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5HFHLYHG����$SULO��������$FFHSWHG����$XJXVW�����

$%675$&7

� $Q�DOWHUQDWLYH� VXEWLWXWLRQ�RI �SROODUG�DV�DQ� LPSRUWHG� IHHG� LQJUHGLHQW� LV� D�QHFFHVLW\� DQG�RQH�RI � WKH�SRWHQWLDO�
LQJUHGLHQWV�LV�ZDWHU�K\DFLQWK��(LFKKRUQLD�FUDVVLSHV���7KLV�VWXG\�ZDV�FRQGXFWHG�WR�HYDOXDWH�JURZWK�SHUIRUPDQFH�DQG�
HQ]\PH�DFWLYLW\�LQ�FDWILVK��3DQJDVLDQRGRQ�K\SRSKWKDOPXV���'LHW�ZLWK�ILYH�GLIIHUHQW�OHYHOV�RI �ZDWHU�K\DFLQWK�VXEWLWXWH�RI�
SROODUG���������������������DQG�������ZHUH�IHG�WR�FDWILVK�IRU����GD\V��6HYHQW\������FDWILVK�IU\�ZLWK�DYHUDJH�LQLWLDO�
ERG\�ZHLJKW�RI �����������J�ZHUH�PDLQWDLQHG�LQ����FP�[���FP�[���FP�DTXDULD��)LVK�IHG�DW�VDWLDWLRQ�OHYHO�WKUHH�WLPHV�
GDLO\�DW���DP�����SP��DQG���SP��:LWK�GLHWDU\�RI �����ZDWHU�K\DFLQWK��JURZWK�SHUIRUPDQFH�DQG�SURWHDVH�DFWLYLW\�VLPLODU�
WR����WUHDWPHQW��)HHG�LQWDNH��SURWHLQ�GLJHVWLELOLW\��IHHG�HIILFLHQF\��SURWHLQ�HIILFLHQF\�UDWLR��DQG�SURWHDVH�DQG�DP\ODVH�
HQ]\PH�DFWLYLWLHV�GHFUHDVHG��S�������LQ�WKRVH�IHG�ZLWK�PRUH�WKDQ�����ZDWHU�K\DFLQWK��&DWILVK�IHG�����ZDWHU�K\DFLQWK�
VKRZHG�VLJQLILFDQWO\��S�������KLJKHU�GDLO\�JURZWK�UDWH��IHHG�HIILFLHQF\�DQG�SURWHLQ�GLJHVWLELOLW\�WKDQ�WKRVH�ZLWK�RWKHU�
WUHDWPHQWV��%DVHG�RQ�WKH�JURZWK�SHUIRUPDQFH�DQG�HQ]\PH�DFWLYLW\��ZH�FDQ�FRQFOXGH�WKDW�WKH�RSWLPXP�GLHWDU\�OHYHO�RI �
ZDWHU�K\DFLQWK�VXEWLWXWH�SROODUG�IRU�IU\�FDWILVK�LV������

� .H\ZRUGV��FDWILVK��JURZWK�SHUIRUPDQFH��SROODUG��ZDWHU�K\DFLQWK
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)HHG� LV� WKH� PDLQ� FRPSRQHQW� WR� PHHW� WKH�
HQHUJ\� QHHGV� RI � WKH� ILVK�� � KDV� D� KLJK�3ROODUG
GLJHVWLELOLW\� DQG� ELRDYDLODELOLW\� DV� FDUERK\GUDWH�
VRXUFH�LQ�ILVK�IHHG��6XSUD\XGL�HW�DO���������0XQLU�HW�
DO�� ����� � ROODUG� FRQWDLQ �� � UHSRUW� WKDW S V �������
1)(�� OLSLG�������SURWHLQ�������� ��������FUXGH�
ILEUH�� DQG� ������ DVK RZHYHU��� K DQ� DOWHUQDWLYH�
VXEWLWXWLRQ� RI � SROODUG� DV� DQ� LPSRUWHG� IHHG�
LQJUHGLHQW�LV�D�QHFFHVLW\��5HVHDUFK�RQ�WKH�XVH�RI �
LQJUHGLHQWV� RI � ILVK� IHHG� KDV� EHHQ� GRQH 8OYD���
ODFWXFD +DYHD� EUDVLOLHQVLV OHPQD�� VLQJJOH� FHOO� SURWHLQ��� ��
� HW�DO�0DKDVX�������,QDUD�������%DJ� �������8WRPR�
HW�DO ���7KH�UHVHDUFK�DPRQJ�RWKHUV��IRFXVHG�������
RQ� WKH� HIIRUWV� RI � XVLQJ� ORFDO� LQJUHGLHQWV� DQG�
FUHDWLQJ� HIILFLHQF\� RI � IHHG� FRVW�� 2QH� RI � WKH�
SRWHQWLDO�LQJUHGLHQWV�WR�VXEVWLWXWH�SROODUG�LQ�ILVK�
IHHG�LV�ZDWHU�K\DFLQWK��(LFKKRUQLD�FUDVVLSHV���:DWHU�
K\DFLQWK� KDV� ORZHU� FRVW� WKDQ� SROODUG�� ZDWHU�

K\DFLQWK� FRVW� 5S �����NJ� ZKLOH� SROODUG� FRVW���
�� V ZLWK EDVH�RQ�WKH5S �����NJ�DQG�FKDQJH � �WLPH� �

'ROODU�UDWH�
:DWHU� K\DFLQWK� LV� D� 6RXWK� $PHULFDQ� QDWLYH�

SODQW�WKDW�KDV�VSUHDG�WR�PRUH�WKDQ����FRXQWULHV��
LQFOXGLQJ� ,QGRQHVLD�� :DWHU� K\DFLQWK� LV� RQH� RI �
WKH� DTXDWLF� SODQWV� WKDW� JURZ� LQ� DEXQGDQFH� LQ�
ULYHUV�� ULFH� ILHOGV�� DQG� ODNHV� RU� GDPV�� ,WV�
FKDUDFWHULVWLFV� LQFOXGH� UDSLG� JURZWK� DQG� WKH�
DELOLW\� WR� FRPSHWH� ZLWK� RWKHU� DTXDWLF� SODQWV�
�6KX� HW� DO�� �������:DWHU� K\DFLQWK� FDQ� FRYHU� WKH�
VXUIDFH� RI � ZDWHU� ERGLHV�� WKHUHE\� UHGXFLQJ� WKH�
DPRXQW�RI �VXQOLJKW�DQG�DLU�SHQHWUDWLQJ�LQWR�WKH�
ZDWHU��,Q�DGGLWLRQ��WKH�SODQW�FDQ�FDXVH�VKDOORZLQJ�
DQG� LQFUHDVH� HYDSRUDWLRQ� GXH� WR� HYDSR�
WUDQVSLUDWLRQ�� ,Q� D� GHQVH� SRSXODWLRQ�� ZDWHU�
K\DFLQWK� FDQ� LPSHGH� ZDWHU� IORZ� DQG� EORFN�
LUULJDWLRQ� FKDQQHOV� �6RWROX� 	� 6XOH� �������
7KHUHIRUH�� WKH� SUHVHQFH� RI � ZDWHU� K\DFLQWK� LQ�
ZDWHU�ERGLHV�LV�PRUH�RIWHQ�UHJDUGHG�DV�KDUPIXO�
ZHHGV� WKDW� FDQ� QHJDWLYHO\� LPSDFW� WKH� DTXDWLF�
HFRV\VWHP��7HOOH]�HW�DO���������&RUUHVSRQGLQJ�DXWKRU��GHZL\XQ��#JPDLO�FRP
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,Q� SUHYLRXV� VWXG\�� ZDWHU� K\DFLQWK� KDV� EHHQ�
XVHG�DV�ILVK�IHHG�LQ�WLODSLD��.KDOLO�HW�DO��������%DJ�HW�
DO��������+RQWLYHURV�HW�DO��������0XFKWDURPDK�HW�DO��
�������&\SULQXV� FDUSLR� �0RKDSDWUD� �������&ODULDV�
JDULHSLQXV� �6RWROX�	�6XOH�������� DQG�/DEHR� URKLWD�
�6DKD�	�5D\� ������� 7KH� XVH� RI �ZDWHU� K\DFLQWK�
IORXU� DV� D� VXEVWLWXWH� RI � ILVK� PHDO� IRU� &ODULDV�
JDULHSLQXV�IHHG�IRU��������DQG��������VKRZHG�D�
ORZHU� GLJHVWLELOLW\� UDWH� �6RWROX� 	� 6XOH� �������
+RZHYHU��DFFRUGLQJ�WR�6RWROX�DQG�6XOH���������LW�LV�
VWLOO�SRVVLEOH�WR�XVH�WKH�SODQW�IRU�ILVK�IHHG��+HQFH��
ZDWHU�K\DFLQWK�ZDV�FKRVHQ�WR�EH�WKH�UDZ�PDWHULDO�
RI � ILVK� IHHG� LQ� WKLV� UHVHDUFK�� )XUWKHUPRUH��
FKHPLFDO�DQDO\VLV�RI �ZDWHU�K\DFLQWK�VKRZV�WKDW�WKH�
SODQW�FRQWDLQV�QXWULHQWV�VLPLODU�WR�WKDW�RI �SROODUG��
�������1)(���������SURWHLQ��������OLSLG�ZLWK�
GLJHVWLELOLW\�RI �ZDWHU�K\DFLQWK�OHDYHV�UHDFKLQJ�XS�
WR�������&KDQJ�HW�DO��������+RQWLYHURV�	�6HUUDQR�
������
7KH� XWLOL]DWLRQ� RI � QXWULHQWV� LQ� ILVK� IHHG� LV�

FORVHO\�OLQNHG�WR�HQ]\PH�DFWLYLW\�LQ�ILVK��7KH�XVH�
RI �GLIIHUHQW�IHHGV�LQ�ILVK�FDQ�DIIHFW�WKHLU�HQ]\PH�
DFWLYLWLHV��0DU]XTL� ������� UHYHDOHG� WKDW�PLONILVK�
JLYHQ� GLIIHUHQW� FRQWHQWV� RI � FDUERK\GUDWHV�
H[SHULHQFH�GLIIHUHQW�DP\ODVH�HQ]\PH�DFWLYLWLHV�LQ�
OLQH�ZLWK�WKH�LQFUHDVLQJ�FRQWHQWV�RI �FDUERK\GUDWHV�
LQ�WKH�IHHG��$FFRUGLQJ�WR�7LELQ�HW�DO���������WKH�XVH�
RI � ZDWHU� K\DFLQWK� LQGLFDWHG� D� GHFUHDVH� LQ� IHHG�
XWLOL]DWLRQ� LQ� WLODSLD� ILVK�� 7KHUH� LV� VWLOO� JDS� LQ�
NQRZOHGJH�DERXW�WKH�XVH�RI �ZDWHU�K\DFLQWK�DV�D�
VRXUFH�RI �SODQW�PDWHULDO�LQ�FDWILVK�IHHG��7KXV��WKH�
SUHVHQW�UHVHDUFK�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�

XVH�RI �ZDWHU�K\DFLQWK�IORXU�LQ�ILVK�IHHG�DV�D�VRXUFH�
RI �FDUERK\GUDWH�LQ�WKH�JURZWK�SHUIRUPDQFH�DQG�
HQ]\PH� DFWLYLW\� RI � FDWILVK� 3DQJDVLDQRGRQ�
K\SRSKWKDOPXV�� DQ� LPSRUWDQW� IDUPHG� ILVK� LQ�
6RXWKHDVW�$VLD�

0$7(5,$/6�$1'�0(7+2'6

:DWHU�+\DFLQWK�)ORXU

� 7KH� ZDWHU� K\DFLQWK� IORXU�PDGH� IURP� OHDYHV�
DQG�VWHPV�XVHG�LQ�WKLV�UHVHDUFK�ZDV�WDNHQ�IURP�WKH�
6XNDEXPL� &HQWUH� IRU� )UHVKZDWHU� $TXDFXOWXUH��
7KH� ZDWHU� K\DFLQWK� ZDV� ILUVW� FOHDQHG� DQG� WKHQ�

�
GULHG� LQ�RYHQ�DW���� &� IRU����KRXUV��7KH�GULHG�
ZDWHU� K\DFLQWK� ZDV� WKHQ� JULQGHG� LQWR� IORXU��
%HIRUH�EHLQJ�XVHG�DV�WKH�LQJUHGLHQW�IRU�WKH�IHHG��D�
WHVW� RI � KHDY\�PHWDO� FRQWHQW� ZDV� FRQGXFWHG� WR�
GHWHUPLQH� WKH� SUHVHQFH�RI � OHDG� �3E��� FDGPLXP�
�&G��DQG�PHUFXU\��+J���7KH�KHDY\�PHWDO�FRQWHQW�
DQDO\VLV�ZDV�GRQH�XVLQJ�WKH�$WRPLF�$EVRUSWLRQ�
6SHFWURSKRWRPHWU\�PHWKRG��$3+$��������7KH�
WHVW�UHVXOWV�VKRZHG�WKDW�QR�KHDY\�PHWDO�FRQWHQWV�
RI �OHDG��FDGPLXP��DQG�PHUFXU\�ZHUH�GHWHFWHG�LQ�
WKH�ZDWHU�K\DFLQWK�IORXU�

([SHULPHQWDO�'LHWV

� GLHW� FRQWDLQLQJ�7KH� ILYH� GLIIHUHQW� OHYHOV� RI �
ZDWHU�K\DFLQWK������������������� �������DQG�
DV� SROODUG� VXEVWLWXWH�� 7KH� SUHPL[� XVHG� ZHUH�
FRPPHUFLDO�SURGXFW�FDOOHG�/DJDQWRU�IURP�.DOEH��

�
1RWH�� 1LWURJHQ�)UHH�([WUDFW
� �

*URVV�(QHUJ\����J�SURWHLQ� �����NFDO����J�OLSLG� �����NFDO����J�1)(� �����NFDO��7DNHXFKL�������

���
7DEOH���&RPSRVLWLRQ�DQG�QXWULHQWV�FRQWDLQHG�RI �WKH�H[SHULPHQWDO�GLHWV����NJ GU\�PDWWHU�

���

:DWHU�K\DFLQWK�EDVHG�GLHW�IRU�3DQJDVLDQRGRQ�K\SRSKWKDOPXV�²�<XQLDWL�HW�DO�



:HEVWHU� DQG� /LP� �������� SURWHLQ� DQG� OLSLG�
UHWHQWLRQ� ZHUH� FDOFXODWHG� EDVHG� RQ� 7DNHXFKL�
��������$IWHU�WKH�ILQDO�ZHLJKLQJ��WKUHH�SLHFHV�RI �
ILVK�ZHUH�UDQGRPO\�WDNHQ�IURP�HDFK�DTXDULD�IRU�D�
SUR[LPDWH� DQDO\VLV�� :DWHU� FRQWHQW� DQDO\VLV� ZDV�
GRQH� E\� GU\LQJ� WKH� VDPSOH� LQ� DQ� RYHQ� DW� WKH�
WHPSHUDWXUH�RI ���� ��� &�IRU���KRXUV��DQDO\VLV�

�
²

RI � FUXGH� ILEUH� ZDV� FDUULHG� RXW� ZLWK� GLVVROYLQJ�
PHWKRG�XVLQJ�VWURQJ�DFLGV�DQG�EDVHV�DQG�KHDWLQJ��
SURWHLQ� DQDO\VLV� ZLWK� .MHOGDKO� PHWKRG�� OLSLG�
DQDO\VLV�RI �GULHG�VDPSOHV�ZLWK�6R[KOHW�PHWKRG��
OLSLG�DQDO\VLV�RI �ZHW�VDPSOHV�ZLWK�)ROFK�PHWKRG��
DQG�DVK�FRQWHQW�DQDO\VLV�E\�KHDWLQJ�VDPSOH�LQ�D�
IXUQDFH�DW���� &��7DNHXFKL�������

�

(Q]\PH�$FWLYLW\�$QDO\VLV

� 7KH�HQ]\PH�DFWLYLWLHV�DQDO\VHG�LQFOXGHG�WKRVH�
RI �DP\ODVH��SURWHDVH��DQG�FHOOXODVH��7KH�HQ]\PH�
DFWLYLWLHV� ZHUH� REVHUYHG� DW� WKH� HQG� RI � WKH�
H[SHULPHQW�� $P\ODVH� HQ]\PH� DFWLYLW\� ZDV�
PHDVXUHG�E\�WKH�PHWKRG�RI�:RUWKLQJWRQ���������
&HOOXODVH� HQ]\PH� DFWLYLW\� ZDV�PHDVXUHG� E\� WKH�
PHWKRG� RI� .DGHU� DQG� 2PDU� �������� 3URWHDVH�
HQ]\PH�DFWLYLW\�ZDV�PHDVXUHG�XVLQJ�%UDGIRUG
V�
PHWKRG��%UDGIRUG�������

'LJHVWLELOLW\�7HVW�

� 7KH� HIIHFW� RI � ZDWHU� K\DFLQWK� XVHG� LQ� IHHG�
GLJHVWLELOLW\� ZDV� PHDVXUHG� XVLQJ� WKH� LQGLUHFW�
PHWKRG�E\�DGGLQJ�FKURPLXP�R[LGH�&U 2 DV�DQ�� ��

LQGLFDWRU� LQ� WKH� IHHG�� 'LJHVWLELOLW\� WHVW� ZDV�
FRQGXFWHG�DIWHU�JURZWK�SHUIRUPDQFH�WHVWV�XVLQJ�
WKH�VDPH�ILVK��7KH�ILVK�ZHUH�IHG�WKUHH�WLPHV�D�GD\�
DW�VDWLDWLRQ�DW���DP����SP��DQG���SP��)DHFDO�ZDVWHV�
ZHUH�ILUVW�WR�EH�FROOHFWHG�RQ�WKH�IRXUWK�GD\�DIWHU�
JLYLQJ�WKH�IHHG�FRQWDLQLQJ�&U 2 ��7KH�IDHFHV�ZHUH�� �

FROOHFWHG����PLQXWHV�DIWHU�IHHGLQJ��7KH�FROOHFWHG�
IDHFHV�IURP�HDFK�DTXDULD�ZHUH�VWRUHG�LQ�D�IUHH]HU��
7KH�FROOHFWLRQ�RI �WKH�IDHFHV�ZDV�GRQH�IRU����GD\V��
2QFH�FROOHFWHG��WKH�IDHFHV�ZHUH�GULHG�LQ�WKH�RYHQ�

�
DW� ��� &� IRU�����KRXUV��7KH� IDHFHV� VDPSOH�ZDV�
DQDO\VHG�IRU�LWV�&U 2 �DQG�SURWHLQ�FRQWHQWV��7KH�� �

WRWDO� GLJHVWLELOLW\� YDOXH� DQG� SURWHLQ� GLJHVWLELOLW\�
ZHUH� FDOFXODWHG� XVLQJ� IRUPXOD� RI � 7DNHXFKL�
�������

7KH�LQJUHGLHQWV�XVHG�ZHUH�ZHLJKHG�DFFRUGLQJ�WR�
WKHLU�FRPSRVLWLRQ�DQG�PL[HG� ��LQ�D�PL[LQJ�PDFKLQH
$IWHU�JHWWLQJ�HYHQO\�PL[HG��WKH�IHHG�ZDV�PRXOGHG�
DQG�KHDWHG�LQ�WKH�RYHQ�DW��� &�IRU� � KRXUV��7KH�

�
� �

FRPSRVLWLRQ� RI � WKH� IHHG� DQG� WKH� QXWULHQWV�
FRQWDLQHG�LQ�LW�DUH�SUHVHQWHG�LQ�7DEOH���

)LVK�5HDULQJ

� 7KH� FDWILVK� 3DQJDVLDQRGRQ� K\SRSWKDOPXV� XVHG�
RULJLQDWHG� IURP� &LEDQWHQJ�� %RJRU�� ,QGRQHVLD��
7KH� ILVK� ZHUH� PDLQWDLQHG� LQ� WKH� $TXDWLF�
/DERUDWRU\� RI � WKH� 6RXWKHDVW� $VLDQ� 5HJLRQDO�
&HQWUH� IRU� 7URSLFDO� %LRORJ\� �6($0(2�
%,27523���7KH\�ZHUH�UHDUHG�LQ����FP�[���FP�[�
��FP� DTXDULD�� 7KH� DTXDULD� ZHUH� FOHDQHG� DQG�
GLVLQIHFWHG� XVLQJ� ��� SSP� FKORULQH� EHIRUH� XVH��
(DFK�RI �WKH�DTXDULD�ZDV�ILOOHG�ZLWK����/�RI �ZDWHU��
)LVK�DFFOLPDWL]DWLRQ�ZDV�GRQH�LQ�WZR�ZHHNV�EHIRUH�
WKH�UHDULQJ�SHULRG��'XULQJ�WKH�DFFOLPDWL]DWLRQ��WKH�
ILVK�ZHUH�IHG�ZLWK�����WUHDWPHQW�IHHG�DW�VDWLDWLRQ�
OHYHO��$IWHU�DFFOLPDWL]DWLRQ��WKH�ILVK�ZHUH�ZHLJKHG��
DQG�WKH�DYHUDJH�ZHLJKW�ZDV�����������J��7KH�ILVK�
ZHUH� WKHQ� SODFHG� UDQGRPO\� LQWR� WKH� ��� DTXDULD�
ZLWK�D�VWRFNLQJ�GHQVLW\�RI ����ILVKHV�DTXDULD�
� 7KH�UHDULQJ�RI �WKH�ILVK�ZDV�GRQH�IRU����GD\V��
)HHGLQJ�ZDV�GRQH�DW�VDWLDWLRQ�IRU�WKUHH�WLPHV�GDLO\�
DW� �� DP�� ��� SP�� DQG� �� SP�� 7KH� JURZWK� ZDV�
PHDVXUHG�E\�VDPSOLQJ�HYHU\�ILIWHHQ�GD\V��(YHU\�
WKUHH� GD\V� ���� RI � WKH� ZDWHU� ZDV� UHSODFHG� WR�
PDLQWDLQ� WKH� TXDOLW\� RI � WKH� ZDWHU� GXULQJ� WKH�
UHDULQJ��(DFK�DTXDULD�ZDV�HTXLSSHG�ZLWK�DHUDWLRQ�

�
DQG�KHDWHU�UHJXODWHG�DW��� &��7KH�WHPSHUDWXUH�RI �
WKH� ZDWHU� ZDV� PHDVXUHG� GDLO\�� ZKLOH� WKH� ZDWHU�
TXDOLW\� ZDV� PHDVXUHG� WKUHH� WLPHV� GXULQJ� WKH�
IDUPLQJ� SURFHVV�� ZLWK� SDUDPHWHUV� LQFOXGLQJ�
GLVVROYHG�R[\JHQ��S+��DQG�DPPRQLD��7KH�ZDWHU�
TXDOLW\�GXULQJ�IDUPLQJ�ZDV�DW�WKH�RSWLPXP�UDQJH�
IRU� FDWILVK�� ZLWK� D� WHPSHUDWXUH� UDQJLQJ� IURP�

� ��
��²�� &��GLVVROYHG�R[\JHQ�RI ����²����PJ�/ ��S+�

��
���²����DQG�DPPRQLD�������²�����PJ�/ �
� $W� WKH� HQG� RI � WKH� UHDULQJ� SHULRG�� WKH� ILVK�
ELRPDVV�LQ�HDFK�RI �WKH�DTXDULD�ZDV�PHDVXUHG��7KH�
SDUDPHWHUV�RI �VXUYLYDO�UDWH��WKH�DPRXQW�RI �IHHG�
LQWDNH��IHHG�HIILFLHQF\��DQG�GDLO\�JURZWK�UDWH�ZHUH�
FDOFXODWHG� EDVHG� RQ� +DOYHU� DQG� +DUG\� ��������
SURWHLQ�HIILFLHQF\� UDWLR�ZDV� FDOFXODWHG�EDVHG�RQ�

���
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6WDWLVWLFDO�$QDO\VLV

� 7KH�GHVLJQ�HPSOR\HG�LQ�WKLV�UHVHDUFK�ZDV�WKH�
FRPSOHWHO\� UDQGRPL]HG� GHVLJQ� ZLWK� ILYH�
WUHDWPHQWV� DQG� WKUHH� UHSOLFDWLRQV�� 'DWD� ZHUH�
DQDO\VHG�XVLQJ�6366�VRIWZDUH�YHU��������7R�ILQG�WKH�
HIIHFWV� RI � WUHDWPHQWV�� GDWD� ZHUH� WHVWHG� ZLWK�
$129$�DQG�IROORZHG�E\�'XQFDQ�WHVW�ZLWK�D�����
FRQILGHQFH� OHYHO�� 7KH� GLIIHUHQFH� EHWZHHQ�
WUHDWPHQWV�ZDV�IRXQG�ZLWK�D�VLJQLILFDQFH�YDOXH�RI �
S������

5(68/76�$1'�',6&866,21

*URZWK�3HUIRUPDQFH

� 7KH� UHVXOWV� VKRZHG� WKDW� WKH� XVH� RI � ZDWHU�
K\DFLQWK� RI � PRUH� WKDQ� ���� LQ� GLHW� FDXVHG� D�
GHFUHDVH�LQ�IHHG�LQWDNH��GDLO\�JURZWK�UDWH��SURWHLQ�
GLJHVWLELOLW\�� SURWHLQ� HIILFLHQF\� UDWLR�� DQG� GDLO\�
JURZWK�UDWH��/LSLG�UHWHQWLRQ�DQG�SURWHLQ�UHWHQWLRQ�
LQ� WKH� ���� DQG� ����� WUHDWPHQWV� ZHUH� ORZHU�
FRPSDUHG�WR�WKRVH�LQ�RWKHU�WUHDWPHQWV��ZKHUH�LQ�
WKH� ����� WUHDWPHQW�� WKH� UHWHQWLRQ� UDWHV� ZHUH�
������DQG���������UHVSHFWLYHO\��7DEOH����
� 7KH�XVH�RI �ZDWHU�K\DFLQWK�LQ�ILVK�IHHG�DW�FHUWDLQ�
OHYHOV�JDYH�GLIIHUHQW�UHVXOWV�LQ�WKH�IHHG�LQWDNH �),���
RI �WKH�FDWILVK��,Q�WKLV�UHVHDUFK��WKH�XVH�RI �PRUH�
WKDQ� ���� ZDWHU� K\DFLQWK� LQ� IHHG� FDXVHG� D�
GHFUHDVHG�LQ�),��7KH�GHFUHDVHV�RI �),�LQ�WKH������

��� DQG ����� WUHDWPHQWV� FRPSDUHG� WR� ���� �
WUHDWPHQW� ZHUH� �������� �������� DQG� �������
UHVSHFWLYHO\��,Q�WLODSLD��WKH�XVH�RI �ZDWHU�K\DFLQWK�
LQ� IHHG� GLG� QRW� DIIHFW� IHHG� FRQVXPSWLRQ��
LQGLFDWLQJ� WKDW� WLODSLD� FRXOG� DFFHSW� IHHG�
FRQWDLQLQJ� ZDWHU� K\DFLQWK� EHWWHU� WKDQ�
3DQJDVLDQRGRQ�K\SRSWKDOPXV��+RQWLYHURV�HW�DO���������
7KH�GLIIHUHQFH� LQ� WKH� IHHG� LQWDNH� OHYHOV� LQ�HDFK�
WUHDWPHQW� ZDV� DVVXPHG� WR� EH� FDXVHG� E\� D�
GLIIHUHQFH�LQ�WKH�IHHG�SDODWDELOLW\��3DODWDELOLW\�LV�D�
UHVSRQVH� WR� FHUWDLQ� IHHG�� ZKLFK� LV� LQIOXHQFHG��
DPRQJ�RWKHUV��E\�IHHG�FKDUDFWHULVWLFV��,Q�DGGLWLRQ��
WKH�DFFHSWDQFH�RI �ILVK�WR�UDZ�PDWHULDO�LV�GLIIHUHQW�
IRU�HDFK�VSHFLHV��6HWLDZDWL�HW�DO���������9HQHUR�HW�DO��
�������PHQWLRQHG�WKDW�WKH�XVH�RI �SODQW�PDWHULDOV�
FDQ�UHGXFH�IHHG�DFFHSWDELOLW\�DQG�IHHG�SDODWDELOLW\��
3DODWDELOLW\� LV� OLQNHG� WR� DWWUDFWDELOLW\� WKDW� ZLOO�
LQIOXHQFH�UHVSRQVHV�LQ�IHHG�VHDUFKLQJ��LQWDNH��DQG�
LQJHVWLRQ� RU� DFFHSWDELOLW\� �,QDUD� ������� 7KH�
GHFUHDVHG�UDWH�RI �),�ZDV�IROORZHG�E\�D�GHFUHDVHG�
LQ�GLJHVWLELOLW\�UDWH��'LJHVWLELOLW\�LV�WKH�SURFHVV�RI �
EUHDNLQJ�GRZQ�IHHG� LQWR�D�VLPSOHU�IRUP�WKDW� LV�
UHDGLO\�DEVRUEHG�E\�LQWHVWLQDO�ZDOOV�DQG�LQWR�WKH�
EORRG�YHVVHO�V\VWHP��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�
WKH� WRWDO� GLJHVWLELOLW\� RI � IHHG� LQ� DOO� WUHDWPHQWV�
�S!������� 7KLV� LV� LQ� FRQWUDVW� WR� SURWHLQ�
GLJHVWLELOLW\� WKDW� H[SHULHQFHG� D� GHFUHDVH� LQ� OLQH�
ZLWK�WKH�LQFUHDVLQJ�DPRXQW�RI �ZDWHU�K\DFLQWK�LQ�
IHHG��S��������'LHW�FRQWDLQ ����DQG�����ZDWHU�LQJ
K\DFLQWK�VKRZHG�VLPLOLDU�UHVXOW� �����ZKLOVW�LQ�RI �

7DEHO���)LQDO�ELRPDVV��%W���IHHG�LQWDNH��),���WRWDO�GLJHVWLELOLW\��7'���SURWHLQ�GLJHVWLELOLW\��3'���SURWHLQ�UHWHQWLRQ��35���OLSLG�
UHWHQWLRQ��/5���SURWHLQ�HIILFLHQF\�UDWLR��3(5���GDLO\�JURZWK�UDWH��'*5���IHHG�HIILFLHQF\��)(���VXUYLYDO�UDWH��65��RI �
FDWILVK��3DQJDVLDQRGRQ�K\SRSKWKDOPXV��IHG�ZLWK�IHHG�FRQWDLQLQJ�ZDWHU�K\DFLQWK

1RWH����7KH�YDOXHV�LQ�WKH�VDPH�URZV�ZLWK�GLIIHUHQW�VXSHUVFULSW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��S�������
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WKH�����������DQG������WUHDWPHQWV��LW�GHFUHDVHG�
WR�����������������DQG��������UHVSHFWLYHO\��7KH�
IDFWRUV� DIIHFWLQJ� GLJHVWLELOLW\� DUH�� DPRQJ�RWKHUV��
WKH� WUHDWPHQWV� EHIRUH� DQG� DIWHU� IHHG� PDNLQJ��
PDWHULDO�VRXUFHV��SDUWLFOH�VL]H��ILVK�VL]H��DQG�QRQ�
SURWHLQ� FRPSRQHQWV� LQ� WKH� IHHG� �8VPDQ��������
7KH�GHFUHDVH� �SURWHLQ�GLJHVWLELOLW\�YDOXH� ����LQ RI
�����WUHDWPHQW�LQ�WKLV�VWXG\�ZHUH�FDXVHG�E\�WKH�
LQFUHDVLQJ�DPRXQW�RI �FUXGH�ILEUH�WKDW�FDQ�GLVWXUE�
IHHG� XWLOL]DWLRQ� DQG� JURZWK� 0RKDSDWUD� ��������
UHSRUWV�WKDW�WKH�XVH�RI �ZDWHU�K\DFLQWK�VLJQLILFDQWO\�
LQFUHDVH � WKH� FUXGH� ILEUH� DQG� DIIHFW � WKH� IHHG�V V
XWLOL]DWLRQ�RI �&\SULQXV�� ,Q� WKH� � VWXG\ � WKH�FXUUHQW �
FUXGH�ILEUH�FRQWHQW�RI ��²�����WUHDWPHQWV�ZHUH�DW�
WKH�UDQJH�RI �����²��������7KH�KLJKHU�WKH�ILEUH�
FRQWHQW� LQ� WKH� IHHG�� WKH� ORZHU� GLJHVWLELOLW\� RI �
SURWHLQ�� 7KLV� UHVXOW� LV� � WKH�LQ� DFFRUGDQFH� ZLWK
UHSRUW�RI �6XSUD\XGL�HW�DO���������
� 7KH� HQG� SURGXFWV� RI � WKH� FRQVXPHG� DQG�
GLJHVWHG�IHHG�DUH�QXWULHQWV�WKDW�FDQ�EH�XVHG�DQG�
WKHQ�VWRUHG�LQ�WKH�ILVK�ERG\��7KH�OHYHOV�RI �SURWHLQ�
DQG�OLSLG�UHWHQWLRQV�LQ�WKH��²����WUHDWPHQWV�ZHUH�
WKH�VDPH��DQG�WKH\�GHFOLQHG�LQ�WKH�����DQG������
WUHDWPHQWV�� 7KH� GLIIHUHQW� SURWHLQ� DQG� OLSLG�
UHWHQWLRQ�OHYHOV�ZHUH�FDXVHG�E\�GLIIHUHQFHV�LQ�WKH�
DPRXQW�RI �IHHG�LQWDNH�DQG�IHHG�GLJHVWLELOLW\�YDOXH��
&DUERK\GUDWH�� SURWHLQ�� DQG� OLSLG� DUH� WKH� WKUHH�
FRPSRQHQWV�WKDW�FRQWULEXWH�WKH�KLJKHVW�DPRXQW�
RI �HQHUJ\�IRU�WKH�ILVK��,I �ORZ�DPRXQWV�RI �QXWULHQWV�
DUH�DEVRUEHG�� WKHLU�SRWHQWLDO� WR�EH�VWRUHG� LQ�WKH�
ILVK�ZLOO�DOVR�EH�ORZ��EHFDXVH�WKH�QXWULHQWV�ZLOO�EH�
ILUVW�XVHG�IRU�WKH�ILVK�DFWLYLWLHV��7KLV�DOVR�DSSOLHV�WR�
JURZWK��LI �D�VPDOO�DPRXQW�RI �HQHUJ\�LV�UHFHLYHG�E\�
WKH�ILVK��WKHQ�WKH�HQHUJ\�IRU�LWV�JURZWK�ZLOO�EH�HYHQ�
PXFK� OHVV�� 7KH� XVH� RI � FHUWDLQ� OHYHOV� RI � ZDWHU�
K\DFLQWK�LQ�IHHG�JDYH�SRVLWLYH�HIIHFW�RQ�WKH�JURZWK�
RI � ��0RKDSDWUD��������,Q�WKLV�UHVHDUFK��WKH�&\SULQXV
XVH�RI �PRUH�WKDQ�����ZDWHU�K\DFLQWK�QHJDWLYHO\�
LPSDFWHG�WKH�JURZWK�RI �WKH�FDWILVK��&RPSDUHG�WR�
���WUHDWPHQW WKH�SHUFHQWDJHV�RI �GDLO\�JURZWK�LQ���
WKH� ����� ��� DQG ����� WUHDWPHQWV�GHFUHDVHG��� �
7KH�GHFUHDVHG�RI �GDLO\�JURZWK�LQ�WKH�����������
DQG������WUHDWPHQWV�ZHUH�������GD\ ��������GD\

�� �

� ��
�� DQG� ������ GD\ �� UHVSHFWLYHO\�� 7KH� ORZHULQJ�
JURZWK� UDWH� LQ� WKH� ILVK� FDQ�EH� DWWULEXWHG� WR� WKH�
XQIXOILOOHG�QHHGV�RI �QXWULHQWV�LQ�WKH�ILVK�DQG�WKH�
LQDELOLW\�RI �WKH�ILVK�WR�XVH�WKH�HQHUJ\�DQG�PDWHULDOV�
LQ�WKHLU�IHHG��8VPDQ��������)HHG�LQWDNH�LQ�WKH����
DQG�����WUHDWPHQWV�ZHUH�EHWWHU�WKDQ�WKDW�LQ�WKH�
RWKHU� WUHDWPHQWV�� KHQFH� WKH� DPRXQW� RI � WKH�
LQJHVWHG� IHHG� ZDV� JUHDWHU� LQ� WKH� ��� DQG� ����
WUHDWPHQWV�� 7KH� GLIIHUHQFH� SUHVXPDEO\� FDXVHG�

PRUH� HQHUJ\� WR� EH� UHFHLYHG� LQ� ��� DQG� ����
WUHDWPHQWV�� UHVXOWLQJ� LQ� EHWWHU� JURZWK�� ,Q� WKLV�
UHVHDUFK�� WKH� FUXGH� ILEUH� FRQWHQW� LQ� WKH� IHHG�
LQFUHDVHG�DORQJ�ZLWK�WKH�LQFUHDVLQJ�SURSRUWLRQ�RI �
ZDWHU�K\DFLQWK�IORXU�LQ�WKH�IHHG��7KH�FUXGH�ILEUH�
GHULYHG� IURP� YHJHWDEOH� PDWHULDOV� LV� LQ� JHQHUDO�
GLIILFXOW�WR�EH�GLJHVWHG�E\�ILVK��,Q�DGGLWLRQ��RQH�RI �
WKH�FRPSRQHQWV�RI �FHOO�ZDOOV�LQ�SODQWV�LV�FHOOXORVH�
WKDW�LV�LQWUDFWDEOH��,QDUD��������7KH�EHWWHU�JURZWK�
LQ� WKH� ��� DQG� ���� WUHDWPHQWV� UHIOHFWV� IHHG�
HIILFLHQF\�YDOXH��7KLV�YDOXH�LQGLFDWHV�WKDW�WKH�DQWL�
QXWULWLRQDO�VXEVWDQFHV�DQG�WKH�KLJK�ILEUH�FRQWHQW�
LQ�WKH����DQG�����WUHDWPHQWV�GLG�QRW�GLVWXUE�WKH�
XVH� RI � IHHG� E\� WKH� FDWILVK�� 7KH� VXUYLYDO� UDWH�
UDQJHG�IURP������²��������LQGLFDWLQJ�WKDW�ZDWHU�
K\DFLQWK�GLG�KDYH�DQ\�KDUPIXO�HIIHFWV�RQ�WKH�ILVK�

(Q]\PHV� FWLYLWLHV$

� 6LPLODU�SURWHDVH�HQ]\PH�DFWLYLWLHV�ZHUH�IRXQG�
LQ�WKH����DQG�����WUHDWPHQWV��WKXV�KDYH�GLIIHUHQW�
UHVXOW� FRPSDUHG� WR� WKH� ��������� WUHDWPHQWV�
�)LJ������ �6LPLODU�FHOOXODVH�HQ]\PH�DFWLYLWLHV�ZHUH�
IRXQG�LQ�DOO�WUHDWPHQWV��)LJ������'LIIHUHQW�DP\ODVH�
HQ]\PH�DFWLYLWLHV�ZHUH�REVHUYHG�LQ�DOO�WUHDWPHQW�
�)LJ�����
� (Q]\PHV�KDYH�DQ�LPSRUWDQW�UROH�LQ�GLJHVWLRQ�
SURFHVV��7KH�SURWHDVH�HQ]\PH�DFWLYLWLHV�LQ�WKH����
DQG�����WUHDWPHQWV�ZHUH�JUHDWHU�WKDQ�WKRVH�LQ�WKH�
��²����� WUHDWPHQWV�� 7KH� GHFOLQLQJ� SURWHDVH�
HQ]\PH�DFWLYLWLHV�LQ�WKH���²�����WUHDWPHQWV�ZHUH�
DVVXPHG� WR� EH� FDXVHG� E\� WKH� DQWL�QXWULWLRQDO�
VXEVWDQFHV�LQ�WKH�IHHG��:DWHU�K\DFLQWK�FRQWDLQV�
DQWL�QXWULWLRQDO� VXEVWDQFHV� VXFK� DV� WDQQLQ� DQG�
SK\WLF� DFLG� RI � ������ DQG� ������� UHVSHFWLYHO\��
$QWL�QXWULWLRQDO� VXEVWDQFHV� VXFK� DV� WDQQLQ� FDQ�
DIIHFW�JURZWK�DQG�HQ]\PH�SURILOHV�RI �ILVK��7DQQLQ�
LPSHGHV�SURWHDVH�HQ]\PH�DFWLYLW\�DQG�WKHUHIRUH�
FDQ�UHGXFH�SURWHLQ�GLJHVWLELOLW\��ZKLOH�SK\WLF�DFLG�
FDQ� UHGXFH� SURWHLQ� DQG� PLQHUDO� ELRDYDLODELOLW\�
�6DKD� 	� 5D\� ������� ,Q� DGGLWLRQ�� WKH� GHFOLQLQJ�
HQ]\PH� DFWLYLWLHV� FDQ� DOVR� EH� FDXVHG� E\� WKH�
DPRXQW� RI � WKH� VXEVWUDWHV� SUHVHQW� � IHHG�LQ� WKH
LQWDNH�� ,Q� WKLV� VWXG\�� ILVK� IHG� GLHW� FRQWDLQLQJ�
��²����� ZDWHU� K\DFLQWK� VKRZHG� ORZHU� IHHG�
LQWDNH� WKDQ� WKRVH� IHG� � ��� DQG� ����ZDWHU�ZLWK
K\DFLQWK��ZKLFK�ZDV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�
DPRXQW� RI � VXEVWUDWHV� IRU� WKH� HQ]\PH� LQ� WKHLU�
GLJHVWLYH� V\VWHPV�� 7KH� KLJKHU� IHHG� LQWDNH� DQG�
SURWHLQ� GLJHVWLELOLW\� LQ� WKH� ��� DQG� ����
WUHDWPHQWV�FRPSDUHG�WR�WKRVH�LQ�RWKHU�WUHDWPHQWV�
KDG� DQ� LPSDFW� RQ� WKH� KLJK� YDOXH� RI � SURWHLQ�
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)LJXUH���3URWHDVH�HQ]\PH�DFWLYLWLHV�LQ�FDWILVK�IHG�ZLWK�IHHG�FRQWDLQLQJ�GLIIHUHQW�OHYHOV�RI �ZDWHU�K\DFLQWK

)LJXUH���&HOOXODVH�HQ]\PH�DFWLYLWLHV�LQ�FDWILVK�IHG�ZLWK�IHHG�FRQWDLQLQJ�GLIIHUHQW�OHYHOV�RI �ZDWHU�K\DFLQWK

)LJXUH���$P\ODVH�HQ]\PH�DFWLYLWLHV�LQ�FDWILVK�IHG�ZLWK�IHHG�FRQWDLQLQJ�GLIIHUHQW�OHYHOV�RI �ZDWHU�K\DFLQWK
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HIILFLHQF\�UDWLR�LQ�WKHVH�WUHDWPHQWV��QDPHO\������
DQG�������UHVSHFWLYHO\�
� 7KH�FHOOXODVH�HQ]\PH�DFWLYLWLHV�REVHUYHG�ZHUH�
QRW�GLIIHUHQW�LQ�DOO�WUHDWPHQWV��7KLV�LV�DWWULEXWHG�WR�
WKH� ORZ�DPRXQW�RI �FHOOXODVH�HQ]\PH� LQ� WKH�ILVK�
WKDW�ZRUNHG�PD[LPDOO\�LQ�DOO�WUHDWPHQWV��DOWKRXJK�
WKHUH� ZHUH� GLIIHUHQFHV� LQ� WKH� DPRXQWV� RI � IHHG�
LQWDNH� DQG� ZDWHU� K\DFLQWK� LQ� HDFK� IHHG�� 7KH�
DP\ODVH� HQ]\PH� DFWLYLWLHV� ZHUH� IRXQG� WR� EH�
GLIIHUHQW� LQ�DOO� WUHDWPHQWV��7KH�DP\ODVH�HQ]\PH�
DFWLYLWLHV�LQ�WKH���²�����WUHDWPHQWV�ZHUH�ORZHU�
WKDQ�WKRVH�LQ�RWKHU�WUHDWPHQWV��$P\ODVH�HQ]\PHV�
EUHDN�GRZQ�VWDUFK�LQ�IHHG��7KH�DP\ODVH�HQ]\PH�
DFWLYLWHV�GHFUHDVHG�ZLWK�LQFUHDVLQJ�OHYHO�RI �ZDWHU�
K\DFLQWK� DVVXPHG� WR� EH� FDXVHG� E\� WKH� ORZ�
FDUERK\GUDWH� FRQWHQW� DV� WKH� OHYHO� RI � ZDWHU�
K\DFLQWK�LQFUHDVHG�

&21&/86,21

� 7KH� 3DQJDVLDQRGRQ� K\SRSWKDOPXV� IHG� GLHW�
FRQWDLQLQJ�����ZDWHU�K\DFLQWK�VXEWLWXWH�SROODUG�
VKRZHG�VLPLODU�JURZWK�SHUIRUPDQFH�DQG�SURWHDVH�
DFWLYLW\� ZLWK� ��� WUHDWPHQW�� 7KH� XVH� RI � ZDWHU�
K\DFLQWK�RI �PRUH�WKDQ�����VKRZHG�ORZHU�JURZWK�
SHUIRUPDQFH� WKDQ� RWKHU� WUHDWPHQWV�� :DWHU�
K\DFLQWK�IORXU�FDQ�EH�XVHG�IRU�XS�WR�����RU�������
LQ�WKH�GLHW�RI �3DQJDVLDQRGRQ�K\SRSWKDOPXV�

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

� :H�ZRXOG�OLNH�WR�H[SUHVV�RXU�JUDWLWXGH�WR�WKH�
6RXWKHDVW� $VLDQ� 5HJLRQDO� &HQWUH� IRU� 7URSLFDO�
%LRORJ\� �6($0(2� %,27523�� IRU� WKH�
RSSRUWXQLW\�WR�FRQGXFW�RXU�UHVHDUFK�LQ�LWV�$TXDWLF�
/DERUDWRU\�� DQG� RXU� JUDWLWXGH� DOVR� JRHV� WR� WKH�
&HQWUH� IRU� )UHVKZDWHU� $TXDFXOWXUH�� 6XNDEXPL��
IRU�SURYLGLQJ�ZDWHU�K\DFLQWK�IORXU�IRU�WKH�VWXG\�

5()(5(1&(6

$PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ� �$3+$��� ������
6WDQGDUG� PHWKRG� IRU� H[DPLQDWLRQ� RI � ZDWHU� DQG�
ZDVWHZDWHU�� ��WK� HGLWLRQ�� :DVKLQJWRQ� '&� �86���
$PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ� DQG� :DWHU�
3ROOXWLRQ�&RQWURO�)HGHUDWLRQ�

%DJ� 03�� 0DKDSDWUD� 6&�� 5DR� 36�� &KDNUDEDUW\� '�� ������
0DNLQJ�DTXDWLF�ZHHG�DV�SRWHQWLDO�IHHG�IRU�QLOH�WLODSLD�
2UHRFKUPLV� QLORWLFXV�/�� DQG� LWV� LPSDFW� RQ� IDWW\� DFLG�
SURILOH��,5-33���������²����

%UDGIRUG� 00�� ������ $� UDSLG� DQG� VHQVLWLYH� IRU� WKH�
TXDQWLWDWLRQ� RI � PLFURJUDP� TXDQWLWLHV� RI � SURWHLQ�
XWLOL]LQJ�WKH�SULQFLSOH�RI �SURWHLQ�G\H�ELQGLQJ��$QDO�
%LRFKHP����������������

&KDQJ�&&��7DQ�+&��&KHQJ�:�� ������(IIHFWV� RI � GLHWDU\�
DGPLQLVWUDWLRQ�RI �ZDWHU�K\DFLQWK� �(LFKKRUQLD�FUDVVLSHV

H[WUDFW� RQ� WKH� LPPXQH� UHVSRQVHV� DQG� GLVHDVH�
UHVLVWDQFH�RI �JLDQW�IUHVKZDWHU�SUDZQ��0DFUREUDFKLXP�

URVHQEHUJLL ��� ²��)LVK�6KHOOILVK�,PPXQRO��� ��� ����

+DOYHU�-(��+DUG\�5:�� )LVK� XWULWLRQ��&DOLIRUQLD��86��������� Q
$FDGHPLF�3UHVV��S �����

+RQWLYHURV�*-6��6HUUDQR�$(-������ �1XWULWLRQDO�YDOXH�RI ��
ZDWHU� K\DFLQWK� � OHDI � SURWHLQ�(LFKKRUQLD� FUDVVLSHV

FRQFHQWUDWH� IRU� DTXDIHHGV�� $$&/� %LRIOX[�
� ��� ������ ²

+RQWLYHURV� *-6�� 7XPERNRQ� %/0�� 6HUUDQR� $(-�� ������
3URWHLQ� FRQFHQWUDWH� RI � ZDWHU� K\DFLQWK� SDUWLDOO\�
UHSODFH�VR\EHDQ�PHDO�LQ�WKH�GLHW�RI �WKH�1LOH�WLODSLD�
2UHRFKURPLV� QLORWLFXV� �MXYHQLOHV�� $%$+� %LRIOX[
� ��� ����� ²

,QDUD�&�� ������.DMLDQ� WHSXQJ� EXQJNLO� ELML� NDUHW� �7%%.��
+HDYHD�EUDVLOLHQVLV�VHEDJDL�EDKDQ�EDNX�SDNDQ�EHQLK�
LNDQ�PDV� /LQQ� >7KHVLV@��&\SULQXV� FDUSLR� >6WXG\� RI �
UXEEHU�VHHG�IORXU��7%%.��+HDYHD�EUDVLOLHQVLV�DV�IHHG�
UDZ�PDWHULDO�IRU�FDUS�&\SULQXV�FDUSLR�/LQQ�MXYHQLOH@��
5HWULHYHG� IURP� %RJRU� $JULFXOWXUDO� 8QLYHUVLW\�
5HSRVLWRU\�

.DGHU�$-��2PDU�2�� ������ ,VRODWLRQ� RI � FHOOXOR WLF� IXQJL�O\
IURP� 6D\DS�.LQDEDOX� 3DUN�� 6DEDK�� 6HUDZDN�� -�
%LRGLYHUVLW\�%LR�&HQWXU\��$5%(&����� ��²

.KDOLO�0��0DXODQD�5��5XV\GL�5��������(IHNWLILWDV� HEHUDSD�E
MHQLV� WDQDPDQ� DLU� VHEDJDL� SDNDQ� DODP � WHUKDGDS�L
SHUWXPEXKDQ� EHQLK� LNDQ� QLOD� JHVLW� 2UHRFKURPLV�
QLORWLFXV�� >7KH� HIIHFWLYHQHVV� RI � VHYHUDO� W\SHV� RI �
DTXDWLF� SODQWV� DV� QDWXUDO� GLHW� IRU� WKH� JURZWK� RI �
QLPEOH� WLODSLD� 2UHRFKURPLV� QLORWLFXV� ILVK� MXYHQLOH@��
-XUQDO�6DPXGHUD�������������

0DKDVX�1+��������(YDOXDVL�SHQJJXQDDQ�UXPSXW�ODXW�8OYD�
ODFWXFD�VHEDJDL�SHQJJDQWL�SROODUG�GDODP�SDNDQ�LNDQ�
QLOD�VXOWDQD� >7 HVLV@��2UHRFKURPLV�QLORWLFXV� K >(YDOXDWLRQ�
RI �WKH�XVH�RI �VHDZHHG�8OYD�ODFWXFD�DV�D�VXEVWLWXWH�IRU�
SROODUG�LQ�IHHGLQJ�WLODSLD�VXOWDQD�2UHRFKURPLV�QLORWLFXV@��
5HWULHYHG� IURP � $JULFXOWXUDO� 8QLYHUVLW\�� %RJRU
5HSRVLWRU\�

0DU]XTL� 0�� ������ 3HQJDUXK� NDGDU� NDUERKLGUDW� GDODP�
SDNDQ�WHUKDGDS�SHUWXPEXKDQ��HILVLHQVL�SDNDQ�GDQ�
DNWLYLWDV� HQ]LP� DPLODVH� SDGD� LNDQ� EDQGHQJ�
&KDQRV� FKDQRV� >(IIHFW� RI �)RUVVNDO� >7KHVLV@��
FDUERK\GUDWH� OHYHOV� LQ� GLHW� RQ� JURZWK�� IHHG�
HIILFLHQF\�DQG�DP\ODVH�HQ]\PH�DFWLYLW\�RI �PLONILVK�
&KDQRV� FKDQRV� )RUVVNDO@�� 5HWULHYHG� IURP� �8GD\DQD
8QLYHUVLW\�5HSRVLWRU\�

0RKDSDWUD� 6%�� ������ 8WLOL]DWLRQ� RI � ZDWHU� K\DFLQWK�
(LFKKRUQLD� FUDVVLSHV� PHDO� DV� SDUWLDO� ILVK� SURWHLQ�
UHSODFHPHQW�LQ�WKH�GLHW�RI � �IU\��(XUR�-�&\SULQXV�FDUSLR
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0XFKWDURPDK� %�� 6XVLORZDWL� 5�� .XVXPDVWXWL� $�� ������
3HPDQIDDWDQ�WHSXQJ�KDVLO�IHUPHQWDVL�HFHQJ�JRQGRN�
(LFKKRUQLD� FUDVVLSHV� VHEDJDL� FDPSXUDQ� SDNDQ� LNDQ�
XQWXN� PHQLQJNDWNDQ� EHUDW� EDGDQ� GDQ� GD\D� FHUQD�
SURWHLQ�LNDQ�QLOD�PHUDK�2UHRFKURPLV�VS��>8WLOL]DWLRQ�RI �
(LFKKRUQLD�FUDVVLSHV�ZDWHU�K\DFLQWK�IHUPHQWHG�IORXU�DV�
D� ILVK� GLHW�PL[WXUH� WR� LQFUHDVH�ZHLJKW� DQG�SURWHLQ�
GLJHVWLELOLW\�RI �UHG�WLODSLD�2UHRFKURPLV�VS�@��-XUQDO�(O�
4XGZDK��������

0XQLU�0��6LGLN�5��0DKDVUL�*��������3HQLQJNDWDQ�QLODL�QXWULVL�
SROODUG�PHODOXL�IHUPHQWDVL�UDJL�WHPSH�VHEDJDL�EDKDQ�
SDNDQ� EXDWDQ� LNDQ� QLOD� 2UHRFKURPLV� QLORWLFXV��
>,QFUHDVLQJ� WKH� YDOXH� RI � SROODUG� QXWULHQWV� WKURXJK�
IHUPHQWDWLRQ� RI � WHPSH� \HDVW� DV� DQ� LQJUHGLHQW� IRU�
DUWLILFLDO� GLHW� RI � WLODSLD�2UHRFKURPLV� QLORWLFXV@�� -XUQDO�
,OPLDK�3HULNDQDQ�GDQ�.HODXWDQ�����²���

6DKD�6��5D\�$.��������(YDOXDWLRQ�RI �QXWULWLYH�YDOXH�RI �ZDWHU�
K\DFLQWK�(LFKKRUQLD�FUDVVLSHV�OHDI �PHDO�LQ�FRPSRXQG�
GLHWV� IRU� URKX�� /DEHR� URKLWD� �+DPLOWRQ�� ������
ILQJHUOLQJV� DIWHU� IHUPHQWDWLRQ� ZLWK� WZR� EDFWHULDO�
VWUDLQV�LVRODWHG�IURP�ILVK�JXW��7XUN�-�)LVK�$TXDW�6FL�
������²����

6HWLDZDWL� 0�� -XVDGL� '�� 0DUOLQGD� 6�� 6\DIUXGGLQ� '�� ������
3HPEHULDQ�GDXQ�ND\X�PDQLV�&LQQDPRPXP�EXUPDQQL�
GDODP� SDNDQ� WHUKDGDS� NLQHUMD� SHUWXPEXKDQ� GDQ�
NRPSRVLVL� QXWULHQ� WXEXK� LNDQ� SDWLQ� 3DQJDVLXV�
K\SRSWKDOPXV�� >(IIHFW� RI � DGGLWLRQ� &LQQDPRPXQ�
%XUPDQQL�OHDI �LQ�WKH�GLHW�RQ�WKH�JURZWK�SHUIRUPDQFH�
DQG�QXWULHQW�FRPSRVLWLRQ�RI �3DQJDVLXV�K\SRSWKDOPXV@��
-,3,�������������

6KX�;��=KDQJ�4��:DQJ�:��������(IIHFWV�RI �WHPSHUDWXUH�DQG�
OLJKW� LQWHQVLW\�RQ�JURZWK�DQG�SK\VLRORJ\� LQ�SXUSOH�
URRW� ZDWHU� K\DFLQWK� DQG� FRPPRQ� ZDWHU� K\DFLQWK�
(LFKKRUQLD� FUDVVLSHV�� (QYLURQ� 6FL� 3ROOXW� 5HV�
������������²���

6RWROX�$2��6XOH�62��������'LJHVWLELOLW\�DQG�SHUIRUPDQFH�RI �
ZDWHU�K\DFLQWK�PHDO�LQ�WKH�GLHWV�RI �$IULFDQ�FDWILVK�
&ODULDV� JDULHSLQXV�� %XUFKHOO�� ������ 7URS� 6XEWURS�
$JURHFRV\VW�������²���

6XSUD\XGL� 0�� <DQLKDUWR� '�� 5LGZDQ�� ������ 3HQJJXQDDQ�
NRPELQDVL� NDGDU� NDUERKLGUDW� EHUEHGD� GDUL� WHSXQJ�
WDSLRND�� MDJXQJ� GDQ� SROODUG� WHUKDGDS� NLQHUMD�

SHUWXPEXKDQ� MXYHQLO� ODUYD� XGDQJ� ZLQGX� 3HQDHXV�
PRQRGRQ��>7KH�XWLOL]DWLRQ�RI �GLIIHUHQW�FRPELQDWLRQ�
DQG�OHYHO�RI �FRUQ��WDSLRFD�DQG�SROODUG�RQ�WKH�JURZWK�
SHUIRUPDQFH�RI �EODFN�WLJHU�VKULPS��3HQDHXV�PRQRGRQ��
MXYHQLOH@��-XUQDO�$NXDNXOWXU�,QGRQHVLD������²��

7DNHXFKL�7��������/DERUDWRU\�ZRUN�FKHPLFDO�HYDOXDWLRQ�RI �
GLHWDU\� QXWULHQWV�� ,Q�� :DWDQDEH� 7�� HGLWRU�� )LVK�
1XWULWLRQ� DQG� 0DULFXOWXUH�� -,&$� 7H[WERRN�� WKH�
*HQHUDO� $TXDFXOWXUH� &RXUVH�� 7RN\R� �-3���
.DQDJDZD�,QWHUQDWLRQDO�)LVK�7UDLQLQJ�&HQWHU�

7HOOH]�75��/RSH]�(0��*UDQDGR�*/��3HUH]�($��/RSH]�50��
*X]PDQ�06��������7KH�ZDWHU�K\DFLQWK��(LFKKRUQLD�
FUDVVLSHV��$Q� LQYDVLYH�SODQW� LQ� WKH�*XDUGLDQD�5LYHU�
%DVLQ��6SDLQ���$TXDW�,QYDVLRQV��������²���

7LELQ�$��0XQDIL�$��$PL]D�$0��%DNKVK�+.��6XOLHPDQ�$��
������$SSDUHQW�GLJHVWLELOLW\�FRHIILFLHQW�RI �SHOOHWHG�
ILVK� IHHG� LQFRUSRUDWHG� ZLWK� ZDWHU� K\DFLQWK�
(LFKKRUQLD�FUDVVLSHV��2-$)5��������²��

8VPDQ� ������ 3HQJDUXK� MHQLV� NDUERKLGUDW� WHUKDGDS�
NHFHUQDDQ� QXWULHQ� SDNDQ�� NDGDU� JOXNRVD� GDUDK��
HILVLHQVL� SDNDQ� GDQ� SHUWXPEXKDQ� \XZDQD� LNDQ�
NHUDSX�WLNXV�&URPLOHSWHV�DOWLYHOLV�>7KHVLV@��>(IIHFW�RI �
FDUERK\GUDWH�W\SHV�RQ�QXWULHQW�GLJHVWLELOLW\�RI �IHHG��
EORRG�JOXFRVH�OHYHOV��IHHG�HIILFLHQF\�DQG�JURZWK�RI �
\XZDQD� KXPSEDFN� JURXSHU� &URPLOHSWHV� DOWLYHOLV@��
5HWULHYHG� IURP� %RJRU� $JULFXWXUDO� 8QLYHUVLW\�
5HSRVLWRU\�

8WRPR�1%3��0RNRJLQWD�,��6XZHQGL�(��������3URWHLQ�VHO�
WXQJJDO�VHEDJDL�VXEVWLWXVL�WHSXQJ�LNDQ�GDODP�SDNDQ�
MXYHQLO�LNDQ�PDV��&\SULQXV�FDUSLR���>6LQJOH�FHOO�SURWHLQ�
DV� VXEVWLWXWLRQ� IRU� ILVK�PHDO� LQ� MXYHQLOH� FRPPRQ�
FDUS� �&\SULQXV� FDUSLR�� GLHWV@�� -XUQDO� 3HULNDQDQ�
������������

9HQHUR�-$��'DYLV�'$��/LQ�&��������8VH�RI �SODQW�SURWHLQ�
VRXUFHV� LQ� FUXVWDFHDQ�GLHWV��1HZ�<RUN� �86���7KH�
+RZRUW�3UHVV��S�����²����

:HEVWHU� &'�� /LP�&(�� ������1XWULHQW� UHTXLUHPHQWV� DQG�
IHHGLQJ�RI �ILQILVK�IRU�DTXDFXOWXUH��1HZ�<RUN��86���
&$%,�3XEOLVKLQJ��S������

:RUWKLQJWRQ�9��������:RUWKLQJWRQ�HQ]\PH�PDQXDO��1HZ�
-HUVH\��86���:RUWKLQJWRQ�ELRFKHPLFDO�&RUSRUDWLRQ�

���

:DWHU�K\DFLQWK�EDVHG�GLHW�IRU�3DQJDVLDQRGRQ�K\SRSKWKDOPXV�²�<XQLDWL�HW�DO�


