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Data from thermometers (red) and from tree rings,
corals, ice cores and historical records (blue).

Year

Northern Hemisphere

(IPCC 2001 WG-I, Chapter 2, Figure 2.20)

(IPCC 2007, FAQ9.2, Figure 1)

The year by year (blue curve) and 50 year average (black curve) variations of the average surface
temperature of the Northern Hemisphere for the past 1000 years reconstructed from “proxy” data and 
calibrated against thermometer data (see list of the main proxy data in the diagram).

Incert. Comparison of
observed global-scale
changes in surface
temperature with results
simulated by climate
models using natural
and anthropogenic
forcings (red) and only 
natural forcing (blue), 
(IPCC 2007, FAQ9.2, 
Figure 1)

In 2005 CO2 atmospheric 
concentrations reached 
highest values of the last 
650 000 years (IPCC 2007)

Robust findings on regional climate change for mean and extreme precipitation, drought, and snow. This regional assessment is
based upon AOGCM based studies, Regional Climate Models, statistical downscaling and process understanding. (IPCC 2007, 
Chapter 11, Fig. 2).

Temperature and precipitation changes over Europe from the MMD-A1B simulations. Top row: Annual mean, DJF and JJA 
temperature change between 1980 to 1999 and 2080 to 2099, averaged over 21 models. Middle row: same as top, but for
fractional change in precipitation. (IPCC 2007, Chapter 11, Fig. 11.5)

A1b-Equivalent CO2 concentrations 850 ppm in 2100

•We present evidence of a recent drying in the eastern 
Mediterranean, based on weather and tree-ring data

for four Greek regions: Samos, Zakinthos, Skiros and Ierapetra
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•These regions were selected to represent regions where precipitation 
declined significantly during the last 40 years and simulate conditions that 
resemble if not verify IPCC model predictions for reduced precipitation over 
the Mediterranean

-20 to -30
-15 to -20
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annual IPCC 2007 Spatial distribution of the slope b (percentage contribution per 
decade) and significance levels (pink levels indicate a significance
level greater than 95%) of the regression analysis for the annual and
seasonal totals (1955–2001), (Feidas et al. 2007).
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Annual 
precipitation 
variations

a) Dates (decades) of
beginning of
precipitation
records

b) Spatial averages
of October to 
March precipitation 
anomalies over all
sites with available
data for the periods
1900–1999 and
1950–1999 (black 
lines), over 4 
stations of this 
study (red line), 
over Ierapetra
(blue line). Time
series are
normalised to unit
standard deviation
during the interval
1950–1999 (based 
on Xoplaki et al. 
2004). 
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Deviation % of 1990-98 mean annual precipitation from 
1900-90 average (CRU 2004, Hulme et al. 1998).
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Basic 
dendroclimatological 

principle 

in our analysis
Cambium tissue cells found in the stem of perennial plants are 
responsible for constructing new plant vessels each year. These 
vessels are formed through lignification and serve to transport water, 
nutrients and to provide mechanical support. Environmental factors 
influence this process. As a result distinct rings on wood cross sections 
are created called tree-rings. 

Each of these rings corresponds to a plant growing season. Their width 
is relative to moisture available for tree-growth in warm climate zones, 
which also stands for Mediterranean climate. Moisture availability in 
turn is linked to precipitation, especially in dry limestone substrate 
biotopes. Tree-ring width from such habitats is most sensitive to 
precipitation variability and can be used for past rainfall reconstruction.

Zone of cambial cells
Phloem

Tree-ring of 1986

Tree-ring of 1985

Tree sampling site 

of Zakinthos (W)

Tree sampling site 

of Limionas, Samos (E)

Tree sampling site 

of Skiros (N) 

Tree sampling site 

of Ierapetra (S)

3,  4, 5, 6. 7,  8, 9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34,35,36,37,38,39,40,41,42,43,44  ,45, 46 ,47 ,48, 493,  4, 5, 6. 7,  8, 9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34,35,36,37,38,39,40,41, 42, 43, 44 , 45, 46, 47, 48

Tree-ring sampling

•The significant rainfall 
decline reduced water 
availability and was clearly 
captured by tree-rings of P. 
halepensis and P. brutia
trees from all 4 regions
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37 E. Med station’s precipitation

Βροχόπτωση
End of 1300-1850
“Little Ice Age”

30 year running annual mean 

n= 9-74

n= 3-18

The decline in rainfall not only affected 

tree growth…

but also influenced trees’

ground water utilization. 

Group Per group mean
Feb 91
Mar 71
Apr 37
May 22

Apr-May 49
Mar-May 119
Feb-Apr 191
Jan-May 330
Mar-Nov 305
Dec-Feb 349
Dec-Apr 447
Oct-Apr 607
Jan-Dec 658
Sep-Aug 626

2 year 1315
3 year 1968
4 year 2620

4

5
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1968

4 regions’ precipitation (1931-2000)

2

3

551

Category
Sum (mm)
Per category

• After  assessing which rainfall periods are critical for tree-ring 
growth, for the selected stands, we discovered that tree-ring width 

correlated better with 2-6 year precipitation sums, than current year rainfall in Samos…

med

yng

old

p<0,01 Correlation coefficients for correlations of ring
width with precipitation. Mean tree-ring
chronologies for old, medium and young-age
category trees (nine trees per age category) are
correlated with 1–6 year sums of precipitation
from 1951 to 2000 for old and medium-age
trees and from 1971 to 2000 for young trees
(Sarris et al., 2007)
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Trees from all 4 regions

Med, n=30 Yng, n=25Old, n=22

Correlation coefficients from 5-
year running linear correlations for
mean tree-ring chronologies in
old-, medium- and young age
trees and selected sums of
precipitation (Sarris unpublished ).

4 regions

Samos

Correlation coefficients from 10-year
running linear correlations for mean
tree-ring chronologies in old-, 
medium- and youngage trees (nine
trees per age category) and 2- as
well as 5-year sums of precipitation, 
from 1951 to 2000 for old- and
medium-age trees and from 1971 to
2000 for young trees. The correlation
coefficients were placed at the
center (5th year) of each 10-year
correlation period.

Shaded and black areas highlight r-
values at P<0.01. A gray bar (t) 
indicates the transition period during
which the highest correlation shifts
from 2- to 5-year sums of
precipitation. Precipitation refers to
the running sums of annual rainfall in
meters and tree-ring width is in
0.01mm (Sarris et al. 2007)

Samos
Trees utilized moisture from deeper ground as long term precipitation decreased 

500

700

900

1100

0,96

0,98

1

1,02

1,04

1975 1985 1995

P
re

ci
pi

ta
tio

n 
(m

m
)

Year

S
ta

nd
ar

di
ze

d 
de

lta
 1

8O

5 year running mean 
delta 18O of 3 trees

5 year running 
annual prec mean

(Sarris unpublished)

Precipitation
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Water vapor
-18%o

Cellulose
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Sucrose
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Leaf water
6%o

Soil water
-8%o

Ground water
-11%o (PSI 2004) 

Delta 18O

Root systems of P. brutia appear to
penetrate the ground very deeply
and absorb rainfallsupplied
moisture in such a way that a single
dry year does not have a serious
impact on trees. Only a series of dry
years seems to be exhausting the
rooted soil volume’s moisture
reserves.

The year 2000 drought was so severe that trees as
old as 80 years desiccated in September 2000 near 
the coring site in Samos (Sarris et al., 2007)

(photograph by Ch. Koerner)



Exceptional damage was also recorded for the Macchia shrub vegetation of this area

(Koerner et al., 2005)

a Shoots and needles remained short and the stable carbon isotope discrimination in needle dry matter in 2000 
was close to the minimum known for C3 species, A year 2000, B year 1999. b–d On many ridges and S-exposed
slopes sclerophyllous shrubs died from drought in the year 2000 in the SW of Samos (Limnionas-Kalithea).
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As the limit for the distribution of P. brutia is around 400mm annual rainfall
(Nahal, 1983; Que´zel, 2000) the 353mm precipitation of 2000, combined with
very low rainfall during the years before, truly mark an extreme situation that
seems to have pushed these trees very close to their survival limits.

The values for the period 1500–1900 are reconstructions (Pauling et al., 2005); data from 1901 to 2002 are derived from 
Mitchell et al. (2004) and Mitchell and Jones (2005). The thick black line is a 30-year smooth ‘‘minimum slope’’ constraint 
calculated according to Mann (2004). The dashed horizontal lines are the ±2 standard deviations of the period 1961–1990. The 
driest and the wettest Mediterranean winters for the reconstruction and the full period are denoted.

From: Luterbacher J, Xoplaki E, Casty C et al. (2006) Mediterranean climate variability over the last centuries: A review. In: The Mediterranean Climate: 
an overview of the main characteristics and issues (eds Lionello P, Malanotte-Rizzoli P, Boscolo R), pp. 27-148. Elsevier, Amsterdam.

Winter (DJF) averaged-mean Mediterranean precipitation anomalies 
(with respect to 1961–1990) from 1500 to 2002

The values for the period 1500–1900 are reconstructions (Pauling et al., 2005); data from 1901 to 2002 are derived from 
Mitchell et al. (2004) and Mitchell and Jones (2005). The thick black line is a 30-year smooth ‘‘minimum slope’’ constraint 
calculated according to Mann (2004). The dashed horizontal lines are the ±2 standard deviations of the period 1961–1990. The 
driest and the wettest Mediterranean winters for the reconstruction and the full period are denoted.

From: Luterbacher J, Xoplaki E, Casty C et al. (2006) Mediterranean climate variability over the last centuries: A review. In: The Mediterranean Climate: 
an overview of the main characteristics and issues (eds Lionello P, Malanotte-Rizzoli P, Boscolo R), pp. 27-148. Elsevier, Amsterdam.

Winter (DJF) averaged-mean Mediterranean precipitation anomalies 
(with respect to 1961–1990) from 1500 to 2002
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Are these trends continuing ?Are these trends continuing ? Messologi

Samos
Kalamata

Messologi

Samos
Kalamata

Messologi

Kalamata

Patra

30 km

-2
-4

-6

Patra
August 

2007

Photos by 
D.Sarris

Messologi

Samos
Kalamata

Messologi

Samos
Kalamata

Messologi

Kalamata

Patra
Messatida

30 km

-2
-4

-6

Messatida, August 2007
Photos by D.Sarris
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Photo by D.Sarris Young trees appear to have been particularly affected!!!

Burned biomass from forest fires up to 31 August 2007 by country

The reasons for increased fire frequency are not necessarily drier summers, but also less rain during the cool season
as in 1999 and 2000. It is the cool season which is responsible for the decomposition of plant debris. The slower this
process, the greater the fuel load on the landscape and more severe and difficult it becomes to stop fires (Koerner et 
al., 2005).

Drought also affects vegetation by creating more severe fire events

Olymbia, August 2007
Burned areas 
in red shading

Taken together:

•This analysis illustrates regional shifts in water relations , which is associated 
with global climatic change and has massive impact on vegetation. 

•The data presented here represent conclusive evidence of a recent drying in 
the eastern Mediterranean, based on instrumental and tree-ring data, providing 
an early confirmation of IPCC model projections of an increase in drought 
conditions over the Mediterranean. 

•The significant decline in rainfall in these 4 regions matches with trends across 
the entire Mediterranean. 

•Tree-rings document that this decline was the most significant of the last two 
century and increased the dependency of tree growth on long-term (several 
years) precipitation signals pushing these trees very close to their limits of 
survival.. 

•This continuing declining trend could already have had a negative affect on 
establishment of  germinating plants in moisture stressed sites and if 
continuing will could also have the same affect on the establishment of post-fire 
regenerating species in moisture stressed habitats 
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