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

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

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

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

6HFWLRQ��� 1HZ�=HDODQG�%LEOLRJUDSK\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

6HFWLRQ��� 6XSSOHPHQWDU\�RYHUVHDV�VWXGLHV�RQ�JRUVH��EUDFNHQ��DQG�ODUJH�FDWFKPHQWV� � � ���

6HFWLRQ����� $GGLWLRQDO�5HIHUHQFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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,QWURGXFWLRQ

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

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

7KLV�UHSRUW�FRQWDLQV� LQIRUPDWLRQ�SHUWDLQLQJ�SULPDULO\� WR�K\GURORJLFDO�VWXGLHV� LQ�1HZ�=HDODQG�DQG�LV
GLYLGHG�LQWR�ILYH�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�WKUHH�WRSLF�DUHDV��K\GURORJLFDO�WRSLFV��YHJHWDWLRQ�FRPSDULVRQV��ODQG�XVH�FKDQJHV�
DQG�LQFOXGHV�FLWDWLRQV�UHOHYDQW�WR�HDFK�NH\ZRUG�

� 6HFWLRQ���LV�WKH�ELEOLRJUDSK\�RI�UHOHYDQW�1HZ�=HDODQG�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�VXSSOHPHQWDU\�DQQRWDWHG�OLVWLQJ�RI�RYHUVHDV�VFLHQWLILF�SDSHUV�DQG�UHSRUWV�RQ�JRUVH�
EUDFNHQ�DQG�ODUJH�FDWFKPHQWV�WR�VXSSOHPHQW�WKH�OLPLWHG�1HZ�=HDODQG�LQIRUPDWLRQ���(DFK�FLWDWLRQ
JHQHUDOO\�LQFOXGHV�DQ�DEVWUDFW�DQG�IXUWKHU�FRPPHQW�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG���&LWDWLRQV�DUH
SUHVHQWHG�LQ��RUGHU�RI�WRSLF��WKHQ�E\�DXWKRUV�DQG��ILQDOO\��LQ�RUGHU�RI�\HDU�RI�SXEOLFDWLRQ�

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

7KHUH�DUH�ZRUOGZLGH�FRQFHUQV�WKDW�LQFUHDVHG�HVWDEOLVKPHQW�RI�SODQWDWLRQV�RI�H[RWLF�IRUHVW�VSHFLHV�IRU�ZRRG
ILEUH�SURGXFWLRQ��HLWKHU�DV�D� UHVXOW�RI�FRQYHUVLRQ�RI�QDWLYH� IRUHVWV�DQG�VFUXEODQGV�RU�DIIRUHVWDWLRQ�RI
SDVWXUH�DQG�QDWLYH�JUDVVODQGV��PD\�KDYH�D�GHWULPHQWDO�HIIHFW�RQ�WKH�HQYLURQPHQW���1HZ�=HDODQG�LV�QR
GLIIHUHQW�WR�PRVW�RWKHU�FRXQWULHV�LQ�WKLV�UHJDUG���$WWHQWLRQ�KDV�IRFXVHG�RQ�WKH�IROORZLQJ�FRQFHUQV�
� KDUYHVWLQJ�WUHHV�ZLOO�FDXVH�DFFHOHUDWHG�HURVLRQ�DQG�VHGLPHQWDWLRQ�SUREOHPV
� SODQWDWLRQV�DUH�D�PRQRFXOWXUH��ZKLFK�GHFUHDVHV�ELRGLYHUVLW\
� DFLGLILFDWLRQ�DQG�FRPSDFWLRQ�ZLOO�GHJUDGH�VRLO�TXDOLW\�
� VWUHDPV�ZLOO�GU\�XS�DIWHU�SODQWLQJ�IRUHVWV��HVSHFLDOO\�LQ�WKH�ORZ�IORZ�VHDVRQ�

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

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

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

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

7KH�PDLQ�FRQFHUQ�UDLVHG�ZKHQ�SURSRVDOV�DUH�PDGH�WR�HVWDEOLVK�SODQWDWLRQ�IRUHVWV�LQ�WKH�KHDGZDWHUV�RI
FDWFKPHQWV�LV�WKDW�WKHUH�FRXOG�EH�GLPLQLVKHG�ZDWHU�\LHOGV���,Q�ZDWHU�VKRUW�DUHDV��FRQIOLFWV�FDQ�WKHQ�DULVH
EHWZHHQ�IRUHVWHUV�ZKR�QHHG�WR�µXVH¶�UDLQ�ZDWHU�WR�PHHW�WKH�ELRORJLFDO�QHHGV�RI�WUHHV�IRU�JURZWK��DQG
GRZQVWUHDP�XVHUV�ZKR�UHTXLUH�ZDWHU�IRU�PXQLFLSDO��VWRFN�ZDWHU�DQG�LUULJDWLRQ�VXSSOLHV��RU�WR�VXVWDLQ
PLQLPXP�OHYHOV�LQ�ULYHUV�IRU�UHFUHDWLRQ��RU�WR�PDLQWDLQ�LQ�VWUHDP�KDELWDWV��HVSHFLDOO\�DW�WLPHV�RI�VHDVRQDOO\
ORZ�IORZV���:DWHU�PDQDJHUV�WKHQ�KDYH�WKH�XQHQYLDEOH�WDVN�RI�DOORFDWLQJ�VFDUFH�UHVRXUFHV�WR�DOO�XVHUV�
&RQIOLFWV�LQ�WKH�DOORFDWLRQ�SURFHVV�FDQ�OHDG�WR�OLWLJDWLRQ�LQ�WKH�(QYLURQPHQWDO�&RXUW�

7KH�GUDIW�1DWLRQDO�$JHQGD�IRU�6XVWDLQDEOH�0DQDJHPHQW�$FWLRQ�3ODQ��0I(�������VWDWHV�µ7KHUH�KDV�EHHQ
D�VXEVWDQWLDO�UHVHDUFK�HIIRUW�LQ�1HZ�=HDODQG�DQG�RYHUVHDV�RQ�VWXG\LQJ�WKH�LPSDFWV�RI�FKDQJLQJ�ODQG�XVH
RQ�ZDWHU�\LHOG��VXFK�DV�DIIRUHVWDWLRQ���7KLV�UHVHDUFK�LV�DW�D�SRLQW�ZKHUH�D�JXLGHOLQH�QHHGV�WR�EH�SURGXFHG�¶
7KLV�GRFXPHQW��DQG�RWKHUV�LQ�WKH�VHULHV��ZKLOH�DLPHG�DW�SURYLGLQJ�D�IRXQGDWLRQ�WR�UHGXFH�FRQIOLFWV�EHWZHHQ
ODQG�DQG�ZDWHU�PDQDJHUV��FRXOG�DVVLVW�LQ�WKH�SUHSDUDWLRQ�RI�VXFK�D�JXLGHOLQH�

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

:RUNVKRSV�LQ�1HOVRQ��0DUFK������VSRQVRUHG�E\�7DVPDQ�'LVWULFW�&RXQFLO��/DQGFDUH�5HVHDUFK��1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\��5RZH�������DQG�5RWRUXD� �0D\�������1HZ�=HDODQG�)RUHVW�5HVHDUFK
,QVWLWXWH��6LWH�0DQDJHPHQW�IRU�6XVWDLQDEOH�)RUHVWU\��LGHQWLILHG�WKDW�ZDWHU�UHVRXUFH�LVVXHV�ZHUH�VWLOO�LQ�WKH
IRUHIURQW�RI�WKH�OLVW�RI�FRQFHUQV�KHOG�E\�ODQG�PDQDJHUV��IRUHVWHUV��DJULFXOWXUDOLVWV��HWF����ZDWHU�UHVRXUFH
PDQDJHUV��UHJLRQDO�DQG�GLVWULFW�FRXQFLOV��DQG�RWKHU�ZDWHU�XVHUV��UHFUHDWLRQDOLVWV��HQYLURQPHQWDOLVWV��HWF���
'LVFXVVLRQ�ZLWK�SHRSOH�RXWVLGH�WKHVH�ZRUNVKRSV�LQGLFDWHG�WKDW�WKHVH�FRQFHUQV�ZHUH�KLJKO\�UHOHYDQW���7KH
SULQFLSDO�TXHVWLRQV�FRQIURQWLQJ�ZDWHU�UHVRXUFH�PDQDJHUV�ZHUH�
� :KDW�LV�WKH�HIIHFW�RI�D�SDUWLFXODU�ODQG�XVH�RQ�XVHDEOH�ZDWHU�UHVRXUFHV"
� +RZ�GR�,�DOORFDWH�VFDUFH�ZDWHU�UHVRXUFHV�ZKHQ�ODQG�XVH�FKDQJH�DIIHFWV�DYDLODELOLW\"
� :KDW�LQIRUPDWLRQ��UHVRXUFHV��DQG�WRROV�DUH�DYDLODEOH�WR�KHOS�PH�ZLWK�WKHVH�TXHVWLRQV"
,Q�������7DVPDQ�'LVWULFW�&RXQFLO�DQG�/DQGFDUH�5HVHDUFK�DSSOLHG�WR�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW¶V
6XVWDLQDEOH� 0DQDJHPHQW� )XQG� IRU� IXQGLQJ� WR� XQGHUWDNH� D� UHYLHZ� RI� DYDLODEOH� OLWHUDWXUH�� JDWKHU
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K\GURORJLFDO�DQG�ODQG�XVH�GDWD�IURP�1HZ�=HDODQG�FDWFKPHQWV��DQG�WR�GHYHORS�D�GHFLVLRQ�VXSSRUW�UHVRXUFH
WR�HQDEOH�ZDWHU�DQG�ODQG�PDQDJHUV�WR�PDNH�PRUH�LQIRUPHG�GHFLVLRQV�RQ�ZDWHU�UHVRXUFH�DOORFDWLRQV���7KH
VXFFHVVIXO�DSSOLFDWLRQ�UHVXOWHG�LQ�WKLV�SURMHFW��60)������/DQG�&RYHU�(IIHFWV�RQ�:DWHU�$YDLODELOLW\�

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

$W���$SULO�������WKH�1HZ�=HDODQG�H[RWLF�IRUHVW�HVWDWH�FRYHUHG������P�KD�����RI�1HZ�=HDODQG¶V�ODQG�DUHD�
3LQXV�UDGLDWD�'��'RQ�LV�WKH�QXPEHU�RQH�SODQWDWLRQ�VSHFLHV�JURZQ�FRPSULVLQJ�PRUH�WKDQ������P�KD��RYHU
����RI�WKH�WRWDO�SODQWDWLRQ�DUHD��1=),�XQGDWHG����3LQXV�UDGLDWD�LV�FRPPHUFLDOO\�JURZQ�PDLQO\�LQ�UDLQIDOO
UHJLPHV�EHWZHHQ�����PP�DQG������PP�\HDU��DQG�EHORZ�DERXW������P�DOWLWXGH���'RXJODV�ILU��3VHXGRWVXJD
PHQ]LHVLL��LV�WKH�QH[W�PRVW�VLJQLILFDQW�VSHFLHV�SODQWHG���������KD��DQG�LV�IRXQG�PDLQO\�LQ�WKH�ORZHU�6RXWK
,VODQG�RU�DW�KLJKHU�DOWLWXGHV��RIWHQ�DERYH������P���$ERXW��������KD�RI�RWKHU�VSHFLHV�DUH�JURZQ��LQFOXGLQJ
HXFDO\SWV��1=),�XQGDWHG��

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

6RXUFHV�RI�K\GURORJLFDO�GDWD

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

7KLV�ELEOLRJUDSK\

7KLV�ELEOLRJUDSK\�IRFXVHV�RQ�1HZ�=HDODQG�VWXGLHV�RQ�WKH�K\GURORJ\�RI�ODQG�XVHV�DQG�LV�RQH�RI�D�VHULHV
EHLQJ�SUHSDUHG�IRU�WKH�SURMHFW���)XUWKHU�UHSRUWV�LQ�WKLV�VHULHV�SHUWDLQ�WR�VSHFLILF�ODQG�FRYHUV���&RYHUDJH�RI
WKH�ZRUOG�ZLGH�OLWHUDWXUH�SHUWDLQLQJ�WR�WKH�K\GURORJ\�RI�UDGLDWD�SLQH��3LQXV�UDGLDWD��SODQWDWLRQV�FDQ�EH
IRXQG�LQ�5HSRUW�1R�����5RZH�HW�DO������E��ZKLOH�5HSRUW�1R�����5RZH�HW�DO������D��LV�D�ELEOLRJUDSK\�RI
WKH�K\GURORJ\�RI�'RXJODV�ILU��3VHXGRWVXJD�PHQ]LHVLL��IRUHVWV�DQG�SODQWDWLRQV���7R�EH�XVHIXO�DV�D�VWDQG
DORQH�GRFXPHQW��WKLV�ELEOLRJUDSK\�FRQWDLQV�1HZ�=HDODQG�VWXGLHV�IRXQG�LQ�5HSRUWV���DQG���

6RPH�VWXGLHV�UHSRUW�RQ�WKH�GLIIHUHQFHV�LQ�ZDWHU�\LHOG�EHWZHHQ�FDWFKPHQWV�ZLWK�GLIIHUHQW�YHJHWDWLRQ�FRYHUV�
H�J���LQGLJHQRXV�IRUHVWV��H[RWLF�SODQWDWLRQV��JUDVVODQGV��DQG�SDVWXUH��ZKLOH�RWKHUV�IRFXV�RQ�SURFHVVHV�VXFK
DV�LQWHUFHSWLRQ�RU�WUDQVSLUDWLRQ�� �7KH�ELEOLRJUDSK\¶V�IRFXV� LV�K\GURORJ\��DQG�ZDWHU�TXDOLW\�DQG�RWKHU
DVSHFWV�DUH�OLVWHG�RQO\�ZKHQ�WKHVH�DFFRPSDQ\�XVHIXO�K\GURORJLFDO�GDWD�

1HZ�=HDODQG�VWXGLHV�RQ�JRUVH��EUDFNHQ�DQG�ODUJH�FDWFKPHQWV�DUH�OLPLWHG�LQ�QXPEHU���7R�VXSSOHPHQW�WKHVH�
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WKH�IHZ�VWXGLHV�IURP�RYHUVHDV�WKDW�DUH�UHOHYDQW�WR�WKH�SURMHFW�KDYH�EHHQ�LQFOXGHG�LQ�6HFWLRQ�����,Q�WKH
LQGH[HV�WKHVH�DUH�LGHQWLILHG�E\��6���DW�WKH�HQG�RI�WKH�DXWKRU�V¶��QDPH�V��

5HYLHZV�RI�FDWFKPHQW�H[SHULPHQWV�IURP�ZRUOGZLGH�VXUYH\V�KDYH�EHHQ�SUHVHQWHG�E\�+HZOHWW�	�+LEEHUW
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.HOOLKHU�HW�DO������
/HYHWW��0�3�������
0F.HUFKDU��$�,�������
0F.HUFKDU��$�,���:DXJK��-�5�������
0LOOHU��5�%�������
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3HDUFH��$�-������
3HDUFH��$�-���0F.HUFKDU��$�,�������
3HDUFH��$�-��HW�DO������
3HDUFH��$�-���5RZH��/�.�������D
3HDUFH��$�-���5RZH��/�.�������
3HDUFH��$�-���5RZH��/�.��HW�DO������
3HDUFH��$�-���5RZH��/�.��HW�DO������
3HDUFH��$�-���5RZH��/�.���6WHZDUW��-�%�������
5LGGHOO��-�0��0DUWLQ��*�1�������
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5RZH��/�.������
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5RZH��/�.���3HDUFH��$�-�������
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:LOOLDPV��3�:�������

�
1DWLYH�JUDVVODQG
&DOGHU��,�5�������
&DPHURQ��&�6��HW�DO������
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&DPSEHOO��'�,������
&DPSEHOO��'�,���0XUUD\��'�/������
)DKH\��%�'�������
)DKH\��%�������
)DKH\��%�'���-DFNVRQ��5�-�������
)DKH\��%�'���-DFNVRQ��5�-�������D�
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������D
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������E
)DKH\��%���-DFNVRQ��5���6XWFOLIIH��&�������
)DKH\��%�'���5RZH��/�.�������
)DKH\��%�'���:DWVRQ��$�-�������
+ROGVZRUWK��'�.���0DUN��$�)�������
0DUN��$�)���5RZOH\��-�������
0XUUD\��'�/��HW�DO�������
3HDUFH��$�-��HW�DO������
5RZH��/��HW�DO�������

3DVWXUH
%DUJK��%�-�������
%HHWV��3�1���%URZQOLH��5�.�������
%URZQOLH��5�.���.HOOLKHU��)�0������
&RRSHU��$�%���7KRPVHQ��&�(�������
'HOO��3�0�������
'RQV��$�������
'RQV��$�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������D
'XQFDQ��0�-�������D
)DKH\��%�������
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������D
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������E
)DKH\��%���-DFNVRQ��5���6XWFOLIIH��&�������
)DKH\��%�'���5RZH��/�.�������
+D\PDQ��-�0���6WRFNHU��5�9������
+HZLWW��$�0���5RELQVRQ��$�������D
+HZLWW��$�0���5RELQVRQ��$�������E
+LFNV��'�0�������
+ROGVZRUWK��'�.���0DUN��$�)�������
-DFNVRQ��5�-��������
-DFNVRQ��5�-�������
-DFNVRQ��5�-�������E
-DFNVRQ��5�-��������
-DFNVRQ��5�-���5RZH��/�.�������E
0DUWLQ��5�-������
0F$QHQH\��.�-���-XGG��0�-�������

0F&ROO��5�+�6���:KLWH��(���*LEVRQ��$�5�������
0F.HUFKDU��$�,�������
0F.HUFKDU��$�,���:DXJK��-�5�������
0XUUD\��'�/��HW�DO�������
3DUILWW��5�/��HW�DO������
3HDUFH��$�-�������
3HDUFH��$�-���0F.HUFKDU��$�,�������
3HDUFH��$�-��HW�DO�������
5LGGHOO��-�0���0DUWLQ��*�1�������
5RZH��/�.�������
5RZH��/��HW�DO�������
6FDUI��)�������
6FKRXWHQ��&�-�-�+�������
6FRWWHU��'�5��&ORWKLHU��%�(���7XUQHU��0�$������
6PLWK��&�0�������
6PLWK��3�-�7�������
7RHEHV��&���6FDUI��)��<DWHV��0�(�������
:DXJK��-�5�������
:LONLH��'�5���'L[LH��5�&���<DWHV��0�(�������
:LOOLDPV��3�:�������
<DWHV��0�(�������
<DWHV��0�(�������

3LQXV�UDGLDWD�
$UQHWK��$��HW�DO�������
$UQHWK��$��HW�DO�������
%DNHU��7�*���+RGJNLVV��3�'���2OLYHU��*�5�������
%DNHU��7�*���2OLYHU��*�5���+RGJNLVV��3�'�������
%DUWRQ��,�/���&DUG��-�+������
%HHWV��3�1���%URZQOLH��5�.�������
%ODFN��5�'�������
%ODFN��5�������
%ODNH��*�-�������
%ODNH��*�-�������
%URZQOLH��5�.���.HOOLKHU��)�0������
&DOGHU��,�5������
&RRSHU��$�%���7KRPVHQ��&�(�������
'HOO��3�0�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'RQV��$�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������D



��

/DQGFDUH�5HVHDUFK

'XQFDQ��0�-�������E
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%�'�������
)DKH\��%���-DFNVRQ��5�������
)DKH\��%���-DFNVRQ��5�������D
)DKH\��%���-DFNVRQ��5�������E
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������D
)DKH\��%���-DFNVRQ��5���5RZH��/�.�������E
)DKH\��%�'���5RZH��/�.�������
)DKH\��%���:DWVRQ��$�������
)DKH\��%���:DWVRQ��$���3D\QH��-�������
*UD\QRWK��(�������
*UD\QRWK��(�������
+HUDOG��-�������
+HUDOG��-�������
+HZLWW��$�0���5RELQVRQ��$�������D
+HZLWW��$�0���5RELQVRQ��$�������E
+LFNV��'�0�������
-DFNVRQ��'�6��HW�DO������
-DFNVRQ��5�-�������
-DFNVRQ��5�-�������D
-DFNVRQ��5�-�������E
-DFNVRQ��5�-��������
-DFNVRQ��5�-���)DKH\��%�'������
-DFNVRQ��5�-���0DUGHQ��0���3D\QH��-��������
-DFNVRQ��5�-��3D\QH��-�������
-DFNVRQ��5�-���5RZH��/�.�������
-DFNVRQ��5�-���5RZH��/�.�������D
-DFNVRQ��5�-���5RZH��/�.�������E
.HOOLKHU��)�0��HW�DO�������
.HOOLKHU��)�0��HW�DO������
.QLJKW��3�-���:LOO��*�0�������
/HYHWW��0�3�������
0F*UHJRU��.�5�������
0F.HUFKDU��$�,�������
0F0XUWULH��5�(��HW�DO�������
0LOOHU��%�-�������
0LOOHU��%�-��HW�DO�������
3HDUFH��$�-��HW�DO������
5LGGHOO��-�0���0DUWLQ��*�1�������
5RZH��/�.�������
5RZH��/�.���)DKH\��%�'�������
5RZH��/�.���)DKH\��%�'�������
5RZH��/�.��HW�DO�������
5RZH��/�.���3HDUFH��$�-�������

5RZH��/�.��HW�DO������
6PLWK��-�/�+�������
6PLWK��3�-�7�������
:DXJK��-�5�������
:HOOV��/�3���%ODNH��*�-������
:KLWHKHDG��'�������
:KLWHKHDG��'���.HOOLKHU��)�0�������D
:KLWHKHDG��'���.HOOLKHU��)�0�������E
:KLWHKHDG��'��HW�DO�������
:KLWHKHDG��'��HW�DO�������
:LOO��*�0�������
:LOO��*�0�������D
:LOO��*�0�������E
:LOO��*�0�������
<XQXVD��,�$�0��HW�DO�������

3LQH�VSHFLHV
*UD\QRWK��(�������
*UD\QRWK��(�������
0F.HUFKDU��$�,�������
6ZDQVRQ��5�+�������
:LOO��*�0�������D

6FUXEODQG��%UDFNHQ�
/RFNZRRG��-�*��HW�DO���������6��
3LWPDQ��-�,���������6��
3LWPDQ��-�,��3LWPDQ��5�0���������6��
3LWPDQ��-�,��3LWPDQ��5�0���������6��
5REHUWV��-���������6��
5REHUWV��-��HW�DO���������6��
6PLWK��5�7���/RFNZRRG��-�*���������6��
:LOOLDPV��$�*��HW�DO���������6��

6FUXEODQG��*RUVH�
$OGULGJH�����
%ODNH��*�-�������
%ODNH��*�-�������
&DOYR��5�1��HW�DO���������6��
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������
'XQFDQ��0�-�������D
(JXQMREL��-�.������
-DFNVRQ��5�-��������
6FDUI��)�������
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6RWR��%���'LD]�)LHUURV��)���������6��

6FUXEODQG��0DQXND�
$OGULGJH��5���-DFNVRQ��5�-������
%ODNH��*�-�������
%ODNH��*�-�������
%ODNH��*�-�������
-DFNVRQ��5�-�������
0F&ROO��5�+�6���:KLWH��(���*LEVRQ��$�5�������
5RZH��/�.���0DUGHQ��0���5RZDQ��'�������
6FKRXWHQ��&�-�-�+�������

6FUXEODQG��2WKHU�
%DUWRQ��,�/������
%DUWRQ��,�/��&DUG��-�+�������
)DKH\��%�������
)DKH\��%�'���5RZH��/�.�������
+HUDOG��-�������
+HUDOG��-�������
0F.HUFKDU��$�,�������
3HDUFH��$�-�������
3HDUFH��$�-���0F.HUFKDU��$�,�������
3HDUFH��$�-���5RZH��/�.�������D�
5RZH��/��HW�DO�������
:HOOV��/�3���%ODNH��*�-�������
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/DQG�XVH�&KDQJH�,QGH[
$IIRUHVWDWLRQ��LQFOXGHV�IURP�VFUXEODQG�
%DUWRQ��,�/�������
%DUWRQ��,�/��&DUG��-�+�������
%HHWV��3�1���%URZQOLH��5�.�������
3DWULF��-�+���*RXOG��(�0���������6��
%ODFN��5�'������
%ODFN��5�������
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'XQFDQ��6�+��������6��
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3DVWXUH�PDQDJHPHQW
6FDUI��)�������
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7RHEHV��&���6FDUI��)���<DWHV��0�(�������
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<DWHV��0�(�������
<DWHV��0�(�������

6FUXE�FRQYHUVLRQ�WR�SDVWXUH
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6FDUI��)�������
6FKRXWHQ��&�-�-�+�������

8UEDQL]DWLRQ
:LOOLDPV��3�:�������
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6HFWLRQ��� 1HZ�=HDODQG�%LEOLRJUDSK\�

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

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

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

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

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

&RXQWU\� 'XUDWLRQ� 5HSRUW�/RFDWLRQ�
9HJHWDWLRQ�
/DQG�8VH�&KDQJH�
6WDQG�7\SH��3ODQWDWLRQ 6WDQG�'HQVLW\� %DVDO�$UHD�
+HLJKW� 'LDPHWHU� 5DLQIDOO�
.H\ZRUGV�

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

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

%$ %DVDO�DUHD 52 5XQRII�� �VWUHDPIORZ� �ZDWHU�\LHOG�
'%+ 'LDPHWHU�DW�EUHDVW�KHLJKW� 6) 6WHPIORZ
( (YDSRUDWLRQ� 60 6RLO�PRLVWXUH
(7 (YDSRWUDQVSLUDWLRQ 63+ 1XPEHU�RI�VWHPV�SHU�KHFWDUH
,/ ,QWHUFHSWLRQ�ORVV� 6:' 6RLO�ZDWHU�GHILFLW
/$, /HDI�DUHD�LQGH[� 75$16 7UDQVSLUDWLRQ
0$3 0HDQ�DQQXDO�SUHFLSLWDWLRQ� 7) 7KURXJKIDOO
3771 3UHFLSLWDWLRQ <U <HDU�V�
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$OGULGJH��5����������7KURXJKIDOO�XQGHU�JRUVH��8OH[�HXURSDHXV��DW�7DLWD��1HZ�=HDODQG���1HZ�=HDODQG
-RXUQDO�RI�6FLHQFH��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ��0DU±'HF����� 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��*RUVH�
6WDQG�W\SH��1DWXUDO�UHJHQHUDWLRQ����\ 6WDQG�'HQVLW\���������VSK
+HLJKW�����±����P 'LDPHWHU�������PP
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
3ORW�ZLWKLQ�WKH�7DLWD�([RWLF�)RUHVW�&DWFKPHQW²DXWXPQ�WKURXJK�HDUO\�VXPPHU

7KURXJKIDOO���LQFUHDVHG�DV�VWRUP�VL]H�LQFUHDVHG�DQG�DYHUDJHG�����IRU�VWRUPV�RYHU�����PP�SUHFLSLWDWLRQ�
2Q�D�VWRUP�EDVLV�

7KURXJKIDOO� ������î�3UHFLSLWDWLRQ�	����� U� �����
3UHFLSLWDWLRQ� �����PP��7KURXJKIDOO� �����PP� �����RI�SUHFLSLWDWLRQ�

$OGULGJH��5���-DFNVRQ��5��-����������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�PDQXND��/HSWRVSHUPXP�VFRSDULXP�
DW�7DLWD��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ��$SU±'HF����� 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��0DQXND�
6WDQG�W\SH��1DWXUDO�UHJHQHUDWLRQ�����\ 6WDQG�'HQVLW\��a�������VSK
+HLJKW����P 'LDPHWHU����±���PP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
3ORW�ZLWKLQ�WKH�7DLWD�1DWLYH�&DWFKPHQW²DXWXPQ�WKURXJK�HDUO\�VXPPHU

7KURXJKIDOO���LQFUHDVHG�DV�VWRUP�VL]H�LQFUHDVHG�
2Q�D�VWRUP�EDVLV�

7KURXJKIDOO� �������î�3UHFLSLWDWLRQ�	������ U� ������
6WHPIORZ� ������î�3UHFLSLWDWLRQ�	����� U� �����
1HW�UDLQIDOO� �������î�3UHFLSLWDWLRQ�	����� U� ������

)RU�WKH�SHULRG�RI�JRRG�GDWD�����RI�WKH����VWRUPV��WKURXJKIDOO� �������RI�SUHFLSLWDWLRQ��VWHPIORZ� �������
QHW�UDLQIDOO� �������DQG�LQWHUFHSWLRQ�ORVV� �������
)RU�0$3� ������PP��,/�LV�HVWLPDWHG�WR�EH������PP�

$OGULGJH��5���-DFNVRQ��5��-����������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�KDUG�EHHFK��1RWKRIDJXV�WUXQFDWD��DW
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7DLWD��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
6WDQG�W\SH��1DWXUDO�UHJHQHUDWLRQ�����±����\ 6WDQG�'HQVLW\��a�����VSK
+HLJKW����±���P 'LDPHWHU����±���FP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
3ORW�ZLWKLQ�WKH�7DLWD�1DWLYH�&DWFKPHQW�

7KURXJKIDOO���LQFUHDVHG�DV�VWRUP�VL]H�LQFUHDVHG�
2Q�D�VWRUP�EDVLV�

7KURXJKIDOO� �������î�3UHFLSLWDWLRQ�	����� U� ������
6WHPIORZ� �������î�3UHFLSLWDWLRQ�	����� U� ������
1HW�UDLQIDOO� �������î�3UHFLSLWDWLRQ�	����� U� ������

)RU����PRQWKV�ZLWK������PP�SUHFLSLWDWLRQ��HVWLPDWHG�WKURXJKIDOO� ������������PP��DQG�VWHPIORZ� 
�����������PP��

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

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ�����GD\V�LQ���\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD�
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
+HLJKW����P 5DLQIDOO������PP
.H\ZRUGV��(YDSRUDWLRQ

&RPPHQW
'XULQJ�WKH�FRXUVH�RI�WKH�VWXG\��WKH�IRUHVW�HYDSRUDWLRQ�UDWH�GHFOLQHG�IURP�����PP�GD\����±���1RYHPEHU�
WR�����PP�GD\����±���-DQXDU\��WR�����PP�GD\����±���0DUFK��WR�����PP�GD\����±���-XO\����*URXQG
HYDSRUDWLRQ�ZDV���±����RI�WKH�WRWDO�H[FHSW�ZKHQ�WKH�JURXQG�ZDV�IUR]HQ�LQ�ZLQWHU�
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$UQHWK��$���.HOOLKHU��)�0���0F6HYHQ\��7�0���%\HUV��-�1����������)OX[HV�RI�FDUERQ�DQG�ZDWHU�LQ�D
3LQXV� UDGLDWD� IRUHVW� VXEMHFW� WR� VRLO� ZDWHU� GHILFLW�� � $XVWUDOLDQ� -RXUQDO� RI� 3ODQW� 3K\VLRORJ\� ���
���±����

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

5HSRUW�/RFDWLRQ��5����

9HJHWDWLRQ��3��UDGLDWD�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+�WKLQQHG�WR�����63+
+HLJKW������P 5DLQIDOO������PP�\U
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
6HDVRQDO�&2���)&2���DQG�ZDWHU��(��IOX[HV�ZHUH�PHDVXUHG�E\�HGG\�FRYDULDQFH�� LQ�DQ���\U�ROG�3�

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

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

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

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



��

/DQGFDUH�5HVHDUFK

%DNHU��7�*���+RGJNLVV��3�'���2OLYHU��*�5����������$FFHVVLRQ�DQG�F\FOLQJ�RI�HOHPHQWV�LQ�D�FRDVWDO
VWDQG�RI�3LQXV�UDGLDWD�'�'RQ�LQ�1HZ�=HDODQG���3ODQW�DQG�6RLO��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��3��UDGLDWD�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 5DLQIDOO��0$3������PP
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO�

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

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

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

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

%DNHU��7�*���2OLYHU��*�5���+RGJNLVV��3�'����������'LVWULEXWLRQ�DQG�F\FOLQJ�RI�QXWULHQWV�LQ�3LQXV
UDGLDWD� DV� DIIHFWHG� E\� SDVW� OXSLQ� JURZWK� DQG� IHUWLOL]HU�� � )RUHVW�(FRORJ\� DQG�0DQDJHPHQW� ���
���±����

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3��UDGLDWD�
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\�������63+ %DVDO�$UHD��6HH�EHORZ
+HLJKW��6HH�EHORZ 5DLQIDOO������PP�\U
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

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

6WDQG�FKDUDFWHULVWLFV
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&RQWURO�SORW /XSLQ )HUWLOLVHU /XSLQ�IHUWLOLVHU
+W��P� ���� ���� ���� �����
%$�P��KD ���� ���� ���� ����

3771� �����PP
7KURXJKIDOO�
&RQWURO� ����PP������
/XSLQ ����PP������
)HUWLOLVHU ����PP������
/XSLQ�IHUWLOLVHU ����PP��������7KLV�SORW�KDG�JUHDWHU�QHHGOH�PDVV

%DUJK��%�-���������2XWSXW�RI�ZDWHU��VXVSHQGHG�VHGLPHQW�DQG�SKRVSKRUXV�DQG�QLWURJHQ�IRUPV�IURP
D�VPDOO�IRUHVWHG�FDWFKPHQW���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
6WDQG�W\SH��1DWXUDO�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ���:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
%DOODQFH�&DWFKPHQW��QRUWKHUQ�7DUDUXD�5DQJHV���0$3� ������PP���$UHD�QRW�VWDWHG��6DPH�GDWD�SHULRG�DV
%DUJK��������

7KH�VWUHDP�FHDVHG�IORZLQJ�IRU����GD\V�LQ�-DQXDU\�WKURXJK�$SULO�
3UHFLSLWDWLRQ������PP��VWUHDPIORZ�����PP������RI�SUHFLSLWDWLRQ��
)RUHVW�LQWHUFHSWLRQ�ORVV�a�������

%DUJK��%�-���������2XWSXW�RI�ZDWHU��VXVSHQGHG�VHGLPHQW�DQG�SKRVSKRUXV�DQG�QLWURJHQ�IRUPV�IURP
D�VPDOO�DJULFXOWXUDO�FDWFKPHQW���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
7XDSDND�&DWFKPHQW��QRUWKHUQ�7DUDUXD�5DQJHV���$YHUDJH�SUHFLSLWDWLRQ����\HDUV��������PP���$UHD�����KD�
6DPH�GDWD�SHULRG�DV�%DUJK���������

3UHFLSLWDWLRQ������PP��VWUHDPIORZ�����PP������RI�SUHFLSLWDWLRQ��

%DUWRQ�� ,�/� � ������ 7KH� SUDFWLFH� RI� IRUHVWU\� ZLWKLQ� $XFNODQG
V� RSHUDWLQJ� ZDWHU� FDWFKPHQWV
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3URFHHGLQJV��1HZ�=HDODQG�(FRORJLFDO�6RFLHW\�������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�W\SH��3ODQWDWLRQ����WR����\
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
,QWURGXFHV�DQ�H[SHULPHQWDO�SURJUDPPH�HVWDEOLVKHG�LQ�WKH�+XQXD�5DQJHV�QHDU�$XFNODQG�LQ������ZKHQ
PRQLWRULQJ�EHJDQ�RQ�WKUHH�FDWFKPHQWV�LQ�QDWLYH�VFUXE���,Q�������WZR�ZHUH�FOHDUHG�DQG�EXUQHG�DQG�WKHQ
SODQWHG�LQ�&��MDSRQLFD�RU�3��UDGLDWD���7KHUH�DUH�VPDOO�ZHWODQGV�LQ�WKH�ORZHU�SDUW�RI�WKH�FDWFKPHQW�ZKLFK
ZHUH�QRW�SODQWHG���6HH�%DUWRQ�DQG�&DUG��������IRU�GHWDLOV�

&RPSDULQJ�IORZV�EHWZHHQ�WKH�FRQWURO�FDWFKPHQW�DQG�WKH�EXUQHG�FDWFKPHQWV�IRU�WKH���PRQWKV�EHIRUH�DQG
WKH���PRQWKV�DIWHU�WKH�EXUQ�LQGLFDWHG�DQ�DQQXDO�ZDWHU�\LHOG�LQFUHDVH�RI�EHWZHHQ�����DQG�����PP�

%DUWRQ�� ,�/��&DUG��-�+�� ������� �$�FRPSDULVRQ�RI�YHJHWDWLRQ�PDVV�� VSHFLHV�DQG�UXQRII�RQ� WKUHH
H[SHULPHQWDO�FDWFKPHQWV� LQ� WKH�+XQXD�5DQJHV�$XFNODQG�5HJLRQDO�$XWKRULW\�)RUHVWU\�6HFWLRQ
:DWHU�'HSDUWPHQW�7HFKQLFDO�5HSRUW�1R�*�����XQSXEOLVKHG��

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

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

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

7KH�IROORZLQJ�WDEOH�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�XQSODQWHG�DUHD�DQG�DVVXPHV�WKH�ZHWODQG�SHUIRUPV�WKH
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VDPH�EHIRUH�DQG�DIWHU�SODQWLQJ��IORZ�FDOFXODWHG�IURP�WRWDO�YROXPHV�E\�/.5��

:DWHU�\LHOG�DW�+XQXD�
&RQWURO 3�UDGLDWD &�MDSRQLFD

3UHFLSLWDWLR
Q
�PP�

6WUHDPIOR
Z�
�PP�

3UHFLSLWDWLR
Q
�PP�

6WUHDPIORZ
�PP�

3UHFLSLWDWLR
Q
�PP�

6WUHDPIORZ
�PP�

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

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ�

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

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



��

/DQGFDUH�5HVHDUFK

WKLQQLQJ�LV�FRPSOHWHG�DQG�WKH�VWDQG�OHDI�DUHD�FDQ�LQFUHDVH�XQLQWHUUXSWHG�WR�XQWKLQQHG�OHYHOV��

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

%HQHFNH��8���(YDQV��*�� � ������*URZWK� DQG�ZDWHU� XVH� LQ�1RWKRIDJXV� WUXQFDWD� �KDUG�EHHFK�� LQ
WHPSHUDWH�KLOO�FRXQWU\��1HOVRQ��1HZ�=HDODQG���,Q��<DQJ�+DQ[L��:DQJ�=KDQ��-HIIHUV��-�5�1���:DUG�
3�$���(GV����7KH�WHPSHUDWH�IRUHVW�HFRV\VWHP���,QVWLWXWH�RI�7HUUHVWULDO�(FRORJ\��*UDQJH�RYHU�6DQGV�
8QLWHG�.LQJGRP��3���±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
$�VWDQG�DW�'RQDOG�&UHHN��1HOVRQ���
$QQXDO�WUDQVSLUDWLRQ�ORVV� �����PP�\HDU� �����RU�SUHFLSLWDWLRQ�
0HDQ�PRQWKO\�YDOXHV�UDQJHG�EHWZHHQ�����PP�GD\�LQ�-XQH�DQG�����PP�GD\�LQ�)HEUXDU\�IRU�UDLQIUHH�GD\V
�GHILQHG�DV�KDYLQJ������PP�SUHFLSLWDWLRQ��

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

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��UHYHUWLQJ�SDVWXUH�
.H\ZRUGV��/RZ�IORZ

&RPPHQW
&RPSOHPHQWV� %ODFN� ������� LQ� WKDW� WKHUH� LV� D� GLDJUDP� RI� DQQXDO� SODQWLQJV� LQ� WKH� (VN� FDWFKPHQW�
+\GURORJLFDO�GDWD�OLPLWHG�WR�PRQWKO\�GLVFKDUJH�UDLQIDOO��LQ�/�V�PP��UDWLR�IRU�'HF�±-DQ��HDFK�\HDU�

%ODFN��5����������(VN�5LYHU�FDWFKPHQW²WKH�LQIOXHQFH�RI�OLWKRORJ\�DQG�ODQG�XVH�RQ�ZDWHU�\LHOG���,Q�
+HQULTXHV�� 3�� � �(G��� � 6XVWDLQDEOH� /DQG�0DQDJHPHQW�� � 7KH� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��1RYHPEHU��������S���±����
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&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��UHYHUWLQJ�SDVWXUH�
.H\ZRUGV��/RZ�IORZ

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

%ODNH��*�-�� � ������ �0HDVXUHPHQW� RI� LQWHUFHSWLRQ� ORVV� LQ� WHDWUHH�� � -RXUQDO� RI�+\GURORJ\� �1HZ
=HDODQG�������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6KUXEODQG��WHDWUHH� �PDQXND�
+HLJKW������P 'LDPHWHU�����±����FP
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
3XNHWXUXD�%DVLQ��1RUWKODQG�

7HDWUHH�LQWHUFHSWLRQ��3XNHWXUXD
$PRXQW
�PP�

$PRXQW
���

3UHFLSLWDWLRQ ��� ���
7KURXJKIDOO ��� ����
6WHPIORZ ��� ����
,QWHUFHSWLRQ�ORVV ��� ����

%ODNH��*�-����������,QWHUFHSWLRQ�DQG�SK\WRPRUSKRORJ\���1HZ�=HDODQG�0LQLVWU\�RI�:RUNV��:DWHU�DQG
6RLO�&RQVHUYDWLRQ�+\GURORJLFDO�5HVHDUFK�3URJUHVV�5HSRUW�1R�������S���8QSXEOLVKHG��
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&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD��6FUXEODQG��JRUVH��PDQXND�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

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

:KDNDUHZDUHZD��5RWRUXD²3��UDGLDWD
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ�������� U� �������

3XNHWXUXD�%DVLQ��1RUWKODQG²0DQXND²VWRUPV�!���PP�
WKURXJKIDOO� ��� ��������î�SUHFLSLWDWLRQ�������� U� �������
VWHPIORZ� ��� �������î�SUHFLSLWDWLRQ�������� U� �������
QHW�SUHFLSLWDWLRQ��� �������î�SUHFLSLWDWLRQ�������� U� �������
LQWHUFHSWLRQ�ORVV��� �������î�SUHFLSLWDWLRQ�������� U� �������

2WXWLUD��7DXSR²UHJHQHUDWLQJ�QDWLYH�IRUHVW
LQWHUFHSWLRQ�ORVV� �������î�SUHFLSLWDWLRQ�������� U� �������

0RXWHUH��1HOVRQ²JRUVH
LQWHUFHSWLRQ�ORVV��� �������î�SUHFLSLWDWLRQ�������� 
)LWWHG�E\�H\H


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

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD��6FUXEODQG��JRUVH��PDQXND�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

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

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

7URXQVRQ�3DUN��1RUWKODQG²NDXUL�IRUHVW
WKURXJKIDOO���������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������� ���������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV�� ��������î�SUHFLSLWDWLRQ������� U� ������
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3XNHWXUXD�%DVLQ��1RUWKODQG�²0DQXND²VWRUPV�!���PP�
WKURXJKIDOO��������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ ������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� ������î�SUHFLSLWDWLRQ��������� U� �������

:KDNDUHZDUHZD��5RWRUXD²3��UDGLDWD�SODQWHG�����
WKURXJKIDOO��������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ ���������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� ��������î�SUHFLSLWDWLRQ������� U� �������

:KDNDUHZDUHZD��5RWRUXD²3��UDGLDWD�SODQWHG�����
WKURXJKIDOO��������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������ ���������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� ��������î�SUHFLSLWDWLRQ������� U� �������

2WXWLUD��7DXSR²UHJHQHUDWLQJ�QDWLYH�IRUHVW
WKURXJKIDOO���������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������� ���������î�SUHFLSLWDWLRQ�������� U� �������
LQWHUFHSWLRQ�ORVV� ���������î�SUHFLSLWDWLRQ������� U� �������

0RXWHUH��1HOVRQ²JRUVH
WKURXJKIDOO���������� ��������î�SUHFLSLWDWLRQ������� U� �������
VWHPIORZ������������� ���������î�SUHFLSLWDWLRQ������� U� �������
LQWHUFHSWLRQ�ORVV� ���������î�SUHFLSLWDWLRQ������� U� ������

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

%ODNH��*�-���&DUOLOH��+�$�� ������� �$VVHVVLQJ�WKH�HIIHFW�RI� ODQGXVH�FKDQJHV�RQ�ZDWHU�\LHOG�� �1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��+DPLOWRQ���������8QSXEOLVKHG�

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ�
9HJHWDWLRQ��0L[HG
.H\ZRUGV��:DWHU�EDODQFH

&RPPHQW
$WWHPSWV�WR�FDUU\�RXW�D�ZDWHU�EDODQFH�IRU�WKH�%XOOHU�FDWFKPHQW�JLYHQ�D�QXPEHU�RI�SRWHQWLDO�ODQGXVH�FKDQJH
VFHQDULRV���3URYLGHV�WKH�PHWKRG�EXW�QR�UHVXOWV�LQ�WKLV�PDQXVFULSW�

%RRPVPD��'�%���+XQWHU�� ,�5�� ������� �(IIHFWV�RI�ZDWHU��QXWULHQWV�DQG�WKHLU� LQWHUDFWLRQV�RQ� WUHH
JURZWK��DQG�SODQWDWLRQ�IRUHVW�PDQDJHPHQW�SUDFWLFHV�LQ�$XVWUDODVLD��D�UHYLHZ���)RUHVW�(FRORJ\�DQG
0DQDJHPHQW��������±����
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&RXQWU\��1HZ�=HDODQG��$XVWUDOLD� 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��3��UDGLDWD
.H\ZRUGV��5HYLHZ��7UHH�JURZWK

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

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

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

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

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

&RPPHQW
8VHIXO�LQIRUPDWLRQ�RQ�GLVWULEXWLRQ�RI�SODQWDWLRQV�DQG�UHTXLUHPHQWV�IRU�VXFFHVVIXO�JURZWK�

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

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��7UHH�JURZWK

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

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

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

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

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

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

&DPHURQ��&�6���0XUUD\��'�/���)DKH\��%�'���-DFNVRQ��5�0���.HOOLKHU��)�0���)LVKHU��*�:���������)RJ
GHSRVLWLRQ�LQ�D�WDOO� WXVVRFN�JUDVVODQG��6RXWK�,VODQG��1HZ�=HDODQG�� �-RXUQDO�RI�+\GURORJ\�����
���±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG
.H\ZRUGV��)RJ��:DWHU�\LHOG

&RPPHQW
6ZDPS\�6XPPLW��QHDU�'XQHGLQ²O\VLPHWHU�VWXG\�

)RXQG�PHGLDQ�GHSRVLWLRQ�UDWHV�RI������PP�KU���&RQFOXGHG�WKDW�³FKDQJLQJ�ODQG�XVH�IURP�WDOO�WXVVRFN�WR
SDVWRUDO� DJULFXOWXUH� ZLWK� VKRUW� YHJHWDWLRQ� LV� XQOLNHO\� WR� DOWHU� VWUHDPIORZV� YLD� WKH� FORXG� GHSRVLWLRQ
SURFHVV�´

&DPSEHOO��'�,���������(QHUJ\�EDODQFH�DQG�WUDQVSLUDWLRQ�IURP�WXVVRFN�JUDVVODQG�LQ�1HZ�=HDODQG�
%RXQGDU\�/D\HU�0HWHRURORJ\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����VXPPHU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG
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.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
7UDQVSLUDWLRQ�ZDV�PHDVXUHG�RQ�D�UHFRUGLQJ�O\VLPHWHU�DW�*OHQGKX�
0D[LPXP�VXPPHU� WUDQVSLUDWLRQ� UDWHV� LQ� WKH� DIWHUQRRQV�ZHUH������ WR������PP�KRXU�� �1R�GDLO\�GDWD
SUHVHQWHG�

&DPSEHOO��'�,���0XUUD\��'�/����������:DWHU�EDODQFH�RI�VQRZ��WXVVRFN�JUDVVODQG�LQ�1HZ�=HDODQG�
-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG
.H\ZRUGV��'HZ��)RJ��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW
0HDVXUHPHQWV�ZHUH�PDGH�XVLQJ�D�UHFRUGLQJ�O\VLPHWHU�DW�*OHQGKX�
���GHZ�HYHQWV�ZHUH�LGHQWLILHG�DQG�LQ�DOO�RI�WKHVH�WKH�O\VLPHWHU�ORVW�ZHLJKW�LQGLFDWLQJ�WKDW�FRQGHQVDWLRQ
ZDV�QRW�UHFRUGHG�DV�D�ZHLJKW�JDLQ�
���RI�����HYHQWV�PD\�KDYH�FRQWULEXWHG�IRJ�LQWHUFHSWLRQ²WKH�WRWDO�ZDV�DERXW����RI�SUHFLSLWDWLRQ�
0HDQ�GDLO\�WUDQVSLUDWLRQ�UDWHV�IRU�GU\�GD\V�UDQJHG�EHWZHHQ�����PP�GD\�LQ�-XQH��LQ�ZLQWHU�GR�QRW�H[FHHG
��PP�GD\��WR�����PP�GD\�LQ�-DQXDU\���±��PP�GD\�ZDV�W\SLFDO�LQ�VXPPHU��

,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\������PP�LQ�ZLQWHU�DQG������PP�LQ�VXPPHU���,QWHUFHSWLRQ�ORVV�ZDV������
RI�SUHFLSLWDWLRQ��

��\HDU�ZDWHU�EDODQFH��PP��
3UHFLSLWDWLRQ� �7UDQVSLUDWLRQ���,QWHUFHSWLRQ����FKDQJH�LQ�VWRUDJH���GUDLQDJH�
������������ ��� ���

&ODULGJH��*�*�&����������6WXGLHV�LQ�HOHPHQW�EDODQFHV�LQ�D�VPDOO�FDWFKPHQW�DW�7DLWD��1HZ�=HDODQG�
,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ�1R���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
7DLWD�QDWLYH�IRUHVW�FDWFKPHQW�������KD��VDPSOHG���$SULO������WKURXJK����)HEUXDU\�����
$�SDSHU�RQ�VWUHDPZDWHU�FKHPLVWU\�EXW�JLYHV�IORZ�WRWDOV�IRU�VDPSOLQJ�SHULRGV��
)RU�WKH�IXOO�SHULRG��SUHFLSLWDWLRQ�����PP��VWUHDPIORZ����PP�

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5�
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\����������63+
.H\ZRUGV���:DWHU�TXDOLW\��:DWHU�\LHOG��

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

6WUHDPIORZ�VXPPDU\
���� ����

3DVWXUH 3LQH 1DWLYH
IRUHVW

3DVWXUH 3LQH 1DWLYH
IRUHVW

3771��PP� ���� ���� ���� ���� ���� ����
6WRUP�IORZ
�PP�



��� ��� �� ��� �� ��

%DVH�IORZ��PP� ��� ��� ��� ��� ��� ���
4XLFNIORZ��PP� ��� �� �� �� �� �
7RWDO�IORZ��PP� ��� ��� ��� ��� ��� ���


 6WRUP�IORZ�GHWHUPLQHG�E\�+HZOHWW�	�+LEEHUW��������VHSDUDWLRQ�

'HOO��3�0����������7KH�HIIHFW�RI�DIIRUHVWDWLRQ�RQ�WKH�ZDWHU�UHVRXUFHV�RI�WKH�0DPDNX�3ODWHDX�UHJLRQ�
06F�7KHVLV��8QLYHUVLW\�RI�:DLNDWR�

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQV�YDU\�XS�WR����\U
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�UDLQIDOO�DQG�UXQRII�WRWDOV�IRU�FDWFKPHQWV�LQ�WKH�0DPDNX�3ODWHDX���*HRORJ\²LJQLPEULWHV�LQ�ZKLFK
WKH�MRLQWLQJ�FRQWUROV�GUDLQDJH���)ORZ�LV�H[WUHPHO\�YDULDEOH
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����±�� ����±�� ����±��
3771 6)

PP����
3771 6)

PP����
3771 6)

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

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

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

'RQV��$����������3XUXNRKXNRKX�ODQG�XVH�EDVLQ²D�UHSRUW�RQ�WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU
\LHOG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP���������8QSXEOLVKHG��

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

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

UHJUHVVLRQ�UHODWLRQVKLS�IURP�D�SDVWXUH�FRQWURO�FDWFKPHQW���'HFUHDVHV�VWDUWHG�DV�HDUO\�DV�WKH�\HDU�DIWHU
UHOHDVH�VSUD\LQJ�WKH�SDVWXUH�DQG�SODQWLQJ�WKH�3��UDGLDWD�VHHGOLQJV��D�UHIOHFWLRQ�RI�WKH�UHFRYHU\�RI�WKH
JUDVV²/.5����

%\�\HDU����WKH�DQQXDO�UHGXFWLRQ�ZDV�DV�PXFK�DV���/�V���������:LQWHU�UHGXFWLRQV�ZHUH���/�V�������DQG
LQ�VXPPHU�ZHUH�OHVV�WKDQ��/�V�EXW�����RI�IORZ�

'RQV��$����������5HVXOWV�IURP�WKH�3XUXNRKXNRKX�ODQG�XVH�EDVLQ�DQG�WKHLU�DSSOLFDWLRQ�WR�ZDWHU�DQG
VRLO�PDQDJHPHQW���,Q��:DWHUV�RI�WKH�:DLNDWR���8QLYHUVLW\�RI�:DLNDWR���3S����±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

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

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

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

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

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

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ²YDULDEOH�DJHV
.H\ZRUGV��:DWHU�\LHOG

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

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

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ²YDULDEOH�DJHV
.H\ZRUGV��:DWHU�\LHOG

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

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

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

'RQV�� $�� � ������ �+\GURORJ\� DQG� VHGLPHQW� UHJLPH� RI� D� SDVWXUH�� QDWLYH� IRUHVW�� DQG� SLQH� IRUHVW
FDWFKPHQW�LQ�WKH�&HQWUDO�1RUWK�,VODQG��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH����
���±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5�
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 5DLQIDOO�������PP�\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

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

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

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

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

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

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

:DWHU�EDODQFH²PHDQ�RI���\U
3DVWXUH 3LQH 1DWLYH�IRUHVW

$UHD��KD� ��
 �� ��
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3WWQ��PP� ���� ���� ����
6WRUP�IORZ��PP���+	+�

 ��������� �������� ���������
'HOD\HG�IORZ��PP� ��� ��� ���
7RWDO�IORZ��PP� ��� ��� ���
(YDSRWUDQVSLUDWLRQ��PP� ��� ���� ����
*URXQGZDWHU�ORVV��PP� ��� ��� ���
,QWHUFHSWLRQ


 1�$ �����î�3� 

����PP
�����î�3� 
����PP


 3UREOHPV�ZLWK�GHOLQHDWLQJ�WKH�FDWFKPHQW�K\GURORJLF�ERXQGDU\


 +HZOHWW�	�+LEEHUW��������VHSDUDWLRQ��9DOXHV�LQ�SDUHQWKHVHV�DUH�SHUFHQWDJHV�RI�SUHFLSLWDWLRQ�



 ,QWHUFHSWLRQ�E\�SLQH�IURP�XQSXEOLVKHG�GDWD��1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH��DQG�DVVXPHG

WR�EH�WKH�VDPH�IRU�QDWLYH�IRUHVW�

'XQFDQ��0�-����������7KH�LPSDFW�RI�DIIRUHVWDWLRQ�RQ�VPDOO�FDWFKPHQW�K\GURORJ\�LQ�0RXWHUH�+LOOV�
1HOVRQ���,Q��/DQG�XVH�LQ�UHODWLRQ�WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ�&DWFKPHQW�%RDUG��1HOVRQ�
3S����±���

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

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

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

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

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

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

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

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

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

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

QXPEHUV�

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

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

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

'XQFDQ��0�-�� � ������ � 7KH� HIIHFWV� RI� SODQWLQJ� SLQHV� RQ� ZDWHU� \LHOG� LQ� 1HOVRQ�� � 1HZ� =HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��

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

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

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

6LQFH������ZDWHU�XVH�E\�WKH�SLQHV�KDG�OHYHOHG�RII���%\�������UXQRII�UHGXFWLRQ�IURP�WKH�WZR�FDWFKPHQWV
SUHYLRXVO\�LQ�JRUVH������DQG�����DQG�IURP�WKH�RQH�SUHYLRXVO\�LQ�SDVWXUH�������ZHUH�VPDOOHU�WKDQ�JLYHQ
LQ�'XQFDQ��������

1RWHV�WKDW�IRU�����±�����WKH�VHDVRQDO�\LHOG�IURP�WKH�SLQH�FDWFKPHQWV�ZDV�LQYDULDEO\�OHVV�WKDQ�KDOI�WKDW
IURP�WKH�SDVWXUH�FDWFKPHQW��WKH�PDJQLWXGH�EHLQJ�JUHDWHU�LQ�WKH�-XO\±6HSWHPEHU�TXDUWHU�ZKHQ�IORZ�LV
JUHDWHVW�EXW�RWKHU�TXDUWHUV�KDG�WKH�JUHDWHVW�SHUFHQWDJH�FKDQJH�

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�PP�
&��SDVWXUH &��SDVWXUH &��SLQHV�[

JRUVH
&���SLQHV�[
JRUVH

&���SLQHV�[
SDVWXUH

&RQWURO
����±����

���� ��� ��� ��� ��� ���

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

��� ��� ��� ��� ���

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

7KURXJKIDOO�GDWD�IURP�0RXWHUH�&���SLQHV
<HDU $JH

�\U�
3771�PP� &���,/�3UH�WKLQQLQJ�PP����� &���,/�3RVW�WKLQQLQJ�PP�����

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

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

'XQFDQ��0�-�������E��3UHGLFWLQJ�WKH�HIIHFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�WKH�0DQJDNDKLD
FDWFKPHQW��1RUWKODQG���1HZ�=HDODQG�0HWHRURORJLFDO�DQG�+\GURORJLFDO�6\PSRVLXP��1RYHPEHU
������&KULVWFKXUFK�����S����8QSXEOLVKHG��
&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��0L[HG��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��SDVWXUH�VFUXE�
.H\ZRUGV��/RZ�IORZ

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

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

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

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

(JXQMREL��-�.���������(FRV\VWHP�SURFHVVHV�LQ�D�VWDQG�RI�8OH[�HXURSDHXV�/���,,���7KH�F\FOLQJ�RI
FKHPLFDO�HOHPHQWV�LQ�WKH�HFRV\VWHP���-RXUQDO�RI�(FRORJ\��������±����



��

/DQGFDUH�5HVHDUFK

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��6FUXEODQG��*RUVH�
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
1R�LQIRUPDWLRQ�RQ�WKH�VWDQG�LV�SUHVHQWHG�LQ�WKLV�SDSHU�

7KURXJKIDOO�XQGHU�JRUVH
0RQWK 3UHFLSLWDWLRQ��PP� 7KURXJKIDOO��PP�
$SU����� ��� ��
0D\ ��� ��
-XQ ��� ��
-XO ��� ��
$XJ ��� ��
6HS �� ��
2FW �� ��
1RY ��� ��
'HF����� ��� ��
-DQ���� ��� ��
)HE ��� ��
0DU ��� ��
$SU ��� ��
0D\ �� ��
-XQ����� �� ��
7RWDO ���� ���������

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ²���\U 6WDQG�'HQVLW\������63+
+HLJKW�����P 'LDPHWHU�����FP
.H\ZRUGV��,QWHUFHSWLRQ��7KURXJKIDOO
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$XWKRU�$EVWUDFW
6RPH�LQWHUFHSWLRQ�YDOXHV�DUH�GHWHUPLQHG�IRU�3��UDGLDWD�LQ�WKH�6LOYHUVWUHDP�FDWFKPHQW��2WDJR��

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

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

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

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

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 5DLQIDOO��0$3������PP�\U
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG�

&RPPHQW
'HVFULEHV�WKH�*OHQGKX�FDWFKPHQWV�DQG�WUHDWPHQWV���,Q�WKH�ILUVW���\U�DIWHU�SODQWLQJ�����RI�*+���WKH
RQO\�K\GURORJLFDO�FKDQJH�QRWLFHG�ZDV�D�UHGXFWLRQ�LQ�WKH�SURSRUWLRQ�RI�TXLFNIORZ���)URP�DERXW���\U
DIWHU�SODQWLQJ��PRQWKO\�VWUHDPIORZ�\LHOGV�IURP�*+��ZHUH�OHVV�WKDQ�IURP�WKH�FRQWURO�FDWFKPHQW�LQ
WXVVRFN�JUDVVODQG�DPRXQWLQJ�WR�D�UHGXFWLRQ�RI�DERXW�����PP�\U�RU�����RI�WKH�IORZ���

3HDN�IORZV�ZHUH�UHGXFHG�LQ�WKH��WK�\HDU���)RU�WKH�IORZ�FODVV��±���/�V�KD��WKH�DYHUDJH�SHDN�IORZ�IURP
WKH�SODQWHG�FDWFKPHQW�ZDV�����ORZHU�WKDQ�IURP�WKH�WXVVRFN�FDWFKPHQW�FRPSDUHG�WR����OHVV�LQ�WKH
SUHWUHDWPHQW�SHULRG���$�VPDOOHU�UHGXFWLRQ�ZDV�QRWHG�LQ�WKH�IORZ�FODVV�!����/�V�KD������FRPSDUHG�WR
���LQ�WKH�SUHWUHDWPHQW�SHULRG�
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)DKH\��%����������7KH�HIIHFW�RI�SODQWDWLRQ�IRUHVWU\�RQ�ZDWHU�\LHOG�LQ�1HZ�=HDODQG���1HZ�=HDODQG
)RUHVWU\�������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�� 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��3��UDGLDWD��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�QDWLYH�IRUHVW��)RUHVW�PDQDJHPHQW��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ�DJHV�YDU\�
.H\ZRUGV��/RZ�IORZ��5HYLHZ��6WRUP�IORZ��:DWHU�\LHOG

&$%�$EVWUDFWV�$1����������
�
$XWKRU�$EVWUDFW

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

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

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

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

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ�����\U
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW

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

'RXJODV�ILU
���\U

'RXJODV�ILU
���\U

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

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

&RXQWU\��1HZ�=HDODQG�� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��3��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�HIIHFWV�RI�FRQYHUWLQJ�LQGLJHQRXV�IRUHVWV�DQG
JUDVVODQGV�WR�SLQH�SODQWDWLRQV��%LJ�%XVK�DQG�*OHQGKX�H[SHULPHQWDO�FDWFKPHQWV���1HZ�=HDODQG
0HWHRURORJLFDO�DQG�+\GURORJLFDO�6\PSRVLXP��&KULVWFKXUFK���������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ��������\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
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%LJ�%XVK�)RUHVW��1HOVRQ�
,Q�WKH���\U�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVW�LQ�WZR�FDWFKPHQWV��DYHUDJH�DQQXDO�\LHOGV�LQFUHDVHG�E\����
�����DQG�������������3HDN�IORZV�LQ�DOO�VWRUP�FODVVHV�LQFUHDVHG�DIWHU�KDUYHVWLQJ���±��/�V�KD�E\����
DQG�������±���/�V�KD�E\�����DQG������4XLFNIORZV�UHVSRQGHG�VLPLODUO\�EXW�ZHUH�PRUH�VXEGXHG��
<LHOGV�ZHUH�EDFN�DW�SUHWUHDWPHQW�OHYHOV�DIWHU���\U��WKLV�EHLQJ�GHOD\HG�E\�LQFUHDVHV�DIWHU�WKLQQLQJ
RSHUDWLRQV���6WRUP�SHDN�IORZV�DQG�TXLFNIORZV�WRRN����\U�WR�UHWXUQ�WR�SUHWUHDWPHQW�OHYHOV���,Q�WKH���\U
DIWHU�KDUYHVW��ORZIORZV�ZHUH��±��WLPHV�WKDW�RI�WKH�FRQWURO�FDWFKPHQW�EXW�KDG�UHWXUQHG�WR�SUHWUHDWPHQW
OHYHOV�DIWHU���\U�
*OHQGKX��2WDJR²����SODQWHG�
7KHUH�ZDV�QR�GLIIHUHQFH�LQ�\LHOG�IRU�WKH���\U�DIWHU�SODQWLQJ�D�WXVVRFN�FDWFKPHQW���,Q�WKH��±���\HDU
SHULRG�DIWHU�SODQWLQJ�\LHOGV�ZHUH�UHGXFHG�E\�����PP������RI�WKH�UXQRII�DW�WKH�FRQWURO�FDWFKPHQW��
7KH�PHDQ�PLQLPXP���GD\�ORZ�IORZV�VKRZHG�D�UHGXFWLRQ�RI������PP�GD\�DQG�SHDN�IORZV�KDG�UHGXFHG
E\���±����GHSHQGLQJ�RQ�WKH�IORZ�FODVV�VL]H��

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ��������\U 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR�����\U 5DLQIDOO��%LJ�%XVK������PP�\U��*OHQGKX������PP�\U
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

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

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

7KH�ILUVW�GHDOV�ZLWK�WKH�FRQYHUVLRQ�RI�PL[HG�HYHUJUHHQ�IRUHVW�WR�SLQH�SODQWDWLRQ�LQ�WKH
QRUWKZHVWHUQ�6RXWK�,VODQG���$IWHU�D���\U�FDOLEUDWLRQ�SHULRG�RQH�FDWFKPHQW�ZDV�OHIW�DV�WKH�FRQWURO
�'&���DQG�WKH�RWKHU�WZR�FDWFKPHQWV�ZHUH�KDUYHVWHG�LQ�������RQH�E\�VNLGGHU��'&���DQG�WKH�RWKHU�E\
KDXOHU��'&����DQG�SODQWHG�LQ�SLQHV�VKRUWO\�WKHUHDIWHU���)RU�WKH�ILUVW���\U�DIWHU�KDUYHVWLQJ�WKH�DYHUDJH
DQQXDO�GLIIHUHQFH�LQ�ZDWHU�\LHOGV�EHWZHHQ�'&��DQG�'&��ZDV�����PP��������DQG�EHWZHHQ�'&��DQG
'&��ZDV�����PP��������ZKLFK�HTXDWHV�WR�DQ�DQQXDO�LQFUHDVH�RI�����PP��������UHVSHFWLYHO\��ZKHQ
FRPSDUHG�ZLWK�WKH�FDOLEUDWLRQ�SHULRG���3ODQWLQJ�WKH�KDUYHVWLQJ�DUHDV�FDXVHG�WKH�ZDWHU�\LHOG�IURP�ERWK
FDWFKPHQWV�WR�UHWXUQ�WR�SUH�KDUYHVWLQJ�OHYHOV�ZLWKLQ���\U��DQG�DQ�HVWLPDWHG�UHGXFWLRQ�LQ�UXQRII�RI����
PP�ZLWKLQ���\U�DW�'&����0HDQ�IORRG�SHDNV�LQFUHDVHG�DIWHU�KDUYHVWLQJ��HVSHFLDOO\�IRU�VPDOO�DQG
PHGLXP�VWRUPV�RQ�WKH�VNLGGHU�ORJJHG�FDWFKPHQW����±��������7KH�UHVSRQVH�RI�WKH�VWRUP�TXLFNIORZV�WR
KDUYHVWLQJ�ZDV�VLPLODU�EXW�PXFK�PRUH�VXEGXHG���/RZ�IORZV�DOVR�LQFUHDVHG�DIWHU�KDUYHVWLQJ���7UHH
JURZWK�EURXJKW�VWRUP�SHDN�IORZV��TXLFNIORZV��DQG�ORZ�IORZV�EDFN�WR�WKH�OHYHOV�RI�WKRVH�LQ�WKH�RULJLQDO
EHHFK�IRUHVW�ZLWKLQ����\U���

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

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

%LJ�%XVK²&RQYHUVLRQ�RI�QDWLYH�IRUHVW�WR�SLQH�SODQWDWLRQ
/RZ�IORZV��SHDNIORZV�DQG�\LHOGV�DOO�LQFUHDVHG�DIWHU�KDUYHVWLQJ�WKH�QDWLYH�IRUHVW���,Q�WKH���\U�DIWHU����
FOHDUIHOOLQJ�RI�'&��VWUHDPIORZ�LQFUHDVHG�����PP�\HDU�������DQG�DW�WKH�����FOHDUHG�'&��WKH�\LHOG
ZDV�����PP�\HDU�KLJKHU����������7KHVH�DUH�SURSRUWLRQDOO\�HTXLYDOHQW�WR�����DQG�����PP�RQ�D�����
FOHDUIHOOLQJ�EDVLV²/.5����$IWHU�WKLV��WKHUH�ZDV�D�GHFOLQH�LQ�IORZV�WR�SUH�KDUYHVW�OHYHOV�DIWHU�DERXW��
\U�
/RZ�IORZ�FRPSDULVRQ�DUH�GLIILFXOW�DV�'&���WKH�FRQWURO�FDWFKPHQW��GULHV�XS�LQ�VRPH�\HDUV���+RZHYHU
WKHUH�ZHUH�LQFUHDVHV�LQ�WKH���GD\�PLQLPXP�IORZ�XS�WR������PP�GD\�DW�'&��DIWHU�KDUYHVWLQJ�DQG�WKLV
KDG�GHFOLQHG�WR�QDWLYH�IRUHVW�OHYHOV�E\�DERXW����\U�DIWHU�SODQWLQJ�

*OHQGKX²$IIRUHVWDWLRQ�RI�WXVVRFN�JUDVVODQG�DW�*+�
$QQXDO�IORZV�EHJDQ�WR�GLPLQLVK�DERXW���\U�DIWHU�SODQWLQJ�DQG�VHHPHG�WR�DSSURDFK�D�VWDEOH�OHYHO�RI
DERXW�����PP�ORZHU�WKDQ�WKH�WXVVRFN�FDWFKPHQW�DIWHU�DERXW���\U���7KLV�ZDV�IRU�D�FDWFKPHQW�SODQWHG
RYHU�����RI�LWV�DUHD�
/RZ�IORZV��%HWZHHQ������DQG�������WKH�PLQLPXP���GD\�ORZ�IORZ�DW�*+��DYHUDJHG�����PP�GD\
ORZHU�������WR������PP�UDQJH���*+��UDQJH�ZDV�����WR���PP�GD\�LQ�QHDUO\�DOO�\HDUV�
3HDNIORZV��)RXU�VL]H�FODVVHV��!���/�V�KD�������±�����KDG�IHZHU�VWRUP�DW�*+��WKDQ�DW�*+����)RU
FRPSDUDEOH�VWRUPV�LQ�WKH�VL]H�FODVVHV�DW�*+��VWRUPV�ZHUH�UHGXFHG�DW�*+��E\�DQ�DYHUDJH�����LQ��±��
����LQ��±�������VWRUPV�������LQ���±����DQG�����LQ�!���/�V�KD�VL]H�FODVVHV�
6WRUP�TXLFNIORZ��LQ�IRXU�FODVVHV�DERYH���PP��PHDQ�\LHOGV�ZHUH�UHGXFHG����WR�����FRPSDUHG�WR�*+��
DQG�WKHUH�ZHUH�OHVVHU�HYHQWV�LQ�HDFK�VL]H�FODVV�

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

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

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

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

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���1DWLYH�JUDVVODQG��3DVWXUH��3��UDGLDWD�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
$W�*OHQGKX�EHWZHHQ���DQG����\U�DIWHU�SODQWLQJ�����RI�D�WXVVRFN�FDWFKPHQW�VWUHDPIORZ�\LHOGV�KDG
IDOOHQ�E\�DQ�DYHUDJH�RI�����PP�������RI�VWUHDPIORZ�IURP�WKH�FRQWURO�FDWFKPHQW���0LQLPXP�DQQXDO���
GD\�ORZ�IORZV�KDG�IDOOHQ������PP�GD\������RI�WKDW�DW�WKH�FRQWURO�FDWFKPHQW�
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'DWD�IURP�*OHQGKX�ZDV�XVHG�LQ�D�GDLO\�ZDWHU�EDODQFH�PRGHO�WR�VKRZ�WKDW�LI�WKH�SODQWDWLRQ�DUHD�RI�WKH
XSSHU�:DLSRUL�FDWFKPHQW�ZDV�FRQYHUWHG�WR�SDVWXUH�RU�UHWXUQHG�WR�WXVVRFN�JUDVVODQG��ZDWHU�\LHOGV
ZRXOG�LQFUHDVH�E\����DQG����UHVSHFWLYHO\�

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���1DWLYH�JUDVVODQG��3DVWXUH��3��UDGLDWD�
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
$W�*OHQGKX����\HDUV�DIWHU�SODQWLQJ�����RI�*+���DQQXDO�VWUHDPIORZ�KDG�IDOOHQ�E\�����PP�DQG
EHWZHHQ���DQG����\U�DIWHU�SODQWLQJ�\LHOGV�KDG�IDOOHQ�E\�DQ�DYHUDJH�RI�����PP�������RI�VWUHDPIORZ
IURP�WKH�FRQWURO�FDWFKPHQW���
0LQLPXP�DQQXDO���GD\�ORZ�IORZV�KDG�IDOOHQ������PP�GD\������RI�WKDW�DW�WKH�FRQWURO�FDWFKPHQW�
EHWZHHQ����DQG����\HDUV�DIWHU�SODQWLQJ�
$�PRGHO�ZDV�XVHG�WR�HVWLPDWH�FKDQJHV�OLNHO\�WR�RFFXU�LI�WKHUH�ZHUH�ODQG�XVH�FKDQJHV�LQ�WKH�:DLSRUL
FDWFKPHQW²������KD�RI�ZKLFK�����LV�LQ�WXVVRFN�JUDVVODQG������LQ�SDVWXUH�GHSOHWHG�WXVVRFN�ODQG�
����SODQWDWLRQ�IRUHVW���,I�WKH�IRUHVW�ZDV�QRW�SUHVHQW��UXQRII�ZRXOG�EH����KLJKHU�LI�WKH�ODQG�KDG�EHHQ
RULJLQDOO\�LQ�SDVWXUH�DQG����KLJKHU�LI�RULJLQDOO\�LQ�WXVVRFN�

)DKH\��%���-DFNVRQ��5���6XWFOLIIH��&����������(IIHFWV�RI�ODQG�XVH�FKDQJH�RQ�ZDWHU�\LHOGV�IURP
'XQHGLQ¶V�ZDWHU�VXSSO\�FDWFKPHQWV���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�
:HOOLQJWRQ��������8QSXEOLVKHG���

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���1DWLYH�JUDVVODQG��3DVWXUH�
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
&XUUHQW�SDVWRUDO�PDQDJHPHQW�KDV�PRGLILHG�WKH�RULJLQDO�WXVVRFN�FRYHU�E\�EXUQLQJ�DQG�JUD]LQJ��DQG
FRQYHUVLRQ�WR�LPSURYHG�SDVWXUH���1RWHV�WKDW�³,I�WKH�WXVVRFN�FRYHU�LV�OHIW�WR�UHWXUQ�WR�D�FRQGLWLRQ�RI�QLO
GHSOHWLRQ�DQG�YLJRURXV�JURZWK�LQ�WKH�NH\�ZDWHU�SURGXFLQJ�DUHDV��ZDWHU�\LHOGV�IRU�WKH�WKUHH�VXPPHU
PRQWKV�LQ�WKH�GULHVW�\HDU�VKRXOG�LQFUHDVH�E\�����DQG�����DW�WKH�'HHS�&UHHN�DQG�'HHS�6WUHDP�ZDWHU
LQWDNHV�UHVSHFWLYHO\�´

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

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��3��UDGLDWD��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��5HYLHZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

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

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��1DWLYH�JUDVVODQG��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���±��\U 6WDQG�'HQVLW\��,QLWLDOO\������63+�
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�EDODQFH��:DWHU�\LHOG

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

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

:DWHU�\LHOG�FKDQJHV�DW�*OHQGKX�IRU�����DIIRUHVWDWLRQ�RI�*+�
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*+�
�PP�

'LIIHUHQFH
�*+��*+��

5HGXFWLRQ
���

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

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

)DKH\��%���:DWVRQ��$���3D\QH��-���������:DWHU�ORVV�IURP�SODQWDWLRQV�RI�'RXJODV�ILU�DQG�UDGLDWD
SLQH�RQ�WKH�&DQWHUEXU\�3ODLQV��6RXWK�,VODQG��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ
=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��3��UDGLDWD
.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� �� �� ��
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%DVDO�DUHD��P��KD� �� �� ��
6DSZRRG�DUHD��P��KD� �� �� �
*URVV�SUHFLSLWDWLRQ
�PP�

���� ���� ����

7KURXJKIDOO��PP� ���� ���� ���
7KURXJKIDOO���� �� �� ��
6WHPIORZ��PP� �� �� ��
6WHPIORZ���� ��� � ���
,QWHUFHSWLRQ�ORVV��PP� ��� ��� ���
,QWHUFHSWLRQ�ORVV���� �� �� ��

,Q�DGGLWLRQ�WR�WKH�LQWHUFHSWLRQ�PHDVXUHPHQWV�PDGH��HLJKW�PRQWKV��2FWREHU�WR�0D\��RI�WUDQVSLUDWLRQ
GDWD�GHULYHG�IURP�VDSIORZ�PHDVXUHPHQWV�DUH�DYDLODEOH�

(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 ��� ��� ��

*UD\QRWK��(����������(IIHFWV�RI�ORJJLQJ�RQ�VWUHDP�HQYLURQPHQWV�DQG�IDXQDV�LQ�1HOVRQ���1HZ
=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK������������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��1DWLYH�HYHUJUHHQ�IRUHVW��3LQHV��3��UDGLDWD�
/DQG�8VH�FKDQJH��)RUHVW�PDQDJHPHQW
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
)RXU�FDWFKPHQWV�ZHUH�VWXGLHG�LQ�*ROGHQ�'RZQV�)RUHVW��1HOVRQ�IRU����PRQWKV�ORRNLQJ�DW�ZDWHU�TXDOLW\
DQG�VWUHDP�IDXQD�
/RQJ�*XOO\ ����KD�FRQWURO�FDWFKPHQW�ZLWK��LQ�-XO\�������DERXW�����1DWLYH�HYHUJUHHQ

IRUHVW���������\HDU�ROG�&RUVLFDQ�SLQH�DQG�����RSHQ�DUHDV�	�URDGV�
5RXJK¶QV�&UHHN �����KD�FDWFKPHQW�ZLWK��LQ�-XO\�������DERXW�����1DWLYH�HYHUJUHHQ�IRUHVW�

����3��UDGLDWD�DQG�'RXJODV�ILU�RI�YDULRXV�DJHV������RSHQ�DUHDV�	�URDGV�
8SSHU�*LOEHUW�&UHHN ���KD�FDWFKPHQW���+DUYHVWLQJ�WKH�QDWLYH�IRUHVW�RFFXUUHG�EHIRUH�DQG�GXULQJ�WKH



��
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VWXG\�DQG�3��UDGLDWD�DQG�(XFDO\SWXV�GHOHJDWHQVLV�ZHUH�SODQWHG���,Q�-XO\�����
WKH�FDWFKPHQW�ZDV�����1DWLYH�HYHUJUHHQ�IRUHVW�����H[RWLF�IRUHVW�DQG����
RSHQ�DUHDV�	�URDGV�DIWHU�FOHDUIHOOLQJ�EHHFK�IRUHVW���$�IXUWKHU�����ZDV
KDUYHVWHG�EHWZHHQ�'HF�������DQG�)HE�������

/RZHU�*LOEHUW�&UHHN ����KD�FDWFKPHQW�ZLWK��LQ�-XO\�������DERXW�����1DWLYH�HYHUJUHHQ�IRUHVW�
�������DQG���\HDU�ROG�3��UDGLDWD�DQG�����RSHQ�DUHDV�	�URDGV�

2QO\�/RQJ�*XOO\�DQG�8SSHU�*LOEHUW�&UHHN�KDG�UHFRUGLQJ�ZDWHU�OHYHO�UHFRUGHUV�

3UHFLSLWDWLRQ�DQG�5XQRII�IURP�*ROGHQ�'RZQV�&DWFKPHQWV�
3UHFLSLWDWLRQ�
�PP�

/*�5XQRII�
�PP�

8*&�5XQRII
�PP�

8*&	/*
�PP�

6HS����� ���� ���� ���� ���
2FW �� ��� ���� ��
1RY ����� ���� ����� ����
'HF ����� ���� ���� ��
-DQ����� �� ��� ���� ����
)HE ����� ���� ���� ����
0DU �� ��� ��� ���
$SU ����� ����� ����� ����
0D\ ����� ���� ���� ����
-XQ ���� ��� �� ����
-XO ����� ����� ����� ����
$XJ ��� ���� ���� �����
7RWDO ���� ��� ��� �����
3771�52 ��� ��� ���

7KHVH�GLIIHUHQFHV�DUH�EHWZHHQ�D�FDWFKPHQW�LQ�PL[HG�QDWLYH�H[RWLF�IRUHVW�DQG�D�FDWFKPHQW�ZLWK����
QDWLYH�IRUHVW�DQG�WKH�UHVW�UHFHQWO\�FOHDUIHOOHG���7KHUH�LV�QR�GDWD�SUHVHQWHG�WR�LQGLFDWH�LI�WKHUH�DUH
QDWXUDOO\�RFFXUULQJ�GLIIHUHQFHV�LQ�VWUHDPIORZ�IURP�WKH���FDWFKPHQWV�LQ�D�IXOO\�IRUHVWHG�VWDWH���5DLQIDOO
LV�PHDVXUHG�RQ�D�ULGJH�EHWZHHQ�WKH���FDWFKPHQWV�DQG�LW�LV�DVVXPHG�WKDW�LW�DSSOLHV�XQLIRUPO\�WR�ERWK
FDWFKPHQWV���7KH�GLIIHUHQFH�LQ�VWUHDPIORZ�EHWZHHQ�WKH���FDWFKPHQWV�LV�DWWULEXWHG�WR�WKH�WUHDWPHQW
HIIHFW��L�H��KDUYHVWLQJ�����RI�WKH�QDWLYH�IRUHVW�LQLWLDOO\��WR������LQ�WKH�ODWWHU�KDOI�RI�WKH�VWXG\��

*UD\QRWK��(����������/RQJ�WHUP�HIIHFWV�RI�ORJJLQJ�SUDFWLFHV�LQ�VWUHDPV�LQ�*ROGHQ�'RZQV�6WDWH
)RUHVW��1HOVRQ���,Q��+D\HV��-�:���'DYLV��6�)���(GV����3URFHHGLQJV�RI�WKH�)LVKHULHV��)RUHVWU\
&RQIHUHQFH��)HEUXDU\�������0$)�)UHVKZDWHU�)LVKHULHV�&HQWUH��1HZ�=HDODQG�)UHVKZDWHU
)LVKHULHV�5HSRUW�1R������3S���±���
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&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��1DWLYH�HYHUJUHHQ�IRUHVW��3LQHV��3��UDGLDWD
/DQG�8VH�FKDQJH��)RUHVW�PDQDJHPHQW
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

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

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

+D\PDQ��-�0���6WRFNHU��5�9����������6RLO�ZDWHU�H[WUDFWLRQ�SDWWHUQV�XQGHU�SDVWXUH�DQG�OXFHUQH
RQ�WZR�VRLO�W\SHV�LQ�0LG�&DQWHUEXU\���3URFHHGLQJV��$JURQRP\�6RFLHW\�RI�1HZ�=HDODQG��������
���
&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
7KLV�SDSHU�LV�EDVHG�RQ�DQ�LUULJDWLRQ�VWXG\�EXW�SURYLGHV�LQIRUPDWLRQ�RQ�VRLO�ZDWHU�VWRUHV�DQG�H[WUDFWLRQ��

/XFHUQH�H[WUDFWHG�ZDWHU�GRZQ�WR�����P�IURP�:DNDQXL�FOD\�ORDPV�DQG������P�IURP�(\UH�VWRQ\�VLOW
ORDP�ZLWK�QR�SUHIHUHQWLDO�H[WUDFWLRQ�WKURXJKRXW�WKH�SURILOHV��,Q�FRQWUDVW��SDVWXUH�SUHIHUUHG�WR�H[WUDFW
ZDWHU�IURP�WKH�XSSHU�SDUW�RI�WKH�SURILOHV�EXW�GRZQ�WR������P�IURP�:DNDQXL�VRLOV�DQG�����P�IURP�(\UH
VRLOV�

6RLO�SURSHUWLHV����Z�Z�

'HSWK
:DNDQXL (\UH

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

+HUDOG��-���������7KH�LQIOXHQFH�RI�DIIRUHVWDWLRQ�LQ�UDGLDWD�SLQH�RQ�WKH�UXQRII�RI�D�VPDOO
FDWFKPHQW�LQ�WKH�+XQXD�5DQJHV��$XFNODQG���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP
����������S�
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�GDWD�IRU�WKH�FRQWURO�DQG�3��UDGLDWD�FDWFKPHQWV�DW�+XQXD���7KLV�LV�D�VKRUWHU�GDWD�VHW�WKDQ�LQ
%DUWRQ�	�&DUG��������DQG�WKH�YDOXHV�DUH�VOLJKWO\�GLIIHUHQW²SRVVLEO\�DGMXVWHG�IRU�FOLPDWH�DQG�ZHWODQG
DUHDV���7KH�DIIRUHVWHG�FDWFKPHQW�ZDV�SDUW�FOHDUHG�������EXUQW������DQG�SODQWHG�LQ������

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

<HDU
3UHFLSLWDWLRQ
�PP��

&RQWURO�FDWFKPHQW
UXQRII��PP�

$IIRUHVWHG�FDWFKPHQW
UXQRII��PP�

&RQWURO�DIIRUHVWHG
UXQRII��PP�


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


�&DOFXODWHG�E\�/.5

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

6RPH�RI�WKH�DGMXVWPHQWV�PDGH�WR�WKH�IORZ�GDWD�IRU�FOLPDWH�DQG�WLPH�WUHQGV�PD\�QHHG�WR�EH�UHYLVLWHG�

+HUDOG��-�5����������&KDQJHV�LQ�VWUHDPIORZ�LQ�D�VPDOO�GUDLQDJH�EDVLQ�IROORZLQJ�DIIRUHVWDWLRQ�LQ
UDGLDWD�SLQH���06F��7KHVLV���8QLYHUVLW\�RI�$XFNODQG�

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��VFUXE�WR�SODQWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG
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&RPPHQW
6DPH�GDWD�VHW�DV�+HUDOG����������3UHVHQWV�PRQWKO\�GDWD�DV�ZHOO�DV�DQQXDO�ZDWHU�EDODQFH���

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

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

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ�
6WDQG�7\SH��3ODQWDWLRQ���WR���\U
.H\ZRUGV��:DWHU�\LHOG

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

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

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

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ���WR���\U
.H\ZRUGV��:DWHU�\LHOG

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

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

3DSHU�LQFOXGHV�VRPH�RI�WKH�IRUHVW�PDQDJHPHQW�KLVWRU\���0RVW�RI�WKH�IRUHVW�ZDV�SODQWHG�LQ������DQG
�����DQG�WKLQQLQJ�RFFXUUHG�LQ�VRPH�FRPSDUWPHQWV�LQ������DQG������

7KH�GDWD�LQ�WKHVH�WDEOHV�EHJLQ���\U�DIWHU�WKH�PDMRULW\�RI�WKH�.LNLZD�ZDV�SODQWHG���7KHUHIRUH�WKHUH�LV�QR
HIIHFWLYH�FDOLEUDWLRQ�SHULRG���&KDQJHV�LQ�WKH�IORZ�UHJLPH�VKRXOG�EH�DSSDUHQW�LQ�WKH�ODVW�SDUW�RI�WKH�GDWD
VHW�EXW�WKHUH�LV�QR�FHUWDLQ�UHIHUHQFH�SRLQW�WR�LQGLFDWH�WKH�FRPSDUDWLYH�VLWXDWLRQ�ZKHQ�SODQWLQJ�RFFXUUHG�

$QQXDO�UXQRII��PP��IURP�.LNLZD�VXLWH��1HOVRQ
+XQWHUV *UDKDP .LNDZD 5DLQIDOO


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


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

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

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

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

6XPPHU�RQO\�UDLQIDOO�GDWD�DUH�JLYHQ���7KHUH�DSSHDUV�WR�EH�D�GRZQZDUGV�WUHQG�LQ�VXPPHU�IORZ�LQ�WKH
SODQWHG�FDWFKPHQW�

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

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD�
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��6WRUPIORZ��:DWHU�TXDOLW\

&RPPHQW
:KLOVW�D�SDSHU�DERXW�VHGLPHQW�\LHOGV��JLYHV�WKH�IROORZLQJ�IRU�1RUWKODQG�FDWFKPHQWV�

7RSXQL ���([RWLF�IRUHVW ���KD ����±���� 0$3� ������PP� 4XLFNIORZ� �����PP�
.RNRSX��3DVWXUH ����KD ����±���� 0$3� ������PP 4XLFNIORZ� �����PP�

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��'RXJODV�)LU
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�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������
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+ROGVZRUWK��'�.���0DUN��$�)����������:DWHU�DQG�QXWULHQW�LQSXW�RXWSXW�EXGJHWV��(IIHFWV�RI�SODQW
FRYHU�DW�VHYHQ�VLWHV�LQ�XSODQG�VQRZ�WXVVRFN�JUDVVODQGV�RI�(DVWHUQ�DQG�&HQWUDO�2WDJR��1HZ
=HDODQG���-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�*UDVVODQG��3DVWXUH
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
'LVFXVVHV�UHVXOWV�IURP�D�VPDOO�O\VLPHWHU�VWXG\�RQ�ZDWHU�\LHOGV�DQG�QXWULHQWV���:DWHU�\LHOGV�ZHUH
JUHDWHU�IURP�VQRZ�WXVVRFN�WKDQ�EOXH�WXVVRFN�WXUI��EDUH�VRLO��DQG�KHUEILHOGV��ZDWHU�\LHOG�IURP�LPSURYHG
SDVWXUH�ZDV�QHJOLJLEOH���'LVFXVVHV�WKH�LQIOXHQFH�RI�IRJ�RQ�\LHOGV�

-DFNVRQ��'�6���-DFNVRQ��(�$���*LIIRUG��+�+����������6RLO�ZDWHU�LQ�GHHS�3LQDNL�VDQGV��VRPH
LQWHUDFWLRQV�ZLWK�WKLQQHG�DQG�IHUWLOLVHG�3LQXV�UDGLDWD���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH
�������±�����

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

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

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

'XULQJ�WKH�ILUVW���\U��XS�WR�FDQRS\�FORVXUH��GLIIHUHQFHV�LQ�VWRFNLQJ�SURGXFHG�WKH�PRVW�VLJQLILFDQW
GLIIHUHQFHV�LQ�VRLO�PRLVWXUH��EXW�RQO\�LQ�WKH�WRS�PHWUH��7KLQQLQJ�JUHDWO\�UHGXFHG�VRLO�ZDWHU�GHSOHWLRQ�
SDUWLFXODUO\�LQ�SORWV�ZLWK�IHUWLOLVHU��EXW�WKHVH�HIIHFWV�GLPLQLVKHG�DIWHU��±��\U�DQG�ZHUH�LQVLJQLILFDQW



��

/DQGFDUH�5HVHDUFK

DIWHU���\U��$IWHU�FDQRS\�FORVXUH�WKH�HIIHFWV�RI�IHUWLOLVHU�EHJDQ�WR�RYHULGH�WKRVH�RI�VWRFNLQJ�DQG
SURGXFHG�VRLO�PRLVWXUH�GLIIHUHQFHV�GRZQ�WR��±��P��'LIIHUHQFHV�LQ�VRLO�ZDWHU�VWRUDJH�EHWZHHQ�H[WUHPHV
RI�WUHDWPHQW�DPRXQWHG�WR�DSSUR[������PP�RI�UDLQIDOO�DW�PLGZLQWHU���

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

-DFNVRQ��5�-����������:DWHU�DQG�HQHUJ\�EDODQFHV�RI�IRUHVW�DQG�JUDVVODQG�DW�7DLWD���3DSHU
SUHVHQWHG�WR�1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�RQ�:DWHU�5HVRXUFHV��8QLYHUVLW\�RI
:DLNDWR��1RYHPEHU������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��:DWHU�EDODQFH��:DWHU�\LHOG

&RPPHQW
)ORZ�GDWD�DUH�SUHVHQWHG�IRU�WKH�IXOO������KD�1DWLYH���FDWFKPHQW�DQG�D������KD�VXE�FDWFKPHQW

ZKLFK�H[FOXGHV�WKH�ZHVWHUQ�WULEXWDULHV�DQG�URDGV��ODZQV�DQG�EXLOGLQJV�

$QQXDO�UDLQIDOO�DQG�UXQRII��PP��DW�7DLWD
5DLQIDOO 5XQRII�#�1DWLYH�� 5XQRII�#�1DWLYH��

���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ��� ���
���� ���� ��� ���
���� ���� ��� ���
���� ���� ��� ���
���� ���� ��� ���
���� ��� ��� ���
���� ���� ��� ���
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���� ���� ��� ���
����±�����0HDQ ���� ��� ���

'LIIHUHQFHV�LQ�\LHOGV�EHWZHHQ�WKH���ZHLUV�DUH�FRQVLGHUHG�WR�UHIOHFW�JURXQGZDWHU�PRYHPHQW���$YHUDJH
DQQXDO�HYDSRUDWLRQ�LV�LQ�WKH�UDQJH����±�����PP�ZLWK�LQWHUFHSWLRQ�FRQWULEXWLQJ�����PP�RI�WKH�WRWDO��
,QWHUFHSWLRQ�KDV�EHHQ�FDOFXODWHG�DW�����RI�UDLQIDOO�DQG�ORVVHV�RI��±���PP�GD\�ZKHQ�UDLQ�ZDV
SHUVLVWHQW�ZHUH�TXRWHG�IURP�SUHYLRXV�ZRUN��

0RQWKO\�ZDWHU�EDODQFH�GDWD��PP��IRU�7DLWD�1DWLYH�)RUHVW���FDWFKPHQW�����±����
-DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF <HDU

5DLQIDOO �� �� �� ��� ��� ��� ��� ��� ��� ��� �� ��� ����
,QWHUFHSWLRQ �� �� �� �� �� �� �� �� �� �� �� �� ���
5XQRII �� �� �� �� �� �� �� �� �� �� �� �� ���
(YDSRUDWLRQ
)RUHVW

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

(YDSRUDWLRQ
JUDVV

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

-DFNVRQ��5�-��������&DWFKPHQW�K\GURORJ\�DQG�VRPH�RI�LWV�SUREOHPV���1HZ�=HDODQG�'HSDUWPHQW
RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�,QIRUPDWLRQ�6HULHV�������±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
.H\ZRUGV��(YDSRUDWLRQ��6WRUPIORZ��:DWHU�\LHOG�

&RPPHQW
6KRZV�GLIIHUHQFHV�EHWZHHQ�VWRUP�K\GURJUDSK�IRU�3XUXNL�DQG�3XUXWDND�LQ�SDVWXUH�DQG

3XUXRUDNDX�LQ�QDWLYH�IRUHVW�ZLWK�WKH�SDVWXUH�FDWFKPHQWV�KDYLQJ�VLJQLILFDQWO\�JUHDWHU�WRWDO�DQG�SHDN
IORZV���$W�7DLWD�QHDU�:HOOLQJWRQ��GLIIHUHQFHV�LQ�VWRUP�K\GURJUDSKV�ZHUH�QRW�DV�FOHDU�EHWZHHQ�WKH
VHFRQG�JURZWK�QDWLYH�IRUHVW�FDWFKPHQW�DQG�WKDW�ZLWK����UGV�LQ�SDVWXUH�DQG�WKH�FHQWUDO�DQG�VWUHDP
SRUWLRQV�VWLOO�LQ�VFUXE���3UHVHQWV�PRQWKO\�UDLQIDOO��HYDSRUDWLRQ�DQG�UXQRII�GDWD�ZKLFK�PDNH�XS�WKH
DQQXDO�WRWDOV�JLYHQ�KHUH�DQG���PRQWKV�RI�HYDSRUDWLRQ�IRU�JUDVV�DQG�PDQXND�FDOFXODWHG�IURP�VRLO�ZDWHU
PHDVXUHPHQWV�

$QQXDO�UDLQIDOO��UXQRII�DQG�HYDSRUDWLRQ�DW�7DLWD
���� ���� ����

5DLQIDOO��PP� ���� ���� ����
3(�JUDVV��PP� ��� ��� ���
1DWLYH�FDWFKPHQW�5XQRII��PP� ��� ��� ���
1R���FDWFKPHQW�UXQRII��PP� ��� ��� ���
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-DFNVRQ��5�-����������(YDSRUDWLRQ�IURP�SDVWXUH�DQG�UDGLDWD�SLQH�IRUHVW�DW�$VKOH\��&DQWHUEXU\�
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��ZDWHU�\LHOG

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

3DVWXUH�FDWFKPHQW� :KHQ�VRLO�PRLVWXUH�ZDV�DGHTXDWH��HYDSRUDWLRQ�IROORZHG�3HQPDQ�3(²�
PP�GD\�6HSWHPEHU�WR�����PP�GD\�LQ�'HFHPEHU���'HFOLQHG�UDSLGO\�ZKHQ�VRLO�PRLVWXUH�GHILFLW�UHDFKHG
���PP���0D[LPXP�6:'� �����PP�

3LQH�FDWFKPHQW���7UDQVSLUDWLRQ��±����PP�GD\�LQ�1RYHPEHU�'HFHPEHU�IDOOLQJ�WR�����P�GD\�LQ�ODWH
VXPPHU���:LQWHU�UDWHV�����WR�����PP�GD\���,QWHUFHSWLRQ�FRQWULEXWHG�����RI�WKH�WRWDO�HYDSRUDWLRQ�

-DFNVRQ��5�-���������+\GURORJ\�RI�SDNLKL�ODQG��:HVW�&RDVW��6RXWK�,VODQG���1HZ�=HDODQG
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��+DPLOWRQ����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���6FUXEODQG
/DQG�8VH�FKDQJH��'UDLQDJH
.H\ZRUGV��(YDSRUDWLRQ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
/DUU\�5LYHU�FDWFKPHQWV�QHDU�5HHIWRQ²/��DW������KD�	�/��DW�����KD�ZHUH�VWLOO�LQ�WKH�VFUXE�FRYHU��/��DW�
�����KD�KDG�EHHQ�GUDLQHG�DQG�SODQWHG�D�\HDU�EHIRUH�WKH�VWXG\�EHJDQ�

���PRQWKV�RI�GDWD�EHWZHHQ�$SULO������DQG�-XQH��������5DLQIDOO� ������PP��5XQRII�IURP�/��DQG�/�
ZDV������PP��'UDLQDJH�ZDV�DVVXPHG�WR�EH�QHJOLJLEOH�VR�WKH�EDODQFH�LV�DOPRVW�HQWLUHO\�HYDSRUDWLRQ�DW
DERXW����±����PP�SHU�\HDU������HYHQWV�JDYH������PP�RI�TXLFNIORZ� �����RI�WRWDO�UXQRII���0RVW�RI
WKLV�RFFXUUHG�LQ���VWRUPV�RI��±��GD\V�GXUDWLRQ���

$IWHU�GUDLQDJH�LV�DSSHDUV�WKDW�TXLFNIORZ�WRWDOV�UHPDLQ�DERXW�WKH�VDPH�EXW�SHDN�VSHFLILF�GLVFKDUJHV
LQFUHDVH��±��WLPHV�DQG�WKH�K\GURJUDSK�KDV�HDUOLHU�ULVHV�DQG�IDVWHU�IDOOV���

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ�
9HJHWDWLRQ���1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ��±��\U 6WDQG�'HQVLW\� %DVDO�$UHD�
.H\ZRUGV��6RLO�ZDWHU

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

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

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ²PL[HG�DJHV���±������±�����±���\U
.H\ZRUGV��6WRUPIORZ��7KURXJKIDOO��:DWHU�\LHOG

&RPPHQW
7KURXJKIDOO�PHDVXUHG�RYHU���\HDU�ZDV�����RI�SUHFLSLWDWLRQ��

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

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

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

 �� ��
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�,QFOXGHV�DQ�HVWLPDWH�IRU�PLVVLQJ�GDWD�LQ�WKH�ODUJHVW�HYHQW�

-DFNVRQ��5�-��������+\GURORJ\�RI�DQ�DFLG�ZHWODQG�EHIRUH�DQG�DIWHU�GUDLQLQJ�IRU�DIIRUHVWDWLRQ��
,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��6FUXE��PDQXND�
/DQG�8VH�FKDQJH��$IIRUHVWDWLRQ��'UDLQDJH
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW

7KUHH�µSDNLKL¶�FDWFKPHQWV�DW�/DUU\�5LYHU�QHDU�5HHIWRQ�RQ�WKH�6RXWK�,VODQG�:HVW�&RDVW���
&DWFKPHQW�/�� 'UDLQHG�DQG�SODQWHG�ZLWK�3��UDGLDWD�LQ������EHIRUH�WKH�ZHLU�ZDV�LQVWDOOHG���
&DWFKPHQW�/�� &RQWURO�FDWFKPHQW�ZLWK����\HDU�ROG�PDQXND�VFUXE�
&DWFKPHQW�/��� 7KHUH�ZDV�DQ����PRQWK�FDOLEUDWLRQ�SHULRG�EHIRUH�WKH�VFUXE�ZDV�FUXVKHG�LQ

2FWREHU�������EXUQHG�LQ�)HEUXDU\�������DQG�GUDLQHG�XVLQJ�D�WUDFWRU�PRXQWHG
9�EODGH�LQ�$SULO������EHIRUH�SODQWLQJ�WKH�QHZO\�IRUPHG�ULGJHV�ZLWK�3�
UDGLDWD�LQ�ZLQWHU�RI�WKDW�\HDU�

$QQXDO�SUHFLSLWDWLRQ�DQG�UXQRII�IRU�FRQWURO�FDWFKPHQW�/DUU\�5LYHU�/�
����±�� ����±�� ����±��

3UHFLSLWDWLRQ��PP� ���� ���� ����
5XQRII��PP� ���� ���� ����
4XLFNIORZ��PP� ���� ���� ���

$YHUDJH�SHDN�IORZ��O�V�KD��EHIRUH�DQG�DIWHU�WUHDWPHQW�RI�FDWFKPHQW�/�
/��VWRUP
VL]H�FODVV

1XPEHU�RI
VWRUPV

/� /� /�

3UH�WUHDWPHQW �±���� �� ���� ��� ���
��±����� � ���� ���� ��
! ��� � ���� ���� ����

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

1RWH�WKDW�/��KDG�DOUHDG\�EHHQ�WUHDWHG�LQ�WKH�SUH�WUHDWPHQW�SDUW�RI�WKH�WDEOH�DQG�WKH�KLJKHU�DYHUDJH
SHDN�IORZV�UHIOHFW�WKLV���7KHUH�DUH�REYLRXV�LQFUHDVHV�LQ�DYHUDJH�SHDN�IORZ�DIWHU�WUHDWPHQW�DW�/�
FRPSDUHG�WR�/���L�H��WKHUH�DUH�PRUH�ODUJH�IORZV�DIWHU�WUHDWPHQW���7KHUH�ZHUH�PRUH�WKDQ���WLPHV�DV�PDQ\



��

/DQGFDUH�5HVHDUFK

SHDN�IORZV�!����O�V�KD�DW�/���WKDQ�DW�WKH�FRQWURO�/���

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

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ�/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD��6FUXEODQG��JRUVH�
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG�

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

-DFNVRQ��5�-���$OGULGJH��5���������,QWHUFHSWLRQ�RI�UDLQIDOO�E\�NDPDKL��:HLQPDQQLD�UDFHPRVD��DW
7DLWD��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
7DLWD�QDWLYH�FDWFKPHQW��������\HDU�ROG
7KURXJKIDOO�FRPPHQFHG�ZKHQ���PP�RI�UDLQ�KDG�IDOOHQ��VWHPIORZ�FRPPHQFHG�DIWHU�����PP�RI�UDLQ�

2Q�D�VWRUP�EDVLV�DQG�IRU�HYHQWV�!�����PP�ZLWK�ERWK�WKURXJKIDOO�DQG�VWHPIORZ
7KURXJKIDOO� �������î�3UHFLSLWDWLRQ������� U� �������
6WHPIORZ� �������î�3UHFLSLWDWLRQ�	����� U� �������
1HW�UDLQIDOO� �������î�3UHFLSLWDWLRQ�	����� U� �������

)RU����PRQWKV��7KURXJKIDOO� ������PP� �����RI������PP�SUHFLSLWDWLRQ��VWHPIORZ� ����PP� ����
QHW�UDLQIDOO� ������PP� �����DQG�LQWHUFHSWLRQ�ORVV� � �����PP� �����

-DFNVRQ��5�-���)DKH\��%�'���������)RUHVW�KDUYHVWLQJ�DQG�IORRG�K\GURORJ\�RI�VPDOO�FDWFKPHQWV��
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��1HOVRQ����������8QSXEOLVKHG��
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��6WRUPIORZ

&RPPHQW
+DUYHVWLQJ�EHHFK�KDUGZRRG�IRUHVW�JDYH�LQFUHDVHV�LQ�ERWK�IORRG�SHDNV�DQG�TXLFNIORZ�GHSWKV���,Q�WKH��
\U�DIWHU�KDUYHVWLQJ�WKHUH�ZDV�D���IROG�LQFUHDVH�LQ�WKH�QXPEHU�RI�IORRG�SHDNV�!���/�V�KD���,Q�ZLQWHU�
ZKHQ�VRLOV�ZHUH�ZHW�LQ�DOO�FDWFKPHQWV��GLIIHUHQFHV�LQ�IORRG�SHDNV�DQG�TXLFNIORZ�EHWZHHQ�WKH
XQGLVWXUEHG�QDWLYH�IRUHVW�DQG�WKH�KDUYHVWHG�FDWFKPHQWV�ZHUH�VPDOO��EXW�WKHUH�ZHUH�VLJQLILFDQW
GLIIHUHQFHV�DW�WKH�HQG�RI�D�GU\�VXPPHU��WKH�GLIIHUHQFHV�GHSHQGLQJ�RQ�WKH�DQWHFHGHQW�VRLO�FRQGLWLRQV�

-DFNVRQ��5�-���0DUGHQ��0���3D\QH��-����������,PSDFW�RI�FOHDUIHOOLQJ�UDGLDWD�SLQH�IRUHVWV�RQ�VRLO
ZDWHU�DW�$VKOH\�DQG�0DQJDWX���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��*LVERUQH��������
�8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD
/DQG�8VH�&KDQJH��+DUYHVWLQJ
6WDQG�7\SH��3ODQWDWLRQ����DQG����\U
.H\ZRUGV��6RLO�ZDWHU

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

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

-DFNVRQ��5�-���3D\QH��-���������+\GURORJ\�RI�EHHFK�DQG�SLQH�IRUHVW�FDWFKPHQWV��%LJ�%XVK�
1HOVRQ���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��&KULVWFKXUFK����������8QSXEOLVKHG��
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U
.H\ZRUGV��:DWHU�\LHOG

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

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

$QQXDO�ZDWHU�\LHOG�LQFUHDVH�IRU�WKH�ILUVW���\U�DIWHU�KDUYHVWLQJ�ZDV�����PP�\U���7KHUH�ZDV�D�GHFOLQH
EHWZHHQ�\HDUV���DQG���ZLWK�D�WHPSRUDU\�LQFUHDVH�DV�D�UHVXOW�RI�WKLQQLQJ���)RU�\HDUV��±���DIWHU
KDUYHVWLQJ�WKH�ZDWHU�\LHOG�DQG�IORRG�UHVSRQVHV�ZHUH�FORVH�WR�WKDW�H[SHFWHG�IURP�WKH�SUHWUHDWPHQW�GDWD
LQGLFDWLQJ�HYDSRUDWLRQ�LV�DERXW�WKH�VDPH�IRU�WKH�WZR�IRUHVW�W\SHV���2YHU�WKH����\U�VLQFH�KDUYHVW��WKH
DGGLWLRQDO�UXQRII�GXH�WR�KDUYHVWLQJ�LV������PP���,W�ZRXOG�UHTXLUH�JUHDWO\�LQFUHDVHG�HYDSRUDWLRQ�RYHU
WKH�UHVW�RI�WKH�URWDWLRQ������PP�\U��IRU�WKH�RYHUDOO�\LHOG�RI�WKH�SLQH�SODQWDWLRQ�WR�IDOO�EHORZ�WKDW�RI�WKH
XQGLVWXUEHG�EHHFK�IRUHVW�

-DFNVRQ��5�-���5RZH��/�.����������)ORRG�K\GURORJ\�RI�VPDOO�FDWFKPHQWV�LQ�1RWKRIDJXV�IRUHVWV
DQG�3LQXV�UDGLDWD�SODQWDWLRQV��6RXWK�,VODQG��1HZ�=HDODQG���+\GURORJ\�DQG�:DWHU�5HVRXUFHV
6\PSRVLXP�������:DWHU�DQG�WKH�(QYLURQPHQW���:UHVW�3RLQW�+RWHO�&DVLQR�+REDUW��7DVPDQLD
������0D\��3S�����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ�
.H\ZRUGV��6WRUPIORZ

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

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

-DFNVRQ��5�-���5RZH��/�.�������D���6RLO�ZDWHU�GHILFLW�HIIHFWV�RQ�ZDWHU�XVH�DQG�JURZWK�RI�3�
UDGLDWD�LQ�&DQWHUEXU\��1HZ�=HDODQG���,8)52�
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&RXQWU\��1HZ�=HDODQG�� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ
.H\ZRUGV��(YDSRUDWLRQ��6RLO�:DWHU

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

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

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

-DFNVRQ��5�-���5RZH��/�.�������E���(IIHFWV�RI�UDLQIDOO�YDULDELOLW\�DQG�ODQG�XVH�RQ�VWUHDPIORZ�DQG
JURXQGZDWHU�UHFKDUJH�LQ�D�UHJLRQ�ZLWK�VXPPHU�ZDWHU�GHILFLWV��&DQWHUEXU\��1HZ�=HDODQG����WK
6FLHQWLILF�$VVHPEO\�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV��5DEDW��3RVWHU
3URFHHGLQJV���3S����±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ²PL[HG�DJHV���±������±�����±���\U
.H\ZRUGV��(YDSRUDWLRQ��:DWHU�\LHOG

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

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

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

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

7KLV�WDEOH�VKRZV�WKDW�LQ�DQ�HQYLURQPHQW�VXFK�DV�$VKOH\��YDULDWLRQV�LQ�ZDWHU�\LHOG�DVVRFLDWHG�ZLWK
YDULDWLRQV�LQ�UDLQIDOO�DUH�PXFK�JUHDWHU�WKDQ�WKH�UHGXFWLRQV�LQ�ZDWHU�\LHOG�ZKHQ�JUDVVODQG�LV�FRQYHUWHG
WR�IRUHVW���&RQVWUDLQWV�RQ�ODQG�XVH�RIIHU�UHVRXUFH�PDQDJHUV�RQO\�D�OLPLWHG�RSSRUWXQLW\�WR�LQIOXHQFH
ZDWHU�\LHOG²PDQDJHPHQW�RI�ZDWHU�VWRUDJH�LV�UHTXLUHG�WR�EHWWHU�XWLOLVH�ZLQWHU�UXQRII�

.HOOLKHU��)�0���.RVWQHU��%�0�0���+ROOLQJHU��'�<���%\HUV��-�1���+XQW��-�(���0F6HYHQ\��7�0��
0HVHUWK��5���:HLU��3�/���6FKXO]H��(�'����������(YDSRUDWLRQ��[\OHP�VDS�IORZ��DQG�WUHH
WUDQVSLUDWLRQ�LQ�D�1HZ�=HDODQG�EURDG�OHDYHG�IRUHVW���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\����
��±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����GD\V 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�)RUHVW
.H\ZRUGV��(YDSRUDWLRQ

&RPPHQW
6LWH�QHDU�0DUXLD�LQ�WKH�6RXWK�,VODQG��

(YDSRUDWLRQ�E\�EHHFK�IRUHVW
'D\ 7RWDO

HYDSRUDWLRQ�
�PP�

)RUHVW�IORRU
HYDSRUDWLRQ
�PP�

:HDWKHU

����� ��� ��� &OHDU�GD\
�� � ��� 3DUWO\�FORXG\�GD\
�� ��� ��� 3DUWO\�FORXG\�GD\
�� � ��� &OHDU�GD\
�� ��� ��� 3DUWO\�FORXG\�DIWHU�UDLQ
�� ��� ��� &OHDU�GD\

7KH�RQH�UDLQVWRUP�RI�����PP�EHWZHHQ���������0DUFK�WR���������0DUFK�SURGXFHG�WKURXJKIDOO�RI����
PP���7KURXJKIDOO�GLG�QRW�EHJLQ�XQWLO�����PP�RI�UDLQ�KDG�IDOOHQ�LQ�WKH�ILUVW����PLQXWHV�RI�WKH�VWRUP�

.HOOLKHU��)�0���:KLWHKHDG��'���0F$QHQH\��.�-���-XGG��0�-����������3DUWLWLRQLQJ�HYDSR�
WUDQVSLUDWLRQ�LQWR�WUHH�DQG�XQGHUVWRUH\�FRPSRQHQWV�LQ�WZR�\RXQJ�3LQXV�UDGLDWD�'�'RQ�VWDQGV��
$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����GD\V��0DUFK����� 5HSRUW�/RFDWLRQ�
5��

9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���	���\U 6WDQG�'HQVLW\��6HH�EHORZ %DVDO�$UHD�
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ�

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
7KH�WUHH�DQG�XQGHUVWRUH\�FRPSRQHQWV�RI�ODWHQW�KHDW�IOX[�GHQVLW\��/(��LQ�WZR�\RXQJ�3��UDGLDWD

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

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

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

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�����63+
+HLJKW����P
.H\ZRUGV��,QWHUFHSWLRQ��6RLO�ZDWHU��6WHPIORZ��7KURXJKIDOO

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

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

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

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

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

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

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

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

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

&DQRS\�,QWHUFHSWLRQ� ������î�3771���"" � U�� �����
6ODVK�LQWHUFHSWLRQ� ������î�3771���"" U�� �����
,QWHUFHSWV�""�ZHUH�QRW�JLYHQ�

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

6KRZV���\U�RI�WUHQGV�RI�VRLO�ZDWHU�VWDWXV²IOXFWXDWLRQV�UDQJHG�DERXW�����PP

.QLJKW��3�-���:LOO��*�0����������$�ILHOG�O\VLPHWHU�WR�VWXG\�ZDWHU�PRYHPHQW�DQG�QXWULHQW�FRQWHQW
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LQ�D�SXPLFH�VRLO�XQGHU�3LQXV�UDGLDWD�IRUHVW���,,�'HHS�VHHSDJH�DQG�QXWULHQW�OHDFKLQJ�LQ�WKH�ILUVW���
\HDUV�RI�WUHH�JURZWK���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3��UDGLDWD
6WDQG�7\SH��2QH�WUHH�IURP�DJH���LQ�D�ILHOG�O\VLPHWHU 6WDQG�'HQVLW\��9DULHV
.H\ZRUGV��6RLO�ZDWHU

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

:K\�VXFK�ELJ�ORVVHV�ZKHQ�WKHUH�ZDV�QR�YHJHWDWLRQ�LQ�\HDUV��±�²HYDSRUDWLRQ�IURP�EDUH�VRLO�DQG
VXEVWDQWLDO�VXUIDFH�UXQRII"""

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

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

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

/HYHWW��0�3���������$VSHFWV�RI�QXWULHQW�F\FOLQJ�LQ�VRPH�LQGLJHQRXV�DQG�H[RWLF�IRUHVWV�LQ
:HVWODQG��1HZ�=HDODQG���3K'�7KHVLV��/LQFROQ�&ROOHJH��8QLYHUVLW\�RI�&DQWHUEXU\�
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&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/LQFROQ
8QLYHUVLW\

9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��1XWULHQW�&\FOLQJ��7KURXJKIDOO��

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

0DUN��$�)���5RZOH\��-���������:DWHU�\LHOG�RI�ORZ�DOSLQH�VQRZ�WXVVRFN�JUDVVODQG�LQ�FHQWUDO
2WDJR��-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
���QRQ�ZHLJKLQJ�VPDOO�O\VLPHWHUV�ZHUH�PRQLWRUHG�IRU���\HDUV�

���PRQWK�ZDWHU�\LHOG�IURP�JUDVVODQG��PP����3UHFLSLWDWLRQ� ������PP�
&RYHU /\VLPHWHU�WKURXJKSXW
%DUH�VRLO ���
1RUPDO�VQRZ�WXVVRFN ���
%XUQHG�VQRZ�WXVVRFN ���
&OLSSHG�VQRZ�WXVVRFN ���
%OXH�WXVVRFN�VZDUG ���

0DUWLQ��5�-���������0HDVXUHPHQW�RI�ZDWHU�XVH�DQG�SDVWXUH�JURZWK�RQ�7HPSOHWRQ�VLOW�ORDP���1HZ
=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
.H\ZRUGV��(YDSRUDWLRQ��6RLO�ZDWHU

&RPPHQW
0HDVXUHPHQWV�LQ�WKH�WRS�����FP�RI�LUULJDWHG�DQG�QRQ�LUULJDWHG�SORWV���
6RLO�ZDWHU�H[WUDFWLRQ�ZDV�PDLQO\�IURP�WKH�WRS���±���FP�RI�VRLO�DW�ORZ�ZDWHU�GHILFLWV���$V�WKH�VRLO�GULHG
XS��SURJUHVVLYHO\�PRUH�PRLVWXUH�ZDV�H[WUDFWHG�IURP�ORZHU�GHSWKV���

:DWHU�XVH�E\�SDVWXUH�DW�7HPSOHWRQ
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3HULRG 5DLQIDOO
�PP�

,UULJDWLRQ
�PP�

3HQPDQ�3(7
�PP�GD\�

:DWHU�XVH���GU\
�PP�GD\

:DWHU�XVH��LUULJDWHG
�PP�GD\

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

0F$QHQH\��.�-���-XGG��0���������SDVWXUH�SURGXFWLRQ�DQG�ZDWHU�XVH�PHDVXUHPHQWV�LQ�WKH�FHQWUDO
:DLNDWR���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����VHDVRQV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
.H\ZRUGV��(YDSRUDWLRQ��6RLO�ZDWHU

&RPPHQW
,UULJDWHG�ORDP\�VDQGV�RQ�WKH�:DLNDWR�5LYHU�IORRGSODLQ�

3ULHVWOH\�7D\ORU�HVWLPDWHV�RI�PD[LPXP�HYDSRUDWLRQ�DJUHHG�ZLWK�WKDW�FDOFXODWHG�IURP�VRLO�PRLVWXUH
PHDVXUHPHQW�ZKLOH�VRLO�PRLVWXUH�ZDV�QRQ�OLPLWLQJ���(�GHFUHDVHG�FRPSDUHG�WR�(PD[�RQFH�WKH�VRLO
ZDWHU�GHILFLW�UHDFKHG����WR����PP���6RLO�ZDWHU�H[WUDFWLRQ�RFFXUUHG�LQ�WKH�WRS�����FP�RI�WKH�SURILOH
ZLWK�����FRPLQJ�IURP�WKH�WRS����FP��

0F&ROO��5�+�6���0F4XHHQ��'�-���*LEVRQ��$�5���+HLQH��-�&��������6RXUFH�DUHDV�RI�VWRUP�UXQRII�LQ
D�SDVWXUH�FDWFKPHQW���-RXUQDO�RI�+\GURORJ\��1=����������

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ������GD\V 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW



��

/DQGFDUH�5HVHDUFK

$������KD�FDWFKPHQW�DW�-XGJHIRUG��QRUWK�RI�:HOOLQJWRQ�

7RWDO�UDLQIDOO�IRU�WKH�SHULRG�����PP�IURP�����HYHQWV�����HYHQWV�ZHUH�VDPSOHG�ZLWK�WRWDO�UDLQIDOO� 
����PP��TXLFNIORZ�WRWDOOHG�����PP�RU�����RI�UDLQIDOO����

�
0F&ROO��5�+�6���:KLWH��(���*LEVRQ��$�5��������3KRVSKRUXV�DQG�QLWUDWH�UXQRII�LQ�KLOO�SDVWXUH�DQG
IRUHVW�FDWFKPHQWV��7DLWD��1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU
5HVHDUFK���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��&RQLIHU��3DVWXUH��6FUXEODQG
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
&ROOHFWHG�GDWD�IURP�WKH�7DLWD�FDWFKPHQWV���
([RWLF�IRUHVW� ����KD��SODQWHG������DQG������LQ�ZHVWHUQ�UHG�FHGDU��'RXJODV�ILU�DQG�&RUVLFDQ

SLQH�
1DWLYH�IRUHVW�1R�� ������KD��VHFRQGDU\�UHJHQHUDWLRQ��������\HDUV�ROG������PDQXND�VFUXE�ZLWK

IHZ�SLQHV�DQG�XS�WR�����JRUVH������QDWLYH�IRUHVW
1R�� �����KD��VLPLODU�WR�1R���EXW�QR�EHHFK��XS�WR�����JRUVH�DQG�VRPH�SDVWXUH�
1R�� ����KD��KLOO�FRXQWU\�SDVWXUH�VLQFH������������JRUVH�LQ�����±��

6DPSOHV�WDNHQ�GXULQJ�ORZ�IORZ��VHH�SDSHU�IRU�GHILQLWLRQ���VPDOO�IORRGV�� �SHULRG�RI�UXQRII�LQ�ZKLFK�WKH
SHDN�UDWH�GLG�QRW�H[FHHG���PP�K�LQ�WKH�1R���FDWFKPHQW���DQ�ODUJH�IORRGV�� �SHULRG�RI�UXQRII�LQ�ZKLFK
WKH�SHDN�UDWH�H[FHHGHG���PP�K�LQ�WKH�1R���FDWFKPHQW����'DWD�IRU�WKH����PRQWKV�EHWZHHQ���6HSWHPEHU
�����DQG����-XO\��������

3UHFLSLWDWLRQ�IRU�WKH�VWXG\�SHULRG�ZDV�QRW�JLYHQ�DOWKRXJK�0$3� ������PP�

)ORZ�UHJLPHV�RI�7DLWD�FDWFKPHQWV������±����
/RZ�IORZV 6PDOO�IORRGV /DUJH�IORRGV 7RWDO

5XQRII
�PP�5XQRII

�PP�
��RI�WRWDO
UXQRII

5XQRII
�PP�

��RI�WRWDO
UXQRII

5XQRII
�PP�

��RI�WRWDO
UXQRII

([RWLF�)RUHVW �� �� �� �� �� �� ���
1DWLYH�)RUHVW�1R�� ��� �� �� �� ��� �� ���
1R�� �� �� �� �� ��� �� ���
+LOO�SDVWXUH��1R��� ��� �� �� �� ��� �� ���

)ORZV�IURP�WKHVH�FDWFKPHQWV�DUH�ORZ��EHLQJ�RI�WKH�RUGHU�RI������������RI�SUHFLSLWDWLRQ�JXHVWLPDWHG�E\
/.5�IURP�WKH�0$3�WR�EH�DERXW�����PP�RYHU�WKH����PRQWKV�

0F*UHJRU��.�5����������,QWHUFHSWLRQ�ORVV�IURP�WKH�EUDFNHQ�DQG�VODVK�XQGHUVWRU\�RI�D�SLQH
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IRUHVW��3XUXNRKXNRKX�%DVLQ��1HZ�=HDODQG���06F�7KHVLV��8QLYHUVLW\�RI�$XFNODQG��

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ��0DUFK±$XJXVW 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ� 6WDQG�'HQVLW\������63+ +HLJKW�����P
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO��

&RPPHQW
&DQRS\�
7KURXJKIDOO�����RI�3771��RQ�D�VWRUP�EDVLV�7)�
�	�������������î�3771
6WHPIORZ������RI�SUHFLSLWDWLRQ²VWHPIORZ�EDVHG�RQ�FURZQ�SURMHFWLRQ�DUHD��RQ�D�VWRUP�EDVLV�
6)�
���������������î�3771
,QWHUFHSWLRQ�ORVV�����RI�3771��RQ�D�VWRUP�EDVLV�,/�
���������������î�3771

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

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

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3LQHV��3��UDGLDWD��6FUXEODQG
/DQG�8VH�FKDQJH��)RUHVW�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

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

/RQJ�*XOO\ ����KD�FRQWURO�FDWFKPHQW�ZLWK��LQ�-XO\�������DERXW�����1DWLYH�HYHUJUHHQ
IRUHVW���������\U�ROG�&RUVLFDQ�SLQH�DQG�����RSHQ�DUHDV�	�URDGV�

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

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

���PRQWKV�RI�GDWD²0DUFK������WR�)HEUXDU\�����
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:DWHU�EDODQFH�IRU�VHOHFWHG�1HOVRQ�FDWFKPHQWV������±��
0DUFK±
0D\

-XQH±
$XJXVW

6HSWHPEHU±
1RYHPEHU

'HFHPEHU±
)HEUXDU\

7RWDO

5RXJK¶Q 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ

���
��

���
���

���
���

���
��

����
���
���

*UDKDP 3UHFLSLWDWLRQ
5XQRII
(YDSRUDWLRQ

���
��

���
���

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

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

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

4XLFNIORZ
�PP�����

'HOD\HG�IORZ
�PP�����

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

4XLFNIORZ��GHWHUPLQHG�XVLQJ�WKH�+HZOHWW�	�+LEEHUW��������PHWKRG��ZDV�VLPLODU�EHWZHHQ�WKH
FDWFKPHQWV�UDQJLQJ�EHWZHHQ����DQG�����RI�WRWDO�VWUHDPIORZ�

0F.HUFKDU��$�,���:DXJK��-�5����������)DFWRUV�DIIHFWLQJ�WKH�ZDWHU�\LHOG�IURP�QDWXUDO�FDWFKPHQWV
LQ�1HZ�=HDODQG���1HZ�=HDODQG�'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�,QIRUPDWLRQ
6HULHV���������±����

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH
.H\ZRUGV��/RZ�IORZ��:DWHU�\LHOG

&RPPHQW
&DUULHG�RXW�D�UHJLRQDOLVDWLRQ�VWXG\�RI�DQQXDO�VWUHDPIORZ�XVLQJ�UHJUHVVLRQ�DQDO\VLV�RQ�GDWD�IURP���
FDWFKPHQWV�WKURXJKRXW�1HZ�=HDODQG���7KH�EHVW�SUHGLFWRUV�ZHUH�PHDQ�DQQXDO�SUHFLSLWDWLRQ�DQG�DYHUDJH
DOWLWXGH���&DWFKPHQW�DUHD�DQG�SHUFHQWDJH�RI�IRUHVW�FRYHU�KDG�UHJUHVVLRQ�FRHIILFLHQWV�QRW�VLJQLILFDQWO\
GLIIHUHQW�IURP�]HUR���6KRZV�H[DPSOHV�RI�IORZ�GXUDWLRQ�FXUYHV�DQG�FRQFOXGHG�WKDW�DQQXDO�UDLQIDOO�KDG�D
GRPLQDQW�LQIOXHQFH�RQ�WKH�SDWWHUQV�REVHUYHG���%DVHIORZ�UHFHVVLRQV�DUH�SUHVHQWHG�IRU����FDWFKPHQWV
DQG�WKH�LPSRUWDQFH�RI�JHRORJ\�RQ�WKHVH�IORZV�ZDV�VWUHVVHG��

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

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

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

JURZLQJ�RQ�VWDELOLVHG�VDQG�GXQHV�LQ�D�VWRFNLQJ�;�IHUWLOLVHU�H[SHULPHQW�LQ�:RRGKLOO�6WDWH�)RUHVW��1HZ
=HDODQG��7KH�PRGHO�UHTXLUHV�LQSXWV�RI�GDLO\�ZHDWKHU�GDWD��PD[LPXP�DQG�PLQLPXP�DLU�WHPSHUDWXUHV
DQG�UDLQIDOO���SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�VLWH��ORQJLWXGH��ODWLWXGH��URRW�]RQH�GHSWK�DQG�UHODWLRQ
EHWZHHQ�URRW�]RQH�VRLO�PDWULF�SRWHQWLDO�DQG�YROXPHWULF�ZDWHU�FRQWHQW��DQG�FURS��VWRFNLQJ��FURZQ
GLPHQVLRQV�DQG�OHDI�DUHD�LQGH[��DQG�FURS�SK\VLRORJLFDO�SDUDPHWHUV��H�J���PD[LPXP�VWRPDWDO
FRQGXFWDQFH���7KH�PRGHO�ZDV�XVHG�WR�VLPXODWH�FRPSRQHQWV�RI�IRUHVW�ZDWHU�EDODQFH�DQG�DQQXDO�QHW
SKRWRV\QWKHVLV�IRU�D�GHILQHG�FURS�FDQRS\�DUFKLWHFWXUH��6LPXODWHG�GDLO\�URRW�]RQH�ZDWHU�VWRUDJH�LQ�ERWK
RSHQ�DQG�FORVHG�FDQRS\�VWDQGV�JHQHUDOO\�DJUHHG�ZLWK�PRQWKO\�PHDVXUHPHQWV�PDGH�RYHU�D�FRPSOHWH
\HDU��6LPXODWHG�QHW�DQQXDO�SKRWRV\QWKHVLV�UDQJHG�IURP����WR����W�KD�&��DQG�FRPSDULVRQ�ZLWK
PHDVXUHG�VWHP�YROXPH�DQQXDO�LQFUHPHQWV�RI���±���P��KD�RYHU�WKH�VDPH�WLPH�SHULRGV�UHVXOWHG�LQ�D
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VWURQJ�SRVLWLYH�FRUUHODWLRQ��5DWLRV�RI�VWHP�YROXPH�LQFUHPHQW�WR�QHW�SKRWRV\QWKHVLV�VXJJHVWHG�WKDW
IHUWLOLVHG�DQG�XQIHUWLOLVHG�VWDQGV�KDG�D����DQG������UHVSHFWLYHO\��DOORFDWLRQ�RI�&�WR�VWHP�JURZWK�
6LPXODWLRQV�XVLQJ�ZHDWKHU�GDWD�IRU�D�GU\�\HDU�ZLWK�����PP�\U�UDLQIDOO�LQGLFDWHG�WKDW�DQQXDO�QHW
SKRWRV\QWKHVLV�DQG�WUDQVSLUDWLRQ�RI�IXOO\�VWRFNHG�VWDQGV�ZHUH�UHGXFHG�E\����DQG������UHVSHFWLYHO\�
FRPSDUHG�ZLWK�WKRVH�LQ�D�ZHW�\HDU�ZLWK������PP�\U�UDLQIDOO��2SHUDWLRQDO�DSSOLFDWLRQV�RI�WKH�PRGHO�WR
IRUHVW�PDQDJHPHQW�LQ�TXDQWLI\LQJ�HQYLURQPHQWDO�UHTXLUHPHQWV�IRU�VWDQG�JURZWK�DQG�H[DPLQLQJ
VLOYLFXOWXUDO�DOWHUQDWLYHV�DUH�GLVFXVVHG��
�
&RPPHQW
'LVFXVVLRQ�RQ�DQG�DQ�H[SODQDWLRQ�RI�WKH�%,20$66�PRGHO���
'DWD�IURP�:RRGKLOO�)RUHVW��$XFNODQG²³VRLO´�LV�����VDQG�����VLOW���)RUHVW�VWDQGV�KDYH�D�UDQJH�RI
VWRFNLQJV�DQG�IHUWLOLVHU�WUHDWPHQWV�

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

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

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

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����\U
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��0RGHO

&RPPHQW
,QFOXGHG�IRU�FRPSOHWHQHVV�

0LOOHU��%�-���&OLQWRQ��3�:���%XFKDQ��*�'���5REVRQ��$�%����������7UDQVSLUDWLRQ�UDWHV�DQG�FDQRS\
FRQGXFWDQFH�RI�3��UDGLDWD�JURZLQJ�ZLWK�GLIIHUHQW�SDVWXUH�XQGHUVWRULHV�LQ�DJURIRUHVWU\�V\VWHPV��
7UHH�3K\VLRORJ\��������±����

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

&RPPHQW
0HDVXUHPHQWV�ZHUH�GRQH�ZKHQ�WKH�WUHHV�ZHUH�DERXW��ò�\U�ROG�DW�(\UHZHOO�)RUHVW�DW������63+�DQG
DERXW��ò�\U�ROG�DW�����63+�DW�/LQFROQ���*URXQG�YHJHWDWLRQ�YDULHG�DQG�LUULJDWLRQ�ZDV�DSSOLHG�DW�VRPH
(\UHZHOO�SORWV���7UHH�KHLJKWV�YDULHG�FRQVLGHUDEO\�EHWZHHQ�SORWV��IURP�����P�WR�����P�DW�WKH�VWDUW�RI�WKH
H[SHULPHQWV���7UDQVSLUDWLRQ�UDWHV�YDULHG�EHWZHHQ�WUHDWPHQWV�UDQJLQJ�IURP���WR���PP��GD\�

0LOOHU��5�%���������3ODQW�QXWULHQWV�LQ�KDUG�EHHFK���,,,���7KH�F\FOH�RI�QXWULHQWV���1HZ�=HDODQG
-RXUQDO�RI�6FLHQFH�������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��1DWLYH�(YHUJUHHQ�)RUHVW
.H\ZRUGV��1XWULHQW�&\FOLQJ��7KURXJKIDOO�

&RPPHQW
6LWH�ZDV�DW�6LOYHUVWUHDP�QHDU�:HOOLQJWRQ��1HZ�=HDODQG���

7KURXJKIDOO�ZDV�EHWZHHQ�����DQG�����RI�WKH�UDLQIDOO�DW�7DLWD����NP�� ���PLOHV��DZD\���
0HDQ�DQQXDO�SUHFLSLWDWLRQ�� ������PP��PHDQ�DQQXDO�WKURXJKIDOO� �����PP������RI�SUHFLSLWDWLRQ�

7KURXJKIDOO�GDWD��FRQYHUWHG�IURP�LQFKHV�WR�PP�
<HDU 7DLWD�UDLQIDOO 6LOYHUVWUHDP�WKURXJKIDOO
���� ���� ���
���� ���� ���
���� ���� ���
0HDQ�DQQXDO ���� ���

0XUUD\��'�/���-DFNVRQ��5�0���&DPSEHOO��'�,���)DKH\��%�'���������3UHGLFWLQJ�HIIHFWV�RI�PRGLI\LQJ
VQRZ�WXVVRFN�JUDVVODQG��,Q��$OOHQ��5�*���+RZHOO��7�$���3UXLWW��:�2���:DOWHU��,�$���-HQVHQ��0�(�
�(GV���/\VLPHWHUV�IRU�HYDSRWUDQVSLUDWLRQ�DQG�HQYLURQPHQWDO�PHDVXUHPHQWV��$PHULFDQ�6RFLHW\
RI�&LYLO�(QJLQHHUV������±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��'RXJODV�ILU��1DWLYH�JUDVVODQG��3DVWXUH�
.H\ZRUGV��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW
*OHQGKX
5HSRUWV�VRPH�RI�WKH�ZDWHU�EDODQFH�GDWD�LQ�0XUUD\�	�&DPSEHOO���������VKRZV�WKH�GHFOLQH�LQ
VWUHDPIORZ�IURP�WKH�SODQWHG�*+��FDWFKPHQW�LQ�FRPSDULVRQ�WR�*+��WXVVRFN�FRQWURO�FDWFKPHQW��DQG
IURP�DQ�DQDO\VLV�EDVHG�RQ�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ�FRQFOXGHV�WKDW�WXVVRFN�KDV�D�VLPLODU�UDWH�RI
WUDQVSLUDWLRQ�FRPSDUHG�WR�IRUHVW�ZKLFK�LV�ORZHU�WKDQ�IRU�SDVWXUH��DQG�WKDW�LQWHUFHSWLRQ�ORVVHV�ZLOO�EH
ORZHU�WKDQ�IRU�IRUHVW���³7KHUHIRUH�FKDQJLQJ�YHJHWDWLRQ�IURP�WXVVRFN�WR�HLWKHU�IRUHVW�RU�SDVWXUH�VKRXOG
UHGXFH�ZDWHU�\LHOG´�

2¶/RXJKOLQ��&�/���5RZH��/�.���3HDUFH��$�-���������6HGLPHQW�\LHOGV�IURP�VPDOO�IRUHVWHG
FDWFKPHQWV��1RUWK�:HVWODQG�1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�����
�±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��6WRUPIORZ��:DWHU�TXDOLW\

&RPPHQW
:KLOH�D�SDSHU�RQ�VHGLPHQW�\LHOGV��PHDQ�IORZ�GXUDWLRQ�FXUYHV�IRU���0DLPDL�DQG���%LJ�%XVK

FDWFKPHQWV�DUH�JLYHQ���$OVR�QRWHV�WKH�QXPEHU�RI�VWRUPV�LQ�IORZ�FODVVHV�DERYH���/�VHF�KD��DERXW����LQ
����GD\V�DW�0DLPDL�DQG���LQ�����GD\V�DW�%LJ�%XVK�

3DUILWW��5�/���-RH��(�1���&RRN��)�-��������:DWHU�XVH�DQG�SDVWXUH�JURZWK�RQ�-XGJHIRUG�VLOW�ORDP��
1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����VXPPHUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
.H\ZRUGV��(YDSRUDWLRQ��6RLO�ZDWHU�

&RPPHQW
([WUDFWLRQ�RI�VRLO�ZDWHU�E\�SDVWXUH�RFFXUUHG�IURP�WKH�WRS����FP�LQ�HDUO\�VXPPHU�EXW�WR�D�GHSWK�RI����
P�GXULQJ�SHULRGV�RI�VHYHUH�ZDWHU�GHILFLW���(YDSRUDWLRQ�ZDV�ZHDWKHU�FRQWUROOHG�ZKHQ�WKH�VRLO�ZDWHU
GHILFLW�ZDV�OHVV�WKDQ����PP��DW�JUHDWHU�GHSWKV��VRLO�ZDWHU�FRQWUROOHG�HYDSRWUDQVSLUDWLRQ�

$W�D�6:'�RI�����PP��DERXW�����RI�WKH�ZDWHU�H[WUDFWHG�ZDV�LQ�WKH�WRS����FP�RI�WKH�VRLO�

3DUILWW��5�/���5REHUWV��$�+�&���7KRPVRQ��1�$���&RRN��)�-��������:DWHU�XVH��LUULJDWLRQ��DQG
SDVWXUH�SURGXFWLRQ�RQ�6WUDWIRUG�VLOW�ORDP���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK����
���±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����VXPPHUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
.H\ZRUGV��(YDSRUDWLRQ��6RLO�ZDWHU�

&RPPHQW
6WUDWIRUG�JULWW\�VLOW�ORDP�QHDU�1RUPDQE\�LQ�VRXWKHUQ�7DUDQDNL�²�D�GHHS�YROFDQLF�DVK�VRLO���([WUDFWLRQ
RI�VRLO�ZDWHU�E\�SDVWXUH�RFFXUUHG�WR�D�GHSWK�RI�����P�GXULQJ�SHULRGV�RI�VHYHUH�ZDWHU�GHILFLW���$FWXDO
ZDWHU�XVH�DQG�3HQPDQ�(7�ZHUH�VLPLODU�XQWLO�VRLO�ZDWHU�GHILFLW�ZDV�DERXW����PP��DW�JUHDWHU�GHILFLWV�
VRLO�ZDWHU�FRQWUROOHG�HYDSRWUDQVSLUDWLRQ�

$W�D�6:'�RI�����PP��DERXW�����RI�WKH�ZDWHU�H[WUDFWHG�ZDV�LQ�WKH�WRS����FP�RI�WKH�VRLO�SURILOH�DQG
����IURP�WKH�WRS����FP�

3HDUFH��$�-���������:DWHU�\LHOG�FRQVHTXHQFHV�RI�YHJHWDWLRQ�FKDQJHV���,Q��/DQG�XVH�LQ�UHODWLRQ�WR
ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ�&DWFKPHQW�%RDUG��1HOVRQ��3S�����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��6FUXEODQG
.H\ZRUGV��6WRUPIORZ��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�D�GLVFXVVLRQ�RQ�WKH�ZDWHU�XVH�E\�WDOO�DQG�VKRUW�YHJHWDWLRQ�EDVHG�RQ�RYHUVHDV�VWXGLHV�DQG�GDWD
IURP�0DLPDL�DQG�0RXWHUH�

&DWFKPHQWV�0��DQG�0��ZHUH�XQORJJHG��0��ZDV������ORJJHG��DQG�0������ORJJHG�

���PRQWK�ZDWHU�EDODQFHV��LQ�PP��IRU�VHOHFWHG�0DLPDL�FDWFKPHQWV�
0��XQORJJHG 0�������ORJJHG 0��XQORJJHG 0������ORJJHG

5DLQIDOO ���� ���� ���� ����
5XQRII ���� ���� ���� ����
,QWHUFHSWLRQ ��� � ��� ���
*URXQGZDWHU�ORVV ��� ��� ��� ���
7UDQVSLUDWLRQ ��� � ��� ���
6RLO�HYDSRUDWLRQ � ��� � ���
*URXQGZDWHU�ORVV�ZDV�DVVXPHG�WR�EH�����PP�\HDU
7UDQVSLUDWLRQ�E\�GLIIHUHQFH�DQG�DVVXPHG�WR�EH���ZKHUH�ORJJHG
6RLO�HYDSRUDWLRQ�E\�GLIIHUHQFH�DQG�DVVXPHG�WR�EH���ZKHUH�XQORJJHG�

3HDUFH��$�-���0F.HUFKDU��$�,���������8SVWUHDP�JHQHUDWLRQ�RI�VWRUP�UXQRII���,Q��3K\VLFDO
+\GURORJ\��WKH�1HZ�=HDODQG�([SHULHQFH���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\���:HOOLQJWRQ��
S���±����
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&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��6FUXEODQG
.H\ZRUGV��6WRUPIORZ

&RPPHQW
&DUULHG�RXW�IORZ�VHSDUDWLRQ�E\�WKH�+HZOHWW�DQG�+LEEHUW��������PHWKRG�RQ�VWUHDPIORZ�GDWD

FROOHFWHG�IURP���ORFDWLRQV�LQ�WKH�1RUWK�,VODQG�DQG�WRS�KDOI�RI�WKH�6RXWK�,VODQG���'LVFXVVHV�IORZ
JHQHUDWLRQ��HDFK�RI�WKH�DUHDV�LQ�UHODWLRQ�WR�UDLQIDOO�LQWHQVLW\��VRLO�W\SHV�DQG�WKH�VLJQLILFDQFH�RI�UDSLG
VXEVXUIDFH�IORZ�RU�+RUWRQ�RYHUODQG�IORZ�PHFKDQLVPV�

3HDUFH��$�-���2¶/RXJKOLQ��&�/���-DFNVRQ��5�-���=KDQJ��;�%����������5HIRUHVWDWLRQ���RQ�VLWH�HIIHFWV
RQ�K\GURORJ\�DQG�HURVLRQ��HDVWHUQ�5DXNXPDUD�UDQJH��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ
RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ���������±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��7UDQVSLUDWLRQ��:DWHU�\LHOG

&RPPHQW
,QWHUFHSWLRQ�����RI�UDLQIDOO� �a�����PP�\U�
6WDQG�WUDQVSLUDWLRQ�ZDV�GHWHUPLQHG�DV�WKH�UHVLGXDO�RI�WKH�VRLO�ZDWHU�EDODQFH�IRU���ZHHN�SHULRGV�XVLQJ
7)�DV�UDLQ�LQSXW�DQG�QHW�60�VWRUDJH�FKDQJHV���6XPPHU�WUDQVSLUDWLRQ�LV����±����PP�GD\�ZKHQ�60�LV
QRW�OLPLWLQJ��F�I��3ULHVWOH\�7D\ORU��±����PP�GD\�IRU�SDVWXUH�ZLWK�60�QRW�OLPLWHG���
7UDQVSLUDWLRQ�IURP�0D\�WR�$XJXVW�ZDV����PP�GD\���
$QQXDO�WUDQVSLUDWLRQ�WRWDO�a����PP�
+HQFH�HYDSRUDWLRQ�LV������PP�IRU������PP�UDLQ�ZKLFK�LPSOLHV�VWUHDPIORZ� �����PP���3DVWXUH
HVWLPDWH�IRU�(�XVLQJ�WKH�3ULHVWOH\�7D\ORU�PHWKRG�LV�����PP�\U�LPSO\LQJ�VWUHDPIORZ� �����PP��
$IIRUHVWDWLRQ�ZRXOG�WKHUHIRUH�UHGXFH�VWUHDPIORZ�E\�����PP�a������

3HDUFH��$�-���2¶/RXJKOLQ��&�/���5RZH��/�.���������+\GURORJLF�UHJLPH�RI�VPDOO�XQGLVWXUEHG
EHHFK�IRUHVW�FDWFKPHQWV��1RUWK�:HVWODQG���1HZ�=HDODQG�'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO
5HVHDUFK�,QIRUPDWLRQ�6HULHV���������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��6WRUPIORZ��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�WKH�ILUVW�\HDU�RI�GDWD�IURP�WKH�0DLPDL�H[SHULPHQWDO�FDWFKPHQWV�QHDU�5HHIWRQ�
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0DLPDL�FDWFKPHQWV��5HHIWRQ��'HFHPEHU�����±1RYHPEHU�����
0� 0� 0� 0�� 0�� 0��

$UHD��KD� ���� ���� ���� ���� ���� ����
5XQRII��PP� ���� ���� ���� ���� ���� ����
0HDQ�VSHFLILF�GLVFKDUJH��/�VHF�KD� ��� ���� ���� ���� ���� ����
/RVVHV��PP� ���� ���� ���� ��� ��� ����
4XLFNIORZ��PP� ��� ��� ��� ��� ���� ���
'HOD\HG�IORZ��PP� ��� ��� ��� ��� ��� ���
3HDN�VSHFLILF�GLVFKDUJH��/�VHF�KD� ���� ���� ���� ���� ���� ����
6HGLPHQW�\LHOG��P��NP��\HDU� ��� ��� �� �� �� ��

)ORZ�VHSDUDWLRQ�E\�WKH�+HZOHWW�DQG�+LEEHUW��������PHWKRG���

3HDUFH��$�-���5RZH��/�.�������D��)RUHVW�PDQDJHPHQW�HIIHFWV�RQ�LQWHUFHSWLRQ��HYDSRUDWLRQ�DQG
ZDWHU�\LHOG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��6FUXEODQG
.H\ZRUGV��,QWHUFHSWLRQ��:DWHU�\LHOG

&RPPHQW
5HYLHZV�GDWD�IURP�0DLPDL��'RQDOG�&UHHN��0RXWHUH��DQG�7DLWD��DQG�FRPPHQWV�RQ�WKH�OLNHO\�FKDQJHV
WR�WKH�PDJQLWXGH�RI�ZDWHU�\LHOG�ZLWK�D�FKDQJH�LQ�YHJHWDWLRQ�FRYHU���1RWHV�WKDW�LQWHUFHSWLRQ�ORVV�LV�D
PDMRU�FRPSRQHQW�RI�WRWDO�FDWFKPHQW�HYDSRUDWLRQ��WKDW�WKLV�ORVV�LQFUHDVHV�ZLWK�DQQXDO�UDLQIDOO�DQG
FDQRS\�ZHWQHVV��DQG�WKDW�WKH�KLJK�UDWHV�RI�HYDSRUDWLRQ�RI�LQWHUFHSWHG�ZDWHU�GXULQJ�UDLQIDOO�FDQ�EH
VXSSRUWHG�E\�WKH�H[SHFWDWLRQV�WKDW�VXUIDFH�UHVLVWDQFH�UHGXFH�WR�]HUR�RU�QHDU�]HUR�ZKHQ�WKH�IRUHVW
FDQRS\�LV�ZHW�

3HDUFH��$�-���5RZH��/�.�������E��,QWHUFHSWLRQ��HYDSRUDWLRQ�DQG�ZDWHU�XVH�E\�IRUHVWV��
3URFHHGLQJV��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP����������±����

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

&RPPHQW
3UHVHQWV�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ�IRU�HYDSRUDWLRQ�IURP�YHJHWDWLRQ�DQG�GLVFXVVHV�KRZ
DHURG\QDPLF�DQG�VXUIDFH�UHVLVWDQFH�RI�GLIIHULQJ�YHJHWDWLRQ�W\SH�LQIOXHQFHV�WUDQVSLUDWLRQ�DQG
LQWHUFHSWLRQ�DQG�WKH�LPSOLFDWLRQV�IRU�WKH�ZDWHU�EDODQFH��

$SSUR[LPDWH�SDUDPHWHU�YDOXHV�IRU�YDULRXV�YHJHWDWLRQ�VXUIDFHV
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2SHQ�ZDWHU *UDVV )LHOG�&URS )RUHVW
5RXJKQHVV�OHQJWK��P� ����� ���� ��� �
$HURG\QDPLF�UHVLVWDQFH��VHF�P� ��� ��� �� ��
6XUIDFH�UHVLVWDQFH��VHF�P� � �� �� ���
5V�5D � ��� ��� ��

3HDUFH��$�-���5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�LQ�D�PXOWL�VWRULHG��HYHUJUHHQ�PL[HG�IRUHVW�
(VWLPDWHV�XVLQJ�*DVK¶V�DQDO\WLFDO�PRGHO���-RXUQDO�RI�+\GURORJ\��������±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
7HVWV�*DVK¶V�PRGHO�RQ���\HDUV�RI�0DLPDL�GDWD�ZLWK�VDWLVIDFWRU\�UHVXOWV�

3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/����������(IIHFWV�RI�FOHDUIHOOLQJ�DQG�VODVK�EXUQLQJ�RQ
ZDWHU�\LHOG�DQG�VWRUP�K\GURJUDSKV�LQ�HYHUJUHHQ�PL[HG�IRUHVWV��1HZ�=HDODQG���,QWHUQDWLRQDO
$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ�1R����������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
/DQG�XVH�FKDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��:DWHU�%DODQFH��:DWHU�\LHOG

&RPPHQW
&DWFKPHQWV�0��DQG�0��ZHUH�XQORJJHG��0��ZDV������ORJJHG��DQG�0������ORJJHG�

���PRQWK�ZDWHU�EDODQFHV��LQ�PP��IRU�VHOHFWHG�0DLPDL�FDWFKPHQWV�
0��XQORJJHG 0�������ORJJHG 0��XQORJJHG 0������ORJJHG

5DLQIDOO ���� ���� ���� ����
5XQRII ���� ���� ���� ����
,QWHUFHSWLRQ ��� � ��� ���
*URXQGZDWHU�ORVV ��� ��� ��� ���
7UDQVSLUDWLRQ ��� � ��� ���
6RLO�HYDSRUDWLRQ � ��� � ���
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*URXQGZDWHU�ORVV�ZDV�DVVXPHG�WR�EH�����PP�\HDU
7UDQVSLUDWLRQ�E\�GLIIHUHQFH�DQG�DVVXPHG�WR�EH���ZKHUH�ORJJHG
6RLO�HYDSRUDWLRQ�E\�GLIIHUHQFH�DQG�DVVXPHG�WR�EH���ZKHUH�XQORJJHG�

)ORRG�SHDNV�LQFUHDVHG�DV�D�FRQVHTXHQFH�RI�KDUYHVWLQJ�ZLWK�WKH�ODUJHVW�LQFUHDVHV�LQ�WKH�VPDOOHVW�HYHQWV�
)RU�HYHQWV�DW�0��LQ�IORZ�FODVV��±�����O�V�KD��0��SHDNV�ZHUH�����KLJKHU�DQG�0��SHDNV����
)RU�HYHQWV�DW�0��LQ�IORZ�FODVV��±�����O�V�KD��0��SHDNV�ZHUH�����KLJKHU�DQG�0��SHDNV����
)RU�HYHQWV�DW�0��LQ�IORZ�FODVV���±���O�V�KD��0��SHDNV�ZHUH�����KLJKHU�DQG�0��SHDNV����

4XLFNIORZ�\LHOGV��GHWHUPLQHG�XVLQJ�WKH�+HZOHWW�	�+LEEHUW��������PHWKRG��LQFUHDVHG�IROORZLQJ
KDUYHVWLQJ���7KH�LQFUHDVHV�ZHUH�ODUJHVW�LQ�VPDOO�HYHQWV�DOWKRXJK�IRU�HYHQWV�JUHDWHU�WKDW���PP�DW�0��
0��TXLFNIORZ�ZDV�VWLOO�����JUHDWHU�

3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/���������+\GURORJLF�UHJLPH�RI�XQGLVWXUEHG�PL[HG
HYHUJUHHQ�IRUHVWV��6RXWK�1HOVRQ��1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�����
��±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��:DWHU�%DODQFH��:DWHU�\LHOG

&RPPHQW
7KUHH�\HDUV�RI�GDWD�IURP�WKH�%LJ�%XVK��'RQDOG�&UHHN��FDWFKPHQWV�EHIRUH�KDUYHVWLQJ�WKUHH�RI

WKHP�WRRN�SODFH��

7KH�DYHUDJH�DQQXDO�ZDWHU�EDODQFHV�IRU�FDWFKPHQWV��±���WRS�OLQH��DQG�FDWFKPHQW���IURP���\HDUV�RI�GDWD
�LQ�PP��DUH�
3UHFLSLWDWLRQ� �,QWHUFHSWLRQ��� 4XLFNIORZ���'HOD\HG�IORZ���7UDQVSLUDWLRQ���*URXQGZDWHU�ORVV
���� ��� �������� ��� ��� ���
���� ��� ������� ��� ��� ��

2QH�FDWFKPHQW��'&���GULHG�XS�LQ�VXPPHU������IRU����RI�WKH�\HDU���2YHUDOO��VXPPHU�ORZ�IORZV�RI�WKH
RUGHU�RI������PP�GD\�FDQ�EH�H[SHFWHG�PRVW�VXPPHUV�

3HDUFH��$�-���5RZH��/�.���2¶/RXJKOLQ��&�/���������+\GURORJ\�RI�PLG�DOWLWXGH�WXVVRFN
JUDVVODQGV��8SSHU�:DLSRUL�FDWFKPHQW��,,�:DWHU�EDODQFH��IORZ�GXUDWLRQ�DQG�VWRUP�UXQRII��
-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±��

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�JUDVVODQG
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��:DWHU�%DODQFH��:DWHU�\LHOG

&RPPHQW
7KUHH�\HDUV�RI�GDWD�IURP�WKH�*OHQGKX�FDWFKPHQWV�EHIRUH�SODQWLQJ�RI�RQH�WRRN�SODFH�
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7KH�DQQXDO�ZDWHU�EDODQFH�LQ�PP�LV�
3UHFLSLWDWLRQ� �,QWHUFHSWLRQ��� 4XLFNIORZ���'HOD\HG�IORZ���7UDQVSLUDWLRQ
���� ��� �������� ��� ���

,QWHUFHSWLRQ�ZDV�HVWLPDWHG�IURP�ZLQWHU�ZDWHU�EDODQFH��WUDQVSLUDWLRQ�DV�WKH�UHVLGXDO�LQ�WKH�DQQXDO�ZDWHU
EDODQFH��DQG�TXLFNIORZ�DQG�GHOD\HG�IORZ�ZHUH�IRXQG�XVLQJ�WKH�+HZOHWW�DQG�+LEEHUW��������VHSDUDWLRQ
PHWKRG���,QWHUFHSWLRQ�PD\�KDYH�EHHQ�RYHU�HVWLPDWHG�DQG�LV�OLNHO\�WR�EH�FORVHU�WR�����PP�VR
WUDQVSLUDWLRQ�FRXOG�EH�PRUH�DW�DERXW�����PP���4XLFNIORZ�LV�DERXW�����RI�WRWDO�UXQRII�

3HDUFH��$�-���5RZH��/�.���6WHZDUW��-�%���������1LJKWWLPH��ZHW�FDQRS\�HYDSRUDWLRQ�UDWHV�DQG�WKH
ZDWHU�EDODQFH�RI�DQ�HYHUJUHHQ�PL[HG�IRUHVW���:DWHU�5HVRXUFHV�5HVHDUFK��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��(YDSRUDWLRQ��,QWHUFHSWLRQ��:DWHU�%DODQFH��:DWHU�\LHOG

&RPPHQW
���VWRUPV�ZKLFK�RFFXUUHG�EHWZHHQ������DQG������ORFDO�WLPH�
0HDQ�UDLQIDOO�UDWH� ������PP�KU
,/� ������������î�3 U� ������
0HDQ�HYDSRUDWLRQ�UDWH�IRU�QLJKW�WLPH�VWRUPV� ������PP�KU

7KLV�FRPSDUHV�WR������PP�KU�IRU�ZLQWHU�VWRUPV�DQG������PP�KU�IRU�VXPPHU�VWRUPV��ERWK�QLJKW�DQG
GD\�WLPH�HYHQWV�

5LGGHOO��-�0��0DUWLQ��*�1����������(VWLPDWLQJ�DQQXDO�ZDWHU�\LHOGV�IURP�IRUHVW�DQG�SDVWXUH
FDWFKPHQWV���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��$XFNODQG����������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
8VHG�DQQXDO�ZDWHU�\LHOG�GDWD�IURP����SDVWXUH�����QDWLYH�IRUHVW�DQG����SLQH�IRUHVW�FDWFKPHQWV��

&RQFOXGHG�IURP�PHDQ�UXQRII�YHUVXV�PHDQ�SUHFLSLWDWLRQ�SORWV�WKDW��
3DVWXUH�FDWFKPHQWV�KDYH�D�JUHDWHU�UXQRII�WKDQ�IRUHVWHG�FDWFKPHQWV�
,Q�WKH�UDLQIDOO�UDQJH�ZKHUH�QDWLYH�IRUHVW�DQG�SLQH�SODQWDWLRQ�FDWFKPHQWV�RYHUODS��UHODWLRQVKLSV�EHWZHHQ
UXQRII�DQG�UDLQIDOO�ZHUH�LQGLVWLQJXLVKDEOH�

)RU�SDVWXUH�FDWFKPHQWV
52� ������î�3771������ 3��������PP Q� ��� U� ������
52� �����î�3771������� 3�! ������PP Q� ��� U� ������
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)RU�IRUHVWHG�FDWFKPHQWV
52� ������î�3771������ 3��������PP Q� ��� U� ������
52� ������î�3771������� 3�! ������PP� Q� ��� U� ������

5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�PRXQWDLQ�EHHFK���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\
6FLHQFH������±���

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
$���\HDU��VXPPHU�RQO\��VWXG\�RI�LQWHUFHSWLRQ�LQ�D�QDWLYH�IRUHVW�DW�WKH�&UDLJLHEXUQ�5DQJH��&DQWHUEXU\��
7ZR�VWXG\�SORWV�ZHUH�XVHG�IRU���\HDUV�DQG���\HDUV�ZLWK�WKH�HTXLSPHQW�KDYLQJ�EHHQ�UHORFDWHG�WR�D�VLWH
ZLWK�GLIIHUHQW�DVSHFW���0HDVXUHPHQWV�IRU�WKH�ILUVW���\HDUV�ZHUH�PDGH�HDFK�IRUWQLJKW�DQG�DW�WKH�VHFRQG
VLWH�DIWHU�HDFK�VWRUP��

,QWHUFHSWLRQ�EDODQFH��PRXQWDLQ�EHHFK�IRUHVW
7KURXJKIDOO
�PP�

6WHPIORZ
�PP�

,QWHUFHSWLRQ�ORVV
�PP�

5DLQIDOO��PP�

����±���� ��� � �� ���
����±���� ��� � ��� ���
����±���� ��� � ��� ���
����±���� ��� �� ��� ���
����±���� ��� �� ��� ���
7RWDO ���� �� ���� ����

7KURXJKIDOO�ZDV�����RI�VXPPHU�JURVV�SUHFLSLWDWLRQ��VWHPIORZ����DQG�LQWHUFHSWLRQ�ORVV�����

2Q�D�VWRUP�EDVLV��PP�
7KURXJKIDOO� �	�����������î�5DLQIDOO Q �� )� �����


,QWHUFHSWLRQ�ORVV� ������������î�5DLQIDOO Q �� )� ����



,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�a�����PP

5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�D�EHHFK�KDUGZRRG�SRGRFDUS�IRUHVW�QHDU�5HHIWRQ�
1RUWK�:HVWODQG�1HZ�=HDODQG���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���
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&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
$���\HDU�VWXG\�RI�LQWHUFHSWLRQ�LQ�D�QDWLYH�IRUHVW�DW�WKH�0DLPDL�FDWFKPHQWV��QRUWK�:HVWODQG�

,QWHUFHSWLRQ�EDODQFH��0DLPDL
7KURXJKIDOO
�PP�

6WHPIORZ
�PP�

,QWHUFHSWLRQ�ORVV
�PP�

5DLQIDOO��PP�

����±���� ���� �� ��� ����
����±���� ���� �� ��� ����
����±���� ���� �� ��� ����
0HDQ ���� �� ��� ����

7KURXJKIDOO�ZDV�����RI�JURVV�SUHFLSLWDWLRQ���6HDVRQDO�GLIIHUHQFHV�ZHUH�DSSDUHQW�ZLWK�WKURXJKIDOO
YDU\LQJ�EHWZHHQ�����LQ�ZLQWHU�DQG�����LQ�VXPPHU�

6WRUP�EDVLV��PP�
6XPPHU� 7KURXJKIDOO� �	������������î�5DLQIDOO
:LQWHU� 7KURXJKIDOO� 	������������î�5DLQIDOO

6WHPIORZ������RI�JURVV�SUHFLSLWDWLRQ�

,QWHUFHSWLRQ�ORVV� �����RI�JURVV�SUHFLSLWDWLRQ��VXPPHU�����DQG�ZLQWHU�����
,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�a���PP

5RZH��/�.���������5DLQIDOO�LQWHUFHSWLRQ�E\�DQ�HYHUJUHHQ�EHHFK�IRUHVW��1HOVRQ��1HZ�=HDODQG��
-RXUQDO�RI�+\GURORJ\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
$���\HDU�VWXG\�RI�LQWHUFHSWLRQ�LQ�D�QDWLYH�IRUHVW�DW�WKH�'RQDOG�&UHHN�FDWFKPHQWV��VRXWKZHVW�1HOVRQ�

,QWHUFHSWLRQ�EDODQFH��'RQDOG�&UHHN
7KURXJKIDOO
�PP�

6WHPIORZ

�PP�

,QWHUFHSWLRQ�ORVV
�PP�

5DLQIDOO��PP�

����±���� ��� �� ��� ����
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����±���� ���� �� ��� ����
����±���� ���� �� ��� ����
����±���� ��� �� ��� ����
0HDQ ���� �� ��� ����

�6WHPIORZ�HVWLPDWHG�DW����RI�UDLQIDOO

6HDVRQDO�GLIIHUHQFHV�ZHUH�DSSDUHQW�ZLWK�LQWHUFHSWLRQ�ORVV�YDU\LQJ�EHWZHHQ�����LQ�ZLQWHU�DQG�����LQ
VXPPHU�

0RQWKO\�EDVLV��PP�
:LQWHU� 7KURXJKIDOO� �	�����������î�5DLQIDOO U ������ Q� ���
6XPPHU� 7KURXJKIDOO� �	�����������î�5DLQIDOO U ������ Q� ���
:LQWHU� ,QWHUFHSWLRQ�ORVV� ������������î�5DLQIDOO U ������ Q� ���
6XPPHU� ,QWHUFHSWLRQ�ORVV� ������������î�5DLQIDOO U ������ Q� ���

6WRUP�EDVLV��PP�
:LQWHU� 7KURXJKIDOO� �	������������î�5DLQIDOO U ������ Q� ����
6XPPHU� 7KURXJKIDOO� 	������������î�5DLQIDOO U ������ Q� ����
:LQWHU� ,QWHUFHSWLRQ�ORVV� �������������î�5DLQIDOO U ������ Q� ����
6XPPHU� ,QWHUFHSWLRQ�ORVV� �������������î�5DLQIDOO U ������ Q� ����

,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�a���PP
0HDQ�HYDSRUDWLRQ�UDWH�IURP�WKH�VDWXUDWHG�FDQRS\� ������PP�KU�LQ�VXPPHU�DQG������PP�KU�LQ�ZLQWHU�

�,�5� �	����î�>VLQ����î�;�������@��������
ZKHUH�; �QXPEHU�RI�PRQWKV�VLQFH���$SULO��;� �����IRU�$SULO������IRU�0D\�WR������IRU�0DUFK���PHDQ
PRQWKO\��,�5� �������ZDYH�DPSOLWXGH� �	�����SKDVH�VKLIW�IURP���$SULO� ��(� ���GD\�

)RXU�PRGHOV�ZHUH�WHVWHG²VWRUP�OLQHDU�UHJUHVVLRQ��PRQWKO\�OLQHDU�UHJUHVVLRQ��PRQWKO\�VLQH�FXUYH�DQG
*DVK¶V�PRGHO²DOO�ZLWK�VDWLVIDFWRU\�UHVXOWV�

5RZH��/�.����������)RUHVWU\�DQG�ZDWHU�UHVRXUFHV���&DWFKPHQW�&RQQHFWLRQV��/DQGFDUH�5HVHDUFK�
/LQFROQ������±�

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�GDWD�DQG�GLVFXVVHV�LQ�JHQHUDO�WHUPV�REVHUYHG�FKDQJHV�LQ�VWUHDPIORZV�IROORZLQJ�DIIRUHVWDWLRQ
LQ�WKH�IROORZLQJ�UHJLRQV��:DLZKLX��1RUWKODQG���2WDJR��&DQWHUEXU\��DQG�(DVW�&RDVW�1RUWK�,VODQG��
1RWHV�WKDW�LQ�UHJLRQV�ZLWK�DQQXDO�UDLQIDOO�DERXW�����PP��WKHUH�ZLOO�EH�OLWWOH�GLIIHUHQFH�LQ�IORZV�IURP
SDVWXUH�DQG�SLQH�IRUHVWHG�FDWFKPHQWV���,Q�IDFW��WKHUH�PD\�EH�QR�IORZ�IURP�HLWKHU���$OVR�FKDQJHV�LQ
IORZV�DV�SDUWV�RI�ODUJH�FDWFKPHQWV�DUH�SODQWHG�PD\�QRW�EH�GHWHFWDEOH�



��

/DQGFDUH�5HVHDUFK

5RZH��/�.���)DKH\��%�'����������7KH�0DLPDL�K\GURORJLFDO�VWXG\��6RPH�FRQFOXVLRQV�WHQ�\HDUV
DIWHU�KDUYHVWLQJ�LQGLJHQRXV�IRUHVWV���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP��'XQHGLQ�
��������8QSXEOLVKHG��

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR�����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW
0HDQ�DQQXDO�UDLQIDOO� /0������PP��80������PP�
0HDQ�DQQXDO�UXQRII� 0�������PP��0��������PP�IRU�QDWLYH�IRUHVW� �����RI�UDLQIDOO�

$IWHU�KDUYHVWLQJ��ILUVW�\HDU�LQFUHDVHV�IRU�WKH�IRXU�WUHDWHG�FDWFKPHQWV�ZHUH�JHQHUDOO\�LQ�WKH�UDQJH
���±����PP���7KUHH�ZDV�D�UDSLG�GHFUHDVH�LQ�WKH�H[WUD�UXQRII�LQ�WKH���\U�DIWHU�KDUYHVWLQJ�ZLWK�SUROLILF
UHJURZWK�DQG�DIWHU���\U�LW�ZDV�EDFN�WR�SUHWUHDWPHQW�OHYHOV�

$OVR�SUHVHQWV�GDWD�RQ�ZDWHU�TXDOLW\�DVSHFWV�

5RZH��/�.���)DKH\��%�'���������+\GURORJ\�DQG�ZDWHU�FKHPLVWU\�FKDQJHV�DIWHU�KDUYHVWLQJ�VPDOO�
LQGLJHQRXV�IRUHVW�FDWFKPHQWV��:HVWODQG��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI
+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ�1R�����������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR����\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$IWHU�D����WR���\U�FDOLEUDWLRQ�SHULRG��IRXU�RI�VL[�VPDOO�������WR������KD��FDWFKPHQWV�RQ�WKH�ZHVW

FRDVW�RI�1HZ�=HDODQG
V�6RXWK�,VODQG�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�WUHDWPHQWV��FOHDU�IHOOLQJ��
ULSDULDQ�UHVHUYH��EXUQLQJ�RU�VSUD\LQJ�ZLWK�GHVLFFDQW��DQG�WKHQ�ZHUH�SODQWHG�ZLWK�3��UDGLDWD�
6WUHDPIORZ�\LHOGV�LQFUHDVHG�DIWHU�WUHDWPHQW�XS�WR�����PP�\U��EXW�LQFUHDVHV�ZHUH�QRW�LQ�WKH�RUGHU
H[SHFWHG�IURP�D�UDQNLQJ�RI�WUHDWPHQW�VHYHULW\��$IWHU�DERXW���\U�RI�YHJHWDWLRQ�UHJURZWK��VWUHDPIORZ



��
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VHHPHG�WR�VWDELOLVH�DW�D�OHYHO�DERXW�����PP�\U�OHVV�WKDQ�WKDW�EHIRUH�WUHDWPHQW��7KH�EXUQW�FDWFKPHQWV
KDG�WKH�ODUJHVW�LQLWLDO�LQFUHDVHV�LQ�VWUHDPZDWHU�HOHFWULFDO�FRQGXFWLYLW\�DQG�FDWLRQ�DQG�12�

FRQFHQWUDWLRQV��EXW��DSDUW�IURP�.��WKHVH�UHWXUQHG�WR�SUH�WUHDWPHQW�OHYHOV�LQ�DERXW���\U��8QEXUQW
FDWFKPHQWV�ZLWK�ULSDULDQ�UHVHUYHV�ZHUH�OHDVW�DIIHFWHG��$IWHU�WUHDWPHQW��FDWLRQ�\LHOGV�ZHUH�KLJKHVW�IRU
WKH�FDWFKPHQW�ZLWK�WKH�ODUJHVW�UXQRII�DPRXQWV��

5RZH��/���)DKH\��%���-DFNVRQ��5���'XQFDQ��0����������(IIHFWV�RI�ODQG�XVH�RQ�IORRGV�DQG�ORZ
IORZV���&K�����LQ�0RVOH\��0�3���3HDUVRQ��&�3���(GV����)ORRGV�DQG�'URXJKWV��WKH�1HZ�=HDODQG
([SHULHQFH���1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ���3S����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��1DWLYH�JUDVVODQG��3DVWXUH��3��UDGLDWD��6FUXEODQG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
.H\ZRUGV��/RZ�IORZ��5HYLHZ��6WRUP�IORZ

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

5RZH��/�.���0DUGHQ��0���5RZDQ��'����������,QWHUFHSWLRQ�DQG�WKURXJKIDOO�LQ�D�UHJHQHUDWLQJ
VWDQG�RI�NDQXND��.XQ]HD�HULFRLGHV�FDU��HULFRLGHV���(DVW�&RDVW�UHJLRQ��1RUWK�,VODQG��1HZ�=HDODQG�
DQG�LPSOLFDWLRQV�IRU�VRLO�FRQVHUYDWLRQ��-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��6FUXEODQG��NDQXND�
.H\ZRUGV��,QWHUFHSWLRQ��6WHPIORZ��7KURXJKIDOO

&RPPHQW
��±���\HDU�ROG�NDQXND�����P�WDOO�������63+��0$3� ������PP�

$QQXDO�LQWHUFHSWLRQ�EDODQFH��LQ�PP��IRU�WKH���\HDUV�ZDV�
SUHFLSLWDWLRQ� �WKURXJKIDOO���VWHPIORZ���LQWHUFHSWLRQ�ORVV

� ������������� �� ����������
7KURXJKIDOO�ZDV�����RI�SUHFLSLWDWLRQ��VWHPIORZ����DQG�LQWHUFHSWLRQ�ORVV�E\�GLIIHUHQFH�ZDV�����

6WRUP�LQWHUFHSWLRQ�ORVV��LQ�PP��ZDV�� ,/� ������î�3771�����

5RZH��/�.���3HDUFH��$�-����������+\GURORJ\�DQG�UHODWHG�FKDQJHV�DIWHU�KDUYHVWLQJ�QDWLYH�IRUHVW
FDWFKPHQWV�DQG�HVWDEOLVKLQJ�3LQXV�UDGLDWD�SODQWDWLRQV���3DUW����7KH�QDWLYH�IRUHVW�ZDWHU�EDODQFH
DQG�FKDQJHV�LQ�VWUHDPIORZ�DIWHU�KDUYHVWLQJ���+\GURORJLFDO�3URFHVVHV�������±�����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U 5HSRUW�/RFDWLRQ��/.5



��
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9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU
6WDQG�7\SH��3ODQWDWLRQ����WR���\U 5DLQIDOO��0$3������PP
.H\ZRUGV��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
6L[�VPDOO��VWHHS��VRXWK�ZHVW�IDFLQJ�FDWFKPHQWV������±�����KD��KDYH�EHHQ�PRQLWRUHG�LQ

:HVWODQG��1HZ�=HDODQG�VLQFH�������7ZR�FDWFKPHQWV�ZHUH�UHWDLQHG�DV�QDWLYH�PL[HG�HYHUJUHHQ�IRUHVW
DQG�WKH�UHVW�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�DQG�ODQG�SUHSDUDWLRQ�WHFKQLTXHV��FOHDU��IHOOLQJ��VODVK
EXUQLQJ��KHUELFLGH�WUHDWPHQW��ULSDULDQ�SURWHFWLRQ��EHIRUH�EHLQJ�SODQWHG�ZLWK�3��UDGLDWD�EHWZHHQ�����
DQG�������7KH����\U�ZDWHU�EDODQFH�IRU�WKH�QDWLYH�IRUHVW�FDWFKPHQWV�ZDV��UDLQ� �VWUHDP�IORZ��
LQWHUFHSWLRQ�ORVV���WUDQVSLUDWLRQ���VHHSDJH�������PP� ������PP�������PP�������PP�������PP���,Q
WKH�\HDU�DIWHU�WUHDWPHQW�VWUHDP�IORZ�JHQHUDOO\�LQFUHDVHG�E\����±����PP��H[FHSW�IRU�RQH�WUHDWPHQW
�FOHDU�IHOOLQJ��KHUELFLGH�DSSOLFDWLRQ��QR�ULSDULDQ�UHVHUYH��ZKHUH�WKH�LQFUHDVH�ZDV�����PP��7KH
FDWFKPHQWV�ZHUH�SODQWHG�ZLWK�3��UDGLDWD��EXW�UDSLG�FRORQLVDWLRQ�E\�EUDFNHQ��3WHULGLXP�HVFXOHQWXP�
DQG�+LPDOD\DQ�KRQH\VXFNOH��/H\FHVWHULD�IRUPRVD��OHG�WR�D�UDSLG�GHFOLQH�LQ�VWUHDP�IORZ��ZKLFK
UHWXUQHG�WR�SUH�WUHDWPHQW�OHYHOV�DIWHU�DQ�DYHUDJH�RI�DERXW���\U��6WUHDP�IORZ�\LHOGV�WKHQ�FRQWLQXHG�WR
GHFOLQH�IRU�DQRWKHU��±��\U�EHIRUH�VWDELOLVLQJ�DW�D�OHYHO�DERXW�����PP�\U�ORZHU�WKDQ�SUH�WUHDWPHQW
OHYHOV��$W�WKLV�WLPH�WKH�FDWFKPHQWV�KDG�D�GHQVH�EUDFNHQ�KRQH\VXFNOH�XQGHUVWRUH\�EHQHDWK���P�WDOO�3�
UDGLDWD��

&RPPHQW
'DWD�IURP�WKH�0DLPDL�FDWFKPHQWV��QHDU�5HHIWRQ��:HVW�&RDVW��
0��DQG�0���ZHUH�UHWDLQHG�LQ�QDWLYH�EHHFK�SRGRFDUS�KDUGZRRG�IRUHVW��WKH�RWKHUV�ZHUH�FOHDU�IHOOHG�
DQG�FDEOH�ORJJHG�ZLWK��0���0����RU�ZLWKRXW�ULSDULDQ�UHVHUYHV��DQG�EXUQHG��0���0����RU�QRW�EXUQHG
EHIRUH�SODQWLQJ�

5DLQIDOO��80�	�/0��DQG�UXQRII�IRU�0DLPDL�FDWFKPHQWV��PP�
<HDU 0� 0� 0� 0�� 0�� 0�� /0 80
���� ���� ��� ��� ���� ����
���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ����



���

<HDU 0� 0� 0� 0�� 0�� 0�� /0 80

/DQGFDUH�5HVHDUFK

0HDQ ���� ���� ���� ����

&RQWURO�FDWFKPHQWV�0��DQG�0��

5HJUHVVLRQ�UHODWLRQVKLS�GHWHUPLQHG�XVLQJ�WKH�DERYH�GDWD�ZHUH�

0��� ������������������������������î�80� U�� �����
0���� ������������������������������î�/0�� U�� �����
0��� �������������������������������î�0��� U�� �����

:DWHU�EDODQFH�LQ�PP�
5DLQIDOO� � 5XQRII���,QWHUFHSWLRQ���7UDQVSLUDWLRQ���6HHSDJH

0� ���� ���� ��� ��� ���
0�� ���� ���� ��� ��� ���

'HWHUPLQHG�D�ZDWHU�EDODQFH�PRGHO�ZLWK�

,/�� ����>VLQ��������î�'������@�������
ZKHUH ,/�� �LQWHUFHSWLRQ�ORVV�DV�D�SHUFHQWDJH�RI�UDLQIDOO�IRU�D�JLYHQ�PRQWK��'�LV�WKH�QXPEHU�RI�GD\V

VLQFH���-DQXDU\�����IRU�-DQXDU\�����IRU�)HEUXDU\����������DQG����LV�WKH�YDOXH�RI�WKH�SKDVH�VKLIW�RI
WKH�FDOFXODWHG�VLQH�ZDYH�

7UDQV� ����>VLQ��������î�'������@������
ZKHUH�7UDQV� �WUDQVSLUDWLRQ�IRU�D�UDLQIUHH�GD\�������PP�RI�UDLQ��

+DUYHVWLQJ�

$IWHU�KDUYHVWLQJ��VWUHDPIORZ�LQFUHDVHV�ZHUH�YDULDEOH�DQG�QRW�WKDW�H[SHFWHG�IURP�WKH�SHUFHLYHG�VHYHULW\
RI�WKH�RSHUDWLRQV���,Q�WKH�ILUVW�\HDU�DIWHU�KDUYHVWLQJ�WKH�LQFUHDVHV�ZHUH�JHQHUDOO\�LQ�WKH�UDQJH����±���
PP��EXW�ZDV�����PP�DW�0���WKH�PRVW�VHYHUH�WUHDWPHQW���9DU\LQJ�DQQXDO�UDLQIDOO�LQ�WKH�\HDU�IROORZLQJ
WUHDWPHQW�GLG�DIIHFW�WKH�PDJQLWXGH�RI�WKH�LQFUHDVHV���%HFDXVH�UDLQIDOO�LV�KLJK��a�����PP�\U���UHGXFWLRQ
RI�LQWHUFHSWLRQ�DORQH�FDQ�HDVLO\�DFFRXQW�IRU�WKHVH�LQFUHDVHV�

6LJQLILFDQW�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�GHYHORSHG�IRU�GHWHUPLQLQJ�WKH�H[SHFWHG�GLPLQLVKLQJ�\LHOGV
DV�WKH�FDWFKPHQWV�UHFRYHUHG�DIWHU�WUHDWPHQW��EXW�WKHVH�ZHUH�YDULDEOH�DQG�LQFRQVLVWHQW�ZLWK�WKH�VHYHULW\
RI�WUHDWPHQW���$QQXDO�UXQRII�\LHOGV�IURP�WKH�FDWFKPHQWV�ZHUH�JHQHUDOO\�EDFN�WR�SUHWUHDWPHQW�OHYHOV
DIWHU��±��\U�DQG�GLG�GHFOLQH�WR�DERXW����PP�PRQWK�ORZHU�WKDQ�SUHWUHDWPHQW�OHYHOV���7KLV�ZDV
DWWULEXWHG�WR�GHQVH�EUDFNHQ�KRQH\VXFNOH�UHJURZWK�DV�ZHOO�DV�WUHH�JURZWK�

5RZH��/�.���3HDUFH��$�-���2
/RXJKOLQ��&�/����������+\GURORJ\�DQG�UHODWHG�FKDQJHV�DIWHU
KDUYHVWLQJ�QDWLYH�IRUHVW�FDWFKPHQWV�DQG�HVWDEOLVKLQJ�3LQXV�UDGLDWD�SODQWDWLRQV��3DUW���
,QWURGXFWLRQ�WR�VWXG\���+\GURORJLFDO�3URFHVVHV��������±���

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��/.5



���
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9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3��UDGLDWD
/DQG�8VH�&KDQJH��&RQYHUVLRQ�IURP�RQH�IRUHVW�WR�DQRWKHU

&$%�$EVWUDFWV�$1������������$XWKRUV¶�$EVWUDFWV
7KH�K\GURORJ\�RI�HLJKW�VPDOO�FDWFKPHQWV������±�����KD��KDV�EHHQ�PRQLWRUHG�LQ�:HVWODQG�

1HZ�=HDODQG�VLQFH�������7ZR�RI�WKHVH�FDWFKPHQWV�ZHUH�OHIW�LQ�LQGLJHQRXV�EHHFK�SRGRFDUS��KDUGZRRG
IRUHVW�DQG�WKH�UHVW�ZHUH�VXEMHFWHG�WR�YDULRXV�KDUYHVWLQJ�DQG�ODQG�SUHSDUDWLRQ�WUHDWPHQWV�EHIRUH�EHLQJ
SODQWHG�ZLWK�3��UDGLDWD��7KLV�SDSHU�LQWURGXFHV�D�VHULHV�RI�SDSHUV�RQ�WKH�K\GURORJ\�RI�WKH�LQGLJHQRXV
IRUHVW�FDWFKPHQWV�DQG�WKH�FKDQJHV�WKDW�RFFXUUHG�DIWHU�WUHDWPHQW��7KH�FDWFKPHQWV��H[SHULPHQWDO
SURJUDPPH��FOLPDWH�RI�WKH�DUHD�DQG�WKH�UDLQIDOO�UHJLPH�H[SHULHQFHG�EHWZHHQ������DQG������DUH
GHVFULEHG��

&RPPHQW
3URYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�0DLPDL�FDWFKPHQWV�LQ�1RUWK�:HVWODQG��1HZ�=HDODQG�

6FDUI��)����������+\GURORJLFDO�HIIHFWV�RI�FXOWXUDO�FKDQJHV�DW�0RXWHUH�H[SHULPHQWDO�EDVLQ��
-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3DVWXUH��6FUXEODQG��JRUVH�
/DQG�8VH�FKDQJH��3DVWXUH�PDQDJHPHQW��6FUXE�FRQYHUVLRQ�WR�SDVWXUH
.H\ZRUGV��/RZ�IORZ��6WRUP�IORZ��:DWHU�\LHOG

&RPPHQW
0RXWHUH�([SHULPHQWDO�EDVLQ��1HOVRQ�
&DWFKPHQWV������KD��DQG��������KD� 3DVWXUH��PRE�VWRFNLQJ
&DWFKPHQW����������KD� *RUVH�WR�FXOWLYDWLRQ�FURSSLQJ�LQ�����

3UHFLSLWDWLRQ�DQG�UXQRII��PP��DW�0RXWHUH
<HDU &DWFKPHQW�� &DWFKPHQW�� &DWFKPHQW���

3UHFLSLWDWLRQ 5XQRII 3UHFLSLWDWLRQ 5XQRII 3UHFLSLWDWLRQ 5XQRII
����
 ���� ��� ���� ��� ���� ���
���� ���� ��� ���� ��� ���� ��
���� ���� ��� ���� ��� ���� ��
���� ��� ��� ��� ��� ��� ��
���� ���� ��� ���� ��� ���� ���
���� ���� ��� ���� ��� ���� ���
���� ���� ��� ���� ��� ���� ���


 �����GDWD��0D\�WR�'HFHPEHU�RQO\�
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$OO�FDWFKPHQWV�VKRZHG�PDUNHG�GLIIHUHQFHV�LQ�IORZV�EHIRUH�WKH�WUHDWPHQW�WRRN�SODFH�DW�&�����7KLV�DOVR
DFFRUGHG�DW�WKH���FRQWURO�FDWFKPHQWV�ZKHUH�&��KDG�EHWZHHQ���DQG�����PRUH�IORZ���&���IORZV�ZHUH
VPDOOHU�WKDW�HLWKHU�FRQWURO�FDWFKPHQWV�ZKLOH�LQ�JRUVH�DQG�ZDV�VWLOO�ORZHU�ZKHQ�FXOWLYDWHG��DOWKRXJK
PDVV�FXUYHV�VKRZ�DQ�LQFUHDVH�LQ�UXQRII�DIWHU�FOHDULQJ�WKH�JRUVH�DQG�FXOWLYDWLRQ�DW�FDWFKPHQW����

$IWHU�WUHDWPHQW�DW�&����WKHUH�ZDV�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�GD\V�RI�IORZ������Y������ZKLOH�WKH
UHYHUVH�RFFXUUHG�DW�FRQWURO�FDWFKPHQW��������Y�������7KH�LQFUHDVH�LQ�DQQXDO�IORZ�ZDV��WKHUHIRUH��D
UHVXOW�RI�LQFUHDVHG�SHDN�GLVFKDUJHV�

)ORRG�SHDNV�LQFUHDVHG�DW�&���DIWHU�FXOWLYDWLRQ��EXW�IRU�SHDNV�LQ�H[FHVV�RI����PP�K�� ����O�V�KD��WKHUH
ZDV�OLWWOH�RU�QR�LQFUHDVH�ZKLFK�ZDV�LQWHUSUHWHG�DV�³LQGLFDWLQJ�WKDW�YHJHWDWLRQ�FRYHU�LV�UHODWLYHO\
LQHIIHFWLYH�LQ�UHGXFLQJ�SHDN�GLVFKDUJHV�GXULQJ�VHYHUH�VWRUPV´��

6FKRXWHQ��&�-�-�+���������2ULJLQ�DQG�RXWSXW�RI�VXVSHQGHG�DQG�GLVVROYHG�PDWHULDO�IURP�D
FDWFKPHQW�LQ�1RUWKODQG��1HZ�=HDODQG���ZLWK�SDUWLFXODU�UHIHUHQFH�WR�PDQ�LQGXFHG�FKDQJHV��
3XEOLFDWLHV�YDQ�KHW�)\VLFK�*HRJUDILVFK�HQ�%RGHPNXQGLJ�/DERUDWRULXP�YD�GH�8QLYHUVLWHLW�YDQ
$PVWHUGDP�1R������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH��6FUXEODQG��PDQXND��
/DQG�8VH�FKDQJH��3DVWXUH�PDQDJHPHQW��6FUXE�FRQYHUVLRQ�WR�SDVWXUH
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW

3XNHWXUXD��1RUWKODQG������KD��

0DQXND�VFUXEODQG�ZDV�EXUQHG�LQ�)HEUXDU\�������GLVF�FXOWLYDWHG�IRU�DERXW�D�\HDU�DQG�SODQWHG�LQ
SDVWXUH�EHWZHHQ�0DUFK�DQG�0D\��������*UD]LQJ�EHJDQ�-XO\��������%\�ZLQWHU�������WKH�YHJHWDWLRQ
FRYHU�ZDV������SDVWXUH�����QDWLYH�EXVK������JRUVH�EUDFNHQ�PDQXND�UHJHQHUDWLRQ���

3UHFLSLWDWLRQ�DQG�UXQRII�DW�3XNHWXUXD
<HDU 3UHFLSLWDWLRQ��PP� 5XQRII��PP�
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
���� ���� ���
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���� ���� ���

7KHUH�DUH�WZR�GLVWLQFW�WUHQGV�IRU�WKH�VFUXE�DQG�EDUH�JUDVV�SHULRGV�ZKHQ�DQQXDO�UXQRII�LV�SORWWHG�DJDLQVW
DQQXDO�SUHFLSLWDWLRQ��UXQRII�EHLQJ�JUHDWHU�DIWHU�WUHDWPHQW�

6FRWWHU��'�5���&ORWKLHU��%�(���7XUQHU��0�$���������7KH�VRLO�ZDWHU�EDODQFH�LQ�D�IUDJLDTXDOI�DQG�LWV
HIIHFW�RQ�SDVWXUH�JURZWK�LQ�FHQWUDO�1HZ�=HDODQG���$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK����
���±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��3DVWXUH
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
7RNRPDUX�VLOW�ORDP�� JOH\HG�\HOORZ�JUH\�HDUWK��QHDU�3DOPHUVWRQ�1RUWK���0D[LPXP�VRLO�ZDWHU�GHILFLW
ZDV�����PP�

6PLWK��&�0����������5LSDULDQ�DIIRUHVWDWLRQ�HIIHFWV�RQ�ZDWHU�\LHOGV�DQG�ZDWHU�TXDOLW\�LQ�SDVWXUH
FDWFKPHQWV���-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����\U� 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3DVWXUH
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�TXDOLW\��:DWHU�\LHOG

&RPPHQW

0RXWHUH�FDWFKPHQWV���������KD�����������KD��DQG���������KD��
)URP������WR������WKH�WKUHH�FDWFKPHQWV�ZHUH�JUD]HG���$IWHU�������&��FRQWLQXHG�WR�EH�JUD]HG�DV�D
FRQWURO�FDWFKPHQW���,Q�$XJXVW�������D���±���P�VWULS�HQFORVLQJ�WKH�VWUHDP�FKDQQHO�DQG�ORZHU�VORSHV
ZDV�IHQFHG�RII�LQ�&��DQG�&��DQG�SODQWHG�DW������63+�LQ�3��UDGLDWD���,Q�ODWH������WKH�WUHHV�ZHUH
WKLQQHG�WR�����63+²OLJKW�JUD]LQJ�ZDV�DOORZHG�XQGHU�WKH�WUHHV�XQWLO�PLG������

3UHFLSLWDWLRQ�DQG�UXQRII��PP��DW�0RXWHUH��1HOVRQ
&DWFKPHQW�&� &DWFKPHQW�&�

3UHFLSLWDWLRQ 5XQRII 4XLFNIORZ 'HOD\HG�IORZ 5XQRII 4XLFNIORZ 'HOD\HG�IORZ
����±���� ���� ��� �� ��� ��� �� ���
����±���� ���� ��� �� ��� ��� �� ��

+\GURJUDSK�VHSDUDWLRQ�XVHG�WKH�PHWKRG�RI�+HZOHWW�	�+LEEHUW����������7KH�RULJLQDO�7DEOH���E\�6PLWK
DOVR�JLYHV�WKH�UDQJH�DQG�VWDQGDUG�GHYLDWLRQV���6WUHDPIORZ�LV�UHGXFHG�DIWHU�SLQH�HVWDEOLVKPHQW�LQ�WKH
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ULSDULDQ�]RQH���4XLFNIORZ�ZDV�RQO\�VOLJKWO\�ORZHU�EXW�ZDV�DQ�LQFUHDVHG�SURSRUWLRQ�RI�WRWDO�IORZ�DV
GHOD\HG�IORZ�GHFUHDVHG�PRUH���1RWH�WKDW�WKH�SRVW�WUHDWPHQW�SHULRG�LQFOXGHV�D�IHZ�\HDUV�ZKHQ�QR
HIIHFWV�ZLOO�EH�QRWLFHDEOH�DV�WKH�SLQHV�ZLOO�EH�WRR�VPDOO�DQG�WKH�XVH�RI�PHDQV�FRXOG�EH�PLVOHDGLQJ�ZLWK
UHVSHFW�WR�WKH�DFWXDO�FKDQJH��
7KH�SDSHU�GRHV�VKRZ�WKDW�LQ�VRPH�\HDUV�EHWZHHQ������DQG�������DQQXDO�UXQRII�ZDV�UHGXFHG��4)
GHFOLQHG�E\�EHWZHHQ����DQG������DQG�GHOD\HG�IORZ�ZDV�UHGXFHG���3HDN�IORZV�ZHUH�UHGXFHG�LQ�VPDOO
HYHQWV��EXW�PHGLXP�VL]HG�VWRUP�SHDNV�ZHUH�QRW�DIIHFWHG��

*LYHV�WKH�GHYLDWLRQV�RI�&��VHDVRQDO�GDWD�IURP�WKDW�SUHGLFWHG�IURP�&��XVLQJ�UHJUHVVLRQ�UHODWLRQVKLSV��
7KH�VHDVRQDO�UDLQIDOO�LV�JLYHQ�EXW�QR�IORZ�GDWD�IRU�HLWKHU�FDWFKPHQW���

6PLWK��-�/�+����������([RWLF�IRUHVWV�DQG�UXQRII���1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�������±����

&RXQWU\��1HZ�=HDODQG� 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ���3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
(DUOLHVW�UHIHUHQFH�LQ�WKLV�ELEOLRJUDSK\�RQ�WKH�HIIHFWV�RI�IRUHVWV�RQ�ZDWHU�\LHOG�LQ�1HZ�=HDODQG�
0DUDPDUXD�H[RWLF�IRUHVW�ZLWK������KD�LQ�3��UDGLDWD�RI������KD�WRWDO���1RWHV�H[SHULHQFH�RI�IDUPHUV�WKDW
D�FUHHN�LQ�WKLV�IRUHVW�XVHG�WR�IORRG�UHJXODUO\�ZDVKLQJ�RXW�EULGJHV�ZKLOH�LQ�PDQXND�VFUXE���WKH�IORRGV
DUH�JHWWLQJ�SURJUHVVLYHO\�VPDOOHU��
$OVR�LQ�7DLUXD��D�ZDWHU�VXSSO\�SXW�LQ����\U�SUHYLRXVO\�LQ�EUDFNHQ�DQG�PDQXND�LV�DOPRVW�FRPSOHWHO\
GULHG�XS���3��UDGLDWD�ZDV�SODQWHG�DERXW�WKH�VDPH�WLPH�

6PLWK��3�-�7����������9DULDWLRQ�RI�ZDWHU�\LHOG�IURP�FDWFKPHQWV�XQGHU�LQWURGXFHG�SDVWXUH�JUDVV
DQG�H[RWLF�IRUHVW��(DVW�2WDJR���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG���������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5��
9HJHWDWLRQ��3DVWXUH��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\��9DULHV 5DLQIDOO��0$3������PP
.H\ZRUGV��6WRUP�IORZ��:DWHU�\LHOG�

&$%�$EVWUDFWV�$1�6�������$XWKRUV¶�$EVWUDFW
(LJKW�\HDUV
�GDWD�IURP�FDWFKPHQWV�LQ�2WDJR��WZR�XQGHU�LQWURGXFHG�JUDVV�FRYHU�DQG�WZR�XQGHU

H[RWLF�IRUHVW�FRYHU��3��UDGLDWD�DORQH�DQG�3��UDGLDWD�ZLWK�3��QLJUD���ZHUH�DQDO\VHG�IRU�QHW�GLIIHUHQFHV
LQ�DQQXDO�\LHOGV��TXLFNIORZ�YROXPHV��GHOD\HG�IORZ�DQG�UHFHVVLRQV��3DVWXUH�FDWFKPHQWV�FRQVLVWHQWO\
\LHOGHG�PRUH�ZDWHU�LQ�DOO�IDFHWV�RI�WKH�IORZ�UHJLPH�ZKHQ�FRPSDUHG�WR�H[RWLF�IRUHVW�FDWFKPHQWV��(YHQ
IRU�VWRUPV�ZLWK�KLJK�UHWXUQ�SHULRGV��XS�WR�����\U��FDXVLQJ�VLPXOWDQHRXV�UDLQIDOO�RYHU�DOO�FDWFKPHQWV�
WKH�IRUHVW�FDWFKPHQWV�\LHOGHG�OHVV�UXQRII��5HFHVVLRQ�FXUYHV�RI�DOO�FDWFKPHQWV�VKRZHG�VLPLODU
FKDUDFWHULVWLFV��EXW�JUDVV�FDWFKPHQWV�FRQVLVWHQWO\�\LHOGHG�PRUH�ZDWHU�GXULQJ�UHFHVVLRQ�SHULRGV�EHFDXVH
WKH\�DOZD\V�FRPPHQFHG�DW�KLJKHU�GLVFKDUJHV���
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&RPPHQW
:DWHU�\HDU�6HSW�±$XJ���/RZ�LQWHQVLW\���±�PP�KRXU��ORQJ�GXUDWLRQ���±��GD\V��VWRUPV�
&RPSDUDWLYH�VWXG\�DV�QR�FRQWURO�SHULRG�GDWD�

$QQXDO�\LHOGV�DW�1RUWK�2WDJR

.LQWRUH 9ROOZHLOOHUEXUQ -XUD 6WRUP
3DVWXUH 3DVWXUH 3�UDGLDWD�	�

3��QLJUD
3�UDGLDWD

����KD ����KD ����KD ����KD
3771 52 ( 52 ( 3771 52 ( 52 (

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

4XLFNIORZ
3DVWXUH���.LQWRUH�����PP� �����RI�52�RU�����RI�3771��9ROOZHLOOHUEXUQ�����PP� ������52�DQG
����RI�3771�
)RUHVW��-XUD�����PP� �����RI�52�QV����RI�3771��6WRUP�����PP� �����RI�52�DQG����RI�3771�
)ORZ�GXUDWLRQ�FXUYHV�KLJKHU�IRU�SDVWXUH�WKDW�IRUHVW�DV�DUH�PDVWHU�UHFHVVLRQ�FXUYHV

6ZDQVRQ��5�+����������7UDQVSLUDWLRQ�SRWHQWLDO�RI�FRQWRUWD��UDGLDWD�SLQH�DQG�'RXJODV�ILU�IRU�GH�
ZDWHULQJ�LQ�PDVV�ZDVWLQJ�FRQWURO���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV
3XEOLFDWLRQ���������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��'RXJODV�ILU��3LQHV
6WDQG�7\SH��3ODQWDWLRQ�YDULRXV�DJHV 6WDQG�'HQVLW\��9DULRXV
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
7UDQVSLUDWLRQ�PHDVXUHG�E\�VDSIOX[�LQ�3��UDGLDWD��3��FRQWRUWD�DQG�'RXJODV�ILU�DW�:KDNDUHZDUHZD�DQG
IRU�D�QXPEHU�RI�DJH�DQG�GHQVLW\�FODVVHV²EDVHG�RQ�RQH�VHW�RI�PRUQLQJ�DQG�DIWHUQRRQ�PHDVXUHPHQWV
HDFK�PRQWK�IRU�D�\HDU�
$VVXPHG�RQO\�KDG�WUDQVSLUDWLRQ�RQ�GD\V�ZLWK�����PP�SUHFLSLWDWLRQ
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0RQWKO\�WUDQVSLUDWLRQ
$SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF -DQ )HE 0DU <HDU

3��UDGLDWD
��\U������63+ �� �� �� �� �� �� ��� �� ��� ��� �� ��� ���
��\U������63+ �� �� �� �� �� �� �� �� ��� ��� �� �� ���
���\U������63+ �� �� �� �� �� �� ��� �� ��� ��� �� �� ���
���\U�����63+ �� �� �� �� �� �� �� �� ��� ��� �� �� ���
'RXJODV�ILU
���\U������63+ �� �� � �� �� �� ��� �� ��� ��� �� �� ���
���\U�����63+ � � � � � � �� �� �� �� �� �� ���
3��FRQWRUWD
���\U������63+ �� �� � �� � �� �� �� �� ��� �� �� ���
���\U�����63+ �� � � � � � �� �� �� �� �� �� ���
���\U�����63+ �� � � �� � � �� �� �� �� �� �� ���
3771 ��� �� ��� �� ��� ��� �� ��� ��� �� ��� �� ����
5DLQIUHH�GD\V �� �� �� �� �� �� �� �� �� �� �� ��

1RWH�������63+�VWDQG�ZDV�SDUW�RI������63+�EXW�WKLQQHG�LQ�0DUFK�SULRU�WR�PHDVXUHPHQWV
3��UDGLDWD�����±�����!!�3��FRQWRUWD����±����!��'RXJODV�ILU����±����

7KH�VDS�IOX[�RI�WKH�WKLQQHG�WUHHV�H[FHHGHG�WKDW�RI�WKH�XQWKLQQHG�DV�JUHDWHU�60�DYDLODEOH²EXW�WRWDO
\LHOG�LQ�PP�ZDV�VWLOO�OHVV�

&RPPHQWV�WKDW�VDS�IOX[�LQ�3��UDGLDWD�GHFUHDVHV�ZLWK�DJH�DQG�VWDELOLVHV�DW���±���FP��FP��KU���7KLV�UDWH
ZDV�DOVR�IRXQG�IRU�3��FRQWRUWD�DQG�SRVVLEO\�ZLWK�'RXJODV�ILU���0LJKW�EH�D�IXQFWLRQ�RI�JURZWK�UDWH�VXFK
DV�WKH�SRLQW�RI�LQIOH[LRQ�RI�WKH�VLJPRLGDO�JURZWK�FXUYH��

7LDQ��<���6LQJOHWRQ��3�/���6KHDWK��*�:���0F&DOO��'�*���&DUOVRQ��:�7��������0RGHOOLQJ�DQLPDO
WUHDGLQJ�LPSDFWV�RQ�LQILOWUDWLRQ�UDWH���3URFHGGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ
������������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDU 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
/DQG�8VH�&KDQJH��3DVWXUH�PDQDJHPHQW
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
3UHVHQWV�GDWD�IURP�D�VWXG\�ZKHUH�DUWLILFLDO�UDLQIDOO�YLD�D�VLPXODWRU�ZDV�DSSOLHG�WR�D�QXPEHU�RI�SORWV�WR
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DVVHVVHV�WKH�LQILOWUDWLRQ�UHFRYHU\�UDWHV�DIWHU�VWRFN�WUHDGLQJ���0HDVXUHPHQWV�LQ�2FW���'HF���DQG�-XQH�

7RHEHV��&��6FDUI��)��<DWHV��0�(����������%XOOHWLQ�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�6FLHQWLILF
+\GURORJ\�������±����

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
/DQG�8VH�&KDQJH��3DVWXUH�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
0DNDUD��:HOOLQJWRQ��H[SHULPHQWDO�FDWFKPHQWV����������DQG�����
����±����� $OO�ZHUH�LQ�XQLPSURYHG�SDVWXUH�DQG�KDUG�JUD]HG�
���� &DWFKPHQWV���DQG���ZHUH�LPSURYHG�E\�WRSGUHVVLQJ�DQG�RYHUVRZLQJ�ZLWK�SDVWXUH

JUDVVHV�FORYHUV���'DWD�DYDLODEOH�XS�XQWLO������

7KH�GDWD�VKRZV�WKDW�IORZV�IURP�WKH�FDWFKPHQWV�YDULHG�E\�D�IDFWRU�RI��±����$IWHU�VXEWUDFWLQJ�UXQRII�DQG
D�3HQPDQ�3(�YDOXH�IURP�WKH�SUHFLSLWDWLRQ�LQSXW��WKH�EDODQFH�LV�DWWULEXWHG�WR�GHHS�SHUFRODWLRQ�

� 3UHFLSLWDWLRQ��3�LQ�PP��DQG�UXQRII��5�LQ�PP��IRU�0DNDUD�SDVWXUH�FDWFKPHQWV�

<HDU
&DWFKPHQW�� &DWFKPHQW�� &DWFKPHQW�� &DWFKPHQW��
3 5 3 5 3 5 3 5

���� ���� ��� ���� ��� ���� ��� ���� 1�$
���� ���� ��� ���� ��� ���� ��� ���� ���
���� ���� �� ���� ��� ���� ��� ���� ��
���� ���� ��� ���� ��� ���� ��� ���� ��
����
���� ���� �� ���� ��� ���� ��� ���� ��
���� ���� �� ���� ��� ���� ��� ���� ���
���� ���� �� ���� �� ���� �� ���� ��
���� ���� �� ���� ��� ���� ��� ���� ��

0DVV�FXUYH�DQDO\VLV�VKRZHG�D�GHFUHDVH�LQ�IORZ�DW�FDWFKPHQWV���DQG���DIWHU�LPSURYHPHQWV�WRRN�SODFH�
+RZHYHU�WKH�FKDQJHV�LQ�VORSH�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�EXW�FKDQJHV�LQ�WKH�LQWHUFHSWV�ZHUH�

$Q�DQDO\VLV�RI�WKH�VWUHDP�K\GURJUDSKV�VKRZHG�WKDW�DV�D�UHVXOW�RI�SDVWXUH�LPSURYHPHQW�WKHUH�ZDV�QR
VLJQLILFDQW�FKDQJH�LQ�WLPH�WR�SHDN�EXW�WKHUH�ZDV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�SHDN�GLVFKDUJHV�
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7RPHU��0�'���.QRZOHV��6�)���)HQWRQ��-�$��%DUGVOH\��:�(���2OLYHU��*�5��������6RLO�ZDWHU��JURXQG
ZDWHU��DQG�ZHWODQG�VHHSDJH�ZLWKLQ�DQ�HIIOXHQW�LUULJDWHG�KLOOVORSH���-RXUQDO�RI�+\GURORJ\��1=�
����������

&RXQWU\��1HZ�=HDODQG 'XUDWLRQ����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3LQXV�UDGLDWD
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
7KH�LUULJDWLRQ�ORDGLQJ�DYHUDJLQJ����PP�ZHHN�LV�HTXLYDOHQW�WR������PP�RI�HIIOXHQW�SHU�\HDU��PRUH
WKDQ�WZLFH�WKH�DQQXDO�UDLQIDOO���$OWKRXJK�WKH�VRLOV�DUH�KLJKO\�SHUPHDEOH��LUULJDWLRQ�OHDGV�WR�FKDQJHV�RI
VHHSDJH�SDWKZD\V�DQG�VRLO�ZHWQHVV�

:DXJK��-�5�������D��%DVHIORZ�UHFHVVLRQV�DV�DQ�LQGH[�RI�UHSUHVHQWDWLYHQHVV�LQ�WKH�K\GURORJLFDO
UHJLRQV�RI�1RUWKODQG��1HZ�=HDODQG���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEO�
�������±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��0L[HG
.H\ZRUGV��/RZ�IORZ

&RPPHQW
6KRZV�KRZ�GLIIHULQJ�JHRORJLHV�LQ�D�UHJLRQ�FDQ�KDYH�D�PDUNHG�EHDULQJ�RQ�EDVHIORZ�UHFHVVLRQV�

:DXJK��-�5�������E��7KH�UHODWLRQ�EHWZHHQ�VXPPHU�ORZ�IORZV�DQG�JHRORJ\�LQ�1RUWKODQG��1HZ
=HDODQG���:DWHU�DQG�6RLO�'LYLVLRQ��1HZ�=HDODQG�0LQLVWU\�RI�:RUNV��0LVF��3XEO�1R������3S���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��0L[HG
.H\ZRUGV��/RZ�IORZ

&RPPHQW
6KRZV�KRZ�GLIIHULQJ�JHRORJLHV�LQ�D�UHJLRQ�FDQ�KDYH�D�PDUNHG�EHDULQJ�RQ�EDVHIORZ�UHFHVVLRQV��

0RUH�LQIRUPDWLRQ�LV�JLYHQ�WKDW�LQ�:DXJK������D��
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:DXJK��-�5����������+\GURORJLFDO�HIIHFWV�RI�WKH�HVWDEOLVKPHQW�RI�IRUHVWV���,Q��/DQG�XVH�LQ�UHODWLRQ
WR�ZDWHU�TXDQWLW\�DQG�TXDOLW\���1HOVRQ�&DWFKPHQW�%RDUG��3S�����±����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��3DVWXUH��3��UDGLDWD
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
6WDQG�7\SH��3ODQWDWLRQ�9DULRXV²\RXQJ
.H\ZRUGV��5HYLHZ��:DWHU�\LHOG

&RPPHQW
5HYLHZV�SUHOLPLQDU\�ILQGLQJV�RI�D�QXPEHU�RI�VWXGLHV�SUHVHQWHG�LQ�WKLV�ELEOLRJUDSK\���$OVR�LQFOXGHV�
VFUXEODQG�WR�SDVWXUH�FRQYHUVLRQV�DQG�WKH�HIIHFWV�RI�GLIIHUHQW�SDVWXUH�JUD]LQJ�RSWLRQV�

0RXWHUH��*RUVH�WR�3��UDGLDWD��&DWFKPHQWV���DQG����YV����DV�FRQWURO���0RXWHUH����3��UDGLDWD�SODQWHG
LQWR�SDVWXUH���7KHVH�DUH�XSGDWHG�E\�'XQFDQ������D�E��

:DLZKLX�LQ�1RUWKODQG������RI�D�QDWLYH�HYHUJUHHQ�IRUHVW�SDVWXUH�VFUXE��FDWFKPHQW�ZDV�FRQYHUWHG�WR�3�
UDGLDWD�IRUHVW������\U�XQGHU�IRUHVW�SDVWXUH�����PRQWKV�VFUXE�FOHDULQJ�DQG�EXUQLQJ����\U�RI�SLQHV�DQG
UDQN�JUDVV�
'HVWRFNLQJ�OHDG�WR�DQ�GHFUHDVH�LQ�UXQRII�DQG�WKLV�FRQWLQXHG�WKURXJK�WKH�HDUO\�\HDUV�RI�SLQH
JURZWK²DWWULEXWHG�WR�LQFUHDVHG�LQWHUFHSWLRQ�E\�UDQN�JUDVV�

3XUXNRKXNRKX�3XUXNL��$�VLPLODU�VWRU\�WR�WKDW�IRU�WKH�:DLZKLX²UDQN�JUDVV�LQ�WKH�\RXQJ�SLQHV�ZDV�WKH
SUREDEOH�FDXVH�RI�WKH�LQLWLDO�IORZ�GHFUHDVHV�

:HOOV��/�3���%ODNH��*�-���������,QWHUFHSWLRQ�FKDUDFWHULVWLFV�RI�VRPH�FHQWUDO�1RUWK�,VODQG
YHJHWDWLRQ�DQG�WKHLU�JHRJUDSKLFDO�VLJQLILFDQFH���3URFHHGLQJV��6HYHQWK�*HRJUDSK\�&RQIHUHQFH�
+DPLOWRQ���3S�����²����

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��3��UDGLDWD��6FUXEODQG��QDWLYH�
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
3URYLGHV�JUDSKV�RI�LQWHUFHSWLRQ�ORVV�LQ�WKH�ILUVW����PLQXWHV�RI�D�VWRUP��D�PHDVXUH�RI�LQWHUFHSWLRQ
FDSDFLW\��DJDLQVW�UDLQIDOO�LQWHQVLW\�DQG�SHUFHQWDJH�LQWHUFHSWLRQ�ORVV�YV�DFFXPXODWLQJ�VWRUP
SUHFLSLWDWLRQ�IRU�D�QXPEHU�RI�VWRUPV�IRU�ERWK�WKH����\U�ROG�SLQHV�DW�:KDNDUHZDUHZD��QHDU�5RWRUXD�
DQG�QDWLYH�VFUXE�DW�2WXWLUD��

:KLWHKHDG��'����������:$702'���D�PHDQV�RI�SUHGLFWLQJ�ZDWHU�XVH�E\�IRUHVWV���:KDW
V�1HZ�LQ



���

/DQGFDUH�5HVHDUFK

)RUHVW�5HVHDUFK�1R����������SS�

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ���3��UDGLDWD
.H\ZRUGV��0RGHO

&$%�$EVWUDFWV�$1����������
:$702'�LV�D�FRPSXWHU�PRGHO�EHLQJ�GHYHORSHG�E\�WKH�)RUHVW�5HVHDUFK�,QVWLWXWH�RI�1HZ

=HDODQG�WR�SUHGLFW�WKH�HIIHFWV�RI�D�ZLGH�YDULHW\�RI�PDQDJHPHQW�SURSRVDOV�RQ�ZDWHU�DYDLODELOLW\�IURP
IRUHVW�FDWFKPHQWV��7KH�PRGHO�FDQ�DOUHDG\�EH�XVHG�WR�VLPXODWH�ORQJ�WHUP�ZDWHU�XVH�DQG�GUDLQDJH�IURP
3��UDGLDWD�IRUHVWV�IRU�PDQ\�GLIIHUHQW�PDQDJHPHQW�SUHVFULSWLRQV��%HFDXVH�:$702'�KDV�EHHQ�EDVHG
RQ�WKH�SURFHVVHV�ZKLFK�DIIHFW�WKH�RYHUDOO�ZDWHU�EDODQFH�ZLWKLQ�D�IRUHVW��LWV�XVH�LV�QRW�UHVWULFWHG�WR�D
SDUWLFXODU�VLWH��

:KLWHKHDG��'���.HOOLKHU��)�0�������D���0RGHOLQJ�WKH�ZDWHU�EDODQFH�RI�D�VPDOO�3LQXV�UDGLDWD
FDWFKPHQW���7UHH�3K\VLRORJ\������±���

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����\U 6WDQG�'HQVLW\������63+ %DVDO�$UHD�����P��KD�
+HLJKW�����P 5DLQIDOO�������PP
.H\ZRUGV��0RGHO��:DWHU�EDODQFH��:DWHU�\LHOG

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$Q�KRXUO\�ELRSK\VLFDO�PRGHO�ZDV�XVHG�WR�FDOFXODWH�ZDWHU�EDODQFH�RYHU�D�SHULRG�RI���\U�IRU�DQ

����KD����\U�ROG�3��UDGLDWD�IRUHVW�LQ�FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��&RPSRQHQWV�RI�WKH�PRGHO
ZHUH�WUDQVSLUDWLRQ�IURP�WKH�GU\�WUHH�FDQRS\��HYDSRUDWLRQ�IURP�WKH�SDUWLDOO\�ZHW�WUHH�FDQRS\�DQG�VWHPV�
HYDSRUDWLRQ�IURP�WKH�XQGHUVWRUH\�DQG�VRLO��DQG�GUDLQDJH�IURP�D�VLQJOH�OD\HU�URRW�]RQH��0RGHO�LQSXWV
ZHUH�KRXUO\�ZHDWKHU�GDWD��QHW�UDGLDWLRQ��DLU�DQG�ZHW�EXOE�WHPSHUDWXUHV��ZLQGVSHHG��DQG�UDLQIDOO���WUHH
VWDQG�FKDUDFWHULVWLFV��DYHUDJH�KHLJKW��WUHH�QXPEHU��OHDI�DUHD�LQGH[���SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�VLWH
�URRW�]RQH�GHSWK��UHODWLRQ�EHWZHHQ�URRW�]RQH�PDWULF�SRWHQWLDO�DQG�YROXPHWULF�ZDWHU�FRQWHQW��UHODWLRQ
EHWZHHQ�UDWH�RI�GUDLQDJH�IURP�WKH�URRW�]RQH�DQG�YROXPHWULF�ZDWHU�FRQWHQW��DQG�DUHD�RI�RSHQ�VWUHDP
FKDQQHOV���$�VXEPRGHO�RI�WKH�UHVSRQVH�RI�VWRPDWDO�FRQGXFWDQFH�WR�DLU�VDWXUDWLRQ�GHILFLW�DQG�URRW�]RQH
PDWULF�SRWHQWLDO�ZDV�DOVR�UHTXLUHG��7UHH�WUDQVSLUDWLRQ������PP�\U��RU�����RI�DQQXDO�UDLQIDOO��ZDV�D
GRPLQDQW�FRPSRQHQW�RI�WKH�FDWFKPHQW�ZDWHU�EDODQFH��(VWLPDWHG�HYDSRUDWLRQ�IURP�ZHW�WUHH�FDQRS\
ZDV�����PP�\U��������(YDSRUDWLRQ�IURP�WKH�XQGHUVWRUH\�ZDV�PXFK�OHVV��DPRXQWLQJ�WR����PP�\U
�����DQG�DQ�LQFUHDVH�LQ�ZDWHU�VWRUDJH�IRU�WKH�����P�URRW�]RQH�GHSWK�ZDV�HVWLPDWHG�WR�EH����PP�\U
������(VWLPDWHG�GDLO\�UDWHV�RI�GUDLQDJH�JHQHUDOO\�DJUHHG�ZHOO�ZLWK�PHDVXUHPHQWV�RI�VWUHDPIORZ�
DOWKRXJK�HVWLPDWHG�DQQXDO�GUDLQDJH������PP�\U�������H[FHHGHG�PHDVXUHG�VWUHDPIORZ������PP�\U��
6LJQLILFDQFH�RI�WKH�UHVXOWV�LV�GLVFXVVHG�LQ�UHODWLRQ�WR�FORVXUH�RI�WKH�K\GURORJLF�EDODQFH��

&RPPHQW
3XUXNL�5XD�����KD��/$,�DOO�VXUIDFHV������
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3771������PP�RQ�����GD\V��
0RGHO�UHTXLUHV�KRXUO\�FOLPDWH�GDWD��WUHH�VWDQG�FKDUDFWHULVWLFV��DQG�VRLO�SK\VLFDO�GDWD
6WUHDPIORZ�ZDV�PHDVXUHG�DQG�XVHG�WR�FKHFN�WKH�RWKHU�PRGHOOHG�RXWSXWV²LQWHUFHSWLRQ��WUDQVSLUDWLRQ�
GUDLQDJH�

:DWHU�EDODQFH�RI����\U�3��UDGLDWD�DW�3XUXNL
0RQWK 3771 ,QWHUFHSWLRQ 7UHH

WUDQVSLUDWLRQ
8QGHUVWRUH\�
HYDSRUDWLRQ�

6RLO
'UDLQDJH

6WUHDPIORZ

�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
��� ���� ��� ��� �� ��� ���
��� ��� ��� ��� ��� ��� ���
��� ��� ��� ���� ��� �� ��
�� ���� ��� ���� ��� �� ��
�� ��� ��� ��� ��� �� ��
�� ���� ��� ��� �� �� ��
�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
�� ���� ��� ��� �� ��� ���
�� ��� �� ��� �� ��� ���
7RWDO ����� ���� ���� ��� ���� ����
��UDLQ ���� ��� ��� �� ���

/RVVHV� ������PP��GUDLQDJH�����PP�FI��VWUHDPIORZ�RI�����PP��UDLQ� �����

:KLWHKHDG��'���.HOOLKHU��)�0�������E���$�FDQRS\�ZDWHU�EDODQFH�PRGHO�IRU�D�3LQXV�UDGLDWD�VWDQG
EHIRUH�DQG�DIWHU�WKLQQLQJ���$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ���3��UDGLDWD
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+�WKLQQHG�WR�����63+
+HLJKW������P
.H\ZRUGV��,QWHUFHSWLRQ��0RGHO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&$%�$EVWUDFWV�$1�����������$XWKRUV¶�$EVWUDFW
$�PRGHO�RI�ZDWHU�EDODQFH�IRU�D�FRQLIHURXV�IRUHVW�FDQRS\�LV�GHVFULEHG�ZKLFK�FRPELQHV�WKH
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3HQPDQ±0RQWHLWK�HTXDWLRQ�WR�HVWLPDWH�WUDQVSLUDWLRQ�IURP�WKH�GU\�FDQRS\��(W��DQG�WKH�5XWWHU�PRGHO�RI
LQWHUFHSWLRQ�WR�HVWLPDWH�HYDSRUDWLRQ�IURP�WKH�FDQRS\�DQG�VWHPV�ZHWWHG�E\�UDLQIDOO��(L���(YDSRUDWLRQ
IURP�WKH�XQGHUVWRUH\�DQG�IRUHVW�IORRU��(X��HVWLPDWHG�IURP�WKH�DYDLODEOH�HQHUJ\�GHWHUPLQHG�IURP
UDGLDWLRQ�DWWHQXDWLRQ�E\�WKH�WUHH�FDQRS\��LV�DOVR�LQFOXGHG��7KH�PRGHO�ZDV�DSSOLHG�WR�DQ����\U�ROG�3�
UDGLDWD�VWDQG�DW�/RQJPLOH��5RWRUXD��1HZ�=HDODQG��EHIRUH�DQG�DIWHU�WKLQQLQJ�LQ�������3DUDPHWHUV�LQ
WKH�PRGHO�ZHUH�GHWHUPLQHG�IRU�WKH�XQWKLQQHG�VWDQG��DQG�FKDQJHV�LQ�WKH�SDUDPHWHUV�IROORZLQJ�WKLQQLQJ
ZHUH�HVWLPDWHG�IURP�FKDQJHV�LQ�WUHH�QXPEHU�SHU�XQLW�DUHD�DQG�OHDI�DUHD�LQGH[��/$,���7KH�PRGHO�ZDV
YDOLGDWHG�XVLQJ��L��LQGHSHQGHQW�PHDVXUHPHQWV�RI�(W�IURP�WUHHV�JURZLQJ�LQ�ZHLJKLQJ�O\VLPHWHUV�ZLWKLQ
WKH�VWDQG���LL��HVWLPDWHV�RI�HYDSRUDWLRQ�IURP�WKH�FDQRS\��QRW�LQFOXGLQJ�WKH�VWHPV��(LF��IURP
PHDVXUHPHQWV�RI�UDLQIDOO��WKURXJKIDOO�DQG�VWHPIORZ��DQG��LLL��PHDVXUHPHQWV�RI�(X��7KH�PRGHO�DOVR
VKRZV�JRRG�DJUHHPHQW�ZLWK�PHDVXUHPHQWV�RI�WKH�GXUDWLRQ�RI�WUHH�FDQRS\�ZHWQHVV�DQG�(W�IURP�D
GU\LQJ�FDQRS\�DIWHU�UDLQIDOO��7KH�PRGHO�ZDV�XVHG�WR�HVWLPDWH�WKH�DQQXDO�FRPSRQHQWV�RI�FDQRS\�ZDWHU
EDODQFH�IRU�WKH�XQWKLQQHG�DQG�WKLQQHG�VWDQGV�GXULQJ�D�\HDU�ZLWK�KLJK��ZHOO�GLVWULEXWHG�UDLQIDOO������
PP���ZKHQ�WKHUH�ZDV�QR�VXPPHU�GURXJKW�SHULRG��)RU�WKH�XQWKLQQHG�VWDQG��PRGHOOHG�DQQXDO�(W��(L�DQG
(X�ZHUH����������DQG����PP��UHVSHFWLYHO\��ZLWK�WKH�QHW�DPRXQW�RI�ZDWHU�DGGHG�WR�WKH�VRLO�VWRUDJH��1�
EHLQJ�����PP��7KLQQLQJ�UHVXOWHG�LQ�D�VLJQLILFDQW�UHGXFWLRQ�������LQ�PRGHOOHG�DQQXDO�(W��VOLJKWO\�OHVV
WKDQ�WKH�GHFUHDVH�LQ�/$,��������7KH�GHFUHDVH�LQ�PRGHOOHG�DQQXDO�(L�������ZDV�PXFK�VPDOOHU�WKDQ�WKH
GHFUHDVH�LQ�/$,��7KHVH�UHVXOWV�DUH�GLVFXVVHG�LQ�UHODWLRQ�WR�WKH�VLJQLILFDQFH�RI�FDQRS\�VWUXFWXUH�LQ
GHWHUPLQLQJ�HYDSRUDWLYH�ORVVHV�IURP�IRUHVW�FDQRSLHV�DQG�WKH�QHW�DGGLWLRQ�RI�ZDWHU�WR�VWRUDJH�LQ�WKH
VRLO��'XULQJ�WKH�\HDU�IROORZLQJ�WKLQQLQJ��WKH�PRGHO�LQGLFDWHG�DQ�LQFUHDVH�LQ�1�RI�����PP������RI
JURVV�UDLQIDOO���,PSOLFDWLRQV�IRU�PDQDJLQJ�WKH�ZDWHU�\LHOG�IURP�IRUHVW�FDWFKPHQWV�DUH�GLVFXVVHG��

&RPPHQW
7KLV�SDSHU�LV�DQ�XSGDWH�RI�:KLWHKHDG�HW�DO���������EHORZ�EXW�D�GLIIHUHQW�UDLQIDOO�SHULRG�ZDV�XVHG�IRU
WKH�PRGHO�RXWSXW�
&RPELQHV�3HQPDQ±0RQWHLWK�ZLWK�5XWWHU�DQG�*DVK�PRGHO�FRPSRQHQWV�
0RGHOV�GLIIHUHQFHV�EXW�QR�DSSDUHQW�YDOLGDWLRQ�E\�ILHOG�PHDVXUHPHQW�

:KDNDUHZDUHZD��/RQJPLOH���5RWRUXD���3ODQWHG�������
,Q����������63+�����P�WDOO��/$,��DOO�VXUIDFHV��������QR�XQGHUVWRUH\��FORVHG�FDQRS\
6HSW�������WKLQQHG�WR�����63+�����P�WDOO��/$,����FURZQ�FRYHU�����RI�JURXQG������JURXQG�FRYHUHG
E\�GHEULV���:HOO�ZDWHUHG�

0RGHOOHG�FDQRS\�ZDWHU�EDODQFH
8QWKLQQHG 7KLQQHG

3UHFLSLWDWLRQ��PP� ���� ����
7UHH�WUDQVSLUDWLRQ��PP����� �������� ��������
7UHH�LQWHUFHSWLRQ��PP����� �������� ��������
8QGHUVWRUH\�LQWHUFHSWLRQ��PP����� ������ ��������
%DODQFH�WR�6RLO�0RLVWXUH��PP����� �������� ��������
/RVVHV��PP����� �������� ��������

:KLWHKHDG��'���.HOOLKHU��)�0���+REEV��-�)�)���%URZQOLH��5�.���*RGIUH\��0�-�6����������$�PRGHO
RI�WKH�FDQRS\�ZDWHU�IRU�D�3LQXV�UDGLDWD�VWDQG�EHIRUH�DQG�DIWHU�WKLQQLQJ���3URFHHGLQJV��)RXUWK
$XVWUDODVLDQ�&RQIHUHQFH�RQ�+HDW�DQG�0DVV�7UDQVIHU��&KULVWFKXUFK��0D\�������3S�����±����
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ���3��UDGLDWD
/DQG�8VH�&KDQJH��)RUHVW�PDQDJHPHQW�
6WDQG�7\SH��3ODQWDWLRQ���±���\U 6WDQG�'HQVLW\������63+�WKLQQHG�WR�����63+
+HLJKW������P
.H\ZRUGV��,QWHUFHSWLRQ��0RGHO��7UDQVSLUDWLRQ��:DWHU�EDODQFH

&RPPHQW
/RQJPLOH�VWDQG�DW�:KDNDUHZDUHZD��5RWRUXD��
6WRUP�VWHPIORZ�� 6)� ������î�3771�������
6WRUP�WKURXJKIDOO��JXHVVWLPDWHG�IURP�H\HEDOOHG���ILW�WKURXJK�JUDSKHG�GDWD�E\�/.5�

7)� ������î�3771����
,QWHUFHSWLRQ�VWRUDJH�FDSDFLW\�HVWLPDWHG�WR�EH�����PP�

6HOHFWHG�WUDQVSLUDWLRQ�YDOXHV�IRU���GU\�GD\�LQ�JLYHQ�PRQWKV�
3UH�WKLQQLQJ�� 'HFHPEHU�����PP $SULO�����PP -XO\�����PP 6HSWHPEHU�����PP
3RVW�WKLQQLQJ�� -DQXDU\�����PP $SULO�����PP -XO\�����PP 2FWREHU�����PP

7KH�PRGHO�LV�VKRZQ�WR�ZRUN�ZHOO�IRU�ERWK�SUH��DQG�SRVW�WKLQQLQJ�ZHW�DQG�GU\�FDQRS\�HYDSRUDWLRQ
ZKHQ�DGMXVWHG�IRU�WKH�GHFUHDVH�LQ�OHDI�DUHD�

6LPXODWHG�ZDWHU�EDODQFH������ZLWK�DQQXDO�UDLQIDOO�RI������PP
8QWKLQQHG 7KLQQHG
PP � PP �

7UHH�FDQRS\�WUDQVSLUDWLRQ ��� �� ��� ��
7UHH�FDQRS\�HYDSRUDWLRQ ��� �� ��� ��
8QGHUVWRUH\�HYDSRUDWLRQ �� � ��� ��
1HW�DGGLWLRQ�WR�VRLO�PRLVWXUH ��� �� ��� ��

:KLWHKHDG��'���.HOOLKHU��)�0���/DQH��3�0���3ROORFN��'�6����������6HDVRQDO�SDUWLWLRQLQJ�RI
HYDSRUDWLRQ�EHWZHHQ�WUHHV�DQG�XQGHUVWRUH\�LQ�D�ZLGHO\�VSDFHG�3LQXV�UDGLDWD�VWDQG���-RXUQDO�RI
$SSOLHG�(FRORJ\��������±����



���
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&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\������63+
+HLJKW������P 5DLQIDOO�������PP
.H\ZRUGV��7UDQVSLUDWLRQ

&$%�$EVWUDFWV�$1����������
7UHH�WUDQVSLUDWLRQ��(W��DQG�XQGHUVWRUH\�HYDSRUDWLRQ��(X��ZHUH�PHDVXUHG�KRXUO\�RQ��±��ILQH

GD\V�GXULQJ����SHULRGV�WKURXJKRXW�D�\HDU�LQ�D�3��UDGLDWD�SODQWDWLRQ�LQ�.DLQJDURD�)RUHVW��1HZ�=HDODQG�
7KHUH�ZHUH�����VWHPV�KD�DQG�����RI�KHUEDFHRXV�XQGHUVWRUH\�YHJHWDWLRQ�DQG�IRUHVW�IORRU�ZDV�FRYHUHG
E\�GHDG�VWHPV��EUDQFKHV�DQG�IROLDJH�IURP�HDUOLHU�WKLQQLQJ�DQG�SUXQLQJ�RSHUDWLRQV��$QQXDO�UDLQIDOO�ZDV
�����PP�DQG�WUHHV�DQG�XQGHUVWRUH\�YHJHWDWLRQ�ZHUH�VXSSOLHG�DGHTXDWHO\�ZLWK�ZDWHU�WKURXJKRXW�WKH
\HDU��'DWD�DUH�SUHVHQWHG�DQG�GLVFXVVHG�RQ�UHODWLRQV�EHWZHHQ�VWRPDWDO�FRQGXFWDQFH��DLU�VDWXUDWLRQ
GHILFLW�DERYH�WKH�IRUHVW�FDQRS\��LQFLGHQW�TXDQWXP�IOX[�GHQVLW\��IROLDJH�GHYHORSPHQW��QLJKW�IURVW��WUHH
FDQRS\�OHDI�DUHD�LQGH[��FDQRS\�FRQGXFWDQFH��DQG�DYHUDJH�GDLO\�WUDQVPLWWDQFH�RI�VKRUWZDYH�UDGLDWLRQ
WKURXJK�WKH�WUHH�FDQRS\��7KH�FRPELQDWLRQ�RI�ZHDWKHU�YDULDEOHV��FKDQJHV�LQ�VWRPDWDO�FRQGXFWDQFH�
LQFUHDVLQJ�OHDI�DUHD�LQGH[�DQG�WKH�UHODWLRQ�EHWZHHQ�(X�DQG�DYDLODEOH�HQHUJ\�OHG�WR�WKH�IUDFWLRQ�(W��(W��
(X��UHPDLQLQJ�URXJKO\�FRQVWDQW�WKURXJKRXW�WKH�\HDU�ZLWK�DQ�DYHUDJH�RI�������

&RPPHQW
6DPH�VWDQG�DV�.HOOLKHU�HW�DO���������DW�+DXSDSD�
7UDQVSLUDWLRQ�UDQJHG�EHWZHHQ�����PP�GD\�ZLQWHU�DQG������PP�GD\�ODWH�VXPPHU
8QGHUVWRUH\�HYDSRUDWLRQ�UDQJHG�IURP�����PP�WR�����PP�LQ�HDUO\�VXPPHU

:LONLH��'�5���'L[LH��5�&���<DWHV��0�(����������(IIHFWV�RI�VRPH�ODQG�PDQDJHPHQW�SUDFWLFHV�RQ�WKH
K\GURORJ\�RI�VPDOO�FDWFKPHQWV�����WK�1HZ�=HDODQG�6FLHQFH�&RQJUHVV��&RQVHUYDWLRQ�VXE�VHFWLRQ�
$XFNODQG��������3��±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH
/DQG�8VH�&KDQJH��3DVWXUH�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
%ULHIO\�LQWURGXFHV�WKH�0RXWHUH�6RLO�&RQVHUYDWLRQ�6WDWLRQ�DQG�SURYLGHV�VRPH�LQLWLDO�UHVXOWV�IURP�WKH
0DNDUD�6RLO�&RQVHUYDWLRQ�6WDWLRQ�

7KHUH�DV�D�UHGXFWLRQ�LQ�IORZ�ZLWK�WUHDWPHQW�DV�SUHGLFWHG�IURP�D�FRQWURO�FDWFKPHQW��LPSURYHG
SDVWXUH�OD[�JUD]HG��������LPSURYHG�SDVWXUH�KDUG�JUD]HG�������XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������
XQLPSURYHG�SDVWXUH�OD[�JUD]HG��������,Q�VWRUPV�RI�OHVV�WKDQ����PP��WKH�HIIHFW�ZDV�PRUH�VLJQLILFDQW
ZLWK�UHGXFWLRQV�LQ�UXQRII�RI��LPSURYHG�SDVWXUH�OD[�JUD]HG������LPSURYHG�SDVWXUH�KDUG�JUD]HG�����
XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������XQLPSURYHG�SDVWXUH�OD[�JUD]HG�������



���

/DQGFDUH�5HVHDUFK

,Q�VWRUPV�JUHDWHU�WKDW����PP��WKH�SLFWXUH�ZDV�QRW�DV�FOHDU�ZLWK�VRPH�WUHDWPHQWV�KDYLQJ�DQ�LQFUHDVH�LQ
IORZ��DQG�RQH�D�GHFUHDVH�

:LOO��*�0����������5HPRYDO�RI�PLQHUDO�QXWULHQWV�IURP�WUHH�FURZQV�E\�UDLQ���1DWXUH��/RQGRQ
�����������

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�������PRQWKV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����\U
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
3771����PP��7)����PP��7)�������1RYHPEHU������WR�-XQH�����

:LOO��*�0�������D���1XWULHQW�UHWXUQ�LQ�OLWWHU�DQG�UDLQIDOO�XQGHU�VRPH�H[RWLF�FRQLIHU�VWDQGV�LQ
1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��&RQLIHUV��'RXJODV�ILU��3LQHV��3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ����	����\U 6WDQG�'HQVLW\������63+ +HLJKW�������P
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&RPPHQW
.DLQJDURD�)RUHVW��7ZR�UDLQ�FROOHFWRUV������LQ�JODVV�IXQQHOV��DW�HDFK�VLWH���
3��UDGLDWD����±����FURZQ�FRYHU
'RXJODV�ILU�����\U�ROG�����P�WDOO�������63+�������FURZQ�FRYHU��

7KURXJKIDOO�DW�.DLQJDURD
5DLQIDOO
�PP�

7KURXJKIDOO
�PP�

7KURXJKIDOO
���

3��UDGLDWD��\HDU�� ���� ���� ��
3��UDGLDWD��\HDU�� ���� ��� ��
'RXJODV�ILU�\HDU�� ���� ��� ��
'RXJODV�ILU�\HDU�� ���� ��� ��

:LOO��*�0�������E���6RLO�PRLVWXUH�DQG�VRLO�WHPSHUDWXUH�VWXGLHV�XQGHU�UDGLDWD�SLQH�
:KDNDUHZDUHZD�)RUHVW������±�������1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK���
���±����

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3��UDGLDWD



���
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6WDQG�7\SH���3ODQWDWLRQ���\U�UHJHQHUDWLRQ�	����\U�
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
:KDNDUHZDUHZD��5RWRUXD��

��\U�ROG�UHJHQHUDWLQJ�VWDQG�DIWHU�FOHDUIHOOLQJ�������63+�������P�WDOO�
���\U�ROG�VWDQG�ZLWK�QR�PDQDJHPHQW�EXW�PRUWDOLW\�UHGXFHG�VWRFNLQJ�WR�����63+�����P�WDOO�

3UHFLSLWDWLRQ�IRU���\U�ZDV������PP���\U�WKURXJKIDOO�����PP�����\U�WKURXJKIDOO�����PP�

:LOO��*�0����������6RLO�PRLVWXUH�DQG�WHPSHUDWXUH�VWXGLHV�XQGHU�UDGLDWD�SLQH��.DLQJDURD�)RUHVW�
����±�������1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

&RXQWU\���1HZ�=HDODQG� 'XUDWLRQ����\U 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH���3ODQWDWLRQ����WR����\U 'HQVLW\�����63+
.H\ZRUGV��7KURXJKIDOO

&RPPHQW
.DLQJDURD�)RUHVW
7KLV�DSSHDUV�WR�EH�WKH�VDPH�VWDQG�EXW�ZLWK�VOLJKWO\�GLIIHUHQW�VDPSOLQJ�SHULRGV�DV�IRU�WKH�.DLQJDURD�3�
UDGLDWD�VWDQG�LQ�:LOO������D��

7KURXJKIDOO�XQGHU�3��UDGLDWD�DW�.DLQJDURD
3UHFLSLWDWLRQ
�PP�

7KURXJKIDOO
�PP�

���� ���� ����
���� ���� ���

:LOOLDPV��3�:���������,PSDFW�RI�XUEDQL]DWLRQ�RQ�WKH�K\GURORJ\�RI�:DLUDX�&UHHN��1RUWK�6KRUH�
$XFNODQG��-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG��������±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��1DWLYH�HYHUJUHHQ�IRUHVW��SDVWXUH
/DQG�8VH�&KDQJH��8UEDQL]DWLRQ



���
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.H\ZRUGV��6WRUP�IORZ

&RPPHQW
�����NP��:DLUDX�&UHHN�FDWFKPHQW���������RYHU�����LQ�JUDVVODQG�����URDGV�DQG�UHVLGHQWLDO��EDODQFH
IRUHVW�VFUXE�VZDPS������DOPRVW�����LQ�EXVK�VFUXE�JUDVVODQG�������������LQ�EXVK�VFUXE�JUDVVODQG�
���������EXVK�VFUXE�JUDVVODQG�

)ORRG�SHDNV�LQFUHDVHG�LQ�VL]H�DQG�WKH�LQFUHDVH�LQ�QXPEHUV�ZDV�GLUHFWO\�UHODWHG�WR�WKH�EXLOW�XS�DUHD��
7LPH�WR�SHDN�DQG�VWRUP�GXUDWLRQ�ERWK�GHFUHDVHG�ZLWK�XUEDQL]DWLRQ�

:RRGZDUG��6�-�5���%DUNHU��'�-���=\VNRZVNL��5�)��������$�SUDFWLFDO�PRGHO�IRU�SUHGLFWLQJ�VRLO
ZDWHU�GHILFLW�LQ�1HZ�=HDODQG���1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�����������

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��SDVWXUH
.H\ZRUGV��6RLO�ZDWHU

&RPPHQW
3UHVHQWV�PHDVXUHG�ILHOG�GDWD�GHULYHG�IRU����1HZ�=HDODQG�VRLOV�IURP����GLIIHUHQW�SDSHUV�RQ�DYDLODEOH
VRLO�ZDWHU�KROGLQJ�FDSDFLW\���$OVR�WDEXODWHV�ODERUDWRU\�PHDVXUHPHQWV�IURP�PDQ\�VRXUFHV�IRU�VRLOV
UHSUHVHQWLQJ�PDLQ�IODWODQG�VRLO�RUGHUV�LQ�1HZ�=HDODQG

0HDVXUHG�DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLWLHV�������FP�GHSWK��DZKF�LQ�PP��IRU�VRPH�1HZ
=HDODQG�VRLOV��VHH�RULJLQDO�IRU�VRXUFHV�RI�GDWD�

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

)LHOG�PHDVXUHPHQWV�RI�DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLWLHV��PP��������FP�GHSWK��IRU�VRPH�1HZ
=HDODQG�VRLOV��VHH�RULJLQDO�IRU�VRXUFHV�RI�GDWD�

-XGJHIRUG�VLOW�ORDP �� :DLNLZL�VLOW�ORDP ���
2WRNLD�VLOW�ORDP �� 7RNRPDUX�VLOW�ORDP ��
7RNRPDUX�VLOW�ORDP �� 2KDNHD�VLOW�ORDP ��



���
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/LVPRUH�VWRQH\�VLOW�ORDP �� 6WUDWIRUG�VLOW�ORDP ���
+RURWLX�VDQG\�ORDP ��� +RURWLX�VDQG\�ORDP ���
7H�.RZKDL�FOD\�ORDP �� 7H�.RZKDL�VLOW�ORDP ���

/DERUDWRU\�PHDVXUHPHQWV�RI��DYDLODEOH�ZDWHU�KROGLQJ�FDSDFLWLHV��PP��������FP�GHSWK��IRU�VRPH
1HZ�=HDODQG�VRLOV��VHH�RULJLQDO�IRU�VRXUFHV�RI�GDWD�

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

+DYH�UHYLVHG�WKH�PRGHO�RI�6FRWWHU�HW�DO���������WR�SUHGLFW�VRLO�ZDWHU�VWDWXV�IRU�SDVWXUHV���1HHG�GDLO\
UDLQIDOO�DQG�3(7�HVWLPDWHV���$FWXDO�HYDSRUDWLRQ�LV�WKH�OHVVHU�RI�3(7�DQG�UHDGLO\�DYDLODEOH�ZDWHU
FRQWHQW�

<DWHV��0�(����������0DNDUD�([SHULPHQWDO�6WDWLRQ²SUHOLPLQDU\�UHVXOWV���6RLO�DQG�:DWHU���
��±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ���3DVWXUH�
/DQG�8VH�&KDQJH��3DVWXUH�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
0DNDUD�6RLO�&RQVHUYDWLRQ�6WDWLRQ���6DPH�GDWD�DV�:LONLH�HW�DO���������

7KHUH�DV�D�UHGXFWLRQ�LQ�IORZ�ZLWK�WUHDWPHQW�DV�SUHGLFWHG�IURP�D�FRQWURO�FDWFKPHQW��LPSURYHG
SDVWXUH�OD[�JUD]HG��������LPSURYHG�SDVWXUH�KDUG�JUD]HG�������XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������
XQLPSURYHG�SDVWXUH�OD[�JUD]HG��������,Q�VWRUPV�RI�OHVV�WKDQ����PP��WKH�HIIHFW�ZDV�PRUH�VLJQLILFDQW
ZLWK�UHGXFWLRQV�LQ�UXQRII�RI��LPSURYHG�SDVWXUH�OD[�JUD]HG������LPSURYHG�SDVWXUH�KDUG�JUD]HG�����
XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������XQLPSURYHG�SDVWXUH�OD[�JUD]HG�������



���
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,Q�VWRUPV�JUHDWHU�WKDW����PP��WKH�SLFWXUH�ZDV�QRW�DV�FOHDU�ZLWK�VRPH�WUHDWPHQWV�KDYLQJ�DQ�LQFUHDVH�LQ
IORZ��DQG�RQH�D�GHFUHDVH�

<DWHV��0�(����������(IIHFWV�RI�FXOWXUDO�FKDQJH�DW�0DNDUD�([SHULPHQWDO�6WDWLRQ��+\GURORJLFDO
DQG�DJULFXOWXUDO�SURGXFWLRQ�HIIHFWV�RI�WZR�OHYHOV�RI�JUD]LQJ�RQ�XQLPSURYHG�DQG�LPSURYHG�VPDOO
FDWFKPHQWV���-RXUQDO�RI�+\GURORJ\��1HZ�=HDODQG�������±���

&RXQWU\��1HZ�=HDODQG 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ���3DVWXUH�
/DQG�8VH�&KDQJH��3DVWXUH�PDQDJHPHQW
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
0DNDUD�6RLO�&RQVHUYDWLRQ�6WDWLRQ�����FDWFKPHQWV�ZLWK���\HDUV�RI�SUHWUHDWPHQW�GDWD�WKHQ���\HDUV�ZKHQ
SDVWXUH�DQG�VWRFN�PDQDJHPHQW�FKDQJHV�ZHUH�PDGH���&DWFKPHQWV���	���DUH�FRQVLGHUHG�WR�EH�WKH
FRQWURO�FDWFKPHQWV�

0DNDUD�FDWFKPHQW�WUHDWPHQWV�DQG�DQQXDO�ZDWHU�\LHOGV��PP�
&DWFKPHQWV *UD]LQJ�OHYHO 3DVWXUH�VWDWXV 0HDQ�DQQXDO

UXQRII
�FDOLEUDWLRQ�

0HDQ�DQQXDO
UXQRII
�HYDOXDWLRQ�

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

*UHDWHVW�FKDQJHV�RI�VLPLODU�PDJQLWXGHV�RFFXUUHG�ZLWK�SDVWXUH�LPSURYHPHQW�DQG�D�OHVVHU�FKDQJH
RFFXUUHG�ZLWK�ORZHU�VWRFNLQJ�UDWHV���7KHUH�ZHUH�IHZHU�UXQRII�HYHQWV�DQG�WKHVH�ZHUH�VPDOOHU�DV�D�UHVXOW
RI�ODQG�PDQDJHPHQW��

7KHUH�LV�D�UHGXFWLRQ�LQ�IORZ�ZLWK�WUHDWPHQW�DV�SUHGLFWHG�IURP�D�FRQWURO�FDWFKPHQW��LPSURYHG
SDVWXUH�OD[�JUD]HG��������LPSURYHG�SDVWXUH�KDUG�JUD]HG�������XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������
XQLPSURYHG�SDVWXUH�OD[�JUD]HG��������,Q�VWRUPV�RI�OHVV�WKDQ����PP��WKH�HIIHFW�ZDV�PRUH�VLJQLILFDQW
ZLWK�UHGXFWLRQV�LQ�UXQRII�RI��LPSURYHG�SDVWXUH�OD[�JUD]HG������LPSURYHG�SDVWXUH�KDUG�JUD]HG�����
XQLPSURYHG�SDVWXUH�KDUG�JUD]HG������XQLPSURYHG�SDVWXUH�OD[�JUD]HG�������

,Q�VWRUPV�JUHDWHU�WKDW����PP��WKH�SLFWXUH�ZDV�QRW�DV�FOHDU�ZLWK�VRPH�WUHDWPHQWV�KDYLQJ�DQ�LQFUHDVH�LQ
IORZ��DQG�RQH�D�GHFUHDVH�

<XQXVD��,�$�0���0HDG��'�-���3ROORFN��.�0���/XFDV��5�-����������3URFHVV�VWXGLHV�LQ�D�3LQXV
UDGLDWD�SDVWXUH�DJURIRUHVWU\�V\VWHP�LQ�D�VXEKXPLG�WHPSHUDWH�HQYLURQPHQW���,���:DWHU�XVH�DQG
OLJKW�LQWHUFHSWLRQ�LQ�WKH�WKLUG�\HDU���$JURIRUHVWU\�6\VWHPV��������±����

&RXQWU\��1HZ�=HDODQG� 'XUDWLRQ�����PRQWKV 5HSRUW�/RFDWLRQ��5���
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9HJHWDWLRQ���3��UDGLDWD
6WDQG�7\SH��3ODQWDWLRQ���\U 6WDQG�'HQVLW\�������63+
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1����������
6RLO�PRLVWXUH�VWRUDJH��HYDSRWUDQVSLUDWLRQ��(7��DQG�OLJKW�LQWHUFHSWLRQ�ZHUH�GHWHUPLQHG�LQ�DQ

DJURIRUHVWU\�WULDO�QHDU�/LQFROQ��1HZ�=HDODQG��FRQVLVWLQJ�RI�3��UDGLDWD�JURZQ�RYHU�����FRQWURO��EDUH
JURXQG�������U\HJUDVV�FORYHUV��/ROLXP�SHUHQQH�7ULIROLXP�VSS��������OXFHUQH��0HGLFDJR�VDWLYD���DQG����
U\HJUDVV�RQO\��GXULQJ�WKH�WKLUG�JURZLQJ�VHDVRQ�EHWZHHQ������DQG�������,Q�WKH�SHULRG�ZKHQ�UDLQIDOO
ZDV�IUHTXHQW�DQG�H[FHHGHG�WKH�HYDSRUDWLYH�GHPDQG��(SRW���(7�DQG�GHSOHWLRQ�RI�VRLO�PRLVWXUH�ZHUH�QRW
DIIHFWHG�E\�WKH�JURXQG�FRYHU�WUHDWPHQWV��'XULQJ�VXPPHU�ZKHQ�UDLQIDOO�ZDV�OHVV�IUHTXHQW��EXW�ZLWK
PRLVWXUH�UHDGLO\�DYDLODEOH�LQ�WKH�VRLO�SURILOH��(7�ZDV�DVVRFLDWHG�ZLWK�WKH�SODQW�FDQRS\��DQG�ZDV
VLJQLILFDQWO\�KLJKHU�IRU�WKH�SDVWXUH�JURXQG�FRYHUV�WKDQ�IRU�WKH�FRQWURO��7KH�PRUH�UDSLG�JURZWK�E\
OXFHUQH�FDXVHG�KLJKHU�(7�LQ�WKLV�JURXQG�FRYHU�WKDQ�LQ�WKH�U\HJUDVV�FORYHU�JURXQG�FRYHU�LQ�ZKLFK�WKH
SDVWXUH�ZDV�VORZ�JURZLQJ��$W�WKH�HQG�RI�WKH�VWXG\�SHULRG��WRWDO�(7�ZDV�LQ�WKH�IROORZLQJ�RUGHU��OXFHUQH
�����PP��!�U\HJUDVV�FORYHU������PP��!�FRQWURO������PP���(7�ZDV�GRPLQDWHG�E\�SDVWXUH
WUDQVSLUDWLRQ��(S��GXULQJ�PRVW�RI�WKH�JURZLQJ�VHDVRQ��EXW�E\�WUHH�WUDQVSLUDWLRQ��(W��LQ�ZLQWHU�ZKHQ
ODUJH�SDUWV�RI�WKH�SDVWXUH�FDQRS\�ZDV�VKDGHG��(S�ZDV�DOZD\V�DW�OHDVW�����KLJKHU�IRU�OXFHUQH�WKDQ�IRU
U\HJUDVV�FORYHU�DV�D�UHVXOW�RI�D�JUHDWHU�UDGLDWLRQ�LQWHUFHSWHG�E\�WKH�IRUPHU��7KH�IUDFWLRQ�RI�LQFRPLQJ
UDGLDWLRQ�LQWHUFHSWHG�E\�WKH�WUHH�FURZQV�ZDV�LQ�WKH�IROORZLQJ�RUGHU��FRQWURO�!�U\HJUDVV�!
U\HJUDVV�FORYHU�!�OXFHUQH��$W�WKH�HQG�RI�WKH���\U�SHULRG��WKH�IUDFWLRQ�RI�LQWHUFHSWHG�UDGLDWLRQ�ZDV�����
JUHDWHU�IRU�FRQWURO�WKDQ�IRU�WKH�OXFHUQH�JURXQG�FRYHU��7KH�FRQWURO�SURGXFHG�WKH�ODUJHVW�WUHH�FURZQV��
WKHVH�ZHUH�DOPRVW�WZLFH�WKH�VL]H�RI�WKH�WUHH�FURZQV�LQ�WKH�OXFHUQH�JURXQG�FRYHU��ZKLFK�KDG�WKH
VPDOOHVW�WUHHV��$FFRUGLQJO\��WKH�WUHHV�LQ�WKH�FRQWURO�LQWHUFHSWHG�PRUH�UDGLDWLRQ�DQG�UDLQIDOO��ZLWK�WKH
IRUPHU�EHLQJ�ORVW�WR�HYDSRUDWLRQ��WKDQ�WKH�WUHHV�LQ�WKH�SDVWXUH��7KH�IUDFWLRQV�RI�UDGLDWLRQ�LQWHUFHSWHG
DQG�(7�DFFRXQWHG�IRU�E\�WKH�WUHHV�DQG�SDVWXUHV�ZHUH�DVVRFLDWHG�ZLWK�WKH�SURSRUWLRQ�RI�WKH�SORW�DUHD
WKH\�RFFXSLHG�

&RPPHQW
$JUR�IRUHVWU\�WULDO�²SDVWXUH�ZLWK�3��UDGLDWD�DW������63+��

3UHFLSLWDWLRQ�����PRQWKV�� �����PP
,QWHUFHSWLRQ�E\�WUHHV���WR��������EXW�UHODWLYH�WR�ZKDW²WUHH�DUHD�RU�SORW�DUHD"
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6HFWLRQ����6XSSOHPHQWDU\�RYHUVHDV�VWXGLHV�RQ�JRUVH��EUDFNHQ��DQG�ODUJH
FDWFKPHQWV

�D��*RUVH��8OH[�HXURSDHXV�

&DOYR�GH�$QWD��5���3D]��$���'LD]�)LHUURV��)���������1XHYRV�GDWRV�VREUH�OD�LQIOXHQFLD�GH�OD
YHJHWDFLRQ�HQ�OD�IRUPDFLRQ�GHO�VXHOR�HQ�*DOLFLD���,��,QWHUFHSWDFLRQ�GH�OD�SUHFLSLWDFLRQ���$QDO�
(GDIRO��$JURELRO����������±�����

&RXQWU\��6SDLQ� 5HSRUW�/RFDWLRQ��4XRWHG�LQ�6RWR�DQG�'LD]�)LHUURV�������
9HJHWDWLRQ��6FUXEODQG��*RUVH�
.H\ZRUGV��7KURXJKIDOO�

&RPPHQW
��\HDU�ROG�JRUVH�����P�WDOO���
7KURXJKIDOO�ZDV��������RI�UDLQIDOO���$PRXQW""���3HULRG�""�

6RWR��%���'LD]�)LHUURV��)����������6RLO�ZDWHU�EDODQFH�DV�DIIHFWHG�E\�WKURXJKIDOO�LQ�JRUVH��8OH[
HXURSDHXV�/���VKUXEODQG�DIWHU�EXUQLQJ���-RXUQDO�RI�+\GURORJ\���������±������/RFDWLRQ�����

&RXQWU\��6SDLQ 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��*RUVH�
.H\ZRUGV��7KURXJKIDOO

&$%�$EVWUDFWV�$1�����������
7KH�UROH�RI�ILUH�LQ�WKH�K\GURORJLFDO�EHKDYLRXU�RI�JRUVH�VKUXE�LQ�1:�6SDLQ�ZDV�VWXGLHG�IURP

WKH�SRLQW�RI�YLHZ�RI�LWV�HIIHFWV�RQ�YHJHWDWLRQ�FRYHU�DQG�WKURXJKIDOO��,Q�WKH�ILUVW�\HDU�DIWHU�ILUH�
WKURXJKIDOO�UHSUHVHQWHG�B����RI�JURVV�UDLQIDOO��ZKHUHDV�LQ�XQEXUQW�DUHDV�LW�ZDV������)RXU�\HDUV�DIWHU
WKH�ILUH��WKH�WKURXJKIDOO�FRHIILFLHQWV�ZHUH�VLPLODU�LQ�EXUQW�DQG�XQEXUQW�SORWV��B������7KH�WKURXJKIDOO�LV
QRW�OLQHDUO\�UHODWHG�WR�YHJHWDWLRQ�FRYHU�EHFDXVH�DQ�LQFUHDVH�LQ�FRYHU�GRHV�QRW�LQYROYH�D�SURSRUWLRQDO
UHGXFWLRQ�LQ�WKURXJKIDOO��7KH�WKURXJKIDOO�SUHGLFWHG�E\�WKH�WZR�SDUDPHWHU�H[SRQHQWLDO�PRGHO�RI�&DOGHU
�������SURYLGHV�D�JRRG�ILW�ZLWK�WKH�REVHUYHG�WKURXJKIDOO�DQG�WKH?JDPPD?YDOXH�RI�WKH�PRGHO�UHIOHFWV
WKH�HYROXWLRQ�RI�WKURXJKIDOO�UDWH��7KH�VRLO�PRLVWXUH�GLVWULEXWLRQ�LV�PRGLILHG�E\�ILUH�RZLQJ�WR�WKH
LQFUHDVH�RI�HYDSRUDWLRQ�LQ�WKH�VXUIDFH�VRLO�DQG�WKH�GHFUHDVH�RI�WUDQVSLUDWLRQ�IURP�GHHS�VRLO�OD\HUV�
1HYHUWKHOHVV��WKH�XVH�RI�WKH�ROG�URRW�V\VWHP�E\�VSURXWLQJ�YHJHWDWLRQ�OHDGV�WR�D�VRLO�ZDWHU�SURILOH�LQ
ZKLFK����PRQWKV�DIWHU�WKH�ILUH�WKH�VRLO�ZDWHU�ZDV�VLPLODU�LQ�EXUQW�DQG�XQEXUQW�DUHDV��2YHUDOO��VRLO
PRLVWXUH�ZDV�KLJKHU�LQ�EXUQW�SORWV�WKDQ�LQ�XQEXUQW�SORWV��6XUIDFH�UXQRII�LQFUHDVHG�DIWHU�D�ILUH�EXW�GLG
QRW�HQWLUHO\�DFFRXQW�IRU�WKH�LQFUHDVH�LQ�WKURXJKIDOO��7KHUHIRUH�WKH�UHPRYDO�RI�YHJHWDWLRQ�FRYHU�LQ�JRUVH
VFUXE�E\�ILUH�PDLQO\�DIIHFWV�WKH�VXEVXUIDFH�ZDWHU�IORZV�

&RPPHQW
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��\HDU�ROG�JRUVH�����P�WDOO����SORWV�ZHUH�EXUQHG�XQGHU���ILUH�UHJLPHV����ZHUH�OHIW�DV�FRQWUROV�

5DLQIDOO�DQG�WKURXJKIDOO
5DLQIDOO
�PP�

7KURXJKIDOO
&RQWURO
�PP�

7KURXJKIDOO
%XUQ��
�PP�

7KURXJKIDOO
%XUQ��
�PP�

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

��\HDUV�DIWHU�EXUQLQJ�WKURXJKIDOO�KDG�GHFUHDVHG�WR�D�OHYHO�VLPLODU�WR�WKDW�RI�WKH�FRQWURO�SORW�

2EWDLQHG�UHJUHVVLRQV�EHWZHHQ�VWRUP�HYHQW�UDLQIDOO�DQG�WKURXJKIDOO�
&RQWURO�SORW 7)� ������î�3771�	����� Q� ��� U�� �����

%XUQ����<HDU�� 7)� ������î�3771�	����� Q� ��� U�� �����
%XUQ����<HDU�� 7)� ������î�3771�	����� Q� ��� U�� �����
%XUQ����<HDU��	� 7)� ������î�3771�	����� Q� ��� U�� �����

%XUQ����<HDU�� 7)� ������î�3771�	����� Q� ��� U�� �����
%XUQ����<HDU�� 7)� ������î�3771�	����� Q� ��� U�� �����
%XUQ����<HDU��	� 7)� ������î�3771�	����� Q� ��� U�� �����

,QFUHDVHV�LQ�VXUIDFH�UXQRII�IURP�WKH�SORWV�IROORZLQJ�EXUQLQJ�ZHUH�PXFK�VPDOOHU�WKDQ�WKH�JDLQV�LQ
WKURXJKIDOO�LQGLFDWLQJ�LQFUHDVHG�VXEVXUIDFH�DQG�JURXQGZDWHU�ORVVHV�

3ORW�UXQRII
5DLQIDOO
�PP�

5XQRII
&RQWURO
�PP�

5XQRII�%XUQ��
�PP�

5XQRII�%XUQ��
�PP�

����±���� ��� ������� ������� ��������
����±���� ���� �������� �������� ��������
����±���� ���� �������� �������� ��������
����±���� ���� �������� �������� ��������
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�E��%UDFNHQ��3WHULGLXP�VSS�

&DUOLVOH��$���%URZQ��$�+�)���:KLWH��(�-���������7KH�QXWULHQW�FRQWHQW�RI�WUHH�VWHP�IORZ�DQG
JURXQG�IORUD�OLWWHU�DQG�OHDFKDWHV�LQ�D�VHVVLOH�RDN��4XHUFXV�SHWUDHD��RDN�ZRRGODQG���-RXUQDO�RI
(FRORJ\������������±����

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��'HFLGXRXV�IRUHVW�ZLWK�EUDFNHQ�XQGHUVWRU\
.H\ZRUGV��1XWULHQW�F\FOLQJ��7KURXJKIDOO

&RPPHQW
6HVVLOH�RDN�ZRRGODQG�ZLWK�EUDFNHQ�DQG�'HVFKDPSLD�IOH[XRVD�XQGHUVWRUH\V��

)RU�WKH�EUDFNHQ�FRPPXQLW\�UDLQIDOO�ZDV�PHDVXUHG�DERYH�WKH�EUDFNHQ��L�H��XQGHU�WKH�IRUHVW�FDQRS\��DQG
XQGHU�WKH�EUDFNHQ�FDQRS\�

,QFLGHQW�UDLQIDOO�DERYH�WKH�IRUHVW�LQ�WKH���PRQWK�SHULRG�ZDV�����PP��WKURXJKIDOO�ZDV�����PP�DQG
VWHPIORZ����PP�
,QFLGHQW�UDLQIDOO�DERYH�WKH�EUDFNHQ�ZDV�����PP�����PP�ZDV�LQWHUFHSWHG�DQG�����PP�SDVVHG�WKURXJK
WR�WKH�OLWWHU�

/RFNZRRG��-�*���/\DOO��'�.���0F'RQDOG��$�7���1DGHQ��3�6���6PLWK��5�7���������:DWHU�EDODQFH
VWXGLHV�LQ�PRRUODQG�EUDFNHQ�ZLWK�UHIHUHQFH�WR�WKH�FKDQJHV�IROORZLQJ�EUDFNHQ�FOHDUDQFH��
%UDFNHQ��(FRORJ\��ODQGXVH�DQG�FRQWURO�WHFKQRORJ\��3DUWKHQRQ�3XEOLFDWLRQV��&DUQIRUWK�
(QJODQG��3����±����

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
$�EUDFNHQ�ZDWHU�XVH�PRGHO�LV�SUHVHQWHG�EDVHG�RQ�WKH�3HQPDQ�0RQWHLWK�HTXDWLRQ�

6KRZV�EUDFNHQ�FDQRS\�WUDQVSLUDWLRQ�WR�EH�XS�WR���PP�GD\�EXW�YDU\LQJ�GXULQJ�WKH�VHDVRQ�DV�OHDI�DUHD
LQGH[�FKDQJHV���(YDSRUDWLRQ�IURP�WKH�OLWWHU�LV�DOVR�LPSRUWDQW�
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3LWPDQ��-�,���������5DLQIDOO�LQWHUFHSWLRQ�E\�EUDFNHQ�Q�RSHQ�KDELWDWV±UHODWLRQV�EHWZHHQ�OHDI�DUHD
LQGH[��FDQRS\�VWRUDJH�DQG�GUDLQDJH�UDWH���-RXUQDO�RI�+\GURORJ\���������±����

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
$�PL[WXUH�RI�ODERUDWRU\�ZRUN�RQ�FXW�IURQGV�DQG�ILHOG�SORWV�
0HDVXUHG�PD[LPXP�ZDWHU�VWRUDJH� �������î�/$,
0HDVXUHG�PLQLPXP�ZDWHU�VWRUDJH�ZKHQ�WKH�FDQRS\�FHDVHV�WR�GUDLQ� �������î�/$,

3LWPDQ��-�,���3LWPDQ��5�0���������7UDQVSLUDWLRQ�DQG�HYDSRUDWLRQ�IURP�EUDFNHQ��3WHULGLXP
DTXLOLQXP�/��.XKQ��LQ�RSHQ�KDELWDWV���%UDFNHQ��(FRORJ\��ODQGXVH�DQG�FRQWURO�WHFKQRORJ\�
3DUWKHQRQ�3XEOLFDWLRQV��&DUQIRUWK��(QJODQG��3����±����

&RXQWU\��(QJODQG 'XUDWLRQ����JURZLQJ�VHDVRQV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��(YDSRUDWLRQ��7UDQVSLUDWLRQ

&RPPHQW
%UDFNHQ�LQ�WKH�RSHQ���%DVHG�RQ�GDWD�IURP���JURZLQJ�VHDVRQV��1RWHG�DERXW�����RI�WKH�EUDFNHQ
ELRPDVV�ZDV�XQGHUJURXQG�������RI�WKH�URRW�V\VWHP�ZDV�LQ�WKH�WRS����FP�RI�VRLOV��DQG�QR�UKL]RPHV
SHQHWUDWHG�DV�IDU�DV�WKH�%K�KRUL]RQ��GHSWK�QRW�VWDWHG���
0$3� �����PP��3(�����PP���-XQH�WR����6HSW��UDLQIDOO�����WR�����PP�

(YDSRUDWLRQ�DQG�WUDQVSLUDWLRQ�UDWHV�DYHUDJHG������PP�G�LQ������DQG������PP�GD\�LQ�������RQ
SRURPHWU\�PHDVXUHPHQW�GD\V���7KH�RYHUDOO�PHDQ�ZDV������PP�GD\�DQG�PD[LPXP�UDWHV�H[FHHGHG��
PP�GD\�

,QWHUFHSWLRQ�ORVVHV�GXULQJ������DFFRXQWHG�IRU�������RI�WKH������SUHFLSLWDWLRQ������PP��

6XSSOHPHQWV�WKLV�ZRUN�ZLWK�WKH�IROORZLQJ�VXPPDU\�

&RPSDULVRQ�RI�FDQRS\�SDUDPHWHUV�LQ�GLIIHUHQW�YHJHWDWLRQ
0D[LPXP
/$,

&RQGXFWDQFH��PP�VHF (YDSRUDWLRQ�PP�GD\
NV NF ND PHDQ PD[ PHGLDQ

%UDFNHQ²IRUHVW � ����� ����� ����� ����
%UDFNHQ²KHDWKODQ
G

� ����� ��±�� �±��� ��� ���� ����

+HDWKHU±<RUNVKLUH ����� ��±��� ��� ���� �
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+HDWKHU²6FRWODQG ���±�� � ��� ����
3DVWXUH �±��� ��±��� ��� ���
%DUOH\ �±�� �±��� ��� ���
)RUHVW ����� ����� �±�� ��±���

3LWPDQ��-�,���3LWPDQ��5�0����������5DLQIDOO�LQWHUFHSWLRQ�E\�EUDFNHQ�FDQRSLHV�DQG�EUDFNHQ�OLWWHU��
%UDFNHQ�������3URFHHGLQJV�RI�DQ�,QWHUQDWLRQDO�&RQIHUHQFH��6\GQH\��������$,$6�2FFDVLRQDO
3XEO���������±����

&RXQWU\��(QJODQG 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1����������
3UHYLRXV�GDWD�RQ�UDLQIDOO�LQWHUFHSWLRQ�E\�EUDFNHQ��3WHULGLXP�VSS���DUH�FULWLFDOO\�UHYLHZHG��7KH

UHVXOWV�RI���VHDVRQV¶�PHDVXUHPHQWV�RI�WKURXJKIDOO�DQG�IURQG�µVWHP¶�IORZ�DUH�SUHVHQWHG��DV�ZHOO�DV
ODERUDWRU\�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�EUDFNHQ�OHDI�DUHD�DQG�GUDLQDJH�UDWH��DQG�EUDFNHQ�OLWWHU
ELRPDVV�DQG�GUDLQDJH�UDWH���7KH�PD[LPXP�DPRXQW�RI�ZDWHU�VWRUHG�RQ�EUDFNHQ�IURQGV�LV�D�VLPSOH
IXQFWLRQ�RI�OHDI�DUHD��ZKLOVW�WKH�GUDLQDJH�UDWH�LV�VKRZQ�WR�EH�D�VLPSOH�H[SRQHQWLDO�IXQFWLRQ�RI�WKH
DPRXQW�RI�ZDWHU�VWRUHG�ZKHQ�WKH�EUDFNHQ�FHDVHV�WR�GUDLQ���7KH�UHVXOWV�RI�ILHOG�PHDVXUHPHQWV�DUH
FRPSDUHG�WR�LQWHUFHSWLRQ��PRGHOOHG�XVLQJ�WKH�QHZ�GUDLQDJH�IXQFWLRQV�DQG�WKH�5XWWHU�LQWHUFHSWLRQ
PRGHO��

5REHUWV��-���������6WRPDWDO�FRQGXFWDQFH�DQG�WUDQVSLUDWLRQ�IURP�D�EUDFNHQ�XQGHUVWRUH\�LQ�D�SLQH
SODQWDWLRQ���%UDFNHQ��(FRORJ\��ODQGXVH�DQG�FRQWURO�WHFKQRORJ\��3DUWKHQRQ�3XEOLFDWLRQV�
&DUQIRUWK��(QJODQG��3����±����

&RXQWU\��(QJODQG 'XUDWLRQ����JURZLQJ�VHDVRQV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
7UDQVSLUDWLRQ�IURP�EUDFNHQ�DQG�IRUHVW�GXULQJ�VXPPHU�����

)RUHVW�LQFOXGLQJ
XQGHUVWRUH\
�PP�

%UDFNHQ
�PP�

%UDFNHQ�IRUHV
W
�

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

5REHUWV��-���3\PDU��&�)���:DOODFH��-�6���3LWPDQ��5�0����������6HDVRQDO�FKDQJHV�LQ�OHDI�DUHD�
VWRPDWDO�DQG�FDQRS\�FRQGXFWDQFHV�DQG�WUDQVSLUDWLRQ�IURP�EUDFNHQ�EHORZ�D�IRUHVW�FDQRS\��
-RXUQDO�RI�$SSOLHG�(FRORJ\��������±����

&RXQWU\��(QJODQG 'XUDWLRQ� 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��7UDQVSLUDWLRQ

&RPPHQW
0HDVXUHPHQWV�RQ����GD\V�LQ�����²WKH�VDPH�WDEOH�DV�DERYH�IRU�5REHUWV��������LV�JLYHQ�

6PLWK��5�7��/RFNZRRG��-�*����������%UDFNHQ�LQYDVLRQ�DQG�EUDFNHQ�UHSODFHPHQW��JXLGHOLQHV�IRU
WKH�SUHGLFWLRQ�RI�K\GURORJLFDO�FKDQJHV���%UDFNHQ��������3URFHHGLQJV�RI�DQ�,QWHUQDWLRQDO
&RQIHUHQFH��6\GQH\��������$,$6�2FFDVLRQDO�3XEO���������±����

&RXQWU\��(QJODQG 'XUDWLRQ� 5HSRUW�/RFDWLRQ��1RW�VLJKWHG
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��,QWHUFHSWLRQ

&$%�$EVWUDFWV�$1����������
6RLO�PRLVWXUH�GHILFLWV�EDVHG�RQ�ILHOG�PHDVXUHPHQWV�DQG�PRGHO�VLPXODWLRQ�IRU�QRUWKHUQ

(QJODQG�ZHUH�XVHG�WR�HVWDEOLVK�WKDW�VLJQLILFDQW�GLIIHUHQFHV�RFFXU�EHWZHHQ�EUDFNHQ�FRYHUHG�DQG�RWKHU
VXUIDFHV��YHJHWDWHG�DQG�XQYHJHWDWHG���&OHDUDQFH�RI�EUDFNHQ��3WHULGLXP�DTXLOLQXP��LQLWLDOO\�OHG�WR
LQFUHDVHG�VRLO�PRLVWXUH���(VWDEOLVKPHQW�RI�DOWHUQDWLYH�YHJHWDWLRQ�OHG��ZLWK�WKH�H[FHSWLRQ�RI�FRQLIHUV��WR
KLJKHU�VXPPHU�VRLO�PRLVWXUH�GHILFLWV���7KH�UHVXOWV�DUH�GLVFXVVHG�LQ�UHODWLRQ�WR�RWKHU�DUHDV��DQG�WKH



���

/DQGFDUH�5HVHDUFK

VXFFHVV�RI�EUDFNHQ�LV�OLQNHG�WR�VSHFLILF�K\GURORJLFDO�DWWULEXWHV�

:LOOLDPV��$�*���.HQW��0���7HUQDQ��-�/���������4XDQWLW\�DQG�TXDOLW\�RI�EUDFNHQ�WKURXJKIDOO�
VWHPIORZ�DQG�OLWWHUIORZ�LQ�D�'DUWPRRU�FDWFKPHQW��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±����

&RXQWU\��(QJODQG 'XUDWLRQ����PRQWKV 5HSRUW�/RFDWLRQ��5���
9HJHWDWLRQ��6FUXEODQG��%UDFNHQ�
.H\ZRUGV��,QWHUFHSWLRQ

&RPPHQW
��PRQWKV�IURP�IURQG�VKRRW�HPHUJHQFH�LQ�-XQH�XQWLO�VHQHVFHQFH�LQ�2FWREHU���

3771������PP��7I���6I� �����PP� �������RI�SUHFLSLWDWLRQ�IRU�WKH�SHULRG�DQG�DERXW�����RI�WKH
DQQXDO�WRWDO���



���

/DQGFDUH�5HVHDUFK

�F��/DUJH�FDWFKPHQWV

'XQFDQ��6�+����������3HDN�VWUHDP�GLVFKDUJH�GXULQJ�WKLUW\�\HDUV�RI�VXVWDLQHG�WLPEHU
PDQDJHPHQW�LQ�WZR�ILIWK�RUGHU�ZDWHUVKHGV�LQ�:DVKLQJWRQ�6WDWH���1RUWKZHVW�6FLHQFH��������±���

&RXQWU\��86$ 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��(YHUJUHHQ�QDWLYH�IRUHVW
/DQG�8VH�&KDQJH��+DUYHVWLQJ
.H\ZRUGV��6WRUPIORZ

&RPPHQW
�����KD�LQ�WKH�������KD�'HVFKXWHV�5LYHU�ZDWHUVKHG�LQ�WKH�&DVFDGHV�PRXQWDLQV��:DVKLQJWRQ�6WDWH��
0DLQO\�'RXJODV�ILU�ZLWK�ZHVWHUQ�KHPORFN�DQG�3DFLILF�VLOYHU�ILU���&RQWLQXRXVO\�KDUYHVWHG�RYHU����\HDUV
DQG�DW�WKH�HQG�RI�WKH�VWXG\�����RI�WKH�FDWFKPHQW�ZDV������\HDUV�ROG���$OO�FOHDUFXWV�KDYH�EHHQ
UHJHQHUDWHG�ZLWK�'RXJODV�ILU���8VHV�WKH�������KD�1DVHOOH�5LYHU�FDWFKPHQW�DV�D�FRQWURO�

6HOHFWHG�VWRUPV�DERYH�D�JLYHQ�EDVHIORZ²���IRU�WKH�'HVFKXWHV�DQG����IRU�WKH�1DVHOOH�

5HJUHVVHG�SHDN�IORZ�DJDLQVW�WRWDO�VWRUP�UDLQIDOO�DQG�SORWWHG�UHVLGXDOV�Y�WLPH�WR�H[DPLQH�WKH
UHODWLRQVKLS�EHWZHHQ�LQFUHDVLQJ�FOHDUFXW�DUHD�DQG�SHDN�IORZ�PDJQLWXGH���$�OLQHDU�UHODWLRQVKLS�JDYH�D
EHWWHU�U��WKDW�D�SRZHU�UHODWLRQVKLS�EXW�OHVV�WKDQ�KDOI�WKH�YDULDQFH�FRXOG�EH�H[SODLQHG�EH�WKH
UHODWLRQVKLSV���1R�WUHQGV�FRXOG�EH�VHHQ�LQ�WKH�UHVLGXDOV���7KLV�LQGLFDWHG�WKDW�DW�WKLV�FDWFKPHQW�VFDOH�DQG
WKH�GLVWULEXWHG�SURJUHVVLYH�KDUYHVWLQJ�UHJLPH��QR�HIIHFWV�FRXOG�EH�GHWHFWHG�

��
/\RQV��-�.���%HVFKHWD��5�/��������/DQGXVH��IORRGV�DQG�FKDQQHO�FKDQJHV��8SSHU�0LGGOH�)RUN
:LOODOHWH�5LYHU��2UJHRQ�������������:DWHU�5HVRXUFHV�5HVHDUFK������������

&RXQWU\��86$ 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��/.5
9HJHWDWLRQ��0L[HG
/DQG�8VH�&KDQJH��+DUYHVWLQJ
.H\ZRUGV��6WRUP�IORZ

&RPPHQW
%HWZHHQ������DQG������DERXW�����RI�WKH��������KD�FDWFKPHQW�ZDV�KDUYHVWHG���0$3�LV�DERXW�����
PP���)RU����PDMRU�VWRUPV�RYHU�WKH�ODVW����\HDUV��WKH\�UHJUHVVHG�SHDN�IORZ�DJDLQVW�WRWDO�VWRUP�UDLQIDOO
 �UDLQIDOO�RQ�WKH�GD\�RI�WKH�SHDN�DQG�WKH�SUHYLRXV�GD\V�WR�JHW�
3HDN�IORZ��FXPHFV�� ������[�3UHFLS��PP�������
%XW�RQO\�����RI�WKH�YDULDWLRQ�LQ�WKH�GDWD�ZDV�H[SODLQHG�E\�WKH�UHJUHVVLRQ�
&DUULHG�RXW�DQ�DQDO\VLV�RQ�WKH�UHVLGXDOV�IURP�WKH�UHJUHVVLRQ��ZKLFK�VKRZHG�D�WLPH�WUHQG�WKDW�LQGLFDWHG
LQFUHDVLQJ�SHDN�IORZV�



���

/DQGFDUH�5HVHDUFK

3DWULF��-�+���*RXOG��(�0��������6KLIWLQJ�ODQGXVH�DQG�WKH�HIIHFWV�RQ�ULYHU�IORZ�LQ�0DVVDFKXVHWWV��
-RXUQDO�RI�WKH�$PHULFDQ�:DWHU�DQG�:DVWHV�$VVRFLDWLRQ�������±���

&RXQWU\��86$ 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��0L[HG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
'DWD�IRU�VHYHUDO�ODUJH�ZDWHUVKHGV�RQ�0DVVDFKXVHWWV�IURP�WKH�PLG��WR�ODWH�����V�WR�WKH�����V���7KHUH
DUH�QRQ�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�DSSDUHQW�LQ�PDVV�FXUYHV�RI�DQQXDO�IORZV�ZKLFK�FRLQFLGH�ZLWK
VLJQLILFDQW�FKDQJHV�LQ�ODQGXVH�SUDFWLFHV�DV�IDUPV�ZHUH�DEDQGRQHG�DQG�DOORZHG�WR�UHYHUW�WR�IRUHVW���7KH
FKDQJHV�QRWHG�DPRXQWHG�WR����PP�SHU�\HDU�EXW�WKH�GHFUHDVHV�ZHUH�QRW�DSSDUHQW�XQWLO�DW�OHDVW�����RI
WKH�ZDWHUVKHGV�KDG�EHHQ�DIIRUHVWHG�E\�D�SURFHVV�RI�UHYHUVLRQ�IURP�DJULFXOWXUH�

3LWPDQ��:�9���������7UHQGV�LQ�VWUHDPIORZ�GXH�WR�XSVWUHDP�ODQG�XVH�FKDQJHV���-RXUQDO�RI
+\GURORJ\��������±����

&RXQWU\��6RXWK�$IULFD 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��1RW�VWDWHG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
8VHG�D�PRGHO�GHYHORSHG�E\�WKH�DXWKRU�WR�GHWHFW�D�FKDQJH�LQ�VWUHDPIORZ�RI�����PP�\U�DV�WKH��������KD
4XHHQV�5LYHU�KDG�IRUHVWU\�H[SDQVLRQ�IURP����WR�����RYHU�WKH�VWXG\�SHULRG�

7ULPEOH��6�:���:HLULFK��)�+���������5HIRUHVWDWLRQ�UHGXFHV�VWUHDPIORZ�LQ�WKH�VRXWKHVWHUQ�8QLWHV
6WDWHV���-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ��������±����

&RXQWU\��86$ 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��0L[HG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG



���

/DQGFDUH�5HVHDUFK

&RPPHQW
7HQ�ZDWHUVKHGV�UDQJLQJ�LQ�DUHD�IURP������NP��WR�������NP����8VHG�DQQXDO�VWUHDPIORZ�UDLQIDOO
UHJUHVVLRQV��IRU�HDUO\�DQG�ODWH�SHULRGV��JHQHUDOO\�ZLWKLQ�����±�����DQG�����±������DQG�GRXEOH�PDVV
DQDO\VLV�

&KDQJH�LQ�VWUHDPIORZ�ZLWK�DIIRUHVWDWLRQ��6(�86$
&DWFKPHQW
DUHD�
�NP��

$UHD�UHIRUHVWHG
���

'HFUHDVH�IURP
UHJUHVVLRQ
�PP�����

'HFUHDVH�IURP
PDVV�FXUYH
�PP�����

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

7ULPEOH��6�:���:HLULFK��)�+���%RDJ��%�/���������5HIRUHVWDWLRQ�DQG�WKH�UHGXFWLRQ�RI�ZDWHU�\LHOG
LQ�WKH�VRXWKHUQ�3LHGPRQW�VLQFH�FLUFD��������:DWHU�5HVRXUFHV�5HVHDUFK��������±���

&RXQWU\��86$ 'XUDWLRQ�����\HDUV 5HSRUW�/RFDWLRQ��5����
9HJHWDWLRQ��0L[HG
/DQG�8VH�&KDQJH��$IIRUHVWDWLRQ
.H\ZRUGV��:DWHU�\LHOG

&RPPHQW
3UHVHQWV�PXFK�WKH�VDPH�GDWD�DV�7ULPEOH�DQG�:HLULFK��������



���

/DQGFDUH�5HVHDUFK

6HFWLRQ�����$GGLWLRQDO�5HIHUHQFHV

�D��5HIHUHQFHV�

�&LWDWLRQV�ZLWKLQ�WKH�GRFXPHQW�WKDW�DUH�QRW�LQFOXGHG�LQ�6HFWLRQ���

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

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

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

*DVK��-�-����������$Q�DQDO\WLFDO�PRGHO�RI�UDLQIDOO�LQWHUFHSWLRQ�E\�IRUHVWV���4XDUWHUO\�-RXUQDO�RI�WKH
5R\DO�0HWHRURORJLFDO�6RFLHW\��������±���

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

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

0F/DUHQ��3����������(QYLURQPHQWDO�(IIHFWV�RI�3ODQWHG�)RUHVWV�LQ�1HZ�=HDODQG���1HZ�=HDODQG�)RUHVW
5HVHDUFK�,QVWLWXWH�%XOOHWLQ�1R�������1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH���5RWRUXD�����S�

0$)����������$�1DWLRQDO�([RWLF�)RUHVW�'HVFULSWLRQ�DV�DW���$SULO��������0LQLVWU\�RI�$JULFXOWXUH�DQG
)LVKHULHV���:HOOLQJWRQ�

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

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

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

5RZH��/�.����������3URFHHGLQJV��/DQG�XVH�FKDQJH�DQG�ZDWHU�UHVRXUFHV�LPSDFWV�WHFKQLFDO�ZRUNVKRS��
��±���0DUFK�������5LFKPRQG��1HOVRQ���/DQGFDUH�5HVHDUFK�1HZ�=HDODQG��7DVPDQ�'LVWULFW�&RXQFLO�
1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��

5RZH��/�.���)DKH\��%�'���-DFNVRQ��5�-�������D��7KH�K\GURORJ\�RI�'RXJODV�ILU�SODQWDWLRQV��$Q



���

/DQGFDUH�5HVHDUFK

DQQRWDWHG�ELEOLRJUDSK\���60)�����5HSRUW���

5RZH��/���)DKH\��%���-DFNVRQ��5���'XQFDQ��0����������(IIHFWV�RI�ODQGXVH�RQ�IORRGV�DQG�ORZ�IORZV���&K�
��LQ��0RVOH\��0�3���3HDUVRQ��&�3���(GV����)ORRGV�DQG�GURXJKWV��WKH�1HZ�=HDODQG�H[SHULHQFH���1HZ
=HDODQG�+\GURORJLFDO�6RFLHW\��:HOOLQJWRQ��3S����±����

5RZH��/�.���-DFNVRQ��5�-���)DKH\��%�'�������E���1HZ�=HDODQG�ODQG�XVH�K\GURORJ\���$Q�DQQRWDWHG
ELEOLRJUDSK\���60)�����5HSRUW���

6WHGQLFN��-�'���������0RQLWRULQJ�WKH�HIIHFWV�RI�WLPEHU�KDUYHVW�RQ�DQQXDO�ZDWHU�\LHOG��-RXUQDO�RI
+\GURORJ\��������±����



���

/DQGFDUH�5HVHDUFK

�E��8QSXEOLVKHG�&RQWUDFW�5HSRUWV

%DNHU��0�$���)HQHPRU��$����������(IIHFWV�RI�SLQH�SODQWDWLRQV�RQ�FDWFKPHQW�ZDWHU�\LHOG��7DVPDQ
)RUHVWU\�SURSRVDO���1HOVRQ�0DUOERURXJK�5HJLRQDO�&RXQFLO��5HVRXUFH�3ODQQLQJ�'LUHFWRUDWH
FRQVXOWDQF\�UHSRUW�IRU�7DVPDQ�)RUHVWU\�/WG�

'XQFDQ��0�-����������5HODWLRQVKLS�RI�ODQG�XVH�WR�JURXQGZDWHU�UHFKDUJH�DW�0RXWHUH�5HVHDUFK�&HQWUH��
1,:$�)UHVKZDWHU�'LYLVLRQ�UHSRUW�IRU�7DVPDQ�'LVWULFW�&RXQFLO�

'XQFDQ��0�-����������%ODFNELUG�9DOOH\�IORZ�DXJPHQWDWLRQ���1,:$�&KULVWFKXUFK�0LVFHOODQHRXV�UHSRUW
QR�����IRU�7DVPDQ�)RUHVWU\�/WG�

'XQFDQ��0�-����������(IIHFWV�RI�DIIRUHVWDWLRQ�RQ�ZDWHU�\LHOG�IRU�WKH�:DLKRSDL�DQG�6RXWKHUQ�9DOOH\
DUHDV��:DLUDX�FDWFKPHQW��0DUOERURXJK���1,:$�FOLHQW�UHSRUW�QR�&+&������

)DKH\��%�'�������D���3RWHQWLDO�LPSDFWV�RI�DIIRUHVWDWLRQ�RQ�ORZ�IORZV�LQ�QRUWK�HDVW�2WDJR��,QYHVWLJDWLRQ
DQG�FRPPHQW���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&���������IRU�2WDJR�5HJLRQDO
&RXQFLO�

)DKH\��%�'�������E���:DWHU�\LHOGV�IURP�WKH�'HHS�6WUHDP�DQG�'HHS�&UHHN�FDWFKPHQWV�����±������
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU�'XQHGLQ�&LW\�&RXQFLO�

)DKH\��%�'���-DFNVRQ��5�-����������/RZ�IORZ�LQYHVWLJDWLRQ�RI�WKH�:DLNRXDLWL�&DWFKPHQW���8QSXEOLVKHG
/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&�������IRU�'XQHGLQ�&LW\�&RXQFLO�

)DKH\��%�'���-DFNVRQ��5�-����������5HYLHZ�RI�DIIRUHVWDWLRQ�LPSDFWV�RQ�ZDWHU�\LHOG�DQG�ORZ�IORZ��DQG
UHFRPPHQGDWLRQV�IRU�IXUWKHU�ZRUN���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU
&DQWHUEXU\�5HJLRQDO�&RXQFLO�

+DOO��0�-�0����������$�UHYLHZ�RI�ZDWHU�UHODWHG�UHVHDUFK�LQ�WKH�1HOVRQ�DQG�0DUOERURXJK�UHJLRQV���$
UHSRUW�IRU�7DVPDQ�)RUHVWU\�/WG�

-DFNVRQ��5�-����������7DUDZHUD�5LYHU�IORZ�DQDO\VLV��D�FULWLFDO�UHYLHZ���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK
FRQWUDFW�UHSRUW�/&��������IRU�7DVPDQ�)RUHVWU\�/WG�

-DFNVRQ��5�-����������1HOVRQ�0DUOERURXJK�)RUHVWU\�0RQLWRULQJ�&ROOHFWLYH�)RUHVW�0RQLWRULQJ�3URMHFW��
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&���������IRU�1HOVRQ�0DUOERURXJK�)RUHVWU\
0RQLWRULQJ�&ROOHFWLYH�

-DFNVRQ��5�-����������+\GURORJ\�DQG�K\GUDXOLFV�UHYLHZ�IRU�WKH�3LDNR�5LYHU�VFKHPH�GLIIHUHQWLDO�UDWLQJ
SURMHFW��6WRUP�UXQRII�IURP�IRUHVW�DQG�SDVWXUH���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW
/&�����IRU�(QYLURQPHQW�:DLNDWR��

-DFNVRQ��5�-���)DKH\��%�'���������:DWHU�XVH�E\�IRUHVWV�LQ�ZDWHU�VKRUW�UHJLRQV����8QSXEOLVKHG�)RUHVW
5HVHDUFK�,QVWLWXWH�FRQWUDFW�UHSRUW�):(������IRU�0LQLVWU\�RI�)RUHVWU\�3ROLF\�'LYLVLRQ��:HOOLQJWRQ�

-DFNVRQ��5�-���)DKH\��%�'���3KLOOLSV��&�-����������,PSDFWV�RI�FOHDUIHOOLQJ�RQ�ZDWHU�\LHOG�DQG�IORRG
K\GURORJ\��'RQDOG�&UHHN�FDWFKPHQWV��%LJ�%XVK�6WDWH�)RUHVW��VRXWKZHVW�1HOVRQ��DQG�UHYLHZ�RI



���

/DQGFDUH�5HVHDUFK

FKDQJHV�LQ�VRLO�VWUHQJWK�DV�WUHHV�GHFD\���8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&������IRU
7DVPDQ�)RUHVWU\��1HOVRQ��/WG�

3KLOOLSV��&�-���&RNHU��5�-����������6RLO�DQG�ZDWHU�LPSDFWV�RI�VPDOO�FRXSH�KDUYHVWLQJ�LQ�EHHFK�IRUHVW�
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&��������IRU�3LQH�3ODQ�1HZ�=HDODQG�/WG�

5RZH��/�.���0DUGHQ��0����������6HGLPHQWDWLRQ�SURFHVVHV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\�
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