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,VSLWLYDQD�XOMD�VX�L]ODJDQD�YD]GX^QRP�NLVHRQLNX�X�WUDMDQMX�RG������
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X]RUFL�PDVOLQRYRJ�XOMD�QDNRQ��������L����K�WUHWLUDQMD�NLVHRQLNRP�UDVWYD�
UDQL�VX�X�SHWUROHWUX��/DQH��������5DVWYRU�MH�SUDYOMHQ�QD�VOHGH`L�QDaLQ��3UYR

MH�����FP��XOMD�UDVWYDUDQR�X����FP��KHNVDQD��SHWUROHWUD���D�RQGD�����FP�
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MHQD�YRGRP��D�SRWRP�MH�VLSDQ�NDPIRU�NRML�® VNDNX`H¯�QD�SRYU^LQL�YRGH
�:LQJURYH��������.RPELQDFLMRP�RYLK�PHWRGD��X�UDGX�MH�L]YHGHQ�SUHFL]DQ
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ODNR��NDS�SR�NDS��X�UD]PDNX�RG����VHNXQGL��QDQRVL�UDVWYRU�QD�SRYU^LQX

YRGH�SUL�aHPX�KHNVDQ��SHWUROHWDU��LVSDUDYD��D�QD�SRYU^LQL�YRGH�RVWDMH�XOMH
UD]OLYHQR�GR�PRQRPROHNXOVNRJ�VORMD��8�WUHQXWNX�NDGD�VORM�XOMD�SUHNULMH

SRYU^LQX�YRGH�NDPIRU�SUHVWDMH�GD�®VNDNX`H¯ ��3RYU^LQD�YRGH��WM��SRYU^LQD
PUOMH�XOMD�MH�SR]QDWD��NDR�L�]DSUHPLQD�GRGDWRJ�UDVWYRUD��RGDNOH�VH�RGUH_XMH

GHEOMLQD�VORMD��3UHWSRVWDYOMHQR�MH�GD�MH�VORM�PRQRPROHNXOVNL��D�GD�MH�GH�
EOMLQD�VORMD�MHGQDND�SURVHaQRM�GXCLQL�PROHNXOD��/DQH�������

2VLP�WRJD��QDYHGHQRP�PHWRGRP�LVSLWLYDQD�MH�SURPHQD�GHEOMLQD�PRQR�

PROHNXOVNRJ�VORMD�X�]DYLVQRVWL�RG�WHPSHUDWXUH��7RNRP�LVSLWLYDQMD�YDULUDQD�MH
WHPSHUDWXUD�YRGH�X�3HWULMHYRM�^ROML�RG������GR����������������L����~&�

5H]XOWDWL�L�GLVNXVLMD
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IXQNFLML�YUHPHQD�WRNRP�NRJ�MH�XOMH�ELOR�L]ODJDQR�GHMVWYX�YD]GX^QRJ�NL�
VHRQLND��SULND]DQR�MH�QD�VOLFL����
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1D�VOLFL���VH�SULPH`XMH�EU]�SDG�GHEOMLQH�PRQRPROHNXOVNRJ�VORMD�X

SUYLK����K�RNVLGDFLMH�QD�PDJQHWQRM�PH^DOLFL��D�RQGD�VH�RQD�XVWDOLOD�QD����

QP�NRG�VXQFRNUHWRYRJ�XOMD�L�����QP�NRG�PDVOLQRYRJ�XOMD��5D]OLND�L]PH_X

RYLK�XOMD�SRVWRML�L�X�UDVSRQX�X�NRP�VH�NUH`X�YUHGQRVWL�GHEOMLQH�VORMD��.RG

VXQFRNUHWRYRJ�XOMD�YUHGQRVWL�GHEOMLQH�VORMD�VH�NUH`X�RG�����QP�GR�����QP�

D�NRG�PDVOLQRYRJ�XOMD�RG�����QP�SD�GR�����QP�
*UDILNRQL�QD�VOLFL���SULND]XMX�UH]XOWDWH�GRELMHQH�PHUHQMHP�WHPSHUD�

WXUVNH�]DYLVQRVWL�GHEOMLQH�VORMD�QDNRQ�����������L����K�SURYHGHQLK�QD�PDJ�

QHWQRM�PH^DOLFL��6D�SRYH`DQMHP�WHPSHUDWXUH�GHEOMLQD�VORMD�SRND]XMH

WHQGHQFLMX�SUYR�SDGD��D�RQGD�L�EODJRJ�XVSRQD�NRG�X]RUDND�QDNRQ����L���

aDVRYD��.DR�LQWHUHVDQWQD�L]GYDMD�VH�VLWXDFLMD�QDNRQ����K��JGH�VH�XRaDYD

L]YHVQD�VLPHWULMD��2QD�VH�RJOHGD�X�WRPH�GD�VX�QD�WHPSHUDWXUL�GR���~&�GH�

EOMLQH�RED�VORMD�XJODYQRP�NRQVWDQWQH��D�QDNRQ�WRJD�GHEOMLQD�VORMD�PDVOL�

QRYRJ�XOMD�RSDGD��D�VXQFRNUHWRYRJ�UDVWH��GD�EL�SRWRP�GHEOMLQD�VORMD

VXQFRNUHWRYRJ�XOMD�EODJR�RSDGDOD��D�PDVOLQRYRJ�EODJR�UDVOD��'DOMH��VYXGD

VH�SULPH`XMH�GD�GHEOMLQD�VORMD�EUCH�RSDGD�NRG�VXQFRNUHWRYRJ�QHJR�NRG

PDVOLQRYRJ�XOMD��0RCH�VH�XRaLWL�L�VYRMHYUVQD�® YUHPHQVNL�SRPHUHQD

VLPHWULMD¯�L]PH_X�X]RUDND�VXQFRNUHWRYRJ�L�PDVOLQRYRJ�XOMD��1DLPH��JUDILN
VXQFRNUHWRYRJ�XOMD�QDNRQ���K�LPD�LVWL�REOLN�NDR�JUDILN�PDVOLQRYRJ�XOMD

QDNRQ����K��D�JUDILN�VXQFRNUHWRYRJ�XOMD�QDNRQ����K�LPD�LVWL�REOLN�NDR

JUDILN�PDVOLQRYRJ�XOMD�QDNRQ����K��.DNR�MH�RYDNYD�DQDORJLMD�XRaOMLYD�L�X

VOXaDMX�VXQFRNUHWRYRJ�XOMD�QDNRQ����K�L�PDVOLQRYRJ�XOMD�QDNRQ����K�

SURL]LOD]L�GD�MH�IRUPLUDQMH�SHURNVLGD�NRG�PDVOLQRYRJ�XOMD�VSRULMH�QHJR�NRG

VXQFRNUHWRYRJ�]D�YUHPHQVNX�GLVWDQFX�RG���K�

=DNOMXaDN

3RND]DQR�MH�GD�GHEOMLQD�PRQRPROHNXOVNRJ�VORMD�RSDGD�X�SUYLK����K

WUHWLUDQMD�X]RUDND�NLVHRQLNRP�L]�YD]GXKD��5HDNFLMD�NRMD�VH�SUL�WRP�RGYLMD

MH�SRYH]LYDQMH�PROHNXOD�XOMD�SHURNVLGQLP�YH]DPD��:LQJURYH�������
3DG�GHEOMLQH�PRQRPROHNXOVNRJ�VORMD�YH`L�MH�NRG�VXQFRNUHWRYRJ�QHJR

NRG�PDVOLQRYRJ�XOMD��D�L�GHEOMLQD�VORMD�NUH`H�VH�QD�YH`LP�YUHGQRVWLPD�

2YR�EL�VH�PRJOR�REMDVQLWL�UD]OLaLWRP�VWUXNWXURP�RYLK�XOMD�SULND]DQLK�X�WD�

EHOL����L�YDQ�GHU�9DOVRYLP�VLODPD�NRMH�VX�L]UDCHQLMH�L]PH_X�PROHNXOD�VXQ�

FRNUHWRYRJ�XOMD��(DWRQ�������
5HDNFLMRP�NLVHRQLND�VD�XOMLPD�GROD]L�GR�UDVNLGDQMD�GYRJXELK�YH]D

YL^LK�PDVQLK�NLVHOLQD��SUL�aHPX�VH�QD�PHVWX�UDVNLQXWLK�YH]D�IRUPLUDMX

SHURNVLGQH�YH]D��8�WUHQXWNX�NDGD�EL�VYH�GYRJXEH�YH]H�ELOH�UDVNLQXWH�L

NLVHRQLN�QH�EXGH�LPDR�V�aLPH�GD�UHDJXMH�XVOHGLR�EL�SHULRG�PLURYDQMD�SRVOH

NRJD�EL�VH�QDJUD_HQL�SHURNVLGL�SRVWHSHQR�UDVSDOL�QD�QLCH�PDVQH�NLVHOLQH

�:LQJURYH��������.DGD�EL�VH�RYR�LVWUDCLYDQMH�QDVWDYLOR�X�SUDYFX�GXCHJ

SUD`HQMD�RNVLGDFLMH�XOMD�RYR�EL�VH�PRJOR�L�SRWYUGLWL��LELG���
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3URFHV�NRML�GRYRGL�GR�RSDGDQMD�GHEOMLQH�PRQRPHOHNXOVNRJ�VORMD�XVOHG
SRYL^HQLK�WHPSHUDWXUD�YRGH�PRCH�VH�REMDVQLWL�QD�VOHGH`L�QDaLQ��=ERJ�SR�
ODUQRVWL�PROHNXOD�YRGH�QHSRODUQL�PROHNXOL�XOMD�VH�RULMHQWL^X�QD�SRYU^LQL
YRGH�WDNR�GD�VX�ODQFL�XVPHUHQL�RG�SRYU^LQH�YRGH��2QL�VH�QH�RULMHQWL^X�QRU�
PDOQR�QD�UDYDQ�YRGH�YH`�SRG�QHNLP�XJORP�PDQMLP�RG���~��2YR�MH�SRVOH�
GLFD�WHUPDOQRJ�NUHWDQMD�PROHNXOD�XOMD��*OHVWRQ��������%ODJL�UDVW�NRML�VH
XRaDYD�QD�X]RUFLPD�QDNRQ����L����K�XND]XMH�QD�JUD_HQMH�SHURNVLGD�

/LWHUDWXUD

(DWRQ�'�&��������/DERUDWRU\�LQYHVWLJDWLRQV�LQ�2UJDQLF�&KHPLVWU\��0F
*UDZ�+,,,

*OHVWRQ�6��������8GCEHQLN�IL]LaNH�KHPLMH��%HRJUDG��1DXaQD�NQMLJD

3LQH�+�6���+HQGULNVRQ�%�-���&UDP�-�'���+DPPRQG�6�*��������2UJDQVND
NHPLMD��=DJUHE��>NROVND�NQMLJD

/DQH�&�$���%XUWRQ�'�(��DQG�&UDEE�&�&��������$FFXUDWH�PROHFXODU�GLPHQ�
VLRQV�IURP�VWHDULF�DFLG�PRQROD\HUV��-RXUQDO�RI�FKHPLFDO�HGXFDWLRQ�����
���

:LQJURYH�$�6���&DUHW�5�/��������2UJDQLF�FKHPLVWU\��1HZ�<RUN��+DUSHU
DQG�5RZ
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'HWHUPLQLQJ�WKH�0HDQ�:LGWK�RI�D�0RQRPROHFXODU�/D\HU�RI
6RPH�2LOV�DV�D�IXQFWLRQ�RI�GXUDWLRQ�RI�R[LGDWLRQ�LQ�DLU

2LOV�DUH�WULHVWHUV�GHULYHG�IURP�JO\FHURO�DQG�FDUER[LOLF�DFLGV��'XULQJ
WKHLU�R[LGDWLRQ�WKH\�DUH�FKDQLQJ�WKHLU�TXDOLW\�DQG�WKH�VL]H�RI�WKH�PROHFXOHV�

7KH�DLP�RI�WKLV�SDSHU�LV�WR�PHDVXUH�WKH�VL]H�RI�WKH�PROHFXOHV�GXULQJ
DLU�R[LGDWLRQ�DQG�ILQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VL]H�RI�PROHFXOHV�DQG
WKH�WLPH�RI�VWLUULQJ��7KH�UHDFWLRQ�PRQLWRUHG�LV�WKH�OLQNDJH�RI�PROHFXOHV�RI
RLO�E\�SHUR[LGH�EULGJHV��:LQJURYH��������)RU�WKLV�H[SHULPHQW�ZH�XVHG�WZR
GLIIHUHQW�W\SHV�RI�RLO��ROLYH�RLO�DQG�VXQIORZHU�RLO��7KHVH�RLOV�ZHUH�VWLUUHG
E\�PDJQHWLF�VWLUUHU�GXULQJ����K��$IWHU��������������DQG����K�RI�VWLUULQJ�
WKH�PHDQ�ZLGWK�RI�D�PRQRPROHFXODU�OD\HU�ZDV�PHDVXUHG��,W�ZDV�VKRZQ
�)LJXUH����WKDW�PHDQ�ZLGWK�RI�D�PRQRPROHFXODU�OD\HU�GHFUHDVHG�GXULQJ
ILUVW����K�RI�R[LGDWLRQ�E\�WKH�PDJQHWLF�VWLUUHU��$IWHU�WKDW��PHDQ�ZLGWK�RI
PRQRPROHFXODU�OD\HU�LV�IRXQG�WR�EH�FRQVWDQW������QP�DW�VXQIORZHU�RLO�DQG
����QP�DW�ROLYH�RLO��

7KH�GHFUDVH�RI�PHGLXP�VL]H�RI�PROHFXOHV�RI�VXQIORZHU�RLO�LV�JUHDWHU
WKDQ�DW�ROLYH�RLO��,W�FDQ�EH�H[SODLQHG�ZLWK�GLIIHUHQFHV�LQ�VWUXFWXUH�RI�VXQ�
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IORZHU�DQG�ROLYH�RLO�DQG�YDQ�GHU�:DDOV�IRUFHV�ZKLFK�DUH�VWURQJHU�DW�VXQ�
IORZHU�WKDQ�DW�ROLYH�RLO��(DWRQ�������

$IWHU�R[\JHQ�UHDFWV�ZLWK�DOO�WKH�XQVDWXUDWHG�ERQGV�LQ�WKH�IDWW\�DFLG
UHVLGXHV�RI�RLO�PROHFXOHV��WKH�PHDQ�ZLGWK�RI�D�PRQRPROHFXODU�OD\HU�UH�
PDLQV�FRQVWDQW�IRU�VRPH�WLPH��6XEVHTXHQW�GHFRPSRVLWLRQ�RI�SHUR[LGHV
PD\�LQYROYH�PROHFXODU�ZHLJKW�DFLGV�WKDW�KDYH�VWURQJ�RGRUV��:LQJURYH
�������

,W�ZDV�DOVR�VKRZQ�WKDW�WKH�PHDQ�VL]H�RI�WKH�PROHFXOHV�LV�GHFUHDVLQJ
RQ�KLJKHU�WHPSHUDWXUHV�RI�ZDWHU��LQ�ZKLFK�D�VROXWLRQ�RI�RLO�LQ�KH[DQH�ZDV
SXW�IRU�PHDVXULQJ��5HVXOWV�DUH�VKRZQ�LQ�)LJXUH����7KH�GHFUHDVH�RI�WKH
PHDQ�VL]H�RI�PROHFXOHV�FDQ�EH�H[SODLQHG�LQ�WKH�IROORZLQJ�ZD\��GXH�WR�WKH
SRODULW\�RI�PROHFXOHV�RI�ZDWHU��PROHFXOHV�RI�RLO�RULHQW�WKHPVHOYHV�LQ�D�ZD\
WR�IDFH�ZDWHU�SKDVH�ZLWK�LWV�SRODU�SDUW��7KH�DQJOH�WKDW�WKH�PROHFXOHV�IRUP
ZLWK�WKH�VXUIDFH�RI�ZDWHU�LV�ORZHU�WKDQ���~��EHFDXVH�RI�WKH�WKHUPDO�PRWLRQ
RI�RLO�PROHFXOHV��*OHVWRQ�������

7KLV�PHWKRG�FRXOG�EH�XVHG�WR�GHWHUPLQH�WKH�UHVLVWHQFH�RI�RLO�WR�R[L�
GDWLRQ��ZKLFK�LV�RQH�RI�WKH�TXDOLW\�VWDQGDUGV�RI�RLOV�
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