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3LJPHQWL�Y�GHYLÈNHP�ROMßQHP�ROMX� L]YLUDMR� L]NOMXßQR� L]�ROMN� DOL� SD�QDVWDQHMR�PHG�HNVWUDNFLMR� LQ� VKUDQMHYDQMHP
ROMD��1D�SRGODJL� VHVWDYH�SLJPHQWRY� ODKNR� VNOHSDPR�QD�PRUHELWQH�SRWYRUEH�ROMD� LQ� UD]OLNXMHPR�PHG�ROML� UD]OLßQLK
VRUW��.DURWHQRLGH�Y�ROMßQLK�ROMLK�ODKNR�GRORßDPR�V�VSHNWURVNRSVNLPL�LQ�NURPDWRJUDIVNLPL�PHWRGDPL��.DURWHQRLGL�VR
XßLQNRYLWL� DQWLRNVLGDQWL�� NL� SD� ODKNR� Y� GRORßHQLK� UD]PHUDK� GHOXMHMR� WXGL� NRW� SURRNVLGDQWL�� 6R� XßLQNRYLWL� GXÈLOFL
VLQJOHWQHJD�NLVLND��GHOXMHMR�NRW�VYHWOREQL�ILOWHU�LQ�RGVWUDQMXMHMR�SURVWH�UDGLNDOH��1HNDWHUL�NDURWHQRLGL�VR�SURYLWDPLQL�$�
PRUGD�SD�LPDMR�WXGL�SUHYHQWLYQL�XßLQHN�SUL�NDUGLRYDVNXODUQLK�LQ�UDNDVWLK�REROHQMLK�

.OMXÞQH�EHVHGH��ROMáQR�ROMH��NDURWHQRLGL��DQWLRNVLGDQWL
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,� SLJPHQWL� QHOO¢ROLR� YHUJLQH� G¢ROLYD� RULJLQDQR� HVFOXVLYDPHQWH� GDOOH� ROLYH� R� YHQJRQR� D� IRUPDUVL� GXUDQWH
O¢HVWUD]LRQH� H� OD� FRQVHUYD]LRQH� GHOO¢ROLR�� ,Q� EDVH� DOOD� FRPSRVL]LRQH� GHL� SLJPHQWL� VL� SXw� ULVDOLUH� DG� HYHQWXDOL
FRQWUDIID]LRQL�GHOO¢ROLR� H�GLVWLQJXHUH� IUD�ROLL� GL� GLYHUVL� FXOWLYDU�� ,� FDURWHQRLGL� QHOO¢ROLR� G¢ROLYD� YHQJRQR�GHWHUPLQDWL
FRQ�PHWRGL� VSHWWURVFRSLFL� H� FURPDWRJUDILFL�� ,� FDURWHQRLGL� VRQR� HIILFDFL� DQWLRVVLGDQWL�� FKH� LQ� FRQGL]LRQL� SDUWLFRODUL
IXQJRQR� DQFKH� GD� SURRVVLGDQWL�� 6RQR� HIILFDFL� VRIIRFDWRUL� GL� RVVLJHQR� VLQJROHWWR�� IXQJRQR� GD� ILOWUR� OXPLQRVR� HG
HOLPLQDQR�L�UDGLFDOL�OLEHUL��$OFXQL�FDURWHQRLGL�VRQR�SURYLWDPLQH�$�H�VL�VXSSRQH�DEELDPR�DQFKH�XQ¢D]LRQH�SUHYHQWLYD
VX�PDODWWLH�FDUGLYDVFRODUL�H�WXPRUDOL�

3DUROH�FKLDYH��ROLR�G¤ROLYD��FDURWHQRLGL��DQWLRVVLGDQWL
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.DURWHQRLGL� VR� LQWHQ]LYQR� REDUYDQH� Y� OLSLGLK� WRSQH
VSRMLQH��'RVOHM� MH� ELOR� L]ROLUDQLK� ÌH� SUHN� ���� UD]OLáQLK
NDURWHQRLGRY� �$I]DO� HW� DO��� ������ (O�$JDPH\� HW� DO��
�������1DUDYQH� NDURWHQRLGH� VR� QDÊOL� Y� IRWRVLQWHWVNLK� LQ
QHIRWRVLQWHWVNLK� RUJDQL]PLK�� Y� UDVWOLQDK�� DOJDK�� JOLYDK�
EDNWHULMDK� LQ� ÌLYDOLK� �6X�HW� DO��� �������9� áORYHNX� VR� MLK
GRVOHM�QDÊOL� OH�QHNDM� �SULEOLÌQR������7R�VR�SUHGYVHP�ND�
URWHQRLGL��NL�MLK�]DXÌLMHPR�V�KUDQR��LQ�QMLKRYL�PHWDEROLWL
�RJOMLNRYRGLNL�� OLNRSHQ��.�NDURWHQ� LQ���NDURWHQ� WHU� NVDQ�
WRILOL�� OXWHLQ�� DVWDNVDQWLQ��NDQWDNVDQWLQ�� ]HDNVDQWLQ�� NULS�
WRNVDQWLQ�� �6X� HW� DO��� ������ (O�$JDPH\� HW� DO��� ������
ËLYDOVND� WNLYD� QH� PRUHMR� VLQWHWL]LUDWL� NORURILORY� LQ� ND�
URWHQRLGRY�� ODKNR�SD� MLK� ÌLYDOVNH�FHOLFH�PRGLILFLUDMR� LQ
DVLPLOLUDMR��*LXIIULGD�HW�DO���������

.DURWHQRLGH�GHOLPR�QD�NDURWHQH��NL�VR�RJOMLNRYRGLNL�
LQ� NVDQWRILOH�� NL� LPDMR� QD� HQHP�DOL� REHK� NRQFLK�PROH�
NXOH� KLGURNVLOQR� LQ�DOL� NDUERQLOQR� VNXSLQR�� 3ROLHQVND
VWUXNWXUD�LQ�GUXJH�VWUXNWXUQH�ODVWQRVWL�GHILQLUDMR�ODVWQRVWL
VSRMLQ� �QSU�� UHGRNV� SRWHQFLDO�� SD� WXGL� ORNDFLMR� LQ� RUL�
HQWDFLMR� NDURWHQRLGRY� Y� OLSLGQHP� GYRVORMX� Y� ELRORÊNLK
RNROMLK�� .DURWHQRLGL� Y� GYRVORMX� ODKNR� VSUHPHQLMR� IOXLG�
QRVW� LQ�SUHSXVWQRVW�PHPEUDQH� �(O�$JDPH\�HW�DO��� �����
6FRWWHU�	�&DVWOH��������

(GHQ�QDMSRPHPEQHMÊLK�NDURWHQRLGRY�Y�SUHKUDQL�MH���
NDURWHQ�� 'RND]DQR� MH� ELOR�� GD� VRGHOXMH� SUL� LPXQVNHP
GHORYDQMX� LQ� YDUXMH� FHOLFH� SUHG� PXWDFLMDPL� LQ� QHQRU�
PDOQR� UDVWMR� �$I]DO���������9�QDUDYL� VH���NDURWHQ� ODKNR
SRMDYOMD�NRW�]PHV�UD]OLáQLK�L]RPHURY��WUDQV����FLV����FLV�
���FLV�� ���FLV�� ���FLV�� GL�FLV��� &LV�L]RPHUL� ��NDURWHQD
LPDMR� SUHFHM� QLÌMR� DNWLYQRVW� SURYLWDPLQD� $� NRW� WUDQV�
L]RPHU�� QH� YHPR� SD� ÊH�� NDNR� L]RPHUL]DFLMD� YSOLYD� QD
DQWLRNVLGDFLMVNR� VSRVREQRVW� LQ� VSRVREQRVW� ]D� GXÊHQMH
VLQJOHWQHJD�NLVLND��6�VWDOLÊáD�SUHKUDQH�MH�WRUHM�SRPHPE�
QR� GRORáLWL� NROLáLQR� WUDQV�L]RPHUD� ��NDURWHQD� �/XWHURWWL
HW�DO���������

/XWHLQ� MH� GHULYDW� .�NDURWHQD� ]� GYHPD� UD]OLáQLPD
LRQRQVNLPD�REURáHPD�����LQ�0�REURá��6XEDJLR�	�0RULWD�
������

%LRORÇNL�SRPHQ�NDURWHQRLGRY

9� WHOHVX� VH� QHNDWHUL� NDURWHQRLGL� �� SURYLWDPLQL� $
ODKNR�SUHWYRULMR�Y�YLWDPLQ�$��1DMEROM�DNWLYHQ�SURYLWDPLQ
$�MH���NDURWHQ��3ULEOLÌQR�SRORYLFR�YLWDPLQD�$�]DXÌLMHPR
V�KUDQR�ÌLYDOVNHJD�L]YRUD��GUXJR�SRORYLFR�SD�V�VDGMHP�LQ
]HOHQMDYR� SUHWHÌQR� Y� REOLNL� SURYLWDPLQD� $�� ]ODVWL� ��
NDURWHQD��,QVHO�HW�DO���������

6SORÊQR� ]QDQR� MH�� GD� MH� YLWDPLQ� $� SRPHPEHQ� ]D
]GUDY� YLG�� SRYSUHáQHPX� áORYHNX� SD� VR� PDQM� ]QDQH
QMHJRYH� GUXJH� IXQNFLMH�� LPD� SRPHPEHQ� YSOLY� QD� UDVW�
LPXQVNL� VLVWHP�� PHGFHOLáQR� NRPXQLNDFLMR� LQ� FHOLáQR
GLIHUHQFLDFLMR��RKUDQMD�]GUDYH�NRVWL��NRÌR� LQ�PHPEUDQH
VOX]QLF��6X�HW�DO���������,QVHO�HW�DO���������

ÉWHYLOQH� ÊWXGLMH�R�YSOLYX�NDURWHQRLGRY�QD�SRWHN� UD]�

OLáQLK�EROH]QL�GDMHMR�QDVSURWXMRáH�VL�UH]XOWDWH��6X�HW�DO��
������*LXIIULGD�HW�DO����������7DNR�ÊH�YHGQR�QL�MDVQR��DOL
LQ�Y�NDWHULK�RNROLÊáLQDK�NDURWHQRLGL� ÊáLWLMR�SUHG�NDUGLR�
YDVNXODUQLPL� EROH]QLPL� LQ� QHNDWHULPL� YUVWDPL� UDND�
3RURáDMR�FHOR��GD�ODKNR�XÌLYDQMH���NDURWHQD�SUL�NDGLOFLK
SRYHáD� WYHJDQMH�]D�SOMXáQHJD� UDND� �6X�HW�DO��� ������ (O�
$JDPH\�HW�DO���������

.DURWHQRLGL� VR� ODKNR�PRáQL� DQWLRNVLGDQWL� DOL� SURRN�
VLGDQWL�� 1MLKRY� DQWLRNVLGDFLMVNL� SRWHQFLDO� LQ� YLYR� MH� ÊH
SUHFHMÊQMD�QH]QDQND�

0(72'(�'2/2Ý(9$1-$

6SHNWURVNRSVNH�PHWRGH

6SHNWURVNRSVNH�PHWRGH�VR�KLWUH��SUHSURVWH�LQ�SRFHQL
PHWRGH� ]D� GRORáHYDQMH� SLJPHQWRY� Y� ROMáQHP� ROMX�
6SHNWHU� HNVWUDNWD� NDURWHQRLGQLK� SLJPHQWRY� L]� ROMáQHJD
ROMD� LPD� REOLNR� SUHYODGXMRáHJD� NDURWHQRLGD� OXWHLQD�� ]
GYHPD�DEVRUSFLMVNLPD�PDNVLPXPRPD�PHG����� LQ� ���
QP�� =D� GRORáHYDQMH� NDURWHQRLGRY� VR� L]EUDOL� YDORYQR
GROÌLQR�GUXJHJD� OXWHLQRYHJD�PDNVLPXPD� �����QP��� VDM
SUL� WHM� YDORYQL� GROÌLQL� QL� LQWHUIHUHQF� SUHYODGXMRáHJD
NORURILOQHJD�SLJPHQWD�IHRILWLQD�D��.ROLáLQR�NDURWHQRLGRY
L]UDáXQDPR�V�SRPRáMR�HNVWLQNFLMVNHJD�NRHILFLHQWD��0tQ�
JXH]�0RVTXHUD� HW� DO��� ������� /DKNR� SD� DEVRUEDQFR
PHULPR� SUL� ���� QP� LQ� NDURWHQRLGH� NYDQWLILFLUDPR� V
SRPRáMR� XPHULWYHQH� NULYXOMH�� SULSUDYOMHQH� ]� ��NDUR�
WHQRP��&DSRQLR�HW�DO���������*LXIIULGD�HW�DO���������

.URPDWRJUDIVNH�PHWRGH

6WDUHMÊH�NURPDWRJUDIVNH�PHWRGH�WHPHOMLMR�QD�NRORQVNL
DOL� WDQNRSODVWQL� NURPDWRJUDILML�� 7H� PHWRGH� LPDMR� YHá
SRPDQMNOMLYRVWL�� 3RWUHEXMHPR�YHOLNR� Y]RUFD��PHWRGH� VR
GROJRWUDMQH�� ORáOMLYRVW� MH� VODED�� NDURWHQRLGH�SD� MH� WHÌNR
NYDQWLWDWLYQR� RGVWUDQLWL� V� NURPDWRJUDIVNH� SORÊáH�� 3LJ�
PHQWH� MH� WUHED� SUHG� NURPDWRJUDILMR� HNVWUDKLUDWL� L]� ROMD�
.DURWHQRLGH� ODKNR� LGHQWLILFLUDPR� QD� SRGODJL� DGVRUS�
FLMVNLK� ODVWQRVWL� SUL� WDQNRSODVWQL� NURPDWRJUDILML� SUHG
XPLOMHQMHP�LQ�SR�QMHP��DEVRUSFLMVNLK�VSHNWURY�Y�YLGQHP
REPRáMX��DEVRUSFLMVNK�WUDNRY�Y�,5��REVWRM�IXQNFLRQDOQLK
VNXSLQ� SD� SRWUGLPR� V� IL]LNDOQR�NHPLMVNLPL� PHWRGDPL�
.YDQWLILNDFLMR� RSUDYLPR� VSHNWURVNRSVNR� �0tQJXH]�0RV�
TXHUD�HW�DO���������

8YHGED� +3/&�PHWRG� MH� SULQHVOD� ÊWHYLOQH� SUHGQRVWL�
0HWRGH� VR� SUHSURVWH�� KLWUH�� SRFHQL� �WR� MH� VLFHU� RGYLVQR
RG�GHWHNFLMH���REáXWOMLYRVW�� VSHFLILáQRVW� LQ�SUHFL]QRVW� VR
GREUH��6X�HW�DO����������8SRUDED�+3/&�PHWRG�RPRJRáD
LVWRáDVQR� GRORáLWHY� NORURILORY� LQ� NDURWHQRLGRY�� PHWRGH
VR�XSRUDEQH�]D�YVH� WLSH�UDVWOLQVNLK�ROM� �*DQGXO�5RMDV�HW
DO����������1HNDWHUH�+3/&�PHWRGH�RPRJRáDMR�LVWRáDVQR
GRORáDQMH� SLJPHQWRY� LQ� WRNRIHURORY� �3VRPLDGRX�	� 7VL�
PXGRX��������

9� XSRUDEL� VR� QHNDWHUH� +3/&�PHWRGH� ]� QRUPDOQR
ID]R��3VRPLDGRX�	�7VLPXGRX���������8SRUDED�UHYHU]QH
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ID]H� SD� SULQDÊD� GRORáHQH� SUHGQRVWL�� NRW� MH� EROMÊD� VWD�
ELOQRVW�NRORQH��SRQRYOMLYRVW�UHWHQFLMVNLK�áDVRY�LQ�KLWUHMÊH
XUDYQRWHÌHQMH�VLVWHPD��*LPHQR�HW�DO����������9HáLQRPD
VH�XSRUDEOMDMR�&���NRORQH��5RFD�HW�DO���������/XDFHV�HW
DO��� ������� 8SRUDED� EROM� KLGURIREQH� &���VWDFLRQDUQH
ID]H� QDPHVWR� RELáDMQH� &���ID]H� RPRJRáD� EROMÊH� ORáH�
YDQMH�KLGURIREQLK�VSRMLQ��NRW�VR�NDURWHQRLGL� LQ�NORURILOL�
VDM� RPRJRáD� WXGL� ORáHYDQMH� L]RPHURY� �6X�HW� DO��� �����
*LXIIULGD�HW�DO���������

'HWHNWRU� 89�9,6� ]D� PQRJH� UXWLQVNH� QDPHQH� ]DJR�
WDYOMD�GRYROM�GREUR�REáXWOMLYRVW��=�XSRUDER�GHWHNWRUMD�]
QL]RP� GLRG� �'$'�� ODKNR� LVWRáDVQR� VSUHPOMDPR� WXGL
VSHNWURVNRSVNH� SRGDWNH�� NL� VR� QDP� Y� SRPRá� SUL� GROR�
áHYDQMX� áLVWRVWL� SLND�� YáDVLK� SD� WXGL� SUL� LGHQWLILNDFLML
QH]QDQLK�VSRMLQ��'HWHNFLMD�V�VSHNWURPHWULMR�V�WHUPLáQLPL
OHáDPL� MH� ]HOR� REáXWOMLYD� ODVHUVND� IRWRWHUPLáQD� GHWHN�
FLMVND�PHWRGD�� NL� GRVHÌH� PHMR� GHWHNFLMH� UHGD� YHOLNRVWL
����SJ�P/� �6X�HW�DO��������� LQ�RPRJRáD� WXGL� ORáHYDQMH
WUDQV��LQ�FLV���NDURWHQRY��/XWHURWWL�HW�DO���������

3UHG� DQDOL]R� NDURWHQRLGRY� LQ� WRNRIHURORY� SRJRVWR
RSUDYLPR� XPLOMHQMH� Y]RUFD�� GD� RGVWUDQLPR� WULDFLOJOL�
FHUROH� LQ� NORURILOH�� 3R� XPLOMHQMX� QDM� EL� LPHOH� +3/&�
PHWRGH� EROMÊR� VSHFLILáQRVW� NRW� NRORULPHWULáQH� LQ� IOX�
RULPHWULáQH�PHWRGH��*LPHQR�HW�DO���������

=DUDGL� GROJH� YHULJH� NRQMXJLUDQLK� GYRMQLK� YH]L� VR
NDURWHQRLGL�]HOR�UHDNWLYQL���QHVWDELOQL��'D�EL�VH�L]RJQLOL
QH]DÌHOHQLP� UHDNFLMDP� NDURWHQRLGRY�� DQDOL]H� RSUDY�
OMDPR�Y� WHPL�DOL� SUL� ]HOHQL� VYHWOREL� �0tQJXH]�0RVTXHUD
HW� DO��� ������ *DQGXO�5RMDV� HW� DO��� ������� V� WHPQR
VWHNORYLQR� �*LPHQR� HW� DO��� ������� ]D� ]DÊáLWR� NDURWH�
QRLGRY� GRGDPR� DQWLRNVLGDQWH� �*LPHQR� HW� DO��� ������
àHSUDY� EL� ELOR� ]DUDGL� UHDNWLYQRVWL� NDURWHQRLGRY� EROMH
GHODWL� SUL� QLÌML� WHPSHUDWXUL� �6X� HW� DO��� ������� SD� YáDVLK
NURPDWRJUDILMR�RSUDYLPR�SUL�SRYLÊDQL�WHPSHUDWXUL�����R&
�/XDFHV�HW�DO���������DOL�FHOR�����&��*LPHQR�HW�DO���������

.$527(12,',�9�2/-.$+

'HYLÊNR�ROMáQR�ROMH�YVHEXMH�OH�SLJPHQWH��NL�REVWDMDMR
Y� ROMNDK�� LQ� QMLKRYH� GHULYDWH�� NL� QDVWDQHMR� PHG
SUHGHODYR�ROMN� LQ�NDVQHMH�PHG�VNODGLÊáHQMHP�ROMD��=DWR
MH� ]D� VHVWDYR� SLJPHQWRY� Y� ROMX� RGORáLOQD� VHVWDYD
SLJPHQWRY�Y�ROMNDK�

.DURWHQRLGL�VR�Y�YVHK�IRWRVLQWHWVNLK�WNLYLK�SRYH]DQL�V
NORURILOQLPL� SLJPHQWL� �3VRPLDGRX� 	� 7VLPLGRX�� ������
.ORURSODVWH� V� NORURILOQLPL� LQ� NDURWHQRLGQLPL� SLJPHQWL
QDMGHPR�SUHWHÌQR�Y�HSLNDUSX��Y�PDQMÊL�NROLáLQL�SD�WXGL�Y
PH]RNDUSX��5RFD�	�0tQJXH]�0RVTXHUD���������9�ROMNDK
QH�QDMGHPR�WLVWLK�GHULYDWRY�SLJPHQWRY��NL�VR�SRYH]DQL�V
NLVOLP�PHGLMHP�PHG�SULGRELYDQMHP�ROMD��IHRIRUELGL��IHR�
ILWLQL�� ����IXUDQRLG� NDURWHQRLGD� PXWDWRNVDQWLQ� LQ� OXWHR�
NVDQWLQ���*DQGXO�5RMDV�HW�DO���������

9SOLY�]UHORVWL�SORGRY

6HVWDYD� SLJPHQWRY� Y� ROMNDK� VH� PHG� GR]RUHYDQMHP

SUHFHM� VSUHPLQMD�� ]DWR� QD� SLJPHQWH� Y� ROMáQHP� ROMX
PRáQR�YSOLYD� VWRSQMD�]UHORVWL�SORGRY�� L]� NDWHULK� MH�ELOR
ROMH�SULGREOMHQR�

.ROLáLQD�NORURILOQLK�SLJPHQWRY�VH�PHG�GR]RUHYDQMHP
]PDQMÊXMH�� QHNROLNR� SRáDVQHMH� SD� VH� UD]JUDMXMHMR� WXGL
NDURWHQRLGL��.DVQHMH� VH� ]DáQHMR� WYRULWL� IHQROQL�SLJPHQWL
DQWRFLDQLQL��NL�SORGRYH�SRVWRSQR�WHPQR�REDUYDMR��*XWL�
pUUH]�HW�DO���������*DQGXO�5RMDV�HW�DO����������7XGL�]UHOL
SORGRYL�� NL� MLP�EDUYR�GDMHMR�DQWRFLDQLQL�� ÊH�YHGQR�YVH�
EXMHMR�NDURWHQRLGH�LQ�NORURILOH��+LWURVW�UD]SDGDQMD�NDUR�
WHQRLGRY� QL� NRQVWDQWQD� �5RFD� 	� 0tQJXH]�0RVTXHUD�
������

9SOLY�VRUWH

0HG�SRVDPH]QLPL� VRUWDPL�REVWDMDMR� VWDWLVWLáQR�]QD�
áLOQH�UD]OLNH�Y�YVHEQRVWL�SRVDPH]QLK�SLJPHQWRY��5RFD�	
0tQJXH]�0RVTXHUD���������1HNDWHUH� VRUWH� LPDMR�YHOLNR
SLJPHQWRY� �+RMLEODQFD�� 3LFXDO��� GUXJH� SD� PDOR� �$UEH�
TXLQD�� %ODQTXHWD�� &RUQLFDEUD�� �*DQGXO�5RMDV� HW� DO��
������5RFD�	�0tQJXH]�0RVTXHUD��������

9�ROMNDK�VH�NOMXE�YLVRNL�YVHEQRVWL�PDÊáRE�Y�SORGRYLK
NVDQWRILOL� QH�]DHVWULMR�� NDU� NDÌH�QD� WR�� GD� VH� NORURSODVWL
PHG�GR]RUHYDQMHP�SORGRY�QH�SUHWYDUMDMR�Y�NURPRSODVWH�
,]MHPD�VR�ROMNH�VRUWH�$UEHTXLQD��VDM�VR�Y�QMLK�Y�QDVSURWMX
]�GUXJLPL�VRUWDPL�QDÊOL�ILWRIOXHQ��]DHVWUHQH�NVDQWRILOH�WHU
.�NDURWHQ�LQ���NDURWHQ��*DQGXO�5RMDV�HW�DO���������

ÉSDQVND� VRUWD� ROMN� $UEHTXLQD� MH� L]MHPQD� JOHGH� VHV�
WDYH�LQ�GLQDPLNH�SLJPHQWRY��9�]JRGQML�ID]L�GR]RUHYDQMD
Y� QMHM� SRWHND� VLQWH]D� HVWURY� NVDQWRILORY�� NL� MLK� Y� GUXJLK
ÊSDQVNLK�VRUWDK�QLVR� LGHQWLILFLUDOL��'D�JUH� UHV�]D�VLQWH]R
NDURWHQRLGRY�� SRWUMXMH� WXGL� REVWRM� SUHNXU]RUMHY� NDURWH�
QRLGRY�� NRW� VWD� ILWRIOXHQ� LQ� ��NDURWHQ� �*DQGXO�5RMDV� HW
DO��� ������� 7XGL� 5RFD� LQ�0tQJXH]�0RVTXHUD� ������� VWD
LGHQWLILFLUDOD�HVWUD�YLRODNVDQWLQD�LQ�QHRNVDQWLQD�Y�ROMNDK
$UEHTXLQD��Y�ÊWLULK�GUXJLK�ÊSDQVNLK�VRUWDK�SD�QH�

6SUHPHPEH�VHVWDYH�SLJPHQWRY�Y�ROMNDK�PHG
VNODGLÇÞHQMHP

9�UHJLMDK��NL�VR�YHOLNH�SULGHORYDONH�ROMN��VR�NDSDFLWHWH
ROMDUQ�SUHPDMKQH��GD�EL�ODKNR�VSURWL�SUHGHODOL�YVH�ROMNH�
]DWR� REUDQL� SORGRYL� YáDVLK� Y� YHOLNLK� NXSLK� áDNDMR� QD
SUHGHODYR� YHá� WHGQRY�� 3RG� YSOLYRP� GHORYDQMD� OLSRNVL�
JHQD]� VH� UD]JUDGLMR� SUHGYVHP� NORURILOQL� SLJPHQWL�� Y
PDQMÊL�PHUL�SD� WXGL�NDURWHQRLGL��2PHQMHQL�SURFHVL�SUYL
WHGHQ� SRWHNDMR� KLWUR�� NDVQHMH� SD� VH� XSRáDVQLMR� �0tQ�
JXH]�0RVTXHUD�HW�DO���������

3RVDPH]QL�NDURWHQRLGL

9� ÊSDQVNLK� VRUWDK� ROMN� Y� NDURWHQRLGQL� IUDNFLML� SLJ�
PHQWRY� SUHYODGXMH� OXWHLQ�� NL� YHGQR� VHVWDYOMD� YHá� NRW
����YVHK�NDURWHQRLGRY��0HG�GR]RUHYDQMHP�VH�NRQFHQ�
WUDFLMD� OXWHLQD� ]PDQMÊXMH�� QMHJRY� GHOHÌ� SD� VH� SRYHáXMH
�5RFD�LQ�0tQJXH]�0RVTXHUD��������
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'UXJL�QDMSRPHPEQHMÊL�NDURWHQRLG�MH���NDURWHQ��NL�MH
HGLQL� L]PHG� ROMáQLK� NDURWHQRLGRY� SURYLWDPLQ� $�� 0HG
GR]RUHYDQMHP�VWD�VH�]PDQMÊHYDOD�WDNR�QMHJRYD�NRQFHQ�
WUDFLMD�NRW�GHOHÌ�Y�NDURWHQRLGQL�IUDNFLML�SLJPHQWRY��5RFD
	�0tQJXH]�0RVTXHUD��������

6NXSQD� NROLáLQD� YVHK� PLQRUQLK� NVDQWRILORY� MH� Y
PRáQR� REDUYDQLK� VRUWDK� ROMN� HQDND� DOL� FHOR� YHáMD� NRW
NROLáLQD���NDURWHQD��5RFD�	�0tQJXH]�0RVTXHUD��������
'RVOHM� VR� Y� ÊSDQVNLK� VRUWDK� ROMN� LGHQWLILFLUDOL� DQWHUDN�
VDWLQ�� QHRNVDQWLQ�� YLRODNVDQWLQ����NULSWRNVDQWLQ� LQ� OXWHLQ
HSRNVLG�� 9� $UEHTXLQL� VR� QDÊOL� WXGL� .�NDURWHQ� LQ� ��ND�
URWHQ��ILWRIOXHQ�WHU�HVWUH�NVDQWRILORY�DQWHUDNVDQWLQD��QHR�
NVDQWLQD� LQ� YLRODNVDQWLQD� �*DQGXO�5RMDV� HW� DO��� �����
5RFD�LQ�0tQJXH]�0RVTXHUD��������

.$527(12,',�9�2/-8

%DUYD� ROMD� L]YLUD� L]NOMXáQR� L]� EDUYLO�� NL� L]KDMDMR� L]
ROMN��2OMH� MH� UXPHQR� ]HOHQH� EDUYH�� SUL� áHPHU� MH� ]HOHQL
RGWHQHN� RGYLVHQ� RG� VRUWH� LQ� ]UHORVWL� SORGRY� �*DQGXO�
5RMDV�HW�DO����������6SHNWHU�ROMD�89�9,6�LPD�ÊLURN�SDV�Y
REPRáMX���������QP��PDNVLPXPL�SUL���������� LQ����
QP��� 3UL� ���� QP� LPD� ROMH� ÊH� HQ� RÌML� PDNVLPXP� �0tQ�
JXH]�0RVTXHUD�HW�DO���������

'HYLÊND� ROMáQD� ROMD� YVHEXMHMR� OH� SLJPHQWH�� NL� VR
REVWDMDOL�ÌH�Y�SORGRYLK��LQ�QMLKRYH�GHULYDWH��NL�QDVWDQHMR
PHG� SUHGHODYR� ROMN� Y� ROMH� �*DOODUGR�*XHUUHUR� HW� DO��
������ *LXIIULGD� HW� DO��� ������� 2EVWRM� GUXJLK� NDURWH�
QRLGRY� DOL� GUXJDáQH� YVHEQRVWL� GHULYDWRY� NORURILORY�� NRW
L]KDMDMR� L]� HNVWUDNFLMVNHJD� SURFHVD�� NDÌHMR� ERGLVL� QD
SRWYRUER�ROMáQHJD�ROMD�ERGLVL�QD�QHXVWUH]HQ�HNVWUDNFLMVNL
SURFHV��*DQGXO�5RMDV�HW�DO���������5RFD�HW�DO���������

.ROLáLQD�YVHK�NDURWHQRLGRY�Y�ROMáQHP�ROMX�MH�RG�QLá
GR�QHNDM�PJ�NJ��3VRPLDGRX�	�7VLPLGRX��������DOL�FHOR
GR� ���� PJ�NJ� �&LFKHOOL� 	� 3HUWHVDQD�� ������� .HU� SORG
YVHEXMH��������PDÊáREH��SLJPHQWL�SD�VR� WRSQL�Y�QMHM�
EL�SULáDNRYDOL��GD�ERGR�NRQFHQWUDFLMH�SLJPHQWRY�Y�ROMX
���GR���NUDW�YLÊMH�NRW�Y�ROMNDK��YHQGDU�QL� WDNR�� VDM�PHG
HNVWUDNFLMR� ROMD� L]JXELPR�a����� NORURILOQLK� SLJPHQWRY
LQ�a�����NDURWHQRLGRY��,]JXED�SLJPHQWRY�MH�SRYH]DQD�V
NRRNVLGDFLMR� ]� OLSRNVLJHQD]QR� RNVLGDFLMR� QHQDVLáHQLK
PDÊáREQLK� NLVOLQ�� 3URGXNWL� RNVLGDFLMH� VR� EUH]EDUYQL
�0tQJXH]�0RVTXHUD�HW�DO���������

*UÊND�ROMD�VR�Y�SULPHUMDYL�V�ÊSDQVNLPL�LQ�LWDOLMDQVNLPL
EROM� ]HOHQH� EDUYH�� NDU� VH� NDÌH� WXGL� Y� UD]PHUMX� PHG
VNXSQLPL�NORURILOQLPL� SLJPHQWL� LQ� VNXSQLPL� NDURWHQRLGL
�0tQJXH]�0RVTXHUD�HW� DO��� ������� NL� MH� Y� JUÊNLK� ROMLK� �
GR�����3VRPLDGRX�	�7VLPLGRX���������Y�VLFLOVNLK� �*LXI�
IULGD�HW�DO���������LQ�ÊSDQVNLK��*DQGXO�5RMDV�HW�DO��������
5RFD�HW�DO���������ROMáQLK�ROMLK�SD�MH�SULEOLÌQR�HQD�

9� NDURWHQRLGQL� IUDNFLML� SLJPHQWRY� Y� ROMáQHP� ROMX
SUHYODGXMHWD���NDURWHQ�LQ�OXWHLQ��QDÊOL�SD�VR�WXGL�PDQMÊH
NROLáLQH� GUXJLK� NDURWHQRY� LQ� NVDQWRILORY� �3VRPLDGRX� 	
7VLPLGRX�� ������� .ROLáLQD� OXWHLQD� Y� ÊSDQVNLK� ROMáQLK
ROMLK� MH�SULEOLÌQR�GYDNUDW�YHáMD�NRW�VNXSQD�NROLáLQD�PL�
QRUQLK�NDURWHQRLGRY��*DQGXO�5RMDV�HW�DO���������5RFD�HW

DO����������.ROLáLQD�OXWHLQD�LQ���NDURWHQD�Y�JUÊNLK�ROMLK�MH
PDQMÊD� NRW� Y� ÊSDQVNLK�� 7R� ODKNR� SRMDVQLPR� V� VRUWQLPL
UD]OLNDPL��GHOQR�SD�WXGL�V�SRYVHP�GUXJDáQLP�DQDOLWVNLP
SRVWRSNRP��3VRPLDGRX�	�7VLPLGRX��������

0HG�HNVWUDNFLMR�ROMD�VH�VSURVWLMR�HQGRJHQH�NLVOLQH��NL
NDWDOL]LUDMR� L]RPHUL]DFLMR� NVDQWRILORY� V� ����HSRNVLGQLPL
VNXSLQDPL�Y�NVDQWRILOH�V�����HSRNVLGQLPL� �IXUDQRLGQLPL�
VNXSLQDPL��9LRODNVDQWLQ�VH�L]RPHUL]LUD�Y�OXWHRNVDQWLQ�LQ
DXURNVDQWLQ�� DQWHUDNVDQWLQ� Y� PXWDWRNVDQWLQ�� QHRNVDQWLQ
SD� Y� QHRNURP� �0tQJXH]�0RVTXHUD� 	� *DQGXO�5RMDV�
������3VRPLDGRX�	�7VLPLGRX��������5RFD�HW�DO��������
*DOODUGR�*XHUUHUR�HW�DO���������*LXIIULGD�HW�DO���������

3UL� HNVWUDNFLML� ROMD� QDVWDQHMR� WXGL� FLV�L]RPHUL� �FLV���
NDURWHQ�� FLV�OXWHLQ�� FLV�YLRODNVDQWLQ��� NL� QLPDMR� HQDNH
YLWDPLQVNH� DNWLYQRVWL� NRW� WUDQV�L]RPHUL�� 7R� GHMVWYR� MH
SRPHPEQR�]D�GRORáLWHY�YQRVD� WHK�PLNURKUDQLO� V�KUDQR
�/XWHURWWL�HW�DO���������*LXIIULGD�HW�DO���������

9�ROMLK�ÊSDQVNH�VRUWH�$UEHTXLQD�LQ�Y�VLFLOVNLK�ROMLK�VR
LGHQWLILFLUDOL� WXGL� HVWUH� NVDQWRILORY� �HVWHU� OXWHLQD�� ��
NULSWRNVDQWLQ�LQ�QMHJRY�HVWHU��HVWHU�QHRNVDQWLQD���5RFD�HW
DO���������*LXIIULGD�HW�DO���������

9SOLY�VRUWH

5D]OLáQD�VHVWDYD�SLJPHQWRY�Y�ROMNDK�UD]OLáQLK�VRUW�VH
VHYHGD� ]UFDOL� WXGL� Y� VHVWDYL� SLJPHQWRY� Y� ROMáQHP� ROMX�
1D�SRGODJL�SRGDWNRY�R�YVHEQRVWL� SLJPHQWRY� ODKNR� UD]�
OLNXMHPR�PHG�VRUWDPL�ROMN��&LFKHOOL�	�3HUWHVDQD��������
0HG� SRVDPH]QLPL� VRUWDPL� ODKNR� ORáXMHPR� QD� SRGODJL
SRGDWNRY� R� VNXSQL� YVHEQRVWL� SLJPHQWRY� WHU� NROLáLQDK
OXWHLQD�� YLRODNVDQWLQD�� OXWHRNVDQWLQD� LQ� DXURNVDQWLQD
�*DQGXO�5RMDV� HW� DO��� ������ 5RFD� HW� DO��� ������� 0HG
ÊSDQVNLPL� VRUWDPL� ROMN� VH� SR�PQRJLK� SDUDPHWULK�� SUHG�
YVHP�SR�REVWRMX�NVDQWRILOQLK�HVWURY��UD]OLNXMH�$UEHTXLQD
�*DQGXO�5RMDV� HW� DO��� ������ *DOODUGR�*XHUUHUR� HW� DO��
������

9SOLY�]UHORVWL

=PDQMÊHYDQMH� NROLáLQH� SLJPHQWRY� Y� ROMNDK� PHG
GR]RUHYDQMHP�VH�VHYHGD�NDÌH�WXGL�Y�VHVWDYL�SLJPHQWRY�Y
ROMX� �*XWLpUUH]�HW�DO���������*DQGXO�5RMDV�HW�DO���������
3UL�QHNDWHULK�VRUWDK��/HFFLQR��VH�NROLáLQD�SLJPHQWRY�PHG
GR]RUHYDQMHP�ROMN�ELVWYHQR�QH�VSUHPLQMD��PHGWHP�NR�VH
SUL� YHáLQL� VRUW� ]PDQMÊXMH�� .DURWHQRLGL� VH� UD]JUDMXMHMR
SRáDVQHMH�NRW�NORURILOQL�SLJPHQWL��0tQJXH]�0RVTXHUD�HW
DO���������*DQGXO�5RMDV�HW�DO���������

9SOLY�WHKQRORJLMH

2OMD��SULGHODQD�Y�ODERUDWRULMVNLK�ROMDUQDK��ODKNR�YVH�
EXMHMR� YHá� SLJPHQWRY� NRW� ROMD� L]� LQGXVWULMVNLK� REUDWRY
�6DOYDGRU� HW� DO��� ������� 9VHEQRVW� SLJPHQWRY� MH� YHáMD� Y
ROMLK�� SULGHODQLK� Y� NRQWLQXLUQLK� ROMDUQDK�� NRW� Y� ROMLK� L]
NODVLáQLK� ROMDUQ� V� VWLVNDOQLFDPL� �&LFKHOOL� 	� 3HUWHVDQD�
������ *LXIIULGD� HW� DO��� ������� 9� ROMLK�� SULGHODQLK� Y
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GYRID]QHP� LQ� Y� WURID]QHP� VLVWHPX�� MH� NROLáLQD� ��ND�
URWHQD� HQDND�� LPDMR� SD� ROMD� L]� GYRID]QHJD� VLVWHPD� YHá
ELRIHQRORY� LQ� VR�]DWR�SUHKUDQVNR�ERJDWHMÊD� �*LPHQR�HW
DO���������

1HQHKQR� VWUHPOMHQMH� N� L]EROMÊDQMX� NDNRYRVWL� ROMá�
QHJD� ROMD� VSRGEXMD� LVNDQMH� QRYLK� WHKQRORJLM�� (QD� QR�
YHMÊLK� WHKQRORJLM� MH�VHJUHYDQMH�ROMN�SR�RELUDQMX� �*DUFtD
HW� DO��� ������ /XDFHV� HW� DO��� ������� 2OMH� L]� WHUPLáQR
REGHODQLK� ROMN� MH� PDQM� JUHQNR�� VHJUHYDQMH� SD� ODKNR
YSOLYD�WXGL�QD�NROLáLQR�SLJPHQWRY�Y�ROMX��.ROLáLQD�NDUR�
WHQRLGRY� LQ� NORURILOQLK� SLJPHQWRY� VH� SUL� ���XUQHP� VH�
JUHYDQMX� QD� ��� �&� SULEOLÌQR� SRGYRML� LQ� ]� QDGDOMQMLP
GYLJRYDQMHP� WHPSHUDWXUH� ÊH� QDUDÊáD�� 3UL� GDOMÊLK� áDVLK
VHJUHYDQMD�VH�NROLáLQD�SLJPHQWRY�Y�ROMX�]PDQMÊD��SR���
XUDK�MH�ÌH�PDQMÊD�NRW�Y�ROMX�L]�ROMN��NL�QLVR�ELOH�WHUPLáQR
REGHODQH� �*DUFtD� HW� DO��� ������� 1DVSURWQR� SD� NUDWNR�
WUDMQR�VHJUHYDQMH�ROMN�Y�YRGQL�NRSHOL�SUHG�VWLVNDQMHP�QH
YSOLYD�QD�YVHEQRVW�SLJPHQWRY��/XDFHV�HW�DO���������

1D�YVHEQRVW�SLJPHQWRY�YSOLYD�WXGL�WHPSHUDWXUD�PHG
HNVWUDNFLMVNLP� SRVWRSNRP�� 3UL� YLÊML� WHPSHUDWXUL� SUHGH�
ODYH� MH� DNWLYQRVW� OLSRNVLJHQH]�PDQMÊD�� ]DWR� MH� YVHEQRVW
SLJPHQWRY�Y�ROMX�YHáMD��/XDFHV�HW�DO���������

6SUHPHPEH�SLJPHQWRY�PHG�VKUDQMHYDQMHP�ROMD

9Há� DYWRUMHY� SRURáD�� GD� VH� NROLáLQD� NDURWHQRLGRY� Y
ROMX�� KUDQMHQHP� Y� WHPL�� QH� VSUHPLQMD� �*XWLpUUH]� 	
)HUQiQGH]�� ������ 3VRPLDGRX� 	� 7VLPLGRX�� ����D�� &D�
SRQLR� HW� DO��� ������ *DOODUGR�*XHUUHUR� HW� DO��� ������� 9
QHNDWHULK� SULPHULK� SD� ODKNR� SULGH� GR� L]RPHUL]DFLMH
PLQRUQLK�NVDQWRILORY�QHRNVDQWLQD��YLRODNVDQWLQD�LQ�DQWH�
UDNVDQWLQD�� àHSUDY� SRWHND� L]RPHUL]DFLMD� NVDQWRILORY� Y
NLVOHP� PHGLMX�� QLVR� RSD]LOL� NRUHODFLMH� PHG� YVHEQRVWMR
L]RPHUL]LUDQLK� NVDQWRILORY� WHU� SURVWLPL� NLVOLQDPL� Y� ROMX
�*DOODUGR�*XHUUHUR� HW� DO��� ������� 'HOQR� SD� VH� NDUR�
WHQRLGL� UD]JUDGLMR� WXGL� Y� WHPL�� áH� MH� Y� VWHNOHQLFL� ]UDN�
7XGL� 3DJOLDULQL� HW� DO�� ������� VR� SRURáDOL�� GD� VH� MH
DEVRUEDQFD�SUL�����LQ�����QP��SRYH]DQD�V�NDURWHQRLGL�
Y�ROMLK��KUDQMHQLK�Y�]DSUWLK�VWHNOHQLFDK�Y�WHPL�SUL�����&�
]PDQMÊHYDOD� Y� VNODGX� V� NLQHWLNR� SVHYGR�SUYHJD� UHGD�
6SUHPHQLOD�VH�MH�WXGL�EDUYD�ROMD�

*XWLpUUH]� HW� DO�� ������� SRURáDMR�� GD� MH� Y� ROMLK�
KUDQMHQLK� SUL� ��� �&� QD� VYHWOREL�� NROLáLQD� NDURWHQRLGRY
SDGDOD�� 7XGL� &DSRQLR� HW� DO�� ������� SRURáDMR� R� UDKOHP
]PDQMÊDQMX� NROLáLQH� NDURWHQRLGRY� QD� VYHWOREL� ÌH� SUL
WHPSHUDWXUL��������&��3VRPLDGRX�LQ�7VLPLGRX��������SR
WUHK�PHVHFLK�QD�����&�QLVWD�]D]QDOL�VSUHPHPEH�NROLáLQH
��NDURWHQD�� NDU� VWD� SULSLVDOL� ]DÊáLWQHPX� GHORYDQMX� .�
WRNRIHUROD�

5D]JUDGQMD� SLJPHQWRY� MH� PHG� SRVNXVRP� SRVSHÊH�
QHJD�VWDUDQMD�ROMD�SUL�����&�YLGQD�WXGL�V�SURVWLP�RáHVRP�
6SUYD� VR� VSUHPHPEH� NRPDM� ]D]QDYQH� �� EDUYD� ROMD� SR�
VWDQH� PDOR� PDQM� ÌLYD�� 7H� VSUHPHPEH� SRYH]XMHMR� ]
UD]JUDGQMR�NDURWHQRLGRY��0DOR�SUHG�NRQFHP�LQGXNFLMVNH
SHULRGH�SD� VH�ROMH�QHQDGRPD�SUHFHM� UD]EDUYD�� WD�SRMDY
SD� VH� áDVRYQR� XMHPD� V� VSUHPHPER� �� SRYHáDQMHP� KL�

WURVWL� UD]SDGDQMD� NORURILOQLK� SLJPHQWRY� �+UQFLULN� 	
)ULWVFKH��������

$17,2.6,'$&,-6.(�/$671267,

0RáQL�DQWLRNVLGDQWL� ODKNR�GHOXMHMR� WXGL�NRW�SURRNVL�
GDQWL�� NHU� SUL� QMLKRYL� DYWRRNVLGDFLML� ODKNR� QDVWDQHMR
UHDNWLYQH� VSRMLQH�� 3RPHPEQR� MH�� GD� RFHQLPR� QMLKRYR
GHORYDQMH� Y� ELRORÊNLK� VLVWHPLK�� 3URRNVLGDFLMVNL� XáLQHN
ODKNR� VSURÌL� SRMDY� NORURILOD� DOL� WHÌNLK� NRYLQ�� 6SORÊQR
SUDYLOR�MH��GD�VSRMLQH�SUL�QL]NLK�NRQFHQWUDFLMDK�GHOXMHMR
NRW� SURRNVLGDQWL�� SUL� NRQFHQWUDFLMDK� QDG� QHNR� NULWLáQR
YUHGQRVWMR�SD�NRW�DQWLRNVLGDQWL��=QDQL�SD�VR�WXGL�REUDWQL
SULPHUL��0RXUH�HW�DO���������

.DURWHQRLGL� ODKNR� GHOXMHMR� NRW� DQWLRNVLGDQWL� �)DNR�
XUHOLV�HW� DO��� ������ DOL� SURRNVLGDQWL��1D� GHORYDQMH� YSOL�
YDMR�HNVSHULPHQWDOQH�UD]PHUH� LQ�SULVRWQRVW� WRNRIHURORY�
'HORYDQMH� NDURWHQRLGRY� Y� SURFHVLK� RNVLGDFLMH� MH� ]HOR
NRPSOHNVQR�� VDM� VH� WXGL� VDPL� ODKNR� RNVLGLUDMR� �3VR�
PLDGRX�	�7VLPLGRX������D���5D]OLáQH�RNVLGDFLMH��Y�ND�
WHUH� VR� YHáLQRPD� YSOHWHQL� VLQJOHWQL� NLVLN� ��2���� KLGUR�
SHURNVLGL� LQ� SHURNVLUDGLNDOL�� VR� JODYQL� Y]URN� ]D� UD]SDG
NDURWHQRLGRY� Y� KUDQL�� 3UL� WHUPLáQL� UD]JUDGQML� NDURWHQR�
LGRY�QDVWDQHMR�KODSQL�DURPDWVNL�RJOMLNRYRGLNL�LQ�SUHN���
QHKODSQLK� VQRYL� �6FRWWHU� 	� &DVWOH�� ������� 6SRMLQH�� NL
QDVWDQHMR�SUL�WHUPLáQL�UD]JUDGQML���NDURWHQD�LQ�OLNRSHQD�
QH� YSOLYDMR� QD� IRWRRNVLGDFLMR� ROMD� �� QD� VYHWOREL� QH� GH�
OXMHMR�QLWL�NRW�DQWLRNVLGDQWL�QLWL�NRW�SURRNVLGDQWL��2áLWQR
QMLKRYH� PROHNXOH� QLPDMR� GRYROM� NRQMXJLUDQLK� GYRMQLK
YH]L� ]D� GXÊHQMH� VLQJOHWQHJD� NLVLND� �6WHHQVRQ� 	� 0LQ�
�������3ROLHQVND�VWUXNWXUD�RPRJRáD�DQWLRNVLGDFLMVNR�GH�
ORYDQMH�� SD� WXGL� GHJUDGDFLMR� VSRMLQ� SRG� YSOLYRP
VYHWOREH�LQ�DOL�WRSORWH��6WHHQVRQ�	�0LQ��������

9� OLWHUDWXUL� SRURáDMR� R� UD]OLáQLK� PHKDQL]PLK�� V
NDWHULPL� NDURWHQRLGL� ÊáLWLMR� ROMáQR� ROMH� SUHG� RNVLGDFLMR�
.DURWHQRLGL�VR�]HOR�XáLQNRYLWL�GXÊLOFL�VLQJOHWQHJD�NLVLND�
9�GRORáHQLK�RNROLÊáLQDK�PRUGD�ODKNR�WXGL�RGVWUDQMXMHMR
SURVWH� UDGLNDOH�� ODKNR� SD� GHOXMHMR� ]JROM� HQRVWDYQR� NRW
VYHWOREQL� ILOWHU�� 3RGUREQHMH� VR� SRVDPH]QL� PHKDQL]PL
SRMDVQMHQL�Y�QDGDOMHYDQMX�

'XÇHQMH�VLQJOHWQHJD�NLVLND

.ORURILOL��NL�VH�SRMDYOMDMR�Y�ROMáQHP�ROMX��VR� IRWRVHQ�
]LWLYQH�VQRYL�LQ�VH�SRG�YSOLYRP�VYHWOREH�ODKNR�Y]EXGLMR
Y� WULSOHWQR� VWDQMH�� 6� SUHQRVRP� HQHUJLMH� HOHNWURQD� ]
Y]EXMHQHJD� WULSOHWQHJD� VWDQMD� NORURILOD� QD� NLVLN� L]� RV�
QRYQHJD� WULSOHWQHJD� VWDQMD� NLVLND� QDVWDQH� Y]EXMHQL
VLQJOHWQL�NLVLN��7DNR�VH�ODKNR�VSURÌLMR�SRÊNRGEH�'1.�LQ
SHURNVLGDFLMD� OLSLGRY� �(GJH�HW�DO��� ������� 6LQJOHWQL� NLVLN
MH�������GR������NUDW�EROM�UHDNWLYHQ�NRW�WULSOHWQL�NLVLN��NL
MH� YSOHWHQ� Y� DYWRRNVLGDFLMVNH� SURFHVH�� ]DWR� Y� ROMLK� QD
VYHWOREL�IRWRRNVLGDFLMD�SRWHND�KLWUHMH�NRW�DYWRRNVLGDFLMD�
9� WDNÊQLK� UD]PHUDK� ROMH� ÊáLWLMR� SUHGYVHP� DQWLRNVLGDQWL�
NL� GHOXMHMR� NRW� GXÊLOFL� VLQJOHWQHJD� NLVLND� �WRNRIHUROL� LQ
NDURWHQRLGL���YORJD�DQWLRNVLGDQWRY��NL�RGVWUDQMXMHMR�SUR�
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VWH�UDGLNDOH��ELRIHQROL���SD�MH�PDQM�SRPHPEQD��&DSRQLR
HW�DO���������

6�SUHQRVRP�HQHUJLMH�HOHNWURQD�V�VLQJOHWQHJD�NLVLND�QD
PROHNXOR�NDURWHQRLGD�QDVWDQH�WULSOHWQR�VWDQMH�NDURWHQR�
LGD��NL�RGGD�SUHMHWR�HQHUJLMR�Y�REOLNL� WRSORWH� LQ�VH�KLWUR
YUQH�QD]DM�Y�RVQRYQR�VWDQMH��0ROHNXOH�]�YHáMLP�ÊWHYLORP
NRQMXJLUDQLK�GYRMQLK�YH]L�LPDMR�QLÌMH�HQHUJLMH�Y]EXMHQLK
VWDQM� �6���6���7��� LQ�EROM�XáLQNRYLWR�GXÊLMR� VLQJOHWQL�NLVLN
�(GJH�HW�DO���������6WHHQVRQ�	�0LQ��������3VRPLDGRX�	
7VLPLGRX������D��

9VHEQRVW���NDURWHQD�LQ�OXWHLQD�VH�PHG�IRWRRNVLGDFLMR
VNRUDM� QH� VSUHPHQL�� NDU� SRWUMXMH� KLSRWH]R�� GD� DQWLRN�
VLGDFLMVNR�GHORYDQMH�NDURWHQRLGRY�WHPHOML�QD� IL]LNDOQHP
SURFHVX� �� KLSRWH]R� R� GXÊHQMX� VLQJOHWQHJD� NLVLND� �3VR�
PLDGRX�	�7VLPLGRX������E��

,]PHG�QDUDYQLK�NDURWHQRLGRY�VLQJOHWQL�NLVLN�QDMXáLQ�
NRYLWHMH�GXÊL�OLNRSHQ��:RRGDOO�HW�DO����������7R�SD�ÊH�QH
SRPHQL�� GD� MH� OLNRSHQ� WXGL� EROMÊL� DQWLRNVLGDQW� NRW� ��
NDURWHQ�� VDM� VH� OLNRSHQ� ODÌH� RNVLGLUD� LQ� VH� WDNR� KLWUHMH
SRUDEL� �(GJH�HW�DO����������'XÊLOHF� VLQJOHWQHJD�NLVLND� MH
WXGL���NULSWRNVDQWLQ��6X�HW�DO���������

1D�XáLQNRYLWRVW� GXÊHQMD�YSOLYD� WXGL� WRSLOR��'XÊHQMH
MH�PDQM�XáLQNRYLWR�Y�EROM�YLVNR]QLK�WRSLOLK�LQ�Y�WRSLOLK��Y
NDWHULK� SULGH� GR� DJUHJDFLMH�� EROM� SRODUQL� NDURWHQRLGL� Y
QHSRODUQLK� WRSLOLK� DJUHJLUDMR� �(GJH� HW� DO��� ������� 'R
DJUHJDFLMH� ODKNR�SULGH�� NR� MH� GRVHÌHQD�NULWLáQD� ORNDOQD
NRQFHQWUDFLMD�� 2� NHPLML� DJUHJDWRY� QH� YHPR� GRVWL�� QD
SRGODJL� VSHNWUDOQLK� VSUHPHPE� SD� ODKNR� VNOHSDPR�� GD
DJUHJDFLMD� YSOLYD� QD� VLVWHP� NRQMXJLUDQLK� GYRMQLK� YH]L�
$JUHJDFLMD�QH�SRWHND�SUL�YVHK�NDURWHQRLGLK�HQDNR�ODKNR�
VWUXNWXUD� NDURWHQRLGD� SD� YSOLYD� WXGL� QD� WLS� QDVWDOHJD
DJUHJDWD��(O�$JDPH\�HW�DO���������

*ODYQL�PHKDQL]HP�GXÊHQMD� MH� SUHQRV� HQHUJLMH� HOHN�
WURQD�� 0RÌQR� SD� MH� WXGL� NHPLMVNR� GXÊHQMH� VLQJOHWQHJD
NLVLND�� SUL� NDWHUHP� SD� VH� NDURWHQRLG� XQLáL�� 6HYHGD� MH
]DWR�EROMH��GD�IL]LNDOQR�GXÊHQMH�SRWHND�Y�YHáML�PHUL�NRW
NHPLMVNR��(GJH�HW�DO���������

àHSUDY�VR�NDURWHQRLGL�]HOR�GREUL�GXÊLOFL� VLQJOHWQHJD
NLVLND�LQ�YLWUR��SD�Y�ELRORÊNLK�VLVWHPLK�QL�QXMQR�WDNR�

5DGLNDOVNL�PHKDQL]HP

5DGLNDOVNL� PHKDQL]HP� DQWLRNVLGDFLMVNHJD� GHORYDQMD
NDURWHQRLGRY� ÊH� QL� GRYROM� UD]LVNDQ� �6WHHQVRQ� 	� 0LQ�
������ +UQFLULN� 	� )ULWVFKH�� ������� =GL� VH�� GD� LPDMR
NDURWHQRLGL�SUL�DYWRRNVLGDFLML�QHYWUDOQR� �$SDULFLR�HW�DO��
������ DOL� SD� FHOR� QHJDWLYQR� YORJR� ]DUDGL� RNVLGLUDQLK
SURGXNWRY�� NL� ODKNR� UHDJLUDMR� ]� OLSLGQLP� VXEVWUDWRP� LQ
WDNR� SRVSHÊXMHMR� RNVLGDFLMR� �6WHHQVRQ� 	� 0LQ�� �����
6XEDJLR�	�0RULWD��������

.DURWHQRLGL� ODKNR� RGVWUDQMXMHMR� SURVWH� UDGLNDOH� QD
HQHJD�DOL�YHá� L]PHG�QDÊWHWLK�QDáLQRY� �(O�$JDPH\�HW�DO��
������� V�SUHQRVRP�HOHNWURQD��]�RGFHSLWYLMR�DOLOQHJD� YR�
GLND� DOL� ]� DGLFLMR�� 3UL� SUHQRVX� HOHNWURQD� ]� PROHNXOH
NDURWHQRLGD�QD�SHURNVLOQL�UDGLNDO�QDVWDQH� L]�NDURWHQRLGD
NDWLRQ�UDGLNDO��(GJH�HW�DO���������(O�$JDPH\�HW�DO���������

=�RGFHSLWYLMR�DOLOQHJD�YRGLND�QDVWDQH�L]�NDURWHQRLGD
QHYWUDOHQ� UDGLNDO�� SHURNVLOQL� UDGLNDO� SD� VH� SUHWYRUL� Y
KLGURSHURNVLG��(O�$JDPH\�HW�DO����������/DKNR�SD�SRWHáH
WXGL�DGLFLMD�NDURWHQRLGD�LQ�SHURNVLOQHJD�UDGLNDOD� �0LOOHU
HW�DO���������(GJH�HW�DO���������(O�$JDPH\�HW�DO���������
3RXGDULWL� SD� PRUDPR�� GD� VH� SUL� QREHQHP� PHKDQL]PX

OLKL
� HOHNWURQ�� ]QDáLOHQ� ]D� SURVWH� UDGLNDOH�� QH� L]JXEL
�(GJH�HW�DO���������

1D� VSRVREQRVW� ]D� RGVWUDQMHYDMH� UDGLNDORY� YSOLYD
REVWRM�IXQNFLRQDOQLK�VNXSLQ�QD�NRQáQLK�REURáLK��2EVWRM
NDUERQLOQH� VNXSLQH� QD� REURáX� SUHFHM� ]PDQMÊD� XáLQNR�
YLWRVW� ]D� RGVWUDQMHYDMH� UDGLNDORY� $%76Ü�� ����
�D]LQR�
ELV���HWLOEHQ]WLD]ROLQ���VXOIRQVND� NLVOLQD��� .DUERQLOQD
VNXSLQD�SULYODáL�HOHNWURQH�LQ�]PDQMÊD�JRVWRWR�QHSDUQHJD
HOHNWURQD�Y�VNHOHWX�]����GYRMQLPL�YH]PL��1DVSURWQR�SD
REVWRM� KLGURNVLOQH� VNXSLQH� QD� YVDNHP� REURáX� Y���NULS�
WRNVDQWLQX� VNRUDM�QLPD�YSOLYD� QD� VSRVREQRVW� ]D� RGVWUD�
QMHYDQMH�UDGLNDORY�$%76Ü���àLP�YHáML�MH�NURPRIRU�LQ�áLP
EROMÊH� MH� SUHNULYDQMH� RUELWDO� Y� QMHP�� WHP� XáLQNRYLWHMH
NDURWHQRLG� RGVWUDQMXMH� UDGLNDOH� $%76Ü�� �0LOOHU� HW� DO��
������

1D� DQWLRNVLGDFLMVNH� ODVWQRVWL� NDURWHQRLGRY� SD� QH
YSOLYD�OH�VSRVREQRVW�]D�RGVWUDQMHYDQMH�SURVWLK�UDGLNDORY�
WHPYHá�WXGL�UHDNWLYQRVW�QDVWDOLK�NDURWHQRLGQLK�UDGLNDORY
�0LOOHU� HW� DO��� ������ (O�$JDPH\� HW� DO��� ������� .DURWH�
QRLGQL� NDWLRQ�UDGLNDOL� LQ� DGXNW�UDGLNDOL� VR� PRáQR
UHVRQDQáQR�VWDELOL]LUDQL� LQ�QDM�EL�ELOL�GRNDM�QHUHDNWLYQL�
9VWRSDMR� ODKNR� Y� ELPROHNXODUQH� UHDNFLMH�� SUL� NDWHULK
QDVWDQHMR� QHUDGLNDOVNL� SURGXNWL�� /DKNR� SD� UHDJLUDMR� ]
UDGLNDOL�� NL� �QDSDGDMR��� LQ� WDNR� NRQáDMR� UDGLNDOVNH� UH�
DNFLMH��0LOOHU�HW�DO����������3RWHQFLDOQR�NRULVWQL�R]LURPD
ÊNRGOMLYL�SURGXNWL�� NL� QDVWDQHMR� L]� NDURWHQRLGRY�� VR� ÊWH�
YLOQL�FLV�L]RPHUL�� SURGXNWL�RNVLGDFLMH��SUHGYVHP�HSRNVL�
GL�� LQ� VSRMLQH�� QDVWDOH� ]� UD]FHSRP�PROHNXOH�� SUHGYVHP
DSR�NDURWHQDOL� LQ� DSR�NDURWHQROL� �(O�$JDPH\� HW� DO��
������

1D� KLWURVW� LQ� PHKDQL]HP� RGVWUDQMHYDQMD� SURVWLK
UDGLNDORY�YSOLYD� WXGL�PHGLM�R]LURPD� WRSLOR��.DURWHQRLGL
VR�KLGURIREQH�PROHNXOH�LQ�MLK�WRUHM�QDMGHPR�SUHGYVHP�Y
OLSRILOQLK� REPRáMLK�� àH� NDURWHQRLGQD� PROHNXOD� OHÌL� Y
QRWUDQMRVWL�PHPEUDQH�� MH�SUYL� WLS� UHDNFLMH� �SUHQRV�HOHN�
WURQD�� YHUMHWQR� WHUPRGLQDPVNR� QHXJRGHQ� ]DUDGL� QHSR�
ODUQHJD�RNROMD��NL�QH�SRGSLUD�ORáLWYH�QDERMD��7DN�SULPHU
VWD���NDURWHQ�LQ�OLNRSHQ�Y�áORYHÊNLK�WNLYLK��%ROM�YHUMHWQD
SD� MH� WDND� UHDNFLMD� SUL� SRODUQLK� NDURWHQRLGLK�� QSU�� SUL
NDURWHQRLGQLK�GLROLK��NRW�MH�]HDNVDQWLQ��(O�$JDPH\�HW�DO��
������

1D�DQWLRNVLGDFLMVNR�DNWLYQRVW�NDURWHQRLGRY�QHGYRP�
QR� YSOLYD� NRQFHQWUDFLMD� NLVLND� �(GJH� HW� DO��� ������� 3UL
YLVRNL� NRQFHQWUDFLML� NLVLND� VH� NDURWHQRLGQL� UDGLNDOL�
QDVWDOL�Y�UHDNFLML�V�SHURNVLO�UDGLNDOL��ODKNR�DYWRRNVLGLUDMR
DOL�SD�QDGDOMXMHMR�YHULÌQR�SHURNVLGDFLMR�OLSLGRY��3UL�QL]NL
NRQFHQWUDFLML� NLVLND� SD� MH� SURSDJDFLMD� RNVLGDFLMH� PDQM
YHUMHWQD�� .HU� MH� NRQFHQWUDFLMD� NLVLND� Y� UD]OLáQLK� WNLYLK
UD]OLáQD��Y�SOMXáLK�MH�SDUFLDOQL�WODN�NLVLND�a����PP�+J�
Y� GUXJLK� WNLYLK� SD� YVDM� ��Õ� PDQMÊL��� GHORYDQMH� NDURWH�
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QRLGRY�Y�UD]OLáQLK�WNLYLK�QL�QXMQR�HQDNR���(O�$JDPH\�HW
DO��������

/LSRNVLJHQD]H� UD]EDUYDMR� SLJPHQWH�� YHQGDU� MH� QML�
KRYR�GHORYDQMH�SRVUHGQR���SLJPHQWH�UD]EDUYDMR�UDGLND�
OL�� NL� QDVWDQHMR� SUL� OLSRNVLJHQD]QL� RNVLGDFLML� OLSLGRY�
àHSUDY�Y�ROMNDK�REVWDMDMR�OLSRNVLJHQD]H��SD�GUXJH�VQRYL
Y� SORGRYLK� ÊáLWLMR� SLJPHQWH� SUHG� RNVLGDFLMR�� 7H� VQRYL
ERGLVL� PRáQR� ]PDQMÊDMR� DNWLYQRVW� OLSRNVLJHQD]� ERGLVL
KLWUR�SRUDELMR�KLGURSHURNVLGH��NL�QDVWDQHMR�SUL�GHORYDQMX
OLSRNVLJHQD]��-DUpQ�*DOiQ�HW�DO���������

)LOWUDFLMD�VYHWOREH

7UHWMD�KLSRWH]D�R�PHKDQL]PX�DQWLRNVLGDFLMVNHJD�GH�
ORYDQMD� NDURWHQRLGRY� SUDYL�� GD� ��NDURWHQ� Y� ROMX� GHOXMH
NRW� VYHWOREQL� ILOWHU� LQ� WDNR� ÊáLWL� ROMH� SUHG� RNVLGDFLMR
�)DNRXUHOLV�HW�DO���������

.DURWHQRLGL�VR�WXGL�SURRNVLGDQWL

9� GRORáHQLK� UD]PHUDK� ODKNR� NDURWHQRLGL� GHOXMHMR
WXGL� NRW� SURRNVLGDQWL� �3VRPLDGRX� 	� 7VLPLGRX�� ����E��
NDU� VR� SRND]DOL� WXGL� SRVNXVL� V� FHOLáQLPL� NXOWXUDPL�� 7H
ODVWQRVWL�VR�PRUGD�SRYH]DQH�]�DJUHJDFLMR�NDURWHQRLGRY�
3ROHJ� WHJD� EL� PRUDOL� SUHXáLWL� WXGL� LQWHUDNFLMH� NDURWH�
QRLGRY� ]� UDGLNDOL� NDURWHQRLGRY�� NL� SUL� YLÊMLK� NRQFHQ�
WUDFLMDK�QLVR�]DQHPDUOMLYH��(O�$JDPH\�HW�DO���������

��NDURWHQ�GHOXMH�NRW�SURRNVLGDQW�SUL�YLVRNLK�NRQFHQ�
WUDFLMDK�NDURWHQRLGD�LQ�Y�������NLVLNX����NDURWHQ�UHDJLUD
V� SHURNVLO� UDGLNDOL�� SUL� áHPHU� QDVWDQH� NDURWHQLO� UDGLNDO�
7D� ODKNR� Y� RGVRWQRVWL� NLVLND� UHDJLUD� ]� QRYLP� SHURNVLO�
UDGLNDORP� LQ� WDNR�NRQáD�YHULÌQR� UHDNFLMR��9�SULVRWQRVWL
NLVLND� SD� VH� ODKNR� YHULÌQD� UHDNFLMD� QDGDOMXMH� ]� QDVWDQ�
NRP���NDURWHQ�SHURNVLOQHJD� UDGLNDOD��7XGL���NDURWHQ� VH
ODKNR� DYWRRNVLGLUD�� DYWRRNVLGDFLMD� MH� LQWHQ]LYQHMÊD� SUL
YLÊMHP�SDUFLDOQHP�WODNX�NLVLND��(GJH�HW�DO���������

7DNR���NDURWHQ�NRW�OXWHLQ�ODKNR�Y�WHPL�LQ�QD�VYHWOREL
GHOXMHWD� NRW� SURRNVLGDQWD�� 2EVWRM� WRNRIHURORY� ODKNR
]PDQMÊD�SURRNVLGDFLMVNL�XáLQHN�NDURWHQRLGRY��.DURWHQR�
LGL�VR�QD�VYHWOREL�LQ�SUL�SRYLÊDQL�WHPSHUDWXUL�QHREVWRMQL�
QMLKRYL� UD]JUDGQL� SURGXNWL� SD� ODKNR� SRVSHÊXMHMR� RNVL�
GDFLMR� OLSLGRY��=DHVWUHQMH� KLGURNVLOQH� VNXSLQH� SD� ODKNR
VWDELOL]LUD�NDURWHQRLG�SUL�SRYLÊDQL� WHPSHUDWXUL��=DHVWUHQ
NDURWHQRLG� ]DWR� QL� WDNR� PRáDQ� SURRNVLGDQW� NRW� SURVWD
REOLND�NDURWHQRLGD��6XEDJLR�	�0RULWD��������

6LQHUJLMD�]�GUXJLPL�DQWLRNVLGDQWL�LQ�SURRNVLGDQWL

3RURáDMR� R� VLQHUJLMVNHP� GHORYDQMX� ��NDURWHQD� LQ� .�
WRNRIHUROD� �(GJH� HW� DO��� ������ 3VRPLDGRX� 	� 7VLPLGRX�
����E��� 8áLQHN� VLQHUJLMH� YHUMHWQR� ODKNR� SRMDVQLPR� V
WHP�� GD� .�WRNRIHURO� ÊáLWL� ��NDURWHQ� SUHG� DYWRRNVLGDFLMR
�3VRPLDGRX� 	� 7VLPLGRX�� ����E��� PRÌQD� SD� MH� WXGL
REUDWQD� UD]ODJD� �(GJH� HW� DO��� ������ 6FKURHGHU� HW� DO��
������� 6LQHUJLMVNL�XáLQHN� WRNRIHURORY� LQ���NDURWHQD� R]L�
URPD�OLNRSHQD�XSDGD�]�QDUDÊáDMRáR�NRQFHQWUDFLMR�NDUR�
WHQRLGD�� SUL� NRQFHQWUDFLML� NDURWHQRLGD� ����� SSP� SD� MH
XáLQHN� FHOR� DQWDJRQLVWLáHQ� �6FKURHGHU� HW� DO��� ������
.DURWHQRLGQL�NDWLRQ�UDGLNDOL�VH�ODKNR�UHJHQHULUDMR�WXGL�]
YLWDPLQRP�&��(O�$JDPH\�HW�DO����������NDURWHQL�SD�ODKNR
UHJHQHULUDMR�L]UDEOMHQH�IHQROQH�DQWLRNVLGDQWH��6FKURHGHU
HW�DO����������.DURWHQRLGL� LQ�NORURILOQL�SLJPHQWL�YSOLYDMR
QD� REVWRMQRVW� ROMD�� VDM� ODKNR� GHOXMHMR� NRW� SURRNVLGDQWL�
]ODVWL�RE�PRUHELWQL�SULVRWQRVWL�NRYLQ��V�NDWHULPL�GHOXMHMR
VLQHUJLVWLáQR��&LFKHOOL�	�3HUWHVDQD��������

9� ELRORÊNLK� WNLYLK� NDURWHQRLGL� QLVR� Y� KRPRJHQHP
VWDQMX��DPSDN� LPDPR�RSUDYND�]� LQWHUDNFLMDPL� UD]OLáQLK
NDURWHQRLGRY� Y�PHPEUDQDK�� 7DNR� ODKNR� SUHGYLGHYDPR
VLQHUJLVWLáQR� GHORYDQMH� ��NDURWHQD�� NL� JD� QDMGHPR
]QRWUDM�PHPEUDQH��LQ�]HDNVDQWLQD��NL�]�GHORP�PROHNXOH
VHJD�L]YHQ�PHPEUDQH��(O�$JDPH\�HW�DO���������

'HORYDQMH�NDURWHQRLGRY�LQ�YLYR

9ORJD�NDURWHQRLGRY�Y�RNVLGDFLMVNLK�UHDNFLMDK�MH�SUHG�
PHW� PQRJLK� UD]LVNDY�� ]DYHGDWL� SD� VH� PRUDPR�� GD� VR
UH]XOWDWL�YVDNH�UD]LVNDYH�RGVHY�HNVSHULPHQWDOQLK�UD]PHU
LQ� MLK� WRUHM�QH�PRUHPR�EUH]� XVWUH]QHJD�SUHPLVOHND� SR�
VSORÊLWL�QD�GUXJDáQH�UD]PHUH��ÊH�PDQM�SD�QD�GHORYDQMH�Y
ELRORÊNLK�VLVWHPLK�

0HVWR� QDKDMDQMD� NDURWHQRY� Y� KHWHURJHQLK� VLVWHPLK
LPD� SRPHPEHQ� YSOLY� QD� DQWLRNVLGDFLMVNL� XáLQHN�� ��
NDURWHQ� LQ� OLNRSHQ� Y� OLSRVRPX� QDMGHPR� Y� KLGURIREQL
QRWUDQMRVWL� OLSLGQH�GYRMQH�SODVWL��7X� MLK� ODKNR�QDSDGHMR
OLSLGQL� SHURNVLOQL� UDGLNDOL�� PDQM� SD� VR� GRVWRSQL� YRGR�
WRSQLP� UDGLNDORP�� 3RPHPEHQ� IDNWRU� ]D� GHORYDQMH� ND�
URWHQRLGRY� EL� ODKNR� ELO� WXGL� SDUFLDOQL� WODN� NLVLND
�6FKURHGHU�HW�DO���������

ÉWXGLMH� LQ� YLWUR� VR� SRND]DOH�� GD� REVWDMD� RSWLPDOQD
NRQFHQWUDFLMD� NDURWHQRLGRY�� NL� ]DJRWDYOMD� PDNVLPDOQR
DQWLRNVLGDFLMVNR� GHORYDQMH� Y� áORYHÊNLK� FHOLFDK�� 6HYHGD
SD� UH]XOWDWRY� ÊWXGLM� LQ� YLWUR� QH� VPHPR� SRVSORÊLWL� QD
UD]PHUH�LQ�YLYR��(O�$JDPH\�HW�DO���������
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DQG
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%RMDQ�%87,1$5
8QLYHUVLW\�RI�3ULPRUVND��6FLHQFH�DQG�5HVHDUFK�&HQWUH�RI�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

9DVLOLM�9$/(1Þ,Þ
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DQG
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6800$5<

7KH� SLJPHQWV� SURILOH� RI� YLUJLQ� ROLYH� RLO� LV� GHWHUPLQHG� E\� WKH� SLJPHQWV� LQLWLDOO\� SUHVHQW� LQ� WKH� IUXLWV� DQG� WKHLU
GHULYDWLYHV�IRUPHG�GXULQJ�WKH�H[WUDFWLRQ�SURFHVV��7KH�SUHVHQFH�RI�RWKHU�FDURWHQRLGV�RU�FKORURSK\OO�SLJPHQWV�DW�OHYHOV
RWKHU�WKDQ�WKDW�DVVRFLDWHG�ZLWK�WKH�H[WUDFWLRQ�SURFHVV�LQGLFDWH�WKDW�RLO�KDV�EHHQ�DGXOWHUDWHG�RU�WKH�H[WUDFWLRQ�SURFHVV
ZDV� LQFRUUHFW��7KH�\HOORZ�SLJPHQWV� LQ�ROLYH�RLO�DUH�FDURWHQRLGV�DQG� WKH�JUHHQ�SLJPHQWV�DUH�FKORURSK\OO�SLJPHQWV�
7KH� DPRXQW� RI� FDURWHQRLGV� LQ� RLO� GHSHQGV� RQ� YDULHW\��PDWXUDWLRQ� LQGH[�� WUHDWLQJ� RI� ROLYH� IUXLWV� EHIRUH� H[WUDFWLRQ�
H[WUDFWLRQ�SURFHVV��DQG�RLO� WUHDWLQJ��&DURWHQHV�DV�ZHOO� DV� [DQWRSK\OOV�ZHUH� LGHQWLILHG� LQ� YLUJLQ� ROLYH� RLOV�� /XWHLQ� LV
XVXDOO\� WKH� SUHGRPLQDWLQJ� FRPSRXQG� LQ� WKH� FDURWHQRLG� IUDFWLRQ� RI� SLJPHQWV�� IROORZHG� E\� ��FDURWHQH�� 7KH� UHVW� RI
FDURWHQRLG� IUDFWLRQ�DUH�PLQRU�[DQWRSK\OOV�� VXFK�DV�����HSR[LGHV������HSR[LGHV�RU� IXUDQRLGV��DQG�[DQWRSK\OO� HVWHUV�
&LV�LVRPHUHV� DUH� DOVR� IRUPHG� GXULQJ� WKH� H[WUDFWLRQ� SURFHVV�� 7KH� YLWDPLQ� DFWLYLW\� RI� FLV�LVRPHUHV� LV� ORZHU� DV� WKH
DFWLYLW\� RI� WUDQV�LVRPHUHV�� 3LJPHQW� SURILOH� RI� ROLYH� RLO� LV� D� XVHIXO� WRRO� IRU� YDULHW\� FODVVLILFDWLRQ� DQG� DXWKHQWLFLW\
GHWHUPLQDWLRQ��&DURWHQRLGV�FDQ�DFW�DV�DQWLR[LGDQWV�RU�SURR[LGDQWV��7KHLU�DQWLR[LGDQW�SURR[LGDQW�DFWLYLW\�GHSHQGV�RQ
FRQFHQWUDWLRQ�� VROYHQW�� IUHH� UDGLFDOV� VWUXFWXUH��SUHVHQFH�RI�RWKHU� DQWLR[LGDQWV��PHWDOV� DQG�R[\JHQ�� 7KH�DQWLR[LGDQW
DFWLYLW\� RI� FDURWHQRLGV� KDV� QRW� EHHQ� VDWLVIDFWRULO\� H[SODLQHG� DV� \HW�� 7KHUH� DUH� WKUHH� SRVVLEOH� PHFKDQLVPV� RI
FDURWHQRLGV�DQWLR[LGDQW�DFWLYLW\��&DURWHQRLGV�DUH�VLQJOHW�R[\JHQ�TXHQFKHUV�DQG�IUHH�UDGLFDO�VFDYHQJHUV�DQG�WKH\�DFW
DV�OLJKW�ILOWHUV��)LQGLQJV�DERXW�FDURWHQRLGV�DFWLYLW\�LQ�YLWUR�VKRXOG�QRW�EH�WUDQVODWHG�WR�DFWLYLW\�LQ�ELRORJLFDO�V\VWHPV�
&DURWHQRLGV� DUH�DQ� LPSRUWDQW�SDUW�RI�KXPDQ�GLHW� EHFDXVH� RI� WKHLU� DQWLR[LGDQW� DFWLYLW\� DQG� VRPH�RI� WKHP�DUH�DOVR
SURYLWDPLQV�$��&DURWHQRLGV�SUREDEO\�SUHYHQW�VRPH�GLVHDVHV��VXFK�DV�FDUGLRYDVFXODU�GLVHDVHV�DQG�FHUWDLQ�FDQFHUV��EXW
FDQ�LQ�FHUWDLQ�FLUFXPVWDQFHV�LQFUHDVH�WKH�ULVN�RI�GLVHDVH�

.H\�ZRUGV��ROLYH�RLO��FDURWHQRLGV��DQWLR[LGDQWV

/,7(5$785$

$I]DO��0���&��2EXHNZH��1��6KXDLE�	�+��%DUDNDW��������
3KRWRV\QWKHWLF�SLJPHQW�SURILOH�RI�&RUGLD�P\[D�/��DQG�LWV
SRWHQWLDO� LQ� IRONORUH�PHGLFLQDO� DSSOLFDWLRQ�� )RRG�$JULF�
(QYLURQ�����������������
$SDULFLR��5���/��5RGD��0��$��$OEL�	�)��*XWLmUUH]��������
(IIHFW�RI�YDULRXV�FRPSRXQGV�RQ�YLUJLQ�ROLYH�RLO� VWDELOLW\
PHDVXUHG�E\�UDQFLPDW��-��$JULF��)RRG�&KHP������������
�����

&DSRQLR��)���0��7��%LODQFLD��$��3DVTXDORQH��(��6LNRUVND
	�7��*RPHV���������,QIOXHQFH�RI�WKH�H[SRVXUH�WR�OLJKW�RQ
H[WUD� YLUJLQ� ROLYH� RLO� TXDOLW\� GXULQJ� VWRUDJH�� (XU�� )RRG
5HV��7HFKQRO��������������
&LFKHOOL��$��	�*��3��3HUWHVDQD���������+LJK�SHUIRUPDQFH
OLTXLG� FKURPDWRJUDSKLF� DQDO\VLV� RI� FKORURSK\OOV�� SKHR�
SK\WLQV� DQG� FDURWHQRLGV� LQ� YLUJLQ� ROLYH� RLOV�� FKHPR�
PHWULF�DSSURDFK�WR�YDULHW\�FODVVLILFDWLRQ�� -��&KURPDWRJU�
$���������������������
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(GJH��5���'��-��0F*DUYH\�	�7��*��7UXVFRWW� ��������7KH
FDURWHQRLGV� DV� DQWL�R[LGDQWV� �� D� UHYLHZ�� -�� 3KRWRFKHP�
3KRWRELRO��%�����������������
(O�$JDPH\�� $��� *�� 0�� /RZH�� '�� -�� 0F*DUYH\�� $�
0RUWHQVHQ��'��0��3KLOOLS��7��*��7UXVFRWW�	�$��-��<RXQJ
�������� &DURWHQRLG� UDGLFDO� FKHPLVWU\� DQG� DQWLR[LGDQW�
SUR�R[LGDQW�SURSHUWLHV��$UFK��%LRFKHP��%LRSK\V����������
������
)DNRXUHOLV��1���(��&��/HH�	�'��%��0LQ���������(IIHFWV�RI
FKORURSK\OO� DQG� E�FDURWHQH� RQ� R[LGDWLRQ� VWDELOLW\� RI
ROLYH�RLO��-��)RRG�6FL���������������
*DOODUGR�*XHUUHUR��/���%��*DQGXO�5RMDV��0��5RFD�	�0�
,�� 0qQJXH]�0RVTXHUD� �������� (IIHFW� RI� VWRUDJH� RQ� WKH
RULJLQDO� SLJPHQW� SURILOH� RI� 6SDQLVK� YLUJLQ� ROLYH� RLO�� -�
$P��2LO�&KHP��6RF����������������
*DQGXO�5RMDV�� %��� /�� 5RFD�� 0�� *�� &HSHUR� 	� 0�� ,�
0qQJXH]�0RVTXHUD� �������� &KORURSK\OOV� DQG� FDURWH�
QRLGV� SDWWHUQ� LQ� ROLYH� IUXLWV��2OHD� HXURSDHD� FY�� $UEH�
TXLQD��-��$JULF��)RRG�&KHP�����������������
*DQGXO�5RMDV��%��� /�� 5RFD��0��&HSHUR��0�� ,��0qQJXH]�
0RVTXHUD� �������� 8VH� RI� FKORURSK\OO� DQG� FDURWHQRLG
SLJPHQW�FRPSRVLWLRQ�WR�GHWHUPLQH�DXWKHQWLFLW\�RI�YLUJLQ
ROLYH�RLO��-��$P��2LO�&KHP��6RF������������������
*DUFLD�� -��0���.��<RXVIL��5��0DWHRV��0��2OPR�	�$��&HUW
�������� 5HGXFWLRQ� RI� RLO� ELWWHUQHVV� E\� KHDWLQJ� RI� ROLYH
�2OHD� HXURSDHD��� -�� $JULF�� )RRG� &KHP��� ������� �����
�����
*LPHQR�� (��� (�� &DOHUR�� $�� &DVWHOORWH�� 5�� 0�� /DPXHOD�
5DYHQWuV�� 0�� &�� GH� OD� 7RUUH� 	� 0�� &�� /uSH]�6DEDWHU
��������6LPXOWDQHRXV�GHWHUPLQDWLRQ�RI�.�WRFRSKHURO�DQG
��FDURWHQH� LQ� ROLYH� RLO� E\� UHYHUVHG�SKDVH� KLJK�SHU�
IRUPDQFH� OLTXLG� FKURPDWRJUDSK\�� -�� &KURPDWRJU�� $�
������������������
*LPHQR��(���$��,��&DVWHOORWH��5��0��/DPXHOD�5DYHQWuV��0�
&��GH�OD�7RUUH�	�0��&��/uSH]�6DEDWHU���������7KH�HIIHFWV
RI� KDUYHVW� DQG� H[WUDFWLRQ� PHWKRGV� RQ� WKH� DQWLR[LGDQW
FRQWHQW��SKHQROLFV��DOSKD�WRFRSKHURO��DQG�EHWD�FDURWHQH�
LQ�YLUJLQ�ROLYH�RLO��)RRG�&KHP������������������
*LXIIULGD��'���)��6DOYR��$��6DOYR��/��/D�3HUD�	�*��'XJR
�������� 3LJPHQWV� FRPSRVLWLRQ� LQ� PRQRYDULHWDO� YLUJLQ
ROLYH� RLOV� IURP� YDULRXV� 6LFLOLDQ� ROLYH� YDULHWLHV�� )RRG
&KHP�������������������
*XWLmUUH]�� )�� 	� -�� /�� )HUQgQGH]� �������� 'HWHUPLQDQW
SDUDPHWHUV�DQG�FRPSRQHQWV�LQ�WKH�VWRUDJH�RI�YLUJLQ�ROLYH
RLO��3UHGLFWLRQ�RI�VWRUDJH�WLPH�EH\RQG�ZKLFK�WKH�RLO�LV�QR
ORQJHU�RI��H[WUD��TXDOLW\��-��$JULF��)RRG�&KHP�����������
���
*XWLmUUH]��)���%��-LPHQH]��$��5XL]�	�0��$��$OEL��������
(IIHFW�RI�ROLYH�ULSHQHVV�RQ�WKH�R[LGDWLYH�VWDELOLW\�RI�YLUJLQ
ROLYH� RLO� H[WUDFWHG� IURP� WKH� YDULHWLHV� SLFXDO� DQG� KRML�
EODQFD� DQG� RQ� WKH� GLIIHUHQW� FRPSRQHQWV� LQYROYHG�� -�
$JULF��)RRG�&KHP������������������
*XWLmUUH]�� )��� 0�� -�� 9LOODIUDQFD� 	� -�� 0�� &DVWHOODQR
�������� &KDQJHV� LQ� WKH� PDLQ� FRPSRQHQWV� DQG� TXDOLW\
LQGLFHV� RI� YLUJLQ� ROLYH� RLO� GXULQJ� R[LGDWLRQ�� -�� $P�� 2LO
&KHP��6RF���������������

+UQFLULN��.��	�6��)ULWVFKH���������5HODWLRQ�EHWZHHQ� WKH
(QGRJHQRXV�$QWLR[LGDQW�6\VWHP�DQG�WKH�4XDOLW\�RI�([WUD
9LUJLQ�2OLYH�2LO�XQGHU�$FFHOHUDWHG�6WRUDJH�&RQGLWLRQV�
-��$JULF��)RRG�&KHP��������������������
,QVHO��3���(��7XUQHU�	�'��5RVV���������1XWULWLRQ���QG�(G�
-RQHV� DQG� %DUWOHWW� 3XEO��� 6XGEXU\�� 0DVVDFKXVHWWV�� S�
��������
-DUmQ�*DOgQ��0���&��&DUPRQD�5DPRQ�	�0��,��0qQJXH]�
0RVTXHUD� �������� ,QWHUDFWLRQ� EHWZHHQ� FKORURSODVW� SLJ�
PHQWV� DQG� OLSR[LJHQD]H� HQ]\PDWLF� H[WUDFW� RI� ROLYHV�� -�
$JULF��)RRG�&KHP�����������������
/XDFHV��3���$��*��3HUH]��-��0��*DUFLD�	�&��6DQ]��������
(IIHFWV�RI�KHDW�WUHDWPHQWV�RI�ROLYH�IUXLW�RQ�SLJPHQW�FRP�
SRVLWLRQ�RI� YLUJLQ�ROLYH�RLO�� )RRG�&KHP����������������
����
/XWHURWWL�� 6��� 0�� )UDQNR�� 0�� ÆLNRYHF� 	� '�� %LFDQLF
�������� 8OWUDVHQVLWLYH� DVVD\V� RI� WUDQV�� DQG� FLV���FDUR�
WHQHV�LQ�YHJHWDEOH�RLOV�E\�KLJK�SHUIRUPDQFH�OLTXLG�FKUR�
PDWRJUDSK\�WKHUPDO�OHQV�GHWHFWLRQ��$QDO\W��&KLP��$FWD�
����������������
0LOOHU��1��-���-��6DPSVRQ��/��3��&DQGHLDV��3��0��%UDPOH\�	
&��$��5LFH�(YDQV� ��������$QWLR[LGDQW� DFWLYLWLHV� RI� FDUR�
WHQHV�DQG�[DQWKRSK\OOV��)(%6�/HWW�������������������
0qQJXH]�0RVTXHUD�� 0�� ,�� 	� %�� *DQGXO�5RMDV� �������
0HFKDQLVP� DQG� NLQHWLFV� RI� FDURWHQRLG� GHJUDGDWLRQ
GXULQJ� WKH� SURFHVVLQJ� RI� JUHHQ� WDEOH� ROLYHV�� -�� $JULF�
)RRG�&KHP�����������������
0qQJXH]�0RVTXHUD��0��,���%��*DQGXO�5RMDV��-��*DUULGR�
)HUQhQGH]� 	� /�� *DOODUGR�*XHUUHUR� �������� 3LJPHQWV
SUHVHQW� LQ� YLUJLQ� ROLYH� RLO�� -�� $P�� 2LO� &KHP�� 6RF��� ���
��������
0qQJXH]�0RVTXHUD�� 0�� ,��� /�� 5HMDQR�1DYDUUR�� %�
*gQGXO�5RMDV�� $�� +�� 6gQFKH]�*uPH]� 	� -�� *DUULGR�
)HUQgQGH]� �������� &RORU� SLJPHQW� FRUUHODWLRQ� LQ� YLUJLQ
ROLYH�RLOV��-��$P��2LO�&KHP��6RF���������������
0RXUH��$��� -��0��&UX]��'��)UDQFR�� -��0��'RPqQJXH]�� -�
6LQHLUR�� +�� 'RPqQJXH]�� 0�� -�� 1zåH]� 	� -�� &�� 3DUDMu
��������1DWXUDO�DQWLR[LGDQWV�IURP�UHVLGXDO�VRXUFHV��)RRG
&KHP���������������
3DJOLDULQL�� (��� %�� =DQRQL� 	� *�� *LRYDQHOOL� �������� 3UH�
GLFWLYH� VWXG\� RQ� 7XVFDQ� H[WUD� YLUJLQ� ROLYH� RLO� VWDELOLW\
XQGHU� VHYHUDO� FRPPHUFLDO� FRQGLWLRQV�� -�� $JULF�� )RRG
&KHP��������������������
3VRPLDGRX�� (�� 	� 0�� 7VLPLGRX� �������� 6LPXOWDQHRXV
+3/&� GHWHUPLQDWLRQ� RI� WRFRSKHUROV�� FDURWHQRLGV�� DQG
FKORURSK\OOV� IRU� PRQLWRULQJ� WKHLU� HIIHFW� RQ� YLUJLQ� ROLYH
RLO�R[LGDWLRQ��-��$JULF��)RRG�&KHP�����������������
3VRPLDGRX��(��	�0��7VLPLGRX���������3LJPHQWV�LQ�*UHHN
ROLYH�RLOV��2FFXUUHQFH�DQG�OHYHOV��-��6FL��)RRG�$JULF������
��������
3VRPLDGRX��(��	�0��7VLPLGRX������D���6WDELOLW\�RI�YLUJLQ
ROLYH�RLO�����$XWRR[LGDWLRQ�VWXGLHV��-��$JULF��)RRG�&KHP��
������������
3VRPLDGRX��(��	�0��7VLPLGRX������E���6WDELOLW\�RI�YLUJLQ
ROLYH� RLO�� ��� 3KRWR�R[LGDWLRQ� VWXGLHV�� -�� $JULF�� )RRG
&KHP������������������
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5RFD��0���%��*DQGXO�5RMDV��/��*DOODUGR�*XHUUHUR�	�0�
,�� 0qQJXH]�0RVTXHUD� �������� 3LJPHQW� SDUDPHWHUV� GH�
WHUPLQLQJ� 6SDQLVK� YLUJLQ� ROLYH� RLO� DXWKHQWLFLW\�� 6WDELOLW\
GXULQJ� VWRUDJH�� -�� $P�� 2LO� &KHP�� 6RF��� �������� �����
�����
5RFD��0��	�0��,��0qQJXH]�0RVTXHUD���������&KDQJHV�LQ
FKORURSODVW�SLJPHQWV�RI�ROLYH�YDULHWLHV�GXULQJ� IUXLW� ULSH�
QLQJ��-��$JULF��)RRG�&KHP������������������
6DOYDGRU�� 0�� '��� )�� $UDQGD�� 6�� *uPH]�$ORQVR� 	� *�
)UHJDSDQH���������&RUQLFDEUD�YLUJLQ�ROLYH�RLO��D�VWXG\�RI
ILYH� FURS� VHDVRQV�� &RPSRVLWLRQ�� TXDOLW\� DQG� R[LGDWLYH
VWDELOLW\��)RRG�&KHP���������������
6FKURHGHU��0��7���(��0��%HFNH�	�/��+��6NLEVWHG��������
0ROHFXODU� PHFKDQLVP� RI� DQWLR[LGDQW� V\QHUJLVP� RI
WRFRWULHQROV�DQG�FDURWHQRLGV� LQ�SDOP�RLO�� -��$JULF��)RRG
&KHP��������������������
6FRWWHU��0��-��	�/��&DVWOH���������&KHPLFDO� LQWHUDFWLRQV
EHWZHHQ� DGGLWLYHV� LQ� IRRGVWXIIV�� D� UHYLHZ�� )RRG� $GGL�
WLYHV�DQG�&RQWDPLQDQWV���������������

6WHHQVRQ�� '�� )�� 	� '�� %�� 0LQ� �������� (IIHFWV� RI� EHWD�
FDURWHQH�DQG�O\FRSHQH�WKHUPDO�GHJUDGDWLRQ�SURGXFWV�RQ
WKH�R[LGDWLYH� VWDELOLW\�RI� VR\EHDQ�RLO�� -��$P��2LO�&KHP�
6RF���������������������
6X��4���.��*��5RZOH\�	�1��'��+��%DODV]� ��������&DUR�
WHQRLGV�� VHSDUDWLRQ� PHWKRGV� DSSOLFDEOH� WR� ELRORJLFDO
VDPSOHV��-��&KURPDWRJU��%���������������
6XEDJLR�� $�� 	� 1�� 0RULWD� �������� ,QVWDELOLW\� RI� FDURWH�
QRLGV�LV�D�UHDVRQ�IRU�WKHLU�SURPRWLRQ�RQ�OLSLG�R[LGDWLRQ�
)RRG�5HV��,QW��������������������
6XEDJLR��$��	�1��0RULWD� �������� 3URR[LGDQW� DFWLYLW\� RI
OXWHLQ� DQG� GLP\ULVWDWH� HVWHUV� LQ� FRUQ� WULDF\OJO\FHULGH�
)RRG�&KHP�����������������
:RRGDOO�� $�� $��� 6�� :��0�� /HH�� 5�� -�� :HHVLH�� 0�� -�
-DFNVRQ�	�*��%ULWWRQ� ��������2[LGDWLRQ� RI� FDURWHQRLGV
E\� IUHH� UDGLFDOV�� UHODWLRQVKLS� EHWZHHQ� VWUXFWXUH� DQG
UHDFWLYLW\��%LRFKLP��%LRSK\V��$FWD��������������


