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6LJQDWXUH�3DJH

$V DXWKRUV RI WKLV *URXS 3URMHFW UHSRUW� ZH DUFKLYH WKLV UHSRUW RQ WKH %UHQ 6FKRRO¶V ZHEVLWH VXFK
WKDW WKH UHVXOWV RI RXU UHVHDUFK DUH DYDLODEOH IRU DOO WR UHDG� 2XU VLJQDWXUHV RQ WKLV GRFXPHQW
VLJQLI\ RXU MRLQW UHVSRQVLELOLW\ WR IXOILOO WKH DUFKLYLQJ VWDQGDUGV VHW E\ WKH %UHQ 6FKRRO RI
(QYLURQPHQWDO�6FLHQFH�	�0DQDJHPHQW�

*DEULHOOH�%DUVRWWL

+DQQDK�%UDG\

-RUGDQ�'DYLV

&DUO\�1RUULV

(ULF�6KDSKUDQ

7KH %UHQ 6FKRRO RI (QYLURQPHQWDO 6FLHQFH 	
0DQDJHPHQW SURGXFHV SURIHVVLRQDOV ZLWK
XQULYDOHG WUDLQLQJ LQ HQYLURQPHQWDO VFLHQFH DQG
PDQDJHPHQW ZKR ZLOO GHYRWH WKHLU XQLTXH VNLOOV
WR WKH GLDJQRVLV� DVVHVVPHQW� PLWLJDWLRQ�
SUHYHQWLRQ� DQG UHPHG\ RI WKH HQYLURQPHQWDO
SUREOHPV RI WRGD\ DQG WKH IXWXUH� $ JXLGLQJ
SULQFLSOH RI WKH 6FKRRO LV WKDW WKH DQDO\VLV RI
HQYLURQPHQWDO SUREOHPV UHTXLUHV TXDQWLWDWLYH
LQWHUGLVFLSOLQDU\ WUDLQLQJ DQG DQ DZDUHQHVV RI
WKH SK\VLFDO� ELRORJLFDO� VRFLDO� SROLWLFDO� DQG
HFRQRPLF FRQVHTXHQFHV WKDW DULVH IURP
VFLHQWLILF�RU�WHFKQRORJLFDO�GHFLVLRQV�

7KH *URXS 3URMHFW LV UHTXLUHG RI DOO VWXGHQWV LQ
WKH 0DVWHU RI (QYLURQPHQWDO 6FLHQFH DQG
0DQDJHPHQW �0(60� 3URJUDP� 7KH SURMHFW LV D
\HDU�ORQJ DFWLYLW\ LQ ZKLFK VPDOO JURXSV RI
VWXGHQWV FRQGXFW IRFXVHG� LQWHUGLVFLSOLQDU\
UHVHDUFK RQ WKH VFLHQWLILF� PDQDJHPHQW� DQG
SROLF\ GLPHQVLRQV RI D VSHFLILF HQYLURQPHQWDO
LVVXH�

7KLV *URXS 3URMHFW )LQDO 5HSRUW LV DXWKRUHG E\ 0(60 VWXGHQWV DQG KDV EHHQ UHYLHZHG DQG
DSSURYHG�E\�

(ULF�0DVDQHW 'DWH

-DVRQ�0DLHU 'DWH



Acknowledgements

The Play Sustainaball Team would like to extend our sincerest gratitude toward the 
following individuals and organizations for their expertise and direction throughout 
every stage of the project. We would also like to thank our generous donors for their 
financial contributions.

Faculty Advisor | Dr. Eric Masanet
PhD Advisor | Jason Maier
Clients | Gary Goldring & Players for the Planet
Donors | The Goldring Family Foundation & Yardi
External Advisors | Dr. Roland Geyer & Erik Distler

Industry Experts | MLB, Tampa Bay Rays, New York Mets, Colorado Rockies



7DEOH�RI�&RQWHQWV

6LJQDWXUH�3DJH
$FNQRZOHGJHPHQWV
7DEOH�RI�&RQWHQWV
/LVW�RI�7DEOHV
����3URMHFW�2EMHFWLYHV �
����6LJQLILFDQFH �
����%DFNJURXQG �
����)RRWSULQWLQJ�*RDO�DQG�6FRSH �

�����)XQFWLRQDO�8QLW �
�����6\VWHP�%RXQGDU\ �
�����([FOXGHG�'DWD ��

���0HWKRGV ��
�����&DUERQ�)RRWSULQW�0HWKRGRORJ\�2YHUYLHZ ��

�������6FRSH�� ��
�������6FRSH�� ��
�������6FRSH�� ��

����2QVLWH�:DWHU�8VH ��
����5HVXOWV ��

�����&DUERQ�)RRWSULQW�5HVXOWV ��
�������&DUERQ�)RRWSULQW��$FWLYLW\�+RWVSRWV ��

���������6FRSH���(PLVVLRQV ��
���������6FRSH���(PLVVLRQV ��
���������8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU ��
���������'RZQVWUHDP�6ROLG�:DVWH ��
���������)DQ�7UDQVSRUWDWLRQ ��
���������7HDP�7UDYHO ��
���������&RQFHVVLRQV ��
���������0HUFKDQGLVH ��

����2QVLWH�:DWHU�8VH�5HVXOWV ��
���'LVFXVVLRQ ��

�����&DUERQ�)RRWSULQW�DQG�2QVLWH�:DWHU�8VH ��
�������6FRSH���(PLVVLRQV ��
�������6FRSH���(PLVVLRQV ��
�������8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU ��
�������'RZQVWUHDP�6ROLG�:DVWH ��
�������)DQ�7UDQVSRUWDWLRQ ��
�������7HDP�7UDYHO ��



�������&RQFHVVLRQV ��
�������0HUFKDQGLVH ��
������2QVLWH�:DWHU�8VH ��

�����*HQHUDO�5HFRPPHQGDWLRQV�	�)XWXUH�5HVHDUFK ��
���&RQFOXVLRQ ��
���5HIHUHQFHV ��

6XSSOHPHQWDO�,QIRUPDWLRQ ��
����6XSSOHPHQWDO�,QIRUPDWLRQ��'HWDLOHG�0HWKRGRORJ\ ��

�����&DUERQ�)RRWSULQW�0HWKRGRORJ\ ��
��������6FRSH���(PLVVLRQV ��

���������6FRSH���(PLVVLRQV�$VVXPSWLRQV ��
��������6FRSH���(PLVVLRQV ��
��������8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU ��

���������8SVWUHDP�1DWXUDO�*DV ��
���������8SVWUHDP�:DWHU�7UHDWPHQW ��

��������'RZQVWUHDP�6ROLG�:DVWH ��
���������6HQVLWLYLW\�$QDO\VLV ��
���������0HWKRGRORJ\�/LPLWDWLRQV ��

��������)DQ�7UDQVSRUWDWLRQ ��
����������'DWD ��
����������&OHDQLQJ�'DWD ��
����������'HULYLQJ�'LVWDQFHV�IURP�=LS�&RGHV ��
����������9HKLFOH�*+*�(PLVVLRQ�)DFWRUV ��
����������&DOFXODWLQJ�*+*�(PLVVLRQV�IURP�'LVWDQFHV ��
����������$VVXPSWLRQV ��
����������8SSHU�DQG�/RZHU�%RXQG�(VWLPDWHV ��
����������6FHQDULR�$QDO\VLV�0HWKRGRORJLHV�DQG�$VVXPSWLRQV ��

��������7HDP�7UDYHO ��
����������&RPSDULVRQ�WR�0HWV�'DWD ��

��������&RQFHVVLRQV ��
����������'DWD�$YDLODEOH�IURP�WKH�5D\V ��
����������(PLVVLRQV�'DWDVHW ��
����������&DOFXODWLQJ�(PLVVLRQV ��
����������%($�6HFWRU�&RGH�$VVXPSWLRQV ��

��������0HUFKDQGLVH ��
���������3URGXFW�3ULFLQJ�$VVXPSWLRQV ��
���������0/%�0DUNXS�$VVXPSWLRQV ��
���������3&(�7DEOH�$VVXPSWLRQ ��
���������³*UDE�EDJ´�$VVXPSWLRQV ��

�����2QVLWH�:DWHU�8VH�0HWKRGRORJ\ ��



�������5HVWURRPV ��
�������)LHOG�8VH ��
��������&RROLQJ�7RZHUV ��
��������2WKHU�&DOFXODWLRQV ��

�����5HFRPPHQGDWLRQV ��
������(QHUJ\ ��
������:DWHU ��
�����:DVWH ��
������)DQ�7UDQVSRUWDWLRQ ���
������&RQFHVVLRQV ���
�����0/%�6SHFLILF�5HFRPPHQGDWLRQV ���
�������/HYHUDJLQJ�3DUWQHUVKLSV�6SRQVRUVKLSV�WR�6SXU�(9�$GRSWLRQ ���
�������7HDP�7UDYHO�5HFRPPHQGDWLRQV ���

����6XSSOHPHQWDO�,QIRUPDWLRQ��)DQ�7UDQVSRUWDWLRQ�6XUYH\�3XUSRVH��,PSOHPHQWDWLRQ��DQG
$QDO\VLV ���

�����)DQ�7UDQVSRUWDWLRQ�6XUYH\�3XUSRVH�DQG�%DFNJURXQG ���
����6XSSOHPHQWDO�,QIRUPDWLRQ��)DQ�7UDQVSRUWDWLRQ�6XUYH\ ���



/LVW�RI�7DEOHV

7DEOH��� 3HUFHQWDJH�RI�WRWDO�\HDU�ORQJ�XWLOLWLHV�VHUYLFHV XVHG�RU�GLVSRVHG�RI�GXULQJ�WKH�����
VHDVRQ

7DEOH��� &DWHJRULHV�RI�6FRSH���HPLVVLRQV�LQFOXGHG LQ�RXU�VWXG\�FDUERQ�IRRWSULQW
7DEOH��� $�VXPPDU\�RI�GDWD�VRXUFHV�*+*�3URWRFRO�PHWKRGRORJ\ XVHG��DQG�HPLVVLRQ�IDFWRU

VRXUFHV�XVHG
7DEOH���0DVV�DQG�SHUFHQW�*+*�HPLVVLRQV�EUHDNGRZQ E\�DFWLYLW\�RI�WKH�5D\V������VHDVRQ

�$SULO�6HSWHPEHU��LQ�&2�H�DQG�UHVSHFWLYH�*+*V��&2���&+���1�2�
7DEOH��� ,GHQWLILHG�KRWVSRWV�E\�DFWLYLW\�HYDOXDWHG IRU�FDUERQ�IRRWSULQW
7DEOH��� 6FRSH���HPLVVLRQV�E\�IRVVLO�IXHO�W\SH
7DEOH��� 6FRSH���HPLVVLRQV��*+*�HPLVVLRQV�IURP�HOHFWULFLW\ JHQHUDWLRQ�
7DEOH��� 8SVWUHDP�*+*�HPLVVLRQV�E\�XWLOLW\
7DEOH���:$50�*+*�HPLVVLRQV�ZDVWH�PDQDJHPHQW�DQDO\VLV
7DEOH���� 6XPPDU\�IDQ�WUDQVSRUWDWLRQ�VWDWLVWLFV�DQG HPLVVLRQV
7DEOH���� 9HKLFOH�RFFXSDQF\�UDWHV�IURP�VXUYH\�UHVSRQVHV �DOO�WUDQVSRUWDWLRQ�PRGHV�
7DEOH���� 7HDP�WUDYHO�*+*�HPLVVLRQV�E\�W\SH�RI�WUDYHO DFWLYLW\�JHQHUDWLQJ�HPLVVLRQV
7DEOH���� )OLJKWV�ZLWK�WKH�ODUJHVW�FDUERQ�IRRWSULQW
7DEOH���� 7RS�WHQ�FRPPRGLWLHV�SXUFKDVHG�IRU�FRQFHVVLRQV ZLWK�ODUJHVW�FDUERQ�IRRWSULQW
7DEOH���� *+*�HPLVVLRQV�IURP�PHUFKDQGLVH�E\�%($�HFRQRPLF VHFWRU
7DEOH����:DWHU�XVDJH�DWWULEXWHG�WR�HDFK�HQG�XVH�FDWHJRU\
7DEOH���� 2QVLWH�IRVVLO�IXHO�E\�W\SH�DQG�GHVFULSWLRQ RI�HTXLSPHQW�XVLQJ�HDFK�W\SH�RI�IRVVLO�IXHO
7DEOH���� 'HVFULSWLRQV�RI�HPLVVLRQ�IDFWRUV�DSSOLHG WR�HDFK�W\SH�RI�IRVVLO�IXHO�FRPEXVWLQJ

HTXLSPHQW�DW�7URSLFDQD�)LHOG�DQG�UHTXLUHG�FRQYHUVLRQV�IRU�HPLVVLRQV�FDOFXODWLRQV
7DEOH���� �����HPLVVLRQV�YDOXHV�IRU�)ORULGD�5HOLDELOLW\ &RRUGLQDWLQJ�&RXQFLO��)5&&��XVHG�WR

FDOFXODWH�WKH�5D\V¶������VHDVRQ�WRWDO�NJ�&2�H�IURP�XSVWUHDP�HOHFWULFLW\
7DEOH���� 9DULDEOHV�WR�FDOFXODWH�HPLVVLRQV�IURP�XSVWUHDP QDWXUDO�JDV
7DEOH���� 6HDWWOH�0DULQHUV�ZDVWH�SURILOH�DQG�DVVXPHG 5D\V¶�ZDVWH�SURILOH
7DEOH���� 7KH�EUHDNGRZQ�RI�ZDVWH�PDQDJHPHQW�PHWKRGV FRPELQLQJ�WKH�DVVXPHG�5D\V�ZDVWH

SURILOH�DQG�WKH�NQRZQ�W\SHV�DQG�SHUFHQWDJHV�RI�UHF\FOLQJ�DW�7URSLFDQD�)LHOG
7DEOH���� 9DULDEOHV�DQG�YDOXHV�XVHG�WR�FDOFXODWH�NJ &2�H�IRU�IDQ�WUDQVSRUWDWLRQ
7DEOH����0/%�SRVW�JDPH�VXUYH\�TXHVWLRQV�UHOHYDQW WR�IDQ�WUDQVSRUWDWLRQ��5HVXOWV�ZHUH�XVHG�WR

FDOFXODWH�WKH�SRUWLRQ�RI�WKH�5D\V¶�FDUERQ�IRRWSULQW�DWWULEXWDEOH�WR�IDQ�WUDQVSRUWDWLRQ
�7DEOH���� 6DPSOH�VXUYH\�GDWD�PRGLILHG�ZLWK�QXPEHU RI�SHRSOH�LQ�WUDYHO�SDUW\��YHKLFOH�PLOHV�

SDVVHQJHU�PLOHV��DQG�DGMXVWHG�WUDYHO�PHWKRG
7DEOH���� (3$������*+*�HPLVVLRQ�IDFWRUV��(3$�������
7DEOH���� (PLVVLRQ�IDFWRUV�XVHG�IRU�IDQ�WUDQVSRUWDWLRQ IRRWSULQW�E\�WUDQVSRUWDWLRQ�W\SH
7DEOH���� 'HULYHG�³&DU���SHUVRQDO�YHKLFOH´�HPLVVLRQ IDFWRUV
7DEOH���� 3URFHVV�IRU�FDOFXODWLQJ�WKH�NJ�&2��DVVRFLDWHG ZLWK�HDFK�IOLJKW�WDNHQ�WR�DFFRPPRGDWH

WKH�5D\V������VFKHGXOH� XVLQJ������(3$�HPLVVLRQV IDFWRUV�IRU�YDULRXV�IOLJKW�PLOHDJHV
7DEOH���� )ORZ�UDWHV�E\�EDWKURRP�IL[WXUH
7DEOH���� 9DULDEOHV�IURP (TXDWLRQV�������$�& XVHG WR�FDOFXODWH�WKH�WRWDO�ZDWHU�FRQVXPHG�E\

EDWKURRP�IL[WXUHV



7DEOH���� 6DPSOH�UHFRUG�RI�JDPHGD\�ILHOG�ZDWHULQJ�REVHUYDWLRQV
7DEOH���� &RROLQJ�WRZHU�GDWD�DQG�ZDWHU�FRQVXPSWLRQ
7DEOH���� 9DULDEOHV�XVHG�LQ (TXDWLRQV������$ DQG ����% WR�FDOFXODWH�HPLVVLRQV�IURP�GDWD�IURP

6XVWDLQDEDOO�VXUYH\



/LVW�RI�)LJXUHV

)LJXUH��� 6\VWHP�ERXQGDU\�YLVXDOL]DWLRQ
)LJXUH��� 7RWDO�HPLVVLRQV�RI�WKH�5D\V������VHDVRQ E\�LQGLYLGXDO�*+*�DQG�DFWLYLW\
)LJXUH��� 7RWDO�HPLVVLRQV�RI�WKH�5D\V������VHDVRQ E\�LQGLYLGXDO�*+*�DQG�DFWLYLW\��H[FOXGLQJ

IDQ�WUDQVSRUWDWLRQ�
)LJXUH��� )ORULGD�5HOLDELOLW\�&RRUGLQDWLQJ�&RXQFLO �)5&&��VXEUHJLRQ�UHVRXUFH�JULG�PL[
)LJXUH��� (QG�RI�OLIH�HPLVVLRQV�E\�VROLG�ZDVWH�PDWHULDO VWUHDP�JHQHUDWHG�DW�7URSLFDQD�)LHOG

GXULQJ�WKH�5D\V������VHDVRQ
)LJXUH��� 'LVWULEXWLRQ�RI�IDQ�WUDQVSRUWDWLRQ�PRGHV XVHG��VHSDUDWHG�E\�GLVWDQFH�WUDYHOHG
)LJXUH��� (PLVVLRQV�IURP�IDQ�WUDQVSRUWDWLRQ�PRGHV FRPSDUHG�WR�RWKHU�DFWLYLW\�DUHDV
)LJXUH��� &RPSDULVRQ�RI�HPLVVLRQV�E\�WUDQVSRUWDWLRQ PRGH��VHSDUDWHG�E\�RQH�ZD\�GLVWDQFH
)LJXUH��� (PLVVLRQ�IDFWRU�RI�HDFK�FRPPRGLW\�SXUFKDVHG IRU�FRQFHVVLRQV�FRPSDUHG�WR�WKH

SHUFHQWDJH�RI�WRWDO�SXUFKDVLQJ�GROODUV�VSHQW�RQ�HDFK�FRPPRGLW\
)LJXUH���� 3HUFHQWDJH�RI�PHUFKDQGLVH�UHYHQXH��TXDQWLWLHV RI�PHUFKDQGLVH�VROG��DQG�HVWLPDWHG

HPLVVLRQV�RI�DOO�PHUFKDQGLVH�SURGXFWV��JURXSHG�E\�W\SH�RI�LWHP
)LJXUH����:DWHU�XVDJH�IRU�HQG�XVH�FDWHJRULHV�ZKHUH ZH�KDG�ILUVW�KDQG�GDWD
)LJXUH���� 2QVLWH�ZDWHU�XVDJH�E\�HQG�XVH�FDWHJRU\� LQFOXGLQJ�DUHDV�ZKHUH�ZH�XVHG�HVWLPDWHV�WR

EUHDN�GRZQ�WKH�³RWKHU´�FDWHJRU\�GHVFULEHG�LQ )LJXUH���
)LJXUH���� /LIH�F\FOH�HQHUJ\�DQG�*+*�HPLVVLRQV�RI HDFK�VWDJH�RI�WKH�ZDWHU�WUHDWPHQW�F\FOH�DW

&LW\�RI�&OHDUZDWHU¶V�ZDWHU�WUHDWPHQW�SODQW
)LJXUH���� &2��HPLVVLRQV�DVVRFLDWHG�ZLWK�KRWHO�VWD\V IURP�1HZ�<RUN�0HWV�������SUHSDUHG�E\

'LUHFW7UDYHO
)LJXUH���� $�YLVXDO�UHSUHVHQWDWLRQ�RI (TXDWLRQ���������$� XVHG�WR�FDOFXODWH�*+*�HPLVVLRQV

DVVRFLDWHG�ZLWK�HDFK�OLQH�LWHP
)LJXUH���� 7HDP�WUDYHO�HPLVVLRQV�UHGXFWLRQ�SRWHQWLDO YLD�FLUFXODU�IOLJKW�SDWWHUQ
)LJXUH���� 7HDP�WUDYHO�HPLVVLRQV�UHGXFWLRQ�SRWHQWLDO YLD�FRPELQLQJ�VKRUW�URDG�WULSV
)LJXUH���� �����FURVV�FRXQWU\�WHDP�WULSV�ZLWKRXW�LQWHUYHQWLRQ
)LJXUH���� 7HDP�WUDYHO�HPLVVLRQ�UHGXFWLRQ�SRWHQWLDO YLD�FRQVROLGDWLQJ�FURVV�FRXQWU\�WULSV�LQWR

RQH
)LJXUH���� 7HDP�WUDYHO�HPLVVLRQ�UHGXFWLRQ�SRWHQWLDO YLD�FRQVROLGDWLQJ�FURVV�FRXQWU\�WULSV�LQWR

WZR



�� 3URMHFW�2EMHFWLYHV
�� 'HYHORS�DQ�DQDO\WLFDO�IUDPHZRUN�IRU�TXDQWLI\LQJ�VSHFLILF�HQYLURQPHQWDO�LPSDFWV

�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�RQVLWH�ZDWHU�XVDJH��RI�DQ�0/%�WHDP�RYHU�D�VHDVRQ�

�� ,GHQWLI\�HQYLURQPHQWDO�LPSDFW�KRWVSRW�DUHDV�WR�IRFXV�VXVWDLQDELOLW\�DQG�GHWHUPLQH�DFWLRQV
PRVW�OLNHO\�WR�GHOLYHU�WKH�JUHDWHVW�EHQHILWV�

�� 5HFRPPHQG�LQWHUYHQWLRQV�DQG�RU�PDQDJHPHQW�VWUDWHJLHV�WKDW�DGGUHVV�LGHQWLILHG�KRWVSRWV
DQG�FOLHQW�LQWHUHVWV�WKDW�DUH�

�� ([LVWLQJ�LQGXVWU\�LQLWLDWLYHV��RU�
�� 3RWHQWLDO�QHZ�LQLWLDWLYHV�GHWHUPLQHG�IURP�OLWHUDWXUH�UHYLHZ

�� 6LJQLILFDQFH
0DMRU /HDJXH %DVHEDOO �0/%� VWDGLXPV KDYH EHHQ UHSRUWHG WR XVH XSZDUGV RI WHQ PLOOLRQ
JDOORQV RI ZDWHU SHU \HDU� KDYH PRQWKO\ HQHUJ\ QHHGV WKH VL]H RI D VPDOO FLW\� DQG JHQHUDWH RYHU D
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³6XVWDLQDEOH 6SRUW ,QGH[�´ ������ 7KHVH LQLWLDWLYHV� DLPHG DW EHQFKPDUNLQJ� SURYLGH HYLGHQFH
WKDW WKHUH LV D QHHG WR DGGUHVV LQGXVWU\�ZLGH JDSV LQ EDVHOLQH HQYLURQPHQWDO LPSDFW DVVHVVPHQW LQ
SURIHVVLRQDO VSRUWV� 7KLV JDS ZDV FRQILUPHG E\ SURMHFW FOLHQWV *DU\ *ROGULQJ� SDUWLDO RZQHU RI
WKH 7DPSD %D\ 5D\V 0/% WHDP� DQG &KULV 'LFNHUVRQ� FR�IRXQGHU RI 3OD\HUV IRU WKH 3ODQHW� D
QRQSURILW�IRFXVHG�RQ�XQLWLQJ�DWKOHWHV�WR�FUHDWH�SRVLWLYH�FKDQJH�IRU�RXU�HQYLURQPHQW�

3URYLGLQJ D IRXQGDWLRQDO XQGHUVWDQGLQJ RI D WHDP¶V HQYLURQPHQWDO LPSDFWV LV SLYRWDO IRU FUHDWLQJ
DFWLRQ WR UHGXFH HPLVVLRQV� $ FRPSUHKHQVLYH PRGHO WKDW TXDQWLILHV WKH HQYLURQPHQWDO LPSDFWV RI
WHDP RSHUDWLRQV DW ERWK WKH VWDGLXP DQG FOXEKRXVH OHYHO LV D QHFHVVDU\ ILUVW VWHS LQ HVWDEOLVKLQJ
EHVW PDQDJHPHQW SUDFWLFHV �%03V� DSSOLFDEOH OHDJXH�ZLGH� :LWKRXW EDVHOLQH TXDQWLILFDWLRQ�
HQYLURQPHQWDO LPSURYHPHQWV LQFXUUHG IURP WKH LPSOHPHQWDWLRQ RI %03V FDQQRW EH DFFXUDWHO\
XQGHUVWRRG RU FRPPXQLFDWHG� )XUWKHUPRUH� LGHQWLI\LQJ NH\ KRWVSRWV ZLOO KHOS WR SULRULWL]H
SRWHQWLDO LQWHUYHQWLRQV WR WDUJHW DUHDV RI KLJKHVW LPSDFW DQG LQIRUP EHWWHU GHFLVLRQ�PDNLQJ� DV

�



GDWD ZLOO SURYLGH LQVLJKWV LQWR DUHDV ZKHUH UHGXFWLRQV ZLOO \LHOG WKH KLJKHVW EHQHILW� 7KXV� WKH
UHVXOWV RI WKLV SURMHFW FDQ VHUYH WR JXLGH VXVWDLQDELOLW\ HIIRUWV DFURVV IDFLOLWLHV DQG RUJDQL]DWLRQV
DOLNH�

/DVWO\� DV KLJKO\ YLVLEOH DQG LQIOXHQWLDO RUJDQL]DWLRQV� FOXE�OHYHO HQYLURQPHQWDO DFWLRQ KDV WKH
SRWHQWLDO WR HGXFDWH DQG VSDUN HQYLURQPHQWDO VWHZDUGVKLS DFURVV D EURDGHU DXGLHQFH� WKLV LGHD LV
DOLJQHG ZLWK WKH JRDOV RI RXU FOLHQW 3OD\HUV IRU WKH 3ODQHW� ZKR XVHV WKH LQIOXHQFH RI SURIHVVLRQDO
DWKOHWHV WR FUHDWH DFWLRQ DURXQG VSHFLILF HQYLURQPHQWDO JRDOV� )RUPHU *6$ 3UHVLGHQW� 'U� $OOHQ
+HUVKNRZLW]� DOVR VSRNH RQ WKH IDU�UHDFKLQJ LQIOXHQFH RI WKH VSRUWV LQGXVWU\� VWDWLQJ� ³3HUKDSV QR
RWKHU LQGXVWU\ LV DV ZHOO VXLWHG WR FRQILUP WKDW HQYLURQPHQWDO VWHZDUGVKLS KDV EHFRPH D
PDLQVWUHDP� QRQSDUWLVDQ LVVXH « :KLOH RQO\ ��� RI $PHULFDQV VD\ WKH\ IROORZ VFLHQFH� ���
LGHQWLI\ WKHPVHOYHV DV VSRUWV IDQV´ �:DVWH 0DQDJHPHQW� Q�G��� +HUVKNRZLW]
V VHQWLPHQW ZDV
HFKRHG E\ 0/% 6HQLRU 'LUHFWRU RI 2SHUDWLRQV DQG 6XVWDLQDELOLW\ 3DXO +DQORQ� ZKR VDLG ³$OO RI
RXU �� EDOOSDUNV DUH SULRULWL]LQJ HQYLURQPHQWDO VWHZDUGVKLS«KRSHIXOO\ LW WUDQVODWHV RYHU WR IDQV
ZDWFKLQJ DW KRPH� IDQV FRPLQJ WR WKH JDPH� 7KH\ ORRN DQG VD\� ³2K ORRN� RXU FOXE LV GRLQJ WKLV
HYHU\ QLJKW� :K\ FDQ¶W , PDNH WKHVH FKDQJHV LQ P\ GDLO\ OLIH" :K\ FDQ¶W , SULRULWL]H UHF\FOLQJ LQ
P\ KRPH"´ �/DGVRQ� ������ 2XU FOLHQWV DOVR XQGHUVWDQG WKDW HQYLURQPHQWDO VWHZDUGVKLS QRW RQO\
EHQHILWV WKH FOXE LWVHOI EXW DOVR GHPRQVWUDWHV OHDGHUVKLS IRU WKH EURDGHU $PHULFDQ SXEOLF WR
VXSSRUW�HQYLURQPHQWDO�LVVXHV�

�� %DFNJURXQG
:KLOH WKHUH LV PLQLPDO SXEOLF UHSRUWLQJ RI VWDGLXPV¶ HQYLURQPHQWDO LPSDFWV� WKH LQIRUPDWLRQ
DYDLODEOH SDLQWV D SLFWXUH RI SURIHVVLRQDO DUHQDV FRQVXPLQJ HQRUPRXV DPRXQWV RI QDWXUDO
UHVRXUFHV� IRU H[DPSOH� JDPH�GD\ SHDN HQHUJ\ GHPDQG LV HVWLPDWHG WR EH WHQ 0: RI HOHFWULFLW\�
PHDQLQJ WKDW D ��� KRXU JDPH KDV WKH VDPH HOHFWULFLW\ QHHGV DV WKDW RI WKH DYHUDJH $PHULFDQ
KRXVHKROG RYHU WKH FRXUVH RI D \HDU �³)$4¶V � 8�6� (,$�´ ����� 0DVRQ� ������ ,Q DGGLWLRQ� WKH
DYHUDJH 0/% VWDGLXP LV HVWLPDWHG WR XVH XSZDUGV RI �� PLOOLRQ JDOORQV RI ZDWHU SHU \HDU �*UDQW�
������ )XUWKHUPRUH� WKH (3$ HVWLPDWHV WKDW DWWHQGHHV DW VSRUWLQJ HYHQWV JHQHUDWH DERXW ��
PLOOLRQ SRXQGV RI WUDVK HDFK \HDU DQG HVWLPDWHV IRU WKH 6HDWWOH 0DULQHUV DORQH LV DSSUR[LPDWHO\
����PLOOLRQ�SRXQGV�RI�WUDVK�SHU�\HDU��*UDQW��������

,Q DGGLWLRQ WR KLJK XWLOLW\ FRQVXPSWLRQ DQG ODUJH ZDVWH SURGXFWLRQ� VSRUWLQJ HYHQWV DQG VWDGLXP
RSHUDWLRQV FRQWULEXWH WR FOLPDWH FKDQJH YLD JHQHUDWLRQ RI WKRXVDQGV RI WRQV RI JUHHQKRXVH JDV
�*+*� HPLVVLRQV SHU \HDU� %DVHG RQ DYDLODEOH UHVHDUFK� IDQ WUDQVSRUWDWLRQ WR DQG IURP HYHQWV
UHSUHVHQWV WKH ODUJHVW VRXUFH RI *+* HPLVVLRQV RI VSRUWLQJ HYHQWV �'ROI� ����� (GZDUGV HW DO��
����� +HUVKNRZLW] HW DO�� ����� :DVWH 0DQDJHPHQW� ����� Q�G��� 7KH 3RUWODQG 7UDLO %OD]HUV DUH
RQH WHDP WKDW KDYH WDNHQ VWHSV WR TXDQWLI\ WKH HQYLURQPHQWDO LPSDFW RI IDQ WUDQVSRUWDWLRQ� EXW
WKHUH KDV EHHQ PLQLPDO LQYHVWLJDWLRQ E\ WKH 0/% RU RWKHU OHDJXHV LQWR GDWD FROOHFWLRQ DQG
PLWLJDWLRQ HIIRUWV LQ WKLV DUHD �³/LYH *UHHQHU�´ Q�G��� 2Q DYHUDJH� ������ IDQV IORFN WR WKHLU
IDYRULWH VWDGLXPV RQ D 0/% JDPH GD\� SUHVHQWLQJ RSSRUWXQLWLHV WR UHGXFH *+* HPLVVLRQV IURP
IDQ WUDQVSRUWDWLRQ� E\ HQFRXUDJLQJ VKLIWV WR SXEOLF WUDQVSRUWDWLRQ� ELNHV� RU FDUSRROV �'RVXPX HW
DO�� ����� +HUVKNRZLW] HW DO�� ������ )RFXVLQJ RQ WKLV ODUJH *+*�HPLWWLQJ DFWLYLW\ SUHVHQWV D
JUHDWHU RYHUDOO *+* UHGXFWLRQ SRWHQWLDO� &RQYHUVDWLRQV ZLWK 0/% VWDII� LQFOXGLQJ 6HQLRU
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'LUHFWRU RI %DOOSDUN 2SHUDWLRQV DQG 6XVWDLQDELOLW\� 3DXO +DQORQ� UHYHDOHG WKDW IDQ WUDQVSRUWDWLRQ
LV�DQ�DUHD�0/%�ZRXOG�DOVR�OLNH�WR�EHWWHU�XQGHUVWDQG�

7KHUH KDYH EHHQ VRPH HQYLURQPHQWDO IRRWSULQWLQJ DQG /LIH &\FOH $VVHVVPHQW �/&$� HIIRUWV
XQGHUWDNHQ E\ YDULRXV WHDPV DVVHVVLQJ LQGLYLGXDO FRPSRQHQWV RI VSRUWLQJ HYHQWV¶ HQYLURQPHQWDO
LPSDFWV� /&$ DQG HQYLURQPHQWDO IRRWSULQWLQJ DUH PHWKRGRORJLHV WKDW FDQ EH XVHG WR TXDQWLI\
HQYLURQPHQWDO LPSDFWV� /&$V ORRN DW WKH HQWLUH OLIH F\FOH RI D SURGXFW RU VHUYLFH DQG DVVHVV WKH
HQYLURQPHQWDO LPSDFWV RI HDFK VWDJH RI WKH OLIH F\FOH� 7KLV LQFOXGHV HYHU\WKLQJ IURP PDWHULDO
H[WUDFWLRQ� WR XVH RI WKH SURGXFW� WR WKH LPSDFWV RI HQG�RI�OLIH PDQDJHPHQW RI WKH SURGXFW� RIWHQ
GHVFULEHG DV ³FUDGOH�WR�JUDYH´ LPSDFWV �ýXþHN HW DO�� ������ 7KH /&$ SURFHVV LV D VWUXFWXUHG DQG
VWDQGDUGL]HG SURFHVV IRU TXDQWLI\LQJ HQYLURQPHQWDO LPSDFWV� (QYLURQPHQWDO IRRWSULQWLQJ LV D
PRUH JHQHUDO WHUP WKDW GHVFULEHV WKH TXDQWLILFDWLRQ RI WKH DSSURSULDWLRQV RI QDWXUDO UHVRXUFHV E\
KXPDQV DQG WKH EXUGHQV DQG LPSDFWV RI WKHVH DSSURSULDWLRQV RQ WKH JOREDO HQYLURQPHQW� &DUERQ
IRRWSULQWV TXDQWLI\ WKH *+* HPLVVLRQV RI KXPDQ DFWLYLWLHV DQG ZDWHU IRRWSULQWV TXDQWLI\ WKH
ZDWHU�FRQVXPSWLRQ�UHTXLUHG�WR�VXVWDLQ�KXPDQ�DFWLYLWLHV �ýXþHN�HW�DO���������

&RPSRQHQWV RI WHDP RSHUDWLRQV DVVHVVHG LQ SULRU HQYLURQPHQWDO UHVHDUFK LQFOXGH D FDUERQ
IRRWSULQW RI WHDP DQG IDQ WUDYHO �'RVXPX HW DO�� ������ D FDUERQ IRRWSULQW RI VWDGLXP EDVHORDG
RSHUDWLRQV �+HGD\DWL HW DO�� ������ ZDWHU IRRWSULQWV FRPSDULQJ QDWXUDO JUDVV DQG V\QWKHWLF WXUI
�$GDFKL HW DO�� ����� ,WWHQ HW DO�� ������ DQG ZDVWH IRRWSULQWV IURP YDULRXV FROOHJLDWH DQG
SURIHVVLRQDO VSRUWLQJ HYHQWV �&RVWHOOR HW DO�� ����� (GZDUGV HW DO�� ������ 'HVSLWH ILQGLQJ
OLWHUDWXUH HYDOXDWLQJ LQGLYLGXDO FRPSRQHQWV RI WHDP RSHUDWLRQV� ZH RQO\ IRXQG RQH
SXEOLFO\�DYDLODEOH /&$ WKDW FRPSUHKHQVLYHO\ ORRNHG DW HYHU\ DVSHFW RI D WHDP¶V VHDVRQ�
FRQGXFWHG IRU WKH 8QLYHUVLW\ RI %ULWLVK &ROXPELD �8%&� 7KXQGHUELUGV 'HSDUWPHQW RI 5HFUHDWLRQ
�'ROI� ������ 7KLV /&$ DVVHVVHG WKH IROORZLQJ DFWLYLWLHV� EDVHORDG RSHUDWLRQV RI YHQXHV� WUDYHO
DQG DFFRPPRGDWLRQ LPSDFWV RI ERWK WHDP DQG IDQV� DOO JRRGV DQG VHUYLFHV SXUFKDVHG WR IDFLOLWDWH
WHDP RSHUDWLRQV� FRQVXPSWLRQ RI UHVRXUFHV VXFK DV IRRG DW VSRUWLQJ HYHQWV DQG WKH HQG�RI�OLIH
LPSDFWV RI JHQHUDWHG ZDVWH� 7KH UHVXOWV RI WKH VWXG\ VKRZHG WKDW ������ RI DOO HQYLURQPHQWDO
LPSDFWV PHDVXUHG ZHUH IURP YHQXH RSHUDWLRQ� IROORZHG E\ FRPELQHG WHDP DQG IDQ WUDQVSRUWDWLRQ
WUDYHO �'ROI� ������ 1RWDEO\� WKLV VWXG\ HYDOXDWHG LPSDFWV IRU DQ HQWLUH \HDU IRU HYHU\ VLQJOH
VSRUWV WHDP DW WKH XQLYHUVLW\ OHYHO� DQG HYDOXDWHG �� XQLYHUVLW\ WHDPV� VR WKHUH ZDV D YHU\
GLIIHUHQW WRWDO QXPEHU RI DWKOHWHV DQG VSHFWDWRUV UHODWLYH WR D W\SLFDO 0/% VWDGLXP DQG VHDVRQ
�'ROI��������

2WKHU XQLYHUVLWLHV KDYH FRQGXFWHG FDUERQ IRRWSULQWV RU /&$ VWXGLHV IRU ERWK VHDVRQV DQG
LQGLYLGXDO HYHQWV� UHYHDOLQJ QXPHURXV HQYLURQPHQWDO ³KRWVSRWV´ WKURXJKRXW FROOHJH VSRUWV
�&RRSHU� ����� &RVWHOOR HW DO�� ����� (GZDUGV HW DO�� ������ 7KH 8QLYHUVLW\ RI 0LVVRXUL DQDO\]HG
ZDVWH IURP VHYHQ IRRWEDOO JDPHV XVLQJ WKH (3$ :$50 PRGHO DQG IRXQG IRRG ZDVWH ZDV WKH
ODUJHVW FRPSRQHQW RI WKLV ZDVWH�VSHFLILF *+* IRRWSULQW �&RVWHOOR HW DO�� ����� DQG WKH 8QLYHUVLW\
RI $UL]RQD FRQGXFWHG DQ /&$ IRU WZR KRPHFRPLQJ IRRWEDOO JDPHV DQG IRXQG WKDW IDQ WUDYHO KDG
E\ IDU WKH ELJJHVW LPSDFW RI WKHLU *+* IRRWSULQW �(GZDUGV HW DO�� ������ ,W LV LPSRUWDQW WR QRWH
WKDW ZKLOH WKHVH VWXGLHV SURYLGH XVHIXO LQLWLDO LQVLJKWV LQWR SRWHQWLDO HQYLURQPHQWDO ³KRWVSRWV�´
XQLYHUVLW\�OHYHO VWDGLXP RSHUDWLRQV FDQ EH DVVXPHG WR EH TXLWH GLIIHUHQW IURP SURIHVVLRQDO VSRUWV
VWDGLXPV�
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7XUQLQJ WR SURIHVVLRQDO VSRUWV� VHYHUDO WHDPV KDYH FRQGXFWHG /&$V RU FDUERQ IRRWSULQWV �&ROOLQV
DQG )O\QQ� ����� 1+/� ����� 3HUHLUD HW DO�� ����� :DVWH 0DQDJHPHQW� ������ 7KH 1DWLRQDO
+RFNH\ /HDJXH �1+/� DQG WKH :DVWH 0DQDJHPHQW 3KRHQL[ 2SHQ� D ]HUR�ZDVWH JROI WRXUQDPHQW�
KDYH ERWK FRQGXFWHG SXEOLFO\ DYDLODEOH FDUERQ IRRWSULQWV �1+/� ����� :DVWH 0DQDJHPHQW�
������ 6WLOO� RWKHU WHDPV DQG RUJDQL]DWLRQV KDYH DGYHUWLVHG WKHLU JUHHQLQJ HIIRUWV ZLWKRXW FOHDU
LQVLJKWV LQWR WKH WRWDO HQYLURQPHQWDO LPSURYHPHQW WKH\ UHSUHVHQW� IRU H[DPSOH� WKH 0/% UHSRUWV
WKDW �� WHDPV KDYH WKHLU RZQ JDUGHQV XVHG IRU FRQFHVVLRQ VWDQGV DQG EDOOSDUN UHVWDXUDQWV� EXW D
TXDQWLILFDWLRQ RI WKH HQYLURQPHQWDO LPSDFW UHGXFWLRQ RI VXFK DFWLYLW\ LV PLVVLQJ� H[SRVLQJ WKH
WHDPV�WR�WKH�ULVN�RI�KDYLQJ�WKHLU�LQLWLDWLYHV�FDOOHG�JUHHQZDVKLQJ �0/%��������S�������

:KLOH WKHUH DUH VHYHUDO UHSRUWHG PHWULFV LQ LQGLYLGXDO RSHUDWLRQDO DUHDV� DQG VRPH SURIHVVLRQDO
VSRUWV RUJDQL]DWLRQV KDYH SHUIRUPHG HQYLURQPHQWDO LPSDFW TXDQWLILFDWLRQ� WKHUH LV QR
SXEOLF�IDFLQJ FRPSUHKHQVLYH IRRWSULQW RU /&$ RQ HQYLURQPHQWDO LPSDFWV LQ D SURIHVVLRQDO VSRUWV
VHWWLQJ� 7UHQGDILORYD DQG 0F&XOORXJK HYDOXDWHG �� SHHU�UHYLHZHG MRXUQDO DUWLFOHV� DV ZHOO DV
*6$ UHSRUWV� DQG FRQFOXGHG WKDW FOHDU PHWULFV WR PHDVXUH DQG FRPPXQLFDWH VXFFHVV DUH QHHGHG
LQ WKH ILHOG RI VSRUWV PDQDJHPHQW �7UHQGDILORYD DQG 0F&XOORXJK� ������ ,QGXVWU\ IRFL DQG FOLHQW
LQWHUHVW LQ LPSDFW TXDQWLILFDWLRQ LV SULPDULO\ LQ XQGHUVWDQGLQJ HPLVVLRQV JHQHUDWLRQ DQG ZDWHU
FRQVXPSWLRQ� WKXV ZH RSWHG WR FRPSOHWH D FDUERQ IRRWSULQW DQG DQDO\VLV RI RQVLWH ZDWHU
FRQVXPHG�IRU�WKLV�SURMHFW�

:KLOH RXU LQLWLDO OLWHUDWXUH UHYLHZ GLG VKRZ WKDW PDQ\ 0/% WHDPV KDYH VXVWDLQDELOLW\ LQLWLDWLYHV
LQ SODFH� DQG KDYH UHSRUWHG UHGXFWLRQV RI HQHUJ\ DQG ZDWHU XVDJH DQG LQFUHDVHV LQ ZDVWH
GLYHUVLRQ� RXU SURMHFW FOLHQWV DQG 0/% VXVWDLQDELOLW\ VWDII FRQILUPHG WKDW VHDVRQ�ORQJ VWXGLHV
KDYH QRW EHHQ XQGHUWDNHQ E\ WKH OHDJXH RU DQ\ RI LWV �� FOXEV� $ EDVHOLQH DVVHVVPHQW RI
HQYLURQPHQWDO LPSDFWV LV D FULWLFDO IRXQGDWLRQ QHHGHG EHIRUH %03V DQG RWKHU UHFRPPHQGDWLRQV
FDQ EH LGHQWLILHG DQG HYDOXDWHG IRU WKHLU HIIHFWLYHQHVV LQ LPSDFW UHGXFWLRQ� :LWKRXW LQLWLDO
DQDO\VLV RXWOLQLQJ D WHDP¶V WRWDO HVWLPDWHG FDUERQ IRRWSULQW DQG ZDWHU XVDJH� LQFOXGLQJ SHUFHQW
EUHDNGRZQ E\ DFWLYLW\ DUHD �L�H�� SHUFHQWDJH RI *+* HPLVVLRQV DWWULEXWHG WR FRQFHVVLRQV RU
SHUFHQWDJH RI ZDWHU XVHG IRU UHVWURRPV�� VWDWHPHQWV WRXWLQJ DEVROXWH QXPHULFDO UHGXFWLRQV IURP
HQYLURQPHQWDO LQLWLDWLYHV DUH OHVV SRZHUIXO VLQFH WKH DFWXDO SHUFHQW UHGXFWLRQV UHODWLYH WR WKH
EDVHOLQH�DUH�QRW�XQGHUVWRRG�

)XUWKHUPRUH� UHVHDUFK LQ FRUSRUDWH HQYLURQPHQWDO UHSRUWLQJ GHPRQVWUDWHV WKDW ZKHQ PRUH
FRPSUHKHQVLYH HQYLURQPHQWDO UHSRUWLQJ LV PDGH SXEOLF� DQG HVWDEOLVKHG JRDOV DQG LQWHUYHQWLRQV
DUH UHYHDOHG DQG TXDQWLILHG� DQ RUJDQL]DWLRQ¶V OHJLWLPDF\ DQG SXEOLF WUXVW LV HQKDQFHG �$HUWV DQG
&RUPLHU� ����� 2EHUPLOOHU� ������ 2XWOLQLQJ HQYLURQPHQWDO VXFFHVVHV DQG LQWHUYHQWLRQV ZLWKRXW
D PRUH FRPSUHKHQVLYH DQDO\VLV� VXFK DV DQ /&$ RU FDUERQ IRRWSULQW DQDO\VLV� LV OHVV HIIHFWLYH LQ
EXLOGLQJ VWDNHKROGHU WUXVW DQG HQJDJHPHQW �0F&XOORXJK HW DO�� ������ )XUWKHUPRUH� UREXVW
UHSRUWLQJ DQG FRPPXQLFDWLRQ QRW RQO\ EXLOGV D VWURQJHU SXEOLF LPDJH� EXW DOVR FDQ KDYH D GLUHFW
ILQDQFLDO LPSDFW RQ DQ RUJDQL]DWLRQ¶V ERWWRP OLQH �5RELQVRQ HW DO�� ������ 4XDQWLI\LQJ
HQYLURQPHQWDO LPSDFWV DQG LPSURYHPHQWV FDQ WUDQVODWH LQWR LQFUHDVHG IDQ HQJDJHPHQW DQG
VSHQGLQJ� 7R LOOXVWUDWH� &DVSHU HW DO� IRXQG WKDW IDQ�WHDP LGHQWLW\ ZDV VWUHQJWKHQHG ZKHQ
TXDQWLILDEOH HQYLURQPHQWDO SHUIRUPDQFH DQG LQLWLDWLYHV ZHUH FRPPXQLFDWHG� &RQVHTXHQWO\� IDQV
DWWHQGHG PRUH JDPHV� SXUFKDVHG PRUH PHUFKDQGLVH� DQG IROORZHG WKH WHDP WKURXJK PHGLD
�&DVSHU�HW�DO���������������

�



,QFRUSRUDWLQJ VXVWDLQDELOLW\ LQWR VWDGLXP RSHUDWLRQV DQG IDQ FDPSDLJQV LV DOVR DQ RSSRUWXQLW\ WR
DFKLHYH VLJQLILFDQW LPSDFW EH\RQG WKH VWDGLXP �:DVWH 0DQDJHPHQW� Q�G��� $ 1LHOVHQ UHSRUW
UHYHDOHG WKDW ��� RI 8�6� FRQVXPHUV VD\ WKH\ ZRXOG EH OLNHO\ WR DGMXVW WKHLU FRQVXPSWLRQ KDELWV
LQ RUGHU WR UHGXFH HQYLURQPHQWDO LPSDFWV �1LHOVHQ� ������ 7KHUHIRUH� UDLVLQJ DZDUHQHVV RI
VWDGLXP LPSDFWV PD\ FDWDO\]H VSRUWV IDQV WR FKDQJH WKHLU EHKDYLRU� ,Q WKH VWDGLXP� OHYHUDJLQJ IDQ
LGHQWLILFDWLRQ �KRZ DQ LQGLYLGXDO
V IDQGRP RU H[SHULHQFH DW D VWDGLXP FRQQHFWV WR D VHQVH RI
SODFH DQG FRQWULEXWHV WR WHDP OR\DOW\� VHUYHV WR LQFUHDVH SDUWLFLSDWLRQ LQ HQYLURQPHQWDO
VXVWDLQDELOLW\ LQLWLDWLYHV DW DQG DURXQG VSRUWLQJ HYHQWV �0F&XOORXJK DQG .HOOLVRQ� ������ 7KHVH
VWDGLXP�EDVHG EHKDYLRUDO FKDQJHV FDQ WUDQVODWH LQWR FKDQJHV LQ WKHLU HYHU\GD\ OLYHV� IDQV PD\
HYHQ DGYRFDWH IRU VXVWDLQDEOH SROLF\ FKDQJHV LQ WKHLU ORFDO FRPPXQLWLHV WR UHIOHFW ZKDW WKH\
H[SHULHQFHG DW VSRUWLQJ HYHQWV �&DVSHU HW DO�� ������ VXFK DV WDNLQJ SXEOLF WUDQVSRUWDWLRQ RU
FRQYHUWLQJ WR RWKHU ORZ�FDUERQ WUDQVSRUWDWLRQ PRGHV� 3OD\HUV IRU WKH 3ODQHW� D FOLHQW DQG
RUJDQL]DWLRQ GHGLFDWHG WR WKH SUHVHUYDWLRQ DQG SURWHFWLRQ RI RXU SODQHW� UHFRJQL]HV WKH SRZHU
VSRUWV KDYH WR LQYRNH EURDGHU HQYLURQPHQWDO VWHZDUGVKLS DQG EHOLHYHV WKDW VPDOO FKDQJHV� PDGH
E\ PDQ\� FDQ PDNH D ODUJH LPSDFW� DV VXFK� WKH\ DUH EXLOGLQJ D FRDOLWLRQ RI SURIHVVLRQDO DWKOHWHV
WKDW XVH WKHLU LQIOXHQFH WR LQVSLUH HQYLURQPHQWDOO\ IULHQGO\ EHKDYLRU FKDQJH LQ IROORZHUV DQG IDQV
DOLNH�

2XU FOLHQWV UHFRJQL]H WKH LPSRUWDQFH RI PHDVXULQJ D VWDGLXP
V FDUERQ IRRWSULQW DQG ZDWHU
FRQVXPSWLRQ DQG XQGHUVWDQG WKH SRWHQWLDO IRU ODVWLQJ DQG LQIOXHQWLDO FKDQJH LQ VWDGLXP
RSHUDWLRQV� ,Q SDUWLFXODU� WKH 7DPSD %D\ 5D\V KDYH H[SUHVVHG LQWHUHVW LQ IXUWKHULQJ VXVWDLQDELOLW\
DW WKHLU FXUUHQW VWDGLXP� DV ZHOO DV SUHSDULQJ IRU WKH FRQVWUXFWLRQ RI WKHLU QHZ VWDGLXP� 7KH 5D\V
KDYH DOUHDG\ EHJXQ PDNLQJ VWULGHV WR LPSURYH VXVWDLQDELOLW\ HIIRUWV DW WKHLU VWDGLXP� 7URSLFDQD
)LHOG� LQ 6W� 3HWHUVEXUJ� )ORULGD� 7KH 5D\V KDYH UHWURILWWHG ��� RI DOO OLJKWV WKURXJKRXW WKH
VWDGLXP WR HQHUJ\�VDYLQJ /('V� VKLIWHG WR QRQ�WR[LF FOHDQLQJ VXSSOLHV� DQG LQ ���� WKH
RUJDQL]DWLRQ FUHDWHG D VXVWDLQDELOLW\ FRPPLWWHH WR IXUWKHU DGGLWLRQDO HIIRUWV� 7URSLFDQD )LHOG LV
GLVWLQFW IURP RWKHU VWDGLXPV� WKXV TXDQWLILFDWLRQ RI WKH 5D\V¶ FDUERQ IRRWSULQW DQG RQVLWH ZDWHU
XVH OLNHO\ GLIIHUV IURP DQ 0/% WHDP ZLWK W\SLFDO VWDGLXP IHDWXUHV� $V D UHVXOW� VRPH
UHFRPPHQGDWLRQV IRU WKH 5D\V DUH XQLTXH WR WKHLU IDFLOLW\� )RU H[DPSOH� 7URSLFDQD )LHOG LV RQH RI
ILYH 0/% VWDGLXPV WKDW XWLOL]H DQ DUWLILFLDO WXUI ILHOG� DQG LV WKH RQO\ 0/% VWDGLXP ZLWK D
QRQ�UHWUDFWDEOH URRI� WKHVH VSHFLILFLWLHV WUDQVODWH WR DW\SLFDO ZDWHU DQG HQHUJ\ FRQVXPSWLRQ�
$GGLWLRQDOO\� 7URSLFDQD )LHOG KDV D VPDOOHU WKDQ DYHUDJH FDSDFLW\ GXH WR D FORVXUH RI WKH XSSHU
GHFN OHYHO LQ ����� ZKLFK UHGXFHG WKH QXPEHU RI VHDWV IURP ������ WR ������ �%DOOSDUNV RI
%DVHEDOO� Q�G��� ZH DQWLFLSDWH WKLV DOVR DIIHFWV FRQVXPSWLRQ DQG HPLVVLRQV VSHFLILF WR DUHDV RI WKH
5D\V�RSHUDWLRQV�WKDW�YDU\�DV�D�IXQFWLRQ�RI�DWWHQGDQFH�

8QGHUVWDQGLQJ WKDW WKHUH DUH WZR HQYLURQPHQWDO LPSDFW PRGHOV FXUUHQWO\ LQ FUHDWLRQ� WKH *6$
3/$< FDPSDLJQ DQG WKH 66,� ZH EHOLHYH WKH EHVW DSSURDFK WR DFKLHYLQJ RXU REMHFWLYHV DQG
PHHWLQJ FOLHQW QHHGV LV WR FUHDWH D IUDPHZRUN WR TXDQWLI\ D FDUERQ IRRWSULQW �LQFOXGLQJ IDQ
WUDQVSRUWDWLRQ� DQG HYDOXDWH RQVLWH ZDWHU XVDJH DQG GHYHORS D UREXVW UHSRVLWRU\ RI %03V WR
DGGUHVV LGHQWLILHG KRWVSRW DUHDV TXDQWLILHG LQ RXU DQDO\VLV� $OWKRXJK RXU LQLWLDO UHVHDUFK VKRZHG
WKDW IDQ WUDQVSRUWDWLRQ LV OLNHO\ D PDMRU HPLVVLRQV FRQWULEXWRU� �'ROI� ����� (GZDUGV HW DO�� �����
+HUVKNRZLW] HW DO�� ����� :DVWH 0DQDJHPHQW� ����� *6$ 'LUHFWRU RI 6XVWDLQDEOH (YHQWV 	
$QDO\WLFV� %UHWW %OXPEHUJ� WROG XV WKDW WKH 3/$< FDPSDLJQ GRHV QRW DGGUHVV IDQ WUDQVSRUWDWLRQ�
WKHUHIRUH� RXU VWXG\ SURYLGHV XQLTXH LQVLJKWV E\ WDNLQJ D GHHSHU ORRN DW WKLV DFWLYLW\� ,Q HDUO\
0DUFK ����� WKH 66, UHOHDVHG WKHLU ILUVW UHSRUW� WKH ���� %HQFKPDUNLQJ 5HSRUW� ZKLFK FRQILUPHG
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WKDW TXDQWLILFDWLRQ LV ODFNLQJ� 7KH 66, UHSRUW IRXQG WKDW RQO\ ������ RI WHDPV VXUYH\HG WUDFN
FDUERQ HPLVVLRQV �³6XVWDLQDEOH 6SRUW ,QGH[�´ ������ DOWKRXJK WKLV UHSRUW ZDV UHOHDVHG DIWHU RXU
IRRWSULQWV KDG EHHQ FRPSOHWHG� LW VWLOO SURYLGHG D XVHIXO FRPSDULVRQ� ZKLFK LV RXWOLQHG LQ RXU
GLVFXVVLRQ�

%\ GHYHORSLQJ DQ DQDO\WLFDO IUDPHZRUN WKDW TXDQWLILHV WZR VSHFLILF DQG KLJK SULRULW\
HQYLURQPHQWDO LPSDFWV RI DQ 0/% WHDP� WKLV SURMHFW ZLOO HQDEOH WHDP H[HFXWLYHV DQG VWDGLXP
PDQDJHUV WR LQFRUSRUDWH HQHUJ\� FDUERQ� DQG ZDWHU VXVWDLQDELOLW\ LQWR WKHLU RSHUDWLRQV PRUH
HIIHFWLYHO\� ,Q SDUWLFXODU� WKH LGHQWLILFDWLRQ RI %03V LQ NH\ KRWVSRW DUHDV ZLOO DOORZ IRU WKH
LPSOHPHQWDWLRQ RI DFWLRQV WKDW GHOLYHU JUHDWHU UHWXUQ RQ LQYHVWPHQW �HQYLURQPHQWDOO\ VSHDNLQJ��
E\ IRFXVLQJ HIIRUW RQ DUHDV RI JUHDWHVW RSSRUWXQLW\� 7KLV TXDQWLILFDWLRQ HIIRUW FDQ DOVR OHDG WR
EURDGHU IDQ HQJDJHPHQW� FRPPXQLFDWLRQ� DQG SXEOLF WUXVW�EXLOGLQJ� /DVWO\� WKH LQFRUSRUDWLRQ RI
IDQ WUDQVSRUWDWLRQ HPLVVLRQV ZLWKLQ D EURDGHU 0/% WHDP¶V FDUERQ IRRWSULQW GLVWLQJXLVKHV WKLV
SURMHFW IURP RWKHU H[LVWLQJ HIIRUWV DQG SURYLGHV QHZ LQVLJKW LQWR D PDMRU FRQWULEXWRU RI *+*
HPLVVLRQV�

�� )RRWSULQWLQJ�*RDO�DQG�6FRSH
$V SDUW RI RXU DQDO\WLFDO IUDPHZRUN� RXU SURMHFW TXDQWLILHV WKH FDUERQ IRRWSULQW DQG RQVLWH ZDWHU
XVDJH IRU WKH 7DPSD %D\ 5D\V RYHU RQH IXOO 0/% VHDVRQ� :H TXDQWLI\ WKHVH XVLQJ DQ /&$
DSSURDFK� $V KLJKOLJKWHG LQ 6HFWLRQ �� WKHUH DUH QXPHURXV DQG GLYHUVH DFWLYLWLHV WKDW JR LQWR
IDFLOLWDWLQJ SURIHVVLRQDO VSRUWLQJ HYHQWV� $VVHVVLQJ WKH HQYLURQPHQWDO LPSDFWV RI VXFK HYHQWV LQ
VXIILFLHQW GHWDLO LV DQ HQRUPRXV XQGHUWDNLQJ� DV HYHU\ DVSHFW RI WKH RSHUDWLRQ SURGXFHV
HQYLURQPHQWDO LPSDFWV� DOEHLW WR JUHDWHU RU OHVVHU H[WHQWV� )XUWKHU� RSHUDWLRQV XSVWUHDP DQG
GRZQVWUHDP RI WKH VWDGLXP LWVHOI� DV UHTXLUHG E\ DQ /&$� RU ³FUDGOH�WR�JUDYH´ DSSURDFK� FDQ EH
ODUJH FRPSRQHQWV RI DQ\ RUJDQL]DWLRQ¶V HQYLURQPHQWDO IRRWSULQW �%DUURZ HW DO�� Q�G��� %HVW
SUDFWLFH /&$ UHTXLUHV HVWDEOLVKLQJ D FOHDU IXQFWLRQDO XQLW DQG V\VWHP ERXQGDU\ IRU RXU DQDO\VLV
WKDW DOORZV XV WR EH H[SOLFLW LQ GHILQLQJ ZKLFK DFWLYLWLHV ZH LQFOXGHG �DQG H[FOXGHG� WR FDOFXODWH
RXU�FDUERQ�IRRWSULQW�DQG�ZDWHU�FRQVXPSWLRQ�DQDO\VLV�

��� )XQFWLRQDO�8QLW
+HUH� ZH GHILQH D IXQFWLRQDO XQLW WR FRQWH[WXDOL]H WKH TXDQWLILHG LPSDFWV UHODWLYH WR D VSHFLILHG
RXWSXW RI SURGXFWV DQG VHUYLFHV� ,Q /&$� D IXQFWLRQDO XQLW LV D TXDQWLILDEOH GHVFULSWLRQ RI WKH
SHUIRUPDQFH RI D SURGXFW �LQ RXU FDVH� DQ 0/% WHDP� WKDW VHUYHV DV D UHIHUHQFH SRLQW IRU DOO
HQYLURQPHQWDO LPSDFW FDOFXODWLRQV �$U]RXPDQLGLV HW DO�� ������ )RU RXU SURMHFW� ZH DGRSWHG D
IXQFWLRQDO XQLW RI IDFLOLWDWLQJ RQH IXOO 0/% VHDVRQ �H[FOXGLQJ VSULQJ WUDLQLQJ DQG SOD\RIIV� DQG
UHODWHG DFWLYLWLHV IRU D VLQJOH WHDP �7DPSD %D\ 5D\V�� :H FRQVWLWXWH $SULO � WKURXJK 6HSWHPEHU
��� LQFOXVLYH� DV WKH ERXQGDU\ IRU RQH IXOO VHDVRQ� IRU VLPSOLILFDWLRQ� 7KLV SHULRG LQFOXGHG ��� RI
WKH ��� WRWDO JDPHV WKDW WKH 5D\V SOD\HG LQ ����� DQG �� RI WKH �� KRPH JDPHV SOD\HG DW
7URSLFDQD )LHOG� 7KH UHODWHG DFWLYLWLHV RI WKH WHDP WKDW DUH LQFOXGHG LQ RXU IXQFWLRQDO XQLW DUH
WKRVH RYHU ZKLFK WKH 5D\V KDYH GLUHFW FRQWURO� IRU H[DPSOH� QDWXUDO JDV FRQVXPSWLRQ DQG WHDP
WUDYHO� DQG DFWLYLWLHV IRU ZKLFK WKH 5D\V KDYH WKH DELOLW\ WR LQIOXHQFH VXFK DV FRQFHVVLRQV
SXUFKDVLQJ DQG IDQ WUDQVSRUWDWLRQ YLD LQIRUPDWLRQ FDPSDLJQV DQG EHKDYLRUDO FKDQJH LQFHQWLYHV�
2XU IXQFWLRQDO XQLW GRHV QRW LQFOXGH DFWLYLWLHV WKH 5D\V KDYH PLQLPDO DELOLW\ WR LQIOXHQFH� IRU
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H[DPSOH� DFFRPPRGDWLRQV DVVRFLDWHG ZLWK IDQ WUDQVSRUWDWLRQ� RU DZD\ JDPHV RXWVLGH RI WHDP
KRWHO�DFFRPPRGDWLRQV�

,Q OLJKW RI WKH &29,'��� GLVUXSWLRQV WR WKH 0/% LQ ���� DQG ����� ZH SULPDULO\ XVHG ����
VHDVRQ GDWD DV WKH DSSOLFDEOH \HDU IRU RXU IXQFWLRQDO XQLW� LQ VRPH FDVHV� ZKHUH ���� GDWD ZDV
QRW DYDLODEOH� ZH XVHG ���� GDWD� :H RSWHG WR XVH WKH VHDVRQ�RQO\ ERXQGDU\� DV RSSRVHG WR
TXDQWLI\LQJ WKH FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVDJH RYHU DQ HQWLUH \HDU� EHFDXVH ZH ZHUH
SULPDULO\ LQWHUHVWHG LQ WKH LPSDFWV RI WKH 7DPSD %D\ 5D\V DQG ZDQWHG WR PLQLPL]H WKH
FRQWULEXWLRQ RI HYHQWV KHOG DW 7URSLFDQD )LHOG WKDW ZHUH QRW KRVWHG E\ WKH 5D\V� $OO HYHQWV
KRVWHG EHWZHHQ $SULO � DQG 6HSWHPEHU ��� ����� DW 7URSLFDQD )LHOG� UHJDUGOHVV RI ZKHWKHU RU QRW
WKH 5D\V KRVWHG WKHP� DUH LQFOXGHG LQ RXU TXDQWLILFDWLRQ� +RZHYHU� WKURXJK FRQYHUVDWLRQV ZLWK
7URSLFDQD )LHOG VWDII� LW LV RXU XQGHUVWDQGLQJ WKDW WKH YDVW PDMRULW\ RI HYHQWV KRVWHG DW 7URSLFDQD
)LHOG LQ WKLV WLPH SHULRG DUH KRVWHG E\ WKH 5D\V� )XUWKHU� WKH YDVW PDMRULW\ RI HYHQWV KHOG DW
7URSLFDQD )LHOG WKDW DUH QRW KRVWHG E\ WKH 5D\V� VXFK DV (QFKDQW &KULVWPDV� DUH KHOG EHWZHHQ
2FWREHU���DQG�0DUFK����

��� 6\VWHP�%RXQGDU\
2XU V\VWHP ERXQGDU\ LQFOXGHG *+*�HPLWWLQJ DFWLYLWLHV RFFXUULQJ RQVLWH DW 7URSLFDQD )LHOG DV
ZHOO DV XSVWUHDP DQG GRZQVWUHDP *+* HPLVVLRQV�SURGXFLQJ DFWLYLWLHV DQG DOO RQVLWH
ZDWHU�FRQVXPLQJ DFWLYLWLHV �)LJXUH ��� :H XWLOL]HG WKH *+* 3URWRFRO¶V IUDPHZRUN WKDW GLYLGHV
*+* HPLVVLRQV LQWR 6FRSH �� 6FRSH �� DQG 6FRSH � HPLVVLRQV DV D ZD\ WR FDWHJRUL]H WKH
HYDOXDWLRQ RI *+* HPLVVLRQV� 6FRSH � HPLVVLRQV DUH GHILQHG DV ³GLUHFW´ *+* HPLVVLRQV� RU
HPLVVLRQV IURP VRXUFHV WKDW DUH RZQHG RU FRQWUROOHG E\ ³WKH FRPSDQ\�´ RU� LQ RXU FDVH� RFFXUULQJ
DW 7URSLFDQD )LHOG �5DQJDQDWKDQ HW DO�� Q�G��� )RU D IDFLOLW\ OLNH D VWDGLXP� WKLV LV SULPDULO\ DQ\
RQVLWH IRVVLO IXHO FRPEXVWLRQ� 6FRSH � LV GHILQHG DV WKH ³LQGLUHFW´ *+* HPLVVLRQV DVVRFLDWHG
ZLWK SXUFKDVHG HOHFWULFLW\ FRQVXPHG RQVLWH DW 7URSLFDQD )LHOG� )LJXUH � VKRZV 6FRSH � DQG
6FRSH � HPLVVLRQV DV WKH\ UHODWH WR RWKHU DFWLYLWLHV LQFOXGHG LQ RXU VWXG\� 6FRSH � LV GHILQHG DV DOO
RWKHU LQGLUHFW *+* HPLVVLRQV WKDW DUH D FRQVHTXHQFH RI WKH DFWLYLWLHV RI WKH FRPSDQ\� LQ RXU FDVH
WKH 7DPSD %D\ 5D\V� EXW RFFXU IURP VRXUFHV QRW RZQHG RU FRQWUROOHG E\ WKH FRPSDQ\� )RU
H[DPSOH� WKH 5D\V¶ 6FRSH � HPLVVLRQV LQFOXGH HPLVVLRQV IURP IRRG SURGXFWLRQ IRU FRQFHVVLRQV
VROG RQVLWH RU HPLVVLRQV IURP IDQV WUDYHOLQJ WR WKH VWDGLXP� DPRQJ RWKHU WKLQJV �5DQJDQDWKDQ HW
DO�� Q�G��� 7KH 6FRSH � DFWLYLWLHV LQFOXGHG LQ RXU VWXG\ DUH DOO EOXH�RYDO DFWLYLWLHV LQ )LJXUH � WKDW
DUH QRW ODEHOHG DV 6FRSH � RU 6FRSH �� 7KH GDVKHG ER[ LQGLFDWHV WKH VWDGLXP ERXQGDU\ DQG WKH
VROLG ER[ LQGLFDWHV WKH V\VWHP ERXQGDU\ ZLWK XSVWUHDP DQG GRZQVWUHDP DFWLYLWLHV LQFOXGHG LQ WKH
V\VWHP ERXQGDU\� $FWLYLWLHV OLVWHG RXWVLGH RI WKH V\VWHP ERXQGDU\ DUH QRWDEOH H[FOXVLRQV IURP
RXU�VWXG\�
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)LJXUH �� 6\VWHP ERXQGDU\ YLVXDOL]DWLRQ� 'LDJUDP VKRZV DFWLYLWLHV UHOHYDQW WR FDOFXODWLQJ D FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVH IRU RQH VHDVRQ IRU RQH 0/%
WHDP� ,QFOXGHV DFWLYLWLHV XSVWUHDP RI WKH VWDGLXP �OHIW�KDQG VLGH RI GLDJUDP� DQG DFWLYLWLHV GRZQVWUHDP RI WKH VWDGLXP �ULJKW�KDQG VLGH�� 5HODWLRQVKLSV EHWZHHQ
DFWLYLWLHV DUH VKRZQ ZLWK DUURZV DQG RYHUODSSLQJ EXEEOHV� $OO XSVWUHDP DQG GRZQVWUHDP DFWLYLWLHV KDYH D FRUUHVSRQGLQJ DFWLYLW\ ZLWKLQ WKH VWDGLXP ERXQGDU\
�GDVKHG OLQH ER[�� DOWKRXJK WKH RQVLWH DFWLYLW\ LWVHOI PD\ RU PD\ QRW EH D *+*�HPLWWLQJ DFWLYLW\� &RORU DQG V\VWHP ERXQGDU\ �VROLG OLQH ER[� GHOLQHDWHV ZKHWKHU
RU�QRW�WKH�DFWLYLW\�ZDV�HYDOXDWHG�DV�SDUW�RI�RXU�VWXG\
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$V RXWOLQHG LQ WKH V\VWHP ERXQGDU\ YLVXDOL]DWLRQ �)LJXUH ��� RXU FDUERQ IRRWSULQW FRPSULVHV QLQH
DFWLYLWLHV� 6FRSH � HPLVVLRQV� 6FRSH � HPLVVLRQV� XSVWUHDP QDWXUDO JDV� XSVWUHDP ZDWHU� IDQ
WUDQVSRUWDWLRQ� WHDP WUDYHO� FRQFHVVLRQV� PHUFKDQGLVH� DQG GRZQVWUHDP VROLG ZDVWH� 2XU DQDO\VLV
RI RQVLWH ZDWHU LV ³ZDWHU FRQVXPSWLRQ�´ 7KHVH DFWLYLWLHV ZHUH VHOHFWHG EDVHG RQ ZKDW ZH
DQWLFLSDWHG WR EH ODUJH HPLVVLRQ GULYHUV IRU WKH 5D\V EDVHG RQ RXU OLWHUDWXUH UHYLHZ DQG GDWD
DYDLODELOLW\�IURP�WKH�5D\V��)XUWKHU�H[SODQDWLRQ�RI�FKRVHQ�DFWLYLWLHV�LV�EHORZ�

Ɣ 6FRSH � HPLVVLRQV LQFOXGH RQVLWH FRPEXVWLRQ RI QDWXUDO JDV� GLHVHO� DQG JDVROLQH IRU
DFWLYLWLHV LQFOXGLQJ ZDWHU KHDWLQJ� FRRNLQJ� SRZHULQJ RQVLWH YHKLFOHV� JHQHUDWRUV� DQG JDV�
RU GLHVHO�SRZHUHG PDLQWHQDQFH HTXLSPHQW� )RRG SUHSDUDWLRQ UHTXLUHV QDWXUDO JDV WR ERWK
KHDW�ZDWHU�DQG�IXHO�FRRNLQJ�DSSOLDQFHV��VHH�RYHUODS�LQ )LJXUH����

Ɣ 6FRSH � HPLVVLRQV UHIHU WR HOHFWULFLW\ GHOLYHUHG WR WKH VWDGLXP E\ WKH ORFDO XWLOLW\� 2QVLWH
FRQVXPSWLRQ RI HOHFWULFLW\ GRHV QRW HPLW *+*V� 7UDQVPLVVLRQ DQG GLVWULEXWLRQ ORVVHV DUH
QRW�LQFOXGHG�LQ�6FRSH���HPLVVLRQV�

Ɣ 8SVWUHDP QDWXUDO JDV UHIHUV WR WKH HPLVVLRQV JHQHUDWHG IURP WKH SURFHVVHV RI H[WUDFWLQJ�
SURFHVVLQJ��DQG�GHOLYHULQJ�QDWXUDO�JDV�WR�WKH�VWDGLXP�

Ɣ 8SVWUHDP ZDWHU OLQNV ZDWHU XVDJH WR HPLVVLRQV IRU WUHDWLQJ WKH ZDWHU DQG GHOLYHULQJ LW WR
WKH�VWDGLXP�

Ɣ )DQ WUDQVSRUWDWLRQ LQFOXGHV HPLVVLRQV DVVRFLDWHG ZLWK DOO PHWKRGV IDQV XVHG WR WUDYHO WR
DQG�IURP�5D\V�KRPH�JDPHV�

Ɣ 7HDP WUDYHO UHIHUV WR HPLVVLRQV DVVRFLDWHG ZLWK WUDYHO WR DQG IURP RWKHU 0/% VWDGLXPV
DFURVV�WKH�FRXQWU\�DV�ZHOO�DV�VWD\LQJ�LQ�KRWHOV�IRU�DZD\�JDPHV�

Ɣ &RQFHVVLRQV UHIHUV WR *+* HPLVVLRQV DVVRFLDWHG ZLWK JURZLQJ� SURGXFLQJ� SURFHVVLQJ�
DQG WUDQVSRUWLQJ IRRG� EHYHUDJHV� DQG PLVFHOODQHRXV NLWFKHQ VXSSOLHV WR WKH VWDGLXP� 7KLV
HYDOXDWLRQ LV FRQVLGHUHG FUDGOH�WR�JDWH� PHDQLQJ LW LQFOXGHV DOO XSVWUHDP *+* HPLVVLRQV
DVVRFLDWHG ZLWK SURGXFW PDQXIDFWXULQJ� LQFOXGLQJ SDFNDJLQJ� VKLSSLQJ� EXW H[FOXGHV XVH
DQG�HQG�RI�OLIH�SKDVHV�

Ɣ 0HUFKDQGLVH VROG DW 7URSLFDQD )LHOG UHIHUV WR FUDGOH�WR�JDWH *+* HPLVVLRQV DVVRFLDWHG
ZLWK�WKH�SURGXFWLRQ�RI�PHUFKDQGLVH�IRU�VDOH�

Ɣ 'RZQVWUHDP VROLG ZDVWH UHIHUV WR *+* HPLVVLRQV IURP WKH GLVSRVDO SKDVH RI D SURGXFW
V
OLIH F\FOH DQG LQFOXGHV DOO ZDVWH SURGXFHG DW WKH VWDGLXP LQFOXGLQJ UHF\FODEOHV� VRUWHG
UHF\FODEOHV DUH GLYHUWHG WR PDWHULDO UHFRYHU\ IDFLOLWLHV DQG DOO UHPDLQLQJ ZDVWH LV VHQW WR D
ZDVWH�WR�HQHUJ\�IDFLOLW\�IRU�LQFLQHUDWLRQ�DQG�GLVSRVDO�

Ɣ :DWHU FRQVXPSWLRQ UHIHUV WR WKH WRWDO ZDWHU XVHG RQVLWH DW 7URSLFDQD )LHOG DQG H[FOXGHV
DQ\ XSVWUHDP RU GRZQVWUHDP LQGLUHFW ZDWHU FRQVXPSWLRQ DVVRFLDWHG ZLWK RWKHU JRRGV RU
VHUYLFHV XVHG DW 7URSLFDQD )LHOG� 2XU VWXG\ LQFOXGHG ZDWHU FRQVXPSWLRQ IURP UHVWURRPV�
ILHOG�LUULJDWLRQ��DQG�DOO�RWKHU�VRXUFHV�DW�WKH�VWDGLXP�
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7KH 5D\V SURYLGHG RXU WHDP ZLWK QXPHURXV GDWDVHWV UHODWHG WR WKH DFWLYLWLHV GHVFULEHG DERYH�
([DPSOHV LQFOXGH XWLOLW\ ELOOV� SXUFKDVLQJ UHFRUGV� DQG IDQ VXUYH\ UHVXOWV� 'HVFULSWLRQV RI GDWD
SURYLGHG DQG KRZ ZH XVHG WKH GDWD WR TXDQWLI\ *+* HPLVVLRQV DQG ZDWHU FRQVXPSWLRQ DUH
SURYLGHG�LQ�6HFWLRQ���

��� ([FOXGHG�'DWD
1RWDEOH H[FOXVLRQV LQ RXU V\VWHP ERXQGDU\ LQFOXGHG *+* HPLVVLRQV IURP GLHVHO DQG JDVROLQH
H[WUDFWLRQ�SURFHVVLQJ�GLVWULEXWLRQ� SXUFKDVHG JRRGV DQG VHUYLFHV RXWVLGH RI FRQFHVVLRQV DQG
PHUFKDQGLVH �ZKLFK ZRXOG LQFOXGH PXFK RI WKH LPSDFW RI FOXEKRXVH RSHUDWLRQV DQG IURQW RIILFH
ZRUN�� FDSLWDO JRRGV�VWDGLXP FRQVWUXFWLRQ� *+* HPLVVLRQV IURP IDQV ZDWFKLQJ WKH JDPH QRW DW
WKH VWDGLXP �L�H� RQ 79� UDGLR� DW D EDU� HWF��� PHUFKDQGLVH GLVSRVDO� ZDVWHZDWHU WUHDWPHQW� DQG
RII�VLWH �LQGLUHFW� ZDWHU FRQVXPSWLRQ �)LJXUH ��� ([FOXVLRQ RI WKHVH DFWLYLWLHV UHODWHG WR D ODFN RI
GDWD�DYDLODELOLW\�IURP�WKH�5D\V��D�ODFN�RI�HPLVVLRQV�IDFWRUV�DYDLODEOH��DQG�WLPH�FRQVWUDLQWV�

%\ GHILQLQJ RXU IXQFWLRQDO XQLW DV RQH VHDVRQ� DV RSSRVHG WR RQH \HDU� DV H[SODLQHG LQ 6HFWLRQ
���� ZH H[FOXGHG GDWD IURP WKH 5D\V UHODWHG WR XWLOLW\ XVDJH IURP -DQXDU\ � � 0DUFK ��� �����
DQG 2FWREHU � � 'HFHPEHU ��� ����� $V QRWHG LQ 6HFWLRQ ���� ZH EHOLHYHG WKDW WKH PDMRULW\ RI WKH
7DPSD %D\ 5D\V RSHUDWLRQV RFFXUUHG IURP $SULO � � 6HSWHPEHU ��� ����� DQG WKDW WKLV SHULRG
LQFRUSRUDWHG PLQLPDO LPSDFW IURP HYHQWV QRW KRVWHG E\ WKH 5D\V� 8VLQJ WKHVH GDWHV WR GHILQH RQH
5D\V VHDVRQ� ZH ILQG WKDW WKH ���� VHDVRQ XVHG EHWZHHQ ������ RI HDFK XWLOLW\ XVHG RYHU WKH
HQWLUH�FDOHQGDU�\HDU��ZLWK�WKH�H[FHSWLRQ�RI�GLHVHO��������7DEOH����

7DEOH �� 3HUFHQWDJH RI WRWDO \HDU�ORQJ XWLOLWLHV�VHUYLFHV XVHG RU GLVSRVHG RI GXULQJ WKH ����
VHDVRQ��VHSDUDWHG�E\�XWLOLW\�VHUYLFH�W\SH

8WLOLW\�6HUYLFH
3HUFHQW�RI�DOO������XVDJH�LQFOXGHG�LQ�RXU�ERXQGDU\

�L�H��3HUFHQW�RI������FRQVXPSWLRQ�GLVSRVDO�WKDW�WRRN�SODFH
EHWZHHQ�$SU�6HSW�������

1DWXUDO�*DV �����
'LHVHO �����
*DVROLQH �����
(OHFWULFLW\ �����
:DWHU �����

6ROLG�:DVWH�+DXO �����

�� 0HWKRGV

��� &DUERQ�)RRWSULQW�0HWKRGRORJ\�2YHUYLHZ
$V GHVFULEHG LQ 6HFWLRQ ���� RXU WHDP RSWHG WR HYDOXDWH RQVLWH *+* DQG ZDWHU LPSDFWV� DQG
XSVWUHDP DQG GRZQVWUHDP *+* LPSDFWV� IURP RQH 7DPSD %D\ 5D\V VHDVRQ� 7KLV IXQFWLRQDO XQLW
LV�GHILQHG�DV�WKH�QLQH�EOXH�RYDO�FDWHJRULHV�LQ )LJXUH ���DQG�RQVLWH�ZDWHU�XVDJH�

��



7KH FDUERQ IRRWSULQW RI WKHVH QLQH FDWHJRULHV ZHUH LQGLYLGXDOO\ FDOFXODWHG ZLWK WKHLU RZQ
PHWKRGRORJ\ WR GHWHUPLQH WKH PDVV RI *+* HPLVVLRQV GXULQJ WKH WLPH SHULRG GHILQHG E\ RXU
IXQFWLRQDO XQLW� $ GHWDLOHG GHVFULSWLRQ RI HDFK LQGLYLGXDO PHWKRGRORJ\ LV FRQWDLQHG LQ 6HFWLRQ
����� +RZHYHU� LQ JHQHUDO� WKH SURFHVV FDQ EH GHVFULEHG E\ PXOWLSO\LQJ DFWLYLW\ FRQVXPSWLRQ GDWD
IURP WKH 5D\V E\ WKH *+* HPLVVLRQ IDFWRU DVVRFLDWHG ZLWK WKDW DFWLYLW\ �(TXDWLRQ ���$��
$FWLYLW\ FRQVXPSWLRQ GDWD DUH TXDQWLWLHV RI UHVRXUFHV DVVRFLDWHG ZLWK WKH DFWLYLW\� VXFK DV JDOORQV
RI JDVROLQH FRPEXVWHG� GROODUV VSHQW RQ IRRGV IRU FRQFHVVLRQV VWDQGV� RU PLOHV WUDYHOHG E\ IDQV WR
WKH VWDGLXP� 7KH *+* HPLVVLRQ IDFWRU� ZKLFK GHVFULEHV WKH PDVV RI D SDUWLFXODU *+* SHU XQLW RI
DFWLYLW\ GDWD �DOVR NQRZQ DV HPLVVLRQV LQWHQVLW\�� FRPHV IURP QXPHURXV VRXUFHV VXFK DV WKH 8�6�
(3$ DQG RWKHU UHVHDUFK LQVWLWXWLRQV WKDW KDYH TXDQWLILHG WKH HPLVVLRQV LQWHQVLW\ RI FHUWDLQ
DFWLYLWLHV� 0XOWLSO\LQJ WKH DFWLYLW\ FRQVXPSWLRQ GDWD ZLWK WKH *+* HPLVVLRQ IDFWRU UHWXUQV WKH
PDVV�RI�*+*V�DVVRFLDWHG�ZLWK�WKH�DFWLYLW\��(TXDWLRQ ���$��

7KH PDVV RI *+* HPLVVLRQV ZHUH FDOFXODWHG E\ W\SH RI *+*� :H FDOFXODWHG HPLVVLRQV RI
FDUERQ GLR[LGH �&2��� PHWKDQH �&+�� DQG QLWURXV R[LGH �1�2� IRU DOO *+*�HPLWWLQJ DFWLYLWLHV�
(PLVVLRQV IRU WKH FRQFHVVLRQV DQG PHUFKDQGLVH DFWLYLWLHV DOVR LQFOXGHG HVWLPDWHV RI ³RWKHU
*+*V´ DV GHILQHG E\ WKH HPLVVLRQ IDFWRU VRXUFH� ,W LV FRPPRQ SUDFWLFH WR QRUPDOL]H WKH WRWDO
PDVV RI HPLVVLRQV LQ WHUPV RI &2�� UHIHUUHG WR DV FDUERQ GLR[LGH�HTXLYDOHQWV �&2�H� �(TXDWLRQ
���$�� 7KLV LV GRQH XVLQJ ����\HDU JOREDO ZDUPLQJ SRWHQWLDOV �*:3V�� ZKLFK PHDVXUH WKH KHDW
DEVRUEHG E\ DQ LQGLYLGXDO *+* DV D PXOWLSOH RI WKH KHDW WKDW ZRXOG EH DEVRUEHG E\ WKH VDPH
PDVV RI &2� �8�6� (3$� ����D�� 7KLV VWXG\ XVHG *:3V IURP WKH ,3&& $5� UHSRUW �6PLWK DQG
1LFKROOV� ����� S� ��� +RZHYHU� IRU VRPH DFWLYLWLHV� WKH RQO\ DYDLODEOH HPLVVLRQ IDFWRU GDWD ZDV
DOUHDG\�LQ�XQLWV�RI�&2�H�ZLWK�DQ�XQVSHFLILHG�*:3�WLPH�KRUL]RQ�DQG�,3&&�F\FOH�GDWD�

(TXDWLRQ����$�
*+*�(PLVVLRQV�SHU�$FWLYLW\��LQ�&2�H�� �$FWLYLW\�&RQVXPSWLRQ�'DWD�[����$FWLYLW\�(PLVVLRQ

)DFWRU*+* [�*:3*+*��
ZKHUH�*+*�LV�&2���&+��DQG�1�2�

2QFH *+* HPLVVLRQV IRU DOO HLJKW *+*�HPLWWLQJ DFWLYLWLHV LQFOXGHG LQ RXU V\VWHP ERXQGDU\
ZHUH FDOFXODWHG� ZH VXPPHG DOO HLJKW RI WKRVH WRWDOV WRJHWKHU WR JHW D FRPSOHWH FDUERQ IRRWSULQW
IRU RQH IXOO 5D\V VHDVRQ �(TXDWLRQ ���$�� )XUWKHU GHWDLOV RQ WKH PHWKRGV DQG GDWD XVHG IRU WKH
TXDQWLILFDWLRQ�RI�WKH�HVWLPDWHG�FDUERQ�IRRWSULQW�DUH�EHORZ�

����� 6FRSH��
7KURXJK IDFLOLW\ RSHUDWRU LQWHUYLHZV DQG DQ RQVLWH LQWHUQVKLS DW 7URSLFDQD )LHOG� LW ZDV
GHWHUPLQHG�WKDW�6FRSH���HPLVVLRQV�IRU�RXU�IXQFWLRQDO�XQLW�ZHUH�IURP�

Ɣ 1DWXUDO�JDV�FRPEXVWHG�IRU�ZDWHU�KHDWLQJ�DQG�FRRNLQJ�DSSOLDQFHV�
Ɣ 'LHVHO FRPEXVWHG E\ DQ RQVLWH HPHUJHQF\ JHQHUDWRU� KDQGKHOG ODZQ FDUH HTXLSPHQW� DQG

RII�URDG�YHKLFOHV�XVHG�RQ�WKH�ILHOG��DQG
Ɣ *DVROLQH�FRPEXVWHG�E\�WKH�5D\V¶�IOHHW�RI�OLJKW�GXW\�WUXFNV

,W LV DOVR OLNHO\ WKDW WKHUH DUH GLUHFW HPLVVLRQV RI K\GURIOXRURFDUERQV �+)&V�� DQRWKHU *+*� DW
7URSLFDQD )LHOG IURP WKH XVH RI UHIULJHUDWLRQ DQG DLU FRQGLWLRQLQJ HTXLSPHQW� 7KHVH ZHUH QRW

��



FDOFXODWHG EHFDXVH ZH KDG QR DFFHVV WR 5D\V�VSHFLILF GDWD RQ UHIULJHUDWLRQ HTXLSPHQW RU
FRRODQWV�

6FRSH � HPLVVLRQV ZHUH FDOFXODWHG EDVHG RQ SXUFKDVHG TXDQWLWLHV RI IRVVLO IXHOV IRU 7URSLFDQD
)LHOG GXULQJ WKH WLPH SHULRG FRQWDLQHG ZLWKLQ WKH IXQFWLRQDO XQLW� ([DFW TXDQWLW\ SXUFKDVHG ZDV
GHWHUPLQHG IURP QDWXUDO JDV XWLOLW\ LQYRLFHV DQG UHFHLSWV IRU GLHVHO DQG JDVROLQH� 'LUHFW
HPLVVLRQV ZHUH FDOFXODWHG XVLQJ HPLVVLRQ IDFWRUV IURP WKH *+* (PLVVLRQV &DOFXODWLRQV 7RRO
IURP WKH *+* 3URWRFRO �³7KH *+* (PLVVLRQV &DOFXODWLRQ 7RRO _ *UHHQKRXVH *DV 3URWRFRO�´
Q�G��� )XUWKHU GHWDLO RQ GLUHFW HPLVVLRQV FDOFXODWLRQV DQG PHWKRGV RI SHUFHQW EUHDNGRZQ RI HDFK
IRVVLO�IXHO�W\SH�E\�DFWLYLW\�LV�SURYLGHG�LQ�6HFWLRQ��������

����� 6FRSH��
6LPLODU WR 6FRSH � HPLVVLRQV� XWLOLW\ LQYRLFHV ZHUH XVHG WR GHWHUPLQH HOHFWULFLW\ FRQVXPHG�
(PLVVLRQ IDFWRUV IURP H*5,' ���� GDWD IRU WKH )ORULGD 5HOLDELOLW\ &RRUGLQDWLQJ &RXQFLO
�)5&&� VXEUHJLRQ� ZKLFK FRYHUV PRVW RI WKH VWDWH RI )ORULGD� ZHUH XVHG WR TXDQWLI\ 6FRSH �
HPLVVLRQV EDVHG RQ WKH TXDQWLW\ RI HOHFWULFLW\ FRQVXPHG�� H*5,' LV DQ LQYHQWRU\ RI
HQYLURQPHQWDO DWWULEXWHV RI HOHFWULF SRZHU V\VWHPV WKDW SXOOV GDWD IURP WKH (QHUJ\ ,QIRUPDWLRQ
$GPLQLVWUDWLRQ �(,$� DQG (3$¶V &OHDQ $LU 0DUNHWV 3URJUDP 'DWD �5RWKVFKLOG HW DO�� ������ 7KH
UHVRXUFH JULG PL[ IRU WKH )5&& VXEUHJLRQ LV GRPLQDWHG E\ QDWXUDO JDV� JHQHUDWLQJ ����� RI WKH
WRWDO HOHFWULFLW\ LQ WKH VXEUHJLRQ� 1XFOHDU SRZHU JHQHUDWLRQ DFFRXQWV IRU ����� RI HOHFWULFLW\ DQG
FRDO DFFRXQWV IRU ����� 7KH HPLVVLRQV LQWHQVLW\ RI WKH )5&& JULG PL[ LV ��� J &2�H�N:K�
6HFWLRQ ������ SURYLGHV WKH GHWDLOHG PHWKRGRORJ\ IRU FDOFXODWLRQ RI *+* HPLVVLRQV DVVRFLDWHG
ZLWK SXUFKDVHG HOHFWULFLW\ FRQVXPHG RQVLWH� 2XU HYDOXDWLRQ RI 6FRSH � HPLVVLRQV GRHV QRW
LQFOXGH�ORVVHV�DVVRFLDWHG�ZLWK�WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�RI�HOHFWULFLW\�

����� 6FRSH��
6FRSH � LV GHILQHG DV DOO RWKHU LQGLUHFW *+* HPLVVLRQV WKDW DUH D FRQVHTXHQFH RI WKH DFWLYLWLHV RI
WKH FRPSDQ\� &DOFXODWLQJ RWKHU LQGLUHFW HPLVVLRQV DVVRFLDWHG ZLWK RXU IXQFWLRQDO XQLW UHTXLUHG
PRUH YDULHG VRXUFHV RI GDWD DQG PXOWLSOH FDOFXODWLRQ PHWKRGRORJLHV� 7KH *+* 3URWRFRO
DFNQRZOHGJHV WKLV DQG WKXV FDWHJRUL]HV *+* HPLVVLRQV IRU 6FRSH � LQWR �� GLIIHUHQW FDWHJRULHV
WKDW� ZKHQ HYDOXDWHG LQ WKHLU HQWLUHW\� SURYLGH D WKRURXJK DQG KROLVWLF GHVFULSWLRQ RI XSVWUHDP DQG
GRZQVWUHDP HPLVVLRQV VRXUFHV IRU D FRPSDQ\� $V QRWHG LQ RXU OLWHUDWXUH UHYLHZ� ZH DQWLFLSDWHG
WKDW IDQ WUDQVSRUWDWLRQ� WHDP WUDYHO� DQG HPLVVLRQV DVVRFLDWHG ZLWK FRQFHVVLRQV ZRXOG EH ODUJH
FRPSRQHQWV RI WKH FDUERQ IRRWSULQW� VR ZH SULRULWL]HG HYDOXDWLQJ WKHVH *+* HPLVVLRQV VRXUFHV�
7DEOH�� GLVFXVVHV�WKH�FDWHJRULHV�RI�6FRSH���HPLVVLRQV LQFOXGHG�LQ�RXU�FDUERQ�IRRWSULQW�

��



7DEOH��� &DWHJRULHV�RI�6FRSH���HPLVVLRQV�LQFOXGHG LQ�RXU�VWXG\�FDUERQ�IRRWSULQW
6FRSH���&DWHJRU\ 'HVFULSWLRQ�RI�,QFOXGHG�$FWLYLWLHV

���3XUFKDVHG�*RRGV�DQG�6HUYLFHV

(YDOXDWHG HPLVVLRQV IURP IRRG DQG PDWHULDOV SXUFKDVHG
IRU FRQFHVVLRQV RSHUDWLRQ DQG PHUFKDQGLVH SXUFKDVHG DQG
WKHQ UH�VROG WR IDQV �RQVLWH RQO\�� $OVR HYDOXDWHG
HPLVVLRQV DVVRFLDWHG ZLWK SXUFKDVH RI ZDWHU IURP WKH
ORFDO�ZDWHU�XWLOLW\��L�H��HQHUJ\�UHTXLUHG�WR�WUHDW�ZDWHU�

���)XHO��DQG�(QHUJ\�5HODWHG�$FWLYLWLHV�1RW
,QFOXGHG�LQ�6FRSH���RU�6FRSH��

(YDOXDWHG HPLVVLRQV DVVRFLDWHG ZLWK H[WUDFWLRQ DQG
SURGXFWLRQ RI PHWKDQH GLVWULEXWHG E\ WKH QDWXUDO JDV
XWLOLW\� 7KLV GRHV QRW LQFOXGH HPLVVLRQV DVVRFLDWHG ZLWK
QDWXUDO JDV�SRZHUHG HOHFWULFLW\ JHQHUDWLRQ LQ WKH )5&&
VXEUHJLRQ

���8SVWUHDP�7UDQVSRUWDWLRQ�DQG
'LVWULEXWLRQ

,QFOXGHG �DV &DWHJRU\ �� � (PLVVLRQ IDFWRUV XVHG WR
HYDOXDWH HPLVVLRQV IURP PDWHULDOV SXUFKDVHG IRU
FRQFHVVLRQV DQG PHUFKDQGLVH LQFOXGHG WUDQVSRUWDWLRQ DQG
GLVWULEXWLRQ�DVVRFLDWHG�ZLWK�WKRVH�SXUFKDVHG�JRRGV

���:DVWH�*HQHUDWHG�LQ�2SHUDWLRQV
(YDOXDWHG HPLVVLRQV DVVRFLDWHG ZLWK PDQDJHPHQW RI
ZDVWH IURP 7URSLFDQD )LHOG� ZKLFK FRQVLVW SULPDULO\ RI
HPLVVLRQV�DVVRFLDWHG�ZLWK�D�ZDVWH�WR�HQHUJ\�IDFLOLW\

���%XVLQHVV�7UDYHO
(YDOXDWHG HPLVVLRQV IURP WHDP WUDQVSRUWDWLRQ WR DQG IURP
DZD\ JDPHV DQG DVVRFLDWHG HPLVVLRQV IURP
DFFRPPRGDWLRQ

���'RZQVWUHDP�7UDQVSRUWDWLRQ�DQG
'LVWULEXWLRQ

(YDOXDWHG HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ WR DQG IURP
KRPH�JDPHV�DW�7URSLFDQD�)LHOG

2QFH DFWLYLWLHV WR DVVHVV ZHUH SLFNHG� ZH ZRUNHG ZLWK WKH 5D\V WR DFTXLUH GDWD UHODWHG WR WKH
DFWLYLWLHV LGHQWLILHG DERYH� %DVHG RQ WKH DYDLODEOH GDWD� ZH FRQVXOWHG WKH *+* 3URWRFRO WR
GHWHUPLQH D FDOFXODWLRQ PHWKRGRORJ\ IRU *+* HPLVVLRQV� 7KH FDOFXODWLRQ PHWKRGRORJLHV FDQ EH
VXPPDUL]HG�DV�IROORZV�

Ɣ 6SHQG�EDVHG PHWKRG� HVWLPDWHV HPLVVLRQV DVVRFLDWHG ZLWK WKH SURGXFWLRQ DQG
GLVWULEXWLRQ RI JRRGV DQG VHUYLFHV E\ FROOHFWLQJ GDWD RQ WKH HFRQRPLF YDOXH RI JRRGV DQG
VHUYLFHV SXUFKDVHG DQG PXOWLSO\LQJ LW E\ UHOHYDQW VHFRQGDU\ �H�J�� LQGXVWU\ DYHUDJH�
HPLVVLRQ�IDFWRUV��H�J���DYHUDJH�HPLVVLRQV�SHU�PRQHWDU\�YDOXH�RI�JRRGV��

Ɣ 6XSSOLHU�VSHFLILF PHWKRG� FROOHFWV SURGXFW�OHYHO FUDGOH�WR�JDWH *+* LQYHQWRU\ GDWD
IURP�JRRGV�RU�VHUYLFHV�VXSSOLHUV�

Ɣ $YHUDJH�GDWD PHWKRG� HVWLPDWHV HPLVVLRQV IRU JRRGV DQG VHUYLFHV E\ FROOHFWLQJ GDWD RQ
WKH PDVV �H�J�� NLORJUDPV RU SRXQGV�� RU RWKHU UHOHYDQW PDVV XQLWV RI JRRGV RU VHUYLFHV
SXUFKDVHG DQG PXOWLSO\LQJ E\ WKH UHOHYDQW VHFRQGDU\ �H�J�� LQGXVWU\ DYHUDJH� HPLVVLRQ
IDFWRUV��H�J���DYHUDJH�HPLVVLRQV�SHU�XQLW�RI�JRRG�RU�VHUYLFH��

��



Ɣ 'LVWDQFH�EDVHG PHWKRG� 7KH GLVWDQFH�EDVHG PHWKRG LQYROYHV PXOWLSO\LQJ DFWLYLW\ GDWD
�L�H�� YHKLFOH�PLOHV RU SHUVRQ�PLOHV WUDYHOHG E\ YHKLFOH W\SH� E\ HPLVVLRQ IDFWRUV
�W\SLFDOO\ GHIDXOW QDWLRQDO HPLVVLRQ IDFWRUV E\ YHKLFOH W\SH�� 9HKLFOH W\SHV LQFOXGH DOO
FDWHJRULHV�RI�DLUFUDIW��UDLO��VXEZD\��EXV��DXWRPRELOH��HWF���%DUURZ�HW�DO���Q�G���

7DEOH � GHVFULEHV KRZ ZH HYDOXDWHG HPLVVLRQV IRU HDFK DFWLYLW\ LQFOXGHG ZLWKLQ RXU FDUERQ
IRRWSULQW� )XUWKHU LQIRUPDWLRQ LQFOXGLQJ GHWDLOHG GHVFULSWLRQV RI FDOFXODWLRQV LV LQFOXGHG LQ
6HFWLRQ������

��



7DEOH��� $�VXPPDU\�RI�GDWD�VRXUFHV��*+*�3URWRFRO�PHWKRGRORJ\ XVHG��DQG�HPLVVLRQ�IDFWRU�VRXUFHV�XVHG

(PLVVLRQV�$FWLYLW\
'HVFULSWLRQ

$FWLYLW\��&RQVXPSWLRQ
'DWD�8VHG

$FWLYLW\�
&RQVXPSWLRQ
'DWD�8QLWV

*+*�3URWRFRO
&DOFXODWLRQ

0HWKRGRORJ\�8VHG
(PLVVLRQ�)DFWRU�'DWD�6RXUFH

(PLVVLRQ
)DFWRU
8QLWV

6XSSOHPHQWDO
,QIRUPDWLRQ
ZLWK�'HWDLOHG
0HWKRGRORJ\

&RQFHVVLRQV 3XUFKDVLQJ�UHFRUGV �����86' 6SHQG�EDVHG�PHWKRG 8�6��(3$¶V�6XSSO\�&KDLQ�(PLVVLRQ�)DFWRUV�IRU
8�6��,QGXVWULHV�DQG�&RPPRGLWLHV�GDWDVHW

J�&2�H�
�����86' ������

0HUFKDQGLVH 6DOHV�UHFRUGV�IURP�WKH
7DPSD�%D\�5D\V

�����86' 6SHQG�EDVHG�PHWKRG 8�6��(3$¶V�6XSSO\�&KDLQ�(PLVVLRQ�)DFWRUV�IRU
8�6��,QGXVWULHV�DQG�&RPPRGLWLHV�GDWDVHW

J�&2�H�
�����86' ������

8SVWUHDP�:DWHU :DWHU�XWLOLW\�LQYRLFHV JDO 6XSSOLHU��VSHFLILF
PHWKRG

=DULEDI¶V��*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\�
DSSOLFDWLRQ�RI�:DWHU�(QHUJ\�6XVWDLQDELOLW\�7RRO

�:(67��IURP�8&�%HUNHOH\
J�&2�H��P� ������

8SVWUHDP�1DWXUDO
*DV

1DWXUDO�JDV�XWLOLW\
LQYRLFHV WKHUPV $YHUDJH�GDWD�PHWKRG 8�6��'2(�DQG�$UJRQQH�1DWLRQDO�/DERUDWRU\¶V

*5((7�0RGHO
J�&2�H�
PPEWX ������

'RZQVWUHDP�6ROLG
:DVWH

:DVWH�DQG�UHF\FOLQJ
KDXOHU�LQYRLFHV SRXQGV $YHUDJH�GDWD�PHWKRG 8�6��(3$¶V�:DVWH�5HGXFWLRQ�0RGHO��:$50�D J�&2�H�

VKRUW�WRQ ������

7HDP�7UDYHO���$LU
7UDYHO

7DPSD�%D\�5D\V�����
6HDVRQ�*DPH�6FKHGXOH PLOHV 'LVWDQFH��EDVHG

PHWKRG (3$������*+*�(PLVVLRQ�,QYHQWRU\�)DFWRUV J�&2�H�
PLOH ������

7HDP�7UDYHO���2WKHU
7UDYHO�0HWKRGV�DQG
$FFRPPRGDWLRQV

:LWK�D�ODFN�RI�DYDLODEOH�GDWD�IURP�WKH�5D\V��ZH�XVHG�D�*+*�HPLVVLRQV�DQDO\VLV�IURP�WKH�1HZ�<RUN�0HWV�DV�D�SUR[\�IRU�WKH�7DPSD�%D\
5D\V��*LYHQ�DYDLODEOH�GDWD��LW�LV�DVVXPHG�WKDW�WKH�0HWV�XVHG�WKH�DYHUDJH�GDWD�PHWKRG�WR�HYDOXDWH�HPLVVLRQV� ������

)DQ�7UDQVSRUWDWLRQ
5HVXOWV�RI������0/%
3RVW�*DPH�6XUYH\
GLVWULEXWHG�WR�IDQV

PLOHV 'LVWDQFH��EDVHG
PHWKRG (3$������*+*�(PLVVLRQ�,QYHQWRU\�)DFWRUV J�&2�H�

PLOH ������

D7KH�8�6��(3$¶V�:DVWH�5HGXFWLRQ�0RGHO�LQFOXGHV�QHJDWLYH HPLVVLRQ�IDFWRUV��L�H��*+*�HPLVVLRQV�FUHGLWV��IRU�ERWK�UHF\FOLQJ�SURFHVVHV�DQG�ZDVWH�WR�HQHUJ\
SURFHVVHV��$�FUHGLW�LV�JLYHQ�ZKHQ�UHF\FOLQJ�SURFHVVHV�DUH�OHVV�FDUERQ�LQWHQVLYH�WKDQ�YLUJLQ�PDWHULDO�SURGXFWLRQ�SURFHVVHV��)RU�ZDVWH�WR�HQHUJ\�SURFHVVHV��D�FUHGLW
LV�JLYHQ�ZKHQ�HOHFWULFLW\�JHQHUDWLRQ�IURP�WKH�IDFLOLW\�LV�OHVV�FDUERQ�LQWHQVLYH�WKDQ�WKH�UHJLRQDO�HOHFWULFLW\�JULG�PL[��6HH�6XSSOHPHQWDO�,QIRUPDWLRQ��������IRU
IXUWKHU�GHWDLO�

��
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��� 2QVLWH�:DWHU�8VH
0RQWKO\ ZDWHU XWLOLW\ ELOOV IURP ���� ZHUH SURYLGHG IURP WKH 5D\V� ELOO LQIRUPDWLRQ ZDV
UHFRUGHG WR FDOFXODWH WRWDO PRQWKO\ ZDWHU XVDJH �LQ JDOORQV�� :DWHU XWLOLW\ ELOOV ZHUH QRW
VXE�GLYLGHG EHWZHHQ RQVLWH XVHV� WKXV VSHFLILF LQIRUPDWLRQ DERXW VHUYLFH DUHDV ZDV QRW DYDLODEOH�
XVDJH LV WKHUHIRUH DVVXPHG WR EH LQFOXVLYH RI HQWLUH VWDGLXP RSHUDWLRQV� 0RQWKO\ XVDJHV EHWZHHQ
$SULO DQG 6HSWHPEHU �LQFOXVLYH� ZHUH VXPPHG WR FDOFXODWH WKH ���� VHDVRQ WRWDO� (QG XVHV ZHUH
LGHQWLILHG DV UHVWURRPV �XULQDOV� WRLOHWV� VLQNV�� ZDWHU IRXQWDLQV� NLWFKHQ�FRRNLQJ VLQNV� MDQLWRULDO
XVHV� FRROLQJ WRZHUV� FOXEKRXVH RSHUDWLRQV� OHDNV� DQG PDLQWHQDQFH RI WKH ILHOG� 6XIILFLHQW
LQIRUPDWLRQ ZDV RQO\ DYDLODEOH IRU UHVWURRPV� DQG ILHOG PDLQWHQDQFH� WKXV RXU HVWLPDWLRQV RI
RQVLWH ZDWHU XVH ZHUH EURNHQ GRZQ LQWR MXVW WKUHH FDWHJRULHV� UHVWURRPV� ILHOG XVH� DQG RWKHU
�(TXDWLRQ����$��

6WDGLXP SHUVRQQHO SURYLGHG IORZ UDWHV IRU UHVWURRP IL[WXUHV� 6WDGLXP SHUVRQQHO DOVR VXSSOLHG
LQIRUPDWLRQ UHODWHG WR ZDWHU FRQVXPSWLRQ IRU WKH FRROLQJ WRZHU EDVHG RQ D FRQWUDFWRU¶V HVWLPDWH�
7KH RWKHU FDWHJRU\ LQFOXGHV ZDWHU FRQVXPHG E\ ZDWHU IRXQWDLQV� MDQLWRULDO XVHV� FRROLQJ WRZHUV�
FOXEKRXVH�RSHUDWLRQV��OHDNV��DQG�ILHOG�PDLQWHQDQFH �(TXDWLRQ����%��

,Q RUGHU WR JOHDQ LQVLJKWV LQWR WKH FRQWULEXWLRQ RI WKH YDULRXV ³RWKHU´ HQG XVHV WR WKH WRWDO
VHDVRQDO ZDWHU XVH� OLWHUDWXUH ZDV XVHG WR FRQGXFW ³EDFN�RI�WKH�HQYHORSH´ FDOFXODWLRQV IRU ZDWHU
IRXQWDLQV� MDQLWRULDO XVHV� FOXEKRXVH RSHUDWLRQV� DQG OHDNV� 6HH 6HFWLRQ ���� IRU PHWKRGRORJLHV
VSHFLILF WR HDFK HQG XVH� )URP WKH FRROLQJ WRZHU XVDJH HVWLPDWH� LW LV UHDVRQDEOH WR DVVXPH WKH
PDMRULW\ RI WKH ³RWKHU´ FDWHJRU\ LV UHODWHG WR FRROLQJ WRZHU ZDWHU XVH� WKXV WKH UHPDLQLQJ ZDWHU
FRQVXPHG ZDV DOORFDWHG WR WKH FRROLQJ WRZHUV� WKLV QRWLRQ LV GLVFXVVHG IXUWKHU LQ 6HFWLRQ ����
.LWFKHQ ZDWHU FRQVXPSWLRQ ZDV H[FOXGHG IURP WKH RQVLWH ZDWHU XVH EUHDNGRZQ GXH WR DQ
DEVHQFH RI OLWHUDWXUH HVWLPDWHV� MDQLWRULDO XVHV ZHUH DOVR VLPSOLILHG WR ZDVKLQJ WKH JUDQGVWDQG�
DQG FOXEKRXVH RSHUDWLRQV ZHUH VLPSOLILHG WR RQO\ LQFOXGH FOXEKRXVH VKRZHUV DQG ZDVKLQJ
PDFKLQHV� 6LQFH WKH WRWDO ZDWHU FRQVXPHG GXULQJ WKH ���� VHDVRQ LV NQRZQ DQG WRS
ZDWHU�FRQVXPLQJ DFWLYLWLHV DUH LQFOXGHG LQ RXU FDOFXODWLRQ� WKHVH H[FOXVLRQV GR QRW SUHYHQW XV
IURP PHHWLQJ SURMHFW JRDOV RI� TXDQWLI\LQJ RQVLWH ZDWHU FRQVXPHG� LGHQWLI\LQJ KRWVSRWV� DQG
HVWDEOLVKLQJ UHGXFWLRQ VWUDWHJLHV IRU NH\ KRWVSRW DUHDV� 7R FDOFXODWH RQVLWH ZDWHU FRQVXPSWLRQ� ZH
VXP�HDFK�ZDWHU�FRQVXPSWLRQ�FDWHJRU\ �(TXDWLRQV����$ DQG����%��

(TXDWLRQ����$�
2QVLWH�:DWHU�&RQVXPSWLRQ��JDO�� �5HVWURRP�:DWHU���)LHOG�0DLQWHQDQFH�:DWHU���2WKHU�:DWHU

(TXDWLRQ����%�
2WKHU�:DWHU��JDO�� �&RROLQJ�7RZHU���:DWHU�)RXQWDLQV���*UDQGVWDQG�:DVKLQJ���&OXEKRXVH

6KRZHUV���:DVKLQJ�0DFKLQHV���/HDNV

��



�� 5HVXOWV

��� &DUERQ�)RRWSULQW�5HVXOWV
7KH HVWLPDWHG FDUERQ IRRWSULQW IRU RQH IXOO 7DPSD %D\ 5D\V VHDVRQ LV ODUJHO\ DWWULEXWHG WR IDQ
WUDQVSRUWDWLRQ �������� IROORZHG E\ FRQFHVVLRQV ������� DQG 6FRSH � HPLVVLRQV ������ �7DEOH
�� )LJXUH ��� $V QRWHG LQ 7DEOH �� GRZQVWUHDP VROLG ZDVWH PDQDJHPHQW SUDFWLFHV FDQ JHQHUDWH D
SRWHQWLDO *+* HPLVVLRQV FUHGLW IURP UHF\FOLQJ DQG ZDVWH�WR�HQHUJ\ IDFLOLWLHV RIIVHWWLQJ HOHFWULF
JULG HPLVVLRQV� 7KH HPLVVLRQV FUHGLW DVVRFLDWHG ZLWK GRZQVWUHDP VROLG ZDVWH LV QHJOLJLEOH
��������� &2� LV WKH *+* FRQWULEXWLQJ WKH YDVW PDMRULW\ RI HPLVVLRQV WR WKH 5D\V
 FDUERQ
IRRWSULQW �)LJXUH ��� %HFDXVH WRWDO HPLVVLRQV DUH GRPLQDWHG E\ IDQ WUDQVSRUWDWLRQ� FRQWULEXWLRQV
RI VPDOOHU VRXUFHV RI HPLVVLRQV DUH PRUH HDVLO\ FRPSDUDEOH ZKHQ FRPSDUHG ZLWKRXW IDQ
WUDQVSRUWDWLRQ �)LJXUH ��� (PLVVLRQV WRWDOHG MXVW XQGHU ������ PHWULF WRQQHV &2�H RYHU WKH
HQWLUH�VHDVRQ��7DEOH����

(PLVVLRQV FDQ DOVR EH DVVHVVHG RQ D SHU IDQ EDVLV� :LWK D WRWDO KRPH DWWHQGDQFH RI ���������
IDQV GXULQJ WKH ���� UHJXODU VHDVRQ �%HUJLQ� ������ DSSUR[LPDWHO\ ���� NJ &2�H FDQ EH
DWWULEXWHG WR HDFK 7DPSD %D\ 5D\V IDQ� 7KLV LV WKH VDPH TXDQWLW\ RI *+*V HPLWWHG IURP GULYLQJ
DQ DYHUDJH SDVVHQJHU YHKLFOH DSSUR[LPDWHO\ �� PLOHV �FDOFXODWHG XVLQJ 8�6� (3$ ���� (PLVVLRQ
)DFWRUV�IRU�*UHHQKRXVH�*DV�,QYHQWRULHV���8�6��(3$���������

7DEOH �� 0DVV DQG SHUFHQW *+* HPLVVLRQV EUHDNGRZQ E\ DFWLYLW\ RI WKH 5D\V ���� VHDVRQ
�$SULO�6HSWHPEHU��LQ�&2�H�DQG�UHVSHFWLYH�*+*V��&2���&+���1�2�

$FWLYLW\
'HVFULSWLRQ &2���NJ� &+���NJ� 1�2��NJ� 2WKHU�*+*V

�&2�H� &2�H��NJ�
3HUFHQW�RI

7RWDO
)RRWSULQW

6FRSH���(PLVVLRQV ������� ��� ��� 1$ ������� �����
6FRSH���(PLVVLRQV ��������� ��� �� 1$ ��������� �����
8SVWUHDP�1DWXUDO
*DV�DQG�8SVWUHDP

:DWHU
������ ��� ��� 1$ ������ �����

'RZQVWUHDP�6ROLG
:DVWH 1$ 1$ 1$ 1$ �������� ������

&RQFHVVLRQV ���������� ������ ����� ������ ��������� �����
0HUFKDQGLVH ������� ����� ��� ����� ������� �����

)DQ�7UDQVSRUWDWLRQ ���������� ��� ��� 1$ ���������� �����
7HDP�7UDYHO ��������� 1$ 1$ 1$ ��������� �����

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

��



)LJXUH��� 7RWDO�HPLVVLRQV�RI�WKH�5D\V������VHDVRQ E\�LQGLYLGXDO�*+*�DQG�DFWLYLW\

)LJXUH �� 7RWDO HPLVVLRQV RI WKH 5D\V ���� VHDVRQ E\ LQGLYLGXDO *+* DQG DFWLYLW\ �H[FOXGLQJ
IDQ�WUDQVSRUWDWLRQ�

��



����� &DUERQ�)RRWSULQW��$FWLYLW\�+RWVSRWV
7KH VXEVHFWLRQV EHORZ SURYLGH PRUH JUDQXODU GHWDLO RQ *+* HPLVVLRQV UHVXOWV IRU HDFK
*+*�HPLWWLQJ DFWLYLW\ HYDOXDWHG DV SDUW RI WKH 5D\V¶ FDUERQ IRRWSULQW� 0RVW DUHDV HYDOXDWHG KDYH
RQH RU PRUH ³KRWVSRWV´ UHVSRQVLEOH IRU D PDMRULW\ RI HPLVVLRQV DVVRFLDWHG ZLWK WKH FDWHJRU\�
OLVWHG�LQ 7DEOH���

7DEOH��� ,GHQWLILHG�KRWVSRWV�E\�DFWLYLW\�HYDOXDWHG IRU�FDUERQ�IRRWSULQW
$FWLYLW\ +RWVSRW

6FRSH���(PLVVLRQV 1DWXUDO�JDV
6FRSH���(PLVVLRQV (OHFWULFLW\�JHQHUDWLRQ�IURP�IRVVLO�IXHOV

8SVWUHDP�QDWXUDO�JDV�DQG�XSVWUHDP�ZDWHU 1DWXUDO�JDV
'RZQVWUHDP�VROLG�ZDVWH 3(7�FRPEXVWLRQ

)DQ�WUDQVSRUWDWLRQ 7UDYHO�E\�FDU�SHUVRQDO�YHKLFOHV
7HDP�WUDYHO $LUSODQH�WUDYHO�IURP�FRDVW�WR�FRDVW
&RQFHVVLRQV 0HDW�SURGXFWV
0HUFKDQGLVH 0\VWHU\�JUDE�EDJV�DQG�FRPPHPRUDWLYH�MHUVH\V

������� 6FRSH���(PLVVLRQV
6FRSH � HPLVVLRQV DW 7URSLFDQD )LHOG DFFRXQWHG IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ
IRRWSULQW� 7KH EUHDNGRZQ RI *+* HPLVVLRQV E\ IRVVLO IXHO W\SH LV VKRZQ LQ 7DEOH �� &RPEXVWLRQ
RI QDWXUDO JDV DFFRXQWV IRU ��� RI HPLVVLRQV IURP 6FRSH � HPLVVLRQV� 1DWXUDO JDV LV XVHG DW
7URSLFDQD )LHOG IRU ERWK ZDWHU KHDWLQJ DQG NLWFKHQ DSSOLDQFHV� 7KH 7DPSD %D\ 5D\V GR QRW KDYH
QDWXUDO JDV VXE�PHWHUV WR LQGLFDWH ZKDW SURSRUWLRQ RI QDWXUDO JDV XVDJH JRHV WRZDUGV KHDWLQJ
YHUVXV NLWFKHQ� +RZHYHU� IRU UHIHUHQFH� &LWL )LHOG� KRPH RI WKH 1HZ <RUN 0HWV 0/% WHDP� XVHV
��� RI WKHLU QDWXUDO JDV IRU ZDWHU KHDWLQJ DQG ��� ZLWK NLWFKHQ DSSOLDQFHV� 7KHUHIRUH� ZH
DVVXPH WKDW WKH PDMRULW\ RI WKH 7DPSD %D\ 5D\V 6FRSH � HPLVVLRQV FDQ EH DWWULEXWHG WR WKH
5D\V¶�ZDWHU�KHDWLQJ�V\VWHP�

7DEOH��� 6FRSH���HPLVVLRQV�E\�IRVVLO�IXHO�W\SH

)XHO &2���NJ� &+���NJ� 1�2��NJ� &2�H��NJ�
3HUFHQW�RI
6FRSH��
&2�H

(PLVVLRQ
)DFWRU��NJ
&2�H�XQLW�

8QLWV

1DWXUDO�*DV ������� � ���� ������� ��� ���� 00%WX
'LHVHO ����� � ���� ����� �� ���� JDO
*DVROLQH ������ � � ������ �� ���� JDO
7RWDO ������� � ���� ������� ����

������� 6FRSH���(PLVVLRQV
6FRSH � HPLVVLRQV DFFRXQWHG IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW� 7RWDO 6FRSH �
HPLVVLRQV ZHUH FDOFXODWHG IRU HDFK *+* �7DEOH ��� $V GHVFULEHG LQ 6HFWLRQ ������� HPLVVLRQV
ZHUH FDOFXODWHG XVLQJ 8�6� (3$ H*5,' HPLVVLRQ IDFWRUV IRU ���� GDWD� SXEOLVKHG LQ ����� IRU
WKH )5&& VXEUHJLRQ� 7KH UHVRXUFH JULG PL[ IRU WKH )5&& VXEUHJLRQ LV GRPLQDWHG E\ QDWXUDO JDV�

��



JHQHUDWLQJ ����� RI WKH WRWDO HOHFWULFLW\ LQ WKH VXEUHJLRQ� 1XFOHDU SRZHU JHQHUDWLRQ DFFRXQWV IRU
����� RI HOHFWULFLW\ DQG FRDO DFFRXQWV IRU ����� $OO RWKHU VRXUFHV RI SRZHU DUH OHVV WKDQ �� RI
WRWDO JHQHUDWLRQ �)LJXUH ��� 1RWH WKDW WKH IRVVLO IXHO�KHDY\ PDNH�XS RI WKH HOHFWULF JULG DFFRXQWV
IRU WKH PDMRULW\ RI 6FRSH � HPLVVLRQV� )5&& VXEUHJLRQ H*5,' GDWD LQGLFDWHV WKDW ��� RI &2�H
HPLVVLRQV DUH IURP QDWXUDO JDV�ILUHG SRZHU SODQWV� IROORZHG E\ ��� IURP FRDO�ILUHG SODQWV� ��
IURP�RLO��DQG����IURP�DOO�RWKHU�HOHFWULFLW\�VRXUFHV��8�6��(3$��������

7DEOH��� 6FRSH���HPLVVLRQV��*+*�HPLVVLRQV�IURP�HOHFWULFLW\ JHQHUDWLRQ�

$FWLYLW\
'HVFULSWLRQ &2���NJ� &+���NJ� 1�2��NJ� 2WKHU�*+*V

�&2�H� &2�H��NJ�
3HUFHQW�RI
7RWDO�5D\V
)RRWSULQW

(PLVVLRQ
)DFWRU��NJ
&2�H�N:K�

(OHFWULFLW\ ������� ��� �� 1$ ��������� ����� ����

)LJXUH �� )ORULGD 5HOLDELOLW\ &RRUGLQDWLQJ &RXQFLO �)5&&� VXEUHJLRQ UHVRXUFH JULG PL[� 1RW
VKRZQ LQ ILJXUH LV WKDW �� RI WKH HOHFWULFLW\ JHQHUDWHG LQ WKH )5&& VXEUHJLRQ FRPHV IURP ZLQG
HQHUJ\� JHRWKHUPDO HQHUJ\� RU RWKHU IRVVLO IXHOV VXFK DV RWKHU JDVVHV EHVLGHV QDWXUDO JDV� 6RXUFH�
H*5,'������6XPPDU\�7DEOHV��8�6��(3$������E�

��



������� 8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU
:H FDOFXODWHG *+* HPLVVLRQV IURP XSVWUHDP DFWLYLWLHV DVVRFLDWHG ZLWK ZDWHU SXUFKDVHG IURP
WKH ORFDO ZDWHU XWLOLW\ DQG QDWXUDO JDV SXUFKDVHG IURP WKH ORFDO QDWXUDO JDV XWLOLW\� L�H� HPLVVLRQV
DVVRFLDWHG ZLWK QDWXUDO JDV H[WUDFWLRQ� SURFHVVLQJ� DQG GLVWULEXWLRQ SULRU WR RQVLWH FRPEXVWLRQ
�7DEOH ��� 2YHUDOO� WKLV FDWHJRU\ FRPSULVHV ����� RI WKH 5D\V¶ HQWLUH FDUERQ IRRWSULQW HVWLPDWH�
:LWKLQ WKH FDWHJRU\� ��� RI HPLVVLRQV DUH DVVRFLDWHG ZLWK XSVWUHDP QDWXUDO JDV DV RSSRVHG WR
XSVWUHDP�ZDWHU�WUHDWPHQW������

7DEOH��� 8SVWUHDP�*+*�HPLVVLRQV�E\�XWLOLW\

8WLOLW\ &2���NJ� &+���NJ� 1�2��NJ� &2�H��NJ�
3HUFHQW�RI
$FWLYLW\
)RRWSULQW

(PLVVLRQ
IDFWRU��NJ
&2�H�XQLW�

8QLWV

1DWXUDO�*DV ������ ��� ���� ������ ��� ���� 00%WX
:DWHU�7UHDWPHQW 1$ 1$ 1$ ����� �� ���� P�

7RWDO ������ ��� ���� ������� ����

������� 'RZQVWUHDP�6ROLG�:DVWH
2XU DQDO\VLV IRXQG WKDW PDQDJHPHQW RI ZDVWH IURP 7URSLFDQD )LHOG UHVXOWHG LQ DQ RYHUDOO *+*
HPLVVLRQV FUHGLW WKDW UHGXFHG WKH 5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW E\ ������ 7KH 8�6� (3$
:$50 RXWSXW FDOFXODWLQJ *+* HPLVVLRQV IURP WKH 5D\V¶ ZDVWH LQGLFDWHV WKDW WKH WHDP KDV
HDUQHG D *+* HPLVVLRQV FUHGLW RI QHDUO\ ��� PHWULF WRQV RI &2�H EDVHG RQ WKH GLIIHUHQW PDWHULDO
VWUHDPV SUHVHQW DW 7URSLFDQD )LHOG DQG PDQDJHG RIIVLWH DW WKH ZDVWH�WR�HQHUJ\ �:7(� DQG
UHF\FOLQJ IDFLOLWLHV �7DEOH ��� 2XU DQDO\VLV UHTXLUHG XQGHUVWDQGLQJ WKH PDWHULDO FRPSRVLWLRQ RI
ZDVWH VWUHDPV DW 7URSLFDQD )LHOG� 7KH 5D\V KDYH QRW SHUIRUPHG D ZDVWH DXGLW DW 7URSLFDQD )LHOG
WR GHWHUPLQH PDWHULDO FRPSRVLWLRQ RI ZDVWH VWUHDPV� ZH WKXV GUHZ IURP WKH UHVXOWV RI D SXEOLFO\
DYDLODEOH ZDVWH DXGLW IRU WKH 6HDWWOH 0DULQHUV 0/% WHDP �+HUVKNRZLW] HW DO�� ������ )RU PRUH
GHWDLOHG LQIRUPDWLRQ RQ WKH :$50 DQDO\VLV� VHH 6HFWLRQ ������� 5HF\FOLQJ JHQHUDWHV *+*
HPLVVLRQ FUHGLWV ZKHQ WKH UHF\FOLQJ SURFHVV HPLWV IHZHU *+*V WKDQ YLUJLQ PDWHULDO SURGXFWLRQ�
&RPEXVWLRQ JHQHUDWHV D *+* HPLVVLRQV FUHGLW ZKHQ WKH *+* HPLVVLRQV IURP EXUQLQJ PDWHULDO
IRU HOHFWULFLW\ SURGXFWLRQ DUH OHVV WKDQ WKH *+* HPLVVLRQV IURP WKH UHJLRQDO HOHFWULFDO JULG� 7KH
ODUJHVW FUHGLW FRPHV IURP UHF\FOLQJ FRUUXJDWHG FRQWDLQHUV IROORZHG E\ FRPEXVWLQJ PL[HG
UHF\FODEOHV� &RPEXVWLQJ SRO\HWK\OHQH �3(7�� D SODVWLF WKDW LV W\SLFDOO\ UHF\FODEOH� SURGXFHV WKH
ODUJHVW *+* HPLVVLRQV DVVRFLDWHG ZLWK WKLV FDWHJRU\ IROORZHG E\ FRPEXVWLRQ RI JHQHUDO
PXQLFLSDO�VROLG�ZDVWH��06:���)LJXUH����

��



7DEOH���:$50�*+*�HPLVVLRQV�ZDVWH�PDQDJHPHQW�DQDO\VLV

0DWHULDO
6WUHDP

(PLVVLRQ
)DFWRU

�07&2�H
SHU�VKRUW�WRQ
UHF\FOLQJ�

(PLVVLRQ
)DFWRU

�07&2�H
SHU�VKRUW�WRQ
FRPEXVWHG�

7RWDO�7RQV
5HF\FOHG

7RWDO�7RQV
&RPEXVWHG

7RWDO
*+*V
IURP

5HF\FOLQJ
�07&2�H�

7RWDO�*+*V
IURP

&RPEXVWLRQ
�07&2�H�

7RWDO�*+*V
IURP�:DVWH
0DQDJHPHQW

�&2�H�

&RUUXJDWHG
&RQWDLQHUV ����� ����� ���� ���� ����� ���� �����

2IILFH�3DSHU ����� ����� ��� ���� ���� ����� �����

)RRG�:DVWH 1$ ����� 1$ ����� 1$ ����� �����

3(7 ����� ���� ��� ���� ���� ���� ����

0L[HG
(OHFWURQLFV ����� ���� ��� � ���� ��� ����

$OXPLQXP
&DQV ����� ���� ��� � ���� ��� ����

0L[HG
5HF\FODEOHV ����� ����� � ����� ��� ����� �����

0L[HG�06: 1$ ���� 1$ ����� 1$ ��� ���

7RWDO ���� ����� ����� ����� ������

��



)LJXUH��� (QG�RI�OLIH�HPLVVLRQV�E\�VROLG�ZDVWH�PDWHULDO�JHQHUDWHG�DW�7URSLFDQD�)LHOG�GXULQJ�WKH
5D\V������VHDVRQ��:DVWH�JHQHUDWHG�DW�7URSLFDQD�)LHOG�LV�UHFRYHUHG�DW�D�UHF\FOLQJ�IDFLOLW\�RU
FRPEXVWHG�DW�D�:7(�IDFLOLW\

������� )DQ�7UDQVSRUWDWLRQ
*+* HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ DFFRXQW IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ
IRRWSULQW� (PLVVLRQV DUH D IXQFWLRQ RI WUDQVSRUWDWLRQ PRGH �DQG WKH FRUUHVSRQGLQJ HPLVVLRQV
LQWHQVLW\ RI WKDW PRGH� DQG GLVWDQFH WUDYHOHG� 7UDQVSRUWDWLRQ PRGH DQG GLVWDQFH WUDYHOHG IRU DOO
IDQV ZDV HVWLPDWHG XVLQJ IDQ VXUYH\ UHVSRQVHV DQG VFDOHG WR WRWDO VHDVRQ DWWHQGDQFH� 9DULRXV
HIIRUWV WR FOHDQ GDWD DUH GHWDLOHG LQ 6HFWLRQ �������� EXW� FULWLFDOO\� WKH VXUYH\ GLG QRW SURYLGH
³DLUSODQH´ DV DQ RSWLRQ IRU WUDYHO PRGH� 2XU WHDP DVVXPHG WKDW IDQV WUDYHOLQJ EH\RQG ��� PLOHV
RQH�ZD\ WR WKH VWDGLXP IOHZ� )LJXUH � DQG 7DEOH �� VKRZ WKH SHUFHQWDJHV IURP DLU WUDYHO LQ
DGGLWLRQ WR DOO PRGHV LQFOXGHG LQ WKH VXUYH\� DFFRUGLQJ WR RXU DVVXPSWLRQV� ,W LV OLNHO\ WKDW VRPH
IDQV XVHG PXOWLSOH WUDQVSRUWDWLRQ PRGHV WR JHW WR WKH JDPH� SDUWLFXODUO\ LI WKH\ XVHG D PRGH WKDW
ZRXOG QRW KDYH WDNHQ WKHP DOO WKH ZD\ WR WKH VWDGLXP �L�H� DLUSODQH RU WUDLQ�� KRZHYHU� GXH WR
OLPLWHG VXUYH\ GDWD� ZH DVVXPHG DOO WUDYHO ZDV E\ WKH VLQJOH PRGH LQGLFDWHG RQ WKH VXUYH\ �RU
DVVXPHG���)RU�PRUH�GHWDLOV�RQ�PHWKRGRORJLFDO�DVVXPSWLRQV��VHH�6HFWLRQ����������

��



)LJXUH �� 'LVWULEXWLRQ RI IDQ WUDQVSRUWDWLRQ PRGHV XVHG� VHSDUDWHG E\ GLVWDQFH WUDYHOHG ����
PLOHV� ����� PLOHV� ������� PLOHV� ������� PLOHV� DQG ���� PLOHV�� (DFK FRORU FRUUHVSRQGV WR D
GLIIHUHQW WUDYHO PRGH� %XEEOH VL]H FRUUHVSRQGV WR WKH UHODWLYH QXPEHU RI IDQV WKDW XWLOL]HG WKDW
WUDQVSRUWDWLRQ�PRGH��7KH�ODUJHVW�FRPELQDWLRQV�RI�WUDQVSRUWDWLRQ�PRGH�DQG�GLVWDQFH�DUH�ODEHOHG

:H HVWLPDWHG WKDW ��� RI IDQV �PRUH WKDQ RQH PLOOLRQ SHRSOH ZKHQ VFDOHG XS IURP VXUYH\
UHVSRQVHV� WUDYHOHG WR 7URSLFDQD )LHOG E\ SHUVRQDO FDU �7DEOH ���� DV D UHVXOW� ��� RI WKH
HVWLPDWHG *+* HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ DUH EHOLHYHG WR EH GXH WR GULYLQJ SHUVRQDO
YHKLFOHV WR WKH VWDGLXP� :KLOH RQO\ D VPDOO SHUFHQWDJH RI IDQV DUH HVWLPDWHG WR WUDYHO YLD DLUSODQH
������� WKLV KDV DQ RXWVL]HG LPSDFW RQ *+* HPLVVLRQV PRVWO\ GXH WR WKH ORQJ GLVWDQFH RI
DLUSODQH WULSV� DFFRXQWLQJ IRU ��� RI WKH IRRWSULQW �7DEOH ���� 7KH UHPDLQLQJ PRGHV RI
WUDQVSRUWDWLRQ DUH XVHG E\ YHU\ IHZ IDQV WR JHW WR 7URSLFDQD )LHOG DQG� DV VXFK� WRWDO HPLVVLRQV
IURP�WKRVH�DUH�PLQLVFXOH�E\�FRPSDULVRQ�

��



7DEOH ��� 6XPPDU\ IDQ WUDQVSRUWDWLRQ VWDWLVWLFV DQG HPLVVLRQV� ,QFOXGHV DWWHQGHH PRGHV RI
WUDQVSRUW��E\�SHUFHQW���WRWDO�DWWHQGHHV�E\�PRGH��DYHUDJH�WULS�OHQJWK��DQG�*+*�HPLVVLRQV�E\�PRGH

0RGH�RI
7UDQVSRUW

3HUFHQW�RI
$WWHQGHHV
8VLQJ�0RGH

$WWHQGHHV
$YHUDJH
5RXQGWULS
�0LOHV�

(PLVVLRQ
)DFWRU��NJ
&2�H�XQLW�

8QLWV &2�H��NJ�
3HUFHQW�RI
$FWLYLW\
)RRWSULQW

$LUSODQH ���� ������ ��� ���� S�P ��������� �����

&DU���SHUVRQDO
YHKLFOH ����� ��������� �� ���� Y�P ���������� �����

5LGHVKDUH
VHUYLFH��H�J�
8EHU��/\IW�

���� ������ �� ���� Y�P ������� ����

%XV ���� ����� �� ���� S�P ����� ����

7D[L ���� ����� �� ���� Y�P ������ ����

7UDLQ ���� �� ���� ���� S�P ������ ����

6XEZD\���OLJKW
UDLO ���� �� �� ���� S�P ��� ����

%LNH���VFRRWHU ���� ����� � ���� S�P � ����

:DON ���� ������ � ���� S�P � ����

7RWDO ������ ��������� �� ���� ���������� ������
1RWH� WKH QXPEHU RI DWWHQGHHV IRU HDFK PRGH �VFDOHG IURP VXUYH\ UHVSRQVH� GRHV QRW DGG WR WRWDO VHDVRQ DWWHQGDQFH
GXH�WR�URXQGLQJ

,Q 7DEOH ��� XQLWV IRU HPLVVLRQ IDFWRUV DUH NJ &2�H�S�P �SDVVHQJHU�PLOH� DQG NJ &2�H�Y�P
�YHKLFOH�PLOH�� 9HKLFOH�PLOHV UHIHU WR WKH QXPEHU RI PLOHV WKH YHKLFOH WUDYHOV ZKLOH
SDVVHQJHU�PLOHV UHIHU WR WKH QXPEHU RI PLOHV HDFK SDVVHQJHU WUDYHOV� IRU H[DPSOH� D WUDLQ FDUU\LQJ
WZR SDVVHQJHUV D WRWDO GLVWDQFH RI RQH PLOH KDV WUDYHOHG RQH YHKLFOH�PLOH RU WZR SDVVHQJHU�PLOHV�
(PLVVLRQV IURP PDVV WUDQVSRUWDWLRQ PRGHV DUH H[SUHVVHG SHU SDVVHQJHU�PLOH VR WKH HPLVVLRQV
FDQ EH HYHQO\ GLVWULEXWHG EHWZHHQ SDVVHQJHUV EDVHG RQ DYHUDJH RFFXSDQF\ UDWHV� $YHUDJH
PLOHDJH IRU DLUSODQH WUDYHO LV WKH DYHUDJH DWWULEXWDEOH WR WKH 7DPSD %D\ 5D\V ZKHQ IDFWRULQJ LQ
PXOWL�GD\ VWD\V LQ WKH UHJLRQ� 7KH DFWXDO DLUSODQH WUDYHO PLOHDJH ZDV KLJKHU� $V GHVFULEHG LQ
6HFWLRQ ������� )DQ 7UDQVSRUWDWLRQ 'HWDLOHG 0HWKRGRORJ\� DYHUDJH VWD\V LQ WKH UHJLRQ DUH ���
GD\V� 7KHUHIRUH� ZH DOORFDWHG HPLVVLRQV HTXLYDOHQW WR � GD\ RXW RI ��� GD\V� RU ������ RI WRWDO
HPLVVLRQV DVVRFLDWHG ZLWK DLU WUDYHO WR WKH 5D\V� 6HFWLRQ ������ DOVR GHVFULEHV KRZ HPLVVLRQ
IDFWRUV ZHUH GHULYHG IRU WKH FDU�SHUVRQDO YHKLFOH� ULGHVKDUH VHUYLFH� DQG WD[L PRGHV� 7KH DYHUDJH
PLOHDJH IRU WUDLQ WUDYHO FRPHV IURP D VLQJOH GDWD SRLQW� WKH RQO\ VXUYH\ UHVSRQVH WKDW VHOHFWHG WKH
WUDLQ�DV�WKH�WUDQVSRUWDWLRQ�PHWKRG�

*+* HPLVVLRQV IURP FDUV DQG SHUVRQDO YHKLFOHV DORQH DFFRXQW IRU QHDUO\ ��� RI WKH VHDVRQ¶V
WRWDO IRRWSULQW� PRUH WKDQ WULSOH DQ\ RWKHU DFWLYLW\ DUHD �)LJXUH ��� /LNHZLVH� WKH SRUWLRQ RI IDQ
DLUSODQH�UHODWHG HPLVVLRQV DWWULEXWHG WR WKH 5D\V¶ JDPHV DFFRXQW IRU DOPRVW ��� RI WKH VHDVRQ¶V
WRWDO�IRRWSULQW��PDNLQJ�LW�WKH�VHFRQG�ODUJHVW�HPLVVLRQV�GULYHU�IRU�WKH�5D\V�RYHUDOO��)LJXUH����

��



)LJXUH �� (PLVVLRQV IURP IDQ WUDQVSRUWDWLRQ PRGHV FRPSDUHG WR RWKHU DFWLYLW\ DUHDV�
%LNH�VFRRWHU DQG ZDON PRGHV DUH H[FOXGHG EHFDXVH WKH\ DUH DVVXPHG WR JHQHUDWH ]HUR HPLVVLRQV
�VHH�6HFWLRQ����������IRU�GHWDLOV�

$V H[SHFWHG� GLIIHUHQW WUDQVSRUWDWLRQ PRGHV DQG GLVWDQFHV WUDYHOHG UHVXOWHG LQ GLIIHUHQW URXQGWULS
HPLVVLRQV SHU SHUVRQ �)LJXUH ��� ��� RI IDQV YLVLWLQJ 7URSLFDQD )LHOG WUDYHO OHVV WKDQ �� PLOHV
�RQH�ZD\�� EXW RQO\ SURGXFH ��� RI WRWDO HPLVVLRQV IURP WKHLU WULSV� 7KH ��� RI IDQV WKDW WUDYHO
RYHU �� PLOHV �RQH�ZD\� WR WKH VWDGLXP DUH UHVSRQVLEOH IRU ��� RI HPLVVLRQV IURP IDQ
WUDQVSRUWDWLRQ �)LJXUH ��� 7KXV� WKH GLVWDQFH WUDYHOHG KDV D VWURQJ LQIOXHQFH RYHU HPLVVLRQV
JHQHUDWHG�

7KH VXUYH\ UHVSRQVHV UHYHDOHG WKDW PRVW IDQV WUDYHOHG WR WKH VWDGLXP ZLWK IULHQGV� IDPLO\� RU
FROOHDJXHV� +RZHYHU� WKH VXUYH\ GDWD GLG QRW H[SOLFLWO\ LQGLFDWH WKH QXPEHU RI SHRSOH WUDYHOLQJ
WRJHWKHU� VR ZH DVVXPHG RQH DGGLWLRQDO SDVVHQJHU SHU FDWHJRU\ VHOHFWHG �IRU PRUH GHWDLOV� VHH
6HFWLRQ ���������� ��� RI IDQV WUDYHOHG LQ JURXSV RI WZR RU WKUHH �7DEOH ���� 9HKLFOH RFFXSDQF\
ZDV VKRZQ WR VLJQLILFDQWO\ LPSDFW *+* HPLVVLRQV SHU SDVVHQJHU EHFDXVH WKH (3$ HPLVVLRQ
IDFWRUV IRU WKH FDU�SHUVRQDO YHKLFOH WUDYHO PHWKRG �ZKLFK DVVXPHG DQ RFFXSDQF\ UDWH RI ���
SDVVHQJHUV� DUH EDVHG RQ YHKLFOH�PLOHV UDWKHU WKDQ SDVVHQJHU�PLOHV �8�6� (3$� ����D��
7KHUHIRUH� WKH WRWDO HPLVVLRQV IRU FDU WUDYHO GHSHQGHG RQ WKH QXPEHU RI YHKLFOHV WUDYHOLQJ UDWKHU
WKDQ WKH QXPEHU RI SDVVHQJHUV� &DUSRROLQJ WR JDPHV UHVXOWHG LQ UHGXFHG HPLVVLRQV E\ GLVSODFLQJ
DGGLWLRQDO�YHKLFOH�WULSV�

��



)LJXUH �� &RPSDULVRQ RI HPLVVLRQV E\ WUDQVSRUWDWLRQ PRGH� VHSDUDWHG E\ RQH�ZD\ GLVWDQFH� %R[
FRORU FRUUHVSRQGV WR WUDYHO PHWKRG� %R[ VL]H FRUUHVSRQGV WR WKH UHODWLYH DPRXQW RI HPLVVLRQV IRU
WKDW�PRGH�GLVWDQFH�FRPELQDWLRQ

7DEOH���� 9HKLFOH�RFFXSDQF\�UDWHV�IURP�VXUYH\�UHVSRQVHV �DOO�WUDQVSRUWDWLRQ�PRGHV�

)DQV�7UDYHOLQJ�7RJHWKHU 1XPEHU�RI�)DQV 3HUFHQWDJH�RI�7RWDO�$WWHQGDQFH

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

������� 7HDP�7UDYHO
7HDP WUDYHO DFFRXQWHG IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW� *+* HPLVVLRQV IRU
WHDP WUDYHO DUH GULYHQ DOPRVW H[FOXVLYHO\ E\ DLUSODQH WUDYHO� DFFRXQWLQJ IRU ��� RI WKH HPLVVLRQV
DVVRFLDWHG ZLWK WKH FDWHJRU\ �7DEOH ���� 7KH IOLJKWV EHWZHHQ WKH (DVW DQG :HVW &RDVW RI WKH
8QLWHG 6WDWHV ZHUH WKH ILYH ORQJHVW IOLJKWV WKDW WKH WHDP WRRN GXULQJ WKH ���� VHDVRQ DQG�
FRQVHTXHQWO\� WKH IOLJKWV ZLWK WKH ODUJHVW FDUERQ IRRWSULQW �7DEOH ���� (PLVVLRQV IURP WKHVH ILYH
IOLJKWV�DORQH�WRWDOHG���������NJ�&2�H��RU�����RI�WKH�WRWDO�HPLVVLRQV�DVVRFLDWHG�ZLWK�WHDP�WUDYHO�

��



7DEOH���� 7HDP�WUDYHO�*+*�HPLVVLRQV�E\�W\SH�RI�WUDYHO DFWLYLW\�JHQHUDWLQJ�HPLVVLRQV

(PLVVLRQV�6RXUFH (PLVVLRQ�)DFWRU
�NJ�&2�H�XQLW� 8QLWV &2�H��NJ�

3HUFHQW�RI
$FWLYLW\
)RRWSULQW

0/%�7HDP�'DWD
8VHG

$LU�7UDQVSRUWDWLRQ ���� S�P ��������� ��� 7DPSD�%D\�5D\V
5HQWDO�&DUV ���� Y�P ������ ���� 1HZ�<RUN�0HWV
+RWHOV ���� KRWHO�QLJKW ������ �� 1HZ�<RUN�0HWV
7RWDO ��������� ���� &RPELQHG

(3$ SURYLGHV HPLVVLRQ IDFWRUV SHU SDVVHQJHU�PLOH �S�P� IRU PHGLXP�KDXO DLU WUDYHO DQG EXVHV�
DQG SHU YHKLFOH�PLOH �Y�P� IRU SDVVHQJHU FDUV DQG OLJKW�GXW\ WUXFNV� 6HH 6HFWLRQ ������ IRU DQ
H[SODQDWLRQ�RI�KRZ�WKH�HPLVVLRQ�IDFWRU�IRU�UHQWDO�FDUV�DQG�KRWHOV�ZHUH�FDOFXODWHG�

7DEOH���� )OLJKWV�ZLWK�WKH�ODUJHVW�FDUERQ�IRRWSULQW� L�H�IOLJKWV�EHWZHHQ�WKH�(DVW�DQG�:HVW�&RDVW

'DWH &LW\ (VWLPDWHG�0LOHDJH &2�H��NJ�

������� 2DNODQG��IURP�1<&� ����� ������

������ 6HDWWOH��IURP�7DPSD� ����� ������
�������� 6DQ�)UDQFLVFR��IURP�7DPSD� ����� ������
������� 7DPSD�%D\��IURP�/$;� ����� ������
������� 7DPSD�%D\��IURP�6DQ�'LHJR� ����� ������
7RWDO �������

������� &RQFHVVLRQV
2XU DQDO\VLV IRXQG WKDW WKH 5D\¶V FRQFHVVLRQV SXUFKDVLQJ XOWLPDWHO\ DFFRXQWHG IRU ����� RI WKH
5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW� $QDO\VLV ZDV GRQH XVLQJ WKH VSHQG�EDVHG PHWKRG GHVFULEHG LQ
WKH FRQFHVVLRQV GHWDLOHG PHWKRGRORJ\� 6HFWLRQ ������� 5HVXOWV DUH DJJUHJDWHG E\ FRPPRGLW\
HFRQRPLF VHFWRUV� 7KH HFRQRPLF VHFWRUV DUH WKH DJJUHJDWHG %XUHDX RI (FRQRPLF $QDO\VLV �%($�
VHFWRUV LQFOXGHG LQ WKH (3$¶V (QYLURQPHQWDOO\�([WHQGHG ,QSXW�2XWSXW WDEOHV �VHH 6HFWLRQ ������
IRU IXUWKHU GHWDLO�� 5HVXOWV VKRZ WKDW WKH FRQFHVVLRQV FDUERQ IRRWSULQW LV GRPLQDWHG E\ HPLVVLRQV
IURP WKH SDFNDJHG PHDW DQG SRXOWU\ VHFWRUV ± HTXLYDOHQW WR DERXW ��� RI WKH WRWDO FRQFHVVLRQV
IRRWSULQW� 2I WKH �� FRPPRGLW\ VHFWRUV LQFOXGHG LQ RXU DQDO\VLV� WKH WRS WHQ FRPPRGLWLHV ZLWK
WKH ODUJHVW FDUERQ IRRWSULQW DFFRXQW IRU ��� RI WKH FDUERQ IRRWSULQW IURP WKH FRQFHVVLRQV
SXUFKDVHG DQG ��� RI WRWDO VSHQG �7DEOH ���� )LYH RI WKH WRS WHQ FRPPRGLWLHV DUH DQLPDO
SURGXFWV� LQFOXGLQJ VHDIRRG� %HHU LV WKH VHFRQG ODUJHVW ������ DIWHU SDFNDJHG PHDW H[FOXGLQJ
SRXOWU\���������

8VLQJ D VSHQG�EDVHG PHWKRG PHDQV WKHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ VSHQG RQ SXUFKDVHV DQG
TXDQWLW\ RI HPLVVLRQV� 7KHUH LV DOVR D GLUHFW UHODWLRQVKLS EHWZHHQ HPLVVLRQV LQWHQVLW\ RI WKH
FRPPRGLWLHV DQG TXDQWLW\ RI HPLVVLRQV� :H JURXSHG WKH �� %($ HFRQRPLF VHFWRUV DQDO\]HG LQWR

��



DSSUR[LPDWHO\ �� JHQHUDO FDWHJRULHV DQG FRPSDUHG VSHQG DQG HPLVVLRQV LQWHQVLW\ RI WKH
FDWHJRULHV WR XQGHUVWDQG LI FRPPRGLWLHV WKDW FRQWULEXWHG D ORW WR WKH FDUERQ IRRWSULQW IURP
FRQFHVVLRQV ZHUH EHFDXVH WKH\ FRQVWLWXWHG D ODUJH SRUWLRQ RI VSHQG� EHFDXVH WKH\ DUH
FDUERQ�LQWHQVLYH� RU ERWK� :H IRXQG WKDW DQLPDO SURGXFWV KDYH D KLJK HPLVVLRQV LQWHQVLW\ UHODWLYH
WR RWKHU FDWHJRULHV DQDO\]HG ZKLOH DOFRKROLF EHYHUDJHV UHSUHVHQW D ODUJH SRUWLRQ RI WRWDO VSHQG
EXW�KDYH�D�ORZ�HPLVVLRQV�LQWHQVLW\��)LJXUH����

1RQ�IRRG LWHPV VXFK DV WKH PDWHULDOV DQG FRQWDLQHUV XVHG WR SUHS� FRRN� DQG VHUYH IRRG� ZKLFK
DUH LQFOXGHG LQ WKLV IRRWSULQW� RQO\ DFFRXQWHG IRU D WRWDO RI ���� RI WKH FDUERQ IRRWSULQW IURP
FRQFHVVLRQDLUH SXUFKDVLQJ GHVSLWH DFFRXQWLQJ IRU ����� RI WRWDO SXUFKDVLQJ� (PLVVLRQV IURP
QRQ�IRRG SXUFKDVHV ZHUH ODUJHVW IURP SDSHU EDJV DQG FRDWHG SDSHU� UXEEHU DQG V\QWKHWLF ILEHUV�
DQG�SODVWLFV�

7DEOH���� 7RS�WHQ�FRPPRGLWLHV�SXUFKDVHG�IRU�FRQFHVVLRQV ZLWK�ODUJHVW�FDUERQ�IRRWSULQW

&RPPRGLW\�1DPH 3HUFHQW�RI
6SHQG

&RPPRGLW\�(PLVVLRQ�)DFWRU��NJ
&2�H������86'�3URGXFHU�3ULFH� &2�H��NJ�

3HUFHQW�RI
$FWLYLW\
)RRWSULQW

3DFNDJHG�PHDW��H[FHSW
SRXOWU\� ����� ���� ��������� �����

%UHZHULHV�DQG�EHHU ����� ���� ������� ����
3DFNDJHG�SRXOWU\ ���� ���� ������� ����

6HDIRRG ���� ���� ������� ����
&KHHVH ���� ���� ������� ����

6RIW�GULQNV��ERWWOHG
ZDWHU��DQG�LFH ���� ��� ������� ����

'DLULHV ���� ���� ������� ����
'LVWLOOHULHV�DQG�VSLULWV ���� ���� ������� ����
)UHVK�YHJHWDEOHV�

PHORQV��DQG�SRWDWRHV ���� ���� ������� ����

7REDFFR��FRWWRQ�
VXJDUFDQH��SHDQXWV�
VXJDU�EHHWV��KHUEV�DQG
VSLFHV��DQG�RWKHU�FURSV

���� ���� ������� ����

2WKHU ����� ���������� ������� �����
7RWDO ������ 1$ ��������� ������

��



)LJXUH �� (PLVVLRQ IDFWRU RI HDFK FRPPRGLW\ SXUFKDVHG IRU FRQFHVVLRQV FRPSDUHG WR WKH
SHUFHQWDJH RI WRWDO SXUFKDVLQJ GROODUV VSHQW RQ HDFK FRPPRGLW\� 7RWDO SXUFKDVLQJ GROODUV LV LQ
FRQVXPHU SULFHV� VFDOHG WR WKH ���� VHDVRQ DQG DGMXVWHG IRU LQIODWLRQ� 'DVKHG OLQHV LQGLFDWH WKH
DYHUDJH HPLVVLRQ IDFWRU RI DOO FRPPRGLWLHV DQG WKH DYHUDJH SHUFHQWDJH RI WRWDO SXUFKDVHV RI DOO
FRPPRGLWLHV� 7KH WRS WHQ FRPPRGLWLHV LQ WHUPV RI WRWDO *+* HPLVVLRQV DUH ODEHOHG� 2UDQJH
ODEHOV�DUH�DQLPDO�SURGXFWV�DQG�EOXH�ODEHOV�DUH�QRQ�DQLPDO�SURGXFWV

������� 0HUFKDQGLVH
&UDGOH�WR�JDWH HPLVVLRQV IRU PHUFKDQGLVH DFFRXQW IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ
IRRWSULQW� +RZHYHU� LW VKRXOG EH QRWHG WKDW GDWD IRU PHUFKDQGLVH RQO\ LQFOXGHG LQIRUPDWLRQ RQ
WKH WRS �� LWHPV VROG LQ WHUPV RI TXDQWLW\ DQG WKH WRS �� LWHPV VROG LQ WHUPV RI UHYHQXH� IRU D
WRWDO RI �� XQLTXH LWHPV� 7KH VSHQG�EDVHG DQDO\VLV RI HPLVVLRQV IURP PHUFKDQGLVH ILQGV �����
RI PHUFKDQGLVH HPLVVLRQV ZHUH IURP PHUFKDQGLVH FDWHJRUL]HG DV FORWKLQJ ZKLFK LQFOXGHG WKH
P\VWHU\ ³JUDE EDJV´ VROG E\ WKH 5D\V �7DEOH ���� 0\VWHU\ JUDE EDJV W\SLFDOO\ FRQWDLQ FOHDUDQFH
DSSDUHO ZLWK RXWGDWHG ORJRV RU SOD\HUV WKDW QR ORQJHU SOD\ IRU WKH 5D\V� 7KH\ DUH VROG DW D
VWDQGDUG SULFH ����� UHJDUGOHVV RI WKH FRQWHQWV RI WKH EDJ �VHH 6HFWLRQ ������ IRU IXUWKHU GHWDLO RQ
P\VWHU\ JUDE EDJV�� 8VLQJ WKH VSHQG�EDVHG PHWKRG� UHVXOWV DUH FRUUHODWHG ZLWK ERWK TXDQWLWLHV RI
SURGXFW VROG DV ZHOO DV SULFH DW ZKLFK WKH SURGXFW ZDV VROG� 7KLV FRUUHODWLRQ VKRZV XS DW WKH
SURGXFW OHYHO� ZKHUH WKH VLQJOH PRVW *+*�LQWHQVLYH LWHP� WKH P\VWHU\ JUDE EDJ� ZDV DOVR WKH
EHVW�VHOOLQJ LWHP LQ ����� DQG WKH VHFRQG PRVW *+*�LQWHQVLYH LWHP ZDV WKH VSHFLDO
FRPPHPRUDWLYH MHUVH\� WKH PRVW H[SHQVLYH DQG OHDVW�VROG LWHP RI DOO PHUFKDQGLVH DQDO\]HG
�)LJXUH ���� $JDLQ� QRWH WKDW HPLVVLRQV DUH DQ XQGHUHVWLPDWH VLQFH WKH\ RQO\ UHSUHVHQW ��
PHUFKDQGLVH�LWHPV�VROG�E\�WKH�5D\V�

��



7DEOH���� *+*�HPLVVLRQV�IURP�PHUFKDQGLVH�E\�%($�HFRQRPLF VHFWRU

&RPPRGLW\�1DPH &RPPRGLW\�(PLVVLRQ�)DFWRU
�NJ�&2�H������86'� &2�H��NJ�

3HUFHQW�RI
$FWLYLW\
)RRWSULQW

&ORWKLQJ ���� ������� �����
6SRUWLQJ�DQG�DWKOHWLF�JRRGV ���� ������ ����
3DSHU�EDJV�DQG�FRDWHG�SDSHU ���� ������ ����

2WKHU�IDEULFDWHG�PHWDO
PDQXIDFWXULQJ ���� ����� ����

2WKHU�SODVWLF�SURGXFWV ���� ����� ����
8UHWKDQH�DQG�RWKHU�IRDP�SURGXFWV ���� ����� ����

*DVNHWV��VHDOV��PXVLFDO
LQVWUXPHQWV��IDVWHQHUV��EURRPV�
EUXVKHV��PRS�DQG�RWKHU�PLVF�

JRRGV

���� ��� ����

2IILFH�VXSSOLHV��QRW�SDSHU� ���� ��� ����
7RWDO ������� ������

)LJXUH ��� 3HUFHQWDJH RI PHUFKDQGLVH UHYHQXH� TXDQWLWLHV RI PHUFKDQGLVH VROG� DQG HVWLPDWHG

��



HPLVVLRQV RI DOO PHUFKDQGLVH SURGXFWV� JURXSHG E\ W\SH RI LWHP� 7KH [�D[LV VKRZV SHUFHQWDJH RI
PHUFKDQGLVH UHYHQXH IRU HDFK SURGXFW W\SH� WKH \�D[LV VKRZV TXDQWLW\ VROG RI HDFK LWHP� 6L]H DQG
FRORU DUH FRUUHODWHG ZLWK WRWDO *+* HPLVVLRQV ZKHUH GDUN DQG ODUJH UHSUHVHQW ODUJHU HPLVVLRQV
DQG�VPDOO�DQG�OLJKW�FRORUV�UHSUHVHQW�VPDOOHU�HPLVVLRQV

��� 2QVLWH�:DWHU�8VH�5HVXOWV
:H HVWLPDWHG WKH RQVLWH ZDWHU DWWULEXWHG WR XVDJH LQ YDULRXV HQG�XVH FDWHJRULHV� H[FOXGLQJ DQ\
HPERGLHG ZDWHU �7DEOH ���� 'DWD FRQVWUDLQWV OLPLWHG WKH DELOLW\ WR DOORFDWH RQVLWH ZDWHU
FRQVXPSWLRQ DFURVV FDWHJRULHV� UHVXOWLQJ LQ DQ ³2WKHU´ FDWHJRU\ FRQVWLWXWLQJ WKH PDMRULW\ RI
RQVLWH ZDWHU �)LJXUH ���� KRZHYHU� ZH KDYH LQVLJKWV LQWR WKH EUHDNGRZQ RI ZKDW LV EURDGO\
LQFOXGHG LQ WKH ³2WKHU´ FDWHJRU\ DQG ZKDW PD\ EH GULYLQJ D ODUJH SRUWLRQ RI ZDWHU FRQVXPSWLRQ
DW 7URSLFDQD )LHOG �)LJXUH ��� �GHWDLOV LQ 6HFWLRQ �������� :DWHU FRQVXPHG E\ WKH FRROLQJ WRZHU
FRQVWLWXWHV�WKH�PDMRULW\�RI�WKH�³2WKHU´�FDWHJRU\�

7DEOH����:DWHU�XVDJH�DWWULEXWHG�WR�HDFK�HQG�XVH�FDWHJRU\

(QG�8VH�&DWHJRU\ :DWHU�8VDJH��JDOORQV� 3HUFHQW�RI�7RWDO�)RRWSULQW

5HVWURRPV ��������� �����
)LHOG�8VH ������ ����

2WKHU��FRROLQJ�WRZHU��JUDQGVWDQG
ZDVKLQJ��ZDVKLQJ�PDFKLQHV�
FOXEKRXVH�VKRZHUV��OHDNV�

��������� �����

7RWDO�$QQXDO�&RQVXPSWLRQ ���������� ����

��



)LJXUH����:DWHU�XVDJH�IRU�HQG�XVH�FDWHJRULHV�ZKHUH ZH�KDG�ILUVW�KDQG�GDWD

)LJXUH ��� 2QVLWH ZDWHU XVDJH E\ HQG�XVH FDWHJRU\� LQFOXGLQJ DUHDV ZKHUH ZH XVHG HVWLPDWHV WR
EUHDN�GRZQ�WKH�³RWKHU´�FDWHJRU\�GHVFULEHG�LQ )LJXUH ��
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�� 'LVFXVVLRQ
7KLV GLVFXVVLRQ LV IRFXVHG RQ XQGHUVWDQGLQJ NH\ ILQGLQJV IURP RXU UHVXOWV� DGGUHVVLQJ
OLPLWDWLRQV� DQG SURYLGLQJ EULHI UHFRPPHQGDWLRQV IRU LPSURYHPHQW� +RZHYHU� GHWDLOHG
UHFRPPHQGDWLRQV WR UHGXFH HQYLURQPHQWDO LPSDFW DUH SURYLGHG LQ 6HFWLRQ �� RI WKLV UHSRUW� :LWK
WKHLU LQGRRU�RQO\ VWDGLXP� WXUI ILHOG� DQG LVRODWHG JHRJUDSKLF ORFDWLRQ� WKH 5D\V DUH RQH RI WKH
PRVW DW\SLFDO WHDPV LQ EDVHEDOO� ZKLFK PDNHV FRPSDULQJ DVVHVVPHQWV RI RWKHU RUJDQL]DWLRQV WR
WKH 5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVDJH GLIILFXOW� WKHUHIRUH WKDW LV QRW D IRFXV
RI�WKLV�VHFWLRQ�

2XU HVWLPDWHG FDUERQ IRRWSULQW UHYHDOHG WKDW IDQ WUDQVSRUWDWLRQ ZDV WKH PRVW VLJQLILFDQW VRXUFH RI
*+* HPLVVLRQV� DQG WKDW ORQJ�GLVWDQFH SHUVRQDO YHKLFOH WUDYHO ZDV WKH HPLVVLRQV GULYHU IRU WKLV
DFWLYLW\� 2XU DQDO\VLV VKRZHG WKDW FRQFHVVLRQV ZHUH WKH PDLQ FRQWULEXWRU WR *+* HPLVVLRQV� DQG
DQLPDO SURGXFWV ZHUH WKH ODUJHVW VRXUFH RI HPLVVLRQV� :LWKLQ HDFK *+*�HPLWWLQJ DFWLYLW\
TXDQWLILHG LQ RXU HVWLPDWHG FDUERQ IRRWSULQW� ZH ZHUH DEOH WR LGHQWLI\ SRWHQWLDO HPLVVLRQ GULYHUV
DQG RXU UHFRPPHQGDWLRQV DLP WR PLWLJDWH WKHVH KRWVSRWV PRUH VSHFLILFDOO\ �VHH 6HFWLRQ ���� ,Q
RXU DQDO\VLV RI RQVLWH ZDWHU XVDJH� GDWD OLPLWDWLRQV KLQGHUHG RXU DELOLW\ WR SLQSRLQW WKH H[DFW
TXDQWLW\ RI ZDWHU FRQVXPHG E\ HDFK HQG�XVH FDWHJRU\� KRZHYHU� HVWLPDWLRQV IURP OLWHUDWXUH ZHUH
XVHG WR JDLQ LQVLJKWV DQG ZH FRQFOXGH WKDW WKH FRROLQJ WRZHUV ZHUH UHVSRQVLEOH IRU WKH PDMRULW\
RI�WKH�ZDWHU�FRQVXPHG�DW�7URSLFDQD�)LHOG�

2XU UHVXOWV SURYLGH IRFXV DQG FODULW\ VKRXOG WKH 0/% FKRRVH WR IRFXV VXVWDLQDELOLW\ LQLWLDWLYHV RQ
UHGXFLQJ *+* HPLVVLRQV� &RQVLGHULQJ IDQ WUDQVSRUWDWLRQ LV RYHUZKHOPLQJO\ WKH ODUJHVW
FRQWULEXWRU WR WKH 5D\V¶ FDUERQ IRRWSULQW DQG WKLV UHVXOW OLNHO\ FDQ EH H[WUDSRODWHG WR WKH EURDGHU
0/% FRPPXQLW\� ZH UHFRPPHQG HQJDJLQJ IDQV DQG 0/% WHDPV RQ WKLV LVVXH LI WKH\ ZDQW WR
WDFNOH FOLPDWH FKDQJH� &XUUHQWO\� VXVWDLQDELOLW\ PHWULFV XVHG E\ 0/% KDYH D ODUJH IRFXV RQ ZDVWH
UHGXFWLRQ� 7KLV LV GHPRQVWUDWHG E\ WKH *UHHQ *ORYH $ZDUG� ZKLFK LV JLYHQ WR WKH WHDP ZLWK WKH
KLJKHVW ZDVWH GLYHUVLRQ UDWH �%DVHEDOO $OPDQDF� Q�G��� ,I WKH 5D\V� DQG 0/% DW ODUJH� ZDQW WR
SULRULWL]H LQLWLDWLYHV WKDW UHGXFH *+* HPLVVLRQV� IDQ WUDQVSRUWDWLRQ SUHVHQWV WKH ODUJHVW
RSSRUWXQLW\�

7KH ODUJHVW OLPLWDWLRQ RI RXU VWXG\ ZDV UHODWHG WR GDWD DYDLODELOLW\� ,Q SDUWLFXODU� ZKLOH DOO XWLOLWLHV
DUH PHWHUHG E\ WKH XWLOLW\ SURYLGHU� WKH PDLQ PHWHU IRU DQ\ RQH XWLOLW\ GRHV QRW SURYLGH
LQIRUPDWLRQ DERXW ZKHUH WKH UHVRXUFH JHWV XVHG� VXE�PHWHUV LQVWDOOHG LQ VWUDWHJLF ORFDWLRQV
³EHKLQG´ WKH PDLQ PHWHU ILOO WKHVH LQIRUPDWLRQ JDSV� :LWKRXW DFFHVV WR VXE�PHWHUHG GDWD RU
VXSSOLHU�VSHFLILF GDWD� RXU FDOFXODWLRQV UHTXLUHG HVWLPDWLRQV WKDW OLPLWHG SUHFLVLRQ RI RXU UHVXOWV�
$GGLWLRQDOO\� ZKLOH HYDOXDWLQJ *+* HPLVVLRQV DQG RQVLWH ZDWHU XVDJH LV D YDOXDEOH FRQWULEXWLRQ
WR RXU FOLHQWV DQG WKH 0/% DW ODUJH¶V HIIRUWV WRZDUG VXVWDLQDELOLW\� OLPLWLQJ RXU VWXG\ WR D FDUERQ
IRRWSULQW DQG RQVLWH ZDWHU XVH HYDOXDWLRQ� QHJOHFWV FRQVLGHUDWLRQ RI RWKHU HQYLURQPHQWDO LPSDFWV
RI VWDGLXP RSHUDWLRQV DQG WHDP DFWLYLWLHV VXFK DV WKRVH UHVXOWLQJ LQ ORFDO DLU SROOXWLRQ�
HXWURSKLFDWLRQ��RU�HFRWR[LFLW\�

7KH IROORZLQJ GLVFXVVLRQ VHFWLRQV GHWDLO HPLVVLRQV KRWVSRWV� RU DUHDV UHVSRQVLEOH IRU WKH PDMRULW\
RI HPLVVLRQV� IRU HDFK RI WKH HLJKW DFWLYLWLHV LQFOXGHG LQ RXU FDUERQ IRRWSULQW DQG GLVFXVVHV
OLPLWDWLRQV LQ DQDO\VLV� $GGLWLRQDOO\� WKH GLIIHUHQW FRPSRQHQWV RI RQVLWH ZDWHU XVH DQG OLPLWDWLRQV
LQ�DQDO\VLV�DUH�GLVFXVVHG�LQ�6HFWLRQV�������
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��� &DUERQ�)RRWSULQW�DQG�2QVLWH�:DWHU�8VH
����� 6FRSH���(PLVVLRQV
2XU UHVXOWV LQGLFDWH WKDW ��� RI 6FRSH � HPLVVLRQV ZHUH IURP FRPEXVWLRQ RI QDWXUDO JDV�
&RPEXVWLRQ RI JDVROLQH DQG GLHVHO DFFRXQWHG IRU �� DQG �� RI WKH UHPDLQLQJ 6FRSH �
HPLVVLRQV� UHVSHFWLYHO\� $V QRWHG HDUOLHU� ZH NQRZ PDQ\ IDFLOLWLHV� VXFK DV $(* YHQXHV DQG 6R)L
6WDGLXP� FDOFXODWH 6FRSH � HPLVVLRQV� KRZHYHU� LW LV GLIILFXOW WR ILQG RUJDQL]DWLRQV ZLOOLQJ WR
SXEOLFO\ UHSRUW WKHLU HPLVVLRQV �$(*¶V ���� 6XVWDLQDELOLW\ 5HSRUW� ����� ³6R)L 6WDGLXP�
6XVWDLQDELOLW\�´ Q�G��� +RZHYHU� WR SXW WKH 5D\V¶ 6FRSH � HPLVVLRQV LQWR FRQWH[W� ZH KDG DFFHVV
WR WRWDO 6FRSH � HPLVVLRQV IURP WKH 1+/ DQG WRWDO QDWXUDO JDV XVDJH IRU &LWL )LHOG �KRPH RI WKH
1HZ <RUN 0HWV� DQG &RRUV )LHOG �KRPH RI WKH &RORUDGR 5RFNLHV�� ZH XQGHUVWDQG WKHUH DUH
GLIIHUHQFHV EHWZHHQ WKH 1+/� WKHVH RWKHU WZR 0/% WHDPV� DQG WKH 5D\V� EXW IHHO WKLV LV WKH EHVW
DYDLODEOH GDWD IRU FRPSDULVRQ� 'LYLGLQJ WKH WRWDO 1+/ 6FRSH � HPLVVLRQV ������� PHWULF WRQQHV
RI &2�H LQ )<����� HYHQO\ EHWZHHQ WKH �� WHDPV LQ WKH OHDJXH HTXDWHV WR ��� PHWULF WRQQHV RI
&2�H LQ 6FRSH � HPLVVLRQV SHU WHDP �1+/� ������ ,I ZH DVVXPH WKHVH WHDPV� OLNH WKH 5D\V� DOVR
XVH ��� RI WRWDO QDWXUDO JDV XVDJH GXULQJ WKH VHDVRQ� WKLV HTXDWHV WR ��� PHWULF WRQQHV RI &2�H
SHU 1+/ WHDP SHU VHDVRQ� ZKLFK LV DSSUR[LPDWHO\ ��� WLPHV ODUJHU WKDQ WKH 5D\V¶ 6FRSH �
HPLVVLRQV� ,I ZH DVVXPH &LWL )LHOG DOVR XVHV ��� RI QDWXUDO JDV GXULQJ WKH VHDVRQ� &LWL )LHOG XVHV
PRUH WKDQ ILYH WLPHV WKH QDWXUDO JDV WKDW 7URSLFDQD )LHOG XVHV LQ D VHDVRQ� 2SSRVLWHO\� &RRUV
)LHOG XVHV RQH WKLUG RI WKH DPRXQW RI QDWXUDO JDV XVHG DW 7URSLFDQD )LHOG GXULQJ D VHDVRQ� 7KHVH
GLIIHUHQFHV FRXOG EH H[SODLQHG E\ YDULDWLRQV LQ HTXLSPHQW XVLQJ QDWXUDO JDV� FOLPDWLF GLIIHUHQFHV�
DQG YDULDWLRQ LQ VWDGLXP FDSDFLW\ DQG WRWDO DWWHQGHHV� EXW XOWLPDWHO\ VWLOO SURYLGH VRPH FRQWH[W
IRU RXU UHVXOWV� :LWKRXW VXE�PHWHUHG GDWD DYDLODEOH� LW ZDV QRW SRVVLEOH WR TXDQWLI\ WKH ODUJHVW
VRXUFHV RI QDWXUDO JDV XVH DW 7URSLFDQD )LHOG RU DW SHHU IDFLOLWLHV� +RZHYHU� DW &LWL )LHOG� ZDWHU
KHDWLQJ DFFRXQWV IRU ��� RI WKH WRWDO QDWXUDO JDV XVDJH DQG FRRNLQJ DSSOLDQFHV DFFRXQW IRU ���
RI�WRWDO�QDWXUDO�JDV�XVDJH�

$OWKRXJK JDVROLQH FRPEXVWLRQ RQO\ DFFRXQWHG IRU �� RI 6FRSH � HPLVVLRQV� WKH 5D\V FRXOG
FRQVLGHU (9 YHKLFOHV UDWKHU WKDQ JDV�IXHOHG WUXFNV IRU WKHLU SHUVRQDO IOHHWV� 7KLV FRXOG SRWHQWLDOO\
EH D YHU\ YLVLEOH LQLWLDWLYH WR IDQV� LQFUHDVLQJ IDQ HQJDJHPHQW RQ FOLPDWH FKDQJH�UHODWHG
LQLWLDWLYHV�

/LPLWDWLRQV
$V GHVFULEHG LQ 6HFWLRQ ������� RXU PHWKRGRORJ\ UHTXLUHG HVWLPDWLQJ WKH SHUFHQWDJH RI WRWDO
GLHVHO FRQVXPSWLRQ XVHG E\ DQ HPHUJHQF\ JHQHUDWRU� KDQG�KHOG ODZQ HTXLSPHQW� DQG RII�URDG
YHKLFOHV� 7KLV HVWLPDWH ZDV GRQH XVLQJ D ILUVW�KDQG DFFRXQW IURP 5D\V SHUVRQQHO GXH WR D ODFN RI
UHFRUGV RQ GLHVHO XVDJH� )XUWKHU� WKH ODFN RI VXE�PHWHULQJ RI QDWXUDO JDV XVHV SUHYHQWHG XV IURP
GHWHUPLQLQJ SUHFLVHO\ ZKLFK DFWLYLWLHV DQG DSSOLDQFHV DW 7URSLFDQD )LHOG ZHUH UHVSRQVLEOH IRU WKH
PRVW�QDWXUDO�JDV�XVDJH�LQ�RUGHU�WR�WDLORU�UHFRPPHQGDWLRQV�WR�WKH�WHDP�DQG�IDFLOLW\�

,W VKRXOG EH QRWHG WKDW RXU 6FRSH � HPLVVLRQV HYDOXDWLRQ GLG QRW LQFOXGH RQVLWH UHIULJHUDQW
HPLVVLRQV OHDNLQJ IURP FRROLQJ HTXLSPHQW� $OWKRXJK W\SLFDOO\ VPDOO LQ YROXPH� WKHVH *+*V
KDYH ODUJH *:3V DQG WKXV VKRXOG QRW EH LJQRUHG �$OEDUEDU\ HW DO�� ������ 8QIRUWXQDWHO\� RXU
WHDP GLG QRW KDYH DFFHVV WR GDWD UHODWHG WR UHIULJHUDQWV XVHG RQVLWH� UHIULJHUDQW SXUFKDVHV�
UHIULJHUDQW OHDNDJHV� RU FRROLQJ HTXLSPHQW GHWDLOV� QRU GLG ZH KDYH DGHTXDWH LQIRUPDWLRQ WR
FRPSOHWH�DQ�HVWLPDWLRQ�IRU�WKLV�SDUWLFXODU�DUHD�
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����� 6FRSH���(PLVVLRQV
2XU UHVXOWV LQGLFDWHG WKDW 6FRSH � �SXUFKDVHG HOHFWULFLW\� HPLVVLRQV IURP 7URSLFDQD )LHOG ZHUH
����� PHWULF WRQQHV RI &2�H� DSSUR[LPDWHO\ �� RI WKH WRWDO HVWLPDWHG FDUERQ IRRWSULQW� 7KH
HPLVVLRQV LQWHQVLW\ RI SXUFKDVHG HOHFWULFLW\ GHSHQGV RQ WKH UHJLRQDO HOHFWULF JULG PL[� WKXV D
FRPSDULVRQ RI WHDPV LQ GLIIHUHQW UHJLRQV ZRXOG QRW EH DSSURSULDWH� :H FDQ� KRZHYHU� FRPSDUH
WRWDO HOHFWULFLW\ XVDJH EHWZHHQ WHDPV IRU ZKLFK ZH UHFHLYHG GDWD� )RU UHIHUHQFH� &RRUV )LHOG XVHG
��� PRUH N:K DQG &LWL )LHOG XVHG ��� PRUH N:K WKDQ 7URSLFDQD )LHOG GXULQJ WKH ����
VHDVRQ� 5HDVRQV IRU WKH UHGXFHG HOHFWULFLW\ XVH PD\ LQFOXGH WKH VWDGLXP¶V VPDOOHU FDSDFLW\� DV WKH
VWDGLXP FORVHV RII WKH XSSHU GHFN GXULQJ WKH UHJXODU VHDVRQ� HOLPLQDWLQJ DSSUR[LPDWHO\ ������
VHDWV� $GGLWLRQDOO\� WKHUH DUH IHZHU QRQ�0/% HYHQWV KHOG DW 7URSLFDQD )LHOG GXULQJ WKH VHDVRQ
UHODWLYH�WR�VRPH�RWKHU�VWDGLXPV�

/LPLWDWLRQV
:LWKRXW VXE�PHWHUHG GDWD RQ SHUFHQW EUHDNGRZQ E\ DFWLYLW\� RU� DOWHUQDWLYH SUR[\ GDWD� VXFK DV
WKH ���� &RPPHUFLDO %XLOGLQJV (QHUJ\ &RQVXPSWLRQ 6XUYH\ �WKLV GDWDVHW ZDV QRW DYDLODEOH DW
WLPH RI FDUERQ IRRWSULQW TXDQWLILFDWLRQ �8�6� (QHUJ\ ,QIRUPDWLRQ $GPLQLVWUDWLRQ� ������� ZH
FRXOG QRW LGHQWLI\ OLNHO\ ODUJH VRXUFHV RI HOHFWULFLW\ FRQVXPSWLRQ� :H UHFRPPHQG WKDW WKH 5D\V
SHUIRUP DQ HQHUJ\ DXGLW DQG�RU LQVWDOO HOHFWULF VXE�PHWHUV WR EHWWHU XQGHUVWDQG ZKDW FRQVXPHV
HOHFWULFLW\ RQVLWH� :H ZRXOG WKHQ UHFRPPHQG WKDW WKH 5D\V SXUVXH HQHUJ\ HIILFLHQF\ XSJUDGHV
DQG ORRN LQWR UHQHZDEOH HQHUJ\ SURFXUHPHQW RSWLRQV WR UHGXFH UHOLDQFH RQ WKH IRVVLO
IXHO�LQWHQVLYH )ORULGD HOHFWULF JULG� 6HH 6HFWLRQ ���� IRU PRUH GHWDLO RQ UHFRPPHQGDWLRQV UHODWHG
WR�VWDGLXP�HQHUJ\�XVDJH�

����� 8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU
(PLVVLRQV IURP XSVWUHDP QDWXUDO JDV DQG XSVWUHDP ZDWHU WUHDWPHQW WRWDOHG �� PHWULF WRQV &2�H�
����� RI WKH FDUERQ IRRWSULQW� 1RWDEO\� ��� RI WKH HPLVVLRQV DVVRFLDWHG ZLWK XSVWUHDP LPSDFW RI
QDWXUDO JDV ZHUH IURP &+�� D PXFK PRUH SRWHQW *+* WKDQ &2�� UHIOHFWLQJ JURZLQJ FRQFHUQ
ZLWK WKH LPSDFW RI PHWKDQH OHDNDJH LQ QDWXUDO JDV H[WUDFWLRQ DQG GLVWULEXWLRQ �3DOPHU� ������
��� RI HPLVVLRQV LQ WKLV FDWHJRU\ ZHUH DWWULEXWDEOH WR WKH XSVWUHDP LPSDFW RI QDWXUDO JDV ZKLOH
RQO\����ZHUH�DWWULEXWDEOH�WR�ZDWHU�WUHDWPHQW�

/LPLWDWLRQV
/LPLWDWLRQV RI RXU PHWKRGRORJ\ LQFOXGHG XVLQJ QDWLRQDO DYHUDJH GHIDXOWV LQ WKH *5((7 PRGHO WR
HVWLPDWH XSVWUHDP LPSDFW RI QDWXUDO JDV DV RSSRVHG WR LQIRUPDWLRQ RQ WKH QDWXUDO JDV VRXUFHV
DYDLODEOH WR WKH )ORULGD UHJLRQ� WKLV FKRLFH ZDV PDGH EHFDXVH WKHUH LV QR )ORULGD�VSHFLILF GDWD LQ
WKH *5((7 PRGHO� 7KH 5D\V KDYH PLQLPDO FRQWURO RYHU HPLVVLRQV DVVRFLDWHG ZLWK WKHVH XWLOLWLHV
EH\RQG UHGXFLQJ QDWXUDO JDV DQG ZDWHU FRQVXPSWLRQ� KRZHYHU� UHGXFWLRQV LQ WKHVH DUHDV FRXOG
DOVR�KDYH�FRVW�VDYLQJV��PDNLQJ�LW�D�PRUH�DSSHDOLQJ�LQYHVWPHQW�

����� 'RZQVWUHDP�6ROLG�:DVWH
:DVWH JHQHUDWHG DW 7URSLFDQD )LHOG LV HLWKHU FRPEXVWHG DW D ZDVWH�WR�HQHUJ\ �:7(� IDFLOLW\ LQ 6W�
3HWHUVEXUJ� ZKLFK KHOSV RIIVHW HPLVVLRQV IURP WKH )ORULGD JULG� RU� UHF\FOHG� ZKLFK RIIVHWV
HPLVVLRQV DVVRFLDWHG ZLWK YLUJLQ PDWHULDO SURGXFWLRQ� 7KHVH RIIVHWV UHVXOW LQ D VPDOO HPLVVLRQV
FUHGLW IRU WKH 5D\V� PHDQLQJ WKDW WKH WHDP¶V FXUUHQW GRZQVWUHDP VROLG ZDVWH PDQDJHPHQW
UHGXFHV LWV WRWDO HVWLPDWHG FDUERQ IRRWSULQW� 8WLOL]LQJ :7( IDFLOLWLHV GRHV QRW DOZD\V JHQHUDWH DQ
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HPLVVLRQV FUHGLW� LW LV GHSHQGHQW RQ WKH PDNH�XS RI WKH ZDVWH VHQW WR WKH IDFLOLW\ DQG WKH PDNH�XS
RI WKH HOHFWULFDO JULG EHLQJ RIIVHW� ,Q WKH 5D\V¶ FDVH� ZDVWH KLJK LQ RUJDQLF PDWHULDOV DQG
UHF\FOLQJ RI FDUGERDUG JHQHUDWH HQRXJK HPLVVLRQV FUHGLW WR RIIVHW WKH IRVVLO IXHO�KHDY\ )ORULGD
HOHFWULF�JULG�

:KLOH ZDVWH GLG QRW DGG WR WKH RYHUDOO IRRWSULQW� LW LV VWLOO D WRSLF RXU FOLHQWV H[SUHVVHG LQWHUHVW LQ
XQGHUVWDQGLQJ EHWWHU� 2XU DQDO\VLV SRLQWV WR WKH FRPEXVWLRQ RI 3(7 �SODVWLF WKDW LV W\SLFDOO\
UHF\FODEOH� DV WKH JUHDWHVW VRXUFH RI HPLVVLRQV ZLWKLQ GRZQVWUHDP VROLG ZDVWH� 3(7 FRPEXVWLRQ
FRXOG EH PLWLJDWHG E\ WKH LPSOHPHQWDWLRQ RI EHWWHU ZDVWH GLYHUVLRQ VWUDWHJLHV LQVLGH WKH VWDGLXP
VXFK DV UHF\FOLQJ LQIUDVWUXFWXUH LPSURYHPHQWV DQG RYHUDOO SODVWLF UHGXFWLRQ VWUDWHJLHV� VHH
6HFWLRQ������IRU�DGGLWLRQDO�GHWDLOV�RQ�PLWLJDWLRQ�UHFRPPHQGDWLRQV�

'RZQVWUHDP VROLG ZDVWH PDQDJHPHQW FDQ EHFRPH D ODUJH VRXUFH RI PHWKDQH HPLVVLRQV IRU D
FRPSDQ\ ZKHQ VHQGLQJ PDWHULDO� HVSHFLDOO\ RUJDQLF PDWHULDO� WR ODQGILOOV �8�6� (3$� ����E��
6LQFH WKH 5D\V GR QRW VHQG PDWHULDO WR ODQGILOOV� WKLV LV QRW DQ HPLVVLRQV GULYHU IRU WKHP�
+RZHYHU� :7( IDFLOLWLHV DUH QRW ZLWKRXW FULWLFLVP� DOWKRXJK WKH\ PD\ RIIVHW *+*�LQWHQVLYH
HPLVVLRQV IURP WKH JULG� :7( IDFLOLWLHV FDQ UHVXOW LQ ORFDO DLU SROOXWLRQ �RIWHQ LQ
XQGHUUHSUHVHQWHG FRPPXQLWLHV� DQG SURGXFH WR[LF DVK �5RVHQEHUJ HW DO�� ������ ZKLFK ZH GLG QRW
HYDOXDWH�LQ�RXU�VWXG\�

/LPLWDWLRQV
7KH 8�6� (3$¶V :$50 0RGHO ZDV XVHG WR DQDO\]H WKH 5D\V
 ZDVWH�UHODWHG *+* HPLVVLRQV�
ZKLFK UHTXLUHV LQIRUPDWLRQ RQ WKH IDFLOLW\¶V ZDVWH SURILOH �L�H�� WRQV RI PDWHULDO DWWULEXWHG WR
RUJDQLFV YV� WRQV RI PDWHULDO DWWULEXWHG WR UHF\FODEOH PDWHULDOV�� $V RXU GDWD IURP WKH 5D\V GLG
QRW LQFOXGH D FRPSUHKHQVLYH ZDVWH SURILOH� ZH UHOLHG RQ VXSSOHPHQWDO UHVHDUFK IRU RXU
FDOFXODWLRQV� :KLOH WKHUH DUH OLNHO\ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH FRQFHVVLRQV DQG RWKHU
PDWHULDOV XVHG RQVLWH IRU 7URSLFDQD )LHOG DQG 7�0RELOH 3DUN �KRPH RI WKH 6HDWWOH 0DULQHUV�� WKH
0DULQHUV ZHUH WKH RQO\ WHDP ZH IRXQG WR KDYH SXEOLFO\ DYDLODEOH ZDVWH DXGLW GDWD� ZH XVHG WKLV
GDWD WR DSSUR[LPDWH WKH ZDVWH SURILOH IRU 7URSLFDQD )LHOG� (YHQ ZLWKRXW 5D\V�VSHFLILF ZDVWH
DXGLW GDWD WR DSSUR[LPDWH WKH ZDVWH SURILOH RI 7URSLFDQD )LHOG� WKHUH ZRXOG OLNHO\ VWLOO EH DQ
HPLVVLRQV FUHGLW EHFDXVH WKH 5D\V XWLOL]H D :7( IDFLOLW\� 7KH PDJQLWXGH RI WKLV FUHGLW LV
GHSHQGHQW RQ WKH SURSRUWLRQ RI 3(7 UHODWLYH WR WKH UHVW RI WKH VWDGLXP ZDVWH� WKXV LI 3(7 LV D
ODUJHU SURSRUWLRQ RI WRWDO ZDVWH� WKH HPLVVLRQV FUHGLW ZRXOG GHFUHDVH UHODWLYH WR RXU EDVHOLQH
DVVXPSWLRQ�

$Q DGGLWLRQDO LVVXH DULVHV FRQVLGHULQJ WKDW RXU FDUERQ IRRWSULQW RQO\ SDUWLDOO\ DFFRXQWV IRU
SURGXFWLRQ RI PDWHULDOV� EXW LV WDNLQJ FUHGLW IRU ZDVWH PDQDJHPHQW RI DOO PDWHULDOV� 6SHFLILFDOO\�
ZH KDYH DFFRXQWHG IRU WKH SURGXFWLRQ RI FRQFHVVLRQV DQG PHUFKDQGLVH� $OWKRXJK XQFRQVXPHG
IRRG DQG OLNHO\ VRPH PHUFKDQGLVH LV WKURZQ DZD\ DW 7URSLFDQD )LHOG� RWKHU PDWHULDOV WKURZQ
DZD\ OLNH VKLSSLQJ PDWHULDOV� MDQLWRULDO SURGXFWV RU WUDLQLQJ HTXLSPHQW� ZHUH QRW TXDQWLILHG
FUDGOH�WR�JDWH� 2XU ZDVWH PHWKRGRORJ\ UHVXOWV LQ WKH 5D\V HDUQLQJ *+* HPLVVLRQV FUHGLWV IRU
WKHVH PDWHULDOV ZLWKRXW WDNLQJ LQWR DFFRXQW WKH *+* HPLVVLRQV DVVRFLDWHG ZLWK SURGXFLQJ WKHVH
PDWHULDOV� VXEVHTXHQWO\ XQGHUHVWLPDWLQJ WKH 5D\V¶ WRWDO FDUERQ IRRWSULQW� $V GHWDLOHG LQ 6HFWLRQ
��������� ZH HVWLPDWH WKDW HPLVVLRQV DVVRFLDWHG ZLWK SXUFKDVHG JRRGV DQG VHUYLFHV FRXOG EH PRUH
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WKDQ ���� JUHDWHU WKDQ HVWLPDWHG LQ RXU DQDO\VLV� )XWXUH VWXGLHV VKRXOG DLP WR PRUH
FRPSUHKHQVLYHO\�DVVHVV�WKH�LPSDFW�RI�WKH�SURGXFWLRQ�RI�DOO�PDWHULDOV�HQWHULQJ�WKH�VWDGLXP�

����� )DQ�7UDQVSRUWDWLRQ
2XU HVWLPDWHG IDQ WUDQVSRUWDWLRQ HPLVVLRQV GZDUIHG DOO RWKHU DFWLYLW\ DUHDV ± UHSUHVHQWLQJ DERXW
��� RI WKH HVWLPDWHG FDUERQ IRRWSULQW� :KLOH WKH PDJQLWXGH RI D IDQ WUDQVSRUWDWLRQ IRRWSULQW FDQ
YDU\ IURP RQH VWDGLXP WR WKH QH[W� GXH WR DYDLODELOLW\ RI SXEOLF WUDQVSRUWDWLRQ DQG VWDGLXP
ORFDWLRQ� WKLV UHVXOW DOLJQV ZLWK SUHYLRXV VWXGLHV WKDW KDYH LQFOXGHG IDQ WUDQVSRUWDWLRQ LQ D
VWDGLXP FDUERQ IRRWSULQW �'ROI DQG 7HHKDQ� ����� (GZDUGV HW DO�� ������ )DFWRUV WKDW GHWHUPLQH
HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ DUH WUDYHO PRGH� GLVWDQFH WUDYHOHG� DQG YHKLFOH RFFXSDQF\� 2XU
UHVXOWV VXJJHVW WKDW FDU DQG DLU WUDYHO JHQHUDWHG WKH PRVW HPLVVLRQV GXH SULPDULO\ WR WKH QXPEHU
RI IDQV ZKR WRRN FDUV DQG WKH ORQJ GLVWDQFHV DVVRFLDWHG ZLWK IOLJKWV� :H QRWH WKDW� RQ D
SDVVHQJHU�PLOH EDVLV� SHUVRQDO YHKLFOHV RQ DYHUDJH SURGXFH IHZHU HPLVVLRQV WKDQ ULGH�KDLOLQJ
YHKLFOHV �$QDLU HW DO�� ����� +HQDR DQG 0DUVKDOO� ����� DQG FDUSRROLQJ VLJQLILFDQWO\ UHGXFHV
HPLVVLRQV IURP FDU WUDYHO E\ GLVSODFLQJ DGGLWLRQDO YHKLFOH WULSV� 7KH ELJJHVW RSSRUWXQLWLHV IRU
UHGXFLQJ WUDQVSRUWDWLRQ HPLVVLRQV DUH GHFUHDVLQJ ORQJ�GLVWDQFH WUDYHO� LQFUHDVLQJ FDU RFFXSDQF\�
DQG HQFRXUDJLQJ DGRSWLRQ RI ORZ�HPLVVLRQ WUDQVSRUWDWLRQ PRGHV �$OEDUEDU\ HW DO�� ����� 'ROI
DQG�7HHKDQ��������

7KH PDLQ FRQWULEXWRU WR WKH 5D\V¶ ���� VHDVRQ IDQ WUDQVSRUWDWLRQ FDUERQ IRRWSULQW LV FDU WUDYHO�
LQ SDUWLFXODU� ORZ RFFXSDQF\ FDU WUDYHO� DQG ORQJ�GLVWDQFH WUDYHO UHSUHVHQW WKH EXON RI HPLVVLRQV
SHU SHUVRQ� ��� RI 5D\V IDQV URGH LQ D SHUVRQDO FDU WR WKH VWDGLXP� 2QO\ ��� RI IDQV WUDYHOHG
RYHU �� PLOHV RQH�ZD\ �XVLQJ DQ\ WUDQVSRUWDWLRQ PRGH�� EXW ZHUH HVWLPDWHG WR KDYH SURGXFHG
��� RI WKH HPLVVLRQV� $OWKRXJK LW PD\ EH WHPSWLQJ WR MXPS WR WKH FRQFOXVLRQ WKDW DLU WUDYHO LV
WKH FXOSULW RI ORQJ�GLVWDQFH WUDYHO HPLVVLRQV� IO\LQJ FDQ EH D OHVV *+*�LQWHQVLYH WUDQVSRUWDWLRQ
PRGH WKDQ GULYLQJ ORQJ�GLVWDQFH GHSHQGLQJ RQ WKH GLVWDQFH� W\SH RI SODQH� DQG WKH FDU
V
RFFXSDQF\ �6XQNDUD� ������ &RPSDUHG WR D ORQJ�GLVWDQFH WULS LQ D JDV�SRZHUHG FDU� IOLJKWV WDNH
PRUH HIILFLHQW WUDYHO SDWKV �D VWUDLJKW OLQH� DQG JHQHUDWH UHODWLYHO\ ORZ HPLVVLRQV SHU
SDVVHQJHU�PLOH GXH WR WKH ODUJH FDSDFLW\ RI WKH DLUSODQH� 7KH PRUH SHRSOH ULGH LQ D FDU WRJHWKHU�
WKH ORZHU WKH HPLVVLRQV SHU SDVVHQJHU�PLOH� 8QOHVV DQ DYHUDJH JDV�SRZHUHG FDU FDUULHV WKUHH RU
PRUH SDVVHQJHUV� WKH WRWDO HPLVVLRQV SHU SDVVHQJHU ZLOO EH JUHDWHU IRU WKH FDU WUDYHOHUV WKDQ IRU DQ
HTXLYDOHQW QXPEHU RI DLU WUDYHOHUV RQ DQ DYHUDJH SODQH WUDYHOLQJ RYHU ��� PLOHV �PHGLXP� DQG
ORQJ�KDXO IOLJKWV� ZLWK DYHUDJH RFFXSDQF\ �8�6� (3$� ����D�� ,I DOO RI WKH IDQV ZKR IOHZ WR WKH
VWDGLXP �IDQV ZHUH DVVXPHG WR KDYH IORZQ ZKHQ RQH�ZD\ JURXQG�WUDYHO GLVWDQFHV H[FHHG ���
PLOHV� KDG LQVWHDG GULYHQ SHUVRQDO YHKLFOHV� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG
KDYH LQFUHDVHG E\ ������� WKLV LQFUHDVH LQ HPLVVLRQV ZRXOG FRUUHVSRQG WR D ����� LQFUHDVH WR
WKH HVWLPDWHG WRWDO FDUERQ IRRWSULQW IRU WKH ���� VHDVRQ� 7KLV FRPSDULVRQ LV QRW WR VD\ WKDW IO\LQJ
LV DOZD\V D EHWWHU RSWLRQ� WKLV DQDO\VLV KLQJHV RQ RXU DVVXPSWLRQ WKDW DOO IDQV YLVLWLQJ IURP
RXW�RI�WRZQ VWD\ LQ WRZQ IRU ��� GD\V� UHJDUGOHVV RI WUDYHO PRGH� $OORFDWLQJ WKH HPLVVLRQV IURP
RXW�RI�WRZQ WUDYHO PRUH DFFXUDWHO\ ZRXOG UHTXLUH NQRZLQJ SUHFLVHO\ KRZ PDQ\ GD\V HDFK IDQ
VSHQGV LQ WRZQ� RXU IDQ WUDQVSRUWDWLRQ VXUYH\ �6HFWLRQ ��� LQFOXGHV D TXHVWLRQ WR REWDLQ WKLV
LQIRUPDWLRQ�

'HVSLWH WKHLU SRSXODULW\� WD[LV RU ULGHVKDUHV FDQ RIWHQ EH OHVV HIILFLHQW WKDQ SHUVRQDO YHKLFOHV
EHFDXVH WKH WULSV XVLQJ WKH IRUPHU LQFOXGH DGGHG HPLVVLRQV DVVRFLDWHG ZLWK FUXLVLQJ� LGOLQJ� RU
GHDGKHDGLQJ �WKH PLOHV GULYHQ HQ URXWH WR D SDVVHQJHU� �$QDLU HW DO�� ����� +HQDR DQG 0DUVKDOO�
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������ :H HVWLPDWH WKDW VZLWFKLQJ IURP D WD[L RU ULGHVKDUH WR SHUVRQDO YHKLFOHV ZRXOG UHGXFH IDQ
WUDQVSRUWDWLRQ HPLVVLRQV E\ ������ UHFRPPHQGDWLRQV SURYLGHG �6HFWLRQ ����� FRXOG LQFHQWLYL]H
WKLV VZLWFK� 7KH PRVW GHVLUDEOH RXWFRPH LV WR KDYH IDQV VZLWFK IURP WD[L RU ULGHVKDUH WR PRGHV RI
WUDQVSRUWDWLRQ ZLWK WKH ORZHVW HPLVVLRQ IDFWRUV� SXEOLF WUDQVSRUWDWLRQ� H�ELNHV DQG H�VFRRWHUV�
KXPDQ�SRZHUHG ELNHV DQG VFRRWHUV� RU ZDONLQJ� 3RWHQWLDO VWUDWHJLHV WR SURPRWH WKHVH IDQ
EHKDYLRUDO�FKDQJHV�DUH�RXWOLQHG�LQ�6HFWLRQ������

&DUSRROLQJ DOVR VKRZV VWURQJ SRWHQWLDO WR UHGXFH HPLVVLRQV IURP FDU WUDYHO� %HFDXVH FDUV HPLW
DERXW WKH VDPH DPRXQW RI HPLVVLRQV UHJDUGOHVV RI ZKHWKHU WKH FDU KDV RQH SDVVHQJHU RU PRUH�
WRWDO WUDQVSRUWDWLRQ HPLVVLRQV GHFUHDVH E\ LQFUHDVLQJ WKH RFFXSDQF\ RI HDFK FDU ZKLOH
VLPXOWDQHRXVO\ GLVSODFLQJ DGGLWLRQDO YHKLFOH WULSV� +RZHYHU� LQ WKH LQWHUHVW RI UHGXFLQJ HPLVVLRQV
EHORZ WKH EDVHOLQH HVWLPDWLRQ� FDUSRROLQJ LQLWLDWLYHV PXVW EH IRFXVHG RQ DGGLWLRQDOLW\ ±
LQFUHDVLQJ FDUSRROLQJ ZKHUH LW ZDV QRW RFFXUULQJ EHIRUH� )RU LQVWDQFH� D IDPLO\ WKDW DOZD\V
WUDYHOV WR WKH JDPH WRJHWKHU ZRXOG QRW UHGXFH DGGLWLRQDO HPLVVLRQV� EXW IULHQGV ZKR RUGLQDULO\
GULYH VHSDUDWHO\ WR WKH VWDGLXP ZRXOG UHGXFH DGGLWLRQDO HPLVVLRQV E\ FDUSRROLQJ� WKLV LGHD LV
GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ������

:LWK WKHVH LQVLJKWV� ZH DUULYH DW VLPLODU FRQFOXVLRQV WR SUHYLRXV VWXGLHV ± GHFUHDVLQJ
ORQJ�GLVWDQFH WUDYHO� LQFUHDVLQJ FDU RFFXSDQF\� DQG HQFRXUDJLQJ ORZ�HPLVVLRQ WUDQVSRUWDWLRQ
PRGHV RIIHU WKH JUHDWHVW RSSRUWXQLWLHV IRU UHGXFLQJ WUDQVSRUWDWLRQ HPLVVLRQV �$OEDUEDU\ HW DO��
����� 'ROI DQG 7HHKDQ� ������ +RZHYHU� WKH GLVSDULW\ EHWZHHQ GLVWDQFH WUDYHOHG DQG HPLVVLRQV
FRQWULEXWLRQ EHJV WKH TXHVWLRQ ± VKRXOG ORQJ�GLVWDQFH IDQ WUDYHO EH HIIHFWLYHO\ WDUJHWHG IRU
LQWHUYHQWLRQV RU VKRXOG ³ORFDO´ IDQV EH WKH WDUJHWV RI VXVWDLQDEOH WUDQVSRUWDWLRQ FDPSDLJQV" :H
SRVLW WKDW LQWHUYHQWLRQV IRFXVHG RQ ORFDO WUDYHO ZLOO EH PRUH HIIHFWLYH EHFDXVH �� WKHVH IDQV DUH
PRUH OLNHO\ WR DWWHQG JDPHV UHSHWLWLYHO\� WKXV EHKDYLRUDO FKDQJH ZLOO KDYH D PRUH VXVWDLQHG
LPSDFW� �� WKHVH IDQV KDYH D KLJKHU OLNHOLKRRG RI EHLQJ LQIOXHQFHG E\ ORFDO DQG UHJLRQDO
LQIRUPDWLRQDO FDPSDLJQV UHODWHG WR VXVWDLQDEOH WUDQVSRUWDWLRQ �0F&XOORXJK DQG .HOOLVRQ� �����
DQG �� WKH PRUH JDPHV IDQV DWWHQG� WKH PRUH H[SRVXUH WKH\ ZLOO KDYH WR WHDP RU VWDGLXP EDVHG
LQLWLDWLYHV� DQG WKXV WKH PRUH OLNHO\ WKH\ ZLOO WU\ VRPHWKLQJ QHZ� VXFK DV SXEOLF WUDQVSRUWDWLRQ� RU
SDUWLFLSDWLRQ�LQ�ORZ�FDUERQ�WUDQVSRUWDWLRQ�HYHQWV�VXFK�DV�D�³ELNH�WR�WKH�JDPH´�GD\�

/LPLWDWLRQV
7KH IDQ WUDQVSRUWDWLRQ HPLVVLRQV HVWLPDWH ZDV OLPLWHG E\ GDWD DYDLODELOLW\ DQG TXDOLW\� 6LQFH WKH
WUDQVSRUWDWLRQ�IRFXVHG TXHVWLRQV IURP WKH 0/% SRVW�JDPH VXUYH\ ZHUH QRW FUHDWHG ZLWK WKH
LQWHQWLRQ RI FDOFXODWLQJ HPLVVLRQV� WKH\ HOLFLWHG DPELJXRXV LQIRUPDWLRQ UHTXLULQJ QXPHURXV
DVVXPSWLRQV WR TXDQWLI\ HPLVVLRQV �DOO DVVXPSWLRQV DUH GHVFULEHG LQ GHWDLO LQ 6HFWLRQ ����������
0RVW QRWDEO\� ZH PDGH DVVXPSWLRQV DERXW WKH QXPEHU RI SHRSOH FDSWXUHG LQ WKH VXUYH\ �EDVHG RQ
ZKR WKH UHVSRQGHQW WUDYHOHG ZLWK� DQG GHWDLOV UHODWHG WR ORQJ�GLVWDQFH DQG RXW�RI�WRZQ WUDYHO� :H
EHOLHYH WKH FRPELQDWLRQ RI DVVXPSWLRQV XVHG WR HVWLPDWH HPLVVLRQV ZHUH UHDVRQDEOH JLYHQ WKH
DYDLODEOH LQIRUPDWLRQ� $OWKRXJK ZH FRXOG UHDVRQDEO\ TXDQWLI\ HPLVVLRQV IURP WKH 0/% VXUYH\�
ZH ZHUH QRW DEOH WR JDLQ LQVLJKWV LQWR IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ LQWHUYHQWLRQ VWUDWHJLHV RU
UHVSRQVLYHQHVV WR GLIIHUHQW LQFHQWLYHV� :H WKXV SODQ WR SURSRVH PRGLILFDWLRQV WR WKH 0/%�ZLGH
VXUYH\�DV�SDUW�RI�WKLV�SURMHFW¶V�ILQDO�GHOLYHUDEOHV��VHH�6HFWLRQV��������

:H DFNQRZOHGJH WKDW IDQ WUDQVSRUWDWLRQ FDUERQ IRRWSULQWV OLNHO\ YDU\ FRQVLGHUDEO\ IURP FLW\ WR
FLW\� :H ZHUH XQDEOH WR DFFHVV VXUYH\ UHVSRQVHV IURP RWKHU WHDPV WR HYDOXDWH KRZ WKH 5D\V IDQ
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EDVH FRPSDUHV WR WKDW RI RWKHU WHDPV� 7KHUHIRUH� ZH FDQ RQO\ TXDQWLWDWLYHO\ HYDOXDWH SRWHQWLDO
UHGXFWLRQV GXH WR LQWHUYHQWLRQV IRU WKH 5D\V �VHH 6HFWLRQ ��� IRU IXUWKHU GLVFXVVLRQ RQ SRWHQWLDO
QH[W VWHSV DQG DQDO\VHV WR FRPSDUH IDQ WUDQVSRUWDWLRQ LPSDFWV EHWZHHQ WHDPV�� 7KH
UHFRPPHQGDWLRQV ZH SURSRVH IRU WKH 5D\V FDQ EH DSSOLHG WR RWKHU WHDPV �DOWKRXJK VSHFLILF
LQWHUYHQWLRQV ZLOO EH PRUH RU OHVV HIIHFWLYH GHSHQGLQJ RQ WKH FLW\ LQ ZKLFK WKH\ DUH
LPSOHPHQWHG��

/DVWO\� ZH XVHG ���� 0/% VXUYH\ UHVXOWV DV D SUR[\ IRU WKH ���� VHDVRQ �WKH IXQFWLRQDO XQLW RI
WKLV VWXG\�� EXW WKLV H[WUDSRODWLRQ GRHV QRW DFFRXQW IRU SRWHQWLDO &29,'�UHODWHG EHKDYLRUDO
FKDQJHV DVVRFLDWHG ZLWK WUDQVSRUWDWLRQ PRGH SUHIHUHQFHV� LQ -XQH ����� QDWLRQDO SXEOLF
WUDQVSRUWDWLRQ ULGHUVKLS ZDV VWLOO GRZQ QHDUO\ WZR�WKLUGV IURP ���� OHYHOV �5DPRV DQG 7DPEH�
������ +RZHYHU� ZKHQ FRQVLGHULQJ LQLWLDWLYHV DQG LQWHUYHQWLRQV� ���� WUDQVSRUWDWLRQ KDELWV PD\
EH PRUH UHOHYDQW WKDQ ���� KDELWV� DV LW LV XQNQRZQ ZKDW HIIHFW &29,' ZLOO KDYH RQ ORQJ�WHUP
SXEOLF�WUDQVSRUWDWLRQ�ULGHUVKLS�DQG�WUDQVSRUWDWLRQ�SUHIHUHQFHV�

����� 7HDP�7UDYHO
2XU DQDO\VLV VXJJHVWV WKDW *+* HPLVVLRQV IURP WHDP WUDYHO ZHUH DOPRVW HQWLUHO\ IURP DLU WUDYHO
������ 7KH 5D\V IO\ PRUH WKDQ PRVW WHDPV E\ YLUWXH RI WKHLU JHRJUDSKLF ORFDWLRQ UHODWLYH WR RWKHU
WHDPV� HVSHFLDOO\ ZLWKLQ WKHLU GLYLVLRQ� WKH $PHULFDQ /HDJXH (DVW� :LWKLQ WKLV GLYLVLRQ� PRVW
WHDPV DUH ORFDWHG LQ WKH QRUWKHDVW� WKH 5D\V PXVW WUDYHO RYHU ��� PLOHV WR JHW WR WKHLU FORVHVW
GLYLVLRQ ULYDO� WKH %DOWLPRUH 2ULROHV� 2XU DQDO\VLV VKRZHG WKDW IOLJKWV WR DQG IURP WKH 8�6� :HVW
&RDVW�SURGXFH�WKH�PRVW�*+*�HPLVVLRQV�GXH�WR�WKH�H[FHSWLRQDOO\�ORQJ�GLVWDQFHV�

7KH EDVLF HPLVVLRQV UHGXFWLRQ RSSRUWXQLWLHV IURP IDQ WUDQVSRUWDWLRQ DOVR DSSO\ WR WHDP WUDYHO
ZLWK D IHZ NH\ GLIIHUHQFHV� 3URIHVVLRQDO VSRUWV WHDPV WHQG WR FKDUWHU WKHLU RZQ SODQHV DQG EXVHV�
VR DOO RI WKH HPLVVLRQV IURP WKRVH YHKLFOHV DUH DWWULEXWDEOH WR WKH WHDP UHJDUGOHVV RI KRZ PDQ\
SHRSOH DUH RQ ERDUG� +RZHYHU� LI LQFUHDVLQJ RFFXSDQF\ UHGXFHV WKH QXPEHU RI YHKLFOHV UHTXLUHG
WR WUDQVSRUW WKH HQWLUH WHDP� WKH WHDP FDQ UHGXFH HPLVVLRQV E\ GLVSODFLQJ DGGLWLRQDO YHKLFOH WULSV�
:H UHFHLYHG DQHFGRWDO LQIRUPDWLRQ WKDW PRVW WHDPV XVH PXOWLSOH SDUWLDOO\�ILOOHG EXVHV�
&RQVROLGDWLQJ WHDP SHUVRQQHO RQWR DV IHZ SODQHV�EXVHV DV SRVVLEOH ZLOO UHGXFH WRWDO HPLVVLRQV E\
GLVSODFLQJ DGGLWLRQDO YHKLFOHV� $SDUW IURP WHDP IOLJKWV DQG EXV ULGHV� SOD\HUV WHQG WR WUDQVSRUW
WKHPVHOYHV LQGLYLGXDOO\� 7ZR SRWHQWLDO RSWLRQV IRU HPLVVLRQV UHGXFWLRQV DUH WR HQFRXUDJH
FDUSRROLQJ� F\FOLQJ� RU SXEOLF WUDQVSRUWDWLRQ IRU LQGLYLGXDO VKRUW�GLVWDQFH WUDYHO DQG HQFRXUDJLQJ
FRPPHUFLDO IOLJKWV RYHU ORQJ FDU ULGHV� ,Q WHUPV RI SDVVHQJHU�PLOHV� D VLQJOH SDVVHQJHU LQ DQ
DYHUDJH JDVROLQH�SRZHUHG FDU SURGXFHV PRUH HPLVVLRQV WKDQ D VLQJOH SDVVHQJHU RQ D FRPPHUFLDO
IOLJKW�ZLWK�DYHUDJH�RFFXSDQF\�

8QOLNH IDQ WUDQVSRUWDWLRQ� WHDP WUDYHO KDV D PXFK JUHDWHU FDSDFLW\ WR UHGXFH WRWDO WUDYHO GLVWDQFH�
5RDG WULSV GXULQJ WKH VHDVRQ DUH QRW FXUUHQWO\ RSWLPL]HG WR UHGXFH WUDYHO GLVWDQFH� 1RWH WKDW URDG
WULSV UHIHU WR VHULHV RI JDPHV DW RWKHU WHDPV¶ VWDGLXPV DQG LQYROYH DOO WUDYHO PRGHV� DOWKRXJK
PRVW WUDYHO RFFXUV E\ DLUSODQH� )OLJKWV IRU PXOWL�FLW\ URDG WULSV WHQG WR ]LJ�]DJ� DGGLQJ
XQQHFHVVDU\ PLOHDJH DQG LQFUHDVLQJ WUDYHO WLPH �³$LU 0LOHV &DOFXODWRU�´ Q�G�� %DVHEDOO $OPDQDF�
������ )XUWKHUPRUH� PDQ\ URDG WULSV RQO\ LQFOXGH YLVLWV WR RQH RU WZR FLWLHV DW D WLPH� UHVXOWLQJ LQ
D�ORW�RI�IOLJKWV�EDFN�DQG�IRUWK�WR�6W��3HWHUVEXUJ�
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:KLOH WKHUH DUH VLPSOH� \HW SURPLVLQJ VROXWLRQV IRU UHGXFLQJ WHDPV¶ VHDVRQ�ORQJ WUDYHO GLVWDQFH�
WKH WHDP GRHV QRW KDYH FRPSOHWH FRQWURO RI WUDYHO� 7KH OHDJXH �ZLWK VRPH LQSXW IURP WKH WHDPV�
FUHDWHV WKH VHDVRQ VFKHGXOH� 7KHUHIRUH� WKH OHDJXH ZRXOG EH UHVSRQVLEOH IRU UHRUJDQL]LQJ WKH
VFKHGXOH WR RSWLPL]H URDG WULSV� 7KLV FRXOG EH DFFRPSOLVKHG E\ LQFUHDVLQJ WKH QXPEHU RI FLWLHV
YLVLWHG RQ HDFK URDG WULS DQG VFKHGXOLQJ VXEVHTXHQW VHULHV VXFK WKDW WUDYHO IURP RQH FLW\ WR WKH
QH[W RFFXUV DORQJ D FLUFXODU SDWK UDWKHU WKDQ D ]LJ�]DJ SDWK� :H H[SORUH WKH HPLVVLRQV UHGXFWLRQ
SRWHQWLDO RI WKHVH UHFRPPHQGDWLRQV LQ JUHDWHU GHWDLO LQ 6HFWLRQ ������� 7KH UHJLRQ�VSHFLILF JDPH
VFKHGXOH LPSOHPHQWHG GXULQJ WKH &29,'�VKRUWHQHG ���JDPH VHDVRQ LQ ���� VKRZHG SURPLVLQJ
UHVXOWV IRU HPLVVLRQV UHGXFWLRQV DFURVV WKH OHDJXH IURP VWUDWHJLF FKDQJHV WR WKH JDPH VFKHGXOH
�:\QHV� ������ %HWZHHQ WKH ���� DQG ���� VHDVRQV� WKH DYHUDJH WULS OHQJWK ZDV UHGXFHG E\
QHDUO\ ��� PLOHV� OHDGLQJ WR D UHGXFWLRQ RI ��� WRQQHV &2�H SHU JDPH �OHDJXH�ZLGH�� :\QHV GLG
QRW DGGUHVV WKH SRVVLELOLW\ WKDW FKDQJLQJ WKH QXPEHU RI WULSV DQG WUDYHO GLVWDQFHV FRXOG
LQDGYHUWHQWO\ LQFUHDVH HPLVVLRQV HOVHZKHUH �H�J� PRUH IDQV RU WHDP PHPEHUV¶ IDPLOLHV WUDYHOLQJ
WR ZDWFK WKH WHDP SOD\�� WKH SUHYDOHQFH DQG PDJQLWXGH RI WKHVH LQGXFHG HIIHFWV DUH QRW H[SOLFLWO\
DGGUHVVHG LQ RXU UHFRPPHQGDWLRQV� EXW UHLQIRUFHV WKH QHHG WR FULWLFDOO\ HYDOXDWH
UHFRPPHQGDWLRQV�WR�DYRLG�SRWHQWLDO�EDFNILUH�

$OWKRXJK WKH WHDP PD\ QRW KDYH FRQWURO RYHU WKH JDPH VFKHGXOH� LW GRHV KDYH FRQWURO RYHU KRZ
WKH\ JHW IURP RQH FLW\ WR WKH QH[W DQG WR DQG IURP WKH VWDGLXPV WKH\ YLVLW� /LNH IDQ
WUDQVSRUWDWLRQ� HPLVVLRQV FDQ EH VLJQLILFDQWO\ UHGXFHG E\ VZLWFKLQJ WR OHVV *+*�LQWHQVLYH
WUDQVSRUWDWLRQ PRGHV �H�J� EXVHV WR 0LDPL RU WUDLQV DJDLQVW ULYDOV LQ WKH 1RUWKHDVW� RU XVLQJ
YHKLFOHV�ZLWK�OHVV�*+*�LQWHQVLYH�IXHOV��H�J��VXVWDLQDEOH�DYLDWLRQ�IXHO�RU�K\EULG�HOHFWULF�EXVHV��

,Q DGGLWLRQ WR WKH DIRUHPHQWLRQHG RSSRUWXQLWLHV IRU HPLVVLRQV UHGXFWLRQ� WHDP WUDYHO SRVHV D
XQLTXH RSSRUWXQLW\ WR HGXFDWH SOD\HUV DQG UHFUXLW WKHP IRU IDQ WUDQVSRUWDWLRQ�VSHFLILF DGYRFDF\�
7HDP WUDYHO DIIHFWV WKH SOD\HUV PRUH DFXWHO\ WKDQ DQ\ RI WKH RWKHU HPLVVLRQV�SURGXFLQJ DFWLYLWLHV
EHFDXVH WKH SOD\HUV DUH GLUHFWO\ LQYROYHG LQ DOO DVSHFWV RI WHDP WUDYHO� *HWWLQJ SOD\HUV WR XVH WKHLU
SODWIRUPV WR DGYRFDWH IRU PRUH HIILFLHQW WUDQVSRUWDWLRQ FRXOG LQIOXHQFH IDQV WR GR WKH VDPH�
UHGXFLQJ HYHQ PRUH HPLVVLRQV� 3OD\HUV IRU WKH 3ODQHW FXUUHQWO\ KDV �� 0/% SOD\HU DPEDVVDGRUV
IURP �� GLIIHUHQW WHDPV� 7HDPV FDQ XWLOL]H WKLV DVVRFLDWLRQ WR KLJKOLJKW WHDP�EDVHG LQLWLDWLYHV WKDW
UHGXFH *+* HPLVVLRQV� ZKLOH DOVR UHODWLQJ WKHVH DFWLRQV WR DVVRFLDWHG IDQ WUDQVSRUWDWLRQ
LQLWLDWLYHV� %\ OHDGLQJ E\ H[DPSOH� WHDPV DUH QRW VROHO\ SODFLQJ WKH RQXV IRU WUDYHO�UHODWHG *+*
UHGXFWLRQV�RQ�IDQV�

/LPLWDWLRQV
7KH WHDP WUDYHO HPLVVLRQV HVWLPDWH ZDV OLPLWHG LQ WKH DEVHQFH RI GDWD UHJDUGLQJ WKH 5D\V¶
QRQ�DLU WUDYHO� KRWHO QLJKWV� DQG RWKHU WHDP�UHODWHG WUDYHO� $GGLWLRQDOO\� ZH KDG QR LQIRUPDWLRQ
DERXW WKH WHDP¶V DLU WUDYHO DVLGH IURP IOLJKWV WR FLWLHV ZKHUH WKH\ ZHUH VHW WR SOD\ DQG OLPLWHG
DQHFGRWDO LQIRUPDWLRQ DERXW WKH FLUFXPVWDQFHV XQGHU ZKLFK WKH WHDP ZRXOG XVH D SODQH UDWKHU
WKDQ DQ\ DOWHUQDWLYH WUDQVSRUWDWLRQ PRGH� :KLOH QRW D SHUIHFW VXEVWLWXWH� ZH XVHG D WHDP WUDYHO
HPLVVLRQV UHSRUW IURP WKH 1HZ <RUN 0HWV DV D SUR[\ IRU 5D\V
 DFWLYLWLHV �VHH 6HFWLRQ ������ IRU
GHWDLOV�� +RZHYHU� ZH GR QRW NQRZ WKH PHWKRGRORJ\ XVHG WR SURGXFH WKH 0HWV¶ HPLVVLRQV UHSRUW�
:H NQRZ WKDW WKH 0HWV GDWD LQFOXGHG DW OHDVW VRPH IOLJKWV EH\RQG WHDP WUDYHO IRU DZD\ JDPHV
�H�J� IOLJKWV IURP 0LDPL WR 6DQWR 'RPLQJR�� EXW ZH GR QRW NQRZ ZKHWKHU WKH HPLVVLRQV GDWD
DFFRXQWV IRU DOO WHDP�UHODWHG WUDYHO� DV VXFK� RXU HVWLPDWH RI WKH 5D\V¶ DLU WUDYHO LV OLNHO\ DQ
XQGHUHVWLPDWH� )XUWKHUPRUH� QHLWKHU WHDP KDG VSHFLILF LQIRUPDWLRQ RQ EXVHV� ZKLFK ZH NQRZ DOO

��



0/% WHDPV XVH WR JHW IURP DLUSRUWV WR KRWHOV DQG IURP KRWHOV WR JDPHV� /DVWO\� SOD\HU DQG
HPSOR\HH FRPPXWLQJ WR DQG IURP 7URSLFDQD )LHOG ZDV H[FOXGHG IURP WKH IRRWSULQW HVWLPDWH GXH
WR�ODFN�RI�GDWD�IURP�ERWK�WKH�5D\V�DQG�WKH�0HWV�

����� &RQFHVVLRQV
&RQFHVVLRQV SXUFKDVLQJ DFFRXQWHG IRU ����� RI WKH 5D\V¶ HVWLPDWHG FDUERQ IRRWSULQW� WKH VHFRQG
ODUJHVW FRQWULEXWRU WR WKH 5D\V FDUERQ IRRWSULQW� 2XU DQDO\VLV LQFOXGHG D EUHDNGRZQ RI ��
FRPPRGLW\ VHFWRUV LQ RUGHU WR LGHQWLI\ NH\ KRWVSRWV ZLWKLQ FRQFHVVLRQV DQG GHWHUPLQH LWV ODUJHVW
VRXUFHV�RI�HPLVVLRQV�

7KH WHQ FRPPRGLWLHV ZLWK WKH ODUJHVW HPLVVLRQV FRQWULEXWHG ��� RI WKH HPLVVLRQV IURP
FRQFHVVLRQV �7DEOH ���� )LYH RI WKH WRS VHYHQ FRPPRGLWLHV DW 7URSLFDQD )LHOG ZHUH UHODWHG WR
DQLPDO SURGXFWV� $QLPDO SURGXFWV DUH PRUH *+*�LQWHQVLYH WKDQ SODQW�EDVHG SURGXFWV�
FRQWULEXWLQJ WR D ODUJHU RYHUDOO FDUERQ IRRWSULQW� WKLV LV GHPRQVWUDWHG E\ ORRNLQJ DW WKH
UHODWLRQVKLS EHWZHHQ VSHQG DQG HPLVVLRQV� :KLOH PHDW DQG DQLPDO SURGXFWV ZHUH RQO\
UHVSRQVLEOH IRU ��� RI WKH WRWDO SXUFKDVLQJ� WKH\ DFFRXQWHG IRU ��� RI FRQFHVVLRQV HPLVVLRQV�
7KLV LV FRQWUDVWHG E\ WKH RWKHU WZR RI WKH WRS VHYHQ FRPPRGLWLHV ZLWK KLJKHVW HPLVVLRQV �DOFRKRO
DQG JUDLQV� EUHDG� DQG JUDLQ SURGXFWV�� ZKLFK KDG FRQVLGHUDEO\ KLJKHU VSHQGLQJ� EXW ORZHU
HPLVVLRQV RYHUDOO� $OFRKRO LV UHVSRQVLEOH IRU ��� RI WKH HPLVVLRQV IURP FRQFHVVLRQV� EXW ZDV
��� RI WKH VSHQG� JUDLQV� EUHDG� DQG JUDLQ SURGXFWV PDGH XS �� RI WKH FRQFHVVLRQ HPLVVLRQV�
EXW����RI�WKH�VSHQG�

/LPLWDWLRQV
2XU DQDO\VLV RI FRQFHVVLRQV XVHG D VSHQG�EDVHG PHWKRG� ZKLFK GRHV QRW LQFOXGH VXSSOLHU�VSHFLILF
LQIRUPDWLRQ WKDW ZRXOG LQFUHDVH SUHFLVLRQ DQG DFFXUDF\ RI HPLVVLRQV HVWLPDWHV� %HFDXVH WKH
VSHQG�EDVHG PHWKRG UHOLHV RQ EURDG VHFWRU�ZLGH DYHUDJHV� WKH XQLTXH SURFHVVHV DQG QXDQFHV RI
FRQFHVVLRQV RSHUDWLRQV PD\ QRW EH FDSWXUHG ZLWKRXW VXSSOLHU�VSHFLILF LQIRUPDWLRQ� )RU H[DPSOH�
WKH 5D\¶V EHHI VXSSOLHUV FRXOG KDYH D ORZHU RU KLJKHU HPLVVLRQV IDFWRU WKDQ WKH QDWLRQDO DYHUDJH�
)XUWKHUPRUH� WKLV PHWKRG PDNHV LW GLIILFXOW WR DGGUHVV VXSSOLHU�VSHFLILF UHGXFWLRQ HIIRUWV� VXFK DV
WKH 5D\¶V FKRRVLQJ WR RQO\ VRXUFH IRRG ORFDOO\� 'DWD DYDLODELOLW\ DV ZHOO DV WLPH FRQVWUDLQWV
VKDSHG WKH FKRLFH IRU WKLV PHWKRGRORJ\ RYHU WKH VXSSOLHU�VSHFLILF PHWKRG� :H ZHUH DOVR OLPLWHG
E\ WKH GDWDVHW UHFHLYHG� DV LW RQO\ UHIOHFWHG ����� RI WKH VHDVRQ� :KLOH ZH GLG VFDOH XS WR
DFFRXQW IRU SXUFKDVLQJ WKURXJKRXW WKH HQWLUH VHDVRQ� WKH FRPSOHWH GDWDVHW ZRXOG KDYH GHFUHDVHG
DVVXPSWLRQV PDGH� IRU H[DPSOH� ZH VFDOHG HYHQO\ DFURVV DOO FRPPRGLWLHV� ZKHUHDV D FRPSOHWH
GDWDVHW PD\ KDYH VKRZQ GLIIHUHQFHV LQ SXUFKDVLQJ YROXPHV IRU VSHFLILF SURGXFWV ODWHU LQ WKH
VHDVRQ� (YHQ LI ZH KDG D PRUH FRPSOHWH GDWDVHW� WKH WUHQGV IRXQG ZRXOG OLNHO\ FDUU\ RYHU
EHFDXVH PHQX RIIHULQJV RIWHQ GR QRW YDU\ WKURXJKRXW WKH VHDVRQ� WKHUHIRUH LW LV UHDVRQDEOH WR
DVVXPH�WKDW�SXUFKDVHG�TXDQWLWLHV�ZRXOG�EH�UHODWLYHO\�FRQVLVWHQW�

����� 0HUFKDQGLVH
&UDGOH�WR�JDWH *+* HPLVVLRQV IURP PHUFKDQGLVH UHSUHVHQWV D VPDOO SRUWLRQ RI WKH 5D\V¶ RYHUDOO
HVWLPDWHG FDUERQ IRRWSULQW� 0HUFKDQGLVH RQO\ DFFRXQWHG IRU ����� RI WKH 5D\V HVWLPDWHG FDUERQ
IRRWSULQW LQ RXU DQDO\VLV� WKLV LV OLNHO\ GXH� LQ ODUJH SDUW� WR WKH IDFW WKDW ZH RQO\ UHFHLYHG D
IUDFWLRQ RI WKH 5D\V PHUFKDQGLVH GDWD �WRWDO RI �� OLQH LWHPV� WKDW UHSUHVHQWHG WKH WRS �� LWHPV
VROG E\ TXDQWLW\ DQG WRS �� LWHPV VROG E\ UHYHQXH� 6LPLODUO\� WR FRQFHVVLRQV� ZH HVWLPDWHG

��



HPLVVLRQV XVLQJ WKH VSHQG�EDVHG PHWKRG� ,Q WKLV VWXG\� WKH WZR LWHPV ZLWK WKH ODUJHVW
FRQWULEXWLRQ WR WKH PHUFKDQGLVH FDUERQ IRRWSULQW ZHUH WKH P\VWHU\ JUDE EDJV �WKH EHVW�VHOOLQJ
LWHP LQ ����� DQG WKH FRPPHPRUDWLYH MHUVH\ �PRVW H[SHQVLYH DQG OHDVW�VROG LWHP�� :H DVVXPHG
WKH JUDE EDJ OLNHO\ FRQWDLQHG DQ DSSDUHO LWHP EDVHG RQ DQHFGRWDO LQIRUPDWLRQ� WKHUHIRUH� WKLV LWHP
DQG WKH FRPPHPRUDWLYH MHUVH\ ZHUH DVVLJQHG WKH FORWKLQJ HPLVVLRQV IDFWRU� )XUWKHU DQDO\VLV RI
PHUFKDQGLVH�JUDE�EDJV�FDQ�EH�IRXQG�LQ�6HFWLRQ����������

$OPRVW ��� RI DOO PHUFKDQGLVH HPLVVLRQV ZHUH IURP FORWKLQJ� 7KLV LV OLNHO\ EHFDXVH RI WKUHH NH\
IDFWRUV� �� 7KH HPLVVLRQ IDFWRU IRU FORWKLQJ LV WKH KLJKHVW HPLVVLRQ IDFWRU RI WKH PHUFKDQGLVH
LWHPV LQ RXU VWXG\ ����� NJ &2�H����� 86'� OLNHO\ EHFDXVH DSSDUHO PDQXIDFWXULQJ LV
HQHUJ\�LQWHQVLYH� �� WKH PDMRULW\ RI UHYHQXH IURP PHUFKDQGLVH LV IURP FORWKLQJ� WRWDOLQJ ���
SHUFHQW RI UHYHQXH ZLWKLQ WKH SURYLGHG PHUFKDQGLVH GDWDVHW DQG� �� LQ WHUPV RI TXDQWLW\ VROG� LQ
WHUPV RI TXDQWLW\ VROG� ��� RI LWHPV VROG ZHUH FORWKLQJ ZKLOH WKH UHPDLQLQJ ��� RI LWHPV VROG
KDG�ORZHU�HPLVVLRQV�IDFWRUV�DQG�ORZHU�UHYHQXH�

/LPLWDWLRQV
$V ZH RQO\ KDG D SRUWLRQ RI WKH PHUFKDQGLVH GDWD� RXU DQDO\VLV OLNHO\ XQGHUUHSUHVHQWV HPLVVLRQV
DVVRFLDWHG ZLWK PHUFKDQGLVH� 0/%� DQG WHDP�EUDQGHG PHUFKDQGLVH LWHPV DUH W\SLFDOO\ VROG DW D
KLJKHU PDUNXS WKDQ QDWLRQDO DYHUDJHV IRU VLPLODU LWHPV �*DUFLD� ������ )RU H[DPSOH� RXU GDWDVHW
LQFOXGHG D ��WK�\HDU FRPPHPRUDWLYH MHUVH\ WKDW UHWDLOHG RQ 0/%¶V ZHEVLWH IRU ������� �LQ
����� ZKLOH RWKHU FRPSDUDEOH MHUVH\V UHWDLOHG IRU DV OLWWOH DV ������� �LQ ������ WKLV PDUNXS
OLNHO\ IDU H[FHHGV WKH LQFUHDVHG SURGXFWLRQ FRVWV IRU D OLPLWHG�UXQ LWHP� UHVXOWLQJ LQ KLJKHU
SURILWV� :LWKRXW D GHWDLOHG VSHQG OHGJHU WR HOLPLQDWH SURGXFW PDUNXS DERYH DQG EH\RQG WKH
QDWLRQDO DYHUDJH� RXU FDOFXODWLRQV OLNHO\ UHVXOWHG LQ DQ RYHUHVWLPDWLRQ RI *+* HPLVVLRQV EHFDXVH
RI WKH VSHQG�EDVHG PHWKRGRORJ\� (YHQ LI VSHFLDOW\ LWHPV VXFK DV WKH FRPPHPRUDWLYH MHUVH\ ZHUH
GLVSURSRUWLRQDWHO\ PDUNHG XS� LW ZRXOG VWLOO EH FRUUHFW WR DVVXPH WKDW FORWKLQJ ZLOO FRQWULEXWH
ODUJHO\�WR�WKH�5D\V¶�RYHUDOO�FDUERQ�IRRWSULQW��EHFDXVH�RI�LWV�KLJK�HPLVVLRQV�LQWHQVLW\�

2QH SDUWLFXODU DUHD ZKHUH RXU PHUFKDQGLVH FDOFXODWLRQV ZRXOG KDYH JUHDWO\ EHQHILWWHG IURP
DFFHVV WR PRUH GDWD ZDV IUHH SURPRWLRQDO LWHPV� 0DQ\ VSRUWV RUJDQL]DWLRQV� HYHQ RXWVLGH RI WKH
SURIHVVLRQDO DUHQD� JLYH DZD\ SURPRWLRQDO LWHPV �³IUHHELHV´� WR IDQV� )RU H[DPSOH� IDQV PD\ EH
JLYHQ D SOD\HU EREEOHKHDG XSRQ DUULYDO� 7KH 5D\V KDYH VHYHUDO JLYHDZD\V WKURXJKRXW WKH VHDVRQ�
2XU DQDO\VLV VXJJHVWV WKDW FORWKLQJ JLYHDZD\V VKRXOG EH PLQLPL]HG EHFDXVH RI LWV KLJK HPLVVLRQV
LQWHQVLW\� .QRZLQJ WKDW WKHUH DUH DGGLWLRQDO SURGXFWV QRW FDSWXUHG LQ WKH GDWDVHW� LQFOXGLQJ WKHVH
IUHHELHV� KLJKOLJKWV WKH FRQFOXVLRQ WKDW RXU DQDO\VLV LV DQ XQGHUHVWLPDWH RI FUDGOH�WR�JDWH
PHUFKDQGLVH�HPLVVLRQV�

����� 2QVLWH�:DWHU�8VH
5HVXOWV RI WKH RQVLWH ZDWHU XVH LQGLFDWH WKDW SXEOLF UHVWURRPV �H[FOXGLQJ RIILFH VSDFH DQG WKH
FOXEKRXVHV� DQG WKH FRROLQJ WRZHUV XVHG WKH PDMRULW\ RI ZDWHU FRQVXPHG RQVLWH ������ DQG
������ UHVSHFWLYHO\�� 7URSLFDQD )LHOG� ORFDWHG LQ KXPLG 6W� 3HWHUVEXUJ )ORULGD� KDV D FORVHG URRI
DQG DLU FRQGLWLRQLQJ LV UXQ UHJXODUO\ WR NHHS WKH IDFLOLW\ FRRO� $V VXFK� LW LV XQVXUSULVLQJ WKDW WKH
FRROLQJ WRZHU� ZKLFK FKLOOV ZDWHU IRU $& XVH� LV WKH GRPLQDQW ZDWHU FRQVXPHU� $GGLWLRQDOO\� LW LV
LPSRUWDQW WR QRWH WKDW 7URSLFDQD )LHOG KDV D V\QWKHWLF WXUI ILHOG� RQH RI ILYH WHDPV WKDW XVH
V\QWKHWLF WXUI ILHOGV LQ WKH 0/%� 7KH WXUI ILHOG� FRXSOHG ZLWK WKH HQFORVHG VHWWLQJ� UHVXOWV LQ ZDWHU

��



FRQVXPSWLRQ IRU ILHOG XVH WKDW LV GLVSURSRUWLRQDWHO\ VPDOO ����� RI WKHLU RQVLWH ZDWHU XVH� DV
FRPSDUHG WR D W\SLFDO 0/% JUDVV ILHOG� $GGLWLRQDOO\� ODQGVFDSH ZDWHU XVH ZDV QRW FDOFXODWHG IRU
7URSLFDQD )LHOG DV WKH\ KDYH PLQLPDO ODQGVFDSLQJ� :KLOH JHQHUDOO\ D VPDOOHU SRUWLRQ RI D W\SLFDO
VWDGLXP¶V ZDWHU XVH� ODQGVFDSLQJ RXWVLGH RI VWDGLXPV LQFOXGHV IORZHUV� EXVKHV DQG JUDVVHV
W\SLFDO LQ SDUNLQJ ORWV� ZKLFK FDQ VWLOO FRQVXPH D VLJQLILFDQW DPRXQW RI ZDWHU LI LUULJDWHG
UHJXODUO\� (3$ HVWLPDWHV WKDW ODQGVFDSH LUULJDWLRQ DFFRXQWV IRU QHDUO\ RQH�WKLUG RI UHVLGHQWLDO
ZDWHU XVH QDWLRQZLGH �8�6� (3$� ����D�� 1DWLYH SODQWV VLJQLILFDQWO\ UHGXFH LUULJDWLRQ
UHTXLUHPHQWV �0F0RUGLH 6WRXJKWRQ� ������ $GGLWLRQDO UHFRPPHQGDWLRQV IRU 7URSLFDQD )LHOG
DQG�RWKHU�0/%�WHDPV�WR�UHGXFH�WKHLU�ZDWHU�XVDJH�FDQ�EH�IRXQG�LQ�6HFWLRQ������

/LPLWDWLRQV
:H KDG VLJQLILFDQWO\ OHVV GDWD DVVRFLDWHG ZLWK WKH RQVLWH ZDWHU XVH� FRPSDUHG WR WKH FDUERQ
IRRWSULQW� WKXV� WKHUH ZHUH VRPH OLPLWDWLRQV LQ RXU DELOLW\ WR EUHDN RXW HQG�XVH FDWHJRULHV� $VLGH
IURP WKH WRWDO ZDWHU XVDJH IRU WKH VWDGLXP �LQ UHODWLRQ WR RXU V\VWHP ERXQGDU\�� ZH ZHUH
SURYLGHG ZLWK RQO\ D IHZ SLHFHV RI LQIRUPDWLRQ UHODWHG WR ZDWHU XVDJH� :DWHU XVH DWWULEXWHG WR
ILHOG XVH ZDV FDOFXODWHG YLD ILUVW�KDQG UHFRUGLQJV ZKLOH RQVLWH DW 7URSLFDQD )LHOG� LW VKRXOG EH
QRWHG WKDW WKLV LV VWLOO D EDVLF HVWLPDWLRQ� DV REVHUYDWLRQV ZHUH RQO\ PDGH IRU D OLPLWHG WLPH� WKH
UHFRUGLQJ SURFHVV DQG FDOFXODWLRQV WR GHWHUPLQH ILHOG ZDWHU XVH DUH GHVFULEHG LQ 6HFWLRQ �������
6WDGLXP SHUVRQQHO SURYLGHG IORZ UDWHV RI XULQDOV� FRPPRGHV� DQG VLQNV� WKLV GDWD GLG QRW LQFOXGH
HPSOR\HH RU FOXEKRXVH UHVWURRPV� VKRZHUV� DQG DSSOLDQFHV� QRU GLG LW LQFOXGH HVWLPDWHV RI IL[WXUH
XVDJHV�

6WDGLXP SHUVRQQHO DOVR VXSSOLHG LQIRUPDWLRQ UHODWHG WR WKH FRROLQJ WRZHU WKDW ZDV SDUW RI DQ
LQYHVWLJDWLRQ LQWR ZDWHU VRIWHQHUV LQ FRQMXQFWLRQ ZLWK 1DOFR :DWHU� -RKQVRQ &RQWUROV� WKH
RUJDQL]DWLRQ WKDW PDQDJHV DOO FRROLQJ WRZHU UHODWHG QHHGV IRU WKH 5D\V
� ZRUNHG ZLWK 1DOFR
:DWHU WR GHYHORS 52,V IRU WKH LQVWDOODWLRQ RI D ZDWHU VRIWHQHU� WKLV LQYHVWLJDWLRQ ZDV WKH UHDVRQ
DQ\ GDWD UHODWHG WR WKH FRROLQJ WRZHU ZDV DYDLODEOH� :KHQ FRPSDULQJ FRROLQJ WRZHU IORZ UDWHV
DQG UXQ�WLPH HVWLPDWHV SURYLGHG IURP WKH 1DOFR VWXG\ WR DQQXDO ZDWHU XVH IURP 5D\V XWLOLW\ ELOOV
LW EHFDPH DSSDUHQW WKDW WKH FRROLQJ WRZHU LQIRUPDWLRQ SURYLGHG ZDV OLNHO\ DQ RYHUHVWLPDWH RI
DFWXDO ZDWHU XVDJH IRU WKH VWDGLXP� WKXV FRROLQJ WRZHU ZDWHU XVH ZDV ODWHU HVWLPDWHG� VHH 6HFWLRQ
������� 7KH ODFN RI GDWD RQO\ DOORZHG IRU D EUHDNGRZQ LQWR WZR FDWHJRULHV� UHVWURRPV DQG ILHOG
ZDWHULQJ� DQG WKH ODUJHVW HQG�XVH FDWHJRU\ LQ RXU DQDO\VLV RI RQVLWH ZDWHU XVH ZDV ³RWKHU´� 8VLQJ
WKH OLWHUDWXUH� WKH ³RWKHU´ FDWHJRU\ ZDV EURNHQ GRZQ LQWR WKH FRROLQJ WRZHU� ZDVKLQJ WKH
JUDQGVWDQG� ZDWHU IRXQWDLQV� FOXEKRXVH VKRZHUV� OHDNV DQG ZDVKLQJ PDFKLQH XVH� 6HH 6HFWLRQ
�������IRU�LQIRUPDWLRQ�RQ�³RWKHU´�ZDWHU�XVH�FDOFXODWLRQV�

%H\RQG DVVXPSWLRQV XVHG WR IXUWKHU EUHDN GRZQ ZDWHU FRQVXPSWLRQ LQWR PRUH WKDQ WKUHH
HQG�XVHV �UHVWURRPV� ILHOG ZDWHULQJ� DQG ³RWKHU´�� LW LV LPSRUWDQW WR QRWH WKDW FDOFXODWLRQV IURP
WKLV DQDO\VLV GR QRW FRQVLGHU HPERGLHG ZDWHU� RU ZDWHU XVHG WKURXJKRXW WKH YDOXH FKDLQ WR FUHDWH
D SURGXFW� ,I HPERGLHG ZDWHU ZHUH PHDVXUHG IRU PHUFKDQGLVH DQG HQHUJ\� ZDWHU FRQVXPSWLRQ
DWWULEXWDEOH�WR�7URSLFDQD�)LHOG�ZRXOG�EH�KLJKHU�

��� *HQHUDO�5HFRPPHQGDWLRQV�	�)XWXUH�5HVHDUFK
:KLOH WKLV VWXG\ SURYLGHV QRYHO LQVLJKWV DERXW WKH IRRWSULQW RI SURIHVVLRQDO EDVHEDOO RSHUDWLRQV�
WKHUH DUH VHYHUDO NH\ RSSRUWXQLWLHV IRU IXWXUH ZRUN DQG UHFRPPHQGDWLRQV IRU WHDPV WR DGYDQFH

��



VXVWDLQDELOLW\ JRDOV� 2XU WHDP SURYLGHV GHWDLOHG UHFRPPHQGDWLRQV IRU 0/% WHDPV WR UHGXFH WKHLU
HQYLURQPHQWDO LPSDFW LQ WKH DUHDV RI HQHUJ\� ZDWHU� ZDVWH� FRQFHVVLRQV� DQG IDQ WUDQVSRUWDWLRQ LQ
6HFWLRQ ��� 7KLV VHFWLRQ SURYLGHV DGGLWLRQDO UHFRPPHQGDWLRQV DLPHG DW LPSURYLQJ HIIRUWV WR
TXDQWLI\ HQYLURQPHQWDO LPSDFWV RI RQH 0/% VHDVRQ� DSSOLFDEOH WR WKH 7DPSD %D\ 5D\V DQG
RWKHU�0/%�WHDPV�LQWHUHVWHG�LQ�VXFK�DQ�HIIRUW�

7KH DYDLODELOLW\ RI DFWLYLW\�VSHFLILF GDWD ZDV D NH\ OLPLWDWLRQ WR GHILQLWLYHO\ GHOLQHDWLQJ KRZ
PXFK HDFK VWDGLXP DFWLYLW\ FRQWULEXWHG WR WKH RYHUDOO FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVHG� 7KH
LPSOHPHQWDWLRQ RI VWDGLXP�EDVHG VXE�PHWHULQJ RU FRPSUHKHQVLYH LQWHUQDO XWLOLWLHV XVDJH DXGLWV
ZRXOG OHDG WR D PRUH GHWDLOHG FDUERQ IRRWSULQW DQG RQVLWH ZDWHU DQDO\VLV� )RU H[DPSOH� ODFN RI
VXE�PHWHULQJ VSHFLILF GDWD UHVXOWHG LQ DVVXPSWLRQV QHFHVVDU\ WR EUHDN GRZQ WKH SURSRUWLRQ RI
QDWXUDO JDV FRPEXVWHG RQVLWH IRU ZDWHU KHDWLQJ YV NLWFKHQ XVH� 6SHFLILF HQG�XVHV RI SXUFKDVHG
HOHFWULFLW\� VXFK DV OLJKWLQJ� NLWFKHQ XVH� RU $�9 QHHGV� ZHUH QRW HYDOXDWHG DW DOO� 6XE�PHWHULQJ
ZRXOG EHWWHU LOOXPLQDWH VSHFLILF KRWVSRWV DQG� WKHUHIRUH� IRFXV UHFRPPHQGDWLRQV� 6XE�PHWHULQJ
RU UHFXUULQJ XWLOLW\ DXGLWV ZRXOG VXSSRUW FRQWLQXRXV GDWD FROOHFWLRQ� HQDEOLQJ WKH TXDQWLILFDWLRQ
RI HQYLURQPHQWDO LPSDFW UHGXFWLRQ RI SURSRVHG LQWHUYHQWLRQV� :LWK WKLV TXDQWLILFDWLRQ FRPHV WKH
DELOLW\ WR VWDWH WKH TXDQWLILHG HQYLURQPHQWDO LPSDFW UHGXFWLRQ� UHGXFLQJ WKH ULVN RI JUHHQZDVKLQJ
FODLPV�ZKHQ�FRPPXQLFDWLQJ�HQYLURQPHQWDO�LPSURYHPHQWV�

$GGLWLRQDOO\� GDWD DYDLODELOLW\ OLPLWHG RXU DELOLW\ WR FRPSOHWH D FRPSUHKHQVLYH 6FRSH � DQDO\VLV�
ZKLFK ZRXOG FRQVLGHU ERWK XSVWUHDP DQG GRZQVWUHDP LPSDFWV RI DOO LQGLUHFW HPLVVLRQV �:RUOG
5HVRXUFHV ,QVWLWXWH� ������ )XWXUH UHVHDUFK VKRXOG ZRUN WR HVWLPDWH D FRPSUHKHQVLYH 6FRSH �
DQDO\VLV� 2QH H[DPSOH RI WKLV LV D FRPSOHWH PHUFKDQGLVH DQDO\VLV XVLQJ D VSHQG�EDVHG DSSURDFK�
ZKLFK ZRXOG SURYLGH PRUH LQVLJKWV LQWR PHUFKDQGLVH DV ZHOO DV VWURQJHU UHFRPPHQGDWLRQV IRU
HPLVVLRQV UHGXFWLRQ LQ WKLV DUHD� )XUWKHUPRUH� RXU PHUFKDQGLVH DQDO\VLV LV D FUDGOH�WR�JDWH
DQDO\VLV DQG WKXV GRHV QRW FRQVLGHU WKH HQG�RI�OLIH RI DOO PHUFKDQGLVH VROG� DSSDUHO VXVWDLQDELOLW\
UHYROYHV DURXQG WKH GXUDELOLW\ DQG XWLOLW\ RI WKH SURGXFW� RU KRZ ORQJ WKH SURGXFW ODVWV DQG KRZ
RIWHQ LW LV XVHG� WKXV LI PHUFKDQGLVH VROG LV DQ XQQHFHVVDU\ LWHP WKDW LV WKURZQ DZD\� WKHUH LV
LPSDFW�WR�WKH�HQG�RI�OLIH�HYDOXDWLRQ�RI�WKH�SURGXFW�

*LYHQ FOLHQW QHHGV DQG WKH XUJHQF\ QHHGHG WR DGGUHVV WKH FRQVHTXHQWLDO HQYLURQPHQWDO LPSDFWV
RI FOLPDWH FKDQJH DQG ZDWHU VFDUFLW\� WKLV VWXG\ IRFXVHV VROHO\ RQ *+* HPLVVLRQV DQG RQVLWH
ZDWHU XVH� 1RQHWKHOHVV� LW GRHV QRW DFFRXQW IRU WKH PXOWLWXGH RI HQYLURQPHQWDO LPSDFWV� VXFK DV
HXWURSKLFDWLRQ RU DLU SROOXWLRQ DQG DVVRFLDWHG KXPDQ KHDOWK ULVNV� RFFXUULQJ DV D UHVXOW RI VWDGLXP
RSHUDWLRQV� )RU H[DPSOH� DOWKRXJK WKH\ PD\ RIIVHW *+*�LQWHQVLYH HPLVVLRQV IURP WKH JULG� :7(
IDFLOLWLHV FDQ UHVXOW LQ ORFDO DLU SROOXWLRQ �RIWHQ LQ XQGHUUHSUHVHQWHG FRPPXQLWLHV� DQG SURGXFH
WR[LF DVK �5RVHQEHUJ HW DO�� ������ ZKLFK ZH GLG QRW HYDOXDWH LQ RXU VWXG\� %\ IRFXVLQJ RQO\ RQ
*+* HPLVVLRQV DQG RQVLWH ZDWHU XVH� RXU DVVHVVPHQW RI HQYLURQPHQWDO LPSDFWV RI WKH 5D\V GRHV
QRW DVVHVV WKHVH NLQGV RI WUDGHRIIV ZKHUH RQH DFWLYLW\ PLJKW KDYH D ORZ FDUERQ IRRWSULQW EXW KDYH
D�KLJK�HQYLURQPHQWDO�LPSDFW�LQ�DQRWKHU�DUHD�

7KLV VWXG\ HYDOXDWHV RQH 0/% WHDP� DQG WKH FKDUDFWHULVWLFV RI WKLV VWDGLXP� LQFOXGLQJ LWV ORFDWLRQ
�ERWK WKH FOLPDWH DQG ORFDWLRQ ZLWKLQ WKH FLW\�� VL]H� DJH� DQG DPHQLWLHV �WKH URRI DQG WXUI ILHOG�
PDNH LW D XQLTXH FDVH VWXG\� :KLOH UHVXOWV LOOXPLQDWH SRWHQWLDO %03V DSSOLFDEOH WR WKH ODUJHU
0/% FRPPXQLW\� WKH FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVDJH IRXQG LQ WKLV VWXG\ DUH QRW
QHFHVVDULO\ UHSUHVHQWDWLYH RI D W\SLFDO 0/% WHDP� $ FRPSDUDWLYH DQDO\VLV RI VHYHUDO 0/% WHDPV
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UHSUHVHQWLQJ WKHVH NH\ GLIIHUHQFHV LQ WHDP DQG VWDGLXP RSHUDWLRQV ZRXOG VXSSRUW FRQILUPDWLRQ RI
KRWVSRW DFWLYLW\ DUHDV GHWHUPLQHG LQ WKLV VWXG\� 6XFK DQDO\VLV ZRXOG DOVR FRQILUP WKH YDOLGLW\ RI
SURSRVHG UHFRPPHQGDWLRQV DQG SURYLGH DQ RSSRUWXQLW\ IRU PRUH FRPSUHKHQVLYH TXDQWLILFDWLRQ
RI UHGXFWLRQ VWUDWHJLHV� )RU H[DPSOH� ZKLOH OLNHO\ DQ RYHUDUFKLQJ KRWVSRW IRU 0/% WHDPV DQG
ODUJH VWDGLXP VSRUWV PRUH EURDGO\� WKH *+* HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ OLNHO\ YDU\ IURP
WHDP WR WHDP EDVHG RQ WKH DYDLODELOLW\ RI SXEOLF WUDQVSRUWDWLRQ DQG VWDGLXP ORFDWLRQ� $
FRPSDUDWLYH DQDO\VLV EHWZHHQ 0/% WHDPV XVLQJ XSGDWHG VXUYH\ TXHVWLRQV SURYLGHG LQ 6HFWLRQ
�� ZRXOG SURGXFH D PRUH JHQHUDOL]DEOH TXDQWLILFDWLRQ RI WKH IDQ WUDQVSRUWDWLRQ FDUERQ IRRWSULQW�
EXW DOVR ZRXOG LOOXPLQDWH KRZ GRPLQDQW FDU XVH DFWXDOO\ LV WR WKH 5D\V¶ VWDGLXP DV FRPSDUHG WR
RWKHU�0/%�VWDGLXPV�

&RQVLGHULQJ IDQ WUDQVSRUWDWLRQ LV RYHUZKHOPLQJO\ WKH GRPLQDQW FRQWULEXWRU WR WKH WHDP¶V FDUERQ
IRRWSULQW� IXWXUH UHVHDUFK VKRXOG GLYH GHHSHU LQWR TXDQWLILFDWLRQ DQG SRWHQWLDO UHGXFWLRQ VWUDWHJLHV
LQ WKLV DUHD� 6RPH IDQ WUDQVSRUWDWLRQ UHFRPPHQGDWLRQV RXWOLQHG LQ WKLV VWXG\ KDYH QRW EHHQ
HYDOXDWHG IRU WKHLU HIIHFWLYHQHVV LQ D VWDGLXP VHWWLQJ� $GGLWLRQDOO\� LPSOHPHQWDWLRQ RI FHUWDLQ
%03V LV WHDP�VSHFLILF� IRU H[DPSOH� DSSURSULDWH SDUN�DQG�ULGH ORFDWLRQV� 0RUHRYHU� IXWXUH
UHVHDUFK VKRXOG XVH WKH XSGDWHG VXUYH\ FUHDWHG DV D SDUW RI WKLV VWXG\ �6HFWLRQ ��� PHWKRGV LQ
6HFWLRQ ��� WR VXSSRUW PRUH UREXVW TXDQWLILFDWLRQ DQG HYDOXDWH IDQV¶ ZLOOLQJQHVV WR SDUWLFLSDWH LQ
SURSRVHG LQWHUYHQWLRQ VWUDWHJLHV� $V VXFFHVVIXO LQWHUYHQWLRQ LQYROYHV EURDG EHKDYLRUDO FKDQJH RQ
WKH SDUW RI IDQV� WKH SRWHQWLDO HIIHFWLYHQHVV RI UHFRPPHQGDWLRQV LV KLJKO\ GHSHQGHQW RQ IDQ
EX\�LQ�DQG�SDUWLFLSDWLRQ�DQG�VKRXOG�EH�HYDOXDWHG�

6LPLODUO\� IDQ EHKDYLRUDO FKDQJH LV DVVRFLDWHG ZLWK RWKHU LQWHUYHQWLRQ VWUDWHJLHV VXFK DV UHGXFHG
PHDW FRQVXPSWLRQ LQLWLDWLYHV� (YDOXDWLQJ IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ VXFK LQLWLDWLYHV
ZRXOG EHWWHU LOOXPLQDWH WKH *+* UHGXFWLRQ SRWHQWLDO RI VXFK DFWLYLWLHV DQG VXSSRUW PRUH HIIHFWLYH
LPSOHPHQWDWLRQ� )DQ VXUYH\V DUH RQH PHWKRG RI HYDOXDWLRQ� EXW D VHPL�VWUXFWXUHG
LQWHUYLHZ�EDVHG VWXG\ ZLWK WHDPV� FLWLHV DQG RUJDQL]DWLRQV WKDW KDYH DOUHDG\ H[SORUHG WKHVH W\SHV
RI�SURJUDPV�LV�DQRWKHU�HIIHFWLYH�PHWKRG�WR�HYDOXDWH�WKHLU�LQIOXHQFH�DQG�LPSDFW�

0RUH EURDGO\� WKLV SURMHFW RQO\ DGGUHVVHV IDQ EHKDYLRU FKDQJH DV LW UHODWHV WR UHGXFLQJ WKH 5D\V

FDUERQ IRRWSULQW DQG RQVLWH ZDWHU FRQVXPSWLRQ� &DVSHU HW DO�� DQG WKH 8QLWHG 1DWLRQV VWDWH WKDW
VSRUWV KDYH WKH UHDFK DQG IDQ LQ�JURXS OR\DOW\ WR LQIOXHQFH IDQ EHKDYLRU RXWVLGH RI JDPHV DQG
VWDGLXP HYHQWV ������ ������ PDNLQJ D VWURQJ FDVH IRU VSRUWV WR DFW DV OHDGHUV WR WKHLU ODUJH
IDQEDVHV� EXW DGGLWLRQDO UHVHDUFK FRXOG GHWHUPLQH LI IDQ EHKDYLRUDO FKDQJH LQLWLDWLYHV SURSRVHG LQ
WKLV�VWXG\�ZRXOG�VSDUN�HYHQ�EURDGHU�DW�KRPH�VXVWDLQDEOH�EHKDYLRUDO�FKDQJH�

/DVWO\� ZKLOH ZH SURYLGH JHQHUDO UHFRPPHQGDWLRQV IRU VWUDWHJLHV WR UHGXFH KRWVSRWV ZLWKLQ HDFK
DFWLYLW\ DUHD VWXGLHG �VHH 6HFWLRQ ���� ZH GR QRW FRQGXFW DQ\ ILQDQFLDO DQDO\VLV IRU WHDP
LPSOHPHQWDWLRQ� $GGLWLRQDO UHVHDUFK VKRXOG HYDOXDWH WKH IHDVLELOLW\ RI LPSOHPHQWDWLRQ IRU HDFK
UHGXFWLRQ VWUDWHJ\� LQFOXGLQJ QRW RQO\ IDQ HQJDJHPHQW DQG SDUWLFLSDWLRQ EXW DOVR ILQDQFLDO
DQDO\VLV��VWDNHKROGHU�DQDO\VLV��SRWHQWLDO�DX[LOLDU\�EHQHILWV��DQG�XQLQWHQGHG�FRQVHTXHQFHV�

�� &RQFOXVLRQ
7KLV VWXG\ HVWLPDWHG D FDUERQ IRRWSULQW DQG RQVLWH ZDWHU XVH IRU RQH 0/% VHDVRQ �H[FOXGLQJ
VSULQJ WUDLQLQJ DQG SOD\RIIV� DQG UHODWHG DFWLYLWLHV IRU D VLQJOH WHDP� WKH 7DPSD %D\ 5D\V� :KLOH
WKLV VWXG\ GRHV QRW TXDQWLI\ DOO HQYLURQPHQWDO LPSDFWV RI DQ 0/% VHDVRQ� VXFK DV ODQG XVH� ZDWHU
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SROOXWLRQ� KXPDQ KHDOWK LPSDFWV HWF�� D FDUERQ IRRWSULQW DQG DQDO\VLV RI RQVLWH ZDWHU FRQVXPSWLRQ
ZDV GHHPHG DSSURSULDWH IRU WKLV VWXG\ EDVHG RQ RXU OLWHUDWXUH UHYLHZ� FXUUHQW LQGXVWU\ IRFXVHV�
DQG WKH LQWHUHVWV RI RXU FOLHQWV� 2XU WHDP LGHQWLILHG IDQ WUDQVSRUWDWLRQ� DQG PRUH VSHFLILFDOO\
SHUVRQDO YHKLFOH XVH� DV WKH ODUJHVW VRXUFH RI *+* HPLVVLRQV IRU WKH 7DPSD %D\ 5D\V�
&RQFHVVLRQV DQG 6FRSH � HPLVVLRQV ZHUH RWKHU QRWDEOH FRQWULEXWRUV WR WKH WHDP¶V FDUERQ
IRRWSULQW� 2XU WHDP LGHQWLILHG WKH FRROLQJ WRZHU DQG UHVWURRPV DV WKH ODUJHVW VRXUFHV RI RQVLWH
ZDVWH�XVDJH�DW�7URSLFDQD�)LHOG�

'XH WR WKHLU VL]H DQG LQIOXHQFH� 0/% WHDPV DUH XQLTXHO\ SRVLWLRQHG WR ERWK PHDQLQJIXOO\ UHGXFH
WKHLU RZQ HQYLURQPHQWDO LPSDFWV ZKLOH VLPXOWDQHRXVO\ HQJDJLQJ WKH $PHULFDQ SXEOLF WR UHGXFH
WKHLU RZQ HQYLURQPHQWDO IRRWSULQWV� %\ HVWDEOLVKLQJ D EDVHOLQH FDUERQ IRRWSULQW DQG FDOFXODWLQJ
RQVLWH ZDWHU XVH� DQG SURYLGLQJ TXDQWLILHG RU TXDQWLILDEOH UHGXFWLRQ UHFRPPHQGDWLRQV� WKH 5D\V
ZLOO QRZ EH DEOH WR GHPRQVWUDWH WKHLU FRPPLWPHQW WR VXVWDLQDELOLW\ LQ VSRUWV� DYRLG
JUHHQZDVKLQJ� DQG HQDFW VWUDWHJLHV ZLWK D KLJKHU SRWHQWLDO IRU FDUERQ RU ZDWHU UHGXFWLRQ� /DVWO\�
E\ GHPRQVWUDWLQJ WKHLU HQYLURQPHQWDO FRPPLWPHQWV YLD FOHDU DQG TXDQWLILDEOH VWHSV� DQG
HQJDJLQJ IDQV LQ VXFK LQLWLDWLYHV� WKH 5D\V� WKH 0/%� DQG SURIHVVLRQDO VSRUWV DW ODUJH KDYH DQ
RSSRUWXQLW\�WR�LQVSLUH�ODVWLQJ�HQYLURQPHQWDO�EHKDYLRUDO�FKDQJH�DW�KRPH�
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�� 5HIHUHQFHV
���RI�WKH�0RVW�(QHUJ\�(IILFLHQW�%DVHEDOO�6WDGLXPV�>:::�'RFXPHQW@��Q�G��(OHFWULF�&KRLFH�

85/
KWWSV���ZZZ�HOHFWULFFKRLFH�FRP�EORJ����RI�WKH�PRVW�HQHUJ\�HIILFLHQW�EDVHEDOO�VWDGLXPV�L
Q�PDMRU�OHDJXH�EDVHEDOO���DFFHVVHG����������

$GDFKL��-���-DQVHQ��&���/LQGVD\��0���3DUN��$���9LOODFLV��&���5DMDJRSDO��3�'���������&RPSDULVRQ�RI
WKH�/LIHWLPH�&RVWV�DQG�:DWHU�)RRWSULQW�RI�6RG�DQG�$UWLILFLDO�7XUI��$�/LIH�&\FOH�$QDO\VLV
���

$(*¶V������6XVWDLQDELOLW\�5HSRUW��������$(*��/RV�$QJHOHV��&$�
$HUWV��:���&RUPLHU��'���������0HGLD�OHJLWLPDF\�DQG�FRUSRUDWH�HQYLURQPHQWDO�FRPPXQLFDWLRQ�

$FFRXQWLQJ��2UJDQL]DWLRQV�DQG�6RFLHW\������±���
KWWSV���GRL�RUJ���������M�DRV������������

$LU�0LOHV�&DOFXODWRU�>:::�'RFXPHQW@��Q�G��85/�KWWSV���ZZZ�DLUPLOHVFDOFXODWRU�FRP�
�DFFHVVHG����������

$OEDUEDU\��+���'LPHQVWHLQ��/���)U\��(���+HQJHOEURN��+���+HQU\��-���+R\W��+���6ODWWHU\��%��������
&KDQJLQJ�WKH�*DPH��$�3OD\ERRN�IRU�8QLYHUVLW\�$WKOHWLFV�'HSDUWPHQWV�WR�5HGXFH
*UHHQKRXVH�*DV�(PLVVLRQV��+DUYDUG�/DZ�6FKRRO�

$OWHUQDWLYH�)XHOV�'DWD�&HQWHU��'DWD�6RXUFHV�DQG�$VVXPSWLRQV�IRU�WKH�(OHFWULFLW\�6RXUFHV�DQG
(PLVVLRQV�7RRO�>:::�'RFXPHQW@��������$OWHUQDWLYH�)XHOV�'DWD�&HQWHU��85/
KWWSV���DIGF�HQHUJ\�JRY�YHKLFOHV�HOHFWULFBHPLVVLRQVBVRXUFHV�KWPO��DFFHVVHG����������

$QDLU��'���0DUWLQ��-���3LQWR�GH�0RXUD��0�&���*ROGPDQ��-���������5LGH�+DLOLQJ¶V�&OLPDWH�5LVNV�
6WHHULQJ�D�*URZLQJ�,QGXVWU\�WRZDUG�D�&OHDQ�7UDQVSRUWDWLRQ�)XWXUH��8QLRQ�RI�&RQFHUQHG
6FLHQWLVWV�

$QQLV��5���������<DQNHH�6WDGLXP��7KH�2QO\�0/%�%DOOSDUN�WR�%DQ�%LNH�+HOPHWV�>:::
'RFXPHQW@��%LF\FOLQJ��85/
KWWSV���ZZZ�ELF\FOLQJ�FRP�QHZV�D���������\DQNHH�VWDGLXP�KHOPHW�EDQ���DFFHVVHG
���������

$U]RXPDQLGLV��,���'¶(XVDQLR��0���5DJJL��$���3HWWL��/���������)XQFWLRQDO�8QLW�'HILQLWLRQ�&ULWHULD
LQ�/LIH�&\FOH�$VVHVVPHQW�DQG�6RFLDO�/LIH�&\FOH�$VVHVVPHQW��$�'LVFXVVLRQ��LQ��7UDYHUVR�
0���3HWWL��/���=DPDJQL��$���(GV����3HUVSHFWLYHV�RQ�6RFLDO�/&$��&RQWULEXWLRQV�IURP�WKH��WK
,QWHUQDWLRQDO�&RQIHUHQFH��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ��&KDP��SS���±���
KWWSV���GRL�RUJ��������������������������B�

%DOODPLQJLH��3���%OD\�3DOPHU��$���.QH]HYLF��,���/DFHUGD��$���1LPPR��(���6WDKOEUDQG��/���$\DORQ�
5���������,QWHJUDWLQJ�D�)RRG�6\VWHPV�/HQV�LQWR�'LVFXVVLRQV�RI�8UEDQ�5HVLOLHQFH��$
3ROLF\�$QDO\VLV��-��$JULF��)RRG�6\VW��&RPPXQLW\�'HY���±���
KWWSV���GRL�RUJ���������MDIVFG�������������

%DOOSDUNV�RI�%DVHEDOO��Q�G��7URSLFDQD�)LHOG��7DPSD�%D\�5D\V�EDOOSDUN���%DOOSDUNV�RI�%DVHEDOO�
%DOOSDUNV�RI�%DVHEDOO���<RXU�*XLGH�WR�0DMRU�/HDJXH�%DVHEDOO�6WDGLXPV��85/
KWWSV���ZZZ�EDOOSDUNVRIEDVHEDOO�FRP�EDOOSDUNV�WURSLFDQD�ILHOG���DFFHVVHG���������

%DUURZ��0���%XFNOH\��%���&DOGLFRWW��7���&XPEHUOHJH��7���+VX��-���.DXIPDQ��6���5DPP��.���5LFK�
'���7HPSOH�6PLWK��:���&XPPLV��&���'UDXFNHU��/���.KDQ��6���5DQJDQDWKDQ��-���6RWRV��0��
Q�G��*+*�3URWRFRO�DQG�&DUERQ�7UXVW�7HDP�����

%DVHEDOO�$OPDQDF�������������7DPSD�%D\�5D\V�6FKHGXOH�>:::�'RFXPHQW@��%DVHEDOO
$OPDQDF��85/
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KWWSV���ZZZ�EDVHEDOO�DOPDQDF�FRP�WHDPVWDWV�VFKHGXOH�SKS"\ ����	W 7%5��DFFHVVHG
���������

%DVHEDOO�$OPDQDF��%�$���Q�G��*UHHQ�*ORYH�$ZDUG�_�%DVHEDOO�$OPDQDF�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�EDVHEDOO�DOPDQDF�FRP�DZDUGV�*UHHQB*ORYHB$ZDUG�VKWPO��DFFHVVHG
���������
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'RFXPHQW@��85/
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PH�DWWHQGDQFH�IRU��������DFFHVVHG����������

%HUU\��.���������$QDO\VLV�RI�%LNH�WR�:RUN�'D\�&\FOLVW�&RXQWV�DQG�3DUWLFLSDQW�6XUYH\��,QVWLWXWH
RI�6RFLDO�DQG�(FRQRPLF�5HVHDUFK���8QLYHUVLW\�RI�$ODVND�$QFKRUDJH��$QFKRUDJH��$ODVND�

%LNH�5LGHUV�_�&KLFDJR�&XEV�>:::�'RFXPHQW@��������0/%�FRP��85/
KWWSV���ZZZ�POE�FRP�FXEV�EDOOSDUN�WUDQVSRUWDWLRQ�ELNH�ULGHUV��DFFHVVHG����������
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85/
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%ULDQD��%���������5HF\FOLQJ�6SRUWV�9HQXHV�>:::�'RFXPHQW@��8QLWHG�6WDWHV�(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��85/
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���������
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KWWSV���ZZZ�UHVWDXUDQWGLYH�FRP�QHZV�LPSRVVLEOH�IRRGV�ZLOO�RSHQ���IRRG�VWDQGV�LQ�VHDWWO
H�DUHQD����������DFFHVVHG����������

&DUQHJLH�0HOORQ���(,2�/&$�>:::�'RFXPHQW@��Q�G��85/
KWWS���ZZZ�HLROFD�QHW�FJL�ELQ�GIW�XVH�SO��DFFHVVHG����������

&DVSHU��-�0���0F&XOORXJK��%�3���3IDKO��0�(���������([DPLQLQJ�HQYLURQPHQWDO�IDQ�HQJDJHPHQW
LQLWLDWLYHV�WKURXJK�YDOXHV�DQG�QRUPV�ZLWK�LQWHUFROOHJLDWH�VSRUW�IDQV��6SRUW�0DQDJHPHQW
5HYLHZ��������±�����KWWSV���GRL�RUJ���������M�VPU������������

&DVSHU��-�0���3IDKO��0�(���0F&XOORXJK��%�3���������,V�*RLQJ�*UHHQ�:RUWK�,W"�$VVHVVLQJ�)DQ
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KWWSV���GRL�RUJ����������-$60������9��,������

&'&��������:KHQ�DQG�+RZ�WR�:DVK�<RXU�+DQGV�_�+DQGZDVKLQJ�_�&'&�>:::�'RFXPHQW@�

��



85/�KWWSV���ZZZ�FGF�JRY�KDQGZDVKLQJ�ZKHQ�KRZ�KDQGZDVKLQJ�KWPO��DFFHVVHG
���������

&KDQJH�WKH�&RXUVH�±�%()�_�6XVWDLQDELOLW\�3URGXFWV�DQG�6HUYLFHV�>:::�'RFXPHQW@�������
%211(9,//(�(19,5210(17$/�)281'$7,21��85/
KWWSV���ZZZ�E�H�I�RUJ�SURJUDPV�FKDQJH�WKH�FRXUVH���DFFHVVHG����������

&RIIPDQ��0���%HUQVWHLQ��3���:HH��6���������(OHFWULF�YHKLFOHV�UHYLVLWHG��D�UHYLHZ�RI�IDFWRUV�WKDW
DIIHFW�DGRSWLRQ��7UDQVSRUW�5HYLHZV�������±���
KWWSV���GRL�RUJ������������������������������

&RKHQ��0���������,PSRVVLEOH�)RRGV��%H\RQG�0HDW�EDWWOH�WR�DFKLHYH�SULFH�SDULW\�ZLWK�UHDO�PHDW
>:::�'RFXPHQW@��&1%&��85/
KWWSV���ZZZ�FQEF�FRP������������LPSRVVLEOH�IRRGV�EH\RQG�PHDW�EDWWOH�SULFH�SDULW\�ZLW
K�UHDO�PHDW�KWPO��DFFHVVHG����������

&RONHU��5���*XWLHUUH]��'���������7DNLQJ�WKH�)LHOG��$GYDQFLQJ�(QHUJ\�DQG�:DWHU�(IILFLHQF\�LQ
6SRUWV�9HQXHV��1DWLRQDO�,QVWLWXWH�RI�%XLOGLQJ�6FLHQFHV�DQG�*UHHQ�6SRUWV�$OOLDQFH�

&ROOHWWL��)���������$Q�,QFRPSOHWH�/LVW�RI�:RUOG�6HULHV�093�3UL]H�9HKLFOHV�>:::�'RFXPHQW@�
'ULYH7ULEH��85/
KWWSV���GULYHWULEH�FRP�S�DQ�LQFRPSOHWH�OLVW�RI�ZRUOG�VHULHV�,��O5P]]5�H��VHHK%-�EZ
�DFFHVVHG����������

&ROOLQV��$���)O\QQ��$���������0HDVXULQJ�WKH�(QYLURQPHQWDO�6XVWDLQDELOLW\�RI�D�0DMRU�6SRUWLQJ
(YHQW��$�&DVH�6WXG\�RI�WKH�)$�&XS�)LQDO��7RXULVP�(FRQRPLFV��������±����
KWWSV���GRL�RUJ���������������������������

&RORUDGR�5RFNLHV�*UHHQ�&DPSDLJQ�>:::�'RFXPHQW@��������0/%�FRP��85/
KWWSV���ZZZ�POE�FRP�URFNLHV�WLFNHWV�VSHFLDOV�JDPHV�RI�JUHHQ��DFFHVVHG����������

&RRSHU��-�$���������0DNLQJ�RUDQJH�JUHHQ"�$�FULWLFDO�FDUERQ�IRRWSULQWLQJ�RI�7HQQHVVHH�IRRWEDOO
JDPHGD\�WRXULVP��-RXUQDO�RI�6SRUW�	�7RXULVP�������±���
KWWSV���GRL�RUJ������������������������������

&RVWHOOR��&���0F*DUYH\��5�*���%LULVFL��(���������$FKLHYLQJ�6XVWDLQDELOLW\�EH\RQG�=HUR�:DVWH��$
&DVH�6WXG\�IURP�D�&ROOHJH�)RRWEDOO�6WDGLXP��6XVWDLQDELOLW\���������
KWWSV���GRL�RUJ���������VX�������

&UDPHU��-���.UXHJHU��$�%���������'LVUXSWLYH�&KDQJH�LQ�WKH�7D[L�%XVLQHVV��7KH�&DVH�RI�8EHU��7KH
$PHULFDQ�(FRQRPLF�5HYLHZ���������±����

&URQNOHWRQ��(���������$YHUDJH�:DONLQJ�6SHHG��3DFH��DQG�&RPSDULVRQV�E\�$JH�DQG�6H[�>:::
'RFXPHQW@��+HDOWKOLQH��85/
KWWSV���ZZZ�KHDOWKOLQH�FRP�KHDOWK�H[HUFLVH�ILWQHVV�DYHUDJH�ZDONLQJ�VSHHG��DFFHVVHG
��������

ýXþHN��/���.OHPHã��-�-���.UDYDQMD��=���������&KDSWHU�����2YHUYLHZ�RI�HQYLURQPHQWDO�IRRWSULQWV�
LQ��.OHPHã��-�-���(G����$VVHVVLQJ�DQG�0HDVXULQJ�(QYLURQPHQWDO�,PSDFW�DQG�6XVWDLQDELOLW\�
%XWWHUZRUWK�+HLQHPDQQ��2[IRUG��SS�����±����
KWWSV���GRL�RUJ���������%�������������������������

'DYLV��6���%RXQG\��5���������7UDQVSRUWDWLRQ�(QHUJ\�'DWD�%RRN��(GLWLRQ�����1R�
251/�70�������������2DN�5LGJH�1DWLRQDO�/DERUDWRU\�

'LHNPDQQ��/�2���*UD\��/�&���7KDL��&�/���������0RUH�7KDQ�)RRG��7KH�6RFLDO�%HQHILWV�RI
/RFDOL]HG�8UEDQ�)RRG�6\VWHPV��)URQWLHUV�LQ�6XVWDLQDEOH�)RRG�6\VWHPV���

'LOOPDQ��'�$���6LQFODLU��0�'���&ODUN��-�5���������(IIHFWV�RI�TXHVWLRQQDLUH�OHQJWK�
UHVSRQGHQW�IULHQGO\�GHVLJQ��DQG�D�GLIILFXOW�TXHVWLRQ�RQ�UHVSRQVH�UDWHV�IRU

��



RFFXSDQW�DGGUHVVHG�FHQVXV�PDLO�VXUYH\V��3XEOLF�2SLQLRQ�4XDUWHUO\��������±����
KWWSV���GRL�RUJ���������������

'LOOPDQ��'�$���6P\WK��-�'���&KULVWLDQ��/�0���������,QWHUQHW��SKRQH��PDLO��DQG�PL[HG�PRGH
VXUYH\V��WKH�WDLORUHG�GHVLJQ�PHWKRG��-RKQ�:LOH\�	�6RQV�

'RGJHU�6WDGLXP�_�3XEOLF�7UDQVLW�_�/RV�$QJHOHV�'RGJHUV�>:::�'RFXPHQW@��������0/%�FRP�
85/�KWWSV���ZZZ�POE�FRP�GRGJHUV�EDOOSDUN�WUDQVSRUWDWLRQ�SXEOLF�WUDQVLW��DFFHVVHG
���������

'RGJHU�6WDGLXP�([SUHVV��Q�G��/$�0HWUR��85/
KWWSV���ZZZ�PHWUR�QHW�ULGLQJ�GRGJHU�VWDGLXP�H[SUHVV���DFFHVVHG����������

'ROI��0���������/LIH�&\FOH�$VVHVVPHQW�RI�WKH�8%&�7KXQGHUELUGV�WHDPV��HYHQWV��DQG�YHQXHV
>:::�'RFXPHQW@��85/
KWWS���FIVV�VLWHV�ROW�XEF�FD�ILOHV���������/LIH�&\FOH�$VVHVVPHQW�RI�WKH�8%&�7KXQGHUELUG
V�WHDPV�HYHQWV�DQG�YHQXHV�SGI��DFFHVVHG���������

'ROI��0���7HHKDQ��3���������5HGXFLQJ�WKH�FDUERQ�IRRWSULQW�RI�VSHFWDWRU�DQG�WHDP�WUDYHO�DW�WKH
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD¶V�YDUVLW\�VSRUWV�HYHQWV��6SRUW�0DQDJHPHQW�5HYLHZ����
���±�����KWWSV���GRL�RUJ���������M�VPU������������

'RQQHOO\��*���������6RRQ��\RXU�FDU�PLJKW�EH�DEOH�WR�SRZHU�\RXU�KRXVH²KHUH¶V�ZK\�WKDW�PDWWHUV
>:::�'RFXPHQW@��0RUQLQJ�%UHZ��85/
KWWSV���ZZZ�PRUQLQJEUHZ�FRP�HPHUJLQJ�WHFK�VWRULHV������������VRRQ�\RXU�FDU�PLJKW�EH
�DEOH�WR�SRZHU�\RXU�KRXVH�KHUH�V�ZK\�WKDW�PDWWHUV��DFFHVVHG����������

'RUIPDQ��-���������0DMRU�/HDJXH�%DVHEDOO�,V�'HVWUR\LQJ�,WV�)XWXUH�%\�&KDVLQJ�7HOHYLVLRQ
'ROODUV�1RZ��)RUEHV�

'RVXPX��$���&ROEHFN��,���%UDJJ��5���������*UHHQKRXVH�JDV�HPLVVLRQV�DV�D�UHVXOW�RI�VSHFWDWRUV
WUDYHOLQJ�WR�IRRWEDOO�LQ�(QJODQG��6FLHQWLILF�5HSRUWV���������
KWWSV���GRL�RUJ���������V����������������\

(GZDUGV��/���.QLJKW��-���+DQGOHU��5���$EUDKDP��-���%ORZHUV��3���������7KH�PHWKRGRORJ\�DQG
UHVXOWV�RI�XVLQJ�OLIH�F\FOH�DVVHVVPHQW�WR�PHDVXUH�DQG�UHGXFH�WKH�JUHHQKRXVH�JDV
HPLVVLRQV�IRRWSULQW�RI�³0DMRU�(YHQWV´�DW�WKH�8QLYHUVLW\�RI�$UL]RQD��7KH�,QWHUQDWLRQDO
-RXUQDO�RI�/LIH�&\FOH�$VVHVVPHQW�����KWWSV���GRL�RUJ���������V����������������

(QHUJ\�(IILFLHQF\�	�5HQHZDEOH�(QHUJ\��������3OD\�%DOO��$PHULFDQ�%DVHEDOO�6WDGLXPV�5RXQG
WKH�%DVHV�RQ�(QHUJ\�(IILFLHQF\�_�'HSDUWPHQW�RI�(QHUJ\�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HQHUJ\�JRY�HHUH�DUWLFOHV�SOD\�EDOO�DPHULFDQ�EDVHEDOO�VWDGLXPV�URXQG�EDVHV�H
QHUJ\�HIILFLHQF\��DFFHVVHG����������

(QHUJ\�6WDU��������:KDW�LV�(1(5*<�67$5�_�$ERXW�(1(5*<�67$5�_�(1(5*<�67$5�>:::
'RFXPHQW@��85/�KWWSV���ZZZ�HQHUJ\VWDU�JRY�DERXW��DFFHVVHG����������

(QHUJ\�6WDU��Q�G��&RPPHUFLDO�&ORWKHV�:DVKHUV�>:::�'RFXPHQW@��(QHUJ\�6WDU��85/
KWWSV���ZZZ�HQHUJ\VWDU�JRY�SURGXFWV�FRPPHUFLDOBFORWKHVBZDVKHUV��DFFHVVHG����������

(631�������������7DPSD�%D\�5D\V�6FKHGXOH�_�(631�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HVSQ�FRP�POE�WHDP�VFKHGXOH�B�QDPH�WE�VHDVRQ�������DFFHVVHG����������

(YHQW�7LFNHWV�_�)XHO�5HZDUGV�SURJUDP�>:::�'RFXPHQW@��������)XHO�5HZDUGV��85/
KWWSV���ZZZ�IXHOUHZDUGV�FRP�IXHOUHZDUGV�HYHQWWLFNHWV��DFFHVVHG����������

)DFW�6KHHW���$Q�,QWURGXFWLRQ�WR�3(7�_�3(75$�>:::�'RFXPHQW@��Q�G��3(75$��85/
KWWS���ZZZ�SHWUHVLQ�RUJ�QHZVBLQWURWR3(7�DVS��DFFHVVHG����������

)$4V���8�6��(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ�>:::�'RFXPHQW@��������(,$��85/
KWWSV���ZZZ�HLD�JRY�WRROV�IDTV�IDT�SKS��DFFHVVHG���������

��



)XWXUH�	�8SFRPLQJ�&KHY\�(9V�_�&KHYUROHW�>:::�'RFXPHQW@��������85/
KWWSV���ZZZ�FKHYUROHW�FRP�HOHFWULF�IXWXUH�HYV��DFFHVVHG����������

*DR��$���7LDQ��=���:DQJ��=���:HQQHUVWHQ��5���6XQ��4���������&RPSDULVRQ�EHWZHHQ�WKH
7HFKQRORJLHV�IRU�)RRG�:DVWH�7UHDWPHQW��(QHUJ\�3URFHGLD���WK�,QWHUQDWLRQDO�&RQIHUHQFH
RQ�$SSOLHG�(QHUJ\��,&$(�����������2FWREHU�������%HLMLQJ��&KLQD����������±�����
KWWSV���GRL�RUJ���������M�HJ\SUR������������

*DUFLD��-�$���������7KH�)XWXUH�RI�6SRUWV�0HUFKDQGLVH�/LFHQVLQJ��������
*DUQHWW��(�(���%DOPIRUG��$���6DQGEURRN��&���3LOOLQJ��0�$���0DUWHDX��7�0���������,PSDFW�RI

LQFUHDVLQJ�YHJHWDULDQ�DYDLODELOLW\�RQ�PHDO�VHOHFWLRQ�DQG�VDOHV�LQ�FDIHWHULDV��3URF�1DWO
$FDG�6FL�86$�����������±�������KWWSV���GRL�RUJ���������SQDV�����������

*RRFK��-���������1HZ�0RELOLW\�6XUYH\�)LQGV�2YHU�ѿ�RI�$PHULFDQV�DUH�&RPELQLQJ�3XEOLF�7UDQVLW
ZLWK�5LGHVKDULQJ��0DVDEL��85/
KWWSV���ZZZ�PDVDEL�FRP������������QHZ�PRELOLW\�VXUYH\�ILQGV�RYHU�����RI�DPHULFDQV�D
UH�FRPELQLQJ�SXEOLF�WUDQVLW�ZLWK�ULGHVKDULQJ���DFFHVVHG����������

*RRJOH�0DSV�7HDP��������*RRJOH�0DSV��*RRJOH��0RXQWDLQ�9LHZ��&DOLIRUQLD�
*UDQW��7���������*UHHQ�PRQVWHUV��([DPLQLQJ�WKH�HQYLURQPHQWDO�LPSDFWV�RI�VSRUWV�VWDGLXPV�

9LOODQRYD�(QYLURQPHQWDO�/DZ�-RXUQDO��������±����
*UHDW�)RUHVW��������:K\�(YHU\�%XVLQHVV�1HHGV�D�:DVWH�$XGLW��)DFWV�DQG�%HQHILWV�([SODLQHG�

>:::�'RFXPHQW@��*UHDW�)RUHVW�6XVWDLQDELOLW\�6ROXWLRQV��85/
KWWSV���JUHDWIRUHVW�FRP�VXVWDLQDELOLW\����ZDVWH�DXGLW�EHQHILWV���DFFHVVHG����������

*UHHQ�6SRUWV�$OOLDQFH��������3OD\�_�$UF�6NRUX�>:::�'RFXPHQW@��*UHHQ�6SRUWV�$OOLDQFH�3/$<
WR�]HUR��85/�KWWSV���ZZZ�DUFVNRUX�FRP�3/$<��DFFHVVHG���������

*UHHQKRXVH�*DV�(TXLYDOHQFLHV�&DOFXODWRU�>:::�'RFXPHQW@��������86�(3$��85/
KWWSV���ZZZ�HSD�JRY�HQHUJ\�JUHHQKRXVH�JDV�HTXLYDOHQFLHV�FDOFXODWRU

*XEELQV��7���Q�G��'DOODV�6WDUV�KRVW�VSHFLDO�YHJDQ�HYHQW�IHDWXULQJ�FUD]\�FRQYLQFLQJ�FRUQHG�EHHI
>:::�'RFXPHQW@��&XOWXUH0DS�'DOODV��85/
KWWSV���GDOODV�FXOWXUHPDS�FRP�QHZV�UHVWDXUDQWV�EDUV����������GDOODV�VWDUV�KRFNH\�YHJDQ�
QLJKW���DFFHVVHG����������

+HGD\DWL��0���,\HU�5DQLJD��8���&URVVLQ��(���������$�JUHHQKRXVH�JDV�DVVHVVPHQW�RI�D�VWDGLXP�LQ
$XVWUDOLD��%XLOGLQJ�5HVHDUFK�	�,QIRUPDWLRQ��������±����
KWWSV���GRL�RUJ�����������������������������

+HLQHQ��(���0DDW��.���YDQ�:HH��%���������'D\�WR�'D\�&KRLFH�WR�&RPPXWH�RU�1RW�E\�%LF\FOH�
7UDQVSRUWDWLRQ�5HVHDUFK�5HFRUG��������±����KWWSV���GRL�RUJ����������������

+HQDR��$���0DUVKDOO��:�(���������7KH�LPSDFW�RI�ULGH�KDLOLQJ�RQ�YHKLFOH�PLOHV�WUDYHOHG�
7UDQVSRUWDWLRQ���������±������KWWSV���GRL�RUJ���������V����������������

+HQO\��$���.UHQ]D��*���+HUVKNRZLW]��$���5XVVHOO��'���:LWKHUVSRRQ��:���2OVRQ��(���+RRYHU��'��
%DUKDP��0�%���������&KDPSLRQV�RI�*DPH�'D\�)RRG�5HSRUW�>:::�'RFXPHQW@��85/
KWWSV���JUHHQVSRUWVDOOLDQFH�RUJ�ZS�FRQWHQW�XSORDGV���������&KDPSLRQVRI*DPH'D\)RRG
5HSRUW�SGI��DFFHVVHG����������

+HUH�$UH�WKH�1)/¶V���0RVW�(QHUJ\�(IILFLHQW�6WDGLXPV�_�$OOLDQFH�WR�6DYH�(QHUJ\�>:::
'RFXPHQW@��������$OOLDQFH�7R�6DYH�(QHUJ\��85/
KWWSV���ZZZ�DVH�RUJ�EORJ�KHUH�DUH�QIOV���PRVW�HQHUJ\�HIILFLHQW�VWDGLXPV��DFFHVVHG
���������

+HUVKNRZLW]��$���+HQO\��$���+RRYHU��'���������*DPH�&KDQJHU��+RZ�WKH�6SRUWV�,QGXVWU\�LV
6DYLQJ�WKH�(QYLURQPHQW��1DWXUDO�5HVRXUFHV�'HIHQVH�&RXQFLO�DQG�*UHHQ�6SRUWV�$OOLDQFH�

��



+LMPDQV��5�-���������3DFNDJH�³JHRVSKHUH´��6SKHULFDO�7ULJRQRPHWU\�
+ROOLQJVZRUWK��-���&RSHODQG��%���-RKQVRQ��-�;���������$UH�H�VFRRWHUV�SROOXWHUV"�7KH

HQYLURQPHQWDO�LPSDFWV�RI�VKDUHG�GRFNOHVV�HOHFWULF�VFRRWHUV��(QYLURQ��5HV��/HWW�����
��������KWWSV���GRL�RUJ�������������������DE�GD�

+RPH�5XQ��6&�-RKQVRQ�DQG�0LOZDXNHH�%UHZHUV�3DUWQHUVKLS�LV�D�:LQ�IRU�WKH�3ODQHW�>:::
'RFXPHQW@��������85/
KWWS���VZLWFKERDUG�QUGF�RUJ�EORJV�DKHUVKNRZLW]�ZK\BEDVHEDOOVBJUHHQBDOOBVW�DUBJ�KWPO
�DFFHVVHG���������

+\PRQ��6���������7ZR�7$3�XSGDWHV�DQG�GHGLFDWHG�ODQH�FRPLQJ�IRU�'RGJHU�6WDGLXP�([SUHVV�
0HWUR��7KH�6RXUFH��85/
KWWSV���WKHVRXUFH�PHWUR�QHW������������WZR�WDS�XSGDWHV�DQG�GHGLFDWHG�ODQH�FRPLQJ�IRU�G
RGJHU�VWDGLXP�H[SUHVV���DFFHVVHG����������

,&)��������'RFXPHQWDWLRQ�IRU�*UHHQKRXVH�*DV�(PLVVLRQ�DQG�(QHUJ\�)DFWRUV�8VHG�LQ�WKH�:DVWH
5HGXFWLRQ�0RGHO��:$50����0DQDJHPHQW�3UDFWLFHV�&KDSWHUV�����

,($��������3URVSHFWV�IRU�HOHFWULF�YHKLFOH�GHSOR\PHQW�±�*OREDO�(9�2XWORRN������±�$QDO\VLV
>:::�'RFXPHQW@��,($��85/
KWWSV���ZZZ�LHD�RUJ�UHSRUWV�JOREDO�HY�RXWORRN������SURVSHFWV�IRU�HOHFWULF�YHKLFOH�GHSOR\
PHQW��DFFHVVHG����������

,($�%LRHQHUJ\��Q�G��)RVVLO�YV�ELRJHQLF�&2��HPLVVLRQV�_�%LRHQHUJ\��85/
KWWSV���ZZZ�LHDELRHQHUJ\�FRP�LHD�SXEOLFDWLRQV�IDT�ZRRG\ELRPDVV�ELRJHQLF�FR��
�DFFHVVHG����������

,QJZHUVHQ��:���/L��0���������6XSSO\�&KDLQ�*UHHQKRXVH�*DV�(PLVVLRQ�)DFWRUV�IRU�86�,QGXVWULHV
DQG�&RPPRGLWLHV��1R��(3$�����5����������86�(3$�

,3$5.�	�*2��������5HPRWH�3DUNLQJ�DQG�6KXWWOH�6HUYLFH��85/�KWWSV���ZZZ�LSDUNDQGJR�FRP�
�DFFHVVHG����������

,WWHQ��5���*ODXVHU��/���6WXFNL��0���������gNRELODQ]LHUXQJ�YRQ�5DVHQVSRUW�)HOGHUQௗ��1DWXU��
.XQVWVWRII��XQG�+\EULGUDVHQ�GHU�6WDGW�=�ULFK�LP�9HUJOHLFK�
KWWSV���GRL�RUJ����������=+$:������

.DQH��&���������:KLWH�6R[�DUH��VW�0/%�WHDP�WR�GLWFK�VLQJOH�XVH�SODVWLF�VWUDZV���&KLFDJR
7ULEXQH�>:::�'RFXPHQW@��&KLFDJR�7ULEXQH��85/
KWWSV���ZZZ�FKLFDJRWULEXQH�FRP�VSRUWV�ZKLWH�VR[�FW�VSW�ZKLWH�VR[�SODVWLF�VWUDZV�������
���VWRU\�KWPO��DFFHVVHG����������

.KRR��+�+���/LP��7�=���7DQ��5�%�+���������)RRG�ZDVWH�FRQYHUVLRQ�RSWLRQV�LQ�6LQJDSRUH�
(QYLURQPHQWDO�LPSDFWV�EDVHG�RQ�DQ�/&$�SHUVSHFWLYH��6FLHQFH�RI�7KH�7RWDO�(QYLURQPHQW
���������±������KWWSV���GRL�RUJ���������M�VFLWRWHQY������������

.XPPHU��)���������/LQFROQ�)LQDQFLDO�)LHOG�DZDUGHG�µJROG¶�VWDWXV�IRU�HQHUJ\�XVH�>:::
'RFXPHQW@��KWWSV���ZZZ�LQTXLUHU�FRP��85/
KWWSV���ZZZ�LQTXLUHU�FRP�VFLHQFH�FOLPDWH�OLQFROQ�ILQDQFLDO�ILHOG�HDJOHV�OHHG�JROG�SKLODGH
OSKLD����������KWPO��DFFHVVHG���������

.XU]��9���������1XGJLQJ�WR�UHGXFH�PHDW�FRQVXPSWLRQ��,PPHGLDWH�DQG�SHUVLVWHQW�HIIHFWV�RI�DQ
LQWHUYHQWLRQ�DW�D�XQLYHUVLW\�UHVWDXUDQW��-RXUQDO�RI�(QYLURQPHQWDO�(FRQRPLFV�DQG
0DQDJHPHQW��������±�����KWWSV���GRL�RUJ���������M�MHHP������������

.ZDVQ\��7���'REHUQLJ��.���5LHIOHU��3���������7RZDUGV�UHGXFHG�PHDW�FRQVXPSWLRQ��$�V\VWHPDWLF
OLWHUDWXUH�UHYLHZ�RI�LQWHUYHQWLRQ�HIIHFWLYHQHVV������±������$SSHWLWH�������������
KWWSV���GRL�RUJ���������M�DSSHW������������

��



/DGVRQ��%���������+RZ�0/%�FHOHEUDWHV�(DUWK�'D\�HYHU\�GD\��0/%�1HZ�
/HHDEDL��1���$UHHSUDVHUW��&���.KDREDQJ��&���9LUL\DSDQLWFKDNLM��1���%XVVD��%���'LOLQD]L��'��

7DNDKDVKL��)���������7KH�HIIHFWV�RI�FRORU�SUHIHUHQFH�DQG�QRWLFHDELOLW\�RI�WUDVK�ELQV�RQ
ZDVWH�FROOHFWLRQ�SHUIRUPDQFH�DQG�ZDVWH�VRUWLQJ�EHKDYLRUV��:DVWH�0DQDJHPHQW�����
���±�����KWWSV���GRL�RUJ���������M�ZDVPDQ������������

/LQGHQ��+���)LWFK��$���(PHUVRQ��$���+RHSHU��6���*UDQQHU��0�/���������0D\EH�1H[W�7LPH�
3HUVSHFWLYHV�RQ�&RPPXWLQJ�IURP�%LNH�WR�:RUN�:HHN�1RQ�SDUWLFLSDQWV��+HDOWK�%HKDYLRU
DQG�3ROLF\�5HYLHZ�������±�����KWWSV���GRL�RUJ����������+%35������

/LYH�*UHHQHU�>:::�'RFXPHQW@��Q�G��3RUWODQG�7UDLO�%OD]HUV��85/
KWWSV���ZZZ�QED�FRP�EOD]HUV�OLYHJUHHQHU��DFFHVVHG����������

/R5p��0���������+DUG�5RFN�6WDGLXP�7R�(OLPLQDWH�������2I�6LQJOH�8VH�3ODVWLFV�%\�����
>:::�'RFXPHQW@��85/
KWWSV���ZZZ�IRUEHV�FRP�VLWHV�PLFKDHOORUH������������KDUG�URFN�VWDGLXP�WR�HOLPLQDWH���
��RI�VLQJOH�XVH�SODVWLFV�E\������"VK �HFI�H��H�H���DFFHVVHG����������

/XR��+���.RX��=���=KDR��)���&DL��+���������&RPSDUDWLYH�OLIH�F\FOH�DVVHVVPHQW�RI�VWDWLRQ�EDVHG�DQG
GRFNOHVV�ELNH�VKDULQJ�V\VWHPV��5HVRXUFHV��&RQVHUYDWLRQ�DQG�5HF\FOLQJ���������±����
KWWSV���GRL�RUJ���������M�UHVFRQUHF������������

0DF$UWKXU��-���+DUSRRO��0���6FKHSSNH��'���&KHUU\��&�5���������$�1RUWK�$PHULFDQ�6XUYH\�RI
(OHFWULF�%LF\FOH�2ZQHUV��1R��1,7&�55��������1DWLRQDO�,QVWLWXWH�IRU�7UDQVSRUWDWLRQ�DQG
&RPPXQLWLHV�

0DF.D\��'�-���������6XVWDLQDEOH�(QHUJ\���ZLWKRXW�WKH�KRW�DLU��8,7�&DPEULGJH�/WG��(QJODQG�
0DQQL��0���&RFFLD��9���1LFROLQL��$���0DUVHJOLD��*���3HWUR]]L��$���������7RZDUGV�=HUR�(QHUJ\

6WDGLXPV��7KH�&DVH�6WXG\�RI�WKH�'DFLD�$UHQD�LQ�8GLQH��,WDO\��(QHUJLHV����������
KWWSV���GRL�RUJ���������HQ��������

0DVRQ��.���������)RRWEDOO�6WDGLXPV�DQG�(QHUJ\�(IILFLHQF\��)DQWDV\"�>:::�'RFXPHQW@��&;
$VVRFLDWHV��85/
KWWSV���EXLOGLQJHQHUJ\�F[�DVVRFLDWHV�FRP�IRRWEDOO�VWDGLXPV�DQG�HQHUJ\�HIILFLHQF\�IDQWDV\
�DFFHVVHG����������

0F&XOORXJK��%���.HOOLVRQ��7���������*R�*UHHQ�IRU�WKH�+RPH�7HDP��6HQVH�RI�3ODFH�DQG
(QYLURQPHQWDO�6XVWDLQDELOLW\�LQ�6SRUW��-RXUQDO�RI�6XVWDLQDELOLW\�(GXFDWLRQ������±���

0F&XOORXJK��%�3���3HOFKHU��-���7UHQGDILORYD��6���������$Q�([SORUDWRU\�$QDO\VLV�RI�WKH
(QYLURQPHQWDO�6XVWDLQDELOLW\�3HUIRUPDQFH�6LJQDOLQJ�&RPPXQLFDWLRQV�DPRQJ�1RUWK
$PHULFDQ�6SRUW�2UJDQL]DWLRQV��6XVWDLQDELOLW\����������
KWWSV���GRL�RUJ���������VX��������

0F.HQ]LH�0RKU��'���������)RVWHULQJ�6XVWDLQDEOH�%HKDYLRU��$Q�,QWURGXFWLRQ�WR
&RPPXQLW\�%DVHG�6RFLDO�0DUNHWLQJ���UG�HG��1HZ�6RFLHW\�3XEOLVKHUV�

0F0RUGLH�6WRXJKWRQ��.���������*XLGHOLQHV�IRU�(VWLPDWLQJ�8QPHWHUHG�/DQGVFDSLQJ�:DWHU�8VH
�1R��311/�����������������KWWSV���GRL�RUJ���������������

0F4XHHQ��0���0DF$UWKXU��-���&KHUU\��&���������7KH�(�%LNH�3RWHQWLDO��(VWLPDWLQJ�UHJLRQDO�H�ELNH
LPSDFWV�RQ�JUHHQKRXVH�JDV�HPLVVLRQV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��7UDQVSRUW�DQG
(QYLURQPHQW�������������KWWSV���GRL�RUJ���������M�WUG������������

0HPRQ��,�$���6DKLWR��1���.DOZDU��6���+ZDQJ��-���1DSLDK��0���=DO\�6KDK��0���������&KRLFH
0RGHOLQJ�RI�D�&DU�7UDYHOHU�WRZDUGV�3DUN�DQG�5LGH�6HUYLFHV�LQ�3XWUDMD\D�WR�&UHDWH�*UHHQ
'HYHORSPHQW��6XVWDLQDELOLW\�����������KWWSV���GRL�RUJ���������VX��������

0H\QHUV��-���%DUURW��&���%HFNHU��-�8���*ROGHQEHUJ��-���������7KH�5ROH�RI�0HUH�&ORVHQHVV��+RZ

��



*HRJUDSKLF�3UR[LPLW\�$IIHFWV�6RFLDO�,QIOXHQFH��-RXUQDO�RI�0DUNHWLQJ�������±���
KWWSV���GRL�RUJ���������MP��������

0LQQHVRWD�'HSDUWPHQW�RI�+HDOWK��������0LQQHVRWD�7ZLQV�)RFXV�RQ�:DWHU�6XVWDLQDELOLW\�DW
7DUJHW�)LHOG���(+��0LQQHVRWD�'HSDUWPHQW�RI�+HDOWK�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�KHDOWK�VWDWH�PQ�XV�FRPPXQLWLHV�HQYLURQPHQW�ZDWHU�ZDWHUOLQH�IHDWXUHVWRULHV�W
DUJHWILHOG�KWPO��DFFHVVHG����������

0/%������D��0/%�6KRS�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�POEVKRS�FRP�"TXHU\ 5D\V	BUHI S�+3�P�6($5&+��DFFHVVHG����������

0/%������E��%LNH�WR�)HQZD\�3DUN�_�%RVWRQ�5HG�6R[�>:::�'RFXPHQW@��0/%�FRP��85/
KWWSV���ZZZ�POE�FRP�UHGVR[�EDOOSDUN�WUDQVSRUWDWLRQ�ELF\FOH��DFFHVVHG����������

0/%��������2YHU�����ZD\V�0/%�KDV�JRQH�JUHHQ�>:::�'RFXPHQW@��0/%�FRP��85/
KWWSV���ZZZ�POE�FRP�QHZV�POE�JUHHQ�LQLWLDWLYHV�IRU�HDUWK�GD\��DFFHVVHG����������

0/%��������0HWV�H[SDQG�JUHHQ�LQLWLDWLYHV�DW�&LWL�)LHOG�>:::�'RFXPHQW@��0/%�FRP��85/
KWWSV���ZZZ�POE�FRP�QHZV�PHWV�H[SDQG�JUHHQ�LQLWLDWLYHV�DW�FLWL�ILHOG�F���������
�DFFHVVHG����������

0/%��Q�G��0/%�_�&RPPXQLW\�_�0/%�*UHHQ�_�&OXE�,QLWLDWLYHV�>:::�'RFXPHQW@��0/%�FRP�
85/�KWWSV���ZZZ�POE�FRP�POE�FRPPXQLW\�POE�JUHHQ�FOXE�LQLWLDWLYHV��DFFHVVHG
���������

0/%��&65ZLUH��������0DMRU�/HDJXH�%DVHEDOO�DQG�&OXEV�6XSSRUWLQJ�6XVWDLQDELOLW\�(IIRUWV
7KURXJKRXW��������*UHHQ�6SRUWV�$OOLDQFH�>:::�'RFXPHQW@��85/
KWWSV���JUHHQVSRUWVDOOLDQFH�RUJ�PDMRU�OHDJXH�EDVHEDOO�DQG�FOXEV�VXSSRUWLQJ�VXVWDLQDELOLW\
�HIIRUWV�WKURXJKRXW��������DFFHVVHG����������

1HZKDUW��%���������$OXPLQXP�FXSV�IRU�FRQFHVVLRQV�ODXQFK�LQ�86�VSRUW�VWDGLXPV�>:::
'RFXPHQW@��EHYHUDJHGDLO\�FRP��85/
KWWSV���ZZZ�EHYHUDJHGDLO\�FRP�$UWLFOH������������$OXPLQXP�FXSV�IRU�FRQFHVVLRQV�ODXQ
FK�LQ�86�VSRUW�VWDGLXPV��DFFHVVHG����������

1+/��������3OD\�,W�)RUZDUG��+RFNH\�IRU�WKH�1H[W�*HQHUDWLRQ�>:::�'RFXPHQW@��1+/�FRP�
85/�KWWS���VXVWDLQDELOLW\�QKO�FRP�UHSRUW���DFFHVVHG����������

1LHOVHQ��������:DV������WKH�\HDU�RI�WKH�LQIOXHQWLDO�VXVWDLQDEOH�FRQVXPHU"�1LHOVHQ,4��85/
KWWSV���QLHOVHQLT�FRP�JOREDO�HQ�LQVLJKWV�DQDO\VLV������ZDV������WKH�\HDU�RI�WKH�LQIOXHQWL
DO�VXVWDLQDEOH�FRQVXPHU���DFFHVVHG���������

12$$��������6RFLDO�6FLHQFH�7RROV�IRU�&RDVWDO�3URJUDPV��,QWURGXFWLRQ�WR�6XUYH\�'HVLJQ�DQG
'HOLYHU\��6RFLDO�6FLHQFH�7RROV�IRU�&RDVWDO�3URJUDPV��1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF
$GPLQLVWUDWLRQ��2IILFH�RI�&RDVWDO�0DQDJHPHQW�

15'&��������%HKLQG�WKH�6FHQHV�DW�%XVFK�6WDGLXP�:LWK�WKH�6W��/RXLV�&DUGLQDOV¶�:LQQLQJ
(QHUJ\�7HDP�>:::�'RFXPHQW@��15'&��85/
KWWSV���ZZZ�QUGF�RUJ�H[SHUWV�EHKLQG�VFHQHV�EXVFK�VWDGLXP�VW�ORXLV�FDUGLQDOV�ZLQQLQJ�HQ
HUJ\�WHDP��DFFHVVHG����������

15'&��*DPH�&KDQJHU��0DULQHUV�&DVH�6WXG\�>:::�'RFXPHQW@��Q�G��85/
KWWSV���ZZZ�QUGF�RUJ�VLWHV�GHIDXOW�ILOHV�0DULQHUV�&DVH�6WXG\�SGI��DFFHVVHG����������

2EHUPLOOHU��&���������7KH�%DE\�LV�6LFN�7KH�%DE\�LV�:HOO��$�7HVW�RI�(QYLURQPHQWDO
&RPPXQLFDWLRQ�$SSHDOV��-RXUQDO�RI�$GYHUWLVLQJ�

3DOPHU��,���������)ODULQJ�2I�*DV�)DOOV�2II�,Q�3HUPLDQ�$QG�%DNNHQ�±�$QG�:K\�7KDW¶V�*RRG
1HZV��>:::�'RFXPHQW@��85/
KWWSV���ZZZ�IRUEHV�FRP�VLWHV�LDQSDOPHU������������IODULQJ�RI�JDV�IDOOV�RII�LQ�SHUPLDQ�D

��



QG�EDNNHQ��DQG�ZK\�WKDWV�JRRG�QHZV�"VK ��IG�������I��DFFHVVHG����������
3DQ��/���<DR��(���<DQJ��<���=KDQJ��5���������$�ORFDWLRQ�PRGHO�IRU�HOHFWULF�YHKLFOH��(9��SXEOLF

FKDUJLQJ�VWDWLRQV�EDVHG�RQ�GULYHUV¶�H[LVWLQJ�DFWLYLWLHV��6XVWDLQDEOH�&LWLHV�DQG�6RFLHW\����
��������KWWSV���GRL�RUJ���������M�VFV������������

3&(�%ULGJH�7DEOH�_������������Q�G�
3HUHLUD��5�3�7���)LOLPRQDX��9���5LELHUR��*�0���������6FRUH�D�JRDO�IRU�FOLPDWH��$VVHVVLQJ�WKH

FDUERQ�IRRWSULQW�RI�WUDYHO�SDWWHUQV�RI�WKH�(QJOLVK�3UHPLHU�/HDJXH�FOXEV��-RXUQDO�RI
&OHDQHU�3URGXFWLRQ���������±�����KWWSV���GRL�RUJ���������M�MFOHSUR������������

3LDWNRZVNL��'���%URQVRQ��5���0DUVKDOO��:���.UL]HN��.�-���������0HDVXULQJ�WKH�,PSDFWV�RI
%LNH�WR�:RUN�'D\�(YHQWV�DQG�,GHQWLI\LQJ�%DUULHUV�WR�,QFUHDVHG�&RPPXWHU�&\FOLQJ�
-RXUQDO�RI�8UEDQ�3ODQQLQJ�DQG�'HYHORSPHQW�����
KWWSV���GRL�RUJ����������$6&(�83������������������

3LQHOODV�6XQFRDVW�7UDQVLW�$XWKRULW\�_�367$�>:::�'RFXPHQW@����������367$��85/
KWWSV���ZZZ�SVWD�QHW���DFFHVVHG����������

3OD\HUV�IRU�WKH�3ODQHW��������21(�75((�3/$17('�>:::�'RFXPHQW@��3/$<(56�)25�7+(
3/$1(7�_�6$9(�7+(�2&($1��85/
KWWSV���ZZZ�SOD\HUVIRUWKHSODQHW�RUJ�SURJUDPV�RQHWUHHSODQWHG��DFFHVVHG����������

5�&RUH�7HDP��������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��5�)RXQGDWLRQ�IRU
6WDWLVWLFDO�&RPSXWLQJ��9LHQQD��$XVWULD�

5DLQZDWHU�+DUYHVWLQJ�IRU�&RROLQJ�7RZHUV�>:::�'RFXPHQW@��Q�G��%&+��85/
KWWSV���ZZZ�EFKPHFKDQLFDO�FRP�EFK�QHZV�EFK�EORJ�����UDLQZDWHU�KDUYHVWLQJ�IRU�FRROLQ
J�WRZHUV��DFFHVVHG����������

5DPRV��(���7DPEH��$���������0DVV�WUDQVLW¶V�VORZ�SDQGHPLF�UHFRYHU\�>:::�'RFXPHQW@��1%&
1HZV��85/
KWWSV���ZZZ�QEFQHZV�FRP�QHZV�XV�QHZV�SDQGHPLF�VXQN�PDVV�WUDQVLW�XVH�GDWD�VKRZV�LWV
�VORZ�UHFRYHU\�Q���������DFFHVVHG���������

5DQJDQDWKDQ��-���&RUELHU��/���%KDWLD��3���6FKPLW]��6���*DJH��3���2UHQ��.���Q�G��7KH�*UHHQKRXVH
*DV�3URWRFRO��$�&RUSRUDWH�$FFRXQWLQJ�DQG�5HSRUWLQJ�6WDQGDUG��:RUOG�5HVRXUFHV
,QVWLWXWH��:RUOG�%XVLQHVV�&RXQFLO�IRU�6XVWDLQDEOH�'HYHORSPHQW�

5DQJDQDWKDQ��-���:DLWH��5���6HDUFKLQJHU��7���=LRQWV��-���������5HJHQHUDWLYH�$JULFXOWXUH��*RRG�IRU
6RLO�+HDOWK��EXW�/LPLWHG�3RWHQWLDO�WR�0LWLJDWH�&OLPDWH�&KDQJH�

5HLOH\��/���������2UJDQLF�JDUGHQ�DW�$PDOLH�$UHQD�IHHGV�/LJKWQLQJ�SOD\HUV��IDQV�>:::
'RFXPHQW@��85/
KWWSV���ZZZ�WDPSDED\�FRP�WKLQJV�WR�GR�IRRG�GLQLQJ�QHZ�RUJDQLF�JDUGHQ�DW�DPDOLH�DUHQD
�IHHGV�SOD\HUV�IDQV�����������DFFHVVHG����������

5KRGHV��&�-���������7KH�,PSHUDWLYH�IRU�5HJHQHUDWLYH�$JULFXOWXUH��6FLHQFH�3URJUHVV��������±����
KWWSV���GRL�RUJ������������������;��������������

5RELQVRQ��0���.OHIIQHU��$���%HUWHOV��6���������6LJQDOLQJ�6XVWDLQDELOLW\�/HDGHUVKLS��(PSLULFDO
(YLGHQFH�RI�WKH�9DOXH�RI�'-6,�0HPEHUVKLS��-�%XV�(WKLFV���������±����
KWWSV���GRL�RUJ���������V���������������\

5REXVWR��&�&���������7KH�&RVLQH�+DYHUVLQH�)RUPXOD��7KH�$PHULFDQ�0DWKHPDWLFDO�0RQWKO\����
��±����KWWSV���GRL�RUJ����������������

5RVH��(���*DOOLYDQ��)���/DUD��/���������6XUYH\�%DVHG�(YDOXDWLRQ�RI�%LNH�WR�:RUN�'D\�LQ�WKH�6DQ
)UDQFLVFR�%D\�$UHD��3UHVHQWHG�DW�WKH�7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG���WK�$QQXDO
0HHWLQJ7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG�

��



5RVH��*���0DUIXUW��+���������7UDYHO�EHKDYLRU�FKDQJH�LPSDFWV�RI�D�PDMRU�ULGH�WR�ZRUN�GD\�HYHQW�
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�$��3ROLF\�DQG�3UDFWLFH��������±����
KWWSV���GRL�RUJ���������M�WUD������������

5RVHQEHUJ��'���6LQJOD��9���+RRYHU��'���������%XUQHG��:K\�:DVWH�,QFLQHUDWLRQ�,V�+DUPIXO
>:::�'RFXPHQW@��15'&��85/
KWWSV���ZZZ�QUGF�RUJ�H[SHUWV�GDQLHO�URVHQEHUJ�EXUQHG�ZK\�ZDVWH�LQFLQHUDWLRQ�KDUPIXO
�DFFHVVHG����������

5RWKVFKLOG��6�6���4XLUR]��&���6DOKRWUD��0���3HFKDQ��(�+���������7KH�9DOXH�RI�H*5,'�DQG�H*5,'
ZHE�WR�*+*�,QYHQWRULHV�

5XVVHOO��6���+DOH��5���������%$6)�DQG�WKH�6HDWWOH�0DULQHUV�WHDP�XS�IRU�WKLUG�VHDVRQ�RI
6XVWDLQDEOH�6DWXUGD\V�>:::�'RFXPHQW@��%$6)��85/
KWWSV���ZZZ�EDVI�FRP�XV�HQ�PHGLD�QHZV�UHOHDVHV���������S��������KWPO��DFFHVVHG
���������

6DPSOH�6L]H�&DOFXODWRU�	�&RPSOHWH�*XLGH�>:::�'RFXPHQW@��������4XDOWULFV��85/
KWWSV���ZZZ�TXDOWULFV�FRP�EORJ�FDOFXODWLQJ�VDPSOH�VL]H���DFFHVVHG����������

6DPXHO��6���������+RZ�WR�UHGXFH�\RXU�IRRG¶V�FDUERQ�IRRWSULQW��LQ���FKDUWV�>:::�'RFXPHQW@�
9R[��85/
KWWSV���ZZZ�YR[�FRP�IXWXUH�SHUIHFW��������������������ORFDO�IRRG�FDUERQ�IRRWSULQW�FOL
PDWH�HQYLURQPHQW��DFFHVVHG����������

6KDKHHQ��6���&RKHQ��$���%D\HQ��$���������7KH�%HQHILWV�RI�&DUSRROLQJ��7KH�(QYLURQPHQWDO�DQG
(FRQRPLF�9DOXH�RI�6KDULQJ�D�5LGH��8&�%HUNHOH\�

6LJQDJH�IRU�3OXJ�LQ�(OHFWULF�9HKLFOH�&KDUJLQJ�6WDWLRQV�>:::�'RFXPHQW@��Q�G��$OWHUQDWLYH
)XHOV�'DWD�&HQWHU�

6LQJHU��(���*URYHV��5�0���&RUQLQJ��$�'���������'LIIHUHQWLDO�,QFHQWLYHV��%HOLHIV�$ERXW�3UDFWLFHV�
3HUFHSWLRQV�RI�(TXLW\��DQG�(IIHFWV�RQ�6XUYH\�3DUWLFLSDWLRQ��7KH�3XEOLF�2SLQLRQ�4XDUWHUO\
�������±����

6PDUW�:DWHU�0HWHUV�0DNH�D�'LIIHUHQFH�>:::�'RFXPHQW@��������:DWHU:RUOG��85/
KWWSV���ZZZ�ZDWHUZRUOG�FRP�WHFKQRORJLHV�DPU�DPL�DUWLFOH����������VPDUW�ZDWHU�PHWHUV
�PDNH�D�GLIIHUHQFH��DFFHVVHG����������

6PLWK��&���1LFKROOV��=���������,3&&�$5��:*,�&KDSWHU����6XSSOHPHQWDU\�0DWHULDO�>:::
'RFXPHQW@��85/
KWWSV���ZZZ�LSFF�FK�UHSRUW�DU��ZJ��GRZQORDGV�UHSRUW�,3&&B$5�B:*,B&KDSWHUB��B6X
SSOHPHQWDU\B0DWHULDO�SGI��DFFHVVHG����������

6R)L�6WDGLXP��6XVWDLQDELOLW\��Q�G���6R)L�6WDGLXP��85/
KWWSV���ZZZ�VRILVWDGLXP�FRP�VXVWDLQDELOLW\���DFFHVVHG����������

6ROLG�:DVWH�0DVWHU�3ODQ��3LQHOODV�&RXQW\��)/�>:::�'RFXPHQW@��������85/
KWWS���ZZZ�SLQHOODVFRXQW\�RUJ�VROLGZDVWH�PDVWHUSODQ�GRFXPHQWV�PDVWHUBSODQ�SGI
�DFFHVVHG����������

6R]D�3DUUD��-���5DYHDX��6���0XxR]��-�&���������3XEOLF�WUDQVSRUW�UHOLDELOLW\�DFURVV�SUHIHUHQFHV�
PRGHV��DQG�VSDFH��7UDQVSRUWDWLRQ��KWWSV���GRL�RUJ���������V�����������������

6SULQJPDQQ��0���&ODUN��0���5D\QHU��0���6FDUERURXJK��3���:HEE��3���������7KH�JOREDO�DQG
UHJLRQDO�FRVWV�RI�KHDOWK\�DQG�VXVWDLQDEOH�GLHWDU\�SDWWHUQV��D�PRGHOLQJ�VWXG\���7KH�/DQFHW
3ODQHWDU\�+HDOWK�>:::�'RFXPHQW@��3URI�0LNH�5D\QHU��3K'�3HWHU�6FDUERURXJK��3K'
3URI�3DWULFN�:HEE��3K'��85/
KWWSV���ZZZ�WKHODQFHW�FRP�MRXUQDOV�ODQSOK�DUWLFOH�3,,6���������������������IXOOWH[W�VH

��



FFHVWLWOH�����DFFHVVHG����������
6WDGLXP�([SDQVLRQ�3DUNLQJ�3ODQ�DQG�7UDQVSRUWDWLRQ�0DQDJHPHQW�5HSRUW����������8QLYHUVLW\�RI

:DVKLQJWRQ�
6WRNHV��-���+RUYDWK��$���Q�G��:(67�:HE�>:::�'RFXPHQW@��85/

KWWSV���ZHVW�EHUNHOH\�HGX�PRGHO�SKS��DFFHVVHG����������
6XQNDUD��/���������:KLFK�,V�:RUVH�IRU�WKH�(QYLURQPHQW��'ULYLQJ�RU�)O\LQJ"�>:::�'RFXPHQW@�

5HDGHU¶V�'LJHVW��85/
KWWSV���ZZZ�UG�FRP�DUWLFOH�ZKLFK�LV�ZRUVH�IRU�WKH�HQYLURQPHQW�GULYLQJ�RU�IO\LQJ�
�DFFHVVHG����������

6XVWDLQDEOH�6SRUW�,QGH[�>:::�'RFXPHQW@��������6XVWDLQDEOH�6SRUW�,QGH[��85/
KWWSV���ZZZ�VXVWDLQDEOHVSRUWLQGH[�FRP��DFFHVVHG���������

7DPSD�%D\�&OHDQ�&LWLHV�&RDOLWLRQ�>:::�'RFXPHQW@��������86)�FRP��85/
KWWSV���ZZZ�XVI�HGX�SFJV�LQLWLDWLYHV�WDPSD�ED\�FOHDQ�FLWLHV�FRDOLWLRQ���DFFHVVHG����������

7D\ORU��6���7RGG��3���������$Q�,QWHJUDWHG�0RGHO�RI�:DVWH�0DQDJHPHQW�%HKDYLRU��$�7HVW�RI
+RXVHKROG�5HF\FOLQJ�DQG�&RPSRVWLQJ�,QWHQWLRQV��(QYLURQPHQW�DQG�%HKDYLRU����
���±����

7KH�*DOD[\�([SUHVV�_�'LJQLW\�+HDOWK�6SRUWV�3DUN�>:::�'RFXPHQW@��Q�G��'LJQLW\�+HDOWK�6SRUWV
3DUN��85/
KWWSV���ZZZ�GLJQLW\KHDOWKVSRUWVSDUN�FRP�GLUHFWLRQV�SDUNLQJ�WKH�JDOD[\�H[SUHVV��
�DFFHVVHG����������

7KH�*+*�(PLVVLRQV�&DOFXODWLRQ�7RRO�_�*UHHQKRXVH�*DV�3URWRFRO�>:::�'RFXPHQW@��Q�G��85/
KWWSV���JKJSURWRFRO�RUJ�JKJ�HPLVVLRQV�FDOFXODWLRQ�WRRO��DFFHVVHG����������

7KRUULQJWRQ��0���Q�G��/$)&�6XVWDLQDELOLW\�3ODQ��/RV�$QJHOHV�)RRWEDOO�&OXE�
7LSV�IRU�LPSURYLQJ�XWLOLW\�HIILFLHQF\�LQ�VWDGLD�DQG�VSRUWLQJ�YHQXHV��������6WDGLD�0DJD]LQH��85/

KWWSV���ZZZ�VWDGLD�PDJD]LQH�FRP�RSLQLRQ�WLSV�IRU�LPSURYLQJ�XWLOLW\�HIILFLHQF\�LQ�VWDGLD�
DQG�VSRUWLQJ�YHQXHV�KWPO��DFFHVVHG����������

7RSNLQ��0���������7\OHU�*ODVQRZ�KDV�LGHDV�DERXW�WKH�5D\V¶�DWWHQGDQFH�LVVXHV�>:::
'RFXPHQW@��7DPSD�%D\�7LPHV��85/
KWWSV���ZZZ�WDPSDED\�FRP�VSRUWV�UD\V������������W\OHU�JODVQRZ�KDV�LGHDV�DERXW�WKH�UD\
V�DWWHQGDQFH�LVVXHV���DFFHVVHG����������

7UHQGDILORYD��6���0F&XOORXJK��%�3���������(QYLURQPHQWDO�VXVWDLQDELOLW\�VFKRODUVKLS�DQG�WKH
HIIRUWV�RI�WKH�VSRUW�VHFWRU��$�UDSLG�UHYLHZ�RI�OLWHUDWXUH��&RJHQW�6RFLDO�6FLHQFHV���
���������KWWSV���GRL�RUJ������������������������������

7URXW��1�'���8OOPDQ��*�/���������$�VSHFLDO�HYHQW�SDUN�DQG�ULGH�VKXWWOH�EXV�VXFFHVV�VWRU\��,7(
-RXUQDO����

7UXRQJ��/�&���0DUVKDOO��:�(���������$UH�3DUN�DQG�5LGHV�6DYLQJ�WKH�(QYLURQPHQW�RU�-XVW�6DYLQJ
3DUNLQJ�&RVWV"��&DVH�6WXG\�RI�'HQYHU��&RORUDGR��/LJKW�5DLO�6\VWHP��7UDQVSRUWDWLRQ
5HVHDUFK�5HFRUG����������±�����KWWSV���GRL�RUJ����������������

7XUUHQWLQH��-���������7KH�8QLWHG�6WDWHV�,V�WKH�0RVW�:DVWHIXO�&RXQWU\�,Q�WKH�:RUOG�>:::
'RFXPHQW@��15'&��85/
KWWSV���ZZZ�QUGF�RUJ�RQHDUWK�XQLWHG�VWDWHV�PRVW�ZDVWHIXO�FRXQWU\�ZRUOG��DFFHVVHG
���������

8QZLQ��-���������%HVW�VWDGLXPV�IRU�UHQHZDEOH�HQHUJ\��(LJKW�OHDGLQJ�WKH�ZD\�LQWR�WKH�IXWXUH
>:::�'RFXPHQW@��85/
KWWSV���ZZZ�SRZHU�WHFKQRORJ\�FRP�IHDWXUHV�EHVW�VWDGLXPV�UHQHZDEOH�HQHUJ\���DFFHVVHG

��



���������
8ULQDU\�)UHTXHQF\��������%ODGGHU�	�%RZHO�&RPPXQLW\��85/

KWWSV���ZZZ�EODGGHUDQGERZHO�RUJ�EODGGHU�EODGGHU�FRQGLWLRQV�DQG�V\PSWRPV�IUHTXHQF\�
�DFFHVVHG����������

8�6��'HSDUWPHQW�RI�(QHUJ\��������(OHFWULF�9HKLFOH�%HQHILWV�DQG�&RQVLGHUDWLRQV�
8�6��(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ��������(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ��(,$��

&RPPHUFLDO�%XLOGLQJV�(QHUJ\�&RQVXPSWLRQ�6XUYH\��&%(&6��>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HLD�JRY�FRQVXPSWLRQ�FRPPHUFLDO���DFFHVVHG����������

8�6��(3$������D��(PLVVLRQ�)DFWRUV�IRU�*UHHQKRXVH�*DV�,QYHQWRULHV�
8�6��(3$������E��H*5,'�����6XPPDU\�7DEOHV�
8�6��(3$������F��%HVW�0DQDJHPHQW�3UDFWLFHV�_�86�(3$�>:::�'RFXPHQW@��85/

KWWSV���ZZZ�HSD�JRY�ZDWHUVHQVH�EHVW�PDQDJHPHQW�SUDFWLFHV�6DQLWDU\���)L[WXUHV���DQ
G���/DXQGU\��DFFHVVHG����������

8�6��(3$��������'RZQORDG�'DWD�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�HJULG�GRZQORDG�GDWD��DFFHVVHG���������

8�6��(3$������D��:DWHU6HQVH�&RPPHUFLDO�%XLOGLQJV��*HWWLQJ�6WDUWHG�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�ZDWHUVHQVH�JHWWLQJ�VWDUWHG��DFFHVVHG���������

8�6��(3$������E��:DWHU�(IILFLHQF\�0DQDJHPHQW�*XLGH�0HFKDQLFDO�6\VWHPV��0HFKDQLFDO
6\VWHPV����

8�6��(3$������F��*HWWLQJ�6WDUWHG�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�ZDWHUVHQVH�JHWWLQJ�VWDUWHG��DFFHVVHG����������

8�6��(3$������G��1DWLRQDO�2YHUYLHZ��)DFWV�DQG�)LJXUHV�RQ�0DWHULDOV��:DVWHV�DQG�5HF\FOLQJ
>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�IDFWV�DQG�ILJXUHV�DERXW�PDWHULDOV�ZDVWH�DQG�UHF\FOLQJ�QDWLRQDO�RYHU
YLHZ�IDFWV�DQG�ILJXUHV�PDWHULDOV��DFFHVVHG����������

8�6��(3$������D��8QGHUVWDQGLQJ�*OREDO�:DUPLQJ�3RWHQWLDOV�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�JKJHPLVVLRQV�XQGHUVWDQGLQJ�JOREDO�ZDUPLQJ�SRWHQWLDOV��DFFHVVHG
���������

8�6��(3$������E��%DVLF�,QIRUPDWLRQ�DERXW�/DQGILOO�*DV�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�OPRS�EDVLF�LQIRUPDWLRQ�DERXW�ODQGILOO�JDV��DFFHVVHG����������

8�6��(3$������F��:DVWH�5HGXFWLRQ�0RGHO��:$50��>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�ZDUP��DFFHVVHG����������

8�6��(3$������G��9HUVLRQV�RI�WKH�:DVWH�5HGXFWLRQ�0RGHO��:$50��>:::�'RFXPHQW@��85/
KWWSV���ZZZ�HSD�JRY�ZDUP�YHUVLRQV�ZDVWH�UHGXFWLRQ�PRGHO�ZDUP��DFFHVVHG����������

8�6��(3$��������:DWHU6HQVH�DW�:RUN��%HVW�0DQDJHPHQW�3UDFWLFHV�IRU�&RPPHUFLDO�DQG
,QVWLWXWLRQDO�)DFLOLWLHV��1R��(3$�����)���������

9DUDQDVL��$���������,V�2UJDQLF�)RRG�5HDOO\�%HWWHU�IRU�WKH�(QYLURQPHQW"���6XVWDLQDEOH�/LYLQJ
>:::�'RFXPHQW@��85/
KWWSV���QHZV�FOLPDWH�FROXPELD�HGX������������RUJDQLF�IRRG�EHWWHU�HQYLURQPHQW�
�DFFHVVHG����������

9HJDQ�)RRG�_�:(�$5(�)*5�>:::�'RFXPHQW@��Q�G��)RUHVW�*UHHQ�5RYHUV�)RRWEDOO�&OXE��85/
KWWSV���ZZZ�IJU�FR�XN�YHJDQ�IRRG��DFFHVVHG����������

9LVLW�6W��3HWH�&OHDUZDWHU��������9LVLWRU�3URILOH�6WXG\��5HSRUW�RI�)LQGLQJV������&DOHQGDU�<HDU�
9LVLW�6W��3HWH�&OHDUZDWHU��������9LVLWRU�3URILOH�6WXG\��5HSRUW�RI�)LQGLQJV������&DOHQGDU�<HDU�
9LVLW�6W��3HWH�&OHDUZDWHU��������9LVLWRU�3URILOH�6WXG\��5HSRUW�RI�)LQGLQJV������&DOHQGDU�<HDU�

��



:DQJ��0���(OJRZDLQ\��$���/HH��8���%DIDQD��$���%DQHUMHH��%HQDYLGHV��3���%REED��3���%XUQKDP��$��
&DL��+���*UDFLGD��8���+DZNLQV��7���,\HU��5���.HOO\��-���.LP��7���.LQJVEXU\��.���.ZRQ��+��
/L��<���/LX��;���/X��=���2X��/���6LGGLTXH��1���6XQ��3���9\DZDKDUH��3���:LQMREL��2���:X��0��
;X��+���<RR��(���=DLPHV��*���=DQJ��*���������*UHHQKRXVH�JDVHV��5HJXODWHG�(PLVVLRQV�
DQG�(QHUJ\�XVH�LQ�7HFKQRORJLHV�0RGHO���������([FHO���$UJRQQH�1DWLRQDO�/DERUDWRU\
�$1/���$UJRQQH��,/��8QLWHG�6WDWHV��
KWWSV���GRL�RUJ����������*5((7�(;&(/������'&�����������

:DVWH�0DQDJHPHQW��������:0�3KRHQL[�2SHQ�6XVWDLQDELOLW\�5HSRUW�>:::�'RFXPHQW@��85/
KWWSV���ZZZ�ZP�FRP�FRQWHQW�GDP�ZP�DVVHWV�LQVLGH�ZP�SKRHQL[�RSHQ������ZP�SKRHQL
[�RSHQ�VXVWDLQDELOLW\�UHSRUW�SGI��DFFHVVHG����������

:DVWH�0DQDJHPHQW��Q�G��6XVWDLQDEOH�6WDGLXPV�	�$UHQDV��:DVWH�0DQDJHPHQW�
:DWHU�>:::�'RFXPHQW@��Q�G��0HUFHGHV�%HQ]�6WDGLXP��85/

KWWSV���PHUFHGHVEHQ]VWDGLXP�FRP�VXVWDLQDELOLW\�ZDWHU���DFFHVVHG����������
:HQW]��-���&KDUJLQJ�+DZN��:���0HYHV��0���3DWHUVRQ��$���/XQGVJDDUG��=���������5HXVH�:LQV�$W

(YHQWV��$�OLIH�F\FOH�DQDO\VLV�RI�UHXVDEOH�DQG�VLQJOH�XVH�FXSV�>:::�'RFXPHQW@��85/
KWWSV���VWDWLF��VTXDUHVSDFH�FRP�VWDWLF��I���I���I�IGE��I��FHEFE�W����DDD�D�I��II�G��HI
�G�G���������������&XS�/&$�5HSRUWB)LQDO�SGI��DFFHVVHG����������

:HVW�%DVLQ�0XQLFLSDO�:DWHU�'LVWULFW��������6R)L�6WDGLXP�DQG�+ROO\ZRRG�3DUN�1RZ�8VLQJ�:HVW
%DVLQ�5HF\FOHG�:DWHU�>:::�'RFXPHQW@��$VVRFLDWLRQ�RI�&DOLIRUQLD�:DWHU�$JHQFLHV�
85/
KWWSV���ZZZ�DFZD�FRP�QHZV�VRIL�VWDGLXP�DQG�KROO\ZRRG�SDUN�QRZ�XVLQJ�ZHVW�EDVLQ�UHF
\FOHG�ZDWHU���DFFHVVHG����������

:KLWHKRXVH��7���������:KDW�LV�D�JRRG�DYHUDJH�VSHHG�RQ�D�URDG�ELNH"�5RDG�%LNH�%DVLFV��85/
KWWSV���URDGELNHEDVLFV�FRP�DYHUDJH�VSHHG�RQ�URDG�ELNH���DFFHVVHG���������

:RUOG�5HVRXUFHV�,QVWLWXWH��������&RUSRUDWH�9DOXH�&KDLQ�$FFRXQWLQJ�5HSRUWLQJ�6WDQGDUG�>:::
'RFXPHQW@��:RUOG�5HVRXUFHV�,QVWLWXWH�*+*�3URWRFRO��85/
KWWSV���JKJSURWRFRO�RUJ�VLWHV�GHIDXOW�ILOHV�VWDQGDUGV�&RUSRUDWH�9DOXH�&KDLQ�$FFRXQWLQJ�5
HSRULQJ�6WDQGDUGB������B��SGI��DFFHVVHG���������

:\QHV��6���������&29,'����'LVUXSWLRQ�'HPRQVWUDWHV�:LQ�:LQ�&OLPDWH�6ROXWLRQV�IRU�0DMRU
/HDJXH�6SRUWV��(QYLURQ��6FL��7HFKQRO�����������±������
KWWSV���GRL�RUJ���������DFV�HVW��F�����

=DULEDI��%���=KDQJ��4���%HQQHWW��1���������/LIH�F\FOH�HQHUJ\�DQG�JUHHQKRXVH�JDV�HPLVVLRQV�RI�DQ
LQWHJUDWHG�ZDWHU�PDQDJHPHQW�V\VWHP��&LW\�RI�&OHDUZDWHU��)/��6XVWDLQDEOH�:DWHU
0DQDJHPHQW�&RQIHUHQFH������

=LPPHUPDQQ��.���������9HKLFOH�WR�JULG�WHFKQRORJ\�FRXOG�HDVH�(XURSH¶V�HQHUJ\�FULVLV�>:::
'RFXPHQW@��)RUWXQH��85/
KWWSV���IRUWXQH�FRP������������YHKLFOH�WR�JULG�WHFKQRORJ\�FRXOG�HDVH�HXURSHV�HQHUJ\�WUD
QVLWLRQ�ZRHV���DFFHVVHG����������

��



6XSSOHPHQWDO�,QIRUPDWLRQ

��



��� 6XSSOHPHQWDO�,QIRUPDWLRQ��'HWDLOHG�0HWKRGRORJ\
7KLV VHFWLRQ GRFXPHQWV WKH VSHFLILF PHWKRGV XVHG WR FDOFXODWH HPLVVLRQV RU ZDWHU XVDJH IRU HDFK
DFWLYLW\ DUHD ZLWKLQ RXU V\VWHP ERXQGDU\� 'HWDLOV LQ HDFK VXEVHFWLRQ LQFOXGH VRXUFHV RI DFWLYLW\
GDWD� KRZ ZH WUDQVODWHG WKH GDWD LQWR XQLWV ZKLFK FRUUHVSRQG ZLWK HPLVVLRQ IDFWRU GDWD �IRU *+*
HPLVVLRQV�� HTXDWLRQV WR FRPSXWH WRWDO HPLVVLRQV� FRPSRQHQWV RI ZDWHU XVH� DQG VXSSRUWLQJ
DVVXPSWLRQV�

���� &DUERQ�)RRWSULQW�0HWKRGRORJ\
������ 6FRSH���(PLVVLRQV
6FRSH � HPLVVLRQV DW 7URSLFDQD )LHOG DUH IURP RQVLWH IRVVLO IXHO FRPEXVWLRQ� 6FRSH � HPLVVLRQV
ZHUH FDOFXODWHG EDVHG RQ SXUFKDVHG TXDQWLWLHV RI IRVVLO IXHOV IRU 7URSLFDQD )LHOG GXULQJ WKH WLPH
SHULRG FRQWDLQHG ZLWKLQ WKH IXQFWLRQDO XQLW� 7RWDO DQQXDO FRQVXPSWLRQ ZDV GHWHUPLQHG IURP
QDWXUDO JDV XWLOLW\ LQYRLFHV DQG UHFHLSWV IRU GLHVHO DQG JDVROLQH� 'HWDLOHG VXE�PHWHULQJ GDWD ZDV
XQDYDLODEOH� WKXV D WRS�GRZQ DSSURDFK EDVHG RQ IDFLOLW\ PDQDJHU LQVLJKWV� DQ RQVLWH LQWHUQVKLS DW
7URSLFDQD )LHOG� DQG SUR[\ GDWD IURP DQ DOWHUQDWLYH 0/% WHDP� ZDV XVHG WR DOORFDWH WKH SHUFHQW
RI HDFK IRVVLO IXHO W\SH FRQVXPHG E\ YDULRXV VWDGLXP DFWLYLWLHV RU XVHV� (TXLSPHQW DQG IXHOV
JHQHUDWLQJ�6FRSH���HPLVVLRQV�IRU�RXU�IXQFWLRQDO�XQLW�DUH�SURYLGHG�LQ 7DEOH����

7DEOH���� 2QVLWH�IRVVLO�IXHO�E\�W\SH�DQG�GHVFULSWLRQ RI�HTXLSPHQW�XVLQJ�HDFK�W\SH�RI�IRVVLO�IXHO
)RVVLO�)XHO�7\SH (TXLSPHQW

'LHVHO 2II�URDG�YHKLFOHV
'LHVHO (PHUJHQF\�JHQHUDWRU
'LHVHO +DQG�KHOG�ODZQ�FDUH�HTXLSPHQW
*DVROLQH /LJKW�GXW\�WUXFNV

1DWXUDO�*DV :DWHU�KHDWLQJ
1DWXUDO�*DV &RRNLQJ�DSSOLDQFHV

2QFH WKH TXDQWLW\ RI RQVLWH IRVVLO IXHO FRQVXPSWLRQ �QDWXUDO JDV� JDVROLQH� DQG GLHVHO� ZDV WRWDOHG
IURP LQYRLFHV� 6FRSH � HPLVVLRQV ZHUH FDOFXODWHG XVLQJ HPLVVLRQ IDFWRUV IURP WKH *+*
(PLVVLRQV &DOFXODWLRQV 7RRO IURP WKH *+* 3URWRFRO �³7KH *+* (PLVVLRQV &DOFXODWLRQ 7RRO _
*UHHQKRXVH *DV 3URWRFRO�´ Q�G��� (TXDWLRQ ������$ LOOXVWUDWHV KRZ WKH DPRXQW RI GLIIHUHQW IRVVLO
IXHO W\SHV FRQVXPHG DW WKH VWDGLXP ZHUH FRQYHUWHG DQG WRWDOHG LQWR NJ &2�H� :H XVHG WKH VDPH
HPLVVLRQ IDFWRU IRU DOO QDWXUDO JDV FRPEXVWLRQ� UHJDUGOHVV RI LI QDWXUDO JDV ZDV FRPEXVWHG IRU
ZDWHU KHDWLQJ RU FRRNLQJ� )RU GLHVHO FRPEXVWLRQ� ZH XVHG D GLIIHUHQW HPLVVLRQ IDFWRU IRU RII�URDG
YHKLFOHV�ODZQ HTXLSPHQW DQG WKH HPHUJHQF\ JHQHUDWRU RQVLWH� VHH WKH (PLVVLRQ )DFWRU
'HVFULSWLRQ FROXPQ LQ 7DEOH ��� 8VLQJ D GLIIHUHQW HPLVVLRQV IDFWRU IRU HDFK HTXLSPHQW W\SH
UHTXLUHG HVWLPDWLQJ WKH SHUFHQWDJH RI GLHVHO FRPEXVWLRQ LQ WKH GLIIHUHQW W\SHV RI HTXLSPHQW�
ZKLFK ZDV GRQH XVLQJ DQHFGRWDO HVWLPDWLRQV� VHH 3HUFHQWDJH RI )RVVLO )XHO 7\SH 8VHG E\
(TXLSPHQW FROXPQ LQ 7DEOH ��� /DVWO\� (TXDWLRQ ������$ QRWHV WKDW D GLIIHUHQW FRQYHUVLRQ
IDFWRU�ZDV�QHHGHG�EDVHG�RQ�IXHO�W\SH��WKLV�LV�H[SODLQHG�LQ�WKH�ODVW�FROXPQ�RI 7DEOH����

��



(TXDWLRQ�������$�
6FRSH���(PLVVLRQV��NJ�&2�H�� ����)XHO�4XDQWLW\)7 [ &RQYHUVLRQ�)DFWRU)7 [

���(PLVVLRQ�)DFWRU)7�*+* [�*:3*+*��
ZKHUH�)7�VWDQGV�IRU�IXHO�W\SH��QDWXUDO�JDV��JDVROLQH��RU�GLHVHO��DQG�*+*�LV�&2���&+��DQG�1�2�

7DEOH ��� 'HVFULSWLRQV RI HPLVVLRQ IDFWRUV DSSOLHG WR HDFK W\SH RI IRVVLO IXHO�FRPEXVWLQJ
HTXLSPHQW�DW�7URSLFDQD�)LHOG�DQG�UHTXLUHG�FRQYHUVLRQV�IRU�HPLVVLRQV�FDOFXODWLRQV

)RVVLO�)XHO�7\SH 5D\V�(TXLSPHQW
'HVFULSWLRQ

3HUFHQWDJH�RI�)RVVLO�)XHO
7\SH�8VHG�E\
(TXLSPHQW

(PLVVLRQ�)DFWRU�'HVFULSWLRQ

'LHVHO
2II�URDG�YHKLFOHV��
+DQG�KHOG�ODZQ�FDUH

HTXLSPHQW
�� 'LHVHO�&RPEXVWLRQ��2WKHU

'LHVHO�1RQ�5RDG�9HKLFOHV

'LHVHO (PHUJHQF\�JHQHUDWRU ��� 6WDWLRQDU\�&RPEXVWLRQ�
'LVWLOODWH�)XHO�2LO�1R���

*DVROLQH /LJKW�GXW\�WUXFNV ����
0RWRU�*DVROLQH��*DVROLQH
/LJKW�GXW\�7UXFNV��9DQV�
3LFNXS�7UXFNV��689V�

1DWXUDO�*DV :DWHU�KHDWLQJ���&RRNLQJ
DSSOLDQFHV ���� 6WDWLRQDU\�&RPEXVWLRQ�

1DWXUDO�*DV

�������� 6FRSH���(PLVVLRQV�$VVXPSWLRQV
'XH WR ODFN RI GHWDLOHG HTXLSPHQW�VSHFLILF GDWD WR FDOFXODWH WKH SHUFHQW IRVVLO IXHO FRQVXPHG E\
HDFK VWDGLXP DFWLYLW\ FRQVLGHUHG ZLWKLQ 6FRSH � HPLVVLRQV� DQHFGRWDO GDWD IURP LQIRUPDWLRQDO
LQWHUYLHZV ZLWK WKH 5D\V
 IDFLOLW\ PDQDJHU ZHUH XVHG IRU DOORFDWLRQ RI SHUFHQW GLHVHO E\ VWDGLXP
DFWLYLW\ �7DEOH�����

������ 6FRSH���(PLVVLRQV
0RQWKO\ HOHFWULF XWLOLW\ ELOOV IURP ���� ZHUH SURYLGHG WR WKH WHDP� WRWDO PRQWKO\ HOHFWULFLW\
XVDJH �LQ N:K� ZDV UHFRUGHG IURP WKH ELOOV� (OHFWULF XWLOLW\ ELOOV GLG QRW SURYLGH VSHFLILF
LQIRUPDWLRQ DERXW XVH� DV QR VXE�PHWHUV DUH SUHVHQW� WKXV XVDJH LV DVVXPHG WR EH LQFOXVLYH RI WKH
HQWLUH VWDGLXP RSHUDWLRQV� 0RQWKO\ XVDJHV EHWZHHQ $SULO DQG 6HSWHPEHU �LQFOXVLYH� ZHUH DGGHG
WR FDOFXODWH WKH ���� VHDVRQ WRWDO� WKLV YDOXH ZDV PXOWLSOLHG E\ WKH 8�6� (3$ (PLVVLRQV 	
*HQHUDWLRQ 5HVRXUFH ,QWHJUDWHG 'DWDEDVH �H*5,'� HPLVVLRQV IDFWRU IRU WKH DUHD� H*5,' LV DQ
LQYHQWRU\ RI HQYLURQPHQWDO DWWULEXWHV RI HOHFWULF SRZHU V\VWHPV WKDW SXOOV GDWD IURP WKH (QHUJ\
,QIRUPDWLRQ $GPLQLVWUDWLRQ �(,$� DQG (3$¶V &OHDQ $LU 0DUNHWV 3URJUDP 'DWD �5RWKVFKLOG HW DO��
������ $V H*5,' HPLVVLRQV UDWHV DUH EDVHG RQ SRZHU SODQW¶V IRVVLO IXHO FDWHJRULHV� H*5,'
IDFWRUV DUH VSHFLILF WR WKH XWLOLW\ UHJLRQ� WKH H*5,' VXEUHJLRQ DSSOLFDEOH IRU WKH 5D\V¶ IRRWSULQW
LV WKH )ORULGD 5HOLDELOLW\ &RRUGLQDWLQJ &RXQFLO �)5&&� 86 (3$� ����E� 7DEOH ���� 7KHVH

��



HPLVVLRQ IDFWRUV ZHUH PXOWLSOLHG E\ WKH *:3 ���� \HDU� WR GHWHUPLQH &2�H� 7KH SURGXFW RI WKH
HPLVVLRQ IDFWRU DQG *:3 ZDV PXOWLSOLHG E\ WKH ���� VHDVRQ WRWDO WR GHWHUPLQH 6FRSH �
HPLVVLRQV�LQ�NJ�&2�H��(TXDWLRQ�������$��

(TXDWLRQ�������$�
6FRSH���(PLVVLRQV��NJ�&2�H�� ��(PLVVLRQ�)DFWRU��NJ�N:K��[�*:3��������[�6HDVRQDO�(OHFWULFLW\

8VDJH��N:K�

7DEOH ��� ���� HPLVVLRQV YDOXHV IRU )ORULGD 5HOLDELOLW\ &RRUGLQDWLQJ &RXQFLO �)5&&� XVHG WR
FDOFXODWH�WKH�5D\V¶������VHDVRQ�WRWDO�NJ�&2�H�IURP�XSVWUHDP�HOHFWULFLW\

*UHHQKRXVH�*DV NJ�N:K *:3������
&DUERQ�'LR[LGH��&2�� ���� �

0HWKDQH��&+�� ���� [ ����� ����
1LWURXV�2[LGH��12�� ���� [ ���� ���

������ 8SVWUHDP�1DWXUDO�*DV�DQG�8SVWUHDP�:DWHU
7KLV VHFWLRQ TXDQWLILHV 6FRSH � �LQGLUHFW XSVWUHDP� HPLVVLRQV IRU XWLOLWLHV SXUFKDVHG DW 7URSLFDQD
)LHOG� 1DWXUDO JDV DQG ZDWHU DUH WKH RQO\ SXUFKDVHV IURP XWLOLWLHV� EHVLGHV HOHFWULFLW\ �FDOFXODWHG
DV�6FRSH���HPLVVLRQV���DSSOLFDEOH�WR�WKH�5D\V�

���������8SVWUHDP�1DWXUDO�*DV
(PLVVLRQV DVVRFLDWHG ZLWK WKH SURGXFWLRQ� SURFHVVLQJ� WUDQVPLVVLRQ� DQG GLVWULEXWLRQ RI QDWXUDO
JDV ZHUH WKHQ FDOFXODWHG XVLQJ GDWD IURP WKH 8�6� 'HSDUWPHQW RI (QHUJ\ DQG $UJRQQH 1DWLRQDO
/DERUDWRU\¶V *5((7 0RGHO �:DQJ HW DO�� ������ (PLVVLRQ IDFWRUV IRU QDWXUDO JDV ZHUH WDNHQ
IURP WKH ³1*´ WDE� 7DEOH ���� (QHUJ\ 8VH� :DWHU &RQVXPSWLRQ DQG 7RWDO (PLVVLRQV IRU ³1DWXUDO
*DV DV 6WDWLRQDU\ )XHOV´ DV WKLV UHSUHVHQWHG WKH IXHO SDWKZD\ WKDW ZRXOG EH PRVW VLPLODU WR
QDWXUDO JDV EHLQJ XVHG LQ WKH VWDGLXP� 7KH *5((7 PRGHO GHIDXOWV IRU WKH VSOLW EHWZHHQ
FRQYHQWLRQDO QDWXUDO JDV ����� DQG VKDOH QDWXUDO JDV ����� ZHUH XVHG� (TXDWLRQ ������$
�EHORZ��ZDV�XVHG�WR�FDOFXODWH�WRWDO�HPLVVLRQV�

(TXDWLRQ�������$�
7RWDO�(PLVVLRQV��NJ�&2�H�� �71* [�&)1* [����()7�[ *:37��

��



7DEOH���� 9DULDEOHV�XVHG�WR�FDOFXODWH�HPLVVLRQV�IURP XSVWUHDP�QDWXUDO�JDV
9DULDEOH 'HVFULSWLRQ 6RXUFH

71*
4XDQWLW\�RI�QDWXUDO�JDV�SXUFKDVHG�GXULQJ�VHDVRQ

���������WKHUPV�
8WLOLW\�ELOOV

&)1* &RQYHUVLRQ�IDFWRU�WR�00%WX������
*+*�3URWRFRO�:5,�*+*
(PLVVLRQV�&DOFXODWLRQV�7RRO

()7 (PLVVLRQ�IDFWRUV�E\�*+*�W\SH��&2���&+���1�2�
*5((7�()�IRU�QDWXUDO�JDV

SXUFKDVHV

*:37
*OREDO�ZDUPLQJ�SRWHQWLDO

�*:3&2�  ����*:3&+�  �����*:312�  �����
,3&&�$5�

���������8SVWUHDP�:DWHU�7UHDWPHQW
:DWHU XWLOLW\ SXUFKDVHV DW WKH VWDGLXP RYHU WKH ���� VHDVRQ ZHUH WRWDOHG XVLQJ LQYRLFHV IURP WKH
XWLOLW\ SURYLGHU ����������� JDOORQV�� 7KH :DWHU�(QHUJ\ 6XVWDLQDELOLW\ 7RRO �:(67� IURP
8&�%HUNHOH\ XVHV GHWDLOHG LQIRUPDWLRQ DERXW D ZDWHU WUHDWPHQW SODQW DQG /&$ PHWKRGRORJ\ WR
FDOFXODWH HQYLURQPHQWDO LPSDFWV RI ZDWHU WUHDWPHQW� :(67 LQFOXGHV WKH PDQXIDFWXULQJ RI
WUHDWPHQW LQIUDVWUXFWXUH� SURGXFWLRQ RI UHTXLUHG FKHPLFDOV� LPSDFWV IURP HQHUJ\ FRQVXPSWLRQ�
DQG W\SLFDO ZDVWH PDQDJHPHQW �6WRNHV DQG +RUYDWK� Q�G��� 2XU WHDP GLG QRW KDYH GHWDLOHG
LQIRUPDWLRQ DERXW ZDWHU WUHDWPHQW LQ 3LQHOODV &RXQW\ WR UXQ :(67 RXUVHOYHV� KRZHYHU� D ����
UXQ RI WKH PRGHO IURP =DULEDI HW DO�� PRGHOHG HPLVVLRQV IRU ZDWHU WUHDWPHQW IRU WKH &LW\ RI
&OHDUZDWHU� )/ �D FLW\ OHVV WKDQ �� PLOHV IURP ZKHUH WKH VWDGLXP LV ORFDWHG DQG DVVXPHG WR EH
VLPLODU LQ WHUPV RI ZDWHU WUHDWPHQW IDFLOLWLHV�� 7KH ZDWHU WUHDWPHQW HPLVVLRQ IDFWRU ZDV HVWLPDWHG
EDVHG�RQ�UHVXOWV�RI�WKLV�VWXG\��=DULEDI�HW�DO�������� )LJXUH�����

��
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)LJXUH ��� /LIH F\FOH HQHUJ\ DQG *+* HPLVVLRQV RI HDFK VWDJH RI WKH ZDWHU WUHDWPHQW F\FOH DW
&LW\ RI &OHDUZDWHU¶V ZDWHU WUHDWPHQW SODQW� 7KH ULJKW \�D[LV UHSUHVHQWV *+* HPLVVLRQV &2�H�P�

DQG�ZDV�XVHG�WR�HVWLPDWH�WKH�DSSURSULDWH�HPLVVLRQV�IDFWRU���=DULEDI�HW�DO��������

:H HVWLPDWHG WKH *+* HPLVVLRQV IDFWRU IRU ZDWHU WUHDWPHQW DW 7URSLFDQD )LHOG E\ FRPELQLQJ WKH
*+* HPLVVLRQ IDFWRUV IRU ZDWHU XSWDNH LQIUDVWUXFWXUH� ZDWHU WUHDWPHQW� DQG SRWDEOH ZDWHU
GLVWULEXWLRQ LQ &OHDUZDWHU� )/ �)LJXUH ���� %DVHG RQ WKLV ILJXUH ZH HVWLPDWHG WKH ZDWHU WUHDWPHQW
HPLVVLRQV IDFWRU WR EH ���� NJ &2�H�P�� ,W LV DVVXPHG WKDW WKLV HPLVVLRQ IDFWRU LV IRU &2�H
�LQFOXGLQJ &+� DQG 1�2� JLYHQ RWKHU GLVFXVVLRQV LQ WKH =DULEDI HW DO� SDSHU ������� 7KLV
HPLVVLRQ IDFWRU ZDV PXOWLSOLHG E\ WRWDO ZDWHU SXUFKDVHG DW 7URSLFDQD )LHOG LQ WKH ���� VHDVRQ WR
HVWLPDWH�WRWDO�*+*�HPLVVLRQV�DVVRFLDWHG�ZLWK�XSVWUHDP�ZDWHU�WUHDWPHQW�

������ 'RZQVWUHDP�6ROLG�:DVWH
7KLV VHFWLRQ GHVFULEHV WKH PHWKRGRORJ\ IRU TXDQWLI\LQJ *+* HPLVVLRQV IURP ZDVWH PDQDJHPHQW
DW 7URSLFDQD )LHOG IRU WKH SHULRG GHILQHG E\ RXU IXQFWLRQDO XQLW� $SULO WR 6HSWHPEHU ����� 7KH
7DPSD %D\ 5D\V SURYLGHG WKH WRWDO WRQQDJH RI ZDVWH �LQFOXGLQJ UHF\FOLQJ� PDQDJHG E\ ZDVWH
KDXOHUV IRU WKH UHOHYDQW WLPH SHULRG LQ WKH IRUP RI WKH LQYRLFHV SURYLGHG E\ VDLG ZDVWH KDXOHUV�
PHDQLQJ WKDW LQYRLFHV LQFOXGH ZDVWH IRU DOO HYHQWV LQ WKH WLPH SHULRG� QRW RQO\ 7DPSD %D\ 5D\V
EDVHEDOO JDPHV� $QHFGRWDOO\� QRQ�EDVHEDOO HYHQWV DUH H[SHFWHG WR EH D YHU\ PLQRU SRUWLRQ RI WRWDO
ZDVWH KDQGOHG GXULQJ WKH WLPH SHULRG� )RU UHIHUHQFH� WKH PDMRULW\ RI DOO ZDVWH KDQGOHG ����� LQ
�����ZDV�JHQHUDWHG�GXULQJ�RXU�GHILQHG�WLPH�SHULRG��$SULO�WR�6HSWHPEHU������

5HFRUGV VKRZ ����� RI ZDVWH �E\ ZHLJKW� GXULQJ WKH ���� VHDVRQ ZDV KDQGOHG E\ WKH &LW\ RI 6W�
3HWHUVEXUJ ZKLFK ZRUNV ZLWK 3LQHOODV &RXQW\ WR PDQDJH ZDVWH� 3LQHOODV &RXQW\ RSHUDWHV D
ZDVWH�WR�HQHUJ\ �:7(� IDFLOLW\ DQG D ODQGILOO� 7KH PDMRULW\ RI VROLG ZDVWH VHQW WR WKH IDFLOLW\ LV
LQFLQHUDWHG ZLWK KHDW EHLQJ FDSWXUHG DQG XVHG WR JHQHUDWH HOHFWULFLW\� 7KH RQO\ ZDVWH WKDW LV QRW

��



FRPEXVWHG LQFOXGHV IHUURXV DQG QRQ�IHUURXV PHWDOV UHFRYHUHG IRU UHF\FOLQJ ZLWK PDJQHWV� 7KH
DVK FUHDWHG GXULQJ FRPEXVWLRQ LV DSSOLHG DV FRYHU WR WKH ODQGILOO �³6ROLG :DVWH 0DVWHU 3ODQ�
3LQHOODV�&RXQW\��)/�´�������

5HF\FOLQJ UHFRUGV SURYLGHG E\ WKH 5D\V VKRZ ���� RI ZDVWH �E\ ZHLJKW� GXULQJ WKH ���� VHDVRQ
ZDV KDQGOHG E\ YDULRXV UHF\FOLQJ FRPSDQLHV� 2I UHF\FOHG PDWHULDO� ���� ZDV FDUGERDUG� 7KH
UHPDLQLQJ������RI�UHF\FOHG�ZDVWH�LQFOXGHG�VKUHGGHG�SDSHU��DOXPLQXP��SODVWLF��DQG�H�ZDVWH�

7R FDOFXODWH HPLVVLRQV DVVRFLDWHG ZLWK ZDVWH FRPEXVWLRQ DQG UHF\FOLQJ� ZH XVHG WKH 8�6� (3$¶V
:DVWH 5HGXFWLRQ 0RGHO �:$50� �� WKH 9HUVLRQ �� ([FHO�%DVHG 7RRO� 7KLV WRRO DVNV XVHUV WR
LQSXW WRWDO WRQV RI YDULRXV PDWHULDO W\SHV PDQDJHG DQG WR GHVLJQDWH LI PDWHULDO ZDV UHF\FOHG�
ODQGILOOHG� FRPEXVWHG� FRPSRVWHG� RU DQDHURELFDOO\ GLJHVWHG� 7KH WRRO WKHQ XVHV D KDQGIXO RI
RWKHU XVHU�GHVLJQDWHG LQSXWV �VXFK DV JHRJUDSK\� DQG 8�6� (3$ HPLVVLRQV GDWD WR FDOFXODWH WKH
*+*V DVVRFLDWHG ZLWK WKDW VSHFLILF PDQDJHPHQW EUHDNGRZQ �8�6� (3$� ����F�� $V GLVFXVVHG
DERYH� DOO PDWHULDO DW 7URSLFDQD )LHOG LV HLWKHU UHF\FOHG RU FRPEXVWHG� 7KH TXDQWLW\ RI PDWHULDO
ODQGILOOHG�DQG�FRPSRVWHG�ZDV����

&RPEXVWLRQ RI GLIIHUHQW W\SHV RI PDWHULDOV UHOHDVHV GLIIHUHQW TXDQWLWLHV RI *+* HPLVVLRQV�
)XUWKHU� FRPEXVWLRQ RI IRRG ZDVWH SURGXFHV ELRJHQLF &2�� ZKLFK WKH :$50 0RGHO �DQG
VXEVHTXHQWO\ RXU FDUERQ IRRWSULQW� GRHV QRW LQFOXGH LQ LWV FDUERQ IRRWSULQW EHFDXVH ELRJHQLF
HPLVVLRQV GR QRW LQFUHDVH TXDQWLWLHV RI FDUERQ LQ WKH ELRJHQLF� RU QDWXUDO� FDUERQ F\FOH �,($
%LRHQHUJ\� Q�G��� 7KXV� XQGHUVWDQGLQJ WKH SHUFHQWDJH RI RUJDQLF ZDVWH VHQW WR WKH :7( ZDV
LPSHUDWLYH�WR�LQFUHDVLQJ�DFFXUDF\�RI�WKH�FDUERQ�IRRWSULQW�

%HFDXVH WKH 5D\V KDYH QRW SHUIRUPHG D ZDVWH DXGLW DW 7URSLFDQD )LHOG� LQ RUGHU WR EHWWHU HVWLPDWH
ZDVWH FRPSRVLWLRQ� ZH GUHZ RQ UHVXOWV RI D UHF\FOLQJ DQG ZDVWH SURILOH RI WKH 6HDWWOH 0DULQHUV
0/% WHDP �+HUVKNRZLW] HW DO�� ������ 7KH 0DULQHUV ZDVWH SURILOH LQFOXGHV DOO PDWHULDOV
PDQDJHG DW 7�0RELOH 3DUN� L�H� DOO PDWHULDOV UHJDUGOHVV RI ZKHWKHU WKH\ ZHUH XOWLPDWHO\ UHF\FOHG�
ODQGILOOHG��FRPSRVWHG��HWF��:H�PDGH�WZR�PRGLI\LQJ�DVVXPSWLRQV�WR�WKH�0DULQHUV�ZDVWH�SURILOH�

�� =HUR SHUFHQW RI ZDVWH DW 7URSLFDQD )LHOG LV \DUG ZDVWH EHFDXVH WKH 7DPSD %D\ 5D\V KDYH
D�WXUI�JUDVV�ILHOG�

�� =HUR SHUFHQW RI ZDVWH DW 7URSLFDQD )LHOG LV IURP FRQVWUXFWLRQ GHEULV� 7KLV LV EHFDXVH LW
ZDV XQNQRZQ LI WKH 7DPSD %D\ 5D\V SHUIRUPHG DQ\ FRQVWUXFWLRQ GXULQJ WKH ���� VHDVRQ�
DQG�WKH�(3$�:DUP�0RGHO�GRHV�QRW�KDYH�D�JHQHUDO�FRQVWUXFWLRQ�PDWHULDOV�HPLVVLRQ�IDFWRU�

8VLQJ WKHVH DVVXPSWLRQV� ZH FDOFXODWHG DQ DVVXPHG ZDVWH SURILOH IRU WKH 5D\V EDVHG RQ WKH
PRGLILHG 0DULQHUV SURILOH �7DEOH ���� (TXDWLRQ ������$ SURYLGHV D VDPSOH HTXDWLRQ �IRRG
ZDVWH� RI KRZ ZH FDOFXODWHG WKH ³$VVXPHG 5D\V :DVWH 3URILOH´ JLYHQ WKH ³0DULQHUV :DVWH
3URILOH´�OLVWHG�LQ 7DEOH����

��



7DEOH�����6HDWWOH�0DULQHUV�ZDVWH�SURILOH�DQG�DVVXPHG 5D\V�ZDVWH�SURILOH

:DVWH�0DWHULDO 0DULQHUV�:DVWH�3URILOH $VVXPHG�5D\V
:DVWH�3URILOH

)RRG�:DVWH ��� �����
<DUG�:DVWH ��� ����

1RQ�2UJDQLF��1RQ�5HF\FODEOH
:DVWH��0XQLFLSDO�6ROLG�:DVWH��

06:�
��� �����

&DUGERDUG�DQG�2IILFH�3DSHU ��� �����
0LVF��5HF\FODEOHV ��� �����

3(7 �� ����
&RQVWUXFWLRQ�'HEULV �� ����

7RWDO ������ ������

(TXDWLRQ�������$�
5D\V���IRRG�ZDVWH� ��0DULQHUV���IRRG�ZDVWH����������������\DUG�ZDVWH������FRQVWUXFWLRQ

GHEULV�� �����������������\DUG�ZDVWH������FRQVWUXFWLRQ�GHEULV�� �����

7KH :$50 0RGHO JLYHV GLIIHUHQW *+* HPLVVLRQV FUHGLWV IRU FRPEXVWLRQ DQG UHF\FOLQJ VR LW
ZDV LPSRUWDQW WR DOORFDWH WKH WRWDO ZDVWH SURILOH WR WKH DSSURSULDWH ZDVWH PDQDJHPHQW PHWKRG
�:7( IDFLOLW\ RU UHF\FOLQJ�� ���� RI DOO PDWHULDOV PDQDJHG DW WKH 5D\V LV UHF\FOHG FDUGERDUG DQG
���� RI DOO PDWHULDOV DUH RWKHU W\SHV RI UHF\FODEOHV �RIILFH SDSHU� DOXPLQXP� SODVWLFV� DQG
H�ZDVWH�� ����� RI PDWHULDOV KDQGOHG DUH VHQW WR WKH :7( IDFLOLW\� $OWKRXJK QRW H[SOLFLWO\ VWDWHG�
LW ZDV DVVXPHG DOO SODVWLF UHF\FOHG DW 7URSLFDQD )LHOG ZDV 3(7� DV 3(7 LV WKH PRVW UHF\FOHG
SODVWLF�LQ�WKH�8�6���³)DFW�6KHHW���$Q�,QWURGXFWLRQ�WR�3(7�´�Q�G���

��



7DEOH ��� 7KH EUHDNGRZQ RI ZDVWH PDQDJHPHQW PHWKRGV FRPELQLQJ WKH DVVXPHG 5D\V ZDVWH
SURILOH�DQG�WKH�NQRZQ�W\SHV�DQG�SHUFHQWDJHV�RI�UHF\FOLQJ�DW�7URSLFDQD�)LHOG
(3$�:DUP�0RGHO�&DWHJRU\ &RPEXVWLRQ 5HF\FOLQJ 7RWDO

)RRG�:DVWH ����� �� �����
0L[HG�06: ����� �� �����

&RUUXJDWHG�&RQWDLQHUV��L�H�
&DUGERDUG�
 ���� ����� ����

2IILFH�3DSHU
 ���� ����� ����
$OXPLQXP�&DQV
 ���� ����� ����

3(7
 ���� ����� ����
0L[HG�(OHFWURQLFV ���� ����� ����
0L[HG�5HF\FODEOHV ����� �� �����

7RWDO ����� ����� ������

7KH 0DULQHUV GLG QRW GLVWLQJXLVK EHWZHHQ FDUGERDUG DQG RIILFH SDSHU LQ WKHLU ZDVWH SURILOH� KRZHYHU� WKH (3$
:DUP 0RGHO GRHV UHTXHVW WKDW WKHVH PDWHULDOV EH LQSXW VHSDUDWHO\� 7KHUHIRUH� LW ZDV DVVXPHG WKDW KDOI RI WKH
PDWHULDO ZDV FDUGERDUG DQG KDOI ZDV RIILFH SDSHU� L�H� ����� RI WKH WRWDO ZDVWH SURILOH� HDFK IRU WKH 5D\V� 6LPLODUO\�
WKH 5D\V GLG QRW GLVWLQJXLVK EHWZHHQ WKH WRWDO DPRXQW RI DOXPLQXP DQG 3(7 UHF\FOHG� VR LW ZDV DVVXPHG WKDW WKH
VSOLW�ZDV��������6HH�VHQVLWLYLW\�DQDO\VLV��6HFWLRQ�����������IRU�IXUWKHU�MXVWLILFDWLRQ�

7KH SHUFHQWDJHV LQ 7DEOH �� ZHUH DSSOLHG WR WKH NQRZQ WRWDO WRQQDJH RI ZDVWH PDQDJHG DW
7URSLFDQD�)LHOG�WR�HVWDEOLVK�LQSXWV�LQWR�WKH�:$50�0RGHO��DV�VKRZQ�LQ (TXDWLRQ�������%�

(TXDWLRQ�������%�
:DVWH�7RQV��7\SH�DQG�:DVWH�0DQDJHPHQW�0HWKRG�� ��7RWDO�7RQV�0DQDJHG���[�����:DVWH�7\SH

0DQDJHG�%\�0HWKRG�

2QFH WKH WRWDO WRQQDJH IRU HDFK PDWHULDO VWUHDP ZDV FDOFXODWHG� WKHVH WRWDOV ZHUH LQSXW LQWR WKH
:$50 0RGHO� 7KH :$500RGHO WKHQ TXDQWLILHG *+*V DQG *+* HPLVVLRQV FUHGLWV DVVRFLDWHG
ZLWK FRPEXVWLQJ DQG UHF\FOLQJ WKH YDULRXV PDWHULDO VWUHDPV �&XUUHQW :$50 7RRO � 9HUVLRQ ���
�8�6��(3$������G��

7KH FUHGLW IRU FRPEXVWLRQ LV FDOFXODWHG XVLQJ WKH HVWLPDWHG HQHUJ\ FRQWHQW RI FRPEXVWHG
PDWHULDOV� DQ DVVXPHG HIILFLHQF\ RI WKH FRPEXVWLRQ IDFLOLW\ EDVHG RQ OLWHUDWXUH UHYLHZ� DQG DQ
DYHUDJH &2�H HPLVVLRQ IDFWRU RI HOHFWULFLW\ JHQHUDWLRQ IRU WKH VSHFLILF H*5,' UHJLRQ �6RXWK
$WODQWLF� ZKHUH WKH :7( IDFLOLW\ LV ORFDWHG� )RU WKH HPLVVLRQV IURP UHF\FOLQJ� :$50 FDOFXODWHV
D ³UHF\FOHG LQSXW FUHGLW´ E\ DVVXPLQJ WKDW WKH UHF\FOHG PDWHULDO DYRLGV� RU RIIVHWV²WKH XSVWUHDP
*+* HPLVVLRQV DVVRFLDWHG ZLWK SURGXFLQJ WKH VDPH DPRXQW RI PDWHULDO IURP YLUJLQ LQSXWV �,&)�
�������2XWSXWV�RI�WKH�:$50�0RGHO�DUH�LQFOXGHG�LQ�6HFWLRQ���������

���������6HQVLWLYLW\�$QDO\VLV
/DFN RI DYDLODEOH GDWD RQ WKH SUHFLVH PDNH�XS RI WKH 5D\V ZDVWH DQG UHF\FOLQJ VWUHDPV UHTXLUHG
VHYHUDO DVVXPSWLRQV DERXW WKH PDNH�XS RI WKH ZDVWH� VSHFLILFDOO\ WKH DPRXQW RI FDUGERDUG� RIILFH
SDSHU� DOXPLQXP� DQG SODVWLF �3(7�� :H DVVXPHG D ����� VSOLW ZKHQ LQ GRXEW EXW KDYH UXQ D
VHQVLWLYLW\ DQDO\VLV IRU ����� DQG ����� ZKHUH DSSOLFDEOH WR DVVHVV KRZ PXFK WKLV DVVXPSWLRQ

��



ZRXOG FKDQJH RXU UHVXOWV� 2YHUDOO� UHVXOWV IRU GRZQVWUHDP VROLG ZDVWH ZRXOG FKDQJH D PD[LPXP
RI��������D�UHODWLYHO\�QHJOLJLEOH�DPRXQW��'HWDLOV�EHORZ�

�� 2XU 5D\V ZDVWH SURILOH DVVXPHV ����� RI ZDVWH ZDV UHF\FODEOH FDUGERDUG DQG RIILFH
SDSHU EDVHG RQ WKH 0DULQHUV KDYLQJ WKH VDPH SURSRUWLRQ RI UHF\FODEOH FDUGERDUG DQG
RIILFH SDSHU LQ WKHLU ZDVWH VWUHDP� :H NQRZ WKH 5D\V
 HQWLUH ZDVWH PDQDJHPHQW VWUHDP
LQFOXGHG ����� UHF\FOHG FDUGERDUG DQG ���� UHF\FOHG RIILFH SDSHU� 7KLV LPSOLHV WKDW WKH
UHPDLQLQJ ����� ������ � ����� � ����  ������ ZDV FRPEXVWHG� +RZHYHU� WKH
SHUFHQWDJH RI WKLV ����� WKDW LV FDUGERDUG YHUVXV RIILFH SDSHU LV XQNQRZQ� :H DVVXPHG�
JRLQJ EDFN WR WKH RULJLQDO ����� RI ZDVWH WRWDO EHLQJ RIILFH SDSHU DQG FDUGERDUG� ��� RI
WKH ZDVWH ZDV RIILFH SDSHU DQG ��� ZDV FDUGERDUG ������ RI WRWDO ZDVWH HDFK�� 7R WHVW
KRZ WKLV DVVXPSWLRQ LQIOXHQFHG WKH UHVXOWV� ZH UH�UDQ WKH :$50 PRGHO WZLFH DVVXPLQJ
RQFH WKDW WKH XQNQRZQ ����� RI FRPEXVWHG ZDVWH ZDV FDUGERDUG DQG �� RIILFH SDSHU
DQG�WKHQ�DJDLQ�DVVXPLQJ�������ZDV�RIILFH�SDSHU�DQG����ZDV�FDUGERDUG�

:LWK RXU ����� DVVXPSWLRQ IRU RIILFH SDSHU DQG FDUGERDUG� RYHUDOO *+* HPLVVLRQV ZHUH
������� 07 &2�H� ZLWK ����� 07 &2�H DWWULEXWDEOH WR FRPEXVWLQJ FDUGERDUG DQG ���
07 &2�H DWWULEXWDEOH WR FRPEXVWLQJ RIILFH SDSHU� $VVXPLQJ ����� RI ZDVWH LV
FRPEXVWHG FDUGERDUG DQG �� LV FRPEXVWHG RIILFH SDSHU FKDQJHV WKHVH UHVXOWV WR �������
07 &2�H RYHUDOO� D ������ GHFUHDVH LQ WKH RYHUDOO *+* IRRWSULQW IURP GRZQVWUHDP
VROLG ZDVWH� ZLWK ������� 07 &2�H DWWULEXWDEOH WR FRPEXVWLQJ FDUGERDUG DQG ����� 07
&2�H DWWULEXWDEOH WR FRPEXVWLQJ RIILFH SDSHU� &RQYHUVHO\� DVVXPLQJ ����� RI ZDVWH LV
FRPEXVWHG RIILFH SDSHU DQG �� LV FRPEXVWHG FDUGERDUG FKDQJHV WKHVH UHVXOWV WR �������
07 &2�H RYHUDOO� D ����� LQFUHDVH LQ WKH RYHUDOO *+* IRRWSULQW IURP GRZQVWUHDP VROLG
ZDVWH� ZLWK ������ 07 &2�H DWWULEXWDEOH WR FRPEXVWLQJ FDUGERDUG DQG ������ 07 &2�H
DWWULEXWDEOH WR FRPEXVWLQJ RIILFH SDSHU� 7KLV LPSOLHV WKDW RXU UHVXOWV IRU GRZQVWUHDP VROLG
ZDVWH *+* HPLVVLRQV ZRXOG EH FKDQJHG D PD[LPXP RI ������� XVLQJ GLIIHUHQW
DVVXPSWLRQV�IRU�FDUGERDUG�DQG�RIILFH�SDSHU��7KLV�LV�D�UHODWLYHO\�QHJOLJLEOH�GLIIHUHQFH�

�� 5D\V UHFRUGV LQGLFDWH WKDW ����� RI WKH 5D\V ZDVWH SURILOH FRQVLVWV RI UHF\FOHG DOXPLQXP
DQG UHF\FOHG SODVWLF �DVVXPHG 3(7�� +RZHYHU� WKH SHUFHQWDJH RI WKLV ����� WKDW LV
DOXPLQXP YV� 3(7 LV XQNQRZQ� :H DVVXPHG WKDW ��� RI WKHVH UHF\FOHG PDWHULDOV ZHUH
DOXPLQXP DQG ��� ZDV 3(7 ������ RI WRWDO ZDVWH HDFK�� 7R WHVW KRZ WKLV DVVXPSWLRQ
LQIOXHQFHG WKH UHVXOWV� ZH UH�UDQ WKH :$50 PRGHO WZLFH DVVXPLQJ RQFH WKDW WKH
XQNQRZQ ����� RI UHF\FODEOHV ZDV DOXPLQXP DQG �� 3(7 DQG WKHQ DJDLQ DVVXPLQJ
������ZDV�3(7�DQG����ZDV�DOXPLQXP�

:LWK RXU ����� DVVXPSWLRQ IRU DOXPLQXP DQG SODVWLF� RYHUDOO *+* HPLVVLRQV ZHUH
������� 07 &2�H� ZLWK ����� 07 &2�H DWWULEXWDEOH WR UHF\FOLQJ 3(7 DQG ����� 07
&2�H DWWULEXWDEOH WR UHF\FOLQJ DOXPLQXP FDQV� $VVXPLQJ ����� RI UHF\FODEOHV ZDV
DOXPLQXP DQG �� SODVWLF FKDQJHV WKHVH UHVXOWV WR ������� 07 &2�H RYHUDOO� D ������
GHFUHDVH LQ WKH RYHUDOO *+* IRRWSULQW IURP GRZQVWUHDP VROLG ZDVWH� ZLWK ����� 07
&2�H DWWULEXWDEOH WR UHF\FOLQJ DOXPLQXP DQG � 07 &2�H DWWULEXWDEOH WR UHF\FOLQJ
SODVWLFV� &RQYHUVHO\� DVVXPLQJ ����� RI UHF\FODEOHV ZDV SODVWLF DQG �� DOXPLQXP
FKDQJHV WKHVH UHVXOWV WR ������� 07 &2�H RYHUDOO� D ����� LQFUHDVH LQ WKH RYHUDOO *+*
IRRWSULQW IURP GRZQVWUHDP VROLG ZDVWH� ZLWK � 07 &2�H DWWULEXWDEOH WR UHF\FOLQJ

��



DOXPLQXP DQG ����� 07 &2�H DWWULEXWDEOH WR UHF\FOLQJ SODVWLFV� 7KLV LPSOLHV WKDW RXU
UHVXOWV IRU GRZQVWUHDP VROLG ZDVWH *+* HPLVVLRQV ZRXOG EH FKDQJHG D PD[LPXP RI
�������� XVLQJ GLIIHUHQW DVVXPSWLRQV IRU FDUGERDUG DQG RIILFH SDSHU� 7KLV LV D UHODWLYHO\
QHJOLJLEOH�GLIIHUHQFH�

���������0HWKRGRORJ\�/LPLWDWLRQV
7KH :$50 PRGHO XVHV WKH DYRLGHG EXUGHQ PHWKRG� PHDQLQJ WKDW WKH 7DPSD %D\ 5D\V DUH
JHWWLQJ FUHGLW IRU UHF\FOLQJ DQG FRPEXVWLQJ PDWHULDO IRU HQHUJ\� 7KLV FUHDWHV D SRWHQWLDO GRXEOH
FRXQWLQJ LVVXH� LI DQ\RQH HOVH LV WDNLQJ FUHGLW IRU FUHDWLQJ PDWHULDO WKDW KDV UHF\FOHG FRQWHQW
DQG�RU�DVVXPLQJ�PDWHULDO�ZRXOG�EH�FRPEXVWHG�IRU�HQHUJ\�

$Q DGGLWLRQDO LVVXH DULVHV FRQVLGHULQJ WKDW RXU FDUERQ IRRWSULQW RQO\ SDUWLDOO\ DFFRXQWV IRU
SURGXFWLRQ RI PDWHULDOV EXW LV WDNLQJ FUHGLW IRU ZDVWH PDQDJHPHQW RI DOO PDWHULDOV� 6SHFLILFDOO\�
ZH KDYH DFFRXQWHG IRU WKH SURGXFWLRQ RI FRQFHVVLRQV DQG PHUFKDQGLVH� $OWKRXJK WKHUH LV
SDFNDJLQJ PDWHULDO DVVRFLDWHG ZLWK FRQFHVVLRQV DQG PHUFKDQGLVH WKDW PD\ KDYH EHHQ WKURZQ RXW
DW WKH VWDGLXP� PXFK RI WKH IRRG DQG OLNHO\ PRVW PHUFKDQGLVH ZLOO QRW EH WKURZQ DZD\ DW WKH
VWDGLXP EHFDXVH LW ZLOO EH HDWHQ RU WDNHQ KRPH� $OWKRXJK WKHUH LV VRPH IRRG WKURZQ DZD\ DW
7URSLFDQD )LHOG� RWKHU PDWHULDOV WKURZQ DZD\ LQFOXGH WKLQJV OLNH VKLSSLQJ PDWHULDOV� MDQLWRULDO
SURGXFWV RU WUDLQLQJ HTXLSPHQW� MXVW WR QDPH D IHZ H[DPSOHV� 2XU ZDVWH PHWKRGRORJ\ UHVXOWV LQ
*+* HPLVVLRQV FUHGLWV EHLQJ HDUQHG E\ WKH 5D\V IRU WKHVH PDWHULDOV ZLWKRXW WDNLQJ LQWR DFFRXQW
WKH *+* HPLVVLRQV DVVRFLDWHG ZLWK SURGXFLQJ WKHVH PDWHULDOV� VXEVHTXHQWO\ XQGHUHVWLPDWLQJ WKH
WRWDO�5D\V�FDUERQ�IRRWSULQW�

+RZHYHU� WKH :$50 WRRO LQFOXGHV ³SURGXFWLRQ´ HPLVVLRQ IDFWRUV IRU HDFK PDWHULDO VWUHDP�
7KHVH HPLVVLRQ IDFWRUV FDQ EH XVHG WR HVWLPDWH WKH SURGXFWLRQ RI *+* HPLVVLRQV IRU DOO ZDVWH
PDQDJHG DW 7URSLFDQD )LHOG WR SURYLGH D VHQVH RI PDJQLWXGH IRU HPLVVLRQV DVVRFLDWHG ZLWK
SXUFKDVHG JRRGV DQG VHUYLFHV WKDW DUH H[FOXGHG IURP RXU DQDO\VLV� 7KLV WRWDO DPRXQWV WR �����
07 &2�H� )RU UHIHUHQFH� HPLVVLRQV IURP FRQFHVVLRQV DQG PHUFKDQGLVH ZHUH HVWLPDWHG WR EH
����� 07 &2�H� 7KH ����� 07 &2�H DVVRFLDWHG ZLWK DOO PDWHULDOV WKURZQ RXW LQFOXGHV VRPH
RYHUODS ZLWK FRQFHVVLRQV HPLVVLRQV EHFDXVH RI IRRG ZDVWH WKDW ZRXOG KDYH EHHQ GLVSRVHG RI�
+RZHYHU� WKLV GRHV WHOO XV WKDW HPLVVLRQV DVVRFLDWHG ZLWK SXUFKDVHG JRRGV DQG VHUYLFHV FRXOG EH
���� PRUH WKDQ WKH HVWLPDWH LQFOXGHG LQ RXU FDUERQ IRRWSULQW� $GGLWLRQDOO\� WKLV DQDO\VLV ZRXOG
H[FOXGH WKH LPSDFW RI PDWHULDOV SXUFKDVHG WKDW ZHUH QRW WKURZQ RXW� )XWXUH DQDO\VHV VKRXOG PRUH
FRPSUHKHQVLYHO\ DVVHVV WKH LPSDFW RI SURGXFWLRQ RI DOO PDWHULDOV HQWHULQJ WKH VWDGLXP� IRU PRUH
GHWDLOV���VHH�6HFWLRQ�����

������ )DQ�7UDQVSRUWDWLRQ
6HFWLRQ ������ GHWDLOV WKH PHWKRGRORJ\ IRU TXDQWLI\LQJ WKH FDUERQ IRRWSULQW IURP IDQ
WUDQVSRUWDWLRQ WR DQG IURP 7URSLFDQD )LHOG GXULQJ WKH ���� 7DPSD %D\ 5D\V VHDVRQ� :H XWLOL]HG
GDWD IURP DQ 0/%�ZLGH SRVW�JDPH IDQ VXUYH\ WR GHWHUPLQH WKH *+* HPLVVLRQV RI IDQ
WUDQVSRUWDWLRQ��:H�FDOFXODWHG�HPLVVLRQV�DV�D�IXQFWLRQ�RI�

�� 0LOHV�WUDYHOHG�E\�WUDQVSRUWDWLRQ�W\SH
�� 7KH�UHODWLYH�GLVWULEXWLRQ�RI�IDQV�XVLQJ�GLIIHUHQW�WUDQVSRUWDWLRQ�PHWKRGV
�� (PLVVLRQV�IDFWRUV�EDVHG�RQ�YHKLFOH�PLOHV�DQG�SDVVHQJHU�PLOHV

��



(TXDWLRQV $�' SURYLGH RXU JHQHUDO PHWKRGRORJ\� (TXDWLRQ ������$ LOOXVWUDWHV KRZ ZH
FDOFXODWHG WKH WRWDO SDVVHQJHU�PLOHV WUDYHOHG E\ VXUYH\HG IDQV IRU HDFK WUDQVSRUWDWLRQ W\SH XVLQJ
WKHLU ]LS FRGHV� 7KH VXUYH\ GDWD ZDV FOHDQHG DQG FRGHG WR JHW WKH ]LS FRGH GLVWDQFHV �='7��
(TXDWLRQV ������% DQG ������& RXWOLQH KRZ ZH VFDOHG WKH VXUYH\ GDWD IRU HDFK WUDQVSRUWDWLRQ
W\SH WR DFFRXQW IRU DOO DWWHQGHHV WKURXJKRXW WKH VHDVRQ� (TXDWLRQ ������' H[SODLQV KRZ ZH
FRQYHUWHG WKH GLVWDQFHV LQWR WRWDO HPLVVLRQV IRU DOO WUDQVSRUWDWLRQ W\SHV� (PLVVLRQV DUH ILUVW
FDOFXODWHG IRU HDFK WUDQVSRUWDWLRQ W\SH XVLQJ W\SH�VSHFLILF HPLVVLRQV IDFWRUV� WKHQ VXPPHG DFURVV
DOO WUDQVSRUWDWLRQ W\SHV WR JHW DQ HVWLPDWH RI WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ IRU D IXOO
VHDVRQ �EDVHG RQ VHDVRQ DWWHQGDQFH�� 7DEOH �� GHVFULEHV WKH YDULDEOHV DQG YDOXHV LQFOXGHG LQ
WKHVH�HTXDWLRQV�

(TXDWLRQ�������$�
6077  �3367 [��='7 [��57)

(TXDWLRQ�������%�
66)� Ձԯ

ՂՁԾԯ

(TXDWLRQ�������&�
7077� ���6077��[��66)

(TXDWLRQ�������'�
&2�H7  ����7077��[�����()7��[��*:37��

6XPPHG�RYHU�&2���&+���DQG�1�2�IRU�DOO�WUDQVSRUWDWLRQ�W\SHV�

��



7DEOH�����9DULDEOHV�DQG�YDOXHV�XVHG�WR�FDOFXODWH�NJ &2�H�IRU�IDQ�WUDQVSRUWDWLRQ
9DULDEOH 9DOXH

6077 �VXUYH\�PLOHV�WUDYHOHG�E\�WUDQVSRUWDWLRQ
W\SH�

$ �WRWDO�DLUSODQH�SDVVHQJHU�PLOHV�WUDYHOHG�
39 �WRWDO�SHUVRQDO�YHKLFOH�YHKLFOH�PLOHV�WUDYHOHG�

56 �WRWDO�ULGHVKDUH�YHKLFOH�PLOHV�WUDYHOHG�
% �WRWDO�EXV�SDVVHQJHU�PLOHV�WUDYHOHG�
& �WRWDO�WD[LFDE�YHKLFOH�PLOHV�WUDYHOHG�

/�WRWDO�VXEZD\�OLJKW�UDLO�SDVVHQJHU�PLOHV�WUDYHOHG�
6 �WRWDO�ELNH�VFRRWHU�YHKLFOH�PLOHV�WUDYHOHG�
: �WRWDO�ZDONLQJ�YHKLFOH�PLOHV�WUDYHOHG�

3367 �SHUVRQV�SHU�VXUYH\�E\�WUDQVSRUWDWLRQ�W\SH�

='7 �]LS�FRGH�GLVWDQFH�E\�WUDQVSRUWDWLRQ�W\SH�

57)��URXQG�WULS�IDFWRU� �
66)��VHDVRQ�VFDOLQJ�IDFWRU� �����
6$��VHDVRQ�DWWHQGDQFH� ���������

763$ �7RWDO�VXUYH\�SDVVHQJHUV� ������

7077 �7RWDO�PLOHV�WUDYHOHG�LQ�D�VHDVRQ��IRU�HDFK
WUDQVSRUWDWLRQ�W\SH�

$�WRWDO�DLUSODQH�SDVVHQJHU�PLOHV�
39 �WRWDO�SHUVRQDO�YHKLFOH�YHKLFOH�PLOHV�

56�WRWDO�ULGHVKDUH�YHKLFOH�PLOHV�
% �WRWDO�EXV�SDVVHQJHU�PLOHV�
& �WRWDO�WD[LFDE�YHKLFOH�PLOHV�

/ �WRWDO�VXEZD\�OLJKW�UDLO�SDVVHQJHU�PLOHV�
6 �WRWDO�ELNH�VFRRWHU�YHKLFOH�PLOHV�
: �WRWDO�ZDONLQJ�YHKLFOH�PLOHV�

()7 �(PLVVLRQV�)DFWRU�VSHFLILF�WR�HDFK
WUDQVSRUWDWLRQ�W\SH��LQFOXGHV�&2���&+���1�2�

*:37 �*OREDO�:DUPLQJ�3RWHQWLDO��LQFOXGHV�&+�
DQG�1�2� *:3&+�  �����*:31�2  ����

&2�H$ �7RWDO�NJ�&2��HTXLYDOHQW�HPLVVLRQV�IRU�DOO
YHKLFOH�W\SHV�LQ�D�VHDVRQ�

�������� 'DWD
7KH 7DPSD %D\ 5D\V SURYLGHG WKH UHOHYDQW SRUWLRQ RI 0/%�ZLGH IDQ VXUYH\ UHVSRQVH GDWD IURP
HYHU\������KRPH�JDPH��7DEOH�����

��



7DEOH ��� 0/% SRVW�JDPH VXUYH\ TXHVWLRQV UHOHYDQW WR IDQ WUDQVSRUWDWLRQ� 5HVXOWV ZHUH XVHG WR
FDOFXODWH�WKH�SRUWLRQ�RI�WKH�5D\V¶�FDUERQ�IRRWSULQW�DWWULEXWDEOH�WR�IDQ�WUDQVSRUWDWLRQ
0/%�3RVW�*DPH�6XUYH\�4XHVWLRQV 5HVSRQVH�7\SH 3RWHQWLDO�5HVSRQVHV

���³:LWK�ZKLFK�RI�WKH�IROORZLQJ�GLG
\RX�DWWHQG�>YLVLWLQJ�WHDP�DW�7DPSD
%D\�5D\V��GDWH�@"�6HOHFW�DOO�WKDW

DSSO\��´

&DWHJRULFDO
&ORVHG�HQGHG

0XOWLSOH�UHVSRQVHV�DOORZHG

³0\�IULHQGV´
³0\�VSRXVH�RU�VLJQLILFDQW�RWKHU´

³0\�NLGV´
³2WKHU�IDPLO\�PHPEHUV´

³&ROOHDJXHV�RU�EXVLQHVV�FOLHQWV´
³,�GLGQ¶W�JR�ZLWK�DQ\RQH´

���³:KLFK�RI�WKH�IROORZLQJ�EHVW
GHVFULEHV�ZKHUH�\RX�EHJDQ�\RXU�WULS
WR�>7URSLFDQD�)LHOG@�IRU�>YLVLWLQJ
WHDP�DW�7DPSD�%D\�5D\V��GDWH�@"´

&DWHJRULFDO
&ORVHG�HQGHG
6LQJOH�UHVSRQVH

³+RPH´
³:RUN´

³6RPHZKHUH�HOVH´

���³)URP�ZKDW�=,3�RU�SRVWDO�FRGH�GLG
\RX�OHDYH�WR�WUDYHO�WR�>7URSLFDQD
)LHOG@�IRU�>YLVLWLQJ�WHDP�DW�7DPSD

%D\�5D\V��GDWH�@"´

2SHQ�HQGHG�UHVSRQVH ([�������

���³:KLFK�RI�WKH�IROORZLQJ�EHVW
GHVFULEHV�KRZ�\RX�WUDYHOHG�WR

>7URSLFDQD�)LHOG@�IRU�>YLVLWLQJ�WHDP
DW�7DPSD�%D\�5D\V��GDWH�@"´

&DWHJRULFDO
&ORVHG�HQGHG
6LQJOH�UHVSRQVH

³&DU�SHUVRQDO�YHKLFOH´
³5LGHVKDUH�VHUYLFH��H�J��8EHU�

/\IW�´
³%XV´
³7D[L´
³7UDLQ´

³6XEZD\�OLJKW�UDLO´
³%LNH�VFRRWHU´

³:DON´

���³$ERXW�KRZ�PXFK�WLPH�GLG�LW�WDNH
IRU�\RX�WR�WUDYHO�WR�>7URSLFDQD�)LHOG@
IRU�>YLVLWLQJ�WHDP�DW�7DPSD�%D\�5D\V

�GDWH�@"´

&DWHJRULFDO
&ORVHG�HQGHG
6LQJOH�UHVSRQVH

³/HVV�WKDQ����PLQXWHV´
³%HWZHHQ����DQG����PLQXWHV´
³%HWZHHQ����DQG����PLQXWHV´

³0RUH�WKDQ����PLQXWHV´

7KH GDWH DQG RSSRQHQW IRU WKH JDPH DWWHQGHG ZHUH DOVR SURYLGHG LQ FRQMXQFWLRQ ZLWK WKH VXUYH\
UHVSRQVHV� 4XHVWLRQ � ZDV UHOHYDQW KHUH RQO\ DV LW UHODWHV WR RXU UHWXUQ WUDYHO PHWKRG DVVXPSWLRQ�
GHWDLOHG LQ 6HFWLRQ ��������� 1RWH WKDW 4XHVWLRQ � GRHV QRW LQFOXGH ³$LUSODQH´ DV D UHVSRQVH
RSWLRQ��ZH�H[SODLQ�WKLV�GLVFUHSDQF\�LQ�6HFWLRQ���������� 5HIHU�WR 7DEOH��� IRU�VDPSOH�GDWD�

�������� &OHDQLQJ�'DWD
3ULRU WR FDOFXODWLQJ GLVWDQFHV IURP WKH VXUYH\ ]LS FRGHV� ZH FOHDQHG WKH GDWDVHW E\ �� UHPRYLQJ
IDXOW\ UHVSRQVHV��� FRQYHUWLQJ WH[W UHVSRQVHV �H�J� ³'XQHGLQ´� WR WKHLU FRUUHVSRQGLQJ ]LS FRGHV�
ZKHQ SRVVLEOH� �� XVLQJ WKH ]LS FRGH WKDW FRUUHVSRQGHG WR WKH ORQJHVW GLVWDQFH WR WKH VWDGLXP LI
WKH UHVSRQGHQW UHFRUGHG PXOWLSOH ]LSFRGHV� �� DQG UHPRYLQJ IDXOW\ UHVSRQVHV DOWRJHWKHU� 2I WKH
������ VXUYH\ UHVSRQVHV� ZH UHPRYHG ��� UHVSRQVHV RU ���� RI UHVSRQVHV� :KLOH WKH VXUYH\
UHVSRQVH UDWH ZDV RQO\ ���� RI DWWHQGHHV� VLQFH PRVW UHVSRQVHV LQFOXGHG PXOWLSOH IDQV� WKH

��



VXUYH\ DFFRXQWHG IRU ���� RI DWWHQGHHV� (YHQ ZLWK WKH UHVSRQVHV UHPRYHG� WKLV VDPSOH LV ODUJH
HQRXJK WR EH UHSUHVHQWDWLYH RI WKH WRWDO IDQ SRSXODWLRQ ZLWK D ��� FRQILGHQFH OHYHO DQG D ��
PDUJLQ�RI�HUURU��³6DPSOH�6L]H�&DOFXODWRU�	�&RPSOHWH�*XLGH�´�������

�������� 'HULYLQJ�'LVWDQFHV�IURP�=LS�&RGHV
:H FRQYHUWHG RXU ]LS FRGH GDWD WR ERWK JURXQG GLVWDQFHV DQG DLU GLVWDQFHV WR WKH VWDGLXP� :H
XVHG DQ DSSOLFDWLRQ SURJUDPPLQJ LQWHUIDFH �$3,� IURP WKH *RRJOH 0DSV SODWIRUP WR UHWXUQ
GULYLQJ GLVWDQFHV IURP WKH UHSRUWHG ]LS FRGHV DQG ZH XVHG SDFNDJHV ³]LSFRGH5´ DQG ³JHRVSKHUH´
LQ WKH 5 SURJUDPPLQJ ODQJXDJH WR FDOFXODWH +DYHUVLQH DLU GLVWDQFHV �*RRJOH 0DSV 7HDP� �����
+LMPDQV� ����� 5 &RUH 7HDP� ����� 5REXVWR� ������ ,W ZDV LPSRUWDQW WR LQFOXGH DLU GLVWDQFH WR
PDNH�UHDVRQDEOH�DVVXPSWLRQV�DERXW�DLU�WUDYHO��6HFWLRQV����������DQG�����������

��



�7DEOH ��� 6DPSOH VXUYH\ GDWD PRGLILHG ZLWK QXPEHU RI SHRSOH LQ WUDYHO SDUW\� YHKLFOH�PLOHV� SDVVHQJHU�PLOHV� DQG DGMXVWHG WUDYHO
PHWKRG��FROXPQV�DQG�URZV�WUDQVSRVHG�DQG�UHVSRQVH�URZ�DGGHG�IRU�YLVXDO�FODULW\

4XHVWLRQV 5HVSRQGHQW�([DPSOH�� 5HVSRQGHQW�([DPSOH�� 5HVSRQGHQW�([DPSOH�� 5HVSRQGHQW�([DPSOH�� 5HVSRQGHQW�([DPSOH��

:LWK�ZKLFK�RI�WKH�IROORZLQJ�GLG�\RX�DWWHQG
>YLVLWLQJ�WHDP�DW�7DPSD�%D\�5D\V
�GDWH�@"�6HOHFW�DOO�WKDW�DSSO\��

0\�IULHQGV 2WKHU�IDPLO\�PHPEHUV
0\�VSRXVH�RU�VLJQLILFDQW

RWKHU
,�GLGQ¶W�JR�ZLWK�DQ\RQH

0\�VSRXVH�RU�VLJQLILFDQW
RWKHU��0\�NLGV

1XPEHU�RI�SHRSOH�LQ�WUDYHO�SDUW\��LQFOXGLQJ
UHVSRQGHQW� � � � � �

:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�ZKHUH
\RX�EHJDQ�\RXU�WULS�WR�>7URSLFDQD�)LHOG@
IRU�>YLVLWLQJ�WHDP�DW�7DPSD�%D\�5D\V

�GDWH�@"

+RPH 6RPHZKHUH�HOVH +RPH +RPH 6RPHZKHUH�HOVH

)URP�ZKDW�=,3�RU�SRVWDO�FRGH�GLG�\RX�OHDYH
WR�WUDYHO�WR�>7URSLFDQD�)LHOG@�IRU�>YLVLWLQJ

WHDP�DW�7DPSD�%D\�5D\V��GDWH�@"
����� ����� ����� ����� �����

9HKLFOH�PLOHV��IURP�]LS�FRGH� ����� ���� ���� ����� ������

3DVVHQJHU�PLOHV��IURP�]LS�FRGH� ����� ���� ����� ����� �������

:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�KRZ
\RX�WUDYHOHG�WR�>7URSLFDQD�)LHOG@�IRU

>YLVLWLQJ�WHDP�DW�7DPSD�%D\�5D\V��GDWH�@"
&DU���SHUVRQDO�YHKLFOH

5LGHVKDUH�VHUYLFH
�H�J��8EHU��/\IW�

%XV %LNH���VFRRWHU &DU���3HUVRQDO�YHKLFOH

$GMXVWHG�WUDYHO�PHWKRG &DU���SHUVRQDO�YHKLFOH
5LGHVKDUH�VHUYLFH
�H�J��8EHU��/\IW�

%XV %LNH���VFRRWHU $LUSODQH

$ERXW�KRZ�PXFK�WLPH�GLG�LW�WDNH�IRU�\RX�WR
WUDYHO�WR�>7URSLFDQD�)LHOG@�IRU�>YLVLWLQJ
WHDP�DW�7DPSD�%D\�5D\V��GDWH�@"

0RUH�WKDQ����PLQV /HVV�WKDQ����PLQV %HWZHHQ���������PLQV %HWZHHQ���������PLQV %HWZHHQ���������PLQV

'DWH ������� ������� ������� ������� �������

2SSRQHQW 2DNODQG�$WKOHWLFV +RXVWRQ�$VWURV 1HZ�<RUN�<DQNHHV &KLFDJR�:KLWH�6R[ 'HWURLW�7LJHUV

��



�������� 9HKLFOH�*+*�(PLVVLRQ�)DFWRUV
2QFH URXQG WULS WUDYHO GLVWDQFHV ZHUH FDOFXODWHG� ZH LGHQWLILHG HPLVVLRQ IDFWRUV IRU WKH
WUDQVSRUWDWLRQ�W\SHV�VHOHFWHG�LQ�WKH�VXUYH\��7DEOH ����

7DEOH���� (3$������*+*�HPLVVLRQ�IDFWRUV��(3$�������

9HKLFOH�7\SH &2��)DFWRU��NJ�XQLW� &+��)DFWRU
�J�XQLW�

1�2�)DFWRU
�J�XQLW� 8QLWV

3DVVHQJHU�&DU ����� ����� ����� YHKLFOH�PLOH
/LJKW�'XW\�7UXFN ����� ����� ���� YHKLFOH�PLOH

,QWHUFLW\�5DLO���2WKHU�5RXWHV ���� ������ ������ SDVVHQJHU�PLOH
7UDQVLW�5DLO��L�H��6XEZD\�

7UDP� ����� ������ ������ SDVVHQJHU�PLOH

%XV ����� ������ ������ SDVVHQJHU�PLOH
$LU�7UDYHO���0HGLXP�+DXO
�! �����PLOHV���������PLOHV� ����� ������ ������ SDVVHQJHU�PLOH

(TXDWLRQ ������$ FDOFXODWHG WKH WRWDO QXPEHU RI SDVVHQJHU�PLOHV IURP VXUYH\ UHVSRQVHV�
%HFDXVH WKH HPLVVLRQ IDFWRUV IRU SDVVHQJHU FDUV DQG OLJKW�GXW\ WUXFNV DUH H[SUHVVHG SHU
YHKLFOH�PLOH� ZH PRGLI\ (TXDWLRQ ������$ WR GLYLGH WKH QXPEHU RI SDVVHQJHU�PLOHV E\ WKH
QXPEHU�RI�SDVVHQJHUV�WUDYHOLQJ�WRJHWKHU�XVLQJ (TXDWLRQ ��������$�

(TXDWLRQ���������$�
6077  

ԾԾՁՂ��ՠ���ՈԲՂ��ՠ��ՀՂԴ
ԾԾՁՂ

(PLVVLRQV IURP PDVV WUDQVSRUWDWLRQ PRGHV DUH H[SUHVVHG SHU SDVVHQJHU�PLOH VR WKH HPLVVLRQV
FDQ EH HYHQO\ GLVWULEXWHG EHWZHHQ SDVVHQJHUV EDVHG RQ DYHUDJH RFFXSDQF\ UDWHV� )RU µ3DVVHQJHU
&DU¶ DQG µ/LJKW�'XW\ 7UXFN¶� WKH XQLW LV D YHKLFOH�PLOH EHFDXVH DOO RFFXSDQWV RI WKH WULS DUH
H[SHFWHG�WR�WUDYHO�WKH�VDPH�GLVWDQFH�

$OWKRXJK WKH (3$ GRHV QRW LQFOXGH GHGLFDWHG HPLVVLRQ IDFWRUV IRU WD[LV RU ULGHVKDUH YHKLFOHV�
PXOWLSOH LQGHSHQGHQW VWXGLHV VKRZ ULGHVKDUH YHKLFOHV� RQ DYHUDJH� SURGXFH ��� PRUH HPLVVLRQV
WKDQ WKH WULSV WKH\ UHSODFH GXH WR FUXLVLQJ� LGOLQJ� DQG GHDGKHDGLQJ��WKH PLOHV WKH YHKLFOH WUDYHOV
EHWZHHQ KLUHG ULGHV �$QDLU HW DO�� ����� +HQDR DQG 0DUVKDOO� ������ ,Q RWKHU ZRUGV� IRU HYHU\
RQH PLOH D ULGHVKDUH YHKLFOH WUDYHOV ZLWK D SDVVHQJHU RQERDUG� WKH YHKLFOH GULYHV ���� WRWDO PLOHV
IRU�D�FDSDFLW\�XWLOL]DWLRQ�UDWH�RI��������(TXDWLRQ ��������%��

(TXDWLRQ���������%�
&DSDFLW\�8WLOL]DWLRQ�5DWH 5LGHVKDUH    �����ՕՑՔՍ՛�՜՚Չ՞ՍՔՍՌ�՟Ց՜Ր�՘Չ՛՛ՍՖՏՍ՚

՜՗՜ՉՔ�ՕՑՔՍ՛�՜՚Չ՞ՍՔՍՌ
ɘ

ɘşɝɠ

$ FRPSDUDWLYH DQDO\VLV RI ULGHVKDUH YHKLFOHV DQG WD[LV IRU ILYH PDMRU FLWLHV UHYHDOHG WKDW WKH
DYHUDJH FDSDFLW\ XWLOL]DWLRQ UDWH IRU WD[LV LV ��� ORZHU WKDQ WKDW RI ULGHVKDUH YHKLFOHV� UHVXOWLQJ
LQ�D�WD[L�FDSDFLW\�XWLOL]DWLRQ�UDWH�RI������ �&UDPHU DQG�.UXHJHU�������� (TXDWLRQ���������&��

��



(TXDWLRQ���������&�
&DSDFLW\�8WLOL]DWLRQ�5DWH 7D[L  ������������� ������

7KH GLVSDULW\ LQ FDSDFLW\ XWLOL]DWLRQ UDWH� D PHDVXUH RI PLOHV WUDYHOHG ZLWK D SDVVHQJHU UHODWLYH WR
WRWDO PLOHV WUDYHOHG E\ WKH WD[L RU ULGHVKDUH� LV ODUJHO\ GXH WR WKH ODUJH VFDOH RI ULGHVKDUH IOHHWV�
HIILFLHQW GULYHU�SDVVHQJHU PDWFKLQJ WHFKQRORJ\� DQG LQHIILFLHQW WD[L UHJXODWLRQV� 7D[LV WUDYHO HYHQ
PRUH PLOHV ZLWKRXW SDVVHQJHUV LQ WKH FDU FRPSDUHG WR ULGHVKDUH YHKLFOHV� ZKLFK LQ WXUQ ZRXOG
OHDG WR HYHQ PRUH HPLVVLRQV �$QDLU HW DO�� ����� +HQDR DQG 0DUVKDOO� ������ 7KHVH HPLVVLRQV DUH
GLUHFWO\ DWWULEXWDEOH WR WKH IDQ¶V ULGH DQG DUH LQFOXGHG LQ RXU WRWDO FDUERQ IRRWSULQW HVWLPDWH IRU
IDQ WUDQVSRUWDWLRQ� :H GHWHUPLQHG WKDW LQ D WD[L� IRU HYHU\ RQH PLOH WKH YHKLFOH WUDYHOV ZLWK D
SDVVHQJHU RQERDUG� LW GULYHV DSSUR[LPDWHO\ ���� WRWDO PLOHV� RU ���� PRUH WKDQ D SHUVRQDO FDU
�(TXDWLRQ���������'��

(TXDWLRQ���������'�
7RWDO�0LOHV�7UDYHOHG 7D[L   �����PLOHVՕՑՔՍ՛�՜՚Չ՞ՍՔՍՌ�՟Ց՜Ր�՘Չ՛՛ՍՖՏՍ՚

ՋՉ՘ՉՋՑ՜ա�՝՜ՑՔՑբՉ՜Ց՗Ֆ�՚Չ՜Ս
ɘ

ɗşəɘɘɞ ࡨ

:H XVHG WKH WRWDO PLOHV GULYHQ UHODWLYH WR RQH PLOH WUDYHOHG ZLWK D SDVVHQJHU RQ�ERDUG DV D ³&,'
IDFWRU

 �FUXLVLQJ� LGOLQJ� DQG GHDGKHDGLQJ� IRU ULGHVKDUH YHKLFOHV ������ DQG WD[LV ������� /DVWO\�
ZH GHULYHG GLVWLQFW HPLVVLRQ IDFWRUV IRU ULGHVKDUH YHKLFOHV DQG WD[LV XVLQJ WKH &,' IDFWRUV WR
PRUH DFFXUDWHO\ UHIOHFW DOO HPLVVLRQV DVVRFLDWHG ZLWK WKRVH WULSV �(TXDWLRQ ��������(�� 7DEOHV ;
SURYLGHV�HPLVVLRQ�IDFWRUV�XVHG�IRU�HDFK�WUDQVSRUWDWLRQ�W\SH�

(TXDWLRQ���������(�
()0RGH  �()3DVVHQJHU�&DU [��&,'0RGH

7DEOH�����(PLVVLRQ�IDFWRUV�XVHG�IRU�IDQ�WUDQVSRUWDWLRQ IRRWSULQW�E\�WUDQVSRUWDWLRQ�W\SH

7UDQVSRUWDWLRQ�7\SH
&2��(PLVVLRQ

)DFWRU
�NJ�SHU�XQLW�

&+��(PLVVLRQ
)DFWRU

�J�SHU�XQLW�

1�2�(PLVVLRQ
)DFWRU

�J�SHU�XQLW�
8QLW

$LUSODQH��0HGLXP�+DXO�� ����� ������ ������ SDVVHQJHU�PLOH

&DU���3HUVRQDO�9HKLFOH �������� ����� ����� ����� YHKLFOH�PLOH

5LGHVKDUH�VHUYLFH��H�J�
8EHU��/\IW�������� ����� ����� ����� YHKLFOH�PLOH

%XV� ����� ������ ������ SDVVHQJHU�PLOH

7D[L ��������� ����� ����� ����� YHKLFOH�PLOH

7UDLQ� ���� ������ ������ SDVVHQJHU�PLOH

6XEZD\���OLJKW�UDLO� ����� ������ ������ SDVVHQJHU�PLOH

%LNH���VFRRWHU 1�$ 1�$ 1�$

:DON 1�$ 1�$ 1�$
�(3$ ���� *+* (PLVVLRQ ,QYHQWRU\ )DFWRUV � 7DEOH ��� ����� �7UDQVSRUWDWLRQ (QHUJ\ 'DWD %RRN� (GLWLRQ �� �
7DEOH������������ �$QDLU�HW�DO�������� �+HQDR�DQG 0DUVKDOO������� �&UDPHU�DQG�.UXHJHU������� �SHUVRQDO FDOFXODWLRQV

��



�������� &DOFXODWLQJ�*+*�(PLVVLRQV�IURP�'LVWDQFHV
2QFH ZH GHWHUPLQHG WRWDO SDVVHQJHU� DQG YHKLFOH�PLOHV� DQG DSSURSULDWH HPLVVLRQ IDFWRUV IRU
HDFK WUDQVSRUWDWLRQ PRGH� ZH FDOFXODWHG *+* HPLVVLRQV IRU HDFK PRGH DQG� XOWLPDWHO\� IRU WKH
WRWDO *+* HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ� 7UDYHO PHWKRG UHVSRQVHV RYHU ��� PLOHV �RQH�ZD\�
ZHUH DVVXPHG WR KDYH IORZQ �VHH GLVWDQFH WKUHVKROG DVVXPSWLRQV GLVFXVVHG LQ GHWDLO LQ 6HFWLRQ
���������� )RU DLU WUDYHO� ZH XVHG WKH +DYHUVLQH DLU GLVWDQFHV� IRU DOO RWKHU WUDQVSRUWDWLRQ PHWKRGV�
ZH XVHG WKH GULYLQJ GLVWDQFHV� :H XVHG JURXQG WUDYHO GLVWDQFH WR GHILQH WKH FXWRII EHWZHHQ
GULYLQJ DQG IO\LQJ �L�H� LI WKH K\SRWKHWLFDO GULYLQJ GLVWDQFH ZDV JUHDWHU WKDQ ��� PLOHV� ZH
DVVXPHG WKH IDQ�V� IOHZ HYHQ LI WKH DLU GLVWDQFH ZDV OHVV WKDQ ��� PLOHV�� 7KH OLNHOLKRRG RI IDQV
WUDYHOLQJ IURP RYHU ��� PLOHV DZD\ VROHO\ IRU WKH SXUSRVH RI DWWHQGLQJ D 5D\V JDPH LV ORZ� VR
ZH DOORFDWHG RQO\ D IUDFWLRQ RI WKH WRWDO HPLVVLRQV IURP IOLJKWV� %DVHG RQ ORFDO WRXULVP GDWD� WKH
DYHUDJH OHQJWK RI VWD\ LQ WKH 6W� 3HWHUVEXUJ�&OHDUZDWHU DUHD LV ��� GD\V �9LVLW 6W� 3HWH�&OHDUZDWHU�
����� ����� ������ :H FKRVH WR DOORFDWH RQH IXOO GD\ WR WKH EDVHEDOO JDPH� WKXV GLYLGLQJ WKH WRWDO
QXPEHU�RI�DLUSODQH�SDVVHQJHU�PLOHV�E\������(TXDWLRQ ��������$��

(TXDWLRQ���������$�
607$  

ԾԾՁԯ�ՠ��ՈԲԯ�ՠ��ՀՂԴ�
ɚşɜ

�������� $VVXPSWLRQV
:H PDGH D QXPEHU RI DVVXPSWLRQV WR PRGHO WKH HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ� %URDGO\� ZH
DVVXPHG WKDW WUDQVSRUWDWLRQ WUHQGV FDSWXUHG LQ WKH ���� VXUYH\ DFFXUDWHO\ UHIOHFWHG� DQG FRXOG EH
H[WUDSRODWHG WR HQFRPSDVV� WKH 5D\V¶ IDQ SRSXODWLRQ LQ ����� 6HH )DQ 7UDQVSRUWDWLRQ 6XUYH\
3XUSRVH� ,PSOHPHQWDWLRQ� DQG $QDO\VLV 6HFWLRQ ����� ,PSURYLQJ *+* 4XDQWLILFDWLRQ E\
5HGXFLQJ $VVXPSWLRQV IRU KRZ RXU XSGDWHG IDQ WUDQVSRUWDWLRQ VXUYH\ ZLOO UHGXFH DVVXPSWLRQV
PDGH�LQ�IXWXUH�FDOFXODWLRQV�

*HQHUDO VXUYH\ UHVSRQVH DVVXPSWLRQV�:H DVVXPHG WKDW DOO UHVSRQVHV WR 6XUYH\ 4XHVWLRQ � �ZKR
IDQV WUDYHOHG ZLWK� UHIHUUHG RQO\ WR SHRSOH WUDYHOLQJ LQ WKH VDPH YHKLFOH� :H DOVR DVVXPHG WKDW
UHVSRQGHQWV XVHG RQO\ WKH WUDYHO PHWKRG LQGLFDWHG IURP WKH UHSRUWHG ]LS FRGH WR WKH VWDGLXP� ,Q
ERWK�FDVHV��ZLWKRXW�VXSSOHPHQWDO�LQIRUPDWLRQ��RXU�DVVXPSWLRQV�SURYLGH�WKH�EHVW�HVWLPDWH�

5HWXUQ WUDYHO DVVXPSWLRQ� )DQV ZHUH VSHFLILFDOO\ DVNHG KRZ WKH\ WUDYHOHG WR 7URSLFDQD )LHOG DQG
ZKHUH WKH\ EHJDQ WKHLU WULS� :H DVVXPHG WKDW DOO UHVSRQGHQWV UHWXUQHG WR WKH VDPH SRLQW RI RULJLQ
�L�H� WKH\ WUDYHOHG WKH VDPH GLVWDQFH LQ ERWK GLUHFWLRQV� DQG WRRN WKH VDPH WUDQVSRUWDWLRQ PHWKRG�
)URP WKH UHVSRQVHV� LW PD\ QRW EH UHDOLVWLF WR DVVXPH WKDW IDQV WUDYHOLQJ WR WKH VWDGLXP IURP
³:RUN´ RU ³6RPHZKHUH HOVH´ UHWXUQHG WR WKRVH ORFDWLRQV DIWHUZDUGV� +RZHYHU� ZLWKRXW VSHFLILF
LQIRUPDWLRQ DERXW KRZ DQG ZKHUH WKH IDQV WUDYHOHG DIWHU WKH JDPH� RXU DVVXPSWLRQ SURYLGHV WKH
EHVW�HVWLPDWH�

$GGLWLRQDO SDVVHQJHU DVVXPSWLRQV� %HFDXVH WKH VXUYH\ GLG QRW VSHFLILFDOO\ DVN UHVSRQGHQWV WR
VWDWH WKH QXPEHU RI SHRSOH ZLWK ZKRP WKH\ DWWHQGHG WKH JDPH� ZH DVVXPHG WKDW IRU HYHU\ RSWLRQ
WKDW D UHVSRQGHQW VHOHFWHG �H�J�� ³0\ IULHQGV´� ³0\ NLGV´� ³2WKHU IDPLO\ PHPEHUV´� ³&ROOHDJXHV
RU EXVLQHVV FOLHQWV´� HWF�� RQO\ RQH DGGLWLRQDO SDVVHQJHU WUDYHOHG ZLWK WKH UHVSRQGHQW� :H EHOLHYH
WKLV DVVXPSWLRQ LV MXVWLILHG VLQFH WKH DYHUDJH RFFXSDQF\ RI SHUVRQDO YHKLFOHV LV ���� �'DYLV DQG
%RXQG\��������

��



(PLVVLRQ IDFWRU DVVXPSWLRQV� :H PDGH DVVXPSWLRQV VSHFLILF WR WKH DSSOLFDWLRQ RI HPLVVLRQ
IDFWRUV� :H DVVXPHG WKDW FDUV WUDYHOLQJ WR 7URSLFDQD )LHOG UHIOHFWHG WKH QDWLRQDO DYHUDJH
GLVWULEXWLRQ RI FDUV DQG WUXFNV� $V VXFK� ZH FUHDWHG DQ HPLVVLRQV IDFWRU IRU WKH ³&DU � SHUVRQDO
YHKLFOH´ RSWLRQ XVLQJ D ZHLJKWHG DYHUDJH EHWZHHQ WKH SDVVHQJHU FDU HPLVVLRQ IDFWRUV DQG WKH
OLJKW�GXW\�WUXFN�HPLVVLRQ�IDFWRUV��'DYLV�DQG�%RXQG\�������� 7DEOH���� (TXDWLRQ���������$��

7DEOH�����'HULYHG�³&DU���SHUVRQDO�YHKLFOH´�HPLVVLRQ IDFWRUV
'HVFULSWLRQ 9DOXH�V�

3DVVHQJHU�FDU��WRWDO�SDVVHQJHU�PLOHV��303&� ����������

/LJKW�GXW\�WUXFN��WRWDO�SDVVHQJHU�PLOHV��30/'7� ����������

3DVVHQJHU�FDU��&2��&+��1�2�HPLVVLRQ�IDFWRU
�XQLW�SHU�YHKLFOH�PLOH���()3&�

�����NJ������J������J�

/LJKW�GXW\�WUXFN��&2��&+��1�2�HPLVVLRQ�IDFWRU
�NJ�SHU�YHKLFOH�PLOH���()/'7�

�����������������

³&DU���SHUVRQDO�YHKLFOH´��&2��&+��1�2�HPLVVLRQ
IDFWRU�XVHG�LQ�DQDO\VLV��NJ�SHU�YHKLFOH�PLOH���()&�

�����������������������

�7UDQVSRUWDWLRQ�(QHUJ\�'DWD�%RRN��(GLWLRQ������7DEOH ����� �(3$������*+*�(PLVVLRQ�,QYHQWRU\�)DFWRUV�� 7DEOH����
�3HUVRQDO�&DOFXODWLRQV

(TXDWLRQ���������$�
()&  �� ��[��()3& ��� ��[��()/'7

ԾԻԾԱ�
ԾԻԾԱ࡟��ԾԻԺԲՂ

ԾԻԺԲՂ
ԾԻԾԱ࡟���ԾԻԺԲՂ

5LGHVKDUH�WD[L HPLVVLRQ IDFWRU DVVXPSWLRQV� :H DVVXPHG WKDW WKH ULGHVKDUH YHKLFOHV DQG WD[LV
WKDW DUH OLNHO\ WR EH KDLOHG WR WUDQVSRUW SDVVHQJHUV WR D EDVHEDOO JDPH DOPRVW DOZD\V ILW ZLWKLQ
(3$¶V SDVVHQJHU FDU GHVLJQDWLRQ� UDWKHU WKDQ WKH OLJKW�GXW\ WUXFN GHVLJQDWLRQ� 7KHUHIRUH� ZH
FDOFXODWHG WKH ULGHVKDUH�WD[L HPLVVLRQ IDFWRUV EDVHG RQ WKH SDVVHQJHU FDU HPLVVLRQ IDFWRUV� UDWKHU
WKDQ RXU K\EULG ³SHUVRQDO FDU�YHKLFOH´ HPLVVLRQ IDFWRUV� ,I ZH KDG XVHG WKH SHUVRQDO YHKLFOH
HPLVVLRQ IDFWRUV IRU WD[LV DQG ULGHVKDUH YHKLFOHV� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ
ZRXOG�KDYH�EHHQ�������ORZHU�

'LVWDQFH WKUHVKROG DVVXPSWLRQV� :KHQ ZH XVHG WKH ]LS FRGHV WR JHQHUDWH GLVWDQFHV� ZH QRWLFHG
WKDW PDQ\ UHVSRQGHQWV LQGLFDWHG GULYLQJ RU D VKRUW�GLVWDQFH WUDQVSRUWDWLRQ PRGH LQ VSLWH RI WKH
IDFW WKDW WKHLU VWDWHG ]LS FRGH ZDV KXQGUHGV RI PLOHV DZD\� 2XU VXUYH\ GDWD GLG QRW LQFOXGH DQ
DLUSODQH RSWLRQ� :H DVVXPHG HYHU\RQH WUDYHOLQJ RYHU ��� PLOHV WR WKH VWDGLXP WUDYHOHG E\
DLUSODQH �(GZDUGV HW DO�� ������ +RZHYHU� WKHUH DUH OLNHO\ IDQV ZKR URDGWULS PRUH WKDQ ��� PLOHV
WR VHH D JDPH� WKLV LV D VLPSOLILFDWLRQ� 6LQFH HPLVVLRQV IURP ORFDO JURXQG WUDQVSRUWDWLRQ
DVVRFLDWHG ZLWK IO\LQJ DUH PLQLVFXOH UHODWLYH WR WKH HPLVVLRQV IURP DLU WUDYHO� WKHVH HPLVVLRQV
ZHUH H[FOXGHG IURP RXU VWXG\� ,I ZH KDG LQVWHDG DVVXPHG� XVLQJ WKH VDPH SDUWLDO DOORFDWLRQ
DVVXPSWLRQ� WKDW DQ\RQH WUDYHOLQJ RYHU ��� PLOHV WR WKH VWDGLXP GURYH� WKH WRWDO HPLVVLRQV IURP
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IDQ WUDQVSRUWDWLRQ ZRXOG KDYH EHHQ ����� KLJKHU WKDQ RXU EDVHOLQH FDOFXODWLRQ� ,I ZH DVVXPHG
WKDW SHRSOH IOHZ LI WKH\ WUDYHOHG RYHU ��� PLOHV WR WKH VWDGLXP� WKH WRWDO HPLVVLRQV IURP IDQ
WUDQVSRUWDWLRQ ZRXOG KDYH EHHQ ����� ORZHU WKDQ RXU EDVHOLQH FDOFXODWLRQ� 2Q WKH RWKHU KDQG� LI
ZH KDG DVVXPHG WKDW SHRSOH IOHZ RQO\ LI WKH\ WUDYHOHG RYHU ��� PLOHV WR WKH VWDGLXP� WKH WRWDO
HPLVVLRQV�IURP�IDQ�WUDQVSRUWDWLRQ�ZRXOG�KDYH�EHHQ�������KLJKHU�WKDQ�RXU�EDVHOLQH�FDOFXODWLRQ�

$IWHU DFFRXQWLQJ IRU DLU WUDYHO� WKHUH ZHUH VWLOO PDQ\ UHVSRQVHV WKDW LQGLFDWHG ZDONLQJ DV WKH
WUDYHO PHWKRG IRU GLVWDQFHV WKDW ZHUH ZHOO EH\RQG UHDVRQDEOH ZDONLQJ GLVWDQFH� $V VXFK� ZH
DVVXPHG WKDW IDQV ZDONHG D PD[LPXP RI �� PLOHV HDFK ZD\ �&URQNOHWRQ� ������ DQG ELNHG RU
URGH D VFRRWHU IRU D PD[LPXP RI �� PLOHV HDFK ZD\ �:KLWHKRXVH� ������ :H ³FRUUHFWHG´ DOO
ZDONLQJ GLVWDQFHV EH\RQG WKH ���PLOH WKUHVKROG DQG DOO ELNH�VFRRWHU GLVWDQFHV EH\RQG WKH
���PLOH WKUHVKROG WR ³&DU � SHUVRQDO YHKLFOH�´ 7KLV DVVXPSWLRQ LV VXSSRUWHG E\ VXUYH\ UHVXOWV WKDW
RYHU ��� RI VXUYH\HG IDQV VHOHFWHG WKH ³&DU � SHUVRQDO YHKLFOH´� ,I ZH KDG QRW PDGH DQ\
DVVXPSWLRQV DERXW WKH PHWKRG RI WUDQVSRUWDWLRQ DQG RQO\ SDUWLDOO\ DOORFDWHG HPLVVLRQV IURP
WUDYHO RYHU ��� PLOHV� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG KDYH EHHQ ����� ORZHU
WKDQ�RXU�FDOFXODWHG�EDVHOLQH�

/HQJWK RI VWD\ DVVXPSWLRQV� :H DVVXPHG WKDW WKH DYHUDJH OHQJWK RI VWD\ IRU RXW�RI�WRZQ IDQV
DWWHQGLQJ 5D\V JDPHV LV FRPSDUDEOH WR WKH DYHUDJH OHQJWK RI VWD\ LQ WKH 6W�
3HWHUVEXUJ�&OHDUZDWHU DUHD �9LVLW 6W� 3HWH�&OHDUZDWHU� ����� ����� ������ %HFDXVH RXW�RI�WRZQ
IDQV PRVW OLNHO\ GLG PRUH LQ WKH DUHD WKDQ MXVW DWWHQG WKH 5D\V JDPH� ZH RQO\ DOORFDWHG D IUDFWLRQ
RI WKH WRWDO HPLVVLRQV IURP WKH WULS WR WKH JDPH� $V IRU FDU WUDYHO RU RWKHU PRGHV� ZH FRXOG ILQG
QR FRPSDUDEOH GDWD WR GHOLQHDWH WKH PLOHDJH WKUHVKROG EH\RQG ZKLFK FDU GULYHUV VWD\ RYHUQLJKW�
6R� ZH DVVXPHG WKDW ���� RI HPLVVLRQV IURP WKRVH YHKLFOHV RXJKW WR EH DWWULEXWHG WR WKH JDPH�
HYHQ LI WKH FDU GURYH ��� PLOHV �RQH�ZD\�� ,I ZH DOWHUQDWLYHO\ DVVXPHG WKDW DOO HPLVVLRQV IURP
WUDYHO VKRXOG EH DOORFDWHG WR DWWHQGLQJ WKH JDPH UHJDUGOHVV RI WKH WRWDO GLVWDQFH WUDYHOHG� WKH WRWDO
HPLVVLRQV�IURP�IDQ�WUDQVSRUWDWLRQ�ZRXOG�KDYH�EHHQ�������KLJKHU�WKDQ�RXU�EDVHOLQH�FDOFXODWLRQ�

%LNH� 6FRRWHU WUDQVSRUWDWLRQ W\SH DVVXPSWLRQ� ,W LV XQFOHDU IURP WKH GDWD ZKHWKHU VXUYH\
UHVSRQVHV WKDW LQGLFDWHG ³%LNH � VFRRWHU´ DV WKH PHWKRG RI WUDQVSRUWDWLRQ� LQFOXGHG HOHFWULF RU
JDV�SRZHUHG IRUPV� :H DVVXPHG WKDW WKH WUDQVSRUWDWLRQ PHWKRG UHIHUV WR KXPDQ�SRZHUHG ELNHV
DQG VFRRWHUV RQO\ DQG WKHUHIRUH JHQHUDWHV QR HPLVVLRQV� $Q\ HOHFWULF PRGHV LQGLUHFWO\ JHQHUDWH
HPLVVLRQV UHODWLYH WR WKH HOHFWULFDO JULG PL[ LI WKH\ UHO\ RQ HOHFWULFLW\ IURP WKH JULG� $GGLWLRQDOO\�
VKDUHG ELNHV�VFRRWHUV JHQHUDWH HPLVVLRQV IURP UHEDODQFLQJ ± FROOHFWLRQ DQG UHGLVWULEXWLRQ RI
ELNHV�VFRRWHUV LQ VWUDWHJLF ORFDWLRQV� E\ FDU� 0RUH UHEDODQFLQJ LV UHTXLUHG IRU GRFNOHVV
ELNHV�VFRRWHUV WKDQ IRU GRFNHG RQHV� ,I ZH DVVXPHG WKDW DOO ELNHV DQG VFRRWHUV XVHG WR WUDYHO WR
WKH VWDGLXP ZHUH VKDUHG� GRFNOHVV HOHFWULF ELNHV� DQG WKXV JHQHUDWHG HPLVVLRQV �+ROOLQJVZRUWK HW
DO�� ������ WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG KDYH EHHQ ����� KLJKHU WKDQ RXU
EDVHOLQH FDOFXODWLRQ� PRVWO\ GXH WR HPLVVLRQV IURP UHEDODQFLQJ� ,I ZH LQVWHDG DVVXPHG WKDW DOO
ELNHV DQG VFRRWHUV XVHG WR WUDYHO WR WKH VWDGLXP ZHUH SHUVRQDO HOHFWULF ELNHV DQG VFRRWHUV �ZKLFK
ZRXOG QRW JHQHUDWH DGGLWLRQDO HPLVVLRQV IURP UHEDODQFLQJ� �0F4XHHQ HW DO�� ������ WKH WRWDO
HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG KDYH EHHQ OHVV WKDQ ����� KLJKHU WKDQ RXU EDVHOLQH
FDOFXODWLRQ� ,I DOO ELNHV DQG VFRRWHUV XVHG WR WUDYHO WR WKH VWDGLXP ZHUH RI WKH VKDUHG� GRFNHG
YDULHW\ �/XR�HW�DO�������� WKH�WRWDO�HPLVVLRQV�ZRXOG KDYH�EHHQ�LQ�EHWZHHQ�WKH�WZR�HVWLPDWHV�
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�������� 8SSHU�DQG�/RZHU�%RXQG�(VWLPDWHV
:H H[DPLQHG WKH LQIOXHQFH RI WKHVH DVVXPSWLRQV E\ HVWLPDWLQJ DQ XSSHU DQG ORZHU ERXQG IRU
SRVVLEOH HPLVVLRQV� 7KH XSSHU ERXQG ZDV FDOFXODWHG ZLWK GLVWDQFHV IURP ]LSFRGHV DQG WKH
IROORZLQJ DVVXPSWLRQV� DOO ORQJ�GLVWDQFH WUDYHO �GHILQHG DV PRUH WKDQ ��� PLOHV RQH�ZD\� ZDV
WDNHQ E\ SHUVRQDO YHKLFOH UDWKHU WKDQ DLUSODQH� ���� RI WUDQVSRUWDWLRQ HPLVVLRQV ZHUH DOORFDWHG
WR DWWHQGLQJ WKH JDPH UHJDUGOHVV RI WKH GLVWDQFH� DOO ELNHV DQG VFRRWHUV XVHG ZHUH HOHFWULF DQG
WKXV SURGXFHG HPLVVLRQV �+ROOLQJVZRUWK HW DO�� ������ 7KH XSSHU ERXQG SURGXFHG PRUH WKDQ
WZLFH ����� PRUH� WKH HPLVVLRQV IURP WKH EDVH VHW RI DVVXPSWLRQV ZH XVHG WR HVWLPDWH IDQ
WUDQVSRUWDWLRQ HPLVVLRQV� $W WKH RSSRVLWH HQG RI WKH VSHFWUXP� WKH ORZHU ERXQG ZDV FDOFXODWHG
XVLQJ FDWHJRULFDO UHVSRQVHV RQ WKH DSSUR[LPDWH DPRXQW RI WLPH WR JHW WR WKH VWDGLXP �H�J� OHVV
WKDQ �� PLQXWHV� EHWZHHQ �� DQG �� PLQXWHV� HWF��� :H WKXV DVVXPHG IDQV WUDYHOHG DV IDU DV WKH\
UHDVRQDEO\ FRXOG ZLWKLQ WKH ORZHU ERXQG RI WLPH �L�H� LI D UHVSRQVH VWDWHG ³EHWZHHQ �� DQG ��
PLQXWHV´ ZH DVVXPHG �� PLQXWHV�� ZKLFK LPSOLFLWO\ VXJJHVWV WKDW WUDYHO RYHU RQH KRXU �WKH
ORQJHVW WLPH RSWLRQ DYDLODEOH� LV QRW DWWULEXWDEOH WR WKH EDVHEDOO JDPH� 8QGHU WKLV DVVXPSWLRQ� WKH
ORZHU ERXQG SURGXFHV RQO\ ����� RI WKH HPLVVLRQV IURP WKH EDVH VHW RI DVVXPSWLRQV XVHG WR
HVWLPDWH�HPLVVLRQV�

�������� 6FHQDULR�$QDO\VLV�0HWKRGRORJLHV�DQG�$VVXPSWLRQV
(9 $GRSWLRQ� :H HVWLPDWHG WKH PDJQLWXGH RI HPLVVLRQV VDYLQJV SRWHQWLDO UHODWHG WR VL[
VSHFXODWLYH (9 DGRSWLRQ VFHQDULRV� ���� (9 XVH E\ �� IDQV GULYLQJ SHUVRQDO YHKLFOHV� �� DOO FDUV
�SHUVRQDO YHKLFOHV DQG ULGH�KDLOLQJ YHKLFOHV�� DQG �� DOO FDUV LQFOXGLQJ LI SHRSOH GURYH LQVWHDG RI
IOHZ ORQJ GLVWDQFHV� DQG �� (9 XVH XQGHU WKH WKUHH VDPH FRQGLWLRQV� )RU WKHVH FDOFXODWLRQV� ZH
UHSODFHG WKH FDU�EDVHG HPLVVLRQ IDFWRUV ZLWK (9 HPLVVLRQ IDFWRUV �GHULYHG IURP WKH ���� )5&&
H*ULG VXEUHJLRQ �DQG IURP WKH QDWLRQDO DYHUDJH H*ULG PL[� XVLQJ DQ DYHUDJH (9 HIILFLHQF\ RI
���N:K SHU PLOH �³$OWHUQDWLYH )XHOV 'DWD &HQWHU� 'DWD 6RXUFHV DQG $VVXPSWLRQV IRU WKH
(OHFWULFLW\�6RXUFHV�DQG�(PLVVLRQV�7RRO�´�������8�6��(3$������E���8�6��(3$������D��

&DUSRROLQJ� :H HVWLPDWHG WKH PDJQLWXGH RI HPLVVLRQV VDYLQJV SRWHQWLDO UHODWHG WR D VFHQDULR LQ
ZKLFK ���� RI SHUVRQDO YHKLFOHV WUDYHOLQJ WR WKH VWDGLXP ZHUH IXOO RI SDVVHQJHUV� 8VLQJ DQ
DYHUDJH PD[LPXP FDU RFFXSDQF\ RI IRXU SHUVRQV� ZH DVVXPHG WKDW HYHU\ VXUYH\ UHVSRQGHQW ZKR
WRRN D SHUVRQDO YHKLFOH WR WKH VWDGLXP WUDYHOHG LQ D JURXS RI IRXU� 7KLV DVVXPSWLRQ LQFUHDVHG WKH
WRWDO QXPEHU RI IDQV FDSWXUHG LQ WKH VXUYH\ E\ QHDUO\ ���� ZKLFK UHGXFHG RXU VHDVRQ�VFDOLQJ
IDFWRU�WR�FDOFXODWH�HPLVVLRQV�IURP�WKH�HQWLUH������VHDVRQ�

3DUN�DQG�5LGH $GRSWLRQ� :H HVWLPDWHG WKH PDJQLWXGH RI HPLVVLRQV VDYLQJV SRWHQWLDO IURP
VZLWFKLQJ DOO ³VKRUW´ GLVWDQFH �XS WR �� PLOHV RQH�ZD\� PRWRUL]HG WUDYHO WR SDUN�DQG�ULGH� :H
DVVXPHG IRU WKH VDNH RI WKH DQDO\VLV WKDW DOO WUDYHO ZLWKLQ �� PLOHV RI WKH VWDGLXP RFFXUUHG E\
SDUN�DQG�ULGH EXV H[FHSW IRU ZDONLQJ DQG ELNLQJ EHFDXVH WKHVH PRGHV GR QRW SURGXFH HPLVVLRQV�
)RU VLPSOLFLW\� ZH XVHG WKH (3$¶V EXV HPLVVLRQ IDFWRUV �8�6� (3$� ����D� DQG PDLQWDLQHG WKDW
SDVVHQJHUV WUDYHOHG WKH HQWLUH GLVWDQFH IURP WKHLU KRPH ]LS FRGH WR WKH VWDGLXP E\ SDUN�DQG�ULGH�
+RZHYHU� GHSHQGLQJ RQ WKH QXPEHU DQG ORFDWLRQ RI SDUN�DQG�ULGH ORWV� PRVW IDQV ZRXOG KDYH WR
WUDYHO VRPH GLVWDQFH WR WKH SDUN�DQG�ULGH ORW� :H DWWULEXWHG SDVVHQJHU�PLOHV EDVHG RQ WKH WRWDO
GLVWDQFH WUDYHOHG E\ WKH EXVHV� :H DVVXPHG WKDW WKH EXVHV RULJLQDWHG IURP WKH VWDGLXP� VR WKH
WRWDO GLVWDQFH DWWULEXWHG WR HDFK SDVVHQJHU ZDV WZLFH WKH GLVWDQFH WKH\ SK\VLFDOO\ WUDYHOHG
�DFFRXQWLQJ IRU WKH EXV WUDYHO WR WKH SLFN�XS SRLQW EHIRUH FROOHFWLQJ SDVVHQJHUV DQG WUDYHO EDFN WR
WKH�VWDGLXP�DIWHU�GURSSLQJ�RII�SDVVHQJHUV�DIWHU�WKH�JDPH�
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%LNH�WR�WKH�*DPH� :H HVWLPDWHG WKH PDJQLWXGH RI HPLVVLRQV VDYLQJV SRWHQWLDO UHODWHG WR WKUHH
VFHQDULRV LQ ZKLFK ���� RI IDQ WUDYHO ZLWKLQ WHQ PLOHV �RQH�ZD\� RFFXUV E\ GLIIHUHQW W\SHV RI
ELF\FOH� �� KXPDQ�SRZHUHG� �� VKDUHG GRFNOHVV HOHFWULF� �� SHUVRQDO HOHFWULF� ,Q DOO FDVHV� ZH
UHFODVVLILHG DOO IDQ WUDYHO XS WR WHQ PLOHV �RQH�ZD\� WR KDYH EHHQ E\ ELF\FOH� ,Q WKH ILUVW VFHQDULR�
ZH DVVXPHG WKHUH DUH QR HPLVVLRQV IURP F\FOLQJ� ,Q WKH VHFRQG VFHQDULR� ZH XVHG HPLVVLRQ
IDFWRUV GHULYHG IURP VKDUHG GRFNOHVV H�VFRRWHUV �+ROOLQJVZRUWK HW DO�� ������ :H DVVXPHG WKDW
H�ELNHV DQG H�VFRRWHUV KDYH WKH VDPH EDWWHU\ FDSDFLW\ DQG PD[LPXP SRZHU DQG FRXOG WKHUHIRUH
XVH WKH VDPH &2�H HPLVVLRQ IDFWRU� :H H[WUDSRODWHG HPLVVLRQV IURP WKH XVH SKDVH �LQFOXGLQJ
ERWK FKDUJLQJ DQG DVVRFLDWHG FROOHFWLRQ DQG GLVWULEXWLRQ� ������� J&2�H�PLOH�� ,Q WKH WKLUG
VFHQDULR� ZH GHULYHG HPLVVLRQ IDFWRUV IRU SHUVRQDO H�ELNHV DQG H�VFRRWHUV IURP 0F4XHHQ HW DO�
������� 7KH VWXG\ XVHV HPLVVLRQ IDFWRUV VSHFLILF WR WKH ���� HOHFWULFDO JULG LQ WKH 3DFLILF
1RUWKZHVW �1:33�� VR ZH FRQYHUWHG WKH HPLVVLRQ IDFWRU WR PDNH LW VSHFLILF WR WKH ���� )ORULGD
�)5&&� JULG �(TXDWLRQ ��������%�� 7KH HPLVVLRQ IDFWRU VSHFLILF WR WKH ���� )5&& JULG ZDV
������J&2�H�PLOH�

(TXDWLRQ���������%�
)5&&�HELNH�(PLVVLRQ�)DFWRU� [�1:33�HELNH�(PLVVLRQ�)DFWRUəɗɘɠ�ԴՀԱԱ�ՍՕՑ՛՛Ց՗Ֆ�ՎՉՋ՜՗՚

əɗɘɟ�ԼՅԾԾ�ՍՕՑ՛՛Ց՗Ֆ�ՎՉՋ՜՗՚

1R�5LGHVKDUH�7D[L��:H�HVWLPDWHG�WKH�PDJQLWXGH�RI�HPLVVLRQV VDYLQJV�SRWHQWLDO�IURP�VZLWFKLQJ
DOO�ULGHVKDUH�DQG�WD[L�ULGHV�WR�SHUVRQDO�FDUV��7KLV�VZLWFK�HOLPLQDWHV�DGGLWLRQDO�HPLVVLRQV
DVVRFLDWHG�ZLWK�FUXLVLQJ��LGOLQJ��DQG�GHDGKHDGLQJ��,Q�WKLV�VFHQDULR��ZH�XVHG�WKH�FDU�SHUVRQDO
YHKLFOH�HPLVVLRQ�IDFWRU�IRU�DOO�FDUV��ULGHVKDUHV�YHKLFOHV��DQG�WD[LV��:H�DOVR�HVWLPDWHG�WKH
PDJQLWXGH�RI�LQFUHDVHG�HPLVVLRQV�IURP�VZLWFKLQJ�IURP�SHUVRQDO�FDUV��DQG�WD[LV��WR�ULGHVKDUH
YHKLFOHV��,Q�WKLV�VFHQDULR��ZH�XVHG�WKH�ULGHVKDUH�YHKLFOH�HPLVVLRQ�IDFWRU�IRU�DOO�FDUV��ULGHVKDUH
YHKLFOHV��DQG�WD[LV�

������ 7HDP�7UDYHO
5D\V GDWD UHODWHG WR WHDP WUDYHO ZDV OLPLWHG WR SXEOLFO\ DYDLODEOH LQIRUPDWLRQ DERXW WKH WHDP¶V
SOD\LQJ VFKHGXOH IURP ZKLFK DLU WUDYHO HPLVVLRQV FRXOG EH LQIHUUHG� 7KH 5D\V¶ WHDP WUDYHO
PDQDJHU VWDWHG WKH WHDP XVHV D SODQH IRU DQ\ LQWHUFLW\ WUDYHO RYHU ��� PLOHV� $VLGH IURP DLU
WUDYHO� WKH WHDP WUDYHO IRRWSULQW ZDV FDOFXODWHG XVLQJ ���� GDWD IURP WKH 0HWV �VHH 6HFWLRQ
���������� 7KH 0HWV XWLOL]H D WUDYHO DJHQF\� 'LUHFW 7UDYHO� WKLV VHUYLFH SURYLGHV WKH WRWDO DQQXDO
&2� HPLVVLRQ �LQ OEV� IRU WKH IROORZLQJ FDWHJRULHV� DLU� FDU UHQWDO� DQG KRWHO� 7UDQVSRUWDWLRQ DQG
DFFRPPRGDWLRQV DUH FRQVLGHUHG 6FRSH � HPLVVLRQV� ([DFW YDOXHV ZHUH QRW SURYLGHG DW WKH
PRQWKO\ OHYHO� EXW HPLVVLRQ YDOXHV ZHUH EURNHQ GRZQ E\ PRQWK DQG GHSLFWHG LQ D EDU FKDUW �VHH
)LJXUH �� IRU DQ H[DPSOH�� WKXV DQ HVWLPDWLRQ RI WKH PRQWKO\ HPLVVLRQV YDOXH ZDV GHWHUPLQHG E\
WKH WHDP� 0RQWKO\ &2� HPLVVLRQV �LQ OEV� IRU DOO RI WKH SURYLGHG WUDQVSRUW FDWHJRULHV ZHUH
JOHDQHG IURP WKH EDU FKDUWV IRU WKH $SULO WKUX 6HSWHPEHU ���� SHULRG DQG VXPPHG WR GHWHUPLQH
WKH VHDVRQ�OHYHO WRWDO HPLVVLRQV� 7KHVH GDWD ZHUH WKHQ FRQYHUWHG IURP SRXQGV WR NJ XVLQJ WKH
(3$¶V *UHHQKRXVH *DV (TXLYDOHQFLHV &DOFXODWRU� ZKHUH � SRXQG &2� LV HTXLYDOHQW WR ������ NJ
&2���³*UHHQKRXVH�*DV�(TXLYDOHQFLHV�&DOFXODWRU�´�������
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)LJXUH ��� &2� HPLVVLRQV DVVRFLDWHG ZLWK KRWHO VWD\V IURP 1HZ <RUN 0HWV ����� SUHSDUHG E\
'LUHFW7UDYHO

�������� &RPSDULVRQ�WR�0HWV�'DWD
7R XQGHUVWDQG KRZ DFFXUDWHO\ WKH 0HWV GDWD UHSUHVHQWV WKH 5D\V WHDP WUDYHO IRRWSULQW� DQ
DQDO\VLV ZDV SHUIRUPHG WR FRPSDUH WKH HPLVVLRQV IURP 0HWV WHDP IOLJKWV WR WKH 5D\V� $
VSUHDGVKHHW ZDV VHW XS XVLQJ WKH SXEOLFO\ DYDLODEOH ���� 5D\V VFKHGXOH WR WUDFN WKH WHDP¶V WUDYHO
EHWZHHQ JDPHV �ERWK KRPH DQG DZD\� DQG DFFRXQW IRU PLOHV IORZQ RYHU WKH FRXUVH RI WKH VHDVRQ�
DQ RQOLQH ³$LU 0LOHV &DOFXODWRU´ WRRO ZDV XVHG WR GHWHUPLQH IOLJKW PLOHV EHWZHHQ DLUSRUWV �³$LU
0LOHV &DOFXODWRU�´ Q�G�� (631� ������ (3$ HPLVVLRQ IDFWRUV IRU ���� *+* LQYHQWRULHV ZHUH
XVHG WR GHWHUPLQH HPLVVLRQV DVVRFLDWHG ZLWK IOLJKW PLOHV� IOLJKWV DUH GLYLGHG E\ WKH (3$ LQWR
WKUHH FDWHJRULHV� ³VKRUW´ �OHVV WKDQ ��� PLOHV�� ³PHGLXP´ ���� WR ���� PLOHV�� DQG ³ORQJ´ �RYHU
���� PLOHV� DQG HDFK KDV VSHFLILF HPLVVLRQV IDFWRUV IRU IOLJKW OHQJWK� DV WKH GLVWDQFH IORZQ
LPSDFWV WKH HPLVVLRQV IDFWRU� VKRUWHU IOLJKWV KDYH KLJKHU HPLVVLRQV IDFWRUV� ,W VKRXOG EH QRWHG
WKDW WKH 0HWV GDWD GLG QRW VSHFLI\ WKH VRXUFH RU \HDU IRU HPLVVLRQ IDFWRUV DSSOLHG� EXW WKDW ZKHQ
FRPSDULQJ WKH 5D\V¶ IOLJKW HPLVVLRQV WKH ���� *+* HPLVVLRQ IDFWRUV ZHUH XVHG IRU FRQVLVWHQF\
DFURVV WKH HQWLUH ERG\ RI FDOFXODWLRQV� 8VLQJ WKH PD[ FDSDFLW\ ���� SHRSOH� RI WKH ������� SODQH�
ZKLFK ZDV LGHQWLILHG DV WKH 5D\V¶ WHDP SODQH PRGHO� NJ&2��SDVVHQJHU�PLOH ZDV FRQYHUWHG WR NJ
&2�� 7DEOH �� VKRZV WKH SURFHVV IURP LGHQWLI\LQJ WKH 5D\V¶ IOLJKW PLOHDJH WR GHWHUPLQLQJ WKH
NJ &2� DVVRFLDWHG ZLWK WKH IOLJKW� 1RWH WKDW WKH PD[ FDSDFLW\ RI WKH SODQH ZDV XVHG DV ZH ZHUH
XQDEOH WR GHWHUPLQH DQ DYHUDJH QXPEHU RI SDVVHQJHUV IRU WKH IOLJKWV� FDSDFLW\ LV LPSRUWDQW
EHFDXVH WKH PRUH SDVVHQJHUV� WKH IHZHU HPLVVLRQV SHU SDVVHQJHU�PLOHV� (TXDWLRQ ������$
VXPPDUL]HV WKH DLU WUDYHO HPLVVLRQV FDOFXODWLRQ SURFHVV� 7RWDO HPLVVLRQV IURP IOLJKWV DVVRFLDWHG
ZLWK 5D\V WHDP VHDVRQ WUDYHO ZHUH GHWHUPLQHG WR EH ��������� NJ &2�� IRU FRPSDULVRQ� WKH
0HWV GDWD LGHQWLILHG HPLVVLRQV RI ��������� NJ &2�� %HFDXVH ERWK WHDPV KDG VLPLODU HPLVVLRQV
YDOXHV IRU DLU WUDYHO� DQG WKLV ZDV SDUW RI WHDP WUDYHO ZH ZHUH DEOH WR GHWHUPLQH IRU 5D\V� WKH DLU
WUDYHO�HPLVVLRQV�XVHG�LQ�RXU�IRRWSULQW�VWHP�IURP�WKH�5D\V�GDWD�
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7KH 0HWV HPLVVLRQV KDYH EHHQ XVHG DV D SUR[\ IRU WKH UHVW RI WKH WHDP WUDYHO HQG�XVH FDWHJRULHV
RI�WKH�WRWDO�IRRWSULQW�

7DEOH ��� 3URFHVV IRU FDOFXODWLQJ WKH NJ &2� DVVRFLDWHG ZLWK HDFK IOLJKW WDNHQ WR DFFRPPRGDWH
WKH 5D\V ���� VFKHGXOH� XVLQJ ���� (3$ HPLVVLRQV IDFWRUV IRU YDULRXV IOLJKW PLOHDJHV� WKLV WDEOH
LV�D�VDPSOH�VKRZLQJ�WKH�WKUHH�GLIIHUHQW�IOLJKW�W\SHV�DQG�LV�QRW�LQFOXVLYH�RI�DOO�GDWD�XVHG

*DPH�'DWH
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��������DW
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(TXDWLRQ�������$�
7HDP�$LU�7UDYHO�*+*�(PLVVLRQV��&2�H�� ����(VWLPDWHG�0LOHDJH�)ORZQ�[�(VWLPDWHG�1XPEHU�RI

3DVVHQJHUV�[�(PLVVLRQ�)DFWRU)7�*+* [�*:3*+*��
ZKHUH�)7�LV�IOLJKW�W\SH��VKRUW���ORQJ��RU�PHGLXP�KDXO��DQG�*+*�LV�&2���&+��DQG�1�2�

������ &RQFHVVLRQV
7KLV VXEVHFWLRQ GHWDLOV WKH PHWKRGRORJ\ IRU TXDQWLI\LQJ WKH FDUERQ IRRWSULQW IURP FRQFHVVLRQV DW
7URSLFDQD )LHOG GXULQJ WKH ���� 7DPSD %D\ 5D\V VHDVRQ� 7KLV LQFOXGHV ERWK WKH *+* HPLVVLRQV
IURP WKH IRRG SURGXFHG DQG VROG DW FRQFHVVLRQV VWDQGV DQG WKH *+*V IURP WKH QRQ�FDSLWDO
PDWHULDOV DQG SDFNDJLQJ XVHG DQG GLVWULEXWHG DW WKH FRQFHVVLRQV VWDQGV� 7KLV HYDOXDWLRQ LV
FRQVLGHUHG FUDGOH�WR�VWDGLXP� PHDQLQJ LW LQFOXGHV DOO XSVWUHDP *+* HPLVVLRQV VXFK DV WKRVH
DVVRFLDWHG ZLWK IDUPLQJ� RU SDFNDJLQJ PDWHULDO H[WUDFWLRQ� DQG WUDQVSRUWLQJ IRRG WR VWDGLXPV�
7KLV VHFWLRQ GRHV QRW LQFOXGH *+* HPLVVLRQV DVVRFLDWHG ZLWK WKH ³XVH SKDVH´ RI FRQFHVVLRQV
PDWHULDOV� L�H� RQVLWH IRRG SURGXFWLRQ� EHFDXVH WKHVH *+* HPLVVLRQV ZRXOG EH IURP XVH RI
QDWXUDO JDV RU HOHFWULFLW\ LQ WKH FRRNLQJ SURFHVV DQG DUH WKXV TXDQWLILHG LQ 6FRSH � DQG 6FRSH �
HPLVVLRQV FDOFXODWLRQV� $GGLWLRQDOO\� LW GRHV QRW LQFOXGH HQG�RI�OLIH *+* HPLVVLRQV RI IRRG DQG
PDWHULDOV IURP FRQFHVVLRQV EHFDXVH DOO *+* HPLVVLRQV IURP DOO ZDVWH H[LWLQJ WKH VWDGLXP �QRW
MXVW FRQFHVVLRQV�UHODWHG ZDVWH� DUH TXDQWLILHG DQG GHWDLOHG LQ $SSHQGL[ ������� 4XDQWLI\LQJ
FUDGOH�WR�VWDGLXP HPLVVLRQV RI FRQFHVVLRQV DYRLGV GRXEOH FRXQWLQJ RI *+* HPLVVLRQV DVVRFLDWHG
ZLWK�FRQFHVVLRQV�XVH�SKDVH�DQG�HQG�RI�OLIH�

&RQFHVVLRQV DW 7URSLFDQD )LHOG DUH PDGH IURP SXUFKDVHG JRRGV DQG VHUYLFHV� 7KH *+* 3URWRFRO
7HFKQLFDO *XLGDQFH IRU &DOFXODWLQJ 6FRSH � (PLVVLRQV UHFRPPHQGV FDOFXODWLQJ HPLVVLRQV IURP
SXUFKDVHG JRRGV DQG VHUYLFHV XVLQJ VXSSOLHU�VSHFLILF GDWD LI SRVVLEOH� IROORZHG E\ QDWLRQDO

��



DYHUDJH GDWD DSSOLHG WR DFWXDO PDVV RI TXDQWLWLHV SXUFKDVHG� DQG ODVWO\� XVLQJ D VSHQG�EDVHG
PHWKRG WKDW HVWLPDWHV HPLVVLRQV IRU JRRGV DQG VHUYLFHV E\ FROOHFWLQJ GDWD RQ WKH HFRQRPLF YDOXH
RI JRRGV DQG VHUYLFHV SXUFKDVHG DQG PXOWLSO\LQJ LW E\ UHOHYDQW VHFRQGDU\ �H�J�� LQGXVWU\ DYHUDJH�
HPLVVLRQ IDFWRUV �H�J�� DYHUDJH HPLVVLRQV SHU PRQHWDU\ YDOXH RI JRRGV� �%DUURZ HW DO�� Q�G���
8VLQJ SULPDU\ GDWD IURP VXSSOLHUV HQVXUHV VSHFLILFLW\� EXW QRW QHFHVVDULO\ DFFXUDF\� ZLWK *+*
HPLVVLRQV HVWLPDWHV� 8VLQJ HFRQRPLF YDOXH DV D SUR[\ IRU PDVV RU YROXPH PD\ UHGXFH
VSHFLILFLW\�RI�*+*�HPLVVLRQV�HVWLPDWHV��EXW�QRW�QHFHVVDULO\�DFFXUDF\��%DUURZ�HW�DO���Q�G���

�������� 'DWD�$YDLODEOH�IURP�WKH�5D\V
2XU WHDP RSWHG WR XVH D VSHQG�EDVHG PHWKRG WR TXDQWLI\ *+* HPLVVLRQV JLYHQ DYDLODEOH GDWD�
7KH 5D\¶V SURYLGHG RXU WHDP ZLWK WKHLU SXUFKDVLQJ GDWD IRU 7URSLFDQD )LHOG IURP 0DUFK �� ����
WKURXJK -XO\ ��� ����� D WLPH SHULRG LQFOXGLQJ �� KRPH JDPHV DW 7URSLFDQD )LHOG� 7KLV
0LFURVRIW ([FHO VSUHDGVKHHW FRQWDLQHG VXSSOLHU QDPH� SURGXFW QDPH� WRWDO XQLWV SXUFKDVHG� WRWDO
GROODUV VSHQW SHU SURGXFW �³VSHQG´�� DQG GDWH RI SXUFKDVH� 7KH GDWDVHW LQFOXGHG UHFRUGV RI �����
SXUFKDVHV RI ����� XQLTXH SURGXFWV IURP �� GLIIHUHQW VXSSOLHUV� +RZHYHU� WKH GDWDVHW RPLWWHG
GHWDLOHG VXSSOLHU LQIRUPDWLRQ DQG WKH ³WRWDO XQLWV SXUFKDVHG´ ZDV QRW LQ XQLWV RI PDVV RU YROXPH�
OHDYLQJ D VSHQG�EDVHG PHWKRG DV WKH PRVW YLDEOH RSWLRQ IRU TXDQWLI\LQJ HPLVVLRQV DVVRFLDWHG
ZLWK WKH SXUFKDVHV� 7KH DGYDQWDJH RI XVLQJ WKLV PHWKRG LV WKDW LW DOORZHG XV WR FRPSUHKHQVLYHO\
HYDOXDWH HPLVVLRQ VRXUFHV IURP WKH HQWLUH HFRQRP\ LQ D WLPH�HIILFLHQW PDQQHU� /LPLWDWLRQV RI WKLV
PHWKRG LQFOXGH� EURDG VHFWRU DYHUDJHV PD\ QRW UHSUHVHQW WKH QXDQFHV RI XQLTXH SURFHVVHV DQG
SURGXFWV� WKH PHWKRG ODFNV VSHFLILFLW\ DQG DFFXUDF\ FRPSDUHG WR SURFHVV�EDVHG DSSURDFKHV� DQG
WKLV PHWKRG PDNHV LW GLIILFXOW WR PHDVXUH DQG GHPRQVWUDWH UHVXOWV RI UHGXFWLRQ HIIRUWV LQFOXGLQJ
SXUFKDVLQJ�IURP�VXSSOLHUV�WKDW�DUH�PDNLQJ�*+*�UHGXFWLRQ�HIIRUWV��%DUURZ�HW�DO���Q�G���

�������� (PLVVLRQV�'DWDVHW
2XU DQDO\VLV RI *+* HPLVVLRQV DVVRFLDWHG ZLWK FRQFHVVLRQV XVHG *+* HPLVVLRQ IDFWRUV IURP
WKH 8�6� (3$¶V 6XSSO\ &KDLQ (PLVVLRQ )DFWRUV IRU 8�6� ,QGXVWULHV DQG &RPPRGLWLHV GDWDVHW
�,QJZHUVHQ DQG /L� ������ 7KHVH HPLVVLRQ IDFWRUV XVH (QYLURQPHQWDOO\�([WHQGHG ,QSXW�2XWSXW
�((,2� 0RGHOV� ZKLFK DUH OLIH F\FOH PRGHOV RI JRRGV DQG VHUYLFHV LQ WKH 8�6� HFRQRP\� 7KH
((,2 PRGHO SDLUV VXSSO\ FKDLQ HFRQRPLF GDWD ZLWK HQYLURQPHQWDO GDWD WR XQGHUVWDQG ERWK
ILQDQFLDO DQG HQYLURQPHQWDO UHODWLRQVKLSV EHWZHHQ VHFWRUV WKURXJKRXW DQ RUJDQL]DWLRQ¶V VXSSO\
FKDLQ� 7KH GDWDVHWV FRQWDLQ WKH ILQDQFLDO GHSHQGHQFLHV RI HDFK HFRQRPLF VHFWRU RQ DOO RWKHU
HFRQRPLF VHFWRUV� 3DLULQJ WKLV ZLWK 8�6� (3$ GDWD RQ *+* HPLVVLRQV IURP HDFK VHFWRU DOORZV
WKH 8�6� (3$ WR SURYLGH D GDWDVHW RI HPLVVLRQ IDFWRUV WKDW GHVFULEH *+* HPLVVLRQV SHU GROODU
VSHQW RQ DQ HFRQRPLF VHFWRU� 7KH GDWDVHW� SXEOLVKHG LQ -XO\ ����� LQFOXGHV *+* HPLVVLRQ IDFWRUV
IRU a��� HFRQRPLF VHFWRUV� GHILQHG ZLWK WKH VHFWRU FRGHV IURP WKH 8�6� %XUHDX RI (FRQRPLF
$QDO\VLV �%($�� 7KH GDWDVHW SURYLGHV HPLVVLRQV IDFWRUV IRU GROODUV VSHQW LQ WKH \HDUV ����������
6LQFH RXU GDWD LV IURP ����� ���� HPLVVLRQ IDFWRUV ZHUH XVHG � WKH PRVW FXUUHQW HPLVVLRQ IDFWRU�
(PLVVLRQ IDFWRUV IURP WKH PRGHO GR QRW LQFOXGH ELRJHQLF HPLVVLRQV� RU HPLVVLRQV GHULYHG IURP
ELRPDVV��,QJZHUVHQ�DQG�/L��������

�������� &DOFXODWLQJ�(PLVVLRQV
7KH SURFHVV RI FDOFXODWLQJ HPLVVLRQV UHTXLUHG MRLQLQJ WKH 5D\V SXUFKDVLQJ GDWD ZLWK WKH 8�6�
(3$ ((,2 GDWDVHW IURP ,QJZHUVHQ DQG /L� 7KLV ZDV GRQH E\ LGHQWLI\LQJ WKH %($ HFRQRPLF
VHFWRU DSSOLFDEOH WR HDFK LQGLYLGXDO SXUFKDVH UHFRUG IURP WKH 5D\V� L�H� ZKLFK HFRQRPLF VHFWRU
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ZDV UHVSRQVLEOH IRU WKH HPLVVLRQV DVVRFLDWHG ZLWK SURGXFWLRQ RI HDFK LWHP SXUFKDVHG E\ WKH 5D\V
IRU FRQFHVVLRQV� 7R GR WKLV� RXU WHDP SHUIRUPHG D FDWHJRUL]DWLRQ H[HUFLVH WKDW LQYROYHG PDQXDOO\
UHYLHZLQJ WKH GDWD OLQH�E\�OLQH WR FODVVLI\ HDFK SXUFKDVH ZLWK WKH DSSURSULDWH %($ VHFWRU FRGH�
)XUWKHU GHWDLOV RQ KRZ WKLV ZDV GRQH DQG ZKDW DVVXPSWLRQV ZHUH XVHG WR FODVVLI\ WKH GDWD DUH
FRQWDLQHG LQ 6HFWLRQ ��������� 2QFH %($ VHFWRU FRGHV ZHUH DGGHG WR 5D\V SXUFKDVLQJ GDWD�
&2�H IRU HDFK OLQH LWHP ZHUH FDOFXODWHG �)LJXUH ���� (PLVVLRQV ZHUH WKHQ WRWDOHG E\ WKH %($
HFRQRPLF VHFWRU� VHH 7DEOH �� LQ 5HVXOWV 6HFWLRQ ������� IRU EUHDNGRZQ RI WRWDO HPLVVLRQV E\ WKH
%($�VHFWRU�

)LJXUH ��� $ YLVXDO UHSUHVHQWDWLRQ RI (TXDWLRQ ��������$� XVHG WR FDOFXODWH *+* HPLVVLRQV
DVVRFLDWHG ZLWK HDFK OLQH LWHP� 7KH FDOFXODWLRQ EHJLQV ZLWK WKH WRWDO GROODU TXDQWLW\ VSHQW RQ KRW
GRJ�EXQV�LQ�WKH�XSSHU�OHIW�FRUQHU�DQG�WKHQ�IROORZV�WKH�DUURZV�WR�WRWDO�*+*V

(TXDWLRQ���������$�
&RQFHVVLRQV�*+*�(PLVVLRQV��LQ�&2�H�� ���>'ROODU�6SHQW3* [�3URGXFHU�3ULFH�&RQYHUVLRQ

)DFWRU3* [����,WHP�(PLVVLRQ�)DFWRU*+* [�*:3*+*�@�
ZKHUH�3*�LV�DQ�LQGLYLGXDO�SXUFKDVHG�JRRG�DQG�*+*�LV�&2���&+��DQG�1�2�

��



1RWH WKDW� FRQVLVWHQW ZLWK RWKHU FDOFXODWLRQV LQ RXU FDUERQ IRRWSULQW� ZH XVHG ����\HDU *:3V
IURP WKH ,3&& $5� UHSRUW EXW WKDW WKH ³RWKHU *+*V´ ZHUH DOUHDG\ FRQYHUWHG WR &2�H XVLQJ
,3&&�$5��*:3V��6PLWK�DQG�1LFKROOV��������S�����

2XU FDOFXODWLRQV GLG QRW FRQYHUW WRWDO VSHQG IURP WKH SULFH WKDW WKH 5D\¶V SDLG WR D SURGXFHU SULFH
WKDW H[FOXGHV PDUN�XSV� 7KLV LV EHFDXVH WKH 8�6� (3$ ((,2 HPLVVLRQ IDFWRUV ZHUH DOUHDG\
FRQYHUWHG IURP SURGXFHU SULFHV WR FRQVXPHU SULFHV XVLQJ %($ GDWD� 7KLV FRQYHUVLRQ IDFWRUHG LQ
PDUJLQV IURP GLVWULEXWLRQ� ZKROHVDOH DQG UHWDLO FRVWV �,QJZHUVHQ DQG /L� ������ :H IHOW LW
DSSURSULDWH WR QRW FRQYHUW EDVHG RQ WKH VL]H RI WKH 5D\¶V SXUFKDVLQJ� DQG WKDW EXON SXUFKDVLQJ
UHODWHV�WKHP�WR�D�ZKROHVDOH�SULFH�

�������� %($�6HFWRU�&RGH�$VVXPSWLRQV
)RU FODULW\ RQ ZKDW W\SHV RI SURGXFWV DQG VHUYLFHV IDOO LQWR HDFK %($ 6HFWRU &RGH� ZH XVHG
�³&DUQHJLH 0HOORQ � (,2 /&$�´ Q�G��� 6SHFLILFDOO\� ZH XVHG WKH ���� 8�6� 1DWLRQDO 3URGXFHU
3ULFH 0RGHO EHFDXVH LW DOORZHG XV WR VHDUFK IRU VHFWRUV XVLQJ NH\ZRUGV� ,Q RXU FDWHJRUL]DWLRQ
H[HUFLVH��ZH�XVHG�WKH�IROORZLQJ�DVVXPSWLRQV�

Ɣ 7KH PDMRULW\ RI ILVK DQG PHDW ZHUH DVVXPHG WR EH SURFHVVHG DQG SDFNDJHG� 7KHUHIRUH� DOO
ILVK DQG PHDW SURGXFWV ZHUH FODVVLILHG DV %($ 6HFWRU &RGH �����$ � 3DFNDJHG PHDW
�H[FHSW SRXOWU\�� ������ � 3DFNDJHG SRXOWU\� RU ������ � 6HDIRRG� DV DSSURSULDWH� 1R
³IDUPLQJ´ RU ³ZLOG�FDXJKW´ VHFWRU FRGHV ZHUH XVHG ZLWK WKH H[FHSWLRQ RI FRGH ������ �
3RXOWU\�IDUPV�IRU�DOO�HJJ�SURGXFWV�EHFDXVH�WKLV�VHFWRU�GRHV�LQFOXGH�HJJ�SURGXFWLRQ

Ɣ 3ODVWLF SXUFKDVHV IHOO LQWR %($ 6HFWRU &RGH ������ � 2WKHU 3ODVWLF 3URGXFWV UDWKHU WKDQ
&RGH ������ � 3ODVWLFV� ZKLFK LV PRUH FORVHO\ DOLJQHG ZLWK SODVWLF UHVLQ PDQXIDFWXULQJ
UDWKHU�WKDQ�SURGXFWV�PDGH�IURP�SODVWLFV�

Ɣ )XHO VXUFKDUJHV UHSUHVHQWHG DGGLWLRQDO IXHO UHTXLUHG WR WUDQVSRUW WKH JRRGV WR WKH VWDGLXP
DQG WKXV EHORQJHG WR %($ 6HFWRU &RGH ������ � *DVROLQH� IXHOV� DQG E\�SURGXFWV RI
SHWUROHXP�UHILQLQJ�

Ɣ 'HOLYHU\ FKDUJHV FRUUHVSRQGHG WR DGGLWLRQDO WUXFN WUDQVSRUW DQG ZHUH PRVW DSSURSULDWHO\
SODFHG�LQ�%($�6HFWRU�&RGH����������7UXFN�WUDQVSRUW�

Ɣ .HJ GHSRVLWV ZHUH EHVW FDSWXUHG E\ %($ 6HFWRU &RGH ������ � *URFHU\ DQG UHODWHG
SURGXFW ZKROHVDOHUV EHFDXVH NHJ GHSRVLWV UHSUHVHQW �UH�ILOOLQJ RI EUHZHG EHHU �RU RWKHU
EHYHUDJHV��UDWKHU�WKDQ�WKH�EUHZLQJ�DFWLYLW\�LWVHOI�RU�WKH�PDQXIDFWXULQJ�RI�WKH�NHJ�

Ɣ 3UH�PDGH IRRG GLSV� PL[HV� DQG RWKHU DPDOJDPDWLRQV RI LQJUHGLHQWV IURP GLIIHUHQW VHFWRUV
�VXFK DV VDQGZLFKHV� ZHUH DVVLJQHG %($ 6HFWRU &RGH ������ � $OO RWKHU IRRGV EHFDXVH
WKH LQGLYLGXDO LQJUHGLHQWV XVHG FDPH IURP D YDULHW\ RI RWKHU VHFWRUV DQG WKHUH LV QR RWKHU
LQGLYLGXDO�VHFWRU�WKDW�EHVW�UHSUHVHQWHG�WKHP�

Ɣ $OO FKHPLFDOV SXUFKDVHG ZRXOG EH XVHG IRU FOHDQLQJ DQG WKXV IHOO LQWR %($ 6HFWRU &RGH
���������6RDSV�DQG�FOHDQLQJ�FRPSRXQGV�

Ɣ 6\QWKHWLF PDWHULDOV VXFK DV Q\ORQ� YHOFUR� RU QLWULOH EHORQJHG WR WKH %($ 6HFWRU &RGH
����$����6\QWKHWLF�UXEEHU�DQG�DUWLILFLDO�DQG�V\QWKHWLF�ILEHUV�
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Ɣ $OO SDSHU SURGXFWV GLUHFWO\ DVVRFLDWHG ZLWK IRRG VHUYLFH H[FHSW �� QDSNLQV DQG SDSHU
WRZHOV DQG �� SL]]D ER[HV DQG RWKHU SDSHU WDNHRXW FRQWDLQHUV IHOO LQWR %($ 6HFWRU &RGH
������ � 3DSHU EDJV DQG FRDWHG SDSHU� 7KH H[FHSWLRQV PHQWLRQHG KHUH ZHUH DVVLJQHG WR
�� %($ 6HFWRU &RGH ������ � 6DQLWDU\ SDSHU �WLVVXHV� QDSNLQV� GLDSHUV� HWF�� DQG �� %($
6HFWRU�&RGH����������&DUGERDUG�FRQWDLQHUV�

������ 0HUFKDQGLVH
7KLV VXEVHFWLRQ GHWDLOV WKH PHWKRGRORJ\ IRU TXDQWLI\LQJ WKH FDUERQ IRRWSULQW IURP PHUFKDQGLVH
DW 7URSLFDQD )LHOG GXULQJ WKH ���� 7DPSD %D\ 5D\V VHDVRQ �$SULO�6HSWHPEHU�� 7KLV HYDOXDWLRQ
LV FRQVLGHUHG FUDGOH�WR�JDWH� PHDQLQJ LW LQFOXGHV DOO XSVWUHDP *+* HPLVVLRQV DVVRFLDWHG ZLWK
SURGXFW PDQXIDFWXULQJ� LQFOXGLQJ SDFNDJLQJ� VKLSSLQJ� KRZHYHU H[FOXGLQJ HQG�RI�OLIH DQG XVH
SKDVHV�

7KH 5D\V SURYLGHG PHUFKDQGLVH GDWD WKDW LQFOXGHG RQO\ WKH WRS �� LWHPV VROG E\ TXDQWLW\ DQG
YROXPH IRU WKH ���� VHDVRQ� WRWDOLQJ �� PHUFKDQGLVH LWHPV� 7KH *+* 3URWRFRO 7HFKQLFDO
*XLGDQFH IRU FDOFXODWLQJ 6FRSH � (PLVVLRQV UHFRPPHQGV FDOFXODWLQJ HPLVVLRQV IURP SXUFKDVHG
JRRGV XVLQJ VXSSOLHU�VSHFLILF GDWD� ,I XQDYDLODEOH LW UHFRPPHQGV XVLQJ QDWLRQDO DYHUDJH GDWD
DSSOLHG WR WKH PDVV RI LWHPV SXUFKDVHG� ODVWO\� LI WKH DERYH WZR RSWLRQV DUH LQIHDVLEOH� XVLQJ D
VSHQG�EDVHG PHWKRG WR HVWLPDWH WKH DYHUDJH HPLVVLRQV SHU PRQHWDU\ YDOXH RI JRRGV �%DUURZ HW
DO�� Q�G��� /DFNLQJ DFFHVV WR D GHWDLOHG VSHQG OHGJHU WKDW LQFOXGHG VXSSOLHU VSHFLILF LQIRUPDWLRQ
DQG DQQXDO UHYHQXH� ZH RSWHG WR XVH WKH VSHQG�EDVH PHWKRG WR FDOFXODWH *+* HPLVVLRQ
DVVRFLDWHG ZLWK WKH HFRQRPLF YDOXH RI JRRGV SXUFKDVHG� %\ XVLQJ WKH VSHQG�EDVHG PHWKRG WKH
UHVXOWV DUH GLUHFWO\ FRUUHODWHG ZLWK ERWK YROXPH RI SURGXFW VROG DV ZHOO DV WKH SULFH DW ZKLFK WKH
SURGXFW�ZDV�VROG�

6LPLODU WR FRQFHVVLRQV �6HFWLRQ ���������� RXU DQDO\VLV RI *+* HPLVVLRQV DVVRFLDWHG ZLWK
PHUFKDQGLVH SXUFKDVLQJ XVHG *+* HPLVVLRQ IDFWRUV IURP WKH 8�6� (3$¶V 6XSSO\ &KDLQ (PLVVLRQ
)DFWRUV IRU 8�6� ,QGXVWULHV DQG &RPPRGLWLHV GDWDVHW �,QJZHUVHQ DQG /L� ������ SDLUHG ZLWK 8�6�
(3$ *+* HPLVVLRQV IDFWRUV DVVLJQHG E\ 8�6� %XUHDX RI (FRQRPLF $QDO\VLV �%($� VHFWRU FRGH
�,QJZHUVHQ�DQG�/L��������

$OWKRXJK GDWD SURYLGHG ZDV IRU WKH ���� VHDVRQ� GDWD SURYLGHG GLG QRW LQFOXGH WKH 5D\V

SXUFKDVLQJ SULFH RU VDOH SULFH� VR ZH DVVLJQHG GROODU YDOXHV WR HDFK PHUFKDQGLVH SURGXFW XVLQJ
FXUUHQW ������ SURGXFW SULFHV LQ WKH 5D\V
 RQOLQH 0/% VWRUH �0/%� ����D� �VHH 6HFWLRQV
����������������� IRU IXUWKHU GHWDLO�� :H WKHQ FRQYHUWHG WKH SXUFKDVHU SULFH WR SURGXFHU SULFH
XVLQJ WKH 8�6 %XUHDX RI (FRQRPLF $QDO\VLV¶V &RPPRGLW\ &RPSRVLWLRQ RI 3HUVRQDO
&RQVXPSWLRQ ([SHQGLWXUHV �3&(� �³3&( %ULGJH 7DEOH _ ����������´ Q�G��� 2QFH FRQYHUWHG WR
���� SURGXFHU SULFH� LQ ���� 86'� ZH FRQYHUWHG WR ���� 86' XVLQJ WKH LQIODWLRQ UDWH IRU HDFK
SURGXFW¶V %($ HFRQRPLF VHFWRU� VHH (TXDWLRQ ������$� 7KH %($ 6HFWRU &RGH ZDV DVVLJQHG E\
FRQGXFWLQJ D FDWHJRUL]DWLRQ H[HUFLVH WKDW LQYROYHG PDQXDOO\ UHYLHZLQJ WKH SURGXFWV OLQH�E\�OLQH�
WKH VDPH DV ZDV GRQH IRU FDWHJRUL]LQJ FRQFHVVLRQV LQWR YDULRXV %($ VHFWRU FRGHV� 8QOLNH
FRQFHVVLRQV� PHUFKDQGLVH DOUHDG\ UHSUHVHQWHG DQ HQWLUH VHDVRQ RI VDOHV VR WKHUH ZDV QR QHHG WR
VFDOH WRWDO VSHQG WR RQH ZKROH VHDVRQ� 2QFH WKH ���� SURGXFHU SULFH ZDV GHWHUPLQHG LQ ����
86'� ZH XVHG WKH DVVLJQHG %($ VHFWRU FRGHV DQG WKH VDPH ((,2 PRGHOV DQG PHWKRGRORJ\ DV

��



FRQFHVVLRQV WR FDOFXODWH *+* HPLVVLRQV IRU HDFK W\SH RI PHUFKDQGLVH� 6HH YLVXDO UHSUHVHQWDWLRQ
IRU�KRW�GRJ�EXQV�LQ�6HFWLRQ����������DERYH�

(TXDWLRQ�������$�
0HUFKDQGLVH�*+*�(PLVVLRQV��&2�H�� ���>5HYHQXH�'ROODUV0 [�4XDQWLW\�6ROG0 [�3URGXFHU�WR

&RQVXPHU�3ULFH�5DWLR�[����,WHP�(PLVVLRQ�)DFWRU*+* [�*:3*+*�@�
ZKHUH�0�LV�DQ�LQGLYLGXDO�PHUFKDQGLVH�LWHP�DQG�*+*�LV�&2���&+��DQG�1�2�

���������3URGXFW�3ULFLQJ�$VVXPSWLRQV
1XPHURXV DVVXPSWLRQV ZHUH PDGH LQ RUGHU WR ILOO GDWD JDSV UHODWHG WR PHUFKDQGLVH GDWD UHFHLYHG
IURP WKH 5D\V� :H DVVXPH WKDW WKH ���� RQOLQH OLVWLQJ SULFH RI 0/% DSSDUHO VROG RQ WKH ZHEVLWH
ZRXOG KDYH EHHQ WKH VDPH DV WKH SULFH LQ ����� H[FOXGLQJ LQIODWLRQ� $GGLWLRQDOO\� LI WKH SURGXFW
ZDV QR ORQJHU DYDLODEOH RU IRXQG RQOLQH� WKH FRQVXPHU SULFH RI DQ LWHP WKDW FORVHO\ UHVHPEOHG
WKDW SURGXFW ZDV XVHG� ,Q VRPH FDVHV� D VLPLODU LWHP ZDV QRW DYDLODEOH DQG VR D ZHLJKWHG DYHUDJH
RI�UHODWHG�LWHPV�ZDV�FDOFXODWHG�EDVHG�RQ�DOO�SURGXFWV�RI�WKDW�W\SH�RQ�WKH�0/%�VWRUH�ZHEVLWH�

���������0/%�0DUNXS�$VVXPSWLRQV
6LQFH WKH YDOXHV DVVLJQHG WR DOO LWHPV ZHUH PDGH EDVHG RQ DVVXPSWLRQV� ZH DOVR DVVXPHG WKH
5D\V XVHG WKH 8�6 QDWLRQDO DYHUDJH SHUFHQWDJH PDUN�XSV� IRU H[DPSOH DSSDUHO PDQXIDFWXULQJ LV
����� �³3&( %ULGJH 7DEOH _ ����������´ Q�G��� +RZHYHU� SULFHV RQ PHUFKDQGLVH LWHPV DUH
XVXDOO\ DVVLJQHG D KLJKHU PDUN�XS WKDQ QDWLRQDO DYHUDJHV DW 0/% VWDGLXPV� SUHVXPDEO\ WR
PD[LPL]H SURILW PDUJLQV� 7KH DERYH�QDWLRQDO�DYHUDJH PDUN�XSV IRU 0/% PHUFKDQGLVH UHVXOWV LQ
DERYH�DYHUDJH�UHYHQXH��DQG�WKHUHIRUH�DQ�RYHUHVWLPDWH�RI�*+*�HPLVVLRQV�LQ�RXU�VWXG\�

���������3&(�7DEOH�$VVXPSWLRQ
7KH PRVW UHFHQW \HDU DYDLODEOH RQ WKH 8�6 %XUHDX RI (FRQRPLF $QDO\VLV¶V 3&( %ULGJH 7DEOH LV
IURP ����� 8VLQJ D YHUVLRQ IURP ���� FRXOG JUHDWO\ DIIHFW WKH RXWFRPH RI PHUFKDQGLVH DV WKH
WUDGH�PDUJLQV�KDYH�EHHQ�XSGDWHG�WKDW�ZRXOG�FKDQJH�ZKROHVDOH�DQG�UHWDLO�FRVW�

���������³*UDE�EDJ´�$VVXPSWLRQV
6SHFLDOW\ LWHPV VXFK DV WKH P\VWHU\ ³JUDE EDJV´ DQG WKH VSHFLDOW\ FRPPHPRUDWLYH MHUVH\
DFFRXQWHG IRU ���� RI PHUFKDQGLVH HPLVVLRQV HDFK� 7KH ³JUDE EDJ´ ZDV WKH WRS�VHOOLQJ SURGXFW
IURP WKH 5D\V GDWD VHW� $Q LQIRUPDWLRQDO LQWHUYLHZ ZLWK WKH 5D\V
 PHUFKDQGLVH PDQDJHU UHYHDOHG
WKDW WKH ³JUDE EDJ´ LWHP LV SDUW RI DQ HYHQW FDOOHG ³)LOO D %DJ�´ 'XULQJ VSULQJ WUDLQLQJ RU RQ
2SHQLQJ 'D\� WKH 5D\V RIIHU DQ RSSRUWXQLW\ IRU VHDVRQ WLFNHW KROGHUV WR SXUFKDVH D UHF\FODEOH
EDJ DQG ILOO LW ZLWK SURGXFWV IRU RQH SULFH ������ 7\SLFDO LWHPV LQFOXGH RXWGDWHG LWHPV VXFK DV
WUDGHG SOD\HUV¶ MHUVH\V� W�VKLUWV ZLWK RXWGDWHG ORJRV DQG RWKHU PLVFHOODQHRXV JLIWV� &RQVLGHULQJ
PDQ\ SRWHQWLDO ³JUDE EDJ´ LWHPV DUH DSSDUHO� DQG VXFK LWHPV ZLOO W\SLFDOO\ KDYH D JUHDWHU PDVV
DQG GROODU YDOXH� RXU WHDP XVHG WKH %($ ³FORWKLQJ´ HPLVVLRQ IDFWRU �,QJZHUVHQ DQG /L� ������
7KLV OLNHO\ UHVXOWHG LQ DQ RYHUHVWLPDWH RI HPLVVLRQV IURP WKH ³JUDE EDJ´ LWHPV VROG EHFDXVH
FORWKLQJ ZDV RQH RI WKH %($ HFRQRPLF VHFWRUV ZLWK WKH KLJKHVW HPLVVLRQV LQWHQVLW\ EXW WKH ³JUDE
EDJV´�OLNHO\�DOVR�FRQWDLQHG�LWHPV�WKDW�ZHUH�QRW�FORWKLQJ�WKDW�KDG�D�ORZHU�HPLVVLRQV�LQWHQVLW\�

��



���� 2QVLWH�:DWHU�8VH�0HWKRGRORJ\
7KLV VHFWLRQ GRFXPHQWV WKH GHWDLOV RI RXU PHWKRGRORJ\ IRU FDOFXODWLQJ RQVLWH ZDWHU XVH� 7KH
VXEVHFWLRQV FRPSULVH WKH VSHFLILF PHWKRGV XVHG WR FDOFXODWH ZDWHU XVDJH IRU VSHFLILF DFWLYLW\
DUHDV ZLWKLQ RXU V\VWHP ERXQGDU\� 'HWDLOV LQ HDFK VXEVHFWLRQ LQFOXGH VRXUFHV RI DFWLYLW\ GDWD�
HTXDWLRQV�WR�FRPSXWH�ZDWHU�XVDJH�IURP�DFWLYLW\�DUHDV��DQG�VXSSRUWLQJ�DVVXPSWLRQV�

�������5HVWURRPV
5HVWURRP ZDWHU XVDJH ZDV FDOFXODWHG XVLQJ D ERWWRP XS DSSURDFK DQG LV WKH VXP RI WRWDO VLQN�
XULQDO� DQG WRLOHW ZDWHU XVH �(TXDWLRQ ������$�� 7KLV FDOFXODWLRQ H[FOXGHV FOXEKRXVH DQG RIILFH
EDWKURRPV�DQG�LV�EDVHG�RQ������IDQ�DWWHQGDQFH�

(TXDWLRQ�������$�
:5  �:6 ��:8���&

7KH WRWDO ZDWHU XVHG GXULQJ WKH ���� VHDVRQ IRU HDFK EDWKURRP IL[WXUH W\SH ZDV GHWHUPLQHG E\
PXOWLSO\LQJ IORZ UDWHV �7DEOH ��� E\ WKH HVWLPDWHG QXPEHU RI XVHV SHU VHDVRQ �XULQDO DQG
FRPPRGH� RU DQ HVWLPDWHG DYHUDJH GXUDWLRQ RI XVH �VLQN� (TXDWLRQV ������% DQG &�� 7RWDO
XULQDO DQG FRPPRGH IORZ UDWHV ZHUH SURYLGHG E\ WKH 5D\V
 IDFLOLWLHV PDQDJHU �7DEOH ���� :H
FDOFXODWHG DQ DYHUDJH IORZ UDWH IRU XULQDOV DQG FRPPRGHV FRPELQHG� GXH WR ODFN RI GDWD RQ WKH
UDWLR�RI�PHQ�WR�ZRPHQ�IDQ�DWWHQGDQFH�DQG�W\SLFDO�EDWKURRP�KDELWV�

(TXDWLRQ�������%�
:6  �8% �)56 [��7V �

(TXDWLRQ�������&�
:8���&  �)58���& [��8%

7KH DYHUDJH SHUVRQ JRHV WR WKH EDWKURRP ��� WLPHV LQ D GD\ ��� KRXUV� �³8ULQDU\ )UHTXHQF\�´
������ DQG WKH DYHUDJH EDVHEDOO JDPH ODVWV a� KRXUV �%OHLHU� ������ 7KXV� ZH GHWHUPLQHG WKH
DYHUDJH EDWKURRP XVH SHU JDPH WR EH ���� ��� KRXUV � � KRXU JDPH � ��� WLPHV SHU GD\�� 7R
FDOFXODWH WKH WRWDO EDWKURRP XVHV SHU VHDVRQ �8%�� ZH PXOWLSOLHG WKH QXPEHU RI DWWHQGHHV SHU
VHDVRQ�E\�WKH�DERYH�FDOFXODWHG�DYHUDJH�EDWKURRP�XVH�SHU�JDPH�

:H DVVXPHG HYHU\ SHUVRQ ZDVKHG WKHLU KDQGV DIWHU JRLQJ WR WKH EDWKURRP DQG� EDVHG RQ &'&
JXLGHOLQHV�RQ�KDQGZDVKLQJ�WLPH��HDFK�XVHU�VSHQW����VHFRQGV�ZDVKLQJ�WKHLU�KDQGV��&'&��������

7DEOH�����)ORZ�UDWHV�E\�EDWKURRP�IL[WXUH
%DWKURRP�)L[WXUH :DWHU�&RQVXPSWLRQ

6LQN ����JDO�PLQ

8ULQDO ��JDO�IOXVK

&RPPRGH ��JDO�IOXVK

$YHUDJH�8ULQDO�DQG�&RPPRGH ��JDO�IOXVK

��



��



7DEOH ��� 9DULDEOHV IURP (TXDWLRQV ������$�& XVHG WR FDOFXODWH WKH WRWDO ZDWHU FRQVXPHG E\
EDWKURRP�IL[WXUHV

9DULDEOH 'HILQLWLRQ

:% 7RWDO�%DWKURRP�:DWHU�8VH�SHU�VHDVRQ

8% 7RWDO�%DWKURRP�8VHV�SHU�6HDVRQ

:6 6LQN�:DWHU�8VH

)56 )ORZ�5DWH�6LQN

76 $YHUDJH�KDQG�ZDVKLQJ�WLPH

:8���& &RPELQHG�XULQDO�DQG�FRPPRGH�ZDWHU�XVH

)58���& $YHUDJH�)ORZ�5DWH��8ULQDO���&RPPRGH�

�������)LHOG�8VH
7URSLFDQD )LHOG GRHV QRW KDYH DQ\ ZDWHU VXE�PHWHUV� WKXV� GHWHUPLQLQJ WKH ZDWHU XVDJH DWWULEXWHG
WR ILHOG ZDWHULQJ UHTXLUHG REVHUYDWLRQ DQG DSSUR[LPDWLRQ� $V WKH 5D\V XWLOL]H D V\QWKHWLF WXUI�
UDWKHU WKDQ WKH WUDGLWLRQDO JUDVV PDQ\ WHDPV SOD\ RQ� ILHOG ZDWHULQJ LV RQO\ RQ WKH FOD\� 7KH 5D\V
SULPDU\ JURXQGVNHHSHU ILOOHG D �� JDOORQ EXFNHW XVLQJ WKHLU KRVH LQ WKH VDPH FRQGLWLRQV DV D
UHJXODU ILHOG ZDWHULQJ VHVVLRQ WR HVWLPDWH ZDWHU XVDJH IURP ILHOG ZDWHULQJ� WKH KRVH XVHG KDG D
GLDPHWHU RI RQH LQFK DQG D PD[LPXP SUHVVXUH RI ��� SVL� 7KH WLPH LW WRRN IRU WKH EXFNHW WR EH
ILOOHG ZDV UHFRUGHG WR GHWHUPLQH D IORZ UDWH� 7KH IORZ UDWH ZDV FDOFXODWHG WR EH �� JDOORQV SHU
PLQXWH� DV LW WRRN WZR PLQXWHV WR ILOO WKH �� JDOORQ EXFNHW� 2QFH WKH IORZ UDWH ZDV GHWHUPLQHG� LW
ZDV DSSOLHG WR UHFRUGHG REVHUYDWLRQV RI ZDWHULQJ WKDW RFFXUUHG DFURVV VHYHUDO KRPH JDPHV WR
GHWHUPLQH�WKH�DYHUDJH�JDOORQV�RI�ZDWHU�XVHG�RQ�WKH�ILHOG�RQ�D�W\SLFDO�JDPHGD\�

7DEOH�����6DPSOH�UHFRUG�RI�JDPHGD\�ILHOG�ZDWHULQJ REVHUYDWLRQV

*DPH�'DWH 3UH�*DPH�:DWHULQJ
7LPH��PLQV�

3RVW�*DPH�:DWHULQJ
7LPH��PLQV�

7RWDO�:DWHULQJ
7LPH��PLQV�

7RWDO�)LHOG�8VH
:DWHU��JDO�

������� �� �� �� ���

������� �� � �� ���

������� �� �� �� ���

������� �� �� �� ���

������� �� �� �� ���

8VLQJ WKH JDOORQV HVWLPDWHG SHU JDPH LQ 7DEOH ��� WKH DYHUDJH YROXPH RI ZDWHU XVHG WR ZDWHU WKH
ILHOG IRU D JDPH ZDV GHWHUPLQHG WR EH ����� JDOORQV� $QHFGRWDO GDWD IURP FRQYHUVDWLRQV ZLWK WKH
5D\V¶ WZR SULPDU\ JURXQGVNHHSHUV LGHQWLILHG ZDWHULQJ IUHTXHQF\ DV HYHU\GD\ GXULQJ WKH VHDVRQ�
WKXV LW LV DVVXPHG D GDLO\ ZDWHULQJ UDWH RI ����� JDOORQV GXULQJ WKH VHDVRQ� 8VLQJ DQ DYHUDJH
YDOXH RI ����� JDO�GD\� RYHU WKH FRXUVH RI WKH VHDVRQDO ERXQGDU\ RI ��� GD\V� WKH WRWDO ZDWHU XVH
RQ�WKH�ILHOG�LV�HVWLPDWHG�WR�EH����������JDOORQV�������RI�WKH�VHDVRQ¶V�WRWDO�ZDWHU�XVDJH�

��



������ &RROLQJ�7RZHUV
&RROLQJ WRZHU ZDWHU XVDJH LV GHVFULEHG E\ (TXDWLRQ ������$� ZKHUHE\ PDNHXS �LQ JDOORQV SHU
PLQXWH��HTXDOV�WKH�VXP�RI�HYDSRUDWLRQ�DQG�EORZGRZQ��8�6��(3$������E��

(TXDWLRQ�������$�
:&7  �(���%

7KH 5D\V XWLOL]H -RKQVRQ &RQWUROV IRU WKHLU FRROLQJ WRZHU VHUYLFH DQG PDLQWHQDQFH� -RKQVRQ
&RQWUROV FROODERUDWHG ZLWK 1DOFR WR SURYLGH GDWD UHJDUGLQJ WKH HVWLPDWHG IORZ UDWH DQG RSHUDWLQJ
VFKHGXOH RI WKH WZR FRROLQJ WRZHU V\VWHPV RQVLWH� VHH 7DEOH ��� *LYHQ WKDW WKH IRRWSULQW KDV D
ERXQGDU\ RI $SULO WKURXJK 6HSWHPEHU �WKH W\SLFDO VHDVRQ�� DQ RSHUDWLQJ VFKHGXOH RI ��� GD\V
ZDV XVHG IRU WKH ����WRQ FRROLQJ V\VWHP ZKHQ FRPSOHWLQJ FDOFXODWLRQV� WKH ���� WRQ V\VWHP KDG
D�UHSRUWHG�����GD\V�RI�RSHUDWLRQ�

8SRQ FDOFXODWLQJ WKH JDOORQV XVHG IRU HDFK FRROLQJ WRZHU LW EHFDPH FOHDU WKH LQIRUPDWLRQ
SURYLGHG IURP -RKQVRQ &RQWUROV DQG 1DOFR ZDV QRW DFFXUDWH HQRXJK WR GHWHUPLQH WKH DFWXDO
ZDWHU XVDJH DVVRFLDWHG ZLWK WKH FRROLQJ WRZHUV� DV WKH DPRXQW FDOFXODWHG IRU WKH FRROLQJ WRZHUV
ZDV ODUJHU WKDQ WKH WRWDO DQQXDO ELOOHG ZDWHU FRQVXPSWLRQ� %DVHG RQ WKLV ILQGLQJ� WKH FRROLQJ
WRZHU ZDV QRW LQFOXGHG DV D IRUPDO FDWHJRU\ ZLWKLQ RQVLWH ZDWHU XVH� LQVWHDG� LW ZDV LQFRUSRUDWHG
DV SDUW RI ³RWKHU´� *LYHQ WKH DYDLODEOH LQIRUPDWLRQ� LW LV UHDVRQDEOH WR HVWLPDWH WKDW D VLJQLILFDQW
SRUWLRQ RI WKH ³RWKHU´ FDWHJRU\ LV WLHG WR WKH FRROLQJ WRZHU DQG XOWLPDWHO\ ZDV DOORFDWHG WKH
UHPDLQLQJ ZDWHU FRQVXPHG QRW DFFRXQWHG IRU LQ ³EDFN�RI�WKH�HQYHORSH´ FDOFXODWLRQV XVHG WR
GHWHUPLQH�DOO�RWKHU�HQG�XVHV�ZLWKLQ�WKH�³RWKHU´�FDWHJRU\��(TXDWLRQ�������%��

(TXDWLRQ�������%�
:&7  �:7 ±��:5 ±�:)8 ±��:* ±�::) ±�:&6 ±�::0 �

7DEOH�����&RROLQJ�WRZHU�GDWD�DQG�ZDWHU�FRQVXPSWLRQ

����7RQ�&RROLQJ�7RZHU �����7RQ�&RROLQJ�7RZHU

)ORZ�5DWH��JDO�PLQ� ���� ���

2SHUDWLQJ�'D\V�<HDU ��� ���

2SHUDWLQJ�+RXUV�GD\ �� ��

*DOORQV�SHU�6HDVRQ ��������� ����������

������ 2WKHU�&DOFXODWLRQV
$OWHUQDWLYH ZDWHU XVHV DW 7URSLFDQD )LHOG LQFOXGH ZDWHU IRXQWDLQV� OHDNV� FOXEKRXVH XVH
�LQFOXGLQJ VKRZHUV� VRDN WXEV� ZDWHU IRXQWDLQV�� FRRNLQJ� VWDGLXP FOHDQLQJ� DQG ODQGVFDSLQJ�
7KHVH DFWLYLWLHV ZHUH QRW DEOH WR EH PHDVXUHG QRU ZDV VXE�PHWHUHG GDWD DYDLODEOH� 6LQFH FRROLQJ
WRZHU ZDWHU FRQVXPSWLRQ FDOFXODWLRQV UHVXOWHG LQ D XVH HVWLPDWH JUHDWHU WKDQ WKH ZDWHU XWLOLW\ ELOO�
WKH FRROLQJ WRZHU ZDV PRYHG WR WKH RWKHU FDWHJRU\� $V D UHVXOW� WKLV FDWHJRU\ DFFRXQWV IRU WKH
PDMRULW\ RI ZDWHU XVDJH� ³%DFN�RI�WKH�HQYHORSH´ FDOFXODWLRQV XVLQJ OLWHUDWXUH ZHUH FRQGXFWHG WR
SURYLGH D EHVW HVWLPDWH RI WKH SHUFHQW EUHDNGRZQ RI WKH ³RWKHU´ FDWHJRU\� 5RXJK FDOFXODWLRQV
ZHUH FRQGXFWHG IRU ZDVKLQJ WKH JUDQGVWDQG� ZDWHU IRXQWDLQV� FOXEKRXVH VKRZHUV� OHDNV� DQG

��



ZDVKLQJ PDFKLQHV� .LWFKHQ XVH� RIILFH EDWKURRPV DQG ZDWHU IRXQWDLQV� RWKHU FOXEKRXVH XVHV
EHVLGHV VKRZHUV� DQG DQ\ ODQGVFDSLQJ ZHUH QRW FDOFXODWHG� 8VLQJ D 0LQQHVRWD 7ZLQV VWXG\�
ZDVKLQJ WKH JUDQGVWDQG ZDV FDOFXODWHG E\ (TXDWLRQ ������$ �0LQQHVRWD 'HSDUWPHQW RI +HDOWK�
������

(TXDWLRQ�������$�
:DVKLQJ�WKH�*UDQGVWDQG��JDO�� ��[ JDO�PLQ��[��\�PLQ� ZDVKLQJ��[��]�JDPHV�SHU�SHUVRQ�

:DWHU IRXQWDLQ XVH ZDV FDOFXODWHG EDVHG RQ WKH QXPEHU RI ZDWHU IRXQWDLQV LQ 7URSLFDQD )LHOG
�SURYLGHG E\ WKH 5D\V�� WKH IORZ UDWH DQG DXWRPDWLF VKXW RII WLPH RI D FRPPRQ SXEOLF ZDWHU
IRXQWDLQ W\SH� DQG DQ HVWLPDWLRQ RI WKH QXPEHU RI XVHV SHU IRXQWDLQ SHU JDPH �(TXDWLRQ
������%��

(TXDWLRQ�������%�
:DWHU�)RXQWDLQV��JDO�� ����:DWHU�)RXQWDLQV��[��[ JDO�VHF� [��\�VHF�XVH��[��]�XVHV�IRXQWDLQ��[

���JDPHV�SHU�VHDVRQ�

2QO\ VKRZHU ZDWHU XVH ZDV FDOFXODWHG IRU ZDWHU XVHG LQ FOXEKRXVH RSHUDWLRQV DQG ZDV EDVHG RQ
DVVXPSWLRQV IRU WKH DYHUDJH VKRZHU OHQJWK� DQG QXPEHU RI VKRZHUV SHU JDPH� ZH GLG QRW LQFOXGH
XVH�DIWHU�SUDFWLFHV��(TXDWLRQ�������&��

(TXDWLRQ�������&�
&OXEKRXVH�6KRZHUV��JDO�� ��6KRZHUKHDG�)ORZ�5DWH��JDO�PLQ���[��PLQ�VKRZHU��[��VKRZHU�JDPH�

[��JDPHV�VHDVRQ�

/HDNV ZHUH DVVXPHG WR EH �� RI WKH WRWDO ZDWHU XVDJH EDVHG RQ (3$ FDOFXODWLRQV RI D W\SLFDO
FRPPHUFLDO�EXLOGLQJ��8�6��(3$������F��

'DWD RQ WKH W\SH� TXDQWLW\ DQG UHDVRQ RI XVH ZHUH SURYLGHG IRU 7URSLFDQD )LHOG ZDVKLQJ
PDFKLQHV� :H DVVXPHG WKH QXPEHU RI PLQXWHV SHU ZDVK� EDVHG RQ PDFKLQH VSHF VKHHWV DQG WKDW
HDFK ZDVKLQJ PDFKLQH ZDV XVHG RQO\ RQFH SHU KRPH JDPH� (TXDWLRQ ������' LV WKH VXP RI HDFK
ZDVKLQJ�PDFKLQH�DV�WKHUH�DUH�GLIIHUHQW�W\SHV�UHTXLULQJ�GLIIHUHQW�ZDWHU�DPRXQWV�

(TXDWLRQ�������'�
:DVKLQJ�0DFKLQHV��JDO�� ��:0�7\SH �[�:DVKLQJ�0DFKLQHV� [��\�JDO�PLQ��[��]�PLQ�F\FOH��[�

���JDPHV�SHU�VHDVRQ�

��



��� 5HFRPPHQGDWLRQV
7KH IROORZLQJ VHFWLRQV DUH D FRPSHQGLXP RI UHVRXUFHV DQG VXJJHVWLRQV IRU WKH 7DPSD %D\ 5D\V
WR UHGXFH WKHLU HQYLURQPHQWDO LPSDFW DQG HQJDJH IDQV RQ LVVXHV VXUURXQGLQJ HQHUJ\� ZDWHU�
ZDVWH� IDQ WUDQVSRUWDWLRQ� DQG FRQFHVVLRQV� VRPH UHFRPPHQGDWLRQV KDYH EURDGHU DSSOLFDWLRQ DQG
FDQ EH XWLOL]HG E\ RXWVLGH RUJDQL]DWLRQV� 5HFRPPHQGDWLRQV KDYH EHHQ QXPEHUHG WR SURYLGH
VWUXFWXUH�RQO\��WKH�QXPEHUV�GR�QRW�LPSO\�SULRULWL]DWLRQ�RU�FRUUHODWH�WR�D�KLHUDUFK\�

:H FKRVH RXU ILYH UHFRPPHQGDWLRQ FDWHJRULHV �HQHUJ\� ZDWHU� ZDVWH� IDQ WUDQVSRUWDWLRQ� DQG
FRQFHVVLRQV� EDVHG RQ FOLHQW LQWHUHVW �LQ WKH FDVH RI HQHUJ\� ZDWHU DQG ZDVWH� RU EHFDXVH WKH
UHVXOWV RI RXU VWXG\ LQGLFDWH WKHVH DUH ODUJH *+* HPLVVLRQV GULYHUV IRU WKH 5D\V DQG� WKXV�
UHSUHVHQW WKH ELJJHVW RSSRUWXQLWLHV WR UHGXFH HPLVVLRQV �IDQ WUDQVSRUWDWLRQ DQG FRQFHVVLRQV�� ,Q
RUGHU WR LGHQWLI\ UHFRPPHQGDWLRQV IRU HDFK RI WKHVH FDWHJRULHV� RXU WHDP FRQGXFWHG D OLWHUDWXUH
UHYLHZ IRU HDFK RI WKH FDWHJRULHV ZLWK D VSHFLILF IRFXV RQ� UHFRPPHQGDWLRQV UHODWHG WR WKH
LGHQWLILHG KRWVSRWV LQ RXU VWXG\ IRU HDFK FDWHJRU\� H[LVWLQJ LQLWLDWLYHV E\ RWKHU SURIHVVLRQDO VSRUWV
RUJDQL]DWLRQV� DQG SURSRVHG LQLWLDWLYHV DQG UHFRPPHQGDWLRQV IURP OHDGLQJ H[SHUWV VXFK DV 'U�
$OOHQ�+HUVKNRZLW]�DQG�WKH�(3$�

7KLV SRUWIROLR RI RSWLRQV LV D GHWDLOHG MXPSLQJ�RII SRLQW IRU WKH 5D\V DQG WKH ODUJHU 0/%
FRPPXQLW\� ,W LV HQKDQFHG ZLWK HYLGHQFH �ZKHQ SRVVLEOH� IURP RWKHU RUJDQL]DWLRQV� DQG LQFOXGHV
SRWHQWLDO SHUFHQW UHGXFWLRQV EDVHG RQ WKH UHVXOWV RI WKLV VWXG\� DQG DGGLWLRQDO UHVRXUFHV�
5HFRPPHQGDWLRQV DUH WDLORUHG WRZDUG WKH 5D\V� DV WKH\ DUH EDVHG RQ UHVXOWV RI WKHLU FDUERQ
IRRWSULQW DQG RQVLWH ZDWHU XVDJH� EXW FDQ JHQHUDOO\ EH FRQVLGHUHG E\ RWKHU WHDPV� )XUWKHU
LQYHVWLJDWLRQ RQ WKH SDUW RI WKH 5D\V RU RWKHU WHDPV LV QHHGHG WR GHWHUPLQH ZKLFK RSWLRQV VKRXOG
EH�SULRULWL]HG�DQG�WR�HYDOXDWH�HIIHFWLYH�LPSOHPHQWDWLRQ��VHH�6HFWLRQ������

(DFK RI WKH ILYH VXEVHFWLRQV SURYLGHV JHQHUDO EDFNJURXQG LQIRUPDWLRQ RQ WKH LPSDFW DUHD� DQG LWV
VLJQLILFDQFH IRU WKH 5D\V DQG VSRUWV PRUH EURDGO\� $GGLWLRQDOO\� D QRWH RQ DQ\WKLQJ XQLTXH WR WKH
5D\V DQG WKH UHFRPPHQGDWLRQV IRU FKRVHQ LPSDFW FDWHJRULHV DUH LQFOXGHG� 5HFRPPHQGDWLRQV DUH
JHQHUDOO\ FDWHJRUL]HG DV HLWKHU WHFKQRORJ\ HQKDQFHPHQWV� EHKDYLRUDO FKDQJHV� VSHFLDO HYHQWV RU
GD\V� FRPPXQLW\ SDUWQHUVKLSV 	 HQJDJHPHQW� RU FRUSRUDWH SDUWQHUVKLSV� /DVWO\� D VPDOO
UHFRPPHQGDWLRQ VHFWLRQ LV LQFOXGHG VSHFLILF WR EURDGHU SRWHQWLDO 0/%�ZLGH LQWHUYHQWLRQV LQ
FDVHV ZKHUH ZH EHOLHYH WKH OHDJXH KDV PRUH FRQWURO RU LQIOXHQFH WR HQDFW FKDQJH WKDQ LQGLYLGXDO
FOXEV��VHH�6HFWLRQ�������

2YHUDUFKLQJ�UHFRPPHQGDWLRQV�DSSOLFDEOH�WR�PRVW�DFWLYLWLHV�LQFOXGH�

�� 6XE�PHWHULQJ�DQG�XWLOLW\�DXGLWV��<RX�FDQ¶W�PDQDJH�ZKDW�\RX�GRQ¶W�PHDVXUH�
�� )DQ�HQJDJHPHQW�WR�PRGHO�VWDGLXP�VXVWDLQDELOLW\�DW�KRPH
�� 3DUWQHU ZLWK ORFDO JURXSV WR RIIVHW *+* HPLVVLRQV DQG ZDWHU FRQVXPSWLRQ DQG LQFUHDVH

IDQ�HQJDJHPHQW
�� &RQVXOW�/&$�VWXGLHV�ZKHQ�VHOHFWLQJ�UHFRPPHQGDWLRQV�IRU�LPSOHPHQWDWLRQ

*HQHUDO 5HFRPPHQGDWLRQ ��� 6XE�PHWHULQJ DQG 8WLOLW\ $XGLWV� <RX &DQ¶W 0DQDJH :KDW <RX
'RQ¶W�0HDVXUH�
'DWD DQG DFFXUDWH EDVHOLQHV DUH QHFHVVDU\ IRU WHDPV RU IDFLOLWLHV PDQDJHUV WR VHW HQYLURQPHQWDO
JRDOV DQG PDQDJHDEOH LQWHUPHGLDWH PLOHVWRQHV� DV LW LV LPSRVVLEOH WR PDQDJH ZKDW LV QRW

��



PHDVXUHG �³:K\ DFFXUDWH PHDVXUHPHQW LV HVVHQWLDO IRU HIIHFWLYH FOLPDWH DFWLRQ�´ ������
$GGLWLRQDO DQG PRUH UREXVW GDWDVHWV ZRXOG SURYLGH D JUHDWHU OHYHO RI LQVLJKW LQWR RSHUDWLRQV DW
7URSLFDQD )LHOG� OHDGLQJ WR PRUH VSHFLILF DQG WKXV� HIIHFWLYH UHFRPPHQGDWLRQV� )RU H[DPSOH� DQ
HQHUJ\ DXGLW FRXOG LQGLFDWH VSHFLILF VRXUFHV RI KLJK RQVLWH HQHUJ\ FRQVXPSWLRQ� $ JHQHUDO
UHFRPPHQGDWLRQ IRU WKH 5D\V� RU DQ\ RUJDQL]DWLRQ LQWHUHVWHG LQ UHGXFLQJ WKHLU HQYLURQPHQWDO
LPSDFW� LV WR SULRULWL]H GDWD FROOHFWLRQ DV D SUHOLPLQDU\ DFWLRQ� $ ILUVW VWHS LQ WKLV GDWD FROOHFWLRQ
LV VXE�PHWHULQJ XWLOLWLHV OLNH ZDWHU DQG HOHFWULFLW\� DQG SHUIRUPLQJ D ZDVWH DXGLW� 6XE�PHWHULQJ RU
DXGLWV HQDEOH PRUH DFFXUDWH TXDQWLILFDWLRQ RI XWLOLWLHV DQG ZDVWH GLUHFWO\ DWWULEXWDEOH WR
RSHUDWLRQV UHODWHG WR EDVHEDOO JDPHV� DV RSSRVHG WR QRQ�5D\V�UHODWHG HYHQWV WKDW PD\ RFFXU DW
WKH VWDGLXP ZKHQ WKH WHDP LV DZD\� *LYHQ WKH RSSRUWXQLW\ IRU PRUH GHWDLOHG RSHUDWLRQDO LQVLJKW
LQWR SRWHQWLDO HIILFLHQFLHV� XWLOLW\ VXE�PHWHULQJ DQG D ZDVWH DXGLW ZLOO DOVR OLNHO\ VDYH FOXEV
PRQH\ �³6PDUW :DWHU 0HWHUV 0DNH D 'LIIHUHQFH�´ ������ 0RQH\ VDYLQJV PD\ DOVR FRPH IURP
YHULI\LQJ ZDVWH KDXOHU GDWD� 7KH 5D\V FDQ XVH D ZDVWH DXGLW WR GLUHFWO\ FRPSDUH ZDVWH KDXOHU
UHFHLSWV DQG VHDUFK IRU KLGGHQ RU XQQHFHVVDU\ IHHV �*UHDW )RUHVW� ������ 7HDPV DFURVV WKH OHDJXH
KDYH SHUIRUPHG ZDVWH DXGLWV VXFK DV WKH 6HDWWOH 0DULQHUV� 6DQ )UDQFLVFR *LDQWV DQG &KLFDJR
&XEV�

*HQHUDO�5HFRPPHQGDWLRQ�����)DQ�(QJDJHPHQW�WR�0RGHO�6WDGLXP�6XVWDLQDELOLW\�DW�+RPH
6SRUWV WHDPV KDYH D VLJQLILFDQW RSSRUWXQLW\ WR LQIOXHQFH VXVWDLQDELOLW\ EH\RQG WKH FRQILQHV RI D
VWDGLXP� 6LQFH TXDQWLILDEOH UHGXFWLRQ LV QRZ SRVVLEOH ZLWK D EDVHOLQH FDUERQ IRRWSULQW DQG RQVLWH
ZDWHU DVVHVVPHQW� WKH 5D\V KDYH DQ RSSRUWXQLW\ WR DGYHUWLVH WKHLU UHGXFWLRQ VWUDWHJLHV LQ VXFK D
ZD\ WR HQJDJH IDQV DQG LQVSLUH SHUVRQDO VXVWDLQDELOLW\� )RU H[DPSOH� WKH 7UDLOEOD]HUV KDYH WKUHH
RSSRUWXQLWLHV IRU IDQV WR JHW LQYROYHG DQG UHGXFH WKHLU RZQ HQYLURQPHQWDO LPSDFW LQ HDFK RI WKHLU
LPSDFW DUHDV� LQ UHODWLRQ WR ZDWHU� WKH 7UDLOEOD]HUV HQFRXUDJH IDQV WR LQVWDOO HIILFLHQW VKRZHUKHDGV
DQG IDXFHWV� WKH\ FDQ WH[W D QXPEHU WR UHVWRUH ����� JDOORQV RI IUHVK ZDWHU YLD UHVWRUDWLRQ HIIRUWV
IRU 2UHJRQ ULYHUV� RU WKH\ FDQ YROXQWHHU ZLWK )ULHQGV RI 7UHHV WR SODQW WUHHV LQ RQHV¶ ORFDO
QHLJKERUKRRG �³&KDQJH WKH &RXUVH ± %() _ 6XVWDLQDELOLW\ 3URGXFWV DQG 6HUYLFHV�´ ����� ³/LYH
*UHHQHU�´ Q�G��� 3OD\HUV IRU WKH 3ODQHW DOVR VXSSRUWV VXFK LQLWLDWLYHV� 7KH\ KDYH SDUWQHUHG ZLWK
2QH 7UHH 3ODQWHG WR VXSSRUW WHDP�VSRQVRUHG ORFDO WUHH SODQWLQJ HYHQWV� DV ZHOO DV SODQWLQJ WUHHV
DV D SDUW RI ODUJHU UHIRUHVWDWLRQ SURMHFWV �³2QH 7UHH 3ODQWHG

� ������ 3OD\HUV IRU WKH 3ODQHW DOVR
XVHV LWV URVWHU RI SURIHVVLRQDO DWKOHWHV WR SURPRWH VXVWDLQDEOH DFWLRQV IDQV FDQ WDNH DW KRPH �H�J�
SODQWLQJ WUHHV� UHF\FOLQJ� RU UHIXVLQJ VLQJOH�XVH SODVWLFV�� SUHVHQWLQJ DQ RSSRUWXQLW\ WR KLJKOLJKW
VWDGLXP LQLWLDWLYHV DQG FRQQHFW WKHP WR FRUUHVSRQGLQJ DFWLRQV IDQV FDQ WDNH DW�KRPH� 3DUWQHULQJ
ZLWK 3OD\HUV IRU WKH 3ODQHW RU ORFDO RUJDQL]DWLRQV ZLOO DOORZ WHDPV WR VXSSRUW VXFK DX[LOLDU\
LQLWLDWLYHV��ZLWKRXW�WDNLQJ�RQ�WKH�FRVWV�RI�RUJDQL]DWLRQ�DQG�LPSOHPHQWDWLRQ�

*HQHUDO 5HFRPPHQGDWLRQ ��� 3DUWQHU ZLWK /RFDO *URXSV WR 2IIVHW *+* (PLVVLRQV DQG :DWHU
&RQVXPSWLRQ�DQG�,QFUHDVH�)DQ�(QJDJHPHQW
6LPLODUO\� WKH 5D\V DQG RWKHU 0/% WHDPV FDQ SDUWQHU ZLWK ORFDO QRQ�SURILWV WR LQFUHDVH IDQ
HQJDJHPHQW DQG GHPRQVWUDWH WHDPV¶ FRPPLWPHQWV WR VXVWDLQDELOLW\� DOO ZKLOH LQFUHDVLQJ
YLVLELOLW\� 0RUHRYHU� ORFDO RUJDQL]DWLRQV KDYH WKH NQRZOHGJH WR HIILFLHQWO\ LQLWLDWH SURMHFWV DQG
SURJUDPV ZLWK WKH JUHDWHVW LPSDFW IRU WKH FRPPXQLW\� 6XFK LQLWLDWLYHV VKRXOG UHODWH WR
VWDGLXP�OHG LQLWLDWLYHV DQG EH TXDQWLILHG DSSURSULDWHO\ DV WR DYRLG SRWHQWLDO JUHHQZDVKLQJ� :KLOH
VWDGLXP VSHFLILF FDUERQ DQG ZDWHU XVH UHGXFWLRQ VWUDWHJLHV DUH SUHIHUUHG� SXUFKDVLQJ FDUERQ RU
ZDWHU RIIVHW FUHGLWV LV DQRWKHU RSSRUWXQLW\ WR GHPRQVWUDWH D WHDPV¶ LQWHUHVW LQ DQG FRPPLWPHQW WR
FDUERQ QHXWUDOLW\ DQG ZDWHU FRQVHUYDWLRQ� )RU H[DPSOH� LQ ����� WKH 0/% FRPPLWWHG WR
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SXUFKDVLQJ :DWHU 5HVWRUDWLRQ &UHGLWV IURP WKH %RQQHYLOOH (QYLURQPHQWDO )RXQGDWLRQ IRU
$OO�VWDU HYHQWV DQG� WKH 7UDLOEOD]HUV KDYH SDUWQHUHG ZLWK ORFDO QRQSURILWV LQ WZR LPSRUWDQW
2UHJRQ ZDWHUVKHGV WR SODQW ������� WUHHV� LPSURYLQJ ZDWHU TXDOLW\� ILOWUDWLRQ� UHVWRUH KDELWDW DQG
LQFUHDVH�ORFDO�ZDWHU�UHVLOLHQFH��+HUVKNRZLW]�HW�DO���������³/LYH�*UHHQHU�´�Q�G���

*HQHUDO 5HFRPPHQGDWLRQ ��� &RQVXOW /&$ 6WXGLHV :KHQ 6HOHFWLQJ 5HFRPPHQGDWLRQV IRU
,PSOHPHQWDWLRQ
1RWH WKDW RXU WHDP KDV QRW TXDQWLILHG SRWHQWLDO HQYLURQPHQWDO WUDGHRIIV DVVRFLDWHG ZLWK
UHFRPPHQGHG VROXWLRQV� &RQGXFWLQJ D FRPSOHWH /&$ ZRXOG DOORZ IRU WKH FRQVLGHUDWLRQ RI D
EURDGHU UDQJH RI HQYLURQPHQWDO LPSDFWV DQG VXSSRUW WKH HYDOXDWLRQ RI VXFK HQYLURQPHQWDO
WUDGHRIIV� )RU H[DPSOH� DV GLVFXVVHG LQ WKH ZDVWH UHFRPPHQGDWLRQV 6HFWLRQ ����� WKHUH LV D UHFHQW
WUHQG WR VZLWFK WR VLQJOH XVH DOXPLQXP FXSV RYHU VLQJOH XVH SODVWLF FXSV LQ DQ HIIRUW WR UHGXFH
SODVWLF FRQVXPSWLRQ DQG�RU GLVSRVDO� :KLOH WKLV VZLWFK ZLOO UHGXFH SODVWLF GLVSRVDO DQG�RU
FRPEXVWLRQ� OLNHO\ UHGXFLQJ ORFDO DLU SROOXWDQWV DVVRFLDWHG ZLWK FRPEXVWLRQ� D UHFHQW /&$ IRXQG
DOO VLQJOH�XVH FXSV SHUIRUPHG ZRUVH WKDQ UHXVDEOH FXSV DFURVV DOO HQYLURQPHQWDO LPSDFWV
PHDVXUHG DQG VLQJOH�XVH DOXPLQXP FXSV DUH WKH ZRUVW RSWLRQ IRU WKH FOLPDWH E\ IDU� XVLQJ ���
PRUH HQHUJ\ RYHU WKHLU OLIH�F\FOH DQG FUHDWLQJ ��� PRUH FDUERQ GLR[LGH WKDQ RWKHU VLQJOH�XVH
SODVWLF RSWLRQV� 7KLV KLJKOLJKWV WKH FRPSOH[LW\ RI HQYLURQPHQWDO SUREOHPV DQG HQYLURQPHQWDO
WUDGHRIIV DVVRFLDWHG ZLWK SRWHQWLDO VROXWLRQV� &RQVXOWLQJ /&$V LQ FRQFHUW ZLWK UHVXOWV RI WKLV
VWXG\��ZRXOG�DOVR�VXSSRUW�D�PRUH�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVV�

���� (QHUJ\
&RQVLGHULQJ WKDW SURIHVVLRQDO EDOOSDUNV DYHUDJH � PLOOLRQ VT� IW�� LW LV QRW VXUSULVLQJ WKDW VWDGLXPV
UHTXLUH KXJH DPRXQWV RI SRZHU �(QHUJ\ (IILFLHQF\ 	 5HQHZDEOH (QHUJ\� ������ )URP RXU
FDOFXODWLRQV� 6FRSH � HPLVVLRQV �SXUFKDVHG HOHFWULFLW\� ZHUH WKH WKLUG ODUJHVW
HPLVVLRQV�SURGXFLQJ DFWLYLW\ �RU VHFRQG ODUJHVW LI IDQ WUDQVSRUWDWLRQ HPLVVLRQV DUH H[FOXGHG��
'XULQJ JDPHV� ZKHQ HQHUJ\ GHPDQG LV DW LWV SHDN� WKH 'DOODV &RZER\V¶ ������ VHDW VWDGLXP
FRQVXPHV WHQ 0: RI HOHFWULFLW\ �0DVRQ� ������ *DPH GD\V W\SLFDOO\ KDYH PRUH
HQHUJ\�LQWHQVLYH GHPDQGV� DV OLJKWLQJ� DLU�FRQGLWLRQLQJ� DQG YLGHR VFUHHQV DUH DOO LQ XVH� EXW HYHQ
RXWVLGH RI WKH VHDVRQ� VWDGLXPV QHHG ODUJH DPRXQWV RI SRZHU IRU PDLQWHQDQFH �8QZLQ� ������
&RQYHUVDWLRQV ZLWK RXU FOLHQWV UHYHDOHG WKDW HQHUJ\ XVH LV D FXUUHQW LQGXVWU\ IRFXV DUHD� 5HGXFLQJ
HQHUJ\ FRQVXPSWLRQ LV DOVR RI LQWHUHVW WR RXU FOLHQWV DQG RWKHU VLPLODU RUJDQL]DWLRQV EHFDXVH WKHUH
LV D ILQDQFLDO LQFHQWLYH WR UHGXFH� :H SURSRVH WKH IROORZLQJ UHFRPPHQGDWLRQV IRU WKH 7DPSD %D\
5D\V��DOO�FRQVLGHUHG�WHFKQRORJ\�HQKDQFHPHQWV�

�� (IILFLHQF\�XSJUDGHV
D� /LJKWLQJ
E� %XLOGLQJ�DXWRPDWLRQ�V\VWHPV

�� ,QYHVWPHQW�LQ�UHQHZDEOH�HQHUJ\

5HFRPPHQGDWLRQ�����(IILFLHQF\�8SJUDGHV
(IILFLHQF\ LV D NH\ FRPSRQHQW RI HQHUJ\ XVDJH UHGXFWLRQ� $FFRUGLQJ WR DQ LQGXVWU\ UHSRUW� RQO\
�� SURIHVVLRQDO WHDPV KDYH HQHUJ\�HIILFLHQF\ SURJUDPV RXW RI WKH WKRXVDQGV RI VWDGLXPV DFURVV
WKH 86 �³7LSV IRU LPSURYLQJ XWLOLW\ HIILFLHQF\ LQ VWDGLD DQG VSRUWLQJ YHQXHV�´ ������ 0DQ\ SDUWV
RI D VWDGLXP¶V RSHUDWLRQV FDQ EHQHILW IURP HQHUJ\ RSWLPL]DWLRQ� LQFOXGLQJ UHIULJHUDWLRQ�
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KXPLGLILFDWLRQ V\VWHPV� FRQFHVVLRQV� +9$&� OLJKWLQJ� DQG $9 V\VWHPV �0DVRQ� ������ )LQDQFLDO
VDYLQJV KDYH SURPSWHG PDQ\ VWDGLXPV WR SULRULWL]H HQHUJ\ HIILFLHQF\� IRU H[DPSOH� D ���� UHSRUW
IRXQG WKDW D �� LPSURYHPHQW LQ HQHUJ\ HIILFLHQF\ DW $7	7 6WDGLXP �KRPH RI WKH 'DOODV
&RZER\V� ZRXOG SURYLGH �������� LQ VDYLQJV HDFK \HDU �&RONHU DQG *XWLHUUH]� ������ (YHQ
PRUH LPSUHVVLYH� WKH 6HDWWOH 0DULQHUV UHSRUWHGO\ VDYH DSSUR[LPDWHO\ ���� PLOOLRQ LQ DQQXDO
XWLOLW\ FRVWV YLD HQHUJ\ VDYLQJ LQYHVWPHQWV �&RONHU DQG *XWLHUUH]� ������ (1(5*< 67$5
SUHVHQWV ORWV RI RSSRUWXQLWLHV WR UHGXFH HQHUJ\ DQG LQFUHDVH FRVW VDYLQJV �(QHUJ\ 6WDU� ������
%XVFK 6WDGLXP �KRPH RI WKH 6W� /RXLV &DUGLQDOV� SDUWQHUHG ZLWK (1(5*< 67$5 WR LQVWDOO PRUH
HQHUJ\�HIILFLHQW KHDWLQJ� $& DQG UHIULJHUDWLRQ V\VWHPV� UHVXOWLQJ LQ ��� HQHUJ\ VDYLQJV� VLQFH
PDNLQJ WKHVH LPSURYHPHQWV� %XVFK 6WDGLXP RSHUDWHV DW D OHYHO ��� EHWWHU WKDQ WKH QDWLRQDO
DYHUDJH IRU PRVW HQWHUWDLQPHQW EXLOGLQJV �³�� RI WKH 0RVW (QHUJ\ (IILFLHQW 0/% 6WDGLXPV�´
Q�G�� (QHUJ\ (IILFLHQF\ 	 5HQHZDEOH (QHUJ\� ������ ,Q DGGLWLRQ WR HQHUJ\ HIILFLHQF\
LPSURYHPHQWV� HQHUJ\ FRQVHUYDWLRQ SURJUDPV� VXFK DV WLPHUV IRU OLJKWV DQG +9$&� FDQ UHGXFH
FRQVXPSWLRQ� /LQFROQ )LQDQFLDO )LHOG UHSRUWHG D ��� UHGXFWLRQ LQ HOHFWULFLW\ XVDJH YLD
FRQVHUYDWLRQ SURJUDPV �³1)/¶V � 0RVW (QHUJ\�(IILFLHQW 6WDGLXPV�´ ����� .XPPHU� ������ 7ZR
EURDG FDWHJRULHV RI HQHUJ\ LPSURYHPHQWV UHODWHG WR HIILFLHQF\ DQG FRQVHUYDWLRQ DUH OLJKWLQJ DQG
EXLOGLQJ�DXWRPDWLRQ�V\VWHPV�

/LJKWLQJ
7KH 8�6� 'HSDUWPHQW RI (QHUJ\ HVWLPDWHV WKDW D FRPSUHKHQVLYH VKLIW WR /(' OLJKWLQJ LQ WKH 8�6�
ZRXOG GHFUHDVH WRWDO DQQXDO HQHUJ\ FRQVXPSWLRQ E\ ���� DQG VDYH ���� ELOOLRQ DQQXDOO\
�+ZDQJ� Q�G��� ,Q ����� WKH 0DULQHUV EHFDPH WKH ILUVW 0/% WHDP WR XVH /(' OLJKWV RQ WKH
SOD\LQJ ILHOG� WKLV UHGXFHG SRZHU XVDJH E\ ������� N:K SHU VHDVRQ ± VDYLQJ PRUH WKDQ �������
�(QHUJ\ (IILFLHQF\ 	 5HQHZDEOH (QHUJ\� ������ 7KH 5D\V DOUHDG\ XVH /(' OLJKWV IRU WKH ILHOGV�
KRZHYHU� WKHUH LV RSSRUWXQLW\ WR LQVWDOO /('V LQ WKH IURQW RIILFHV DQG RWKHU DUHDV WR VDYH PRUH
HQHUJ\� ,Q DGGLWLRQ WR VZLWFKLQJ WR /('� DXWRPDWLRQ VSHFLILF WR OLJKWLQJ KDV EHHQ VKRZQ WR
UHGXFH HQHUJ\ GHPDQG� 0HW/LIH 6WDGLXP �KRPH RI WKH 1HZ <RUN *LDQWV DQG 1HZ <RUN -HWV�
HPSOR\V DQ DXWRPDWHG OLJKWLQJ FRQWURO V\VWHP WKDW PLQLPL]HV HQHUJ\ FRQVXPSWLRQ� ZKHUHDV
/XPHQ )LHOG �KRPH RI WKH 6HDWWOH 6HDKDZNV� XVHV SRLQW�RI�XVH OLJKWLQJ FRQWUROV WR FXW HQHUJ\
�³1)/¶V � 0RVW (QHUJ\�(IILFLHQW 6WDGLXPV�´ ������ $GGLWLRQDOO\� PRGHUQ OLJKWLQJ DSSOLDQFHV
DQG PRWLRQ VHQVRUV GHFUHDVH HQHUJ\ GHPDQG DVVRFLDWHG ZLWK OLJKWLQJ E\ ��� DW WKH 'DFLD $UHQD
LQ�,WDO\��0DQQL�HW�DO���������

%XLOGLQJ�$XWRPDWLRQ�6\VWHPV
,Q DGGLWLRQ WR OLJKWLQJ�VSHFLILF HIILFLHQF\ LPSURYHPHQWV� EXLOGLQJ DXWRPDWLRQ V\VWHPV PRUH
EURDGO\ FDQ EH XVHG WR RSWLPL]H DQ DUHQD¶V HQHUJ\ PDQDJHPHQW �0DQQL HW DO�� ������ %XLOGLQJ
$XWRPDWLRQ 6\VWHPV �%$6� XVH VHWEDFNV WR PDQDJH DLUIORZ� WHPSHUDWXUH� DQG RWKHU VHWSRLQWV WR
VDYH HQHUJ\� VWDGLXPV DUH ZHOO VXLWHG IRU DXWRPDWLRQ EHFDXVH WKH PDMRULW\ RI WKHLU RSHUDWLRQ LV
EDVHG RQ D ZHOO�VHW VFKHGXOH �0DVRQ� ������ $OWKRXJK GLIIHUHQW XVHV RI WKH VWDGLXP �H�J� JDPHV
YV� SUDFWLFHV� UHTXLUH GLIIHUHQW OHYHOV RI HQHUJ\ DQG XWLOLW\ XVH� DXWRPDWLRQ FDQ UHFRPPHQG DQG
PDLQWDLQ RSWLPDO WHPSHUDWXUHV WKDW DFFRPPRGDWH GLIIHUHQW HYHQWV DQG GLIIHUHQW WLPHV RI \HDU�
$GGLWLRQDOO\� %$6 DOORZV IRU JUHDWHU YLVLELOLW\ LQWR XWLOLW\ DQG HQHUJ\ GDWD� DQG EHQFKPDUNLQJ
WKLV GDWD RYHU WLPH DOORZV RSHUDWRUV WR SLQSRLQW LGHDO VWDUW XS DQG VKXW GRZQ WLPHV� ZKLFK VDYHV
WLPH� HQHUJ\� DQG PRQH\ �³7LSV IRU LPSURYLQJ XWLOLW\ HIILFLHQF\ LQ VWDGLD DQG VSRUWLQJ YHQXHV�´
������ $W /LQFROQ )LQDQFLDO )LHOG� LQFUHDVHG PRQLWRULQJ RI HQHUJ\ FRQVXPSWLRQ GHFUHDVHG XVDJH

��



E\ ��� EHWZHHQ ���� DQG ���� �³1)/¶V � 0RVW (QHUJ\�(IILFLHQW 6WDGLXPV�´ ������ WKH VDPH
GHFUHDVH LV HVWLPDWHG WR VDYH WKH 5D\V DOPRVW �������� LQ HOHFWULFLW\ FRVWV� ,W KDV EHHQ
GHPRQVWUDWHG WKDW XQGHUVWDQGLQJ KRZ D EXLOGLQJ DQG LWV HTXLSPHQW IXQFWLRQV DOORZV IRU PRUH
DFFXUDWH HQHUJ\ XVH SUHGLFWLRQ� WKLV RSWLPL]DWLRQ ZLOO GHFUHDVH XVDJH DQG FRVW �³7LSV IRU
LPSURYLQJ�XWLOLW\�HIILFLHQF\�LQ�VWDGLD�DQG�VSRUWLQJ�YHQXHV�´�������

5HFRPPHQGDWLRQ�����,QYHVWPHQW�LQ�5HQHZDEOH�(QHUJ\
,Q DGGLWLRQ WR HQHUJ\ HIILFLHQF\ LPSURYHPHQWV DQG EXLOGLQJ RSWLPL]DWLRQ� UHQHZDEOHV SURYLGH
ZD\V IRU VWDGLXPV WR ORZHU WKHLU HQHUJ\�UHODWHG IRRWSULQW� 0RUH WKDQ ��� RI 1RUWK $PHULFDQ
SURIHVVLRQDO VSRUWV WHDPV KDYH LQFRUSRUDWHG UHQHZDEOH UHVRXUFHV LQWR WKHLU RSHUDWLRQV �(QHUJ\
(IILFLHQF\ 	 5HQHZDEOH (QHUJ\� ������ 7KH &RORUDGR 5RFNLHV LQVWDOOHG �� SKRWRYROWDLF �39�
VRODU SDQHOV WKDW� LQ WRWDO� SURYLGH PRUH WKDQ ������ N:K RI HQHUJ\ DW &RRUV )LHOG �&RONHU DQG
*XWLHUUH]� ������ RYHU ����� 39 SDQHOV DW 0HUFHGHV %HQ] 6WDGLXP �KRPH RI WKH $WODQWD )DOFRQV�
SURYLGH ��� PLOOLRQ N:K HDFK \HDU �8QZLQ� ������ %HFDXVH UHQHZDEOH HQHUJ\ LV JHQHUDWHG
RQVLWH� WKH HQHUJ\ SURYLGHG E\ WKHVH VRXUFHV FRUUHVSRQGV WR DQ HTXLYDOHQW UHGXFWLRQ LQ HQHUJ\
WKDW PXVW EH SXUFKDVHG IURP WKH JULG� 6XSSOHPHQWLQJ DSSUR[LPDWHO\ ������� N:K RI HOHFWULFLW\
DQQXDOO\ ZLWK VRODU RU DQRWKHU UHQHZDEOH VRXUFH ZRXOG OHDG WR D �� UHGXFWLRQ LQ WKH WRWDO
HVWLPDWHG FDUERQ IRRWSULQW� 6RODU SRZHU DW /XVDLO 6WDGLXP� KRVW RI WKH ���� ),)$ :RUOG &XS� LV
H[SHFWHG WR ORZHU *+* HPLVVLRQV DW WKH VWDGLXP E\ ��� �8QZLQ� ������ 7KH 3KLODGHOSKLD
(DJOHV PDGH /LQFROQ )LQDQFLDO )LHOG WKH ILUVW SURIHVVLRQDO VWDGLXP LQ WKH 86 WR EH ³HQHUJ\
VHOI�VXIILFLHQW´ WKURXJK WKH LQVWDOODWLRQ RI RYHU ����� VRODU SDQHOV� �� ZLQG WXUELQHV� DQG D
ELRGLHVHO JHQHUDWRU �³1)/¶V � 0RVW (QHUJ\�(IILFLHQW 6WDGLXPV�´ ������ $V )ORULGD¶V JULG PL[ LV
KHDY\�LQ�IRVVLO�IXHOV��LQYHVWPHQWV�LQ�UHQHZDEOHV�DUH�SDUWLFXODUO\�DGYDQWDJHRXV�IRU�WKH�5D\V�

���� :DWHU
2XU DQDO\VLV RI RQVLWH ZDWHU UHYHDOHG WKH FRROLQJ WRZHU DQG UHVWURRPV WR EH PDMRU ZDWHU
FRQVXPHUV� KRZHYHU� LW LV LPSRUWDQW WR QRWH WKDW GXH WR QHFHVVDU\ EDFN�RI�WKH�KDQG FDOFXODWLRQV�
DQG WKH DW\SLFDO IHDWXUHV RI 7URSLFDQD )LHOG� WKHVH KRWVSRWV PD\ QRW EH H[WUDSRODWHG WR RWKHU
0/% VWDGLXPV �VHH 6HFWLRQ ������ 7KH 5D\V XVH V\QWKHWLF WXUI� ZKLFK UHTXLUHV D IUDFWLRQ RI WKH
ZDWHU UHTXLUHG E\ QDWXUDO JUDVV �$GDFKL HW DO�� ������ ,I ZH FRQVLGHU WKH HQWLUH OLIHF\FOH� PHDQLQJ
LQFOXGLQJ HPERGLHG ZDWHU� RU WKH DPRXQW RI ZDWHU LW WDNHV WR PDNH WKH SURGXFW� WKLV QXPEHU
LQFUHDVHV D ELW WR ����� �$GDFKL HW DO�� ������ 7KH 5D\V VDYH D VLJQLILFDQW DPRXQW RI ZDWHU E\
XVLQJ V\QWKHWLF WXUI� DQG VKRXOG EH DQ H[DPSOH IRU RWKHU WHDPV LQ WKH OHDJXH ZKR DUH FRQVLGHULQJ
ZDWHU�VDYLQJ�LQLWLDWLYHV�

$OWKRXJK WKH 5D\V RQVLWH ZDWHU XVH LV OLNHO\ GLIIHUHQW IURP WKH PDMRULW\ RI RWKHU WHDPV� WKH
VWUDWHJLHV UHFRPPHQGHG EHORZ DGGUHVV FRPPRQ DFWLYLWLHV DQG FDQ EH RSHUDWLRQDOL]HG LQ PRVW
0/% VWDGLXPV� 7KHVH UHFRPPHQGDWLRQV DOO DUH FRQVLGHUHG WHFKQRORJLFDO HQKDQFHPHQWV DQG
PDQ\ RI WKHVH VWUDWHJLHV ZLOO DOVR ZRUN WR VXSSRUW /((' FHUWLILFDWLRQ� ZKLFK VHWV D KLJKHU
VWDQGDUG�IRU�HQYLURQPHQWDOLVP�LQ�D�IDFLOLW\�

,Q�RUGHU�WR�UHGXFH�WKHLU�RQVLWH�ZDWHU�FRQVXPSWLRQ�ZH�UHFRPPHQG�WKH�5D\V�

�� (QKDQFHG�PDLQWHQDQFH�DQG�PDLQWHQDQFH�WUDLQLQJ
�� 6ZLWFK�WR�ORZ�IORZ�EDWKURRP�IL[WXUHV
�� ,QVWDOO�ZDWHU�DQG�HQHUJ\�HIILFLHQW�DSSOLDQFHV
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�� &RQVLGHU�JUH\ZDWHU�UHXVH�VWUDWHJLHV�DQG�UDLQZDWHU�KDUYHVWLQJ

5HFRPPHQGDWLRQ�����(QKDQFHG�0DLQWHQDQFH�DQG�0DLQWHQDQFH�7UDLQLQJ
7KH FRROLQJ WRZHU FRQVXPHV WKH PDMRULW\ RI ZDWHU DW 7URSLFDQD )LHOG �������� 7KH 5D\V FDQ
VDYH ZDWHU E\ RSWLPL]LQJ RSHUDWLRQ DQG PDLQWHQDQFH RI WKH FRROLQJ WRZHU� 0RQLWRULQJ DQG
FRQWUROOLQJ WKH TXDQWLW\ RI EORZGRZQ SURYLGHV WKH PRVW VLJQLILFDQW RSSRUWXQLW\ WR FRQVHUYH ZDWHU
LQ FRROLQJ WRZHU RSHUDWLRQV �8�6� (3$� ������ 7KH 5D\V SUHYLRXVO\ H[SORUHG D ZDWHU VRIWHQHU IRU
WKH FRROLQJ WRZHUV� ZKLFK ZRXOG LQFUHDVH WKH QXPEHU RI F\FOHV LQ WKH WRZHU� OHDGLQJ WR UHGXFHG
ZDWHU FRQVXPSWLRQ� 7KLV SURMHFW VKRXOG EH HYDOXDWHG IXUWKHU� DV RXU RQVLWH ZDWHU XVH VKRZV WKH
SURMHFWLRQV SUHYLRXVO\ SURYLGHG IURP 1DOFR DUH RYHU�HVWLPDWLRQV� $QRWKHU VROXWLRQ IRU UHGXFLQJ
FRROLQJ WRZHU ZDWHU XVDJH LV WR LQVWDOO D QHZ KHDW H[FKDQJH� WKH &DUGLQDOV FKDQJHG WKH RSHUDWLRQ
DQG FRQWUROV RQ SXPSV DQG UHFRYHUHG KHDW IURP ZDVWH FRQGHQVDWH WR UHGXFH WKH DPRXQW RI KHDW
WKDW PXVW EH JHQHUDWHG IRU RWKHU DSSOLFDWLRQV� WKLV SURFHVV HOLPLQDWHG ILYH PLOOLRQ JDOORQV RI
FRROLQJ WRZHU ZDWHU �15'&� ������ (QKDQFHG PDLQWHQDQFH DQG PDLQWHQDQFH WUDLQLQJ FDQ DOVR
VDYH ZDWHU E\ LGHQWLI\LQJ DQG IL[LQJ SRWHQWLDO OHDNV EHIRUH WKH\ RFFXU� $V RXWOLQHG LQ RXU UHVXOWV
RI RQVLWH ZDWHU XVH� RQ DYHUDJH� OHDNV FDQ DFFRXQW IRU PRUH WKDQ VL[ SHUFHQW RI D IDFLOLW\¶V WRWDO
ZDWHU XVH �8�6� (3$� ����G�� 0DLQWHQDQFH FDQ HYDOXDWH DQG IL[ OHDNV� ZKLOH PDLQWHQDQFH
WUDLQLQJ FDQ SURYLGH HPSOR\HHV ZLWK DOWHUQDWLYH MDQLWRULDO SUDFWLFHV WKDW XVH OHVV ZDWHU� )RU
H[DPSOH� WKH 6DQ -RVH (DUWKTXDNHV FRQGXFW VSRW PRSSLQJ LQ SODFH RI SRZHU ZDVKLQJ� ZKLFK
VDYHV��������JDOORQV�SHU�HYHQW��7KRUULQJWRQ��Q�G���

5HFRPPHQGDWLRQ���� /RZ�)ORZ�7RLOHWV�DQG�)L[WXUHV
%DWKURRP ZDWHU XVH �XULQDOV� FDPPRGHV� DQG VLQNV� ZDV WKH VHFRQG ODUJHVW ZDWHU FRQVXPHU DW
7URSLFDQD )LHOG �������� ,Q RUGHU WR UHGXFH ZDWHU FRQVXPHG LQ UHVWURRPV� ORZ�IORZ WRLOHWV DQG
IL[WXUHV VKRXOG EH LQVWDOOHG DV ZHOO DV ZDWHUOHVV XULQDOV� /RZ�IORZ XULQDOV� GXDO�IOXVK WRLOHWV� DQG
DHUDWHG IDXFHWV XVH �� SHUFHQW OHVV SRWDEOH ZDWHU WKDQ FRQYHQWLRQDO IL[WXUHV �8�6� (3$� ����F��
6HYHUDO VWDGLXPV KDYH DOUHDG\ PDGH WKLV XSJUDGH DQG KDYH VDYHG ERWK ZDWHU DQG PRQH\ RQ WKHLU
XWLOLW\ ELOO� )RU H[DPSOH� WKH 0RQWUHDO &DQDGLHQV XSJUDGHG ��� ZDVKURRPV DQG UHGXFHG WKHLU
RYHUDOO ZDWHU FRQVXPSWLRQ E\ ��� �+HUVKNRZLW] HW DO�� ������ 7KH 0LQQHVRWD 7ZLQV XVH
ORZ�IORZ XULQDOV� GXDO�IOXVK WRLOHWV� DQG DHUDWHG IDXFHWV DW WKHLU VWDGLXP� 7DUJHW )LHOG� 7KLV
XSJUDGH KDV VDYHG WKHP DQ HVWLPDWHG ��� PLOOLRQ JDOORQV RI ZDWHU DQQXDOO\ �+HUVKNRZLW] HW DO��
������

:DWHUOHVV XULQDOV VDYH HYHQ PRUH ZDWHU� &XUUHQWO\� 7URSLFDQD )LHOG¶V XULQDOV XVH RQH JDOORQ RI
ZDWHU SHU IOXVK� 8VLQJ RXU HVWLPDWLRQV RI EDWKURRP ZDWHU FRQVXPSWLRQ� HOLPLQDWLQJ ZDWHU IURP
XULQDO XVH FRXOG FXW EDWKURRP ZDWHU XVDJH E\ ���� 2WKHU VWDGLXPV WKDW KDYH PDGH WKH VZLWFK WR
ZDWHUOHVV XULQDOV� LQFOXGH )HQZD\ 3DUN �KRPH RI WKH %RVWRQ 5HG 6R[� DQG &LWL )LHOG �KRPH RI
WKH 1HZ <RUN 0HWV�� $GGLWLRQDOO\� WKH LQVWDOODWLRQ RI ZDWHUOHVV XULQDOV DW &U\SWR�FRP $UHQD LQ
/RV $QJHOHV VDYHG DSSUR[LPDWHO\ VHYHQ PLOOLRQ JDOORQV RI ZDWHU DQG DERXW ������� LQ RQVLWH
ZDWHU�FRVWV��+HUVKNRZLW]�HW�DO���������

5HFRPPHQGDWLRQ�����:DWHU�DQG�(QHUJ\�(IILFLHQW�$SSOLDQFHV
:KLOH FRRNLQJ DSSOLDQFHV ZHUH QRW HYDOXDWHG LQ WKLV VWXG\� HQHUJ\ DQG ZDWHU HIILFLHQW DSSOLDQFHV�
LQFOXGLQJ ZDVKLQJ PDFKLQHV� ZKLFK DFFRXQW IRU ���� RI RXU RQVLWH ZDWHU� DUH D UHODWLYHO\ VLPSOH

���



XSJUDGH WKDW FDQ VDYH ZDWHU� HQHUJ\ DQG PRQH\� (1(5*< 67$5� TXDOLILHG GLVKZDVKHUV� LFH
PDFKLQHV� DQG VWHDP FRRNHUV DUH DW OHDVW ��� PRUH ZDWHU HIILFLHQW DQG ��� PRUH HQHUJ\
HIILFLHQW WKDQ VWDQGDUG PRGHOV� ZLWK VRPH PRGHOV VDYLQJ VLJQLILFDQWO\ PRUH �8�6� (3$� ����F��
(1(5*< 67$5� TXDOLILHG FRPPHUFLDO ZDVKLQJ PDFKLQHV DUH DERXW ��� PRUH HIILFLHQW DQG
XVH DERXW ��� OHVV ZDWHU WKDQ VWDQGDUG PRGHOV �(QHUJ\ 6WDU� Q�G�� $OWKRXJK ZDVKLQJ PDFKLQH
ZDWHU FRQVXPSWLRQ LV D UHODWLYHO\ VPDOO SRUWLRQ RI WKH RYHUDOO ZDWHU FRQVXPSWLRQ� ZKHQ
FRQVLGHULQJ�QHZ�VWDGLXP�FRQVWUXFWLRQ��LW�LV�D�VPDUW�GHFLVLRQ�DOO�DURXQG�

5HFRPPHQGDWLRQ�����+DUYHVWLQJ�5DLQZDWHU
5DLQZDWHU FDSWXUH V\VWHP LQVWDOODWLRQ GXULQJ QHZ ILHOG FRQVWUXFWLRQ SUHVHQWV D ODUJH RSSRUWXQLW\
IRU ZDWHU VDYLQJV� &DSWXUHG UDLQZDWHU FDQ EH XVHG IRU ILHOG PDLQWHQDQFH� VWDQG ZDVKLQJ� WKH
FRROLQJ WRZHU� DQG ODQGVFDSLQJ� 6SHFLILFDOO\ LQ 6W� 3HWHUVEXUJ� )ORULGD� WKH DYHUDJH UDLQIDOO
GXULQJ WKH QRUPDO EDVHEDOO VHDVRQ �$SULO�6HSWHPEHU� LV �����´ RU ���� IW� 7URSLFDQD )LHOG WKXV
KDV WKH FDSDFLW\ WR FDSWXUH DERXW ���� PLOOLRQ JDOORQV RI ZDWHU GXULQJ WKH EDVHEDOO VHDVRQ� JUHDWHU
WKDQ KDOI RI WKH ZDWHU XVHG GXULQJ WKH VHDVRQ �(TXDWLRQ ������ 7KH 5D\V¶ UDLQZDWHU FDSWXUH
SRWHQWLDO FDQ EH H[SDQGHG ZLWK WKH LQVWDOODWLRQ RI SHUPHDEOH SDYHPHQW� DQG RWKHU JUHHQ
LQIUDVWUXFWXUH GHVLJQ HOHPHQWV VXFK DV ELRVZDOHV� 5DLQZDWHU FDSWXUH QRW RQO\ ORZHUV XWLOLW\ FRVWV�
EXW DOVR� ZLWK UHVSHFW WR FRROLQJ WRZHU PDLQWHQDQFH� PLQLPL]HV FKHPLFDO WUHDWPHQW FRVWV DQG
UHGXFHV WKH DPRXQW RI ZDWHU XWLOL]HG LQ WKH SURFHVV WR IOXVK RXW WKH WRZHU ZDWHU �³5DLQZDWHU
+DUYHVWLQJ IRU &RROLQJ 7RZHUV�´ Q�G��� $GGLWLRQDOO\� %$6 FDQ EH LQFRUSRUDWHG IRU PRQLWRULQJ
DQG FRQWURO RI FROOHFWLRQ FRQGLWLRQV DQG V\VWHP RSHUDWLRQ� %$6 DOVR KDV LPSOLFDWLRQV IRU HQHUJ\
XVH��DV�GLVFXVVHG�LQ�6HFWLRQ������

(TXDWLRQ������
5DLQZDWHU�&DSWXUH�3RWHQWLDO��JDO�� �5RRI�$UHD��IWð��[

$YHUDJH�5DLQIDOO�'XULQJ�%DVHEDOO�6HDVRQ��IW��[������JDO�IWñ��FRQYHUVLRQ�IDFWRU�

$ IHZ SURIHVVLRQDO WHDPV KDYH DOUHDG\ UHGXFHG WKHLU ZDWHU XVDJH YLD UDLQZDWHU FDSWXUH V\VWHPV�
8VLQJ WKHLU DGYHUWLVLQJ SRWHQWLDO� WKH 0LQQHVRWD 7ZLQV SDUWQHUHG ZLWK D ORFDO FRUSRUDWLRQ�
3HQWDLU� WR LQVWDOO D UDLQZDWHU FDSWXUH V\VWHP DW 7DUJHW )LHOG ZLWK OLWWOH FRVW WR WKH WHDP� FDSWXUHG
ZDWHU LV FXUUHQWO\ RQO\ XVHG WR ZDVK WKH JUDQGVWDQG EXW WKH WHDP LV H[SORULQJ RSWLRQV WR H[SDQG
FDSWXUH IRU ILHOG LUULJDWLRQ �+HUVKNRZLW] HW DO�� ������ $ 7ZLQV RIILFLDO UHSRUWHG VDYLQJV RI
³������ WR ������ JDOORQV RI ZDWHU DQG �� JDOORQV RI JDVROLQH� DV ZHOO DV �� PDQ�KRXUV RI ODERU�
SHU JDPH´ IURP XVLQJ UHF\FOHG ZDWHU WR ZDVK GRZQ WKH VWDQGV� 2WKHU WHDPV H[SORULQJ UDLQZDWHU
FDSWXUH LQFOXGH� WKH 6HDWWOH 6RXQGHUV )&� ZKR UHFHLYHG WKH *UHHQ *OREH $ZDUG IRU XVLQJ
UHFODLPHG ZDWHU IRU ILHOG LUULJDWLRQ� WKH 2UODQGR 0DJLF� ZKR FDSWXUH $& FRQGHQVDWLRQ DV ZHOO DV
UDLQZDWHU XVHG IRU LUULJDWLRQ �+HUVKNRZLW] HW DO�� ������ WKH 1HZ <RUN 0HWV� ZKR KDYH LQVWDOOHG
SHUPHDEOH SDYHUV DQG D JUHHQ URRI WR FDSWXUH ZDWHU IRU ILHOG LUULJDWLRQ �0/%� ������ DQG WKH
$WODQWD )DOFRQV� ZKRVH VWDGLXP LV HTXLSSHG ZLWK D ��� PLOOLRQ JDOORQ VWRUPZDWHU PDQDJHPHQW
DQG FROOHFWLRQ V\VWHP LV VXIILFLHQW IRU ODQGVFDSLQJ DQG FRROLQJ WRZHU ZDWHU FRQVXPSWLRQ
�³:DWHU�´�Q�G���

5HFRPPHQGDWLRQ�����*UH\ZDWHU�5HXVH�6WUDWHJLHV
*UH\ZDWHU FDSWXUH DQG UHXVH VWUDWHJLHV SRVH DQRWKHU ODUJH RSSRUWXQLW\ IRU ZDWHU VDYLQJ�
*UH\ZDWHU LV ZDWHU FDSWXUHG IURP VKRZHU XVH� ZDVKLQJ PDFKLQHV� GLVKZDVKHUV� VLQNV� ILHOG
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LUULJDWLRQ RU RWKHU ZDWHU FRQVXPLQJ DFWLYLWLHV EHVLGHV FRPPRGHV RU XULQDOV� ,W LV QRW SRWDEOH
ZDWHU EXW FDQ EH XVHG IRU PDQ\ VWDGLXP ZDWHU XVHV� :KLOH WKH\ GR QRW KDYH WKHLU RZQ FDSWXUH
V\VWHP� 6RIL 6WDGLXP VRXUFHV UHF\FOHG ZDWHU IRU ODQGVFDSH LUULJDWLRQ� PDLQWHQDQFH� DQG DHVWKHWLF
SXUSRVHV��:HVW�%DVLQ�0XQLFLSDO�:DWHU�'LVWULFW��������

���� :DVWH
:DVWH JHQHUDWHG DW VSRUWV VWDGLXPV LV RQH RI WKH PRVW KLJKO\ YLVLEOH HQYLURQPHQWDO LPSDFWV VHHQ
E\ IDQV GXULQJ WKH JDPH�GD\ H[SHULHQFH� $FFRUGLQJ WR :DVWH 0DQDJHPHQW �:0�� DQ 0/% IDQ
JHQHUDWHV DQ DYHUDJH RI ���� OEV RI ZDVWH DW D VLQJOH JDPH �:DVWH 0DQDJHPHQW� Q�G��� )RU
FRQWH[W� WKLV LV DERXW ��� RI WKH DYHUDJH ZDVWH JHQHUDWHG E\ $PHULFDQV LQ D JLYHQ GD\� ZKLFK
WKH (3$ HVWLPDWHV DW ��� OEV SHU SHUVRQ �8�6� (3$� ����G�� :DVWH PDQDJHPHQW DW WKH 5D\V GRHV
QRW VLJQLILFDQWO\ FRQWULEXWH WR *+* HPLVVLRQV ZLWKLQ RXU IXQFWLRQDO XQLW� EHFDXVH PDWHULDO LV VHQW
WR D :7( IDFLOLW\� LI WKH WHDP ZHUH WR VZLWFK ZDVWH PHWKRGV E\ ODQGILOOLQJ� LW LV SRVVLEOH WKDW
PHWKDQH HPLVVLRQV IURP DQDHURELF GHFD\ RI ZDVWH FRXOG LQFUHDVH WKH 5D\V¶ FDUERQ IRRWSULQW�
$VLGHV IURP WKH LPSDFW WR JUHHQKRXVH JDV HPLVVLRQV� WKH KLJK YLVLELOLW\ RI ZDVWH DQG IDQ
FRQFHUQV RYHU LPSDFWV KDYH OHG RUJDQL]DWLRQV OLNH WKH 0/% WR RIWHQ IRFXV VXVWDLQDELOLW\
LQLWLDWLYHV RQ LPSURYLQJ ZDVWH PDQDJHPHQW� )RU H[DPSOH� LQ ���� WKH 0/% FUHDWHG WKH *UHHQ
*ORYH $ZDUG� WR LQFHQWLYL]H ZDVWH UHGXFWLRQ DQG GLYHUVLRQ DW VWDGLXPV� 7KH DZDUG JRHV WR WHDPV
ZLWK WKH KLJKHVW UHF\FOLQJ UDWHV DQG ODUJHVW TXDQWLWLHV RI GLYHUWHG ZDVWH IURP ODQGILOOV� %HFDXVH
ZDVWH PDQDJHPHQW LV DQ LPSRUWDQW HQYLURQPHQWDO LVVXH IRU ERWK IDQV DQG 0/%� RXU FOLHQWV ZHUH
LQWHUHVWHG LQ UHFRPPHQGDWLRQV WR UHGXFH WKH HQYLURQPHQWDO LPSDFW RI ZDVWH DW VWDGLXPV� ZLWK
SDUWLFXODU LQWHUHVW LQ HQYLURQPHQWDO LPSDFW UHGXFWLRQ RI ZDVWH DW 7URSLFDQD )LHOG� 2XU
UHFRPPHQGDWLRQV WR UHGXFH WKH HQYLURQPHQWDO LPSDFW RI VROLG ZDVWH PDQDJHPHQW� FHQWHU DURXQG
FKDQJHV WR LQIUDVWUXFWXUH DQG PDWHULDOV XVHG DW WKH VWDGLXP ZKLFK DUH EURDGO\ FDWHJRUL]HG DV
WHFKQRORJ\ HQKDQFHPHQWV EXW ZRXOG OLNHO\ UHTXLUH EHKDYLRUDO FKDQJH FDPSDLJQV DQG FRUSRUDWH
SDUWQHUVKLSV WR PD[LPL]H HIIHFWLYHQHVV� :H SURSRVH WKH IROORZLQJ UHFRPPHQGDWLRQV IRU WKH
7DPSD�%D\�5D\V�

�� 2QVLWH�FRPSRVWLQJ
�� ,PSURYH�UHF\FOLQJ�LQIUDVWUXFWXUH
�� 5HGXFH�SODVWLF�FRQVXPSWLRQ

5HFRPPHQGDWLRQ�����2QVLWH�&RPSRVWLQJ
'XH WR WKH XQLTXH QDWXUH RI :7( IDFLOLWLHV� FRPSRVWLQJ ZRXOG QRW QHFHVVDULO\ GHFUHDVH WKH 5D\V

FDUERQ IRRWSULQW RU ZDWHU XVDJH� KRZHYHU� LW SUHVHQWV DQ DGGLWLRQDO RSSRUWXQLW\ WR HQJDJH IDQV
ZLWK VXVWDLQDELOLW\ LVVXHV DQG LQFUHDVH YLVLELOLW\ RI D WHDP
V HQYLURQPHQWDO LPSDFW UHGXFWLRQ
LQLWLDWLYHV� ,Q WHUPV RI HQYLURQPHQWDO LPSDFW� ZH UH�UDQ WKH :$50 PRGHO WR DVVHVV KRZ PXFK
WKH 5D\V¶ FDUERQ IRRWSULQW ZRXOG KDYH FKDQJHG LI� LQVWHDG RI VHQGLQJ DOO IRRG ZDVWH WR WKH :7(
IDFLOLW\ LQ ����� WKH\ KDG FRPSRVWHG DOO IRRG ZDVWH� HPLVVLRQV IURP VROLG ZDVWH PDQDJHPHQW
ZRXOG KDYH LQFUHDVHG E\ ����� 7KLV LQFUHDVHG WKH WRWDO HVWLPDWHG FDUERQ IRRWSULQW IRU WKH 5D\V
E\ ������ D QHJOLJLEOH DPRXQW� +RZHYHU� /&$ VWXGLHV KDYH IRXQG WKDW FRPSRVWLQJ IRRG ZDVWH�
UDWKHU WKDQ LQFLQHUDWLQJ LW� FDQ UHGXFH DFLGLILFDWLRQ DQG HXWURSKLFDWLRQ LPSDFWV �*DR HW DO�� �����
.KRR HW DO�� ������ 1RW WR PHQWLRQ WKDW :7( IDFLOLWLHV FDQ UHVXOW LQ ORFDO DLU SROOXWLRQ �RIWHQ LQ
XQGHUUHSUHVHQWHG FRPPXQLWLHV� DQG SURGXFH WR[LF DVK �5RVHQEHUJ HW DO�� ����� WKDW FRXOG EH
UHGXFHG ZLWK LPSOHPHQWDWLRQ RI D FRPSRVWLQJ SURJUDP� )RU WHDPV WKDW VHQG ZDVWH WR ODQGILOOV�
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FRPSRVWLQJ FDQ UHGXFH PHWKDQH HPLVVLRQV DVVRFLDWHG ZLWK GHFRPSRVLWLRQ RI IRRG ZDVWH LQ
ODQGILOOV �8�6� (3$� ����G�� 5HGXFLQJ WKHVH HQYLURQPHQWDO LPSDFWV LQ DGGLWLRQ WR WKH
RSSRUWXQLWLHV WR HQJDJH IDQV DQG VXSSRUW 0/% VXVWDLQDELOLW\ LQLWLDWLYHV PDNHV FRPSRVWLQJ DQ
DWWUDFWLYH�RSWLRQ�IRU�WKH�5D\V�

7HQ 0/% WHDPV FXUUHQWO\ KDYH FRPSRVWLQJ V\VWHPV LQ SODFH DV SDUW RI WKHLU ZDVWH PDQDJHPHQW
V\VWHPV �0/%� Q�G��� 7KH 6HDWWOH 0DULQHUV DUH OHDGHUV LQ ZDVWH GLYHUVLRQ� LQ ���� WKH\ UHFHLYHG
DQ DZDUG IURP WKH (3$ IRU GLYHUWLQJ ��� WRQV RI IRRG ZDVWH E\ FRPSRVWLQJ� (YHQ IXUWKHU� LQ
����� ��� RI DOO ZDVWH ZDV HLWKHU UHF\FOHG� FRPSRVWHG RU UHXVHG� 7KH 0DULQHUV KDYH DOVR
UHDOL]HG WKH LPSRUWDQFH RI IDQ HQJDJHPHQW LQ PDNLQJ LQLWLDWLYHV VXFFHVVIXO DQG GHYHORSHG DQ
HYHQW WKDW ZDV EURXJKW EDFN IRU PXOWLSOH \HDUV FDOOHG WKH ³6XVWDLQDEOH 6DWXUGD\ 

 DW WHQ KRPH
JDPHV LQ D VHDVRQ �5XVVHOO DQG +DOH� ������ 7KH HYHQW UDLVHG DZDUHQHVV DURXQG ]HUR ZDVWH
LQLWLDWLYHV� SURYLGLQJ IDQV ZLWK RSSRUWXQLWLHV WR ZLQ SUL]HV E\ DQVZHULQJ WULYLD TXHVWLRQV� 7KLV
HYHQW�SURYLGHV�RSSRUWXQLWLHV�IRU�IDQ�HQJDJHPHQW�DQG�HGXFDWLRQ�

$ EHKDYLRUDO VWXG\ FRQGXFWHG E\ 7D\ORU DQG 7RGG PHDVXUHG WKH EHKDYLRU RI SDUWLFLSDWLRQ DQG
HQJDJHPHQW LQ FRPSRVWLQJ DFWLYLWLHV DQG VKRZHG WKDW DV ORQJ DV V\VWHPV FRPSOH[LW\ VWD\V ORZ�
SHRSOH HQJDJH LQ FRPSRVWLQJ DFWLYLWLHV ������� ,Q RWKHU ZRUGV� D SHUVRQ
V ZLOOLQJQHVV WR
SDUWLFLSDWH LQ FRPSRVWLQJ RU RWKHU ZDVWH UHGXFWLRQ VWUDWHJLHV UDSLGO\ GHFOLQHG DV WKH NQRZOHGJH
RU OHYHO RI SDUWLFLSDWLRQ UHTXLUHG IURP XVHUV LQFUHDVHG� ,I FRPSRVWLQJ HIIRUWV UHPDLQ VLPSOH ZLWK
SURSHUO\ GLVSOD\HG FRORUHG ELQV� WKHQ IDQV ZLOO PRVW OLNHO\ SDUWLFLSDWH LQ VWDGLXP FRPSRVWLQJ�
+DYLQJ FRPSRVW ELQV WKURXJKRXW WKH VWDGLXP DV ZHOO DV LQ WKH FRQFHVVLRQDLUH NLWFKHQV ZLOO KHOS
LPSURYH ZDVWH GLYHUVLRQ� &RPSRVWLQJ IRRG ZDVWH GRHV QRW UHTXLUH LQGXVWULDO FRPSRVWLQJ�
+RZHYHU� VHYHUDO VWDGLXPV KDYH EHJXQ WR HOLPLQDWH RWKHU SODVWLFV VXFK DV VWUDZV DQG VZLWFKHG WR
FRPSRVWDEOH FRQFHVVLRQ SDFNDJLQJ DQG XWHQVLOV WR LQFUHDVH RUJDQLFV GLYHUVLRQ� ZKLFK GRHV
UHTXLUH�LQGXVWULDO�FRPSRVWLQJ��0/%��Q�G���

5HFRPPHQGDWLRQ�����,PSURYH�5HF\FOLQJ�,QIUDVWUXFWXUH
2XU UHVXOWV LQGLFDWHG WKDW FRPEXVWLRQ RI 3(7 SODVWLF ZDV WKH PDWHULDO VWUHDP FRQWULEXWLQJ WKH
ODUJHVW WR WKH 5D\V FDUERQ IRRWSULQW� 7R LPSURYH DQG LQFUHDVH UHF\FOLQJ DW 7URSLFDQD )LHOG�
SUHYHQWLQJ SODVWLF ZDVWH IURP HQWHULQJ ODQGILOOV DQG LQFLQHUDWRUV� ZH UHFRPPHQG LPSOHPHQWLQJ D
QHZ UHF\FOLQJ SURJUDP WKDW ZLOO HGXFDWH IDQV DQG VWDII RQ SURSHU UHF\FOLQJ DQG GLVSRVDO
WHFKQLTXHV� *+* HPLVVLRQV EHQHILWV DUH WZR�IROG� 3(7 LV QRW FRPEXVWHG DW :7( IDFLOLWLHV DQG
WKH UHF\FOHG SODVWLF UHGXFHV WKH QHHG IRU IRVVLO IXHO H[WUDFWLRQ IRU YLUJLQ SODVWLF SURGXFWLRQ�
6WDGLXPV KDYH LPSOHPHQWHG FROOHFWLRQ SURJUDPV IRU DW OHDVW VRPH UHF\FODEOH PDWHULDOV� LQFOXGLQJ
JODVV� DOXPLQXP� SODVWLF DQG FDUGERDUG �0/%� Q�G��� ,Q ����� WKH 0LOZDXNHH %UHZHUV SDUWQHUHG
ZLWK WKH 6& -RKQVRQ &RPSDQ\ WR UHF\FOH SODVWLF VWDGLXP FXSV LQWR FRQWDLQHUV IRU WKH FRPSDQ\¶V
SURGXFWV �³+RPH 5XQ� 6& -RKQVRQ DQG 0LOZDXNHH %UHZHUV 3DUWQHUVKLS LV D :LQ IRU WKH 3ODQHW�´
������ 2IWHQWLPHV IDQV QRZ H[SHFW UHF\FOLQJ FRQWDLQHUV WR EH DYDLODEOH� DQG DUH ZLOOLQJ WR SXW
H[WUD HIIRUW LQWR SODFLQJ UHF\FODEOHV LQ WKHLU SURSHU SODFH� 6XFFHVVIXO SURJUDPV LQYROYH FUHDWLYH
RXWUHDFK DQG HGXFDWLRQ VR IDQV DUH DZDUH RI DYDLODEOH UHF\FOLQJ FRQWDLQHUV DV ZHOO DV KDYLQJ
SURSHU VLJQDJH LQGLFDWLQJ ZKDW LWHPV VKRXOG RU VKRXOG QRW EH SODFHG LQVLGH �%ULDQD� ������
:DVWH�VRUWLQJ EHKDYLRUDO VWXGLHV ILQG WKDW ELQ FRORUV VXFK DV EOXH IRU UHF\FOLQJ� JUHHQ IRU
FRPSRVWLQJ� DQG EURZQ IRU ODQGILOO FRPELQHG ZLWK VWUDWHJLF SODFHPHQW DURXQG KLJK WUDIILF DUHDV
LQFUHDVH VHSDUDWLRQ HIILFLHQFLHV �/HHDEDL HW DO�� ������ 1HZ FRORU�FRGHG ELQV VKRXOG EH SODFHG
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VWUDWHJLFDOO\ WKURXJKRXW WKH VWDGLXP LQ KLJK WUDIILF DUHDV� VXFK DV QHDU UHVWURRPV� ZDONZD\V� DQG
FRQFHVVLRQ�VWDQGV�VR�IDQV�FDQ�FRQYHQLHQWO\�DFFHVV�DQG�XVH�WKHP�

(VWDEOLVKLQJ D QHZ UHF\FOLQJ SURJUDP ZLOO SURYLGH DQ DGGLWLRQDO RSSRUWXQLW\ WR HQJDJH IDQV RQ
YDULRXV�VXVWDLQDELOLW\�LVVXHV�DQG�ZLOO�SDLU�QLFHO\�ZLWK�D�QHZ�FRPSRVWLQJ�SURJUDP�

5HFRPPHQGDWLRQ�����5HGXFH�3ODVWLF�&RQVXPSWLRQ
6LQJOH�XVH SODVWLFV DUH D FRPPRQ PDWHULDO XVHG DW VSRUWLQJ HYHQWV DQG DUH VWLOO D UDSLGO\ JURZLQJ
VHJPHQW RI PXQLFLSDO VROLG ZDVWH �8�6� (3$� ����G�� ,Q ����� RYHU ���� PLOOLRQ WRQV RI SODVWLF
IURP EDJV� SDFNDJLQJ DQG SRO\HWK\OHQH WHUHSKWKDODWH �3(7� ERWWOHV DQG MDUV FRQWULEXWHG WR
ODQGILOO ZDVWH �8�6� (3$� ����G�� $V GLVFXVVHG LQ 6HFWLRQ �� FRPEXVWLRQ RI 3(7 ZDV WKH ODUJHVW
HPLVVLRQV GULYHU IRU VROLG ZDVWH PDQDJHPHQW� +DYLQJ EHWWHU UHF\FOLQJ LQIUDVWUXFWXUH LQ SODFH ZLOO
KHOS GLYHUW SODVWLF IURP FRPEXVWLRQ DW WKH :7( IDFLOLW\� +RZHYHU� UHGXFLQJ SODVWLF FRQVXPSWLRQ
DQG�RU VZLWFKLQJ WR DOWHUQDWLYH PDWHULDOV FRXOG DOVR UHGXFH 37( FRPEXVWHG DW WKH :7( IDFLOLW\�
WKXV�OHDGLQJ�WR�ORZHU�*+*V�LQ�WKHLU�RYHUDOO�FDUERQ�IRRWSULQW�

:LWK WKH 0/% HQFRXUDJLQJ ZDVWH GLYHUVLRQ YLD WKH *UHHQ *ORYH $ZDUGV� PDQ\ WHDPV DUH
IRFXVHG RQ UHGXFLQJ XVH RI SODVWLFV� 7HDPV VXFK DV 7KH :KLWH 6R[V KDYH HOLPLQDWHG SODVWLF
VWUDZV DQG WKH 0LQQHVRWD 7ZLQV KDYH SDUWQHUHG ZLWK (FR�SURGXFWV WR VZLWFK DOO FXSV� WUD\V DQG
SODWHV WR FRPSRVWDEOH PDWHULDOV WR KHOS UHGXFH SODVWLF FRQVXPSWLRQ �.DQH� ����� 0/% DQG
&65ZLUH� ������ 7KH QHZHVW RI PDWHULDO VZLWFKLQJ WUHQGV� HVSHFLDOO\ LQ IRRWEDOO� LV UHSODFLQJ
VLQJOH�XVH SODVWLF FXSV ZLWK VKLQ\ QHZ DOXPLQXP FXSV PDGH E\ WKH %DOO &RUSRUDWLRQ� 7KH +DUG
5RFN 6WDGLXP� KRPH WR WKH 0LDPL 'ROSKLQV� ZDV WKH ILUVW 1DWLRQDO )RRWEDOO /HDJXH �1)/�
VWDGLXP WR EHJLQ XVLQJ ���RXQFH DOXPLQXP FXSV LQ ���� �/R5p� ������ 6R)L 6WDGLXP LQ /RV
$QJHOHV� KRPH WR WKH &KDUJHUV DQG 5DPV� KDV DOVR VZLWFKHG WR DOXPLQXP FXSV �1HZKDUW� ������
7KH�5D\V�DUH�DOVR�FXUUHQWO\�FRQVLGHULQJ�XVLQJ�WKH�VDPH�DOWHUQDWLYH�

+RZHYHU� ZH HPSKDVL]H WKDW HIIRUWV WKDW UHGXFH WKH QHHG IRU VLQJOH�XVH PRUH EURDGO\ VKRXOG EH
WKH SULRULW\ DQG WKDW WHDPV VKRXOG QRW QHFHVVDULO\ IRFXV RQ VZLWFKLQJ IURP SODVWLF WR RWKHU
VLQJOH�XVH PDWHULDOV EHFDXVH WKHVH RWKHU PDWHULDOV FRXOG EH ZRUVH IRU WKH HQYLURQPHQW WKDQ
SODVWLF� $ UHFHQW /&$ DVVHVVHG WKH HQYLURQPHQWDO LPSDFW RI VLQJOH�XVH SODVWLF FXSV� VLQJOH�XVH
DOXPLQXP FXSV �ZKLFK WKH 5D\V DUH FRQVLGHULQJ�� DQG UHXVDEOH SODVWLF DQG VWDLQOHVV VWHHO FXSV�
DQG IRXQG WKDW DOO VLQJOH�XVH FXSV SHUIRUPHG ZRUVH WKDQ UHXVDEOH FXSV DFURVV DOO HQYLURQPHQWDO
LPSDFWV PHDVXUHG DQG VLQJOH�XVH DOXPLQXP FXSV DUH WKH ZRUVW RSWLRQ IRU WKH FOLPDWH E\ IDU�
6LQJOH�XVH DOXPLQXP FXSV XVHG ��� PRUH HQHUJ\ RYHU WKHLU OLIH�F\FOH DQG FUHDWHG ��� PRUH
FDUERQ GLR[LGH WKDQ RWKHU VLQJOH�XVH SODVWLF RSWLRQV� 5HF\FOLQJ WKH FXSV GRHV QRW QHJDWH WKH IDFW
WKDW RQ DYHUDJH� WKH\ DUH RQO\ FRPSRVHG RI ��� UHF\FOHG FRQWHQW �:HQW] HW DO�� ������ *LYHQ WKH
UHVXOWV RI WKLV /&$� WKH 5D\V DQG RWKHU WHDPV PD\ EH EHWWHU VXLWHG WR IRFXV RQ SODVWLFV UHGXFWLRQ
DQG FRQVLGHU YLDEOH V\VWHPV WR HPSOR\ UHXVDEOHV� UDWKHU WKDQ VZLWFKLQJ WR VLQJOH�XVH DOXPLQXP�
0RUH JHQHUDOO\ VSHDNLQJ� WKLV /&$ VXJJHVWV UHXVDEOH RSWLRQV DUH SURPLVLQJ DOWHUQDWLYHV WKDW
FRXOG EH XVHG DW VWDGLXPV WR UHGXFH WKH DPRXQW RI SODVWLF PDWHULDO WKDW FRXOG HQG XS LQ D ODQGILOO
RU�:7(�IDFLOLW\�

:DVWH PDQDJHPHQW LPSDFW UHGXFWLRQ GRHV QRW KDYH D RQH VL]H ILWV DOO VROXWLRQ� :KDW PLJKW VHHP
OLNH D JUHDW VROXWLRQ FRXOG KDYH XQLQWHQGHG HQYLURQPHQWDO WUDGH�RIIV� ,Q DGGLWLRQ WR RYHUKDXOLQJ
UHF\FOLQJ DQG SRVVLEO\ LQWURGXFLQJ FRPSRVWLQJ LQIUDVWUXFWXUH� ZH UHFRPPHQG DQG HPSKDVL]H
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XVLQJ WRROV VXFK DV /&$ DQG FDUERQ DFFRXQWLQJ WR DVVHVV VROLG ZDVWH PDQDJHPHQW VWUDWHJLHV
EHIRUH LPSOHPHQWLQJ WKHP� 2QO\ WKHQ FDQ WKH 5D\V EHJLQ WR FRQVLGHU ZKDW PDWHULDOV ZLOO
PLQLPL]H�WKHLU�HQYLURQPHQWDO�IRRWSULQW�

���� )DQ�7UDQVSRUWDWLRQ
)DQ WUDQVSRUWDWLRQ FRQWULEXWHG RYHU ��� RI WKH HPLVVLRQV IRU WKH 5D\V¶ WRWDO FDUERQ IRRWSULQW
HVWLPDWH� 2XU DQDO\VLV VXJJHVWV WKDW FDU WUDYHO LV UHVSRQVLEOH IRU ����� RI WRWDO HPLVVLRQV IURP
IDQ WUDQVSRUWDWLRQ� ,W LV LPSRUWDQW WR QRWH WKDW WKLV UHVXOW PD\ QRW EH LQGLFDWLYH RI SUHYDLOLQJ
WUDQVSRUWDWLRQ KDELWV RI IDQV LQ RWKHU FLWLHV� 7KH IROORZLQJ VHFWLRQ GHVFULEHV D KDQGIXO RI
UHFRPPHQGDWLRQV UHODWHG WR UHGXFLQJ WKHVH HPLVVLRQV� *LYHQ WKH PDJQLWXGH RI IDQ WUDQVSRUWDWLRQ
HPLVVLRQ UHODWLYH WR RWKHU DFWLYLW\ DUHDV� UHFRPPHQGDWLRQV DUH SUHVHQWHG KHUH ZKLFK PD\ DSSHDU
WR KDYH D VPDOO LPSDFW RQ WRWDO IDQ WUDQVSRUWDWLRQ HPLVVLRQV� KRZHYHU� WKHVH UHGXFWLRQV DUH
VLJQLILFDQW LQ FRPSDULVRQ ZLWK RWKHU DFWLYLW\ DUHDV� :KLOH WKHUH DUH VRPH LQWHUYHQWLRQV WKDW PD\
EH DSSOLHG XQLYHUVDOO\� RQH�VL]H�ILWV�DOO VROXWLRQV WR IDQ WUDQVSRUWDWLRQ DUH IHZ DQG IDU EHWZHHQ�
'LIIHUHQW WHDPV� LQ GLIIHUHQW FLWLHV� ZLWK GLIIHUHQW UHVRXUFHV� GHPRJUDSKLFV� DQG LQIUDVWUXFWXUH
UHTXLUH PRUH LQGLYLGXDOL]HG VROXWLRQV� )RU H[DPSOH� WKH 1HZ <RUN <DQNHHV� D JLDQW PDUNHW WHDP
LQ D GHQVHO\ SRSXODWHG FLW\� ZLWK D VSUDZOLQJ SXEOLF WUDQVSRUWDWLRQ QHWZRUN ZLOO HOLFLW GLIIHUHQW
LQWHUYHQWLRQ VWUDWHJLHV IURP WKH 6DQ 'LHJR 3DGUHV� RQH RI WKH VPDOOHVW PDUNHW WHDPV LQ D PXFK
VPDOOHU FLW\ ZLWK OLPLWHG SXEOLF WUDQVSRUWDWLRQ �7UXHEORRG� ����� 2UWHJUHQ� ������ ,W LV LPSRUWDQW
WR FRQVLGHU WKDW SURSRVHG LQWHUYHQWLRQV ZLOO RQO\ EH VXFFHVVIXO ZKHQ WKH\ UHLQIRUFH� UDWKHU WKDQ
GLYHUW SHRSOH DZD\ IURP� ORZ RU ]HUR HPLVVLRQ PRGHV WKH\ PD\ DOUHDG\ EH XVLQJ� )RU H[DPSOH� LI
SHRSOH ZKR KDG SUHYLRXVO\ XVHG SXEOLF WUDQVSRUWDWLRQ WR JHW WR WKH JDPH ZHUH HQWLFHG WR FDUSRRO
LQVWHDG� WKH HPLVVLRQV IURP WKHLU WUDYHO ZRXOG LQFUHDVH� QRW GHFUHDVH� :H QRWH ZKHUH
UHFRPPHQGDWLRQV DUH VSHFLILFDOO\ UHOHYDQW WR WKH 7DPSD %D\ 5D\V� %URDGO\ VSHDNLQJ� UHODWLYHO\
IHZ ORQJ�GLVWDQFH WUDYHOHUV DFFRXQW IRU DQ RXWVL]HG SRUWLRQ RI WRWDO *+* HPLVVLRQV� 7DUJHWLQJ
EHKDYLRU FKDQJH LQ D VPDOO VXEVHW RI WKH IDQ SRSXODWLRQ WKDW OLNHO\ ZRQ¶W DWWHQG PRUH WKDQ RQH
JDPH SHU VHDVRQ KDV D ORZHU OLNHOLKRRG RI VXFFHVV FRPSDUHG WR WKH ORFDO IDQEDVH� 7KHUHIRUH�
PRVW RI WKH UHFRPPHQGDWLRQV LQFOXGHG EHORZ DUH IRFXVHG RQ IDQ WUDYHO ZLWKLQ D ��� PLOH UDGLXV
RI WKH VWDGLXP� ,W LV ZRUWK QRWLQJ WKDW� DOWKRXJK ZH GLG QRW LQFOXGH HPLVVLRQV IURP HPSOR\HH
FRPPXWLQJ LQ RXU V\VWHP ERXQGDU\� DOO RI WKHVH %03V FRXOG EH DSSOLHG WR HPSOR\HHV DQG SOD\HU
WUDYHO�QRW�FRRUGLQDWHG�E\�WKH�WHDP�WR�UHGXFH�HPLVVLRQV�IURP�FRPPXWLQJ�DFWLYLWLHV�

:H SURSRVH WKH IROORZLQJ UHFRPPHQGDWLRQV IRU WKH 7DPSD %D\ 5D\V� 7KHVH UHFRPPHQGDWLRQV
DUH EURDGO\ FDWHJRUL]HG DV HLWKHU EHKDYLRUDO FKDQJH� VSHFLDO GD\V 	 HYHQWV� FRPPXQLW\
SDUWQHUVKLSV�DQG�HQJDJHPHQW��RU�FRUSRUDWH�SDUWQHUVKLSV�

�� (QFRXUDJH�DQG�LQFHQWLYL]H�(9�XVH
�� 3URPRWH�DQG�LQFHQWLYL]H�FDUSRROLQJ
�� (QFRXUDJH IDQV WR XVH H[LVWLQJ SXEOLF WUDQVSRUWDWLRQ RU HVWDEOLVK SDUN�DQG�ULGH VHUYLFHV WR

7URSLFDQD�)LHOG
�� (QFRXUDJH�ELNLQJ�WR�WKH�VWDGLXP
�� (QFRXUDJH�VKLIWLQJ�WR�WUDQVSRUWDWLRQ�PRGHV�RWKHU�WKDQ�ULGHVKDUH
�� /HYHUDJLQJ�SDUWQHUVKLSV�DQG�VSRQVRUVKLSV
�� 8VH SXEOLF LQIRUPDWLRQ FDPSDLJQV WR VXSSRUW VKLIWLQJ IDQV WR VXVWDLQDEOH WUDQVSRUWDWLRQ

PRGHV
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5HFRPPHQGDWLRQ�����(QFRXUDJH�DQG�,QFHQWLYL]H�(9�8VH
$OWKRXJK WKH HQHUJ\ UHTXLUHG WR SRZHU DQ HOHFWULF YHKLFOH �(9� GRHV SURGXFH VRPH *+*
HPLVVLRQV� WKHVH HPLVVLRQV SDOH LQ FRPSDULVRQ WR WKRVH IURP LQWHUQDO FRPEXVWLRQ HQJLQH YHKLFOHV
�8�6� 'HSDUWPHQW RI (QHUJ\� ������ %\ HQFRXUDJLQJ WKH DGRSWLRQ DQG VXEVHTXHQW XVH RI (9V IRU
WUDYHO WR WKH VWDGLXP� 0/% WHDPV FDQ GUDVWLFDOO\ UHGXFH WKHLU FDUERQ IRRWSULQW� 2XWOLQHG EHORZ
DUH VHYHUDO RSWLRQV IRU WHDPV WR HQFRXUDJH (9 DGRSWLRQ LQFOXGH� LQFUHDVH (9 FKDUJLQJ� RIIHU IUHH
RU UHGXFHG FKDUJLQJ RU SDUNLQJ IHHV� VWUDWHJLF SODFHPHQW RI FKDUJHUV ZLWKLQ SDUNLQJ VWUXFWXUHV�
DQG�ELGLUHFWLRQDO�FKDUJLQJ�

,I DOO IDQV WKDW GURYH SHUVRQDO FDUV WR 5D\V JDPHV XVHG (9V� WKH HPLVVLRQV IURP SHUVRQDO FDUV
ZRXOG EH ����� EHORZ EDVHOLQH DQG WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG EH �����
EHORZ EDVHOLQH� 7KLV VFHQDULR ZRXOG UHGXFH WKH WRWDO 5D\V FDUERQ IRRWSULQW E\ ������ ,I
ULGH�KDLOLQJ YHKLFOHV DUH LQFOXGHG� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG EH �����
ORZHU WKDQ EDVHOLQH� FRUUHVSRQGLQJ WR D ����� UHGXFWLRQ WR WKH WRWDO HVWLPDWHG FDUERQ IRRWSULQW�
,I DOO IDQV ZKR WUDYHOHG E\ SODQH GURYH (9V LQVWHDG RI IO\LQJ� WKH HPLVVLRQV IURP IDQ
WUDQVSRUWDWLRQ ZRXOG EH UHGXFHG E\ ������ ZKLFK ZRXOG UHGXFH WKH 5D\V RYHUDOO FDUERQ
IRRWSULQW E\ ������ 8QGHUVWDQGLQJ WKDW ���� (9 DGRSWLRQ LV QRW UHDOLVWLF LQ WKH QHDU�WHUP� WKLV
VWDUN UHGXFWLRQ SRWHQWLDO PDNHV D VWURQJ FDVH IRU (9 LQFHQWLYL]DWLRQ� 7KH ,($ SURMHFWV WKDW �� RI
WKH JOREDO DXWRPRELOH IOHHW ZLOO EH (9V E\ ���� �,($� ������ ,I RQO\ �� RI WKH SHUVRQDO FDUV RQ
WKH URDG ZHUH (9V� IDQ WUDQVSRUWDWLRQ HPLVVLRQV ZRXOG EH UHGXFHG E\ ������ ,I �� RI SHUVRQDO
FDUV DQG ULGHVKDUH YHKLFOHV ZHUH (9V� RQO\ SHUVRQDO YHKLFOHV ZHUH (9V� IDQ WUDQVSRUWDWLRQ
HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�������

(9 DGRSWLRQ KDV EHHQ D VORZ� JUDGXDO SURFHVV LQ SDUW GXH WR OLPLWHG GLVWULEXWLRQ RI SXEOLF (9
FKDUJLQJ LQIUDVWUXFWXUH �3DQ HW DO�� ������ (YHQ WKRVH ZKR FXUUHQWO\ RZQ DQ (9 PD\ EH ZDU\ RI
GULYLQJ LW WR WKH VWDGLXP LI WKH\ FDQ¶W FKDUJH WKH FDU ZKLOH DW WKH JDPH� 0/% WHDPV FDQ HDVH
UDQJH DQ[LHW\ DPRQJ (9 GULYHUV DQG HQFRXUDJH DGGLWLRQDO (9 DGRSWLRQ E\ LQFRUSRUDWLQJ (9
FKDUJHUV LQWR WKHLU VWDGLXPV¶ SDUNLQJ LQIUDVWUXFWXUH� 7KHUH DUH FXUUHQWO\ RQO\ VL[ FKDUJHUV
DYDLODEOH�LQ�7URSLFDQD�)LHOG�SDUNLQJ�ORWV�

$OWKRXJK (9 FKDUJHUV FDQ EH UHYHQXH�JHQHUDWLQJ LQVWUXPHQWV� WR LQFHQWLYL]H (9 WUDQVSRUWDWLRQ�
FKDUJLQJ VKRXOG EH LQLWLDOO\ RIIHUHG IRU IUHH RU DW FRVW� $OWHUQDWLYHO\� WHDPV FRXOG RIIHU
FRPSHWLWLYHO\ SULFHG FKDUJLQJ RSSRUWXQLWLHV FRXSOHG ZLWK D UHGXFHG UDWH IRU SDUNLQJ� 7R IXUWKHU
LQFHQWLYL]H (9 WUDQVSRUWDWLRQ� FKDUJHUV VKRXOG EH ORFDWHG LQ ZHOO�PDUNHG� HDV\�WR�ILQG SDUNLQJ
DUHDV�ORFDWHG�LQ�SULPH�ORFDWLRQV�FORVH�WR�VWDGLXP�HQWUDQFHV�

6WUDWHJLF SODFHPHQW RI (9 FKDUJHUV ZLWKLQ WKH VWDGLXP¶V SDUNLQJ LQIUDVWUXFWXUH PD\ DOVR
LQIOXHQFH IDQV ZKR GR QRW DOUHDG\ RZQ DQ (9� WR SXUFKDVH RU OHDVH RQH� 7KH FKDUJHUV FXUUHQWO\ DW
7URSLFDQD )LHOG DUH LQ LQFRQVSLFXRXV VSRWV� HLWKHU LQ WKH FHQWHU RI D ODUJH SDUNLQJ ORW RU WKH
FRUQHU RI WKH ORW IDU IURP ERWK WKH HQWUDQFH WR WKH ORW DQG WKH HQWUDQFH WR WKH VWDGLXP� /RFDWLQJ
(9 FKDUJHUV LQ KLJKO\ YLVLEOH SDUNLQJ DUHDV� VXFK DV WKRVH FORVHVW WR WKH HQWUDQFH RI WKH SDUNLQJ
ORW�VWUXFWXUH RU FORVHVW WR WKH VWDGLXP HQWUDQFH� QRW RQO\ PDNHV GULYLQJ DQ (9 HDVLHU WKDQ D
JDV�SRZHUHG FDU E\ JDLQLQJ DFFHVV WR GHVLUDEOH SDUNLQJ ORFDWLRQV� EXW ZLOO DOVR SURPLQHQWO\
GLVSOD\ WKH FKDUJHUV DQG SRWHQWLDOO\ D YDULHW\ RI (9 PRGHOV� 3XEOLF YLVLELOLW\ RI (9V DQG
FKDUJLQJ LQIUDVWUXFWXUH DUH DPRQJ WKH VWURQJHVW IDFWRUV GULYLQJ (9 DGRSWLRQ �&RIIPDQ HW DO��
������³6LJQDJH�IRU�3OXJ�LQ�(OHFWULF�9HKLFOH�&KDUJLQJ�6WDWLRQV�´�Q�G���
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%LGLUHFWLRQDO FKDUJLQJ FRXOG RIIHU D ZLQ�ZLQ�ZLQ RSSRUWXQLW\ IRU IDQV� WKH WHDP� DQG WKH ORFDO
HOHFWULFDO XWLOLW\� %XVLQHVVHV DUH WDNLQJ DGYDQWDJH RI ELGLUHFWLRQDO FKDUJLQJ� VRPHWLPHV FDOOHG
YHKLFOH�WR�EXLOGLQJ �RU 9�%�� WR GUDZ HOHFWULFLW\ GLUHFWO\ IURP (9V WR DXJPHQW WKH HQHUJ\
VXSSOLHG WR WKHLU IDFLOLWLHV �%ULRQHV HW DO�� ������ 'HSHQGLQJ RQ WKH WLPH RI GD\� HOHFWULFLW\ VWRUHG
LQ WKH YHKLFOHV FDQ EH D FOHDQHU� FKHDSHU DOWHUQDWLYH WR HOHFWULFLW\ IURP WKH JULG� (OHFWULFLW\
GHPDQG WHQGV WR SHDN LQ WKH ODWH DIWHUQRRQ DQG HDUO\ HYHQLQJ� ZKLFK UHTXLUHV WKH XVH RI PRUH
SROOXWLQJ SRZHU SODQWV WR PHHW GHPDQG DW D FRQVLGHUDEOH H[SHQVH WR WKH XWLOLW\ DQG HQG�XVHU�
0RVW 0/% QLJKW JDPHV EHJLQ GXULQJ WKLV SHDN GHPDQG ZLQGRZ� EXW HQG KRXUV DIWHU WKH VXUJH LQ
GHPDQG KDV VXEVLGHG� ,I WHDPV ZHUH WR XVH 9�% FKDUJLQJ� WKH\ FRXOG GUDZ IUHH HOHFWULFLW\ IURP
(9V ZKHQ WKH SULFH RI HOHFWULFLW\ IURP WKH XWLOLW\ LV PRVW H[SHQVLYH �DQG PRVW *+*�LQWHQVLYH�
DQG UHFKDUJH WKH (9V ZLWK UHODWLYHO\ FKHDS HOHFWULFLW\ IURP WKH JULG RQFH WKH SHDN LV RYHU� 6LQFH
WKLV PHWKRG PD\ QRW JXDUDQWHH D VLJQLILFDQW ERRVW LQ FKDUJH IRU WKH (9V� ZH DGYLVH WKDW FKDUJLQJ
EH IUHH LQ RUGHU WR SULRULWL]H (9 DGRSWLRQ LQFHQWLYL]DWLRQ� :KLOH 9�% FKDUJLQJ SRVHV SRWHQWLDO
SURPLVH IRU WHDPV� IDQV DQG WKH SODQHW� FXUUHQWO\ WKH 1LVVDQ /HDI� 0LWVXELVKL 2XWODQGHU� DQG
+\XQGDL ,RQLT � DUH WKH RQO\ (9V HTXLSSHG ZLWK 9�% FKDUJLQJ FDSDELOLWLHV �'RQQHOO\� �����
=LPPHUPDQQ� ������ +RZHYHU� WHFKQRORJ\ LV LPSURYLQJ UDSLGO\� WKH ���� )���� /LJKWQLQJ ZLOO
KDYH 9�% DQG .LD� +\XQGDL� 9:� DQG 7HVOD KDYH VWDWHG WKDW WKHLU IXWXUH PRGHOV ZLOO DOVR EH
9�% FDSDEOH �'RQQHOO\� ����� =LPPHUPDQQ� ������ 6LQFH WUHQGV LQ (9 WHFKQRORJ\ DUH PRYLQJ
WRZDUGV 9�%� ZH UHFRPPHQG WKDW 0/% WHDPV LQYHVW LQ 9�% FKDUJLQJ LQIUDVWUXFWXUH WR SURYLGH D
VLJQLILFDQW�VRXUFH�RI�ORZ�FRVW�HQHUJ\�

5HFRPPHQGDWLRQ�����3URPRWH�DQG�,QFHQWLYL]H�&DUSRROLQJ
:KLOH LW LV IDU IURP D QRYHO FRQFHSW� FDUSRROLQJ FDQ SURYLGH QXPHURXV VRFLHWDO DQG LQGLYLGXDO
EHQHILWV �6KDKHHQ HW DO�� ����� DQG DSSHDUV WR EH WKH PRVW FRVW�HIIHFWLYH VROXWLRQ WR UHGXFLQJ WKH
5D\V¶ IDQ WUDQVSRUWDWLRQ HPLVVLRQV� ,I HYHU\ SHUVRQDO YHKLFOH WUDYHOLQJ WR 7URSLFDQD )LHOG FDUULHG
IRXU SDVVHQJHUV� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG EH UHGXFHG E\ ������ 7KLV
ZRXOG HTXDWH WR D ����� HPLVVLRQV UHGXFWLRQ IURP WKH 5D\V
 HVWLPDWHG WRWDO FDUERQ IRRWSULQW �VHH
6HFWLRQ����������IRU�PHWKRGRORJ\�DQG�DVVXPSWLRQV��

,W LV LPSRUWDQW WR QRWH WKDW FDUSRROLQJ ZLOO RQO\ UHGXFH HPLVVLRQV ZKHQ PRUH SDVVHQJHUV WUDYHO LQ
IHZHU FDUV� DOWKRXJK D KRXVHKROG RI IDQV ZKR KDYH DOZD\V FDUSRROHG WRJHWKHU VKRXOG EH
FRPPHQGHG IRU GRLQJ VR� PDLQWDLQLQJ WKH VWDWXV TXR ZLOO QRW \LHOG DGGLWLRQDO HPLVVLRQV
UHGXFWLRQV� 7KH ELJJHVW RSSRUWXQLWLHV IRU FDUSRROLQJ DUH HQFRXUDJLQJ IULHQGV WR WUDYHO WRJHWKHU
DQG FRQQHFWLQJ IDQV ZKR PD\ QRW EH DFTXDLQWHG WR VKDUH ULGHV WR JDPHV� 0/% WHDPV FDQ DFWLYHO\
HQFRXUDJH FDUSRROLQJ WKURXJK SXEOLF HGXFDWLRQ FDPSDLJQV� SDUNLQJ SULFHV WKDW FRUUHVSRQG WR
YHKLFOH RFFXSDQF\� RU WRROV WKDW PDNH FDUSRROLQJ PRUH FRQYHQLHQW VXFK DV HVWDEOLVKLQJ �RU
SURPRWLQJ H[LVWLQJ� FRPPXWHU SODQQLQJ UHVRXUFHV RU FDUSRRO PDWFKLQJ VHUYLFHV DQG DSSV
�6KDKHHQ HW DO�� ����� 6WDGLXP ([SDQVLRQ 3DUNLQJ 3ODQ DQG 7UDQVSRUWDWLRQ 0DQDJHPHQW 5HSRUW�
������

5HFRPPHQGDWLRQ ��� (QFRXUDJH )DQV WR 8VH ([LVWLQJ 3XEOLF 7UDQVSRUWDWLRQ RU (VWDEOLVK
3DUN�DQG�5LGH�6HUYLFHV�WR�7URSLFDQD�)LHOG
$PRQJ PRWRUL]HG WUDQVSRUWDWLRQ PHWKRGV IRU ³VKRUW´ GLVWDQFH WUDYHO� SXEOLF WUDQVSRUWDWLRQ
RSWLRQV DUH WKH OHDVW *+*�LQWHQVLYH �H[FOXGLQJ ZDONLQJ DQG ELNLQJ ZKLFK KDYH ]HUR HPLVVLRQV
DVVRFLDWHG ZLWK WKHP�� (YHQ DW SDUWLDO FDSDFLW\� SXEOLF WUDQVSRUWDWLRQ RQO\ UHTXLUHV ��� RI WKH
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HQHUJ\ SHU SDVVHQJHU�PLOH �DQG SURGXFHV IHZHU HPLVVLRQV� UHODWLYH WR D SHUVRQDO YHKLFOH FDUU\LQJ
D�VLQJOH�SDVVHQJHU��0DF.D\��������

7KHUH DUH WHQ EXV DQG WUROOH\ URXWHV WKDW VWRS ZLWKLQ D KDOI�PLOH RI 7URSLFDQD )LHOG� VRPH RI
ZKLFK VHUYLFH VWRSV DV IDU DV �� PLOHV DZD\ �³3LQHOODV 6XQFRDVW 7UDQVLW $XWKRULW\ _ 367$�´
������ 0RVW RI WKHVH URXWHV DOVR VWRS DW WKH QHDUE\ *UDQG &HQWUDO 6WDWLRQ� ZKLFK FRQQHFWV WR VL[
PRUH URXWHV� $OWKRXJK WDNLQJ SXEOLF WUDQVSRUWDWLRQ WR 7URSLFDQD )LHOG IURP WKH PDMRULW\ RI WKH
VXUURXQGLQJ DUHD LV HQWLUHO\ IHDVLEOH� WKH VHUYLFH LV VHYHUHO\ XQGHUXWLOL]HG� WKH 0/% SRVW�JDPH
VXUYH\ VKRZHG WKDW RQO\ ����� RI 5D\V IDQV XVH SXEOLF WUDQVSRUWDWLRQ WR JHW WR WKH VWDGLXP
�7DEOH��� LQ�6HFWLRQ����������QRWH�&29,'����PD\�KDYH LPSDFWHG�ULGHUVKLS��

$VLGH IURP LQIRUPDWLRQDO DV\PPHWULHV VXFK DV XQGHUVWDQGLQJ SXEOLF WUDQVSRUWDWLRQ RSWLRQV� RU
KRZ WR ULGH� XQUHOLDELOLW\ DQG LQFRQYHQLHQFH DUH WZR SRWHQWLDO UHDVRQV ZK\ SXEOLF WUDQVSRUWDWLRQ
DGRSWLRQ LV VR ORZ� )LUVW� SDVVHQJHUV QHHG WR EH DEOH WR UHO\ RQ WUDQVLW VHUYLFH ERWK WR DQG IURP
WKH VWDGLXP �6R]D�3DUUD HW DO�� ������ 1HDUO\ WZR�WKLUGV RI 0/% JDPHV DUH SOD\HG DW QLJKW
�'RUIPDQ� ������ LQ PDQ\ FLWLHV� LQFOXGLQJ 6W� 3HWHUVEXUJ� PRVW RI WKH EXVHV KDYH VWRSSHG
UXQQLQJ E\ WKH FRQFOXVLRQ RI QLJKW JDPHV �3LQHOODV 6XQFRDVW 7UDQVLW $XWKRULW\� Q�G��� 6HFRQG�
IUHTXHQW VWRSV WR SLFN XS DQG GURS RII SDVVHQJHUV DORQJ URXWHV UHGXFHV FRQYHQLHQFH� D OHDGLQJ
IDFWRU LQ WKH GHFLVLRQ WR IRUHJR SXEOLF WUDQVSRUWDWLRQ PHWKRGV LQ IDYRU RI IDVWHU DOWHUQDWLYHV
�*RRFK� ������ $GGLWLRQDOO\� DFFHOHUDWLQJ IURP D VWRSSHG SRVLWLRQ GHPDQGV PRUH HQHUJ\ �DQG
WKXV IXHO DQG HPLVVLRQV� WKDQ PDLQWDLQLQJ VSHHG� VR WKH PRUH WLPHV D SXEOLF WUDQVLW YHKLFOH VWRSV�
WKH PRUH HPLVVLRQV LW SURGXFHV �0DF.D\� ������ (IIRUWV WR LQFUHDVH SXEOLF WUDQVSRUWDWLRQ
ULGHUVKLS ZLOO EH PRUH VXFFHVVIXO LI FRQFHUQV DERXW XQUHOLDELOLW\ DQG LQFRQYHQLHQFH DUH PLWLJDWHG�
,PSURYHPHQWV WR WKH SXEOLF WUDQVSRUWDWLRQ V\VWHP ZRXOG UHTXLUH WKH 5D\V WR FROODERUDWH ZLWK WKH
ORFDO WUDQVLW DXWKRULW\ WR SURYLGH ODWH�QLJKW VHUYLFH� LQFUHDVH WKH IUHTXHQF\ RI EXVHV DQG WUROOH\V
ERWK EHIRUH DQG DIWHU JDPHV� DQG FRQVLGHU PRGLI\LQJ H[LVWLQJ URXWHV RU DGGLQJ H[SUHVV URXWHV WR
UHGXFH�WKH�QXPEHU�RI�VWRSV�DORQJ�WKH�URXWHV�

$OWHUQDWLYHO\� WKH 5D\V FRXOG LPSOHPHQW D SDUN�DQG�ULGH SURJUDP WR UHGXFH SHUVRQDO YHKLFOH
XVDJH DQG UHGXFH WUDYHO WLPH UHODWLYH WR W\SLFDO EXVHV DQG WUROOH\V� 3DUN�DQG�ULGH VHUYLFHV XVH
EXVHV RU VKXWWOHV WR WUDQVSRUW SDVVHQJHUV IURP D SDUN�DQG�ULGH ORW GLUHFWO\ WR D VSHFLILF
GHVWLQDWLRQ� 0DQ\ ODUJH YHQXHV XVH SDUN�DQG�ULGH SURJUDPV WR UHGXFH SDUNLQJ DQG WUDIILF
LPPHGLDWHO\ DURXQG WKH YHQXH �7UXRQJ DQG 0DUVKDOO� ������ KRZHYHU� WKH\ WHQG WR WUDQVSRUW IDQV
WR WKH YHQXH IURP OHVV WKDQ ILYH PLOHV DZD\ �³'RGJHU 6WDGLXP ([SUHVV�´ Q�G�� ³,3$5. 	 *2�´
����� ³7KH *DOD[\ ([SUHVV _ 'LJQLW\ +HDOWK 6SRUWV 3DUN�´ Q�G��� $GGLWLRQDOO\� WKH PDLQ IDFWRUV
WKDW LQIOXHQFH SDUN�DQG�ULGH XVHUV DUH DYRLGLQJ WUDIILF� HQMR\LQJ D OHVV VWUHVVIXO MRXUQH\� DQG
FRVWO\ RU OLPLWHG SDUNLQJ �0HPRQ HW DO�� ������ 5D\V SLWFKHU 7\OHU *ODVQRZ VSHFXODWHG WKDW IDQ
DWWHQGDQFH DW 7URSLFDQD )LHOG LV ORZ GXH WR WKH VWUHVV RI JHWWLQJ WR WKH VWDGLXP� DQG SDUWLFXODUO\
QDYLJDWLQJ WKH RQH�ZD\ VWUHHWV LPPHGLDWHO\ DURXQG WKH SDUN �7RSNLQ� ������ ,Q RUGHU WR DFKLHYH
WKHLU *+* UHGXFWLRQ SRWHQWLDO� SDUN�DQG�ULGH VHUYLFHV PXVW EH ORFDWHG LQ VXFK D ZD\ WR DFWXDOO\
UHGXFH SHUVRQDO YHKLFOH PLOHV WUDYHOHG� UHGXFH FRQJHVWLRQ� DQG LQFUHDVH FRQYHQLHQFH� SURPRWLQJ
EURDGHU DGRSWLRQ �7UXRQJ DQG 0DUVKDOO� ������ $GGLWLRQDO DQDO\VLV LV QHHGHG WR GHWHUPLQH LGHDO
SDUN�DQG�ULGH ORFDWLRQV WKDW ZRXOG HIIHFWLYHO\ UHGXFH FRQJHVWLRQ� LQFUHDVH FRQYHQLHQFH� DQG
UHGXFH�SHUVRQDO�YHKLFOH�XVH�
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,I DOO IDQV ZKR WUDYHOHG XS WR �� PLOHV RQH�ZD\ XVLQJ PRWRUL]HG WUDQVSRUWDWLRQ �H[FOXGLQJ
HPLVVLRQ�IUHH ELNLQJ DQG ZDONLQJ�� VZLWFKHG WR SDUN�DQG�ULGH� WKH WRWDO HPLVVLRQV IURP IDQ
WUDQVSRUWDWLRQ ZRXOG EH XS WR ����� ORZHU WKDQ EDVHOLQH� 7KLV ZRXOG HTXDWH WR D �����
UHGXFWLRQ RI WKH HQWLUH 5D\V¶ FDUERQ IRRWSULQW� 7KLV HVWLPDWH DVVXPHV WKDW SDUN�DQG�ULGH EXVHV
ZLOO KDYH WKH VDPH RFFXSDQF\ UDWH DV W\SLFDO FLW\ EXVHV� LI SDUN�DQG�ULGH EXVHV ZHUH ILOOHG WR
FDSDFLW\� WKH UHVXOWLQJ HPLVVLRQV UHGXFWLRQV ZRXOG EH HYHQ JUHDWHU �VHH 6HFWLRQ �������� IRU
PHWKRGRORJ\�DQG�DGGLWLRQDO�DVVXPSWLRQV��

$ SDUN�DQG�ULGH V\VWHP FDQ DOVR FLUFXPYHQW FRPPRQ GHWHUUHQWV WR SXEOLF WUDQVSRUWDWLRQ DGRSWLRQ
DQG HOLPLQDWH HPLVVLRQV IURP SDVVHQJHU�UHODWHG VWRSV� 5HWXUQ VHUYLFH LVVXHV FDQ EH HOLPLQDWHG DV
EXVHV ZLOO ZDLW IRU IDQV DW WKH HQG RI WKH JDPH� DQG WKH QXPEHU RI YHKLFOHV QHHGHG IRU UHWXUQ
VHUYLFH ZLOO EH LQIRUPHG E\ WKH QXPEHU RI SDVVHQJHUV ZKR XVHG SDUN�DQG�ULGH WR JHW WR WKH JDPH
�7URXW DQG 8OOPDQ� ������ /DVWO\� LI DQ 0/% WHDP XVHG LWV LQIOXHQFH WR JDLQ DFFHVV WR D
ORZ�FDUERQ EXV IOHHW� WKH HPLVVLRQV VDYLQJV IURP VZLWFKLQJ WR SDUN�DQG�ULGH ZRXOG EH HYHQ
JUHDWHU�

6LQFH SDUNLQJ DW 7URSLFDQD )LHOG LV DW OHDVW ���� RIIHULQJ FKHDSHU IDUHV IRU SDUN�DQG�ULGH VKXWWOHV
FRXOG IXUWKHU LQFHQWLYL]H IDQV WR WDNH WKH VKXWWOH LQVWHDG RI PRUH H[SHQVLYH DOWHUQDWLYHV� 7KH WHDP
FRXOG DOVR UHFRXS ORVW SDUNLQJ UHYHQXH E\ VHOOLQJ DGYHUWLVLQJ VSDFH RQ WKH SDUN�DQG�ULGH EXVHV�
$OWKRXJK D SDUN�DQG�ULGH SURJUDP ZRXOG UHTXLUH GHGLFDWHG SHUVRQQHO WR DLG LQ FURZG FRQWURO�
FUHDWLQJ D YROXQWHHU SURJUDP ZKHUH YROXQWHHUV ZRUN IRU D FHUWDLQ QXPEHU RI KRXUV LQ H[FKDQJH
IRU RFFDVLRQDO IUHH RU GLVFRXQWHG WLFNHWV FDQ UHGXFH SRWHQWLDO SHUVRQQHO H[SHQVHV �7URXW DQG
8OOPDQ��������

5HFRPPHQGDWLRQ�����(QFRXUDJH�%LNLQJ�WR�WKH�6WDGLXP
&RPPXWLQJ E\ ELF\FOH RU HOHFWULF�DVVLVW ELF\FOH �H�ELNH� WR EDVHEDOO JDPHV SURGXFHV ORZ WR ]HUR
HPLVVLRQV� $OWKRXJK H�ELNHV GR JHQHUDWH HPLVVLRQV IURP FKDUJLQJ �DQG LQ WKH FDVH RI SXEOLF
GRFNOHVV ELNHV� FROOHFWLRQ DQG GLVWULEXWLRQ E\ FDUV�� WKH\ VWLOO SURGXFH VLJQLILFDQWO\ IHZHU
HPLVVLRQV WKDQ FDUV� ZLWK WKH HPLVVLRQV IURP SHUVRQDO H�ELNHV SURGXFLQJ RQO\ ���� RI WKH
HPLVVLRQV IURP FDUV DQG SXEOLF GRFNOHVV H�ELNHV SURGXFLQJ RQO\ ����� RI WKH HPLVVLRQV IURP
FDUV �+ROOLQJVZRUWK HW DO�� ����� 0F4XHHQ HW DO�� ����� 8�6� (3$� ����D� ����E�� ,I DOO IDQV
WUDYHOLQJ XS WR WHQ PLOHV RQH�ZD\ WR 5D\V JDPHV URGH ELF\FOHV� WKH WRWDO HPLVVLRQV IURP IDQ
WUDQVSRUWDWLRQ ZRXOG EH ����� EHORZ EDVHOLQH� UHGXFLQJ WKH 5D\V WRWDO HVWLPDWHG FDUERQ
IRRWSULQW�E\��������VHH�6HFWLRQ����������IRU�PHWKRGRORJ\�DQG�DVVXPSWLRQV��

3HULRGLF ³ELNH�WR�WKH�JDPH´ HYHQWV HIIHFWLYHO\ PRWLYDWH SHRSOH DFURVV WKH VSHFWUXP RI WKH
F\FOLQJ H[SHULHQFH WR ULGH WR WKH JDPH LQ FRQMXQFWLRQ ZLWK WKDW SDUWLFXODU HYHQW �3LDWNRZVNL HW
DO�� ����� 5RVH DQG 0DUIXUW� ������ 7KH &RORUDGR 5RFNLHV KDYH LQFHQWLYL]HG IDQV WR ELNH WR WKH
JDPH E\ RIIHULQJ DQ H[FOXVLYH JLYHDZD\ LWHP WR WKH ILUVW ��� IDQV WR DUULYH E\ ELNH �³&RORUDGR
5RFNLHV *UHHQ &DPSDLJQ�´ ������ $OWKRXJK SHULRGLF HYHQWV FDQ LQFUHDVH QRQ�HYHQW F\FOLQJ E\
DVVXDJLQJ YDULRXV ELNLQJ�UHODWHG FRQFHUQV �H�J� VDIHW\� FRPIRUW� LQIUDVWUXFWXUH� HWF��� WKHVH
WDUJHWHG ELNLQJ HYHQWV KDYH EHHQ VKRZQ WR RQO\ PRGHVWO\ LQIOXHQFH WUDQVSRUWDWLRQ EHKDYLRU
SHUPDQHQWO\ �3LDWNRZVNL HW DO�� ����� 5RVH DQG 0DUIXUW� ������ 7KHUHIRUH� LW LV LPSRUWDQW WR KROG
UHFXUULQJ HYHQWV WR UHGXFH PRUH WUDQVSRUWDWLRQ HPLVVLRQV DQG LQWURGXFH SUDFWLFHV WKDW UHGXFH
FRPPRQ�EDUULHUV�WR�ULGHUVKLS�SHUPDQHQWO\�
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7KH PDLQ EDUULHUV WR ELF\FOH FRPPXWLQJ DUH UHODWHG WR �� VDIHW\ DQG LQIUDVWUXFWXUH� ��
FRQYHQLHQFH DQG FOLPDWH� DQG �� FRVWV DQG RWKHU FRQFHUQV �3LDWNRZVNL HW DO�� ������ 7KH PDLQ
ZD\ IRU DQ 0/% WHDP WR ORZHU WKHVH EDUULHUV DQG HQFRXUDJH F\FOLQJ LV WR HVWDEOLVK UREXVW ELF\FOH
DPHQLWLHV DW WKH VWDGLXP� :RXOG�EH ULGHUV DUH GLVFRXUDJHG IURP ELNLQJ WR JDPHV LI WKH\ FDQQRW
EULQJ WKHLU ELNH KHOPHWV LQWR WKH VWDGLXP RU FKHFN WKHP IRU IUHH �$QQLV� ������ 6LPLODUO\�
FRQYHQLHQW DQG VHFXUH VWRUDJH RSWLRQV� LQFOXGLQJ DFFHVVLEOH ELNH UDFNV� ORFNHUV� RU D YDOHW VHUYLFH
�³%LNH 5LGHUV _ &KLFDJR &XEV�´ ������ DUH FULWLFDO WR HQVXUH F\FOLVWV ZLOO IHHO FRPIRUWDEOH ELNLQJ
WR�WKH�JDPH�

,Q DGGLWLRQ WR EDUULHUV WKDW PLJKW GLVFRXUDJH D SHUVRQ IURP F\FOLQJ DW DOO� WKHUH DUH VHYHUDO IDFWRUV
WKDW PD\ LQIOXHQFH D SHUVRQ¶V GHFLVLRQ WR ULGH WR WKH JDPH RQ D SDUWLFXODU GD\ LQFOXGLQJ KDYLQJ WR
ZHDU EXVLQHVV DWWLUH� ORQJHU FRPPXWH GLVWDQFHV� FRPPXWLQJ LQ WKH GDUN� RU SRRU ZHDWKHU
FRQGLWLRQV �+HLQHQ HW DO�� ������ :LWK WKLV LQ PLQG� ³ELNH�WR�WKH�JDPH´ HYHQWV �RU JHQHUDOO\
HQFRXUDJLQJ IDQV WR F\FOH WR JDPHV� VKRXOG EH SODQQHG IRU ZHHNHQG JDPHV �WR UHGXFH WKH
OLNHOLKRRG RI SHRSOH WUDYHOLQJ IURP ZRUN�� GD\ JDPHV �WR DYRLG FRPPXWLQJ LQ WKH GDUN�� DQG�RU
GXULQJ WKH WLPH RI \HDU ZKHQ ZHDWKHU LV OLNHO\ IDYRUDEOH WR LPSURYH WKH OLNHOLKRRG RI IDQ
SDUWLFLSDWLRQ� 7KH 5D\V FRXOG EHQHILW HYHQ PRUH IURP WKHVH HYHQWV E\ VLPXOWDQHRXVO\ SURPRWLQJ
ZDONLQJ WR WKH JDPH IRU IDQV ZKR OLYH LQ FORVH SUR[LPLW\ WR WKH VWDGLXP EXW PLJKW EH UHOXFWDQW WR
ULGH D ELNH WR WKH VWDGLXP� :KLOH ����� RI 5D\V IDQV OLYH ZLWKLQ ILYH PLOHV RI WKH VWDGLXP� RQO\
������RI�IDQV�ZDONHG�WR�WKH�VWDGLXP�

0RVW VWXGLHV RI ELNLQJ WR HYHQWV KDYH IRFXVHG RQ KXPDQ�SRZHUHG F\FOLQJ �%HUU\� ����� /LQGHQ
HW DO�� ����� 3LDWNRZVNL HW DO�� ����� 5RVH HW DO�� ����� 5RVH DQG 0DUIXUW� ������ 7KHUH LV
UHDVRQDEOH HYLGHQFH WR VXJJHVW WKDW WKH UHFHQW SUROLIHUDWLRQ RI H�ELNHV DQG H�VFRRWHUV UHGXFHV
PDQ\ RI WKH FKDOOHQJHV DVVRFLDWHG ZLWK ULGLQJ WR WKH JDPH� SDUWLFXODUO\ WKRVH UHODWHG WR VDIHW\�
FRPPXWLQJ GLVWDQFHV� WKH QHHG IRU VSHFLILF ELNLQJ FORWKHV� VWDGLXP EDVHG ELNH�IULHQGO\ SROLFLHV�
DQG LQIUDVWUXFWXUH DW WKH VWDGLXP LQFOXGLQJ ELNH DQG KHOPHW VWRUDJH �0DF$UWKXU HW DO�� �����
0F4XHHQ HW DO�� ������ (�ELNHV DOORZ ULGHUV WR DYRLG RYHUH[HUWLRQ ZLWKRXW VDFULILFLQJ VSHHG�
PDNLQJ IRU D TXLFN DQG IXQ ULGH WR WKH VWDGLXP� DQG ODUJHO\ HOLPLQDWH WKH QHHG WR FKDQJH RXW RI
ZRUN FORWKHV� $GGLWLRQDOO\� LI SHRSOH XVHG SXEOLF H�ELNHV RU H�VFRRWHUV WR JHW WR WKH VWDGLXP� WKH\
FRXOG DYRLG WKH KDVVOH RI GHDOLQJ ZLWK VHFXUHO\ VWRULQJ WKHLU ELNHV� 6W� 3HWHUVEXUJ FXUUHQWO\ KDV D
IOHHW RI PRUH WKDQ ��� VKDUHG H�ELNHV DQG ��� H�VFRRWHUV �%UH]LQD�6PLWK� ����D� ����E�� ,I DOO
IDQV WUDYHOLQJ XS WR �� PLOHV RQH�ZD\ WR 5D\V JDPHV URGH SHUVRQDO H�ELNHV� WKH WRWDO HPLVVLRQV
IURP IDQ WUDQVSRUWDWLRQ ZRXOG EH ����� EHORZ EDVHOLQH� ,I WKH H�ELNHV XVHG WR JHW WR WKH VWDGLXP
ZHUH VKDUHG� GRFNOHVV ELNHV� WKH WRWDO HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG EH ����� EHORZ
RXU EDVHOLQH� 'RFNOHVV H�ELNHV RU VFRRWHUV KDYH KLJKHU DVVRFLDWHG HPLVVLRQV GXH WR QHFHVVDU\
FROOHFWLRQ� DQG UHGLVWULEXWLRQ W\SLFDOO\ FRQGXFWHG E\ YDQV �+ROOLQJVZRUWK HW DO�� ������ :KLOH
WKHVH UHGXFWLRQV PD\ VHHP QHJOLJLEOH� LW LV LPSRUWDQW WR UHPHPEHU WKH PDJQLWXGH RI HPLVVLRQV
IURP IDQ WUDQVSRUWDWLRQ UHODWLYH WR WKH 5D\V¶ RYHUDOO FDUERQ IRRWSULQW� HYHQ LQ WKH VKDUHG�
GRFNOHVV H�ELNH VFHQDULR� WKH WRWDO 5D\V IRRWSULQW ZRXOG EH UHGXFHG E\ ����� HQRXJK WR RIIVHW WKH
HPLVVLRQV IURP 6FRSH � DQG XSVWUHDP QDWXUDO JDV DQG XSVWUHDP ZDWHU FRPELQHG �VHH 6HFWLRQ
���������IRU�PHWKRGRORJ\�DQG�DVVXPSWLRQV��
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5HFRPPHQGDWLRQ�����(QFRXUDJH�6KLIWLQJ�WR�7UDQVSRUWDWLRQ�0RGHV�2WKHU�7KDQ�5LGHVKDUH
$OWKRXJK WKH SRSXODULW\ RI ULGHVKDUH VHUYLFHV KDV VN\URFNHWHG LQ WKH ODVW GHFDGH� HYLGHQFH
VXJJHVWV WKDW ULGHVKDUH YHKLFOHV DFWXDOO\ SURGXFH PRUH HPLVVLRQV WKDQ DOWHUQDWLYH WUDQVSRUWDWLRQ
PRGHV �$QDLU HW DO�� ����� +HQDR DQG 0DUVKDOO� ������ ,Q FRPSDULQJ WKH HPLVVLRQV IURP
ULGH�KDLOLQJ YHKLFOHV �ULGHVKDUHV DQG WD[LV� WR RWKHU WUDQVSRUWDWLRQ RSWLRQV DYDLODEOH� DOO RWKHU
WKLQJV EHLQJ HTXDO� WKH ULGH�KDLOLQJ WULSV DUH WKH PRVW *+*�LQWHQVLYH �VHH 6HFWLRQV �������� DQG
���������� ,QFHQWLYL]LQJ IDQV WR VKLIW IURP XVLQJ ULGHVKDUH VHUYLFHV WR RQH RI WKH DERYH PHQWLRQHG
UHFRPPHQGDWLRQV ZLOO UHGXFH IDQ WUDQVSRUWDWLRQ HPLVVLRQV E\ DERXW ��� WUDQVODWLQJ WR D WRWDO
HVWLPDWHG FDUERQ IRRWSULQW UHGXFWLRQ RI ���� �VHH 6HFWLRQ �������� IRU PHWKRGRORJ\ DQG
DVVXPSWLRQV�� 7KLV UHGXFWLRQ LV PLQLPDO EHFDXVH RQO\ �� RI IDQV XVHG WKLV WUDQVSRUWDWLRQ PRGH�
$OWHUQDWLYHO\� LI DOO SHUVRQDO FDU XVHUV VZLWFKHG WR ULGHVKDUH VHUYLFHV� IDQ WUDQVSRUWDWLRQ HPLVVLRQV
FRXOG LQFUHDVH E\ XS WR ������ FRUUHVSRQGLQJ WR D ����� LQFUHDVH WR WKH 5D\V¶ WRWDO HVWLPDWHG
FDUERQ IRRWSULQW� WKHUHIRUH� LW LV LPSRUWDQW WKDW WHDP�VSRQVRUHG LQLWLDWLYHV GR QRW LQGXFH PRUH
ULGHVKDUH�WULSV�

5HFRPPHQGDWLRQ�����/HYHUDJLQJ�3DUWQHUVKLSV�DQG�6SRQVRUVKLSV
0DQ\ RI WKH SURSRVHG UHFRPPHQGDWLRQV LQ WKLV VHFWLRQ FRXOG EH LPSOHPHQWHG PRUH HDVLO\� DQG
OLNHO\ DW ORZHU FRVW� LI WKH 5D\V ZHUH WR HLWKHU OHYHUDJH H[LVWLQJ SDUWQHUVKLSV DQG VSRQVRUVKLSV RU
HVWDEOLVK QHZ RQHV� 3DUWQHULQJ ZLWK DQ (9 FKDUJHU FRPSDQ\� ZLWK DQ HVWDEOLVKHG ORFDO DQG
UHJLRQDO SUHVHQFH� FRXOG ORZHU FKDUJHU LQVWDOODWLRQ FRVWV DQG LQFHQWLYL]H (9 DGRSWLRQ� $ UHZDUGV
SURJUDP LQ ZKLFK GULYHUV DFFXPXODWH SRLQWV IRU FKDUJLQJ �EDVHG RQ WKH QXPEHU RI N:K DGGHG WR
WKH YHKLFOH� WKDW FDQ EH UHGHHPHG IRU 5D\V JDPH WLFNHWV ZRXOG OLNHO\ LQFUHDVH WKH QXPEHU RI
SHRSOH GULYLQJ (9V WR WKH JDPH� )RU H[DPSOH� DQ HVWDEOLVKHG )XHO 5HZDUGV SURJUDP LQFHQWLYL]HV
GULYHUV WR DWWHQG HYHQWV E\ RIIHULQJ D ������JDO GLVFRXQW �XS WR �� JDOORQV RI JDV� IRU HYHU\ ���
VSHQW RQ HYHQW WLFNHWV �³(YHQW 7LFNHWV _ )XHO 5HZDUGV SURJUDP�´ ������ ,QFRUSRUDWLQJ D VLPLODU
VWUDWHJ\ VSHFLILF WR (9V LQWR D 5D\V � (9 FKDUJHU SDUWQHUVKLS FRXOG LQFHQWLYL]H ERWK JDPH
DWWHQGDQFH DQG (9 DGRSWLRQ� E\ RIIHULQJ D GLVFRXQW RQ D FKDUJLQJ VHVVLRQ DV D UHZDUG IRU EX\LQJ
5D\V WLFNHWV� ,Q HLWKHU FDVH� D UHZDUGV SURJUDP ZRXOG EHQHILW WKH FKDUJLQJ FRPSDQ\ E\
LQFUHDVLQJ LWV YLVLELOLW\ DQG HQFRXUDJLQJ SHRSOH WR VHHN RXW WKHLU FKDUJHUV DURXQG WRZQ� ZKLOH
UHGXFLQJ�XSIURQW�FRVWV�DVVRFLDWHG�ZLWK�FKDUJHU�LQVWDOODWLRQ�

3DUWQHULQJ ZLWK DQ H�ELNH RU H�VFRRWHU FRPSDQ\ ZRXOG LQFUHDVH WKH YLVLELOLW\ RI XVLQJ
PLFUR�PRELOLW\ RSWLRQV WR JHW WR WKH VWDGLXP� 7KH 5D\V ZRXOG UHGXFH WKHLU HPLVVLRQV �DV ORQJ DV
SHRSOH VKLIW IURP PRUH *+*�LQWHQVLYH WUDQVSRUWDWLRQ PRGHV� L�H� QRW ZDONLQJ RU ULGLQJ D
KXPDQ�SRZHUHG�ELNH��DQG�WKH�FRPSDQ\�ZRXOG�HQMR\�LQFUHDVHG�ULGHUVKLS�

$V GLVFXVVHG SUHYLRXVO\� SDUWQHULQJ ZLWK WKH ORFDO WUDQVLW DXWKRULW\ RU PXQLFLSDOLW\ ZRXOG UHGXFH
FRVWV DQG RWKHU EDUULHUV WR HQKDQFLQJ SXEOLF WUDQVSRUWDWLRQ RU HVWDEOLVKLQJ D SDUN�DQG�ULGH
V\VWHP� &LWLHV KDYH SUHYLRXVO\ ZRUNHG ZLWK WHDPV WR HVWDEOLVK DQ H[FOXVLYH EXV ODQH IRU D SRUWLRQ
RI WKH URXWH RQ JDPH GD\V �+\PRQ� ������ 7KH PXQLFLSDOLW\ KDV DQ LQFHQWLYH WR SURYLGH ILQDQFLDO
VXSSRUW IRU WKH SURJUDP VLQFH LW ZRXOG GLUHFWO\ EHQHILW IURP UHGXFHG DLU SROOXWLRQ DQG WUDIILF
FRQJHVWLRQ VXUURXQGLQJ WKH VWDGLXP �7URXW DQG 8OOPDQ� ������ 7KH 5D\V DQG WKH FLW\ FDQ DOVR
FROODERUDWH ZLWK WKH 7DPSD %D\ &OHDQ &LWLHV &RDOLWLRQ WR VHFXUH IXQGLQJ IRU WUDQVSRUWDWLRQ
UHODWHG�LQLWLDWLYHV��³7DPSD�%D\�&OHDQ�&LWLHV�&RDOLWLRQ�´�������
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5HFRPPHQGDWLRQ ��� 8VH 3XEOLF ,QIRUPDWLRQ &DPSDLJQV WR 6XSSRUW 6KLIWLQJ )DQV WR
6XVWDLQDEOH�7UDQVSRUWDWLRQ�0RGHV
,W LV XOWLPDWHO\ WKH UHVSRQVLELOLW\ RI WKH IDQV WKHPVHOYHV WR VHOHFW PRUH VXVWDLQDEOH WUDQVSRUWDWLRQ
RSWLRQV DQG UHGXFH HPLVVLRQV IURP JHWWLQJ WR DQG IURP WKH EDOOSDUN� +RZHYHU� SURIHVVLRQDO
VSRUWV WHDPV KDYH D VWURQJ LQIOXHQFH RYHU IDQ DWWLWXGHV DQG EHKDYLRUV �+HUVKNRZLW] HW DO�� �����
DQG RXJKW WR H[HUW WKHLU LQIOXHQFH E\ UDLVLQJ DZDUHQHVV DERXW WKH HPLVVLRQV DVVRFLDWHG ZLWK
GLIIHUHQW WUDQVSRUWDWLRQ PHWKRGV� WKH YDULHW\ RI VXVWDLQDEOH WUDQVSRUWDWLRQ DOWHUQDWLYHV DYDLODEOH�
KRZ WR DFFHVV WKHP� DV ZHOO DV RWKHU ZD\V WR UHGXFH WKHLU WUDYHO�UHODWHG HPLVVLRQV� $Q\ DPHQLWLHV
DW WKH VWDGLXP WKDW GLUHFWO\ VXSSRUW WKHVH REMHFWLYHV VKRXOG EH KLJKOLJKWHG LQFOXGLQJ ELNH VWRUDJH
IDFLOLWLHV� (9 FKDUJLQJ LQIUDVWUXFWXUH� RU VWRSV IRU SXEOLF WUDQVLW URXWHV� %HQHILWV WR WKH XVHU
DVVRFLDWHG ZLWK FDUSRROLQJ� SDUN�DQG�ULGHV� DQG RWKHU SURSRVHG LQLWLDWLYHV VKRXOG EH
FRPPXQLFDWHG�

0RVW 0/% WHDPV GHVFULEH SXEOLF WUDQVSRUWDWLRQ LQIRUPDWLRQ XQGHU WKH ³6WDGLXP´ WDE RQ WKHLU
ZHEVLWHV� 6RPH WHDPV HYHQ LQFOXGH LQIRUPDWLRQ DERXW ELNLQJ WR WKH VWDGLXP �³%LNH 5LGHUV _
&KLFDJR &XEV�´ ����� ³'RGJHU 6WDGLXP _ 3XEOLF 7UDQVLW _ /RV $QJHOHV 'RGJHUV�´ ����� 0/%�
����E�� 7KH RUGHU RI WKH YDULRXV WUDQVSRUWDWLRQ RSWLRQV PHQWLRQHG RQ WKH ZHESDJH PD\ EH
SHUFHLYHG DV D KLHUDUFK\ RI RSWLRQV ZLWK WKH PRVW LPSRUWDQW RU GHVLUDEOH RQHV DW WKH WRS�
+LJKOLJKWLQJ ORZ�HPLVVLRQ WUDQVSRUWDWLRQ RSWLRQV DW RU QHDU WKH WRS RI WKH ZHESDJH PD\ KDYH D
ODUJHU LPSDFW RQ IDQV WKDQ WKH\ ZRXOG LI WKH\ ZHUH FORVHU WR WKH ERWWRP RI WKH SDJH RU RXW RI YLHZ
LQ WKH EURZVHU ZLQGRZ� 7KH 5D\V¶ ZHEVLWH GRHV QRW FXUUHQWO\ LQFOXGH LQIRUPDWLRQ DERXW KRZ WR
WUDYHO WR WKH VWDGLXP E\ SXEOLF WUDQVSRUWDWLRQ� WKLV VKRXOG EH KLJKOLJKWHG PRUH SURPLQHQWO\ WKDQ
LQIR�DERXW�SDUNLQJ��GULYLQJ�GLUHFWLRQV�WR�WKH�VWDGLXP��DQG�ULGHVKDUH�SLFNXS�ORFDWLRQV�

7KHUH DUH D SOHWKRUD RI WDFWLFV IRU FDUU\LQJ RXW D SXEOLF LQIRUPDWLRQ FDPSDLJQ DQG WKH PRVW
HIIHFWLYH FDPSDLJQV ZLOO XVH PXOWLSOH WDFWLFV FRQFXUUHQWO\� 7KH WHDP ZLOO OLNHO\ KDYH D VWURQJHU
LQIOXHQFH RYHU WKH WUDQVSRUWDWLRQ KDELWV RI IDQV ZKR DWWHQG JDPHV PRUH IUHTXHQWO\� UHJXODUO\
IROORZ�JDPHV�RQ�WY��UDGLR��RU�VRFLDO�PHGLD��RU�OLYH�FORVHU�WR�WKH�VWDGLXP��0H\QHUV�HW�DO���������

���� &RQFHVVLRQV
8SVWUHDP *+* HPLVVLRQV DVVRFLDWHG ZLWK SURGXFLQJ DQG WUDQVSRUWLQJ IRRG DQG FRQFHVVLRQV
PDWHULDOV WR VWDGLXPV FDQ EH D VLJQLILFDQW VRXUFH RI *+* HPLVVLRQV IRU 0/% WHDPV� &RQFHVVLRQV
SXUFKDVHG IRU RQH 7DPSD %D\ 5D\V VHDVRQ DFFRXQWHG IRU ����� RI WKH 5D\V WRWDO HVWLPDWHG
FDUERQ IRRWSULQW� WKH VHFRQG ODUJHVW DFWLYLW\ HYDOXDWHG LQ RXU VWXG\� %HFDXVH FRQFHVVLRQV LV DQ
HPLVVLRQV KRWVSRW� DQG WKH 5D\V KDYH PRUH FRQWURO RYHU FRQFHVVLRQV SXUFKDVLQJ WKDQ IDQ
WUDQVSRUWDWLRQ� WKHUH LV D VLJQLILFDQW RSSRUWXQLW\ IRU WKH 7DPSD %D\ 5D\V WR UHGXFH WKHLU FDUERQ
IRRWSULQW E\ PDNLQJ FKDQJHV LQ WKLV VHFWRU� 1RWDEO\� DQLPDO SURGXFWV DUH SDUWLFXODUO\ FDUERQ
LQWHQVLYH FRQFHVVLRQV� $QLPDO SURGXFWV DFFRXQWHG IRU ��� RI WKH FRQFHVVLRQV FDUERQ IRRWSULQW�
EXW RQO\ ��� RI WKH WRWDO SXUFKDVHV� $OFRKROLF EHYHUDJHV DUH DQRWKHU QRWDEOH FDWHJRU\ EHFDXVH LW
PDNHV XS VXFK D ODUJH SHUFHQWDJH RI SXUFKDVHV IRU WKH 5D\V DOWKRXJK LW LV PXFK OHVV FDUERQ
LQWHQVLYH WKDQ DQLPDO SURGXFWV� $W ��� RI WRWDO SXUFKDVHV� DOFRKROLF EHYHUDJHV DFFRXQW IRU ���
RI�FRQFHVVLRQV¶�FDUERQ�HPLVVLRQV�

*LYHQ WKH HPLVVLRQV LQWHQVLW\ RI PHDW FRQVXPSWLRQ ZLWKLQ WKH FRQFHVVLRQV FDUERQ IRRWSULQW� WKH
PDMRULW\ RI RXU UHFRPPHQGDWLRQV FHQWHU DURXQG PHWKRGV WR UHGXFH PHDW FRQVXPSWLRQ DQG VDOHV�
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7UDQVLWLRQLQJ WR D PRUH YHJHWDULDQ�IRFXVHG PHQX FRXOG DOVR UHVXOW LQ FRVW VDYLQJV IRU WKH 5D\V�
,Q XSSHU�PLGGOH�LQFRPH WR KLJK�LQFRPH FRXQWULHV� D SUHGRPLQDQWO\ SODQW�EDVHG GLHW KDV EHHQ
IRXQG WR EH ������ ORZHU LQ FRVW WKDQ GLHWV ZLWK PRUH PHDW FRQVXPSWLRQ �6SULQJPDQQ HW DO��
������ )XUWKHU� PHDW VXEVWLWXWHV OLNH ,PSRVVLEOH )RRGV KDYH UHDFKHG VFDOHV PDNLQJ WKHP
HTXLYDOHQW LQ SULFH WR PHDW DQG DUH SURMHFWLQJ WKDW FRVWV ZLOO ORZHU HYHQ IXUWKHU LQ WKH IXWXUH
�&RKHQ��������

2XU UHVHDUFK LGHQWLILHG ³QXGJLQJ´ VWUDWHJLHV �5HFRPPHQGDWLRQ ��� DV WKH PRVW HIIHFWLYH
LQWHUYHQWLRQ WKDW WKH 5D\V FRXOG LPSOHPHQW WR UHGXFH PHDW FRQVXPSWLRQ �.ZDVQ\ HW DO�� ������
1XGJLQJ VWUDWHJLHV DUH QRW EDQV RU SURKLELWLRQV RI PHDW SURGXFWV� UDWKHU� WKHVH VWUDWHJLHV LQFUHDVH
WKH DWWUDFWLYHQHVV� YLVLELOLW\ RU DYDLODELOLW\ RI YHJHWDULDQ PHDOV� 7KLV LQFOXGHV FKDQJLQJ WKH RUGHU
RI LWHPV RQ PHQXV� KLJKOLJKWLQJ FHUWDLQ YHJHWDULDQ RSWLRQV� DQG SURYLGLQJ PRUH YHJHWDULDQ
RSWLRQV DW FRQFHVVLRQV VWDQGV� $V SDUW RI UHFRPPHQGDWLRQ ��� ZH UDQ D VFHQDULR DQDO\VLV
DVVHVVLQJ WKH FDUERQ IRRWSULQW UHGXFWLRQ LI WKH 5D\V ZHUH WR DGRSW ³QXGJLQJ´ VWUDWHJLHV WR
SURPRWH SXUFKDVH RI YHJHWDULDQ PHDOV� :H HVWLPDWH WKDW DGRSWLRQ RI WKHVH VWUDWHJLHV FRXOG UHGXFH
WKH FDUERQ IRRWSULQW RI FRQFHVVLRQV SXUFKDVLQJ E\ ��� DQG UHGXFH WKH 5D\V RYHUDOO FDUERQ
IRRWSULQW�E\�����6HH�5HFRPPHQGDWLRQ����IRU�IXUWKHU�GHWDLO�

2XU UHFRPPHQGDWLRQV IRU FRQFHVVLRQV SULRULWL]H UHGXFWLRQ LQ PHDW FRQVXPSWLRQ� EXW DOVR LQFOXGH
UHFRPPHQGDWLRQV RQ UHGXFLQJ WKH LPSDFW RI DOFRKROLF EHYHUDJHV DQG FRQFHVVLRQV RYHUDOO� 2XU
UHFRPPHQGDWLRQV IRU UHGXFHG PHDW FRQVXPSWLRQ FDQ EURDGO\ EH JURXSHG LQWR UHFRPPHQGDWLRQV
UHODWHG WR EHKDYLRUDO FKDQJH� FRPPXQLW\ HQJDJHPHQW� DQG VSHFLDO HYHQWV� $OFRKROLF EHYHUDJH
DQG RYHUDOO FRQFHVVLRQV UHFRPPHQGDWLRQV IRFXV RQ ZRUNLQJ ZLWK VXSSOLHUV WR LQFUHDVH
VXVWDLQDELOLW\ RI WKHLU RSHUDWLRQV DQG WKXV UHGXFLQJ WKH HPLVVLRQV LQWHQVLW\ RI VXSSOLHU RSHUDWLRQV�
7KHVH UHFRPPHQGDWLRQV LQFOXGH FRUSRUDWH SDUWQHUVKLSV DQG WHFKQRORJ\ HQKDQFHPHQWV� :H
SURSRVH�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�IRU�WKH�7DPSD�%D\�5D\V�

�� 7ULJJHU HPRWLRQV WKDW UHGXFH PHDW FRQVXPSWLRQ E\ KXPDQL]LQJ DQG FUHDWLQJ HPSDWK\ IRU
DQLPDOV

�� 6RFLDO�PHGLD�FDPSDLJQ�KLJKOLJKWLQJ�YHJHWDULDQ�DWKOHWHV
�� &UHDWH�WKHPHG�GD\V�WKDW�LQFHQWLYL]H�SODQW�EDVHG�GLHWV
�� 1XGJLQJ�VWUDWHJLHV
�� (YDOXDWH FUDIW EUHZLQJ SDUWQHUVKLSV EDVHG RQ WKH VXVWDLQDEOH SUDFWLFHV RI WKH

RUJDQL]DWLRQV
�� ,PSOHPHQW�D�GHPDQG�WUDFNLQJ�V\VWHP
�� ,QVWDOO�D�K\GURSRQLF�V\VWHP
�� &UHDWH UHODWLRQVKLSV ZLWK ORFDO RUJDQLF IDUPHUV WR PD[LPL]H \HDU�URXQG DYDLODELOLW\ RI

RUJDQLF�SURGXFH

5HFRPPHQGDWLRQ ��� 7ULJJHU (PRWLRQV WKDW 5HGXFH 0HDW &RQVXPSWLRQ E\ +XPDQL]LQJ DQG
&UHDWLQJ�(PSDWK\�IRU�$QLPDOV
7ULJJHULQJ HPSDWK\ IRU DQLPDOV� RU WULJJHULQJ GLVJXVW RU JXLOW IRU HDWLQJ DQLPDOV DUH PRUH
HIIHFWLYH SHUVRQDO LQWHUYHQWLRQV WKDQ VLPSO\ SURYLGLQJ LQIRUPDWLRQ WR FRQVXPHUV RQ WKH QHJDWLYH
KHDOWK RU HQYLURQPHQWDO LPSDFWV RI HDWLQJ PHDW� +XPDQL]LQJ DQLPDOV E\ HPSKDVL]LQJ DQLPDO
IULHQGVKLSV HIIHFWLYHO\ WULJJHUV JXLOW� ZKLOH IRFXVLQJ RQ WKH FXWHQHVV RI WKH DQLPDOV WULJJHUV
HPSDWK\��DOWKRXJK�ZRPHQ�DUH�WULJJHUHG�PRUH�RIWHQ�WKDQ�PHQ��.ZDVQ\�HW�DO���������
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+RZHYHU� RIWHQ ZKHQ SUHVHQWHG ZLWK FRQIOLFWLQJ LQIRUPDWLRQ DERXW RQH
V YDOXHV� SHRSOH
H[SHULHQFH FRJQLWLYH GLVVRQDQFH �.ZDVQ\ HW DO�� ������ )RU H[DPSOH� LI SUHVHQWHG ZLWK
LQIRUPDWLRQ WKDW HDWLQJ PHDW LV EDG� EXW HDWLQJ PHDW LV SDUW RI RQH¶V SHUVRQDO YDOXHV DQG EHOLHIV�
RQH ZLOO H[SHULHQFH FRJQLWLYH GLVVRQDQFH� ZKLFK PHDQV VKXWWLQJ GRZQ WKH FRQIOLFWLQJ HPRWLRQDO
UHVSRQVH� GHQ\LQJ UHVSRQVLELOLW\� DQG LJQRULQJ WKH LQIRUPDWLRQ� +RZHYHU� VWXGLHV KDYH VKRZQ
WKDW WULJJHULQJ HPSDWK\ E\ KXPDQL]LQJ DQLPDOV FDQ RFFDVLRQDOO\ RYHUFRPH WKLV FRJQLWLYH
GLVVRQDQFH DQG UHGXFH PHDW FRQVXPSWLRQ �.ZDVQ\ HW DO�� ������ :H UHFRPPHQG WKDW WKH 5D\V
WULJJHU HPRWLRQV WKDW UHGXFH PHDW FRQVXPSWLRQ E\ FDSLWDOL]LQJ RQ HYHU\ RSSRUWXQLW\ WR KXPDQL]H
DQG FUHDWH HPSDWK\ IRU DQLPDOV� 7KLV FRXOG EH WKURXJK DGGLWLRQDO PDVFRWV WKDW DUH FXWH IDUP
DQLPDOV� RU SRVWLQJ SLFWXUHV RI DQLPDO�KXPDQ IULHQGVKLSV� LI DSSURSULDWH� DW WKH VWDGLXP RU RQ
VRFLDO�PHGLD��DQG�DGRSWLQJ�SKLODQWKURSLF�FDXVHV�WKDW�VXSSRUW�DQLPDO�ZHOIDUH�

%HFDXVH RI WKH WULFN\ DQG QXDQFHG QDWXUH RI WULJJHULQJ HPRWLRQDO UHVSRQVHV ZLWKRXW WULJJHULQJ
FRJQLWLYH�GLVVRQDQFH��WKH�7DPSD�%D\�5D\V�VKRXOG�SURFHHG�ZLWK�FDXWLRQ�XVLQJ�WKLV�VWUDWHJ\�

5HFRPPHQGDWLRQ�����6RFLDO�0HGLD�&DPSDLJQ�+LJKOLJKWLQJ�9HJHWDULDQ�$WKOHWHV
)URP D VRFLDO�FXOWXUDO SHUVSHFWLYH� FRQVXPHUV DGDSW WKHLU DWWLWXGHV DQG EHKDYLRUV WR PDWFK ZKDW
WKH\ SHUFHLYH DV WKH ³VRFLDO QRUP´ �.ZDVQ\ HW DO�� ������ 0HVVDJLQJ IRFXVHG RQ WKH SRSXODULW\ RI
UHGXFHG PHDW FRQVXPSWLRQ FDQ EH HIIHFWLYH� EXW LI WKH FRQVXPHU SHUFHLYHV YHJHWDULDQV WR EH D
SDUW RI WKH ³RXW�JURXS�´ DQG PHDW HDWHUV DV SDUW RI WKH ³LQ�JURXS�´ YHJHWDULDQ PHVVDJHV DUH VHHQ
DV OHVV OHJLWLPDWH� 7KH 5D\V VKRXOG GHEXW DQ LQIRUPDWLRQDO FDPSDLJQ DLPHG DW HQIRUFLQJ
YHJHWDULDQLVP DV D VRFLDO QRUP E\ KLJKOLJKWLQJ SOD\HUV WKDW IROORZ D YHJHWDULDQ RU UHGXFHG PHDW
GLHW�RQ�WKHLU�VRFLDO�PHGLD�DQG�LQ�RWKHU�SOD\HU�VSRWOLJKWV�

(GXFDWLRQDO FDPSDLJQV WKDW SURYLGH LQIRUPDWLRQ RQ WKH QHJDWLYH LPSDFWV RI PHDW FRQVXPSWLRQ
DUH OHVV HIIHFWLYH WKDQ HPRWLRQDO FDPSDLJQV� EXW DUH PRVW HIIHFWLYH ZKHQ PHVVDJLQJ LQFOXGHV
ERWK LQIRUPDWLRQ RQ WKH QHJDWLYH KHDOWK LPSDFWV DQG QHJDWLYH HQYLURQPHQWDO LPSDFWV� VLQFH
SHRSOH WHQG WR DFW PRUH RQ LQIRUPDWLRQ WKDW DIIHFWV WKHP SHUVRQDOO\ �WKHLU KHDOWK� WKDQ VRFLHW\ DW
ODUJH �WKH HQYLURQPHQW� .ZDVQ\ HW DO�� ������ 3OD\HUV VKRXOG PDNH VXUH WR KLJKOLJKW ERWK WKH
KHDOWK�DQG�HQYLURQPHQWDO�LPSDFWV�RI�PHDW�FRQVXPSWLRQ�IRU�PD[LPXP�VXFFHVV�

5HFRPPHQGDWLRQ�����&UHDWH�7KHPHG�'D\V�WKDW�,QFHQWLYL]H�3ODQW�%DVHG�'LHWV
2QH ZD\ WR PDNH YHJHWDULDQ RU YHJDQ GLHWV EH VHHQ DV D VRFLDO QRUP LV WR KLJKOLJKW WKHP DQG
UHZDUG FXVWRPHUV ZKR IROORZ WKHP RQ VSHFLDO WKHPHG JDPH QLJKWV� )RU H[DPSOH� RQ )HEUXDU\ ��
����� WKH 'DOODV 6WDUV �1+/� WHDP KRVWHG D ³9HJDQ 1LJKW�´ 6SHFLDO VHFWLRQV RI WKH DUHQD ZHUH
GHGLFDWHG WR WKRVH ZKR ERXJKW ³9HJDQ 1LJKW´ WLFNHWV� )RU ���� FXVWRPHUV UHFHLYHG WKHLU WLFNHW WR
WKH JDPH DQG RQH RI WKUHH YHJDQ IRRG RSWLRQV� DQ 8QUHDO 5HXEHQ PDGH ZLWK 8QUHDO &RUQHG
%HHI��D�9HJDQ�%UDW�PDGH�ZLWK�%H\RQG�6DXVDJH��RU�D�%H\RQG�%XUJHU��*XEELQV��Q�G���

:H WKXV UHFRPPHQG WKH 5D\V �DQG RWKHU 0/% WHDPV� FUHDWH WKHPHG GD\V WKDW LQFHQWLYL]H
SODQW�EDVHG GLHWV WR DYRLG SRWHQWLDO EORZ�EDFN IURP ³RXW�JURXS´ PHVVDJLQJ DQG PDNH
YHJHWDULDQLVP�EH�VHHQ�DV�D�VRFLDO�QRUP�

5HFRPPHQGDWLRQ�����1XGJLQJ�6WUDWHJLHV
(DWLQJ LV D VWURQJO\ KDELWXDOL]HG EHKDYLRU� RIWHQ GRQH ZLWKRXW D FRQVFLRXV FRJQLWLYH SURFHVV�
PDNLQJ ³EUHDNLQJ WKH KDELW´ RI PHDW FRQVXPSWLRQ RQH RI WKH PDLQ EDUULHUV WR UHGXFLQJ
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FRQVXPSWLRQ� +RZHYHU� EHFDXVH RUGHULQJ IRRG LV RIWHQ DQ DXWRPDWLF SURFHVV� H[WHUQDO
LQWHUYHQWLRQV FDQ EH VRPH RI WKH PRVW HIIHFWLYH VWUDWHJLHV DYDLODEOH WR UHGXFH PHDW FRQVXPSWLRQ�
³1XGJLQJ�´ ZKHUH FKDQJHV DUH PDGH WR PDNH YHJHWDULDQ RSWLRQV PRUH DWWUDFWLYH RU HDV\ WR SLFN
ZLWKRXW DFWXDOO\ UHGXFLQJ RU EDQQLQJ PHDW RSWLRQV� DUH FRQVLGHUHG WKH PRVW HIIHFWLYH VWUDWHJLHV WR
UHGXFH PHDW FRQVXPSWLRQ� ,Q SDUWLFXODU� SURYLGLQJ PRUH YHJHWDULDQ RSWLRQV� OLVWLQJ WKHP KLJKHU
RQ WKH PHQX� RU FDOOLQJ WKHP RXW DV WKH ³GLVK RI WKH GD\´ RU WKH ³FKHI¶V UHFRPPHQGDWLRQ´ DUH
GHPRQVWUDWHG�HIIHFWLYH�VWUDWHJLHV�WR�GHFUHDVH�PHDW�FRQVXPSWLRQ��.ZDVQ\�HW�DO���������

7KH 1DWXUDO 5HVRXUFHV 'HIHQVH &RXQFLO �15'&� DQG WKH *UHHQ 6SRUWV $OOLDQFH �*6$� DOVR
UHFRPPHQG PHQX SODQQLQJ WKDW SULRULWL]HV YHJHWDULDQ YHJDQ RSWLRQV WR UHGXFH *+* HPLVVLRQV
DVVRFLDWHG ZLWK FRQFHVVLRQ VWDQGV �+HQO\ HW DO�� ������ /HYL¶V 6WDGLXP �KRPH RI WKH 6DQ
)UDQFLVFR ��HUV� RIIHUV WKH PRVW YHJHWDULDQ LWHPV RI DQ\ 1)/ VWDGLXP DW PRUH WKDQ ��� RI WKH
PHQX� 7KH\ VWDUWHG ZLWK FUHDWLQJ DQG VHUYLQJ DW OHDVW RQH YHJDQ RSWLRQ DSSURSULDWHO\ WKHPHG IRU
HDFK RI WKH FRQFHVVLRQV FRQFHSWV �+HQO\ HW DO�� ������ 7KH )RUHVW *UHHQ 5RYHUV� D %ULWLVK
IRRWEDOO FOXE� DUH WKH ZRUOG¶V ILUVW ���� YHJDQ WHDP� VHUYLQJ D ���� YHJDQ PHQX ZLWK RSWLRQV
OLNH YHJDQ�SL]]DV��IDMLWDV��VDODGV�DQG�VZHHW�SRWDWR IULHV� �³9HJDQ�)RRG�_�)*5�´�Q�G��

0/% WHDPV FDQ SULRULWL]H ³QXGJLQJ´ VWUDWHJLHV E\ RIIHULQJ YHJHWDULDQ DOWHUQDWLYHV DW DOO
FRQFHVVLRQ VWDQGV� 7KH 5D\V VKRXOG OLVW WKH LWHPV KLJK RQ WKH PHQX DQG GLIIHUHQWLDWH WKH RSWLRQV
ZLWK�SKUDVHV�WKDW�ZLOO�PDNH�WKHP�DSSHDOLQJ�FKRLFHV�

$Q DGGLWLRQDO ZD\ WR QXGJH IDQV WRZDUG YHJHWDULDQ YHUVLRQV RI GLVKHV LV WR GHFODUH YHJHWDULDQ
YHUVLRQV RI D GLVK WKH RIILFLDO YHUVLRQ RI WKH WHDP� 7KH 6HDWWOH .UDNHQ �1+/� KDYH GHFODUHG WKH
,PSRVVLEOH %XUJHU WKH ³RIILFLDO EXUJHU´ RI WKH WHDP ZKHQ WKH &OLPDWH 3OHGJH $UHQD RSHQHG WZR
FRQFHVVLRQ VWDQGV LQ SDUWQHUVKLS ZLWK ,PSRVVLEOH )RRGV LQ 2FWREHU RI ����� (DUO\ QXPEHUV
LQGLFDWHG�WKH�VWDQGV�DUH�H[WUHPHO\�SRSXODU�ZLWK�JXHVWV��&DQKDP�&O\QH��������

$OWHUQDWLYHO\� PDNLQJ YHJHWDULDQ GLVKHV WKH GHIDXOW RSWLRQ DOVR UHGXFHV PHDW FRQVXPSWLRQ
�.ZDVQ\ HW DO�� ������ 7KLV LV DFKLHYHG WKURXJK D SHUFHLYHG KLJK VZLWFKLQJ FRVW WR DGG PHDW WR
WKH GLVK RU VZLWFK GLVKHV HQWLUHO\� $ EDQ RQ PHDW� IRU H[DPSOH WKURXJK D ³0HDWOHVV 0RQGD\´
FDPSDLJQ� LV OLNHO\ WR EDFNILUH DQG UHGXFH RYHUDOO VDOHV� +RZHYHU� WKHUH LV OLPLWHG HYLGHQFH
GHPRQVWUDWLQJ SHRSOH DOUHDG\ FRQVLGHULQJ UHGXFLQJ WKHLU SHUVRQDO PHDW FRQVXPSWLRQ� PD\ EH
PRUH OLNHO\ WR DGRSW D PRUH YHJHWDULDQ GLHW LQ WKH PHGLXP�WHUP� :H WKXV UHFRPPHQG WKDW PHDOV
ZKHUH PHDW LV QRW WKH IRFXV RI WKH GLVK� VKRXOG EH YHJHWDULDQ DV D GHIDXOW ZLWK PHDW DYDLODEOH WR
DGG�DV�DQ�H[WUD�RSWLRQ�

6FHQDULR�DQDO\VLV��1XGJLQJ�6WUDWHJLHV�WR�5HGXFH�0HDW�&RQVXPSWLRQ
5HVHDUFK RQ LPSOHPHQWLQJ ³QXGJLQJ´ VWUDWHJLHV WR UHGXFH PHDW FRQVXPSWLRQ LV D UHODWLYHO\ QHZ
ILHOG� 2QH VWXG\ IRXQG WKDW FKDQJLQJ PHQX RUGHU DQG HQKDQFLQJ YLVLELOLW\ RI WKH ORQH YHJHWDULDQ
RSWLRQ DW D UHVWDXUDQW LQFUHDVHG YHJHWDULDQ PHDO VDOHV E\ DQ DYHUDJH RI �� FRPSDUHG WR WKH
FRQWURO UHVWDXUDQW �.XU]� ������ $ VHSDUDWH VWXG\ IRXQG WKDW GRXEOLQJ WKH SRUWLRQ RI YHJHWDULDQ
PHDOV RIIHUHG DW WKUHH GLIIHUHQW FDIHWHULDV RI DQ (QJOLVK XQLYHUVLW\ IURP ��� WR ��� LQFUHDVHG
VDOHV RI YHJHWDULDQ PHDOV EHWZHHQ ���� DQG ����� �*DUQHWW HW DO�� ������ 7KH DYHUDJH FKDQJH LQ
YHJHWDULDQ�PHDO�VDOHV�LQ�WKHVH�VWXGLHV�LV�������

:H FRQGXFWHG D EDFN RI WKH KDQG FDOFXODWLRQ DVVHVVLQJ SRWHQWLDO *+* HPLVVLRQV UHGXFWLRQV LI
³QXGJLQJ´ VWUDWHJLHV ZHUH LPSOHPHQWHG DW 7URSLFDQD )LHOG� :H DVVXPHG WKH 5D\V FRXOG DFKLHYH
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D FKDQJH LQ YHJHWDULDQ PHDO VDOHV RI ������ LI WKH\ ZHUH WR DGRSW VHYHUDO QXGJLQJ VWUDWHJLHV� 7R
DVVHVV WKH FKDQJH LQ *+* HPLVVLRQV ZH GHWHUPLQHG WKH GROODU YDOXH RI D ����� LQFUHDVH LQ
YHJHWDULDQ PHDO SXUFKDVLQJ� :H DVVXPH WKDW D ����� LQFUHDVH LQ YHJHWDULDQ PHDO VDOHV ZRXOG
GLUHFWO\ HTXDWH WR D ����� LQFUHDVH LQ YHJHWDULDQ LQJUHGLHQW SXUFKDVLQJ� :H DVVXPH D ³YHJHWDULDQ
PHDO´ FRXOG EH UHSUHVHQWHG E\ %($ (FRQRPLF 6HFWRU ������� )UHVK YHJHWDEOHV� PHORQV� DQG
SRWDWRHV� 6HFWRU ������� %UHDG DQG RWKHU EDNHG JRRGV� 6HFWRU ������� )UHVK IUXLWV DQG WUHH QXWV�
DQG 6HFWRU ����%�� )UHVK ZKHDW� FRUQ� ULFH� DQG RWKHU JUDLQV� :H WKHQ WRWDOHG WKH 5D\V DGMXVWHG
���� VFDOHG VHDVRQHG VSHQG RQ WKHVH IRXU VHFWRUV WR FDOFXODWH D ����� LQFUHDVH JLYLQJ XV
������� LQ LQFUHDVHG YHJHWDULDQ PHDO VDOHV� 6SOLW HTXDOO\� WKDW LV DQ DGGLWLRQDO ������� VSHQW RQ
HDFK RI WKH IRXU ³YHJHWDULDQ PHDO´ HFRQRPLF VHFWRUV� $VVXPLQJ D RQH�WR�RQH VXEVWLWXWLRQ� ZH
UH�UDQ RXU VSHQG�EDVHG PHWKRG IRU FDOFXODWLQJ WKH FDUERQ IRRWSULQW RI FRQFHVVLRQV SXUFKDVLQJ�
GHFUHDVLQJ WRWDO VSHQGLQJ RQ %($ (FRQRPLF 6HFWRU �����$� 3DFNDJHG PHDW �H[FHSW SRXOWU\� E\
��������

7KLV DQDO\VLV UHGXFHG WRWDO FRQFHVVLRQV &2�H HPLVVLRQV IURP ����� PHWULF WRQV WR ����� PHWULF
WRQV� D ��� GHFUHDVH LQ *+*V� :H WKXV HVWLPDWH WKDW LPSOHPHQWDWLRQ RI QXGJLQJ VWUDWHJLHV DZD\
IURP PHDW SURGXFWV WRZDUGV YHJHWDULDQ RSWLRQV DW 7URSLFDQD )LHOG FRQFHVVLRQV VWDQGV ZRXOG
GHFUHDVH�WKH�WRWDO�HVWLPDWHG�FDUERQ�IRRWSULQW�RI�WKH�7DPSD�%D\�5D\V�E\����

5HFRPPHQGDWLRQ ��� (YDOXDWH &UDIW %UHZLQJ 3DUWQHUVKLSV %DVHG RQ WKH 6XVWDLQDEOH 3UDFWLFHV
RI�WKH�2UJDQL]DWLRQV
$OFRKRO ZDV WKH HFRQRPLF VHFWRU ZLWK WKH VHFRQG ODUJHVW *+* HPLVVLRQV IRU 7DPSD %D\ 5D\V
FRQFHVVLRQV SXUFKDVLQJ� GXH WR WKH KLJK YROXPH RI VDOHV� $OWKRXJK WKH HPLVVLRQV LQWHQVLW\ RI
DOFRKRO LV ORZHU WKDQ WKDW RI DQLPDO SURGXFWV� WKHUH DUH VWLOO ZD\V WKDW WKH 5D\V FDQ UHGXFH WKH
IRRWSULQW RI DOFRKRO FRQVXPSWLRQ� )RU H[DPSOH� E\ SDUWQHULQJ ZLWK EUHZHULHV WKDW DUH UHGXFLQJ
WKHLU RZQ FDUERQ IRRWSULQW� 7KH ODUJHVW LQGHSHQGHQWO\ RZQHG EUHZHU\ SDUWQHU DW &LWL]HQV %DQN
3DUN �KRPH RI WKH 3KLODGHOSKLD 3KLOOLHV 0/% WHDP� LV 9LFWRU\ %UHZLQJ &RPSDQ\� D ORFDO
EUHZHU\ WKDW KDV ZRQ DZDUGV IRU VXVWDLQDEOH SUDFWLFHV LQFOXGLQJ SRZHULQJ RSHUDWLRQV ZLWK
UHQHZDEOH HQHUJ\ DQG GRQDWLQJ VSHQW JUDLQ WR ORFDO IDUPHUV IRU XVH LQ IHHG �+HQO\ HW DO�� ������
$V QRWHG HDUOLHU� RXU VWXG\ XVHG D VSHQG�EDVHG PHWKRG WR HVWLPDWH HPLVVLRQV IURP FRQFHVVLRQV
ZKLFK XVHV HFRQRP\�ZLGH DYHUDJH HPLVVLRQ IDFWRUV IRU WKH YDULRXV HFRQRPLF VHFWRUV� ,I 0/%
WHDPV VZLWFK WR OHVV *+*�LQWHQVLYH VXSSOLHUV� WKH DFWXDO *+* HPLVVLRQV DVVRFLDWHG ZLWK WKHLU
VXSSO\ FKDLQ ZLOO UHGXFH� +RZHYHU� ZLWKRXW VZLWFKLQJ WR D VXSSOLHU�VSHFLILF PHWKRGRORJ\ WR
FDOFXODWH *+* HPLVVLRQV� WKLV GHFUHDVH ZLOO QRW EH UHIOHFWHG LQ WKHLU *+* HPLVVLRQ FDOFXODWLRQV�
1RQHWKHOHVV� XVLQJ OHYHUDJH DV D ODUJH FXVWRPHU ZLWK PXOWLQDWLRQDO EHYHUDJH FRUSRUDWLRQV OLNH
$% ,Q%HY FRXOG EH RQH ZD\ WR SXVK WKH LQGXVWU\ DV D ZKROH WR ORZHU WKH HPLVVLRQV LQWHQVLW\ RI
WKHLU SURGXFWV� :H WKXV UHFRPPHQG WKDW WKH 5D\V HYDOXDWH FUDIW EUHZLQJ SDUWQHUVKLSV EDVHG RQ
WKH VXVWDLQDEOH SUDFWLFHV RI WKH RUJDQL]DWLRQV DQG VKRXOG XVH WKHLU RZQ LQIOXHQFH DQG OHYHUDJH
ZLWKLQ WKH 0/%� WR SXVK ODUJHU EUHZLQJ FRUSRUDWLRQV OLNH $% ,Q%HY WR UHGXFH HQYLURQPHQWDO
LPSDFWV�RI�WKHLU�RSHUDWLRQV�

5HFRPPHQGDWLRQ�����,PSOHPHQW�D�'HPDQG�7UDFNLQJ�6\VWHP
7KH *+* HPLVVLRQV LPSDFW RI IRRG RSHUDWLRQV FDQ EH UHGXFHG YLD WUDFNLQJ GHPDQG �+HQO\ HW DO��
������ $W 0RGD &HQWHU �KRPH RI WKH 3RUWODQG 7UDLO %OD]HUV 1%$ WHDP�� /HY\ 5HVWDXUDQWV� D
SRSXODU FRQFHVVLRQDLUH� XVHV D SURJUDP FDOOHG 7ULP 7UDFNV WR PRQLWRU IRRG ZDVWH LQ DOO WKH
DUHQD¶V NLWFKHQV� 7KH SURJUDP UHTXLUHV NLWFKHQ VWDII WR PHDVXUH WKHLU VFUDSV RQ ODUJH NLWFKHQ
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VFDOHV DW WKH HQG RI HDFK QLJKW� 6WDII DUH UHTXLUHG WR UHYLHZ WKH IRRG VFUDSV DQG FRPH XS ZLWK
VWUDWHJLHV WR PLQLPL]H WKH ZDVWH LQ WKH IXWXUH ZLWK PRUH SUHFLVH FXWV GXULQJ IRRG SUHSDUDWLRQ RU
ILQGLQJ FUHDWLYH XVHV IRU VFUDSV �+HQO\ HW DO�� ������ :H UHFRPPHQG WKDW RWKHU 0/% VWDGLXPV
LPSOHPHQW�VLPLODU�V\VWHPV�

5HFRPPHQGDWLRQ�����,QVWDOO�D�+\GURSRQLF�6\VWHP
6HYHUDO VWDGLXPV DQG DUHQDV KDYH EXLOW RQVLWH JDUGHQV �RU HYHQ K\GURSRQLF WRZHUV� WR SUHSDUH
IRRG DV ORFDOO\ DV SRVVLEOH� LQFOXGLQJ WKH 6RQRPD 5DFHZD\ �1$6&$5�� &LWL )LHOG �KRPH RI WKH
1HZ <RUN 0HWV�� DQG $PDOLH $UHQD �KRPH RI WKH 7DPSD %D\ /LJKWQLQJ�� 2QVLWH JDUGHQV FUHDWH
D JUHDW ZD\ WR WHOO VXVWDLQDEOH VWRULHV DERXW IRRG SURGXFWLRQ ZLWK IDQV� SRWHQWLDOO\ VKLIWLQJ IRFXV
IURP IRRG ZDVWH GLYHUVLRQ WRZDUGV ORZ�LPSDFW IRRG SURGXFWLRQ� $GYDQWDJHV RI WKH /LJKWQLQJ¶V
K\GURSRQLF WRZHUV LQFOXGH WKDW WKH\ WDNH XS OHVV VSDFH WKDQ RQVLWH JDUGHQV� SURGXFH PRUH
IODYRUIXO JUHHQV� KDYH IRUFHG WKH RUJDQL]DWLRQ WR DGRSW D PRUH YHJJLH�FHQWULF PHQX �WR XVH DOO
JUHHQV DV WKH\ ULSHQ�� DQG ZLOO KDYH D ILYH�\HDU SD\EDFN SHULRG �5HLOH\� ������ +\GURSRQLF
V\VWHPV FUHDWH D GLVFXVVLRQ DQG LQIRUPDWLRQDO SRLQW ZLWK IDQV DV ZHOO DV DOORZ WHDPV WR
VXVWDLQDEO\ VRXUFH SURGXFH RQVLWH� 1RWH WKDW WKLV UHFRPPHQGDWLRQ LV IRFXVHG RQ LQFUHDVLQJ IDQ
HQJDJHPHQW UHODWHG WR VXVWDLQDEOH FRQFHVVLRQV� EHFDXVH� DV GHWDLOHG LQ 5HFRPPHQGDWLRQ �� RI
WKLV VHFWLRQ� DQ LPSRUWDQW FRPSRQHQW RI FKDQJLQJ HDWLQJ EHKDYLRUV LQFOXGHV FKDQJLQJ VRFLDO
QRUPV VXUURXQGLQJ GLHWV� $Q /&$ ZRXOG QHHG WR EH FRQGXFWHG WR GHWHUPLQH LI WKLV
UHFRPPHQGDWLRQ DFWXDOO\ KDV IHZHU HQYLURQPHQWDO LPSDFWV WKDQ FXUUHQW IRRG SURFXUHPHQW
SUDFWLFHV�

5HFRPPHQGDWLRQ ��� &UHDWH 5HODWLRQVKLSV ZLWK /RFDO 2UJDQLF )DUPHUV WR 0D[LPL]H
<HDU�5RXQG�$YDLODELOLW\�RI�2UJDQLF�3URGXFH
)XUWKHU� HQYLURQPHQWDO LPSDFW RI FRQFHVVLRQV FDQ EH UHGXFHG E\ XVLQJ ORFDO DQG VHDVRQDO
LQJUHGLHQWV� DV ZHOO DV SURFXULQJ IRRGV WKDW DUH 86'$ 2UJDQLF� DQWLELRWLF�IUHH� DV ZHOO DV
FHUWLILHG VXVWDLQDEOH VHDIRRG� %HQHILWV� DFFRUGLQJ WR WKH *6$ DQG 15'&� LQFOXGH UHGXFHG *+*
HPLVVLRQV� UHGXFHG DQWLELRWLF�UHVLVWDQW EDFWHULD� SURPRWLQJ VRLO KHDOWK� DQG UHGXFHG IHUWLOL]HU
UXQ�RII��+HQO\�HW�DO���������

$W )LUVW(QHUJ\ 6WDGLXP �KRPH RI WKH &OHYHODQG %URZQV�� WKH WHDP VRXUFHV RUJDQLF IRRG ZKHQ
SRVVLEOH IURP WKHLU KLJK�YROXPH IRRG SURYLGHU� 6\VFR� +RZHYHU� WKH\ KDYH HVWDEOLVKHG
UHODWLRQVKLSV ZLWK VPDOOHU ORFDO SURGXFH FRPSDQLHV WR EH DEOH WR VRXUFH RUJDQLF GXULQJ WLPHV RI
WKH \HDU ZKHQ KLJK�YROXPH GLVWULEXWRUV DUH QRW DEOH WR SURYLGH DV PDQ\ RUJDQLF RSWLRQV �+HQO\ HW
DO���������

7KHUH DUH VRPH QRWDEOH OLPLWDWLRQV WR WKLV UHFRPPHQGDWLRQ� $FDGHPLF OLWHUDWXUH LV PL[HG RQ WKH
HQYLURQPHQWDO VXVWDLQDELOLW\ RI RUJDQLF IRRG� $OWKRXJK SRWHQWLDOO\ EHWWHU IRU VRLO KHDOWK EHFDXVH
RI UHGXFHG SHVWLFLGH DQG IHUWLOL]HU DSSOLFDWLRQ� VRPH UHVHDUFKHUV DUJXH LQFUHDVHG ODQG
UHTXLUHPHQWV RZLQJ WR GHFUHDVHG \LHOGV RI RUJDQLFDOO\ JURZQ IRRGV� PD\ DFWXDOO\ LQFUHDVH WKH
*+* HPLVVLRQV DVVRFLDWHG ZLWK RUJDQLF DJULFXOWXUH RYHU FRQYHQWLRQDO DJULFXOWXUH �9DUDQDVL�
������ 6LPLODUO\� ZKLOH ORFDO IRRG LV FRQVLGHUHG WR FRQWULEXWH D PXOWLWXGH RI VRFLDO EHQHILWV VXFK
DV MXVW IRRG DFFHVV� FRPPXQLW\ EXLOGLQJ� GLYHUVLILHG HFRQRPLFV� LQFUHDVHG ORFDO MREV� FLYLF
HQJDJHPHQW DQG FOLPDWH UHVLOLHQFH �%DOODPLQJLH HW DO�� ����� 'LHNPDQQ HW DO�� ������ ORFDO IRRG
LV QRW QHFHVVDULO\ EHWWHU IRU WKH HQYLURQPHQW� $ ODUJH PHWD�DQDO\VLV RI WKH FDUERQ IRRWSULQWV RI
YDULRXV IRRGV VKRZV WKH DPRXQW DWWULEXWDEOH WR WUDQVSRUWDWLRQ LV OHVV WKDQ ��� WKH FDUERQ

���



IRRWSULQW RI PRVW IRRGV �6DPXHO� ������ /DVWO\� WKHUH LV D JURZLQJ PRYHPHQW WRZDUG UHJHQHUDWLYH
DJULFXOWXUH DV D NH\ WRRO WR PLWLJDWLQJ FOLPDWH FKDQJH �5KRGHV� ������ ,W LV RIWHQ GHILQHG E\
DJULFXOWXUDO WHFKQLTXHV WKDW LPSURYH VRLO KHDOWK DQG SURPRWH FDUERQ VHTXHVWUDWLRQ LQ VRLO VXFK DV
QR�WLOO IDUPLQJ� FRYHU FURSV� GLYHUVH FURS URWDWLRQ� DQG URWDWLRQDO OLYHVWRFN JUD]LQJ� :KLOH PRVW
DJUHH WKDW WKHVH SUDFWLFHV LPSURYH VRLO KHDOWK DQG UHGXFH VRLO HURVLRQ� DGGLWLRQDO UHVHDUFK LQ WKH
ILHOG LV QHHGHG WR HYDOXDWH WKH FDUERQ�VHTXHVWHULQJ SRWHQWLDO UHJHQHUDWLYH DJULFXOWXUH SURYLGHV
�5DQJDQDWKDQ HW DO�� ������ $OWKRXJK ORFDO� RUJDQLF RU UHJHQHUDWLYHO\ SURGXFHG IRRG LV LPSRUWDQW
IRU WKH 5D\V WR FRQVLGHU� WKH 5D\V VKRXOG SULRULWL]H PHDW UHGXFWLRQ VWUDWHJLHV ZKHQ LW FRPHV WR
UHGXFLQJ�WKHLU�FDUERQ�IRRWSULQW�

�����0/%�6SHFLILF�5HFRPPHQGDWLRQV
7KH EHORZ UHFRPPHQGDWLRQV DUH DSSOLFDEOH 0/%�ZLGH DQG ZRXOG QRW IXQFWLRQ DW D WHDP OHYHO�
,QVWHDG� WKH EHORZ UHFRPPHQGDWLRQV DUH IRU WKH 0/% DV D OHDJXH DQG VKRXOG EH FRQVLGHUHG DW
WKLV�KLJKHU�OHYHO�

�������/HYHUDJLQJ�3DUWQHUVKLSV�6SRQVRUVKLSV�WR�6SXU�(9�$GRSWLRQ
0/% FDQ DPSOLI\ LWV LQIOXHQFH RYHU IDQ WUDQVSRUWDWLRQ KDELWV DQG GHFLVLRQ�PDNLQJ E\ OHYHUDJLQJ
LWV H[LVWLQJ SDUWQHUVKLSV DQG VSRQVRUVKLSV� 7KH OHDJXH¶V UHODWLRQVKLS ZLWK &KHYUROHW SUHVHQWV D
XQLTXH RSSRUWXQLW\ WR SURPRWH WKH SXUFKDVH DQG XVH RI (9V� :KLOH WKH DXWRPRELOH EUDQG
DGYHUWLVHV LQ VWDGLXPV DQG RQ 0/% PHGLD� SUHVHQWLQJ WKH ZLQQHU RI WKH :RUOG 6HULHV 093
DZDUG ZLWK D QHZ &KHY\ LV DUJXDEO\ WKH VSRQVRU¶V PRVW SRWHQW PDUNHWLQJ VWUDWHJ\� 7KH SUL]H
YHKLFOHV KDYH PRVWO\ LQFOXGHG WUXFNV� 689V� VSRUWV FDUV� DQG PXVFOH FDUV �&ROOHWWL� ������ $V RI
����� &KHYUROHW KDV RQO\ SURGXFHG WZR (9 VHGDQ PRGHOV� QHLWKHU RI ZKLFK ILW WKH W\SLFDO
GHVFULSWLRQ RI D :RUOG 6HULHV 093 SUL]H YHKLFOH� +RZHYHU� *0 UHFHQWO\ DQQRXQFHG SODQV IRU D
QHZ (9 WUXFN� WKH 6LOYHUDGR (9� DQG WZR (9 689V� WKH (TXLQR[ (9 DQG %OD]HU (9� VODWHG IRU
UHOHDVH LQ ODWH ���� �³)XWXUH 	 8SFRPLQJ &KHY\ (9V _ &KHYUROHW�´ ������ 7KH ���� :RUOG
6HULHV ZRXOG OLNHO\ FRLQFLGH ZLWK WKH UHOHDVH RI WKHVH (9V� FUHDWLQJ D JROGHQ RSSRUWXQLW\ WR
PDUNHW WKH QHZ (9 RIIHULQJV WR EDVHEDOO IDQV HYHU\ZKHUH E\ SUHVHQWLQJ RQH WR WKH :RUOG 6HULHV
093� 6LQFH &KHYUROHW KDV EHHQ WKH RIILFLDO YHKLFOH RI 0DMRU /HDJXH %DVHEDOO IRU RYHU �� \HDUV�
0/% PD\ EH ZHOO�SRVLWLRQHG WR KDYH &KHYUROHW HLWKHU SULRULWL]H� RU H[FOXVLYHO\ DGYHUWLVH (9V
RYHU�JDV�SRZHUHG�FDUV�

�������7HDP�7UDYHO�5HFRPPHQGDWLRQV
7HDP WUDYHO LV HVSHFLDOO\ UHOHYDQW IRU JHRJUDSKLFDOO\ LVRODWHG WHDPV OLNH WKH 7DPSD %D\ 5D\V�
:LWKLQ WKH FXUUHQW 0/% VFKHGXOH VWUXFWXUH� WHDPV SOD\ �� JDPHV DJDLQVW RWKHU WHDPV LQ WKHLU
GLYLVLRQ� 7KH FORVHVW GLYLVLRQ RSSRQHQW WR WKH 5D\V LV WKH %DOWLPRUH 2ULROHV� ORFDWHG RYHU ���
PLOHV DZD\ E\ SODQH� :KLOH PDQ\ WHDPV WDNH EXVHV DQG WUDLQV IRU VKRUWHU GLVWDQFH WULSV� UHO\LQJ
RQ WKHVH VORZHU WUDQVSRUWDWLRQ PRGHV LV LPSUDFWLFDO IRU ORQJHU GLVWDQFH WULSV� 7KHUHIRUH� D WHDP¶V
DELOLW\ WR VKLIW LWV WUDQVSRUWDWLRQ PRGH LV GLFWDWHG� LQ SDUW� E\ WKH RUJDQL]DWLRQ RI WKH JDPH
VFKHGXOH�VHW�E\�WKH�0/%�

(YHQ WKRXJK WKH 5D\V DUH LVRODWHG� WKHUH DUH RSSRUWXQLWLHV WR UHGXFH RYHUDOO WUDYHO HPLVVLRQV E\
UHGXFLQJ WKH GLVWDQFH RI WULSV� SDUWLFXODUO\ EHWZHHQ GLIIHUHQW FLWLHV RQ D VLQJOH URDG WULS �:\QHV�
������ 2I WKH 5D\V¶ WZHOYH WRWDO URDG WULSV GXULQJ WKH ���� VHDVRQ� RQO\ IRXU WULSV LQFOXGHG PRUH
WKDQ WZR VHULHV �WKUHH ZHUH WKUHH�VHULHV WULSV� DQG WZR WULSV ZHUH PDGH WR IDFH D VLQJOH WHDP� ,Q
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ERWK RI WKH VLQJOH�VHULHV URDG WULSV� WKH 5D\V IOHZ RYHU ����� URXQG WULS� )RU DQ H[DPSOH RI KRZ
WKH OHDJXH FRXOG KHOS UHGXFH WHDP WUDQVSRUWDWLRQ HPLVVLRQV� ZH FDQ H[DPLQH WKH 5D\V¶ URDG WULS
IURP $SULO ��WK WR 0D\ �WK� 7KH URDG WULS EHJDQ ZLWK D VHULHV LQ %RVWRQ� IROORZHG E\ D VHULHV LQ
.DQVDV &LW\� DQG WKHQ D VHULHV LQ %DOWLPRUH EHIRUH UHWXUQLQJ KRPH WR 7DPSD� 7KLV URXWH UHTXLUHG
����� PLOHV RI DLU WUDYHO� 7KH WHDP FRXOG KDYH UHGXFHG LWV WUDYHO GLVWDQFH E\ XS WR ��� PLOHV� DQG
UHGXFHG HPLVVLRQV IURP WHDP IOLJKWV E\ ������ NJ &2� �������� LI LW KDG EHHQ VFKHGXOHG WR SOD\
LQ ERWK %RVWRQ DQG %DOWLPRUH HLWKHU EHIRUH WKH VHULHV LQ .DQVDV &LW\ �)LJXUH ��� $LU 0LOHV
&DOFXODWRU� Q�G��� :H DVVXPH WKDW �� WKH WHDP SODQHV DQG EXVHV DUH ILOOHG WR FDSDFLW\ WR DFFRXQW
IRU WKH IDFW WKDW WKH HPLVVLRQ IDFWRUV DUH FDOFXODWHG SHU SDVVHQJHU�PLOH DQG WKH YHKLFOHV DUH
H[FOXVLYHO\ WUDQVSRUWLQJ SHRSOH DIILOLDWHG ZLWK WKH WHDP DQG �� WHDPV ZLOO XVH EXVHV �RU D VLPLODU
ORZ�HPLVVLRQ�WUDQVSRUWDWLRQ�PRGH��IRU�WUDYHO�XQGHU�����PLOHV�

)LJXUH���� 7HDP�WUDYHO�HPLVVLRQV�UHGXFWLRQ�SRWHQWLDO YLD�FLUFXODU�IOLJKW�SDWWHUQ

([WHQGLQJ WKLV VDPH IUDPHZRUN WR FRQVROLGDWH URDG WULSV LQWR IHZHU� ORQJHU WULSV �L�H� SOD\LQJ
PRUH VHULHV SHU URDG WULS ZLWKRXW LQFUHDVLQJ WKH WRWDO QXPEHU RI DZD\ JDPHV SOD\HG� FDQ UHVXOW LQ
HYHQ JUHDWHU UHGXFWLRQV� ,Q JHQHUDO� WHDPV DUULYH LQ D FLW\ WKH QLJKW EHIRUH WKH ILUVW JDPH RI WKH
VHULHV LV VHW WR EH SOD\HG DQG GHSDUW WKH FLW\ LPPHGLDWHO\ DIWHU WKH FRQFOXVLRQ RI WKH ILQDO JDPH RI
WKH VHULHV� $VVXPLQJ WKLV WUDYHO IUDPHZRUN UHPDLQV WKH VDPH� FRQVROLGDWLQJ URDG WULSV ZRXOG QRW
LQFUHDVH KRWHO VWD\V� :LWK DQ HTXLYDOHQW QXPEHU RI WRWDO GD\V�QLJKWV RQ WKH URDG RYHU WKH FRXUVH
RI WKH VHDVRQ� ZH DQWLFLSDWH WKHUH ZRXOG EH QR LQFUHDVH LQ RWKHU *+*�HPLWWLQJ DFWLYLWLHV QRW
FRQVLGHUHG LQ RXU IRRWSULQW HVWLPDWH �H�J� ULGHV� PHDOV� RU RWKHU SOHDVXUH DFWLYLWLHV LQGLUHFWO\
UHODWHG WR DFFRPPRGDWLRQV RU WUDQVSRUWDWLRQ WR WKH ILHOG ZKLFK RFFXUV E\ EXV�� $VVXPLQJ WKDW
H[WHQGLQJ WKH OHQJWK RI LQGLYLGXDO WULSV ZRXOG QRW FKDQJH SOD\HU DQG HPSOR\HH WUDYHO QRUPV� LW LV
XQOLNHO\ WKDW H[WHQGLQJ WKH WLPH VSHQW RQ WKH URDG IRU D VLQJOH WULS ZRXOG LQGXFH DGGLWLRQDO WULSV
�H�J� IRU D SOD\HU WR IO\ KRPH EHWZHHQ JDPHV� HWF�� 7KH H[WHQGHG WLPH DZD\ IURP KRPH PD\
LQFHQWLYL]H IDPLO\ PHPEHUV RI WHDP SHUVRQQHO WR WUDYHO PRUH WR VHH WKH WHDP SOD\� EXW XVLQJ RXU
WHDP IRRWSULQW IUDPHZRUN� WKRVH HPLVVLRQV ZRXOG EH DWWULEXWHG WR WKH KRPH WHDP� $V PHQWLRQHG
DERYH� WKH 5D\V¶ VFKHGXOH LQFOXGHG WZR URDGWULSV ZKHUH WKH\ RQO\ SOD\HG RQH VHULHV� DJDLQVW
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&OHYHODQG DQG DJDLQVW 7RURQWR� ,I WKHVH WZR URDG WULSV KDG EHHQ FRPELQHG� WKH WHDP FRXOG KDYH
DYRLGHG ����� PLOHV RI WUDYHO DQG UHGXFHG HPLVVLRQV IURP WHDP IOLJKWV E\ RYHU ������� NJ &2�
������� )LJXUH�����

)LJXUH���� 7HDP�WUDYHO�HPLVVLRQV�UHGXFWLRQ�SRWHQWLDO YLD�FRPELQLQJ�VKRUW�URDG�WULSV

5HDUUDQJLQJ WKH VFKHGXOH WR FRQVROLGDWH D WHDP¶V FURVV�FRXQWU\ WULSV PD\ \LHOG WKH JUHDWHVW
UHGXFWLRQV� 'XULQJ WKH ���� VHDVRQ� WKH 5D\V YLVLWHG WKH 6HDWWOH 0DULQHUV� 6DQ )UDQFLVFR *LDQWV�
2DNODQG $WKOHWLFV� /RV $QJHOHV 'RGJHUV� /RV $QJHOHV $QJHOV RI $QDKHLP� DQG 6DQ 'LHJR
3DGUHV� 7KH WHDP¶V VFKHGXOH EURNH WKHVH VHULHV LQWR IRXU WULSV �WKUHH RI ZKLFK LQFOXGHG VWRSV LQ
FLWLHV LQ RWKHU SDUWV RI WKH FRXQWU\� )LJXUH ���� ,I WKH :HVW &RDVW WULSV KDG EHHQ FRQVROLGDWHG LQWR
D VLQJOH� ORQJ URDG WULS PRYLQJ VRXWK WR QRUWK RU QRUWK WR VRXWK �DQG FRUUHVSRQGLQJ WULSV WR WKH
RWKHU FLWLHV KDG EHHQ FRQVROLGDWHG DV ZHOO�� WKH WHDP FRXOG KDYH DYRLGHG DOPRVW ������ PLOHV RI
WUDYHO DQG UHGXFHG HPLVVLRQV IURP WHDP IOLJKWV E\ RYHU ������� NJ &2�H �������� (YHQ LI WKH
ILYH�VHULHV WULS ZHUH GLYLGHG LQWR WZR� WKH WHDP FRXOG VWLOO KDYH WUDYHOHG QHDUO\ ������ IHZHU
PLOHV DQG UHGXFHG HPLVVLRQV IURP WHDP IOLJKWV E\ RYHU ������� NJ &2�H ������� )LJXUHV
������ ,Q ERWK UHGXFWLRQ VFHQDULRV� ZH DVVXPH WKDW WKH WHDP ZRXOG QRW UHORFDWH EHWZHHQ WKH 6DQ
)UDQFLVFR�VHULHV�DQG�WKH�2DNODQG�VHULHV�

$Q DGGHG EHQHILW RI YLVLWLQJ FLWLHV LQ FORVH SUR[LPLW\ WR RQH DQRWKHU LV WKDW WKH WHDPV FRXOG WDNH
PRUH HIILFLHQW WUDQVSRUWDWLRQ PRGHV LQFOXGLQJ EXVHV RU WUDLQV� :H UHFRJQL]H VXFK VFKHGXOH
FKDQJHV FRXOG UHVXOW LQ SOD\HUV DQG HPSOR\HHV EHLQJ DZD\ IURP WKHLU IDPLOLHV IRU ORQJHU SHULRGV
RI WLPH� &RQGXFWLQJ LQIRUPDWLRQDO LQWHUYLHZV RU IRFXV JURXSV ZLWK SOD\HUV FRXOG EH XVHIXO WR
DVVHVV�EX\�LQ�DQG�LQIRUP�WKH�IHDVLELOLW\�RI�VXFK�LQWHUYHQWLRQV�
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)LJXUH���� �����FURVV�FRXQWU\�WHDP�WULSV�ZLWKRXW�LQWHUYHQWLRQ

)LJXUH���� 7HDP�WUDYHO�HPLVVLRQ�UHGXFWLRQ�SRWHQWLDO YLD�FRQVROLGDWLQJ�FURVV�FRXQWU\�WULSV�LQWR
RQH
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)LJXUH ��� 7HDP WUDYHO HPLVVLRQ UHGXFWLRQ SRWHQWLDO YLD FRQVROLGDWLQJ FURVV�FRXQWU\ WULSV LQWR
WZR
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��� 6XSSOHPHQWDO ,QIRUPDWLRQ� )DQ 7UDQVSRUWDWLRQ
6XUYH\�3XUSRVH��,PSOHPHQWDWLRQ��DQG�$QDO\VLV

�����)DQ�7UDQVSRUWDWLRQ�6XUYH\�3XUSRVH�DQG�%DFNJURXQG
7KLV�VXSSOHPHQWDO�IDQ�WUDQVSRUWDWLRQ�VXUYH\�VHUYHV�WZR�SXUSRVHV�

�� 7R�LPSURYH�HVWLPDWHV�RI�JUHHQKRXVH�JDV��*+*��HPLVVLRQV�IURP�IDQ�WUDQVSRUWDWLRQ�DQG
�� 7R DVVHVV IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ SRWHQWLDO WHDP� �RU 0/%�� VSRQVRUHG

LQLWLDWLYHV DLPHG DW UHGXFLQJ WKHVH *+* HPLVVLRQV DV D PHDQV WR GHWHUPLQH WKH QHW
HQYLURQPHQWDO�EHQHILWV�RI�EHVW�PDQDJHPHQW�SUDFWLFHV��%03V��

)DQ WUDQVSRUWDWLRQ LV RYHUZKHOPLQJO\ WKH ODUJHVW FRQWULEXWRU WR WKH 5D\V¶� DQG PRUH EURDGO\
0/% WHDPV¶� ODUJH FDUERQ IRRWSULQW �VHH 6HFWLRQ ��������� 7HDP LQWHUYHQWLRQ VWUDWHJLHV IRFXVHG
RQ IDQ WUDQVSRUWDWLRQ SUHVHQW D VLJQLILFDQW RSSRUWXQLW\ WR UHGXFH WKH WHDP¶V 6FRSH � HPLVVLRQV�
KRZHYHU� UHGXFLQJ HPLVVLRQV DVVRFLDWHG ZLWK IDQ WUDQVSRUWDWLRQ UHOLHV RQ IDQV FKDQJLQJ WKHLU
EHKDYLRU� ,Q RUGHU WR VHOHFW DQG LQLWLDWH VXFFHVVIXO WHDP�VSRQVRUHG LQLWLDWLYHV WKDW HIIHFWLYHO\
FKDQJH IDQ EHKDYLRU� IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ SURSRVHG LQWHUYHQWLRQ VWUDWHJLHV VKRXOG
EH DVVHVVHG� 7KH FXUUHQW 0/%�ZLGH VXUYH\ XVHG LQ WKLV VWXG\ WR TXDQWLI\ IDQ WUDQVSRUWDWLRQ *+*
HPLVVLRQV ZDV QRW GHVLJQHG ZLWK TXDQWLILFDWLRQ LQ PLQG� UHVXOWLQJ LQ WKH QHHG IRU QXPHURXV
DVVXPSWLRQV WR TXDQWLI\ WKLV SRUWLRQ RI WKH 5D\V¶ FDUERQ IRRWSULQW� 6XUYH\ TXHVWLRQV SURYLGHG
KHUH WLH GLUHFWO\ WR WUDQVSRUWDWLRQ TXDQWLILFDWLRQ PHWKRGV XVHG LQ WKLV VWXG\ DQG ZLOO UHGXFH WKH
QHHG�IRU�DVVXPSWLRQV�GXULQJ�DQDO\VLV�

*HQHUDOO\� IRVWHULQJ VXVWDLQDEOH EHKDYLRU FKDQJH LQYROYHV ILYH NH\ VWHSV� �� 6HOHFWLQJ EHKDYLRU�V�
WR EH SURPRWHG� �� LGHQWLI\LQJ WKH EDUULHUV DQG EHQHILWV DVVRFLDWHG ZLWK WKH VHOHFWHG EHKDYLRU�V��
�� GHVLJQLQJ D VWUDWHJ\ WKDW XWLOL]HV HIIHFWLYH EHKDYLRU�FKDQJH PHFKDQLVPV WR DGGUHVV WKHVH
EDUULHUV DQG HQDEOH EHQHILWV� �� SLORWLQJ WKH VWUDWHJ\� DQG� �� HYDOXDWLQJ WKH LPSDFW RI WKH SURJUDP
RQFH LW KDV EHHQ LPSOHPHQWHG �0F.HQ]LH�0RKU� ������ 8VLQJ OLWHUDWXUH DQG WKH UHVXOWV RI WKH
5D\V¶ IDQ WUDQVSRUWDWLRQ FDUERQ IRRWSULQW� EHKDYLRUV WR EH SURPRWHG ZHUH LGHQWLILHG �VHH 6HFWLRQ
�������5HVXOWV�RI�WKLV�VXUYH\�ZLOO�DGGUHVV�6WHSV���DQG���

2ULJLQDOO\� WKLV VXUYH\ ZDV FUHDWHG DV D VWDQG�DORQH VXUYH\ WR EH GLVWULEXWHG GXULQJ WKH ����
0/% VHDVRQ� EXW WLPLQJ DQG OHJDO FRQVWUDLQWV SUHYHQWHG GLVWULEXWLRQ� $V VXFK� WKH VXUYH\ PD\ EH
FRQVLGHUHG WRR OHQJWK\ WR EH LQWHJUDWHG LQWR WKH EURDGHU 0/%�ZLGH VXUYH\ DV LV� EXW GHWDLOV RQ
WKH SXUSRVH RI HDFK VHFWLRQ DQG TXHVWLRQ RXWOLQHG LQ WKH 6XUYH\ 6WUXFWXUH 6HFWLRQ ZLOO VXSSRUW
WKH XVH RI SRUWLRQV RI WKH VXUYH\ ZLWKRXW FRPSURPLVLQJ GDWD DQDO\VLV VKRXOG OHQJWK EHFRPH DQ
LVVXH� 6XFK GHWDLOV SURYLGHG LQ WKH 6XUYH\ 6WUXFWXUH 6HFWLRQ ZLOO DOORZ XVHUV WR PDNH HGXFDWHG
GHFLVLRQV�RQ�TXHVWLRQ�LQFOXVLRQ�YV��H[FOXVLRQ�

5HVXOWV RI WKLV VWXG\ ZLOO QRW RQO\ VXSSRUW PRUH DFFXUDWH *+* TXDQWLILFDWLRQ DQG JDXJH IDQV¶
ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ SURSRVHG LQWHUYHQWLRQ VWUDWHJLHV� EXW WKH\ ZLOO DOVR� KHOS YDOLGDWH
%03V SURSRVHG LQ WKLV VWXG\� SURYLGH DQ RSSRUWXQLW\ IRU FURVV�VHFWLRQDO DQDO\VLV EHWZHHQ WHDPV
VKRXOG WKH VXUYH\ EH LPSOHPHQWHG E\ WKH 0/%� DQG SRWHQWLDOO\ VXSSRUW WKH HYDOXDWLRQ RI EURDGHU
0/%�ZLGH LQLWLDWLYHV� $GGLWLRQDOO\� VXUYH\ LPSOHPHQWDWLRQ PD\ KDYH DQ DX[LOLDU\ EHQHILW LQ WKDW
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LW FDQ VHUYH DV DQ HGXFDWLRQDO WRRO� 4XHVWLRQV WKDW JDXJH IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ OHVV
*+*�LQWHQVLYH WUDQVSRUWDWLRQ PHWKRGV PD\ LQWURGXFH IDQV WR� RU JHW WKHP WKLQNLQJ DERXW� D
YDULHW\ RI PRUH VXVWDLQDEOH WUDQVSRUWDWLRQ RSWLRQV WKH\ PD\ KDYH QHYHU FRQVLGHUHG� /DVWO\� DV
VWDWHG LQ WKH PDLQ ERG\ RI WKLV UHSRUW� ZKLOH D NH\ FRQWULEXWRU WR WKH RYHUDOO FDUERQ IRRWSULQW� IDQ
WUDQVSRUWDWLRQ HPLVVLRQV DUH QRW FXUUHQWO\ EHLQJ TXDQWLILHG LQ RWKHU FRQJUXHQW LQLWLDWLYHV DLPHG DW
TXDQWLI\LQJ WKH HQYLURQPHQWDO LPSDFWV RI VSRUWV �H�J� *UHHQ 6SRUWV $OOLDQFH¶V 3/$< FDPSDLJQ
DQG +RQH\FRPE 6WUDWHJLHV¶ 6XVWDLQDEOH 6SRUWV ,QGH[�� 7KHVH IDFWRUV FRQILUP RXU VWXG\ DQG WKLV
DXJPHQWHG VXUYH\ DV D YDOXDEOH FRQWULEXWLRQ WR SURIHVVLRQDO VSRUWV WHDPV¶ HIIRUWV WR LPSURYH WKH
VXVWDLQDELOLW\�RI�WKHLU�RSHUDWLRQV�

���� ,PSURYLQJ�*+*�4XDQWLILFDWLRQ�E\�5HGXFLQJ�$VVXPSWLRQV
)RU WKH SXUSRVHV RI HVWLPDWLQJ WKH *+* HPLVVLRQV RI IDQ WUDQVSRUWDWLRQ� WKH 0/%¶V SRVW�JDPH
IDQ VXUYH\ TXHVWLRQV DUH LQVXIILFLHQW GXH WR WKH OLPLWHG QXPEHU RI TXHVWLRQV DQG LPSUHFLVH
SKUDVLQJ RI FHUWDLQ TXHVWLRQV DQG UHVSRQVH RSWLRQV� 7R HVWLPDWH 5D\V¶ IDQ WUDQVSRUWDWLRQ
HPLVVLRQV IURP WKHVH TXHVWLRQV� VHYHUDO DVVXPSWLRQV UHJDUGLQJ WUDQVSRUWDWLRQ PRGH� GLVWDQFH�
DQG QXPEHU RI SHRSOH WUDYHOLQJ WRJHWKHU ZHUH PDGH� OLNHO\ UHGXFLQJ WKH DFFXUDF\ RI RXU UHVXOWV�
7KH IROORZLQJ VHFWLRQ RXWOLQHV WKH DVVXPSWLRQV ZH PDGH GXULQJ RXU DQDO\VLV DQG KRZ RXU
XSGDWHG VXUYH\ TXHVWLRQV UHGXFH WKHVH DVVXPSWLRQV� 7KH VHFWLRQ LV GLYLGHG LQWR WKH IROORZLQJ
EURDG DVVXPSWLRQ FDWHJRULHV� RXW�RI�WRZQ WUDYHO� DXWRPRELOH HPLVVLRQ IDFWRUV� DGGLWLRQDO
SDVVHQJHUV� ELNH�VFRRWHU� UHWXUQ WUDYHO� DQG PXOWL�PRGDO WUDYHO� :LWKLQ HDFK VXEVHFWLRQ� WKH ILUVW
SDUDJUDSK GHVFULEHV RXU DVVXPSWLRQV XVLQJ WKH 0/%�ZLGH VXUYH\ DQG ZK\ ZH IHOW WKH
DVVXPSWLRQV ZHUH QHHGHG� DQG WKH VHFRQG SDUDJUDSK LQFOXGHV KRZ RXU SURSRVHG VXUYH\ TXHVWLRQV
ZRXOG DGGUHVV DQG UHGXFH WKH QHHG IRU DVVXPSWLRQ�V�� )RU PRUH GHWDLOV RQ DQ\ LQGLYLGXDO
DVVXPSWLRQ�XVHG�LQ�RXU�VWXG\��VHH�6HFWLRQ����������

2XW�RI�7RZQ�7UDYHO
(YHQ WKRXJK WKH ]LS FRGHV IURP ZKLFK IDQV RULJLQDWHG ZHUH NQRZQ� WKH VXUYH\ RQO\ LQGLFDWHG WKH
IDQV¶ ODVW WUDQVSRUWDWLRQ PRGH RQ WKH ZD\ WR WKH VWDGLXP� )RU H[DPSOH� LI D IDQ IOHZ WR WKH FLW\�
WRRN D WD[L WR D QHDUE\ KRWHO� DQG ZDONHG WR WKH VWDGLXP� WKH\ ZRXOG RQO\ UHFRUG RQ WKH VXUYH\
WKDW WKH\ ZDONHG WR WKH VWDGLXP� :H DWWHPSWHG WR DFFRXQW IRU WKH QRQ�UHSRUWHG PRGHV E\
HVWDEOLVKLQJ GLVWDQFH WKUHVKROGV EH\RQG ZKLFK ZH ZRXOG DVVXPH WKH IDQ GURYH RU IOHZ
�GHSHQGLQJ RQ WKH GLVWDQFH IURP WKH ]LS FRGH DQG RULJLQDO WUDQVSRUWDWLRQ PRGH VHOHFWHG�� )RU
RXW�RI�WRZQ WUDYHO� ZH QHHGHG WR NQRZ KRZ ORQJ IDQV VSHQW LQ WRZQ VLQFH RQO\ D SRUWLRQ RI WKH
HPLVVLRQV IURP WKHLU WUDYHO WR WRZQ VKRXOG EH DOORFDWHG WR DWWHQGLQJ WKH JDPH� :H DVVXPHG WKDW
IDQV WUDYHOLQJ IURP RXW�RI�WRZQ VSHQW ��� GD\V LQ WKH DUHD� EDVHG RQ WKH DYHUDJH OHQJWK�RI�VWD\
IRU�YLVLWRUV�WR�WKH�DUHD�DURXQG�7URSLFDQD�)LHOG��9LVLW 6W��3HWH�&OHDUZDWHU��������������������

,Q RXU SURSRVHG VXUYH\� ZH DVN IDQV H[SOLFLWO\ �� ZKHWKHU WKH\ ZHUH YLVLWLQJ WKH VWDGLXP IURP RXW
RI WRZQ DQG� LI VR� �� ZKLFK WUDQVSRUWDWLRQ PRGH WKH\ XVHG WR JHW WR WRZQ� �� ZKDW WKHLU KRPH ]LS
FRGH LV� DQG �� KRZ PDQ\ GD\V WKH\ VSHQW�SODQ RQ VSHQGLQJ LQ WRZQ� WKHVH TXHVWLRQV HOLPLQDWH
WKH QHHG IRU WKH GLVWDQFH WKUHVKROG DQG OHQJWK�RI�VWD\ DVVXPSWLRQV IRU SDUWLDO HPLVVLRQV
DOORFDWLRQ� :H LQFOXGH DQ DLUSODQH UHVSRQVH RSWLRQ DPRQJ WKH SRWHQWLDO WUDQVSRUWDWLRQ PRGHV
XVHG WR JHW WR WRZQ WR HOLPLQDWH WKH QHHG IRU DLU WUDYHO DVVXPSWLRQV� .QRZLQJ ERWK WKH
UHVSRQGHQW¶V KRPH ]LS FRGH IRU RXW�RI�WRZQ YLVLWRUV DQG WKH ]LS FRGH IURP ZKLFK WKH UHVSRQGHQW
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WUDYHOHG GLUHFWO\ WR WKH VWDGLXP HQDEOHV PRUH DFFXUDWH HVWLPDWHV RI WKH WRWDO PLOHV WUDYHOHG DQG
HPLVVLRQV�DVVRFLDWHG�ZLWK�WKH�WZR�GLVWLQFW�WULSV�

$XWRPRELOH�(PLVVLRQ�)DFWRUV
%HFDXVH ZH FRXOG QRW JOHDQ IURP WKH VXUYH\ ZKHWKHU VRPHRQH ZKR VHOHFWHG ³&DU�SHUVRQDO
YHKLFOH´ GURYH RU URGH LQ D SDVVHQJHU FDU� WUXFN� YDQ� RU 689� ZH DVVXPHG WKH GLVWULEXWLRQ RI FDU
W\SHV IDQV WRRN WR WKH VWDGLXP UHIOHFWHG WKH QDWLRQDO DYHUDJH GLVWULEXWLRQ� 6LPLODUO\� EHFDXVH ZH
KDG QR ZD\ RI NQRZLQJ ZKHWKHU DQ\ FDUV ZHUH HOHFWULF YHKLFOHV� ZH DVVXPHG DOO FDUV ZHUH
JDV�SRZHUHG� )RU RXU TXDQWLILFDWLRQ RI 5D\V¶ IDQ WUDQVSRUWDWLRQ HPLVVLRQV IURP FDUV� ZH
FDOFXODWHG DQ HPLVVLRQ IDFWRU WKDW LQFRUSRUDWHG WKH QDWLRQDO GLVWULEXWLRQ RI SDVVHQJHU�PLOHV
EHWZHHQ SDVVHQJHU FDUV DQG OLJKW�GXW\ WUXFNV �IRU ZKLFK WKH (3$ KDV GLVWLQFW HPLVVLRQ IDFWRUV�
�8�6��(3$������D��

4XHVWLRQV DERXW WUDQVSRUWDWLRQ PRGHV LQ RXU SURSRVHG VXUYH\ LQFOXGH GLVWLQFW UHVSRQVH RSWLRQV
IRU SDVVHQJHU FDUV DQG OLJKW�GXW\ WUXFNV� DQG LQGLFDWH VSHFLILFDOO\ ZKLFK YHKLFOH W\SHV DUH
LQFOXGHG LQ WKRVH EURDGHU FDWHJRULHV� VR WKDW ZH ZRXOG QRW KDYH WR DVVXPH WKH FDUV UHIOHFW WKH
QDWLRQDO DYHUDJH� LQVWHDG� ZH ZRXOG XVH WKH (3$ SDVVHQJHU FDU HPLVVLRQ IDFWRUV IRU UHVSRQVHV
ZKHQ ³3DVVHQJHU FDU� PLQLYDQ� 689� RU VPDOO SLFNXS WUXFN ´ LV VHOHFWHG DQG XVH WKH OLJKW�GXW\
WUXFN HPLVVLRQ IDFWRUV IRU UHVSRQVHV ZKHQ ³)XOO�VL]H WUXFN� IXOO�VL]H YDQ� RU H[WHQGHG�OHQJWK
689´ LV VHOHFWHG� $GGLWLRQDOO\� ZH LQFOXGH D GLVWLQFW UHVSRQVH RSWLRQ IRU HOHFWULF YHKLFOHV IRU
ZKLFK�WKH�&2�H�HPLVVLRQ�IDFWRU�FDQ�EH�FDOFXODWHG�XVLQJ (TXDWLRQ�����&�

$GGLWLRQDO�3DVVHQJHUV
6LQFH ZH XVHG WKH VXUYH\ UHVSRQVHV WR VFDOH XS WR WKH IXOO ���� VHDVRQ DWWHQGDQFH� WKH QXPEHU RI
SHRSOH FDSWXUHG LQ WKH VXUYH\ �L�H� UHVSRQGHQWV DQG HYHU\RQH WUDYHOLQJ ZLWK WKHP� KDV D PDMRU
LPSDFW RQ WKH VFDOLQJ IDFWRU� 7KH VXUYH\ FXUUHQWO\ DVNV D FDWHJRULFDO TXHVWLRQ� ³:LWK ZKLFK RI
WKH IROORZLQJ GLG \RX DWWHQG WKH JDPH"´ 1RW RQO\ GRHV WKLV TXHVWLRQ QRW HOLFLW D QXPEHU RI
DGGLWLRQDO WUDYHOHUV� LW DOVR GRHV QRW VSHFLILFDOO\ UHIHU WR WUDYHO WR WKH JDPH� ZLWK WKLV ZRUGLQJ� DQ
LQGLYLGXDO VXUYH\ UHVSRQVH FRXOG KDYH DFFRXQWHG IRU VHYHUDO SHRSOH ZKR WUDYHOHG VHSDUDWHO\ DQG
PHW DW WKH JDPH� $V VXFK� ZH DVVXPHG WKH QXPEHU RI DGGLWLRQDO SHRSOH WUDYHOLQJ ZLWK WKH
UHVSRQGHQW�E\�DGGLQJ�RQH�DGGLWLRQDO�SDVVHQJHU�IRU�HDFK�UHVSRQVH�RSWLRQ�VHOHFWHG�

,Q RXU VXUYH\� ZH PRGLILHG WKH 0/% VXUYH\ TXHVWLRQ WR UHDG� ³+RZ PDQ\ SHRSOH WUDYHOHG ZLWK
\RX WR WKH JDPH�´ HPSKDVL]LQJ WKH ZRUGV ³ZLWK \RX´ LQ LWDOLFV� :H H[SHFW WKLV PRGLILFDWLRQ ZLOO
UHVXOW LQ D PRUH DFFXUDWH HVWLPDWH RI WKH VFDOLQJ IDFWRU QHFHVVDU\ WR WUDQVODWH HPLVVLRQV IURP
VXUYH\�UHVSRQVHV�LQWR�HPLVVLRQV�IRU�WKH�HQWLUH�VHDVRQ�DWWHQGDQFH�

%LNH�6FRRWHU
:H DVVXPHG WKDW DOO UHVSRQGHQWV ZKR VHOHFWHG WKH ³ELNH�VFRRWHU´ RSWLRQ XVHG WKH
KXPDQ�SRZHUHG DQDORJXH� ,Q GRLQJ VR� ZH DVVXPHG WKDW ELNH�VFRRWHU WUDYHO SURGXFHG QR
HPLVVLRQV�

,Q RXU VXUYH\� ZH DGG WKUHH H�ELNH�H�VFRRWHU UHVSRQVH RSWLRQV WR WKH OLVW RI WUDQVSRUWDWLRQ PRGHV�
RQH IRU SHUVRQDO ELNHV�VFRRWHUV� RQH IRU VKDUHG� GRFNHG ELNHV�VFRRWHUV� DQG RQH IRU VKDUHG�
GRFNOHVV ELNHV�VFRRWHUV� WKHVH RSWLRQV HOLPLQDWH WKH QHHG WR DVVXPH DOO ELNHV�VFRRWHUV XVHG DUH
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KXPDQ�SRZHUHG� :H GLVWLQJXLVK EHWZHHQ WKH WKUHH YDULHWLHV EHFDXVH VKDUHG ELNHV�VFRRWHUV
JHQHUDWH HPLVVLRQV IURP ERWK FKDUJLQJ DQG UHEDODQFLQJ �FROOHFWLRQ DQG UHGLVWULEXWLRQ RI
ELNHV�VFRRWHUV� XVLQJ DXWRPRELOHV� GRFNHG RQHV SURGXFH IHZHU HPLVVLRQV WKDQ GRFNOHVV RQHV
EHFDXVH PRVW GRFNHG ELNHV�VFRRWHUV DUH UHWXUQHG WR GRFNV IRU FKDUJLQJ UHTXLULQJ OHVV UHEDODQFLQJ
�/XR�HW�DO����������3HUVRQDO�ELNHV�VFRRWHUV�RQO\�SURGXFH HPLVVLRQV�IURP�FKDUJLQJ�

5HWXUQ�7UDYHO
6LQFH WKH 0/% VXUYH\ TXHVWLRQV DERXW ]LS FRGH DQG WUDQVSRUWDWLRQ PRGH UHIHU RQO\ WR KRZ WKH
UHVSRQGHQW WUDYHOHG WR WKH VWDGLXP� ZH KDG WR DVVXPH WKDW DOO IDQV UHWXUQHG WR WKH VDPH ORFDWLRQ
DIWHU�WKH�JDPH�DQG�XVHG�WKH�VDPH�PRGH�

,Q RXU VXUYH\� ZH GLUHFWO\ DVN ZKHWKHU WKH UHVSRQGHQW XVHG �RU ZLOO XVH� WKH VDPH PRGH RI
WUDQVSRUWDWLRQ OHDYLQJ WKH VWDGLXP DV WKH\ GLG WR DUULYH DW WKH VWDGLXP� ,I QRW� ZH DVN ZKLFK PRGH
WKH\ XVHG �RU ZLOO XVH� DQG ZKLFK ]LS FRGH WKH\ H[SHFW WR WUDYHO WR� 7KHVH H[SOLFLW TXHVWLRQV ZLOO
UHGXFH�DVVXPSWLRQV�UHODWHG�WR�UHWXUQ�WUDYHO�

0XOWL�PRGDO�7UDYHO
7KH 0/% VXUYH\ RQO\ DFFHSWV D VLQJOH WUDQVSRUWDWLRQ PRGH UHVSRQVH� VR ZH FRXOG QRW LGHQWLI\
ZKHWKHU D UHVSRQGHQW WRRN PRUH WKDQ RQH WUDQVSRUWDWLRQ PRGH RU ZKDW WKH DGGLWLRQDO PRGH�V�
ZDV �ZHUH�� $V VXFK� ZH DVVXPHG WKDW WKH VXUYH\ UHVSRQGHQWV WRRN RQO\ WKH VLQJOH PRGH
LQGLFDWHG�LQ�WKHLU�UHVSRQVH�

$V PHQWLRQHG DERYH� ZH DVN H[SOLFLWO\ DERXW WUDQVSRUWDWLRQ PRGHV XVHG WR JHW WR WRZQ DQG UHWXUQ
KRPH DIWHU WKH JDPH� 7KHVH TXHVWLRQV ZRXOG DOORZ DQDO\VWV WR FDOFXODWH D PRUH DFFXUDWH FDUERQ
IRRWSULQW IURP IDQ WUDQVSRUWDWLRQ� ,Q WKH LQWHUHVW RI UHGXFLQJ UHVSRQGHQW EXUGHQ� ZH GR QRW DVN
DGGLWLRQDO TXHVWLRQV WR DVFHUWDLQ ZKHWKHU UHVSRQGHQWV WRRN PXOWLSOH PRGHV WR JHW WR WRZQ� JHW WR
WKH JDPH� RU JHW KRPH� )RU DOO TXHVWLRQV DERXW WUDQVSRUWDWLRQ PRGH� ZH DVN RQO\ IRU WKH PDLQ
PRGH XVHG� (YDOXDWLQJ WKH PDLQ PRGH RI WUDQVSRUWDWLRQ ZLOO JLYH XV WKH PRVW DFFXUDWH HPLVVLRQV
UHVXOWV�ZKLOH�PDLQWDLQLQJ�PLQLPDO�UHVSRQGHQW�EXUGHQ�

���� 6XUYH\�6WUXFWXUH
2XU VXUYH\ FRQVLVWV RI VL[ VHFWLRQV� HDFK VHUYLQJ D GLVWLQFW SXUSRVH� ZKLFK FRXOG EH LQFOXGHG RU
H[FOXGHG IRU HYHQWXDO GLVWULEXWLRQ EDVHG RQ WKH GHVLUHG SXUSRVH RI WKH VXUYH\ GLVWULEXWRU� +HUH�
ZH GLVFXVV WKH SXUSRVH DQG YDOXH RI HDFK VHFWLRQ� :H VWUHVV WKDW HDFK VHFWLRQ KDV EHHQ FDUHIXOO\
FUDIWHG DQG WKH PRVW UREXVW ILQGLQJV ZLOO FRPH IURP LPSOHPHQWLQJ WKLV VXUYH\ LQ LWV HQWLUHW\� EXW
ZH XQGHUVWDQG WKH UHDOLW\ WKDW LW PD\ EH GLIILFXOW WR LQFRUSRUDWH DOO TXHVWLRQV LQWR WKH H[LVWLQJ
0/%�ZLGH VXUYH\� %URDGO\� 3DUW , DQG 3DUW 9 RI WKH VXUYH\ DUH WKH PRVW LPSRUWDQW VHFWLRQV DV
WKH\ FRUUHVSRQG WR TXDQWLILFDWLRQ DQG ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ WUDQVSRUWDWLRQ LQLWLDWLYHV�
1RWDEO\� �� TXHVWLRQV RU ��� RI WKH VXUYH\ DUH FRQGLWLRQDO TXHVWLRQV� PHDQLQJ PRVW VXUYH\
SDUWLFLSDQWV ZLOO QRW VHH DOO TXHVWLRQV� UHGXFLQJ UHVSRQGHQW EXUGHQ� :KLOH LQFOXGLQJ RQO\ VSHFLILF
SDUWV RI WKLV VXUYH\� RU GHOHWLQJ VSHFLILF TXHVWLRQV LV DQ RSWLRQ WR UHGXFH UHVSRQGHQW EXUGHQ EDVHG
RQ WKH JRDOV RI VXUYH\ DGPLQLVWUDWRUV� ZH UHFRPPHQG QRW FKDQJLQJ DQ\ TXHVWLRQ UHVSRQVH
RSWLRQV XQOHVV VSHFLILFDOO\ LQGLFDWHG� DV WKH\ KDYH EHHQ FDUHIXOO\ VHOHFWHG IRU TXDQWLILFDWLRQ
SXUSRVHV�RU�EDVHG�RQ�EHKDYLRUDO�FKDQJH�UHVHDUFK�
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3DUW�,��4XDQWLILFDWLRQ
7KH SXUSRVH RI WKLV VHFWLRQ LV WR SURYLGH UREXVW TXDQWLILFDWLRQ RI *+* HPLVVLRQV IURP IDQV
WUDYHOLQJ WR DQG IURP WKH VWDGLXP �DQG WR DQG IURP WRZQ� LI DSSOLFDEOH�� 4XHVWLRQV GLUHFWO\ WLHG WR
TXDQWLILFDWLRQ DUH OLVWHG ZLWK WKHLU FRUUHVSRQGLQJ YDULDEOH IRU HPLVVLRQV FDOFXODWLRQ LQ 7DEOH ��
�6HFWLRQ�������

4XHVWLRQV ����� DQG ����� DGGUHVV HOHPHQWV RI TXDQWLILFDWLRQ� %DUULQJ 4XHVWLRQV ����� ZKLFK
DGGUHVV UHWXUQ WUDYHO �GLVFXVVHG EHORZ�� WR VXSSRUW UREXVW *+* TXDQWLILFDWLRQ� QR TXDQWLILFDWLRQ
TXHVWLRQV VKRXOG EH GHOHWHG RU PRGLILHG �VHH 6HFWLRQ ������ 4XHVWLRQV ��� ��� ��� DQG �� SURYLGH
FRQWH[W IRU ZK\ UHVSRQGHQWV FKRVH WKH WUDQVSRUWDWLRQ PRGH WKH\ GLG RQ WKLV RFFDVLRQ DQG LQ WKH
SDVW� WRXFKLQJ RQ NH\ IDFWRUV VXFK DV FRQYHQLHQFH WKDW RIWHQ KLQGHU ORZ�HPLVVLRQ WUDQVSRUWDWLRQ
DGRSWLRQ� DQG ZLOO EH XVHIXO IRU DVVHVVLQJ DWWLWXGHV WRZDUGV GLIIHUHQW WUDQVSRUWDWLRQ PRGHV PRUH
EURDGO\� 7KH\ DUH LQFOXGHG KHUH EHFDXVH� ZKLOH WKH\ GR QRW KHOS WR TXDQWLI\ HPLVVLRQV� WKLV
TXHVWLRQ RUGHU ZLOO UHGXFH UHVSRQGHQW EXUGHQ DV WKH\ DUH GLUHFWO\ UHODWHG WR TXDQWLILFDWLRQ
TXHVWLRQV DQG VKRXOG DSSHDU VHTXHQWLDOO\� (DV\�WR�IROORZ TXHVWLRQQDLUH IRUPDWV DUH LPSHUDWLYH WR
LPSURYH�UHVSRQVH�UDWHV��'LOOPDQ�HW�DO���������

4XHVWLRQV ��� DGGUHVV RXW�RI�WRZQ WUDYHO YV LQ�WRZQ WUDYHO ± LPSRUWDQW IRU TXDQWLILFDWLRQ EHFDXVH
ORQJ�GLVWDQFH WUDYHO DFFRXQWV IRU WKH PDMRULW\ RI IDQ WUDQVSRUWDWLRQ HPLVVLRQV� ,Q WKH VXUYH\� ZH
LQFOXGH D VWDQGDUGL]HG GHILQLWLRQ RI RXW�RI�WRZQ WUDYHO DV ³DQ\ YLVLW WKDW UHTXLUHV DQ RYHUQLJKW
VWD\�´ 4XHVWLRQV �� �� DQG �� HYDOXDWH WKH EURDG WUDQVSRUWDWLRQ PRGH XVHG IRU WUDYHO WR WRZQ�
WUDYHO WR WKH VWDGLXP IRU QRQ�ORFDO IDQV� DQG WUDYHO WR WKH VWDGLXP IRU ORFDO IDQV� UHVSHFWLYHO\�
4XHVWLRQV �� �� DQG �� DOORZ WKH UHVSRQGHQW WR VHOHFW D PRUH VSHFLILF DXWRPRELOH RSWLRQ �EDVHG
RQ (3$ HPLVVLRQ IDFWRUV� WR UHGXFH WKH QXPEHU RI UHVSRQVH RSWLRQV OLVWHG IRU HYHU\RQH� UHGXFLQJ
UHVSRQGHQW EXUGHQ� 4XHVWLRQ � HOLFLWV WKH IDQ¶V SODQQHG OHQJWK�RI�VWD\ WR EH XVHG IRU SDUWLDO
HPLVVLRQV�DOORFDWLRQ�

4XHVWLRQV ��� DVN IRU WKH UHVSRQGHQW¶V ]LS FRGH�V� WR HVWLPDWH GLVWDQFH WUDYHOHG DQG DVVRFLDWHG
HPLVVLRQV� 4XHVWLRQ � LV D FRQGLWLRQDO TXHVWLRQ �ZKLFK RQO\ DSSHDUV WR WKRVH ZKR DUH YLVLWLQJ
IURP RXW�RI�WRZQ� DQG IRFXVHV RQ WKH GLVWDQFH WUDYHOHG IURP WKH UHVSRQGHQW¶V KRPH ]LS FRGH WR
WKH ORFDWLRQ LQ ZKLFK WKH EDVHEDOO JDPH LV EHLQJ SOD\HG �FDOFXODWHG IURP WKH UHVSRQGHQW¶V
UHSRUWHG KRPH ]LS FRGH WR WKH UHSRUWHG ORFDO ]LS FRGH�� 4XHVWLRQV � DQG � IRFXV RQ WKH GLVWDQFH
WUDYHOHG EHWZHHQ VRPH ORFDO RULJLQ DQG WKH VWDGLXP� :RUGLQJ LV VOLJKWO\ GLIIHUHQW EHWZHHQ WKH
WZR�WR�GLIIHUHQWLDWH�EHWZHHQ�LQ�WRZQ�DQG�RXW�RI�WRZQ�IRU�RXW�RI�WRZQ�YLVLWRUV�

4XHVWLRQ �� DVNV ZK\ WKH IDQ WRRN WKH WUDQVSRUWDWLRQ PRGH WKH\ GLG DQG 4XHVWLRQ �� DVNV ZK\
WKH IDQ WRRN D GLIIHUHQW WUDQVSRUWDWLRQ PRGH WR OHDYH WKH VWDGLXP �LI WKH\ GLG�� 5HVXOWV IURP WKHVH
TXHVWLRQV DQG 4XHVWLRQV ��� ��� DQG �� DGGUHVV W\SLFDO EDUULHUV WR WDNLQJ DOWHUQDWLYH IRUPV RI
WUDQVSRUWDWLRQ� 8QGHUVWDQGLQJ NH\ PRGH�VZLWFKLQJ EDUULHUV ZLOO DOORZ WKH 5D\V RU RWKHU 0/%
WHDPV�WR�VWUXFWXUH�WHDP�LQWHUYHQWLRQV�WKDW�ZLOO�DGGUHVV�WKHVH�EDUULHUV�

%HFDXVH 4XHVWLRQ �� UHIHUV WR KRZ WKH IDQV KDYH WUDYHOHG WR WKH VWDGLXP LQ WKH SDVW� UHVSRQVHV
WKDW GLIIHU IURP WKH WUDQVSRUWDWLRQ PRGH WKH\ XVHG WRGD\ ZLOO RIIHU LQVLJKWV LQWR IDQV¶ FXUUHQW
IOH[LELOLW\�RU�ZLOOLQJQHVV�WR�WU\�GLIIHUHQW�WUDQVSRUWDWLRQ�PRGHV�
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4XHVWLRQV ����� VHHN WR GHWHUPLQH ZKHWKHU IDQV UHWXUQ WR WKH VDPH SODFH IURP ZKLFK WKH\
WUDYHOHG WR WKH VWDGLXP� ZKHWKHU WKH\ XVH WKH VDPH WUDQVSRUWDWLRQ PRGH WR OHDYH WKH VWDGLXP� DQG
ZK\� 5HVXOWV IURP WKHVH TXHVWLRQV FDQ HQDEOH PRUH HIIHFWLYH HVWLPDWHV RI GLVWDQFH �DQG
HPLVVLRQV� IRU DOWHUQDWH GHVWLQDWLRQV DQG�RU PRGHV RI WUDQVSRUWDWLRQ� $GGLWLRQDOO\� KRZ SHRSOH
OHDYH WKH VWDGLXP FDQ EH D XVHIXO LQVLJKW ZKHQ GHWHUPLQLQJ DFFRPPRGDWLRQV IRU IDQV WR VXSSRUW
ORZHU *+*�HPLWWLQJ PRGHV RI WUDQVSRUWDWLRQ� ,I VXUYH\ OHQJWK LV D VHULRXV FRQFHUQ� ZH EHOLHYH
WKHVH TXHVWLRQV DUH OHDVW LPSRUWDQW IRU TXDQWLILFDWLRQ DQG FRXOG EH UHPRYHG ZLWK OLPLWHG YDOXH
ORVW�

4XHVWLRQV ����� UHIHU WR WKH QXPEHU RI SHRSOH WUDYHOLQJ WRJHWKHU LQ WKH VDPH YHKLFOH� 4XHVWLRQ
�� VSHFLILFDOO\ LGHQWLILHV WKH QXPEHU RI SHRSOH WUDYHOLQJ ZLWK WKH UHVSRQGHQW IURP RXWVLGH WKHLU
KRXVHKROG� 7KLV TXHVWLRQ DGGUHVVHV DGGLWLRQDOLW\ IRU FDUSRROLQJ� 3HRSOH ZKR OLYH WRJHWKHU ZLOO
W\SLFDOO\ FDUSRRO DV D PDWWHU RI FRQYHQLHQFH� ,W LV LPSRUWDQW WR XQGHUVWDQG KRZ PDQ\ DGGLWLRQDO
SHRSOH FDUSRROHG ZLWK UHVSRQGHQWV WR DVVHVV EDVHOLQH FDUSRROLQJ EHKDYLRUV DQG WKH SRWHQWLDO IRU
LPSURYLQJ�FDUSRROLQJ�UDWHV�

3DUW�,,��,QYROYHPHQW�ZLWK�&XUUHQW�7HDP�5HVRXUFHV
4XHVWLRQV ����� DGGUHVV WKH H[WHQW WR ZKLFK IDQV KDYH HQJDJHG ZLWK WHDP UHVRXUFHV SHUWDLQLQJ WR
WUDQVSRUWDWLRQ VSHFLILFDOO\� RU WHDP LQLWLDWLYHV PRUH EURDGO\� 7KHVH TXHVWLRQV KHOS WHDVH DSDUW
ZKHWKHU WHDP UHVRXUFHV DUH FXUUHQWO\ EHLQJ OHYHUDJHG WR GLVVHPLQDWH LQIRUPDWLRQ DQG ZKHWKHU
SDVW SDUWLFLSDWLRQ LQ LQLWLDWLYHV PDNH IDQV PRUH OLNHO\ WR SDUWLFLSDWH LQ D WHDP�EDVHG
WUDQVSRUWDWLRQ LQLWLDWLYH� 5HVSRQVHV WR 4XHVWLRQV �� DQG �� KDYH EHHQ OHIW EODQN WR EH PRGLILHG
E\ LQGLYLGXDO WHDPV RU WKH 0/%� 4XHVWLRQ �� DVVHVVHV IDQV¶ DZDUHQHVV�IDPLOLDULW\ ZLWK
ELNH�VKDUH DQG VFRRWHU�VKDUH SURJUDPV DQG LV LQFOXGHG LQ WKLV VHFWLRQ EHFDXVH LW LV VSHFLILF WR WKH
WHDP¶V�FLW\�

3DUW�,,,��%URDGHU�7UDQVSRUWDWLRQ�+DELWV
4XHVWLRQV ����� DGGUHVV QRQ�JDPH�UHODWHG WUDQVSRUWDWLRQ KDELWV DQG DZDUHQHVV RI RU DFFHVV WR
GLIIHUHQW WUDQVSRUWDWLRQ RSWLRQV� ,I UHVSRQGHQWV UHSRUW XVLQJ SXEOLF WUDQVSRUWDWLRQ RU D ELNH RQ D
UHJXODU EDVLV� EXW GRQ¶W XVH WKHVH PRGHV WR JHW WR WKH VWDGLXP� EDUULHUV WR SDUWLFLSDWLRQ DUH OLNHO\
PRUH VLWXDWLRQ�VSHFLILF� DQG DFWLRQV RQ WKH SDUW RI WKH WHDP ZLOO OLNHO\ EH PRUH HIIHFWLYH�
/LNHZLVH� LI UHVSRQGHQWV KDYH DFFHVV WR DQ HOHFWULF YHKLFOH� IRU H[DPSOH� EXW XVH D PRUH
*+*�LQWHQVLYH PRGH WR JHW WR WKH VWDGLXP� WHDP�VSRQVRUHG LQLWLDWLYHV DUH OLNHO\ PRUH VDOLHQW�
$GGLWLRQDOO\� LI SHRSOH DOUHDG\ JHQHUDOO\ HQJDJH ZLWK DOWHUQDWLYH PRGHV RI WUDQVSRUWDWLRQ� WKH\
PD\ EH PRUH OLNHO\ WR SDUWLFLSDWH LQ LQFHQWLYH SURJUDPV WR WDNH SXEOLF WUDQVLW RU RWKHU OHVV
*+*�HPLWWLQJ PRGHV RI WUDQVSRUWDWLRQ WR WKH VWDGLXP� 5HVXOWV IURP WKLV VHW RI TXHVWLRQV DOVR
ZRUN�DV�H[SODQDWRU\�YDULDEOHV�IRU�WKH�UHVXOWV�RI�SDUWV�9�DQG�9,�

3DUW�,9��,Q�JURXS�%HKDYLRU
4XHVWLRQV ����� DGGUHVV WKH UHODWLYH LQIOXHQFH WKDW WKH SHRSOH \RX DWWHQG JDPHV ZLWK DQG WKH
WHDP KDYH RYHU \RXU FKRLFHV RI WUDQVSRUWDWLRQ WR WKH JDPH� 4XHVWLRQ �� DGGUHVVHV RXU VWUDWHJ\ WR
WDUJHW IDQV DWWHQGLQJ PXOWLSOH JDPHV LQ D VHDVRQ IRU PRGH�VZLWFKLQJ LQWHUYHQWLRQ VWUDWHJLHV� 7KLV
LV LPSRUWDQW IRU IRXU UHDVRQV� �� 7KH PRUH WLPHV WKH\ JR WR WKH VWDGLXP� WKH PRUH WKH\ ZLOO EH
H[SRVHG WR EHKDYLRUDO FKDQJH PHVVDJLQJ DQG %03V� �� ,I D IDQ VZLWFKHV WR D PRUH VXVWDLQDEOH
PRGH RI WUDQVSRUW� WKHQ WKH PRUH WLPHV WKLV IDQ JRHV WR D VWDGLXP� WKH JUHDWHU WKH HPLVVLRQV
UHGXFWLRQ SRWHQWLDO� �� /LWHUDWXUH VWDWHV IDQV DUH PRUH OLNHO\ WR FKDQJH WKHLU EHKDYLRU LI WKH\ DUH D
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SDUW RI WKH �LQ�JURXS�� PHDQLQJ WKH GHJUHH RI IDQGRP LQIOXHQFHV ZLOOLQJQHVV WR FKDQJH RQH
V
EHKDYLRU� ,W FDQ EH UHDVRQDEO\ DVVXPHG WKDW IDQV DWWHQGLQJ PRUH WKDQ RQH JDPH D VHDVRQ KDYH D
KLJKHU GHJUHH RI IDQGRP� �� 7DUJHWHG PHVVDJLQJ UHODWHG WR WUDQVSRUWDWLRQ PRGH�VZLWFKLQJ FDQ EH
FUHDWHG IRU WKHVH IDQV VSHFLILFDOO\� ,I LQ�JURXS EHKDYLRU LV UHODWLYHO\ VWURQJ� EDVHG RQ WKH UHVXOWV
RI 4XHVWLRQ ��� LQWHUYHQWLRQ VWUDWHJLHV WKDW IRFXV RQ SHHU SUHVVXUH DQG VRFLDO LQWHUDFWLRQV� VXFK DV
D VRFLDO PHGLD FDPSDLJQ� PD\ EH PRUH XVHIXO� 4XHVWLRQ �� LV D WHPSHUDWXUH FKHFN IRU ZKHWKHU RU
QRW�WKH�UHVSRQGHQW�ZRXOG�EH�UHFHSWLYH�WR�PRGH�VXJJHVWLRQV�IURP�WKH�WHDP�

3DUW�9��:LOOLQJQHVV�WR�3DUWLFLSDWH�LQ�3URSRVHG�7HDP�,QLWLDWLYHV
4XHVWLRQV ����� DGGUHVV IDQV¶ ZLOOLQJQHVV�WR�SDUWLFLSDWH LQ VSHFLILF SURVSHFWLYH WHDP LQLWLDWLYHV�
4XHVWLRQV ����� LGHQWLI\ EDUULHUV WR SDUWLFLSDWLRQ LQ FDUSRRO DQG PRGH�VZLWFKLQJ LQLWLDWLYHV�
4XHVWLRQV ����� DQG ����� LQWURGXFH D YDULHW\ RI JHQHULF DQG PRGH�VSHFLILF LQFHQWLYHV WR
HQFRXUDJH SDUWLFLSDWLRQ LQ D SDUWLFXODU LQLWLDWLYH� 7KH LQFHQWLYHV LQFOXGHG LQ WKLV VXUYH\ FRXOG EH
PRGLILHG� EXW 0/%�WHDPV DUH HQFRXUDJHG WR QRW UHPRYH LQFHQWLYHV VLQFH WKH\ DUH QRW FRPPLWWHG
WR SURYLGLQJ DQ\ LQFHQWLYHV PHUHO\ E\ GLVWULEXWLQJ WKH VXUYH\� $Q\ WUHQGV LGHQWLILHG IURP WKH OLVW
RI LQFHQWLYHV FDQ EH FDWDORJHG IRU XVH LI�ZKHQ WKH LQLWLDWLYHV FRPH WR SDVV� 4XHVWLRQ �� LV WKH
RQO\ TXHVWLRQ WKDW GRHV QRW UHIHU WR VSHFLILF LQFHQWLYHV� EXW LQVWHDG D SURSRVHG ³ELNH WR WKH JDPH´
HYHQW� DOUHDG\ FRQGXFWHG E\ D FRXSOH 0/% WHDPV� 5HVXOWV RI WKHVH TXHVWLRQV ZLOO KHOS WKH
WHDP�V� GHWHUPLQH ZKLFK LQLWLDWLYHV RU LQFHQWLYHV IDQV¶ DUH PRVW OLNHO\ WR HQJDJH ZLWK WR KHOS
GHWHUPLQH�ZKLFK�LQLWLDWLYHV�ZLOO�OLNHO\�EH�WKH�PRVW�VXFFHVVIXO�

3DUW�9,��&RQFOXGLQJ�4XHVWLRQV
4XHVWLRQV ����� ZUDS XS WKH VXUYH\� 4XHVWLRQ �� DGGUHVVHV WKH XWLOLW\ RI WKH VXUYH\ LWVHOI DV D
WRRO IRU LQIRUPLQJ�LQIOXHQFLQJ IDQV DERXW VXVWDLQDEOH WUDQVSRUWDWLRQ RSWLRQV� VLQFH SDUWLFLSDQWV
ZLOO OLNHO\ EH VSHQGLQJ ����� PLQXWHV HQJDJLQJ ZLWK WKH PDWHULDO� 4XHVWLRQ �� JLYHV WKH
UHVSRQGHQWV DQ RSSRUWXQLW\ WR FRQWULEXWH DQ\ DGGLWLRQDO WKRXJKWV UHODWHG WR WKH DGYDQFHPHQW RI
VXVWDLQDEOH WUDQVSRUWDWLRQ LQLWLDWLYHV� 7KLV RSHQ�HQGHG TXHVWLRQ LV LPSRUWDQW IRU EXLOGLQJ
UHVSRQGHQW WUXVW� D NH\ IDFWRU WR VXSSRUW UREXVW VXUYH\ UHVXOWV� DV LW LV LPSRUWDQW IRU UHVSRQGHQWV
WR IHHO WKH\ DUH EHLQJ KHDUG DQG WKH JRDOV RI ERWK WKH DGPLQLVWUDWRU DQG UHVSRQGHQW DUH PHW
�'LOOPDQ HW DO�� ������ 4XHVWLRQ �� LV DQ DGPLQLVWUDWLYH TXHVWLRQ VSHFLILF WR WKH LGHD RI EROVWHULQJ
VXUYH\ SDUWLFLSDWLRQ E\ RIIHULQJ D UHZDUG RU HQWU\ LQWR D UDIIOH WR SRWHQWLDOO\ UHFHLYH D SUL]H� 7KH
LQFOXVLRQ RI D UHZDUG IRU VXUYH\ FRPSOHWLRQ KDV EHHQ VKRZQ WR VLJQLILFDQWO\ LQFUHDVH ERWK VXUYH\
UHVSRQVH�DQG�FRPSOHWLRQ�UDWHV��'LOOPDQ�HW�DO���������6LQJHU�HW�DO���������

���� 6XUYH\�&UHDWLRQ�0HWKRGV
7KH FUHDWLRQ RI WKLV VXUYH\ IROORZHG VXUYH\ GHVLJQ EHVW SUDFWLFHV WR UHGXFH UHVSRQGHQW EXUGHQ
DQG VXUYH\ ELDV� SURYLGLQJ UREXVW VXUYH\ UHVXOWV �'LOOPDQ HW DO�� ����� 12$$� ������ 7KH
SXUSRVH DQG JRDOV RI WKH VXUYH\� GHWDLOV RQ FRQILGHQWLDOLW\ DQG FRQVHQW� DQG WKH W\SLFDO WLPH
UHTXLUHPHQW QHHGHG IRU FRPSOHWLRQ DUH FOHDUO\ RXWOLQHG LQ WKH LQWUR�EDFNJURXQG VHFWLRQ SUHFHGLQJ
WKH VWDUW RI WKH VXUYH\� 4XHVWLRQV IROORZ D ORJLFDO DQG VHTXHQWLDO RUGHU WR DYRLG UHVSRQGHQW ELDV�
)RU H[DPSOH� TXDQWLILFDWLRQ TXHVWLRQV FRPH EHIRUH TXHVWLRQV RQ EURDGHU EHKDYLRUDO KDELWV DQG
WKHVH EURDGHU WUDQVSRUWDWLRQ KDELW TXHVWLRQV FRPH EHIRUH TXHVWLRQV RQ LQFHQWLYHV WR DYRLG
UHVSRQGHQWV EHLQJ PRUH JHQHURXV LQ WKHLU XVH RI VXVWDLQDEOH PRGHV RI WUDQVLW WR EH SHUFHLYHG DV
PRUH HQYLURQPHQWDOO\ FRQVFLRXV� ,W LV FRPPRQ IRU VXUYH\ UHVSRQGHQWV WR ZDQW WR DSSHDU PRUH
IDYRUDEOH LQ WKH H\HV RI VXUYH\ DGPLQLVWRUV� 4XHVWLRQV DUH QHXWUDO� QRQ�OHDGLQJ TXHVWLRQV�

���



WDLORUHG WR DQ DXGLHQFH ZLWK OLWWOH NQRZOHGJH RQ VXVWDLQDEOH WUDQVSRUWDWLRQ PHWKRGV� DQG VLPSOH
ZRUGLQJ ZDV FDUHIXOO\ VHOHFWHG� 7KLV VXUYH\ SDVVHV WKH )OHVFK UHDGLQJ HDVH WHVW� PHDQLQJ LW LV
FRQVLGHUHG HDVLO\ XQGHUVWRRG E\ D ����� \HDU�ROG VWXGHQW� ,Q RUGHU WR UHGXFH UHVSRQGHQW EXUGHQ�
TXHVWLRQ IRUPDW LV JHQHUDOO\ FRQVLVWHQW ZKHQ SRVVLEOH� PRUH FRPSOH[ UHVSRQVH RSWLRQV DUH
UHSHDWHG WKURXJKRXW PXOWLSOH TXHVWLRQV� ILOO LQ WKH EODQN LV XVHG ZKHQ DSSURSULDWH� EROGLQJ LV
XVHG WR RULHQW VXUYH\ WDNHUV WR WKH NH\ GLIIHUHQFHV EHWZHHQ TXHVWLRQV� DQG FRQGLWLRQDO IRUPDWWLQJ
LV XVHG WR UHGXFH WKH DPRXQW RI TXHVWLRQV VHHQ E\ PRVW VXUYH\�WDNHUV� /DVWO\� TXHVWLRQV WKDW WHVW
WKH GHJUHH RI DJUHHDQFH RU ZLOOLQJQHVV WR SDUWLFLSDWH XVH D ILYH�SRLQW �RGG QXPEHUHG� OLNHUW VFDOH�
7KLV VXUYH\ KDV EHHQ DSSURYHG WKURXJK 8QLYHUVLW\ RI &DOLIRUQLD 6DQWD %DUEDUD¶V ,QVWLWXWLRQDO
5HYLHZ %RDUG� PHDQLQJ VXIILFLHQW VWHSV KDYH EHHQ WDNHQ WR SURWHFW WKH ULJKWV DQG ZHOIDUH RI
SDUWLFLSDQWV��DQG�WKH�VWXG\�SUHVHQWV�PRUH�EHQHILWV�WKDQ�ULVNV�WR�SDUWLFLSDQWV�

�����'LVWULEXWLRQ 0HWKRGV
:H UHFRPPHQG WKDW WKH 0/% HLWKHU LQFRUSRUDWH VRPH RU DOO RI WKHVH VXUYH\ TXHVWLRQV LQWR WKH
0/%�ZLGH VXUYH\ RU GLVWULEXWH WKLV VXUYH\ DV D VWDQGDORQH WUDQVSRUWDWLRQ�VSHFLILF VXUYH\ LQ LWV
HQWLUHW\ HLWKHU YLD HPDLO RU DW WKH VWDGLXP� ,I WKHVH TXHVWLRQV DUH LQFRUSRUDWHG LQWR WKH H[LVWLQJ
0/% VXUYH\� ZH VXJJHVW TXDQWLILFDWLRQ�EDVHG TXHVWLRQV UHSODFH WKH WUDQVSRUWDWLRQ�UHODWHG
TXHVWLRQV LQ WKH FXUUHQW 0/% VXUYH\� ,I GLVWULEXWHG DW WKH VWDGLXP� VHYHUDO RSWLRQV DUH VXJJHVWHG
WR LQFUHDVH VXUYH\ UHVSRQVH UDWH DQG DYRLG VDPSOLQJ ELDV� LI WKH VWDGLXP XVHV PRELOH WLFNHWLQJ
RQO\� DWWHQGHHV FDQ EH SURPSWHG WR WDNH WKH VXUYH\ YLD D QRWLILFDWLRQ WKURXJK WKH DSS RQ WKHLU
SKRQH EHWZHHQ LQQLQJV� VLPLODUO\� DWWHQGHHV FDQ EH LQYLWHG WR WDNH WKH VXUYH\ RQ WKH MXPERWURQ
ZLWK D FRUUHVSRQGLQJ DQQRXQFHPHQW EHWZHHQ LQQLQJV �WKLV RSWLRQ LQYLWHV DQ RSSRUWXQLW\ IRU
VSRQVRUVKLS�� RU DWWHQGHHV FDQ XVH WKHLU FHOOSKRQHV WR VFDQ VWUDWHJLFDOO\ SODFHG 45 FRGHV�
DGYHUWLVLQJ WKH RSSRUWXQLW\ WR ZLQ D SUL]H� ,I WKLV VXUYH\ LV GLVWULEXWHG DV D VWDQG�DORQH VXUYH\ YLD
HPDLO� FDUH VKRXOG EH WDNHQ WR VHQG WR DOO DWWHQGHHV RU WLFNHW SXUFKDVHUV WR DYRLG VDPSOLQJ ELDV� ,I
D VWDQG�DORQH WUDQVSRUWDWLRQ VXUYH\ LV GLVWULEXWHG� ZH UHFRPPHQG WKH LQFOXVLRQ RI DQ LQFHQWLYH
VXFK DV D JLYHDZD\ IRU DOO ZKR SDUWLFLSDWH RU WR EH HQWHUHG LQWR D GUDZLQJ IRU D FKDQFH WR ZLQ D
PRUH FRYHWHG SUL]H �DQ RSWLRQ OLNHO\ WR KDYH OHVV ORJLVWLFV LQYROYHG� WR LQFUHDVH VXUYH\ UHVSRQVH
DQG FRPSOHWLRQ UDWHV �'LOOPDQ HW DO�� ����� 6LQJHU HW DO�� ������ :LWK HLWKHU GLVWULEXWLRQ PHWKRG
VXUYH\ GLVWULEXWLRQ EHVW SUDFWLFHV VKRXOG EH IROORZHG WR HQVXUH WKH LQWHJULW\ RI VXUYH\ UHVXOWV
�'LOOPDQ�HW�DO���������

���� 6XUYH\�$QDO\VLV�0HWKRGV
5HVXOWV RI WKLV VXUYH\ FDQ EH DQDO\]HG IROORZLQJ WKH VDPH JHQHUDO TXDQWLILFDWLRQ PHWKRGV XVHG LQ
WKLV VWXG\ WR HVWLPDWH HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ PRUH DFFXUDWHO\ �VHH 6HFWLRQ ��������
+RZHYHU� DGGLWLRQDO DQDO\VLV LV QHHGHG WR DFFRXQW IRU RXW�RI�WRZQ WUDYHO DQG UHWXUQ WUDYHO DIWHU
WKH JDPH �LI LW LV GLIIHUHQW IURP WKH PRGH XVHG RU GLVWDQFH WR WKH JDPH�� 7KH GLIIHUHQWLDWLRQ
EHWZHHQ WUDYHO WR WRZQ� WUDYHO WR WKH JDPH� DQG WUDYHO IURP WKH JDPH IRU RXW�RI�WRZQ VXUYH\
UHVSRQGHQWV ZRXOG IROORZ (TXDWLRQ ����$ �YDULDEOHV LQ 7DEOH ���� 7UDQVODWLRQ IURP HPLVVLRQV
IURP D VLQJOH VXUYH\ UHVSRQVH WR WRWDO HVWLPDWHG HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZRXOG IROORZ
(TXDWLRQ�����%�

(TXDWLRQ�����$�

���
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7DEOH ��� 9DULDEOHV XVHG LQ (TXDWLRQV �����$ DQG ����% WR FDOFXODWH HPLVVLRQV IURP GDWD IURP
6XVWDLQDEDOO�VXUYH\

9DULDEOH 'HVFULSWLRQ��8QLWV� &RUUHVSRQGLQJ
6XUYH\�4XHVWLRQ�V�

(6
7RWDO�WUDQVSRUWDWLRQ�HPLVVLRQV��NJ�&2�H��IRU�RQH

VXUYH\�UHVSRQVH�

336 1XPEHU�RI�SDVVHQJHUV������WR�LQFOXGH�UHVSRQGHQW�� ��
57) 5RXQG�WULS�IDFWRU�� ��
'7 2QH�ZD\�WUDYHO�GLVWDQFH�WR�WRZQ��PLOHV��
 �

7 7UDQVSRUWDWLRQ�PRGH� �����������������������
/ /HQJWK�RI�VWD\��GD\V��
 �

()7
(PLVVLRQ�IDFWRU�IRU�WUDQVSRUWDWLRQ�PRGH��PDVV�RI

*+*���SDVVHQJHU�PLOH�RU�YHKLFOH�PLOH��

*:37 *OREDO�ZDUPLQJ�SRWHQWLDO�IRU�*+*�

'$ 2QH�ZD\�ORFDO�WUDYHO�GLVWDQFH�WR�JDPH��PLOHV�� ����

''
2QH�ZD\�ORFDO�WUDYHO�IURP�VWDGLXP�DIWHU�JDPH

�PLOHV�� ��

($
7RWDO�WUDQVSRUWDWLRQ�HPLVVLRQV��NJ�&2�H��IRU�HQWLUH

VHDVRQ
66) 6HDVRQ�VFDOLQJ�IDFWRU�


7UDYHO GLVWDQFH WR WRZQ VKRXOG EH FDOFXODWHG IURP WKH UHVSRQGHQW¶V KRPH ]LS FRGH WR WKH ORFDO ]LS FRGH WKH\ UHSRUW�
,I WKH UHVSRQGHQW LV QRW YLVLWLQJ IURP RXW RI WRZQ �DQG GRHV QRW UHFHLYH 4XHVWLRQ ��� '7  � DQG /  �� �&DOFXODWHG LQ
(TXDWLRQ �����$� � 6XUYH\ 5HVSRQVHV� � (3$ ���� *+* (PLVVLRQ ,QYHQWRU\ )DFWRUV � 7DEOH ��� �,3&& $5��
�(TXDWLRQ�������%

7KH DGGLWLRQDO WUDQVSRUWDWLRQ PRGH RSWLRQV ZLOO QRW IXQGDPHQWDOO\ FKDQJH WKH PHWKRGRORJ\� EXW
WKH\ ZLOO QHHG GLVFUHWH HPLVVLRQ IDFWRUV� %HFDXVH VRPH YHKLFOH HPLVVLRQ IDFWRUV FKDQJH DV IOHHWV
DUH PRGHUQL]HG DQG SROOXWH OHVV� WKH HPLVVLRQ IDFWRUV XVHG IRU HVWLPDWLRQ ZLOO QHHG WR EH XSGDWHG
SHULRGLFDOO\� (PLVVLRQ IDFWRUV IRU WKH PDMRULW\ RI YHKLFOHV LQ RXU VXUYH\ DUH LQFOXGHG LQ (3$¶V
*+* (PLVVLRQV +XE� ZKLFK LV XSGDWHG DQQXDOO\ �8�6� (3$� ����D�� 7KH UHPDLQLQJ PRGHV ZLOO
UHTXLUH DW OHDVW RQH DGGLWLRQDO SLHFH RI LQIRUPDWLRQ WR FDOFXODWH HPLVVLRQV� (OHFWULF PRGHV�
LQFOXGLQJ FDUV� SHUVRQDO RU GRFNHG H�ELNHV�H�VFRRWHU� DQG GRFNOHVV H�ELNHV�H�VFRRWHUV� SURGXFH
HPLVVLRQV IURP HOHFWULFLW\ XVH� WKH ORFDO H*ULG VXEUHJLRQ KDV HPLVVLRQ IDFWRUV LQ OEV &2�H SHU
0:K� $GGLWLRQDOO\� HIILFLHQF\ LQIRUPDWLRQ �L�H� N:K SHU PLOH� LV QHHGHG IRU HDFK YHKLFOH W\SH WR
FDOFXODWH HPLVVLRQV �(TXDWLRQ ����%�� ,QIRUPDWLRQ RQ (9 HIILFLHQF\ FDQ EH IRXQG RQ
$OWHUQDWLYH )XHOV 'DWD &HQWHU �8�6� 'HSDUWPHQW RI (QHUJ\� ������ (IILFLHQFLHV IRU GRFNOHVV DQG
SHUVRQDO H�ELNHV DQG VFRRWHUV ZHUH IRXQG LQ VFLHQWLILF VWXGLHV �+ROOLQJVZRUWK HW DO�� �����
0F4XHHQ HW DO�� ������ EXW DV WKH WHFKQRORJLHV GHYHORS� XSGDWHG QXPEHUV ZLOO OLNHO\ EHFRPH
DYDLODEOH� )RU VKDUHG H�ELNHV�H�VFRRWHUV� DGGLWLRQDO HPLVVLRQV �LQ NJ &2�H�PL� PXVW EH DGGHG WR
WKH WRWDO FDOFXODWHG LQ (TXDWLRQ ����& WR DFFRXQW IRU UHEDODQFLQJ �+ROOLQJVZRUWK HW DO�� �����
/XR�HW�DO���������

���



(TXDWLRQ�����&�
(OHFWULF�7UDQVSRUWDWLRQ�0RGH�(PLVVLRQV��&2�H�LQ�NJ�PLOHV�� �(OHFWULF�WUDQVSRUWDWLRQ�PRGH
HIILFLHQF\��N:K�PL��[��0:K�����N:K�[�H*ULG�HPLVVLRQ�IDFWRU��OEV�&2�H�0:K��[�������NJ�OE

7D[L DQG ULGHVKDUH YHKLFOH HPLVVLRQV FDQ EH EDVHG RQ SDVVHQJHU FDU HPLVVLRQ IDFWRUV IURP (3$
*+* (PLVVLRQV +XE� EXW VKRXOG EH PXOWLSOLHG E\ WKH &,' IDFWRU GHVFULEHG LQ 6HFWLRQ �������� WR
DFFRXQW IRU DGGLWLRQDO HPLVVLRQV IURP FUXLVLQJ� LGOLQJ� DQG GHDGKHDGLQJ� :H FDOFXODWHG &,'
IDFWRUV IURP $QDLU HW DO� ������ DQG &UDPHU 	 .UXHJHU ������� EXW QHZ &,' IDFWRUV VKRXOG EH
FDOFXODWHG LI EHWWHU LQIRUPDWLRQ UHODWLQJ WKH HPLVVLRQV RU FDSDFLW\ XWLOL]DWLRQ IDFWRU RI WD[LV DQG
ULGHVKDUH�YHKLFOHV�WR�FDUV�EHFRPHV�DYDLODEOH�

&HUWDLQ WUDQVSRUWDWLRQ PRGHV KDYH GLIIHUHQW HPLVVLRQ IDFWRUV GHSHQGLQJ RQ WKH GLVWDQFH WUDYHOHG
RU UHJLRQ ZKHUH WUDYHOLQJ WRRN SODFH� 7UDYHO E\ LQWHUFLW\ UDLO LQ WKH 1RUWKHDVW &RUULGRU VKRXOG EH
GLVWLQJXLVKHG IURP RWKHU URXWHV DURXQG WKH FRXQWU\� WKH HPLVVLRQ IDFWRUV IRU WKH 1RUWKHDVW
&RUULGRU VKRXOG EH XVHG RQO\ IRU D VWDGLXP DORQJ WKH FRUULGRU �L�H� :DVKLQJWRQ '& WR %RVWRQ��
$LUSODQH HPLVVLRQV YDU\ GHSHQGLQJ RQ WKH GLVWDQFH DQG VKRXOG EH GLIIHUHQWLDWHG EDVHG RQ WKH ]LS
FRGH GLVWDQFH IURP KRPH WR VWDGLXP� (PLVVLRQ IDFWRUV XVHG LQ WKLV VWXG\ DUH SUHVHQWHG LQ 7DEOH
���

���� 0RGH�6ZLWFKLQJ�DQG�$YRLGLQJ�%DFNILUH
%H\RQG XVLQJ VXUYH\ UHVXOWV WR HVWLPDWH *+* HPLVVLRQV SURGXFHG IURP IDQ WUDQVSRUWDWLRQ�
UHVXOWV RI WKLV VXUYH\ ZLOO KHOS WHDPV GHWHUPLQH ZKLFK LQFHQWLYHV� HYHQWV� RU WHDP LQWHUYHQWLRQV
ZLOO ZRUN EHVW WR VXSSRUW EHKDYLRUDO FKDQJH RQ EHKDOI RI IDQV� 5HVXOWV RI WKLV VXUYH\ PXVW
DFFRXQW IRU SRWHQWLDO ³EDFNILUH�´ 6LPSO\ HYDOXDWLQJ WKH UHVXOWV RI SDUW 9 DQG 9, LV QRW VXIILFLHQW
WR GHWHUPLQH WKH YDOLGLW\ RI WKHVH LQFHQWLYHV� IDQV PXVW VZLWFK IURP PRUH *+*�HPLWWLQJ
WUDQVSRUWDWLRQ PRGHV WR OHVV� QRW WKH RWKHU ZD\ DURXQG� 7HDPV VKRXOG QRW SURPRWH LQWHUYHQWLRQV
ZKHUH WKH PDMRULW\ RI IDQV DUH VKLIWLQJ WR PRUH *+*�LQWHQVLYH PRGHV �H�J� ZDONLQJ WR H�ELNH��
(YDOXDWLQJ SRWHQWLDO EDFNILUH FDQ EH GRQH E\ OLQNLQJ UHVXOWV IURP TXHVWLRQV WKDW DGGUHVV FXUUHQW
WUDQVSRUWDWLRQ PHWKRGV DQG LQFHQWLYH TXHVWLRQV� 5HVXOWV VKRXOG ILUVW EH ILOWHUHG EDVHG RQ
4XHVWLRQV � DQG �� WR YLHZ UHVXOWV RI TXHVWLRQV LQ SDUWV ,,,�9� )URP KHUH� D FRPSDUDWLYH DQDO\VLV
FDQ KHOS WR JDXJH ZKLFK LQWHUYHQWLRQV ZLOO OLNHO\ VWLPXODWH EHKDYLRUDO FKDQJH IURP PRUH
LQWHQVLYH PRGHV RI WUDQVSRUWDWLRQ WR OHVV LQWHQVLYH PRGHV RI WUDQVSRUWDWLRQ� RU YLFH YHUVD� 7KH
GHJUHH RI SRWHQWLDO EDFNILUH ZLOO EH GLIILFXOW WR HYDOXDWH EDVHG RQ WKHVH VXUYH\ UHVXOWV� EXW D
JHQHUDO LGHD DV WR ZKLFK EDUULHUV� LQWHUYHQWLRQV DQG LQFHQWLYHV PD\ FDXVH D EDFNILUH HIIHFW LV
YDOXDEOH LQIRUPDWLRQ WR GHWHUPLQH D WHDP¶V LQWHUYHQWLRQ VWUDWHJ\� /DVWO\� GHVFULSWLYH VWDWLVWLFV
�H�J�� PHDQ� PHGLDQ� DQG VWDQGDUG GHYLDWLRQ� FDQ EH XVHG WR VXPPDUL]H VXUYH\ UHVXOWV DQG PD\ EH
VXIILFLHQW WR JDLQLQJ LQVLJKWV LQWR WKH EHVW LQWHUYHQWLRQ VWUDWHJLHV IRU D WHDP� EXW LQIHUHQWLDO
VWDWLVWLFV� ZKLFK UHYHDO WKH GHJUHH WR ZKLFK GLIIHUHQW YDULDEOHV DUH UHODWHG ZLOO DOORZ IRU D PRUH
UREXVW DQDO\VLV� SDUWLFXODUO\ ZKHQ H[DPLQLQJ KRZ UHVXOWV IURP GLIIHUHQW SDUWV RI WKH VXUYH\
LQIOXHQFH HDFK RWKHU �H�J� KRZ EURDGHU WUDQVSRUWDWLRQ KDELWV DQG LQ�JURXS EHKDYLRU LQIOXHQFH
IDQV¶�ZLOOLQJQHVV�WR�SDUWLFLSDWH��

���� &RQFOXGLQJ�5HPDUNV

���



,Q VXP� WKLV VXUYH\ ZLOO LGHQWLI\ EDUULHUV DQG EHQHILWV DVVRFLDWHG ZLWK VZLWFKLQJ WR PRUH
VXVWDLQDEOH PRGHV RI WUDQVSRUWDWLRQ DQG VXSSRUW WKH LPSOHPHQWDWLRQ RI D WHDP�OHG VWUDWHJ\ WKDW
XWLOL]HV HIIHFWLYH EHKDYLRU�FKDQJH PHFKDQLVPV WR DGGUHVV WKHVH EDUULHUV DQG EHQHILWV WR WDNLQJ
PRUH VXVWDLQDEOH PRGHV RI WUDQVSRUWDWLRQ WR JDPHV� 7KH 0/%�ZLGH VXUYH\ XVHG WR TXDQWLI\
*+* HPLVVLRQV IURP IDQ WUDQVSRUWDWLRQ ZDV QRW GHVLJQHG IRU WKHVH SXUSRVHV� WKXV PDQ\
DVVXPSWLRQV ZHUH PDGH GXULQJ DQDO\VLV� 8SGDWHG TXHVWLRQV SURYLGHG KHUH ZLOO VXSSRUW PRUH
SUHFLVH *+* HPLVVLRQ HVWLPDWLRQ� 6XUYH\ UHVXOWV ZLOO DOVR SURYLGH DX[LOLDU\ EHQHILWV WR WHDPV E\
SURYLGLQJ DQ RSSRUWXQLW\ WR YDOLGDWH EHVW PDQDJHPHQW SUDFWLFHV �%03V� SURSRVHG LQ WKLV VWXG\�
SURYLGH DQ RSSRUWXQLW\ IRU FURVV�VHFWLRQDO DQDO\VLV EHWZHHQ WHDPV VKRXOG WKH VXUYH\ EH
LPSOHPHQWHG E\ WKH 0/%� VXSSRUW WKH HYDOXDWLRQ RI EURDGHU 0/% ZLGH LQLWLDWLYHV� DQG ODVWO\�
WKH�VXUYH\�LWVHOI�FDQ�VHUYH�DV�DQ�HGXFDWLRQDO�WRRO�WR�UHVSRQGHQWV�

���



��� 6XSSOHPHQWDO�,QIRUPDWLRQ��)DQ�7UDQVSRUWDWLRQ�6XUYH\
&RQVHQW�,QWURGXFWLRQ

&RPSOHWH WKLV VXUYH\ WR HQWHU LQWR D FKDQFH WR ZLQ PHPRUDELOLD DXWRJUDSKHG E\ >WHDP PHPEHU@�
7KH SXUSRVH RI WKLV VXUYH\ LV WR EHWWHU XQGHUVWDQG KRZ IDQV DUH WUDYHOLQJ WR 0/% JDPHV DQG WR
DVVHVV IDQ¶V ZLOOLQJQHVV WR SDUWLFLSDWH LQ SRWHQWLDO WUDQVSRUWDWLRQ�EDVHG WHDP�VSRQVRUHG
LQLWLDWLYHV�

<RXU SDUWLFLSDWLRQ LQ WKLV VXUYH\ LV FRPSOHWHO\ YROXQWDU\ DQG UHVSRQVHV DUH DQRQ\PRXV� <RX FDQ
FKRRVH QRW WR DQVZHU DQ\ TXHVWLRQ \RX GR QRW ZLVK WR DQVZHU� <RX FDQ DOVR FKRRVH WR VWRS WDNLQJ
WKH VXUYH\ DW DQ\ WLPH� 8SRQ VXUYH\ FRPSOHWLRQ� \RX ZLOO KDYH WKH RSWLRQ WR HQWHU LQWR D FKDQFH
WR ZLQ >LQVHUW SUL]H@� <RX PXVW SURYLGH \RXU HPDLO WR EH HQWHUHG� EXW VXUYH\ UHVSRQVHV ZLOO QRW EH
DVVRFLDWHG�ZLWK�\RXU�HPDLO�

<RX PXVW EH DW OHDVW �� \HDUV ROG WR SDUWLFLSDWH� 7KH VXUYH\ ZLOO WDNH DERXW �� PLQXWHV WR
FRPSOHWH�

>3$57�,��48$17,),&$7,21@

�� $UH�\RX�YLVLWLQJ�WKH�VWDGLXP�IURP�RXW�RI�WRZQ�WRGD\"��:H�GHILQH�RXW�RI�WRZQ�DV�DQ\�YLVLW
WKDW�UHTXLUHV�DQ�RYHUQLJKW�VWD\��

D� <HV
E� 1R

�� �&RQGLWLRQDO� ,I�\HV�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
3OHDVH�VWDWH�\RXU�KRPH�]LS�FRGH���RSHQ�HQGHG�

�� �&RQGLWLRQDO� ,I�\HV�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
3OHDVH�LQGLFDWH�WKH�ORFDO�]LS�FRGH�\RX�WUDYHOHG�WR�WKH�VWDGLXP�IURP�WRGD\���RSHQ�HQGHG�

�� �&RQGLWLRQDO� ,I�QR�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
3OHDVH�LQGLFDWH�WKH�]LS�FRGH�\RX�WUDYHOHG�WR�WKH�VWDGLXP�IURP�WRGD\���RSHQ�HQGHG�

�� �&RQGLWLRQDO� ,I�\HV�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�KRZ�\RX�JRW LQWR WRZQ"��6HOHFW�RQH�RSWLRQ�

D� 3ODQH
E� $XWRPRELOH
F� 7UDLQ
G� %XV

���



H� 2WKHU��SOHDVH�VSHFLI\

�� �&RQGLWLRQDO� ,I�³$XWRPRELOH´�WR�³:KLFK�RI�WKH�IROORZLQJ EHVW�GHVFULEHV�KRZ�\RX�JRW
LQWR WRZQ"´�
:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�\RXU�DXWRPRELOH"

D� 3DVVHQJHU�FDU��PLQLYDQ��689��RU�VPDOO�SLFNXS�WUXFN
E� )XOO�VL]H�WUXFN��IXOO�VL]H�YDQ��RU�H[WHQGHG�OHQJWK�689
F� (OHFWULF�YHKLFOH

�� �&RQGLWLRQDO� ,I�\HV�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
2QFH�LQ�WRZQ��ZKLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�KRZ�\RX�JRW�WR�WKH�VWDGLXP�WRGD\"
�6HOHFW�RQH�RSWLRQ�

D� $XWRPRELOH
E� 5LGHVKDUH��H�J��8EHU��/\IW�
F� 7D[L
G� %XV
H� ,QWHUFLW\�UDLO��H�J��$PWUDN�
I� &RPPXWHU�UDLO��UDLO�VHUYLFH�EHWZHHQ�D�FHQWUDO�FLW\�DQG�DGMDFHQW�VXEXUEV�
J� 7UDQVLW�UDLO��H�J��VXEZD\��HOHYDWHG�UDLOZD\��PHWUR��VWUHHWFDUV��WUROOH\�FDUV��DQG

WUDPZD\V�
K� :DON
L� %LF\FOH�VFRRWHU��KXPDQ�SRZHUHG�
M� (�ELNH�H�VFRRWHU��SHUVRQDO�
N� (�ELNH�H�VFRRWHU��VKDUHG�GRFNHG�
O� (�ELNH�H�VFRRWHU��VKDUHG�GRFNOHVV�
P� 2WKHU��SOHDVH�VSHFLI\

�� �&RQGLWLRQDO� ,I�³$XWRPRELOH´�WR�³2QFH�LQ�WRZQ��ZKLFK RI�WKH�IROORZLQJ�EHVW�GHVFULEHV
KRZ�\RX�JRW�WR�WKH�VWDGLXP�WRGD\"´��:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�\RXU
DXWRPRELOH"

D� 3DVVHQJHU�FDU��PLQLYDQ��689��RU�VPDOO�SLFNXS�WUXFN
E� )XOO�VL]H�WUXFN��IXOO�VL]H�YDQ��RU�H[WHQGHG�OHQJWK�689
F� (OHFWULF�YHKLFOH

�� �&RQGLWLRQDO� ,I�\HV�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�
+RZ�PDQ\�WRWDO�GD\V�ZLOO�\RX�VSHQG�LQ�WRZQ�RQ�WKLV�WULS"

D� )LOO�LQ�WKH�EODQN�DQVZHU��BBBBBBB�GD\V

��� �&RQGLWLRQDO� ,I�QR�WR�³$UH�\RX�YLVLWLQJ�WKH�VWDGLXP IURP�RXW�RI�WRZQ�WRGD\"´�

���



:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�KRZ�\RX�JRW�WR�WKH�VWDGLXP�WRGD\"��6HOHFW�RQH
RSWLRQ�

D� $XWRPRELOH
E� 5LGHVKDUH��H�J��8EHU��/\IW�
F� 7D[L
G� %XV
H� ,QWHUFLW\�UDLO��H�J��$PWUDN�
I� &RPPXWHU�UDLO��UDLO�VHUYLFH�EHWZHHQ�D�FHQWUDO�FLW\�DQG�DGMDFHQW�VXEXUEV�
J� 7UDQVLW�UDLO��H�J��VXEZD\��HOHYDWHG�UDLOZD\��PHWUR��VWUHHWFDUV��WUROOH\�FDUV��DQG

WUDPZD\V�
K� :DON
L� %LF\FOH�VFRRWHU��KXPDQ�SRZHUHG�
M� (�ELNH�H�VFRRWHU��SHUVRQDO�
N� (�ELNH�H�VFRRWHU��VKDUHG�GRFNHG�
O� (�ELNH�H�VFRRWHU��VKDUHG�GRFNOHVV�
P� 2WKHU��SOHDVH�VSHFLI\

��� �&RQGLWLRQDO� ,I�³$XWRPRELOH´�WR�����³:KLFK�RI�WKH IROORZLQJ�EHVW�GHVFULEHV�KRZ�\RX
JRW�WR�WKH�VWDGLXP�WRGD\"´�
:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�\RXU�DXWRPRELOH"

D� 3DVVHQJHU�FDU��PLQLYDQ��689��RU�VPDOO�SLFNXS�WUXFN
E� )XOO�VL]H�WUXFN��IXOO�VL]H�YDQ��RU�H[WHQGHG�OHQJWK�689
F� (OHFWULF�YHKLFOH

��� :K\�GLG�\RX�FKRRVH�WR�XVH�WKH�WUDQVSRUWDWLRQ�PHWKRG�WKDW�\RX�GLG"��&KHFN�DOO�WKDW�DSSO\�
D� 0RVW�FRQYHQLHQW�RSWLRQ
E� &KHDSHVW�RSWLRQ
F� 4XLFNHVW�RSWLRQ
G� 6RPHRQH�HOVH�UHFRPPHQGHG�WKH�RSWLRQ
H� ,W¶V�P\�UHJXODU�PHWKRG
I� ,W�ZDV�QRW�P\�FKRLFH
J� 2QO\�RSWLRQ�DYDLODEOH
K� 2WKHU��SOHDVH�H[SODLQ�

��� :KLFK�RI�WKH�IROORZLQJ�ZD\V�KDYH�\RX�WUDYHOHG�WR�WKLV�VWDGLXP�LQ�WKH�SDVW"��&KHFN�DOO
WKDW�DSSO\�

D� $XWRPRELOH
E� 5LGHVKDUH��H�J��8EHU��/\IW�
F� 7D[L

���



G� %XV
H� ,QWHUFLW\�UDLO��H�J��$PWUDN�
I� &RPPXWHU�UDLO��UDLO�VHUYLFH�EHWZHHQ�D�FHQWUDO�FLW\�DQG�DGMDFHQW�VXEXUEV�
J� 7UDQVLW�UDLO��H�J��VXEZD\��HOHYDWHG�UDLOZD\��PHWUR��VWUHHWFDUV��WUROOH\�FDUV��DQG

WUDPZD\V�
K� :DON
L� %LF\FOH�VFRRWHU��KXPDQ�SRZHUHG�
M� (�ELNH�H�VFRRWHU��SHUVRQDO�
N� (�ELNH�H�VFRRWHU��VKDUHG�GRFNHG�
O� (�ELNH�H�VFRRWHU��VKDUHG�GRFNOHVV�
P� 2WKHU��SOHDVH�VSHFLI\
Q� ,¶YH�QHYHU�EHHQ�WR�WKLV�VWDGLXP�EHIRUH

��� :LOO�\RX�EH�UHWXUQLQJ�WR�WKH�VDPH�]LS�FRGH�DIWHU�WKH�JDPH�WRGD\"�,I�QRW��SOHDVH�LQGLFDWH
WKH�]LS�FRGH�\RX�ZLOO�WUDYHO�WR�DIWHU�WKH�JDPH�

D� <HV
E� 1R��,�ZLOO�EH�WUDYHOLQJ�WR�BBBBBBBBBBB

��� :LOO�\RX�EH�WDNLQJ�D�GLIIHUHQW�WUDQVSRUWDWLRQ�PHWKRG�WR�OHDYH�WKH�VWDGLXP�WRGD\"
D� <HV
E� 1R
F� 8QVXUH

��� �&RQGLWLRQDO� ,I�\HV�WR�³:LOO�\RX�EH�WDNLQJ�D�GLIIHUHQW WUDQVSRUWDWLRQ�PHWKRG�WR�OHDYH�WKH
VWDGLXP�WRGD\"´�
:KLFK�RI�WKH�IROORZLQJ�PHWKRGV�EHVW�GHVFULEHV�KRZ�\RX�ZLOO�EH�OHDYLQJ�WKH�VWDGLXP
WRGD\"��6HOHFW�RQH�RSWLRQ�

D� $XWRPRELOH
E� 5LGHVKDUH��H�J��8EHU��/\IW�
F� 7D[L
G� %XV
H� ,QWHUFLW\�UDLO��H�J��$PWUDN�
I� &RPPXWHU�UDLO��UDLO�VHUYLFH�EHWZHHQ�D�FHQWUDO�FLW\�DQG�DGMDFHQW�VXEXUEV�
J� 7UDQVLW�UDLO��H�J��VXEZD\��HOHYDWHG�UDLOZD\��PHWUR��VWUHHWFDUV��WUROOH\�FDUV��DQG

WUDPZD\V�
K� :DON
L� %LF\FOH�VFRRWHU��KXPDQ�SRZHUHG�
M� (�ELNH�H�VFRRWHU��SHUVRQDO�
N� (�ELNH�H�VFRRWHU��VKDUHG�GRFNHG�

���



O� (�ELNH�H�VFRRWHU��VKDUHG�GRFNOHVV�
P� 2WKHU��SOHDVH�VSHFLI\

��� �&RQGLWLRQDO� ,I�³$XWRPRELOH´�WR�³:KLFK�RI�WKH�IROORZLQJ EHVW�GHVFULEHV�KRZ�\RX�ZLOO
EH�OHDYLQJ�WKH�VWDGLXP�WRGD\"´�
:KLFK�RI�WKH�IROORZLQJ�EHVW�GHVFULEHV�\RXU�DXWRPRELOH"

D� 3DVVHQJHU�FDU��PLQLYDQ��689��RU�VPDOO�SLFNXS�WUXFN
E� )XOO�VL]H�WUXFN��IXOO�VL]H�YDQ��RU�H[WHQGHG�OHQJWK�689
F� (OHFWULF�YHKLFOH

��� �&RQGLWLRQDO� ,I�\HV�WR�³:LOO�\RX�EH�WDNLQJ�D�GLIIHUHQW WUDQVSRUWDWLRQ�PHWKRG�WR�OHDYH�WKH
VWDGLXP�WRGD\"´�
:K\�ZLOO�\RX�EH�WDNLQJ�D�GLIIHUHQW�WUDQVSRUWDWLRQ�PHWKRG�WR�OHDYH�WKH�VWDGLXP�WRGD\"
�2SHQ�HQGHG�

��� +RZ�ORQJ�GLG�LW�WDNH�\RX�WR�JHW�WR�WKH�VWDGLXP�WRGD\"
D� /HVV�WKDQ����PLQXWHV
E� ���PLQXWHV�����KRXU
F� ����KRXUV
G� ����KRXUV
H� ��RU�PRUH�KRXUV
I� ,�GRQ¶W�NQRZ

��� +RZ�PDQ\�SHRSOH�WUDYHOHG ZLWK�\RX WR�WKH�JDPH�WRGD\� LI�DQ\"
D� )LOO�LQ�WKH�EODQN�TXHVWLRQ��BBBBBB�SHRSOH��PXVW�EH�D�QXPHULFDO�YDOXH�

��� �&RQGLWLRQDO� LI�DQ\�RSWLRQ�RWKHU�WKDQ���WR�³+RZ�PDQ\ SHRSOH�WUDYHOHG��LQ�WKH�VDPH
YHKLFOH�ZLWK�\RX�WR�JHW�WR�WKH�VWDGLXP�WRGD\��LI�DQ\"´�
+RZ�PDQ\�RI�WKH�SHRSOH�WUDYHOLQJ�WR�WKH�JDPH�ZLWK�\RX�WRGD\�DUH�IURP�RXWVLGH�\RXU
KRXVHKROG"

D� )LOO�LQ�WKH�EODQN�TXHVWLRQ��BBBBBB�SHRSOH��PXVW�EH�D�QXPHULFDO�YDOXH�

>3$57�,,��,192/9(0(17�:,7+�&855(17�7($0�5(6285&(6@

��� :KLFK�RI�WKHVH�WHDP�LQLWLDWLYHV�KDYH�\RX�KHDUG�DERXW"�&KHFN�DOO�WKDW�DSSO\�
D� 

6SHFLILF�WR�LQGLYLGXDO�WHDPV

��� :KLFK�RI�WKHVH�WHDP�LQLWLDWLYHV�KDYH�\RX�SDUWLFLSDWHG�LQ"�&KHFN�DOO�WKDW�DSSO\�
D� 

6SHFLILF�WR�LQGLYLGXDO�WHDPV

���



��� +DYH�\RX�HYHU�FRQVXOWHG�WKH�WUDQVSRUWDWLRQ�UHVRXUFHV�RQ�WKH�WHDP¶V�ZHEVLWH"
D� <HV
E� 1R
F� 8QVXUH

��� �&RQGLWLRQDO� ,I�\HV�WR�³+DYH�\RX�HYHU�FRQVXOWHG�WKH WUDQVSRUWDWLRQ�UHVRXUFHV�RQ�WKH
WHDP¶V�ZHEVLWH"´�
'LG�WKRVH�UHVRXUFHV�LQFOXGH�DQ\�WUDQVSRUWDWLRQ�PHWKRGV�WKDW�\RX�KDYH�QHYHU�FRQVLGHUHG
EHIRUH"

D� <HV
E� 1R

��� �&RQGLWLRQDO� ,I�\HV�WR�³+DYH�\RX�HYHU�FRQVXOWHG�WKH WUDQVSRUWDWLRQ�UHVRXUFHV�RQ�WKH
WHDP¶V�ZHEVLWH"´�
'LG�WKRVH�UHVRXUFHV�LQIOXHQFH�\RXU�GHFLVLRQ�RI�KRZ�WR�JHW�WR�WKH�VWDGLXP"

D� <HV
E� 1R

��� $UH�\RX�DZDUH�RI�WKH�ELNH�VKDUH�DQG�RU�VFRRWHU�VKDUH�VHUYLFHV�DYDLODEOH�LQ�\RXU�WHDP¶V
WRZQ"

D� <HV
E� 1R

>3$57�,,,��%52$'(5�75$163257$7,21�+$%,76@

��� ,Q�D�W\SLFDO�PRQWK��KRZ�OLNHO\�DUH�\RX�WR�WDNH�SXEOLF�WUDQVSRUWDWLRQ"
D� 9HU\�OLNHO\
E� /LNHO\
F� 6RPHZKDW�OLNHO\
G� 8QOLNHO\
H� 9HU\�XQOLNHO\

��� ,Q�D�W\SLFDO�PRQWK��KRZ�OLNHO\�DUH�\RX�WR�FRPPXWH�E\�ELF\FOH"
D� 9HU\�OLNHO\
E� /LNHO\
F� 6RPHZKDW�OLNHO\
G� 8QOLNHO\
H� 9HU\�XQOLNHO\

���



��� ,Q�JHQHUDO��ZKDW�PRGHV�RI�WUDQVSRUWDWLRQ�GR�\RX�XVH�WKURXJKRXW�WKH�\HDU"��&KHFN�DOO�WKDW
DSSO\�

D� $XWRPRELOH
E� 5LGHVKDUH��H�J��8EHU��/\IW�
F� 7D[L
G� %XV
H� ,QWHUFLW\�UDLO��H�J��$PWUDN�
I� &RPPXWHU�UDLO��UDLO�VHUYLFH�EHWZHHQ�D�FHQWUDO�FLW\�DQG�DGMDFHQW�VXEXUEV�
J� 7UDQVLW�UDLO��H�J��VXEZD\��HOHYDWHG�UDLOZD\��PHWUR��VWUHHWFDUV��WUROOH\�FDUV��DQG

WUDPZD\V�
K� :DON
L� %LF\FOH�VFRRWHU��KXPDQ�SRZHUHG�
M� (�ELNH�H�VFRRWHU��SHUVRQDO�
N� (�ELNH�H�VFRRWHU��VKDUHG�GRFNHG�
O� (�ELNH�H�VFRRWHU��VKDUHG�GRFNOHVV�
P� 2WKHU��SOHDVH�VSHFLI\

��� :KLFK�RI�WKH�IROORZLQJ�YHKLFOHV�GR�\RX�RZQ��OHDVH��RU�KDYH�FRQVLVWHQW�DFFHVV�WR"��&KHFN
DOO�WKDW�DSSO\�

D� 3DVVHQJHU�FDU��PLQLYDQ��689��RU�VPDOO�SLFNXS�WUXFN
E� )XOO�VL]H�WUXFN��IXOO�VL]H�YDQ��RU�H[WHQGHG�OHQJWK�689
F� (OHFWULF�YHKLFOH
G� %LNH
H� (�ELNH�H�VFRRWHU
I� 6WDQGLQJ�VFRRWHU

>3$57�,9��,1�*5283�%(+$9,25�48(67,216@

��� 2Q�DYHUDJH��KRZ�RIWHQ�GR�\RX�DWWHQG�>WHDP@�JDPHV�GXULQJ�WKH�VHDVRQ"
D� /HVV�WKDQ�RQH�JDPH�SHU�VHDVRQ
E� ��JDPH�SHU�VHDVRQ
F� ����JDPHV�SHU�VHDVRQ
G� �����JDPHV�SHU�VHDVRQ
H� ������JDPHV�SHU�VHDVRQ
I� 0RUH�WKDQ����JDPHV�SHU�VHDVRQ

��� :KHQ�,�DWWHQG�JDPHV�ZLWK�D�JURXS�RI�SHRSOH��,�ZLOO�WDNH�WKH�VDPH�PHWKRG�RI
WUDQVSRUWDWLRQ�WR�WKH�JDPH�DV�WKH�JURXS�,�DP�DWWHQGLQJ�ZLWK�� HYHQ�LI�LW�LV�OHVV�FRQYHQLHQW�

���



D� 6WURQJO\�DJUHH
E� $JUHH
F� 1HXWUDO
G� 'LVDJUHH
H� 6WURQJO\�GLVDJUHH

��� ,I�WKH�WHDP�ZHUH�WR�VXJJHVW�WDNLQJ�D�SDUWLFXODU�PRGH�RI�WUDQVSRUWDWLRQ�WR�WKH�JDPH��,
ZRXOG�IROORZ�WKHLU�DGYLFH�

D� 6WURQJO\�DJUHH
E� $JUHH
F� 1HXWUDO
G� 'LVDJUHH
H� 6WURQJO\�GLVDJUHH

>3$57�9��:,//,1*1(66�72�3$57,&,3$7(�,1�352326('�7($0�,1,7,$7,9(6@

��� :KLFK�RI�WKH�IROORZLQJ�PRGHV�RI�WUDQVSRUWDWLRQ�ZRXOG�\RX�EH�XQZLOOLQJ�RU�XQDEOH�WR�XVH
WR�JHW�WR�WKH�VWDGLXP"��&KHFN�DOO�WKDW�DSSO\�

D� &DUSRRO�ZLWK�IULHQGV
E� &DUSRRO�ZLWK�IDQV�\RX�GRQ¶W�NQRZ
F� 'ULYH�DQ�HOHFWULF�YHKLFOH
G� 8VH�D�SDUN�DQG�ULGH�VKXWWOH��LQYROYHV�SDUNLQJ�DW�D�SUH�DUUDQJHG�SLFN�XS�SRLQW�WR

WDNH�D�VKXWWOH�EXV�GLUHFWO\�WR�WKH�VWDGLXP�
H� 8VH�SXEOLF�WUDQVSRUWDWLRQ
I� 8VH�D�SHUVRQDO�ELNH�RU�VFRRWHU��KXPDQ�SRZHUHG�
J� 8VH�D�SHUVRQDO�H�ELNH�RU�H�VFRRWHU
K� 8VH�D�ELNH�VKDUH�RU�VFRRWHU�VKDUH�SURJUDP
L� :DON

��� )RU�ZKDW�UHDVRQV�ZRXOG�\RX�EH�XQZLOOLQJ�RU�XQDEOH�WR�SDUWLFLSDWH�LQ�DQ\�RI�WKH
WUDQVSRUWDWLRQ�PHWKRGV�IURP�WKH�SUHYLRXV�TXHVWLRQ"��&KHFN�DOO�WKDW�DSSO\��FRQGLWLRQDO
PDWUL[�IRUPDW�

D� 7KLV�RSWLRQ�LV�WRR�H[SHQVLYH
E� ,�ZRXOG�IHHO�XQVDIH�XVLQJ�WKLV�RSWLRQ
F� ,�ZRXOG�EH�SK\VLFDOO\�XQFRPIRUWDEOH�XVLQJ�WKLV�RSWLRQ
G� 7KLV�RSWLRQ�LV�WRR�FRPSOLFDWHG�WR�QDYLJDWH
H� 7KLV�RSWLRQ�WDNHV�WRR�ORQJ
I� &LW\�LQIUDVWUXFWXUH�LV�LQVXIILFLHQW��H�J�QR�GHVLJQDWHG�ELNH�ODQHV��LQVXIILFLHQW�(9

FKDUJLQJ�VWDWLRQV��HWF�

���



J� 6WDGLXP�SROLFLHV�PDNH�LW�GLIILFXOW�WR�SDUWLFLSDWH
K� 7KH�SHRSOH�,�JR�WR�JDPHV�ZLWK�DUH�XQZLOOLQJ�RU�XQDEOH
L� 7KLV�RSWLRQ�LV�ORFDWHG�WRR�IDU�IURP�P\�KRPH�GHVWLQDWLRQ
M� ,�GRQ¶W�KDYH�DFFHVV�WR�WKLV�RSWLRQ
N� 2WKHU��SOHDVH�H[SODLQ�

��� :KLFK�RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WDNH SXEOLF
WUDQVSRUWDWLRQ"�3OHDVH�UDQN�\RXU�WRS�WKUHH�RSWLRQV�

D� ,I�WKH�SLFNXS�SRLQW�QHDUHVW�WR�WKH�VWDGLXP�DGGHG�PRUH�EXVHV��WUDLQV��VXEZD\�FDUV�
RU�VKXWWOHV�DIWHU�WKH�JDPH�WR�UHGXFH�ZDLW�WLPHV�WR�JHW�\RX�KRPH�PRUH�TXLFNO\

E� ,I�WKH�FRVW�RI�WUDQVSRUWDWLRQ�ZHUH�LQFOXGHG�LQ�\RXU�WLFNHW�SULFH
F� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\�WKH�FRVW�RI�WUDQVSRUWDWLRQ
G� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\�D�SRUWLRQ�RI�WKH�FRVW�RI�WUDQVSRUWDWLRQ
H� ,I�\RX�UHFHLYHG�D�IUHH�WUDQVSRUWDWLRQ�SDVV�ZLWK�\RXU�WLFNHW
I� ,I�\RX�FRXOG�UHFHLYH�RQH�RU�PRUH�IUHH�WLFNHWV�IRU�WDNLQJ�SXEOLF�WUDQVSRUWDWLRQ�WR�>;

DPRXQW@�JDPHV
J� ,I�\RX�FRXOG�UHFHLYH�D�VSHFLDO�JLYHDZD\�LWHP
K� ,I�\RX�FRXOG�UHFHLYH�D�IUHH�IRRG�GULQN�LWHP�DW�WKH�VWDGLXP

��� :KLFK�RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WDNH�D SDUN�DQG�ULGH
VHUYLFH"�3OHDVH�UDQN�\RXU�WRS�WKUHH�RSWLRQV�

D� ,I�WKH�SLFNXS�SRLQW�QHDUHVW�WR�WKH�VWDGLXP�DGGHG�PRUH�SDUN�DQG�ULGH�VKXWWOHV�DIWHU
WKH�JDPH�WR�UHGXFH�ZDLW�WLPHV�WR�JHW�\RX�KRPH�PRUH�TXLFNO\

E� ,I�WKH�FRVW�RI�WUDQVSRUWDWLRQ�ZHUH�LQFOXGHG�LQ�\RXU�WLFNHW�SULFH
F� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\�D�SRUWLRQ�RI�WKH�FRVW�RI�WUDQVSRUWDWLRQ
G� ,I�\RX�FRXOG�UHFHLYH�RQH�RU�PRUH�IUHH�WLFNHWV�IRU�WDNLQJ�SXEOLF�WUDQVSRUWDWLRQ�RU�D

SDUN�DQG�ULGH�VKXWWOH�WR�>;�DPRXQW@�JDPHV
H� ,I�\RX�FRXOG�UHFHLYH�D�VSHFLDO�JLYHDZD\�LWHP
I� ,I�\RX�FRXOG�UHFHLYH�D�IUHH�IRRG�GULQN�LWHP�DW�WKH�VWDGLXP

��� �&RQGLWLRQDO� ,I�RQH�RI�WKH�DXWRPRELOH�EDVHG�WUDYHO RSWLRQV�LV�VHOHFWHG�IRU�³+RZ�GLG�\RX
JHW�WR�WKH�VWDGLXP�WRGD\"´�25�³:KLFK�WUDQVSRUWDWLRQ�PHWKRGV�GR�\RX�W\SLFDOO\�XVH�WR�JHW
WR�WKH�VWDGLXP"´�
:KLFK�RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WR FDUSRRO WR�WKH�JDPH
ZLWK�IDQV�IURP RXWVLGH�\RXU�KRXVHKROG" 3OHDVH�UDQN \RXU�WRS�WKUHH�RSWLRQV�

D� ,I�D�FDUSRRO�PDWFKLQJ�SURJUDP�ZHUH�SURYLGHG��VXFK�DV�5LGH0DWFK��HWF��
E� 3ULRULW\�FDUSRRO�SDUNLQJ�FORVH�WR�VWDGLXP�HQWUDQFHV
F� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\��>;@
G� ,I�\RXU�FRVW�RI�SDUNLQJ�ZHUH�UHGXFHG

���



��� :RXOG�\RX�EH�ZLOOLQJ�WR�SDUWLFLSDWH�LQ�D�³%LNH�WR�WKH�*DPH´�HYHQW"
D� <HV
E� 1R

��� :KLFK�RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WR�ULGH�D SHUVRQDO�ELNH�
H�ELNH��VWDQGLQJ�VFRRWHU��RU�H�VFRRWHU WR�WKH�JDPH" 3OHDVH�UDQN�\RXU�WRS�WKUHH�RSWLRQV�

D� ,I��PRUH��ELNH�VFRRWHU�VWRUDJH�ZHUH�DYDLODEOH�DW�WKH�VWDGLXP
E� ,I�IUHH�ELNH�VFRRWHU�YDOHW�ZHUH�SURYLGHG�DW�WKH�VWDGLXP
F� ,I�\RX�FRXOG�ULGH�ZLWK�D�JURXS�RI�SHRSOH
G� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\��>;@
H� ,I�\RX�FRXOG�UHFHLYH�D�VSHFLDO�JLYHDZD\�LWHP
I� ,I�\RX�FRXOG�UHFHLYH�D�IUHH�IRRG�GULQN�LWHP�DW�WKH�VWDGLXP
J� ,I�\RX�FRXOG�UHFHLYH�RQH�RU�PRUH�IUHH�WLFNHWV�IRU�ELNLQJ�VFRRWHULQJ�WR�>;@�JDPHV

��� :KLFK�RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WR�XVH�D ELNH�VKDUH�RU
VFRRWHU�VKDUH WR�JHW�WR�WKH�JDPH"�3OHDVH�UDQN�\RXU WRS�WKUHH�RSWLRQV�

D� ,I�\RX�FRXOG�JXDUDQWHH�WKDW�HQRXJK�ELNHV�VFRRWHUV�ZRXOG�EH�DYDLODEOH�WR�JHW�KRPH
DW�WKH�HQG�RI�WKH�JDPH

E� ,I�\RX�UHFHLYHG�D�SURPR�FRGH�IRU�WKH�ELNH�VKDUH�RU�VFRRWHU�VKDUH�VHUYLFH
F� ,I�\RXU�WLFNHW�SULFH�ZHUH�UHGXFHG�E\�WKH�FRVW�RI�WKH�ELNH�VKDUH�VFRRWHU�VKDUH

VHUYLFH
G� ,I�\RX�FRXOG�UHFHLYH�D�VSHFLDO�JLYHDZD\�LWHP
H� ,I�\RX�FRXOG�UHFHLYH�D�IUHH�IRRG�GULQN�LWHP�DW�WKH�JDPH
I� ,I�\RX�FRXOG�UHFHLYH�RQH�RU�PRUH�IUHH�WLFNHWV�IRU�XVLQJ�D�ELNH�VKDUH�VFRRWHU�VKDUH

VHUYLFH�WR�JHW�WR�>;�DPRXQW@�JDPHV

��� �&RQGLWLRQDO� ,I�³HOHFWULF�YHKLFOH´�LV�VHOHFWHG�IRU ³:KLFK�RI�WKH�IROORZLQJ�YHKLFOHV�GR
\RX�RZQ��OHDVH��RU�KDYH�FRQVLVWHQW�DFFHVV�WR"´�$1'�LI�UHVSRQVH�WR�³+RZ�GLG�\RX�JHW�WR
WKH�VWDGLXP�WRGD\"´�RU�³:KLFK�WUDQVSRUWDWLRQ�PHWKRGV�GR�\RX�W\SLFDOO\�XVH�WR�JHW�WR�WKH
VWDGLXP"´�GRHV�QRW�LQFOXGH�³HOHFWULF�SRZHUHG�DXWRPRELOH´�
,I�\RX�KDYH�DFFHVV�WR�DQ�HOHFWULF�YHKLFOH��EXW�FKRRVH�QRW�WR�GULYH�LW�WR�WKH�VWDGLXP��ZKLFK
RI�WKH�IROORZLQJ�LQFHQWLYHV�ZRXOG�PDNH�\RX�PRVW�OLNHO\�WR�GULYH�\RXU (9�YHKLFOH WR�WKH
VWDGLXP"�3OHDVH�UDQN�\RXU�WRS�WKUHH�RSWLRQV�

D� ,I�WKH�VWDGLXP�SURYLGHG��PRUH��(9�FKDUJLQJ�VWDWLRQV
E� ,I�\RX�UHFHLYHG�SULRULW\�(9�SDUNLQJ�QHDU�ORW�HQWUDQFH�H[LW
F� ,I�\RX�UHFHLYHG�SULRULW\�(9�SDUNLQJ�FORVH�WR�VWDGLXP�HQWUDQFHV
G� ,I�WKH�SULFH�RI FKDUJLQJ�\RXU�YHKLFOH DW�WKH�VWDGLXP ZHUH�UHGXFHG
H� ,I�WKH�SULFH�RI SDUNLQJ�DW�WKH�VWDGLXP ZHUH�UHGXFHG

���



I� ,I�\RX�FRXOG�SDUWLFLSDWH�LQ�D�UHZDUGV�SURJUDP�LQ�ZKLFK�GULYHUV�DFFXPXODWH�SRLQWV
IRU�FKDUJLQJ��EDVHG�RQ�WKH�QXPEHU�RI�N:K�DGGHG�WR�WKH�YHKLFOH��WKDW�FDQ�EH
UHGHHPHG�IRU�5D\V�JDPH�WLFNHWV

>3$57�9,��&21&/8',1*�48(67,216���$'',7,21$/�,1)250$7,21@

��� +DYH�DQ\�RI�WKH�SUHFHGLQJ�TXHVWLRQV�FDXVHG�\RX�WR�FRQVLGHU�XVLQJ�D�WUDQVSRUWDWLRQ�PRGH
\RX�KDG�QHYHU�FRQVLGHUHG�XVLQJ�WR�JHW�WR�WKH�VWDGLXP"

D� <HV
E� 1R

��� 3OHDVH�VKDUH�DQ\�ILQDO�WKRXJKWV�RU�VXJJHVWLRQV�RQ�ZKDW�\RXU�WHDP�FDQ�GR�WR�KHOS�\RX�XVH
PRUH�VXVWDLQDEOH�WUDQVSRUWDWLRQ�RSWLRQV�

��� 7KDQN�\RX�IRU�FRPSOHWLQJ�RXU�VXUYH\��,I�\RX�ZRXOG�OLNH�WR�EH�HQWHUHG�IRU�D�FKDQFH�WR�ZLQ
D�VLJQHG�SUL]H��SOHDVH�HQWHU�\RXU�HPDLO�EHORZ��(PDLO�DGGUHVVHV�ZLOO�127�EH�DVVRFLDWHG
ZLWK�VXUYH\�UHVSRQVHV�

���


