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$�&RPSDUDWLYH�$VVHVVPHQW�RI�:DWHU�3ROOXWLRQ�LQ�%HLUD�/DNH�DQG�,KDODJDPD�/DNH�LQ�
WKH�:HVWHUQ�3URYLQFH�RI�6UL�/DQND
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'HSDUWPHQW�RI�=RRORJ\�DQG�(QYLURQPHQWDO�0DQDJHPHQW��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�
.HODQL\D��.HODQL\D��6UL�/DQND

FKLQWKDS#NOQ�DF�ON�

$EVWUDFW

8UEDQ�/DNHV�KDYH�EHHQ�VXEMHFWHG�WR�ZDWHU�TXDOLW\�GHJUDGDWLRQ�GXH�WR�YDULRXV�DQWKURSRJHQLF�
VWUHVVRUV�� %HLUD� /DNH� LV� D� ODQGPDUN� LQ� &RORPER� &LW\�� 6UL� /DQND�� DQG� ,KDODJDPD� /DNH� LQ�
5DJDPD��6UL�/DQND��ZHUH�VHOHFWHG�WR�DVVHVV�WKH�FRPSDUDWLYH�ZDWHU�SROOXWLRQ�LQ�XUEDQ�ODNHV��
0RQWKO\�ZDWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP�6HSWHPEHU������WR�)HEUXDU\�������WZR�VLWHV�HDFK�
DW�%HLUD�DQG�,KDODJDPD�/DNHV��DVVHVVLQJ�WKH�LQ�VLWX��&DOLEUDWHG�PXOWLSDUDPHWHU�+$&+��0RGHO��
DQG�H[�VLWX�SDUDPHWHUV��'DWD�DQDO\VLV�ZDV�GRQH�XVLQJ�2QH�ZD\�$129$�IROORZHG�E\�7XNH\¶V�
SDLUZLVH� FRPSDULVRQ� XVLQJ� 0,1,7$%� ������ 7KH� PHDQ� &RQGXFWLYLW\� RI� %HLUD� /DNH�
��������������6�FP��ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�,KDODJDPD�/DNH���������������6�FP���
0HDQ�FRQFHQWUDWLRQV�RI�QLWUDWHV�������PJ�/��DQG�SKRVSKDWHV�������PJ�/��ZHUH�VLJQLILFDQWO\�
KLJKHU�LQ�%HLUD�/DNH�WKDQ�,KDODJDPD�/DNH��%LRORJLFDO�2[\JHQ�GHPDQG�FRQFHQWUDWLRQV�UDQJHG�
EHWZHHQ� ����� PJ�/� DQG� ����� PJ�/� LQ� %HLUD� /DNH� DQG� IURP� ����� PJ�/� WR� ����� PJ�/� LQ�
,KDODJDPD�/DNH��7KH�KLJKHVW�&KHPLFDO�R[\JHQ�GHPDQG�FRQFHQWUDWLRQV�UHSRUWHG�LQ�%HLUD�/DNH�
ZHUH�������PJ�/�DQG�������PJ�/� LQ� ,KDODJDPD�/DNH��0HDQ�FKHPLFDO� R[\JHQ�GHPDQG�DQG�
ELRORJLFDO�R[\JHQ�GHPDQG�FRQFHQWUDWLRQV�ZHUH�VLJQLILFDQWO\�JUHDWHU�LQ�%HLUD�/DNH�ZKHUH�WKH�
DPELHQW�ZDWHU�TXDOLW\�VWDQGDUGV�IRU�DTXDWLF�OLIH�GHFODUHG E\�&($�IRU�%2'�DQG�&2'�ZHUH�DV�
IROORZV���PJ�/�DQG����PJ�/��7KH�SURSRVHG�ZDWHU�SROOXWLRQ�LQGH[��:3,��FRQWDLQV�D�VFDOH�RI����
FDWHJRULHV�LQFOXGLQJ�H[FHOOHQW��:3,���������JRRG��:3,� ����±�������PRGHUDWHO\�SROOXWHG��:3,�
 �����±���DQG�KLJKO\�SROOXWHG��:3,�LV�!���EDVHG�RQ�WKH�VWDQGDUG�SHUPLVVLEOH�OLPLWV�RI�ZDWHU�
TXDOLW\�VXLWDEOH�IRU�DTXDWLF�OLIH�LQ�6UL�/DQND��7KH�:3,�RI�%HLUD�/DNH�DQG�,KDODJDPD�/DNH�YDULHG�
������� DQG������� UHVSHFWLYHO\�� �%HLUD�/DNH� IDOOV� LQWR� WKH�KLJKO\�SROOXWHG�DTXDWLF� HFRV\VWHP�
FDWHJRU\��ZKLOH�,KDODJDPD�/DNH�LQGLFDWHV�DQ�H[FHOOHQW�ZDWHU�TXDOLW\�VXLWDEOH�IRU�DTXDWLF�OLIH��
7KH� SULQFLSDO� FRPSRQHQW� DQDO\VLV� ELSORW� UHIOHFWV� SRVLWLYH� FRUUHODWLRQV� EHWZHHQ� SKRVSKDWH��
QLWUDWH�DQG�%2'�DQG�QLWUDWH��7KLV�VWXG\�FRQFOXGHV�WKH�HFRORJLFDO�LPSDFWV�RI�GHWHULRUDWLQJ�ZDWHU�
TXDOLW\� FDXVHG� E\� VHZDJH�� PXQLFLSDO� ZDVWDJHV� DQG� DQWKURSRJHQLF� UXQRII� OHDGLQJ� WR�
XQFRQWUROOHG� HXWURSKLFDWLRQ�� 7KLV� VWXG\� SURSRVHV� FRQWLQXRXV� PRQLWRULQJ� RI� ZDWHU� TXDOLW\�
SDUDPHWHUV�DQG�UHJXODWRU\�PHDVXUHV�WR�SUHYHQW�SROOXWDQW�HPLVVLRQV�

.H\ZRUGV� %HLUD� ODNH��&HQWUDO� (QYLURQPHQWDO�$XWKRULW\�� ,KDODJDPD� ODNH��:DWHU� SROOXWLRQ�
LQGH[


