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:DWHU�TXDOLW\�PDQDJHPHQW�KDV�D�YHU\�LPSRUWDQW�UROH�LQ�
WKH� VXFFHVV�RI� VKULPS�DTXDFXOWXUH�GXH� WR� LWV�GLUHFW� LPSDFW�
RQ� VKULPS� KHDOWK� DQG� JURZWK�� 'HWHUPLQDWLRQ� RI� WKH� EHVW�
LQGLFDWRUV� RI� ZDWHU� TXDOLW\� LV� D� GHYHORSLQJ� UHVHDUFK� DUHD��
%HIRUH�WKH���WK�FHQWXU\��WKH�GHWHUPLQDWLRQ�RI�ZDWHU�TXDOLW\�
ZDV�EDVHG�RQO\�RQ�DQDO\VLV�RI�SK\VLFRFKHPLFDO�SDUDPHWHUV��
,Q�WKH�HDUO\���WK�FHQWXU\��UHVHDUFK�EHJDQ�WR�EH�FRQGXFWHG�RQ�
XVLQJ� DTXDWLF� ELRWD�� ERWK� LQGLYLGXDOV� DQG� FRPPXQLWLHV�� DV�
LQGLFDWRUV� RI� ZDWHU� TXDOLW\�� 4XDOLWDWLYH� DQG� TXDQWLWDWLYH�
PHDVXUHPHQWV�RQ�RUJDQLVPV�OLNH�SODQNWRQ�FDQ�GHVFULEH�WKH�
RYHUDOO�ZDWHU�FRQGLWLRQ�DQG�TXDOLW\��7KLV�LV�GXH�WR�WKH�GLUHFW�
LPSDFW� RI� ZDWHU� SK\VLFRFKHPLFDO� IDFWRUV� RQ� DTXDWLF�
RUJDQLVPV���

+RZHYHU�� SODQNWRQ� DQDO\VLV� FDQQRW� DFFXUDWHO\� DVVHVV�
WKH�FRQGLWLRQ�RI�WKH�SRQG�IORRU�DQG�LWV�VHGLPHQWV�LPSRUWDQW�
IRU� ERWWRP�GZHOOLQJ� RUJDQLVPV� OLNH� VKULPS�� 7KHUHIRUH��
DQDO\VLV� RI� WKH� ELRWD� OLYLQJ� RQ� WKH� SRQG� ERWWRP� PD\� EH�
PRUH� DSSURSULDWH� IRU� HYDOXDWLQJ�ZDWHU� TXDOLW\� SKHQRPHQD�
QHDU� WKH� ERWWRP� RI� VKULPS� SRQGV�� $� W\SH� RI� ELRWD�
FRPPRQO\� IRXQG� LQ� VHGLPHQWV� DQG� ZDWHU� RQ� WKH� SRQG�
ERWWRP� LV� WKH� HSLSHOLF� GLDWRPV�� (SLSHOLF� GLDWRPV� DUH�
PLFURDOJDH� OLYLQJ�RQ� DQG� LQVLGH� WKH�SRQG� IORRU� VXEVWUDWHV��
7KHLU� W\SH� DQG� DEXQGDQFH� DUH� VWURQJO\� LQIOXHQFHG� E\� WKH�
ZDWHU�TXDOLW\�DQG�VHGLPHQW�FRQGLWLRQV��%DUERXU�HW�DO��������
*DUULGR� HW� DO�� ������� $FFRUGLQJ� WR� /LERULXVVHQ� DQG�
-HSSHQVHQ���������VRPH�ODNHV�H[KLELW�SULPDU\�SURGXFWLYLW\�
RI�EHQWKLF�DOJDH�WKDW�H[FHHGV�����J�&�P��\HDU��7KH�XVH�RI�
GLDWRPV� DV� D� ZDWHU� TXDOLW\� LQGLFDWRU� LV� EHWWHU� WKDQ� WKH�

6DSURELF� ,QGH[� GXH� WR� WKH� GLDWRPV¶� KLJKHU� VHQVLWLYLW\�
WRZDUGV� FRQGXFWLYLW\� DQG� RUJDQLF� FRQWHQW� �$OPHLGD� ������
&LFHN�DQG�<DPXF��������

7KH� XVH� RI� HSLSHOLF� GLDWRPV� DV� DQ� LQGLFDWRU� RI� VKULPS�
SRQG�IHUWLOLW\� UDWH� LV�VWLOO� UDWKHU� OLPLWHG�FRPSDUHG�ZLWK� WKH�
XVH�RI�SODQNWRQ��+RZHYHU�� WKH� VWUXFWXUH�DQG�DEXQGDQFH�RI�
EHQWKLF� GLDWRP� SRSXODWLRQV� DUH� YHU\� LPSRUWDQW� LQ�
GHWHUPLQLQJ� WKH� ZDWHU� HFRORJLFDO� FRQGLWLRQ� �3LFLQVND�
������� (SLSHOLF� GLDWRPV� SOD\� DQ� LPSRUWDQW� UROH� DV� D� IRRG�
VRXUFH�IRU�PHLR�DQG�PLFUR�IDXQDO JUD]HUV LQ�VKDOORZ�ZDWHU�
HFRV\VWHPV� �*RXOG� DQG� *DOODJKHU� ������ $OWKRXVH� HW� DO��
��������

7KH�SXUSRVH�RI�WKH�UHVHDUFK�GHVFULEHG�LQ�WKLV�SDSHU�ZDV�
WR�DQDO\]H�WKH�VWUXFWXUH�RI�HSLSHOLF�GLDWRPV�DW�WKH�ERWWRP�RI�
VKULPS� SRQGV� XVHG� LQ� DTXDFXOWXUH� LQ� /DPSXQJ� 3URYLQFH��
,QGRQHVLD�� DQG� WR� GHWHUPLQH� WKH� GHJUHH� RI� FRUUHODWLRQ�
EHWZHHQ�HSLSHOLF�GLDWRP�GLYHUVLW\�DQG�WKH�TXDOLW\�RI�ZDWHU�
DQG�SRQG�ERWWRP�VHGLPHQWV��
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6WXG\�DUHD�
2XU� UHVHDUFK� ZDV� ORFDWHG� LQ� VKULPS� SRQG� XQLWV� LQ� WKH�

9LOODJH� RI� .XDOD� 7HODGDV�� 'HQWH� 7HODGDV� 6XE�GLVWULFW��
7XODQJ� %DZDQJ� 'LVWULFW�� /DPSXQJ� 3URYLQFH�� ,QGRQHVLD��
7KH�UHVHDUFK�ORFDWLRQ�LV�GLVSOD\HG�LQ�)LJXUH����DQG�WKH�SRQG�
VLWHV�LOOXVWUDWHG�LQ�)LJXUH�����
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)LJXUH����3RQG�VLWHV�LOOXVWUDWLRQ�

0DWHULDOV�
7KLV� H[SORUDWRU\� UHVHDUFK� VWXGLHG� WKH� VWUXFWXUH� RI�

HSLSHOLF� GLDWRPV� SRSXODWLRQV� LQ� VKULPS� SRQGV� DQG� LWV�
UHODWLRQVKLS� ZLWK� SRQG� HQYLURQPHQWDO� IDFWRUV�� SDUWLFXODUO\�
ZDWHU�DQG�VHGLPHQW�TXDOLW\��7KH�PDLQ�SDUDPHWHUV�DVVHVVHG�
LQ� WKLV� UHVHDUFK� ZHUH� WKH� HSLSHOLF� GLDWRPV� W\SH� DQG�
DEXQGDQFH�� VHGLPHQW� TXDOLW\� IDFWRUV�� DQG� ZDWHU� TXDOLW\�
IDFWRUV��7KH�VHGLPHQW�TXDOLW\�SDUDPHWHUV�FRQVLVWHG�RI� WRWDO�
RUJDQLF� PDWWHU� �720��� FDWLRQ�H[FKDQJH� FDSDFLW\� �&(&���
VRLO� S+�� DQG� VRLO� WH[WXUH�� 7KH� ZDWHU� TXDOLW\� SDUDPHWHUV�
FRQVLVWHG� RI� ZDWHU� SK\VLFDO� TXDOLW\�� QDPHO\� WHPSHUDWXUH��

WUDQVSDUHQF\�� DQG� WRWDO� VXVSHQGHG� VROLGV�� DV�ZHOO� DV�ZDWHU�
FKHPLFDO�TXDOLW\�SDUDPHWHUV�RI�S+��GLVVROYHG�R[\JHQ��'2���
VDOLQLW\�� QLWUDWH� FRQFHQWUDWLRQ�� SKRVSKDWH� FRQFHQWUDWLRQ��
WRWDO� RUJDQLF� PDWWHU� �720��� DONDOLQLW\�� DQG� ELRORJLFDO�
R[\JHQ�GHPDQG��%2'����

3URFHGXUHV�
(SLSHOLF�GLDWRP�VDPSOLQJ�ZDV�FRQGXFWHG�XVLQJ�WKH�OHQV�

WLVVXH� WUDSSLQJ� PHWKRG�� 7KLV� WHFKQLTXH� LV� FDSDEOH� RI�
FDSWXULQJ� PRUH� WKDQ� ���� RI� HSLSHOLF� GLDWRPV� LQ� DTXDWLF�
VHGLPHQWV��5RXQG��������6XUIDFH�VHGLPHQWV�DQG�RYHUO\LQJ�
ZDWHU� ZHUH� WDNHQ� XVLQJ� D� JODVV� WXEH�� WUDQVSRUWHG� WR� WKH�
ODERUDWRU\�� DQG� WKHQ� SRXUHG� RXW� LQWR� D� 3HWUL� GLVK�� $IWHU�
UHPRYLQJ� WKH� VXSHUQDWDQW�� WKH�PXG�ZDV� FRYHUHG�ZLWK� OHQV�
WLVVXH� DQG� DOORZHG� WR� VWDQG� LQ� WKH� GDUN� RYHUQLJKW��2Q� WKH�
IROORZLQJ� GD\�� WKH� VDPSOHV� ZHUH� SXW� XQGHU� ORZ�OHYHO�
LOOXPLQDWLRQ�� (SLSHOLF� GLDWRPV�PRYHG�XS� WKURXJK� WKH� OHQV�
WLVVXH�DQG�EHFDPH�DWWDFKHG�WR�FRYHUVOLSV��7KH�VDPSOHV�ZHUH�
SUHVHUYHG� ZLWK� ��� IRUPDOGHK\GH� VROXWLRQ�� 7KH� HSLSHOLF�
GLDWRPV�ZHUH�FRXQWHG�RQ�WKH�LGHQWLFDO�DUHD�RI�WKH�FRYHUVOLS�
�5RXQG� ������� 7KH� ZDWHU� TXDOLW\� SDUDPHWHUV� ZHUH�
PHDVXUHG�XVLQJ� WKH� VWDQGDUG�PHWKRGV�GHVFULEHG� LQ�$3+$�
�������� ,GHQWLILFDWLRQ� RI� GLDWRP� VSHFLHV� ZDV� FDUULHG� RXW�
DFFRUGLQJ�WR�'DYLV���������

'DWD�DQDO\VLV�
7KH�HSLSHOLF�GLDWRP�GDWD�ZHUH�DQDO\]HG�E\�FDOFXODWLQJ�

DEXQGDQFH�� GLYHUVLW\� LQGH[� �6KDQQRQ�:HDYHU��� XQLIRUPLW\�
�(YHQQHVV��� WUXH� GLYHUVLW\� PHDVXUH �-RVW� ������� DQG�
1\JDDUG� LQGH[� �1\JDDUG� ������� 7KH� FRUUHODWLRQ� EHWZHHQ�
HSLSHOLF�GLDWRP�GDWD�DQG�SDUDPHWHUV�RI�ZDWHU�DQG�VHGLPHQW�
TXDOLW\� ZHUH� DQDO\]HG� XVLQJ� QRQSDUDPHWULF� VWDWLVWLFDO�
PHWKRGV��6SHDUPDQ�FRUUHODWLRQ��HQDEOHG�E\�6366�������
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7KH�HSLSHOLF�GLDWRP�GDWD�IURP����SRQGV�LV�SUHVHQWHG�LQ�
7DEOH����7KH�GDWD�IRU�SK\VLFRFKHPLFDO�SDUDPHWHUV�RI�SRQG�
ZDWHU� DQG� VHGLPHQWV� DUH� GLVSOD\HG� LQ� 7DEOH� ��� ��� DQG� ���
)RUW\�VL[� VSHFLHV� IURP� HLJKWHHQ� HSLSHOLF� GLDWRP� JHQHUD�
ZHUH� IRXQG�� 1LW]VFKLD� ZDV� WKH� GRPLQDQW� GLDWRP� JHQXV�

IRXQG� LQ� DOO� SRQGV� ZLWK� DQ� DEXQGDQFH� RI� ��� FHOOV�FP���
IROORZHG�E\�3OHXURVLJPD� ���� FHOOV�FP�� �� DQG� $PSKRUD� ���
FHOOV�FP����7KH�DEXQGDQFH�RI�RWKHU�JHQHUD�ZHUH�OHVV�WKDQ���
FHOOV�FP���7KH� WRWDO� DEXQGDQFH� RI� HSLSHOLF� GLDWRPV� YDULHG�
DPRQJ�WKH�SRQGV�SRQG�IURP����FHOOV�FP��WR�����FHOOV�FP��
ZLWK�DQ�DYHUDJH�RI����FHOOV�FP���

7DEOH����(SLSHOLF�GLDWRP�VSHFLHV�DEXQGDQFH�IRU�WZHOYH�VKULPS�SRQGV�UHVHDUFKHG�LQ�/DPSXQJ�3URYLQFH��,QGRQHVLD

6SHFLHV�
3RQG�QR��

�� �� �� �� �� �� �� �� �� ��� ��� ���
(SLSHOLF�DOJDH�DEXQGDQFH��FHOOV�FP��

$PSKLSURUD�DODWD��(KUHQEHUJ��.XW]LQJ� � �� ��� �� � � �� � � �� � �
$PSKRUD�K\DOLQH��.XW]LQJ�� � � � �� �� �� � �� � � � �
$PSKRUD�OLQHDWH�*UHJRU\� �� �� � ��� �� �� �� � � � � ��
&RVFLQRGLVFXV�UDGLDWXV�(KUHQEHUJ� �� �� �� � �� �� �� � �� �� �� ���
&\FORWHOOD�VWULDWD�.XW]LQJ� � � �� �� �� � � � �� � � ��
'DFW\OLRVROHQ�DQWDUFWLFXV�&DVWUDFDQH� � � � � � � � �� � � � �
)UDJLODULD�LQWHUPHGLD�*UXQRZ� �� �� �� � � � � �� �� � � �
*UDPPDWRSKRUD�DQJXORVD�(KUHQEHUJ � �� �� � �� �� �� �� �� � � �
*UDPPDWRSKRUD�PDULQD��/\QJE\H��.XW]LQJ� � � �� � � � � �� � � � �
*UDPPDWRSKRUD�VHUSHQWLQD��5DOIV��.XW]LQJ� �� �� � �� �� �� � � � �� � �
*\URVLJPD�DFXPLQDWXP��.XW]LQJ��5DEHQKRUVW� � � � � � � �� �� � � � �
*\URVLJPD�EDOWLFXP��(KUHQEHUJ��5DEHQKRUVW� � �� � � � � � � � � � �
*\URVLJPD�VSHQFHUL��:�6PLWK��*ULIILWK	+HQIUH\� � �� � � � � � � � � � ��
*\URVLJPD�VWULJLOH��:�6PLWK�� � � � �� � �� �� �� �� ��� ��� ��
/LFPRSKRUD�DEEUHYLDWD�&�$JDUGK� � � � � � � � � � �� � �
0DVWRJORLD�PLQXWD�*UHYLOOH� � �� � �� � � � � � � � �
1LW]VFKLD�FORVWHULXP��(KUHQEHUJ��:�6PLWK � �� �� �� � �� �� � � � �� ��
1LW]VFKLD�ODQFHRODWD�:��6PLWK� � � � �� � �� � � �� � � �
1LW]VFKLD�ORQJLVVLPD��%UHELVVRQ��5DOIV� � � � � �� � � �� �� � �� �
1LW]VFKLD�SDUDGR[D��-�)�*PHOLQ��*UXQRZ� �� ��� �� �� �� �� �� � �� � �� ��
1LW]VFKLD�SDFLILFD�&XSS� �� �� �� �� �� �� �� � � � � �
1LW]VFKLD�SODQD�:�6PLWK� � �� � �� � � � � � � � �
1LW]VFKLD�VHULDWD�&OHYH� � � � � � �� �� � � � �� �
1LW]VFKLD�VLJPD��.XW]LQJ��:�6PLWK� �� ��� � �� �� � �� �� �� � �� ��
1LW]VFKLD�VSHFWDELOLV��(KUHQEHUJ��5DOIV� � �� � �� � � � ��� � � � �
1LW]VFKLD�YLWUHD�*�1RUPDQ� � � �� � � �� � � � � � �
1DYLFXOD�FDQFHOODWD�'RQNLQ� �� � � � � � � � �� � �� ��
1DYLFXOD�O\UD�(KUHQEHUJ� � �� � � � � �� �� � � �� �
3OHXURVLJPD�DIILQH�*UXQRZ� � � ��� � � �� � � �� � �� ��
3OHXURVLJPD�DQJXODWXP��4XHNHWW��:�6PLWK� �� � � ��� � �� �� � � � � �
3OHXURVLJPD�FRPSDFWXP�*UHYLOOH� � � � �� � � � � � � � ��
3OHXURVLJPD�IDVFLROD��(KUHQEHUJ��:�6PLWK� �� � � �� �� �� � ��� � � �� �
3OHXURVLJPD�QLFREDULFXP�*UXQRZ� � � � � � � � �� � � � �
3OHXURVLJPD�SHODJLFXP�&OHYH � � � �� �� � � �� �� � � �
3OHXURVLJPD�UHFWXP�'RQNLQ� �� ��� � � � �� �� � � �� ��� ��
5KDEGRQHPD�DGULDWLFXP�.XW]LQJ� � � �� � �� � � �� �� �� �� �
5KL]RVROHQLD�VW\OLIRUPLV�7�%ULJKWZHOO� � � � � � �� � � � � � �
5KL]RVROHQLD�EHUJRQLL�+�3HUDJDOR � � � �� � � � � � � � �
5KL]RVROHQLD�GHOLFDWXOD�&OHYH� � � � �� � � � � � � � �
5KL]RVROHQLD�UREXVWD�*�1RUPDQ� � � � � � �� � � � � � �
5KL]RVROHQLD�VHWLJHUD�%ULJKWZHOO� � � � ��� � ��� � � � �� � �
6WUHSWRWHFKD�LQGLFD�.DUVWHQ�*�� �� � � �� � � � � � ��� � �
6\QHGUD�JDLOORQLL��%RU\��(KUHQEHUJ� � �� � �� � ��� � �� � � � �
7KDODVVLRQHPD�QLW]VFKLRLGHV��*UXQRZ� � � � � � � � � �� � � �
7ULFHUDWLXP�UHWLFXOXP�(KUHQEHUJ� � � � � � �� � � � �� � �
7ULFHUDWLXP�ULYDOH�6FKPLGW� � � � � � � � � � �� � �
7RWDO�3RSXODWLRQ� ��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�6SHFLHV� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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3RQG�QR��
6DOLQLW\��
��SSW��

S+�
$ONDOLQLW\��
��PJ�/��

%2'��
��PJ�/��

'2��
��PJ�/��

720��
��PJ�/��

3KRVSKDWH��
��PJ�/��

1LWUDWH��
��PJ�/P��

�� ��� ���� ���� ����� ���� �� ����� �����
�� ��� ���� ���� ����� ���� �� ����� �����
�� ��� ���� ���� ����� ���� ��� ����� �����
�� ��� ���� ���� ����� ���� ��� ����� �����
�� ��� ���� ��� ���� ���� ��� ����� �����
�� ��� ���� ��� ����� ���� ��� ����� �����
�� ��� ���� ��� ���� ���� ��� ����� �����
�� ��� ���� ��� ����� ���� ��� ����� �����
�� ��� ���� ��� ����� ���� ��� ����� �����
��� ��� ���� ���� ����� ���� ��� ����� �����
��� ���� ���� ��� ����� ���� �� ����� �����
��� ��� ���� ���� ���� ���� ��� ����� �����
$YHUDJH� ����� ���� ���� ����� ���� ��� ����� �����
1RWH��%2'� �%LRORJLFDO�2[\JHQ�'HPDQG�� LV� WKH� DPRXQW� RI�GLVVROYHG�R[\JHQ� �PJ�� UHTXLUHG� E\� DHURELF�RUJDQLVPV� WR� GHFRPSRVH� WKH�
RUJDQLF�PDWWHU�SHU�YROXPH��O��RI�ZDWHU�VDPSOH��'2��'LVVROYHG�2[\JHQ��LV�WKH�FRQFHQWUDWLRQ��PJ�/��RI�GLVVRYHG�R[\JHQ�SUHVHQW�LQ�WKH�
ZDWHU�VDPSOH��720�LV�7RWDO�2UJDQLF�0DWWHU�

7DEOH����:DWHU�SK\VLFDO�TXDOLW\�GDWD�LQ�WKH�WZHOYH�VKULPS�SRQGV�LQ�
/DPSXQJ�3URYLQFH��,QGRQHVLD�

3RQG�QR�� 7HPSHUDWXUH��
��R&��

7UDQVSDUHQF\��
��FP��

766��
��PJ�/��

�� ����� ��� ����
�� ����� ��� ����
�� ����� ��� ����
�� ����� ��� �����
�� ����� ��� ����
�� ����� ��� ����
�� ����� ��� ����
�� ����� ��� ����
�� ����� ���� ���
��� ����� ��� ����
��� ����� ���� ���
��� ����� ��� ����
$YHUDJH� ����� ��� ����
1RWH��7UDQVSDUHQF\� LV� D� UHODWLYH�PHDVXUH�RI� WKH�YLVXDO� FODULW\� RI�
WKH� ZDWHU�� 766� �7RWDO� 6XVSHQGHG� 6ROLGV�� LV� WKH� GU\� ZHLJKW� RI�
VXVSHQGHG�SDUWLFOHV�SHU�OLWUH�RI�ZDWHU�

7DEOH� ��� 6HGLPHQW� TXDOLW\� GDWD� IRU� WKH� WZHOYH� VKULPS� SRQGV� LQ�
/DPSXQJ�3URYLQFH��,QGRQHVLD�

3RQG�QR��
2UJDQLF�
&�����

&(&��
��PH����J��

S+�
253�
��PY��

6RLO�WH[WXUH�

�� ����� ����� ���� ��� /RDP�
�� ����� ����� ���� ��� /RDP�
�� ����� ���� ���� ��� 6DQG\�ORDP�
�� ����� ���� ���� ��� 6DQG�
�� ����� ����� ���� ���� /RDP�
�� ����� ����� ���� ��� /RDP�
�� ����� ����� ���� ��� /RDP�
�� ����� ����� ���� ��� /RDP�
�� ����� ����� ���� ���� /RDP�
��� ����� ����� ���� ���� 6DQG\�ORDP�
��� ����� ���� ���� ��� 6DQG\�ORDP�
��� ����� ����� ���� ���� /RDP�
$YHUDJH� ����� ������ ���� ��� �
1RWH�� &(&� �&DWLRQ� ([FKDQJH� &DSDFLW\�� LV� D� PHDVXUH� RI� KRZ�
PDQ\�FDWLRQV�FDQ�EH�UHWDLQHG�RQ�VRLO�SDUWLFOH�VXUIDFHV��8QLWV�DUH�
PLOOLHTXLYDOHQWV� SHU� OLWHU� �PHT�O��� 253� �2[LGDWLRQ�5HGXFWLRQ�
3RWHQWLDO��LV�D�PHDVXUH�RI�WKH�FOHDQOLQHVV�RI�ZDWHU��LWV�R[LGL]LQJ�RU�
UHGXFLQJ�WHQGHQF\��8QLWV�DUH�PLOOLYROWV��P9��

(SLSHOLF�GLDWRPV�DUH�PLFURDOJDH�WKDW�OLYH�E\�DWWDFKLQJ�
WR� ERWWRP� VXEVWUDWHV� LQ� DTXDWLF� KDELWDWV�� $FFRUGLQJ� WR�
/\VDNRYD� HW� DO�� �������� HSLSHOLF� GLDWRPV� GRPLQDWH� WKH�
EHQWKLF�PLFURDOJDH�LQ�D�ILVK�SRQG��7KH�H[LVWHQFH�RI�HSLSHOLF�
GLDWRPV� LV�DIIHFWHG�E\�VHGLPHQW�TXDOLW\�DQG�ZDWHU�TXDOLW\��
(SLSHOLF�GLDWRPV�FRQWDLQ�FKORURSK\OO�D�DQG�H[KLELW�SRVLWLYH�
SKRWRWD[LV��(SLSHOLF�GLDWRP�VSHFLHV�IRXQG�LQ�VKULPS�SRQGV�
KDYH� VSHFLHV� VLPLODU� WR� WKRVH� LQ� ULYHUV� �*RPH]� ������
.LYUDN� DQG� 8\JXQ� ������� LQ� FRDVWDO� ZDWHUV� �)DFFD� DQG�
6IULVR� ������ DQG� LQ� ILVK� SRQGV� �/\VDNRYD� HW� DO�� ������� ,Q�
WKH� SRQGV� LQ� RXU� VWXG\�� WKH� PRVW� DEXQGDQW� VSHFLHV� ZHUH�
1LW]VFKLD� SDUDGR[D�� 1LW]VFKLD� VLJPD�� DQG� 3OHXURVLJPD�
UHFWXP�� 7KLV� REVHUYDWLRQ� ZDV� VLPLODU� WR� WKH� ILQGLQJV� RI�
*RWWVFKDON� HW� DO�� ������� DQG� /\VDNRYD� HW� DO�� �������
UHJDUGLQJ�1LW]VFKLD�GRPLQDWLRQ�

'LYHUVLW\�DQG�8QLIRUPLW\�,QGH[�
'LYHUVLW\�LQGH[�LV�D�SDUDPHWHU�XVHG�WR�LQGLFDWH�WKH�OHYHO�

RI� VWDELOLW\� RI� DQ� REVHUYHG� FRPPXQLW\� VWUXFWXUH��ZKLFK� LV�
FORVHO\�UHODWHG�WR�WKH�KDELWDW�FKDUDFWHULVWLFV�RFFXSLHG�E\�WKH�
ELRWD��2Q�WKH�RWKHU�KDQG��XQLIRUPLW\�LQGH[�LV�XVHG�WR�DVVHVV�
WKH� UHODWLYH� SURIXVLRQ� RI� HDFK� LQGLYLGXDO� RUJDQLVP�� ,Q� RXU�
VWXG\�� WKH� GLYHUVLW\� DQG� XQLIRUPLW\� LQGLFHV� RI� HSLSHOLF�
GLDWRPV�YDULHG�DFURVV�VLWHV��)LJXUH�����7KH�GLYHUVLW\� LQGH[�
RI�HSLSHOLF�DOJDH� UDQJHG�EHWZHHQ����� �SRQGV���DQG����DQG�
�����SRQG���DQG����ZLWK�DQ�DYHUDJH�YDOXH�RI������ZKLOH�WKH�
XQLIRUPLW\� LQGH[� UDQJHG� IURP� ���� �SRQG� ��� WR� ���� �SRQGV�
�����������DQG�����DYHUDJLQJ�DW������3RQG���KDG�D�UHODWLYHO\�
ORZ� XQLIRUPLW\� LQGH[� FKDUDFWHUL]HG� E\� $PSKRUD� OLQHDWD
GRPLQDWLRQ� ���� FHOOV�FP���� %DVHG� RQ� WKHVH� GLYHUVLW\�
LQGH[HV�� WKH� SRQGV� ZHUH� MXGJHG� WR� IDOO� LQWR� D� PRGHUDWH�
FDWHJRU\�� VLJQLI\LQJ� WKDW� WKH� SRQG� GLDWRP� SRSXODWLRQ�
VWUXFWXUH�FRXOG�EH�DOWHUHG�E\�VPDOO�HQYLURQPHQWDO�FKDQJHV��
$FFRUGLQJ� WR� WKH� FODVVLILFDWLRQ� RI� WKH� 6KDQQRQ�:LHQHU�
LQGH[��LI�WKH�GLYHUVLW\�LQGH[�LV�ORZHU�WKDQ����WKHQ�WKH�ELRWD�
FRPPXQLWLHV� ZRXOG� EH� UHJDUGHG� DV� XQVWDEOH�� ZKHUHDV� D�
GLYHUVLW\� LQGH[� RI� ���� ZRXOG� EH� FRQVLGHUHG� PRGHUDWHO\�
XQVWDEOH��DQG�D�YDOXH�KLJKHU� WKDQ���ZRXOG�VLJQLI\�D�VWDEOH�
RU�SULPH�FRQGLWLRQ��0RNRJLQWD��������7KLV�VXJJHVWV�WKDW�LQ�
RXU� VWXG\�� WKH� SRQG� HQYLURQPHQWV� DW� WKH� EHJLQQLQJ� RI�



�%,2',9(56,7$6��������������������-XO\���������

FXOWXUH� ZHUH� VWLOO� UHODWLYHO\� YXOQHUDEOH� WR� HQYLURQPHQWDO�
FKDQJHV�� LPSO\LQJ� WKDW� IHUWLOL]LQJ� WKH� SRQGV� ZRXOG� EH�
QHFHVVDU\�� 1XWULHQW� HQULFKPHQW� E\� XVLQJ� IHUWLOL]HU� KDV� WKH�
HIIHFW� RI� VLJQLILFDQWO\� LQFUHDVLQJ� HSLSHOLF� GLDWRP� GHQVLW\�
�/LFXUVL�HW�DO���������

7UXH�GLYHUVLWLHV�
7KH� LQWHUSUHWDWLRQ� RI� GLYHUVLW\� �+
�� DQG� XQLIRUPLW\� �(��

YDOXHV� FDQ� EH� H[SODLQHG� XVLQJ� WUXH� GLYHUVLW\� YDOXHV�� E\�
ORRNLQJ� DW� WKH� HIIHFWLYH� VSHFLHV� �HIIHFWLYH� QXPEHUV� RI�
VSHFLHV�� OLYLQJ� LQ� WKH� HFRV\VWHP� �-RVW� ������� 7KH� WUXH�
GLYHUVLW\�YDOXHV� IRU�HDFK�RI� WKH�SRQGV� LQ�RXU� VWXG\�FDQ�EH�
VHHQ� LQ� 7DEOH� ��� $� SRQG� H[KLELWV� D� EHWWHU� WUXH� GLYHUVLW\�
YDOXH� ZKHQ� LW� DSSURDFKHV� WKH� WRWDO� QXPEHU� RI� VSHFLHV�
SUHVHQW� LQ� WKH� SRQG� �VSHFLHV� ULFKQHVV��� 3RQG� �� ZLWK� D�
GLYHUVLW\� LQGH[� �+¶�� RI� ����� DQG� XQLIRUPLW\� LQGH[� �(�� RI�
����� KDV� D� WUXH� GLYHUVLW\ RI� ���� WKLV� PHDQV� WKDW� LW� KDV� DQ�
HIIHFWLYH�QXPEHU�RI����VSHFLHV��RXW�RI�D�WRWDO�QXPEHU�RI����
VSHFLHV�SUHVHQW� LQ� WKH�SRQG��)RU�SRQG��� WZR� VSHFLHV�ZHUH�
GRPLQDQW� LQ� WKH� SRQG�� QDPHO\� 5KL]RVROHQLD� VHWLJHUD� DQG�
6\QHGUD� JRLOORQLL�� 2Q� WKH� RWKHU� KDQG�� SRQG� �� KDG� D�
GLYHUVLW\� LQGH[� �+
�� RI� ������ XQLIRUPLW\� LQGH[� �(�� RI� �����
DQG� WUXH� GLYHUVLW\� YDOXH� RI� ��� VR� WKH� HIIHFWLYH� QXPEHU� RI�
VSHFLHV� ZDV� RQO\� �� RXW� RI� ��� VSHFLHV� SUHVHQW�� ZLWK� WZR�
VSHFLHV� GRPLQDQW�� QDPHO\� $PSKRUD� OLQHDWD� DQG�
5KL]RVROHQLD�VHWLJHUD���

+DYLQJ� D� KLJK� QXPEHU� RI� VSHFLHV� LV� QRW� QHFHVVDULO\�
EHWWHU� WKDQ� KDYLQJ� D� IHZHU� QXPEHU�� LW� DOO� GHSHQGV� RQ� WKH�
QXPEHU� RI� HIIHFWLYH� VSHFLHV� OLYLQJ� LQ� WKH� HFRV\VWHP� �-RVW�
�������3RQG���ZLWK�D�WRWDO�RI����VSHFLHV�SURYHG�WR�EH�EHWWHU�
WKDQ�SRQG���ZKLFK�KDV�����EHFDXVH�SRQG���KDG����W\SHV�RI�
HIIHFWLYH�VSHFLHV��FRPSDUHG�WR�WKH���HIIHFWLYH�VSHFLHV�IRXQG�
LQ�SRQG�����

7KH�SRQGV�WKDW�KDG�WKH�KLJKHVW�YDOXHV�IRU�GLYHUVLW\�DQG�
WUXH� GLYHUVLW\� ZHUH� SRQGV� 1R�� ��� ��� �� DQG� ��� 7KH� SRQGV�
KDSSHQHG�WR�KDYH�ORZ�YDOXHV�IRU�DONDOLQLW\��KLJK�YDOXHV�IRU�
7RWDO� 2UJDQLF�0DWWHU� �720�� DQG� PDLQO\� KLJK� YDOXHV� IRU�
QLWUDWH� FRQFHQWUDWLRQ� LQW� KHLU� ZDWHU�� 7KH� HSLSHOLF� GLDWRP�
WKDW�GRPLQDWHG�LQ�WKHVH�SRQGV�ZDV�*UDPDWRSKRUD�DQJXORVD�
�7DEOH������

:KLOH� ORZHVW� GLDWRP� GLYHUVLWLHV� DQG� WUXH� GLYHUVLWLHV�
ZHUH� IRXQG� LQ� SRQGV� 1R�� ��� ��� DQG� ���� 7KHVH� SRQGV� KDG�
JHQHUDOO\� ORZ�FDWLRQ� H[FKDQJH�FDSDFLW\� �&(&��YDOXHV� DQG�
RUJDQLF�&�FRQWHQW��DV�ZHOO�DV�VDQG\�VDQG\�ORDP�VRLO�WH[WXUH��
$PSKLSURUD�DODWD�GRPLQDWHG�LQ�WKHVH�SRQGV��7DEOH�����

)LJXUH����'LYHUVLW\�DQG�8QLIRUPLW\�,QGH[�RI�HSLSHOLF�GLDWRPV� LQ�
WKH� WZHOYH� VKULPS� SRQGV� HYDOXDWHG� LQ� /DPSXQJ� 3URYLQFH��
,QGRQHVLD�

7DEOH� ��� 7KH� 'LYHUVLW\� ,QGH[� �+¶�� FRPSDUHG� ZLWK� WKH� 7UXH�
'LYHUVLW\� RI� HSLSHOLF� GLDWRPV� LQ� WKH� WZHOYH� UHVHDUFK� SRQGV�
HYDOXDWHG�LQ�/DPSXQJ�3URYLQFH��,QGRQHVLD�

3RQG�QR�� 7RWDO�VSHFLHV�
'LYHUVLW\

+
� 7UXH�GLYHUVLW\�
�� ��� ����� �����
�� ��� ����� �����
�� ��� ����� �����
�� ��� ����� �����
�� ��� ����� ������
�� ��� ����� ������
�� ��� ����� ������
�� ��� ����� ������
�� ��� ����� ������
��� ��� ����� �����
��� ��� ����� �����
��� ��� ����� �����

7DEOH����:DWHU�TXDOLW\��DQG�GLDWRP�GLYHUVLW\�DQG�WUXH�GLYHUVLW\� IRU�WKH�EHVW�IRXU�SRQGV�RI�WKH�WZHOYH�HYDOXDWHG�LQ�/DPSXQJ�3URYLQFH��
,QGRQHVLD�

3RQG�QR�� 'LYHUVLW\� 7UXH�GLYHUVLW\� $ONDOLQLW\��PJ�/�� 720��PJ�/�� 1LWUDWH��PJ�/�� (SLSHOLF�GLDWRP��

�� ����� ������ ��� ��� ����� *UDPDWRSKRUD�
DQJXORVD��� ����� ������ ��� ��� �����

�� ����� ������ ��� ��� �����

7DEOH� ��� 6HGLPHQW� TXDOLW\�� GLYHUVLW\� DQG� WUXH� GLYHUVLW\� IRU� WKH� ZRUVW� WKUHH� SRQGV� RI� WKH� WZHOYH� HYDOXDWHG� LQ� /DPSXQJ� 3URYLQFH��
,QGRQHVLD�

3RQG�QR� 'LYHUVLW\ 7UXH�GLYHUVLW\ &(&��PH����J� 2UJDQLF�&���� 6RLO�WH[WXUH (SLSHOLF�GLDWRP

�� ����� ����� ���� ����� 6DQG\�ORDP� $PSKLSURUD�DODWD�
�� ����� ����� ���� ����� 6DQG\�
��� ����� ����� ����� ����� 6DQG\�ORDP�
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1\JDDUG�,QGH[��,Q��
1\JDDUG�LQGH[�LV�GHWHUPLQHG�E\�GLYLGLQJ�WKH�QXPEHU�RI�

GLDWRP� VSHFLHV� RI� WKH� RUGHU� &HQWUDOHV� E\� WKH� QXPEHU� RI�
VSHFLHV� QXPEHU� RI� WKH� RUGHU� 3HQQDOHV� �1\JDDUG�� �������
5HODWLYHO\� KLJK� QXPEHU� RI� VSHFLHV� LQ� WKH� RUGHU� &HQWUDOHV�
LQGLFDWHV� HXWURSKLF�FRQGLWLRQV��ZKHUHDV� D� UHODWLYHO\�KLJKHU�
QXPEHU� RI� VSHFLHV� LQ� WKH� RUGHU� 3HQQDOHV� LQGLFDWHV�
ROLJRWURSKLF�FRQGLWLRQV��7KH�UDQJH�RI�1\JDDUG�LQGH[�IDOOLQJ�
LQWR�WKHVH�FDWHJRULHV�LV�VXPPDULVHG�KHUH���

������� ��+DELWDW�LV�ROLJRWURSKLF�
!����� ��+DELWDW�LV�HXWURSKLF�
7KH� DQDO\VLV� RI� 1\JDDUG� ,QGH[� YDOXHV� IRU� HDFK� RI� WKH�

WZHOYH�SRQGV�FDQ�EH�VHHQ�LQ�7DEOH�����
7KH�1\JDDUG�,QGH[�YDOXHV�IRU�WKH�UHVHDUFK�SRQGV�YDULHG�

IURP����SRQG�QR�����WR�������SRQG�QR������ZLWK�DQ�DYHUDJH�
RI�������$FFRUGLQJ�WR�WKH�DQDO\VLV��SRQGV�ZLWK�ROLJRWURSKLF�
FRQGLWLRQV�ZHUH�SRQGV�1R�� ��� ��� ��� ��������� DQG�����ZKLOH�
SRQGV�ZLWK� HXWURSKLF� FRQGLWLRQ�ZHUH�SRQGV�1R�������� ��� ��
DQG����

$FFRUGLQJ� WR� RXU� DQDO\VLV� RI� 7UXH� 'LYHUVLW\� DQG�
1\JDDUG� ,QGH[�� WKH� PRVW� SURGXFWLYH� SRQG� LQ� WHUPV� RI�
HSLSHOLF�GLDWRPV�ZDV�SRQG�1R���ZKLOH�WKH�SRQG�ZLWK�ORZHVW�
SURGXFWLYLW\�ZDV�1R�� ��� 3RQG�1R�� �� KDG� WKH� KLJKHVW� 7UXH�
'LYHUVLW\� DQG� ZDV� JURXSHG� DPRQJ� WKH� HXWURSKLF� SRQGV��
ZKLOH� SRQG�1R�� �� KDG� WKH� ORZHVW� 7UXH�'LYHUVLW\� DQG�ZDV�
JURXSHG�DPRQJ�WKH�ROLJRWURSKLF�SRQGV��

&RUUHODWLRQ�EHWZHHQ�HSLSHOLF�GLDWRPV�DQG�WKH�TXDOLW\�RI�
ZDWHU�DQG�VRLO�

%DVHG�RQ�QRQ�SDUDPHWULF�VWDWLVWLFDO�DQDO\VLV��6SHDUPDQ�
&RUUHODWLRQ�� RI� GDWD� IURP� WKH� WZHOYH� SRQGV�� WKH� GLYHUVLW\�
LQGH[� IRU� HSLSHOLF� GLDWRPV� LV� FRUUHODWHG� ZLWK� VHYHUDO�
SDUDPHWHUV� RI� ZDWHU� DQG� VHGLPHQW� TXDOLW\�� 7KH� ZDWHU�
TXDOLW\� SDUDPHWHUV� FORVHO\� FRUUHODWHG� ZLWK� GLYHUVLW\� LQGH[�
ZHUH� DONDOLQLW\� ZLWK� D� FRUUHODWLRQ� FRHIILFLHQW� �U�� RI� ������
WRWDO� RUJDQLF� PDWWHU� �U�  � ������� DQG� QLWUDWH� �U�  � ������ DV�
SUHVHQWHG� LQ� 7DEOHV� ��� �� DQG� ��� 7KH�PDLQ� FRPSRQHQWV� RI�
ZDWHU� DONDOLQLW\� DUH� ELFDUERQDWH� DQLRQ� �+&2�

���� FDUERQDWH�
�&2�

 ���DQG�K\GUR[LGH��2+����%LFDUERQDWH�DQLRQV�DUH�XVHG�
E\� DOJDH� DV� D� FDUERQ� VRXUFH� IRU� SKRWRV\QWKHVLV�� WKXV� LWV�
DYDLODELOLW\�JUHDWO\�DIIHFWV�DTXDWLF�DOJDH�H[LVWHQFH��<DQJ�HW�
DO� ������� GHPRQVWUDWHG� WKDW�&2�� FRQFHQWUDWLRQ� DIIHFWV� WKH�
H[LVWHQFH�RI�HSLSHOLF�GLDWRPV�LQ�DTXDWLF�HQYLURQPHQWV���

7DEOH����1\JDDUG�,QGH[�YDOXHV�IRU�HSLSHOLF�GLDWRPV�LQ�WKH�WZHOYH�
SRQGV�HYDOXDWHG�LQ�/DPSXQJ�3URYLQFH��,QGRQHVLD�

3RQG��
QR��

2UGR�
&HQWUDOHV�

2UGR�
3HQQDOHV�

1\JDDUG�
,QGH[�

&ODVVLILFDWLRQ

�� �� ��� ����� 2OLJRWURSKLF�
�� �� ���� ����� 2OLJRWURSKLF�
�� �� ��� ����� 2OLJRWURSKLF�
�� ��� ��� ����� (XWURSKLF�
�� ��� ��� ����� (XWURSKLF�
�� ��� ��� ����� (XWURSKLF�
�� �� ��� ����� 2OLJRWURSKLF�
�� �� ��� ����� 2OLJRWURSKLF�
�� ��� ��� ����� (XWURSKLF�
��� �� ��� ����� 2OLJRWURSKLF�
��� �� ��� ����� 2OLJRWURSKLF�
��� ��� ��� ����� (XWURSKLF�
$YHUDJH� � � ����� �

$� VXIILFLHQW� TXDQWLW\� RI� GLVVROYHG� RUJDQLF� PDWHULDO� LV�
QHHGHG� E\� WKH� DOJDH�� 5HVHDUFK� E\� 0LKR� HW� DO�� �������
VKRZHG� WKDW� WRWDO� RUJDQLF� PDWWHU� DV� D� PHVXUH� RI� IHUWLOLW\�
DIIHFWV� WKH�GLDWRP� LQGH[��7KH�RUJDQLF�PDWWHU�GHFRPSRVHV��
PDNLQJ�QLWURJHQ�DYDLODEOH��ZKLFK�LV�QHHGHG�E\�WKH�DOJDH�IRU�
WKHLU� JURZWK��&LFHN� DQG�<DPXF� ������� VKRZHG� WKDW�ZDWHU�
WHPSHUDWXUH�� S+�� DQG� FRQGXFWLYLW\� SRVLWLYHO\� DIIHFWV� WKH�
DEXQGDQFH� RI� HSLOLWKLF� DOJDH� GRPLQDQW� VSHFLHV�� +RZHYHU��
H[FHVV� RUJDQLF� PDWHULDO� FDQ� KDYH� QHJDWLYH� LPSDFWV� RQ�
VSHFLHV� GLYHUVLW\�� .LYUDN� DQG�8\JXQ� ������� UHYHDOHG� WKDW�
WKH�YDOXHV�IRU�HSLSHOLF�GLDWRP�GLYHUVLW\�JUDGXDOO\�GHFUHDVHG�
LQ�UHVSRQVH�WR�LQFUHDVLQJ�ZDWHU�SROOXWLRQ���

7KH� VHGLPHQW� TXDOLW\� SDUDPHWHUV� LQ� RXU� VWXG\� WKDW�
FORVHO\� UHODWHG� WR� HSLSHOLF� GLDWRP� GLYHUVLW\ ZHUH� VRLO�
FDWLRQ�H[FKDQJH�FDSDFLW\��&(&���U� ��������FOD\�FRQWHQW��U�
 ��������WRWDO�RUJDQLF�PDWWHU��U� ��������7KH�VRLO
V�DELOLW\�WR�
DEVRUE�RU� H[FKDQJH�FDWLRQV� LV� LPSRUWDQW� IRU�SODQW� QXWULHQW�
XSWDNH��VRLO�IHUWLOLW\��QXWULHQW�UHWHQWLRQ��DQG�WKH�UHVSRQVH�WR�
IHUWLOL]LQJ�� 7KH� &(&� DIIHFWV� WKH� DELOLW\� RI� VRLO� FROORLG�
VXUIDFHV�WR�ELQG�QXWULHQWV�DGGHG�WKURXJK�IHUWLOL]DWLRQ��6RLOV�
ZLWK�KLJKHU�&(&�YDOXH�ZLOO�KDYH�D�KLJKHU�OHYHO�RI�IHUWLOLW\��
6RLO�RUJDQLF�PDWWHU� LV�D�QLWURJHQ�VRXUFH�UHTXLUHG�IRU�DOJDH�
JURZWK�DV�ZHOO�DV�D�FDUERQ�VRXUFH�IRU�SKRWRV\QWKHVLV��7RWDO�
RUJDQLF�PDWWHU� �720�� LQ� VXIILFLHQW� TXDQWLW\� LV� QHHGHG� E\�
WKH� DOJDH�� 7KH� FRUUHODWLRQ� EHWZHHQ� HSLSHOLF� GLDWRP�
GLYHUVLW\� DQG� ZDWHU� DQG� VHGLPHQW� TXDOLWLHV� LQ� RXU� VWXG\�
VXJJHVWV� WKDW� LW�FDQ�EH�XVHG�DV�DQ� LQGLFDWRU� WR�DVVHVV�SRQG�
HQYLURQPHQWDO�TXDOLW\��7KH�ILQGLQJ�LV�VLPLODU� WR� WKH�UHVXOWV�
RI� UHVHDUFK� FRQGXFWHG� E\� .LYUDN� DQG� 8\JXQ� ��������
/LFXUVL�HW�DO����������DQG�)DFFD�DQG�6IULVR���������

$� QXPEHU� RI� ZDWHU� DQG� VHGLPHQW� TXDOLW\� SDUDPHWHUV�
H[KLELWHG� DQ� DVVRFLDWLRQ� ZLWK� WKH� HSLSHOLF� GLDWRP� 7UXH�
'LYHUVLW\� YDOXHV�� $ONDOLQLW\� EHWZHHQ� ������� PJ�/�
JHQHUDWHG� JRRG� JURZWK� RI� HSLSHOLF� GLDWRP�� ZKLOH� WKH�
RSWLPDO� OHYHOV� RI� WRWDO� RUJDQLF� PDWWHU� YDOXH� IRU� HSLSHOLF�
DOJDH�JURZWK� UDQJHG�EHWZHHQ����PJ�/� DQG����PJ�/��6RLO�
WH[WXUH� DOVR� DIIHFWHG� WKH� 7UXH� 'LYHUVLW\� RI� WKH� HSLSHOLF�
DOJDH��/RDP�VRLOV�DSSHDUHG�WR�EH�PRUH�VXLWDEOH�IRU�HSLSHOLF�
GLDWRP¶V�JURZWK�FRPSDUHG� WR� VDQG\�VRLOV��ZKLOH� VXIILFLHQW�
WRWDO�RUJDQLF�&� ��������ZDV� UHTXLUHG� IRU�HSLSHOLF�GLDWRP�
RSWLPXP�JURZWK��

$&.12:/('*(0(176�

7KLV� UHVHDUFK� ZDV� IXQGHG� E\� ',3$� 8QLYHUVLW\� RI�
/DPSXQJ�� ,QGRQHVLD�� 7KH� DXWKRUV� ZRXOG� OLNH� WR� H[SUHVV�
WKHLU� JUDWLWXGH� WR� WKH� 'HSDUWPHQW� +HDG� RI� :DWHU� 4XDOLW\�
/DERUDWRU\�� 3�7�� &�3�� %DKDUL�� /DPSXQJ�� ,QGRQHVLD�� IRU�
SURYLGLQJ�WKH�IDFLOLWLHV�WR�FDUU\�RXW�WKH�UHVHDUFK��

5()(5(1&(6�

$OPHLGD� 6)3�� ������8VH� RI� GLDWRP� IRU� IUHVKZDWHU� TXDOLW\� HYDOXDWLRQ� LQ�
3RUWXJDO��/LPQHWLFD�������������������

$OWKRXVH� %�� +LJJLQV� 6�� 9DQGHU� =0-�� ������ %HQWKLF� DQG� SODQNWRQLF�
SULPDU\� SURGXFWLRQ� DORQJ� D� QXWULHQW� JUDGLHQW� LQ� *UHHQ� %D\�� /DNH�
0LFKLJDQ��86$��)UHVKZ�6FL�������������������
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$3+$�� ������ 6WDQGDUG� 0HWKRGV� IRU� 7KH� ([DPLQDWLRQ� RI� :DWHU� DQG�
:DVWHZDWHU�� ��WK� (GLWLRQ�� $PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ��
:DVKLQJWRQ�'&���

%DUERXU� 07�� *HUULWVHQ� -�� 6Q\GHU�� %'�� 6WULEOLQJ� -%�� ������ 5DSLG� %LR�
$VVHVVPHQW� 3URWRFROV� IRU� XVH� LQ� 6WUHDP� DQG� :DGHDEOH� 5LYHUV��
3HULSK\WRQ�� %HQWKLF� 0DFURLQYHUWHEUDWHV� DQG� )LVK�� 6HFRQG� (GLWLRQ��
(3$�����%���������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�
:DWHU��:DVKLQJWRQ�'�&���

&LFHN�1/��<DPXF� )�� ������8VLQJ� HSLOLWKLF� DOJDH� DVVHPEODJHV� WR� DVVHVV�
ZDWHU�TXDOLW\�LQ�/DNH�.RYDGD�DQG�.RYDGD�&KDQQHO��7XUNH\���DQG�LQ�
UHODWLRQ� WR� HQYLURQPHQWDO� IDFWRUV�� 7XUNLVK� -� )LVK� $TXDW� 6FL ��� �����
����������

'DYLV� &&�� ������ 7KH�0DULQH� DQG� )UHVKZDWHU� 3ODQNWRQ��0LFKLJDQ� 6WDWH�
8QLYHUVLW\�3UHVV��1HZ�<RUN���
)DFFD�&��6IULVR�$��������(SLSHOLF�GLDWRP�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�

DQG� UHODWLRQVKLS� ZLWK� WKH�PDLQ� HQYLURQPHQWDO� SDUDPHWHUV� LQ� FRDVWDO�
ZDWHUV��(VWXDU�&RDVW�6KHOI�6FL������������������

*DUULGR�$%��5RPR�6��9LOOHQD�0-��������'LDWRP�VSHFLHV�FRPSRVLWLRQ�DQG�
LQGLFHV�IRU�GHWHUPLQLQJ�WKH�HFRORJLFDO�VWDWXV�RI�FRDVWDO�0HGLWHUUDQHDQ�
6SDQLVK� /DNHV�� $QDOHV� GHU� -DUGLQ� %RWiQLFR� GH�0DGULG� ��� ����� ����
������

*RPHV�1��������8VH�RI�HSLSHOLF�GLDWRPV�IRU�HYDOXDWLRQ�RI�ZDWHU�TXDOLW\�LQ�
WKH�0DWDQ]D�5LDFKXHOR��$UJHQWLQD���D�3DPSHDQ�SODLQ�ULYHU��:DWHU�5HV�
�������������������

*RWWVFKDON� 6��8WKLFNH�6��+HLPDQQ�.�� ������%HQWKLF�GLDWRP� FRPPXQLW\�
FRPSRVLWLRQ� LQ� WKUHH� UHJLRQV� RI� WKH� *UHDW� %DUULHU� 5HHI�� $XVWUDOLD��
&RUDO�5HHIV��������������������

*RXOG� '0�� *DOODJKHU� ('�� ������ )LHOG� PHDVXUHPHQW� RI� VSHFLILF� UDWH��
ELRPDVV�� DQG� SULPDU\� SURGXFWLRQ� RI� EHQWKLF� GLDWRPV� RI� 6DOYLQ� +LOO�
&RYH��%RVWRQ��/LPQRO�2FHDQRJU���������������������

-RVW�/��������(QWURS\�DQG�GLYHUVLW\��2SLQLRQ���2LNRV��������������������

.LYUDN� (�� 8\JXQ� $�� ������ 7KH� VWUXFWXUH� DQG� GLYHUVLW\� RI� WKH� HSLSHOLF�
GLDWRP� FRPPXQLW\� LQ� D� KHDYLO\� SROOXWHG� VWUHDP� �WKH� $NDUFÜD\��
7XUNH\��DQG�WKHLU�UHODWLRQVKLS�ZLWK�HQYLURQPHQWDO�YDULDEOHV��-�)UHVKZ�
(FRO������������±�����

/LERULXVVHQ�/�� -HSSHVHQ�(��������7HPSRUDO�G\QDPLF� LQ�HSLSHOLF��SHODJLF�
DQG� HSLSK\WLF� DOJDO� SURGXFWLRQ� LQ� D� FOHDU� DQG� D� WXUELG� VKDOORZ� ODNH��
)UHVK�:DWHU�%LRO�������������������

/LFXUVL�0��*yPH]�1��6DEDWHU�6��������(IIHFWV�RI�QXWULHQW�HQULFKPHQW�RQ�
HSLSHOLF�GLDWRP�DVVHPEODJHV�LQ�D�QXWULHQW�ULFK�ORZODQG�VWUHDP��3DPSD�
5HJLRQ��$UJHQWLQD��+\GURELRORJLD�������������±�����

/\VDNRYD� 0�� .LWQHU� 0�� 3RXOLFNRYD� $�� ������ 7KH� HSLSHOLF� DOJDH� RI�
ILVKSRQG� RI� &HQWUDO� DQG� 1RUWKHUQ� 0RUDYLD� �7KH� &]HFK� 5HSXEOLF���
)RWWHD����������������

0LKR�$��&DNH�$��&DUFDQL��������'LDWRP�LQ�WKH�VWRPDFK�FRQWHQW�RI�%DUEHO�
�%DUEXV� PHULGLRQDOLV�� IURP� 6KNXPELQL� 5LYHU� �&HQWUDO� $OEDQLD��� -�
(QYLURQ�3URWHFW�(FRO ���������������

0RNRJLQWD�00�� ������ 7UHH� VSHFLHV� GLYHUVLW\� DW� WKH� SURWHFWHG� IRUHVW� RI�
0RXQWDLQ� 0DVLQJJL�� 1RUWK� %RODDQJ� 0RQJRQGRZ�� ,QGRQHVLD�� ,QWO� -�
$JULF�)RU��������������

1\JDDUG�*�� ��������+\GURELRORJLFDO� VWXGLHV� RQ� VRPH�'DQLVK�SRQGV� DQG�
ODNHV��3DUW����7KH�TXRWLHQW�K\SRWKHVLV�DQG�VRPH�QHZ�RU�OLWWOH�NQRZQ�
SK\WRSODQNWRQ� RUJDQLVPV�� 'HW� .RQJHOLJH� 'DQVNH� 9LGHQVNDEHUQHV�
6HOVNDE��%LRORJLVNH�6NULIWHU���������±�����

3LFLQVND�)-��������(FRORJLFDO�6WDWXV�RI�WKH�5LYHU�1\VD�/X]\FND��/DXVLW]HU�
1HLVVH��$VVHVVHG�E\�(SLOLWKLF�'LDWRPV��3URFHHGLQJ�RI�7KH��VW�&HQWUDO�
(XURSHDQ�'LDWRP�0HHWLQJ��%HUOLQ�'DKOHP����±���0DUFK�������

5RXQG�)(��������$�5HYLHZ�DQG�0HWKRGV�IRU�7KH�XVH�RI�(SLOLWKLF�'LDWRPV�
IRU� 'HWHFWLQJ� DQG� 0RQLWRULQJ� &KDQJH� LQ� 5LYHU� :DWHU� 4XDOLW\��
0HWKRGV� IRU� 7KH� ([DPLQDWLRQ� RI� :DWHU� DQG� $VVRFLDWHG� 0DWHULDOV��
+062�%RRNV��/RQGRQ���

<DQJ�+��5RJHU�-)��5LFKDUG�:%��������$Q�LPSURYHG�FRYHUVOLS�PHWKRG�IRU�
LQYHVWLJDWLQJ�HSLSHOLF�GLDWRPV��(XU�-�3K\FRO������������������


