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IURP�D�QDWLRQDO�FURVV�VHFWLRQ�RI�SXEOLF�ZDWHU�V\VWHPV�XVLQJ�VXUIDFH�ZDWHU��UDQJHV
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IURP�WKH�85&,6�GDWD�VHW�IRU�SXEOLF�ZDWHU�V\VWHPV�XVLQJ�JURXQG�ZDWHU�DQG�VXUIDFH
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7DEOH����� &RPSDULVRQ�RI�RFFXUUHQFH�RI�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�'LVSRVDO�:HOOV

IURP�WKH�85&,6�GDWD�DQG�WKH�QDWLRQDO�FURVV�VHFWLRQ�6WDWH�GDWD�IRU�SXEOLF�ZDWHU

V\VWHPV�XVLQJ�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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3XEOLF�:DWHU�6\VWHPV�XVLQJ�JURXQG�ZDWHU�IURP�D�QDWLRQDO�FURVV�VHFWLRQ�RI�6WDWHV���

7DEOH���E��� 6XPPDU\�RI�RFFXUUHQFH�RI�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�LQMHFWLRQ�ZHOOV�LQ

3XEOLF�:DWHU�6\VWHPV�XVLQJ�VXUIDFH�ZDWHU�IURP�D�QDWLRQDO�FURVV�VHFWLRQ�RI�6WDWHV���
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7KH�GULQNLQJ�ZDWHU�FRQWDPLQDQW�RFFXUUHQFH�GDWD�SUHVHQWHG�LQ�WKLV�UHSRUW�ZHUH�FRPSLOHG�DQG

DQDO\]HG�DV�SDUW�RI�(3$�2IILFH�RI�*URXQG�:DWHU�DQG�'ULQNLQJ�:DWHU©V��2*:':��RQJRLQJ

UHYLHZ�RI�FKHPLFDO�PRQLWRULQJ�SURJUDPV���7KLV�HIIRUW�ZDV�GLUHFWHG�E\�0U��(GZLQ�7KRPDV�RI

2*:':���7KH�&DGPXV�*URXS��,QF��VHUYHG�DV�WKH�SULPH�FRQWUDFWRU�IRU�WKLV�SURMHFW��VXSSRUWLQJ

WKH�GDWD�FROOHFWLRQ�DQG�DQDO\VLV���
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7KLV�LV�D�GUDIW�IRU�UHYLHZ�SXUSRVHV�RQO\�DQG�GRHV�QRW�FRQVWLWXWH�8�6��(QYLURQPHQWDO�3URWHFWLRQ

$JHQF\�3ROLF\���'R�QRW�FLWH�RU�TXRWH���0HQWLRQ�RI�WUDGH�QDPHV�RU�FRPPHUFLDO�SURGXFWV�GRHV�QRW

FRQVWLWXWH�HQGRUVHPHQW�RU�UHFRPPHQGDWLRQ�IRU�XVH���

7KLV�GRFXPHQW�LV�GHVLJQHG�WR�SURYLGH�WHFKQLFDO�EDFNJURXQG�LQIRUPDWLRQ�IRU�UHYLVLRQV�WR�WKH�&ODVV

9�,QMHFWLRQ�:HOO�SURJUDP���7KH�GRFXPHQW�GRHV�QRW��KRZHYHU��VXEVWLWXWH�IRU�WKH�6':$�RU�(3$©V

UHJXODWLRQV�QRU�LV�WKLV�GRFXPHQW�D�UHJXODWLRQ�LWVHOI���7KXV��LW�FDQQRW�LPSRVH�OHJDOO\�ELQGLQJ

UHTXLUHPHQWV�RQ�(3$��6WDWHV��RU�WKH�UHJXODWHG�FRPPXQLW\��DQG�PD\�QRW�DSSO\�WR�D�SDUWLFXODU

VLWXDWLRQ�EDVHG�RQ�WKH�FLUFXPVWDQFHV���
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��)RU LQVWDQFH� WKH 6WDWH GDWD DUH IRU ILQLVKHG GULQNLQJ ZDWHU �SRVW�WUHDWPHQW� UDWKHU WKDQ UDZ �XQWUHDWHG�

ZDWHU VDPSOHV� &KORURIRUP ZDV RULJLQDOO\ FRQVLGHUHG IRU VWXG\ LQ WKH DQDO\VLV VLQFH LW LV D SRWHQWLDO &ODVV 9

FRQWDPLQDQW� +RZHYHU� FKORURIRUP LV DOVR D E\�SURGXFW RI FKORULQH�EDVHG ZDWHU V\VWHP GLVLQIHFWDQWV� %HFDXVH DOO

RI WKH GDWD DQDO\]HG DUH IURP ILQLVKHG ZDWHU VDPSOHV� LW ZRXOG QRW EH SRVVLEOH WR GLVWLQJXLVK EHWZHHQ GHWHFWLRQV RI

&ODVV 9 FKORURIRUP DQG FKORURIRUP FRQWDPLQDWLRQ DV D GLVLQIHFWLRQ E\�SURGXFW� 7KXV� FKORURIRUP GRHV QRW DSSHDU

LQ WKH FXUUHQW DQDO\VLV�

���

$�5HYLHZ�RI�&RQWDPLQDQW�2FFXUUHQFH�LQ�3XEOLF�:DWHU�6\VWHPV�5HODWHG�WR�&ODVV�9

,QMHFWLRQ�:HOOV

,� ,QWURGXFWLRQ

7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�SURYLGH�DQ�DVVHVVPHQW�RI�WKH�RFFXUUHQFH�RI�FRQWDPLQDQWV�

DVVRFLDWHG�ZLWK�&ODVV�9�LQGXVWULDO�DQG�DXWRPRWLYH�ZDVWH�GLVSRVDO�ZHOOV�LQ�SXEOLF�ZDWHU�V\VWHPV��

7KLV�HYDOXDWLRQ�LV�LQ�VXSSRUW�RI�RQ�JRLQJ�HIIRUWV�WR�UHYLVH�UHJXODWLRQV�RQ�FHUWDLQ�W\SHV�RI�&ODVV�9

ZHOOV��&ODVV�9�,QMHFWLRQ�:HOOV�8QGHUJURXQG�,QMHFWLRQ�&RQWURO�5HJXODWLRQV��5HYLVLRQV��3URSRVHG

5XOH�����)5��������������-XO\�������������7KH�OLPLWHG�LQIRUPDWLRQ�DYDLODEOH�GRHV�QRW�HQDEOH

H[DPLQDWLRQ�RI�ORFDO�JHRJUDSKLF�RU�WHPSRUDO�SDWWHUQV��QRU�FDQ�FRQWDPLQDQW�RFFXUUHQFH�EH�OLQNHG

GLUHFWO\�WR�&ODVV�9�:HOO�ORFDWLRQV�RU�GLVFKDUJHV���6LWH�LQFLGHQFH�UHSRUWV�SURYLGH�WKH�EHVW�VRXUFH�RI

WKLV�LQIRUPDWLRQ���7KLV�RYHUYLHZ�RI�RFFXUUHQFH�GDWD�GHPRQVWUDWHV�WKDW�FRQWDPLQDQWV�NQRZQ�WR�EH

DVVRFLDWHG�ZLWK�&ODVV�9�ZHOOV�RFFXU�QDWLRQDOO\�LQ�3XEOLF�:DWHU�6\VWHPV��3:6V��

,,� 0HWKRGV�DQG�'DWD�

7KH�GDWD�XVHG�IRU�WKLV�VWXG\�ZHUH�FRPSLOHG�DV�SDUW�RI�(3$©V�2IILFH�RI�*URXQG�:DWHU�DQG

'ULQNLQJ�:DWHU©V��2*:':��&KHPLFDO�0RQLWRULQJ�5HIRUP��&05��SURJUDP©V�DQDO\VLV�RI

FRQWDPLQDQW�RFFXUUHQFH�LQ�3:6V���7KH�GDWD�VHWV�DUH�FRPSRVHG�RI�D�FROOHFWLRQ�RI�6':$

3KDVH,,�9�FRQWDPLQDQW�PRQLWRULQJ�UHVXOWV�YROXQWHHUHG�E\�VHYHUDO�6WDWHV�IRU�WKH�&05�HIIRUW��

2WKHU�GDWD�ZHUH�LQFOXGHG�LQ�PRVW�6WDWH�GDWD�VHWV��DOORZLQJ�IRU�DQDO\VLV�RI�YDULRXV�QRQ�3KDVH,,�9

FRPSRXQGV��H�J���OHDG��VLOYHU��DQG�PHWK\O�HWK\O�NHWRQH����7KH�IRUPDW�RI�WKH�6':$�RFFXUUHQFH

GDWD�GRHV�QRW�DOZD\V�OHQG�LWVHOI�UHDGLO\�WR�WKH�FXUUHQW�DQDO\VLV����'HVSLWH�VRPH�OLPLWDWLRQV��WKH�GDWD

DUH�DGHTXDWH�IRU�D�JHQHUDO�UHYLHZ�RI�RFFXUUHQFH�RI�PRVW�RI�WKH�VHOHFWHG�&ODVV�9�FRQWDPLQDQWV��

3DUWLFXODU�GDWD�TXDOLW\�LVVXHV�ZLOO�EH�QRWHG�LQ�WKH�UHSRUW�DV�QHHGHG��

,Q�WRWDO�����GLIIHUHQW�GDWDEDVHV�ZHUH�XVHG�IRU�WKLV�DQDO\VLV��LQFOXGLQJ�6WDWH�GDWDEDVHV�ZLWK�RYHU���

PLOOLRQ�DQDO\WLFDO�UHVXOWV�IURP�RYHU��������3:6V��VHH�$SSHQGL[�$����,Q�SDUWLFXODU��GDWD�IURP�HLJKW

6WDWHV�ZHUH�XVHG�WR�GHYHORS�D�QDWLRQDO�FURVV�VHFWLRQ�RI�FRQWDPLQDQW�RFFXUUHQFH���7DEOH���OLVWV�DQG

UDQNV�WKH�FURVV�VHFWLRQ�6WDWHV�DQG�WKH�SROOXWLRQ�SRWHQWLDO�LQGLFDWRUV�XVHG�LQ�WKLV�VXPPDU\�UHSRUW��

7KH�HLJKW�6WDWHV�ZHUH�VHOHFWHG�WR�SURYLGH�D�EDODQFHG�QDWLRQDO�FURVV�VHFWLRQ��EDVHG�RQ�JHRJUDSKLF

FRYHUDJH��UHODWLYH�UDQNLQJV�IRU�SROOXWLRQ�SRWHQWLDO��WKH�QXPEHU�RI�PDQXIDFWXULQJ�IDFLOLWLHV�SHU
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�
7KHUH LV D FORVH FRUUHODWLRQ EHWZHHQ WKH QXPEHU RI PDQXIDFWXULQJ HVWDEOLVKPHQWV SHU VTXDUH PLOH DQG WKH

SRSXODWLRQ GHQVLW\ LQ HDFK 6WDWH� DV ZHOO DV D FOHDU DVVRFLDWLRQ ZLWK WKH WRWDO 75, SRXQGV UHOHDVHG�VTXDUH PLOH�

QXPEHU RI PDQXIDFWXULQJ HPSOR\HHV� DQG WRWDO YDOXH DGGHG� +HQFH� WKH QXPEHU RI PDQXIDFWXULQJ HVWDEOLVKPHQWV

SHU VTXDUH PLOH ZDV XVHG DV WKH EHVW LQGLFDWRU RI UHSUHVHQWDWLYHQHVV� 7KH RWKHU NH\ UHDVRQ IRU FKRRVLQJ WKLV IDFWRU

ZDV WKDW LW LV D VLPSOH PHDVXUH RI KRZ PDQ\ HVWDEOLVKPHQWV DUH DFWXDOO\ HQJDJHG LQ PDQXIDFWXULQJ DQG WKXV DUH

SRWHQWLDOO\ SROOXWLQJ VRXUFHV RI GULQNLQJ ZDWHU�

���

VTXDUH�PLOH���DQG�GDWD�TXDOLW\�DQG�FRPSOHWHQHVV����7KHVH�6WDWHV�SURYLGH�JHRJUDSKLF�UHSUHVHQWDWLRQ

IURP�DFURVV�WKH�8�6���DQG�VRPH�UHSUHVHQWDWLRQ�IURP�DOO�TXDUWLOHV�RI�WKH�WZR�PDMRU�SROOXWLRQ

SRWHQWLDO�LQGLFDWRUV���7KH�GDWD�IURP�WKHVH�HLJKW�6WDWHV�ZHUH�XVHG�WR�FRPSXWH�DJJUHJDWH

RFFXUUHQFH�YDOXHV��L�H���WKH�SHUFHQWDJH�RI�ZDWHU�V\VWHPV�WKDW�KDG�D�GHWHFWLRQ�RI�FRQWDPLQDQW�;��DV

DQ�DSSUR[LPDWLRQ�RI�D�QDWLRQDO�VDPSOH���:KLOH�WKH�GDWD�IURP�WKHVH�FURVV�VHFWLRQ�6WDWHV�FDQQRW�EH

VWDWHG�WR�EH�¦VWDWLVWLFDOO\�UHSUHVHQWDWLYH§�WKHLU�GLVWULEXWLRQ�VKRXOG�SURYLGH�DQ�LQGLFDWLRQ�RI�FHQWUDO

WHQGHQF\���7KH�QDWLRQDO�FURVV�VHFWLRQ�GDWD�KDYH�EHHQ�FRPSDUHG�ZLWK�RWKHU�ODUJH�QDWLRQDO�RU�PXOWL�

6WDWH�GDWD�VHWV���7KH�FRPSDULVRQV�VKRZ�WKDW�WKH�DJJUHJDWHG�QDWLRQDO�FURVV�VHFWLRQ�SURYLGHV�D

FRQVHUYDWLYH��EXW�UHDVRQDEOH��DSSUR[LPDWLRQ�RI�QDWLRQDO�RFFXUUHQFH�YDOXHV���7KH�FRPSDULVRQV�ZLWK

RWKHU�GDWD�VXJJHVW�WKDW�WKH�FURVV�VHFWLRQ�VXPPDU\�YDOXHV�DUH�OLNHO\�VOLJKWO\�KLJK���

7R�HQVXUH�VXIILFLHQW�GDWD�IRU�DQDO\VLV��RQO\�FRQWDPLQDQWV�ZKLFK�ZHUH�WHVWHG�LQ�D�VLJQLILFDQW�QXPEHU

RI�V\VWHPV��H�J���VHYHUDO�KXQGUHG�RU�PRUH��E\�DW�OHDVW�RQH�6WDWH�LQFOXGHG�LQ�WKH�&05�DQDO\VLV�

ZHUH�VHOHFWHG�IRU�LQFOXVLRQ�LQ�WKLV�VWXG\���7KHUH�PD\�EH�RWKHU�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV

9�ZHOOV��VXFK�DV�PHWKDQRO������GLFKORUREHQ]HQH��DQG�IRUPDOGHK\GH��ZKLFK�ZHUH�H[FOXGHG�IRU�ODFN

RI�GDWD���([FOXVLRQ�IURP�WKLV�VWXG\�GRHV�QRW�LPSO\�WKDW�D�FRQWDPLQDQW�GRHV�QRW��LQ�IDFW��RFFXU�LQ

SXEOLF�ZDWHU�V\VWHPV����LW�PHUHO\�UHIOHFWV�WKDW�V\VWHPV�DUH�QRW�WHVWLQJ�IRU�WKLV�FRPSRXQG��RU�WKDW

WKH�UHVXOWV�DUH�QRW�LQFOXGHG�LQ�WKH�6WDWH©V�JHQHUDO�GDWD�VHW���7KH�FRPSRXQGV�VHOHFWHG�IRU�DQDO\VLV

GR�QRW�LQFOXGH�HYHU\�FRPSRXQG�ZKLFK�PLJKW�FRQFHLYDEO\�EH�GLVSRVHG�RI�WKURXJK�D�&ODVV�9�ZHOO��

7KH\�DUH�FRQVLGHUHG�WR�EH�DPRQJ�WKH�PRUH�FRPPRQ�&ODVV�9�UHODWHG�FRQWDPLQDQWV�IURP�WKH�SULRU

ZRUN�FRQGXFWHG�WR�UHYLHZ�&ODVV�9�ZHOO�LVVXHV�
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7DEOH�����6WDWHV�ZLWK�ZDWHU�TXDOLW\�GDWD�LQFOXGHG�LQ�WKH�QDWLRQDO�FURVV�VHFWLRQ�RI�GULQNLQJ�ZDWHU

RFFXUUHQFH���6WDWHV�DUH�OLVWHG�E\�WKHLU�QDWLRQDO�UDQN�RUGHU��� KLJKHVW���� ORZHVW��IRU�WKH�QXPEHU

RI�PDQXIDFWXULQJ�HVWDEOLVKPHQWV�SHU�VTXDUH�PLOH��

4XDUWLOHV

IRU UDQN�

RUGHU RI

DOO 6WDWHV

1DWLRQDO

&URVV�

6HFWLRQ

6WDWHV

1DWLRQDO 5DQN�

1XPEHU RI

0DQXIDFWXULQJ

)DFLOLWLHV SHU

VTXDUH PLOH

�

1HZ -HUVH\ �

,OOLQRLV ��

&DOLIRUQLD ��

�
0LFKLJDQ ��

$ODEDPD ��

�
2UHJRQ ��

�
1HZ 0H[LFR ��

0RQWDQD ��

$GGLWLRQDO�RFFXUUHQFH�GDWD��IURP�,QGLDQD��,RZD��0DVVDFKXVHWWV��DQG�WKH�$PHULFDQ�:DWHU�:RUNV

6HUYLFH�&RPSDQ\��$::6&���ZHUH�XVHG�WR�VKRZ�WKH�UDQJH�RI�RFFXUUHQFH�LQ�WKH�VXPPDULHV�RI

UHVXOWV�WR�SURYLGH�DQ�HVWLPDWH�RI�WKH�XSSHU�DQG�ORZHU�ERXQGV�RI�FRQWDPLQDQW�RFFXUUHQFH

QDWLRQDOO\���+RZHYHU��WKH�UDQJHV�IRU�RQO\�D�IHZ�RI�WKH�FRQWDPLQDQWV�ZHUH�H[WHQGHG�E\�WKH

DGGLWLRQDO�GDWD�

'DWD�IURP�(3$©V�8QUHJXODWHG�&RQWDPLQDQW�0RQLWRULQJ�,QIRUPDWLRQ�6\VWHP��85&,6��GDWDEDVH

ZHUH�DOVR�XVHG�DV�DQ�LQGHSHQGHQW�VRXUFH�RI�GDWD�DQG�IRU�D�FURVV�FRPSDULVRQ�ZLWK�WKH�6WDWH�FURVV�

VHFWLRQ�DQDO\VLV���85&,6�FRQWDLQV�DERXW�����PLOOLRQ�DQDO\WLFDO�UHFRUGV��IURP�DERXW����6WDWHV�DQG

7HUULWRULHV�IURP�WKH�ILUVW�URXQG�RI�XQUHJXODWHG�FRQWDPLQDQW�PRQLWRULQJ��������������WKH�GDWDEDVH

DOVR�LQFOXGHV�VDPSOHV�WDNHQ�SULRU�WR������ZKLFK�ZHUH�JUDQGIDWKHUHG�LQWR�WKH�GDWDEDVH����7KH

85&,6�YDOXHV�VKRZQ�LQ�WKLV�UHSRUW�PD\�EH�GLIIHUHQW�WKDQ�85&,6�YDOXHV�FLWHG�LQ�RWKHU�(3$

UHYLHZV�EHFDXVH�RI�WKH�VFUHHQLQJ�FRQGXFWHG�IRU�WKLV�VWXG\�WR�HQVXUH�FRQVLVWHQF\�LQ�DQDO\VLV����7KH

FRQWDPLQDQWV�LQ�FRPPRQ�LQFOXGH�DOO�RI�WKH�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��FRQVLGHUHG�H[FHSW

IRU�PHWK\O�HWK\O�NHWRQH���85&,6�FRQWDLQV�QR�GDWD�RQ�LQRUJDQLF�FRPSRXQGV��,2&V����
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,,,� ,QGXVWULHV�DQG�&RQWDPLQDQWV�$VVRFLDWHG�ZLWK�&ODVV�9�:HOOV

7KLV�DQDO\VLV�FRQVLGHUV�FRQWDPLQDQWV�NQRZQ�RU�VXVSHFWHG�WR�EH�DVVRFLDWHG�ZLWK�HIIOXHQW�IURP

&ODVV�9�LQGXVWULDO�DQG�DXWRPRWLYH�ZDVWH�GLVSRVDO�ZHOOV���&RQFHLYDEO\��DQ\�UHWDLO�VKRS��VPDOO

EXVLQHVV��RU�LQGXVWU\�ZKLFK�KDV�D�VHSWLF�WDQN��D�IORRU�GUDLQ��RU�VRPH�NLQG�RI�XQGHUJURXQG�GUDLQDJH

V\VWHP�LV�D�SRWHQWLDO�&ODVV�9�ZHOO�XVHU���*LYHQ�WKH�YDULHW\�RI�SRWHQWLDO�XVHUV��DOPRVW�DQ\�W\SH�RI

FRQWDPLQDQW�PLJKW�EH�GLVSRVHG�RI�LQ�D�&ODVV�9�ZHOO���$OWKRXJK�LW�LV�GLIILFXOW�WR�EH�FHUWDLQ�RI�WKH

IXOO�OLVW�RI�SRWHQWLDO�&ODVV�9�ZHOO�XVHUV�DQG�FRQWDPLQDQWV��VWXGLHV�RI�6WDWH�LQYHQWRULHV�DQG�RWKHU

GDWD�SURYLGH�D�JHQHUDO�RYHUYLHZ�RI�VRPH�W\SLFDO�&ODVV�9�ZHOO�XVHUV�DQG�WKH�FRQWDPLQDQWV�PRVW

OLNHO\�WR�EH�GLVSRVHG�RI�WKURXJK�VXFK�ZHOOV���

7DEOHV���D�DQG���E�SUHVHQW�WKH�FRQWDPLQDQWV�NQRZQ�RU�VXVSHFWHG�WR�EH�DVVRFLDWHG�ZLWK�&ODVV�9

ZHOOV�DQDO\]HG�LQ�WKLV�VWXG\��EURNHQ�GRZQ�LQWR�,2&�DQG�92&�FDWHJRULHV���$OVR�SURYLGHG�LQ�WKH

WDEOHV�DUH�WKH�PD[LPXP�FRQFHQWUDWLRQ�OHYHO��0&/��RU�KHDOWK�DGYLVRU\�OHYHO��+$/��RI�HDFK

FRQWDPLQDQW��VRPH�FRPPRQ�VRXUFHV�DQG�XVHV�IRU�HDFK�FRPSRXQG��D�JHQHUDO�ZHOO�W\SH

FODVVLILFDWLRQ�DVVRFLDWHG�ZLWK�HDFK�FRQWDPLQDQW��DQG�WKH�SRWHQWLDO�KHDOWK�HIIHFWV�RI�FRQWDPLQDQW

H[SRVXUH���7KH�JHQHUDO�ZHOO�W\SH�FODVVLILFDWLRQ�LV�JLYHQ�DV�HLWKHU�¦$§�IRU�DXWRPRWLYH�ZDVWH

GLVSRVDO�XVHUV�RU�¦,§�IRU�LQGXVWULDO�ZDVWH�GLVSRVDO�XVHUV���7KHVH�DUH�PHDQW�DV�YHU\�JHQHUDO

DVVRFLDWLRQV�DQG�LW�LV�OLNHO\�WKDW�D�FRQWDPLQDQW�OLVWHG�RQO\�DV�LQGXVWULDO�FRXOG�RQ�RFFDVLRQ�DSSHDU�LQ

DQ�DXWRPRWLYH�ZDVWH�GLVSRVDO�ZHOO���,Q�DGGLWLRQ��QRW�HYHU\�LQGXVWULDO�ZDVWH�GLVSRVDO�ZHOO�XVHU

ZRXOG�QHFHVVDULO\�XVH�DOO�RI�WKH�FRQWDPLQDQWV�LQ�WKH�LQGXVWULDO�FDWHJRU\�QRU�ZRXOG�HYHU\

DXWRPRWLYH�ZDVWH�GLVSRVDO�ZHOO�XVHU�XVH�DOO�RI�WKH�DXWRPRWLYH�UHODWHG�FRQWDPLQDQWV���)RU�D�OLVW�RI

LQGXVWULHV�ZKLFK�DUH�FRQVLGHUHG�SRWHQWLDO�&ODVV�9�ZHOO�XVHUV��VHH�$SSHQGL[�%�RU�UHIHU�WR�(3$©V

2*:':©V�(FRQRPLF�$QDO\VLV�IRU�WKH�3URSRVHG�5HYLVLRQV�WR�WKH�&ODVV�9�8,&�5HJXODWLRQV�

�������

7ZHQW\�WKUHH�FRQWDPLQDQWV�NQRZQ�RU�EHOLHYHG�WR�EH�DVVRFLDWHG�ZLWK�&ODVV�9�LQMHFWLRQ�ZHOOV�ZHUH

VHOHFWHG�IRU�DQDO\VLV��DUVHQLF��EDULXP��FDGPLXP��FKURPLXP��F\DQLGH��OHDG��PHUFXU\��VHOHQLXP�

VLOYHU��������WULFKORURHWKDQH������GLFKORURHWKDQH������GLFKORURHWKDQH��EHQ]HQH��FDUERQ

WHWUDFKORULGH��FKORUREHQ]HQH��HWK\O�EHQ]HQH��PHWK\O�HWK\O�NHWRQH��PHWK\OHQH�FKORULGH�

WHWUDFKORURHWK\OHQH��3&(���WROXHQH��WULFKORURHWK\OHQH��7&(���YLQ\O�FKORULGH��DQG�[\OHQHV��WRWDO���

0DQ\�RI�WKHVH�FRQWDPLQDQWV�DUH�FLWHG�LQ�WKH������5HSRUW�WR�&RQJUHVV�RQ�&ODVV�9�,QMHFWLRQ�:HOOV�

WKH�&ODVV�9�SURSRVHG�UXOH�����)5��������-XO\������������(3$©V�&RPSUHKHQVLYH�(QYLURQPHQWDO

5HVSRQVH��&RPSHQVDWLRQ��DQG�/LDELOLW\�,QIRUPDWLRQ�6\VWHP��&(5&/,6��GDWDEDVH��RU�LQ�(3$

5HFRUGV�RI�'HFLVLRQ��52'V��UHSRUWV�RQ�FRQWDPLQDWLRQ�VLWHV���

2I�WKHVH����FRQWDPLQDQWV������GLFKORURHWKDQH��EHQ]HQH��FKORUREHQ]HQH��HWK\O�EHQ]HQH��PHWK\OHQH

FKORULGH��3&(��7&(��WROXHQH��[\OHQHV��DUVHQLF��EDULXP��FDGPLXP��FKURPLXP��DQG�OHDG�KDYH�EHHQ

DVVRFLDWHG�ZLWK�&ODVV�9�PRWRU�YHKLFOH�ZDVWH�GLVSRVDO�ZHOOV�E\�(3$�LQ�����)5��������-XO\����

������RU�ZLWK�WKH�DXWRPRELOH�VHUYLFH�LQGXVWU\��LQ�JHQHUDO���7KHVH�HVWDEOLVKPHQWV��DQG�WKHLU

FRUUHVSRQGLQJ�6WDQGDUG�,QGXVWULDO�&ODVVLILFDWLRQ�&RGH��LQFOXGH�JHQHUDO�DXWRPRWLYH�UHSDLU�VKRSV

�6,&��������JDVROLQH�VHUYLFH�VWDWLRQV��6,&��������DQG�PRWRU�YHKLFOH�GHDOHUV��6,&������DQG��������
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0HWK\OHQH�FKORULGH�DQG�WULFKORURHWK\OHQH�PD\�DOVR�EH�DVVRFLDWHG�ZLWK�FDUZDVKHV�ZKLFK�ZDVK�WKH

XQGHUFDUULDJH�RI�YHKLFOHV��6,&���������

0DQ\�LQGXVWULDO�ZDVWH�GLVSRVDO�ZHOOV�VKDUH�WKH�VDPH�HIIOXHQW�FRQVWLWXHQWV�RI�WKH�DXWRPRWLYH�ZDVWH

GLVSRVDO�ZHOOV���,Q�DGGLWLRQ�WR�WKRVH�92&�FRQWDPLQDQWV�OLVWHG�DERYH������GLFKORURHWK\OHQH��������

WULFKORURHWKDQH��FDUERQ�WHWUDFKORULGH��PHWK\O�HWK\O�NHWRQH��DQG�YLQ\O�FKORULGH�DUH�DOVR�DVVRFLDWHG

ZLWK�LQGXVWULDO�ZDVWH�GLVSRVDO�ZHOOV���6XFK�LQGXVWULHV�LQFOXGH�SODVWLFV�SURGXFWV��6,&�������

FRPPHUFLDO�SULQWLQJ��6,&������DQG��������SHWUROHXP�DQG�SHWUROHXP�SURGXFW�ZKROHVDOHUV��6,&

�������FKHPLFDOV�DQG�DOOLHG�SURGXFWV�ZKROHVDOHUV��6,&��������GU\�FOHDQHUV��6,&��������DQG�UHWDLO

QXUVHU\�DQG�JDUGHQ�VWRUHV��6,&��������DPRQJ�RWKHUV��

$UVHQLF��EDULXP��FDGPLXP��FKURPLXP��F\DQLGH��OHDG��PHUFXU\��VHOHQLXP��DQG�VLOYHU�DUH�LQRUJDQLF

FRPSRXQGV�DVVRFLDWHG�ZLWK�D�YDULHW\�RI�LQGXVWULDO�SURFHVVHV�ZKLFK�PD\�LQYROYH�GLVFKDUJHV�LQWR�DQ

LQGXVWULDO�ZDVWH�GLVSRVDO�ZHOO���(OHFWULF�VHUYLFHV��6,&��������ZHOGLQJ�UHSDLU��6,&�������

FRPPHUFLDO�OLWKRJUDSKLF�SULQWLQJ��6,&��������DQG�JHQHUDO�FRQWUDFWRUV��6,&�������DUH�VRPH�RI�WKH

SRWHQWLDO�VRXUFHV�RI�RQH�RU�PRUH�RI�WKHVH�FRQWDPLQDQWV�LQ�&ODVV�9�:HOOV��

)XQHUDO�KRPHV��6,&�������DUH�DVVRFLDWHG�ZLWK�IRUPDOGHK\GH��PHWKDQRO��DQG�SKHQRO�LQ�WKH

SURSRVHG�UHJXODWLRQ���+RZHYHU��WKHUH�LV�LQVXIILFLHQW�GDWD�RQ�WKHVH�FRPSRXQGV�WR�LQFOXGH�WKHP�LQ

WKLV�UHSRUW���
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7DEOH���D���&RQWDPLQDQWV�NQRZQ�RU�VXVSHFWHG�WR�EH�DVVRFLDWHG�ZLWK�&ODVV�9�LQMHFWLRQ�ZHOOV�

LQRUJDQLF�FRPSRXQGV�

&RQWDPLQDQW

0&/�

+$/

�PJ�/�

&RPPRQ 6RXUFHV DQG 8VHV

3RWHQWLDO

,QGXVWU\�

�$  DXWRPRWLYH�

,  LQGXVWULDO�

3RWHQWLDO�+HDOWK

(IIHFWV

,QRUJDQLF &KHPLFDOV

$UVHQLF �����

1DWXUDO GHSRVLWV� VPHOWHUV�

JODVV� HOHFWURQLF ZDVWHV� ROG

RUFKDUGV

$� , 6NLQ� QHUYRXV V\VWHP WR[LFLW\

%DULXP ���
1DWXUDO GHSRVLWV� SLJPHQWV�

HSR[\ VHDODQWV� VSHQW FRDO
$� , &LUFXODWRU\ V\VWHP HIIHFWV

&DGPLXP ������

*DOYDQL]HG SLSH FRUURVLRQ�

QDWXUDO GHSRVLWV� EDWWHULHV�

SDLQWV� HOHFWURSODWLQJ

$� , .LGQH\ HIIHFWV

&KURPLXP ����
1DWXUDO GHSRVLWV� PLQLQJ�

HOHFWURSODWLQJ� SLJPHQWV
$� ,

/LYHU� NLGQH\� FLUFXODWRU\

GLVRUGHUV

&\DQLGH ����
(OHFWURSODWLQJ� VWHHO� SODVWLFV�

PLQLQJ� IHUWLOL]HU
,

7K\URLG� QHUYRXV V\VWHP

GDPDJH

/HDG ������ 3LSHV� VROGHU� SDLQW� EDWWHULHV $� ,

%UDLQ GDPDJH� NLGQH\

GDPDJH� FHQWUDO QHUYRXV

V\VWHP HIIHFWV

0HUFXU\ ������
1DWXUDO GHSRVLWV� EDWWHULHV�

HOHFWULFDO VZLWFKHV
,

.LGQH\� QHUYRXV V\VWHP

GLVRUGHUV

6HOHQLXP �����

1DWXUDO GHSRVLWV� PLQLQJ�

VPHOWLQJ� FRDO�RLO FRPEXVWLRQ�

SDLQW PDQXIDFWXUH

, /LYHU GDPDJH

6LOYHU ����

3KRWRJUDSKLF SURFHGXUHV�

MHZHOU\ PDNLQJ� VROGHUV�

HOHFWURSODWLQJ

,
$UJ\UHLD �SHUPDQHQW VNLQ

GLVFRORUDWLRQ�� NLGQH\ HIIHFWV

 +HDOWK DGYLVRU\ OHYHO LQ LWDOLFV�
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7DEOH���E���&RQWDPLQDQWV�NQRZQ�RU�VXVSHFWHG�WR�EH�DVVRFLDWHG�ZLWK�&ODVV�9�LQMHFWLRQ�ZHOOV�

YRODWLOH�RUJDQLF�FRPSRXQGV�

&RQWDPLQDQW

0&/�

+$/

�PJ�/�

&RPPRQ 6RXUFHV DQG 8VHV

3RWHQWLDO

,QGXVWU\

�$  DXWRPRWLYH�

,  LQGXVWULDO�

3RWHQWLDO +HDOWK

(IIHFWV

9RODWLOH 2UJDQLF &KHPLFDOV

%HQ]HQH ������
*DV� GUXJV� SDLQW� SODVWLFV� VROYHQW�

SULQWLQJ DQG OLWKRJUDSK\
$� , &DQFHU

&DUERQ WHWUDFKORULGH ������
6ROYHQWV DQG WKHLU GHJUDGDWLRQ

SURGXFWV
, &DQFHU

&KORUREHQ]HQH ����
:DVWH VROYHQW IURP PHWDO

GHJUHDVLQJ SURFHVVHV
$� ,

1HUYRXV V\VWHP

DQG OLYHU GDPDJH

����'LFKORURHWKDQH ������
/HDGHG JDV� IXPLJDQWV� SDLQWV�

VROYHQW� JDVROLQH DGGLWLYH
$� , &DQFHU

����'LFKORURHWKHQH

�����'LFKORURHWK\OHQH�
������ 3ODVWLFV� G\HV� SHUIXPHV� SDLQWV ,

&DQFHU� OLYHU 	

NLGQH\ HIIHFWV

(WK\O EHQ]HQH ����
*DVROLQH� LQVHFWLFLGHV� FKHPLFDO

PDQXIDFWXULQJ ZDVWHV� VROYHQW
$� ,

/LYHU� NLGQH\�

QHUYRXV V\VWHP

HIIHFWV

0HWK\OHQH FKORULGH

�'LFKORURPHWKDQH�
������

3DLQW VWULSSHU� PHWDO GHJUHDVHU�

SURSHOODQW
$� , &DQFHU

0HWK\O HWK\O NHWRQH ���
VROYHQW� PDQXIDFWXULQJ� FHPHQWV 	

DGKHVLYHV
,

'HFUHDVHG IHWDO

ELUWK ZHLJKW

7HWUDFKORURHWK\OHQH

�3&(�
������ 'U\ FOHDQLQJ� VROYHQW $� , &DQFHU

7ROXHQH ���
*DVROLQH DGGLWLYH� PDQXIDFWXULQJ

RSHUDWLRQV� VROYHQW
$� ,

/LYHU� NLGQH\�

QHUYRXV� FLUFXODWRU\

HIIHFWV

������7ULFKORURHWKDQH ����

$GKHVLYHV� DHURVROV� WH[WLOHV�

SDLQWV� LQNV� PHWDO GHJUHDVHUV�

GUDLQ FOHDQHU� VROYHQW

,
/LYHU� QHUYRXV

V\VWHP HIIHFWV

7ULFKORURHWKHQH �7&(� ������
7H[WLOHV� DGKHVLYHV DQG PHWDO

GHJUHDVHUV
$� , &DQFHU

9LQ\O FKORULGH ������
3ODVWLFV LQGXVWU\� PD\ OHDFK IURP

39& SLSH� VROYHQW EUHDNGRZQ
, &DQFHU

;\OHQHV �7RWDO� ����
%\�SURGXFW RI JDVROLQH UHILQLQJ�

SDLQWV� LQNV� GHWHUJHQWV� VROYHQW
$� ,

/LYHU� NLGQH\�

QHUYRXV V\VWHP

HIIHFWV

 +HDOWK DGYLVRU\ OHYHO LQ LWDOLFV�
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7KH�LQGXVWULHV�DQG�FRPSRXQGV�FLWHG�DERYH�DUH�E\�QR�PHDQV�DQ�H[KDXVWLYH�OLVW�RI�SRWHQWLDO�&ODVV�9

GLVSRVDO�ZHOO�XVHUV�RU�FRQWDPLQDQWV���5DWKHU��WKH�OLVW�LV�LQWHQGHG�WR�LOOXVWUDWH�WKH�YDULHW\�RI

SRWHQWLDO�VRXUFHV�DQG�W\SHV�RI�HIIOXHQW�DVVRFLDWHG�ZLWK�&ODVV�9�ZHOOV���

,9� &RQWDPLQDQW�2FFXUUHQFH

7KH�UHVXOWV�RI�WKH�RFFXUUHQFH�DQDO\VLV�ZLOO�EH�VXPPDUL]HG�E\�WZR�PDMRU�FRQWDPLQDQW�JURXSV��

,2&V��H�J���DUVHQLF��F\DQLGH��PHUFXU\���DQG�92&V��H�J���������WULFKORURHWKDQH��EHQ]HQH��PHWK\OHQH

FKORULGH��YLQ\O�FKORULGH����,QGXVWULDO�ZDVWH�GLVSRVDO�ZHOOV�DQG�DXWRPRWLYH�ZDVWH�GLVSRVDO�ZHOOV

VKDUH�PDQ\�RI�WKH�VDPH�HIIOXHQW�FRQVWLWXHQWV��IRU�H[DPSOH��ERWK�W\SHV�RI�ZHOO�XVHUV�RIWHQ�XVH

GHJUHDVHUV�RU�VROYHQWV����7KHUHIRUH��QR�DWWHPSW�ZLOO�EH�PDGH�WR�GLIIHUHQWLDWH�FRQWDPLQDQWV�E\�ZHOO�

W\SH�LQ�WKLV�DQDO\VLV���

7DEOHV���D�DQG���E�SUHVHQW�VXPPDULHV�RI�FRQWDPLQDQW�DQDO\WLFDO�UHVXOWV�IRU�WKH�QDWLRQDO�FURVV�

VHFWLRQ�RFFXUUHQFH�GDWD�IRU�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU�V\VWHPV��UHVSHFWLYHO\���$V�QRWHG��WKH

FURVV�VHFWLRQ�FDQQRW�EH�VWDWHG�WR�EH�D�VWDWLVWLFDOO\�UHSUHVHQWDWLYH�VDPSOH��EXW�LW�GRHV�SURYLGH�DQ

LQGLFDWLRQ�RI�FHQWUDO�WHQGHQF\�DQG�DQ�DSSUR[LPDWLRQ�RI�D�QDWLRQDO�VDPSOH���7KH�YDOXHV�SUHVHQWHG�LQ

WKH�WDEOHV�DUH�WKH�SHUFHQWDJH�RI�V\VWHPV�IURP�WKH�QDWLRQDO�FURVV�VHFWLRQ�ZLWK�FRQWDPLQDQW

GHWHFWLRQV�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/��PLQLPXP�UHSRUWLQJ�OHYHO���WKH�SHUFHQWDJH�RI

V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�KDOI�WKH�0&/�RU�+$/��DQG�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK

GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�RU�+$/����7KH�0&/�RU�+$/�LV�VKRZQ�IRU�HDFK�FRQWDPLQDQW�LQ

7DEOHV���D�DQG���E����)RU�SHUVSHFWLYH��WKH�QDWLRQDO�FURVV�VHFWLRQ�,2&�GDWD�LV�W\SLFDOO\�GHULYHG�IURP

������3:6V�DQG��������WR��������DQDO\VHV��PRVW�92&�UHVXOWV�LQFOXGH�GDWD�IURP��������WR

�������3:6V�DQG�DSSUR[LPDWHO\���������DQDO\VHV�

9DOXHV�IRU�WKH�UDQJH�RI�SHUFHQW�GHWHFWLRQV�LQFOXGH�WKH�VXSSOHPHQWDU\�GDWD�IURP�DOO�6WDWHV���

&RQWDPLQDQW�RFFXUUHQFH�YDULHV�IURP�6WDWH�WR�6WDWH���:KLOH�WKH�FURVV�VHFWLRQ�SURYLGHV�RQH�QDWLRQDO

HVWLPDWH�WKH�UDQJHV�SURYLGH�SHUVSHFWLYH�RQ�WKH�YDULDWLRQ�DPRQJ�6WDWHV���)RU�H[DPSOH��7DEOH���D

VKRZV�WKDW��IRU�7&(�������RI�JURXQG�ZDWHU�V\VWHPV�LQ�WKH�QDWLRQDO�FURVV�VHFWLRQ�KDYH�GHWHFWLRQV

�!05/����7KH�UDQJH��IURP�����WR��������VKRZV�WKDW�RQH�6WDWH�KDG�RQO\������JURXQG�ZDWHU

V\VWHPV�ZLWK�GHWHFWLRQV�ZKLOH�WKH�6WDWH�ZLWK�WKH�JUHDWHVW�SUREOHPV�KDG�������RI�V\VWHPV�ZLWK

GHWHFWLRQV���7KH�UDQJHV�SURYLGH�RWKHU�SHUVSHFWLYHV�DV�ZHOO���7KH�FURVV�VHFWLRQ�SURYLGHV�DQ

HVWLPDWH�WKDW����RI�JURXQG�ZDWHU�V\VWHPV�KDYH�GHWHFWLRQV�RI�F\DQLGH���$PRQJ�WKH�6WDWHV��RQH

6WDWH�KDG������V\VWHPV�ZLWK�GHWHFWLRQV�H[FHHGLQJ�WKH�0&/��!0&/��ZKLOH�DW�OHDVW�RQH�RWKHU

6WDWH�KDG�QR�V\VWHPV�ZLWK�GHWHFWLRQV�������!05/�����7KH�UDQJH�IRU�SHUFHQWDJH�V\VWHPV�ZLWK

GHWHFWLRQV�LV�PXFK�JUHDWHU�IRU�,2&V�WKDQ�92&V���7KLV�LV�EHFDXVH�WKHUH�LV�D�ZLGHU�UDQJH�RI

PHWKRGV�DQG�UHSRUWLQJ�OLPLWV�WKDW�PD\�EH�XVHG�IRU�,2&V�WKDQ�92&V����$SSHQGL[�&�VKRZV�WKH

QXPEHU�RI�V\VWHPV�DQG�VDPSOHV�FROOHFWHG�IRU�HDFK�FRQWDPLQDQW�IURP�ERWK�WKH�QDWLRQDO�FURVV�

VHFWLRQ�6WDWHV�DQG�WKH�FRPELQHG�GDWD�VHWV�XVHG�WR�FKDUDFWHUL]H�WKH�UDQJH�RI�RFFXUUHQFH�
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:KLOH�JURXQG�ZDWHU�FRQWDPLQDWLRQ�LV�WKH�SULPDU\�FRQFHUQ�IRU�8,&�&ODVV�9�ZHOOV��GDWD�IURP�3:6V

XVLQJ�VXUIDFH�ZDWHUV�DUH�DOVR�LQFOXGHG���0DQ\�LQMHFWLRQ�ZHOOV�GLVFKDUJH�LQWR�VKDOORZ�JURXQG�ZDWHU��

6KDOORZ�JURXQG�ZDWHU�FDQ�UHFKDUJH�ZHOOV��EXW�LW�PD\�DOVR�PRYH�ODWHUDOO\�WR�SURYLGH�WKH�EDVHIORZ

IRU�VWUHDPV�DQG�ODNHV���+HQFH��FRQWDPLQDQWV�RULJLQDOO\�GLVFKDUJHG�LQWR�JURXQG�ZDWHU�PD\�DOVR

DSSHDU�LQ�VXUIDFH�ZDWHUV���$OVR��WKH�REVHUYDWLRQV�IURP�WKH�VXUIDFH�ZDWHU�3:6V�LQFOXGH�V\VWHPV

WKDW�PD\�XVH�ERWK�VXUIDFH�DQG�JURXQG�ZDWHU�VRXUFHV��DV�ZHOO�DV�JURXQG�ZDWHU�XQGHU�WKH�GLUHFW

LQIOXHQFH�RI�VXUIDFH�ZDWHU���+HQFH��WKHVH�GDWD�SURYLGH�DGGLWLRQDO�LQVLJKW�RQ�WKH�RFFXUUHQFH�RI�WKH

&ODVV�9�FRQWDPLQDQWV�LQ�WKHVH�PRVW�YXOQHUDEOH�VHWWLQJV�

(YHU\�FRQWDPLQDQW�VHOHFWHG�IRU�DQDO\VLV�ZLWK�DQ�0&/�RU�DQ�+$/�KDV�EHHQ�GHWHFWHG�LQ�JURXQG

ZDWHU�DQG�VXUIDFH�ZDWHU�V\VWHPV�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���,Q�JURXQG�ZDWHU

V\VWHPV��HYHU\�FRQWDPLQDQW�ZLWK�DQ�0&/�ZDV�GHWHFWHG�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/�

LQ�VXUIDFH�ZDWHU�V\VWHPV�HYHU\�FRQWDPLQDQW��H[FHSW�F\DQLGH��VHOHQLXP��WRWDO�[\OHQHV��DQG�PHWK\O

HWK\O�NHWRQH�ZDV�GHWHFWHG�DW�OHYHOV�JUHDWHU�WKDQ�WKH�0&/����1RWH��PHWK\O�HWK\O�NHWRQH�GRHV�QRW

KDYH�DQ�0&/�RU�+$/���

'DWD�IURP�WHVWLQJ�IRU�WKH�FRQWDPLQDQW�PHWK\O�HWK\O�NHWRQH�ZDV�RQO\�LQFOXGHG�LQ�WZR�GDWD�VHWV��

7KXV��WKH�YDOXHV�JLYHQ�IRU�PHWK\O�HWK\O�NHWRQH�DUH�VXSSOHPHQWDU\�DQG�FDQ�QRW�EH�WDNHQ�DV

UHSUHVHQWDWLYH�RI�WKH�VWDWH�RI�RFFXUUHQFH�QDWLRQ�ZLGH���+RZHYHU��PHWK\O�HWK\O�NHWRQH�ZDV

GHWHFWHG�LQ�JURXQG�ZDWHU�VXSSOLHG�3:6V���5HIHU�WR�$SSHQGL[�&�IRU�LQIRUPDWLRQ�RQ�PHWK\O�HWK\O

NHWRQH�RFFXUUHQFH���

*URXQG�ZDWHU�V\VWHPV

$OO�QLQH�RI�WKH�,2&V�ZHUH�GHWHFWHG�LQ�JURXQG�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���&\DQLGH�ZDV�GHWHFWHG�LQ�WKH�ORZHVW�SHUFHQWDJH�RI�V\VWHPV

�������DQG�EDULXP�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�SHUFHQWDJH�RI�V\VWHPV�����������$OO�RI�WKH�,2&V

ZHUH�GHWHFWHG�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/���6LOYHU�KDV�WKH�ORZHVW�SHUFHQWDJH�RI

V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/��������DQG�OHDG�KDV�WKH�KLJKHVW�SHUFHQWDJH�RI

V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�����������$PRQJ�WKH�LQGLYLGXDO�6WDWHV��WKH�UDQJH�

IRU�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�YDULHG�IURP������WR������IRU

VLOYHU�DQG�IURP������WR�������IRU�OHDG����7KHVH�ILQGLQJV�DUH�QRW�VXUSULVLQJ���%DULXP�W\SLFDOO\

RFFXUV�LQ�JUHDWHU�FRQFHQWUDWLRQV�QDWXUDOO\�DQG�OHDG�LV�RIWHQ�DVVRFLDWHG�ZLWK�SLSLQJ�DQG�VROGHU�LQ

ROGHU�ZDWHU�V\VWHPV����)URP�WKHVH�GDWD�WKH�RFFXUUHQFH�RI�OHDG�UHODWHG�WR�VRXUFHV�ZLWKLQ�D�ZDWHU

V\VWHP�FDQQRW�EH�VHSDUDWHG�IURP�FRQWDPLQDWLRQ�WKDW�PD\�EH�UHODWHG�WR�&ODVV�9�ZHOOV��RU�RWKHU

H[WHUQDO�VRXUFHV����

$OO�RI�WKH�92&V�ZHUH�GHWHFWHG�LQ�JURXQG�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���9LQ\O�FKORULGH�ZDV�GHWHFWHG�LQ�WKH�ORZHVW�SHUFHQWDJH�RI

V\VWHPV��������DQG�PHWK\OHQH�FKORULGH�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�SHUFHQWDJH�RI�V\VWHPV

����������$OO�RI�WKH�92&V�ZHUH�GHWHFWHG�LQ�JURXQG�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKHLU�0&/��H[FHSW�IRU�PHWK\O�HWK\O�NHWRQH�ZKLFK�KDV�QR�0&/�RU

+$/����(WK\O�EHQ]HQH�DQG�WRWDO�[\OHQHV�ZHUH�GHWHFWHG�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/�LQ
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WKH�ORZHVW�SHUFHQWDJH�RI�V\VWHPV��������DQG�PHWK\OHQH�FKORULGH�ZDV�GHWHFWHG�JUHDWHU�WKDQ�WKH

0&/�LQ�WKH�KLJKHVW�SHUFHQW�SHUFHQWDJH�RI�V\VWHPV�����������$PRQJ�WKH�LQGLYLGXDO�6WDWHV��WKH

UDQJH�IRU�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�YDULHG�IURP������WR�

�����IRU�YLQ\O�FKORULGH�DQG�IURP�����WR�������IRU�PHWK\OHQH�FKORULGH����,W�VKRXOG�EH�QRWHG�

KRZHYHU��WKDW�WKH�GHWHFWLRQ�RI�PHWK\OHQH�FKORULGH�FDQ�EH�FRQIRXQGHG�ZLWK�RWKHU�RUJDQLF

FRPSRXQGV��DQG�LW�LV�VXVSHFWHG�WKDW�WKH�RFFXUUHQFH�YDOXHV�UHSRUWHG�PD\�EH�WRR�JUHDW�

6XUIDFH�ZDWHU�V\VWHPV

$OO�QLQH�RI�WKH�,2&V�ZHUH�GHWHFWHG�LQ�VXUIDFH�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���&DGPLXP��F\DQLGH��DQG�VLOYHU�ZHUH�GHWHFWHG�LQ�WKH�ORZHVW

SHUFHQWDJH�RI�V\VWHPV��������DQG�EDULXP�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�SHUFHQWDJH�RI�V\VWHPV

����������$OO�RI�WKH�,2&V�ZHUH�GHWHFWHG�LQ�VXUIDFH�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/�ZLWK�WKH�H[FHSWLRQV�RI�F\DQLGH�DQG�VHOHQLXP���&DGPLXP�

FKURPLXP��DQG�VLOYHU�KDYH�WKH�ORZHVW�SRVLWLYH�SHUFHQW�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�������

DQG�OHDG�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�SHUFHQWDJH�RI�V\VWHPV�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH

0&/�����������$PRQJ�WKH�LQGLYLGXDO�6WDWHV��WKH�UDQJH�IRU�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK

GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�YDULHG�IURP������WR������IRU�FKURPLXP�DQG�VLOYHU�DQG�IURP

�����WR�������IRU�OHDG����$JDLQ��LW�VKRXOG�EH�QRWHG�WKDW�VRPH�RI�WKH�OHDG�GHWHFWLRQV�PD\�EH

DVVRFLDWHG�ZLWK�SLSLQJ�DQG�VROGHU�ZLWKLQ�D�ZDWHU�V\VWHP�UDWKHU�WKDQ�DQ�RXWVLGH�VRXUFH�RI

FRQWDPLQDWLRQ�

7KLUWHHQ�RI�WKH�92&V�ZHUH�GHWHFWHG�LQ�VXUIDFH�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���7KH�FRQWDPLQDQW�����GLFKORURHWKDQH�ZDV�GHWHFWHG�LQ�WKH

ORZHVW�SHUFHQWDJH�RI�V\VWHPV��������DQG�PHWK\OHQH�FKORULGH�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW

SHUFHQWDJH�RI�V\VWHPV�����������$OO�RI�WKH�92&V�ZHUH�GHWHFWHG�LQ�VXUIDFH�ZDWHU�V\VWHPV�LQ�WKH

FURVV�VHFWLRQ�RI�6WDWHV�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�KDOI�WKH�0&/�DQG�DOO�RI�WKH�92&V�H[FHSW

WRWDO�[\OHQHV�ZHUH�GHWHFWHG�LQ�VXUIDFH�ZDWHU�V\VWHPV�LQ�WKH�FURVV�VHFWLRQ�RI�6WDWHV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/���&KORUREHQ]HQH�KDV�WKH�ORZHVW�SHUFHQW�GHWHFWLRQV�JUHDWHU

WKDQ�WKH�0&/��������DQG�PHWK\OHQH�FKORULGH�ZDV�GHWHFWHG�LQ�WKH�KLJKHVW�SHUFHQWDJH�RI�V\VWHPV

JUHDWHU�WKDQ�WKH�0&/�����������$PRQJ�WKH�LQGLYLGXDO�6WDWHV��WKH�UDQJH�IRU�WKH�SHUFHQWDJH�RI

V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�0&/�YDULHG�IURP������WR������IRU�FKORUREHQ]HQH�DQG

IURP�����WR�������IRU�PHWK\OHQH�FKORULGH����,W�VKRXOG�EH�QRWHG�KRZHYHU��WKDW�WKH�GHWHFWLRQ�RI

PHWK\OHQH�FKORULGH�FDQ�EH�FRQIRXQGHG�ZLWK�RWKHU�RUJDQLF�FRPSRXQGV��DQG�LW�LV�VXVSHFWHG�WKDW�WKH

RFFXUUHQFH�YDOXHV�UHSRUWHG�PD\�EH�WRR�JUHDW�
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7DEOH���D���6XPPDU\�RI�RFFXUUHQFH�RI�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�'LVSRVDO�:HOOV�IURP

D�QDWLRQDO�FURVV�VHFWLRQ�RI�SXEOLF�ZDWHU�V\VWHPV�XVLQJ�JURXQG�ZDWHU��UDQJHV�IURP�DOO�6WDWHV

VWXGLHG�

*URXQG :DWHU 6\VWHPV � !

05/

5DQJH

! 05/

� !

��� 0&/

5DQJH

! ��� 0&/

� !

0&/

5DQJH

! 0&/

,QRUJDQLF &RPSRXQGV

$UVHQLF ����� ���� � ����� ���� ���� � ���� ���� ���� � ����

%DULXP ����� ����� � ����� ���� ���� � ���� ���� ���� � ����

&DGPLXP ���� ���� � ����� ���� ���� � ����� ���� ���� � ����

&KURPLXP ����� ���� � ����� ���� ���� � ���� ���� ���� � ����

&\DQLGH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

/HDG �DFWLRQ OHYHO� QRW 0&/� ����� ���� � ����� ���� ���� � ����� ���� ���� � �����

0HUFXU\ ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

6HOHQLXP ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

6LOYHU ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

9RODWLOH 2UJDQLF &RPSRXQGV

����� � 7ULFKORURHWKDQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

��� � 'LFKORURHWKHQH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

��� � 'LFKORURHWKDQH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

%HQ]HQH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

&DUERQ WHWUDFKORULGH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

&KORUREHQ]HQH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

(WK\O EHQ]HQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

0HWK\OHQH FKORULGH �'LFKORURPHWKDQH� ����� ���� � ����� ���� ���� � ����� ���� ���� � �����

7HWUDFKORURHWK\OHQH �3&(� ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

7ROXHQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

7ULFKORURHWKHQH �7&(� ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

9LQ\O FKORULGH ���� ���� � ���� ���� ���� � ���� ���� ���� � ����

;\OHQHV �7RWDO� ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

� !0&/ LQGLFDWHV WKH SURSRUWLRQ RI V\VWHPV ZLWK DQ\ DQDO\WLFDO UHVXOWV H[FHHGLQJ WKH FRQFHQWUDWLRQ YDOXH RI WKH 0&/� LW GRHV QRW QHFHVVDULO\ LQGLFDWH

DQ 0&/ YLRODWLRQ� $Q 0&/ YLRODWLRQ RFFXUV ZKHQ WKH 0&/ LV H[FHHGHG E\ WKH DYHUDJH UHVXOWV IURP IRXU TXDUWHUO\ VDPSOHV RU FRQILUPDWLRQ VDPSOHV DV

UHTXLUHG E\ WKH SULPDF\ 6WDWH�
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/HDG �DFWLRQ OHYHO� QRW 0&/� ����� ���� � ������ ���� ���� � ������ ���� ���� � �����
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6LOYHU ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

9RODWLOH 2UJDQLF &RPSRXQGV

����� � 7ULFKORURHWKDQH ���� ���� � ����� ���� ���� � ����� ���� ���� � �����

��� � 'LFKORURHWKHQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

��� � 'LFKORURHWKDQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

%HQ]HQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

&DUERQ WHWUDFKORULGH ���� ���� � ����� ���� ���� � ����� ���� ���� � �����

&KORUREHQ]HQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

(WK\O EHQ]HQH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

0HWK\OHQH FKORULGH �'LFKORURPHWKDQH� ����� ���� � ����� ����� ���� � ����� ���� ���� � �����

7HWUDFKORURHWK\OHQH �3&(� ���� ���� � ����� ���� ���� � ����� ���� ���� � �����

7ROXHQH ����� ���� � ����� ���� ���� � ���� ���� ���� � ����

7ULFKORURHWKHQH �7&(� ���� ���� � ����� ���� ���� � ����� ���� ���� � �����

9LQ\O FKORULGH ���� ���� � ����� ���� ���� � ���� ���� ���� � ����

;\OHQHV �7RWDO� ����� ���� � ����� ���� ���� � ���� ���� ���� � ����

�!0&/ LQGLFDWHV WKH SURSRUWLRQ RI V\VWHPV ZLWK DQ\ DQDO\WLFDO UHVXOWV H[FHHGLQJ WKH FRQFHQWUDWLRQ YDOXH RI WKH 0&/� LW GRHV QRW QHFHVVDULO\ LQGLFDWH

DQ 0&/ YLRODWLRQ� $Q 0&/ YLRODWLRQ RFFXUV ZKHQ WKH 0&/ LV H[FHHGHG E\ WKH DYHUDJH UHVXOWV IURP IRXU TXDUWHUO\ VDPSOHV RU FRQILUPDWLRQ VDPSOHV DV

UHTXLUHG E\ WKH SULPDF\ 6WDWH�

8QUHJXODWHG�&RQWDPLQDQW�0RQLWRULQJ�,QIRUPDWLRQ�6\VWHP

7KH�85&,6�GDWDEDVH�FRQWDLQV�LQIRUPDWLRQ�RQ�WKH�IROORZLQJ�VHOHFWHG�FRQWDPLQDQWV�UHODWHG�WR�&ODVV

9�ZHOO�XVH��������WULFKORURHWKDQH������GLFKORURHWKHQH������GLFKORURHWKDQH��EHQ]HQH��FDUERQ

WHWUDFKORULGH��FKORUREHQ]HQH��HWK\O�EHQ]HQH��PHWK\OHQH�FKORULGH��3&(��WROXHQH��7&(��YLQ\O

FKORULGH��DQG�WRWDO�[\OHQHV���7DEOH���VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RI�WKH�85&,6

RFFXUUHQFH�GDWD�IRU�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU�V\VWHPV�

(YHU\�FRQWDPLQDQW�VHOHFWHG�IRU�DQDO\VLV�LQ�WKH�85&,6�GDWDEDVH�KDV�EHHQ�GHWHFWHG�LQ�JURXQG�ZDWHU

V\VWHPV�DQG�VXUIDFH�ZDWHU�V\VWHPV�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�05/���(YHU\�FRQWDPLQDQW
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ZDV�GHWHFWHG�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�KDOI�WKH�0&/�LQ�ERWK�JURXQG�ZDWHU�V\VWHPV�DQG

VXUIDFH�ZDWHU�V\VWHPV�ZLWK�WKH�H[FHSWLRQ�RI�FKORUREHQ]HQH��HWK\O�EHQ]HQH��WROXHQH��DQG�WRWDO

[\OHQHV���,Q�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU�V\VWHPV��HYHU\�FRQWDPLQDQW��ZLWK�WKH�H[FHSWLRQ�RI

������WULFKORURHWKDQH��FKORUREHQ]HQH��HWK\O�EHQ]HQH��WROXHQH��DQG�WRWDO�[\OHQHV��ZDV�GHWHFWHG�DW

OHYHOV�JUHDWHU�WKDQ�WKH�YDOXH�RI�WKH�0&/�

7DEOH�����6XPPDU\�RI�RFFXUUHQFH�RI�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�'LVSRVDO�:HOOV�IURP

WKH�85&,6�GDWD�VHW�IRU�SXEOLF�ZDWHU�V\VWHPV�XVLQJ�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU���

*URXQG :DWHU 6\VWHPV 6XUIDFH :DWHU 6\VWHPV

� !

05/

� !

��� 0&/

� !

0&/

� !

05/

� !

��� 0&/

� !

0&/

������7ULFKORURHWKDQH ���� ���� ���� ���� ���� ����

����'LFKORURHWKHQH ���� ���� ���� ���� ���� ����

����'LFKORURHWKDQH ���� ���� ���� ���� ���� ����

%HQ]HQH ���� ���� ���� ���� ���� ����

&DUERQ WHWUDFKORULGH ���� ���� ���� ���� ���� ����

&KORUREHQ]HQH ���� ���� ���� ���� ���� ����

(WK\O EHQ]HQH ���� ���� ���� ���� ���� ����

0HWK\OHQH FKORULGH �'LFKORURPHWKDQH� ���� ���� ���� ����� ���� ����

7HWUDFKORURHWK\OHQH �3&(� ���� ���� ���� ���� ���� ����

7ROXHQH ���� ���� ���� ���� ���� ����

7ULFKORURHWKHQH �7&(� ���� ���� ���� ���� ���� ����

9LQ\O FKORULGH ���� ���� ���� ���� ���� ����

;\OHQHV �7RWDO� ���� ���� ���� ����� ���� ����

� !0&/ LQGLFDWHV WKH SURSRUWLRQ RI V\VWHPV ZLWK DQ\ DQDO\WLFDO UHVXOWV H[FHHGLQJ WKH FRQFHQWUDWLRQ YDOXH RI WKH 0&/� LW GRHV

QRW QHFHVVDULO\ LQGLFDWH DQ 0&/ YLRODWLRQ� $Q0&/ YLRODWLRQ RFFXUV ZKHQ WKH0&/ LV H[FHHGHG E\ WKH DYHUDJH UHVXOWV IURP IRXU

TXDUWHUO\ VDPSOHV RU FRQILUPDWLRQ VDPSOHV DV UHTXLUHG E\ WKH SULPDF\ 6WDWH�

&RPSDULVRQ�RI�QDWLRQDO�FURVV�VHFWLRQ�RI�6WDWHV�DQG�8QUHJXODWHG�&RQWDPLQDQW�0RQLWRULQJ

,QIRUPDWLRQ�6\VWHP�GDWD

)RU�FRQWDPLQDQW�RFFXUUHQFH�LQ�JURXQG�ZDWHU��WKH�85&,6�GDWD�DQG�WKH�QDWLRQDO�FURVV�VHFWLRQ�6WDWH

GDWD�DUH�TXLWH�FRPSDUDEOH���7KH�VLPLODULW\�EHWZHHQ�WKH�WZR�GLIIHUHQW�GDWD�VHWV�SURYLGHV�VRPH

YHULILFDWLRQ�RI�GDWD�TXDOLW\�UHJDUGLQJ�W\SHV�DQG�JHQHUDO�OHYHOV�RI�FRQWDPLQDQWV���7KH�SHUFHQWDJH�RI

JURXQG�ZDWHU�V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�05/�YDOXHV�IURP�WKH�85&,6�GDWD�DUH

ZLWKLQ�RQH�SHUFHQW�RI�WKH�FRUUHVSRQGLQJ�QDWLRQDO�FURVV�VHFWLRQ�YDOXH�ZLWK�WKH�H[FHSWLRQ�RI

PHWK\OHQH�FKORULGH�������IRU�85&,6��������IRU�WKH�FURVV�VHFWLRQ��DQG�7&(�������IRU�85&,6�

�����IRU�WKH�FURVV�VHFWLRQ����$OVR��HYHU\�SHUFHQWDJH�RI�V\VWHPV�JUHDWHU�WKDQ�WKH�05/�YDOXH�IURP

85&,6�IDOOV�ZLWKLQ�WKH�UDQJH�RI�YDOXHV�IURP�WKH�6WDWH�GDWD���$OO�RI�WKH�SHUFHQWDJH�RI�V\VWHPV

JUHDWHU�WKDQ�WKH�0&/�YDOXHV�IURP�85&,6�IDOO�ZLWKLQ�WKH�UDQJH�RI�YDOXHV�IURP�WKH�6WDWH�GDWD���
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)RU�FRQWDPLQDQW�RFFXUUHQFH�LQ�VXUIDFH�ZDWHU��WKH�85&,6�GDWD�DUH�DOVR�JHQHUDOO\�FRQVLVWHQW�ZLWK

WKH�FURVV�VHFWLRQ�GDWD�UHVXOWV��DOWKRXJK�WKHUH�LV�JUHDWHU�YDULDWLRQ�EHWZHHQ�WKH�WZR�GDWD�VHWV�WKDQ�LV

WKH�FDVH�ZLWK�JURXQG�ZDWHU�V\VWHPV���7KH�SHUFHQWDJH�RI�VXUIDFH�ZDWHU�V\VWHPV�ZLWK�GHWHFWLRQV

JUHDWHU�WKDQ�WKH�05/�YDOXHV�IURP�WKH�85&,6�GDWD�DUH�ZLWKLQ�WZR�SHUFHQWDJH�SRLQWV�RI�WKH

FRUUHVSRQGLQJ�QDWLRQDO�FURVV�VHFWLRQ�GDWD�IRU�RQO\�ILYH�RI�WKH����FRQWDPLQDQWV������

GLFKORURHWKHQH������GLFKORURHWKDQH��EHQ]HQH��7&(��YLQ\O�FKORULGH��DQG�WRWDO�[\OHQHV����+RZHYHU�

RQO\�PHWK\OHQH�FKORULGH�KDV�D�GLIIHUHQFH�RI�JUHDWHU�WKDQ�ILYH�SHUFHQWDJH�SRLQWV��������85&,6�

������FURVV�VHFWLRQ��DQG�HYHU\�SHUFHQW�JUHDWHU�WKDQ�WKH�05/�YDOXH�IURP�85&,6�IDOOV�ZLWKLQ�WKH

UDQJH�RI�YDOXHV�IURP�WKH�6WDWH�GDWD���)RU�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK�GHWHFWLRQV�DW

FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKH�0&/��HYHU\�YDOXH�IURP�WKH�85&,6�GDWD�IDOOV�ZLWKLQ�WKH�UDQJH�RI

YDOXHV�IURP�WKH�6WDWH�GDWD��

7DEOH���LOOXVWUDWHV�WKH�FRPSDULVRQ�RI�SHUFHQWDJH�RI�V\VWHPV�ZLWK�GHWHFWLRQV�JUHDWHU�WKDQ�WKH�05/

IRU�85&,6�GDWD�DQG�WKH�QDWLRQDO�FURVV�VHFWLRQ�6WDWH�GDWD�IRU�JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU

V\VWHPV�

7DEOH�����&RPSDULVRQ�RI�RFFXUUHQFH�RI�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�'LVSRVDO�:HOOV

IURP�WKH�85&,6�GDWD�DQG�WKH�QDWLRQDO�FURVV�VHFWLRQ�6WDWH�GDWD�IRU�SXEOLF�ZDWHU�V\VWHPV�XVLQJ

JURXQG�ZDWHU�DQG�VXUIDFH�ZDWHU���

*URXQG :DWHU 6\VWHPV 6XUIDFH :DWHU 6\VWHPV

85&,6 &URVV�

6HFWLRQ

85&,6 &URVV�

6HFWLRQ

� !

05/

� !

05/

� !

05/

� !

05/

������7ULFKORURHWKDQH ���� ���� ���� ����

����'LFKORURHWKHQH ���� ���� ���� ����

����'LFKORURHWKDQH ���� ���� ���� ����

%HQ]HQH ���� ���� ���� ����

&DUERQ WHWUDFKORULGH ���� ���� ���� ����

&KORUREHQ]HQH ���� ���� ���� ����

(WK\O EHQ]HQH ���� ���� ���� ����

0HWK\OHQH FKORULGH �'LFKORURPHWKDQH� ���� ����� ����� �����

7HWUDFKORURHWK\OHQH �3&(� ���� ���� ���� ����

7ROXHQH ���� ���� ���� �����

7ULFKORURHWKHQH �7&(� ���� ���� ���� ����

9LQ\O FKORULGH ���� ���� ���� ����

;\OHQHV �7RWDO� ���� ���� ����� �����
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9�� 'LVFXVVLRQ�DQG�&RQFOXVLRQV��

7KH�UHVXOWV�RI�WKH�DQDO\VLV�VKRZ�WKDW�FRQWDPLQDQWV�DVVRFLDWHG�ZLWK�&ODVV�9�ZHOOV�RFFXU�LQ�SXEOLF

GULQNLQJ�ZDWHU�V\VWHPV�DFURVV�WKH�QDWLRQ��PDQ\�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�WKHLU�0&/�+$/��

$�GLUHFW�FDXVDO�OLQN�EHWZHHQ�&ODVV�9�ZHOO�HIIOXHQW�DQG�FRQWDPLQDQW�RFFXUUHQFH�LQ�SXEOLF�GULQNLQJ

ZDWHU�V\VWHPV�FDQ�QRW�EH�HVWDEOLVKHG�ZLWK�WKHVH�GDWD���
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$33(1',;�$���'$7$�0$1$*(0(17

7DEOH�����3ULQFLSDO�6WDWH�DQG�VXSSOHPHQWDO�GDWDEDVHV�XVHG�IRU�DQDO\VLV�LQ�WKLV�UHSRUW�

6WDWH

&RQWDPLQDQW *URXSV

5HSUHVHQWHG �,2&V�

62&V� 92&V�

1XPEHU RI

$QDO\WLFDO

5HVXOWV

1XPEHU RI 3:6V

ZLWK 5HVXOWV
7LPH 3HULRG

$ODEDPD ,2&� 62&� 92& ������� ��� ���������

&DOLIRUQLD ,2&� 62&� 92& ��������� ����� ���������

,OOLQRLV ,2&� 62&� 92& ��������� ����� ���������

,QGLDQD ,2&� 62&� 92& ������� ����� ���������

,RZD ,2&� 62&� 92&� 2

�SXEOLVKHG UHSRUW�

������� ����� ���������

0DVVDFKXVHWWV 92&V RQO\ ������ ��� ���������

0LFKLJDQ �&:6� 62&� 92& ������� ����� ���������

0LFKLJDQ

�171&�

62&� 92& ������� ����� ���������

0RQWDQD ,2&� 62&� 92& ������� ����� ���������

1HZ -HUVH\ ,2&� 62&� 92& ������� ����� ���������

1HZ 0H[LFR ,2&� 62&� 92& ������� ����� ���������

2UHJRQ ,2&� 62&� 92& ������� ����� ���������

67$7(

727$/6

���������� ������

85&,6 ��� 6WDWHV

	 7HUULWRULHV�

VRPH 62&� 92& ��������� ������ ���������

$::6& ���

6WDWHV�

,2&� 62&� 92& ������ ��� ���������

727$/6 ����������

7DEOH���VXPPDUL]HV�WKH�6WDWH�GDWD�XWLOL]HG�DQG�WZR�RWKHU�PDMRU�VRXUFHV�RI�GDWD���$OWRJHWKHU��WKH

GDWD�UHYLHZHG�IRU�WKLV�UHSRUW�LQFOXGH�PRUH�WKDQ����PLOOLRQ�DQDO\WLFDO�UHVXOWV��QRW�DOO�RI�ZKLFK

SHUWDLQ�WR�&ODVV�9�UHODWHG�FRQWDPLQDQWV����7KH�QXPEHU�RI�V\VWHPV�IURP�WKH�6WDWHV�DQG�WKHVH

VXSSOHPHQWDO�VRXUFHV�LV�QRW�WRWDOHG�EHFDXVH�WKHUH�LV�RYHUODS�DPRQJ�WKHVH�VSHFLDO�GDWDEDVHV�DQG
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VRPH�6WDWHV��DQG�KHQFH�PDQ\�V\VWHPV�ZRXOG�EH�GRXEOH�FRXQWHG����7KH�VXSSOHPHQWDO�GDWDEDVHV

LQFOXGH�

& (3$©V�8QUHJXODWHG�&RQWDPLQDQW�0RQLWRULQJ�,QIRUPDWLRQ�6\VWHP��85&,6��ZLWK�GDWD�IURP

DERXW����6WDWHV�DQG�7HUULWRULHV�IURP�WKH�ILUVW�URXQG�RI�XQUHJXODWHG�FRQWDPLQDQW

PRQLWRULQJ��������������WKH�GDWD�DOVR�LQFOXGHV�VDPSOHV�WDNHQ�SULRU�WR������ZKLFK�ZHUH

JUDQGIDWKHUHG�LQWR�WKH�GDWDEDVH����7KH�YDOXHV�VKRZQ�KHUH�IRU�85&,6�PD\�EH�GLIIHUHQW�WKDQ

IRU�RWKHU�(3$�UHYLHZV�EHFDXVH�RI�WKH�VFUHHQLQJ�FRQGXFWHG�IRU�WKLV�VWXG\�WR�HQVXUH

FRQVLVWHQF\�LQ�DQDO\VLV��

& 'ULQNLQJ�ZDWHU�GDWD�IURP�V\VWHPV�RSHUDWHG�E\�WKH�$PHULFDQ�:DWHU�:RUNV�6HUYLFH

&RPSDQ\��ZKLFK�RSHUDWHV�V\VWHPV�LQ�PDQ\�VWDWHV��

7KHUH�DUH�QXPHURXV�GDWD�KDQGOLQJ�DQG�PDQDJHPHQW�LVVXHV��DV�ZHOO�DV�GDWD�TXDOLW\�LVVXHV��WKDW�KDG

WR�EH�DGGUHVVHG�WR�HQDEOH�WKH�DQDO\VLV�SUHVHQWHG�LQ�WKLV�UHSRUW���7KH�SULPDU\�REMHFWLYH�ZDV�WR

GHYHORS�D�FRQVLVWHQW�DQG�UHSHDWDEOH�DSSURDFK�WKDW�ZRXOG�DOORZ�GDWD�WR�EH�FRPSDUHG�EHWZHHQ�DQG

DPRQJ�WKH�YDULRXV�GDWD�VHWV�DQG�DOORZ�WKH�GDWD�WR�EH�MRLQWO\�HYDOXDWHG�WR�SURYLGH�VRPH�RYHUYLHZ

RI�RFFXUUHQFH�SDWWHUQV�DW�WKH�QDWLRQDO�OHYHO���$�EULHI�UHYLHZ�RI�VRPH�RI�WKHVH�LVVXHV�LV�QHFHVVDU\�DV

D�SUHIDFH�WR�XQGHUVWDQGLQJ�WKH�UHVXOWV�

,Q�JHQHUDO��6WDWHV�VRXUFHV�ZHUH�QRW�DVNHG�WR�UHRUJDQL]H�RU�UHIRUPDW�GDWD��EXW�VLPSO\�WR�WUDQVPLW

WKH�GDWD�LQ�ZKDWHYHU�PDQQHU�ZDV�HDVLHVW���)RU�H[DPSOH��ZKLOH�WKH�3KDVH�,,�9�FRPSOLDQFH�GDWD

IURP�����������ZHUH�RI�WKH�JUHDWHVW�LQWHUHVW��LQ�PDQ\�FDVHV��LW�ZDV�HDVLHU�IRU�WKH�6WDWH�VLPSO\�WR

WUDQVPLW�WKHLU�HQWLUH�GDWD�VHW��JHQHUDOO\�FRQWDLQLQJ�LQIRUPDWLRQ�RQ�DOO�FKHPLFDO�FRQWDPLQDQWV��IURP

D�JUHDWHU�VSDQ�RI�\HDUV��DV�QRWHG�LQ�7DEOH������,Q�DGGLWLRQ�WR�WKH�UHJXODWHG�FRQWDPLQDQWV��HYHU\

GDWDEDVH�LQFOXGHG�DGGLWLRQDO�GDWD�RQ�RWKHU�FRQWDPLQDQWV�DQG�WKHVH�YDULHG�DPRQJ�HDFK�GDWDEDVH�

7KH�GDWD�ZHUH�WUDQVIHUUHG�XVLQJ�WKUHH�PDLQ�PHGLD��)73��H�PDLO��DQG�GLVNHWWHV��LQFOXGLQJ�]LS�GLVNV

RU�&'�520����(YLGHQW�IURP�WKH�QXPEHU�RI�DQDO\WLFDO�UHVXOWV�SUHVHQWHG�RQ�7DEOH����WKHVH�DUH�YHU\

ODUJH�GDWDEDVHV��RIWHQ�VHYHUDO�PHJDE\WHV�LQ�VL]H��DQG�WUDQVPLVVLRQ�ZDV�RIWHQ�FRPSOLFDWHG���0DQ\

RI�WKH�GDWD�VHWV�UHFHLYHG�ZHUH�¦DV�LV§�DQG�KDG�QRW�EHHQ�IRUPDWWHG�E\�WKH�6WDWH�LQ�DQ\�ZD\���7KH

GDWD�ZHUH�UHFHLYHG�LQ�D�QXPEHU�RI�ILOH�W\SHV�LQFOXGLQJ�VSUHDGVKHHW�ILOHV��'%)�ILOHV��DQG�7+0�ILOHV��

(DFK�GDWD�VHW�ZDV�XQLTXH�LQ�IRUPDW��OD\RXW��FXVWRP�FRGHV��DQG�GDWD�HOHPHQW�XVDJH�

$IWHU�UHFHLYLQJ�WKH�GDWD��DQ�LQLWLDO�UHYLHZ�RI�WKH�LQIRUPDWLRQ�ZDV�FRQGXFWHG���,Q�PRVW�FDVHV��WKH

GDWD�ZHUH�QRW�DFFRPSDQLHG�E\�D�SURWRFRO�RXWOLQLQJ�HDFK�YDULDEOH���,Q�PDQ\�FDVHV��WKH�YDULDEOH

KHDGLQJV�FRXOG�EH�GHWHUPLQHG�E\�H[DPLQDWLRQ���,Q�HYHU\�LQVWDQFH��IROORZ�XS�ZLWK�WKH�VWDWH�GDWD

VRXUFH�ZDV�QHFHVVDU\�IRU�GHFLSKHULQJ�YDULDEOH�KHDGLQJV�RU�FRQWDPLQDQW�FRGHV���:KHQ�DOO�YDULDEOHV

ZHUH�XQGHUVWRRG��D�IRUPDWWLQJ�SODQ�IRU�WKH�GDWD�ZDV�GHYHORSHG���1HDUO\�DOO�RI�WKH�GDWD�VHWV

UHTXLUHG�VRPH�W\SH�RI�IRUPDWWLQJ�WR�DOORZ�DQDO\VLV���'DWD�IRUPDWWLQJ�SUREOHPV�YDULHG�IURP�RQH

GDWD�VHW�WR�DQRWKHU���
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��6$6 LV D UHJLVWHUHG WUDGHPDUN RI WKH 6$6 ,QVWLWXWH� ,QF�

([FHO DQG 9LVXDO %DVLF DUH WUDGHPDUNV RI WKH 0LFURVRIW &RUSRUDWLRQ�

����

$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�FRQGXFWHG�LQ�6$6��VWDWLVWLFDO�VRIWZDUH���'DWD�IRUPDWWLQJ�SUREOHPV

ZHUH�FRUUHFWHG�LQ�0LFURVRIW��([FHO�ZLWK�WKH�DLG�RI�VSHFLDOL]HG�SURJUDPV�ZULWWHQ�LQ�9LVXDO�%DVLF�

RU�ZHUH�FRUUHFWHG�GLUHFWO\�LQ�6$6�EHIRUH�WKH�DQDO\VLV�EHJDQ����'DWD�IRUPDWWLQJ�ZDV�WKH�PRVW�WLPH

FRQVXPLQJ�DQG�ODERU�LQWHQVLYH�SDUW�RI�WKH�GDWD�DQDO\VLV��RIWHQ�WDNLQJ�PDQ\�GD\V�IRU�HDFK�GDWD�VHW���

(DFK�GDWD�VHW�SUHVHQWHG�XQLTXH�FKDOOHQJHV���:KLOH�DQDO\VLV�RI�WKH�GDWD�ZDV�FRQVLVWHQW�IURP�RQH

GDWD�VHW�WR�DQRWKHU��HDFK�GDWD�VHW�UHTXLUHG�VRPH�XQLTXH�HGLWLQJ�DQG�ILOWHULQJ�EHFDXVH�RI�GLIIHUHQFHV

LQ�EDVLF�GDWD�HOHPHQWV���
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����

$33(1',;�%���,1'8675,(6�7+$7�327(17,$//<�86(�&/$66�9�:(//6

7DEOH�����&KDUDFWHULVWLF�LQGXVWULHV�ZKLFK�SRWHQWLDOO\�XVH�&ODVV�9�ZHOOV

6,&

&RGH

'HVFULSWLRQ

,QGXVWULDO :DVWH 'LVSRVDO :HOOV

���� 9HWHULQDU\ VHUYLFHV IRU DQLPDO VSHFLDOWLHV

���� *HQHUDO FRQWUDFWRUV � VLQJOH IDPLO\ KRXVHV

���� ,QGXVWULDO EXLOGLQJV 	 ZDUHKRXVHV

���� +LJKZD\ DQG VWUHHW FRQVWUXFWLRQ �QRW HOHYDWHG�

���� 3OXPELQJ� KHDWLQJ DQG DLU FRQGLWLRQLQJ

���� ([FDYDWLRQ ZRUN

���� &RPPHUFLDO SULQWLQJ� OLWKRJUDSKLF

���� &RPPHUFLDO SULQWLQJ� 1(&

���� 3ODVWLFV SURGXFWV� 1(&

���� ,QGXVWULDO DQG FRPPHUFLDO PDFKLQHU\ 	 HTXLSPHQW� 1(&

���� (OHFWULF VHUYLFHV

���� 5HIXVH V\VWHPV

���� $XWRPRELOHV DQG RWKHU PRWRU YHKLFOHV

���� 0RWRU YHKLFOH VXSSOLHV DQG QHZ SDUWV

���� (OHFWULFDO DSSDUDWXV DQG HTXLSPHQW� ZLULQJ VXSSOLHV 	 FRQVWUXFWLRQ PDWHULDOV

���� &RQVWUXFWLRQ DQG PLQLQJ �H[FHSW SHWUROHXP� PDFKLQHU\ DQG HTXLSPHQW

���� )DUP 	 JDUGHQ PDFKLQHU\ DQG HTXLSPHQW

���� ,QGXVWULDO PDFKLQHU\ DQG HTXLSPHQW

���� ,QGXVWULDO VXSSOLHV

���� 6HUYLFH HVWDEOLVKPHQW HTXLSPHQW

���� &KHPLFDOV DQG DOOLHG SURGXFWV� 1(&

���� 3HWUROHXP DQG SHWUROHXP SURGXFWV ZKROHVDOHUV H[FOXGLQJ EXON VWDWLRQV DQG WHUPLQDOV

���� 5HWDLO QXUVHULHV DQG JDUGHQ VWRUHV

���� *URFHU\ VWRUHV

���� %RDW GHDOHUV

���� 6SRUWLQJ JRRGV DQG ELF\FOH VKRSV

���� )XHO RLO GHDOHUV

���� 0LVFHOODQHRXV UHWDLO VWRUHV� 1(&

���� )XQHUDO VHUYLFH DQG FUHPDWRULHV

���� %XVLQHVV VHUYLFHV� 1(&

���� &DUZDVKHV

���� :HOGLQJ UHSDLU

���� $UPDWXUH UHZLQGLQJ VKRSV

���� 5HSDLU VKRSV DQG UHODWHG VHUYLFHV� 1(&
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6,&

&RGH

'HVFULSWLRQ

,QGXVWULDO :DVWH 'LVSRVDO :HOOV

����

���� $PXVHPHQW DQG UHFUHDWLRQ� 1(&

���� *HQHUDO PHGLFDO DQG VXUJLFDO KRVSLWDOV

���� (OHPHQWDU\ DQG VHFRQGDU\ VFKRROV

���� 7HVWLQJ ODERUDWRULHV

���� )LUH SURWHFWLRQ

0RWRU 9HKLFOH :DVWH 'LVSRVDO :HOOV

���� %XV FKDUWHU VHUYLFH� H[FHSW ORFDO

���� /RFDO WUXFNLQJ� ZLWKRXW VWRUDJH

���� 7UXFNLQJ� H[FHSW ORFDO

���� $LUSRUWV� IO\LQJ ILHOGV� DQG DLUSRUW WHUPLQDO VHUYLFHV

���� 0RWRU YHKLFOH SDUWV� XVHG

���� 0RWRU YHKLFOH GHDOHUV �QHZ DQG XVHG�

���� 0RWRU YHKLFOH GHDOHUV �XVHG RQO\�

���� $XWR DQG KRPH VXSSO\ VWRUHV

���� *DVROLQH VHUYLFH VWDWLRQV

���� 3DVVHQJHU FDU UHQWDO

���� 3DVVHQJHU FDU OHDVLQJ

���� 7RS� ERG\ DQG XSKROVWHU\ UHSDLU VKRSV DQG SDLQW VKRSV

���� $XWR H[KDXVW V\VWHP UHSDLU VKRSV

���� $XWRPRWLYH WUDQVPLVVLRQ UHSDLU VKRSV

���� *HQHUDO DXWRPRWLYH UHSDLU VKRSV

���� $XWRPRWLYH UHSDLU VKRSV� 1(&

���� $XWRPRWLYH VHUYLFHV� H[FHSW UHSDLU DQG FDUZDVKHV

���� ([HFXWLYH RIILFHV

7KH�LQGXVWULHV�SUHVHQWHG�LQ�7DEOH���DUH�FRQVLGHUHG�LOOXVWUDWLYH�RI�WKH�YDULHW\�RI�VRXUFHV�RI�SRWHQWLDO

&ODVV�9�ZHOO�XVHUV��DQG�DUH�E\�QR�PHDQV�DOO�LQFOXVLYH���)RU�H[DPSOH��GU\�FOHDQHUV��6,&�������PD\

DOVR�EH�LQFOXGHG��DV�QRWHG�LQ�WKH�UHSRUW���7KHVH����LQGXVWULHV�DUH�FLWHG�LQ����)5��������-XO\����

�������

)RU�IXUWKHU�GHWDLOV��UHIHU�WR�(3$©V�(FRQRPLF�$QDO\VLV�IRU�WKH�3URSRVHG�5HYLVLRQV�WR�WKH�&ODVV�9

8,&�5HJXODWLRQV���������
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����

$33(1',;�&���1$7,21$/�&5266�6(&7,21�$1'�6833/(0(17$5<�'$7$

7$%/(6

7DEOHV���D�DQG���E�SUHVHQW�WKH�QDWLRQDO�FURVV�VHFWLRQ�RFFXUUHQFH�GDWD�DQG�UDQJHV�IURP�7DEOHV���D

DQG���E�LQ�6HFWLRQ�,9�RI�WKLV�UHSRUW���)RU�SHUVSHFWLYH��WKH�QXPEHU�RI�DQDO\VHV�DQG�QXPEHU�RI

V\VWHPV�WHVWLQJ�LV�LQFOXGHG�ZLWK�WKH�SHUFHQWDJH�RI�V\VWHPV�ZLWK�GHWHFWLRQV���2FFXUUHQFH�YDOXHV�IRU

PHWK\O�HWK\O�NHWRQH�DUH�LQFOXGHG�DW�WKH�ERWWRP�RI�ERWK�WDEOHV���'DWD�IURP�WHVWLQJ�IRU�WKH

FRQWDPLQDQW�PHWK\O�HWK\O�NHWRQH�ZDV�RQO\�LQFOXGHG�LQ�WZR�GDWD�VHWV���(YHQ�WKRXJK�WKHUH�DUH

VHYHUDO�WKRXVDQG�DQDO\VHV��WKHVH�YDOXHV�JLYHQ�IRU�PHWK\O�HWK\O�NHWRQH�DUH�VXSSOHPHQWDU\�DQG�FDQ

QRW�EH�WDNHQ�DV�UHSUHVHQWDWLYH�RI�WKH�VWDWH�RI�RFFXUUHQFH�QDWLRQ�ZLGH���
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