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1.  INTRODUCTION

For the European/North Atlantic sector, much pro-
gress has recently been made in understanding cli-
matic variations through studies of instrumental
measurements, gridded indices, historical documents,
tree-ring chronologies, phenological observations,
multi-proxy compilations, and model simulations (see
Jones et al. 2009 for a review). Long-term reconstruc-
tions of annually resolved temperature that use tree-

ring maximum latewood density measurements are
restricted to Northern Scandinavia (Grudd 2008), the
Alps (Büntgen et al. 2006), Tatra (Büntgen et al. 2007),
and Pyrenees (Büntgen et al. 2008). In contrast, ring
width-based reconstructions of hydro-climatic fluctua-
tions are mainly limited to lower latitudes (e.g. Akke-
mik & Aras 2005), with exceptions in southern Scandi-
navia (Linderholm & Molin 2005, Helama et al. 2009),
and central-eastern Europe (Brázdil et al. 2002, Wilson
et al. 2005, Büntgen et al. 2010). The ideal tree-ring

© Inter-Research 2010 · www.int-res.com*Email: buentgen@wsl.ch

AS WE SEE IT

Assessing the spatial signature of European climate
reconstructions

Ulf Büntgen1, 2,*, Jörg Franke1, David Frank1, Rob Wilson3, Fidel González-Rouco4, 
Jan Esper5

1Swiss Federal Research Institute WSL, 8903 Birmensdorf, Switzerland
2Oeschger Centre for Climate Change Research (OCCR), University of Bern, 3012 Bern, Switzerland

3University of St Andrews, St Andrews, Fife KY16 9AL, UK
4University of Madrid, 28040 Madrid, Spain

5Department of Geography, Gutenberg University, 55099 Mainz, Germany

ABSTRACT: Much progress has recently been made in reconstructing European temperature variabil-
ity over centuries to millennia. In contrast, there are only a few attempts at long-term precipitation
and/or drought reconstruction, which are spatially less significant. Here we discuss the possibility of
using climate reconstructions from tree-ring density and width to make spatially explicit estimates of
European temperature and drought variability, respectively. Four experiments were performed to
assess spatial field correlations of (1) parameter-specific mean reconstructions, (2) individual site recon-
structions, (3) instrumental stations, and (4) model analogues. The simple mean of 4 temperature recon-
structions from northern Scandinavia and high-elevation sites in the Tatra, Alps, and Pyrenees revealed
a significant positive correlation (r > 0.4) with the gridded Central European summer temperature south
of 55° N and west of 25° E. In contrast, the mean of 11 hydro-climatic reconstructions located between
Sweden and Turkey had a significant positive correlation with only a handful of small patches scattered
along an east-west corridor from the British Isles over Germany to the Baltic. The significant positive
correlation increased to 71% of the European landmass between 35–70° N and 10° W–40° E when using
the individual 4 temperature reconstructions instead. The 11 individual hydro-climatic reconstructions
had a significant positve correlation  with summer drought over only 16% of the area. The proxy-based
correlation fields are greatly supported by the spatial significance of instrumental station measurements
and model analogues corresponding to the initial tree-ring site locations.

KEY WORDS:  Climate reconstruction · Dendroclimatology · Hydroclimatology · Tree rings ·
Temperature · Precipitation · Drought · Europe

Resale or republication not permitted without written consent of the publisher



Clim Res 41: 125–130, 2010

proxy number and their locations necessary to capture
spatially explicit patterns of European-scale climate
variability are largely unknown. This picture becomes
even more complicated when using traditional recon-
struction methods that use a combination of individual
records, and thus likely diminish their maximum
spatial significance.

Here we assessed the ability of existing tree-ring
density- and width-based climate reconstructions situ-
ated between northern Scandinavia and the Mediter-
ranean to mimic European growing season tempera-
ture and drought variability. Our interest stems from a
practical rather than a theoretical perspective, as we
analyzed the temperature and precipitation co-vari-
ability of existing mean and individual climate recon-
structions, complemented by the assessment of the
spatial extension of temperature and precipitation
relationships within instrumental measurements, as
well as climate model simulations. A suite of experi-
ments (Expts 1 to 4) was performed. The simple mean
of 4 (11) available temperature (hydro-climatic) recon-
structions was correlated against gridded European
temperature (drought) indices (Expt 1); the 15 individ-
ual reconstructions were correlated against climate
grids (Expt 2), while instrumental station measure-
ments near to the proxy locations (Expt 3) and model
analogues most similar to the temperature/precipita-
tion reconstruction arrays (Expt 4) were both consid-
ered for verification of the spatial domains for which
temperature and precipitation reconstructions provide
useful information.

2.  EXPERIMENTS

Expt 1. The simple mean of 4 density-based temper-
ature reconstructions from thermal treeline sites was
used for comparison to gridded temperature data, and
the mean of 11 ring width-based hydro-climatic recon-
structions from temperate forest sites was used for
comparison to gridded drought metrics. Note that only
final reconstructions are considered here, whereas
simple chronologies were disregarded. Table 1 shows
a summary of the selected data pool; note that minor
differences between the originally published results on
climate sensitivity and those reported here are most
likely caused by deviations in the seasonal response
windows, lagged climate variables, and calibration
periods used. The mean temperature and drought
reconstructions (using density and ring width, respec-
tively) were correlated against gridded (0.5 × 0.5°)
growing season (A–S: April to September) temper-
ature and the self-calibrated Palmer Drought Severity
Index (scPDSI) over the 1901 to 1993 common period
and the 35 to 70° N and 10° W to 40° E region (Climate

Research Unit TS3; Mitchell & Jones 2005, van der
Schrier et al. 2006). Spatial field correlation of the
mean density record is >0.4 over Central Europe south
of 55° N and west of 25° E (Fig. 1A). In contrast, spatial
field correlation of the mean ring width record is >0.4
for only a few patches scattered along an east-west
corridor from the British Isles, over Germany, to the
Baltic (Fig. 1B).

Expt 2. The 4 temperature and 11 drought recon-
structions (using density and ring width, respectively)
were individually correlated against gridded A–S tem-
perature and the scPDSI (1901 to 1993). Spatial field
correlations of the density records against gridded A–S
temperature are >0.4 for 71% of the European land-
mass (Fig. 1C). Correlations >0.6 are found over
Northern Scandinavia (>60° N) and Central Europe
(<50° N). Less variance is explained along a west-east
corridor (~50 to 55° N) from the British Isles to Eastern
Europe (>35° E) and from the Kola Peninsula to the
Near East. In contrast, correlations >0.4 of the ring
width records against gridded A–S scPDSI are limited
to areas around the proxy sites, summing up to only
16% of the continent (Fig. 1D). This poor picture be-
comes even more pronounced when considering field
correlations between 0.5 and 0.6. Correlations >0.6 are
not reached in any region.

Expt 3. Spatial correlation fields based on instrumen-
tal measurements near the proxy locations (Table 1)
confirm the proxy-based observations as obtained
from Expt 2: 2 large fields of positive correlations with
temperature are revealed over Central and Northern
Europe, whereas much smaller clusters of generally
lower correlations are revealed with precipitation
(Fig. 1E,F). Spatial field correlations against gridded
A–S temperature are >0.6 for most of Scandinavia and
continental Europe, whereas correlations against pre-
cipitation are >0.6 for a limited region north of the
Alpine arc. Non-significant correlations with precipita-
tion dominate the high northern latitudes (>60° N), the
Mediterranean region (<45° N), and most of Eastern
Europe (>20° E). Empirical Orthogonal Function (EOF)
analysis additionally confirms these patterns: the first 4
EOFs explain ~80% of European summer temperature
variability, but the cumulative sum of the first 10 EOFs
only explains ~60 and 55% of corresponding precipita-
tion and scPDSI variability, respectively (not shown).

Expt 4. Reanalysis data (ERA-40; Uppala et al. 2005)
of the grid-cells covering the proxy locations serve as
targets for the analogue search among a suite of model
simulations: a control and 2 forced ECHO-G runs
(González-Rouco et al. 2006), the forced HadCM3 run
(Tett et al. 2007), a COSMOS control run, and the
COSMOS Millennium ensemble runs 1 and 2 (J. Jung-
claus pers. comm.). Reanalysis data are restricted to a
spatial resolution of 3.75 × 3.75° for the period 1958 to
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2002. The spatial field reconstructions
of temperature and precipitation vari-
ability are obtained by the Proxy Surro-
gate Reconstruction method (PSR; Gra-
ham et al. 2007), which combines the
advantages of climate models in simu-
lating physically-consistent climate
fields with the strength of proxy data
(here time-series extracted from the
ERA-40 dataset) that target the real cli-
mate trajectory (see also Goosse et al.
2006, Trouet et al. 2009). This combina-
tion is achieved by selecting the model
states (analogues) that are most similar
with proxy/instrumental data available
at specific places and specific moments
of time. Composites of the 10 closest
model analogues for A–S temperature
and precipitation are used. Spatial
fields of explained A–S temperature
and precipitation variability, as derived
from the shuffled model analogues of
the PSR method, are in general agree-
ment with the spatial correlation pat-
terns of the proxy and instrumental re-
cords (Fig. 1G,H). The relatively coarse
model resolution tends to amplify the
area of explained variability, but does
not change the main conclusion, i.e.
precipitation is characterized by much
higher local variability than tempera-
ture, and many more sites are required
for reliable spatial precipitation recon-
structions, whereas relatively robust
spatial temperature estimates can be
generated from only a couple of well-
located proxy records.

3.  CONCLUSIONS

Independent methodological lines of
tree-ring proxy, instrumental station,
and model simulation evidence show a
high degree of spatial temperature
covariance in contrast to much more
fragmented precipitation variability
over the European/North Atlantic sec-
tor. Four temperature reconstructions
based on density measurements from
Scandinavia, the Alps, Tatra, and Pyre-
nees reveal correlations >0.4 with sum-
mer temperature over 71% of the Euro-
pean landmass. In contrast, 11 ring
width-based hydro-climatic reconstruc-
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tions only correlate >0.4 with summer drought over
16% of the European landmass. Even though our re-
sults have been partially highlighted by other authors
at larger scales (Jones et al. 1997 and references
therein), our experimental setting allows a new per-
spective to be drawn for the European region.

Besides the re-evaluation of the enormous pool of
existing European tree-ring chronologies, we empha-
size the importance of methodological refinements of
the assessments of proxy climate sensitivity and trend
preservation (Frank et al. 2008). Additional hugely im-

portant untapped paleoclimatic resources are the his-
torical oak chronologies available for many different
European regions (see Haneca et al. 2009 for a review),
of which some have already been successfully utilized
for climate reconstructions (Wilson 2009, Büntgen et
al. 2010). Additional insights on past precipitation/
drought variability might also be obtained from iso-
topic analyses (Treydte et al. 2007), with specific prior-
ity given to the Mediterranean region, where quality
and quantity of hydro-climatic proxy and target data
are still low (Xoplaki et al. 2004), but where future

128

Fig. 1. Composite overlay maps of Pearson’s correlation coefficients of the 4 experiments. Correlation fields computed from (A) the
mean density and (B) ring width reconstruction (Expt 1), (C) the 4 individual density reconstructions, (D) the 11 ring width recon-
structions (Expt 2), the instrumental (E) temperature and (F) precipitation measurements (Expt 3), and the model (G) temperature 

and (H) precipitation analogues (Expt 4). Circles/numbers correspond to tree-ring sites listed in Table 1
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rates of temperature increase and precipitation de-
crease are expected to be most rapid (see Luterbacher
et al. 2006 for a review). Moreover, there remains a
west–east corridor between ~50 and 60° N for which
new reconstructions should be developed. Besides the
limitations in capturing hydro-climatic variability, fur-
ther caution is advised, as proxy noise generally in-
creases for data further back in time, and thus the ef-
fective number of annual predictors necessary to
estimate historical variations is greater than those
needed to estimate contemporary conditions. In this
regard, much more data from different regions and
archives are necessary to capture past climate variabil-
ity across the European/North Atlantic sector (Pauling
et al. 2006). Documentary archives can contain excep-
tional information on the spatial characteristics of his-
torical climate extremes, which could be used to
address this issue (Dobrovoln) et al. 2010). We advo-
cate that multi-proxy compilations and their cross-val-
idation become routine when reconstructing climate.

Due to the importance of tree-ring-based proxies to
understand annual to centennial-long variations of
past hydro-climatology, we recommend an emphasis
on new sites and parameters that are primarily sensi-
tive to moisture availability, well replicated, and pro-
cessed to include high- to low-frequency information.
Nevertheless, precipitation reconstructions across
mountain regions will continue to be particularly diffi-
cult. Given the spatial character of existing tempera-
ture proxies, additional density composites spanning
several centuries to millennia should be developed for
Scotland and the Carpathian arc where potential has
already been indicated (Popa & Kern 2009, Wilson
2009).
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