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7RNRP�HYROXFLMH�X�RUJDQL]PX�NLaPHQMDND�UD]YLMHQH�VX�VWUXNWXUH�NRMH

QD]LYDPR�®VLVWHPL�EDULMHUD¯ ��2YH�VWUXNWXUH�]DSUDYR�VX�`HOLMVNL�VORMHYL�VSR �

MHQL�WHVQLP�YH]DPD�^WR�RQHPRJX`DYD�VORERGQX�GLIX]LMX�KLGURVROXELOQLK

PROHNXOD��5HGCL`�HW�DO���������1D�RYDM�QDaLQ�PRJX`D�MH�VDPR�NRQWUROLVDQD

UD]PHQD�L]PH_X�WNLYD�L�SOD]PH�SD�VH�WDNR�̂ WLWH�VORCHQH�L�RVHWOMLYH�VWUXNWXUH

NDR�^WR�VX�PR]DN�L�RNR�RG�YDULMDFLMD�X�VDVWDYX�WHOHVQLK�WHaQRVWL��%DULMHUH

VH�SUHPD�JUD_L�GHOH�QD�HQGRWHOQH��NUYQR�PRCGDQD�L�NUYQR�UHWLQDOQD��L

HSLWHOQH��L]PH_X�NUYL�L�RaQH�YRGLFH�L�NUYL�L�OLNYRUD���(QGRWHOQX�EDULMHUX

SUHGVWDYOMDMX�VSHFLILaQR�JUD_HQL�NDSLODUL�PR]JD�aLMD�VH�JUD_D�X�PQRJRPH

UD]OLNXMH�RG�JUD_H�NDSLODUD�VLVWHPVNH�FLUNXODFLMH��,]PH_X�HQGRWHOQLK�`HOLMD

FHUHEUDOQLK�NDSLODUD�QH�SRVWRMH�PH_X`HOLMVNH�SRUH�YH`�VX�RQH�PH_XVREQR

VSRMHQH�WHVQLP�YH]DPD�NRMH�RQHPRJX`DYDMX�VORERGQX�GLIX]LMX�PROHNXOD

L]PH_X�`HOLMD��2NR�NDSLODUD�QDOD]H�VH�REPRWDQL�VWRSDODVWL�SURGXCHFL�DVWUR �

FLWD�NRMH�QDMYHURYDWQLMH�SUHGVWDYOMDMX�YH]X�L]PH_X�NUYL�L�HNVWUD`HOLMVNH

WHaQRVWL�PR]JD��.DNR�MH�SRYU^LQD�PHPEUDQD�HQGRWHOQLK�`HOLMD�NDSLODUD

PR]JD�PQRJR�YH`D�RG�]DSUHPLQH�X�PQRJLP�LVWUDCLYDQMLPD�HQGRWHOQH�̀ HOLMH

NDR�L�QMLKRYR�JOLMDOQR�RNUXCHQMH�SRMHGQRVWDYOMHQR�VH�SRVPDWUDMX�NDR�VHOHN �
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WLYQR�SURSXVWOMLYD�PHPEUDQD��,]PH_X�NUYL�L�RaQH�YRGLFH�EDULMHUX�JUDGL

HSLWHO�NRML�REODCH�NDSLODUH��'DZVRQ�������

3RVWRMDQMH�EDULMHUD�LPD�YHRPD�YDCQX�]D^WLWQX�XORJX�X�RUJDQL]PX��0H�

_XWLP��RYDNYR�VWDQMH�X�LVWR�YUHPH�RQHPRJX`XMH�GRSUHPDQMH�KLGURVROXELO�

QLK�OHNRYD�X�WNLYD�L�RUJDQH�NRML�VX�RGYRMHQL�VLVWHPLPD�EDULMHUD�RG�RVWDWND

RUJDQL]PD��7DNR�GDQDV�SRVWRML�QL]�OHNRYD�NRML�]ERJ�QHPRJX`QRVWL�SURODVND

NUR]�ELROR^NH�EDULMHUH�QH�PRJX�LPDWL�WHUDSLMVNX�SULPHQX�X�OHaHQMX�PDOLJ�

QLWHWD�QHUYQRJ�VLVWHPD��-HGDQD�RG�PRJX`QRVWL�GD�VH�OHNRYL�LSDN�GRSUHPH

GR�FLOMQRJ�WNLYD�MH�GD�VH�EDULMHUH�]D�PRPHQDW�®RWYRUH¯ ��2WYDUDQMH�EDULMHUD�

SUH�VYLK�NUYQR�PRCGDQH�EDULMHUH��PRJX`H�MH�PHKDQLaNLP�SXWHP�LOL�KHPL�

MVNLP�SXWHP��0HKDQLaNR�RWYDUDQMH�SRVWLCH�VH�SRYH`DQMHP�RVPRWVNH�VLOH

NRMD�GHOXMH�QD�NDSLODUH�L�]D�NUDWNR�YUHPH�UD]PLaH�WHVQH�YH]H�PH_X�HQ�

GRWHOQLP�`HOLMDPD�

8�RYRP�HNVSHULPHQWX�NRUL^`HQ�MH�PDQLWRO�NDR�RVPRWVNL�DNWLYQD�VXS�

VWDQFD��0ROHNXO�PDQLWROD�QH�PRCH�GD�SUR_H�L]�NUYL�X�PR]DN�SR^WR�]D�RYDM

SROLKLGURNVLOQL�DONRKRO�QH�SRVWRMH�RSLVDQL�PHKDQL]PL�WUDQVSRUWD��0H_XWLP�

SRYH`DQMH�NRQFHQWUDFLMH�PDQLWROD�X�NDSLODULPD�GRYRGL�GR�SRYODaHQMD�YRGH

L]�HQGRWHOQLK�`HOLMD�X�NDSLODUH�L�SRYH`DYD�RVPRWVNX�VLOX�NRMD�GHOXMH�QD�ND�

SLODU��8�MHGQRP�PRPHQWX�RYD�VLOD�MH�GRYROMQD�GD�UDVNLQH�WHVQH�YH]H�NRMH

SRVWRMH�L]PH_X�HQGRWHOQLK�`HOLMD��L�RPRJX`L�QHNRQWUROLVDQ�SUHOD]DN�PROH�

NXOD�L]�NUYL�X�PR]DN�X�WRNX�NUD`HJ�YUHPHQVNRJ�SHULRGD��GR����PLQ���=ERJ

WRJD�VPR�VPDWUDOL�YDCQLP�GD�VH�SRUHGH�HIHNWL�UDVWX`LK�NRQFHQWUDFLMD�PDQL�

WROD�QD�GYH�EDULMHUH�SDUDOHOQR��MHGQX�HSLWHOQX��L]PH_X�NUYL�L�RaQH�YRGLFH�

L�MHGQX�HQGRWHOQX��NUYQR�PRCGDQX��

&LOM�UDGD�MH�GD�VH�XVWDQRYL�NRMD�NRQFHQWUDFLMD�PDQLWROD�GRYRGL�GR

RWYDUDQMD�NUYQR�PRCGDQH��.0%��L�EDULMHUH�L]PH_X�NUYL�L�RaQH�YRGLFH�

0DWHULMDO�L�PHWRGH

(NVSHULPHQW�MH�UD_HQ�QD����]DPRUaL`D�NRML�VX�SRGHOMHQL�X�JUXSH��

���NRQWUROQD�JUXSD�¬�SHUIX]LRQL�UDVWYRU�EH]�PDQLWROD

���JUXSD�,�¬�SHUIX]LRQL�UDVWYRU�VD����PDQLWROD

���JUXSD�,,�¬�SHUIX]LRQL�UDVWYRU�VD�����PDQLWROD

���JUXSD�,,,�¬�SHUIX]LRQL�UDVWYRU�VD�����PDQLWROD

.DR�RVQRYQL�SRVWXSDN�X�UDGX�SULPHQMHQD�MH�WHKQLND�SHUIX]LMH�JODYH

]DPRUaL`D�LQ�VLWX��=DPRUaL`L�VX�DQHVWH]LUDQL��D�]DWLP�LP�MH�KLUXU^NL�RWYR�
UHQD�YUDWQD�ORCD�L�SUHSDULVDQL�NUYQL�VXGRYL��8�GHVQX�NDURWLGQX�DUWHULMX

XEDaHQD�MH�NDQLOD�SRYH]DQD�VD�VLVWHPRP�]D�SHUIX]LMX��8�WUHQXWNX�SRaHWND

SHUIX]LMH�OHYD�DUWHULMD�VH�SRGYH]XMH��D�REH�MXJXODUQH�YHQH�SUHVHFDMX��1D�WDM

QDaLQ�RPRJX`HQR�MH�SULVXVWYR�VDPR�SHUIX]LRQRJ�PHGLMXPD�X�NDSLODULPD

PR]JD��3HUIX]LRQL�UDVWYRU�MH�RVLP�VWDQGDUGQLK�VDVWRMDND�VDGUCDR�L�JRYH_L

VHUXPVNL�DOEXPLQ�NRQFHQWUDFLMH����J�/��3HUIX]LMD�MH�WUDMDOD�VHGDP�PLQXWD�
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8�WRNX�SUYRJ�PLQXWD�SHUIXQGRYDQ�MH�VDP�SHUIX]LRQL�UDVWYRU�GD�EL�VH�LV�

SUDOD�NUY�L]�NDSLODUD��=DWLP�MH�X�QMHJD�SHW�PLQXWD�XYR_HQD�ERMD�WU\SDQ�SOD�

YR�VSRULP�XEUL]JDYDQMHP�^SULFHP��0ROHNXOL�ERMH�QH�PRJX�GD�SUR_X�NUR]

EDULMHUX�NRMD�QRUPDOQR�IXQNFLRQL^H��0H_XWLP��NDGD�EDULMHUD�EXGH�PHKDQL�

aNL�SURELMHQD�RVPRWVNLP�SULWLVNRP�NRML�LQGXNXMH�PDQLWRO�GROD]L�GR�SUHOD�

VND�ERMH�X�PRCGDQR�WNLYR��RPRJX`XMX`L�WDNR�PDNURVNRSVNR�SRVPDWUDQMH

RWSRUQRVWL�EDULMHUH��QD�RVQRYX�RERMHQRVWL�PRCGDQRJ�WNLYD���8�WRNX�SRVOHG�

QMHJ�PLQXWD�JODYD�MH�SRQRYR�SHUIXQGRYDQD�SUYRELWQLP�UDVWYRURP�NRML�LPD

XORJX�GD�LVSHUH�ERMX�L]�NDSLODUD�NDNR�RQD�QH�EL�VWYRULOD�ODCQX�VOLNX�SUREL�

MHQH�EDULMHUH��2�RWSRUQRVWL�EDULMHUH�L]PH_X�NUYL�L�RaQH�YRGLFH�]DNOMXaLYDQR

MH�QD�RVQRYX�NROLaLQH�SURWHLQD�NRMD�MH�SUH^OD�L]�SHUIX]LRQRJ�PHGLMXPD�X

RaQX�YRGLFX��.ROLaLQD�SURWHLQD�RGUH_LYDQD�MH�ELXUHWVNRP�PHWRGRP�X]

VWDQGDUGQL�UDVWYRU�JRYH_HJ�VHUXPVNRJ�DOEXPLQD��5DNL`�L�-DSXQGCL`�������

5H]XOWDWL�

0HUD�RaXYDQRVWL�LQWHJULWHWD�NUYQR�PRCGDQH�EDULMHUH�MH�GD�PR]DN�SR

]DYU^HQRP�HNVSHULPHQWX�RVWDQH�QHRERMHQ��2ERMHQRVW�WNLYD�MH�]QDN�GD�VX

YH]H�PH_X�HQGRWHOQLP�`HOLMDPD�SUHNLQXWH�L�GD�MH�ERMD�X^OD�X�WNLYR�

1D�VOLFL���YLGL�VH�PR]DN�]DPRUaL`D�L]�NRQWUROQH�JUXSH��0R]DN�MH

QHRERMHQ��^WR�]QDaL�GD�.0%�QRUPDOQR�IXQNFLRQL^H�QH�SURSX^WDMX`L

PROHNXOH�ERMH�

1D�VOLFL���SULND]DQL�VX�PR]JRYL�]DPRUDFD�SHUIXQGRYDQL�UD]OLaLWLP

NRQFHQWUDFLMDPD�PDQLWROD��.RQFHQWUDFLMH�PDQLWROD�RG����L�����GRYHOH�VX

GR�YHRPD�PDORJ�L�UHJLRQDOQRJ�SUHERMHQMD�WNLYD��'R�PDVRYQRJ�RERMHQMD

PRCGDQRJ�WNLYD��NRMH�SRWYU_XMH�GD�VX�WHVQH�YH]H�L]PH_X�HQGRWHOQLK�`HOLMD

NDSLODUD�]DLVWD�UDVNLQXWH�GR^OR�MH�NRG�JUXSH�aLMD�MH�JODYD�SHUIXQGRYDQD

UDWYRURP�����PDQLWROD�

6OLND���
0R]DN�]DPRUaL`D�L]
NRQWUROQH�JUXSH�

)LJXUH���
%UDLQ�RI�JXLQHD�SLJ
LQ�FRQWURO�JURXS�
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.ROLaLQD�SURWHLQD�X�RaQRM�YRGLFL�SURJUHVLYQR�VH�XYH`DYDOD�VUD]PHUQR

VD�SRYH`DQMHP�NRQFHQWUDFLMH�PDQLWROD�X�SHUIX]LRQRP�PHGLMXPX��WDEHOD����

7DEHOD����.RQFHQWUDFLMH�SURWHLQD�X�RaQRM�YRGLFL

*UXSD .RQFHQWUDFLMD�SURWHLQD�[J�/]
VUHGQMD�YUHGQRVW VWDQGDUGQD�GHYLMDFLMD

NRQWUROD ��� ���

, ��� ���

,, ��� ���

,,, ���� ���

8VWDQRYOMHQR�MH�VWDWLVWLaNL�YDCQR�SRYH`DQMH�NRQFHQWUDFLMH�SURWHLQD�X

RaQRM�YRGLFL�VYDNH�RG�JUXSD�X�RGQRVX�QD�NRQWUROQX��NDR�L�NRG�GUXJH�JUXSH

X�RGQRVX�QD�SUYX��8�WUH`RM�JUXSL�QLMH�]DEHOHCHQD�VWDWLVWLaNL�]QDaDMQD�SUR�

PHQD�X�NRQFHQWUDFLML�SURWHLQD�X�RGQRVX�QD�YUHGQRVWL�L]PHUHQH�X�GUXJRM

6OLND���
0R]DN�]DPRUaL`D
SHUIXQGRYDQRJ
UDVWYRURP�VD�
,�¬����PDQLWROD�
,,�¬�����PDQLWROD
,,,�¬�����PDQLWROD�

)LJXUH���
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DIWHU�SHUIXVLRQ�E\
,�¬���
,,�¬����
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PDQLWRO�FRQFHQWUDWLRQ
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JUXSL��XND]XMX`L�QD�WR�GD�MH�GR�SURELMDQMD�EDULMHUH�GR^OR�YH`�SUL�����WQRM

NRQFHQWUDFLML�PDQLWROD�L�GD�GDOMH�SRYL^DYDQMH�QMHJRYH�NRQFHQWUDFLMH�X�SHU�

IX]LRQRP�PHGLMXPX�]QDWQR�QH�XWLaH�QD�SURPHQX�X�NROLaLQL�SURWHLQD�GHWHN�

WRYDQX�X�RaQRM�YRGLFL��

'LVNXVLMD�L�]DNOMXaDN

'RELMHQL�UH]XOWDWL�SRND]XMX�GD�VX�EDULMHUH�NRMH�SRVWRMH�L]PH_X�NUYL�L

PR]JD�L�NUYL�L�RaQH�YRGLFH�UD]OLaLWR�RWSRUQH�QD�PHKDQLaNL�SULWLVDN�L]D]YDQ

RVPRWVNL�DNWLYQLP�PDQLWRORP��.UYQR�PRCGDQD�EDULMHUD�SRND]DOD�VH�NDR�RW�

SRUQLMD�¬�RERMHQMH�MH�GHWHNWRYDQR�SUL�NRQFHQWUDFLML�RG�����PDQLWROD��]D

UD]OLNX�RG�EDULMHUH�L]PH_X�NUYL�L�RaQH�YRGLFH�JGH�MH�SUHOD]DN�SURWHLQD�L]

SHUIX]LRQRJ�UDVWYRUD�]DSDCHQ�YH`�SUL�SHUIX]LML����WQLP�PDQLWRORP��7DNR_H

MH�XRaHQD�GLUHNWQR�SURSRUFLRQDODQD�]DYLVQRVW�L]PH_X�NRQFHQWUDFLMH�SURWH�

LQD�X�RaQRM�YRGLFL�L�NRQFHQWUDFLMH�PDQLWROD�GR������3UL�RYRM�NRQFHQWUDFLML

EDULMHUD�MH�SURELMHQD�WDNR�GD�GDOMH�SRYH`DQMH�NRQFHQWUDFLMH�UDVWYRUD��QD

�����QH�GRYRGL�GR�VWDWLVWaNL�]QDaDMQRJ�SRYH`DQMD�NRQFHQWUDFLMH�SURWHLQD�

2YDNYR�VWDQMH�PRCH�VH�REMDVQLWL�UD]OLNRP�X�JUD_L�L]PH_X�RYD�GYD�WLSD

EDULMHUH��'DZVRQ�HW�DO���������.UYQR�PRCGDQD�EDULMHUD�MH�aYU^`H�JUD_HQD

VWUXNWXUD��NRMD�LPD�RVQRYQX�XORJX�X�UHVWULNFLML�SUROD]D�VXSVWDQFL�L]�NUYL�X

PR]DN��/XPHQ�NDSLODUD�QDOD]L�VH�X�VUHGLQL�HQGRWHOQH�`HOLMH��NDR�RWYRU�QD

SUVWHQX��L�FHOD�VWUXNWXUD�MH�PQRJR�RWSRUQLMD�QD�PHKDQLaNH�SULWLVNH��(SLWH�

OQH�EDULMHUH�LPDMX�PQRJR�PDQMX�SRYU^LQX�NRQWDNWD�PH_X�`HOLMDPD��SD�MH�L

RWSRUQRVW�WHVQLK�YH]D�L]PH_X�QMLK�PQRJR�PDQMD�

,]�GRELMHQLK�UH]XOWDWD�PRCH�GD�VH�]DNOMXaL�VOHGH`H�

¬ 8�WRNX�SHUIX]LMH�PR]JD�]DPRUFD�LQ�VLWX�UDVWYRURP�UD]OLaLWLK�NRQ�
FHQWUDFLMD�PDQLWROD�SRND]DOR�VH�GD�VX�.0%�L�EDULMHUD�L]PH_X�NUYL

L�RaQH�YRGLFH�UD]OLaLWR�RWSRUQH�QD�SRYL^HQH�NRQFHQWUDFLMH�PDQLWROD

NDR�RVPRWVNL�DNWLYQH�VXSVWDQFH��

¬ .0%�MH�RWSRUQLMD�QD�PHKDQLaNL�SULWLVDN�L�RVWYDUD�VH�SUL�NRQFHQ�

WUDFLML�RG�����PDQLWROD�RPRJX`XMX`L�SUHOD]DN�PROHNXOD�WU\SDQ

SODYR�L]�SHUIX]LRQRJ�PHGLMXPD�X�PR]DN�^WR�GRYRGL�GR�MDNRJ�RER�

MHQMD�PRCGDQRJ�WNLYD��%DULMHUD�L]PH_X�NUYL�L�RaQH�YRGLFH�RWYDUD�VH

SRVWHSHQR�SRaHY^L�RG����WQH�NRQFHQWUDFLMH��GRN�VD�GDOMLP

SRYH`DQMHP�NRQFHQWUDFLMH�PDQLWROD�GROD]L�GR�SUHODVND�VYH�YH`H

NROLaLQH�SURWHLQD�L]�SHUIX]DWD��

/LWHUDWXUD

'DZVRQ��+��������3K\VLRORJ\�RI�WKH�H\H��/RQGRQ��7KH�0DF�0LOODQ

'DZVRQ��+���5DNL`��/M���=ORNRYL`��%���6HJDO��0��������,QWURGXFWLRQ�WR
WKH�EORRG�EDUULHU��/RQGRQ��7KH�0DF�0LOODQ
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5DNL`��/M���-DSXQGCL`��-��������%LRKHPLMD��3ULUXaQLN�]D�SUDNWLaQX�QDVWDYX
L�ODERUDWRULMVNH�DQDOL]H��%HRJUDG��6OXCEHQL�OLVW�

5HGCL`��=��%���HW�DO��������7KH�FKDUDFWHULVWLF�RI�QXFOHRVLGH�WUDQVSRUW
WKURXJKEDVRODWHUDO�VLGH�RI�SHUIXVHG�VKHHS�FKRURLG�SOH[XV�DQG�WKH�HIIHFWV
RI�QR�V\QWKD]HV�LQKLELWLRQ�RQ�WKLV�SURFFHV��%UDLQ�UHVHDUFK��������������

6DQMD�%LOELMD��,YR�.RYDaHYL`��6ORERGDQ�2EUHQRYL`

&RPSDULVRQ�RI�*XLQHD�3LJ±V�%ORRG�EUDLQ�DQG

%ORRG�H\HKXPRU�%DUULHU�5HVLVWDQFH�WR�2VPRWLF�3UHVVXUH

,Q��WKLV�H[SHULPHQW��WKH�UHVLVWDQFH�RI�JXLQHD�SLJ±V�EORRG�EUDLQ��DQG

EORRG�H\HKXPRU�EDUULHU�WR�WKH�RVPRWLF�SUHVVXUH�RI�PDQLWRO�ZHUH�H[DPLQHG

DQG�FRPSDUHG��7KH�WHFKQLTXH�RI�KHDG�SHUIXVLRQ� LQ�VLWX�ZDV�DSSOLHG�DV�D
EDVLF�SURFHGXUH�LQ�WKLV�H[SHULPHQWDO�ZRUN��%ORRG�EUDLQ�EDUULHU�WXUQHG�RXW

WR�EH�PRUH�UHVLVWDQW�WR�WKH�PHFKDQLFDO�SUHVVXUH�WKHQ�EDUULHU�EHWZHHQ�EORRG

DQG�H\HKXPRU�DQG�LW�ZDV�SHQHWUDWHG�DW�WKH�����PDQLWRO�FRQFHQWUDWLRQ��,W

HQDEOHG�WKH�WU\SDQ�EOXH�FRORXU�WR�HQWHU�WKH�EUDLQ�WLVVXH�IURP�SHUIXVLRQ�PH �

GLXP��'XH�WR�WKLV�EUDLQ�WLVVXH�ZDV�VWURQJO\�FRORXUHG�

%ORRG�H\HKXPRU�EDUULHU�ZDV�JUDGXDOO\�SHQHWUDWHG�VWDUWLQJ�ZLWK���

FRQFHQWUDWLRQ��)XUWKHU�LQFUHDVPHQW�RI�PDQLWRO�FRQFHQWUDWLRQ�OHG�WR�WUDQVIHU

RI�HYHQ�JUHDWHU�DPRXQWV�RI�SURWHLQV�IURP�SHUIXVLQ�VROXWLQ�
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