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PD[LPXP�GLUHFW�HIIHFW�RQ�JUDLQ�\LHOG�ZDV�H[KLELWHG�E\�QXPEHU�RI�WRWDO�JUDLQV�SHU�SDQLFOH��+HQFH��WKH�WUDLW
VKRXOG�EH�WDNHQ�LQ�DFFRXQW�RI�EUHHGLQJ�SURJUDPPH�WR�GHYHORS�WKH�PD[LPXP�RI�WKUHVKROG�\LHOG�REWDLQLQJ�QHZ
ULFH�K\EULGV�

.H\ZRUGV��&RUUHODWLRQ��*UDLQ�\LHOG��SDWK�FRHIILFLHQW�DQDO\VLV�DQG�ULFH�+\EULGV�

�5LFH�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�FHUHDO
FURSV�LQ�WKH�WURSLFV�DV�ZHOO�DV�SDUWV�RI�WHPSHUDWH
UHJLRQV�LQ�WKH�ZRUOG��$PRQJ�WKH�ULFH�JURZLQJ
FRXQWULHV�LQ�WKH�ZRUOG��,QGLD�KDV�WKH�ODUJHVW�DUHD
XQGHU�ULFH�FXOWLYDWLRQ�DQG�UDQNV�VHFRQG�LQ�SURGXFWLRQ
QH[W�WR�&KLQD��,Q�,QGLD��ULFH�LV�JURZQ�LQ������PKD
ZLWK�WKH�SURGXFWLRQ�RI��������PW�DQG�SURGXFWLYLW\
RI� ���� W�KD� GXULQJ� �������� �'LUHFWRUDWH� RI
(FRQRPLFV�	�6WDWLVWLFV�����������

$3� FRQWULEXWHV� WR� ���� RI� WRWDO� ULFH
SURGXFWLRQ� LQ� WKH� FRXQWU\�� )RU� WKH� HVWLPDWHG
SRSXODWLRQ�RI������ELOOLRQ�SHRSOH�E\�WKH�\HDU�����
ZLWK�D�SHU�FDSLWD�ULFH�FRQVXPSWLRQ�RI�����WR�����J�
GD\��FRXQWU\�ZRXOG�UHTXLUH�����WR�����0W�RI�ULFH
�'LUHFWRUDWH�RI�5LFH�5HVHDUFK���������7R�DFKLHYH
WKLV�WDUJHW��LW�LV�QHFHVVDU\�WR�HQKDQFH�WKH�SURGXFWLRQ
DQG�SURGXFWLYLW\�RI�WKH�H[LVWLQJ�ULFH�FXOWLYDUV�WKURXJK
S\UDPLGLQJ�RI�KLJK�\LHOG�DOOHOHV�LQWR�D�DJURQRPLFDOO\
GHVLUDEOH�JHQRW\SHV��7KHUHIRUH��NHHSLQJ�LQ�PLQG�WKH
IXWXUH�GHPDQG�RI�ULFH�DV�D�IRRG�IRU�KXPDQ��WKHUH�LV
D�FRQWLQXRXV�QHHG�WR�HYROYH�QHZ�K\EULGV��ZKLFK
VKRXOG�H[FHHG�WKH�H[LVWLQJ�K\EULGV�LQ�\LHOG��)RU�WKLV
WR�KDSSHQ��\LHOG�LPSURYHPHQW�WKURXJK�JHQHWLF
DSSURDFKHV�ZRXOG�EHFRPH�HVVHQWLDO�

&RUUHODWLRQ�FRHIILFLHQW�DQDO\VLV�PHDVXUHV�WKH
PXWXDO�UHODWLRQVKLS�EHWZHHQ�YDULRXV�SODQW�FKDUDFWHUV
DQG�GHWHUPLQHV�WKH�FRPSRQHQW�FKDUDFWHUV�RQ�ZKLFK
VHOHFWLRQ�FDQ�EH�EDVHG�IRU�JHQHWLF�LPSURYHPHQW�LQ
\LHOG��*UDLQ�\LHOG�LV�D�FRPSOH[�FKDUDFWHU�DQG�LV�WKH
HQG�SURGXFW�RI�YDULRXV�WUDLWV��7KHUHIRUH��NQRZOHGJH
UHJDUGLQJ�WKH�FRUUHODWLRQ�RI�JUDLQ�\LHOG�ZLWK�RWKHU
FRPSRQHQW�FKDUDFWHUV�LV�YDOXDEOH�IRU�XQGHUVWDQGLQJ
WKH�FRUUHODWHG�UHVSRQVH�WR�VHOHFWLRQ�IRU�\LHOG��3DWK
FRHIILFLHQW�DQDO\VLV�LV�KHOSIXO�WR�UHFRJQL]H�GLUHFW�DQG
LQGLUHFW�FDXVHV�RI�FRUUHODWLRQ�DQG�DOVR�HQDEOHV�XV�WR
FRPSDUH�WKH�FDXVDO�IDFWRUV�RQ�WKH�JHQHWLF�EDVLV�RI
WKHLU�UHODWLYH�FRQWULEXWLRQV��+HQFH��WKH�SUHVHQW�VWXG\
RI�FRUUHODWLRQ�DQG�SDWK�DQDO\VLV�ZRXOG�VHUYH�SDWK
IRU�IXWXUH�EUHHGLQJ�SURJUDPPHV�

0$7(5,$/6�$1'�0(7+2'6
7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW

GXULQJ�NKDULI�������DW�$JULFXOWXUDO�&ROOHJH�)DUP�
%DSDWOD��7KH�H[SHULPHQWDO�PDWHULDO�FRQVLVWHG�RI
WZHQW\�HQWULHV�����+\EULGV�����&KHFNV��RI�5LFH
�2U\]D�VDWLYD�/���REWDLQHG�IURP�,QGLDQ�,QVWLWXWH�RI
5LFH�5HVHDUFK��,,55���5DMHQGUDQDJDU��+\GHUDEDG�
7HODQJDQD��ZKLFK�ZHUH�VRZQ�LQ�QXUVHU\�EHGV�DQG
WUDQVSODQWHG�LQWR�WKH�PDLQ�ILHOG�LQ�5DQGRPL]HG�%ORFN



'HVLJQ�LQ�WKUHH�UHSOLFDWLRQV�ZLWK�D�VSDFLQJ�RI����[
���FP�

2EVHUYDWLRQV�ZHUH�UHFRUGHG�RQ�ILYH�SODQWV
VHOHFWHG�DW�UDQGRP�SHU�JHQRW\SH�SHU�UHSOLFDWLRQ�IRU
FKDUDFWHUV� YL]��� SODQW� KHLJKW� �FP��� QXPEHU� RI
SURGXFWLYH�WLOOHUV�SHU�SODQW��SDQLFOH�OHQJWK��FP��
QXPEHU�RI�WRWDO�JUDLQV�SHU�SDQLFOH��JUDLQ�\LHOG�SHU
SODQW��J��DQG�WKHLU�PHDQV�ZHUH�XVHG�IRU�VWDWLVWLFDO
DQDO\VLV��+RZHYHU��REVHUYDWLRQV�RQ�GD\V�WR����
IORZHULQJ��GD\V�WR�PDWXULW\�ZHUH�UHFRUGHG�RQ�SORW
EDVLV�DQG�DOO�JUDLQ�TXDOLW\�SDUDPHWHUV�YL]���KXOOLQJ
SHUFHQWDJH��PLOOLQJ�SHUFHQWDJH��KHDG�ULFH�UHFRYHU\
SHUFHQWDJH�� /�%� UDWLR�� ZDWHU� XSWDNH�� NHUQHO
HORQJDWLRQ�UDWLR��YROXPH�H[SDQVLRQ�UDWLR�DQG�DP\ORVH
FRQWHQW�ZHUH�GRQH�DV�SHU�'55�ODERUDWRU\�PDQXDO
RQ�ULFH�JUDLQ�TXDOLW\�SURFHGXUHV��7KH�GDWD�FROOHFWHG
IRU�DOO�WKH�FKDUDFWHUV�VWXGLHG�ZHUH�VXEMHFWHG�WR
DQDO\VLV�RI�YDULDQFH�WHFKQLTXH�RQ�WKH�EDVLV�RI�PRGHO
SURSRVHG�E\�3DQVH�DQG�6XNKDWPH���������7KH
SKHQRW\SLF�DQG�JHQRW\SLF�FRUUHODWLRQ�FRHIILFLHQWV
ZHUH�FDOFXODWHG�XVLQJ�WKH�PHWKRG�JLYHQ�E\�-RKQVRQ
HW�DO����������3DWK�DQDO\VLV�ZDV�FDUULHG�RXW�IROORZLQJ
WKH�PHWKRG�VXJJHVWHG�E\�'HZH\�DQG�/X��������

5(68/76�$1'�',6&866,216
7KH�DQDO\VLV�RI�YDULDQFH��7DEOH����UHYHDOHG

WKH�H[LVWHQFH�RI�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH
JHQRW\SHV�IRU�DOO�WKH�WUDLWV��LQGLFDWLQJ�WKH�H[LVWHQFH�RI
VXIILFLHQW�YDULDWLRQ�LQ�WKH�PDWHULDO�VWXGLHG��+HQFH��WKH
GDWD�ZDV�IXUWKHU�VXEMHFWHG�WR�FRUUHODWLRQ�DQDO\VLV�WR
HVWLPDWH�WKH�DVVRFLDWLRQ�H[LVWLQJ�EHWZHHQ�\LHOG�DQG
\LHOG�FRQWULEXWLQJ�WUDLWV��(VWLPDWHV�RI�FRUUHODWLRQ
EHWZHHQ�\LHOG�DQG�\LHOG�FRPSRQHQW�FKDUDFWHUV�LQ�ULFH
JHQRW\SHV�DUH�SUHVHQWHG�LQ�7DEOH���	���

7KH�SHUXVDO�RI�SKHQRW\SLF�DQG�JHQRW\SLF
FRUUHODWLRQ��7DEOH���	����DQDO\VLV�UHYHDOHG�WKDW�
SRVLWLYH�VLJQLILFDQW�FRUUHODWLRQ�RI�SODQW�KHLJKW��������
	���������DQG�QXPEHU�RI�WRWDO�JUDLQV�SHU�SDQLFOH
��������	���������DW�ERWK�SKHQRW\SLF�DQG
JHQRW\SLF�OHYHO�ZLWK�JUDLQ�\LHOG�SHU�SODQW��,PSURYHPHQW
RI�JUDLQ�\LHOG�PLJKW�EH�SRVVLEOH�LI�WKH�DERYH�WUDLWV�ZHUH
FRQVLGHUHG�LQ�WKH�VHOHFWLRQ�SURJUDPPH��7KH�UHVXOWV
DUH�LQ�DJUHHPHQW�ZLWK�'KXUDL�HW�DO����������.KDUH�HW
DO����������/DNVKPL�HW�DO����������5DPDQMDQH\XOX�HW
DO����������%KDWL�HW�DO����������(NND�HW�DO���������
'HYL�HW�DO����������*XQDVHNDUDQ�HW�DO����������-DQ
HW�DO���������DQG�3UL\D�HW�DO����������,W�ZDV�DOVR
REVHUYHG� WKDW� WKH� DVVRFLDWLRQ� RI� GD\V� WR� ���
IORZHULQJ��GD\V�WR�PDWXULW\��QXPEHU�RI�SURGXFWLYH�WLOOHUV

SHU�SODQW��KXOOLQJ�SHUFHQWDJH��PLOOLQJ�SHUFHQWDJH��ZDWHU
XSWDNH��NHUQHO�HORQJDWLRQ�UDWLR�DQG�DP\ORVH�FRQWHQW
VKRZHG� QRQ�VLJQLILFDQW� SRVLWLYH� DVVRFLDWLRQ� DW
SKHQRW\SLF�DQG�JHQRW\SLF�OHYHOV�ZLWK�JUDLQ�\LHOG�SHU
SODQW�

/�%� UDWLR� VKRZHG� QRQ�VLJQLILFDQW� DQG
VLJQLILFDQW�QHJDWLYH�DVVRFLDWLRQ�ZLWK�JUDLQ�\LHOG�SHU
SODQW� ���������	� ��������� DW� SKHQRW\SLF� DQG
JHQRW\SLF�OHYHOV��UHVSHFWLYHO\��ZKLFK�LV�VLPLODU�WR�UHVXOWV
UHSRUWHG�E\�*XQDVHNDUDQ�HW�DO����������3DQLFOH�OHQJWK
DQG�KHDG� ULFH� UHFRYHU\� VKRZHG�QRQ�VLJQLILFDQW
QHJDWLYH�FRUUHODWLRQ�ZLWK�JUDLQ�\LHOG�SHU�SODQW��9ROXPH
H[SDQVLRQ�UDWLR�VKRZHG�QRQ�VLJQLILFDQW�SRVLWLYH�DQG
QHJDWLYH�DVVRFLDWLRQ�ZLWK�JUDLQ�\LHOG�SHU�SODQW�DW
SKHQRW\SLF� DQG� JHQRW\SLF� OHYHOV�� UHVSHFWLYHO\�
+RZHYHU��WKH�VLPXOWDQHRXV�LPSURYHPHQW�RI�WKHVH
QHJDWLYHO\�DVVRFLDWHG�WUDLWV�PLJKW�EH�SRVVLEOH�WKURXJK
UDQGRP�PDWLQJV� RU� SDLUHG�PDWLQJV� LQ� )��DQG
VXEVHTXHQW�VHJUHJDWLQJ�JHQHUDWLRQV�

*UDLQ�\LHOG��ZKLFK�LV�WKH�PDMRU�HFRQRPLF
FKDUDFWHU�LQ�ULFH�GHSHQGV�RQ�VHYHUDO�FRPSRQHQW�WUDLWV�
ZKLFK�DUH�PXWXDOO\�UHODWHG��0HUH�FKDQJH�LQ�DQ\�RQH
RI� WKH� FRPSRQHQW�ZRXOG� XOWLPDWHO\� GLVWXUE� WKH
FRPSOH[��+HQFH�� WKHVH� UHODWHG� WUDLWV� KDYH� WR�EH
DQDO\]HG� IRU� LWV� DFWLRQ� QDPHO\� GLUHFW� HIIHFW� RI
FRPSRQHQW�FKDUDFWHU�RQ�JUDLQ�\LHOG�DQG�WKH�LQGLUHFW
HIIHFWV�WKURXJK�RWKHU�FRPSRQHQW�WUDLWV�RQ�JUDLQ�\LHOG�
7KH� GLUHFW� DQG� LQGLUHFW� FRQWULEXWLRQ� RI� YDULRXV
FKDUDFWHUV�RQ�\LHOG�LQ�ULFH�JHQRW\SHV�DUH�PHDVXUHG
DQG�DUH�SUHVHQWHG�LQ�7DEOH���	����7KH�SDWK�FRHIILFLHQW
DQDO\VLV�IXUQLVKLQJ�WKH�FDXVH�DQG�HIIHFW�RI�GLIIHUHQW
\LHOG�FRPSRQHQWV�ZRXOG�SURYLGH�EHWWHU�LQGH[�IRU
VHOHFWLRQ�UDWKHU�WKDQ�PHUH�FRUUHODWLRQ�FRHIILFLHQWV��7KH
UHVXOWV�RI�SDWK�FRHIILFLHQW�DQDO\VLV�UHYHDOHG�WKDW�VLPSOH
VHOHFWLRQ�EDVHG�RQ�FKDUDFWHU�ZLWK�GLUHFW�SRVLWLYH�HIIHFW
WRZDUGV�JUDLQ�\LHOG�SHU�SODQW�DQG�SRVLWLYH�FRUUHODWLRQ
ZLWK�JUDLQ�\LHOG�SHU�SODQW�YL]���QXPEHU�RI�WRWDO�JUDLQV
SHU�SDQLFOH��QXPEHU�RI�SURGXFWLYH�WLOOHUV�SHU�SODQW�DQG
GD\V�WR�PDWXULW\�L�H���SURIXVH�WLOOHULQJ�SODQWV�KDYLQJ
PRUH�QXPEHU�RI�JUDLQV�SHU�SDQLFOH�DQG�PRUH�GD\V�WR
PDWXULW\�PLJKW�EH�UHVXOWHG�LQ�KLJKHU�\LHOG�LQ�ULFH
JHQRW\SHV�VWXGLHG��'D\V�WR�����IORZHULQJ��SODQW
KHLJKW��YROXPH�H[SDQVLRQ�UDWLR�DQG�DP\ORVH�FRQWHQW
DUH�WKH�FKDUDFWHUV�ZLWK�QHJDWLYH�GLUHFW�HIIHFW�DQG
SRVLWLYH�DVVRFLDWLRQ�ZLWK�JUDLQ�\LHOG�SHU�SODQW�DW
JHQRW\SLF�OHYHO��7KH�QHJDWLYH�GLUHFW�HIIHFWV�DQG�SRVLWLYH
DVVRFLDWLRQV�H[SODLQHG�WKH�LQGLUHFW�HIIHFWV�VHHP�WR�EH
WKH�FDXVH�RI�SRVLWLYH�FRUUHODWLRQ�DQG�WKH�LQGLUHFW�FDXVDO
IDFWRUV� DUH� WR� EH� FRQVLGHUHG� VLPXOWDQHRXVO\� IRU

��� �����������'HYL�HW�DO�� ����������������������������������������$$-���



VHOHFWLRQ��*UDLQ�TXDOLW\�SDUDPHWHUV� OLNH�PLOOLQJ
SHUFHQWDJH��KHDG�ULFH�UHFRYHU\�SHUFHQWDJH��ZDWHU
XSWDNH�DQG�NHUQHO�HORQJDWLRQ�UDWLR�RI�JUDLQ�PLJKW�EH
LPSURYHG�LQGHSHQGHQW�RI�WKH�\LHOG�

+LJK�SRVLWLYH�GLUHFW�HIIHFW���������	��������
FRXSOHG�ZLWK�SRVLWLYH�VLJQLILFDQW�FRUUHODWLRQ��������
	���������ZLWK�JUDLQ�\LHOG�SHU�SODQW�ZDV�REVHUYHG
IRU�QXPEHU�RI�WRWDO�JUDLQV�SHU�SDQLFOH�DW�SKHQRW\SLF
DQG�JHQRW\SLF�OHYHOV��UHVSHFWLYHO\��ZKLFK�PLJKW�EH

UHVXOWHG�LQ�KLJKHU�\LHOG��7KHVH�UHVXOWV�VKRZHG�VLPLODULW\
ZLWK�H[SHULPHQWDO�UHVXOWV�RI�5DMX�HW�DO���������

7KH�UHVLGXDO�HIIHFW�GHWHUPLQHV�KRZ�EHVW�WKH
FDXVDO� IDFWRUV� DFFRXQW� IRU� WKH�YDULDELOLW\�RI� WKH
GHSHQGHQW�IDFWRU��,Q�SUHVHQW�LQYHVWLJDWLRQ�UHVLGXDO
HIIHFW�LV�KLJK��LQGLFDWLQJ�WKDW�VRPH�RWKHU�IDFWRUV�ZKLFK
KDYH�QRW�EHHQ�FRQVLGHUHG�KHUH�QHHG�WR�EH�LQFOXGHG�LQ
WKLV�DQDO\VLV�WR�DFFRXQW�IXOO\�IRU�WKH�YDULDWLRQ�LQ�\LHOG�

7DEOH����$QDO\VLV�RI�YDULDQFH�IRU�\LHOG�DQG�\LHOG�FRPSRQHQWV�DPRQJ����JHQRW\SHV�RI�ULFH��2U\]D
VDWLYD�/��

6RXUFH 5HSOLFDWLRQV 7UHDWPHQWV (UURU
'HJUHH�RI�IUHHGRP � �� ��

� 'D\V�WR�����IORZHULQJ ������ ������� ������
� 'D\V�WR�PDWXULW\ ���� ������� ������
� 3ODQW�KHLJKW��FP� ������ �������� ������
� 1XPEHU�RI�SURGXFWLYH�WLOOHUV�SHU�SODQW ������ ������� ������
� 3DQLFOH�OHQJWK��FP� ������ ������ ������
� 1XPEHU�RI�WRWDO�JUDLQV��3DQLFOH� �������� ��������� �������
� *UDLQ�<LHOG��3ODQW��J�� ������ �������� �������
� +XOOLQJ�� ������ ������� ������
� 0LOOLQJ�� ������� ������� ������
�� +HDG�5LFH�5HFRYHU\�� ������ �������� ������
�� 9ROXPH�([SDQVLRQ�5DWLR ������ ������ ������
�� :DWHU�8SWDNH ������ ���������� �������
�� /�%�5DWLR ������ ������ �����
�� .HUQHO�(ORQJDWLRQ�5DWLR ������ ������ ������
�� $P\ORVH�&RQWHQW���� ������ ������ ������

6��1R
0($1�680�2)�648$5(6

VLJQLILFDQW�DW����OHYHO��VLJQLILFDQW�DW����OHYHO

/,7(5$785(�&,7('
%KDWL�0��%DEX�*�6�DQG�5DMSXW�$�6�������*HQHWLF

YDULDELOLW\��FRUUHODWLRQ�DQG�SDWK�FRHIILFLHQW�IRU
JUDLQ�\LHOG�DQG�TXDQWLWDWLYH�WUDLWV�RI�HOLWH�ULFH
�2U\]D� VDWLYD� /��� JHQRW\SHV� DW� 8WWDU
3UDGHVK��(OHFWURQLF� -RXUQDO� RI� 3ODQW
%UHHGLQJ�����������������

'HYL�.�5��&KDQGUD�%�6��/LQJDLDK�1��+DUL�<�DQG
9HQNDQQD�9�������$QDO\VLV�RI�YDULDELOLW\�
FRUUHODWLRQ�DQG�SDWK�FRHIILFLHQW�VWXGLHV�IRU
\LHOG�DQG�TXDOLW\�WUDLWV�LQ�ULFH��2U\]D�VDWLYD
/����$JULFXOWXUDO�6FLHQFH�'LJHVW������������
��

'HZH\�'�5�DQG�/X�.�+�������$�FRUUHODWLRQ�DQG
SDWK�FRHIILFLHQW�DQDO\VLV�RI�FRPSRQHQWV�RI
FUHVWHG� ZKHDW� JUDVV� VHHG� SURGXFWLRQ�
$JURQRP\�-RXUQDO������������������

'KXUDL� 6�<�� �5HGG\�'�0�DQG�5DYL� 6� �����
&RUUHODWLRQ�DQG�SDWK�DQDO\VLV�IRU�\LHOG�DQG
TXDOLW\�FKDUDFWHUV�LQ�ULFH���2U\]D�VDWLYD�/���
5LFH�*HQRPLFV�DQG�*HQHWLFV�������������

'LUHFWRUDWH�RI�(FRQRPLFV�DQG�6WDWLVWLFV��*2,�
$QQXDO� UHSRUW� �������� � $UHD� DQG
SURGXFWLRQ� RI� ULFH� LQ� ,QGLD� DQG�$QGKUD
3UDGHVK�

���� &RUUHODWLRQ�	�3DWK�$QDO\VLV�RI�5LFH�+\EULGV ��������������
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'LUHFWRUDWH� RI� 5LFH� 5HVHDUFK� �'55�
+\GHUDEDG�� � 9LVLRQ� ������ �����
ZZZ�GUULFDU�RUJ�

(NND�5�(��6DUDZJL�$�.�DQG�.DQZDU�5�5������
*HQHWLF�YDULDELOLW\�DQG�LQWHU�UHODWLRQVKLS
DQDO\VLV�IRU�YDULRXV�\LHOG�DWWULEXWLQJ�DQG�TXDOLW\
WUDLWV�LQ�WUDGLWLRQDO�JHUPSODVP�RI�ULFH��2U\]D
VDWLYD�/����3ODQW�$UFKLYHV������������������

*XQDVHNDUDQ�.��6LYDNDPL�5��6DEDULDSSDQ�5�
3RQQDLDK�*�� 1DFKLPXWKX�9�9� DQG
3DQGLDQ�%�$�������$VVHVVPHQW�RI�JHQHWLF
YDULDELOLW\��FRUUHODWLRQ�DQG�SDWK�FRHIILFLHQW
DQDO\VLV�IRU�PRUSKRORJLFDO�DQG�TXDOLW\�WUDLWV
LQ� ULFH� �2U\]D� VDWLYD� /����$JULFXOWXUDO
6FLHQFH�'LJHVW������������������

-DQ�1��/DO�(�3��.DVK\DS�6�&�DQG�*DXU�$������
*HQHWLF�YDULDELOLW\��FKDUDFWHU�DVVRFLDWLRQ�DQG
SDWK�DQDO\VLV�VWXGLHV�IRU�JUDLQ�\LHOG�DQG
FRQWULEXWLQJ�WUDLWV�LQ�ULFH��2U\]D�VDWLYD�/��
XQGHU� WHPSHUDWH� FRQGLWLRQV�RI�.DVKPLU�
9HJHWRV��$Q�,QWHUQDWLRQDO�-RXUQDO�RI�3ODQW
5HVHDUFK��������������

-RKQVRQ�+�:��5RELQVRQ�+�)�DQG�&RPVWRFN�5�(
������ (VWLPDWLRQ� RI� JHQHWLF� DQG
HQYLURQPHQWDO� YDULDELOLW\� LQ� VR\EHDQ�
$JURQRP\�-RXUQDO��������������

.KDUH�5��6LQJK�$�.��(UDP�6�DQG�6LQJK�3�.������
*HQHWLF�YDULDELOLW\��DVVRFLDWLRQ�DQG�GLYHUVLW\
DQDO\VLV�LQ�XSODQG�ULFH��2U\]D�VDWLYD�/���
6$$5&�-RXUQDO�RI�$JULFXOWXUH�������������
���

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

/DNVKPL�0�9��6XQHHWKD�<��<XJDQGKDU�*�DQG
/DNVKPL�1�9��������&RUUHODWLRQ�VWXGLHV�LQ
ULFH� �2U\]D� VDWLYD� /���� ,QWHUQDWLRQDO
-RXUQDO� RI� *HQHWLF� (QJLQHHULQJ� DQG
%LRWHFKQRORJ\�����������������

3DQVH�9�*�DQG�6XNKDWPH�3�9�������6WDWLVWLFDO
0HWKRGV�IRU�$JULFXOWXUDO�:RUNHUV��,QGLDQ
&RXQFLO�RI�$JULFXOWXUDO�5HVHDUFK��1HZ�'HOKL�
��������

3UL\D�&K�6��6XQHHWKD�<��%DEX�'�5�DQG�5DR�9�6
������,QWHU�UHODWLRQVKLS�DQG�SDWK�DQDO\VLV�IRU
\LHOG�DQG�TXDOLW\�FKDUDFWHUV�LQ�ULFH��2U\]D
VDWLYD� /���� ,QWHUQDWLRQDO� -RXUQDO� RI
6FLHQFH��(QYLURQPHQW�DQG�7HFKQRORJ\���
���������±�����

5DMX�&�1�� 6HNKDU�0�5�� 5HGG\�.�+� DQG
6XGKDNDU�3�������&RUUHODWLRQ�EHWZHHQ�WUDLWV
DQG�SDWK�DQDO\VLV�FRHIILFLHQW�IRU�JUDLQ�\LHOG
DQG�RWKHU�FRPSRQHQWV�LQ�ULFH��2U\]D�VDWLYD
/��� JHQRW\SHV�� ,QWHUQDWLRQDO� -RXUQDO� RI
$SSOLHG� %LRORJ\� DQG� 3KDUPDFHXWLFDO
7HFKQRORJ\�����������������

5DPDQMDQH\XOX�$�9��6KDQNDU�9�*��1HHOLPD�7
DQG� 6KDVKLEKXVDKQ�'� ������ *HQHWLF
DQDO\VLV�RI�ULFH��2U\]D�VDWLYD�/���JHQRW\SHV
XQGHU�DHURELF�FRQGLWLRQV�RQ�DOILVROV��6$%5$2
-RXUQDO�RI�%UHHGLQJ�DQG�*HQHWLFV���������
�������
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