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DVSHNDWD��WRSORWQL��IRWRVLQWHWVNL��IRWRPRUIRJHQHWVNL�L�WR�UD]OLaLWR�X�]DYLVQRVWL

RG�LQWH]LWHWD��VSHNWUDOQRJ�VDVWDYD�L�ULWPLaQRVWL�RVYHWOMDYDQMD��6DUL`�������

3ULPHQD�ODVHUD�X�VHPHQDUVWYX�]DVQLYD�VH�QD�VSRVREQRVWL�VHPHQD�L�EL�

OMDND�GD�DSVRUEXMX�VYHWORVW��WUDQVIRUPL^X�MH�L�GDOMH�NRULVWH�X�SURFHVX�IRU�

PLUDQMD�ELRPDVH��6DP�PHKDQL]DP�GHMVWYD�ODVHUVNH�PRQRKURPDWVNH�

NRKHUHQWQH��FUYHQH�VYHWORVWL�ED]LUD�VH�QD�PRJX`QRVWL�IRWRQVNRJ�®SXPSD�

QMD¯�ELOMQLK�`HOLMD��)RWRQVNLP�®SXPSDQMHP¯�VHPHQD�SRYH`DYD�VH�ELRHQHU�

JHWVNL�QLYR�`HOLMD�WM��SRYH`DYDMX�VH�UH]HUYH�QHRSKRGQH�VORERGQH�HQHUJLMH�X

VHPHQX�

0HWRGD�ODVHUVNH�VWLPXODFLMH�VHPHQD�LPD�SUHGQRVW�QDG�YH`�SR]QDWLP

PHWRGDPD�L]�VOHGH`LK�UD]ORJD�

¬ SULPHQD�QH�]DYLVL�RG�YUHPHQVNLK�XVORYD��UDG�X�]DWYRUHQLP�SURVWR�

ULMDPD�

¬ PHWRG�QLMH�^NRGOMLY�]D�VHPH

¬ HIHNWL�VX�XRaOMLYL�QDNRQ�UHODWLYQR�NUDWNRJ�YUHPHQVNRJ�SHULRGD

¬ XUH_DM�NRML�VH�NRULVWL�MH�SRUWDELODQ��SD�VH�PRCH�VH�NRULVWLWL�]D�WUH�

WLUDQMH�XVHYD�L�X�YUHPH�YHJHWDFLMH

3^HQLFD��7ULWLFXP�YXOJDUH��VH�VPDWUD�]D�MHGQX�RG�QDMVWDULMLK�NXOWXUD�

'DQDV�MH��SRUHG�NXNXUX]D��QDM]QDaDMQLMH�CLWR�VD�SURVHaQRP�JRGL^QMRP�SUR�

L]YRGQMRP�RG�����PLOLRQD�WRQD��'DQRQ��������3RYH`DQMH�SULQRVD�S^HQLFH

MH�RG�YHOLNRJ�]QDaDMD�]D�SROMRSULYUHGQX�SURL]YRGQMX�L�aRYHaDQVWYR�XRS^WH�

=ERJ�WRJD�VX�QHRSKRGQD�EURMQD�ELRIL]LaND�GHORYDQMD�QD�VHPH�NDNR�EL�VH

VWLPXOLVDOR�QMHJRYR�NOLMDQMH��VNUDWLR�SHULRG�PLURYDQMD�LWG��/DVHUVND�REUDGD

VHPHQD�MH�VDPR�MHGQD�RG�PHWRGD�NRMD�PRCH�QD`L�VYRMX�SULPHQX�X�EXGX�

`QRVWL��2G�YHOLNH�MH�YDCQRVWL�QD`L�RGJRYDUDMX`L�WUHWPDQ�]D�VYDNX�ELOMQX�YU�

VWX�]D�^WD�VX�SRWUHEQD�EURMQD�LVWUDCLYDQMD�

8�RYRP�UDGX�LVSLWLYDQ�MH�XWLFDM�ODVHUVNRJ�]UDaHQMD�QD�VHPH�S^HQLFH�

9DULUDQL�VX�LQWH]LWHW�]UDaHQMD��YUHPHQVNL�LQWHUYDOL�L]PH_X�SRMHGLQLK�WUHWL�

UDQMD�L�EURM�WUHWLUDQMD��3RNX^DQR�MH�GD�VH�SURQD_H�WUHWPDQ�]D�S^HQLFX�NRML

`H�GDWL�QDMSRYROMQLMH�UH]XOWDWH�QD�NOLMDYRVW�L�ELRPDVX�NOLMDQFD�

0DWHULMDO�L�PHWRGH

6HPH��VRUWH�3REHGD��MH�WUHWLUDQR�X�SDSLUQDWLP�NHVDPD�X�JUXSDPD�RG

SR����VHPHQD�QD�WDM�QDaLQ�̂ WR�MH�NHVD�VD�VHPHQLPD�L]ORCHQD�VQRSX�ODVHUVNH

VYHWORVWL�X�WUDMDQMX�RG�����VHNXQGH��,VSLWLYDQH�VX�YDULMDQWH�VD�MHGQLP��GYD

LOL�WUL�SURSX^WDQMD�NUR]�VQRS�VYHWORVWL��6YDND�RG�RYH�WUL�YDULMDQWH�UHDOL]R�

YDQD�]D�YUHGQRVWL�LQWHQ]LWHWD�]UDaHQMD�RG�����L�����P:��WDNR�GD�MH�XNXSQR

ELOR���UD]OLaLWLK�YDULMDQWL��3UL�WRPH�MH�MH�GUXJR�SURSX^WDQMH�L]YHGHQR���aDVD

QDNRQ�SUYRJ��D�WUH`H����aDVD�SRVOH�SUYRJ��=D�VYDNX�YDULMDQWX�VX�RGUH_HQL

VOHGH`L�SDUDPHWUL��HQHUJLMD�NOLMDYRVWL��NOLMDYRVW��LQGHNV�NOLMDYRVWL��GXCLQD

NOLMDQFD��PDVD�QDG]HPQRJ�GHOD�L�PDVD�NRUHQD��6YLK���YDULMDQWL�MH�SRQR�

YOMHQR�QD�SR�WUL�JUXSH�VHPHQD��=D�YUHGQRVW�VYDNRJ�SDUDPHWDUD�X]HWD�MH
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RGJRYDUDMX`D�DULWPHWLaND�VUHGLQD��D�JUH^ND�MH�SURFHQMHQD�QDMYH`LP�RGVWX�

SDQMHP�RG�QMH�

6HPH�MH�WUHWLUDQR�+H�1H��JDVQLP��ODVHURP��WDODVQH�GXCLQH�]UDaHQMD

������QP�L�PDNVLPDOQH�L]OD]QH�VQDJH����P:��.RUL^`HQ�MH�SUR^LULYDa�VQR�

SD�GD�EL�VH�SRYH`DOD�DNWLYQD�SRYU^LQD�]UDaHQMD��PDGD�MH�QD�WDM�QDaLQ�VPDQ�

MHQD�VQDJD�]UDaHQMD�SR�MHGLQLFL�SRYU^LQH��RGQRVQR�SR�]UQX��,QWH]LWHWL

]UDaHQMD�VX�PHUHQL�PHUDaHP�VQDJH��1DNRQ�WUHWLUDQMD�VHPH�MH����aDVD�RGOH�

CDOR�QD�VXYRP�L�WDPQRP�PHVWX��V�WLP�^WR�VX�SRMHGLQL�WUHWPDQL�ELOL�X�UD�

]OLaLWLP�SURVWRULMDPD��GD�EL�VH�L]EHJDR�HYHQWXDOQL�PH_XVREQL�XWLFDM�

,VWUHWLUDQR�VHPH�MH�SRVWDYOMHQR�X�SHWUL�NXWLMH��.DR�SRGORJD�SRVOXCLR�MH

ILOWHU�SDSLU�L�X�VYDNX�SHWUL�NXWLMX�VWDYOMHQ�MH�SR�MHGDQ�WUHWPDQ��WM�����VH�

PHQD��L�SR���PO�GHVWLORYDQH�YRGH��=DWLP�VX�VHPHQD�SRVWDYOMHQD�X�WHUPR�

VWDW�QD�NRQVWDQWQRM�WHPSHUDWXUL�RG���~&��=D�YUHPH�QDNOLMDYDQMD�VHPHQD�X

WHUPRVWDWX�YU^HQR�MH�SRYUHPHQR�GRGDYDQMH�GHVWLORYDQH�YRGH����×���PO��
.OLMDYRVW�VHPHQD�SUD`HQD�MH�SUYLK���GDQD�L�QD�RVQRYX�GRELMHQLK�SR�

GDWDND�RGUH_HQ�MH�LQGHNV�NOLMDYRVWL�SR�VWDQGDUGQRM�PHWRGL��0DULQNRYL`��XV�

PHQR�VDRS^WHQMH���%URM�LVNOLMDOLK�VHPHQD�QDNRQ�WUL�GDQD�X]HWD�MH�]D

HQHUJLMX�NOLMDYRVWL��D�UH]XOWDWL�SHWRJ�GDQD�]D�NOLMDYRVW�

1DNRQ���GDQD�ELOMNH�VX�L]YD_HQH�L]�WHUPRVWDWD��RGYRMHQH�RG�ILOWHU�SD�

SLUD�L�SRVWDYOMHQH�QD�VXY�SDSLU�GD�EL�VH�XNORQLOD�VORERGQD�YRGD�VD�SRYU^LQH

NRUHQD��WH�QD�WDM�QDaLQ�L]EHJOH�JUH^NH�SUL�PHUHQMX��=DWLP�MH�RGYDMDQ�QDG�

]HPQL�GHR�ELOMNH�RG�NRUHQD��D�NRUHQ�RG�RVWDWND�]UQD��QDNRQ�aHJD�MH�L]�
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5H]XOWDWL�L�GLVNXVLMD

8WLFDM�ODVHUVNH�VWLPXODFLMH�VHPHQD�SRND]XMH�L]X]HWQR�SR]LWLYDQ�XWLFDM

QD�HQHUJLMX�NOLMDQMD�S^HQLFH��WDEHOH���L�VOLND��$���1DMEROML�UH]XOWDWL

RVWYDUHQL�VX�NRG�VHPHQD�NRMH�MH�GYD�SXWD�WUHWLUDQR�ODVHUVNLP�]UDFLPD��JGH

MH�SRUDVW�X�RGQRVX�QD�NRQWUROX������8�VOXaDMX�RED�LQWH]LWHWD�������L����

P:��QH^WR�VODELML�UH]XOWDWL�VX�RVWYDUHQL�NRG�YDULMDQWL�VD�WUL�WUHWLUDQMD��D�SR�

WRP�VD�MHGQLP�WUHWLUDQMHP��%ROML�UH]XOWDWL�RVWYDUHQL�VX�NRG�VHPHQD�WUHWLUD�

QLK�LQWH]LWHWRP�]UDaHQMD�����P:��3RUDVW�X�RGQRVX�QD�NRQWUROX�MH�RVWYDUHQ

NRG�VYLK�YDULMDQWL�WUHWLUDQMD��L�RQ�VH�NUHWDR�RG�����WHWPDQ�$��GR�����

�WUHWPDQL�%�L�(��

/DVHUVND�VWLPXODFLMD�SRND]XMH�SR]LWLYDQ�XWLFDM�QD�NOLMDYRVW�VHPHQD

�WDEHOD���L�VOLND��%���6YH�YDULMDQWH�WUHWLUDQMD�SRND]DOH�VX�VH�NDR�EROMH�RG

NRQWUROQH�JUXSH��1DMEROMD�NOLMDYRVW�RVWYDUHQD�MH�NRG�VHPHQD�GYD�SXWD�WUH�

WLUDQRJ�ODVHUVNRP�VYHWOR^`X�SUL�LQWH]LWHWX�RG�����P:�L�L]QRVL������3RUDVW

NOLMDYRVWL�WUHWLUDQLK�VHPHQD�X�RGQRVX�QD�NRQWUROX�VH�NUHWDR�RG������NRG
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8WLFDM�ODVHUVNRJ�]UDaHQMD�QD�GXCLQX�NOLMDQDFD�QLMH�VH�SRND]DR�VWLPX�

ODWLYQLP��WDEHOD���L�VOLND��$���'XCLQD�NRQWUROQLK�NOLMDQDFD�ELOD�MH�YH`D�RG

VYLK�YDULMDQWL�WUHWLUDQLK��5D]ORJ�WRPH�PRCH�ELWL�YL^HVWUXN��6WLPXODWLYQR�GH�

MVWYR�ODVHUVNH�VYHWORVWL�PRCH�SRVOH�L]YHVQRJ�YUHPHQD�QHVWDWL��WM��VHPH�PR�

CH�LVWUR^LWL�DSVRUERYDQH�UH]HUYH�VYHWORVQH�HQHUJLMH�NRMH�SRWLaX�RG�ODVHUVNRJ

]UDaHQMD��0RJX`H�MH�WDNR_H�GD�VH�MHGDQ�GHR�VYHWORVWL�NRQ]HUYLUD�X�]UD�

aHQRP�PDWHULMDOX�L�LVSROML�VYRM�ELROR^NL�HIHNDW�WHN�X�NDVQLMHP�UD]YRMX

ELOMNH��-HGQD�RG�PRJX`QRVWL�MH�L�GD�ODVHUVND�VYHWORVW�LQKLELUD�L]GXCLYDQMH

ELOMNH��D�VWLPXOL^H�VDPR�NOLMDQMH�VHPHQD��5D]ORJ�VODERP�UDVWX�NOLMDQDFD

PRCH�ELWL�L�GUXJH�SULURGH��UD]OLaLW�UDVSRUHG�VHPHQD�X�WHUPRVWDWX��SRMDYD

SOHVQL�X�SRMHGLQLP�SHWUL�NXWLMDPD�WUHWLUDQLK�VHPHQD��LVX^HQMH��QHNH�YUVWH
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PDQMH�RG�NRQWUROQLK��LSDN�VX�PDVH�NOLMDQDFD�SULEOLCQLK�YUHGQRVWL��/DVHUVND

VYHWORVW�QH�SRGVWLaH�L]GXCLYDQMH�NOLMDQDFD��DOL�SRVSH^XMH�QMLKRYX�PDVX��WM�
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3RQRYR�VX�QDMEROML�UH]XOWDWL�RVWYDUHQL�NRG�VHPHQD�GYD�SXWD�WUHWLUDQRJ

ODVHUVNLP�]UDaHQMHP��1DMYH`L�SRUDVW�X�RGQRVX�QD�NRQWUROX�GRELMHQ�MH�NRG

VHPHQD�GYD�SXWD�WUHWLUDQRJ�LQWH]LWHWRP�RG�����P:�L�RQ�L]QRVL�����3RUDVW

MH�]DSDCHQ�L�NRG�VHPHQD�GYD�SXWD�WUHWLUDQRJ�LQWH]LWHWRP�����P:��8�VYLP

GUXJLP�VOXaDMHYLPD��NRG�NRQWUROH�VX�RVWYDUHQL�EROML�UH]XOWDWL�

0DVH�NRUHQD�NRQWUROQLK�L�WUHWLUDQLK�VHPHQD�VX�WDNR_H�XMHGQDaHQH��WD�

EHOD���L�VOLND��&���1DMYH`X�PDVX�NRUHQD�LPDOD�VX�VHPHQD�GYD�SXWD�WUHWL�

UDQD�LQWH]LWHWRP�RG�����P:��SRMHGLQL�WUHWPDQL�VX�ELOL�LVWL�NDR�NRQWUROD��D

QHJGH�VH�SRND]DOR�GHSUHVLYQR�GHMVWYR�ODVHUVNH�VYHWORVWL�

7DEHOD����0DVD�NRUHQD

7UHWPDQ %URM
R]UDaLYDQMD

,QWH]LWHW
�P:�

0DVD��PJ� 3RUDVW����

$ � ��� ����±���� ¬

% � ��� ����±���� ����±���
& � ��� ����±���� ¬

' � ��� ����±���� ¬

( � ��� ����±����� ¬

) � ��� ����±���� ¬

2 .RQWUROD ����±����

=DNOMXaDN

1D�RVQRYX�L]QHWLK�UH]XOWDWD�PRJX�VH�GRQHWL�VOHGH`L�]DNOMXaFL�

¬ 1D�HQHUJLMX�NOLMDYRVWL�ODVHUVND�VWLPXODFLMD�VHPHQD�MH�XWLFDOD�SR]L�

WLYQR��1DMEROML�UH]XOWDWL�RVWYDUHQL�VX�NRG�VHPHQD�GYD�SXWD�WUHWLUD�

QRJ�ODVHUVNLP�]UDaHQMHP�L�SRUDVW�X�RGQRVX�QD�NRQWUROX�L]QRVL����

¬ 1D�NOLMDYRVW�VHPHQD�ODVHUVND�VYHWORVW�MH�RVWYDULOD�SR]LWLYDQ�XWLFDM

NRG�VYLK�WUHWPDQD��1DMEROML�HIHNDW�RVWYDUHQ�MH�NRG�VHPHQD�GYD�SXWD

WUHWLUDQRJ�LQWH]LWHWRP�]UDaHQMD�����P:��JGH�SRUDVW�X�RGQRVX�QD

NRQWUROX�L]QRVL����

¬ 8�VNODGX�VD�UH]XOWDWLPD�GRELMHQLK�]D�HQHUJLMX�NOLMDYRVWL�L�NOLMDYRVW

VHPHQD��LQGHNV�NOLMDYRVWL�MH�WDNR_H�EROML�NRG�WUHWLUDQLK�VHPHQD�

0DNVLPDOQL�SRUDVW�MH�]DEHOHCHQ�NRG�GYD�SXWD�WUHWLUDQRJ�VHPHQD�LQ�

WH]LWHWRP�����P:�L�RQ�L]QRVL����

¬ 1D�GXCLQX�NOLMDQDFD�ODVHUVND�VYHWORVW�QHPD�SR]LWLYDQ�XWLFDM��.RQ�

WUROD�MH�ELOD�EROMD�RG�VYLK�WUHWPDQD

¬ 1D�PDVX�QDG]HPQRJ�GHOD�L�NRUHQD�ODVHUVNR�]UDaHQMH�SRND]XMH�SR]�

LWLYQH�UH]XOWDWH�VDPR�NRG�VHPHQD�GYD�SXWD�WUHWLUDQRJ�ODVHUVNLP

]UDFLPD
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&LOM�UDGD�ELR�MH�GD�LVSLWD�XWLFDM�GHORYDQMD�ODVHUVNRJ�]UDaHQMD�QD�VHPH�

8NROLNR�EL�VH�SRND]DOR�SR]LWLYQR�GHMVWYR���FLOM�MH�GD�VH�SURQD_H�RSWLPDODQ

WUHWPDQ�]D�S^HQLFX�WM��WUHWPDQ�NRML�`H�GRYHVWL�GR�EROMHJ�SRUDVWD�NOLMDQDFD�

D�NDVQLMH�L�GR�YH`LK�SULQRVD�S^HQLFH��8�LVSLWLYDQMX�XWLFDMD�ODVHUVNRJ�]UD�

aHQMD�QD�HQHUJLMX�NOLMDYRVWL��NOLMDYRVW�L�LQGHNV�NOLMDYRVWL�VHPHQD�RVWYDUHQL

VX�VWDWLVWL^NL�]QDaDMQL�UH]XOWDWL��5H]XOWDWL�VYLK�RVWDOLK�LVSLWLYDQLK�SDUDPHWDUD

VH�QDOD]H�X�JUDQLFDPD�RVWYDUHQH�JUH^NH��1DMXVSH^QLMLP�VH�SRND]DR�WUHWPDQ

NRML�SRGUD]XPHYD�L]ODJDQMH�VHPHQD�ODVHUVNLP�]UDFLPD�GYD�SXWD��DOL�VH�QH

PRCH�VD�VLJXUQR^`X�]DNOMXaLWL�GD�MH�WR�RSWLPDODQ�WUHWPDQ�]D�S^HQLFX��'D�

NOH��X�UDGX�MH�SRND]DQR�GHMVWYR�ODVHUVNRJ�]UDaHQMD�QD�VHPH�S^HQLFH�L�GH�

OLPLaQR�SRND]DQR�GD�MH�WR�GHMVWYR�SR]LWLYQR�^WR�RWYDUD�PRJX`QRVW�SULPHQH

RYH�PHWRGH�X�SUHWVHWYHQRM�REUDGL�VHPHQD��=D�GDOMH�UD]XPHYDQMH�PHKDQL�

]PD�GHMVWYD�ODVHUVNRJ�]UDaHQMD�QD�VHPH�QHRSKRGQD�VX�GDOMD�LVWUDCLYDQMD�

/LWHUDWXUD

'DQRQ�-��������+UDQOMLYR��OHNRYLWR��RWURYQR�L�]DaLQVNR�ELOMH��%HRJUDG�
1DXaQD�.QMLJD

-HUHPL`�0��������6DYUHPHQD�ELRIL]LND��%HRJUDG��1DXaQD�.QMLJD

.DVWRUL�5��������)L]LRORJLMD�ELOMDND��1RYL�6DG��0DWLFD�VUSVND

9XaHOL`�'��������6DYUHPHQD�ELRIL]LND��%HRJUDG��1DXaQD�.QMLJD

9XaL`�9��������)L]LND�,,��%HRJUDG��1DXaQD�.QMLJD

%DUEDUD�&RNL`

,PSDFW�RI�ODVHU�UDGLDWLRQ�VHHG�WUHDWPHQW�RQ�LQLWLDO�JURZWK

VWDJH�RI�ZKHDW��7ULWLFXP�YXOJDUH�

,Q�WKH�ODVW�WLPH��VWXG\LQJ�RI�ELRSK\VLFDO�SKHQRPHQRQ�DQG�SURFHVVHV

RI�OLYLQJ�EHLQJV�LV�D�VFLHQFH�ILHOG�ZKLFK�WKH�VFLHQWLVWV�DUH�YHU\�LQWHUHVWHG

LQ��%HVLGH�PDQ\�SK\VLFDO�IDFWRUV�WKDW�VWLPXODWH�SURFHVVHV�LQ�VHHG��OLNH�XO�

WUDVRXQG��HOHFWULF�HQHUJ\�RU�γ�UDGLDWLRQ��LQ�WKH�ODVW�WLPH��ODVHU�UDGLDWLRQ�KDV
EHHQ�VWXGLHG�

7KH�LPSDFW�RI�ODVHU�UDGLDWLRQ�RQ�JHUPLQDWLRQ�RI�ZKHDW�ZDV�HVWDEOL�

VKHG�LQ�WKLV�ZRUN��'XULQJ�WKH�VHDUFKLQJ�WKHUH�ZHUH�PRUH�NLQGV�RI�WUHDW�

PHQWV��VHHGV�ZHUH�WUHDWHG�GLIIHUHQW�WLPHV��ZLWK�GLIIHUHQW�LQWHQVLWLHV�DQG

ZLWK�GLIIHUHQW�LQWHUYDO�EHWZHHQ�WUHDWPHQWV��7KH�ILQDO�DLP�LV�WR�ILQG�RSWLPDO

WUHDWPHQW�IRU�ZKHDW��WKDW�ZLOO�JLYH�SRVLWLYH�UHVXOWV�

�����•��3(71,A.(�69(6.(��� '(2��,,



7KH�VHHGV�ZHUH�WUHDWHG�E\�JDV�+H�1H�ODVHU�ZLWK�ZDYHOHQJWK�RI������

QP��'XULQJ�WKH�WUHDWLQJ��WKH�VHHGV�ZHUH�LQ�SDSHU�EDJV��WKDW�ZHUH�SHUPHDWHG

WKURXJK�EHDP�RI�ODVHU±V�UDGLDWLRQ��$IWHU�WKDW��WKH�VHHGV�ZHUH�SODFHG�LQWR

SHWUL�ER[HV�DQG�SXW�LQWR�WKHUPRVWDW�RQ�FRQVWDQW�WHPSHUDWXUH�RI���~&�WR�JH�

UPLQDWH�

/DVHU±V�UDGLDWLRQ�VKRZV�SRVLWLYH�SXUFKDVH�RQ�HQHUJ\�RI�JHUPLQDWLRQ�

JHUPLQDWLRQ�DQG�LQGH[�RI�JHUPLQDWLRQ�ZLWK�D�JURZWK�RI��������DQG����SHU�

FHQW��UHVSHFWLYHO\��2Q�OHQJWK�DQG�ZHLJWK�RI�JHUP��ODVHU±V�UDGLDWLRQ�VKRZV

VWLPXODWH�HIIHFWLRQ�RQO\�LQ�WKH�FDVHV�RI�VRPH�WUHDWPHQWV��
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