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ϭ�^ŽƵƚŚ��ĨƌŝĐĂŶ�&ŝĞůĚ��ƉŝĚĞŵŝŽůŽŐǇ�dƌĂŝŶŝŶŐ�WƌŽŐƌĂŵŵĞ͕�E/�� 
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ϯ�^ĐŚŽŽů�ŽĨ�WƵďůŝĐ�,ĞĂůƚŚ͕�hŶŝǀĞƌƐŝƚǇ�ŽĨ�tŝƚǁĂƚĞƌƐƌĂŶĚ͕�:ŽŚĂŶŶĞƐďƵƌŐ͕�^ŽƵƚŚ��ĨƌŝĐĂ 
ϰ�KƵƚďƌĞĂŬ�ZĞƐƉŽŶƐĞ�hŶŝƚ͕��ŝǀŝƐŝŽŶ�ŽĨ�WƵďůŝĐ�,ĞĂůƚŚ͕�^ƵƌǀĞŝůůĂŶĐĞ�ĂŶĚ�ZĞƐƉŽŶƐĞ͕��E/�� 

ϱ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ĞĂůƚŚ͕�>ŝŵƉŽƉŽ�WƌŽǀŝŶĐĞ͕�^ŽƵƚŚ��ĨƌŝĐĂ 
ϲ��ĞŶƚƌĞ�ĨŽƌ��ŶƚĞƌŝĐ��ŝƐĞĂƐĞƐ͕��E/�� 

ϳ�'ĞŽŐƌĂƉŚŝĐ�/ŶĨŽƌŵĂƟŽŶ�^ǇƐƚĞŵƐ͕��ŝǀŝƐŝŽŶ�ŽĨ�WƵďůŝĐ�,ĞĂůƚŚ͕�^ƵƌǀĞŝůůĂŶĐĞ�ĂŶĚ�ZĞƐƉŽŶƐĞ͕��E/�� 
ϴ�^ĞŬŚƵŬŚƵŶĞ��ŝƐƚƌŝĐƚ��ĞƉĂƌƚŵĞŶƚ�ŽĨ�,ĞĂůƚŚ͕�>ŝŵƉŽƉŽ�WƌŽǀŝŶĐĞ͕�^ŽƵƚŚ��ĨƌŝĐĂ 

([HFXWLYH�6XPPDU\ 

7\SKRLG� IHYHU� UHPDLQV� DQ� HQGHPLF� GLVHDVH� LQ� 6RXWK�$IULFD�� DQG� WKH� ULVN� RI� WUDQVPLVVLRQ� LV� DVVRFLDWHG�ZLWK� SRRU� VDQLWDWLRQ��

XQVDIH�ZDWHU��DQG�XQVDIH�IRRG�SURGXFWLRQ�DQG�KDQGOLQJ�SURFHVVHV�� ,Q�6RXWK�$IULFD�� ODERUDWRU\-EDVHG�VXUYHLOODQFH�IRU� W\SKRLG�

IHYHU� LV� FR-RUGLQDWHG� E\� WKH� 1DWLRQDO� ,QVWLWXWH� IRU� &RPPXQLFDEOH� 'LVHDVHV� �1,&'��� )HZHU� WKDQ� ���� FDVHV� ZHUH� UHSRUWHG�

DQQXDOO\� VLQFH� ������ LQGLFDWLQJ� ORZ� HQGHPLFLW\�� 7KH� ILQGLQJV� RI� D� W\SKRLG� RXWEUHDN� LQYHVWLJDWLRQ� LQ� 6HNKXNKXQH� 'LVWULFW��

/LPSRSR�3URYLQFH��IURP�1RYHPEHU������WR�-DQXDU\������DUH�UHSRUWHG�KHUH� 

 

$Q�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�WR�TXDQWLI\�WKH�RXWEUHDN��LGHQWLI\�WKH�VRXUFH��DQG�PDNH�UHFRPPHQGDWLRQV�WR�VWRS�WKH�RXWEUHDN�

DQG� SUHYHQW� IXWXUH� HYHQWV��(SLGHPLRORJLF�� ODERUDWRU\� DQG� HQYLURQPHQWDO� LQYHVWLJDWLRQV�ZHUH� FRQGXFWHG��6DOPRQHOOD�HQWHULFD�

VXEVSHFLHV�HQWHULFD�VHURW\SH�7\SKL� �6��7\SKL�� LVRODWHV�ZHUH�VXEPLWWHG� WR� WKH�&HQWUH� IRU�(QWHULF�'LVHDVHV� �&('���1,&'��DQG�

ZKROH�JHQRPH�VHTXHQFLQJ��:*6��ZDV�FRQGXFWHG�E\�WKH�6HTXHQFLQJ�&RUH�)DFLOLW\��1,&'��3RO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��

WHVWLQJ�IRU�6DOPRQHOOD�VSHFLHV� LQ�ZDWHU�VDPSOHV�ZDV�FRQGXFWHG�E\�WKH�&RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��&6,5���

/RFDWLRQ�DQG�GLVWULEXWLRQ�RI�FDVHV�DQG�ZDWHU�VRXUFHV�ZHUH�PDSSHG�XVLQJ�D�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6��PDSSLQJ�WRRO�� 

$PRQJVW�����FDVHV�ZLWK�D�PHGLDQ�DJH�RI����\HDUV��LQWHUTXDUWLOH�UDQJH����WR����\HDUV����������������ZHUH�IHPDOH�DQG�������

�����ZHUH�ODERUDWRU\�FRQILUPHG��6DOPRQHOOD�VSHFLHV�ZHUH�GHWHFWHG�LQ�������������ZDWHU�VDPSOHV�FROOHFWHG�LQ�WKH�GLVWULFW��*,6�

PDSSLQJ�VKRZHG�FOXVWHULQJ�RI�FDVHV� LQ�7VZDLQJ-.JZDULSH�DQG�9ODNSODDV�YLOODJHV��ZLWK����� ODERUDWRU\-FRQILUPHG�FDVHV�DQG�

����RI�SUREDEOH�FDVHV�IURP�WKH�IRUPHU��:*6�UHVXOWV�LQGLFDWHG�WKDW� LVRODWHV�IRU�FDVHV�IURP�7VZDLQJ-.JZDULSH�DQG�6WU\GNUDDO�

YLOODJHV�������ZHUH�JHQHWLFDOO\�KLJKO\�UHODWHG������VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��� 

 

7KH� PROHFXODU� HSLGHPLRORJ\� RI� DYDLODEOH� LVRODWHV� VXJJHVWV� D� FRPPRQ� VRXUFH� RXWEUHDN�� VXSSRUWHG� E\� WKH� GHWHFWLRQ� RI�

6DOPRQHOOD� VSS�� LQ� VDPSOHV� IURP�PXOWLSOH� ZDWHU� VRXUFHV� LQ� WKH� DIIHFWHG� GLVWULFW�� $FFHVV� WR� VDIH� DQG� FOHDQ� ZDWHU�� DQ� LQWHU-
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VHFWRUDO�KHDOWK��ZDWHU�DQG�VDQLWDWLRQ�FRPPLWWHH��DQG�FRQWLQXRXV�FRPPXQLW\�KHDOWK�HGXFDWLRQ�ZHUH�UHFRPPHQGHG��� 

 

,QWURGXFWLRQ 

7\SKRLG� IHYHU� LV� D� V\VWHPLF� EDFWHULDO� LOOQHVV� FDXVHG� E\�6DOPRQHOOD� HQWHULFD� VXEVSHFLHV� HQWHULFD� VHURW\SH� 7\SKL� �6��7\SKL����

FKDUDFWHULVHG�E\�SURORQJHG�IHYHU��QDXVHD��KHDGDFKH��ORVV�RI�DSSHWLWH�DQG�JDVWURLQWHVWLQDO�V\PSWRPV��LQFOXGLQJ�DEGRPLQDO�SDLQ��

FRQVWLSDWLRQ�RU� GLDUUKRHD�����6HYHUH� GLVHDVH�FDQ� OHDG� WR� OLIH-WKUHDWHQLQJ�FRPSOLFDWLRQV� LQFOXGLQJ� LQWHVWLQDO� SHUIRUDWLRQ�� LQWHVWLQDO�

KDHPRUUKDJH�DQG�HQFHSKDORSDWK\�ZLWK�KDHPRG\QDPLF�VKRFN��7KH�LQFXEDWLRQ�SHULRG�UDQJHV�IURP���WR����GD\V��EXW�LV�XVXDOO\���

WR����GD\V���6��7\SKL� � LV�WUDQVPLWWHG�WKURXJK� LQJHVWLRQ�RI�IRRG�RU�ZDWHU�FRQWDPLQDWHG�E\�IDHFHV�RU�XULQH�RI�V\PSWRPDWLF�FDVHV�

DQG�DV\PSWRPDWLF�FDUULHUV����� 
 

+XPDQV�DUH�WKH�RQO\�UHVHUYRLU�DQG�D�FDUULHU�VWDWH�PD\�IROORZ�DFXWH�LOOQHVV�RU�VXEFOLQLFDO�LQIHFWLRQ���7\SKRLG�IHYHU�RFFXUV�PRVWO\�LQ�

DUHDV� ZLWK� SRRU� VDQLWDWLRQ� DQG� ODFN� RI� SRWDEOH� ZDWHU�� $FFRUGLQJ� WR� WKH� PRVW� UHFHQW� :RUOG� +HDOWK� 2UJDQL]DWLRQ� HVWLPDWHV�

�SXEOLVKHG� LQ��������DSSUR[LPDWHO\����PLOOLRQ�FDVHV�DQG���������W\SKRLG-UHODWHG�GHDWKV�RFFXU�DQQXDOO\�ZRUOGZLGH���6DOPRQHOOD�

3DUDW\SKL� $�� %� RU� &� FDXVH� SDUDW\SKRLG� IHYHU�� ZKLFK� LV� FOLQLFDOO\� LQGLVWLQJXLVKDEOH� IURP� W\SKRLG� IHYHU�� 7\SKRLG� IHYHU� DQG�

SDUDW\SKRLG�IHYHU�DUH�FROOHFWLYHO\�WHUPHG�HQWHULF�IHYHU� 

 

$V� W\SKRLG� IHYHU� LV� FOLQLFDOO\� LQGLVWLQJXLVKDEOH� IURP� D� ZLGH� UDQJH� RI� RWKHU� FRPPRQ� IHEULOH� LOOQHVVHV�� ODERUDWRU\� WHVWLQJ� LV�

UHFRPPHQGHG�LQ�DOO�SDWLHQWV�SUHVHQWLQJ�ZLWK�FOLQLFDOO\-FRPSDWLEOH�GLVHDVH��7KH�GLDJQRVLV�RI�W\SKRLG�IHYHU�UHTXLUHV�WKH�LVRODWLRQ�RI�

6�� 7\SKL� IURP� EORRG�� ERQH� PDUURZ�� VWRRO� RU� RWKHU� WLVVXH� VSHFLPHQV�� 6HURORJLFDO� WHVWV� VXFK� DV� WKH� :LGDO� WHVW� DUH� QRW�

UHFRPPHQGHG�IRU�VFUHHQLQJ�RU�GLDJQRVLV�RI�W\SKRLG�IHYHU�GXH�WR�YDULDEOH�KRVW�DQWLERG\�UHVSRQVHV�DQG�FURVV-UHDFWLYLW\�ZLWK�RWKHU�

HQWHULF�EDFWHULD�� 
 

7\SKRLG�IHYHU�LV�HQGHPLF�LQ�6RXWK�$IULFD��+RZHYHU��WKH�QXPEHU�RI�FDVHV�KDV�GHFOLQHG�RYHU�WKH�ODVW����\HDUV�IURP�DQ�HVWLPDWHG��

������LQ������WR�����FDVHV�LQ��������/DUJH�RXWEUHDNV�RI�W\SKRLG�IHYHU�RFFXUUHG�LQ�'HOPDV��0SXPDODQJD�3URYLQFH�LQ������DQG�

������ZKHQ�RYHU�����FDVHV�ZHUH�UHSRUWHG��-��/RZ�QXPEHUV�RI�FDVHV�FRQWLQXHG�WR�EH�REVHUYHG�EHWZHHQ������DQG�������)LJXUH�

���WKURXJK�D�QDWLRQDO��DFWLYH�ODERUDWRU\-EDVHG�VXUYHLOODQFH�V\VWHP�DW�WKH�1DWLRQDO�,QVWLWXWH�IRU�&RPPXQLFDEOH�'LVHDVHV��1,&'���� 

)LJXUH����1XPEHUV�RI�ODERUDWRU\-FRQILUPHG�6DOPRQHOOD�7\SKL�FDVHV�E\�PRQWK�LQ�6RXWK�$IULFD�������–������ 
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,Q�������FDVH�QXPEHUV�ZHUH�FRPSDUDEOH�ZLWK�SUHYLRXV�QRQ-RXWEUHDN�\HDUV��ZLWK�����FDVHV�UHFRUGHG���0ROHFXODU�HSLGHPLRORJLFDO�

DQDO\VLV�RI�FDVHV�UHYHDOHG�ERWK�HQGHPLF�VWUDLQV�DQG�VWUDLQV�ZLWK�LGHQWLFDO�SDWWHUQV�WR�WKRVH�UHVSRQVLEOH�IRU�WKH�W\SKRLG�RXWEUHDN�

LQ�=LPEDEZH�GXULQJ�������� 

 

:KLOH�����RI�6RXWK�$IULFDQ�KRXVHKROGV�KDYH�ZDWHU�SURYLGHG�E\�PXQLFLSDO�VWUXFWXUHV������RI�KRXVHKROGV�LQ�/LPSRSR�3URYLQFH�

H[SHULHQFHG�ZDWHU�LQWHUUXSWLRQV�RI�DQ\�GXUDWLRQ�GXULQJ��������6HNKXNKXQH�'LVWULFW��DSSUR[LPDWHO\�����NP�IURP�3RORNZDQH�FLW\�LQ�

/LPSRSR�3URYLQFH�� FRQVLVWV�RI� IRXU� ORFDO� VXE-GLVWULFW�PXQLFLSDOLWLHV� �)LJXUH�����7KH�GLVWULFW� OLHV� LQ� WKH�VRXWK-HDVWHUQ�SDUW� RI� WKH�

SURYLQFH�DQG� LW� LV�PRVWO\� UXUDO��ZLWK�DOPRVW�����YLOODJHV�DQG�DQ�HVWLPDWHG����RI� WKH�SRSXODWLRQ� OLYLQJ� LQ�XUEDQ�DUHDV��3RWDEOH�

ZDWHU� VXSSO\� E\� WKH�PXQLFLSDOLW\� LV� LQFRQVLVWHQW��5HVLGHQWV� LQ� YLOODJHV� UHO\� RQ� SULYDWH� ERUHKROHV� DQG� XQWUHDWHG� GULQNLQJ�ZDWHU�

UHVHUYRLUV�LQFOXGLQJ�JURXQG�ZHOOV��ULYHUV��LUULJDWLRQ�IXUURZV��ERUHKROHV��UDLQZDWHU��DQG�ODUJH�SODVWLF�VWRUDJH��-RMR��WDQNV� 

)LJXUH����5LJKW��/LPSRSR�3URYLQFH��6RXWK�$IULFD��VKRZLQJ�ORFDWLRQ�RI�6HNKXNKXQH�'LVWULFW��/HIW��6HNKXNKXQH�'LVWULFW�VKRZLQJ�

VXE-GLVWULFWV�� 

2Q����1RYHPEHU�������6HNKXNKXQH�'LVWULFW�'HSDUWPHQW�RI�+HDOWK� �'R+�� UHFHLYHG�D�QRWLILFDWLRQ�DERXW�D� ODERUDWRU\-FRQILUPHG�

FDVH� RI� W\SKRLG� IHYHU� LQLWLDOO\� DGPLWWHG� WR� 3LHWHUVEXUJ� 7HUWLDU\� +RVSLWDO�� WKHQ� WUDQVIHUUHG� EDFN� WR� WKH� GLVWULFW� KRVSLWDO�� 7KH�

2XWEUHDN� 5HVSRQVH� 8QLW� �258�� DW� 1,&'� ZDV� DOHUWHG� RI� D� VXVSHFWHG� W\SKRLG� IHYHU� RXWEUHDN� LQ� /LPSRSR� 3URYLQFH� RQ� ���

1RYHPEHU�������&ROODERUDWLYH�DFWLRQV�DQG�LQYHVWLJDWLRQV�WR�VXSSRUW�UHVSRQVH�LQWHUYHQWLRQV�ZHUH�FRPPHQFHG��7KH�ILQGLQJV�IURP�

DQ�LQYHVWLJDWLRQ�RI�D�W\SKRLG�RXWEUHDN�LQ�6HNKXNKXQH�'LVWULFW��/LPSRSR�3URYLQFH��IURP�1RYHPEHU������WR�-DQXDU\������DUH�KHUH�

GHVFULEHG� 
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0HWKRGV 

,QYHVWLJDWLQJ�DQG�UHVSRQVH�WHDPV 

)ROORZLQJ� WKH�QRWLILFDWLRQ�� WKH�GLVWULFW�HSLGHPLF�SUHSDUHGQHVV�DQG� UHVSRQVH� �(35�� WHDP�ZDV�DFWLYDWHG�DQG�PHW� WR�FR-RUGLQDWH�

UHVSRQVH�DFWLYLWLHV��7KH�GLVWULFW�(35� WHDP�FRQVLVWV�RI� WKH�6HNKXNKXQH�3URYLQFLDO�DQG�'LVWULFW�&RPPXQLFDEOH�'LVHDVH�&RQWURO�

WHDP��'HSDUWPHQW�RI�+HDOWK���'HSXW\�'LUHFWRU�+HDOWK�3URPRWLRQ��KRVSLWDO�HQYLURQPHQWDO�KHDOWK�SUDFWLWLRQHUV��(+3V���3URYLQFLDO�

)LHOG�(SLGHPLRORJLVW�DQG�VXE-GLVWULFW�PRELOH�WHDPV��2Q�WZR�RFFDVLRQV�����-DQXDU\�������DQG����-DQXDU\�-���)HEUXDU\��������D�

WHDP� RI�PHGLFDO� HSLGHPLRORJLVWV�� ILHOG� HSLGHPLRORJ\� WUDLQLQJ� SURJUDPPH� UHVLGHQW�� SXEOLF� KHDOWK� UHJLVWUDUV�� DQG� D� JHRJUDSKLF�

LQIRUPDWLRQ� V\VWHP� *,6� VSHFLDOLVW� IURP� WKH� 2XWEUHDN� 5HVSRQVH� 8QLW�� 1,&'� FRQGXFWHG� VLWH� YLVLWV� WR� SURYLGH� IHHGEDFN� RQ�

LQYHVWLJDWLRQV��WUDLQLQJ�RI�KHDOWK�SUDFWLWLRQHUV��DQG�WR�FRQGXFW�IXUWKHU�LQYHVWLJDWLRQV�� 

 

&DVH�GHILQLWLRQV 

7KH�IROORZLQJ�FDVH�GHILQLWLRQV�ZHUH�IRUPXODWHG�IURP�WKH�QDWLRQDO�W\SKRLG�JXLGHOLQHV��� 

· $�FRQILUPHG�W\SKRLG�FDVH��DQ\�SHUVRQ�IURP�6HNKXNKXQH�'LVWULFW�ZLWK�LVRODWLRQ�RI�6��7\SKL��RU�6� 3DUDW\SKL�$��%�RU�&�IURP�D�

FOLQLFDO�VSHFLPHQ�LQ�WKH�SUHVHQFH�RI�V\PSWRPV�FRPSDWLEOH�ZLWK�HQWHULF�IHYHU�IURP���1RYHPEHU������WR�-DQXDU\������ 

· $� SUREDEOH� W\SKRLG� FDVH�� DQ\� SHUVRQ� IURP� 6HNKXNKXQH� 'LVWULFW� ZLWK� V\PSWRPV� FRPSDWLEOH� ZLWK� HQWHULF� IHYHU� ZKR� LV�

HSLGHPLRORJLFDOO\� OLQNHG� WR�D�FRQILUPHG�FDVH�� IURP���1RYHPEHU������ WR�-DQXDU\�������ZLWK�QHJDWLYH�PDODULD� UDSLG� WHVW� WR�

H[FOXGH�PDODULD� 

· $�W\SKRLG�FDUULHU��FRQYDOHVFHQW�RU�FKURQLF�FDUULHU��� 

à $�FRQYDOHVFHQW�FDUULHU��DQ\�SHUVRQ� LQ�6HNKXNKXQH�'LVWULFW�ZKR�LV�VWLOO�H[FUHWLQJ�6��7\SKL�RU�6��3DUDW\SKL�$�%�RU�&�

DIWHU�UHFHLYLQJ�WZR�FRXUVHV�RI�DSSURSULDWH�DQWLELRWLF�WKHUDS\�� 

à $�FKURQLF�FDUULHU��DQ\�SHUVRQ�LQ�6HNKXNKXQH�'LVWULFW�ZKR�FRQWLQXHV�WR�H[FUHWH�6��7\SKL�RU�6��3DUDW\SKL����PRQWKV�

DIWHU�UHFHLYLQJ�DSSURSULDWH�DQWLELRWLF�WKHUDS\� 

 

(SLGHPLRORJLFDO�DQG�FOLQLFDO�LQYHVWLJDWLRQV� 

$�UHWURVSHFWLYH�GHVFULSWLYH�FURVV-VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�XVLQJ�GDWD�FROOHFWHG�IURP�FDVH-SDWLHQW�LQWHUYLHZV�� 

 

&DVH�ILQGLQJ�DQG�VRXUFHV�RI�GDWD 

$WWHQGLQJ� FOLQLFLDQV� DW� GLVWULFW� KRVSLWDOV� LGHQWLILHG� DQG� LQYHVWLJDWHG� SHUVRQV� ZLWK� VXVSHFWHG� W\SKRLG� IHYHU� EDVHG� RQ� WKH� FDVH�

GHILQLWLRQV� DERYH�� 7KH� SURYLQFLDO� HSLGHPLRORJLVW� WRJHWKHU� ZLWK� WKH� &RPPXQLFDEOH� 'LVHDVH� &RQWURO� WHDP� FRRUGLQDWHG� WKH�

LQYHVWLJDWLRQ�RI�FDVHV�DQG�FRPSOHWLRQ�RI�FDVH� LQYHVWLJDWLRQ� IRUPV� �&,)V��E\� WKH� WKUHH�GLVWULFW� KRVSLWDOV� LQ�6HNKXNKXQH�'LVWULFW�

ZKHUH�FDVH-SDWLHQWV�ZHUH�DGPLWWHG��/LPSRSR�3URYLQFH�LV�D�PDODULD-HQGHPLF�DUHD��WKHUHIRUH�WKH�FOLQLFDO� LQYHVWLJDWLRQ�RI�W\SKRLG�

FDVHV�SUHVHQWLQJ�ZLWK�IHYHU�LQFOXGHG�D�PDODULD�UDSLG�GLDJQRVWLF�WHVW�WR�H[FOXGH�PDODULD��7KH�&,)�XVHG�WR�LQWHUYLHZ�FDVH-SDWLHQWV�

DQG� FRQWDFWV� IRFXVHG� RQ� UHVSRQGHQW� GHPRJUDSKLFV�� FOLQLFDO� SUHVHQWDWLRQ�� DQG� SRWHQWLDO� H[SRVXUH� ULVN� IDFWRUV� VXFK� DV� ZDWHU�

VRXUFHV�DQG�W\SH�RI�WRLOHW�XVH��$� OLQH� OLVW� WR�UHFRUG�DOO�FDVHV�ZDV�GHYHORSHG��$GGLWLRQDO�SDWLHQW�GDWD�ZHUH�REWDLQHG�WKURXJK�WKH�

1DWLRQDO� +HDOWK� /DERUDWRU\� 6HUYLFH� �1+/6�� 7UDN&DUH� :HE� UHVXOWV� YLHZHU� V\VWHP�� +HDOWK� IDFLOLWLHV� DQG� PRELOH� WHDPV� ZHUH�

UHVSRQVLEOH�IRU�GDLO\�UHSRUWLQJ�WR�6HNKXNKXQH�'R+��SXEOLF�KHDOWK�XQLW� 

 

/DERUDWRU\�LQYHVWLJDWLRQV 

$WWHQGLQJ� FOLQLFLDQV� DW� WKH� WKUHH� GLVWULFW� KRVSLWDOV� ZKHUH� SDWLHQWV� SUHVHQWHG�� VXEPLWWHG� FOLQLFDO� VSHFLPHQV� IRU� ODERUDWRU\�

LQYHVWLJDWLRQV�LQFOXGLQJ�IXOO�EORRG�FRXQW��XUHD�DQG�FUHDWLQLQH��EORRG�DQG�VWRRO�RU�UHFWDO�VZDEV�DQG�EORRG�IRU�VHURORJ\��:LGDO�WHVW��



 

ϭϮϮ� �������ͳǤ��������͵ 

WR�WKH�1+/6��7KH�:LGDO�WHVW�LV�QRW�UHFRPPHQGHG�IRU�WKH�GLDJQRVLV�RI�W\SKRLG�IHYHU��KRZHYHU��GXH�WR�WKH�XQDYDLODELOLW\�RI�EORRG�

FXOWXUH�ERWWOHV�LQ�KHDOWK�IDFLOLWLHV��VHURORJLFDO�WHVWLQJ�ZDV�UHTXHVWHG��,Q�FDVHV�ZKHUH�6��7\SKL�ZDV�LGHQWLILHG��WKH�KHDOWK�DXWKRULWLHV�

ZHUH� QRWLILHG� E\� WKH� 1+/6�� 7KH� 1+/6� VXEPLWWHG� 6�� 7\SKL� LVRODWHV� WR� WKH� &HQWUH� IRU� (QWHULF� 'LVHDVHV� �&('��� 1,&'�� IRU�

FRQILUPDWRU\� WHVWLQJ� DQG� ZKROH-JHQRPH� VHTXHQFLQJ� �:*6��� :*6� LV� D� ZLGHO\-XVHG� WHFKQLTXH� IRU� PROHFXODU� VXEW\SLQJ� RI�

EDFWHULD��SURYLGLQJ�GDWD�WKDW�HQDEOH�KLJK-UHVROXWLRQ�W\SLQJ�IRU�VXUYHLOODQFH��DQG�DGGLWLRQDO�GDWD�UHJDUGLQJ�IXUWKHU�FKDUDFWHUL]DWLRQ�

RI�HPHUJLQJ�FORQHV�EDVHG�RQ�JHQHWLF�GLIIHUHQFHV���� 

 

(QYLURQPHQWDO�LQYHVWLJDWLRQV 

:DWHU� VDPSOHV� ZHUH� FROOHFWHG� E\� WKH� (+3V� IURP� VHYHUDO� ZDWHU� VRXUFHV� LGHQWLILHG� WKURXJK� LQWHUYLHZV� ZLWK� FDVHV� DQG� DW�

FRPPXQLW\�PHHWLQJV��)RRG�VDPSOHV�ZHUH�QRW�DYDLODEOH�IRU�FROOHFWLRQ��:DWHU�VDPSOHV�ZHUH�VHQW�WR�WKH�&RXQFLO�IRU�6FLHQWLILF�DQG�

,QGXVWULDO�5HVHDUFK��&6,5��ODERUDWRU\��ZKHUH�D�UHDO-WLPH�3&5�WHVW�ZDV�SHUIRUPHG�WR�GHWHFW�WKH�SUHVHQFH�RI�6DOPRQHOOD�VSS��7KH�

3&5-EDVHG�WHVW�XVHG�E\�&6,5�GHWHFWV�DOO�6DOPRQHOOD�HQWHULFD�VXEVSHFLHV��DV�ZHOO�DV 6DOPRQHOOD�ERQJRUL��E\�WDUJHWLQJ�WKH LQY$�

JHQH WKDW� LV� ORFDWHG� RQ� WKH SDWKRJHQLFLW\� LVODQG� �� RI� 6DOPRQHOOD� VSS�� 7KH� PHWKRGRORJ\� LV� QRW� DEOH� WR� GLVWLQJXLVK� EHWZHHQ�

W\SKRLGDO�DQG�QRQ-W\SKRLGDO�6DOPRQHOOD�VSHFLHV���-�� 

 

*,6�PDSSLQJ 

'XULQJ�WKH�1,&'�WHDP�YLVLWV��DGGLWLRQDO�GDWD�ZHUH�FROOHFWHG�� LQFOXGLQJ� LQWHUYLHZV�RI�FDVHV�DQG�FRQWDFWV� WR�FRPSOHWH�&,)V��DQG�

*,6�ORFDWLRQV�RI�FDVH-SDWLHQWV¶�SODFHV�RI�UHVLGHQFH�DQG�RSHQ�ZDWHU�VRXUFHV���$�*,6�WRRO�LV�D�FRPSXWHU�V\VWHP�ZLWK�WKH�FDSDFLW\�

WR�FDSWXUH��VWRUH��DQDO\VH�DQG�GLVSOD\�JHRJUDSKLFDOO\-UHIHUHQFHG� LQIRUPDWLRQ����*,6�SURYLGHV�ZD\V�RI�YLVXDOL]LQJ�DQG�DQDO\VLQJ�

HSLGHPLRORJLF�GDWD��DQG�KHOSV�LQ�LGHQWLI\LQJ�GLVHDVH�WUHQGV�DQG�PXOWL-GLVHDVH�VXUYHLOODQFH�DFWLYLWLHV���-���+HDOWK�RUJDQLVDWLRQV�FDQ�

YLVXDOL]H��DQDO\VH�DQG� LQWHUSUHW�JHR-ORFDWLRQ�GDWD�WKURXJK�WKH�XVH�RI�*,6�WRROV�RU�PDSSLQJ�DSSOLFDWLRQV��6SHFLILF�GLVHDVHV�DQG�

RWKHU�SXEOLF�KHDOWK�HYHQWV�FDQ�EH�PDSSHG�WR�PRQLWRU�DQG�PDQDJH�RI�HSLGHPLFV����7KH�*,6�PDSSLQJ�ZDV�OLPLWHG�WR�YLOODJHV�ZLWK�

W\SKRLG�IHYHU�FDVHV�DQG�ZDWHU�VRXUFHV�WKDW�ZHUH�VDPSOHG�IRU�W\SKRLG�LQYHVWLJDWLRQ�SXUSRVHV�ZLWKLQ�6HNKXNKXQH�'LVWULFW�� 

 

7KH�FDVH-SDWLHQWV¶�KRPH�DGGUHVVHV�ZHUH�REWDLQHG�IURP�FRPSOHWHG�&,)V��7VZDLQJ�ORFDO�FOLQLF�GDLO\�UHJLVWHU�IRU�SDWLHQWV�DQG�WKH�

ZDUG-EDVHG�RXWUHDFK� WHDP� �:%27���ZKR�ZRUN� LQ� FROODERUDWLRQ�ZLWK� WKH�FOLQLF��7KH� ORFDWLRQ�RI�ZDWHU� VRXUFHV�VDPSOHG� �ZKLFK�

LQFOXGHG�WDSV��ERUHKROHV��IXUURZV�DQG�ZHOOV��ZDV�REWDLQHG�IURP�WKH�&6,5�UHSRUW��7KH�WUDLQHG�1,&'�WHDP�WRJHWKHU�ZLWK�WKH�*,6�

VSHFLDOLVW� XVHG�PRELOH� SKRQHV� WR� GHWHUPLQH� VSDWLDO� GLVWULEXWLRQ� RI� FDVHV� DQG�ZDWHU� VRXUFHV�� 7KH�&ROOHFWRU� IRU�$UF*,6� �6RXWK�

$IULFD�� 0LGUDQG�� PDSSLQJ� WRRO� ZDV� XVHG� IRU� ILHOG� GDWD� FROOHFWLRQ�� ,QIRUPDWLRQ� VXFK� DV� SDWLHQW� GHPRJUDSKLFV� DQG� *OREDO�

3RVLWLRQLQJ�6\VWHP��*36��FRRUGLQDWHV�ZHUH�FROOHFWHG��:H�XVHG�FRORXU-FRGHG�SRLQWV�WR�LQGLFDWH�FDVHV��FRQILUPHG�DQG�SUREDEOH��

DQG�ZDWHU�VRXUFHV�WHVWHG�IRU�6DOPRQHOOD�VSS� 
 

'DWD�SURFHVVLQJ�DQG�DQDO\VLV 

'DWD�RQ�&,)V�ZHUH�FDSWXUHG�LQWR�0LFURVRIW��06��([FHO�������0LFURVRIW�&RUSRUDWLRQ��5HGPRQG��:DVKLQJWRQ��86$���&OHDQLQJ�RI�

GDWD�ZDV�GRQH�XVLQJ�06�([FHO�E\�FKHFNLQJ�IRU�GXSOLFDWH�UHFRUGV��PLVVLQJ�GDWD��HWF��'DWD�ZDV�DQDO\VHG�XVLQJ�67$7$�YHUVLRQ����

�6WDWD&RUS�/3��&ROOHJH�6WDWLRQ��7H[DV��86$��DQG�GHVFULSWLYH�VWDWLVWLFV��PHDQ��UDQJH�DQG�SHUFHQWDJHV��ZHUH�XVHG��*HRJUDSKLF�

PDSV�ZHUH�SUHSDUHG�XVLQJ�&ROOHFWRU�IRU�$UF*,6� 

 



 

ϭϮϯ� �������ͳǤ��������͵ 

5HVXOWV 

(SLGHPLRORJLFDO�DQG�FOLQLFDO�ILQGLQJV 

7KH�ILUVW�ODERUDWRU\-FRQILUPHG�FDVH�RI�W\SKRLG�IHYHU�ZDV�UHSRUWHG�RQ����1RYHPEHU�������7KH�SDWLHQW¶V�LQLWLDO�FRQVXOWDWLRQ�ZDV�WKH�

GLVWULFW�KRVSLWDO��DQG�ZDV�ODWHU�WUDQVIHUUHG�WR�3LHWHUVEXUJ�7HUWLDU\�+RVSLWDO��$V�RI����-DQXDU\�����������FRQILUPHG�DQG�VXVSHFWHG�

FDVHV� ZHUH� UHSRUWHG�� RI� ZKLFK� ��� �������� ZHUH� FRQILUPHG� E\� EORRG� FXOWXUH� �7DEOHV� �� DQG� ��� )LJXUH� ���� 7KH�PHGLDQ� DJH� RI�

FRQILUPHG�DQG�VXVSHFWHG�ZDV����\HDUV��,45���� -����\HDUV���&KLOGUHQ�RI�VFKRRO-JRLQJ�DJH�ZHUH�PRVWO\�DIIHFWHG����������������

7KH�PRVW�FRPPRQ�SUHVHQWLQJ�V\PSWRPV�ZHUH�IHYHU��GLDUUKRHD�DQG�DEGRPLQDO�FUDPSV�SDLQ��)LJXUH�����7ZR�ORFDO�PXQLFLSDOLWLHV�

ZHUH�DIIHFWHG� �0DNKXGXPDWKDJD�DQG�7XEDWVH-)HWDNJRPR��ZLWK� WKH�PDMRULW\�RI�FDVHV� IURP�7VZDLQJ� ���������������9ODNSODDV�

������ �������� DQG� 6WU\GNUDDO� ����� �������� �7DEOH� ���� )LJXUH� �� VKRZV� FOXVWHUV� RI� ODERUDWRU\-FRQILUPHG� FDVHV� ������ ����� LQ�

7VZDLQJ��DQG�FOXVWHUV�RI�SUREDEOH�FDVHV�LQ�9ODNSODDV�DQG�6WU\GNUDDO���&DVH-SDWLHQWV�ZHUH�WUHDWHG�ZLWK�LQWUDYHQRXV�FHIWULD[RQH�

DQG�RU� RUDO� FLSURIOR[DFLQ� DFFRUGLQJ� WR� 6RXWK� $IULFDQ� QDWLRQDO� JXLGHOLQHV��� 7DEOH� �� RXWOLQHV� WKH� GHPRJUDSKLF� DQG� FOLQLFDO�

FKDUDFWHULVWLFV�RI�ODERUDWRU\-FRQILUPHG�FDVHV�DQG�)LJXUH���LOOXVWUDWHV�WKH�QXPEHU�RI�FDVHV�E\�GDWH�RI�V\PSWRP�RQVHW� 

7DEOH����'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�FRQILUPHG�W\SKRLG�FDVHV��6HNKXNKXQH�'LVWULFW��/LPSRSR�3URYLQFH��

6RXWK�$IULFD����1RYHPEHU�WR����'HFHPEHU�������Q ��� 



 

ϭϮϰ� �������ͳǤ��������͵ 

7DEOH� ��� 7\SKRLG� FDVHV� FKDUDFWHULVHG� E\� DJH�� JHQGHU�� ORFDWLRQ� DQG� ZDWHU� VRXUFHV�� 6HNKXNKXQH� 'LVWULFW�� /LPSRSR�

3URYLQFH��6RXWK�$IULFD����1RYHPEHU�WR����'HFHPEHU�������Q ����� 

)LJXUH� ��� (SLGHPLF�FXUYH�VKRZLQJ�GLVWULEXWLRQ�RI� W\SKRLG�FDVHV�E\�GDWH�RI�RQVHW�RI�V\PSWRPV��6HNKXNKXQH�'LVWULFW��

/LPSRSR�3URYLQFH��6RXWK�$IULFD����1RYHPEHU�WR����'HFHPEHU�������Q ����� 



 

ϭϮϱ� �������ͳǤ��������͵ 

)LJXUH� ��� 3UHVHQWLQJ� VLJQV� DQG� V\PSWRPV� DPRQJ� W\SKRLG� FDVHV�� 6HNKXNKXQH� 'LVWULFW�� /LPSRSR� 3URYLQFH�� 6RXWK�

$IULFD����1RYHPEHU�WR����'HFHPEHU������ 

)LJXUH� ��� *HRJUDSKLF� GLVWULEXWLRQ� RI� W\SKRLG� IHYHU� FDVHV� DQG�ZDWHU� VRXUFHV� XVHG��6HNKXNKXQH�'LVWULFW�� /LPSRSR�

3URYLQFH��6RXWK�$IULFD����1RYHPEHU�WR����'HFHPEHU������ 



 

ϭϮϲ� �������ͳǤ��������͵ 

/DERUDWRU\�ILQGLQJV 

7KH� 1+/6� UHFHLYHG� VSHFLPHQV� IURP� ���� VXVSHFWHG� W\SKRLG� IHYHU� FDVHV� XQGHU� LQYHVWLJDWLRQ�� 7KLV� LQFOXGHG� EORRG� FXOWXUHV�

���������� VWRRO� FXOWXUHV� ��������� UHFWDO� VZDEV� IRU� VWRRO� FXOWXUH� �������� DQG� VHURORJ\� �:LGDO� WHVW�� ��������� 2I� WKH� ���� FDVHV�

UHSRUWHG�� ��� ������ KDG� QR� UHFRUG� RI� VSHFLPHQV� VXEPLWWHG� IRU� FXOWXUH�� )RU� ��� SUREDEOH� FDVHV�� LW� FRXOG� QRW� � � EH� DVFHUWDLQHG�

ZKHWKHU� DQ\� VSHFLPHQV�ZHUH� FROOHFWHG��$PRQJVW� ODERUDWRU\-FRQILUPHG� FDVHV�� DOO� ZHUH� SRVLWLYH� IRU�6�� 7\SKL� RQ� EORRG� FXOWXUH��

ZKLOH� ILYH�DOVR�KDG�VWRRO�RU� UHFWDO�VZDEV�FXOWXUH-SRVLWLYH� IRU�6��7\SKL�� �:*6�UHVXOWV� LQGLFDWHG� WKDW� ILYH�RI�VL[� LVRODWHV�REWDLQHG�

IURP�FDVHV�UHVLGHQW�LQ�7VZDLQJ�DQG�6WU\GNUDDO�ZHUH�JHQHWLFDOO\�KLJKO\�UHODWHG������VLQJOH�QXFOHRWLGH�SRO\PRUSKLVP���)LJXUH�����$�

VLQJOH��XQ-FOXVWHUHG�VWUDLQ�ZDV�FORVHO\�UHODWHG�WR�WKH������=LPEDEZH�W\SKRLG�RXWEUHDN�LVRODWHV�� 

)LJXUH����0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�6DOPRQHOOD�HQWHULFD�VXEVSHFLHV�HQWHULFD�VHURW\SH�7\SKL�FOLQLFDO�LVRODWHV�DPRQJ�

FRQILUPHG� FDVHV�� VKRZLQJ� D� FOXVWHU� RI� UHODWHG� LVRODWHV�� 6HNKXNKXQH�'LVWULFW�� /LPSRSR� 3URYLQFH�� 6RXWK� $IULFD�� 1RYHPEHU� WR�

-DQXDU\�������7KH�ILJXUH�VKRZV�D�VQDSVKRW� IURP�D�PD[LPXP�OLNHOLKRRG�SK\ORJHQHWLF� WUHH�GUDZQ�XVLQJ�613�DOLJQPHQWV�IURP�

:*6�GDWD�RI�LVRODWHV�� 



 

ϭϮϳ� �������ͳǤ��������͵ 

(QYLURQPHQWDO�ILQGLQJV 

,Q� 6HNKXNKXQH�'LVWULFW�� DSSUR[LPDWHO\� ���� RI� FDVHV� UHSRUWHG� WKH� XVH� RI�ZDWHU� IURP� XQWUHDWHG� RSHQ�ZDWHU� VRXUFHV� VXFK� WKH�

IXUURZV��VWUHDPV�DQG�ZHOOV�GXH�WR�ODFN�RI�DFFHVV�WR�FOHDQ�ZDWHU��7KH�IXUURZ�WKDW�UDQ�SDUDOOHO�WR�WKH�ULYHU�DQG�DGMDFHQW�WR�YLOODJHV�

ZKHUH�FDVHV�ZHUH�FOXVWHUHG�ZDV� LQWHQGHG�IRU�FURS� LUULJDWLRQ�DQG�IRU� WKH�XVH�RI�GRPHVWLF�DQLPDOV��$PRQJVW����ZDWHU�VDPSOHV��

������������ZHUH�SRVLWLYH�IRU�6DOPRQHOOD�VSS��RQ�3&5��2I�WKH����ZDWHU�VRXUFHV�WHVWHG�IRU�6DOPRQHOOD�VSS���������������ZHUH�

OLQNHG�ZLWK�YLOODJHV�ZKHUH�FDVH-SDWLHQWV�UHVLGHG��6DOPRQHOOD�VSS��ZDV�LGHQWLILHG�LQ�������������RI�WKH�ZDWHU�VRXUFHV�OLQNHG�ZLWK�

WKH� RXWEUHDN�YLOODJHV� �7DEOH����� �2I� WKH�VHYHQ�FRQILUPHG�FDVHV������ ������ UHSRUWHG�REWDLQLQJ�ZDWHU� IURP� WKH�XQWUHDWHG�RSHQ�

ZDWHU�VRXUFHV��$OWKRXJK�RQH�FRQILUPHG�FDVH�IURP�$SHO�&URVV��QRW�VKRZQ�LQ�)LJXUH����UHSRUWHG�XVLQJ�ZDWHU�IURP�WKH�FRPPXQDO�

WDS��KH�ZDV�D�OHDUQHU�LQ�RQH�RI�WKH�VFKRROV�ORFDWHG�LQ�7VZDLQJ�� 

 

,QWHUYHQWLRQV�LPSOHPHQWHG 

7KH�6HNKXNKXQH�'LVWULFW�(35�WHDP�ZDV�DFWLYDWHG�RQ����1RYHPEHU�������DQG�DQ�LQWHUYHQWLRQ�SODQ�ZDV�GHYHORSHG��7KH�GLVWULFW�

PXQLFLSDOLW\�ZDV�LQIRUPHG�RI�WKH�GHWHFWLRQ�RI�6DOPRQHOOD�VSS��LQ�ZDWHU�VDPSOHV��DQG�VXEVHTXHQWO\�WUHDWHG�ZDWHU�ZDV�GLVWULEXWHG�

E\� ZDWHU� WDQNHUV� LQ� WKH� DIIHFWHG� YLOODJHV�� ,Q� DGGLWLRQ�� D� ZDWHU� WUHDWPHQW� SODQW� WKDW� ZDV� SUHYLRXVO\� HUHFWHG� LQ� 9ODNSODDV� ZDV�

UHSDLUHG�VR�WKDW�SLSHG�SRWDEOH�ZDWHU�SURYLVLRQ�FRXOG�UHVXPH��7KH�PXQLFLSDOLW\�GLVWULFW�RIILFH�SURFXUHG�EOHDFK�DQG�GLVWULEXWHG�LW�LQ�

DOO�DIIHFWHG�DUHDV��(QYLURQPHQWDO�KHDOWK�SUDFWLWLRQHUV��(+3V��FRQGXFWHG�KRPH�YLVLWV�WR�PRQLWRU�VDQLWDWLRQ��K\JLHQH�DQG�IRRG�DQG�

ZDWHU�VDIHW\�LQ�WKH�KRXVHKROGV�� 

 

0XOWLSOH�FRPPXQLW\�RXWUHDFK�DFWLYLWLHV�� LQFOXGLQJ�GRRU-WR-GRRU�KRPH�YLVLWV��VFKRRO�YLVLWV�DQG�RXWUHDFK�WKURXJK�PHGLD�SODWIRUPV��

ZHUH�FRQGXFWHG�E\�KHDOWK�RIILFLDOV�DQG�FRPPXQLW\�KHDOWK�ZRUNHUV��7KHVH�LQFOXGHG�HGXFDWLRQ�RQ�ZDWHU�DQG�IRRGERUQH�LOOQHVVHV��

&RPPXQLW\�PHPEHUV�ZLWK�V\PSWRPV�FRPSDWLEOH�ZLWK�W\SKRLG�IHYHU�ZHUH�HQFRXUDJHG�WR�VHHN�PHGLFDO�FDUH�DW�KHDOWK�IDFLOLWLHV�� 

 

)URP����1RYHPEHU�WR����'HFHPEHU�������PRELOH�FOLQLF�WHDPV�FRQGXFWHG�FRQWDFW�WUDFLQJ���$OO�FRQWDFWV�ZLWK�V\PSWRPV�FRPSDWLEOH�

ZLWK� W\SKRLG� IHYHU�ZHUH� UHIHUUHG� WR� WKH� QHDUHVW� KHDOWKFDUH� IDFLOLW\� IRU� LQYHVWLJDWLRQ��&OLQLFDO� VDPSOHV�ZHUH� RQO\� FROOHFWHG� IURP�

V\PSWRPDWLF�FRQWDFWV��$ZDUHQHVV�FDPSDLJQV�DERXW�ZDWHUERUQH�GLVHDVHV��WKH�SUHYHQWLRQ�PHDVXUHV�DQG�ZKHQ�WR�VHHN�PHGLFDO�

DWWHQWLRQ�ZDV�IDFLOLWDWHG�E\�ZDUG�FRXQFLOORUV�LQ�WKH�FRPPXQLWLHV� 

 

7UDLQLQJ� RI� KHDOWK� SURIHVVLRQDOV� DQG� FRPPXQLW\� KHDOWK� ZRUNHUV� ZDV� FRQGXFWHG� DW� WKH� WKUHH� GLVWULFW� KRVSLWDOV� ZKHUH� SDWLHQWV�

SUHVHQWHG�IRU�FDUH��5HJXODU�(35�PHHWLQJV�ZHUH�KHOG�IRU�GLVFXVVLRQV�DQG�IROORZ�XS�RI�H[HFXWHG�SODQV� 

 

'LVFXVVLRQ� 

%DVHG�RQ�WKHVH�FOLQLFDO��HSLGHPLRORJLFDO�DQG�PROHFXODU�ILQGLQJV��ZH�K\SRWKHVLVH�WKDW�WKH�W\SKRLG�RXWEUHDN�LQ�6HNKXNKXQH�'LVWULFW�

ZDV�FDXVHG�E\�FRQWDPLQDWHG�ZDWHU��7KLV�RXWEUHDN�LOOXVWUDWHV�WKH�LPSRUWDQFH�RI�WKRURXJK�LQYHVWLJDWLRQ�RI�VXVSHFWHG�ZDWHUERUQH�

LOOQHVV�DQG�WKH�QHHG�IRU�XQLQWHUUXSWHG�VXSSOLHV�RI�FOHDQ��VDIH�ZDWHU��� 

 

8QUHJXODWHG��XQWUHDWHG�RSHQ�ZDWHU�VRXUFHV�DUH�PDMRU�FRQWULEXWRUV� WR� W\SKRLG�RXWEUHDNV��7KH�DVVRFLDWLRQ�RI� W\SKRLG�RXWEUHDNV�

ZLWK� FRQWDPLQDWHG� ZDWHU� KDV� EHHQ� REVHUYHG� LQ� RWKHU� VXE-6DKDUDQ� $IULFDQ� FRXQWULHV� LQFOXGLQJ� =DPELD��0DODZL�� 8JDQGD� DQG�

=LPEDEZH����-����,Q� =LPEDEZH�� D� ODUJH� W\SKRLG� RXWEUHDN� LQ�+DUDUH� LQ� �����ZLWK� RYHU� �� ���� FDVHV�ZDV� DVVRFLDWHG�ZLWK� GULQNLQJ�

ZDWHU� IURP�D�ZHOO� �$25 ����� ����&,� ���-������� DQG� D� EXUVW� VHZDJH� SLSH� �$25 ����� ����&,� ����-��������� 7KH� RXWEUHDNV� RI�

W\SKRLG�IHYHU�LQ�'HOPDV��0SXPDODQJD�3URYLQFH��ZHUH�DVVRFLDWHG�ZLWK�XQUHJXODWHG�FRQWDPLQDWHG�ZDWHU�VXSSOLHV��-��$�QXPEHU�RI�

UHFHQW� W\SKRLG�FDVHV� WKDW�RFFXUUHG� LQ�6RXWK�$IULFD�ZHUH�DVVRFLDWHG�ZLWK� LPSRUWHG�6��7\SKL���� LQFOXGLQJ�VWUDLQV�VLPLODU� WR� WKRVH�
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LGHQWLILHG� LQ� WKH������+DUDUH�RXWEUHDN��2XU�FDVH-SDWLHQWV¶� LVRODWHV�ZHUH�QRW�VLPLODU� WR� WKHVH�VWUDLQV��2QO\�D�VLQJOH�VWUDLQ�� IURP�

*D3KDDKOD��ZDV�UHODWHG�WR�WKH������=LPEDEZH�W\SKRLG�RXWEUHDN�VWUDLQV��+RZHYHU��WKLV�FDVH-SDWLHQW�GLG�QRW�OLYH�LQ�WKH�YLOODJHV�RI�

LQWHUHVW��)LJXUH�����$OWKRXJK�WKLV�FDVH-SDWLHQW�GLG�QRW�UHSRUW�D�WUDYHO�KLVWRU\��KHDOWKFDUH�ZRUNHUV�GLG�QRW�H[SORUH�WUDYHO�KLVWRU\�RI�

KLV�KHU�FRQWDFWV�� 

 

7KH�&RQVWLWXWLRQ�RI�WKH�5HSXEOLF�RI�6RXWK�$IULFD��WKH�1DWLRQDO�'HYHORSPHQW�3ODQ��1'3��DQG�WKH�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�

�6'*V��LQWURGXFHG�LQ������DOO�HPSKDVLVH�WKDW�DFFHVV�WR�VXIILFLHQW�ZDWHU�DQG�DGHTXDWH�VDQLWDWLRQ�LV�HVVHQWLDO�WR�SUHVHUYH�SXEOLF�

KHDOWK�� ,Q�/LPSRSR�3URYLQFH��RQO\�����RI�SHUVRQV�KDYH�DFFHVV� WR�SLSHG�ZDWHU��FRPSDUHG�ZLWK� WKH�QDWLRQDO�DYHUDJH�RI�������

)XUWKHU������RI�/LPSRSR�KRXVHKROGV�WKDW�H[SHULHQFHG�ZDWHU�LQWHUUXSWLRQV�LQ�WKH�SUHYLRXV�WKUHH�PRQWKV�RI�D�VXUYH\�FRQGXFWHG�LQ�

�����UHSRUWHG�WKDW�WKHVH�WKDW�ODVWHG�ORQJHU�WKDQ�WZR�FRQVHFXWLYH�GD\V���7KLV�RXWEUHDN�LOOXVWUDWHV�WKH�KHDOWK�FRQVHTXHQFHV�RI�WKH�

LQWHUUXSWLRQ�RI�VDIH�ZDWHU�VXSSOLHV��ZKHQ�UHVLGHQWV�DUH�IRUFHG�WR�XVH�RWKHU�DYDLODEOH�ZDWHU�VRXUFHV��ZKLFK�PD\�QRW�EH�WUHDWHG��RU�

VDIH�� 

 

7KLV�RXWEUHDN�KLJKOLJKWHG�FKDOOHQJHV�LQ�WKH�GLDJQRVLV�RI�W\SKRLG�FDVHV��7KH�JROG�VWDQGDUG�RI�W\SKRLG�IHYHU�GLDJQRVLV�LV�FXOWXUH�RI�

WKH�RUJDQLVP�IURP�D�FOLQLFDO�VSHFLPHQ��SUHIHUDEO\�EORRG�RU�ERQH�PDUURZ���$�VKRUWDJH�RI�EORRG�FXOWXUH�ERWWOHV�DW�GLVWULFW�KRVSLWDOV�

ZLWKLQ�6HNKXNKXQH�'LVWULFW�PHDQW�WKDW�LQLWLDO�FDVHV�ZHUH�QRW�LGHQWLILHG�XQWLO�WKH\�ZHUH�UHIHUUHG�WR�D�WHUWLDU\�KRVSLWDO�ZKHUH�EORRG�

FXOWXUHV�ZHUH�SHUIRUPHG��$V�DQ�LQWHULP�PHDVXUH��FOLQLFLDQV�UHVRUWHG�WR�WKH�:LGDO�WHVW��ZKLFK�LV�QRW�UHFRPPHQGHG�DV�D�GLDJQRVWLF�

WHVW��GXH�WR�YDULDEOH�KRVW�DQWLERG\�UHVSRQVHV�DQG�FURVV-UHDFWLYLW\�ZLWK�RWKHU�HQWHULF�EDFWHULD��:KHQ�EORRG�FXOWXUH�ERWWOHV�ZHUH�

PDGH� DYDLODEOH� DW� WKH� GLVWULFW� KRVSLWDOV�� PRVW� VXVSHFWHG� FDVHV� KDG� DOUHDG\� UHFHLYHG� DQWLELRWLF� WUHDWPHQW�� 7KLV� PD\� KDYH�

DFFRXQWHG�IRU�WKH�ORZ�UDWH�RI�FXOWXUH-EDVHG�FRQILUPDWLRQ�DPRQJVW�FDVH-SDWLHQWV� 

 

�5HJDUGLQJ�FDVH�PDQDJHPHQW��6RXWK�$IULFDQ�QDWLRQDO� W\SKRLG�IHYHU�JXLGHOLQHV�DGYLVH�WKDW�DOO� W\SKRLG�IHYHU�FDVHV�VKRXOG�KDYH�

WKUHH� IROORZ-XS� VWRRO� VSHFLPHQV� WR� FRQILUP� FOHDUDQFH� RI� WKH� RUJDQLVP��7KH� VWRRO� VDPSOH� VKRXOG� EH� FROOHFWHG� RQH�ZHHN� DIWHU�

FRPSOHWLRQ� RI� DQWLELRWLFV�� DQG� WZR�VXEVHTXHQW� VDPSOHV�VKRXOG� EH�FROOHFWHG���� KRXUV�DSDUW�� ,I� DOO� IROORZ�XS�VWRRO� VDPSOHV�DUH�

QHJDWLYH�� WKH� FDVH� FDQ� EH� UHOHDVHG� IURP� VXUYHLOODQFH��� )XUWKHU�� JXLGHOLQHV� UHFRPPHQG� WKDW� FRQWDFWV� RI� FDVHV� VXEPLW� VWRRO�

VSHFLPHQV� IRU� FXOWXUH� WR� H[FOXGH� DV\PSWRPDWLF� FDUULDJH�� 7KHVH� UHFRPPHQGDWLRQV� ZHUH� QRW� DGKHUHG� WR� LQ� WKH� 6HNKXNKXQH�

W\SKRLG�RXWEUHDN��VR�WKHUH�UHPDLQV�D�ULVN�RI�WUDQVPLVVLRQ�E\�W\SKRLG�FDUULHUV�� 

 

$�QXPEHU�RI�UHFRPPHQGDWLRQV�ZHUH�PDGH�WR�SURYLQFLDO�DQG�ORFDO�DXWKRULWLHV��LQFOXGLQJ�� 

· 7KH�IRUPDWLRQ�RI�DQ�LQWHU-VHFWRUDO�KHDOWK��ZDWHU�DQG�VDQLWDWLRQ�FRPPLWWHH�WR�IDFLOLWDWH�FRPPXQLFDWLRQ�EHWZHHQ�GHSDUWPHQWV�

DQG�WR�HQVXUH�WKDW�FKDOOHQJHV�SHUWDLQLQJ�WR�DFFHVV�WR�FOHDQ�ZDWHU�DQG�VDQLWDWLRQ�DUH�WLPHRXVO\�DGGUHVVHG�� 

· 3XULILFDWLRQ�DQG�FKORULQDWLRQ�RI�SXEOLF�ZDWHU�VXSSOLHV�VKRXOG�EH�PRQLWRUHG�E\�WKH�E\�LQWHU-VHFWRUDO�KHDOWK��ZDWHU�DQG�VDQLWDWLRQ�

FRPPLWWHH��&KORULQDWLRQ�PD\�PLQLPLVH� RU� OLPLW� FRQWDPLQDWLRQ�ZKHQ� SRVVLEOH� EDFNIORZ� FRQQHFWLRQV� EHWZHHQ�SRWDEOH�ZDWHU�

DQG��RSHQ�ZDWHU�VRXUFHV�RFFXU�� 

· &RQWLQXRXV� FRPPXQLW\� KHDOWK� HGXFDWLRQ� DQG� DZDUHQHVV� UHJDUGLQJ� WKH� LPSRUWDQFH� RI� KDQGZDVKLQJ�� FRUUHFW� GLVSRVDO� RI�

KXPDQ�IDHFHV��DQG�PDLQWHQDQFH�RI�IO\-SURRI�ODWULQHV�VKRXOG�WDNH�SODFH��� 

· &DVH�PDQDJHPHQW�VKRXOG�LQFOXGH�FRQWDFW�WUDFLQJ�ZLWK�LQYHVWLJDWLRQ�IRU�DV\PSWRPDWLF�FDUULDJH��GRFXPHQWDWLRQ�RI�HUDGLFDWLRQ�

RI�FDUULDJH��DQG�UHVWULFWLRQV�RQ�IRRG�KDQGOLQJ�SUDFWLFHV�DPRQJVW�ODERUDWRU\-FRQILUPHG�FDVHV�XQWLO�DW�OHDVW�WKUHH�FRQVHFXWLYH�

QHJDWLYH�VWRRO�FXOWXUHV�KDYH�EHHQ�WDNHQ��� 

· +HDOWK�SURIHVVLRQDOV�WR�FRPSOHWH�&,)V�WR�HQVXUH�WKDW�TXDOLW\�GDWD�LV�FROOHFWHG� 
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&RQFOXVLRQ� 

7KLV�RXWEUHDN�LQYHVWLJDWLRQ�VXJJHVWV�WKDW�FRQWDPLQDWLRQ�RI�RSHQ�ZDWHU�VRXUFHV�DQG�DQ�LQWHUUXSWLRQ�RI�PXQLFLSDO�ZDWHU�VXSSO\�OHG�

WR�DQ�RXWEUHDN��7KH�LQYHVWLJDWLRQ�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�WKH�SURYLVLRQ�RI�VDIH�ZDWHU�DQG�VDQLWDWLRQ��DQG�KLJKOLJKWV�WKH�DELOLW\�

RI�GLVWULFW�VXUYHLOODQFH�V\VWHPV�WR�LGHQWLI\�DQG�FRQWDLQ�RXWEUHDNV� 

 

$FNQRZOHGJHPHQWV 

:H�ZRXOG�OLNH�WR�WKDQN�VWDII�LQ�/LPSRSR�3URYLQFLDO�'HSDUWPHQW�RI�+HDOWK�&'&�WHDP��6HNKXNKXQH�'LVWULFW�'HSDUWPHQW�RI�+HDOWK�

DQG�6HNKXNKXQH�'LVWULFW�HQYLURQPHQWDO�RIILFHUV�IRU�FROOHFWLRQ�RI�VSHFLPHQ�DQG�ZDWHU�VDPSOHV� 

5HIHUHQFHV 

�� %UHQQHU�):��9LOODU�5*��$QJXOR�)-��7DX[H�5��6ZDPLQDWKDQ�%��6DOPRQHOOD�QRPHQFODWXUH��-RXUQDO�RI�&OLQLFDO�0LFURELRORJ\��

����������������-�� 

�� +H\PDQQ��'/��&RQWURO�RI�&RPPXQLFDEOH�'LVHDVHV�0DQXDO��$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ������� 

�� 1DWLRQDO� ,QVWLWXWH� IRU� &RPPXQLFDEOH� 'LVHDVH�� 7\SKRLG�� UHFRPPHQGDWLRQV� IRU� GLDJQRVLV�� PDQDJHPHQW� DQG� SXEOLF� KHDOWK�

UHVSRQVH�� ����� >DFFHVVHG� ��� -DQXDU\� ����@�� $YDLODEOH� IURP�� KWWS���ZZZ�QLFG�DF�]D�DVVHWV�ILOHV�

*XLGHOLQHVBW\SKRLGB���������SGI 

�� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� 7\SKRLG� >DFFHVVHG� ��� )HEUXDU\� ����@�� $YDLODEOH� IURP�� KWWS���ZZZ�ZKR�LQW�LPPXQL]DWLRQ�

GLVHDVHV�W\SKRLG�HQ� 

�� :DQHU�6��.ILU�5��,GHPD�*.��&RHW]HH�'-��5DVPXVVHQ�.��.RRUQKRI�+-��.OXJPDQ�.3��:DWHUERUQH�RXWEUHDN�RI�W\SKRLG�IHYHU�LQ�

'HOPDV��6RXWKHUQ�$IULFDQ�-RXUQDO�RI�(SLGHPLRORJ\�DQG�,QIHFWLRQ�������������-�� 

�� .HGG\�.+��6RRND�$�� ,VPDLO�+��6PLWK�$0��:HEHU� ,�� /HWVRDOR�0(��+DUULV�%1��0ROHFXODU�HSLGHPLRORJLFDO� LQYHVWLJDWLRQ� RI� D�

W\SKRLG� IHYHU� RXWEUHDN� LQ� 6RXWK� $IULFD�� ������ WKH� UHODWLRQVKLS� WR� D� SUHYLRXV� HSLGHPLF� LQ� ������ (SLGHPLRORJ\� 	� ,QIHFWLRQ��

����������������-��� 

�� 1DWLRQDO�,QVWLWXWH�IRU�&RPPXQLFDEOH�'LVHDVH��7\SKRLG�IHYHU�FDVHV�LQ�6RXWK�$IULFD�DQG�*DXWHQJ�3URYLQFH�������>DFFHVVHG����

-DQXDU\�����@��$YDLODEOH�IURP��KWWSV���SPJ�RUJ�]D�ILOHV�������7\SKRLG�SSW[� 

�� 1DWLRQDO� ,QVWLWXWH� IRU� &RPPXQLFDEOH� 'LVHDVH�� *(506� 6RXWK� $IULFD�� $QQXDO� UHSRUW�� ����� >DFFHVVHG� ���� $SULO� ����@��

$YDLODEOH�IURP��KWWS���ZZZ�QLFG�DF�]D�ZS-FRQWHQW�XSORDGV���������*(506-6$-$5-����-),1$/�SGI� 

�� 6WDWV�6$��7KH�VWDWH�RI�EDVLF�VHUYLFH�GHOLYHU\�LQ�6RXWK�$IULFD��OQ-GHSWK�DQDO\VLV�RI�WKH�&RPPXQLW\�6XUYH\������GDWD��5HSRUW��

����� 

��� *XSWD�5��6KULUDP�5��'LVHDVH�VXUYHLOODQFH�DQG�PRQLWRULQJ�XVLQJ�*,6��,Q���WK�$QQXDO�,QWHUQDWLRQDO�&RQIHUHQFH��,QGLD������� 

��� 0XVD�*-��&KLDQJ�3+��6\ON�7��%DYOH\�5��.HDWLQJ�:��/DNHZ�%��7VRX�+&��+RYHQ�&:��8VH�RI�*,6�PDSSLQJ�DV�D�SXEOLF�KHDOWK�

WRRO–-IURP�FKROHUD�WR�FDQFHU��+HDOWK�6HUYLFHV�,QVLJKWV����������+6,-6������ 

��� *\PRHVH�3��6¡UHQVHQ�*��/LWUXS�(��2OVHQ�-(��1LHOVHQ�(0��7RUSGDKO�0�� ,QYHVWLJDWLRQ�RI�RXWEUHDNV�RI�6DOPRQHOOD�HQWHULFD�

VHURYDU� 7\SKLPXULXP� DQG� LWV� PRQRSKDVLF� YDULDQWV� XVLQJ� ZKROH-JHQRPH� VHTXHQFLQJ�� 'HQPDUN�� (PHUJLQJ� ,QIHFWLRXV�

'LVHDVHV������������������� 

��� 0DORUQ\�%��+RRUIDU�-��%XQJH�&��+HOPXWK�5��0XOWLFHQWHU�YDOLGDWLRQ�RI�WKH�DQDO\WLFDO�DFFXUDF\�RI�6DOPRQHOOD�3&5��WRZDUGV�DQ�

LQWHUQDWLRQDO�VWDQGDUG��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\����������������-�� 

��� .XPDU�6��%DODNULVKQD�.��%DWUD�+9��'HWHFWLRQ�RI�6DOPRQHOOD�HQWHULFD�VHURYDU�7\SKL��6��7\SKL��E\�VHOHFWLYH�DPSOLILFDWLRQ�RI�

LQY$��YLD%�� IOL&-G�DQG�SUW�JHQHV�E\�SRO\PHUDVH�FKDLQ�UHDFWLRQ� LQ�PXWLSOH[�IRUPDW��/HWWHUV� LQ�$SSOLHG�0LFURELRORJ\���������

�������-��� 
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��� *DO-0RU�2��%R\OH�(&��*UDVVO�*$��6DPH�VSHFLHV��GLIIHUHQW�GLVHDVHV��KRZ�DQG�ZK\�W\SKRLGDO�DQG�QRQ-W\SKRLGDO�6DOPRQHOOD�

HQWHULFD�VHURYDUV�GLIIHU��)URQWLHUV�LQ�0LFURELRORJ\�������������� 

��� 0XWL� 0�� *RPEH� 1�� 7VKLPDQJD� 0�� 7DNXQGZD� /�� %DQJXUH� '�� 0XQJRID� 6�� &KRQ]L� 3�� 7\SKRLG� RXWEUHDN� LQYHVWLJDWLRQ� LQ�

']LYDUHVHNZD��VXEXUE�RI�+DUDUH�&LW\��=LPEDEZH��������3DQ�$IULFDQ�0HGLFDO�-RXUQDO������������� 

��� 0XUSK\� -/�� .DKOHU� $0�� 1DQVXEXJD� ,�� 1DQ\XQMD� (0�� .DSODQ� %�� -RWKLNXPDU� 1�� 5RXWK� -�� *yPH]� *$�� 0LQW]� ('�� +LOO� 95��

(QYLURQPHQWDO� VXUYH\� RI� GULQNLQJ� ZDWHU� VRXUFHV� LQ� .DPSDOD�� 8JDQGD�� GXULQJ� D� W\SKRLG� IHYHU� RXWEUHDN�� $SSOLHG� DQG�

(QYLURQPHQWDO�0LFURELRORJ\���������������H�����-��� 

��� .DULXNL� 6�� 7\SKRLG� IHYHU� LQ� VXE-6DKDUDQ� $IULFD�� FKDOOHQJHV� RI� GLDJQRVLV� DQG� PDQDJHPHQW� RI� LQIHFWLRQV�� 7KH� -RXUQDO� RI�

,QIHFWLRQ�LQ�'HYHORSLQJ�&RXQWULHV����������������-�� 

��� )HDVH\�1$��$UFKHU�%1��+H\GHUPDQ�56��6RRND�$��'HQQLV�%��*RUGRQ�0$��.HGG\�.+��7\SKRLG�IHYHU�DQG�LQYDVLYH�QRQW\SKRLG�

VDOPRQHOORVLV��0DODZL�DQG�6RXWK�$IULFD��(PHUJLQJ�,QIHFWLRXV�'LVHDVHV������������������ 


