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*HROR^NL�L�PRUIROR^NL�DVSHNWL�L]JUDGQMH
REMHNDWD�]DSDGQR�RG�/HEDQD

,VWUDCLYDQMH�SRGUXaMD�]DSDGQR�RG�/HEDQD�MH�L]YHGHQR�VD�]DGDWNRP�XWYU_LYDQMD
JHROR^NLK�L�PRUIROR^NLK�NDUDNWHULVWLND�WHUHQD��D�X�FLOMX�RGUH_LYDQMD�SRYROMQRVWL
RYRJ�SURVWRUD�X�SRJOHGX�JUDGQMH�REMHNDWD��*HROR^NL�VDVWDY�MH�XWYU_HQ�RVQRYQRP
JHROR^NRP�PHWRGRP�¬�PHWRGRP�JHROR^NRJ�NDUWLUDQMD��1DJLE�WHUHQD�MH�RGUH_HQ
^DEORQVNRP�L�WULJRQRPHWULMVNRP�PHWRGRP��=DNOMXaHQR�MH�GD�MH�LVWUDCQR�SRGUXaMH
SUHWHCQR�L]JUD_HQR�RG�GRVWD�DOWHULVDQLK�VWHQVNLK�PDVD��LVSUHVHFDQLK�EURMQLP�SX�
NRWLQDPD��3XNRWLQH�VX�WDNYRJ�SRORCDMD�GD�RPRJX`DYDMX�ODN^H�GHORYDQMH�HJ]RJHQLK
DJHQDVD�� 3RUHG� VORCHQH� WHNWRQLNH� RYRJ� SRGUXaMD� L� SRORCDMD� SXNRWLQD�� X]URFL
R^WH`HQRVWL�VWHQD�PRJX�ELWL�UD]YLMHQD�KLGURJUDIVND�PUHCD�L�SURPHQOMLYD�NROLaLQD
SDGDYLQD��1D�RVQRYX�GRELMHQLK�UH]XOWDWD�X�SRJOHGX�JHROR^NH�JUD_H��QD�RYRP�SR�
GUXaMX�VH�L]GYDMD�aHWLUL�REODVWL�NRMH�VH�RGOLNXMX�UD]OLaLWLP�VWHSHQRP�VWDELOQRVWL�X
SRJOHGX�JUDGQMH�� VWDELOQL�� XVORYQR� VWDELOQL��QHVWDELOQL� L� L]UD]LWR�QHVWDELOQL�GHR
WHUHQD��1D�RYRP�SRGUXaMX�MH��L�PRUIROR^NL�JOHGDQR��L]GYRMHQR�aHWLUL�REODVWL��NRMH
SUXCDMX�WUL�UD]OLaLWD�QLYRD�SRYROMQRVWL�]D�JUDGQMX�REMHNDWD�¬�RSWLPDOQR�SRYROMQL�
SRYROMQL�L�XVORYQR�SRYROMQL�

8YRG
,VWUDCQR�SRGUXaMH�VH�QDOD]L�QD�MXJX�6UELMH�L�SULSDGD�GHOX�WHULWRULMD

RS^WLQD�0HGYH_H�L�/HEDQD��VOLND�����
7HUHQ�MH�SUHWHCQR�EUGRYLW�L�EODJR�VH�VSX^WD�SUDYFHP�VHYHUR]DSDG�MX�

JRLVWRN��1D�RYRP�SRGUXaMX�SURVHaQD�JRGL^QMD�NROLaLQD�SDGDYLQD�NUH`H�VH
X�UDVSRQX�RG����¬����PP��0H_XWLP��YUHGQRVWL�SDGDYLQD�]DEHOHCHQH�X�SH�
ULRGX�����¬������JRGLQH�YDULUDMX�RG�������PP��������GR������PP
��������?RU_HYL`��������8�JHROR^NRM�JUD_L�RYRJ�SRGUXaMD�YH`LP�GHORP
XaHVWYXMX�NULVWDODVWL�^NULOMFL�6USVNR�PDNHGRQVNH�PDVH��6WHYDQRYL`�������
NDR�L�SURGXNWL�WHUFLMDUQRJ�PDJPDWL]PD��GRN�VX�X�]QDWQR�PDQMRM�PHUL�]DV�
WXSOMHQL�QHRJHQL�VHGLPHQWL�L�NYDUWDUQH�WYRUHYLQH��VOLND����

.ULVWDODVWL�^NULOMFL�VX�SUHGVWDYOMHQL�VLWQR]UQLP�ELRWLWVNLP�JQDMVHYLPD�
OHSWLQROLWLPD��PLND^LVWLPD�L�DPILEROLWVNLP�^NULOMFLPD��2G�SURGXNDWD�YXO�
NDQL]PD�L]GYRMHQL�VX�DQGH]LWVNL�SLURNODVWLWL��DQGH]LWL�L�SLURNVHQVNL�DQGH]LWL�
1HRJHQL�VHGLPHQWL�VX�SUHGVWDYOMHQL�JOLQDPD�L�SHVNRYLPD��GRN�NYDUWDUQH

6U_DQ�.RVWL`��������
/HVNRYDF��3UYRPDMVND
�������XaHQLN���
UD]UHGD�*LPQD]LMH�X/HVNRYFX
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WYRUHYLQH�aLQH�DOXYLMXPL�-DEODQLFH�L�0DOH�UHNH��*HR]DYRG�+,*�����D���8
WHNWRQVNRP�SRJOHGX��RVQRYQL�REOLN�X�MDEODQLaNRP�EORNX�SUHGVWDYOMD�RUDQ�
VNL�DQWLNOLQRULMXP��2VD�RYRJ�REOLND�WRQH�SUHPD�MXJRLVWRNX��1DMVWDULML�WHN�
WRQVNL�SRNUHWL�NRML�VH�RYGH�PRJX�SUHWSRVWDYLWL�SULSDGDMX�EDMNDOVNRM
RURJHQH]L��NDGD�VX�^NULOMFL�PHWDPRUILVDQL�YHURYDWQR�VYH�GR�DPILEROLWVNH
IDFLMH��2G�POD_LK�NUHWDQMD�WUHED�L]GYRMLWL�SDOHRJHQD��NDGD�MH�QDVWDR�/HFNL
DQGH]LWVNL�PDVLY��NDR�L�QHRJHQR�NUHWDQMH��SUL�aHPX�MH�VWYRUHQ�OHVNRYDaNL
EDVHQ��72*.�������

5DQLMD�LVWUDCLYDQMD��3UYD�LVWUDCLYDQMD�RYRJ�SRGUXaMD��NRMD�VX�YU^HQD
SRaHWNRP�;;�YHND��QLVX�ELOD�YH]DQD�]D�JHRWHKQLaND�VYRMVWYD�LVWUDCQRJ
WHUHQD��2G�QRYLMLK�WUHED�L]GYRMLWL�LVWUDCLYDQMH�-XJRVORYHQVNRJ�LQVWLWXWD�]D
XUEDQL]DP�L�VWDQRYDQMH��������]D�SRWUHEH�L]UDGH�SURVWRUQRJ�SODQD�RS^WLQH
0HGYH_D��SUL�aHPX�MH�L]YU^HQD�NDWHJRUL]DFLMD�WHUHQD�SUHPD�VWDELOQRVWL�QD
VWDELOQH����������XVORYQR�VWDELOQH����������SRWHQFLMDOQR�QHVWDELOQH����������
QHVWDELOQH����������L�L]UD]LWR�QHVWDELOQH�GHORYH�WHUHQD���������7DNR_H��RG
VWUDQH�*HR]DYRGD�%HRJUDG�YU^HQD�VX�NRPSOHNVQD�LQCHQMHUVNR�JHROR^ND�L
PLNURVHL]PLaND�LVSLWLYDQMD�]D�SRWUHEH�*83�D�VD�HOHPHQWLPD�'83�D�SR�
GUXaMD�0HGYH_H�

&LOM�LVWUDCLYDQMD��&LOM�LVWUDCLYDQMD�ELR�MH�GD�VH�QD�RVQRYX�JHROR^NLK�L
PRUIROR^NLK�NDUDNWHULVLWND�XWYUGL�VWHSHQ�SRYROMQRVWL�WHUHQD�X�SRJOHGX�JUDG�
QMH�REMHNDWD��SUL�aHPX�VX�QDYHGHQL�L�SUHGOR]L�]D�GDOMD�LVWUDCLYDQMD�

6OLND����
)L]LaNR�JHRJUDIVNLSRORCDM�LVWUDCQRJSRGUXaMD��SUHPDIL]LaNR�JHRJUDIVNRM
NDUWL�65-��������������������

)LJXUH����
3RVLWLRQ�RI�UHVHDUFKHGDUHD��PDUNHG�ZLWK
EODFN�UHFWDQJOH�
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0HWRGH
7HUHQVNR�LVWUDCLYDQMH�MH�UHDOL]RYDQR�PHWRGRP�JHROR^NRJ�NDUWLUDQMD��8

WRNX�WHUHQVNRJ�UDGD�RGUH_LYDQ�MH�OLWROR^NL�VDVWDY�L�NDUDNWHULVWLNH�VNORSD��SUL
aHPX�MH�YU^HQR�PHUHQMH�HOPHQDWD�SDGD�SXNRWLQD��0DU^UXWD�WHUHQVNRJ�UDGD
MH�SULND]DQD�QD�WRSRJUDIVNRM�NDUWL�LVWUDCQRJ�SRGUXaMD��OLVW�/HVNRYDF�
UD]PHUD�����������VOLND�����3ULOLNRP�UDGD�X�NDELQHWX�SULVWXSLOR�VH�VWD�
WLVWLaNRM�REUDGL�SRGDWDND��3RGDFL�VX�SULND]DQL�X�REOLNX�>PLWRYRJ�GLMD�
JUDPD��1LYRL�SRYROMQRVWL�WHUHQD�]D�JUDGQMX�REMHNDWD�X�]DYLVQRVWL�RG
JHROR^NLK�NDUDNWHULVWLND�SULND]DQL�VX�X�REOLNX�NDUWH��SUL�aHPX�MH�NRUL^`HQD
JHROR^ND�RVQRYD�5������������8�YH]L�VD�PRUIROR^NLP�NDUDNWHULVLWNDPD�
L]YU^HQR�MH�PDVRYQR�PHUHQMH�QDJLED��WM��QDJLE�WHUHQD�MH�RGUH_HQ�^DEORQ�
VNRP�PHWRGRP��0HUHQMH�QDJLED�X�UD]PHUL�����������HNYLGLVWDQFH����P��MH
]DGRYROMDYDMX`H�WDaQRVWL��1DJLE�FHORJ�WHUHQD�X�SUDYFX�66=�--,�MH�RGUH_HQ
WULJRQRPHWULMVNRP�PHWRGRP��'RELMHQL�UH]XOWDWL�VX�SULND]DQL�X�REOLNX�NDUWH
QDJLED�WHUHQD��NRMD�MH�L]UD_HQD�X�UD]PHUL�����������DOL�MH�L]�WHKQLaNLK
UD]ORJD�SUHGVWDYOMHQD�X�UD]PHUL�����������+LGURJUDIVND�PUHCD�MH�WDNR_H
SUHGVWDYOMHQD�X�REOLNX�NDUWH�QD�WRSRJUDIVNRM�RVQRYL�5�����������

6OLND����
*HROR^ND�NDUWDLVWUDCQRJ�SRGUXaMD�SUHPD�2*.�����������OLVW/HVNRYDF�������

)LJXUH����
*HRORJLFDO�PDS�RIUHVHDUFKHG�DUHD�
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5H]XOWDWL�L�GLVNXVLMD
���*HROR^ND�JUD_D�¬�RS^WH�NDUDNWHULVWLNH�WHUHQD

(OHPHQWL�VNORSD�VWHQD�NRMH�L]JUD_XMX�RYR�SRGUXaMH�VX�L]PHUHQL�QD���
VWDMQLK�WDaDND��SUL�aHPX�MH�L]YU^HQR�����PHUHQMD��5H]XOWDWL�GRELMHQL�PHUH�
QMHP�REUD_HQL�VX�VWDWLVWLaNL��9UHGQRVWL�HOHPHQDWD�VNORSD�SULND]DQH�VX�X
REOLNX�>PLWRYRJ�GLMDJUDPD��VOLND�����QD�RVQRYX�NRMHJ�VH�PRCH�]DNOMXaLWL
GD�GRPLQLUDMX�VOHGH`L�SUDYFL�SXNRWLQD�

���MXJR]DSDG�VHYHURLVWRN
���MXJRLVWRN�VHYHUR]DSDG
=ERJ�VWDURVWL�VWHQVNRJ�NRPSOHNVD�L�VORCHQH�WHNWRQLNH�RYRJ�SRGUXaMD

QH�PRCH�VH�XWYUGLWL�SRUHNOR�SXNRWLQVNLK�VLVWHPD��6DPR�VH�SUHWSRVWDYOMD�GD
VX�QDYHGHQL�VLVWHPL�SXNRWLQD�QDVWDOL�ERaQLP�SULWLVFLPD��aLML�MH�SUDYDF�GH�
ORYDQMD�ELR�VHYHU�MXJ��1D�RVQRYX�GRELMHQLK�UH]XOWDWD�]DNOMXaHQR�MH�GD����
L]PHUHQLK�HOHPHQDWD�SDGD�aLQH�YHUWLNDOQH�L�VXEYHUWLNDOQH�SXNRWLQH��6�RE�
]LURP�QD�WR�GD�NROLaLQD�SDGDYLQD�QD�RYRP�SRGUXaMX�YDULUD��SXNRWLQH�VD
RYDNYLP�SDGQLP�XJORP�VX�L]ORCHQH�MDaHP�GHMVWYX�QH�VDPR�SDGDYLQD��YH`
L�RVWDOLK�HJ]RJHQLK�SURFHVD�

���2SLV�NDUWLUDQLK�MHGLQLFD
3URWHUR]RLN��1DMVWDULMH�VWHQH�QD�RYRP�SRGUXaMX�VX�NULVWDODVWL�^NULOMFL�

SURWHUR]RMVNH�VWDURVWL��-,86���/LWROR^NL�VDVWDY�L�VNORS�RYLK�VWHQD�VX
RGUH_HQL�QD�VWDMQLP�WDaNDPD�������VOLND�����(OHPHQWL�SDGD�SXNRWLQD
RGUH_LYDQL�VX�X�JQDMVHYLPD��PLND^LVWLPD�L�DPILEROLWVNLP�^NULOMFLPD��.ULV�
WDODVWL�^NULOMFL�VX�LVSUHVHFDQL�EURMQLP�SUVOLQDPD�L�SXNRWLQDPD��D�WDNR_H�MH
XRaHQR�L�YL^H�SRMDYD�SHJPDWLWVNLK�CLFD��NRMH�VH�QDMaH^`H�MDYOMDMX�X�JQDM�
VHYLPD���-DNR�VX�L]ORPOMHQL��L]X]HY�DPILEROLWLVNLK�^NULOMDFD���^WR�MH�YHUR�
YDWQR�SRVOHGLFD�LOL�WHNWRQLNH�RYRJ�SRGUXaMD�LOL�GHORYDQMD�HUR]LRQLK�SURFHVD�
0H_X�NULVWDODVWLP�^NULOMFLPD�NRML�L]JUD_XMX�RYR�SRGUXaMH�L]GYDMD�VH�PL�
ND^LVW��VOLND���¬�WDaNH����L������NRML�QDMODN^H�SRGOHCH�UDVSDGDQMX��2YR
SURL]LOD]L�L]�aLQMHQLFH�GD�OLVNXQL��NRML�L]JUD_XMX�RYH�VWHQH��SUL�SURFHVX
UDVSDGDQMD�ODNR�JXEH�JYRC_H�L�DONDOLMH�L�SUHOD]H�X�PLQHUDOH�JOLQD��8�YH]L
VD�DPILEROLWLVNLP�^NULOMFLPD�WUHED�LVWD`L�GD�VX�X�SLWDQMX�QDMaYU^`H�VWHQH�QD
RYRP�SRGUXaMX�L�GD�VX�YHRPD�SRVWRMDQH�SUHPD�DWPRVIHULOLMDPD��1D�RYRP
SRGUXaMX�VH�MDYOMDMX�X�YLGX�VRaLYD�L�WUDND�QHSUDYLOQRJ�REOLND��NRML�VX�NRQN�
RUGDQWQL�X�RGQRVX�QD�RNROQH�^NULOMFH��VOLND���¬�WDaNH�������L�����

7HUFLMDU��6WHQH�RYH�VWDURVWL�]DVWXSOMHQH�VX�X�]DSDGQRP�GHOX�LVWUDCQRJ
SRGUXaMD�L�SUHGVWDYOMHQH�VX�DQGH]LWLPD�L�DQGH]LWVNLP�SLURNODVWLWLPD��(OH�
PHQWL�SDGD�SXNRWLQD�VX�XWYU_HQL�QD�WDaNDPD�����L�����VOLND�����*HQHUDOQL
SUDYDF�SUXCDQMD�MH�WH^NR�XRaOMLY�XVOHG�YHOLNH�WHNWRQVNH�R^WH`HQRVWL��$QGH]�
LWL�VH�WDNR_H�MDYOMDMX�L�VSRUDGLaQR�X�YLGX�WDQMLK�VLORYD�L�GDMNRYD�UDVXWLK�SR
NRPSOHNVX�NULVWDODVWLK�^NULOMDFD�

6OLND����QDVSUDPQD�VWUDQD��
0DU^UXWD�WHUHQVNRJLVWUDCLYDQMD��SUHPD
WRSRJUDIVNRM�NDUWL����������OLVW/HVNRYDF��������

)LJXUH���
�RSSRVLWH�SDJH�
0DUFKURXWH�RI�WKHILHOG�ZRUN
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1HRJHQ��1HRJHQL�VHGLPHQWL�QD�RYRP�SRGUXaMX�SUHGVWDYOMHQL�VX�JOL�
QDPD�L�SHVNRYLPD��8�YH`HP�GHOX�RYH�VHULMH�SULPHWQL�VX�WUDJRYL�SRYUHPQH
QDJOH�HUR]LMH�L�EU]RJ�GHSRQRYDQMD�PDWHULMDOD��2YR�VH�PRCH�SRYH]DWL�VD
KLGUROR^NLP�RVRELQDPD�RYRJ�SRGUXaMD��SR�NRMLPD�GRPLQLUDMX�SRWRFL
EXMLaQRJ�NDUDNWHUD��5DVWUHVLWL�SRYU^LQVNL�VORM�NRML�SRNULYD�QHRJHQH�VHGLPHQWH
MH�UHODWLYQR�PDOH�GHEOMLQH��^WR�SUXCD�YHRPD�SRYROMQH�XVORYH�]D�IRUPLUDQMH
NOL]L^WD��X]LPDMX`L�X�RE]LU�aLQMHQLFX�GD�VX�JOLQH�QHSURSXVQH�WYRUHYLQH��

.YDUWDU��1DMPOD_H�WYRUHYLQH�QD�RYRP�SRGUXaMX�MHVX�NYDUWDUQH�L�SUHG�
VWDYOMHQH�VX�DOXYLRQRP�-DEODQLFH�L�QMHQH�OHYH�SULWRNH�0DOH�UHNH��8JODYQRP
VH�VDVWRMH�RG�SHVND�L�^OMXQND�

1D�RVQRYX�LVWUDCHQH�JHROR^NH�JUD_H�L]UD_HQD�MH�NDUWD�VWDELOQRVWL�WHUH�
QD�]D�JUDGQMX��VOLND����

1D�RYRP�WHUHQX�VH�L]GYDMDMX���FHOLQH�SUHPD�VWDELOQRVWL�]D�JUDGQMX�
���6WDELOQL�GHR�WHUHQD��L]JUD_HQ�RG�DPILEROLWVNLK�^NULOMDFD��WM��VWHQD

SRVWRMDQLK�IL]LaNR�PHKDQLaNLK�NDUDNWHULVWLND��-DYOMDMX�VH�X�YLGX
WUDND�L�VRaLYD�UDVXWLK�SR�NULVWDODVWRM�PDVL��=DX]LPD����XNXSQH
SRYU^LQH�WHUHQD�

�� 8VORYQR�VWDELOQL�GHR�WHUHQD��L]JUD_HQ�RG�JQDMVHYD��PLND^LVWD��DQ�
GH]LWD�L�SLURNODVWLWD��WM��VWHQD�SURPHQOMLYLK�IL]LaNR�PHKDQLaNLK�VYR�
MVWDYD��2YH�VWHQH��X�RGUH_HQLP�SULURGQLP�XVORYLPD��XJODYQRP�X
]DYLVQRVWL�RG�NROLaLQH�SDGDYLQD��PRJX�SURX]URNRYDWL�DNWLYLUDQMH
UD]OLaLWLK�HUR]LRQLK�SURFHVD��,]JUD_XMX�QDMYH`L�GHR�WHUHQD�����
XNXSQH�SRYU^LQH�WHUHQD���

6OLND����
>PLWRY�GLMDJUDP

)LJXUH����
6KPLW±V�GLDJUDP
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�� 1HVWDELOQL�GHR�WHUHQD��SUHGVWDYOMHQ�JOLQDPD�L�SHVNRYLPD�QHSR�
YROMQLK�IL]LaNR�PHKDQLaNLK�RVRELQD��NRML�VX�L]ORCHQL�SURFHVLPD
NOLCHQMD�L�MDUXCHQMD�L�GRGDWQR�LQWHQ]LYLUDQL�DQWURSRJHQLP�IDNWRURP�
=DVWXSOMHQL�VX�X�VHYHURLVWRaQRP�GHOX�WHUHQD�L�]DX]LPDMX���
XNXSQH�SRYU^LQH�WHUHQD�

�� ,]UD]LWR�QHVWDELOQL�GHR�WHUHQD��SUHGVWDYOMHQ�DOXYLRQRP�-DEODQLFH�
L]JUD_HQ�RG�SHVND�L�^OMXQND��X�NRPH�MH�VDGUCDM�JOLQH�QH]QDWDQ�L�VD
UD]YLMHQLP�SURFHVRP�MDUXCDQMD��,]GYRMHQ�MH�QD������XNXSQH�SRYU�
^LQH�WHUHQD�

.DR�MHGDQ�RG�PRJX`LK�X]URND�UDVSDGDQMD�VWHQD�NRMH�L]JUD_XMX�RYR
SRGUXaMH�PRCH�VH�L]GYRMLWL�UD]YLMHQD�KLGURJUDIVND�PUHCD��1DMYH`LP�GHORP
MH�aLQH�SRWRFL�EXMLaQRJ�NDUDNWHUD�NRML�VH�MDYOMDMX�QD�VWUPLP�SDGLQDPD�MHG�
LQR�X�SHULRGX�SRMDaDQRJ�L]OXaLYDQMD�SDGDYLQD��VOLND����
���1DJLE�WHUHQD

0RUIROR^NL�JOHGDQR��LVWUDCQL�WHUHQ�MH�SUHWHCQR�EUGRYLWRJ�NDUDNWHUD��VD
L]X]HWQR�QLVNRP�YUHGQR^`X�QDJLED�X�SUDYFX�66=�--,�����~���1DMYL^D�WDaND
L]QRVL�����PQY�L�VPH^WHQD�MH�X�VHYHUR]DSDGQRP�GHOX�SRGUXaMD��NRML�MH�SUHG�

6OLND����
.DUWD�VWDELOQRVWLWHUHQD�]D�JUDGQMX�QDRVQRYX�JHROR^NLK
NDUDNWHULVWLND��SUHPD2*.������������OLVW/HVNRYDF��������

)LJXUH����
0DS�RI�ILHOG±V�DELOLW\
IRU�EXLOGLQJ��EDVHGRQ�JHRORJ\��
��¬�VWDEOH�DUHD
��¬�FRQGLWLRQDO\
�����VWDEOH�DUHD
��¬�XQVWDEOH�DUHD
��¬�H[WUHPHO\�����XQVWDEOH�DUHD
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VWDYOMHQ�REURQFLPD�SODQLQH�5DGDQ��7HUHQ�MH�QDMQLCL�X�GROLQL�UHNH�-DEODQLFH
�����PQY���1D�NDUWL� UD]PHUH������������REDYOMHQR�MH�NODVLUDQMH�SDGLQD�SR
QDJLEX��.ODVH�LPDMX�UDVSRQ�RG��~��0DNVLPDOQL�QDJLEL�QH�SUHOD]H���~�

�1D�SULND]DQRM�NDUWL�QDJLED�WHUHQD��VOLND����L]GYRMHQH�VX�aHWLUL�REODVWL
VD�UD]OLaLWRP�YUHGQR^`X�QDJLED�

���REODVW�VD�QDJLERP�GR��~��NRMD�]DX]LPD������XNXSQH�SRYU^LQH
WHUHQD���RYDM�GHR�SRGUXaMD�SUXCD�RSWLPDOQR�SRYROMQH�XVORYH�]D
JUDGQMX��

���REODVW�VD�QDJLERP�GR���~��NRMD�]DX]LPD������RYDM�GHR�SRGUXaMD
SUXCD�SRYROMQH�XVORYH�]D�JUDGQMX�

���REODVW�VD�QDJLERP�GR���~��NRMD�]DX]LPD�����RYDM�GHR�SRGUXaMD�MH
XVORYQR�SRYROMDQ�]D�JUDGQMX�

���REODVW�VD�QDJLERP�GR���~��NRMD�]DX]LPD�����RYDM�GHR�SRGUXaMD�MH�
WDNR_H��XVORYQR�SRYROMDQ�]D�JUDGQMX�

=DNOMXaDN
2YR�LVWUDCLYDQMH�MH�L]YHGHQR�VD�FLOMHP�GD�VH�XWYUGL�VWDELOQRVW�SRGUXaMD

]D�JUDGQMX�REMHNDWD��1D�RVQRYX�WHUHQVNLK�LVWUDCLYDQMD�]DNOMXaHQR�MH�GD�MH
RYDM�WHUHQ�L]JUD_HQ�SUHWHCQR�RG�GRVWD�DOWHULVDQLK�VWHQVNLK�PDVD��WDNR�GD
SUHGVWDYOMD�SRGUXaMH�XVORYQR�VWDELOQR�]D�JUDGQMX��.DR�X]URN�WRPH�PRCH�VH
QDYHVWL��UD]YLMHQD�KLGURJDIVND�PUHCD��SURPHQOMLYD�NROLaLQD�SDGDYLQD�L�WHN�
WRQVND�DNWLYQRVW�RYRJ�SRGUXaMD��6D�PRUIROR^NRJ�DVSHNWD�RYDM�SURVWRU��VYR�
MLP�QDMYH`LP�GHORP��SUXCD�RSWLPDOQR�SRYROMQH�XVORYH�]D�JUDGQMX��]ERJ

6OLND���
+LGURJUDIVND�NDUWDLVWUDCQRJ�SRGUXaMD�SUHPD�WRSRJUDIVNRM
NDUWL�����������OLVW/HVNRYDF�����L/HVNRYDF�����������

)LJXUH���
+\GURJUDSKLF�PDS�RIUHVHDUFKHG�DUHD
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UHODWLYQR�EODJLK�SDGLQD��8�FLOMX�̂ WR�SUHFL]QLMH�PRUIROR^NH�VOLNH�WHUHQD��QHR�
SKRGQR�MH�L]YHVWL�L�WHUHQVNR�LVWUDCLYDQMH��SUL�aHPX�`H�VH�RGUH_LYDWL�VWHSHQ
QDJLED�WHUHQD�X�RGQRVX�QD�RGUH_HQH�SUDYFH��ORNDOQL�SXWHYL���

=DKYDOQRVW��9HOLNX�]DKYDOQRVW�]D�SUXCHQX�SRPR`�X�UHDOL]DFLML�RYRJ
LVWUDCLYDQMD�GXJXMHP�'UDJDQX�.RVWL`X��%REDQX�7DVL`X�L�5DMNX�9OD^NRYL`X�
GRN�MH�X�REODVWL�NRPSMXWHUHVNH�REUDGH�SRGDWDND�VYRM�GRSULQRV�GDR�#DUNR
-RYL`�

/LWHUDWXUD
*HR]DYRG�+,*�����D��(ODERUDW�R�LQCHQMHUVNR�JHROR^NLP�LVWUDCLYDQMLPDWHUHQD�VD�VHL]PLaNRP�UHMRQL]DFLMRP�]D�QLYR�SURVWRUQRJ�SODQD�RS^WLQH0HGYH_D��.QMLJD�,,��*HR]DYRG��%HRJUDG�
*HR]DYRG�+,*�����E��.RPSOHNVQD�LQCHQMHUVNR�JHROR^ND�L�PLN�URVHL]PLaND�LVSLWLYDQMD�]D�SRWUHEH�*83�D�VD�HOHPHQWLPD�'83�D�SRGUXaMD0HGYH_H��*HR]DYRG��%HRJUDG
*HR]DYRG�QHPHWDOL�������,]YH^WDM�SR�SURMHNWX�RVQRYQLK�JHROR^NLK�LV�WUDCLYDQMD�QHPHWDOLaQLK�VLURYLQD�QD�SRGUXaMX�RS^WLQH�0HGYH_D�VDSRVHEQLP�RVYUWRP�QD�SRMDYH�JUD_HYLQVNR�WHKQLaNRJ�NDPHQD�L�NYDUF�DOXQLWVNLK�VWHQD��*HR]DYRG��%HRJUDG
-,86��-XJRVORYHQVNL�LQVWLWXW�]D�XUEDQL]DP�L�VWDQRYDQMH�������3URVWRUQLSODQ�RS^WLQH�0HGYH_D��%HRJUDG�
?RU_HYL`�0��������3XVWD�UHND��3DUD`LQ��'',3�9XN�.DUDGCL`
6WHYDQRYL`�%��������*HROR^ND�LVWUDCLYDQMD�X�SRGUXaMX�6LMDULQVNH�EDQMH�%HRJUDG��*HR]DYRG
72*.�������7XPDa�]D�RVQRYQX�JHROR^NX�NDUWX��OLVW�/HVNRYDF��9RMQRJHR�JUDIVNL�]DYRG��%HRJUDG

6OLND���
.DUWD�QDJLED�WHUHQD�SUHPD�WRSRJUDIVNRMNDUWL�����������OLVW
/HVNRYDF�����L�OLVW/HVNRYDF�����������

)LJXUH���
0DS�RI�ILHOG±VLQFOLQDWLRQ
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6UGMDQ�.RVWL`

7KH�,QIOXHQFH�RI�*HRORJLFDO�DQG�0RUSKRORJLFDO
&KDUDFWHULVWLFV�RQ�%XLOGLQJ�&RQGLWLRQV�LQ�/HEDQH

7KH�H[SORUDWLRQ�ZDV�FDUULHG�RXW�LQ�VRXWKHUQ�6HUELD��DERXW����NP
VRXWKZHVWHUO\�IURP�/HVNRYDF��)LJXUH�����7KH�H[SORUHG�WHUULWRU\�LV�PDLQO\
PRXQWDLQRXV�DQG�VORZO\�FDYHV�LQ�WKH�11:�66(�GLUHFWLRQ��7KLV�DUHD�LV�D
SDUW�RI�WKH�0HGYHGMD�DQG�/HEDQH�FRPPXQLWLHV��7KH�DLP�RI�WKH�H[SORUDWLRQ
ZDV�WR�GHWHUPLQH�WKH�ILHOG±V�FDSDFLW\�IRU�EXLOGLQJ�REMHFWV�XVLQJ�WKH�JHR�
ORJLFDO�PDSSLQJ�PHWKRG�FRPELQHG�ZLWK�WKH�PHFKDQLFDO�DQG�WULJRQRPHWUL�
FDO�PHWKRG�IRU�LQFOLQDWLRQ�VXUYH\LQJ��5HJDUGLQJ�JHRORJLFDO�VWUXFWXUH��WKH
H[SORUHG�DUHD�LV�PRVWO\�FRPSRVHG�RI�FU\VWDO�VKDOH��JQHLVV�DQG�DPSKLEROHV�
7KHUH�DUH�DOVR�DQGHVLWH�URFNV��DV�WKH�SURGXFW�RI�YROFDQLVP��DQG�VDQG�DQG
FOD\�RI�ZKLFK�WKH�QRUWKHDVWHUQ�SDUW�RI�WKH�H[SORUHG�DUHD�LV�EXLOW��7KH�HOH�
PHQWV�RI�WKH�URFNV±�FRPSOH[�DUH�GHWHUPLQHG�RQ����SRLQWV��)LJXUH�����ZLWK
����VXUYH\LQJV��7KH�YDOXHV�DUH�SUHVHQWHG�DV�6KPLW±V�GLDJUDP��2Q�WKH�EDVLV
RI�WKLV�GLDJUDP��ZH�FDQ�QRWLFH�WKDW�WKH�FUDFNV�RQ�WKLV�ILHOG�PDLQO\�KDYH
WKHVH�GLUHFWLRQV��VRXWKZHVWHUO\�QRUWKHDVWHUO\�DQG�VRXWKHDVWHUO\�QRUWKZHVW�
HUO\��6LQFH�WKHVH�URFNV�DUH�YHU\�ROG�DQG�EURNHQ�XS�E\�WKH�KDUG�WHFWRQLF
DFWLYLW\��ZH�FDQQRW�GHWHUPLQH�WKH�RULJLQ�RI�WKH�FUDFN�V\VWHP�ZLWK�FHUWDLQW\�
:H�FDQ�RQO\�VXSSRVH�WKDW�WKHLU�RULJLQ�LV�LQ�ODWHUDO�SUHVVXUHV�ZLWK�ZRUNLQJ
GLUHFWLRQ�QRUWK�VRXWKHUO\��2QH�RI�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLFV�RI
WKHVH�URFNV�LV�WKH�FRQGLWLRQ�RI�WKHLU�FUDFNV��,Q�WKLV�FDVH������RI�WKHP�DUH
YHUWLFDO�DQG�VXEYHUWLFDO��KLJKHU�WKHQ���~���ZKLFK�PHDQV�WKDW�DQ\�NLQG�RI
IDOOV�FDQ�HDVLO\�GDPDJH�WKHVH�URFNV��7KH�UHVXOWV�DOVR�VKRZ�WKDW��RQ�WKH�ED�
VLV�RI�JHRORJ\��WKHUH�DUH�IRXU�GLIIHUHQW�SDUWV�RI�WKH�H[SORUHG�DUHD�WKDW�KDYH
YDULRXV�FRQGLWLRQV�IRU�EXLOGLQJ�REMHFWV��VWDEOH�������EXLOW�RI�DPSKLERORXV�
FRQGLWLRQDOO\�VWDEOH��������EXLOW�RI�FU\VWDO�VKDOHV�DQG�DQGHVLWH�URFNV��XQ�
VWDEOH�������EXLOW�RI�VDQG�DQG�FOD\��DQG�H[WUHPHO\�XQVWDEOH���������EXLOW
RI�WKH�ULYHU�GULIW��)LJXUH�����7KHVH�URFNV�DUH�PDLQO\�GHVWUR\HG��SUREDEO\
WHFWRQLFO\�RU�E\�WKH�LQIOXHQFH�RI�SUHFLSLWDWLRQV��2QH�RI�WKH�UHDVRQV�IRU�WKH
KLJK�GDPDJH�RI�WKH�URFNV�LV��SUREDEO\��D�YHU\�GHYHORSHG�K\GURJUDSKLF�V\V�
WHP�RI�WKH�H[SORUHG�ILHOG��7KHUH�DUH�PDQ\�SHULRGLFDO�IORZV��ZLWK�WRUUHQWDO
FKDUDFWHU��)LJXUH�����$FFRUGLQJ�WR�PRUSKRORJ\��WKHUH�DUH�DOVR�IRXU�GLIIHU�
HQW�SDUWV�RI�WKH�H[SORUHG�DUHD�����~��LQFOLQDWLRQ��¬������ZKLFK�JLYHV�WKH
PRVW�IDYRUDEOH�FRQGLWLRQV�IRU�EXLOGLQJ������~�¬������ZKLFK�JLYHV�IDYRU�
DEOH�FRQGLWLRQV�IRU�EXLOGLQJ�������~�¬�����ZKLFK�JLYHV�FRQGLWLRQDOO\�ID�
YRUDEOH� FRQGLWLRQV� IRU� EXLOGLQJ�� �����~� ¬� ���� ZKLFK� DOVR� JLYHV
FRQGLWLRQDOO\�IDYRUDEOH�FRQGLWLRQV�IRU�EXLOGLQJ�REMHFWV��,Q�RUGHU�WR�REWDLQ
PRUH�FRPSOH[�LQIRUPDWLRQ�DERXW�WKH�JHRORJLFDO�VWUXFWXUH��VRPH�GHYHORSHG
JHRWHFKQLFDO�UHVHDUFK�PXVW�EH�GRQH��ZKLFK�FRXOG�DOVR�SURYLGH�QHZ�IDFWV
DERXW�WKH�SK\VLFDO�DQG�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�WKHVH�URFNV��
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