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/D� UHDOL]DFLyQ� GH� OD� SUHVHQWH� 7HVLV� 'RFWRUDO� KD� VLGR� SRVLEOH� JUDFLDV� D� ODV� VLJXLHQWHV� EHFDV� \�
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�
�

�� 0HFDQLVPRV� PROHFXODUHV� \� iUHDV� GHO� VLVWHPD� QHUYLRVR� FHQWUDO�
LPSOLFDGDV�HQ�ORV�HIHFWRV�D�ODUJR�SOD]R�GH�XQD�VROD�H[SRVLFLyQ�DO�HVWUpV�
VREUH�HO�HMH�+3$��'*,&<7��6$)�����������
�

�� 3HUVRQDOLGDG��HVWUpV�\�DGLFFLyQ��XQ�PRGHOR�H[SHULPHQWDO�HQ�UDWDV��
3ODQ�1DFLRQDO�VREUH�GURJDV��0LQLVWHULR�GHO�,QWHULRU��
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�� 5HG� GH� WUDVWRUQRV� DGLFWLYRV�� LQYHVWLJDFLyQ� EiVLFD�� FOtQLFD� \�
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$XWzQRPD�GH�%DUFHORQD�\�GH�XQD�EHFD�DVRFLDGD�DO�SUR\HFWR�³3HUVRQDOLGDG��HVWUpV�\�DGLFFLyQ��XQ�
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���(VWUpV�\�HMH�+LSRWDOiPLFR�SLWXLWDULR�DGUHQDO� ��
������&RQFHSWR�GH�HVWUpV� ��
������(MH�+LSRWDOiPLFR�SLWXLWDULR�DGUHQDO� ���

��������)DFWRUHV�OLEHUDGRUHV�GH�$&7+��&5)�\�$93� ���
��������+RUPRQDV�SHULIpULFDV��$&7+�\�JOXFRFRUWLFRLGHV� ���
��������5HFHSWRUHV�GH�JOXFRFRUWLFRLGHV�\�PHFDQLVPRV�GH�UHWURLQKLELFLyQ� ���
��������(MH�+3$�H�LQWHQVLGDG�GH�ORV�HVWtPXORV�HVWUHVDQWHV� ���
��������'LQiPLFD�GHO�HMH�+3$�HQ�UHVSXHVWD�DO�HVWUpV� ���
��������(MH�+3$�\�DGDSWDFLyQ�DO�HVWUpV� ���

�
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�
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������'LIHUHQFLDV�LQGLYLGXDOHV�\�HVWUXFWXUD�GH�OD�SHUVRQDOLGDG� ���
��������,QWURGXFFLyQ� ���
��������0RGHORV�GH�SHUVRQDOLGDG�HQ�KXPDQRV� ���

������&RQFHSWR�GH�HPRFLyQ�\�VX�UHODFLyQ�FRQ�OD�UHVSXHVWD�DO�HVWUpV� ���
������9DULDEOHV�GH�SHUVRQDOLGDG�HQ�KXPDQRV�\�HMH�+3$� ���
������(VWXGLRV�GH�ODV�EDVHV�ELROyJLFDV�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�DQLPDOHV� ���

��������3UREOHPDV�PHWRGROyJLFRV� ���
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��������(O�RULJHQ�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�UHODFLyQ�D�OD�HPRWLYLGDG� ���
��������9DORUDFLyQ�GH�ORV�UDVJRV�FRQGXFWXDOHV�GH�LQWHUpV� ���
��������5HODFLyQ�HQWUH�DQVLHGDG�\�HMH�+3$� ���
��������5HODFLyQ�HQWUH�DFWLYLGDG�H[SORUDFLyQ�\�HMH�+3$� ���

������6HSDUDFLyQ�GH�ORV�UDVJRV�GH�DQVLHGDG�\�DFWLYLGDG��H[SORUDFLyQ� ���

2EMHWLYRV� ���

5HVXOWDGRV� ���

&DStWXOR����5HDFWLYLGDG�HQGRFULQD�GHO�HMH�+3$�\�RWURV�PDUFDGRUHV�GH�HVWUpV�HQ�
UHVSXHVWD�D�VLWXDFLRQHV�HVWUHVDQWHV�GH�LQWHQVLGDG�HOHYDGD� ���

&DStWXOR����(VWXGLR�GH�OD�UHVSXHVWD�GHO�HMH�+3$�\�OD�JOXFRVD�D�OD�LQPRYLOL]DFLyQ�
FUyQLFD��GLIHUHQFLDV�LQGLYLGXDOHV� ���

&DStWXOR����(VWXGLR�GH�OD�FRQVLVWHQFLD�GH�OD�UHVSXHVWD�GHO�HMH�+3$�WUDV�OD�H[SRVLFLyQ�D�
HVWtPXORV�HVWUHVDQWHV�GH�LQWHQVLGDG�PRGHUDGD� ���

&DStWXOR����(VWXGLR�GH�OD�FRQVLVWHQFLD�GH�OD�UHVSXHVWD�GHO�HMH�+3$�\�OD�SURODFWLQD�WUDV�
OD�H[SRVLFLyQ�D�HVWtPXORV�HVWUHVDQWHV�GH�GLIHUHQWH�LQWHQVLGDG� ���

&DStWXOR����&RQWULEXFLyQ�GH�ORV�UDVJRV�FRQGXFWXDOHV�GH�DQVLHGDG�\�E~VTXHGD�GH�
QRYHGDG�D�OD�UHDFWLYLGDG�DO�HVWUpV�GHO�HMH�+3$�\�OD�SURODFWLQD� ����

'LVFXVLyQ� ����

¢4Xp�LQIRUPDFLyQ�QRV�DSRUWD�HO�HMH�+3$�DFHUFD�GHO�HVWUpV"� ����
'LIHUHQFLDV�LQGLYLGXDOHV�\�DGDSWDFLyQ�DO�HVWUpV�FUyQLFR� ����
'LIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�UHVSXHVWD�GHO�HMH�+3$�DO�HVWUpV��FRQVLVWHQFLD� ����
'LIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�UHVSXHVWD�GHO�HMH�+3$�DO�HVWUpV��UHODFLyQ�FRQ�UDVJRV�
FRQGXFWXDOHV� ����
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$32�686��UDWDV�VXVFHSWLEOHV�D�OD�DSRPRUILQD�

$32�81686��UDWDV�QR�VXVFHSWLEOHV�D�OD�DSRPRUILQD�

$93���DUJLQLQD�YDVRSUHVLQD�

%$6��6LVWHPD�GH�$FWLYDFLyQ�&RQGXFWXDO��%HKDYLRUDO�$FWLYDWLRQ�6\VWHP��

%,6��6LVWHPD�GH�,QKLELFLyQ�&RQGXFWXDO��%HKDYLRUDO�,QKLELWLRQ�6\VWHP��

&5)��IDFWRU�OLEHUDGRU�GH�FRUWLFRWURSLQD�

&5)%3��SURWHtQD�OLJDGRUD�GH�&5)�

&%*��WUDQVFRUWLQD��FRUWLFRVWHURLG�ELQGLQJ�JOREXOLQ��

&5+��KRUPRQD�OLEHUDGRUD�GH�FRUWLFRWURSLQD�

'$��GRSDPLQD�

GS��UHJLyQ�GRUVDO�SDUYRFHOXODU�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

*5��UHFHSWRU�GH�JOXFRFRUWLFRLGHV��

+$%��UDWDV�GH�FRQGXFWD�GH�DOWD�DQVLHGDG�

KQ51$��51$�KHWHURQXFOHDU�

+3$��HMH�KLSRWDOiPLFR�SLWXLWDULR�DGUHQDO�

+5��DQLPDOHV�UHDFWLYRV�D�ORV�DPELHQWHV�QXHYRV��

,(*��JHQHV�GH�DFWLYDFLyQ�WHPSUDQD�

,02��LQPRYLOL]DFLyQ�HQ�SODQFKD�

.G��FRQVWDQWH�GH�GLVRFLDFLyQ�

/$%��UDWDV�GH�FRQGXFWD�GH�EDMD�DQVLHGDG�

/+���KRUPRQD�OXWHLQL]DQWH�
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/5��DQLPDOHV�SRFR�UHDFWLYRV�D�ORV�DPELHQWHV�QXHYRV�

0(��HPLQHQFLD�PHGLD�

PSGG��VXEGLYLVLyQ�PHGLDO�SDUYRFHOXODU�GRUVDO�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

PSGY��VXEGLYLVLyQ�PHGLDO�SDUYRFHOXODU�YHQWUDO�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

P391��]RQD�PDJQRFHOXODU�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

015��UDWDV�0DXGVOH\�QR�UHDFWLYDV�

05��UDWDV�0DXGVOH\�UHDFWLYDV�

05��UHFHSWRU�GH�PLQHUDORFRUWLFRLGHV�

2;7��R[LWRFLQD�

3.$��SURWHtQD�TXLQDVD�$��

3(1��PRGHOR�SVLFRWLFLVPR�H[WUDYHUVLyQ�QHXURWLFLVPR�GH�(\VHQFN�

S391��]RQD�SDUYRFHOXODU�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

320&��SURRSLRPHODQRFRUWLQD��

391��Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

5+$��UDWDV�5RPDQDV�GH�DOWD�HYLWDFLyQ�

5/$��UDWDV�5RPDQDV�GH�EDMD�HYLWDFLyQ���

6+$��UDWDV�6LUDFXVD�GH�DOWD�HYLWDFLyQ��

6/$��UDWDV�6LUDFXVD�GH�EDMD�HYLWDFLyQ���

61&��VLVWHPD�QHUYLRVR�FHQWUDO�

VP�391��UHJLyQ�VXEPDJQRFHOXODU�GHO�Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR�

60$��VLVWHPD�VLPSiWLFR�PpGXOR�DGUHQDO�

76+���KRUPRQD�HVWLPXODQWH�GH�WLURLGHV�

75+��WLURWURSLQD�

8&1��XURFRUWLQD�
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�����&RQFHSWR�GH�HVWUpV�
(O�WpUPLQR�HVWUpV�VH�KD�LQWHJUDGR�WDQWR�HQ�QXHVWUR�YRFDEXODULR�GLDULR�TXH�HV�GLItFLO�FUHHU�TXH�HO�
XVR�TXH�OH�GDPRV�DFWXDOPHQWH�WHQJD�WDQ�VROR�XQRV����DxRV��+R\�HQ�GtD�HVWi�ELHQ�HVWDEOHFLGR�
TXH�OD�H[SRVLFLyQ�D�VLWXDFLRQHV�HVWUHVDQWHV�SXHGH�FDXVDU�PXFKDV�DOWHUDFLRQHV�WDQWR�ILVLROyJLFDV�
FRPR�SVLFROyJLFDV��(O�HVWUpV�VH�KD�SURSXHVWR�FRPR�XQD�GH�ODV�QXHYDV�HQIHUPHGDGHV�GH�QXHVWUR�
WLHPSR��VXSXHVWDPHQWH�GHELGR�DO�ULWPR�\�HVWLOR�GH�YLGD�GH�ORV�SDtVHV�GHQRPLQDGRV�GHO�PXQGR�
GHVDUUROODGR���
(O�FUHFLHQWH�LQWHUpV�GH�GLIHUHQWHV�GLVFLSOLQDV�FLHQWtILFDV�HQ�OD�LQYHVWLJDFLyQ�GHO�HVWUpV�HV�HQ�JUDQ�
PHGLGD� GHELGR� D� OD� LGHD� GH� TXH� OD� H[SRVLFLyQ� D� VLWXDFLRQHV� HVWUHVDQWHV� SXHGH� LQIOXLU� HQ� OD�
DSDULFLyQ� \� GHVDUUROOR� GH� GLYHUVDV� SDWRORJtDV�� (VWH� KHFKR� KD� SURYRFDGR� XQ� FUHFLPLHQWR�
H[SRQHQFLDO�GH�OD�LQIRUPDFLyQ�GLVSRQLEOH�DFHUFD�GH�ODV�LQWHUDFFLRQHV�HQWUH�ODV�iUHDV�GHO�VLVWHPD�
QHUYLRVR� FHQWUDO� �61&�� TXH� FRQWURODQ� OD� UHVSXHVWD� DO� HVWUpV� \� DTXHOODV� LQYROXFUDGDV� HQ� OD�
UHJXODFLyQ� GH� ODV� IXQFLRQHV� FRJQLWLYDV�� ODV� HPRFLRQHV� \� DVSHFWRV� ILVLROyJLFRV� FRPR� HO�
FUHFLPLHQWR��OD�IXQFLyQ�UHSURGXFWLYD�R�HO�VLVWHPD�LQPXQROyJLFR��7RGR�HVWH�QXHYR�FRQRFLPLHQWR�
KD� SHUPLWLGR� HVWDEOHFHU� XQD� DVRFLDFLyQ� HQWUH� GLVIXQFLRQHV� HQ� OD� UHVSXHVWD� GH� HVWUpV� \� OD�
YXOQHUDELOLGDG�DO�GHVHQFDGHQDPLHQWR�R�GHVDUUROOR�GH�GHWHUPLQDGDV�SDWRORJtDV��&KURXVRV�\�*ROG��
�������
+LVWyULFDPHQWH��XQD�GH�ODV�PD\RUHV�FRQWULEXFLRQHV�HQ�HO�HVWXGLR�GHO�HVWUpV�KD�VLGR�OD�GH�:DOWHU�
&DQQRQ�TXH�D�ILQDOHV�GHO�VLJOR�;,;�UHVFDWy�HO�FRQFHSWR�SURSXHVWR�SRU�&ODXGH�%HUQDUG�GH�³0LOLHX�
,QWHULHXU´��R�HO�SRVWXODGR�GH�TXH�HO�RUJDQLVPR�PXHVWUD�XQ�HTXLOLEULR�ILVLROyJLFR�LQWHUQR��&DQQRQ�
SURSXVR� OD� WHRUtD� TXH� HO� VLVWHPD� VLPSiWLFR�PpGXOR�DGUHQDO� �60$�� UHDFFLRQD� DQWH� YDULDV�
VLWXDFLRQHV� GH� HPHUJHQFLD� �SRU� HMHPSOR�� GRORU�� KHPRUUDJLD�� H[SRVLFLyQ� DO� IUtR�� PHGLDQWH� OD�
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OLEHUDFLyQ�GH�DGUHQDOLQD�DO�WRUUHQWH�FLUFXODWRULR��\�TXH�HVWD�DFWLYDFLyQ�GHO�VLVWHPD�60$�MXHJD�XQ�
SDSHO� LPSRUWDQWH� HQ� HO� PDQWHQLPLHQWR� GHO� ³0LOLHX� ,QWHULHXU´�� &DQQRQ� DFXxy� HO� WpUPLQR�
KRPHRVWDVLV� �HWLPROyJLFDPHQWH� GHULYD� GH� OD� SDODEUD� JULHJD� ³KRPHR´� TXH� VLJQLILFD� ³LJXDO´�� \�
³VWDVLV´��TXH�VLJQLILFD�³SRVLFLyQ´���SDUD�GHVFULELU�HO�FRQMXQWR�GH�PHFDQLVPRV�TXH�SHUPLWHQ�D�ORV�
RUJDQLVPRV� VREUHYLYLU� JUDFLDV� DO� PDQWHQLPLHQWR� GH� XQ� FRPSOHMR�� GLQiPLFR� \� KDUPRQLRVR�
HTXLOLEULR�DQWH� ORV�FDPELRV� LQWHUQRV�\�HO�DPELHQWH��eVWH�\�RWURV�DXWRUHV�WRPDURQ�SUHVWDGR�GHO�
FDPSR�GH�OD�ItVLFD�HO�WpUPLQR�HVWUpV��YHU�.RSLQ���������$XQTXH�&DQQRQ�QXQFD�GHILQLy�HO�WpUPLQR�
HVWUpV�GLUHFWDPHQWH��OR�XWLOL]DED�HQ�VXV�HVFULWRV�SDUD�UHIHULUVH�D�DJHQWHV�DGYHUVRV�GHO�DPELHQWH�
TXH� DOHMDQ� D� ORV� RUJDQLVPRV� GH� VX� HTXLOLEULR� KRPHRVWiWLFR� QRUPDO� \� JHQHUDQ� SRU� WDQWR�
UHVSXHVWDV� FRPSHQVDWRULDV�� 'H� KHFKR�� HO� FRQFHSWR� GH� HVWUpV� QR� VH� SXHGH� HQWHQGHU� VLQ� HO�
SUHVXSXHVWR� GH� XQ� HVWDGR� KRPHRVWiWLFR� \� GH� OD� H[LVWHQFLD� GH� PHFDQLVPRV� ILVLROyJLFRV� TXH�
PDQWHQJDQ�HO�HTXLOLEULR�LQWHUQR��&DQQRQ�WDPELpQ�SURSXVR�ODV�UHVSXHVWDV�GH�OXFKD�R�KXLGD��ILJKW�
RU�IOLJKW��FRPR�UHDFFLRQHV�QDWXUDOHV�GH�ORV�DQLPDOHV�DQWH�VLWXDFLRQHV�DPHQD]DQWHV��
6LQ�HPEDUJR��IXH�+DQV�6HO\H��D�SDUWLU�GH�������TXLHQ�SRSXODUL]y�HO�FRQFHSWR�GH�HVWUpV��2EVHUYy�
TXH� VXV� SDFLHQWHV� FRQ� HQIHUPHGDGHV� JUDYHV� GHVDUUROODEDQ� D�PHQXGR� XQD� VHULH� GH� VtQWRPDV�
FRPXQHV� FRPR� DOWHUDFLRQHV� JDVWURLQWHVWLQDOHV� \� SpUGLGD� GH� SHVR�� 'HPRVWUy� PHGLDQWH�
H[SHULPHQWDFLyQ� FRQ� DQLPDOHV� TXH� OD� H[SRVLFLyQ� D� GLIHUHQWHV� VLWXDFLRQHV� DGYHUVDV� FRPR� OD�
H[SRVLFLyQ� DO� IUtR�� LQWHUYHQFLRQHV� TXLU~UJLFDV�� HMHUFLFLR� PXVFXODU� R� LQIHFFLRQHV� FDXVDED�
KLSHUWURILD�DGUHQDO��UHGXFFLyQ�GHO�WDPDxR�GHO�WLPR�\�GH�ORV�QyGXORV�OLQIiWLFRV�\�HO�GHVDUUROOR�GH�
VtQWRPDV�JDVWURLQWHVWLQDOHV��$�UDt]�GH�HVWRV�UHVXOWDGRV�GHILQLy�HVWH�HVWDGR�FRPR�³HO�VtQGURPH�GH�
HVWUpV´� R� ³VtQGURPH� GH� DGDSWDFLyQ� JHQHUDO´�� TXH� VHUtD� FRQVHFXHQFLD� GH� XQD� UHVSXHVWD�
HVWHUHRWLSDGD�GHO�RUJDQLVPR�DQWH�WRGRV�ORV�HVWtPXORV�HVWUHVDQWHV��
6HJ~Q� 6HO\H�� OD� UHVSXHVWD� GHO� RUJDQLVPR� HV� VLHPSUH� OD� PLVPD� H� LQGHSHQGLHQWH� GHO� WLSR� GH�
HVWtPXOR� HVWUHVDQWH�� DIHFWD� D� FDVL� WRGRV� ORV� VLVWHPDV� GH� UHJXODFLyQ� GHO� RUJDQLVPR� \� VH�
GHVDUUROOD� HQ� FXDWUR� HWDSDV� �.RSLQ�� ������� �L�� OD� ³UHDFFLyQ� GH� DODUPD´� FDUDFWHUL]DGD� SRU� XQD�
GHVFDUJD�60$�LQPHGLDWD�HQ�OD�TXH�VH�OLEHUD�DO�WRUUHQWH�FLUFXODWRULR�DGUHQDOLQD�\�QRUDGUHQDOLQD��
�LL��OD�³HWDSD�GH�UHVLVWHQFLD´�HQ�OD�TXH�VH�SURGXFH�XQD�DFWLYDFLyQ�GHO�HMH�KLSRWDOiPLFR�SLWXLWDULR�
DGUHQDO� �+3$�� FRQ� OD� FRQVLJXLHQWH� OLEHUDFLyQ� GH� OD� KRUPRQD� DGUHQRFRUWLFRWURSD� �$&7+�� \� GH�
JOXFRFRUWLFRLGHV� �FRUWLVRO� HQ� OD� PD\RUtD� GH� PDPtIHURV� \� FRUWLFRVWHURQD� HQ� URHGRUHV��� �LLL�� OD�
³HWDSD� GH� DGDSWDFLyQ´� FX\RV� VtQWRPDV� VRQ� KLSHUWURILD� DGUHQDO�� XOFHUDFLyQ� JDVWURLQWHVWLQDO� \�
UHGXFFLyQ�GHO�WDPDxR�GHO�WLPR��\�SRU�~OWLPR��VL�OD�VLWXDFLyQ�HVWUHVDQWH�SHUVLVWH��LY��OD�³HWDSD�GH�
DJRWDPLHQWR´��TXH�SURYRFD�OD�PXHUWH�GHO�RUJDQLVPR��(VWDV�HWDSDV�QR�VH�DFHSWDQ�KR\�HQ�GtD��
$� ILQDOHV� GH� ORV� DxRV� ���� FRPR� UHIOHMR� GH� XQ� FDPELR�GH�SDUDGLJPD�HQ�HO� HVWXGLR�GHO� HVWUpV��
5LFKDUG�/D]DUXV�LQWURGXMR�SRU�SULPHUD�YH]�OD�WHRUtD�GHO�HVWUpV�SVLFROyJLFR�\�XQ�PDUFR�WHyULFR�HQ�
HO� TXH� FRPSUHQGHU� FyPR� ODV� SHUVRQDV� UHDFFLRQDQ� IUHQWH� D� VLWXDFLRQHV� DGYHUVDV�� (VWD� WHRUtD�
VXVWHQWD�TXH�OD�UHVSXHVWD�GH�HVWUpV�DSDUHFH�FXDQGR�ORV�VXFHVRV�VREUHSDVDQ�ODV�HVWUDWHJLDV�GH�
DIURQWDPLHQWR�GH�ORV�LQGLYLGXRV��/DV�VLWXDFLRQHV�VH�YXHOYHQ�HVWUHVDQWHV�SDUD�XQ�LQGLYLGXR�VyOR�VL�



,1752'8&&,Ï1�*(1(5$/�

��

ODV� SHUFLEH� FRPR�DPHQD]DGRUDV�� SHOLJURVDV� H� LQFRQWURODEOHV�� DXQTXH� OD� SHUVRQD� UHDOPHQWH� Vt�
SXHGD� GLVSRQHU� GH� DOJ~Q� FRQWURO� VREUH� HOODV�� 6HJ~Q� HVWH� DXWRU�� ORV� LQGLYLGXRV� QR� SXHGHQ�
UHDFFLRQDU� DIHFWLYDPHQWH� D� XQD� VLWXDFLyQ� VL� QR� UHDOL]DQ� XQD� HYDOXDFLyQ� FRJQLWLYD� GH� pVWD��
DXQTXH�QR�WLHQH�SRU�TXp�UHDOL]DUVH�QHFHVDULDPHQWH�D�QLYHO�FRQVFLHQWH��/D]DUXV���������3RU� OR�
WDQWR�� OD� PDQHUD� FRPR� XQ� LQGLYLGXR� HYDO~D� \� DIURQWD� XQD� VLWXDFLyQ� HVWUHVDQWH� PRGLILFD� ODV�
FRQVHFXHQFLDV�GH�OD�PLVPD��OR�TXH�LQGLFD�TXH�QR�H[LVWH�XQD�UHVSXHVWD�HVWHUHRWLSDGD�GH�WRGRV�
ORV�LQGLYLGXRV��0F(ZHQ���������
3RU�RWUR�ODGR��HQ�ORV�DxRV����-RKQ�:��0DVRQ�FXHVWLRQy�WDPELpQ�OD�SURSXHVWD�GH�6HO\H�GH�XQD�
UHVSXHVWD�LQHVSHFtILFD�\�HVWHUHRWLSDGD�DO�HVWUpV��$�SDUWLU�GH�VXV�WUDEDMRV�HQ�PRQRV�HQ�ORV�TXH�
FRPSDUDEDQ� GLIHUHQWHV� HVWtPXORV� FRPR� HO� IUtR�� HO� FDORU� R� HO� D\XQR�� WRGRV� HOORV� FDSDFHV� GH�
DFWLYDU� OD� UHVSXHVWD� GHO� HMH� +3$�� REVHUYy� TXH� FXDQGR� HVWRV� HVWtPXORV� HUDQ� SUHVHQWDGRV� GH�
PDQHUD�JUDGXDO��PLQLPL]iQGRVH�SRU�WDQWR�HO�PDOHVWDU�DVRFLDGR�D�OD�H[SRVLFLyQ�D�ORV�PLVPRV��ORV�
FDPELRV�HQ�HO�FRUWLVRO�HUDQ�FODUDPHQWH�GHSHQGLHQWHV�GH�FDGD�WLSR�GH�HVWtPXOR�HVWUHVDQWH��HO�IUtR�
HOHYDED� ORV� QLYHOHV� GH� FRUWLVRO�� HO� FDORU� ORV� GLVPLQXtD� \� HO� D\XQR�QR� WHQtD� HIHFWR�� $� SDUWLU� GH�
HVWRV� UHVXOWDGRV��0DVRQ� SURSXVR� TXH� OD� XQLIRUPLGDG� GH� OD� DFWLYDFLyQ� GHO� HMH�+3$� REVHUYDGD�
QRUPDOPHQWH�HQ�VLWXDFLRQHV�HVWUHVDQWHV�VH�GHEtD�D�OD�UHDFFLyQ�HPRFLRQDO�FRP~Q�FDXVDGD�SRU�HO�
PDOHVWDU� SVLFROyJLFR� DVRFLDGR� D� GLFKDV� VLWXDFLRQHV� �0DVRQ�� ������� 6LQ� HPEDUJR�� OD� WHRUtD� GH�
0DVRQ� HV� FULWLFDEOH� HQ� GRV� VHQWLGRV�� �L�� ODV� UHVSXHVWDV� QHXURHQGRFULQDV� DQWH� VLWXDFLRQHV�
HVWUHVDQWHV�GH�WLSR�ItVLFR�VH�KDQ�GHVFULWR�LQFOXVR�HQ�KXPDQRV�\�RWURV�DQLPDOHV�EDMR�ORV�HIHFWRV�
GH�OD�DQHVWHVLD��'DOOPDQ�\�-RQHV��������/LOO\����������LL��HO�LQFUHPHQWR�JUDGXDO�HQ�OD�LQWHQVLGDG�
GH� ORV�HVWtPXORV� ItVLFRV�TXH�XWLOL]DED�HQ�VXV�H[SHULPHQWRV�SRGUtD�HVWDU�SHUPLWLHQGR�DO�DQLPDO�
XQD� DGDSWDFLyQ� D� OD� VLWXDFLyQ� TXH� QR� HV� SRVLEOH� FRQ� FDPELRV� EUXVFRV� \� SRU� OR� WDQWR� KDUtD�
LQQHFHVDULD� OD� UHVSXHVWD� GH� HVWUpV�� (Q� HVWH� VHQWLGR�� HV� SRVLEOH� TXH� XQD� VLWXDFLyQ� VH� SHUFLED�
FRPR� HVWUHVDQWH� VyOR� HQ� HO� FDVR� HQ� HO� TXH� HO� HVWtPXOR� UHEDVH� OD� FDSDFLGDG� GH� DGDSWDFLyQ�
SURSLDGH�ORV�PHFDQLVPRV�KRPHRVWiWLFRV��
/RV� HVWXGLRV� GH� /D]DUXV� \� OD� SHUVSHFWLYD� SVLFRVRPiWLFD� GH� 0DVRQ� SHUPLWLHURQ� TXH� DOJXQRV�
LQYHVWLJDGRUHV� VH� FHQWUDUDQ� HQ� OD� LPSRUWDQFLD� GH� DOJXQDV� FDUDFWHUtVWLFDV� GH� ORV� HVWtPXORV�
HVWUHVDQWHV�\�OD�FDSDFLGDG�GHO�RUJDQLVPR�SDUD�SHUFLELUORV�FRPR�WDOHV�\�UHVSRQGHU�DQWH�HOORV��(Q�
HVWH� VHQWLGR�� :HLVV� �������� PLHQWUDV� HVWXGLDED� OD� LQIOXHQFLD� GH� IDFWRUHV� SVLFROyJLFRV� HQ�
WUDVWRUQRV� LQGXFLGRV� H[SHULPHQWDOPHQWH� �OHVLRQHV� JiVWULFDV��� REVHUYy� TXH� OD� HIHFWLYLGDG� GHO�
DIURQWDPLHQWR� GH� OD� VLWXDFLyQ� GH� HVWUpV� SDUD� OD� SUHYHQFLyQ� GH� XOFHUDFLRQHV� GHSHQGtD� GH� OD�
UHWURDOLPHQWDFLyQ� TXH� UHFLEtD� HO� DQLPDO� GH� OD� HILFDFLD� GH� VX� FRQGXFWD� WUDV� VX� UHVSXHVWD� GH�
DIURQWDPLHQWR��7HQHU�R�QR� WHQHU�FRQWURO�HIHFWLYR�VREUH� OD�VLWXDFLyQ�HVWUHVDQWH��SDUHFH�VHU�XQ�
IDFWRU�FUXFLDO�HQ�OD�DSDULFLyQ�GH�QXPHURVRV�HIHFWRV�QHJDWLYRV��
3RU�RWUR�ODGR��DXQTXH�GHVGH�QXHVWUD�SHUVSHFWLYD�HO�FRQFHSWR�GH�HVWUpV�LPSOLTXH�XQ�FLHUWR�JUDGR�
GH� UHVSXHVWD� LQHVSHFtILFD� D� FXDOTXLHU� WLSR� GH� VLWXDFLyQ� HVWUHVDQWH�� H[LVWH� XQD� LPSRUWDQWH�
FRPSRQHQWH� GH� HVSHFLILFLGDG� GH� OD� UHVSXHVWD� GH� HVWUpV� GHSHQGLHQWH� GH� OD� QDWXUDOH]D� GHO�
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HVWtPXOR� HVWUHVDQWH�� (VWi� DPSOLDPHQWH� DFHSWDGR� TXH�� GHSHQGLHQGR� GH� ODV� FDUDFWHUtVWLFDV� GH�
FDGD�HVWLPXOR�HVWUHVDQWH��ODV�YtDV�QHUYLRVDV�TXH�VH�DFWLYDQ�\�DOJXQRV�DVSHFWRV�GH�OD�UHVSXHVWD�
GH� HVWUpV� SXHGHQ� VHU� GLIHUHQWHV� �5RPHUR� \� 6DSROVN\�� ������ 3DFDN� HW� DO��� ������ 3DFDN� \�
3DONRYLWV���������5HFLHQWHPHQWH��HQ�XQD�VHULH�GH�H[SHULPHQWRV�VH�H[SXVLHURQ�UDWDV�D�WUHV�WLSRV�
GH� HVWtPXORV� HVWUHVDQWHV� GH� WLSR� VLVWpPLFR� HQ� ORV� TXH� SRGtD� JUDGXDUVH� OD� LQWHQVLGDG� �IUtR��
KHPRUUDJLD� H� KLSRJOXFHPLD� LQGXFLGD� SRU� LQVXOLQD�� \� VH� YDORUDURQ� ORV� QLYHOHV� GH� $&7+��
QRUDGUHQDOLQD� \� DGUHQDOLQD� �3DFDN� \� 3DONRYLWV�� ������� /RV� DXWRUHV� FRQILUPDURQ� TXH� ODV� WUHV�
YDULDEOHV�HVWDEDQ�UHODFLRQDGDV�SRVLWLYDPHQWH�FRQ�OD�LQWHQVLGDG�GH�OD�VLWXDFLyQ�HVWUHVDQWH��SHUR�
TXH� FDGD� WLSR� GH� HVWtPXOR� DFWLYDED� FDGD� XQD� GH� HVWDV� KRUPRQDV� GH� XQD� PDQHUD�
FXDQWLWDWLYDPHQWH� GLIHUHQWH�� (V� GHFLU�� DXQTXH� HVWRV� VLVWHPDV� ILVLROyJLFRV� VH� DFWLYDQ� WUDV� OD�
H[SRVLFLyQ� D� PXFKRV� HVWtPXORV� VLVWpPLFRV�� VL� VH� XWLOL]D� VLPXOWiQHDPHQWH� LQIRUPDFLyQ� GH�
GLIHUHQWHV�PDUFDGRUHV��FDGD�HVWtPXOR�QRV�SXHGH�GDU�XQD�LQIRUPDFLyQ�FXDQWLWDWLYD�GLIHUHQWH��
$FWXDOPHQWH�VH�DFHSWDQ�GRV�JUDQGHV�FDWHJRUtDV�GH�HVWtPXORV�HVWUHVDQWHV��HVWtPXORV�HVWUHVDQWHV�
GH� WLSR� HPRFLRQDO� �WDPELpQ� GHQRPLQDGRV� DQWLFLSDWRULRV� R� SURFHVDWLYRV�� R� GH� WLSR� VLVWpPLFR�
�WDPELpQ� GHQRPLQDGRV� ItVLFRV� R� UHDFWLYRV��� $XQTXH� HVWD� FODVLILFDFLyQ� QR� HV� VLHPSUH� IiFLO� GH�
HVWDEOHFHU�GHELGR�D�TXH�GHWHUPLQDGRV�HVWtPXORV�HVWUHVDQWHV�WLHQHQ�XQ�SHUILO�PL[WR��HO�FULWHULR�
JHQHUDO�HV�HO�GH�FODVLILFDUORV��HQ� IXQFLyQ�GH� ODV�FRPSRQHQWHV�PiV�GHILQLWRULDV��HQ�XQR�X�RWUR�
VHQWLGR�� (VWtPXORV� HVWUHVDQWHV�GH� WLSR� VLVWpPLFR� VHUtDQ�DTXHOORV�TXH�SURYRFDQ�SHUWXUEDFLRQHV�
GLUHFWDV� HQ� OD� KRPHRVWDVLV� �UHIOHMDGDV� HQ� SDUiPHWURV� ILVLROyJLFRV��� FRPR� ORV� GH� WLSR�
LQPXQROyJLFR��DGPLQLVWUDFLyQ�GH�HQGRWR[LQD�\�FLWRTXLQDV���DOWHUDFLRQHV�PHWDEyOLFDV�X�RVPyWLFDV�
�DGPLQLVWUDFLyQ� GH� LQVXOLQD� R� GH� ��GHR[LJOXFRVD�� LQ\HFFLyQ� GH� VROXFLyQ� VDOLQD� KLSHUWyQLFD���
KLSR[LD�R�KHPRUUDJLD��HQWUH�RWURV��7RGRV�HOORV�SXHGHQ�DFWLYDU�OD�UHVSXHVWD�GH�HVWUpV�D�WUDYpV�GH�
PHFDQLVPRV� UHIOHMRV� TXH� QR� LPSOLFDQ� SHUFHSFLyQ� FRQVFLHQWH�� 3RU� RWUR� ODGR�� ORV� HVWtPXORV�
HVWUHVDQWHV� GH� WLSR� HPRFLRQDO� QR� FRQVWLWX\HQ� XQD� DPHQD]D� GLUHFWD� VLQR� SRWHQFLDO� SDUD� HO�
HTXLOLEULR� KRPHRVWiWLFR� \� GDQ� OXJDU� D� DFWLYDFLyQ� HPRFLRQDO�� 6HUtDQ� HMHPSORV� VLWXDFLRQHV�
HVWUHVDQWHV�GH�WLSR�VRFLDO��FRPR�OD�GHUURWD�VRFLDO��HO�DLVODPLHQWR�VRFLDO�R�OD�SULYDFLyQ�PDWHUQDO��
\� RWURV� TXH� VRQ� IXQGDPHQWDOPHQWH� HPRFLRQDOHV�� SHUR� TXH� WLHQHQ� XQD� FRPSRQHQWH� ItVLFD�
�H[SRVLFLyQ�DO� UXLGR��GRORU� WUDV� OD�H[SRVLFLyQ�D�FKRTXH�HOpFWULFR�HQ� ODV�SDWDV�GH� ORV�DQLPDOHV��
QDGR� IRU]DGR�� LQPRYLOL]DFLyQ��� 6XV� HIHFWRV� HVWUHVDQWHV� VRQ� VREUH� WRGR� HO� UHVXOWDGR� GH� OD�
DFWLYDFLyQ�HPRFLRQDO�TXH�ORV�DFRPSDxD��
/DV� UXWDV� TXH� FRQYHUJHQ� HQ� OD� DFWLYDFLyQ� GH� OD� UHVSXHVWD� GH� HVWUpV� D� QLYHO� GHO� Q~FOHR�
SDUDYHQWULFXODU�GHO�KLSRWiODPR��391��YHU�PiV�DGHODQWH��VRQ�WDPELpQ�GLIHUHQWHV�HQ�IXQFLyQ�GH�OD�
FDWHJRUtD�GHO�HVWtPXOR�HVWUHVDQWH��'H�PDQHUD�JHQHUDO��ORV�HVWtPXORV�HPRFLRQDOHV�VH�SURFHVDUtDQ�
HQ� SULPHUD� LQVWDQFLD� SRU� HVWUXFWXUDV� HQFHIiOLFDV� VXSHULRUHV� \� DFDEDUtDQ� DFWLYDQGR� HO� 391� D�
WUDYpV� GH� YtDV� OtPELFDV�� PLHQWUDV� TXH� ORV� HVWtPXORV� VLVWpPLFRV� QR� DFWLYDUtDQ� YtDV� OtPELFDV� \�
DFWLYDUtDQ� HO� 391� PHGLDQWH� YtDV� PiV� GLUHFWDV� GH� FRPXQLFDFLyQ� FRQ� HO� 391� GHVGH� HO� WURQFR�
HQFHIiOLFR�R�iUHDV�FLUFXQYHQWULFXODUHV��+HUPDQ�\�&XOOLQDQ���������(VWH�HVTXHPD�VH�KD�SRGLGR�
GHVDUUROODU� JUDFLDV� D� GLIHUHQWHV� DSUR[LPDFLRQHV�PHWRGROyJLFDV�� FRPR� HO� XVR� GH� OHVLRQHV� R� HO�
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HVWXGLR� GH� OD� H[SUHVLyQ� GH� JHQHV� GH� DFWLYDFLyQ� WHPSUDQD� �,(*�� FRPELQDGR� FRQ� HO� XVR� GH�
PDUFDGRUHV� DQWHUyJUDGRV� \� UHWUyJUDGRV� �+HUPDQ� \� &XOOLQDQ�� ������� *UDFLDV� D� HOORV� VDEHPRV�
TXH�ODV�UHVSXHVWDV�D�HVWH�WLSR�GH�HVWtPXORV�HPRFLRQDOHV�SURYRFDQ�XQD�DFWLYDFLyQ�GH�QXPHURVDV�
iUHDV�GHO�61&�� MXJDQGR� OD�DPtJGDOD�\�HO�VHSWXP� ODWHUDO�SDSHOHV� LPSRUWDQWHV��PLHQWUDV�TXH� OD�
UHVSXHVWD�D�HVWtPXORV�VLVWpPLFRV�HVWDUtD�UHJXODGD�VREUH�WRGR�SRU�iUHDV�GHO�WURQFR�HQFHIiOLFR�\�
HVWRV�HVWtPXORV�LQGXFLUtDQ�OD�DFWLYDFLyQ�GH�XQ�Q~PHUR�PiV�GLVFUHWR�GH�iUHDV�HQFHIiOLFDV��6HQED�
\�8H\DPD��������6DZFKHQNR�HW�DO����������
$XQTXH� HVWD� FODVLILFDFLyQ� JHQHUDO� HV� PX\� SDUVLPRQLRVD� \� KHXUtVWLFD�� WLHQGH� WDPELpQ� D� XQD�
VLPSOLILFDFLyQ�H[FHVLYD��&DGD�HVWtPXOR�HVWUHVDQWH�HQ�IXQFLyQ�GH�VXV�FDUDFWHUtVWLFDV�FXDOLWDWLYDV�
SURYRFD�XQD�DFWLYDFLyQ�GH�GHWHUPLQDGDV�YtDV�FHQWUDOHV��\�VH�KDQ�GHVFULWR�GLIHUHQFLDV�HQ�FXDQWR�
D�ODV�YtDV�R�iUHDV�DFWLYDGDV�SRU�GLVWLQWRV�HVWtPXORV�HPRFLRQDOHV��3RU�FLWDU�WDQ�VyOR�XQ�HMHPSOR��
HQ�QXHVWUR�ODERUDWRULR�KHPRV�HQFRQWUDGR�TXH�HVWtPXORV�HVWUHVDQWHV�GH�WLSR�HPRFLRQDO�FRPR�OD�
H[SRVLFLyQ� D� XQ� DPELHQWH� QXHYR�� HO� QDGR� IRU]DGR� \� OD� LQPRYLOL]DFLyQ�� DXQTXH� FRPSDUWHQ� OD�
DFWLYDFLyQ� GH� XQ� JUDQ� Q~PHUR� FRP~Q� GH� iUHDV�� WDPELpQ� GLILHUHQ� HQ� RWURV� DVSHFWRV�� OD�
H[SRVLFLyQ� DO� DPELHQWH� QXHYR� FDXVD� XQD� PD\RU� DFWLYDFLyQ� GH� ]RQDV� UHODFLRQDGDV� FRQ� OD�
DFWLYLGDG� H[SORUDWRULD� �SRU� HMHPSOR�� FRUWH]D� SLULIRUPH�� R� OD� RULHQWDFLyQ� HVSDFLDO� �IRUPDFLyQ�
KLSRFDPSDO���TXH�OD�H[SRVLFLyQ�DO�QDGR�IRU]DGR�R�D�OD�LQPRYLOL]DFLyQ��2QV�HW�DO�����������
&RPR� VH� LQWX\H� D� WUDYpV� GH� OR� H[SOLFDGR�� GHVGH� OD� GHILQLFLyQ� LQLFLDO� GH� 6HO\H�� KDQ� KDELGR�
QXPHURVRV� LQWHQWRV�GH�UHGHILQLU��DPSOLDU�R�FRQFUHWDU�HO�FRQFHSWR�GH�HVWUpV��SDUD� UHYLVLyQ�YHU�
/HYLQH�� ������ $QJHOXFFL�� ������� $VXPLHQGR� HQ� OD� WHUPLQRORJtD� XQD� GLVWLQFLyQ� HQWUH� HVWtPXOR�
HVWUHVDQWH� �VWUHVVRU��� HVWUpV� �HVWDGR� GHO� RUJDQLVPR�� \� UHVSXHVWD� GH� HVWUpV� �$UPDULR�� �������
GXUDQWH�HO�SUHVHQWH�WUDEDMR�QRV�EDVDUHPRV�HQ�HO�VLJXLHQWH�PDUFR�WHyULFR��EDMR�HO�FRQFHSWR�GH�
HVWUpV�VH�LQFOX\HQ�XQD�DPSOLD�JDPD�GH�FDPELRV�ILVLROyJLFRV�\�FRQGXFWXDOHV��GHVDUUROODGRV�D�OR�
ODUJR�GH� OD�HYROXFLyQ��TXH� WLHQHQ� OXJDU�HQ� ORV�RUJDQLVPRV� FXDQGR�VH�HQIUHQWDQ�D� VLWXDFLRQHV�
TXH�SRQHQ�HQ�SHOLJUR��GH�PDQHUD�UHDO��DQWLFLSDGD�R�VLPEyOLFD��VX�LQWHJULGDG��\�D�ODV�FXDOHV�QR�
SXHGHQ� KDFHU� IUHQWH� VDWLVIDFWRULDPHQWH� PHGLDQWH� ORV� PHFDQLVPRV� KRPHRVWiWLFRV� QRUPDOHV�
�9LJDV���������/D�UHVSXHVWD�GH�HVWUpV��YLVWD�GHVGH�HO�SXQWR�GH�YLVWD�GH�XQ�SURFHVR�DGDSWDWLYR�
SRVLWLYR��FRPSUHQGH�XQD�VHULH�GH�UHVSXHVWDV�IXQFLRQDOHV�\�FRQGXFWXDOHV�TXH�SHUPLWHQ�DIURQWDU�
VLWXDFLRQHV� GHVDILDQWHV�� 8QD� UHVSXHVWD� DGHFXDGD� \� FRRUGLQDGD� GH� ORV� GLIHUHQWHV� VLVWHPDV�
LQYROXFUDGRV� HQ� OD� UHVSXHVWD� GH� HVWUpV� HV� FUXFLDO� SDUD� OD� VXSHUYLYHQFLD� GHO� RUJDQLVPR� \� VX�
QRUPDO�IXQFLRQDPLHQWR��6LQ�HPEDUJR��FXDQGR�HVWDV�UHVSXHVWDV�VRQ�H[DJHUDGDV��LQDSURSLDGDV�R�
GXUDGHUDV�� OD� UHVSXHVWD� GH� HVWUpV� SDUHFH� HVWDU� PX\� OLJDGD� D� XQD� VHULH� GH� DOWHUDFLRQHV�
ILVLROyJLFDV� \� SVLFROyJLFDV�� FRPR� KLSHUWHQVLyQ� \� RWURV� SUREOHPDV� FDUGLRYDVFXODUHV� �%RKXV� \�
.RROKDDV��������6WHSWRH���������WUDVWRUQRV�GHO�VXHxR��.DQW�HW�DO����������LQIHUWLOLGDG��0REHUJ��
�������WUDVWRUQRV�GHO�HVWDGR�GHO�iQLPR�\�WUDVWRUQRV�GH�DQVLHGDG��+DOEUHLFK���������DOWHUDFLRQHV�
GH�OD�FRQGXFWD�DOLPHQWDULD��'RQRKRH��������%UDPELOOD���������SURSHQVLyQ�DO�FRQVXPR�GH�GURJDV�
�3LD]]D� \� /H�0RDO�� ������ \�QHXURGHJHQHUDFLyQ� �6DSROVN\�� �������7DPELpQ� VH�KD�GHPRVWUDGR�
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TXH�HO�HVWUpV� LQFUHPHQWD� OD�VXVFHSWLELOLGDG�GH� ORV� LQGLYLGXRV�D�SDGHFHU�HQIHUPHGDGHV�GH� WLSR�
LQPXQROyJLFR��0XQFN�HW�DO���������R�FiQFHU��6WHIDQVNL����������

������(MH�KLSRWDOiPLFR�SLWXLWDULR�DGUHQDO��
(Q�PDPtIHURV�� ORV�SULQFLSDOHV�VLVWHPDV� ILVLROyJLFRV� LPSOLFDGRV�HQ� OD�UHVSXHVWD�DO�HVWUpV�VRQ�HO�
VLVWHPD�60$�\�HO�HMH�+3$��(O�HMH�+3$�MXHJD�XQ�SDSHO�FUXFLDO�HQ�PXFKDV�GH�ODV�FRQVHFXHQFLDV�
ILVLRSDWROyJLFDV�\�SVLFRSDWROyJLFDV�UHVXOWDQWHV�GH�OD�H[SRVLFLyQ�D�VLWXDFLRQHV�HVWUHVDQWHV�\�SRU�
HVWD� UD]yQ� HV� XQR� GH� ORV� VLVWHPDV�PHMRU� FDUDFWHUL]DGRV� GHVGH� XQ� SXQWR� GH� YLVWD� QHUYLRVR� \�
HQGRFULQR��0LFKHOVRQ�HW�DO����������
/RV� HVWtPXORV� HVWUHVDQWHV� VH� SURFHVDQ� HQ� GLYHUVRV� QLYHOHV� \� HVWUXFWXUDV� GHO� 61&� SHUR� OD�
LQIRUPDFLyQ�DFDED�FRQYHUJLHQGR�HQ�XQD�SREODFLyQ�GH�QHXURQDV�QHXURVHFUHWRUDV�GHO�391��GRQGH�
WLHQH� RULJHQ� HO� LQLFLR� GH� OD� FDVFDGD� GH� DFWLYDFLyQ� GHO� HMH� +3$�� (Q� IXQFLyQ� GH� ORV� GDWRV� GH�
FLWRDUTXLWHFWXUD�� KLVWRTXtPLFD� \� FRQHFWLYLGDG�� HO� 391� SXHGH� GLYLGLUVH� HQ� GLVWLQWRV� VXEQ~FOHRV�
�+HUPDQ� HW� DO��� ������ �)LJXUD� ���� (Q� EDVH� DO� WDPDxR� GH� ODV� QHXURQDV� SUHGRPLQDQWHV�� HVWH�
Q~FOHR�VH�KD�GLIHUHQFLDGR�SULQFLSDOPHQWH�HQ� ODV� UHJLRQHV�SDUYRFHOXODU� �S391��\�PDJQRFHOXODU�
�P391��� /DV� QHXURQDV� PDJQRFHOXODUHV� VRQ� FpOXODV� QHXURVHFUHWRUDV� JUDQGHV�� TXH� VLQWHWL]DQ�
SULQFLSDOPHQWH� DUJLQLQD�YDVRSUHVLQD� �$93�� \� R[LWRFLQD� �2;7��� DXQTXH� WDPELpQ� RWURV�
QHXURSpSWLGRV��(QYtDQ�VXV�D[RQHV�D� OD�QHXURKLSyILVLV�\� OLEHUDQ�VXV�SURGXFWRV�HQ�OD�FLUFXODFLyQ�
SHULIpULFD�� (O� SDSHO� FOiVLFR� GH� OD� $93� OLEHUDGD� GHVGH� HVWDV� QHXURQDV� PDJQRFHOXODUHV� HV� HO�
PDQWHQLPLHQWR�GHO�EDODQFH�RVPyWLFR�GHO�RUJDQLVPR��PLHQWUDV�TXH�OD�2;7�HV�FUtWLFD�HQ�HO�SDUWR�\�
OD� ODFWDQFLD�� /D� UHJLyQ� S391� SXHGH� VXEGLYLGLUVH� D� VX� YH]� HQ� FLQFR� SDUWHV� GLIHUHQWHV��
SHULYHQWULFXODU��DQWHULRU�SDUYRFHOXODU��PHGLDO�SDUYRFHOXODU��TXH�VH�VXEGLYLGH�HQ�OD�SDUWH�GRUVDO�\�
OD�YHQWUDO���GRUVDO�SDUYRFHOXODU��GRUVDO�FDS��\�ODWHUDO�SDUYRFHOXODU��VXEPDJQRFHOXODU���&XOOLQDQ�HW�
DO�����������
/DV�QHXURQDV�XELFDGDV�HQ�OD�UHJLyQ�PHGLDO�GRUVDO�SDUYRFHOXODU�VLQWHWL]DQ�HO�IDFWRU�R�OD�KRUPRQD�
OLEHUDGRUD� GH� FRUWLFRWURSLQD� �&5)� R� &5+���PROpFXOD� FODYH� HQ� OD� LQLFLDFLyQ� GH� OD� UHVSXHVWD� GH�
HVWUpV��YHU�PiV�DGHODQWH���/D�UHJLyQ�SHULYHQWULFXODU�FRQWLHQH�WDPELpQ�QHXURQDV�TXH�VLQWHWL]DQ�
VRPDWRVWDWLQD��KRUPRQD�LQKLELGRUD�GH�OD�KRUPRQD�GHO�FUHFLPLHQWR��\�GRSDPLQD��'$���/D�UHJLyQ�
PHGLDO� GRUVDO� FRQWLHQH� D� VX� YH]� QHXURQDV� TXH� VLQWHWL]DQ� KRUPRQD� OLEHUDGRUD� GH� WLURWURSLQD�
�75+��� (O� UHVWR� GH� ODV� UHJLRQHV� GHO� 391� FRQWLHQHQ� QHXURQDV� TXH� SUR\HFWDQ� KDFLD� HO� WURQFR�
HQFHIiOLFR� \� OD� PpGXOD� HVSLQDO�� \� HVWiQ� LPSOLFDGDV� HQ� OD� UHJXODFLyQ� GHO� VLVWHPD� QHUYLRVR�
DXWyQRPR� �&XOOLQDQ� HW� DO��� ������� 8QD� SHTXHxD� SRUFLyQ� GH� HVWDV� SUR\HFFLRQHV� GHVFHQGHQWHV�
GHULYD� GH� QHXURQD� SDUDYHQWULFXODUHV� TXH� VHFUHWDQ� $93�� \� RWUR� SHTXHxR� JUXSR� GHULYD� GH�
QHXURQDV� VHFUHWRUDV� GH� 2;7�� SHUR� OD� PD\RUtD� GH� HOODV� QR� KDQ� VLGR� D~Q� FDUDFWHUL]DGDV�
QHXURTXtPLFDPHQWH� �$PVWURQJ�� ������� 3RU� WRGR� OR� H[SXHVWR�� HO� 391� VH� FRQVLGHUD� XQ� Q~FOHR�
FODYH�HQ�OD�LQWHJUDFLyQ�\�UHJXODFLyQ�KRPHRVWiWLFD��
�
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�

� �
)LJXUD� ��� 2UJDQL]DFLyQ� GHO� Q~FOHR� SDUDYHQWULFXODU� GHO� KLSRWiODPR�� ,]TXLHUGD�� WLQFLyQ� GH� 1LVVO��
'HUHFKD�� HVTXHPD� GH� ODV� GLVWLQWDV� UHJLRQHV�� $EUHYLDWXUDV�� �9�� WHUFHU� YHQWUtFXOR�� GS�� UHJLyQ� GRUVDO�
SDUYRFHOXODU��PSGG��VXEGLYLVLyQ�PHGLDO�SDUYRFHOXODU�GRUVDO��PSGY��VXEGLYLVLyQ�PHGLDO�SDUYRFHOXODU�YHQWUDO��
P��UHJLyQ�PDJQRFHOXODU��VP��UHJLyQ�VXEPDJQRFHOXODU��$GDSWDGR�GH�9��9LDX�\�6DZFKHQFNR���������
�
(Q�UHVSXHVWD�DO�HVWUpV�VH�DFWLYDQ�GHQWUR�GHO�391�XQ�Q~PHUR�GLVFUHWR�GH�QHXURQDV� ORFDOL]DGDV�
VREUHWRGR� HQ� OD� VXEGLYLVLyQ�PHGLDO� SDUYRFHOXODU� �-RKQVRQ� HW� DO��� ������ &XOOLQDQ� HW� DO��� ������
+HUPDQ�HW�DO��� �������0XFKDV�GH�HVWDV�QHXURQDV�SDUYRFHOXODUHV�H[SUHVDQ�&5)�\��DOJXQDV�GH�
HOODV��WDPELpQ�$93��:KLWQDOO���������&5)�\�$93�VRQ�WUDQVSRUWDGRV�D[RQDOPHQWH�\�OLEHUDGRV�HQ�
OD�]RQD�H[WHUQD�GH�OD�HPLQHQFLD�PHGLD��0(���GHVGH�GRQGH�HQWUDQ�HQ�OD�FLUFXODFLyQ�SRUWDO�SDUD�
DOFDQ]DU� OD�DGHQRKLSyILVLV��$OOt��HO�&5)�LQGXFH� OD�VtQWHVLV�GH�SURRSLRPHODQRFRUWLQD��320&��\�OD�
OLEHUDFLyQ�D�OD�FLUFXODFLyQ�GH�ORV�GLYHUVRV�SpSWLGRV�TXH�GH�HOOD�VH�RULJLQDQ��HQWUH�HOORV�OD�$&7+��
/D�DFFLyQ�SHULIpULFD�PiV�GHVWDFDEOH�GH�OD�$&7+�VH�SURGXFH�HQ�OD�FRUWH]D�DGUHQDO��DFWLYDQGR�OD�
VtQWHVLV� \� VHFUHFLyQ� GH� JOXFRFRUWLFRLGHV�� 3RU� ~OWLPR�� ORV� JOXFRFRUWLFRLGHV� HMHUFHQ� P~OWLSOHV�
DFFLRQHV�PHWDEyOLFDV�HQ�HO�RUJDQLVPR�SDUD�PDQWHQHUOR�HQ�HVWDGR�GH�DOHUWD�� OR�TXH�OH�SHUPLWH�
UHVSRQGHU�YLJRURVDPHQWH�D�ODV�DPHQD]DV�GHO�HQWRUQR�GXUDQWH�XQ�PD\RU�SHULRGR�GH�WLHPSR��3RU�
RWUR� ODGR�� ORV�JOXFRFRUWLFRLGHV�VRQ�UHVSRQVDEOHV�GH�OD�PD\RUtD�GH�ODV�FRQVHFXHQFLDV�QHJDWLYDV�
GHO� HVWUpV� �SRU� HMHPSOR�� LQIHUWLOLGDG�� LQPXQRVXSUHVLyQ�� SVLFRSDWRORJtDV��� SHUR� WDPELpQ� GH�
UHJXODU�OD�SURSLD�DFWLYLGDG�GHO�HMH�+3$�PHGLDQWH�XQD�VHULH�GH�PHFDQLVPRV�GH�UHWURDOLPHQWDFLyQ�
QHJDWLYD�DFWXDQGR�D�QLYHO�KLSRILViULR��KLSRWDOiPLFR�\�VXSUDKLSRWDOiPLFR��-RKQVRQ�HW�DO���������
'H�.ORHW� HW� DO��� ������:KLWQDOO�� ������� /RV�SULQFLSDOHV� HOHPHQWRV� \� HO�PHFDQLVPR�JHQHUDO� GH�
IXQFLRQDPLHQWR�GHO�HMH�+3$�VH�KD\DQ�UHVXPLGRV�HQ�OD�)LJXUD�����
�
�
�
�
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)LJXUD����(VTXHPD�JHQHUDO�GHO�IXQFLRQDPLHQWR�GHO�HMH�KLSRWDOiPLFR�SLWXLWDULR�DGUHQDO��$EUHYLDWXUDV��
&5)�� IDFWRU� OLEHUDGRU� GH� FRUWLFRWURSLQD��$93�� DUJLQLQD�YDVRSUHVLQD��$&7+�� KRUPRQD�DGUHQRFRUWLFRWURSD��
391��Q~FOHR�SDUDYHQWULFXODU�GHO�KLSRWiODPR��61&��VLVWHPD�QHUYLRVR�FHQWUDO�

�
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��������)DFWRUHV�OLEHUDGRUHV�GH�$&7+��&5)�\�$93�
/D� H[LVWHQFLD� GH� XQ� IDFWRU� KLSRWDOiPLFR� UHJXODGRU� GH� OD� OLEHUDFLyQ� GH�$&7+� IXH� VXJHULGD� SRU�
SULPHUD�YH]�SRU�6DIIUDQ�\�FRODERUDGRUHV�HQ�HO�DxR�������SHUR�QR�IXH�KDVWD�PXFKR�PiV�WDUGH�
FXDQGR�9DOH�\�FRODERUDGRUHV��������DLVODURQ�\�FDUDFWHUL]DURQ�D�SDUWLU�GH�KLSRWiODPRV�RYLQRV�XQ�
SpSWLGR�GH����UHVLGXRV�DPLQRDFtGLFRV�FRQ�DFWLYLGDG� OLEHUDGRUD�GH�$&7+��TXH�IXH�GHQRPLQDGR�
&5)�� (O� SDSHO� GHO� &5)� HQ� HO� FRQWURO� GH� OD� UHVSXHVWD� GH� HVWUpV� GH� WRGR� HO� RUJDQLVPR� VH� KD�
HVWXGLDGR�H[WHQVDPHQWH�GHVGH�HQWRQFHV�\�OD�PD\RUtD�GH�ORV�GDWRV�PiV�UHOHYDQWHV�UHVSHFWR�D�OD�
QHXURTXtPLFD�GHO�HVWUpV�FRUUHVSRQGHQ�DO�&5)��7XUQEXOO�\�5LYLHU���������/D�VtQWHVLV�GH�&5)�HQ�OD�
]RQD� PHGLDO� GRUVDO� SDUYRFHOXODU� GHO� 391� VH� DFWLYD� HQ� UHVSXHVWD� D� XQD� DPSOLD� YDULHGDG� GH�
HVWtPXORV�HVWUHVDQWHV�\�HV�FRQVLGHUDGR�FRPR�XQ�FRPSRQHQWH�FODYH�HQ�HO�HMH�+3$�GHELGR�D�TXH�
HV�HO�SULQFLSDO�HVWLPXODGRU�GH�OD�VtQWHVLV�\�OLEHUDFLyQ�GH�OD�$&7+�HQ�OD�DGHQRKLSyILVLV��(O�HVWXGLR�
GH� OD� GLVWULEXFLyQ� GH� ODV� QHXURQDV� \� WHUPLQDOHV� LQPXQRUHDFWLYDV� GH� &5)� VXJLHUH� TXH� ODV�
QHXURQDV�GH�&5)�LQWHUYLHQHQ�DO�PHQRV�HQ�WUHV�VLVWHPDV�IXQFLRQDOPHQWH�GLIHUHQWHV��6ZDQVRQ�HW�
DO��� ������� (Q� SULPHU� OXJDU�� ODV� QHXURQDV� GH� &5)� GHO� 391� HQYtDQ� WHUPLQDOHV� D� OD� 0(�� TXH�
PRGXODQ�OD�OLEHUDFLyQ�GH�$&7+�\�RWURV�SpSWLGRV�UHODFLRQDGRV�HQ�OD�DGHQRKLSyILVLV��(Q�VHJXQGR�
OXJDU��QHXURQDV�GH�&5)�HQ�iUHDV�GHO�WHOHQFpIDOR�EDVDO��DPtJGDOD�FHQWUDO��Q~FOHR�GHO�OHFKR�GH�OD�
HVWUtD�WHUPLQDO��R�WURQFR�HQFHIiOLFR��Q~FOHR�GH�%DUULQJWRQ��DOJXQDV�]RQDV�GH�ORV�Q~FOHRV�GH�UDIH��
SRGUtDQ�HVWDU�LPSOLFDGDV�HQ�OD�UHJXODFLyQ�GH�UHVSXHVWDV�FRQGXFWXDOHV�\�DXWRQyPLFDV�DO�HVWUpV��
)LQDOPHQWH��VH�KDQ�ORFDOL]DGR�QHXURQDV�&5)pUJLFDV�GH�PDQHUD�GLVSHUVD��HQ�PXFKDV�iUHDV�GH�OD�
FRUWH]D�FHUHEUDO�\�HQ�OD�IRUPDFLyQ�KLSRFDPSDO�FX\D�IXQFLyQ�HV�D~Q�SRFR�FRQRFLGD��6ZDQVRQ�HW�
DO���������6DZFKHQNR�\�6ZDQVRQ��������&KDPSDJQH�HW�DO����������
/D� DFFLyQ� GHO� &5)� HVWi� PHGLDGD� SRU� GRV� WLSRV� GH� UHFHSWRUHV�� ORV� &5)5�� \� &5)5�� �FRQ� GRV�
VXEWLSRV�� &5)5�D� \� &5)5�E�� �'DXW]HQEHUJ� HW� DO��� ������� TXH� VH� HQFXHQWUDQ� GLIHUHQFLDOPHQWH�
GLVWULEXLGRV�HQ�HO�61&��&KDOPHUV�HW�DO����������(O�UHFHSWRU�&5)5��HVWi�DPSOLDPHQWH�GLVWULEXLGR�
SRU� WRGR� HO� 61&�� LQFOX\HQGR� HO� EXOER� ROIDWRULR�� FRUWH]D� FHUHEUDO�� VLVWHPD� OtPELFR� �DPtJGDOD� \�
IRUPDFLyQ�KLSRFDPSDO���Q~FOHR�URMR��FHUHEHOR�H�KLSyILVLV��3RWWHU�HW�DO����������/D�GLVWULEXFLyQ�GHO�
UHFHSWRU� &5)5�D� VH� UHVWULQJH� D� HVWUXFWXUDV� OtPELFDV� �VHSWXP� ODWHUDO�� DPtJGDOD�� Q~FOHR�
KLSRWDOiPLFR� YHQWURPHGLDO��� PLHQWUDV� TXH� HO� UHFHSWRU� &5)5�E� VH� HQFXHQWUD� HQ� HOHPHQWRV� QR�
QHXUDOHV�GHO�61&� �Y�J�SOH[RV� FRURLGHRV�� \�HQ� OD�SHULIHULD� �P~VFXORV�FDUGtDFRV�\�HVTXHOpWLFRV��
SXOPRQHV��LQWHVWLQRV���/RYHQEHUJ�HW�DO�����������
$PERV� WLSRV�GH� UHFHSWRUHV�GHO�&5)�HVWiQ�DVRFLDGRV�D�SURWHtQDV�*�DFRSODGDV�SRVLWLYDPHQWH�D�
DGHQLODWR� FLFODVD� �5HXO� \� +ROVERHU�� ������� /D� DFWLYDFLyQ� GH� HVWRV� UHFHSWRUHV� SURYRFD� XQ�
DXPHQWR�GHO�$03F�LQWUDFHOXODU��FRQ�OD�FRQVHFXHQWH�DFWLYDFLyQ�GH�OD�SURWHtQD�TXLQDVD�$��3.$��\�
OD�IRVIRULODFLyQ�GH�SURWHtQDV�TXH��D�VX�YH]��HVWLPXODQ�OD�VtQWHVLV�GHO�JHQ�GH�OD�320&��OD�PROpFXOD�
SUHFXUVRUD� GH� OD� $&7+�� $GHPiV� GH� HVWD� HVWLPXODFLyQ� GH� OD� VtQWHVLV�� HO� &5)� WLHQH� XQ� SDSHO�
HVWLPXODGRU�GH�OD�OLEHUDFLyQ�GH�$&7+�D�OD�FLUFXODFLyQ��5LYLHU�HW�DO����������2WUDV�SURWHtQDV�FRQ�
DILQLGDG�SRU�ORV�UHFHSWRUHV�GH�&5)�VRQ�OD�XURWHQVLQD��HQ�SHFHV���VDXYDJLQD��HQ�DQILELRV��\�ODV�
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XURFRUWLQDV��8&1��,��,,�\�,,,�SUHVHQWHV�HQ�PDPtIHURV��'DXW]HQEHUJ�\�+DXJHU���������'H�WRGRV�
HVWRV� OLJDQGRV��HO�&5)�SUHVHQWD�XQD�DILQLGDG�PXFKR�PD\RU�SRU�HO� UHFHSWRU�&5)5��TXH�SRU�HO�
&5)5���PLHQWUDV�TXH�OD�8&1�,�WLHQH�XQD�DILQLGDG�VLPLODU�SRU�DPERV�WLSRV��\�ODV�8&1�,,�\�,,,�VH�
XQHQ�FRQ�PD\RU�DILQLGDG�DO�UHFHSWRU�&5)5���3RU�~OWLPR��XQ�FRPSRQHQWH�PiV�GH�HVWH�VLVWHPD�HV�
OD�&5)�ELQGLQJ�SURWHLQ��&5)%3���SURWHtQD�D�OD�TXH�VH�XQHQ�FRQ�DOWD�DILQLGDG�HO�&5)�\�OD�8&1�,��\�
FRQ�PHQRU� DILQLGDG� ODV� 8&1� ,,� \� ,,,�� /D� &5)%3� SXHGH�PRGXODU� OD� DFWLYLGDG� GH� &5)� \� 8&1V�
LPSLGLHQGR�OD�XQLyQ�GH�HVWRV�IDFWRUHV�D�VXV�UHFHSWRUHV��%HUNRZLW]�HW�DO����������
6H�KD�REVHUYDGR�TXH�OD�H[SUHVLyQ�GHO�&5)5��HQ�HO�61&�QR�HV�VHQVLEOH�DO�HVWUpV��FRQ�OLPLWDGDV�
H[FHSFLRQHV��$Vt��DXQTXH�ORV�QLYHOHV�GH�HVWH�UHFHSWRU�VRQ�QRUPDOPHQWH�EDMRV�R�LQGHWHFWDEOHV�HQ�
HO� 391�� VH� KD� REVHUYDGR� TXH� HQ� HVWD� ]RQD�� \� HQ� PHQRU� PHGLGD� HQ� HO� Q~FOHR� VXSUDySWLFR��
GLYHUVRV�HVWtPXORV�HVWUHVDQWHV�LQFUHPHQWDQ�OD�DFWLYLGDG�WUDQVFULSFLRQDO�GHO�JHQ�GH�HVWH�UHFHSWRU�
�/XR�HW�DO���������0DNLQR�HW�DO���������5LYHVW�HW�DO����������$GHPiV��OD�DGPLQLVWUDFLyQ�H[yJHQD�
GH�&5)�FDXVD��HQ�HO�391��XQ�LQFUHPHQWR�HQ�OD�WUDQVFULSFLyQ�WDQWR�GH�&5)��3DUNHV�HW�DO���������
FRPR�GHO�&5)5���0DQVL�HW�DO����������SHUR�QR�GHO�&5)5���0DNLQR�HW�DO����������(Q�IXQFLyQ�GH�
HVWRV�GDWRV�VH�KD�SRVWXODGR�OD�H[LVWHQFLD�GH�XQ�PHFDQLVPR�GH�UHWURDOLPHQWDFLyQ�SRVLWLYR�GHQWUR�
GHO�391��PHGLDQWH�HO�FXDO�HO�&5)�SRGUtD�PRGXODU�VX�SURSLD�VtQWHVLV�D�WUDYpV�GHO�&5)5���,PDNL�HW�
DO���������'UROHW�\�5LYHVW���������(Q�FDPELR��D�QLYHO�KLSRILVDULR�� OD�H[SRVLFLyQ�DO�HVWUpV�SXHGH�
GDU� OXJDU� D� XQD� UHJXODFLyQ� D� OD� EDMD� GHO� &5)5��� TXH� SXHGH� VHU� SDUFLDOPHQWH� EORTXHDGD�
PHGLDQWH� OD� VXSUHVLyQ� H[SHULPHQWDO� GH� ORV� QLYHOHV� GH� JOXFRFRUWLFRLGHV� �+DXJHU� HW� DO��� ������
0DNLQR�HW�DO����������VXJLULHQGR�XQ�PHFDQLVPR�DGLFLRQDO�GH�UHWURDOLPHQWDFLyQ�QHJDWLYD�HQ�HO�HMH�
+3$���
)LQDOPHQWH��\�HQ�FRQFRUGDQFLD�FRQ�OD�DPSOLD�GLVWULEXFLyQ�FHUHEUDO�GHO�&5)��ODV�IXQFLRQHV�GH�HVWH�
SpSWLGR�QR�VH�UHVWULQJHQ�D�VX�DFFLyQ�KLSRILVLRWUySLFD��VLQR�TXH�HVWi�LQYROXFUDGR�HQ�HO�FRQWURO�GH�
XQ�JUDQ�Q~PHUR�GH�UHVSXHVWDV�WDQWR�DXWRQyPLFDV�FRPR�FRQGXFWXDOHV�D�VLWXDFLRQHV�HVWUHVDQWHV��
LQFOX\HQGR� DOWHUDFLRQHV� HQ� OD� DQVLHGDG�� LQJHVWD� GH� FRPLGD�� DURXVDO�� DSUHQGL]DMH� \� PHPRULD�
�'XQQ�\�%HUULGJH��������2ZHQV�\�1HPHURII��������6FKZDUW]�HW�DO���������&URLVHW�HW�DO����������
(Q�HVWH�VHQWLGR��VH�KD�SURSXHVWR�TXH�HO�&5)5��HVWDUtD�UHODFLRQDGR�FRQ�IXQFLRQHV�FRJQLWLYDV�\�
HMHFXWLYDV� FRPR� ORV� SURFHVRV� GH� DWHQFLyQ�� DSUHQGL]DMH� \� PHPRULD�� \� FRQ� ODV� HPRFLRQHV��
PLHQWUDV�TXH� ORV�&5)5��HVWDUtDQ�PiV�UHODFLRQDGRV�FRQ�SURFHVRV�PiV�GLUHFWDPHQWH� LPSOLFDGRV�
HQ�IXQFLRQHV�EiVLFDV�FRPR�OD�LQJHVWD�GH�FRPLGD��OD�UHSURGXFFLyQ�\�OD�GHIHQVD��6PDJLQ�\�'XQQ��
�������6H�KD�GHPRVWUDGR�UHFLHQWHPHQWH�TXH�HO�EORTXHR�GH�ORV�&5)5��HQ�OD�DPtJGDOD�FHQWUDO�R�
GH�ORV�&5)5��HQ�HO�VHSWXP�ODWHUDO�GLVPLQX\HQ�ODV�UHVSXHVWDV�GHIHQVLYDV��IUHH]LQJ��LQGXFLGDV�SRU�
OD�H[SRVLFLyQ�D�XQD�VLWXDFLyQ�HVWUHVDQWH��%DNVKL�HW�DO����������VXJLULHQGR�TXH�DPERV�WLSRV�GH�
UHFHSWRUHV�MXJDUtDQ�SDSHOHV�SDUDOHORV�HQ�OD�UHJXODFLyQ�GH�ORV�FRPSRUWDPLHQWRV�DVRFLDGRV�D�ODV�
UHVSXHVWDV�GH�HVWUpV��DFWXDQGR�D�WUDYpV�GH�iUHDV�GLIHUHQWHV���
8Q� VHJXQGR� SpSWLGR� FRQ� LPSRUWDQWH� DFWLYLGDG� KLSRILVLRWUyILFD� HV� OD� $93�� XQD� PROpFXOD� GH� ��
DPLQRiFLGRV�VLQWHWL]DGD�VREUH�WRGR�HQ�ODV�QHXURQDV�PDJQRFHOXODUHV�\�SDUYRFHOXODUHV�GHO�391�\�
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HQ�HO�Q~FOHR�VXSUDySWLFR��0LHQWUDV�TXH�ODV�QHXURQDV�PDJQRFHOXODUHV�TXH�VLQWHWL]DQ�$93�HQYtDQ�
SUR\HFFLRQHV�D�OD�QHXURKLSyILVLV�� OD�$93�VLQWHWL]DGD�HQ�QHXURQDV�GHO�391�TXH�FRH[SUHVDQ�&5)�
�SDUYRFHOXODUHV�� DOFDQ]D� OD�0(�\� VH� OLEHUD� HQ� OD� FLUFXODFLyQ�SRUWDO� KLSRILVDULD� �:KLWQDOO�� ������
&URLVHW�HW�DO���������&DUUDVFR�\�9DQ�GH�.DU���������8QD�FXHVWLyQ�IXQGDPHQWDO�HV�HO�RULJHQ�GH�OD�
$93� HQFRQWUDGD� HQ� ORV� YDVRV� SRUWDOHV�� 3DUD� FRPSUHQGHU� PHMRU� HVWH� SUREOHPD� WHQHPRV� TXH�
HQWHQGHU� OD�RUJDQL]DFLyQ�GHO�VLVWHPD�FLUFXODWRULR�HQ� OD�0(�\�OD�KLSyILVLV��([LVWHQ�HYLGHQFLDV�GH�
TXH�OD�OLEHUDFLyQ�GH�$93�HQ�OD�QHXURKLSyILVLV�SXHGH�DOFDQ]DU�ORV�YDVRV�SRUWDOHV�ODUJRV�GH�OD�0(��
SHUR� WDPELpQ� OD� DGHQRKLSyILVLV�� HQ� HVWH� ~OWLPR� FDVR� D� WUDYpV� GH� YDVRV� SRUWDOHV� FRUWRV� TXH�
SHUPLWHQ� OD� FLUFXODFLyQ� VDQJXtQHD�HQ� ODV�GRV�GLUHFFLRQHV� �%HUJODQG� \�3DJH�� ������%HUJODQG� \�
3DJH�� ������� 3RU� OR� WDQWR�� ORV� QHXURSpSWLGRV� \� RWURV� IDFWRUHV�PHGLGRV� HQ� ORV� YDVRV� SRUWDOHV�
ODUJRV� SRGUtDQ� SURYHQLU� GH� OD� OLEHUDFLyQ� HQ� ODV� WHUPLQDOHV� D[yQLFDV� GH� OD� SDUWH� H[WHUQD� GH� OD�
HPLQHQFLD� PHGLD�� SHUR� WDPELpQ� GH� OD� OLEHUDFLyQ� HQ� OD� QHXURKLSyILVLV�� OR� TXH� VXJLHUH� XQD�
FRQWULEXFLyQ�GH�ODV�QHXURQDV�PDJQRFHOXODUHV�GHO�391�\�GHO�Q~FOHR�VXSUDySWLFR�HQ�OD�UHJXODFLyQ�
GHO� HMH� +3$�� 'H� KHFKR�� ODV� FRQFHQWUDFLRQHV� GH� $93� HQ� HO� VLVWHPD� SRUWDO�KLSRILViULR� VRQ�
GHPDVLDGR� HOHYDGDV� FRPR� SDUD� VHU� H[SOLFDGDV� SRU� XQD� OLEHUDFLyQ� GHVGH� ORV� D[RQHV� GH� ODV�
QHXURQDV�SDUYRFHOXODUHV�GHO�391�\�DGHPiV�QR�PXHVWUDQ�FDPELRV�WUDV�OD�OHVLyQ�GHO�391��$QWRQL�
HW� DO��� ������� 'LILFXOWDGHV�PHWRGROyJLFDV� \� UHVXOWDGRV� FRQWUDGLFWRULRV� KDFHQ� TXH� pVWH� VHD� XQ�
DVSHFWR�D~Q�QR�ELHQ�FDUDFWHUL]DGR��
/D�$93�QR�SDUHFH�HVWLPXODU� OD� VtQWHVLV�GH�$&7+�\�SRU� Vt�PLVPD�SUHVHQWD�XQD�GpELO� DFWLYLGDG�
VREUH� VX� OLEHUDFLyQ�� SHUR� HQ� FDPELR� HV� FDSD]� GH� SRWHQFLDU� ORV� HIHFWRV� GHO� &5)� VREUH� OD�
OLEHUDFLyQ�GH�$&7+��WDQWR�LQ�YLYR�FRPR�LQ�YLWUR��5LYLHU�\�9DOH������E���7UDV�HO�HVWUpV�SURORQJDGR�
R�FUyQLFR�VH�SURGXFH�XQD�DXPHQWR�HQ�HO�Q~PHUR�GH�QHXURQDV�TXH�H[SUHVDQ�$93�HQ�HO�391��GH�
*RHLM�HW�DO���������GH�*RHLM�HW�DO����������OR�TXH�VXJLHUH�TXH�OD�$93�SRGUtD�FRQWULEXLU�D�PDQWHQHU�
OD� UHVSXHVWD� GH� $&7+� HQ� VLWXDFLRQHV� GH� HVWUpV� FUyQLFR�� DXQTXH� HVWH� KHFKR� VLJXH� VLHQGR�
WDPELpQ�XQ�WHPD�FRQWURYHUWLGR��SDUD�UHYLVLyQ�YHU�$JXLOHUD�HW�DO���������0DNDUD�HW�DO����������6H�
KDQ�FDUDFWHUL]DGR�WUHV�WLSRV�GH�UHFHSWRUHV�GH�$93��%LUQEDXPHU��������,WRL�HW�DO����������9�D��
9�E��DPERV�DVRFLDGRV�D�SURWHtQDV�*�DFRSODGDV�SRVLWLYDPHQWH�D�IRVIROLSDVDV��\�9���DVRFLDGR�D�
SURWHtQD�*� DFRSODGD� SRVLWLYDPHQWH� D� DGHQLODWR� FLFODVD��� 9�D� VH� H[SUHVD� SULQFLSDOPHQWH� HQ� HO�
HQGRWHOLR�YDVFXODU��9��HQ�HO�ULxyQ�\�9�E��WDPELpQ�GHQRPLQDGR�9���HQ�ODV�FpOXODV�FRUWLFRWURSDV�
GH�OD�KLSyILVLV��VLHQGR�HVWRV�~OWLPRV�ORV�PiV�UHOHYDQWHV�UHVSHFWR�D�OD�UHJXODFLyQ�GHO�HMH�+3$��
��������+RUPRQDV�SHULIpULFDV��$&7+�\�JOXFRFRUWLFRLGHV�
$GHQRKLSyILVLV�\�$&7+��
(O�&5)�HVWLPXOD�OD�VtQWHVLV�\�OLEHUDFLyQ�GH�OD�$&7+��XQ�SpSWLGR�GH����DPLQRiFLGRV�GHULYDGR�GH�OD�
320&��GH�OD�FXiO�SXHGHQ�GHULYDUVH�RWURV�SpSWLGRV��DOJXQRV�GH�HOORV�FRQ�DFWLYLGDG�RSLRLGH�FRPR�
ODV� E�HQGRUILQDV� �9DOH� HW� DO��� ������� &RQVLGHUDGD� FRPR� OD� KRUPRQD� SHULIpULFD� SULPDULD� HQ�
UHVSXHVWD� DO� HVWUpV�� VH� KD� GHVFULWR� OD� VtQWHVLV� \� VHFUHFLyQ� GH� $&7+� HQ� XQD� DPSOLD� JDPD� GH�
VLWXDFLRQHV� HVWUHVDQWHV��'LIHUHQWHV�PHWRGRORJtDV�� FRPR� OD� DGPLQLVWUDFLyQ�GH�DQWDJRQLVWDV�GHO�
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&5)��5LYLHU�\�9DOH������E��5LYLHU�HW�DO����������OD�LQPXQRQHXWUDOL]DFLyQ�GHO�&5)�R�OD�$93��5LYLHU�
HW�DO���������5LYLHU�\�9DOH������D��\�OD�OHVLyQ�GHO�391��5LYHVW�\�5LYLHU��������UHGXFHQ�R�HOLPLQDQ�
OD�OLEHUDFLyQ�GH�$&7+�HQ�UHVSXHVWD�DO�HVWUpV��FRQILUPDQGR�HO�SDSHO�FUXFLDO�GH�&5)�\�$93�FRPR�
FRVHJUHWDJRJRV� GH� OD� $&7+�� 6LQ� HPEDUJR�� RWUDV� VXEVWDQFLDV� FRPR� FDWHFRODPLQDV� \� GLYHUVRV�
QHXURSpSWLGRV��$QWRQL��������VRQ�FDSDFHV�GH�HVWLPXODU�OD�OLEHUDFLyQ�GH�$&7+�\�WDPELpQ�H[LVWHQ�
HYLGHQFLDV�GH�IDFWRUHV�FRQ�XQ�SDSHO�LQKLELGRU��(QJOHU�HW�DO�����������
8QD� YH]� HQ� OD� FLUFXODFLyQ� JHQHUDO�� OD� $&7+� DFW~D� SULQFLSDOPHQWH� VREUH� OD� FRUWH]D� DGUHQDO�
HVWLPXODQGR�OD�VtQWHVLV�\�OLEHUDFLyQ�GH�JOXFRFRUWLFRLGHV��/D�$&7+�DFW~D�HQ�OD�DGUHQDO�PHGLDQWH�
OD� LQWHUDFFLyQ� FRQ� XQ� UHFHSWRU� GH�PHPEUDQD� SHUWHQHFLHQWH� D� OD� IDPLOLD� GH� ORV� UHFHSWRUHV� GH�
PHODQRFRUWLQDV� �HO� 0&��5�� TXH� VH� HQFXHQWUD� FDVL� H[FOXVLYDPHQWH� HQ� FpOXODV� GH� OD� FRUWH]D�
DGUHQDO��$GDQ�\�*LVSHQ���������/D�LQWHUDFFLyQ�GH�OD�$&7+�FRQ�VX�UHFHSWRU�SURYRFD�HQ�OD�FpOXOD�
XQD� DFWLYDFLyQ� GH� OD� DGHQLODWR� FLFODVD�� FRQ� HO� FRQVHFXHQWH� DXPHQWR� GH� OD� FRQFHQWUDFLyQ�
LQWUDFHOXODU�GH�$03F�\�OD�DFWLYDFLyQ�GH�OD�3.$��DXQTXH�WDPELpQ�DFWLYD�RWUDV�YtDV�LQWUDFHOXODUHV��
FRPR� HO� &D��� �*DOOR�3D\HW� \� 3D\HW�� ������� (VWDV� YtDV� GH� DFWLYDFLyQ� SXHGHQ� LQGXFLU� WDQWR� OD�
DFWLYDFLyQ�GH�HQ]LPDV�UHODFLRQDGDV�FRQ�OD�VtQWHVLV�GH�JOXFRFRUWLFRLGHV��TXH�DIHFWDQ�DO�WUDQVSRUWH�
GH�FROHVWHURO�PLWRFRQGULDO�\�UHJXODQ�OD�HVFLVLyQ�GH�FROHVWHURO�D�SUHJQHQRORQD��SDVR�OLPLWDQWH�GH�
OD�HVWHUHRLGRJpQHVLV��� FRPR� OD�DFWLYLGDG� WUDQVFULSFLRQDO�GH� ODV�FpOXODV�DGUHQRFRUWLFDOHV� �*DOOR�
3D\HW� \� 3D\HW�� ������ 6HZHU� \�:DWHUPDQ�� ������ SURYRFDQGR� FDPELRV�PiV� FRPSOHMRV� \�PiV�
GXUDGHURV��FRPR�HIHFWRV�WUyILFRV��&RQVHFXHQWHPHQWH��HO�SULQFLSDO�HIHFWR�ILVLROyJLFR�D�FRUWR�SOD]R�
GH� OD� DFWLYDFLyQ� SURYRFDGD� SRU� OD� $&7+� HV� OD� HVWLPXODFLyQ� GH� OD� VtQWHVLV� \� OLEHUDFLyQ� GH�
JOXFRFRUWLFRLGHV��SHUR�OD�LPSRUWDQFLD�GH�ORV�HIHFWRV�WUyILFRV�GH�OD�$&7+�VH�KDFH�HYLGHQWH�WUDV�OD�
DGPLQLVWUDFLyQ� FUyQLFD� GH� $&7+� R� VX� VXSUHVLyQ� PHGLDQWH� OD� DGPLQLVWUDFLyQ� H[yJHQD� GH�
JOXFRFRUWLFRLGHV��
&RUWH]D�DGUHQDO�\�JOXFRFRUWLFRLGHV��
/D� FRUWH]D�GH� OD� JOiQGXOD� DGUHQDO� HVWi�GLYLGLGD�HQ� WUHV�SDUWHV�GLIHUHQFLDGDV��'H� OD� FDSD�PiV�
H[WHUQD�D�OD�PiV�LQWHUQD��QRV�HQFRQWUDPRV�FRQ�ODV�UHJLRQHV�JORPHUXODU��IDVFLFXODGD�\�UHWLFXODU��
/D�UHJLyQ�JORPHUXODU�UHSUHVHQWD�XQ���������GH�OD�FRUWH]D�DGUHQDO�\�OLEHUD�PLQHUDORFRUWLFRLGHV��
SULQFLSDOPHQWH� DOGRVWHURQD�� LQYROXFUDGD� HQ� OD� UHWHQFLyQ� GH� VRGLR� \� HQ� OD� KRPHRVWDVLV�
HOHFWUROtWLFD�� /D� UHJLyQ� IDVFLFXODGD�� TXH� RFXSD� HO� ������ �� GH� OD� JOiQGXOD� DGUHQDO� HV� OD�
UHVSRQVDEOH� GH� OD� VtQWHVLV� \� OLEHUDFLyQ� GH� ORV� JOXFRFRUWLFRLGHV�� 3RU� ~OWLPR�� OD� UHJLyQ� UHWLFXODU�
OLEHUD�SHTXHxDV�FDQWLGDGHV�GH�DQGUyJHQRV��
([LVWHQ� HYLGHQFLDV� TXH� VXJLHUHQ� TXH� OD� $&7+� QR� HV� HO� ~QLFR� HVWLPXODGRU� GH� OD� VHFUHFLyQ� GH�
JOXFRFRUWLFRLGHV��DXQTXH�HV�HYLGHQWHPHQWH�HO�PiV�LPSRUWDQWH��6H�KDQ�REVHUYDGR�QLYHOHV�DOWRV�
GH� JOXFRFRUWLFRLGHV� WUDV� H[SRVLFLRQHV� D� HVWtPXORV� HVWUHVDQWHV� FRQWLQXRV� \� GH� ODUJD� GXUDFLyQ�
�HQWUH� �� \� ��� KRUDV��� D� SHVDU� GH� QLYHOHV� GH� $&7+� DSUR[LPDGDPHQWH� EDVDOHV� �5LYLHU� \� 9DOH��
������+DXJHU�HW�DO����������(VWH�KHFKR�VXJLHUH�XQD�GLVRFLDFLyQ�HQWUH�$&7+�\�JOXFRFRUWLFRLGHV�\�
DSR\D� OD� H[LVWHQFLD� GH� RWURV� IDFWRUHV� HQ� HO� FRQWURO� GH� OD� VHFUHFLyQ� GH� JOXFRFRUWLFRLGHV�� 6LQ�
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HPEDUJR��HO�PHFDQLVPR�SUHFLVR�UHVSRQVDEOH�GH�HVWD�GLVRFLDFLyQ�HQWUH�$&7+�\�FRUWLFRVWHURQD�QR�
HVWi�ELHQ�HVWDEOHFLGR�KR\�HQ�GtD��$OJXQRV�GH�ORV�IDFWRUHV�SURSXHVWRV�SDUD�OD�UHJXODFLyQ�H[WUD�
$&7+�GH� OD� OLEHUDFLyQ� GH� JOXFRFRUWLFRLGHV� HQ� UHVSXHVWD� DO� HVWUpV� SRGUtDQ� VHU�� �L�� VXEVWDQFLDV�
FRPR� OD� $QJLRWHQVLQD� ,,� TXH� FDXVD� LQFUHPHQWRV� GRVLV� GHSHQGLHQWHV� HQ� ORV� QLYHOHV� GH�
FRUWLFRVWHURQD� VLQ� DIHFWDU� D� ORV� QLYHOHV� GH� $&7+� �.HOOHU�:RRG� HW� DO��� ������� \� �LL�� FLWRTXLQDV�
FRPR�OD�LQWHUOHXNLQD���TXH�SDUHFH�WHQHU�XQ�HIHFWR�GLUHFWR�VREUH�OD�JOiQGXOD�DGUHQDO��$QGUHLV�HW�
DO�������D���6XPiQGRVH�D�HVWRV�IDFWRUHV�VLVWpPLFRV��VH�KD�GHPRVWUDGR�XQD�UHJXODFLyQ�QHXUDO�GH�
OD� FRUWH]D� DGUHQDO� �9LQVRQ� HW� DO��� ������� ([LVWHQ� HYLGHQFLDV� TXH� LQGLFDQ� XQD� SUHVHQFLD� GH�
WHUPLQDOHV�QHUYLRVDV�HQ�OD�DGUHQDO�GH�GRV�WLSRV�GLIHUHQWHV��&KDUOWRQ��������9LQVRQ�HW�DO����������
�L��XQD�FRQ�ORV�FXHUSRV�FHOXODUHV�VLWXDGRV�IXHUD�GH�OD�DGUHQDO��TXH�YDQ�HQ�SDUDOHOR�D�ORV�YDVRV�
VDQJXtQHRV�\�TXH�VH�PXHVWUD�LQGHSHQGLHQWH�GH�OD�HVWLPXODFLyQ�GHO�QHUYLR�HVSOiFQLFR��\��LL��RWUD�
FRQ� ORV� FXHUSRV� FHOXODUHV� GHQWUR� GH� OD�PpGXOD� DGUHQDO� TXH� SDUHFH� HVWDU� EDMR� HO� FRQWURO� GHO�
QHUYLR� HVSOiFQLFR�� $GHPiV�� VH� KD� GHVFULWR� OD� H[LVWHQFLD� GH� FpOXODV� FURPDILQHV� GHQWUR� GH� OD�
FRUWH]D�DGUHQDO��6H�KD�REVHUYDGR�OD�SUHVHQFLD�GH�FDWHFRODPLQDV�\�QXPHURVRV�QHXURSpSWLGRV�HQ�
HVWDV�WHUPLQDOHV�QHUYLRVDV��OR�TXH�HV�GH�JUDQ�LPSRUWDQFLD��\D�TXH�DOJXQRV�GH�HOORV��SRU�HMHPSOR�
HO� SpSWLGR� LQWHVWLQDO� YDVRDFWLYR�� 9,3�� WLHQHQ� SURSLHGDGHV� YDVRGLODWDGRUDV� \� OD� UHJXODFLyQ� GHO�
ULHJR� VDQJXtQHR�GH� OD� DGUHQDO� HV� FUtWLFD�SDUD� OD� DFWLYLGDG� VHFUHWRUD�GH� OD� FRUWH]D�DGUHQDO��(V�
LQWHUHVDQWH� TXH� XQR� GH� HVRV� SpSWLGRV� VHD� HO� &5)�� 3DUHFH� VHU� TXH� HO� &5)� HMHUFH� XQ� HIHFWR�
HVWLPXODGRU� HQ� OD� HVWHURLGRJHQHVLV� DGUHQRFRUWLFDO�� TXH� VH� KD� REVHUYDGR� LQ� YLYR� �9DQ�2HUV� \�
7LOGHUV��������$QGUHLV�HW�DO���������YDQ�2HUV�HW�DO���������H� LQ�YLWUR��XWLOL]DQGR�URGDMDV��VOLFHV��
GH�WHMLGR�DGUHQRFRUWLFDO�\�FURPDItQ��$QGUHLV�HW�DO�������E��$QGUHLV�HW�DO���������R�OD�SHUIXVLyQ�
GH�JOiQGXODV� DGUHQDOHV� DLVODGDV� �YDQ�2HUV� HW� DO��� ������� 3RU� HO� FRQWUDULR�� HO� &5)�QR�PXHVWUD�
HIHFWR�HQ�FpOXODV�DGUHQRFRUWLFDOHV�GLVSHUVDV��$QGUHLV�HW�DO���������YDQ�2HUV�HW�DO����������3RU�
WDQWR��SDUHFH�VHU�TXH�HO�&5)�HMHUFH�VX�HIHFWR�HVWLPXODGRU�VREUH�OD�VHFUHFLyQ�DGUHQRFRUWLFDO�SRU�
PHFDQLVPRV� LQGLUHFWRV�� DXQTXH� VLJXH� VLQ� HVWDU� FODUR� VL� ORV� SULQFLSDOHV� HIHFWRV� VH� GHEHQ� D�
FDPELRV�HQ�HO�IOXMR�VDQJXtQHR�GH�OD�DGUHQDO�R�D�OD�HVWLPXODFLyQ�GH�OD�OLEHUDFLyQ�GH�$&7+�ORFDO�
SRU�ODV�FpOXODV�FURPDILQHV��$QGUHLV�HW�DO�������E��YDQ�2HUV�HW�DO����������$�PRGR�GH�HMHPSOR�GHO�
SRVLEOH�SDSHO�GH�OD�LQHUYDFLyQ�HVSOiFQLFD�GH�OD�DGUHQDO��OD�GHSULYDFLyQ�GH�DJXD�GXUDQWH�GRV�GtDV�
SURYRFy�XQ�DXPHQWR�HQ�ORV�QLYHOHV�SODVPiWLFRV�GH�FRUWLFRVWHURQD�VLQ�PRGLILFDU� ORV�GH�$&7+�\�
HVWH�LQFUHPHQWR�VH�VXSULPLy�WUDV�OD�GHQHUYDFLyQ�DGUHQDO��8OULFK�/DL�\�(QJHODQG���������
/RV�JOXFRFRUWLFRLGHV�HMHUFHQ�P~OWLSOHV�DFFLRQHV�HQ�HO�RUJDQLVPR��$O�REMHWR�GH�FODULILFDU�HO�SDSHO�
GH� ORV� JOXFRFRUWLFRLGHV� HQ� UHVSXHVWD� DO� HVWUpV� VH� KD� HVWDEOHFLGR� XQD� FODVLILFDFLyQ� GH� VXV�
DFFLRQHV�HQ�GRV�FDWHJRUtDV�IXQGDPHQWDOHV��PRGXODGRUDV�\�SUHSDUDWRULDV��6DSROVN\�HW�DO����������
/DV� DFFLRQHV� PRGXODGRUDV� GH� ORV� JOXFRFRUWLFRLGHV� VRQ� DTXHOODV� TXH� DOWHUDQ� OD� UHVSXHVWD� GHO�
RUJDQLVPR�DQWH� OD�VLWXDFLyQ�HVWUHVDQWH�\�VH�KDQ�VXEFODVLILFDGR�HQ�WUHV�FDWHJRUtDV��SHUPLVLYDV��
VXSUHVLYDV� \� HVWLPXODGRUDV�� /DV� DFFLRQHV� SHUPLVLYDV� GH� ORV� JOXFRFRUWLFRLGHV� VH� PDQLILHVWDQ�
GXUDQWH� OD� IDVH� LQLFLDO�GH� OD�UHVSXHVWD�GH�HVWUpV�\�SUHSDUDQ�D� ORV�PHFDQLVPRV�GH�GHIHQVD�GHO�
RUJDQLVPR�SDUD�DIURQWDU�HO�HVWUpV��/DV�DFFLRQHV�VXSUHVLYDV�VH�GDQ�WUDV�XQD�KRUD�R�PiV�GHO�LQLFLR�
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GHO�HVWUpV�\�SUHYLHQHQ�DO�RUJDQLVPR�GH�ODV�FRQVHFXHQFLDV�QHJDWLYDV�GH�XQD�UHVSXHVWD�H[FHVLYD�
DO�HVWUpV��3RU�HO�FRQWUDULR��ODV�DFFLRQHV�HVWLPXODGRUDV��DXQTXH�WDPELpQ�RFXUUHQ�WUDV�XQD�R�PiV�
KRUDV�GHVGH�HO�LQLFLR�GH�OD�VLWXDFLyQ�HVWUHVDQWH��DXPHQWDQ�ORV�HIHFWRV�GH�ODV�KRUPRQDV�OLEHUDGDV�
GXUDQWH�HO�HVWUpV��3RU�~OWLPR��ODV�DFFLRQHV�SUHSDUDWRULDV�GH�ORV�JOXFRFRUWLFRLGHV��TXH�SXHGHQ�VHU�
PHGLDGRUDV�R�VXSUHVLYDV��VRQ�FDSDFHV�GH�PRGXODU�IXWXUDV�UHVSXHVWDV�GHO�RUJDQLVPR�DO�HVWUpV��
/D�PD\RUtD�GH�ORV�HIHFWRV�PHWDEyOLFRV�TXH�HMHUFHQ�ORV�JOXFRFRUWLFRLGHV�HQ�OD�SHULIHULD�SDUHFHQ�
HVWDU�HQFDPLQDGRV�D�OD�UHGLVWULEXFLyQ�GH�OD�HQHUJtD�GHQWUR�GHO�RUJDQLVPR��0XQFN�HW�DO�����������
(VWRV� HIHFWRV� LQFOX\HQ� XQ� DXPHQWR� GH� OD� JOXFRQHRJpQHVLV� HQ� HO� KtJDGR�� XQ� DXPHQWR� GH� OD�
FRQFHQWUDFLyQ� GH� JOXFRVD� HQ� VDQJUH� FDXVDGR� LQGLUHFWDPHQWH� SRU� VXV� HIHFWRV� VREUH� OD�
JOXFRQHRJpQHVLV�\�VXV�HIHFWRV�OLSROtWLFRV��\�XQ�DXPHQWR�GH�OD�SUHVLyQ�DUWHULDO��0LFKHOVRQ�HW�DO���
�������/RV�JOXFRFRUWLFRLGHV�WDPELpQ�DIHFWDQ�D�OD�DFWLYLGDG�GH�XQ�DPSOLR�Q~PHUR�GH�HQ]LPDV�\�
SURWHtQDV� QR� HQ]LPiWLFDV�� \� MXHJDQ� XQ� SDSHO� LQKLELGRU� IXQGDPHQWDO� HQ� HO� FRQWURO� GH� ODV�
UHVSXHVWDV�LQIODPDWRULD�H�LQPXQH��)LQDOPHQWH��ORV�JOXFRFRUWLFRLGHV�SRVHHQ�XQ�SDSHO�FODYH�HQ�OD�
UHJXODFLyQ�GH�OD�DFWLYLGDG�GHO�HMH�+3$�D�WUDYpV�GH�PHFDQLVPRV�GH�UHWURLQKLELFLyQ��
��������5HFHSWRUHV�GH�JOXFRFRUWLFRLGHV�\�PHFDQLVPRV�GH�UHWURLQKLELFLyQ��
/DV�DFFLRQHV�JHQyPLFDV�GH�ORV�JOXFRFRUWLFRLGHV�HVWiQ�PHGLDGDV�SRU�GRV�WLSRV�GH�UHFHSWRUHV��HO�
WLSR� ,� �R�PLQHUDORFRUWLFRLGH��05��\�HO� WLSR� ,,� �R�JOXFRFRUWLFRLGH��*5�� �5HXO�\�GH�.ORHW���������
$PERV�WLSRV�GH�UHFHSWRUHV�SRVHHQ�XQ�GRPLQLR�GH�XQLyQ�D�HVWHURLGHV�\�XQ�GRPLQLR�GH�XQLyQ�DO�
$'1�� \� VH� HQFXHQWUDQ� HQ� HO� FLWRVRO� DVRFLDGRV� D� RWUDV� SURWHtQDV�� SULQFLSDOPHQWH� SURWHtQDV� GH�
VKRFN�WpUPLFR��3UDWW���������&XDQGR�VH�SURGXFH�HO�UHFRQRFLPLHQWR�GHO�OLJDQGR��HVWRV�FRPSOHMRV�
VH�GLVRFLDQ�\�OD�KRUPRQD�XQLGD�DO�UHFHSWRU�VH�WUDVORFD�DO�Q~FOHR��GRQGH�DFW~D�FRPR�IDFWRU�GH�
WUDQVFULSFLyQ�HQ�DOJXQRV�JHQHV�TXH�SRVHHQ�HQ�VX�UHJLyQ�SURPRWRUD�HOHPHQWRV�GH�UHVSXHVWD�D�
JOXFRFRUWLFRLGHV�� 05V� \� *5V� VH� GLIHUHQFLDQ� HQ� VX� DILQLGDG� SRU� DOJXQRV� OLJDQGRV� \� HQ� VX�
GLVWULEXFLyQ��5HXO�\�GH�.ORHW��������'H�.ORHW����������
/RV� 05V� VH� XELFDQ� SULQFLSDOPHQWH� HQ� QHXURQDV� GH� OD� FDSD� ,,� GH� OD� FRUWH]D�� OD� IRUPDFLyQ�
KLSRFDPSDO�� ORV�Q~FOHRV�FHQWUDO�\�PHGLDO�GH�OD�DPtJGDOD�\�QHXURQDV�PRWRUDV�\�VHQVRULDOHV�GHO�
WURQFR� HQFHIiOLFR�� 3RU� VX� SDUWH�� ORV� *5V� VH� HQFXHQWUDQ� HQ� OD� KLSyILVLV� \� SUHVHQWDQ� XQD�
GLVWULEXFLyQ� DPSOLD� HQ� HO� 61&�� LQFOX\HQGR� OD� FRUWH]D� SLULIRUPH�� OD� IRUPDFLyQ� KLSRFDPSDO�� HO�
VHSWXP�� HO� 391�� HO� Q~FOHR� VXSUDySWLFR� \�� HQ�PHQRU� JUDGR�� ORV� Q~FOHRV�PRQRDPLQpUJLFRV� GHO�
WURQFR�HQFHIiOLFR��7DPELpQ�VH�HQFXHQWUDQ�QLYHOHV�PRGHUDGRV�GH�*5V�HQ�QXPHURVRV�Q~FOHRV�GHO�
WiODPR��iUHDV�GHO�HVWULDGR��OD�DPtJGDOD�FHQWUDO�\�RWUDV�]RQDV�GH�OD�FRUWH]D�FHUHEUDO��(Q�FXDQWR�D�
VX�DILQLGDG�SRU�HO� OLJDQGR��VH�KD�GHWHUPLQDGR�SDUD� ORV�05V�XQD�.G�GH�XQ�RUGHQ�GH�PDJQLWXG�
PHQRU�TXH�OD�GH�ORV�*5V��9HOGKXLV�HW�DO����������8QD�GH�ODV�FRQVHFXHQFLDV�GH�HVWD�GLIHUHQFLD�GH�
DILQLGDG� SRU� HO� OLJDQGR� HV� TXH� HQ� UDWD�� PiV� GHO� ���� GH� ORV� 05V� HVWiQ� RFXSDGRV� SRU� OD�
FRUWLFRVWHURQD�HQ�FRQGLFLRQHV�EDVDOHV��PLHQWUDV�TXH�HO�JUDGR�GH�RFXSDFLyQ�GH�ORV�*5V�YDUtD�HQ�
SDUDOHOR�FRQ�HO�LQFUHPHQWR�HQ�ORV�QLYHOHV�SODVPiWLFRV�GH�JOXFRFRUWLFRLGHV��ELHQ�GXUDQWH�HO�ULWPR�
FLUFDGLDQR�R�ELHQ�HQ�UHVSXHVWD�DO�HVWUpV��(Q�EDVH�D�HVWDV�GLIHUHQFLDV�VH�KD�VXJHULGR�TXH�05V�\�
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*5V� WLHQHQ� IXQFLRQHV� GLIHUHQWHV� HQ� OD� UHJXODFLyQ� GH� OD� UHVSXHVWD� GHO� HMH� +3$� �5DWND� HW� DO���
�������ORV�HIHFWRV�WyQLFRV�GH�ORV�JOXFRFRUWLFRLGHV�HVWDUtDQ�PHGLDGRV�SRU�ORV�05V��HQ�WDQWR�TXH�
ORV�*5V�HVWDUtDQ�VREUH� WRGR� LPSOLFDGRV�HQ�HO� UHWRUQR�D� ODV�FRQGLFLRQHV�EDVDOHV�GHVSXpV�GH� OD�
DFWLYDFLyQ��
$GHPiV� GH� ORV� HIHFWRV� JHQyPLFRV�PHGLDGRV� SRU� 05V� \� *5V�� H[LVWHQ�PXFKDV� SUXHEDV� GH� OD�
H[LVWHQFLD� GH� HIHFWRV� UiSLGRV� GH� ORV� JOXFRFRUWLFRLGHV�� LQFRPSDWLEOHV� FRQ� HO� WLHPSR� UHTXHULGR�
SDUD�OD�WUDQVFULSFLyQ�JpQLFD��0DNDUD�\�+DOOHU���������6H�KD�SURSXHVWR��SRU�OR�WDQWR��OD�H[LVWHQFLD�
GH�PHFDQLVPRV�QR�JHQyPLFRV��SUREDEOHPHQWH�PHGLDGRV�SRU�UHFHSWRUHV�GH�PHPEUDQD�D~Q�QR�
FDUDFWHUL]DGRV��
'HSHQGLHQGR� GH� VX� YHORFLGDG� GH� DFFLyQ�� ORV� PHFDQLVPRV� GH� UHWURLQKLELFLyQ� GHO� HMH� +3$�
HMHUFLGRV�SRU�JOXFRFRUWLFRLGHV�KDQ�VLGR�GLYLGLGRV�HQ�WUHV�FDWHJRUtDV��UiSLGR��LQWHUPHGLR�\�OHQWR�
�.HOOHU�:RRG� \�'DOOPDQ�� ������� /D� UHWURLQKLELFLyQ� UiSLGD� VH�PDQLILHVWD� \D� GHQWUR� GH� ORV� GLH]�
PLQXWRV�GHO�FRPLHQ]R�GH� OD�UHVSXHVWD�DO�HVWUpV��3RU�VX�YHORFLGDG��HVWH�HIHFWR�HV�LQFRPSDWLEOH�
FRQ� ORV� PHFDQLVPRV� GH� WUDQVFULSFLyQ� JpQLFD� PHGLDGRV� SRU� UHFHSWRUHV� *5� \� 05�� 0X\�
UHFLHQWHPHQWH� VH� KDQ� DSRUWDGR� HYLGHQFLDV� GH� TXH� ORV� FDQQDELQRLGHV� HQGyJHQRV� �R�
HQGRFDQQDELQRLGHV��SRGUtDQ�SDUWLFLSDU�HQ�HO�IHHGEDFN�UiSLGR�GH�ORV�JOXFRFRUWLFRLGHV�HMHUFLHQGR�
XQ� HIHFWR� LQKLELWRULR� UiSLGR� VREUH� OD� OLEHUDFLyQ� GH� JOXWDPDWR� HQ� ODV� VLQDSVLV� H[FLWDGRUDV� TXH�
FRQWDFWDQ� FRQ� ODV� QHXURQDV� SDUYRFHOXODUHV� GHO� 391� �'L� HW� DO��� ������� 6HJ~Q� HO� PRGHOR�
SURSXHVWR��ORV�JOXFRFRUWLFRLGHV�LQWHUDFWXDUtDQ�D�WUDYpV�GH�XQ�UHFHSWRU�GH�PHPEUDQD�DFRSODGR�D�
SURWHtQD� *� SUHVHQWH� HQ� FpOXODV� GHO� S391�� DFWLYDQGR� OD� OLEHUDFLyQ� DO� PHGLR� GH�
HQGRFDQQDELQRLGHV�� /RV� HQGRFDQQDELQRLGHV� OLEHUDGRV� LQWHUDFWXDUtDQ� VREUH� UHFHSWRUHV� GH�
PHPEUDQD� SUHVLQiSWLFRV� �WDPELpQ� DFRSODGRV� D� SURWHtQD� *��� LQKLELHQGR� OD� OLEHUDFLyQ� GH�
JOXWDPDWR�� /RV� PHFDQLVPRV� UHWURLQKLELGRUHV� GH� YHORFLGDG� LQWHUPHGLD� VH� GHVDUUROODQ� XQD� YH]�
WUDQVFXUULGRV� ������ PLQXWRV� GHO� FRPLHQ]R� GH� OD� UHVSXHVWD�� H� LQYROXFUDQ� PHFDQLVPRV� GH�
WUDQVFULSFLyQ� JpQLFD� PHGLDGD� SRU� UHFHSWRUHV� *5� \� 05�� )LQDOPHQWH�� ORV� PHFDQLVPRV� GH�
UHWURLQKLELFLyQ� OHQWD� WDPELpQ�FRPLHQ]DQ� WUDV�������PLQXWRV�GHO� LQLFLR�GH� OD� UHVSXHVWD��SHUR�D�
GLIHUHQFLD� GH� ORV� PHFDQLVPRV� LQWHUPHGLRV� SXHGHQ� GXUDU� PXFKDV� KRUDV�� /RV� HIHFWRV� GH� ORV�
PHFDQLVPRV� OHQWRV�GH� UHWURLQKLELFLyQ� LQFOX\HQ�HO� EORTXHR�GH� OD� WUDQVFULSFLyQ�GH� ORV�JHQHV�GH�
&5)��$93�\�320&�LQGXFLGD�SRU�HO�HVWUpV��
2WUR� SDUiPHWUR� LPSRUWDQWH� HQ� OD� UHJXODFLyQ� GH� ORV� HIHFWRV� GH� ORV� JOXFRFRUWLFRLGHV� HQ� HO�
RUJDQLVPR� HV� OD� WUDQVFRUWLQD� �FRUWLFRVWHURLG�ELQGLQJ� JOREXOLQ�� &%*��� D� OD� FXDO� VH� HQFXHQWUDQ�
OLJDGRV�XQD�DOWD�SURSRUFLyQ�GH� ORV�JOXFRFRUWLFRLGHV�FLUFXODQWHV�HQ�VLWXDFLyQ�EDVDO� �-RKQVRQ�HW�
DO����������(Q�FDPELR��ORV�QLYHOHV�GH�FRUWLFRVWHURQD�OLEUH�DXPHQWDQ�WUDV�OD�H[SRVLFLyQ�DO�HVWUpV��
6H�FRQVLGHUD�TXH�OD�KRUPRQD�XQLGD�D�OD�WUDQVFRUWLQD�QR�WLHQH�DFFHVR�DO�UHFHSWRU�\��SRU�OR�WDQWR��
HV�VRODPHQWH�OD�IUDFFLyQ�OLEUH�OD�TXH�VH�HQFXHQWUD�GLVSRQLEOH�SDUD�HMHUFHU�OD�DFWLYLGDG�ELROyJLFD�
HQ� OD� FpOXOD�� (VWH� KHFKR� HV� LPSRUWDQWH� SRUTXH� ORV� QLYHOHV� GH� WUDQVFRUWLQD� QR� VXHOHQ�PHGLUVH�
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SHUR� SXHGHQ� GDU� OXJDU� D� FDPELRV� HQ� OD� IUDFFLyQ� OLEUH�� VLQ� FDPELRV� HQ� ORV� QLYHOHV� WRWDOHV� GH�
JOXFRFRUWLFRLGHV�HQ�VDQJUH��
��������(MH�+3$�H�LQWHQVLGDG�GH�ORV�HVWtPXORV�HVWUHVDQWHV�
/DV�VLWXDFLRQHV�HVWUHVDQWHV�GLILHUHQ�HQ�FXDQWR�D�VX�QDWXUDOH]D��OR�TXH�LPSOLFD�XQ�SURFHVDPLHQWR�
GLIHUHQFLDO� SRU� HO� 61&�� 6LQ� HPEDUJR�� LQGHSHQGLHQWHPHQWH� GH� ODV� FXDOLGDGHV� GH� OD� VLWXDFLyQ�
HVWUHVDQWH��pVWDV�WDPELpQ�SXHGHQ�GLIHULU�HQ�RWUD�GLPHQVLyQ��OD�LQWHQVLGDG�R�JUDGR�GH�VHYHULGDG��
(V�GH�HVSHUDU�TXH�ODV�FRQVHFXHQFLDV�ILVLROyJLFDV�\�HYHQWXDOPHQWH�SDWROyJLFDV�GH�OD�H[SRVLFLyQ�D�
VLWXDFLRQHV�HVWUHVDQWHV�VH�HQFXHQWUH�UHODFLRQDGD�FRQ�VX�VHYHULGDG��3RU�OR�WDQWR��XQD�HYDOXDFLyQ�
GHWDOODGD�\� ILDEOH�GH� OD� LQWHQVLGDG�GHO�HVWUpV�HV�GH�JUDQ�UHOHYDQFLD� WDQWR�D�QLYHO�EiVLFR�FRPR�
FOtQLFR�� 3DUD� SRGHU� WUDEDMDU� HQ� HVWH� VHQWLGR� QHFHVLWDPRV� VDEHU� TXp� UHVSXHVWDV� DQWH� XQD�
VLWXDFLyQ�HVWUHVDQWH�VRQ�SURSRUFLRQDOHV�D�VX�LQWHQVLGDG���
(V�LQWHUHVDQWH�TXH�DXQTXH�H[LVWH�XQ�JUDQ�Q~PHUR�GH�YDULDEOHV�ILVLROyJLFDV�TXH�UHVSRQGHQ�DQWH�
OD�H[SRVLFLyQ�D�HVWtPXORV�HVWUHVDQWHV��VyOR�XQDV�SRFDV�SDUHFHQ�VHU�VHQVLEOHV�D�VX�LQWHQVLGDG��(Q�
HVWH� VHQWLGR�� HV� LPSRUWDQWH� SRU� WDQWR� GLVWLQJXLU� FRQFHSWXDOPHQWH� HQWUH� ORV� WpUPLQRV� GH�
PDUFDGRU� GH� HVWUpV�� TXH� LQGLFDUtD� VL� XQD� YDULDEOH� GHWHUPLQDGD� HV� VHQVLEOH� DO� HVWUpV�� \� HO�
FRQFHSWR�GH�PDUFDGRU�GH�OD�LQWHQVLGDG�GH�HVWUpV��TXH�VH�UHIHULUtD�DO�KHFKR�TXH�OD�PDJQLWXG�GH�
OD� UHVSXHVWD� GH� XQD� YDULDEOH� GHWHUPLQDGD� HV� SURSRUFLRQDO� D� OD� LQWHQVLGDG� GH� OD� VLWXDFLyQ�
HVWUHVDQWH�� /D� LQYHVWLJDFLyQ� HQ� HVWH� VHQWLGR� VyOR� VH� KD� OOHYDGR� D� FDER� GH� XQD� PDQHUD�
VLVWHPiWLFD��HQ�UDWDV��/D�FRQFOXVLyQ�JHQHUDO�VHUtD�TXH�GH�HQWUH�ODV�PXFKDV�YDULDEOHV�VHQVLEOHV�DO�
HVWUpV�� VyOR� XQDV� SRFDV� SXHGHQ� FRQVLGHUDUVH� FRPR� EXHQRV�PDUFDGRUHV� GH� OD� LQWHQVLGDG� GHO�
HVWUpV�� FRPR� SRU� HMHPSOR� ORV� QLYHOHV� SODVPiWLFRV� GH� FDWHFRODPLQDV� �SDUWLFXODUPHQWH�
DGUHQDOLQD���JOXFRVD��SURODFWLQD�\�KRUPRQDV�GHO�HMH�+3$�R�OD�UHGXFFLyQ�HQ�ORV�QLYHOHV�GH�LQJHVWD�
�0DUWt� \� $UPDULR�� ������� 'DWRV� GH� QXHVWUR� ODERUDWRULR� SXHGHQ� LOXVWUDU� OD� GLIHUHQFLD� HQWUH�
PDUFDGRUHV�GH�HVWUpV�\�PDUFDGRUHV�GH�LQWHQVLGDG�GH�HVWUpV��$UPDULR�HW�DO�������D���FXDQGR�VH�
LQWURGXMHURQ�FDPELRV�SURJUHVLYRV��HVWUHVDQWHV��HQ�HO�DPELHQWH�GH�ORV�DQLPDOHV�� ORV�QLYHOHV�GH�
FRUWLFRVWHURQD�\�SURODFWLQD�DXPHQWDURQ�HQ�IXQFLyQ�GHO�JUDGR�GH�SHUWXUEDFLyQ�FDXVDGR��PLHQWUDV�
TXH� RWUDV� KRUPRQDV� GH� OD� DGHQRKLSyILVLV� FRPR� OD� KRUPRQD� OXWHLQL]DQWH� �/+�� R� OD� KRUPRQD�
HVWLPXODQWH�GH�WLURLGHV��76+��DXPHQWDURQ�HQ�OD�PLVPD�PHGLGD�IUHQWH�D�WRGRV�ORV�HVWtPXORV��VLQ�
UHIOHMDU�OD�LQWHQVLGDG�GH�OD�VLWXDFLyQ�HVWUHVDQWH��
3HUR��¢TXp�FDUDFWHUtVWLFDV�GHEHPRV�WHQHU�HQ�FXHQWD�D�OD�KRUD�GH�LQWHUSUHWDU�ORV�UHVXOWDGRV�TXH�
QRV�DSRUWDQ�HVWRV�PDUFDGRUHV�GH�LQWHQVLGDG�GH�HVWUpV"�(Q�HVWH�VHQWLGR��WHQHPRV�TXH�HYDOXDU��
�L��HO�JUDGR�PtQLPR�GH�LQWHQVLGDG�GH�HVWUpV�TXH�XQD�YDULDEOH�SDUWLFXODU�HV�FDSD]�GH�GHWHFWDU�GH�
PDQHUD�ILDEOH�\�FRQVLVWHQWH��XPEUDO����LL��HO�UDQJR�GH�YDULDFLyQ�HQ�HO�PDUFDGRU�FXDQGR�YDULDPRV�
OD�LQWHQVLGDG�GHO�HVWUpV��\��LLL��HO�UDQJR�GH�LQWHQVLGDGHV�GH�HVWUpV�TXH�XQD�YDULDEOH�HV�FDSD]�GH�
GHWHFWDU���
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(O� HVWXGLR� GH� ODV� FDUDFWHUtVWLFDV� GH� ORV� PDUFDGRUHV� GH� LQWHQVLGDG� GH� HVWUpV� HV� XQR� GH� ORV�
REMHWLYRV� GHO� SUHVHQWH� WUDEDMR� \� VHUi� GLVFXWLGR� HQ� SURIXQGLGDG� HQ� HO� SULPHU� FDStWXOR� GH�
UHVXOWDGRV�� SHUR� SDUD� LOXVWUDU� GH� XQD� PDQHUD� PiV� FODUD� HO� VHQWLGR� GH� HVWDV� FDUDFWHUtVWLFDV��
SRGHPRV� FRPSDUDU� ODV� SDUWLFXODULGDGHV� GH� GLIHUHQWHV� PDUFDGRUHV�� 3RU� HMHPSOR�� ORV� QLYHOHV�
SODVPiWLFRV� GH� DGUHQDOLQD�� $&7+�� FRUWLFRVWHURQD� \� SURODFWLQD� WLHQHQ� EDMRV� XPEUDOHV� GH�
UHVSXHVWD��SRU� OR�TXH�SHUWXUEDFLRQHV�PtQLPDV�VRQ�FDSDFHV�GH�DFWLYDUORV� �+HQQHVV\�\�/HYLQH��
������1DWHOVRQ�HW�DO���������.DQW�HW�DO���������$UPDULR�HW�DO�������D��$UPDULR�HW�DO�������E���3RU�
HO�FRQWUDULR��ORV�FDPELRV�HQ�ORV�QLYHOHV�GH�JOXFRVD�WLHQHQ�XQ�XPEUDO�GH�DFWLYDFLyQ�PD\RU�\�VyOR�
VH� SXHGHQ� FRQVLGHUDU� ILDEOHV� DQWH� H[SRVLFLRQHV� D� HVWtPXORV� HVWUHVDQWHV� GH� LQWHQVLGDG�
LQWHUPHGLD�R�DOWD��$UPDULR�HW�DO�������E��$UPDULR�HW�DO�������E���3RU�~OWLPR��OD�LQKLELFLyQ�GH�OD�
LQJHVWD�GH�FRPLGD�WUDV� OD�H[SRVLFLyQ�DO�HVWUpV��HYDOXDGD����KRUDV�WUDV� OD�H[SRVLFLyQ�DO�HVWUpV��
WLHQH�XQ�XPEUDO� GH� DFWLYDFLyQ� HOHYDGR� \� VH� SXHGH�REVHUYDU� VyOR� WUDV� VLWXDFLRQHV�HVWUHVDQWHV�
UHODWLYDPHQWH�VHYHUDV��$UPDULR�HW�DO�������E��0DUWt�HW�DO�������E���/D�FDSDFLGDG�GH�XQD�YDULDEOH�
SDUD�GLVFULPLQDU�HQWUH�GLIHUHQFLDV�HQ�LQWHQVLGDG�GHSHQGH�GH�OD�SHQGLHQWH�GH�OD�UHODFLyQ�HQWUH�HO�
FDPELR�HQ� OD�YDULDEOH�GH� LQWHUpV�\� OD� LQWHQVLGDG�GH� OD�VLWXDFLyQ�HVWUHVDQWH��0LHQWUDV�TXH�HVWD�
SHQGLHQWH�HV�SURQXQFLDGD�HQ�HO�FDVR�GH�ODV�SULPHUDV�KRUPRQDV�FRPHQWDGDV��QR�OR�HV�HQ�HO�FDVR�
GH� OD� JOXFRVD� \� PHQRV� D~Q� HQ� HO� GH� OD� LQJHVWD� GH� FRPLGD�� 3RU� ~OWLPR�� HV� LPSRUWDQWH� VL� VH�
SURGXFH�XQ�HIHFWR�WHFKR�HQ�OD�YDULDEOH�GH�LQWHUpV��(VWH�KHFKR�HV�GH�SDUWLFXODU�LPSRUWDQFLD�HQ�HO�
FDVR� GH� ORV� QLYHOHV� SODVPiWLFRV� GH� FRUWLFRVWHURQD�� HO�PDUFDGRU� GH� LQWHQVLGDG� GH� HVWUpV�PiV�
FRP~QPHQWH� XWLOL]DGR�� (Q� ODV� FRQGLFLRQHV� GH� QXHVWUR� ODERUDWRULR�� ORV� QLYHOHV� EDVDOHV� GH�
FRUWLFRVWHURQD�SODVPiWLFD�HQ�UDWDV�PDFKR�GXUDQWH�ODV�KRUDV�GH�OD�PDxDQD�VRQ�GH�DOUHGHGRU�GH�
��� QJ�PO�� PLHQWUDV� TXH� WUDV� OD� H[SRVLFLyQ� D� HVWtPXORV� HVWUHVDQWHV� VXDYHV� SXHGHQ� DOFDQ]DU�
QLYHOHV�GH�DOUHGHGRU�GH�����QJ�PO�\� WUDV�VLWXDFLRQHV�HVWUHVDQWHV�PRGHUDGDV�DOUHGHGRU�GH� ORV�
����QJ�PO��1LYHOHV�GH�FRUWLFRVWHURQD�GH�����\�����QJ�PO�VH�SXHGHQ�DOFDQ]DU�FRQ�XQRV�QLYHOHV�
SODVPiWLFRV�GH�$&7+�GH�HQWUH����������QJ�PO��QLYHOHV�TXH�HVWiQ�PX\� OHMRV�GH� ORV�Pi[LPRV�
TXH�SXHGH�DOFDQ]DU�OD�$&7+�WUDV�OD�H[SRVLFLyQ�D�HVWtPXORV�VHYHURV�FRPR�OD�,02��3RU�WDQWR��HV�
REYLR�TXH�ORV�QLYHOHV�SODVPiWLFRV�GH�FRUWLFRVWHURQD�VyOR�VH�GHEHUtDQ�XWLOL]DU�FRPR�PDUFDGRUHV�
GH�LQWHQVLGDG�GH�HVWUpV�DQWH�VLWXDFLRQHV�HVWUHVDQWHV�GH�LQWHQVLGDG�EDMD�D�PRGHUDGD��FRPR�SRU�
HMHPSOR�H[SRVLFLRQHV�D�DPELHQWHV�QXHYRV� �.DQW�HW�DO����������6L�KDFHPRV�XQD� UHYLVLyQ�GH� OD�
OLWHUDWXUD� SRGHPRV� REVHUYDU� TXH� HQ�PXFKRV� GH� ORV� HVWXGLRV� UHDOL]DGRV� HVWH� KHFKR� QR� VH� KD�
WHQLGR� HQ� FXHQWD�� OR� TXH� KD� OOHYDGR� D� LQWHUSUHWDFLRQHV� HUUyQHDV�� $XQTXH� ORV� QLYHOHV� GH�
FRUWLFRVWHURQD�PHGLGRV� MXVWR�DO� ILQDOL]DU� OD�H[SRVLFLyQ�D� VLWXDFLRQHV�HVWUHVDQWHV� UHODWLYDPHQWH�
VHYHUDV� QR� VRQ� FDSDFHV� GH� UHIOHMDU� OD� LQWHQVLGDG� GHO� HVWUpV�� XQD� DOWHUQDWLYD� SRVLEOH� HV� OD�
HYDOXDFLyQ�GH� OD�GLQiPLFD�GH� ORV�QLYHOHV�GH�FRUWLFRVWHURQD�XQD�YH]�WHUPLQDGD�OD�H[SRVLFLyQ�DO�
HVWUpV��YHU�FDStWXOR���GHO�SUHVHQWH�WUDEDMR����
/D� YDOLGH]� GH� ODV� KRUPRQDV� GHO� HMH�+3$�HQ� OD� HYDOXDFLyQ� GH� OD� LQWHQVLGDG�GH� ODV� VLWXDFLRQHV�
HVWUHVDQWHV�HV�DSOLFDEOH�QR�VyOR�D�HVWtPXORV�GH�WLSR�HPRFLRQDO��VLQR�WDPELpQ�GH�WLSR�VLVWpPLFR��
/D�UHVSXHVWD�SODVPiWLFD�GH�OD�$&7+�SDUHFH�HVWDU�UHODFLRQDGD�SRVLWLYDPHQWH�FRQ�OD�PDJQLWXG�GH�
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OD� KHPRUUDJLD� HQ� JDWRV� �%HUHLWHU� HW� DO��� ������� OD� LQWHQVLGDG� GHO� HMHUFLFLR� R� OD� KLSRJOXFHPLD�
LQGXFLGD� SRU� LQVXOLQD� HQ� SHUURV� �.HOOHU�:RRG�HW� DO��� ������5DGRVHYLFK�HW� DO��� ������� \� FRQ� OD�
GRVLV�GH�HQGRWR[LQD�\�FLWRTXLQDV�HQ�UDWDV��6DSROVN\�HW�DO���������6KDUS�HW�DO���������'HULMN�HW�
DO����������6LQ�HPEDUJR��RWUDV�YDULDEOHV��HQWUH�HOODV� ORV�QLYHOHV�SODVPiWLFRV�GH�FDWHFRODPLQDV��
QR� VH� KDQ� HVWXGLDGR� WDQ� GHWDOODGDPHQWH�� VLHQGR� SRVLEOH� TXH� ORV� UHVXOWDGRV� QR� YD\DQ� HQ� HO�
PLVPR�VHQWLGR���
3RU� ~OWLPR� QRV� TXHGD� DERUGDU� HO� WHPD� GH� VL�� FRPR� RFXUUH� HQ� DQLPDOHV� GH� ODERUDWRULR�� ODV�
KRUPRQDV�GHO�HMH�+3$�\�60$�VRQ�WDPELpQ�EXHQRV�tQGLFHV�GH�LQWHQVLGDG�GH�HVWUpV�HQ�KXPDQRV��
6H�KD�GHVFULWR�TXH�ORV�QLYHOHV�GH�$&7+�\�FRUWLVRO�SDUHFHQ�HVWDU�UHODFLRQDGRV�SRVLWLYDPHQWH�FRQ�
OD� LQWHQVLGDG�GHO�HMHUFLFLR��'LPVGDOH�\�0RVV��������)DUUHOO�HW�DO����������$GHPiV�� OD�UHVSXHVWD�
HQGRFULQD�D�VLWXDFLRQHV�HVWUHVDQWHV�HQ�KXPDQRV�HV�HQ�OD�PD\RUtD�GH�ORV�FDVRV�FXDOLWDWLYDPHQWH�
VLPLODU�D�OD�GH�RWURV�DQLPDOHV��FRQ�DXPHQWRV�HQ�ORV�QLYHOHV�GH�FDWHFRODPLQDV��$&7+��FRUWLVRO�\�
SURODFWLQD��'LPVGDOH�\�0RVV��������0H\HUKRII�HW�DO���������0F&DQQ�HW�DO����������6LQ�HPEDUJR��
VH� KDQ� UHDOL]DGR� SRFRV� HVWXGLRV� HQ� UHODFLyQ� D� OD� HYDOXDFLyQ� GH� HVWDV� KRUPRQDV� FRPR�
PDUFDGRUHV� GH� LQWHQVLGDG� GH� HVWUpV�� (Q� XQ� H[SHULPHQWR� HQFDPLQDGR� D� HVWH� REMHWLYR�� VH�
HVWXGLDURQ� ORV� QLYHOHV� GH� DQVLHGDG� GH� HVWDGR� \� ORV� QLYHOHV� SODVPiWLFRV� GH� KRUPRQDV� HQ�
HVWXGLDQWHV�GH�0HGLFLQD�HQ�WUHV�VLWXDFLRQHV��GXUDQWH�VX�DFWLYLGDG�FRWLGLDQD�\�MXVWR�DQWHV�GH�GRV�
H[iPHQHV�TXH�GLIHUtDQ�HQ�GLILFXOWDG�\�HQ�LQWHQVLGDG��HYDOXDGD�SUHFLVDPHQWH�SRU�OD�DQVLHGDG�TXH�
SURYRFDEDQ��$UPDULR�HW�DO����������7DQWR�OD�DQVLHGDG�VXEMHWLYD�FRPR�ODV�YDULDEOHV�ILVLROyJLFDV�VH�
LQFUHPHQWDURQ�HQ�ORV�GtDV�GH�H[DPHQ�UHVSHFWR�D�ORV�GtDV�QRUPDOHV��SHUR�DGHPiV��OD�DQVLHGDG�\�
ORV�QLYHOHV�GH�SURODFWLQD�GLVFULPLQDURQ�HQWUH�ODV�WUHV�VLWXDFLRQHV��PLHQWUDV�TXH�ORV�FDPELRV�HQ�HO�
FRUWLVRO��DXQTXH�LEDQ�HQ�OD�PLVPD�GLUHFFLyQ��DSRUWDURQ�XQ�PHQRU�JUDGR�GH�GLVFULPLQDFLyQ�HQWUH�
ODV�VLWXDFLRQHV��\�SRU�~OWLPR��DXQTXH�ORV�QLYHOHV�GH�JOXFRVD�DXPHQWDURQ�FRQ�HO�HVWUpV�OR�KLFLHURQ�
LQGHSHQGLHQWHPHQWH�GH�OD�VLWXDFLyQ��3RU�WDQWR��ORV�UHVXOWDGRV�REWHQLGRV�HQ�KXPDQRV�YDQ�HQ�OD�
PLVPD� GLUHFFLyQ� TXH� ORV� UHDOL]DGRV� FRQ� DQLPDOHV� GH� ODERUDWRULR�� DXQTXH� IDOWDQ� HVWXGLRV� DO�
UHVSHFWR��
��������'LQiPLFD�GHO�HMH�+3$�HQ�UHVSXHVWD�DO�HVWUpV�
7UDV�OD�H[SRVLFLyQ�DJXGD�DO�HVWUpV�VH�SXHGHQ�GHWHFWDU�FDPELRV�HQ�WRGRV�ORV�QLYHOHV�GHO�HMH�+3$��
VLHQGR�IXQGDPHQWDO�FRQRFHU�OD�GLQiPLFD�WHPSRUDO��/D�DFWLYDFLyQ�GH�ODV�QHXURQDV�SDUYRFHOXODUHV�
GHO�391�VH�SXHGH�GHWHFWDU�UiSLGDPHQWH�PHGLDQWH�OD�LQGXFFLyQ�GH�,(*�WDOHV�FRPR�HO�F�IRV��FRQ�
XQ� LQFUHPHQWR�HQ� ORV�QLYHOHV�GH�P51$�TXH�VXHOH�VHU�VLJQLILFDWLYR� �D�SDUWLU�GH� ORV����PLQ�GHO�
LQLFLR� GH� OD� VLWXDFLyQ� HVWUHVDQWH�� SHUR� TXH� DOFDQ]DQ� HO� Pi[LPR� DOUHGHGRU� GH� ORV� ��� PLQ�
�+RQNDQLHPL�HW�DO���������,PDNL�HW�DO���������6HQED�HW�DO���������.RYDFV�\�6DZFKHQNR���������
6H�REVHUYD�WDPELpQ�XQ�UiSLGR�DXPHQWR�GH�OD�H[SUHVLyQ�GHO�JHQ�GH�&5)�HQ�HO�391�TXH�VH�SXHGH�
GHWHFWDU� PHGLDQWH� HO� HVWXGLR� GH� VX� WUiQVFULWR� SULPDULR� �KHWHURQXFOHDU�� KQ51$�� �.RYDFV� \�
6DZFKHQNR�� ������ 2JLOYLH� HW� DO��� ������ 0D� \� $JXLOHUD�� ������ 9DOOqV� HW� DO��� ������� /D� VRQGD�
LQWUyQLFD� GHO� &5)� HV� XQD� KHUUDPLHQWD�PXFKR�PiV� DGHFXDGD� SDUD� HO� HVWXGLR� GH� OD� UHVSXHVWD�
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FHQWUDO�GHO�HMH�+3$��\D�TXH�ORV�QLYHOHV�GHO�KQ51$�GHO�&5)�D�QLYHO�EDVDO�VRQ�FDVL�LQGHWHFWDEOHV�\�
PXHVWUDQ� XQ� DXPHQWR� SURQXQFLDGR� HQ� UHVSXHVWD� D� VLWXDFLRQHV� HVWUHVDQWHV� GH� GLIHUHQWH�
LQWHQVLGDG�� 3RU� HO� FRQWUDULR�� ORV� DXPHQWRV� HQ� HO� P51$� GHO� &5)� VyOR� VH� REVHUYDQ� GH� IRUPD�
FRQVLVWHQWH�WUDV���R���KRUDV�GHO� LQLFLR�GH� OD�H[SRVLFLyQ�DO�HVWUpV��6XGD�HW�DO���������+DUEX]�\�
/LJKWPDQ�� ������ 'DUOLQJWRQ� HW� DO��� ������ \� HO� LQFUHPHQWR� REVHUYDGR� QR� VXHOH� VHU� VHQVLEOH� D�
HVWtPXORV�GH� LQWHQVLGDG� VXDYH��GHELGR�D� ORV�DOWRV�QLYHOHV�TXH�\D� VH�REVHUYDQ�HQ�FRQGLFLRQHV�
EDVDOHV��/D�DFWLYDFLyQ�WUDQVFULSFLRQDO�GHO�JHQ�GH�OD�$93�HQ�ODV�QHXURQDV�SDUYRFHOXODUHV�GHO�391�
HV�PXFKR�PiV�OHQWD�TXH�OD�GHO�&5)��FRQ�XQ�SLFR�GHO�KQ51$�GH�OD�$93�DOUHGHGRU�GH���KRUD�WUDV�
HO� LQLFLR�GH�OD�H[SRVLFLyQ�DO�HVWUpV��+HUPDQ��������.RYDFV�\�6DZFKHQNR��������0D�\�$JXLOHUD��
������ 9DOOqV� HW� DO��� ������� /D� H[SRVLFLyQ� DO� HVWUpV� WDPELpQ� SXHGH� DXPHQWDU� OD� DFWLYLGDG�
WUDQVFULSFLRQDO�HQ�ODV�FpOXODV�TXH�H[SUHVDQ�320&�HQ�OD�KLSyILVLV�DQWHULRU��DXQTXH�GH�QXHYR�HO�
LQFUHPHQWR� HQ� HO� P51$� VyOR� VH� GHWHFWD� DQWH� VLWXDFLRQHV� HVWUHVDQWHV� VHYHUDV� �+DUEX]� \�
/LJKWPDQ���������(O�HVWXGLR�GH�ORV�QLYHOHV�GH�P51$�GH�320&�SHUPLWH�GHWHFWDU�LQFUHPHQWRV�D�
ORV����PLQXWRV�GH�H[SRVLFLyQ�DO�HVWUpV��*LQVEHUJ�HW�DO����������
/D� H[SRVLFLyQ� D� HVWtPXORV� HVWUHVDQWHV� FDXVD� XQD� UiSLGD� OLEHUDFLyQ� GH� $&7+� TXH� VH� REVHUYD�
FODUDPHQWH�D�SDUWLU�GH�ORV���PLQXWRV�GHO�LQLFLR�GH�OD�H[SRVLFLyQ��6L�HVWD�H[SRVLFLyQ�D�OD�VLWXDFLyQ�
HVWUHVDQWH�FRQWLQ~D��HO�Pi[LPR�GH�OLEHUDFLyQ�VH�VXHOH�REVHUYDU�D�SDUWLU�GH�ORV����PLQXWRV�\�VH�
PDQWLHQH�GXUDQWH�������PLQXWRV��*DUFtD�HW�DO����������$�SDUWLU�GH�HVWH�PRPHQWR��VH�REVHUYD�XQ�
GHVFHQVR�SURJUHVLYR��5LYLHU�\�9DOH��������*DUFtD�HW�DO���������TXH�SXHGH�DFDEDU�HQ�QLYHOHV�PX\�
SUy[LPRV�D�ORV�EDVDOHV�D�SHVDU�GH�OD�SHUVLVWHQFLD�GHO�HVWtPXOR��������KRUDV���.DQW�HW�DO���������
+DXJHU�HW�DO���������$UPDULR�HW�DO�������D���(VWD�GLVPLQXFLyQ�SURJUHVLYD�VH�KD�GHVFULWR�LQFOXVR�
GXUDQWH�H[SRVLFLRQHV�D�HVWtPXORV�HVWUHVDQWHV� VHYHURV��3RU� WDQWR�� OD�HYDOXDFLyQ�GH� ORV�QLYHOHV�
SODVPiWLFRV� GH� $&7+� WUDV� OD� SULPHUD� KRUD� GH� H[SRVLFLyQ� DO� HVWUpV� QR� VHUtD� DSURSLDGD� SDUD�
YDORUDU� OD� LQWHQVLGDG�GHO�HVWUpV��\D�TXH�SRGUtD�GDU� OXJDU�D�LQWHUSUHWDFLRQHV�HUUyQHDV��/D�UD]yQ�
SRU�OD�TXH�VH�SURGXFH�HVWD�GLVPLQXFLyQ�SURJUHVLYD�QR�HVWi�WRWDOPHQWH�HVWDEOHFLGD��SHUR�SDUHFH�
GHELGD��HQ�SDUWH�D�OD�UHWURLQKLELFLyQ�HMHUFLGD�SRU�ORV�JOXFRFRUWLFRLGHV�\�HQ�SDUWH�D�OD�LQFDSDFLGDG�
GH� ODV� FpOXODV� FRUWLFRWURSDV� GH� PDQWHQHU� XQD� HOHYDGD� OLEHUDFLyQ� GH� OD� $&7+� GXUDQWH� KRUDV�
�5LYLHU�\�9DOH��������0DUWt�HW�DO����������
/D�GLQiPLFD�GH�OLEHUDFLyQ�GH�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�SODVPiWLFD�HV�PX\�GLIHUHQWH�D�OD�GH�OD�
$&7+�� (Q� SULPHU� OXJDU�� DXQTXH� OD� H[SRVLFLyQ� D� OD� VLWXDFLyQ� HVWUHVDQWH� VHD� EUHYH� �SRFRV�
PLQXWRV���HO�PRPHQWR�DSURSLDGR�SDUD�OD�GHWHUPLQDFLyQ�GH�OD�OLEHUDFLyQ�GH�FRUWLFRVWHURQD�VHUi�D�
ORV�������PLQXWRV�GHVGH�HO� LQLFLR�GH� OD�H[SRVLFLyQ��GHELGR�DO� WLHPSR� UHTXHULGR�SRU� OD�FRUWH]D�
DGUHQDO�SDUD�DOFDQ]DU�HO�Pi[LPR�GH�VtQWHVLV�GH�JOXFRFRUWLFRLGHV��6LQ�HPEDUJR��VL�OD�H[SRVLFLyQ�
FRQWLQ~D� ���PLQXWRV� R�PiV�� HO�Pi[LPR� GH� FRUWLFRVWHURQD� VH� DOFDQ]D� DOUHGHGRU� GH� ORV� ������
PLQXWRV�WUDV�HO�LQLFLR�GH�OD�H[SRVLFLyQ�D�HVWtPXORV�GH�LQWHQVLGDG�UHODWLYDPHQWH�HOHYDGD��/HYLQ�HW�
DO���������'KDEKDU�HW�DO���������'DO�=RWWR�HW�DO����������(O�SHULRGR�GH�������PLQXWRV�SDUHFH�VHU�
XQ� WLHPSR�GH� FRPSURPLVR� VL� QXHVWUR� REMHWLYR� HV�PHGLU� ORV� QLYHOHV� GH�$&7+�\� FRUWLFRVWHURQD�
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VLPXOWiQHDPHQWH�WUDV�XQ�HVWUpV�GH�LQWHQVLGDG�EDMD�R�PRGHUDGD��(Q�VHJXQGR�OXJDU��OD�FDSDFLGDG�
GH� OD� DGUHQDO� GH� OLEHUDU� JOXFRFRUWLFRLGHV� VH� VDWXUD� FRQ� QLYHOHV� UHODWLYDPHQWH� EDMRV� GH� $&7+�
�.DQW� HW� DO��� ������ .HOOHU�:RRG� HW� DO��� ������� (Q� WHUFHU� OXJDU�� HO� SURJUHVLYR� GHVFHQVR� GH� ORV�
QLYHOHV�GH�$&7+�FXDQGR� OD�H[SRVLFLyQ�DO� HVWUpV�HV�GXUDGHUD�QR� VH�REVHUYD�HQ� ORV�QLYHOHV�GH�
FRUWLFRVWHURQD��FRPR�\D�VH�KD�FRPHQWDGR�SUHYLDPHQWH��(VWRV�UHVXOWDGRV�QR�VH�SXHGHQ�H[SOLFDU�
SRU�HO�PDQWHQLPLHQWR�GH�XQD�VHFUHFLyQ�SURORQJDGD�GH�JOXFRFRUWLFRLGHV�FRPR�FRQVHFXHQFLD�GH�
XQ�SLFR�LQWHQVR�GH�OLEHUDFLyQ�GH�$&7+��GDGR�TXH�QR�VH�REVHUYD�FRQ�OD�LQ\HFFLyQ�HQGyJHQD�GH�
$&7+��3RU� OR�WDQWR��SDUHFH�TXH�EDMR�FLHUWDV�FRQGLFLRQHV��SRGHPRV�HQFRQWUDU�QLYHOHV�HOHYDGRV�
GH� FRUWLFRVWHURQD�D�SHVDU�GH�QLYHOHV� FDVL� EDVDOHV�GH�$&7+��2WUR�HMHPSOR�GH�HVWD�GLVRFLDFLyQ�
HQWUH�ODV�GRV�KRUPRQDV�HV�HO�FDVR�GHO�ULWPR�FLUFDGLDQR��5DWDV�D�ODV�TXH�VH�OHV�KD�UHVWULQJLGR�HO�
DFFHVR�D�OD�FRPLGD�GXUDQWH�XQDV�KRUDV�HQ�OD�PDxDQD�PXHVWUDQ�XQ�PDUFDGR�SLFR�DQWLFLSDWRULR�
GH� FRUWLFRVWHURQD� MXVWR� DQWHV� GHO� DFFHVR� GLDULR� D� OD� FRPLGD� \� XQ�PDUFDGR� GHVFHQVR� WUDV� OD�
FRPLGD��FRQ�FDPELRV�VXWLOHV�HQ�ORV�QLYHOHV�GH�$&7+��:LONLQVRQ�HW�DO����������
��������(MH�+3$�\�DGDSWDFLyQ�DO�HVWUpV�
/DV� FRQVHFXHQFLDV� GH� XQD� H[SRVLFLyQ� FUyQLFD� R� UHSHWLGD� D� HVWtPXORV� HVWUHVDQWHV� KDQ� VLGR�
DPSOLDPHQWH�HVWXGLDGDV��GHELGR�D�VX�SRVLEOH�LPSOLFDFLyQ�HQ�ODV�SDWRORJtDV�DVRFLDGDV�DO�HVWUpV��
/RV� FDPELRV� REVHUYDGRV� WUDV� HO� HVWUpV� FUyQLFR� GHSHQGHQ� GH� PXFKRV� IDFWRUHV� FRPR� HO� WLSR��
GXUDFLyQ� H� LQWHQVLGDG� GHO� HVWtPXOR�� KDFLHQGR� GLItFLO� XQD� JHQHUDOL]DFLyQ�� 6LQ� HPEDUJR��
JHQHUDOPHQWH� VH� DFHSWD� �0DUWt� \� $UPDULR�� ������ TXH� WUDV� H[SRVLFLyQ� FUyQLFD� D� VLWXDFLRQHV�
HVWUHVDQWHV� GH� FLHUWD� VHYHULGDG� ORV� SULQFLSDOHV� FDPELRV� SURGXFLGRV� VRQ�� �L�� UHGXFFLyQ� GH� OD�
LQJHVWD�GH�FRPLGD�\�GHO�LQFUHPHQWR�GHO�SHVR�FRUSRUDO���LL��KLSHUWURILD�DGUHQDO�\�DXPHQWR�GH�OD�
UHVSXHVWD� DGUHQRFRUWLFDO� DO� $&7+�� �LLL�� DXPHQWR� GH� ORV� QLYHOHV� EDVDOHV� GH� FRUWLFRVWHURQD��
DFRPSDxDGRV�JHQHUDOPHQWH�GH�QLYHOHV�QRUPDOHV�GH�$&7+���LY��LQFUHPHQWRV�HQ�OD�H[SUHVLyQ�GH�
320&� HQ� OD� DGHQRKLSyILVLV�� �Y�� UHJXODFLyQ� D� OD� EDMD� GH� UHFHSWRUHV� GH� &5)� \� DXPHQWR� GH� OD�
UHVSXHVWD�D�OD�DGPLQLVWUDFLyQ� LQ�YLYR�GH�&5)�H[yJHQR���YL��DXPHQWR�GH�OD�H[SUHVLyQ�GH�&5)�\�
$93�HQ�HO�391��\��YLL��UHJXODFLyQ�D�OD�EDMD�GH�ORV�UHFHSWRUHV�GH�*5��\�QR�GH�ORV�GH�05��HQ�OD�
IRUPDFLyQ�KLSRFDPSDO��
$�SHVDU�GH�TXH�XQR�GH�ORV�IHQyPHQRV�PiV�FDUDFWHUtVWLFRV�GH�OD�DGDSWDFLyQ�DO�HVWUpV�FUyQLFR�HV�
OD� SURJUHVLYD� GLVPLQXFLyQ� GH� ORV� QLYHOHV� GH� $&7+�� OD� UHGXFFLyQ� GH� OD� UHVSXHVWD� GH� OD�
FRUWLFRVWHURQD�HV�SRFR�FRQVLVWHQWH��SUREDEOHPHQWH�GHELGR�D�OD�KLSHUWURILD�DGUHQDO�\�DO�DXPHQWR�
GH�OD�UHVSXHVWD�GH�OD�FRUWH]D�DGUHQDO�D�OD�$&7+�TXH�DFRPSDxD�D�PXFKDV�VLWXDFLRQHV�GH�HVWUpV�
FUyQLFR��'DWRV�SUHYLRV�GH�QXHVWUR� ODERUDWRULR� �*DUFtD�HW� DO��� ������ \�HO� SUHVHQWH� WUDEDMR� �YHU�
FDStWXOR� ��� DSRUWDQ� FODULGDG� D� HVWH� UHVSHFWR� DO� HVWXGLDU� ODV� GLQiPLFDV� KRUPRQDOHV� GXUDQWH� HO�
SHUtRGR�SRVWHULRU�D�OD�ILQDOL]DFLyQ�GH�OD�VHVLyQ�GH�HVWUpV��
6LQ�HPEDUJR��OD�DGDSWDFLyQ�GHO�HMH�+3$�DO�HVWUpV�UHSHWLGR�QR�HV�XQ�IHQyPHQR�XQLYHUVDO��$Vt��QR�
VH�KD�REVHUYDGR�DGDSWDFLyQ�GHVSXpV�GH�OD�H[SRVLFLyQ�UHSHWLGD�GH�RYHMDV�D�KHPRUUDJLD��6PLWK�
HW�DO���������R�GH�UDWDV�DO�QDGR�IRU]DGR�HQ�DJXD�D�XQD�WHPSHUDWXUD�GH�����&��'DO�=RWWR�HW�DO���
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������� &DEH� GHVWDFDU� TXH� HQ� HVWH� ~OWLPR� FDVR�� DXQTXH� QR� VH� REVHUYy� DGDSWDFLyQ� GH� OD�
UHVSXHVWD� GHO� HMH� +3$�� Vt� TXH� VH� REVHUYy� HQ� RWUDV� YDULDEOHV�� OD� H[SRVLFLyQ� UHSHWLGD� DO� QDGR�
IRU]DGR� UHGXMR� WDQWR� HO� JUDGR� GH� KLSHUJOXFHPLD� FRPR� OD� KLSRWHUPLD� FDXVDGD� SRU� XQD� ~OWLPD�
H[SRVLFLyQ�DO�PLVPR�HVWtPXOR��/D�UD]yQ�H[DFWD�GH�HVWD�DXVHQFLD�GH�DGDSWDFLyQ�GHO�HMH�+3$�HQ�
DOJXQRV� FDVRV� QR� HVWi� FODUD�� DXQTXH� HV� SRVLEOH� TXH� EDMR� FLHUWDV� FRQGLFLRQHV� HVWUHVDQWHV�
SDUWLFXODUHV� TXH� SUHVHQWDQ� XQD� FRPSRQHQWH� ItVLFD� LPSRUWDQWH�� OD� DFWLYDFLyQ� GHO� HMH� +3$� �DVt�
FRPR� OD� GH� RWURV� VLVWHPDV� GH� UHVSXHVWD� DO� HVWUpV�� SXHGD� VHU� FUtWLFD� SDUD� PDQWHQHU� OD�
KRPHRVWDVLV� \�� SRU� OR� WDQWR�� VH� PDQWHQGUtD� tQWHJUDPHQWH� OD� UHVSXHVWD� D� SHVDU� GH� OD�
IDPLOLDUL]DFLyQ�FRQ�HO�HVWtPXOR��
/RV�PHFDQLVPRV�ILVLROyJLFRV� LQYROXFUDGRV�HQ� OD�DGDSWDFLyQ�DO�HVWUpV�UHSHWLGR�QR�VRQ�D~Q�ELHQ�
FRQRFLGRV��$OJXQRV� WUDEDMRV�KDQ�GLULJLGR� VX�DWHQFLyQ�DO�SDSHO�GH� ORV�JOXFRFRUWLFRLGHV�HQ�HVWH�
IHQyPHQR�� 6H� KD� REVHUYDGR� XQ�PHQRU� JUDGR� GH� UHGXFFLyQ� GH� OD� UHVSXHVWD� GH� $&7+� WUDV� OD�
DGPLQLVWUDFLyQ�UHSHWLGD�GH�HQGRWR[LQD�HQ�UDWDV�DGUHQDOHFWRPL]DGDV��$';��VXSOHPHQWDGDV�FRQ�
OD� LPSODQWDFLyQ� GH� XQ� SHOOHW� VXEFXWiQHR� GH� FRUWLFRVWHURQD� �$';�%��� FRPSDUDGDV� FRQ� UDWDV�
LQWDFWDV��&KDXWDUG�HW�DO����������LQGLFDQGR�TXH�OD�OLEHUDFLyQ�GH�JOXFRFRUWLFRLGHV�LQGXFLGD�SRU�HO�
HVWtPXOR� HVWUHVDQWH� SXHGH� FRQWULEXLU� GH� PDQHUD� SDUFLDO� DO� GHVDUUROOR� GH� OD� DGDSWDFLyQ��
5HVXOWDGRV�VLPLODUHV�VH�KDQ�REVHUYDGR�HQ�QXHVWUR� ODERUDWRULR� WUDV� OD�H[SRVLFLyQ�UHSHWLGD�D� OD�
LQPRYLOL]DFLyQ� �'DO�=RWWR� HW� DO��� ������� 3RU� RWUR� ODGR�� WUDV� OD� LQPRYLOL]DFLyQ� HQ� WXER� UHSHWLGD�
GLDULDPHQWH�VH�KD�REVHUYDGR�OD�GLVPLQXFLyQ�HVSHUDGD�HQ�OD�LQGXFFLyQ�GHO�JHQ�GHO�&5)�DQWH�XQD�
QXHYD�SUHVHQWDFLyQ�GHO�HVWtPXOR�HQ�UDWDV�LQWDFWDV��SHUR�QR�HQ�UDWDV�$';�PDQWHQLGDV�FRQ�XQD�
GRVLV� EDMD� GH� FRUWLFRVWHURQD� �3LQQRFN� \�+HUEHUW�� ������� (Q� XQ� JUXSR� DGLFLRQDO� GH� UDWDV� $';�
VXSOHPHQWDGDV� FRQ� XQD� GRVLV� EDMD� GH� FRUWLFRVWHURQD� VH� SXGR� REVHUYDU� XQD� UHGXFFLyQ� HQ� OD�
H[SUHVLyQ�GHO�JHQ�GHO�&5)��OR�TXH�VXJLHUH�XQ�SDSHO�LPSRUWDQWH�GH�OD�FRUWLFRVWHURQD�SODVPiWLFD�
HQ�ORV�FDPELRV�HQ�OD�H[SUHVLyQ�GH�HVWH�JHQ��3RU�OR�WDQWR��ORV�JOXFRFRUWLFRLGHV�SRGUtDQ�MXJDU�XQ�
SDSHO� WDQ� VyOR�SDUFLDO� HQ� OD� DGDSWDFLyQ�GH� ORV� FRPSRQHQWHV�SHULIpULFRV�GHO� HMH�+3$�DO� HVWUpV�
UHSHWLGR�� SHUR� VX�SDSHO� SRGUtD� VHU�PiV� LPSRUWDQWH� HQ� ORV� FDPELRV� FHOXODUHV�TXH� OOHYDQ�D� ODV�
PRGLILFDFLRQHV�HQ�OD�H[SUHVLyQ�GHO�JHQ�GHO�&5)��
/D�DGDSWDFLyQ�DO�HVWUpV�UHSHWLGR�TXH�VH�KD�GHVFULWR�D�QLYHO�SHULIpULFR�VH�KD�REVHUYDGR�WDPELpQ�D�
QLYHO�GH�DFWLYDFLyQ�GHO�61&��VHJ~Q�VH�GHVSUHQGH�GH�QXPHURVRV�HVWXGLRV�GH�H[SUHVLyQ�GH�,(*�
FRPR� HO� F�IRV� �8PHPRWR� HW� DO��� ����D�� 8PHPRWR� HW� DO��� ����E�� :DWDQDEH� HW� DO��� ������
8PHPRWR�HW�DO���������%RQD]�\�5LYHVW���������/D�DGDSWDFLyQ�WRWDO�R�SDUFLDO�GHVFULWD�SDUD�F�IRV�
HQ� UHVSXHVWD�D� OD�SUHVHQWDFLyQ�UHSHWLGD�GH�XQ�HVWtPXOR�VH�REVHUYD� WDQWR�HQ�HO�391�FRPR�HQ�
RWUDV�iUHDV�GHO�61&��LQFOX\HQGR�HO�WURQFR�HQFHIiOLFR��SRU�OR�TXH�OD�GLVPLQXFLyQ�HQ�OD�DFWLYDFLyQ�
GHO�391�SRGUtD�VHU�XQD�FRQVHFXHQFLD�GH�FDPELRV�HQ�ODV�VHxDOHV�SURYHQLHQWHV�GH�RWUDV�UHJLRQHV��
(V�LQWHUHVDQWH�GHVWDFDU��VLQ�HPEDUJR��TXH�H[LVWHQ�GLIHUHQFLDV�HQ�OD�DGDSWDFLyQ�GH�OD�H[SUHVLyQ�
GH�F�IRV�HQ�UHVSXHVWD�DO�HVWUpV�UHSHWLGR�VHJ~Q�VH�PLGDQ�ORV�QLYHOHV�GHO�P51$�R�GH�OD�SURWHtQD��
0LHQWUDV� TXH� OD� DGDSWDFLyQ� HQ� OD� H[SUHVLyQ� GHO�P51$� HV� FRQVLVWHQWH� HQ� OD� OLWHUDWXUD� \�PX\�
JHQHUDOL]DGD�GHQWUR�GHO�61&��HVWR�QR�VLHPSUH�VH�UHIOHMD�HQ�XQD�GLVPLQXFLyQ�HQ�HO�Q~PHUR�GH�
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QHXURQDV�TXH�H[SUHVDQ�OD�SURWHtQD�GH�)RV��DQDOL]DGDV�PHGLDQWH�WpFQLFDV�LQPXQRKLVWRTXtPLFDV�
�2QV���������
7UDV� XQ� SURWRFROR� GH� HVWUpV� UHSHWLGR�� OD� UHVSXHVWD� ILVLROyJLFD� DO� HVWtPXOR� KRPRWtSLFR� VH�
HQFXHQWUD� KDELWXDOPHQWH� UHGXFLGD�� PLHQWUDV� TXH� OD� UHVSXHVWD� D� XQ� HVWtPXOR� KHWHURWtSLFR� HV�
QRUPDO�R�HVWi� LQFOXVR�DXPHQWDGD��0DUWt�\�$UPDULR���������(VWR� LQGLFDUtD�TXH� OD�FDSDFLGDG�GH�
UHVSXHVWD�GHO�HMH�+3$�VH�PDQWLHQH�\�TXH�OD�DGDSWDFLyQ�DO�HVWtPXOR�KHWHURWtSLFR�QR�HV�DWULEXLEOH�
VLPSOHPHQWH�D�OD�UHWURDOLPHQWDFLyQ�QHJDWLYD�HMHUFLGD�SRU�ORV�JOXFRFRUWLFRLGHV�OLEHUDGRV�GXUDQWH�
OD� SUHFHGHQWH� SUHVHQWDFLyQ� GHO� HVWtPXOR��2WURV� DXWRUHV� �'DOOPDQ� HW� DO��� ������KDQ�SRVWXODGR�
TXH� OD�H[SRVLFLyQ�D�XQD�VLWXDFLyQ�HVWUHVDQWH� LQGXFH�XQD�VHQVLELOL]DFLyQ�GHO�61&�D�SRVWHULRUHV�
HVWtPXORV� HVWUHVDQWHV�� TXH� FRPSHQVDUtD� OD� UHWURDOLPHQWDFLyQ� QHJDWLYD� HMHUFLGD� SRU� ORV�
JOXFRFRUWLFRLGHV��PDQWHQLHQGR�DVt� OD�FDSDFLGDG�GH�UHVSXHVWD�GHO�HMH��([LVWHQ�SUXHEDV�GLUHFWDV�
GH�HVWD�VHQVLELOL]DFLyQ�GHO�HMH�+3$�WDQWR�HQ�VLWXDFLRQHV�GH�HVWUpV�DJXGR��$QGUHV�HW�DO���������
FRPR��FUyQLFR��0DUWt�HW�DO�������D���$GHPiV��HO�HVWUpV�FUyQLFR�LQGXFH�XQD�UHVLVWHQFLD�SDUFLDO�GHO�
HMH� +3$� D� OD� UHWURLQKLELFLyQ� SRU� JOXFRFRUWLFRLGHV� �9HUQLNRV� HW� DO��� ������ <RXQJ� HW� DO��� ������
0L]RJXFKL� HW� DO��� ������� UHGXFLHQGR� HO� LPSDFWR� GH� ORV� JOXFRFRUWLFRLGHV� OLEHUDGRV� HQ�
SUHVHQWDFLRQHV�SUHYLDV�GHO�HVWtPXOR��7RGRV�HVWRV�GDWRV�VXJLHUHQ�TXH�OD�DGDSWDFLyQ�DO�HVWtPXOR�
HVWUHVDQWH� KRPRWtSLFR� VHUtD� HO� UHVXOWDGR� GH� IDFWRUHV� GLVWLQWRV� D� OD� UHWURDOLPHQWDFLyQ� QHJDWLYD�
HMHUFLGD� SRU� JOXFRFRUWLFRLGHV�� /D� FRQWULEXFLyQ� GH� ORV� JOXFRFRUWLFRLGHV� DO� IHQyPHQR� GH� OD�
DGDSWDFLyQ� SRGUtD� HVWDU� PiV� UHODFLRQDGD� FRQ� ORV� SURFHVRV� GH� DSUHQGL]DMH� DVRFLDGRV� D� OD�
DGDSWDFLyQ�TXH�FRQ�ORV�PHFDQLVPRV�GH�UHWURLQKLELFLyQ��
(Q�HVWH�VHQWLGR��HV�GH�GHVWDFDU�TXH�DTXHOORV�FDVRV�HQ�ORV�TXH�VH�KD�REVHUYDGR�DGDSWDFLyQ�DO�
HVWUpV� UHSHWLGR�� pVWD� VLJXH� ODV� UHJODV� GH� OD� KDELWXDFLyQ� GHILQLGDV� SRU� *URYHV� \� 7KRPSVRQ�
��������OD�UHGXFFLyQ�GH�OD�UHVSXHVWD�HV�GLUHFWDPHQWH�SURSRUFLRQDO�D�OD�IUHFXHQFLD�\�OD�GXUDFLyQ�
GH� OD� H[SRVLFLyQ� DO� HVWtPXOR� H� LQYHUVDPHQWH� SURSRUFLRQDO� DO� LQWHUYDOR� GH� WLHPSR� HQWUH� ODV�
VXFHVLYDV�H[SRVLFLRQHV�DO� HVWtPXOR��8QD�H[FHOHQWH�GHPRVWUDFLyQ�GH� OR�DQWHULRU� OD�SURSRUFLRQy�
'H� %RHU� \� FRODERUDGRUHV� �������� TXLHQHV� H[SXVLHURQ� D� UDWDV� GLDULDPHQWH� D� XQ� HVWUpV� SRU�
LQPHUVLyQ� HQ� XQ� WDQTXH� FRQ� DJXD� D� ���� &�� (VWXGLDQGR� ODV� FRQFHQWUDFLRQHV� SODVPiWLFDV� GH�
DGUHQDOLQD��QRUDGUHQDOLQD��JOXFRVD�\�FRUWLFRVWHURQD��REVHUYDURQ�XQD�SURJUHVLYD�UHGXFFLyQ�GH�OD�
UHVSXHVWD�SDUD�WRGDV�ODV�YDULDEOHV�DQDOL]DGDV�HQWUH�OD�SULPHUD�\�OD�TXLQWD�H[SRVLFLyQ�FXDQGR�HO�
LQWHUYDOR� HQWUH� HVWtPXORV� HUD� GH� ���KRUDV�� SHUR� QR� FXDQGR� IXH� GH� ���KRUDV��5HVXOWDGRV� TXH�
FXDGUDQ� SHUIHFWDPHQWH� FRQ� HO� SURFHVR� GH� KDELWXDFLyQ� KDQ� VLGR� WDPELpQ� GHVFULWRV� WUDV�
H[SRVLFLyQ�UHSHWLGD�D�OD�LQPRYLOL]DFLyQ�HQ�WXER��0D�\�/LJKWPDQ���������
/D� KDELWXDFLyQ� VH� FRQVLGHUD� XQD� IRUPD� SULPLWLYD� GH� DSUHQGL]DMH� D� QLYHO� ILORJHQpWLFR�� TXH� QR�
LQYROXFUD� SURFHVRV� DVRFLDWLYRV� FRPR� ORV� LPSOLFDGRV� HQ� RWURV� WLSRV� GH� DSUHQGL]DMH� FRPR� HO�
FRQGLFLRQDPLHQWR�FOiVLFR��6LQ�HPEDUJR��OD�DGDSWDFLyQ�DO�HVWUpV�UHSHWLGR��DXQTXH�VLJXH�ODV�OH\HV�
GH� OD� KDELWXDFLyQ�� SDUHFH� LQYROXFUDU�PHFDQLVPRV�PiV� FRPSOHMRV� TXH� DTXHOORV� LPSOLFDGRV� HQ�
RWURV�SURFHVRV�GH�KDELWXDFLyQ�FRPR�HO�UHIOHMR�GH�RULHQWDFLyQ��(Q�HVWH�VHQWLGR��VH�KD�REVHUYDGR�
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TXH�OD�KLSRWHUPLD�FDXVDGD�HQ�UDWDV�SRU�LQPRYLOL]DFLyQ�HQ�WXER�VHJXLGD�GH�OD�LQPHUVLyQ�SDUFLDO�
HQ�DJXD�IUtD�VH�YHtD�SURJUHVLYDPHQWH�UHGXFLGD�SRU�OD�UHSHWLFLyQ�GLDULD�GH�OD�H[SHULHQFLD�FRQ�HO�
HVWtPXOR� �5LFFLR� HW� DO��� ������� 6LQ� HPEDUJR�� FXDQGR� FDPELDURQ� HO� FRORU� GHO� WXER� GH�
LQPRYLOL]DFLyQ� \� ODV� FDUDFWHUtVWLFDV� GHO� FRQWH[WR�� OD� KDELWXDFLyQ� GHVDSDUHFLy� \� OD� KLSRWHUPLD�
SURYRFDGD� UHVXOWy� VLPLODU� D� OD� GH� ORV� DQLPDOHV� H[SXHVWRV� DO� HVWtPXOR� SRU� SULPHUD� YH]�� (Q�
FRQVRQDQFLD�FRQ�HVWRV�UHVXOWDGRV��SHUR�WUDEDMDQGR�FRQ�OD�UHVSXHVWD�GH�ORV�HMHV�+3$�\�60$��VH�
KD�REVHUYDGR��'REUDNRYRYD�HW�DO���������TXH�OD�DGDSWDFLyQ�DO�HVWUpV�SRU�PDQLSXODFLyQ�UHSHWLGD�
GLDULDPHQWH� HQ� UDWDV� GHVDSDUHFtD� DO� FDPELDU� OD� SHUVRQD� TXH�PDQLSXODED� D� ORV� DQLPDOHV�� /RV�
UHVXOWDGRV� DQWHULRUHV� IDYRUHFHQ� OD� KLSyWHVLV� GH� TXH� HQ� OD� DGDSWDFLyQ� DO� HVWUpV� UHSHWLGR� KD\�
LQYROXFUDGRV� FLHUWRV� SURFHVRV� DVRFLDWLYRV�� 6LQ� HPEDUJR�� HV� QHFHVDULR� XQ� PD\RU� HVIXHU]R�
H[SHULPHQWDO�HQ�HVWH�FDPSR�SDUD�GHWHUPLQDU�HO�WLSR�GH�DSUHQGL]DMH�VXE\DFHQWH�D�OD�DGDSWDFLyQ�
DO�HVWUpV�FUyQLFR�R�UHSHWLGR��
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������ 'LIHUHQFLDV� LQGLYLGXDOHV� \� HVWUXFWXUD� GH� OD�
SHUVRQDOLGDG�
�������,QWURGXFFLyQ�
/RV� VLVWHPDV� ELROyJLFRV� WLHQGHQ� SDUWLFXODUPHQWH� D� OD� YDULDFLyQ� \� HQFRQWUDPRV� YDULDFLRQHV�
QRWDEOHV�HQ�OD�PD\RUtD�GH�ODV�IXQFLRQHV��(Q�ORV�HVWXGLRV�H[SHULPHQWDOHV��LQFOX\HQGR�HO�HVWXGLR�
GH�ORV�IXQGDPHQWRV�ELROyJLFRV�GH�SURFHVRV�PHQWDOHV��HVWD�YDULDELOLGDG�VXHOH�LQWHUSUHWDUVH�FRPR�
³UXLGR´�� HV� GHFLU�� FRPR� DOJR� TXH� GHEH� VHU�PLQLPL]DGR� DO�Pi[LPR� \� VL� HV� SRVLEOH�� HOLPLQDGR�
�3ORPLQ� \� .RVVO\Q�� ������� 6LQ� HPEDUJR�� H[LVWH� XQD� EXHQD� UD]yQ� SDUD� QR� LJQRUDU� HVWD�
YDULDELOLGDG� VLQR�XWLOL]DUOD��JDQDQGR�DVt� SRWHQFLD�D� OD�KRUD�GH� IRUPXODU�\�HYDOXDU�KLSyWHVLV��HO�
HVWXGLR�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�UHSUHVHQWD�XQD�RSRUWXQLGDG�SDUD�OD�HYDOXDFLyQ�GH�FLHUWDV�
WHRUtDV�DO�QLYHO�SVLFROyJLFR�\�QHXURELROyJLFR��/DPLHOO���������6H�KD�SURSXHVWR�TXH�ODV�GLIHUHQFLDV�
LQGLYLGXDOHV� TXH� GH� IRUPD� QDWXUDO� DSDUHFHQ� HQWUH� ORV� LQGLYLGXRV� SXHGHQ� VHU� ~WLOHV� SRUTXH� �L��
UHYHODQ� OD� HVWUXFWXUD� GH� IXQFLRQHV� SVLFROyJLFDV�� �LL�� SXHGHQ� DSRUWDU� QXHYRV� SXQWRV� GH� YLVWD�
UHVSHFWR�D� OD�DSUR[LPDFLyQ�PHWRGROyJLFD�EDVDGD�HQ� OD�FRPSDUDFLyQ�GH�PHGLDV��\��LLL��SXHGHQ�
WHQHU�XQ�SDSHO�FUXFLDO�FXDQGR�LQWHQWDPRV�HQWHQGHU�OD�FRQH[LRQHV�HQWUH�GHWHUPLQDGRV�SURFHVRV�
SVLFROyJLFRV�\�VX�VXEVWUDWR�QHXURELROyJLFR��.RVVO\Q�HW�DO����������
$XQTXH� ORV� PLHPEURV� GH� XQD� PLVPD� HVSHFLH� FRPSDUWHQ� ORV� PLVPRV� PHFDQLVPRV�
IXQGDPHQWDOHV�� ORV� VLVWHPDV� ELROyJLFRV� VRQ� UHGXQGDQWHV� \� FRPSOHMRV�� SHUPLWLHQGR� SRU� WDQWR�
GLIHUHQWHV� FDPLQRV� SDUD� OD� REWHQFLyQ� GH� XQD� PLVPD� PHWD� R� SDUD� OD� DFWLYDFLyQ� GH� XQ�
GHWHUPLQDGR�SURFHVR��.RVVO\Q�HW�DO����������3RU�WDQWR��ORV�KXPDQRV��DVt�FRPR�RWURV�DQLPDOHV��
SRGUtDQ� GLIHULU� QR� VyOR� HQ� OD� HILFDFLD� GH� XQ� GHWHUPLQDGR� PHFDQLVPR�� VLQR� WDPELpQ� HQ� OD�
IUHFXHQFLD�FRQ�OD�TXH�XQ�PHFDQLVPR�SDUWLFXODU�HV�DFWLYDGR��6L�XQ�JUXSR�GH�LQGLYLGXRV�WLHQGH�D�
XWLOL]DU� XQD� GHWHUPLQDGD� HVWUDWHJLD� �IUXWR� GH� OD� FRPELQDFLyQ� GH� GHWHUPLQDGRV� SURFHVRV���
PLHQWUDV�TXH�RWUR�JUXSR�GH�LQGLYLGXRV�VH�EDVD�HQ�RWUR�WLSR�GLIHUHQWH�GH�HVWUDWHJLDV��HO�DQDOL]DU�
ORV� GDWRV� XWLOL]DQGR� XQD� DSUR[LPDFLyQ� HVWDGtVWLFD� GH� FRPSDUDFLyQ� GH� PHGLDV� QRV� OOHYDUtD� D�
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SHUGHU�LQIRUPDFLyQ�\��HQ�HO�SHRU�GH�ORV�FDVRV��D�LQWHUSUHWDFLRQHV�HUUyQHDV��/D�FRPSDUDFLyQ�GH�
PHGLDV�� SDUWLHQGR� GH� XQD� SREODFLyQ� KHWHURJpQHD�� SXHGH� VHU� XQ� EXHQ� LQLFLR� SDUD� OD�
FDUDFWHUL]DFLyQ� GH� GHWHUPLQDGRV� SURFHVRV�� SHUR� QR� GHEHPRV� ROYLGDU� OD� LPSRUWDQFLD� GH� ODV�
GLIHUHQFLDV� LQGLYLGXDOHV� SDUD� SRQHU� HQ� PDUFKD� PHFDQLVPRV� DOWHUQDWLYRV�� /D� FRPELQDFLyQ� GH�
DPEDV�DSUR[LPDFLRQHV�SXHGH�PRVWUDUVH�FRPR�PiV�SRWHQWH�\�KHXUtVWLFD�SDUD�HO�HVWXGLR�GH�ODV�
EDVHV�QHXUDOHV�GH�SURFHVRV�SVLFROyJLFRV��.RVVO\Q�HW�DO����������(VWH�WLSR�GH�HQIRTXH�VH�KD�YLVWR�
EHQHILFLDGR� SRU� ORV� DYDQFHV� \� OD� DSOLFDFLyQ� GH�PpWRGRV� HVWDGtVWLFRV� �FRUUHODFLyQ�� DQiOLVLV� GH�
UHJUHVLyQ��IDFWRULDOHV��GLVFULPLQDQWHV�R�GH�FOXVWHUV���
(O� UHFRQRFLPLHQWR�GH�TXH� ODV�SDWRORJtDV�DVRFLDGDV�DO�HVWUpV�VRQ�HO� UHVXOWDGR�GH� OD� LQWHUDFFLyQ�
HQWUH� OD� H[SRVLFLyQ� D� ORV� HVWtPXORV� HVWUHVDQWHV� \� OD� H[LVWHQFLD� GH� FDUDFWHUtVWLFDV� LQGLYLGXDOHV�
�TXH� KDFHQ� D� XQRV� VXMHWRV� PXFKR� PiV� VHQVLEOHV� TXH� RWURV� DO� GHVDUUROOR� GH� GHWHUPLQDGDV�
SDWRORJtDV�� KD� VLGR� GH� HQRUPH� LPSRUWDQFLD� HQ� OD� PHGLFLQD� SVLFRVRPiWLFD�� 3RU� HOOR�� VH� KD�
GHGLFDGR�XQ�HQRUPH�HVIXHU]R�D� OD�SRVLEOH�UHODFLyQ�HQWUH�GHWHUPLQDGRV�UDVJRV�SVLFROyJLFRV�HQ�
KXPDQRV�R� UDVJRV�FRQGXFWXDOHV�HQ�DQLPDOHV�\� OD� UHVSXHVWD� ILVLROyJLFD�DO�HVWUpV��FDVL�VLHPSUH�
FHQWUDGD�HQ�ORV�HMHV�60$�\�+3$��)LJXUD�����

)LJXUD����(VTXHPD�GH� OD�KLSyWHVLV�VREUH� OD� UHODFLyQ�HQWUH� ORV� UDVJRV�GH�SHUVRQDOLGDG�\�HO�HVWUpV�FRPR�
HOHPHQWR�SUHFLSLWDQWH�GH�GHWHUPLQDGDV�SVLFRSDWRORJtDV��DSOLFDGR�DO�UDVJR�GH�DQVLHGDG���

(Q� ORV� ~OWLPRV� DxRV�� KD� UHVXUJLGR� HO� LQWHUpV� HQ� ODV� 1HXURFLHQFLDV� SRU� HO� HVWXGLR� GH� OD�
SHUVRQDOLGDG�\�VX�VXEVWUDWR�ELROyJLFR��'DYLGVRQ��������'HSXH�\�&ROOLQV���������6H�KD�LQWHQWDGR�
DERUGDU� HO� HVWXGLR� GH� ODV� GLIHUHQFLDV� LQGLYLGXDOHV� FRQVLGHUDQGR� TXH� H[LVWHQ� GLPHQVLRQHV� R�
IDFWRUHV� LQGHSHQGLHQWHV� GH� SHUVRQDOLGDG�� 8QD� GH� ODV� GLPHQVLRQHV�PiV� HVWXGLDGDV� KD� VLGR� OD�
DQVLHGDG��TXH�SRGUtD�FRUUHVSRQGHU�DSUR[LPDGDPHQWH�D�OR�TXH�(\VHQFN�GHQRPLQD�QHXURWLFLVPR�
�(\VHQFN�\�(\VHQFN���������*UD\�LQKLELFLyQ�FRQGXFWXDO��*UD\�\�0F1DXJKWRQ��������R�&ORQLQJHU�
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HYLWDFLyQ� GHO� GDxR� �&ORQLQJHU�� ������� 3RU� RWUD� SDUWH�� VH� KD� SURSXHVWR� SRU� SDUWH� GH� DXWRUHV�
FRPR�=XFNHUPDQ�R�&ORQLQJHU�RWUD�GLPHQVLyQ�GH�SHUVRQDOLGDG��OD�E~VTXHGD�GH�VHQVDFLRQHV�R�GH�
QRYHGDG��VHQVDWLRQ�QRYHOW\�VHHNLQJ���&ORQLQJHU��������&ORQLQJHU�HW�DO���������&ORQLQJHU��������
=XFNHUPDQ�\�.XKOPDQ���������6H�KD�GHILQLGR�OD�E~VTXHGD�GH�QRYHGDG�FRPR�³OD�QHFHVLGDG�GH�
VHQVDFLRQHV�\�H[SHULHQFLDV�YDULDGDV��QXHYDV�\�FRPSOHMDV��D�SHVDU�GH�SRVLEOHV�ULHVJRV�VRFLDOHV�\�
ItVLFRV´� �=XFNHUPDQ���������/RV�PRGHORV�DFWXDOHV�VREUH� OD�SHUVRQDOLGDG��FRPR�HO� OODPDGR�%LJ�
)LYH� �&RVWD� \� 0F&UDH�� ������ )XQGHU�� ������ 0F&UDH� \� &RVWD�� ������� LQFOX\HQ� GHQWUR� GH� OD�
HVWUXFWXUD� GH� OD� SHUVRQDOLGDG� OD� DQVLHGDG� \� OD� E~VTXHGD� GH� VHQVDFLRQHV�� UDVJRV� TXH� VHUiQ�
REMHWR�GH�HVWXGLR�HQ�HO�SUHVHQWH�WUDEDMR��YHU�FDStWXOR�����
��������0RGHORV�GH�SHUVRQDOLGDG�HQ�KXPDQRV�
(Q� ORV� DxRV� ��� GHO� VLJOR� ;;�� $OOSRUW� \� 0XUUD\� DVLHQWDQ� ODV� EDVHV� SDUD� HO� HVWXGLR� GH� OD�
SHUVRQDOLGDG� HQ� 3VLFRORJtD�� 6HJ~Q� $OOSRUW� OD� SHUVRQDOLGDG� VH� GHILQH� FRPR� ³OD� RUJDQL]DFLyQ�
GLQiPLFD� LQWUDLQGLYLGXDO�GH�DTXHOORV�VLVWHPDV�TXH�GHWHUPLQDQ�XQ�DMXVWH�~QLFR�D�VX�DPELHQWH´�
�$OOSRUW� \� 2GEHUW�� ������� (Q� ORV� DxRV� ������ VH� GD� XQD� SUROLIHUDFLyQ� GH� ODV� WHRUtDV�
HVWUXFWXUDOLVWDV�\�IDFWRULDOLVWDV��EDVDGDV�HQ�OD�FRQFHSFLyQ�GH�OD�SHUVRQDOLGDG�FRPR�HVWUXFWXUDV�
GH�UDVJRV��YHU�PiV�DGHODQWH��� OR�TXH�SURYRFD�HQ�ORV�������XQ�JUDQ�GHVDUUROOR�GH�ODV�SUXHEDV�
SVLFRPpWULFDV� GH� SHUVRQDOLGDG� FRPR� KHUUDPLHQWDV� GH� WUDEDMR�� (VWDV� SRVLFLRQHV� IXHURQ� PX\�
FULWLFDGDV� HQ� ORV� DxRV� ��� SRU� HO� PRYLPLHQWR� VLWXDFLRQLVWD�� TXH� QR� FRPSDUWtD� HO� FRQFHSWR� GH�
UDVJR��OR�TXH�SURYRFy�HQ�ORV����OD�DSDULFLyQ�GHO�LQWHUDFFLRQLVPR��XQD�SRVWXUD�GH�VtQWHVLV�HQWUH�
SRVLFLRQHV�PiV� DPELHQWDOLVWDV� \� ODV� HVWUXFWXUDOLVWDV�� $� SDUWLU� GH� ORV� DxRV���� VH�KD�GDGR�XQD�
UHYLWDOL]DFLyQ� GHO� HVWXGLR� GH� OD� SHUVRQDOLGDG� EDMR� HO� FRQFHSWR� GH� UDVJR� \� DFWXDOPHQWH� OD�
SHUVRQDOLGDG� VH� GHILQH� FRPR� DTXHOODV� FDUDFWHUtVWLFDV� GH� OD� SHUVRQD� TXH� GDQ� FXHQWD� GH� ORV�
SDWURQHV� FRQVLVWHQWHV� GH� VHQWLU�� SHQVDU� \� DFWXDU� �6iQFKH]�(OYLUD� \� 3DQLDJXD�� ������� (VWRV�
SDWURQHV� FRQGXFWXDOHV� FXPSOHQ� OD� IXQFLyQ� GH� DGDSWDFLyQ� DO� PHGLR� \� SRU� WDQWR� PXHVWUDQ� OD�
PDQHUD�KDELWXDO�GH�DIURQWDU� ODV�VLWXDFLRQHV��+R\�HQ�GtD� ODV�SRVLFLRQHV�PiV�DFHSWDGDV�VRQ�ODV�
HVWUXFWXUDOLWDV� R� IDFWRULDOLVWDV� TXH� EDVDQ� OD� HVWUXFWXUD� GH� OD� SHUVRQDOLGDG� HQ� XQLGDGHV�
GLVSRVLFLRQDOHV�R�UDVJRV��
(O� UDVJR�HV� OD�XQLGDG� IXQGDPHQWDO�GH�DQiOLVLV�TXH�SHUPLWH�GLVWLQJXLU�D� ORV� LQGLYLGXRV�HQWUH� Vt�
GHVGH�XQD�SHUVSHFWLYD�GHVFULSWLYD�\�HVWUXFWXUDO��6iQFKH]�(OYLUD�\�3DQLDJXD���������/RV�UDVJRV�
WLHQHQ� XQ� FDUiFWHU� VXE\DFHQWH�� HV� GHFLU�� VH� LQILHUHQ� D� SDUWLU� GH� LQGLFDGRUHV� FRQGXFWXDOHV�� \�
WLHQHQ� FDUiFWHU� GLVSRVLFLRQDO� \D� TXH�QR� HVWiQ� DFWLYRV� HQ� WRGR�PRPHQWR�� VLQR� TXH�GHEHQ� VHU�
HQWHQGLGRV� FRPR� GLVSRVLFLRQHV� R� WHQGHQFLDV� ODWHQWHV�� 6H� PDQLIHVWDUiQ� VL� OD� VLWXDFLyQ� HV�
UHOHYDQWH�SDUD�XQ�GHWHUPLQDGR�UDVJR��3RU�RWUR� ODGR�� ORV�UDVJRV�WLHQHQ�XQ�FDUiFWHU�JHQHUDO�\D�
TXH�VH�PDQLILHVWDQ�HQ�XQ�DPSOLR�DEDQLFR�FRQGXFWXDO��3RGUHPRV�DILUPDU�TXH�XQD�GHWHUPLQDGD�
FRQGXFWD�HV�XQ�EXHQ�LQGLFDGRU�GH�XQ�GHWHUPLQDGR�UDVJR�HQ�IXQFLyQ�GH�OD�HVWDELOLGDG�WHPSRUDO�\�
OD�FRQVLVWHQFLD�WUDQVLWXDFLRQDO�GH�pVWD��2WUR�DVSHFWR�LPSRUWDQWH�HQ�UHODFLyQ�D�OD�FRQFHSFLyQ�GH�
OD�SHUVRQDOLGDG�D�WUDYpV�GH�UDVJRV�HV�HO�FDUiFWHU�GLPHQVLRQDO�TXH�pVWRV� WLHQHQ�� ORV�UDVJRV�VH�
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RSHUDWLYL]DQ�HQ�GLPHQVLRQHV�FXDQWLWDWLYDV��SRU� OR�TXH�SRGHPRV�VLWXDU�D�XQ� LQGLYLGXR�FRQ�XQD�
GHWHUPLQDGD�SXQWXDFLyQ�SDUD�XQ�UDVJR�GHWHUPLQDGR��$�PD\RU�SXQWXDFLyQ�REWHQLGD�HQ�XQ�UDVJR�
GHWHUPLQDGR��HQFRQWUDUHPRV�XQD�PD\RU�SUREDELOLGDG�GH�RFXUUHQFLD�\�R�XQD�PD\RU� LQWHQVLGDG�
GH�OD�UHVSXHVWD���
(Q�FXDQWR�D�OD�QDWXUDOH]D�\�HO�RULJHQ�GHO�UDVJR�HQFRQWUDPRV�GLIHUHQWHV�SRVWXUDV��TXH�GHSHQGHQ�
GH� OD� RULHQWDFLyQ� GH� ORV� DXWRUHV�� /RV� PRGHORV� HVWUXFWXUDOHV� GH� (\VHQFN� \� *UD\� YLHQHQ�
SUHFHGLGRV�SRU�XQD�RULHQWDFLyQ�WHyULFD�SUHYLD��TXH�PDUFD�HO�WLSR�GH�GDWRV�D�ORV�TXH�VH�SUHVWD�
DWHQFLyQ�� $� SDUWLU� GH� FRQFHSFLRQHV� SUHYLDV�� VH� LQWHQWD� FUHDU� XQ� PRGHOR� H[SOLFDWLYR� GH� OD�
SHUVRQDOLGDG� \� SRVWHULRUPHQWH� VH� FRQWUDVWD� PHGLDQWH� PHWRGRORJtD� FRUUHODFLRQDO�� /RV� GDWRV�
RULJLQDOHV� VXHOHQ� SURYHQLU� GH� OD� XWLOL]DFLyQ� GH� FXHVWLRQDULRV� GH� SHUVRQDOLGDG� TXH� HYDO~DQ�
FRQWHQLGRV�WHyULFRV�TXH�VH�HVWLPDQ�GH�LQWHUpV��
8Q�PRGHOR�GH�WLSRV��HO�PRGHOR�GH�WUHV�IDFWRUHV�GH�(\VHQFN��0RGHOR�3(1��
+D�VLGR�OD�SURSXHVWD�PiV�LQIOX\HQWH�GHO�VLJOR�;;�HQ�FXDQWR�D�HVWUXFWXUD�GH�OD�SHUVRQDOLGDG��1R�
VyOR�SURSRQH�XQD�HVWUXFWXUD�GH�SHUVRQDOLGDG��VLQR�WDPELpQ�XQ�SDUDGLJPD�GH�FyPR�LQYHVWLJDU�HQ�
GLIHUHQFLDV�LQGLYLGXDOHV��3URSRQH�TXH�HO�HVWXGLR�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�KD�GH�WHQHU�GRV�
IDVHV�� XQD� SULPHUD� GH� WLSR� WD[RQyPLFR� \� XQD� SRVWHULRU� HQ� OD� TXH� VH� HVWDEOH]FDQ� UHODFLRQHV�
FDXVDOHV� \� H[SOLFDWLYDV�� 3DUD� (\VHQFN� OD� SHUVRQDOLGDG� WLHQH�� HQ� JUDQ� SDUWH�� FDUiFWHU� LQQDWR�
�JHQpWLFR�� \� ODV� GLIHUHQFLDV� LQGLYLGXDOHV� GHEHQ� UHIOHMDUVH� HQ� PHFDQLVPRV� ILVLROyJLFRV� \�
ELRTXtPLFRV�GHO�VLVWHPD�QHUYLRVR��(\VHQFN�\�(\VHQFN���������$�SDUWLU�GHO�DQiOLVLV�IDFWRULDO��HVWH�
DXWRU� SURSRQH� WUHV� GLPHQVLRQHV�WLSR�� GH� FDUiFWHU� FRQWLQXR�� VXSXHVWDPHQWH� LQGHSHQGLHQWHV�
�)LJXUD������

���� (;75$9(56,Ï1�,17529(56,Ï1�� LQFOX\H� UDVJRV� SULPDULRV� FRPR� HO� JUDGR� GH�
VRFLDELOLGDG��DFWLYLGDG��YLWDOLGDG��DVHUWLYLGDG��GRPLQDQFLD�R�E~VTXHGD�GH�VHQVDFLRQHV��

���� 1(8527,&,602�(67$%,/,'$'�� JUDGR� GH� DFWLYDFLyQ� \� ODELOLGDG� �HVWDELOLGDG�
LQHVWDELOLGDG�� HPRFLRQDO�� UHSUHVHQWDGD� SRU� UDVJRV� SULPDULRV� FRPR� OD� DQVLHGDG� \� HO�
HVWDGR�GH�iQLPR�GHSULPLGR��VHQWLPLHQWRV�GH�FXOSD��EDMD�DXWRHVWLPD��WHQVLyQ�R�WLPLGH]��
HQ�HO�SROR�QHJDWLYR�GH�OD�GLPHQVLyQ��1HXURWLFLVPR���

���� 36,&27,&,602�&21752/� '(� ,038/626�� GLPHQVLyQ� UHSUHVHQWDWLYD� GHO� FRQWLQXR�
QRUPDOLGDG�SVLFRWLFLVPR�� FHQWUDGD� HQ� UDVJRV� UHODWLYRV� D� OD� DJUHVLYLGDG�� HJRFHQWULVPR��
LPSXOVLYLGDG��FDUiFWHU�DQWLVRFLDO��IDOWD�GH�HPSDWtD�R�IULDOGDG�GH�DIHFWRV��HQ�OD�SRODULGDG�
QHJDWLYD��

�
�
�
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)LJXUD����(VTXHPD�GHO�PRGHOR�GH�WUHV�IDFWRUHV�GH�(\VHQFN��(Q�QHJULWD�VH�SUHVHQWDQ�ORV�QRPEUHV�GH�ODV���
GLPHQVLRQHV�GH�SHUVRQDOLGDG�TXH�HVWH�DXWRU�SURSRQH��(Q�ORV�SRORV�GH�FDGD�XQR�GH�HVWDV�GLPHQVLRQHV�VH�
HQFXHQWUDQ�ORV�DGMHWLYRV�TXH�GHVFULELUtDQ�FDGD�XQR�GH�ORV�H[WUHPRV��

�
8Q�PRGHOR�DOWHUQDWLYR�GH�GRV�IDFWRUHV��HO�PRGHOR�GH�*UD\�
*UD\�SURSRQH�GRV�IDFWRUHV�R�GLPHQVLRQHV�SULQFLSDOHV�XQLSRODUHV��)LJXUD�����

���� $16,('$'��HV�XQD�GLPHQVLyQ�UHVXOWDQWH�GH�OD�FRQIOXHQFLD�GHO�SROR�,QWURYHUVLyQ�\�GH�OD�
LQHVWDELOLGDG�HPRFLRQDO��DOWR�1HXURWLFLVPR�VHJ~Q�(\VHQFN���

���� ,038/6,9,'$'�� VXUJH� GH� OD� FRQIOXHQFLD� GH� ([WUDYHUVLyQ� \� OD� LQHVWDELOLGDG� HPRFLRQDO�
�DOWR�1HXURWLFLVPR�VHJ~Q�(\VHQFN���

*UD\� SURSRQH� GRV� VLVWHPDV� RSXHVWRV� GH� FRQWURO� HQ� HO� 61&�� TXH� HVWDUtDQ� HQ� OD� EDVH� GH� GRV�
SRVLEOHV� IRUPDV�GH�FRPSRUWDPLHQWR�GHO�RUJDQLVPR��*UD\�\�0F1DXJKWRQ���������&DGD�XQR�GH�
HVWRV� VLVWHPDV� VH� FRQVWLWXLUtD� HQ� HO�PHFDQLVPR� ELROyJLFR� VXE\DFHQWH� D� FDGD� XQD� GH� ODV� GRV�
GLPHQVLRQHV� GHO� WHPSHUDPHQWR� SURSXHVWDV�� �L�� 6LVWHPD� GH� $FWLYDFLyQ� &RQGXFWXDO� �%$6��
%HKDYLRUDO� $FWLYDWLRQ� 6\VWHP��� UHVSRQVDEOH� GH� ODV� FRQGXFWDV� GH� DSUR[LPDFLyQ� \� IXQGDPHQWR�
ELROyJLFR�GH�OD�LPSXOVLYLGDG�\�OD�VXVFHSWLELOLGDG�DO�UHIXHU]R�SRVLWLYR��\��LL��6LVWHPD�GH�,QKLELFLyQ�
&RQGXFWXDO� �%,6��%HKDYLRUDO� ,QKLELWLRQ� 6\VWHP��� UHVSRQVDEOH� GH� ODV� FRQGXFWDV� GH� HYLWDFLyQ� \�
IXQGDPHQWR�ELROyJLFR�GH�OD�DQVLHGDG�\�OD�VXVFHSWLELOLGDG�DO�FDVWLJR��
�

&RQWURO�GH�LPSXOVRV�
(VWDEOH�

,QHVWDEOH�

1HXURWLFLVPR�

3VLFRWLFLVPR�

([WUDYHUVLyQ�

3VLFRWLFLVPR�

([WUDYHUWLGR�,QWURYHUWLGR�
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)LJXUD� ��� (VTXHPD� GHO�PRGHOR� GH� GRV� IDFWRUHV� GH�*UD\�� (Q� QHJULWD� VH� SUHVHQWDQ� ORV� QRPEUHV� GH� ODV��
GLPHQVLRQHV�GH�SHUVRQDOLGDG�TXH�HVWH�DXWRU�SURSRQH���

��
8Q�PRGHOR�FRPSUHKHQVLYR�GH�IDFWRUHV��HO�PRGHOR�GH�ORV�FLQFR�JUDQGHV��0F&UDH�\�&RVWD��
6H� WUDWD�GH�XQ�PRGHOR�FRPSUHKHQVLYR��GH�RULJHQ� Op[LFR��(V�GHFLU��D�SDUWLU�GH� OD�E~VTXHGD�GH�
DGMHWLYRV� \� SDUWLFLSLRV� TXH� SXHGDQ� GHVFULELU� SHUVRQDV� VH� OOHYD� D� FDER� XQD� VHOHFFLyQ� GH�
GHVFULSWRUHV��GLFFLRQDULR���XQD�GHSXUDFLyQ�\�UHGXFFLyQ�GH�WpUPLQRV�\��D�SDUWLU�GH�XQD�PXHVWUD�
GH� VXMHWRV� VH� UHDOL]DQ� DXWRLQIRUPHV�� FXHVWLRQDULRV� R� LQIRUPHV� GH� WHUFHUDV� SHUVRQDV� SDUD�
UHDOL]DU��SRU�~OWLPR��XQ�DQiOLVLV�IDFWRULDO��
6H� OH� FRQRFH� SRU� VX� DFUyQLPR� FRPR� HO� 2&($1� GH� OD� SHUVRQDOLGDG�� SRU� VX� FDUiFWHU� DPSOLR� \�
GHVFULSWLYR�GH�OD�SHUVRQDOLGDG�\�HQ�EDVH�D�ODV�VLJODV�GH�ORV�IDFWRUHV�SURSXHVWRV��)XQGHU����������

���� 23(11(66� �DSHUWXUD� D� OD� H[SHULHQFLD��� HYDO~D� OD� E~VTXHGD� DFWLYD� \� DSUHFLR� SRU� OD�
H[SHULHQFLD��OD�WROHUDQFLD�\�OD�H[SORUDFLyQ�GH�OR�QR�IDPLOLDU���

���� &21&,(17,281(66� �YROXQWDG� R� PLQXFLRVLGDG��� HYDO~D� HO� JUDGR� GH� RUJDQL]DFLyQ��
SHUVLVWHQFLD�\�PRWLYDFLyQ�SDUD�OD�FRQGXFWD�GLULJLGD�D�PHWDV��'LIHUHQFLD�D�ODV�SHUVRQDV�
VHULDV��IRUPDOHV��H[LJHQWHV��FRQ�DTXHOODV�TXH�QR�VH�FRQVLGHUDQ�IRUPDOHV��GHVFXLGDGDV��
LQGLIHUHQWHV��\�SRFR�ULJXURVDV���

���� (;75$9(56,Ï1��HYDO~D� OD�FDQWLGDG�H� LQWHQVLGDG�GH� ODV� LQWHUDFFLRQHV� LQWHUSHUVRQDOHV��
HO�QLYHO�GH�DFWLYLGDG��OD�QHFHVLGDG�GH�HVWLPXODFLyQ�\�OD�FDSDFLGDG�SDUD�HO�GLVIUXWH��

(VWDEOH�

,QHVWDEOH�

1HXURWLFLVPR�

,PSXOVLYLGDG�
%$6�

([WUDYHUVLyQ�
([WUDYHUWLGR�,QWURYHUWLGR�

$QVLHGDG�
%,6�
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���� $*5(($%/(1(66��VHQVLELOLGDG�D�ODV�UHODFLRQHV�LQWHUSHUVRQDOHV���HYDO~D�OD�FDOLGDG�GH�OD�
RULHQWDFLyQ�LQWHUSHUVRQDO�D�OR�ODUJR�GH�XQ�FRQWLQXR�TXH�YD�GHVGH�OD�FRPSDVLyQ�KDVWD�HO�
DQWDJRQLVPR��RSRVLFLRQLVPR��HQ�ORV�SHQVDPLHQWRV��ORV�VHQWLPLHQWRV�\�ODV�FRQGXFWDV���

���� 1(8527,&,602��HYDO~D�HO�DMXVWH�R� OD� LQHVWDELOLGDG�HPRFLRQDO�� ,GHQWLILFD�D� LQGLYLGXRV�
FRQ�WHQGHQFLD�DO�PDOHVWDU�SVLFROyJLFR��LGHDV�LUUHDOHV��H[FHVLYD�YHKHPHQFLD�R�DQVLHGDG�\�
UHVSXHVWDV�GH�DIURQWDPLHQWR�GHVDGDSWDWLYDV��

/D� VROXFLyQ� IDFWRULDO� SURSXHVWD�� DGHPiV� GH� KDEHU� VLGR� FRQWUDVWDGD� SRU� GLIHUHQWHV� PpWRGRV�
�Op[LFR�� FXHVWLRQDULRV�� WDPELpQ� OR� KD� VLGR� SRU� GLIHUHQWHV� PpWRGRV� GH� H[WUDFFLyQ� \� URWDFLyQ�
IDFWRULDOHV��KDELpQGRVH�YDOLGDGR�HQ�GLIHUHQWHV�LGLRPDV��0F&UDH�\�&RVWD���������

������&RQFHSWR�GH�HPRFLyQ�\�VX�UHODFLyQ�FRQ�OD�UHVSXHVWD�DO�
HVWUpV�
&RQVLGHUDQGR� TXH� OD� H[SRVLFLyQ� D� VLWXDFLRQHV� GH� HVWUpV� YD� DFRPSDxDGD� HQ� OD� QDWXUDOH]D� GH�
DOWHUDFLRQHV�HPRFLRQDOHV���ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�HPRWLYLGDG�VRQ�GH�HVSHFLDO�LQWHUpV�
HQ�HO� SUHVHQWH� WUDEDMR�� /DV�HPRFLRQHV� VH�SXHGHQ�FRQVLGHUDU�HVWDGRV� FDXVDGRV�SRU�HVWtPXORV�
LQWHURFHSWLYRV�R�H[WHURFHSWLYRV�TXH�VH�UHIOHMDQ�HQ�XQD�H[SHULHQFLD�VXEMHWLYD��VHQWLPLHQWRV��\�HQ�
FDPELRV� WDQWR� ILVLROyJLFRV� FRPR� FRQGXFWXDOHV�� /D� SRVLEOH� UHODFLyQ� FDXVDO� HQWUH� OD� H[SHULHQFLD�
VXEMHWLYD�\�ODV�UHVSXHVWDV�REVHUYDEOHV�IUHQWH�D�HVWtPXORV�HPRFLRQDOHV��DVt�FRPR�OD�GLUHFFLyQ�GH�
HVWD� FDXVDOLGDG�� VLJXH� VLHQGR� XQD� FXHVWLyQ� FRQWURYHUWLGD� KR\� HQ� GtD�� $XQTXH� QR� H[LVWH� XQD�
WD[RQRPtD� XQLYHUVDOPHQWH� DFHSWDGD�GH� ORV� GLVWLQWRV� WLSRV� GH� HPRFLRQHV�� Vt� VXHOH�GLVWLQJXLUVH�
HQWUH�ODV�GH�YDOHQFLD�SRVLWLYD�R�QHJDWLYD��3DUD�DOJXQRV�DXWRUHV��ODV�HPRFLRQHV�QHJDWLYDV�VHUtDQ�
ODV�UHVXOWDQWHV�GH� OD�SUHVHQWDFLyQ��R�OD�SUREDELOLGDG�GH�SUHVHQWDFLyQ��GH�XQ�HVWtPXOR�DYHUVLYR�
�Y�J��PLHGR��R�� WDPELpQ��GH� OD�RPLVLyQ�GH�XQ� UHIXHU]R�SRVLWLYR�HVSHUDGR� �IUXVWUDFLyQ���3RU�HO�
FRQWUDULR��ODV�HPRFLRQHV�SRVLWLYDV�VHUtDQ�HO�UHVXOWDGR�GH�OD�SUHVHQWDFLyQ�GH�XQ�UHIXHU]R�SRVLWLYR�
R�OD�HOLPLQDFLyQ�GH�XQ�HVWtPXOR�DYHUVLYR��'RPMDQ�\�%XUNKDQUG���������
/D�HPRWLYLGDG�SXHGH�FRQVLGHUDUVH�FRPR�XQD�FDUDFWHUtVWLFD�LQGLYLGXDO��UHODWLYDPHQWH�HVWDEOH�HQ�
HO� WLHPSR�� TXH� GHILQLUtD� FXDQ� LQWHQVD� HV� OD� UHDFFLyQ� GH� XQ� VXMHWR� IUHQWH� D� VLWXDFLRQHV�
HPRFLRQDOHV�� ,PSOtFLWDPHQWH� HVWDPRV� DVXPLHQGR� TXH� XQ� VXMHWR� FODVLILFDGR� FRPR� GH� DOWD�
HPRWLYLGDG� UHDFFLRQDUi� FODUDPHQWH� D� HVWtPXORV� HPRFLRQDOHV�� LQGHSHQGLHQWHPHQWH� GH� ODV�
FDUDFWHUtVWLFDV� GH� OD� HPRFLyQ� SURYRFDGD� SRU� HO� HVWtPXOR� R� VLWXDFLyQ�� 6LQ� HPEDUJR�� VH� DVXPH�
WDPELpQ�TXH�OD�UHDFWLYLGDG�D�HPRFLRQHV�SRVLWLYDV�R�QHJDWLYDV�SXHGH�HVWDU�GLVRFLDGD��SRU�OR�TXH�
VHUtD�PiV�DGHFXDGR� LQGLFDU�D�TXp� WLSR�GH�VLWXDFLyQ�HPRFLRQDO�QRV� UHIHULPRV�FXDQGR�HVWDPRV�
KDEODQGR�GH�HPRWLYLGDG���
/RV�FRQFHSWRV�GH�HPRWLYLGDG�\�UHDFWLYLGDG�HPRFLRQDO�HVWiQ�PX\�UHODFLRQDGRV��\D�TXH�LQIHULPRV�
GLIHUHQFLDV� HQ� OD� HPRWLYLGDG� HQ� IXQFLyQ� GH� OD� HYDOXDFLyQ� GH� OD� UHVSXHVWD� D� OD� VLWXDFLyQ�� 6LQ�
HPEDUJR��GHEHPRV� WHQHU�HQ�FXHQWD�XQD�VHULH�GH�FRQVLGHUDFLRQHV��(Q�SULPHU� OXJDU�� WRGDV� ODV�
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VLWXDFLRQHV�HPRFLRQDOHV�QHJDWLYDV�SURYRFDQ�XQD�VHULH�GH�UHVSXHVWDV�FRQGXFWXDOHV�\�ILVLROyJLFDV��
\� HV� LPSRUWDQWH� FRQRFHU� VL� HVWH� UHSHUWRULR� GH� UHVSXHVWDV� HV� GHSHQGLHQWH� R� QR� GHO� WLSR� GH�
VLWXDFLyQ�HVWXGLDGD��(Q�VHJXQGR�OXJDU��OD�UHVSXHVWD�HPRFLRQDO�D�XQD�VLWXDFLyQ�HQ�SDUWLFXODU�HVWi�
HQRUPHPHQWH� LQIOXLGD� SRU� HO� SURFHVDPLHQWR� FRJQLWLYR� GH� OD� VLWXDFLyQ� �DSSUDLVDO�� \� SRU� ODV�
HVWUDWHJLDV�GH�DIURQWDPLHQWR��FRSLQJ�VW\OHV���HV�GHFLU��SRU�HO�UHSHUWRULR�FRQGXFWXDO�XWLOL]DGR�SRU�
HO�VXMHWR�SDUD�HVFDSDU�GH� OD� IXHQWH�GH�H[SHULHQFLDV�DYHUVLYDV�R�SDUD�UHGXFLU�HO� LPSDFWR�GH� OD�
VLWXDFLyQ��6H�FRQVLGHUD�FRPR�HVWUDWHJLD�GH�DIURQWDPLHQWR�XQD�VHULH�GH�UHVSXHVWDV�FRKHUHQWHV�
GH� WLSR� FRQGXFWXDO� R� ILVLROyJLFR� TXH� HO� VXMHWR� GHVDUUROOD� HQ� UHVSXHVWD� D� HVWtPXORV� DYHUVLYRV�
�.RROKDDV� HW� DO��� ������� 6H� KDQ� GHILQLGR� GRV� WLSRV� GH� HVWUDWHJLDV� GH� DIURQWDPLHQWR�� ODV�
SURDFWLYDV��R�DFWLYDV��\�ODV�UHDFWLYDV��R�SDVLYDV���FDUDFWHUL]DGDV�SRU�OD�XWLOL]DFLyQ�GH�HVWUDWHJLDV�
DFWLYDV�R�SDVLYDV��UHVSHFWLYDPHQWH���SDUD�DIURQWDU�OD�VLWXDFLyQ��$OJXQRV�DXWRUHV�FRQVLGHUDQ�TXH�
ODV� HVWUDWHJLDV� GH� DIURQWDPLHQWR� VHUtDQ� XQD� GLPHQVLyQ� GH� SHUVRQDOLGDG� LQGHSHQGLHQWH� GH� OD�
DQVLHGDG� �6WHLPHU� HW� DO��� ������ .RROKDDV� HW� DO��� ������� SHUR� QR� FRQYLHQH� ROYLGDU� TXH� ODV�
HVWUDWHJLDV�GH�DIURQWDPLHQWR�SXHGHQ�LQIOXLU�HQ�HO�p[LWR�SDUD�UHVROYHU�XQD�GHWHUPLQDGD�VLWXDFLyQ�
\�� SRU� OR� WDQWR�� DXQTXH� LQGLUHFWDPHQWH�� SXHGHQ�PRGLILFDU� ODV� UHVSXHVWDV� WDQWR� FRQGXFWXDOHV�
FRPR�ILVLROyJLFDV�D�OD�VLWXDFLyQ��
/D� PHGLGD� HQ� OD� TXH� OD� HPRWLYLGDG� HV� XQ� FRQFHSWR� XQLWDULR� R� PXOWLIDFWRULDO� HV� RWUR� SXQWR�
LPSRUWDQWH� D� WHQHU� HQ� FXHQWD�� 6REUH� OD� EDVH� GHO� HVWXGLR� GH� ODV� UHVSXHVWDV� FRQGXFWXDOHV� \�
ILVLROyJLFDV� D� HVWtPXORV� HPRFLRQDOHV�� VH� SRGUtD� FRQFOXLU� TXH� OD� UHVSXHVWD� HPRFLRQDO� HV�
FODUDPHQWH� PXOWLIDFWRULDO�� \D� TXH� QL� OD� UHVSXHVWD� FRQGXFWXDO� QL� OD� ILVLROyJLFD� �DPEDV�
SUHVXQWDPHQWH� UHODFLRQDGDV� FRQ� HVWH� FRQFHSWR��� VLJXHQ� XQ� SDWUyQ� XQLIRUPH� FXDQGR� VH�
FRPSDUDQ�GLIHUHQWHV�FHSDV�GH�UDWDV�R�UDWRQHV��7UXOODV�\�6NROQLFN��������$UPDULR�HW�DO���������
5DPRV�HW�DO����������(VWRV�GDWRV�\�RWURV�PXFKRV�GH�OD�OLWHUDWXUD�VXJLHUHQ�TXH�HV�GLItFLO�FRQFOXLU�
TXH�XQ�VXMHWR�HV�PiV�UHDFWLYR�HPRFLRQDOPHQWH�TXH�RWURV�D�XQD�VLWXDFLyQ�SDUWLFXODU��GDGR�TXH�
ODV� FRQFOXVLRQHV� GHSHQGHQ� GH� OD� YDULDEOH� SDUWLFXODU� TXH� VH� XWLOLFH� FRPR� tQGLFH� GH� UHDFWLYLGDG�
HPRFLRQDO�� 3DUD� LOXVWUDU� HO� SUREOHPD� FRPHQWDUHPRV� ORV� UHVXOWDGRV� REWHQLGRV� HQ� QXHVWUR�
ODERUDWRULR�FRQ�HVWXGLDQWHV�GH�0HGLFLQD�HQ�UHVSXHVWD�D�GRV�H[iPHQHV�TXH�JHQHUDEDQ�XQ�QLYHO�
GLIHUHQWH�GH�DQVLHGDG��$UPDULR�HW�DO����������&RPR�HUD�GH�HVSHUDU��DPERV�H[iPHQHV�JHQHUDURQ�
XQ� QLYHO� GLIHUHQWH� GH� DQVLHGDG� VXEMHWLYD� \� ODV� WUHV� YDULDEOHV� ILVLROyJLFDV� HYDOXDGDV� �JOXFRVD��
FRUWLVRO� \� SURODFWLQD�� VH� LQFUHPHQWDURQ� FRQ� ODV� VLWXDFLRQHV� GH� HVWUpV�� VLJXLHQGR� XQ� SDWUyQ�
UHODWLYDPHQWH�VLPLODU��DXQTXH�OD�SURODFWLQD�IXH�OD�PiV�VHQVLEOH�D�OD� LQWHQVLGDG�GH�OD�VLWXDFLyQ��
3HUR�� VRUSUHQGHQWHPHQWH�� VyOR� VH� REVHUYy� XQD� FRUUHODFLyQ� VLJQLILFDWLYD� HQWUH� ORV� QLYHOHV� GH�
DQVLHGDG� VXEMHWLYD� \� ORV� GH� JOXFRVD�� 3RU� OR� WDQWR�� D� SHVDU� GH� XQ� FRPSRUWDPLHQWR� EDVWDQWH�
VLPLODU�� HQ� WpUPLQRV� GH� PHGLD�� HQWUH� OD� DQVLHGDG� VXEMHWLYD� \� OD� SURODFWLQD�� QR� VH� REVHUYy�
QLQJXQD� FRUUHODFLyQ� HQWUH� DPEDV� YDULDEOHV�� 'H� QXHYR�� OD� FRQFOXVLyQ� PiV� REYLD� HV� TXH� OD�
HPRWLYLGDG�HV�XQ�FRQFHSWR�FRPSOHMR�\�PXOWLIDFWRULDO��5DPRV�HW�DO���������5DPRV�\�0RUPqGH��
�������DXQTXH�TXHGD�SRU�H[SOLFDU�SRU�TXp�DSDUHFH�OD�GLVRFLDFLyQ�HQWUH�YDULDEOHV�TXH�WRGDV�HOODV�
UHVSRQGHQ�D�ODV�VLWXDFLRQHV�HPRFLRQDOHV��8QD�SRVLEOH�H[SOLFDFLyQ�HV�TXH�ODV�YtDV�QHUYLRVDV�TXH�
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FRQGXFHQ�D�ODV�GLVWLQWDV�UHVSXHVWDV��DXQTXH�SXHGDQ�LQLFLDOPHQWH�WHQHU�DVSHFWRV�HQ�FRP~Q��YDQ�
SURFHViQGRVH� SDUDOHODPHQWH� HQ� FLUFXLWRV� GLIHUHQWHV�� OR� TXH� OOHYD� D� UHVSXHVWDV� ILQDOHV� TXH�
FRUUHODFLRQDQ� SRFR� HQWUH� Vt�� 6L� HVWR� HV� DVt�� HV� VLHPSUH� FRQYHQLHQWH� HYDOXDU� OD� UHDFWLYLGDG�
HPRFLRQDO� HVWXGLDQGR� VLPXOWiQHDPHQWH� YDULDV� YDULDEOHV�� VLHQGR� ORV� GDWRV� IiFLOPHQWH�
LQWHUSUHWDEOHV�FXDQGR�WRGDV�HOODV�YDQ�HQ�OD�PLVPD�GLUHFFLyQ���

������9DULDEOHV�GH�SHUVRQDOLGDG�HQ�KXPDQRV�\�HMH�+3$��
(O�HVWXGLR�GH� ODV�GLIHUHQFLDV� LQGLYLGXDOHV�HV�HVSHFLDOPHQWH�UHOHYDQWH�SDUD�H[SOLFDU�SRU�TXp�XQ�
PLVPR�HVWtPXOR�SXHGH�SURYRFDU�GLIHUHQWHV�UHVSXHVWDV�HQ�GLIHUHQWHV�LQGLYLGXRV��&RQFUHWDPHQWH��
HQ�UHODFLyQ�D�ODV�HPRFLRQHV��SRU�TXp�XQ�PLVPR�HVWtPXOR�HVWUHVDQWH�SXHGH�SURYRFDU�XQD�DPSOLD�
JDPD� GH� UHVSXHVWDV� ILVLROyJLFDV� \�R� FRQGXFWXDOHV� HQ� ORV� LQGLYLGXRV� �)ULMGD�� ������ (NPDQ� \�
'DYLGVRQ��������6FKHUHU����������
6H�DVXPH�TXH�FLHUWRV�IDFWRUHV�GH�SHUVRQDOLGDG��FRPR�ORV�SURSXHVWRV�SRU�ORV�GLIHUHQWHV�PRGHORV�
DQWHULRUPHQWH�H[SOLFDGRV��SXHGHQ�SUHGLVSRQHU�DO�HVWUpV�R�PRGXODU�OD�UHVSXHVWD�DQWH�VLWXDFLRQHV�
HVWUHVDQWHV��6FKRPPHU�HW�DO���������/HVFK���������(Q�JHQHUDO��VLQ�HPEDUJR��ORV�UHVXOWDGRV�VRQ�
FRQIXVRV�� LQFOX\HQGR�DTXHOORV�FHQWUDGRV�HQ�HO�HMH�+3$��8QD�GH� ODV�SRVLEOHV� UD]RQHV�HV�KDVWD�
TXp�SXQWR�OD�DFWLYLGDG�EDVDO�GHO�HMH�+3$�R�OD�UHVSXHVWD�D�GHWHUPLQDGRV�IiUPDFRV�SXHGH�HVWDU�
UHODFLRQDGD�FRQ� OD� UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV��2WUD�HV�TXH� ORV�HVWXGLRV�HQ�SREODFLRQHV�
SVLTXLiWULFDV�SXHGHQ�GDU� OXJDU�D�XQ� LQIRUPDFLyQ�PX\�GLVWLQWD�GH� OD�TXH�QRV�SXHGH�DSRUWDU�HO�
HVWXGLR�GH�SREODFLRQHV�QRUPDOHV��3HUR�LQFOXVR�FHQWUiQGRQRV�HQ�ORV�HVWXGLRV�GH�UHDFWLYLGDG�GHO�
HMH�+3$�D�VLWXDFLRQHV�GH�HVWUpV�HQ�SREODFLRQHV�QRUPDOHV��ORV�GDWRV�WDPELpQ�VRQ�FRQWUDGLFWRULRV��
D�SHVDU�GH�OD�DPSOLD�DFHSWDFLyQ�GH�OD�LGHD�GH�TXH�OD�DQVLHGDG�FRPR�UDVJR�HVWi�PX\�UHODFLRQDGD�
FRQ�ODV�UHVSXHVWDV�GH�HVWUpV��/DQGJUDI�HW�DO����������
$OJXQRV� GH� ORV� HVWXGLRV� HQ� KXPDQRV� KDQ� YDORUDGR� HO� UDVJR� PiV� JHQHUDO� GH� QHXURWLFLVPR��
PLHQWUDV�TXH�RWURV�KDQ�YDORUDGR�PiV�HVSHFtILFDPHQWH� OD�DQVLHGDG��3HUR�HQ�DPERV�FDVRV�� ORV�
UHVXOWDGRV�VRQ�FRQWURYHUWLGRV��3RU�HMHPSOR��VH�KD�GHVFULWR�XQD�UHODFLyQ�QXOD��6FKRPPHU�HW�DO���
������ R� LQFOXVR� QHJDWLYD� �0F&OHHU\� \� *RRGZLQ�� ������ HQWUH� QHXURWLFLVPR� \� UHVSXHVWD� GHO�
FRUWLVRO�DO�HVWUpV��,JXDOPHQWH��UHVSHFWR�D�OD�DQVLHGDG�VH�KD�GHVFULWR�XQD�UHODFLyQ�SRVLWLYD��YDQ�
(FN�HW�DO����������QXOD��7DNDKDVKL�HW�DO���������R��GH�IRUPD�PiV�FRQVLVWHQWH��QHJDWLYD��-H]RYD�
HW�DO���������+XEHUW�\�GH�-RQJ�0H\HU��������6DOPRQ�HW����������
2WURV�DXWRUHV�KDQ�HVWXGLDGR�OD�UHODFLyQ�HQWUH�SHUVRQDOLGDG�\�UHDFWLYLGDG�GHO�HMH�+3$�GHVGH�ODV�
WHRUtDV�GH�&ORQLQJHU�\�=XFNHUPDQ��VL�ELHQ�HQ�HO�~QLFR�HVWXGLR�UHDOL]DGR�KDVWD�HO�PRPHQWR�HQ�
SREODFLRQHV�QRUPDOHV�QR�VH�KD�HQFRQWUDGR�UHODFLyQ�DOJXQD��*HUUD�HW�DO�����������
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������ (VWXGLRV� GH� ODV� EDVHV� ELROyJLFDV� GH� ODV� GLIHUHQFLDV�
LQGLYLGXDOHV�HQ�DQLPDOHV�
�������3UREOHPDV�PHWRGROyJLFRV�
/D�H[LVWHQFLD�GH�DPSOLDV�GLIHUHQFLDV�HQ�KXPDQRV�HQ�OD�UHVSXHVWD�D�ODV�VLWXDFLRQHV�HPRFLRQDOHV�
HV� XQ� KHFKR� DPSOLDPHQWH� DFHSWDGR� TXH� TXHGD� UHIOHMDGR� HQ� ODV� GLYHUVDV� WHRUtDV� GH� OD�
SHUVRQDOLGDG�� 6LQ� HPEDUJR�� PXFKR� PiV� FRPSOHMR� HV� HO� HVWXGLR� GHO� SRVLEOH� VXEVWUDWR�
QHXURELROyJLFR�GH�HVWDV�GLIHUHQFLDV��7HQLHQGR�HQ�FXHQWD�TXH�HO�VXEVWUDWR�QHUYLRVR�TXH�UHJXOD�OD�
UHVSXHVWD� ILVLROyJLFD� \� FRQGXFWXDO� D� ODV� HPRFLRQHV� HV� HQ� JUDQ� SDUWH� FRP~Q� D� WRGRV� ORV�
PDPtIHURV�� HO� HVWXGLR� HQ� SURIXQGLGDG� GHO� VXEVWUDWR� QHXURELROyJLFR� GH� ODV� HPRFLRQHV� SDUHFH�
IDFWLEOH�XWLOL]DQGR�PRGHORV�DQLPDOHV��(VWRV�PRGHORV�SXHGHQ�DSRUWDU� LQIRUPDFLyQ�DFHUFD�GH� OD�
UHODFLyQ�HQWUH�GHWHUPLQDGRV�DVSHFWRV�ELROyJLFRV�\�UDVJRV�FRQGXFWXDOHV��WDQWR�HQ�XQD�SREODFLyQ�
QRUPDO�FRPR�HQ�OtQHDV�VHOHFFLRQDGDV�JHQpWLFDPHQWH�TXH�SXHGHQ�PRVWUDU�UDVJRV�FRQGXFWXDOHV�
DQiORJRV�D�ORV�REVHUYDGRV�HQ�GHWHUPLQDGDV�SVLFRSDWRORJtDV��FRPR�ORV�WUDVWRUQRV�GH�DQVLHGDG��
(V� LPSRUWDQWH� GHVWDFDU� TXH� OD� LQIRUPDFLyQ� DSRUWDGD� SRU� HO� HVWXGLR� GH� DOJXQRV� PRGHORV�
DQLPDOHV� GH� SVLFRSDWRORJtD�� SRU� HMHPSOR� GH� DQVLHGDG�� SXHGH� VHU� UHOHYDQWH� SDUD� H[SOLFDU� HO�
UDQJR�QRUPDO� GH� YDULDELOLGDG�GH� OD� DQVLHGDG�� SHUR� WDPELpQ�HV�SRVLEOH�TXH� ORV�GDWRV�QR� VHDQ�
H[WUDSRODEOHV���
3RU� RWUR� ODGR�� FXDQGR� VH� HVWXGLD� OD� UHODFLyQ� HQWUH� FRQGXFWD� �FRPSRUWDPLHQWR� HPRFLRQDO�� \�
YDULDEOHV�ELROyJLFDV��HV�LPSRUWDQWH�VHU�FRQVFLHQWH�GH�ORV�SUREOHPDV�PHWRGROyJLFRV�TXH�SXHGHQ�
FRQGXFLU� D� KLSyWHVLV� HUUyQHDV�� (VWH� SUREOHPD� HV� SDUWLFXODUPHQWH� LPSRUWDQWH� FXDQGR�
FRPSDUDPRV�FHSDV�GH�DQLPDOHV�VHOHFFLRQDGRV�JHQpWLFDPHQWH��'XUDQWH�HO�SURFHVR�GH�VHOHFFLyQ�
JHQpWLFD�TXH�SXHGH�FRQGXFLU�SRU�HMHPSOR�D� OD�REWHQFLyQ�GH� OtQHDV�GH�DQLPDOHV�FRQ�XQ�DOWR�R�
EDMR� QLYHO� GH� DQVLHGDG�� VH� YD� UHGXFLHQGR� OD� YDULDELOLGDG� JHQpWLFD� GH� IRUPD� SDUFLDO� �\� SRU� OR�
WDQWR�VHJXLPRV�WHQLHQGR�DQLPDOHV�RXWEUHG��R�ELHQ�GH�IRUPD�WRWDO��FRQVDQJXtQHRV��LQEUHG���6L�HO�
FRQWURO�GH� OD�DQVLHGDG�HV�SROLJpQLFR��FRQ�XQ�GHWHUPLQDGR�Q~PHUR�GH�JHQHV� LPSOLFDGRV�HQ� ODV�
GLIHUHQFLDV�LQGLYLGXDOHV�HQ�DQVLHGDG��/HVFK��������\�OR�PLVPR�FDEH�DVXPLU�GH�OD�UHVSXHVWD�GHO�
HMH� +3$� DO� HVWUpV�� HO� SURFHVR� GH� VHOHFFLyQ� SDUD� FUHDU� OtQHDV� GH� DOWD� R� EDMD� DQVLHGDG� KDEUi�
FRQGXFLGR�D�UHGXFLU�R�DEROLU�WRWDOPHQWH��VL�VRQ�FRQVDQJXtQHDV�� OD�YDULDELOLGDG�JHQpWLFD�GHQWUR�
GH� FDGD� XQD� GH� ODV� OtQHDV�� $XQTXH� HO� FULWHULR� GH� VHOHFFLyQ� KD\D� VLGR� HO� QLYHO� GH� DQVLHGDG��
WDPELpQ� VH� KDEUiQ� VHOHFFLRQDGR� DO� D]DU� GHWHUPLQDGRV� DOHORV� �XQR� VROR� GH� FDGD� XQR� GH� ORV�
JHQHV��VLQ�VRQ�FRQVDQJXtQHDV��GHO�FRQMXQWR�GH�JHQHV�TXH�UHJXODQ� OD�UHDFWLYLGDG�GHO�HMH�+3$��
3RU� FRQVLJXLHQWH�� VL� OD� UHODFLyQ�HQWUH�DQVLHGDG�\� UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV�QR�HV�PX\�
HVWUHFKD��FXDQGR�VH�SUHWHQGD�HVWXGLDU�VL�ODV�GLIHUHQFLDV�GH�DQVLHGDG�HQWUH�ODV�GRV�OtQHDV�HVWiQ�
UHODFLRQDGDV�FRQ�XQD�UHDFWLYLGDG�GLIHUHQFLDO�GHO�HMH�+3$�DO�HVWUpV��SXHGHQ�REWHQHUVH�WRGR�WLSR�
GH�UHVXOWDGRV��FRQVHFXHQFLD�GH� OD�VHOHFFLyQ�DO�D]DU�GH� ODV�YDULDQWHV�DOpOLFDV�GH� ORV�JHQHV�TXH�
FRQWURODQ�HO�HMH�+3$���
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&XDQGR�HO�LQWHUpV�VH�FHQWUD�HQ�OD�SVLFRSDWRORJtD��HO�SULPHU�DVSHFWR�UHOHYDQWH�SDUD�HO�HVWXGLR�GH�
VX� VXEVWUDWR� ELROyJLFR� HV� GLVSRQHU� GH� XQ� EXHQ�PRGHOR� DQLPDO� FDSD]� GH� FDSWDU� VXV� VtQWRPDV�
HVHQFLDOHV�� (O� WpUPLQR� HQGRIHQRWLSR� �%DNVKL� \� .DOLQ�� ������ KDFH� UHIHUHQFLD� D� XQD� VHULH� GH�
VtQWRPDV� TXH� LQFOX\HQ� DVSHFWRV� JHQpWLFRV�� FRQGXFWXDOHV�� ILVLROyJLFRV� \� QHXURHQGRFULQRV� TXH�
DFRPSDxDQ�XQ�SURFHVR�EiVLFR�TXH�HVWi�DOWHUDGR�HQ�UHODFLyQ�D� OD�SDWRORJtD�REMHWR�GH�HVWXGLR��
3RU� HMHPSOR�� XQ� HQGRIHQRWLSR� DQVLRVR� GHEHUtD�PRVWUDU� DVSHFWRV� HVHQFLDOHV� GH� OD� DQVLHGDG� \�
DVSHFWRV�UHODFLRQDGRV�FRQ�OD�SDWRORJtD�DQVLRVD��FRPR�HVWUDWHJLDV�SDUWLFXODUHV�GH�DIURQWDPLHQWR�
GHO� HVWUpV� R� UHDFFLRQHV� QHXURHQGRFULQDV� FRQFRPLWDQWHV� FRQ� OD� DQVLHGDG�� 3RU� OR� WDQWR��
HVWXGLDQGR� GHWDOODGDPHQWH� HVWH� HQGRIHQRWLSR� DQVLRVR�� VHUtD� SRVLEOH� HQFRQWUDU� ORV� FRUUHODWRV�
JHQpWLFRV�\�QHXURELROyJLFRV�VXE\DFHQWHV�DO�GHVDUUROOR�\�H[SUHVLyQ�GH�OD�SVLFRSDWRORJtD�DQVLRVD��
(V�SRU�OR�WDQWR�PX\�~WLO�OD�JHQHUDFLyQ�GH�PRGHORV�DQLPDOHV�TXH�PLPHWLFHQ�GLIHUHQWHV�JUXSRV�GH�
VtQWRPDV�� (Q� JHQHUDO�� XQ�PRGHOR� DQLPDO� SDUWLFXODU� SXHGH� FDSWXUDU� XQ� VtQWRPD� R�PHFDQLVPR�
HVSHFtILFR�TXH�IRUPDUtD�SDUWH�GH�OD�SVLFRSDWRORJtD��SHUR�QR�PRGHODU�RWURV�SURFHVRV�R�IXQFLRQHV�
DQRUPDOHV� HQ� ORV� SDFLHQWHV� HVWXGLDGRV�� 6L� HO� VtQWRPD� HVSHFtILFR� FRQWULEX\H� D� OD� SDWRORJtD�� OD�
LGHQWLILFDFLyQ� \� FDUDFWHUL]DFLyQ� GH� ORV� FRUUHODWRV� DVRFLDGRV� FRQ� HVWH� VtQWRPD� SXHGH� VHU�PX\�
SURPHWHGRUD��\D�TXH�SUREDEOHPHQWH�HVWDUi�LQIOXLGD�SRU�XQ�Q~PHUR�SHTXHxR�GH�JHQHV��PLHQWUDV�
TXH�HO�VtQGURPH�FRPSOHWR�HVWDUtD�FDXVDGR�SRU�XQ�Q~PHUR�PD\RU��/HVFK��������%DNVKL�\�.DOLQ��
������� 3RU� OR� WDQWR�� OD� JHQHUDFLyQ� \� HVWDEOHFLPLHQWR� GH� GLIHUHQWHV� HQGRIHQRWLSRV� GH� XQD�
SVLFRSDWRORJtD� SDUWLFXODU� SRGUtD� VHQWDU� ODV� EDVHV� SDUD� HO� HVWXGLR� GH� ORV� FRUUHODWRV�
QHXURELROyJLFRV�\�JHQpWLFRV�GH�HVRV�SURFHVRV�SDUFLDOHV�\�DVt�SRGHU� LGHQWLILFDU� ORV�PHFDQLVPRV�
LPSOLFDGRV�HQ�XQD�GHWHUPLQDGD�HQIHUPHGDG��/DQGJUDI�\�:LJJHU����������
+DELWXDOPHQWH��HVWH�WLSR�GH�LQYHVWLJDFLRQHV�VH�KD�OOHYDGR�D�FDER�XWLOL]DQGR�FHSDV�GH�DQLPDOHV�
VHOHFFLRQDGDV� JHQpWLFDPHQWH� HQ� IXQFLyQ� GH� XQD� GHWHUPLQDGD� FRQGXFWD�� OR� TXH� SHUPLWH�
FHQWUDUVH� HQ�HQGRIHQRWLSRV� H[WUHPRV�TXH�PRGHODQ� OD�SDWRORJtD�PRVWUDQGR�GH�PDQHUD� LQQDWD�
GHWHUPLQDGRV�VtQWRPDV�HVHQFLDOHV�UHODFLRQDGRV�FRQ�HO�GLDJQyVWLFR�FOtQLFR��6LQ�HPEDUJR��SDUD�HO�
HVWXGLR�GH�ORV�IDFWRUHV�UHODFLRQDGRV�FRQ�QLYHOHV�PiV�QRUPDOHV�GHO�UDVJR��DQVLHGDG��SXHGH�VHU�
SUHIHULEOH�HO�XVR�GH�SREODFLRQHV�GH�DQLPDOHV�QR�VHOHFFLRQDGDV�JHQpWLFDPHQWH��(V�HYLGHQWH�TXH�
DPEDV�DSUR[LPDFLRQHV�WLHQHQ�VXV�YHQWDMDV�\�GHVYHQWDMDV��YHU�7DEOD����\�OD�HOHFFLyQ�GH�XQD�GH�
HOODV� QR� LQYDOLGD� OD� RWUD�� VLQR� TXH� VH� SXHGHQ� FRQVLGHUDU� FRPR� DSUR[LPDFLRQHV� SDUDOHODV� H�
LJXDOPHQWH�YiOLGDV�HQ�HO� HVWXGLR�GH� ODV�EDVHV�QHXURELROyJLFDV�GH�GHWHUPLQDGDV� IXQFLRQHV��/D�
XWLOL]DFLyQ�GH�FHSDV�GH�DQLPDOHV�VHOHFFLRQDGRV�JHQpWLFDPHQWH�QRV�SURFXUD�IHQRWLSRV�H[WUHPRV�\�
FODUDPHQWH�GHILQLGRV��OR�TXH�VXHOH�YHQLU�DFRPSDxDGR�GH�UHVXOWDGRV�PiV�FODURV�\�UHSURGXFLEOHV��
$GHPiV�� OD� HVFDVD� R� SRFD� YDULDELOLGDG� JHQpWLFD� GH� HVWRV� DQLPDOHV� SXHGH� VHU� ~WLO� SDUD�
FDUDFWHUL]DU�DOJXQRV�GH�ORV�JHQHV�TXH�SXHGHQ�HVWDU�LPSOLFDGRV�HQ�OD�IXQFLyQ�R�SURFHVR�REMHWR�
GH�HVWXGLR��SHUR�SXHGH�GHVFDUWDU�RWURV�SRWHQFLDOPHQWH�LPSRUWDQWHV���
(VWH� WLSR� GH� SUREOHPDV� VH� SXHGHQ� VROXFLRQDU� VL� UHDOL]DPRV� QXHVWURV� HVWXGLRV� XWLOL]DQGR�
SREODFLRQHV� GH� DQLPDOHV� ³QRUPDOHV´� R� RXWEUHG� QR� VHOHFFLRQDGRV� JHQpWLFDPHQWH�� \D� TXH�
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SUHVHQWDQ�XQD�DOWD�YDULDELOLGDG�JHQpWLFD�\�PXHVWUDQ�XQD�YDULHGDG�GH�DOHORV�UHSUHVHQWDWLYRV�GH�
OD� SREODFLyQ� WRWDO�� 6LQ� HPEDUJR�� GH� HVWH� KHFKR� VXUJHQ� RWUR� WLSR� GH� SUREOHPDV�� (VWD� DOWD�
YDULDELOLGDG� JHQpWLFD� VH� WUDGXFH� WDPELpQ� HQ� XQ� DOWD� YDULDELOLGDG� IHQRWtSLFD� DVt� FRPR� SRVLEOHV�
YDULDFLRQHV� HQWUH� H[SHULPHQWRV�� KDFLpQGRVH� QHFHVDULR� OD� UHSOLFDFLyQ� GH� ORV� GDWRV� REWHQLGRV��
,QGLUHFWDPHQWH�� SRU� WDQWR�� DXPHQWDUi� HO� Q~PHUR� GH� DQLPDOHV� FRQ� ORV� TXH� WUDEDMDU�� FRQ� ODV�
FRQVHFXHQFLDV�pWLFDV�\�SUiFWLFDV�TXH�HOOR�FRPSRUWD��(Q�HO�SUHVHQWH�WUDEDMR�KHPRV�RSWDGR�SRU�OD�
DSUR[LPDFLyQ�PHWRGROyJLFD�GH�HVWXGLRV�FRQ�DQLPDOHV�RXWEUHG�QR�VHOHFFLRQDGRV�JHQpWLFDPHQWH���
8Q� HMHPSOR� TXH� LOXVWUD� HO� SUREOHPD� GH� ODV� FHSDV� FRQVDQJXtQHDV� HV� HO� GH� ODV� FHSDV� GH� UDWDV�
KLVWRFRPSDWLEOHV� )LVFKHU� \� /HZLV�� (VWDV� VRQ� ODV� GRV� FHSDV� GH� DQLPDOHV� TXH� PiV�
FRQVLVWHQWHPHQWH� KDQ� PRVWUDGR� XQD� UHVSXHVWD� DOWHUDGD� GHO� HMH� +3$� DQWH� VLWXDFLRQHV�
HVWUHVDQWHV�� ODV� UDWDV� )LVFKHU� LQFUHPHQWDGD� \� ODV� /HZLV� UHGXFLGD� �6WHUQEHUJ� HW� DO��� ������
'KDEKDU�HW�DO���������$UPDULR�HW�DO����������6H�KD�GHVFULWR�TXH�ODV�UDWDV�)LVFKHU��WDQWR�PDFKRV�
FRPR�KHPEUDV��PXHVWUDQ�XQ�DXPHQWR�GH�OD�VtQWHVLV�GH�&5)�HQ�HO�391�WUDV�OD�H[SRVLFLyQ�D�XQD�
VLWXDFLyQ�HVWUHVDQWH��LQPXQH��LQIODPDWRULD�R�HPRFLRQDO���6WHUQEHUJ�HW�DO���������'KDEKDU�HW�DO���
������ 6WRKU� HW� DO��� ������� SURGXFLHQGR� XQD� PD\RU� \� PiV� SURORQJDGD� OLEHUDFLyQ� GH� $&7+� \�
FRUWLFRVWHURQD��$UPDULR�HW�DO���������0DUWL�\�$UPDULR��������*URWD�HW�DO���������-RQJHQ�5HOR�HW�
DO����������$GHPiV�GH�PRVWUDU�XQD�UHVSXHVWD�DOWHUDGD�DO�HVWUpV��HVWDV�FHSDV�GH�UDWDV�PXHVWUDQ�
WDPELpQ� GLIHUHQFLDV� HQ� FXDQWR� DO� ULWPR� FLUFDGLDQR� GHO� HMH� +3$�� ODV� UDWDV� )LVFKHU� PDFKR�
PXHVWUDQ�PD\RUHV�QLYHOHV�GH�FRUWLFRVWHURQD�HQ�SODVPD�GXUDQWH�OD�IDVH�QRFWXUQD�PLHQWUDV�TXH�
QR�VH�HQFXHQWUDQ�GLIHUHQFLDV�HQ�ORV�SHULRGRV�HQ�ORV�TXH�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�VRQ�EDMRV�
�'KDEKDU�HW�DO���������2UWL]�HW�DO����������HQ�FXDQWR�D�ODV�KHPEUDV�� ODV�UDWDV�/HZLV�PXHVWUDQ�
XQD�YDULDFLyQ�FLUFDGLDQD�PiV�SURQXQFLDGD�PLHQWUDV�TXH� ODV�)LVFKHU�PDQWLHQHQ�QLYHOHV�EDVDOHV�
DOWRV�GH�FRUWLFRVWHURQD�D� OR� ODUJR�GH�WRGR�HO�SHULRGR�GH�OX]��6PLWK�HW�DO���������:LQGOH�HW�DO���
�������(VWDV�GLIHUHQFLDV�QR�VH�H[SOLFDQ�SRU�DOWHUDFLRQHV�HQ�OD�H[SUHVLyQ�GH�P51$�SDUD�ORV�05�
HQ�OD�IRUPDFLyQ�KLSRFDPSDO��QL�SRU�GLIHUHQFLDV�HQ�OD�H[SUHVLyQ�GH�*5�HQ�HO�391��SHUR�SDUHFHQ�
HVWDU�DVRFLDGDV�D�GLIHUHQFLDV�HQ�OD�H[SUHVLyQ�GH�P51$�GH�ORV�*5�HQ�HO�JLUR�GHQWDGR��*'��\�HQ�
ODV�GLIHUHQWHV�UHJLRQHV�GHO�&$�GH� OD�SDUWH�URVWUDO�GH� OD�IRUPDFLyQ�KLSRFDPSDO��-RQJHQ�5HOR�HW�
DO����������3RU�RWUR�ODGR��VH�KD�GHVFULWR�WDPELpQ�TXH�ODV�UDWDV�)LVFKHU��DGHPiV�GH�PRVWUDU�XQD�
PD\RU� \�PiV�SURORQJDGD� OLEHUDFLyQ�GH�JOXFRFRUWLFRLGHV� WUDV�XQ�HVWUpV�DJXGR�� VH� FDUDFWHUL]DQ�
WDPELpQ�SRU�XQD�FDSDFLGDG�GH�DGDSWDFLyQ�UHGXFLGD�HQ�XQ�SURWRFROR�GH�HVWUpV�UHSHWLGR��FXDQGR�
VH�OHV�FRPSDUDED�FRQ�ODV�UDWDV�/HZLV��R�ODV�6SUDJXH�'DZOH\��'KDEKDU�HW�DO����������$XQTXH�ODV�
UDWDV� )LVFKHU� PXHVWUDQ� PHQRU� FRQGXFWD� H[SORUDWRULD� \� PiV� FRQGXFWDV� UHODFLRQDGDV� FRQ� OD�
DQVLHGDG��0DUWt�\�$UPDULR��������5H[�HW�DO����������OD�UHODFLyQ�HQWUH�FRQGXFWD�\�HMH�+3$�SXHGH�
VHU�LUUHOHYDQWH��SRU�ORV�SUREOHPDV�\D�FRPHQWDGRV�FRQ�ODV�FHSDV�FRQVDQJXtQHDV���
�
�
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7DEOD� ��� 9HQWDMDV� \� GHVYHQWDMDV� GH� OD� XWLOL]DFLyQ� GH� FHSDV� VHOHFFLRQDGDV�
JHQpWLFDPHQWH�YHUVXV�SREODFLRQHV�RXWEUHG��

� &HSDV�VHOHFFLRQDGDV� 3REODFLRQHV�RXWEUHG�
9HQWDMDV� �� 3RFD�R�QXOD�YDULDELOLGDG�

�� )HQRWLSRV�ELHQ�GHILQLGRV�
�� $OWD�YDULDELOLGDG�JHQpWLFD�
�� 3UHVHQFLD�GH�XQD�JUDQ�SDUWH�GH�

ORV�DOHORV�UHSUHVHQWDWLYRV�GH�OD�
SREODFLyQ�WRWDO�

'HVYHQWDMDV� �� 6HOHFFLyQ�DOHDWRULD�\�
GHVFRQRFLGD�GH�FDGD�XQR�GH�
ORV�DOHORV�UHODFLRQDGRV�FRQ�HO�
SURFHVR�REMHWR�GH�HVWXGLR�

�� 5HODFLRQHV�HVSXULDV�HQWUH�
GLIHUHQWHV�WLSRV�GH�IXQFLRQHV�

�� )HQRWLSRV�YDULDEOHV�
�� $OWD�YDULDELOLGDG�HQWUH�

H[SHULPHQWRV�
�� 1HFHVLGDG�GH�XQ�PD\RU�Q~PHUR�

GH�DQLPDOHV�

�
��������(O�RULJHQ�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�UHODFLyQ�D�OD�HPRWLYLGDG�
$XQTXH�H[LVWHQ�SUXHEDV�GH� OD�FRQWULEXFLyQ�GH� IDFWRUHV�JHQpWLFRV�SDUD�H[SOLFDU� ODV�GLIHUHQFLDV�
LQGLYLGXDOHV�HQ�HPRWLYLGDG�R�HQ�OD�UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV��WDPELpQ�VH�KD�HVWXGLDGR�HQ�
ODV�~OWLPDV�GpFDGDV� OD� FRQWULEXFLyQ�GH� IDFWRUHV�DPELHQWDOHV��(Q�HVWH� VHQWLGR�� VH�KD�SUHVWDGR�
HVSHFLDO�DWHQFLyQ�D� OD�HWDSD�SRVW�QDWDO�\�D� OD�FRQWULEXFLyQ�GHO� FRPSRUWDPLHQWR�PDWHUQDO��$Vt��
HVWi� UHODWLYDPHQWH� ELHQ� HVWDEOHFLGR� TXH� OD� H[SRVLFLyQ� GH� ORV� DQLPDOHV� GH� ODERUDWRULR� D�
GLIHUHQWHV�WLSRV�GH�PDQLSXODFLRQHV�GXUDQWH�OD�HWDSD�SRVW�QDWDO�SXHGH�LQGXFLU�DOWHUDFLRQHV�HQ�HO�
61&�\�HQ�OD�FRQGXFWD��PXFKDV�GH�ODV�FXDOHV�SXHGHQ�SHUVLVWLU�HQ�OD�HWDSD�DGXOWD��0HDQH\�HW�DO���
������)HUQDQGH]�7HUXHO�HW�DO����������(QWUH�WRGRV�HVWRV�FDPELRV��ORV�PiV�UHOHYDQWHV�LQFOX\HQ�OD�
PRGLILFDFLyQ�GH�ODV�FRQGXFWDV�UHODFLRQDGDV�FRQ�OD�DQVLHGDG�\�OD�DOWHUDFLyQ�GH�OD�UHVSXHVWD�GHO�
HMH�+3$�DO�HVWUpV��/D�GLUHFFLyQ�H[DFWD�GH�HVWRV�FDPELRV� �LQFUHPHQWRV�R�GLVPLQXFLRQHV��HQ� OD�
DQVLHGDG�R�HQ� OD� UHVSXHVWD�GHO� HMH�+3$�GHSHQGH�GH� OD�QDWXUDOH]D�GH� OD�PDQLSXODFLyQ�TXH�HO�
DQLPDO�UHFLEH�GXUDQWH�ODV�SULPHUDV�HWDSDV�GH�VX�YLGD��0HDQH\�HW�DO���������/LX�HW�DO����������6H�
KD� GHPRVWUDGR� TXH� WDQWR� OD� PDQLSXODFLyQ� �KDQGOLQJ�� SRVW�QDWDO� FRPR� HO� QLYHO� GH� FXLGDGRV�
PDWHUQDOHV�FDXVDQ�XQD�UHGXFFLyQ�GH�OD�UHVSXHVWD�DO�HVWUpV�GHO�HMH�+3$�HQ�OD�HWDSD�DGXOWD��3RU�
HO� FRQWUDULR�� OD�H[SRVLFLyQ�D�VLWXDFLRQHV�HVWUHVDQWHV�HQ� OD�HWDSD�SRVW�QDWDO��FRPR� OD�SULYDFLyQ�
PDWHUQDO��WUDXPDV�ItVLFRV�R�DGPLQLVWUDFLyQ�GH�HQGRWR[LQD��OD�DXPHQWDQ��0HDQH\�HW�DO����������
'H�KHFKR��HV�GH�GHVWDFDU�TXH�XQR�GH�ORV�PHFDQLVPRV�D�WUDYpV�GHO�FXiO�HO�KDQGOLQJ�SRVW�QDWDO�
HMHUFH�XQ�HIHFWR�EHQHILFLRVR�VHUtD�DFHQWXDQGR�OD�FRQGXFWD�PDWHUQD�GH�FXLGDGR�GH�ODV�FUtDV��/LX�
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HW�DO����������6H�KD�GHVFULWR�TXH�WDQWR�HO�KDQGOLQJ�SRVW�QDWDO�FRPR�XQ�DOWR�QLYHO�GH�FRQGXFWD�
PDWHUQDO�LQGXFHQ��GXUDQWH�OD�HWDSD�DGXOWD��XQD�UHGXFFLyQ�GH�OD�H[SUHVLyQ�EDVDO�GHO�JHQ�SDUD�HO�
&5)�HQ�HO�Q~FOHR�391�GHO�KLSRWiODPR��DVt�FRPR�XQ�GHVFHQVR�GH�ORV�QLYHOHV�GH�&5)�\�$93�HQ�OD�
HPLQHQFLD�PHGLD��HQ�FRQFRUGDQFLD�FRQ� OD�\D�FRPHQWDGD�UHGXFFLyQ�GH� OD�UHDFWLYLGDG�SHULIpULFD�
GHO�HMH�+3$�DO�HVWUpV��3RU�HO�FRQWUDULR��VLWXDFLRQHV�HVWUHVDQWHV�HQ�ODV�SULPHUDV�HWDSDV�GH�OD�YLGD�
GHO�DQLPDO�LQGXFHQ�GXUDQWH�OD�HWDSD�DGXOWD�XQ�DXPHQWR�HQ�OD�H[SUHVLyQ�EDVDO�GHO�JHQ�GHO�&5)�
HQ�HO�391�\��D�PHQXGR��HQ�HO�GH�OD�$93��HQ�FRQFRUGDQFLD�FRQ�OD�UHVSXHVWD�DXPHQWDGD�GHO�HMH�
+3$�HQ� UHVSXHVWD� DO� HVWUpV� �0HDQH\�HW� DO��� ������� /DV� DOWHUDFLRQHV�HQ� OD� H[SUHVLyQ�JpQLFD� D�
QLYHO�GHO�391�HVWDUtDQ�SDUFLDOPHQWH�UHODFLRQDGDV�FRQ�OD�UHJXODFLyQ�GLIHUHQFLDO�GH�OD�H[SUHVLyQ�GH�
*5� HQ� OD� IRUPDFLyQ� KLSRFDPSDO�� REVHUYiQGRVH� KDELWXDOPHQWH� XQD� UHODFLyQ� LQYHUVD� HQWUH� ORV�
QLYHOHV� GH� UHFHSWRUHV� *5� HQ� HVWD� ]RQD� \� OD�PDJQLWXG� GH� OD� UHVSXHVWD� GHO� HMH� +3$� DO� HVWUpV�
�0HDQH\�HW�DO����������
��������9DORUDFLyQ�GH�ORV�UDVJRV�FRQGXFWXDOHV�GH�LQWHUpV�
&XDQGR� VH� H[SRQH� XQD� UDWD� �R� UDWyQ�� D� XQ� DPELHQWH� QXHYR�� TXH� FRQVWLWX\H� XQD� VLWXDFLyQ�
SRWHQFLDOPHQWH�SHOLJURVD��HO�DQLPDO�SXHGH�H[SHULPHQWDU�PLHGR�LQQDWR�D�HVWH�DPELHQWH�QXHYR��
HQ�HVSHFLDO� VL�HV�XQ�HVSDFLR�DELHUWR�\�GHVSURWHJLGR��3HUR� ORV�PDPtIHURV�SRVHHQ� WDPELpQ�XQD�
WHQGHQFLD� LQQDWD� D� H[SORUDU� DPELHQWHV� QXHYRV� �FXULRVLGDG��� TXH� VH� SRGUtD� UHODFLRQDU� FRQ� ODV�
YHQWDMDV�HYROXWLYDV�GH�H[SORUDU�QXHYRV�DPELHQWHV�\�HQFRQWUDU�QXHYDV�IXHQWHV�GH�DOLPHQWR��3RU�
HOOR��VH�JHQHUD�XQ�FRQIOLFWR�HQWUH�DPEDV�WHQGHQFLDV�TXH�VH�WUDGXFH�HQ�DQVLHGDG��6LQ�HPEDUJR��
HO�PLHGR�\� OD�DQVLHGDG�QR�HV�HO�~QLFR�IDFWRU�D�FRQVLGHUDU�SDUD�H[SOLFDU�HO�FRPSRUWDPLHQWR�HQ�
DPELHQWHV�QXHYRV��2WUR�IDFWRU�SRWHQFLDOPHQWH�LPSRUWDQWH�HQ�HVWDV�VLWXDFLRQHV�HV�HO�GHVDUUROOR�
GH�HVWUDWHJLDV�DFWLYDV�R�SDVLYDV�IUHQWH�D�OD�VLWXDFLyQ��3RU�OR�WDQWR��OD�DFWLYLGDG�HQ�XQ�DPELHQWH�
QXHYR�VHUtD�HO�UHVXOWDGR�GH�OD�LQWHUDFFLyQ�GH�GLIHUHQWHV�IDFWRUHV�VXE\DFHQWHV���
/D� DSUR[LPDFLyQ� JHQHUDO� D� OD� FDUDFWHUL]DFLyQ� GH� HVWRV� IDFWRUHV� VXE\DFHQWHV� R� UDVJRV� GH�
³SHUVRQDOLGDG´� HQ� DQLPDOHV� VH� KD� UHDOL]DGR� FOiVLFDPHQWH� PHGLDQWH� DQiOLVLV� FRUUHODFLRQDOHV� \��
IDFWRULDOHV� GHO� UHSHUWRULR� FRQGXFWXDO� GH� pVWRV�� /D� YDOLGH]� GH� DOJXQRV� GH� HVWRV� UDVJRV� YLHQH�
DSR\DGD�SRU�HVWXGLRV�IDUPDFROyJLFRV��3RU�HMHPSOR��PXFKRV�DQiOLVLV� IDFWRULDOHV�GH� OD�FRQGXFWD�
HQ� DPELHQWHV� QXHYRV�� FRPR� OD� WDEOD� GH� DJXMHURV� R� HO� ODEHULQWR� HOHYDGR� HQ� FUX]�� KDQ�
SURSRUFLRQDGR� FRQVLVWHQWHPHQWH� GRV� IDFWRUHV�� XQR� UHODFLRQDGR� FRQ� OD� DFWLYLGDG�H[SORUDFLyQ� \�
RWUR� FRQ� HO� PLHGR�DQVLHGDG�� $XQTXH� VL� QRV� GHWHQHPRV� HQ� OD� UHYLVLyQ� GH� OD� OLWHUDWXUD�� HO�
VLJQLILFDGR�GHO�FRQFHSWR�GH�DFWLYLGDG�QR�HVWi�ELHQ�GHILQLGR��$OJXQRV�DXWRUHV�OD�FRQVLGHUDQ�FRPR�
XQ� IDFWRU� FRQ� SRFR� VLJQLILFDGR� HWROyJLFR�� VRODPHQWH� UHOHYDQWH� HQ� HO� VHQWLGR� TXH�SRGUtD� HVWDU�
LQIOX\HQGR� LQHVSHFtILFDPHQWH�GHWHUPLQDGRV�FRPSRUWDPLHQWRV��6LQ�HPEDUJR��HVWH� IDFWRU�SRGUtD�
HVWDU� UHIOHMDQGR� XQD� FDUDFWHUtVWLFD� LPSRUWDQWH� GHO� UHSHUWRULR� FRQGXFWXDO� GHO� DQLPDO�� FRPR� OD�
WHQGHQFLD� D� H[SORUDU�� R� WDPELpQ�� OD� WHQGHQFLD� D� DIURQWDU� DFWLYD� R� SDVLYDPHQWH� ODV� GLIHUHQWHV�
VLWXDFLRQHV�� OR� TXH� VHUtD� GH� JUDQ� UHOHYDQFLD� HQ� UHODFLyQ� D� OD� VXVFHSWLELOLGDG� D� GHVDUUROODU�
VtQWRPDV� UHODFLRQDGRV� FRQ� OD� GHSUHVLyQ�� 'LYHUVRV� HVWXGLRV� LQGLFDQ� TXH� OD� DQVLHGDG� \� � OD�
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H[SORUDFLyQ�DFWLYLGDG� HQ� DPELHQWHV� QXHYRV�� UHSUHVHQWDQ� GRV� GLPHQVLRQHV� LQGHSHQGLHQWHV� GHO�
FRQFHSWR�PiV�JOREDO�GH�HPRWLYLGDG��5DPRV�HW�DO���������5DPRV�HW�DO�����������
([LVWH�XQD�DPSOLD�JDPD�GH�PRGHORV�DQLPDOHV�SDUD�HVWXGLDU�OD�DQVLHGDG��2KO�HW�DO���������TXH�
LQFOX\HQ� WDQWR� SUXHEDV� GH� FRQGXFWD� DELHUWD� �ODEHULQWR� HOHYDGR� HQ� FUX]�� LQWHUDFFLyQ� VRFLDO��
WUDQVLFLRQHV� HQWUH� ]RQDV� LOXPLQDGDV� \� RVFXUDV�� FRPR� SUXHEDV� GH� FRQGXFWD� FRQWURODGD� SRU�
SURJUDPD� �FRQIOLFWR�� FDVWLJR�� GLVFULPLQDFLyQ� R� H[WLQFLyQ���7RGDV�HOODV�KDQ� VLGR�XWLOL]DGDV�SDUD�
YDOLGDU�OD�SRWHQFLD�DQVLROtWLFD�R�DQVLRJpQLFD�GH�IiUPDFRV�\�HVWXGLDU�HO�VXEVWUDWR�QHXURELROyJLFR�
GH�OD�DQVLHGDG��(O�ODEHULQWR�HOHYDGR�HQ�FUX]�HV�XQD�GH�ODV�SUXHEDV�PiV�DPSOLDPHQWH�DFHSWDGDV�
\�XWLOL]DGDV�FRPR�PHGLGD�GH�DQVLHGDG��3HOORZ�\�)LOH���������(Q�HVWD�SUXHED��HO�DQLPDO�SXHGH�
GHDPEXODU�OLEUHPHQWH�SRU�XQ�ODEHULQWR��QRUPDOPHQWH�HOHYDGR�XQRV����FP�GHO�VXHOR��TXH�FRQVWD�
GH�GRV�EUD]RV�SURWHJLGRV�SRU�SDUHGHV��EUD]RV�FHUUDGRV��R�SRU�GRV�EUD]RV�GHVSURWHJLGRV��EUD]RV�
DELHUWRV��� /D� H[SORUDFLyQ� HQ� ORV� EUD]RV� DELHUWRV� VH� FRQVLGHUD� XQ� tQGLFH� GH� DQVLHGDG� \� VH� KD�
PHGLGR� WHQLHQGR� HQ� FXHQWD� HO� SRUFHQWDMH� GH� HQWUDGDV� HQ� ORV� EUD]RV� DELHUWRV� UHVSHFWR� D� ODV�
HQWUDGDV�HQ�ORV�FHUUDGRV�R�HQ�WRGRV�ORV�EUD]RV��\��PiV�IUHFXHQWHPHQWH��PHGLDQWH�HO�SRUFHQWDMH�
GH�WLHPSR�WUDQVFXUULGR�HQ�ORV�EUD]RV�DELHUWRV�UHVSHFWR�DO�WUDQVFXUULGR�HQ�ORV�FHUUDGRV�R�HO�WRWDO��
6LQ�HPEDUJR��RWURV�DXWRUHV�XWLOL]DQ�ORV�YDORUHV�GLUHFWRV�GHO�WLHPSR�HQ�ORV�EUD]RV�DELHUWRV�FRPR�
PHGLGD� GH� DQVLHGDG�� /D� LGHD� GH� FDOFXODU� HO� SRUFHQWDMH� HV� FRUUHJLU� SRU� SRVLEOHV� GLIHUHQFLDV�
�LQGLYLGXDOHV� R� JHQHUDGDV� SRU� OD� DGPLQLVWUDFLyQ� GH� IiUPDFRV�� HQ� OD� DFWLYLGDG� PRWRUD�� (Q�
JHQHUDO�� HVWDV� PHGLGDV� VRQ� VHQVLEOHV� WDQWR� D� WUDWDPLHQWRV� DQVLROtWLFRV� FRPR� DQVLRJpQLFRV�
�3HOORZ�HW�DO����������6H�DVXPH�TXH�HO�QLYHO�GH�DQVLHGDG�GHWHUPLQDUi�VL�HO�DQLPDO�SUHIHULUi�R�QR�
ORV�EUD]RV�FHUUDGRV�D�ORV�DELHUWRV�GHO�ODEHULQWR��6H�KD�GHPRVWUDGR��PHGLDQWH�OD�GHWHUPLQDFLyQ�
GH�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�HQ�SODVPD��TXH�ORV�EUD]RV�DELHUWRV�VRQ�PiV�HVWUHVDQWHV�TXH�ORV�
FHUUDGRV�\�HO�IDFWRU�FUtWLFR�SDUD�HVWD�GLIHUHQFLD�HV�OD�IDOWD�GH�SURWHFFLyQ�GH�ORV�EUD]RV�DELHUWRV�
�3HOORZ�\�)LOH���������
/D� DFWLYLGDG�H[SORUDFLyQ� GH� DPELHQWHV� QXHYRV� SRGUtD� FRQVLGHUDUVH� FRPR� XQ� DQiORJR� GH� OD�
GLPHQVLyQ�GH�SHUVRQDOLGDG�KXPDQD�GH�E~VTXHGD�GH�QRYHGDG��%DUGR�HW�DO���������'HOOX�HW�DO���
����E���(Q� UDWDV��HVWH� UDVJR�VH�KD�HYDOXDGR�YDORUDQGR� WDQWR� OD�DFWLYLGDG� IRU]DGD�GHVSOHJDGD�
SRU�HO�DQLPDO�HQ�XQ�DPELHQWH�GHO�TXH�QR�SXHGH�HVFDSDU��FRPR�OD�DFWLYLGDG�YROXQWDULD��HQ�FX\R�
FDVR�HO�DQLPDO�SXHGH�³HVFRJHU´�HQWUH�XQ�DPELHQWH�QXHYR�\�RWUR�IDPLOLDU��%DUGR�HW�DO����������(O�
FRQFHSWR� VXE\DFHQWH� D� HVWD� GLPHQVLyQ� HV� HO� JUDGR� GH� LQWHUpV� GH� ORV� DQLPDOHV� SRU� HVWtPXORV�
QXHYRV��LQFOX\HQGR�DPELHQWHV�QXHYRV��REMHWRV�R�H[SHULHQFLDV���
�
�
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�������5HODFLyQ�HQWUH�DQVLHGDG�\�HMH�+3$��
(Q�HO�HVWXGLR�GH�OD�UHODFLyQ�HQWUH�HO�UDVJR�GH�DQVLHGDG�\�OD�DFWLYLGDG�GHO�HMH�+3$�FDEH�GHVWDFDU�
HO� XVR� GH� FHSDV� GH� UDWDV� VHOHFFLRQDGDV� JHQpWLFDPHQWH�� TXH� SHUPLWH� FRPSDUDU� ORV� GRV� SRORV�
RSXHVWRV�GH�XQ�PLVPR�UDVJR��$�FRQWLQXDFLyQ�UHVXPLPRV� ORV�SULQFLSDOHV�GDWRV�HQ�UHIHUHQFLD�D�
DOJXQDV�GH�ODV�OtQHDV�VHOHFFLRQDGDV�JHQpWLFDPHQWH�HQ�IXQFLyQ�GH�GLYHUVRV�FULWHULRV���
6HOHFFLyQ�HQ�IXQFLyQ�GHO�QLYHO�GH�GHIHFDFLyQ�HQ�XQ�FDPSR�DELHUWR�
(Q�ODV�SULPHUDV�OtQHDV�GH�UDWDV�VHOHFFLRQDGDV�JHQpWLFDPHQWH�UHVSHFWR�D�OD�HPRWLYLGDG�VH�XVy�HO�
FULWHULR�GH�OD�GHIHFDFLyQ�HQ�XQ�FDPSR�DELHUWR�\�GLR�OXJDU�D�OD�FDUDFWHUL]DFLyQ�GH�DQLPDOHV�FRQ�
DOWR� QLYHO� GH� GHIHFDFLyQ� �0DXGVOH\� UHDFWLYH��05�� R� EDMR� QLYHO� �0DXGVOH\� QRQ� UHDFWLYH��015��
�%URDGKXUVW�� ������� (VWD� VHOHFFLyQ� WDPELpQ� GLR� OXJDU� D� GLIHUHQFLDV� GH� DFWLYLGDG� HQ� HO� FDPSR�
DELHUWR�� VLHQGR� ODV� UDWDV� 05� PHQRV� DFWLYDV� TXH� ODV� 015�� 3RU� OR� WDQWR�� ORV� DQLPDOHV� PiV�
HPRWLYRV� VH� FDUDFWHUL]DUtDQ� SRU� PHQRUHV� QLYHOHV� GH� H[SORUDFLyQ�DFWLYLGDG� HQ� XQD� DPELHQWH�
QXHYR�FRQ�SURSLHGDGHV�HVWUHVDQWHV��%URDGKXUVW���������6LQ�HPEDUJR��SURQWR�VH�KL]R�HYLGHQWH�
TXH� OD� UHODFLyQ� HQWUH� HO� JUDGR� GH� GHIHFDFLyQ� \� OD� DFWLYLGDG� HQ� HO� FDPSR� DELHUWR� QR� HUD� WDQ�
UREXVWD� FRPR� VH� KDEtD� SHQVDGR� HQ� XQ� SULQFLSLR� \� TXH� ODV� GRV� OtQHDV� QR� GLIHUtDQ�
FRQVLVWHQWHPHQWH�HQ�SUXHEDV�GH�DQVLHGDG��3RU�HMHPSOR��FRQ�HO�ODEHULQWR�HOHYDGR�HQ�FUX]�VH�KDQ�
REVHUYDGR� GLIHUHQFLDV� HQ� HO� VHQWLGR� HVSHUDGR� HQ� DOJXQRV� HVWXGLRV� �%URDGKXUVW�� ������
&RPPLVVDULV�HW�DO���������%HDUGVOHH�HW�DO����������SHUR�QR�HQ�RWURV��3DWHUVRQ�HW�DO����������/D�
DOWD�FRQVLVWHQFLD�HQ�ODV�GLIHUHQFLDV�HQ�OD�GHIHFDFLyQ�GH�HVWRV�DQLPDOHV�VXJLHUH�TXH�HO�QLYHO�GH�
GHIHFDFLyQ� QR� HVWi� HVWUHFKDPHQWH� UHODFLRQDGR� FRQ� RWUDV� PHGLGDV� GH� DQVLHGDG��
'HVDIRUWXQDGDPHQWH��VyOR�H[LVWH�XQ�HVWXGLR�HQ�HO�TXH�VH�KD\D�HYDOXDGR�OD�DFWLYLGDG�GHO�HMH�+3$�
HQ� UHVSXHVWD� DO� HVWUpV� HQ� HVWDV� GRV� FHSDV�� $EHO� \� FRODERUDGRUHV� ������� QR� REVHUYDURQ�
GLIHUHQFLDV� HQ� ORV� QLYHOHV� SODVPiWLFRV� GH� FRUWLFRVWHURQD� WUDV� ���PLQXWRV� GH� H[SRVLFLyQ� D� XQ�
FDPSR�DELHUWR�R�WUDV�OD�SUXHED�GH�QDWDFLyQ�IRU]DGD��QR�VH�GHWHUPLQDURQ�ORV�QLYHOHV�GH�$&7+���
6HOHFFLyQ�GH�UDWDV�HQ�IXQFLyQ�GH�VX�FRPSRUWDPLHQWR�HQ�HO�ODEHULQWR�HOHYDGR�HQ�FUX]��
(VWD�VHOHFFLyQ�UHDOL]DGD�SRU�HO�ODERUDWRULR�GH�/DQGJUDI�KD�GDGR�RULJHQ�D�ODV�OtQHDV�GH�UDWDV�GH�
DOWD� DQVLHGDG� �KLJK� DQ[LHW\�UHODWHG� EHKDYLRU�� +$%�� R� EDMD� DQVLHGDG� �ORZ� DQ[LHW\�UHODWHG�
EHKDYLRU��/$%���PRVWUDQGR�ODV�SULPHUDV�QLYHOHV�EDMRV�GH�H[SORUDFLyQ�GH�ORV�EUD]RV�DELHUWRV�GHO�
ODEHULQWR�HOHYDGR�HQ�FUX]� �/LHEVFK�HW�DO�������E���&RQILUPDQGR�TXH� ODV�GRV� OtQHDV�GLILHUHQ�HQ�
DQVLHGDG�� HQ� OD� SUXHED� GH� OX]�RVFXULGDG� ODV� UDWDV� +$%� SDVDQ� PHQRV� WLHPSR� HQ� OD� ]RQD�
LOXPLQDGD�\�UHDOL]DQ�XQ�PHQRU�Q~PHUR�GH�WUDQVLFLRQHV��+HQQLJHU�HW�DO����������6LQ�HPEDUJR��HV�
LPSRUWDQWH� GHVWDFDU� TXH� HVWDV� OtQHDV� GLILHUHQ� WDPELpQ� HQ� RWURV� SDUiPHWURV� GLIHUHQWHV� GH� OD�
DQVLHGDG�� �L�� ORV� DQLPDOHV� /$%� VRQ�PiV� DFWLYRV� GXUDQWH� XQD� H[SRVLFLyQ� GH� ���PLQXWRV� D� XQ�
FDPSR�DELHUWR��/LHEVFK�HW�DO�������D���R�GXUDQWH� OD�SUXHED�GH� OX]�RVFXULGDG��+HQQLJHU�HW�DO���
������� �LL�� ORV� DQLPDOHV� /$%� VH�PXHVWUDQ�PiV� DFWLYRV� TXH� ORV� /$%� HQ� OD� SUXHED�GH�QDWDFLyQ�
IRU]DGD��/LHEVFK�HW�DO�������D��/LHEVFK�HW�DO�������E��\�HQ�OD�GH�LQWHUDFFLyQ�VRFLDO��+HQQLJHU�HW�
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DO��� ������� \� DGHPiV�� HPLWHQ� XQ� PHQRU� Q~PHUR� GH� YRFDOL]DFLRQHV� \� GHVDUUROODQ� PHQRV�
FRQGXFWDV� GH� FRQJHODPLHQWR� �IUHH]LQJ�� WUDV� GHUURWD� VRFLDO� �)UDQN� HW� DO��� ������� 7RGRV� HVWRV�
GDWRV� VXJLHUHQ� TXH� ORV� DQLPDOHV� +$%� DGHPiV� GH� VHU� PiV� DQVLRVRV�� PRVWUDUtDQ� WDPELpQ�
HVWUDWHJLDV�GH�DIURQWDPLHQWR�SDVLYDV��
/RV� DQLPDOHV� +$%� PXHVWUDQ� PD\RUHV� QLYHOHV� GH� $&7+� \� FRUWLFRVWHURQD� TXH� ORV� /$%� HQ�
UHVSXHVWD�D�VLWXDFLRQHV�HVWUHVDQWHV�GH�LQWHQVLGDG�PRGHUDGD��FRPR�OD�H[SRVLFLyQ�IRU]DGD�D�ORV�
EUD]RV�DELHUWRV�GHO�ODEHULQWR�HOHYDGR�HQ�FUX]��/DQGJUDI�HW�DO���������6DORPH�HW�DO���������SHUR�
QR� FXDQGR� OD� H[SORUDFLyQ� VH� SXHGH� SURGXFLU� OLEUHPHQWH� SRU� WRGRV� ORV� EUD]RV� GHO� ODEHULQWR�
�/LHEVFK�HW� DO��� ����D��� 6RUSUHQGHQWHPHQWH�� HQ�XQ� WUDEDMR� UHFLHQWH� VH�KD�REVHUYDGR�TXH� ORV�
DQLPDOHV�+$%�PRVWUDEDQ�PHQRUHV�QLYHOHV�GH�$&7+�\�FRUWLFRVWHURQD�WUDV�XQ�HVWUpV�SRU�GHUURWD�
VRFLDO��)UDQN�HW�DO����������SRU�OR�TXH�QR�SRGHPRV�REWHQHU�XQ�SHUILO�FODUR�GH�OD�UHODFLyQ�HQWUH�
DQVLHGDG� \� UHDFWLYLGDG� GHO� HMH� +3$� DO� HVWUpV�� (Q� FXDOTXLHU� FDVR�� HVWRV� GDWRV� UHDILUPDQ� OD�
LPSRUWDQFLD�GHO�HVWtPXOR�HVWUHVDQWH�XWLOL]DGR��
6HOHFFLyQ�HQ�IXQFLyQ�GHO�Q~PHUR�GH�HYLWDFLRQHV�
6H�KDQ�VHOHFFLRQDGR�JHQpWLFDPHQWH�GLIHUHQWHV�FHSDV�GH�UDWDV�HQ�EDVH�D�VX�FRPSRUWDPLHQWR�HQ�
WDUHDV�GH�HYLWDFLyQ�DFWLYD�HQ�XQD�FDMD�ODQ]DGHUD��VKXWWOH�ER[���XWLOL]DQGR�FKRTXHV�HOpFWULFRV�HQ�
ODV�SDWDV�FRPR�HVWtPXOR�DYHUVLYR��([LVWHQ�HYLGHQFLDV�GH�TXH�ODV�GLIHUHQFLDV�GH�FRPSRUWDPLHQWR�
HQ� OD� FDMD� ODQ]DGHUD� VRQ� IXQGDPHQWDOPHQWH� GHELGDV� D� OD� DQVLHGDG�� VLHQGR� PiV� DQVLRVRV�
DTXHOORV� DQLPDOHV� TXH� HYLWDQ� HQ� PHQRU� Q~PHUR� ORV� FKRTXHV�� 3DUHFH� TXH� ODV� FRQGXFWDV� GH�
IUHH]LQJ� TXH�PDQLILHVWDQ� HVWRV� DQLPDOHV� LQWHUILHUHQ� FRQ� OD� FRQGXFWD� DFWLYD� GH� VDOWDU� KDFLD� HO�
RWUR� FRPSDUWLPHQWR� GH� OD� MDXOD� SDUD� HYLWDU� HO� FKRTXH� �YHU� SDUD� UHYLVLyQ� 6WHLPHU� \� 'ULVFROO��
�������'H�KHFKR��RWURV�HVWXGLRV�GHPXHVWUDQ�TXH�ORV�IiUPDFRV�DQVLROtWLFRV�PHMRUDQ�OD�HMHFXFLyQ�
LQLFLDO� GH� XQD� WDUHD� GH� HYLWDFLyQ� DFWLYD� HQ� GRV� VHQWLGRV� �)HUQDQGH]�7HUXHO� HW� DO��� ������� /DV�
GLIHUHQFLDV� HQWUH� ODV� UDWDV� 5RPDQDV� GH� DOWD� HYLWDFLyQ� �5RPDQ� KLJK� DYRLGDQFH�� 5+$�� \� ODV�
5RPDQDV� GH� EDMD� HYLWDFLyQ� �5RPDQ� ORZ� DYRLGDQFH�� 5/$�� HQ� SUXHEDV� GH� HYLWDFLyQ� VH� KDQ�
REVHUYDGR�FRQVLVWHQWHPHQWH�HQ�GLIHUHQWHV�VXEOtQHDV�� LQFOX\HQGR�ODV� LQEUHG��(VFRULKXHOD�HW�DO���
�������/D�PD\RUtD�GH� ORV� UHVXOWDGRV�TXH�YDPRV�D�GHVFULELU�D�FRQWLQXDFLyQ�HQ�FXDQWR�D�GDWRV�
FRQGXFWXDOHV� \� HQGRFULQRV� VH� UHILHUHQ� D� WUDEDMRV� UHDOL]DGRV� HQ� OD� VXEOtQHD� VXL]D� �5+$�9HUK��
5/$�9HUK��� (Q� ORV� SULPHURV� HVWXGLRV� FRQ� HVWDV� OtQHDV� \D� VH� REVHUYy� TXH� ODV�PLVPDV�QR� VyOR�
GLIHUtDQ�HQ�VX�FRPSRUWDPLHQWR�GH�HYLWDFLyQ��VLQR�WDPELpQ�HQ�VXV�QLYHOHV�GH�DQVLHGDG��PHGLGRV�
HQ�RWUDV�SUXHEDV�GH�FRQGXFWD��*HQWVFK�HW�DO���������)HUQiQGH]�7HUXHO�HW�DO���������&DVWDQRQ�\�
0RUPqGH��������(VFRULKXHOD�HW�DO����������DXQTXH�WDPELpQ�VH�KDQ�HQFRQWUDGR�LQFRQVLVWHQFLDV�
�&KDRXORII� HW� DO��� ������� 3RU� RWUR� ODGR�� ODV� OtQHDV� QR� VyOR� GLILHUHQ� HQ� DQVLHGDG�� \D� TXH� ORV�
DQLPDOHV� 5+$� VH� FDUDFWHUL]DQ� SRU� XQDV� HVWUDWHJLDV� GH� DIURQWDPLHQWR� DFWLYR� \� XQRV�PD\RUHV�
QLYHOHV�GH�E~VTXHGD�GH�QRYHGDG��*HQWVFK�HW�DO���������%UXVK��������)HUQiQGH]�7HUXHO�HW�DO���
������&DVWDQRQ�HW�DO���������(VFRULKXHOD�HW�DO����������
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(Q�FXDQWR�D�OD�UHDFWLYLGDG�GHO�HMH�+3$�H[LVWHQ�DOJXQDV�GLVFUHSDQFLDV�HQ�ORV�UHVXOWDGRV��TXH�VH�
KDQ�LQWHQWDGR�H[SOLFDU�SRU�OD�HGDG�HQ�OD�TXH�IXHURQ�HYDOXDGRV��&DVWDQRQ�HW�DO����������3RU�HVWD�
UD]yQ�� QRV� UHIHULUHPRV� D� OD� HGDG� HQ� FDGD� XQR� GH� ORV� VLJXLHQWHV� H[SHULPHQWRV�� *HQWVFK� \�
FRODERUDGRUHV��������PRVWUDURQ�SRU�SULPHUD�YH]�TXH�ODV�UDWDV�5/$��GH���PHVHV�GH�HGDG��WHQtDQ�
XQD�PD\RU� UHVSXHVWD� GH� $&7+� D� DPELHQWHV� QXHYRV�� SHUR� QR� D� RWURV� HVWtPXORV�PiV� VHYHURV�
�pWHU��LQPRYLOL]DFLyQ�HQ�WXER�\�FKRTXH�HOpFWULFR�HQ�ODV�SDWDV���'H�OD�PLVPD�PDQHUD��ORV�QLYHOHV�
GH�FRUWLFRVWHURQD�HUDQ�WDPELpQ�PD\RUHV�WUDV�XQD�LQ\HFFLyQ�LQWUDSHULWRQHDO�\�WUDV�OD�H[SRVLFLyQ�D�
YDULRV� DPELHQWHV� QXHYRV�� SHUR� QR� WUDV� HVWtPXORV� HVWUHVDQWHV� PiV� LQWHQVRV�� 3RU� RWUR� ODGR��
:DONHU�\�FRODERUDGRUHV��������KDQ�OOHYDGR�D�FDER�XQD�GH�ODV�PiV�FRPSOHWDV�FDUDFWHUL]DFLRQHV�
GHO�HMH�+3$�HQ�HVWRV�DQLPDOHV��(QFRQWUDURQ�� �L��XQ�PD\RU�SHVR�GH� OD�DGUHQDO�HQ� ODV�5+$�HQ�
FRPSDUDFLyQ� FRQ� ODV� 5/$�� DXQTXH� ORV� UHVXOWDGRV� VRQ� GLItFLOHV� GH� LQWHUSUHWDU� SRUTXH� QR� VH�
GHVFULELy�HO�SHVR�FRUSRUDO�GH�ORV�DQLPDOHV���LL��PD\RUHV�QLYHOHV�EDVDOHV�GH�$&7+�HQ�ORV�DQLPDOHV�
5+$��VLQ�GLIHUHQFLDV�HQ�OD�FRUWLFRVWHURQD���LLL��QLQJXQD�GLIHUHQFLD�HQ�ORV�QLYHOHV�GH�$&7+�WUDV����
PLQXWRV�GH�H[SRVLFLyQ�D�XQ�DPELHQWH�QXHYR�R�D�pWHU��DFRPSDxDGRV�GH�XQRV�PHQRUHV�QLYHOHV�
GH� FRUWLFRVWHURQD� HQ� ODV� 5+$� �:DONHU� HW� DO��� ������� (VWRV� UHVXOWDGRV� VH� GHEHQ� DQDOL]DU� FRQ�
SUHFDXFLyQ� \D� TXH� HVWDV� GLIHUHQFLDV� EDVDOHV� HQ� ORV� QLYHOHV� GH� $&7+� HQWUH� OtQHDV� QR� VH� KDQ�
YXHOWR�D�UHSOLFDU�\�SRU�RWUR�ODGR��OD�UHVSXHVWD�GH�OD�$&7+�D�XQD�DGPLQLVWUDFLyQ�GH�&5)�H[yJHQR�
VH� KD� HQFRQWUDGR� UHGXFLGD� HQ� OXJDU� GH� LQFUHPHQWDGD� HQ� ODV� UDWDV� 5+$�� 3RU� RWUR� ODGR�� ORV�
DQLPDOHV� 5+$� PRVWUDURQ� PD\RUHV� QLYHOHV� GH� *5� HQ� OD� KLSyILVLV� \� GH� 05� HQ� OD� IRUPDFLyQ�
KLSRFDPSDO��/RV�QLYHOHV�HOHYDGRV�GH�*5�HQ�OD�KLSyILVLV�SRGUtDQ�H[SOLFDU�OD�UHVSXHVWD�UHGXFLGD�GH�
OD�$&7+�D�OD�DGPLQLVWUDFLyQ�GH�&5)��PLHQWUDV�TXH�ORV�PD\RUHV�QLYHOHV�GH�05�HQ�OD�IRUPDFLyQ�
KLSRFDPSDO�VH�KXELHVH�HVSHUDGR�TXH�UHGXMHUDQ�OD�UHVSXHVWD�GH�$&7+�DO�HVWUpV��HIHFWR�TXH�QR�
VH�REVHUYy�HQ�WpUPLQRV�DEVROXWRV��
&DVWDQRQ�\�FRODERUDGRUHV���������XWLOL]DQGR�UDWDV�GH����VHPDQDV�GH�HGDG�GH�OD�VXEOtQHD�VXL]D�
FULDGDV� HQ� VX� SURSLR� ODERUDWRULR� GHVFULELHURQ� TXH� QR� H[LVWtDQ� GLIHUHQFLDV� HQ� OD� UHVSXHVWD� GH�
$&7+�\��FRUWLFRVWHURQD�WUDV�OD�H[SRVLFLyQ�D�XQ�DPELHQWH�QXHYR�GXUDQWH����PLQXWRV��DXQTXH�Vt�
TXH�HQFRQWUDURQ�GLIHUHQFLDV�HQ�OD�SURODFWLQD��7DPSRFR�HQFRQWUDURQ�FDPELRV�HQ�OD�UHVSXHVWD�GH�
ODV�KRUPRQDV�GHO�HMH�+3$�D�OD�DGPLQLVWUDFLyQ�GH�XQD�GRVLV�UHODWLYDPHQWH�DOWD�GH�&5)��DXQTXH�Vt�
TXH�UHSOLFDURQ�ODV�GLIHUHQFLDV�HQ�FXDQWR�D�OD�FRQGXFWD�GH�HYLWDFLyQ��$GHPiV��ORV�DQLPDOHV�5+$�
VH� PRVWUDURQ� PiV� DFWLYRV� GXUDQWH� XQD� H[SRVLFLyQ� GH� GRV� KRUDV� D� XQ� FRUUHGRU� FLUFXODU��
VXJLULHQGR�TXH�HVWRV�DQLPDOHV�GLILHUHQ�WDPELpQ�HQ�FXDQWR�DO�UDVJR�GH�E~VTXHGD�GH�QRYHGDG��(Q�
XQ� HVWXGLR� SRVWHULRU�� HO� PLVPR� ODERUDWRULR� GHVFULELy� XQD� PD\RU� UHVSXHVWD� GH� $&7+� GH� ORV�
DQLPDOHV�5/$�D����PLQXWRV�GH�H[SRVLFLyQ�D�XQ�DPELHQWH�QXHYR�FXDQGR�pVWRV�WHQtDQ��������\����
VHPDQDV�GH�HGDG��SHUR�QR�D�ODV����VHPDQDV��VXJLULHQGR�TXH�HVWDV�GLIHUHQFLDV�SRGUtDQ�DSDUHFHU�
FRQ�OD�HGDG��&DVWDQRQ�HW�DO����������6LQ�HPEDUJR��QR�VH�HQFRQWUDURQ�GLIHUHQFLDV�HQ�ORV�QLYHOHV�
GH�FRUWLFRVWHURQD�HQ�QLQJXQR�GH�ORV�FDVRV��3RU�HO�FRQWUDULR��$XEU\�\�FRODERUDGRUHV��������KDQ�
REVHUYDGR� TXH� ORV� DQLPDOHV� 5/$� GH� ���� PHVHV� GH� HGDG� PRVWUDEDQ� PD\RUHV� QLYHOHV� GH�
FRUWLFRVWHURQD�WUDV����PLQXWRV�GH�H[SRVLFLyQ�D�XQ�FDPSR�DELHUWR��QR�VH�PLGLy�OD�$&7+���$XEU\�
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HW�DO����������(Q�HVWH�HVWXGLR��ODV�UDWDV�5/$�PRVWUDEDQ�QLYHOHV�QRUPDOHV�GH�P51$�GHO�&5)��SHUR�
PD\RUHV�QLYHOHV�GH�P51$�SDUD�OD�$93�HQ�HO�S391��$XEU\�HW�DO����������(VWH�~OWLPR�GDWR�SRGUtD�
LQWHUSUHWDUVH� FRPR� HO� UHIOHMR� GH� XQD� PD\RU� DFWLYLGDG� GHO� HMH� +3$� HQ� ODV� 5/$�� 0iV�
UHFLHQWHPHQWH�� VH� KD� GHVFULWR� XQD� PD\RU� UHVSXHVWD� GH� OD� FRUWLFRVWHURQD� D� OR� ODUJR� GH� ���
PLQXWRV�GH�H[SRVLFLyQ�D�XQ�FDPSR�DELHUWR�HQ�DQLPDOHV�5/$�YV�5+$��6WHLPHU�\�'ULVFROO���������
DXQTXH�QR�VH�HVSHFLILFDED�OD�HGDG�GH�ORV�DQLPDOHV��/RV�5/$�PRVWUDEDQ�WDPELpQ�QLYHOHV�EDVDOHV�
PiV�DOWRV�GH�FRUWLFRVWHURQD�WDQWR�HQ�OD�IDVH�GLXUQD�FRPR�QRFWXUQD��DXQTXH�ORV�QLYHOHV�GLXUQRV�
HUDQ�PiV� HOHYDGRV� TXH� ORV� REWHQLGRV� HQ� QXHVWUR� ODERUDWRULR�� VLHQGR� GLItFLO� DILUPDU� TXH� HVWDV�
GLIHUHQFLDV�VRQ�UHDOHV�HQ�FRQGLFLRQHV�HVWULFWDPHQWH�EDVDOHV��'HELGR�D�ODV�LQFRQVLVWHQFLDV�HQ�HO�
HMH�+3$��DOJXQRV�DXWRUHV�FRQVLGHUDQ�TXH�OD�SURODFWLQD��\�QR�ODV�YDULDEOHV�GHO�HMH�+3$��HVWDUtDQ�
UHODFLRQDGDV�FRQ�ODV�GLIHUHQFLDV�FRQGXFWXDOHV�HQ�HVWDV�OtQHDV��&DVWDQRQ�HW�DO�����������
/RV�DQLPDOHV�6LUDFXVD�GH�DOWD�R�EDMD�HYLWDFLyQ� �6LUDFXVH�KLJK�DYRLGDQFH�� 6+$�\�6LUDFXVH� ORZ�
DYRLGDQFH�� 6/$� UHVSHFWLYDPHQWH�� KDQ� VLGR� LJXDOPHQWH� VHOHFFLRQDGRV� HQ� IXQFLyQ� GH� VX�
FRPSRUWDPLHQWR�HQ�XQD�WDUHD�GH�HYLWDFLyQ�DFWLYD�\�WDPELpQ�SDUHFHQ�GLIHULU�HQ�DQVLHGDG��%UXVK��
�������6LQ�HPEDUJR��VX�SDWUyQ�GH�UHDFWLYLGDG�GHO�HMH�+3$�HV�RSXHVWR�DO�GH�ODV�UDWDV�5RPDQDV��
ORV�DQLPDOHV�6/$�PXHVWUDQ�PHQRU�DFWLYLGDG�GHO�HMH�+3$�TXH�ODV�6+$��FRQ�QLYHOHV�PiV�EDMRV�GH�
FRUWLFRVWHURQD�WDQWR�D�QLYHO�EDVDO�FRPR�HQ�UHVSXHVWD�D�XQ�FDPSR�DELHUWR�R�DO�pWHU��%UXVK�HW�DO���
�������
(Q�OD�7DEOD���VH�SUHVHQWD�XQ�UHVXPHQ�FRQ�ODV�SULQFLSDOHV�GLIHUHQFLDV�FRQGXFWXDOHV�\�HQGRFULQDV�
GH�DOJXQDV�GH�HVWDV�FHSDV��6H�SXHGH�REVHUYDU�FRPR��HQ�JHQHUDO�� ORV�DQLPDOHV�TXH�SUHVHQWDQ�
XQD�PD\RU�DQVLHGDG��PXHVWUDQ�XQ�PHQRU�JUDGR�GH�H[SORUDFLyQ�DFWLYLGDG��(Q�FDPELR��OD�UHODFLyQ�
GH� OD� DQVLHGDG� FRQ� HO� HMH� +3$� HV� FRQWURYHUWLGD�� KHFKR� FRQILUPDGR� SRU� RWURV� HVWXGLRV� FRQ�
GLIHUHQWHV�FHSDV�GH�UDWDV�\�UDWRQHV��7UXOODV�\�6NROQLFN��������&RXUYRLVLHU�HW�DO���������7DJK]RXWL�
HW�DO���������.DEEDM�HW�DO����������
�������5HODFLyQ�HQWUH�DFWLYLGDG�H[SORUDFLyQ�\�HMH�+3$��
(O� JUXSR� GH� /H� 0RDO� \� 3LD]]D� KD� VLGR� SLRQHUR� HQ� HO� HVWXGLR� GH� HVWH� UDVJR� HQ� UDWDV� QR�
VHOHFFLRQDGDV� JHQpWLFDPHQWH�� XWLOL]DQGR� FRPR� tQGLFH� OD� DFWLYLGDG� HQ� XQ� DPELHQWH� QXHYR�
LQHVFDSDEOH��'HOOX�HW�DO���������\�RWURV�DXWRUHV�OHV�KDQ�VHJXLGR��6DUD�HW�DO���������.DEEDM�HW�DO���
�������6H�DVXPH�TXH�HO�LQWHUpV�GH�ORV�DQLPDOHV�SRU�ORV�DPELHQWHV�QXHYRV�VH�YH�UHIOHMDGR�HQ�VX�
QLYHO� GH� DFWLYLGDG�� OR� TXH� SHUPLWH� FODVLILFDUORV� FRPR�PX\� UHDFWLYRV� DO� DPELHQWH� QXHYR� �KLJK�
UHVSRQGHUV�� +5�� R� SRFR� UHDFWLYRV� �ORZ� UHVSRQGHUV�� /5�� �'HOOX� HW� DO��� ������� 6LQ� HPEDUJR��
PLHQWUDV� 3LD]]D� \� FRODERUDGRUHV� PLGHQ� OD� DFWLYLGDG� GH� ORV� DQLPDOHV� HQ� XQ� DPELHQWH� QXHYR�
HVSHFLDO� �FRUUHGRU� FLUFXODU��GXUDQWH�XQ�SHUtRGR�PX\�SURORQJDGR�GH� WLHPSR��GRV�KRUDV���RWURV�
DXWRUHV�KDQ�YDORUDGR� OD�DFWLYLGDG�HQ�DPELHQWHV�QXHYRV�PiV�FRPXQHV�FRPR�FRPSDUWLPLHQWRV�
UHFWDQJXODUHV� �.DEEDM� HW� DO��� ������ R� XQD� WDEOD� GH� DJXMHURV� �)HUQiQGH]�7HUXHO� HW� DO��� ������
6DUD�HW�DO���������(VFRULKXHOD�HW�DO���������\�SRU�WLHPSRV�QRUPDOPHQWH�FRUWRV��DOUHGHGRU�GH���
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PLQXWRV���6H�GHVFRQRFH�VL�VH�HVWi�YDORUDQGR�OR�PLVPR�FRQ�HVWDV�GLIHUHQWHV�DSUR[LPDFLRQHV��3RU�
RWUR� ODGR�� QR� HVWi� FODUR� VL� OD� DFWLYLGDG�H[SORUDFLyQ� IRU]DGD� HV� OD� PiV� DGHFXDGD� SDUD� OD�
FDUDFWHUL]DFLyQ� GHO� UDVJR� GH� E~VTXHGD� GH� QRYHGDG� R� VL� OR� HV� HO� HVWXGLR� HQ� DPELHQWHV� TXH�
SHUPLWHQ� XQD� H[SORUDFLyQ� YROXQWDULD� DVRFLDGD� D� OD� QRYHGDG�� \D� TXH� SUREDEOHPHQWH� HVWDPRV�
KDEODQGR�GH�GLIHUHQWHV�FRQVWUXFWRV��.OHEDXU�\�%DUGR����������
�
7DEOD� ��� (MHPSORV� GH� GLIHUHQFLDV� HQ� DQVLHGDG�� H[SORUDFLyQ�DFWLYLGDG� \� UHDFWLYLGDG�
GHO�HMH�+3$�HQ�VLWXDFLRQHV�GH�HVWUpV�HQ�GLYHUVDV�FHSDV�GH�UDWDV��

&HSDV� $QVLHGDG� ([SORUDFLyQ��DFWLYLGDG�
(MH�+3$��FRUWLFRVWHURQD�R�$&7+�WUDV�HVWUpV��

5RPDQ�+LJK�$YRLGDQFH��5+$��\�5RPDQ�/RZ�
$YRLGDQFH��5/$��

5+$�5/$�5+$!5/$� 5+$!5/$�5+$ 5/$�
5+$�5/$�5+$!5/$�5+$ 5/$�

0DXGVOH\�UHDFWLYH��05��\�
0DXGVOH\�QRQ�UHDFWLYH��015��

05!015�05 015� 05�015� 05 015�

+LJK�$Q[LHW\�%HKDYLRU��+$%��\�/RZ�$Q[LHW\�
%HKDYLRU��/$%�� +$%!/$%� +$%�/$%� +$%!/$%�+$%�/$%�+$% /$%�

�

�
6H� KD� VXJHULGR� TXH� HVWH� UDVJR� FRQGXFWXDO� HVWDUtD� UHODFLRQDGR� FRQ� OD� VXVFHSWLELOLGDG� D� OD�
DGLFFLyQ�� ORV� DQLPDOHV� +5� PXHVWUDQ� XQD� PD\RU� UHVSXHVWD� PRWRUD� D� ORV� SVLFRHVWLPXODQWHV�
�3LD]]D� HW� DO��� ������ +RRNV� HW� DO��� ������ \� XQD� PD\RU� SUHGLVSRVLFLyQ� D� DXWRDGPLQLVWUDUVH�
GLYHUVDV�GURJDV��3LD]]D�HW�DO���������������������1DGDO�HW�DO����������'HELGR�D�OD�LPSRUWDQFLD�
GHO�VLVWHPD�GRSDPLQpUJLFR�HQ�ORV�SURFHVRV�GH�DGLFFLyQ��VH�KDQ�UHDOL]DGR�PXFKRV�HVIXHU]RV�SDUD�
FDUDFWHUL]DU�HVWH�VLVWHPD�HQ�ORV�DQLPDOHV�+5�/5��&RPSDUDGRV�FRQ�ORV�/5��ORV�+5�PXHVWUDQ�XQ�
PD\RU� LQFUHPHQWR� HQ� ORV� QLYHOHV� H[WUDFHOXODUHV� GH� '$� HQ� HO� Q~FOHR� DFFXPEHQV� WUDV� OD�
DGPLQLVWUDFLyQ�GH�FRFDtQD��+RRNV�HW�DO���������+RRNV�HW�DO���������R�DQIHWDPLQD��%UDGEHUU\�HW�
DO����������DVt�FRPR�XQD�UHGXFFLyQ�GH�OD�XQLyQ�DO�UHFHSWRU�'��HQ�HO�FRUH��\�HO�VKHOO��GHO�Q~FOHR�
DFFXPEHQV��+RRNV�HW�DO�������D���7DPELpQ�VH�KDQ�GHVFULWR�RWUDV�GLIHUHQFLDV�HQ�OD�H[SUHVLyQ�GH�
QHXURSpSWLGRV�HQ�HO�VLVWHPD�PHVROtPELFR��DXQTXH�VH�GHVFRQRFH�VX�VLJQLILFDGR�IXQFLRQDO��+RRNV�
HW�DO�������E���)LQDOPHQWH��VH�KD�REVHUYDGR�TXH�ORV�DQLPDOHV�+5�VH�FDUDFWHUL]DQ�SRU�XQ�PHQRU�
JUDGR�GH�SUROLIHUDFLyQ�FHOXODU�HQ�HO�*'�GH�OD�IRUPDFLyQ�KLSRFDPSDO��DFRPSDxDGR�GH�XQ�PHQRU�
Q~PHUR� GH� QHXURQDV� JUDQXODUHV� HQ� HO� *'� �/HPDLUH� HW� DO��� ������� 7HQLHQGR� HQ� FXHQWD� OD�
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LPSRUWDQFLD� TXH� VH� OH� DWULEX\H� D� OD� QHXURJpQHVLV� HQ� HO� *'� HQ� ORV� IHQyPHQRV� GH� SODVWLFLGDG�
VLQiSWLFD��ORV�UHVXOWDGRV�VRQ�GH�JUDQ�LQWHUpV���
/D�UHODFLyQ�HQWUH�HO�UDVJR�GH�H[SORUDFLyQ�DFWLYLGDG�\�RWUDV�YDULDEOHV�ILVLROyJLFDV�KD�VLGR�WDPELpQ�
HVWXGLDGD�SRU�HO�JUXSR�GH�/H�0RDO�\�3LD]]D��3LD]]D�HW�DO���������'HOOX�HW�DO�������E��%RX\HU�HW�
DO��� ������� 6H� KD� GHPRVWUDGR� TXH� ORV� DQLPDOHV� +5� PXHVWUDQ�� IUHQWH� D� ORV� /5�� XQD� PD\RU�
DFWLYDFLyQ� GHO� HMH� +3$� HQ� XQD� VLWXDFLyQ� GH� HVWUpV� DJXGR�� FRQ� QLYHOHV� PiV� DOWRV� GH�
FRUWLFRVWHURQD� WUDV� OD� H[SRVLFLyQ� D� XQ� HVWUpV� PRGHUDGR�� FRPR� HV� HO� SURSLR� DPELHQWH� QXHYR�
�3LD]]D�HW�DO����������R�D�XQR�GH�PD\RU�LQWHQVLGDG�FRPR�HV�OD�LQPRYLOL]DFLyQ�HQ�WXER��'HOOX�HW�
DO��� ����D�� %RX\HU� HW� DO��� �������2WURV� DXWRUHV� KDQ� REVHUYDGR� WDPELpQ� XQD� UHODFLyQ� SRVLWLYD�
HQWUH� H[SORUDFLyQ�DFWLYLGDG� HQ� VLWXDFLRQHV� QXHYDV� \� QLYHOHV� SODVPiWLFRV� GH� $&7+� R�
FRUWLFRVWHURQD��&RSODQG�\�%DOIRXU��������.DEEDM�HW�DO����������1R�REVWDQWH��FXHVWLRQHV�FRPR�VL�
ODV� GLIHUHQFLDV� HQWUH� +5� \� /5� VRQ� PiV� UHOHYDQWHV� HQ� OD� UHVSXHVWD� LQLFLDO� DO� HVWUpV� R� HQ� OD�
FDSDFLGDG� GH� UHFXSHUDFLyQ� XQD� YH]� WHUPLQDGR� HO� HVWUpV�� R� HO� SDSHO� GHO� WLSR� GH� HVWUpV� HQ� ODV�
GLIHUHQFLDV� TXH� DSDUHFHQ� HQWUH� ORV� VXMHWRV� QR� HVWiQ� ELHQ� HVWDEOHFLGDV�� 0LHQWUDV� TXH� HQ� XQ�
HVWXGLR� VH� KDOODURQ� GLIHUHQFLDV� \D� HQ� OD� UHVSXHVWD� LQLFLDO� �'HOOX� HW� DO��� ����D��� HQ� RWURV� ODV�
GLIHUHQFLDV� DSDUHFHQ� ~QLFDPHQWH� HQ� HO� SHULRGR� SRVWHULRU� D� OD� ILQDOL]DFLyQ� GH� OD� H[SRVLFLyQ� DO�
HVWUpV��3LD]]D�HW�DO���������%RX\HU�HW�DO����������OR�TXH�HV�GH�JUDQ�LQWHUpV��GDGR�TXH�HQ�QXHVWUR�
ODERUDWRULR� KHPRV� GHPRVWUDGR� TXH� SXHGHQ� H[LVWLU� IDFWRUHV� TXH�PRGXODQ� GLIHUHQFLDOPHQWH� OD�
UHVSXHVWD� LQLFLDO� \� OD� UHFXSHUDFLyQ� GHVSXpV� GH� OD� VLWXDFLyQ� HVWUHVDQWH� �*DUFtD� HW� DO��� ������
*DUFtD�\�$UPDULR����������
&RPR� RFXUUH� FRQ� HO� HVWXGLR� GH� RWUDV� UDVJRV� FRQGXFWXDOHV�� HO� WLSR� GH� HVWtPXOR� HVWUHVDQWH� HV�
LPSRUWDQWH�SDUD�GHWHUPLQDU�OD�UHODFLyQ�HQWUH�HO�UDVJR�GH�DFWLYLGDG�H[SORUDFLyQ�\�OD�UHDFWLYLGDG�
GHO� HMH�+3$��(Q�XQ�HVWXGLR� UHDOL]DGR�HQ�HO� ODERUDWRULR�GH�+XGD�$NLO� �.DEEDM�HW� DO��� ������ VH�
REVHUYy�TXH�OD�UHSXHVWD�GH�OD�FRUWLFRVWHURQD�D�XQ�DPELHQWH�QXHYR�HUD�PD\RU�HQ�ODV�+5�TXH�HQ�
ODV�/5��SHUR�ODV�GLIHUHQFLDV�GHVDSDUHFtDQ�VL�HO�HVWtPXOR�HVWUHVDQWH�HUD�OD�LQPRYLOL]DFLyQ�HQ�WXER��
(Q�HVWH�HVWXGLR�VH�KD�GHVFULWR�SRU�SULPHUD�YH]�TXH�ORV�DQLPDOHV�+5�\�/5�GLIHUtDQ�HQ�DVSHFWRV�
FHQWUDOHV�GHO�HMH�+3$��/RV�+5�PRVWUDEDQ�XQRV�PD\RUHV�QLYHOHV�GH�H[SUHVLyQ�WyQLFD�GHO�JHQ�GHO�
&5)�HQ�HO�391��PHQRUHV�QLYHOHV�GH�HVWH�PHQVDMHUR�HQ�OD�DPtJGDOD�FHQWUDO�\�PHQRUHV�QLYHOHV�GH�
H[SUHVLyQ�GHO�JHQ�GH�*5�HQ�HO�*'�\�HQ�OD�UHJLyQ�&$��GH�OD�IRUPDFLyQ�KLSRFDPSDO��7RGRV�HVWRV�
UHVXOWDGRV� FHQWUDOHV� FRQ� FRPSDWLEOHV� VRQ� XQD� PD\RU� UHDFWLYLGDG� SHULIpULFD� DO� HVWUpV� GH� ORV�
DQLPDOHV�+5��
/D�XWLOL]DFLyQ�GH�ODV�UDWDV�$32�686�$32�81686�HV�RWUD�GH�ODV�DSUR[LPDFLRQHV�DO�HVWXGLR�GH�ODV�
EDVHV�QHXURELROyJLFDV�GH�HVWH�UDVJR�FRQGXFWXDO��(VWDV�OtQHDV�GH�DQLPDOHV�IXHURQ�VHOHFFLRQDGD�
JHQpWLFDPHQWH�D�SDUWLU�GH�UDWDV�:LVWDU�HQ�IXQFLyQ�GH�OD�DSDULFLyQ�GH�HVWHUHRWLSLDV��FRQGXFWD�GH�
URHU�� WUDV� OD� DGPLQLVWUDFLyQ� GHO� DJRQLVWD� GRSDPLQpUJLFR� DSRPRUILQD�� /RV� DQLPDOHV� TXH�
SUHVHQWDQ�HVWHUHRWLSLDV��\�SRU� OR� WDQWR�VRQ�VXVFHSWLEOHV�D� OD�DSRPRUILQD��$32�686��PXHVWUDQ�
WDPELpQ�PD\RUHV�QLYHOHV�GH�H[SORUDFLyQ�HQ�DPELHQWHV�QXHYRV��SDUD�UHYLVLyQ�YHU�(OOHQEURHN�\�
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&RROV���������(V� LQWHUHVDQWH�TXH�WDPELpQ�VH�KD�GHVFULWR�XQD�DFWLYLGDG�GLIHUHQFLDO�GHO�HMH�+3$�
�5RWV�HW�DO����������ODV�UDWDV�$32�686�PXHVWUD�DOWRV�QLYHOHV�EDVDOHV�GH�$&7+�GXUDQWH�WRGR�HO�
FLFOR�GLDULR�\�XQD�PD\RU�UHVSXHVWD�GH�OD�$&7+�DO�HVWUpV�TXH�ODV�$32�81686��/RV�FDPELRV�HQ�OD�
FRUWLFRVWHURQD� QR� VRQ� WDQ� FODURV� SRUTXH� WDPELpQ� SDUHFH� DIHFWDGD� OD� WUDQVFRUWLQD�� 1R� VH�
REVHUYDQ�FDPELRV�HQ�OD�H[SUHVLyQ�GH�*5�\�05�VLPLODUHV�D�ORV�GHVFULWRV�SDUD�ODV�+5�/5��OR�TXH�
VXJLHUH�DVSHFWRV�FRPXQHV��SHUR�WDPELpQ�GLYHUJHQWHV�D�QLYHO�GH�OD�UHJXODFLyQ�GHO�HMH�+3$����
$XQTXH�HQ�JHQHUDO��SHUR�QR�VLHPSUH��VH�KD�REVHUYDGR�XQD�UHODFLyQ�SRVLWLYD�HQWUH�HO�UDVJR�GH�
DFWLYLGDG�H[SORUDFLyQ�\�OD�DFWLYLGDG�GHO�HMH�+3$��TXHGDQ�SRU�GLOXFLGDU�PXFKRV�DVSHFWRV�GH�HVWD�
UHODFLyQ��&DEH�GHVWDFDU�DGHPiV�TXH�HQ� WRGRV� ORV�HVWXGLRV�PHQFLRQDGRV�� ORV�DQLPDOHV�+5�QR�
VyOR�VH�FDUDFWHUL]DEDQ�SRU�XQ�PD\RU�QLYHO�GH�DFWLYLGDG�H[SORUDFLyQ��VLQR�WDPELpQ�SRU�PHQRUHV�
QLYHOHV�GH�DQVLHGDG� UHVSHFWR�D� ORV� /5��(V�SRVLEOH�TXH�SDUWH�GH� ORV� UHVXOWDGRV�FRQWUDGLFWRULRV�
REWHQLGRV�HQ�DQLPDOHV�DFHUFD�GH�OD�UHODFLyQ�HQWUH�IDFWRUHV�GH�SHUVRQDOLGDG�\�UHDFWLYLGDG�GHO�HMH�
+3$�VHDQ�GHELGRV�D�TXH�ORV�GLVHxRV�H[SHULPHQWDOHV�QR�KDQ�SHUPLWLGR�HVWXGLDU� OD�FRQWULEXFLyQ�
GLIHUHQFLDO�GH�ORV�UDVJRV�GH�DQVLHGDG�\�H[SORUDFLyQ�DFWLYLGDG���
�

����� 6HSDUDFLyQ� GH� ORV� UDVJRV� GH� DQVLHGDG� \�
DFWLYLGDG�H[SORUDFLyQ�
(Q� HVWH� VHQWLGR�� �YHU� FDStWXOR� �� GHO� SUHVHQWH� WUDEDMR��� HQ� QXHVWUR� ODERUDWRULR� KHPRV�
GHVDUUROODGR�XQD�HVWUDWHJLD�GH�HYDOXDFLyQ�FRQGXFWXDO�TXH�SHUPLWH�VHSDUDU�ORV�GRV�IDFWRUHV��7UDV�
OD�FDUDFWHUL]DFLyQ�GH� OD�FRQGXFWD�GH�SREODFLRQHV�GH�UDWDV�PDFKR�DGXOWDV�GH� OD�FHSD�6SUDJXH�
'DZOH\�HQ�GLIHUHQWHV�SUXHEDV��FRUUHGRU�FLUFXODU��ODEHULQWR�HOHYDGR�HQ�FUX]��WDEOD�GH�DJXMHURV�\�
SUXHED� GH� QDWDFLyQ� IRU]DGD��� OD� VROXFLyQ� URWDGD� GHO� DQiOLVLV� IDFWRULDO� UHYHOD�� GH� IRUPD�
FRQVLVWHQWH� D� OR� ODUJR� GH� GLIHUHQWHV� H[SHULPHQWRV�� GRV� IDFWRUHV� �)LJXUD� ��� TXH� H[SOLFDQ�
DOUHGHGRU�GHO������GH�OD�YDULDQ]D��(Q�HO�SULPHU�IDFWRU��TXH�GHQRPLQDPRV�DQVLHGDG��VDWXUDQ�HO�
WLHPSR�HQ�ORV�EUD]RV�DELHUWRV�GHO�/DEHULQWR�HOHYDGR�HQ�FUX]�\�ODV�GHDPEXODFLRQHV�FHQWUDOHV�HQ�
OD� WDEOD� GH� DJXMHURV�� PLHQWUDV� TXH� HQ� HO� VHJXQGR� IDFWRU�� TXH� GHQRPLQDPRV�
H[SORUDFLyQ�DFWLYLGDG�� VDWXUDQ� ODV� GHDPEXODFLRQHV� GHO� FRUUHGRU� FLUFXODU� \� HO� Q~PHUR� GH�
H[SORUDFLRQHV� GH� ORV� DJXMHURV� HQ� OD� WDEOD� GH� DJXMHURV�� /RV� GDWRV� UHIHUHQWHV� D� OD� SUXHED� GH�
QDWDFLyQ�IRU]DGD�VDWXUDQ�SDUFLDOPHQWH�HQ�DPERV�IDFWRUHV���
�
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� 'HDPEXODFLRQHV�HQ
&RUUHGRU�&LUFXODU1��H[SORUDFLRQHV�GH

DJXMHURV�HQ�7DEOD�GH�$JXMHURV
7LHPSR�GH�HVFDSH�HQ�3UXHED
GH�1DWDFLyQ�)RU]DGD

'HDPEXODFLRQHV�FHQWUDOHV�HQ
7DEOD�GH�$JXMHURV

7LHPSR�HQ�EUD]RV�DELHUWRV
HQ�/DEHULQWR�HQ�&UX]

([SORUDFLyQ�DFWLYLGDG
�����

$QVLHGDG
�����

)LJXUD����5HSUHVHQWDFLyQ�JUiILFD�GHO�DQiOLVLV� IDFWRULDO�GH� ODV�YDULDEOHV�GH�FRQGXFWD��6H� UHSUHVHQWDQ� ODV�
VDWXUDFLRQHV�GH�ODV�YDULDEOHV�FRQ�UHVSHFWR�D�ORV�GRV�IDFWRUHV��(QWUH�SDUpQWHVLV�VH�SUHVHQWD�HO�SRUFHQWDMH�
GH�OD�YDULDQ]D�H[SOLFDGR�SRU�FDGD�IDFWRU��
�
$�OR�ODUJR�GH�GLIHUHQWHV�H[SHULPHQWRV�KHPRV�HQFRQWUDGR�GH�IRUPD�FRQVLVWHQWH�TXH�ODV�YDULDEOHV�
TXH� PHMRU� UHSUHVHQWDQ� FDGD� XQR� GH� HVWRV� IDFWRUHV� VRQ�� HO� WLHPSR� HQ� EUD]RV� DELHUWRV� GHO�
ODEHULQWR�HOHYDGR�HQ�FUX]��DQVLHGDG��\�ODV�GHDPEXODFLRQHV�HQ�HO�FRUUHGRU�FLUFXODU��E~VTXHGD�GH�
QRYHGDG� R� H[SORUDFLyQ�DFWLYLGDG��� 'H� KHFKR�� HQ� FRQFRUGDQFLD� FRQ� OD� RUWRJRQDOLGDG� GH� HVWRV�
IDFWRUHV��KHPRV�HQFRQWUDGR�TXH�ODV�FRUUHODFLRQHV�HQWUH�HVWDV�GRV�YDULDEOHV�VRQ�EDMDV�R�QXODV�\�
QXQFD�VLJQLILFDWLYDV��(VWR�QRV�KD�SHUPLWLGR�HVWXGLDU�GH�PDQHUD�GLIHUHQFLDO� OD�UHODFLyQ�GH�FDGD�
XQR�GH�HVWRV�UDVJRV�FRQ�GHWHUPLQDGDV�YDULDEOHV�ILVLROyJLFDV�FRPR�OD�UHDFWLYLGDG�DO�HVWUpV�GHO�HMH�
+3$��YHU�FDStWXOR����\�WDPELpQ�FRQ�RWURV�DVSHFWRV�FRPR�OD�YXOQHUDELOLGDG�D�OD�DGLFFLyQ��1DGDO�HW�
DO����������

�
�
�
�
�
�
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$XQTXH�GXUDQWH�DxRV�VH�KD�UHFRQRFLGR�OD�H[LVWHQFLD�GH�PDUFDGDV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�HO�
FRPSRUWDPLHQWR� \� HQ� OD� UHDFWLYLGDG� ILVLROyJLFD� DO� HVWUpV�� HV� HQ� ORV� ~OWLPRV� DxRV� FXDQGR� KD�
VXUJLGR�XQ�HVSHFLDO� LQWHUpV�SRU�GHWHUPLQDU� FXiOHV� VRQ� ORV� FRUUHODWRV�QHXURELROyJLFRV�GH�HVWDV�
GLIHUHQFLDV��/D�PD\RU�SDUWH�GH�HVWH�WLSR�GH�LQYHVWLJDFLyQ�VH�KD�FHQWUDGR�HQ�HO�HVWXGLR�GHO�HMH�
KLSRWDOiPLFR�SLWXLWDULR�DGUHQDO� �+3$��� SRU� GRV� UD]RQHV�� (Q� SULPHU� OXJDU�� HVWH� HMH� VH� KD�
UHODFLRQDGR�FRQ�QXPHURVDV�SDWRORJtDV�DVRFLDGDV�DO�HVWUpV��\�HQ�VHJXQGR� OXJDU��HO�HMH�+3$�HV�
XQR�GH� ORV�VLVWHPDV�SURWRWtSLFRV�GH� OD� UHVSXHVWD�GH�HVWUpV��VLHQGR�VX�DFWLYDFLyQ�VHQVLEOH�D� OD�
LQWHQVLGDG�GH�OD�VLWXDFLyQ�HVWUHVDQWH��$Vt��SDUHFH�SRVLEOH�TXH�DTXHOORV�LQGLYLGXRV�TXH�SHUFLEHQ�
ODV�VLWXDFLRQHV�FRPR�PiV�HVWUHVDQWHV�GHEHUtDQ�PRVWUDU�WDPELpQ�XQD�PD\RU�DFWLYDFLyQ�GHO�HMH�
+3$��(O�REMHWLYR�JHQHUDO�GHO�SUHVHQWH�WUDEDMR�HV�HO�HVWXGLR�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�
UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV�GH�WLSR�HPRFLRQDO�\�PiV�FRQFUHWDPHQWH��
�

��� (VWXGLDU�ODV�FDUDFWHUtVWLFDV�GHO�HMH�+3$�FRPR�PDUFDGRU�GH�OD�LQWHQVLGDG�GH�HVWUpV�WUDV�OD�
H[SRVLFLyQ�D�HVWtPXORV�HVWUHVDQWHV�HPRFLRQDOHV�GH�GLIHUHQWHV�FDUDFWHUtVWLFDV�FXDOLWDWLYDV�
\� FXDQWLWDWLYDV�� $GHPiV�� FRPSDUDU� OD� UHDFWLYLGDG� GHO� HMH� +3$� FRQ� OD� GH� RWURV�
PDUFDGRUHV�GH�HVWUpV���

��� 'HVFULELU� OD� UHVSXHVWD� GHO� HMH�+3$�DQWH� XQD� VLWXDFLyQ� GH� HVWUpV� FUyQLFR� \� HVWXGLDU� OD�
H[LVWHQFLD�GH�GLIHUHQFLDV� LQGLYLGXDOHV��FRPR�SRVLEOH� tQGLFH�GH�YXOQHUDELOLGDG�D�SDGHFHU�
SDWRORJtDV�DVRFLDGDV�DO�HVWUpV��

��� &RPSUREDU�OD�FRQVLVWHQFLD�GH�OD�UHVSXHVWD�GHO�HMH�+3$�\�RWURV�PDUFDGRUHV�GH�HVWUpV�D�
VLWXDFLRQHV�HVWUHVDQWHV�DJXGDV�GH�GLIHUHQWH�LQWHQVLGDG��(VWR�QRV�SHUPLWLUi�FRQRFHU�VL�HV�
SRVLEOH� FDUDFWHUL]DU� D� ORV� LQGLYLGXRV� KLSHU� R� KLSRUHDFWLYRV� DO� HVWUpV� \� HQ� TXp�
FRQGLFLRQHV��

��� (VWXGLDU�OD�FRQWULEXFLyQ�GH�FLHUWRV�UDVJRV�GH�SHUVRQDOLGDG�D�OD�UHDFWLYLGDG�GHO�HMH�+3$�
DQWH� VLWXDFLRQHV� HVWUHVDQWHV� DJXGDV� GH� LQWHQVLGDG� PRGHUDGD�� (Q� FRQFUHWR��
HVWXGLDUHPRV� GH�PDQHUD� VLPXOWiQHD� ORV� UDVJRV� GH� DQVLHGDG� \� E~VTXHGD� GH� QRYHGDG�
�DFWLYLGDG�H[SORUDFLyQ��DO�REMHWR�GH�GLVFHUQLU� OD�DSRUWDFLyQ�GLIHUHQFLDO�GH�FDGD�XQR�GH�
HVWRV�UDVJRV�D�OD�UHVSXHVWD�GHO�HMH�+3$��
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Post-stress recovery of pituitary–adrenal hormones and glucose, but
not the response during exposure to the stressor, is a marker of stress

intensity in highly stressful situations
*´Cristina Marquez, Xavier Belda, Antonio Armario

`Unitat de Fisiologia Animal, Departament de Biologia Cel?lular, de Fisiologia i d’Immunologia, Facultat de Ciencies,
`Universitat Autonoma de Barcelona, 08193 Bellaterra, Barcelona, Spain

Accepted 13 September 2001

Abstract

Acute immobilization in male rats elicited the same ACTH, corticosterone and glucose response as foot shock when measured
immediately after stress. However, post-stress recovery of plasma ACTH, corticosterone and glucose levels were delayed in immobilized
versus shocked rats. Similarly, stress-induced anorexia was much greater in the former animals. All these data suggest that post-stress
speed of recovery of some physiological variables is positively related to stressor intensity and could be used to evaluate it.  2002
Elsevier Science B.V. All rights reserved.

Theme: Neural basis of behavior

Topic: Stress

Keywords: Stress marker; Immobilization; Footshock; Prolactin; Hypothalamic–pituitary–adrenal axis; Post-stress recovery

There is an extremely wide range of laboratory and which are sensitive to stress intensity, although the thres-
naturalistic situations which are considered stressful and, hold of intensity, their discriminative power and the range
therefore, it is difficult to compare results across different of intensities they cover depend on the particular variable
laboratories about the behavioral and physiological conse- used. It is well accepted that catecholamines are very
quences of exposure to stress. Without ignoring the rele- sensitive to stress and that adrenaline is a better reflection
vance of particular qualitative aspects of stressors, it is also of stressor intensity than noradrenaline [6,12,17,18]. Re-
needed to measure the intensity of a stressful situation in garding the hypothalamic–pituitary–adrenal (HPA) axis, it
order to know whether or not some of its physiological and is clear that glucocorticoid release is related to the intensity
pathological consequences are appropriately explained by of stress when low to middle intensity stressors are
its intensity, without referring to particular details of the studied, but not when high intensity stressors are used
situation. At least when stressors eliciting a highly emo- [4,9,10]. The poor value of circulating glucocorticoids in
tional response are considered, it is known that there are discriminating between highly stressful situations is due to
some relatively good markers of stress intensity, what is of the ceiling effect of adrenal steroidogenesis with inter-
great value in stress research. mediate levels of ACTH, so that glucocorticoids not longer

A systematic research on markers of stress intensity has reflect ACTH release [11]. The only two other physiologi-
only been done in rodents and especially in rats. In those cal variables that consistently reflect stress intensity are
species, the overall results suggest that, when using prolactin, that is a stress marker acting in the same range
appropriate sampling times, there are several variables as ACTH [1,2,10], and plasma glucose, which has a

relatively high threshold, but covers a wide range of
intensities [3,4,6].*Corresponding author. Tel.: 134-93-581-1664; fax: 134-93-581-

We have recently reported that the speed of recovery of2390.
E-mail address: antonio.armario@uab.es (A. Armario). HPA hormones in the post-stress period appears to be a
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good marker of stress intensity [8]. This suggests that we as the within-subject factor. Where appropriate, t-test for
can evaluate the intensity of a stressful situation by independent samples were used to compare the response to
measuring circulating corticosterone, provided that we the two stressors at specific time points, and paired t-test to
study the post-stress period. In the present report we demonstrate stress-induced changes in food intake on the
extend these observations by showing that two stressors 24 h following exposure to the stressors. Pearson’s correla-
eliciting the same ACTH response as measured just after tion coefficients between the hormonal parameters were
termination of exposure to the stressors, greatly differ in also calculated.
the speed of recovery of the HPA axis, being related this The two-way ANOVA of plasma ACTH and corticos-
differential pattern to the intensity of the stressors as terone levels revealed significant effects of the type of
evaluated by other independent variables. stressor, the sampling time, and the interaction type of

Sixteen male, 55-day-old, Sprague–Dawley rats ob- stressor by sampling time (P,0.001 in all cases). Posthoc
tained from the breeding center of the Universitat Au- comparison showed that IMO and FS had similar effects
`tonoma de Barcelona were used in this experiment. They on ACTH and corticosterone levels as measured immedi-

were housed individually for 1 week before starting the ately after the stress session. However, in the post-stress
experiment under standard conditions of temperature period, FS resulted in a faster recovery of pre-stress levels
(22618C) on a 12 h–12 h light–dark schedule (lights on at than IMO. The differences between the two stressors were
7 a.m.). Food and water were available ad libitum. The highly significant for the two hormones in the two post-
experimental protocol were approved by the Committee of stress periods (P50.005 in both cases) (Fig. 1A and B).

`Ethics of the Universitat Autonoma de Barcelona. The two-way ANOVA of plasma glucose revealed signifi-
The animals were randomly assigned to immobilisation cant effects of the type of stressor (P,0.02), the sampling

(IMO) or foot shock (FS) groups (eight rats each). The time (P,0.001) and the interaction type of stressor by
experiment was done in the morning. In order to obtain sampling time (P,0.005). Posthoc comparison showed
basal hormone levels, a blood sample was obtained by that glucose response immediately after the stress sessions
tail-nick immediately after the animals had been taken did not differ in IMO and FS rats, but plasma glucose
from the animal room. Then the rats were subjected to levels were lower in FS as compared to IMO rats at 45 min
stress. IMO rats were stressed for 1 h by taping their four (P,0.005) and 90 min post-stress (P,0.05) (Fig. 1C).
limbs to metal mounts attached to a wooden board. Head Prolactin levels were analysed only in samples taken
movements were restricted with two metal loops around immediately after the stress session because the recovery
the neck. FS rats were put into individual boxes with a of prolactin levels after termination of stress is very fast
metal grid floor and were exposed to scrambled shocks [5] and therefore no additional information could be
(1.5 mA, 3 s, AC current) every 1 min for 1 h. A high obtained. Prolactin levels were marginally higher after
shock intensity was chosen because our aim was to achieve IMO than after FS (30.863.9 versus 21.562.9 ng/ml,
a stressful situation as close as possible to IMO in terms of P50.076).
intensity. Immediately after termination of exposure to the The two-way ANOVA of food intake revealed signifi-
stressor and at 45 and 90 min post-stress, the animals were cant effects of the type of stressor, the sampling time, and
sampled again. The rats were returned to the animal room the interaction sampling time by stressor (P,0.001 in all
in their home cages after each blood sampling. In all cases, cases). Although both FS and IMO inhibited food intake
300 ml blood samples were taken within 2 min and on the 24 h following exposure to the stressors, when
collected into ice-cold EDTA capillary tubes (Sarsted, compared to the average food intake on the 2 days
Germany). Plasma obtained after centrifugation was stored preceding exposure to stress (paired t-test, P50.001),
at 2308C until assayed. anorexia was greater in IMO than FS over the next 6 days

Plasma ACTH and corticosterone were measured by after exposure to stress (t-test, P at least ,0.05) (Fig. 1D).
radioimmunoassay (RIA) as described previously [8,13]. Whereas nonsignificant correlations between the differ-

125Prolactin was determined by RIA using I-prolactin ent hormonal parameters were observed immediately after
(NEN, Boston, MA, USA) as the tracer, rat prolactin (rat stress exposure, highly significant correlations were ob-
PRL-RP-3) as the standard and an antibody raised against served in the post-stress period (Table 1).
rat prolactin (anti-rPRL-S-9), gently provided by Dr. A.F. The present results demonstrate that the speed of
Parlow (NIDDK National Hormone and Peptide Program, recovery of the HPA axis after termination of exposure to
California, USA). Plasma glucose levels were measured by stressors is able to discriminate between two stressors
the glucose oxidase method using a commercial kit despite the same level of HPA activation achieved during
(Boehringer-Mannheim, Barcelona, Spain). Food intake exposure to both situations. That the two stressors differed
was measured every day for 1 week after exposure to the in intensity was independently evaluated by other stress-
stressors. Baseline food intake was obtained on the 2 days sensitive measures such as hyperglycaemia, plasma prolac-
preceding exposure to the stressors. The results were tin levels and anorexia.
statistically analyzed using two-way ANOVA with the type IMO in wooden boards and FS, under conditions similar
of stressor as the between-subject factor and sampling time to those used in the present experiment, are considered in
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Fig. 1. Effects of 1 h immobilisation or foot shock stress on various physiological variables: values are means6S.E.M. (n58 per group). The arrow
indicates the day of stress exposure. Rec 45 and Rec 90 indicate sampling 45 and 90 min after finishing exposure to the stress. Significant differences
between stress groups are expressed by ***, P50.000; **, P,0.01; *, P,0.05 (t-test); [, P50.001 vs. average food intake of the two pre-stress days
(paired t-test).

the literature as severe stressors [14,15]. However, to our ered to discriminate between different stress intensities, we
knowledge, a direct comparison of the two stressors has could conclude that FS and IMO are of similar intensity.
not been carried out so far. When plasma ACTH levels just However, the follow-up of the post-stress ACTH and
after 1 h of exposure to the stressors were measured, corticosterone levels gave us a very different picture: the
similar high levels were observed. Since ACTH is consid- recovery of the HPA axis after IMO was much slower than
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after FS. The slow recovery of the HPA axis after IMO is may be due to either a ceiling effect of the physiological
in accordance with our own previous results and also with response to severe stressors, or more marked individual
those by other authors [15,19]. differences in the pattern of post-stress recovery, or both.

It might be argued that the slow recovery of the HPA In fact we have recently reported that the stronger the
axis after IMO may be a particular characteristic of this stressor the longer the time needed for the HPA axis to
stressor unrelated to its intensity. However, there are recover after the termination of exposure to the situation
several reasons to consider that the speed of recovery is [8]. In addition, there are marked individual differences in
truly measuring stress intensity. Firstly, we have previous- the speed of recovery of the HPA after IMO, which are not
ly observed that the speed of post-stress recovery of the related to differences in the HPA response during exposure
HPA axis is negatively related to the intensity of the to the situation [7]. Finally, the speed of recovery of the
stressors and relatively independent of the duration of HPA axis is much more sensitive to previous experience
exposure to the situation [8]. Secondly, hyperglycaemia, with a stressor than the initial response [8,15]. All these
another stress marker, tended to be higher immediately data suggest that post-stress dynamics of the HPA axis is
after IMO than after FS, and was significantly higher in probably controlled, to a great extent, by mechanisms
IMO rats at 45 min post-stress. That post-stress recovery of independent of those controlling the response during stress.
glycaemia was delayed in IMO as compared to FS rats In summary, the present results suggest that the follow-
corroborates the importance of studying the post-stress up of the physiological response to two severe stressors for
period. Finally, stress-induced anorexia appears to be also a period of time after the termination of exposure to the
sensitive to the intensity of emotional stressors [16] and situation allows us to better discriminate between the two
reduction of food intake was much greater and prolonged stressor in terms of intensity and could be a good marker
after IMO than after FS. The protracted effect of a single of the possible pathological impact of such stressors.
IMO session on food intake is in accordance with our
recent findings [20] and suggests again that IMO is a
particularly severe stressor. When blood sampling is not Acknowledgements
possible or appropriate for the experimental design, reduc-
tion of food intake appears to be an easy to measure This work was supported by DGICYT (PM98-0175) and
variable and a good reflection of stress intensity, at least CUR (1999SGR-330) Grants. CM is a fellow of the
under stressors of middle to high intensity. `Universitat Autonoma de Barcelona. We are very grateful
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THE HYPOTHALAMIC–PITUITARY–ADRENAL AND GLUCOSE
RESPONSES TO DAILY REPEATED IMMOBILISATION STRESS IN
RATS: INDIVIDUAL DIFFERENCES

C. MÁRQUEZ,a R. NADALb AND A. ARMARIOa*
aUnitat de Fisiologia Animal, Facultat de Ciències, Institut de Neuro-
ciències, Universitat Autònoma de Barcelona, 08193 Bellaterra, Bar-
celona, Spain
bUnitat de Psicobiologia, Facultat de Psicologia, Institut de Neurocièn-
cies, Universitat Autònoma de Barcelona, 08193 Bellaterra, Barce-
lona, Spain

Abstract—It is accepted that there are important individual dif-
ferences in the vulnerability to stress-induced pathologies,
most of them associated to the hypothalamic-pituitary and sym-
patho–medullo–adrenal axes, the two prototypical stress-re-
sponsive systems. However, there are few studies specifically
aimed at characterising individual differences in the physiolog-
ical response to daily repeated stress in rats. In the present
work, male rats were submitted to repeated immobilisation
(IMO) stress (1 h daily for 13 days) and several samples were
taken at specific days and time points. Animals only subjected
to blood sampling procedure served as controls. Daily adreno-
corticotropic-hormone (ACTH), corticosterone and glucose re-
sponses to immobilisation (that included the post-immobilisa-
tion period) progressively declined over the days. In addition,
repeated immobilisation resulted in decreased relative thymus
weight, increased relative adrenal weight, elevated corticotrop-
in-releasing factor (CRF) mRNA levels in the hypothalamic para-
ventricular nucleus (PVN), and down-regulation of glucocorti-
coid receptor gene transcription in hippocampus CA1. How-
ever, only CRF mRNA levels in the paraventricular nucleus
correlated with the ACTH (on day 1) and corticosterone re-
sponses (from day 4–13) to immobilisation. When the animals
were classified in three groups on the basis of their plasma
ACTH levels immediately after the first immobilisation, individ-
ual differences in the ACTH response progressively disap-
peared on successive exposures to the stressor, whereas those
in corticosterone and glucose were more sustained. The
present results suggest that there are individual differences in
the physiological response to stress that tend to be reduced
rather than accentuated by repeated exposure to the stressor.
Nevertheless, this buffering effect of repeated stress was de-
pendent on the particular variable studied. © 2003 IBRO. Pub-
lished by Elsevier Ltd. All rights reserved.

Key words: ACTH, corticosterone, glucose, CRF, glucocorti-
coid receptors, paraventricular hypothalamic nucleus.

Chronic exposure to stress is acknowledged to be involved
in a wide range of physiological and psychopathological
processes. However, there is evidence for important indi-
vidual differences in the susceptibility to stress-induced
pathologies, most of them related to the two prototypical
stress responses: the activation of the hypothalamic–pitu-
itary–adrenal (HPA) and sympatho–medullo–adrenal
(SMA) axes. The most frequent approach to the study of
individual differences in susceptibility to stress has been
the use of inbred rat strains differing in responsiveness to
stress. Focussing on the HPA axis, the strains most con-
sistently showing an altered response to stress are the
Fischer (exacerbated) and Lewis rats (reduced); (Stern-
berg et al., 1989; Dhabhar et al., 1993; Armario et al.,
1995) rats. Unfortunately, to our knowledge, only few stud-
ies have addressed in these strains the effect of chronic
stress on the HPA axis (Gómez et al., 1996; Dhabhar et al.,
1997). In addition, the results obtained with inbred strains
are difficult to extrapolate to outbred populations because
in the process of inbreeding one particular allele of each
gene potentially contributing (in some cases in opposite
directions) to the different aspects of the regulation of the
HPA axis and their responsiveness to stress may be ran-
domly fixed. Therefore, the extent to which the conclusion
achieved in a particular strain may be relevant for other
strains is unclear.

We have recently reported that, in response to a
severe stressor such as immobilisation on wooden-
boards (IMO), outbred Sprague–Dawley rats showed
major differences in the levels of corticosterone 2 h after
the termination of exposure to IMO, which were not
apparently related to the initial response to the stressor
(Garcı́a and Armario, 2001). Assuming that the possible
pathological impact of exposure to stress is related to
both the intensity and duration of glucocorticoid re-
sponse to the situation, some of the pathological con-
sequences of exposure to stress may be stronger in
those animals displaying a greater overall glucocorticoid
response to stress, including the post-stress period.
However, when considering the final physiological or
pathological impact of repeated exposure to stress, an-
other additional factor to be considered is the extent to
which the magnitude of the response to the first expo-
sure to a stressor is a reflection of the capability to adapt
to the repeated stressor. In this regard, it has been
found that Fischer rats showed not only an exacerbated
response to the first exposure to restraint, but also a
reduced rate of adaptation as compared with other
strains (Sprague–Dawley and Lewis; Dhabhar et al.,

*Corresponding author. Tel: �34-93-581-1664; fax: �34-93-581-
2390.
E-mail address: antonio.armario@uab.es (A. Armario).
Abbreviations: ACTH, adrenocorticotropic-hormone; ANOVA, analysis
of variance; AU, arbitrary units; AUC, area under the curve; CRF,
corticotropin-releasing factor; DG, dentate gyrus; GR, glucocorticoid
receptors; HAR, high ACTH response; HGR, high glucose response;
HPA, hypothalamic–pituitary–adrenal axis; IAR, intermediate ACTH
response; IGR, intermediate glucose response; IMO, immobilisation;
LAR, low ACTH response; LGR, low glucose response; PVN, para-
ventricular nucleus of the hypothalamus; RIA, radioimmunoassay;
SMA, sympatho–medullo–adrenal; TEA, triethanolamine.
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1997). In contrast, Natelson et al. (1988) showed, using
an outbred population of Sprague–Dawley rats, that an-
imals responding the more to an intermediate intensity
stressor on the first day, the more adapted to repeated
stress. Consequently, smaller individual differences
were observed at the end than at the beginning of the
chronic stress protocol. However, these two interesting
papers were based only on corticosterone measure-
ments and therefore have the main drawback that cor-
ticosterone response is not a reliable index of adaptation
to intermediate or severe stressful situations for two
main reasons: (a) adrenocortical response to circulating
adrenocorticotropic-hormone (ACTH) becomes satu-
rated with intermediate levels of plasma ACTH, which
are already achieved by exposure to moderate intensity
stressors (Keller-Wood et al., 1981); and (b) chronic
exposure to stress may result in enhanced adrenocorti-
cal responsiveness to ACTH (Armario et al., 1985, 1988;
Uehara et al., 1989; Pitman et al., 1990; van Raaij et al.,
1997). Therefore, after repeated exposure to relatively
severe stressors, glucocorticoids are not longer a good
reflection of ACTH release.

Rats repeatedly exposed to severe stressors show a
faster recovery of ACTH and corticosterone to basal
levels before any decrease in plasma levels of ACTH
immediately after the stressor is observed (Garcı́a et al.,
2000). Therefore, the shut-off of the HPA axis after
stress appears to be influenced by both individual dif-
ferences in the responsiveness to stress and the degree
of previous experience with the stressor. Considering
the above, there are two opposite theoretical predictions
about the consequences of repeated exposure to a se-
vere stressor in animals characterised by different levels
of stress-induced activation of the HPA axis. The first
one is that animals displaying a greater activation during
a first exposure to the stressor, in contrast to those
showing a lower activation, may be rather non-sensitive
to previous experience with the stressor, thus resulting
in a reduced capability to shorten the HPA response
over the course of the repeated stress treatment (re-
duced adaptation); therefore, the differences between
the two groups will increase over the days. The second
one is that the degree of experience with the stressor
will predominate over individual differences in the reac-
tivity to the first exposure and, therefore, upon repeated
exposure to the same stressor all animals will show a
similar shortening of the HPA response. The main pur-
pose of the present experiment was to test these two
hypotheses by studying the dynamics of the response of
peripheral HPA hormones to repeated IMO over the
course of 13 days and several end-point variables of the
HPA axis known to be sensitive to chronic stress (Martı́
and Armario, 1998): adrenal and thymus weights, corti-
cotropin-releasing factor (CRF) mRNA in the paraven-
tricular nucleus of the hypothalamus (PVN) and mRNA
for glucocorticoid receptors (GR) in the hippocampal
formation. In addition, measurement of plasma glucose
levels, a good stress marker, was also included.

EXPERIMENTAL PROCEDURES

Animals

Thirty-eight male Sprague–Dawley rats, 60 days old at the begin-
ning of the experiment, were used. They were obtained from the
breeding centre of the Universitat Autònoma de Barcelona and
housed individually for 1 week before starting the experiment, in
standard conditions of temperature (22�1 °C) on a 12-h light/dark
schedule (lights on at 7 am). Food and water were available ad
libitum. The experimental protocol was approved by the Commit-
tee of Ethics of the Universitat Autònoma de Barcelona and was
carried out in accordance the European Communities Council
Directive (86/609/EEC). Attempts were made to introduce the
minimum suffering of animals and to use the minimum number of
animals compatible with our purposes.

General procedure

The animals were randomly assigned to chronic IMO or control
groups (n�30 and 8 respectively). The experimental procedures
were always done in the morning. IMO rats were stressed for 1 h
daily for 13 days by taping their four limbs to metal mounts
attached to a wooden board (Garcı́a et al., 2000; Garcı́a and
Armario, 2001). Head movements were restricted with two metal
loops around the neck. On day 1 and every 3 days, blood samples
were taken at different times by tail nick procedure, in order to
study the dynamics of HPA hormones, whilst the animal was
smoothly wrapped with a cloth. To obtain basal levels, a sample
was taken immediately after the animals had been taken out from
the animal room. Then, control animals were returned to the
animal room, whilst IMO rats were subjected to stress. Additional
samples were also taken immediately after 1 h of IMO and 45 and
90 min after the ending of IMO (post-IMO). Control rats were
sampled following the same schedule than IMO rats and were not
submitted to other stress than that associated to the sampling
procedure. In all cases, 300 �l blood samples were taken within 2
min and collected into ice-cold EDTA capillary tubes (Sarsted,
Granollers, Spain). Plasma obtained after centrifugation was
stored at �30 °C until analyses. Food intake was monitored daily.
On day 14, all animals were killed by decapitation in an adjacent
room, without any additional stress, within 30 s after they were
removed from the animal room. Brains were frozen on isopentanol
(cooled in liquid nitrogen) and stored at �80 °C and adrenals and
thymus were weighed. The trunk blood was collected and centri-
fuged at 4 °C and the serum frozen at �30 °C until the analysis.

Biochemical analysis

Plasma corticosterone were measured by radioimmunoassay
(RIA) as described previously (Armario and Castellanos, 1984)
with two modifications: the antiserum used was obtained in sheep
against corticosterone-3-CMO-urease (Chemicon Int., Temecula,
CA, USA) and corticosterone-binding-globulin was denatured by
heating the samples at 70 °C for 30 min. Serum ACTH was
assayed immunoradiometrically by a double-antibody RIA using
125I-ACTH (Amersham, Pharmacia Biotech, Barcelona, Spain) as
the tracer, rat synthetic ACTH 1–39 (Sigma, Madrid, Spain) as the
standard and an antibody raised against rat ACTH (rb 7) kindly
provided by Dr. W. C. Engeland (Department of Surgery, Univer-
sity of Minnesota, Minneapolis, MN, USA). Plasma glucose levels
were measured by the glucose oxidase method using a commer-
cial kit (Boehringer-Mannheim, Barcelona, Spain). All samples to
be compared were run in the same assay to avoid inter-assay
variability. The intra-assay coefficient of variation was of 8% for
corticosterone, 5% for ACTH and 4% for glucose. The area under
the curve (AUC) of plasma levels was calculated with Graph Pad
Prism (version 3.02) that computes the AUC using the trapezoid
rule.
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In situ hybridisation assay

Brain sectioning. Serial coronal sections (30 �m thickness)
through the PVN (Bregma �2.30, �1.80) and the hippocampal
formation (Bregma �3.80, �3.30) were obtained from the frozen
brains with a cryostat (Frigocut 2800; Leica, Nussloch, Germany)
and mounted onto gelatine and poly-L-lysine-coated slides, which
were then maintained at �80 °C until the day of analysis.

Probe preparation. The CRF probe was generated from a
pGEM-4Z plasmid containing an EcoR I fragment (1.2 kb) of cDNA
of the rat (Dr. K. Mayo, Northwestern University, Evanston, IL,
USA), linearised with HindIII. GR probe was transcribed from a
500-bp rat cDNA fragment that encodes for the N-terminal region
of the rat liver GR (Miesfeld et al., 1986; courtesy of K. R.
Yamamoto and R. Miesfeld, Department of Biochemistry, Univer-
sity of Arizona, Tucson, AZ, USA). This fragment was subcloned
from a 2.8-kb fragment and transfected into pGEM3 plasmid
(courtesy of Dr. M. C. Bohn, Department of Paediatrics, North-
western University Medical School, Chicago, IL, USA). It was
linearised with BamHI. Radioactive antisense cRNA copies were
generated using a transcription kit (Promega, Charbonnieres,
Lyon, France). Once digested, 250 ng of linearised plasmid were
incubated in transcription buffer (40 mM Tris–HCl pH 7.9, 6 mM
MgCl2, 2 mM spermidine, 10 mM NaCl), 10 mM DTT, 0.2 mM
GTP/ATP/CTP, 200 �Ci [�-35S]UTP (specific activity 1300 Ci/
mmol, NEN Life Science Products, Boston, MA, USA), 40 U
RNasin and 20 U of SP6 RNA polymerase for 60 min at 37 °C. The
DNA template was digested with RNase-free DNase (Promega; 1
U DNase in 0.25 �g/�l tRNA and 9.4 mM Tris/9.4 mM MgCl2) and
extracted with phenol–chloroform–isoamylalcohol 25:24:1
(Sigma). The cRNA was precipitated with the ammonium acetate
method, resuspended in 10 mM Tris/1 mM EDTA, pH 8.0, and
stored at �20 °C.

In situ hybridisation hystochemistry. The protocol used was
adapted from Simmons et al. (1989). All the solutions were pre-
treated with DEPC and sterilised before use. Sections were post-
fixed in 4% PFA�Borax, rinsed in KPBS, digested with proteinase
K (Roche Diagnostics, Manheim, Germany; 0.01 mg/ml in 100 mM
Tris–HCl pH 8.0 and 50 mM EDTA, pH 8.0), rinsed in DEPC-
treated water and 0.1 M triethanolamine pH 8.0 (TEA; Sigma) and
acetylated in 0.25% acetic anhydride in 0.01 M TEA. Finally, they
were washed in 2� SSC, dehydrated through graded concentra-
tions of ethanol and air-dried. Thereafter, 90 �l of hybridisation
buffer (50% formamyde, NaCl 0.3 M, Tris–HCl 10 mM pH 8.0,
EDTA 1 mM pH 8.0, 1� Denhardt’s, 10% dextran sulphate, yeast
tRNA 500 �g/ml and 10 mM DTT) containing the labelled probe
(1�106 cpm/90 �l) were spotted onto each slide and sealed with
a coverslip. Sections were incubated for 16–18 h in a humid
chamber at 60 °C. After hybridisation, the slides were washed in
4� SSC containing 1 mM DTT (Sigma), digested with RNase A
(Amersham Bioscience, Upsala, Sweden; 0.02 mg/ml in 0.5 M
NaCl, 10 mM Tris–HCl pH 8.0 and 1 mM EDTA pH 8.0), washed
in descending concentrations of SSC containing 1 mM DTT, de-
hydrated through a series of ethanol solutions (50, 70, 95 and
2�100%) and air-dried. The slides were then exposed to a XAR-5

Kodak Biomax MR autoradiography film (Kodak, NY, USA) for
22 h for CRF mRNA and for 3 days for GR mRNA. After devel-
oping the films, the slides were cleaned and defatted with a series
of ethanols and xylene, counterstained with 0.25% thionin
(Sigma), dehydrated through increasing concentrations of etha-
nol, cleared in xylene and coverslipped with DPX (Electron Mi-
croscopy Science, Washington, DC, USA) for histological control.

Image analysis. Densitometric analyses were done on the
autoradiography films. The mRNA levels were semiquantitatively
determined in three sections per brain area (both hemispheria
pooled) and animal, by measuring the optical densities and the
number of pixels in defined areas with a Leica Q 500 MC system.
CRF and GR mRNA values shown are expressed in arbitrary units
(number of pixels�optic density). All samples to be statistically
compared were processed in the same assay to avoid inter-assay
variability.

Data analysis

The Statistical Package for Social Science (SPSS) programme
was used (version 10 for Windows). Five different types of anal-
ysis were done in function of the case: (1) t-test to compare control
and IMO rats in single variables; (2) two-way within-subject anal-
ysis of variance (ANOVA), being “sampling time” (4 levels: basal,
post-IMO, and 45 and 90 min after the end of the IMO) and “days”
(5 levels: days 1, 4, 7, 10 and 13) the factors used to study ACTH,
corticosterone and glucose changes across the time, (3) one-way
within-subject ANOVA to study the evolution of the AUCs of
ACTH, corticosterone and glucose across the “days,” also sepa-
rately in control or IMO animals; (4) one-way between-subject
ANOVA to study the influence of the subgroups of IMO rats
obtained on the basis of several criteria (see below) on those
variables measured after killing; and (5) mixed ANOVA with one
within-subject factor and one between-subject factor (the various
subgroups of IMO animals) to study either the dynamics of the
response on day 1 or the AUCs changes across days. After
significant ANOVAs, further comparisons were done by means of
within-subject or between-subject “a priori” contrasts (see details
in Results). Pearson correlation test (two-tailed) was also used.
The probability level was set at P�0.05.

RESULTS

The overall pattern of the response to repeated
stress

As compared with controls, repeated IMO reduced aver-
age food intake (t�9.51, df�36, P�0.001) and body
weight gain (t�7.47, df�36, P�0.001) over all the exper-
imental period. Increased relative (t�4.76, df�36,
P�0.001), but not absolute adrenal weight was observed,
whereas both absolute (t�4.095, df�36, P�0.001) and
relative thymus weight (t�2.36, df�36, P�0.05) were re-
duced in IMO rats (Table 1). A tonic increase in CRF

Table 1. Effect of repeated exposure to IMO on some physiological variablesa

Food intake
(g/rat/day)

Change in
body weight (g)

Thymus weight Adrenal weight

mg mg/100 g
bw

mg mg/100 g
bw

Control 29.3�1.2 51.8�3.7 788.0�49.4 202.8�10.6 61.9�2.6 16.0�0.9
IMO 20.1�0.3*** �5.0�3.8*** 567.4�24.5*** 171.3�6.3* 66.1�1.2, NS 20.1�0.4***

a Data are expressed in mean�S.E.M. Food intake is expressed as the mean of the values across the 13 days of stress. Relative thymus and adrenal
weights are expressed as mg/100 g of body weight (bw). Control (n�8), IMO (n�30). NS�non-significant; * P�0.05; *** P�0.001.
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mRNA in the PVN (t�2.25, df�30, P�0.05) and a reduc-
tion of GR mRNA in hippocampus CA1 (t�2.13, df�35,
P�0.05) were also observed in chronic IMO rats (Fig. 1).
The reduction of GR mRNA in dentate gyrus (DG) was only
marginally significant (t�1.85, df�35, P�0.073).

To simplify, the statistical analyses of the physiological
response to blood sampling in control rats were restricted
to the AUCs. The one-way ANOVAs revealed significant
effects of days for both ACTH and corticosterone
(F(4,28)�3.05 P�0.05 and F(4,28)�9.42 P�0.001, re-
spectively), but not for glucose (Fig. 2A–C). Further com-
parison of ACTH AUCs showed a significant reduction on
day 7 as compared with day 1 (P�0.05), whereas cortico-

sterone AUCs showed a decrease on each day as com-
pared with day 1 (P at least �0.02).

In IMO rats, the two-way ANOVA of plasma ACTH (Fig.
2A) revealed significant effect of sampling time
(F(3,87)�148.61), days (F(4,116)�93.25) and the interac-
tion sampling time by days (F(12,348)�47.53; P�0.001 in
all cases). Due to the interaction, additional comparisons
were done. Chronic IMO rats showed a small increase in
basal ACTH levels from day 1–4 that was maintained over
the course of the chronic treatment (P at least �0.001 vs
day 1). On day 4, ACTH levels were lower than on day 1
both immediately after IMO and at the two post-IMO peri-
ods (P�0.001 in all cases). A further significant decline in

Fig. 1. Effects of repeated exposure to IMO on mRNA for CRF in the PVN and for GR in the hippocampal formation. Representative autoradiographs
of CRF mRNA in the PVN of control (panel A) and repeated IMO rats (panel B); and of GR mRNA in the CA1 region and DG of control (panel C) and
repeated IMO rats (panel D). On the bottom, the means and S.E.M. (n�7–8 for controls and n�25–30 for IMO rats) of CRF mRNA in the PVN and
GR mRNA in the DG and CA1 regions are represented (bars indicate the areas where measurements were made). * P�0.05, # P�0.073 vs control
group.
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ACTH levels was observed from days 4–7 and from days
7–10 at all times (p at least�0.05 versus the same sam-
pling time on the preceding day), except just after IMO and
at 90 min post-IMO from days 7–10. Essentially the same
results were obtained with the AUCs: the one-way ANOVA
revealed a significant effect of days (F(4,116)�88.47;
P�0.001) and further comparisons showed a progressive
decline in the overall ACTH response to IMO from day 1 to

day 7 (P�0.001, P�0.01, between consecutive days), with
no further declines.

The two-way ANOVA of plasma corticosterone in IMO
animals (Fig. 2B) revealed significant effect of sampling
time (F(3,87)�1234.62), days (F(4,116)�229.17) and the
interaction sampling time by days (F(12,348)�134.00;
P�0.001 in all cases). When additional studies of this
interaction were done, chronic IMO rats showed a moder-

Fig. 2. Physiological response to repeated blood sampling (control group) or IMO group. Means and S.E.M. (n�8 for controls and n�30 for IMO rats)
are represented. On the left, the dynamics of the physiological response to the acute treatments on days 1, 4, 7, 10 and 13 are represented (for
statistics, see text). In IMO rats, samples were taken under basal conditions (B), immediately after 1 h of IMO stress (S) and at 45 and 90 min post-IMO
(R45 and R90, respectively). Control rats were only sampled, following the same schedule as IMO rats. On the right, the AUC of the overall daily
response are represented for control and IMO rats. Within each group, * indicates significant differences vs day 1 response and � indicates significant
differences vs the preceding day.

C. Márquez et al. / Neuroscience 123 (2004) 601–612 605



ate increase in basal corticosterone levels from days 1–4
(P�0.001) that was maintained over the course of the
chronic treatment (P�0.001 in all cases). On days 4 and 7,
corticosterone levels were higher than on day 1 immedi-
ately after IMO (P�0.001 and P�0.02, respectively), but
lower at the two post-IMO periods (P�0.001 in all cases).
From days 4–7 and 7–10 there were further declines in
corticosterone levels at 45 and 90 min post-IMO (at least
P�0.01). The one-way ANOVA of AUCs revealed a sig-
nificant effect of days (F(4,116)�155.49; P�0.001), with a
progressive decline of the corticosterone response from
days 1–10 (P�0.001 in all cases), but not from 10 to 13.

The two-way ANOVA of plasma glucose in IMO ani-
mals (Fig. 2C) revealed significant effect of sampling time
(F(3,87)�167,35), days (F(4,116)�38.20) and the interac-
tion sampling time by days (F(12,348)�14.56; P�0.001 in
all cases). Additional comparisons showed that glucose
levels immediately after IMO progressively decreased from
days 1–10 (P�0.001, P�0.05, P�0.01 between consec-
utive days). The same trend was observed in post-IMO
levels, with a significant decline from days 1–4 at 45 min
post-IMO (P�0.05) and from days 7–10 at 90 min post-
IMO (P�0.05). The one-way ANOVA of glucose AUCs
revealed a significant effect of days (F(4,116)�38.50;
P�0.001), with a progressive decline of the response from
days 1–13 (P�0.001, P�0.05, P�0.01, P�0.01 between
consecutive days).

Correlations between variables

In control rats (n�8), ACTH AUC on day 1 showed a high
correlation with ACTH AUC on day 4 (r�0.81, P�0.02),
but not thereafter. In contrast, corticosterone AUC on day
1 showed a good correlation to those of the other days
(e.g. r�0.75 with AUC on day 13). The correlations be-
tween ACTH and corticosterone AUCs on the same day
were significant on days 1 and 4 only (r�0.90, P�0.002;
r�0.74, P�0.04; respectively). Relative adrenal weight
showed a high correlation with corticosterone AUCs al-
most every day (e.g. on day 1, r�0.90, P�0.001).

In IMO rats, the ACTH AUC on day 1 showed a mod-
erate significant correlation with the ACTH AUCs from

days 4–13, whereas correlations between those latter
days were higher (Table 2). Corticosterone and ACTH
AUCs on each day showed a modest but in general sig-
nificant correlation, the greatest being observed on day 13
(r�0.68, P�0.001). Interestingly enough, low or non-sig-
nificant correlation between day 1 corticosterone AUC and
those of the other days was observed, whereas those
between days 4–13 were quiet consistent (Table 2). A
significant correlation was observed between relative ad-
renal weight and the corticosterone levels immediately
after IMO on day 1 (P�0.001), but not on the following
days (Fig. 3). No other relevant physiological variable cor-
related with adrenal weight. The glucose AUC on the dif-
ferent days, including day 1, showed a good and consis-
tent correlation with each other (r values between 0.56 and
0.80, in all cases P�0.001). In addition, moderate corre-
lations between glucose and ACTH AUCs on the same day
were generally observed (e.g. on day 1, r�0.36, P�0.05).
There was no consistent correlation between glucose and
corticosterone AUCs.

An important chronic stress-induced end-point change
in the HPA axis, the levels of CRF mRNA in the PVN,
moderately correlated with both plasma ACTH immedi-
ately after IMO and ACTH AUC on day 1 (r�0. 42 and
r�0.43, respectively, P�0.05). On the next days, signifi-
cant correlations were observed between CRF mRNA and
corticosterone AUCs from days 4–13 (r between 0.49 and
0.72, P at least �0.02) or basal levels of corticosterone on
day 14 (r�0.51, P�0.01; Fig. 3). Levels of mRNA for GR in
the DG of the hippocampal formation showed a negative
correlation with ACTH levels immediately after IMO or
ACTH AUC on day 13 (r��0.39, r��0.38, P�0.05). Sim-
ilar, but just marginally significant correlations were ob-
served with GR in the CA1.

Individual differences in the response to IMO

The animals were classified in three groups on the basis of
two criteria: (a) responsiveness to the stressor as evalu-
ated by the plasma levels of ACTH and glucose immedi-
ately after IMO on day 1 (corticosterone was not consid-
ered because of the saturation of the adrenal at this time
will mask any individual difference), thus resulting in low,
intermediate and high ACTH response groups (LAR, IAR
and HAR, respectively) or low, intermediate and high glu-
cose response groups (LGR, IGR, HGR); and (b) the ca-
pability to recover as evaluated by the decline of plasma
levels of ACTH and glucose from immediately after IMO to
the 45 min post-IMO (the time at which the decline of
ACTH and glucose levels were not so strong to mask
individual differences). Each group was made of 10 sub-
jects from a total of 30. With the groups thus generated we
studied the ACTH, corticosterone and glucose responses.
Because the effect of sampling time or days was always
highly significant, they will not be further commented on in
the text.

When the animals were classified in LAR, IAR, HAR
groups, the two-way ANOVA of ACTH levels on day 1 (Fig.
4A) revealed significant effects of group (F(2,27)�96.10)
and the interaction sampling time by group (F(6,81)�

Table 2. Pearson correlation coefficients between the ACTH and
corticosterone AUCs of the response to repeated IMO across the
daysa

Day 4 Day 7 Day 10 Day 13

ACTH AUC
Day 1 0.33# 0.43* 0.48** 0.42*
Day 4 0.60*** 0.53** 0.59***
Day 7 0.69*** 0.70***
Day 10 0.65***

Corticosterone AUC
Day 1 0.40* 0.32# 0.17 0.25
Day 4 0.62*** 0.63*** 0.61***
Day 7 0.68*** 0.57***
Day 10 0.70***

a r-Values are expressed (n�30). # 0.05�P�0.10; * P�0.05;
** P�0.01; *** P�0.001.
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65.15; P�0.001 in both cases). Further comparisons
showed that the three groups significantly differed imme-
diately after IMO whereas only the HAR showed greater
ACTH levels than LAR group at 45 and 90 min post-IMO (P
at least �0.003). The two-way ANOVA of corticosterone
levels on day 1 (Fig. 4B) revealed significant effects of
group (P�0.001), but no interaction sampling time by
group. Appropriate comparisons revealed that HAR, but
not IAR, rats showed greater overall corticosterone levels

than LAR rats, that included the 90 min post-IMO period,
when corticosterone levels in LAR and IAR were similar,
but HAR showed greater levels (P�0.02 vs LAR). No
effect of group was observed regarding glucose levels on
day 1 (not shown).

The effects of LAR, IAR and HAR groups on ACTH
levels observed immediately after IMO or on ACTH AUCs
over the course of chronic stress were similar, the ANO-
VAs revealing significant effects of group (After IMO:
F(2,27)�11.12; AUC: F(2,27)�11.86) and the interaction
days by group (After IMO: F(8,108)�8.58; AUC:
F(8,108)�11.87; P�0.001 in all cases). Further compari-
sons will be indicated only for AUCs (Fig. 5A): on day 1,
differences amongst the three groups were significant; on
day 4 both IAR and HAR groups showed significantly
greater ACTH response than LAR rats; on day 7 and 10
only HAR rats showed a greater response than LAR rats;
and finally, on day 13 the difference between HAR and
LAR rats was only marginally significant (P�0.09). Re-
garding the effect of LAR, IAR and HAR groups on corti-
costerone AUCs over the days, a significant effect of group
was observed (F(2,27)�5.49; P�0.010), the HAR rats
showing greater plasma corticosterone levels than LAR
over the days (Fig. 5B), in contrast to ACTH results. No
effect of such groups on glucose AUCs over the days was
observed (not shown). Essentially the same conclusion
was achieved when corticosterone or glucose levels im-
mediately after IMO instead of AUCs were studied.

No differences amongst LAR, IAR and HAR groups
were found in the thymus or adrenal weights or in the GR
levels in the hippocampal formation. However, the group
significantly affected CRF mRNA in the PVN (one-way
ANOVA, F(2,24)�3.46; P�0.05; Fig. 5C), additional com-
parisons revealing that both LAR and IAR groups showed
similar levels of expression, but that of HAR was margin-
ally higher than LAR (P�0.059).

When the animals were classified on the basis of
plasma glucose levels immediately after IMO (LGR, IGR
and HGR), the two-way ANOVA of glucose response on
day 1 revealed significant effects of group (F(2,27)�24.03)
and the interaction sampling time by group
(F(6,81)�10.00; P�0.001 in the two cases). Further com-
parisons showed that both IGR and HGR groups signifi-
cantly differed from LGR group immediately after IMO and
at the two post-IMO periods (P at least �0.03). The two-
way ANOVAs revealed significant effect of group (after
IMO: F(2,27)�18.73; AUC: F(2,27)�15.15), but not inter-
action group by days, on plasma glucose levels observed
immediately after IMO or glucose AUCs (P�0.001 in both
cases) upon repeated exposure to IMO. Further compari-
sons showed that both IGR and HGR differed from LGR
independently of days in glucose levels immediately after
IMO (P�0.01, P�0.001, respectively) or in glucose AUCs
(P�0.007, P�0.001, respectively). No differences
amongst groups were observed either in the response of
HPA hormones to the first IMO or in the rate of adaptation
to repeated IMO.

When the criteria to classify the animals was the de-
cline in ACTH or glucose levels from immediately after IMO

Fig. 3. Selected correlations between some physiological variables
related to the HPA axis in chronic IMO rats (n�25–30). * P�0.05,
** P�0.01; *** P�0.001.
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to 45 min post-IMO on day 1, it was observed that those
animals showing greater ACTH levels immediately after
IMO were those showing a stronger decline, so that similar
groups were obtained with the two criteria. Regarding glu-
cose, the animals showing the greatest plasma glucose
levels immediately after IMO were those showing the
strongest post-IMO decline, whereas the other two groups
behaved similarly. However, no additional significant infor-
mation was obtained using the post-stress decline in glu-
cose and therefore the results will not be further com-
mented on.

DISCUSSION

The present results indicate that peripheral HPA hormones
are very sensitive to previous experience of animals with a

severe stressor such as IMO in that a progressive reduc-
tion of plasma ACTH, corticosterone and glucose levels
were observed after repeated exposure, when also taking
into account the post-IMO period. Whereas individual dif-
ferences in the ACTH response to the first exposure to
IMO eventually disappeared after repeated stress, those of
corticosterone and glucose were more sustained. Interest-
ingly, plasma ACTH response to IMO on day 1 correlated
with chronic IMO-induced increase in tonic CRF gene ex-
pression in the PVN, suggesting that such response on
day 1 partially predicted the future impact of chronic stress.

The overall pattern of response to repeated stress

The results obtained in control animals indicate that
blood sampling caused almost undetectable increases

Fig. 4. Individual differences in the response of the HPA hormones to the first exposure to IMO. The animals were split into three groups in function
of their plasma ACTH levels immediately after IMO. Means and S.E.M. (n�10 per group) of basal, stress and post-stress levels of ACTH and
corticosterone are represented. * P at least �0.05 vs LAR under the same sampling period. � Significant overall effect of HAR vs LAR group as
revealed by the ANOVA.

C. Márquez et al. / Neuroscience 123 (2004) 601–612608



in plasma ACTH levels and more consistent changes in
corticosterone. The response of corticosterone declined
after the first day, suggesting that the animals adapted
very quickly to the blood sampling procedure. Repeated
IMO caused prototypical physiological changes when
compared with controls: reduction of food intake, body
weight gain and thymus weight, adrenal hypertrophy
(with regard to body weight) and increased basal corti-
costerone levels (Taché et al., 1978; Armario et al.,
1988, 1990; Ottenweller et al., 1992; 1994; Martı́ et al.,
1993; Martı́ and Armario, 1997). Hormonal response to
the first exposure to IMO was characterised by a strong
release of ACTH and a prolonged release of corticoste-

rone, in accordance with previous results using the
same stressor (Garcı́a et al., 2000; Garcı́a and Armario,
2001; Martı́ et al., 2001; Márquez et al., 2002). Daily
repetition of the stressor resulted in lower ACTH levels
just after the stressor on day 4 and thereafter, as com-
pared with day 1. These results indicate that 3 days of
previous experience with IMO was enough to substan-
tially reduce the AUC of ACTH response to IMO. How-
ever, from days 4 –13, only modest further reductions
were observed. Adaptation to a repeated stressor ap-
pears to have two phases, one of fast slope (the first few
days) and another of slow slope (from days 4 –13), and
therefore is not a linear function of the degree of previ-
ous experience with the situation. Apparently, a plateau
is achieved, suggesting that may be adaptive for the
animals to maintain a partial response, at least to severe
stressors. The pattern of plasma corticosterone re-
sponse to chronic IMO as measured immediately after
the stressor was in accordance with our previous results
(Garcı́a et al., 2000) and far more complex than that of
ACTH, but can be explained by the interaction of two
factors acting on opposite directions (see Martı́ and
Armario, 1998): (i) the development of an enhanced
adrenal responsiveness to circulating ACTH in chroni-
cally stressed animals; and (ii) the reduction of the
ACTH response in repeatedly stressed animals. Despite
the complex initial corticosterone response to IMO, re-
peated exposure to the stressor caused a consistent
and progressive reduction of plasma corticosterone dur-
ing the post-IMO period, confirming that the post-stress
period is exquisitely sensitive to previous experience
with the stressor (Garcı́a et al., 2000; Martı́ et al., 2001).

Repeated exposure to IMO resulted in a tonic increase
in mRNA for CRF in the PVN and a reduction of mRNA for
GR in CA1 and DG. It is generally agreed that chronic
exposure to a wide range of stressful situations increases
mRNA for CRF in the PVN (Imaki et al., 1991; Mamalaki et
al., 1992; Sawchenko et al., 1993; Herman et al., 1995;
Makino et al., 1995; Martı́ et al., 1999) and decreases GR
binding and mRNA in the hippocampal formation (Sapol-
sky et al., 1984: Martı́ et al., 1994; Herman et al., 1995;
Makino et al., 1995; Gómez et al., 1996; however, see
Mamalaki et al., 1992; Herman and Spencer, 1998).
Whether the tonic increase in CRF mRNA or the reduction
in GR mRNA is a consequence of the last exposure to the
stressor or the cumulative impact of successive exposures
is not clear at present.

The hyperglycaemia observed immediately after the
stressor was clearly reduced by repeated exposure to
IMO, whereas changes in post-IMO levels of glucose were
less affected. The reduction of plasma glucose response to
repeated stress is very consistent in the literature (Armario
et al., 1988, 1990; Lachuer et al., 1994; Martı́ and Armario,
1997), even in those conditions where no adaptation of the
HPA axis was found (Martı́ and Armario, 1997; Dal-Zotto et
al., 2002). As stress-induced hyperglycaemia appears to
be strongly related to adrenaline release, the present re-
sults support previous data suggesting that adrenaline
release is a sensitive marker of adaptation to repeated

Fig. 5. Individual differences in the daily response of HPA hormones
(AUCs) to repeated IMO and the CRF mRNA (arbitrary units, AU) on
the day after the last exposure to IMO. The animals were split into
three groups in function of their plasma ACTH levels immediately after
the first exposure to IMO. Means and S.E.M. (n�10 per group) are
represented. * P at least �0.05; # 0.10	P	0.05 vs LAR group.
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stress (Cox et al., 1985; Konarska et al., 1989; Dobrako-
vova et al., 1993).

Correlation between variables

In control animals, relative adrenal weight showed a good
correlation with the corticosterone AUCs after tail-nick on
all days, whereas in chronic IMO rats relative adrenal
weight only correlated with plasma corticosterone levels
just after IMO on day 1, but not thereafter. This suggests
that adrenal weight is related to both corticosterone re-
sponsiveness to modest and brief increases in ACTH lev-
els (i.e. after tail-nick) and maximal secretory capability of
the adrenal under very high ACTH levels (i.e. immediately
after the first IMO).

In IMO rats, lower correlations were observed between
ACTH AUC on day 1 and those of the other days than
amongst those from days 4–13. Similar results were ob-
tained with the corticosterone AUCs, suggesting that
mechanisms governing ACTH and corticosterone re-
sponses to the first exposure to IMO may have been
changed by previous experience with the stressor. It
should be also noted that the correlations between the
ACTH and corticosterone AUCs were usually low. Since
weak correlations between ACTH and corticosterone
AUCs from days 4–10 cannot be attributed to a saturation
of adrenocortical secretion, extra-ACTH mechanisms gov-
erning adrenocortical secretion under stress appear to
exist, i.e. neural inputs to the adrenal (Vinson et al., 1994).
This neural stimulatory signal may be progressively re-
duced by previous experience with the stressor, thus re-
sulting in a better correlation between corticosterone and
ACTH.

A good correlation was usually observed between glu-
cose AUCs over the days, with no evidence for a change
from day 1 to the next days. In contrast, the correlations
with the corresponding ACTH AUCs, although significant,
were low. These data suggest, in accordance with previ-
ous results obtained in acute stressful situations (Márquez
et al., 2002), that mechanisms governing plasma glucose
release during stress are in great part different from those
controlling the HPA axis. Hyperreactivity of the SMA sys-
tem (assuming that glucose is a reflection of adrenaline
release under stress) and the HPA axis are therefore not
necessarily linked. In addition, our data suggest that glu-
cose response during the first exposure to a stressor might
be a relatively good predictor of the glucose response over
the days.

Individual differences in the response to stress

The present results indicate that plasma ACTH levels mea-
sured immediately after the exposure to a stressor, even if
it is so severe as IMO, appear to be a reflection of the
overall reactivity of the HPA axis. Thus, when the animals
were divided into three groups (LAR, IAR and HAR) on the
basis of the above criterion, the animals displaying the
greatest ACTH levels immediately after IMO (HAR) also
showed the greatest ACTH and corticosterone levels dur-
ing the post-IMO period. This overall greater reactivity to
stress was observed despite the fact that the post-stress

recovery of ACTH, as evaluated by the decline from time
0–45 after the termination of IMO, was positively related to
plasma ACTH levels immediately after IMO. Whether this
was due to exhaustion of the corticotropes or other intrinsic
properties of the HPA axis remains to be studied. Upon
repeated exposure to the same stressor, the initial differ-
ence in ACTH progressively vanished so that only mar-
ginal differences between HAR and LAR groups were
observed on day 13. It is noteworthy that differences in
ACTH response progressively decreased during the post-
IMO period on day 1 and over the days, whereas differ-
ences in corticosterone were more sustained. This again
reflects a partial dissociation between the two hormones,
confirming the correlational results.

The present results that plasma corticosterone in the
post-IMO period (90 min) appears to be related to the initial
ACTH response to the stressor is in contrast with our
previous data (Garcı́a and Armario, 2001) where no such
relationship was found. Since in the latter work ACTH
levels were measured after 2 h of exposure to IMO, it may
be that ACTH differences between groups would disap-
pear after prolonged exposure to a severe stressor, per-
haps due to exhaustion of ACTH stores (Rivier and Vale,
1987). Such differences may appear again with the lower
degree of activation of the pituitary in the post-stress pe-
riod. If this hypothesis is correct, the sampling time chosen
may be critical to reveal individual differences in respon-
siveness to stress, particularly when the response to se-
vere stressors is studied.

Individual differences in the post-stress recovery of
corticosterone have been related to the novelty-seeking
trait, as measured by motor activity in novel environments
(Piazza et al., 1991; Dellu et al., 1996), the susceptibility to
drug self-administration (Piazza et al., 1991; Dellu et al.,
1996) and cognitive deficits in old age (Meaney et al.,
1991). However, in some cases only corticosterone levels
were measured so it is unclear whether these differences
are related to the initial ACTH release or, more specifically,
with an actual low capability to shut off the HPA response
after stress. On the basis of the results obtained in
Meaney’s laboratory studying the long-lasting effects of
maternal care or post-natal manipulations on the respon-
siveness of the HPA axis to stress in adult rats, changes in
the post-stress recovery of the HPA hormones are accom-
panied by similar changes in the ACTH levels immediately
after the stressor (e.g. Viau et al., 1993; Shanks et al.,
1995; Liu et al., 1997). Therefore, no evidence for individ-
ual differences in the capability to shut off the HPA re-
sponse independently of the magnitude of the initial re-
sponse is available at present. Apparent changes in the
post-stress recovery of corticosterone can be explained by
the saturation of the adrenal with relatively low levels of
ACTH, so that a greater ACTH response to a severe
stressor is reflected in corticosterone levels only when
low-intermediate levels of ACTH are achieved in the post-
stress period.

To what extent a greater HPA activation during the first
exposure to a stressor may be predictive of the response
to repeated exposures? Our results suggest that by re-
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peating exposure to the same stressor, individual differ-
ences in stress-induced HPA activation are reduced rather
than exacerbated and therefore, the strong inhibitory sig-
nals generated by the previous experience with the situa-
tion are dominant over initial individual differences. Never-
theless, the influence of such repeated experience with the
stressor to reduce individual differences was more evident
on ACTH than on corticosterone, suggesting that cortico-
sterone response is a more reliable marker of individual
differences in the response to stress than ACTH after
chronic repeated stress. Our results are in line with those
reported previously using lower intensity stressors and a
single time point measurement of plasma corticosterone
(Natelson et al., 1988). In addition, our data indicate that
individual differences in the HPA and glucose responses
were not related, suggesting that different underlying
mechanisms govern both systems.

CRF mRNA levels in the PVN on the day after the last
exposure to IMO moderately correlated with both ACTH
levels immediately after IMO and ACTH AUC on day 1,
suggesting that tonic increase in CRF gene transcription
after repeated stress may be partially predicted by the
initial response to the stressor. Interestingly, only the HAR
group tended to have greater CRF mRNA levels at the end
of the chronic stress protocol with regard to LAR rats,
whereas the IAR behaved similarly to LAR. The lack of
correlation of CRF gene transcription with the ACTH re-
sponses from days 4–13, may be explained by the fact that
the contribution of the post-IMO period versus the re-
sponse during exposure to the stressor to the AUCs was
much lower than on day 1 than on successive days. There-
fore, a more detailed time point measurement of ACTH
during exposure to IMO could unmask such correlation.

Main conclusions

The present results suggest that upon repeated exposure
to the same stressor the animals present an initial (few
days) pronounced adaptation, followed by a much slower
slope phase. Individual differences in the HPA and glucose
responses were poorly related. In addition, such individual
differences in the first encounter with the stressor progres-
sively declined, although the effect of repeated experience
with the stressors affected more ACTH than corticosterone
or glucose responses. Despite progressive disappearance
of individual differences in the HPA axis after chronic IMO,
the tonic stress-induced increase in the transcriptional ac-
tivity of the CRF gene in the PVN correlated with individual
differences in the response to the first encounter with the
stressor, suggesting that such individual differences did
have an impact on the activity of the HPA axis. The bases
for individual differences in the responsiveness of the HPA
axis to stress within normal populations may reside either
in genetic or earlier (foetal environment, motherhood style)
epigenetic factors, but the precise mechanisms involved
are poorly characterised.
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Summary Susceptibility to some stress-induced pathologies may be strongly related to
individual differences in the responsiveness of the hypothalamic–pituitary–adrenal (HPA)
axis to stressors. However, there have been few attempts in rodents to study the reliability
of the individual differences in the responsiveness of the HPA to stressors and the
relationship to resting corticosterone levels. In the present work, we used a normal
population of Sprague–Dawley rats, with a within-subject design. Our objectives were to
study: (a) the reliability of the ACTH and corticosterone response to three different novel
environments widely used in psychopharmacology and (b) the relationship between stress
levelsofHPAhormonesandthedailypatternofcorticosteronesecretion (six samplesovera
24-h-period). Animals were repeatedly sampled using tail-nick procedure. The novel
environments were the elevated plus-maze, the hole-board and the circular corridor.
Animals were sampled just after 15 min exposure to the tests and again at 15 and 30 min
after the termination of exposure to them (post-tests). The hormonal levels just after the
tests indicate that the hole-board seems to be more stressful than the circular corridor and
the elevated plus-maze, the latter being characterized by the lowest defecation rate.
Correlationalanalysis revealedthatdailypatternof restingplasmacorticosterone levelsdid
notcorrelate toHPAresponsiveness to thetests, suggestingnorelationshipbetweenresting
and stress levelsofHPAhormones. Incontrast, thepresent studydemonstrates, for thefirst
time, a good within-subject reliability of the ACTH and corticosterone responses to the
three environments, suggesting that HPA responsiveness to these kind of stressors is a
consistent individual trait in adult rats, despite differences in the physical characteristics of
the novel environments.
Q 2004 Elsevier Ltd. All rights reserved.
www.elsevier.com/locate/psyneuen
4 Elsevier Ltd. All rights reserved.
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1. Introduction
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It is well-accepted in humans that there are major
individual differences in susceptibility to psychia-
tric pathologies and stress-related pathological
processes. Unfortunately, our knowledge of the
biological bases of such susceptibility is hampered
by obvious limitations of conducting research in
humans. Thus, characterization of individual differ-
ences in animals (i.e. rodents) may help to find the
origin of susceptibility in humans. To date, neuro-
biological bases of individual differences in rodents
have been mainly focused on the hypothalamic–
pituitary–adrenal (HPA) axis, one of the prototypi-
cal stress systems, and its relationship to behavioral
traits such as fear/anxiety and novelty-seeking
(attraction for novelty) (Dellu et al., 1996; Kabbaj
et al., 2000; Landgraf and Wigger, 2003; Steimer
and Driscoll, 2003). This interest relies on the major
role of the final hormones of the HPA axis,
glucocorticoids, in stress-induced pathologies.

However, before establishing a putative relation-
ship between HPA responsiveness to stress and
particular behavioral traits, it is important to know
whether or not we can reliably evaluate individual
differences in responsiveness to stress so that we can
define hypo or hyperresponsive phenotypes. In
humans, a low to good within subject reliability of
the response of the HPA axis to stress has been found
(for a review, see Cohen and Hamrick, 2003).
However, it is surprising that, to our knowledge,
there is no study on this topic in rodents despite the
vast literature dealing with the relationship between
behavioral traits (i.e. anxiety) and HPA responsive-
ness. The lack of a consistent individual HPA response
to stressors could, at least in part, explain the
controversial results regarding HPA activity and
behavioral traits (Abel, 1991; Brush, 1991; Dellu
et al., 1996; Kabbaj et al., 2000; Landgraf and
Wigger, 2003; Steimer and Driscoll, 2003).

Exposure to novel environments is a common
procedure used to evaluate some behavioral traits
in rodents. The behavior of animals in such
environments is the result of the interaction of
several factors, including activity, motivation to
explore and fear/anxiety. Since exposure to novel
environments generates fear/anxiety in animals
and is stressful as evaluated by the activation of the
HPA axis (Pellow et al., 1985; Misslin and Cigrang,
1986; Appenrodt et al., 1999), to appropriately
define the influence of fear/anxiety in the behavior
of animals in these environments it is important to
characterize the degree of stress experienced by
them. Circulating levels of ACTH and corticoster-
one, the two peripheral hormones of the HPA axis,
are, under appropriate conditions, positively
related to the intensity of the stressors (Hennessy
and Levine, 1978; Armario et al., 1986; De Boer
et al., 1990) and therefore can give us objective
information about the stressful properties of the
different tests. However, because of the approxi-
mately 15 min delay between ACTH release and the
subsequent optimum activation of the adrenal
cortex, and because of the saturation of adrenal
capability to synthesize corticosteroids with mod-
erate levels of ACTH (Keller-wood et al., 1981), it is
important to follow circulating levels of the two
hormones for a time after the termination of stress
to avoid apparent discrepancies between the two
hormones.

On the basis of the above, the aim of the present
work was to study resting levels of corticosterone
over a 24-h-period and the HPA response of adult
male Sprague–Dawley rats to 15 min of exposure to
various novel environments, with the purposes of
characterizing: (a) the degree of stress elicited by
some novel environments commonly used to
characterize behavioral traits in rodents; (b) the
reliability of individual differences in the stress
response of the HPA axis elicited by such novel
environments; and (c) the relationship between
resting and stress levels of HPA hormones.
2. Methods

2.1. Animals and general procedure

Eighteen male Sprague–Dawley rats from the
breeding centre of the Universitat Autònoma de
Barcelona, 55 days old at the beginning of the
experiment, were used. They were housed two per
cage in standard conditions of temperature
(22 8CG1) and on a 12–12 h light–dark schedule
(lights on at 7 am). Food and water were provided
ad libitum. Cages were cleaned twice a week. The
experimental protocol was approved by the com-
mittee of Ethics of the Universitat Autònoma de
Barcelona and was carried out in accordance the
European Communities Council Directive
(86/609/EEC).

During the second week after their arrival, all
animals were handled three times (every other day)
and then, blood samples were taken under basal
conditions by tail-nick to obtain resting hormone
levels and habituate the animals to the sampling
procedure. Eight days later, exposure to three
different novel environments started. Over 6 days,
all rats were exposed to hole-board, elevated plus-
maze and circular corridor for 15 min. One rat from
each cage was tested on one day and the other one
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the next day to avoid any influence of handling the
cages and cohort removal. We used a counter-
balanced design so that on a particular day, three
rats were exposed to either the hole-board, or the
elevated plus-maze or the circular corridor, and
throughout 6 days, every rat was tested in the
three environments. Blood samples were taken by
tail-nick immediately after the test and at 15 and
30 min post-tests, to evaluate the HPA response to
the novel environments. Basal samples prior to the
tests were not taken in order to prevent possible
interferences with behavioral and hormonal
response. Two resting days were left between
each test. Ten days after the last exposure to
novel environments, rats were repeatedly sampled
over a 24-h-period at 10, 15, 19, 23, 03 and 09 h.
Whenever resting levels were studied, the two rats
of a cage were simultaneously sampled. The tail
nick consisted of gently wrapping the animals with a
cloth, making a 2 mm incision at the end of one of
the tail arteries and then massaging the tail while
collecting 300 ml of blood, within 2 min, into
ice-cold EDTA capillary tubes (Sarsted, Granollers,
Spain). Within the same day, repeated samples
were obtained making only one incision.
2.2. Novel environments

The circular corridor consisted of a circular arena
(80 cm diameter!34 cm high) with a cylinder
inside (44 cm!34 cm), forming a corridor 18 cm
wide. Activity in the circular corridor has been used
to measure novelty-seeking (Dellu et al., 1993,
1996). Both the hole-board and the elevated plus-
maze have been used to evaluate anxiety and the
effects of anxiolytic drugs, although the latter test
is presently the most accepted (File, 1985; Kulkarni
and Sharma, 1991; Pellow et al., 1985). The hole-
board (File and Wardill, 1975) consisted of a white
rectangular box (62 cm!53 cm!28 cm high) with a
floor divided into 16 equal squares, containing four
holes (diameter 4.5 cm). Two holes were empty and
the other two had inside an orange plastic ball
(novel for the rats). Each animal was placed initially
in the periphery of the apparatus facing the wall.
The elevated plus-maze (Pellow et al., 1985)
consisted of four white wooden arms (formica) at
right angles to each other, connected to a central
square. The apparatus was elevated 50 cm above
the floor. Two of the opposite arms had high walls
(enclosed arms, 42 cm high) whereas the other two
were the open arms that had a 0.7 cm ridge to
provide an additional grip. Defecation rate during
the total 15 min were measured in the three tests.
The apparatuses were carefully cleaned between
animals with a 5% ethanol solution, and the test
illumination was 40 W in all cases.

2.3. Biochemical analysis

Plasma corticosterone were measured by radio-
immunoassay (RIA) as described previously
(Armario and Castellanos, 1984) with two modifi-
cations: the antiserum used was obtained in sheep
against corticosterone-3-CMO-urease (Chemicon
Int., Temecula, CA, USA) and corticosterone-bind-
ing-globulin was denaturated by tripsine method
(Roche Diagnostics, Barcelona, Spain). Serum ACTH
was measured by a double-antibody RIA using
125I-ACTH (Amersham, Spain) as the tracer, rat
synthetic ACTH 1-39 (Sigma, Spain) as the standard
and an antibody raised against rat ACTH (rb 7)
kindly provided by Dr W.C. Engeland (Department
of Surgery, University of Minnesota, Minneapolis,
USA). All samples to be compared were run in the
same assay to avoid inter-assay variability. The
intra-assay coefficient of variation was of 8% for
corticosterone and 5% for ACTH.

2.4. Data analysis

The area under the curve (AUC) of plasma hormone
levels, either during the 24-h-period or in response
to the tests, was calculated with Graph Pad Prism
(version 3.02) that computes the AUC using the
trapezoid rule. The ‘statistical package for social
science’ (SPSS) program was used (version 11 for
Windows). One-way within-subject ANOVAs were
performed to compare ACTH, corticosterone and
defecation rate among the three novel environ-
ments, one-way within-subject ANOVA to confirm
circadian pattern of plasma corticosterone and
two-way within-subject ANOVAs to study the effect
of days of experience with the procedures and
blood sampling time. Pearson correlations
(two tailed) were also used. The probability level
was set at p!0.05.
3. Results

The one-way ANOVA of the 24 h resting corticos-
terone levels revealed a significant effect of time of
day (F(5,85)Z60.19, p!0.001), with the expected
peak of corticosterone just after lights off (Fig. 1).
Exposure to the three novel environments for
15 min elicited a highly significant increase in
plasma levels of HPA hormones measured immedi-
ately after the tests when compared to basal levels
(Fig. 2). More importantly, one-way ANOVAs of



Figure 1 Circadian pattern of resting levels of plasma
corticosterone. Means and SEM (nZ18) are represented.
A highly significant effect of time of day was found (one-
way ANOVA, p!0.001).

Figure 2 Effects of 15 min exposure to different novel
environments on: plasma ACTH levels (panel A), plasma
corticosterone levels (panel B) and defecation rate
(panel C). Means and SEM (nZ18) are represented:
basal levels (obtained some days before the tests); HB,
hole board; CC, circular corridor; EPM, elevated plus
maze; *p at least !0.05; **p!0.003 vs. the HB;
&p!0.05 vs.the other two novel environments
(differences with respect to basal levels were always
highly significant and are not indicated).
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plasma levels of ACTH and corticosterone immedi-
ately after the tests revealed significant effect of
the type of test: F(2,34)Z3.32, p!0.05; and
F(2,34)Z4.16, p!0.025, respectively. Further
comparisons showed that exposure to the hole-
board elicited a greater ACTH response than the
circular corridor (p!0.02). Similarly, plasma corti-
costerone levels were greater after exposure to the
hole-board than after the elevated plus-maze
(p!0.04) or the circular corridor (p!0.003).

An ANOVA with day and blood sampling time as
within subject factors was used to study the
influence of the previous experience with the
procedures (novel environments plus blood
sampling), obviating the previously found small
differences in HPA response to the three novel
environments. For ACTH (Fig. 3) we found a
significant effect of day (F(2,68)Z8.16, p!0.001),
sampling time (F(2,68)Z5.42, p!0.01) and of
interaction day by sampling time (F(4,68)Z4.93,
p!0.002). Similar results were found for corticos-
terone: significant effects of day (F(2,68)Z6.47,
p!0.001), sampling time (F(2, 68)Z14.85,
p!0.001) and of interaction day by sampling time
(F(4,68)Z4.82, p!0.002). Further decomposition
of the interactions revealed that at the 15 min post-
tests, rats showed lower ACTH levels on day 3 as
compared to day 1 (p!0.04) and at 30 min post-
tests, lower ACTH levels were observed on day 2 and
3 as compared to day 1 (p!0.002 and p!0.001,
respectively). Regarding corticosterone, at 30 min
post-test, corticosterone levels were lower on day 3
as compared to day 1 (p!0.001).

To study the relationship between ACTH and
corticosterone release and the reliability of the HPA
response to novel environments, a correlational
study was done (Table 1). This was performed with
the hormone levels obtained just after the novel
environment exposure, but also with the AUC of the
response, which included two post-test periods.
The rationale for this was that ACTH and corticos-
terone levels observed just after the tests were not
influenced either by stress associated with previous
blood sampling or by previous experience with



Figure 3 Effects of days of experience with exposure to
novel environments and sampling procedures on plasma
ACTH andcorticosterone levels. MeansandSEM (nZ18) are
represented. The same animals were repeatedly exposed
to similar treatments from day1 to 3 (see text) and samples
were taken just after the tests (out test) and at 15 and
30 min post-test. *p!0.05; **p!0.002; ***p!0.001 vs. day
1 values within the same sampling time.
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the procedure, as is the case with post-test samples
included in the AUCs. However, because of the
certain delay between ACTH and corticosterone
secretion, the AUCs could give us more precise
information when correlating ACTH and corticos-
terone responses within the same situation. In
addition, to study the relationship between resting
levels of corticosterone and HPA responsiveness to
Table 1 Pearson correlation coefficients between
ACTH and corticosterone levels after the tests or with
AUCs.

Test levels AUCs

CC 0.59** 0.63**
EPM 0.51* 0.59**
HB 0.40# 0.59**

r-values are expressed (nZ18). #marginal; *p%0.05; **p%0.
01; CC, Circular Corridor; EPM, Elevated Plus-Maze; HB,
Hole Board.
stress the inclusion of the AUCs appears to be
appropriate.

Correlations between ACTH or corticosterone
levels just after each test and the corresponding
AUCs were very homogeneous and highly significant
(ranging between 0.82 and 0.86, always p!0.001),
indicating that, for both hormones, plasma levels
just after the tests were a good reflection of the
overall response. Within each test, correlation
between ACTH and corticosterone was higher
when using the AUC than the levels just after the
tests (Table 1). The correlation between the ACTH
or corticosterone responses to the three tests are
depicted in Table 2. Significant correlations among
the ACTH levels just after the tests were found and
those using the AUCs were a little bit higher.
Regarding corticosterone, the correlations between
the levels just after the tests were not consistent,
but those using AUCs were.

Correlation between resting levels of corticos-
terone (plasma levels at 10 am, plasma levels at
19 pm or the 24 h AUC) and ACTH or corticosterone
responses to the tests, either taking into account
the hormone levels just after the tests or the AUCs
were always non-significant (not shown).

Defecation rate in the three tests was compared
using one-way ANOVA, which revealed a significant
effect of the tests: F(2,34)Z3.59, p!0.04. Further
comparisons showed (Fig. 2) that defecation in the
elevated plus-maze was lower than in the hole-
board (p!0.04) and the circular corridor (p!0.05).
Defecation rate in the hole-board and the circular
corridor negatively correlated to respective plasma
corticosterone levels, particularly at 15 min post-
tests (rZK0.59, p!0.01 and rZK0.52, p!0.05,
respectively), whereas defecation in the elevated
plus-maze, which was low, did not.
4. Discussion

The present study evaluates both the reliability and
the degree of activation of the HPA axis in rats
exposed to three different novel environments
widely used to characterize behavior (hole-board,
elevated plus-maze and circular corridor).To our
knowledge, this is the first study of reliability of the
HPA responsivess to stressors in rodents and of
direct comparison of the stressful properties of
these three commonly used tests. Our data suggest
a good reliability of individual differences in the
responsiveness of the HPA axis to stressors and
minor differences among the different novel
environments in the degree of stress they elicited.



Table 2 Pearson correlation coefficients between ACTH or corticosterone (B) levels of the different behavioral
tests.

Test ACTH Test B

EPM HB EPM HB

Test ACTH CC 0.58* 0.68** Test B CC 0.42# 0.76***
Test ACTH EPM – 0.73*** Test B EPM – 0.33 NS

AUC ACTH AUC B

EPM HB EPM HB

AUC ACTH CC 0.71*** 0.68** AUC B CC 0.75*** 0.71***

AUC ACTH EPM – 0.87*** AUC B EPM – 0.72***
Levels just after the test or the AUCs are both correlated. r-values are expressed (nZ18). NS: non-significant; #marginal; *p%0.05;
**p%0.01; ***p%0.001; HB, Hole Board; EPM, Elevated Plus-Maze; CC, Circular Corridor.
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Resting levels of corticosterone were not related to
stressor responsivity.

One major purpose of the present experiment
was to study the within-subject consistency of HPA
responsiveness to stressors of similar character-
istics. Surprisingly, despite the enormous interest in
the HPA axis during stress and its putative relation-
ship to behavioral traits, there are no studies aimed
at characterizing the reliability of individual differ-
ences in the response of the HPA to stress in an
outbred population of rats. The correlations
between the ACTH levels just after the three
novel environments were better than those of
corticosterone, perhaps because of the maximal
activation of the adrenal cortex is achieved beyond
the 15 min period of exposure to the tests. This fact
is important because studies dealing with individual
differences in HPA responsiveness to stressors have
sometimes used samples taken at too early times
points after initial exposure to stress (i.e. 10 min)
to evaluate activation of the adrenal gland
(i.e. Gentsch et al., 1982; Abel, 1991). In fact,
when the correlations of the AUCs were studied,
they were similarly good for both ACTH and
corticosterone, suggesting that, at least in response
to novel environments, the activation of the HPA
axis is quite consistent among subjects and is
reflecting individual characteristics (traits) of ani-
mals. The good correlation of the HPA response
between the different novel environments also
suggests the existence of a common stressful factor
underlying exposure to novel environments,
although the particular characteristics of the
situations may also partially contribute to differen-
tially activate the HPA axis. It is interesting that
stress levels of HPA hormones did not correlate to
resting corticosterone levels over a 24-h-period
even at those times (lights off) characterized by an
important degree of activation of the HPA axis.
These data support the hypothesis that activation
of the HPA axis during certain periods of the
circadian cycle is regulated by mechanisms unre-
lated to those determining responsiveness to stress.

The correlation between ACTH and corticoster-
one within each test was a little bit lower than that
observed between the ACTH AUCs (or corticoster-
one AUCs) of the different tests, even considering
the AUCs to avoid the problem of the delay between
ACTH and corticosterone secretion. Under the
present conditions, maximal corticosterone
secretion was unlikely to be achieved and therefore
the data suggest that there are some extra-ACTH
factors involved in the control of adrenocortical
secretion. In fact, there is an extensive literature
on this subject (Vinson et al., 1994), although the
particular factors involved under particular physio-
logical conditions are still poorly characterized.

It has been suggested that defecation rate in
novel environments is the reflection of a factor
distinct from anxiety, sometimes called autonomic
reactivity (Royce, 1977; Ossenkopp and Mazma-
nian, 1985; Maier et al., 1988). The consistent
negative correlation of defecation rate with plasma
corticosterone is of great interest because it is
classically assumed that the two variables are
positively related to emotionality (reactivity to
potentially threatening situations). However, it has
also been suggested that emotionality is not an
unitary concept on the basis of evidence for a
partial dissociation between different measures
(Archer, 1973; Ramos and Mormède, 1998). The
fact that several variables change in the same
direction in response to stressors differing in
intensity, taking into account the group average,
does not mean that there should be a good
correlation between them, because of the contri-
bution of a partially different set of regulatory
factors for each variable.
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The present data demonstrate a consistency of
the HPA response to novel environments. In humans
reliability of cortisol response to different
psychological tasks has given conflicting results.
Thus, a good correlation (rZ0.75) was found
between two different psychological tasks per-
formed on the same day (Hawkley et al., 2001),
whereas the correlation beween the same tasks
performed two weeks apart was lower (rZ0.37)
(Cohen et al., 2000) and that of repeated exposure
to the same tasks over 4 days was intermediate
(Kirschbaum et al., 1995). Our results in rats are
consistent with those reports showing significant
within-individual correlations.

A second major purpose of the present work was
to compare the stressful properties of three
different tests, all of which are novel environments
(elevated plus-maze, circular corridor and hole-
board). Rats showed a consistent activation of the
HPA axis when assessed just after the 15 min
exposure to the tests. On the basis of plasma levels
of ACTH and corticosterone just after the tests,
the hole-board appears to be more stressful than
the elevated plus-maze and the circular corridor,
both of which appear to be similarly stressful.
Defecation rate suggests that the elevated plus-
maze was less stressful than both the hole-board
and the circular corridor, which did not differ. This
partial dissociation between the two stress markers
(emotional activation) is not surprising, taking into
account that among the few putatively good
markers of stress intensity some degree of dis-
sociation is often reported, mainly for two reasons.
First, the threshold of intensity and the range of
intensities we can detect is critically dependent on
the particular variable used (see Márquez et al.,
2002 for a thorough discussion), and the present
data suggest that defecation rate could only
distinguish between low levels of stress as com-
pared to HPA hormones. Secondly, underlying
emotional processes associated with the stressful
situation may vary as function of some qualitative
aspects of the situation. Why was the hole-board
more stressul than the circular corridor and the
elevated plus-maze? Pellow et al. (1985) demon-
strated that rats enclosed in the open arms of the
elevated plus-maze showed higher plasma corti-
costerone levels than rats enclosed in the closed
arms, suggesting that lack of wall (thigmotaxis) is
stressful for the rats. In our conditions, both the
circular corridor and the elevated plus-maze
(closed arms) contain more protected walls com-
pare to their total surface than the hole-board,
supporting the hypothesis of protection offered by
the wall. In addition, in the elevated plus-maze the
animals had the opportunity to choose between
protected or unprotected areas, whereas neither in
the hole-board nor in the Circular Corridor had. This
availability of choice may affect defecation rate
more than HPA activation, thus explaining the low
defecation rate in the elevated plus-maze.

The small differences in the HPA response to the
three tests in the present experiment could be
attributed to a low sensitivity of HPA hormones to
the degree of stress caused by exposure to these
situations. However, this is in contrast to our own
previously published data indicating a good
sensitivity of corticosterone to graded level of
change in the environment (Armario et al., 1986).
To confirm that under our conditions, plasma ACTH
and corticosterone levels can reflect subtle changes
in the environment, we did an additional exper-
iment and showed that animals exposed to the dark
compartment of a light–dark box showed lower
ACTH and corticosterone responses than those
confined to the illuminated compartment (unpub-
lished data), in line with the results of Pellow et al.
(1985) who showed higher corticosterone levels in
rats exposed to the open arms of the elevated
plus-maze as compared to those exposed to the
closed arms.

We followed the activation of the HPA axis at
15 and 30 min after the termination of exposure to
the novel environments using repeated blood
sampling by the tail-nick procedure (15 and 30 min
post-tests). Whereas a small decline in plasma
ACTH levels were observed in the post-tests
periods, plasma corticosterone showed an opposite
pattern, which is not surprising taking into account
the delay between ACTH and corticosterone
secretion. The smaller than expected decline of
ACTH (and corticosterone) levels during the post-
test period may be in part due to the additional
stress caused by tail-nick. Such superimposed stress
may prolong the initial activation caused by the
novel environments. This is supported by the finding
that on day 3 the animals showed lower ACTH and
corticosterone levels than on day 1, particularly in
the last sampling time, suggesting adaptation to the
procedure. Although we have found that even a
single experience with tail-nick clearly reduced the
corticosterone response (Garcı́a et al., 2000; Martı́
et al., 2001) and even though all rats had previous
experience with the procedure before being tested
in the novel environment, the short interval
between consecutive sampling used in the present
experiment (15 min) may require more than one
previous experience to substantially reduced HPA
activation. Nevertheless, the strong correlation
between ACTH or corticosterone levels just after
the tests and the corresponding AUCs, which
included the two post-test periods, clearly indicate
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that blood sampling, if any, may have contributed
to prolonging the initial response to the tests, but
not to changing the individual pattern of response
observed immediately after exposure to the tests.

Given the individual consistency of the HPA
response to novel environments, such measures
may be potentially important to thoroughly study
the relationship between particular behavioural
traits and HPA responsiveness to stressors,
especially because both behavior and HPA activity
can be measured in the same conditions (novel
environment). This approach could help to shed
light on the controversy between anxiety and HPA
axis in rodents (Abel, 1991; Brush, 1991; Landgraf
and Wigger, 2003; Steimer and Driscoll, 2003) and,
in addition, can relate HPA activation with particu-
lar behavioral strategies of animals in novel
environments. In fact, the relationship between
anxiety and HPA responsiveness has only
been exceptionally evaluated in the same tests
(i.e. Landgraf and Wigger, 2003). Finally, it remains
to be established in future experiments whether or
not the observed consistency of the HPA response
to stress applies to stressors widely differing in
intensity or quality. In this regard, it is noteworthy
that Gentsch et al. (1982) reported greater ACTH
and corticosterone responses to novel environ-
ments but not to other more severe stressors, in
the more anxious Roman Low Avoidance than in
Roman High Avoidance rats. Although, as previously
mentioned, only single, early blood sampling was
used in that study, the data support the importance
of the type of stressor to establish a relationship
between a particular behavioral trait and the
responsiveness of the HPA axis.
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:H� KDYH� IRXQG� LQ� SUHYLRXV� H[SHULPHQWV�
WKDW�WKHUH�LV�D�JRRG�FRUUHODWLRQ�LQ�WKH�$&7+�
DQG� FRUWLFRVWHURQH� UHVSRQVH� WR� WKUHH�
GLIIHUHQW� QRYHO� HQYLURQPHQWV� �0iUTXH]� HW�
DO����������VXJJHVWLQJ�WKDW�+3$�UHVSRQVH�WR�
VWUHVV� LV� D� FRQVLVWHQW� LQGLYLGXDO� WUDLW��
+RZHYHU�� LW� LV� XQFOHDU�ZKHWKHU� RU� QRW� WKLV�
FRQVLVWHQF\� PD\� EH� VLPLODU� ZKHQ�
FRPSDLULQJ� VWUHVVIXO� VLWXDWLRQV� PDUNHGO\�
GLIIHULQJ� LQ� LQWHQVLW\� DQG� LQ� TXDOLWDWLYH�
DVSHFWV�� 7KLV� LV� D� FULWLFDO� LVVXH� EHFDXVH� D�
ZLGH� UDQJH�RI� FKDOOHQJHV� WR� WKH�RUJDQLVPV�
DUH�FRQVLGHUHG�VWUHVVRUV�DQG�WKHUHIRUH�WKH\�
FDQ� HOLFLW� GLVWLQFW� HPRWLRQDO� UHDFWLRQV�� )RU�
LQVWDQFH�� H[SRVXUH� WR� IRRWVKRFN� LV� SDLQIXO��
EXW� H[SRVXUH� WR� D� SUHGDWRU� FDQ� EH�
LQWHUSUHWHG� DV� D� OLIH�WKUHDWHQLQJ� VLWXDWLRQ��
&RQVHTXHQWO\� LW� LV�XQFOHDU�ZKHWKHU�ZH�FDQ�
GHILQH� LQGLYLGXDOV� DV� ORZ� DQG� KLJK�
UHVSRQGHUV� WR� VWUHVV� LQGHSHQGHQWO\� RI� WKH�
W\SH�RI�HPRWLRQDO�VWUHVVRU�XVHG�WR�HOLFLW�WKH�

SK\VLRORJLFDO�UHVSRQVH��,Q�IDFW�� LW�KDV�EHHQ�
IRXQG� ZLWK� WZR� SDLUV� RI� VHOHFWHG� UDW� OLQHV�
GLIIHULQJ�LQ�DQ[LHW\��5/$�5+$�DQG�+$%�/$%��
WKDW� PRUH� DQ[LRXV� UDWV� VKRZHG� D� JUHDWHU�
+3$� UHVSRQVH� WR� QRYHO� HQYLURQPHQWV�� EXW�
WKHVH� GLIIHUHQFHV� GLVDSSHDUHG� DIWHU�
H[SRVXUH� WR� RWKHU�� PRUH� VHYHUH�� VWUHVVRUV�
�H�J��*HQWVFKH�HW�DO����������7KHUHIRUH��LW�LV�
SRVVLEOH� WKDW� WKH� JRRG� FRUUHODWLRQ�
SUHYLRXVO\�REVHUYHG�LQ�UHVSRQVH�WR�GLIIHUHQW�
QRYHO� HQYLURQPHQWV� ZRXOG� QRW� EH�
PDLQWDLQHG� ZKHQ� PDUNHGO\� GLIIHUHQW�
VWUHVVRUV�DUH�FRPSDUHG��7KLV�W\SH�RI�VWXG\�
LQ� ODERUDWRU\� DQLPDOV� LV� DOVR� LPSRUWDQW�
EHFDXVH� RI� WKH� SDXFLW\� RI� GDWD� LQ� KXPDQV�
UHJDUGLQJ� WKLV� SRLQW�� 7KXV�� LQ� RQH� UHSRUW��
VXEMHFWV� FODVVLILHG� DV� KLJK� RU� ORZ�
UHVSRQGHUV� WR� H[HUFLVH� DOVR� VKRZHG�
GLIIHUHQFHV� LQ� FRUWLVRO� �EXW� QRW� $&7+��
UHVSRQVH�WR�D�SV\FKRORJLFDO�VWUHVVRU��6LQJK�
HW�DO����������,Q�DQRWKHU�FRPSDULVRQ�RI�WKH�
KRUPRQDO� UHVSRQVH� WR�GLIIHUHQW��EXW�VLPLODU�

,QGLYLGXDO�GLIIHUHQFHV�LQ�K\SRWKDODPLF�
SLWXLWDU\�DGUHQDO�DQG�SURODFWLQ�UHVSRQVHV�WR�
LPPRELOLVDWLRQ�DUH�SRRUO\�UHODWHG�WR�WKRVH�WR�

D�QRYHO�HQYLURQPPHQW��
�

&ULVWLQD�0iUTXH]��5RVHU�1DGDO��$QWRQLR�$UPDULR�



���

LQWHQVLW\�� WDVNV� �DULWKPHWLF� YHUVXV� SXEOLF�
VSHDNLQJ��JRRG�LQWHU�WDVN�FRUUHODWLRQV�ZHUH�
IRXQG��+DZNOH\�HW�DO�����������

,Q�WKH�SUHVHQW�H[SHULPHQW��WKH�UHODWLRQVKLS�
RI� WKH� +3$� UHVSRQVH� WR� D� QRYHO�
HQYLURQPHQW� �KROH�ERDUG�� DQG� WR�
LPPRELOL]DWLRQ�LQ�ZRRGHQ�ERDUGV��,02��ZDV�
VWXGLHG�XVLQJ�D�ZLWKLQ�VXEMHFW�GHVLJQ��6LQFH�
LQ�DGGLWLRQ�WR�+3$�KRUPRQHV��SURODFWLQ�LV�D�
JRRG� PDUNHU� RI� VWUHVV� �.DQW� HW� DO��� ������
$UPDULR�HW�DO���������$UPDULR�HW�DO����������
ZH� LQFOXGHG� WKH� PHDVXUHPHQW� RI� SODVPD�
SURODFWLQ���

0HWKRGV�

6XEMHFWV�

)RUW\� PDOH� 6SUDJXH±'DZOH\� UDWV� IURP� WKH�
EUHHGLQJ� FHQWUH� RI� WKH� 8QLYHUVLWDW�
$XWzQRPD�GH�%DUFHORQD�����GD\V�ROG�DW�WKH�
EHJLQQLQJ� RI� WKH� H[SHULPHQW�� ZHUH� XVHG��
7KH\�ZHUH�KRXVHG�WZR�SHU�FDJH�LQ�VWDQGDUG�
FRQGLWLRQV�RI� WHPSHUDWXUH� ����r����&��DQG�
RQ�D���±���K�OLJKW±GDUN�VFKHGXOH��OLJKWV�RQ�
DW���DP���)RRG�DQG�ZDWHU�ZHUH�SURYLGHG�DG�
OLELWXP��&DJHV�ZHUH�FOHDQHG� WZLFH�D�ZHHN��
7KH�H[SHULPHQWDO�SURWRFRO�ZDV�DSSURYHG�E\�
WKH� FRPPLWWHH� RI� (WKLFV� RI� WKH� 8QLYHUVLWDW�
$XWzQRPD� GH� %DUFHORQD� DQG� ZDV� FDUULHG�
RXW� LQ� DFFRUGDQFH� WKH� (XURSHDQ�
&RPPXQLWLHV� &RXQFLO� 'LUHFWLYH�
��������((&���

*HQHUDO�SURFHGXUH�

'XULQJ� WKH�VHFRQG�ZHHN�DIWHU� WKHLU�DUULYDO��
DOO�DQLPDOV�ZHUH�KDQGOHG�WKUHH�WLPHV��HYHU\�
RWKHU� GD\�� DQG� WKHQ�� EORRG� VDPSOHV� ZHUH�
WDNHQ�XQGHU�EDVDO�FRQGLWLRQV�E\�WDLO�QLFN�WR�

REWDLQ�UHVWLQJ�KRUPRQH�OHYHOV�DQG�KDELWXDWH�
WKH� DQLPDOV� WR� WKH� VDPSOLQJ� SURFHGXUH� ����
���DQG����PLQ�DIWHU�LQLWLDO�WDLO�QLFN���)URP���
WR���GD\V�DIWHU� WKH� LQLWLDO� WDLO�QLFN�� DQLPDOV�
ZHUH�H[SRVHG�WR�KROHERDUG�IRU����PLQ�DQG�
+3$� UHVSRQVH�ZDV� HYDOXDWHG� E\�PHDQV� RI�
EORRG� VDPSOLQJ� LPPHGLDWHO\� DIWHU� WKH� WHVW�
DQG� DW� WZR� WLPHV� DIWHU� VWUHVV� ���� DQG� ���
PLQ��� %DVDO� VDPSOHV� SULRU� WR� KROH�ERDUG�
ZHUH�QRW�WDNHQ�LQ�RUGHU�WR�SUHYHQW�SRVVLEOH�
LQWHUIHUHQFHV�ZLWK�EHKDYLRUDO�DQG�KRUPRQDO�
UHVSRQVH�� 7KH� KROH�ERDUG� �)LOH� \� :DUGLOO��
������FRQVLVWHG�RI�D�ZKLWH�UHFWDQJXODU�ER[�
���� FP�� ��� FP�� ��� FP� KLJK�� ZLWK� D� IORRU�
GLYLGHG� LQWR� ��� HTXDO� VTXDUHV�� FRQWDLQLQJ�
IRXU� KROHV� �GLDPHWHU� ���� FP��� 7KH� KROHV�
ZHUH� HPSW\�� (DFK� DQLPDO� ZDV� SODFHG�
LQLWLDOO\� LQ� WKH� SHULSKHU\� RI� WKH� DSSDUDWXV�
IDFLQJ�WKH�ZDOO��7KH�DSSDUDWXV�ZDV�FDUHIXOO\�
FOHDQHG� EHWZHHQ� DQLPDOV� ZLWK� D� ���
HWKDQRO� VROXWLRQ�� DQG� WKH� WHVW� LOOXPLQDWLRQ�
ZDV� ���:�� 7KH� WZR� DQLPDOV� RI� HDFK� FDJH�
ZHUH� DOZD\V� WHVWHG� VLPXOWDQHRXVO\� LQ� WZR�
VLPLODU� DSSDUDWXVHV� SODFHG� LQ� WKH� VDPH�
URRP��)URP���WR���GD\V�DIWHU�KROH�ERDUG��DOO�
DQLPDOV� ZHUH� H[SRVHG� WR� ,02� IRU� ��� PLQ�
DQG�EORRG�VDPSOHV�ZHUH�WDNHQ�SULRU�WR�,02��
LPPHGLDWHO\� DIWHU� ,02� DQG� DW� WKUHH� WLPHV�
SRVW�VWUHVV���������DQG�����PLQ���,02�ZDV�
SHUIRUPHG�E\�WDSLQJ�WKH�IRXU�OLPEV�WR�PHWDO�
PRXQWV� DWWDFKHG� WR� D� ZRRGHQ� ERDUG�
�0iUTXH]� HW� DO��� ������ 0iUTXH]� HW� DO���
������� +HDG� PRYHPHQWV� ZHUH� UHVWULFWHG�
ZLWK� WZR� PHWDO� ORRSV� DURXQG� WKH� QHFN��
)LIWHHQ� GD\V� DIWHU� ,02� DQLPDOV� ZHUH�
DQHVWKHWLVHG� DQG� DGUHQDO� JODQGV� ZHUH�
UHPRYHG��FOHDQHG�DQG�ZHLJKHG���
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3ODVPD� $&7+�� FRUWLFRVWHURQH� DQG� SURODFWLQ�
OHYHOV�ZHUH�GHWHUPLQHG�E\�GRXEOH�DQWLERG\�
UDGLRLPPXQRDVVD\� �5,$�� SURFHGXUHV�
FXUUHQWO\�XVHG�LQ�RXU� ODERUDWRU\��$&7+�5,$�
XVHG� ���,�$&7+� �$PHUVKDP�� 6SDLQ�� DV� WKH�
WUDFHU�� UDW� V\QWKHWLF� $&7+� ����� �6LJPD��
6SDLQ�� DV� WKH� VWDQGDUG� DQG� DQ� DQWLERG\�
UDLVHG� DJDLQVW� UDW� $&7+� �UE� ��� NLQGO\�
SURYLGHG� E\� 'U�:�� &�� (QJHODQG�
�'HSDUWPHQW� RI� 6XUJHU\�� 8QLYHUVLW\� RI�
0LQQHVRWD�� 0LQQHDSROLV�� 86$���
&RUWLFRVWHURQH� 5,$� XVHG� ���,�
FDUER[LPHWK\OR[LPH�W\URVLQH�PHWK\O� HVWHU�
�,&1�%LROLQN� ������ %DUFHORQD�� 6SDLQ���
V\QWKHWLF� FRUWLFRVWHURQH� �6LJPD�� DV� WKH�
VWDQGDUG� DQG� DQ� DQWLERG\� UDLVHG� LQ� VKHHS�
DJDLQVW� FRUWLFRVWHURQH���&02�XUHDVH�
�&KHPLFRQ� ,QW��� 7HPHFXOD�� &$�� 86$��� :H�
IROORZHG�WKH�5,$�SURWRFRO�UHFRPPHQGHG�E\�
'U�� *�� 0DNDUD� �SODVPD� FRUWLFRVWHURLG�
ELQGLQJ�JOREXOLQ�ZDV�LQDFWLYDWHG�E\�ORZ�S+��
�%DJG\� DQG� 0DNDUD�� ������� 3URODFWLQ� ZDV�
GHWHUPLQHG� E\� 5,$� XVLQJ� ���,�SURODFWLQ�
�1(1��%RVWRQ��0$��86$�� DV� WKH� WUDFHU�� UDW�
SURODFWLQ� �UDW� 35/�53���� DV� WKH� VWDQGDUG�
DQG�DQ�DQWLERG\�UDLVHG�DJDLQVW�UDW�SURODFWLQ�
�DQWL�U35/�6�����NLQGO\�SURYLGHG�E\�'U��$��)��
3DUORZ� �1,''.� 1DWLRQDO� +RUPRQH� DQG�
3HSWLGH�3URJUDP��&$��86$���$OO� VDPSOHV� WR�
EH�FRPSDUHG�ZHUH�UXQ�LQ�WKH�VDPH�DVVD\�WR�
DYRLG�LQWHU�DVVD\�YDULDELOLW\��7KH�LQWUD�DVVD\�
FRHIILFLHQW� RI� YDULDWLRQ� ZDV� RI� ��� IRU�
FRUWLFRVWHURQH�� ��� IRU� $&7+� DQG� ��� IRU�
SURODFWLQ��
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7KH�DUHD�XQGHU�WKH�FXUYH��$8&��RI�SODVPD�
KRUPRQH� OHYHOV� ZDV� FDOFXODWHG� ZLWK� *UDSK�
3DG�3ULVP��YHUVLRQ�������WKDW�FRPSXWHV�WKH�
$8&� XVLQJ� WKH� WUDSH]RLG� UXOH�� 7KH�
µVWDWLVWLFDO� SDFNDJH� IRU� VRFLDO� VFLHQFH¶�
�6366�� SURJUDP� ZDV� XVHG� �YHUVLRQ� ��� IRU�
:LQGRZV��� 7R� VWXG\� $&7+�� FRUWLFRVWHURQH�
DQG� SURODFWLQ� OHYHOV� DFURVV� WLPH� DIWHU� WKH�
WZR� W\SHV� RI� VWUHVVRUV�� VHSDUDWH� ZLWKLQ�
VXEMHFW� $129$V� ZHUH� SHUIRUPHG�� $OVR� IRU�
HDFK�KRUPRQH�$8&6�OHYHOV�ZHUH�VWXGLHG�E\�
PHDQV� RI� VHSDUDWH� ZLWKLQ�VXEMHFW� $129$V�
XVLQJ� W\SH� RI� VWUHVV� DV� D� ZLWKLQ�VXEMHFW�
IDFWRU�� 3HDUVRQ� FRUUHODWLRQV� �WZR� WDLOHG��
ZHUH�DOVR�SHUIRUPHG��

5HVXOWV�

5HSHDWHG� PHDVXUHV� $129$� IRU� HDFK�
VWUHVVRU� UHYHDOHG� WKDW� H[SRVXUH� WR� WKHP�
LQFUHDVHG� SODVPD� $&7+� �KROH�ERDUG��
)������� ����� S�������� ,02��
)������� ������� S��������� FRUWLFRVWHURQH�
�KROH�ERDUG�� )������� ������ S��������
,02�� )������� ������� S�������� DQG�
SURODFWLQ� �KROH�ERDUG�� )������ ������
S�������� ,02�� )������ ������� S���������
WKHVH�LQFUHDVHV�EHLQJ�JUHDWHU�DIWHU�,02�IRU�
HDFK�RI�WKH���KRUPRQHV�VWXGLHV��)LJXUH�����
6LPLODUO\�� WKH� FRPSDULVRQ� RI� WKH� WZR�
VWUHVVRUV�E\�PHDQV�RI�D�UHSHDWHG�PHDVXUHV�
$129$� ZLWK� WKH� $8&V� RI� WKH� GLIIHUHQW�
KRUPRQHV� DQG� WKH� W\SH� RI� VWUHVVRU� DV� D�
ZLWKLQ�VXEMHFW� IDFWRU�� FRQILUPHG� WKH�
GLIIHUHQFH� LQ� WKH� LQWHQVLW\� RI� WKH� VWUHVV�
�$&7+�� )������ ������� S��������
&RUWLFRVWHURQH�� )������ ����� S��������
SURODFWLQ�� )������ � ������� S��������
�)LJXUH�����



����
�

� �� ��� ��� ���
�

����

����

����

���� +ROH�ERDUG
,02

$&
7+
��S
J�P

O�

� �� ��� ��� ���
�

��

��

��

FRU
WLF
RVW
HUR

QH
�� P
J�G

O�

� �� �� �� ��
�

��

��

��

SUR
ODF
WLQ
��P

J�G
O�

&

%

$

WLPH��PLQ�

�

����

����

���� 




�

����

����

���� 




�

������

������

������ 



$8&

$8&

$8&

�

)LJXUH����3ODVPD�OHYHOV�RI�$&7+��FRUWLFRVWHURQH�DQG�SURODFWLQ�DIWHU����PLQ�RI�KROH�ERDUG�H[SRVXUH�
RI����PLQ�RI�,02��0HDQ�DQG�6(0�YDOXHV�DUH�UHSUHVHQWHG��Q�EHWZHHQ����DQG������7KH�VDPH�DQLPDOV�
ZHUH� H[SRVHG� WR� WKH� WZR� VWUHVVRUV� �VHH� WH[W�� DQG� EORRG� VDPSOHV� ZHUH� WDNHQ� DW� GLIIHUHQW� WLPHV��
9HUWLFDO�OLQHV�UHSUHVHQW�WKH�HQG�RI�WKH�VWUHVVRU��+RUPRQDO�OHYHOV�IRU�HDFK�WLPH�SRLQW�DUH�UHSUHVHQWHG�
RQ�WKH�OHIW�DQG�$8&V�RQ�WKH�ULJKW��


�S��������



����

7R� VWXG\� WKH� UHODWLRQVKLS� EHWZHHQ� $&7+�
DQG� FRUWLFRVWHURQH� UHOHDVH� DQG� WKH�
FRQVLVWHQF\�RI�WKH�+3$�UHVSRQVH�WR�WKH�WZR�
GLIIHUHQW� VWUHVVRUV�� D� FRUUHODWLRQDO� VWXG\�
ZDV�GRQH��$8&V�FRUUHODWLRQV�EHWZHHQ�$&7+�
DQG� FRUWLFRVWHURQH� ZLWKLQ� HDFK� VWUHVVRU�
ZHUH� KLJKHU� IRU� KROH�ERDUG� WKDQ� IRU� ,02�
�)LJXUH� ���� 3URODFWLQ� OHYHOV� RQO\� FRUUHODWHG�
ZLWK� $&7+� DIWHU� ,02� H[SRVXUH� �GDWD� QRW�
VKRZQ���
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,I� ZH� VWXG\� WKH� LQGLYLGXDO� FRQVLVWHQF\� RI�
HDFK�KRUPRQH�EHWZHHQ�ERWK�VWUHVVRUV��ZH�
FDQ� VHH� WKDW� $&7+�� FRUWLFRVWHURQH� RU�
SURODFWLQ� $8&V� FRUUHODWLRQV� DUH� YHU\� ORZ�
�)LJXUH� ���� 7KH� VDPH� SDWWHUQ� ZDV� VKRZQ�
ZLWK�$&7+��FRUWLFRVWHURQH�R�SURODFWLQ�OHYHOV�
LPPHGLDWHO\�DIWHU�VWUHVV�H[SRVXUH��GDWD�QRW�
VKRZQ���7KXV��WKH�FRQVLVWHQF\�RI�LQGLYLGXDO�

UHVSRQVH�DFURVV� WKH�WZR�W\SHV�RI�VWUHVVRUV�
ZLGHO\�GLIIHULQJ�LQ�LQWHQVLW\�LV�ORZ���
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PDUJLQDO�� 16�� QRQ� VLJQLILFDQW�� $8&�� DUHD� XQGHU�
WKH�FXUYH��
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)LQDOO\�� WKH� FRUUHODWLRQ� EHWZHHQ� DGUHQDO�
ZHLJKW� DQG� FRUWLFRVWHURQH� OHYHOV�
LPPHGLDWHO\� DIWHU� ,02�� EXW� QRW� DIWHU� KROH�
ERDUG�H[SRVXUH��ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�
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)LJXUH� ��� &RUUHODWLRQV� EHWZHHQ� UHODWLYH� DGUHQDO�
ZHLJKW�DQG�FRUWLFRVWHURQH�OHYHOV�MXVW�DIWHU�VWUHVV�
H[SRVXUH�����PLQ� IRU�KROH�ERDUG�DQG����PLQ� IRU�
,02��
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&RQFOXVLRQ�

2XU� UHVXOWV� VXJJHVW� WKDW� ZKHQ� WKH� W\SH�
�DQG�RU�LQWHQVLW\��RI�VWUHVVRUV�GLIIHUV�ZLGHO\�
�KROH�ERDUG�YHUVXV�LPPRELOL]DWLRQ���WKHUH�LV�
QRW�WRR�PXFK�LQGLYLGXDO�FRQVLVWHQF\�LQ�+3$�
UHVSRQVLYHQHVV�DV�PHDVXUHG�E\�FRUUHODWLRQ�
EHWZHHQ�ERWK�VLWXDWLRQV��7KHVH�GDWD�DUH�LQ�
FRQWUDVW�ZLWK�WKH�JRRG�FRUUHODWLRQ�REVHUYHG�
ZKHQ� WKH� +3$� UHVSRQVH� WR� WKUHH� GLIIHUHQW�
QRYHO� HQYLURQPHQWV� ZDV� FRPSDUHG�
�0iUTXH]�HW�DO����������7KH�SUHVHQW�UHVXOWV�
FRXOG�H[SODLQ�WKRVH�REWDLQHG�E\�*HQWVFK�HW�
DO� ������� ZKR� IRXQG� D� KLJKHU� $&7+� DQG�
FRUWLFRVWHURQH� UHVSRQVH� LQ� 5RPDQ� /RZ�
$YRLGDQFH� UDWV� LQ� FRPSDULVRQ� WR� 5RPDQ�
+LJK� DYRLGDQFH� ZKHQ� DQLPDOV� ZHUH�
H[SRVHG� WR� QRYHO� HQYLURQPHQWV� EXW� QRW�

ZKHQ� UDWV� ZHUH� VXEPLWWHG� WR� VWUHVVRUV� RI�
KLJKHU�LQWHQVLW\���

,W� LV� LQWHUHVWLQJ� WKDW� WKH� FRUUHODWLRQ�
EHWZHHQ�$&7+�DQG�FRUWLFRVWHURQH�ZDV� ORZ�
LQ� UHVSRQVH� WR� ,02� DV� FRPSDUHG� WR� WKH�
KROHERDUG��VXJJHVWLQJ�D�SDUWLDO�GLVVRFLDWLRQ�
EHWZHHQ� ERWK� KRUPRQHV� XQGHU� WKRVH�
FRQGLWLRQV�� :KHWKHU� WKLV� LV� GXH� WR� WKH�
GLIIHUHQW� WLPH�FRXUVH� RI� WKH� WZR�KRUPRQHV�
RU�WKH�LQYROYHPHQW�RI�H[WUD�$&7+�IDFWRUV�LV�
XQFOHDU��2Q�WKH�RWKHU�KDQG��UHODWLYH�DGUHQDO�
ZHLJKW�FRUUHODWHG�KLJKO\�ZLWK�FRUWLFRVWHURQH�
OHYHOV�DIWHU� ,02�DQG�QRW�DIWHU�H[SRVXUH� WR�
WKH� QRYHO� HQYLURQPHQW�� LQ� DJUHHPHQW� ZLWK�
SUHYLRXV�GDWD��0iUTXH]�HW�DO����������6LQFH�
DGUHQRFRUWLFDO� VHFUHWLRQ� LV� PD[LPDO� DIWHU�
H[SRVXUH� WR� KLJK� LQWHQVLW\� VWUHVVRUV�� WKH�
GDWD� VXJJHVW� WKDW� WKHUH� LV� D� JRRG�
UHODWLRQVKLS�EHWZHHQ�DGUHQDO�PDVV�DQG�WKH�
PD[LPXP�FDSDELOLW\�RI�WKH�DGUHQDO�JODQG�WR�
V\QWKHVL]H�DQG�UHOHDVH�FRUWLFRVWHURQH���

,Q� FRQFOXVLRQ�� WKH� SUHVHQW� GDWD� VXJJHVW�
WKDW�WKH�FODVVLILFDWLRQ�RI�DQ�DQLPDO�DV�ORZ�RU�
KLJK�UHVSRQGHU�WR�VWUHVV�PD\�EH�GHSHQGHQW�
RQ�WKH�W\SH�RI�VWUHVVRU�XVHG�DQG�WKHUHIRUH�
LQIRUPDWLRQ� REWDLQHG� DIWHU� H[SRVXUH� WR�
UHODWLYHO\� PLOG� VWUHVVRU� ZRXOG� QRW� SUHGLFW�
FRQVHTXHQFHV� RI� H[SRVXUH� WR�PRUH� VHYHUH�
VWUHVVRUV��
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$UPDULR�� $��� *LO�� 0��� 0DUWt�� -��� 3RO�� 2�� DQG�
%DODVFK�� -��� ������ ,QIOXHQFH� RI� YDULRXV�
DFXWH� VWUHVVRUV� RQ� WKH� DFWLYLW\� RI� DGXOW�
PDOH�UDWV�LQ�D�KROHERDUG�DQG�LQ�WKH�IRUFHG�
VZLP� WHVW�� 3KDUPDFRO�%LRFKHP�%HKDY�����
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$UPDULR�� $��� /RSH]�&DOGHURQ�� $��� -ROLQ�� 7��
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Abstract

Since stressor-induced activation of the hypothalamic–pituitary–adrenal (HPA) axis is involved in some stress-related pathologies, much attention
has been paid in laboratory animals to the study of the relationship between endocrine, particularly HPA, responsiveness to stressors and other
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ndividual characteristics, such as reactivity to novelty and fear/anxiety. In the present study, adult male rats were classified as high or live
o novelty (HR versus LR), as a function of the horizontal activity displayed during 30 min in a circular corridor, and as high or low
HA versus LA) as a function of the time spent in the open arms of the elevated plus-maze. Then, the behavioural and hormonal
wo distinct novel environments (the hole-board and the light–dark) was assessed in the same subjects, using a counterbalanced de
rolactin, ACTH and corticosterone responses to the hole-board were higher than to the light–dark, a good correlation between the two

ound for each hormone. Whereas the hormonal response to the novel environments was not affected by anxiety, HR rats showed a
igher HPA response than LR rats when the criteria to classify the animals were the activity during the first 15 min in the circular co
ot when the activity during the second 15 min was considered. Neither trait affected prolactin response. The present results demons
ithin-individual consistency of the endocrine response to novel environments and support the hypothesis of a higher HPA response

or HR versus LR rats. In contrast, no contribution of fear/anxiety to endocrine responsiveness was observed.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Although the existence of marked individual differences
n behavioural and physiological responsiveness to stressors
as been recognised for years, only recently the study of the
iological bases of such individual differences has attracted

nterest. Most of the research done to date has focused on
he hypothalamic–pituitary–adrenal (HPA) axis, likely for two
ain reasons. Firstly, an important number of pathologies (i.e.

mmune suppression, depression, cognitive problems in aging)
ave been associated with a hyper-responsiveness of the HPA
xis to stress[13]. Secondly, the HPA axis is one of the pro-

otypical stress systems and its activation has been found to be

∗ Corresponding author. Tel.: +34 935811664; fax: +34 935812390.
E-mail address: antonio.armario@uab.es (A. Armario).

positively related to the intensity of the stressors[4,15,24], mak-
ing it possible that individuals perceiving particular situati
as more stressful may also display a higher HPA response
characterisation of individual differences in the responsive
of the HPA axis to stress has mainly focused on three pa
lar behavioural traits: fear/anxiety, novelty-seeking and co
styles. In this study, we will focus on the first two traits (see
[30] for a review about coping).

The influence of fear/anxiety on HPA responsiveness to s
sors has not been extensively studied in outbred populatio
rats. In contrast, there are several genetically selected rat
which are known markedly to differ in fear/anxiety and h
been studied on this regard: (a) Roman lines, selected o
basis of their active avoidance response to footshock in a sh
box and classified as Roman High-Avoidance (RHA) and L
Avoidance (RLA) (see ref.[53]); (b) Syracuse High-Avoidanc
or Low-Avoidance (SHA, SLA) rats, selected by a criter

166-4328/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.bbr.2005.10.004
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similar to RHA/RLA [9]; (c) Maudsley Reactive versus Non-
Reactive rats (MR, MNR) selected on the basis of defecation
rate in an open-field (see ref.[7]); (d) High-Anxiety Behaviour
(HAB) versus Low-Anxiety Behaviour (LAB) rats, selected in
function of time spent in the open arms of the plus-maze[34].
A higher HPA response to some stressors has been found in
RLA as compared to RHA rats (i.e. ref.[23]), but an oppo-
site pattern is observed in SLA versus SRA[10] despite similar
selection criterion. In addition, the type of stressor appears to
be important as higher HPA activation of HAB versus LAB rats
has been observed in response to the elevated plus-maze when
only access to the open arms of the maze was allowed[32,50],
but not when they can freely explore in the plus-maze[33] or
after forced swim[28]. Finally, no differences in corticosterone
response to stressors have been observed between MR and MNR
rats[1,11]. Taken together, the presumed higher HPA respon-
siveness to stressors in high anxiety rats is not consistent across
lines, although it seems to be more easily detected after exposure
to novel environments.

Although the better way to evaluate the novelty-seeking trait
in animals is still controversial (see ref.[6]), the relationship
between the novelty-seeking trait and HPA function has been
usually assessed considering motor activity in inescapable novel
environments (reactivity to novelty). Piazza and co-workers have
classified outbred Sprague–Dawley rats in “high-responders”
(HR) or “low-responders” (LR) as a function of the horizontal
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HR outbred Sprague–Dawley rats have been consistently found
to be low-anxiety, in that they preferred more than LR rats
the illuminated box in the light–dark test and the open-arms
of the elevated plus-maze[17,26]. Although the genetic co-
segregation of different traits, particularly anxiety and passive-
coping (depression-like) style, is of great theoretical and clinical
interest, this is a confounding factor to the study of the indepen-
dent contribution of each trait. Therefore, the separate contri-
bution of novelty-seeking and fear/anxiety traits merits to be
studied.

Finally, it is important to study responsiveness to stressors
using biological variables other than those of the HPA axis.
In this regard, prolactin appears to be particularly interesting
because it is also sensitive to the intensity of emotional stressors
[3,4,27]and previous data showed that the more anxious HAB
[32] or RLA [12] rats presented a higher prolactin response when
compared to the counterpartners when exposed to novel environ-
ments. Accordingly, the purpose of the present work was two-
fold. Firstly, to study in adult unselected outbred male rats, the
separate contribution of reactivity to novelty and fear/anxiety, as
well as the interaction between the two traits, to the peripheral
HPA (ACTH and corticosterone) and prolactin response to two
different novel environments supposedly differing in control-
lability: the hole-board (forced exploration) and the light–dark
(a situation where the animals can choose between more and
less stressful conditions). Secondly, to confirm previous results
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ctivity displayed during 2 h in a circular corridor, and con
ently found a higher or more prolonged corticosterone resp
o the circular corridor[44,45]or to restraint[8,18] in HR versus
R. However, using also Sprague–Dawley rats and their ac
uring 2 h exposure to a square open-field as the classific
riterium, Kabbaj et al. have observed a higher corticoste
esponse to a novel environment (light–dark) in HR as comp
o LR rats, but a similar response to restraint[26], which is par
ially inconsistent with the previously mentioned results. It
een discussed[26] the possibility that the differential effect
estraint versus the light–dark may be due to differences in
rollability (the restraint being more “experimenter-impose
r in the intensity of the two stressors.

Moreover, it is at present unclear whether initial activity
nimals during prolonged (more than 15 min) exposure
ovel environment is reflecting a different behavioural cons

han delayed activity. In our laboratory, we are currently st
ng the separate contribution of initial versus delayed activi

circular corridor and we have found that delayed activity,
aps reflecting perseverance of exploration, and not the i
ctivity is predictive of the development of conditioned pl
reference for morphine[39]. To our knowledge, in the field o
tress reactivity the role of initial versus delayed activity has
een previously considered.

In addition to the above caveats, there is another critical p
em with the cited results. All rat lines genetically selected
ariations in fear/anxiety, also differ in other traits as well.
nstance, RHA appear to score higher than RLA in nove
eeking and are characterised by an active coping style[19,53]
nd HAB rats have a more passive coping style than LAB
nd also differ in other characteristics[34,40]. Furthermore
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37] on the consistency of individual endocrine responsive
o stressors.

. Materials and methods

.1. Animals

Forty-eight male Sprague–Dawley rats, obtained from the breeding ce
he Universitat Aut̀onoma de Barcelona and 60 days old at the beginning o
xperiment were used. They were housed in pairs for 2 weeks before s
he experiment, in standard conditions of temperature (22± 1◦C) on a 12-h
ight/12-h dark schedule (lights on at 07:00 h). Food and water were availa
ibitum. The experimental protocol was approved by the Committee of Eth
he Universitat Aut̀onoma de Barcelona, followed the “Principles of labora
nimal care” and was carried out in accordance the European Comm
ouncil Directive (86/609/EEC).

.2. General procedure

The experimental procedures were always done in the morning. Fou
fter their arrival, all animals were handled four times (every other day
pproximately 2 min a day. Throughout all the experimental phases, th
nimals of each cage were always tested simultaneously in two similar a

uses placed in the same room, except in the case of the elevated plus-m
hich the two animals cannot be simultaneously tested because in som
ne rat may fall from the apparatus and this could interfere with the behavi

he other rat. In this case, one rat from each cage was tested on one day
ther one the next day to avoid any influence of handling the cages and
emoval (animals tested one day were not statistically different from the an
ested next day).

All animals were exposed to the four different tests once, but expos
ll animals to each test lasted 2–3 days due to the elevated number of a
ctivity during a 30 min exposure to the circular corridor was firstly asse
ver a 3-day period. Four to seven days later, rats were exposed, across
or 5 min to the elevated plus-maze. After 3–4 additional days, blood sa
ere taken under basal conditions by tail-nick to obtain resting hormon
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els and habituate the animals to the sampling procedure (three samples spaced
each 30 min). Four days after this sampling procedure, the HPA response of
all rats to two different novel environments (the hole-board and the light–dark
box) was studied. This procedure lasted for 4 days. A 20 min exposure to the
novel environments was chosen as optimum because maximum plasma corti-
costerone levels are never achieved before 20 min and the ACTH response starts
declining later on. Two days were interspersed between each test. We used a
counterbalanced design so that half of the rats were exposed first to the hole-
board and the remaining half first to the light–dark. Basal samples prior to the
tests were not taken in order to prevent possible interference with behavioural
response and hormonal values just after the tests. Blood samples were thus taken
by tail-nick immediately after exposure to the novel environments, and 30 and
60 min later. The two post-tests sampling periods were added to obtain a better
picture of the hormonal response to the tests. We have previously found that a
single previous experience with tail-nick dramatically reduced the ACTH and
corticosterone responses to the sampling procedure[38] and that post-tests sam-
pling did not distort the initial endocrine response to the tests in animals having
experience with tail-nick[37]. In addition, repeated sampling procedure over a
week did not modify behaviour of rats in the elevated plus-maze as evaluated
48 h after the last sampling (unpublished data). The paired rats in each cage
were sampled simultaneously (two experimenters were sampling at the same
time and a third was gently holding the two rats). The tail nick consisted of
gently wrapping the animals with a cloth, making a 2 mm incision at the end
of one of the tail artery and then massaging the tail while collecting 300�l of
blood, within 2 min, into ice-cold EDTA capillary tubes (Sarsted, Granollers,
Spain). Although the primary purpose of exposure to the hole-board and the
light–dark was to evaluate the hormonal response, behaviour was also recorded
to allow comparison with the results of the circular corridor and the elevated
plus-maze.

For behavioural analysis, a video camera was suspended from the ceiling
and the session was videotaped for subsequent by hand analysis for an exper-
i ment
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open arms below the median of the whole sample (n = 48), the remaining were
considered as LAs.

2.3.3. Light–dark
The light–dark[46,47] was made of wood covered with formica and con-

sisted of two compartments. One was white (30 cm× 30 cm× 30 cm) and the
other one was black (30 cm× 30 cm× 30 cm) and covered with a roof. The
compartments were separated by a wall and connected by a small opening of
9.5 cm× 8 cm. Each rat was individually placed in the centre of the white com-
partment facing the small opening. The white compartment was illuminated by
a white 25 W bulb located 33 cm above the centre of this compartment. The
procedure lasted for 20 min. The number of transitions between both compart-
ments (with all four paws), defecation, latency to enter the black compartment,
attempts to enter in the white compartment, rearings and time spent with all
four paws in the white compartment were measured. An attempted entry was
considered when the animal did not enter into the white compartment with all
four paws but instead returned to the dark compartment (this pattern includes the
stretched attend posture, when the rat stretches forward and retracts to original
position).

2.3.4. Hole-board
The hole-board[21] consisted of a white rectangular box (62 cm× 53 cm

× 28 cm) with a floor divided into 16 equal squares, containing four empty
holes (diameter 4.5 cm). Each animal was placed initially in the periphery of
the apparatus facing the wall. The procedure lasted for 20 min. The number of
central and peripheral ambulations (with all four paws into the above mentioned
squares), defecation, rearings, latency and duration of grooming, and number of
explored holes were measured.

2.4. Critical measures to behavioural characterisation of rats
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menter blind to the behavioural traits of the rats (CM). The test equip
as cleaned carefully between animals with a water solution containing e

5%, v/v).

.3. Novel environments

.3.1. Circular corridor
The circular corridor[43] consisted of a white circular arena (80 cm dia

ter× 34 cm high) with a cylinder inside (52 cm× 34 cm) forming a corrido
4 cm wide. The floor was divided by a painted grey line in 12 areas. Th
as placed inside the corridor and could move around a circular track be

he walls. The number of ambulations and defecations were scored for 3
mbulation was defined as placing all four paws in one of the above ment
reas. A dim light was provided by two fluorescent tubes. The subjects wer
ified in function of ambulations during the first half (initial activity, LR1–HR
r again during the second half (delayed, LR2–HR2) of the session by a m
plit procedure (n = 24 in each group). HRs were the rats with ambulation sc
bove the median of the whole sample (n = 48), the remaining were consider
s LRs.

.3.2. Elevated plus-maze
The elevated plus-maze[42] consisted of four white wooden arms (formi

t right angles to each other, connected to a central square. The ap
as elevated 50 cm above the floor. Two of the opposite arms had high

enclosed arms, 43 cm high), whereas the other two were the open arm
ad a 0.7 cm ridge to provide an additional grip. Each arm was divided

hree equal sections. The rat was placed facing a closed arm and the
as considered to be in a given arm when all paws were inside. A black c
urrounded the plus-maze to minimise external influences and a 40 W
ulb was placed 1.20 m above the centre of the apparatus. The procedur
min. The time spent in open and closed arms, latency to the first ope
ntry, number of entries (with all four paws) and ambulations in each ty
rm (number of sections entered within a given arm), rearings, defecatio

atency and duration of grooming were measured. Considering time spent i
rms, animals were divided into LA–HA (low- and high-anxiety) by a me
plit procedure (n = 24 in each group). HAs were the rats with time spen
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We used the activity in the circular corridor to classify the rats as HR
nd the time spent in the open arms of the elevated plus-maze to classif
s HA–LA. These particular indices have been extensively used in the lite
see Section1), but are also supported by previous factorial analysis st
n our laboratory using data from various independent experiments don
utbred rats from the same strain and breeder. After analysing a wide ra
easures in the circular corridor, the elevated plus-maze and the hole-

he results consistently suggested the existence of two independent orth
actors: activity, in which strongly loaded ambulation in the circular corr
nd anxiety, in which strongly loaded time spent in the open arms of the ele
lus-maze (unpublished). Other measures, for instance head-dipping in th
oard, were not so consistent or loaded to a lower extent.

.5. Biochemical analysis

Plasma ACTH, corticosterone and prolactin levels were determine
ouble-antibody radioimmunoassay (RIA) procedures currently used i

aboratory. ACTH RIA used125I-ACTH (Amersham, Spain) as the tracer,
ynthetic ACTH 1-39 (Sigma, Spain) as the standard and an antibody
gainst rat ACTH (rb 7) kindly provided by Dr. W. C. Engeland (Departme
urgery, University of Minnesota, Minneapolis, USA). Corticosterone RIA

25I-carboximethyloxime-tyrosine-methyl ester (ICN-Biolink 2000, Barcelo
pain), synthetic corticosterone (Sigma) as the standard and an antibody

n rabbits against corticosterone–carboximethyloxime-BSA kindly provide
r. G. Makara (Inst. Exp. Med., Budapest, Hungary). We followed the RIA

ocol recommended by Dr. G. Makara (plasma corticosteroid-binding glo
as inactivated by low pH)[5]. Prolactin was determined by RIA using 12
rolactin (NEN, Boston, MA, USA) as the tracer, rat prolactin (rat PRL-R
s the standard and an antibody raised against rat prolactin (anti-rPRL
indly provided by Dr. A. F. Parlow (NIDDK National Hormone and Pep
rogram, CA, USA). Prolactin levels were not analysed in the last post-
eriod because the recovery of prolactin levels after termination of stress

ast[22], and therefore no additional information could be obtained. All sam
o be compared were run in the same assay to avoid inter-assay variabili
ntra-assay coefficient of variation was of 9% for corticosterone, 8% for A
nd 9% for prolactin.
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2.6. Statistical analysis

The area under the curve (AUC) of plasma hormone levels in response to
the tests was calculated with Graph Pad Prism (Version 3.02) that computes
the AUC using the trapezoid rule. The statistical analysis was performed using
the “Statistical Package for Social Sciences” (SPSS, Version 12). Normality of
the data was evaluated by means of the Kolmogorov–Smirnov test. To anal-
yse ACTH, corticosterone or prolactin changes in relation to the previously
determined group differences in behaviour, a mixed ANOVA was used, being
“novelty” (LR or HR) and “anxiety” (LA or HA) the between subject’s factors
and “time” (immediately after the test, 30 and 60 min post-test; note that last time
was not analysed regarding prolactin) and “test” (hole-board and light–dark) the
within subject’s factors. To achieve homogeneity of variances, hormonal data
was log-transformed. To compare other data between LR and HR or LA and HA
animals,t-tests were used. A principal component analysis (PCA) with a vari-
max rotation was used to study the underlying structure of behavioural measures
recorded. The PCA projects the data into a lower-dimensionality space formed
of a subset of the highest-variance components. Finally, Pearson correlation tests
(two-tailed) were also used. Significance was set atp < 0.05.

3. Results

3.1. The influence of previous experience with a novel
environment and the sampling procedure

Since the order of exposure to the tests could have affected
behavioural or hormonal response, we firstly analysed this influ-
ence. Thet-test revealed no effect of the order of exposure to
t ats t
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[20,35,46,51]. Results of the light–dark were not included in the
factorial analysis as a about 65% of animals tested did not leave
the dark compartment after a first entry.

3.3. Individual differences in reactivity to novelty and
anxiety

Differences in activity in the circular corridor for LR1–HR1
rats were significant only during the initial half of the ses-
sion, whereas LR2–HR2 animals already differed in the last
5 min of the first half and during the second half of the cir-
cular corridor (Fig. 1). The correlation between activity dur-
ing the first and the second half of the corridor was moder-
ate although statistically significant (r = +0.48,p < 0.001). On
the other hand, neither LR1–HR1 nor LR2–HR2 rats differed
significantly in several measures of the plus-maze, light–dark
or hole-board (Table 2). Consistently, locomotor activity in
the circular corridor was not correlated with these measures.
Also, LA and HA animals (time spent in the open arms of the
plus-maze: 124.4± 5.4 s versus 49.9± 5.8 s, respectively) did
not differ in either ambulations in the circular corridor (ini-
tial activity: 177.6± 8.1 versus 183.2± 7.6; delayed activity:
50.3± 6.0 versus 59.7± 4.9, respectively; NS in both cases) or
in total arm entries in the elevated plus-maze (15.4± 0.7 ver-
sus 13.3± 0.9, respectively; NS). HA rats ambulated less in
t
r ral
p -

Fig. 1. Ambulations in a circular corridor across time (six 5-min blocks) for
LR1–HR1 animals (A) and LR2–HR2 animals (B). Means and S.E.M. (n = 24
for each group) are represented.* p < 0.05;** p < 0.01;*** p < 0.001.
he novel environments on the behavioural response of r
he hole-board or the light–dark. Likewise, the mixed ANO
f hormonal response (sampling time as within-subject fa
nd order of exposure as between-subject factor) did not r
n effect of order or the interaction between sampling
nd order. Thus, behavioural and hormonal data from an
xposed first to a given test were pooled with data from
eing exposed secondly to that test.

.2. Factorial analysis

The results of the factorial analysis of the total ambulatio
he circular corridor, the time spent in the open arms of the
ated plus-maze and peripheral and central ambulations
ole-board, revealed, in accordance with our previous un

ished results, two main orthogonal factors (Table 1): one we
alled reactivity to novelty, on which strongly loaded amb
ion in the circular corridor and peripheral ambulations in
ole-board, and another one (fear/anxiety), on which stro

oaded time spent in the open arms of the plus-maze and c
mbulations in the hole-board. These two factors are very
istently found after exposure to different novel environm

able 1
actor loadings obtained by principal component analysis

Factor 1 Factor

lus-maze time spent in open arms 0.73
ole-board central ambulations 0.87
ole-board peripheral ambulations 0.85
ircular corridor total activity 0.81

oadings < 0.4 are omitted from the table.
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he central part of the hole-board (3.05± 0.7 versus 6.83± 1.3,
espectively;t(43) = 2.55,p < 0.05) and more in the periphe
art of the apparatus (80.9± 4.4 versus 67.3± 4.1, respec
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Table 2
Representative measures recorded in the plus-maze, the light–dark and the hole-board for rats differing in initial activity (LR1–HR1) or delayed activity (LR2–HR2)
in the circular corridor

LR1 HR1 LR2 HR2

Percent of open arms entries with regard to total entries (plus-maze) 41.0± 3.5 36.4± 3.4 40.5± 3.0 37.0± 3.9
Total arms entries (plus-maze) 13.9± 1.0 14.8± 0.8 14.6± 1.0 14.1± 0.7
Time in open arms (plus-maze) 93.6± 10.5 80.8± 8.3 90.0± 9.1 84.3± 10.0
Time in light (light–dark) 29.9± 7.5 18.5± 3.6 24.9± 6.0 23.5± 6.0
Transitions between light and dark 2.1± 0.4 1.9± 0.3 1.8± 0.3 2.2± 0.4
Peripheral ambulations (hole-board) 68.9± 3.8 79.2± 4.8 67.2± 4.0 80.4± 4.4
Central ambulations (hole-board) 5.4± 1.0 4.5± 1.2 5.5± 1.4 4.5± 0.8

Means± S.E.M. are represented (n = 24) in each group. To better compare all measures, light–dark and hole-board data are referred to only the first 5 min of the test.

tively; t(43) = 2.29, p < 0.05) during the initial 5 min of the
test.

3.4. Hormonal responses to the novel environments

Basal levels of the three hormones studied were
50± 1.7 pg/ml for ACTH, 1.4± 0.2�g/dl for corticos-
terone and 5.3± 0.5 ng/ml for prolactin. Exposure to the two
novel environments for 20 min elicited an increase in plasma
levels of the three hormones measured immediately after the
tests (Fig. 2). The repeated measures ANOVAs revealed that
“test” was statistically significant for ACTH (F(1,47) = 11.31,
p < 0.01) and corticosterone (F(1,47) = 9.54, p < 0.01),
and marginally significant for prolactin (F(1,34) = 4.01,
p = 0.053). “Time” was also statistically significant for ACTH
(F(2,94) = 62.81,p < 0.001), corticosterone (F(2,94) = 198.76,
p < 0.001) and prolactin (F(1,34) = 85.22, p < 0.001). The
interaction “time× test” was statistically significant for ACTH
(F(2,94) = 9.36, p < 0.001), corticosterone (F(2,94) = 7.37,
p = 0.001) and prolactin (F(1,34) = 4.93, p < 0.05). Further
breakdown of the interactions showed that plasma levels of
ACTH, corticosterone and prolactin were significantly greater
immediately after the hole-board than after the light–dark
(p < 0.001,p < 0.001 andp < 0.05, respectively), the differences
being maintained at 30 min post-test in the case of ACTH
(

ovel
e
p

p < 0.001). Correlations between ACTH and corticosterone
AUCs in a given test were also high (hole-board:r = +0.73,
p < 0.001; light–dark:r = +0.74,p < 0.001), although prolactin
response did not correlate with the other hormones.

3.5. How individual differences modify the hormonal
reactivity to the novel environments

Basal levels of the three hormones studied were unaffected
by individual differences in the circular corridor or the plus-
maze. Regarding ACTH response to the two novel environments,
initial activity was the only statistically significant between-
subject factor (Fig. 3, F(1,44) = 5.26,p < 0.05), with no effect
of anxiety (Fig. 4) or the interaction between the factors.
HR1 animals showed a higher and prolonged ACTH response
to the test than LR1 animals. Consistently with ACTH data,
LR1–HR1 animals also differed in corticosterone response to
the novel environments. MANOVA analysis showed that ini-
tial activity and the interaction of initial activity with time were
statistically significant (F(1,44) = 6.03,p = 0.05;F(2,88) = 6.74,
p < 0.01, respectively). The breakdown of the interaction showed
that HR1 rats presented a higher corticosterone response to
both the hole-board and the light–dark than LR1 animals, but
only during the post-test times. In contrast to the significant
effect of initial activity, the MANOVA analysis revealed no
s os-
t
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p < 0.01) and corticosterone (p < 0.05).
Correlations between AUCs of a given hormone in both n

nvironments were high and consistent (prolactin:r = +0.90,
< 0.001; ACTH;r = +0.68,p < 0.001; corticosterone:r = +0.53,

ig. 2. AUCs of ACTH (A), corticosterone (B) and prolactin (C) responses
or each group) are represented.#Marginal;*** p < 0.001.
ignificant effects of delayed activity on ACTH and cortic
erone response to the novel environment (Table 3). Global
ctivity was neither statistically significant. Finally, MANOV
nalyses showed no significant effect of reactivity to n

min of exposure to the hole-board and the light–dark. Means and S.E.Mn = 23–24
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Fig. 3. ACTH and corticosterone responses immediately after the 20 min of exposure to the hole-board and the light–dark (“stress”) and at 30 and 60 min post-test,
for LR1 and HR1 animals. Means and S.E.M. (n = 24 for each group) are represented. Basal levels, taken another day, are also included for comparison. The global
MANOVA of ACTH data showed that differences between groups were statistically significant across the three sampling times (* global differences,p < 0.05). The
MANOVA of corticosterone data showed a group by sampling-time interactions and additional comparisons are indicated:* p < 0.05;** p < 0.01.

elty or anxiety on prolactin response to the novel environ-
ments.

In order to further study the relationship between anxiety
and reactivity to stressors, animals were again classified into

two groups on the basis of their simultaneously high and low
level of anxiety as measured by both, the time spent in the open
arms of the elevated plus-maze and the central ambulations in
the hole-board. This criteria led to two subgroups (n = 15 in

F of ex in p,
f esen he global
M r the
ig. 4. ACTH and corticosterone responses immediately after the 20 min
or LA and HA animals. Means and S.E.M. (n = 24 for each group) are repr
ANOVA of ACTH and corticosterone data revealed no effect of group o
posure to the hole-board and the light–dark (“stress”) and at 30 and 60 most-test
ted. Basal levels, taken another day, are also included for comparison. T
interaction sampling-time by group.
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Table 3
ACTH and corticosterone plasma levels after 20 min of exposure to two novel environments for LR2 and HR2 rats

Hole-board Light–dark

Basal Stress Post 30 Post 60 Stress Post 30 Post 60

ACTH (pg/ml)
LR2 48.7± 2.5 443.1± 58.8 106.7± 9.3 49.2± 3.4 334.7± 48.6 91.2± 7.8 51.6± 3.4
HR2 50.7± 2.2 447.1± 71.5 130.6± 18.9 57.1± 4.3 325.1± 79.1 98.3± 8.7 50.5± 3.7

Corticosterone (�g/dl)
LR2 1.2± 0.2 22.5± 1.4 7.9± 1.0 2.7± 0.5 19.0± 2.0 6.4± 1.0 3.1± 0.4
HR2 1.5± 0.2 23.2± 1.4 10.5± 2.0 4.4± 0.7 19.4± 1.5 7.2± 1.3 4.6± 0.9

Samples were taken immediately after the hole-board or the light–dark (stress) and 30 and 60 min after the termination of exposure.
Basal levels, taken another day, are also shown. See text for details.

each): LA (time in open arms: 126.3± 7.6 s; central ambula-
tions: 9.9± 1.5) and HA (time in open arms: 41.8± 6.8 s; central
ambulations: 1.3± 0.3) rats. MANOVA analysis again did not
reveal differences in ACTH, corticosterone or prolactin response
to the tests in function of anxiety.

4. Discussion

In the present experiment, a population of adult male rats
was classified as HR–LR on the basis of its horizontal activity
in a circular corridor, and as HA–LA according to time spent
in the open arms of the plus-maze. After that, all animals were
exposed for 20 min to two different novel environments (hole-
board and light–dark) and blood samples were taken just after
the termination of exposure to the environments and again 30
and 60 min later (post-tests). Whereas HA–LA did not differ in
plasma ACTH, corticosterone or prolactin responses to the two
environments, HR showed a higher ACTH and corticosterone
responses than LR rats, if the criterion to classify the animals
was the activity during the first 15 min in the circular corridor.
No group difference was found in prolactin response. In addi-
tion, in no case an interaction between reactivity to novelty and
fear/anxiety traits was observed, precluding a complex relation-
ship between both.

ACTH, corticosterone and prolactin responses to the hole-
board were significantly higher than that seen in response to the
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prototypical stress marker such as prolactin showed a good cor-
relation in two different novel environments, strongly suggests
that stable individual factors are determining the physiological
response to stressors. However, no consistent correlations were
found between the HPA and prolactin responses to the novel
environments, despite the apparently similar sensitivity of the
two endocrine systems to stress. This lack of consistent corre-
lations confirms previous results from our[36] and other[14]
laboratories and suggests that stress-related factors underlying
activation of the two endocrine systems are different. It thus
supports the hypothesis that emotionality is a multifactorial con-
struct[48] that can be approached by different physiological or
behavioural tests.

No differences between groups were observed either in
plasma morning levels of ACTH and corticosterone, which
indicates that basal activity of the HPA axis is not influenced
by behavioural traits of interest. Whereas fear/anxiety was not
found to influence the HPA and prolactin responses to the novel
environments, HR rats showed a higher HPA response than LR
rats, if the activity during the first period in the circular corridor
(HR1–LR1) was considered. The effect disappeared when only
the activity in the second period (HR2–LR2) was considered. No
interaction between the reactivity to novelty and anxiety factors
was observed, suggesting a contribution of reactivity to nov-
elty which is independent on the level of fear/anxiety. During
prolonged exposures to novel environments, particularly square
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o the novel environment. Clearly, a more thoroughly charac
ation of the novelty-seeking trait is needed, taking into acc
hat not only reactivity to novel environments, but also inte
or novel situations and objects should be considered[6,29].

It is of note that differences between HR1 and LR1 rat
he ACTH response to the novel environments were observ
ll sampling times, whereas differences in corticosterone
estricted to the post-test periods. This is not a surprising fin
han can be explained as follows. Differences between gr
n plasma ACTH could progressively emerge during the
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CTH response of HR1 rats could be reflected in plasma

icosterone only in the post-test period considering the d
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between ACTH release and maximum corticosterone secretion
(at least 15 min).

The finding that HR1 rats showed a higher HPA response than
LR1 rats to novel environments is in accordance with previous
results from other labs[26,44,45]. However, differences in the
response to other stressors remain controversial[8,18,26]. Since
in all previous reports HR rats were demonstrated to be, when
tested, LA[17,26], the separate contribution of each trait to the
enhanced HPA response to the novel environments remained
unclear. Our present results extend the above previous findings
by demonstrating that the higher response of HR rats is not
influenced by the fear/anxiety trait, at least under the present
conditions. In a previous report[26], it was found that HR rats
also showed important differences in some central variables of
the HPA axis. Thus, HR rats were found to have higher basal
levels of mRNA for the corticotropin-releasing factor (CRF)
in the parvocelullar region of the paraventricular nucleus of the
hypothalamus (pPVN) and lower levels of mRNA for glucocorti-
coid receptors (GR) in the hippocampal formation. CRF neurons
in the pPVN are considered to be critical for the responsive-
ness of pituitary–adrenal hormones to stress, and this response
appears to be restrained by the negative feedback of corticos-
terone through its interaction with GR in several brain areas,
including the hippocampal formation[16]. Therefore, HR rats
appear to be characterised by an increase capability of the HPA
axis to respond to stress. However, why such capability is not
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neuroendocrine response may be controlled by parallel but inde-
pendent brain circuits, the two diverging early in the processing
of the situation. In accordance with the present results, the rela-
tionship between basal levels of anxiety and HPA reactivity has
usually found to be non-significant in humans[41,49,52,54].
However, the present results does not preclude that differences
could be found when rats showing extreme differences in anx-
iety are tested. Thus, it has been observed an enhanced ACTH
response to an elevated platform in outbred Wistar rats extremely
differing in the exploration of the open arm of the plus-maze
[31].

In conclusion, the present results have demonstrated a good
within-subject reliability in the endocrine response to novel envi-
ronments and a higher HPA, but not prolactin, response of rats
displaying a high level of activity in the circular corridor as com-
pared to those showing low activity. In contrast, no effect of the
fear/anxiety trait was observed, what argues against the hypoth-
esis that higher levels of (non-pathological) anxiety should be
reflected in a higher physiological response to stressors.
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(O� SUHVHQWH� WUDEDMR� VH� FHQWUD� HQ� HO� HVWXGLR� GH� ODV� GLIHUHQFLDV� LQGLYLGXDOHV� HQ� OD� UHVSXHVWD�
HQGRFULQD�DO�HVWUpV��0LHQWUDV�TXH�OD�PD\RUtD�GH�HVWXGLRV�DERUGDQ�HVWH�WHPD�XWLOL]DQGR�FHSDV�GH�
URHGRUHV� VHOHFFLRQDGRV� JHQpWLFDPHQWH�� QRVRWURV� HVWDPRV� LQWHUHVDGRV� HQ� HO� HVWXGLR� GH� OD�
VXVFHSWLELOLGDG� DO� HVWUpV� XWLOL]DQGR� SREODFLRQHV� GH� UDWDV� DGXOWDV� JHQpWLFDPHQWH� GLYHUVDV�
�RXWEUHG��GH�OD�FHSD�6SUDJXH�'DZOH\��FRQ�HO�REMHWLYR�GH�SUHYHQLU�SRVLEOHV�VHVJRV�JHQpWLFRV��
'DWRV�SUHYLRV�GH�QXHVWUR�ODERUDWRULR�KDQ�GHPRVWUDGR�TXH�OD�YHORFLGDG�GH�UHFXSHUDFLyQ�GH�ORV�
QLYHOHV�EDVDOHV�GH�$&7+�\�FRUWLFRVWHURQD�WUDV�XQD�H[SRVLFLyQ�DO�HVWUpV��HV�XQ�EXHQ�PDUFDGRU�GH�
OD� LQWHQVLGDG� GHO� HVWUpV� �*DUFtD� HW� DO��� ������� +DVWD� HO� PRPHQWR� VH� KDEtD� DVXPLGR� TXH� OD�
UHVSXHVWD�LQLFLDO�GH�OD�$&7+�D�XQ�HVWtPXOR�HVWUHVDQWH�HUD�XQ�EXHQ�PDUFDGRU�GH�OD�LQWHQVLGDG�GH�
HVWUpV��6LQ�HPEDUJR��FRPR�KHPRV�FRPSUREDGR�HQ�HO�SUHVHQWH�WUDEDMR��SXHGH�GDUVH�HO�FDVR�GH�
TXH� ORV� QLYHOHV� SODVPiWLFRV� GH� $&7+� QR� GLVFULPLQHQ� HQWUH� HVWtPXORV� HVWUHVDQWHV� VHYHURV�
�0iUTXH]�HW�DO����������FRQILUPDQGR�OD�LPSRUWDQFLD�GHO�HVWXGLR�GH�OD�GLQiPLFD�GH�OLEHUDFLyQ�GH�
ODV�KRUPRQDV�GHO�HMH�+3$�GHVSXpV�GH�ILQDOL]DU�OD�H[SRVLFLyQ�D�OD�VLWXDFLyQ�HVWUHVDQWH��/RV�GDWRV�
GH�HVWH�WUDEDMR�DSR\DQ�TXH�HVWXGLDGR�HQ�ODV�FRQGLFLRQHV�DGHFXDGDV��HO�HMH�+3$�SXHGH�VHU�XQ�
PX\�EXHQ�PDUFDGRU�GH�OD�LQWHQVLGDG�GHO�HVWUpV���
%DViQGRQRV� HQ� HVWH� HQIRTXH�� KHPRV� GHVFULWR� OD� GLQiPLFD� GH� DGDSWDFLyQ� D� XQ� SDUDGLJPD� GH�
HVWUpV�FUyQLFR��HVWXGLDQGR�GHWDOODGDPHQWH�WDQWR�OD�GLQiPLFD�GH�OLEHUDFLyQ�KRUPRQDO�D�OR�ODUJR�
GH� ORV� GtDV�� FRPR� GLIHUHQWHV� YDULDEOHV� TXH� SXHGHQ� SURSRUFLRQDUQRV� LQIRUPDFLyQ� VREUH� HO�
LPSDFWR�ILQDO�GHO�HVWUpV�FUyQLFR��+HPRV�SRGLGR�REVHUYDU�TXH�DXQTXH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�
HQ�OD�UHVSXHVWD�DO�HVWUpV�YDQ�KDFLpQGRVH�PHQRV�SURQXQFLDGDV�D�OR�ODUJR�GHO�SURWRFROR�GH�HVWUpV�
FUyQLFR��OD�UHVSXHVWD�D�OD�SULPHUD�H[SRVLFLyQ�DO�HVWtPXOR�HVWUHVDQWH�SUHGLFH�HQ�SDUWH�HO�LPSDFWR�
ILQDO�VREUH�HO�HMH�+3$�D�QLYHO�FHQWUDO��0iUTXH]�HW�DO�����������
(O�KHFKR�GH�TXH�HO�SHUILO�GH�OD�UHVSXHVWD�D�XQD�SULPHUD�VLWXDFLyQ�HVWUHVDQWH�SXHGD�VHU�XQ�tQGLFH�
GH�VXVFHSWLELOLGDG�D�SDGHFHU�SDWRORJtDV�DVRFLDGDV�DO�HVWUpV�QRV�KD�OOHYDGR�D�LQWHQWDU�FDUDFWHUL]DU�
PiV�GHWDOODGDPHQWH�ORV�IDFWRUHV�TXH�SXHGHQ�HVWDU�GHWHUPLQDQGR�HVWD�UHVSXHVWD�D�XQD�SULPHUD�
H[SRVLFLyQ� D� XQD� VLWXDFLyQ� HVWUHVDQWH�� &RPR� SDVR� SUHYLR� D� OD� FDUDFWHUL]DFLyQ� GH� IDFWRUHV�
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SURQyVWLFR� GH� OD� UHVSXHVWD� GH� HVWUpV� KHPRV� HVWXGLDGR� OD� FRQVLVWHQFLD� \� HVWDELOLGDG� GH� OD�
UHVSXHVWD�DO�HVWUpV�GH�ODV�KRUPRQDV�GHO�HMH�+3$��+HPRV�REVHUYDGR�TXH�OD�OLEHUDFLyQ�GH�$&7+�\�
FRUWLFRVWHURQD�HV�EDVWDQWH�FRQVLVWHQWH�IUHQWH�D�GLIHUHQWHV�HVWtPXORV�HVWUHVDQWHV�GH� LQWHQVLGDG�
PRGHUDGD��DPELHQWHV�QXHYRV���LQGHSHQGLHQWHPHQWH�GH�ODV�FDUDFWHUtVWLFDV�SDUWLFXODUHV�GH�FDGD�
DPELHQWH��OR�TXH�VXJLULHUH�TXH�OD�OLEHUDFLyQ�GH�ODV�KRUPRQDV�GHO�HMH�+3$�SXHGH�VHU�FRQVLGHUDGD�
XQD�FDUDFWHUtVWLFD� LQGLYLGXDO� �UDVJR��GH�FDGD�DQLPDO��6LQ�HPEDUJR��FXDQGR�VH�KDQ�FRPSDUDGR�
VLWXDFLRQHV� HVWUHVDQWHV� TXH� GLILHUHQ� DPSOLDPHQWH� HQ� FXDQWR� D� FDUDFWHUtVWLFDV� FXDOLWDWLYDV� H�
LQWHQVLGDG��HVWD�FRQVLVWHQFLD�HV�PXFKR�PHQRU��3XHVWR�TXH� OD�PD\RU�SDUWH�GH� ORV�GDWRV�HQ� OD�
OLWHUDWXUD� HQ� FXDQWR� D� VXVFHSWLELOLGDG� DO� HVWUpV� \� GLIHUHQFLDV� LQGLYLGXDOHV� KDQ� XWLOL]DGR�
VLWXDFLRQHV� HVWUHVDQWHV� GH� LQWHQVLGDG� PRGHUDGD�� GHFLGLPRV� LQLFLDU� HO� HVWXGLR� DFHUFD� GH� TXp�
IDFWRUHV� GH� SHUVRQDOLGDG� SRGUtDQ� HVWDU� UHODFLRQDGRV� FRQ� OD� UHVSXHVWD� DO� HVWUpV� XWLOL]DQGR�
DPELHQWHV�QXHYRV��*UDFLDV�D�OD�HVWUDWHJLD�GH�FDUDFWHUL]DFLyQ�FRQGXFWXDO�TXH�QRV�KD�SHUPLWLGR�
HVWXGLDU�LQGHSHQGLHQWHPHQWH�OD�LQIOXHQFLD�GHO�UDVJR�GH�DQVLHGDG�GHO�GH�DFWLYLGDG�H[SORUDFLyQ�HQ�
DPELHQWHV�QXHYRV��KHPRV�GHVFULWR�TXH�OD�DQVLHGDG�QR�SDUHFH�DIHFWDU�HO�QLYHO�GH�DFWLYDFLyQ�GHO�
HMH� HQ� HVWDV� VLWXDFLRQHV�� SHUR� ORV� DQLPDOHV� +5� �DOWDPHQWH� UHDFWLYRV� D� OD� H[SRVLFLyQ� D� XQ�
DPELHQWH�QXHYR��KLJK�UHVSRQGHUV��PXHVWUDQ�XQD�PD\RU�\�PiV�SURORQJDGD�OLEHUDFLyQ�GH�$&7+�
TXH�ORV�/5��SRFR�UHDFWLYRV�D�XQ�DPELHQWH�QXHYR��ORZ�UHVSRQGHUV���WUDGXFLpQGRVH�HVWH�KHFKR�HQ�
GLIHUHQFLDV�HQ�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�HQ�HO�SHULRGR�SRVW�HVWUpV��

¢4Xp�LQIRUPDFLyQ�QRV�DSRUWD�HO�HMH�+3$�DFHUFD�GHO�HVWUpV"�
&RQVLGHUDQGR�OD�LPSRUWDQFLD�TXH�OD�OLEHUDFLyQ�GH�JOXFRFRUWLFRLGHV�SXHGH�WHQHU�HQ�OD�DSDULFLyQ�R�
GHVDUUROOR� GH� GHWHUPLQDGDV� SDWRORJtDV� DVRFLDGDV� DO� HVWUpV�� XQR� GH� ORV� REMHWLYRV� GHO� SUHVHQWH�
WUDEDMR� KD� VLGR� FRQWLQXDU� HO� HVWXGLR� GHO� HMH�+3$� FRPR�PDUFDGRU� GH� OD� LQWHQVLGDG� GH� HVWUpV��
&RPR�DSXQWiEDPRV�HQ� OD� ,QWURGXFFLyQ��H[LVWHQ�GLIHUHQWHV�FDUDFWHUtVWLFDV�GH�XQD�YDULDEOH�TXH�
GHEHPRV�WHQHU�HQ�FXHQWD�FXDQGR�TXHUHPRV�LQWHUSUHWDU�ORV�UHVXOWDGRV�REWHQLGRV�HQ�WpUPLQRV�GH��
LQWHQVLGDG�GH�HVWUpV���L��HO�JUDGR�GH�VHYHULGDG�PtQLPR�TXH�XQD�YDULDEOH�SDUWLFXODU�HV�FDSD]�GH�
GHWHFWDU� GH� PDQHUD� ILDEOH� \� FRQVLVWHQWH� �XPEUDO��� �LL�� HO� UDQJR� GH� YDULDFLyQ� TXH� SRGHPRV�
REVHUYDU�HQ�UHODFLyQ�D�OD�YDULDEOH�GH�LQWHUpV��\��LLL��HO�UDQJR�GH�LQWHQVLGDGHV�GH�HVWUpV�TXH�XQD�
YDULDEOH�HV�FDSD]�GH�GHWHFWDU��
(Q� FXDQWR� DO� SULPHU� DVSHFWR�� \� HQ� FRQFRUGDQFLD� FRQ� GDWRV� SUHYLRV� GH� QXHVWUR� ODERUDWRULR�
�$UPDULR� HW� DO��� ����D��� KHPRV� FRQILUPDGR�TXH� HO� HMH�+3$�PXHVWUD� XQ�XPEUDO� GH� DFWLYDFLyQ�
UHODWLYDPHQWH� EDMR�� FRPR� VH� SXHGH� GHVSUHQGHU� GH� OD� DFWLYDFLyQ� FDXVDGD� SRU� OD� H[SRVLFLyQ� D�
DPELHQWHV� QXHYRV� R� SRU� OD� LQFLVLyQ� HQ� OD� FROD� GHO� DQLPDO� FRPR� PpWRGR� GH� H[WUDFFLyQ� GH�
PXHVWUDV�GH�VDQJUH��0iUTXH]�HW�DO����������������������
(Q� VHJXQGR� OXJDU�� ORV� QLYHOHV� GH� $&7+� \� FRUWLFRVWHURQD�PXHVWUDQ� XQ� UDQJR�PX\� DPSOLR� GH�
UHVSXHVWD�� (Q� UDWDV� PDFKR� \� HQ� QXHVWUDV� FRQGLFLRQHV�� ORV� QLYHOHV� EDVDOHV� GH� $&7+� VH�
HQFXHQWUDQ�HQWUH����\�����SJ�PO��SXGLHQGR�DXPHQWDU�WUDV�XQ�HVWUpV�VHYHUR�KDVWD�����������
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SJ�PO��(Q�FXDQWR�D�OD�FRUWLFRVWHURQD��HQFRQWUDPRV�QLYHOHV�EDVDOHV�GH�DOUHGHGRU�GH���PJ�GO�TXH�
SXHGHQ�DXPHQWDU�KDVWD����\����PJ�GO�WUDV�XQ�HVWUpV�VHYHUR��*DUFtD�HW�DO���������0iUTXH]�HW�DO���
������0iUTXH]�HW�DO����������'H�WRGRV�PRGRV��DXQTXH�OD�$&7+�\�OD�FRUWLFRVWHURQD�QRV�RIUHFH�
XQ� UDQJR� GH� YDORUHV� PXFKR� PD\RU� TXH� ORV� QLYHOHV� SODVPiWLFRV� GH� JOXFRVD�� SDUD� LQWHUSUHWDU�
FRUUHFWDPHQWH�OD�LQIRUPDFLyQ�TXH�QRV�DSRUWDQ�HVWDV�KRUPRQDV�KHPRV�GH�WHQHU�HQ�FXHQWD�XQD�
VHULH�GH�FRQVLGHUDFLRQHV��(Q�SULPHU�OXJDU��KHPRV�GH�FRQRFHU�FXiO�HV�VX�GLQiPLFD�GH�OLEHUDFLyQ��
'HELGR� DO� GHVIDVH� WHPSRUDO� HQWUH� OD� OLEHUDFLyQ� GH� $&7+� \� OD� VtQWHVLV� \� OLEHUDFLyQ� GH�
FRUWLFRVWHURQD��ORV�GDWRV�REWHQLGRV�DQWHV�GH�ORV�������PLQXWRV�SXHGHQ�OOHYDUQRV�D�FRQFOXVLRQHV�
HTXLYRFDGDV��\D�TXH�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�SXHGHQ�QR�KDEHU�DOFDQ]DGR�VX�QLYHO�Pi[LPR��
(Q� VHJXQGR� OXJDU�� DXQTXH� ORV�QLYHOHV�GH�$&7+�SXHGHQ�DOFDQ]DU�QLYHOHV�HOHYDGRV�� FXDQGR� VH�
HVWXGLD� VX� OLEHUDFLyQ� GXUDQWH� OD� H[SRVLFLyQ� SURORQJDGD� D� XQ� HVWtPXOR�� VH� REVHUYD� XQD�
GLVPLQXFLyQ�SURJUHVLYD�H[SOLFDGD�HQ�SDUWH�SRU�XQ�DJRWDPLHQWR�KLSRILVDULR��3RU�WDQWR��HO�HVWXGLR�
SXQWXDO� GH� ORV� QLYHOHV� GH� HVWD� KRUPRQD� WUDV� XQ� HVWUpV� SURORQJDGR� SXHGH� OOHYDUQRV� D�
FRQFOXVLRQHV�HUUyQHDV��2WUR�SXQWR� LPSRUWDQWH�HV�TXH�VH�SXHGHQ�DOFDQ]DU�QLYHOHV�Pi[LPRV�GH�
FRUWLFRVWHURQD�FRQ�QLYHOHV�PRGHUDGRV�GH�$&7+��SRU� OR�TXH�HQ�PXFKDV�VLWXDFLRQHV��HO�DQDOL]DU�
VyOR�ORV�QLYHOHV�GH�FRUWLFRVWHURQD�SXHGH�FRQGXFLUQRV�D�HUURU��0DUWt�\�$UPDULR��������0iUTXH]�HW�
DO����������
(Q�WHUFHU�OXJDU��HO�HVWXGLR�GH�OD�DFWLYDFLyQ�GHO�HMH�+3$�DQWH�VLWXDFLRQHV�GH�HVWUpV�HV�FDSD]�GH�
GHWHFWDU�GH�PDQHUD�SUHFLVD�XQ�DPSOLR�UDQJR�GH�LQWHQVLGDGHV�GH�HVWUpV��(Q�HO�SUHVHQWH�WUDEDMR�
KHPRV� GHVFULWR� GLIHUHQFLDV� VXWLOHV� HQ� OD� OLEHUDFLyQ� GH�$&7+� \� FRUWLFRVWHURQD� HQWUH� GLIHUHQWHV�
DPELHQWHV�QXHYRV��FRUUHGRU�FLUFXODU��ODEHULQWR�HOHYDGR�HQ�FUX]��WDEOD�GH�DJXMHURV�\�SUXHED�GH�
OX]�RVFXULGDG���7HQLHQGR�HQ�FXHQWD�HO�DPSOLR�XVR�GH�HVWDV�SUXHEDV�FRQGXFWXDOHV�HQ�HO�FDPSR�
GH� OD�SVLFRIDUPDFRORJtD��SDUHFH�VRUSUHQGHQWH�TXH�QR�VH�KD\DQ�FRPSDUDGR�GH�PDQHUD�GLUHFWD�
VXV�SURSLHGDGHV�HVWUHVDQWHV��1XHVWURV�GDWRV�LQGLFDQ�TXH�ORV�DPELHQWHV�PiV�GHVSURWHJLGRV��OD�
WDEOD� GH� DJXMHURV�� VHUtDQ�PiV� HVWUHVDQWHV� TXH� DTXHOORV�PiV� SURWHJLGRV� �FRUUHGRU� FLUFXODU�� R�
DTXHOORV� HQ� ORV� TXH� OD� H[SORUDFLyQ� HV� YROXQWDULD� �SUXHED� GH� OX]�RVFXULGDG�� �0iUTXH]� HW� DO���
�������������(VWRV�GDWRV�VRQ�FRQFRUGDQWHV�FRQ�GDWRV�SUHYLRV�TXH�VXJHUtDQ�TXH�OD�DFWLYDFLyQ�GHO�
HMH� +3$� HVWDUtD� GHWHUPLQDGD� SRU� HO� JUDGR� GH� WLJPRWD[LV� �IDOWD� GH� SURWHFFLyQ� HQ� HVSDFLRV�
DELHUWRV�� GH� OD� VLWXDFLyQ� �3HOORZ� HW� DO��� ������� DVt� FRPR� SRU� HO� JUDGR� GH� LPSRVLFLyQ� GH� OD�
VLWXDFLyQ� SRU� SDUWH� GHO� H[SHULPHQWDGRU� �.DEEDM� HW� DO��� ������� 'H� WRGRV�PRGRV�� LPSRUWDQWHV�
GLIHUHQFLDV�FXDOLWDWLYDV�HQ�ODV�SUXHEDV�FRQGXFWXDOHV�XWLOL]DGDV�WDQ�VyOR�VH�UHIOHMDQ�HQ�SHTXHxRV�
FDPELRV�KRUPRQDOHV��3RU�OR�WDQWR��HO�QLYHO�GH�DFWLYDFLyQ�GHO�HMH�+3$�QR�VLHPSUH�UHYHOD�DVSHFWRV�
LPSRUWDQWHV� GH� OD� VLWXDFLyQ� HVWUHVDQWH�� &RPR�HMHPSOR�PX\� VLJQLILFDWLYR�� OD� DFWLYDFLyQ�GHO� HMH�
+3$�� LQFOX\HQGR� HO� SHULRGR� SRVW�HVWUpV�� IXH� VLPLODU� WUDV� OD� H[SRVLFLyQ� D� FKRTXHV� HOpFWULFRV�
FRQWURODEOHV� H� LQFRQWURODEOHV� �0DLHU� HW� DO��� ������� D� SHVDU� GH� TXH� OD� FRQWURODELOLGDG� GH� OD�
VLWXDFLyQ�HVWUHVDQWH�VH�KD�GHVFULWR�FRPR�FUtWLFD�HQ�FXDQWR�D�ODV�FRQVHFXHQFLDV�FRQGXFWXDOHV�GHO�
FKRTXH��(Q�HO�PLVPR�VHQWLGR��GDWRV�GH�QXHVWUR�ODERUDWRULR�KDQ�GHPRVWUDGR�XQD�UHVSXHVWD�+3$�
VLPLODU�WUDV�OD�H[SRVLFLyQ�D�FKRTXHV�HOpFWULFRV�WHPSRUDOPHQWH�UHJXODUHV�R�LUUHJXODUHV��0iUTXH]�
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HW�DO���GDWRV�QR�SXEOLFDGRV���3RU�WDQWR��DXQTXH�OD�DFWLYDFLyQ�GHO�HMH�+3$�HV�XQ�EXHQ�PDUFDGRU�
GH� HVWUpV�� HV� LQFDSD]� GH� UHIOHMDU� GHWHUPLQDGDV� FDUDFWHUtVWLFDV� FXDOLWDWLYDV� GH� ODV� VLWXDFLRQHV�
HVWUHVDQWHV��
&XDQGR� KHPRV� FRPSDUDQGR� OD� UHVSXHVWD� GHO� HMH� +3$� IUHQWH� D� GRV� HVWtPXORV� HVWUHVDQWHV�
LQWHQVRV� FRPR� HO� FKRTXH� HOpFWULFR� \� OD� ,02�� KHPRV� REVHUYDGR� TXH� ORV� QLYHOHV� GH� $&7+� \�
FRUWLFRVWHURQD� HUDQ� VLPLODUHV� PHGLGRV� MXVWR� WUDV� OD� ILQDOL]DFLyQ� GHO� HVWUpV� ��� KRUD��� SHUR� ODV�
GLIHUHQFLDV�HQWUH�ORV�GRV�HVWtPXORV�VH�KDFtDQ�HYLGHQWHV�GXUDQWH�ORV����PLQ�SRVW�HVWUpV��WDQWR�ORV�
QLYHOHV�GH�$&7+�FRPR�ORV�GH�FRUWLFRVWHURQD�GHVFHQGtDQ�UiSLGDPHQWH�WUDV�HO�FKRTXH��PLHQWUDV�
TXH�FRQWLQXDEDQ�HOHYDGRV�WUDV�OD�,02��0iUTXH]�HW�DO����������/D�LQIRUPDFLyQ�REWHQLGD�FRQ�ODV�
KRUPRQDV�GHO�HMH�+3$�HV�FRQFRUGDQWH�FRQ�OD�DSRUWDGD�SRU�ORV�RWURV�PDUFDGRUHV�LQGHSHQGLHQWHV�
GHO� HMH� +3$� FRPR� OD� KLSHUJOLFHPLD�� ORV� QLYHOHV� SODVPiWLFRV� GH� SURODFWLQD� R� OD� UHGXFFLyQ� GH�
LQJHVWD�GH�FRPLGD���3RU�WDQWR��SDUHFH�HYLGHQWH�TXH�QHFHVLWDPRV�YDORUDU�ORV�QLYHOHV�SODVPiWLFRV�
GH�$&7+�\�FRUWLFRVWHURQD�HQ�OD�HWDSD�SRVW�HVWUpV�SDUD�HYDOXDU�DSURSLDGDPHQWH�OD�LQWHQVLGDG�GH�
OD�VLWXDFLyQ�HVWUHVDQWH��'H�WRGRV�PRGRV��HVWRV�RWURV�PDUFDGRUHV�GH�HVWUpV�PXHVWUDQ�XPEUDOHV�
GH�DFWLYDFLyQ�GLIHUHQWHV�D�ODV�KRUPRQDV�GHO�HMH�+3$��FRPR�HV�HO�FDVR�GH�ORV�QLYHOHV�GH�JOXFRVD��
TXH�VyOR�VH�SXHGHQ�FRQVLGHUDU�ILDEOHV�DQWH�H[SRVLFLRQHV�D�HVWtPXORV�HVWUHVDQWHV�GH�LQWHQVLGDG�
LQWHUPHGLD�� R� HQ� HO� FDVR� GH� OD� LQKLELFLyQ� GH� OD� LQJHVWD� GH� FRPLGD�� TXH�PXHVWUD� WDPELpQ� XQ�
XPEUDO� HOHYDGR� \� SXHGH� REVHUYDUVH� VRODPHQWH� WUDV� VLWXDFLRQHV� HVWUHVDQWHV� UHODWLYDPHQWH�
VHYHUDV��9DOOqV�HW�DO���������0iUTXH]�HW�DO�����������
(Q�QXHVWURV�WUDEDMRV��KHPRV�GHVFULWR�WDPELpQ�XQD�FRUUHODFLyQ�FRQVLVWHQWH�HQWUH�HO�SHVR�UHODWLYR�
GH�OD�DGUHQDO�\�OD�FDSDFLGDG�GH�OLEHUDFLyQ�GH�JOXFRFRUWLFRLGHV��WDQWR�WUDV�HVWtPXORV�HVWUHVDQWHV�
VXDYHV��LQFLVLyQ�HQ�OD�FROD��FRPR�WUDV�HVWtPXORV�GH�HOHYDGD�LQWHQVLGDG��(VWD�FRUUHODFLyQ�QR�VH�
REVHUYy�FRQ�QLYHOHV�KRUPRQDOHV�EDVDOHV�R�DQWH�VLWXDFLRQHV�HVWUHVDQWHV�PRGHUDGDV��(V�GHFLU��HO�
SHVR� UHODWLYR� GH� OD� DGUHQDO� HVWDUtD� SRVLWLYDPHQWH� UHODFLRQDGR� WDQWR� FRQ� OD� VHQVLELOLGDG� GH� OD�
DGUHQDO� D� HVWLPXODFLRQHV� VXDYHV� \� EUHYHV� FRQ� $&7+�� FRPR� FRQ� OD� FDSDFLGDG� Pi[LPD� GH�
OLEHUDFLyQ�GH�FRUWLFRVWHURQD��0iUTXH]�HW�DO����������
8Q� GDWR� LPSRUWDQWH� HV� TXH� ORV� QLYHOHV� EDVDOHV� GH� $&7+� \� FRUWLFRVWHURQD� QR� SDUHFHQ� HVWDU�
UHODFLRQDGRV� FRQ� OD� UHDFWLYLGDG� GHO� HMH� +3$� DO� HVWUpV� �0iUTXH]� HW� DO��� ������� QL� DXQTXH� VH�
DQDOLFHQ�ORV�QLYHOHV�GH�$&7+�\�FRUWLFRVWHURQD�HQ�OD�IDVH�QRFWXUQD�GHO�ULWPR�FLUFDGLDQR��FXDQGR�
ORV� QLYHOHV� VRQ� UHODWLYDPHQWH� HOHYDGRV�� (VWRV� GDWRV� VRQ� UHOHYDQWHV� SRUTXH� SRGUtDQ� H[SOLFDU�
SDUWH� GH� ORV� UHVXOWDGRV� DSDUHQWHPHQWH� FRQWUDGLFWRULRV� TXH� VH� HQFXHQWUDQ� HQ� OD� OLWHUDWXUD�
UHVSHFWR�DO�HMH�+3$�FRPR�PDUFDGRU�ELROyJLFR�GH�GLIHUHQWHV�SVLFRSDWRORJtDV��
�
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'LIHUHQFLDV�LQGLYLGXDOHV�\�DGDSWDFLyQ�DO�HVWUpV�FUyQLFR�
$XQTXH�HO�HVWXGLR�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�UHVSXHVWD�DJXGD�GHO�HMH�+3$�DO�HVWUpV�HV�
GH�LQWHUpV��PXFKDV�VLWXDFLRQHV�GH�HVWUpV�VRQ�FUyQLFDV�\�SRU�OR�WDQWR�HUD�LPSRUWDQWH�LQYHVWLJDU�OD�
UHODFLyQ�HQWUH�OD�UHVSXHVWD�LQLFLDO�D�XQ�HVWtPXOR�HVWUHVDQWH�GH�HOHYDGD�LQWHQVLGDG�\�OD�FDSDFLGDG�
GH�DGDSWDFLyQ�DO�PLVPR�WUDV�XQD�H[SRVLFLyQ�UHSHWLGD��3DUD�HOOR�UHDOL]DPRV�XQ�H[SHULPHQWR�HQ�HO�
TXH�VH�H[SXVR�D�ORV�DQLPDOHV�D�XQD�VLWXDFLyQ�HVWUHVDQWH�GH�LQWHQVLGDG�VHYHUD��XQD�KRUD�GLDULD�
GH�,02��GXUDQWH����GtDV��0iUTXH]�HW�DO����������3DUD�SRGHU�HVWXGLDU�FRQ�GHWDOOH�HO�SURFHVR�GH�
KDELWXDFLyQ�VH�VLJXLy�OD�GLQiPLFD�GH�OLEHUDFLyQ�KRUPRQDO�HQ�GLIHUHQWHV�GtDV��OD�LQJHVWD�GLDULD�GH�
FRPLGD�\�HO�FDPELR�GHO�SHVR�FRUSRUDO��$O�GtD�VLJXLHQWH�D�OD�~OWLPD�H[SRVLFLyQ�D�OD�,02��GtD�����
VH�VDFULILFDURQ�ORV�DQLPDOHV�HQ�FRQGLFLRQHV�EDVDOHV�SDUD�YDORUDU�OD�DFWLYLGDG�FHQWUDO�GHO�HMH�+3$��
DVt��FRPR�HO�SHVR�GHO�WLPR�\�OD�DGUHQDO���
&RPR�HUD�GH�HVSHUDU��OD�H[SRVLFLyQ�D�OD�,02�FDXVy�XQD�LQWHQVD�UHVSXHVWD�ILVLROyJLFD��TXH�D�QLYHO�
GH�ODV�KRUPRQDV�GHO�HMH�+3$�VH�WUDGXMR�HQ�XQD�SURORQJDGD�DFWLYDFLyQ�SRVW�HVWUpV��6LQ�HPEDUJR��
OD�H[SHULHQFLD�SUHYLD�FRQ�OD�,02�DFHOHUy�QRWDEOHPHQWH�HO�SURFHVR�GH�UHFXSHUDFLyQ�SRVW�HVWUpV��
FRQILUPDQGR� GDWRV� SUHYLRV� GH� QXHVWUR� ODERUDWRULR� FRQ� OD� ,02� \� FRQ� RWUR� HVWtPXOR� GH� JUDQ�
LQWHQVLGDG� FRPR� OD� DGPLQLVWUDFLyQ� GH� VROXFLyQ� VDOLQD� KLSHUWyQLFD� �*DUFtD� HW� DO��� ������� 'H�
KHFKR�� XQD� VROD� H[SHULHQFLD� SUHYLD� FRQ� OD� ,02� HV� VXILFLHQWH� SDUD� DFHOHUDU� HO� SURFHVR� GH�
UHFXSHUDFLyQ� SRVW�HVWUpV� �0DUWt� HW� DO��� ������� OR� TXH� LQGLFD� FODUDPHQWH� TXH� ODV� KRUPRQDV�
SHULIpULFDV� GHO� HMH� +3$� VRQ� H[WUDRUGLQDULDPHQWH� VHQVLEOHV� D� OD� H[SHULHQFLD� SUHYLD� GH� ORV�
DQLPDOHV� FRQ� XQ� HVWtPXOR� HVWUHVDQWH�� LQFOXVR� VL� HV� GH� JUDQ� LQWHQVLGDG� FRPR� OD� ,02��
&RQVLGHUDQGR� HO� SHUtRGR� SRVW�HVWUpV�� VH� REVHUYy� XQD� SURJUHVLYD� UHGXFFLyQ� GH� ORV� QLYHOHV�
SODVPiWLFRV�GH�$&7+��FRUWLFRVWHURQD�\�JOXFRVD�FRQ�OD�UHSHWLFLyQ�GH�OD�H[SRVLFLyQ�D�OD�,02��6LQ�
HPEDUJR��HVWD�UHGXFFLyQ�GH�OD�UHVSXHVWD�QR�IXH�OLQHDO�D�OR�ODUJR�GH�ORV�GtDV��SDUHFH�H[LVWLU�XQ�
SURFHVR�GH�DGDSWDFLyQ�UiSLGR�GXUDQWH�ORV�SULPHURV�GtDV��VHJXLGR�GH�RWUR�SRVWHULRU�PXFKR�PiV�
OHQWR��(V�SUREDEOH�TXH�IUHQWH�D�HVWtPXORV�GH�LQWHQVLGDG�HOHYDGD�R�GH�WLSR�WUDXPiWLFR�SRGUtD�VHU�
DGDSWDWLYR�SDUD�HO�RUJDQLVPR�PDQWHQHU�XQ�FLHUWR�QLYHO�GH�UHVSXHVWD���
(O�HVWXGLR�GH�ODV�FRUUHODFLRQHV�UHYHOy�TXH�OD�UHVSXHVWD�GH�OD�$&7+�GXUDQWH�OD�SULPHUD�,02�QR�
FRUUHODFLRQDED�FRQ�OD�UHVSXHVWD�HQ�ORV�GtDV�VXEVLJXLHQWHV��PLHQWUDV�TXH�OD�GH�GtDV�SRVWHULRUHV�VL�
FRUUHODFLRQDED�HQWUH�Vt��$SDUHQWHPHQWH��OD�UHVSXHVWD�GXUDQWH�OD�SULPHUD�H[SRVLFLyQ�QR�SUHGLFH�
OD�DFWLYDFLyQ�SHULIpULFD�WUDV�OD�H[SRVLFLyQ�UHSHWLGD��VXJLULHQGR�TXH�HVWiQ�LPSOLFDGRV�PHFDQLVPRV�
GLIHUHQWHV��
3RU�RWUR�ODGR��QXHVWURV�UHVXOWDGRV�KDQ�FRQILUPDGR�TXH�H[LVWHQ�FDPELRV�ILVLROyJLFRV�SURWRWtSLFRV�
WUDV�OD�H[SRVLFLyQ�D�XQ�HVWUpV�FUyQLFR�GH�HOHYDGD�LQWHQVLGDG��UHGXFFLyQ�GH�OD�LQJHVWD�GH�FRPLGD�
\� GH� OD� FXUYD� GH� FUHFLPLHQWR� GH� SHVR� FRUSRUDO�� UHGXFFLyQ� GHO� WDPDxR� GHO� WLPR� H� KLSHUWURILD�
DGUHQDO��5XLVVHDX�HW�DO���������$UPDULR�HW�DO���������$UPDULR�HW�DO�������E��2WWHQZHOOHU�HW�DO���
������ 0DUWt� HW� DO��� ������ 2WWHQZHOOHU� HW� DO��� ������ 0DUWt� \� $UPDULR�� ������� 7DPELpQ� KHPRV�
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REVHUYDGR�XQ�DXPHQWR�HQ� ORV�QLYHOHV�EDVDOHV�GH�$&7+�\�FRUWLFRVWHURQD��\D�GHWHFWDGR�HQ� ODV�
SULPHUDV� HWDSDV� GHO� HVWUpV� FUyQLFR�� TXH� VH� PDQWLHQH� D� OR� ODUJR� GH� WRGR� HO� H[SHULPHQWR�� (O�
LQFUHPHQWR�HQ�ORV�QLYHOHV�EDVDOHV�GH�FRUWLFRVWHURQD�D�ODV����K�GH�OD�H[SRVLFLyQ�DJXGD�R�FUyQLFD�
D�HVWtPXORV�HVWUHVDQWHV�LQWHQVRV�HV�XQ�IHQyPHQR�PX\�FRQVLVWHQWH�HQ�OD�OLWHUDWXUD��Y�J�*DUFtD�\�
$UPDULR���������
$�QLYHO� FHQWUDO�� OD�H[SRVLFLyQ� UHSHWLGD�D� OD� ,02�FDXVy�XQ�DXPHQWR� WyQLFR�GH� OD�H[SUHVLyQ�GHO�
JHQ�GHO�&5)�HQ�HO�391�DVt�FRPR�XQD�GLVPLQXFLyQ�GH�OD�H[SUHVLyQ�GH�*5�HQ�HO�&$��\�HQ�HO�*'��
WDPELpQ�HQ�FRQFRUGDQFLD�FRQ�UHVXOWDGRV�SUHYLRV��*yPH]�HW�DO����������6RUSUHQGHQWHPHQWH��VH�
REVHUYy�XQD�FRUUHODFLyQ�SRVLWLYD�HQWUH�ORV�QLYHOHV�GH�$&7+�WUDV�OD�SULPHUD�H[SRVLFLyQ�D�OD�,02��
\�ORV�QLYHOHV�GH�P51$�GHO�&5)�HQ�HO�391�DO�ILQDO�GHO�SURWRFROR�GH�HVWUpV��FRUUHODFLyQ�TXH�YLQR��
DSR\DGD�SRU�OD�GLIHUHQFLD�GH�PHGLDV�HQ�IXQFLyQ�GHO�PLVPR�FULWHULR�GH�OLEHUDFLyQ�GH�$&7+�HQ�HO�
SULPHU� GtD�� 3RU� OR� WDQWR�� DTXHOORV� DQLPDOHV� TXH� UHVSRQGHQ� PiV� LQWHQVDPHQWH� D� OD� SULPHUD�
H[SRVLFLyQ�DO�HVWUpV�VRQ�DTXHOORV�TXH�PXHVWUDQ�XQ�PD\RU�LPSDFWR�ILQDO�D�QLYHO�GHO�HVWDGR�WyQLFR�
FHQWUDO�GHO�HMH�+3$��D�SHVDU�GH�TXH�OD�UHVSXHVWD�LQLFLDO�QR�SDUHFH�FRUUHODFLRQDU�FRQ�OD�UHVSXHVWD�
HQ�ORV�GtDV�VXFHVLYRV��6H�SRGUtD�DUJXPHQWDU�TXH�ORV�DQLPDOHV�TXH�PRVWUDEDQ�PD\RUHV�QLYHOHV�
GH�$&7+�VH�FDUDFWHUL]DUtDQ�WDPELpQ�SRU�XQRV�PD\RUHV�QLYHOHV�GH�H[SUHVLyQ�GH�&5)�DQWHULRUHV�DO�
HVWUpV�FUyQLFR��VLQ�TXH�HO�HVWUpV�FUyQLFR�KXELHUD�FDPELDGR�HVWD�FRQGLFLyQ��6LQ�HPEDUJR��HVWR�HV�
SRFR� SUREDEOH�� (Q� RWUR� H[SHULPHQWR� OOHYDGR� D� FDER� HQ� QXHVWUR� ODERUDWRULR� QR� VH� HQFRQWUy�
UHODFLyQ�HQWUH�OD�UHVSXHVWD�SHULIpULFD�DO�FKRTXH�HOpFWULFR�R�OD�,02��\�HO�HVWDGR�EDVDO�GHO�HMH�+3$�
D�QLYHO�FHQWUDO�YDORUDGR�XQD�VHPDQD�GHVSXpV��0iUTXH]�HW�DO���GDWRV�QR�SXEOLFDGRV���3RU�OR�WDQWR�
SDUHFH�TXH�ORV�DQLPDOHV�FRQ�PD\RU�FDSDFLGDG�GH�UHVSXHVWD�GHO�HMH�+3$�D�HVWtPXORV�HVWUHVDQWHV�
LQWHQVRV� VRQ� ORV� TXH� DFDEDQ� WHQLHQGR� XQD� PD\RU� DFWLYDFLyQ� WyQLFD� FHQWUDO� GHO� HMH� WUDV�
VLWXDFLRQHV�FUyQLFDV��
/D�GXUDFLyQ�GH�ORV�FDPELRV�HQ�ODV�YDULDEOHV�FHQWUDOHV�GHO�HMH�+3$�FDXVDGRV�SRU�OD�,02�FUyQLFD�
QR�OD�KHPRV�LQYHVWLJDGR�\�H[LVWHQ�SRFRV�HVWXGLRV�HQ�OD�OLWHUDWXUD��(Q�XQ�HVWXGLR�UHFLHQWH�VH�KD�
GHVFULWR�TXH�HO�DXPHQWR�HQ�ORV�QLYHOHV�GH�P51$�GHO�&5)�HQ�HO�391�WUDV�XQ�SURWRFROR�GH�HVWUpV�
FUyQLFR�YDULDEOH�VH�REVHUYD����KRUDV�GHVSXpV�GH� OD�~OWLPD�H[SRVLFLyQ�DO�HVWUpV��SHUR�YXHOYH�D�
QLYHOHV� QRUPDOHV� D� SDUWLU� GHO� FXDUWR� GtD� SRVW�HVWUpV� �2VWUDQGHU� HW� DO��� ������� (Q� FDPELR� OD�
LQKLELFLyQ� GH� OD� WUDQVFULSFLyQ� GH� *5� HQ� OD� IRUPDFLyQ� KLSRFDPSDO� WUDV� HVWUpV� FUyQLFR� SXHGH�
SHUVLVWLU�PiV�GH�XQ�VHPDQD��.LWUDNL�HW�DO����������(VWXGLRV�GH�QXHVWUR�ODERUDWRULR�WUDV�XQD�VROD�
H[SRVLFLyQ�D�OD�,02�QR�KDQ�REVHUYDGR�FDPELRV�HQ�OD�H[SUHVLyQ�EDVDO�GHO�JHQ�GHO�&5)�HQ�HO�391�
WUDV�XQD�VHPDQD��9DOOqV�HW�DO�����������
�
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'LIHUHQFLDV� LQGLYLGXDOHV� HQ� OD� UHVSXHVWD� GHO� HMH� +3$� DO�
HVWUpV��FRQVLVWHQFLD�
3XHVWR� TXH� HO� HMH� +3$� HV� XQR� GH� ORV� VLVWHPDV� SURWRWtSLFRV� GH� OD� UHVSXHVWD� GH� HVWUpV� \� VX�
DFWLYDFLyQ� HVWi� SRVLWLYDPHQWH� UHODFLRQDGD� FRQ� OD� LQWHQVLGDG� GH� OD� VLWXDFLyQ� HVWUHVDQWH�
�+HQQHVV\�\�/HYLQH��������$UPDULR�HW�DO�������D��'H�%RHU�HW�DO����������SDUHFH� OyJLFR�DVXPLU�
TXH� ORV� LQGLYLGXRV�TXH�SHUFLEHQ� ODV�VLWXDFLRQHV�FRPR�PiV�HVWUHVDQWHV�PXHVWUHQ� WDPELpQ�XQD�
PD\RU� UHDFWLYLGDG� GHO� HMH� +3$�� 7DO� \� FRPR� VH� KD� FRPHQWDGR� HQ� OD� ,QWURGXFFLyQ�� VH� KDQ�
GHGLFDGR� PXFKRV� HVIXHU]RV� SDUD� HVWDEOHFHU� XQD� UHODFLyQ� HQWUH� UDVJRV� GH� SHUVRQDOLGDG� \�
UHDFWLYLGDG�GLIHUHQFLDO�GHO�HMH�+3$��6LQ�HPEDUJR�GHEHPRV�SUHJXQWDUQRV�VL�HV�UHDOPHQWH�SRVLEOH�
FODVLILFDU� D� ORV� LQGLYLGXRV� FRPR�KLSHU� R�KLSRUHDFWLYRV�HQ� WpUPLQRV�GH�DFWLYLGDG�GHO� HMH�+3$�\�
EDMR�TXp�FRQGLFLRQHV��(V�VRUSUHQGHQWH�OD�IDOWD�GH�GDWRV�DO�UHVSHFWR�HQ�OD�OLWHUDWXUD��(O�SUHVHQWH�
WUDEDMR�DSRUWD�SRU�SULPHUD�YH]�GDWRV�HQ�DQLPDOHV�DFHUFD�GH�OD�HVWDELOLGDG�\�FRQVLVWHQFLD�GH�OD�
UHVSXHVWD� KRUPRQDO� SHULIpULFD� GHO� HMH� +3$� DQWH� VLWXDFLRQHV� HVWUHVDQWHV� TXH� GLILHUHQ� WDQWR�
FXDOLWDWLYDPHQWH�FRPR�FXDQWLWDWLYDPHQWH���
(Q�HO�SUHVHQWH�WUDEDMR�KHPRV�HVWXGLDGR��XWLOL]DQGR�GLVHxRV� LQWUD�VXMHWRV�� OD�FRQVLVWHQFLD�GH�OD�
UHVSXHVWD� GHO� HMH� +3$� DQWH� GLIHUHQWHV� VLWXDFLRQHV� HVWUHVDQWHV�� /DV� FRUUHODFLRQHV� HQWUH� ORV�
QLYHOHV�GH�$&7+�\�ORV�GH�FRUWLFRVWHURQD�IXHURQ�HQ�JHQHUDO�DOWRV��U�DOUHGHGRU�GH���������&XDQGR�
VH� LQYHVWLJDURQ� ODV� FRUUHODFLRQHV� HQWUH� OD� UHVSXHVWD� LQGLYLGXDO� GH� FDGD� KRUPRQD� D� GLVWLQWRV�
DPELHQWHV� QXHYRV� DPSOLDPHQWH� XWLOL]DGRV� HQ� SVLFRIDUPDFRORJtD� �FRUUHGRU� FLUFXODU�� ODEHULQWR�
HOHYDGR� HQ� FUX]�� WDEOD� GH� DJXMHURV� \� SUXHED� GH� OX]�RVFXULGDG��� VH� REVHUYy� XQD� EXHQD�
FRQVLVWHQFLD�� 6LQ� HPEDUJR�� FRQYLHQH� GHVWDFDU� TXH� ODV� FRUUHODFLRQHV� HQFRQWUDGDV� HQWUH� ORV�
QLYHOHV�GH�$&7+�MXVWR�GHVSXpV�GH����PLQXWRV�GH�H[SRVLFLyQ�D�ODV�SUXHEDV�FRQGXFWXDOHV�IXHURQ�
PiV�DOWDV�TXH�ODV�REWHQLGDV�HQWUH�ORV�QLYHOHV�GH�FRUWLFRVWHURQD��0iUTXH]�HW�DO����������(V�PX\�
SUREDEOH�TXH� OD�PHQRU�FRQVLVWHQFLD�GH� OD�UHVSXHVWD�GH� OD�FRUWLFRVWHURQD�HQ�HVWH�H[SHULPHQWR�
IXHUD�GHELGD�DO�WLHPSR�GH�WRPD�GH�PXHVWUD��\D�TXH�FXDQGR�VH�HVWXGLy�OD�FRUUHODFLyQ�HQWUH�ORV�
QLYHOHV�GH�$&7+�R�HQWUH�ORV�GH�FRUWLFRVWHURQD�MXVWR�GHVSXpV�GH�OD�H[SRVLFLyQ�D����PLQ��QR�D�ORV�
���PLQ��GH� OD�SUXHED�GH� OX]�RVFXULGDG�R� OD�WDEOD�GH�DJXMHURV�� ODV�FRUUHODFLRQHV�HQWUH�SUXHEDV�
IXHURQ�VLPLODUHV�SDUD�DPEDV�KRUPRQDV��DOUHGHGRU�GH�������0iUTXH]�HW�DO����������3RU�OR�WDQWR��
OD� HOHFFLyQ� GH� ORV� PRPHQWRV� GH� WRPD� GH�PXHVWUD� HV� XQ� DVSHFWR� FODYH� FXDQGR� VH� SUHWHQGH�
HVWXGLDU� GLIHUHQFLDV� LQGLYLGXDOHV� HQ� OD� UHDFWLYLGDG� DO� HVWUpV�� (VWH� KHFKR� DGTXLHUH� HVSHFLDO�
UHOHYDQFLD� VL� WHQHPRV� HQ� FXHQWD� TXH� DOJXQRV� HVWXGLRV� GH� FDUDFWHUL]DFLyQ� GH� GLIHUHQFLDV�
LQGLYLGXDOHV�HQ�OD�UHVSXHVWD�GHO�HMH�+3$�DO�HVWUpV�KDQ�XWLOL]DGR�SHULRGRV�GHPDVLDGR�FRUWRV�WUDV�
OD�H[SRVLFLyQ�D�ORV�DPELHQWHV�QXHYRV��Y�J�����PLQ���HQ�ORV�TXH�VH�KDFH�GLItFLO�OD�HYDOXDFLyQ�GH�OD�
DFWLYDFLyQ�UHDO�GH�OD�FRUWH]D�DGUHQDO��*HQWVFK�HW�DO���������$EHO����������
+HPRV� GHPRVWUDGR� WDPELpQ� TXH� QR� VyOR� ODV� KRUPRQDV� GHO� HMH� +3$� VLQR� OD� SURODFWLQD�� RWUR�
PDUFDGRU� SURWRWtSLFR� GH� OD� UHVSXHVWD� GH� HVWUpV�� PXHVWUD� XQD� EXHQD� FRUUHODFLyQ� HQWUH� GRV�
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DPELHQWHV�QXHYRV�� OD� WDEOD�GH�DJXMHURV�\� OD�SUXHED�GH� OX]�RVFXULGDG� �0iUTXH]�HW�DO����������
(VWRV�GDWRV� VXJLHUHQ�TXH�H[LVWHQ� UHDOPHQWH� IDFWRUHV� LQGLYLGXDOHV�HVWDEOHV� �UDVJRV��TXH�HVWiQ�
GHWHUPLQDQGR� OD�UHVSXHVWD�D� ODV�VLWXDFLRQHV�HVWUHVDQWHV�\�TXH�SRGUtDQ�SHUPLWLUQRV�FODVLILFDU�D�
ORV�DQLPDOHV�HQ�IXQFLyQ�GH�VX�IHQRWLSR�GH�UHVSXHVWD�GH�HVWUpV��6LQ�HPEDUJR�FRQYLHQH�PDWL]DU�
TXH� QR� VH� HQFRQWUDURQ� FRUUHODFLRQHV� HQWUH� ORV� QLYHOHV� GH� $&7+� �R� FRUWLFRVWHURQD�� � \� ORV� GH�
SURODFWLQD��D�SHVDU�GH�TXH�DPERV�VLVWHPDV�PXHVWUDQ�XQD�VHQVLELOLGDG�VLPLODU�DQWH�VLWXDFLRQHV�
HVWUHVDQWHV��(VWD�EDMD� FRUUHODFLyQ�GHO� HMH�+3$�FRQ� OD�SURODFWLQD�VH�KD�REVHUYDGR� WDPELpQ�HQ�
UHVSXHVWD�D�HVWtPXORV�HVWUHVDQWHV�VHYHURV��0iUTXH]�HW�DO���������\�FRQILUPD�WDPELpQ�GDWRV�GH�
RWURV� ODERUDWRULRV� �&RXUYRLVLHU� HW� DO��� �������(VWR�DSR\D� OD�KLSyWHVLV�TXH� OD�HPRWLYLGDG�HV�XQ�
FRQVWUXFWR�PXOWLIDFWRULDO�TXH�GHEH�VHU�DERUGDGR�XWLOL]DQGR�GLIHUHQWHV�YDULDEOHV�WDQWR�ILVLROyJLFDV�
FRPR� FRQGXFWXDOHV� �5DPRV� \� 0RUPqGH�� ������� /D� XWLOL]DFLyQ� VLPXOWiQHD� GH� GLIHUHQWHV�
PDUFDGRUHV�GH�HVWUpV�SXHGH�SHUPLWLU�DOFDQ]DU�FRQFOXVLRQHV�PiV�JOREDOHV�\�ILDEOHV�HQ�FXDQWR�DO�
URPSHFDEH]DV�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�UHVSXHVWD�DO�HVWUpV��
0LHQWUDV� TXH� KHPRV� GHPRVWUDGR� XQD� DOWD� FRQVLVWHQFLD� HQ� OD� UHVSXHVWD� GHO� HMH� +3$� R� GH� OD�
SURODFWLQD� D� GLYHUVRV� DPELHQWHV� QXHYRV�� HVWD� FRQVLVWHQFLD� IXH� PXFKR� PHQRU� FXDQGR� VH�
HVWXGLDURQ�ODV�FRUUHODFLRQHV�GH�ODV�GLIHUHQWHV�KRUPRQDV�WUDV�H[SRVLFLyQ�D�OD�WDEOD�GH�DJXMHURV�\�
D� OD� ,02�� (V� GHFLU�� TXH� IUHQWH� D� VLWXDFLRQHV� GH� HVWUpV�PRGHUDGR� ORV� DQLPDOHV�PXHVWUDQ� XQ�
SDWUyQ� FRQVLVWHQWH� GH� UHVSXHVWD� KRUPRQDO�� SHUR� HVWD� FRQVLVWHQFLD� VH� UHGXFH� FXDQGR� ODV�
VLWXDFLRQHV�GLILHUHQ�HQ�LQWHQVLGDG�R�HQ�HO�WLSR�GH�HVWUpV��(VWH�KHFKR�HV�GH�YLWDO�LPSRUWDQFLD�VL�VH�
LQWHQWDQ�HVWDEOHFHU�UHODFLRQHV�HQWUH�OD�DFWLYDFLyQ�QHXURHQGRFULQD�\�RWUDV�YDULDEOHV��FRPR�UDVJRV�
FRQGXFWXDOHV� R� GH� SHUVRQDOLGDG�� 3RU� RWUR� ODGR�� QXHVWURV� UHVXOWDGRV� SHUPLWHQ� UHFRQFLOLDU�
UHVXOWDGRV� DSDUHQWHPHQWH� FRQWUDGLFWRULRV�� \D� TXH� SRGUtD� GDUVH� HO� FDVR� TXH� XQ� UDVJR�
GHWHUPLQDGR�HVWXYLHVH�SUHGLFLHQGR�OD�DFWLYDFLyQ�KRUPRQDO�DQWH�VLWXDFLRQHV�GH�HVWUpV�PRGHUDGR�
\�QR� OR�KLFLHVH�DQWH� VLWXDFLRQHV�PiV� VHYHUDV�� R� YLFHYHUVD��1R�SRGHPRV�GHVFDUWDU� WRWDOPHQWH�
TXH�HVWDV�GLIHUHQFLDV�HQ� OD�FRQVLVWHQFLD�GH� OD�UHVSXHVWD�GHO�HMH�+3$�DO�HVWUpV�VHDQ�GHELGDV�D�
FDUDFWHUtVWLFDV�FXDOLWDWLYDV�GH�ODV�VLWXDFLRQHV�HVWUHVDQWHV��GDGR�TXH�WRGRV�ORV�DPELHQWHV�QXHYRV�
WLHQHQ�LPSRUWDQWHV�DVSHFWRV�HQ�FRP~Q��1R�REVWDQWH��OD�LQWHUSUHWDFLyQ�PiV�SDUVLPRQLRVD�GH�ORV�
UHVXOWDGRV�HV�TXH�QR�SRGHPRV�GHILQLU� XQ� LQGLYLGXR� VHJ~Q� VX� IHQRWLSR�KLSHU�R�KLSRUHDFWLYR�DO�
HVWUpV�VLQ�KDFHU�UHIHUHQFLD�DO�WLSR�GH�VLWXDFLyQ�HVWUHVDQWH�XWLOL]DGD���
3RGUtDPRV� DUJXPHQWDU� TXH� VL� TXHUHPRV� HVWXGLDU� ODV� GLIHUHQFLDV� LQGLYLGXDOHV� HQ� UHODFLyQ� DO�
HVWUpV�VHUtD�PiV�DSURSLDGD�OD�XWLOL]DFLyQ�GH�VLWXDFLRQHV�HVWUHVDQWHV�GH�LQWHQVLGDG�LQWHUPHGLD��\D�
TXH�FRQ�HVWtPXORV�HVWUHVDQWHV�VHYHURV�ORV�DQLPDOHV�SRGUtDQ�PRVWUDU�XQD�UHVSXHVWD�GHPDVLDGR�
HOHYDGD��HIHFWR�WHFKR��FDSD]�GH�HQPDVFDUDU� ODV�GLIHUHQFLDV�LQGLYLGXDOHV��(VWD�KLSyWHVLV�DVXPH�
TXH� HO� LPSDFWR� GH� XQ� DXPHQWR� GH� OD� LQWHQVLGDG� GH� OD� VLWXDFLyQ� HVWUHVDQWH� VH� UHIOHMDUtD�
VRODPHQWH�HQ�OD�VDWXUDFLyQ�GH�OD�UHVSXHVWD�ILVLROyJLFD��R�SVLFROyJLFD��\�QR�HQ�OD�SRVLELOLGDG�GH�
TXH� H[LVWDQ� QLYHOHV� GH� DFWLYDFLyQ� D� SDUWLU� GH� ORV� FXDOHV� VH� SUHVHQWHQ� DOWHUDFLRQHV� HQ� ORV�
PHFDQLVPRV�DGDSWDWLYRV�TXH�SRGUtDQ�FRQGXFLU�D�DOWHUDFLRQHV�FRJQLWLYDV�\�HPRFLRQDOHV��3RU� OR�
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WDQWR�� HO� HVWXGLR� GH� ODV� GLIHUHQFLDV� LQGLYLGXDOHV� HQ� UHVSXHVWD� D� H[SHULHQFLDV� WUDXPiWLFDV� QR�
SRGUtD�SUHGHFLUVH�SRU�HO�HVWXGLR�GH�OD�UHDFWLYLGDG�IUHQWH�D�VLWXDFLRQHV�PiV�PRGHUDGDV��

'LIHUHQFLDV� LQGLYLGXDOHV� HQ� OD� UHVSXHVWD� GHO� HMH� +3$� DO�
HVWUpV��UHODFLyQ�FRQ�UDVJRV�FRQGXFWXDOHV�
8QD� YH]� FDUDFWHUL]DGD� OD� FRQVLVWHQFLD� GH� OD� UHDFWLYLGDG� QHXURHQGRFULQD� DO� HVWUpV�� GHFLGLPRV�
SURIXQGL]DU� HQ� OD� UHODFLyQ� HQWUH� OD� UHDFWLYLGDG� GHO� HMH� +3$� \� GH� OD� SURODFWLQD� DO� HVWUpV� \� ORV�
UDVJRV�FRQGXFWXDOHV�GH�DQVLHGDG�\�E~VTXHGD�GH�VHQVDFLRQHV��&RPR�\D�VH�KD�FRPHQWDGR�HQ�OD�
,QWURGXFFLyQ��ORV�GDWRV�DFHUFD�GH�OD�UHODFLyQ�GH�ORV�UDVJRV�GH�DQVLHGDG�\�E~VTXHGD�GH�QRYHGDG�
FRQ� OD� UHDFWLYLGDG� GHO� HMH� +3$� GLVWDQ� PXFKR� GH� PRVWUDU� XQD� LPDJHQ� FODUD� \� FRQVLVWHQWH��
&OiVLFDPHQWH� VH� KD� FRQVLGHUDGR� TXH� HO� UDVJR� GH� DQVLHGDG� GHEHUtD� HVWDU� SRVLWLYDPHQWH�
UHODFLRQDGR�FRQ�OD�UHDFWLYLGDG�GHO�HMH�+3$�D�VLWXDFLRQHV�HVWUHVDQWHV��HV�GHFLU��DTXHOORV�DQLPDOHV�
PiV�DQVLRVRV��+$��UHVSRQGHUtDQ�PiV�D�VLWXDFLRQHV�HVWUHVDQWHV�TXH�ORV�GH�EDMD�DQVLHGDG��/$���
6LQ� HPEDUJR�� ORV� DQLPDOHV� +5�� FDUDFWHUL]DGRV� SRU� XQ� DOWR� QLYHO� GHO� UDVJR� GH� E~VTXHGD� GH�
QRYHGDG� WDPELpQ� SDUHFHQ� PRVWUDU� XQD� PD\RU� UHDFWLYLGDG� GHO� HMH� +3$�� D� SHVDU� GH� TXH�
QRUPDOPHQWH�VRQ�WDPELpQ�/$��¢7DQWR�ORV�DQLPDOHV�+$�FRPR�ORV�+5�VH�FDUDFWHUL]DUtDQ��SRU�XQD�
PD\RU�UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV"�(VWD�HV�XQD�FXHVWLyQ�FUtWLFD��\D�TXH�KDVWD�HO�PRPHQWR�
QDGLH�KDEtD�HVWXGLDGR� ORV� UDVJRV�GH�DQVLHGDG�\�E~VTXHGD�GH�QRYHGDG�VLPXOWiQHDPHQWH�SDUD�
GLVFHUQLU� HQWUH� OD� DSRUWDFLyQ� GH� FDGD� XQR� GH� HOORV� D� OD� DFWLYLGDG� GHO� HMH� +3$�� 'DGR� TXH� OD�
PD\RUtD� GH� ORV� GDWRV� DFHUFD� GH� OD� UHODFLyQ� HQWUH� OD� UHDFWLYLGDG� GHO� HMH� +3$� \� ORV� UDVJRV� GH�
FRQGXFWD� VH� KD� OOHYDGR� D� FDER� XWLOL]DQGR� HVWtPXORV� HVWUHVDQWHV� PRGHUDGRV�� HQ� HO� SUHVHQWH�
WUDEDMR� QRV� LQFOLQDPRV� LQLFLDOPHQWH� SRU� HO� HVWXGLR� GH� OD� UHVSXHVWD� GHO� HMH� +3$� D� DPELHQWHV�
QXHYRV��
8WLOL]DQGR� XQD� SREODFLyQ� DGXOWD� GH� UDWDV�PDFKR�� FODVLILFDPRV� D� ORV� DQLPDOHV� FRPR�+5�/5� HQ�
IXQFLyQ�GH�VX�DFWLYLGDG�KRUL]RQWDO�HQ�HO�FRUUHGRU�FLUFXODU��\�FRPR�+$�/$�HQ�IXQFLyQ�GHO�WLHPSR�
HQ�EUD]RV�DELHUWRV�GHO�ODEHULQWR�HOHYDGR�HQ�FUX]��0iUTXH]�HW�DO����������7UDV�OD�FDUDFWHUL]DFLyQ�
FRQGXFWXDO�� ORV�DQLPDOHV�VH�H[SXVLHURQ�D� OD� WDEOD�GH�DJXMHURV�\�D� OD�SUXHED�GH� OX]�RVFXULGDG�
GXUDQWH����PLQXWRV�SDUD�HVWXGLDU�OD�UHDFWLYLGDG�GHO�HMH�+3$�\�GH�OD�SURODFWLQD��/RV�DQLPDOHV�+5�
PRVWUDURQ�XQD�PD\RU�\�PiV�SURORQJDGD�DFWLYLGDG�GHO�HMH�+3$�HQ�DPEDV�VLWXDFLRQHV��SHUR�VyOR�
FXDQGR�VH�FRQVLGHUy�OD�DFWLYLGDG�LQLFLDO�HQ�HO�FRUUHGRU�FLUFXODU��(VWH�KHFKR�HUD�LQGHSHQGLHQWH�GHO�
WLSR� GH� DPELHQWH� QXHYR�� HV� GHFLU� GH� ODV� GLIHUHQFLDV� FXDOLWDWLYDV� HQWUH� DPERV� DPELHQWHV� \� HO�
JUDGR�GH�YROXQWDULHGDG�GH�OD�H[SORUDFLyQ��6RUSUHQGHQWHPHQWH��QR�VH�HQFRQWUy�HIHFWR�GHO�UDVJR�
GH� DQVLHGDG� HQ� HVWDV� FRQGLFLRQHV�� 7DPSRFR� VH� REVHUYDURQ� GLIHUHQFLDV� HQ� OD� OLEHUDFLyQ� GH�
SURODFWLQD�HQ�IXQFLyQ�GH�QLQJXQR�GH�ORV�UDVJRV�FRQGXFWXDOHV��
1XHVWURV� GDWRV� DFHUFD� GH� OD� LQIOXHQFLD� GH� OD� E~VTXHGD� GH� QRYHGDG� VREUH� OD� UHDFWLYLGDG� D�
DPELHQWHV� QXHYRV� WUDV� HVWtPXORV� GH� LQWHQVLGDG� PRGHUDGD� FRQFXHUGDQ� FRQ� GDWRV� SUHYLRV� GH�
RWURV�ODERUDWRULRV��3LD]]D�HW�DO���������3LD]]D�HW�DO���������.DEEDM�HW�DO����������6LQ�HPEDUJR��HQ�
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WRGRV� HVWRV� HVWXGLRV�� ORV� DQLPDOHV� GLIHUtDQ� VLPXOWiQHDPHQWH� HQ� ORV� UDVJRV� GH� E~VTXHGD� GH�
QRYHGDG�\�HO�GH�DQVLHGDG��VLHQGR�ORV�DQLPDOHV�+5�PHQRV�DQVLRVRV�\�ORV�/5�PiV�DQVLRVRV��\�OD�
DSRUWDFLyQ� GH� FDGD� UDVJR� LQGHSHQGLHQWHPHQWH� QR� HVWDED� FODUD� KDVWD� HO� PRPHQWR�� 1XHVWURV�
GDWRV� GHPXHVWUDQ� TXH� HVWDV� GLIHUHQFLDV� HQ� IXQFLyQ� GHO� JUDGR� GH� UHDFWLYLGDG� D� DPELHQWHV�
QXHYRV�VRQ�LQGHSHQGLHQWHV�GHO�UDVJR�GH�DQVLHGDG��
(Q� FRQFRUGDQFLD� FRQ� ORV� GDWRV� SHULIpULFRV�� VH� KD� GHVFULWR� TXH� ORV� DQLPDOHV� +5� PXHVWUDQ�
WDPELpQ�DOWHUDFLRQHV�GHO�HMH�+3$�D�QLYHO�FHQWUDO��.DEEDM�HW�DO����������ORV�DQLPDOHV�+5�WLHQHQ�
QLYHOHV�EDVDOHV�PiV�HOHYDGRV�GH�P51$�GH�&5)�HQ�HO�391�\�PHQRUHV�GH�P51$�GH�*5�HQ� OD�
IRUPDFLyQ�KLSRFDPSDO��3RU�RWUR�ODGR��HQ�HO�PLVPR�HVWXGLR��ORV�+5�PRVWUDEDQ�PHQRUHV�QLYHOHV�
GH�P51$�GH�&5)�HQ�OD�DPtJGDOD�FHQWUDO��GDWRV�VXJHUHQWHV�GH�XQD�PHQRU�DQVLHGDG��.DEEDM�HW�
DO����������3XHVWR�TXH�ODV�QHXURQDV�GH�&5)�HQ�HO�391�VH�FRQVLGHUDQ�FUtWLFDV�HQ�OD�UHDFWLYLGDG�
GHO�HMH�+3$�DO�HVWUpV�\�HVWD�UHVSXHVWD�VH�YH�IUHQDGD�SRU�OD�UHWURLQKLELFLyQ�GH�OD�FRUWLFRVWHURQD�D�
WUDYpV�GH�ORV�UHFHSWRUHV�*5�HQ�GLIHUHQWHV�iUHDV�HQFHIiOLFDV��HQWUH�HOODV�OD�IRUPDFLyQ�KLSRFDPSDO�
�'H�.ORHW���������ORV�DQLPDOHV�+5�PXHVWUDQ�VLJQRV�GH�KLSHUDFWLYLGDG�GHO�HMH�+3$�D�QLYHO�FHQWUDO�
\�SHULIpULFR��
(Q� QXHVWUR� ODERUDWRULR� KHPRV� UHSOLFDGR� HVWRV� GDWRV� SUHVWDQGR� HVSHFLDO� DWHQFLyQ� D� OD�
FRQWULEXFLyQ�VHSDUDGD�GH�OD�E~VTXHGD�GH�QRYHGDG�\�GH�OD�DQVLHGDG��0iUTXH]�HW�DO���GDWRV�QR�
SXEOLFDGRV��� &XDQGR� VH� FRQVLGHUDED� OD� DFWLYLGDG� LQLFLDO� GHO� FRUUHGRU� FLUFXODU�� ORV� DQLPDOHV�+5�
PRVWUDEDQ�PD\RUHV�QLYHOHV�GH�P51$�GHO�&5)�HQ�HO�391��)LJXUD����\�XQD�PHQRU�H[SUHVLyQ�GH�
*5� HQ� HO� 391� HQ� &$�� \� *'�� WDQWR� D� QLYHO� URVWUDO� FRPR� FDXGDO� GH� OD� IRUPDFLyQ� KLSRFDPSDO�
�)LJXUD�����VLHQGR�HVWRV�FDPELRV�LQGHSHQGLHQWHV�GHO�QLYHO�GH�DQVLHGDG��(V�GH�GHVWDFDU�TXH�QR�
VH�REVHUYy�QLQJXQD�GLIHUHQFLD�HQ�ODV�YDULDEOHV�DQDOL]DGDV�HQ�IXQFLyQ�GH�OD�DFWLYLGDG�ILQDO�HQ�HO�
FRUUHGRU�FLUFXODU��3RU�WDQWR��ORV�DQLPDOHV�+5��VHOHFFLRQDGRV�HQ�IXQFLyQ�GH�OD�DFWLYLGDG�LQLFLDO�HQ�
HO�FRUUHGRU��VH�FDUDFWHUL]DUtDQ�SRU�XQD�PD\RU�FDSDFLGDG�GHO�HMH�+3$�GH�UHVSRQGHU�DO�HVWUpV���
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)LJXUD����(IHFWRV�GH�OD�DFWLYLGDG�LQLFLDO�HQ�HO�FRUUHGRU�FLUFXODU�VREUH�ORV�QLYHOHV�GH�P51$�GHO�&5)�HQ�HO�
Q~FOHR� SDUDYHQWULFXODU� GHO� KLSRWiODPR� �$��� /RV� DQLPDOHV� +5� PXHVWUDQ� PD\RUHV� QLYHOHV�� � %�� LPDJHQ�
UHSUHVHQWDWLYD�GH�OD�KLEULGDFLyQ�LQ�VLWX�SDUD�HVWD�VRQGD��


�S��������W�WHVW��8$��XQLGDGHV�DUELWUDULDV��
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)LJXUD����(IHFWRV�GH� OD�DFWLYLGDG� LQLFLDO�HQ�HO�FRUUHGRU�FLUFXODU�VREUH� ORV�QLYHOHV�GH�P51$�GH�*5�HQ�HO�
391��$��\� OD�IRUPDFLyQ�KLSRFDPSDO�D�QLYHO�URVWUDO��&��\�FDXGDO��'���/RV�DQLPDOHV�+5�PXHVWUDQ�PHQRUHV�
QLYHOHV��%��LPDJHQ�UHSUHVHQWDWLYD�GH�OD�KLEULGDFLyQ�LQ�VLWX�SDUD�HVWD�VRQGD��
�S�������

�S�������W�WHVW��8$��
XQLGDGHV�DUELWUDULDV��
�
/RV�GDWRV�LQGLFDQ�TXH�H[LVWH�XQ�HIHFWR�GLIHUHQFLDO�GH�OD�DFWLYLGDG�HQ�HO�FRUUHGRU�FLUFXODU�VREUH�HO�
HMH� +3$� FXDQGR� HVWXGLDPRV� OD� FRQGXFWD� LQLFLDO� �SULPHURV� ��� PLQXWRV�� R� ILQDO� �~OWLPRV� ���
PLQXWRV��� /DV� GLIHUHQFLDV� HQFRQWUDGDV� HQ� ORV� SDUiPHWURV� GHO� HMH� +3$� HVWiQ� UHODFLRQDGDV�
H[FOXVLYDPHQWH� FRQ� OD� DFWLYLGDG� LQLFLDO�� (V� SRVLEOH� TXH� ODV� FRQGXFWDV� GHVSOHJDGDV� SRU� ORV�
DQLPDOHV�HQ�ORV�SULPHURV�PRPHQWRV�GH�H[SRVLFLyQ�DO�DPELHQWH�QXHYR�\�OD�SHUVHYHUDQFLD�HQ�OD�
H[SORUDFLyQ� VHUtDQ� UHIOHMR� GH� SURFHVRV� SVLFRELROyJLFRV� GLIHUHQWHV�� 'H� KHFKR�� HQ� QXHVWUR�
ODERUDWRULR�KHPRV�GHPRVWUDGR�TXH�OD�DFWLYLGDG�HQ�OD�VHJXQGD�PLWDG�GHO�SHUtRGR�GH�H[SRVLFLyQ�
DO� FRUUHGRU� FLUFXODU� HVWi� UHODFLRQDGD� FRQ� HO� SRGHU� UHIRU]DQWH� GH� OD� PRUILQD�� YDORUDGR� � HQ� OD�
SUXHED�GHO�FRQGLFLRQDPLHQWR�GH�OD�SUHIHUHQFLD�SRU�XQ�OXJDU��1DGDO�HW�DO����������
6LQ�HPEDUJR��HQ�XQ�HVWXGLR�UHFLHQWH�HQ�HO�TXH�VH�FRPSDUD�GRV�FHSDV�GH�UDWRQHV�TXH�GLILHUHQ�HQ�
HO� UDVJR� GH� E~VTXHGD� GH� QRYHGDG� QR� VH� KDQ� HQFRQWUDGR� GLIHUHQFLDV� HQ� ORV� QLYHOHV� GH�

%�
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FRUWLFRVWHURQD�WUDV�XQD�H[SRVLFLyQ�GH����PLQXWRV�D�OD�WDEOD�GH�DJXMHURV��.OLHWKHUPHV�\�&UDEEH��
������� 7DO� \� FRPR� VH� KD� FRPHQWDGR� HQ� OD� ,QWURGXFFLyQ�� RWUR� SXQWR� GH� FRQWURYHUVLD� VRQ� ODV�
LQFRQVLVWHQFLDV� HQFRQWUDGDV� HQ� IXQFLyQ� GHO� WLSR� GH� HVWUpV� \� HQWUH� ODERUDWRULRV� �'HOOX� HW� DO���
����D��%RX\HU�HW�DO���������.DEEDM�HW�DO����������
5HVSHFWR�DO�UDVJR�GH�DQVLHGDG��OD�LGHD�FOiVLFD�GH�TXH�DTXHOORV�DQLPDOHV�PiV�DQVLRVRV�GHEHUtDQ�
PRVWUDU� XQD� PD\RU� UHDFWLYLGDG� HQGRFULQD� DO� HVWUpV� KD� TXHGDGR� DPSOLDPHQWH� FXHVWLRQDGD��
1XHVWURV�GDWRV�VXJLHUHQ�TXH�OD�DQVLHGDG�QR�HVWDUtD�SRVLWLYDPHQWH�UHODFLRQDGD�FRQ�OD�UHDFWLYLGDG�
GHO� HMH� +3$� D� VLWXDFLRQHV� HVWUHVDQWHV� GH� LQWHQVLGDG� PRGHUDGD� �0iUTXH]� HW� DO��� ������� 'H�
KHFKR��ORV�GDWRV�HQ�KXPDQRV�SDUHFHQ�DSR\DU�OD�KLSyWHVLV�GH�XQD�HVFDVD�UHODFLyQ�HQWUH�DQVLHGDG�
\�UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV��YHU�,QWURGXFFLyQ���(V�SRVLEOH�TXH�DQVLHGDG��\�UHDFWLYLGDG�DO�
HVWUpV� YHQJDQ� UHJXODGDV� SRU� PHFDQLVPRV� QHXURELROyJLFRV� GLIHUHQWHV� \� TXH� VyOR� HQ�
GHWHUPLQDGDV�FRQGLFLRQHV�GH�GLIHUHQFLDV�H[WUHPDV�HQ�DQVLHGDG�VHD�SRVLEOH�HQFRQWUDU�OD�UHODFLyQ�
HVSHUDGD�� &RPR� pVWH� HV� HO� FDVR� GH� ODV� OtQHDV� +$%�/$%� R� ODV� 5+$�5/$�� SXVLPRV� HQ�PDUFKD�
HVWXGLRV�GH�FRODERUDFLyQ�XWLOL]DQGR�HVWDV�FHSDV��(Q�FRODERUDFLyQ�FRQ�HO�'U��$OEHUWR�)HUQiQGH]�
7HUXHO�GH� OD�8QLGDG�GH�3VLFRORJtD�0pGLFD�GH� OD�8QLYHUVLGDG�$XWyQRPD�GH�%DUFHORQD�SXGLPRV�
FRQILUPDU� ODV�GLIHUHQFLDV�HVSHUDGDV�HQ�FXDQWR�D� OD�UHDFWLYLGDG�SHULIpULFD�GHO�HMH�+3$�HQ�UDWDV�
URPDQDV� LQEUHG� GH� ��PHVHV� GH� HGDG� �0iUTXH]� HW� DO��� GDWRV� QR� SXEOLFDGRV��� &RPR� \D� VH� KD�
FRPHQWDGR��HVWRV�DQLPDOHV�KDQ� VLGR� VHOHFFLRQDGRV�HQ� IXQFLyQ�GH�VX�FRPSRUWDPLHQWR�HQ�XQD�
SUXHED� GH� HYLWDFLyQ� DFWLYD� HQ� XQD� FDMD� ODQ]DGHUD� \� GLILHUHQ� DPSOLDPHQWH� HQ� VX� QLYHO� GH�
DQVLHGDG��/RV�DQLPDOHV�5/$�PRVWUDURQ�PD\RUHV�QLYHOHV�GH�$&7+�\�FRUWLFRVWHURQD�HQ�UHVSXHVWD�
D����PLQXWRV�GH�H[SRVLFLyQ�D�XQ�DPELHQWH�QXHYR��)LJXUD������
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)LJXUD����5HVSXHVWD�GH�$&7+��$��\�FRUWLFRVWHURQD��%��D�OD�H[SRVLFLyQ�GH����PLQXWRV�GH�DPELHQWH�QXHYR�
HQ�ODV�UDWDV�LQEUHG��5RPDQDV�GH�DOWD�HYLWDFLyQ��5+$��\�5RPDQDV�GH�EDMD�HYLWDFLyQ��5/$���Q ���SRU�FDGD�
JUXSR��� 


� S�������� 

S������� $129$� GH� PHGLGDV� UHSHWLGDV� FRQ� OD� FHSD� FRPR� IDFWRU� HQWUH�VXMHWRV� \�
WLHPSR�FRPR�IDFWRU�LQWUD�VXMHWRV��1R�VH�REWXYLHURQ�PXHVWUDV�EDVDOHV��)LQ��UHVSXHVWD�MXVWR�GHVSXpV�GH����
PLQXWRV�GH�H[SRVLFLyQ�D�XQ�DPELHQWH�QXHYR��
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/RV� DQLPDOHV�PiV�DQVLRVRV� �5/$��PXHVWUDQ�DGHPiV�PD\RUHV�QLYHOHV�GH�P51$�GH�&5)�HQ�HO�
S391�� VLQ� GLIHUHQFLDV� HQ� OD� H[SUHVLyQ� GH� *5� R� 05� D� QLYHO� FHQWUDO� �GDWRV� QR� SUHVHQWDGRV���
DSR\DQGR�OD�KLSyWHVLV�GH�OD�KLSHUDFWLYLGDG�GHO�HMH�+3$�HQ�ORV�PiV�DQVLRVRV��
(Q�RWUR�HVWXGLR��0iUTXH]�HO�DO���GDWRV�QR�SXEOLFDGRV���FDUDFWHUL]DPRV�OD�DFWLYLGDG�FHQWUDO�GHO�HMH�
+3$�HQ�ODV�UDWV�+$%�/$%��HQ�FRODERUDFLyQ�FRQ�HO�'U��5HLQHU�/DQGJUDI�GHO�0D[�3ODQFN�,QVWLWXW�RI�
3V\FKLDWU\� �0XQLFK�� $OHPDQLD��� (VWRV� DQLPDOHV� SDUHFHQ� VHU� XQ� EXHQ� PRGHOR� GH� DQVLHGDG�
SDWROyJLFD� \� HUDQ� GH� HVSHFLDO� LQWHUpV� SDUD� QXHVWURV� HVWXGLRV� GHELGR� D� TXH� HO� FULWHULR� GH�
VHOHFFLyQ��WLHPSR�HQ�EUD]RV�DELHUWRV�GHO�ODEHULQWR�HOHYDGR�HQ�FUX]��HUD�HO�PLVPR�TXH�HO�XWLOL]DGR�
HQ�QXHVWURV�H[SHULPHQWRV�SDUD�FDUDFWHUL]DU�OD�DQVLHGDG���/RV�HVWXGLRV�SUHYLRV�HQ�HVWRV�DQLPDOHV�
KDEtDQ�PRVWUDGR�XQD�PD\RU�H[SUHVLyQ�GH�$93�HQ�HO�391�GH�ORV�DQLPDOHV�+$%��SDUD�UHYLVLyQ�YHU�
/DQGJUDI�\�:LJJHU���������SHUR�QR�VH�KDEtD�OOHYDGR�D�FDER�XQD�FDUDFWHUL]DFLyQ�FRPSOHWD�GHO�HMH�
+3$�D�QLYHO�FHQWUDO��/RV�DQLPDOHV�+$%�PRVWUDURQ�QR�VyOR� ORV�FDPELRV�\D�GHVFULWRV�HQ� OD�$93�
�)LJXUD����\������ VLQR� WDPELpQ�PD\RUHV�QLYHOHV�GH�H[SUHVLyQ�GHO�P51$�GHO�&5)�HQ� OD� UHJLyQ�
SDUYRFHOXODU� GHO� 391� �)LJXUD� ���� \� PHQRUHV� QLYHOHV� HQ� OD� DPtJGDOD� FHQWUDO� �)LJXUD� ����� VLQ�
GLIHUHQFLDV�VLJQLILFDWLYDV�HQ�OD�H[SUHVLyQ�GH�*5�R�05�HQ�QLQJXQD�GH�ODV�iUHDV�DQDOL]DGDV��3RU�OR�
WDQWR��HQ�HVWRV�DQLPDOHV�OD�UHJXODFLyQ�GLIHUHQFLDO�GH�OD�H[SUHVLyQ�GHO�&5)�\�OD�$93�SRGUtDQ�VHU�
IDFWRUHV�LPSOLFDGRV�HQ�ODV�DOWHUDFLRQHV�FRQGXFWXDOHV��TXH�QR�VH�OLPLWDQ�D�OD�DQVLHGDG���

�

�

+$%�

+$% /$%
�

���

���

���




$9
3�P

51
$�
PD

JQ
R�3

91
�$

8�

�
�

/$%�

)LJXUD� ���� 1LYHOHV� GH� H[SUHVLyQ� GHO� P51$� SDUD� OD� $93� HQ� OD� ]RQD� PDJQRFHOXODU� GHO� 391�� 6H�
UHSUHVHQWDQ� ORV� YDORUHV� FRUUHVSRQGLHQWHV� D� OD�PHGLD� \�6(0� �Q ���� HQ�XQLGDGHV�DUELWUDULDV� �$8���(Q� OD�
SDUWH� GHUHFKD� GH� OD� ILJXUD� VH� PXHVWUDQ� LPiJHQHV� GH� DXWRUDGLRJUDItD� GH� OD� KLEULGDFLyQ� LQ� VLWX�
UHSUHVHQWDWLYDV�GH�OD�H[SUHVLyQ�GHO�P51$�GH�$93�HQ�HVWD�]RQD�SDUD�FDGD�JUXSR��
�S�������W�WHVW��

�



',6&86,Ï1�*(1(5$/�

����

S391 PSGG PSGY
�

�

��

��

��

��










$9
3�F

pOX
ODV

SD
UYR

FH
OXO

DUH
V

�
+$%� /$%�

� �
)LJXUD� ���� � 1LYHOHV� GH� H[SUHVLyQ� GHO� P51$� SDUD� OD� $93� HQ� ODV� ]RQDV� SDUYRFHOXODU� GHO� 391�� 6H�
UHSUHVHQWDQ� ORV�YDORUHV�FRUUHVSRQGLHQWHV�D� OD�PHGLD�\�6(0��Q ����HQ�XQLGDGHV�DUELWUDULDV� �$8��� �(Q� OD�
SDUWH�LQIHULRU�GH�OD�ILJXUD�VH�PXHVWUDQ�LPiJHQHV�UHSUHVHQWDWLYDV�GH�OD�H[SUHVLyQ�GHO�P51$�GH�$93�HQ�OD�
SDUWH�GRUVDO�GHO�391�SDUYRFHOXODU�PHGLDO�SDUD�FDGD�JUXSR��/DV�LPiJHQHV�FRUUHVSRQGHQ�D�OD�HPXOVLyQ�HQ�
ORV�FRUWHV�HQ�ORV�TXH�VH�UHDOL]y�OD�KLEULGDFLyQ� LQ�VLWX��/RV�Q~FOHRV�FHOXODUHV�VH�FRQWUDWLxLHURQ�FRQ�D]XO�GH�
WROXLGLQD�� S391�� UHJLyQ� SDUYRFHOXODU� GHO� 391�� PSGG�� VXEGLYLVLyQ� PHGLDO� SDUYRFHOXODU� GRUVDO�� PSGY��
VXEGLYLVLyQ�PHGLDO�SDUYRFHOXODU�YHQWUDO���


�S��������W�WHVW�
�
(V� LPSRUWDQWH�GHVWDFDU� TXH� ODV� OtQHDV�GH� UDWDV�5RPDQDV�KDQ� VLGR� VHOHFFLRQDGDV�SRU� FULWHULRV�
DEVROXWDPHQWH� GLIHUHQWHV� GH� ODV� +$%�/$%� \�� D� SHVDU� GH� HOOR�� WLHQHQ� HQ� FRP~Q� XQD� PD\RU�
UHVSXHVWD�+3$�D�DPELHQWHV�QXHYRV�\�XQRV�PD\RUHV�QLYHOHV�GH�H[SUHVLyQ�GHO�JHQ�GHO�&5)�HQ�HO�
391�� VXJLULHQGR� TXH� HQ� FRQGLFLRQHV�PiV� H[WUHPDV� GH� DQVLHGDG�� HV� SRVLEOH� TXH� ORV� DQLPDOHV�
PiV�DQVLRVRV� VH� FDUDFWHULFHQ�SRU�XQD�PD\RU� UHDFWLYLGDG�GHO� HMH�+3$�DO� HVWUpV��6LQ�HPEDUJR��
WHQLHQGR�HQ�FXHQWD�ORV�GDWRV�GH�SREODFLRQHV�QRUPDOHV�GH�DQLPDOHV�\�KXPDQRV��FRQ�GLIHUHQFLDV�
PHQRV� H[WUHPDV� HQ� DQVLHGDG�� OD� UHODFLyQ� HQWUH� DQVLHGDG� \� HMH� +3$� VLJXH� VLHQGR� XQ� WHPD�
FRQIOLFWLYR��&RQYLHQH�QR�ROYLGDU�TXH�ODV�OtQHDV�GH�UDWDV�PHQFLRQDGDV�GLILHUHQ�WDPELpQ�HQ�RWURV�
DVSHFWRV�GH�OD�FRQGXFWD��TXH�SRGUtD�VHU�ORV�PiV�UHOHYDQWHV�SDUD�H[SOLFDU�OD�DFWLYLGDG�GLIHUHQFLDO�
GHO�HMH�+3$���
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)LJXUD�����1LYHOHV�GH�H[SUHVLyQ�GHO�P51$�SDUD�HO�&5)�HQ�OD�]RQD�SDUYRFHOXODU�GHO�391��6H�UHSUHVHQWDQ�
ORV�YDORUHV�FRUUHVSRQGLHQWHV�D�OD�PHGLD�\�6(0��Q ����HQ�XQLGDGHV�DUELWUDULDV��$8���(Q�OD�SDUWH�GHUHFKD�
GH� OD� ILJXUD� VH� PXHVWUDQ� LPiJHQHV� GH� DXWRUDGLRJUDItD� GH� OD� KLEULGDFLyQ� LQ� VLWX�� UHSUHVHQWDWLYDV� GH� OD�
H[SUHVLyQ�GHO�P51$�GH�&5)�HQ�HVWD�]RQD�SDUD�FDGD�JUXSR��

�S�������W�WHVW��
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)LJXUD� ���� 1LYHOHV� GH� H[SUHVLyQ� GHO� P51$� SDUD� HO� &5)� HQ� OD� DPtJGDOD� FHQWUDO�� 6H� UHSUHVHQWDQ� ORV�
YDORUHV�FRUUHVSRQGLHQWHV�D�OD�PHGLD�\�6(0��Q ����HQ�XQLGDGHV�DUELWUDULDV��$8���(Q�OD�SDUWH�GHUHFKD�GH�OD�
ILJXUD�VH�PXHVWUDQ�LPiJHQHV�GH�DXWRUDGLRJUDItD�GH�OD�KLEULGDFLyQ� LQ�VLWX��UHSUHVHQWDWLYDV�GH�OD�H[SUHVLyQ�
GHO�P51$�GH�&5)�HQ�HVWD�]RQD�SDUD�FDGD�JUXSR��
�S�������W�WHVW��
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(Q�UHVXPHQ��QXHVWURV�GDWRV� LQGLFDQ�TXH�HO�HMH�+3$�HV�FDSD]�GH�GLVFULPLQDU�HQWUH�VLWXDFLRQHV�
HVWUHVDQWHV�GH�GLVWLQWD�LQWHQVLGDG�\�SDUHFH�H[LVWLU�XQD�JUDQ�FRQVLVWHQFLD�HQ�OD�UHVSXHVWD�GH�HVWH�
HMH�\�GH�OD�SURODFWLQD�DO�HVWUpV�GHQWUR�GH�FDGD�LQGLYLGXR��VLHPSUH�\�FXDQGR�ODV�FDUDFWHUtVWLFDV�GH�
ODV� VLWXDFLRQHV� HVWUHVDQWHV� VHDQ� VLPLODUHV�� &XDQGR� ODV� VLWXDFLRQHV� GLILHUHQ� QRWDEOHPHQWH� HQ�
FXDOLGDG� H� LQWHQVLGDG�� OD� FRQVLVWHQFLD� VH� SLHUGH�� OR� TXH� VXJLHUH� TXH� ODV� YDULDEOHV� LQGLYLGXDOHV�
TXH� HVWiQ� GHWHUPLQDQGR� OD� UHVSXHVWD� DO� HVWUpV� VRQ� GHSHQGLHQWHV� GHO� WLSR� GH� HVWtPXOR�
HVWUHVDQWH��3RU�OR�WDQWR��HV�WHyULFDPHQWH�GLItFLO�GHILQLU�XQ�IHQRWLSR�GH�KLSR�R�KLSHU�UHDFWLYLGDG�DO�
HVWUpV� VLQ� FRQVLGHUDU� HO� WLSR� GH� HVWUpV� R� OD� YDULDEOH� ILVLROyJLFD� GH� UHIHUHQFLD�� 'H� ORV� UDVJRV�
FRQGXFWXDOHV� HVWUHFKDPHQWH� UHODFLRQDGRV� FRQ� OD� UHDFWLYLGDG� GHO� HMH� +3$� DO� HVWUpV�� HO� GH�
E~VTXHGD�GH�VHQVDFLRQHV�SDUHFH�HO�PiV�FRQVLVWHQWH��HQ�WDQWR�TXH�OD�UHODFLyQ�FRQ�OD�DQVLHGDG�HV�
PXFKR�PiV�GLVFXWLEOH���
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��� $XQTXH� OD� UHVSXHVWD� LQLFLDO� GH� OD� $&7+� \� GH� OD� FRUWLFRVWHURQD� QR� SXHGH�
GLVFULPLQDU� OD� LQWHQVLGDG� GH� GRV� HVWtPXORV� HVWUHVDQWHV� LQWHQVRV� �FKRTXH�
HOpFWULFR�H�LQPRYLOL]DFLyQ���HVWDV�GLIHUHQFLDV�HPHUJHQ�FODUDPHQWH�HQ�HO�DQiOLVLV�
GH�ORV�QLYHOHV�GH�HVWDV�KRUPRQDV�HQ�ORV�WLHPSRV�SRVWHULRUHV�D�OD�ILQDOL]DFLyQ�GH�
OD�H[SRVLFLyQ�DO�HVWUpV���

��� /DV�GLIHUHQFLDV�HQWUH�GRV�HVWtPXORV�HVWUHVDQWHV�GH�LQWHQVLGDG�HOHYDGD��FKRTXH�
HOpFWULFR�H�LQPRYLOL]DFLyQ��REVHUYDGDV�PHGLDQWH�OD�YDORUDFLyQ�GH�ORV�QLYHOHV�GH�
ODV� KRUPRQDV� GHO� HMH� +3$� HQ� ORV� WLHPSRV� SRVW�HVWUpV� WDPELpQ� VH� SRQHQ� GH�
PDQLILHVWR� FRQ� RWURV� PDUFDGRUHV� GH� HVWUpV�� KLSHUJOLFHPLD�� DXPHQWR� GH� ORV�
QLYHOHV�GH�SURODFWLQD�\�UHGXFFLyQ�GH�OD�LQJHVWD�GH�FRPLGD��

��� /D� YDORUDFLyQ� GH� ORV� QLYHOHV� SODVPiWLFRV� GH� $&7+� \� FRUWLFRVWHURQD� WUDV� OD�
H[SRVLFLyQ� D� GLIHUHQWHV� SUXHEDV� FRQGXFWXDOHV� LQGLFD� TXH� ORV� DPELHQWHV� PiV�
GHVSURWHJLGRV� �WDEOD� GH� DJXMHURV�� VRQ� PiV� HVWUHVDQWHV� TXH� DTXHOORV� PiV�
SURWHJLGRV��FRUUHGRU�FLUFXODU��R�DTXHOORV�HQ�ORV�TXH�OD�H[SORUDFLyQ�HV�YROXQWDULD�
�SUXHED�GH�OX]�RVFXULGDG���DXQTXH�HVWDV�FODUDV�GLIHUHQFLDV�FXDOLWDWLYDV�HQWUH�ODV�
SUXHEDV�FRQGXFWXDOHV�VH�UHIOHMDQ�WDQ�VyOR�HQ�SHTXHxRV�FDPELRV�KRUPRQDOHV��

��� /RV�QLYHOHV�EDVDOHV�GH�$&7+�\�FRUWLFRVWHURQD�PHGLGRV�HQ�OD�IDVH�GLXUQD�R�HQ�OD�
IDVH� QRFWXUQD� GHO� ULWPR� FLUFDGLDQR� QR� SDUHFHQ� HVWDU� UHODFLRQDGRV� FRQ� OD�
UHDFWLYLGDG�GHO�HMH�+3$�DO�HVWUpV��(O�SHVR�UHODWLYR�GH�OD�DGUHQDO�HVWi�UHODFLRQDGR�
WDQWR� FRQ� OD� VHQVLELOLGDG� GH� OD� DGUHQDO� D� HVWLPXODFLRQHV� VXDYHV� \� EUHYHV� GH�
$&7+��FRPR�FRQ�OD�FDSDFLGDG�Pi[LPD�GH�OLEHUDFLyQ�GH�FRUWLFRVWHURQD��

��� /DV� GLIHUHQFLDV� HQ� OD� UHVSXHVWD� GH� OD� $&7+� D� XQD� SULPHUD� LQPRYLOL]DFLyQ� QR�
HVWiQ�UHODFLRQDGDV�FRQ� ORV�QLYHOHV�DOFDQ]DGRV�WUDV� OD�H[SRVLFLyQ�UHSHWLGD��0iV�
ELHQ�DO�FRQWUDULR��ORV�TXH�PXHVWUDQ�XQD�PD\RU�UHVSXHVWD�LQLFLDO�VH�DGDSWDQ�PiV�
UiSLGDPHQWH�FRQ�OD�FRQVLJXLHQWH�UHGXFFLyQ�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV��

��� /D� H[SRVLFLyQ� FUyQLFD� D� XQ� HVWtPXOR� HVWUHVDQWH� VHYHUR� �LQPRYLOL]DFLyQ�� FDXVD�
DGDSWDFLyQ�GH�OD�UHVSXHVWD�GH�OD�$&7+��OD�FRUWLFRVWHURQD�\�OD�JOXFRVD�D�OR�ODUJR�
GH�ORV�GtDV��TXH�VH�PXHVWUD�GH�PDQHUD�PiV�HYLGHQWH�HQ�HO�SHULRGR�SRVW�HVWUpV��
3RU�OR�WDQWR��HVWRV�SDUiPHWURV�PXHVWUDQ�XQD�JUDQ�VHQVLELOLGDG�D�OD�H[SHULHQFLD�
SUHYLD�FRQ�HO�HVWUpV��

��� /D�DGDSWDFLyQ�GH�OD�$&7+�\�OD�FRUWLFRVWHURQD�D�OD�LQPRYLOL]DFLyQ�UHSHWLGD�QR�HV�
OLQHDO�� REVHUYiQGRVH� GRV� IDVHV�� XQD� LQLFLDO� \� UiSLGD�� HQ� OD� TXH� VH� UHGXFH�
VXEVWDQFLDOPHQWH�OD�UHDFWLYLGDG�GHO�HMH�+3$��\�RWUD�SRVWHULRU��HQ�OD�TXH�VyOR�VH�
REVHUYDQ�UHGXFFLRQHV�PiV�PRGHVWDV�D�OR�ODUJR�GH�ORV�GtDV���
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��� /D� H[SRVLFLyQ� FUyQLFD� D� OD� LQPRYLOL]DFLyQ� GD� OXJDU� D� FDPELRV� ILVLROyJLFRV�
SURWRWtSLFRV�FRPR�UHGXFFLyQ�GH�OD�LQJHVWD�GH�FRPLGD�\�GHO�DXPHQWR�QRUPDO�GH�
SHVR�FRUSRUDO��UHGXFFLyQ�GHO�WDPDxR�GHO�WLPR�H�KLSHUWURILD�DGUHQDO���

��� /D� H[SRVLFLyQ� GH� PDQHUD� FUyQLFD� D� OD� LQPRYLOL]DFLyQ� FDXVD� WDPELpQ� FDPELRV�
WyQLFRV�HQ� OD�DFWLYLGDG�GHO�HMH�+3$��DXPHQWR�GH� ORV�QLYHOHV�GH�P51$�SDUD�HO�
&5)�HQ�HO�391�\�GLVPLQXFLyQ�GHO�P51$�GH�*5�HQ�OD�IRUPDFLyQ�KLSRFDPSDO��/D�
UHVSXHVWD�GH�OD�$&7+�DQWH�OD�SULPHUD�H[SRVLFLyQ�D�OD�LQPRYLOL]DFLyQ�SUHGLFH�HQ�
SDUWH�HO�LPSDFWR�ILQDO�GHO�HVWUpV�FUyQLFR�VREUH�OD�DFWLYLGDG�WyQLFD�FHQWUDO�GHO�HMH�
+3$��

����/D�FRQVLVWHQFLD�GH�ODV�GLIHUHQFLDV�LQGLYLGXDOHV�HQ�OD�UHDFWLYLGDG�GH�OD�$&7+��GH�
OD� FRUWLFRVWHURQD� \� GH� OD� SURODFWLQD� D� OD� H[SRVLFLyQ� DJXGD� DO� HVWUpV� VRQ�PX\�
GHSHQGLHQWHV� GH� OD� VLWXDFLyQ� HVWUHVDQWH�� � 2EVHUYDPRV� XQD� DOWD� FRQVLVWHQFLD�
FXDQGR� FRPSDUDPRV� OD� UHVSXHVWD� D� GLIHUHQWHV� VLWXDFLRQHV� GH� LQWHQVLGDG�
PRGHUDGD�� SHUR� QR� FXDQGR� VH� FRPSDUD� OD� UHVSXHVWD� D� HVWtPXORV� HVWUHVDQWHV�
TXH� GLILHUHQ� DPSOLDPHQWH� WDQWR� FXDOLWDWLYD� FRPR� FXDQWLWDWLYDPHQWH� �DPELHQWH�
QXHYR�YHUVXV�LQPRYLOL]DFLyQ���

����/D�DFWLYLGDG�H[SORUDWRULD�LQLFLDO�HQ�XQ�FRUUHGRU�FLUFXODU�HVWi�UHODFLRQDGD�FRQ�XQD�
PD\RU�UHDFWLYLGDG�SHULIpULFD�GHO�HMH�+3$�WUDV�OD�H[SRVLFLyQ�D�DPELHQWHV�QXHYRV��
(Q�FDPELR�� OD�SHUVLVWHQFLD�HQ� OD�DFWLYLGDG�H[SORUDWRULD�GHO�FRUUHGRU�FLUFXODU�QR�
SUHGLFH�GLIHUHQFLDV�HQ�ORV�QLYHOHV�GH�$&7+�\�FRUWLFRVWHURQD�WUDV�HO�HVWUpV��(VWH�
HIHFWR� VH� REVHUYD� WDQWR� FXDQGR� OD� H[SORUDFLyQ� HV� YROXQWDULD� �SUXHED� GH� OX]�
RVFXULGDG�� FRPR� FXDQGR� VH� WUDWD� GH� XQ� DPELHQWH� LQHVFDSDEOH� �WDEOD� GH�
DJXMHURV���

����(O� UDVJR� GH� DQVLHGDG� QR� SDUHFH� HVWDU� UHODFLRQDGR� FRQ� XQD� UHDFWLYLGDG�
GLIHUHQFLDO� GH� OD� $&7+� \� OD� FRUWLFRVWHURQD� WUDV� OD� H[SRVLFLyQ� D� DPELHQWHV�
QXHYRV�� 6LQ� HPEDUJR�� GDWRV� GH� OD� OLWHUDWXUD� \� GDWRV� REWHQLGRV� HQ� QXHVWUR�
ODERUDWRULR� LQGLFDQ�TXH�HQ�FRQGLFLRQHV�GH�DQVLHGDG�SDWROyJLFD�SXHGH�DSDUHFHU�
XQD�DOWHUDFLyQ�HQ�OD�UHDFWLYLGDG�GHO�HMH�+3$��DXQTXH�HO�VXEVWUDWR�QHXURELROyJLFR�
VXE\DFHQWH�QR�HVWi�D~Q�ELHQ�GHILQLGR��
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$EHO��(��/���������%HKDYLRU�DQG�FRUWLFRVWHURLG�UHVSRQVH�RI�0DXGVOH\�UHDFWLYH�DQG�QRQUHDFWLYH�

UDWV�LQ�WKH�RSHQ�ILHOG�DQG�IRUFHG�VZLPPLQJ�WHVW��3K\VLRO�%HKDY��������������
$GDQ��5��$��DQG�*LVSHQ��:��+���������0HODQRFRUWLQV�DQG�WKH�EUDLQ��IURP�HIIHFWV�YLD�UHFHSWRUV�WR�

GUXJ�WDUJHWV��(XU�-�3KDUPDFRO�������������
$JXLOHUD��*���3KDP��4��DQG�5DEDGDQ�'LHKO��&���������5HJXODWLRQ�RI�SLWXLWDU\�YDVRSUHVVLQ�

UHFHSWRUV�GXULQJ�FKURQLF�VWUHVV��UHODWLRQVKLS�WR�FRUWLFRWURSK�UHVSRQVLYHQHVV��-�
1HXURHQGRFULQRO�������������

$OOSRUW��*��:��DQG�2GEHUW��+��6���������7UDLW�QDPHV��D�SV\FKR�OH[LFDO�VWXG\��3VFKRORJLFDO�
0RQRJUDSK�����

$PVWURQJ��:���������+\SRWKDODPLF�VXSURSWLF�DQG�SDUDYHQWULFXODU�QXFOHL��,Q��3D[LQRV��*���(G����
7KH�UDW�QHUYRXV�V\VWHP����RQG�HGLWLRQ���$FDGHPLF�3UHVV��6\GQH\��SS�����������

$QGUHLV��3��*���1HUL��*���%HOORQL��$��6���0D]]RFFKL��*���.DVSU]DN��$��DQG�1XVVGRUIHU��*��*�������D��
,QWHUOHXNLQ���EHWD�HQKDQFHV�FRUWLFRVWHURQH�VHFUHWLRQ�E\�DFWLQJ�GLUHFWO\�RQ�WKH�UDW�
DGUHQDO�JODQG��(QGRFULQRORJ\�������������

$QGUHLV��3��*���1HUL��*���0D]]RFFKL��*���0XVDMR��)��DQG�1XVVGRUIHU��*��*���������'LUHFW�
VHFUHWDJRJXH�HIIHFW�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�RQ�WKH�UDW�DGUHQDO�FRUWH[��WKH�
LQYROYHPHQW�RI�WKH�]RQD�PHGXOODULV��(QGRFULQRORJ\�������������

$QGUHLV��3��*���1HUL��*��DQG�1XVVGRUIHU��*��*�������E��&RUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH��&5+��
GLUHFWO\�VWLPXODWHV�FRUWLFRVWHURQH�VHFUHWLRQ�E\�WKH�UDW�DGUHQDO�JODQG��(QGRFULQRORJ\������
�����������

$QGUHV��5���0DUWt��2��DQG�$UPDULR��$���������'LUHFW�HYLGHQFH�RI�DFXWH�VWUHVV�LQGXFHG�IDFLOLWDWLRQ�
RI�$&7+�UHVSRQVH�WR�VXEVHTXHQW�VWUHVV�LQ�UDWV��$P�-�3K\VLRO������5���������

$QJHOXFFL��/���������7KH�JOXFRFRUWLFRLG�KRUPRQH��IURP�SHGHVWDO�WR�GXVW�DQG�EDFN��(XU�-�
3KDUPDFRO���������������

$QWRQL��)��$���������+\SRWKDODPLF�FRQWURO�RI�DGUHQRFRUWLFRWURSLQ�VHFUHWLRQ��DGYDQFHV�VLQFH�WKH�
GLVFRYHU\�RI����UHVLGXH�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��(QGRFU�5HY�������������

$QWRQL��)��$���)LQN��*��DQG�6KHZDUG��:��-���������&RUWLFRWURSKLQ�UHOHDVLQJ�SHSWLGHV�LQ�UDW�
K\SRSK\VLDO�SRUWDO�EORRG�DIWHU�SDUDYHQWULFXODU�OHVLRQV��D�PDUNHG�UHGXFWLRQ�LQ�WKH�
FRQFHQWUDWLRQ�RI�FRUWLFRWURSKLQ�UHOHDVLQJ�IDFWRU�����EXW�QR�FKDQJH�LQ�YDVRSUHVVLQ��-�
(QGRFULQRO���������������

$UPDULR��$���������(VWUpV��FRQFHSWR�\�UHVSXHVWD�ILVLROyJLFD��,Q��7UHVJXHUUHV��-��HW�DO���(GV����
7UDWDGR�GH�(QGRFULQRORJtD�%iVLFD�\�&OtQLFD��6tQWHVLV��0DGULG��SS�������������

$UPDULR��$���&DPSPDQ\��/���%RUUDV��0��DQG�+LGDOJR��-�������D��9LWDPLQ�(�VXSSOHPHQWHG�GLHWV�
UHGXFH�OLSLG�SHUR[LGDWLRQ�EXW�GR�QRW�DOWHU�HLWKHU�SLWXLWDU\�DGUHQDO��JOXFRVH��DQG�ODFWDWH�
UHVSRQVHV�WR�LPPRELOL]DWLRQ�VWUHVV�RU�JDVWULF�XOFHUDWLRQ��)UHH�5DGLF�5HV�&RPPXQ����
���������

$UPDULR��$���*DYDOGD��$��DQG�0DUWt��-���������&RPSDULVRQ�RI�WKH�EHKDYLRXUDO�DQG�HQGRFULQH�
UHVSRQVH�WR�IRUFHG�VZLPPLQJ�VWUHVV�LQ�ILYH�LQEUHG�VWUDLQV�RI�UDWV��
3V\FKRQHXURHQGRFULQRORJ\��������������

$UPDULR��$���+LGDOJR��-��DQG�*LUDOW��0���������(YLGHQFH�WKDW�WKH�SLWXLWDU\�DGUHQDO�D[LV�GRHV�QRW�
FURVV�DGDSW�WR�VWUHVVRUV��FRPSDULVRQ�WR�RWKHU�SK\VLRORJLFDO�YDULDEOHV��
1HXURHQGRFULQRORJ\��������������

$UPDULR��$���/RSH]�&DOGHURQ��$���-ROLQ��7��DQG�&DVWHOODQRV��-��0�������D��6HQVLWLYLW\�RI�DQWHULRU�
SLWXLWDU\�KRUPRQHV�WR�JUDGHG�OHYHOV�RI�SV\FKRORJLFDO�VWUHVV��/LIH�6FL��������������

$UPDULR��$���0DUWt��-��DQG�*LO��0�������E��7KH�VHUXP�JOXFRVH�UHVSRQVH�WR�DFXWH�VWUHVV�LV�
VHQVLWLYH�WR�WKH�LQWHQVLW\�RI�WKH�VWUHVVRU�DQG�WR�KDELWXDWLRQ��3V\FKRQHXURHQGRFULQRORJ\�
�������������
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$UPDULR��$���0DUWt��2���0ROLQD��7���GH�3DEOR��-��DQG�9DOGHV��0���������$FXWH�VWUHVV�PDUNHUV�LQ�
KXPDQV��UHVSRQVH�RI�SODVPD�JOXFRVH��FRUWLVRO�DQG�SURODFWLQ�WR�WZR�H[DPLQDWLRQV�
GLIIHULQJ�LQ�WKH�DQ[LHW\�WKH\�SURYRNH��3V\FKRQHXURHQGRFULQRORJ\������������

$UPDULR��$���0RQWHUR��-��/��DQG�%DODVFK��-�������E��6HQVLWLYLW\�RI�FRUWLFRVWHURQH�DQG�VRPH�
PHWDEROLF�YDULDEOHV�WR�JUDGHG�OHYHOV�RI�ORZ�LQWHQVLW\�VWUHVVHV�LQ�DGXOW�PDOH�UDWV��3K\VLRO�
%HKDY��������������

$XEU\��-��0���%DUWDQXV]��9���'ULVFROO��3���6FKXO]��3���6WHLPHU��7��DQG�.LVV��-��=���������
&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�DQG�YDVRSUHVVLQ�P51$�OHYHOV�LQ�URPDQ�KLJK��DQG�ORZ�
DYRLGDQFH�UDWV��UHVSRQVH�WR�RSHQ�ILHOG�H[SRVXUH��1HXURHQGRFULQRORJ\������������

%DNVKL��9��3��DQG�.DOLQ��1��+���������$QLPDO�PRGHOV�DQG�HQGRSKHQRW\SHV�RI�DQ[LHW\�DQG�VWUHVV�
GLVRUGHUV��,Q��'DYLV��.��/��HW�DO���(GV����1HXURSV\FKRSKDUPDFRORJ\��7KH��WK�*HQHUDWLRQ�
LQ�3URJUHVV��/LSSLQFRWW�:LOOLDPV�	�:LONLQV��1HZ�<RUN��SS�����������

%DNVKL��9��3���6PLWK�5RH��6���1HZPDQ��6��0���*ULJRULDGLV��'��(��DQG�.DOLQ��1��+���������
5HGXFWLRQ�RI�VWUHVV�LQGXFHG�EHKDYLRU�E\�DQWDJRQLVP�RI�FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�
���&5+���UHFHSWRUV�LQ�ODWHUDO�VHSWXP�RU�&5+��UHFHSWRUV�LQ�DP\JGDOD��-�1HXURVFL�����
�����������

%DUGR��0��7���'RQRKHZ��5��/��DQG�+DUULQJWRQ��1��*���������3V\FKRELRORJ\�RI�QRYHOW\�VHHNLQJ�
DQG�GUXJ�VHHNLQJ�EHKDYLRU��%HKDY�%UDLQ�5HV������������

%HDUGVOHH��6��/���3DSDGDNLV��(���$OWPDQ��+��-���+DUULQJWRQ��*��0��DQG�&RPPLVVDULV��5��/���������
'HIHQVLYH�EXU\LQJ�EHKDYLRU�LQ�PDXGVOH\�UHDFWLYH��05�+DU��DQG�QRQUHDFWLYH��015$�+DU��
UDWV��3K\VLRO�%HKDY��������������

%HUHLWHU��'��$���=DLG��$��0��DQG�*DQQ��'��6���������$GUHQRFRUWLFRWURSLQ�UHVSRQVH�WR�JUDGHG�
EORRG�ORVV�LQ�WKH�FDW��$P�-�3K\VLRO������(���������

%HUJODQG��5��0��DQG�3DJH��5��%���������&DQ�WKH�SLWXLWDU\�VHFUHWH�GLUHFWO\�WR�WKH�EUDLQ"�
�$IILUPDWLYH�DQDWRPLFDO�HYLGHQFH���(QGRFULQRORJ\�����������������

%HUJODQG��5��0��DQG�3DJH��5��%���������3LWXLWDU\�EUDLQ�YDVFXODU�UHODWLRQV��D�QHZ�SDUDGLJP��
6FLHQFH�������������

%HUNRZLW]��*��6���/DSLQVNL��5��+���/RFNZRRG��&��-���)ORULR��3���%ODFNPRUH�3ULQFH��&��DQG�3HWUDJOLD��
)���������&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�DQG�LWV�ELQGLQJ�SURWHLQ��PDWHUQDO�VHUXP�OHYHOV�LQ�
WHUP�DQG�SUHWHUP�GHOLYHULHV��$P�-�2EVWHW�*\QHFRO�����������������

%LUQEDXPHU��0���������9DVRSUHVVLQ�UHFHSWRUV��7UHQGV�(QGRFULQRO�0HWDE��������������
%RKXV��%��DQG�.RROKDDV��-��0���������6WUHVV�DQG�WKH�FDULRYDVFXODU�V\VWHP��FHQWUDO�DQG�

SHULSKHUDO�SK\VLRORJLFDO�PHFKDQLVPV��,Q��6WDQIRUG��6��&��DQG�6DOPRQ��3���(GV����6WUHVV��
IURP�V\QDSVH�WR�V\QGURPH��$FDGHPLF�3UHVV��6DQ�'LHJR��SS����������

%RQD]��%��DQG�5LYHVW��6���������(IIHFW�RI�D�FKURQLF�VWUHVV�RQ�&5)�QHXURQDO�DFWLYLW\�DQG�
H[SUHVVLRQ�RI�LWV�W\SH���UHFHSWRU�LQ�WKH�UDW�EUDLQ��$P�-�3K\VLRO������5�����������

%RX\HU��-��-���9DOOHH��0���'HPLQLqUH��-��0���/H�0RDO��0��DQG�0D\R��:���������5HDFWLRQ�RI�VOHHS�
ZDNHIXOQHVV�F\FOH�WR�VWUHVV�LV�UHODWHG�WR�GLIIHUHQFHV�LQ�K\SRWKDODPR�SLWXLWDU\�DGUHQDO�
D[LV�UHDFWLYLW\�LQ�UDW��%UDLQ�5HV���������������

%UDGEHUU\��&��:���*UXHQ��5��-���%HUULGJH��&��:��DQG�5RWK��5��+���������,QGLYLGXDO�GLIIHUHQFHV�LQ�
EHKDYLRUDO�PHDVXUHV��FRUUHODWLRQV�ZLWK�QXFOHXV�DFFXPEHQV�GRSDPLQH�PHDVXUHG�E\�
PLFURGLDO\VLV��3KDUPDFRO�%LRFKHP�%HKDY��������������

%UDPELOOD��)���������6RFLDO�VWUHVV�LQ�DQRUH[LD�QHUYRVD��D�UHYLHZ�RI�LPPXQR�HQGRFULQH�
UHODWLRQVKLSV��3K\VLRO�%HKDY��������������

%URDGKXUVW��3��/���������7KH�0DXGVOH\�UHDFWLYH�DQG�QRQUHDFWLYH�VWUDLQV�RI�UDWV��D�VXUYH\��%HKDY�
*HQHW�������������

%UXVK��)��5���������*HQHWLF�GHWHUPLQDQWV�RI�LQGLYLGXDO�GLIIHUHQFHV�LQ�DYRLGDQFH�OHDUQLQJ��
EHKDYLRUDO�DQG�HQGRFULQH�FKDUDFWHULVWLFV��([SHULHQWLD����������������

%UXVK��)��5���,VDDFVRQ��0��'���3HOOHJULQR��/��-���5\NDV]HZVNL��,��0��DQG�6KDLQ��&��1���������
&KDUDFWHULVWLFV�RI�WKH�SLWXLWDU\�DGUHQDO�V\VWHP�LQ�WKH�6\UDFXVH�KLJK��DQG�ORZ�DYRLGDQFH�
VWUDLQV�RI�UDWV��5DWWXV�QRUYHJLFXV���%HKDY�*HQHW������������

&DUUDVFR��*��$��DQG�9DQ�GH�.DU��/��'���������1HXURHQGRFULQH�SKDUPDFRORJ\�RI�VWUHVV��(XU�-�
3KDUPDFRO���������������

&DVWDQRQ��1���'XOOXF��-���OH�0RDO��0��DQG�0RUPqGH��3���������3URODFWLQ�DV�D�OLQN�EHWZHHQ�
EHKDYLRUDO�DQG�LPPXQH�GLIIHUHQFHV�EHWZHHQ�WKH�5RPDQ�UDW�OLQHV��3K\VLRO�%HKDY�����
�����������

&DVWDQRQ��1���'XOOXF��-���/H�0RDO��0��DQG�0RUPqGH��3���������0DWXUDWLRQ�RI�WKH�EHKDYLRUDO�DQG�
QHXURHQGRFULQH�GLIIHUHQFHV�EHWZHHQ�WKH�5RPDQ�UDW�OLQHV��3K\VLRO�%HKDY��������������
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&DVWDQRQ��1��DQG�0RUPqGH��3���������3V\FKRELRJHQHWLFV��DGDSWHG�WRROV�IRU�WKH�VWXG\�RI�WKH�
FRXSOLQJ�EHWZHHQ�EHKDYLRUDO�DQG�QHXURHQGRFULQH�WUDLWV�RI�HPRWLRQDO�UHDFWLYLW\��
3V\FKRQHXURHQGRFULQRORJ\��������������

&DVWDQRQ��1���3HUH]�'LD]��)��DQG�0RUPqGH��3���������*HQHWLF�DQDO\VLV�RI�WKH�UHODWLRQVKLSV�
EHWZHHQ�EHKDYLRUDO�DQG�QHXURHQGRFULQH�WUDLWV�LQ�5RPDQ�+LJK�DQG�/RZ�$YRLGDQFH�UDW�
OLQHV��%HKDY�*HQHW��������������

&KDOPHUV��'��7���/RYHQEHUJ��7��:��DQG�'H�6RX]D��(��%���������/RFDOL]DWLRQ�RI�QRYHO�
FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�UHFHSWRU��&5)���P51$�H[SUHVVLRQ�WR�VSHFLILF�VXEFRUWLFDO�
QXFOHL�LQ�UDW�EUDLQ��FRPSDULVRQ�ZLWK�&5)��UHFHSWRU�P51$�H[SUHVVLRQ��-�1HXURVFL�����
�����������

&KDPSDJQH��'���%HDXOLHX��-��DQG�'UROHW��*���������&5)HUJLF�LQQHUYDWLRQ�RI�WKH�SDUDYHQWULFXODU�
QXFOHXV�RI�WKH�UDW�K\SRWKDODPXV��D�WUDFW�WUDFLQJ�VWXG\��-�1HXURHQGRFULQRO��������������

&KDRXORII��)���&DVWDQRQ��1��DQG�0RUPqGH��3���������3DUDGR[LFDO�GLIIHUHQFHV�LQ�DQLPDO�PRGHOV�RI�
DQ[LHW\�DPRQJ�WKH�5RPDQ�UDW�OLQHV��1HXURVFL�/HWW���������������

&KDUOWRQ��%��*���������$GUHQDO�FRUWLFDO�LQQHUYDWLRQ�DQG�JOXFRFRUWLFRLG�VHFUHWLRQ��-�(QGRFULQRO�
����������

&KDXWDUG��7���6SLQHGL��(���9RLURO��0���3UDORQJ��)��3��DQG�*DLOODUG��5��&���������5ROH�RI�
JOXFRFRUWLFRLGV�LQ�WKH�UHVSRQVH�RI�WKH�K\SRWKDODPR�FRUWLFRWURSH��LPPXQH�DQG�DGLSRVH�
V\VWHPV�WR�UHSHDWHG�HQGRWR[LQ�DGPLQLVWUDWLRQ��1HXURHQGRFULQRORJ\��������������

&KURXVRV��*��3��DQG�*ROG��3��:���������7KH�FRQFHSWV�RI�VWUHVV�DQG�VWUHVV�V\VWHP�GLVRUGHUV��
2YHUYLHZ�RI�SK\VLFDO�DQG�EHKDYLRUDO�KRPHRVWDVLV��-DPD�����������������

&ORQLQJHU��&��5���������$�XQLILHG�ELRVRFLDO�WKHRU\�RI�SHUVRQDOLW\�DQG�LWV�UROH�LQ�WKH�GHYHORSPHQW�
RI�DQ[LHW\�VWDWHV��3V\FKLDWU�'HY�������������

&ORQLQJHU��&��5���������$�V\VWHPDWLF�PHWKRG�IRU�FOLQLFDO�GHVFULSWLRQ�DQG�FODVVLILFDWLRQ�RI�
SHUVRQDOLW\�YDULDQWV��$�SURSRVDO��$UFK�*HQ�3V\FKLDWU\��������������

&ORQLQJHU��&��5���������7HPSHUDPHQW�DQG�SHUVRQDOLW\��&XUU�2SLQ�1HXURELRO�������������
&ORQLQJHU��&��5���6YUDNLF��'��0��DQG�3U]\EHFN��7��5���������$�SV\FKRELRORJLFDO�PRGHO�RI�

WHPSHUDPHQW�DQG�FKDUDFWHU��$UFK�*HQ�3V\FKLDWU\��������������
&RPPLVVDULV��5��/���+DUULQJWRQ��*��0���2UWL]��$��0��DQG�$OWPDQ��+��-���������0DXGVOH\�UHDFWLYH�

DQG�QRQ�UHDFWLYH�UDW�VWUDLQV��GLIIHUHQWLDO�SHUIRUPDQFH�LQ�D�FRQIOLFW�WDVN��3K\VLRO�%HKDY�
�������������

&RSODQG��$��0��DQG�%DOIRXU��'��-���������6SRQWDQHRXV�DFWLYLW\�DQG�EUDLQ���K\GUR[\LQGROH�OHYHOV�
PHDVXUHG�LQ�UDWV�WHVWHG�LQ�WZR�GHVLJQV�RI�HOHYDWHG�;�PD]H��/LIH�6FL������������

&RVWD��3��7���-U��DQG�0F&UDH��5��5���������6WDELOLW\�DQG�FKDQJH�LQ�SHUVRQDOLW\�DVVHVVPHQW��WKH�
UHYLVHG�1(2�3HUVRQDOLW\�,QYHQWRU\�LQ�WKH�\HDU�������-�3HUV�$VVHVV������������

&RXUYRLVLHU��+���0RLVDQ��0��3���6DUULHDX��$���+HQGOH\��(��'��DQG�0RUPqGH��3���������%HKDYLRUDO�
DQG�QHXURHQGRFULQH�UHDFWLYLW\�WR�VWUHVV�LQ�WKH�:.+$�:.<�LQEUHG�UDW�VWUDLQV��D�
PXOWLIDFWRULDO�DQG�JHQHWLF�DQDO\VLV��%UDLQ�5HV�������������

&URLVHW��*���1LMVHQ��0��-��DQG�.DPSKXLV��3��-���������5ROH�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��
YDVRSUHVVLQ�DQG�WKH�DXWRQRPLF�QHUYRXV�V\VWHP�LQ�OHDUQLQJ�DQG�PHPRU\��(XU�-�
3KDUPDFRO���������������

&XOOLQDQ��:��(���+HUPDQ��-��3��DQG�:DWVRQ��6��-���������$�QHXURDQDWRP\�RI�VWUHVV��,Q��
)ULHGPDQ��0��-��HW�DO���(GV����1HXURELRORJLFDO�DQG�FOLQLFDO�FRQVHTXHQFHV�RI�VWUHVV��)URP�
QRUPDO�DGDSWDWLRQ�WR�SRVW�WUDXPDWLF�VWUHVV�GLVRUGHU��/LSSLQFRW�5DYHQ�3XEOLVKHUV��
3KLODGHOSKLD��SS��������

'DOOPDQ��0��)���$NDQD��6���6FKULEQHU��.���%UDGEXU\��0���:DONHU��&���6WUDFN��$��DQG�&DVFLR��&���
������6WUHVV��IHHGEDFN�DQG�IDFLOLWDWLRQ�LQ�WKH�K\SRWKDODPR�SLWXLWDU\�DGUHQDO�D[LV��
-RXUQDO�RI�1HXURHQGRFULQRORJ\�������������

'DOOPDQ��0��)��DQG�-RQHV��0��7���������&RUWLFRVWHURLG�IHHGEDFN�FRQWURO�RI�$&7+�VHFUHWLRQ��
HIIHFW�RI�VWUHVV�LQGXFHG�FRUWLFRVWHURQH�VVHFUHWLRQ�RQ�VXEVHTXHQW�VWUHVV�UHVSRQVHV�LQ�WKH�
UDW��(QGRFULQRORJ\����������������

'DO�=RWWR��6���0DUWt��2��DQG�$UPDULR��$���������,QIOXHQFH�RI�VLQJOH�RU�UHSHDWHG�H[SHULHQFH�RI�UDWV�
ZLWK�IRUFHG�VZLPPLQJ�RQ�EHKDYLRXUDO�DQG�SK\VLRORJLFDO�UHVSRQVHV�WR�WKH�VWUHVVRU��
%HKDY�%UDLQ�5HV���������������

'DO�=RWWR��6���0DUWt��2���'HOJDGR��5��DQG�$UPDULR��$���������3RWHQWLDWLRQ�RI�JOXFRFRUWLFRLG�
UHOHDVH�GRHV�QRW�PRGLI\�WKH�ORQJ�WHUP�HIIHFWV�RI�D�VLQJOH�H[SRVXUH�WR�LPPRELOL]DWLRQ�
VWUHVV��3V\FKRSKDUPDFRORJ\��%HUO����������������
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'DUOLQJWRQ��'��1���%DUUDFORXJK��&��$��DQG�*DQQ��'��6���������+\SRWHQVLYH�KHPRUUKDJH�HOHYDWHV�
FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�PHVVHQJHU�ULERQXFOHLF�DFLG��P51$��EXW�QRW�
YDVRSUHVVLQ�P51$�LQ�WKH�UDW�K\SRWKDODPXV��(QGRFULQRORJ\�����������������

'DXW]HQEHUJ��)��0��DQG�+DXJHU��5��/���������7KH�&5)�SHSWLGH�IDPLO\�DQG�WKHLU�UHFHSWRUV��\HW�
PRUH�SDUWQHUV�GLVFRYHUHG��7UHQGV�3KDUPDFRO�6FL������������

'DXW]HQEHUJ��)��0���.LOSDWULFN��*��-���+DXJHU��5��/��DQG�0RUHDX��-���������0ROHFXODU�ELRORJ\�RI�
WKH�&5+�UHFHSWRUV���LQ�WKH�PRRG��3HSWLGHV��������������

'DYLGVRQ��5��-���������7KH�QHXURELRORJ\�RI�SHUVRQDOLW\�DQG�SHUVRQDOLW\�GLVRUGHUV��,Q��&KDUQH\��
'��6��HW�DO���(GV����1HXURELRORJ\�RI�PHQWDO�LOOQHVV��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN��
SS�����������

'H�%RHU��6��)���.RRSPDQV��6��-���6ODQJHQ��-��/��DQG�9DQ�GHU�*XJWHQ��-���������3ODVPD�
FDWHFKRODPLQH��FRUWLFRVWHURQH�DQG�JOXFRVH�UHVSRQVHV�WR�UHSHDWHG�VWUHVV�LQ�UDWV��HIIHFW�
RI�LQWHUVWUHVVRU�LQWHUYDO�OHQJWK��3K\VLRO�%HKDY����������������

GH�*RHLM��'��&���-H]RYD��'��DQG�7LOGHUV��)��-���������5HSHDWHG�VWUHVV�HQKDQFHV�YDVRSUHVVLQ�
V\QWKHVLV�LQ�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�QHXURQV�LQ�WKH�SDUDYHQWULFXODU�QXFOHXV��%UDLQ�
5HV���������������

GH�*RHLM��'��&���.YHWQDQVN\��5���:KLWQDOO��0��+���-H]RYD��'���%HUNHQERVFK��)��DQG�7LOGHUV��)��-���
������5HSHDWHG�VWUHVV�LQGXFHG�DFWLYDWLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�QHXURQV�
HQKDQFHV�YDVRSUHVVLQ�VWRUHV�DQG�FRORFDOL]DWLRQ�ZLWK�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�LQ�WKH�
PHGLDQ�HPLQHQFH�RI�UDWV��1HXURHQGRFULQRORJ\��������������

'H�.ORHW��(���������%UDLQ�FRUWLFRVWHURLG�UHFHSWRU�EDODQFH�DQG�KRPHRVWDWLF�FRQWURO��)URQW�
1HXURHQGRFULQRO�������������

'H�.ORHW��(��5���2LW]O��0��6��DQG�-RHOV��0���������)XQFWLRQDO�LPSOLFDWLRQV�RI�EUDLQ�FRUWLFRVWHURLG�
UHFHSWRU�GLYHUVLW\��&HOO�0RO�1HXURELRO��������������

'HOOX��)���0D\R��:���3LD]]D��3��9���/H�0RDO��0��DQG�6LPRQ��+���������,QGLYLGXDO�GLIIHUHQFHV�LQ�
EHKDYLRXUDO�UHVSRQVH�WR�QRYHOW\�LQ�UDWV��3RVVLEOH�UHODWLRQVKLS�ZLWK�WKH�VHQVDWLRQ�VHHNLQJ�
WUDLW�LQ�PDQ��3HUV�,QGLYLGXDO�'LII��������������

'HOOX��)���0D\R��:���9DOOHH��0���0DFFDUL��6���3LD]]D��3��9���/H�0RDO��0��DQG�6LPRQ��+�������D��
%HKDYLRUDO�UHDFWLYLW\�WR�QRYHOW\�GXULQJ�\RXWK�DV�D�SUHGLFWLYH�IDFWRU�RI�VWUHVV�LQGXFHG�
FRUWLFRVWHURQH�VHFUHWLRQ�LQ�WKH�HOGHUO\��D�OLIH�VSDQ�VWXG\�LQ�UDWV��
3V\FKRQHXURHQGRFULQRORJ\��������������

'HOOX��)���3LD]]D��3��9���0D\R��:���/H�0RDO��0��DQG�6LPRQ��+�������E��1RYHOW\�VHHNLQJ�LQ�UDWV��
ELREHKDYLRUDO�FKDUDFWHULVWLFV�DQG�SRVVLEOH�UHODWLRQVKLS�ZLWK�WKH�VHQVDWLRQ�VHHNLQJ�WUDLW�LQ�
PDQ��1HXURSV\FKRELRORJ\��������������

'HSXH��5��$��DQG�&ROOLQV��3��)���������1HXURELRORJ\�RI�WKH�VWUXFWXUH�RI�SHUVRQDOLW\��GRSDPLQH��
IDFLOLWDWLRQ�RI�LQFHQWLYH�PRWLYDWLRQ��DQG�H[WUDYHUVLRQ��%HKDY�%UDLQ�6FL��������������
GLVFXVVLRQ����������

'HULMN��5���9DQ�5RRLMHQ��1���7LOGHUV��)��-���%HVHGRYVN\��+��2���'HO�5H\��$��DQG�%HUNHQERVFK��)���
������6HOHFWLYH�GHSOHWLRQ�RI�PDFURSKDJHV�SUHYHQWV�SLWXLWDU\�DGUHQDO�DFWLYDWLRQ�LQ�
UHVSRQVH�WR�VXES\URJHQLF��EXW�QRW�WR�S\URJHQLF��GRVHV�RI�EDFWHULDO�HQGRWR[LQ�LQ�UDWV��
(QGRFULQRORJ\���������������

'KDEKDU��)��6���0F(ZHQ��%��6��DQG�6SHQFHU��5��/���������6WUHVV�UHVSRQVH��DGUHQDO�VWHURLG�
UHFHSWRU�OHYHOV�DQG�FRUWLFRVWHURLG�ELQGLQJ�JOREXOLQ�OHYHOV��D�FRPSDULVRQ�EHWZHHQ�
6SUDJXH�'DZOH\��)LVFKHU�����DQG�/HZLV�UDWV��%UDLQ�5HV�������������

'KDEKDU��)��6���0F(ZHQ��%��6��DQG�6SHQFHU��5��/���������$GDSWDWLRQ�WR�SURORQJHG�RU�UHSHDWHG�
VWUHVV��FRPSDULVRQ�EHWZHHQ�UDW�VWUDLQV�VKRZLQJ�LQWULQVLF�GLIIHUHQFHV�LQ�UHDFWLYLW\�WR�
DFXWH�VWUHVV��1HXURHQGRFULQRORJ\��������������

'L��6���0DOFKHU�/RSHV��5���+DOPRV��.��&��DQG�7DVNHU��-��*���������1RQJHQRPLF�JOXFRFRUWLFRLG�
LQKLELWLRQ�YLD�HQGRFDQQDELQRLG�UHOHDVH�LQ�WKH�K\SRWKDODPXV��D�IDVW�IHHGEDFN�
PHFKDQLVP��-�1HXURVFL����������������

'LPVGDOH��-��(��DQG�0RVV��-���������6KRUW�WHUP�FDWHFKRODPLQH�UHVSRQVH�WR�SV\FKRORJLFDO�VWUHVV��
3V\FKRVRP�0HG��������������

'REUDNRYRYD��0���.YHWQDQVN\��5���2SUVDORYD��=��DQG�-H]RYD��'���������6SHFLILFLW\�RI�WKH�HIIHFW�
RI�UHSHDWHG�KDQGOLQJ�RQ�V\PSDWKHWLF�DGUHQRPHGXOODU\�DQG�SLWXLWDU\�DGUHQRFRUWLFDO�
DFWLYLW\�LQ�UDWV��3V\FKRQHXURHQGRFULQRORJ\��������������

'RPMDQ��0��DQG�%XUNKDQUG��%���������3ULQFLSLRV�GH�DSUHQGL]DMH�\�GH�FRQGXFWD��'HEDWH��0DGULG��
'RQRKRH��7��3���������6WUHVV�LQGXFHG�DQRUH[LD��LPSOLFDWLRQV�IRU�DQRUH[LD�QHUYRVD��/LIH�6FL�����

���������
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'UROHW��*��DQG�5LYHVW��6���������&RUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�DQG�LWV�UHFHSWRUV��DQ�
HYDOXDWLRQ�DW�WKH�WUDQVFULSWLRQ�OHYHO�LQ�YLYR��3HSWLGHV��������������

'XQQ��$��-��DQG�%HUULGJH��&��:���������3K\VLRORJLFDO�DQG�EHKDYLRUDO�UHVSRQVHV�WR�FRUWLFRWURSLQ�
UHOHDVLQJ�IDFWRU�DGPLQLVWUDWLRQ��LV�&5)�D�PHGLDWRU�RI�DQ[LHW\�RU�VWUHVV�UHVSRQVHV"�%UDLQ�
5HV�%UDLQ�5HV�5HY�������������

(NPDQ��3��DQG�'$YLGVRQ��5��-���������7KH�1DWXUH�RI�HPRWLRQ��)XQGDPHQWDO�TXHVWLRQV��2[IRUG�
8QLYHUVLW\�3UHVV��1HZ�<RUN��

(OOHQEURHN��%��$��DQG�&RROV��$��5���������$SRPRUSKLQH�VXVFHSWLELOLW\�DQG�DQLPDO�PRGHOV�IRU�
SV\FKRSDWKRORJ\��JHQHV�DQG�HQYLURQPHQW��%HKDY�*HQHW��������������

(QJOHU��'���5HGHL��(��DQG�.ROD��,���������7KH�FRUWLFRWURSLQ�UHOHDVH�LQKLELWRU\�IDFWRU�K\SRWKHVLV��D�
UHYLHZ�RI�WKH�HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�LQKLELWRU\�DV�ZHOO�DV�VWLPXODWRU\�
K\SRSK\VLRWURSLF�UHJXODWLRQ�RI�DGUHQRFRUWLFRWURSLQ�VHFUHWLRQ�DQG�ELRV\QWKHVLV��(QGRFU�
5HY��������������

(VFRULKXHOD��5��0���)HUQiQGH]�7HUXHO��$���*LO��/���$JXLODU��5���7REHQD��$��DQG�'ULVFROO��3���������
,QEUHG�5RPDQ�KLJK��DQG�ORZ�DYRLGDQFH�UDWV��GLIIHUHQFHV�LQ�DQ[LHW\��QRYHOW\�VHHNLQJ��
DQG�VKXWWOHER[�EHKDYLRUV��3K\VLRO�%HKDY������������

(\VHQFN��+��-��DQG�(\VHQFN��0��:���������3HUVRQDOLGDG�\�GLIHUHQFLDV�LQGLYLGXDOHV��(GLFLRQHV�
3LUDPLGH��0DGULG��

)DUUHOO��3��$���*DUWKZDLWH��7��/��DQG�*XVWDIVRQ��$��%���������3ODVPD�DGUHQRFRUWLFRWURSLQ�DQG�
FRUWLVRO�UHVSRQVHV�WR�VXEPD[LPDO�DQG�H[KDXVWLYH�H[HUFLVH��-�$SSO�3K\VLRO����������
������

)HUQiQGH]�7HUXHO��$���(VFRULKXHOD��5��0���1XQH]��-��)���*RPD��0���'ULVFROO��3��DQG�7REHQD��$���
������(DUO\�VWLPXODWLRQ�HIIHFWV�RQ�QRYHOW\�LQGXFHG�EHKDYLRU�LQ�WZR�SV\FKRJHQHWLFDOO\�
VHOHFWHG�UDW�OLQHV�ZLWK�GLYHUJHQW�HPRWLRQDOLW\�SURILOHV��1HXURVFL�/HWW���������������

)HUQDQGH]�7HUXHO��$���(VFRULKXHOD��5��0���1XQH]��-��)���=DSDWD��$���%RL[��)���6DOD]DU��:��DQG�
7REHQD��$���������7KH�HDUO\�DFTXLVLWLRQ�RI�WZR�ZD\��VKXWWOH�ER[��DYRLGDQFH�DV�DQ�
DQ[LHW\�PHGLDWHG�EHKDYLRU��SV\FKRSKDUPDFRORJLFDO�YDOLGDWLRQ��%UDLQ�5HV�%XOO���������
�����

)HUQDQGH]�7HUXHO��$���*LPHQH]�/ORUW��/���(VFRULKXHOD��5��0���*LO��/���$JXLODU��5���6WHLPHU��7��DQG�
7REHQD��$���������(DUO\�OLIH�KDQGOLQJ�VWLPXODWLRQ�DQG�HQYLURQPHQWDO�HQULFKPHQW��DUH�
VRPH�RI�WKHLU�HIIHFWV�PHGLDWHG�E\�VLPLODU�QHXUDO�PHFKDQLVPV"�3KDUPDFRO�%LRFKHP�
%HKDY��������������

)UDQN��(���6DOFKQHU��3���$OGDJ��-��0���6DORPH��1���6LQJHZDOG��1���/DQGJUDI��5��DQG�:LJJHU��$���
������*HQHWLF�SUHGLVSRVLWLRQ�WR�DQ[LHW\�UHODWHG�EHKDYLRU�GHWHUPLQHV�FRSLQJ�VW\OH��
QHXURHQGRFULQH�UHVSRQVHV��DQG�QHXURQDO�DFWLYDWLRQ�GXULQJ�VRFLDO�GHIHDW��%HKDY�
1HXURVFL�������������

)ULMGD��1��+���������7KH�HPRWLRQV��&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN��
)XQGHU��'��&���������7KH�SHUVRQDOLW\�SX]]OH���QG�HGLWLRQ���1RUWRQ�	�&RPSDQ\�,QF��1HZ�<RUN��
*DOOR�3D\HW��1��DQG�3D\HW��0��'���������0HFKDQLVP�RI�DFWLRQ�RI�$&7+��EH\RQG�F$03��0LFURVF�

5HV�7HFK��������������
*DUFtD��$��DQG�$UPDULR��$���������,QGLYLGXDO�GLIIHUHQFHV�LQ�WKH�UHFRYHU\�RI�WKH�K\SRWKDODPLF�

SLWXLWDU\�DGUHQDO�D[LV�DIWHU�WHUPLQDWLRQ�RI�H[SRVXUH�WR�D�VHYHUH�VWUHVVRU�LQ�RXWEUHG�PDOH�
6SUDJXH�'DZOH\�UDWV��3V\FKRQHXURHQGRFULQRORJ\��������������

*DUFtD��$���0DUWt��2���9DOOHV��$���'DO�=RWWR��6��DQG�$UPDULR��$���������5HFRYHU\�RI�WKH�
K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�UHVSRQVH�WR�VWUHVV��(IIHFW�RI�VWUHVV�LQWHQVLW\��VWUHVV�
GXUDWLRQ�DQG�SUHYLRXV�VWUHVV�H[SRVXUH��1HXURHQGRFULQRORJ\��������������

*HQWVFK��&���/LFKWVWHLQHU��0���'ULVFROO��3��DQG�)HHU��+���������'LIIHUHQWLDO�KRUPRQDO�DQG�
SK\VLRORJLFDO�UHVSRQVHV�WR�VWUHVV�LQ�5RPDQ�KLJK��DQG�ORZ�DYRLGDQFH�UDWV��3K\VLRO�%HKDY�
�������������

*HUUD��*���$YDQ]LQL��3���=DLPRYLF��$���6DUWRUL��5���%RFFKL��&���7LPSDQR��0���=DPEHOOL��8���
'HOVLJQRUH��5���*DUGLQL��)���7DODULFR��(��DQG�%UDPELOOD��)���������1HXURWUDQVPLWWHUV��
QHXURHQGRFULQH�FRUUHODWHV�RI�VHQVDWLRQ�VHHNLQJ�WHPSHUDPHQW�LQ�QRUPDO�KXPDQV��
1HXURSV\FKRELRORJ\��������������

*LQVEHUJ��$��%���)UDQN��0��*���)UDQFLV��$��%���5XELQ��%��$���2
&RQQRU��.��$��DQG�6SHQFHU��5��/���
������6SHFLILF�DQG�WLPH�GHSHQGHQW�HIIHFWV�RI�JOXFRFRUWLFRLG�UHFHSWRU�DJRQLVW�58������
RQ�VWUHVV�LQGXFHG�SUR�RSLRPHODQRFRUWLQ�KQ51$��F�IRV�P51$�DQG�]LI����P51$�LQ�WKH�
SLWXLWDU\��-�1HXURHQGRFULQRO��������������
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*UD\��-��$��DQG�0F1DXJKWRQ��1���������7KH�QHXURSV\FKRORJ\�RI�DQ[LHW\���QG�HGLLWLRQ���2[IRUG�
8QLYHUVLW\�3UHVV��1HZ�<RUN��

*URWD��/��-���%LHQHQ��7��DQG�)HOWHQ��'��/���������&RUWLFRVWHURQH�UHVSRQVHV�RI�DGXOW�/HZLV�DQG�
)LVFKHU�UDWV��-�1HXURLPPXQRO�������������

*URYHV��3��0��DQG�7KRPSVRQ��5��)���������+DELWXDWLRQ��D�GXDO�SURFHVV�WKHRU\��3V\FKRO�5HY�����
���������

+DOEUHLFK��8���������+RUPRQHV�DQG�GHSUHVVLRQ��5DYHQ�3UHVV��1HZ�<RUN��
+DUEX]��0��6��DQG�/LJKWPDQ��6��/���������5HVSRQVHV�RI�K\SRWKDODPLF�DQG�SLWXLWDU\�P51$�WR�

SK\VLFDO�DQG�SV\FKRORJLFDO�VWUHVV�LQ�WKH�UDW��-�(QGRFULQRO���������������
+DXJHU��5��/���0LOODQ��0��$���/RUDQJ��0���+DUZRRG��-��3��DQG�$JXLOHUD��*���������&RUWLFRWURSLQ�

UHOHDVLQJ�IDFWRU�UHFHSWRUV�DQG�SLWXLWDU\�DGUHQDO�UHVSRQVHV�GXULQJ�LPPRELOL]DWLRQ�VWUHVV��
(QGRFULQRORJ\���������������

+HQQHVV\��0��%��DQG�/HYLQH��6���������6HQVLWLYH�SLWXLWDU\�DGUHQDO�UHVSRQVLYHQHVV�WR�YDU\LQJ�
LQWHQVLWLHV�RI�SV\FKRORJLFDO�VWLPXODWLRQ��3K\VLRO�%HKDY��������������

+HQQLJHU��0��6���2KO��)���+ROWHU��6��0���:HLVVHQEDFKHU��3���7RVFKL��1���/RUVFKHU��3���:LJJHU��$���
6SDQDJHO��5��DQG�/DQGJUDI��5���������8QFRQGLWLRQHG�DQ[LHW\�DQG�VRFLDO�EHKDYLRXU�LQ�WZR�
UDW�OLQHV�VHOHFWLYHO\�EUHG�IRU�KLJK�DQG�ORZ�DQ[LHW\�UHODWHG�EHKDYLRXU��%HKDY�%UDLQ�5HV�
��������������

+HUPDQ��-��3���������,Q�VLWX�K\EULGL]DWLRQ�DQDO\VLV�RI�YDVRSUHVVLQ�JHQH�WUDQVFULSWLRQ�LQ�WKH�
SDUDYHQWULFXODU�DQG�VXSUDRSWLF�QXFOHL�RI�WKH�UDW��UHJXODWLRQ�E\�VWUHVV�DQG�
JOXFRFRUWLFRLGV��-�&RPS�1HXURO�������������

+HUPDQ��-��3��DQG�&XOOLQDQ��:��(���������1HXURFLUFXLWU\�RI�VWUHVV��FHQWUDO�FRQWURO�RI�WKH�
K\SRWKDODPR�SLWXLWDU\�DGUHQRFRUWLFDO�D[LV��7UHQGV�1HXURVFL������������

+HUPDQ��-��3���&XOOLQDQ��:��(���=LHJOHU��'��5��DQG�7DVNHU��-��*���������5ROH�RI�WKH�SDUDYHQWULFXODU�
QXFOHXV�PLFURHQYLURQPHQW�LQ�VWUHVV�LQWHJUDWLRQ��(XU�-�1HXURVFL��������������

+HUPDQ��-��3���)LJXHLUHGR��+���0XHOOHU��1��.���8OULFK�/DL��<���2VWUDQGHU��0��0���&KRL��'��&��DQG�
&XOOLQDQ��:��(���������&HQWUDO�PHFKDQLVPV�RI�VWUHVV�LQWHJUDWLRQ��KLHUDUFKLFDO�FLUFXLWU\�
FRQWUROOLQJ�K\SRWKDODPR�SLWXLWDU\�DGUHQRFRUWLFDO�UHVSRQVLYHQHVV��)URQW�1HXURHQGRFULQRO�
�������������

+RQNDQLHPL��-���.DLQX��7���&HFFDWHOOL��6���5HFKDUGW��/���+RNIHOW��7��DQG�3HOWR�+XLNNR��0���������
)RV�DQG�MXQ�LQ�UDW�FHQWUDO�DP\JGDORLG�QXFOHXV�DQG�SDUDYHQWULFXODU�QXFOHXV�DIWHU�VWUHVV��
1HXURUHSRUW�������������

+RRNV��0��6���&ROYLQ��$��&���-XQFRV��-��/��DQG�-XVWLFH��-��%���-U���������,QGLYLGXDO�GLIIHUHQFHV�LQ�
EDVDO�DQG�FRFDLQH�VWLPXODWHG�H[WUDFHOOXODU�GRSDPLQH�LQ�WKH�QXFOHXV�DFFXPEHQV�XVLQJ�
TXDQWLWDWLYH�PLFURGLDO\VLV��%UDLQ�5HV���������������

+RRNV��0��6���-RQHV��*��+���6PLWK��$��'���1HLOO��'��%��DQG�-XVWLFH��-��%���-U���������5HVSRQVH�WR�
QRYHOW\�SUHGLFWV�WKH�ORFRPRWRU�DQG�QXFOHXV�DFFXPEHQV�GRSDPLQH�UHVSRQVH�WR�FRFDLQH��
6\QDSVH�������������

+RRNV��0��6���-XQFRV��-��/���-XVWLFH��-��%���-U���0HLHUJHUG��6��0���3RYORFN��6��/���6FKHQN��-��2��DQG�
.DOLYDV��3��:�������D��,QGLYLGXDO�ORFRPRWRU�UHVSRQVH�WR�QRYHOW\�SUHGLFWV�VHOHFWLYH�
DOWHUDWLRQV�LQ�'��DQG�'��UHFHSWRUV�DQG�P51$V��-�1HXURVFL����������������

+RRNV��0��6���6RUJ��%��$��DQG�.DOLYDV��3��:�������E��7KH�UHODWLRQVKLS�EHWZHHQ�051$�OHYHOV�DQG�
WKH�ORFRPRWRU�UHVSRQVH�WR�QRYHOW\��%UDLQ�5HV���������������

+XEHUW��:��DQG�GH�-RQJ�0H\HU��5���������6DOLYD�FRUWLVRO�UHVSRQVHV�WR�XQSOHDVDQW�ILOP�VWLPXOL�
GLIIHU�EHWZHHQ�KLJK�DQG�ORZ�WUDLW�DQ[LRXV�VXEMHFWV��1HXURSV\FKRELRORJ\��������������

,PDNL��7���1DUXVH��0���+DUDGD��6���&KLNDGD��1���,PDNL��-���2QRGHUD��+���'HPXUD��+��DQG�9DOH��
:���������&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�XS�UHJXODWHV�LWV�RZQ�UHFHSWRU�P51$�LQ�WKH�
SDUDYHQWULFXODU�QXFOHXV�RI�WKH�K\SRWKDODPXV��%UDLQ�5HV�0RO�%UDLQ�5HV��������������

,PDNL��7���6KLEDVDNL��7���+RWWD��0��DQG�'HPXUD��+���������(DUO\�LQGXFWLRQ�RI�F�IRV�SUHFHGHV�
LQFUHDVHG�H[SUHVVLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�PHVVHQJHU�ULERQXFOHLF�DFLG�LQ�WKH�
SDUDYHQWULFXODU�QXFOHXV�DIWHU�LPPRELOL]DWLRQ�VWUHVV��(QGRFULQRORJ\���������������

,WRL��.���-LDQJ��<��4���,ZDVDNL��<��DQG�:DWVRQ��6��-���������5HJXODWRU\�PHFKDQLVPV�RI�
FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�DQG�YDVRSUHVVLQ�JHQH�H[SUHVVLRQ�LQ�WKH�K\SRWKDODPXV��
-�1HXURHQGRFULQRO��������������

-H]RYD��'���0DNDWVRUL��$���'XQFNR��5���0RQFHN��)��DQG�-DNXEHN��0���������+LJK�WUDLW�DQ[LHW\�LQ�
KHDOWK\� VXEMHFWV� LV� DVVRFLDWHG� ZLWK� ORZ� QHXURHQGRFULQH� DFWLYLW\� GXULQJ� SV\FKRVRFLDO�
VWUHVV��3URJ�1HXURSV\FKRSKDUPDFRO�%LRO�3V\FKLDWU\����������������
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-RKQVRQ��(��2���.DPLODULV��7��&���&KURXVRV��*��3��DQG�*ROG��3��:���������0HFKDQLVPV�RI�VWUHVV��D�
G\QDPLF�RYHUYLHZ�RI�KRUPRQDO�DQG�EHKDYLRUDO�KRPHRVWDVLV��1HXURVFL�%LREHKDY�5HY�����
���������

-RQJHQ�5HOR��$��/���3RWKXL]HQ��+��+���)HOGRQ��-��DQG�3U\FH��&��5���������&RPSDULVRQ�RI�FHQWUDO�
FRUWLFRVWHURLG�UHFHSWRU�H[SUHVVLRQ�LQ�PDOH�/HZLV�DQG�)LVFKHU�UDWV��%UDLQ�5HV����������
�����

.DEEDM��0���'HYLQH��'��3���6DYDJH��9��5��DQG�$NLO��+���������1HXURELRORJLFDO�FRUUHODWHV�RI�
LQGLYLGXDO�GLIIHUHQFHV�LQ�QRYHOW\�VHHNLQJ�EHKDYLRU�LQ�WKH�UDW��GLIIHUHQWLDO�H[SUHVVLRQ�RI�
VWUHVV�UHODWHG�PROHFXOHV��-�1HXURVFL����������������

.DQW��*��-���/HX��-��5���$QGHUVRQ��6��0��DQG�0RXJH\��(��+���������(IIHFWV�RI�FKURQLF�VWUHVV�RQ�
SODVPD�FRUWLFRVWHURQH��$&7+�DQG�SURODFWLQ��3K\VLRO�%HKDY��������������

.DQW��*��-���0RXJH\��(��+���3HQQLQJWRQ��/��/��DQG�0H\HUKRII��-��/���������*UDGHG�IRRWVKRFN�
VWUHVV�HOHYDWHV�SLWXLWDU\�F\FOLF�$03�DQG�SODVPD�EHWD�HQGRUSKLQ��EHWD�/3+�FRUWLFRVWHURQH�
DQG�SURODFWLQ��/LIH�6FL����������������

.DQW��*��-���3DVWHO��5��+���%DXPDQ��5��$���0HLQLQJHU��*��5���0DXJKDQ��.��5���5RELQVRQ��7��1���
�UG��:ULJKW��:��/��DQG�&RYLQJWRQ��3��6���������(IIHFWV�RI�FKURQLF�VWUHVV�RQ�VOHHS�LQ�UDWV��
3K\VLRO�%HKDY��������������

.HOOHU�:RRG��0���.LPXUD��%���6KLQVDNR��-��DQG�3KLOOLSV��0��,���������,QWHUDFWLRQ�EHWZHHQ�&5)�DQG�
DQJLRWHQVLQ�,,�LQ�FRQWURO�RI�$&7+�DQG�DGUHQDO�VWHURLGV��$P�-�3K\VLRO������5���������

.HOOHU�:RRG��0��(��DQG�'DOOPDQ��0��)���������&RUWLFRVWHURLG�LQKLELWLRQ�RI�$&7+�VHFUHWLRQ��
(QGRFU�5HY����������

.HOOHU�:RRG��0��(���6KLQVDNR��-��DQG�'DOOPDQ��0��)���������,QWHJUDO�DV�ZHOO�DV�SURSRUWLRQDO�
DGUHQDO�UHVSRQVHV�WR�$&7+��$P�-�3K\VLRO������5�������

.HOOHU�:RRG��0��(���6KLQVDNR��-���.HLO��/��&��DQG�'DOOPDQ��0��)���������,QVXOLQ�LQGXFHG�
K\SRJO\FHPLD�LQ�FRQVFLRXV�GRJV��,��'RVH�UHODWHG�SLWXLWDU\�DQG�DGUHQDO�UHVSRQVHV��
(QGRFULQRORJ\���������������

.LWUDNL��(���.DUDQGUHD��'��DQG�.LWWDV��&���������/RQJ�ODVWLQJ�HIIHFWV�RI�VWUHVV�RQ�JOXFRFRUWLFRLG�
UHFHSWRU�JHQH�H[SUHVVLRQ�LQ�WKH�UDW�EUDLQ��1HXURHQGRFULQRORJ\��������������

.OHEDXU��-��(��DQG�%DUGR��0��7���������,QGLYLGXDO�GLIIHUHQFHV�LQ�QRYHOW\�VHHNLQJ�RQ�WKH�
SOD\JURXQG�PD]H�SUHGLFW�DPSKHWDPLQH�FRQGLWLRQHG�SODFH�SUHIHUHQFH��3KDUPDFRO�
%LRFKHP�%HKDY��������������

.OLHWKHUPHV��&��/��DQG�&UDEEH��-��&���������*HQHWLF�LQGHSHQGHQFH�RI�PRXVH�PHDVXUHV�RI�VRPH�
DVSHFWV�RI�QRYHOW\�VHHNLQJ��3URF�1DWO�$FDG�6FL�8�6�$��

.RROKDDV��-��0���.RUWH��6��0���'H�%RHU��6��)���9DQ�'HU�9HJW��%��-���9DQ�5HHQHQ��&��*���+RSVWHU��
+���'H�-RQJ��,��&���5XLV��0��$��DQG�%ORNKXLV��+��-���������&RSLQJ�VW\OHV�LQ�DQLPDOV��
FXUUHQW�VWDWXV�LQ�EHKDYLRU�DQG�VWUHVV�SK\VLRORJ\��1HXURVFL�%LREHKDY�5HY��������������

.RSLQ��,��-���������'HILQLWLRQV�RI�VWUHVV�DQG�V\PSDWKHWLF�QHXURQDO�UHVSRQVHV��$QQ�1�<�$FDG�6FL�
������������

.RVVO\Q��6��0���&DFLRSSR��-��7���'DYLGVRQ��5��-���+XJGDKO��.���/RYDOOR��:��5���6SLHJHO��'��DQG�
5RVH��5���������%ULGJLQJ�SV\FKRORJ\�DQG�ELRORJ\��7KH�DQDO\VLV�RI�LQGLYLGXDOV�LQ�JURXSV��
$P�3V\FKRO��������������

.RYDFV��.��-��DQG�6DZFKHQNR��3��(���������6HTXHQFH�RI�VWUHVV�LQGXFHG�DOWHUDWLRQV�LQ�LQGLFHV�RI�
V\QDSWLF�DQG�WUDQVFULSWLRQDO�DFWLYDWLRQ�LQ�SDUYRFHOOXODU�QHXURVHFUHWRU\�QHXURQV��-�
1HXURVFL��������������

/DPLHOO��-���������7RZDUGV�DQ�LGLRWKHWLF�SV\FKRORJ\�RI�SHUVRQDOLW\��$PHULFDQ�3V\FKRORJLVW�����
���������

/DQGJUDI��5��DQG�:LJJHU��$���������%RUQ�WR�EH�DQ[LRXV��QHXURHQGRFULQH�DQG�JHQHWLF�FRUUHODWHV�
RI�WUDLW�DQ[LHW\�LQ�+$%�UDWV��6WUHVV�������������

/DQGJUDI��5���:LJJHU��$���+ROVERHU��)��DQG�1HXPDQQ��,��'���������+\SHU�UHDFWLYH�K\SRWKDODPR�
SLWXLWDU\�DGUHQRFRUWLFDO�D[LV�LQ�UDWV�EUHG�IRU�KLJK�DQ[LHW\�UHODWHG�EHKDYLRXU��-�
1HXURHQGRFULQRO��������������

/D]DUXV��5��6���������)URP�SV\FKRORJLFDO�VWUHVV�WR�WKH�HPRWLRQV��D�KLVWRU\�RI�FKDQJLQJ�RXWORRNV��
$QQX�5HY�3V\FKRO�����������

/HPDLUH��9���$XURXVVHDX��&���/H�0RDO��0��DQG�$EURXV��'��1���������%HKDYLRXUDO�WUDLW�RI�UHDFWLYLW\�
WR�QRYHOW\�LV�UHODWHG�WR�KLSSRFDPSDO�QHXURJHQHVLV��(XU�-�1HXURVFL����������������

/HVFK��.��3���������0ROHFXODU�IRXQGDWLRQ�RI�DQ[LHW\�GLVRUGHUV��-�1HXUDO�7UDQVP���������������
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/HYLQ��1���%OXP��0��DQG�5REHUWV��-��/���������0RGXODWLRQ�RI�EDVDO�DQG�FRUWLFRWURSLQ�UHOHDVLQJ�
IDFWRU�VWLPXODWHG�SURRSLRPHODQRFRUWLQ�JHQH�H[SUHVVLRQ�E\�YDVRSUHVVLQ�LQ�UDW�DQWHULRU�
SLWXLWDU\��(QGRFULQRORJ\�����������������

/HYLQH��6���������$�GHILQLWLRQ�RI�VWUHVV"�,Q��0REHUJ��*��3���(G����$QLPDO�VWUHVV��$PHULFDO�
3K\VLRORJLFDO�6RFLHW\��%DOWLPRUH��SS���������

/LHEVFK��*���/LQWKRUVW��$��&���1HXPDQQ��,��'���5HXO��-��0���+ROVERHU��)��DQG�/DQGJUDI��5�������D��
%HKDYLRUDO��SK\VLRORJLFDO��DQG�QHXURHQGRFULQH�VWUHVV�UHVSRQVHV�DQG�GLIIHUHQWLDO�
VHQVLWLYLW\�WR�GLD]HSDP�LQ�WZR�:LVWDU�UDW�OLQHV�VHOHFWLYHO\�EUHG�IRU�KLJK��DQG�ORZ�DQ[LHW\�
UHODWHG�EHKDYLRU��1HXURSV\FKRSKDUPDFRORJ\��������������

/LHEVFK��*���0RQWNRZVNL��$���+ROVERHU��)��DQG�/DQGJUDI��5�������E��%HKDYLRXUDO�SURILOHV�RI�WZR�
:LVWDU�UDW�OLQHV�VHOHFWLYHO\�EUHG�IRU�KLJK�RU�ORZ�DQ[LHW\�UHODWHG�EHKDYLRXU��%HKDY�%UDLQ�
5HV��������������

/LOO\��0��3���������(IIHFW�RI�VXUJHU\�RQ�WKH�SLWXLWDU\�DGUHQDO�UHVSRQVH�WR�UHSHDWHG�KHPRUUKDJH��
$P�-�3K\VLRO������5�����������

/LX��'���'LRULR��-���7DQQHQEDXP��%���&DOGML��&���)UDQFLV��'���)UHHGPDQ��$���6KDUPD��6���3HDUVRQ��
'���3ORWVN\��3��0��DQG�0HDQH\��0��-���������0DWHUQDO�FDUH��KLSSRFDPSDO�JOXFRFRUWLFRLG�
UHFHSWRUV��DQG�K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�UHVSRQVHV�WR�VWUHVV��6FLHQFH�����������
������

/RYHQEHUJ��7��:���&KDOPHUV��'��7���/LX��&��DQG�'H�6RX]D��(��%���������&5)��DOSKD�DQG�&5)��
EHWD�UHFHSWRU�P51$V�DUH�GLIIHUHQWLDOO\�GLVWULEXWHG�EHWZHHQ�WKH�UDW�FHQWUDO�QHUYRXV�
V\VWHP�DQG�SHULSKHUDO�WLVVXHV��(QGRFULQRORJ\�����������������

/XR��;���.LVV��$���0DNDUD��*���/RODLW��6��-��DQG�$JXLOHUD��*���������6WUHVV�VSHFLILF�UHJXODWLRQ�RI�
FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�UHFHSWRU�H[SUHVVLRQ�LQ�WKH�SDUDYHQWULFXODU�DQG�
VXSUDRSWLF�QXFOHL�RI�WKH�K\SRWKDODPXV�LQ�WKH�UDW��-�1HXURHQGRFULQRO�������������

0D��;��0��DQG�$JXLOHUD��*���������7UDQVFULSWLRQDO�UHVSRQVHV�RI�WKH�YDVRSUHVVLQ�DQG�
FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�JHQHV�WR�DFXWH�DQG�UHSHDWHG�LQWUDSHULWRQHDO�K\SHUWRQLF�
VDOLQH�LQMHFWLRQ�LQ�UDWV��%UDLQ�5HV�0RO�%UDLQ�5HV��������������

0D��;��0��DQG�/LJKWPDQ��6��/���������7KH�DUJLQLQH�YDVRSUHVVLQ�DQG�FRUWLFRWURSKLQ�UHOHDVLQJ�
KRUPRQH�JHQH�WUDQVFULSWLRQ�UHVSRQVHV�WR�YDULHG�IUHTXHQFLHV�RI�UHSHDWHG�VWUHVV�LQ�UDWV��-�
3K\VLRO�������3W��������������

0DLHU��6��)���5\DQ��6��0���%DUNVGDOH��&��0��DQG�.DOLQ��1��+���������6WUHVVRU�FRQWUROODELOLW\�DQG�
WKH�SLWXLWDU\�DGUHQDO�V\VWHP��%HKDY�1HXURVFL���������������

0DNDUD��*��%��DQG�+DOOHU��-���������1RQ�JHQRPLF�HIIHFWV�RI�JOXFRFRUWLFRLGV�LQ�WKH�QHXUDO�V\VWHP��
(YLGHQFH��PHFKDQLVPV�DQG�LPSOLFDWLRQV��3URJ�1HXURELRO��������������

0DNDUD��*��%���0HUJO��=��DQG�=HOHQD��'���������7KH�UROH�RI�YDVRSUHVVLQ�LQ�K\SRWKDODPR�SLWXLWDU\�
DGUHQDO�D[LV�DFWLYDWLRQ�GXULQJ�VWUHVV��DQ�DVVHVVPHQW�RI�WKH�HYLGHQFH��$QQ�1�<�$FDG�6FL�
���������������

0DNLQR��6���6FKXONLQ��-���6PLWK��0��$���3DFDN��.���3DONRYLWV��0��DQG�*ROG��3��:���������5HJXODWLRQ�
RI�FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�UHFHSWRU�PHVVHQJHU�ULERQXFOHLF�DFLG�LQ�WKH�UDW�EUDLQ�
DQG�SLWXLWDU\�E\�JOXFRFRUWLFRLGV�DQG�VWUHVV��(QGRFULQRORJ\�����������������

0DNLQR��6���7DNHPXUD��7���$VDED��.���1LVKL\DPD��0���7DNDR��7��DQG�+DVKLPRWR��.���������
'LIIHUHQWLDO�UHJXODWLRQ�RI�W\SH���DQG�W\SH��DOSKD�FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�
UHFHSWRU�P51$�LQ�WKH�K\SRWKDODPLF�SDUDYHQWULFXODU�QXFOHXV�RI�WKH�UDW��%UDLQ�5HV�0RO�
%UDLQ�5HV��������������

0DQVL��-��$���5LYHVW��6��DQG�'UROHW��*���������5HJXODWLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�W\SH���
�&5)���UHFHSWRU�PHVVHQJHU�ULERQXFOHLF�DFLG�LQ�WKH�SDUDYHQWULFXODU�QXFOHXV�RI�UDW�
K\SRWKDODPXV�E\�H[RJHQRXV�&5)��(QGRFULQRORJ\�����������������

0iUTXH]��&���%HOGD��;��DQG�$UPDULR��$���������3RVW�VWUHVV�UHFRYHU\�RI�SLWXLWDU\�DGUHQDO�
KRUPRQHV�DQG�JOXFRVH��EXW�QRW�WKH�UHVSRQVH�GXULQJ�H[SRVXUH�WR�WKH�VWUHVVRU��LV�D�
PDUNHU�RI�VWUHVV�LQWHQVLW\�LQ�KLJKO\�VWUHVVIXO�VLWXDWLRQV��%UDLQ�5HV���������������

0iUTXH]��&���1DGDO��5��DQG�$UPDULR��$���������7KH�K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�DQG�JOXFRVH�
UHVSRQVHV�WR�GDLO\�UHSHDWHG�LPPRELOLVDWLRQ�VWUHVV�LQ�UDWV��LQGLYLGXDO�GLIIHUHQFHV��
1HXURVFLHQFH���������������

0iUTXH]��&���1DGDO��5��DQG�$UPDULR��$���������5HVSRQVLYHQHVV�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�
DGUHQDO�D[LV�WR�GLIIHUHQW�QRYHO�HQYLURQPHQWV�LV�D�FRQVLVWHQW�LQGLYLGXDO�WUDLW�LQ�DGXOW�PDOH�
RXWEUHG�UDWV��3V\FKRQHXURHQGRFULQRORJ\��������������
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0iUTXH]��&���1DGDO��5��DQG�$UPDULR��$���������,QIOXHQFH�RI�UHDFWLYLW\�WR�QRYHOW\�DQG�DQ[LHW\�RQ�
K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�DQG�SURODFWLQ�UHVSRQVHV�WR�WZR�GLIIHUHQW�QRYHO�
HQYLURQPHQWV�LQ�DGXOW�PDOH�UDWV��%HKDY�%UDLQ�5HV�������������

0DUWL��-��DQG�$UPDULR��$���������)RUFHG�VZLPPLQJ�EHKDYLRU�LV�QRW�UHODWHG�WR�WKH�FRUWLFRVWHURQH�
OHYHOV�DFKLHYHG�LQ�WKH�WHVW��D�VWXG\�ZLWK�IRXU�LQEUHG�UDW�VWUDLQV��3K\VLRO�%HKDY���������
�����

0DUWt��-��DQG�$UPDULR��$���������)RUFHG�VZLPPLQJ�EHKDYLRU�LV�QRW�UHODWHG�WR�WKH�FRUWLFRVWHURQH�
OHYHOV�DFKLHYHG�LQ�WKH�WHVW��D�VWXG\�ZLWK�IRXU�LQEUHG�UDW�VWUDLQV��3K\VLRO�%HKDY���������
�����

0DUWt��2���$QGUHV��5��DQG�$UPDULR��$���������'HIHFWLYH�$&7+�UHVSRQVH�WR�VWUHVV�LQ�SUHYLRXVO\�
VWUHVVHG�UDWV��GHSHQGHQFH�RQ�JOXFRFRUWLFRLG�VWDWXV��$P�-�3K\VLRO������5���������

0DUWt��2��DQG�$UPDULR��$���������,QIOXHQFH�RI�5HJXODULW\�RI�([SRVXUH�WR�&KURQLF�6WUHVV�RQ�WKH�
3DWWHUQ�RI�+DELWXDWLRQ�RI�3LWXLWDU\�$GUHQDO�+RUPRQHV��3URODFWLQ�DQG�*OXFRVH��6WUHVV����
���������

0DUWt��2��DQG�$UPDULR��$���������$QWHULRU�SLWXLWDU\�UHVSRQVH�WR�VWUHVV��WLPH�UHODWHG�FKDQJHV�DQG�
DGDSWDWLRQ��,QW�-�'HY�1HXURVFL��������������

0DUWt��2���*DYDOGD��$���*yPH]��)��DQG�$UPDULR��$�������D��'LUHFW�HYLGHQFH�IRU�FKURQLF�VWUHVV�
LQGXFHG�IDFLOLWDWLRQ�RI�WKH�DGUHQRFRUWLFRWURSLQ�UHVSRQVH�WR�D�QRYHO�DFXWH�VWUHVVRU��
1HXURHQGRFULQRORJ\����������

0DUWt��2���*DYDOGD��$���-ROLQ��7��DQG�$UPDULR��$���������(IIHFW�RI�UHJXODULW\�RI�H[SRVXUH�WR�
FKURQLF�LPPRELOL]DWLRQ�VWUHVV�RQ�WKH�FLUFDGLDQ�SDWWHUQ�RI�SLWXLWDU\�DGUHQDO�KRUPRQHV��
JURZWK�KRUPRQH��DQG�WK\URLG�VWLPXODWLQJ�KRUPRQH�LQ�WKH�DGXOW�PDOH�UDW��
3V\FKRQHXURHQGRFULQRORJ\������������

0DUWt��2���0DUWL��-��DQG�$UPDULR��$�������E��(IIHFWV�RI�FKURQLF�VWUHVV�RQ�IRRG�LQWDNH�LQ�UDWV��
LQIOXHQFH�RI�VWUHVVRU�LQWHQVLW\�DQG�GXUDWLRQ�RI�GDLO\�H[SRVXUH��3K\VLRO�%HKDY���������
�����

0DVRQ��-��:���������$�UHYLHZ�RI�SV\FKRHQGRFULQH�UHVHDUFK�RQ�WKH�V\PSDWKHWLF�DGUHQDO�
PHGXOODU\�V\VWHP��3V\FKRVRP�0HG�����6XSSO����������

0F&DQQ��%��6���&DUWHU��-���9DXJKDQ��0���5DVNLQG��0���:LONLQVRQ��&��:��DQG�9HLWK��5��&���������
&DUGLRYDVFXODU�DQG�QHXURHQGRFULQH�UHVSRQVHV�WR�H[WHQGHG�ODERUDWRU\�FKDOOHQJH��
3V\FKRVRP�0HG��������������

0F&OHHU\��-��0��DQG�*RRGZLQ��*��0���������+LJK�DQG�ORZ�QHXURWLFLVP�SUHGLFW�GLIIHUHQW�FRUWLVRO�
UHVSRQVHV�WR�WKH�FRPELQHG�GH[DPHWKDVRQH��&5+�WHVW��%LRO�3V\FKLDWU\��������������

0F&UDH��5��5��DQG�&RVWD��3��7���-U���������3HUVRQDOLW\�WUDLW�VWUXFWXUH�DV�D�KXPDQ�XQLYHUVDO��$P�
3V\FKRO��������������

0F(ZHQ��%��6���������6WUHVVIXO�H[SHULHQFH��EUDLQ�DQG�HPRWLRQV��'HYHORSPHQWDO��JHQHWLF�DQG�
KRUPRQDO�LQIOXHQFHV��,Q��*D]]DQLJD��0��6���(G����7KH�FRJQLWLYH�QHXURVFLHQFHV��%UDGIRUG�
%RRNV��1HZ�<RUN��SS�������������

0HDQH\��0��-���'LRULR��-���)UDQFLV��'���:LGGRZVRQ��-���/D3ODQWH��3���&DOGML��&���6KDUPD��6���6HFNO��
-��5��DQG�3ORWVN\��3��0���������(DUO\�HQYLURQPHQWDO�UHJXODWLRQ�RI�IRUHEUDLQ�JOXFRFRUWLFRLG�
UHFHSWRU�JHQH�H[SUHVVLRQ��LPSOLFDWLRQV�IRU�DGUHQRFRUWLFDO�UHVSRQVHV�WR�VWUHVV��'HY�
1HXURVFL������������

0H\HUKRII��-��/���2OHVKDQVN\��0��$��DQG�0RXJH\��(��+���������3V\FKRORJLF�VWUHVV�LQFUHDVHV�
SODVPD�OHYHOV�RI�SURODFWLQ��FRUWLVRO��DQG�320&�GHULYHG�SHSWLGHV�LQ�PDQ��3V\FKRVRP�0HG�
�������������

0LFKHOVRQ��'���/LFLQLR��-��DQG�*ROG��3��:���������0HGLDWLRQ�RI�WKH�VWUHVV�UHVSRQVH�E\�WKH�
K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�D[LV��,Q��)ULHGPDQ��0��-��HW�DO���(GV����1HXURELRORJLFDO�
DQG�FOLQLFDO�FRQVHTXHQFHV�RI�VWUHVV��)URP�QRUPDO�DGDSWDULRQ�WR�SRVW�WUDXPDWLF�VWUHVV�
GLVRUGHU��/LSSLQFRW�5$YHQ�3XEOLVKHUV��3KLODGHOSKLD��SS�����������

0L]RJXFKL��.���,VKLJH��$���$EXUDGD��0��DQG�7DELUD��7���������&KURQLF�VWUHVV�DWWHQXDWHV�
JOXFRFRUWLFRLG�QHJDWLYH�IHHGEDFN��LQYROYHPHQW�RI�WKH�SUHIURQWDO�FRUWH[�DQG�
KLSSRFDPSXV��1HXURVFLHQFH���������������

0REHUJ��*��3���������,QIOXHQFH�RI�VWUHVV�RQ�UHSURGXFWLRQ��PHDVXUH�RI�ZHOO�EHLQJ��,Q��0REHUJ��*��
3���(G����$QLPDO�VWUHVV��$PHULFDQ�3K\VLRORJLFDO�6RFLHW\��%DOWLPRUH��SS�����������

0XQFN��$���*X\UH��3��0��DQG�+ROEURRN��1��-���������3K\VLRORJLFDO�IXQFWLRQV�RI�JOXFRFRUWLFRLGV�LQ�
VWUHVV�DQG�WKHLU�UHODWLRQ�WR�SKDUPDFRORJLFDO�DFWLRQV��(QGRFU�5HY�����������
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1DGDO��5���$UPDULR��$��DQG�-DQDN��3��+���������3RVLWLYH�UHODWLRQVKLS�EHWZHHQ�DFWLYLW\�LQ�D�QRYHO�
HQYLURQPHQW�DQG�RSHUDQW�HWKDQRO�VHOI�DGPLQLVWUDWLRQ�LQ�UDWV��3V\FKRSKDUPDFRORJ\�
�%HUO����������������

1DGDO��5���5RWOODQW��'���0DUTXH]��&��DQG�$UPDULR��$���������3HUVHYHUDQFH�RI�H[SORUDWLRQ�LQ�QRYHO�
HQYLURQPHQWV�SUHGLFWV�PRUSKLQH�SODFH�FRQGLWLRQLQJ�LQ�UDWV��%HKDY�%UDLQ�5HV�������������

1DWHOVRQ��%��+���7DSS��:��1���$GDPXV��-��(���0LWWOHU��-��&��DQG�/HYLQ��%��(���������+XPRUDO�
LQGLFHV�RI�VWUHVV�LQ�UDWV��3K\VLRO�%HKDY����������������

2JLOYLH��.��0���/HH��6��DQG�5LYLHU��&���������'LYHUJHQFH�LQ�WKH�H[SUHVVLRQ�RI�PROHFXODU�PDUNHUV�
RI�QHXURQDO�DFWLYDWLRQ�LQ�WKH�SDUYRFHOOXODU�SDUDYHQWULFXODU�QXFOHXV�RI�WKH�K\SRWKDODPXV�
HYRNHG�E\�DOFRKRO�DGPLQLVWUDWLRQ�YLD�GLIIHUHQW�URXWHV��-�1HXURVFL����������������

2KO��)���7RVFKL��1���:LJJHU��$���+HQQLJHU��0��6��DQG�/DQGJUDI��5���������'LPHQVLRQV�RI�
HPRWLRQDOLW\�LQ�D�UDW�PRGHO�RI�LQQDWH�DQ[LHW\��%HKDY�1HXURVFL���������������

2QV��6���������([SUHVLyQ�GH�JHQHV�GH�DFWLYDFLyQ�WHPSUDQD�HQ�HO�VLVWHPD�QHUYLRVR�FHQWUDO�GH�
UDWD�HQ�UHVSXHVWD�DO�HVWUpV��XQ�HVWXGLR�FRPSDUDWLYR�HQWUH�$UF�\�F�IRV��,Q��'HSDUWDPHQW�
GH�%LRORJLD�&HO OXODU��)LVLRORJLD�L�,PPXQRORJLD���SS�������8QLYHUVLWDW�$XWzQRPD�GH�
%DUFHORQD��%DUFHORQD��

2QV��6���0DUWt��2��DQG�$UPDULR��$���������6WUHVV�LQGXFHG�DFWLYDWLRQ�RI�WKH�LPPHGLDWH�HDUO\�JHQH�
$UF��DFWLYLW\�UHJXODWHG�F\WRVNHOHWRQ�DVVRFLDWHG�SURWHLQ��LV�UHVWULFWHG�WR�WHOHQFHSKDOLF�
DUHDV�LQ�WKH�UDW�EUDLQ��UHODWLRQVKLS�WR�F�IRV�P51$��-�1HXURFKHP����������������

2UWL]��-���'H&DSULR��-��/���.RVWHQ��7��$��DQG�1HVWOHU��(��-���������6WUDLQ�VHOHFWLYH�HIIHFWV�RI�
FRUWLFRVWHURQH�RQ�ORFRPRWRU�VHQVLWL]DWLRQ�WR�FRFDLQH�DQG�RQ�OHYHOV�RI�W\URVLQH�
K\GUR[\ODVH�DQG�JOXFRFRUWLFRLG�UHFHSWRU�LQ�WKH�YHQWUDO�WHJPHQWDO�DUHD��1HXURVFLHQFH�����
���������

2VWUDQGHU��0��0���8OULFK�/DL��<��0���&KRL��'��&���5LFKWDQG��1��0��DQG�+HUPDQ��-��3���������
+\SRDFWLYLW\�RI�WKH�+\SRWKDODPR�3LWXLWDU\�$GUHQRFRUWLFDO�$[LV�GXULQJ�5HFRYHU\�IURP�
&KURQLF�9DULDEOH�6WUHVV��(QGRFULQRORJ\�����������������

2WWHQZHOOHU��-��(���6HUYDWLXV��5��-��DQG�1DWHOVRQ��%��+���������5HSHDWHG�VWUHVV�SHUVLVWHQWO\�
HOHYDWHV�PRUQLQJ��EXW�QRW�HYHQLQJ��SODVPD�FRUWLFRVWHURQH�OHYHOV�LQ�PDOH�UDWV��3K\VLRO�
%HKDY��������������

2WWHQZHOOHU��-��(���6HUYDWLXV��5��-���7DSS��:��1���'UDVWDO��6��'���%HUJHQ��0��7��DQG�1DWHOVRQ��%��
+���������$�FKURQLF�VWUHVV�VWDWH�LQ�UDWV��HIIHFWV�RI�UHSHDWHG�VWUHVV�RQ�EDVDO�
FRUWLFRVWHURQH�DQG�EHKDYLRU��3K\VLRO�%HKDY��������������

2ZHQV��0��-��DQG�1HPHURII��&��%���������3K\VLRORJ\�DQG�SKDUPDFRORJ\�RI�FRUWLFRWURSLQ�
UHOHDVLQJ�IDFWRU��3KDUPDFRO�5HY��������������

3DFDN��.��DQG�3DONRYLWV��0���������6WUHVVRU�VSHFLILFLW\�RI�FHQWUDO�QHXURHQGRFULQH�UHVSRQVHV��
LPSOLFDWLRQV�IRU�VWUHVV�UHODWHG�GLVRUGHUV��(QGRFU�5HY��������������

3DFDN��.���3DONRYLWV��0���<DGLG��*���.YHWQDQVN\��5���.RSLQ��,��-��DQG�*ROGVWHLQ��'��6���������
+HWHURJHQHRXV�QHXURFKHPLFDO�UHVSRQVHV�WR�GLIIHUHQW�VWUHVVRUV��D�WHVW�RI�6HO\H
V�
GRFWULQH�RI�QRQVSHFLILFLW\��$P�-�3K\VLRO������5�����������

3DUNHV��'���5LYHVW��6���/HH��6���5LYLHU��&��DQG�9DOH��:���������&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�
DFWLYDWHV�F�IRV��1*),�%��DQG�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�JHQH�H[SUHVVLRQ�ZLWKLQ�WKH�
SDUDYHQWULFXODU�QXFOHXV�RI�WKH�UDW�K\SRWKDODPXV��0RO�(QGRFULQRO���������������

3DWHUVRQ��$���:KLWLQJ��3��-���*UD\��-��$���)OLQW��-��DQG�'DZVRQ��*��5���������/DFN�RI�FRQVLVWHQW�
EHKDYLRXUDO�HIIHFWV�RI�0DXGVOH\�UHDFWLYH�DQG�QRQ�UHDFWLYH�UDWV�LQ�D�QXPEHU�RI�DQLPDO�
WHVWV�RI�DQ[LHW\�DQG�DFWLYLW\��3V\FKRSKDUPDFRORJ\��%HUO����������������

3HOORZ��6���&KRSLQ��3���)LOH��6��(��DQG�%ULOH\��0���������9DOLGDWLRQ�RI�RSHQ�FORVHG�DUP�HQWULHV�LQ�
DQ�HOHYDWHG�SOXV�PD]H�DV�D�PHDVXUH�RI�DQ[LHW\�LQ�WKH�UDW��-�1HXURVFL�0HWKRGV���������
�����

3HOORZ��6��DQG�)LOH��6��(���������$Q[LRO\WLF�DQG�DQ[LRJHQLF�GUXJ�HIIHFWV�RQ�H[SORUDWRU\�DFWLYLW\�LQ�
DQ�HOHYDWHG�SOXV�PD]H��D�QRYHO�WHVW�RI�DQ[LHW\�LQ�WKH�UDW��3KDUPDFRO�%LRFKHP�%HKDY�����
���������

3LD]]D��3��9���'HPLQLqUH��-��0���/H�0RDO��0��DQG�6LPRQ��+���������)DFWRUV�WKDW�SUHGLFW�LQGLYLGXDO�
YXOQHUDELOLW\�WR�DPSKHWDPLQH�VHOI�DGPLQLVWUDWLRQ��6FLHQFH�����������������

3LD]]D��3��9���'HPLQLqUH��-��0���0DFFDUL��6���0RUPqGH��3���/H�0RDO��0��DQG�6LPRQ��+���������
,QGLYLGXDO�UHDFWLYLW\�WR�QRYHOW\�SUHGLFWV�SUREDELOLW\�RI�DPSKHWDPLQH�VHOI�DGPLQLVWUDWLRQ��
%HKDY�3KDUPDFRO�������������

3LD]]D��3��9��DQG�/H�0RDO��0���������*OXFRFRUWLFRLGV�DV�D�ELRORJLFDO�VXEVWUDWH�RI�UHZDUG��
SK\VLRORJLFDO�DQG�SDWKRSK\VLRORJLFDO�LPSOLFDWLRQV��%UDLQ�5HV�%UDLQ�5HV�5HY��������������
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3LD]]D��3��9���0DFFDUL��6���'HPLQLqUH��-��0���/H�0RDO��0���0RUPqGH��3��DQG�6LPRQ��+���������
&RUWLFRVWHURQH�OHYHOV�GHWHUPLQH�LQGLYLGXDO�YXOQHUDELOLW\�WR�DPSKHWDPLQH�VHOI�
DGPLQLVWUDWLRQ��3URF�1DWO�$FDG�6FL�8�6�$����������������

3LQQRFN��6��%��DQG�+HUEHUW��-���������&RUWLFRVWHURQH�GLIIHUHQWLDOO\�PRGXODWHV�H[SUHVVLRQ�RI�
FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�DQG�DUJLQLQH�YDVRSUHVVLQ�P51$�LQ�WKH�K\SRWKDODPLF�
SDUDYHQWULFXODU�QXFOHXV�IROORZLQJ�HLWKHU�DFXWH�RU�UHSHDWHG�UHVWUDLQW�VWUHVV��(XU�-�
1HXURVFL��������������

3ORPLQ��5��DQG�.RVVO\Q��6��0���������*HQHV��EUDLQ�DQG�FRJQLWLRQ��1DW�1HXURVFL���������������
3RWWHU��(���6XWWRQ��6���'RQDOGVRQ��&���&KHQ��5���3HUULQ��0���/HZLV��.���6DZFKHQNR��3��(��DQG�9DOH��

:���������'LVWULEXWLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�UHFHSWRU�P51$�H[SUHVVLRQ�LQ�WKH�
UDW�EUDLQ�DQG�SLWXLWDU\��3URF�1DWO�$FDG�6FL�8�6�$����������������

3UDWW��:��%���������7KH�UROH�RI�KHDW�VKRFN�SURWHLQV�LQ�UHJXODWLQJ�WKH�IXQFWLRQ��IROGLQJ��DQG�
WUDIILFNLQJ�RI�WKH�JOXFRFRUWLFRLG�UHFHSWRU��-�%LRO�&KHP�������������������

5DGRVHYLFK��3��0���1DVK��-��$���/DF\��'��%���2
'RQRYDQ��&���:LOOLDPV��3��(��DQG�$EXPUDG��1��1���
������(IIHFWV�RI�ORZ��DQG�KLJK�LQWHQVLW\�H[HUFLVH�RQ�SODVPD�DQG�FHUHEURVSLQDO�IOXLG�
OHYHOV�RI�LU�EHWD�HQGRUSKLQ��$&7+��FRUWLVRO��QRUHSLQHSKULQH�DQG�JOXFRVH�LQ�WKH�FRQVFLRXV�
GRJ��%UDLQ�5HV�������������

5DPRV��$���%HUWRQ��2���0RUPqGH��3��DQG�&KDRXORII��)���������$�PXOWLSOH�WHVW�VWXG\�RI�DQ[LHW\�
UHODWHG�EHKDYLRXUV�LQ�VL[�LQEUHG�UDW�VWUDLQV��%HKDY�%UDLQ�5HV������������

5DPRV��$���0HOOHULQ��<���0RUPqGH��3��DQG�&KDRXORII��)���������$�JHQHWLF�DQG�PXOWLIDFWRULDO�
DQDO\VLV�RI�DQ[LHW\�UHODWHG�EHKDYLRXUV�LQ�/HZLV�DQG�6+5�LQWHUFURVVHV��%HKDY�%UDLQ�5HV�
�������������

5DPRV��$��DQG�0RUPqGH��3���������6WUHVV�DQG�HPRWLRQDOLW\��D�PXOWLGLPHQVLRQDO�DQG�JHQHWLF�
DSSURDFK��1HXURVFL�%LREHKDY�5HY������������

5DWND��$���6XWDQWR��:���%ORHPHUV��0��DQG�GH�.ORHW��(��5���������2Q�WKH�UROH�RI�EUDLQ�
PLQHUDORFRUWLFRLG��W\SH�,��DQG�JOXFRFRUWLFRLG��W\SH�,,��UHFHSWRUV�LQ�QHXURHQGRFULQH�
UHJXODWLRQ��1HXURHQGRFULQRORJ\��������������

5HXO��-��0��DQG�GH�.ORHW��(��5���������7ZR�UHFHSWRU�V\VWHPV�IRU�FRUWLFRVWHURQH�LQ�UDW�EUDLQ��
PLFURGLVWULEXWLRQ�DQG�GLIIHUHQWLDO�RFFXSDWLRQ��(QGRFULQRORJ\�����������������

5HXO��-��0��DQG�+ROVERHU��)���������&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�UHFHSWRUV���DQG���LQ�DQ[LHW\�
DQG�GHSUHVVLRQ��&XUU�2SLQ�3KDUPDFRO�����������

5H[��$���9RLJW��-��3��DQG�)LQN��+���������%HKDYLRUDO�DQG�QHXURFKHPLFDO�GLIIHUHQFHV�EHWZHHQ�
)LVFKHU�����DQG�+DUODQ�:LVWDU�UDWV�UDLVHG�LGHQWLFDOO\��%HKDY�*HQHW��������������

5LFFLR��'��&���0DF$UG\��(��$��DQG�.LVVLQJHU��6��&���������$VVRFLDWLYH�SURFHVVHV�LQ�DGDSWDWLRQ�WR�
UHSHDWHG�FROG�H[SRVXUH�LQ�UDWV��%HKDY�1HXURVFL���������������

5LYHVW��6���/DIODPPH��1��DQG�1DSSL��5��(���������,PPXQH�FKDOOHQJH�DQG�LPPRELOL]DWLRQ�VWUHVV�
LQGXFH�WUDQVFULSWLRQ�RI�WKH�JHQH�HQFRGLQJ�WKH�&5)�UHFHSWRU�LQ�VHOHFWLYH�QXFOHL�RI�WKH�UDW�
K\SRWKDODPXV��-�1HXURVFL����������������

5LYHVW��6��DQG�5LYLHU��&���������,QIOXHQFH�RI�WKH�SDUDYHQWULFXODU�QXFOHXV�RI�WKH�K\SRWKDODPXV�LQ�
WKH�DOWHUDWLRQ�RI�QHXURHQGRFULQH�IXQFWLRQV�LQGXFHG�E\�LQWHUPLWWHQW�IRRWVKRFN�RU�
LQWHUOHXNLQ��(QGRFULQRORJ\�����������������

5LYLHU��&���5LYLHU��-��DQG�9DOH��:���������,QKLELWLRQ�RI�DGUHQRFRUWLFRWURSLF�KRUPRQH�VHFUHWLRQ�LQ�
WKH�UDW�E\�LPPXQRQHXWUDOL]DWLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��6FLHQFH���������������

5LYLHU��&��DQG�9DOH��:�������D��,QWHUDFWLRQ�RI�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�DQG�DUJLQLQH�
YDVRSUHVVLQ�RQ�DGUHQRFRUWLFRWURSLQ�VHFUHWLRQ�LQ�YLYR��(QGRFULQRORJ\���������������

5LYLHU��&��DQG�9DOH��:�������E��0RGXODWLRQ�RI�VWUHVV�LQGXFHG�$&7+�UHOHDVH�E\�FRUWLFRWURSLQ�
UHOHDVLQJ�IDFWRU��FDWHFKRODPLQHV�DQG�YDVRSUHVVLQ��1DWXUH���������������

5LYLHU��&��DQG�9DOH��:���������'LPLQLVKHG�UHVSRQVLYHQHVV�RI�WKH�K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�
D[LV�RI�WKH�UDW�GXULQJ�H[SRVXUH�WR�SURORQJHG�VWUHVV��D�SLWXLWDU\�PHGLDWHG�PHFKDQLVP��
(QGRFULQRORJ\�����������������

5LYLHU��-���5LYLHU��&��DQG�9DOH��:���������6\QWKHWLF�FRPSHWLWLYH�DQWDJRQLVWV�RI�FRUWLFRWURSLQ�
UHOHDVLQJ�IDFWRU��HIIHFW�RQ�$&7+�VHFUHWLRQ�LQ�WKH�UDW��6FLHQFH���������������

5RPHUR��/��0��DQG�6DSROVN\��5��0���������3DWWHUQV�RI�$&7+�VHFUHWDJRJ�VHFUHWLRQ�LQ�UHVSRQVH�WR�
SV\FKRORJLFDO�VWLPXOL��-�1HXURHQGRFULQRO�������������

5RWV��1��<���&RROV��$��5���2LW]O��0��6���GH�-RQJ��-���6XWDQWR��:��DQG�GH�.ORHW��(��5���������
'LYHUJHQW�SURODFWLQ�DQG�SLWXLWDU\�DGUHQDO�DFWLYLW\�LQ�UDWV�VHOHFWLYHO\�EUHG�IRU�GLIIHUHQW�
GRSDPLQH�UHVSRQVLYHQHVV��(QGRFULQRORJ\�����������������



5()(5(1&,$6�

����

5XLVVHDX��3��'���7DFKH��<���%UD]HDX��3��DQG�&ROOX��5���������3DWWHUQ�RI�DGHQRK\SRSK\VHDO�
KRUPRQH�FKDQJHV�LQGXFHG�E\�YDULRXV�VWUHVVRUV�LQ�IHPDOH�DQG�PDOH�UDWV��
1HXURHQGRFULQRORJ\��������������

6DOPRQ��3���3HDUFH��6���6PLWK��&��&���0DQ\DQGH��$���+H\V��$���3HWHUV��1��DQG�5DVKLG��-���������
$Q[LHW\��W\SH�$�SHUVRQDOLW\�DQG�HQGRFULQH�UHVSRQVHV�WR�VXUJHU\��%U�-�&OLQ�3V\FKRO������
3W��������������

6DORPH��1���6DOFKQHU��3���9LOWDUW��2���6HTXHLUD��+���:LJJHU��$���/DQGJUDI��5��DQG�6LQJHZDOG��1���
������1HXURELRORJLFDO�FRUUHODWHV�RI�KLJK��+$%��YHUVXV�ORZ�DQ[LHW\�UHODWHG�EHKDYLRU�
�/$%���GLIIHUHQWLDO�)RV�H[SUHVVLRQ�LQ�+$%�DQG�/$%�UDWV��%LRO�3V\FKLDWU\��������������

6iQFKH]�(OYLUD��$��DQG�3DQLDJXD��(���������,QWURGXFFLyQ�DO�HVWXGLR�GH�ODV�GLIHUHQFLDV�
LQGLYLGXDOHV��6DQ]�\�7RUUHV��0DGULG��

6DSROVN\��5���5LYLHU��&���<DPDPRWR��*���3ORWVN\��3��DQG�9DOH��:���������,QWHUOHXNLQ���VWLPXODWHV�
WKH�VHFUHWLRQ�RI�K\SRWKDODPLF�FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��6FLHQFH���������������

6DSROVN\��5��0���������6WUHVV��WKH�DJLQJ�EUDLQ�DQG�WKH�PHFKDQLVPV�RI�QHXURQ�GHDWK��0,7�3UHVV��
&DPEULGJH��

6DSROVN\��5��0���5RPHUR��/��0��DQG�0XQFN��$��8���������+RZ�GR�JOXFRFRUWLFRLGV�LQIOXHQFH�VWUHVV�
UHVSRQVHV"�,QWHJUDWLQJ�SHUPLVVLYH��VXSSUHVVLYH��VWLPXODWRU\��DQG�SUHSDUDWLYH�DFWLRQV��
(QGRFU�5HY������������

6DUD��6��-���'\RQ�/DXUHQW��&��DQG�+HUYH��$���������1RYHOW\�VHHNLQJ�EHKDYLRU�LQ�WKH�UDW�LV�
GHSHQGHQW�XSRQ�WKH�LQWHJULW\�RI�WKH�QRUDGUHQHUJLF�V\VWHP��%UDLQ�5HV�&RJQ�%UDLQ�5HV����
���������

6DZFKHQNR��3��(���/L��+��<��DQG�(ULFVVRQ��$���������&LUFXLWV�DQG�PHFKDQLVPV�JRYHUQLQJ�
K\SRWKDODPLF�UHVSRQVHV�WR�VWUHVV��D�WDOH�RI�WZR�SDUDGLJPV��3URJ�%UDLQ�5HV�������������

6DZFKHQNR��3��(��DQG�6ZDQVRQ��/��:���������2UJDQL]DWLRQ�RI�&5)�LPPXQRUHDFWLYH�FHOOV�DQG�
ILEHUV�LQ�WKH�UDW�EUDLQ��LPPXQRKLVWRFKHPLFDO�VWXGLHV��,Q��'H�6RX]D��(��%��DQG�1HPHURII��
&��%���(GV����&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��EDVLF�DQG�FOLQLFDO�VWXGLHV�RI�D�QHXURSHSWLGH��
&5&�3UHVV��%RFD�5DWRQ��SS���������

6FKHUHU��.��5���������$SSUDLVDO�WKHRU\��,Q��'DOJOHLVK��7��DQG�3RZHU��0���(GV����+DQGERRN�RI�
HPRWLRQ�DQG�FRJQLWLRQ��:LOH\��&KLFKHVWHU��(QJODQG��SS�����������

6FKRPPHU��1��&���.XGLHOND��%��0���+HOOKDPPHU��'��+��DQG�.LUVFKEDXP��&���������1R�HYLGHQFH�
IRU�D�FORVH�UHODWLRQVKLS�EHWZHHQ�SHUVRQDOLW\�WUDLWV�DQG�FLUFDGLDQ�FRUWLVRO�UK\WKP�RU�D�
VLQJOH�FRUWLVRO�VWUHVV�UHVSRQVH��3V\FKRO�5HS��������������

6FKZDUW]��0��:���'DOOPDQ��0��)��DQG�:RRGV��6��&���������+\SRWKDODPLF�UHVSRQVH�WR�VWDUYDWLRQ��
LPSOLFDWLRQV�IRU�WKH�VWXG\�RI�ZDVWLQJ�GLVRUGHUV��$P�-�3K\VLRO������5���������

6HQED��(��DQG�8H\DPD��7���������6WUHVV�LQGXFHG�H[SUHVVLRQ�RI�LPPHGLDWH�HDUO\�JHQHV�LQ�WKH�
EUDLQ�DQG�SHULSKHUDO�RUJDQV�RI�WKH�UDW��1HXURVFL�5HV��������������

6HQED��(���8PHPRWR��6���.DZDL��<��DQG�1RJXFKL��.���������'LIIHUHQWLDO�H[SUHVVLRQ�RI�IRV�IDPLO\�
DQG�MXQ�IDPLO\�P51$V�LQ�WKH�UDW�K\SRWKDODPR�SLWXLWDU\�DGUHQDO�D[LV�DIWHU�LPPRELOL]DWLRQ�
VWUHVV��%UDLQ�5HV�0RO�%UDLQ�5HV��������������

6HZHU��0��%��DQG�:DWHUPDQ��0��5���������&$03�GHSHQGHQW�SURWHLQ�NLQDVH�HQKDQFHV�&<3���
WUDQVFULSWLRQ�YLD�0.3���DFWLYDWLRQ�LQ�+���5�KXPDQ�DGUHQRFRUWLFDO�FHOOV��-�%LRO�&KHP�
����������������

6KDUS��%��0���0DWWD��6��*���3HWHUVRQ��3��.���1HZWRQ��5���&KDR��&��DQG�0F$OOHQ��.���������7XPRU�
QHFURVLV�IDFWRU�DOSKD�LV�D�SRWHQW�$&7+�VHFUHWDJRJXH��FRPSDULVRQ�WR�LQWHUOHXNLQ���EHWD��
(QGRFULQRORJ\�����������������

6PDJLQ��*��1��DQG�'XQQ��$��-���������7KH�UROH�RI�&5)�UHFHSWRU�VXEW\SHV�LQ�VWUHVV�LQGXFHG�
EHKDYLRXUDO�UHVSRQVHV��(XU�-�3KDUPDFRO���������������

6PLWK��&��&���+DXVHU��(���5HQDXG��1��.���/HII��$���$NVHQWLMHYLFK��6���&KURXVRV��*��3���:LOGHU��5��
/���*ROG��3��:��DQG�6WHUQEHUJ��(��0���������,QFUHDVHG�K\SRWKDODPLF�>�+@IOXQLWUD]HSDP�
ELQGLQJ�LQ�K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�D[LV�K\SRUHVSRQVLYH�/HZLV�UDWV��%UDLQ�5HV�
��������������

6PLWK��5���/RYHORFN��0���2ZHQV��3��&���&KDQ��(��&��DQG�)DOFRQHU��-���������7KH�HIIHFW�RI�
UHSHWLWLYH�KDHPRUUKDJH�RQ�SODVPD�FRUWLVRO��EHWD�HQGRUSKLQ�DQG�1�WHUPLQDO�SUR�
RSLRPHODQRFRUWLQ�LQ�FRQVFLRXV�VKHHS��+RUP�0HWDE�5HV��������������

6WHIDQVNL��9���������6RFLDO�VWUHVV�LQ�ODERUDWRU\�UDWV��EHKDYLRU��LPPXQH�IXQFWLRQ��DQG�WXPRU�
PHWDVWDVLV��3K\VLRO�%HKDY��������������
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6WHLPHU��7��DQG�'ULVFROO��3���������'LYHUJHQW�VWUHVV�UHVSRQVHV�DQG�FRSLQJ�VW\OHV�LQ�
SV\FKRJHQHWLFDOO\�VHOHFWHG�5RPDQ�KLJK��5+$��DQG�ORZ��5/$��DYRLGDQFH�UDWV��
EHKDYLRXUDO��QHXURHQGRFULQH�DQG�GHYHORSPHQWDO�DVSHFWV��6WUHVV������������

6WHLPHU��7���OD�)OHXU��6��DQG�6FKXO]��3��(���������1HXURHQGRFULQH�FRUUHODWHV�RI�HPRWLRQDO�
UHDFWLYLW\�DQG�FRSLQJ�LQ�PDOH�UDWV�IURP�WKH�5RPDQ�KLJK��5+$�9HUK���DQG�ORZ�
�5/$�9HUK��DYRLGDQFH�OLQHV��%HKDY�*HQHW��������������

6WHSWRH��$���������6WUHVV�DQG�WKH�FDUGLRYDVFXODU�V\VWHP��D�SV\FKRVRFLDO�SHUVSHFWLYH��,Q��
6WDQIRUG��6��&��DQG�6DOPRQ��3���(GV����6WUHVV��IURP�V\QDSVH�WR�V\QGRPH��$FDGHPLF�
3UHVV��6DQ�'LHJR��SS�����������

6WHUQEHUJ��(��0���<RXQJ��:��6����UG��%HUQDUGLQL��5���&DORJHUR��$��(���&KURXVRV��*��3���*ROG��3��:��
DQG�:LOGHU��5��/���������$�FHQWUDO�QHUYRXV�V\VWHP�GHIHFW�LQ�ELRV\QWKHVLV�RI�
FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH�LV�DVVRFLDWHG�ZLWK�VXVFHSWLELOLW\�WR�VWUHSWRFRFFDO�FHOO�
ZDOO�LQGXFHG�DUWKULWLV�LQ�/HZLV�UDWV��3URF�1DWO�$FDG�6FL�8�6�$����������������

6WRKU��7���6]XUDQ��7���:HO]O��+���3OLVND��9���)HOGRQ��-��DQG�3U\FH��&��5���������/HZLV�)LVFKHU�UDW�
VWUDLQ�GLIIHUHQFHV�LQ�HQGRFULQH�DQG�EHKDYLRXUDO�UHVSRQVHV�WR�HQYLURQPHQWDO�FKDOOHQJH��
3KDUPDFRO�%LRFKHP�%HKDY��������������

6XGD��7���7R]DZD��)���<DPDGD��0���8VKL\DPD��7���7RPRUL��1���6XPLWRPR��7���1DNDJDPL��<���
'HPXUD��+��DQG�6KL]XPH��.���������,QVXOLQ�LQGXFHG�K\SRJO\FHPLD�LQFUHDVHV�
FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�PHVVHQJHU�ULERQXFOHLF�DFLG�OHYHOV�LQ�UDW�K\SRWKDODPXV��
(QGRFULQRORJ\�����������������

6ZDQVRQ��/��:���6DZFKHQNR��3��(���5LYLHU��-��DQG�9DOH��:��:���������2UJDQL]DWLRQ�RI�RYLQH�
FRUWLFRWURSLQ�UHOHDVLQJ�IDFWRU�LPPXQRUHDFWLYH�FHOOV�DQG�ILEHUV�LQ�WKH�UDW�EUDLQ��DQ�
LPPXQRKLVWRFKHPLFDO�VWXG\��1HXURHQGRFULQRORJ\��������������

7DJK]RXWL��.���/DPDUTXH��6���.KDURXE\��0��DQG�6LPRQ��+���������,QWHULQGLYLGXDO�GLIIHUHQFHV�LQ�
DFWLYH�DQG�SDVVLYH�EHKDYLRUV�LQ�WKH�IRUFHG�VZLPPLQJ�WHVW��LPSOLFDWLRQV�IRU�DQLPDO�
PRGHOV�RI�SV\FKRSDWKRORJ\��%LRO�3V\FKLDWU\��������������

7UXOODV��5��DQG�6NROQLFN��3���������'LIIHUHQFHV�LQ�IHDU�PRWLYDWHG�EHKDYLRUV�DPRQJ�LQEUHG�PRXVH�
VWUDLQV��3V\FKRSKDUPDFRORJ\��%HUO����������������

7XUQEXOO��$��9��DQG�5LYLHU��&���������&RUWLFRWURSLQ�UHOHDVLQJ�IDFWRU��&5)��DQG�HQGRFULQH�
UHVSRQVHV�WR�VWUHVV��&5)�UHFHSWRUV��ELQGLQJ�SURWHLQ��DQG�UHODWHG�SHSWLGHV��3URF�6RF�([S�
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