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1. Introduzione

(YLGHQ]H VFLHQWLILFKH GLPRVWUDQR FRPH O¶DXPHQWR GHL 
JDV VHUUD LQ DWPRVIHUD FRQWULEXLVFD LQ PRGR LPSRUWDQWH 
DOO¶LQFUHPHQWR GHOOD IUHTXHQ]D H SHUVLVWHQ]D GHOOH DOWH 
WHPSHUDWXUH D OLYHOOR JOREDOH� *LRUJL et al. �2008� H 
5D\DV et al. �2013� KDQQR LQIDWWL VLPXODWR OR VFHQDULR 
65(6 $1% GHOO¶,3&& �2007� QHO EDFLQR GHO PHGLWHU-
UDQHR� SUHYHGHQGR XQ LQFUHPHQWR GHOOD WHPSHUDWXUD WUD 
L 2 H L 4�& QHO FRUVR GHO ;;, VHFROR H XQD GLPLQX]LRQH 
GHOOH SUHFLSLWD]LRQL GDO 10� DO 20�� /¶LUUHJRODUH 
GLVWULEX]LRQH GHOOH SUHFLSLWD]LRQL GXUDQWH O¶DQQR� LO 
PDQLIHVWDUVL GL HYHQWL HVWUHPL H OD PRGLILFD]LRQH GHL 
FLFOL VWDJLRQDOL FKH VWD LQWHUHVVDQGR LQ SDUWLFRODU PRGR 
OH ]RQH VHPLDULGH HG DULGH GHO 0HGLWHUUDQHR VRQR L 
SULQFLSDOL UHVSRQVDELOL GHL SURFHVVL GL GHJUDGD]LRQH GHO 
WHUULWRULR �&DVDLROL H 6FLRUWLQR� 1997�� 7DOH YDULDELOLWj 
SXz LQIOXHQ]DUH QRWHYROPHQWH JOL HTXLOLEUL GHOOH 
SRSROD]LRQL �3HGHUVRQ� 2011�� 4XHVWR q SDUWLFRODU-
PHQWH YHUR SHU OH VXSHUILFL IRUHVWDOL PHGLWHUUDQHH� 
FDUDWWHUL]]DWH GD FUHVFHQWL OLYHOOL GL YXOQHUDELOLWj� 
SURSRU]LRQDOL DOOR VWUHVV LGULFR H DL VLVWHPL JHVWLRQDOL 
FKH� PROWR VSHVVR� IDFLOLWDQR L SURFHVVL GL GHJUDGD]LRQH 
�9LQFHQWH-6HUUDQR et al.� 2012� 9HWWUDLQR et al.� 2005�� 
FRQ ULSHUFXVVLRQL VXOO¶DWWLYLWj IRWRVLQWHWLFD H VXOOD 
SURGXWWLYLWj GHL VRSUDVVXROL IRUHVWDOL� Ê GD WHQHU 
SUHVHQWH FRPH JOL VWXGL FRQGRWWL VXL FDPELDPHQWL 
FOLPDWLFL XWLOL]]LQR GDWL LQWULQVHFDPHQWH FDUDWWHUL]]DWL 
GD LPSUHFLVLRQH HG LQFHUWH]]D� 8QR GHL PRGHOOL LQ 
JUDGR GL GLVWLQJXHUH L OLYHOOL GL FRQRVFHQ]D H JHVWLUH L 

OLYHOOL GL LQFHUWH]]D q OD WHRULD GHOO¶HYLGHQ]D GL 
'HPSVWHU H 6KDIHU �6KDIHU� 1976��  
/D WHRULD GHOO¶HYLGHQ]D GL 'HPSVWHU-6KDIHU �'6� KD 
FRPH RELHWWLYR HVSOLFLWR LO VXSHUDPHQWR GHL OLPLWL GHOOD 
FRQFH]LRQH SUREDELOLVWLFD ED\HVLDQD �,SSROLWL� 2008�� 
'LYHUVL VRQR JOL DXWRUL FKH KDQQR DSSOLFDWR OD WHRULD 
GHOO¶HYLGHQ]D DO VHWWRUH IRUHVWDOH �'XFH\� 2001� 
<RXVHISRXU et al�� 2013� 'HQJ et al.� 2011� %HUQHWWL et 
al.� 2011�� 1HO SUHVHQWH ODYRUR q VWDWD VYLOXSSDWD XQD 
PHWRGRORJLD EDVDWD VXOOD WHRULD GHOO¶HYLGHQ]D GL '6 DO ILQH 
GL YDOXWDUH OR VWDWR PHGLR GHO FOLPD H OH SRVVLELOL 
YDULD]LRQL D OLYHOOR ORFDOH DO 2050 H 2100 VXOOD EDVH GHOOR 
Special Report on Emissions Scenarios �65(6� $1%� OD 
YXOQHUDELOLWj GHL ERVFKL H OH ULSHUFXVVLRQL VXOO¶DWWLYLWj GL 
sink GHOOH VXSHUILFL IRUHVWDOL GHOOD UHJLRQH %DVLOLFDWD 
IRUQHQGR XQD VWLPD HFRQRPLFD GHO SUREDELOH ³GDQQR´�  

2. Materiali e metodi

)DWWRUL HVWHUQL DG XQ VLVWHPD FRPSOHVVR SRVVRQR� LQ 
DOFXQL FDVL� LQFLGHUH VXOOD IXQ]LRQDOLWj GHO VLVWHPD 
VWHVVR� 8Q WLSLFR HVHPSLR SXz HVVHUH OD FHPHQWLIL-
FD]LRQH GL HVWHVH DUHH XUEDQH FKH� ULGXFHQGR OD FDSDFLWj 
GHO VXROR GL DVVRUELUH DFTXD� SURYRFD DOODJDPHQWL� IUDQH 
H VPRWWDPHQWL GHL FRUVL LGULFL� HYHQWL VHPSUH SL� 
IUHTXHQWL LQ DPELHQWH PHGLWHUUDQHR� 
/H IRUHVWH H SL� LQ JHQHUDOH L VLVWHPL QDWXUDOL DVVROYRQR 
DG XQD IXQ]LRQH GL ULELODQFLDPHQWR� GL DVVRUELPHQWR 
GHJOL HIIHWWL SURGRWWL GD SHUWXUED]LRQL HVWHUQH� D 
FRQGL]LRQH FKH OD ORUR UHVLOLHQ]D ULPDQJD LQDOWHUDWD�  
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3XUWURSSR� O¶HVVHQ]D PXOWLIXQ]LRQDOH GHOOH IRUHVWH QRQ 
q FRVWDQWH QHO WHPSR� DQFKH D FDXVD GHO FDPELDPHQWR 
FOLPDWLFR� *OL HIIHWWL VRQR ULQYHQLELOL QHOOD ULGX]LRQH 
GHL WDVVL GL FUHVFLWD H GL SURGXWWLYLWj� QHL FDPELDPHQWL 
QHOOD FRPSRVL]LRQH GHOOH VSHFLH SUHVHQWL H shift 
DOWLWXGLQDOL H ODWLWXGLQDOL� FRQ FRQVHJXHQWH SHUGLWD GL 
ELRGLYHUVLWj H GHOOD IXQ]LRQH GL DVVRUELPHQWR GHOOD 
&22� (VVHUH LQ JUDGR GL DQWLFLSDUH JOL HYHQWL� DWWUDYHUVR 
O¶LPSLHJR GL PRGHOOL GL VLPXOD]LRQH GHO FOLPD� FKH 
SHUPHWWRQR GL SUHGLUH L IXWXUL DQGDPHQWL FOLPDWLFL H GL 
FRQVHJXHQ]D YDOXWDUH OH SRVVLELOL ULVSRVWH GHL VLVWHPL 
IRUHVWDOL� SXz ULVXOWDUH GL JUDQGH XWLOLWj DO ILQH GL 
LQGLYLGXDUH VWUDWHJLH GL LQWHUYHQWR H WHFQLFKH GL 
JHVWLRQH YROWH D PLJOLRUDUH OD FDSDFLWj GL DGDWWDPHQWR DO 
FDPELDPHQWR FOLPDWLFR� ,O TXDGUR PHWRGRORJLFR 
DGRWWDWR� ULDVVXQWR QHOOD )LJXUD 1� DQDOL]]D SULQFL-
SDOPHQWH LO FRQFHWWR GL YXOQHUDELOLWj H UHVLOLHQ]D GHL 
VRSUDVVXROL IRUHVWDOL DWWUDYHUVR OD WHRULD GL '6� /D 
YXOQHUDELOLWj q GHILQLWD FRPH il grado di suscettibilità
di un sistema agli effetti negativi dei cambiamenti 
climatici e la sua incapacità a farvi fronte; sono inclusi 
la variabilità del clima e gli eventi meteorologici 
estremi �,3&&� 1997� VHEEHQH SHU LO VHWWRUH IRUHVWDOH 
FRQFRUUDQR VRSUDWWXWWR OH FDUDWWHULVWLFKH HFRORJLFKH 
GHOOH VSHFLH H PRUIRORJLFKH GHOO¶DUHD �%HUQHWWL et al�� 
2011�� /D UHVLOLHQ]D LQYHFH q LQWHVD FRPH la capacità
dei sistemi di reagire a variazioni ambientali esterne,
mantenendo la stessa struttura e le stesse modalità di 
funzionamento di base �,3&&� 1997��  
$SSOLFDQGR LO FRQFHWWR GL UHVLOLHQ]D DL ERVFKL� TXHVWR 
SXz HVVHUH GHILQLWR FRPH OD FDSDFLWj GHJOL VWHVVL GL 
UHDJLUH D YDULD]LRQL DPELHQWDOL HVWHUQH� FRQVHUYDQGR XQ 
FHUWR JUDGR GL VWDELOLWj HFRORJLFD� VLD GDO SXQWR GL YLVWD 
GHOOD FRPSRVL]LRQH VSHFLILFD� VLD SHU TXDQWR ULJXDUGD LO 
PDQWHQLPHQWR GHOOD VWUXWWXUD� LQ IXQ]LRQH GHOOR VWDGLR 
GL DFFUHVFLPHQWR GHO ERVFR VWHVVR �%HUQHWWL et al.� 
2011�� 
1HOOD SULPD IDVH GHO ODYRUR q VWDWD HIIHWWXDWD XQD 
QRUPDOL]]D]LRQH GHOOH YDULDELOL FKH FRQFRUURQR D 
GHWHUPLQDUH OD UHVLOLHQ]D H OD UHVLVWHQ]D GHOOH VXSHUILFL 
IRUHVWDOL DWWUDYHUVR O¶LPSLHJR GHOOD Fuzzy Logic �=DGHK� 
1965�� /H YDULDELOL SUHVH LQ FRQVLGHUD]LRQH SHU OD 
UHVLOLHQ]D H OD YXOQHUDELOLWj VRQR ULSRUWDWH LQ WDEHOOD 1� 
,QGLYLGXDWH H QRUPDOL]]DWH OH YDULDELOL FKH FRQFRUURQR 
D GHILQLUH OD YXOQHUDELOLWj H OD UHVLOLHQ]D GHL VLVWHPL 
IRUHVWDOL� DWWUDYHUVR OD WHRULD GL '6 q VWDWR SRVVLELOH 
DJJUHJDUH L FULWHUL LQ WUH LQGLFDWRUL GL SUREDELOLWj� 
1� Belief GHOOD YXOQHUDELOLWj �Bel h�
2� Belief GHOOD UHVLOLHQ]D �Bel s�
3� ,QFHUWH]]D �8� h, s�
/D WHRULD GL '6 SHUPHWWH GL UDIIRU]DUH OD FRQRVFHQ]D� 
LQWHJUDQGR GLYHUVL WLSL GL LQIRUPD]LRQL� GLVWLQJXHQGR 
O¶LQFHUWH]]D� DO ILQH GL FRPSUHQGHUH HYHQWXDOL ULVFKL 
FRQQHVVL DO SURFHVVR GHFLVLRQDOH� /D YDOXWD]LRQH GHJOL 
LQGLFDWRUL KD SHUPHVVR GL VWLPDUH OD SHUGLWD DWWHVD GHOOD 
IXQ]LRQH sink GHL VRSUDVVXROL� FDXVDWD GDO FDPELDPHQWR 
FOLPDWLFR� UHOD]LRQDQGR OD YXOQHUDELOLWj GHL VRSUDVVXROL 
FRQ OD SHUGLWD GL LQFUHPHQWR GL ELRPDVVD OHJQRVD� 
,QILQH� VL q SURFHGXWR DOOD TXDQWLILFD]LRQH GHOOD 
ULGX]LRQH GL ELRPDVVD OHJQRVD� HVSUHVVD LQ WHUPLQL GL 
PDQFDWD ILVVD]LRQH GL &22 DO 2050 H DO 2100� 
SUHQGHQGR LO 2012 FRPH ULIHULPHQWR�

2.1 Previsione del clima a scala locale con MMD 
*UDQ SDUWH GHL PRGHOOL GL SUHYLVLRQH GHO FOLPD 
SUHQGRQR LQ FRQVLGHUD]LRQH DUHH PROWR YDVWH� WDOL 
DQDOLVL ULVXOWDQR HVVHUH FDUDWWHUL]]DWH GD XQ FHUWR JUDGR 
GL LQFHUWH]]D SHU OD FDUHQ]D H OD YDULDELOLWj GHOOH 
LQIRUPD]LRQL� ,Q SDUWLFRODUH q VWDWR LQGLYLGXDWR XQ 
PRGHOOR GL VLPXOD]LRQH GHO FOLPD D VFDOD ORFDOH� FDSDFH 
GL HVSULPHUH L FDPELDPHQWL FOLPDWLFL LQ DWWR QHOOD 
UHJLRQH %DVLOLFDWD LQ ULIHULPHQWR DOOR VFHQDULR 65(6 
$1% GHOO¶,3&& �$54 - 2007�� ,O PRGHOOR XWLOL]]DWR q LO 
Mathematical Model Downscaling �00'� LPSOH-
PHQWDWR VLD VXOOD EDVH GHOOH VHULH VWRULFKH ULOHYDWH GDOOH 
VWD]LRQL PHWHR LVWDOODWH VXO WHUULWRULR UHJLRQDOH� VLD VXOOH 
SUHGL]LRQL GHL PRGHOOL Multi Global Model Ensemble 
�0*0( - PRGHOOL GL VLPXOD]LRQH GL FLUFROD]LRQH 
DWPRVIHULFD�� $OOR VFRSR� SDUWHQGR GDOOH RVVHUYD]LRQL 
GHOOH VWD]LRQL GL PRQLWRUDJJLR� q VWDWR FUHDWR XQ dataset
WUHQWHQQDOH GDO 1961 DO 1990 FRVu FRPH SURSRVWR GDO 
World Metereological Organization �3OXPPHU et al�� 
2003�� 1HOOR VSHFLILFR VL q GHFLVR GL LQWHUSRODUH L GDWL D 
GLVSRVL]LRQH �WHPSHUDWXUD PHGLD DQQXD� WHPSHUDWXUD 
PHGLD GHO PHVH SL� IUHGGR H SUHFLSLWD]LRQL FXPXODWH 
DQQXH� GHL PRGHOOL 0*0( WUDPLWH IXQ]LRQL 
SROLQRPLDOL� 6XFFHVVLYDPHQWH VL q SDVVDWL DG DJJUHJDUH 
L FRHIILFLHQWL DQJRODUL axi GHOOH LQWHUSROD]LRQL GHL GDWL 
VWD]LRQDOL FRQ TXHOOL VFDWXULWL GDL PRGHOOL 0*0( dxi� 
DOOR VFRSR GL FRUUHODUH L GDWL VWD]LRQDOL FRQ TXHOOL 
SUHYLVLRQDOL GHL PRGHOOL 0*0(� ,O ULVXOWDWR q XQ 
FRHIILFLHQWH DQJRODUH ³FRPSHQVDWR´ GHOOD FXUYD GL 
VLPXOD]LRQH DO 2100� 5LSHWXWD O¶RSHUD]LRQH SHU 
FLDVFXQD VWD]LRQH GL RVVHUYD]LRQH� q VWDWR SRVVLELOH 
SUHGLUH L YDORUL GL WHPSHUDWXUD H SUHFLSLWD]LRQH GHOOR 
VFHQDULR FRQVLGHUDWR DWWUDYHUVR LO PHWRGR GHO kriging� 
,O NULJLQJ UDSSUHVHQWD XQ PHWRGR GL WLSR VWRFDVWLFR 
�+XWFKLQVRQ et al.� 1994� /DVOHWW� 1994� SHU OD VWLPD 
GHJOL DQGDPHQWL GHOOH WHPSHUDWXUH H GHOOH SUHFLSLWD]LRQL 
SDUWLFRODUPHQWH DGDWWR LQ FOLPDWRORJLD �$WWRUUH et al�. 
2007�� 

2.2 La concezione della plausibilità secondo la teoria 
dell’evidenza di Dempster-Shafer 
/D ³plausibilità´ q XQ FRQFHWWR FKH ULFRUUH LQ PROWH 
VLWXD]LRQL� GDO PRQGR VFLHQWLILFR DOOD YLWD TXRWLGLDQD� 
ULVSRQGH DOO¶HVLJHQ]D GL JHVWLUH H OLPLWDUH O¶LQFHUWH]]D� 
/D SODXVLELOLWj SXz HVSOLFLWDUH H IRUPDOL]]DUH SUHFLVL 
PRGHOOL GL FRPSRUWDPHQWR H UDJLRQDPHQWR UD]LRQDOH 
DWWUDYHUVR O¶DLXWR GL DOWUL PRGHOOL FRQFHWWXDOL FRPH DG 
HVHPSLR OD WHRULD GHOO¶HYLGHQ]D GL 'HPSVWHU 6KDIHU 
�'6�� 3RLFKp OD WUDWWD]LRQH GHOO¶LQFHUWH]]D q LO 
SULQFLSDOH RELHWWLYR GHOOD SODXVLELOLWj� OD WHRULD '6 KD 
FRPH RELHWWLYR HVSOLFLWR LO VXSHUDPHQWR GHL OLPLWL GHOOD 
FRQFH]LRQH %D\HVLDQD� LQIDWWL� FUHGHUH DOOD ORFDOL]-
]D]LRQH h, QRQ LPSOLFD QHFHVVDULDPHQWH FUHGHUH DOOD VXD 
QHJD]LRQH s QHOOD PLVXUD GHOOD FUHGHQ]D ULPDQHQWH� /D 
WHRULD '6 DPPHWWH GXQTXH OD SRVVLELOLWj WHRULFD GL IDUH 
ULFRUVR D GXH GLVWLQWL YDORUL FRQWUDSSRVWL SHU HVSULPHUH 
VLD OD FUHGHQ]D h VLD OD FUHGHQ]D s� 4XLQGL WHQHQGR 
FRQWR GHO FRQFHWWR GL SODXVLELOLWj VHFRQGR '6� SRV-
VLDPR GLUH FKH� PHQWUH OD Bel (h) UDSSUHVHQWD LO JUDGR GL 
SURYH FRQFUHWH D VRVWHJQR GL XQ¶LSRWHVL h� OD SODXVLELOLWj 
LQGLFD LO JUDGR LQ FXL OH FRQGL]LRQL VHPEUDQR HVVHUH 
JLXVWH SHU TXHVWD LSRWHVL� DQFKH VH PDQFD R q GL GLIILFLOH 
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DWWULEX]LRQH� XQD OLQHD GL HYLGHQ]D D VRVWHJQR GHOOD 
VWHVVD� 3HU RJQL LSRWHVL� TXLQGL� OD Bel (h) UDSSUHVHQWD LO 
OLPLWH LQIHULRUH GHO QRVWUR LPSHJQR H OD SODXVLELOLWj PLS 
(h) UDSSUHVHQWD LO OLPLWH VXSHULRUH� /¶LQWHUYDOOR WUD L GXH 
UDSSUHVHQWD LO JUDGR GL LQFHUWH]]D� SHU VWDELOLUH OD 
SUHVHQ]D R O¶DVVHQ]D GL WDOH LSRWHVL� /D YDOXWD]LRQH 
GHOOH LSRWHVL VL EDVD VX WUH FRQFHWWL FKLDYH� 
DVVHJQD]LRQH GL SUREDELOLWj GL EDVH �Basic Probability 
Assignment� %3$�� IXQ]LRQH GL FUHGHQ]D �Belief� H 
SODXVLELOLWj �Plausibility�� 0HGLDQWH O¶DVVHJQD]LRQH GL 
%3$� OD WHRULD '6 QRQ VROR SHUPHWWH GL GLVWLQJXHUH 
FKLDUDPHQWH WUD OD QR]LRQH GL FUHGHQ]D H OD QR]LRQH GL 
SODXVLELOLWj� PD QH RIIUH XQD UDSSUHVHQWD]LRQH HVSOLFLWD 
LQ WHUPLQL GL IXQ]LRQL SUREDELOLVWLFKH� ,O %3$ UDS-
SUHVHQWD LO FRQWULEXWR GL XQ IDWWRUH �ai� D VXSSRUWDUH 
XQ¶LSRWHVL VSHFLILFD �DG HVHPSLR OD UHVLOLHQ]D�� ,Q TXHVWR 
FDVR� OD YDOXWD]LRQH GHO %3$ q EDVDWD VXOOD FRP-
ELQD]LRQH GL IXQ]LRQL VIRFDWH GHOOH YDULDELOL DPELHQWDOL 
H VRFLR-HFRQRPLFKH� SRQGHUDWH FRQ OD WHFQLFD GHO-
O¶Analytical Hierarchy Analysis �6DDW\� 1977� 1980� 
0DOF]HZVNL� 2004��  

GRYH µ AHP (ai) q OD YDOXWD]LRQH WUDPLWH $+3 GHOOD 
FUHGHQ]D GHOO¶HIIHWWR ULJXDUGDQWH L GDQQL DL VRSUDVVXROL 
IRUHVWDOL QHOO¶LSRWHWLFR VFHQDULR GL FDPELDPHQWR 
FOLPDWLFR FRQ YDULDELOH (ai), H µ ai (x ai) q OD YDOXWD]LRQH 
DWWUDYHUVR XQD IXQ]LRQH GL DSSDUWHQHQ]D GHJOL LSRWHWLFL 
HIIHWWL DPELHQWDOL GHOOD YDULDELOH ai QHOOR VSD]LR x� 
/¶DJJUHJD]LRQH SHU O¶LSRWHVL GL YXOQHUDELOLWj H 
UHVLOLHQ]D DL FDPELDPHQWL FOLPDWLFL, SXz HVVHUH IDWWD SHU 
FRSSLH GL SURYH� VXOOD EDVH GHOOH ORUR SUREDELOLWj 
FRQJLXQWH �6KDIHU� 1976�� 7XWWL L IDWWRUL VRQR SURJUHV-
VLYDPHQWH DJJUHJDWL D FRSSLH SHU FDOFRODUH OD TXDQWLWj 
GL PDVVD SUREDELOH m(h) YXOQHUDELOH H OD TXDQWLWj GL 
PDVVD m(s) UHVLOLHQWH� 8QD YROWD FKH OH VLQJROH %3$ 
VRQR VWDWH TXDQWLILFDWH� OD WHFQLFD '6 VDQFLVFH OD 
PRGDOLWj GL FRPELQD]LRQH GHOO¶HYLGHQ]D �6KDIHU� 1976�� 
DJJLRUQDQGR OD FUHGHQ]D DOOD OXFH GHOOD QXRYD HYLGHQ]D 
JUD]LH DOOD UHJROD GHOOD ³VRPPD RUWRJRQDOH´� 

/D IXVLRQH GHOOH IRQWL� SURGXFH XQD SUHYLVLRQH FKH 
ULQIRU]D OD FRQYLQ]LRQH �6KDIHU� 1976� GL Bel h H Bel s� 
JLj HVSUHVVD GD m(h) H m(s) FRQ LO SUHVXSSRVWR FKH 
HQWUDPEH OH IRQWL VLDQR XJXDOPHQWH DWWHQGLELOL�  
,O PRGHOOR SHUPHWWH O¶DJJUHJD]LRQH GHOOH GXH HYLGHQ]H 
Bel(h) H Bel(s), FRQIOLWWXDOL WUD ORUR� QRUPDOL]]DQGR OH 
ULVSHWWLYH SUREDELOLWj FRQJLXQWH QRQ LQ FRQIOLWWR� 
GHWHUPLQDQGR O¶LQFHUWH]]D U LQWULQVHFD DOOD YDOXWD]LRQH� 
U (h, s) PRVWUD OD ORFDOL]]D]LRQH LQ FXL ELVRJQD 
DSSURIRQGLUH XOWHULRUL ULFHUFKH SHU FKLDULUH O¶LQFHUWH]]D� 

2.3 Stima dello stock di carbonio e valutazione 
economica della CO2 
/D VWLPD GHO FDUERQLR SUHVHQWH QHL GLYHUVL FRPSDUWL 
IRUHVWDOL� q VWDWD HIIHWWXDWD DWWUDYHUVR LO PRGHOOR )RUHVW 
�)HGHULFL et al.� 2007�� TXHVWD VL EDVD VXOOD PHWRGRORJLD 
,3&& �,3&&� 2003�� ,O PRGHOOR SHUPHWWH GL TXDQWLILFDUH 
OD FUHVFLWD GHOOR stock GL FDUERQLR DFFXPXODWR QHOOH 
IRUHVWH� /D TXDQWLILFD]LRQH GHOOD PDVVD OHJQRVD q VWDWD 
HIIHWWXDWD WUDPLWH OH WDYROH GL FXEDWXUD YDOLGH SHU LO 
WHUULWRULR OXFDQR� $ TXHVWH VRQR VWDWL DJJLXQWL JOL 
LQFUHPHQWL PHGL DQQXL RWWHQXWL VLD GD GDWL ELEOLRJUDILFL 
ULVFRQWUDWL SHU FRQWHVWL VLPLOL D TXHOOR UHJLRQDOH FKH GD 
RVVHUYD]LRQL LQ FDPSR �7DE� 1�� $OOR VFRSR GL GDUH XQD 
YDOXWD]LRQH HFRQRPLFD GHOOD &22 VWRFFDWD GDOOH 
IRUPD]LRQL IRUHVWDOL DQDOL]]DWH VL q UHVD QHFHVVDULD 
O¶DQDOLVL GHL PHUFDWL ILQDQ]LDUL LQHUHQWL OD FRPSUD-
YHQGLWD GHL FUHGLWL GL FDUERQLR� /D GLYHUVLWj GHL 
SURJHWWL� OD GLPHQVLRQH H ORFDOL]]D]LRQH JHRJUDILFD 
QRQFKp LO PHUFDWR GL FRQWUDWWD]LRQH VL WUDGXFRQR LQ XQD 
QRWHYROH YDULDELOLWj GHL SUH]]L FKH KDQQR PRVWUDWR XQ 
DQGDPHQWR DEEDVWDQ]D VWDELOH H�R FUHVFHQWH ILQR DO 
2011 SHU SRL GHFUHVFHUH QRWHYROPHQWH �6HQGH&22� 
3RLQW &DUERQ� ,1($� 2012��  
, Certified Emission Reductions �&(5� SHU JOL VFHQDUL 
IXWXUL VRQR VWDWL FDOFRODWL LQ IXQ]LRQH GHL &(5 ULIHULWL 
DOO¶DQQR GL EDVH �&(52012�� RSSRUWXQDPHQWH SHVDWL LQ 
EDVH DO JUDGR GL YXOQHUDELOLWj�  

Damage2050 = CER2012 · [1 - Belief (h)2050] 
Damage2100 = CER2012 ·[1 - Belief (h)2100] 

1HOOR VSHFLILFR� XQD YROWD DSSOLFDWD OD PHWRGRORJLD '6 
SHU GHWHUPLQDUH L OLYHOOL GL YXOQHUDELOLWj H UHVLOLHQ]D GHL 
VRSUDVVXROL IRUHVWDOL UHJLRQDOL� VL q SURFHGXWR DOOD 
TXDQWLILFD]LRQH GHOOD YDULD]LRQH GHL &(5 DO 2050 H DO 
2100 LQGRWWL GDO FDPELDPHQWR FOLPDWLFR�  

3. Risultati

/H PDSSH GL YXOQHUDELOLWj �Belief h, )LJ� 2�� PRVWUDQR 
OH SURLH]LRQL RWWHQXWH SHU O¶LQWHUR WHUULWRULR IRUHVWDOH 
UHJLRQDOH�  
/¶DQDOLVL VWDWLVWLFD KD PHVVR LQ HYLGHQ]D XQD SUR-
EDELOLWj GL ULVFKLR OHJDWD DO FDPELDPHQWR FOLPDWLFR 
SLXWWRVWR EDVVD� GL 0�09 DO 2050 D IURQWH GHOOR 0�10 GHO 
2100� FRQ XQ LQWHUYDOOR WUD LO SULPR H WHU]R TXDUWLOH GL 
0�10 SHU LO 2050 H 0�11 SHU LO 2100� 1RQRVWDQWH OD EDVVD 
SUREDELOLWj GL ULVFKLR� DOFXQH DUHH UHJLRQDOL PRVWUDQR 
YDORUL GL YXOQHUDELOLWj VXSHULRUL DOOR 0�5� 1HOOR VSH-
FLILFR� OH DUHH IRUHVWDOL SL� VXVFHWWLELOL DOOD YDULD]LRQH 
GHOOR VWDWR PHGLR GHO FOLPD VRQR ORFDOL]]DWH QHOOD 
SURYLQFLD GL 0DWHUD� DUHD LQ FXL L OLYHOOL FUHVFHQWL GL 
DULGLWj VWLPDWD DO 2050 HG DO 2100 UDSSUHVHQWDQR L 
IDWWRUL OLPLWDQWL O¶DFFUHVFLPHQWR GHOOD YHJHWD]LRQH 
IRUHVWDOH� $OWUH DUHH VXVFHWWLELOL VL HYLGHQ]LDQR QHOOD 
SRU]LRQH QRUG-RYHVW QRUG-HVW H VXG-RYHVW GHO WHUULWRULR 
UHJLRQDOH� 3HU TXHVWH XOWLPH OH SUREOHPDWLFKH ULVFRQ-
WUDWH VRQR HVVHQ]LDOPHQWH ULFRQGXFLELOL DOOD FDUHQ]D GL 
JHVWLRQH GHO SDWULPRQLR IRUHVWDOH� ,Q ULIHULPHQWR DOOH 
VSHFLH� PDJJLRUL SUREDELOLWj GL ULVFKLR VL DYUDQQR QHOOH 
SLQHWH PHGLWHUUDQHH FRQ YDORUL PHGL GL 0�20 H 0�22 
ULVSHWWLYDPHQWH DO 2050 H 2100 VHJXLWH GDOOH DEHWLQH 
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FRQ XQD SUREDELOLWj PHGLD GL 0�12 DO 2050 H 0�18 DO 
2100 H GDL FDVWDJQHWL FRQ YDORUL FRPSUHVL WUD L 0�15 GHO 
2050 H L 0�16 GHO 2100� 3HU WXWWH OH DOWUH WLSRORJLH 
IRUHVWDOL VL UHJLVWUDQR YDORUL PHGL DO GLVRWWR GHL 0�14 
SXQWL SHU HQWUDPEL JOL DQQL GL ULIHULPHQWR� 3HU TXDQWR 
ULJXDUGD IRUPD OD IRUPD GL JRYHUQR� L YDORUL GL 
SUREDELOLWj RVFLOODQR WUD XQ YDORUH PLQLPR GL 0�12 DO 
2050 SHU L FHGXL GHOOH ODWLIRJOLH PHVRILOH-WHUPRILOH DG 
XQ PDVVLPR GL 0�22 SHU L FHGXL GL FDVWDJQR DO 2100� 3HU 
OH IXVWDLH LQYHFH� L YDORUL RVFLOODQR WUD XQ YDORUH 
PLQLPR DO 2050 GL 0�08 SHU OH IXVWDLH GL IDJJLR H DO 
2100 GL 0�23 SHU OH IXVWDLH GL OHFFLR� &RQVLGHUDQGR L 
ULVXOWDWL GL YXOQHUDELOLWj SHU FLDVFXQD WLSRORJLD IRUHVWDOH 
SURYHQLHQWL GDO PRGHOOR H VWLPDWL L TXDQWLWDWLYL GL &22 
VWRFFDWL DO 2012 GDOOH IRUHVWH q VWDWD SURLHWWDWD OD 
IXQ]LRQH GL sink GHOOH IRUHVWH UHJLRQDOL DO 2050 H 2100 
�7DE� 2�� /D YDOXWD]LRQH HFRQRPLFD GHO GDQQR KD WHQXWR 
FRQWR GHOO¶HVWUHPD YRODWLOLWj GHL SUH]]L GHL &(5� DOOR 
VFRSR q VWDWD FRQVLGHUDWD XQD IRUELFH FRPSUHVD WUD 7�16 
¼�W&22 H 2�9 ¼�W&22 �ERUVD HOHWWURQLFD 6HQGH&22� 2011� 
,1($� 2012� �)LJ� 3�� /¶DQDOLVL FRQGRWWD HYLGHQ]LD FKH 
OH SHUGLWH PDJJLRUL GL FDSDFLWj GL DVVRUELPHQWR 
DYYHUUDQQR D VFDSLWR GHOOH ODWLIRJOLH H� QHOOR VSHFLILFR� 
GHL FDVWDJQHWL� GHL TXHUFHWL PHVRILOL H PHVR-WHUPRILOL� 
3HUGLWH FRQVLVWHQWL DYYHUUDQQR LQROWUH QHOOH DUHH LQ FXL 
PDQFDQR UHDOL LQWHUYHQWL GL JHVWLRQH IRUHVWDOH �6HLGO et 
al.� 2014�� 1HL ULPERVFKLPHQWL GL FRQLIHUH H SHU OH 
IRUPD]LRQL IRUHVWDOL ULFDGHQWL DOO¶LQWHUQR GL DUHH SUR-
WHWWH� OD SHUGLWD GL DVVRUELPHQWR GL &22 H� GL FRQVH-
JXHQ]D� OD SHUGLWD HFRQRPLFD VDUj PDJJLRUPHQWH FRQ-
WHQXWD� 

4. Conclusioni

/¶HOHYDWR JUDGR GL YDULDELOLWj H GL LQFHUWH]]D GHL 
FDPELDPHQWL FOLPDWLFL KD LQGRWWR O¶8QLRQH (XURSHD� 
DWWUDYHUVR LO /LEUR ELDQFR GHO 2009 �&RPPLVVLRQH 
(XURSHD� 2009� D FKLHGHUH DJOL VWDWL PHPEUL GL PHWWHUH 
D SXQWR GHOOH VWUDWHJLH GL PLWLJD]LRQH H DGDWWDPHQWR 
FRQ SDUWLFRODUH ULJXDUGR DO VHWWRUH IRUHVWDOH H DJULFROR� 
1HOOR VSHFLILFR SHU LO VHWWRUH IRUHVWDOH ULVXOWD QHFHVVDULR 
FKH OH VWUDWHJLH GL PLWLJD]LRQH WHQJDQR FRQWR GL 
DGHJXDWH PLVXUH GL DGDWWDPHQWR SHU ULGXUUH OD 
YXOQHUDELOLWj GHJOL HFRVLVWHPL IRUHVWDOL� JOL LPSDWWL GHO 

FDPELDPHQWR FOLPDWLFR H SHU YDORUL]]DUH LO UXROR FKH OH 
IRUHVWH KDQQR SHU OH HFRQRPLH ORFDOL� /D PHWRGRORJLD 
XWLOL]]DWD QHO SUHVHQWH ODYRUR KD GLPRVWUDWR FRPH XQ 
HOHYDWR JUDGR GL GHWWDJOLR VSD]LDOH H LQIRUPDWLYR SRVVD 
UDSSUHVHQWDUH XQD EXRQD EDVH GL SDUWHQ]D SHU OH IXWXUH 
SROLWLFKH DPELHQWDOL VXO PRQLWRUDJJLR H OD PLWLJD]LRQH 
GHL GDQQL GD FDPELDPHQWR FOLPDWLFR� ,QIDWWL� O¶LPSLHJR 
GL PHWRGRORJLH OHJDWH DOO¶XVR GHOOD ORJLFD fuzzy H GHOOD 
WHRULD GHOO¶HYLGHQ]D GL '6 UDSSUHVHQWDQR GHJOL VWUXPHQWL 
HIILFDFL SHU O¶LQWHJUD]LRQH GL GDWL� OD SUHYLVLRQH GL 
IHQRPHQL H OD YDOXWD]LRQH GHJOL LPSDWWL GHULYDQWL GDO 
FDPELDPHQWR FOLPDWLFR� /¶DSSURFFLR XWLOL]]DWR IRUQLVFH 
XQD SUHYLVLRQH GHOOD YXOQHUDELOLWj GHL ERVFKL� QRQFKp OD 
TXDQWLILFD]LRQH HFRQRPLFD GHJOL LPSDWWL GHULYDQWL GD XQD 
GLPLQX]LRQH GHOOD SURGXWWLYLWj� H GL FRQVHJXHQ]D GHOOD 
IXQ]LRQH sink GHOOH FHQRVL IRUHVWDOL� 
, ULVXOWDWL KDQQR HYLGHQ]LDWR FRPH OH DUHH PRQWDQH H 
VXE-PRQWDQH GHOOD UHJLRQH SUHVHQWDQR L PDJJLRUL YDORUL 
GL YXOQHUDELOLWj LQ SDUWLFRODUH SHU OH VSHFLH FRQ VSLFFDWH 
FDUDWWHULVWLFKH GL PHVRILOuD �SURJHWWR %LR5HIXJLD GHO 
&RUSR )RUHVWDOH GHOOR 6WDWR H GHOO¶8QLYHUVLWj OD 6D-
SLHQ]D GL 5RPD�� VRSUDWWXWWR TXHOOH JRYHUQDWH D FHGXR 
FRPH L FDVWDJQHWL� L TXHUFHWL PHVR-WHUPRILOL H OH FHUUHWH� 
0DJJLRUH YXOQHUDELOLWj q VWDWD ULVFRQWUDWD DQFKH QHL 
ERVFKL PRQRVSHFLILFL GL FRQLIHUH PHGLWHUUDQHH OXQJR L 
OLWRUDOL LRQLFL PHQWUH YDORUL LQFRUDJJLDQWL VL ULVFRQWUDQR 
SHU OH IRUPD]LRQL ULFDGHQWL QHOOH DUHH SURWHWWH H L 
ULPERVFKLPHQWL GL FRQLIHUH� 3HU SUHYHQLUH� ULGXUUH R 
DOPHQR FRQWUDVWDUH SDU]LDOPHQWH OH SUREOHPDWLFKH FKH 
YLYH H D FXL YD LQFRQWUR LO SDWULPRQLR IRUHVWDOH� q 
DXVSLFDELOH XQ DSSURFFLR SUHYHQWLYR FKH FRLQYROJH 
XQ¶D]LRQH DWWLYD GHOO¶XRPR� YROWR D YDORUL]]DUH H 
SRWHQ]LDUH OH FDSDFLWj GL DGDWWDPHQWR GHL VLVWHPL 
DPELHQWDOL PLQLPL]]DQGR JOL LPSDWWL QHJDWLYL� 6XL 
SRSRODPHQWL D EDVVD UHVLOLHQ]D q SRVVLELOH LQGLYLGXDUH 
LQWHUYHQWL VHOYLFROWXUDOL VSHFLILFL FKH SRVVRQR FRQWUL-
EXLUH DO PLJOLRUDPHQWR GHL OLYHOOL HFRORJLFR-IXQ]LRQDOL 
GHOOH IRUHVWH� $ WDO SURSRVLWR q FRQVLJOLDELOH O¶DGR]LRQH 
GL IRUPH GL WUDWWDPHQWR FKH DXPHQWLQR OD GLYHUVLIL-
FD]LRQH LQWHUVSHFLILFD� XQ FDOLEUDWR DXPHQWR GHOOH 
SURYYLJLRQL� GD RWWHQHUVL DQFKH FRQ O¶DOOXQJDPHQWR GHO 
WXUQR� IDYRUHQGR OD FRQYHUVLRQH GL LPSLDQWL PRQRVSH-
FLILFL DOORFWRQL FRQ VSHFLH DXWRFWRQH LQ VLVWHPL WLSLFL 
GHOOH IRUPH GL YHJHWD]LRQH ORFDOH� 

7DEHOOD 1� /LQHH GL HYLGHQ]D GHOOD YXOQHUDELOLWj H UHVLOLHQ]D OHJDWH DO VHWWRUH IRUHVWDOH�  
7DEOH1� /LQHV RI HYLGHQFH RI WKH YXOQHUDELOLW\ DQG UHVLOLHQFH UHODWHG WR WKH IRUHVWU\ VHFWRU �)RQWH� HODERU]LRQH SURSULD�� 

Linee di evidenza 

Vulnerabilità Resilienza 

Evidenze Descrizione Evidenze Descrizione 

Aridità 

�'H 0DUWRQQH (�� 1926�� XQ 
LQFUHPHQWR GHOOD VLFFLWj DX-
PHQWD LO ULVFKLR GL GDQQL SHU 
DOFXQH WLSRORJLH ERVFDWH� 

Boschi gestiti 
3HUPHWWH GL JDUDQWLUH OD VDOYDJXDUGLD GHOOH GLYHUVH 
IXQ]LRQL� LQ PRGR LQWHJUDWR H ELODQFLDWR SHU L YDUL 
DVSHWWL VRFLR-HFRQRPLFL H DPELHQWDOL� 

Cambiamento di 
fascia fitoclimatica 

�3DYDUL $�� 1959�� PDJJLRUL 
ULVFKL QHOOH ]RQH GL WUDQVL]LRQH� 

Accessibilità ai 
boschi 

/D GHQVLWj VWUDGDOH PLJOLRUD QRWHYROPHQWH OH 
RSHUD]LRQL GL JHVWLRQH H VRUYHJOLDQ]D� 
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(Segue tabella 1) 

Vigore dei boschi 

,QGLFDWRUH FKH HVSULPH OD 
FDSDFLWj D UHVLVWHUH DG XQD 
YDULD]LRQH GHOOR VWDWR PHGLR GHO 
FOLPD� 

Boschi in aree 
protette 

0LJOLRUH FRQVHUYD]LRQH� JHVWLRQH� VRUYHJOLDQ]D H 
WXWHOD GHL SURFHVVL HFRVLVWHPLFL� 

Pendenza
/D VWDELOLWj GHO VRSUDVVXROR q 
FRQQHVVD DOOD SHQGHQ]D VX FXL 
HVVR VWD]LRQD� 

Forma di 
governo 

,QGLFD LO JUDGR HYROXWLYR GHOOH VSHFLH� VLD VLQJROH 
FKH FRQVRFLDWH� 

Esposizione ,QIOXHQ]D OH GLYHUVH FRQGL]LRQL 
PLFURFOLPDWLFKH� Indice di varietà 

(VSULPH LO JUDGR GL FRPSOHVVLWj WHUULWRULDOH 
GHWHUPLQDWR HVVHQ]LDOPHQWH GDOOD QXPHURVLWj 
LQWHUVSHFLILFD� 

7DEHOOD 2� ,QFUHPHQWR PHGLR SHU WLSRORJLD IRUHVWDOH� 
7DEOH 2� $YHUDJH LQFUHDVH IRU IRUHVW W\SH - $XJPHQWDWLRQ PR\HQQH SRXU OH W\SH GH IRUrW �)RQWH� YDUL DXWRUL�� 

Incremento medio (m3/anno) 
Fustaie CeduiTipologie forestali 

Min Max Mean Min Max Mean 
Reference source 

Boschi di faggio 3�4 3�5 'H 3KLOLSSLV H %HUQHWWL �1990�� &LDQFLR �1990� 
Boschi di castagno 3 4 3�5 9 20 14�5 'H 3KLOLSSLV H %HUQHWWL �1990�� /D 0DUFD� �1981� 

Querceti mesofili 2�53 2-4 7-10 6 &DVWHOODQL �1966�� $QWRQLRWWL �1950�� 3LHUDQJHOL H 
)DPLJOLHWWL et al� �1998� 

Altri boschi di latifoglie 
mesofile 4�44 4�2 &DVWHOODQL �1966�� /HFFHVH �2000� 

Boschi di leccio 2 3 2�5 2�2 'H 3KLOLSSLV H %HUQHWWL �1990�� 6$) �1985� 
Pinete montane 5�54 &DVWHOODQL �1966�� &DVWHOODQL �1970� 
Pinete mediterranee 6�5 &DVWHOODQL et al. �1980� 
Formazioni igrofile 5 3�6 
Piantagioni da legno e 
rimboschimenti 2 

7DEHOOD 3� 4XDQWLWDWLYL GL &22 �W� GLVWLQWL SHU WLSRORJLD IRUHVWDOH�  
 7DEOH 3� 4XDQWLWLHV RI &22 IRU GLIIHUHQW IRUHVW W\SHV �)RQWH� HODERUD]LRQH SURSULD�� 

Forest model (Basilicata) DS Theory 
2012 2050 2100 

Tipologie forestali Superficie 
(ha) 

Sink 
[t CO2 y-1]/ha

Damage 
[t CO2 y-1]/ha

Damage 
[t CO2 y-1]/ha

(A) Faggete 29463�64 13�24 2,91 3,71 

(B) Cerrete 99866�64 19�28 4,04 4,65 

(C)Querceti meso-termofili 80774�72 22�63 4,66 5,30 

(D) Castagneti 8530�80 45�52 10,53 11,38 

(E) Leccete 12406�92 14�68 3,30 3,59 

(F) Latifoglie mesofile e meso-termofile 19342�12 15�87 3,13 3,42 

(G) Pinete oro-mediterranee e sub-montane 5444�64 13�54 1,26 1,71 

(H) Pinete mediterranee 18932�48 26�21 5,41 6,00 

(I) Formazioni igrofile 12653�52 15�62 2,08 2,33 

(L) Piantagioni da legno 2114�24 7�34 1,12 1,27 

(M) Abetine 182�20 13�95 1,72 2,53 
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Climate 
change

Mathematical Model 
Downscaling

6WDWLRQV
WKHUPRSOXYLRPHWULF

3UHGLFWLYH VFHQDULRV LQ WKH 
0HGLWHUUDQHDQ $UHD 

+LVWRULFDO VHULHV �1961-1990�O $QRPDOLHV 1990-2100 WR �1960-1990�

Ϭ

+LVWRULFDO WUHQG �\   ax � E�O

6LPXODWHG WUHQG 
�\   D[4�E[3�F[2�dx�H�O

*HRUHIHUDQFLQJ 
GDWD

mx  �D[ � G[��2=

Simulation of the station 
\   D[4�E[3�F[2�P[�

(1990-2100)
,1387 
�[� \HDUV

287387 
�\� YDOXH

.ULJLQJ 
LQWHUSRODWLRQ

5HJLRQDO 0DSV
(1990-2100)

- 7HPSHUDWXUHV
- 3UHFLSLWDWLRQ

Climate 
Change 

Risk

Hazzard Resilience

$ULGLW\3K\WRFOLPDWLF 
=RQH

:RRG 
YLJRXU

6ORSH$VSHFW

6
,
0
8
/
$
7
,
2
1

0DQDJHG 
:RRG

:RRGODQG 
DFFHV

3URWHFWHG 
IRUHVW DUHDV

6\OYLFROWXUDO 
V\VWHP 

6SHFLHV 
5LFKQHVV

'HJUHH RI %HOLHI� 
IX]]\ PHDVXUHV DQG OLQJXLVWLF 

TXDQWLILHU

m (h) m (s)

$JJUDJDWLRQ Belief

'HPSVWHU-6KDIHU 
$JJUDJDWLRQ PRGHOBelief Hazzard Belief Resilience

8QFHUWDLQW\

(
9
$
/
8
$
7
,
2
1

Likelihood of 
damage to forest

)RUHVW W\SHV
$YHUDJH LQFUHDVH >P3 \-1@

Biomass Expansion Factors
aboveground biomass / growing 

5:RRG %DVLF 'HQVLW\ >P3@
dry weight ton / fresh volume

Wood Basic Density [m3]
dry weight ton / fresh volume

Root/shoot Ratio
belowground biomass/ growing stock mass

Aboveground biomass [t d.m.] Belowground biomass [t d.m.]

'HDG PDVV H[SDQVLRQ IDFWRU &RQYHUVLRQ )DFWRU
carbon content / dry matter

&RQYHUVLRQ )DFWRU
carbon content / dry matter

Dead mass [t d.m.] Aboveground carbon >W@ Belowground carbon [t]

&RQYHUVLRQ )DFWRU
carbon content / dry matter

/LQHDU UHJUHVVLRQ
carbon per ha / carbon per ha

/LQHDU UHJUHVVLRQ
carbon per ha / carbon per ha

Dead carbon [t ] Litter carbon [t ] Soil carbon [t ]

6WRLFKLRPHWULF FRHIILFLHQW 
RI &22

(YDOXDWLRQ  &(5
(Certificates Reduction Emission)

Regional Maps  of
Carbon stored [t]

Bel (h)  X CER

)LJXUD 1� 0RGHOOR GL YDOXWD]LRQH HFRQRPLFD GHO GDQQR DO VHWWRUH IRUHVWDOH GHULYDWR GDO FDPELDPHQWR FOLPDWLFR� 
)LJXUH 1� 0RGHO RI HFRQRPLF DVVHVVPHQW RI WKH GDPDJH WR WKH IRUHVWU\ VHFWRU GHULYHG IURP FOLPDWH FKDQJH �)RQWH� HODERUD]LRQH 
SURSULD�� 

)LJXUD 2� 0DSSH UHJLRQDOL H %R[-3ORW GHOOD 
FUHGHQ]D VXOOD YXOQHUDELOLWj GHL VRSUDVVXROL 
IRUHVWDOL DO 2050 H 2100 VHFRQGR OD WHRULD 
'6� 
)LJXUH 2� 5HJLRQDO PDSV DQG %R[-3ORW RI WKH 
EHOLHI DERXW WKH YXOQHUDELOLW\ RI IRUHVW VWDQGV 
LQ 2050 WR 2100 LQ DFFRUGDQFH ZLWK WKH '6 
WKHRU\� 'HV FDUWHV UpJLRQDOHV HW %R[ �)RQWH� 
HODERUD]LRQH SURSULD�� 

)LJXUD 3� 9DOXWD]LRQH GHO GDQQR LQ &(5 DOOH 
WLSRORJLH IRUHVWDOL DO 2050 H 2100�  
)LJXUH 3� $VVHVVPHQW RI GDPDJH LQ WKH &(5 
IRUHVW W\SHV LQ 2050 DQG 2100 �)RQWH� HODER-
UD]LRQH SURSULD��

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

A A' B B' C C' D D' E E' F F' G G' H H' I I' L L' M M'

€/t CO2 y-1 ha-1

- 145 -



352&((',1*6 2) 7+( 6(&21' ,17(51$7,21$/ &21*5(66 2) 6,/9,&8/785(  
)ORUHQFH� 1RYHPEHU 26WK - 29WK 2014 

SUMMARY 

Climate change and the sink function of forest 

7KH UHVHDUFK RQ WKH SUREDEOH LPSDFW RI FOLPDWH FKDQJH 
RQ IRUHVWV LQ (XURSH DQG WKH GHYHORSPHQW RI VWUDWHJLHV 
IRU IRUHVW DGDSWDWLRQ DQG GDPDJH PLWLJDWLRQ DUH VWDUWHG 
VLQFH WKH 90V� ZLWK WKH LGHQWLILFDWLRQ RI ULVN DVVHVVPHQW 
PRGHOV DQG� FRQVHTXHQWO\� PDQDJHPHQW WRROV RI 
IRUHVWU\ ODQG� 7KH SUHGLFWLRQ RI FOLPDWH FKDQJH HIIHFWV 
RQ IRUHVWV ZDV FDUULHG RXW XVLQJ WKH HYLGHQFH WKHRU\ RI 
'HPSVWHU-6KDIHU �'6� SURSHUO\ VSDWLDOL]HG� 7KH OLQHV 
RI HYLGHQFH LPSOHPHQWHG UHIHU WR WKH FRQFHSW RI 
YXOQHUDELOLW\ DQG UHVLOLHQFH� 7KH UHVXOWV RI WKH '6 
PRGHO� DSSOLHG WR WKH %DVLOLFDWD UHJLRQ� ZHUH XVHG WR 
DVVHVV WKH ORVV RI FDSDFLW\ IRU &22 DVVLPLODWLRQ E\ WKH 
YDULRXV IRUHVW W\SHV RQ WKH EDVLV RI YXOQHUDELOLW\ OHYHOV 
DFKLHYHG LQ 2050 DQG 2100� 7KH ORVV RI &22 
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