
$QMD�>L^DULFD
2GUH_LYDQMH�XaHVWDQRVWLVXGDUD�=HPOMH�L�PDOLK�WHOD6XQaHYRJ�VLVWHPD
.UDWHUL�QD�=HPOML�VX�OR^H�RaXYDQL�]ERJ�XWLFDMD�HUR]�LMH� L� RVWDOLK� JHROR^NLK� SURFHVD�� GRN� 0HVHF�� NRMLQHPD�DWPRVIHUX��SUHGVWDYOMD�VNRUR�LGHDOQX�VUHGLQX]D�QMLKRYR�XRaDYDQMH��6D�&&'�VQLPDND�0HVHaHYLKPRUD�XWYU_HQL�VX�SUHaQLFL�]D�����NUDWHU�QD�RVQRYXaHJD� VX� SULPHQRP� 3LHUDFRYRJ� ]DNRQD� VNDOLUDQMD�SURFHQMHQH�GLPHQ]LMH�RGJRYDUDMX`LK�LPDSDNWQLK�RE�MHNDWD�� 7LPH� MH� GRELMHQD� NXPXODWLYQD� GLVWULEXFLMDREMHNDWD�NRML�VX�XGDULOL�X�0HVHF�X�SURWHNOLK�����*\U��3RWRP�MH�L]YU^HQD�SURFHQD�XaHVWDQRVWL�VXGDUDVD�=HPOMRP�QD�RVQRYX�RGQRVD�JUDYLWDFLRQLK�UDGL�MXVD�0HVHFD�L�=HPOMH��=D�REMHNWH�YH`H�RG����NP���NP�L�����P�RaHNXMX�VH�XGDUL�MHGQRP�X�� ⋅ ����� ⋅ ��� L�(�÷�) ⋅ ��� JRGLQD��UHVSHNWLYQR�
8YRG9H`LQX�NUDWHUD�QD�=HPOML�QDVWDOLK�XGDURP�PDOLKWHOD�6XQaHYRJ�VLVWHPD�QHPRJX`H�MH�XRaLWL�]ERJHIHNDWD�HUR]LMH�SURX]URNRYDQH�DWPRVIHURP�L�RVWDOLPJHROR^NLP�SURFHVLPD��.UDWHUL�QD�0HVHFX�VX�]QDWQREROMH�RaXYDQL�]ERJ�RGVXVWYD�QDYHGHQLK�IDNWRUD�6PDWUD�VH�GD�VX�VYD�0HVHaHYD�PRUD�IRUPLUDQD�L]OL�YDQMHP�ED]DOWQH�ODYH�X�NUDWNRP�LQWHUYDOX�YUHPHQDSUH�RNR������PLOLMDUGH�JRGLQD��6WXDUW��������L�RGWDGD�VX�SUHWUSHOD�YUOR�PDOH�SURPHQH��DNR�VH�L]X]PXSRVOHGLFH�VXGDUD��2YDNYD�VUHGLQD�L�SR]QDYDQMH�YUH�PHQD�QDVWDQND�PRUD�RPRJX`DYDMX�RGUH_LYDQMHXaHVWDQRVWL�IRUPLUDQMD�XGDUQLK�NUDWHUD�X�XQXWUD^QMHPGHOX�6XQaHYRJ�VLVWHPD��WDaQLMH�X�VLVWHPX�=HPOMD�¬0HVHF��NDR�L�GLVWULEXFLMH�LPSDNWQLK�REMHNDWD�SRYHOLaLQL�&LOM�RYRJ�UDGD�MH�GD�VH�QD�RVQRYX�&&'�VQLPDND0HVHaHYH�SRYU^LQH�RGUHGL�GLVWULEXFLMD�REMHNDWD�NRMLVX�XGDULOL�X�0HVHF��D�QD�RVQRYX�WRJD�SURFHQLXaHVWDQRVW�QMLKRYRJ�VXGDUD�VD�=HPOMRP�

0HWRG=D�SRWUHEH�UDGD�NRUL^`HQL�VX�VQLPFL�QDSUDYOMHQLWHOHVNRSRP�0HDGH����('�L�&&'�NDPHURP�6%,*67���WRNRP�QR`L��������MXOD�������JRGLQH�X�,6�3HW�QLFD��2EUDGD�VOLNH�XUD_HQD�MH�X�VRIWYHUVNRP�SDNHWX$VWURDUW��3UHWSRVWDYOMHQR�MH�GD�VYL�NUDWHUL�LPDMXNUXCDQ�REOLN��WDNR�GD�VH�X�SURMHNFLML�YLGH�NDR�HOLSVHaLMH� NUDMQMH� WDaNH� GHILQL^X� SUHaQLN� NUDWHUD�2JUDQLaHQD�UH]ROXFLMD�VOLND�MH�X]URN�VHOHNFLRQRJHIHNWD��NRML�VH�RJOHGD�X�VPDQMHQRM�HILNDVQRVWL�GHWHN�FLMH�NUDWHUD�PDQMLK�GLPHQ]LMD�8�FLOMX�GD�VH�GRELMHQH�GXCLQH�X�SLNVHOLPD�L]UD]HX�NLORPHWULPD��RGUH_HQ�MH�SROXSUHaQLN�OLND�0HVHFDILWRYDQMHP�NUXCQLFH�PHWRGRP�QDMPDQMLK�NYDGUDWD�]D��� WDaDND� OLPED��'LPHQ]LMDPD� MHGQRJ� SLNVHODRGJRYDUD������NP�QD�0HVHaHYRM�SRYU^LQL��8NXSQDSRYU^LQD�SRVPDWUDQLK�PRUD�MH����� ⋅ ��� NP���RG�QRVQR�������XNXSQH�SRYU^LQH�0HVHFD�=D�L]UDaXQDYDQMH�SUHaQLND�LPSDNWQLK�REMHNDWD�'L��NRUL^`HQ�MH�3LHUDFRY�]DNRQ�VNDOLUDQMD��NRML�MHGRELMHQ�DQDOL]RP�QXPHULaNLK�VLPXODFLMD�VXGDUD�RE�MHNDWD�SUL�YHOLNLP�EU]LQDPD��3LHUD]]R�HW�DO��������
'L���� = 'F ⋅ J����

���� ⋅ (Y ⋅ VLQ α)���� ⋅ 



ρL
ρF

��
���

JGH�MH��'F ¬�SUHaQLN�NUDWHUD��J ¬�JUDYLWDFLRQR�XEU�]DQMH�QD�0HVHFX��������P�V����Y ¬�EU]LQD�XGDUD������NP�V���α ¬�XJDR�XGDUD����~���ρL��ρF ¬�JXVWLQHLPSDNWQRJ�REMHNWD�L�0HVHFD�������NJ�P����'DWHYUHGQRVWL�SDUDPHWDUD�RGUH_HQH�VX�QD�RVQRYX�DQDOL]HSRSXODFLMH�1($�REMHNDWD��6WXDUW�������'LVWULEXFLMD�SR�YHOLaLQL�PDOLK�WHOD�6XQaHYRJVLVWHPD�VWDQGDUGQR�VH�DSURNVLPLUD�VWHSHQLP�]DN�RQRP��=ERJ�SRPHQXWRJ�VHOHNFLRQRJ�HIHNWD��SUHW�SRVWDYOMHQR� MH� GD� `H� NXPXODWLYQD� GLVWULEXFLMDLPSDNWQLK� REMHNDWD� SR� YHOLaLQL� ELWL� DGHNYDWQRRSLVDQD�GYRVWUXNRP�VWHSHQRP�IXQNFLMRP��'3/�¬'RXEOH�3RZHU�/DZ���%HUVWHLQ�HW�DO��������
$QMD�>L^DULFD���������1RYL�6DG��%XOHYDU�FDUD/D]DUD�����XaHQLFD����UD]UHGD�*LPQD]LMH�®,VLGRUD6HNXOL`¯�X�1RYRP�6DGX0(1725��,JRU�6PROL`��,63�

=%251,.�5$'29$����� $6752120,-$��• �



1 = (� + F) ⋅ % ⋅ ['L−$� + F ⋅ 'L−$�]−�
F ≡ 'R$� − $� ���

JGH�MH��$� ¬�NRHILFLMHQW�SUDYFD�DVLPSWRWH�GLVWULEXFLMH]D�PDOH�YUHGQRVWL�YHOLaLQH�NUDWHUD��YH]DQH�]D�VHOHN�FLRQL�HIHNDW���$� ¬�NRHILFLMHQW�SUDYFD�DVLPSWRWH�GLV�WULEXFLMH�]D�YHOLNH�YUHGQRVWL�YHOLaLQH�NUDWHUD��% ¬NRQVWDQWD�QRUPLUDQMD��'L ¬�GLMDPHWDU�NUDWHUD�X�NP�'R ¬�NDUDNWHULVWLaQD�YUHGQRVW�YHOLaLQH�NUDWHUD��1 ¬EURM�LPSDNWQLK�REMHNDWD�3URFHQX�XaHVWDQRVWL�VXGDUD�REMHNDWD�VD�=HPOMRPPRJX`H�MH�L]YU^LWL�QD�RVQRYX�RGQRVD�SUHVHND�]D�JUD�YLWDFLRQL�]DKYDW�REMHNWD�RG�VWUDQH�0HVHFD�L�=HPOMH�3UHVHN�]D�JUDYLWDFLRQL�]DKYDW�REMHNWD�RG�VWUDQH�QH�NRJ�WHOD�MH�IXQNFLMD�YHOLaLQH�L�PDVH�WRJ�WHOD��L�GDWD�MHVOHGH`RP�IRUPXORP��6WXDUW�������
σ = 5� (� + YHVF�YHQF� )

���
JGH�MH��σ ¬�SUHVHN�]D�JUDYLWDFLRQL�]DKYDW��5 ¬�UDGL�MXV��0 ¬�PDVD�L�YHVF ¬�GUXJD�NRVPLaND�EU]LQD�WHOD�D�YHQF ¬�UHODWLYQD�EU]LQD�REMHNWD�L�WHOD��L�* ¬�XQLYHU�]DOQD�JUDYLWDFLRQD�NRQVWDQWD�5H]XOWDWL

$QDOL]LUDQR�MH����VQLPDND��VD�NRMLK�VX�RGUH_HQLSUHaQLFL�]D�����NUDWHU�L]����0HVHaHYLK�PRUD��'LV�WULEXFLMD�NUDWHUD�SR�YHOLaLQL�SULND]DQD�MH�QD�VOLFL����1D�VOLFL����SULND]DQ�MH�ILW�'3/�IXQNFLMRP�NXPX�ODWLYQH�GLVWULEXFLMH�LPSDNWQLK�REMHNDWD�GRELMHQH�SUL�PHQRP�IRUPXOH����'HVQD�DVLPSWRWD�IXQNFLMH�GHILQL^HSUDYX�UDVSRGHOX�LPSDNWQLK�REMHNDWD��2GDYGH�VH�GR�ELMD�GD�NXPXODWLYQD�UDVSRGHOD�LPSDNWQLK�REMHNDWD�]D0HVHaHYD�PRUD�LPD�REOLN�
1 = (��±�) ⋅ ��� ⋅ 'L−(���±���) ���=D�RGQRV�SUHVHND�]D�JUDYLWDFLRQL�]DKYDW�RG�VWUD�QH�=HPOMH�L�0HVHFD�GRELMD�VH��������̂ WR�X]�aLQMHQLFXGD�0HVHaHYD�PRUD�]DX]LPDMX�������0HVHaHYH�SRYU�^LQH��RPRJX`DYD�L]UDaXQDYDQMH�SURVHaQH�XaHVWDQRVWLXGDUD�REMHNDWD�YH`LK�RG�GDWH�YHOLaLQH�VD�=HPOMRP�XSURWHNOLK������PLOLMDUGL�JRGLQD��1D�RYDM�QDaLQ��GREL�MHQR�MH�GD�WR�YUHPH�L]QRVL��]D�REMHNWH�YH`H�RG����NPRNR�� ⋅ ��� JRG��]D�YH`H�RG���NP�RNR�� ⋅ ��� JRG��LRQH�YH`H�RG�����P�RNR�(�÷�) ⋅ ��� JRGLQD�

6OLND��� 5DVSRGHOD�GHWHNWRYDQLK�NUDWHUD�SR�SUHaQLFLPDX�0HVHaHYLP�PRULPD��8RaDYD�VH�XPDQMHQMH�HILNDVQRVWLGHWHNFLMH�VD�RSDGDQMHP�GLPHQ]LMH�NUDWHUD��
)LJXUH����/XQDU�FUDWHU�GLDPHWHU�GLVWULEXWLRQ��'HFUHDVHRI�GHWHFWLRQ�HIILFLHQF\�LV�HYLGHQW�DQG�LQ�GLUHFWFRUHODWLRQ�ZLWK�FUDWHU�GLDPHWHU�GLPLQLVK�

6OLND��� .XPXODWLYQL�EURM�LPSDNWQLK�REMHNDWD�'LPHQ]LMH�LPSDNWQLK�REMHNDWD�RGUH_HQH�VX�L]�GLPHQ]LMDNUDWHUD�GHWHNWRYDQLK�X�0HVHaHYLP�PRULPD�SULPHQRP]DNRQD�VNDOLUDQMD��3LHUD]]R�HW�DO� �������GDWLPIRUPXORP����3ODYD�OLQLMD�SUHGVWDYOMD�QDMEROML�ILWSRGDWDND�GYRVWUXNRP�VWHSHQRP�IXQNFLMRP��'3/��
)LJXUH����&XPXODWLYH�GLVWULEXWLRQ�RI�WKH�LPSDFW�REMHFWV�/XQDU�FUDWHU�GLDPHWHU�DQG�3LHUD]]R±V�6FDOLQJ�/DZ�3LHUD]]R�HW�DO��������DUH�XVHG�WR�GHULYH�LPSDFW�REMHFWGLDPHWHU��)RUPXOD�����%OXH�OLQH�UHSUHVHQWV�WKH�EHVW�GDWDILW�E\�DSSO\LQJ�'RXEOH�3RZHU�/DZ�IXQFWLRQ��'3/���

��� • 3(71,A.(�69(6.(��� '(2��,



'LVNXVLMD�L�]DNOMXaDN
8SRUH_XMX`L�GRELMHQH�UH]XOWDWH�VD�SRGDFLPD�GR�ELMHQLP�SRPR`X�GUXJLK�PHWRGD��NDR�^WR�VX�6KRH�PDNHU�L�0HORVK�3L�]DNRQL�VNDOLUDQMD��6WXDUW�������XRaDYD�VH�RGVWXSDQMH�L�]D�UHG�YHOLaLQH��5HDOQDYHURYDWQR`D�VXGDUD�REMHNDWD�YH`LK�RG���NP�VD�=HP�OMRP�MH�MHGQRP�X�VYDNLK�� ⋅ ��� JRGLQD��LELG����8]URFL�QHVODJDQMD�EL�PRJOL�ELWL�QHSR]QDYDQMHWDaQRJ�]DNRQD�VNDOLUDQMD��MHU�VH�NRG�HNVSHULPHQDWD�XODERUDWRULML�QH�PRJX�SRVWL`L�QL�SULEOLCQR�UHDOQL�XVORYLVXGDUD��SRJRWRYR�SR�SLWDQMX�PDVH�L�EU]LQH�REMHNDWD�D�QXPHULaNH�VLPXODFLMH�QHPDMX�DGHNYDWQX�SURYHUX�6OHGH`L�L]YRU�JUH^NH�MH�QHVXPQMLYR�YUHGQRVW�NRH�ILFLMHQWD�SUDYFD�GHVQH�DVLPSWRWH�NXPXODWLYQH�GLV�WULEXFLMH��NRML�MH�RGUH_HQ�QD�RVQRYX�PDORJ�EURMDNUDWHUD�YHOLNRJ�SUHaQLND��D�SRMDYOMXMH�VH�NDR�NDUDN�WHULVWLaQL�SDUDPHWDU�VWHSHQRJ�]DNRQD�NRML�RSLVXMH�GLV�WULEXFLMX�YHOLaLQD�XGDUQLK�REMHNDWD��6D�GUXJH�VWUDQH�L]�GLVWULEXFLMH�NUDWHUD�PDOLK�SUHaQLND�MH�QHPRJX`HL]YX`L�SRX]GDQH�LQIRUPDFLMH�]ERJ�L]UDCHQRJ�VHOHN�FLRQRJ�HIHNWD�2YDM� PHWRG� PRCH� GD� SRVOXCL� VDPR� ]DRGUH_LYDQMH�SURVHaQH�XaHVWDQRVWL�VXGDUD��XVUHGQMHQHX�SURWHNORP�LQWHUYDOX�RG�������⋅ ��� JRGLQD�
=DKYDOQRVW� 9HOLNX�]DKYDOQRVW�GXJXMHP�VYRPPHQWRUX��,JRUX�6PROL`X��UXNRYRGLRFX�SURJUDPD�DV�WURQRPLMH��NDR�L�$QGUHMX�0HVDUR^X�L�9HVQL�7RSR�ORYDaNL�]D�PQRJH�VXJHVWLMH��QHVHELaQX�L�EU]X�SRPR`NDGD�MH�WR�ELOR�QDMSRWUHEQLMH��D�WDNR_H�0LKDLOX�AXE�URYL`X�]D�LVNUHQRVW�L�NRULVQH�VXJHVWLMH��

/LWHUDWXUD6WXDUW�-��6��������2EVHUYDWLRQDO�&RQVWUDLQWV�RQWKH�1XPEHU��$OEHGRV��6L]HV��DQG�,PSDFW�+D]DUGVRI�WKH�1HDU�(DUWK�$VWHURLGV��0DVVDFKXVVHWV,QVWLWXWH�RI�7HFKQRORJ\%HUQVWHLQ�0��*���7ULOOLQJ�(��'��������7KH�6L]H'LVWULEXWLRQ�RI�7UDQV�1HSWXQLDQ�%RGLHV3LHUD]]R�(��������$�5HHYDOXDWLRQ�RI�,PSDFW�0HOW3URGXFWLRQ��,FDUXV�������������
$QMD�>L^DULFD'HWHUPLQDWLRQ�RI�WKH�(DUWK�&ROOLVLRQ)UHTXHQF\�RI�0LQRU�6RODU�%RGLHV�0RVW�RI�WKH�FUDWHUV�RQ�(DUWK�KDYH�EHHQ�GHJUDGHGE\�HURVLRQ�DQG�WKH�JHRORJLFDO�PRYHPHQWV��:LWKRXWDQ�DWPRVSKHUH�DQG�WRSRJUDSKLFDO�REVWUXFWLRQV��OXQDUPDULD�SURYLGH�D�XQLTXH�UHVRXUFH�IRU�WKH�UHVHDUFK�RIWKH�ORFDO�LPSDFW�HQYLURPHQW��8VLQJ�&&'�LPDJHV�WRPHDVXUH�WKH�FUDWHU�GLDPHWHUV��DQG�3LHUD]]R±V�VFDOLQJODZ�WR�GHWHUPLQH�WKH�GLDPHWHUV�RI�WKH�LPSDFW�REMHFWV�WKH�OXQDU�FUDWHULQJ�UDWH�ZDV�GHILQHG��DQG�LW�PDWFKHGWKH�H[SHFWHG��'RXEOH�3RZHU�/DZ�ILW�ZDV�LQWURGXFHGLQ�RUGHU�WR�FRUUHFW�FHUWDLQ�FUDWHU�FRXQWLQJ�LQHIIL�FLHQF\�FDXVHG�E\�WKH�VHOHFWLYH�HIIHFW��$V�D�UHVXOW��E\DSSO\LQJ�WKH�(DUWK�0RRQ�FDSWXUH�FURVV�VHFWLRQ�UHOD�WLRQ�DQG�SURFHVVLQJ�WKH�GDWD�JLYHQ��LW�ZDV�SRVVLEOH�WRHVWLPDWH�WKH�(DUWK�LPSDFW�IUHTXHQF\�LQ�WKH�SDVW�����*\U��,W�ZDV�FDOFXODWHG�WKDW�LPSDFWV�RI�WKH�REMHFWVODUJHU� WKDQ����NP����NP������P�RFFXU�HYHU\� ⋅ ������ ⋅ ��� DQG�(�÷�) ⋅ ��� \U��UHVSHFWDEO\��7KHVHUHVXOWV�GR�QRW�SHUIHFWO\�PDWFK�WKH�H[SHFWHG��GXH�WRWKH�QDWXUH�RI�WKH�H[SHULPHQW�DQG�WKH�QXPEHU�RI0RRQ�FUDWHUV�DYDLODEOH�WR�GHWHFW�

=%251,.�5$'29$����� $6752120,-$��• ��




