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SRUDVW�RG�MDQXDUD�GR�IHEUXDUD�

�0DNVLPDOQD�EURMQRVW�ROLJRKHWD�NRQVWDQWRYDQD�MH�X
VHSWHPEUX�QD�ORNDOLWHWX���L�L]QRVLOD�MH������LQG�P��
0LQLPDOQD�NRQVWDQWRYDQD�EURMQRVW����LQG�P���MH�]DEH�
OHCHQD�QHNROLNR�SXWD��L�WR��QD�ORNDOLWHWX���X�MDQXDUX�
ORNDOLWHWX���X�QRYHPEUX�L�GHFHPEUX�L�ORNDOLWHWX���X
QRYHPEUX�L�GHFHPEUX��VOLND����

1D�VYLP�LVSLWDQLP�ORNDOLWHWLPD�NRQVWDWRYDQD�MH
VDPR�MHGQD�IDPLOLMD�¬�7XELILFLGDH��VD�aHWLUL�URGD�L�VH�
GDP�YUVWD�

/LPQRGULOXV�VS�
/LPQRGULOXV�KRIIPHLVWHUL��&ODSDUHGH�������
/LPQRGULOXV�FODSDUHGHDQXV��5DW]HO�������
/LPQRGULOXV�XGHNHPLDQXV��&ODSDUHGH�������
3RWDPRWUL[�KDPPRQLHQVLV��9HMRGRYVN\¬0UD]HN�
�����
7XELIH[�WXELIH[��0|OOHU������
3VDPRU\FWLGHV�DOELFROD��0LFKDHOVHQ������
1D�ORNDOLWHWLPD�MH�SURFHQWXDOQRP�]DVWXSOMHQR^`X

X�XNXSQRP�EURMX�MHGLQNL�GRPLQLUDOD�YUVWD�/LPQRGUL�

6OLND����%URMQRVW�ROLJRKHWD�SR�ORNDOLWHWLPD�WRNRP�LVWUDCLYDQMD
)LJXUH����1XPEHU�RI�2OLJRFKHWD�LQ�ORFDOLWLHV�GXULQJ�UHVHDUFK�SHULRG
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OXV�KRIIPHLVWHUL��ORNDOLWHW���¬������ORNDOLWHW���¬�����
ORNDOLWHW���¬�����L�ORNDOLWHW���¬������GRN�VX�RVWDOH
YUVWH�ELOH�]DVWXSOMHQH�GDOHNR�PDQMLP�SURFHQWRP�

9UVWD�/LPQRGULOXV�KRIIPHLVWHUL�ELOD�MH�HXNRQVWDQWQD
YUVWD�VD�SURFHQWRP�NRQVWDQWQRVWL������/LPQRGULOXV�VS�
MH�ELOD�DNFHVRUQD�YUVWD�VD�SURFHQWRP�NRQVWDQWQR^`X
�����2VWDOH�YUVWH�VX�ELOH�DNFLGHQWQH��D�QDMYH`L�NRHIL�
FLMHQW�NRQVWDQWQRVWL�RG�QMLK�MH�LPDOD�YUVWD�7XELIH[�WX�
ELIH[�������

3RUHG�ROLJRKHWD��QD_HQH�VX�L�&KLURQRPLGDH��NRMH
VSDGDMX�X�NRQVWDQWQX�YUVWX�VD�LQGHNVRP�NRQVWDQW�
QRVWL������,]UD]LWR�PDOL�EURM�&KLURQRPLGDH�VH�MDYOMD
QD�ORNDOLWHWX����GRN�VX�RQH�GRPLQDQWQH�X�RGQRVX�QD
EURM�YUVWD�ROLJRKHWD�QD�ORNDOLWHWX���

,QGHNV�ELRFHQROR^NH�UD]QRYUVQRVWL�L]UDaXQDW�SR
2GXPX�L]QRVLR�MH�]D�ORNDOLWHW���¬�������ORNDOLWHW���¬
������ORNDOLWHW���¬������L�ORNDOLWHW���¬�������,QGHNV
VDSUREQRVWL�YRGH�VH�NUHWDR�RG�����GR������^WR�YRGX
,Q_LMVNRJ�SRWRND�VYUVWDYD�X�SROLVDSUREQH�L�α�PH]RV�
DSUREQH��ORNDOLWHW���¬�VHSWHPEDU��ORNDOLWHW���¬�IH�
EUXDU��YRGH�

8�,Q_LMVNRP�SRWRNX�YRGD�MH�X�YH`HP�GHOX�VYRJD
WRND�L�YH`LP�GHORP�VH]RQH�SROLVDSUREQRJ�NYDOLWHWD�
3ROLVDSUREQH�YRGH�VX�YHRPD�SUH]DVL`HQH�RUJDQVNLP
MHGLQMHQMLPD�NRMD�ODNR�WUXOH��DOL�VH�UD]JUD_XMX�VDPR
GHOLPLaQR��8VOHG�WLK�SURFHVD�YRGD�MH�VLURPD^QD
NLVHRQLNRP��D�ERJDWD�&2���D�NDR�SURGXNWL�UD]ODJDQMD
MDYOMDMX�VH�+�6�L�&+���2YD�]RQD�VH�RGOLNXMH�SULVXVWYRP
YHOLNRJ�EURMD�LQGLYLGXD��D�PDOLP�EURMHP�YUVWD�

,Q_LMVNL�SRWRN�MH�SUHPD�UH]XOWDWLPD�RYRJ�LV�
WUDCLYDQMD�VDPR�QD�ORNDOLWHWLPD����X�VHSWHPEUX��L��
�X�IHEUXDUX��β�PH]RVDSUREQD��8�β�PH]RVDSUREQRM
]RQL�YRGD�LPD�YLVRN�QLYR�RUJDQVNRJ�]DJD_HQMD��DOL
PDQMH�QHJR�X�SROLVDSUREQRM�]RQL��8�RYRM�]RQL
SRaLQMH�UD]ODJDQMH�DPLQRNLVHOLQD��D�SRVOHGLFD�WRJD�MH
RERJD`LYDQMH�YRGH�&2��L�1+���9RGD�MH�QHSULMDWQRJ
PLULVD��8�RGQRVX�QD�SROLVDSUREQX�]RQX�EURM�YUVWD�VH
SRYH`DYD��

9UHGQRVWL�LQGHNVD�VDSUREQRVWL�L�YUHGQRVWL�LQ�
GHNVD�ELRFHQROR^NH�UD]QRYUVQRVWL�SRWYU_XMX�UH]XOWDWH
GR�NRMLK�VX�GR^OL�%ULQNKXUVW¬.HQGL��0LOMDQRYL`
�������*URV��������L�?XNL`���������NRML�QDYRGH�GD
VX�/LPQRGULOXV�KRIIPHLVWHUL��/LPQRGULOXV�XGHNHPL�
DQXV�L�7XELIH[�WXELIH[�GRPLQDQWQH�YUVWH�X�]DJD_HQLP
YRGDPD�

6RUHQVRY�LQGHNV�VOLaQRVWL�SRND]DR�MH�GD�VX�QDM�
VOLaQLML�ORNDOLWHWL���L���VD�����VOLaQRVWL��D�QDM�
UD]OLaLWLML�ORNDOLWHWL���L���VD�LQGHNVRP�VOLaQRVWL�����

=DNOMXaDN
2G�VHSWHPEUD�������GR�IHEUXDUD�������JRGLQH

SUD`HQ�MH�NYDOLWDWLYQL�L�NYDQWLWDWLYQL�VDVWDY�IDXQH�ROL�
JRKHWD�QD�aHWLUL�ORNDOLWHWD�X�,Q_LMVNRP�SRWRNX��3ULOL�
NRP�X]LPDQMD�X]RUDND�GQD�SUD`HQD�MH�WHPSHUDWXUD
YRGH�L�S+��7HPSHUDWXUQH�YUHGQRVWL�VX�VH�NUHWDOH�RG
�~&��GHFHPEDU��GR���~&��VHSWHPEDU���9UHGQRVWL�S+
VX�YDULUDOH�X�JUDQLFDPD�RSWLPXPD�]D�ROLJRKHWH�¬�RG
����GR�����

,VSLWLYDQMHP�MH�NRQVWDQWRYDQD�MHGQD�IDPLOLMD�¬
7XELILFLGDH��VD�aHWLUL�URGD�L�VHGDP�YUVWD��,]UD]LWR�MH
GRPLQDQWQD�YUVWD�/LPQRGULOXV�KRIIPHLVWHUL�VD�]DVWX�
SOMHQR^`X�����QD�ORNDOLWHWX����2YD�YUVWD�VSDGD�L�X�HX�
NRQVWDQWQH�YUVWH�X�KLGURHNRVLVWHPX�,Q_LMVNRJ�SRWRND�

3RMDYD�NRMD�VH�SULPH`XMH�QD�VYLP�ORNDOLWHWLPD�MH
GD�EURMQRVW�ROLJRKHWD�RSDGD�RG�VHSWHPEUD�GR�GHFHP�
EUD��SD�RQGD�NUH`H�GD�UDVWH�RG�MDQXDUD�GR�IHEUXDUD�

-R^�MHGDQ�]DQLPOMLY�SRGDWDN�MH�GRPLQDQWQRVW
&KLURQRPLGDH�QD�ORNDOLWHWX����2YDM�ORNDOLWHW�LPD�L
QDMYH`L�LQGHNV�VDSUREQRVWL�����¬������1D�WRP�ORND�
OLWHWX�QDOD]L�VH�FHY�IHNDOQH�L�NL^QH�NDQDOL]DFLMH�NRMD
GRGDWQR�SRYH`DYD�QLYR�RUJDQVNRJ�]DJD_HQMD�

9RGD�,Q_LMVNRJ�SRWRND�VH�X�QDMYH`HP�EURMX
X]RUDND�������PRCH�RNDUDNWHULVDWL�NDR�YRGD�SR�
OLVDSUREQRJ�NYDOLWHWD��

-HGDQ�RG�JODYQLK�X]URND�]ERJ�aHJD�YRGD�,Q_LM�
VNRJ�SRWRND�VSDGD�X�SROLVDSUREQH�YRGH�MH�WR�̂ WR�LPD
GRVWD�LQGLYLGXDOQLK�REMHNDWD�NRML�VX�VYRMX�IHNDOQX�NDQD�
OL]DFLMX�QHGR]YROMHQR�SULNOMXaLOL�QD�JUDGVNX�NL^QX�ND�
QDOL]DFLMX��NRMD�VH�RQGD�]DMHGQR�VD�IHNDOQRP�XOLYD�X
SRWRN��

/LWHUDWXUD
%ULQNKXUVW�5��2���-DPLHVRQ�%��*��0�������$TXDWLF�2OLJRFKDHWD�RI�WKH�:RUOG��(GLQEXUJK�2OLYHU�	�%R\G
*URVV�)��������/HV�FRPPXQDXWHV�GROLJRKHWV�GXQUXLVVHDX�GH�SODLQH��OHXU�XWLOLVDWLRQ�FRPPHLQGLFDWHXUV�GH�OD�SROOXWLRQ�RUJDQLTXH��$QQDOHV/LPQRO��������������
'DYLGRYL`�5��������2S^WLQD�,Q_LMD�¬�JHRJUDIVNDPRQRJUDILMD��1RYL�6DG��3ULURGQR�PDWHPDWLaNLIDNXOWHW��,QVWLWXW�]D�JHRJUDILMX
?XNL`�1��������6DVWDY�IDXQH�2OLJRFKDHWD�XQHNLP�YRGDPD�9RMYRGLQH�X�]DYLVQRVWL�RGHNROR^NLK�IDNWRUD��=ERUQLN�]D�SULURGQH�QDXNH0DWLFH�6USVNH�����
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0LOMDQRYL`�%��������%LRGLYHU]LWHWPDNUR]RREHQWRVD�JRUQMHJ�GHOD�VOLYD�.ROXEDUH�0DJLVWDUVND�WH]D��3ULURGQR�PDWHPDWLaNL�IDNXOWHW�,QVWLWXW�]D�ELRORJLMX��8QLYHU]LWHW�X�1RYRP�6DGX�
3RSFKHQNR�9��,��������3URGXNWVL\DPDORVKFKHWLQNRY\K�FKHUYHM�Y�PDO\KJXPL]LURYDQ\K�YRGRHPDK�NDUHOLL��7U��;93ULEDOWLWVNRM�NRQIHUHQFLL
3XMLQ�9��������3ULORJ�SURXaDYDQMX�LVKUDQH�LWHPSD�UDVWD�ULEQMDaNRJ�^DUDQD��&\SULQXV�FDSULR/���VD�QDURaLWLP�RVYUWRP�QD�RGQRV�SULVURGEH�LGRGDWQH�KUDQH�X�FUHYQRP�VDGUCDMX��=ERUQLN0DWLFH�6USVNH�]D�SULURGQH�QDXNH��������
7LPP�7��(��������2�]KL]QHQQ\K�WVLNODK�YRGQ\KROLJRKHW�Y�DNYDULXPDK��*LRJLGURELORJLFKHVNLHLVVOHGRYDQL\D�$1�(VWRQVNRM�665���������
8]XQRY�-��7���.RYDaHY�6��*�������0DFURLQYHUWHEUDWH�&RPPXQLWHV�6WUXFWXUHV�LQ�WKH0DULW]D�5LYHU�XQGHU�+XPDQ�DFWLYLW\�,PSDFW�+LGURELRORJ\����������

1HPDQMD�0DUMDQRYL`
2OLJRFKDHWD�)DXQD�DV�D�0DUNHU�RI
:DWHU�4XDOLW\�LQ�,QGMLMD�6WUHDP

2OLJRFKDHWH��DV�DQ�HFRORJLFDOO\�KHWHURJHQHRXV
JURXS�RI�$QQHOLGD��UHSUHVHQW�JRRG�PDUNHUV�RI�ZDWHU
TXDOLW\�LQ�ZDWHU�HFRV\VWHPV��7KH�DLP�RI�WKLV�SURMHFW
ZDV�WR�JHW�SUHFLVH�GDWD�DERXW�ZDWHU�TXDOLW\�LQ�WKH
,QGMLMD�VWUHDP�E\�H[DPLQLQJ�WKH�SUHVHQW�VSHFLHV�RI
2OLJRFKDHWH��6SHFLPHQV�ZHUH�WDNHQ�RQ�V�PRQWKO\�ED�
VLV�IURP�6HSWHPEHU�������WR�)HEUXDU\�������LQ�IRXU
ORFDOLWLHV��$V�WKH�VSHFLPHQV�ZHUH�WDNHQ��WKH�WHPSHUD�
WXUH�DQG�S+�ZHUH�PHDVXUHG��7KH�WHPSHUDWXUH�ZDV
IURP��~&�WR���~&��DQG�WKH�ZDWHU�KDG�D�QHXWUDO�S+
UHDFWLRQ��7KH�QXPEHU�RI�2OLJRFKDHWH�GHFUHDVHG�IURP
6HSWHPEHU�WR�'HFHPEDU��DQG�WKHQ�URVH�IURP�-DQXDU\
WR�)HEUXDU\��'XULQJ�WKH�UHVHDUFK�RQH�IDPLO\�ZDV
IRXQG�¬�7XELILFLGDH��ZLWK�IRXU�JHQHUD�DQG�VHYHQ�VSH�
FLHV��7KH�VDSURELF�YDOXH�ZDV�IURP�����WR������$FFRUGLQJ
WR�RXU�UHVXOWV��WKH�,QGMLMD�VWUHDP�ZDWHU�LV�SRO\VDSURELF�
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