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OML^WD�NRMD�VH�GH^DYD�XL�YRGHQLP�DNXPXODFLMDPD��7RNRP����GDQD��X�YRGHQRP

UDVWYRUX�]HPOML^WD��PHUHQH�VX�NRQFHQWUDFLMH�NDUERQDWD�L�ELNDUERQDWD��KORULGD�L�VXO�

IDWD�L�NDOFLMXPRYLK�L�PDJQH]LMXPRYLK�MRQD��,]�GRELMHQLK�UH]XOWDWD�WH^NR�MH�GRELWL

MDVQX� VOLNX�R� LQWHUDNFLML��PDGD� VH� L]YHVQH�SUDYLOQRVWL�XRaDYDMX�NRG�XSRUHGQLK

SURPHQD�NRQFHQWUDFLMD�NDUERQDWD�L�ELNDUERQDWD��NDR�L�NRG�NDOFLMXPD�L�PDJQH]L�

MXPD�

8YRG

6YDNRJ�WUHQXWND�GH^DYD�VH�QL]�SURFHVD�L]PH_X�WHaQH�L�aYUVWH�ID]H

]HPOML^WD��,QGHQWLaQL�SURFHVL�GH^DYDMX�VH�L�X�SULURGQLP�DNXPXODFLMDPD

YRGH��=DSUDYR��VYDNX�SULURGQX�DNXPXODFLMX�VDaLQMDYDMX�WHaQD�L�aYUVWD�ID]D�

7HaQD�ID]D�SUHGVWDYOMD�UDVWYRU�PLQHUDOQLK�VROL�X�YRGL��AYUVWD�ID]D�MH�VDV�

WDYOMHQD�RG�aHVWLFD�PLQHUDOD�L�]HPOML^QRJ�NRORLGD��=HPOML^QL�NRORLG�aLQH

aHVWLFH�PLQHUDOD�SUHaQLND�RNR�����µP�NRMH�X�YLGX�JHOD�JUDGH�RPRWDa�NUXS�
QLMLK�aHVWLFD�PLQHUDOD��2G�PLQHUDOD�QDM]DVWXSOMHQLML�VX�DOXPRVLOLNDWL

PUHCDVWH�L�OLVQDWH�VWUXNWXUH��2QL�VH�RGOLNXMX�RVRELQRP�GD�YU^H�MRQVNX

UD]PHQX��DGVRUSFLMX�MRQD��L]PH_X�MRQD�L]�WHaQH�ID]H��YRGH��L�MRQD�NRML�VX

YH`�X�VDVWDYX�PLQHUDOD�LOL�VX�UDQLMH�ELOL�DGVRUERYDQL��$GVRUSFLRQD�PR`

MRQD�]DYLVL�RG�YDOHQWQRVWL�L�MRQVNRJ�UDGLMXVD��^WR�MH�YDOHQWQRVW�MRQD�YH`D

RQ�L]�]HPOML^QRJ�NRORLGD�LVWLVNXMH�MRQ�PDQMH�YDOHQWQRVWL��WM��SRUDVWRP�YD�

OHQWQRVWL�UDVWH�DGVRUSFLRQD�PR`�MRQD��=QDaDMDQ�XWLFDM�QD�MRQVNX�UD]PHQX

LPD�L�MRQVNL�UDGLMXV��aLMLP�SRYH`DQMHP�VH�SRYH`DYD�KLGUDWDFLRQL�RPRWDa

MRQD��D�DGVRUSFLRQD�PR`�VPDQMXMH�
.DNR�X�VDVWDY�]HPOML^QLK�PLQHUDOD�XOD]H�DOXPRVLOLNDWL�VORMHYLWH�L�PUH�

CDVWH�VWUXNWXUH��SRVWRML�PRJX`QRVW�W]Y��ILNVDFLMH�NDWMRQD��7R�MH�SURFHV�aYU�

VWRJ�YH]LYDQMD�NDWMRQD�SUL�QMLKRYRP�®XODVNX¯�L]PH_X�VORMHYD�LOL�X�^XSOMLQH

]HPOML^QLK�PLQHUDOD��)LNVDFLMD�VH��LQDaH��YU^L�SUHNR�DWRPD�NLVHRQLND��NRML
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VX�VPH^WHQL�X�^XSOMLQDPD�RGQRVQR�L]PH_X�VORMHYD���MHU�VX�RQL�SDUFLMDOQR

QHJDWLYQR�QDHOHNWULVDQL�SD�SULYODaH�NDWMRQH�L�QD�WDM�QDaLQ�LK�aYUVWR�YHCX�
&LOM�RYRJ�LVWUDCLYDQMD�MH�GD�VH��VLPXOLUDQMHP�SULURGQLK�XVORYD�L�SUD�

`HQMHP�SURPHQD�NRQFHQWUDFLMD�MRQD�NRML�aLQH�RVQRYQL�KHPLMVNL�VDVWDY�SUL�

URGQLK�YRGD��GRELMH�VOLND�R�LQWHUDNFLML�YRGH�L�]HPOML^WD�

0HWRG

6LPXODFLMD�SULURGQLK�XVORYD�L]YU^HQD�MH�WDNR�^WR�MH�NLORJUDP�VXYRJ

X]RUND�]HPOML^WD��X]RUNRYDQRJ�VD�UD]OLaLWLK�PHVWD�L�GXELQD��VWDYOMHQD�X�VXG

]DSUHPLQH�^HVW�OLWDUD�X�NRML�MH�SRWRP�VLSDQR�SHW�OLWDUD�EXQDUVNH�YRGH��2G�

PDK�QDNRQ�UD]ELVWUDYDQMD�YRGH�RGUH_LYDQH�VX�NRQFHQWUDFLMH��NDUERQDWD�¬

YROXPHWULMVNL��PHWRGRP�QHXWUDOL]DFLMH���ELNDUERQDWD�¬�YROXPHWULMVNL��PHWR�

GRP�QHXWUDOL]DFLMH���KORULGD�¬�YROXPHWULMVNL��PHWRGRP�SR�0RKU�X���VXOIDWD

¬�YROXPHWULMVNL��PHWRGRP�NRPSOHNVRPHWULMH���NDOFLMXPD�¬�YROXPHWULMVNL

�PHWRGRP�NRPSOHNVRPHWULMH���PDJQH]LMXPD�¬�YROXPHWULMVNL��PHWRGRP�NR�

PSOHNVRPHWULMH��
'RELMHQH�NRQFHQWUDFLMH�MRQD�VX�SUHGVWDYOMDOH�VDVWDY�YRGH�]D�QXOWR�YUH�

PH��$QDOL]H�VX�GDOMH�UD_HQH�VYDNL�WUH`L�GDQ��,VWUDCLYDQMH�MH�WUDMDOR�^H]GHVHW

GDQD��1DNRQ�VYDNH�DQDOL]H�VPH^D�MH�PH^DQD�NDNR�EL�VYH�aHVWLFH�]HPOML^WD

GR^OH�X�NRQWDNW�VD�YRGRP�

5H]XOWDWL�L�GLVNXVLMD

'RELMHQH�NRQFHQWUDFLMH�MRQD�GDWH�VX�X�WDEHOL����$QDOL]RP�RYLK�SRGD�

WDND�XRaDYD�VH�GD�X�SHULRGX�RG�SUYLK�GHYHW�GDQD�NRQFHQWUDFLMH�VYLK�MRQD

VXNFHVLYQR�UDVWX�XVOHG�UDVWYDUDQMD�PLQHUDOD�L]�]HPOML^WD��,]X]HWDN�aLQH�MHGL�

QR�NDUERQDWL��VOLND�����

7DEHOD����.RQFHQWUDFLMH�UD]PDWUDQLK�MRQD�WRNRP�WUDMDQMD�HNVSHULPHQWD
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.RQFHQWUDFLMD�NDUERQDWD�X�SRaHWNX�RSDGD�L�GR������PJ�GP¬��XVOHG
UHDNFLMH�VD�XJOMHQ�GLRNVLGRP�L]�]HPOML^WD��MHU�VYH�aHVWLFH�]HPOML^WD�LPDMX
L]UDCHQX�VSRVREQRVW�DGVRUSFLMH�JDVRYD��SUL�aHPX�NDUERQDW�SUHOD]L�X�ELNDU�
ERQDW��0H_XWLP��SRVOH�GYDGHVHW�L�VHGPRJ�GDQD�NRQFHQWUDFLMD�NDUERQDWD
VXNFHVLYQR�UDVWH��VOLND�����^WR�VH�PRCH�REMDVQLWL�aLQMHQLFRP�GD�ELNDUERQDWL
]HPQRDONDOQLK�PHWDOD�VWDMDQMHP�SUHOD]H�X�NDUERQDWH��1D�WR�XND]XMH�L�3HDU�
VRQRY�NRHILFLMHQW�NRUHODFLMH�U� �¬������VWDWLVWLaNL�]QDaDMDQ�QD�QLYRX������
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.RUHODFLMH�L]PH_X�NRQFHQWUDFLMD�VXOIDWD�L�KORULGD�MH�]DQHPDUOMLYD��U� 
�������0H_XWLP��SRVPDWUDMX`L�XSRUHGR�SURPHQH�RYLK�NRQFHQWUDFLMD�X
NUD`LP�YUHPHQVNLP�LQWHUYDOLPD��VOLND�����PRCH�VH�RXaLWL�GD�NDG�NRQFHQ�
WUDFLMD�KORULGD�UDVWH��NRQFHQWUDFLMD�VXOIDWD�RSDGD��7R�XND]XMH�GD�MH�GR^OR
GR�MRQVNH�UD]PHQH�L]PH_X�UDVWYRUD�L�]HPOML^QRJ�NRORLGD��RPRWDa�RNR�aHV�
WLFD�]HPOML^WD�X�YLGX�JHOD���8SRUH_XMX`L�NULYH�SURPHQH�NRQFHQWUDFLMH�KOR�
ULGD�L�VXOIDWD��YLGL�VH�GD�SUL�SRUDVWX�NRQFHQWUDFLMH�KORULGD�]D�GDWR�YUHPH�
RSDGD�NRQFHQWUDFLMD�VXOIDWD��7R�JRYRUL�GD�VH�VXOIDWQL�MRQ�LVWLVNXMH��GHVRU�
EXMH��L]�]HPOML^QRJ�NRORLGD��2YD�MRQVND�UD]PHQD�VH�GH^DYD�MHU�VH�VXOIDWQL
MRQ��62�

�¬���]ERJ�YH`H�YDOHQWQRVWL��MDaH�YH]XMH�QHJR�KORULGQL��&O¬���SD�RQ
ELYD�LVWLVQXW�L]�]HPOML^QRJ�NRORLGD��6�GUXJH�VWUDQH��NRQFHQWUDFLMD�VXOIDWD�MH
YLVRNR�QHJDWLYQR�NRUHOLUDQD�VD�NRQFHQWUDFLMRP�NDUERQDWD��U� �¬�������QD
QLYRX�]QDaDMQRVWL�RG������

.RG�NDWMRQD��NDOFLMXPD�L�PDJQH]LMXPD��VLWXDFLMD�MH�VOHGH`D��0H_XVR�
EQR�GHMVWYR�RYLK�MRQD�VD�]HPOML^WHP�MH�LGHQWLaQR�X�SUYLK����GDQD��U� ������
S���������QDNRQ�aHJD�NRQFHQWUDFLMD�NDOFLMXPRYLK�MRQD�QDJOR�UDVWH��D�PDJ�
QH]LMXPRYLK�RSDGD��U� �¬������S��������,DNR�MH�DGVRUSFLRQD�PR`�NDWMRQD
]QDWQR�L]UDCHQLMD�QHJR�NRG�DQMRQD��X�RYRP�VOXaDMX�QH�GROD]L�GR�DGVRUSFLMH
�MRQVNH�UD]PHQH���'R�RYRJ�SURFHVD�QH�GROD]L�MHU�MH�MRQVNL�UDGLMXV�PDJQH]�
LMXPRYRJ�MRQD�PDQML�RG�MRQVNRJ�UDGLMXVD�NDOFLMXPRYRJ�MRQD��^WR�MH�MRQVNL
UDGLMXV�PDQML��YH`L�MH�KLGUDWDFLRQL�RPRWDa��D�DGVRUSFLRQD�PR`�PDQMD��7R
]QDaL�GD�NDOFLMXPRY�MRQ�LVWLVNXMH�PDJQH]LMXPRY�MRQ�L]�]HPOML^QRJ�NRORLGD�
1D�VOLFL���VH�YLGL�GD�NRQFHQWUDFLMD�NDOFLMXPD�UDVWH��D�PDJQH]LMXPD�RSDGD�
3RUDVW�NRQFHQWUDFLMH�NDOFLMXPRYLK�MRQD�MH�YHURYDWQR�SRVOHGLFD�QMHJRYH�]D�
PHQH�MRQLPD�JYRC_D�L�DOXPLQLMXPD��MRQL�JYRC_D�L�DOXPLQLMXPD�]ERJ�YH`H
YDOHQWQRVWL�LVWLVNXMX�NDOFLMXPRY�MRQ�L]�]HPOML^QRJ�NRORLGD���
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1DJOL�SDG�NRQFHQWUDFLMH�PDJQH]LMXPRYLK�MRQD�PRCH�VH�REMDVQLWL�VWUX�
NWXURP�]HPOML^QLK�PLQHUDOD��.DNR�X�VDVWDY�]HPOML^QLK�PLQHUDOD�XOD]H�DOX�
PRVLOLNDWL�VORMHYLWH�L�PUHCDVWH�VWUXNWXUH��MRQL�L]�RNROQRJ�UDVWYRUD�PRJX�VH
aYUVWR�YH]DWL�X�SURVWRU�L]PH_X�VORMHYD�LOL�XJUDGLWL�X�^XSOMLQH�®PUHCDVWLK¯
DOXPRVLOLNDWD��8�RYDM�SURVWRU�PRCH�X`L�VDPR�PDJQH]LMXPRY�MRQ��]ERJ�PD�
QMHJ�UDGLMXVD���GRN�MRQ�NDOFLMXPD��NDR�NUXSQLML��]ERJ�VWHUQLK�UD]ORJD�QH
XOD]L�YH`�RVWDMH�X�UDVWYRUX�

=DNOMXaDN�

,]�GRELMHQLK�UH]XOWDWD�PRCH�VH�VDPR�QDVOXWLWL�GD�MH�SURPHQD�KHPLM�
VNRJ�VDVWDYD�YRGD�VORCHQ�IHQRPHQ�NRML�MH�XVORYOMHQ�aLWDYLP�QL]RP�SURFHVD
L]PH_X�YRGH�L�]HPOML^WD��1DMGRPLQDQWQLMD�MH�MRQVND�UD]PHQD��DGVRUSFLMD
MRQD��L�QMRPH�EL�VH�QDMYH`LP�GHORP�PRJOH�REMDVQLWL�GRELMHQH�YUHPHQVNH
NULYH�NRQFHQWUDFLMH�LVSLWLYDQLK�MRQD��

3UDNWLaQL�]QDaDM�RYDNYRJ�LVWUDCLYDQMD�MH�GD�VH�PRJX�SUHGYLGHWL�IOXN�
WXDFLMH�X�SRJOHGX�KHPLMVNRJ�VDVWDYD�SULURGQLK�YRGD��DNR�]QDPR��EDU
SULEOLCQR��PLQHUDOQL�VDVWDY�SRGORJH�WDNR_H��DNR�]QDPR�NRMH�VWHQH�XOD]H�X
VDVWDY�QHNRJ�SRGUXaMD�PRCHPR�SUHGYLGHWL�SURPHQX�KHPLMVNRJ�VDVWDYD�YR�
GD�SUL�LQILOWUDFLML�DWPRVIHUVNLK�WDORJD�QD�WRP�SRGUXaMX��8�RNYLUX�RYRJ�LV�
WUDCLYDQMD�RGUH_LYDQL�VX�VDPR�QHNL�SDUDPHWUL��'D�EL�VH�LVWUDCLYDQMH
XSRWSXQLOR��WUHEDOR�EL�XYHVWL�L�SUD`HQMH�GUXJLK�SDUDPHWDUD��NDR�^WR�VX�NRQ�
FHQWUDFLMH�IRVIDWD��JYRC_D��PDQJDQD�L�DOXPLQLMXPD�

6OLND����

*UDILN�SURPHQD
NRQFHQWUDFLMD
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YUHPHQD�
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�����•��3(71,A.(�69(6.(��� '(2��,,



/LWHUDWXUD�

'UDJL^L`�9��������2S^WD�KLGURJHRORJLMD��%HRJUDG��5XGDUVNR�JHROR^NL
IDNXOWHW�

)LOLSRYL`��,����/LSDQRYL`��6��������2S`D�L�DQRUJDQVND�NHPLMD��=DJUHE�
>NROVND�NQMLJD�

-DNRYOMHYL`��0����3DQWRYL`��0��������+HPLMD�]HPOML^WD�L�YRGD��%HRJUDG�
3ROMRSULYUHGQL�IDNXOWHW�

#LYNRYL`��0��������3HGRORJLMD��%HRJUDG��1DXaQD�NQMLJD�

0LOHQNR�7ULML`

,QWHUDFWLRQ�%HWZHHQ�6RLO�DQG�:DWHU

�/DNH�ZDWHU�DFFXPXODWLRQV�DUH�ZLGHO\�HVWLPDWHG�IRU�HPLVVLRQ�RI�GLI�
IHUHQW�LRQV�IURP�LPPHUVHG�VRLO��,Q�WKLV�SDSHU��HPLVVLRQ�RI�&2��¬��+&2�

¬�
&O¬��62�

¬��&D���DQG�0J����DV�LRQV�WKDW�XVXDOO\�RFFXU�LQ�QDWXUDO�ZDWHUV
IURP�LPPHUVHG�VRLO�WR�ODNH�ZDWHU�ZDV�VLPXODWHG�DQG�WKHLU�FRQFHQWUDWLRQV
PRQLWRUHG��6DPSOH�ZDV�WDNHQ�IURP�GLIIHUHQW�ORFDWLRQV�DQG�GHSWKV����NJ�RI
GULHG�VDPSOH�ZDV�SRXUHG�RYHU���/�RI�ZHOO�ZDWHU��PL[HG��DQG�DQDO\]HG
HYHU\�WKLUG�GD\�GXULQJ����GD\V�

5HVXOWV�DUH�VKRZQ�LQ�)LJXUHV������DQG����&RQFHQWUDWLRQ�FKDQJHV�DUH
FRPSOLFDWHG��HVSHFLDOO\�ZLWK�&O¬�DQG�62�

�¬��$W�WKH�EHJLQQLQJ��FRQFHQWUD�
WLRQV�RI�&2�

�¬�GHFUHDVHV��EXW�DIWHU���PRQWK�LW�VWDUWV�LQFUHDVLQJ��7KLV�PD\
EH�UHVXOW�RI�WUDQVIRUPDWLRQ�VROXEOH�+&2�

¬�WR�OHVV�VROXEOH�&2�
�¬�ZLWK�WLPH�

&D���DQG�0J���FRQFHQWUDWLRQ�FKDQJHV�DUH�VLPLODU�DW�WKH�EHJLQQLQJ��EXW�DI�
WHU����GD\V�WKH\�EHFDPH�RSSRVLWH�

7KH�PDLQ�DLP�RI�WKLV�NLQG�RI�UHVHDUFK�LV�WR�ILQG�SRVVLELOLW\�WR�SUHGLFW
FKDQJHV�RQ�FRQFHQWUDWLRQV�RI�GLIIHUHQW�LRQV�LQ�ZDWHU�DFFXPXODWLRQV�E\�VRLO
FRQWHQ�HVWLPDWLRQ�
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