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0RGXODFLMD�DNWLYQRVWL

VXSHURNVLG�GLVPXWD]H�X�KXPDQLP

OLPIRFLWLPD�QDNRQ�R]UDaLYDQMD�LQ�YLWUR

3UD`HQD� MH� DNWLYQRVW� LQWUDFHOXODUQH� VXSHURNVLG�GLVPXWD]H� �62'��X� OLPIRFLWLPD
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WLYQRVWL�62'�NRUHOLUDQL�VX�VD�VWHSHQRP�UDGLMDFLRQRJ�R^WH`HQMD�JHQRPD��XaHVWD�

ORVW^`X�PLNURQXNOHXVD���'RELMHQL�UH]XOWDWL�VX�SRND]DOL�GD�GR�SRYH`DQMD�DNWLYQRVWL

62'�GROD]L�QDNRQ����aDVRYD��QD�RVQRYX�aHJD�VH�PRCH�]DNOMXaLWL�GD�GR�QMHJD�GR�

YRGL�GH�QRYR�VLQWH]D�HQ]LPD��D�QH�SURPHQD�NRQIRUPDFLRQRJ�VWDQMD��DNWLYDFLMD�GL�

PHUD�VSDMDQMHP�X�WHWUDPHUH���.RUHODFLMD�DNWLYQRVWL�62'�X�NXOWXUL�R]UDaHQLK�OLP�

IRFLWD� VD�EURMHP�PLNURQXNOHXVD�XND]XMH�QD� WR�GD�VH�VD�SRYH`DQMHP�HQ]LPVNH

DNWLYQRVWL�VWHSHQ�UDGLMDFLRQRJ�R^WH`HQMD�JHQRPD�VPDQMXMH��MHU�62'�XNODQMD�UHDN�

WLYQH�VORERGQH�UDGLNDOH��VPDQMXMH�LQGLUHNWQR�GHMVWYR�]UDaHQMD�L�RPRJX`DYD�UHSHU

PHKDQL]PLPD�`HOLMH�GD�ODN^H�L�WDaQLMH�L]YU^H�UHNRQVWUXNFLMX�JHQRPD��

8YRG

,]ODJDQMH�`HOLMD�MRQL]XMX`HP�]UDaHQMX�GRYRGL�GR�R]OHGH�JRWRYR�VYLK

ELRPROHNXOD�X�`HOLML��1DMRVHWOMLYLML�ELROR^NL�PROHNXO�MH�'1.��WH�VH�HIHNWL

MRQL]XMX`HJ�]UDaHQMD�ODNR�PRJX�SUHSR]QDWL�DQDOL]RP�KURPR]RPVNLK�DEHUD�

FLMD�PHWDID]QLK�KURPR]RPD��+URPR]RPVNH�DEHUDFLMH�QDVWDMX�GLUHNWQLP�L

LQGLUHNWQLP�GHORYDQMHP�]UDaHQMD��GHSRQRYDQMHP�HQHUJLMH�]UDaHQMH�GLUHNWQR

SUHNLGD�IRVIRGLHVWDUVNH�YH]H�NRMLPD�VX�QXNOHRWLGL�PH_XVREQR�SRYH]DQL�X

ODQDF��DOL�LVWRYUHPHQR��XVOHG�YHOLNRJ�EURMD�VORERGQLK�UDGLNDOD�L�WRNVLaQLK
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WLYQRJ�SRWHQFLMDOD�̀ HOLMH�L�VSRVREQRVWL�HQ]LPD�DQWLRNVLGDWLYQH�]D^WLWH�GD�XN�

ORQH�UHDNWLYQH�VORERGQH�UDGLNDOH�]DYLVL�VWHSHQ�UDGLMDFLRQRJ�R^WH`HQMD

JHQRPD��1DMYDCQLMX�XORJX�X�VSUHaDYDQMX�QDVWDMDQMD�WLK�R^WH`HQMD�LPDMX

HQ]LPL�DQWLRNVLGDWLYQH�]D^WLWH�¬�VXSHURNVLG�GLVPXWD]H��0Q�62'�L�&X�=Q�

62'��L�JOXWDWLRQ�SHURNVLGD]D��*3[���6XSHURNVLG�GLVPXWD]D��62'��MH�DN�

WLYQD�X�REOLNX�WHWUDPHUD��DOL�VH�X�`HOLML�QDOD]H�L�QHDNWLYQL�GLPHUL�NRML�VH

DNWLYLUDMX�QDNRQ�SROLPHUL]DFLMH��1MHQD�]D^WLWQD�XORJD�VH�]DVQLYD�QD�NDWDOL�

]RYDQMX�WUDQVIRUPDFLMH�VXSHURNVLG�UDGLNDOD�X�+�2���NRML�VH�GDOMH�PHWDER�

OL^H�X�2��L�+�2�

8�RYRP�UDGX�SUD`HQD�MH�DNWLYQRVW�62'�X�OLPIRFLWLPD�SHULIHUQH�NUYL

QDNRQ�R]UDaLYDQMD�QD�QHNROLNR�YUHPHQD�ILNVDFLMH��$NWLYQRVW�62'�MH�SRUH�

_HQD�VD�VWHSHQRP�UDGLMDFLRQRJ�R^WH`HQMD�JHQRPD��WM��EURMHP�PLNURQXNOH�

XVD��9UHPH�]D�NRMH�VH�SRYH`D�DNWLYQRVW�62'�PRCH�XND]DWL�QD�PHKDQL]DP

NRMLP�GR�WRJ�SRYH`DQMD�GROD]L��SROLPHUL]DFLMD�LOL�GH�QRYR�VLQWH]D�HQ]LPD��

&LOM�HNVSHULPHQWD�ELR�MH�LVSLWDWL�PRGXODFLMX�DNWLYQRVWL�HQ]LPD�QDNRQ�R]UD�

aLYDQMD�L�XND]DWL�QD�PHKDQL]DP�DNWLYDFLMH�HQ]LPD�DQWLRNVLGDWLYQH�]D^WLWH�

0DWHULMDO�L�PHWRGH

=D�SRWUHEH�HNVSHULPHQWD�NRUL^`HQD�MH�YHQVND�NUY�WUL�]GUDYH�PX^NH

RVREH��8]RUDN�NUYL�VYDNRJ�GDYDRFD�SRGHOMHQ�MH�QD�GYD�MHGQDND�GHOD��3R

MHGDQ�GHR�NUYL�]UDaHQ�MH�γ�]UDaHQMHP�GR]H���*\��QDMaH^`H�NRUL^`HQD�WHUDSL�
MVND�GR]D���'UXJL��QHR]UDaHQL��GHR�VOXCLR�MH�NDR�NRQWUROD��,]�MHGQRJ�GHOD

R]UDaHQH�NUYL�L]RORYDQL�VX�OLPIRFLWL�NRML�VX�]DWLP�SRGHOMHQL�QD�GYD�DOLNYR�

WD��3UYL�GHR�L]RORYDQLK�OLPIRFLWD�LQNXELUDQ�MH���K��D�GUXJL���K�QD���~&�

1DNRQ�QD]QDaHQRJ�YUHPHQD�L]RORYDQ�MH�FLWRVRO�PHWRGRP�0F&RUG�L�)UL�

GRYLFK��������L�]DPU]QXW�QD�¬��~&��2G�SUHRVWDORJ�GHOD�R]UDaHQH�NUYL

SRVWDYOMHQH�VX�OLPIRFLWQH�NXOWXUH�NRMH�VX�VWLPXOLVDQH�ILWRKHPDJOXWLQLQRP�L

LQNXELUDQH����K�QDNRQ�aHJD�VX�SUHSDULUDQH�SR�PHWRGX�)HQHFK�L�0RUOH\

��������6XVSHQ]LMD�SUHSDULUDQLK�OLPIRFLWD�QDQHWD�MH�QD�PLNURVNRSVNH�SOR�

aLFH��DQDOL]LUDQD�MH�XaHVWDORVW�PLNURQXNOHXVD�NDNR�EL�VH�SURFHQLR�VWHSHQ

UDGLMDFLRQRJ�R^WH`HQMD�JHQRPD��.RQWUROH�L]RORYDQLK�OLPIRFLWD�L�NXOWXUH�OL�

PIRFLWD�VX�WUHWLUDQH�QD�LVWL�QDaLQ��0HUHQMH�DNWLYQRVWL�62'�L]�FLWRVROD�R]UD�

aHQLK�L�QHR]UDaHQLK�X]RUDND�XUD_HQR�MH�VSHNWURIRWRPHWULMVNL��NRPHUFLMDOQLP

WHVWRP�5DQVRG�ILUPH�5DQGR[��5H]XOWDWL�DNWLYQRVWL�VX�L]UDCHQL�X�8�PJ�SUR�

WHLQD��.RQFHQWUDFLMD�SURWHLQD�MH�RGUH_HQD�VWDQGDUGQRP�&%%�PHWRGRP�

5H]XOWDWL

5H]XOWDWL�PHUHQMD�DNWLYQRVWL�62'�GDWL�VX�X�WDEHOL����1DMYL^D�DNWLYQRVW

L]PHUHQD�MH�X�X]RUNX�EU����X�NXOWXUL�R]UDaHQLK�OLPIRFLWD��D�QDMQLCD�X

X]RUNX�EU����OLPIRFLWL�R]UDaHQL�L�LQNXELUDQL���K��
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7DEHOD����$NWLYQRVW�62'�[8�PJ�SURWHLQD]

7UHWPDQ 8]RUDN
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NXOWXUD�OLPIRFLWD�¬�NRQWUROD�����K� ����� ��� ��

NXOWXUD�R]UDaHQLK�OLPIRFLWD�����K� ��� ��� ��

1DSRPHQD��
�¬�DNWLYQRVW�62'�MH�L]UDaXQDWD�LDNR�MH�SURFHQDW�LQKLELFLMH�L]OD]LR�L]
RSVHJD�OLQHDUQRVWL�PHWRGH�

5H]XOWDWL�SRND]XMX�GD�QH�SRVWRML�VWDWLVWLaNL�]QDaDMQD�UD]OLND�L]PH_X

R]UDaHQLK�OLPIRFLWD�LQNXELUDQLK���K�L�R]UDaHQLK�OLPIRFLWD�LQNXELUDQLK���K

�S�!��������NDR�L�L]PH_X�QHR]UDaHQLK�L�R]UDaHQLK�OLPIRFLWD��.XOWXUH�R]UD�

aHQLK�OLPIRFLWD�SRND]DOH�VX�VWDWLVWLaNL�]QDaDMQR�YL^H�DNWLYQRVWL�62'�X�RG�

QRVX�QD�R]UDaHQH�OLPIRFLWH�LQNXELUDQH���K�L���K��S����������

6WHSHQ�UDGLMDFLRQRJ�R^WH`HQMD�JHQRPD��XaHVWDORVW�PLNURQXNOHXVD�QD

�����`HOLMD��SULND]DQ�MH�X�WDEHOL����6D�01�.������R]QDaHQD�MH�XaHVWDORVW

PLNURQXNOHXVD�X�NRQWUROL�QD������`HOLMD��D�VD�01�2������¬�XaHVWDORVW

PLNURQXNOHXVD�X�R]UDaHQLP�X]RUFLPD�QD������`HOLMD��5H]XOWDWL�XND]XMX�QD

YL^HVWUXNR�SRYH`DQMH�EURMD�PLNURQXNOHXVD�X�NXOWXUDPD�R]UDaHQLK�OLPIRFLWD

X�RGQRVX�QD�QHR]UDaHQH�NXOWXUH�

7DEHOD����8aHVWDORVW�PLNURQXNOHXVD

7UHWPDQ 8]RUDN
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'LVNXVLMD�L�]DNOMXaDN

'RELMHQL�UH]XOWDWL�XND]XMX�QD�WR�GD�VH�SRYH`DQMH�DNWLYQRVWL�62'�GH�

^DYD�QDNRQ����K�LQNXEDFLMH��1D�RVQRYX�WRJD�VH�PRCH�]DNOMXaLWL�GD�MH�]D

SRYH`DQMH�DNWLYQRVWL�QHRSKRGQD�GH�QRYR�VLQWH]D�HQ]LPD��D�QH�PRELOLVDQMH

QHDNWLYQLK�GLPHUD�L]�FLWRSOD]PH�L�QMLKRYR�VSDMDQMH�X�WHWUDPHUH��]D�RYDM

SURFHV�SRWUHEQR�MH�QHNROLNR�VDWL���3RYH`DQMH�HQ]LPVNH�DNWLYQRVWL�L�X�JUXSL

QHR]UDaHQLK�OLPIRFLWD�QDNRQ����K�SRVOHGLFD�MH�L�EODVWQH�WUDQVIRUPDFLMH�OLP�
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IRFLWD��LQLFLUDQH�VSHFLILaQLP�PLWRJHQRP�¬�ILWRKHPDJOXWLQLQRP���%ODVWQD

WUDQVIRUPDFLMD�REXKYDWD�aLWDY�QL]�VORCHQLK�SURFHVD�NRML�PHWDEROLaNL�QHDN�

WLYQX�`HOLMX�SUHYRGH�X�PHWDEROLaNL�DNWLYQX��)HQHFK��������=DSDOMHQVNL

SURFHVL�NRMH�X�`HOLML�L]D]LYD�MRQL]XMX`H�]UDaHQMH�WDNR_H�VH�NDUDNWHUL^X�JH�

QHULVDQMHP�VORERGQLK�UDGLNDOD��WH�L�RQL�PRJX�]D�SRVOHGLFX�LPDWL�SRYH`DQMH

DNWLYQRVWL�62'�X�NXOWXUDPD�R]UDaHQLK�OLPIRFLWD��-RVHRK\�HW�DO���������1H�

JDWLYQD�NRUHODFLMD�L]PH_X�EURMD�PLNURQXNOHXVD�L�DNWLYQRVWL�62'�X�NXOWXUL

R]UDaHQLK�OLPIRFLWD�SRND]XMX�GD�^WR�MH�YH`D�HQ]LPVND�DNWLYQRVW�WR�MH�R^WH�

`HQMH�JHQRPD�PDQMH��X]RUDN�EU����X�RGQRVX�QD�RVWDOD�GYD�X]RUND�LPD�QD�

MYH`X�HQ]LPVNX�DNWLYQRVW��D�QMDPDQMX�XaHVWDORVW�PLNURQXNOHXVD���MHU�62'

XVSH^QLMH�XNODQMDMX�UHDNWLYQH�VORERGQH�UDGLNDOH��WH�MH�PDQMD�PRJX`QRVW�]D

LQGLUHNWD�R^WH`HQMD�JHQRPD��3RGDFL�L]�OLWHUDWXUH�SRND]XMX�GD�HQ]LPL�DQWLRN�

VLGDWLYQH�]D^WLWH�LPDMX�XORJX�X�UHJXODFLML�PQRJLK�`HOLMVNLK�SURFHVD��6QDCDQ

DQWLRNVLGDWLYQL�SRWHQFLMDO�`HOLMH�RPRJX`DYD�]DGUCDYDQMH�`HOLMVNRJ�FLNOXVD�X

*��ID]L��NDGD�MH�L�UHSDUDWLYQLP�HQ]LPLPD�RPRJX`HQR�GD�HILNDVQLMH�REDYH

XORJX�UHSDUDFLMH�'1.��

/LWHUDWXUD

&RXQWU\PDQ�3�,��DQG�+HGGOH�-�$��������7KH�SURGXFWLRQ�RI�PLFURQXFOHL
IURP�FKURPRVRPH�DEHUUDWLRQV�LQ�LUUDGLDWHG�FXOWXUHV�RI�KXPDQ�O\PSKR�
F\WHV��0XWDWLRQ�5HVHDUFK������������

)HQHFK�0��DQG�0RUOH\�$�$��������0HDVXUHPHQW�RI�PLFURQXFOHL�LQ�O\P�
SKRFLWHV��0XWDWLRQ�5HVHDUFK������������

)HQHFK�0��������7KH�F\WRNLQHVLV�EORFN�PLFURQXFOHXV�WHFKQLTXH��$�GH�
WDLOHG�GHVFULSWLRQ�RI�WKH�PHWKRG�DQG�LWV�DSSOLFDWLRQ�WR�JHQRWR[LW\�VWXGLHV
LQ�KXPDQ�SRSXODWLRQV��0XWDWLRQ�5HVHDUFK������������

*HOOHU�%�/��DQG�:LQJH�'�5��������$�PHWKRG�IRU�GLVWLQJXLVKLQJ�&X��=Q�
DQG�0Q��FRQWDLQLQJ�VXSHUR[LGH�GLVPXWDVHV��$QQDOV�RI�%LRFKHPLVWU\������
�����

-RVHSK\�'�3���0DQQHUYLN�%��DQG�GH�0RQWHOODQR�3�2��������0ROHFXODU
WR[LFRORJ\��1HZ�<RUN��2[IRUG�XQLYHUVLW\�SUHVV�

0F&RU�-�0��DQG�)ULGRYLFK�,��������6XSHUR[LGH�GLVPXWDVH�DQ�HQ]\PLF
IXQFWLRQ�IRU�HU\WKURFXSUHLQ��KHPRFXSUHLQ���-RXUQDO�RI�%LRORJLFDO�&KHPLV�
WU\��������������

0LVUD�+�3��DQG�)ULGRYLFK�,��������7KH�UROH�RI�VXSHUR[LGH�DQLRQ�LQ�WKH
DXWRR[LGDWLRQ�RI�HSLQHSKULQH�DQG�D�VLPSOH�DVVD\�IRU�VXSHUR[LGH�GLVPX�
WDVH��-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\��������������
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0RGXODWLRQ�RI�6XSHUR[LG�GLVPXWDVH�$FWLYLW\�LQ�+XPDQ

/\PSKRF\WHV�$IWHU�,Q�YLWUR�,UUDGLDWLRQ

7KH�SDSHU�GHVFULEHV�WKH�UHVXOWV�RI�WKH�DFWLYLW\�RI�LQWUDFHOOXODU�VXSHU�

R[LG�GLVPXWDVH��62'��LQ�SHULSKHUDO�EORRG�O\PSKRF\WHV�IROORZLQJ�LQ�YLWUR

LUUDGLDWLRQ�ZLWK���*\�JDPPD�GRVH��
��
&R���7KH�62'�DFWLYLW\�ZDV�PHDVXUHG

LQ�PRQRQXFOHDWHG�SHULSKHUDO�EORRG�FHOOV�VHSDUDWHG�ZLWK�/\PSKRSUHS�JUD�

GLHQW�RQ�WZR�IL[DWLRQ�WLPHV�DV�ZHOO�DV�LQ�SULPDULO\�SK\WRKHPDJOXWLQLQ

�3+$��VWLPXODWHG�O\PSKRF\WH�FXOWXUHV�LQ�YLWUR�DQG�LQ�D�DSSURSULDWH�FRQ�

WUROV��7KH�62'�DFWLYLW\�ZDV�FRUUHODWHG�ZLWK�LQFLGHQFH�RI�UDGLDWLRQ�LQGXFHG

GDPDJHV�RI�WKH�JHQRPH��LQFLGHQFH�RI�PLFURQXFOHL�SHU�FHOO���7KH�PRGXOD�

WLRQ�RI�HQ]\PH�DFWLYLW\�DV�D�IXQFWLRQ�RI�WLPH�ZRXOG�LQGLFDWH�ZKDW�LV�SRV�

VLEOH�PHFKDQLVP�IRU�LQFUHDVHG�HQ]\PH�DFWLYLW\��7KH�UHVXOWV��REWDLQHG�LQ

WKLV�VWXG\�GHPRQVWUDWHG�WKDW�LQFUHDVH�DFWLYLW\�RI�62'�KDSSHQHG�DIWHU����K

RI�LQFXEDWLRQ�WKDW�LQGLFDWH�WKDW�GH�QRYR�V\QWKHVLV�RI�P51$�LV�QHFHVVDU\

DQG�FRQIRUPDWLRQ�FKDQJHV�LQ�HQ]\PH�VWUXFWXUH��SRO\PHULVDWLRQ�RI�GLPPHUV

LQWR�WHWUDPHUV��GR�QRW�OHDG�WR�LQFUHDVHG�DFWLYLW\��,QYHUVH�FRUUHODWLRQ�EH�

WZHHQ�HQ]\PHV�DFWLYLW\�LQ�KDUYHVWHG�3+$�VWLPXODWHG�O\PSKRF\WHV�DQG�LQ�

FLGHQFH�RI�UDGLDWLRQ�LQGXFHG�PLFURQXFOHL�ZDV�IRXQG��LQFUHDVHG�HQ]\PH

DFWLYLW\�OHDG�WR�ORZHU�LQFLGHQFH�RI�PLFURQXFOHL��PRVWO\�EHFDXVH�WKH�DPRXQW

RI�UHDFWLYH�IUHH�UDGLFDOV�LV�GHSUHVVHG��LQGLUHFW�KDUPIXO�HIIHFWV�RQ�JHQRPH

LV�UHGXFHG�DQG�DW�WKH�VDPH�WLPH�UHSDLU�RI�'1$�OHVLRQV�FDQ�EH�VXFFHVVIXOO\

GRQH��
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