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Multiproxy approach in Mediterranean pine species

Global change effects on Mediterranean pine forests: hotspots of dieback
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Methods

1.Growth response by VS-Lite model 
(T, M, I), growth parameters (T1, T2, 
M1, M2).

3. Comparison mean optimal growth 
responses vs. Observed drought –
induced reductions. 

4. The gM during extremes years was 
used to define Vulnerability 
thresholds (growing season).
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VS-lite model for extremes
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Multiproxy and point of no return

Sánchez-Salguero et al. 2026 (in preparation)

Global change effects on Mediterranean pine forests: hotspots of dieback

Year

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

T
R

W
i

0.0

0.5

1.0

1.5

2.0

2.5

D
e
fo

lia
ti
o
n
 (

%
)

0

10

20

30

40

50

60

70

TRWi

Defoliation

Year

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

G
ro

w
th

 r
e
s
p
o
n
s
e

0.15

0.20

0.25

0.30

0.35

0.40

NDVI

2005

N
D

V
I



Multiproxy and point of no return

Sánchez-Salguero et al. 2026 (in preparation)

Global change effects on Mediterranean pine forests: hotspots of dieback

Year

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

G
ro

w
th

 r
e

s
p

o
n

s
e

0.15

0.20

0.25

0.30

0.35

0.40

NDVI

2005

Year

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

G
ro

w
th

 r
e
s
p
o
n
s
e

0.0

0.2

0.4

0.6

0.8

1.0

gM 

gT 

2005 2012

VS-lite

N
D

V
I













➢ Useful for conservation and sustainable use of forest genetic resources

➢ Ecogeographically zonation to identify future forest vulnerability and dieback

➢ Identification of better provenance for adaptive management in 21st century

➢ Programms for assisted migration based on resilience and local adaptation

➢ Relevant information to include in SDMs to forecast future vulnerability

Some conclusions

Global change effects on Mediterranean pine forests: hotspots of dieback
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