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5LFH�LV�FXOWLYDWHG�E\�WKUHH�SULQFLSDO�PHWKRGV
YL]���WUDQVSODQWLQJ��GU\�GLUHFW�VRZLQJ�DQG�ZHW�GLUHFW
VRZLQJ��7UDQVSODQWLQJ�D�WUDGLWLRQDO�V\VWHP�RI�ULFH
FXOWLYDWLRQ�LV�LQ�YRJXH�LQ�PDQ\�ULFH�JURZLQJ�DUHDV��8Q
DYDLODELOLW\�RI�LUULJDWLRQ�ZDWHU�IRU�WUDQVSODQWLQJ�DW�ULJKW
WLPH�EHVLGHV�YDJDULHV�LQ�PRQVRRQ�RQVHW�UHVXOWLQJ�LQ
XQGHSHQGDEOH�UDLQIDOO�RQ�RQH�KDQG�DQG�KLJK�ILHOG�ODERXU
FRVW�IRU�WUDQVSODQWLQJ�RSHUDWLRQ�RQ�WKH�RWKHU�DUH�D
IHZ�UHDVRQV�WKDW�HQFRXUDJHG�ULFH�IDUPHUV�WR�VKLIW�IURP
WUDQVSODQWLQJ�WR�GLUHFW�VRZLQJ��7KH�PHWKRG�RI�GLUHFW�
VRZLQJ� DYRLGV� WKH� WUDQVSODQWLQJ� DQG� SXGGOLQJ
RSHUDWLRQV� DQG� LV� DQ� DWWUDFWLYH� DQG� VXVWDLQDEOH
DOWHUQDWLYH�WR�WUDGLWLRQDO�WUDQVSODQWLQJ�RI�ULFH��'U\�GLUHFW
VRZLQJ�RI�ULFH�RIIHUV�DGYDQWDJHV�VXFK�DV�IDVWHU�DQG
HDVLHU�SODQWLQJ��UHGXFHG�ODERXU��HDUOLHU�FURS�PDWXULW\
E\��±���GD\V�DQG�KLJK�ZDWHU�XVH�HIILFLHQF\��/DGKD
HW�DO��������DQG�RIWHQ�KLJKHU�SURILW�LQ�DUHDV�ZLWK�DQ
DVVXUHG�ZDWHU�VXSSO\��%DODVXEUDPDQLDQ�DQG�+LOO
�������+RZHYHU��IRU�FXOWLYDWLRQ�RI�GLUHFW�VHHGHG�ULFH�
ZHHGV�DUH�D�PDMRU�KXUGOH�DV�QHDUO\�DOO�NKDULI�VHDVRQ
ZHHGV�GHSHQGLQJ�XSRQ�VHHG�EDQN�LQ�WKH�ILHOG�LQIHVW
WKLV�FURS��'LUHFW�VHHGLQJ�RI�ULFH�LV�SRVVLEOH�RQO\�ZKHQ
WKHUH�LV�DQ�DGHTXDWH�ZHHG�FRQWURO�PHWKRG�WR�NHHS
WKH�FURS�IUHH�IURP�ZHHGV�WUDGLWLRQDO�PHWKRG�RI�ZHHG
PDQDJHPHQW�SUDFWLFHV�DUH�WHGLRXV��WLPH�FRQVXPLQJ�
ODERXU�LQWHQVLYH��FRVWO\�DQG�QRW�SRVVLEOH�WR�SUDFWLFH

RYHU�DQ�H[WHQVLYH�DUHD��GXH�WR�ODERXU�VFDUFLW\�DQG
KLJK�ODERXU�LQSXW�FRVWV��'XH�WR�UDSLG�LQGXVWULDOL]DWLRQ
DQG�XUEDQL]DWLRQ�� WUDGLWLRQDO�ZHHG�PDQDJHPHQW
SUDFWLFHV�DUH�EHLQJ�LPSUDFWLFDEOH��+HUELFLGH�XVDJH
IRU�FRQWURO�RI�ZHHGV�LQ�FURS�ODQGV�KDV�EHHQ�SURYHG
VXFFHVVIXO�LQ�PDQ\�DGYDQFHG�FRXQWULHV�DQG�LV�JDLQLQJ
LPSRUWDQFH� LQ� ,QGLDQ� DJULFXOWXUH� DV�ZHOO��:HHG
PDQDJHPHQW�ZLWK�KHUELFLGHV�LV�PRUH�HFRQRPLFDO��OHVV
WLPH�FRQVXPLQJ�DQG�ZKHQ�DGYRFDWHG�DW�WKH�ULJKW�WLPH�
HVWDEOLVKHV�D�ZHHG�IUHH�HQYLURQPHQW��+HQFH��SUHVHQW
VWXG\�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�HIILFDF\�RI
GLIIHUHQW�FKHPLFDO�DQG�PHFKDQLFDO�ZHHG�FRQWURO
PHWKRGV�DQG�LWV�HFRQRPLFV�LQ�GLUHFW�VRZQ�ULFH�
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7KH�VWXG\�ZDV�FRQGXFWHG�DW�$JULFXOWXUDO

&ROOHJH�)DUP��%DSDWOD��*XQWXU��$QGKUD�3UDGHVK��7KH
H[SHULPHQW�ZDV�FRQGXFWHG�GXULQJ�.KDULI������DQG
�����DQG�ODLG�RXW�LQ�UDQGRPL]HG�FRPSOHWH�EORFN
GHVLJQ�ZLWK�WKUHH�UHSOLFDWLRQV�DQG�IRXUWHHQ�WUHDWPHQWV
DV�IROORZV�

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI
S\UD]RVXOIXURQ�HWK\O�#����J�D�L��KD���IE�SRVW�
HPHUJHQFH�DSSOLFDWLRQ�RI�D]LPVXOIXURQ�#����J
D�L��KD���DW����'$6



7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�S\UD]RVXOIXURQ
HWK\O�#� ��� J� D�L�� KD��� IE� 3RVW�HPHUJHQFH
DSSOLFDWLRQ�RI�ELVS\ULEDF�VRGLXP�#����J�D�L��KD�
��DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�EHQVXOIXURQ
PHWK\O�#����J�D�L��KD�����3UHWLODFKORU�ZLWK�VDIHQHU
DW�����J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ
RI�D]LPVXOIXURQ�#����J�D�L��KD���DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�EHQVXOIXURQ
PHWK\O�#����J�D�L��KD�����SUHWLODFKORU�ZLWK�VDIHQHU
DW�����J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ
RI�ELVS\ULEDF�VRGLXP�#����J�D�L��KD���DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�R[DGLDUJ\O�#
���J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI
D]LPVXOIXURQ�#����J�D�L��KD���DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�R[DGLDUJ\O�#
���J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI
ELVS\ULEDF�VRGLXP�#����J�D�L��KD���DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�S\UD]RVXOIXURQ
HWK\O�#� ��� J� D�L�� KD��� IE� SRVW�HPHUJHQFH
DSSOLFDWLRQ�RI�D]LPVXOIXURQ�#����J�D�L��KD���DW���
'$6� IE� SRVW�HPHUJHQFH� DSSOLFDWLRQ� RI
PHWVXOIXURQ��PHWK\O�DQG�FKORULPXURQ�HWK\O�#���J
D�L��KD���DSSOLHG�DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�S\UD]RVXOIXURQ
HWK\O�#� ��� J� D�L�� KD��� IE� SRVW�HPHUJHQFH
DSSOLFDWLRQ�RI�ELVS\ULEDF�VRGLXP�#����J�D�L��KD�
��DW����'$6�IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI
PHWVXOIXURQ�PHWK\O�DQG�FKORULPXURQ�HWK\O�#���J
D�L��KD���DSSOLHG�DW����'$6

7� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�EHQVXOIXURQ
PHWK\O�#����J�D�L��KD�����SUHWLODFKORU�ZLWK�VDIHQHU
DW�����J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ
RI�D]LPVXOIXURQ�#����J�D�L��KD���DW����'$6�IE
SRVW�HPHUJHQFH� DSSOLFDWLRQ� RI�PHWVXOIXURQ
PHWK\O�DQG�FKORULPXURQ�HWK\O�#����J�D�L��KD��
DSSOLHG�DW����'$6

7�� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�EHQVXOIXURQ
PHWK\O�#����J�D�L��KD�����SUHWLODFKORU�ZLWK�VDIHQHU
DW�����J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ
RI�ELVS\ULEDF�VRGLXP�#����J�D�L��KD���DW����'$6
IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI�PHWVXOIXURQ
PHWK\O�DQG�FKORULPXURQ�HWK\O�#����J�D�L��KD��
DSSOLHG�DW����'$6

7�� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�R[DGLDUJ\O�#
���J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI
D]LPVXOIXURQ�#����J�D�L��KD���DW����'$6�IE�SRVW�
HPHUJHQFH�DSSOLFDWLRQ�RI�PHWVXOIXURQ�PHWK\O�DQG

FKORULPXURQ�HWK\O�#���J�D�L��KD���DSSOLHG�DW���
'$6

7�� 3UH�HPHUJHQFH�DSSOLFDWLRQ�RI�R[DGLDUJ\O�#
���J�D�L��KD���IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI
ELVS\ULEDF�VRGLXP�#����J�D�L��KD���DW����'$6�IE
SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI�PHWVXOIXURQ�PHWK\O
DQG�FKORULPXURQ�HWK\O�#���J�D�L��KD���DSSOLHG�DW
���'$6

7�� :HHG�IUHH
7�� :HHG\�FKHFN

5LFH�YDULHW\�%37�������6DPED�0DKVXUL�
ZDV�VRZQ�DW�D�URZ�VSDFLQJ�RI����FP�DQG�WKH�FURS
ZDV�UDLVHG�ZLWK�UHFRPPHQGHG�SDFNDJH�RI�SUDFWLFHV�
3UH�HPHUJHQFH�KHUELFLGHV��3\UD]RVXOIXURQ�HWK\O��DQG
R[DGLDUJ\O��ZHUH�DSSOLHG�XQLIRUPO\�DW���'$6�E\�XVLQJ
NQDSVDFN� VSUD\HU�PL[HG� LQ�ZDWHU�#����� O�KD���
%HQVXOIXURQ�PHWK\O���SUHWLODFKORU�ZLWK�VDIHQHU�DSSOLHG
XQLIRUPO\�DW���GD\V�DIWHU�VRZLQJ��'$6��E\�PL[LQJ�WKH
KHUELFLGH�ZLWK�GU\�VDQG�DW����NJ�KD���DQG�EURDGFDVWHG
XQLIRUPO\�XQGHU�WKLQ�ILOP�RI�ZDWHU��7KH�SRVW�HPHUJHQFH
KHUELFLGH�L�H��D]LPVXOIXURQ��ELVS\ULEDF�VRGLXP�ZHUH
DSSOLHG� DW����'$6��DQG�PHWVXOIXURQ� �PHWK\O��
FKORULPXURQ�HWK\O�ZDV�DSSOLHG�DW����'$6�E\�XVLQJ
NQDSVDFN�VSUD\HU�PL[HG�LQ�ZDWHU�#�����O�KD���

7KH�JURVV�UHWXUQV�IURP�HDFK�WUHDWPHQW�GXULQJ
ERWK�WKH�\HDUV�RI�WKH�VWXG\�ZDV�ZRUNHG�RXW�ZLWK�WKH
WKHQ�SUHYDLOLQJ�PDUNHW�SULFHV�RI�ULFH�LQFOXGLQJ�ULFH
VWUDZ��7KH�QHW�UHWXUQV�IURP�HDFK�WUHDWPHQW�ZHUH
DUULYHG�DW�E\�GHGXFWLQJ�WKH�FRVW�RI�FXOWLYDWLRQ�ZRUNHG
RXW�ZLWK�WKH�WKHQ�SUHYDLOLQJ�FRVWV�RI�LQSXWV�DQG�ODERXU
ZDJHV��5HWXUQ�SHU�UXSHH�IRU�DOO�WKH�WUHDWPHQWV�ZDV
ZRUNHG�RXW�RQ�WKH�EDVLV�RI�QHW�UHWXUQV�LQ�WHUPV�RI
UXSHHV�DIWHU�GHGXFWLQJ�WKH�FRVW�RI�WUHDWPHQWV�IURP
JURVV�UHWXUQV�
*URVV�UHWXUQV� �9DOXH�RI�WKH�SURGXFW��*UDLQ���6WUDZ�
1HW�UHWXUQV� �*URVV�UHWXUQV�±�7RWDO�FRVW�RI�FXOWLYDWLRQ

����5HWXUQ�SHU�UXSHH�5V�� �5V��FRVW��ORSHUDWLRQD�7RWDO
�5V���UHWXUQV1HW�

7KH�GDWD�ZHUH�DQDO\]HG�E\�XVLQJ�VWDQGDUG�VWDWLVWLFDO
SURFHGXUHV�DQG�FRPSDULVRQV�ZHUH�PDGH�DW����OHYHO
RI�VLJQLILFDQFH��*RPH]�DQG�*RPH]�������

5(68/76�$1'�',6&866,21
*UDLQ�DQG�6WUDZ�\LHOG��NJ�KD���

$PRQJ�WKH�KHUELFLGDO�WUHDWPHQWV�KLJKHVW�JUDLQ
������DQG������NJ�KD���GXULQJ���������DQG������
����DQG�VWUDZ�������DQG������NJ�KD���GXULQJ������

��� ������-\RWKL�%DVX�HW�DO�� �����������������������������������������������������$$-���



���DQG����������UHVSHFWLYHO\��\LHOG�UHFRUGHG�LQ�SORWV
WUHDWHG�ZLWK�SUH�HPHUJHQFH�DSSOLFDWLRQ�RI�EHQVXOIXURQ
PHWK\O���SUHWLODFKORU�ZLWK�VDIHQHU�IE�SRVW�HPHUJHQFH
DSSOLFDWLRQ� RI� D]LPVXOIXURQ� IE� SRVW� HPHUJHQFH
DSSOLFDWLRQ�RI�PHWVXOIXURQ�PHWK\O�DQG�FKORULPXURQ
HWK\O�DSSOLHG�DW����'$6��7����7KH�LQFUHDVH�LQ�JUDLQ
\LHOG�ZDV�GXH�WR�WKH�IDFW�WKDW�WKH�ZHHG�SRSXODWLRQ
DQG�ZHHG�JURZWK�UHPDLQHG�VXSSUHVVHG�GXULQJ�FURS
JURZWK�SHULRG��UHVXOWLQJ�LQ�UHGXFHG�ZHHG�FRPSHWLWLRQ
ZKLFK� XOWLPDWHO\� UHVXOWHG� LQ� KLJKHU� GU\PDWWHU
DFFXPXODWLRQ�DQG�WUDQVORFDWLRQ�RI�PRUH�DVVLPLODWHV
XOWLPDWHO\�HQKDQFHG�WKH�\LHOGV�RI�ULFH��7KHVH�UHVXOWV
DUH�LQ�DJUHHPHQW�ZLWK�WKH�ILQGLQJV�RI�6XEKDODNVKPL
DQG�9HQNDWDUDPDQD�� ��������1DVHHUXGGLQ� DQG
6XEUDPDQ\DP���������+RVVDLQ�DQG�0RQGDO��������
5DPPX�/RGKL����������DQG�DQG�$MD\�6LQJK�HW�DO�
�������

(FRQRPLFV�RI�5LFH�&XOWLYDWLRQ
7KH�DGRSWLRQ�RI�DQ\�WHFKQRORJ\�LQ�JHQHUDO�DQG

ZHHG�PDQDJHPHQW� LQ� SDUWLFXODU� LQ� WKH�PRGHUQ
DJULFXOWXUH�FDQ�RQO\�EH�IHDVLEOH�DQG�DFFHSWDEOH�WR
IDUPHUV�LI�LW�LV�HFRQRPLFDOO\�YLDEOH��7KH�SUDFWLFDO�XWLOLW\
VXFK�DV�ZHHG�PDQDJHPHQW�PHDVXUHV�FDQ�EH�EHVW
MXGJHG�RQ�WKH�EDVLV�RI�LWV�UHWXUQ�SHU�UXSHH�LQYHVWPHQW�
7KH�JURVV�UHWXUQV��QHW�UHWXUQV�DQG�WKH�UHWXUQ�SHU�UXSHH
LQYHVWPHQW�ZHUH�ZRUNHG�RXW�IRU�ULFH�DV�LQIOXHQFHG�E\
VHTXHQWLDO�DSSOLFDWLRQ�RI�KHUELFLGHV�RQ�GLUHFW�VRZQ
ULFH�FURS�E\�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�PRQHWDU\
YDOXHV�RI�LQSXWV�XVHG�DQG�WKH�FURS�SURGXFH�REWDLQHG
GXULQJ�ERWK�WKH�\HDUV�RI�LQYHVWLJDWLRQ�

$PRQJ�WKH�ZHHG�PDQDJHPHQW�SUDFWLFHV��WKH
KLJKHVW�JURVV�UHWXUQV��5V��������DQG�5V��������KD��
GXULQJ���������DQG����������UHVSHFWLYHO\��ZHUH
UHDOL]HG�ZLWK�WKH�WUHDWPHQW�7����ZHHG�IUHH���:KLOH�
WKH�ORZHVW�JURVV�UHWXUQV��5V��������DQG�5V�������
KD����ZDV�REVHUYHG�ZLWK�ZHHG\�FKHFN�

2I�DOO�WUHDWPHQWV��SUH�HPHUJHQFH�DSSOLFDWLRQ
RI�EHQVXOIXURQ�PHWK\O�#����J�D�L��KD�����SUHWLODFKORU
ZLWK�VDIHQHU�#�����J�D�L��KD���IE�SRVW�HPHUJHQFH
DSSOLFDWLRQ�RI�D]LPVXOIXURQ�#����J�D�L��KD���DW����'$6
IE�SRVW�HPHUJHQFH�DSSOLFDWLRQ�RI��PHWVXOIXURQ�PHWK\O
DQG�FKORULPXURQ�HWK\O�#����J�D�L��KD���DSSOLHG�DW���
'$6��7���UHDOL]HG�WKH�KLJKHVW�QHW�UHWXUQV�RI�5V�������
DQG�5V��������KD���DQG�UHWXUQ�SHU�UXSHH�LQYHVWPHQW
RI� ����� DQG������ GXULQJ��������� DQG���������
FORVHO\�IROORZHG�E\�WKH�WUHDWPHQW�7����WUHDWPHQW�7�
DQG�WUHDWPHQW�7���

7KH�KLJKHVW�QHW�UHWXUQV�DQG�UHWXUQ�SHU�UXSHH
LQYHVWPHQW�REWDLQHG�XQGHU�WUHDWPHQWV�7���7����7��DQG
7���PLJKW�EH�GXH�WR�ORZ�SURGXFWLRQ�FRVW�DQG�KLJKHU
JUDLQ�DQG�VWUDZ�\LHOG�FRPSDUHG�WR�RWKHU�WUHDWPHQWV�
7KRXJK��ZHHG�IUHH��7����WUHDWPHQW�UHVXOWHG�LQ�UHDOL]LQJ
KLJKHU�\LHOG�FRPSDUHG�WR�RWKHU�ZHHG�PDQDJHPHQW
WUHDWPHQWV��WKH�QHW�UHWXUQV�DQG�UHWXUQ�LQYHVWPHQW�ZDV
WKH�ORZHVW��7KLV�LV�PDLQO\�EHFDXVH�RI�KLJKHU�ODERXU
FRVW�LQYROYHG�LQ�PDQXDO�KDQG�ZHHGLQJ��ZKLFK�FRXOG
QRW�FRPSHQVDWH�WKH�DGGLWLRQDO�JUDLQ�\LHOG�REWDLQHG�LQ
ZHHG�IUHH��7����WUHDWPHQW�UHVXOWLQJ�LQ�ORZ�UHWXUQV�SHU
UXSHH�LQYHVWHG�GXULQJ�ERWK�WKH�\HDUV�RI�VWXG\��8VH�RI
KHUELFLGHV�ZDV�IRXQG�WR�EH�FKHDSHU�DQG�HIIHFWLYH�LQ
FRQWUROOLQJ�WKH�ZHHGV�DQG�UHGXFLQJ�WKH�WRWDO�HQHUJ\
UHTXLUHG�IRU�ULFH�FXOWLYDWLRQ�DV�SURMHFWHG�LQ�WKH�SUHVHQW
LQYHVWLJDWLRQ�DOVR�FRQIRUPV�WKH�ILQGLQJV�UHSRUWHG�E\
:DOLD�HW�DO����������.XPDU�HW�DO����������+RVVDLQ
DQG�0RQGDO�����������5DPPX�/RGKL����������$MD\
6LQJK�HW�DO���������DQG�-\RWKL�%DVX�HW�DO���������

,W�FDQ�EH�FRQFOXGHG�IURP�WKH�DQDO\VLV�WKDW��WKH
WUHDWPHQW�7��KDV�VKRZQ�FRQVLVWHQWO\�KLJKHU�SURILWV�ZLWK
PRUH�\LHOG��QHW�UHWXUQV�DQG�UHWXUQ�SHU�UXSHH�LQYHVWPHQW
GXULQJ�ERWK�WKH�VHDVRQV�

/,7(5$785(�&,7('
$MD\�6LQJK��1DQGDO�'�3�DQG�3XQLD�6�6������%LR�

HIILFDF\�RI�VHTXHQWLDO�DSSOLFDWLRQ�RI�KHUELFLGHV
RQ�ZHHGV�DQG�\LHOG�LQ�GLUHFW�VHHGHG�ULFH
�2U\]D� VDWLYD��� ,QWHUQDWLRQDO� -RXUQDO� RI
&XUUHQW� 0LFURELRORJ\� DQG� $SSOLHG
6FLHQFHV����������������

%DODVXEUDPDQLDQ�9�DQG�+LOO�-�(������'LUHFW�
VHHGLQJ�RI�ULFH�LQ�$VLD��(PHUJLQJ�LVVXHV�DQG
VWUDWHJLF�UHVHDUFK�QHHGV�IRU���VW�FHQWXU\��S
����,Q��'LUHFW�6HHGLQJ��5HVHDUFK�6WUDWHJLHV
DQG� 2SSRUWXQLWLHV �� 3URFHHGLQJ� RI
,QWHUQDWLRQDO�:RUNVKRS�RQ�'LUHFW�6HHGLQJ�LQ
$VLDQ�5LFH�6\VWHP���(GV��6�3DQGH\�HW�DO���
������ -DQXDU\� ������%DQNRN��7DKLODQG�
,QWHUQDWLRQDO�5LFH� UHVHDUFK� LQVWLWXWH�/RV
%DQRV��3KLOLSSLQHV�

*RPH]�.�$�DQG�*RPH]�$�$������ 6WDWLVWLFDO
3URFHGXUHV�IRU�$JULFXOWXUDO�5HVHDUFK����HG���
-RKQ�ZLOH\�DQG�VRQV��1HZ�<RUN������S�

+RVVDLQ�$� DQG�0RQGDO� '� &� ����� �:HHG
PDQDJHPHQW�E\�KHUELFLGH�FRPELQDWLRQV�LQ
WUDQVSODQWHG�ULFH��,QGLDQ�-RXUQDO�RI�:HHG
6FLHQFH�������������±����

���� �(IIHFW�RI�+HUELDGHV�RQ�3DUDPHWHUV�RI�'LUHFW�6RZQ�5LFH ��������������
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-\RWKL�%DVX�%��3UDVDG�3�9�1��0XUWK\�9�5�.�
$VKRND�5DQL�<�DQG�3UDVDG�3�5�.������
3URGXFWLYLW\�RI�GLUHFW�VHHGHG�ULFH�LQ�UHVSRQVH
WR�YDULRXV�ZHHG�PDQDJHPHQW�SUDFWLFHV�DQG
WKHLU�UHVLGXDO�HIIHFW�RQ�JUHHQJUDP��-RXUQDO
RI�5LFH�5HVHDUFK����������������

.XPDU�5�6��'XUDLUDM�6�1��'DLV\�0�DQG�$UFKDQD
+�$�������6WXGLHV�RQ�ZHHG�PDQDJHPHQW
SUDFWLFHV� LQ� WUDQVSODQWHG� ULFH�7UHQGV� LQ
%LRVFLHQFHV�������������������

/DGKD�-�.��5DR�$�1��5DPDQ�$��7LURO�3DGUH�$�
'REHUPDQQ�$��*DWKDOD�0��.XPDU�9<
6KDUDZDW�6��6KDUPD�6��3LHSKR�+�3��$ODP
00��/LDN�5��5DMHQGUDQ�5��.HVDYD
5HGG\�&��3DUVDG�5��6KDUPD�3�&��6LQJK
6�6��6DKD�$�DQG�1RRU�6���������$JURQRPLF
LPSURYHPHQWV�FDQ�PDNH�IXWXUH�FHUHDO�V\VWHPV
LQ�6RXWK�$VLD�IDU�PRUH�SURGXFWLYH�DQG�UHVXOW
LQ�D�ORZHU�HQYLURQPHQWDO�IRRWSULQW��*OREDO
&KDQJH�%LRORJ\�����������������

1DVHHUXGGLQ�5� DQG�6XEUDPDQ\DP�'� �����
3HUIRUPDQFH� RI� ORZ�GRVH� KLJK� HIILFDF\
KHUELFLGHV� LQ� GUXP� VHHGHG� ULFH�� ,QGLDQ
-RXUQDO�RI�:HHG�6FLHQFH�������������±����

5HFHLYHG�RQ������������DQG�$FFHSWHG�RQ�����������

5DPPX�/RGKL�������(IILFDF\�RI�%HQVXOIXURQ�PHWK\O
��3UHWLODFKORU�DJDLQVW�:HHGV�LQ�7UDQVSODQWHG
5LFH��0�6F�7KHVLV��-DZDKDUODO�1HKUX�.ULVKL
9LVKZD�9LG\DOD\D��-DEDOSXU��,QGLD

6XEKDODNVKPL�&�DQG�9HQNDWDUDPDQD�0������
(IIHFW� RI� GLIIHUHQW�ZHHG�PDQDJHPHQW
SUDFWLFHV� RQ� JURZWK�� QXWULHQW� XSWDNH� E\
WUDQVSODQWHG� UDEL� ULFH� DQG�ZHHGV��&URS
5HVHDUFK������������������

:DOLD�8�6��:DOLD�66��6LGKX�$�6�DQG�1D\\DU�6
������ %LRHIILFDF\� RI� SUH�� DQG� SRVW�
HPHUJHQFH�KHUELFLGHV�LQ�GLUHFW�VHHGHG�ULFH
LQ�&HQWUDO�3XQMDE��,QGLDQ�-RXUQDO�RI�:HHG
6FLHQFH�����������±���
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