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7RZDUGV� WKH�HQG�RI� WKH�����V�DURXQG������RI�(XURSHDQ�8QLRQ�SRSXODWLRQ�ZDV�FRQQHFWHG� WR
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$GYDQFHG�WUHDWPHQW�V\VWHPV�DUH�ODUJHO\�GRPLQDQW�LQ�1RUGLF�FRXQWULHV

:LWKLQ� (8� FRXQWULHV�� WKH� SHUFHQWDJH� RI
SRSXODWLRQ�FRQQHFWHG� WR� SXEOLF� ZDVWH�ZDWHU
WUHDWPHQW� SODQWV� YDULHV� ZLGHO\�
7KH�1HWKHUODQGV�� /X[HPERXUJ� DQG� 6ZHGHQ
KDYH� WKH� KLJKHVW� UDWHV� ������ DQG� ������
ZKLOH� %HOJLXP� KDV� WKH� ORZHVW� SHUFHQWDJH
�������

0RUH�WKDQ�����RI�WKH�SRSXODWLRQ�LQ�6ZHGHQ�
'HQPDUN�� DQG� )LQODQG� DUH� FRQQHFWHG� WR
DGYDQFHG� ZDVWH� ZDWHU� WUHDWPHQW� V\VWHPV�
WKH� KLJKHVW� LQ� WKH� (8�� IROORZHG� E\
WKH�1HWKHUODQGV� �������� *HUPDQ\� �������
DQG�$XVWULD��������

,Q�RWKHU�(8�FRXQWULHV��ELRORJLFDO�WUHDWPHQW�LV
WKH� PRVW� FRPPRQ�� ZLWK� WKH� H[FHSWLRQ� RI
*UHHFH�� ZKHUH� PHFKDQLFDO� WUHDWPHQW
SUHYDLOV�������RI�WKH�SRSXODWLRQ��

2XWVLGH� WKH� (8�� ���� DQG� ���� RI� WKH
SRSXODWLRQ� RI� 6ZLW]HUODQG� DQG� 1RUZD\
UHVSHFWLYHO\� DUH� FRQQHFWHG� WR� VHZDJH
WUHDWPHQW�SODQWV��IRU�WKH�PRVW�SDUW�DGYDQFHG
WUHDWPHQW� V\VWHPV�� FRPSDUHG� ZLWK� ���� IRU
&DQGLGDWH�FRXQWULHV��ZKHUH� WKH� WUHDWPHQW� LV
PDLQO\�ELRORJLFDO�

7KH� DYDLODEOH� GDWD� VKRZ� WKDW� LQGHSHQGHQW
WUHDWPHQW� SOD\V� D� UROH� LQ� FRXQWULHV� VXFK� DV
1RUZD\��$XVWULD��'HQPDUN�DQG�)UDQFH��DQG
LV� YHU\� LPSRUWDQW� LQ� &\SUXV�� 6ORYHQLD� DQG
+XQJDU\�� 7KLV� NLQG� RI� WUHDWPHQW� FDQ� EH� DQ
HIILFLHQW�WUHDWPHQW�LQ�UXUDO�DUHDV�RU�VFDWWHUHG
VHWWOHPHQWV��%XW�VXIILFLHQW�LQIRUPDWLRQ�RQ�WKH
HIILFLHQF\� RI� WKH� GLIIHUHQW� W\SHV� RI
LQGHSHQGHQW� WUHDWPHQW� V\VWHPV� LV� QRW
DYDLODEOH�

)LJXUH����(YROXWLRQ�RI�WKH�SRSXODWLRQ�FRQQHFWHG�WR�SXEOLF�VHZDJH�WUHDWPHQW�SODQWV�LQ�VHOHFWHG�FRXQWULHV
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2YHU� WKH� SDVW� ��� \HDUV� PDUNHG� FKDQJHV� KDYH� RFFXUUHG� LQ� WKH
SURSRUWLRQ�RI�WKH�SRSXODWLRQ�FRQQHFWHG�WR�ZDVWH�ZDWHU�WUHDWPHQW�DV
ZHOO�DV�LQ�ZDVWH�ZDWHU�WUHDWPHQW�WHFKQRORJ\��)LJXUH�����0RVW�RI�WKH
FRXQWULHV�ZLWK� WKH� ORZHVW� FRQQHFWLRQ� UDWHV� LQ� WKH�HDUO\�����V�KDYH
VHHQ�JUHDW� LPSURYHPHQWV�� LQFUHDVHV� IURP������ WR������ LQ�*UHHFH�
IURP������WR������LQ�6SDLQ��IURP������WR������LQ�,UHODQG��IURP�����
WR������LQ�3RUWXJDO�DQG�IURP������WR������LQ�1RUZD\�

7KHUH� KDV� DOVR� EHHQ� D� VWULNLQJ� LPSURYHPHQW� LQ� WKH� W\SH� RI� ZDVWH
ZDWHU� WUHDWPHQW� XWLOLVHG�� ZLWK� PXFK� PRUH� RI� WKH� SRSXODWLRQ
FRQQHFWHG�WR�HLWKHU�ELRORJLFDO�RU�DGYDQFHG�WUHDWPHQW� LQ�FRPSDULVRQ
ZLWK�PHFKDQLFDO�WUHDWPHQW��(VSHFLDOO\�QRWHZRUWK\�DUH�WKH�FKDQJHV�LQ
'HQPDUN�DQG�WKH�1HWKHUODQGV�ZLWK�D�VKLIW�IURP�ELRORJLFDO�������DQG
�����LQ�������WR�DGYDQFHG�WUHDWPHQW�������DQG�������UHVSHFWLYHO\�

,Q� &DQGLGDWH� FRXQWULHV�� DGYDQFHG� WUHDWPHQW� LV� XVHG� LQ� (VWRQLD�
&\SUXV��3RODQG�DQG�WR�D�OHVVHU�H[WHQW�LQ�+XQJDU\�

7KH� GLVWULEXWLRQ� RI� SUHGRPLQDQW� W\SHV� RI� WUHDWPHQW� JURXSHG� E\
JHRJUDSKLFDO� DUHDV� VKRZQ� LQ� )LJXUH� �� LOOXVWUDWHV� WKDW� WKH� KLJKHVW
SHUFHQWDJH�RI�SRSXODWLRQ�FRQQHFWHG�WR�DGYDQFHG�WUHDWPHQW�V\VWHPV
RFFXUV� LQ� 1RUGLF� DQG�:HVWHUQ� FRXQWULHV� ZKHUHDV� LQ� 6RXWKHUQ� DQG

&DQGLGDWH�FRXQWULHV�ELRORJLFDO�WUHDWPHQW�LV�SUHGRPLQDQW�
)LJXUH� ��� *HRJUDSKLFDO� GLVWULEXWLRQ� RI� SXEOLF� ZDVWH� ZDWHU
WUHDWPHQW
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:DVWH�ZDWHU�JHQHUDWHG�DQG�GLVFKDUJHG�SROOXWLRQ��IHZ�GDWD�DYDLODEOH

:DVWH� ZDWHU� IURP� SRLQW� VRXUFHV� �IL[HG
VRXUFHV� ZKHUH� HPLVVLRQV� RI� SROOXWDQWV� FDQ
XVXDOO\� EH� TXDQWLILHG� DQG� FKHFNHG� EHIRUH
GLVFKDUJH� LQWR� WKH� HQYLURQPHQW�� LV� PDLQO\
JHQHUDWHG� E\� WKH� GRPHVWLF� VHFWRU
�KRXVHKROGV� DQG� VPDOO� EXVLQHVVHV�� DQG
LQGXVWU\�� ,W� LV� GLVFKDUJHG� LQWR� WKH� HQYL�
URQPHQW�� HLWKHU� GLUHFWO\� RU� DIWHU� WUHDWPHQW�
7KH� LPSDFW� RI� ZDWHU� SROOXWDQWV� RQ� WKH
HQYLURQPHQW� GHSHQGV� RQ� WKH� TXDQWLW\� DQG
SK\VLR�FKHPLFDO�FKDUDFWHULVWLFV�RI�SROOXWDQWV
GLVFKDUJHG�� DQG� RQ� WKH� VHQVLWLYLW\� RI� WKH
UHFHLYLQJ�ZDWHUV�

7DEOH� �� SUHVHQWV� GDWD� SURYLGHG� E\� VRPH
FRXQWULHV� RQ� ZDVWH� ZDWHU� JHQHUDWHG� E\
PDQXIDFWXULQJ�LQGXVWU\�DQG�E\� WKH�GRPHVWLF
VHFWRU� RQ� D� SHU� FDSLWD� EDVLV�� $OWKRXJK� WKH
VFDUFLW\� RI� VWDWLVWLFV� PHDQV� QR� SUHFLVH
FRQFOXVLRQV�FDQ�EH�GUDZQ��WKH�H[LVWLQJ�GDWD
UHYHDO�D�KLJK�OHYHO�RI�ZDVWH�ZDWHU�JHQHUDWHG
E\� PDQXIDFWXULQJ� LQGXVWU\� LQ� 6ZHGHQ�
)LQODQG� DQG� 1RUZD\� ZKHUHDV� WKH
1HWKHUODQGV�� $XVWULD� DQG� WKH� 6ORYDN
5HSXEOLF� KDYH� WKH� KLJKHVW� OHYHO� RI� ZDVWH

ZDWHU� JHQHUDWHG� E\� GRPHVWLF� VHFWRU� LQ� WKH
FRXQWULHV�VKRZQ�

7DEOH��� VKRZV� WKH� GDWD� DYDLODEOH� RQ�ZDVWH
ZDWHU�JHQHUDWHG�E\�PDQXIDFWXULQJ�LQGXVWULHV
IRU� VRPH� FRXQWULHV�� 0DQXIDFWXULQJ
LQGXVWU\� XVHV� ODUJH� TXDQWLWLHV� RI� ZDWHU
IRU� FRROLQJ� SXUSRVHV�� 3URFHVV� ZDWHU� DV
ZHOO� DV� FRROLQJ� ZDWHU� DUH� LQFOXGHG�� 3DUW� RI
WKLV�ZDWHU�LV�GHOLYHUHG�WR�SXEOLF�ZDVWH�ZDWHU
WUHDWPHQW�SODQWV�EXW�WKH�PDMRU�SDUW�LV�WUHDWHG
E\�WKH�LQGXVWU\�LWVHOI�

7KH�JHQHUDWLRQ�RI�ZDVWH�ZDWHU�LV�GHWHUPLQHG
ODUJHO\� E\� WKH� VWUXFWXUH� RI� D� FRXQWU\
V
LQGXVWU\�� ,Q� WKH�(8�FRXQWULHV� IRU�ZKLFK�GDWD
LV�DYDLODEOH�� LW� LV� WKH� 
&KHPLFDOV�DQG� UHILQHG
SHWUROHXP
� LQGXVWU\� ZKLFK� JHQHUDWH�PRVW� RI
WKH�ZDVWH�ZDWHU�������LQ�*HUPDQ\�DQG�����
LQ� WKH� 1HWKHUODQGV�� 7KH� 
SDSHU� DQG� SDSHU
SURGXFWV
� LQGXVWU\� OHDGV� ZDVWH� ZDWHU
JHQHUDWLRQ� LQ� )LQODQG� ������� DQG� 6ZHGHQ
���������,Q�1RUZD\�DQG�&DQGLGDWH�FRXQWULHV
WKH� ODUJHVW� SHUFHQWDJH� RI� ZDVWH� ZDWHU� LV
JHQHUDWHG� E\� WKH� 
FKHPLFDOV� DQG� UHILQHG
SHWUROHXP
�LQGXVWU\�

7DEOH����:DVWH�ZDWHU�JHQHUDWHG
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6RXUFH��(XURVWDW�

:DVWH�ZDWHU�JHQHUDWHG�LQ�YROXPH�������P � ���

*9$�DW�EDVLF�SULFHVBFXUUHQW�SULFHV��PLR�(XUR���

$QRWKHU� ZD\� WR� ORRN� DW� WKH� DPRXQW� RI� ZDVWH� ZDWHU� JHQHUDWHG� E\
LQGXVWU\�FDQ�EH�VHHQ�E\�FDOFXODWLQJ�WKH�UDWLR�RI�ZDVWH�ZDWHU�YROXPH
SURGXFHG� E\� D� JLYHQ� HFRQRPLF� DFWLYLW\� WR� WKH� *URVV� 9DOXH� $GGHG
�*9$���DQ�HFRQRPLF�LQGLFDWRU�WKDW�UHSUHVHQWV�WKH�ZHDOWK��WKH�LQFRPH
WR� ODERXU� DQG� FDSLWDO�� LW� JHQHUDWHV�� 7KLV� LV� GRQH� LQ� )LJXUH� �� IRU
PDQXIDFWXULQJ� LQGXVWU\� DQG� IRU� VHYHUDO� RI� LWV� FRPSRQHQW� DFWLYLWLHV
IURP�GDWD�DYDLODEOH�LQ�D�IHZ�FRXQWULHV��7KH�YROXPHV�RI�ZDVWH�ZDWHU
LQFOXGH� ZDVWH� ZDWHU� IRU� FRROLQJ� SXUSRVHV� ZKLFK� LQ� PDQ\� FDVHV
UHSUHVHQWV� DQ� LPSRUWDQW� SDUW� RI� WRWDO� ZDVWH� ZDWHU�� ,Q� 6ZHGHQ�� IRU
LQVWDQFH��FRROLQJ�ZDWHU�PDNHV�PRUH�WKDQ�����RI�ZDVWH�ZDWHU�IRU�WKH
DFWLYLW\� FKHPLFDOV� DQG� UHILQHG� SHWUROHXP�� 9ROXPHV� RI� ZDVWH� ZDWHU
JHQHUDWHG� FDQQRW� EH� GLUHFWO\� OLQNHG� WR� WKH� DPRXQW� RI� SROOXWLRQ
JHQHUDWHG� LQ� WHUPV� RI� QXWULHQWV�� RUJDQLF� ORDG�� HWF�� 7KH� PDLQ
HQYLURQPHQWDO� HIIHFW� RI� FRROLQJ� ZDWHU� LV� DQ� LQFUHDVH� LQ� WKH
WHPSHUDWXUH�RI�UHFHLYLQJ�ZDWHUV�EXW�FDQ�DOVR�DIIHFW�WKH�HFRV\VWHPV�

7KH�DFWXDO�UDWLR�FDOFXODWHG�KDV�WR�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ�GXH�WR
WKH�IDFW�WKDW�DQ\�PHWKRGRORJLFDO�GLIIHUHQFHV�LQ�WKH�FDOFXODWLRQ�RI�WKH
SDUDPHWHU� 
DPRXQWV� RI� ZDVWH� ZDWHU
� ELDVHV� LWV� YDOXH�� ,W� KDV� WKH
DGYDQWDJH�QHYHUWKHOHVV�RI�FUHDWLQJ� 
VLPLODULW\
�DPRQJ�FRXQWULHV�DQG
DFWLYLWLHV�WKDW�DUH�LQWULQVLFDOO\�GLIIHUHQW�

:LWKLQ� WKH� LQGXVWULHV�� WKH�KLJKHVW� UDWLR� LV� IRU� 
FKHPLFDOV�DQG� UHILQHG
SHWUROHXP
��6ZHGHQ��5RPDQLD�DQG�*HUPDQ\��ZLWK� ODUJH�GLIIHUHQFHV
EHWZHHQ�FRXQWULHV��$�VLPLODU�SLFWXUH�FDQ�EH�VHHQ�IRU�
SDSHU�	�SDSHU
SURGXFWV
�� WKH� VHFRQG� LQGXVWU\� ZLWK� ODUJH� ZDVWH� ZDWHU� JHQHUDWLRQ
�6ZHGHQ� DQG� )LQODQG��� 7KH� UDWLR� IRU� 
WH[WLOHV
� DQG� IRU� 
IRRG
SURFHVVLQJ�LQGXVWU\
�DUH�VPDOOHU�DQG�PRUH�VLPLODU�IRU�DOO�FRXQWULHV�

:KHQHYHU� LW� LV�SRVVLEOH�WR�FUHDWH�D�WLPH�VHULHV� IRU�RQH�FRXQWU\�DQG
RQH�HFRQRPLF�DFWLYLW\��WKH�WUHQG�REWDLQHG�ZLOO�UHIOHFW�FOHDUO\�ZKHWKHU
RU�QRW�WKH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�WKLV�DFWLYLW\�LV�LPSURYLQJ�

)LJXUH����'LVFKDUJHG�SROOXWLRQ�IURP�SXEOLF�VHZHUDJH�LQ�VHOHFWHG�FRXQWULHV
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(VWLPDWHV�RQ�%2'��1�DQG�3�HPLVVLRQV�IURP�KRXVHKROGV�VKRZ�D�JHQHUDO�WUHQG�GRZQZDUGV

'DWD�RQ�HPLVVLRQV�DUH�QRW�\HW�SURGXFHG�UHJXODUO\�LQ�DOO�(8�FRXQWULHV��7KH�IROORZLQJ�LQGLFDWRUV�H[WUDFWHG�IURP�WKH�SXEOLFDWLRQ�
(QYLURQPHQWDO
SUHVVXUH�LQGLFDWRUV�IRU�WKH�(8
��FRPELQH�RIILFLDO�GDWD�ZLWK�WKHRUHWLFDO�HPLVVLRQV�FRHIILFLHQWV�WR�HVWLPDWH�QXWULHQW��1�DQG�3��DQG�RUJDQLF�PDWWHU
�TXDQWLW\�RI�RUJDQLF�PDWWHU�PHDVXUHG�LQ�WHUPV�RI�%2'��HPLVVLRQV�IURP�KRXVHKROGV�WR�ZDWHU��DIWHU�WUHDWPHQW�

3KRVSKRUXV� LV�RQH�RI� WKH�PRVW�VLJQLILFDQW�SDUDPHWHUV� LQ� WKH�DVVHVVPHQW�RI�HXWURSKLFDWLRQ��SDUWLFXODUO\� LQ� ODNHV�DQG�IUHVKZDWHUV��1LWURJHQ
FRPSRXQGV�FDQ�DIIHFW�WKH�ZDWHU�TXDOLW\�IRU�GULQNLQJ�SXUSRVHV��QLWUDWHV��DQG�FDQ�EH�WR[LF�WR�DTXDWLF�IDXQD��DPPRQLXP��

)LJXUH����(PLVVLRQV�IURP�KRXVHKROGV��DIWHU�WUHDWPHQW
'XULQJ� WKH�����V�HVWLPDWHG�HPLVVLRQV� IURP
KRXVHKROGV� UDQJHG� IURP� �� WR� ���� NJ�FDSLWD
IRU� QLWURJHQ�� IURP� ���� DQG� ���� NJ�FDSLWD� IRU
SKRVSKRUXV� DQG� IURP� ���� DQG� ��� NJ�FDSLWD
IRU�%2'�

$OWKRXJK� WKH� UDWHV� RI� LPSURYHPHQW� DUH� QRW
XQLIRUP� EHWZHHQ� FRXQWULHV�� E\� WKH� PLG�
����V��D�VOLJKW�UHGXFWLRQ�LQ�1�HPLVVLRQV�DQG
D�VLJQLILFDQW� UHGXFWLRQ� LQ� 3� HPLVVLRQV� �RYHU
����� LQ� DOO� WKH� FRXQWULHV� DQG� ����� LQ
*HUPDQ\�� FDQ� EH� VHHQ�� D� FRQVHTXHQFH� RI
WKH� LQFUHDVH� LQ� DGYDQFHG� WUHDWPHQW� SODQWV
DQG� RI� WKH� UHGXFHG� SKRVSKDWH� FRQWHQW� RI
GHWHUJHQWV�� 7KH� FRXQWULHV� ZLWK� WKH� KLJKHVW
UHGXFWLRQ� LQ� QLWURJHQ� HPLVVLRQV� DUH
WKH�1HWKHUODQGV�� *HUPDQ\�� $XVWULD� DQG
6ZLW]HUODQG�

2UJDQLF� PDWWHU� HPLVVLRQV� IURP� KRXVHKROGV
KDYH�DOVR�GHFOLQHG�LQ�PDQ\�SDUWV�RI�(XURSH�
7KH� KLJKHVW� UHGXFWLRQV� RFFXU� LQ� 1RUZD\�
)LQODQG�� 6ZHGHQ�� $XVWULD� DQG� 6ZLW]HUODQG
ZLWK� D� GHFUHDVH� RI� ����� RU�PRUH�� 3RUWXJDO
DQG�6SDLQ�KDYH� UHGXFHG� WKHLU�HPLVVLRQV�E\
DERXW� ������ EXW� WKH� YDOXHV� VWLOO� UHPDLQ
DPRQJ�WKH�KLJKHVW�LQ�WKH�(8�

$JULFXOWXUH�WDNHV�XS������RI�VHZDJH�VOXGJH�SURGXFHG�LQ�(8�FRXQWULHV

6OXGJH� LV�D�UHVLGXDO�SURGXFW�RI�ZDVWH�ZDWHU
WUHDWPHQW� SODQWV� FRPSRVHG� RI� QLWURJHQ�ULFK
PDWHULDO� GHFDQWHG� IURP� ZDVWH� ZDWHU�� ,WV
FRPSRVLWLRQ� YDULHV� VXEVWDQWLDOO\� IURP� RQH
SODQW� WR� DQRWKHU�� GHSHQGLQJ� RQ� WKH� W\SH� RI
WUHDWPHQW� XVHG� DQG� RQ� WKH� W\SH� RI� ZDVWH
ZDWHU�

2Q� DYHUDJH� LQ� WKH� (8���� DERXW� �� 0LR
WRQQHV�RI�VOXGJH�DUH�SURGXFHG�DQG�GLVSRVHG
RI� LQ� GLIIHUHQW� ZD\V�� ����� LQ� DJULFXOWXUH�
����� VHQW� WR� ODQGILOO� DQG� ����� LQFLQHUDWHG�
ZLWK�ZLGH�YDULDWLRQV� EHWZHHQ� FRXQWULHV�� )RU
'HQPDUN�� *HUPDQ\�� /X[HPERXUJ�� DQG� WKH
8QLWHG� .LQJGRP�� DJULFXOWXUH� LV� WKH� PDLQ
GLVSRVDO� RSWLRQ�� +RZHYHU�� VHZDJH� VOXGJH
FDQQRW� EH� XVHG� IRU� DJULFXOWXUDO� SXUSRVHV� LI
WKH�FRQWHQW�RI�FHUWDLQ�KHDY\�PHWDOV�H[FHHGV
WKH� OLPLW� YDOXHV�� ,Q� &DQGLGDWH� FRXQWULHV�

����� RI� VHZDJH� VOXGJH� LV� GLVSRVHG� WR
ODQGILOO��DQG������LV�XVHG�LQ�DJULFXOWXUH�

2WKHU� VOXGJH� PDQDJHPHQW� RSWLRQV� LQFOXGH
LQFLQHUDWLRQ� DQG� FRPSRVWLQJ�� 7KH� FDWHJRU\

RWKHUV
� ZKLFK� LQFOXGH� XQNQRZQ� GLVSRVDO� LV
DQ�LPSRUWDQW�SDUW��������RI�WKH�WRWDO�GLVSRVDO
LQ� (8� FRXQWULHV�� 3RUWXJDO� ������� $XVWULD
�������)LQODQG�������DQG�,WDO\�������

7KH� 8UEDQ�:DVWH�:DWHU� 'LUHFWLYH� UHTXLUHG
WKDW� E\� 'HFHPEHU� ����� WKH� GLVSRVDO� RI
VOXGJH� WR� VXUIDFH� ZDWHUV� E\� GXPSLQJ� IURP
VKLSV�� E\� GLVFKDUJH� IURP� SLSHOLQHV� RU� E\
RWKHU� PHDQV� VKRXOG� EH� SKDVHG� RXW�� 7KUHH
FRXQWULHV� �8QLWHG� .LQJGRP������� 6SDLQ�
�����DQG� ,UHODQG�������PDNH�XS� WKH����RI
GLVSRVDO�E\�GXPSLQJ�DW�VHD�

)LJXUH����6HZDJH�VOXGJH�GLVSRVDO�LQ�(8
�(VWLPDWLRQ�EDVHG�RQ�ODWHVW�DYDLODEOH�\HDU�
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7KH� SURGXFWLRQ� RI� VHZDJH� VOXGJH� YDULHV
EHWZHHQ� FRXQWULHV�� LQ� SDUDOOHO� ZLWK� WKH
SHUFHQWDJH� RI� SRSXODWLRQ� FRQQHFWHG� WR
VHZDJH�WUHDWPHQW�SODQWV�

,Q� NJ� RI� GU\� VROLG� SHU� FDSLWD�� ,WDO\� DQG
/X[HPERXUJ� KDYH� WKH� KLJKHVW� SHU� FDSLWD
VOXGJH�SURGXFWLRQ��IROORZHG�E\�*HUPDQ\�DQG
'HQPDUN�� %HOJLXP�� 6SDLQ�� ,UHODQG�� DQG
3RUWXJDO�KDYH� WKH� ORZHVW� VOXGJH� SURGXFWLRQ
SHU�FDSLWD�

)RU�PRVW�FRXQWULHV�ZKHUH�GDWD�DUH�DYDLODEOH�
WKH� TXDQWLW\� RI� VOXGJH� SURGXFHG� SHU
LQKDELWDQW� KDV� LQFUHDVHG� RYHU� WKH� ODVW� ��
\HDUV� GXH� WR� WKH� LQFUHDVH� LQ� ZDVWH� ZDWHU
WUHDWPHQW�SODQWV�

,QYHVWPHQW�E\�LQGXVWU\�IRU�ZDVWH�ZDWHU�WUHDWPHQW�DQG�SUHYHQWLRQ

,QGXVWU\� LQYHVWV� RQ� ZDVWH� ZDWHU� WUHDWPHQW� LQ� RUGHU� WR� UHGXFH
SROOXWLRQ� DQG� WR� WDNH� FDUH� RI� WKH� ZDVWHZDWHU� JHQHUDWHG�� 7DEOH� �
VKRZV� WKH� DPRXQW� RI� LQYHVWPHQW� LQ� ZDVWH� ZDWHU� PDQDJHPHQW� E\
GLIIHUHQW�HFRQRPLF�DFWLYLWLHV�

,QYHVWPHQW� E\� LQGXVWU\� LQ� ZDVWH� ZDWHU� WUHDWPHQW� DQG� SUHYHQWLRQ
LQFOXGHG� KHUH� UHIHUV� DOVR� WR� JURXQG� ZDWHU� DQG� VRLO� SURWHFWLRQ
DFWLYLWLHV�H[FHSW�IRU�*HUPDQ\��)UDQFH��WKH�1HWKHUODQGV�DQG�3RUWXJDO
ZKHUH� D� VHSDUDWH� LGHQWLILFDWLRQ� RI� WKLV� LWHP� LV� SRVVLEOH�� +RZHYHU
ZDVWH�ZDWHU�UHSUHVHQWV�WKH�GRPLQDQW�SDUW�RI�WKH�DPRXQWV�VKRZQ� LQ
WKLV� WDEOH� IRU�DOO� FRXQWULHV�� ,W� VKRXOG� EH� QRWHG� WKDW� LQYHVWPHQWV� DUH
VXEMHFW�WR�ODUJH�IOXFWXDWLRQV�RYHU�WKH�\HDUV�DQG�ORQJ�WLPH�VHULHV�DUH
QRW�\HW�DYDLODEOH�

,Q�(8�FRXQWULHV��PDQXIDFWXULQJ� LQGXVWU\�DFFRXQWV� IRU�PRUH� WKDQ
����RI�WRWDO�LQYHVWPHQWV�LQ�ZDVWH�ZDWHU�ZLWK�WKH�H[FHSWLRQ�RI�)UDQFH
������DQG�*UHHFH�������ZKHUH�D�VLJQLILFDQW�SDUW�RI�WKH�LQYHVWPHQWV
DUH� LQ� WKH� 
(QHUJ\�	�ZDWHU
� LQGXVWU\��:LWKLQ�PDQXIDFWXULQJ� LQGXVWU\�
WKH� ODUJHVW� LQYHVWPHQWV� DUH� VKDUHG� E\� WKH� 
&KHPLFDOV�� UXEEHU� 	

SODVWLF
� LQGXVWU\�� WKH� 
)RRG� SURGXFWV
� LQGXVWU\�� WKH� 
&RNH� 	� UHILQHG
SHWUROHXP
� LQGXVWU\� DQG� WKH� 
3XOS�� SDSHU� DQG� SXEOLVKLQJ
� LQGXVWU\�
6RPH� H[FHSWLRQV� DUH� WKH� 
7H[WLOHV� 	� OHDWKHU� SURGXFWV
� LQGXVWU\� LQ
3RUWXJDO�DQG�*UHHFH� �ILUVW� DQG� WKLUG� SRVLWLRQ� UHVSHFWLYHO\��� DQG� WKH

)DEULFDWHG�PHWDO�SURGXFWV
�LQ�%HOJLXP��$XVWULD�DQG�8QLWHG�.LQJGRP
�ILUVW�DQG�VHFRQG�SRVLWLRQ�UHVSHFWLYHO\��

,Q� &DQGLGDWH� FRXQWULHV�� �� FRXQWULHV� RXW� RI� ��� (VWRQLD�� +XQJDU\�
/DWYLD�� /LWKXDQLD� DQG� 6ORYHQLD� LQYHVW� PDLQO\� LQ� 
PDQXIDFWXULQJ
LQGXVWULHV
��WKH�UHVW�VSHQGLQJ�PRVWO\�LQ�WKH�
(QHUJ\�	�ZDWHU
�LQGXVWU\�

$V� IRU� PDQXIDFWXULQJ� LQGXVWULHV�� WKH� LQYHVWPHQWV� LQ� &DQGLGDWH
FRXQWULHV� DUH� PDLQO\� SODFHG� LQ� WKH� LQGXVWULHV�� 
FRNH� DQG� UHILQHG
SHWUROHXP
�� 
&KHPLFDOV�� UXEEHU� 	� SODVWLF
�� 
)RRG� SURGXFWV
� DQG

)DEULFDWHG�PHWDO�SURGXFWV
��6RPH�H[FHSWLRQV�DUH�6ORYHQLD�ZLWK����
RI� WKH� LQYHVWPHQWV� LQ� WKH� 
WH[WLOHV� 	� OHDWKHU� SURGXFWV
� LQGXVWU\� DQG
/DWYLD�ZKHUH�GDWD�LV�RQO\�DYDLODEOH�IRU�WKH�
:RRG�DQG�ZRRG�SURGXFWV

LQGXVWU\�DQG�WKH�
2WKHU�QRQ�PHWDOLF�PLQHUDO�SURGXFWV
�LQGXVWU\�

7DEOH����,QYHVWPHQW�E\�LQGXVWU\�LQ�ZDVWH�ZDWHU�PDQDJHPHQW �PLR�(&8�

&RXQWULHV % ' (/ ) 1/ $ 3 ),1 8. %* &= (( +8 /9 /7 3/ 52 6,

<HDU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

0LQLQJ�DQG�TXDUU\ LQJ ���� ����� ���� ���� ���� ���� ���� ���� ����� ���� ���� ���� ���� � � ����� ���� �

)RRG�3URGXFWV ����� ������ ���� ����� ����� ����� ���� ����� ����� ���� ���� ���� ����� � ���� ����� ���� ����

7H[ WLOHV�	�OHDWKHU�SURGXFWV ���� ����� ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� � ���� ���� ���� ����

:RRG�DQG�ZRRG�SURGXFWV ���� ���� ���� ���� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3XOS��SDSHU�DQG�SXEOLVKLQJ ���� ����� ���� ����� ���� ����� ���� ����� ����� ���� ���� ���� ���� � ���� ���� ���� ����

&RNH��UHILQHG�SHWUROHXP ���� ������ ���� ����� ����� � ���� ���� ���� ���� ���� ���� ����� � ���� ����� ���� �

&KHPLFDOV��UXEEHU�	�SODVWLF ����� ������ ���� ����� ����� ����� ���� ���� ������ ���� ����� ���� ���� � ���� ����� ���� ����

1RQ�PHWDOLF�PLQHUDO�SURGXFWV ���� ����� ���� ���� ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����

%DVLF�PHWDOV ����� ����� ���� ���� ���� ���� ���� ���� ����� ���� ���� � ���� � ���� ���� ���� ����

)DEULFDWHG�PHWDO�SURGXFWV ����� ����� ���� ���� ���� ����� ���� ����� ����� ���� ���� ���� ���� � ���� ���� ���� ����

0DFKLQHU\ �DQG�HTXLSPHQW ���� ������ ���� ����� ���� ���� ���� ���� � ���� ���� ���� ���� � ���� ���� ���� ����

(QHUJ\ �DQG�ZDWHU ����� � ����� ����� ����� ���� ��� ���� ����� ���� ���� ���� ���� ��� ���� ����� ���� ����

7RWDO ������ ������ ������ ������ ������ ����� ����� ����� ������ ����� ����� ���� ����� ���� ���� ������ ����� ����
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0RVW� RI� WKH� GDWD� XVHG� LQ� WKLV� 6WDWLVWLFV� LQ� IRFXV� LV� IURP� WKH� -RLQW
2(&'�(XURVWDW� TXHVWLRQQDLUH� H[FHSW� IRU� 7XUNH\� �VRXUFH�� 2(&'
&RPSHQGLXP��������7KH�GHILQLWLRQV�XVHG�DUH�EDVHG�RQ�WKH�81(&(
VWDQGDUG�FODVVLILFDWLRQ�RI�ZDWHU�XVH��&(6������DQG�V\VWHPV�RI�ZDWHU
VWDWLVWLFV�LQ�WKH�(&(�5HJLRQ��(&(�ZDWHU�����

7KH�GHILQLWLRQ�RI� WKH�SDUDPHWHUV�XVHG� LQ� WKLV�6WDWLVWLFV� LQ� IRFXV�DUH
JLYHQ�EHORZ�

:DVWH�ZDWHU��ZDWHU�ZKLFK� LV� RI� QR� IXUWKHU� LPPHGLDWH� YDOXH� WR� WKH
SXUSRVH� IRU� ZKLFK� LW� ZDV� XVHG� RU� LQ� WKH� SXUVXLW� RI� ZKLFK� LW� ZDV
SURGXFHG� EHFDXVH� RI� LWV� TXDOLW\�� TXDQWLW\� RU� WLPH� RI� RFFXUUHQFH�
+RZHYHU��ZDVWH�ZDWHU�IURP�RQH�XVHU�FDQ�EH�D�SRWHQWLDO�VXSSO\�WR�D
XVHU�HOVHZKHUH�

:DVWH�ZDWHU�WUHDWPHQW��D�SURFHVV�WR�UHQGHU�ZDVWH�ZDWHU�ILW�WR�PHHW
DSSOLFDEOH� HQYLURQPHQWDO� VWDQGDUGV� RU� RWKHU� TXDOLW\� QRUPV� IRU
UHF\FOLQJ�RU�UHXVH��7KUHH�EURDG�W\SHV�RI�WUHDWPHQW�DUH�GLVWLQJXLVKHG�
PHFKDQLFDO��ELRORJLFDO�DQG�DGYDQFHG�

0HFKDQLFDO� WUHDWPHQW�� SURFHVVHV� RI� D� SK\VLFDO� DQG� PHFKDQLFDO
QDWXUH�� ZKLFK� UHVXOW� LQ� GHFDQWHG� HIIOXHQWV� DQG� VHSDUDWH� VOXGJH�
0HFKDQLFDO� SURFHVVHV� DUH� DOVR� XVHG� LQ� FRPELQDWLRQ� DQG�RU� LQ
FRQMXQFWLRQ� ZLWK� ELRORJLFDO� DQG� DGYDQFHG� XQLW� RSHUDWLRQV�
0HFKDQLFDO� WUHDWPHQW� LV� XQGHUVWRRG� WR� LQFOXGH� DW� OHDVW� VXFK
SURFHVVHV�DV�VHGLPHQWDWLRQ��IORWDWLRQ��HWF�

%LRORJLFDO� WUHDWPHQW�� SURFHVVHV� ZKLFK� HPSOR\� DHURELF� RU
DQDHURELF� PLFUR�RUJDQLVPV� DQG� UHVXOW� LQ� GHFDQWHG� HIIOXHQWV� DQG
VHSDUDWHG�VOXGJH�FRQWDLQLQJ�PLFURELDO�PDVV�WRJHWKHU�ZLWK�SROOXWDQWV�
%LRORJLFDO�WUHDWPHQW�SURFHVVHV�DUH�DOVR�XVHG�LQ�FRPELQDWLRQ�DQG�RU
LQ�FRQMXQFWLRQ�ZLWK�PHFKDQLFDO�DQG�DGYDQFHG�XQLW�RSHUDWLRQV�

$GYDQFHG� WUHDWPHQW�� SURFHVV� FDSDEOH� RI� UHGXFLQJ� VSHFLILF
FRQVWLWXHQWV�LQ�ZDVWH�ZDWHU�RU�VOXGJH�QRW�QRUPDOO\�DFKLHYHG�E\�RWKHU
WUHDWPHQW� RSWLRQV�� $GYDQFHG� WUHDWPHQW� FRYHUV� DOO� XQLW� RSHUDWLRQV�
ZKLFK� DUH� QRW� FRQVLGHUHG� WR� EH� PHFKDQLFDO� RU� ELRORJLFDO�� 7KLV
LQFOXGHV� H�J�� FKHPLFDO� FRDJXODWLRQ�� IORFFXODWLRQ� DQG� SUHFLSLWDWLRQ�
EUHDN�SRLQW� FKORULQDWLRQ�� VWULSSLQJ�� PL[HG� PHGLD� ILOWUDWLRQ�� PLFUR�
VFUHHQLQJ�� VHOHFWLYH� LRQ� H[FKDQJH�� DFWLYDWHG� FDUERQ� DGVRUSWLRQ�
UHYHUVH� RVPRVLV�� XOWUD�ILOWUDWLRQ�� HOHFWUR�IORWDWLRQ�� $GYDQFHG
WUHDWPHQW� SURFHVVHV� DUH� DOVR� XVHG� LQ� FRPELQDWLRQ� DQG� �� RU� LQ
FRQMXQFWLRQ�ZLWK�PHFKDQLFDO�DQG�ELRORJLFDO�XQLW�RSHUDWLRQV�

:DVWH� ZDWHU� WUHDWPHQW� SODQW�� LQVWDOODWLRQ� WR� UHQGHU� ZDVWH� ZDWHU�
VOXGJH�� VWRUP� ZDWHU� RU� FRROLQJ� ZDWHU� ILW� WR� PHHW� DSSOLFDEOH
HQYLURQPHQWDO� VWDQGDUGV� RU� RWKHU� TXDOLW\� QRUPV� IRU� UHF\FOLQJ� RU
UHXVH�

3XEOLF� VHZHUDJH�� VHZHUDJH� QHWZRUNV� IRU� WKH� HYDFXDWLRQ� RI
GRPHVWLF�DQG�RWKHU�ZDVWH�ZDWHU��RSHUDWHG�E\�JRYHUQPHQWDO��IHGHUDO
RU� ORFDO� DXWKRULWLHV�� E\� FRPPXQLWLHV�� ZDWHU� DXWKRULWLHV� RU
VHZDJH�ZDVWH� ZDWHU� FROOHFWLRQ�� GLVFKDUJH� DQG� WUHDWPHQW
DVVRFLDWLRQV�� 7KLV� GRHV� QRW� QHFHVVDULO\� LQFOXGH� ZDVWH� ZDWHU
WUHDWPHQW�

1RQ�SXEOLF� VHZHUDJH� �RU� LQGHSHQGHQW� VHZHUDJH��� LQGLYLGXDO
SULYDWH� IDFLOLWLHV� LQVWDOOHG� WR� HYDFXDWH� GRPHVWLF� DQG� RWKHU� ZDVWH
ZDWHU�LQ�FDVHV�ZKHUH�D�SXEOLF�VHZHUDJH�QHWZRUN�LV�QRW�DYDLODEOH�

3XEOLF� VHZDJH� WUHDWPHQW�� DOO� WUHDWPHQW� RI� VHZDJH� LQ� PXQLFLSDO
VHZDJH�WUHDWPHQW�SODQWV��0673��E\�SXEOLF�DXWKRULWLHV�RU�E\�SULYDWH
FRPSDQLHV� �RQ� EHKDOI� RI� ORFDO� DXWKRULWLHV��� ZKRVH�PDLQ� SXUSRVH� LV
VHZDJH�WUHDWPHQW�

,QGXVWULDO� ZDVWH� ZDWHU�� ZDWHU� GLVFKDUJHG� DIWHU� EHLQJ� XVHG� LQ�� RU
SURGXFHG� E\�� LQGXVWULDO� SURGXFWLRQ� SURFHVVHV� DQG� ZKLFK� LV� RI� QR
IXUWKHU� LPPHGLDWH� YDOXH� WR� WKHVH� SURFHVVHV��:KHUH� SURFHVV�ZDWHU
UHF\FOLQJ�V\VWHPV�KDYH� EHHQ� LQVWDOOHG�� SURFHVV�ZDVWH�ZDWHU� LV� WKH
ILQDO� GLVFKDUJH� IURP� WKHVH� FLUFXLWV�� 7R� PHHW� TXDOLW\� VWDQGDUGV� IRU
HYHQWXDO�GLVFKDUJH� LQWR� SXEOLF� VHZHUV�� WKLV� SURFHVV�ZDVWH�ZDWHU� LV
XQGHUVWRRG�WR�EH�VXEMHFWHG�WR�H[�SURFHVV�LQ�SODQW�WUHDWPHQW�

,QGHSHQGHQW� WUHDWPHQW�� LQGLYLGXDO� SULYDWH� WUHDWPHQW� IDFLOLWLHV� WR
WUHDW� GRPHVWLF� DQG� RWKHU� ZDVWH� ZDWHU� LQ� FDVHV� ZKHUH� D� SXEOLF
VHZHUDJH�QHWZRUN� LV� QRW� DYDLODEOH��([DPSOHV� RI� VXFK� V\VWHPV�DUH
VHSWLF�WDQNV�

6HZDJH� VOXGJH�� WKH� DFFXPXODWHG� VHWWOHG� VROLGV� VHSDUDWHG� IURP
YDULRXV�W\SHV�RI�ZDWHU�HLWKHU�PRLVW�RU�PL[HG�ZLWK�D�OLTXLG�FRPSRQHQW
DV�D�UHVXOW�RI�QDWXUDO�RU�DUWLILFLDO�SURFHVVHV�

)RU�WKH�VHFWLRQ�RQ�
(PLVVLRQV�HVWLPDWHV
�WKH�GDWD�DUH�WDNHQ�IURP�WKH
SXEOLFDWLRQ� 
(QYLURQPHQWDO� 3UHVVXUH� ,QGLFDWRUV� IRU� WKH� (8�� 'DWD
�������
�

1XWULHQW� �1� DQG� 3�� DQG� RUJDQLF� PDWWHU� HPLVVLRQV� IURP
KRXVHKROGV� DUH� HVWLPDWHG� E\� PHDQV� RI� GDWD� RQ� SRSXODWLRQ
FRQQHFWHG� WR� WUHDWPHQW�SODQWV��HPLVVLRQ� IDFWRUV�DQG� WKH� WKHRUHWLFDO
HIILFLHQF\�RI�WKH�WUHDWPHQW�SODQWV�

%2'����%2'���UHIHUV�WR�WKH�GLVVROYHG�R[\JHQ�UHTXLUHG�E\�RUJDQLVPV
IRU� WKH� DHURELF� GHFRPSRVLWLRQ� RI� RUJDQLF� PDWWHU� SUHVHQW� LQ� ZDWHU
PHDVXUHG�IRU�D�SHULRG�RI�ILYH�RU�VHYHQ�GD\V�

7RWDO� 3KRVSKRUXV� �3�7RWDO�� LV� PDGH� XS� RI� RUWKR�SKRVSKDWHV�
SRO\SKRVSKDWHV�DQG�RUJDQLFDOO\�ERXQG�SKRVSKDWHV�

7RWDO�1LWURJHQ��1�7RWDO��LV�WKH�VXP�RI�.MHOGDKO�QLWURJHQ��RUJDQLF�1
SOXV� DPPRQLD� �1+����� QLWUDWH�QLWURJHQ� �12��� DQG� QLWULWH�QLWURJHQ
�12���

)RU� WKH� SXUSRVH� RI� WKLV� SXEOLFDWLRQ�� VRPH� JURXSLQJV� KDYH� EHHQ
PDGH�DV�IROORZV�

1RUGLF�FRXQWULHV��'HQPDUN��)LQODQG��6ZHGHQ��,FHODQG��DQG�1RUZD\

6RXWKHUQ�FRXQWULHV��*UHHFH��,WDO\��)UDQFH��3RUWXJDO��DQG�6SDLQ

:HVWHUQ� FRXQWULHV�� %HOJLXP�� *HUPDQ\�� ,UHODQG�� /X[HPERXUJ�
$XVWULD��WKH�1HWKHUODQGV��6ZLW]HUODQG��DQG�8QLWHG�.LQJGRP

&DQGLGDWH� FRXQWULHV�� %XOJDULD�� WKH� &]HFK� 5HSXEOLF�� +XQJDU\�
3RODQG�� 5RPDQLD�� WKH� 6ORYDN� 5HSXEOLF�� 6ORYHQLD�� (VWRQLD�� /DWYLD�
/LWKXDQLD��&\SUXV��DQG�7XUNH\
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,�ZRXOG�OLNH�WR�VXEVFULEH�WR�6WDWLVWLFV�LQ�IRFXV��IURP����������WR�������������
�IRU�WKH�'DWD�6KRS�DQG�VDOHV�RIILFH�DGGUHVVHV�VHH�DERYH�

r )RUPXOD����$OO���WKHPHV��DSSUR[LPDWHO\�����LVVXHV�

r3DSHU� (85����
/DQJXDJH�UHTXLUHG���r�'(�����r�(1�����r�)5

r )RUPXOD����2QH�RU�PRUH�RI�WKH�IROORZLQJ�VHYHQ�WKHPHV�

r 7KHPH���µ*HQHUDO�VWDWLVWLFV¶ 
r�3DSHU��(85���

r 7KHPH���µ(FRQRP\�DQG�ILQDQFH¶
r 7KHPH���µ3RSXODWLRQ�DQG�VRFLDO�FRQGLWLRQV¶
r 7KHPH���µ,QGXVWU\��WUDGH�DQG�VHUYLFHV
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