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� %LRORJLFDO�2[\JHQ�'HPDQG��%2'��LV�JHQHUDOO\�XVHG�IRU�GHWHUPLQLQJ�WKH�ZDWHU�SROOXWLRQ�OHYHO�LQ�ZDWHU�ERGLHV��
(VWXDU\�LV�D�VHPL�HQFORVHG�ZDWHU��WKDW�FDQ�EH�LQIOXHQFHG�E\�SROOXWLRQ�IURP�ODQG�DUHDV�RU�ULYHUV��7KLV�UHVHDUFK�ZDV�DLPHG�
WR�GHWHUPLQH�WKH�VSDWLDO�GLVWULEXWLRQ�RI �ZDWHU�SROOXWLRQ�OHYHOV�EDVHG�RQ�%2' �DQDO\VLV��7KLV�UHVHDUFK�ZDV�FRQGXFWHG�LQ��

-DQXDU\�DQG�)HEUXDU\������LQ�6XZXQJ�HVWXDU\��%DOL��6DPSOHV�ZHUH�WDNHQ�LQ����SRLQWV�����SRLQWV�ZHUH�ORFDWHG�LQ�6XZXQJ�
(VWXDU\�DQG�RQH�SRLQW�ZDV�ORFDWHG�RXWVLGH�WKH�6XZXQJ�HVWXDU\�DV�D�FRQWURO�SRLQW��DQG�WKH�%2' �VDPSOHV�ZHUH�DQDO\]HG��

LQ�WKH�ODERUDWRU\��7KH�PHWKRG�IRU�%2' �DQDO\VLV�ZDV�XVLQJ�DPSHURPHWULF�PHWKRG�LQ�1DWLRQDO�)LHOG�0DQXDO�IRU�WKH��

&ROOHFWLRQ�RI �'DWD�:DWHU�4XDOLW\��&KDSWHU�$���7KH�%2' 6DPSOHV�ZHUH�WDNHQ�DW�DOO�WLGH�F\FOHV��GXULQJ�HEE�WR�KLJK�WLGH���

DQG�KLJK�WLGH�WR�HEE��7KH�UDQJH�RI �%2' �YDOXHV�ZHUH�������PJ�/�²������PJ�/�GXULQJ�HEE�WR�KLJK�WLGH�DQG������PJ�/�²��

�����PJ�/�GXULQJ�KLJK�WLGH�WR�HEE��7KH�UHVXOW�RI �%2' DQDO\VLV�VKRZHG�WKDW�WKH�ZDWHU�SROOXWLRQ�OHYHO�LQ�WKH�6XZXQJ���

HVWXDU\�ZDV�VOLJKWO\�FRQWDPLQDWHG�LQ�ERWK�WLGH�FRQGLWLRQV��7KH�VSDWLDO�GLVWULEXWLRQ�RI �%2' �YDOXH�WHQGHG�WR�EH�KLJKHU��

DURXQG�WKH�FDJH�DTXDFXOWXUH�DUHD��QHDU�WKH�ULYHU��ODQGILOO�DUHD�DQG�DURXQG�%HQRD�KDUERXU��

� .H\ZRUGV��%2' ��VSDWLDO�GLVWULEXWLRQ��6XZXQJ�HVWXDU\��ZDWHU�SROOXWLRQ�OHYHO�
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6XZXQJ�HVWXDU\�LV�D�WUDQVLWLRQDO�DUHD�ORFDWHG�LQ�
WKH� VXE�GLVWULFW� RI � 6RXWK� 'HQSDVDU�� %DOL�� 7KLV�
HVWXDU\�LV�D�KDELWDW�IRU�PDQJURYH�YHJHWDWLRQ�ZLWK�
DERXW�������+D��6DUL���������,Q�DGGLWLRQ��WKHUH�DUH�
VHYHUDO�DFWLYLWLHV�DOVR�WDNH�SODFH�LQ�6XZXQJ�HVWXDU\�
QDPHO\�FDJH�DTXDFXOWXUH�DUHD�LQ�WKH�1RUWKHDVWHUQ�
SDUW� RI � 6XZXQJ� (VWXDU\�� ODQGILOO� DUHD� �6XZXQJ�
/DQGILOO�DUHD���DQG�%HQRD�KDUERXU�LQ�WKH�6RXWKHUQ�
SDUW�RI �6XZXQJ�HVWXDU\��7KHVH�DFWLYLWLHV�SRVVLEO\�
FRQWULEXWH� SROOXWLRQ� PDWHULDOV� RULJLQDWHG� IURP�
IHHGLQJ�UHPDLQV�DQG�ILVK�PHWDEROLVP�SURGXFWV�LQ�
FDJH�DTXDFXOWXUH�DUHD�� OHDFKHW� OHDN� IURP� ODQGILOO�
DUHD��RU�RLO�VSLOOV�IURP�KDUERXU�DFWLYLWLHV��DQG�WKLV�
ZLOO� OLNHO\� DIIHFW� WKH� ZDWHU� TXDOLW\� RI � 6XZXQJ�
HVWXDU\�� 7KH� SROOXWLRQ� SUHVVXUH� FDQ� DIIHFW� WKH�

TXDOLW\� RI � WKH� ZDWHU�� HVSHFLDOO\� WKH� GLVVROYHG�
R[\JHQ� �'2�� LQ� WKH� ZDWHU�� $FFRUGLQJ� WR�
+HQGUDZDQ�DQG�$VDL���������WKH�IOXVKLQJ�UDWH�RI �
WKH�WLGHV�DURXQG�6XZXQJ�(VWXDU\�LV�ORZ��ZLWK�RQO\�
����RI �SDUWLFOH�WUDQVSRUW�GLUHFWO\�WR�WKH�VHD��7KLV�
FRQGLWLRQ�SRWHQWLDOO\�GHFUHDVLQJ�WKH�ZDWHU�TXDOLW\�
DURXQG�6XZXQJ�(VWXDU\�
7KH�FRQFHQWUDWLRQ�RI �R[\JHQ�OHYHOV�LV�RQH�RI �

WKH� LQGLFDWRUV� RI � WKH� HVWXDU\
V� KHDOWK� LQ�
VXSSRUWLQJ�WKH�OLIH�RI �DTXDWLF�RUJDQLVPV��12$$��
������ 2KUHO� DQG� 5HJLVWHU�� ������� $OO� OLYLQJ�
RUJDQLVPV� QHHG� R[\JHQ� WR� EUHDWKH� DQG�
PHWDEROL]H�� ,Q� DGGLWLRQ�� R[\JHQ� SOD\V� DQ�
LPSRUWDQW� UROH� LQ� WKH�SURFHVV�RI �R[LGDWLRQ� DQG�
UHGXFWLRQ�RI �RUJDQLF�DQG�LQRUJDQLF�FRPSRXQGV�
WR�EHFRPH�VLPSOHU�QRQ�WR[LF�VXEVWDQFHV��12$$��
������ 6DOPLQ�� ������� 7KH� R[LGDWLRQ� SURFHVV� RI �
RUJDQLF�PDWHULDOV� E\� WKH� RUJDQLVP� LV� UHODWHG� WR�
ELRORJLFDO�R[\JHQ�GHPDQG��%2'��
�&RUUHVSRQGLQJ�DXWKRU��UDLD\X��#JPDLO�FRP
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%2'� LV� GHILQHG� DV� WKH� DPRXQW� RI � R[\JHQ�
UHTXLUHG� E\� WKH� RUJDQLVPV� WR� EUHDN� GRZQ� WKH�
RUJDQLF� PDWWHU� LQ� DHURELF� FRQGLWLRQV� WKURXJK�
ELRORJLFDO� DQG� FKHPLFDO� SURFHVVHV� �2KUHO� 	�
5HJLVWHU��������+HQ]H�	�<YHV���������%2'�LV�DOVR�
RQH� RI � LQGLFDWRUV� IRU� GHWHUPLQLQJ� WKH� ZDWHU�
SROOXWLRQ� OHYHO� LQ�ZDWHU�ERGLHV�� DQG�DV� WKH�HDUO\�
ZDUQLQJ� RI � ZDWHU� TXDOLW\� GHJUDGDWLRQ� �6KHOGRQ�
DQG� $OEHU�� ������� $V� WKH� ZDWHU� LV� G\QDPLF��
GLVWULEXWLRQ�RI �SROOXWDQWV�LQ�WKH�ZDWHU�RI �HVWXDULHV�
LV�PXFK�DIIHFWHG�E\�WKH�H[LVWHQFH�RI �WKH�WLGHV��7KH�
IORZ�PRYHPHQW�RI �WLGHV�ZLOO�DIIHFW�WKH�SDWWHUQ�RI �
GLVWULEXWLRQ� DQG� WKH� RUJDQLF�PDWHULDOV� IURP� WKH�
ULYHU�� 7KHUHIRUH�� WKH� DLP� RI � WKLV� UHVHDUFK� LV� WR�
NQRZ�WKH�OHYHO�RI �FRQWDPLQDWLRQ�EDVHG�RQ�%2'�
DQDO\VLV� DQG� VSDWLDO� GLVWULEXWLRQ� LQ� 6XZXQJ�
HVWXDU\�

0$7(5,$/6�$1'�0(7+2'6

� %2' VDPSOHV� ZHUH� FROOHFWHG� LQ� 6XZXQJ���

(VWXDU\�DUHD�LQ�-DQXDU\�DQG�)HEUXDU\�������7KH�
QXPEHU�RI �VDPSOH�SRLQWV�ZHUH����SRLQWV��ZKLFK�
���SRLQWV�LQ�6XZXQJ�(VWXDU\�DUHD�DQG���SRLQW�ZDV�
RXW�RI �WKH�HVWXDU\�DV�WKH�FRQWURO�SRLQW��)LJXUH�����
7KH�FRQWURO�SRLQW�ZDV�GHWHUPLQHG�E\�DQ�DUHD�ZLWK�
QR�DFWLYLWLHV� DQG� ULYHU� LQSXWV�� DQG�RQH�ZLWK� IDVW�
IOXVKLQJ�UDWH��6DPSOHV�ZHUH�WDNHQ�IURP�WKH�VXUIDFH�
ZDWHU�LQ�ERWK�HEE�WR�KLJK�WLGH�DQG�KLJK�WLGH�WR�HEE�
FRQGLWLRQV�GXULQJ�WKH�GD\��:KLOH�WDNLQJ�WKH�%2' ��
VDPSOHV��LW�ZDV�HQVXUHG�WKDW�WKHUH�ZHUH�QR�EXEEOHV�
LQ� HDFK� VDPSOH�ERWWOH�� WKXV�ZDWHU� VDPSOLQJ�ZDV�
WDNHQ�XQGHU�WKH�ZDWHU
V�VXUIDFH��$OO�VDPSOHV�ZHUH�
NHSW� LQ� D� ER[� ZLWK� WKH� WHPSHUDWXUH� ��&� WR�
PLQLPL]H�EDFWHULDO�DFWLYLWLHV�
� %2' � DQDO\VLV� XVLQJ� DPSHURPHWULF� PHWKRG��

UHIHUV� WR� WKH� VWDQGDUG� PHWKRG� LQ� WKH� 1DWLRQDO�
)LHOG�0DQXDO�IRU�WKH�&ROOHFWLRQ�RI �'DWD�:DWHU�
4XDOLW\�� &KDSWHU� $��� E\� 'HO]HU� 	� 0F.HQ]LH�
�������LQ���$QDO\VLV�SURFHVVHV�ZHUH�GRQH�LQ�)DFXOW\�
RI � 0DULQH� 6FLHQFHV� DQG� )LVKHULHV� /DERUDWRU\��
8GD\DQD� 8QLYHUVLW\�� 1XWULHQW� VROXWLRQ� �&D&/ ���
)H&O ��0J62 �DQG�SKRVSKDWH�EXIIHU��DQG�GLOXWLRQ�� �

ZDWHU� ZHUH� SUHSDUHG� EHIRUH� LW� ZDV� PL[HG� ZLWK�
%2' � VDPSOHV�� 7KHVH� VROXWLRQV� KDG� WR� EH��

SUHSDUHG�WKUHH�WR�ILYH�GD\V�EHIRUH�VWDUWLQJ�WKH�WHVW��
7KH� PL[LQJ� RI � WKHVH� VROXWLRQV� RI � WKH� %2' ��
VDPSOH�LV�QHFHVVDU\�LI �WKH�UDQJH�RI �%2' �LV�ODUJHU��

WKDQ���PJ�/��7KH�DQWLFLSDWHG�UDQJH�RI �%2' �LQ��

WKLV� UHVHDUFK� ZDV� �� ²� ��� PJ�/�� WKHUHIRUH� WKH�
QXWULHQW�VROXWLRQ�ZDV�QHHGHG�ZLWK����PO�RI �%2' ��

VDPSOHV�DQG����PO�RI �QXWULHQW�VROXWLRQ��7KH�'2�
PHWHU�ZDV�FDOLEUDWHG�EHIRUH�PHDVXULQJ�WKH�LQLWLDO�
'2� �'��� DQG� ILQDO�'2� �'���� $IWHU� DOO� RI � WKH�
%2' �VDPSOHV�ZHUH�WUHDWHG�ZLWK�QXWULHQW�VROXWLRQ��

DQG�PHDVXUHG�XVLQJ�'2�PHWHU��WKHQ�LW�VWRUHG�LQ�
DQ�LQFXEDWRU�ZLWK�FRQVWDQW�WHPSHUDWXUH������&�
IRU�ILYH�GD\V��'XULQJ�WKH�LQFXEDWLRQ��DOO�VDPSOHV�
ZDV�NHSW� LQ�GDUN�ERWWOHV� WR�DYRLG� VXQ� UHDFWLRQV�
ZLWK� WKH� SKRWRV\QWKHWLF� PLFURRUJDQLVPV� WKDW�
SRVVLEO\�DGG�R[\JHQ�FRQFHQWUDWLRQ�WR�WKH�VDPSOH��
7KH�JHQHUDO�HTXDWLRQ�RI �%2' �IURP�LQLWLDO�'2��

�'���DQG�ILQDO�'2��'���LV�

ZKHUH
' � �LQLWLDO�'2�RI �WKH�VDPSOH����

'  �ILQDO�'2�RI �WKH�VDPSOH�DIWHU���GD\V��DQG��

3�  �GHFLPDO�YROXPHWULF�IUDFWLRQ�RI �VDPSOH�XVHG�

� 7KH�%2' UHVXOWV�ZHUH�WKHQ�FRPSDUHG�WR�WKH���

FDWHJRUL]DWLRQ� RI � ZDWHU� SROOXWLRQ� OHYHO� E\�
:LURVDUMRQR��������LQ�6DOPLQ���������7DEOH����

7DEOH�� :DWHU�SROOXWLRQ�OHYHO�EDVHG�RQ�%2'�YDOXH��

� �6SDWLDO�GLVWULEXWLRQ�RI �WKH�%2' �YDOXHV�LQ�WKH�
FRDVWDO�ZDWHU�RI �6XZXQJ�HVWXDU\�DUH�GLVSOD\HG�LQ�
WKUHH�FRQGLWLRQV��QDPHO\�WKH�FRQGLWLRQV�RI �HEE�WR�
KLJK�WLGH��KLJK�WLGH�WR�HEE�DQG�WKH�DYHUDJH�RI �ERWK�
WKH�WLGHV��7KH�PHWKRG�XVHG�LQ�PDSSLQJ�WKH�VSDWLDO�
GLVWULEXWLRQ� ZDV� ,QYHUVH� 'LVWDQFH� :HLJKWHG�
�,':��� 7KLV� PHWKRG� ZDV� SURFHVVHG� LQ� 4*,6�
VRIWZDUH� �YHUVLRQ� �������� 7KH� DUHD� RI � 6XZXQJ�
HVWXDU\� LV� GLYLGHG� LQWR� WZR� SDUWV� FDOOHG� WKH�
6RXWKHUQ�SDUW�RI �WKH�HVWXDU\��SRLQW���XQWLO�����DQG�
WKH�1RUWKHDVWHUQ�SDUW�RI � WKH� HVWXDU\� �SRLQW� ���
XQWLO������,Q�WKH�ZDWHU�WKDW�LV�SDUW�RI �WKH�*XOI �RI �
%HQRD� WKHUH� DUH� WZR�*XOI �PRXWKV�� QDPHO\� WKH�
PRXWK�RI �WKH�JXOI �,��LQ�WKH�1RUWKHDVWHUQ�SDUW�RI �
HVWXDU\�� DQG� WKH� PRXWK� RI � WKH� JXOI � ,,� �LQ� WKH�
6RXWKHUQ�SDUW�RI �HVWXDU\���7KH�GLVWULEXWLRQ�RI �WKH�
%2' �YDOXHV�LV�LQGLFDWHG�E\�WKH�GLIIHUHQFH�LQ�WKH��

WKLFNQHVV� RI � WKH� FRORU�� ZKHUH� WKLFNHU� FRORUV�
HTXDWHV�WR�KLJKHU�YDOXHV�RI �%2' ��7KH�FRORU�OHYHO��

LV� GHWHUPLQHG� EDVHG� RQ� UDQJH� YDOXH� RI � %2' ��
REWDLQHG�� %DVHG� RQ� WKH� %2' � YDOXH�� WKH��

FDWHJRULHV� LQ� WKLV� UHVHDUFK�ZHUH�PDGH� IURP� WKH�
ORZHVW�H[WHQVLRQV�WR�WKH�KLJKHVW��YHU\�ORZ��������

���

%,27523,$�9RO�����1R���������
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RI �WKH�RUJDQLF�PDWHULDOV�DUH�GRQDWHG�E\�WKH�ULYHUV�
LQSXW��DQG�WKHLU�FRQFHQWUDWLRQ�ZLOO�EH�KLJK�LQ�HEE�
FRQGLWLRQ�
� ,Q�DYHUDJH�� WKH�VSDWLDO�GLVWULEXWLRQ�RI �%2' ��
YDOXHV�LQ�-DQXDU\������LQ�6XZXQJ�HVWXDU\�WHQGHG�
WR�EH�KLJK��7KHVH�UHVXOWV�ZHUH�GLIIHUHQW�ZLWK�WKH�
DYHUDJH�RI �%2' �YDOXHV�LQ�)HEUXDU\������ZKLFK��

WKH�GLVWULEXWLRQ�RI �%2' �YDOXHV�ZHUH�PRGHUDWH�LQ��

WKH� 1RUWKHDVWHUQ� DQG� 6RXWKHUQ� SDUW� RI � WKH�
HVWXDU\�� 7KLV� PRGHUDWH� YDOXH� ZHUH� DOVR� VHHQ�
DURXQG�WKH�PRXWK�RI �WKH�ULYHU��FDJH�DTXDFXOWXUH��
6XZXQJ� ODQGILOO� DUHDV� DQG� %HQRD� KDUERXU��
$FFRUGLQJ� WR�/LKDZD� �������� WKH�PRYHPHQW�RI �
VHD�ZDWHU�FDXVHV�WKH�GLOXWLRQ�WKDW�PD\�EH�UHGXFLQJ�
WKH�GLVWULEXWLRQ�DQG�FRQFHQWUDWLRQ�RI �SROOXWDQWV�
ZKLFK�DUH�IROORZHG�IDU�DZD\�WR�WKH�VHD�PRYHPHQW�
� %2' �YDOXH�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�OHYHO��

RI � FRQWDPLQDWLRQ� LQ� D� ERG\� RI � ZDWHU�
�&DK\DQLQJVLK�DQG�+DUVR\R��������6DOPLQ���������
+LJK� FRQFHQWUDWLRQ� RI � %2' FDQ� FDXVH� WKH���

DQDHURE�FRQGLWLRQ��DQG�LW�ZLOO�EH�DIIHFWLQJ�WKH�OLIH�
RI �ILVK�DQG�RWKHU�RUJDQLVPV��0RFXED���������7KH�
FDWHJRU\� RI � ZDWHU� SROOXWLRQ� OHYHO� UHIHUV� WR�
:LURVDUMRQR������� �6DOPLQ��������QDPHO\�VOLJKW�LQ
RU� ORZ� SROOXWLRQ� OHYHOV� ��� �� �� PJ�/��� PHGLXP�
SROOXWLRQ� OHYHOV� �!��� �� ��� PJ�/�� DQG� KLJK�
SROOXWLRQ�OHYHOV��!��������PJ�/���7KH�SROOXWLRQ�
OHYHO�LQ�6XZXQJ�HVWXDU\�GLIIHUHG�EHWZHHQ�WKH�WLGH�
FRQGLWLRQV�LQ�HDFK�PRQWK��-DQXDU\�DQG�)HEUXDU\�
������GXULQJ�WKH�UHVHDUFK��%DVHG�RQ�%2' �YDOXHV��

PJ�/��� ORZ� �!�� �� �� PJ�/��� PRGHUDWH� �!�� �� ��
PJ�/���KLJK��!������PJ�/��DQG�YHU\�KLJK��!�������
PJ�/��

5(68/76�$1'�',6&866,21

� 7KH� ZHDWKHU� FRQGLWLRQV� ZKHQ� VDPSOLQJ� LQ�
-DQXDU\������ZDV�VXQQ\�RQ�DOO�WLGH�FRQGLWLRQV��,Q�
)HEUXDU\�������LW�ZDV�UDLQ\�DQG�FORXG\�LQ�DOPRVW�
DOO�RI �WKH�WLGH�FRQGLWLRQV��7KH�%2' �YDOXH�GXULQJ��

WKHVH�WZR�PRQWKV�LQ�6XZXQJ�HVWXDU\�VKRZHG�WKDW�
WKH�HVWXDU\�VWLOO�FODVVLILHG�DV�VOLJKWO\�SROOXWHG��7KH�
LQIOXHQFH� RI � FRQWDPLQDQW� LQSXW� WR� WKH� 6XZXQJ�
HVWXDU\�WHQGHG�WR�EH�LQ�D�ORZ�FRQFHQWUDWLRQ�
� 7KH�GLVWULEXWLRQ�RI �WKH�%2' �GXULQJ�-DQXDU\��

WR� )HEUXDU\� ORRNV� UHODWLYHO\� KLJK� RQ� WKH� FDJH�
DTXDFXOWXUH� DUHD�� ULYHU� PRXWK� DUHD�� 6XZXQJ�
ODQGILOO�DUHD�DQG�%HQRD�KDUERXU��7KLV�FRQGLWLRQ�
ZDV�QRW�VHWWOHG�LQ�RQH�DUHD��EXW�FKDQJHV�ZLWK�WKH�
VXFFHVVLRQ�RI � WKH� WLGHV��7KH� UDQJH�RI �%2' � LQ��

WKHVH�WZR�PRQWKV�ZHUH������WR������GXULQJ�HEE�WR�
KLJK�WLGH�DQG������WR������PJ�/�GXULQJ�KLJK�WLGH�WR�
HEE�� %DVHG� RQ� WLGH� FRQGLWLRQV�� %2' � YDOXH� LQ��

FRQWURO�SRLQW�VKRZHG�D�KLJK�FRQFHQWUDWLRQ�GXULQJ�
FRQGLWLRQ� HEE� WR� KLJK� WLGH� LQ� ERWK� PRQWKV��
+RZHYHU��WKDW�FRQFHQWUDWLRQ�ZDV�VWLOO�ORZHU�WKDQ�
%2' LQ�WKH�LQQHU�6XZXQJ�HVWXDU\��7KLV�FRQGLWLRQ���

LV�DOOHJHGO\�FDXVHG�E\�WKH�LQSXW�RI �RUJDQLF�PDWHULDO�
IURP�WKH�ODQG�DQG�ULYHU�DURXQG�WKH�HVWXDU\��0RVW�

���

:DWHU�3ROOXWLRQ�/HYHOV�LQ�7KH�6XZXQJ�(VWXDU\

)LJXUH���'LVWULEXWLRQ�RI �WZHQW\�VDPSOH�SRLQWV�LQ�6XZXQJ�HVWXDU\�����SRLQWV�ZHUH�LQQHU�RI �HVWXDU\�DQG�D�SRLQW�ZDV�RXWHU�
HVWXDU\�
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)LJXUH���6SDWLDO�GLVWULEXWLRQ�LQ�-DQXDU\�������D��HEE�WR�KLJK�WLGH�DQG��E��KLJK�WLGH�WR�HEE�FRQGLWLRQV



���

:DWHU�3ROOXWLRQ�/HYHOV�LQ�7KH�6XZXQJ�(VWXDU\

)LJXUH���6SDWLDO�GLVWULEXWLRQ�LQ�)HEUXDU\�������D��HEE�WR�KLJK�WLGH�DQG��E��KLJK�WLGH�WR�HEE�FRQGLWLRQV
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)LJXUH����$YHUDJH�RI �VSDWLDO�GLVWULEXWLRQ�LQ��D��-DQXDU\������DQG��E��)HEUXDU\�����



���

LQ� WKHVH� WZR�PRQWKV� VKRZHG� WKDW� WKH�ZDWHUV� LQ�
6XZXQJ� HVWXDU\� ZDV� VOLJKWO\� SROOXWHG�� -DQXDU\�
�����KDG�WKH�PRVW�QXPEHU�RI �SRLQWV�ZLWK�%2' ��
YDOXHV� PRUH� WKDQ� �� PJ�/� LQ� ERWK� RI � WKH� WLGH�
FRQGLWLRQV�� FRPSDUHG� WR� )HEUXDU\� ������ 7KHVH�
KLJK� YDOXHV� ZHUH� EHFDXVH� RI � KRW� ZHDWKHU� LQ�
-DQXDU\� ������ ZKLFK� ZDV� LQFUHDVLQJ� RUJDQLF�
PDWHULDOV� FRQFHQWUDWLRQ� LQ� HVWXDU\� �,VODP� ���HW� DO
�������,Q�DGGLWLRQ��WKH�WUHQG�RI �KLJK�%2' �YDOXHV���

LQ�HDFK�PRQWK�ZDV�PRUH�GRPLQDQW�GXULQJ�HEE�WR�
KLJK�WLGH�FRQGLWLRQ�
� 7LGHV� DQG� UDLQ� ZHUH� VXVSHFWHG� WR� GLOXWH� WKH�
SROOXWDQW�LQ�WKH�ZDWHUV�RI �6XZXQJ�HVWXDU\��GXULQJ�
WKLV� UHVHDUFK��7KLV�FDQ�EH�VHHQ�GXULQJ�KLJK� WLGH�
WR� HEE�� DV� %2' � YDOXHV� WHQGHG� WR� GHFOLQH�� ,W��

PLJKW�EH�FDXVHG�E\�WKH�H[LVWHQFH�RI �WZR�PRXWK�RI �
%HQXD� JXOI � �PRXWK� RI � *XOI � ,� DQG� *XOI � ,,���
7KH� HVWXDU\� DELOLW\� WR� FRSH� ZLWK� WKH� SROOXWLRQ�

GHSHQGV�RQ�LWV�ZDWHUZD\V�ZKHQ�WKH�WLGHV�JR�LQ�DQG�
RXW�DQG�LWV�RSHQ�FKDQQHO�WR�WKH�VHD��5DLQ�VHHPV�WR�
EH�FDSDEOH�RI �GLOXWLQJ�WKH�SROOXWDQW�PDWHULDOV�LQ�
WKH�DUHD�RI �WKH�HVWXDU\��7KH�LQIOXHQFH�RI �WKH�WLGHV�
DQG� UDLQ� LV� YHU\� LPSRUWDQW� LQ� WKH� SURFHVV� RI �
GLOXWLRQ�� GLVSHUVLRQ� DQG� VHOI�SXULILFDWLRQ� RQ�
HVWXDU\�DUHDV��%2' �YDOXHV�ZLOO�EH� ORZHU� LQ� WKH��

UDLQ\�VHDVRQ�WKDQ�WKH�GU\�VHDVRQ��0DLWHUD� �HW�DO��
������
� +RZHYHU��WKRXJK�WKH�SROOXWLRQ�OHYHO�EDVHG�RQ�
%2' �YDOXHV�LQ�-DQXDU\�DQG�)HEUXDU\������ZDV��

VWLOO� FODVVLILHG� DV� VOLJKWO\� FRQWDPLQDWHG�� LW�
SRWHQWLDOO\� LQFUHDVHV� WR� D� PHGLXP� RU� KLJK�
SROOXWLRQ� OHYHO��7KLV�SRVVLELOLW\� LV� UHODWHG� WR� WKH�
H[LVWHQFH�RI �WKH�DFWLYLWLHV�DURXQG�6XZXQJ�HVWXDU\�
�FDJH�DTXDFXOWXUH��ODQGILOO�DUHD��KDUERXU�DQG�WKH�
ULYHU� PRXWK� WKDW� EULQJ� FRQWDPLQDQWV� IURP� WKH�
PDLQODQG��

:DWHU�3ROOXWLRQ�/HYHOV�LQ�7KH�6XZXQJ�(VWXDU\

)LJXUH���:DWHU�SROOXWLRQ�OHYHO�LQ�6XZXQJ�HVWXDU\�LQ��D��-DQXDU\������DQG��E��)HEUXDU\�����



���
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� %DVHG� RQ� %2' � DQDO\VLV�� SROOXWLRQ� OHYHO� LQ��

6XZXQJ�(VWXDU\�GXULQJ�-DQXDU\�WR�)HEUXDU\������
ZDV�FODVVLILHG�DV�VOLJKWO\�FRQWDPLQDWHG��7KH�%2'��

ZDV� UHODWLYHO\� KLJK� DURXQG� WKH� FDJH� DTXDFXOWXUH�
DUHD��PRXWK�ULYHU��ODQGILOO�DUHD�DQG�%HQRD�KDUERXU�
LQ� ERWK� WKH� WLGHV� FRQGLWLRQ�� 5DLQ� YLVLEO\� DV� WKH�
IDFWRUV� WKDW� DIIHFWHG� WKH� ORZHVW�%2' �YDOXHV� LQ��

)HEUXDU\�������ZKHUH�WKH�DYHUDJH�RI �%2' �YDOXH��

ZDV�GHFOLQHG�LQ�DOO�WLGHV�FRQGLWLRQ�

$&.12:/('*(0(176

� 7KH� DXWKRUV� LPPHQVHO\� WKDQN� WKH� WHDP� IRU�
WKHLU� NLQG� DQG� YDOXHG� KHOS� GXULQJ� WKH� ILHOG�
VDPSOLQJ�DQG�DQDO\VLV�SURFHVVHV��:H�DOVR�WKDQN�WKH�
ILVKHULHV�DQG�FRPSXWDWLRQ�ODERUDWRU\�RI �)DFXOW\�
RI �0DULQH�DQG�)LVKHULHV�RI �8GD\DQD�8QLYHUVLW\�
IRU� VXSSRUWLQJ� %2'� DQDO\VLV� HTXLSPHQWV� DQG�
VRIWZDUH�IRU�VSDWLDO�GLVWULEXWLRQ�LQ�WKLV�UHVHDUFK�

5()(5(1&(6

&DK\DQLQJVLK� $� DQG�+DUVR\R� %�� ������ 'LVWULEXVL� 6SDVLDO�
7LQJNDW� 3HQFHPDUDQ�$LU�'L�'$6�&LWDUXP�� -XUQDO�
6DLQV�	�7HNQRORJL�0RGLILNDVL�&XDFD������������

'HO]HU� *&�� 0F.HQ]LH� 6:�� ������ )LYH�'D\� %LRFKHPLFDO�
2[\JHQ�'HPDQG��,Q��'1�0\HUV��)'�:LOGH��HGLWRUV��
WUDQVODWRU�DQG�HGLWRU�1DWLRQDO�)LHOG�0DQXDO�IRU�WKH�
&ROOHFWLRQ� RI � :DWHU�4XDOLW\� 'DWD�� 9RO�� �����
7HFKQLTXHV� RI � :DWHU�5HVRXUFHV� ,QYHVWLJDWLRQV�
5HSRUWV��8�6��*HRORJLFDO�6XUYH\��S������������

+HQGUDZDQ�,*��$VDL�.��������1XPHULFDO�6WXG\�2Q�7LGDO�
&XUUHQWV� 'DQ� 6HDZDWHU� ([FKDQJH� ,Q� 7KH� %HQRD��
%D\��%DOL�,QGRQHVLD�� ������������$FWD�2FHDQRO

+HQ]H� 0�� <YHV� &�� ������ 3DUW� 7KUHH�� :DVWHZDWHU�
&KDUDFWHUL]DWLRQ�� ,Q�� +HQ]H�� 0�� �(G���� %LRORJLFDO�
:DVWHZDWHU� 7UHDWPHQW�� 3ULQFLSOHV� 0RGHOOLQJ� DQG�
'HVLJQ�� /RQGRQ�� 8QLWHG� .LQJGRP�� ,:$�
3XEOLVKLQJ��S��������

,VODP�06��8GGLQ�0.��7DUHT�60��6KDPPL�0��.DPDO�$.,��
6XJDQR�7��.XUDVDNL�0��6DLWR�7��7DQDND�6��.XUDPLW]�
+��������$OWHUDWLRQ�RI �:DWHU�3ROOXWLRQ�/HYHO�ZLWK�
WKH�6HDVRQDO�&KDQJHV�LQ�0HDQ�'DLO\�'LVFKDUJH�LQ�
7KUHH�0DLQ�5LYHUV�DURXQG�'KDND�&LW\��%DQJODGHVK��
(QYLURQPHQW�������������

/LKDZD�)��������3HPEXDQJDQ�/LPEDK�&DLU�3/78�0RORWDEX�
�� [� ��� 0:� .H� /DXW� 2OHK� 37�� 7HQDJD� /LVWULN�
*RURQWDOR��*RURQWDOR�8QLYHUVLW\��*RURQWDOR�

0DLWHUD� 21�� 2JXJEXDMD� 92�� %DUPLQDV� -7�� ������ $Q�
$VVHVPHQW� 2I � 7KH� 2UJDQLF� 3ROOXWLRQ� ,QGLFDWRU�
/HYHOV�2I �5LYHU�%HQXH�,Q�$GDPDZD�6WDWH��1LJHULD��
-RXUQDO� 2I � (QYLURQWPHQWDO� &KHPLVWU\� GDQ�
(FRWR[LFRORJ\���������������

0RFXED�--��������'LVVROYHG�2[\JHQ�GDQ�%LRORJLFDO�2[\JHQ�
'HPDQG� ,Q�7KH�:DWHU�&ORVH�7R�7KH�4XHOLPDQH�
6HZDJH� 'LVFKDUJH�� 7KHVLV�� *HRSK\VLFDO� ,QVWLWXWH��
8QLYHUVLW\�RI �%HUJHQ��1RUZD\�

1DWLRQDO� 2FHDQLF� $QG� $WPRVSKHULF� $GPLQLVWUDWLRQ�
>12$$@� ������ (VWXDULHV�� >RQOLQH@� $YDLODEOH� DW��
KWWSV���RFHDQVHUYLFH�QRDD�JRY�HGXFDWLRQ�WXWRULDO
BHVWXDULHV�ZHOFRPH�KWPO�>$FFHVVHG����-XQH�����@

2KUHO� 5/�� 5HJLVWHU� .0�� ������ 9ROXQWHHU� (VWXDU\�
0RQLWRULQJ� $� 0HWKRGV� 0DQXDO� � � (GLWLRQ�� 86��

QG

(3$

6DOPLQ�� ������ 2NVLJHQ� 7HUODUXW� �'2�� GDQ� .HEXWXKDQ�
2NVLJHQ� %LRORJL� �%2'�� 6HEDJDL� 6DODK� 6DWX�
,QGLNDWRU� 8QWXN� 0HQHQWXNDQ� .XDOLWDV� 3HUDLUDQ��
2VHDQD���������������

6DUL�1:9�� ������ 3HQJRODDQ� 6DPSDK� GL�.DZDVDQ�+XWDQ�
0DQJURYH� 6XZXQJ� 7HOXN� %HQRD� 6HEDJDL� 8SD\D�
.HEHUVLKDQ� /LQJNXQJDQ� GDQ� 3HQJHPEDQJDQ�
(NRZLVDWD�0DQJURYH��7HVLV��3URJUDP�6WXGL�0DJLVWHU�
/LQJNXQJDQ��8QLYHUVLWDV�'LSRQHJRUR��6HPDUDQJ�

6KHOGRQ�-(�DQG�$OEHU�0��������5HFRPPHQGHG�,QGLFDWRUV�
2I � (VWXDULQH� :DWHU� 4XDOLW\� )RU� *HRUJLD��
3URFHHGLQJ� RI � 7KH� ����� *HRUJLD� :DWHU�
&RQIHUHQFH��8QLYHUVLW\�RI �*HRUJLD�
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