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8�RYRP�LVWUDCLYDQMX�RGUH_LYDQD�MH�YH]D�L]PH_X�NRH�
ILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L�NRHILFLMHQWD�YLVNR]QR�
VWL�WHaQRVWL��0HUHQD�MH�YLVNR]QRVW�L�SRYU^LQVNL�QDSRQ
YRGH� L� UD]OLaLWLK� NRQFHQWDUFLMD� UDVWYRUD� VDKDUR]H�
NXKLQMVNH�VROL��JOLFHULQD�L�DFHWRQD�X�YRGL��=D�VYH�LV�
SLWLYDQH�UDVWYRUH�NRHILFLMHQW�SRYU^LQVNRJ�QDSRQD�MH
HNVSRQHQFLMDOQD�IXQNFLMD�UHFLSURaQH�YUHGQRVWL�NRHIL�
FLMHQWD�YLVNR]QRVWL��6�RE]LURP�QD�UD]QROLNRVW�X]RUD�
ND�PRCH�VH�VPDWUDWL�GD�MH�GRELMHQD�]DYLVQRVW�XQLYHU�
]DOQD�RVRELQD�RYLK�IOXLGD�

8YRG
.RHILFLMHQW�YLVNR]QRVWL�NDUDNWHUL^H�YLVNR]QX�VLOX

NRMD�VH�MDYOMD�X�XQXWUD^QMRVWL�WHaQRVWL�L]PH_X�GYD
VXVHGQD�VORMD��1D�EUCL�VORM�YLVNR]QD�VLOD�GHOXMH�X�VX�
SURWQRP�VPHUX�RG�VPHUD�QMHJRYH�EU]LQH��D�QD�VSRULML
VORM�X�VPHUX�EU]LQH��3RMDYX�YLVNR]QRVWL�HNVSHULPHQ�
WDOQR�MH�LVWUDCLYDR�,VDN�1MXWQ�L�SRVWDYLR�]DNRQ�YLVN�
R]QRVWL�NRMLP�MH�RGUH_HQD�VLOD�WUHQMD�L]PH_X�VORMHYD
WHaQRVWL�NDR�L�QMHQ�NRHILFLMHQW��.RHILFLMHQW�YLVNR]�
QRVWL�EURMQR�MH�MHGQDN�VLOL�YLVNR]QRVWL�NRMD�GHOXMH�QD
MHGLQLFX�SRYU^LQH�L]PH_X�GYD�VXVHGQD�VORMD�WHaQRVWL
SUL�MHGLQLaQRM�YUHGQRVWL�JUDGLMHQWD�EU]LQH�
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JGH�MH�)Y�YLVNR]QD�VLOD��6�SRYU^LQD�VORMD�L�∆�Y�⁄�∆�[
JUDGLMHQW�EU]LQH��ADOXNRYL`��������9UHGQRVW�NRHILFL�
MHQWD�YLVNR]QRVWL�]DYLVL�RG�YUVWH�WHaQRVWL��WHPSHUD�
WXUH�L�NRQFHQWUDFLMH�UDVWYRUD�

6YH�SRYU^LQVNH�SRMDYH�QD�WHaQRVWLPD�XND]XMX�QD
WR�GD�VH�SRYU^LQD�WHaQRVWL�SRQD^D�NDR�]DWHJQXWD�RS�
QD��RGQRVQR�GD�MH�SRYU^LQD�X�VWDQMX�QDSRQD��0ROHNX�
OL�WHaQRVWL�NRML�VX�X�XQXWUD^QMRVWL��SUL�SRYH`DQMX
JUDQLaQH�SRYU^LQH�WHaQRVWL�L]OD]H�X�SRYU^LQVNL�VORM�
3UL�WRPH�RQL�L]YU^H�UDG�∆�$�SR�MHGLQLFL�SRYU^LQH�∆�6�
7LPH�VH�NRHILFLMHQW�SRYU^LQVNRJ�QDSRQD�GHILQL^H
NDR�

γ�=�∆�$
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3RVPDWUDQR�VD�PROHNXODUQRJ�DVSHNWD��PROHNXOL�X
XQXWUD^QMRVWL�WHaQRVWL�QDOD]H�VH�X�UDYQRWHCL��MHU�VX
VIHUQR�VLPHWULaQR�RNUXCHQL�PROHNXOLPD�LVWH�YUVWH�
0H_XWLP��]D�PROHNXOH�QD�SRYU^LQL�WHaQRVWL�X�VORMX�5�=��U
�JGH�MH�U�SROXSUHaQLN�PROHNXOD��SRVWRML�UH]XOWXMX`D
VLOD�NRMD�GHOXMH�QD�QMLK�L�WHCL�GD�LK�XYXaH�X�XQX�
WUD^QMRVW�WHaQRVWL��5H]XOWXMX`D�VLOD�VH�MDYOMD�]DWR�^WR
MH�GHMVWYR�VLOD�QD�SRYU^LQVNH�PROHNXOH�QHVLPHWULaQR�
3ULYODaQH�VLOH�L]PH_X�PROHNXOD�WHaQRVWL�L�PROHNXOD
SDUH�L]QDG�QMHQH�SRYU^LQH�VX�PDQMH��.DNR�SRVWRML�GL�
QDPLaND� UDYQRWHCD� QD� SRYU^LQL� WHaQRVWL�� QHNL
PROHNXOL�QDSX^WDMX�SRYU^LQX�WHaQRVWL�L�SUHOD]H�X
SDUX��D�QMLKRYR�PHVWR�]DX]LPD�LVWL�EURM�PROHNXOD�L]
XQXWUD^QMRVWL�WHaQRVWL�NRML�LPD�QDMYH`X�HQHUJLMX��8
WRP�SURFHVX�X�MHGQRP�NUDWNRP�LQWHUYDOX�QD�SRYU^LQL
WHaQRVWL�QDVWDMH�^XSOMLQD�NRMX�RVWDOL�PROHNXOL�L]
SRYU^LQVNRJ�VORMD�WHCH�GD�SRSXQH��WDNR�GD�PH_X�
VREQR�GHOXMX�WDQJHQFLMDOQLP�VLODPD��6WRJD�VH�NRHIL�
FLMHQW�SRYU^LQVNRJ�QDSRQD�PRCH�GHILQLVDWL�L�NDR
WDQJHQFLMDOQD�VLOD�NRMD�]DWHCH�LYLFX�SRYU^LQVNRJ�VORMD
WHaQRVWL�SR�MHGLQLFL�GXCLQH�LYLFH�

γ�=�∆�)
∆�O

JGH�MH�∆�O�GXCLQD�SURL]YROMQR�PDORJ�SUDYROLQLMVNRJ
GHOD�NRQWXUH��D�∆�)� VLOD�SRYU^LQVNRJ�QDSRQD�NRMD
GHOXMH�QD�QMHJD��ADOXNRYL`��������3RYU^LQVNL�QDSRQ
]DYLVL�RG�WHPSHUDWXUH�L�SULURGH�WHaQRVWL�
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8�RYRP�LVWUDCLYDQMX�SRVPDWUDQD�MH�YH]D�L]PH_X
NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L�NRHILFLMHQWD�YLVN�
R]QRVWL�UDVWYRUD�UD]OLaLWLK�NRQFHQWUDFLMD�DFHWRQD��VD�
KDUR]H��NXKLQMVNH�VROL�L�JOLFHULQD�QD�NRQVWDQWQRM
WHPSHUDWXUL��7DNR_H�MH�SULND]DQD�]DYLVQRVW�NRHILFLMHQWD
SRYU^LQVNRJ�QDSRQD�L�YLVNR]QRVWL�YRGH�QD�UD]OLaLWLP
WHPSHUDWXUDPD��

1HNL�PRGHOL�YH]H�L]PH_X
NRHILFLMHQDWD�YLVNR]QRVWL�LSRYU^LQVNRJ�QDSRQD

0XUNHULMH�MH�������JRGLQH�SUHGORCLR�VOHGH`X�YH]X
RYLK�YHOLaLQD��4XLHPDGD�HW�DO��������

γ�=�N�⋅�ηQ
� ���

JGH�VX�N�L�Q�SDUDPHWUL��2YD�WHRULMD�QHPD�HNVSHULPHQ�
WDOQX�SRWYUGX��

$QGUDWH�MH�������JRGLQH�SRND]DR�GD�NRHILFLMHQW
YLVNR]QRVWL�HNVSRQHQFLMDOQR�]DYLVL�RG�WHPSHUDWXUH
�4XLHPDGD�HW�DO���������D�NDNR�NRHILFLMHQW�SRYU^LQVNRJ
QDSRQD�OLQHDUQR�]DYLVL�RG�WHPSHUDWXUH��GRELMHQD�MH
VOHGH`D�YH]D�

D�⋅�η�=�H�E�⁄�γ ���
JGH�VX�D�L�E�SDUDPHWUL�NDUDNWHULVWLaQL�]D�WHaQRVW��NRMD
VH�WDNR_H�QH�SRNODSD�VD�HNVSHULPHQWDOQLP�UH]XOWDWLPD�

3UDWDSL�1DUVLPDQ�VX�������JRGLQH�NRULVWH`L
DQDORJLMH�L]PH_X�JDVRYD�L�WHaQRVWL�REMDYLOL�VOHGH`X
UHODFLMX��4XLHPDGD�HW�DO��������

D�⋅�η�=�H�E�⋅�γ ���
JGH�VX�D�L�E�SDUDPHWUL�NDUDNWHULVWLaQL�]D�VYDNX�WHa�
QRVW��0H_XWLP��RQL�VX�SRND]DOL�GD�RYD�UHODFLMD�YDCL
VDPR�]D�WHaQRVWL�NRMH�VH�QDOD]H�QD�WHPSHUDWXUL�L]�
PH_X��~�L���~��3HORIVNDM�MH�������JRGLQH�QD�RVQRYX
3DUWDSRYRJ�L�1DUVLPDQRYRJ�LVWUDCLYDQMD�GR^DR�GR
YH]H�NRMD�MH�ELOD�SRYROMQLMD�MHU�MH�YDCLOD�]D�WHaQRVWL
QD�VYLP�WHPSHUDWXUDPD��3HORIVN\�������SUHPD��4X�
LHPDGD�HW�DO��������

9H]D�L]PH_X�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L
NRHILFLMHQWD�YLVNR]QRVWL�SULND]DQD�MH�VOHGH`RP�UH�
ODFLMRP�
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JGH�MH�γ�NRHILFLMHQW�SRYU^LQVNRJ�QDSRQD��η�NRHILFL�
MHQW�YLVNR]QRVWL��D�$�L�%�SDUDPHWUL�NDUDNWHULVWLaQL�]D
VYDNX�WHaQRVW�

0DWHULMDO�L�PHWRGH
2GUH_LYDQMH�NRHILFLMHQWD�SRYU^LQVNRJQDSRQD

.RHILFLMHQW�SRYU^LQVNRJ�QDSRQD�RGUH_LYDQ�MH
PHWRGRP�RWNLGDQMD�SUVWHQD��9XaL`��������$SDUDWXUD
VH�VDVWRML�L]�VWDOND�QD�NRPH�VH�QDOD]L�aD^D�L]QDG�NRMH
MH�SRVWDYOMHQD�RSUXJD�R�NRMX�MH�RNDaHQ�SUVWHQ��2YRP
PHWRGRP�VH�SUYR�RGUH_XMH�NRHILFLMHQW�HODVWLaQRVWL
RSUXJH��D�]DWLP�VH�PHUL�L]GXCHQMH�RSUXJH�NRMH�L]D�
]LYD�VLOD�SRYU^LQVNRJ�QDSRQD�L�QD�RVQRYX�WRJ�L]GXCH�
QMD�UDaXQD�VH�VLOD�SRYU^LQVNRJ�QDSRQD��.RHILFLMHQW
HODVWLaQRVWL�RSUXJH�RGUH_HQ�MH�PHUHQMHP�L]GXCHQMD
RSUXJH�]D�UD]OLaLWH�PDVH�WHUHWD��

9UHGQRVWL�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�GREL�
MHQH�VX�UHODFLMRP�

γ�=� N�⋅�[
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JGH�MH�N�NRHILFLMHQW�HODVWLaQRVWL�RSUXJH��[�L]GXCHQMH
NRMH�L]D]LYD�VLOD�SRYU^LQVNRJ�QDSRQD��GX�XQXWUD^QML
SUHaQLN�SUVWHQD�L�GV�VSROMD^QML�SUHaQLN�SUVWHQD��*UH�
^ND�RYLK�PHUHQMD�L]UDaXQDYD�VH�QD�VOHGH`L�QDaLQ�
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0HUHQMD�VX�YU^HQD�]D�UD]OLaLWH�NRQFHQWUDFLMH�UDV�
WYRUD�VDKDUR]H��JOLFHULQD��NXKLQMVNH�VROL�L�DFHWRQD�
2GUH_LYDQMH�NRHILFLMHQWD�YLVNR]QRVWL

.RHILFLMHQW�YLVNR]QRVWL�RGUH_LYDQ�MH�2VWYDOGR�
YRP�PHWRGRP�NRMRP�VH�RGUH_XMH�UHODWLYQD�YLVNR]�
QRVW�WHaQRVWL�X�RGQRVX�QD�YRGX��9XaL`�������
$SDUDWXUD�VH�VDVWRML�L]�MHGQH�8�FHYL�X�NRMRM�VH�QDOD]L
NDSLODUD�QD�aLMHP�MH�NUDMX�SUR^LUHQMH��

.RHILFLMHQW�YLVNR]QRVWL�RGUH_HQ�MH�PHUHQMHP
YUHPHQD�]D�NRMH�WHaQRVW�SUH_H�UDVWRMHQMH�L]PH_X
]DUH]D��2GDWOH�VH�NRHILFLMHQW�YLVNR]QRVWL�GRELMD�VOH�
GH`RP�UHODFLMRP��

η�=� U�⋅�W
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JGH�MH�η�WUDCHQL�NRHILFLMHQW�YLVNR]QRVWL��ρ�JXVWLQD
WHaQRVWL��W�YUHPH�]D�NRMH�WHaQRVW�SUH_H�UDVWRMDQMH
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L]PH_X�]DUH]D��ρY�JXVWLQD�YRGH��WY�YUHPH�]D�NRMH�YR�
GD�SUH_H�UDVWRMDQMH�L]PH_X�]DUH]D��ηY�YLVNR]QRVW�YRGH
QD�WHPSHUDWXUL�PHUHQMD��*UH^ND�RYRJ�L]UDaXQDYDQMD
RGUH_XMH�VH�VOHGH`RP�UHODFLMRP�
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.DR�L�NRG�RGUH_LYDQMD�NRHILFLMHQWD�SRYU^LQVNRJ
QDSRQD��PHUHQMD�VX�YU^HQD�]D�UD]OLaLWH�NRQFHQWUDFLMH
UDVWYRUD�VDKDUR]H��JOLFHULQD��NXKLQMVNH�VROL�L�DFHWRQD�

5H]XOWDWL�L�GLVNXVLMD
1D�JUDILFLPD�$��%��&�L�'��VOLND����SULND]DQH�VX�]D�

YLVQRVWL�ORJDULWPD�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�RG
UHFLSURaQH�YUHGQRVWL�NRHILFLMHQWD�YLVNR]QRVWL��3DUDPHWUL
$�L�%�]D�UD]OLaLWH�WHaQRVWL�GDWL�VX�X�WDEHOL���

7DEHOD����9UHGQRVWL�SDUDPHWUD�$�L�%�]D
LVSLWLYDQH�UDVWYRUH
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1D�JUDILNX��VOLND����SULND]DQD�MH�]DYLVQRVW�ORJD�
ULWPD�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�RG�UHFLSURaQH
YUHGQRVWL�NRHILFLMHQWD�YLVNR]QRVWL�]D�YUHGQRVWL�X]HWH
L]�WDEOLFD��:HDVW�������'HDQ�������

6OLND����=DYLVQRVW�SULURGQRJ�ORJDULWPD�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�RG�UHFLSURaQH�YUHGQRVWL�NRHILFLMHQWDYLVNR]QRVWLD�]D��JOLFHULQ��$���UDVWYRU�DFHWRQD��%���UDVWYRU�NXKLQMVNH�VROL��&��L�UDVWYRU�VDKDUR]H��'�
)LJXUH����5HODWLRQ�EHWZHHQ�QDWXUDO�ORJDULWKP�RI�WKH�VXUIDFH�WHQVLRQ�DQG�WKH�UHFLSURFDO�YLVFRVLW\�IRU��JO\FHULQVROXWLRQ��$���DFHWRQH�VROXWLRQ��%���1D&O�VROXWLRQ��&��DQG�VDFKDUR]H�VROXWLRQ��'�
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1D�RVQRYX�RYRJ�LVWUDCLYDQMD�GRELMHQD�MH�OLQHDUQD
YH]D�L]PH_X�SULURGQRJ�ORJDULWPD�NRHILFLMHQWD�SRYU�
^LQVNRJ�QDSRQD�L�UHFLSURaQH�YUHGQRVWL�NRHILFLMHQWD
YLVNR]QRVWL��MHGLQR�VH�NRG�YRGH�PRJX�SULPHWLWL�PD�
QMD�RGVWXSDQMD�RG�OLQHDUQH�]DYLVQRVWL��-HGQD�RG�PR�
JX`QRVWL�]ERJ�NRMH�VH�MDYOMDMX�RYD�RGVWXSDQMD�MHVWH
PHWRGD�PHUHQMD�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L
NRHILFLMHQWD�YLVNR]QRVWL��MHU�VX�LQWHQ]LWHWL�RYLK�YH�
OLaLQD�X]HWL�L]�JRWRYLK�WDEOLFD��SD�MH�PHWRG�QMLKRYRJ

PHUHQMD�QHSR]QDW��0H_XWLP��NDNR�VX�RYD�RGVWXSDQMD
PDOD��]DYLVQRVW�NRMD�VH�MDYOMD�NRG�YRGH�PRCH�VH
DSURNVLPLUDWL�NDR�OLQHDUQD��'RELMHQL�UH]XOWDWL�SDUD�
PHWDUD�OQ�$�L�%�VH�PRJX�VPDWUDWL�SRX]GDQLP�MHU�RG�
VWXSDQMD�QLVX�YHOLND�������.DNR�RYL�SDUDPHWUL�GR
VDGD�QLVX�PHUHQL��QH�SRVWRMH�WHRULMVNH�YUHGQRVWL�VD
NRMLPD�EL�VH�PRJOL�XSRUHGLWL��1D�RVQRYX�GRELMHQLK
UH]XOWDWD�PRCH�VH�WYUGLWL�GD�VX�GRELMHQH�YUHGQRVWL
SDUDPHWDUD�NDUDNWHULVWLaQH�]D�VYDNX�WHaQRVW�L�]D�VDGD
VH�QH�QDVOX`XMH�QLNDNYD�YH]D�PH_X�QMLPD��9H]D
L]PH_X�RYLK�SDUDPHWDUD�EL�VH�PRJOD�MDYLWL�DNR�EL�VH
LVSLWLYDOH�VOLaQH�WHaQRVWL��̂ WR�X�RYRP�LVWUDCLYDQMX�QLMH
ELR�VOXaDM��EXGX`L�GD�MH�FLOM�ELR�GD�VH�SRND]DCH�GD
RYD�YH]D�SRVWRML�NRG�UD]OLaLWLK�WHaQRVWL�L�UDVWYRUD�

9H]H�L]PH_X�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L
NRHILFLMHQWD�YLVNR]QRVWL�SUHGVWDYOMHQH�UHODFLMDPD�����
����L������]D�HNVSHULPHQWDOQR�PHUHQH�YUHGQRVWL�UDV�
WYRUD�JOLFHULQD�L�WHEOLaQH�YUHGQRVWL�]D�YRGX��SULND]D�
QH�VX�JUDILaNL�

�1D�JUDILFLPD�VD�VOLND������L���SRND]DQR�MH�GD�YH�
]H�NRMH�VX�ELOH�SURPRYLVDQH�SUH�3HORIVNDMRYH�QH�
PDMX�HNVSHULPHQWDOQR�SRNODSDQMH�VD�UHODFLMDPD�����
����L������'D�EL�RQH�YDCLOH�SRWUHEQR�MH�GD�VH�QD�JUDIL�
FLPD�GRELMH�OLQHDUQD�]DYLVQRVW��MHU�VX�VYH�IXQNFLMH
SUH�FUWDQMD�JUDILND�OLQHDUL]RYDQH���̂ WR�QLMH�ELR�VOXaDM
QL�VD�HNVSHULPHQWDOQLP�YUHGQRVWLPD�GRELMHQLP�]D
JOLFHULQ��QL�VD�WDEOLaQLP�YUHGQRVWLPD�]D�YRGX��-HGLQR
MH�QD�JUDILNX��$��VOLND����NRML�YDCL�]D�UHODFLMX�����GR�
ELMHQD�OLQHDUQD�]DYLVQRVW��^WR�QLMH�QHRaHNLYDQR�MHU
RYD�UHODFLMD�YDCL�]D�UDVWYRUH�WHaQRVWL�RG���GR���~&

6OLND����
=DYLVQRVW�SULURGQRJ�ORJDULWPD�NRHILFLMHQWD�SRYU^LQVNRJQDSRQD�RG�UHFLSURaQH�YUHGQRVWL�NRHILFLMHQWD�YLVNR]QRVWLYRGH�QD�UD]OLaLWLP�WHPSHUDWXUDPD
)LJXUH����5HODWLRQ�EHWZHHQ�QDWXUDO�ORJDULWKP�RI�WKHVXUIDFH�WHQVLRQ�DQG�WKH�UHFLSURFDO�YLVFRVLW\�IRU�ZDWHURQ�GLIIHUHQW�WHPSHUDWXUHV
6OLND����=DYLVQRVW�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�RG�NRHILFLMHQWD�YLVNR]QRVWL�JOLFHULQD��$��L�YRGH��%�
)LJXUH����5HODWLRQ�EHWZHHQ�VXUIDFH�WHQVLRQ�DQG�YLVFRVLW\�IRU�JO\FHULQ��$��DQG�ZDWHU��%�
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�HNVSHULPHQW�YU^HQ�QD���~&���PH_XWLP�QD�JUDILNX��%
�VOLND�����JGH�MH�SULND]DQD�]DYLVQRVW�]D�YUHGQRVWL
YHOLaLQD�]D�YRGX�QD�UD]OLaLWLP�WHPSHUDWXUDPD�
SRND]DQR�MH�GD�RYD�UHODFLMD�LSDN�QH�YDCL���

3RYH]LYDQMH�RYLK�YHOLaLQD�QLMH�QHRaHNLYDQR��MHU
REH�YHOLaLQH�]DYLVH�RG�PH_XPROHNXODUQLK�VLOD�X�WHa�
QRVWL��3UL�NUHWDQMX�IOXLGD�MDYOMD�VH�VLOD�XQXWUD^QMHJ
WUHQMD�L]PH_X�VORMHYD�WHaQRVWL��VLOD�YLVNR]QRVWL���6LOD
WUHQMD�QDVWDMH�]ERJ�LQWHUDNFLMH�PH_X�PROHNXOLPD�VX�
VHGQLK�VORMHYD�WHaQRVWL��2YL�PROHNXOL�LQWHUUHDJXMX

WDNYLP�VLODPD�NRMH�MHGDQ�VORM�XEU]DYDMX��D�GUXJL
XVSRUDYDMX��3RYU^LQVNL�QDSRQ�VH�MDYOMD�NDR�SRVOHGLFD
LQWHUDNFLMH�PROHNXOD�SRYU^LQVNRJ�VORMD�WHaQRVWL�VD
PROHNXOLPD�WHaQRVWL�L�PROHNXOLPD�YD]GXKD�NRML�VH
QDOD]H�QHSRVUHGQR�L]QDG�SRYU^LQVNRJ�VORMD��.DNR�MH
X�RED�VOXaDMD�X�SLWDQMX�LQWHUDNFLMD�PROHNXOD�UD]OLaLWH
YUVWH��PRJX`H�MH�QD�RYDM�QDaLQ�SRYH]DWL�RYH�YHOLaLQD�
1DVOX`LYDQMH�YH]H�L]PH_X�RYLK�YHOLaLQD�QDVWDMH�L
]ERJ�WRJD�^WR�REH�YHOLaLQH�]DYLVH�RG�JXVWLQH�L�WHP�
SHUDWXUH�WHaQRVWL��*XVWLQD�L�WHPSHUDWXUD�XWLaX�QD

6OLND����=DYLVQRVW�ORJDULWPD�NRHILFLMHQWD�YLVNR]QRVWL�RG�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�]D�JOLFHULQ��$��L�YRGX��%�
)LJXUH����5HODWLRQ�EHWZHHQ�WKH�QDWXUDO�ORJDULWKP�RI�YLVFRVLW\�DQG�WKH�VXUIDFH�WHQVLRQ�IRU�JO\FHULQ��$��DQG�ZDWHU��%�

6OLND����=DYLVQRVW�ORJDULWPD�NRHILFLMHQWD�YLVNR]QRVWL�RG�UHFLSURaQH�YUHGQRVWL�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�]DJOLFHULQ��$��L�YRGX��%��
)LJXUH����5HODWLRQ�EHWZHHQ�WKH�QDWXUDO�ORJDULWKP�RI�YLVFRVLW\�DQG�WKH�UHFLSURFDO�VXUIDFH�WHQVLRQ�IRU�JO\FHULQ��$��DQGZDWHU��%�
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EU]LQX�NUHWDQMD�PROHNXOD��GXCLQX�VORERGQRJ�SXWD
PROHNXOD��D�VDPLP�WLP�L�QD�QMLKRYX�HQHUJLMX��3RND�
]DQR�MH�GD�NRHILFLMHQW�YLVNR]QRVWL�L�NRHILFLMHQW�SR�
YU^LQVNRJ�QDSRQD�]DYLVH�RG�HQHUJLMH�PROHNXOD��WDNR
GD�EL�RYR�PRJDR�ELWL�MHGDQ�RG�SDUDPHWDUD�SUHNR�NR�
MLK�EL�VH�PRJOH�SRYH]DWL�RYH�YHOLaLQH��0H_XWLP��GD
EL�VH�RYH�NDUDNWHULVWLNH�LVSLWDOH�SRWUHEQR�MH�]D`L
GXEOMH�X�VWUXNWXUX�WHaQRVWL�L�VXSVWDQFL�NRMH�VH�NRULVWH�
]D�̂ WD�QLMH�ELOR�XVORYD�X�RYRP�LVWUDCLYDQMX��3RND]DQR�MH
L�GD�YH]D�RYLK�YHOLaLQD�QH�]DYLVL�RG�QMLKRYRJ�LQ�
WHQ]LWHWD��MHU�VH�]D�LVSLWLYDQH�WHaQRVWL��NDNR�]D�RQH�VD
YHOLNRP�YLVNR]QR^`X�LOL�SRYU^LQVNLP�QDSRQRP��WDNR
L�]D�WHaQRVWL�PDOH�YLVNR]QRVWL�LOL�SRYU^LQVNRJ
QDSRQD��GR^OR�GR�LVWLK�]DNOMXaDND��

=DNOMXaDN
3UL�IRUPXODFLML�VYRMH�]DNRQLWRVWL�3HORIVNDM��NDR�L

GUXJL�QDXaQLFL�NRML�VX�VH�EDYLOL�RGUH_LYDQMHP�YH]H
L]PH_X�NRHILFLMHQWD�YLVNR]QRVWL�L�NRHILFLMHQWD�SRYU�
^LQVNRJ�QDSRQD��WYUGLOL�VX�GD�MH�UHODFLMD�

OQ�γ�=�OQ�$�+�%
η

�γ�NRHILFLMHQW�SRYU^LQVNRJ�QDSRQD��η�NRHILFLMHQW
YLVNR]QRVWL��D�$� L� %�SDUDPHWUL�NDUDNWHULVWLaQL�]D
VYDNX�WHaQRVW��SULPHQMLYD�QD�VYH�LVSLWDQH�WHaQRVWL�
&LOM�RYRJ�LVWUDCLYDQMD�ELR�MH�SURYHUD�WH�UHODFLMH�X
VOXaDMX�UD]OLaLWLK�UDVWYRUD�WHaQRVWL��1D�RVQRYX
L]YU^HQLK�PHUHQMD�]DNOMXaHQR�MH�GD�SRVWRML�YH]D
L]PH_X�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L�NRHILFL�
MHQWD�YLVNR]QRVWL��'RELMHQL�UH]XOWDWL�SDUDPHWDUD
OQ�$� L�%�SRND]XMX�GD�VX�RYL�SDUDPHWUL�NDUDNWHU�
LVWLaQL�]D�VYDNX�WHaQRVW��.DNR�MH�RYR�SRND]DQR
VDPR�HPSLULMVNL��]D�SRWSXQR�GRND]LYDQMH�WUHEDOR�EL
WHRULMVNL�LVSLWDWL�SRYH]DQRVW�RYH�GYH�YHOLaLQH�QD�RV�
QRYX�aHJD�EL�VH�PRJOR�WYUGLWL�GD�OL�]DLVWD�SRVWRML
YH]D�L]PH_X�NRHILFLMHQWD�SRYU^LQVNRJ�QDSRQD�L�NRH�
ILFLMHQWD�YLVNR]QRVWL��9H]D�L]PH_X�RYH�GYH�WHUPRGL�
QDPLaNH�RVRELQH�UDVWYRUD�PRCH�ELWL�RG�YHOLNRJ�WHRUL�
MVNRJ�]QDaDMD��NDR�SXWRND]�ND�EROMHP�UD]XPHYDQMX
PLNUR�XWLFDMD�QD�RYH�PDNUR�RVRELQH�

=DKYDOQRVW��=DKYDOMXMHP�VH�VYRP�PHQWRUX�-HOH�
QL�*UXML`��NRMD�PL�MH�XYHN�SRPDJDOD�X�VYHPX�^WR�MH
ELOR�SRWUHEQR��NDR�L�3HWUL�6WRMVDYOMHYL`�QD�SRPR`L�X
WUDCHQMX�WHRULMVNH�]DYLVQRVWL��?RU_X�5DGLaHYL`X�QD
]DQLPOMLYLP�LGHMDPD�]D�SUH]HQWDFLMX�L�KHPLaDULPD�QD
REH]EH_HQRM�DSDUDWXUL�L�KHPLNDOLMDPD�]D�HNVSHUL�

PHQW��3RVHEQX�]DKYDOQRVW�GXJXMHP�VYLP�XaHVQLFLPD
VHPLQDUD�)L]LNH����'DQLMHOL��1HYHQL��8JOMH^L��9ODGL�
1HQDGX��'CRGDQX�����NRML�VX�PL�SRPRJOL�X�L]YR_HQMX
YHRPD�RELPQRJ�HNVSHULPHQWD�

/LWHUDWXUD
ADOXNRYL`�1��������)L]LND���]D�GUXJL�UD]UHGPDWHPDWLaNH�JLPQD]LMH��%HRJUDG��.UXJ
'HDQ�-��$��������/DQJH±V�KDQGERRN�RI�FKHPLVWU\WKLWHHQWK�HGLWLRQ��0F*UDZ�+LOO
3HORIVN\�$��+��������-��&KHP��(QJ��'DWD�������������
4XHLPDGD�$��-��0DUUXFKR�,��0��6WHQE\�(��+��&RXWLQKR�-��$��3��������*HQHUDOL]HG�UHODWLRQEHWZHHQ�VXUIDFH�WHQVLRQ�DQG�YLVFRVLW\��D�VWXG\�RQSXUH�DQG�PL[HG�Q�DONDQHV��6\PSRVLXP�RQ7KHUPRSK\VLFDO�3URSHUWLHV��1,67��%RXOGHU��86$��-XQH��������������'RVWXSQR�QDKWWS���ZZZ�V\PS���QLVW�JRY�SGI�S����SGI
9XaL`�9��������2VQRYQD�PHUHQMD�X�IL]LFL�%HRJUDG��1DXaQD�NQMLJD
:HDVW�5��&��������&5&�+DQGERRN�RU�FKHPLVWU\DQG�SK\VLVF��)ORULGD��&5&�SUHVV

0LUMDQD�'LPLWULHYVND
7HVWLQJ�5HODWLRQ�%HWZHHQ�6XUIDFH
7HQVLRQ�DQG�9LVFRVLW\

$FFRUGLQJ�WR�3HORIVN\�DQG�RWKHU�VFLHQWLVWV�ZKR
ZRUNHG�RQ�GHWHUPLQDWLQJ�UHODWLRQ�EHWZHHQ�VXUIDFH�WHQ�
VLRQ�DQG�YLVFRVLW\��WKH�UHODWLRQ�OQ�γ�=�OQ�$�+�%

η
�FDQ�EH

DSSOLHG�RQ�DOO�H[DPLQHG�OLTXLGV��7KH�REMHFWLYH�RI
WKLV�ZRUN�LV�WHVWLQJ�WKDW�UHODWLRQ�IRU�GLIIHUHQW�VROX�
WLRQV��6XUIDFH�WHQVLRQ�ZDV�GHWHUPLQHG�ZLWK�WKH�WHDULQJ
RII� ULQJ�PHWKRG��9LVFRVLW\�ZDV�GHWHUPLQHG�ZLWK
2VVWZDOG±V�PHWKRG�ZKLFK�GHWHUPLQDWHV�WKH�UHODWLYH
YLVFRVLW\�RI�OLTXLGV�UHODWHG�WR�ZDWHU��,W�KDV�EHHQ�FRQ�
FOXGHG�WKDW�WKHUH�LV�D�UHODWLRQ�EHWZHHQ�VXUIDFH�WHQ�
VLRQ�DQG�YLVFRVLW\��7KH�UHVXOWV�VKRZ�WKDW�WKHVH
SDUDPHWHUV�DUH�XQLTXH�IRU�HYHU\�IOXLG�
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