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GRCLYOMDMD��8�RYRP�LVWUDCLYDQMX�MH�GDOMH�LVSLWLYDQD
YH]D�GRELMHQRJ�IDNWRUD�HVWHWVNRJ�GRCLYOMDMD�VD�GUX�
JLP�GLPHQ]LMDPD�VXEMHNWLYQRJ�GRCLYOMDMD�XPHWQLaNLK
VOLND�¬�UHJXODUQR^`X��SREX_HQR^`X��DWUDNWLYQR^`X�L
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SRND]DOL�MH�GD�MH�HVWHWVNL�GRCLYOMDM��PHUHQ�SUHNR
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PHQWD�6'6�����)DNWRU�SREX_HQRVW�ELR�MH�]QDaDMDQ
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QDWSURVHaQH��SD�VX�QDMYHURYDWQLMH�]ERJ�WRJD�NRUH�
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UD]OLaLWLMH�SR�HVWHWVNRM�YUHGQRVWL��1DLPH��CHOHOH�VPR
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PHQW�]D�SURFHQX�HVWHWVNRJ�GRCLYOMDMD�('���L�LQVWUX�
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VX�DWULEXWLPD�RSaLQMDYDMX`H�� MHGLQVWYHQR��GXERNR�
L]X]HWQR�

6XEMHNWLYDQ�GRCLYOMDM�IRWRJUDILMD�MH�REXKYDWDR���
ELSRODUQLK�VNDOD�SURFHQH��3R���VNDOH�XNOMXaHQH�X
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GRCLYOMDM��
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�3URVHaQH�SURFHQH�HVWHWVNRJ�GRCLYOMDMD����IRWR�
JUDILMH�NRUHOLUDQH�VX�VD�SURVHaQLP�SURFHQDPD�QD
aHWLUL�IDNWRUD�6'6�����'RELMHQH�VX�VWDWLVWLaNL�]QDaDM�
QH�NRUHODFLMH�HVWHWVNRJ�GRCLYOMDMD�VD�SREX_HQR^`X��U
 �������S���������L�DWUDNWLYQR^`X��U� �������
S����������.RUHODFLMD�L]PH_X�UHJXODUQRVWL�L�HVWHWVNRJ
GRCLYOMDMD�ELOD�MH�X�]RQL�PDUJLQDOQH�]QDaDMQRVWL��U� 
 ������S� ��������

'LVNXVLMD�L�]DNOMXaDN
,VSLWLYDQMHP�YH]H�L]PH_X�HVWHWVNRJ�GRCLYOMDMD�L

GUXJLK�ED]LaQLK�GLPHQ]LMD�6'6�D�GR^OL�VPR�GR
]DNOXaND�GD�VX�SURFHQH�QD�VNDODPD�HVWHWVNRJ
GRCLYOMDMD�]QDaDMQR�SRYH]DQH�VD�aHWLUL�IDNWRUD�VXE�
MHNWLYQRJ�GRCLYOMDMD�VOLNH��3UL�WRPH��HIHNWL�RYLK�IDN�
WRUD�LPDMX�UD]OLaLWX�MDaLQX��HVWHWVNL�GRCLYOMDM�X
QDMYH`RM�PHUL�]DYLVL�RG�SURFHQD�QD�IDNWRUX�SREX_H�
QRVWL��X�QH^WR�PDQMRM�PHUL�RG�SURFHQD�QD�IDNWRUX
DWUDNWLYQRVWL�L�X�MR^�PDQMRM�RG�SURFHQD�QD�IDNWRUX
UHJXODUQRVWL��'UXJLP�UHaLPD��HVWHWVNL�GRCLYOMDM�MH�QD�
MYL^H�RVORQMHQ�QD�SURFHQH�QHRELaQRVWL��PD^WRYLWRVWL�
XSHaDWOMLYRVWL�L�LQVSLUDWLYQRVWL�IRWRJUDILMD��VNDOH�SR�
EX_HQRVWL���QH^WR�PDQMH�QD�SURFHQH�GD�OL�MH�IRWR�
JUDILMD� OHSD�� SULMDWQD�� ]GUDYD� L� aLVWD� �VNDOH
DWUDNWLYQRVWL��L�MR^�PDQMH�QD�SURFHQH�SUHFL]QRVWL�
MDVQR`H��SUDYLOQRVWL�L�VUH_HQRVWL��VNDOH�UHJXODUQRVWL��
1D^L�UH]XOWDWL�SRND]XMX�GD�HVWHWVNL�GRCLYOMDM�IRWR�
JUDILMH�QH�]DYLVL�RG�QMHQH�SURFHQH�QD�IDNWRUX
VPLUHQRVWL� �VPLUXMX`H�� QHQDPHWOMLYR�� EODJR� L
RSX^WHQR���

0RJX`H�MH�GD�GRELMHQH�NRUHODFLMH�SUHGVWDYOMDMX
SRVOHGLFX�L]ERUD�VWLPXOXVQRJ�PDWHULMDOD��1DLPH�
YH`LQD�IRWRJUDILMD�NRMH�VX�NRUL^`HQH�X�LVWUDCLYDQMX
NRG�LVSLWDQLND�L]D]LYDOH�VX�YLVRNH�SURFHQH�QD�VNDOD�
PD�DWUDNWLYQRVWL��aLPH�MH�VPDQMHQD�YDULMDQVD�SUR�
FHQD�� D� WLPH� L� PRJX`QRVW� GRELMDQMD� YLVRNLK
NRUHODFLMD�QD�RYRP�IDNWRUX��=ERJ�WRJD��VPDWUDPR�GD
EL� X� QDUHGQRP� LVWUDCLYDQMX� WUHEDOR� SRYH`DWL
UD]QRYUVQRVW�IRWRJUDILMD�NDR�VWLPXOXVH�SR�GLPHQ]LML
SULMDWQRVWL�L�XMHGQDaLWL�EURM�SULMDWQLK�L�QHSULMDWQLK
VDGUCDMD�

6D�GUXJH�VWUDQH��WUHED�LPDWL�QD�XPX�GD�VX�LQVWUX�
PHQWL�NRML�VX�NRUL^`HQL�X�RYRP�LVWUDCLYDQMX�NRQ�
VWUXLVDQL�]D�SURFHQX�XPHWQLaNLK�VOLND��8�QDUHGQLP
LVWUDCLYDQMLPD�ELOR�EL�]DQLPOMLYR�LVSLWDWL�GD�OL�VXEMHN�

WLYQL�GRCLYOMDM�IRWRJUDILMD�LPD�QHNH�VSHFLILaQRVWL�X
RGQRVX�QD�GRCLYOMDM�VOLNDUVNLK�GHOD��RGQRVQR��GD�OL�EL
VH�SUL�NRQVWUXLVDQMX�LQVWUXPHQWD�QDPHQMHQRJ�SURFH�
QDPD�IRWRJUDILMD�GRELOL�LVWL�IDNWRUL�VD�LVWRP�VWUXN�
WXURP�VNDOD�NDR�NRG�LQVWUXPHQWD�6'6����
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/LWHUDWXUD
%HUO\QH�'��(��������6WXGLHV�LQ�WKH�QHZH[SHULPHQWDO�DHVWKHWLFV��:DVKLQJWRQ��+HPLVSKHUH
'DNXORYL`�6��L�0DUNRYL`�6��������6XEMHNWLYQDNDWHJRUL]DFLMD�DSVWUDNWQLK�XPHWQLaNLK�VOLND�(PSLULMVND�LVWUDCLYDQMD�X�SVLKRORJLML�;��%HRJUDG�)LOR]RIVNL�IDNXOWHW�X�%HRJUDGX�
(GPRQVWRQ�3��������6RPH�FKDUDFWHULVWLFV�RI�WKHDHVWKHWLF�H[SHULHQFH��$WKHQV��8QLYHUVLW\�RI*HRUJLD�3UHVV
0DUNRYL`�6���-DQNRYL`�'��L�6XERWL`�,������D�'LPHQ]LMH�VXEMHNWLYQRJ�GRCLYOMDMD�IRUPH�3VLKROR^ND�LVWUDCLYDQMD�����������
0DUNRYL`�6���-DQNRYL`�'��L�6XERWL`�,������E�,PSOLFLWQD�L�HNVSOLFLWQD�VYRMVWYD�YL]XHOQRJJH^WDOWD��3VLKROR^ND�LVWUDCLYDQMD�����������
0DUNRYL`�'��L�0DUNRYL`�6��������6WUXNWXUDGRCLYOMDMD�XPHWQLaNLK�VOLND��3VLKRORJLMD��������������
2JQMHQRYL`�3��������3VLKROR^ND�WHRULMD�XPHWQRVWL�%HRJUDG��,QVWLWXW�]D�SVLKRORJLMX
3RORYLQD�0��L�0DUNRYL`�6��������(VWHWVNLGRCLYOMDM�XPHWQLaNLK�VOLND��3VLKRORJLMD�������������
5DGRQML`�$��L�0DUNRYL`�6��������.RQVWUXNFLMDLQVWUXPHQWD�]D�PHUHQMH�GRCLYOMDMD�XPHWQLaNLKVOLND��L]ERU�UHSUH]HQWDWLYQLK�VWLPXOXVD��(PSLULMVNDLVWUDCLYDQMD�X�SVLKRORJLML�;��%HRJUDG��)LOR]RIVNLIDNXOWHW�X�%HRJUDGX�
5DGRQML`�$��L�0DUNRYL`�6��������.RQVWUXNFLMDLQVWUXPHQWD�]D�PHUHQMH�GRCLYOMDMD�XPHWQLaNLKVOLND��(PSLULMVND�LVWUDCLYDQMD�X�SVLKRORJLML�;,�%HRJUDG��)LOR]RIVNL�IDNXOWHW�X�%HRJUDGX�
7XFNHU�:��7��������([SHULPHQWV�LQ�DHVWKHWLFFRPPXQLFDWLRQ��3K�'��WKHVLV��8QLYHUVLW\�RI,OOLQRLV��3UHJOHG�X��2VJRRG�&���6XFL�*��-��DQG7DQQHQEDXP�3��������7KH�PHDVXUHPHQW�RIPHDQLQJ��8UEDQD��8QLYHUVLW\�RI�,OOLQRLV�3UHVV��

7LMDQD�9UDQMHYDF�DQG�0LOD�'MXNDQRYL`
$HVWKHWLF�([SHULHQFH�RI�D�3KRWRJUDSK

7KLV�VWXG\�LQYHVWLJDWHG�WKH�UHODWLRQ�EHWZHHQ�WKH
DHVWKHWLF�H[SHULHQFH�DQG�RWKHU�GLPHQVLRQV�RI�VXEMHF�
WLYH�MXGJPHQWV�RI�SKRWRJUDSKV��$HVWKHWLF�H[SHULHQFH
ZDV�PHDVXUHG�ZLWK�WKH�LQVWUXPHQW�('����ZKLFK�FRQ�
WDLQHG�IRXU�GHVFULSWRUV�RI�WKH�DHVWKHWLF�H[SHULHQFH�
IDVFLQDWLQJ��XQLTXH��SURIRXQG��H[FHSWLRQDO��7ZHQW\
IRXU�SKRWRJUDSKV�ZHUH�MXGJHG�RQ�IRXU�XQLSRODU
VHYHQ�VWHS�VFDOHV�WKDW�ZHUH�PDGH�RI�WKH�DERYH�PHQ�
WLRQHG�GHVFULSWRUV��6XEMHFWLYH�MXGJPHQWV�ZHUH
PHDVXUHG�XVLQJ�WKH�LQVWUXPHQW�6'6�����5DGRQML`
	�0DUNRYL`�������ZKLFK�FRQWDLQV����ELSRODU�VHYHQ�
VWHS�VFDOHV��(DFK�RI�WKH�IRXU�IDFWRUV�RI�VXEMHFWLYH
MXGJPHQW��$URXVDO��$WWUDFWLRQ��5HJXODULW\�DQG�5H�
OD[DWLRQ��ZDV�GHILQHG�XVLQJ�IRXU�VFDOHV�

2XU�UHVXOWV�VKRZ�WZR�IDFWRUV�¬�SUHGLFWRUV�RI�DHV�
WKHWLF�H[SHULHQFH��$URXVDO�DQG�$WWUDFWLRQ��7KH�IDFWRU
$URXVDO�ZDV�D�EHWWHU�SUHGLFWRU�RI�DHVWKHWLF�H[SHUL�
HQFH�WKDQ�WKH�IDFWRU�$WWUDFWLRQ�

5HJXODULW\�ZDV�PDUJLQDOO\�VLJQLILFDQW�DQG�5H�
OD[DWLRQ�ZDV�QRW�D�VLJQLILFDQW�SUHGLFWRU�RI�DHVWKHWLF
H[SHULHQFH��

7KH�UHVXOWV�RI�WKLV�VWXG\�VXJJHVW�WKDW�WKH�DHV�
WKHWLF�H[SHULHQFH�SULPDULO\�GHSHQGV�RQ� WKH�IDFWRU
$URXVDO�

:H�EHOLHYH�WKDW�WKH�UHDVRQ�ZH�REWDLQHG�WKLV�NLQG
RI�UHVXOW�LV�WKDW�DOO�WKH�SKRWRJUDSKV�FDXVHG�SOHDVDQW
IHHOLQJV�LQ�WKH�VXEMHFWV��7KHUHIRUH��ZH�JRW�KLJK�FRU�
UHODWLRQV�EHWZHHQ�WKH�IDFWRU�$URXVDO�DQG�DHVWKHWLF
H[SHULHQFH��,Q�RUGHU�WR�VROYH�WKLV�SUREOHP��IXUWKHU
VWXGLHV�VKRXOG�LQFOXGH�SKRWRJUDSKV�ZKLFK�LQGXFH
PRUH�YDULDEOH�MXGJPHQWV�RI�SOHDVDQWQHVV�

+DYLQJ�LQ�PLQG�WKDW�WKH�LQVWUXPHQW�6'6����ZDV
PDGH�IRU�MXGJLQJ�SDLQWLQJV��IXUWKHU�VWXGLHV�VKRXOG
FRQVWUXFW�D�QRYHO�LQVWUXPHQW�IRU�PHDVXULQJ�WKH�DHV�
WKHWLF�H[SHULHQFH�RI�SKRWRJUDSKV��
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