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6YL�VPR�ELOL�X�SULOLFL�GD�SRVPDWUDPR�NUHWDQMH�EURGD�SR�PLUQRM�SR�
YU^LQL�YRGH��2YDM��QD�SUYL�SRJOHG�MHGQRVWDYDQ�IHQRPHQ�¬�WDODVQL�IURQW�SUH�
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RYRP�HNVSHULPHQWX�QDJODVDN�MH�VWDYOMHQ�QD�XWLFDM�REOLND�L�EU]LQH�EURGD�QD
QDYHGHQX�SRMDYX��

8UD_HQR�MH�QHNROLNR�DSURNVLPDFLMD��SRaHY�RG�SRUH_HQMD�VD�VOLaQLP��DOL
MHGQRVWDYQLMLP�SRMDYDPD��GR�LGHDOL]RYDQLK�PDWHPDWLaNLK�PRGHOD��3UL�WUD�
CHQMX�GREUH�DSURNVLPDFLMH�RYRJ�WDODVQRJ�NUHWDQMD��EURG�MH�]DPHQMLYDQ�POD�
]HP�NDSOMLFD�L]�^SULFD�L�CLFRP��

6NLFD�HNVSHULPHQWD

3RVPDWUDQMH�MH�YU^HQR�X�ED]HQLPD�NUXCQRJ�REOLND��SUHaQLND���P��L

SUDYRXJDRQRJ�REOLND�GLPHQ]LMD������×������×�����P���)RWRJUDILMH�VX�SUDY�
OMHQH�]D�WUL�UD]OLaLWH�YHOLaLQH�EURGD�SUL�LVWRM�EU]LQL�L�WUL�UD]OLaLWH�EU]LQH�]D
LVWX�YHOLaLQX�EURGD��6YD�WUL�EURGD�VX�QDSUDYOMHQD�RG�VWLURSRUD��%URGRYH�MH�
SUHNR�NRQFD��YXNDR�HOHNWURPRWRU�NRPH�MH�VPDQMLYDQ�QDSRQ�UHGQLP
QDGRYH]LYDQMHP�MHGQRJ�RGQRVQR�GYD�LVWD�RWSRUQLND��'D�EL�VH�WDODVL�EROMH
YLGHOL�QD�SRYU^LQL��X�YRGL�MH�UDVWYDUDQ�.0Q2��NRML�YRGL�GDMH�NDUDNWHU�
LVWLaQX�OMXELaDVWX�ERMX��D�]D�VQLPNH�VHQNL�WDODVD�QD�GQX�NDGH�NRUL^`HQ�MH
.�&U�2��NRML�GDMH�CXWX�ERMX�

7RNRP�HNVSHULPHQWD�YU^HQD�VX�UD]OLaLWD�PHUHQMD��3UYR�PHUHQMH�MH�ELOR
PHUHQMH�EU]LQH�SURVWLUDQMD�NUXCQLK�WDODVD�SR�PLUQRM�SRYU^LQL�YRGH��1D
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SRYU^LQX�MH�NDQXWD�NDSOMLFD�YRGH��3RUHPH`DM�NRML�SUL�WRP��QDVWDMH�VH�X�YLGX
WDODVD�^LULR�SR�SRYU^LQL�YRGH��%U]LQD�MH�GRELMHQD�NDR�NROLaQLN�SUH_HQRJ�SX�
WD�WDODVD�L�SURWHNORJ�YUHPHQD��=DWLP�VX�HNVSHULPHQWDOQR��PHUHQMHP�YUH�
PHQD�]D�NRMH�EURG�SUH_H�QHNX�UD]GDOMLQX�UDaXQDWH�EU]LQH�EURGD�

5DGL�XSRUH_LYDQMD�X]HWH�VX�L�IRWRJUDILMH�WUDJD�NRML�L]D�VHEH�RVWDYOMD
POD]�^SULFD��NRML�SUHGVWDYOMD�SXWXMX`L�L]YRU�NUXCQLK�WDODVD��L�QDMRELaQLMD�CL�
FD��NRMD�SUHGVWDYOMD�L]YRU�IURQWDOQLK�WDODVD���=DWLP�VX�VYH�IRWRJUDILMH�VNHQL�
UDQH�L�REUD_HQH�X�0DWODE�X�

0HUHQMH�EU]LQD

%U]LQD�WDODVD

'D�EL�VH�RGUHGLOD�EU]LQD�SURVWLUDQMD�WDODVD�PHUHQR�MH�YUHPH�]D�NRMH
WDODV�SUH_H�QHNX�UD]GDOMLQX�QD�UDVWRMDQMX�RG������L������PHWDUD��=D�REH
YUHGQRVWL�SUH_HQRJ�SXWD�QDSUDYOMHQR�MH�RVDP�PHUHQMD�

7DEHOD����3RGDFL�GRELMHQL�]D�RGUH_LYDQMH�EU]LQH�WDODVD

3UH_HQL�SXW
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9UHPH�[V]
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%U]LQD�MH�RGUH_LYDQD�NDR�NROLaQLN�SUH_HQRJ�SXWD�L�VUHGQMHJ�YUHPHQD�
,�]D�MHGQX�L�]D�GUXJX�GXCLQX�GRELMHQD�MH�EU]LQD�WDODVD�NRMD�L]QRVL

������±�������P�V��WDEHOD����

%U]LQD�EURGD

0HUHQMHP�YUHPHQD�]D�NRMH�EURG�SUH_H�RGUH_HQX�UD]GDOMLQX�RGUH_HQD
MH�EU]LQD�EURGD��6YDND�EU]LQD�MH�L]UDaXQDWD�QD�RVQRYX�YL^H�PHUHQMD��(OHN�
WURPRWRUX�MH�XOD]QL�QDSRQ�PHQMDQ�X]�SRPR`�UHGQR�YH]DQLK�RWSRUQLND�aLPH
VX�REH]EH_LYDQH�UD]OLaLWH�EU]LQH�EURGD��'RELMHQH�VX�VOHGH`H�YUHGQRVWL�

9�� �����±�����P�V δ9�� ���� EH]�RWSRUQLND
9�� ������±������P�V δ9�� ���� VD�MHGQLP�RWSRUQLNRP
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$QDOL]D�SRMDYH

0OD]�MH�RVWDYOMDR�SUDYLOQH��VNRUR�SUDYROLQLMVNH��IURQWRYH�GRN�MH�XQX�
WUD^QMRVW�WUDJD�RVFLORYDOD�YHOLNLP�DPSOLWXGDPD��1D�SRYU^LQL�VX�VH�XRaDYDOL
PQRJREURMQL�NUXCQL�WDODVL�NRML�VX�VH�PH_XVREQR�VXSHUSRQLUDOL��VOLND����

����•��3(71,A.(�69(6.(��� '(2��,



#LFD�MH�RVWDYOMDOD�MR^�SUDYLOQLMH�IURQWRYH�GRN�MH�XQXWUD^QMRVW�RVWDMDOD�VNRUR
SRWSXQR�PLUQD��=DGQML�IURQW�X�RYRP�VOXaDMX�QLMH�XRaHQ��YHURYDWQR�]DWR�^WR
MH�SUHaQLN�CLFH�PDOL��VOLND����

7DODVL�NRML�VX�QDVWDMDOL�L]D�EURGD�ELOL�VX�QDMVORCHQLML��3UH�VYHJD�XR�

aDYDPR�GYD�WDODVQD�IURQWD�aLML�VH�REOLFL�UD]OLNXMX�NDR�L�SULURGD�L�PHVWR�QML�

KRYRJ�QDVWDMDQMD��6OLND�����3URVWRU�L]PH_X�SUHGQMHJ�L�]DGQMHJ�IURQWD�QLMH

SREX_HQ�^WR�RYH�IURQWRYH�MDVQR�UD]GYDMD��=DGQML�IURQW�QDVWDMH�QD�]DGQMHP

GHOX�EURGD��2Q�MH�R^WULML��HYLGHQWQR�MDaHJ�LWHQ]LWHWD��]DNULYOMHQ�L�LVSUHNLGDQ�

D�QMHJRYD�XQXWUD^QMRVW�RVFLOXMH�PDORP�DPSOLWXGRP��3UHGQML�IURQW��NRML�QDV�

WDMH�QD�SUDPFX�EURGD��MH�SUDYLOQLML��PDQMHJ�XJOD��PDQMHJ�LQWHQ]LWHWD�L�]DR�

EOMHQLML�SD�SRGVH`D�QD�VORYR�®8¯�
3UL�SRUH_HQMX�WDODVD�NRMH�L]D�VHEH�RVWDYOMD�CLFD�L�SUHGQMHJ�IURQWD�WDODVD

NRG�EURGD�SULPH`XMHPR�GD�VX�YUOR�VOLaQL��.RG�EURGRYD�QDVWDMX�QD�SUHG�

QMHP�GHOX�L��NDR�NRG�CLFH��SUDYLOQL�VX�L�XQXWUD^QMRVW�LP�MH�SRWSXQR�PLUQD�
0H_XWLP��WDODVL�QDVWDOL�RG�POD]D�^SULFD�GRVWD�VH�UD]OLNXMX�RG�]DGQMHJ

IURQWD�EURGD��)URQWRYL�NRG�^SULFD�VX�SUDYLOQL��GRN�VX�NRG�EURGD�]DNULYOMHQL

L�LVSUHNLGDQL��8QXWUD^QMRVW�NRG�̂ SULFD�RVFLOXMH�YHOLNLP�DPSOLWXGDPD�L�PRJX

VH�YLGHWL�IURQWRYL�NUXCQLK�WDODVD�NRML�QDVWDMX�RG�POD]D��=D�UD]OLNX�RG�WRJD

XQXWUD^QMRVW�]DGQMHJ�IURQWD�WDODVD�NRML�QDVWDMX�RG�EURGD�RVFLOXMH�PDOLP�DP�

SOLWXGDPD�L�QH�PRJX�VH�XRaLWL�QHNL�SUDYLOQL�IURQWRYL��YH`�VH�PRJX�YLGHWL

REOLFL�NRML�SRGVH`DMX�QD�VSLUDOX�L�SUHGVWDYOMDMX�YUWORJH�NRML�QDVWDMX�XVOHG

WXUEXOHQFLMH�L�GRYRGH�GR�SRMDYH�]DGQMHJ�IURQWD�
1DLPH��PRCH�VH�SULPHWLWL�GD�]DGQML�IURQW�WDODVD�SRVWRML�VDPR�NRG�YH�

`LK�EU]LQD�GRN�NRG�PDOLK�EU]LQD�]DGQML�IURQW�QLMH�SULVXWDQ��7R�VH�GH^DYD

]ERJ�SUHODVND�ODPLQDUQRJ�NUHWDQMD�X�WXUEXOHQWQR�^WR�GLUHNWQR�]DYLVL�RG�RW�

SRUD�REOLND�NRML�VH�PRCH�RSLVDWL�5HMQROGVRYLP�EURMHP��5HMQROGVRY�EURM�MH

EH]GLPHQ]LRQDOQD�YHOLaLQD�NRMD�VH�GHILQL^H�MHGQDaLQRP�

5H�=�ρ�/R�9R
µ

JGH�MH�ρ�JXVWLQD�IOXLGD��/R�NDUDNWHULVWLaQD�GXCLQD��SUHaQLN�FHYL��GXELQD�YR�
GH�X�NDQDOX��GXCLQD�EURGD���9R�VUHGQMD�EU]LQD�IOXLGD�X�FHYL�LOL�X�NDQDOX
RGQRVQR�EU]LQD�WHOD�NRMH�VH�NUH`H�NUR]�IOXLG�L�µ�NRHILFLHQW�YLVNR]QRVWL�
7XUEXOHQWQR�NUHWDQMH�PRCH�VH�RVWYDULWL�VDPR�]D�GRYROMQR�YHOLNH�YUHGQRVWL
5HMQROGVRYRJ�EURMD��^WR�XND]XMH�GD�GR�SRMDYOMLYDQMD�]DGQMHJ�IURQWD�X
VOXaDMX�CLFH�QLMH�GR^OR�]ERJ�PDORJ�SUHaQLND��8�VOXaDMX�GD�MH�YLVNR]QRVW
WHaQRVWL�PDOD��]D�SUHOD]DN�L]�ODPLQDUQRJ�NUHWDQMD�X�WXUEXOHQWQR�SRWUHEDQ�MH
PDOL�SRUHPH`DM��D�DNR�MH�YLVNR]QRVW�YHOLND�SRWUHEDQ�MH�YH`L�SRUHPH`DM��.D�
GD�NUHWDQMH�SRVWDQH�WXUEXOHQWQR�X�MHGQRM�REODVWL��SRUHPH`DM�VH�^LUL�QD�VX�
VHGQH�aHVWLFH�L�SRMDYOMXMX�VH�YUWOR]L�NRML�VX�SULEOLCQR�VLPHWULaQL�X�RGQRVX
QD�SXWDQMX�EURGD��DNR�MH�RQD�SUDYROLQLMVND��+DMGLQ��������9UWOR]L�VX�X�SR�
aHWNX�PDOL�GD�EL�VH�NDVQLMH�^LULOL��]DKYDWDMX`L�RNROQH�aHVWLFH�L�ED^�LYLFH�WLK
YUWORJD�REUD]XMX�]DGQML�WDODVQL�IURQW��VOLND����
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6OLND����JRUH��
)RWRJUDILMD�WDODVD
NRMH�SUDYL�POD]
^SULFD��6OLND
SUHGVWDYDOMD
SRPHUDMX`L�L]YRU
NUXCQLK�WDODVD�

)LJXUH����DERYH��
3KRWR�RI�ZDYHV�PDGH
E\�GURSOHW�RI�ZDWHU�
3LFWXUH�SUHVHQW
PRYLQJ�VRXUFH�RI
FLUFOH�ZDYHV�

6OLND����GROH��
7UDJ�L]D�CLFH��
8QXWUD^QMRVW�NRMD�MH
VNRUR�SRWSXQR�PLUQD
����

)LJXUH����EHORZ��
7KH�WUDFH�EHKLQG�WKH
ZLUH��,QVLGH�WKH
SDWHUQ�VRXUFH�DW
ZDWHU�LV�FRPSOHWHO\
IODW�
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6OLND����JRUH��

7UDJ�L]D�EURGD����¬�SUHGQML�IURQW�WDODVD��
��¬�]DGQML�IURQW����¬�XQXWUD^QMRVW�NRMD�RVFLOXMH
PDOLP�DPSOLWXGDPD

)LJXUH����DERYH��
3DWHUQ�EHKLQG�WKH�ERDW����¬�IRUZDUG�ZDYH
IURQW����¬�EDFNZDUG�ZDYH�IURQW����¬�WKH�LQWHULRU
ZKLFK�RVFLODWHV�ZLWK�D�VPDOO�DPSOLWXGH

6OLND����GROH��

7DODVL�L]D�EURGD����¬�PHVWD�JGH�GROD]L�GR
LQWHIHUHQFLMH�YUWORJD����¬�LYLFH�YUWORJD�NRMH�aLQH
]DGQML�WDODVQL�IURQW

)LJXUH����EHORZ��
:DYHV�EHKLQG�WKH�ERDW����¬�YRUWH[�LQWHUIHUHQFH�
��¬�WKH�HGJH�RI�YRUWH[�ZKLFK�PDNHV�WKH
EDFNZDUG�ZDYH�IURQW
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$QDOL]D�XJORYD�WDODVQLK�IURQWRYD

=D�VYDNX�EU]LQX�EURGD�L]PHUHQL�VX�XJORYL�]DGQMHJ�IURQWD�WDODVD�L�QD
RVQRYX�WRJD�MH�GRELMHQ�VOHGH`L�JUDILN�QD�NRMHP�MH�SUHGVWDYOMHQD�]DYLVQRVW
XJOD�]DGQMHJ�WDODVQRJ�IURQWD�RG�EU]LQH�NRMRP�VH�EURG�NUH`H��VOLND����

0RCH�VH�SULPHWLWL�GD�MH�JUDILN�SULEOLCQR�OLQHDUDQ��2YR�MH�SRVOHGLFD�aL�
QMHQLFH�GD�VX�YDULUDQH�EU]LQH�L]�PDORJ�RSVHJD��%LUNKRII��=DUDQWHOOR�������
0H_XWLP��]DGQML�IURQW�WDODVD�]DYLVL�L�RG�REOLND�EURGD��D�L�RG�WUHQMD��^WR
]DYLVQRVW�aLQL�QHOLQHDUQRP��=DWR�QD�IRWRJUDILMDPD��VOLNH���L����SUHGQML�IURQW
LPD�PDQML�XJDR�RG�XJOD�]DGQMHJ�IURQWD��MHU�VX�X�SLWDQMX�PDOH�EU]LQH�
0H_XWLP��L]�OLWHUDWXUH�MH�SR]QDWR�GD�L�SUL�QHNLP�YH`LP�EU]LQDPD�]DGQML
IURQW�LPD�GDOHNR�PDQML�XJDR��*LOEUHFK�������

.DNR�MH�SUHGQML�IURQW�WDODVD�GUXJDaLMH�SULURGH�QHJR�]DGQML��RQGD�L
XJDR�LPD�GUXJDaLMX�]DYLVQRVW�RG�EU]LQH��3RUHG�WRJD�^WR�MH�XJDR�SUHGQMLK
WDODVD�RaHYLGQR�PDQML�QD�RYLP�PDOLP�EU]LQDPD��SRVWRML�UD]OLND�L�X�PHVWX
QDVWDMDQMD�

7DODVL�LVWH�SULURGH�NDR�SUHGQML�IURQW�WDODVD�NRG�EURGD�PRJX�VH�GRELWL
SURYODaHQMHP�QHNRJ�SUDYRXJDRQRJ�SUHGPHWD�NUR]�IOXLG�WDNR�GD�MH�YHNWRU
EU]LQH�QRUPDODQ�QD�SRYU^LQX�WRJ�SUDYRXJDRQLND��7DGD�VH�WDODVL�^LUH�X�SUD�
YFX�L�VPHUX�NUHWDQMD�SUDYRXJDRQLND��$NR�X]PHPR�NUXCQL�LOL�RYDOQL�SUHG�
PHW��NDR�^WR�MH�CLFD��RGQRVQR�EURGL`��WDODVL�VH�^LUH�NDR�QD�VOLFL��$��1D
RVQRYX�WRJD�PRCH�VH�QDSUDYLWL�VOHGH`D�DSURNVLPDFLMD��VOLND��%���1HND�MH�

9W�¬�EU]LQD�WDODVD��NRMD�MH�YH`�L]PHUHQD�L�L]QRVL������P�V�
9E�¬�EU]LQD�EURGD

6OLND����
=DYLVQRVW�XJOD
]DGQMHJ�WDODVQRJ
IURQWD�RG�EU]LQH
NRMRP�VH�EURG�NUH`H�

)LJXUH���
'HSHQGHQFH�RI
EDFNZDUG�DQJOH�RI
ZDYH�IURQW�RQ�ERDW
YHORFLW\�
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$QDOL]D�SRSUHaQRJ�SUHVHND�WDODVD

6NHQLUDQH�IRWRJUDILMH�VX�REUD_HQH�X�0DWODE�X�NDNR�EL�VH�RGUHGLOD��UH�

ODWLYQD��YLVLQD�WDODVD�X�WUDJX��RGQRVQR�SRSUHaQL�SUHVHN�QRUPDODQ�QD�SX�

WDQMX�NUHWDQMD�EURGD��.DNR�X�YUHPH�VQLPDQMD�VXQaHYL�]UDFL�QLVX�SDGDOL�SRG

SUDYLP�XJORP��GR^OR�MH�GR�GRGDWQLK�SUREOHPD��'D�MH�VXQFH�RVYHWOMDYDOR

SRG�SUDYLP�XJORP��GROMH�L�YUKRYL�WDODVD�EL�QD�VOLFL�ELOL�QDMVYHWOLML��D�L]PH_X

QMLK�EL�VH�RVYHWOMHQRVW�VPDQMLYDOD�X�]DYLVQRVWL�RG�XJOD�NRML�SRYU^LQD�YRGH

]DNODSD�VD�VXQaHYLP�]UDFLPD��WDNR�GD�EL�ODNR�PRJOL�GRELWL�SRSUHaQL�SUHVHN�

.DNR�WR�QLMH�VOXaDM�ELOR�MH�SRWUHEQR�L]YU^LWL�UHVNDODFLMX��3UH�WRJD�MH�RGUH_HQ

XJDR�SRG�NRMLP�VX�SDGDOL�VXQaHYL�]UDFL�L�RQ�L]QRVL���~�
'D�EL�L]YU^LOL�UHVNDODFLMX�UD]YLMHQ�MH�VOHGH`L�PRGHO��VOLND�����2EOLFL

WDODVD�VX�DSURNVLPLUDQL�VLQXVRLGRP��3UHWSRVWDYOMHQR�MH�GD�MH�RVYHWOMHQRVW�OL�

QHDUQR�]DYLVQD�RG�XSDGQRJ�XJOD�]UDND�QD�SRYU^LQL��1DMRVYHWOMHQLMRM�WDaNL

GRGHOMXMH�VH�YUHGQRVW���

1HND�MH�U�¬�RVYHWOMHQRVW��α�¬�XSDGQL�XJDR��D�N�¬�NRQVWDQWD�NRMD�SR�
YH]XMH�U�L�α��-HGQDaLQD�KDUPRQLMVNRJ�RVFLORYDQMD�MH�\�=�$�VLQ(ω�W)�L�QHND
MH�ωW�=�[��1HND�MH��GDOMH��SUDYD�W�WDQJHQWD�VLQXVRLGH�X�SRVPDWUDQRM�WDaNL

6OLND���
3URVWLUDQMH�SUHGQMHJ
IURQWD�WDODVD�NRG
RYDOQRJ�REOLND�

)LJXUH����
3URSDJDWLRQ�RI�WKH
IRUZDUG�ZDYH�IURQW
RULJLQDWHG�IURP�RYDO
VKDSH�ERDW�
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$��D�SUDYD�]�VXQaHY�]UDN�NRML�SUROD]L�NUR]�WDaNX�$��3UHVHN�SUDYH�]�L�[�RVH

R]QDaLPR�VD�%��D�SUHVHN�SUDYH�W�VD�[�RVRP�R]QDaLPR�VD�&��8JDR�α�SUHG�
VWDYOMD�XJDR�SRG�NRMLP�]UDFL�SDGDMX�QD�SRYU^LQX�WDODVD�X�WDaNL�$�L�RQ�MH
MHGQDN�XJOX�%$&�NDR�VYRP�XQDNUVQRP��6DGD�L]�WURXJOD�$%&�ODNR�L]UD�
aXQDYDPR�QMHJRYX�YHOLaLQX�

α� ����~�¬� $%&�¬� $&%�

8�WUHQXWNX�VQLPDQMD�XJDR�$%&�L]QRVLR�MH���~��8JDR�$&%�L]UDaXQDYD
VH�SULPHQRP�RVRELQD�L]YRGD�IXQNFLMH�L�X�RYRP�VOXaDMX�MH�MHGQDN

� $&%� �¬DUFWJ�VLQ±[���
MHU�VDP�DUFWJ�VLQ±[���NDR�̂ WR�VH�YLGL�QD�VOLFL��LPD�QHJDWLYQX�YUHGQRVW��'DNOH

α� ����~�¬���~���DUFWJ�VLQ±[�� ����~���DUFWJ�VLQ±[��� ���

0H_XWLP��WUHED�SULPHWLWL�GD�RYD�YH]D�YDCL�VDPR�]D�DUFWJ�VLQ±[��¬���~�
=D�VOXaDM�DUFWJ�VLQ±[��¬���~�QD�VOLaDQ�QDaLQ�GRELMDPR�

�α� ����¬�DUFWJ�VLQ±[�� ���

'DNOH��LPDPR�GYH�PRJX`QRVWL�

U� �N�α� �N����~�¬�DUFWJ�FRV�[��L
U� �N�α� �N�����~���DUFWJ�FRV�[�

.DNR�]D��α� ���~�YDCL�U� ����VOHGL�N� ������
'DOMH�MH�

DUFWJ�FRV�[�� ����¬�U�⋅���~��
RGDNOH�VH�GRELMD�

[� �DUFFRV�WJ���~�¬�U�⋅���~���
.DNR�MH�MHGQDaLQD�UD]PDWUDQH�NULYH�K�=�VLQ�[�GRELMDPR

K� �VLQ�DUFFRV�WJ���~�¬�U�⋅���~��
6OLaQLP�WUDQVIRIUPDFLMDPD�X�GUXJRP�VOXaDMX�GRELMDPR

K� �VLQ�DUFFRV�WJ�U�⋅���~�¬����~����

6OLND���
3ULND]�SRSUHaQRJ
SUHVHND�WDODVD�

)LJXUH���
:DYH�FURVVHFWLRQ�
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=DYLVQRVWL�RVYHWOMHQRVWL�SLNVHOD�RG�QMHJRYRJ�SRORCDMD�X�NRORQL�GDWD�MH
QD�VOLFL����2YDM�JUDILN�SULEOLCQR�SULND]XMH�RGQRV�UHODWLYQLK�YLVLQD�SRMHGLQLK
WDaDND�QD�SRYU^LQL�WDODVD��*UDILN�MH�QDSUDYOMHQ�]D�����WX�NRORQX�VOLNH�GL�

PHQ]LMD�����×�����SLNVHOD��0H_XWLP��]ERJ�YH`�QDYHGHQLK�SUREOHPD�VD

RGUH_LYDQMHP�SLNRYD�WDODVD��XUD_HQD�MH�UHVNDODFLMD��3RVOH�L]YU^HQLK�WUDQV�
IRUPDFLMD�GRELMHQ�MH�JUDILN�GDW�QD�VOLFL���

6OLND���
*UDILN�]DYLVQRVWL
RVYHWOMHQRVWL�SLNVHOD
RG�QMHJRYRJ�SRORCDMD
X�NRORQL�

)LJXUH���
3L[HO�QXPEHU
GHSHQGHQFH�RQ�WKHLU
LQWHQVLW\�

6OLND��
*UDILN�]DYLVQRVWL
RVYHWOMHQRVWL�SLNVHOD
RG�QMHJRYRJ�SRORCDMD
X�NRORQL�SRVOH
SULPHQMHQRJ�PHWRGD
UHVNDODFLMH�

)LJXUH���
3L[HO�QXPEHU
GHSHQGHQFH�RQ�WKHLU
LQWHQVLW\�DIWHU�DSSOLHG
PDWKHPDWLFDO
WUDQVIRUPDWLRQ�
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.DR�^WR�VH�PRCH�YLGHWL�JUDILFL�VX�GRVWD�VOLaQL��5D]OLND�MH�X�LQWHQ]LWHWX
�WM��YLVLQL��SRMHGLQLK�WDODVD��DOL�QHPD�YH`LK�RGVWXSDQMD�PH_X�JUDILFLPD�
7UHQG�NRML�MH�XRaHQ�QD�SUHGKRGQRP�JUDILNX�VDGD�MH�VPDQMHQ�DOL�L�GDOMH�SR�
VWRML��1D�JUDILNX�MH�RXaOMLYR�GD�SRVWRML�SULEOLCQD�VLPHWULMD�SR�VUHGLQL�PHU�
QRJ�LQWHUYDOD�GXC�[�RVH��1D�LQWHUYDOX�RG�RNR�����SRaHWQLK�L�NUDMQMLK
SLNVHOD�QHPD�QHNRJ�SHULRGLaQRJ�SRQDYOMDQMD�L�QHNLK�LVWDNQXWLK�SLNRYD�
2YDNDY�UH]XOWDW�MH�L�RaHNLYDQ�MHU�RYD�SRYU^LQD�MR^�L�QLMH�SREX_HQD��^WR�VH
PRCH�XRaLWL�QD�VQLPOMHQLP�IRWRJUDILMDPD��=DWLP�QDLOD]LPR�QD�GYD�LVWDNQXWD
JRUQMD�SLND�SD�]DWLP�L�GYD�LVWDNQXWD�GRQMD�SLND��2YDM�GHR�JUDILND�XSUDYR
L�MHVWH�QDM]DQLPOMLYLML�MHU�MH�RYR�REODVW�QDMYH`HJ�SREX_HQMD�X�REODVWL�]D�
GQMHJ�IURQWD��8�VDPRM�VUHGLQL�JUDILND�XRaDYDPR�REODVW�VOLaQX�REODVWL�QD
LYLFL�JUDILND��^WR�SRWYU_XMH�]DSDCDQMH�GD�XQXWUD^QMRVW�RVFLOXMH�YUOR�PDORP
DPSOLWXGRP��

0H_XWLP��SRVWRML�MR^�MHGDQ�SUREOHP��D�WR�MH�GD�GYH�WDaNH�L]QDG�L�LVSRG
PLUQH�SRYU^LQH��X�NRMLPD�VXQaHYL�]UDFL�SDGDMX�SRG�LVWLP�XJORP��LPDMX�LVWL
LQWHQ]LWHW��=DWR�MH�QDSUDYOMHQ�DOJRULWDP�NRML�LVSUDYOMD�RYX�JUH^NX��3RWSXQR
VUH_HQ�JUDILN�GDW�MH�QD�VOLFL����

%D^�NDR�L�QDNRQ�SUHWKRGQH�UHVNDODFLMH��XRaDYDPR�GD�VX�VH�QDMYDCQLML
GHWDOML�RaXYDOL��,QWHQ]LWHWL�VX�VH�QDUDYQR�SURPHQLOL��DOL�QDMXRaOMLYLML�SLNRYL
VX�VH�]DGUCDOL�NDR�L�SULEOLCQD�VLPHWULMD�SR�VUHGLQL�LQWHUYDOD�GXC�[�RVH��3R�
MDYLOL�VX�VH�L]UDCHQLML�SLNRYL�X�SRaHWQRP�L�NUDMQMHP�GHOX�JUDILND��DOL�WR�MH
]ERJ�VORCHQRVWL�UHVNDODFLMD�NRMH�VX�X�DOJRULWPLPD�SRMHGQRVWDYOMHQH�

6OLND�����
*UDILN�]DYLVQRVWL
RVYHWOMHQRVWL�SLNVHOD
RG�QMHJRYRJ�SRORCDMD
X�NRORQL�SRVOH
SULPHQH�DOJRULWPD�

)LJXUH����
7KH�ILQDO�UHVXOW�RI
UVFFDODWLRQ�
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=DNOMXaDN

8RaHQD�MH�YHOLND�UD]OLND�X�L]JOHGX�SUHGQMHJ�L�]DGQMHJ�IURQWD�WDODVD�L
WR�X�XJOX�NRML�JUDGH��X�REOLNX�L�YLVLQL�WDODVD��3RNX^DM�DSURNVLPDFLMD�EURGD
MHGQRVWDYQLMLP�L]YRULPD�WDODVD�MH�LPDR�QHGRVWDWDND��2aLJOHGQR�MH�GD�MH�RV�
FLORYDQMH�SRYU^LQH�]D�EURGRP�ELOR�KDRWLaQLMH�QHJR�]D�POD]RP�L]�^SULFD�L
L]D�CLFH��

1DUDYQR��SULPH`HQD�MH�L�VOLaQRVW�X�REOLNX�QDVWDOLK�IURQWRYD��1D�]DY�
LVQRVW�XJOD�RG�EU]LQH�aDPFD�VH�QLMH�PRJOR�DGHNYDWQR�RGJRYRULWL�]ERJ�WH�
KQLaNLK�SUREOHPD�SUL�L]YR_HQMX�HNVSHULPHQWD��WR�MHVW�YDULUDQH�EU]LQH�VX
ELOH�L]�UHODWLYQR�PDORJ�RSVHJD�L�QLMH�L]YU^HQ�GRYROMDQ�EURM�PHUHQMD��=D�YH�
OLaLQX�PRGHOD�EURGD�XVWDQRYOMHQR�MH�GD�QLMH�QDURaLWR�YDCDQ�SDUDPHWDU�
1MHQLP�YDULUDQMHP�WUDCHQL�SRGDFL�VH�QLVX�PHQMDOL��,�QD�NUDMX��PDWHPDWLaNL
PRGHO�MH�GDR�XJODYQRP�RaHNLYDQH�UH]XOWDWH��9DCQR�MH�MR^�QDSRPHQXWL�GD�
LDNR�VX�DOJRULWPL�]D�JUDILNH������L����UHGRP�XVDYU^DYDQL��QDMRaHNLYDQLMH
UH]XOWDWH�GDR�MH�SUYL�JUDILN��.DR�^WR�MH�YH`�UHaHQR��WR�MH�YHURYDWQR�]ERJ
NRPSOLNRYDQRVWL�UHVNDODFLMD�NRMH�VX�X�DOJRULWPLPD�SRMHGQRVWDYOMHQH�

/LWHUDWXUD

+DMGLQ�*��������0HKDQLND�IOXLGD��%HRJUDG��*UD_HYLQVND�.QMLJD

%LUNKRII�*���=DUDQWHOOR�(�+��������-HWV��:DNHV��DQG�&DYLWLHV��1HZ�<RUN�
$FDGHPLF�3UHVV

*LOEUHFK�'�$��������)OXLG�0HKDQLFV��/RQGRQ��,OLIIH�%RRNV

&UDZIRUI�)��������$PHULFDQ�-RXUQDO�RI�3K\VLFV���������

#DUNR�*DaHYL`�DQG�0LRGUDJ�?XNL`

$�:DNH�RI�D�0RYLQJ�%RDW

:H�DUH�DOO�TXLWH�IDPLOLDU�ZLWK�WKH�ZDNH�OHIW�EHKLQG�E\�D�PRYLQJ�RE�
MHFW�RQ�WKH�VHD�RU�DQ\�RWKHU�ZDWHU�VXUIDFH��7KH�H[SODQDWLRQ�RI�WKLV�SKH�
QRPHQRQ�LV�UDWKHU�FRPSOFDWHG��7KH�DLP�RI�WKLV�SDSHU�LV�WR�WU\�WR�H[SODLQ
WKH�9�VKDSH�RI�WKH�ZDNH�OHIW�EHKLQG�E\�D�ERDW�

7KHRUHWLFDOO\��WKH�DQJOH�RI�WKLV�ZDNH�LV�DOPRVW�DOZD\V�DERXW���~
�&UDZIRUG��������ZKHWKHU�WKH�REMHFW�PRYLQJ�DFURVV�LV�D�GXFN�RU�D�WDQNHU�
:H�GLGQ±W�ILQG�DQ\�SURRI�IRU�WKLV�SUHGLFWLRQ��
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,Q�RXU�DQDO\VLV�ZH�DVVXPHG�WKDW�WKH�ERDW±V�VSHHG�LV�JUHDWHU�WKHQ�WKH
VSHHG�RI�ZDYHV�LQ�ZDWHU��:H�PDGH�D�PDWKHPDWLFDO�PRGHO�RI�WKLV�SKH�
QRPHQRQ��XVLQJ�VRPH�VLPSOH�DSR[LPDWLRQV��:H�REWDLQHG�WKDW�WKH�VL]H�RI
VKLS�LV�QRW�LPSRUWDQW�IRU�H[SHULPHQWV��5HVXOWV�DUH�SUHVHQWHG�LQ�)LJXUHV���
��DQG�����:H�FKRRVH�RQH�FROXPQ�IURP�SL[HO�LQWHQVLW\�PDWUL[��'DWD�IURP
WKLV�FROXPQ�UHSUHVHQW�RQH�W\SLFDO�FURVV�VHFWLRQ�IURP�ZDYH�SDWHUQ�

8VLQJ�WKHVH�SKRWRV��ZH�GHULYHG�D�PDWKHPDWLFDO�UHODWLRQ�EHWZHHQ�SL[HO
LQWHVLWLHV�DQG�PD[LPD�RI�WKH�ZDYH�IURQW��,Q�)LJXUH����LV�SUHVHQWHG�WKH�ILQDO
UHVXOW�RI�UHVFDODWDLRQ�DFURVV�WKH�ZKROH�FURV�VHFWLRQ�RI�ZDYH�SDWHUQ�

����•��3(71,A.(�69(6.(��� '(2��,


