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.YDOLWHW�YRGH�UHNH�*UDGDF

8� RYRP� LVWUDCLYDQMX� LVSLWLYDQH� VX� KLGURKHPLMVNH
RVRELQH�YRGH�UHNH�*UDGDF�NDNR�EL�VH�XWYUGLR�QMHQ
NYDOLWHW�X�OHWQMHP�SHULRGX��SRG�MDaLP�XWLFDMHP�DQ�
WURSRJHQRJ�IDNWRUD��,VWUDCLYDQMH�MH�YU^HQR�X�SHULRGX
MXQ�DYJXVW�L�REXKYDWLOR�MH�WUL�X]RUNRYDQMD��MXQ��MXO�L
DYJXVW���8]RUFL�VX�X]HWL�VD����WDaNH�GXC�WRND�UHNH
�*UDGDaND�YUHOD���������L]YRUD�GXC�WRND��L����WDaDND
UDYQRPHUQR�UDVSRUH_HQLK�GXC�WRND���3ULPHQRP�RV�
QRYQLK� PHWRGD� KLGUROR^NLK� L� KLGURKHPLMVNLK� LV�
WUDCLYDQMD� XWYU_HQR� MH� GD� YRGD� JRUQMHJ� WRND� SUL�
SDGD�GUXJRM��D�GRQMHJ�WRND�UHNH�WUH`RM�NODVL��]ERJ
SRYL^HQH� NRQFHQWUDFLMH� QLWULWD� L� DPRQLMQXP� MRQD�
$PRQLMXP� MRQ� MH�SRVHEQR�ELR�SRYL^HQ�X�DYJXVWX�
XVOHG� VPDQMHQH� NROLaLQH� SDGDYLQD�� SUL� YH`RM
SRVH`HQRVWL�UHNH�
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8�]DSDGQRM�6UELML������NP�MXJR]DSDGQR�RG�%HR�

JUDGD�L����NP�MXCQR�RG�9DOMHYD��VSDMDQMHP�%XN�
RYVNH�UHNH�L�=DEDYH��QDVWDMH�*UDGDF��MHGQD�RG
PDOREURMQLK�UHND�X�6UELML�aLMD�YRGD�SULSDGD�SUYRM
NODVL��,VWUDCQR�SRGUXaMH�XJODYQRP�MH�L]JUD_HQR�RG
NUHaQMDND��GRORPLWD�L�GRORPLWLaQLK�NUHaQMDND�VUHGQMH
WULMDVNH�VWDURVWL��SRYUHPHQR�SUD`HQLK�SRMDYRP�SRU�
ILULWD�L�URCQDFD�NUHGQH�VWDURVWL��0LORMHYL`��������8
UHOMHIX�VOLYD�RYH�UHNH�GRPLQLUDMX�NUD^NL�REOLFL�UHOMHID
¬�YUWDaH��XYDOH��VXYH�L�VOHSH�GROLQH��SRYU^LQVNL
REOLFL���SH`LQH��MDPH�L�SRQRUL��SRG]HPQL�REOLFL��
�/D]DUHYL`��������8�JRUQMHP�WRNX�*UDGDF�WHaH�NDR
UHND�SRQRUQLFD��6XYDMD���VYH�GR�*UDGDaNLK�YUHOD�JGH
VH�IRUPLUD�VWDODQ�WRN�NRML�WHaH�GXCLQRP�RG�RNR���
NP�GR�X^`D�X�.ROXEDUX�X�9DOMHYX��0LORMHYL`�������
9RGD�UHNH�*UDGDF�MH�KLGURJHQNDUERQDWQR�NDOFLMXP�
VND�L�PDJQH]LMXPVND��EH]�ERMH��PLULVD�L�XNXVD��VD

SRYL^HQLP�XWUR^NRP�.0Q2���/D]DUHYL`��������,V�
WUDCLYDQMD�SROD]QLND�,6�3HWQLFD�XND]XMX�QD�SRYL^HQH
NRQFHQWUDFLMH�QLWUDWD��QLWULWD�L�DPRQLMXP�MRQD��DOL
XSUNRV�WRPH��YRGD�UHNH�*UDGDF�X�JRUQMHP�WRNX�SUL�
SDGD�SUYRM��D�X�GRQMHP�WRNX�GUXJRM�NODVL��-RYLaL`�
2UH^aDQLQ�������

&LOM�RYRJ�UDGD�MH�GD�VH��RGUH_LYDQMHP�RVQRYQRJ
KHPLMVNRJ�VDVWDYD�YRGH�UHNH�*UDGDF��XWYUGH�QMHQH
KLGURKHPLMVNH�NDUDNWHULVWLNH�GXC�WRND�X�OHWQMHP�SH�
ULRGX��NDGD�MH�L]UDCHQLML�XWLFDM�DQWURSRJHQRJ�IDNWRUD�

0HWRGH
8�LVWUDCLYDQMX�VX�SULPHQMHQH�RVQRYQH�PHWRGH

KLGUROR^NLK�L�KLGURKHPLMVNLK�LVWUDCLYDQMD��8]RUFL�UD�
QLYRGH�]D�KHPLMVNX�DQDOL]X�VX�X]LPDQL�X�WUL�QDYUDWD
X� SHULRGX� MXQ�DYJXVW�� VD� ��� ORNDFLMH� ¬� �� VD
*UDGDaNLK�YUHOD�����VD�L]YRUD�UDVSRUH_HQLK�GXC�WRND
L����VD�ORNDFLMD�UDYQRPHUQR�UDVSRUH_HQLK�GXC�WRND�

1D�VYDNRM�VWDMQRM�WDaNL�RGUH_HQH�VX�IL]LaNH�RVR�
ELQH�YRGH�¬�WHPSHUDWXUD��ERMD��PLULV��PXWQR`D��S+�
VSHFLILaQD�HOHNWULaQD�SURYRGOMLYRVW��NDR�L�SURWLFDM�
L]GD^QRVW�L]YRUD�L�WHPSHUDWXUD�YD]GXKD��8�RNYLUX
ODERUDWRULMVNRJ�UDGD�XUD_HQD�MH�KHPLMVND�DQDOL]D
X]RUDND��0HWRGRP�NRORULPHWULMH�RGUH_HQH�VX�NRQ�
FHQWUDFLMH�QLWUDWQLK��QLWULWQLK��VXOIDWQLK��IRVIDWQLK�L
DPRQLMXP�MRQD��9ROXPHWULMVNL�VX�RGUH_HQH�NRQFHQ�
WUDFLMH�ELNDUERQDWQLK�MRQD��MRQD�NDOFLMXPD��PDJQH]L�
MXPD��KORULGQLK�MRQD�L�XWUR^DN�NDOLMXP�SHUPDQJDQDWD�
.RQFHQWUDFLMH�MRQD�QDWULMXPD�L�NDOLMXPD�RGUH_HQH�VX
UDaXQVNL��8�X]RUFLPD�X]HWLP�VD�YRGRWRND�RGUH_HQD
MH�NRQFHQWUDFLMD�NLVHRQLND��NDR�L�ELROR^ND�SRWUR^QMD
NLVHRQLND��%3.����'LPLWULMHYL`��3DSL`�������
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5H]XOWDWL�L�GLVNXVLMD
9RGD�YUHOD�*UDGFD��NDR�L�YRGD�JRUQMHJ�WRND

UHNH��ELOD�MH�EH]�ERMH��PLULVD�L�SUR]UDaQD��,GX`L�ND
X^`X� YRGD� SRVWDMH� CX`NDVWD�� VODER� PXWQD�� VD
L]UDCHQLP�]HPOMDVWLP�PLULVRP��3UHWSRVWDYOMD�VH�GD�VX
SURPHQH�ERMH�L�PLULVD�SRVOHGLFD�XUEDQL]DFLMH��SR^WR
MH�X^`H�*UDGFD�X�.ROXEDUX�X�9DOMHYX�

3URWLFDM�L�L]GD^QRVW�VX�X�DYJXVWX�ELOL�]QDWQR
PDQML�QHJR�X�MXQX��^WR�MH�SRVOHGLFD�YUHPHQVNLK�XV�
ORYD��VPDQMHQD�NROLaLQD�SDGDYLQD���7RP�SULOLNRP�VX
NRQVWDWRYDQH�L�VPDQMHQH�YUHGQRVWL�VSHFLILaQH�SUR�
YRGOMLYRVWL�

.RQFHQWUDFLMH�KLGURJHQNDUERQDWQRJ�MRQD�L�MRQD
NDOFLMXPD�L�PDJQH]LMXPD��QLVX�VH�ELWQR�PHQMDOH�GXC

WRND��D�QL�WRNRP�YUHPHQD��2YL�MRQL�VX�QDM]DVWX�
SOMHQLML�¬�QMLKRYH�SRMDYH�GLUHNWQR�VX�XVORYOMHQH
JHROR^NRP�SRGORJRP��VOLND�����=QDWQR�VX�YL^H�NRQ�
FHQWUDFLMH�RYLK�MRQD�QD�L]YRULPD�QHJR�QD�VDPRP
WRNX�]ERJ�GLUHNWQRJ�NRQWDNWD�YRGH�L�SRGORJH�

*ODYQL�LQGLNDWRUL�RUJDQVNRJ�L�QHRUJDQVNRJ
]DJD_HQMD�VX�QLWUDWQL��QLWULWQL�L�DPRQLMXP�MRQ��3UL�LQ�
WHUSUHWDFLML�UH]XOWDWD�WUHED�LPDWL�X�YLGX�GD�VX�RQL
SRVHEQR�SRYH]DQL�X�SURFHVX�QLWULILNDFLMH��^WR�]QDaL
GD�NRQFHQWUDFLMH�MHGQRJ�]DYLVH�RG�NRQFHQWUDFLMD
RVWDOLK�MRQD��1D�RQLP�WDaNDPD�QD�NRMLPD�VX�NRQFHQ�
WUDFLMH�DPRQLMXP�MRQD�QLVNH�GR^OR�MH�GR�RNVLGDFLMH�L
SUHODVND�X�QLWULWH��QLWULWL�VX�QLVNL�QD�RQLP�VWDMQLP
WDaNDPD�QD�NRMLPD�VX�VH�RNVLGRYDOL�X�QLWUDWH��

-DVQR�VH�YLGH�]QDWQR�YL^H�NRQFHQWUDFLMH�DPRQL�
MXP�MRQD�X�GRQMHP�WRNX�QHJR�X�JRUQMHP��SRVHEQR�X
DYJXVWX��VOLND�����7DNR_H��S+�YUHGQRVW�VH�SRYH`DYD
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GXC�WRND��X�JRUQMHP�WRNX�����D�X�GRQMHP�������3UHW�
SRVWDYOMD�VH�GD�MH�WR�JODYQD�SRVOHGLFD�XWLFDMD�SUH
VYHJD�DQWURSRJHQRJ�IDNWRUD��NXSDaND�VH]RQD��
3RYL^HQD�NRQFHQWUDFLMD�DPRQLMXP�MRQD�X�SRYU^LQ�
VNLP�YRGDPD�REMD^QMDYD�VH�L�SULVXVWYRP�XUHH�X
YH^WDaNLP�_XEULYLPD�LOL�X�XULQX��aLMRP�KLGUROL]RP
QDVWDMH��D�NRML�VX�QD�RYRP�SRGUXaMX�SULVXWQL�]ERJ
RNROQRJ�REUDGLYRJ�]HPOML^WD�L�YHOLNRJ�EURMD�L]OHWQLND
X�RYRP�SHULRGX��8�DYJXVWX�MH�ELOR�PDQMH�SDGDYLQD�
^WR�MH�WDNR_H�GRYHOR�GR�SRYH`DQMD�NRQFHQWUDFLMH�

1D�L]YRULPD�NRQFHQWUDFLMH�VYLK�MRQD�VX�SRYL^HQH
�VOLNH���L�����X�RGQRVX�QD�PDNVLPDOQH�GR]YROMHQH
NRQFHQWUDFLMH�RYLK�MRQD�X�YRGL�NRMD�PRCH�GD�VH�NRU�
LVWL�]D�SL`H��%URMQH�SRG]HPQH�YRGH�YH]XMX�QLWUDWQH�
QLWULWQH�L�DPRQLMXP�MRQH�L]�]HPOML^WD�L�L]ELMDMX�QD
SRYU^LQX��VYRMLP�VDVWDYRP�ELWQR�XWLaXaL�QD�SRYU^LQ�
VNH�YRGH�

=DNOMXaDN
1D�RVQRYX�NODVLILNDFLMH�YRGH�SR�.OXWX��YRGD

UHNH�*UDGDF�MH�GRVWD�WYUGD��VUHGQMH�PLQHUDOL]DFLMH�L
YL^H�RNVLGDFLMH��3UHPD�NODVLILNDFLML�YRGH�SR�2��$�
$OHNLQX��YRGD�MH�KLGURJHQNDUERQDWQH�NODVH��NDOFL�
MXPVNH�L�PDJQH]LMXPVNH�JUXSH��,,�WLSD�X�JRUQMHP�L
,,,�X�GRQMHP�WRNX��

.RQFHQWUDFLMH�MRQD�NRML�SRWLaX�L]�VWHQD��KLGUR�
JHQNDUERQDWQL�MRQ��MRQL�NDOFLMXPD�L�PDJQH]LMXPD�
QLVX�VH�ELWQR�PHQMDOH��^WR�MH�X�VNODGX�VD�SULURGRP
JHROR^NH� SRGORJH� LVWUDCQRJ� SRGUXaMD�� GRN� VH
XRaDYDMX�SURPHQH�NRQFHQWUDFLMD�MRQD�NRML�VX�LQGLND�
WRUL�RUJDQVNLK�]DJD_LYDaD��QLWDWQL��QLWULWQL�MRQL�L
DPRQLMXP�MRQ���1MLKRYH�NRQFHQWUDFLMH�SRYH`DOH�VX�VH
X�DYJXVWX��L�WR�SULPHWQR�X�GRQMHP�WRNX�NRML�MH�YH`LP
GHORP�SUHWYRUHQ�X�NXSDOL^WD�L�L]OHWL^WD��

9RGD�SULSDGD�,,,�NODVL�SUHWHCQR�]ERJ�NRQFHQ�
WUDFLMD�DPRQLMXP�MRQD��SD�VH�¬�VNODGQR�SRUHNOX�RYRJ
MRQD�¬�SUHGODCH�NRQWUROD�SRMDYH�VYH�YH`HJ�EURMD�WDN�
R]YDQLK�GLYOMLK�SODCD��L�RJUDQLaHQMH�NXSDaNLK�]RQD�
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*ROXERYL`�5��-DQHY�6��3DYORYL`�0��������,]YH^WDM¬�NDWDVWDU�YRGQLK�REMHNDWD�¬�9DOMHYR��,�GHR��RS^WDJHROR^ND�L�KLGURJHROR^ND�VYRMVWYD�WHUHQD�^LUHRNROLQH�JUDGD�9DOMHYD��9DOMHYR��,VWUDCLYDaNDVWDQLFD�3HWQLFD
-DQHYVNL�%��������5HND�*UDGDF��9DOMHYR�(NROR^NR�GUX^WYR�*UDGDF
-RYDQRYL`�%��������5HOMHI�VOLYD�.ROXEDUH�%HRJUDG��1DXaQR�GHOR
/D]DUHYL`�5��������9DOMHYVNL�NUDV��%HRJUDG�6USVNR�JHRJUDIVNR�GUX^WYR
0LORMHYL`�0��������*HRORJLMD�L�KLGURJHRORJLMDWHUHQD�MXCQR�RG�9DOMHYD��%HRJUDG��=DYRG�]DJHRIL]LaND�LVWUDCLYDQMD

-RYDQD�0LORVDYOMHYL`�DQG�'D^D�6SDVRMHYL`
4XDOLW\�RI�*UDGDF�5LYHU�:DWHU

,Q�WKLV�UHVHDUFK�ZH�H[DPLQHG�K\GUR�FKHPLFDO
SURSHUWLHV�RI�ZDWHU�WDNHQ�IURP�WKH�ULYHU�*UDGDF�DV�WR
DVVHVV�LWV�TXDOLW\�LQ�WKH�VXPPHU�SHULRG��XQGHU�D
VWURQJHU�DQWKURSRJHQLF�LQIOXHQFH��([DPLQDWLRQ�ZDV
FRQGXFWHG�GXULQJ�-XO\�DQG�$XJXVW��DQG�LW�LQFOXGHG
WKUHH�VDPSOH�WDNLQJV��7KH�VDPSOHV�ZHUH�WDNHQ�IURP
WKLUW\�IRXU�SRLQWV��WKUHH�SRLQWV�ZHUH�RQ�*UDGDF�ZHOOV�
HOHYHQ�SRLQWV�ZHUH�RQ�VSULQJV�DORQJ�WKH�ZDWHUFRXUVH�
DQG�WZHQW\�HTXLGLVWDQW�SRLQWV�DORQJ�WKH�ULYHU���%\
HPSOR\LQJ�WKH�EDVLF�PHWKRGV�RI�K\GURORJLFDO�DQG
K\GUR�FKHPLFDO�UHVHDUFK�LW�ZDV�DVVHVVHG�WKDW�WKH
ZDWHU�IURP�WKH�KHDGZDWHUV�EHORQJV�WR�WKH�VHFRQG�
DQG�WKH�ZDWHU�IURP�WKH�XQGHUIORZ�EHORQJV�WR�WKH
WKLUG�FODVV�PDLQO\�GXH�WR�WKH�KLJKHU�FRQFHQWUDWLRQ
OHYHO�RI�QLWUDWHV�DQG�DPPRQLXP�LRQV��7KH�OHYHO�RI
DPPRQLXP�LRQV�ZDV�SDUWLFXODUO\�KLJK�LQ�$XJXVW��GXH
WR�WKH�GHFUHDVH�LQ�UDLQIDOOV�DQG�HYHU�LQFUHDVLQJ�DW�
WHQGDQFH�RI�VZLPPHUV�
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