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.RULVWH`L�QXPHULaNH�VLPXODFLMH�DQDOL]LUDQL�VX�GLQDPLaNL�HIHNWL�EOLVNRJ�]YH]GDQRJ
SURODVND�QD�.RMSHURY�SRMDV��8�YUHPH�IRUPLUDQMD�.RMSHURYRJ�SRMDVD��]YH]GD�SUR�
OD]L�SRUHG�6XQaHYRJ�VLVWHPD�QD�XGDOMHQRVWL���������$8�L�JUDYLWDFLRQR�GHOXMH�QD
GLVN�aHVWLFD�RNR�6XQFD��5H]XOWDWL�GRELMHQL�VLPXODFLMDPD�XSRUH_HQL�VX�VD�WUHQXWQR
SR]QDWRP�UDVSRGHORP�REMHNDWD�X�SRMDVX��.DUDNWHULVWLNH�SRMDVD�NRMH�VH�PRJX�RE�
MDVQLWL�EOLVNLP�SURODVNRP�VX�VSROMQD�LYLFD�QD�SULEOLCQR����$8�L�^LURND�UDVSRGHOD
HNVFHQWULFLWHWD�L�LQNOLQDFLMD�REMHNDWD��7DNR_H��]YH]GDQL�SUROD]DN�PRCH�GD�REMDVQL
JXELWDN�PDVH�L]EDaHQH�L]�SRMDVD��NDR�L�SRUHNOR�RUELWD�REMHNDWD�X�SUR^LUHQRP�UDVH�
MDQRP�GLVNX��'D�EL�QDYHGHQL�HIHNWL�QDVWDOL��SUROD]DN�]YH]GH�WUHED�GD�EXGH�GLUHNWDQ�
VD�PDORP�LQNOLQDFLMRP�X�RGQRVX�QD�UDYDQ�SRVPDWUDQRJ�SRMDVD�aHVWLFD�

8YRG
6UHGLQRP�SUR^ORJ�YHND�YL^H�QDXaQLND�MH�VSHNXOLVDOR�R�PRJX`HP�SRV�

WRMDQMX�GLVND�REMHNDWD�L]D�SODQHWDUQRJ�UHJLRQD��.RMSHU��.XLSHU�������L
(GCYRUW��(GJHZRUWK�������VX�UD]PDWUDOL�GD�OL�EL�3OXWRQ�PRJDR�ELWL�VDPR
SUYL�REMHNDW�NRML�MH�SURQD_HQ�QD�XGDOMHQRVWL�YH`RM�RG�1HSWXQRYH��3UYL�GL�
UHNWDQ�SRVPDWUDaNL�GRND]�]D�RYDNYX�SRSXODFLMX�REMHNDWD�GRELMHQ�MH�RW�
NUL`HP� �����4%�� �-HZLWW�� /XX� ������� SUYRJ� SR]QDWRJ� REMHNWD� X
.RMSHURYRP�SRMDVX�NRML��NDNR�MH�GDQDV�SR]QDWR��VDGUCL�YHOLN�EURM�PDOLK
WHOD�NRMD�RUELWLUDMX�QD�VDPRM�LYLFL�6XQaHYRJ�VLVWHPD��8VOHG�YHOLNRJ�UDVWR�
MDQMD�RG�6XQFD��DVWHURLGL�X�.RMSHURYRP�SRMDVX�LPDMX�YHOLNX�YL]XHOQX�PDJ�
QLWXGX�P�!����L�YHRPD�VH�WH^NR�GHWHNWXMX��3RVOH�YL^H�VLVWHPDWVNLK�SUHWUDJD�
GR�VHSWHPEUD�������ELOR�MH�SR]QDWR�����REMHNDWD�X�SRMDVX�

.RMSHURY�SRMDV�MH�QDVWDR�L]�SURWRSODQHWDUQRJ�GLVND��D�GDQD^QMD�VWUXN�
WXUD�SRMDVD�MH�IRUPLUDQD�SRG�LQWHQ]LYQLP�JUDYLWDFLRQLP�XWLFDMHP�YHOLNLK
SODQHWD��SUYHQVWYHQR�1HSWXQD��1D�RVQRYX�NDUDNWHULVWLND�RUELWD�DVWHURLGL�X
.RMSHURYRP�SRMDVX�VX�SRGHOMHQL�X�WUL�GLQDPLaNH�JUXSH��/XX��-HZLWW�������
�D��NODVLaQH���E��UH]RQDQWQH�L��F��UDVHMDQH�REMHNWH��
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5H]RQDQWQL�REMHNWL�VH�QDOD]H�X�UH]RQDQFL�VD�NUHWDQMHP�1HSWXQD��WM��RGQRV
1HSWXQRYRJ�L�QMLKRYRJ�RUELWDOQRJ�SHULRGD�MH�FHR�EURM��1DMEURMQLMD�MH����
UH]RQDQFD��NRMD�VH�QDOD]L�QD������$8��DVWURQRPVNLK�MHGLQLFD��RG�6XQFD�QD
VDPRM�XQXWUD^QMRM�LYLFL�SRMDVD��VOLND�����5H]RQDQWQD�JUXSD�REMHNDWD�MH�QDV�
WDOD�SRYH`DYDQMHP�XGDOMHQRVWL�1HSWXQD�RG�6XQFD��PLJUDFLMRP��X�UDQRP
6XQaHYRP�VLVWHPX��0DOKRWUD��������

1DMGDOML�REMHNWL�X�.RMSHURYRP�SRMDVX�VX�SULOLaQR�UDVHMDQL�L�LPDMX
YHRPD�HNVFHQWULaQH�SXWDQMH�VD�YHOLNLP�SROXRVDPD�D�!����$8��'R�VDGD
QLMH�RWNULYHQ�YHOLN�EURM�UDVHMDQLK�REMHNDWD�SUYHQVWYHQR�]ERJ�QMLKRYH
RJURPQH�XGDOMHQRVWL�RG�6XQFD�L�aLQMHQLFH�GD�SRVWDMX�GRYROMQR�VMDMQL�]D
RWNULYDQMH�VDPR�WRNRP�PDORJ�GHOD�SXWDQMH��NDGD�VH�QDOD]H�QDMEOLCH�6XQFX�

.ODVLaQL�REMHNWL�GHILQLVDQL�VX�UDVWRMDQMHP�RG�6XQFD��YHOLND�SROXRVD�
NRMH�L]QRVL����$8���D������$8��L�SHULKHORP�T�!����$8��WDNR�GD�QLVX
SRG�VQDCQLP�XWLFDMHP�1HSWXQD��3UHPD�WUHQXWQLP�VD]QDQMLPD�RQL�VX�QDMEUR�
MQLMD�JUXSD�REMHNDWD�X�.RMSHURYRP�SRMDVX��>LURND�UDVSRGHOD�LQNOLQDFLMD�L
HNVFHQWULFLWHWD�RUELWD��%URZQ�������VOLND����XND]XMH�GD�VX�VH�RUELWH�SULOL�
aQR�PHQMDOH�L�QDNRQ�QMLKRYRJ�IRUPLUDQMD��3UHPD�WHRULML�DNUHFLMH�WL�REMHNWL
VX�SUL�QDVWDQNX�LPDOL�L�PDOH�HNVFHQWULFLWHWH�L�PDOH�LQNOLQDFLMH��6DIURQRY
�������,SDN��WUHQXWQD�UDVSRGHOD�LQNOLQDFLMD��NDR�SRND]DWHOM�LQWHQ]LWHWD�SUR�
PHQH�SXWDQMD�WRNRP�YUHPHQD��JRYRUL�GD�MH�.RMSHURY�SRMDV�GDQDV�X�YHRPD
HNVFLWRYDQRP�VWDQMX��WM��GD�VX�JD�REOLNRYDOL�UD]QL�XWLFDML�L�SRVOH�QMHJRYRJ�IRU�
PLUDQMD��(QLJPDWLaQD�NDUDNWHULVWLND�NODVLaQRJ�SRMDVD�MH�L�SRMDYD�L]QHQDGQH�L
R^WUH�LYLFH�QD�RNR����$8��VOLND�����7DaQD�ORNDFLMD�PRJOD�EL�ELWL�UH]XOWDW�GX�
JRWUDMQRJ�GHORYDQMD�1HSWXQD��DOL�VDPR�SRUHNOR�LYLFH�MH�QHSR]QDWR�

%OLVNL�SURODVFL�]YH]GD�GH^DYDMX�VH�UHWNR�]ERJ�YHOLNLK�PH_XVREQLK�UDV�
WRMDQMD�QD�NRMLPD�VH�QDOD]H��6RSVWYHQR�NUHWDQMH�6XQFD�L�GUXJLK�]YH]GD�X
*DODNVLML�GRYRGL�GR�������SUROD]DND�X�LQWHUYDOX�RG�PLOLRQ�JRGLQD�QD�UDV�
WRMDQMLPD�PDQMLP�RG�MHGQRJ�SDUVHND��7RP�VWRSRP��QDMEOLCL�SUROD]DN�WRNRP
LVWRULMH�6XQaHYRJ�VLVWHPD�VWDWLVWLaNL�MH�ELR�QD���������$8�RG�6XQFD

6OLND���
2UELWDOQD�UDVSRGHODHNVFHQWULFLWHWD�LLQNOLQDFLMD�REMHNDWD�X
.RMSHURYRP�SRMDVX�X]DYLVQRVWL�RG�YHOLNHSROXRVH�REMHNDWD
�0LQRU�3ODQHW�&HQWHU�RNWREDU��������8FUWDQL
VX�VDPR�REMHNWL�NRMLVX�SRVPDWUDQL�WRNRPYL^H�RSR]LFLMD�
2EHOHCHQH�VX�L�JUXSHREMHNDWD�X.RMSHURYRP�SRMDVX�
UH]RQDQWQL�REMHNWL�����UH]RQDQFD���REMHNWL�X
NODVLaQRP�SRMDVX�LUDVHMDQRP�GLVNX�

)LJXUH���
.XLSHU�EHOW�REMHFWRUELWDO�HFFHQWULFLW\�DQG
LQFOLQDWLRQ�GLVWULEXWLRQDV�D�IXQFWLRQ�RI�WKHREMHFWV±�VHPLPDMRU
D[LV��0LQRU�3ODQHW&HQWHU��2FWREHU
��������2QO\�PXOWLRSSRVLWLRQ�REMHFWV�DUHVKRZQ��5HVRQDQW
REMHFWV�����UHVRQDQFH���PDLQ�EHOWDQG�VFDWWHUHG�GLVNREMHFWV�DUH�KLJKOLJKWHG�
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�:HLVVPDQ��������UDVWRMDQMX�XSRUHGLYRP�VD�QDMYH`LP�XGDOMHQRVWLPD�REMH�
NDWD�X�.RMSHURYRP�SRMDVX��0H_XWLP��DNR�]YH]GD�SULSDGD�RGUH_HQRM�JUXSL
LOL�MDWX��SURODVFL�QD�PDQMLP�UDVWRMDQMLPD�VX�PQRJR�YHURYDWQLML��6XQFH�MH
QDVWDOR�X�]YH]GDQRP�MDWX�]D�NRMH�VH�SUHWSRVWDYOMD�GD�MH�ELOR�JUDYLWDFLRQR
YH]DQR�RNR�����JRGLQD�L�LPDOR�SULEOLCQR������aODQRYD��$GDPV��/DXJKOLQ
�������9UHPHQVND�VNDOD�QD�NRMRM�VH�GYH�]YH]GH�SULEOLCH�QD�UDVWRMDQMH�RG
RNR�����$8�XSRUHGLYD�MH�VD�YUHPHQVNRP�VNDORP�UDVSDGD�VDPRJ�]YH]GD�
QRJ�MDWD��/DXJKOLQ��$GDPV��������WDNR�GD�EOLVNL�]YH]GDQL�SURODVFL�X�YH�
OLNRM�PHUL�XWLaX�QD�HYROXFLMX�SURWRSODQHWDUQLK�GLVNRYD�RNR�PODGLK�]YH]GD
�/DUZRRG��.DODV�������

%OLVNL�]YH]GDQL�SUROD]DN�JHQHUDOQR�XWLaH�QD�GLQDPLaNH�NDUDNWHULVWLNH
L�VWUXNWXUX�SURWRSODQHWDUQRJ�GLVND��D�DNR�SRaHWQL�XVORYL�GR]YROMDYDMX�X
SODQHWH]LPDOQRP�GLVNX�`H�RVWDWL�YLGOMLY�HIHNDW�WDNYRJ�SURODVND�WRNRP�YH�
`HJ�GHOD�CLYRWD�MHGQH�]YH]GH��,GD�HW�DO���������

8�RYRP�UDGX�DQDOL]LUDMX�VH�GLQDPLaNL�HIHNWL�QD�SURWRSODQHWDUQL�GLVN
LVSROMHQL�XWLFDMHP�]YH]GH�NRMD�VH�SULEOLCL�6XQaHYRP�VLVWHPX�QD�YUOR�PDOR
UDVWRMDQMH��UHGD�YHOLaLQH���������$8��2YDNR�EOLVNL�SURODVFL�X�VDGD^QMHP
JDODNWLaNRP�RNUXCHQMX�VX�PDOR�YHURYDWQL��0H_XWLP��GRN�VH�6XQFH�QDOD]LOR
X�]YH]GDQRP�MDWX�YHURYDWQR`D�VXVUHWD�MH�ELOD�]QDaDMQR�YH`D��'D�EL�VH�XYL�
GHOR�GD�OL�MH�6XQFH�GRCLYHOR�WDNR�EOL]DN�SUROD]DN�SRVPDWUD�VH�GD�OL�VD�
GD^QMD�RUELWDOQD�UDVSRGHOD�REMHNDWD�X�.RMSHURYRP�SRMDVX�XND]XMH�QD
GLQDPLaNH�HIHNWH�SURODVND�X�SUR^ORVWL��3ULOLNRP�SURODVND�SUYHQVWYHQR�VH
RaHNXMH�SRYH`DQMH�HNVFHQWULFLWHWD�L�LQNOLQDFLMD�REMHNDWD��DOL�VH�SRVPDWUDMX
L�GUXJL�HIHNWL�SURODVND�L�WUDCL�NRUHODFLMD�VD�WUHQXWQLP�NDUDNWHULVWLNDPD�.RM�
SHURYRJ�SRMDVD�

6OLND����
%URM�REMHNDWD�X.RMSHURYRP�SRMDVXUDVSRUH_HQLK�SR
YHOLNRM�SROXRVL�0LQRU�3ODQHW�&HQWHU�RNWREDU��������,YLFD
NODVLaQRJ�.RMSHURYRJSRMDVD�VH�XRaDYD�QD���$8�

)LJXUH���
6HPLPDMRU�D[LVGLVWULEXWLRQ�LQ�WKH.XLSHU�EHOW��0LQRU
3ODQHW�&HQWHU�2FWREHU���������0DLQ.XLSHU�EHOW�ERXQGDU\
LV�DW����$8�
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0RGHO
3RMHGLQDaQD�]YH]GD��PDVH�MHGQDNH�MHGQRM�6XQaHYRM�PDVL��SUROD]L�SR�

UHG�6XQFD�QD�PDORP�UDVWRMDQMX�NUH`X`L�VH�KLSHUEROLaQRP�SXWDQMRP��'D�EL
VH�LVSLWDR�VWYDUQL�HIHNDW�RYDNYRJ�]YH]GDQRJ�SURODVND�QD�SUYRELWQL�.RMSHURY
SRMDV�NRUL^`HQD�MH�QXPHULaND�VLPXODFLMD��6LPXOLUDQ�MH�JUDYLWDFLRQL�VLVWHP�6X�
QFH�]YH]GD�X�NRMHP�VH�QDOD]H�aHVWLFH�EH]�PDVH�NRMH�SRMHGLQDaQR�SUHGVWDYOMDMX
SODQHWH]LPDOH��RGQRVQR�.RMSHURY�SRMDV�X�FHOLQL��3ODQHWH]LPDOL�VX�SRG�XWLFDMHP
JUDYLWDFLRQH�VLOH�6XQFD��SULPDUQD�]YH]GD��L�]YH]GH�NRMD�SUROD]L��VHNXQGDUQD
]YH]GD��L�QHPD�PH_XVREQH�LQWHUDNFLMH��1D�SRaHWNX�LQWHJUDFLMH������SODQH�
WH]LPDOD�VX�XQLIRUPQR�UDVSRUH_HQL�QD�XGDOMHQRVWL�������$8�RG�6XQFD��QD�
OD]H�VH�X�MHGQRM�UDYQL��LQNOLQDFLMH�VX�QXOD��L�NUH`X�VH�SR�NUXCQLP
SXWDQMDPD��HNVFHQWULFLWHWL�VX�QXOD���3RaHWQH�ORQJLWXGH�REMHNDWD�X�GLVNX�VX
GRELMHQH�VOXaDMQLP�YUHGQRVWLPD�

-HGQDaLQD�NUHWDQMD�SODQHWH]LPDOD�X�KHOLRFHQWULaQRP�VLVWHPX��SULPDUQD
]YH]GD�X�FHQWUX��NRMD�VH�LQWHJUDOL�X�VLPXODFLML�MH�REOLND�
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G��5
G�W� �=�−�

*�(0��+�0�)
 5

� �5 ���

JGH�VX�0��L�0��PDVH�6XQFD�L�]YH]GH�NRMD�SUROD]L�SRUHG�QMHJD��D�UM�L�5
YHNWRUL�SRORCDMD�SODQHWH]LPDOD�M�L�VHNXQGDUQH�]YH]GH��3UYL�L]UD]�QD�GHVQRM
VWUDQL�SUYH�MHGQDaLQH�MH�VLOD�SRWUHEQD�GD�L]D]RYH�.HSOHURYR�NUHWDQMH�RNR
6XQFD��GRN�GUXJL�L�WUH`L�L]UD]�SUHGVWDYOMDMX�GLUHNWQX��RGQRVQR�LQGLUHNWQX
VLOX�VHNXQGDUQH�]YH]GH�QD�SODQHWH]LPDOH��,QGLUHNWQD�VLOD�X�]YH]GDQRP�VXV�
UHWX�SUHGVWDYOMD�XWLFDM�VHNXQGDUQH�]YH]GH�QD�6XQFH��^WR�VH�RGUDCDYD�L�QD
NUHWDQMH�SODQHWH]LPDOD�

=D�LQWHJUDFLMX�RUELWD�SODQHWH]LPDOD�NRUL^`HQ�MH�5XQJH�.XWWD�LQWHJUDWRU
aHWYUWRJ�UHGD�VD�SURPHQOMLYRP�YUHGQR^`X�NRUDND�X�LQWHJUDFLML��DGDSWLYH
VWHS�VL]H��L�&DVK�.DUS�NRHILFLMHQWLPD��3UHVV�HW�DO���������2YDM�PHWRG�GR]�
YROMDYD�EU]X�LQWHJUDFLMX�YHOLNRJ�EURMD�aHVWLFD�VD�]DGRYROMDYDMX`RP�WDaQR�
^`X��0RUELGHOOL��������$GDSWLYH�VWHS�VL]H�NRQWUROD�MH�LPSOHPHQWLUDQD�QD
QDaLQ�RSLVDQ�NRG�3UHVD�L�VDUDGQLND��3UHVV�HW�DO���������]DGDYDQMHP�PDN�
VLPDOH�JUH^NH�YHNWRUD�SRORCDMD��=D�WDaQRVW�YHNWRUD�SRORCDMD�X�VLPXODFLMDPD
NRUL^`HQD�MH�YUHGQRVW�RG�MHGQRJ�NLORPHWUD�
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3RaHWQL�SRORCDM�VHNXQGDUQH�]YH]GH�MH�QD�UDVWRMDQMX�QD�NRMHP�MH�LQ�
WHQ]LWHW�JUDYLWDFLRQH�VLOH����LQWHQ]LWHWD�VLOH�X�SHULFHQWUX��QDMEOLCH�UDVWR�
MDQMH�]YH]GH�RG�6XQFD���NUDMQML�SRORCDM�MH�NDGD�VLOD�QD�aHVWLFH�L]QRVL�����
QDMMDaHJ�XWLFDMD��WM��NDGD�VH�]YH]GD�XGDOML�QD�GRYROMQR�YHOLNR�UDVWRMDQMH�GD
XWLFDM�QD�SRORCDM�L�EU]LQH�aHVWLFD�SRVWDQH�QH]QDWDQ��6LVWHP�VH�SRVPDWUD�GX�
CH�QDNRQ�SURODVND�NUR]�SHULFHQWDU�]DWR�^WR�MH�XWLFDM�]YH]GH�QD�SRMDV�WDGD
L]UDCHQLML��/DUZRRG��.DODV�������

3DUDPHWUL�SURODVND�VX��PDVD�VHNXQGDUQH�]YH]GH��0����SHULFHQWDU�VXV�
UHWD��T���LQNOLQDFLMD�RUELWH�]YH]GH�X�RGQRVX�QD�UDYDQ�SODQHWH]LPDOQRJ�GLVND

�LS���L�EU]LQD�NUHWDQMD�VHNXQGDUQH�]YH]GH�X�SHULFHQWUX��9S���3UROD]DN�]YH�
]GH�MH�^HPDWVNL�SULND]DQ�QD�VOLFL����,]YU^HQD�MH�VHULMD�QXPHULaNLK�VLPXOD�
FLMD�VXVUHWD�SUL�NRMLPD�VX�PHQMDQH�YUHGQRVWL�RGUH_HQLK�SDUDPHWDUD�
3DUDPHWDU�NRMHP�YUHGQRVW�QLMH�PHQMDQD�MH�PDVD�]YH]GH�NRMD�MH�XYHN�ELOD
MHGQDND�PDVL�6XQFD��=YH]GD�VH��NRG�VYLK�SUROD]DND��QDOD]L�X�SHULFHQWUX�ND�
GD�MH�X�UDYQL�SODQHWH]LPDOQRJ�GLVND��RGQRVQR�DUJXPHQW�SHULKHOD�SURODVND
MH�MHGQDN�QXOL��3URODVFL�VD�YUHGQRVWLPD�LQNOLQDFLMH�RG��~�<�LS�<���~�VSD�
GDMX�X�GLUHNWQH�SURODVNH��GLVN�RUELWLUD�X�LVWRP�VPHUX�X�NRMHP�L�SULOD]L
]YH]GD���DNR�MH�LS� ���~�VXVUHWL�VX�YHUWLNDOQL��]YH]GD�SUROD]L�QRUPDOQR�X
RGQRVX�QD�GLVN���D�VD�LQNOLQDFLMDPD���~�<�LS�<����~�SURODVFL�VX�UHWURJUDGQL
�VPHU�]YH]GH�VXSURWDQ�RG�VPHUD�URWDFLMH�GLVND���6�RE]LURP�QD�WR�GD�SRV�
PDWUDPR�SUROD]DN�XQXWDU�]YH]GDQRJ�MDWD��UHODWLYQD�EU]LQD�]YH]GH�X�RGQRVX
QD�6XQFH�QH�SUHOD]L�QHNROLNR�NLORPHWDUD�X�VHNXQGL��=D�EU]LQH�]YH]GH�X]L�
PDQH�VX�YUHGQRVWL�X�UDVSRQX�����NP�V��4XLOOHQ�HW�DO���������%U]LQD�]YH]GH
MH�QDMYH`D�X�SHULFHQWUX�L�L]QRVL�
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T

���

JGH�MH�HS�HNVFHQWULFLWHW�RUELWH�VHNXQGDUQH�]YH]GH��
6�RE]LURP�QD�WR�GD�MH�SODQHWH]LPDOQL�GLVN�VLPHWULaDQ�X�UDYQL��ORQJLWXGD

SHULKHOD�]YH]GH�MH�SURL]YROMDQ�SDUDPHWDU�L�QL�QD�NRML�QDaLQ�QH�XWLaH�QD�HIHNWH
VDPRJ�SURODVND��6LPXOLUDQL�]YH]GDQL�SURODVFL�VX�RSLVDQL�X�WDEHOL����3DUDPHWUL

6OLND����
3ULND]�EOLVNRJ]YH]GDQRJ�SURODVNDSRUHG�SULPDUQH
]YH]GH�PDVH�0��2UELWD�]YH]GH�PDVH0��NRMD�SUROD]LSRUHGSODQHWH]LPDOQRJ�GLVND
MH�GHILQLVDQDXGDOMHQR^`X�SHULFHQWUDT��HNVFHQWULFLWHWRP
HS��LQNOLQDFLMRP�LS��LEU]LQRP�X�SHULFHQWUX9S��

)LJXUH���
&ORVH�VWHOODU
HQFRXQWHU�ZLWK�WKHSULPDU\�VWDU�0��DQGVHFRQGDU\�VWDU�0�ZKLFK�SDVVHV�E\�WKHSODQHWHVLPDO�GLVN�
2UELWDO�SDUDPHWHUV�RIWKH�VHFRQGDU\�VWDUDUH��SHULKHOLRQ
GLVWDQFH�T�HFFHQWULFLW\�HS�LQFOLQDWLRQ�LS�SHULFHQWHU�YHORFLW\�9S�
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VLPXODFLMD�VX�UHGQL�EURM�VLPXODFLMH��LQNOLQDFLMD�VHNXQGDUQH�]YH]GH�X�RGQRVX
QD�SODQHWH]LPDOQL�GLVN��XGDOMHQRVW�SHULFHQWUD�]YH]GH�L�EU]LQD�]YH]GH�X�SH�
ULFHQWUX�

3RORCDML�SODQHWH]LPDOD�L�GUXJL�RUELWDOQL�HOHPHQWL�SRWUHEQL�]D�SURXaD�
YDQMH�XWLFDMD�SURODVND�VH�XSLVXMX�SUL�]DYU^HWNX�VLPXODFLMH�

7DEHOD����3DUDPHWUL�VLPXOLUDQLK�SUROD]DND
6LPXODFLMD ,QNOLQDFLMD�~� 8GDOMHQRVW�SHULFHQWUD�$8� %U]LQD�X�SHULFHQWUX�NP�V�
� � ����� ����
� �� ����� ����
� �� ����� ����
� ��� ����� ����
� ��� ����� ����
� � ����� ����
� � ����� ����
� � ����� ����

5H]XOWDWL
7LSLaDQ�SURVWRUQL�SULND]�SODQHWH]LPDOQRJ�GLVND�X�SRVOHGQMHP�NRUDNX

VLPXODFLMH�MH�SUHGVWDYOMHQ�QD�VOLFL����
3UL�NRSODQDUQLP�SURODVFLPD��WM��NDG�VH�UDYDQ�SXWDQMH�]YH]GH�SRGXGDUD

VD�UDYQL�GLVND��SODQHWH]LPDOLPD�VH�XVOHG�XWLFDMD�]YH]GH�PHQMD�MHGLQR�HNV�
FHQWULFLWHW��$NR�UDYDQ�SRaHWQRJ�GLVND�L�SXWDQMD�]YH]GH�QLVX�NRSODQDUQL��WM�
DNR�VX�UD]OLaLWR�RULMHQWLVDQL�X�SURVWRUX��WDGD�LQWHUDNFLMD�]YH]GH�L�SODQHWH]�
LPDOD�XWLaH�L�QD�YHUWLNDOQR�NUHWDQMH�aHVWLFD��WM��PHQMD�LP�L�LQNOLQDFLMX��3UR�
PHQD�HNVFHQWULFLWHWD�L�LQNOLQDFLMD�SODQHWH]LPDOD�SULOLNRP�VXVUHWD�MH�SULND]DQD
QD�VOLFL����8RaOMLYR�MH�GD�EOLVNL�]YH]GDQL�SURODVFL�]QDaDMQR�SRYH`DYDMX�RYH
RUELWDOQH�HOHPHQWH��7DNR_H�VH�YLGL�GD�GLUHNWQL�SURODVFL�LPDMX�]QDWQR�YH`L�XWL�
FDM�RG�UHWURJUDGQLK�NRML�VDPR�QH]QDWQR�SRYH`DMX�HNVFHQWULFLWHWH�L�LQNOLQDFLMH
REMHNDWD��8WLFDM�]YH]GH�QD�REMHNWH�MH�UD]OLaLW�L�X�]DYLVQRVWL�MH�RG�QMLKRYH
XGDOMHQRVWL�RG�6XQFD�L�RG�SRORCDMD�X�VDPRP�GLVNX��1D�SODQHWH]LPDOLPD
NRMH�VX�EOLCH�6XQFX�SURPHQH�VX�PDQMH��D�XWLFDM�QD�QMLK�MH�XMHGQDaHQ��^WR
VH�REMD^QMDYD�YHOLNRP�RUELWDOQRP�EU]LQRP��XVOHG�NRMH�VH�VYL�RYL�REMHNWL
SULEOLCH�]YH]GL�QD�PDOR�UDVWRMDQMH�NDG�MH�RQD�QDMEOLCD�GLVNX��8�VSROMQRP
GHOX�SRMDVD��XWLFDM�SURODVND�QD�YUHGQRVWL�HNVFHQWULFLWHWD�L�LQNOLQDFLMD�PQRJR
YL^H�]DYLVL�RG�SRORCDMD�aHVWLFH�X�GLVNX��1D�VWUDQL�EOLCRM�SHULFHQWUX�SURODVND
XWLFDML�VX�QDML]UDCHQLML��GRN�VX�QD�VXSURWQRM�VWUDQL�SRMDVD�SULPHWQR�PDQML�
-HGLQR�MH�NRG�UHWURJUDGQRJ�NRSODQDUQRJ�SURODVND��VLPXODFLMD����XWLFDM�QD
HNVFHQWULFLWHW�XMHGQDaHQ�VD�REH�VWUDQH��GRN�MH�NRG�VYLK�RVWDOLK�VLPXODFLMD
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6OLND����
3URPHQHHNVFHQWULFLWHWD�LLQNOLQDFLMH
SODQHWH]LPDOD�SRVOHEOLVNRJ�SURODVND�VDUD]OLaLWLP
LQNOLQDFLMDPD�RUELWH]YH]GH��QD]QDaHQR�QD
JUDILFLPD��NRMD�MHSUR^OD�QD�XGDOMHQRVWLSHULFHQWUD�T� ������
$8�L�EU]LQRP�9S�  ������NP�V�8RaOMLYR�MH�GD�VX
MDaH�SURPHQHSULOLNRP�SUROD]DND�VD
PDQMLP�YUHGQRVWLPDLQNOLQDFLMH�

)LJXUH���
7KH�ILQDOSODQHWHVLPDO
HFFHQWULFLW\��OHIW��DQGLQFOLQDWLRQ��ULJKW�GLVWULEXWLRQ�DV�D
IXQFWLRQ�RIVHPLPDMRU�D[LV
IROORZLQJ�YDULRXVHQFRXQWHUV�LQFOLQDWLRQV�DUHJLYHQ�RQ�WKH�JUDSKV��7KH�VWDU±V�RUELWSHULFHQWHU�LV�DW������$8��YHORFLW\�DW�WKHSHULFHQWHU�9S� �����NP�V��0RUH�LQWHQVLYHFKDQJHV�RI�WKH�GLVNDUH�YLVLEOH�DIWHU
ORZHU�LQFOLQDWLRQHQFRXQWHUV�
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QD�VOLFL���SULPHWQD�UD]OLaLWD�MDaLQD�SURPHQH�QD�VXSURWQLP�VWUDQDPD�GLVND�
.DGD�VH�GRELMHQH�UDVSRGHOH�VD�VOLNH���XSRUHGH�VD�VDGD^QMRP�UDVSRGHORP
VD�VOLNH����XRaDYD�VH�GD�VH�VD�WUHQXWQLP�YUHGQRVWLPD�HNVFHQWULFLWHWD�L�LQ�
NOLQDFLMD�REMHNDWD�X�.RMSHURYRP�SRMDVX�QDMEROMH�VODCX�XWLFDML�GLUHNWQLK
SUROD]DND��=YH]GDQL�SUROD]DN�GREUR�REMD^QMDYD�SRVWRMDQMH�REMHNDWD�VD�YH�
`LP�LQNOLQDFLMDPD�L�HNVFHQWULFLWHWLPD�X�VDGD^QMRM�UDVSRGHOL��D�WDNR_H�L�RE�
MHNWH�VD�QLCLP�YUHGQRVWLPD�RYLK�RUELWDOQLK�HOHPHQDWD�

9UHGQRVWL�ORQJLWXGH�X]OD]QRJ�aYRUD�VX�SULND]DQH�QD�VOLFL����3RVOH�]YH�
]GDQLK�SUROD]DND�REMHNWL�GRELMDMX�YUHGQRVWL�ORQJLWXGH�X]OD]QRJ�aYRUD�XQXWDU
UHODWLYQR�PDORJ�LQWHUYDOD��RGQRVQR�SUROD]DN�RULMHQWL^H�SXWDQMH�SODQHWH]LPDOD
QD�WDM�QDaLQ�GD�X�LVWRP�GHOX�GLVND�VHNX�RUELWDOQX�UDYDQ��8RaDYD�VH�GD�NRG
UHWURJUDGQRJ�SURODVND��VOLND��F��JRWRYR�VYH�aHVWLFH�LPDMX�ORQJLWXGH�X]OD�
]QRJ�aYRUD�X�MHGQRP�PDORP�LQWHUYDOX��≈���~���GRN�NRG�GLUHNWQLK�L�YHUWL�
NDOQLK�VXVUHWD�MHGDQ�GHR�aHVWLFD�LPD�YUHGQRVWL�ORQJLWXGD�NRMH�VX�L]YDQ
JODYQRJ�LQWHUYDOD��PDGD�EURM�WDNYLK�REMHNDWD�QLMH�YHOLN��8�SURVWRUQRM�UDV�
SRGHOL�SODQHWH]LPDOD�RYDM�HIHNDW�MH�XRaOMLY�X�YLGX�GYD�PDOD�NUDND�NRMD�VH
RGYDMDMX�RG�GLVND�L�NRMD�VX�GUXJDaLMH�RULMHQWLVDQD�QD�UD]OLaLWLP�VWUDQDPD
GLVND��VOLND��G���8�GDQD^QMHP�.RMSHURYRP�SRMDVX�RYDNYD�UDVSRGHOD�ORQ�
JLWXGH�X]OD]QRJ�aYRUD�QLMH�YLGOMLYD��

6OLND����
5DVSRGHOD�ORQJLWXGHX]OD]QRJ�aYRUD�SRVOHSUROD]DND�VD�UD]OLaLWLPLQNOLQDFLMDPD�QD]QDaHQD�QDJUDILFLPD���SHULFHQWURP
QD�T� �������$8�EU]LQRP�9S� �����NP�V��SUHGVWDYOMHQD�MH�LSURVWRUQD�UDVSRGHODREMHNDWD�SRVOH�SURODVND
L� �����SURMHNWRYDQD�QDUDYDQ�;�=�JGH�VHXRaDYD�HIHNDW�SURPHQH
RYRJ�RUELWDOQRJHOHPHQWD�QD�aHVWLFH�X
SRMDVX�

)LJXUH���
$VFHQGLQJ�QRGHGLVWULEXWLRQ�IROORZLQJYDULRXV�HQFRXQWHUV�ZLWK
GLIIHUHQW�LQFOLQDWLRQV

D E

F G
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5DVSRGHOD�DUJXPHQWD�SHULKHOD�GDWD�MH�QD�VOLFL����(IHNDW�EOLVNRJ�SUR�
ODVND�QD�DUJXPHQW�SHULKHOD�aHVWLFD�MH�LVWL�NRG�VYLK�L]YU^HQLK�VLPXODFLMD�L
NDUDNWHUL^H�JD�RULMHQWDFLMD�RYRJ�RUELWDOQRJ�HOHPHQWD�X�MHGQRP�VPHUX��ND
SHULFHQWUX�VXVUHWD��7UHQXWQD�UDVSRGHOD�DUJXPHQWD�SHULKHOD�X�.RMSHURYRP
SRMDVX�QH�RVOLNDYD�HIHNWH�EOLVNRJ�SURODVND�QD�RYDM�RUELWDOQL�HOHPHQW�

%U]LQD�]YH]GH�SUL�SURODVNX�MH�PHQMDQD�X�UDVSRQX�����NP�V��5D]OLaLWH
EU]LQH�L]�GDWRJ�LQWHUYDOD�GDMX�JRWRYR�LVWH�HIHNWH�VD�PDORP�UD]OLNRP�X�MD�
aLQL�SURPHQH��1H]QDWQR�VX�XWLFDMQLML�SURODVFL�VD�PDQMRP�EU]LQRP�MHU�VH
XWLFDML�]YH]GH�GXCH�]DGUCDYDMX�X�UHJLRQX�SRMDVD��DOL�]D�YH`LQX�UDVSRGHOD
NRMH�VH�SRVPDWUDMX�UD]OLND�MH�JRWRYR�QHSULPHWQD�

5DVSRGHOD�REMHNDWD�SR�YHOLNRM�SROXRVL�QDP�JRYRUL�NROLNR�MH�REMHNDWD
RVWDOR�QD�RGUH_HQLP�UDVWRMDQMLPD�RG�6XQFD�SRVOH�SURODVND�]YH]GH�L�XND�
]XMH�QD�SRORCDM�LYLFH�SODQHWH]LPDOQRJ�GLVND��3RaHWQD�UDVSRGHOD�MH�ELOD�UD�
YQRPHUQD��GRN�SR�QMHQRM�SURPHQL�PRCHPR�YLGHWL�NROLNL�MH�ELR�LQWHQ]LWHW
XWLFDMD�RGUH_HQRJ�VXVUHWD�QD�GLVN�SODQHWH]LPDOD��9HOLNH�SROXRVH�REMHNDWD
SRVOH�EOLVNRJ�SURODVND�SULND]DQH�VX�QD�VOLFL����=D�UHWURJUDGQH�SURODVNH�UDV�
SRGHOD�SR�YHOLNRM�SROXRVL�VH�QLMH�GUDVWLaQR�PHQMDOD��LYLFD�GLVND�VH�QDOD]L�L
GDOMH�QD����$8��D�MHGLQL�HIHNDW�VXVUHWD�MH�EODCD�JUDQLFD�LYLFH��'HMVWYR�YHU�
WLNDOQRJ�SURODVND�QD�SRMDV�MH�LQWHQ]LYQLMH��WDNR�GD�VH�JUDQLFD�SRMDVD�SRPHUD
]D�RNR���$8��,]�GDWLK�UDVSRGHOD�SURL]LOD]L�]DNOMXaDN�GD�VX�GLUHNWQL�VXVUHWL
QDMXWLFDMQLML�L�QDMUD]RUQLML�SR�GLVN�SODQHWH]LPDOD�V�RE]LURP�QD�WR�GD�MH�SUR�
PHQD�YHOLNLK�SROXRVD�SRVOH�QMLKRYRJ�XWLFDMD�QDMYH`D��.RG�GLUHNWQLK�SUR�
OD]DND�VD�SHULFHQWURP�T� �����$8�VSROMQD�LYLFD�SODQHWH]LPDOQRJ�GLVND�MH
QD�U�≈����$8��QD�SULEOLCQRP�UDVWRMDQMX�VDGD^QMH�LYLFH�NODVLaQRJ�.RMSHUR�
YRJ�SRMDVD��,YLFD�QDVWDOD�EOLVNLP�SURODVNRP�QLMH�NRQDaQD��MHU�QD�QMX�NDV�
QLMH�GHOXMX�L�GLQDPLaNL�L�DNUHFLRQL�HIHNWL�

6OLND����
5DVSRGHOD�DUJXPHQWDSHULKHOD�SRVOHVLPXODFLMH���

)LJXUH���
3HULKHOLRQ�DUJXPHQWGLVWULEXWLRQ�DIWHU6LPXODWLRQ���
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5H]RQDQWQL�HIHNWL�QLVX�GR^OL�GR�L]UDCDMD�SULOLNRP�VLPXOLUDQLK�EOLVNLK
SUROD]DND��LDNR�VX�SR�2VWUDMNHUX��2VWULNHU�������RYDNYL�HIHNWL�YDCQL�WRNRP
SUROD]DND�L�WUHED�GD�VH�MDYH�L]PH_X�RUELWDOQH�IUHNYHQFLMH�SODQHWH]LPDOD�L
RUELWDOQH�IUHNYHQFLMH�VHNXQGDUQH�]YH]GH�NDGD�VH�RQD�QDOD]L�X�SHULFHQWUX��

8�SURVWRUQRM�UDVSRGHOL�REMHNDWD�SULOLNRP�]YH]GDQRJ�SURODVND�QDVWDMX
LVWDNQXWH�VSLUDOQH�L�SUVWHQDVWH�VWUXNWXUH��1DMXRaOMLYLML�HIHNDW�EOLVNRJ�SURODVND
MH�SRMDYD�YUOR�L]UDCHQH�VSLUDOH��VOLND����aLML�VH�NUDN�L]GXCL�SUL�SURODVNX�]YH]GH
L�GR�����$8��6SLUDOQD�VWUXNWXUD�VH�MDYOMD�VDPR�SUL�GLUHNWQLP�SURODVFLPD�L�QLMH
QDVWDOD�X�VLPXODFLML���WRNRP�SURODVND�VD�SHULFHQWURP�T� �����$8��^WR�]QDaL
GD�VH�QH�MDYOMD�SUL�VXVUHWLPD�NDG�MH�RGQRV�D�T�≈����RGQRV�XGDOMHQRVWL�VSR�
OMQH�LYLFH�L�QDMPDQMHJ�UDVWRMDQMD�]YH]GH���2EMHNWL�X�VSLUDOL�VX�QD�YHOLNLP
XGDOMHQRVWLPD��DOL�NDNR�LPDMX�YHRPD�L]GXCHQH�SXWDQMH�RQL�VH�SULEOLCDYDMX
SODQHWVNRP�UHJLRQX�X�WUHQXFLPD�NDG�VX�QDMEOLCH�6XQFX��X�SHULKHOX��VOLND
����7L�REMHNWL�EL�VH�PRJOL�SRYH]DWL�VD�REMHNWLPD�X�GDQD^QMHP�SUR^LUHQRP
UDVHMDQRP�SRMDVX��1D�VOLFL���XFUWDQD�VX�GYD�REMHNWD�L]�SUR^LUHQRJ�UDVHMDQRJ
SRMDVD�������&5�����D� �����$8��T� ������$8��L�6HGQD��D� �����$8��T
 ������$8���L�XRaDYD�VH�VOLaQRVW�QMLKRYLK�RUELWD�VD�RUELWDPD�REMHNDWD�X
VSLUDOL��3RVWRMH�GYD�REOLND�SUVWHQDVWLK�VWUXNWXUD��MHGDQ�NRML�VH�QDOD]L�X�VD�
PRP�JODYQRP�GHOX�SRMDVD��VOLND����GHVQR��L�GUXJL�NRML�VH�VWYDUD�QD�YH`HP
UDVWRMDQMX�L�NRML�MH�QDJQXW�SRG�XJORP�NRML�RGUH_XMH�LQNOLQDFLMD�SURODVND

6OLND���
5DVSRGHOD�YHOLNLK�SROXRVD�]DSURODVNH�VD�UD]OLaLWLPLQNOLQDFLMDPD��3DUDPHWUL
VXVUHWD�VX��XGDOMHQRVWSHULFHQWUD�T� �������$8�EU]LQD�SURODVND�9S� �����
NP�V��8RaDYD�VH�VPDQMLYDQMHEURMD�REMHNDWD�X�VSROMD^QMHP
GHOX�SODQHWH]LPDOQRJ�GLVND�LIRUPLUDQMH�LYLFH�

)LJXUH���
6HPLPDMRU�D[LV�GLVWULEXWLRQIROORZLQJ�YDULRXV�HQFRXQWHUVZLWK�GLIIHUHQW�LQFOLQDWLRQV�PDUNHG�RQ�JUDSKV��(QFRXQWHU�SDUDPHWHUV�
SHULFHQWHU�DW�������$8�YHORFLW\�DW�SHULFHQWHU�9S� �����NP�V��$�UHGXFWLRQ�RIWKH�QXPEHU�RI�SODQHWHVLPDOVLV�QRWLFDEOH�LQ�WKH�RXWHU�SDUW
RI�WKH�GLVN�DQG�D�IRUPDWLRQRI�DQ�DEUXSW�ERXQGDU\�LVYLVLEOH�
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�VOLND����OHYR���3UYL�REOLN�MH�PQRJR�L]UDCHQLML�SUL�UHWURJUDGQLP�SURODVFLPD
L�QDVWDMH�NDR�UH]XOWDW�LQGLUHNWQH�VLOH�]YH]GH�L]�MHGQDaLQH�NUHWDQMD�SODQHWH�
]LPDOD�MDYOMD�VH�NDR�YHOLN�EURM�SUVWHQRYD�X�VDPRP�SRMDVX��/DUZRRG��.DODV
�������1DVXSURW�WRPH��GUXJL�REOLN�VH�MDYOMD�VDPR�SUL�GLUHNWQLP�SUROD]LPD��MHU
MH�VQDCQR�SRYH]DQ�VD�SRMDYRP�VSLUDOH��-DYOMD�VH�YL^H�SUVWHQRYD��NRML�VX�L]GX�
CHQRJ�REOLND�L�LVWDNQXWLML�VX�VD�VWUDQH�QD�NRMRM�VSLUDOD�SRaLQMH�GD�VH�JUDQD�
8RaDYDMX�VH�NDR�JUDQDQMH�L]�JODYQRJ�GHOD�SRMDVD��6WYDUDQMH�RYLK�SUVWHQRYD
MH�UH]XOWDW�]DMHGQLaNRJ�GHORYDQMD�L�GLUHNWQH�L�LQGLUHNWQH�VLOH�L]�MHGQDaLQH
NUHWDQMD��/DUZRRG��.DODV��������,�VSLUDOQH�L�SUVWHQDVWH�VWUXNWXUH�VX�NUDWNR�
URaQH�L�QHVWDMX�XVOHG�GLQDPLaNH�HYROXFLMH�X�SRMDVX��

3RVWRML�YL^H�PHKDQL]DPD�GD�SODQHWH]LPDOL�QDSXVWH�6XQaHY�VLVWHP�XV�
OHG�XWLFDMD�]YH]GDQRJ�SURODVND�QD�SURWRSODQHWDUQL�GLVN��=YH]GDQL�SUROD]DN
SRYH`DYD�HNVFHQWULFLWHW�RUELWD�X�SRMDVX�L�]D�YUHGQRVWL�H�!���REMHNDW�YL^H
QLMH�JUDYLWDFLRQR�YH]DQ�]D�6XQFH��2UELWH�VD�YH`LP�HNVFHQWULFLWHWLPD�PRJX
GD�SUHVHFDMX�1HSWXQRYX�SXWDQMX�L�NDG�VH�REMHNDW�SULEOLCL�SODQHWL�QD�PDOR
UDVWRMDQMH�WDGD�PX�1HSWXQ�LOL�VPDQML�RUELWDOQX�HQHUJLMX��^WR�GRYRGL�GR�SRQL�
UDQMD�REMHNWD�ND�6XQFX��LOL�SRYH`D�RUELWDOQX�EU]LQX�L�L]EDFL�JD�L]�SRMDVD�
,SDN��PHKDQL]DP�NRML�L]QHVH�QDMYL^H�PDWHULMDOD�L]�SRMDVD�SULOLNRP�SURODVND
MH�]DUREOMDYDQMH�SODQHWH]LPDOD�X�RUELWX�RNR�VHNXQGDUQH�]YH]GH��VOLND�����
0H_XWLP��RYDM�SURFHV�VH�MDYOMD�VDPR�SUL�GLUHNWQLP�SURODVFLPD�L�HILNDVQLML
MH�NRG�SUROD]DND�VD�PDQMLP�LQNOLQDFLMDPD��1D�EURM�]DUREOMHQLK�aHVWLFD�QDM�
YL^H�XWLaH�XGDOMHQRVW�SHULFHQWUD��T���(ILNDVQRVW�]DUREOMDYDQMD�aHVWLFD�RG

6OLND���
3URVWRUQD�GLVWULEXFLMDaHVWLFD�SRVOH�VLPXODFLMH��EOLVNRJ�SURODVNDSURMHNWRYDQD�QDRUELWDOQX�UDYDQ��;�<UDYDQ���=YH]GD�GLVNXSULOD]L�L]�GRQMHJ�OHYRJXJOD�QD�JUDILNX��D
SUDYDF�]YH]GH�SRVOHSURODVND�NUR]�SHULFHQWDUMH�YLGOMLYD�QD�VOLFL�
1DMXRaOMLYLML�HIHNDWSURODVND�MH�SRMDYDVSLUDOH��0H_XWLP�
VSLUDOD�MH�VDPRNUDWNRURaQD�IRUPDFLMD
SRVOH�SURODVND�

)LJXUH���
6SDWLDO�GLVWULEXWLRQ�RISDUWLFOHV�DIWHU6LPXODWLRQ����SURMHFWHG
RQWR�WKH�LQLWLDO�RUELWDOSODQH��;�<�SODQH���7KHVHFRQGDU\�VWDU�HQWHUV
IURP�WKH�ORZHU�OHIW�SDVVHV�WKURXJKSHULFHQWHU�DW�����$8ULJKW�IURP�WKH�VWDU�'LUHFWLRQ�DIWHU�SDVVDJH
WKURXJK�SHLFHQWHU�LVYLVLEOH��7KH�PRVWSURPLQHQW�IHDWXUH�RI�WKH
GLVN�DIWHU�WKH�HQFRXQWHULV�WKH�RQH�DUP�VSLUDO�
%XW��WKDW�LV�RQO\�DWUDQVLHQW�IHDWXUH�
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VWUDQH�VHNXQGDUQH�]YH]GH�EURMaDQR�MH�L]UDCHQD�X�WDEHOL����6DPLP�GLUHNWQLP
]YH]GDQLP�SURODVNRP�L]EDFL�VH�������aHVWLFD�L]�SRMDVD��DOL�WDM�SURFHQDW�VH
SRYH`D�SUHNR�NDVQLMLK�PHKDQL]DPD�SURX]URNDYDQLK�HIHNWLPD�VDPRJ�EOLV�
NRJ�VXVUHWD��,]�WDEHOH���PRCH�VH�XRaLWL�GD�VX�SURODVFL�VD�UD]OLaLWLP�EU]L�
QDPD��VLPXODFLMD���L�VLPXODFLMD����]DURELOL�SULEOLCQR�LVWL�EURM�aHVWLFD�L]�GLVND�
8�VLPXODFLML���MHGLQR�VX�REMHNWL�VD�SRaHWQRP�SROXRVRP�D�!����$8�PRJOL
ELWL�L]EDaHQL�L]�SRMDVD��VOLND������,]X]HWQR�MDN�XWLFDM�]YH]GH�QD�SRMHGLQH
SODQHWH]LPDOH�L�YHOLND�SURPHQD�YHOLNH�SROXRVH�QH�PRUD�GD�]QDaL�GD�`H�VH
REMHNDW�L]EDFLWL�L]�6XQaHYRJ�VLVWHPD��6D�VOLNH����VH�YLGL�GD�SRVWRML�JUXSD
REMHNDWD�aLMD�VH�XGDOMHQRVW�RG�6XQFD�]QDaDMQR�SRYH`DOD��D�RQL�VX�L�GDOMH
JUDYLWDFLRQR�YH]DQL�]D�6XQFH��6YL�WL�REMHNWL�VH�QDOD]H�X�VSLUDOL�NRMD�VH
VWYRUL�EOLVNLP�SURODVNRP�

6OLND���
*UDILFL�]DYLVQRVWLUDVWRMDQMD�SHULKHODSODQHWH]LPDOD�RG
VUHGQMH�XGDOMHQRVWL�RG6XQFD��*RUQML�JUDILNVH�RGQRVL�QD
VLPXODFLMX����D�GRQMLJUDILN�QD�VLPXODFLMX���1D�JUDILNX�VXXFUWDQL�L�REMHNWL�����&5����L�6HGQD�aODQRYL�SUR^LUHQRJUDVHMDQRJ�GLVND�aLMHRUELWH�PRCH�GD
REMDVQL�XWLFDM�EOLVNRJSURODVND�

)LJXUH���
3HULKHOLRQ�GLVWDQFHGLVWULEXWLRQ�RISODQHWHVLPDOV�DV�DIXQFWLRQ�RI�D
VHPLPDMRU�D[LV�DIWHU6LPXODWLRQ����XS�DQG�6LPXODWLRQ��
�GRZQ���7KH�SRVLWLRQVRI�6HGQD�DQG�����
&5����DUH�PDUNHG�REMHFWV�LQ�WKHH[WHQGHG�VFDWWHUHG
GLVN�ZKRVH�RUELWV�FDQEH�H[SODLQHG�E\�DFORVH�VWHOODU�HQFRXQWHU�
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7DEHOD����3URFHQDW�]DUREOMHQLK�SODQHWH]LPDOD�RNR�VHNXQGDUQH�]YH]GH�XVLPXOLUDQLP�SURODVFLPD�
6LPXODFLMD 3URFHQDW�]DUREOMHQLK�aHVWLFD
� ��
� ��
� ���
� �
� �
� ��
� ��
� �

'LVNXVLMD
6LPXODFLMH�VX�SRND]DOH�GD�EOLVNL�]YH]GDQL�SUROD]DN�X�GRED�IRUPLUDQMD

.RMSHURYRJ�SRMDVD��GRN�MH�6XQFH�L�GDOMH�X�SRaHWQRP�]YH]GDQRP�MDWX��GR�
YRGL�GR�SRMDYD�NRMH�PRJX�GD�REMDVQH�RGUH_HQH�GLQDPLaNH�L�VWUXNWXUQH�RG�
OLNH�X�VDGD^QMHP�.RMSHURYRP�SRMDVX��

6LPXOLUDQL�SURODVFL�XWLaX�QDMLQWHQ]LYQLMH�QD�VSROMQL�GHR�SURWRSODQHWDU�
QRJ�GLVND�JGH�SODQHWH]LPDOLPD�SRYH`DMX�HNVFHQWULFLWHWH�L�LQNOLQDFLMH�GR
YUHGQRVWL�NRMH�VX�VOLaQH�GDQD^QMLP��9HOLNH�YUHGQRVWL�WLK�RUELWDOQLK�HOHPH�
QDWD�X�GDQD^QMHP�.RMSHURYRP�SRMDVX�QLVX�PRJOH�QDVWDWL�WRNRP�IRUPLUDQMD
SODQHWH]LPDOD�X�DNUHFLRQRP�GLVNX��.HQ\RQ��/XX��������D�NDR�MHGDQ�RG
JODYQLK�PHKDQL]DPD�SRYH`DQMD�HNVFHQWULFLWHWD�L�LQNOLQDFLMH�PRCH�VH�SUHG�
VWDYLWL�EOLVNL�]YH]GDQL�SUROD]DN��QDURaLWR�]ERJ�WRJD�^WR�VH�WRNRP�GDOMH�GL�
QDPLaNH�HYROXFLMH�YUHGQRVWL�WLK�HOHPHQDWD�QLVX�SXQR�SURPHQLOH��'XQFDQ�HW
DO���������'R�VOLaQRJ�]DNOMXaND�MH�GR^OR�YL^H�DXWRUD��,GD�HW�DO��������.R�
ED\DVKL��,GD�������4XLOOHQ�HW�DO���������DOL�SRVWRMH�QHGRXPLFH�GD�OL�MH�HIH�
NDW�EOLVNRJ�SURODVND�QD�SUR^LUHQL�UDVHMDQL�GLVN�L�2UWRY�REODN�NRQ]LVWHQWDQ
VD�WUHQXWQR�SUHWSRVWDYOMHQLP�NDUDNWHULVWLNDPD�RYLK�VWUXNWXUD��/HYLVRQ�HW�DO�
�������5DVSRGHOH�REMHNDWD�QD�VOLFL���IDYRUL]XMX�REMHNWH�VD�PDQMLP�LQNOL�
QDFLMDPD�L�REMHNWH�QD�PDQMLP�UDVWRMDQMLPD�RG�6XQFD�^WR�MH�SRVOHGLFD�QD�
aLQD�SUHWUDJH�QHED�]D�REMHNWLPD�X�.RMSHURYRP�SRMDVX��.DG�VH�WR�X]PH�X
RE]LU��GROD]L�VH�GR�]DNOMXaND�GD�VH��RG�VYLK�SUROD]DND��HIHNWL�GLUHNWQLK�SUR�
OD]DND�QDMEROMH�VODCX�VD�WUHQXWQRP�GLVWULEXFLMRP�HNVFHQWULFLWHWD�L�LQNOLQD�
FLMD�REMHNDWD�X�.RMSHURYRP�SRMDVX�

8�XQXWUD^QMHP�GHOX�SODQHWH]LPDOQRJ�GLVND��������$8��XVOHG�EOLVNRJ
SURODVND�YUHGQRVWL�HNVFHQWULFLWHWD�L�LQNOLQDFLMH�VH�QH]QDQWQR�SRYH`DMX��(N�
VFHQWULFLWHWL�RUELWD�SODQHWH]LPDOD�VX�LVSRG�������8�RYRP�GHOX�GLVND��X�YUH�
PHQX�SRVOH�IRUPLUDQMD�.RMSHURYRJ�SRMDVD��PLJUDFLMRP�1HSWXQD��0DOKRWUD
������VH�IRUPLUD�UH]RQDQWQD�JUXSD�REMHNDWD�X�.RMSHURYRP�SRMDVX��D�XVORY
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GD�REMHNDW�EXGH�]DKYD`HQ�X�UH]RQDQWQR�NUHWDQMH�VD�1HSWXQRP�MH�GD�LPD�PDOL
HNVFHQWULFLWHW��1D�RVQRYX�WRJD��GD�EL�XRS^WH�ELOR�PRJX`H�VWYDUDQMH�UH]RQDQW�
QLK�REMHNDWD��EOLVNL�SUROD]DN�QH�VPH�GD�SRYH`D�HNVFHQWULFLWHWH�L]QDG�����RE�
MHNWLPD�QD�PDQMLP�UDVWRMDQMLPD�RG�6XQFD��0DOKRWUD�HW�DO��������^WR�MH�X
VNODGX�VD�UH]XOWDWLPD�L]YU^HQLK�VLPXODFLMD�

'LUHNWQL�L�UHWURJUDGQL�SURODVFL�LPDMX�UD]OLaLWH�GLQDPLaNH�XWLFDMH�QD�SR�
MDV��3UL�UHWURJUDGQLP�SURODVFLPD�UHODWLYQD�EU]LQD�SODQHWH]LPDOD�L�]YH]GH�MH
YHOLND��MHU�VH�WDG�]YH]GD�NUH`H�X�VXSURWQRP�VPHUX�RG�VPHUD�NUHWDQMD�aHV�
WLFD��^WR�]D�SRVOHGLFX�LPD�VODELML�XWLFDM�QD�SRMDV��3UL�GLUHNWQLP�VXVUHWLPD
EU]LQH�]YH]GH�L�REMHNDWD�VX�VOLaQH��WM��YUHPH�GHORYDQMD�]YH]GH�QD�MHGDQ�RE�
MHNDW�MH�]QDaDMQR�GXCH��SD�MH�L�MDaLQD�XWLFDMD�YH`D��2GUH_HQH�VWUXNWXUH�X
SRMDVX�VH�MDYOMDMX�VDPR�SULOLNRP�GLUHNWQLK�SUROD]DND�

0RGHO�SRND]XMH�GD�VX�VWUXNWXUH�X�SURVWRUQRM�UDVSRGHOL�X�SRMDVX�NRMH
QDVWDMX�XVOHG�XWLFDMD�EOLVNRJ�SURODVND�YHRPD�L]UDCHQH�QHSRVUHGQR�QDNRQ
SUROD]D��0H_XWLP��RQH�QLVX�RaXYDQH�X�VDGD^QMRM�UDVSRGHOL��'LVRFLMDFLMD
RYLK�REOLND�PRJX`D�MH�WRNRP�HYROXFLMH�RUELWD�X�SRMDVX�XVOHG�VSROMQLK�XWL�
FDMD�MDWD�L�JDODNVLMH��DOL�L�]ERJ�PH_XVREQRJ�GHORYDQMD�PH_X�SODQHWH]LPD�
OLPD��5D]LODCHQMH�SODQHWH]LPDOD�L]�VSULUDOH�RNR�GLVND�VH�XRaDYD�YH`�QDNRQ
≈���RUELWDOQLK�SHULRGD�XVOHG�ID]QH�UD]OLNH�RUELWD�REMHNDWD�X�VSLUDOL��.DODV
HW�DO��������

.DUDNWHULVWLaQH�UDVSRGHOH�ORQJLWXGH�X]OD]QRJ�aYRUD�L�DUJXPHQWD�SHULKHOD
QDVWDOH�SULOLNRP�EOLVNRJ�SURODVND�QLVX�NRQ]LVWHQWQH�VD�WUHQXWQLP�SRVPDWUD�
QMLPD��2YR�QHVODJDQMH�VH�REMD^QMDYD�NDVQLMLP�SURPHQDPD�WLK�RUELWDOQLK
HOHPHQDWD�X�GLQDPLaNRM�HYROXFLML�GXJRM�aHWLUL�PLOLMDUGH�JRGLQD��XVOHG�GH�
ORYDQMD�PH_X�VDPLP�REMHNWLPD�L�JUDYLWDFLRQRJ�XWLFDMD�YHOLNLK�SODQHWD��SU�
YHQVWYHQR�UH]RQDQWQRJ�XWLFDMD��0DOKRWUD�HW�DO��������

1DVWDQDN�LYLFH�NODVLaQRJ�SRMDVD�]DKWHYD�YHRPD�VQDCDQ�SURFHV�NRML�`H
GRYROMQR�MDNR�GHORYDWL�QD�VSROMQL�GHR�SODQHWH]LPDOQRJ�GLVND��D�QD�PDQMLP

6OLND�����
3URVWRUQD�UDVSRGHODREMHNDWD�QD�;�<UDYDQ�SRVOH�VLPXODFLMH
���OHYR��L�VLPXODFLMH���GHVQR��QD�NRMLPD�VHXRaDYDMX�VWUXNWXUH�X
SRMDVX�QDVWDOH�EOLVNLP]YH]GDQLP�SURODVNRP�

)LJXUH����
6SDWLDO�GLVWULEXWLRQ�RI
SDUWLFOHV�DIWHU�DFRPSDQLRQ�HQFRXQWHU�SURMHFWHG�RQWR�WKH
LQLWLDO�RUELWDO�SODQH�;�<�SODQH��YLHZHG�����\HDUV�DIWHU�WKH
SHULFHQWHU�RI�DQHQFRXQWHU�IRU�D
SURJUDGH��OHIW�6LPXODWLRQ����DQG�DUHWURJUDGH�HQFRXQWHU
�ULJKW��6LPXODWLRQ����7KHUH�DUH�YLVLEOHVWUXFWXUHV�WKDW�ZHUH
FUHDWHG�GXULQJ�DQHQFRXQWHU�
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UDVWRMDQMLPD�GHORYDWL�VLORP�NRMD�QH`H�L]D]YDWL�YHOLNH�SURPHQH�RUELWD�RE�
MHNDWD�GD�VH�QH�EL�UD]RULR�FHR�GLVN��3HUWXEDFLMH�GRYROMQR�MDNH�GD�RGVHNX
SURWRSODQHWDUQL�GLVN�QD�≈���$8�PRJX�GD�VH�REMDVQH�GLUHNWQLP�EOLVNLP
SURODVNRP�]YH]GH��1D�YH`LP�UDVWRMDQMLPD�RG�6XQFD�SURPHQH�VX�YH`H�L�SR�
MDV�MH�VYH�HNVFLWRYDQLML�VYH�GR�UHJLRQD�JGH�VH�YH`LQD�REMHNDWD�L]EDFL�L�JGH
QDVWDMH�VSROMQD�LYLFD�GLVND��,YLFD�NRMD�QDVWDMH�GLUHNWQLP�SURODVNRP�MH�L]UD�
]LWLMD�DNR�RUELWD�]YH]GH�LPD�PDQMX�LQNOLQDFLMX�L�QDML]UDCHQLMD�MH�SUL�GLUHNW�
QRP�NRSODQDUQRP�SURODVNX��*UDQLFD�GLVND�GRELMHQD�RGPDK�QDNRQ�SURODVND
QLMH�NRQDaQD��MHU�SRVOH�WRJD�QD�QMX�WUHED�GD�GHOXMX�NDVQLML�LQGLUHNWQL�SURFHVL
L]D]YDQL�VDPLP�]YH]GDQLP�SURODVNRP��3ODQHWH]LPDOL�VD�YUHGQRVWLPD�HNV�
FHQWULFLWHWD�H�!�����SUHVHFDMX�1HSWXQRYX�SXWDQMX�WDNR�GD�VH�SRVOH�RGUH_HQRJ
YUHPHQD�L]EDFH�L]�SRMDVD��/HYLVRQ�HW�DO���������7HOD�VD�RYDNR�YHOLNLP�HN�
VFHQWULFLWHWLPD�LPD�QDMYL^H�EOL]X�VSROMQH�LYLFH��XVOHG�aHJD�RYDM�PHKDQL]DP
GRGDWQR�VPDQMXMH�XGDOMHQRVW�JUDQLFH�SRMDVD��9LVRND�VUHGQMD�YUHGQRVW�HN�
VFHQWULFLWHWD�GRYRGL�GR�YHOLNH�GLVSHU]LMH�EU]LQH�X�VSROMQRP�GHOX�GLVND��NRMD
X]URNXMH�GD�VXGDUL�PH_X�REMHNWLPD�SRVWDQX�MDaL��2KWVXNL�HW�DO���������2YR
GRYRGL�GR�UHPH`HQMD�DNUHFLMH�SODQHWH]LPDOD�NRMD�X�RYRP�GHOX�SRMDVD�SR�
VWDMH�XVSRUHQD��SD�aDN�L�SUHNLQXWD��.RED\DVKL��,GD��������GRN�VH�X�XQX�
WUD^QMHP�GHOX�GLVND�DNUHFLMD�QRUPDOQR�RGYLMD��,GD�HW�DO���������2YD�GYD
PHKDQL]PD�X�GREX�SRVOH�]YH]GDQRJ�VXVUHWD�GRYRGH�GR�VWYDUDQMD�MR^�L]UD�
CHQLMH�LYLFH�QD�XGDOMHQRVWL�≈���$8�RG�6XQFD��^WR�MH�X�VNODGX�VD�UH]XOWD�
WLPD�VLPXOLUDQLK�SUROD]DND��SUYHQVWYHQR�GLUHNWQRJ�SURODVND�VD�LQNOLQDFLMRP
L� ��~��D�^WR�VH�VODCH�L�VD�WUHQXWQLP�SRVPDWUDQMLPD�

3RVWRMH`L�PRGHOL�IRUPLUDQMD�.RMSHURYRJ�SRMDVD�SRND]XMX�GD�EL�SUYR�
ELWQL�GLVN�X�NRMHP�VX�SRVPDWUDQL�REMHNWL�QDVWDOL�WUHEDOR�GD�VDGUCL�≈���0]

6OLND����
*UDILN�]DYLVQRVWLUHODWLYQH�SURPHQHYHOLNH�SROXRVH
REMHNDWD�RG�SRaHWQLKYUHGQRVWL�YHOLNHSROXRVH�]D�VLPXODFLMX
���3UD]QLP�NUXCL`LPDVX�SUHGVWDYOMHQL
REMHNWL�L]EDaHQL�L]SRMDVD��NRML�YL^H�QLVXJUDYLWDFLRQR�YH]DQL]D�6XQFH���D�SXQLPNUXCL`LPD�REMHNWLRVWDOL�X�SRMDVX�

)LJXUH����
'LVWULEXWLRQ�RI�WKH
UHODWLYH�FKDQJH�RI�WKHVHPLPDMRU�D[LV�DV�D
IXQFWLRQ�RI�WKHRULJLQDO�VHPLPDMRUD[LV�DIWHU�6LPXODWLRQ���2EMHFWV�HMHFWHGIURP�WKH�GLVN�DUHPDUNHG�ZLWK�HPSW\FLUFOHV��REMHFWV�WKDWUHPDLQHG�LQ�WKH�GLVN
DUH�PDUNHG�ZLWKILOOHG�FLUFOHV�
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�0]�¬�PDVD�=HPOMH��PDWHULMDOD��DOL�WUHQXWQR�X�UHJLRQX�.RMSHURYRJ�SRMDVD
LPD�VDPR�≈����0]��7UXMLOOR��%URZQ��������-HGDQ�RG�PRJX`LK�PHKDQL]DPD
VPDQMLYDQMD�PDVH�MHVWH�VYDNDNR�EOL]DN�]YH]GDQL�SUROD]DN��=YH]GDQLP�SUR�
ODVNRP�VH�X�SRMDVX�L]EDFXMH�GHR�PDVH�GLVND�SXWHP�YL^H�HIHNDWD��3UYR��GL�
UHNWQLP�L]EDFLYDQMHP�KLSHUEROLaQRP�SXWDQMRP�XVOHG�VQDCQRJ�JUDYLWDFLRQRJ
XWLFDMD�]YH]GH�L�SRWRP�]DUREOMDYDQMHP�aHVWLFD�X�RUELWX�RNR�]YH]GH�NRMD�SUR�
OD]L�VH�L]EDFL�������SODQHWH]LPDOD�L]�GLVND��'UXJR��EOL]DN�SUROD]DN�SRYH`DYD
L�GLVSHU]LMX�EU]LQD��SD�VH�]ERJ�LQWHQ]LYQLK�VXGDUD�PH_X�SODQHWH]LPDODPD
VWYRUH�YHOLNH�NROLaLQH�SUD^LQH�NRMD�VH�L]EDFL�L]�SRMDVD��6WHUQ�������XVOHG
SULWLVND�]UDaHQMD��VXQaHYRJ�YHWUD�L�3RLQWLQJ�5REHUWVRQRYRJ�HIHNWD��,�QD�NUDMX�
X�VPDQMLYDQMX�PDVH�GLVND�VXGHOXMH�L�1HSWXQ�NRML�L]EDFXMH�REMHNWH�VD�YHOL�
NLP�HNVHQWULFLWHWLPD��1HSWXQ�XaHVWYXMH�X�VPDQMLYDQMX�PDVH�EH]�RE]LUD�QD
EOLVNL�SUROD]DN��DOL�MH�RYDM�PHKDQL]DP�LQWHQ]LYQLML�SRVOH�EOLVNRJ�SURODVND
]ERJ�JHQHUDOQRJ�SRYH`DQMD�HNVFHQWULFLWHWD�REMHNWLPD�SODQHWH]LPDOQRJ�GLVND��8
FHOLQL��EOLVNLP�SURODVNRP�PRCH�GD�VH�L]EDFL�]QDaDMQD�NROLaLQD�PDWHULMDOD�L
WR�EL�PRJOR�GD�EXGH�MHGDQ�RG�QDMMDaLK�SURFHVD�VPDQMLYDQMD�PDVH�L]�.R�
MSHURYRJ�SRMDVD��3URFHQMXMH�VH�GD�MH�PRJX`H�VPDQMLWL�PDVX�SODQHWH]LPDO�
QRJ�GLVND�]D�RNR������0DOKRWUD�HW�DO���������

%OL]DN�]YH]GDQL�SUROD]DN�EL�PRJDR�REMDVQLWL�SULOLaQR�®HNVWUHPQH¯�RU�
ELWH�QHNLK�WHOD�X�W]Y��SUR^LUHQRP�UDVHMDQRP�SRMDVX��7L�REMHNWL�LPDMX�YHRPD
YHOLNH�VUHGQMH�XGDOMHQRVWL�RG�6XQFD�L�YUOR�L]GXCHQH�SXWDQMH��0H_XWLP��SHUL�
KHO�LP�MH�QD�YHOLNRP�UDVWRMDQMX�WDNR�GD�VH�QH�SULEOLCDYDMX�1HSWXQX��7UH�
QXWQR�MH�SR]QDWR���RYDNYLK�REMHNDWD��D�QDMLQWHUHVDQWQLML�VX������&5����L
6HGQD��1MLKRY�YHOLNL�HNVFHQWULFLWHW�XND]XMH�GD�LP�MH�SXWDQMD�IRUPLUDQD�SRG
JUDYLWDFLRQLP�XWLFDMHP�QHNRJ�WHOD��DOL�QLMH�MDVQR�NRML�LP�MH�REMHNDW�SUR�
PHQLR�SXWDQMX�L�XGDOMLR�LK�L]�SRMDVD�V�RE]LURP�QD�WR�GD�QLVX�SRG�XWLFDMHP
1HSWXQD��2EMHNWL�X�VSLUDOQRM�VWUXNWXUL�GLVND�LPDMX�YHRPD�VOLaQH�RUELWDOQH
HOHPHQWH�VD�REMHNWLPD�X�SUR^LUHQRP�UDVHMDQRP�GLVNX��VOLND������WDNR�GD�MH
QD�RUELWH�WLK�XGDOMHQLK�REMHNDWD�PRJOD�XWLFDWL�]YH]GD�NRMD�MH�SUR^OD�SRUHG
SODQHWH]LPDOQRJ�GLVND�

8�VOXaDMX�NDGD�SULPDUQD�]YH]GD�SULSDGD�ELQDUQRP�VLVWHPX�QDMYHUR�
YDWQLMH�GROD]L�GR�YL^H�SUROD]DND��8�RYRP�VOXaDMX�SRMHGLQDaQL�SURODVFL�EL
LPDOL�VOLaQH�SDUDPHWUH��WDNR�GD�EL�VH�HNVFHQWULFLWHWL�L�LQNOLQDFLMH�SRYH`DYDOL
VYDNLP�VXVUHWRP��8NXSQL�HIHNWL�EL�ELOL�VOLaQL��VDPR�PRCGD�MDaH�L]UDCHQL�X
RGQRVX�QD�SRMHGLQDaDQ�SUROD]DN�

3R]QDWR�MH�YL^H�SULPHUD�PODGLK�]YH]GD�L�QMLKRYLK�FLUNXPVWHODUQLK�GLV�
NRYD�NRML�VYRMRP�VWUXNWXURP�XND]XMX�QD�HIHNWH�EOLVNRJ�]YH]GDQRJ�SUR�
ODVND��6SLUDOQD�VWUXNWXUD�L�DVLPHWULMD�VLVWHPD�+'�������$�SRND]XMH�GD�MH
HNVFLWRYDQ�]YH]GRP�+'�������%�VD�NRMRP�aLQL�ELQDUQL�VLVWHP��$XJHUHDX�
3DSDORL]RX��������6SLUDOQL�REOLN�GLVND�RNR�]YH]GH�+'��������MH�YHURYD�
WQR�QDVWDR�EOLVNLP�SURODVNRP�SHULFHQWUD�QD�RNR�����$8��*UDG\�HW�DO�
�������/DUYXG�L�.DODV��������VX�XND]DOL�GD�MH�DVLPHWULMD�L�SUVWHQDVWD�VWUXN�
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WXUD�SURWRSODQHWDUQRJ�GLVND�RNR�]YH]GH�%HWD�3LFWRULV�SURX]URNRYDQD�EOL�
VNLP�]YH]GDQLP�SURODVNRP��^WR�MH�SRWYU_HQR�L�QXPHULaNLP�VLPXODFLMDPD
NRMLPD�MH�SRND]DQR�GD�RYDNYH�VWUXNWXUH�QDVWDMX�X�VSROMQLP�GHORYLPD�GLVND
NRML�MH�VQDCQR�SHUWXUERYDQ�

%OLVNL�]YH]GDQL�SUROD]DN�MH�XJODYQRP�SUHGVWDYOMDQ�NDR�GRJD_DM�UD]R�
UDQ�SR�SODQHWDUQH�VLVWHPH�X�QDVWDMDQMX��0H_XWLP��VNRUD^QML�UD]YRM�X�WHRULML
IRUPLUDQMD�]YH]GD�L�X�SRVPDWUDQMLPD�SRND]XMH�GD�VH�EOLVNL�SURODVFL�PRJX
SUHGVWDYLWL�NDR�VDVWDYQL�GHR�SURFHVD�IRUPLUDQMD�]YH]GD�L�SODQHWD��̂ WR�MH�SUL�
ND]DQR�L�X�RYRP�UDGX�

=DNOMXaDN
(IHNWL�EOLVNRJ�]YH]GDQRJ�SURODVND�QD�SRMHGLQH�NDUDNWHULVWLNH�SODQHWH�

]LPDOQRJ�GLVND�VX�NRQ]LVWHQWQL�VD�SRVPDWUDQLP�RGOLNDPD�VDGD^QMHJ�.RMSH�
URYRJ�SRMDVD��%OLVNL�SUROD]DN�GDMH�REMD^QMHQMH�]D�JODYQH�NDUDNWHULVWLNH
.RMSHURYRJ�SRMDVD�¬�R^WUX�VSROMQX�LYLFX�L�UDVSRGHOH�HNVFHQWULFLWHWD�L�LQNOL�
QDFLMD��NDR�L�PRJX`L�RGJRYRU�QD�JXELWDN�PDVH�L�NDUDNWHULVWLNH�RUELWD�X�SUR�
^LUHQRP�UDVHMDQRP�SRMDVX�

6SROMD^QMD�LYLFD�GLVND�QD�SULEOLCQR����$8�VH�VWYDUD�GLUHNWQLP�SURODV�
FLPD��2QD�SRVWDMH�MR^�L]UDCHQLMD�XVOHG�NDVQLMLK�LQGLUHNWQLK�HIHNDWD�L]D]YD�
QLK�]YH]GDQLP�SURODVNRP��aLPH�VH�VWYDUD�YHRPD�QDJOD�VSROMQD�JUDQLFD
VOLaQD�RQRM�NRMX�GDQDV�YLGLPR�X�.RMSHURYRP�SRMDVX��=YH]GDQL�SUROD]DN
GREUR�REMD^QMDYD�L�YHOLNH�HNVFHQWULFLWHWH�L�LQNOLQDFLMH�GHOD�SRSXODFLMH�SR�
MDVD��D�PDOH�SURPHQH�WLK�HOHPHQDWD�X�XQXWUD^QMHP�GHOX�GLVND�GR]YROMDYDMX
VWYDUDQMH�UH]RQDQWQH�JUXSH�REMHNDWD�NDVQLMLP�XWLFDMHP�1HSWXQD��3URFHVLPD
SURX]URNRYDQLP�]YH]GDQLP�SURODVNRP�VH�L]EDFL�L�]QDWDQ�GHR�PDWHULMDOD�L]
SODQHWH]LPDOQRJ�GLVND��^WR�EL�PRJDR�ELWL�MHGDQ�RG�QDMLQWHQ]LYQLMLK�PHKDQL�
]DPD�VPDQMLYDQMD�PDVH�SRMDVD�NRML�VX�VPDQMLOL�PDVX�SRMDVD�]D�RNR����
SXWD�GR�YUHGQRVWL�VOLaQH�GDQD^QMRM��3RUHG�WRJD��SULOLNRP�EOLVNRJ�SURODVND
QDVWDMX�RUELWH�VOLaQH�RUELWDPD�REMHNDWD�X�SUR^LUHQRP�UDVHMDQRP�GLVNX��SD
VH�RYLP�SURFHVRP�PRCH�REMDVQLWL�QMLKRYR�SRUHNOR��V�RE]LURP�QD�WR�GD�QH
SRVWRML�REMHNDW�X�WUHQXWQRP�RNUXCHQMX�NRML�PRCH�VYRMLP�XWLFDMHP�L]EDFLWL
WH�REMHNWH�X�WDNYH�L]GXCHQH�RUELWH��

2GUH_HQH�NDUDNWHULVWLNH�.RMSHURYRJ�SRMDVD�VH�QH�SRGXGDUDMX�VD�NDUDNWHU�
LVWLNDPD�GRELMHQLP�PRGHORP�]YH]GDQRJ�SURODVND��SUYHQVWYHQR�QHL]RWURSQRVW
UDVSRGHOH�ORQJLWXGH�X]OD]QRJ�aYRUD��$NR�VH�SULKYDWL�RYDM�VFHQDULR��]D�QMLKRYR
REMD^QMHQMH�PRUDMX�VH�SUHWSRVWDYLWL�NDVQLML�XWLFDML�QD�SRMDV�

=D�REMD^QMHQMH�VYLK�UD]PDWUDQLK�NDUDNWHULVWLND�SRWUHEDQ�MH�GLUHNWDQ
SUROD]DN�VD�PDQMRP�LQNOLQDFLMRP��MHU�RVWDOL�SURODVFL�QH�GDMX�GRYROMQX�VOLa�
QRVW�SHUWXUERYDQLK�RVRELQD�VD�RVRELQDPD�GDQD^QMHJ�SRMDVD��'LUHNWDQ�NR�
SODQDUQL�SUROD]DN�GREUR�REMD^QMDYD�VYH�RGOLNH��VHP�SRYH`DQMD�LQNOLQDFLMH
]ERJ�aHJD�MH�SRWUHEQD�QDJQXWRVW�RUELWH�VHNXQGDUQH�]YH]GH�X�RGQRVX�QD�UD�
YDQ�SODQHWH]LPDOQRJ�GLVND�
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/LWHUDWXUD
$GDPV�)�&��DQG�/DXJKOLQ�*��������&RQVWUDLQWV�RQ�WKH�ELUWK�DJJUHJDWH�RIWKH�6RODU�6\VWHP��,FDUXV�����������
$XJHUHDX�-�&��DQG�3DSDORL]RX�-�&�%��������6WUXFWXULQJ�WKH�+'�������$FLUFXPVWHOODU�GXVW�GLVN�¬�,PSDFW�RI�HFFHQWULF�ERXQG�VWHOODU�FRPSDQLRQV�$VWURQRP\�DQG�$VWURSK\VLFV������������
%URZQ�0��������7KH�LQFOLQDWLRQ�GLVWULEXWLRQ�RI�WKH�.XLSHU�EHOW��$VWUR�QRPLFDO�-RXUQDO������������
'XQFDQ�0�-���/HYLVRQ�+�)��DQG�%XGG�6�0��������7KH�G\QDPLFDO�VWUXF�WXUH�RI�WKH�.XLSHU�EHOW��$VWURQRPLFDO�-RXUQDO������������
(GJHZRUWK�.�(��������7KH�HYROXWLRQ�RI�RXU�SODQHWDU\�V\VWHP��-RXUQDO�RIWKH�%ULWLVK�$VWURQRPLFDO�$VVRFLDWLRQ����������
*UDG\�&�$���3RORPVNL�(�)���+HQQLQJ�7K���6WHFNOXP�%���:RRGJDWH�%�(��7HOHVFR�&�0��HW�DO��������7KH�'LVN�DQG�(QYLURQPHQW�RI�WKH�+HUELJ�%H6WDU�+'���������$VWURQRPLFDO�-RXUQDO������������
,GD�6���/DUZRRG�-��DQG�%XUNHUW�$��������(YLGHQFH�IRU�HDUO\�VWHOODU�HQ�FRXQWHUV�LQ�WKH�RUELWDO�GLVWULEXWLRQ�RI�(GJHZRUWK¬.XLSHU�EHOW�REMHFWV��$V�WURSK\VLFDO�-RXUQDO�����������
-HZLWW�'��DQG�/XX�-��������'LVFRYHU\�RI�WKH�FDQGLGDWH�.XLSHU�EHOW�REMHFW�����4%���1DWXUH�����������
.DODV�3���/DUZRRG�-���6PLWK�%�$��DQG�6FKXOW]�$��������5LQJV�LQ�WKHSODQHWHVLPDO�GLVN�RI�β�3LFWRULV��$VWURSK\VLFDO�-RXUQDO�����������
.HQ\RQ�6�-��DQG�/XX�-�;��������$FFUHWLRQ�LQ�WKH�HDUO\�.XLSHU�EHOW��,,�)UDJPHQWDWLRQ��$VWURQRPLFDO�-RXUQDO������������
.RED\DVKL�+��DQG�,GD�6��������7KH�HIIHFWV�RI�D�VWHOODU�HQFRXQWHU�RQ�DSODQHWHVLPDO�GLVN��,FDUXV�����������
.XLSHU�*��������2Q�WKH�RULJLQ�RI�WKH�6RODU�6\VWHP��,Q�$VWURSK\VLFV��$7RSLFDO�6\PSRVLXP��HG��-�$�+\QHN���1HZ�<RUN��0F*UDZ�+LOO��SS�����¬����
/DUZRRG�-�'��DQG�.DODV�3��*��������&ORVH�VWHOODU�HQFRXQWHUV�ZLWKSODQHWHVLPDO�GLVNV��7KH�G\QDPLFV�RI�DV\PPHWU\�LQ�WKH�β�3LFWRULV�V\VWHP�0RQWKO\�1RWLFHV�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\�����������
/DXJKOLQ�*��DQG�$GDPV�)�&��������7KH�PRGLILFDWLRQ�RI�SODQHWDU\�RUELWVLQ�GHQVH�RSHQ�FOXVWHUV��$VWURSK\VLFDO�-RXUQDO�������/����
/HYLVRQ�+�)���0RUELGHOOL�$��DQG�'RQHV�/��������6FXOSWLQJ�WKH�.XLSHU%HOW�E\�D�VWHOODU�HQFRXQWHU��&RQVWUDLQWV�IURP�WKH�2RUW�FORXG�DQG�6FDW�WHUHG�GLVN��$VWURQRPLFDO�-RXUQDO��6XEPLWWHG��GRVWXSQR�QDKWWS���ZZZ�ERXOGHU�VZUL�HGX�~KDO�3')�SDVVLQJBVWDU�SGI
/XX�-�;��DQG�-HZLWW�'�&��������.XLSHU�EHOW�REMHFWV��5HOLFV�IURP�WKH�DF�FUHDWLRQ�GLVN�RI�WKH�6XQ��$QQXDO�5HYLHZ�RI�$VWURQRP\�	�$VWURSK\VLFV��������
0DOKRWUD�5��������7KH�RULJLQ�RI�3OXWR±V�RUELW��LPSOLFDWLRQV�IRU�WKH�6RODU6\VWHP�EH\RQG�1HSWXQH��$VWURQRPLFDO�-RXUQDO�����������
0DOKRWUD�5���'XQFDQ�0��DQG�/HYLVRQ�+��������'\QDPLFV�RI�WKH�.XLSHU%HOW��,Q�3URWRVWDUV�DQG�3ODQHWV�,9��HG��9��0DQQLQJV��$��%RVV��6�5XVVHOO���7XFVRQ��8QLYHUVLW\�RI�$UL]RQD�3UHVV��SS������������
0RUELGHOOL�$��������0RGHUQ�,QWHJUDWLRQV�RI�6RODU�6\VWHP�'\QDPLFV��$Q�QXDO�5HYLHZ�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFHV���������
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2KWVXNL�.���,GD�6���1DNDJDZD�<��DQG�1DND]DZD�.��������3ODQHWDU\�DF�FUHWLRQ�LQ�WKH�VRODU�JUDYLWDWLRQDO�ILHOG��,Q�3URWRVWDUV�DQG�3ODQHWV�,,,��HG�(��+��/HY\�DQG�-��/XQLQH���7XFVRQ��8QLYHUVLW\�RI�$UL]RQD�3UHVV��SS�����¬�����
2VWULNHU�(�&��������&DSWXUH�DQG�LQGXFHG�GLVN�DFFUHWLRQ�LQ�\RXQJ�VWDU�HQ�FRXQWHUV��$VWURSK\VLFDO�-RXUQDO�����������
4XLOOHQ�$�&���7ULOOLQJ�'�(��DQG�%ODFNPDQ�(�*��������7KH�LPSDFW�RI�DFORVH�VWHOODU�HQFRXQWHU�RQ�WKH�(GJHZRUWK�.XLSHU�%HOW��$VWURQRPLFDO�-RXU�QDO��6XEPLWWHG��GRVWXSQR�QD�KWWS���DU[LY�RUJ�36BFDFKH�DVWUR�SK�SGI��������������SGI
3UHVV�:�+���7HXNROVN\�6�$���9HWWHUOLQJ�:�7��DQG�)ODQQHU\�%�3�������1XPHULFDO�UHFLSHV�LQ�&��&DPEULJGH��&DPEULGJH�8QLYHUVLW\�3UHVV
6DIURQRY�9��6��������(YROXWLRQ�RI�WKH�3URWRSODQHWDU\�&ORXG�DQG�)RUPD�WLRQ�RI�WKH�(DUWK�DQG�3ODQHWV��0RVFRZ��1DXND
6WHUQ�6�$��������&ROOLVLRQDO�WLPH�VFDOHV�LQ�WKH�.XLSHU�GLVN�DQG�WKHLU�LP�SOLFDWLRQV��$VWURSK\VLFDO�-RXUQDO�����������
7UXMLOOR�&�$��DQG�%URZQ�(��������7KH�UDGLDO�GLVWULEXWLRQ�RI�WKH�.XLSHUEHOW��$VWURSK\VLFDO�-RXUQDO�����������/���
:HLVVPDQ�3�5��������6WHOODU�3HUWXUEDWLRQV�RI�WKH�.XLSHU�%HOW��%XOOHWLQ�RIWKH�$PHULFDQ�$VWURQRPLFDO�6RFLHW\�����������

%RMDQ�6La
(IIHFWV�RI�D�&ORVH�6WHOODU�(QFRXQWHU�RQ�WKH�'\QDPLFDO�&KDU�
DFWHULVWLFV�RI�WKH�.XLSHU�%HOW

,Q�WKLV�SDSHU�WKH�HIIHFW�RI�D�FORVH�VWHOODU�HQFRXQWHU�RQ�WKH�.XLSHU�%HOW
KDV�EHHQ�QXPHULFDOO\�LQYHVWLJDWHG��,W�LV�FRQVLGHUHG�WKDW�D�VRODU�PDVV�VWDU
SDVVHG�QHDU�WKH�6RODU�V\VWHP�LQ�WKH�WLPH�RI�WKH�IRUPDWLRQ�RI�WKH�.XLSHU
%HOW��ZLWK�SHULKHOLRQ�RQ�WKH�RUGHU�RI���������$8��$�VHULHV�RI�QXPHULFDO
VLPXODWLRQV�RI�WKH�VWHOODU�HQFRXQWHUV�ZLWK�YDULRXV�SDUDPHWHUV�KDV�EHHQ�SHU�
IRUPHG��,W�VWDUWHG�ZLWK�D�GLVN�FRQWDLQLQJ������PDVVOHVV�WHVW�SDUWLFOHV��SODQ�
HWHVLPDOV��RQ�FLUFXODU��FRSODQDU�RUELWV�XQLIRUPO\�GLVWULEXWHG�DURXQG�WKH�6XQ
EHWZHHQ����DQG����$8��7KH�RUELWDO�FKDQJHV�RI�WKH�WHVW�SDUWLFOHV�ZHUH�LQ�
WHJUDWHG�XVLQJ�D�IRXUWK�RUGHU�5XQJH�.XWWD�VFKHPH�ZLWK�DGDSWLYH�VWHS�VL]H�
,W�ZDV�IRXQG�WKDW�WKH�HIIHFWV�RI�D�VWHOODU�HQFRXQWHU�RQ�VRPH�FKDUDFWHULVWLFV
RI�WKH�SODQHWHVLPDO�GLVN�DUH�FRQVLVWHQW�ZLWK�REVHUYHG�IHDWXUHV�RI�WKH�.XL�
SHU�%HOW��$�SURJUDGH�HQFRXQWHU�FDQ�PRUH�HIIHFWLYHO\�SHUWXUE�WKH�GLVN�EH�
FDXVH�WKH�LQIOXHQFH�HIIHFWLYHO\�ODVWV�ORQJHU�LQ�WKH�VDPH�GLUHFWLRQ�URWDWLQJ
ZLWK�HDFK�SODQHWHVLPDO��/RZ�LQFOLQDWLRQ�SURJUDGH�HQFRXQWHUV�FDQ�SURGXFH
WKH�UHVXOWLQJ�SODQHWHVLPDO�GLVWULEXWLRQ�FRQWDLQLQJ�ERWK�H[FLWHG�REMHFWV�ZLWK
KLJK�HFFHQWULFLWLHV�RU�KLJK�LQFOLQDWLRQ�DV�ZHOO�DV�ORZ�HFFHQWULFLW\�DQG�ORZ
LQFOLQDWLRQ�REMHFWV��VLPLODU�WR�ZKDW�LV�VHHQ�LQ�WKH�.XLSHU�%HOW��/RZ�HFFHQ�
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WULFLW\�REMHFWV�UHPDLQ�LQ�WKH�GLVN�IROORZLQJ�WKH�HQFRXQWHU��ZKLFK�LPSOLHV
WKDW�D�SRSXODWLRQ�ZKLFK�FDQ�EH�FDSWXUHG�LQWR�UHVRQDQFH�E\�VXEVHTXHQW�PL�
JUDWLRQ�RI�WKH�1HSWXQH�UHPDLQV��7KH�FORVH�VWHOODU�HQFRXQWHU�FDQ�H[SODLQ�DQ
DEUXSW�HGJH�RI�WKH�FODVVLFDO�.XLSHU�%HOW��/RZ�LQFOLQDWLRQ��SURJUDGH�HQFR�
XQWHU�ZLWK�D�SHULKHOLRQ�����$8�SURGXFHV�D�GLVWLQFW�HGJH�RI�WKH�SODQHWHVL�
PDO�GLVN�DW����$8��EXW�WKLV�HGJH�ZRXOG�EHFRPH�PRUH�DEUXSW�GXH�WR
VHFRQGDU\�HIIHFWV�RI�WKH�VWHOODU�HQFRXQWHU��'XH�WR�WKH�KLJK�YHORFLW\�GLVSHU�
VLRQ�SURGXFHG�E\�VWHOODU�HQFRXQWHU��SODQHWHVLPDOV�LQ�WKH�UHJLRQ�H[WHULRU�WR
���$8�ZRXOG�FROOLVLRQDOO\�JULQG�WKHPVHOYHV�WR�GXVW��ZKLOH�REMHFWV�VWLOO
FRXOG�KDYH�IRUPHG�LQ�WKH�LQQHU�UHJLRQV��6HFRQGDU\�HIIHFWV�RI�WKH�VWHOODU
HQFRXQWHU�FRXOG�DOVR�EH�UHVSRQVLEOH�IRU�PDVV�GHSOHWLRQ�RI�WKH�SULPRUGLDO
.XLSHU�%HOW��/RZ�LQFOLQDWLRQ�SURJUDGH�HQFRXQWHUV�UHPRYHG�≈����RI�WKH
SODQHWHVLPDOV�LQ�WKH�GLVN��EXW�ZLWK�WKH�ODWHU�HIIHFWV�WKH�FORVH�VWHOODU�HQ�
FRXQWHUV�FRXOG�EH�UHVSRQVLEOH�IRU�HMHFWLQJ�RI�≈����RI�WKH�REMHFWV��$�SUR�
PLQHQW�IHDWXUH�LQ�WKH�VSDWLDO�GLVWULEXWLRQ�LV�DQ�LQFOLQHG�RQH�DUPHG�VSLUDO�
3ODQHWHVLPDOV�LQ�WKLV�IHDWXUH�KDYH�RUELWV�ZLWK�KLJK�HFFHQWULFLWLHV�DQG�KLJK
SHULKHOLRQ�GLVWDQFHV�OLNH�DVWHURLGV�LQ�WKH�H[WHQGHG�VFDWWHUHG�GLVN�RI�WKH
.XLSHU�%HOW��7KHUHIRUH�WKH�VWHOODU�HQFRXQWHUV�FDQ�H[SODLQ�WKH�RULJLQ�RI�WKR�
VH�®H[WUHPH¯�RUELWV��5HVXOWV�RI�WKH�VLPXODWLRQ�VKRZHG�WKDW�RQO\�D�ORZ�LQ�
FOLQDWLRQ�SURJUDGH�FORVH�VWHOODU�HQFRXQWHU�FDQ�H[SODLQ�WKH�SUHVHQW
FKDUDFWHULVWLFV�RI�WKH�.XLSHU�%HOW�

����• ��3(71,A.(�69(6.(��� '(2��,


