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7��*LELQ�*HRUJH���5HQXND�1D\DU���3��
.XWWLQDUD\DQDQ���*HRUJH��7��2RPPHQ�
DQG�-�-��&KXQJDWK�
'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD5HFHLYHG�����������

$FFHSWHG�����������


3DUW�RI�096F�WKHVLV�VXEPLWWHG�E\�WKH�¿UVW�DXWKRU�WR�WKH�.HUDOD�9HWHULQDU\�	�$QLPDO�6FLHQFHV�8QLYHUVLW\��3RRNRGH�:D\DQDG
���$VVLVWDQW�0DQDJHU��.HUDOD�/LYHVWRFN�GHYHORSPHQW�%RDUG�
���$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\�&9$6��3RRNRGH
���3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\�&9$6��3RRNRGH
���3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\�&9$6��0DQQXWK\
���3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\��&9$6��0DQQXWK\

$EVWUDFW�
'XFN�PHDW� KDV� FRPELQHG� SURSHUWLHV�

RI�UHG�DQG�ZKLWH�PHDW�DQG�KDV�KLJK�QXWULWLRQDO�
YDOXHV��.HUDOD�ZLWK�LWV�QHWZRUN�RI�LQODQG�ZDWHU�
VRXUFHV� LV� DQ� LGHDO� SODFH� IRU� GXFN� UHDULQJ��$�
VWXG\�ZDV�XQGHUWDNHQ�WR�FRPSDUH�WKH�FDUFDVV�
FKDUDFWHULVWLFV�RI�QDWLYH�GXDO�SXUSRVH�.XWWDQDG�
GXFNV������PRQWKV��ZLWK�WKH�H[RWLF�EURLOHU�VWUDLQ�
RI�9LJRYD�GXFNV������ZHHNV���:KHQ�FRPSDUHG�
WR� .XWWDQDG� GXFNV�� 9LJRYD� GXFNV� H[KLELWHG�
VLJQLILFDQWO\� KLJKHU� VODXJKWHU� DQG� FDUFDVV�
ZHLJKWV��FDUFDVV�\LHOGV�ZLWK�VNLQ��ZLWKRXW�VNLQ�
DQG� ZLWK� JLEOHWV� DQG� KLJKHU� DEGRPLQDO� IDW��
9LJRYD�GXFNV�KDG�VLJQL¿FDQWO\� ORZHU�\LHOGV�RI�
DOO�LQHGLEOH�RIIDOV�H[FHSW�EORRG�DQG�OXQJV���2Q�
WKH�EDVLV�RI�FDUFDVV�ZHLJKW��\LHOGV�RI�PHDW�DQG�
ERQHV�ZHUH� VLJQL¿FDQWO\� KLJKHU� IRU�.XWWDQDG�
GXFNV��KRZHYHU��WKH�PHDW��ERQH�UDWLRV�GLG�QRW�
GLIIHU�VLJQL¿FDQWO\��<LHOG�RI�VNLQ�ZDV�VLJQL¿FDQWO\�
KLJKHU�IRU�9LJRYD��9LJRYD�GXFNV�ZHUH�VXSHULRU�
LQ� FDUFDVV� FKDUDFWHULVWLFV� DQG� FRXOG� EH�XVHG�
IRU�PHDW�SURGXFWLRQ�DW�D�\RXQJ�DJH��PDNLQJ�LW�
VXLWDEOH�IRU�FRPPHUFLDO�EURLOHU�SURGXFWLRQ�

.H\�ZRUGV��&DUFDVV� FKDUDFWHULVWLFV��
9LJRYD�6XSHU�0�GXFNV���.XWWDQDG�GXFNV

3RXOWU\�PHDW�LV�RI�KLJK�QXWULWLRQDO�YDOXH�
KDYLQJ� JRRG� VRXUFH� RI� SURWHLQ�� �7KRXJK� WKH�
PDMRULW\�RI�SRXOWU\�PHDW�LQ�,QGLD�LV�FRQVWLWXWHG�
E\�FKLFNHQ��GXFN�PHDW� LV�JDLQLQJ�DQ�LQFUHDVH�

GHPDQG� GXH� WR� LWV� QXWULWLRQDO� SURSHUWLHV��
�.KDOHTX]]DPDQ HW� DO��� ������$G]LWH\� DQG�
$G]LWH\��������.DQDJDUDMX�HW�DO���������

'XFN�PHDW�SURGXFWLRQ�LQ�,QGLD�ZDV�����
����WRQQHV�LQ�������)$267$7����������,W�KDV�
FRPELQHG�FKDUDFWHULVWLFV�RI�UHG�PHDW���FRQWDLQV�
KLJK� OHYHOV� RI� SKRVSKROLSLGV�� SUHFXUVRUV�
RI� DURPDV� DQG� WKH� GLHWHWLF� FKDUDFWHULVWLFV�
RI� SRXOWU\� PHDW� �� FRQWDLQV� KLJK� OHYHOV� RI�
PRQRXQVDWXUDWHG� IDWW\� DFLGV�� HVSHFLDOO\� ROHLF�
DQG�OLQROHLF�DFLG�DQG�FRQVWLWXWHV�DERXW����SHU�
FHQW�RI�IDWW\�DFLGV��

9LJRYD�6XSHU�0��6XSHU�0HDW��GXFN�LV�D�
EURLOHU�VWUDLQ�RI�GXFN�ZKLFK�LV�D�FURVV�RI�:KLWH�
3HNLQ� DQG� $\OHVEXU\�� KDYLQJ� KLJK� GLVHDVH�
UHVLVWDQFH�� IDVWHU� JURZWK� UDWH� DQG� JRRG� IHHG�
FRQYHUVLRQ�HI¿FLHQF\��7KHVH�DUH�LGHDOO\�VXLWHG�
IRU�WKH�,QGLDQ�FOLPDWH�DQG�DUH�JDLQLQJ�SRSXODULW\�
LQ�,QGLD��.XWWDQDG�GXFNV�DUH�WKH�PRVW�SRSXODU�
GXFNV�RI�.HUDOD�DQG�DUH�WKH�LQGLJHQRXV�GXFNV�
ZKLFK� LQFOXGH� ERWK� &KDUD� DQG� &KHPEDOOL
YDULHWLHV���7KH\�DUH�UHDUHG�LQ�ODUJH�ÀRFNV�LQ�WKH�
SDGG\�¿HOGV�RI�.XWWDQDG�DUHD�LQ�.HUDOD�DQG�DUH�
PDLQO\� NHSW� IRU� HJJ� SURGXFWLRQ�� EXW� DUH� GXDO�
SXUSRVH�LQ�QDWXUH�ZLWK�KLJK�GLVHDVH�UHVLVWDQFH�
DQG�JRRG�DGDSWDELOLW\�

2QO\� YHU\� IHZ�ZRUNV� KDG� EHHQ� VR� IDU�
FRQGXFWHG� RQ� WKH� FDUFDVV� DQG�PHDW� TXDOLW\�
FKDUDFWHULVWLFV�RI�9LJRYD�DQG�.XWWDQDG�GXFNV��
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+HQFH�D�VWXG\�ZDV�HQYLVDJHG�ZLWK�WKH�REMHFWLYHV�
RI�HYDOXDWLQJ�DQG�FRPSDULQJ�WKH�FDUFDVV�TXDOLW\�
FKDUDFWHULVWLFV�RI�9LJRYD�DQG�.XWWDQDG�GXFNV�
0DWHULDOV�DQG�0HWKRGV

7ZHOYH�GXFNV�RI�9LJRYD�6XSHU�0��FURVV�
RI�:KLWH�3HNLQ�DQG�$\OHVEXU\��DJHG�VL[�WR�HLJKW�
ZHHNV�DQG�RI�HLWKHU�VH[�SXUFKDVHG�IURP�ORFDO�
IDUPHUV�DQG� WZHOYH�.XWWDQDG�GXFNV� �FURVV�RI�
&KDUD�DQG�&KHPEDOOL��DJHG���WR���PRQWKV�DQG�RI�
VLPLODU�ZHLJKW�DQG�RI�HLWKHU�VH[�SXUFKDVHG�IURP�
WKH�8QLYHUVLW\�3RXOWU\�DQG�'XFN�)DUP��83')���
0DQQXWK\�ZHUH�EURXJKW�WR�WKH�GHSDUWPHQW��IRU�
VODXJKWHU��7KH�ELUGV�ZHUH�LGHQWL¿HG��LQGLYLGXDOO\�
ZHLJKHG�DQG�IDVWHG�IRU���KRXUV�ZLWK�DFFHVV�WR�
DGOLELWXP�ZDWHU���'XFNV�ZHUH�VFLHQWL¿FDOO\�DQG�
K\JLHQLFDOO\�VODXJKWHUHG�LQ�DQ�DXWRPDWLF�SRXOWU\�
SURFHVVLQJ� OLQH� �51'�3UDFWLFDO� (QJLQHHULQJ��
3XQH��LQ�WKH�GHSDUWPHQW���7KH�ELUGV�ZHUH�VWXQQHG�
LQ�DQ�HOHFWULFDO�ZDWHU�EDWK�DW�D� ORZ�YROWDJH�RI�
���YROWV�DQG�EOHG�E\�FXWWLQJ�DFURVV�WKH�MXJXODU�
YHLQ�DQG�FDURWLG�DUWHU\��%OHHGLQJ�ZDV�FDUULHG�RXW�
IRU�WZR�PLQ�DQG�WKH�ZHLJKW�DIWHU�EOHHGLQJ�ZDV�
UHFRUGHG���7KH�ELUGV�ZHUH�VXEVHTXHQWO\�VFDOGHG�
E\�LPPHUVLRQ�VFDOGLQJ�LQ�KRW�ZDWHU�DW���R&�IRU�
WZR�PLQ��GHIHDWKHUHG�LQ�D�GHIHDWKHULQJ�PDFKLQH��
VLQJHG� DQG�ZDVKHG� :HLJKWV� RI� GU\� IHDWKHUV�
ZHUH�UHFRUGHG���(YLVFHUDWLRQ�ZDV�FDUULHG�RXW�DV�
SHU�WKH�VWDQGDUG�WHFKQLTXH�E\�FXWWLQJ�EHORZ�WKH�
EUHDVW�ERQH�FDUWLODJH���(GLEOH�DQG�LQHGLEOH�RIIDOV�
ZHUH�UHPRYHG�IURP�WKH�FDUFDVVHV�DQG�ZHLJKHG�
VHSDUDWHO\� $IWHU� VODXJKWHULQJ� DQG� GUHVVLQJ��
WKH�ZDUP�FDUFDVV�ZHLJKWV�ZHUH�UHFRUGHG���7KH�
FKDUDFWHULVWLFV�DVVHVVHG�ZHUH�VODXJKWHU�ZHLJKW��
FDUFDVV�ZHLJKW��FDUFDVV�\LHOG��\LHOG�RI�LQHGLEOH�
RIIDOV�� DEGRPLQDO� IDW�� JLEOHWV� DQG�PHDW� DQG�
PHDW��ERQH�UDWLR��7KH�FDUFDVV�FKDUDFWHULVWLFV�RI�
9LJRYD�DQG�.XWWDQDG�GXFNV�ZHUH�FRPSDUHG�DQG�
HYDOXDWHG��7KH�GDWD�REWDLQHG�ZHUH�VWDWLVWLFDOO\�
DQDO\]HG�E\�,QGHSHQGHQW�W�WHVW��XVLQJ�6366�VRIW�
ZDUH�DV�SHU�6QHGHFRU�DQG�&RFKUDQ�����������

5HVXOWV�DQG�'LVFXVVLRQ�
5HVXOWV� RI� VODXJKWHU�ZHLJKWV�� FDUFDVV�

ZHLJKWV� DQG� FDUFDVV� \LHOGV� RI� 9LJRYD� DQG�
.XWWDQDG�GXFNV�DUH�SUHVHQWHG�LQ�7DEOH����9LJRYD�
GXFNV� VKRZHG� VLJQLILFDQWO\� KLJKHU� �3�������
VODXJKWHU�DQG�FDUFDVV�ZHLJKWV�ZKHQ�FRPSDUHG�
WR� .XWWDQDG� GXFNV�� � .XWWDQDG� GXFN� EHLQJ� D�
GXDO�SXUSRVH�GXFN�DWWDLQHG�D�ERG\�ZHLJKW�RI�
��������������J�DW�VL[�PRQWKV�DQG�WKLV�ZDV�LQ�
DJUHHPHQW�ZLWK�¿QGLQJV�RI�6DSFRWD�HW�DO���������
ZKR�UHSRUWHG�D�VODXJKWHU�ZHLJKW�RI������J�DW�VL[�
PRQWKV�LQ�.XWWDQDG�GXFNV��

&DUFDVV� \LHOG� �SHU� FHQW��ZLWKRXW� VNLQ��
ZLWK� VNLQ� DQG�ZLWK� JLEOHWV�ZHUH� VLJQL¿FDQWO\�
KLJKHU��3�������IRU�9LJRYD�GXFNV�FRPSDUHG�WR�
WKRVH�RI�.XWWDQDG�GXFNV��7KLV�PLJKW�EH�GXH�WR�
WKH�EURLOHU� SURSHUWLHV� RI�9LJRYD�GXFNV��ZKLFK�
DUH�PDLQO\�XVHG�IRU�PHDW�SURGXFWLRQ��%DQHUMHH��
�������0HDQ�FDUFDVV�\LHOGV��SHU�FHQW��ZLWKRXW�
VNLQ�DQG�VXEFXWDQHRXV�IDW�DQG�ZLWK�VNLQ�ZHUH�
VLJQL¿FDQWO\�KLJKHU��3�������IRU�9LJRYD�GXFNV�
������������SHU�FHQW�DQG������������SHU�FHQW�
UHVSHFWLYHO\��� ZKHQ� FRPSDUHG� WR� .XWWDQDG�
GXFNV�������������SHU�FHQW�DQG������������SHU�
FHQW�UHVSHFWLYHO\����9LJRYD�GXFNV�DOVR�VKRZHG�
VLJQL¿FDQWO\�KLJKHU��3�������PHDQ�FDUFDVV�\LHOG�
�SHU�FHQW��ZLWK�JLEOHWV�LQ�FRPSDULVRQ�WR�WKDW�RI�
.XWWDQDG�GXFNV��0HDQ�FDUFDVV�\LHOG�RI�9LJRYD�
GXFNV�ZLWKRXW� VNLQ�ZDV� ����������� SHU� FHQW�
DQG� WKLV�ZDV� LQ� DJUHHPHQW�ZLWK� WKH� ¿QGLQJV�
RI�%KXL\DQ�HW�DO����������.OHF]HN�HW�DO����������
2PRMROD��������DQG�7HJXLD�HW�DO�� �������ZKR�
UHSRUWHG�GUHVVLQJ�SHU� FHQW� YDOXHV�DURXQG����
SHU� FHQW� LQ� GLIIHUHQW� EURLOHU� VWUDLQV� RI� GXFNV���
0HDQ�FDUFDVV�\LHOG�ZLWKRXW�VNLQ�ZDV������������
SHU�FHQW�LQ�9LJRYD�GXFNV�DQG�WKLV�DJUHHG�ZLWK�
WKH�¿QGLQJV�RI�%DQHUMHH� �������ZKR� UHSRUWHG�
D�YDOXH�RI�������SHU�FHQW� LQ�9LJRYD�6XSHU�0�
GXFNV�DJHG�HLJKW�ZHHNV��0HDQ�FDUFDVV�\LHOG�
�SHU� FHQW�� RI� .XWWDQDG� GXFNV�ZLWK� VNLQ� DQG�
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VXEFXWDQHRXV�IDW�ZDV������������ZKLFK�DJUHHG�
ZLWK�WKH�UHVXOWV�REWDLQHG�E\�&KDFNR�HW�DO���������
DQG�6DSFRWD�HW�DO���������

<LHOG� RI� GLIIHUHQW� LQHGLEOH� RIIDOV� � DQG�
DEGRPLQDO�IDW�RI�.XWWDQDG�DQG�9LJRYD�GXFNV�DUH�
VKRZQ�LQ�7DEOHV����0HDQ�\LHOG�RI��WRWDO�LQHGLEOH�
RIIDOV��SHU�FHQW��ZDV�KLJKHU�IRU�.XWWDQDG�GXFNV�
�������������ZKHQ�FRPSDUHG�WR�9LJRYD�GXFNV�
�������������DQG�WKH�GLIIHUHQFH�ZDV�VLJQL¿FDQW�
�3���������7KH�PHDQ�\LHOG�RI�HDFK�LQHGLEOH�RIIDO�
�SHU�FHQW��ZDV�DOVR�VLJQL¿FDQWO\�KLJKHU��3�������
IRU�.XWWDQDG�GXFNV�ZKHQ�FRPSDUHG�WR�9LJRYD�
GXFNV� H[FHSW� IRU� EORRG� DQG� OXQJV�� � ,W� ZDV�
REVHUYHG�WKDW�KLJKHU�WKH�\LHOG�RI�LQHGLEOH�RIIDOV��
ORZHU�ZRXOG� EH� WKH� FDUFDVV� \LHOG�� )LQGLQJV�
ZHUH� LQ� DFFRUGDQFH�ZLWK� UHVXOWV� REWDLQHG� E\�
2PRMROD� ������� LQ�0XVFRY\�DQG�:KLWH�3HNLQ�
GXFNV�� �6LJQL¿FDQW� GLIIHUHQFHV� �3�������ZHUH�
REVHUYHG� LQ� WKH�PHDQ� � \LHOGV� �SHU� FHQW�� RI��
IHDWKHU��IHHW��KHDG��WUDFKHD�DQG�JDVWURLQWHVWLQDO�
WUDFWV�EHWZHHQ�WKH�WZR�JURXSV�RI�ELUGV��ZKLFK�
ZHUH� LQ�DJUHHPHQW�ZLWK�¿QGLQJV�RI� �0DKDQWD�
HW� DO�� ������� DQG�2PRMROD� �������� .XWWDQDG�
GXFNV� VKRZHG�PHDQ� \LHOGV� RI� ����������SHU�
FHQW�� ���������� SHU� FHQW� DQG� ���������� SHU�
FHQW� IRU� EORRG�� KHDG� DQG� IHHW�ZKLFK� DJUHHG�
ZLWK�WKH�¿QGLQJV�RI�6DSFRWD�HW�DO���������ZKR�
FRQGXFWHG� VWXGLHV� LQ� VL[�PRQWK� ROG�&KDUD�
&KHPEDOOL�GXFNV��

9LJRYD� GXFNV� H[KLELWHG� D� VLJQL¿FDQWO\�
KLJKHU� �3������� PHDQ� \LHOG� RI DEGRPLQDO�
IDW� ����������� SHU� FHQW�� ZKHQ� FRPSDUHG� WR�
.XWWDQDG�GXFNV������������SHU�FHQW���,QFUHDVHG�
OHYHO�RI�DEGRPLQDO�IDW�LQ�9LJRYD�GXFNV�PLJKW�EH�
GXH�WR�WKH�EURLOHU�FKDUDFWHULVWLFV���7KH��PHDQ�
\LHOGV�REWDLQHG�ZHUH�DURXQG�RQH�SHU�FHQW� IRU�

ERWK�JURXSV�RI�GXFNV�DQG�WKLV�ZDV�LQ�DFFRUGDQFH�
ZLWK� WKH�UHVXOWV�REWDLQHG�E\�6KDKLQ� ������� LQ�
3HNLQ�GXFNV�RI� WHQ�ZHHNV�DJH��DQG�/DU]XO�HW�
DO��������� LQ�IHPDOH�PXOH�GXFNV�RI�WHQ�ZHHNV�
DJH��

<LHOGV�RI�JLEOHWV�DUH�VKRZQ�LQ�7DEOH����
7KH�PHDQ�\LHOG�RI�JLEOHW�ZDV�VLJQL¿FDQWO\�KLJKHU�
�3������� IRU� .XWWDQDG� GXFNV� ����������� SHU�
FHQW� ZKHQ FRPSDUHG�WR�WKDW�RI�9LJRYD�GXFNV�
����������� SHU� FHQW��� �$PRQJ� JLEOHWV��PHDQ�
YDOXH�RI�OLYHU�ZDV�KLJKHU�IRU�9LJRYD�GXFNV��ZKLOH�
WKRVH� IRU� JL]]DUG� DQG� KHDUW�ZHUH� KLJKHU� IRU�
.XWWDQDG���,QFUHDVH�LQ�VODXJKWHU�DJH�LQFUHDVHG�
WKH�SHU�FHQW�RI�JLEOHW��ZKLFK�ZDV�HYLGHQW�IURP�
WKH� UHVXOWV� DQG�ZDV� LQ� DJUHHPHQW� ZLWK� WKH�
¿QGLQJV� RI�7HJXLD�HW� DO�� ������ DQG�6DSFRWD�
HW� DO�� ������� 0DKDQWD�HW� DO�� ������� UHSRUWHG�
D�JLEOHW�SHU�FHQW�RI������LQ�LQGLJHQRXV�$VVDP�
GXFNV���+HDUW��OLYHU�DQG�JL]]DUG�FRQWULEXWHG�WR�
�����SHU�FHQW�������SHU�FHQW�DQG������SHU�FHQW�
LQ�$VVDP�GXFNV��ZKLFK�ZHUH�FRPSDUDEOH�ZLWK�
WKH�UHVXOWV�RI�SUHVHQW�VWXG\�

<LHOGV� RI�PHDW�� ERQH�� VNLQ� DQG�PHDW��
ERQH�UDWLRV�RI�9LJRYD�DQG�.XWWDQDG�GXFNV�DUH�
SUHVHQWHG�LQ�7DEOH����0HDQ�\LHOGV�RI�PHDW��SHU�
FHQW�� H[SUHVVHG� RQ� VODXJKWHU� ZHLJKW� EDVLV�
GLG� QRW� GLIIHU� VLJQLILFDQWO\� EHWZHHQ� 9LJRYD�
DQG� .XWWDQDG� GXFNV�� 2Q� FDUFDVV� ZHLJKW�
EDVLV��.XWWDQDG�GXFNV� VKRZHG�D� VLJQL¿FDQWO\�
KLJKHU��3�������PHDQ�PHDW�\LHOG�WKDQ�9LJRYD�
GXFNV���7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�
PHDQ�\LHOG�RI�ERQH�EDVHG�RQ�VODXJKWHU�ZHLJKW�
EHWZHHQ� WKH� GXFNV�� EXW� WKH� YDOXH� EDVHG� RQ�
FDUFDVV�ZHLJKW�ZDV�VLJQL¿FDQWO\�KLJKHU��3�������
IRU�.XWWDQDG�GXFNV��7KH�PHDQ�\LHOGV�RI�VNLQ��
EDVHG�RQ�VODXJKWHU�DQG�FDUFDVV�ZHLJKWV�ZHUH�
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VLJQL¿FDQWO\�KLJKHU��3�������IRU�9LJRYD�GXFNV�
������������SHU�FHQW�DQG������������SHU�FHQW�
UHVSHFWLYHO\��ZKHQ�FRPSDUHG�WR�.XWWDQDG�GXFNV�
������������SHU�FHQW�DQG������������SHU�FHQW�
UHVSHFWLYHO\���0HDQ�PHDW� \LHOG� LQFOXGLQJ� WKH�
VNLQ�ZDV�VLJQL¿FDQWO\�KLJKHU��3�������IRU�9LJRYD�
GXFNV��6LJQL¿FDQWO\�KLJKHU��3�������\LHOGV���SHU�
FHQW��RI�JLEOHWV�DQG�LQHGLEOH�RIIDOV�LQ�.XWWDQDG�
GXFNV�PLJKW�KDYH�FRQWULEXWHG�WR�WKH�LQVLJQL¿FDQW�
GLIIHUHQFH�LQ�PHDW�\LHOGV�EHWZHHQ�.XWWDQDG�DQG�
9LJRYD�GXFNV�ZKHQ�FDOFXODWHG�RQ�WKH�EDVLV�RI�
VODXJKWHU�ZHLJKW�

0HDQ�PHDW��ERQH�UDWLRV�H[SUHVVHG�RQ�
WKH�EDVLV�RI�ERWK�VODXJKWHU�DQG�FDUFDVV�ZHLJKWV�
EDVLV�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�EHWZHHQ�9LJRYD�
DQG�.XWWDQDG� GXFNV��0HDQ�PHDW�� ERQH� UDWLR�
LQFOXGLQJ� WKH� VNLQ� ZHUH� VLJQLILFDQWO\� KLJKHU�
�3�������IRU�9LJRYD�GXFNV���6LJQL¿FDQWO\�KLJKHU�
�3�������\LHOG�RI�VNLQ�LQ�9LJRYD�GXFNV�UHVXOWHG�
LQ� D� VLJQLILFDQWO\� KLJKHU� �3�������PHDW� DQG�
VNLQ�\LHOG��SHU�FHQW��DQG�PHDW�DQG�VNLQ��ERQH�
UDWLR� LQ�WKHVH�GXFNV�ZKHQ�FRPSDUHG�WR�WKRVH�
RI�.XWWDQDG�GXFNV���0HDW�DQG�VNLQ�\LHOG�YDOXHV�
RI� 9LJRYD� GXFNV� DJUHHG�ZLWK� WKH� ¿QGLQJV� RI�
:DZUR�HW�DO����������:LWNLHZLF]��HW�DO�����������
.OHF]HN��HW�DO����������%HUQDFNL�HW�DO���������DQG��
.RNRV]\QVNL�DQG�%HUQDFNL��������

)URP� WKH� UHVXOWV� LW� FRXOG� EH� LQIHUUHG�

WKDW� 9LJRYD� GXFNV� DW� VL[� WR� HLJKW� ZHHNV� RI�
DJH�ZHUH� VXSHULRU� LQ� FDUFDVV� FKDUDFWHULVWLFV��
KDYLQJ�KLJKHU�VODXJKWHU�DQG�FDUFDVV�ZHLJKWV��
KLJKHU� \LHOGV� RI� FDUFDVV��PHDW� DQG� FXW� XS�
SDUWV�ZKHQ�FRPSDUHG�WR�.XWWDQDG�GXFNV�DW�VL[�
PRQWKV�RI�DJH���7KLV�FRXOG�EH�GXH�WR�WKH�EURLOHU�
FKDUDFWHULVWLFV�RI�9LJRYD�GXFNV�ZKLFK�LQFOXGHG�
JRRG�ÀHVKLQJ�SURSHUWLHV���7KH�UHVXOWV�UHYHDOHG�
WKDW�9LJRYD�GXFNV�DW�D�\RXQJ�DJH��FRXOG�EH�XVHG�
DV�DQ�LGHDO�EURLOHU�ELUG�RQ�FRPPHUFLDO�EDVLV��
$FNQRZOHGJHPHQW

7KH�DXWKRUV�DUH� WKDQNIXO� WR� WKH�'HDQ��
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV��
0DQQXWK\�IRU�WKH�IDFLOLWLHV�SURYLGHG
5HIHUHQFHV�
$G]LWH\�� )�� DQG� $G]LWH\�� 6�3�� ������ 'XFN�

SURGXFWLRQ��+DV�D�SRWHQWLDO�WR�UHGXFH�
SRYHUW\� DPRQJ� UXUDO� KRXVHKROGV� LQ�
$VLDQ� FRPPXQLWLHV� ±� $� 5HYLHZ�� -��
:OG��3RXOW��5HV����������

%DQHUMHH�� 6�� ������ &RUUHODWLRQV� EHWZHHQ�
EUHDVW�DQJOH��ERG\�ZHLJKW�DQG�GLIIHU�
HQW�DJHV�DQG�FDUFDVV�WUDLWV�LQ�EURLOHU�
GXFNV�UHDUHG�LQ�KRW�DQG�KXPLG�FOLPDWH�
RI�(DVWHUQ� ,QGLD��:RUOG�$SSO��6FL�� -��
������������
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��7��*LELQ�*HRUJH�HW�DO�

%DQHUMHH��6������� 3UHGLFWLRQ�RI�FDUFDVV�FXWV�
XVLQJ�VRPH�QRQ�LQYDVLYH�SUHGLFWRUV�RQ�
EURLOHU�GXFNV�UHDUHG�LQ�KRW�DQG�KXPLG�
FOLPDWH�RI�(DVWHUQ�,QGLD��:RUOG�$SSO��
6FL��-� �������������

%HUQDFNL�� =��� .RNRV]\QVNL��'�� DQG�0DOOHN��7��
������ (YDOXDWLRQ� RI� VHOHFWHG�PHDW�
WUDLWV�LQ�VHYHQ�ZHHN�ROG�GXFN�EURLOHUV��
$QLPDO�6FLHQFH�3DSHUV�DQG�5HSRUWV��
9RO������1R�����,QVWLWXWH�RI�*HQHWLFV�DQG�
$QLPDO�%UHHGLQJ��-DVWU]HELHF��3RODQG��
SS����������

%KXL\DQ��0�0���.KDQ��0�+���.KDQ��0�$�+���'DV��
%�&��� /XFN\�� 1�6�� DQG�8GGLQ��0�%��
������$� VWXG\� RQ� WKH� FRPSDUDWLYH�
SHUIRUPDQFH� RI� GLIIHUHQW� EUHHGV� RI�
EURLOHU�GXFNV�XQGHU�IDUPHU¶V�FRQGLWLRQ�
DW� IDUPLQJ� V\VWHP� UHVHDUFK� DQG�
GHYHORSPHQW� �)65'�� VLWH�� 6\OKHW��
%DQJODGHVK��,QW��-��3RXOW��6FL� �������
����

&KDFNR�5��� .XWWLQDUD\DQDQ��3��� � 9DVXGHYDQ��
9�1���*RYDQGH��3�/��DQG�'LD��6��������
&DUFDVV�DQG�RUJDQ�FKDUDFWHULVWLFV�RI�
FURVV�EUHG�PDOH�GXFNV�UHDUHG�LQ�VHPL�
LQWHQVLYH�PDQDJHPHQW� V\VWHP�� ,Q��
-DODOXGHHQ��$���HG����3URFHHGLQJV�RI�WKH�
IRXUWK�:RUOG�:DWHUIRZO�&RQIHUHQFH��
��WK�WR���WK�1RYHPEHU��������0DQQXWK\��
7KULVVXU� .HUDOD�$JULFXOWXUDO�8QLYHUVLW\��
&HQWUH�IRU�$GYDQFHG�6WXGLHV�LQ�3RXOWU\�
6FLHQFH��&ROOHJH� RI� 9HWHULQDU\� DQG�
$QLPDO�6FLHQFHV�DQG�:RUOG¶V�3RXOWU\�
6FLHQFH�$VVRFLDWLRQ� �,QGLD� EUDQFK���
SS����������

)$267$7��������KWWS���IDRVWDW�IDR�RUJ�
.DQDJDUD MX � � 3� � � -D OD OXGHHQ � � $ � � DQG�

5DWKQDSUDEKD��6�� ������$Q� DQDO\VLV�
RQ� IDFWRUV� LQIOXHQFLQJ� FRQVXPSWLRQ�
SDWWHUQ� RI� GXFN� DQG� GXFN� SURGXFWV�
DPRQJ�SHRSOH� RI�.HUDOD�� ,QGLD��5HV��
-��3RXOW�6FL��������������

.KDOHTX]]DPDQ�� 0��� 0DKGL�� 6�+�$�� DQG�
5DKPDQ��0�0�� ������ (IIHFW� RI� WKH�
WUDGLWLRQDO�SDUFKHG�ULFH�KXVN�LQFXEDWLRQ�
WHFKQLTXHV�RQ�WKH�KDWFKDELOLW\�RI�GXFN�
HJJV��8QLY��-��=RRO��5DMVKDKL�8QLY� ����
������

.OHF]HN��.���:LONLHZLF]�:DZUR��(���:DZUR��$��
DQG�0DNRZVNL��:��������(IIHFW�RI�ERG\�

ZHLJKWV�RI�GD\�ROG�0XVFRY\�GXFNOLQJV�
RQ� JURZWKV� DQG� FDUFDVV� WUDLWV��$UFK��
7LHU]�����������������

.RNRV]\QVNL�� '�� DQG� %HUQDFNL�� =�� ������
&RPSDULVRQ� RI� VRPH�PHDW� WUDLWV� LQ�
GXFNV� IURP� WZR� FRQVHUYDWLYH� ÀRFNV��
$UFK��7LHU]� ������������

/DU]XO��&���*X\��*��DQG�0DULH��'RPLQLTXH��%��
������ )HHG� HIILFLHQF\�� JURZWK� DQG�
FDUFDVV� WUDLWV� LQ� IHPDOH�PXOH� GXFNV��
$UFK��*HÀXJHON��������������

0DKDQWD��-�'���6DSFRWD��'���5DKPDQ��+��DQG�
+D]DULND��0�� ������(IIHFW� RI� VH[� RQ�
FHUWDLQ� FDUFDVV� WUDLWV� RI� LQGLJHQRXV�
GXFNV��3DWL��RI�$VVDP��,QGLDQ�-��3RXOW��
6FL��������������

2PRMROD��$�%��������&DUFDVV�DQG�RUJDQROHSWLF�
FKDUDFWHULVWLFV� RI� GXFN� PHDW� DV�
LQÀXHQFHG� E\� EUHHG� DQG� VH[�� ,QW�� -��
3RXOW��6FL� �����������

6DSFRWD��'���0DKDQWD�� -�'���'HND�� -�5�� DQG�
-DODOXGHHQ��$�� ������ (IIHFW� RI� VH[�
RQ� FHUWDLQ� FDUFDVV� WUDLWV� RI�&KDUD�
&KHPEDOOL�GXFNV�RI�.HUDOD�XQGHU�UDQJH�
FRQGLWLRQ� LQ�$VVDP�� ,Q�� -DODOXGHHQ��
$�� �HG����3URFHHGLQJV� RI� WKH� IRXUWK�
:RUOG�:DWHUIRZO� &RQIHUHQFH�� ��WK
WR� ��WK�1RYHPEHU�� ������0DQQXWK\��
7KULVVXU� .HUDOD�$JULFXOWXUDO�8QLYHUVLW\��
&HQWUH�IRU�$GYDQFHG�6WXGLHV�LQ�3RXOWU\�
6FLHQFH�� &ROOHJH� RI� 9HWHULQDU\� DQG�
$QLPDO�6FLHQFHV�DQG�:RUOG¶V�3RXOWU\�
6FLHQFH�$VVRFLDWLRQ� �,QGLD� EUDQFK���
SS����������

6KDKLQ��.�$��������6RXUFHV�RI�VKDUHG�YDULDELOLW\�
RI� WK� H� FDUFDVV� DQG� QRQ� FDUFDVV�
FRPSRQHQWV�LQ�3HNLQ�GXFNOLQJV���$QQ��
=RRWHFK������������

6QHGHFRU�� *�:�� DQG� &RFKUDQ��:�*�� ������
6WDWLVWLFDO�0HWKRGV�� (LJKWK� HGLWLRQ��
2[IRUG�DQG�,%0�3XEOLVKLQJ�&RPSDQ\��
1HZ�'HOKL�����S�

7HJXLD��$���1JDQGMRX��+�0���'HIDQJ��+�� DQG�
7FKRXPERXH��-��������6WXG\�RI�WKH�OLYH�
ERG\�ZHLJKW�DQG�ERG\�FKDUDFWHULVWLFV�
RI�WKH�$IULFDQ�0XVFRY\�GXFN��&DUDLQD�
PRVFKDWD���7URS��$QLP��+HDOWK��3URG�
���������

:DZUR�� .���:LONLHZLF]�:DZUR�� (��� .OHF]HN��
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�� &RPSDULVRQ�2I�&DUFDVV�&KDUDFWHULVWLFV����

. � � DQG� %U]R]RZVNL � � :� � �������
6ODXJKWHU� YDOXH� DQG�PHDW� TXDOLW\� RI�
0XVFRY\� GXFNV�� 3HNLQ� GXFNV� DQG�
WKHLU� FURVVEUHHGV� DQG� HYDOXDWLRQ� RI�
WKH�KHWHURVLV�HIIHFW���$UFK��7LHU]������
��������

:LWNLHZLF]��.���.RQWHFND��+���.VLD]NLHZLF]��-���
6]ZDF]NRZVNL��7��DQG�3HU]��:���������

&DUFDVV� FRPSRVLWLRQ� DQG� EUHDVW�
PXVFOH�PLFURVWUXFWXUH� LQ�VHOHFWHG�YV
QRQ�VHOHFWHG�GXFNV��$QLPDO�6FLHQFH�
3DSHUV� DQG� 5HSRUWV��9RO�� ���� 1R��
��� ,QVWLWXWH� RI�*HQHWLFV� DQG�$QLPDO�
%UHHGLQJ�� -DVWU]HELHF�� 3RODQG�� SS��
������

�


