HDUV� VKRZHG� H[WUHPH� ZDWHU� VKRUWDJH�� WKH� KLJKHVW
WUDQVSLUDWLRQ�UHGXFWLRQ�EHLQJ�����IRU�������$OWKRXJK�WRWDO�WUDQVSLUDWLRQ�UHGXFWLRQ�GXULQJ�PHGLDQ�\HDUV�ZDV
ORZ��VKRUW�SHULRGV�ZLWK�FRQVLGHUDEOH�GURXJKW�VWUHVV�RFFXU�GXULQJ�WKHVH�\HDUV��

&RPPHQW
'HVFULEHV�WKH�6:,)�PRGHO�DQG�PRGHOV�WKH�ZDWHU�EDODQFH�IRU�WKH�VWDQG�RYHU����\U�
0HDQ�ZDWHU�EDODQFH� 3771�����PP��,/�����PP��7UDQVSLUDWLRQ�����PP��6RLO�HYDSRUDWLRQ����PP�

YDQ�(N��5���'UDDLMHUV��*�3�-���������(VWLPDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ�DQG�FDQRS\�H[FKDQJHV�IRU
WKUHH�FRPPRQ�WUHH�VSHFLHV�LQ�7KH�1HWKHUODQGV���:DWHU��$LU��DQG�6RLO�3ROOXWLRQ�������±���

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
6SHFLHV�&RPSDULVRQ��1DWLYH�GHFLGXRXV�IRUHVW��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 'LDPHWHU�������FP 5DLQIDOO��0$3�����PP
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������
'XULQJ���\U���������GU\�DQG�ZHW�GHSRVLWLRQ�RQWR����IRUHVW�VWDQGV�ZDV�VWXGLHG�E\�VDPSOLQJ�WKURXJKIDOO

DQG�EXON�SUHFLSLWDWLRQ��1LQH�PHDVXUHPHQW�VLWHV�ZHUH�VLWXDWHG�LQ�'RXJODV�ILU�VWDQGV�����LQ�6FRWV�SLQH��3LQXV
V\OYHVWULV��VWDQGV�DQG����LQ�RDN��4XHUFXV�UREXU��VWDQGV��%HFDXVH�WKH�VWDQGV�ZHUH�VLWXDWHG�LQ�HDFK�RWKHU
V
SUR[LPLW\��L�H��ZLWKLQ�D�UDGLXV�RI�DSSUR[LPDWHO\�����NP��LW�LV�DVVXPHG�WKDW�WKH\�H[SHULHQFHG�DQ�DSSUR[LPDWHO\
HTXDO�DLU�SROOXWLRQ�ORDG��)RU�WKH�DFLGLI\LQJ�FRPSRXQGV�62�

����12�
��DQG�1+�

���VSDWLDO�YDULDELOLW\�LQ�ZHW
GHSRVLWLRQ�ZDV�VPDOO�ZLWKLQ�WKH�DUHD�VWXGLHG��'U\�GHSRVLWLRQ��DV�HVWLPDWHG�E\�QHW�WKURXJKIDOO��GLVSOD\HG�D
PXFK�KLJKHU�VSDWLDO�YDULDELOLW\��6LJQLILFDQW�GLIIHUHQFHV�H[LVWHG�EHWZHHQ�WUHH�VSHFLHV�DQG�JURZLQJ�VHDVRQV�
'RXJODV� ILU� PRVWO\� GLVSOD\HG� WKH� KLJKHVW�� RDN� WKH� ORZHVW� DQG� 6FRWV� SLQH� LQWHUPHGLDWH� YDOXHV� IRU� QHW
WKURXJKIDOO�IOX[HV�RI�DFLGLI\LQJ�FRPSRXQGV��7KH�DQQXDO�QHW�WKURXJKIDOO�IOX[HV�IRU�QLWURJHQ�FRPSRXQGV�ZHUH
VLJQLILFDQWO\�KLJKHU�IRU�WKH�FRQLIHURXV�WUHH�VSHFLHV�WKDQ�WKH�EURDGOHDYHG�WUHH�VSHFLHV��)RU�62�

����KRZHYHU��RDN
VKRZHG�D�UHODWLYHO\�KLJK�WKURXJKIDOO�IOX[�GXULQJ�WKH�VXPPHU��%\�FRPSDULQJ�WKH�WHPSRUDO�SDWWHUQ�RI�QHW
WKURXJKIDOO�IOX[HV�EHWZHHQ�WKH�WKUHH�WUHH�VSHFLHV�LW�ZDV�FRQFOXGHG�WKDW�FRQVLGHUDEOH�FDQRS\�OHDFKLQJ�RFFXUUHG
IRU�62�

����0J����32�
�����+&2�

��DQG�.��LQ�RDN�VWDQGV�GXULQJ�WKH�VSURXWLQJ�RI�OHDYHV�LQ�VSULQJ��)URP�VXUIDFH
ZDVK�H[SHULPHQWV�LQ�WKH�ODERUDWRU\�LW�LV�FRQFOXGHG�WKDW�FDQRS\�OHDFKLQJ�RI�WKHVH�LRQV�PD\�DOVR�EH�HQKDQFHG
ZKHQ�RDN�OHDYHV�DUH�LQIHFWHG�E\�RDN�PLOGHZ�²�D�IXQJDO�GLVHDVH�FDXVHG�E\�0LFURVSKDHUD�DOSKLWRLGHV��

&RPPHQW
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7KUHH�VSHFLHV��'RXJODV�ILU����VWDQGV���6FRWV�SLQH�����VWDQGV���2DN�����VWDQGV��
$OO�SODQWDWLRQV�ZLWKLQ�D�UDGLXV�RI�����NP���'DWD�SRROHG�IRU�HDFK�VSHFLHV�
6WHPIORZ�QRW�PHDVXUHG�

2QH�\HDU�WKURXJKIDOO�
'RXJODV�ILU 6FRWV�SLQH� 2DN

3UHFLSLWDWLRQ��PP�� ��� ��� ���
7KURXJKIDOO ��� ��� ���
7KURXJKIDOO�� �� �� ��

YDQ�:LMN��0�7���'HNNHU��6�&���%RXWHQ��:���.RKVLHN��:���0RKUHQ��*�0�-���������6LPXODWLRQ�RI�FDUERQ
DQG�ZDWHU�EXGJHWV�RI�D�'RXJODV�ILU�IRUHVW���)RUHVW�(FRORJ\�DQG�0DQDJHPHQW���������±����

&RXQWU\��7KH�1HWKHUODQGV� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�XVH�FKDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ���±���\U 'HQVLW\������63+�XQWKLQQHG��a����DIWHU�WKLQQLQJ
+HLJKW��������P
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��0RGHO��:DWHU�EDODQFH

&RPPHQW
8VHG�WKH�)25*52�6:,)�PRGHO���6WDQG�/$,�YDULHG�EHWZHHQ�����DQG������EHIRUH�WKLQQLQJ�ZKHQ����

RI�WKH�YHJHWDWLRQ�ZDV�UHPRYHG���*LYHV�VLPXODWLRQV�IRU�WKH�WZR�VWDQGV�IRU����\HDUV�

6LPXODWHG�ZDWHU�EDODQFHV�LQ��PP���UDLQ�DQG�VRLO�HYDSRUDWLRQ�DUH�FRPPRQ�WR�ERWK�VHWV
<HDU 3771 1RQ�WKLQQHG 6RLO

HYDSRU
�DWLRQ

7KLQQHG

,171 75$16 'UDLQDJH 6WRUDJH
FKDQJH

,171 75$16 'UDLQDJH 6WRUDJH
FKDQJH
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/DQGFDUH�5HVHDUFK

,QWHUFHSWLRQ�LV�DERXW�����RI�SUHFLSLWDWLRQ�ZKLFK�LV�RQO\�����ORZHU�WKDQ�WUDQVSLUDWLRQ���$IWHU�WKLQQLQJ��WKH
VLPXODWLRQ�KDV�LQWHUFHSWLRQ�GHFUHDVLQJ�WR�DERXW�����RI�UDLQIDOO��WUDQVSLUDWLRQ�GHFUHDVHG�RI�WKH�RUGHU�RI�����
DQG�WKHUH�LV�D�VLJQLILFDQW�LQFUHDVH�LQ�VRLO�GUDLQDJH�DIWHU�WKLQQLQJ�

:LOO��*�0�� ������� �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��3LQXV�UDGLDWD��3LQH�VSHFLHV
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ +HLJKW�����P
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&RPPHQW
.DLQJDURD�)RUHVW�7ZR�UDLQ�FROOHFWRUV������PP�JODVV�IXQQHOV��DW�HDFK�VLWH���
'RXJODV�)LU�����\HDU�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�� ���� ��� ��

:ULJKW��.�$���6HQGHN��.�+���5LFH��5�0���7KRPDV��5�%����������/RJJLQJ�HIIHFWV�RQ�VWUHDPIORZ��VWRUP
UXQRII�DW�&DVSDU�&UHHN�LQ�QRUWKZHVWHUQ�&DOLIRUQLD���:DWHU�5HVRXUFHV�5HVHDUFK���������±������

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��6HFRQG�JURZWK�ZLWK�UHGZRRGV�
.H\ZRUGV��6WRUP�IORZ

&$%�$EVWUDFWV�$1�����������
7KH�HIIHFWV�RI�URDG�EXLOGLQJ�DQG�VHOHFWLYH�WUDFWRU�ORJJLQJ�RI�VHFRQG�JURZWK�6HTXRLD�VHPSHUYLUHQV

DQG�'RXJODV�ILU�RQ�WRWDO�VWRUP�YROXPHV��TXLFNIORZ�YROXPHV��SHDN�IORZV�DQG�ODJ�WLPHV�ZHUH�VWXGLHG�IRU�D�VPDOO
�����KD��FRDVWDO�ZDWHUVKHG�LQ�QRUWKHUQ�&DOLIRUQLD��

&RPPHQW



��

/DQGFDUH�5HVHDUFK

7DEXODWHV�UHVXOWV�IURP�D�QXPEHU�RI�SDSHUV��VRPH�LQFOXGHG�KHUH�DQG�RWKHUV�QRW�REWDLQDEOH��RQ�WKH�HIIHFWV�RI
URDG�EXLOGLQJ�DQG�ORJJLQJ�RQ�VWRUPIORZV�LQ�WKH�86�3DFLILF�1RUWKZHVW���3UHVHQWV�GDWD�IURP�WKH�1RUWK��FRQWURO�
DQG�6RXWK�)RUNV�VXEFDWFKPHQWV�������URDGV�������FOHDU�FXW��RI�&DVSDU�&UHHN��

8VHG�VWRUPV�WKDW�ILWWHG�WKH�IROORZLQJ�FULWHULD��
� $�SHDN�IORZ�!������/�V�KD
� &RPSOHWH�UHFRUGV�IRU�WKH�FRQWURO�DQG�WUHDWHG�FDWFKPHQWV
� 6WRUP�SDLUV�WKDW�DSSUR[LPDWHO\�FRUUHVSRQGHG�ZLWK�WLPH
� 6WRUP�ZLWK�DQ�LQLWLDO�ULVH�JUHDWHU�WKDQ�WKH�+HZOHWW�	�+LEEHUW��������VHSDUDWLRQ�OLQH�
9DULDEOH�GHWHUPLQHG�XVLQJ�WKH�+HZOHWW�	�+LEEHUW�VHSDUDWLRQ�ZHUH��LQLWLDO�IORZ��SHDN�IORZ��IORZ�DW�HQG�RI
TXLFNIORZ��TXLFNIORZ��DQG�WRWDO�IORZ�IURP�VWDUW�RI�ULVH�WR�WKH�HQG�RI�TXLFNIORZ���7LPH�SHULRGV�DQDO\VHG�ZHUH
WKH�FDOLEUDWLRQ�SHULRG����\U�SRVW�URDGLQJ�SUH�ORJJLQJ�DQG����\U�SRVW�ORJJLQJ�� �7KH�GDWD�IURP�WKH� WUHDWHG
FDWFKPHQWV�ZHUH�UHJUHVVHG�DJDLQVW�WKRVH�IURP�WKH�FRQWURO�IRU�WKHVH�WKUHH�SHULRGV�

1R�FKDQJH�LQ�WRWDO�YROXPH��TXLFNIORZ�YROXPH�RU�SHDN�IORZ�ZHUH�IRXQG�IRU�WKH�SRVW�URDGLQJ�SHULRG�²�WKH
URDGV�RFFXSLHG������RI�WKH�FDWFKPHQW���7KHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�FDOLEUDWLRQ�DQG�SRVW�ORJJLQJ
UHJUHVVLRQ�IRU�WKH�VDPH�YDULDEOH�SRVW�ORJJLQJ���

6PDOO�VWRUP�SHDNV���������/�V�KD��LQFUHDVHG������DIWHU�ORJJLQJ��DQG�YROXPHV�LQ�YHU\�VPDOO�VWRUPV��������
PP��LQFUHDVHG��������)RU�ODUJH�VWRUPV��OHVV�IUHTXHQW�WKDQ���\U��VKRZHG�QR�GHWHFWDEOH�LQFUHDVHV��

=LHPHU��5�5����������6WRUP�IORZ�UHVSRQVH�WR�URDG�EXLOGLQJ�DQG�SDUWLDO�FXWWLQJ�LQ�VPDOO�VWUHDPV�RI
1RUWKHUQ�&DOLIRUQLD���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��6HFRQG�JURZWK�ZLWK�UHGZRRGV�
.H\ZRUGV��6WRUP�IORZ

$XWKRU¶V�$EVWUDFW
7R�DVVHVV�WKH�LQIOXHQFH�RI�URDG�EXLOGLQJ�DQG�ORJJLQJ�RQ�VWRUP�IORZ�UHVSRQVH��D�SDLU�RI�ZDWHUVKHGV

ZHUH�VWXGLHG�DW�&DVSDU�&UHHN�QHDU�)RUW�%UDJJ�LQ�QRUWKHUQ�&DOLIRUQLD�IURP������WR��������6HOHFWLRQ�FXWWLQJ
DQG�WUDFWRU�\DUGLQJ�RI����\U�ROG�VHFRQG�JURZWK�UHGZRRG�DQG�'RXJODV�ILU�IRUHVW�GLG�QRW�VLJQLILFDQWO\�DIIHFW
ODUJH�SHDN�VWUHDPIORZV���7KH�ILUVW�VWUHDPIORZ�SHDNV�LQ�WKH�IDOO��KRZHYHU��ZHUH�LQFUHDVHG�DERXW������DIWHU
ORJJLQJ���7KHVH�HDUO\�IDOO�VWRUPV�SURGXFHG�VPDOO�SHDNV��ZKLFK�KDG�OLWWOH��LI�DQ\��K\GUDXOLF�FRQVHTXHQFH���7KH
HIIHFW�RI�ORJJLQJ�RQ�SHDN�IORZ�ZDV�EHVW�SUHGLFWHG�E\�D�YDULDEOH�UHSUHVHQWLQJ�WKH�SHUFHQWDJH�RI�WKH�DUHD�ORJJHG
GLYLGHG�E\�WKH�VHTXHQWLDO�VWRUP�QXPEHU�ZLWKLQ�WKH�\HDU�

&RPPHQW
$OVR�&DVSDU�&UHHN��1RUWK�)RUN�DQG�6RXWK�)RUN�

6KRZHG�WKHUH�ZHUH�VOLJKW�FKDQJHV�E\�ZD\�RI�D�EUHDN�LQ�VORSH�LQ�D�PDVV�FXUYH�RI�FXPXODWLYH�SHDN�IORZV�RQFH
KDUYHVWLQJ�WRRN�SODFH���5HJUHVVLRQ�OLQHV�RI�UHODWLRQVKLSV�IRU�SUH��DQG�SRVW�ORJJLQJ�SHULRGV�EHWZHHQ�WKH�WUHDWHG
DQG�FRQWURO�FDWFKPHQWV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW���$Q�DQDO\VLV�ZDV�GRQH�XVLQJ�GHULYHG�YDULDEOHV�RYHU
IRXU�IORZ�FODVVHV�DQG�RQO\�WKH�VPDOOHVW�VKRZHG�DQ\�VLJQLILFDQW�LQFUHDVH�



��

/DQGFDUH�5HVHDUFK

1RWHG�WKDW�WKH�ILUVW�VWUHDPIORZ�SHDNV�LQ�WKH�IDOO�ZHUH�LQFUHDVHG�E\�DERXW������DIWHU�ORJJLQJ�EXW�EHFDXVH�WKH\
ZHUH�VPDOO�WKH\�KDG�OLWWOH��LI�DQ\��K\GUDXOLF�FRQVHTXHQFH�

=LHPHU��5�5���������)ORRGLQJ�DQG�VWRUPIORZV���,Q��=LHPHU��5�5���7HFKQLFDO�&RRUGLQDWRU��3URFHHGLQJV
RI� WKH�FRQIHUHQFH�RQ�FRDVWDO�ZDWHUVKHGV��7KH�&DVSDU�&UHHN�VWRU\�� �86'$�)RUHVW�6HUYLFH�*HQHUDO
7HFKQLFDO�5HSRUW�36:�*75��������±���

&RXQWU\��8QLWHG�6WDWHV 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��6HFRQG�JURZWK�ZLWK�UHGZRRGV�
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
$�FRQWLQXDWLRQ�RI�WKH�&DVSDU�&UHHN�VWRU\���
$IWHU�6RXWK�)RUN�ZDV�VHOHFWLRQ�FXW��SHDN�IORZV�GLG�QRW�FKDQJH�VLJQLILFDQWO\�LQ�WKRVH�IORRGV�WKDW�RFFXU�DERXW
��WLPHV�D�\HDU�²�ODUJHU�WKDQ���/�V�KD���)RU�HYHQWV�VPDOOHU�WKDQ�WKLV��WKH�ILUVW�SHDNV�LQ�IDOO�LQFUHDVHG������EXW
WKH�VHFRQG�VWRUP�SURGXFHG�RQO\�KDOI�WKDW�UHVSRQVH�

,Q�D�VHFRQG�SKDVH�LQ�ZKLFK�1RUWK�)RUN�ZDV�ORJJHG�WKHUH�ZDV�D�PHDQ�SHDN�IORZ�LQFUHDVH�RI�����LQ�FOHDU�FXW
VXEFDWFKPHQWV�DQG�����LQFUHDVH�LQ�SDUWLDOO\�FXW�VXEFDWFKPHQWV�IRU�WKH�FODVV�RI�IORZV�!���/�V�KD��L�H��WKRVH
RFFXUULQJ�OHVV�IUHTXHQWO\�WKDQ�WZLFH�D�\HDU��



��

/DQGFDUH�5HVHDUFK

6HFWLRQ�����$GGLWLRQDO�5HIHUHQFHV

7KHVH�FLWDWLRQV�DUH�UHIHUUHG�WR�LQ�WKH�WH[W�EXW�DUH�QRW�LQ�6HFWLRQ���

$OOHQ��5���3ODWW��.���:LVHU��6����������%LRGLYHUVLW\�LQ�1HZ�=HDODQG�SODQWDWLRQV���1HZ�=HDODQG�)RUHVWU\�������
��±���

%HOWRQ��0���/DZ��*����������3ODQWLQJ¶V�XS�DQG�IO\LQJ���1HZ�=HDODQG�)RUHVW�,QGXVWULHV���������±���

'DYLV��0�5���/DQJ��0�+����������,QFUHDVHG�QXWULHQW�DYDLODELOLW\�LQ�WRSVRLOV�XQGHU�FRQLIHUV�LQ�WKH�6RXWK�,VODQG
KLJK�FRXQWU\���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±����

)DKH\�� %�'��� 5RZH�� /�.�� � ������ � /DQG�XVH� LPSDFWV�� � ,Q��0RVOH\��0�3�� HG�� �:DWHUV� RI� 1HZ� =HDODQG�
:HOOLQJWRQ��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\���3S�����±����

+HZOHWW��-�'���+LEEHUW��-����������)DFWRUV�DIIHFWLQJ�WKH�UHVSRQVH�RI�VPDOO�ZDWHUVKHGV�WR�SUHFLSLWDWLRQ�LQ�KXPLG
DUHDV���,Q��6RSSHU��:�(���/XOO��+�:��HG��,QWHUQDWLRQDO�6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��1HZ�<RUN��3HUJDPRQ
3UHVV���3S�����±����

-DUYLV��3�*���������7KH�LQWHUSUHWDWLRQ�RI�WKH�YDULDWLRQV�LQ�OHDI�ZDWHU�SRWHQWLDO�DQG�VWRPDWDO�FRQGXFWDQFH�IRXQG
LQ�FDQRSLHV�LQ�WKH�ILHOG���3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\��/RQGRQ�%���������±����

/HGJDUG��1���������1DWLYH�ELUGV�LQ�6RXWK�,VODQG�KLJK�FRXQWU\�H[RWLF�FRQLIHUV���1HZ�=HDODQG�)RUHVWU\�������
��±���

0F/DUHQ��3����������(QYLURQPHQWDO�HIIHFWV�RI�SODQWHG�IRUHVWV�LQ�1HZ�=HDODQG���)5,�%XOOHWLQ�1R�������5RWRUXD�
1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH�

0$)����������$�QDWLRQDO�H[RWLF�IRUHVW�GHVFULSWLRQ�DV�DW���$SULO��������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH
DQG�)LVKHULHV��

0I(�� ������� �1DWLRQDO�$JHQGD�IRU�6XVWDLQDEOH�0DQDJHPHQW�$FWLRQ�3ODQ�� �:HOOLQJWRQ��0LQLVWU\�IRU� WKH
(QYLURQPHQW��

0RQWHLWK��-�/���������$�UHLQWHUSUHWDWLRQ�RI�WKH�VWRPDWDO�UHVSRQVHV�WR�KXPLGLW\���3ODQW�&HOO�DQG�(QYLURQPHQW
�������±����

1=),���8QGDWHG���)DFWV�DQG�ILJXUHV�������������:HOOLQJWRQ��1HZ�=HDODQG�)RUHVW�,QGXVWU\��

3KLOOLSV��&�-���0DUGHQ��0���3HDUFH��$�-���������(IIHFWLYHQHVV�RI�UHIRUHVWDWLRQ�DQG�FRQWURO�RI�ODQGVOLGLQJ�GXULQJ
ODUJH�F\FORQLF�VWRUPV���3URFHHGLQJV��;,;�:RUOG�,8)52�&RQJUHVV��0RQWUHDO��$XJXVW��������'LYLVLRQ����9RO�
���3S�����±����



��

/DQGFDUH�5HVHDUFK

3ULHVWOH\��&�+�%���7D\ORU��5�-���������2Q�WKH�DVVHVVPHQW�RI�VXUIDFH�KHDW�IOX[�DQG�HYDSRUDWLRQ�XVLQJ�ODUJH�VFDOH
SDUDPHWHUV���0RQWKO\�:HDWKHU�5HYLHZ������������±���

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���'XQFDQ��0��������� �(IIHFWV�RI�ODQG�XVH�RQ�IORRGV�DQG�ORZ�IORZV��,Q�
0RVOH\��0�3��3HDUVRQ��&�3��HG���)ORRGV�DQG�GURXJKWV��WKH�1HZ�=HDODQG�H[SHULHQFH��:HOOLQJWRQ��1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\���3S����±����

5RZH��/�.���-DFNVRQ��5�-���)DKH\��%�'�� �����D��7KH�K\GURORJ\�RI�3��UDGLDWD�SODQWDWLRQV��$Q�DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW�����/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG�FRQWUDFW�UHSRUW�/&���������IRU�WKH
0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ�

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��



��

/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�


