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2SWLPL]DFLMD�KHPLMVNRJ
SUHaL^`DYDQMD�RWSDGQH
YRGHQH�HPXO]LMH�L]�SURFHVD
REUDGH�RERMHQLK�PHWDOD

&LOM�RYRJ�UDGD�MH�XQDSUH_HQMH�SRVWXSND�]D�REUDGX
RWSDGQLK�YRGHQLK�HPXO]LMD�L]�SURFHVD�REUDGH�RER�
MHQLK� PHWDOD�� ,VSLWLYDQMH� SRVWXSND� MH� L]YU^HQR� QD
ODERUDWRULMVNRP�QLYRX�NRULVWH`L�NDR�PRGHO�HPXO]LMX
QDSUDYOMHQX�RG�XOMD�)HVRO�����)$0��.UX^HYDF�� L
GHVWLORYDQH� YRGH��(PXO]LMD� MH� WUHWLUDQD� UDVWYRURP
JYRC_H�,,,��KORULGD�QD�UD]OLaLWLP�S+�YUHGQRVWLPD����
������L������(ILNDVQRVW�KHPLMVNRJ�SUHaL^`DYDQMD�MH
PHUHQD�RGUH_LYDQMHP�KHPLMVNH�SRWUR^QMH�NLVHRQLND
�+3.�� NRULVWH`L� NDOLMXP�SHUPDQJDQDW� NDR�RNVLGX�
MX`L�UHDJHQV��7DNR_H��LVSLWLYDQ�MH�XWLFDM�NDOFLMXPR�
YRJ� MRQD�QD�SURFHV�SUHUDGH�HPXO]LMH��1D�RVQRYX
GRELMHQLK�UH]XOWDWD�GHILQLVDQ�MH�RSWLPDOQL�SRVWXSDN
KHPLMVNRJ�SUHaL^`DYDQMD�PHWRGRP�WDORCHQMD�UDVWYR�
URP�JYRC_H�,,,��KORULGD��1D_HQR�MH�GD�VX�RSWLPDOQL
XVORYL� ]D�REUDGX�RWSDGQLK�YRGHQLK�HPXO]LMD�� MDNR
ED]QD�VUHGLQD��NRQFHQWUDFLMD�JYRC_H�,,,��KORULGD�RG
����PPRO�GP��L�NRQFHQWUDFLMD�KLGUDWLVDQRJ�NUHaD�RG
����PPRO�GP���7DNR_H��PHUHQD�MH�HILNDVQRVW�XNOD�
QMDQMD� WH^NLK� PHWDOD� WRNRP� KHPLMVNH� REUDGH� RW�
SDGQH�YRGHQH�HPXO]LMH��8WYU_HQR�MH�GD�VH� WRNRP
REUDGH� RWSDGQH� YRGHQH� HPXO]LMH� XNODQMD� YL^H� RG
���� EDNUD� L� FLQND�� WDNR� GD� MH� ]DRVWDOD� NRQFHQ�
WUDFLMD�RYLK�PHWDOD�YL^H�RG�GYDGHVHW�SXWD�PDQMD�RG
PDNVLPDOQLK�SURSLVRP�GR]YROMHQLK�YUHGQRVWL�]D�RYH
PHWDOH�

8YRG
3RPR`QD�VUHGVWYD�SUL�REUDGL�PHWDOD�REH]EH_XMX

UDVKOD_LYDQMH�L�SRGPD]LYDQMH�X�WRNX�REUDGH�L�WLPH
SURGXCDYDMX�YHN�WUDMDQMD�DODWD��1DM^LUX�SULPHQX�X
PQRJLP�SURFHVLPD�REUDGH�LPDMX�PLQHUDOQD�XOMD��NDR
^WR�VX�)HVRO����L�)HVRO�����)$0��.UX^HYDF���3RUHG

SR]LWLYQLK�HIHNDWD�QD�SURFHV�REUDGH�PHWDOD��SRPR`QD
VUHGVWYD�SUL�REUDGL�PHWDOD�PRJX�LPDWL�L�QHJDWLYDQ
XWLFDM�QD�CLYRWQX�VUHGLQX��1D�RWSDGQH�YRGH��QDVWDOH
QDNRQ�SURFHVD�REUDGH�PHWDOD��SRVOHGQMLK�GHVHWDN
JRGLQD�VH�JOHGD�NDR�QD�NUDMQMH�RSDVQH�]DJD_LYDaH�
-HGDQ�RG�QDaLQD�GD�VH�WD�RSDVQRVW�VPDQML�MH�SUHaL^�
`DYDQMH�RWSDGQLK�YRGHQLK�HPXO]LMD�SUH�RGODJDQMD�
+HPLMVND�NRDJXODFLMD��L]D�NRMH�VOHGL�JUDYLWDFLRQR
WDORCHQMH��aHVWR�VH�SULPHQMXMH�]D�SUHaL^`DYDQMH�RWSDGQLK
YRGD�RYH�YUVWH��8�RYLP�SURFHVLPD�SUHaL^`DYDQMD�NDR
NRDJXODQWL�QDMaH^`H�VH�NRULVWH�DOXPLQLMXP�VXOIDW�
JYRC_H�,,,��KORULG��KLGUDWLVDQL�NUHa�L�SROLHOHNWUROLWL
�&KHUHPLVLQRII��������3ULOLNRP�KLGUROL]H�VROL�DOXPL�
QLMXPD�L�JYRC_D�GROD]L�GR�IRUPLUDQMD�WH^NR�UDVWYRU�
QLK�KLGURNVLGD�NRML�VH�X�YRGL�SRQD^DMX�NDR�NRORLGL�L
VNORQL�VX�DJORPHUDFLML��7H^NR�UDVWYRUQL�KLGURNVLGL
PHWDOD�SULVXWQH�]DJD_LYDaH�X�YRGL�XNOMXaXMX�X�VYRMX
VWUXNWXUX�LOL�LK�DGVRUEXMX�QD�SRYU^LQL�DJUHJDWD��*YRC�
_H�,,,��KORULG�NDR�NRDJXODQW�GDMH�GREUH�UH]XOWDWH�]D
QDM^LUL�RSVHJ�NRQFHQWUDFLMH�L�S+��SRJRWRYR�]D�S+
YUHGQRVWL�L]QDG����.XXVLN��9LLVLPDD�������

+HPLMVNL�SRVWXSDN��UD]YLMHQ�QD�7HKQROR^NRP�ID�
NXOWHWX�X�/HVNRYFX��VDVWRML�VH�X�GHORYDQMX�DOXPLQL�
MXP�VXOIDWD� NDR�NRDJXODQWD��NRML� GHVWDELOL]XMH
HPXO]LMX��L�KLGUDWLVDQRJ�NUHaD��NDR�ED]H�L�WDORCQRJ
VUHGVWYD��NRML�SRYH`DYD�S+�VXVSHQ]LMH�L�WDORCL�SULVXW�
QH�MRQH�PHWDOD�X�REOLNX�KLGURNVLGD�

8�RYRP�LVWUDCLYDQMX�KHPLMVND�REUDGD�PRGHOD
YRGHQH�HPXO]LMH�VDVWRML�VH�X�GHORYDQMX�JYRC_H�,,,��
KORULGD�NDR�NRDJXODQWD��3R]QDWR�MH�GD�DOXPLQLMXP�
VXOIDW��NRML�VH�NRULVWL�NDR�NRDJXODQW�X�SURFHVLPD
KHPLMVNRJ�SUHaL^`DYDQMD��X�NRPELQDFLML�VD�KLGUDWL�
VDQLP�NUHaRP�QH�VDPR�GD�L]D]LYD�NRDJXODFLMX
NRORLGQLK�aHVWLFD��YH`�L�VPDQMXMH�VLOH�DGKH]LMH�aLPH
VH�RODN^DYD�GHKLGUDWDFLMD�PXOMD��)UHVHQLXV�HW�DO��
�������8�FLOMX�XWYU_LYDQMD�XWLFDMD�NDOFLMXPRYLK�MRQD
LVSLWDQD�MH�L�HILNDVQRVW�SUHaL^`DYDQMD�JYRC_H�,,,��KOR�
ULGRP�X]�GRGDWDN�KLGUDWLVDQRJ�NUHaD�

�&LOM�LVWUDCLYDQMD�MH�L]QDODCHQMH�RSWLPDOQLK�XV�
ORYD�]D�KHPLMVNR�SUHaL^`DYDQMH�YRGHQLK�HPXO]LMD

0LOHQD�3HWURYL`���������9ODVRWLQFH�
-XCQRPRUDYVNLK�EULJDGD����XaHQLFD����UD]UHGD*LPQD]LMH�®6WHYDQ�-DNRYOMHYL`¯�X�9ODVRWLQFX
0(1725��GU�=RUDQ�7RGRURYL`��GRFHQW�QD�7HKQROR^NRP
IDNXOWHWX�X�/HVNRYFX�8QLYHU]LWHWD�X�1L^X
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PLQHUDOQLK�XOMD��)HVRO�����QDVWDOLK�X�SURFHVX�REUDGH
RERMHQLK�PHWDOD�

0DWHULMDO�L�PHWRGH
0RGHO�YRGHQH�HPXO]LMH�QDSUDYOMHQ�MH�UDVWYDUDQMHP

�����J�XOMD�)HVRO����X���GP��GHVWLORYDQH�YRGH��1D
RYRP�PRGHOX�MH�QD�UD]OLaLWLP�S+�YUHGQRVWLPD�������
���L�����LVSLWLYDQ�XWLFDM�NRQFHQWUDFLMH�MRQD�NDOFLMXPD
QD�HILNDVQRVW�KHPLMVNRJ�SUHaL^`DYDQMD��NRMD�MH�PHUHQD
SUHNR�VPDQMHQMD�RUJDQVNRJ�RSWHUH`HQMD�L�NRQFHQWUDFLMH
MRQD�EDNUD�L�FLQND��(ILNDVQRVW�L]GYDMDQMD�RUJDQVNH�PD�
WHULMH�SUD`HQD�MH�PHUHQMHP�SRWUR^QMH�NDOLMXP�SHUPDQ�
JDQDWD�SUH�L�SRVOH�REUDGH�HPXO]LMH��GRN�MH�NRQFHQWUDFLMD
PHWDOD�RGUH_LYDQD�PHWRGRP�DWRPVNH�DSVRUSFLRQH
VSHNWURIRWRPHWULMH��7DNR_H��SUD`HQD�MH�EU]LQD�VHGLPHQ�
WDFLMH��RGQRVQR�PHUHQD�YLVLQD�VWXED�ELVWUH�WHaQRVWL
VYDNLK����VHNXQGL�WRNRP�SUYD���PLQXWD��]DWLP�QDUHGQLK
��PLQXWD�X�SHULRGLPD�RG����VHNXQGL�L�X�SHULRGLPD�RG
����VHNXQGL�SRVOHGQMLK����PLQXWD�WDORCHQMD��

2EUD_LYDQR�MH�SR�����FP��YRGHQH�HPXO]LMH�GR�
GDYDQMHP���FP��UDVWYRUD�JYRC_H�,,,��KORULGD��NRQ�
FHQWUDFLMH������PRO�GP����3ULOLNRP�LVSLWLYDQMD�XWLFDMD
NDOFLMXPRYRJ�MRQD�QD�HILNDVQRVW�SUHaL^`DYDQMD�X
SUREH�MH�GRGDYDQR�SR��������������L�����PJ�KLGUD�
WLVDQRJ�NUHaD��8�PRGHOH�YRGHQH�HPXO]LMH�WDNR_H�VX
GRGDYDQH����������L����0'.�NRQFHQWUDFLMH�EDNUD�L
FLQND� SULOLNRP� LVSLWLYDQMD� XWLFDMD� KHPLMVNRJ
SUHaL^`DYDQMD�QD�QMLKRYH�NRQFHQWUDFLMH��1DNRQ�GR�
GDYDQMD�UDVWYRUD��HPXO]LMD�MH�PH^DQD���PLQXWD�EU]L�
QRP�����REUWDMD�PLQ��ID]D�NRDJXODFLMH���D�]DWLP���
PLQXWD�EU]LQRP�RG����REUWDMD�PLQ��ID]D�IORNXODFLMH��
7DNR�L]PH^DQL�PRGHO�VLVWHP�RVWDYOMHQ�MH�GD�VH
VWDORCL�L�SUL�WRPH�MH�SUD`HQD�SURPHQD�YLVLQH�VWXED
ELVWUH�WHaQRVWL�L]QDG�WDORJD�X�]DYLVQRVWL�RG�YUHPHQD�

=D�RGUH_LYDQMH�SRWUR^QMH�NDOLMXP�SHUPDQJDQDWD
X]HWR�MH����FP��HPXO]LMH��NRMD�MH�]DWLP��X]�GRGDWDN
��FP��+�62���������]DJUHYDQD�GR�NOMXaDQMD��8�NOMXaDOL
UDVWYRU�GRGDWR�MH�����FP�� .0Q2�� �F� �������
PRO�GP���L�QDVWDYOMHQR�VD�]DJUHYDQMHP��8�SUREH�MH
]DWLP� GRGDYDQR� ���� FP�� RNVDOQH� NLVHOLQH
�F� ��������PRO�GP����7DNR�REH]ERMHQL�UDVWYRU�MH
WLWURYDQ�NDOLMXP�SHUPDQJDQDWRP�GR�SRMDYH�UXCLaDVWH
ERMH��SRVWRMDQH����V��8NROLNR�EL�SULOLNRP�GRGDYDQMD
����FP��.0Q2��GR^OR�GR�REH]ERMDYDQMD�UDVWYRUD�GR�
GDWH�NROLaLQH�NDOLMXP�SHUPDQJDQDWD�VX�SRYH`DYQH
�3RaHN��������=D�SURUDaXQ�SRWUR^QMH�NDOLMXP�SHUPD�
JDQDWD�NRUL^`HQD�MH�VOHGH`D�IRUPXOD�
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JGH�MH��3�¬�SRWUR^QMD�.0Q2��X�PJ�GP���0′�¬�NRQ�
FHQWUDFLMD�.0Q2���0′ ′�¬�NRQFHQWUDFLMD�+�&�2���F
¬�]DSUHPLQD�UDVWYRUD�.0Q2��NRQFHQWUDFLMH�0′�XWUR�
^HQRJ�]D�WLWUDFLMX�X�FP���9�¬�]DSUHPLQD�X]RUND�X
FP���D�¬�]DSUHPLQD�UDVWYRUD�.0Q2��NRQFHQWUDFLMH
0±��GRGDWRJ�X]RUNX��X�FP���E�¬�]DSUHPLQD�UDVWYRUD
+�&�2��NRQFHQWUDFLMH�0′ ′��GRGDWRJ�X]RUNX��X�FP��

8� ]DYLVQRVWL� RG� SUREH�� HPXO]LML� VX� GRGDWL
UDVWYRUL�UD]OLaLWLK�NRQFHQWUDFLMD�WH^NLK�PHWDOD��NRMH
VX�MHGQDNH�LOL�YL^HVWUXNR�YH`H��������L����SXWD��RG
PDNVLPDOQR�GR]YROMHQLK�YUHGQRVWL��0'.���0'.
YUHGQRVW�]D�EDNDU�L]QRVL���PJ�GP���D�]D�FLQN��
PJ�GP���/MXELVDYOMHYL`�HW�DO��������

(ILNDVQRVW�SUHaL^`DYDQMD�VH�UDaXQD�SR�IRUPXOL�
�3R�¬�3��3R��JGH�3R�SUHGVWDYOMD�XWUR^HQX�NROLaLQX�ND�
OLMXP�SHUPDQJDQDWD�SUH�REUDGH�HPXO]LMH�L�L]QRVL
�����PJ�GP��HPXO]LMH��D�3�XWUR^HQX�NROLaLQX�NDOL�
MXP�SHUPDQJDQDWD�QDNRQ�RGUH_HQH�KHPLMVNH�REUDGH�

5H]XOWDWL�L�GLVNXVLMD
8�WDEHODPD���L���SULND]DQH�VX�YUHGQRVWL�SRWUR^QMH�ND�

OLMXP�SHUPDQJDQDWD�L�HILNDVQRVW�SUHaL^`DYDQMD�PRGHOD
YRGHQH�HPXO]LMH�GRGDWNRP�UDVWYRUD�JYRC_H�,,,��KORULGD
VD�L�EH]�GRGDWND�KLGUDWLVDQRJ�NUHaD������PPRO�GP���

7DEHOD����3RWUR^HQD�NROLaLQD�NDOLMXP�
SHUPDQJDQDWD�L�HILNDVQRVWL�SUHaL^`DYDQMD�PRGHODYRGHQH�HPXO]LMH�WUHWLUDQH�JYRC_H�,,,��KORULGRP�
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'RGDWNRP�NRDJXODQWD�JYRC_H�,,,��KORULGD�VWYDUD
VH�VXVSHQ]LMD�IORNXOLVDQLK�aHVWLFD��NRMH�VX�SR�VDVWDYX�
SUH�VYHJD��JYRC_H�KLGURNVLG��*YRC_H�,,,��KLGURNVLG
VH�L]GYDMD�X�REOLNX�IORNXOLVDQRJ��CHODWLQR]QRJ�WD�
ORJD��NRML�VH�WH^NR�WDORCL�L�GHKLGUDWL^H��3DWWHUVRQ
�������5D]JUDGQMD�HPXO]LMH�VH�RGLJUDYD�X�GYD
NRUDND�NRML�VOHGH�MHGDQ�]D�GUXJLP��NRDJXODFLMD�L
IORNXODFLMD��8�SUYRP�NRUDNX��GRGDWNRP�NRDJXODQWD
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JYRC_H�,,,��KORULGD��L]D]LYD�VH�GHVWDELOL]DFLMD�YRGHQH
HPXO]LMH��2YDM�SURFHV�RGLJUDYD�VH�RGPDK�SR�GRGDWNX
NRDJXODQWD�YRGHQRM�HPXO]LML��X]�LQWHQ]LYQR�PH^DQMH�
NRMH�RVLJXUDYD�UDYQRPHUQX�UDVSRGHOX�NRDJXODQWD��
7DEHOD����3RWUR^HQD�NROLaLQD�NDOLMXP�SHUPDQJDQDWD�L�HILNDVQRVWL�SUHaL^`DYDQMD�PRGHOD
YRGHQH�HPXO]LMH�WUHWLUDQH�JYRC_H�,,,��KORULGRP�L
KLGUDWLVDQLP�NUHaRP�X�NRQFHQWUDFLML�����PJ
&D�2+���X�����FP��HPXO]LMH�
S+ 3�
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'RGDWNRP� JYRC_H�,,,��KORULGD� SRVWLCH� VH
L]RHOHNWULaQR�VWDQMH�NRORLGQLK�aHVWLFD��NRMH�VH�NDUDN�
WHUL^H�QMLKRYRP�HOHNWURQHXWUDOQR^`X��'RGDWNRP
VXSURWQR�QDHOHNWULVDQLK�MRQD�VPDQMXMH�VH�HOHNWUR�
VWDWLaNR�SRYU^LQVNR�QDHOHNWULVDQMH��]HWD�SRWHQFLMDO��
WDNR�GD�VH�NRORLGQH�aHVWLFH�PRJX�SULYODaLWL�L�VSDMDWL
X�YH`H�DJORPHUDWH��IORNXOH���'UXJD�ID]D��IORNXODFLMD�
REXKYDWD�WUDQVSRUWQH�SURFHVH�NRML�REH]EH_XMX�PDN�
VLPDODQ�EURM�VXGDUD�aHVWLFD��XVOHG�aHJD�VH�VWYDUDMX
DJORPHUDWL�NRML�GDOMH�UDVWX�GR�YHOLaLQH�NDGD�VH�ODNR
L]GYDMDMX�L]�VXVSHQ]LMH��2YD�ID]D�VH�RGLJUDYD�X]
XPHUHQR�PH^DQMH��NRMH�SRWSRPDCH�WUDQVSRUWQH
SURFHVH��D�QH�YRGL�UD]ELMDQMX�VWYRUHQLK�DJORPHUDWD�
6WYDUDQMH�L�WDORCHQMH�JYRC_H�,,,��KLGURNVLGD�MH�JODYQL
IDNWRU�]D�XNXSQX�HILNDVQRVW�SURFHVD�SUHaL^`DYDQMD�
XNOMXaXMX`L�NRDJXODFLMX��IORNXODFLMX�L�WDORCHQMH
IORNXOLVDQLK�aHVWLFD�

.DR�^WR�MH�SR]QDWR��DOXPLQLMXP�VXOIDW�X�NRPEL�
QDFLML�VD�KLGUDWLVDQLP�NUHaRP�QH�VDPR�GD�L]D]LYD�NR�
DJXODFLMX�NRORLGQLK�aHVWLFD��YH`�L�VPDQMXMH�VLOH
DGKH]LMH��aLPH�VH�RODN^DYD�GHKLGUDWDFLMD�PXOMD��)UH�
VHQLXV�HW�DO���������8�FLOMX�XWYU_LYDQMD�XWLFDMD�KLGUD�
WLVDQRJ�NUHaD�LVSLWDQD�MH�HILNDVQRVW�SUHaL^`DYDQMD
JYRC_H�,,,��KORULGRP�SUL�UD]OLaLWLP�S+�YUHGQRVWLPD
X]�GRGDWDN�KLGUDWLVDQRJ�NUHaD�RG�����PJ�X�����FP�
HPXO]LMH��WDEHOD�����.DR�̂ WR�VH�YLGL��GRGDWNRP�KLGUD�
WLVDQRJ�NUHaD��RGQRVQR�X�SULVXVWYX�NDOFLMXPRYRJ
MRQD�HILNDVQRVW�SUHaL^`DYDQMD�JYRC_H�,,,��KORULGRP
QH�]DYLVL�RG�S+�YUHGQRVWL�

5H]XOWDWL�LVSLWLYDQMD�HILNDVQRVWL�SUHaL^`DYDQMD
SULND]DQL�VX�QD�VOLFL���

.DNR�NDOLMXP�SHUPDQJDQDW�UD]OLaLWR�UHDJXMH�QD
UD]OLaLWLP�S+�YUHGQRVWLPD��PH_XVREQR�VH�PRJX�SR�
UHGLWL�HILNDVQRVWL�SUHaL^`DYDQMD�QD�VDPR�RGUH_HQLP
S+�YUHGQRVWLPD��(ILNDVQRVW�QD�S+� ���L]QRVL������
SULOLNRP�KHPLMVNRJ�SUHaL^`DYDQMD�EH]�GRGDWND�KLGUD�
WLVDQRJ�NUHaD�L�UDVWH�QD�������QDNRQ�GRGDYDQMD
KLGUDWLVDQRJ�NUHaD��1D�S+� ���UD]OLND�X�HILNDVQRVWL
SUH�L�SRVOH�GRGDYDQMD�KLGUDWLVDQRJ�NUHaD�MH�YH`D�L
UDVWH�VD�������QD��������'DOMLP�SRYH`D�QMHP�S+
UDVWH�L�UD]OLND�X�HILNDVQRVWL��1D�S+� ����UDVWH�VD
������QD��������GRN�QD�S+� ����UDVWH�VD�������QD
�������.DR�^WR� VH�YLGL�QD�VOLFL����HILNDVQRVW
SUHaL^`DYDQMD�MH�YH`D�SULOLNRP�SUHUDGH�HPXO]LMH
JYRC_H�,,,��KORULGRP�X�NRPELQDFLML�VD�KLGUDWLGUDWL�
VDQLP�NUHaRP�

7DEHOD����8WLFDM�NDOFLMXPRYRJ�MRQD�QD�HILNDVQRVW
SUHaL^`DYDQMD�PRGHOD�YRGHQH�HPXO]LMH
JYRC_H�,,,��KORULGRP�L�KLGUDWLVDQLP�NUHaRP�SUL
NRQVWDQWQRM�S+�YUHGQRVWL�S+ ��
.RQFHQWUDFLMD
&D�2+���[PJ�����FP�
HPXO]LMH]

3.0Q2��
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6OLND����(ILNDVQRVW�SUHaL^`DYDQMD�PRGHOD�YRGHQHHPXO]LMH�WUHWLUDQH�JYRC_H�,,,��KORULGRP�L�VPH^RPJYRC_H�,,,��KORULGD�L�KLGUDWLVDQRJ�NUHaD�X�NRQFHQWUDFLML����PJ�&D�2+���X�����FP��HPXO]LMH�
�)LJXUH����&OHDUDQFH�HIILFLHQF\�RI�PRGHO�HPXOVLRQWUHDWHG�E\�LURQ�,,,��FKORULGH�DQG�PL[WXUH�RILURQ�,,,��FKORULGH�DQG�K\GUDWHG�OLPH
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8�FLOMX�XWYU_LYDQMD�XWLFDMD�MRQD�NDOFLMXPD�QD�HIL�
NDVQRVW�SUHaL^`DYDQMD�PRGHOD�HPXO]LMH�L]YU^HQH�VX
KHPLMVNH�REUDGH�PRGHOD�JYRC_H�,,,��KORULGRP�SUL
NRQVWDQWQRM�S+�YUHGQRVWL��S+� ������X]�GRGDWDN
UD]OLaLWLK�NROLaLQD�NDOFLMXPRYRJ�MRQD��,]�WDEHOH���VH
YLGL�GD�VD�SRYH`DQMHP�NROLaLQH�GRGDWRJ�NDOFLMXP�
KLGURNVLGD�VD����PJ�QD�����PJ�GROD]L�GR�SRYH`DQMD
HILNDVQRVWL�SUHaL^`DYDQMD�VD������QD��������'RELMHQL
UH]XOWDWL�SULND]DQL�VX�QD�VOLFL���

8�RWSDGQRM�YRGHQRM�HPXO]LML�PLQHUDOQRJ�XOMD�L]
SURFHVD�REUDGH�RERMHQLK�PHWDOD�XYHN�VH�QDOD]H�MRQL
FLQND��EDNUD��NDGPLMXPD��RORYD��JYRC_D��PDQJDQD�L
GU���NRML�WUDMQR�]DJD_XMX�CLYRWQX�VUHGLQX�DNR�VH�RW�
SDGQH�HPXO]LMH�QHRGJRYRUQR�LVSX^WDMX�X�YRGRWRN�
RYH��8�FLOMX�SURFHQH�XWLFDMD�KHPLMVNH�REUDGH
YRGHQLK�HPXO]LMD�QD�L]GYDMDQMH�MRQD�RYLK�PHWDOD�X
RWSDGQLP�YRGHQLP�HPXO]LMDPD��PHUHQH�VX�NRQFHQ�
WUDFLMH�MRQD�EDNUD�L�FLQND�SUH�L�SRVOH�REUDGH�PRGHOD
HPXO]LMH� JYRC_H�,,,��KORULGRP� L� KLGUDWLVDQLP
NUHaRP��2EUD_LYDQH�VX�HPXO]LMH�NRMH�VX�VDGUCDOH
RYH�PHWDOH�X�NRQFHQWUDFLMDPD�NRMH�VX�MHGQDNH�LOL
YL^HVWUXNR�YH`H��������L����SXWD��RG�PDNVLPDOQR
GR]YROMHQLK�YUHGQRVWL��0'.��]D�SRMHGLQH�PHWDOH�
7LSLaQH�NRQFHQWUDFLMH�MRQD�QHNLK�PHWDOD�X�RWSDGQLP
YRGHQLP�HPXO]LMDPD�VX��X�PJ�GP����FLQN������L
EDNDU������.RYDaHYL`��������NRMH�VX�]QDaDMQR�PDQMH
RG�NRQFHQWUDFLMD�PHWDOD�NRMH�VX�SULPHQMHQH�X�RYRP
LVSLWLYDQMX��.DR�^WR�VH�YLGL�L]�WDEHOH����KHPLMVNRP
REUDGRP�YRGHQLK�HPXO]LMD��SRUHG�XNOMDQMDQMD�RUJDQ�
VNRJ�]DJD_HQMD��HILNDVQR�VH�XNODQMDMX�MRQL�EDNUD�L
FLQND��.RQFHQWUDFLMH�]DRVWDOLK�PHWDOD�QDNRQ�REUDGH
VX�PDQMH�RG�QMLKRYLK�0'.�YUHGQRVWL�aDN�L�SULOLNRP
GRGDYDQMD����SXWD�YH`LK�NRQFHQWUDFLMD��(ILNDVQRVW
XNODQMDQMD�MRQD�FLQND�MH�SUHNR������GRN�MH�HILNDV�
QRVW�XNODQMDQMD�MRQD�EDNUD�GR�����L�NDGD�VX�QMHJRYH
NRQFHQWUDFLMH����SXWD�YH`H�RG�0'.�YUHGQRVWL��7R�MH
ELWQR�UDGL�SURFHQH�JUDQLaQLK�YUHGQRVWL�GR�NRMLK
PRJX�GD�VH�RSWHUH`XMX�HPXO]LMH�WH^NLP�PHWDOLPD�X
SURFHVLPD�REUDGH�RERMHQLK�PHWDOD�

8�FLOMX�XWYU_LYDQMD�XWLFDMD�NLVHORVWL�EH]�SULVXVWYD
NDOFLMXPRYRJ�MRQD�QD�EU]LQX�ELVWUHQMD�SRVOH�KHPL�
MVNH�REUDGH�LVSLWLYDQD�MH�EU]LQD�ELVWUHQMD�PRGHOD
HPXO]LMD�SUL�NRQVWDQWQLP�S+�YUHGQRVWLPD��%U]LQH
ELVWUHQMD��VHGLPHQWDFLMH��SUD`HQD�MH�YL]XHOQR��X]
PHUHQMH�SURPHQH�SRORCDMD�JUDQLFH�ELVWUH�]RQH�VD
YUHPHQRP��8�RGVXVWYX�NDOFLMXPRYRJ�MRQD��QH]DY�
LVQR�RG�S+�YUHGQRVWL�X�RSVHJX���GR�����QH�GROD]L�GR

WDORCHQMD�HPXO]LMH�SRVOH�KHPLMVNH�REUDGH��YH`�VH
HPXO]LMD�UD]JUD_XMH�L�VWYDUD�VH�VXVSHQ]LMD�IORNXOL�
VDQLK�aHVWLFD�NRMH�OHEGH�XQXWDU�WHaQRVWL��3RVPDWUDQ�
MHP�MH�NRQVWDWRYDQR�GD�VX�IORNXOLVDQH�aHVWLFH
QDMNUXSQLMH�SUL�S+� ���

6OLNH���L���LOXVWUXMX�XWLFDM�S+�YUHGQRVWL�L�NRQFHQ�
WUDFLMH�WH^NLK�PHWDOD�QD�EU]LQX�VHGLPHQWDFLMH�QDNRQ
KHPLMVNH�REUDGH��

8� SULVXVWYX� NDOFLMXPRYRJ� MRQD� GROD]L� GR
WDORCHQMD�IORNXOLVDQLK�aHVWLFD��D�EU]LQD�ELVWUHQMD�]DYL�
VL�RG�S+��1D�VOLFL���SULND]DQH�VX�]DYLVQRVWL�YLVLQH
]RQH�ELVWUH�WHaQRVWL�RG�YUHPHQD�SUL�ELVWUHQMX�PRGHOD
HPXO]LMD�SRVOH�KHPLMVNH�REUDGH�JYRC_H�,,,��KORUL�
GRP�L�KLGUDWLVDQLP�NUHaRP������PJ�KLGUDWLVDQRJ
NUHaD�QD�����FP��HPXO]LMH�X�NRMRM�MH�NRQFHQWUDFLMD
XOMD�������J�GP���QD�UD]OLaLWLP�S+�YUHGQRVWLPD��.DR
^WR�VH�YLGL�QD�VOLFL����VD�SRYH`DQMHP�S+�]QDWQR�VH
XEU]DYD�ELVWUHQMH�L�VNUD`XMH�YUHPH�WUDMDQMD�ELVWUHQMD�
=D�UD]OLNX�RG�ELVWUHQMD�SRVOH�KHPLMVNH�REUDGH�EH]
GRGDWND�KLGUDWLVDQRJ�NUHaD��JGH�VH�IORNXOLVDQH�aHV�
WLFH�QLVX�WDORCLOH��X�SULVXVWYX�NDOFLMXPRYRJ�MRQD�X
ED]QRM�VUHGLQL�WDORCHQMH�IORNXOD�MH�MDNR�EU]R�

.DR�̂ WR�SRND]XMH�VOLND����EU]LQD�ELVWUHQMD�HPXO]�
LMH�SRVOH�KHPLMVNH�REUDGH�]DYLVL�L�RG�NRQFHQWUDFLMH
PHWDOQLK�MRQD��6D�SRYH`DQMHP�NRQFHQWUDFLMH�PHWDO�

6OLND����8WLFDM�NDOFLMXPRYRJ�MRQD�QD�HILNDVQRVWSUHaL^`DYDQMD�PRGHOD�YRGHQH�HPXO]LMHJYRC_H�,,,��KORULGRP�L�KLGUDWLVDQLP�NUHaRP�SULNRQVWDQWQRM�S+ ��
)LJXUH����7KH�HIIHFW�RI�FDOFLXP�LRQ�RQ�FKHPLFDOHIILFLHQF\�RI�RLO\�ZDVWHZDWHU�WUHDWPHQW�RI�HPXOVLRQWUHDWHG�E\�LURQ�,,,��FKORULGH�DQG�K\GUDWHG�OLPH�DWFRQVWDQW�S+ ��
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QLK�MRQD�X�HPXO]LML�XVSRUDYD�VH�EU]LQD�ELVWUHQMD�VXV�
SHQ]LMD�IORNXOLVDQLK�aHVWLFD��7R�MH�SRVOHGLFD�JUD_HQMD
YROXPLQR]QLK�KLGURNVLGD�GRGDWLK�WH^NLK�PHWDOD�

=DNOMXaDN
1D�RVQRYX�GRELMHQLK�UH]XOWDWD�PRCH�VH�]DNOMXaLWL

VOHGH`H�
¬ 3ULVXVWYR�NDOFLMXPRYRJ�MRQD�SRYH`DYD�HIL�

NDVQRVW�SUHaL^`DYDQMD�JYRC_H�,,,��KORULGRP
QH]DYLVQR�RG�S+�YUHGQRVWL�

7DEHOD����3URPHQD�NRQFHQWUDFLMH�MRQD�&X��=Q�L�&G�SRVOH�KHPLMVNH�REUDGH�PRGHOD�HPXO]LMH�SUL
NRQFHQWUDFLML�KLGUDWLVDQRJ�NUHaD�����PJ�&D�2+���QD�����FP��HPXO]LMH�L�S+� ���

.RQFHQWUDFLMD�MRQD� .RQFHQWUDFLMD�PHWDOD
SUH�REUDGH�HPXO]LMH

.RQFHQWUDFLMD�PHWDOD
QDNRQ�REUDGH�HPXO]LMH

3URFHQDW�]DRVWDORJ
PHWDOD�QDNRQ�REUDGH
HPXO]LMH

&X��0'.� ���PJ�GP��
0'. � ����� ����
��0'. �� ����� ����
���0'. �� ����� ����
���0'. �� ����� ����

=Q��0'.� ���PJ�GP��
0'. � ����� ����
��0'. �� ����� ����
���0'. �� ����� ����
���0'. ��� ����� ����

6OLND����8WLFDM�NLVHORVWL�QD�EU]LQX�ELVWUHQMD�PRGHODHPXO]LMH�XOMD�)HVRO����JYRC_H�,,,��KORULGRP�LKLGUDWLVDQLP�NUHaRP
)LJXUH����$FLGLW\�HIIHFW�RQ�VHGLPHQWDWLRQ�UDWH�RI�PRGHOHPXOVLRQ�PDGH�E\�)HVRO����WUHDWHG�E\�LURQ�,,,��FKORULGHDQG�K\GUDWHG�OLPH

6OLND����8WLFDM�NRQFHQWUDFLMH�WH^NLK�PHWDOD�QD�EU]LQXELVWUHQMD�NDGD�VX�NRQFHQWUDFLMH�PHWDOD�MHGQDNH�0'.��0'.����0'.�L���0'.
)LJXUH����6HGLPHQWDWLRQ�UDWH�RI�PRGHO�HPXOVLRQ�PDGHE\�)HVRO����LQ�SUHVHQFH�RI�KHDY\�PHWDOV�LRQV��&X��=QDQG�&G��LQ�FRQFHQWUDWLRQV�RI�RQH��ILYH��WHQ�DQG�WZHQW\WLPHV�PRUH�WKDQ�WKH�DOORZHG�OLPLWV

�����• ��3(71,A.(�69(6.(��� '(2�,,



¬ +HPLMVNRP�REUDGRP�YRGHQLK�HPXO]LMD�SRUHG
XNODQMDQMD�RUJDQVNRJ�]DJD_HQMD��HILNDVQR�VH
XNODQMDMX�MRQL�EDNUD�L�FLQND�L�NDGD�VX�QMLKRYH
NRQFHQWUDFLMH����SXWD�YH`H�RG�0'.�YUHG�
QRVWL��-RQL�FLQND�VH�HILNDVQR�XNODQMDMX�aDN�L
GR������GRN�VH�MRQL�EDNUD�XNODQMDMX�GR����
NDGD�HPXO]LMD�VDGUCL����SXWD�YH`H�NRQFHQ�
WUDFLMH�RG�QMLKRYLK�0'.�YUHGQRVWL�

¬ +HPLMVNRP�REUDGRP�YRGHQLK�HPXO]LMD�VDPR
JYRC_H�,,,��KORULGRP��EH]�GRGDWND�KLGUDWL�
VDQRJ�NUHaD��SUL�VYLP�S+�YUHGQRVWLPD�VWYDUD
VH�VXVSHQ]LMD�IORNXOLVDQLK�aHVWLFD�NRMH�OHEGH
XQXWDU�WHaQRVWL��

¬ 3RYH`DQMHP�S+�XEU]DYD�VH�ELVWUHQMH�L�VNUD`XMH
VH�YUHPH�WUDMDQMD�ELVWUHQMD�SRVOH�KHPLMVNH
REUDGH�JYRC_H�,,,��KORULGRP�L�KLGUDWLVDQLP
NUHaRP�

¬ 3RYH`DQMH�NRQFHQWUDFLMH�PHWDOQLK�MRQD�X
HPXO]LML�XVSRUDYD�ELVWUHQMH�VXVSHQ]LMD�IORNX�
OLVDQLK�aHVWLFD��

/LWHUDWXUD
&KHUHPLVLQRII�1�3��������+DQGERRN�RI�:DWHUDQG�:DVWHZDWHU�7UHDWPHQW�7HFKQRORJLHV��%RVWRQ�%LWWHUZRUWK�DQG�+HLQHPDQQ��SS�������
?RU_HYL`��'��������2SWLPL]DFLMD�KHPLMVNRJSUHaL^`DYDQMD�RWSDGQH�YRGHQH�HPXO]LMH�L]�SURFHVDREUDGH�RERMHQLK�PHWDOD��'LSORPVNL�UDG�8QLYHU]LWHW�X�1L^X��7HKQROR^NL�IDNXOWHW�X/HVNRYFX��
)UHVHQLXV�:���6FKQHLGHU�:���%RHKHQNH�%��3RHSSLQJKDXV�.��������:DVWH�:DWHU�7HFKQRORJ\�2ULJLQ�&ROOHFLRQ��7UHDWPHQW�DQG�$QDO\VLV�RI:DVWH�:DWHU��%HUOLQ��6SULQJHU
.XXVLN�5���9LLVLPDD�/��������$�QHZ�GXDOFRDJXODQW�IRU�ZDWHU�SXULILFDWLRQ��:DWHU�5HVHDUFK��������������
/MXELVDYOMHYL`�'���?XNL`�$���%DEL`�%�������3UHaL^`DYDQMH�RSWDGQLK�YRGD��%HRJUDG�*UD_HYLQVNL�IDNXOWHW
3RaHN�%��������9RGD�]D�SL`H��%HRJUDG��6DYH]QL]DYRG�]D�]GUDYVWYHQX�]D^WLWX
9HOMNRYL`�9���.RYDaHYL`�9���/D]L`�0���6DYL`�'��6NDOD�'��������7UHDWPHQW�RI�XVHG�RLO�LQ�ZDWHUHPXOVLRQV�IURP�D�QRQ�IHUURXV�PHWDOZRUNLQJ�SODQW�,,�5HJLRQDO�6LPSRVLXP�¯&KHPLVWU\�DQG(QYLURQPHQW¯�¬�3URFHHGLQJV��.UX^HYDF��SS����������

0LOHQD�3HWURYL`
2SWLPL]DWLRQ�RI�:DVWH�0HWDO�:RUNLQJ
)OXLGV�7UHDWPHQW

2LO\�ZDVWHZDWHU�JHQHUDWHG�E\�YDULRXV�LQGXVWULHV
DQG�VXEVHTXHQWO\�GLVFKDUJHG�LQWR�WKH�QDWXUDO�HQYL�
URQPHQW�FUHDWHV�D�PDMRU�HFRORJLFDO�SUREOHP�WKURXJK�
RXW� WKH� ZRUOG�� 7KLV� ZDVWHZDWHU� RFFXUV� PRVW
IUHTXHQWO\�LQ�D�IRUP�RI�RLO�LQ�ZDWHU�HPXOVLRQ��$�SDU�
WLFXODUO\�VWDEOH�HPXOVLRQ�LV�JHQHUDWHG�E\�WKH�PHWDO�
ILQLVKLQJ� RU� PHWDOZRUNLQJ� LQGXVWU\� GXULQJ
PHFKDQLFDO�RSHUDWLRQV�VXFK�DV�JULQGLQJ��UROOLQJ��DO�
NDOLQH�GHJUHDVLQJ�DQG�WUDQVSRUWDWLRQ��2LO\�ZDVWHZD�
WHU�LV�FKDUDFWHUL]HG�E\�D�FRPSOH[�FRPSRVLWLRQ
EHFDXVH�LW�PD\�FRQWDLQ�RLO��PLQHUDO��YHJHWDEOH�RU
V\QWKHWLF���IDWW\�DFLGV��HPXOVLILHUV��FRUURVLRQ�LQKLEL�
WRUV��EDFWHULFLGHV�DQG�RWKHU�FKHPLFDOV��7KH�WUDGL�
WLRQDO�PHWKRGV�IRU�WKH�VHSDUDWLRQ�RI�RLO�HPXOVLRQ�FDQ
EH�FODVVLILHG�DV�FKHPLFDO��PHFKDQLFDO�DQG�WKHUPDO�
7KH�FKHPLFDO�PHWKRGV�DUH�XVHG�PRVW�RIWHQ�DQG�WKH\
DUH�SULPDULO\�EDVHG�RQ�WKH�EUHDNDJH�RI�ZDVWH�RLO�LQ�
ZDWHU�HPXOVLRQ�E\�WKH�FRPELQHG�HIIHFWV�RI�FRDJXODQW
�DOXPLQLXP�VXOSKDWH��LURQ�,,,��FKORULGH��HWF���DQG
OLPH��XVHG�DV�D�EDVH�DQG�SUHFLSLWDWLRQ�DJHQW�

7KH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�GHYHORS�D�WHFK�
QRORJ\�IRU�WUHDWLQJ�WKH�ZDVWH�RLO�LQ�ZDWHU�HPXOVLRQ
IURP�QRQ�IHUURXV�PHWDO�SURFHVVLQJ�SODQW��7KH�WHFK�
QRORJ\�ZDV�GHYHORSHG�RQ�WKH�ODERUDWRU\�OHYHO�XVLQJ
PRGHO�HPXOVLRQ�SUHSDUHG�IURP�PLQHUDO�RLO�)(62/
����)$0��.UX^HYDF��DQG�GLVWLOOHG�ZDWHU��7KH�HPXO�
VLRQ�ZDV�WUHDWHG�E\�LURQ�,,,��FKORULGH�RQ�GLIIHUHQW�S+
YDOXHV�����������������(IILFLHQF\�RI�WKH�FKHPLFDO
WUHDWPHQW�ZDV�PHDVXUHG�E\�FKHPLFDO�R[\JHQ�GH�
PDQG��&2'��XVLQJ�SRWDVVLXP�SHUPDQJDQWH�DV�WKH
R[LGL]LQJ�DJHQW��7KH�HIIHFW�RI�FDOFLXP�LRQ�ZDV�DOVR
LQYHVWLJDWHG��2Q�WKH�EDVHV�RI�LQYHVWLJDWHG�UHVXOWV�WKH
RSWLPXP�FKHPLFDO�WUHDWPHQW�PHWKRG�E\�LURQ�,,,��
FKORULGH�ZDV�GHILQHG��)RU�WKH�RSWLPXP�ZDVWH�RLO�LQ�
ZDWHU�HPXOVLRQ�FKHPLFDO�WUHDWPHQW�LW�LV�QHFHVVDU\�WR
DGG�WKH�LURQ�,,,��FKORULGH�LQ�D�FRQFHQWUDWLRQ�RI����
PPRO�GP���OLPH�LQ�FRQFHQWUDWLRQ�RI�����PPRO�GP�
DQG�VWURQJ�EDVLF�PHGLXP��DERXW�S+������7KH�HIIL�
FLHQF\�RI�KHDY\�PHWDO�UHPRYDO�IURP�ZDVWH�RLO
HPXOVLRQ�E\�FKHPLFDO�WUHDWPHQW�ZDV�DOVR�GHPRQ�
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VWUDWHG��0RUH�WKDQ�����RII�&X�DQG�=Q�ZHUH�UHPRYHG
IURP�WKH�HPXOVLRQ�ZKLFK�FRQWDLQHG�&X�DQG�=Q�LQ

FRQFHQWUDWLRQV�PRUH�WKDQ�WZHQW\�WLPHV�KLJKHU�WKDQ
WKH�PD[LPXP�FRQFHQWUDWLRQ�DOORZHG�E\�ODZ�
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