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(QYLURQPHQW�DQG�VXVWDLQDELOLW\��FKDOOHQJHV�DQG�SHUVSHFWLYHV�IRU�

JHRWHFKQLFV�

$QWyQLR�-RVp�5RTXH
�

5(6802�±�$�*HRWHFQLD�$PELHQWDO�H�D�*HRWHFQLD�6XVWHQWiYHO�VmR�GXDV�VXEGLVFLSOLQDV�UHFHQWHV�GD�*HRWHFQLD�
H�HVWmR�GLUHWDPHQWH�UHODFLRQDGDV�FRP�R�GHVHQYROYLPHQWR�GH�VROXo}HV�SDUD�D�SURWHomR�GD�VD~GH�S~EOLFD�H�GR�

DPELHQWH��(QFRQWUDP�VH��SRU�LVVR��QD�YDQJXDUGD�GRV�GHVDILRV�GD�HQJHQKDULD�GD�FRQVWUXomR�QR�VpFXOR�;;,��RQGH�

D�VXVWHQWDELOLGDGH�p�XP�GRV�LPSHUDWLYRV�PDLV�LPSRUWDQWHV��3RU�RXWUR�ODGR��HVWDQGR�LQVHULGDV�QXP�GRV�PHUFDGRV�

GH�PDLRU� FUHVFLPHQWR� DWXDO� D� QtYHO� PXQGLDO�� SHUVSHWLYDP�VH� H[FHOHQWHV� RSRUWXQLGDGHV� HFRQyPLFDV� SDUD� DV�

HPSUHVDV� JHRWpFQLFDV��$V� SULRULGDGHV� HPHUJHQWHV� QDV� GXDV� VXEGLVFLSOLQDV� VmR� GLYHUVDV� H� UHTXHUHP� HVWUHLWD�

FRRSHUDomR�FRP�RXWUDV�GLVFLSOLQDV��DPELHQWH��JHRORJLD��TXtPLFD��ELRORJLD��FLrQFLD�GRV�PDWHULDLV��HQWUH�RXWUDV���

SDUD�RV�DYDQoRV�VHUHP�PDLV�UiSLGRV�H�FRP�PHOKRUHV�UHVXOWDGRV�H�RV�GHVDILRV�YHQFLGRV��2V�WySLFRV�VHOHFLRQDGRV�

SDUD�HVWH�WUDEDOKR�VmR�UHXQLGRV�QHVWDV�TXDWUR�iUHDV��DOWHUDo}HV�FOLPiWLFDV��HFRQRPLD�FLUFXODU��UHPHGLDomR�GH�

WHUUHQRV�FRQWDPLQDGRV��H�VXVWHQWDELOLGDGH�H�PLQHUDomR�GRV�DWHUURV�GH�UHVtGXRV��

6<1236,6�±�(QYLURQPHQWDO�*HRWHFKQLFV�DQG�6XVWDLQDEOH�*HRWHFKQLFV�DUH�WZR�VXEGLVFLSOLQHV�RI�*HRWHFKQLFV�
DQG�DUH�GLUHFWO\�UHODWHG�WR�WKH�GHYHORSPHQW�RI�VROXWLRQV�IRU�WKH�SURWHFWLRQ�RI�SXEOLF�KHDOWK�DQG�WKH�HQYLURQPHQW��

7KH\�DUH�� WKHUHIRUH��DW� WKH�IRUHIURQW�RI�WKH�FKDOOHQJHV�RI�FRQVWUXFWLRQ�HQJLQHHULQJ�LQ�WKH���VW�FHQWXU\��ZKHUH�

VXVWDLQDELOLW\�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�LPSHUDWLYHV��2Q�WKH�RWKHU�KDQG��EHLQJ�LQVHUWHG�RQH�RI�WKH�PDUNHWV�RI�

JUHDWHVW� DFWXDO� JURZWK� ZRUOGZLGH�� WKHUH� DUH� H[FHOOHQW� HFRQRPLF� RSSRUWXQLWLHV� IRU� JHRWHFKQLFDO� FRPSDQLHV��

(PHUJLQJ�SULRULWLHV�LQ�WKH�WZR�VXE�GLVFLSOLQHV�DUH�GLYHUVH�DQG�UHTXLUH�FORVH�FRRSHUDWLRQ�ZLWK�RWKHU�GLVFLSOLQHV�

�HQYLURQPHQW��JHRORJ\��FKHPLVWU\��ELRORJ\��PDWHULDOV�VFLHQFH��DPRQJ�RWKHUV���WR�WKH�DGYDQFHV�EHLQJ�IDVWHU�DQG�

ZLWK�EHWWHU�UHVXOWV�DQG�WKH�FKDOOHQJHV�RYHUFRPH��7KH�WRSLFV�VHOHFWHG�IRU�WKLV�ZRUN�DUH�JDWKHUHG�LQ�WKHVH�IRXU�

DUHDV�� FOLPDWH� FKDQJH�� FLUFXODU� HFRQRP\�� UHPHGLDWLRQ� RI� FRQWDPLQDWHG� VRLOV�� DQG� VXVWDLQDELOLW\� DQG� ODQGILOO�

PLQLQJ��

3DODYUDV�&KDYH�±�$OWHUDo}HV�FOLPiWLFDV��HFRQRPLD�FLUFXODU��VRORV�FRQWDPLQDGRV��

.H\ZRUGV�±�&OLPDWH�FKDQJHV��FLUFXODU�HFRQRP\��FRQWDPLQDWHG�VRLOV��

��±�,1752'8d­2�

$R� LQLFLDU� HVWH� WUDEDOKR� HQWHQGH�VH� UHOHYDQWH� GHILQLU� R� HQWHQGLPHQWR� VXEMDFHQWH� DRV� WHUPRV�

desafio� H� perspetiva�� GR� WtWXOR�� SHOD� VXD� UHOHYkQFLD� QD� RUJDQL]DomR� H� QRV� FRQWH~GRV� D� VHJXLU�

DSUHVHQWDGRV��

$VVLP�� R� WHUPR� desafio� p� DTXL� XVDGR� QR� SUHVVXSRVWR� TXH� H[LVWHP� GLILFXOGDGHV� FLHQWtILFDV� H�

WpFQLFDV� D� XOWUDSDVVDU�� DV� TXDLV�� GH� DOJXPD� IRUPD�� QmR� YrP� ID]HQGR� SDUWH� GDV� SUHRFXSDo}HV�

JHRWpFQLFDV�RX�HVWmR�SDUD�DOpP�GDV�VXDV�FDSDFLGDGHV�DWXDLV��7HQGR�SUHVHQWH��FLWDQGR�1LHOV�%RKU��TXH�

D�³3UHGLFLWRQ�LV�YHU\�GLIILFXOW��HVSHFLDOO\�DERXW�WKH�IXWXUH´��6LPSVRQ�H�7DWVXRND���������D�perspetiva�

p�VREUHWXGR�XP�SRQWR�GH�YLVWD�GR�DXWRU�GHVWH�WUDEDOKR��DLQGD�TXH�HVWUXWXUDGD�H�IXQGDPHQWDGD�D�SDUWLU�

GD�DQiOLVH�GD�LQIRUPDomR�UHFROKLGD��

�����������������������������������������������������������
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'DGD�D�DEUDQJrQFLD�GR�WtWXOR�IRL�SULRULWiULR�LGHQWLILFDU�RV�WHPDV�D�GHVHQYROYHU��WHQGR�SRU�SRQWR�

GH�SDUWLGD�D� VXD� LPSRUWkQFLD�DWXDO�� H� VREUHWXGR� IXWXUD� �15&��������&KRZGKXU\�H�)OHQWMH��������

6LPSVRQ�H�7DWVXRND��������.HDWRQ��������%UDQGO��������)UDQFLVFD��������%UHHGHYHOG��������+DMUD��

������-HIIHULV��������5HGG\��������5RZH��������7ULSDWK\��������5HGG\�H�$GDPV��������H�%HQVRQ��

�������PDV�WDPEpP�RV�FRQKHFLPHQWRV�H�DV�iUHDV�GH�LQWHUHVVH�GR�DXWRU��

$�*HRWHFQLD�$PELHQWDO�H�D�*HRWHFQLD�6XVWHQWiYHO�VmR�DV�GXDV�VXEGLVFLSOLQDV�GD�*HRWHFQLD�TXH�

PDLV� VH� UHODFLRQDP� FRP� R� GHVHQYROYLPHQWR� GH� VROXo}HV� SDUD� D� SURWHomR� GD� VD~GH� S~EOLFD� H� GR�

DPELHQWH� H�TXH� HVWmR�� SRU� LVVR�� QD� YDQJXDUGD�GRV�GHVDILRV� GD� VXVWHQWDELOLGDGH�GD� HQJHQKDULD�GD�

FRQVWUXomR�QR�VpFXOR�;;,��3DUD�DOpP�GLVVR��DV�WHFQRORJLDV�TXH�RIHUHFHP�VROXo}HV�SDUD�RV�SUREOHPDV�

DPELHQWDLV� VmR� XP� GRV� PHUFDGRV� FRP� PDLRU� FUHVFLPHQWR� D� QtYHO� PXQGLDO�� WHQGR� DOFDQoDGR�

DSUR[LPDGDPHQWH�����ELOL}HV�GH�HXURV�HP�������:HLQEHUJHU�et al.���������$�H[SUHVVmR�tecnologias 

ambientais�DEDUFD�QmR�Vy�RV�SURGXWRV��PDV�WDPEpP�RV�FRQFHLWRV��DV�WpFQLFDV�H�RV�VHUYLoRV�TXH�SRGHP�

PLWLJDU�RV�GDQRV�DPELHQWDLV�RX�DMXGDU�j�UHFXSHUDomR�GH�iUHDV�DIHWDGDV��

$�OLVWD�GH�SULRULGDGHV�DWXDLV�H�HPHUJHQWHV�HP�*HRWHFQLD�$PELHQWDO�H�HP�*HRWHFQLD�6XVWHQWiYHO��

FRPSLODGD� D� SDUWLU� GD� ELEOLRJUDILD� FRQVXOWDGD�� p� H[WHQVD�� WHQGR�VH� SURFXUDGR� VLQWHWL]i�ODV� QHVWDV�

iUHDV�� D��0HGLGDV� GH�0LWLJDomR� H� GH�$GDSWDomR� jV�$OWHUDo}HV�&OLPiWLFDV�� E��7UDQVIRUPDomR� GH�

5HVtGXRV�QXP�5HFXUVR��F��5HPHGLDomR�GH�7HUUHQRV�&RQWDPLQDGRV��G��6HJXUDQoD�(VWUXWXUDO�H�5LVFR�

$PELHQWDO�GRV�5HVtGXRV�0LQHLURV��UHMHLWDGRV�H�HVFRPEURV���H��5HGXomR�GR�&RQVXPR�GH�(QHUJLD�H�

3URGXomR�GH�(QHUJLD�5HFRUUHQGR�D�)RQWHV�6XVWHQWiYHLV�$OWHUQDWLYDV�DRV�&RPEXVWtYHLV�)yVVHLV��I��

([SORUDomR� 6XVWHQWiYHO� GRV� $WHUURV� GH� 5HVtGXRV�� J��0LQHUDomR� GRV� $WHUURV� GH� 5HVtGXRV�� H� K��

0HOKRUDPHQWR� GH� 7HUUHQRV� FRP� 7pFQLFDV� ,QRYDGRUDV� �SRU� H[HPSOR�� D� ELRWHFQRORJLD� H� D�

QDQRWHFQRORJLD���

(P� WRGRV� HVWHV� WHPDV� HPHUJHQWHV� Vy� VHUmR� SRVVtYHLV� DYDQoRV�PDLV� UiSLGRV��PDLRUHV� H� FRP�

PHOKRUHV�UHVXOWDGRV�DWUDYpV�GH�XPD�HVWUHLWD�FRRSHUDomR�HQWUH�YiULDV�GLVFLSOLQDV��QRPHDGDPHQWH��D�

HQJHQKDULD� FLYLO�� D� HQJHQKDULD� GR� DPELHQWH�� D� JHRORJLD�� D� TXtPLFD�� D� ELRORJLD� H� D� FLrQFLD� GRV�

PDWHULDLV��

2V�WySLFRV�VHOHFLRQDGRV�SDUD�XPD�GLVFXVVmR�PDLV�DSURIXQGDGD�QHVWH�WUDEDOKR�IRUDP�DJUXSDGRV�

QHVWDV�TXDWUR�iUHDV��D��$OWHUDo}HV�&OLPiWLFDV��E��(FRQRPLD�&LUFXODU��F��5HPHGLDomR�GH�7HUUHQRV�

&RQWDPLQDGRV�� H� G�� 6XVWHQWDELOLGDGH� H�0LQHUDomR� GRV� $WHUURV� GH� 5HVtGXRV�� $� SUy[LPD� VHFomR�

GHVFUHYH�EUHYHPHQWH�D�IRUPDomR�H�D�HYROXomR�GD�*HRWHFQLD�$PELHQWDO�H�GD�*HRWHFQLD�6XVWHQWiYHO��

��±�*(27(&1,$�$0%,(17$/�(�*(27(&1,$�6867(17È9(/�

$Wp�ILQDLV�GRV�DQRV�����D�*HRWHFQLD�$PELHQWDO�QmR�ID]LD�SDUWH�GR�YRFDEXOiULR�JHRWpFQLFR��$V�

VXEGLVFLSOLQDV�HQWmR�H[LVWHQWHV�HUDP�D�0HFkQLFD�GRV�6RORV��D�0HFkQLFD�GDV�5RFKDV�H�D�*HRORJLD�GH�

(QJHQKDULD��)LJXUD��D���)RL�DSHQDV�GHSRLV�GH�DSDUHFHUHP�RV�SULPHLURV�FDVRV�GH�FRQWDPLQDomR�HP�

/RYH�&DQDO��1LDJDUD�)DOOV��1HZ�<RUN��H�HP�9DOOH\�RI�WKH�'UXPV��%XOOLWW�&RXQW\��.HQWXFN\���QRV�

(VWDGRV� 8QLGRV� GD� $PpULFD� �(8$��� FRP� JUDYHV� FRQVHTXrQFLDV� SDUD� D� VD~GH� S~EOLFD� H� SDUD� R�

DPELHQWH�� TXH� RV� DPHULFDQRV� ILFDUDP� DOHUWDGRV� SDUD� D� QHFHVVLGDGH� GH� XPD� PHOKRU� JHVWmR� GRV�

UHVtGXRV��5HGG\�������H�5RZH���������$Wp�Dt��R�LQWHUHVVH�SHODV�TXHVW}HV�DPELHQWDLV�IRFDYD�VH�QRV�

SUREOHPDV�GD�SROXLomR�GD�iJXD�H�GR�DU��5HGG\���������5HIOHWLQGR�D�FUHVFHQWH�QHFHVVLGDGH�H�LQWHUHVVH�

GDV�TXHVW}HV�DPELHQWDLV�QR�PHLR�JHRWpFQLFR��D�6RFLHGDGH�,QWHUQDFLRQDO�GH�0HFkQLFD�GRV�6RORV�H�

(QJHQKDULD� *HRWpFQLFD� �,660*(�� FULRX� R� ³7&���� ±� (QYLURQPHQWDO� *HRWHFKQLFV´� HP� �����

�)UDWDORFFKL�� ������� SDVVDQGR� D� *HRWHFQLD� $PELHQWDO� D� FRQVWLWXLU� D� TXDUWD� VXEGLVFLSOLQD� GD�

*HRWHFQLD��)LJXUD��E���

$�FRQFHomR�H�D�FRQVWUXomR�GH�LQIUDHVWUXWXUDV�DGHTXDGDV�j�HOLPLQDomR�GH�UHVtGXRV�H�D�DYDOLDomR�

H� UHPHGLDomR� GH� WHUUHQRV� FRQWDPLQDGRV� SRU� SUiWLFDV� LQGXVWULDLV� LQDGHTXDGDV�� VmR� DVVRFLDGDV� j�

HQWUDGD�GD�JHRWHFQLD�QD�iUHD�DPELHQWDO��6KDFNHOIRUG�������H�5RZH���������

1RV�DWHUURV�GH�UHVtGXRV��HQWUH�RV�SULPHLURV�DYDQoRV�FRP�UHOHYkQFLD��HVWmR��R�GHVHQYROYLPHQWR�

GH� HVSHFLILFDo}HV� SDUD� D� FRQVWUXomR� GH� EDUUHLUDV� DUJLORVDV� FRPSDFWDGDV�� D� GHPRQVWUDomR� GD�

FRPSDWLELOLGDGH�D�ORQJR�SUD]R�HQWUH�RV�PDWHULDLV�DUJLORVRV�H�RV�OL[LYLDGRV�H�D�SURWHomR�GDV�EDUUHLUDV�
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DUJLORVDV�FRPSDFWDGDV�D�IHQyPHQRV�GH�GHVVHFDomR��TXHU�GXUDQWH�TXHU�DSyV�D�IDVH�GH�H[HFXomR��(VWDV�

SUHRFXSDo}HV� WpFQLFDV� IRUDP� UHVSRQViYHLV� SHOR� DSDUHFLPHQWR� GDV� EDUUHLUDV� FRPSyVLWDV�� FRP� D�

FRORFDomR�GH�PDWHULDLV�FRQKHFLGRV�j�GDWD�FRPR�SROLPpULFRV��DV�JHRPHPEUDQDV�DWXDLV��HP�FRQWDFWR�

GLUHWR�FRP�R�WRSR�GD�FDPDGD�DUJLORVD�FRPSDFWDGD��6KDFNHOIRUG���������1D�GpFDGD�GH�����FRPHoRX�

D�KDYHU�SUHRFXSDomR�FRP�D�FRPSUHVVLELOLGDGH�GRV�UHVtGXRV�VyOLGRV�XUEDQRV��568��H�FRP�D�SUHYLVmR�

GRV�DVVHQWDPHQWRV�GHVWHV�UHVtGXRV��H�DXPHQWRX�R�LQWHUHVVH�SHOD�XWLOL]DomR�GH�XP�JUDQGH�Q~PHUR�GH�

JHRVVLQWpWLFRV��FRPR�RV�JHRWr[WHLV�H�DV�JHRJUHOKDV��3RU�HVWD�DOWXUD��WDPEpP�VH�DVVLVWLX�j�LQWURGXomR�

QR�PHUFDGR�GRV�JHRFRPSyVLWRV�EHQWRQtWLFRV��6KDFNHOIRUG�������H�5RZH���������&RP�R�GRPtQLR�GDV�

WpFQLFDV� FRQVWUXWLYDV� GD� FREHUWXUD� ILQDO� H� GR� FRQILQDPHQWR� EDVDO� GRV� DWHUURV� GH� UHVtGXRV�� RV�

SULQFLSDLV�HVIRUoRV�GD�JHRWHFQLD�DPELHQWDO� IRUDP�GLUHFLRQDGRV�SDUD�R�PHOKRUDPHQWR�GRV�DVSHWRV�

DVVRFLDGRV�FRP�RV�VLVWHPDV�GH�UHFROKD�H�UHPRomR�GRV�OL[LYLDGRV��D�SUHYLVmR�GRV�DVVHQWDPHQWRV�GRV�

568�� H� R� FRQKHFLPHQWR� GDV� SURSULHGDGHV� H� GD� GXUDELOLGDGH� D� ORQJR�SUD]R� GRV� JHRVVLQWpWLFRV�

�6KDFNHOIRUG���������

2V� HVIRUoRV� GRV� JHRWpFQLFRV� SDUD� WUDWDU� RV� SUREOHPDV� UHODFLRQDGRV� FRP� D� DYDOLDomR� H� D�

UHPHGLDomR�GH�ORFDLV�FRQWDPLQDGRV�HQYROYHUDP�D�FRRSHUDomR�FRP�RXWUDV�iUHDV�FLHQWtILFDV��FRPR�D�

JHRORJLD�� D� TXtPLFD� H� D� HQJHQKDULD� GR� DPELHQWH� �6KDFNHOIRUG�� ������� 2V� JHRWpFQLFRV�

GHVHPSHQKDUDP�XP�SDSHO�IXQGDPHQWDO�QR�GHVHQYROYLPHQWR�H�QD�LPSOHPHQWDomR�GRV�PpWRGRV�H�GDV�

WHFQRORJLDV� GH� UHPHGLDomR� GRV� VRORV� in situ�� HP� UHVXOWDGR� GRV� VHXV� FRQKHFLPHQWRV� VREUH� R�

FRPSRUWDPHQWR�GRV�VRORV��6KDFNHOIRUG��������H�D�KHWHURJHQHLGDGH�H�DQLVRWURSLD�GR�VXEVROR��(VWHV�

FRQKHFLPHQWRV� IRUDP�DGTXLULGRV�QRV�SURMHWRV�GH�HQJHQKDULD�JHRWpFQLFD�FOiVVLFRV� �5HGG\���������

RQGH�VH�XWLOL]DP��H�GHVGH�ORQJD�GDWD��DV�IHUUDPHQWDV�GH�FDPSR�QHFHVViULDV�TXHU�j�FDUDFWHUL]DomR�GRV�

WHUUHQRV�TXHU�j�GHWHUPLQDomR�GR�WLSR�H�GD�H[WHQVmR�GD�iUHD�FRQWDPLQDGD��$�ORQJD�H[SHULrQFLD�GRV�

JHRWpFQLFRV� FRP� R� FRPSRUWDPHQWR� GDV� DUJLODV�� GHX� R� LPSXOVR� QHFHVViULR� SDUD� D� FRQVLGHUiYHO�

LQYHVWLJDomR�QRV�DQRV����VREUH�D�DSOLFDomR�GRV�FDPSRV�HOpWULFRV�QD�UHPRomR�GRV�FRQWDPLQDQWHV�QDV�

DUJLODV� �SRU� H[HPSOR��YLD� HOHWURRVPRVH�� �6KDFNHOIRUG���������2V�FRQKHFLPHQWRV�GRV�JHRWpFQLFRV�

VREUH�WpFQLFDV�GH�WUDWDPHQWR�GRV�WHUUHQRV��WDPEpP�IRUDP�UDSLGDPHQWH�DGDSWDGRV�QD�UHVROXomR�GH�

SUREOHPDV� DPELHQWDLV� UHODFLRQDGRV� FRP� D� UHPHGLDomR� GRV� VRORV� FRQWDPLQDGRV�� QRPHDGDPHQWH�

DWUDYpV�GD�HVWDELOL]DomR�H�GD�VROLGLILFDomR�GRV�FRQWDPLQDQWHV��SRU�H[HPSOR��YLD�PLVWXUD�GRV�VRORV��D�

PDLRU�RX�PHQRU�SURIXQGLGDGH��FRP�RV�HVWDELOL]DGRUHV�FLPHQWR�H�FDO���2V�JHRWpFQLFRV�WDPEpP�WrP�

XPD� ORQJD�KLVWyULD� FRP�D�XWLOL]DomR�GH�SDUHGHV�YHUWLFDLV� LPSHUPHiYHLV� FRP� IXQo}HV� HVWUXWXUDLV��

IDFLOLWDQGR�D�VXD�DGDSWDomR�SDUD�D�FRQVWUXomR�GH�SDUHGHV�YHUWLFDLV�LPSHUPHiYHLV�HP�VROR�EHQWRQLWH�

RX� FLPHQWR�EHQWRQLWH� FRP� IXQo}HV� GH� FRQILQDPHQWR� in situ� GH� iJXDV� VXEWHUUkQHDV� FRQWDPLQDGDV�

�6KDFNHOIRUG���������

(P�SDUWLFXODU�D�SDUWLU�GR�LQtFLR�GR�VpFXOR�;;,��RV�JHRWpFQLFRV�YrP�SURFXUDQGR�LQFRUSRUDU�RV�

UHVtGXRV�QXPD�JUDQGH�YDULHGDGH�GH�DSOLFDo}HV�HP�HQJHQKDULD�FLYLO��HP�VXEVWLWXLomR�GRV�VRORV�H�GRV�

DJUHJDGRV�RX�PLVWXUDGRV�FRP�HVWHV��5HGG\���������2�PHVPR�DXWRU�DILUPD�TXH�RV�HVIRUoRV�LQLFLDLV�

VH�IRFDUDP�QR�HVFRDPHQWR�GDV�FLQ]DV�YRODQWHV��H�TXH�D�QHFHVVLGDGH�GH�PLQLPL]DU�D�HOLPLQDomR�GRV�

UHVtGXRV� QRV� DWHUURV� WHP� JHUDGR� FUHVFHQWH� LQWHUHVVH� QD� UHXWLOL]DomR� H� QD� UHFLFODJHP� GH� RXWURV�

UHVtGXRV��WDLV�FRPR�DV�DUHLDV�GH�IXQGLomR��R�YLGUR��RV�SOiVWLFRV��RV�SQHXV��H�RV�SURGXWRV�GD�FRPEXVWmR�

GR� FDUYmR�� 9iULRV� SURFHGLPHQWRV� GH� HQVDLR� SDGUmR� WrP� VLGR� GHVHQYROYLGRV� SDUD� XWLOL]DU� HVWHV�

PDWHULDLV�HP�YiULDV�DSOLFDo}HV��2V�SULQFtSLRV�H�RV�PpWRGRV�XWLOL]DGRV�HP�JHRWHFQLD�QR�HVWXGR�GRV�

VRORV�YrP�VH�DSOLFDQGR��DSHQDV�FRP�DOJXPDV�H[FHo}HV��DRV�UHVtGXRV��HVWDQGR�RV�PDLRUHV�GHVDILRV�

DVVRFLDGRV��DR�HVWXGR�GD�OL[LYLDELOLGDGH�H�GD�GXUDELOLGDGH�GHVWHV�QRYRV�PDWHULDLV��5HGG\���������

$V� FDXVDV� DPELHQWDLV� WrP� VLGR� R� SULQFLSDO� PRWRU� GR� VXUJLPHQWR� H� GD� LPSODQWDomR� GD�

VXVWHQWDELOLGDGH�� FRPR� VHMDP�� DV� UHODFLRQDGDV� FRP� DV� SUHRFXSDo}HV� GR� DXPHQWR� GR� GLy[LGR� GH�

FDUERQR�QD�DWPRVIHUD�H�GD�WHPSHUDWXUD�JOREDO��GR�DFHOHUDGR�HVJRWDPHQWR�GRV�UHFXUVRV�QDWXUDLV�H�GRV�

ULVFRV�DPELHQWDLV�H�HFROyJLFRV��%DVX�et al.���������'H�DFRUGR�FRP�RV�PHVPRV�DXWRUHV��D�LQG~VWULD�

GD� FRQVWUXomR� p� UHVSRQViYHO� SRU� FHUFD� GH� ��� �� GR� FRQVXPR� JOREDO� GD� HQHUJLD�� XVD� JUDQGHV�

TXDQWLGDGHV� GH� PDWpULDV�SULPDV� SULPiULDV� WRGRV� RV� DQRV�� FRQWULEXL� SDUD� D� GHVHUWLILFDomR��

GHVPDWDPHQWR�H�HURVmR�GR�VROR�H�p�FDXVDGRUD�GD�SROXLomR�GR�VROR��GD�iJXD�H�GR�DU��$�DGRomR�GH�

SUiWLFDV�VXVWHQWiYHLV��SHOD�JHRWHFQLD��QD�FRQFHomR�H�FRQVWUXomR�GDV�REUDV��SRGH�FRQWULEXLU�SDUD�D�
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UHVROXomR�GRV�SUREOHPDV�GD�VXVWHQWDELOLGDGH�GR�QRVVR�SODQHWD��5HIOHWLQGR�D�FUHVFHQWH�LPSRUWkQFLD�

GD�JHRWHFQLD�QR�GHVHQYROYLPHQWR�VXVWHQWiYHO��D�6RFLHGDGH�,QWHUQDFLRQDO�GH�0HFkQLFD�GRV�6RORV�H�

(QJHQKDULD� *HRWpFQLFD� FULRX� HP� ������ RX� VHMD� YLQWH� DQRV� GHSRLV� GR� ³7&���� �� (QYLURQPHQWDO�

*HRWHFKQLFV´�� R� ³7&���� �� 6XVWDLQDELOLW\� LQ� *HRWHFKQLFDO� (QJLQHHULQJ´�� H�� FRP� LVVR�� XPD� QRYD�

VXEGLVFLSOLQD�GD�*HRWHFQLD��D�*HRWHFQLD�6XVWHQWiYHO��)LJXUD��F����

�
D��

�
E��

�
F��

)LJ����±�6XEGLVFLSOLQDV�GD�*HRWHFQLD��

�

)LJ����±�5HSUHVHQWDomR�GRV���(V�GD�HQJHQKDULD�VXVWHQWiYHO��DGDSWDGR�GH�%DVX�H�3XSSDOD���������

&RQIOLWR�FRP�R�DFHVVR�

H�D�PDUJLQDOL]DomR�

&RQIOLWR�FRP�D�UHGXQGkQFLD�

H�D�UHQWDELOLGDGH�
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&RPR�QR�PXQGR�DWXDO��GHVHQYROYLPHQWR�H�HQJHQKDULD�VmR�LQGLVVRFLiYHLV�H�D�VXVWHQWDELOLGDGH�
GHIHQGH�XPD�DERUGDJHP�HTXLOLEUDGD�TXH�PDQWHQKD�D�KDUPRQLD�HQWUH�R�DPELHQWH��D�VRFLHGDGH�H�D�
HFRQRPLD��R�GHVHQYROYLPHQWR�VXVWHQWiYHO�SRGH�VHU�YLVWR�FRPR�D�LQWHUDomR�HQWUH���(V�±�$PELHQWH�
�FI��³(QYLURQPHQW´���(FRQRPLD��(TXLGDGH�H�(QJHQKDULD��%DVX�H�3XSSDOD���������$�)LJXUD���PRVWUD�
RV���(V�GD�VXVWHQWDELOLGDGH�HP�HQJHQKDULD�H�D�UHODomR�HQWUH�VL��$OFDQoDU�R�HTXLOtEULR�HQWUH�HOHV�QmR�
FRQVWLWXL�XPD�WDUHID�IiFLO�SRUTXH�VmR�PXLWDV�YH]HV�FRQIOLWXRVRV�HQWUH�VL�H�HQYROYH�FRPSHQVDo}HV�H�
RWLPL]Do}HV��2�FRQIOLWR�PDLV�FRPXP�p�HQWUH�R�FUHVFLPHQWR�HFRQyPLFR�H�D�SURWHomR�GR�DPELHQWH��
PDV�WDPEpP�Ki�IUHTXHQWHPHQWH�XP�FRQIOLWR�HQWUH�D�HFRQRPLD�H�D�HTXLGDGH��TXH�VH�PDQLIHVWD�SRU�
XPD�GLVWULEXLomR�GHVLJXDO�GD�ULTXH]D��6XVWHQWDELOLGDGH��SRU�FRQVHJXLQWH��UHSUHVHQWD�XPD�VROXomR�GH�
FRPSURPLVVR�DFHLWiYHO�SDUD�XP�GHWHUPLQDGR�SUREOHPD��PDV�QmR�VHQGR�D�PHOKRU�VROXomR�SDUD�WRGRV�
RV�(V�LQGLYLGXDOPHQWH��

9HP� D� SURSyVLWR� PHQFLRQDU� R� SHQVDPHQWR� H[SUHVVR� SRU� /RQJ� �������� 6HJXQGR� HVWH�� D�
FDSDFLGDGH�SDUD�FRQVWUXLU�HVWUXWXUDV�FRPR�EDUUDJHQV��DXWRHVWUDGDV�H�VLVWHPDV�GH�IRUQHFLPHQWR�GH�
iJXD� VHJXURV� IRL� XP� LPSHUDWLYR� GD� HQJHQKDULD� GR� ~OWLPR� VpFXOR��PDV� WDOYH]� R�PDLV� LPSRUWDQWH�
LPSHUDWLYR�SDUD�HVWH�VpFXOR�VHMD�D�VXVWHQWDELOLGDGH��

��±�$/7(5$d®(6�&/,0È7,&$6�

([LVWH�DWXDOPHQWH�XP�FRQVHQVR�FDGD�YH]�PDLV�DODUJDGR�VREUH�GXDV�TXHVW}HV�IXQGDPHQWDLV�SDUD�
R�IXWXUR�GD�7HUUD�H�GDV�SRSXODo}HV�TXH�QHOD�KDELWDP��D��R�FOLPD�HVWi�D�PXGDU�SRU�UD]}HV�TXH�VH�
SUHQGHP�FRP�DV�DWLYLGDGHV�KXPDQDV��H�E��DV�PXGDQoDV�FOLPiWLFDV�SURGX]HP�HIHLWRV��QRPHDGDPHQWH��
RV�DVVRFLDGRV�DR�DXPHQWR�GRV�GHVDVWUHV�QDWXUDLV��VREUHWXGR��RV�GH�QDWXUH]D�KLGUROyJLFD��&DUGRVR��
�������e�LPSRUWDQWH��PHVPR�DVVLP��SURVVHJXLU�H�LQFUHPHQWDU�D�VHQVLELOL]DomR�GRV�FLGDGmRV�H�GRV�
GHFLVRUHV��SROtWLFRV�H�WpFQLFRV��SDUD�R�SUREOHPD��GH�PRGR�D�RFRUUHUHP�PRGLILFDo}HV�VLJQLILFDWLYDV�
QRV� FRPSRUWDPHQWRV� H� D� VHUHP� DFHLWHV� DV� PHGLGDV� QHFHVViULDV� GH�PLWLJDomR� H� GH� DGDSWDomR� jV�
DOWHUDo}HV�FOLPiWLFDV��

2�*OREDO�5LVN�5HSRUW�������:()���������SRU�H[HPSOR��FRQVLGHURX�DV�$OWHUDo}HV�&OLPiWLFDV�
FRPR�R�ULVFR�FRP�PDLRU�LPSDFWH�SRWHQFLDO�SDUD�RV�SUy[LPRV����DQRV��'HVGH�TXH�R�UHODWyULR�FRPHoRX�
D�VHU�SXEOLFDGR��HP�������HVWD�p�D�SULPHLUD�YH]�TXH�XP�ULVFR�DPELHQWDO�ILFRX�QR�WRSR�GD�FODVVLILFDomR��
2V�����HVSHFLDOLVWDV�TXH�DYDOLDUDP����ULVFRV�JOREDLV�SRU�LPSDFWH�H�SUREDELOLGDGH�QD�SUy[LPD�GpFDGD��
FRQVLGHUDUDP� TXH� DV� DOWHUDo}HV� FOLPiWLFDV� WrP� XP� PDLRU� SRWHQFLDO� GH� GDQRV� TXH� DV� DUPDV� GH�
GHVWUXLomR�HP�PDVVD� ���� OXJDU��� DV� FULVHV�GH�iJXD� ���� OXJDU��� D�PLJUDomR� LQYROXQWiULD� HP�JUDQGH�
HVFDOD�����OXJDU��H�R�FKRTXH�JUDYH�GR�SUHoR�GD�HQHUJLD�����OXJDU���

$�WHPSHUDWXUD�PpGLD�GR�JORER�HVWi�DWXDOPHQWH�FHUFD�GH������&�DFLPD�GD�FRUUHVSRQGHQWH�DRV�
QtYHLV�SUp�LQGXVWULDLV��������������WHQGR�R�DTXHFLPHQWR�PDLV�SURQXQFLDGR�RFRUULGR�QDV�~OWLPDV���
GpFDGDV��)LJXUD�����$�WHPSHUDWXUD�GR� WHUULWyULR� WHUUHVWUH�HXURSHX�GXUDQWH�D�~OWLPD�GpFDGD�������
������IRL��HP�PpGLD�������&�VXSHULRU�j�GR�QtYHO�SUp�LQGXVWULDO��R�TXH�VLJQLILFD�XP�DXPHQWR�PDLV�
UiSLGR�TXH�R�GD�PpGLD�PXQGLDO��&RPLVVmR�(XURSHLD���������

$QWHV�GR�$FRUGR�GH�3DULV�GH������VREUH�R�FOLPD��R�REMHWLYR�HUD�D�WHPSHUDWXUD�PpGLD�JOREDO�QmR�
DXPHQWDU��HP�UHODomR�DR�SHUtRGR�SUp�LQGXVWULDO��PDLV�TXH����&�DWp�������$SyV�D�&LPHLUD�GH�3DULV��R�
FRPSURPLVVR�p�PDQWHU�R�DXPHQWR�GD� WHPSHUDWXUD�PpGLD�JOREDO� LQIHULRU�D��� �&�HP�UHODomR�j�GRV�
QtYHLV�SUp�LQGXVWULDLV�H�SURVVHJXLU�FRP�RV�HVIRUoRV�SDUD�OLPLWDU�R�DXPHQWR�GD�WHPSHUDWXUD�D������&��
5HFRQKHFHX�VH�TXH�HVWD�DOWHUDomR�UHGX]�VLJQLILFDWLYDPHQWH�RV�ULVFRV�H�RV�LPSDFWHV�GDV�DOWHUDo}HV�
FOLPiWLFDV��2�$FRUGR�GH�3DULV�Mi�UHXQLX�DV�FRQGLo}HV�SDUD�HQWUDU�HP�YLJRU�HP�������XPD�YH]�TXH�
SHOR�PHQRV����SDtVHV�UHSUHVHQWDQGR�SHOR�PHQRV������GDV�HPLVV}HV�GH�*DVHV�FRP�(IHLWR�GH�(VWXID�
�*((��GHSRVLWDUDP�RV�UHVSHWLYRV�LQVWUXPHQWRV�GH�UDWLILFDomR��DFHLWDomR��DSURYDomR�RX�DFHVVmR��$�
DSURYDomR�SHOR�3DUODPHQWR�(XURSHX�WHYH�OXJDU�D���GH�RXWXEUR�GH�������
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�

)LJ����±�$OWHUDomR�GD�WHPSHUDWXUD�PpGLD�GR�JORER�QXP�FHQiULR�GH�EDL[DV�HPLVV}HV�H�PLWLJDomR�RX�
GH�HOHYDGDV�HPLVV}HV��DGDSWDGR�GH�,3&&������D���

�
$�GHILQLomR�GR�OLPLWH�Pi[LPR�GR�DXPHQWR�GH����&�DWp�������HP�UHODomR�j�pSRFD�SUp�LQGXVWULDO��

GHYH�VH�j�FDSDFLGDGH�GH�DGDSWDomR�ILFDU�FRPSURPHWLGD�DFLPD�GHVVH�YDORU��1DV�FRQGLo}HV�DWXDLV��
FDVR�QmR�VHMDP�DVVXPLGRV�RV�FRPSURPLVVRV�DFRUGDGRV��SUHYr�VH�TXH�D�WHPSHUDWXUD�DXPHQWH�SHOR�
PHQRV������&�DWp�������)LJXUD�����3DUD�R�FHQiULR�GH�HOHYDGDV�HPLVV}HV��DV�SUHYLV}HV�SDUD�D�VXELGD�
GD�WHPSHUDWXUD�HVWmR�HQWUH�RV������&�H�RV������&��)LJXUD�����

2V�FLHQWLVWDV�FDOFXODP�TXH�GHYLGR�DR�DTXHFLPHQWR�JOREDO��HQWUH�RV�DQRV������H�������R�QtYHO�GR�
PDU�WHQKD�VXELGR����FP��VREUHWXGR�QRV�~OWLPRV����DQRV��PDLV�GH���FP���H�TXH�DWp������VXED�HQWUH�
���D����FP��2�PHVPR�IHQyPHQR�IRL�UHVSRQViYHO�SHOD�SHUGD�GH�FHUFD�GH������GR�JHOR�H[LVWHQWH�QR�
ÈUWLFR�GHVGH�������$�)LJXUD���PRVWUD�D�GLIHUHQoD�HQWUH�D�VXSHUItFLH�GD�FDORWH�SRODU�QR�ÈUWLFR�HP�
VHWHPEUR�GH������H����DQRV�GHSRLV��
�

)LJ����±�,PDJHQV�GH�VDWpOLWH�FRPSDUDQGR�DV�iUHDV�GH�PDU�JHODGR�QR�ÈUWLFR�HP�VHWHPEUR�GH������H�
HP�VHWHPEUR�GH�������$&,$���������

�

0DU�JHODGR�QR�ÈUWLFR��HP�VHWHPEUR�GH������

�

0DU�JHODGR�QR�ÈUWLFR��HP�VHWHPEUR�GH������
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1RWtFLDV� UHFHQWHV� QRV�PHLRV� GH� FRPXQLFDomR� SRUWXJXHVHV� GmR� FRQWD� GDV� FRQVHTXrQFLDV� GRV�

HIHLWRV�GR�DTXHFLPHQWR�JOREDO�QR�QRVVR�SODQHWD��

$� ���GH� DJRVWR� GH� ������ R� MRUQDO� GLiULR�'LiULR� GH�1RWtFLDV�online� QRWLFLDYD� TXH�QD� LOKD� GH�

6KLVKPDUHI��$ODVFD��(8$���GH�TXDVH���NP�GH�FRPSULPHQWR�H�����P�GH�ODUJXUD��D�VXELGD�GR�QtYHO�GD�

iJXD�GR�PDU� QRV� ~OWLPRV� DQRV� OHYRX� j�GHVORFDOL]DomR�GH���� FDVDV� SDUD�R� FRQWLQHQWH� DPHULFDQR��

GHYLGR� DR� GHVDSDUHFLPHQWR� GR� WHUUHQR� TXH� DV� VXSRUWDYD�� (P� ������ DV� DXWRULGDGHV� QDFLRQDLV�

QRUWH�DPHULFDQDV�GHVWLQDUDP�RLWR�PLOK}HV�GH�GyODUHV�SDUD�WRGDV�DV�FRPXQLGDGHV�TXH�IRVVHP�DIHWDGDV�

SHODV�DOWHUDo}HV�FOLPiWLFDV�H�SUHWHQGHVVHP�PXGDU�GH�ORFDO��3RUpP��Vy�D�LOKD�GH�6KLVKPDUHI�QHFHVVLWD�

GH�FHUFD�GH�����PLOK}HV�GH�GyODUHV�H��GH�DFRUGR�FRP�R�MRUQDO�7KH�+XIILQJWRQ�3RVW��Vy�QR�$ODVFD�Ki�

XPD�GH]HQD�GH�FRPXQLGDGHV�QDV�PHVPDV�FRQGLo}HV��

$����GH�VHWHPEUR�GH�������R�MRUQDO�GLiULR�-RUQDO�GH�1RWtFLDV�online�UHIHULD�TXH�R�H[pUFLWR�QRUWH�

DPHULFDQR�FRQVWUXLX��QR�DQR�GH�������HP�&DPS�&HQWXU\��D�����NP�GD�FRVWD�GD�*URQHOkQGLD��QD�

DOWXUD�FRQGDGR�GD�'LQDPDUFD��XPD��FLGDGH�GHEDL[R�GR�JHOR���FRP�XPD� UHGH�GH���NP�GH� W~QHLV��

ODERUDWyULRV��ORMDV��XP�KRVSLWDO��XP�FLQHPD��XPD�FDSHOD�H�DORMDPHQWR�SDUD�FHUFD�GH�����VROGDGRV��2�

SURMHWR��GHVLJQDGR�,FHZRUP��WLQKD�FRPR�REMHWLYR�WHVWDU�D�YLDELOLGDGH�GH�LQVWDODU�XPD�SODWDIRUPD�GH�

ODQoDPHQWR�GH�PtVVHLV�QXFOHDUHV�FRP�FDSDFLGDGH�SDUD�DOFDQoDUHP�D�H[�8QLmR�6RYLpWLFD��2�SURMHWR�

IRL��SRUpP��DEDQGRQDGR�HP�������GHYLGR�D�SUREOHPDV�HVWUXWXUDLV��$�PRYLPHQWDomR�GR�JHOR�OHYDYD�

DR�FRODSVR�GRV�W~QHLV��$�HQHUJLD�QHFHVViULD�DR�SURMHWR�HUD�IRUQHFLGD�SHOR�SULPHLUR�JHUDGRU�QXFOHDU�

PyYHO�GR�PXQGR��GR�TXDO�SRGHP�DLQGD�VXEVLVWLU� UHVtGXRV� Wy[LFRV��SDUD�DOpP�GH�RXWURV� UHVtGXRV��

GHVLJQDGDPHQWH�ELROyJLFRV�H�TXtPLFRV��'HYLGR�DR�DTXHFLPHQWR�JOREDO��R�JHOR��TXH�FREUH�JUDQGH�

SDUWH� GD� LOKD� H� TXH� VH� VXSRQKD� SUHVHUYDU� SDUD� D� HWHUQLGDGH� R� TXH� ILFRX� GR� DEDQGRQDGR� SURMHWR��

GHUUHWHX�GXDV�YH]HV�PDLV�UiSLGR�HQWUH������H������TXH�GXUDQWH�WRGR�R�VpFXOR�;;��$�H[SRVLomR�GR�

TXH�DLQGD�H[LVWH�SRGH�VHU��SRU�LVVR��XPD�TXHVWmR�GH�WHPSR��

2�FRPEDWH�jV�DOWHUDo}HV�FOLPiWLFDV�SRGH�VHU�FRQVHJXLGR�GH�GXDV�IRUPDV��DWUDYpV�GH�PHGLGDV�GH�

PLWLJDomR�H�GH�PHGLGDV�GH�DGDSWDomR��$V�PHGLGDV�GH�PLWLJDomR�HVWmR�GLUHFLRQDGDV�SDUD�FRPEDWHU�

DV�FDXVDV�GDV�DOWHUDo}HV�FOLPiWLFDV��QRPHDGDPHQWH��D�HPLVVmR�GH�*((��VHQGR�R�GLy[LGR�GH�FDUERQR��

&2���TXH�FRQWULEXL�FRP�FHUFD�GH��������H�R�PHWDQR��&+���TXH�FRQWULEXL�FRP�FHUFD�GH��������RV�

PDLV�LPSRUWDQWHV��2XWURV�*((�VmR�RV�FORURIOXRUFDUERQHWRV��&)&��TXH�FRQWULEXHP�FRP�FHUFD�GH����

���H�R�y[LGR�QLWURVR��1�2��FRP�FHUFD�GH������2XWURV�KDORFDUERQHWRV��R�R]RQR��2���H�R�YDSRU�GH�

iJXD�� +���� WDPEpP� FRQWULEXHP� SDUD� R� DTXHFLPHQWR� JOREDO�� $� )LJXUD� �� PRVWUD� D� HYROXomR� GDV�

FRQFHQWUDo}HV�DWPRVIpULFDV�GRV�*((��&2���&+��H�1�2��HQWUH������H�������$V�PHGLGDV�GH�DGDSWDomR�

HVWmR�GLUHFLRQDGDV�SDUD�D�UHGXomR�GRV�ULVFRV�GHFRUUHQWHV�GDV�DOWHUDo}HV�FOLPiWLFDV��FRP�PHGLGDV�GH�

VDOYDJXDUGD�� H�� FRP� LVVR�� DQWHFLSDQGR� RX� UHDJLQGR� DRV� ULVFRV�� $PEDV� DV� UHVSRVWDV� GHYHP� VHU�

HQTXDGUDGDV�H�LQWHJUDGDV��

3HOR�$FRUGR�GH�3DULV�GH�������D�8QLmR�(XURSHLD��8(��UHGX]LUi������GDV�HPLVV}HV�GH�*((�DWp�

������HP�FRPSDUDomR�FRP�RV�QtYHLV�GH�������RV�(8$�UHGX]LUmR��FDVR�FXPSUDP�R�DFRUGDGR��DV�VXDV�

HPLVV}HV� HQWUH� ����� H� ����� DWp� ������ HP� FRPSDUDomR� FRP� RV� QtYHLV� GH� ������ H� D� &KLQD� LUi�

LPSOHPHQWDU�PHGLGDV� SDUD� DV� VXDV� HPLVV}HV� FRPHoDUHP� D� GLPLQXLU� D� SDUWLU� GH� ������$Wp� ������

SUHWHQGH�VH�UHGX]LU�DV�HPLVV}HV�GH�*((��IDFH�DRV�QtYHLV�GH�������HP����D������QD�(XURSD�H����D����

��QR�PXQGR��

1R� kPELWR� GR� 3URWRFROR� GH� 4XLRWR� GH� ������ HP� YLJRU� GHVGH� ������ 3RUWXJDO� DVVXPLX� R�

FRPSURPLVVR�GH�QmR�XOWUDSDVVDU�DV�HPLVV}HV�GH�*((�HP������QR�SHUtRGR������D������� IDFH�jV�

HPLVV}HV� UHJLVWDGDV� HP� ������ $R� QmR� XOWUDSDVVDU� RV� ��� ��� 3RUWXJDO� FXPSULX� R� FRPSURPLVVR�

DVVXPLGR��

2V�SURFHVVRV�QDWXUDLV�GH�VHTXHVWUR�GR�&2���FRPR�D�IRWRVVtQWHVH�GDV�SODQWDV�H�D�IRUPDomR�GRV�

HVTXHOHWRV�UtJLGRV�GRV�FRUDLV��QmR�VmR�VXILFLHQWHV�SDUD�FRPSHQVDU�D�TXDQWLGDGH�GH�&2��HPLWLGR�SDUD�

D� DWPRVIHUD�� SHOR� TXH� VH� YHP� UHFRUUHQGR� j� WHFQRORJLD� GH� FDSWXUD� H� DUPD]HQDPHQWR� GR�&2�� HP�

FDPDGDV�SURIXQGDV�GR�VXEVROR��DQWHV�PHVPR�GH�VHU� OLEHUWDGR�QD�DWPRVIHUD� �&RPLVVmR�(XURSHLD��

�������2V�FRQKHFLPHQWRV�DGTXLULGRV�SHORV�JHRWpFQLFRV�QD�H[HFXomR�GH�REUDV�VXEWHUUkQHDV��FRPR�

VHMDP� RV� yUJmRV� GH� VHJXUDQoD� H� GH� H[SORUDomR� GDV� EDUUDJHQV� RX� R� DUPD]HQDPHQWR� GH� EHQV� GH�

FRQVXPR��VmR�XPD�YDQWDJHP�SDUD�D�VXD�SDUWLFLSDomR�QDV�REUDV�GH�DUPD]HQDJHP�VXEWHUUkQHD�GH�&2���
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�

)LJ����±�&RQFHQWUDomR�DWPRVIpULFD�GH�&2���&+��H�1�2�QD�DWPRVIHUD��HQWUH������H�������,3&&��
����E���

2V� JHRWpFQLFRV� SRGHP� FRQWULEXLU� LJXDOPHQWH� SDUD� D� UHGXomR� GDV� HPLVV}HV� GRV� *((��
VXEVWLWXLQGR� DV� IRQWHV� GH� HQHUJLD� GHULYDGDV� GRV� FRPEXVWtYHLV� IyVVHLV�� SRU� IRQWHV� GH� HQHUJLD�
UHQRYiYHLV��FRPR�D�JHRWHUPLD�H�DV�JHRHVWUXWXUDV�HQHUJpWLFDV�RX�HVWUXWXUDV�WHUPRDWLYDV��H�UHGX]LQGR�
RV�FRQVXPRV�GH�HQHUJLD�QD�H[HFXomR�GDV�REUDV��7RGDV�DV�PHGLGDV�TXH�SRVVDP�VXEVWLWXLU�DV�IRQWHV�
GH�HQHUJLD�FRQYHQFLRQDLV�SHODV�UHQRYiYHLV�VmR�PXLWR�UHOHYDQWHV��DWHQGHQGR�j�SUHYLVmR�GH�DXPHQWR�
DFHQWXDGR�GD�SURFXUD�GH�HQHUJLD�QRV�SUy[LPRV����DQRV��TXHU�GHYLGR�DR�GHVHQYROYLPHQWR�HFRQyPLFR�
TXHU�DR�FUHVFLPHQWR�GD�SRSXODomR��TXH�SDVVDUi�GRV�����PLO�PLOK}HV�DWXDLV��SDUD�RV�����PLO�PLOK}HV�
HP�������&DUGRVR��������H��������

,QGHSHQGHQWHPHQWH�GR�r[LWR�TXH�DV�PHGLGDV�GH�PLWLJDomR�SRVVDP�YLU�D�UHYHODU��R�LPSDFWH�GDV�
DOWHUDo}HV� FOLPiWLFDV� YDL� LQWHQVLILFDU�VH� QDV� SUy[LPDV� GpFDGDV�� GHYLGR� DR� HIHLWR� UHWDUGDGR� GDV�
HPLVV}HV�SDVVDGDV�H�SUHVHQWHV�GRV�*((��FDGD�PROpFXOD�GH�&2��SRGH�VH�PDQWHU�QD�DWPRVIHUD�SRU�
PDLV�GH�����DQRV���&RPLVVmR�(XURSHLD���������SHOR�TXH�DV�PHGLGDV�GH�DGDSWDomR�VmR�LQGLVSHQViYHLV�
QD�UHGXomR�GRV�ULVFRV�SURYHQLHQWHV�GDV�DOWHUDo}HV�FOLPiWLFDV��$�)LQOkQGLD�WHUi�VLGR�R�SULPHLUR�SDtV��
QR� FRQWH[WR� LQWHUQDFLRQDO�� D� GHVHQYROYHU� XPD� HVWUDWpJLD� QDFLRQDO� GH� DGDSWDomR� jV� DOWHUDo}HV�
FOLPiWLFDV��'*27'8���������

3DUD�R�FRQMXQWR�GD�8(��HVWLPD�VH�TXH�R�FXVWR�PtQLPR�GD�QmR�DGDSWDomR�jV�DOWHUDo}HV�FOLPiWLFDV��
QXP�FHQiULR�GH�DXPHQWR�GD�WHPSHUDWXUD�VXSHULRU�D����&��YDULH�HQWUH�����PLO�PLOK}HV�GH�HXURV�SRU�
DQR�HP������H�����PLO�PLOK}HV�HP�������(PERUD�QmR�H[LVWD�QHQKXPD�DQiOLVH�DEUDQJHQWH�GRV�FXVWRV�
GD�DGDSWDomR�QD�8(��HVWLPD�VH�TXH�DV�PHGLGDV�DGLFLRQDLV�GH�SURWHomR�FRQWUD�LQXQGDo}HV�VH�FLIUHP�
HP�����PLO�PLOK}HV�GH�HXURV�SRU�DQR�QD�GpFDGD�GH�������YDORU�TXH�DXPHQWDUi�SDUD�����PLO�PLOK}HV�
QD�GpFDGD�GH�������(VVDV�PHGLGDV�SRGHP�VHU�EDVWDQWH�HILFD]HV��SRLV��SRU�FDGD�HXUR�JDVWR�QD�SURWHomR�
FRQWUD� LQXQGDo}HV�� HVWLPD�VH� TXH� VH� HYLWHP� VHLV� HXURV� GH� FXVWRV� GH� GDQRV� �&RPLVVmR�(XURSHLD��
�������

$� QtYHO� HXURSHX�� D� (VWUDWpJLD� GD� 8(� SDUD� D� DGDSWDomR� jV� DOWHUDo}HV� FOLPiWLFDV� �&RPLVVmR�
(XURSHLD�� ������ UHIHUH� TXH� VmR� SDUWLFXODUPHQWH� YXOQHUiYHLV� D� EDFLD� PHGLWHUUkQLFD�� DV� ]RQDV�
PRQWDQKRVDV�� DV� ]RQDV� GHQVDPHQWH� SRYRDGDV� HP� OHLWRV� GH� FKHLD�� DV� ]RQDV� FRVWHLUDV�� DV� UHJL}HV�
XOWUDSHULIpULFDV� H� R�ÈUWLFR��2�PHVPR� GRFXPHQWR� UHDOoD� TXH� WUrV� TXDUWRV� GD� SRSXODomR� HXURSHLD�
YLYHP�HP�]RQDV�XUEDQDV�� IUHTXHQWHPHQWH�PDO�HTXLSDGDV�SDUD�D�DGDSWDomR�H�H[SRVWDV�D�YDJDV�GH�
FDORU��LQXQGDo}HV�H�VXELGD�GRV�QtYHLV�GR�PDU��

$�(VWUDWpJLD�1DFLRQDO�GH�$GDSWDomR�jV�$OWHUDo}HV�&OLPiWLFDV��6DQWRV�et al.��������DILUPD��HP�
DFRUGR�FRP�D�JHQHUDOLGDGH�GRV�HVWXGRV�FLHQWtILFRV�PDLV� UHFHQWHV��TXH�D� UHJLmR�GR�VXO�GD�(XURSD�
�3RUWXJDO��(VSDQKD��,WiOLD��*UpFLD�H�%XOJiULD��p�XPD�GDV�iUHDV�SRWHQFLDOPHQWH�PDLV�DIHWDGDV�SHODV�
DOWHUDo}HV� FOLPiWLFDV�� FRP�SRWHQFLDLV�SHUGDV�QR�3URGXWR� ,QWHUQR�%UXWR� �3,%�� HQWUH�������H�����
�UHVSHWLYDPHQWH��SDUD�XP�FHQiULR�GH�DXPHQWR�GD�WHPSHUDWXUD�PpGLD�JOREDO�GH����&�H�SDUD�XP�FHQiULR�
GH�UHIHUrQFLD�RQGH�HVWH�DXPHQWR�SRGH�DWLQJLU������&��VHP�UHFXUVR�D�PHGLGDV�GH�PLWLJDomR���(VWDV�
SHUGDV� HFRQyPLFDV� VHUmR� SULQFLSDOPHQWH� GHYLGDV� DRV� LPSDFWHV� GDV� DOWHUDo}HV� FOLPiWLFDV�
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UHODFLRQDGRV�FRP�D�DJULFXOWXUD��D�HQHUJLD��DV�FKHLDV�H�DV�LQXQGDo}HV��RV�LQFrQGLRV�IORUHVWDLV��D�VD~GH�

KXPDQD��DV�VHFDV�H�DV�]RQDV�FRVWHLUDV��

1R� VHX� FRQMXQWR�� D� ]RQD� FRVWHLUD� GH�3RUWXJDO�&RQWLQHQWDO� HVWi� VXMHLWD� D� XPD� VpULH� GH� ULVFRV�

QDWXUDLV�TXH�UHVXOWDP�GH�YiULRV�WLSRV�GH�SHULJRVLGDGHV��QRPHDGDPHQWH��HURVmR�FRVWHLUD�HP�����GD�

VXD�H[WHQVmR��FRP�R�FRQVHTXHQWH�UHFXR�GD�OLQKD�GH�FRVWD�H�DV�GHVWUXLo}HV�D�HOD�LQHUHQWHV���LQXQGDomR�

GH�PDUJHQV�PDLV�IUHTXHQWHV�H�PDLV�FDWDVWUyILFDV�GDV�]RQDV�ULEHLULQKDV��JDOJDPHQWR�GR�VLVWHPD�GXQDU��

VDOLQL]DomR� GH� DTXtIHURV� H� DPSOLDomR� GDV� FXQKDV� VDOLQDV� QRV� HVWXiULRV�� PRYLPHQWRV� GH� PDVVD��

PDUHPRWR�� H�GHJUDGDomR� DPELHQWDO� H�SHUGD�GH�KDELWDWV� H� HVSpFLHV� �5LEHLUR���������1XP�FHQiULR�

H[WUHPR�GH�HOHYDomR�GR�QtYHO�GR�PDU�HVWLPD�VH�� HP� UHODomR�j� VLWXDomR�GH� UHIHUrQFLD��XPD�SHUGD�

DFXPXODGD�GH�WHUULWyULR�QDFLRQDO�GH��������

$V�PHGLGDV�GH�UHIRUoR�QD�FRVWD�SRUWXJXHVD�WrP�VH�UHYHODGR�LQIUXWtIHUDV�QRV�~OWLPRV�DQRV��FRP�

R�UHFXR�FRQVWDQWH�GD�OLQKD�GH�FRVWD��DSHVDU�GRV�JDVWRV�HOHYDGRV�TXH�VH�ID]HP�WRGRV�RV�DQRV�SDUD�

UHSRU�DUHLDV�H�UHIRUoDU�SRQW}HV��HVSRU}HV�H�RXWUDV�REUDV�GH�GHIHVD�FRVWHLUD��$�SHUGD�GH�GH]HQDV�GH�

PHWURV�SDUD�R�PDU��WD[D�PpGLD�GH�����PP�DQR�HQWUH������H������H�GH�����PP�DQR�HQWUH������H������

�/DFDVWD�H�/DFHUGD���������p�XP�VLQDO�FODUR�GD�IDOWD�GH�FRQGLo}HV�SDUD�TXH�VH�FRQWLQXH�D�LQVLVWLU�QHVVH�

SURFHVVR��FRP�WHQGrQFLD�SDUD�VH�DJUDYDU�FRP�R�H[SHFWiYHO�DXPHQWR�GR�QtYHO�PpGLR�GR�PDU��/31��

�������(QWUH������H�������D�OLQKD�GH�FRVWD�QD�&RYD�GR�9DSRU�UHFXRX�FHUFD�GH����P�H�QD�9DJXHLUD��

HQWUH������H�������IRUDP�FHUFD�GH����P��1RWtFLDV�0DJD]LQH���������$SHVDU�GLVVR��R�MRUQDO�GLiULR�

-RUQDO�GH�1RWtFLDV��QD�HGLomR�online�GH����GH�RXWXEUR�GH�������UHIHULD�TXH�QR�3RUWR�VH�LUi�JDVWDU����

PLOK}HV�GH�HXURV��DWp�������SDUD�SURWHJHU�D�OLQKD�FRVWHLUD�GR�DYDQoR�GR�PDU��H�D�UHSRVLomR�GH�DUHLD�

QDV�SUDLDV�GD�&RVWD�GD�&DSDULFD�FXVWRX��Vy�HP���������PLOK}HV�GH�HXURV��VHJXQGR�QRWtFLD�GD�HGLomR�

�

D��

�

E��

�
F��

)LJ����±�(IHLWRV�GD�HURVmR�QD�OLQKD�GH�FRVWD�SRUWXJXHVD��D��&RVWD�GD�&DSDULFD��79,���online��D���

GH�IHYHUHLUR�GH��������E��)R]�GR�$UHOKR��([SUHVVR�online��D����GH�PDUoR�GH��������F��6mR�

%DUWRORPHX�GR�0DU�(VSRVHQGH��3~EOLFR�online�����GH�PDLR�GH��������
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GH���GH�MXOKR�GH������GR�MRUQDO�GLiULR�3~EOLFR�online��$�)LJXUD���PRVWUD�H[HPSORV�GRV�HIHLWRV�GD�

HURVmR�FRVWHLUD�QD�&RVWD�GD�&DSDULFD��QD�)R]�GR�$UHOKR�H�HP�6mR�%DUWRORPHX�GR�0DU��(VSRVHQGH���

6HJXQGR�R�GRFXPHQWR�³$OWHUDo}HV�FOLPiWLFDV��SUHSDUDU�3RUWXJDO´��HODERUDGR�SHOD�/LJD�SDUD�D�

3URWHomR�GD�1DWXUH]D��/31���������D�VLJQLILFDWLYD�GLPLQXLomR�GD�FKHJDGD�GH�VHGLPHQWRV�DR�OLWRUDO��

FRQWULEXL�GHFLVLYDPHQWH�SDUD�D� HURVmR�FRVWHLUD��6HJXQGR�D�/31��������� j� IR]�GR�'RXUR�FKHJDP�

DSHQDV�����PLO�PHWURV�F~ELFRV�GH�VHGLPHQWRV��TXDQGR�QRV�DQRV����HVWH�YROXPH�HUD�GH�����PLOK}HV�

GH�PHWURV�F~ELFRV��&RPR�UHVXOWDGR��R�DEDVWHFLPHQWR�GH�DUHLDV�GHVGH�R�'RXUR�DWp�j�1D]DUp�QmR�VH�

ID]�RX�p�FODUDPHQWH�LQVDWLVIDWyULR��FRP�UHFXR�GD�OLQKD�GH�FRVWD�YiULRV�PHWURV�WRGRV�RV�DQRV��HP�WRGDV�

DV�SUDLDV��'H�IRUPD�D�DOWHUDU�HVWD�VLWXDomR��R�GHVPDQWHODPHQWR�H�D�GHVDWLYDomR�GH�EDUUDJHQV�VmR�XPD�

WHQGrQFLD� FUHVFHQWH�QRV�(8$�H�QR�&DQDGi�� RQGH� Mi� IRUDP�GHVPDQWHODGDV�GH]HQDV� GH� EDUUDJHQV��

LQFOXLQGR�EDUUDJHQV�GH�JUDQGH�GLPHQVmR��/31���������

'DGD�j�UHGX]LGD�HILFiFLD�GDV�PHGLGDV�GH�DGDSWDomR�Mi�H[HFXWDGDV�RX�j�VXD�IDOWD��R�UHFXR�GD�OLQKD�

FRVWHLUD�SRUWXJXHVD��SRU�HURVmR�RX�VXEPHUVmR�PDUtWLPD��SDUWLFXODUPHQWH�QRV�ORFDLV�TXH�VH�VLWXDP�

QDV� FRWDV�PDLV� EDL[DV�� YLUi� D� DIHWDU��PXLWR� SURYDYHOPHQWH�� XP�Q~PHUR� FUHVFHQWH� GH� SHVVRDV�� GH�

KDELWDo}HV��GH�LQVWDODo}HV�LQGXVWULDLV��GH�LQIUDHVWUXWXUDV��HQWUH�RXWUDV��FRP�FXVWRV�PXLWR�HOHYDGRV�j�

HVFDOD� GH� XP� VpFXOR�� (VWH� DVSHWR� p� SDUWLFXODUPHQWH� LPSRUWDQWH� VH� DWHQGHUPRV� D� TXH� ����� GD�

SRSXODomR�SRUWXJXHVD�YLYH�MXQWR�j�FRVWD�H������GR�3,%�p�JHUDGR�SHUWR�GR�PDU��&+$1*(��V�G���

(QWUH�DV�PHGLGDV�SUHYHQWLYDV�HQXQFLDGDV�QR�UHODWyULR�GD�$XWRULGDGH�1DFLRQDO�GH�3URWHomR�&LYLO�

�5LEHLUR�� ������ SDUD� D� ]RQD� FRVWHLUD� SRUWXJXHVD�� RV� JHRWpFQLFRV� WHUmR� XP� SDSHO� UHOHYDQWH� D�

GHVHPSHQKDU�QRV�FDVRV�HP�TXH�IRU�QHFHVViULR�PDQWHU�D�OLQKD�FRVWHLUD�DWUDYpV�GH�REUDV�GH�SURWHomR�

H� VXSRUWH�� RX� QR� GHVHQYROYLPHQWR� GH� VLVWHPDV� GH� YLJLOkQFLD� H� DOHUWD� UHODFLRQDGRV� FRP� RV�

HVFRUUHJDPHQWRV�GH�WHUUHQRV��HP�SDUWLFXODU�HP�]RQDV�GH�DUULEDV��(P�)UDQoD��SRU�H[HPSOR��HVWLPD�VH�

TXH�Vy�SDUD�D�UHJLmR�GH�/DQJXHGRF�5RXVVLOORQ��VXO�GH�)UDQoD���R�FXVWR�GH�XPD�QmR�DGDSWDomR�DRV�

ULVFRV�FRVWHLURV�VHMD�GH�YiULDV�GH]HQDV�GH�ELOL}HV�GH�HXURV��j�HVFDOD�GR�VpFXOR��*DOOLRW�et al.���������

1DV�PHGLGDV�GH�SURWHomR�FRQWUD�FKHLDV�H�LQXQGDo}HV�WDPEpP�H[LVWHP�GLIHUHQWHV�REUDV�HP�TXH�

D�SDUWLFLSDomR�GRV�JHRWpFQLFRV�p�QHFHVViULD��FRPR�VHMDP��DV�REUDV�GH�SURWHomR�H�GH�VXSRUWH�DR�ORQJR�

GDV�PDUJHQV�GRV�ULRV�H�DV�REUDV�KLGUiXOLFDV�WUDQVYHUVDLV�DR�OHLWR��(P�PHLR�XUEDQR��RQGH�R�tQGLFH�GH�

LPSHUPHDELOL]DomR�GR�VROR�p�PXLWR�HOHYDGR��R�DXPHQWR�GD�SUHFLSLWDomR�H��HP�FRQVHTXrQFLD��GRV�

HSLVyGLRV�GH�FKHLDV�H�LQXQGDo}HV��SRU�YH]HV�UHSHQWLQDV��WDPEpP�H[LJHP�D�DGRomR�GH�PHGLGDV�GH�

DGDSWDomR� GH� QDWXUH]D� JHRWpFQLFD�� (P� /LVERD�� SRU� H[HPSOR�� WrP� KDYLGR� YiULRV� HSLVyGLRV� GH�

LQXQGDo}HV� QRV� ~OWLPRV� DQRV�� ������������ ����������� H� ������������ &RP� R� 3ODQR� *HUDO� GH�

'UHQDJHP�GH�/LVERD�������������SUHWHQGH�VH�UHVSRQGHU��HQWUH�RXWUDV�QHFHVVLGDGHV��DR�LPSDFWH�GDV�

DOWHUDo}HV� FOLPiWLFDV�� 2� FXVWR� GD� REUD� HVWi� HVWLPDGR� HP� ���� PLOK}HV� GH� HXURV� H� FRQWHPSOD� D�

FRQVWUXomR�GR�W~QHO�0RQVDQWR���6DQWD�0DUWD���6DQWD�$SROyQLD��FRP�H[WHQVmR�GH�FHUFD�GH���NP�H�

GLkPHWUR�LQWHUQR�GH�����P��H�GR�W~QHO�&KHODV���%HDWR��FRP�H[WHQVmR�GH�FHUFD�GH���NP�H�GLkPHWUR�GH�

����P��

$�UHFXSHUDomR�GH�XPD�LOKD�IOXYLDO�QD�FLGDGH�HVSDQKROD�GH�%LOEDR��FRP�LQtFLR�SUHYLVWR�SDUD������

H�FRQFOXVmR�DR�ILP�GH����DQRV��DWUDYpV�GD�VXD�UHFRQYHUVmR�GH�iUHD�LQGXVWULDO�HP�iUHD�UHVLGHQFLDO��

WDPEpP�SUHYr�PHGLGDV�GH�SURWHomR�FRQWUD�LQXQGDo}HV�GXUDQWH�D�YLGD�~WLO�GRV�HGLItFLRV��SDUD�ID]HU�

IDFH�DRV�LPSDFWHV�GDV�DOWHUDo}HV�GR�FOLPD��$V�FLQFR�PHGLGDV�GH�SURWHomR�FKDYH�FRQWUD�LQXQGDo}HV�

VmR��D��D�DEHUWXUD�GH�XP�FDQDO��WUDQVIRUPDQGR�D�SHQtQVXOD�QXPD�LOKD��E��D�FRQVWUXomR�GH�XP�PXUR�

GH�SURWHomR�FRQWUD�LQXQGDo}HV��F��D�HOHYDomR�GD�FRWD�DWXDO�GR�WHUUHQR�HP�����P�SDUD�D�LPSODQWDomR�

GRV�QRYRV�HGLItFLRV��G��D�LQVWDODomR�GH�UHVHUYDWyULRV�GH�iJXDV�SOXYLDLV��H�H��D�FRQVWUXomR�GH�iUHDV�

YHUGHV��2�FXVWR�WRWDO�GDV�PHGLGDV�GH�DGDSWDomR�p�VXSHULRU�D����PLOK}HV�GH�HXURV��(($���������

1D� 6XpFLD� WDPEpP� IRL� LGHQWLILFDGR�� SHOR� 6ZHGLVK� *HRWHFKQLFDO� ,QVWLWXWH�� TXH� DV� DOWHUDo}HV�

FOLPiWLFDV� VLJQLILFDUmR�XP�PDLRU� ULVFR�GH� HVFRUUHJDPHQWR�GH� WHUUHQRV�QR�YDOH�GR� ULR�*RWD� lYO� H�

QRXWUDV�iUHDV�H[SRVWDV�DWp�������VH�QHQKXPD�DomR�IRU�WRPDGD��(($���������

(P� SDUWLFXODU� HP� iUHDV� RFXSDGDV� GH� JUDQGH� H[WHQVmR� H� VLWXDGDV� D� EDL[D� DOWLWXGH�� TXH� VHMD�

QHFHVViULR�PDQWHU��SRGHP�VHU�QHFHVViULDV�FRQVWUXo}HV�QRYDV�GH�JUDQGH�SRUWH�TXH�H[LMDP�DYDQoRV�

JHRWpFQLFRV�QD�FDUDFWHUL]DomR�GRV�WHUUHQRV�H�QDV�WHFQRORJLDV�FRQVWUXWLYDV��
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2XWUD� FRQVHTXrQFLD� GDV� DOWHUDo}HV� FOLPiWLFDV� QDOJXPDV� UHJL}HV� p� D� LQIOXrQFLD� QR� FLFOR� GH�

UHWUDomR���H[SDQVmR�GRV�VRORV�DUJLORVRV�H�QD�VXD�DPSOLWXGH��(P�)UDQoD��HVWXGRV�Mi�HIHWXDGRV��*DOOLRW�

et al.��������HVWLPDP�TXH��GHYLGR�DR�DXPHQWR�GD�IUHTXrQFLD�GDV�RQGDV�GH�FDORU��RV�GDQRV�PpGLRV�

DQXDLV�QRV�DORMDPHQWRV�RFDVLRQDGRV�SHORV�ULVFRV�GD�UHWUDomR���H[SDQVmR�GRV�VRORV�DUJLORVRV�SRVVDP�

XOWUDSDVVDU�XP�ELOLmR�GH� HXURV�SRU� DQR� HP������ �FRQWUD� FHUFD�GH�����PLOK}HV�GH� HXURV�SRU� DQR�

DWXDOPHQWH���(VWH�FXVWR�SRGH�VHU�PXOWLSOLFDGR�SRU�XP�IDWRU�GH�TXDWUR�D�FLQFR�VH�VH�YHULILFDUHP�DV�

WHQGrQFLDV� GH� XUEDQL]DomR� HP� ]RQDV� GH� ULVFR�� 'DGR� R� FRQKHFLPHQWR� GRV� JHRWpFQLFRV� VREUH� R�

FRPSRUWDPHQWR�GDV�DUJLODV��R�VHX�FRQWULEXWR�p�IXQGDPHQWDO�SDUD�DGRWDU�PHGLGDV�GH�DGDSWDomR�TXH�

PLQLPL]HP�RV�ULVFRV�H�RV�FXVWRV�DVVRFLDGRV�DR�IHQyPHQR��

��±�(&2120,$�&,5&8/$5�

$� WUDQVLomR� GH� XPD� HFRQRPLD� EDVHDGD� QXP�PRGHOR� OLQHDU� �0DWpULDV�SULPDV� ±� &RQFHomR� ±�

3URGXomR�±�'LVWULEXLomR�±�&RQVXPR�±�5HVtGXRV��SDUD�XPD�HFRQRPLD�FLUFXODU�p�HVVHQFLDO�SDUD�VH�

DWLQJLU�D�HILFLrQFLD�QD�XWLOL]DomR�GRV�UHFXUVRV�H�XP�FUHVFLPHQWR�VXVWHQWiYHO��DXPHQWR�GD�HILFLrQFLD�

HQHUJpWLFD��UHLQGXVWULDOL]DomR�VXVWHQWiYHO�GD�HFRQRPLD�GD�8(��JDUDQWLD�GR�DFHVVR�jV�PDWpULDV�SULPDV�

SULPiULDV�H�UHGXomR�GRV�LPSDFWHV�DPELHQWDLV�H�GDV�HPLVV}HV�GH�*((��

$WXDOPHQWH��DSHQDV�FHUFD�GH�������HP�PpGLD��GRV�UHVtGXRV�SURGX]LGRV�QDV�KDELWDo}HV�HXURSHLDV�

VmR� UHFLFODGRV�� SHUGHQGR�VH� DQXDOPHQWH� FHUFD� GH� ���� PLOK}HV� GH� WRQHODGDV� GH� PDWHULDLV�

SRWHQFLDOPHQWH�XWLOL]iYHLV��)XUWDGR���������3RU�RXWUR�ODGR��HVWLPD�VH�TXH�R�XVR�GH�UHFXUVRV�JOREDLV�

YDL� TXDGUXSOLFDU� QRV� SUy[LPRV� ��� DQRV�� VH� DV� WHQGrQFLDV� GH� FRQVXPR� DWXDLV� QRV� SDtVHV�

LQGXVWULDOL]DGRV� IRUHP�DGRWDGDV�QR�UHVWR�GR�PXQGR��H�TXH�D�FDSDFLGDGH�HP�UHFXUVRV�QDWXUDLV�GR�

QRVVR�SODQHWD�H�D�ELRFDSDFLGDGH�IRUDP�H[FHGLGDV�HP�TXDVH������HP�������+XEHU�+XPHU�H�/HFKQHU��

�������

$�&RPLVVmR�(XURSHLD������D��HVWLPD�TXH�DV�PHOKRULDV�HP�WHUPRV�GH�HILFLrQFLD�QD�XWLOL]DomR�

GRV�UHFXUVRV�HP�WRGDV�DV�FDGHLDV�GH�YDORU��UHGX]LUi�DV�QHFHVVLGDGHV�GH�QRYRV�PDWHULDLV�HP������D�

�����DWp������H�TXH�XPD�PHOKRU�XWLOL]DomR�GRV�UHFXUVRV�UHSUHVHQWDUi�XPD�SRXSDQoD�WRWDO�SRWHQFLDO�

GH�����PLO�PLOK}HV�GH�HXURV�SRU�DQR�SDUD�D�LQG~VWULD�HXURSHLD��

2�GLDJUDPD�GD�)LJXUD���LOXVWUD�DV�SULQFLSDLV�IDVHV�GH�XP�PRGHOR�GH�HFRQRPLD�FLUFXODU��R�TXDO�

SHUPLWH�SURORQJDU�D�YLGD�~WLO�GRV�SURGXWRV��1D�HFRQRPLD�FLUFXODU��D�FRQFHomR�p�R�SRQWR�GH�SDUWLGD�

QR�GHVHQYROYLPHQWR�GH�TXDOTXHU�QRYR�SURGXWR�WHQGR�HP�YLVWD�D�SRVVLELOLGDGH�GD�VXD�GXUDELOLGDGH��

UHXWLOL]DomR��UHSDUDomR��UHWUDQVIRUPDomR�H�UHFLFODJHP��

$� KLHUDUTXLD� GH� JHVWmR� GRV� UHVtGXRV� HP� YLJRU� QD� OHJLVODomR� GD� 8(� �SUHYHQomR� H� UHGXomR��

SUHSDUDomR�SDUD�D�UHXWLOL]DomR��UHFLFODJHP��RXWURV�WLSRV�GH�YDORUL]DomR�H�HOLPLQDomR���LQWURGX]LGD�

FRP�R�REMHWLYR�GH�SURWHJHU�R�DPELHQWH��FRQVHUYDU�RV�UHFXUVRV��H�PLQLPL]DU�D�JHUDomR�GH�UHVtGXRV�

�:LOOLDPV���������Mi�SHUPLWLX�DYDQoRV�VLJQLILFDWLYRV�QR�TXH�UHVSHLWD�j�WUDQVIRUPDomR�GRV�UHVtGXRV�

QXP�UHFXUVR��FRQWXGR��FRQWLQXDPRV�D�JHUDU�SRU�DQR��HP�PpGLD��FHUFD�GH�FLQFR�WRQHODGDV�GH�UHVtGXRV�

SRU�SHVVRD��GDV�TXDLV� Vy�SRXFR�PDLV�GH�XP� WHUoR� p� HIHWLYDPHQWH� UHFLFODGR� �&RPLVVmR�(XURSHLD��

����D�� H� D� KDYHU� UHVXOWDGRV� VXEVWDQFLDOPHQWH�GLIHUHQWHV� HQWUH� FDGD�(VWDGR�0HPEUR��$�)LJXUD���

PRVWUD� KDYHU� VHWH� SDtVHV� TXH� DSUHVHQWDP� WD[DV� GH� HOLPLQDomR� HP� DWHUUR� VXSHULRUHV� D� ��� ��

�UHSUHVHQWDGRV�SRU�WULkQJXORV�D�QHJUR�MXQWR�DR�YpUWLFH�LQIHULRU�HVTXHUGR�GR�WULkQJXOR��H�VHWH�SDtVHV�

FRP�WD[DV�GH�HOLPLQDomR�HP�DWHUUR�LQIHULRUHV�D�������UHSUHVHQWDGRV�SRU�FtUFXORV�EUDQFRV�MXQWR�DR�

ODGR�GLUHLWR�GR�WULkQJXOR���%DUWO���������&RP�D�WUDQVLomR�SDUD�D�HFRQRPLD�FLUFXODU��D�GHSRVLomR�HP�

DWHUUR�GH�WRGRV�RV�UHVtGXRV�UHFLFOiYHLV�GHL[DUi�GH�VHU�SRVVtYHO�HP������H�RV�(VWDGRV�0HPEURV�GHYHP�

HQYLGDU�HVIRUoRV�SDUD�HOLPLQDU�SUDWLFDPHQWH�D�GHSRVLomR�HP�DWHUUR�DWp�������&RPLVVmR�(XURSHLD��

����D��� $SHQDV� XPD� SHUFHQWDJHP� GRV� UHVtGXRV� ³UHVLGXDLV´� �QmR� VXSHULRU� D� ����� VHP� TXDOTXHU�

DOWHUQDWLYD�GH�WUDWDPHQWR�H�QmR�SDVVtYHO�GH�YDORUL]DomR�SRGHUi�VHU�GHSRVLWDGD�HP�DWHUUR��



66 0379-9522 – Geotecnia nº 143 – julho/julio/july 2018 – pp. 55-83

http://dx.doi.org/10.24849/j.geot.2018.143.04 – © 2018 Sociedade Portuguesa de Geotecnia

�

/HJHQGD������0DWpULDV�SULPDV������&RQFHomR������3URGXomR�H�UHWUDQIRUPDomR������'LVWULEXLomR��

����&RQVXPR��XWLOL]DomR��UHXWLOL]DomR�H�UHSDUDomR������5HFROKD������5HFLFODJHP������3URGXWRV�

UHVLGXDLV��

)LJ����±�3ULQFLSDLV�IDVHV�GH�XP�PRGHOR�GH�HFRQRPLD�FLUFXODU��&RPLVVmR�(XURSHLD������D���

�

�

)LJ����±�5HSUHVHQWDomR�GDV�RSo}HV�GH�WUDWDPHQWR�GRV�568�QRV�SDtVHV�HXURSHXV�HP������H�REMHWLYR�

DWp������HP�DFRUGR�FRP�D�HVWUDWpJLD�GD�HFRQRPLD�FLUFXODU��DGDSWDGR�GH�%DUWO���������

$�WUDQVIRUPDomR�GRV�UHVtGXRV�QXP�UHFXUVR�H�D�SURPRomR�GH�IRUPDV�VXVWHQWiYHLV�GH�JHVWmR�GRV�

UHVtGXRV��SRGHUi�VDWLVID]HU��VHJXQGR�DV�HVWLPDWLYDV��HQWUH������H������GD�SURFXUD�GH�PDWpULDV�SULPDV�

QD�8(��&RPLVVmR�(XURSHLD������D���FRQWULEXLQGR�VLPXOWDQHDPHQWH�SDUD�D�UHDOL]DomR�GR�REMHWLYR�GD�

����
����

����

����
����

����

����

����

,QFLQHUDomR�����

3DtVHV�GD�8(���6XtoD��&+����1RUXHJD��12��

³3LRQHLURV´��GHSRVLomR��������

³5HWDUGDWiULRV��GHSRVLomR�!������

2EMHWLYR�DWp������QD�8(�
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8(�GH� UHGX]LU�� DWp������������GDV�HPLVV}HV�GH�*((��R�TXH�HYLWDULD�JHUDU����PHJDWRQHODGDV�GH�

HTXLYDOHQWH�GH�&2��SRU�DQR�DWp�������

(P� VtQWHVH�� RV� EHQHItFLRV� GH� XPD� HFRQRPLD� FLUFXODU� VmR� �,QGXVWULD� H� $PELHQWH�� �������

D��SURPRYHU�D�HFRLQRYDomR��E��FULDU�QRYDV�RSRUWXQLGDGHV�GH�QHJyFLR��SURGXWRV�H�VHUYLoRV��F��PDQWHU�

RV�SURGXWRV��PDWHULDLV�H�UHFXUVRV�QD�HFRQRPLD�SHOR�PDLRU�SHUtRGR�GH�WHPSR�SRVVtYHO��G��FULDU�QRYRV�

PRGHORV�GH�QHJyFLR��H��UHGX]LU�D�GHSHQGrQFLD�GRV�FRPEXVWtYHLV�IyVVHLV��I��PLQLPL]DU�D�SURGXomR�GH�

UHVtGXRV��J��FRQVHUYDU�R�FDSLWDO�QDWXUDO��K��GLPLQXLU�DV�HPLVV}HV�GH�FDUERQR��H�L��FRQWULEXLU�SDUD�R�

FRPEDWH� jV� DOWHUDo}HV� FOLPiWLFDV��2V� UHVXOWDGRV� HVSHUDGRV� VmR� �,QGXVWULD� H�$PELHQWH�� ������� D��

FULDomR�GH�HPSUHJRV����������PLO�GLUHWRV�QD�8(�DWp�������VHJXQGR�D�&RPLVVmR�(XURSHLD������D����

E��PHOKRUDPHQWR�GD�FRPSHWLWLYLGDGH�GD�HFRQRPLD��SRXSDQoDV�OtTXLGDV�GH�����PLO�PLOK}HV�GH�HXURV��

RX�VHMD������GR�WRWDO�GR�VHX�YROXPH�GH�QHJyFLRV�DWXDO��GH�DFRUGR�FRP�D�&RPLVVmR�(XURSHLD���������

H�F��FULDomR�GH�QRYRV�SURGXWRV�H�VHUYLoRV��'HVWH�PRGR��DV�HPSUHVDV�HXURSHLDV�SRGHP�VHU�SLRQHLUDV�

QD�HODERUDomR�GH�QRYRV�SURGXWRV�H�VHUYLoRV�H�DSURYHLWDU�RSRUWXQLGDGHV�GH�QHJyFLR�j�HVFDOD�JOREDO��

'DGD�D�SUHRFXSDomR�FRP�R�FRQVXPR�JOREDO�GRV�UHFXUVRV�QmR�UHQRYiYHLV�H�D�SURJUHVVLYD�HVFDVVH]�

GDV�PDWpULDV�SULPDV�SULPiULDV��DVVRFLDGR�DR�FRQWLQXDGR�FUHVFLPHQWR�GD�SRSXODomR�H�GDV�HFRQRPLDV�

GRV�SDtVHV��HP�SDUWLFXODU�GRV�SDtVHV�VXEGHVHQYROYLGRV��TXHU�D�UHXWLOL]DomR�TXHU�D�UHFLFODJHP�GDV�

PDWpULDV�SULPDV� VHFXQGiULDV� QXP� PHUFDGR� GH� FXVWR� HOHYDGR� GDV� PDWpULDV�SULPDV� SRGHP�

SURSRUFLRQDU�JUDQGHV�GHVDILRV� H� RSRUWXQLGDGHV�SDUD�RV�JHRWpFQLFRV��&RP�HIHLWR�� VH� D�*HRWHFQLD�

WUDQVIRUPDU�XP�IOX[R�GH�UHVtGXRV�HP�PDWpULD�SULPD�SDUD�D�FRQVWUXomR��WRUQD�R�TXH�VHULD�XP�GpELWR�

QXP�FUpGLWR�H�FULD�XP�³QRYR´�PHUFDGR��2�FXVWR�DVVRFLDGR�j�HOLPLQDomR�GR�UHVtGXR��SRU�H[HPSOR��

RV�UHVtGXRV�GH�FRQVWUXomR�H�GHPROLomR��QXP�DWHUUR�GH�UHVtGXRV�p�FRQYHUWLGR�QXP�UHFXUVR�XWLOL]iYHO�

QDV�REUDV�JHRWpFQLFDV��SRU�H[HPSOR��HP�DWHUURV�HVWUXWXUDLV��PXURV�GH�JDEL}HV��HVWUXWXUDV�GH�SURWHomR�

j�HURVmR�RX�FDPDGDV�GH�GUHQDJHP���$�DQiOLVH�GR�FLFOR�GH�YLGD�WDPEpP�SRGH�PRVWUDU�TXH�D�XWLOL]DomR�

GD�PDWpULD�SULPD� VHFXQGiULD� UHGX]� DV� HPLVV}HV� GRV�*((� H� SHUPLWH� REWHU� FUpGLWRV� GH� &2�� H� GH�

HQHUJLD��TXH�SRGHP�UHSUHVHQWDU�PDLV�JDQKRV�HFRQyPLFRV�SDUD�R�SURGXWRU�RX�SDUD�R�RSHUDGRU�GR�

UHVtGXR�H�EHQHItFLRV�DPELHQWDLV��6HJXQGR�*RPHV�&RUUHLD�et al.���������R�SODQHDPHQWR��R�SURMHWR��D�

FRQVWUXomR��D�FRQVHUYDomR�H�D�H[SORUDomR�GDV�REUDV�GH�HQJHQKDULD�FLYLO��HP�JHUDO��H�JHRWpFQLFDV��HP�

SDUWLFXODU�� SDVVDP� SRU� XPD� WUDQVIRUPDomR� TXH� DV� SHUPLWLUi� WRUQDU� HP� LQIUDHVWUXWXUDV� PDLV�

VXVWHQWiYHLV��SUHYHQGR�RV�PHVPRV�DXWRUHV�TXH�D�DQiOLVH�GR�FLFOR�GH�YLGD�H�D�DQiOLVH�GR�FXVWR�GR�FLFOR�

GH�YLGD�YHQKDP�D�GHVHPSHQKDU�XP�SDSHO�UHOHYDQWH��

$� XWLOL]DomR� GH� PDWHULDLV� UHFLFODGRV� QDV� REUDV� JHRWpFQLFDV� EHQHILFLD� R� DPELHQWH� GHYLGR� j�

UHGXomR�GDV�HPLVV}HV�GH�*((�H�GR�FRQVXPR�HQHUJpWLFR��GDGR�UHTXHUHUHP�PHQRV�SURFHVVDPHQWR�H�

PLQHUDomR�� 7RGDYLD�� GHYHP� REHGHFHU� D� FULWpULRV� DPELHQWDLV� H� GH� HQJHQKDULD� SDUD� DV� DSOLFDo}HV�

HVSHFtILFDV��*RPHV�&RUUHLD���������1D�DYDOLDomR�GD�TXDOLGDGH�GRV�PDWHULDLV�UHFLFODGRV��RV�UHTXLVLWRV�

PtQLPRV�D�REVHUYDU�VmR��:LQWHU��������FLWDGR�SRU�*RPHV�&RUUHLD���������

�� QmR�VHUHP�XP�ULVFR�SDUD�D�VD~GH�S~EOLFD�H�R�DPELHQWH��

�� VHUHP�TXLPLFDPHQWH�HVWiYHLV�QR�DPELHQWH�HP�TXH�IRUHP�XVDGRV��SRGHQGR�DOJXQV�UHTXHUHU�

WUDWDPHQWR� SUpYLR� �SRU� H[HPSOR�� HVWDELOL]DomR� H� VROLGLILFDomR�� H� DXWRUL]DomR� SUpYLD� GDV�

DXWRULGDGHV�FRPSHWHQWHV��

�� VHUHP�GXUiYHLV��QHP�VXVFHWtYHLV�j�GHWHULRUDomR��QHP�ELRGHJUDGiYHLV���

�� DSUHVHQWDUHP�ULJLGH]��H�RX�UHVLVWrQFLD�DR�FRUWH��SDUD�D�XWLOL]DomR�ILQDO�SUHWHQGLGD��

�� DSUHVHQWDUHP�SURSULHGDGHV�TXH�QmR�SHUPLWDP�R�DSDUHFLPHQWR�GH�PRYLPHQWRV� LQDFHLWiYHLV�

DSyV�D�FRQVWUXomR��

�

$OJXPDV�GDV�SULQFLSDLV�GLILFXOGDGHV�RX�FRQVWUDQJLPHQWRV�GD�XWLOL]DomR�GRV�UHVtGXRV�HP�REUDV�

JHRWpFQLDV�VmR��

�� H[LVWrQFLD�GH�DJUHJDGRV�QDWXUDLV�HP�TXDQWLGDGH�H�D�EDL[R�FXVWR��

�� UHGX]LGR�FRQKHFLPHQWR�VREUH�R�FRPSRUWDPHQWR�HP�REUD��

�� GHVFRQKHFLPHQWR�VREUH�R�GHVHPSHQKR�D�ORQJR�SUD]R��

�� H[LVWrQFLD�GH�SUHRFXSDo}HV�DPELHQWDLV��
�� IDOWD�GH�FRQWLQXLGDGH�QRV�WUDEDOKRV�GH�LQYHVWLJDomR��
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�� JDUDQWLD�GH�H[LVWrQFLD�GH�PDWHULDO�HP�TXDQWLGDGH�VXILFLHQWH��
�� QmR�KDYHU�UHFHWLYLGDGH�GRV�GRQRV�GH�REUD�H�GRV�HPSUHLWHLURV��
�� FXVWR�GH�WUDQVSRUWH��
�� EDL[DV�WD[DV�SDUD�D�GHSRVLomR�GH�UHVtGXRV�HP�DWHUUR��
�
$R� ORQJR� GRV� ~OWLPRV� ��� DQRV�� R� 'HSDUWDPHQWR� GH� *HRWHFQLD� GR� /DERUDWyULR� 1DFLRQDO� GH�

(QJHQKDULD� &LYLO� YHP� FRQWULEXLQGR� SDUD� D� WUDQVIRUPDomR� GRV� UHVtGXRV� HP� PDWpULD�SULPD��
SDUWLFLSDQGR� HP� SURMHWRV� GH� LQYHVWLJDomR�� QD� SUHVWDomR� GH� VHUYLoRV� D� GLYHUVDV� HQWLGDGHV� H� QR�
GHVHQYROYLPHQWR�GH�UHJXODPHQWDomR��1RV�SURMHWRV�GH�LQYHVWLJDomR�IRUDP�HVWXGDGDV��HQWUH������H�
������DV�(VFyULDV�GH�$FLDULD�GH�)RUQR�GH�$UFR�(OpWULFR��5RTXH�et al.��������*RPHV�&RUUHLD�et al.��
������5RTXH�et al.��������*RPHV�&RUUHLD�et al.���������HP�SDUFHULD�FRP�D�8QLYHUVLGDGH�GR�0LQKR�H�
R�&HQWUR�SDUD�D�9DORUL]DomR�GRV�5HVtGXRV��WHQGR�SRU�REMHWLYR�D�VXD�DSOLFDomR�QDV�FDPDGDV�JUDQXODUHV�
QmR�OLJDGDV�GRV�SDYLPHQWRV�URGRYLiULRV�H�HP�DWHUURV�HVWUXWXUDLV��(QWUH������H������HIHWXDUDP�VH�
WUDEDOKRV�FRP�5HVtGXRV�GH�&RQVWUXomR�H�'HPROLomR��)UHLUH�et al.��������5RTXH�et al.������D��5RTXH�
et al.������E��5RTXH�et al.���������HP�SDUFHULD�FRP�R�,QVWLWXWR�6XSHULRU�7pFQLFR��WHQGR�HP�YLVWD�D�
VXD�XWLOL]DomR�QDV� FDPDGDV�JUDQXODUHV�QmR� OLJDGDV�GRV�SDYLPHQWRV� URGRYLiULRV��'H������D������
IRUDP�HVWXGDGRV�)LQRV�GH�3URGXomR�GH�$JUHJDGRV�HP�3HGUHLUDV�GH�*UDQLWR��5RTXH�et al���������)ULDV�
et al.��������)ULDV�et al.������D��*XHUUD�et al.���������QR�kPELWR�GH�XP�SURWRFROR�FRP�D�0RWD�(QJLO��
SDUD�DYDOLDU�D�YLDELOLGDGH�GD�VXD�DSOLFDomR�HP�REUDV�JHRWpFQLFDV��$V�SUHVWDo}HV�GH�VHUYLoRV�IRUDP�
UHDOL]DGDV�FRP�/DPDV�GR�&RUWH�H�3ROLPHQWR�GH�5RFKDV�2UQDPHQWDLV��5RTXH�et al.���������SDUD�D�
&kPDUD�0XQLFLSDO�GH�(VWUHPR]��HP�������FRP�R�SULQFLSDO�REMHWLYR�GH�DYDOLDU�D�VXD�XWLOL]DomR�QD�
FRQVWUXomR�GDV�EDUUHLUDV�GH�FRQILQDPHQWR�GRV�DWHUURV�GH�UHVtGXRV��H�FRP�/DPDV�GDV�(VWDo}HV�GH�
7UDWDPHQWR�GH�ÈJXD�GH�$EDVWHFLPHQWR�3~EOLFR��SDUD�D�5HFLFODPDV��5RTXH�H�&DUYDOKR���������GR�
*UXSR�ÈJXDV�GH�3RUWXJDO��HQWUH������H�������SDUD�DYDOLDU�D�YLDELOLGDGH�GD�VXD�DSOLFDomR�HP�REUDV�
JHRWpFQLFDV��$R�QtYHO�UHJXODPHQWDU�HODERUDUDP�VH�VHWH�JXLDV�WpFQLFRV�SDUD�D�UHFLFODJHP�GH�UHVtGXRV�
GH�FRQVWUXomR�H�GHPROLomR��/1(&�(�����������D�/1(&�(�����������H�/1(&�(�����������D�/1(&�
(�������������

��±�5(0(',$d­2�'(�7(55(126�&217$0,1$'26�

$�$VVHPEOHLD�*HUDO�GDV�1Do}HV�8QLGDV��18��SURFODPRX��QD�VXD������6HVVmR��D����GH�GH]HPEUR�
GH�������R�DQR�GH������FRPR�R�$QR�,QWHUQDFLRQDO�GRV�6RORV�H�R�GLD���GH�GH]HPEUR�FRPR�R�'LD�
0XQGLDO�GR�6ROR��&RP�HVWD�LQLFLDWLYD��H�VRE�R�OHPD�³6RORV�VDXGiYHLV�SDUD�XPD�YLGD�VDXGiYHO´��DV�
18�SUHWHQGHP�FKDPDU�D�DWHQomR�SDUD�D�QHFHVVLGDGH�GH�VH�SURWHJHU�R�VROR��GDGR� WUDWDU�VH�GH�XP�
UHFXUVR�QDWXUDO� QmR� UHQRYiYHO� j� HVFDOD�GH� WHPSR�GD�YLGD� KXPDQD� �VmR�SUHFLVRV����� DQRV�SDUD� D�
HVSHVVXUD�GR�VROR�DXPHQWDU�HQWUH���H����FP���H�IXQGDPHQWDO�j�VREUHYLYrQFLD�GD�KXPDQLGDGH��FRPR�
PXLWR�EHP�R�UHVXPLX�*DORSLP�GH�&DUYDOKR���������DR�DSUHVHQWi�OR�FRPR�³R�FKmR�TXH�QRV�Gi�R�SmR´��

$SHVDU� GH� R� VROR� VHU� XP� UHFXUVR�YLWDO� SDUD� D� KXPDQLGDGH�� IRL�PHQRVSUH]DGR� GXUDQWH�PXLWR�
WHPSR��SRU�VHU�YLVWR�FRPR�XPD�SULRULGDGH�VHFXQGiULD��3URYDYHOPHQWH�SRU�DV�VXDV�IXQo}HV�VHUHP�
WLGDV�SRU�FHUWDV�H�FRQVLGHUDGDV�DEXQGDQWHV�H�D�VXD�GHJUDGDomR�SDVVDU�JHUDOPHQWH�GHVSHUFHELGD��GDGR�
VHU�XP�SURFHVVR�OHQWR��TXH�VDOYR�UDUDV�H[FHo}HV��QmR�WHP�HIHLWRV�GUiVWLFRV�LPHGLDWRV��5RTXH������D���

$WXDOPHQWH�������GRV�VRORV�HVWmR�PRGHUDGD�RX�JUDYHPHQWH�GHJUDGDGRV�GHYLGR�VREUHWXGR��D��j�
HURVmR��KLGUiXOLFD�RX�HyOLFD���E��j�GLPLQXLomR�GD�IUDomR�RUJkQLFD��F��j�FRPSDFWDomR��DXPHQWR�GD�
PDVVD�YRO~PLFD�H�GLPLQXLomR�GD�SRURVLGDGH���G��j�VDOLQL]DomR��DFXPXODomR�GH�VDLV�VRO~YHLV���H��DRV�
GHVOL]DPHQWRV�GH�WHUUDV��I��j�FRQWDPLQDomR��p�R�SURFHVVR�GH�GHJUDGDomR�GR�VROR�TXH�VXVFLWD�PDLV�
SUHRFXSDomR� TXDQWR� jV� FRQVHTXrQFLDV� QD� VD~GH� KXPDQD��� J�� j� LPSHUPHDELOL]DomR�� K�� j�
GHVHUWLILFDomR��H�L��j�DFLGLILFDomR��&RPLVVmR�(XURSHLD���������e�WLGD�SRU�PXLWR�LPSRUWDQWH�H�XUJHQWH�
D�LQYHUVmR�GD�VLWXDomR�DWXDO�H�D�DGRomR�GDV�Do}HV�QHFHVViULDV�j�SUHVHUYDomR�GDV�IXQo}HV�GR�VROR��j�
SUHYHQomR� GDV� DPHDoDV� H� j� DWHQXDomR� GRV� VHXV� HIHLWRV�� EHP� FRPR� j� UHFXSHUDomR� GRV� VRORV�
GHJUDGDGRV��$�DPHDoD�j�FDSDFLGDGH�GDV�JHUDo}HV�IXWXUDV�VDWLVID]HUHP�DV�VXDV�QHFHVVLGDGHV�PDLV�
HOHPHQWDUHV� p� XPD� UHDOLGDGH�� DJUDYDGD� SHODV� WHQGrQFLDV� GHPRJUiILFDV� PXQGLDLV� DWXDLV� H� R�
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FUHVFLPHQWR�SUHYLVWR�SDUD�D�SRSXODomR�PXQGLDO��$FUHVFH�TXH�FHUFD�GH������GR�TXH�FRPHPRV�SURYpP�

GR�VROR��

$SHVDU�GRV�SULQFLSDLV�SURFHVVRV�GH�GHJUDGDomR�RX�DPHDoDV�D�TXH� VH�HQFRQWUDP�H[SRVWRV�RV�

VRORV�WHUHP�VLGR�LGHQWLILFDGRV�Ki�PDLV�GH�XPD�GpFDGD�SHOD�&RPLVVmR�(XURSHLD�H�GH�D�VXD�GHJUDGDomR�

SURVVHJXLU��FRQWLQXD�D�QmR�KDYHU�OHJLVODomR�FRPXQLWiULD�HVSHFtILFD�SDUD�D�SURWHomR�GR�VROR��(�QmR�VH�

SUHYr� TXH� H[LVWD� SDUD� EUHYH��&RP� HIHLWR�� D� SURSRVWD� GD�&RPLVVmR�(XURSHLD� TXH� HVWDEHOHFLD� XP�

TXDGUR�SDUD�D�SURWHomR�GR�VROR��&RPLVVmR�(XURSHLD���������IRL�UHWLUDGD�HP�PDLR�GH�������SRU�IDOWD�

GH�FRQVHQVR�HQWUH�RV�(VWDGRV�0HPEURV��5RTXH������E���7DO�QmR�VLJQLILFD��VHJXQGR�3D\i�3pUH]�H�

YDQ�/LHGHNHUNH���������TXH�D�&RPLVVmR�HVWHMD�PHQRV�FRPSURPHWLGD�FRP�D�QHFHVVLGDGH�GH�JDUDQWLU�

D�SURWHomR�GR�VROR��FRPR�PRVWUD�D�SURSRVWD�GH�SURJUDPD�JHUDO�GH�DomR�GD�8(�SDUD�������&RPLVVmR�

(XURSHLD���������$V�GLVSRVLo}HV�H[LVWHQWHV�QD�OHJLVODomR�FRPXQLWiULD�HP�GRPtQLRV�FRPR�D�iJXD��RV�

UHVtGXRV��D�UHVSRQVDELOLGDGH�DPELHQWDO��H�D�SUHYHQomR�H�FRQWUROR�LQWHJUDGR�GD�SROXLomR��Vy�DVVHJXUDP�

D�SURWHomR�GR�VROR�GH�IRUPD�LQGLUHWD��

1D� OHJLVODomR� SRUWXJXHVD� Mi� H[LVWH� XP� DFHUYR� GH� GLSORPDV� GH� WUDQVSRVLomR� GH� GLUHWLYDV�

FRPXQLWiULDV�TXH�DVVHJXUDP�D�SURWHomR�GR�VROR�GH�IRUPD�LQGLUHWD��H�HQWURX�UHFHQWHPHQWH�HP�YLJRU�D�

OHL�GH�EDVHV�JHUDLV�GD�SROtWLFD�S~EOLFD�GH�VRORV��'5���������0DQWpP�VH�D�IDOWD�GH�OHJLVODomR�HVSHFtILFD�

VREUH�FRQWDPLQDomR�GH�VRORV��DSHVDU�GH�Mi� WHU�HVWDGR�HP�GLVFXVVmR�S~EOLFD��HP�ILQDLV�GH�������R�

3URMHWR�OHJLVODWLYR��3UR6RORV��UHODWLYR�j�SUHYHQomR�GD�FRQWDPLQDomR�H�UHPHGLDomR�GRV�VRORV��$3$��

�������HVSHUDQGR�VH��SRU�LVVR��TXH�R�GLSORPD�OHJLVODWLYR�HQWUH�EUHYHPHQWH�HP�YLJRU��

$�FRQWDPLQDomR�GRV�VRORV�UHSUHVHQWD�XP�SHULJR�SDUD�D�VD~GH�S~EOLFD�H�SDUD�R�DPELHQWH��SRU�

H[HPSOR��SHUGD�GD�ELRGLYHUVLGDGH�RX�LPSDFWH�DR�QtYHO�GRV�UHFXUVRV�QDWXUDLV���GHSHQGHQGR�RV�VHXV�

HIHLWRV� GR� WLSR� GH� FRQWDPLQDQWH�� GD� H[SRVLomR� �LQWHQVLGDGH�� IUHTXrQFLD� H� GXUDomR�� H� GDV�

FDUDFWHUtVWLFDV�ELROyJLFDV�GR�LQGLYtGXR�H[SRVWR��1D�/LVWD�3ULRULWiULD�GDV�6XEVWkQFLDV�3HULJRVDV�GD�

$JHQF\� IRU� 7R[LF� 6XEVWDQFHV� DQG� 'LVHDVH� 5HJLVWU\� �$76'5�� ������� FRQVWUXtGD� D� SDUWLU� GD�

FRQMXJDomR� GD� VXD� IUHTXrQFLD�� WR[LFLGDGH� H� SRWHQFLDO� GH� H[SRVLomR� KXPDQD�� H� DGRWDGD� SHOD�

2UJDQL]DomR�0XQGLDO�GH�6D~GH��RV�HOHPHQWRV�TXtPLFRV�TXH�RFXSDP�RV�WUrV�SULPHLURV�OXJDUHV�VmR�R�

DUVpQLR�� R� FKXPER� H� R� PHUF~ULR�� 2V� HIHLWRV� GHVWHV� PHWDLV� SHVDGRV�� TXH� QmR� VmR� QHFHVViULRV� D�

QHQKXPD�IXQomR�GRV�RUJDQLVPRV��VmR��D�QHXURWR[LFLGDGH��RV�GLVW~UELRV�KHPDWROyJLFRV��RV�GLVW~UELRV�

UHQDLV��D�KLSHUWHQVmR�DUWHULDO��D�FDUFLQRJHQLFLGDGH��HQWUH�RXWURV��5XSSHQWKDO���������

0DLV�GH�����DQRV�GH�LQGXVWULDOL]DomR�HXURSHLD�WRUQDUDP�D�FRQWDPLQDomR�GR�VROR�QXP�SUREOHPD�

PXLWR�JHQHUDOL]DGR��1R�~OWLPR�LQYHQWiULR�HXURSHX�VREUH�VRORV�FRQWDPLQDGRV��UHDOL]DGR�HP������

�����SHOR�(XURSHDQ�6RLO�'DWD�&HQWUH��3DQDJRV�et al.���������H�DR�TXDO�IRUDP�DVVRFLDGRV����SDtVHV��

HVWLPRX�VH�R�Q~PHUR�GH�ORFDLV�SRWHQFLDOPHQWH�FRQWDPLQDGRV�HP�����������H�GH�ORFDLV�FRQWDPLQDGRV�

HP� ���� ����� $SHQDV� �� SDtVHV� QmR� UHVSRQGHUDP� DR� LQYHQWiULR�� %yVQLD�+HU]HJRYLQD�� (VORYpQLD��

3ROyQLD�� 3RUWXJDO� H� 7XUTXLD�� DLQGD� TXH� QR� TXH� UHVSHLWD� D� 3RUWXJDO�� UHPRQWH� D� ����� R� SULPHLUR�

LQYHQWiULR�VREUH�VRORV�FRQWDPLQDGRV�QR�SDtV��-RUJH���������8P�VHJXQGR�LQYHQWiULR�IRL�DSUHVHQWDGR�

HP�(&2�62/26���������&RQVLGHUDQGR�RV�GDGRV�REWLGRV�PDLV� UHFHQWHPHQWH�SHOR�(XURSHDQ�6RLO�

'DWD� &HQWUH�� HVWLPD�VH� TXH� HP� 3RUWXJDO� H[LVWDP� FHUFD� GH� ��� ���� ORFDLV� SRWHQFLDOPHQWH�

FRQWDPLQDGRV��HP������LGHQWLILFDUDP�VH�FHUFD�GH���������WHQGR�SRU�EDVH�R�&DWiORJR�(XURSHX�GH�

5HVtGXRV��DWXDO�/LVWD�(XURSHLD�GH�5HVtGXRV��H�GDGRV�UHFROKLGRV�QR�,QVWLWXWR�1DFLRQDO�GH�(VWDWtVWLFD��

H� ����� ORFDLV� FRQWDPLQDGRV�� 2V� VHWRUHV� TXH� PDLV� FRQWULEXHP� SDUD� D� FRQWDPLQDomR� GRV� VRORV��

FRQVLGHUDQGR�DV�UHVSRVWDV�GH����SDtVHV��VmR�RV�DWHUURV�GH�UHVtGXRV��������H�DV�DWLYLGDGHV�LQGXVWULDLV�

H�FRPHUFLDLV���������RQGH�VH�LQFOXHP�D�H[WUDomR�H�UHILQDomR�GR�SHWUyOHR��DV�FHQWUDLV�HOpWULFDV�H�D�

H[WUDomR�PLQHLUD��2V�SULQFLSDLV�FRQWDPLQDQWHV��SDUWLQGR�GDV�UHVSRVWDV�GH����SDtVHV��VmR�RV�PHWDLV�

SHVDGRV�H�RV�yOHRV�PLQHUDLV��TXH�FRQWULEXHP��HP�FRQMXQWR��FRP�FHUFD�GH������SDUD�D�FRQWDPLQDomR�

GRV�VRORV�H������SDUD�D�FRQWDPLQDomR�GDV�iJXDV�VXEWHUUkQHDV��$V�)LJXUDV���H����DSUHVHQWDP�HVWHV�H�

WRGRV�RV�UHVWDQWHV�VHWRUHV�H�FRQWDPLQDQWHV��UHVSHWLYDPHQWH��

2�FXVWR�WRWDO�HVWLPDGR�SDUD�D�JHVWmR�GRV�VRORV�FRQWDPLQDGRV�QRV�(VWDGRV�0HPEURV�GD�8(�VLWXD�

VH�HQWUH�����H������ELOL}HV�GH�HXURV��3DQDJRV�et al����������FRUUHVSRQGHQGR��GH�DFRUGR�FRP�R�PHVPR�

HVWXGR��D�FHUFD�GH������PLOK}HV�GH�HXURV�SRU�DQR��6HJXQGR�D�$JrQFLD�(XURSHLD�GR�$PELHQWH��$($���

HP����DQRV�IRUDP�GHVFRQWDPLQDGRV�FHUFD�GH��������ORFDLV�QD�(XURSD��(($���������
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)DFH� DR� JUDQGH� Q~PHUR� GH� ORFDLV� FRQWDPLQDGRV� H� DRV� HOHYDGRV� FXVWRV� GD� VXD� UHPHGLDomR��
DSUHVHQWDGRV� QR� SDUiJUDIR� DQWHULRU�� D� SDUWLFLSDomR� GRV� JHRWpFQLFRV� QD� UHPHGLDomR� GRV� WHUUHQRV�
FRQWDPLQDGRV�GHYH�FRQWULEXLU�HP�GRLV�SRQWRV�IXQGDPHQWDLV��D��UHGXomR�GRV�FXVWRV��H�E��UHGXomR�GRV�
LPSDFWHV�QR�DPELHQWH��3DUD�DOpP�GLVVR��GHYH�DWHQGHU�DR�VHJXLQWH�SULQFtSLR��R�FXVWR�GD�UHPHGLDomR�
QmR�GHYH�H[FHGHU�RV�EHQHItFLRV�DPELHQWDLV��

$OJXQV� FRQWULEXWRV� UHOHYDQWHV� TXH� RV� JHRWpFQLFRV� SRGHP� GDU� SDUD� D� UHGXomR� GRV� FXVWRV� GD�
UHPHGLDomR��XPD�SUHVVmR�FRQVWDQWH�QD�(XURSD�H�TXH�VH�MXVWLILFD�SOHQDPHQWH�DWHQGHQGR�DRV�YDORUHV�
LQGLFDGRV�PDLV�DFLPD��VmR��D��SURPRYHU�D�XWLOL]DomR�GDV�WpFQLFDV�H[LVWHQWHV�H�R�GHVHQYROYLPHQWR�GH�
RXWUDV��FRP�PDLRU�UHODomR�FXVWR�EHQHItFLR��E��UHGX]LU�R�YROXPH�GH�WHUUHQR�D�VHU�WUDWDGR��F��DXPHQWDU�
R�YROXPH�GH�WHUUHQR�WUDWDGR�D�VHU�UHXWLOL]DGR�RX�UHFLFODGR��H�G��SURPRYHU�R�XVR�H�R�PHOKRUDPHQWR�
GDV�DQiOLVHV�GH�ULVFR��

�

)LJ����±�6HWRUHV�TXH�FRQWULEXHP�SDUD�D�FRQWDPLQDomR�GRV�VRORV�QD�(XURSD��DGDSWDGR�GH�3DQDJRV�
et al����������

�

�

/HJHQGD��%7(;���EHQ]HQR��WROXHQR��HWLOEHQ]HQR�H�[LOHQR��&+&�±�+LGURFDUERQHWRV�&ORUDGRV��
+$3�±�+LGURFDUERQHWRV�$URPiWLFRV�3ROLFtFOLFRV��

)LJ�����±�&RQWDPLQDQWHV�TXH�SROXHP�RV�VRORV�H�DV�iJXDV�VXEWHUUkQHDV�QD�(XURSD��DGDSWDGR�GH�
3DQDJRV�et al����������

&RQWDPLQDQWHV�TXH�SROXHP�R�VROR�

0LOLWDU�
������

2XWURV�
������

$UPD]HQDPHQWR�
�������

([SORUDo}HV�QXFOHDUHV�
������

$WHUURV�H�WUDWDPHQWR�GH�
UHVtGXRV�
�������

'HUUDPHV�QR�WUDQVSRUWH�
������

&RQWDPLQDQWHV�TXH�SROXHP�DV�iJXDV�VXEWHUUkQHDV�

������
LQGXVWULDLV�H�FRPHUFLDLV�

$WLYLGDGHV�

�
&+&�
����� �

2XWURV�
�����

�ÏOHR�PLQHUDO�
������

+$3��������

�

�
)HQyLV�
������

&LDQHWRV�
������

�0HWDLV�SHVDGRV�
������

0HWDLV�SHVDGRV�
������

�ÏOHR�PLQHUDO�
������

�
2XWURV�
������

�
%7(;�
������

%7(;�
������

�
&+&�
�������)HQyLV�

������

�
&LDQHWRV�
������

+$3�������
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�

$�VXVWHQWDELOLGDGH�Vy�UDUDPHQWH�WHP�VLGR�FRQVLGHUDGD�QRV�SURMHWRV�GH�UHPHGLDomR�GRV�WHUUHQRV��
FRP�HYHQWXDLV�UHOHYDQWHV�FRQVHTXrQFLDV�DR�QtYHO�GRV�LPSDFWHV�QR�DPELHQWH��$�DERUGDJHP�FOiVVLFD�
p� UHGX]LU� DV� FRQFHQWUDo}HV� GRV� FRQWDPLQDQWHV� DWp� DRV� QtYHLV� SUHVFULWRV� SHOD� UHJXODPHQWDomR�
DSOLFiYHO��1HVWD� DERUGDJHP�� Vy� RV� LPSDFWHV� H� RV� IDWRUHV� ORFDLV� VmR� FRQVLGHUDGRV� QD� VHOHomR� GDV�
WHFQRORJLDV�GH�UHPHGLDomR��,PSDFWHV�KROtVWLFRV�PDLV�DPSORV�VmR�SRXFDV�YH]HV�FRQVLGHUDGRV�RX�VmR�
PHVPR�WRWDOPHQWH�QHJOLJHQFLDGRV��5HGG\���������3DUD�HVWH�DXWRU��D�VXVWHQWDELOLGDGH�H[LJH�TXH�VH�
FRQVLGHUH�QmR� Vy� RV� UHTXLVLWRV�GH� HILFiFLD�� GH� FXVWR� H�GH� WHPSR�GH� UHPHGLDomR��PDV� WDPEpP�RV�
LPSDFWHV�UHVXOWDQWHV��FRPR�DV�HPLVV}HV�GH�JDVHV�FRP�HIHLWR�GH�HVWXID��D�SROXLomR�GR�DU��R�XVR�GH�
HQHUJLD��R�FRQVXPR�GH�iJXD�H�R�HVJRWDPHQWR�GRV�UHFXUVRV�QDWXUDLV��GXUDQWH�WRGR�R�FLFOR�GH�YLGD�GR�
SURMHWR�GH�UHPHGLDomR��

6HJXQGR�1DWKDQDLO� H�%DUGRV� �������� DV� WpFQLFDV� GH� UHPHGLDomR� LQLFLDOPHQWH�PDLV� DSOLFDGDV�
SURFHGLDP�j� HVFDYDomR�H�DWHUUR��QR� FDVR�GRV� VRORV�� H�RX�j�ERPEDJHP�H�WUDWDPHQWR�� QR� FDVR�GDV�
iJXDV�VXEWHUUkQHDV��(VWDV�WpFQLFDV�GH�UHPHGLDomR��DPEDV�ex-situ��QmR�VmR��SRUpP��VXVWHQWiYHLV��SRU�
FDXVD�GRV�LPSDFWHV�QHJDWLYRV�H�GRV�EHQHItFLRV�DPELHQWDLV�VHUHP�QHXWURV�RX�QHJDWLYRV��1HVWHV�FDVRV�
WrP�JUDQGH�SHVR�R�FXVWR�GR�WUDQVSRUWH�H�R�FRQVXPR�GH�HQHUJLD��5HGG\��������UHIHUH�TXH�DWXDOPHQWH�
Ki�SUHIHUrQFLD�SHODV�WpFQLFDV�GH�UHPHGLDomR�in-situ��QmR�Vy�SHOD�VXD�HYROXomR��PDV�WDPEpP�SRU�VHUHP�
PDLV�VXVWHQWiYHLV��$�IUHTXrQFLD�GH�XWLOL]DomR�GH�GLIHUHQWHV� WpFQLFDV�GH�UHPHGLDomR�HP�GLIHUHQWHV�
SDtVHV�HXURSHXV�p�PRVWUDGD�QD�)LJXUD�����

�

)LJ�����±�)UHTXrQFLD�GH�XWLOL]DomR�GH�GLIHUHQWHV�WpFQLFDV�GH�UHPHGLDomR�HP�GLIHUHQWHV�SDtVHV�
HXURSHXV��HP�������DGDSWDGR�GH�YDQ�/LHGHNHUNH�et al.���������

7pFQLFDV�GH�UHPHGLDomR�GH�WHUUHQRV�FRQWDPLQDGRV�PDLV�IUHTXHQWHV�HP�SDtVHV�HXURSHXV�

�
ÈXVWULD�

%pOJLFD��)ODQGUHV��

(VWyQLD�

)LQOkQGLD�

)UDQoD�

+XQJULD�

,WiOLD�

/LWXkQLD�

0DOWD�

+RODQGD�

1RUXHJ

(VORYiTXLD�

5HLQR�8QLGR�

�
7UDWDPHQWR�ELROyJLFR�in-situ�

�
7UDWDPHQWR�WpUPLFR�in-situ�
7UDWDPHQWR�ItVLFR�TXtPLFR�ex-situ��off-site��HVFDYDomR��
7UDWDPHQWR�ex-situ��HVFDYDomR��

7UDWDPHQWR�ItVLFR�TXtPLFR�in-situ�
7UDWDPHQWR�ELROyJLFR�ex-situ��off-site��HVFY���
7UDWDPHQWR�WpUPLFR�ex-situ��off-site��HVFY���
2XWURV�WUDWDPHQWRV��LQFOXL�HVFY��H�GHS���

���� ����� ����� ����� ����� ����� ����� ����� ����� ����� �������
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$�VHOHomR�GDV�WHFQRORJLDV�GH�UHPHGLDomR�GRV�WHUUHQRV�FRQWDPLQDGRV�H�R�VHX�VXFHVVR�GHSHQGHP�

GH�YiULRV�IDWRUHV��.KDQ�et al.��������6LOYD���������QRPHDGDPHQWH��D��GDV�FDUDFWHUtVWLFDV�GR�ORFDO��

E��GDV� FDUDFWHUtVWLFDV� GR� FRQWDPLQDQWH�� F�� GR� XVR� GR� VROR�� G�� GR� WHPSR� GLVSRQtYHO�� H�� GRV�

FRQKHFLPHQWRV�GD�HTXLSD�WpFQLFD��I��GRV�FXVWRV��H�J��GD�OHJLVODomR�DSOLFiYHO��

$WHQGHQGR�D�TXH�R�VXFHVVR�GD�DSOLFDomR�GDV�WpFQLFDV�GH�UHPHGLDomR�GHSHQGH�GR�FRQKHFLPHQWR�

H[DXVWLYR�GDV�FDUDFWHUtVWLFDV�GR�VXEVROR��RQGH�VH�LQFOXHP�DV�iJXDV�VXEWHUUkQHDV��D�LPSRUWkQFLD�GH�

HQYROYHU�RV�JHRWpFQLFRV� QRV�SURFHVVRV�GH� UHPHGLDomR�GRV� WHUUHQRV� FRQWDPLQDGRV�� UHVXOWD�� FRPR�
UHIHULGR� QD� LQWURGXomR�� GRV� VHXV� FRQKHFLPHQWRV� TXHU� VREUH� R� FRPSRUWDPHQWR� H� DV� WpFQLFDV� GH�

WUDWDPHQWR�GRV�VRORV��TXHU�VREUH�D�KHWHURJHQHLGDGH�H�D�DQLVRWURSLD�GR�VXEVROR��

3RU�VH�HQWHQGHU�TXH�D� LQWHUYHQomR�GRV�JHRWpFQLFRV�QD� UHPHGLDomR�GRV�VRORV�FRQWDPLQDGRV�p�
GHWHUPLQDQWH�H�TXH�DV�VROLFLWDo}HV�LUmR�DXPHQWDU�QR�IXWXUR��VmR�QXPHURVRV�RV�GHVDILRV�WpFQLFRV�H�DV�

RSRUWXQLGDGHV�TXH�VH�SHUVSHWLYDP�SDUD�RV�JHRWpFQLFRV�QRV�SUy[LPRV�DQRV��

��±�6867(17$%,/,'$'(�(�0,1(5$d­2�'26�$7(5526�'(�5(6Ë'826�

$SHVDU�GRV�HVIRUoRV�SDUD�VH�DWLQJLU�D�PHWD�GH�HQFDPLQKDPHQWR�GH�]HUR�UHVtGXRV�SDUD�RV�DWHUURV��

KDYHUi�VHPSUH�XPD�SHUFHQWDJHP�GH�UHVtGXRV��DLQGD�TXH� UHVLGXDO� �������D�SDUWLU�GH������QD�8(�

�&RPLVVmR�(XURSHLD������D����TXH�SRGHUi�VHU�GHSRVLWDGD�HP�DWHUUR��$�FRQWLQXDomR�GD�GHSRVLomR�GH�

UHVtGXRV�HP�DWHUURV��p��SRUWDQWR��SDUWH�REULJDWyULD�QXPD�HVWUDWpJLD�LQWHJUDGD�GH�JHVWmR�GH�UHVtGXRV�

GH�HQFHUUDPHQWR�GR�FLFOR�GR�PDWHULDO��4XDOTXHU�RXWUR�HQFDPLQKDPHQWR�SDUD�HVWHV�UHVtGXRV�UHVLGXDLV�

SRGHULD�UHVXOWDU�QD�GLVSHUVmR�GRV�FRQWDPLQDQWHV�QR�DPELHQWH��

$�HVPDJDGRUD�PDLRULD�GRV�DWHUURV�H[LVWHQWHV�IRL�FRQFHELGD�H�FRQVWUXtGD�SDUD�RV�UHVtGXRV�HVWDUHP�

LVRODGRV�GR�PHLR� HQYROYHQWH�� D� ILP�GH�R�SURWHJHUHP�GD�PLJUDomR�GRV� OL[LYLDGRV� H�GR�ELRJiV��$�

UHFLUFXODomR�GRV� OL[LYLDGRV�p�SRU�YH]HV�SUDWLFDGD�QHVWHV� DWHUURV�FRPR� IRUPD�GH�RV�DUPD]HQDU�QD�

PDVVD�GH�UHVtGXRV�H�JHULU�D�FDSDFLGDGH�GH�UHVSRVWD�GDV�(VWDo}HV�GH�7UDWDPHQWR�GRV�/L[LYLDGRV�H�

WDPEpP�GH�SURPRYHU�D�JHUDomR�GH�ELRJiV��

1HVWD�ILORVRILD�GH�HOLPLQDomR�GH�UHVtGXRV�HP�DWHUUR���UHFROKHU�RV�UHVtGXRV�H�GHVFDUWi�ORV�DR�PDLV�

EDL[R�FXVWR�H�R�PDLV�UiSLGR�SRVVtYHO���FRORFD�VH�D�TXHVWmR�GH�VDEHU�VH�RV�VLVWHPDV�FRQVWUXtGRV�SDUD�

LVRODU�RV�UHVtGXRV�GR�PHLR�HQYROYHQWH�YmR�PDQWHU�XP�GHVHPSHQKR�DGHTXDGR�DWp�D�FDUJD�SROXHQWH�

GRV�UHVtGXRV�QmR�UHSUHVHQWDU�XP�SHULJR�SDUD�D�VD~GH�S~EOLFD�H�SDUD�R�DPELHQWH��

$�SDUWLU�GH�XPD�SHUVSHWLYD�GH�VXVWHQWDELOLGDGH��QR�VHQWLGR�GH�QmR�VH�SDVVDUHP�UHVSRQVDELOLGDGHV�

SDUD�DV�IXWXUDV�JHUDo}HV��D�FRQFHomR�GRV�QRYRV�DWHUURV�GH�UHVtGXRV�GHYLD�VHU�UHYLVWD��8P�GHVDILR�

SDUD�RV�JHRWpFQLFRV�p��SRUWDQWR��FRQWULEXtUHP�SDUD�D�H[SORUDomR�VXVWHQWiYHO�GRV�DWHUURV�GH�UHVtGXRV�
GD�SUy[LPD�JHUDomR��1HVWD�QRYD�DERUGDJHP��RV�DWHUURV�GH�UHVtGXRV�VHULDP�H[SORUDGRV�GH�IRUPD�D�

VHU�DFHOHUDGD�D��ELR�GHJUDGDomR�H�D�OL[LYLDomR�GDV�VXEVWkQFLDV�SROXHQWHV�PRELOL]iYHLV��GH�PRGR�TXH�

D�FDUJD�SROXHQWH�GRV�UHVtGXRV�ILTXH�HP�HTXLOtEULR�FRP�R�PHLR�HQYROYHQWH�QR�PDLV�FXUWR�LQWHUYDOR�GH�

WHPSR�SRVVtYHO��R�TXDO�QmR�GHYHULD�VHU�VXSHULRU�DR�SHUtRGR�FRUUHVSRQGHQWH�D�DSUR[LPDGDPHQWH�XPD�

JHUDomR��FHUFD�GH����DQRV���

$� )LJXUD� ��� UHSUHVHQWD� HVTXHPDWLFDPHQWH� R� FRQFHLWR� GH� H[SORUDomR� GH� DWHUURV� GH� UHVtGXRV�

VHJXQGR�RV�PpWRGRV�WUDGLFLRQDLV��GHFRPSRVLomR�OHQWD�GRV�UHVtGXRV��H�FRPR�ELRUUHDWRU�DQDHUyELFR�

�WD[D�GH�GHFRPSRVLomR�GRV�UHVtGXRV�PDLV�UiSLGD���

8PD�VHJXQGD�DERUGDJHP�LQRYDGRUD�QRV�DWHUURV�GH�UHVtGXRV�VmR�DV�RSHUDo}HV�GH�H[XPDomR�RX�

GH�PLQHUDomR��TXH�HQYROYHP�D�HVFDYDomR�H�D�UHFXSHUDomR�GRV�UHVtGXRV�GHSRVLWDGRV�SDUD�UHFLFODU�RV�

PDWHULDLV�LQRUJkQLFRV�Dt�H[LVWHQWHV��1HVWH�FRQWH[WR��D�JHVWmR�KLHUiUTXLFD�GRV�UHVtGXRV��RQGH�RV�DWHUURV�

HUDP�D�~OWLPD�GDV�RSo}HV��p�VXEVWLWXtGD�SRU�XPD�JHVWmR�VXVWHQWiYHO�GRV�UHVtGXRV��TXH�VH�EDVHLD�QR�

FLFOR�GH�YLGD�~WLO�GRV�SURGXWRV��FRP�R�REMHWLYR�LGHDO�GH�FULDomR�GH�GHVSHUGtFLR�]HUR��

1HVWD� QRYD� DERUGDJHP�� D� DFHOHUDomR� GD� HVWDELOL]DomR� GRV� UHVtGXRV� QRV� DWHUURV� SHUPLWLULD�

DQWHFLSDU�DV�DWLYLGDGHV�GH�PLQHUDomR�SDUD�D�UHFLFODJHP�GR�PDWHULDO�HP�GHSyVLWR��

$� PLQHUDomR� GRV� DWHUURV� GH� UHVtGXRV� UHSUHVHQWD� DV� DWLYLGDGHV� HQYROYLGDV� QD� H[WUDomR� H� QR�

SURFHVVDPHQWR�GRV�UHVtGXRV�TXH�IRUDP�SUHYLDPHQWH�DUPD]HQDGRV�HP�DWHUURV�GH�568��HQWUH�RXWURV��

6HJXQGR�&RVVX�H�:LOOLDPV���������D�PLQHUDomR�XUEDQD�p�XPD�H[WHQVmR�GD�PLQHUDomR�GRV�DWHUURV�GH�
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UHVtGXRV�SDUD�UHFXSHUDomR�GH�PDWpULDV�SULPDV�VHFXQGiULDV�FRP�YDORU�WUDQVDFLRQiYHO�SUHVHQWHV�HP�
HGLItFLRV��LQIUDHVWUXWXUDV�FRPHUFLDLV�H�LQGXVWULDLV��HTXLSDPHQWRV�HOHWUyQLFRV��HQWUH�RXWURV��

e�FRQVHQVXDO�TXH�D�SULPHLUD�H[SHULrQFLD�GH�PLQHUDomR�GH�DWHUURV�GH�UHVtGXRV�WHUi�RFRUULGR�HP�
,VUDHO��HP�������FRP�R�SULQFLSDO�SURSyVLWR�GH�DXPHQWDU�D�FDSDFLGDGH�GD�LQIUDHVWUXWXUD�SDUD�FRQWLQXDU�
D�UHFHEHU�UHVtGXRV��6DYDJH�et al.���������3RUpP��Vy�UHFHQWHPHQWH��QR�ILQDO�GR�VpFXOR�SDVVDGR��YROWRX�
D�KDYHU�LQWHUHVVH�SHOD�PLQHUDomR�GRV�DWHUURV�GH�UHVtGXRV��$SHVDU�GLVVR��D�PLQHUDomR�GRV�DWHUURV�GH�
UHVtGXRV�DLQGD�QmR�p�FRQVLGHUDGD�QDV�RSo}HV�GH�JHVWmR�GH�UHVtGXRV��SRU�WRGD�D�HVWUDWpJLD�VH�IRFDU�QR�
FXPSULPHQWR�GH�PHWDV�QDFLRQDLV�H�FRPXQLWiULDV��FRPR�VHMDP��D�UHGXomR�GH�SURGXomR�GH�UHVtGXRV��D�
UHGXomR� GD� TXDQWLGDGH� WRWDO� GH� UHVtGXRV� GHSRVLWDGRV� HP� DWHUUR�� RX� R� DXPHQWR� UHODWLYDPHQWH� j�
SUHSDUDomR�SDUD�D�UHXWLOL]DomR�H�D�UHFLFODJHP�GH�UHVtGXRV��

$WHQGHQGR�� SRUpP�� j� SURFXUD� JOREDO� DWXDO� H� HVSHUDGD� GH� PDWHULDLV�� HVSHFLDOPHQWH� GH�
PHWDLV���HQWUH������H������KRXYH�XP�DXPHQWR�GH�����QD�H[WUDomR�GH�UHFXUVRV��WHQGR�D�H[WUDomR�GH�
PHWDLV� DXPHQWDGR� ���� �%HKUHQV� et al.�� ������� SRU� XP� ODGR�� H� j� GLPLQXLomR� GRV� UHFXUVRV� QmR�
UHQRYiYHLV��DXPHQWR�GR�SUHoR�GDV�PDWpULDV�SULPDV�H�SUHRFXSDo}HV�FRP�R�DPELHQWH��SRU�RXWUR��p�
HVSHUDGR�TXH�RV�PDWHULDLV�H[LVWHQWHV�HP�JUDQGHV�TXDQWLGDGHV�QRV�DWHUURV�GH�UHVtGXRV�YHQKDP�D�VHU�
FRQVLGHUDGRV�XP�UHFXUVR�YDOLRVR��H��SRU�LVVR��HFRQRPLFDPHQWH�YLiYHO�D�VXD�H[SORUDomR��&RP�HVWD�
PXGDQoD�GH�SDUDGLJPD��RV�DWHUURV�SDVVDULDP�D�VHU�YLVWRV�FRPR�XP�ORFDO�SDUD�DUPD]HQDPHQWR�GRV�

�

�

���

� �

�

�

���
�

)LJ�����±�D��$WHUUR�GH�UHVtGXRV�WUDGLFLRQDO��E��DWHUUR�GH�UHVtGXRV�ELRUUHDWRU�DQDHUyELFR��DGDSWDGR�
GH�7RZQVHQG��V�G���

&+���&2��

5HVtGXRV�
�GHFRPSRVLomR�OHQWD��

&RQILQDPHQWR�EDVDO�
H�UHFROKD�GRV�OL[LYLDGRV�

&REHUWXUD�ILQDO�

/L[LYLDGRV�SDUD�
(VWDomR�GH�7UDWDPHQWR�

&REHUWXUD�SURYLVyULD�

5HVtGXRV�
�GHFRPSRVLomR�UiSLGD��

/L[LYLDGRV�SDUD�D�
(VWDomR�GH�7UDWDPHQWR�

&RQILQDPHQWR�EDVDO�
H�UHFROKD�GRV�OL[LYLDGRV�

� ��&+���&2��
5HFLUFXODomR�GR�OL[LYLDGR�
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UHVtGXRV�D�ORQJR�SUD]R�H�QmR�SDUD�D�VXD�GHSRVLomR�ILQDO��$SHQDV�D�SDUWH�GRV�UHVtGXRV�DUPD]HQDGRV�

TXH�QmR�IRVVH�UHFLFOiYHO�QHFHVVLWDULD�GH�VHU�UHDWHUUDGD��UHSUHVHQWDQGR�D�UHFROKD�GH�PXLWRV�PLOK}HV�

GH�WRQHODGDV�GH�UHFXUVRV��

&RP�HIHLWR��HVWLPD�VH�TXH�Vy�QD�8(�RV�DWHUURV�GH�UHVtGXRV�FRQWHQKDP�GH����D����ELOL}HV�GH�

PHWURV�F~ELFRV�GH�UHVtGXRV��5DWFOLIIH�et al.���������H�TXH�HP����KHFWDUHV�GH�XP�DWHUUR�GH�UHVtGXRV�

SRVVDP�H[LVWLU���������WRQHODGDV�GH�DoR�H��������WRQHODGDV�GH�DOXPtQLR��&RKHQ�5RVHQWKDO���������

$�QtYHO�JOREDO��D�TXDQWLGDGH�GH�FREUH�GHSRVLWDGR�QRV�DWHUURV�GH�UHVtGXRV�HVWLPD�VH�HP�����PLOK}HV�

GH�WRQHODGDV��FRPSDUiYHO�DR�FREUH�HP�XVR�QD�WHFQRVIHUD������PLOK}HV�GH�WRQHODGDV���.URRN�et al.��

�������1RV�(8$�HVWLPD�VH�TXH�HQWUH������H�������PDLV�GH�����PLOK}HV�GH�PHJDWRQHODGDV�GH�PHWDLV�

IRUDP�GHSRVLWDGDV�HP�DWHUURV��86(3$��������

3DUD�DOpP�GD�UHFXSHUDomR�GH�PDWHULDLV�SDUD�UHFLFODJHP�H�UHLQWURGXomR�QR�SURFHVVR�SURGXWLYR��

FRQWULEXLQGR�SDUD�RV�REMHWLYRV�GD�HFRQRPLD�FLUFXODU��Ki�DLQGD�D�UHIHULU�DV�VHJXLQWHV�YDQWDJHQV�GD�

PLQHUDomR�GRV�DWHUURV�GH�UHVtGXRV��D��UHPRomR�GH�XPD�SRWHQFLDO�IRQWH�GH�FRQWDPLQDomR��UHGX]LQGR�

RV�ULVFRV�GH�FRQWDPLQDomR�GR�DPELHQWH��HP�SDUWLFXODU�FRP�D�UHFRQYHUVmR�GDV�OL[HLUDV�HP�DWHUURV�GH�

UHVtGXRV��E��SRVVLELOLGDGH�GH�VH�LQVSHFLRQDUHP�H�UHSDUDUHP�RV�VLVWHPDV�EDVDLV�GH�FRQILQDPHQWR�H�GH�

UHFROKD�GH�OL[LYLDGRV��F��UHXWLOL]DomR�GR�HVSDoR�GLVSRQLELOL]DGR�SDUD�GHSRVLomR�GH�QRYRV�UHVtGXRV��

SURORQJDQGR�R�SHUtRGR�GH�YLGD�~WLO�GR�DWHUUR�H�HYLWDQGR�RX�DGLDQGR�D�VXD�DPSOLDomR�RX�FRQVWUXomR�

GH�QRYRV�DWHUURV��H�G��XWLOL]DomR�GR�HVSDoR�SDUD�RXWURV�ILQV��VH�QmR�FRQWLQXDU�D�H[SORUDomR�FRPR�

DWHUUR�GH�UHVtGXRV��

$QWHV�GH�VH�FRQVLGHUDU�D�UHDOL]DomR�GH�DWLYLGDGHV�GH�PLQHUDomR�QRV�DWHUURV�GH�UHVtGXRV��D�PHOKRU�

SHUVSHWLYD�GH�DSURYHLWDPHQWR�GRV�DWHUURV�GH�UHVtGXRV�DSyV�R�HQFHUUDPHQWR�HUD�D�VXD�XWLOL]DomR�SDUD�

FRQVWUXomR�GH� HVWUXWXUDV� UHFUHDWLYDV�� DGDSWDomR� D� UHVHUYDV� QDWXUDLV�� VXSRUWH� D� FHQWUDLV� GH� SDLQpLV�

VRODUHV��HQWUH�RXWUDV��

2�SURFHVVR�GH�PLQHUDomR�GRV�DWHUURV�GH�UHVtGXRV�SRGH�VH�UHVXPLU�HP�FLQFR�IDVHV�SULQFLSDLV��

D��FDUDFWHUL]DomR�GRV�UHVtGXRV��)LJXUD������E��HVFDYDomR�GRV�UHVtGXRV��)LJXUD������F��VHSDUDomR�HQWUH�

RV�PDWHULDLV�WUDQVDFLRQiYHLV�H�RV�UHVtGXRV�H�WULDJHP��)LJXUD������G��WUDWDPHQWR�H�JHVWmR�GRV�PDWHULDLV�

SUHMXGLFLDLV�DR�DPELHQWH��H�H��GHSRVLomR�GRV�UHVtGXRV�UHVLGXDLV��

8P� GRV� SULQFLSDLV� GHVDILRV� QD� UHFXSHUDomR� GRV� UHFXUVRV�PLQHUDLV� H[LVWHQWHV� QRV� DWHUURV� GH�

UHVtGXRV�p�GLVSRU�GH�PHLRV�WHFQROyJLFRV�FRP�FDSDFLGDGH�SDUD�VHSDUDUHP�RV�PDWHULDLV�WUDQVDFLRQiYHLV�

GRV� UHVtGXRV� GHSRVLWDGRV�� H� DLQGD� PDLV� LPSRUWDQWH�� JDUDQWLU� QtYHLV� GH� TXDOLGDGH� DRV� PDWHULDLV�

UHFXSHUDGRV��

2V�SULQFtSLRV�H�RV�PpWRGRV�TXH�RV�JHRWpFQLFRV�GHVHQYROYHUDP�DR�ORQJR�GH�YiULDV�GpFDGDV�SDUD�

DSOLFDU�HP�VRORV�H�HP�URFKDV��H�PDLV�UHFHQWHPHQWH�QD�GHSRVLomR�GH�UHVtGXRV�HP�DWHUUR��SRGHP��FRP�

DOJXPDV�DGDSWDo}HV�H��QDOJXQV�FDVRV��FRP�GHVDILRV�JHRWpFQLFRV�DGLFLRQDLV��YLUHP�D�VHUHP�DSOLFDGRV�

�

)LJ�����±�)DVH�GH�FDUDFWHUL]DomR�GRV�UHVtGXRV��.HPOHU��V�G���
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QD�PLQHUDomR� GRV� DWHUURV� GH� UHVtGXRV�� H��PXLWR� SDUWLFXODUPHQWH�� QDV� IDVHV� GH� FDUDFWHUL]DomR� GRV�

UHVtGXRV�GHSRVLWDGRV�HP�DWHUUR��GH�HVFDYDomR�GRV�UHVtGXRV�H�GH�UHFRORFDomR�GRV�UHVtGXRV�UHVLGXDLV�

HP�DWHUUR��

��±�&216,'(5$d®(6�),1$,6�

2�H[HUFtFLR�GD�*HRWHFQLD�HP�WHPDV�OLJDGRV�DR�DPELHQWH�H�j�VXVWHQWDELOLGDGH�UHTXHU��D�PDLRULD�

GDV�YH]HV��FRQKHFLPHQWRV�PXOWLGLVFLSOLQDUHV��WDQWR�QRV�WUDEDOKRV�GH�LQYHVWLJDomR�FRPR�QD�H[HFXomR�

GDV� REUDV� H� GRV� SURMHWRV� UHVSHWLYRV�� $� DERUGDJHP� H� D� SOHQD� UHVROXomR� GRV� SUREOHPDV� WDPEpP�

H[LJHP��TXDVH�VHPSUH��FRODERUDo}HV�LQWHUGLVFLSOLQDUHV��HP�SDUWLFXODU��FRP�DV�FLrQFLDV�DPELHQWDLV��

TXtPLFDV�H�ELROyJLFDV��

$V� RSRUWXQLGDGHV� DWXDLV� H� HP� SHUVSHWLYD� QDV� GXDV� iUHDV� VmR�PXLWR� VLJQLILFDWLYDV� H� FRORFDP�

GHVDILRV�UHOHYDQWHV�DRV�JHRWpFQLFRV��

(VWH�WUDEDOKR�VLQWHWL]RX�HP�VHWH�WHPDV�DOJXPDV�GDV�SULRULGDGHV�DWXDLV�H�IXWXUDV�GD�*HRWHFQLD�

$PELHQWDO� H� GD� *HRWHFQLD� 6XVWHQWiYHO�� WHQGR�VH� VHOHFLRQDGR� TXDWUR� SDUD� DYDOLDomR� GDV� VXDV�

SULQFLSDLV� RSRUWXQLGDGHV� H� GHVDILRV�� D�� 0HGLGDV� GH� 0LWLJDomR� H� GH� $GDSWDomR� jV� $OWHUDo}HV�

�

)LJ�����±�)DVH�GH�HVFDYDomR�GRV�UHVtGXRV��)RUG�et al.���������

�

)LJ�����±�)DVH�GH�VHSDUDomR�H�FODVVLILFDomR�GRV�PDWHULDLV�WUDQVDFLRQiYHLV�H�UHVtGXRV��,:&6��
�������
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&OLPiWLFDV��E��7UDQVIRUPDomR�GH�5HVtGXRV�HP�5HFXUVR��F��5HPHGLDomR�GH�7HUUHQRV�&RQWDPLQDGRV��

H�G��([SORUDomR�6XVWHQWiYHO�H�0LQHUDomR�GRV�$WHUURV�GH�5HVtGXRV��

$V�DOWHUDo}HV�FOLPiWLFDV�HVWmR�QR�WRSR�GRV�ULVFRV�DPELHQWDLV�FRP�PDLRU�LPSDFWH�SDUD�R�IXWXUR�

GR� 7HUUD� H� GRV� VHXV� KDELWDQWHV�� FRP� HOHYDGRV� FXVWRV� HFRQyPLFRV�� DPELHQWDLV� H� VRFLDLV��

GHVLJQDGDPHQWH��HP�GRPtQLRV�FRPR�D�DJULFXOWXUD��D�HQHUJLD��DV�FKHLDV�H�DV�LQXQGDo}HV��RV�LQFrQGLRV�

IORUHVWDLV��D�VD~GH�KXPDQD��DV�VHFDV�H�DV�]RQDV�FRVWHLUDV��3DUD�FRPEDWHU�DV�DOWHUDo}HV�FOLPiWLFDV�VmR�

QHFHVViULDV� PHGLGDV� GH� PLWLJDomR� H� GH� DGDSWDomR�� $V� RSRUWXQLGDGHV� H� RV� GHVDILRV� TXH� DPEDV�

SURSRUFLRQDP�DRV�JHRWpFQLFRV�IRUDP�DSUHVHQWDGRV�HP�FRQMXQWR�FRP�R�HQTXDGUDPHQWR�GR�WHPD��2V�

FRQWULEXWRV�GRV�JHRWpFQLFRV�SDUD�DV�PHGLGDV�GH�PLWLJDomR�IRUDP�LOXVWUDGRV�DWUDYpV�GD�SDUWLFLSDomR�

HP� HVWXGRV� SDUD� D� DUPD]HQDJHP� VXEWHUUkQHD� GR� GLy[LGR� GH� FDUERQR�� D� UHGXomR� GR� FRQVXPR� GH�

HQHUJLD�QD�H[HFXomR�GDV�REUDV�H�D�VXEVWLWXLomR�GDV�IRQWHV�GH�HQHUJLD�GHULYDGDV�GRV�FRPEXVWtYHLV�

IyVVHLV� SRU� IRQWHV� GH� HQHUJLD� UHQRYiYHLV� YHUGHV�� $R� QtYHO� GDV� PHGLGDV� GH� DGDSWDomR� IRUDP�

VDOLHQWDGRV�RV�FDVRV�HP�TXH�VHUi�QHFHVViULR�HQYROYHU�RV�JHRWpFQLFRV�QDV�REUDV�GH�PDQXWHQomR�GD�

OLQKD�GH�FRVWD�H�GH�SURWHomR�GDV�SRSXODo}HV�D�FKHLDV�H�LQXQGDo}HV��VREUHWXGR�HP�PHLR�XUEDQR��

$�XWLOL]DomR�HILFLHQWH�GRV�UHFXUVRV�p�HVVHQFLDO�DR�DXPHQWR�GD�HILFLrQFLD�HQHUJpWLFD��j�JDUDQWLD�

GH�DFHVVR�jV�PDWpULDV�SULPDV�SULPiULDV��H�j�UHGXomR�GRV�LPSDFWHV�DPELHQWDLV�H�GDV�HPLVV}HV�GH�JDVHV�

FRP�HIHLWR�GH�HVWXID��$� WUDQVIRUPDomR�GRV� UHVtGXRV�QXP� UHFXUVR�� DWUDYpV�GD� VXD� UHXWLOL]DomR�RX�

UHFLFODJHP�� QXP�PHUFDGR� GH� FXVWR� HOHYDGR� GDV� PDWpULDV�SULPDV�� IRL� FRQVLGHUDGD� XP�PHLR� TXH�

SURSRUFLRQDUi� JUDQGHV� GHVDILRV� H� RSRUWXQLGDGHV� GH� WUDEDOKR� DRV� JHRWpFQLFRV��2V� FRQKHFLPHQWRV�

DGTXLULGRV� SHORV� JHRWpFQLFRV� QR� HVWXGR� GRV� VRORV� H� GDV� URFKDV� VmR� XP� SRQWR� GH� SDUWLGD� PXLWR�

LPSRUWDQWH� QD� DYDOLDomR� GD� YLDELOLGDGH� WpFQLFD� GD� XWLOL]DomR� GRV� PDWHULDLV� SURYHQLHQWHV� GR�

SURFHVVDPHQWR�GRV� UHVtGXRV��TXHU� DWUDYpV�GH�HQVDLRV� ODERUDWRULDLV�TXHU�GH�FRQVWUXomR�GH� WUHFKRV�

H[SHULPHQWDLV��

2V�WHUUHQRV�FRQWDPLQDGRV�UHSUHVHQWDP�XP�SHULJR�SDUD�D�VD~GH�S~EOLFD�H�SDUD�R�DPELHQWH��SHOR�

TXH�D�VXD�UHFXSHUDomR�p�QHFHVViULD�H�XUJHQWH��$�IDOWD�GH�OHJLVODomR�HVSHFtILFD�H�D�DWLYLGDGH�LQGXVWULDO�

VHP�TXDLVTXHU�SUHRFXSDo}HV�DPELHQWDLV�DR�ORQJR�GH�PXLWRV�DQRV�IRUDP�LOXVWUDGDV�FRP�D�UHIHUrQFLD�

DR� JUDQGH� Q~PHUR� GH� ORFDLV� FRQWDPLQDGRV� H[LVWHQWHV� QD� (XURSD�� $V� RSRUWXQLGDGHV� GH� WUDEDOKR�

SHUVSHWLYDP�VH�VLJQLILFDWLYDV��PDV�SRGHP�VHU�GLILFXOWDGDV�SRU�VHUHP�PXLWR�HOHYDGRV�RV�FXVWRV�GD�

VXD�UHFXSHUDomR��)RL�VDOLHQWDGR��SRU�LVVR��TXH�D�SDUWLFLSDomR�GRV�JHRWpFQLFRV�SRGH�FRQWULEXLU�SDUD�D�

UHGXomR�GRV�FXVWRV�GD�UHPHGLDomR�H�SDUD�D�UHGXomR�GRV�VHXV�LPSDFWHV�QR�DPELHQWH��SDUD�R�TXH�PXLWR�

DMXGDUi�RV�VHXV�FRQKHFLPHQWRV��TXHU�VREUH�R�FRPSRUWDPHQWR�H�WpFQLFDV�GH�WUDWDPHQWR�GRV�VRORV��TXHU�

VREUH�R�HVWXGR�GD�KHWHURJHQHLGDGH�H�DQLVRWURSLD�GR�VXEVROR��

2V�DWHUURV�GH�UHVtGXRV�HVWmR�HQWUH�DV�SULPHLUDV�REUDV�JHRDPELHQWDLV�D�VHUHP�H[HFXWDGDV�H�HQWUH�

DV�TXH�SURSRUFLRQDUDP�PDLV�RSRUWXQLGDGHV�GH�WUDEDOKR��3DUD�IXWXUR�GHYHUi�DVVLVWLU�VH��SRUpP��D�XPD�

GLPLQXLomR�DFHQWXDGD�GH�QRYDV�FRQVWUXo}HV�GHVWH�WLSR��GDGRV�RV�HVIRUoRV�HP�FXUVR��HP�SDUWLFXODU�

QRV� SDtVHV� GHVHQYROYLGRV�� SDUD� RV� PDWHULDLV� PDQWHUHP� R� YDORU� HFRQyPLFR� SHOR� Pi[LPR� WHPSR�

SRVVtYHO��2V�PLOK}HV� GH� DWHUURV� GH� UHVtGXRV� H[LVWHQWHV� HP� WRGR�R�PXQGR� H�RV�ELOL}HV� GH�PHWURV�

F~ELFRV� GH� UHVtGXRV� QHOHV� GHSRVLWDGRV�� DVVRFLDGRV� j� SURFXUD� H� DR� FXVWR� GDV�PDWpULDV�SULPDV� QR�

IXWXUR��HP�HVSHFLDO�GRV�PHWDLV��RIHUHFH�DRV�JHRWpFQLFRV�D�RSRUWXQLGDGH�H�R�GHVDILR�GH�SDUWLFLSDUHP�

QDV� DWLYLGDGHV� GH� PLQHUDomR� GRV� DWHUURV� GH� UHVtGXRV� HQFHUUDGRV�� HP� SDUWLFXODU� QDV� IDVHV� GH�

FDUDFWHUL]DomR��GH�HVFDYDomR�H�GH�UHSRVLomR�GRV�UHVtGXRV�UHVLGXDLV�QR�DWHUUR��

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$&,$���������Impacts of a warming Artic: Artic climate Impact Assessment (ACIA)��&DPEULGJH�

8QLYHUVLW\�3UHVV��&DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$��

$3$� ��������Projeto legislativo relativo à prevenção da contaminação e remediação dos solos 

(Prosolos)��$JrQFLD�3RUWXJXHVD�GR�$PELHQWH��$OIUDJLGH��
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$67'5���������Priority List of Hazardous Substances��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�

5HJLVWU\��$67'5���$WODQWD��86$���'LVSRQtYHO�HP��KWWS���ZZZ�DWVGU�FGF�JRY�63/�LQGH[�KWPO��

&RQVXOWDGR�HP�MXOKR�GH�������

%DUWO��$�� ��������Withdrawal of the circular economy package: A wasted opportunity or a new 

challenge?�:DVWH�0DQDJHPHQW��YRO������SS�������

%DVX�� '��� 3XSSDOD�� $�-��� &KLWWRRUL�� %�� �������� General report of TC 307: Sustainability in 

geotechnical engineering.���WK�,QW��&RQI��RQ�6RLO�0HFKDQLFV�DQG�*HRWHFK��(QJUJ���³&KDOOHQJHV�

DQG�LQQRYDWLRQV�LQ�JHRWHFKQLFV´��3DULV��)UDQFH��SS�������������

%DVX�� '��� 3XSSDOD�� $�-�� �������� Sustainability: an emerging discipline within geotechnical 

engineering.�3URF����WK�(XURSHDQ�&RQI��RQ�6RLO�0HFKDQLFV�DQG�*HRWHFK��(QJUJ���³*HRWHFKQLFDO�

HQJLQHHULQJ�IRU�LQIUDVWUXFWXUH�DQG�GHYHORSPHQW´��3DULV��)UDQFH��SS�������������

%HKUHQV��$���*LOMXP��6���.RYDQGD��-���1L]D��6����������The material basis of the global economy: 

worlwide patterns of natural resource extraction and their implications for sustainable 

resource use policies.�(FRORJLFDO�(FRQRPLFV��YRO������Q�����SS�����������

%HQVRQ��&�+����������The future of environmental geotechnics: creating the new value proposition.�

(QYLURQPHQWDO�*HRWHFKQLFV��YRO�����Q�����SS���������

%UDQGO��+����������Importance of geotechnics in today’s and future civil engineering - Public image, 

risks and responsibilities and future aspects of civil/geotechnical engineering.� (OHFWURQLF�

-RXUQDO�RI�WKH�)DFXOW\�RI�&LYLO�(QJLQHHULQJ�2VLMHN��Q�����SS�����������'LVSRQtYHO�HP��KWWS���H�

JIRV�JIRV�KU�HQ�LQGH[�SKS�DUFKLYH�QXPEHU����&RQVXOWDGR�HP��MXOKR�GH�������

%UHHGHYHOG�� -�� �������� Future position of geotechnical engineering.� 'LVSRQtYHO� HP��

KWWS���ZZZ�NLYLQLULD�QO�H\JHF�SDSHUV�NH\QRWHBEUHHGHYHOG�SGI��&RQVXOWDGR�HP��MXQKR�GH�������

&DUGRVR��$�6����������Desenvolvimento da geotecnia. Condicionantes gerais e específicas – Parte 

1.�*HRWHFQLD��YRO�������SS��������

&DUGRVR��$�6����������Desenvolvimento da geotecnia. Necessidades infraestruturais e perspetivas 

genéricas – Parte 2.�*HRWHFQLD��YRO�������SS��������

&+$1*(��V�G���Mudanças Climáticas, costeiras e sociais - erosões globais, conceções de risco e 

soluções sustentáveis em Portugal (Projeto CHANGE).� ,QVWLWXWR� GH� &LrQFLDV� 6RFLDLV� GD�

8QLYHUVLGDGH� GH� /LVERD�� 'LVSRQtYHO� HP�� KWWS���ZZZ�SURMHFWRFKDQJH�LFV�XO�SW�KRPH��

&RQVXOWDGR�HP��VHWHPEUR�GH�������

&KRZGKXU\��5���)OHQWMH��3����������Perspectives for the future of geotechnical engineering.�3URF��

,QW��&RQI�� RQ�&LYLO�(QJUJ�� IRU� WKH�1HZ�0LOOHQQLXP��2SSRUWXQLWLHV� DQG�&KDOOHQJHV��%HQJDO�

(QJUJ�� &ROOHJH�� 6KLESXU�� ,QGLD�� ���S�� 'LVSRQtYHO� HP��

KWWS���UR�XRZ�HGX�DX�FJL�YLHZFRQWHQW�FJL"DUWLFOH ����	FRQWH[W HQJSDSHUV�� &RQVXOWDGR� HP��

DJRVWR�GH�������

&RKHQ�5RVHQWKDO��(����������Making sense out of Industrial Ecology: a framework for analysis and 

action.�-RXUQDO�RI�&OHDQHU�3URGXFWLRQ��YRO������SS�������������

&RPLVVmR�(XURSHLD���������Para uma estratégia temática de protecção do solo.�&RPXQLFDomR�GD�

&RPLVVmR�DR�3DUODPHQWR�(XURSHX��DR�&RQVHOKR��DR�&RPLWp�(FRQyPLFR�H�6RFLDO�(XURSHX�H�DR�

&RPLWp� GDV� 5HJL}HV�� &20������� ���� ILQDO�� %UX[HODV�� %pOJLFD�� 'LVSRQtYHO� HP�� KWWS���HXU�

OH[�HXURSD�HX�OHJDO�FRQWHQW�37�7;7�3')�"XUL &(/(;������'&����	IURP 37��

&RQVXOWDGR�HP��MXQKR�GH�������
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&RPLVVmR�(XURSHLD� ��������Estabelece um quadro para a proteção do solo e altera a Diretiva 

2004/35/CE. 3URSRVWD�GH�'LUHWLYD�GR�3DUODPHQWR�(XURSHX�H�GR�&RQVHOKR��&20�����������

ILQDO�� %UX[HODV�� %pOJLFD�� 'LVSRQtYHO� HP�� KWWS���HXU�OH[�HXURSD�HX�OHJDO�

FRQWHQW�37�7;7�3')�"XUL &(/(;������3&����	IURP 37��&RQVXOWDGR�HP��MXOKR�GH�������

&RPLVVmR� (XURSHLD� ��������Um programa geral de ação da União para 2020 em matéria de 

ambiente «Viver bem, dentro das limitações do nosso planeta».� 3URSRVWD� GH� 'HFLVmR� GR�

3DUODPHQWR�(XURSHX�H�GR�&RQVHOKR��&20�����������ILQDO��%UX[HODV��%pOJLFD��'LVSRQtYHO�HP��

KWWS���HXU�OH[�HXURSD�HX�OHJDO�FRQWHQW�37�7;7�3')�"XUL &(/(;������3&����	IURP 37��

&RQVXOWDGR�HP��DEULO�GH�������

&RPLVVmR� (XURSHLD� �������� Estratégia da UE para a adaptação às alterações climáticas.�

&RPXQLFDomR�GD�&RPLVVmR� DR�3DUODPHQWR�(XURSHX�� DR�&RQVHOKR�� DR�&RPLWp�(FRQyPLFR� H�

6RFLDO�(XURSHX�H�DR�&RPLWp�GDV�5HJL}HV��&20�����������ILQDO��%UX[HODV��%pOJLFD��'LVSRQtYHO�

HP�� KWWS���HXU�OH[�HXURSD�HX�OHJDO�

FRQWHQW�37�7;7�3')�"XUL &(/(;������'&����	IURP 37��&RQVXOWDGR�HP��QRYHPEUR�GH�

������

&RPLVVmR�(XURSHLD������D���Para uma economia circular: programa para acabar com os resíduos 

na Europa.� &RPXQLFDomR� GD� &RPLVVmR� DR� 3DUODPHQWR� (XURSHX�� DR� &RQVHOKR�� DR� &RPLWp�

(FRQyPLFR� H� 6RFLDO� (XURSHX� H� DR� &RPLWp� GDV� 5HJL}HV�� &20������� ���� ILQDO�� %UX[HODV��

%pOJLFD�� 'LVSRQtYHO� HP�� KWWS���HXU�OH[�HXURSD�HX�UHVRXUFH�KWPO"XUL FHOODU���HGG�IG���HF�

��H�����I���DD��HG��D����������'2&B�	IRUPDW 3')��&RQVXOWDGR�HP��QRYHPEUR�GH�������

&RPLVVmR�(XURSHLD���������Pacote da economia circular: perguntas e respostas.�)LFKD�LQIRUPDWLYD��

%UX[HODV�� %pOJLFD�� 'LVSRQtYHO� HP�� KWWS���HXURSD�HX�UDSLG�SUHVV�UHOHDVHB0(02����

����BSW�KWP��&RQVXOWDGR�HP��PDUoR�GH�������

&RVVX�� 5��� :LOOLDPV�� ,�'�� �������� Urban mining: Concepts, terminology, challenges.� :DVWH�

0DQDJHPHQW��YRO������SS�������

'*27'8� �������� Análise de estratégias internacionais no âmbito das alterações climáticas 

(Documento de trabalho).�'LUHFomR�*HUDO�GR�2UGHQDPHQWR�GR�7HUULWyULR�H�'HVHQYROYLPHQWR�

8UEDQR� �'*27'8��� 'LVSRQtYHO� HP��

KWWSV���ZZZ�DSDPELHQWH�SW�B]GDWD�3ROLWLFDV�$OWHUDFRHV&OLPDWLFDV�$GDSWDFDR�(1$$&�5HODW

'HWDOKDGRV�5HODWB6HWRUB(1$$&B2UGHQDPHQWRBGRB7HUULWRULR�SGI��&RQVXOWDGR�HP��VHWHPEUR�

GH�������

'5� ��������Lei n.º 31/2014, 30 de maio: Lei de bases gerais da política pública de solos, de 

ordenamento do território e de urbanismo.�'LiULR� GD�5HS~EOLFD�� ���� VpULH� �� Q�� ����� ,1&0��

/LVERD��SS������������

(&2�62/26� �������� ,QYHQWiULR� SUHOLPLQDU� GH� iUHDV� SRWHQFLDOPHQWH� FRQWDPLQDGDV� HP�3RUWXJDO��

(FR�6RORV� ��7UDWDPHQWR�GH�6RORV�H�5HVtGXRV��6�$���3URMHWR�FR�ILQDQFLDGR�SHOD�&RPXQLGDGH�

(XURSHLD��)XQGR�GH�&RHVmR��,3(�5(*,$��

(($� �������� Progress in management of contaminated sites.� (XURSHDQ� (QYLURQPHQW� $JHQF\��

'LVSRQtYHO�HP��KWWS���ZZZ�HHD�HXURSD�HX�GDWD�DQG�PDSV�LQGLFDWRUV�SURJUHVV�LQ�PDQDJHPHQW�

RI�FRQWDPLQDWHG�VLWHV�SURJUHVV�LQ�PDQDJHPHQW�RI�FRQWDPLQDWHG����&RQVXOWDGR�HP��PDUoR�GH�

������

(($� �������� European Climate Adaption Platform (Climate-ADAPT).� (XURSHDQ� (QYLURQPHQW�

$JHQF\� �(($��� 'LVSRQtYHO� HP�� KWWS���FOLPDWH�DGDSW�HHD�HXURSD�HX�FRXQWULHV�

UHJLRQV�FRXQWULHV�VZHGHQ��&RQVXOWDGR�HP��VHWHPEUR�GH�������
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)RUG�� 6���:DUUHQ�� .��� /RUWRQ�� &��� 6PLWKHUV�� 5��� 5HDG�� $��� +XGJLQV��0�� ��������Feasibility and 

viability of landfill mining and reclamation in Scotland.�)LQDO�5HSRUW��=HUR�:DVWH�6FRWODQG��

'LVSRQtYHO� HP��

KWWS���ZZZ�ZUDS�RUJ�XN�VLWHV�ILOHV�ZUDS�)HDVDELOLW\���DQG���9LDELOLW\���RI���/)05�

��6FRWODQG���������B��SGI��&RQVXOWDGR�HP��RXWXEUR�GH�������

)UDQFLVFD��)�0����������About the future of geotechnical engineering: a view from South America.�

3URF�� ��WK� 3DQ�$PHULFDQ� &RQI�� RQ� 6RLO� 0HFKDQLFV� DQG� *HRWHFK�� (QJUJ��� ³*HR�,QQRYDWLRQ�

$GGUHVVLQJ� *OREDO� &KDOOHQJHV´�� 7RURQWR�� &DQDGD�� YRO����� ��S��

KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B$ERXWBWKHBIXWXUHBRIBJHRWHFKQLFDOBHQ

JLQHHULQJBDBYLHZBIURPB6RXWKB$PHULFD��&RQVXOWDGR�HP��VHWHPEUR�GH�������

)UDWDORFFKL��(����������TC 5: Environmental Geotechnics activity.�,660*(�%XOOHWLQ��YRO�����LVVXH�

���SS�������

)UHLUH��$�&���1HYHV��-�0���5RTXH��$�-���0DUWLQV��,�0���$QWXQHV��0�/���)DULD��*����������Aplicação 

de Resíduos de Construção e Demolição (RCD) em camadas granulares de pavimentos 

rodoviários validada em trecho piloto.�$WDV�GR�9,,�&RQJUHVVR�5RGRYLiULR�3RUWXJXrV��/LVERD��

���S��

)ULDV��$���5RTXH��$�-���&DOGHLUD��/���$OPHLGD��,�0���-DQXiULR��3���&RHOKR��0����������Optimização 

de procedimentos construtivos para a construção de um trecho em aterro com finos de 

pedreiras de granito.�$WDV�GR������&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��*XLPDUmHV��SS�������

������

)ULDV��$���5RTXH��$�-���&DOGHLUD��/���$OPHLGD��,�0���-DQXiULR��3���6DQWRV��-�������D���Recycling of 

Portuguese granite quarry fines in geotechnical works: Hydraulic and mechanical 

characterization.�3URF���WK�,QW��&RQJUHVV�RQ�(QY��*HRWHFKQLFV��1HZ�'HOKL��,QGLD��YRO�����SS��

�����������

)XUWDGR��5����������A economia circular e as entidades gestoras de fluxos específicos de resíduos.�

,QGXVWULD�H�$PELHQWH�±�5HYLVWD�GH�,QIRUPDomR�7pFQLFD�H�&LHQWtILFD��Q������SS���������

*DOOLRW��0���0RQOpRQ��0���5H\VVHW��%���5XVVR��/���9HUJqV��3����������Changement climatique. Coûts 

des impacts et pistes d’adaptation.�2EVHUYDWRLUH�1DWLRQDO� VXU� OHV� (IIHWV� GX�5pFKDXIIHPHQW�

&OLPDWLTXH��21(5&���/D�'RFXPHQWDWLRQ�)UDQoDLVH��3DULV��)UDQFH��

*DORSLP�GH�&DUYDOKR��$�0����������O chão que nos dá o pão.�'H�5HUXP�1DWXUD�>6REUH�D�1DWXUH]D�

GDV� &RLVDV@�� 'LVSRQtYHO� HP�� KWWS���GHUHUXPPXQGL�EORJVSRW�SW���������R�FKDR�TXH�QRV�GD�R�

SDR�KWPO��&RQVXOWDGR�HP��GH]HPEUR�GH�������

*RPHV�&RUUHLD��$���5RTXH��$�-���)RUWXQDWR��(���)HUUHLUD��6���&DYDOKHLUR��$�� �������� I&D para a 

valorização das escórias de aciaria de forno de arco eléctrico em obras geotécnicas.�$WDV�GR�

�����&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��*XLPDUmHV��SS�������������

*RPHV�&RUUHLD��$���5RTXH��$�-���)HUUHLUD��6�0�5���)RUWXQDWR��(����������Case study to promote the 

use of industrial byproducts: The relevance of performance tests.� -RXUQDO� RI� $670�

,QWHUQDWLRQDO��YRO�����Q�����SS��������

*RPHV�&RUUHLD��$����������Geotechnical engineering for sustainable transportation infrastructure.�

3URF����WK�(XURSHDQ�&RQI��RQ�6RLO�0HFKDQLFV�DQG�*HRWHFK��(QJUJ���³*HRWHFKQLFDO�HQJLQHHULQJ�

IRU�LQIUDVWUXFWXUH�DQG�GHYHORSPHQW´��3DULV��)UDQFH��YRO�����SS����������

*RPHV�&RUUHLD��$���:LQWHU��0�*���3XSSDOD��$�-�� ��������A review of sustainable approaches in 

transport infrastructure geotechnics.�7UDQVSRUWDWLRQ�*HRWHFKQLFV��YRO�����SS���������
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*XHUUD��-���5RTXH��$�-���$OPHLGD��,�0���)ULDV��$����������Avaliação da aplicabilidade de finos de 

pedreiras de granito tratados com bentonite em obras geoambientais com funções de 

confinamento hidráulico.�$WDV�GR������&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��*XLPDUmHV��SS�������

������

+DMUD�� 0�*�� �������� Sustainability in geotechnical engineering: current and future trends in 

research, education & professional practice.�/RXLVLDQD�&LYLO�(QJUJ��&RQI���.HQQHU��/RXLVLDQD��

'LVSRQtYHO� HP�� KWWSV���SW�VFULEG�FRP�GRFXPHQW�����������6XVWDLQDELOLW\�LQ�*HRWHFKQLFDO�

(QJLQHHULQJ�����������&RQVXOWDGR�HP��MXOKR�GH�������

+XEHU�+XPHU�� 0��� /HFKQHU�� 3�� �������� Sustainable landfilling or sustainable society without 

landfilling?�:DVWH�0DQDJHPHQW��YRO������LVVXH����SS�������������

,QGXVWULD� H� $PELHQWH� �������� BCSD lança folheto dedicado à economia circular.� ,QGXVWULD� H�

$PELHQWH�±�5HYLVWD�GH�,QIRUPDomR�7pFQLFD�H�&LHQWtILFD��Q������SS������

,3&&������D���Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 

Sectoral Aspects.� &RQWULEXWLRQ� RI�:RUNLQJ� *URXS� ,,� WR� WKH� �WK� $VVHVVPHQW� 5HSRUW� RI� WKH�

,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��(GV��&�%��)LHOG��9�5��%DUURV��'�-��'RNNHQ��.�-��

0DFK��0�'��0DVWUDQGUHD��7�(��%LOLU��0��&KDWWHUMHH��.�/��(EL��<�2��(VWUDGD��5�&��*HQRYD��%��

*LUPD��(�6��.LVVHO��$�1��/HY\��6��0DF&UDFNHQ��3�5��0DVWUDQGUHD��DQG�/�/��:KLWH��&DPEULGJH�

8QLYHUVLW\� 3UHVV�� &DPEULGJH��8QLWHG�.LQJGRP� DQG�1HZ�<RUN��1<��86$��'LVSRQtYHO� HP��

KWWS���ZZZ�LSFF�FK�UHSRUW�DU��ZJ����&RQVXOWDGR�HP��MXQKR�GH�������

,3&&������E���Climate Change 2014: Synthesis Report.�&RQWULEXWLRQ�RI�:RUNLQJ�*URXSV�,��,,�DQG�

,,,�WR�WKH��WK�$VVHVVPHQW�5HSRUW�RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��(GV��5�.��

3DFKDXUL� DQG� /�$�� 0H\HU�� ,3&&�� *HQHYD�� 6ZLW]HUODQG�� 'LVSRQtYHO� HP��

KWWS���ZZZ�LSFF�FK�UHSRUW�DU��V\U���&RQVXOWDGR�HP��MXQKR�GH�������

,:&6� ��������Landfill reclamation demonstration project (Perdido Landfill, Escambia County).�

,QQRYDWLYH� :DVWH� &RQVXOWLQJ� 6HUYLFHV�� 'LVSRQtYHO� HP��

KWWSV���ZZZ�GHS�VWDWH�IO�XV�ZDVWH�TXLFNBWRSLFV�SXEOLFDWLRQV�VKZ�UHF\FOLQJ�,QQRYDWLYH*UDQWV�,

*<HDU��ILQDOUHSRUW�3HUGLGRB/DQGILOOB0LQLQJB5HSRUWBILQDO�SGI�� &RQVXOWDGR� HP�� RXWXEUR� GH�

�����

-HIIHULV��6�$����������Environmental and geotechnics: a forward look at the union��3URF���WK� ,QW��

&RQJ��RQ�(QYLURQPHQWDO�*HRWHFK���0HOERXUQH��$XVWUDOLD��SS��������

-RUJH��&����������Os solos contaminados. A situação em Portugal (Estudo Preliminar).�/DERUDWyULR�

1DFLRQDO�GH�(QJHQKDULD�&LYLO��5HODWyULR�������13��

.HDWRQ�� -�5�� �������� Modern trends in engineering geology.� (QYLURQPHQWDO� DQG� (QJLQHHULQJ�

*HRORJ\�±�(QF\FORSHGLD�RI�/LIH�6XSSRUW�6\VWHPV��(2/66���YRO��������S��

.HPOHU��9���V�G���An overview of landfill mining as a resource recovery option for the future.�&LW\�

RI� 'HQWRQ� *HQHUDO� 0DQDJHU�� 6ROLG� :DVWH� 	� 5HF\FOLQJ� 6HUYLFHV�� 'LVSRQtYHO� HP��

KWWS���ZZZ�UHF\FOLQJVWDU�RUJ�ZS�FRQWHQW�XSORDGV����������B.HPOHUB0LQLQJB3')�SGI��

&RQVXOWDGR�HP��RXWXEUR�GH������

.KDQ��)�,���+XVDLQ��7���+HMD]L��5����������An overview and analysis of site remediation technologies.�

-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW��YRO������SS����������

.URRN��-���6YHQVVRQ��1���(NOXQG��0����������Landfill mining: A critical review of two decades of 

research.�:DVWH�0DQDJHPHQW��YRO������SS�����������
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/DFDVWD��1��� /DFHUGD��0�� ��������Estratégia setorial de adaptação aos impactos das alterações 

climáticas relacionados com os recursos hídricos.� $JrQFLD� 3RUWXJXHVD� GR� $PELHQWH��

$OIUDJLGH��

/1(&� (� ���� ��������Guia para a utilização de agregados reciclados em betões de ligantes 

hidráulicos.�/DERUDWyULR�1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(����� ��������Guia para a reciclagem de misturas betuminosas em central.�/DERUDWyULR�

1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(�������������Guia para a utilização de agregados reciclados em camadas não ligadas de 

pavimentos.�/DERUDWyULR�1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(�������������Guia para a utilização de materiais reciclados provenientes de resíduos de 

construção e demolição em aterro e em camada de leito de infraestruturas de transporte.�

/DERUDWyULR�1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(����� ��������Guia para a utilização de agregados reciclados provenientes de misturas 

betuminosas recuperadas para camadas não ligadas de pavimentos rodoviários.�/DERUDWyULR�

1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(�������������Guia para a utilização de materiais provenientes de resíduos de construção e 

demolição em caminhos rurais e florestais.�/DERUDWyULR�1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/1(&�(�������������Guia para a utilização de materiais provenientes de resíduos de construção e 

demolição em preenchimento de valas.�/DERUDWyULR�1DFLRQDO�GH�(QJHQKDULD�&LYLO��/LVERD��

/RQJ��-�&�6����������Preface of “Geological and geotechnical engineering in the new millennium. 

Opportunities for research and technological innovation”.�1DWLRQDO�5HVHDUFK�&RXQFLO��7KH�

1DWLRQDO�$FDGHPLHV�3UHVV��:DVKLQJWRQ��'�&���86$��

/31���������Alterações climáticas: preparar Portugal.�/LJD�SDUD�D�3URWHomR�GD�1DWXUH]D��/LVERD��

1DWKDQDLO�� &�3��� %DUGRV�� 5�3�� �������� Reclamation of contaminated land.� -RKQ�:LOH\� 	� 6RQV��

&KLFKHVWHU��(QJODQG��

1RWtFLDV�0DJD]LQH���������O governo quer menos gente nas praias da Caparica.�*OREDO�1RWtFLDV���

0HGLD� *URXS� 6�� $��� 0DJD]LQH� 1RWtFLDV�� 'LVSRQtYHO� HP��

KWWS���ZZZ�QRWLFLDVPDJD]LQH�SW������FDSDULFD�YDL�PXGDU���&RQVXOWDGR�HP��VHWHPEUR�GH�������

15&���������Geological and geotechnical engineering in the new millennium. Opportunities for 

research and technological innovation.�1DWLRQDO�5HVHDUFK�&RXQFLO��7KH�1DWLRQDO�$FDGHPLHV�

3UHVV��:DVKLQJWRQ��'�&���86$��

3DQDJRV��3���/LHGHNHUNH��0�9���<LJLQL��<���0RQWDQDUHOOD��/����������Contaminated sites in Europe: 

Review of the current situation based on data collected through a European network.�-RXUQDO�

RI�(QYLURQPHQWDO�DQG�3XEOLF�+HDOWK��YRO��������SS��������

3D\i�3pUH]��$�%���YDQ�/LHGHNHUNH��0����������The revision of the land and soil indicator LSI003 

and the management of contaminated sites in Europe.� ,QG~VWULD� H� $PELHQWH� ±� 5HYLVWD� GH�

,QIRUPDomR�7pFQLFD�H�&LHQWtILFD��Q������SS���������

5DWFOLIIH��$���3UHQW��2�-���YDQ�9RVVHQ��:����������Feasibility of material recovery from landfills 

(MFL) in the European Union.�3URF��WKH�,6:$�:RUOG�:DVWH�&RQJUHVV��)ORUHQFH��,WDO\��

5HGG\��.�5����������Evolution of geoenvironmental engineering.�(QYLURQPHQWDO�*HRWHFKQLFV��YRO��

���Q�����SS�������
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5HGG\��.�5���$GDPV��-����������What does the future hold for geotechnical engineering?�*HRVWUDWD��

1RYHPEHU�'HFHPEHU��SS���������

5LEHLUR��-�/����������Riscos Costeiros – Estratégias de prevenção, mitigação e proteção, no âmbito 

do planeamento de emergência e do ordenamento do território.� $XWRULGDGH� 1DFLRQDO� GH�

3URWHomR� &LYLO�� &DGHUQRV� 7pFQLFRV� 35R&L9� ����� 2HLUDV�� 'LVSRQtYHO� HP��

KWWSV���ZZZ�DSVHL�RUJ�SW�PHGLD�UHFXUVRV�GRFXPHQWRV�GH�RXWUDV�HQWLGDGHV�$13&�&DGHUQRV�

7HFQLFRV�3URFLY�&73��B5LVFRV&RVWHLURV�SGI��&RQVXOWDGR�HP��DEULO�GH�������

5RTXH��$�-���)UDQFR��5���0DWRV��5�$�� ��������Estudo da “nata” de mármores como material de 

construção de barreiras de confinamento aplicadas em Estruturas de Depósito de Resíduos.�

���&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��/LVERD��YRO�����SS�������������

5RTXH��$�-���&DUYDOKR��0����������Possibility of using the drinking water sludge as geotechnical 

material.�3URF���WK�,QW��&RQJUHVV�RQ�(QY��*HRWHFKQLFV��&DUGLII��:DOHV�8.��YRO��,,��SS�������

������

5RTXH��$�-���*RPHV�&RUUHLD��$���)RUWXQDWR��(���3DUGR�GH�6DQWD\DQD��)���&DVWUR��)���)HUUHLUD��6���

7ULJR��/����������A geotecnia na valorização de agregados siderúrgicos inertes reciclados – 

Um projeto nacional.� $WDV� �&'�520�� GR� ���� (QFRQWUR� 1DFLRQDO� GH� 6DQHDPHQWR� %iVLFR��

&DVFDLV�����S��

5RTXH��$�-���$QGUDGH��5���)ULDV��$���&DOGHLUD��/���9LHLUD��$���$OPHLGD��,�0���)RUWXQDWR��(����������

Protocolo LNEC/Mota-Engil para uma gestão sustentável dos finos de pedreira gerados na 

produção de agregados��$WDV�GR������&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��&RLPEUD����S��

5RTXH��$�-���&DVWUR��)���*RPHV�&RUUHLD��$���6LOYD��6���&DYDOKHLUR��$����������Laboratory and field 

leaching tests for predicting the environmental impact of Portuguese steel slag.�3URF���WK�,QW��

&RQJUHVV�RQ�(QY��*HRWHFKQLFV��1HZ�'HOKL��,QGLD��YRO�����SS�������������

5RTXH��$�-���5RGULJXHV��0���*RPHV�&RUUHLD��$�� �����D���Technical requirements for the use of 

C&DW recycled aggregates in municipal and rural roads and trenches.�3URF��;9,�(&60*(�

*HRWHFKQLFDO�(QJUJ��IRU�,QI��DQG�'HYHORSPHQW��(GLQEXUJK��6FRWODQG��SS�������������

5RTXH��$�-���6LOYD��$�3���5RGULJXHV��*�0���$OPHLGD��5�������E���Utilização de RCD em estruturas 

de drenagem de obras geotécnicas.� 6HPLQiULR� ³5HVtGXRV�GH�&RQVWUXomR� H�'HPROLomR��8P�

UHFXUVR�D�YDORUL]DU´��3RUWR��SS���������

5RTXH��$�-�������D���Solo saudáveis para uma vida saudável.�,QGXVWULD�H�$PELHQWH�±�5HYLVWD�GH�

,QIRUPDomR�7pFQLFD�H�&LHQWtILFD��Q������SS������

5RTXH��$�-�� �����E���Os solos contaminados são um perigo para a saúde pública e o ambiente.�

,QG~VWULD�H�$PELHQWH�±�5HYLVWD�GH�,QIRUPDomR�7pFQLFD�H�&LHQWtILFD��Q������SS�������

5RTXH�� $�-��� 0DUWLQV�� ,�0��� )UHLUH�� $�&��� 1HYHV�� -�0��� $QWXQHV�� 0�/�� �������� Assessment of 

Environmental Hazardous of Construction and Demolition Recycled Materials (C&DRM) 

from Laboratory and Field Leaching Tests - Application in Road Pavement Layers.�3URFHGLD�

(QJLQHHULQJ��(OVHYLHU�-RXUQDO��$GYDQFHV�LQ�7UDQVSRUWDWLRQ�*HRWHFKQLFV�,,,��(GLWHG�E\�$QWyQLR�

*RPHV�&RUUHLD��YRO�������SS�����±�����

5RZH��.�5����������Reflections on the evolution of geoenvironmental engineering.�(QYLURQPHQWDO�

*HRWHFKQLFV��YRO�����Q�����SS���������

5XSSHQWKDO�� -�(�� ��������Toxicologia.� &ROpJLR� 7pFQLFR� ,QGXVWULDO� GH� 6DQWD�0DULD��8QLYHUVLGDGH�

)HGHUDO�GH�6DQWD�0DULD��6DQWD�0DULD��%UDVLO���
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6DQWRV�� (��� 3DXOLQR�� -��� 6DQWRV�� 0�-�� GRV�� &DQDYHLUD�� 3��� %DSWLVWD�� 3��� /RXUHQoR�� 7�&�� ��������

Estratégia Nacional de Adaptação às Alterações Climáticas.� $JrQFLD� 3RUWXJXHVD� GR�

$PELHQWH�� $OIUDJLGH�� 'LVSRQtYHO� HP��

KWWS���VQLDPE�DSDPELHQWH�SW�LQIRV�JHRSRUWDOGRFV�&RQVXOWDB3XEOLFD�'2&6B4(3,&�������B(

1$$&B&RQVXOWDB3XEOLFD�SGI��&RQVXOWDGR�HP��MXOKR�GH�������

6DYDJH��*�0���*RXOHNH��&�*���6WHLQ��(�/����������Landfill mining: past and present.�%LR&\FOH��YRO��

����Q�����SS���������

6KDFNHOIRUG��&�'����������Environmental issues in geotechnical engineering.�3URF����WK�,QW��&RQI��

RQ� 6RLO� 0HFKDQLFV� DQG� )RXQGDWLRQ� (QJUJ��� ³*HRWHFKQRORJ\� LQ� +DUPRQ\� ZLWK� WKH� *OREDO�

(QYLURQPHQW´��2VDND��-DSDQ��SS����������

6LOYD��0�6�&�5�3����������Avaliação e remediação de zona contaminada por hidrocarbonetos. Caso 

de estudo: “Contaminação num armazém de lubrificantes”.� 'LVVHUWDomR� GH� 0HVWUDGR��

)DFXOGDGH�GH�&LrQFLDV�H�7HFQRORJLD�GD�8QLYHUVLGDGH�1RYD�GH�/LVERD��0RQWH�GD�&DSDULFD��

6LPSVRQ��%���7DWVXRND��)�� ��������Geotechnics: the next 60 years.�*pRWHFKQLTXH�� YRO�� ���� Q�� ���

SS�����������

7RZQVHQG�� 7�� �V�G���Operating landfills as bioreactors to decompose and stabilize solid waste.�

)ORULGD� &HQWHU� IRU� 6ROLG� DQG� +D]DUGRXV� :DVWH� 0DQDJHPHQW�� 'LVSRQtYHO� HP�� KWWSV���FOX�

LQ�RUJ�ZDOHV�GRZQORDG�WRZQVHQGBXVDBODQGILOOV�SGI��&RQVXOWDGR�HP��RXWXEUR�GH�������

7ULSDWK\��6����������Engineering societal issues – geotechnical and geoenvironmental perspectives.�

(QYLURQPHQWDO�*HRWHFKQLFV��YRO�����Q�����SS�����������

86(3$���������Municipal Solid Waste Generation, Recycling and Disposal in the United States: 

Facts and Figures for 2012.�8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��

86$�� 'LVSRQtYHO� HP��

KWWSV���DUFKLYH�HSD�JRY�HSDZDVWH�QRQKD]�PXQLFLSDO�ZHE�SGI�����BPVZBIV�SGI�� &RQVXOWDGR�

HP��VHWHPEUR�GH�������

YDQ�/LHGHNHUNH��0���3URNRS��*���5DEO�%HUJHU��6���.LEEOHZKLWH��0���/RXZDJLH��*����������Progress 

in the management of contaminated sites in Europe.� -RLQW� 5HVHDUFK� &HQWUH�� (XURSHDQ�

&RPPLVVLRQ�� ,VSUD�� ,WDO\�� 'LVSRQtYHO� HP��

KWWS���SXEOLFDWLRQV�MUF�HF�HXURSD�HX�UHSRVLWRU\�ELWVWUHDP�-5&������OEQD�����HQQ�SGI��

&RQVXOWDGR�HP��MXOKR�GH�������

:HLQEHUJHU��1���-|ULVVHQ��-���6FKLSSO��-����������Foresight on environmental technologies: options 

for the prioritisation of future research funding - lessons learned from the project "Roadmap 

Environmental Technologies 2020+"��-RXUQDO�RI�&OHDQHU�3URGXFWLRQ��YRO������SS���������

:()� �������� The Global Risks Report 2016.� ��WK� (GLWLRQ�� :RUOG� (FRQRPLF� )RUXP�� *HQHYD��

6ZLW]HUODQG�� 'LVSRQtYHO� HP�� KWWS���ZZZ��ZHIRUXP�RUJ�GRFV�*55�:()B*55���SGI��

&RQVXOWDGR�HP��DJRVWR�GH�������

:LOOLDPV��,�'����������Forty years of the waste hierarchy.�:DVWH�0DQDJHPHQW��YRO������SS�������


